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Abstract - Efficient attendance management is crucial in
educational institutions to ensure student participation and
compliance with policies. Traditional methods, such as physical
registers and manual inputs, are often inefficient, inaccurate,
and susceptible to manipulation, limiting their effectiveness.
Modern technologies provide innovative solutions to address
these challenges. This study aimed to design and implement a
web-based attendance management system using geofencing
technology to enhance the accuracy, security, and efficiency of
attendance tracking at Babcock University. A mixed-methods
approach was employed. Qualitative data were gathered
through interviews with students and lecturers to identify flaws
in the current system. A literature review informed the system’s
design, with an emphasis on geofencing technologies. The
system was developed using Python for backend logic and
JavaScript for the frontend. It supports iOS and Android
devices, offering functionalities such as secure user
authentication, geofence creation for lecture halls, and
automated attendance monitoring. The system effectively
addressed the shortcomings of traditional methods by providing
accurate and automated attendance tracking, minimizing
errors, and ensuring compliance with university policies.
Lecturers and students found the system intuitive, efficient, and
reliable for managing class attendance. The geofencing-based
attendance management system offers a scalable and user-
friendly solution for modernizing attendance tracking in
educational institutions. Its integration of geolocation and
automation improves operational efficiency, data reliability,
and policy adherence, serving as a model for similar systems in
other educational contexts.

Keywords: Attendance Management, Geofencing Technology,
Automated Tracking, Educational Institutions, User
Authentication

I.INTRODUCTION
A. Attendance and Geofencing-Based Systems

Attendance refers to the act of registering and tracking
individuals’ presence or absence in a group context, such as
a class, meeting, or event. This process is often undertaken to
monitor and control participation, maintain records for
administrative  purposes, and ensure accountability.
Attendance is recorded using various methods, such as verbal
checks, class sheets, attendance activities, and applications.
These methods can be broadly classified into two categories:
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manual and technical methods [1], [2]. Class attendance is
considered a critical activity for students, as absenteeism,
particularly during their first year, negatively impacts their
academic performance [3]-[5]. Many universities, including
Babcock University, implement minimum attendance
policies. At Babcock University, students are required to
attend at least 75% of their classes to be eligible to take final
exams [6]. This policy is strictly enforced, with students who
fail to meet the attendance requirement receiving grades
reflective of their attendance performance.

Digital attendance systems leverage technology to record the
presence or absence of individuals at a specific location [1],
[7]-[9]. These systems have proven to be more efficient and
reliable compared to manual methods, which have
demonstrated inefficiencies over time [10], [11]. Geofencing
is a location-based service where a mobile device or RFID
tag triggers an action upon entering or exiting a predefined
virtual boundary, known as a geofence [12], [13].
Incorporating geofencing with attendance systems offers
numerous advantages, including improved accuracy,
efficiency, and security.

A geofencing-based attendance system is a technological
solution that monitors and records attendance by using
geofencing-a virtual boundary defined by geographic
coordinates [13]-[15]. Such systems have been implemented
in various domains, including education, business, sports,
and entertainment.

B. Statement of the Problem

At Babcock University, as in many institutions, attendance is
a critical criterion for students to participate in final
examinations. This policy emphasizes that class participation
is essential before exams. Students failing to meet the
minimum 75% attendance requirement are assigned an FA
grade, indicating failure due to attendance.

However, the current system for recording attendance is
inefficient and inaccurate. Attendance is typically taken
manually, using physical lists or manual inputs by lecturers.
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These methods are prone to manipulation, as students can
bypass the system through proxy attendance. Consequently,
the university’s attendance policy cannot be effectively
enforced.

Several institutions have implemented geofencing-based
attendance systems, either developed in-house or provided by
third-party vendors. This research seeks to address the
inefficiencies of the current system by designing and
developing a web-based attendance management system.

Using geofencing technology, lecturers can define the
geographic boundaries of a class. Students outside this
boundary during the specified time will be marked absent.
The system will calculate total attendance points for each
student at the end of the semester, ensuring accurate
attendance records and enforcing the university’s policies.

C. Objective of the Study

The aim of this study is to design and implement a web-based
attendance management system using geofencing technology
for a private institution, with Babcock University as a case
study. The specific objectives are to:

1. Gather requirements for the attendance management
system.

2. Design a web-based attendance management system.

3. Implement the web-based attendance management
system.

4. Evaluate the effectiveness of the web-based attendance
management system.

D. Scope of the Study

This study focuses on Babcock University and aims to
improve the accuracy and efficiency of the attendance
collation process for lecturers. The project involves
developing an application that accurately tracks student
presence in class using geo-mapping technology. It will
calculate the total attendance marks for each student at the
end of the semester.

The scope is constrained to Babcock University. Expanding
the system to other institutions would require additional
resources and collaboration. The success of this system relies
on active participation from students and lecturers. Students
must attend classes with a functioning smartphone equipped
with a front camera for facial detection, while lecturers need
to be familiar with using the web application to set up
location, class, and time constraints. The web application will
be developed using the Streamlit framework, ensuring
accessibility on both i0S and Android platforms. JavaScript
will be used for development, providing swift functionality
and compatibility across devices.

II. REVIEW OF LITERATURE

Throughout history, the practice of attendance monitoring
has evolved alongside changes in educational and
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organizational systems. In ancient times, educators used
informal methods to track student presence. During the
medieval and Renaissance periods, more formalized
attendance records were introduced in official institutions.
With the industrial revolution in the nineteenth century,
attendance monitoring became more systematic, and manual
methods such as paper registers became prevalent.

The introduction of punch cards and mechanical time clocks
in workplaces during the twentieth century marked the
incorporation of technology. The late twentieth century
witnessed a transition to automated attendance systems,
paving the way for more sophisticated administration.
Attendance systems in the twenty-first century have
integrated modern technologies such as biometrics, RFID,
and GPS to improve accuracy and efficiency [1], [16]. Cloud-
based and mobile applications are now commonly used in
modern systems to provide flexibility and accessibility.

In some existing studies, authors have presented a system
utilizing GPS and standard coordinates, seamlessly
integrating Google Maps APIs [14]. Attendance calculation
employed the Haversine formula, classifying users as
instructors and students, who were authenticated through
Google Maps APIs.

The geofencing system targeted improved efficiency,
concurrent processing, and reduced errors in attendance
records. Challenges identified included GPS dependency,
security issues in user authentication, scalability concerns for
larger student populations, and a lack of comparison with
alternative attendance tracking technologies.

In another study, the authors introduced an attendance
management system tailored for blended learning in tertiary
institutions, incorporating geofencing, biometrics, and
Bluetooth technology [17]. The system employs a unified
database, specialized algorithms for both lecturer and student
attendance, and ensures security through a RESTful API. The
primary goals include improving engagement tracking, early
identification of disengagement, and streamlining report
evaluation. However, existing research gaps include the need
to address scenarios involving both face-to-face and online
learning, as well as overcoming limitations related to indoor
dimensions.

Additionally, some studies propose an innovative Automated
Time and Attendance System that utilizes location-based
services for enhanced employer control over working hours
[18], [19]. The system replaces traditional ID cards with a
GPS-enabled mobile app for attendance tracking.

The methodology integrates the app, GPS technology, and
attendance management software, depicted in a basic block
diagram. Results compare the new system with traditional
methods, emphasizing cost, maintenance, and automation.
However, the study acknowledges  incomplete
implementation due to time constraints, with limited
discussions on challenges and potential improvements. In
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conclusion, while the approach shows promise, a more
thorough evaluation is necessary to assess its practicality and
effectiveness.

Gedam et al., developed a GPS-based staff attendance system
using geofencing, which proved efficient, cost-effective, and
user-friendly, eliminating the need for expensive biometric
devices. The system addressed concerns such as GPS signal
dependency, privacy issues, device compatibility, scalability,
and integration challenges. However, refinements are needed
for broader applicability [20].

Makhtar et al., developed a Mobile Attendance Application
employing the geofence technique to track off-site staff
attendance using GPS-enabled smartphones [21]. The
Android-based system aims for efficiency by automating
attendance recording through a single tap on the application.
The methodology involves implementing a unique algorithm
that uses geofence queries to establish virtual boundaries for
specific locations. Staff locations, identified by IMEI
numbers, are recorded along with the date and time upon
tapping the application. The administration then verifies the
accuracy of the information and the legitimacy of the device.

The research emphasizes the importance of this technology
in providing an efficient and cost-effective approach to
managing staff attendance. The implementation results
indicate the application’s successful functioning, recording
location, date, and time for staff members using GPS-enabled
smartphones, even outside the office building.

Galgale et al, presented a GPS-based Location-Based
Attendance System using smartphones, employing a
geofence technique through an Android application for off-
site staff [22]. The Mobile Attendance System (MAS)
minimizes user input for attendance tracking, ensuring
effective real-world testing. The article suggests enhancing
security discussions, conducting a detailed user experience
analysis, exploring scalability to other platforms and
smartphone models, and providing a more comprehensive
comparison with existing systems for a robust understanding.

Another study introduced an Intelligent Attendance
Management System that combines geofencing and facial
recognition, leveraging technologies such as Python,
Firebase, and Google API [23]. The system achieves
effective user registration, login, geofence configuration, and
facial recognition for efficient attendance monitoring,
focusing on reducing manual efforts and curbing proxy
attendance.

Despite its successes, the article fails to explicitly address
potential limitations, and the future work section outlines
enhancements without acknowledging associated challenges.

The Students Attendance Management System, as proposed
by Tasleem et al., (2023), utilizes OpenCV for face detection,
database creation, training data gathering, and model training
with LBPH Face Recognizer [24]. The system, catering to
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administrators, lecturers, and students, features a user-
friendly interface. It effectively captures and recognizes
faces, enabling students to mark attendance through face
recognition. A valuable addition would be a thorough
examination of face recognition accuracy in educational
environments to enhance the system’s overall evaluation.

Babatunde et al, presented a mobile-based student
attendance system using Google services and face
recognition [17]. The system, developed in Android Studio,
combines face recognition for authentication and geofencing
to monitor real-time student presence, ensuring accurate
attendance records.

Results demonstrate its success in addressing identification
and accuracy issues, automatically recording attendance
within the designated classroom area. The study emphasizes
the need for innovative solutions to traditional attendance
challenges, introducing a novel timing geofence application
to improve attendance monitoring.

Some studies propose contactless attendance systems using
facial recognition, while others focus solely on facial
recognition [23], [25], [26], [27]. One study, however,
leverages geofencing in conjunction with facial recognition,
along with an admin portal, to address challenges posed by
the pandemic and traditional attendance methods [13]. The
methodology involves faculty and admin portals, utilizing
Python-based face recognition and the Haversine formula for
geofencing.

Results indicate successful face recognition and geofencing,
albeit with some errors. However, the article lacks detailed
mitigation strategies for hardware issues and geofencing
errors. The proposed microservices architecture and
notification system are mentioned but lack specific
implementation details. The overall scalability and
adaptability claims need further elaboration.

III. METHODOLOGY

The research design for the attendance system using
geofencing is a combination of qualitative and quantitative
methods to achieve the objectives of the study. The project
aimed to design an attendance system that would simplify the
process of taking attendance for students at Babcock
University, while also addressing issues such as
manipulation, forgery, lack of a proper database, and lack of
access control within the classrooms.

The first step in the research design was to conduct oral
interviews among students and lecturers to gather
information on the challenges faced with the current
attendance system. The data obtained from the interviews
were used to define the system requirements, which formed
the basis for the design of the attendance system. In addition,
a study of closely related works was conducted to identify
appropriate methods for achieving the objectives of the
project.
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The findings from this study were used to inform the design
of the attendance system. The system was designed to be easy
to use, reliable, and secure, incorporating geofencing
technology to ensure accurate attendance tracking. Overall,
the research design involved a carefully planned and
executed process to design and implement the attendance
system for the classes at Babcock University. The
methodology employed during this study allowed for the
derivation of relevant information from related works,
outlining system requirements, and implementing the system
design using Java and Python programming languages in a
sequential approach.

A. Functional Requirements

1. Lecturer
The Lecturer shall be able to:

a. Login using the university-provided credentials or
created credentials.

b. Select existing geofenced lecture halls for attendance

taking.

Create geofences for new lecture halls.

Save and name geofenced lecture halls for future use.

Generate a unique code for each attendance session.

Set a start time for each attendance session.

Set a stop time for each attendance session.

View real-time attendance based on the generated

attendance code.

i. See an overview of attendance per class.

>0 T R0

2. Student

The student shall be able to:

a. Login using their sign-up credentials.

b. Mark attendance by entering the unique class code
generated by the lecturer within the set time frame.

c¢. View marked class attendance.

3. General Functional Requirements

The system shall:

a. Maintain logs of user activities for auditing purposes.

b. Ensure compliance with university policies and
regulations regarding student data and attendance.

c. Generate accurate geofences to ensure students can
only mark attendance when they are physically within
the specified lecture hall.

B. Non-functional Requirements

1. Lecturer

a. Security: The application should ensure data security
and privacy for lecturer accounts and attendance
records.
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b. Usability: The user interface should be intuitive and
user-friendly for lecturers to create geofences and
generate class codes.

c. Performance: The system should handle concurrent
requests from multiple lecturers without significant
delays.

d. Reliability: The system should be highly available and
reliable, ensuring that lecture attendance data is
accurately recorded.

)

. Student

a. Security: Student data and attendance records should be
protected to prevent unauthorized access.

b. Usability: The web interface should be easy for
students to use to mark their attendance.

c. Geofencing Accuracy: The geofencing system should
have a high degree of accuracy to ensure that students
can only mark their attendance when physically present
within the specified area.

d. Performance: The application should be responsive,
even when many students are marking their attendance
simultaneously.

3. Hardware Requirements

1 GHz or faster 32-bit or 64-bit processor.
2 GB RAM.

16 GB available disk space.

Mobile device with GPS capability.

NSRS

C. System Model

The proposed model design for the geofencing-based
attendance system at Babcock University is an application.
The system will consist of the following components:

1. User Interface: The user interface will be web-based and
accessible from any mobile device with an internet
connection. The interface will be simple and easy to use,
with clear menus and options for users to navigate
through the system.

2. Database: The system will store user data and geofenced
data, including student details and attendance history, in
a database.

3. Lecturer Panel: The system will provide lecturers with a
web-based panel for creating and viewing attendance, as
well as geofencing new venues.

4. Reporting Module: The system will have a reporting
module that generates reports and logs on attendance
taken.

5. Admin Panel: The system will have an admin panel that
will allow the university to access and generate logs and
attendance reports.

The proposed system will effectively mark attendance and
curb the issue of failure due to attendance at the university.
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Fig. 1 System Architectural Diagram
D. System Architecture credentials, geofenced locations, lecture sessions,
attendance records, and other relevant data. The choice
1. Presentation Tier (Client): Web-Application: The of the specific database system depends on factors like
client-side application for both lecturers and students is scalability, data structure requirements, and the overall
developed using JavaScript and Python. This tier system architecture.

handles the user interface, user interactions, and
communicates with the server-side for data retrieval E. Use Case Diagram, Class Diagram, and Sequence

and updates. Diagram

2. Application Tier (Server): Backend Server (Python):
The server-side logic, responsible for geofencing, A design model in software engineering is an object-based
authentication, attendance tracking, and business rules, representation or series of representations that depict the use

is implemented in Python. This tier handles the cases for a system. In other words, it is a means of describing
application’s core functionality and acts as an a system’s implementation and source code in a
intermediary between the client and the database. diagrammatic format.

3. Data Tier (Database): Database (e.g., SQLite): The
data tier stores and manages information such as user

© Lecturer

o login()
© Student o pickLectureHall()
o createlLectureHall()
e login() o saveLectureHall()
e markAttendance(classCode: string) o generateAttendanceCode()
o viewAttendance() o setStartTime()

o setStopTime()
o viewRealTimeAttendance()
o viewAttendanceOverview()

©AltendanceSession ( Ll
. : (©) GeofencedLectureHall
o uniqueCode: string
o startTime: datetime o name: string
o stopTime: datetime o location: string
e getUniqueCode() o getName()
o getStartTime() o getLocation()

e getStopTime()

Fig. 2 Class Diagram
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1. Class Diagram

The class diagram is used to represent the class model. It
displays the class name, followed by its attributes, and then
the functions or methods associated with the class object. The
goal of constructing a class model is to capture the real-world
concepts that are important to the application.

2. Use Case Diagram

A use case diagram is a graphical representation of a user’s
possible interactions with a system. It illustrates various use
cases and the different types of users within the system. Use
case diagrams are often accompanied by other diagram types.
The use cases are represented by circles or ellipses, while the
actors are typically depicted as stick figures.

View history of past
lecture session

Mark
attendance

Login and auditing

Student

AGTN

Ensure compliance of
policy of aitendance

Attendance Management System

Generale class code

Track attendance

View history of past
ecture session

Ceeate geofance for

lecture venues

specify the locatioon
coordinates and radius

Edit or delete past
escture session

\

cturer

Manage lale entry

Manage early leave

Fig. 3 Use Case Diagram for Attendance System

3. Sequence Diagram

A sequence diagram illustrates process interactions arranged
in a time sequence within the field of software engineering.
It depicts the processes involved and the sequence of
messages exchanged between the processes required to
execute the functionality.
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F. Development Tools

The software development methodology adopted for this
project is the Agile model. Agile is known for its iterative and
incremental development approach, allowing for continuous
refinement of the software throughout the development
process. Given the nature of the project, where requirements
may evolve or need adjustments, this iterative approach
provides flexibility and the ability to adapt to changes
smoothly.
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Admin Use Case Diagram

ensure compliance of
policies and regulation
of attendance

Fig. 5 Use Case Diagram for Admin

In the Agile model, a basic working system is initially
released to the clients. Subsequent modules and
functionalities are then implemented, released, and added to
the existing project. This approach allows for greater
flexibility in accommodating changes in requirements, as the
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team focuses on implementing the core functionalities of the
system at each stage. Feedback is obtained from the client
with each successive iteration, and the modified requirements
are incorporated into the new module.
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Student Use Case Diagram
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Fig. 6 Use Case Diagram for Students
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Fig. 7 Sequence Diagram for Lecturer

These are the tools used in the development of this research 2. Azure App Service: Azure App Service enables the
software: building and hosting of web applications in the
programming language of your choice, without the need
1. Visual Studio Code: Visual Studio Code is a streamlined to manage infrastructure. Web apps in Azure allow for
code editor with support for development operations easy publication and management of websites without
such as debugging, task running, and version control. It working with the underlying servers, storage, or network

is designed to provide the necessary tools for a quick assets. It was used to host the software.

code-build-debug cycle. It was used to program the
client-side aspect of the application.
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4
5 Testing

Deployment

AGILE

1

Requiraments

Fig. 9 Agile Development Methodology

3. SOLite: SQLite is a lightweight, self-contained, serverless,
and open-source relational database management system.
It allows users to create, read, update, and delete data in a
relational database using a SQL-based interface. SQLite
is commonly used in embedded systems, mobile
applications, and small-scale database applications due to
its simplicity, reliability, and portability.

4. Microsoft Visio: Microsoft Visio is a diagramming and
vector graphics application, part of the Microsoft Office
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family. It was used to create diagrams such as the use case
and class diagrams.

The programming languages used include:

1. JavaScript: JavaScript was used because it has access
to the Geolocation API, allowing the browser to
retrieve the user’s current location. This functionality is
essential for tracking when a user enters or exits a
defined geofence area.

2. Python: The geofencing logic is implemented using
Python libraries like Shapely for geometric calculations
and defining geofence shapes (e.g., circles, polygons).
The database system, such as MongoDB, is used to
store geofence data and associated information,
including geofence shapes, metadata, and user-related
data.

3. Server Deployment: The Python backend is deployed
on a server or cloud platform, such as AWS or Heroku,
for scalability and reliability.

G. Communication Between JavaScript and Python

In the proposed research project, a geofencing attendance
system is being developed using JavaScript for the frontend,
Streamlit as the web framework, Python for the backend, and
SQLite for the database. The communication between these
components is established through HTTP requests and
responses. The frontend, implemented in JavaScript with
Streamlit, handles user interactions and sends HTTP requests
to the backend when data needs to be exchanged. The
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backend, developed in Python, receives these requests,
processes them, interacts with the SQLite database to retrieve
or store data, and generates appropriate responses. SQLite
serves as the database management system, storing the
necessary data for the application. This communication flow
enables a clear separation of concerns and facilitates the
development of a robust and efficient geofencing attendance
system.

H. Additional Tools and Services

Google Places API: If the geofencing app involves working
with specific locations or points of interest, consider
integrating the Google Places API for location-related data.

IV.IMPLEMENTATION AND EVALUATION

The implementation of this system is a testament to the
application’s modular and extensible architecture. It
seamlessly integrates various components, leveraging the
power of SQLAlchemy, an Object-Relational Mapping
(ORM) library for Python, to facilitate communication with
the underlying database.

At the core of the system are several models, each
representing a critical aspect of the application. The Lecturer
model defines the structure and properties of lecturers,
including their name, username, and password, ensuring
secure authentication and identification. The student model
encapsulates similar attributes for students, enabling secure
access and tracking of their attendance. The Class model lies
at the heart of the application, storing essential class details
such as course name, venue, class ID, number of students,
and the associated lecturer’s ID.

This model establishes a strong association between classes
and their respective lecturers, ensuring data integrity and
privacy. The system’s functionality is implemented within
the Streamlit application, a powerful open-source Python
library for building interactive web applications. Streamlit
provides an intuitive and responsive user interface, allowing
both lecturers and students to seamlessly navigate through
the application’s various features.

For lecturers, the application offers a dedicated class module
where they can create and manage their classes. The class
creation process is facilitated through a user-friendly form,
allowing lecturers to input relevant class information,
including the longitude and latitude coordinates of the class
location. These coordinates are stored in the Class model,
leveraging SQLAlchemy’s support for floating-point data
types, enabling precise attendance tracking based on student
proximity to the designated area.

Once a class is created, the application stores the class
information in the database, establishing a robust link
between the class and the lecturer who created it. This
association ensures that lecturers can only access and manage
the classes they have created, maintaining data integrity and
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privacy. Additionally, the lecturer module provides a
comprehensive overview of all the classes a lecturer has
created, dynamically generated by querying the database
using SQLAlchemy’s powerful query capabilities.

For students, the application offers a seamless attendance
marking process. Students can view the available classes and
mark their attendance by entering the unique class ID
provided by the lecturer. Upon entering the correct class ID,
students are prompted to take a picture using their device’s
camera, serving as a visual record and verification of their
presence.

Leveraging the power of geofencing technology, the
application verifies the student’s proximity to the designated
class location. If the student is within the predefined geofence
radius, typically set to 100 meters, their attendance is marked
as successful. The attendance data, including the student’s
ID, class ID, timestamp, location coordinates, and captured
image, are securely stored in the Attendance model within the
database.

The implementation of this system showcases the
application’s adherence to best practices in software
development, leveraging industry-standard libraries and
frameworks to deliver a secure, scalable, and user-friendly
experience for both lecturers and students.

A. Lecturer Module

The lecturer module plays a pivotal role in the attendance
management system, serving as the gateway for lecturers to
manage and oversee their respective classes. This module is
designed to streamline the process of class creation,
attendance tracking, and overall class administration,
leveraging the power of geofencing technology.

At the core of the lecturer module lies the Lecturer model,
which defines the structure and properties of a lecturer within
the system. The model encapsulates essential attributes such
as name, username, and password, enabling secure
authentication and identification of lecturers. The unique
username constraint ensures that each lecturer has a distinct
identity, preventing duplication and potential conflicts.

Upon accessing the application, lecturers are presented with
a user-friendly interface that guides them through the signup
and login processes. The signup functionality allows new
lecturers to register by providing their name, username, and
password. This information is securely stored in the database,
ensuring the privacy and integrity of user data.

Once registered, lecturers can seamlessly log in to the system
using their credentials. The login process involves validating
the provided username and password against the stored data
in the database. If the credentials are valid, the lecturer is
granted access to the class module, where they can create and
manage their classes.
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Fig. 11 Lecturer Module Session Code

The class module is a comprehensive section dedicated to
facilitating the creation and administration of classes.
Lecturers can input essential class details, such as course
name, venue, class ID, and the number of students enrolled.
Leveraging the power of geofencing, lecturers are required to
provide the longitude and latitude coordinates of the class
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location, enabling precise attendance tracking based on
student proximity to the designated area. Upon successful
class creation, the application stores the class information in
the database, associating it with the respective lecturer. This
association ensures that lecturers can only access and manage
the classes they have created, maintaining data integrity and
privacy.
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Fig. 12 Lecturer Module Creating a Class code

The class module further enhances the lecturer experience by
providing a seamless overview of all the classes they have
created. The application displays a concise list of classes,
along with relevant details such as course name, class ID,
venue, number of students, and current attendance count.
This overview empowers lecturers to stay informed about
their classes and monitor attendance levels easily.

Furthermore, the lecturer module lays the foundation for
future enhancements, such as attendance tracking algorithms,
geofencing implementation, and integration with mobile
applications or wearable devices. By building a robust and
modular architecture, the application can adapt and evolve to
meet the ever-changing needs of educational institutions and
lecturers alike. In summary, the lecturer module serves as the
backbone of the system, enabling lecturers to effortlessly
manage their classes, track attendance, and leverage the
power of geofencing technology.

Its user-friendly interface, secure authentication, and robust
database integration ensure a seamless experience for
lecturers, while paving the way for future enhancements and
expansions.

B. Student Module

The student module is an integral component of the
Attendance Management System, enabling students to
seamlessly interact with the system and mark their attendance
for respective classes. This module is designed with a user-
friendly interface and incorporates advanced geofencing
technology to ensure accurate attendance tracking. The
classes module is a comprehensive section dedicated to
displaying the available classes and enabling students to
mark their attendance. The application presents a list of
classes, including relevant details such as course name and
venue. Students are required to enter the unique class ID
provided by the lecturer to ensure proper identification and
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authentication. Upon entering the correct class 1D, students
are prompted to take a picture using their device’s camera.
This picture serves as a visual record and verification of the
student’s presence during the attendance marking process.
Additionally, students are required to input their current
location by providing latitude and longitude coordinates.

Leveraging the power of geofencing technology, the
application verifies the student’s proximity to the designated
class location. If the student is within the predefined geofence
radius, typically set to 100 meters, their attendance is marked
as successful. This approach ensures the integrity of the
attendance data and prevents potential abuse or fraudulent
activity.

The attendance data, including the student’s ID, class ID,
timestamp, location coordinates, and captured image, is
securely stored in the Attendance model within the database.
This information can later be assessed and analyzed by
authorized personnel for attendance tracking, reporting, and
other administrative purposes.

Furthermore, the student module lays the foundation for
future enhancements, such as real-time attendance
notifications, integration with mobile applications or
wearable devices, and advanced data analytics. By building a
modular and extensible architecture, the application can
adapt and evolve to meet the ever-changing needs of
educational institutions and students alike.

In summary, the student module plays a crucial role in the
system, empowering students to mark their attendance
seamlessly while leveraging the power of geofencing
technology. Its user-friendly interface, secure authentication,
and robust database integration ensure a smooth experience
for students while paving the way for future enhancements
and expansions.
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Fig. 14 System Home Page

C. System Evaluation Similarly, the student signup module enables new students to
enrol by providing their full name, preferred username, and a

The signup process is a crucial step for both lecturers and secure password. This not only creates an account for the

students to gain access to the system. For lecturers, the signup student but also serves as a means of authentication, ensuring

module allows them to register by providing their name, that only registered individuals can access the system and

desired username, and a secure password. This process mark their attendance.

ensures that each lecturer has a unique identity within the

system, preventing potential conflicts or duplication.
X

. Class Attendance using Geofencing

Lecturer Signup

ABANG VICTOR

Username

abvictor

Fig. 15 Lecturer Signup
i ‘ Class Attendance using Geofencing
Lecturer Login
(o]

Logn

Fig. 16 Lecturer Sign in

Once registered, both lecturers and students can securely credentials in the database. Upon successful authentication,
access the system through the login function. The lecturer lecturers gain access to the class module, where they can
login module prompts users to enter their username and manage and oversee their respective classes.

password, which are then validated against the stored
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Fig. 17 System Class Module
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Attendance; 0

Fig. 18 System Class Schedule

Similarly, the student login module requires students to enter
their unique username and password. If the provided
credentials are valid, students are granted access to the
classes module, where they can view and mark their
attendance for the respective courses.

The class module is the heart of the lecturer’s experience
within the system. This module empowers lecturers to create
and manage their classes, providing a user-friendly interface
for inputting essential class details. Lecturers can specify the
course name, venue, a unique class ID, and the number of
students enrolled.

One of the standout features of the class module is the

integration of geofencing technology. Lecturers are required
to provide the longitude and latitude coordinates of the class
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location, enabling precise attendance tracking based on
student proximity to the designated area. This innovative
approach ensures the integrity of the attendance data and
prevents potential abuse or fraudulent activity.

Once a class is created, the system securely stores the class
information in the database, associating it with the respective
lecturer. This association ensures that lecturers can only
access and manage the classes they have created, maintaining
data privacy and integrity. Furthermore, the class module
provides lecturers with a comprehensive overview of all their
created classes, displaying relevant details such as course
name, class ID, venue, number of students, and current
attendance count. This overview empowers lecturers to stay
informed about their classes and monitor attendance levels.
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Fig. 19 System Class Attendance Module

From the student’s perspective, the classes module serves as
a gateway to accessing and marking their attendance for the
respective courses. This module presents a list of available
classes, allowing students to easily identify the courses they
are enrolled in.

To mark their attendance, students are required to enter the
unique class ID provided by the lecturer. This step ensures
proper identification and authentication, preventing
unauthorized individuals from marking attendance for
classes they are not enrolled in.

Venue: White Hall

Menu

Classes v £

Take a picture

Enter Class ID for COMPUTER SCIENCE

Mark Attendance for COMPUTER SCIENCE

Deploy

Take Photo

Fig. 20 System Class Attendance Module
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Fig. 21 System Class Attendance Module

The attendance module is the core functionality that enables
students to mark their presence for a particular class. Upon
entering the correct class ID, students are prompted to take a
picture using their device’s camera. This picture serves as a
visual record and verification of the student’s presence
during the attendance marking process. Additionally,
students are required to input their current location by
providing latitude and longitude coordinates. Leveraging the
power of geofencing technology, the system verifies the
student’s proximity to the designated class location. If the
student is within the predefined geofence radius, typically set
to 100 meters, their attendance is marked as successful.

The attendance data, including the student’s ID, class ID,
timestamp, location coordinates, and captured image, is
securely stored in the database. This information can later be
accessed and analyzed by authorized personnel for
attendance tracking, reporting, and other administrative
purposes.

Overall, the Attendance Management System offers a
comprehensive set of functions that cater to the needs of both
lecturers and students. From secure registration and
authentication to class management and attendance tracking,
the system leverages modern technologies and innovative
approaches to streamline the attendance process while
ensuring data integrity and privacy.

V. CONCLUSION

This chapter offers a comprehensive evaluation of the
system, highlighting its achievements, strengths, and
potential impact on educational institutions. It emphasizes
the project’s adherence to best practices in software
development, data security, and user-friendly design.
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Additionally, this chapter discusses the project’s scalability
and potential for future enhancements, positioning it as a
valuable resource for educational institutions seeking to
embrace the latest technologies and improve the overall
learning experience. Throughout these chapters, the project
demonstrates a comprehensive approach to addressing the
challenges of class attendance tracking, leveraging modern
technologies and innovative solutions.

By combining secure authentication, geofencing capabilities,
and a user-friendly interface, the Attendance Management
System offers a reliable, accurate, and efficient solution for
educational institutions, streamlining the attendance process
while ensuring data integrity and privacy. The Attendance
Management System is a remarkable achievement in
leveraging modern technology to revolutionize the way class
attendance is tracked and managed. By seamlessly
integrating geofencing capabilities with a robust and user-
friendly system, this project has successfully addressed the
longstanding challenges associated with traditional
attendance-taking methods.

Throughout the development process, a strong emphasis was
placed on security, ease of use, and the incorporation of
cutting-edge technologies. The implementation of secure
authentication mechanisms, such as unique usernames and
encrypted passwords, ensures that only authorized
individuals can access the system, safeguarding the integrity
and privacy of the attendance data. The modular and
extensible architecture of the application, built upon
industry-standard  libraries and  frameworks  like
SQLAIlchemy and Streamlit, allows for seamless integration
of various components while adhering to best practices in
software development. This approach not only enhances the
system’s scalability and maintainability but also paves the
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way for future enhancements and expansions. One of the
standout features of this project is the integration of
geofencing technology, which enables precise attendance
tracking based on the student’s proximity to the designated
class location. By leveraging location-based services and
advanced algorithms, the system verifies the student’s
presence within a predefined radius, ensuring the accuracy
and reliability of attendance data.

This innovative approach eliminates the potential for abuse
or fraudulent activities, addressing a long-standing challenge
in traditional attendance-taking methods. The user-friendly
interface, implemented through the powerful Streamlit
library, provides a seamless experience for both lecturers and
students. Lecturers can effortlessly create and manage
classes, input essential class details, and monitor attendance
levels. Students, on the other hand, can easily mark their
attendance by providing the required information and visual
verification through captured images. Furthermore, the
application’s comprehensive data storage and retrieval
capabilities, facilitated by SQLAlchemy’s powerful query
features, enable authorized personnel to access and analyze
attendance data for reporting, auditing, and other
administrative purposes. This feature enhances the overall
efficiency and transparency of the attendance management
process. In conclusion, this system is a testament to the power
of innovation and technological advancements in the field of
education.

By addressing the longstanding challenges of traditional
attendance-taking methods, this project offers a secure,
accurate, and user-friendly solution that streamlines the
attendance process while ensuring data integrity and privacy.
Its modular design and adherence to best practices pave the
way for future enhancements and expansions, positioning it
as a valuable resource for educational institutions seeking to
embrace the latest technologies and improve the overall
learning experience [28]. It is recommended to explore the
possibility of integrating the system with existing Learning
Management Systems (LMS) wused by educational
institutions. By establishing a seamless connection between
the attendance tracking system and the LMS, valuable
attendance data can be automatically synchronized and made
available to both lecturers and students within the familiar
environment of the LMS.

This integration would enhance the overall user experience
by eliminating the need to switch between multiple
applications, providing a centralized platform for accessing
attendance records alongside other course materials,
assignments, and grades. Additionally, it would enable
lecturers to easily monitor and analyze attendance data in
conjunction with student performance, potentially
identifying correlations and taking appropriate actions to
support struggling students. Furthermore, integration with
the LMS could facilitate automated attendance reporting and
notifications, streamlining administrative tasks and ensuring
timely communication with students regarding their
attendance status. This feature could be particularly
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beneficial for institutions with strict attendance policies,
allowing for early intervention and support mechanisms to be
implemented when attendance issues arise. By leveraging the
existing infrastructure and user base of the LMS, the system
could seamlessly integrate into the educational ecosystem,
enhancing its adoption rate and providing a comprehensive
solution for attendance tracking and overall student
engagement.
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