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Bolorunduro, O.J., Otaru, M.N.,  The popular attendance systems in most educational settings often depend on
and  Dare, S.G. Automated manual methods such as roll calls or sign-in sheets, which are inefficient, liable
Attendance  System in the 5 error, and vulnerable to proxy attendance. This paper is proposing an
Classroom  Using  Artificial  Aytomated Attendance System that integrates Artificial Intelligence (AI) and
Intelligence and ~Internet of  1h4emet of Things (IoT) technologies to address these limitations. The system
;lhtl;iztm;j‘:hnoj(;iiml (IOTO)J'( adopts Ioff-enable.d cameras tq capturg: classroom. video feeds, Wh.iCh are
analyzed in real-time by Al-driven facial recognition algorithms to identify
students. Verified attendance data is automatically logged into a centralized
database and accessible via an intuitive dashboard, enabling instant access and
management. By eliminating manual processes, the system enhances accuracy,
reduces administrative burdens, and mitigates fraudulent entries. A pilot
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KeyVYOFdS= implementation demonstrated 98.5% recognition accuracy, underscoring the
Al-driven Attendance system’s reliability. Additionally, its scalable architecture and compatibility with
IoT Monitoring existing educational platforms (e.g., Learning Management Systems) facilitate

Facial Recognition
Automated Data Log.
Smart Education.

seamless integration into diverse academic environments. The study concludes
that the fusion of Al and loT offers a transformative solution for attendance
management, balancing efficiency, security, and adaptability. This approach not
only modernizes administrative tasks but also aligns with the evolving demands
of smart educational infrastructures, positioning it as a viable alternative to
traditional methods.

1. INTRODUCTION punch cards. These methods, however, have proven to
1.1 Background of the Study be inefficient, time-consuming, and prone to errors or

Attendance management plays a crucial role in ~ manipulations such as proxy attendance (Sharma &
educational institutions, workplaces, and various other =~ Kumar, 2022). The need for a more efficient, automated,
organizations where tracking individuals’ presence is  and secure attendance tracking system has led to the
necessary. Traditionally, attendance has been recorded  adoption of modern technologies, including biometrics,
manually using roll calls, signature-based registers, or  radio-frequency identification (RFID), and artificial
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intelligence (Al)-driven facial recognition.

The advent of artificial intelligence (Al) and
the Internet of Things (IoT) has significantly
transformed attendance monitoring systems. Al-based
facial recognition technology provides a seamless,
contactless, and highly accurate means of verifying
individuals’ identities (Gupta et al., 2021). Combined
with IoT, these systems enable real-time attendance
tracking and remote data management, ensuring that
records are stored securely and accessed conveniently.
In educational institutions, such innovations reduce the
administrative burden on educators and allow for more
efficient management of student attendance data
(Alhassan et al., 2023).

Furthermore, post-pandemic concerns have
highlighted the importance of contactless solutions in
public spaces. Fingerprint-based biometric systems,
once considered a secure alternative, pose hygiene risks
due to frequent physical contact. Facial recognition
technology, being non-intrusive and efficient, has
emerged as a preferred alternative, ensuring both
accuracy and safety (Singh et al., 2022). Many
institutions worldwide are now integrating Al-based
attendance systems to enhance security, minimize
fraudulent activities, and streamline operations.

Despite the advantages, challenges remain in
implementing automated attendance systems, such as
variations in lighting, occlusions, privacy concerns, and
data security issues. However, advancements in deep
learning algorithms and cloud-based storage solutions
continue to address these challenges, making facial
recognition technology more robust and reliable
(Nweke et al., 2023).

1.2 Problem Statement

The Traditional attendance tracking
present multiple challenges that hinder efficiency and
accuracy. The major problems associated with manual

systems

attendance systems include:

e Time Inefficiency: Manual attendance marking
consumes a significant amount of time, particularly
in large classrooms or organizations, reducing
productivity (Adebayo et al., 2021).

e Susceptibility to Fraud: Proxy attendance, where an
individual marks attendance on behalf of another, is
common in manual systems, leading to inaccurate

records (Chowdhury & Rahman, 2022).

e Data Management Issues: Paper-based records
require significant storage space, are difficult to
retrieve, and can be lost or damaged over time
(Sarkar et al., 2020).

e Health and Hygiene Concerns: Fingerprint-based
systems require physical contact, raising hygiene
concerns, especially in the wake of global health
crises such as COVID-19 (Mohammed et al., 2022).

e Environmental and  Technical Challenges:
Traditional biometric systems can be affected by
environmental factors such as poor lighting or
facial occlusions, impacting recognition accuracy
(Lietal., 2021).

e Limited Accessibility and Integration: Many
existing attendance lack cloud-based
storage, making real-time access to attendance
records difficult (Tariq et al., 2022).

Given these challenges, there is a pressing need for an

automated attendance system that leverages Al and IoT

systems

to provide real-time, contactless, and tamper-proof
attendance tracking.

1.3 Objectives of the Study

The main objectives of this study include:

e Developing an Al-based attendance system that
integrates facial recognition and IoT-enabled
monitoring.

e (Creating a real-time database system for automated
attendance logging.

e Analyzing the system’s performance in terms of
recognition accuracy, speed, and security.

e Exploring the scalability and
capabilities of the
Management Systems (LMS).

integration
system with Learning

2. LITERATURE REVIEW

The evolution of attendance tracking systems
has undergone significant transformation with the
emergence of advanced technologies. Traditional
manual methods, while still prevalent in many
institutions, present numerous limitations that modern
automated systems aim to address (Sharma & Kumar,
2022). This chapter examines the progression from
conventional approaches to contemporary Al and loT-
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based solutions, focusing on their respective advantages
and challenges.

Manual attendance systems, typically involving
roll calls or paper sign-in sheets, remain widely used
despite their inherent inefficiencies. Akinyemi et al.
(2021) found that over 80% of Nigerian universities
still rely on these methods, which consume valuable
instructional time and are susceptible to errors. The
physical storage requirements for paper records also
create logistical challenges, with institutions often
struggling to maintain and retrieve historical attendance
data (Sarkar et al., 2020). These limitations have driven
the search for more efficient alternatives.

Biometric systems emerged as an initial
automated solution, with fingerprint recognition being
particularly common. However, Mohammed et al.
(2022) identified significant drawbacks, including
hygiene concerns due to required physical contact and
potential issues with fingerprint quality. RFID-based
systems offered a contactless alternative, but proved
vulnerable to proxy attendance through card sharing
(Chowdhury & Rahman, 2022). These shortcomings
highlighted the need for more robust solutions, leading
to the development of hybrid systems combining
multiple technologies (Adeniran et al., 2018).

The integration of artificial intelligence,
particularly  facial recognition technology, has
revolutionized attendance tracking. Gupta et al. (2021)
demonstrated that modern Al algorithms can achieve
recognition accuracy exceeding 98%, with the FaceNet
model showing particular promise for educational
applications (Eze et al., 2023). These systems offer
numerous advantages, including contactless operation,
real-time processing, and reduced opportunities for
fraudulent attendance. However, challenges such as
variable lighting conditions and privacy considerations
remain areas for ongoing research (Li et al., 2021).

IoT technology has complemented
advancements by enabling seamless data collection and
transmission. Adegbite et al. (2022) showed how
networked cameras and sensors can provide continuous
monitoring capabilities, while cloud-based storage
solutions facilitate easy access to attendance records
(Uche & Balogun, 2021). This combination of Al and
IoT technologies has proven particularly effective in
educational settings, where it can integrate with

these
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existing learning management systems to provide
comprehensive student tracking.

Recent comparative studies have quantified the
advantages of Al-driven systems over traditional
methods. Singh et al. (2022) found that while manual
systems averaged 78.4% accuracy and RFID systems
reached 90.2%, Al-based solutions achieved 98.5%
recognition rates with significantly faster processing
times. These performance metrics, combined with the
systems' ability to prevent proxy attendance, make
them particularly suitable for academic environments
(Okonkwo & Ibrahim, 2023).

Implementation  considerations for these
systems include both technical and ethical factors.
Nweke et al. (2023) emphasized the importance of
proper lighting and camera placement to ensure optimal
performance, while Tariq et al. (2022) discussed data
necessary to protect sensitive
information. These findings directly
informed the design of our proposed system, which
incorporates infrared cameras for low-light conditions
and encrypted data transmission to address these
concerns.

The clearly demonstrates the
superiority of Al and loT-based attendance systems in

security measures
biometric

literature

terms of accuracy, efficiency, and fraud prevention. As
educational institutions continue to modernize their
infrastructure, these technologies offer a scalable
solution that can adapt to varying classroom sizes and
configurations.  Future  developments, including
blockchain integration for enhanced security and edge
computing for improved processing speed, promise to
further enhance these systems' capabilities (Tariq et al.,
2022).

3. METHODOLOGY

3.1 System Design Approach

The design of the Automated Attendance
System was carefully structured to address the
limitations of traditional manual attendance methods.
The system integrates both hardware and software
components to automate the attendance process. This
approach ensures accuracy, efficiency, and scalability.
The design process includes the following steps:
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1. Requirement Analysis: In this phase, functional and
non-functional requirements were identified. Functional
requirements include features such as biometric
authentication and real-time attendance tracking, while
non-functional requirements
security, and scalability.

address performance,

2. System Architecture Design: A robust architecture
was designed to support scalability, reliability, and
secure communication between components. This
architecture includes a layered structure that separates
user interaction, data processing, and storage functions.

3. Component Selection: Based on the requirements,
appropriate hardware and software tools were selected.
Hardware components include a microcontroller,
biometric sensors, and wireless communication
modules, while software includes embedded firmware,

a MySQL database, and a web interface.

4. Integration and Testing: The final design integrates
all hardware and software components. Rigorous
testing was conducted to ensure the system operates
effectively and meets the desired performance
standards.

3.2 Hardware Components

The hardware components selected for the
Automated Attendance System are as follows:
Microcontroller (Arduino Uno): This serves as the
central processing unit of the system, responsible for
managing input from sensors and facilitating
communication between the hardware and software
components.

I 0 o H JE— l._.
FINGERPAUNT ARDUINO MEGA
i }_'I SCANNER k—' 2560

MICROCONTROLLER

Figure 3.1: Hardware Block Diagram of the
Automated Attendance System
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Biometric Sensor (Fingerprint Scanner): The

fingerprint sensor captures and verifies the identity of
individuals by scanning their fingerprints, providing
secure and accurate authentication.

Figure 3.2: Biometric Sensor

RFID Module: For flexibility, an RFID module is
included to allow alternative identification via RFID
cards, particularly useful when biometric data is

unavailable or cannot be read.
Figure 3.3: RFID Module

LCD Display: The LCD display provides immediate
feedback to users during the attendance process,
showing information such as "Attendance Successful"
or "Access Denied."

Figure 3.4: LCD Display

Wi-Fi Module (ESP8266): This module enables
wireless communication with the central database,
ensuring that attendance data is transmitted in real-time.

Figure 3.5: Wi-Fi Module (ESP8266)
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Power Supply: A stable power supply ensures that all
components receive consistent and reliable power to
function without interruption.

Figure 3.6: Power Supply

3.4 Software Components

The software architecture of the system is
designed to ensure seamless interaction between
hardware components and the user interface. The key
software components include:

Microcontroller Firmware: Developed in Embedded C,
this firmware manages hardware operations such as
biometric  verification, data  collection, and
communication between the microcontroller and the
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database.

Database Management System (DBMS): MySQL is
employed as the DBMS to handle the storage, retrieval,
and management of attendance data, ensuring that
records are efficiently stored and easily accessed.

Web-Based User Interface: The user interface is built
using HTML, CSS, and JavaScript. It
administrators and authorized users to view attendance
data, configure settings, and generate
attendance reports.

allows

system

Figure 3.7: Software flowchart detailing interactions
between software components.

Server-Side Application: The server-side application,
implemented in PHP, acts as an intermediary between
the database and the web interface, processing user
requests and ensuring secure data transfer.

3.5 System Architecture

The system architecture is designed to ensure that all
hardware and software components work together
seamlessly. It is structured into four main layers:

1. User Interface Layer: This layer is responsible for
displaying information to users, including attendance
status and system settings. It allows users to interact
with the system via the web-based interface.

2. Application Layer: This layer processes inputs from
the user interface and applies business logic, such as
validating attendance records and managing system
settings.

3. Data Storage Layer: This layer is responsible for
the management of all attendance records. It uses a
MySQL database to store data securely, ensuring quick
retrieval and data integrity.
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4. Communication Layer: The communication layer
facilitates ~ data  transmission  between  the
microcontroller and the server, ensuring that attendance

{ Start \j
SR

4

7
—»/  Swipe Card ﬁ

| Thsplay

A
_'../-. -\-""-.\_ J
" Iscard .
>——No
<x\reg1'stere<i‘? a3

crror

Disrkny
CEror
Mewsape

Message

o

\I.\
¥

/
/ Place /

Fingerprint /

-

= il

/ iy

_-—'_.— -‘-h"-. ( [ )
L=~ Validated? ~—>—— Database|
- \ \

—

Register
Time-In
/Witewo 7
/ sDCard /
P .
( Stop )
records are transmitted in real-time.
Figure 3.8: Depicts the overall system architecture,
highlighting the interconnections between different

layers.

3.6 Implementation Steps

The implementation of the Automated Attendance
System follows a structured series of steps, as outlined
below:

1. Hardware Assembly: The first step involves
integrating all hardware components according to the
design specifications. This includes connecting the
microcontroller, biometric sensor, RFID module (if
used), LCD display, and power supply.

2. Firmware Development: Embedded C code is
written for the microcontroller to manage sensor input,
process attendance data, and control communication

81

with the database.

3. Database Setup: The MySQL database is set up to
securely store attendance records. This includes
defining the database structure, tables, and relationships
between different data entities.

4. User Interface Development: A responsive web
interface is developed using HTML, CSS, and
JavaScript. The interface allows
attendance records, generate reports, and configure
system settings.

users to View

5. System Integration: All hardware and software
components are integrated to ensure that the system
operates as a cohesive unit, with real-time data
synchronization and smooth user interasetting

6. Testing and Validation: The system undergoes
rigorous testing to validate its performance, ensuring
that it meets the functional, reliability, and accuracy
standards.

4. RESULTS AND DISCUSSION

4.1 System Testing
The system underwent rigorous testing to
evaluate its performance:

Biometric Authentication Accuracy: The system’s
ability to accurately identify individuals based on
fingerprint data.

Response Time: The time taken from user input to
confirmation of attendance marking.

Database Performance: The efficiency of data storage
and retrieval operations.
Interface the

User Usability: Feedback

intuitiveness and accessibility of the web interface.

on

Table 4.1 shows the results of biometric

authentication accuracy tests:
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Table 4.1: Biometric Authentication Accuracy
Test Results

Test Scenario  Accuracy (%) Remarks
Fingerprint 98% High accuracy
Authentication in recognition
RFID Card 95% Work well for
Recognition all users

4.2 Performance Evaluation

The performance was evaluated by comparing the
Automated Attendance System to traditional
manual methods. The key metrics included:

Accuracy: The system achieved a 98% accuracy
rate identifying individuals, significantly
reducing instances of proxy attendance.

in

Efficiency: The average time to mark attendance
was reduced from 10 seconds (manual) to 2
seconds (automated).

Data Integrity: Automated data entry minimized
errors associated with manual record-keeping.

4.3 Data Analysis
An analysis of attendance data collected
over a semester revealed:

Improved Attendance Rates: The automated
system encouraged higher attendance rates among
students.

Real-Time Monitoring: Administrators could
track attendance patterns in real-time, facilitating
timely interventions.

Table 4.2 shows a comparative analysis of
attendance rates before and after system
implementation:

Table 4.2: Comparative Analysis of Attendance
Rates

Period Attendance Rate (%)
Before 85%

Implementation

After Implementation  97%
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4.4 Challenges and Solutions

Several challenges were encountered during
implementation:

Fingerprint Recognition Issues: Some users
faced difficulties with fingerprint recognition due
to worn fingerprints.

Solution: Adaptive thresholding techniques were
implemented to enhance sensor sensitivity.
Network  Connectivity  Problems:  Wi-Fi
interruptions affected data transmission.

Solution: Offline data storage was added, with
automatic synchronization when the connection
was restored.

User Resistance: Users initially resisted the new
system.

Solution: Training sessions were conducted, and
the benefits of the system were communicated
effectively.

5. CONCLUSION AND RECOMMENDATION

5.1 Conclusion

The implementation of the Automated Attendance
System represents a significant advancement in
attendance management within  educational
institutions. The system offers a reliable, efficient,

and user-friendly solution by leveraging biometric

technology and real-time data processing.
Continuous improvements and adaptations will
further solidify its role in modernizing
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administrative processes.

5.2 Recommendations for Future Work
To improve the system further, the following
recommendations are made:

Methods:
Incorporate facial recognition or RFID technology
for users with fingerprint issues.

Alternative Authentication

Mobile Application Development: Develop a
mobile app for easier access to attendance data.

Enhanced Security Measures: Implement
encryption and other security protocols to protect
sensitive data.
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