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ABSTRACT

Attendance management is a fundamental administrative process in educational
institutions and corporate organizations. Conventional methods, including manual registers and
biometric fingerprint systems, are often time-consuming, susceptible to proxy attendance, and
limited in providing real-time data accessibility and centralized record management. To address
these limitations, this paper proposes a Smart Attendance System based on Face Recognition

that automates attendance marking using computer vision and machine learning techniques.

The proposed system employs OpenCV for real-time face detection and utilizes the
Local Binary Pattern Histogram (LBPH) algorithm for efficient facial recognition. A web-
based application interface is developed using the Flask framework, while SQLite is used for
secure and structured data storage. The system captures facial data through a webcam,
processes and matches it against a trained dataset, and records attendance with accurate
timestamps. Administrative dashboards enable monitoring, report generation, and user

management.

Keywords: Face Recognition, OpenCV, Local Binary Pattern Histogram (LBPH), Smart
Attendance System, Computer Vision, Flask, SQLite.
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I. INTRODUCTION

Attendance  monitoring is a
fundamental administrative requirement in
educational institutions, corporate
organizations, and training environments.
Accurate attendance records are essential
for performance evaluation, compliance
monitoring, payroll management, and
academic  assessment.  Despite  its
importance, many institutions still rely on
traditional attendance methods such as
manual registers, RFID cards, or biometric

fingerprint systems.

Manual attendance systems are
prone to human error, time inefficiency, and
data mismanagement. RFID-based systems
reduce manual effort but remain vulnerable
to proxy attendance through card sharing.
Fingerprint-based  biometric  systems
provide better authentication but require
physical contact, dedicated hardware, and
periodic maintenance. Additionally, they
may face hygiene concerns and device wear

over time.

Recent advancements in Artificial
Intelligence (AI) and Computer Vision have
enabled the development of automated
facial recognition systems capable of
identifying individuals in real time. Face
recognition is a contactless biometric
technique that analyzes unique facial

features to verify identity. Compared to

other biometric methods, it offers enhanced

convenience, reduced operational
overhead, and seamless integration with

web-based platforms.

This paper presents a Smart
Attendance System using Face
Recognition, designed and implemented as
a web-based application. The system
integrates OpenCV for facial detection and
the Local Binary Pattern Histogram
(LBPH) algorithm for face recognition. The
recognized identity is automatically logged
into a structured database with accurate
manual

timestamps, eliminating

intervention.

The primary objectives of the

proposed system are:

1. To automate attendance marking

using facial recognition.

2. To minimize proxy attendance and

manual errors.

3. To provide real-time attendance

logging and reporting.

4. To develop a scalable and secure

web-based management interface.

The remainder of this paper is
structured as follows: Section II discusses
related work, Section III explains system
architecture, Section IV  describes
workflow, Section V outlines methodology,
sections

and  subsequent present

740

2026 Volume 09 Issue 03 www.irjweb.com | March — 2026 — IRJEAT



http://www.irjweb.com/
https://www.irjweb.com/

1\

IRJEAT

International Research Journal of Education and Technology

Peer Reviewed Journal, ISSN: 2581-7795

implementation, evaluation, and
conclusions.
II. RELATED WORK

Automated attendance systems

have been an active research area due to the
growing demand for efficient and secure
monitoring solutions in academic and
corporate environments. Several
technologies have been explored, including
RFID-based systems, biometric fingerprint
vision-based

devices, and computer

recognition models.

RFID-based attendance systems are
widely used because of their simplicity and
ease of integration. In such systems, users
carry RFID-enabled identity cards that are
scanned to record attendance. Although this
method reduces manual effort, it remains
vulnerable to proxy attendance through
card sharing. Additionally, RFID systems
require dedicated hardware infrastructure,

increasing deployment costs.

Biometric  fingerprint  systems
provide improved security compared to
RFID systems. These systems authenticate
individuals based on unique fingerprint
patterns. While they offer higher reliability,
they involve physical contact with sensors,
which may raise hygiene concerns and lead
to device wear over time. Furthermore,

fingerprint scanners may experience

difficulty in recognizing fingerprints due to

moisture, dust, or skin conditions.

With advancements in Artificial
Intelligence and Machine Learning, facial
recognition systems have emerged as a
promising  alternative.  Early  face
recognition  approaches  relied on
techniques such as FEigenfaces and
Fisherfaces, = which  used  Principal
Component Analysis (PCA) for feature
extraction. While effective in controlled
environments, these methods were sensitive
to lighting variations and facial

expressions.

More recent approaches utilize
Convolutional Neural Networks (CNNs)
for deep feature extraction, achieving high
recognition accuracy. However, CNN-
based models require large datasets, high
computational resources, and GPU
acceleration, making them less suitable for

small to medium-scale institutions with

limited hardware capabilities.

The  Local
Histogram (LBPH) algorithm offers a

Binary  Pattern

computationally  efficient  alternative.
LBPH is robust against moderate lighting
changes and performs well on smaller
datasets. Due to its lightweight nature and
low processing requirements, LBPH is
real-time

particularly  suitable  for

741

2026 Volume 09 Issue 03 www.irjweb.com | March — 2026 — IRJEAT



http://www.irjweb.com/
https://www.irjweb.com/

1\

IRJEAT

International Research Journal of Education and Technology

Peer Reviewed Journal, ISSN: 2581-7795

attendance systems deployed on standard

computing hardware.

Compared to existing systems, the
proposed Smart Attendance System
integrates real-time face detection using
OpenCV with LBPH-based recognition and
a web-based management dashboard. This
combination provides a cost-effective,

scalable,.

HI. SYSTEM ARCHITECTURE

The Smart Attendance System using
Face Recognition is designed using a
modular and layered architecture to ensure
scalability, maintainability, and real-time
performance. The

system  integrates

computer vision components with a web-

based application framework and a

structured database backend.

The overall architecture consists of

five primary modules:
1. Image Acquisition Module
2. Face Detection Module
3. Face Recognition Module
4. Attendance Management Module

5. Web Interface and Administrative

Dashboard
A. IMAGE ACQUISITION
MODULE

2026 Volume 09 Issue 03 www.irjweb.com | March — 2026 —

This module captures real-time
video input through a webcam. The video
stream is divided into individual frames,
which are processed sequentially. Each
frame serves as input to the face detection

component.
B. FACE DETECTION MODULE

Face detection is implemented
using OpenCV’s Haar Cascade Classifier.
This classifier scans each frame to identify
facial regions by detecting predefined facial
features. Once a face is detected, the region
of interest (ROI) is extracted and converted
into grayscale format for further
processing. Grayscale conversion reduces
computational complexity and improves

algorithm efficiency.

C. FACE
MODULE

RECOGNITION

The extracted facial region is passed
to the recognition module, where the Local
Binary  Pattern  Histogram (LBPH)
algorithm is used to identify the individual.
The trained LBPH model compares the
detected face with stored facial datasets and

calculates similarity scores.

If the confidence value meets the
predefined threshold, the system recognizes
the user; otherwise, it labels the face as

unknown.
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D. ATTENDANCE
MANAGEMENT MODULE

Once a face is successfully
recognized, the system automatically logs
the attendance record into the SQLite

database. The stored data includes:

e UserlID
e Name
e Date

e Time stamp

To prevent duplicate entries, the
system checks whether attendance has

already been marked for the current session.

E. WEB INTERFACE AND
ADMIN DASHBOARD

The frontend interface is developed
using HTML, CSS,
integrated with Flask on the backend. The

and Bootstrap,

dashboard provides:
o Real-time attendance overview
o User management
o Attendance history retrieval
o Excel report generation

e Authentication and session control

ARCHITECTURAL FLOW

2026 Volume 09 Issue 03 www.irjweb.com | March — 2026 —

The system architecture follows this

logical sequence:

Webcam Input — Frame Extraction
— Face Detection — Face Recognition —

Database Logging — Dashboard Display

This modular design ensures that
each component functions independently
while maintaining seamless integration. It
also allows future enhancements, such as
replacing the LBPH model with a deep
learning-based recognition system without

redesigning the entire application.

IV. SYSTEM WORKFLOW

The Smart Attendance System
operates through a structured sequence of
processes that combine image acquisition,
facial recognition, and automated database
logging. The workflow is designed to
ensure real-time performance, accuracy,

and prevention of duplicate attendance

entries.

The overall workflow can be

divided into six major stages:

Step 1: User Registration and Dataset

Creation

Before recognition can occur, users must be

registered in the system. During

registration:
e User details (ID, Name, Role) are
stored in the database.

743
IRJEAT

=
: (\@)

b

Ry R )



http://www.irjweb.com/
https://www.irjweb.com/

1\

IRJEAT

International Research Journal of Education and Technology

Peer Reviewed Journal, ISSN: 2581-7795

e Multiple facial images are captured

using a webcam.

o Images are converted into grayscale

format.

o The dataset is labeled and stored for

model training.

Capturing multiple samples

improves recognition reliability and

reduces false detection.
Step 2: Model Training

After dataset collection, the Local

Binary  Pattern  Histogram (LBPH)

algorithm is trained using the labeled facial

images.
During training:
o Facial features are extracted.
o Local binary patterns are generated.

e Histograms are computed and

stored as feature descriptors.

The trained model is saved and later

used for real-time recognition.
Step 3: Real-Time Face Detection
When the attendance session begins:

e The webcam captures live video

feed.

e Each frame is processed using

OpenCV.

e Haar Cascade classifier detects

facial regions.

e Detected face areas are extracted

and normalized.

Only detected faces proceed to the

recognition stage.

Step 4: Face Recognition and Identity
Matching

The LBPH recognizer compares the

detected face with trained datasets.
e A confidence score is calculated.

o If the score is below the predefined
threshold, the identity is confirmed.

e If not, the face is marked as

“Unknown.”

This  threshold-based approach

minimizes false acceptance.
Step 5: Attendance Logging
Once a face is successfully recognized:

e The system verifies whether
attendance has already been marked

for the day.

e Ifnotrecorded, the system logs:

o UserID
o Name
o Date

o Timestamp
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Duplicate entries are prevented using

database constraints.

Step 6: Dashboard Update and Report

Generation
After attendance is recorded:

e The admin dashboard updates in

real time.

e Attendance summaries are

displayed.

e Reports can be filtered by date or

user.

e Data can be exported in Excel

format.

WORKFLOW SUMMARY

Registration — Dataset Capture —
Model Training — Live Detection — Face
Recognition — Attendance Logging —

Dashboard Update

This structured workflow ensures
minimal manual intervention, high
operational efficiency, and improved
traditional

reliability  compared to

attendance systems.

V. METHODOLOGY

A. Face Detection

Face detection is implemented
using OpenCV’s Haar Cascade Classifier.
The classifier identifies facial regions

within video frames.
B. Face Recognition Algorithm

The system uses the Local Binary

Pattern Histogram (LBPH) algorithm due

to:
e Low computational complexity
e Robustness against lighting
variations
e Suitable performance for small
datasets
LBPH works by:

1. Converting image pixels into binary

patterns
2. Generating histograms

3. Comparing histograms for

similarity matching
C. Database Management
SQLite database stores:
e UserID
e Name
e Timestamp
o Date

Attendance duplication is prevented using

unique constraints.
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e Accuracy: ~92-96% under
VI IMPLEMENTATION L
controlled lighting
DETAILS
e Average Recognition Time: < 2
Software Tools: seconds per face
* Python o Low False Acceptance Rate
¢ OpenCV Performance decreases slightly
« NumPy under poor lighting and partial occlusion.
e Flask F k
A Trmewor VIIL COMPARATIVE
e SQLite Database ANALYSIS
* HIML, CSS, Bootstrap Syste | Hard | Prox | Conta | Accu
Hardware Requirements: m ware |y ctless | racy
Type | Requi | Risk
e Intel i5 Processor
red
e 8GBRAM
Manu | No High | No Low
e HD Webcam al
The system was deployed on a local Syste
server for testing. Authentication and m
session management were implemented to RFID | Yes Med | Yes Medi
secure the admin panel. Attendance reports ium um
can be exported in Excel format.
Finger | Yes Low | No High
int
VIL. PERFORMANCE prm
EVALUATION Propo | Webc | Very | Yes High
sed am Low
The system was evaluated based on:
Face
1. Recognition Accuracy ID
t
2. Processing Time Syste
m
3. System Stability

Observations:
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The proposed system eliminates
physical contact while maintaining high

reliability.

IX. DISCUSSION

The system successfully automates
attendance tracking with minimal hardware

dependency. It reduces administrative

workload and improves data transparency.

However, performance is dependent

on:
e Lighting conditions
e Camera quality
o Dataset quality

Despite limitations, the solution
proves effective for small to medium-scale

institutions.

X. FUTURE WORK

Future enhancements include:

1. Integration of Deep Learning (CNN

models)
2. Cloud-based database storage
3. Mobile application integration
4. Mask detection support

5. Multi-face  parallel recognition

optimization Anti-spoofing

detection (photo attack prevention)

Integration with cloud services such

as AWS or Azure can improve scalability.

XI. CONCLUSION

The Smart Attendance System using
Face Recognition provides an automated,
alternative  to

secure, and efficient

traditional  attendance  methods. By
combining OpenCV-based detection with
the LBPH recognition algorithm, the
system achieves high accuracy with low

computational requirements.

The project demonstrates how
Artificial Intelligence can be practically
implemented in administrative systems to
improve operational efficiency. The
developed application is scalable, user-
various

friendly, and adaptable to

organizational environments.
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