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Abstract - Traditional attendance management methods are
time-consuming, error-prone, and difficult to manage in large
classrooms. This project presents an Al-Based Face Recognition
Attendance System that automates student identification and
attendance recording using deep learning and computer vision.
During registration, multiple facial samples are captured and
processed using InsightFace with an ArcFace-based recognition
model to generate facial embeddings for each student. During a
live attendance session, faces are detected from the camera feed,
facial embeddings are generated and compared with registered
student embeddings, and confidence-based verification is used to
determine whether the detected face belongs to a registered
student. Once a student is successfully recognized, the system
records the Student ID, name, date, time, and session while
preventing duplicate attendance entries. The system uses
OpenCV for camera and image processing, SQLite for storing
student and attendance data, and Flask to provide a web-based
dashboard for student management, attendance monitoring,
historical records, and CSV report generation. The system is
designed to improve the accuracy, efficiency, reliability, and
security of automated attendance management in educational
institutions. Liveness detection is considered as an additional
security layer to reduce the risk of spoofing attacks such as
presenting a photograph to the camera.

Keywords - component; formatting; style; styling; insert (key
words)

I. INTRODUCTION

Attendance management is an essential part of educational
institutions for maintaining student records, monitoring
participation, and evaluating academic performance.
Conventional attendance methods such as manual roll calls,
paper-based registers, and spreadsheet-based records require
considerable time and administrative effort, particularly when
managing large numbers of students. These methods are also
susceptible to human errors, inaccurate record keeping, and
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proxy attendance, making it difficult to maintain reliable
attendance information. The need for an automated, efficient,
and secure attendance mechanism has therefore increased with
the advancement of computer vision and artificial intelligence
technologies. Face recognition provides a contactless biometric
approach for automatically identifying individuals based on
their facial characteristics. Recent developments in deep
learning have significantly improved the ability of computer-
vision systems to detect and recognize faces under different
conditions. Unlike conventional image-based recognition
approaches, deep face-recognition models can represent a face
as a numerical embedding, allowing the captured face to be
compared with previously registered facial representations.
This makes face recognition suitable for real-time student
identification and automated attendance recording. However,
implementing a reliable face-based attendance system in a real
classroom environment presents several challenges. Changes in
illumination, facial pose, camera distance, partial occlusion,
multiple students appearing simultaneously, and unknown
individuals can affect recognition performance. In addition, a
system that only performs face matching may be vulnerable to
spoofing attempts using photographs or displayed images.
Therefore, an attendance system should consider not only face
recognition accuracy but also liveness verification, confidence-
based identification, and mechanisms for preventing duplicate
attendance records. This project proposes an Al-powered smart
attendance management system that integrates computer vision
and deep face recognition for automated student attendance.
The system uses OpenCV for camera based image acquisition
and face processing, while InsightFace with an ArcFace-based
recognition model is used to generate discriminative facial
embeddings. During student registration, facial information is
captured and converted into embeddings that are associated
with the student's identity. During an attendance session, faces
detected from the live camera feed are processed and compared
with the registered embeddings to identify students. To
improve attendance reliability, the proposed system
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incorporates liveness verification, confidence aware face
matching, multi-face recognition, and duplicate-attendance
prevention. A confidence threshold is used to distinguish
reliable matches from unknown faces, while the duplicate-
checking mechanism prevents a student from being marked
present repeatedly within the same attendance session.
Attendance information, including student identity, date, time,
and session details, is stored in a structured database and made
available through a management dashboard. The system is also
designed to support systematic evaluation under different
classroom conditions, including variations in lighting, facial
pose, camera distance, multiple faces, partial occlusion, and
spoofing attempts. These evaluations will help determine the
practical reliability of the proposed approach rather than
relying only on a single overall recognition-accuracy value.
The main objective of the project is therefore to develop an
automated attendance solution that reduces manual effort while
improving accuracy, efficiency, reliability, security, and
scalability. The proposed system combines modern deep face
recognition with attendance management and practical
verification mechanisms to provide a more reliable approach
for student attendance in educational environments. This
introduction follows the same progression as your uploaded
base paper—existing problem — technology background —
limitations/challenges — proposed system — objectives—
while adapting the content specifically to your attendance
project..

II. LITERATURE REVIEW

Several research studies have explored automated attendance
systems using facial recognition, computer vision, and deep
learning. These studies demonstrate that face-based
identification can reduce the time and manual effort required
for attendance management. However, challenges such as
recognition errors, changing illumination, different facial
poses, spoofing attempts, and reliable attendance verification
remain important considerations. The following studies are
considered relevant to the proposed face-based attendance
system.

A. University Students' Attendance Using Deep Learning [1]

Anas Bileid Algadhi and Asem Khmag (2024) proposed
“University ~ Students' Attendance by Utilizing Face
Recognition Approach Based on Deep Learning Technique.”
The study investigates the application of face recognition and
deep-learning techniques for automating university student
attendance. The work demonstrates the suitability of facial
recognition for identifying students and reducing manual
attendance effort. However, additional mechanisms such as
liveness verification, confidence-aware matching, and
systematic testing under different classroom conditions can
further improve reliability.

B. Face Recognition Student

Attendance[2]

Anjan Kumar Kamalapur, Begari Srikanth, Asari Shivadeep
Yadav, Bachhanaboni Yashwanth, and Vivek Duraivelu
(2024) presented “Face Recognition Using OpenCV — Use
Case on Student Attendance System.” The system uses
OpenCV, CNN-based techniques, and Haar Cascade for real-
time face detection and recognition. It also supports multiple

Using OpenCV  for

faces during attendance. This work provides a useful baseline
for camera-based attendance systems, while our proposed
system extends the recognition pipeline with deep facial
embeddings, liveness verification, confidence-based matching,
and duplicate prevention.

C. Face  Recognition
Institutions[3]

Srivaishnavi J V, Adwaita Sathrukkan, Avadhani Bindu,
Raghul S, T. Senthil Kumar, and G. Jeyakumar (2024)
proposed “An Investigational Study on Face Recognition-
Based Attendance Tracking System for Educational
Institutions.” The study consists of two phases: comparison of
face-recognition models followed by implementation of an
attendance system using the selected model. The proposed
AAIRAA system also includes facial recognition, emotion
detection, and fall detection and was tested at the user level in
an educational institution. The study demonstrates the
practical application of face recognition in education, while
our work focuses specifically on confidence verification,
liveness, duplicate prevention, and classroom robustness
evaluation.

D. YOLOvS5-Based Student Attendance[4]

Lakshmi Prasad Mudarakola, R. Tejaswini, Cheekati Karthik,
and Dunaka Bharath (2024) proposed “Efficient Student
Attendance Tracking Using YOLOvVS5 Faces Recognition.”
The study investigates YOLOv5-based face recognition for
efficient student attendance tracking. Its use of a real-time
detection architecture is relevant to classroom environments
where multiple faces may appear simultaneously. Our
proposed system similarly supports real-time processing but
uses InsightFace/ArcFace for deep facial representation and
identity matching.

Attendance for Educational

E. Student Attendance Tracking Management Using Face
Biometric Smart System[5]

Umasree Mariappan and Balakrishnan Duraisamy (2024)
proposed “Student Attendance Tracking Management using
Face Biometric Smart System.” The system incorporates
preprocessing techniques including face alignment and
illumination normalization before facial feature extraction.
These techniques are relevant to our project because
illumination and facial positioning can affect recognition
performance. Our system will similarly consider preprocessing
and evaluate recognition under different environmental
conditions.
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F. Facial Recognition-Based Student Attendance System[6]

Ashish Raj, Harsh Srivastav, Shraddha Shukla, Vipin, and
Nishu Gupta (2024) proposed “Facial Recognition-Based
Student Attendance System” at the 11th International
Conference on Reliability, Infocom Technologies and
Optimization (ICRITO). The study presents a facial-
recognition-based approach for automating student attendance
and reducing the manual effort associated with conventional
attendance methods. The work demonstrates the practical use
of facial identification for attendance management in an
educational environment. However, the system can be further
strengthened by incorporating liveness  verification,
confidence-based face matching, duplicate-attendance
prevention, and systematic testing under varying classroom
conditions. These aspects are considered in our proposed
system to improve the reliability and security of automated
attendance.

G. Face Recognition-Based Smart Attendance System Using
Cloud Computing[7]

Sarika Zaware, Manas Chachra, Kushal Hedaoo, Rohit Pol,
and one additional author (2024) presented “Face Recognition
based Smart Attendance System using Cloud Computing.”
The system uses OpenCV for video capture, Python for
implementation, Azure Cloud for backend processing, and
Dlib's ResNet model for face recognition. This work
demonstrates the use of cloud infrastructure for centralized
attendance management. Our project initially uses a local
structured database and dashboard, with cloud deployment
considered as a future extension. Important: because the
source only exposes four of the five authors in the result I
found, upload the PDF before we put this into the final
bibliography.

H. Artificial Intelligence-Based Multi-Face Recognition and
Attendance Marking System[8]

Srikanth, R. K. Reddy, P. J. Reddy, K. Rahul, and C. Bharath
(2024) proposed “Artificial Intelligence based Multi-Face
Recognition and Attendance Marking System.” The work
focuses on simultaneous recognition of multiple faces and
automated attendance marking. This is directly relevant to our
classroom scenario, where multiple students may appear in a
single camera frame. Our system will also implement multi-
face recognition, combined with liveness and confidence
verification.

I. Face Recognition-Based Automated Smart Attendance
Using Hybrid Machine Learning Algorithms and
Computer Vision[9]

A. Senthil, S. Geerthik, R. Karthikeyan, and G. Keerthana
(2024) proposed “Face Recognition based Automated Smart
Attendance using Hybrid Machine Learning Algorithms and
Computer Vision.” The study combines machine-learning
techniques and computer vision to automate attendance. It
demonstrates the applicability of intelligent image-processing
methods to educational attendance management. Our proposed
work extends this direction through deep face embeddings,
confidence-aware matching, liveness verification, and
systematic classroom-condition evaluation.

J. Image Processing-Based Real-Time Online Attendance
Monitoring System Using Facial Recognition[10]

Ravishka Fernando and H. Athauda (2024) proposed “Image
Processing based Real-Time Online Attendance Monitoring
System using Facial Recognition.” The study focuses on real-
time online attendance monitoring through facial recognition
and image processing. This supports the use of a livecamera-
based attendance workflow. Our proposed system builds on
this concept by adding deep face recognition, liveness
verification, confidence checking, and duplicate prevention.
The publication is identified as a 2024 IEEE conference paper
in the literature records.

K. Automatic Attendance System Using Silent Face Anti-
Spoofing[11]

Andi Ejah Umraeni Salam, Aditya Tegar Karunia Putra Tarra,
and Dianti Utamidewi (2025) proposed ‘“Automatic
Attendance System Using Silent Face Anti-Spoofing to Detect
Spoof on Face Recognition.” The study applies Silent Face
Anti-Spoofing using CNN and Fourier-transform-based
analysis to distinguish real faces from spoofed faces.
Importantly, the authors evaluate different lighting and
detection-distance conditions and report that the anti-spoofing
system can still become confused under certain conditions.
This paper is particularly relevant to our proposed liveness-
verification and robustness evaluation.

L. PresencePro:  Analytics-Driven  Face

Attendance System[12]
Gayatri Badgujar, Rashmi Rane, Atharva Chaher, Ayush
Chirutkar, and Shana Shekh (2025) proposed “PresencePro:
Analytics-Driven Face Recognition Attendance System.” The

Recognition
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system uses Python and realtime facial recognition with an
interface based on Tkinter, and employs the LBPH algorithm
for identification. This work demonstrates how face
recognition can be combined with a user interface and
attendance management. Our project extends this general
concept by using deep InsightFace/ArcFace embeddings,
liveness verification, confidence-aware matching, and a
dashboard for attendance analytics.

III. PROJECT
FEATURES

IMPLEMENTATION AND

THE PROPOSED AI-POWERED FACE-BASED ATTENDANCE
SYSTEM IS DESIGNED TO AUTOMATE STUDENT IDENTIFICATION

AND ATTENDANCE RECORDING USING COMPUTER VISION AND
DEEP FACE RECOGNITION. THE SYSTEM CAPTURES FACIAL
INFORMATION  DURING  STUDENT  REGISTRATION  AND
GENERATES FACIAL EMBEDDINGS THAT ARE STORED WITH THE
CORRESPONDING STUDENT DETAILS. DURING AN ATTENDANCE
SESSION, THE LIVE CAMERA FEED IS PROCESSED TO DETECT
AND RECOGNIZE ONE OR MORE REGISTERED STUDENTS. THE
SYSTEM FURTHER INCORPORATES LIVENESS VERIFICATION,
CONFIDENCE-BASED MATCHING, DUPLICATE PREVENTION, AND
DATABASE MANAGEMENT TO IMPROVE THE RELIABILITY OF
ATTENDANCE RECORDS.

A. Addressed Limitations in Existing Systems

Traditional and basic face-recognition attendance systems
face several limitations that can affect the reliability of
attendance management. The major limitations addressed by
the proposed system include:

1. Manual and time-consuming attendance recording.

2. Possibility of proxy attendance through unauthorized
attendance marking.

3. Recognition errors caused by variations in lighting,
pose, and camera distance.

4. Spoofing risk when photographs or displayed images are
presented to the camera.

5. Repeated attendance entries for the same student during
a session.

6. Difficulty in recognizing multiple students appearing
simultaneously in a classroom.

7. Lack of confidence-based verification for distinguishing
reliable matches from unknown faces.

8. Limited attendance monitoring and reporting in
conventional systems.

B. Key Features and Architectural Components

e Student Registration and Face Capture

The system provides a registration module where student
details such as student ID and name are recorded. Facial
images are captured using a camera and processed for
recognition. The captured facial information is converted into

a numerical representation known as a face embedding, which
is associated with the registered student's identity.

e Face Detection and Preprocessing

During registration and attendance, OpenCV is used for
camera-based image acquisition and faceprocessing
operations. Detected faces are extracted and prepared for
recognition. Preprocessing helps provide a consistent facial
representation before generating the recognition embedding.

¢ Deep Face Recognition Using InsightFace/ArcFace

The proposed system uses InsightFace with an ArcFace-based
recognition approach to generate discriminative facial
embeddings. During attendance, the embedding generated
from a detected face is compared with the stored embeddings
of registered students. Similarity-based matching is used to
determine the most likely identity.

e Liveness Verification

A liveness-verification component is included to reduce the
possibility of marking attendance using a photograph or other
presentation attack. The system checks whether the detected
face demonstrates characteristics consistent with a live person
before allowing the recognition result to proceed to attendance
verification.

e Confidence-Based Verification

The similarity between the detected face embedding and
registered face embeddings is evaluated using a predefined
confidence/similarity threshold. If the similarity is above the
accepted threshold, the student can be considered a valid
match. Otherwise, the system treats the face as unknown and
does not mark attendance.

e  Multi-Face Recognition

The system is designed to detect and process multiple faces
within the same camera frame. This allows several students
present in a classroom to be identified during a single
attendance session instead of requiring individual attendance
operations.

¢ Duplicate Attendance Prevention

A duplicate-checking mechanism verifies whether a student
has already been marked present during the current attendance
session. If an attendance record already exists for the student,
another entry is not created.

e Attendance Database

After successful verification, the system records attendance
information such as student ID, student name, date, time, and
attendance status in a structured database. This provides
organized storage and facilitates later retrieval of attendance
information.

e Attendance Dashboard and Reports

A dashboard provides an interface for viewing student
attendance records. Attendance can be monitored using date,
student, or session information, and attendance percentages
and reports can be generated for further analysis.

C. Workflow Model

The overall workflow of the proposed system includes the
following steps:

* Student details are entered into the registration module.

* Facial images are captured using the camera.

* The face is detected and preprocessed.
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* InsightFace/ArcFace generates the student's facial
embedding.

* The embedding is stored with the student's identity.

* An attendance session is initiated.

* The live camera captures classroom frames.

* One or more faces are detected.

* Liveness verification is performed.

* Facial embeddings are generated for detected faces.

* Embeddings are compared with registered student

embeddings.

* Confidence-based verification determines whether the match
is reliable.

* The duplicate-checking mechanism verifies previous
attendance.

* Valid students are automatically marked present.

* Attendance records are stored in the database.

* The dashboard displays attendance information and reports.

D. Technical Stack Overview

The proposed system uses the following technologies:

* Programming Language: Python

» Computer Vision: OpenCV

* Face Recognition: InsightFace / ArcFace

* Face Embedding: ArcFace-based facial representations

» Liveness Verification: Computer-vision-based liveness
mechanism

* Backend/Application: Python-based application
* Database: SQLite

* Dashboard: Streamlit

* Data Processing: Pandas

* Reports: CSV/Excel

This section follows the organization of the uploaded base
paper, which separates addressed limitations, key features,
workflow, and technical stack under the implementation
section.  Important:  features such  as  liveness,
ArcFace/InsightFace, and multi-face recognition are being
described here as our proposed implementation, not as claims
that they are individually novel. Our research contribution will
be established later through the literature review and the actual
experimental evaluation.

CONCLUSION

The proposed Al-powered face-based attendance management
system provides an automated and contactless approach for
recording student attendance in educational institutions. The
system is designed to overcome the limitations of traditional
attendance methods, including manual effort, time
consumption, human errors, proxy attendance, and inefficient
record management.

The proposed framework integrates opencv-based face
processing with insightface/arcface deep face recognition to
identify registered students from a live camera feed. The
inclusion of liveness verification is intended to reduce
attendance  spoofing attempts, while confidence-based
verification helps prevent unreliable face matches from being
accepted. Multi-face recognition enables the system to process
several students simultaneously, and duplicate checking
prevents repeated attendance entries within the same session.
Attendance information is stored in a structured database and
made accessible through a dashboard for monitoring and
reporting. The system is also designed to evaluate recognition
performance under different classroom conditions, including
variations in illumination, facial pose, camera distance,
multiple faces, partial occlusion, and spoofing attempts. These
evaluations will provide measurable evidence of the reliability
of the proposed approach. The major expected outcomes of
the proposed system include:

» Automated and contactless attendance recording.

* Reduced manual effort and attendance-processing time.

* Deep-learning-based student face recognition.

 Improved protection against basic spoofing attempts through
liveness verification.

+ Confidence-based identification of registered students.

» Multi-face recognition in classroom environments.

* Prevention of duplicate attendance records.

* Centralized attendance storage and management.

* Dashboard-based attendance monitoring and reporting.
 Experimental evaluation under varying real-world classroom
conditions.

Overall, the proposed system aims to provide an efficient,
reliable, and security-aware attendance management solution
by combining deep face recognition, liveness verification,
confidence-based matching, and automated attendance
management. Future improvements can include more
advanced anti-spoofing models, continuous session-based
presence monitoring, cloud deployment, mobile access, and
larger-scale  evaluation across  different  classroom
environments. This follows the conclusion style of your
uploaded base paper, which summarizes the proposed system,
explains how the integrated technologies address existing
limitations, lists the major outcomes, and concludes with
future improvements.
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