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Abstract: Manual attendance systems are often time-consuming, prone to errors, and susceptible to proxy
attendance. This paper presents an automated attendance marking system leveraging deep learning and
computer vision techniques to streamline the process in academic environments. The system is divided into
three core phases: face extraction, recognition, and database-driven attendance marking. RetinaFace is
employed to accurately detect and extract faces from classroom images, enhancing image quality to improve
recognition. A trained convolutional neural network model classifies each face with high precision, and the
recognized identities are recorded into a structured MySQL database. Attendance is automatically marked
based on real-time recognition, minimizing human intervention. The system ensures scalability, accuracy, and
reusability, making it a practical solution for modern educational institutions. Future extensions may include
live camera integration and real-time dashboards for faculty and administrative use.
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|. INTRODUCTION

In recent years, the integration of Artificial Intelligence (Al) and Computer Vision into educational
systems has led to significant improvements in academic administration and student monitoring. One such
application is the automation of attendance systems using face recognition technologies. Traditional
attendance methods such as manual roll calls or biometric systems are not only time-consuming but also prone
to manipulation and inefficiencies, especially in large classrooms. To address these challenges, this project
presents an Intelligent Attendance Tracking System, which automates the process of recording student
attendance using a single snapshot of the classroom.

This system captures a high-resolution image of the entire classroom where students are seated. The
image is then processed using RetinaFace, a state-of-the-art face detection library, to detect and extract faces
of all visible students. These extracted face images are saved into a folder, which forms the input for the
second phase of the system—face recognition.

In the second phase, the system utilizes FaceNet, a deep learning model capable of generating 128-
dimensional embeddings for facial images. This model has been trained on a custom dataset of 150 students,
with each student having 10-12 face images captured from different angles to ensure robustness and
accuracy. The embeddings generated from the extracted face images are compared against the embeddings in
the database to identify each student uniquely.

Once the students are recognized, their attendance is marked automatically in a MySQL/SQL.ite
database. The database is designed with a student master table and four division-specific attendance
tables—Divl, Div2, Div3, and Div4. When capturing a classroom image, the admin selects the respective
division, and the system updates the corresponding division’s attendance table based on recognized faces. In
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addition, the system includes an admin login panel, ensuring secure access and management by authorized
personnel only.

After the attendance is recorded, the system generates a downloadable Excel sheet that lists all
students, indicating their attendance status (present/absent) for the given date. This sheet acts as a digital
register and can be stored, printed, or shared as needed for academic records.

2.LITERATURE SURVEY

A literature survey is as follows:

The paper titled ""Automated Attendance System Using Image Processing” is authored by Pooja G.R,
Poornima M, Palakshi S, M. Bhanu Prakash Varma, and Krishna A N. It presents an automated attendance
system that utilizes the Viola-Jones Framework Algorithm for face detection and employs a Gray-Level Co-
occurrence Matrix (GLCM) for texture analysis. The proposed face recognition algorithm involves several
essential steps, including face detection through the Viola-Jones Framework, feature extraction using
GLCM, and classification with the Adaboost algorithm. Key parameters highlighted in the study include the
optimal distance for correct recognition (5 feet), training time (670 ms), detection rate (90%), recognition
rate (80%), and the number of features extracted using GLCM. These parameters are crucial for optimizing
the face recognition-based attendance system, ensuring accurate recognition of student faces and efficient
attendance tracking.

The paper titled ""Automated Student Attendance Management System Using Face Recognition™ is
authored by Ofualagba Godswill, Omijie Osas, Orobor Anderson, Ibhadode Oseikhuemen, and Odiete Etse.
It presents a cloud-based face recognition model utilizing the FACECUBE system, which leverages cloud
computing infrastructure for its operations. The proposed face recognition algorithm encompasses several
key steps, including face detection using the Haar Classifier, feature extraction through the Eigenface
algorithm, and classification performed by a cloud-based server. Important parameters defined in the study
include the number of face orientations (5), the size of the face image (100x100), the number of eigenfaces
(K), and the learning rate (n). These parameters are integral for optimizing the face recognition-based
attendance system, achieving a reported accuracy of 90% and a processing time of 670 ms for the recognition
of student faces and efficient attendance tracking.

The paper titled "Implementation Of Classroom Attendance System Based On Face Recognition In
Class" is authored by Ajinkya Patil and Mrudang Shukla. It presents a face recognition-based attendance
system utilizing a Raspberry Pi module equipped with a camera for face detection and recognition. The
proposed algorithm involves several crucial steps, including face detection using the Viola-Jones algorithm,
feature extraction through Principal Component Analysis (PCA) and Linear Discriminant Analysis (LDA),
and classification using a hybrid algorithm. Key parameters include the number of features extracted using
PCA and LDA, the threshold value for face detection, and the learning rate for the hybrid algorithm. These
parameters are critical for optimizing the system, which uses a database of student images and roll numbers
for attendance marking. The system achieves a reported accuracy of 90% and a processing time of 670 ms,
ensuring efficient and accurate student attendance tracking.

The paper titled "Attendance Monitoring Using Face Recognition™” was authored by Divya Singh,
Ruhi Sunil Hadke, Shruti Sanjay Khonde, Valhavi Diwakar Patil, Monica Kamnani, and Mitali R. Ingle
from the Department of Computer Science & Engineering at Dr. Babasaheb Ambedkar College of
Engineering & Research, India. It presents an attendance monitoring system utilizing the Principal
Component Analysis (PCA) model for face recognition. PCA is a popular technique for dimensionality
reduction, retaining the most significant features of image data for accurate recognition. The algorithm used
in this paper consists of several key steps: image capture through a classroom camera, image enhancement
using histogram equalization and noise filtering, face detection using a skin classification technique, feature
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extraction focusing on facial elements such as eyes, mouth, nose, and ears, and finally, face recognition
using the PCA model. Once a match is found, attendance is automatically marked in the database.

The system relies on six critical parameters calculated from detected facial features, including the
distances between the eyeballs, mouth endpoints, and various distances between the eyeballs and mouth
endpoints. These parameters are essential inputs for the neural network recognizer to accurately identify the
face and mark the student's attendance.

The paper titled "Smart Attendance Management System Using Face Recognition™ is authored by
Kaneez Laila Bhatti, Laraib Mughal, Faheem Yar Khuhawar, and Sheeraz Ahmed Memon from the
Department of Telecommunication Engineering at Mehran University of Engineering and Technology
(MUET), Jamshoro, Pakistan. It proposes a face recognition-based attendance management system utilizing
a deep learning model. The system's algorithm combines Histogram of Oriented Gradients (HOG) for face
detection and deep learning for face recognition. The process operates in two steps: first, face detection is
performed using HOG, and then deep learning is employed for recognition. The deep learning model extracts
128-dimensional facial features for each face and stores them in a database. During attendance marking, the
system captures student images, detects faces using HOG, extracts 128-d facial features, and compares these
features with the stored data to recognize the students. The system was evaluated using a dataset of 5
students, each with 15 images in different poses and lighting conditions. Key parameters include the number
of students, the number of images per student, and the threshold value for face recognition, which was set
to 60%. The system achieved an accuracy of 83% in recognizing faces under varying conditions.

The paper titled "Intelligent Attendance System with Face Recognition using the Deep
Convolutional Neural Network Method" is authored by Nurkhamid, Pradana Setialana, Handaru Jati,
Ratna Wardani, Yuniar Indrihapsari, and Norita Md Norwawi. It presents a face recognition-based
attendance system leveraging the Deep Convolutional Neural Network (CNN) method for accurate facial
recognition. The system uses a combination of four algorithms: a face search algorithm using the Histogram
of Oriented Gradients (HOG) method, face projection with Face Landmark Estimation, face encoding with
a Deep Convolutional Neural Network, and a final step of identifying the face owner using an SVM (Support
Vector Machine) Classifier. These algorithms work sequentially to detect and recognize student faces for
attendance tracking. The study uses 16 students under three conditions (facing forward, sideways, and
down), and the system's performance is measured in terms of accuracy. The system achieves an accuracy of
81.25% when students are facing forward, 75.00% when facing sideways, and 43.75% when facing down.
These parameters highlight the system's effectiveness under various conditions for recognizing
student attendance.

The paper titled ""Face Recognition Based Automated Attendance Management System" is authored
by Aparna Trivedi, Chandan Mani Tripathi, Dr. Yusuf Perwej, Ashish Kumar Srivastava, and Neha
Kulshrestha. It presents an attendance management system based on face recognition, employing the Viola-
Jones and Local Binary Patterns Histogram (LBPH) algorithms.The system uses the Viola-Jones algorithm
for face detection, a widely utilized method for object detection that combines techniques like Haar wavelet-
based features, integral images, and AdaBoost to accurately identify faces in images. For face recognition,
the system relies on the LBPH algorithm, which performs texture analysis by extracting key features from
images to differentiate between faces. Key parameters used in the paper include "Euclidean distance," which
measures the similarity between a detected face and the faces stored in the database. This distance helps
identify how closely the feature vectors of the detected and stored faces match. A smaller Euclidean distance
indicates greater similarity. Additionally, the paper uses the "k-nearest neighbor" (k-NN) algorithm for
classification, where the system selects the k most similar faces and assigns the detected face to the class
with the majority vote, enhancing recognition accuracy in the attendance system.
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The paper titled “Facial Recognition Attendance System Using Python and OpenCV (2019)”
introduces an automated attendance system built using Python and OpenCV, leveraging Local Binary Patterns
Histograms (LBPH) for facial recognition. The system captures live student images, detects faces using
OpenCV, and identifies individuals through LBPH. Attendance is automatically marked based on successful
recognition. It was tested using an enrollment dataset under controlled conditions. The approach is efficient
and simple to implement, offering a scalable solution for educational institutions. However, the use of LBPH,
a traditional feature-based algorithm, limits accuracy and adaptability in real-world environments with poor
lighting, occlusions, and varied face orientations. Moreover, the system lacks advanced security features, and
its generalization capability across different datasets is not explored. It remains suitable for small-scale,
resource-constrained applications but is outperformed by newer deep learning-based systems in terms of
robustness and precision.

The paper titled “Maintaining Privacy in Face Recognition Using Federated Learning Method
(2024) focuses on privacy-preserving face recognition through the application of federated learning. Unlike
centralized systems that collect all data on a single server, this model keeps data on edge devices, training
algorithms locally and aggregating updates to improve a shared global model. It supports both supervised and
unsupervised learning methods and uses the CelebA dataset for evaluation. The paper emphasizes data
confidentiality, making it suitable for applications where privacy is a critical concern, such as personal devices
or sensitive institutional systems. Federated learning maintains performance comparable to traditional models
while reducing privacy risks. However, challenges such as communication overhead, uneven data distribution,
and implementation complexity remain open issues. Additionally, real-time system integration and
computational efficiency on edge devices are not fully addressed.

The paper titled “Online Attendance System Based on Facial Recognition with Face Mask Detection
(2023)»

presents an online attendance system that incorporates facial recognition for both masked and unmasked
individuals. It uses a Support Vector Machine (SVM) model trained on a synthetic dataset containing faces
with and without masks. The system is implemented using Python for model development and PHP for the
web-based user interface and database integration. It aims to solve challenges introduced by the COVID-19
pandemic, where traditional facial recognition systems fail due to occlusions like masks. The reported
accuracy is around 81.8% for recognition and 80% for mask detection, demonstrating feasibility but also
indicating the need for improvement. While the approach is innovative in addressing post-pandemic
requirements, the use of synthetic data limits real-world applicability. The system could benefit from deep
learning models like CNNs or hybrid approaches to improve accuracy and robustness in diverse scenarios.

This paper ”Face shape classification using Inception v3” explores the use of a retrained Inception v3
model for classifying human faces into five basic shapes. The study compares the performance of this deep
learning approach with traditional methods relying on facial landmark distances and angles, such as Linear
Discriminant Analysis, Support Vector Machines, Artificial Neural Networks, and k-Nearest Neighbors.
Using a dataset of 500 images of female celebrities with known face shapes, the retrained Inception v3 model
demonstrated significantly higher training and overall accuracy compared to the other classifiers, indicating
its ability to learn relevant features directly from the images without manual feature engineering.

This research ”Face Mask Detection using Transfer Learning of Inception V3 proposes a transfer
learning approach using a fine-tuned Inception V3 model to automate the detection of people not wearing face
masks, a critical measure during the COVID-19 pandemic. The study leverages the pre-trained capabilities of
Inception V3 to build an efficient model for identifying mask-wearing status in images, addressing the
challenge of manual monitoring in public areas. The paper highlights the potential of transfer learning in
rapidly developing solutions for pandemic-related safety measures by adapting state-of-the-art deep learning
architectures.
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TABLE 1: SUMMARY OF RELATED WORK/GAP ANALYSIS

REF ASPECT ALGORIT | GAP
NO. HM
1. 1. Real-World Accuracy 1. Haar Difficulty handling lighting, occlusions, and
2. Privacy and Security Cascade backgrounds.
3. Scalability 2. LBPH
3. PCA
2. 1. Face detection 1. CNN Accuracy drops with occlusions and facial
2. Face recognition 2. Eigenfa | variations.Requires frequent retraining for
3. Face extraction ce improvement.
4. Accuracy
3. 1. Hardware independence | 1. emguC | High computational requirements.
2. Notification system V library
3. Sclablity 2. Cloud Scalablity and commercialization
4. Cloud computing | Computing
integration (CO)
leveraged
for
scalability
4. 1. Face Detection 1. Viola- Long training times hinder real-time application.GLCM
2. Face extraction Jones can be computationally intensive, affecting spee
3. Texture analysis Algorithm
4. Training and learning 2. Haar
features
3. Gray
Level Co-
occurrence
Matrix
(GLCM)
5. 1. face recognition and | 1. Eigenfa | Accuracy, lighting conditions, facial variations,
detection ce scalability.Privacy, security, scalability
2. Data management algorithm
3. System integration 2. Haar
cascade
classifier
6. 1. face detection 1. color - Limited accuracy in varying lighting conditions.
2. Face recognition based - May struggle with diverse skin tones.
techniques
2. PCA
3. LDA
7. 1. recognition and | 1. Eigenfa | Accuracy in
detection ces varying conditions, scalability, false
2. Data management 2. OpenC | positives/negatives.Data storage security,
3. System integration \Y/ scalability,
Portability, cost-effectiveness
[JCRT2506274 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org c400



http://www.ijcrt.org/

www.ijcrt.org

© 2025 IJCRT | Volume 13, Issue 6 June 2025 | ISSN: 2320-2882

8. 1. federated learning 1. FedAvg | Communication overhead, privacy-utility trade-off,
2. Face recognition 2. Deep scalability.

3. Data generation neural Computational cost, quality of generated data
4. Privacy network

3. GAN

(Generative

Adversarial

Network)

9. 1. face detection 1. SVM Accuracy, robustness to variations and different mask
2. Face detection (Support types
3. System architecture Vector Data privacy, security, long-term storage
4. Database management | Machine)

2. Web-
based
(HTML,
JavaScript,
CSS,
Python,
PHP)

10 1. face detection 1. Histogr | Limited training data size (tested with 6 students)
2. Face recognition am of
3. System architecture Oriented Processing limitations (may require a high-performance
4. Data storage Gradients | system)

5. Attendence marking (HOG)
2. Deep
Learning
3. JSON

11. 1. facial recognition LBPH(loca | Accuracy under varying conditions, robustness to
2. System architecture I binary | spoofing attacks.User experience, error handling,
3. Data management patten adaptability to different environments

histogram)

12. 1. Accuracy of Face|1l. LBPH accuracy may decrease under different lighting or with
Detection 2. Haar occluded faces.

2. Multi-Face Recognition | cascade It struggles with processing more than 15 faces in real-

3. Time Efficiency 3. LDA time video streams.

4.Alternative Biometrics 4. CNN PCA and LDA can have lower accuracy compared to
CNN

13. Automated attendance | OpenCV , | Relies on traditional methods; limited robustness in
using facial recognition in | LBPH varying lighting and angles.Accuracy is lower
educational institutions. compared to modern deep learning models.No support

for real-time large-scale deployment or occlusion
handling.

14. Privacy-preserving  face | Federated | Focused on privacy; does not evaluate real-time
recognition using federated | Learning performance  or  edge  device constraints.
learning. approach Implementation complexity increases with federated

with setups. Limited comparative evaluation with
supervised | centralized models.
and
unsupervis
ed training
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15. Online attendance system | Support Accuracy (~81.8%) indicates room for improvement.
that handles face | Vector Uses synthetic data—may lack real-world validation.
recognition  with  and | Machine Doesn't utilize deep learning models which are more
without masks. (SVM) for | effective for masked face recognition.

recognition
; tested
with
synthetic
dataset.

16. 1. Primary Algorithm 1. Retraine | Need for larger, free dataset
2. Comparison Algorithms | d Inception
v3 First CNN use for face shape
2. LDA,
SVM,
MLP, KNN

17. Primary Algorithm Transfer Limited mask detection research
learning
Inception
V3

3.PROBLEM STATEMENT

Traditional attendance tracking methods, such as manual roll calls and biometric devices, present significant
limitations in terms of efficiency, accuracy, and scalability—particularly in environments with large
populations like universities and corporate institutions. Manual systems are time-consuming, prone to human
error, and susceptible to proxy attendance, while biometric systems (e.g., fingerprint scanners) involve
physical contact and may be affected by hygiene concerns or environmental factors.

The lack of a non-intrusive, automated, and real-time attendance system compromises administrative
productivity and record reliability. Therefore, there is a need for a smart, scalable solution that ensures
contactless attendance verification, reduces administrative workload, and delivers accurate records while
respecting user privacy.

Problem ldentification

The key problems identified in conventional attendance management systems include:

a)Time Inefficiency: Manual attendance marking takes up significant class or meeting time.

b)Error-Prone Records: Human errors during data entry can lead to incorrect or incomplete records.
c)Fraudulent Attendance: Existing systems are susceptible to impersonation or proxy attendance.
d)Scalability Constraints: Difficulty managing attendance for large groups across multiple sessions or
locations.

e)Limited Hygiene: Touch-based systems pose hygiene concerns, especially in post-pandemic contexts.
f)Lack of Integration: Traditional systems often operate in isolation without integration into broader
administrative systems.

Goals

The primary goal of this project is to develop an end-to-end Intelligent Attendance System that uses facial
recognition to automate and streamline the attendance process.

Specific Goals:

a)Eliminate manual attendance procedures through image-based automation.

b)educe errors and eliminate proxy attendance using face-based verification.

c)Enable real-time recognition and data logging.

d)Provide a secure, user-friendly interface for administrators and staff.

e)Ensure system compliance with data privacy regulations.
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Objectives

To achieve these goals, the project defines the following measurable objectives:

a)Integrate RetinaFace to detect and extract student faces from a single classroom image with at least 95%
detection accuracy.

b)Train and deploy an InceptionV3-based recognition model on a custom dataset with a target recognition
accuracy above 90%.

c)Design a modular pipeline to process image inputs and automatically mark attendance in an SQLite/MySQL
database.

d)Develop an admin panel for division-wise attendance control, report generation, and system monitoring.

3.METHODOLOGY

MODELS USED
OpenCV (Haar Cascade Classifier)

OpenCV is an open-source computer vision library that offers classical methods for face detection, most
notably the Haar Cascade Classifier. It detects faces based on predefined patterns learned from human-
annotated images using Haar-like features. OpenCV’s key advantage lies in its speed and low computational
cost, making it ideal for real-time applications on low-powered hardware. However, it lacks robustness in
complex environments, as it does not adapt well to varying lighting, occlusions, and non-frontal face angles.
While useful for quick prototyping or small-scale systems, OpenCV’s accuracy and flexibility are limited
compared to modern deep learning models.

RetinaFace (Face Detection)

RetinaFace is a state-of-the-art face detection model designed to overcome the shortcomings of traditional
methods. It is a single-stage detector that predicts not only face bounding boxes but also facial landmarks such
as eyes, nose, and mouth corners, which improve localization accuracy. The model uses deep convolutional
backbones like ResNet and leverages context modules to enhance detection even under extreme pose
variations and occlusions. RetinaFace demonstrates excellent performance on challenging datasets, providing
a high detection accuracy often exceeding 95%. Although more computationally intensive than OpenCV, it
offers a much higher degree of reliability and precision, making it suitable for real-world, high-quality face
detection systems.

ArcFace (Face Recognition)

ArcFace is a cutting-edge face recognition model known for its high accuracy and superior feature
discrimination. It introduces an Additive Angular Margin Loss function that enhances the learning of highly
discriminative facial embeddings. By projecting features onto a hypersphere and maximizing inter-class
variance while minimizing intra-class differences, ArcFace achieves remarkable performance on standard
benchmarks like LFW, MegaFace, and CASIA-WebFace. It is widely adopted in modern face verification
and identification systems due to its consistency, robustness, and scalability. ArcFace’s design allows it to
handle large-scale face datasets effectively, outperforming traditional softmax-based CNN classifiers in
recognition accuracy and stability.

Convolutional Neural Networks (CNNs)

Convolutional Neural Networks (CNNs) form the backbone of many deep learning systems for image and
face recognition. Custom CNNs can be designed and trained according to specific datasets and application
requirements, offering a balance between flexibility and performance. These models consist of multiple
convolutional, pooling, and fully connected layers that learn to extract and classify image features. Their
recognition accuracy depends on architecture depth, training data quality, and optimization strategies. While
simpler than architectures like ArcFace or InceptionV3, well-trained CNNs can achieve reliable performance,
making them suitable for controlled environments with moderate complexity and resource availability.
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InceptionV3 (Deep Recognition Network)

InceptionV3 is a deep convolutional neural network architecture developed by Google, originally intended
for image classification on large datasets such as ImageNet. It uses a unique “inception module” structure that
allows multiple convolution filters to operate in parallel, capturing spatial features at different scales. When
adapted for face recognition, InceptionV3 provides high accuracy due to its depth and ability to learn complex
feature representations. It is particularly effective when fine-tuned with domain-specific data and paired with
advanced loss functions. However, due to its size and computational demands, InceptionV3 is best suited for
high-end systems or cloud-based applications where processing power and memory are not limiting factors.

SYSTEM ARCHITECTURE

This image represents the overall system architecture of the Intelligent Attendance System using Facial
Recognition. The system is divided into two major subsystems: Face Detection & Recognition Modules and
the Application Server/Web Interface. Here is a clear, non-plagiarised explanation of how the components
interact:

1. Face Detection and Recognition Modules
Purpose: This subsystem handles the core functionality of image validation, face detection, and recognition.

Components:

Class Room (Input Source): A high-resolution camera captures an image of the entire classroom where
students are seated.

Image Validation: Ensures that the captured image meets quality standards (not blurry or corrupted) before
processing continues.

Face Detection Model: Uses a deep learning model like RetinaFace to identify all visible faces in the image.
Face Recognition Model: Each detected face is processed by a recognition model (e.g., InceptionVV3) to
identify the student by comparing it with stored data.

Error Handling System: Detects and manages issues that arise during detection or recognition (e.g., unreadable
images or unidentified faces) and logs these events into the Error Logs database.

2. Application Server / Web User Interface

Purpose: This subsystem manages user interaction, data flow, attendance logging, and reporting.

Key Services:

Attendance Marking Service: Receives recognized face data and determines each student’s presence or
absence. It then stores this data in the Attendance Records Storage.

Report Generation Service: Teachers can request reports based on the recorded data. This service retrieves
the relevant records and presents them through the web interface.

User Management Service: Handles all administrative tasks related to managing user information (e.g., adding
new students, updating profiles).

Authentication Service: Validates login credentials for students, teachers, and admins using the User Data
database.

Student Profile: A section of the system where students can access their own attendance records and submit
queries if needed.

3. User Interactions

Student: Can log in, view personal attendance records, and submit queries to the admin.

Teacher: Has access to request and view attendance reports.

Admin: Logs in through the authentication system and manages user data. Also responsible for reviewing and
responding to student queries (e.g., accepting or rejecting requests).

4. Data Stores

Attendance Records Storage: Holds attendance information (present/absent) for each student.
User Data: Stores credentials and profile details of all users.

Error Logs: Maintains a log of all operational issues or failures during face detection/recognition.
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® Student Queries: A database where submitted questions or disputes from students are tracked and addressed
by the admin.

Face Detection WModal |—>| Error Handling Systam PW-@

Desectea Faces Error Logs

Handm Racognisies Ermors

B DATASET

The dataset developed for this project plays a central role in both the training and deployment stages of the
facial recognition-based attendance system. It consists of facial images captured under realistic classroom
conditions, structured to support efficient learning by the recognition model and accurate identification during
real-time operations.

® Structure and Organization
The dataset is organized into subdirectories, with each directory corresponding to an individual student. These
directories are named uniquely (e.g., Student_001, Student_002, etc.) to associate the image samples with a
specific identity. Each student folder contains a series of facial images, typically ranging from 10 to 12, taken
from various angles and lighting scenarios to ensure robustness and generalizability in recognition.

® Format and Dimensions
Images are stored in standard formats such as JPEG or PNG. Before being fed into the recognition model,
each image is preprocessed—resized to fixed dimensions (commonly 128x128 or 224x224 pixels) to match
the expected input shape of the deep learning architecture (e.g., InceptionVV3). This normalization ensures
consistent processing and reduces computational overhead during training and inference.

® Application in the System
The dataset is utilized across three key stages of the system:
a)Model Training: The facial recognition model is trained to learn distinctive facial patterns from these
images, allowing it to associate embeddings with corresponding identities.

b)Validation and Testing: A portion of the dataset is reserved for model evaluation to assess accuracy, reduce
overfitting, and optimize hyperparameters.

c)Real-Time Recognition: During system operation, embeddings derived from newly captured classroom
images are compared against this dataset to authenticate and identify students in real-time.
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Preprocessing Workflow

a)Before training, each image undergoes a set of preprocessing operations:

b)Face Detection: Facial regions are extracted from classroom snapshots using a detection algorithm
(RetinaFace) to isolate relevant features.

c)Resizing and Normalization: The cropped face images are standardized in size and pixel range to ensure
compatibility with the recognition model.

d)Augmentation (Optional): Techniques such as rotation, flipping, and brightness adjustment may be applied
to increase variability and improve model resilience.

Dataset Quality and Ethical Considerations

To maintain balance and prevent bias, efforts are made to ensure a comparable number of images per student.
The presence of a diverse range of poses and lighting conditions further strengthens the model's ability to
perform in uncontrolled environments.

All data is securely stored—either locally or via cloud platforms like Google Drive—and subject to privacy
protocols. Images are protected through encryption and are collected only with prior consent from participants,
in alignment with data protection regulations such as the General Data Protection Regulation (GDPR).

Conclusion

This dataset serves as the foundational resource for facial identification in the attendance system. Its structure,
quality, and ethical handling contribute significantly to the overall accuracy, security, and reliability of the
solution.

5.RESULTS
MODELS COMPARISON

When evaluating face detection and recognition models, several factors must be considered beyond basic
functionality—namely accuracy, speed, robustness to variations, and computational efficiency. OpenCV’s
Haar Cascade is extremely lightweight and fast, making it suitable for real-time systems with limited
hardware, such as embedded devices. However, it suffers from low accuracy in complex scenarios involving
poor lighting, occlusion, or varied head poses due to its reliance on handcrafted features. In contrast,
RetinaFace delivers significantly higher detection accuracy, often achieving over 95% precision on
benchmark datasets like WIDER FACE. Its robustness against real-world challenges such as low light, angled
faces, and background clutter makes it ideal for reliable face detection, though at the cost of higher
computational requirements due to deep neural network processing.

For face recognition tasks, ArcFace demonstrates exceptional accuracy and is widely adopted in academia
and industry alike. It consistently outperforms traditional CNN-based classifiers by achieving state-of-the-art
results on datasets like LFW and MegaFace, with recognition accuracy exceeding 99% in some settings. This
is largely due to its innovative margin-based loss function that enhances class separability. Custom CNNs,
while adaptable and efficient, may not reach the same performance as ArcFace unless extensively trained and
fine-tuned on large, diverse datasets. Their accuracy is generally dependent on the depth of the network and
quality of the training data, ranging between 85% to 95% in most applications.

InceptionV3, although originally built for general image classification, has been adapted effectively for face
recognition. It combines depth and width in its inception modules, allowing for the extraction of rich feature
representations. With fine-tuning, it can achieve recognition accuracies comparable to ArcFace, though it is
more computationally intensive and requires longer inference times. Its large model size and complex
architecture may not be suitable for systems where speed and memory usage are critical constraints.

In summary, while OpenCV is advantageous for quick, low-resource applications, it falls short on accuracy.
RetinaFace offers a balanced trade-off between detection performance and resource usage. ArcFace is the best
choice for high-precision recognition tasks, whereas CNNs offer customization with moderate performance.
InceptionV3 stands out in accuracy but demands significant computational resources, making it ideal for high-
end systems where performance is prioritized over speed.
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InceptionV3 has demonstrated strong performance in face recognition tasks when fine-tuned on facial
datasets. It typically achieves accuracy levels above 95%, with precision and recall values also maintaining
high scores, often above 93-96%b, depending on the dataset and preprocessing techniques used. Its deep
architecture enables it to extract complex facial features, contributing to fewer false positives and improved
classification reliability. However, its high computational requirements make it more suitable for offline or

cloud-based applications rather than real-time deployment on edge devices.
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SYSTEM INTERFACE SCREENSHOTS

The Intelligent Attendance Tracking System was developed with a responsive and intuitive web interface to
simplify attendance management and ensure seamless interactions for both administrators and students. The
system supports real-time face recognition-based attendance logging and administrative oversight.

Admin Dashboard

The core interface for administrators is a dashboard (Fig. 1) that presents the attendance status of students in
tabular form. The table includes each student’s Attendance ID, Roll Number, Name, and their attendance
status across multiple dates. Each attendance entry can be manually edited via a dropdown menu, allowing
flexibility in case of detection errors or manual corrections.

Intelligent Attendance Tracking System

Admin Dashboard @
]

Welcome, admin

Division : Dt
901 001 Umesh agtap n v wown v | Abmen v v —_— v

Figure 1: Admin Dashboard displaying attendance records by date and student details.

Figure 2: Scrollable view of the admin attendance panel for a complete student list.

Extended Attendance View and Marking

As shown in the extended dashboard view (Fig. 2), the system supports attendance tracking for a large cohort
of students. An actionable button titled "Mark Attendance™ initiates the face recognition process for a newly
uploaded image.

Admin Profile Interface
To ensure secured access, each admin has a personalized profile section (Fig. 3), displaying their role and
session identity. This interface supports logout functionality to maintain data integrity and user privacy.
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Intelligent Attendance Tracking System

Admin Dashboard

Welcome, admin

;;;;;

Figure 3: Admin Profile page with login credentials and role-based access.

® Request Management by Admin

A dedicated section (Fig. 4) enables the admin to manage student-submitted queries and absence requests.
These requests include reasons such as medical leave, events, or technical issues. Admins can approve or
reject each case, with status updates reflected immediately in the system.

Intelligent Attendance Tracking System Home  Profle  Notifications  About

Admin Dashboard

Student Mame: Stuasert Name:
feqoest Type Request Type:
Attendance ID: 1001 | Dbvision Attendance 10: 1271 | D
Atmence Date: Atence Dute:

Reancec Reson:

nnnnnn Seteretics A

ah .

il;:! =3 =3 =3
Figure 4: Student query and absence request handling interface for the admin.

® Attendance Marking with Image Upload

The attendance process begins with the admin uploading a classroom image using a drag-and-drop interface
(Fig. 5). This image acts as the input for the face detection and recognition pipeline, automating the attendance
workflow.

Intelligent Attendance Tracking System

Admin Dashboard

Attendance Marking

Mark Attendance

Figure 5: Image upload section for initiating the attendance marking process.

Face Detection and Extraction
Upon uploading an image, the system detects all visible faces using RetinaFace. Cropped face thumbnails

(Fig. 6) are displayed for visual verification before recognition begins. This step ensures only clearly detected
faces proceed for identification.

[JCRT2506274 ‘ International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org ‘ c409


http://www.ijcrt.org/

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 6 June 2025 | ISSN: 2320-2882

EA

Figure 6: Extracted faces automatlcally detected from classroom image.

® Face Recognition Output

Post recognition, the system lists the names of identified students (Fig. 7), powered by InceptionV3 or
ArcFace. Recognized entries may repeat if the model registers multiple matches under confidence thresholds.
Buttons at the bottom allow data clearance or navigation.

Figure 7: List of successfully recognized student names post-processing.

® Student Dashboard

Each student has a personalized dashboard (Fig. 8) displaying their attendance records across all marked
sessions. This enhances transparency and allows self-verification of presence records.

Intelligent Attendance Tracking System

attendance id 91

Welcome, Umesh Jagtap

Student Dashboard

Figure 8: Student dashboard showing individual attendance history.
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Student Profile

Students can view their static profile details (Fig. 9), including their Roll Number and Attendance ID. Any
discrepancy can be reported to the admin via the query feature.

Intelligent Attendance Tracking System

Student Dashboard

Student Profile

Figure 9: Student profile interface with basic identifying information.

Student Interaction — Queries and Absence Requests

Students can raise queries or request absence justifications directly through a built-in form (Fig. 10).
Submitted queries are tracked with real-time status (Approved, Rejected, or Pending), providing a structured
way to manage exceptions in attendance records.

— — — —

[E S

Figure 10: Form for submitting absence requests and tfacking resolution status.

Login Interface

The system employs a secure login interface (Fig. 11) for both administrators and students to access their
respective dashboards. The interface features fields for username and password, along with options for
"Remember Me" and password recovery. A user role selection dropdown ensures users are directed to the
appropriate section upon successful authentication.

Hello, Again!

Intelligent Attendance
Tracking System

togin
Rrfictont My s Szaek your sxvendmen — _
Admin

Figure 11: Login page for the Intelligent Attendance Tracking System, allowing role-based access.
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6.PHASES OF IMPLEMENTATION

This section presents a modular breakdown of the implementation strategy for an Intelligent Attendance
System that leverages facial recognition technology. The solution is aimed at automating attendance tracking
in educational institutions using computer vision, deep learning, and secure data storage. Divided into three
primary implementation phases, the project harnesses RetinaFace for accurate face detection, InceptionV3 for
robust recognition, and an integrated administrative module for secure data management and reporting. Each
module is designed to ensure scalability, precision, and compliance with privacy standards.

The project follows a modular development strategy, dividing its architecture into three key phases: Face
Detection, Face Recognition & Attendance Classification, and Administrative Control & Reporting.

Phase I: Image Acquisition and Face Detection

Objective:

To initiate the attendance pipeline by capturing classroom images and detecting all visible student faces.
Key Processes:

Image Capture: A high-resolution camera captures a single frame of the classroom.

Image Validation & Preprocessing: Frames are filtered and preprocessed to improve clarity.

Face Detection: RetinaFace identifies individual faces, even in challenging conditions.

Cropping and Normalization: Detected faces are extracted and resized to a uniform format (e.g., 128x128
pixels).

Technologies Used:

RetinaFace (face detection)

OpenCV, NumPy (image processing)

Python (integration and scripting)

Phase I1: Face Recognition and Attendance Classification

Obijective:

To recognize individual faces using a trained model and log attendance accurately.
Key Processes:

Model Training: InceptionV3 is fine-tuned on a custom dataset of 150 students.
Embedding Generation: Cropped faces are converted into 128-D vectors.
Matching: Vectors are matched against stored embeddings using similarity metrics.
Attendance Marking: Matches lead to automatic entry into the relevant division's database table.
Data Persistence: Records are stored securely using MySQL or SQL.ite.
Technologies Used:

InceptionV3 (deep learning model)

TensorFlow/Keras (training and inference)

SQLite/MySQL (database)

Python (logic and backend)

Phase I11: Administrative Interface, Reporting, and System Integration

Objective:

To facilitate secure user management, data access, and reporting.

Key Processes:

Admin Dashboard: Secure login and GUI for division selection and report access.

Report Generation: Attendance records are exported to Excel or PDF formats.

Security and Compliance: Data is encrypted and managed under GDPR-aligned protocols.
Logging and Notifications: Error handling and attendance notifications ensure transparency.

[JCRT2506274 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org c412


http://www.ijcrt.org/

www.ijcrt.org

© 2025 IJCRT | Volume 13, Issue 6 June 2025 | ISSN: 2320-2882

Technologies Used:
Python GUI (Tkinter or Flask)
Pandas, OpenpyxI (reporting)

Detection

RetinaFace, OpenCV

Pr;as Focus Area Core Technology Output
Phase||Image Capture & Face

Cropped & normalized face images

Phase
11

Face Recognition &
Attendance Logging

InceptionV3,
TensorFlow

Attendance records in database

Phase
1l

Admin Ul, Reporting,
System Management

Python GUI, SQL,
Pandas

Attendance reports & dashboards

7. CONCLUSION AND FUTURE WORK

The Intelligent Attendance System using Facial Recognition offers an efficient, contactless, and accurate
solution to traditional attendance challenges. By combining RetinaFace for face detection and InceptionV3
for recognition, the system streamlines the process into three clear phases: detection, recognition, and
reporting. This modular approach ensures scalability, ease of maintenance, and high performance in real
classroom settings.

The system successfully addresses issues like proxy attendance, human error, and time consumption, while

also maintaining data security and privacy compliance. Overall, it presents a practical, modern alternative to
manual attendance, with potential for future enhancements in analytics and cloud integration.
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