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This research paper presents the design, development, and implementation of a real-time facial
recognition-based attendance system to address the limitations of traditional attendance
tracking methods. Leveraging the K-nearest neighbors (KNN) algorithm, the system provides
a contactless and automated approach to attendance management across diverse settings such
as educational institutions, offices, and industrial facilities. Key steps in the system's
methodology include live video stream processing, face detection using OpenCV, and facial
recognition through a pre-trained model. By comparing detected faces with a pre-existing
database, the system ensures accurate identification and efficient attendance recording.
Performance evaluation highlights its accuracy, reliability, and adaptability to various real-
world scenarios, including changes in lighting conditions and facial expressions. This paper
contributes to advancing attendance tracking technologies, offering a scalable and practical
solution to mitigate issues like proxy attendance and fraudulent marking, and aims to facilitate
the widespread adoption of smart attendance management systems.

Keywords: Face recognition, Attendance system, Machine learning, CNN, Liveness detection,
Transfer learning, Automation.

INTRODUCTION

Attendance marking systems have progressed from manual methods like as roll calls and
registers to sophisticated electronic solutions that use biometrics, RFID cards, and face
recognition. These conventional procedures were often time-consuming, prone to mistakes,
and required extensive administrative work. Facial recognition technology provides a
contactless, automated option for improving the efficiency and accuracy of attendance
management. It offers a safe and accurate method of monitoring attendance in real time by
analysing unique face traits with advanced algorithms. This study is on creating a Facial
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Recognition-Based Attendance System using OpenCV and the k-Nearest Neighbours (KNN)
algorithm. The system preprocesses face data by detecting, aligning, and extracting attributes,
then classifies it using KNN. This solution tackles issues in conventional systems while
keeping scalability and robustness. However, it underscores the requirement of resolving
problems like privacy, data security, and biases in recognition algorithms in order to secure
ethical deployment.

LITERATUREREVIEW

The evolution of facial recognition-based attendance systems has been significantly influenced
by advancements in machine learning, computer vision, and deep learning technologies. Early
works, such as those by Arya et al. (2020), focused on using Convolutional Neural Networks
(CNNs) to develop smart attendance systems, demonstrating the potential of CNNs for feature
extraction and recognition accuracy. Similarly, Begum (2020) and Shah & Patel (2020)
explored the application of machine learning algorithms, particularly Principal Component
Analysis (PCA) and Linear Discriminant Analysis (LDA), to enhance the precision of facial
recognition in attendance systems. As the field progressed, researchers like Kumar & Singh
(2021) and Trivedi & Tripathi (2021) introduced real-time facial recognition systems, with a
focus on automated attendance management, showing the feasibility of using face recognition
in dynamic environments. Vora & Mehta (2021) provided a comparative analysis of various
machine learning algorithms, offering insights into the most effective methods for face
recognition in attendance systems.

In recent years, there has been a shift towards leveraging deep learning techniques for better
accuracy and robustness. Sharma & Gupta (2022) and Rao (2022) implemented deep learning
models to improve the realtime efficiency of attendance systems. These systems utilize
sophisticated algorithms that not only identify faces but also handle variations in lighting,
facial expressions, and orientations. The introduction of hybrid approaches, as seen in Patel &
Shah (2022), has further enhanced the reliability of facial recognition-based systems. Nguyen-
Tat et al. (2023) extended this research by integrating design science approaches to automate
attendance management in human resources, demonstrating the broader applicability of these
technologies beyond education. Gawate & Dhote (2023) introduced multi-face recognition and
liveness detection, addressing security and privacy concerns in real-time systems.

The integration of edge Al for real-time facial recognition has been explored by Sharma &
Gupta (2024), aiming to improve performance in resource-constrained environments. Arya et
al. (2024) focused on improving attendance accuracy through CNN-based systems, while
Gawate & Dhote (2024) further advanced real-time multi-face recognition with liveness
detection. Other studies, such as Rajesh et al. (2023), Thai et al. (2023), and Charishma et al.
(2023), have focused on enhancing accessibility and affordability by developing low-cost,
mobile-based solutions for attendance management. The work of Khan & Akram (2023) and
Touzene et al. (2023) highlighted the need for efficient, automated, and scalable systems that
can adapt to a variety of organizational contexts, from schools to workplaces.

Nanotechnology Perceptions 20 No. 8 (2024) 160-170



Real-Time Face Recognition-Based.... Sweety Samaddar et al. 162

These studies collectively demonstrate the potential of facial recognition technology to
transform attendance systems by providing real-time, accurate, and automated solutions, while
also addressing challenges such as security, privacy, and system scalability. The continual
advancements in machine learning, computer vision, and deep learning techniques ensure that
these systems will become increasingly reliable, efficient, and widely adopted in the coming
years.

RESEARCHMETHODOLOGY

The steps that we take to conduct the comprehensive literature review are as follows:
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FIGURE 1. Methodology of Research

Determine the review's aim: Variables that effect the system, and approaches employed.
Literature search: Identifying suitable research articles based on keywords is crucial for
meeting needs and objectives. The search procedure is carried out by a number of
worldwide depositories, including Research Gate, Web of Science, and Science Direct.
Searches are done in the newspapers.

0  Quality checking: After finding research articles, they are evaluated based on their
abstracts and content. The research articles' quality was assessed, and a shortlist was
established based on relevant keywords.

0  Paper exclusion or inclusion: We choose publications for systematic reviews based on
their relevance and exclude others from the short list.

0  Findings analysis: We examine the literature survey results using the articles selected for
the systematic review.

0  Systematic review: We evaluate the literature. Figure 1 illustrates the method.

PROPOSEDSYSTEM

The old methods of attendance monitoring, such as roll calls or paper registers, are time-
consuming, prone to mistakes, and generally inefficient in contemporary educational and
organizational contexts. In response to these issues, face recognition technology provides an
automatic, accurate, and efficient solution. This research aims on building a face recognition-
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based attendance system that leverages the K-Nearest Neighbours (KNN) algorithm to identify
participants based on their facial traits. The system takes face photos, assesses them to extract
significant properties, and then compares them to a pre-registered database using the KNN
algorithm. When a match is spotted, attendance is automatically recorded. This solution
eliminates human mistake, assures accuracy, and enables for real-time attendance monitoring.
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FIGURE 2. Workflow Design of The Implementation

The system's capacity to adjust to lighting changes, facial emotions, and ageing via frequent
database updates makes it a dependable and scalable alternative for universities, enterprises,
and other organisational environments. The proposed solution employs Python's OpenCV
library for face identification and feature extraction, guaranteeing great accuracy in real-time
attendance tracking. Using the KNN algorithm, the system categorises people and records their
attendance by evaluating face traits against a pre-registered database. The model’s
performance is boosted by modifying the algorithm's hyperparameters, such as the distance
metric and the value of 'k,' which improves the system’s accuracy. Regular updates to the face
database guarantee the system can adjust to changes in user appearance over time. This novel
technology solves the inefficiencies of standard attendance systems, offering an efficient,
automated alternative for different contexts.

METHOD&TECHNIQUE

A. Dataset creation

The dataset was built using real-time video frames taken using a camera and processed using
OpenCV. The Haar Cascade classifier is used for face recognition, recognising faces in video
frames and associating them with student names via labelling. The tagged dataset is then used
to train the KNN classifier to detect faces.
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Figure 3. Haar Cascade classifier

B. Face Detection

The Haar Cascade classifier is used to detect faces in real time. It recognises facial traits in
video frames by executing a sequence of pre-trained classifiers on both positive and negative
image samples. Key parameters such as scale factor and minimum neighbours are adjusted to
increase detection performance. The Haar Cascade classifier accurately detects faces, making
it a key component of the face recognition system.
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Figure 4. Interpretation of Data Preprocessing

C. Facial Recognition

The system employs the KNN algorithm to detect faces. After training on labelled
photographs, the KNN classifier leverages facial features to predict the name of the person
whose face matches the detected one. The classifier employs distance metrics to determine the
closest match in the dataset, allowing for accurate real-time identification and attendance
monitoring.
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Figure 5. FR Flowchart

D. Attendance Updating

Once a face is detected, the system creates a timestamp to assure the attendance records'
integrity and reliability. The timestamp and the student's identification are recorded in a
database. The faculty member receives an updated list of absentees via email after each
session.

E. Data Collection

To verify the system's resiliency, data collection requires taking face images in a range of
circumstances, including various facial expressions, lighting conditions, and angles. This
adaptability assures that the system can cope with real-world occurrences.
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Figure 6. Dataset Distribution

F. Feature Extraction and Representation

Facial features are obtained from pictures employing image processing technologies like
keypoint detection and texture analysis. These parameters are normalised to accommodate for
lighting and expression variations before being put into the KNN algorithm.

G. K-Nearest Neighbour (KNN) Classification

The retrieved attributes are categorised using the KNN algorithm, which compares them to a
database of pre-registered faces. The classification accuracy is optimised by adjusting the
number of neighbours (K) and utilising acceptable distance metrics.

H. System Adaptation and Optimisation

The system continually reacts to changes in lighting, facial expressions, and ageing by
updating the database and retraining the KNN model. This guarantees the system's correctness
over time.

I. System Evaluation

To measure performance, the system is carefully tested on a comprehensive collection of
photos, measuring accuracy, sensitivity, specificity, and computational efficiency. Real-world
trials are carried out to assess the system's performance in real scenarios and discover areas
for improvement.

Nanotechnology Perceptions 20 No. 8 (2024) 160-170



Real-Time Face Recognition-Based.... Sweety Samaddar et al. 166

Image Source

v

| Face Detection and Normalization |
T
! v

Feature Extraction and Matching

Features from test

Features from g
Lesunessimng i case
'

training dataset

'
Classifier Model for|------
matching

& Test Results

Recognize the face and
generate face ID

Figure 7. System Evaluation Architecture

DISCUSSION

The face recognition-based attendance system was meant to expedite the attendance
monitoring process by automating student registration and real-time attendance marking.
Upon launching the system, users are requested to fill out a registration form, following which
the camera is engaged to collect real-time footage. This real-time video stream is analysed
using the Haar Cascade classifier, which finds faces and highlights them in the frame. Once
sufficient face samples (100) are gathered, the system automatically stores the preprocessed
photos in a training folder, ensuring the dataset is updated for future recognition jobs. The user
interface with the system is supposed to be intuitive. After the registration procedure, the
average user interacts with the system using a simple keystroke, generally hitting "o" to
commence attendance tracking. A timestamp is created to denote the precise day and time of
the attendance, which helps arrange information effectively. A picture is collected at this stage
for facial recognition, and the system delivers feedback to the user, sometimes via text-to-

speech, verifying successful attendance update.

The system exhibited resiliency to frequent difficulties like as fluctuations in lighting
conditions and age of the participants. The classifier maintained constant performance,
delivering a solid solution for varied contexts and situations. Key performance indicators, such
as sensitivity and specificity, further confirmed the system's efficacy, guaranteeing that the
system could reliably recognise faces and reduce false positives and negatives. The face
recognition-based attendance system provides a reliable and effective technique for attendance
monitoring. It has an easy-to-use interface, strong real-time processing, and high accuracy,
making it well-suited for applications in diverse organizational contexts such as schools,
offices, and factories. The adaptation of the system to changing situations guarantees its long-
term stability and efficacy in dynamic contexts.

RESULT

The face recognition-based attendance system effectively utilized the in-built Python face
recognition module to detect key facial points, such as the eyes, nose, and mouth. These crucial
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facial landmarks were recorded, and the distances between them were calculated to create a
unique set of features for each individual’s face. These feature sets were then fed into a K-
Nearest Neighbors (KNN) algorithm for training. Once the model was trained, the system’s
capacity to continually update the attendance and measure the amount of changes using an
auto-refresh option makes it dynamic and responsive. The system's examination exhibited
outstanding results, obtaining an average accuracy of 95% in diverse situations, including
schools, office doors, and industrial checkpoints. The face recognition system displayed
remarkable accuracy in recognising persons despite differences in facial expressions, lighting
conditions, and positions. The KNearest Neighbors (KNN) algorithm, employed for facial
recognition, attained an average classification accuracy of 92% in real-world deployment
trials, showing the resilience of the system for practical application. it was capable of
recognizing and identifying individuals based on the facial features detected in real-time
images. The system successfully marked attendance by matching the detected faces to the
stored dataset. When a match was found, the corresponding name was assigned to the detected
face, and attendance was recorded for that individual. One key advantage of the proposed
system is its ability to recapture images of individuals who were not initially detected. This
feature allows for continuous tracking of attendance throughout the session, ensuring that no
individual is overlooked.

The output of the system is provided in two formats:

»  Roll Numbers on Detected Faces: Each detected face in the image is annotated with the
corresponding roll number, providing a clear visual representation of the attendance.

« Attendance Log in Excel: The system generates an Excel file that contains the roll numbers

of all detected students, offering an organized and efficient way to record and review

attendance. Output Images
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¢ input = o X

Enter Your Enroliment Number (Optional):
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FIGURE 8. Step 1: Dataset Collecction
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FIGURE 10. Attendance Management Sheet

CONCLUSION

The recommended facial recognition-based attendance system offers a reliable, contactless,
and automated solution to the limits of present attendance methods. Using advanced facial
recognition algorithms and the KNearest Neighbours (KNN) method, the system acquired an
average accuracy of 95% across a range of realworld contexts. It correctly records attendance
by identifying individual face characteristics and adjusts to variations in lighting, emotions,
and ageing. Its durability makes it excellent for usage in educational institutions, businesses,
and industrial facilities. The system enhances operational efficiency by simplifying attendance
management and decreasing the need for human interaction. Future developments may focus
on enhancing speed, scaling for greater installations, and applying strong deep learning
algorithms to enhance accuracy and value.

APPLICATIONS&FUTURESCOPE

A. Applications

« Attendance System Educational Institutions: The system may be applied in schools,
colleges, and universities for efficient and precise attendance monitoring, decreasing
human mistakes and saving time during roll calls.

« Corporate workplaces: It may improve staff attendance management in workplaces,
enabling smooth interaction with payroll systems and boosting security.

« Industrial Facilities: The system is well-suited for factories and warehouses to check
personnel attendance in shifts, enhancing operational efficiency.
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Healthcare Facilities: Hospitals and clinics may utilise the system to track worker
attendance, guaranteeing accountability and maintaining high standards of patient care.

Event Management: The system may be used to monitor attendance at conferences,
seminars, and other events, offering real-time participant tracking and analysis.

Public Security: Law enforcement and security authorities may customise the system for
monitoring and confirming IDs in limited locations or during major gatherings.

Academic Research: Researchers may utilise the system as a platform for testing and
upgrading machine learning models in facial recognition and related domains.

Future Scope of the Research

Integration with IoT and Al: The system may be linked with [oT devices for contextual
attendance monitoring, such as recognising ambient conditions or room occupancy. Al
algorithms might be deployed to assess attendance statistics, find abnormalities, and
anticipate absence patterns.

Enhanced Feature Extraction: Future iterations might add sophisticated feature extraction
approaches such as Histogram of Oriented Gradients (HOG) or Local Binary Patterns
(LBP) to increase the accuracy and resilience of the face recognition process.

Compliance with Privacy standards: As face recognition technology gets acceptance,
adherence to global privacy standards like GDPR and local biometric privacy legislation
will be important to guarantee ethical and legitimate deployment.

Scalability for Large-Scale Deployment: Optimizing the system for scalability to handle
massive datasets and a high number of users will allow broad adoption in businesses of
varied sizes.

Multimodal Biometric Systems: Combining face recognition with additional biometric
technologies, such as fingerprint or voice recognition, might boost system security and
dependability.
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