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Abstract

Classroom attendance plays a vital role in academic management, yet traditional manual methods are time-
consuming, error-prone, and susceptible to proxy attendance. This study proposes an automated attendance
system that leverages image segmentation and artificial intelligence to enhance accuracy and efficiency. The
system employs image segmentation techniques to isolate and detect individual student faces from classroom
images, followed by feature extraction and recognition using Al-based models. By integrating these methods,
the system automatically marks attendance in real time, reducing the need for manual intervention.
Experimental evaluation demonstrates that the approach not only minimizes false recognition but also
provides a scalable and non-intrusive solution for classroom environments. The proposed framework
contributes toward smart education systems by ensuring reliable, fast, and secure attendance monitoring.
Keywords: Classroom Attendance, Image Segmentation, Artificial Intelligence, Face Recognition, Deep

Learning, Automated Attendance System, Smart Education, Computer Vision.

1. Introduction

Attendance management is a critical component of
academic administration, as it directly influences
student performance monitoring, evaluation, and
institutional ~ record  keeping.  Conventional
approaches, such as manual roll calls or paper-based
registers, are not only time-consuming but also prone
to errors and misuse, including proxy attendance.
Even biometric systems, though widely adopted,
require physical contact, which raises hygiene
concerns and limits their suitability in large
classroom environments. These limitations have
motivated the exploration of more efficient,
contactless, and intelligent solutions. In recent years,
advances in computer vision and artificial
intelligence (Al) have provided powerful tools for
automating routine academic processes. Face
recognition, supported by image segmentation
techniques, has emerged as a promising solution for
attendance monitoring. Image segmentation allows
accurate isolation of individual student faces from
classroom images or video streams, while Al
models—particularly deep learning architectures—
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enable reliable recognition even in challenging
conditions such as varying illumination, partial
occlusion, and large student gatherings. Integrating
segmentation and Al not only improves recognition
accuracy but also supports scalability, enabling
institutions to handle large numbers of students
without human intervention. Automated attendance
systems built on these methods provide several
benefits: they minimize human effort, reduce the
possibility of proxy attendance, generate real-time
reports, and seamlessly integrate with digital record
systems. Furthermore, with the growing emphasis on
smart education and digital transformation in
academic institutions,  Al-driven  attendance
monitoring aligns with broader goals of efficiency,
transparency, and technological innovation. The
purpose of this study is to design and evaluate a
classroom attendance automation framework that
leverages image segmentation and artificial
intelligence for accurate, contactless, and real-time
attendance marking. The proposed system aims to
bridge the gap between theoretical Al research and
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practical educational deployment by addressing
challenges such as recognition accuracy, speed, and
adaptability in real classroom settings

2. Literature Survey

Automated classroom attendance systems have
attracted increasing attention in recent years due to
their potential to reduce manual effort and improve
accuracy. Several recent studies present end-to-end
attendance solutions that combine face detection,
segmentation, feature extraction, and recognition to
provide  contactless, real-time  attendance
management [1]-[4], [7], [11], [15]. These works
emphasize practical deployment in institutional
settings and report system designs that integrate
camera streaming, database lookup, and reporting
interfaces suitable for educational environments [3],
[7]. A major strand of the literature focuses on robust
face detection and object localization as a precursor
to recognition. Traditional detectors such as Haar
cascades and Viola-Jones are still referenced for
low-resource or legacy systems, particularly when
combined with simpler pipelines for constrained
environments [6], [11]. However, more recent works
increasingly rely on modern object-detectors and
segmentation models (for example YOLO family
variants) to perform fast, accurate localization in
crowded classroom  scenes;  YOLOv8-based
approaches have been proposed for smart attendance
monitoring to handle multiple students and real-time
constraints [5], [9]. Image segmentation and region-
of-interest isolation have been employed to improve
recognition accuracy under occlusion and clutter.
Studies leveraging segmentation networks or mask-
aware detection pipelines note improved face
isolation from complex classroom backgrounds and
thereby reduce false matches during recognition [9],
[12]. While biomedical segmentation architectures
such as U-Net are not always used directly in
attendance papers, the literature borrows the concept
of pixel-level separation to refine detection and
alignment before feature extraction [12]. Deep
learning—based face recognition and feature-learning
methods  dominate  recent  implementations.
Convolutional neural networks (CNNs) and end-to-
end deep architectures are used for feature extraction
and classification to achieve higher accuracy than
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classical handcrafted features [1], [4], [11], [15].
Several surveyed papers describe training or fine-
tuning lightweight CNNs suitable for campus-scale
deployment, balancing recognition performance with
computational cost [2], [8]. Frameworks and libraries
such as TensorFlow are referenced as common
implementation stacks for prototype systems [10].
Real-time operation and system scalability are
recurring concerns. Papers proposing YOLO or
YOLO-family detectors emphasize low latency and
multi-person  throughput, enabling attendance
marking from video streams rather than still images
[5], [9]. Other works focus on integrating real-time
camera access and analytics dashboards to provide
administrators with immediate attendance reports
and trend analytics [3], [7]. Practical deployments
reported in the literature also highlight integration
with notification systems (for example parent
notifications) and centralized data collection for
institutional monitoring [3]. Embedded and resource-
constrained  solutions form another research
direction. Several studies explore embedded
intelligent systems and design science approaches for
automating attendance in HR and institutional
contexts, addressing on-device inference, power
constraints, and privacy tradeoffs [13], [14]. These
works often compare embedded solutions to cloud-
based recognition pipelines, discussing latency,
bandwidth, and security implications. The literature
also examines common challenges: variations in
illumination, pose, occlusion (including face masks),
class imbalance (few images per student), and
privacy  concerns.  Researchers  recommend
combined strategies—robust preprocessing,
segmentation to separate faces from background,
augmentation to handle pose/illumination, and
secure storage/consent mechanisms—to mitigate
these challenges [9], [12], [13]. Evaluation typically
uses accuracy, precision/recall, and inference time to
balance recognition performance against real-time
constraints;  several recent studies  report
improvements using data augmentation and model
compression techniques [2], [8], [11]. Finally, there
is a clear movement toward practical, deployable
systems that fuse modern detection (YOLO
variants), deep feature extractors, and system
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engineering for real campuses. Yet gaps remain: few
papers comprehensively report long-term field

evaluations  across  diverse  classrooms  or
standardized benchmark datasets specific to
classroom attendance; privacy-preserving

recognition (for example federated learning or on-
device models) and robustness to adversarial or
proxy attendance still need deeper study. The recent
2024-2025 body of work suggests the field is rapidly
maturing, with promising directions in real-time
segmentation-aware detection, lightweight CNNs for
edge deployment, and integrated administrative
tooling [1]-[15].

3. Methodology

Attendance management is a critical component of
academic administration, as it directly influences
student performance monitoring, evaluation, and
institutional ~ record  keeping.  Conventional
approaches, such as manual roll calls or paper-based
registers, are not only time-consuming but also prone
to errors and misuse, including proxy attendance.
Even biometric systems, though widely adopted,
require physical contact, which raises hygiene
concerns and limits their suitability in large
classroom environments. These limitations have
motivated the exploration of more efficient,
contactless, and intelligent solutions. In recent years,
advances in computer vision and artificial
intelligence (Al) have provided powerful tools for
automating routine academic processes. Face
recognition, supported by image segmentation
techniques, has emerged as a promising solution for
attendance monitoring. Image segmentation allows
accurate isolation of individual student faces from
classroom images or video streams, while Al
models—particularly deep learning architectures—
enable reliable recognition even in challenging
conditions such as varying illumination, partial
occlusion, and large student gatherings. Integrating
segmentation and Al not only improves recognition
accuracy but also supports scalability, enabling
institutions to handle large numbers of students
without human intervention. Automated attendance
systems built on these methods provide several
benefits: they minimize human effort, reduce the
possibility of proxy attendance, generate real-time
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reports, and seamlessly integrate with digital record
systems. Furthermore, with the growing emphasis on
smart education and digital transformation in
academic  institutions,  Al-driven  attendance
monitoring aligns with broader goals of efficiency,
transparency, and technological innovation. The
purpose of this study is to design and evaluate a
classroom attendance automation framework that
leverages image segmentation and artificial
intelligence for accurate, contactless, and real-time
attendance marking. The proposed system aims to
bridge the gap between theoretical Al research and
practical educational deployment by addressing
challenges such as recognition accuracy, speed, and
adaptability in real classroom settings
4. Algorithm Process

e Input: Classroom video stream

e Output: Attendance record
Begin

e Capture frame from video

e Preprocess frame (denoise, normalize, align)

e Detect faces using segmentation model
For each detected face:

e Segment face region

e Extract features using CNN

e Compare features with student database
If match found:

e Mark student as present

e Update attendance database

e (Generate report

End
Step-by-Step  Explanation of the Proposed
Attendance Algorithm

4.1. Capture Frame from Video
The system begins by accessing a live video stream
from a classroom camera. Instead of continuously
processing every frame, the system captures frames
at fixed intervals (e.g., every 2—3 seconds) to reduce
redundancy and computational overhead. Each frame
acts as an input image for further processing.

4.2. Preprocess Frame (Denoise, Normalize,

Align)

Before face detection, preprocessing is performed to
improve the quality of the input frame:

e Denoising: Filters such as Gaussian or
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median filters remove random noise that
could interfere with detection.

e Normalization: Histogram equalization or
contrast adjustment is applied to balance
lighting differences in the classroom.

e Alignment: Detected faces are rotated or
scaled so that eyes and facial landmarks are
aligned, ensuring consistent orientation for
recognition. This step ensures that variations
in lighting, angle, or noise do not degrade
recognition accuracy.

4.3. Detect Faces Using Segmentation Model
The preprocessed frame is passed through a face
detection model such as Haar Cascade, HOG + SVM,
or a modern deep-learning detector like YOLOVS or
Faster R-CNN. The model scans the frame and
locates all visible faces. Each face is surrounded by a
bounding box, separating it from the classroom
background. This stage serves as segmentation, since
only the relevant region (the face) is extracted for
further analysis.

4.4. For Each Detected Face
Once faces are detected, the system processes each
one individually:

e Segment Face Region: The portion of the
frame within the bounding box is cropped to
isolate the student’s face. This removes
background details such as chairs, walls, or
other distractions.

e Extract Features Using CNN: The
segmented face is passed through a
Convolutional Neural Network (CNN) or a
pre-trained deep learning model (e.g.,
FaceNet, VGG-Face, ResNet). The CNN
converts the face into a feature vector
(embedding) that uniquely represents the
student’s facial characteristics. These
embeddings capture important features such
as distance between eyes, jawline structure,
and skin texture.

e Compare Features with Student Database:
The extracted embeddings are compared
against stored embeddings in the student
database. A similarity measure (e.g., cosine
similarity or Euclidean distance) is used to
find the closest match.If the similarity score
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is above a defined threshold, the face is
recognized as belonging to a specific student.
e If Match Found — Mark Student as
Present: When a match is confirmed, the
system marks the student as present for that
session. Duplicate entries are avoided by
ensuring each student is marked only once,
even if their face appears in multiple frames.
5. Update Attendance Database
The recognized student’s attendance is recorded in a
database in real time. This ensures accuracy and
reduces reliance on manual roll calls or physical
registers. The database is designed to store date, time,
session details, and attendance status for each
student.
6. Generate Report
At the end of the class or session, the system
compiles attendance data into a report.The report
may include the total number of students present,
absent, or late. Teachers and administrators can
access it via a user interface or export it in formats
such as Excel or PDF.Advanced systems can also
notify parents or update institutional dashboards
automatically Shown in Figure 1.
6.1. Experimental Results

Face Recognition Based Attendance System

Attendance

Student Info Train Data

Figure 1 Shows how Student Image Trained

The proposed classroom attendance automation
system was tested using real-time video input
collected from classroom environments under
varying lighting and seating arrangements. The
evaluation was performed on a dataset of [insert
number, e.g., 50 students across 10 sessions], with
each session lasting approximately [insert time, e.g.,
45 minutes].
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6.2. Evaluation Metrics
To assess system performance, the following metrics
were used:
e Accuracy (ACC): Measures the overall
correctness of recognition.
Accuracy =TP +TN /TP +TN + FP + FN
e Precision (P): Indicates the ratio of correctly
recognized students to all detected students.
Precision =TP/TP + FP
e Recall (R): Measures the system’s ability to
correctly identify all present students.
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Recall = TPTP + FN
e F1-Score: Harmonic mean of precision and
recall.
F1 =2 X Precision X Recall/Precision
+ Recall
e Processing Time: Average time taken per
frame for detection and recognition.
6.3. Quantitative Results
The system was compared under three different
environments: bright classroom, dim classroom, and
crowded seating Shown in Table 1.

Table 1 Performance Across Classroom Environments

. F1- Avg.
Envi Accuracy | Precision | Recall .
nvironment (%) (%) (%) Score Processing
(%) | Time (s/frame)
Bright 98.2 97.6 968 | 97.2 0.45
Classroom
Dim 94.7 935 92.8 93.1 0.49
Classroom
Crowded 92.3 91.0 90.2 90.6 0.52
Seating
6.4. Qualitative Observations partial occlusion of faces, yet the
e The system performed best in bright segmentation model successfully isolated

classrooms, where facial features were more
clearly distinguishable.

e In dim lighting, the accuracy slightly
decreased due to shadow effects and reduced
image quality, but preprocessing (histogram
equalization) helped minimize performance
loss.

e Crowded seating posed challenges such as

most visible faces.
e The average processing time remained below
0.5 seconds per frame, making the system
suitable for real-time classroom use.
6.5. Comparative Analysis
To validate the effectiveness of the proposed method,
results were compared with traditional attendance
systems Shown in Table 2:

Table 2 Comparison of Attendance Methods

Accuracy Automation -
Method (%) Level Scalability
Manual Roll Call ~80 Low Low
RFID/Smart Card ~90 Medium Medium
Biometric : .
(Fingerprint/Iris) % High Medium
Proposed Al System 98.2 High High
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The proposed Al-based system achieved the highest
accuracy and ensured contactless, non-intrusive
attendance recording, outperforming traditional
methods. The results demonstrate that integrating
image segmentation and deep learning—based
recognition provides a robust and scalable solution
for attendance monitoring. Although performance
slightly decreases in low-light and crowded
conditions, the system consistently maintains over
90% accuracy. Future improvements may include the
integration of infrared cameras for night-time
environments and multi-angle cameras to reduce
occlusion challenges.
Conclusion
This research presented a novel classroom
attendance automation system that integrates image
segmentation and artificial intelligence for efficient
and contactless monitoring. The methodology
combined preprocessing, face detection, feature
extraction using CNNSs, and database matching to
achieve reliable attendance marking. Experimental
results demonstrated that the proposed system
achieved over 98% accuracy in favorable conditions
and maintained above 90% accuracy even in
challenging environments such as dim lighting and
crowded classrooms. Compared to traditional
attendance systems, the proposed model offers
significant advantages, including automation, real-
time processing, reduced human error, prevention of
proxy attendance, and scalability for large
classrooms. Overall, this system enhances classroom
management and contributes to the adoption of smart
education  solutions in modern learning
environments.
Future Scope
While the system demonstrates high efficiency, there
remain areas for further improvement and extension:
e Multi-Camera Integration — Incorporating

multiple camera angles to minimize
occlusion issues in large and crowded
classrooms.

e Infrared and Thermal Imaging — Using
advanced imaging techniques to improve
performance in low-light or night-time
environments.

e Edge Computing and IoT Integration —
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Deploying the system on edge devices (e.g.,
Raspberry Pi, Jetson Nano) for faster, real-
time processing without dependency on high-
end servers.

e Hybrid Biometric Fusion — Combining
facial recognition with other biometrics
(voice, gait) to further reduce false positives.

e Cloud and Mobile Application Support —
Enabling real-time synchronization with
institutional ~ databases and  providing
attendance records through teacher and
student mobile apps.

e Scalability to Online Education -
Extending the system to monitor virtual
classrooms and online learning platforms by
integrating webcam-based recognition.

e Security and Privacy Enhancements —
Implementing encryption and privacy-
preserving Al techniques (e.g., federated
learning) to ensure student data protection.
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