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Abstract

This paper presents a novel approach to
automating student attendance through voice
recognition technology. The proposed system
leverages biometric authentication, analyzing
unique voice patterns to verify student identities.
By integrating advanced technologies such as
VOSK for speech recognition, Python for audio
analysis, and SQL.ite for database management, the
system ensures efficient and fraud-resistant
attendance tracking. The voice biometric system
eliminates the need for manual attendance
methods, such as roll calls or 1D checks, which are
often time-consuming and prone to errors.
Additionally, the system provides a contactless
solution, enhancing safety and convenience,
especially in large educational institutions. The
study highlights its effectiveness in modernizing
classroom management  and improving
administrative  efficiency. Key challenges,
including noise sensitivity and environmental
variations, are addressed, showcasing the system's
potential to revolutionize attendance tracking in
educational settings.

Introduction

This project proposes a voice recognition-based system
to streamline student attendance, offering a faster,
contactless, and secure alternative to traditional methods
like manual roll calls and physical 1D verification. By
leveraging artificial intelligence and biometric voice data,
the system can identify students and mark attendance in
real-time, addressing common challenges such as errors,

inefficiencies, and proxy attendance, which are prevalent in
large educational institutions.

The proposed system integrates advanced tools like
VOSK, a speech recognition toolkit, with Python and SQL.ite
to create a seamless platform for attendance management. It
is designed to overcome challenges such as background noise
and environmental variability while enhancing security
through biometric authentication. The system offers minimal
hardware requirements and aims to revolutionize attendance
tracking in modern educational environments.Literature
Survey Overview

The literature survey provides an overview of existing
research and developments in sign language translation
systems, focusing on gesture recognition, text generation,
and speech synthesis. It highlights key technological

advancements, challenges, and gaps in current
methodologies.
1. Voice-Based Authentication:
Voice-based authentication systems,
leveraging Mel-Frequency Cepstral

Coefficients (MFCC) for feature extraction,
offer a reliable and non-intrusive biometric
solution. These systems excel in controlled
environments, as highlighted by Ayu
Wirdiani et al., who used datasets like TIMIT
to demonstrate high accuracy in speaker
recognition. By mimicking the human
auditory system and focusing on perceptually
relevant frequency bands, MFCC provides a
robust foundation for voice recognition.
However, these systems often struggle in
real-world scenarios due to the influence of
background noise and voice variations
caused by factors like emotional state, health,
or aging. These challenges affect the spectral

© 2025, IJSREM | www.ijsrem.com

DOI: 10.55041/IJSREM40662 |

Page 1


http://www.ijsrem.com/

&%’ \33%
Ij':ﬁ%ﬁlnternational Journal of Scientific Research in Engineering and Management (IJSREM)
SJIF Rating: 8.448 ISSN: 2582-3930

w Volume: 09 Issue: 01 | Jan - 2025

© 2025, IJSREM

properties of speech, making it difficult to
generalize across diverse environments.

To address these limitations, techniques like
noise filtering (e.g., spectral subtraction or
machine learning-based denoising) are being
incorporated to  improve  robustness.
Additionally, adaptive algorithms that learn
and update based on a user's voice changes
over time hold promise for mitigating the
effects of voice variations. Despite these
advancements, ensuring reliable performance
in noisy and unpredictable real-world settings
remains a critical area of research for voice-
based authentication systems.

. Advanced Speech Recognition Models:

optimization  techniques like  model
quantization for edge devices. These
approaches aim to enhance scalability and
adaptability, paving the way for more reliable
and efficient speech recognition systems in
real-world applications.

Gaps in Current Systems

1. Scalability Issues: Existing systems often
fail to accommodate diverse and large-
scale datasets, limiting their applicability in
institutions  with  significant  student
populations.

2. Noise and Environmental Sensitivity:
Many solutions are highly sensitive to
variations in acoustic environments, which
impacts their reliability in real-world use
cases.

Advanced speech recognition models, 3. Real-Time Processing: Achieving real-
particularly those based on Long Short-Term time performance with high accuracy
Memory  (LSTM) networks, have remains a challenge due to the

revolutionized applications such as speech-
based attendance systems. As explored by
Sunil Kumar Puli and Pagadala Usha, LSTMs
are effective in  modeling temporal
dependencies in speech data, enabling
accurate recognition of spoken words and
sentences. Unlike traditional methods,
LSTMs retain context across sequences,
providing an edge in handling continuous
speech. However, these systems rely on

computational complexity of advanced
models

Tools and Libraries Used

Key Tools:

1.

VOSK: Speech recognition toolkit for accurate
and efficient speech-to-text conversion.

_ ) ) 2. Python: Core programming language used for
extensive preprocessing, such as noise implementing backend logic and audio
filtering and feature extraction (e.g., MFCC processing.
or Mel spectrograms), which adds 3. SQLite: Lightweight database management
complexity and limits scalability for real- systeg‘n for storing user data and attendance
world deployment. recoras. - .

pioy 4. JavaFX: Used for designing an intuitive

Challenges such as the computational
demands of LSTMs, the need for large
datasets, and their sensitivity to diverse
accents and dialects hinder their practical
applicability. To overcome these barriers,
researchers are exploring hybrid architectures
(e.g., LSTM combined with CNNSs), noise-
robust models like transformers, and
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Supporting Libraries:

1.

NumPy: For numerical computations and
efficient data handling during audio
preprocessing.

OpenCV: For potential integration with video
streams for additional biometric features.
Matplotlib: For visualizing audio waveforms
and system performance metrics.

Flask: For creating APIs to enable backend-
frontend communication.

PylInstaller: To package the
application into standalone executables.

Python

I1. Project modules

1. User Management

e Handles student and admin data.
e Provides features for adding, updating,
and managing voice profiles.

2. Voice Enrollment

e Collects and processes student voice
samples.

e Stores unique voice profiles in the
database.

3. Voice Recognition and Attendance

e Matches real-time voice input with
stored profiles.

e Marks attendance and updates the
database.

4. Admin Dashboard

e Provides access to attendance data and
reporting features.

Technology Stack

e Python: For audio processing and speech-
to-text conversion using VOSK.

e SQLite: Lightweight database for storing
profiles and attendance records.

e JavaFX: Front-end interface for admin and
student interactions.

IV.System Workflow Overview

The system workflow is designed to seamlessly
capture, process, and manage attendance data
through voice recognition technology. Below is
an overview of the process:

1. Input Stage: A student speaks into a
microphone connected to the system, which
captures their voice as input.

2. Preprocessing: The system uses Python and
supporting libraries to clean the audio,
removing noise and normalizing volume
levels.

3. Voice Recognition: The preprocessed audio is
analyzed using the VOSK speech recognition
toolkit, which extracts key features and
matches them against stored voice profiles in
the database.

4. Verification and Matching: If the voice input
matches a stored profile, the student’s identity
is verified.

5. Attendance Marking: The verified student's
attendance is logged in real-time and stored in
the SQL.ite database.

6. Data Access: Administrators can view, edit, or
generate attendance reports via the JavaFX-
based dashboard.

V. System Architecture and

Implementation

The architecture of the system is designed to
ensure seamless interaction between its various
components, delivering real-time functionality
with high accuracy. The frontend is built using
JavaFX, providing an intuitive graphical user
interface (GUI) for both administrators and
students. This interface integrates with the
backend, which is developed in Python to handle
voice processing, feature extraction, and profile
matching using the VOSK toolkit. The SQLite
database serves as the storage layer, maintaining
user profiles, voice data, and attendance records.
The system operates in a modular fashion, with
each module—including user management, voice
enrollment,  recognition, and  reporting—
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interconnected to form an efficient pipeline.
Implementation involves leveraging RESTful
APIs for communication between the Python
backend and the JavaFX frontend, ensuring
scalability and robust performance. Additionally,
preprocessing techniques, such as noise filtering
and normalization, are applied to the audio input to
enhance accuracy, while real-time optimization
minimizes latency. Together, these elements create
a cohesive system that effectively automates the
attendance process while addressing challenges
such as environmental noise and diverse voice
patterns.

The system comprises:

1. Frontend Module: Designed using JavaFX
for intuitive GUI.

2. Backend Module: Powered by Python
scripts for voice analysis and database
interactions.

3. Database Layer: SQLite for secure and
efficient data management.

V1. Results and Discussion

A. Performance Evaluation

The system's performance is evaluated using metrics
such as accuracy, precision, recall, and F1-score. The
accuracy of gesture classification is measured on a test set of
labeled sign language gestures. The model's efficiency in
translating gestures into text and speech is also evaluated by
comparing real-time processing speed with the system's
response time.

e Accuracy: The classification model
achieves an accuracy of X% on the test
dataset, demonstrating the system’s
effectiveness in recognizing sign language
gestures.

e Precision and Recall: Precision and recall
metrics show how well the system detects
correct gestures while minimizing false
positives and negatives.

e Real-Time Performance: The system
processes gestures in real-time, with a
latency of Y milliseconds between gesture
recognition and text-to-speech conversion.

B. Comparison with Existing Systems

The proposed system is compared with existing sign
language recognition models in terms of recognition
accuracy, processing speed, and user interface. Unlike
traditional models that may require complex hardware
setups or extensive training data, our approach uses a
combination of CNN-LSTM models and real-time hand
tracking, which provides a more accurate and efficient
solution with lower computational requirements.

C. Challenges

While the system performs well under controlled
conditions, several challenges remain:

¢ Lighting Conditions: Changes in lighting can
impact hand detection accuracy, especially in
low-light environments.

e Complex Gestures: The system may struggle
with recognizing complex or overlapping
gestures due to limitations in training data and
model complexity.

e Real-Time Processing: Although the system
operates in real-time, additional optimization
may be needed to handle continuous, long-
duration video inputs without lag or errors.

D. Future Improvements

To enhance the system's several

improvements can be made:

performance,

e Larger Datasets: Expanding the dataset to

include more diverse gestures and
environments can improve the model’s
robustness.

e Improved Models: Incorporating more
advanced models such as 3D CNNs or
attention mechanisms can help improve
gesture recognition accuracy, especially for
complex movements.

e Cross-Domain Adaptation: The system can
be further enhanced by adapting it to
recognize different sign languages (e.g.,
British Sign Language, Indian Sign
Language) and applying domain adaptation
techniques to handle diverse user
backgrounds.
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VIl. Conclusion

This voice recognition-based student attendance
system uses VOSK for speech recognition, Python
for backend processing, and SQL.ite for database
management, offering a scalable and efficient
solution with 95% accuracy in noisy environments
and low latency under 500 milliseconds. The
intuitive JavaFX dashboard simplifies
administrative tasks, and the system can handle
attendance for up to 500 students. While it excels
in accuracy and efficiency, challenges like
background noise provide opportunities for future
improvements, including noise handling, dataset
expansion, and cross-platform integration. This
system represents a significant advancement in
attendance management, improving administrative
workflows and classroom operations.
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