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Abstract: Hearing and speech-impaired individuals rely on sign language as their primary mode of
communication; however, most people are not familiar with it, resulting in a significant
communication barrier. This project proposes a real-time sign language recognition system that
converts hand gestures into both text and speech, enabling effective interaction between deaf and
non-deaf individuals. The system uses a vision-based approach, capturing hand gestures through a
standard webcam, eliminating the need for specialized hardware such as data gloves. Advanced
image processing and computer vision techniques are employed to detect and recognize hand
gestures accurately. The system is designed to identify 26 alphabet gestures and translate them
into corresponding textual and audio outputs in real time. Additionally, a learning module is
integrated, providing video-based guidance for understanding sign language, including alphabets
(A-Z), numbers (1-3), and commonly used phrases, making it beneficial for both learners and users.
The proposed solution is cost-effective, user-friendly, and can operate on standard computer
systems, ensuring wider accessibility. By bridging the communication gap, this system enhances
social inclusion, independence, and overall quality of life for hearing and speech-impaired
individuals.
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. INTRODUCTION

Communication is a fundamental aspect of human interaction; however, hearing and speech-impaired
individuals often face difficulties in communicating with others due to the lack of widespread
understanding of sign language. This creates a significant communication gap between deaf
individuals and the general population. To address this issue, there is a need for an intelligent and
accessible system that can translate sign language into a commonly understood form such as text and
speech [1].

The proposed system is a vision-based sign language recognition application designed to facilitate
seamless communication. It begins with a user registration and login module to ensure secure and
personalized access. Once logged in, users can explore a learning module that provides educational
video content for understanding sign language, including alphabets, numbers, and commonly used
phrases. This module helps both beginners and non-sign language users to learn and interact
effectively [2].
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After accessing the learning resources, users can proceed to the main recognition module, where real-
time hand gestures are captured using a webcam. The system applies image processing and computer
vision techniques to detect and recognize gestures and convert them into corresponding text and
speech output. This eliminates the need for specialized hardware, making the system cost-effective
and easy to use.

By integrating user management, learning resources, and real-time gesture recognition, the system
not only bridges the communication gap but also promotes accessibility, independence, and social
inclusion for hearing and speech-impaired individuals [3].

Il. LITERATURE ANALYSIS

Several research studies have focused on improving communication and learning for hearing and
speech-impaired individuals using sign language technologies. Chaithraj and Kavana H. R (2019)
proposed a vision-based system that converts sign language gestures into text and speech using image
processing techniques for two-way communication. Sanyukta Bhavsar et al. (2023) developed a
mobile-based learning application with interactive modules and real-time feedback to make sign
language education more accessible and user-friendly.

Vishnu Priya A. K et al. (2023) introduced a deep learning-based approach using Convolutional Neural
Networks (CNN) and OpenCV for real-time gesture recognition and translation between sign language
and speech. Additionally, Rekha V et al. (2023) presented an Al-based multilingual system integrating
advanced models such as CNN, LSTM, and NLP to support inclusive learning and communication across
different languages. Together, these studies highlight the growing role of computer vision, artificial
intelligence, and user-centric design in bridging communication gaps and promoting social inclusion
for the deaf and mute community.

Table I: LITERATURE WORK

Author and Year

Methods

Future Scope

Chaithraj, Kavana H
R (2019)

Vision-based system using webcam;
hand
coordinate extraction; Matching with

Image processing  for
pre-stored dataset; Gesture-to-text
and speech conversion; Two-way
communication (sign-to-text/speech
Sentence

and audio-to-sign/text);

formation using continuous gestures

Improve performance in different
lighting/backgrounds; Support
regional languages and complex
advanced ML/DL

Develop

gestures; Use

models; mobile

applications; Enhance real-time

communication; Implement

continuous sentence recognition

Sanyukta Bhavsar,
Dhanashree
Dhondge, Siddhi
Khande, Sejal Zend,

Mobile-based learning application;
Interactive modules for alphabets
and phrases; User-friendly interface;
Real-time feedback system; User-
with  continuous

centric design

Improve gesture accuracy and
Add
Enhance cultural
Al-based

Expand to

representation; advanced

learning levels;

sensitivity; Integrate

personalized learning;
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(2023)

updates; Focus on Indian Sign

Language learning

multiple languages; Add real-time
communication features

Vishnu Priya A. K,
Jayashri S., Sivanjali
V., Sneha V.,
Thamaraiselvi K
(2023)

Two-way sign language translator
CNN;
processing with OpenCV; Gaussian
Model
removal; RGB camera-based gesture

using  Deep Real-time

Mixture for background
recognition; Sign-to-text and speech-

to-sign conversion

Develop Android/ mobile
application; Improve speed and
accuracy; Use advanced deep

learning models; Support complex
gestures and sentence recognition;
Enhance real-world usability

Mrs. Rekha V,
Shreya M C,
Thanushree H C,
Sonu Chouhan,
Sumathi V (2023)

Al-based multilingual system; Use of
CNN, hybrid
models; Integration of Computer
Vision and NLP;
multilingual text/speech conversion;

LSTM, Transformers,

ISL gesture to

Supports learning and

communication

Develop universal communication
system; Improve multilingual and
Expand

real-time  performance;

large-scale deployment; Enhance
collaboration with experts; Advance
Al accuracy; Promote inclusive digital

environments

l1l. WORKING METHODOLOGY
The proposed system is designed to convert sign language gestures into text and speech using a
structured and modular approach. The overall workflow consists of user authentication, learning
support, and real-time gesture recognition.

1. User Registration and Login: The system begins with a secure user authentication module. New
users register by providing basic details such as name, email, and password. The login
functionality ensures that only authorized users can access the system. This module also helps in
maintaining user-specific data and improving system usability.

2. Learning Module: After successful login, users are directed to the learning module. This module
provides educational video content to help users understand sign language basics, including:
e Alphabet gestures (A-2)
e Number gestures (1-3 or more)
e Common phrases in sign language
This feature is especially useful for beginners and non-sign language users, enabling them to learn
before using the recognition system.

3. Gesture Input and Image Capture: When the user starts the recognition process, the system
activates the webcam to capture live video. The video stream is divided into frames, and each
frame is processed individually. A sufficient number of images (e.g., more than 30 frames) are
collected to ensure accurate gesture detection.
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Image Processing and Feature Extraction: Captured images undergo preprocessing steps such
as:

e Background removal

e Noise reduction

e Image resizing and normalization
After preprocessing, important features of the hand (shape, edges, contours) are extracted using
computer vision techniques. These features are used to identify the gesture.

Gesture Recognition: The processed input is compared with a trained dataset of predefined
gestures (26 alphabets). A classification algorithm (e.g., machine learning or rule-based approach)
identifies the closest matching gesture. The system continuously checks and validates the gesture
for accuracy.

Text and Speech Conversion: Once a gesture is recognized, the system converts it into
corresponding text. The recognized text is then passed to a speech synthesis module, which
generates audio output. This enables real-time communication between the user and others.

Output Display: The final output is displayed on the screen as text along with audio playback.
This ensures that both visual and auditory forms of communication are supported.

System Flow Control: The system includes start and stop gesture controls:

e Start Gesture: Initiates the recognition process

e Stop Gesture: Terminates the process
Additionally, the system allows adding new gestures and verifying them before use, improving
flexibility and scalability.

Welcome Page

[

| Add Start Gesture | | Add Stop Gesture |

Learning

j©

Add New Sign Gesture
Check Sign Gesture

Output Text With Audio
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Figure 1: System Diagram

IV. RESULTS AND DISCUSSION
The developed sign language recognition system was successfully implemented and tested under
various real-time conditions using a standard webcam. The system effectively integrates user
authentication, a learning module, and gesture recognition to provide a complete communication
solution for hearing and speech-impaired individuals.

1. System Performance: The system was able to accurately recognize hand gestures corresponding
to 26 alphabets in real time. By capturing multiple frames (greater than 30 images) for each
gesture, the accuracy of recognition was significantly improved. The use of image processing
techniques such as background removal and feature extraction contributed to stable and reliable
performance under normal lighting conditions.

2. Accuracy and Efficiency: The gesture recognition module demonstrated good accuracy for
predefined gestures when performed clearly in front of the camera. The response time of the
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system was fast, providing near real-time conversion of gestures into text and speech. However,
slight variations in hand positioning, lighting conditions, and background noise could affect
accuracy.

3. Learning Module Effectiveness: The inclusion of the learning module proved to be highly
beneficial, especially for beginners. Users were able to understand and practice sign language
through videos covering alphabets, numbers, and common phrases. This improved user
interaction and made the system more comprehensive, as it supports both learning and practical
usage.

4. User Experience: The system was found to be user-friendly due to its simple interface and
structured flow (registration = login = learning = recognition). Since it does not require
specialized hardware like data gloves, it is cost-effective and accessible to a wider audience. The
combination of text and audio output enhanced usability and ensured better communication.

5. Limitations: Despite its effectiveness, the system has certain limitations:
e Performance depends on proper lighting and background conditions
e Limited to recognition of predefined gestures (A-Z)
e Complex gestures and continuous sentence formation are not fully supported
e Accuracy may decrease with improper hand alignment or occlusion

6. Discussion: Overall, the system successfully achieves its objective of bridging the communication
gap between hearing/speech-impaired individuals and normal users. The integration of real-time
gesture recognition with a learning module makes it a practical and impactful solution. While
there are some limitations, the system provides a strong foundation for further enhancements
such as advanced machine learning models, continuous gesture recognition, and mobile-based
deployment.
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V. CONCLUSION
The proposed sign language recognition system successfully addresses the communication challenges
faced by hearing and speech-impaired individuals by converting hand gestures into text and speech in
real time. By utilizing a vision-based approach with a standard webcam, the system eliminates the
need for expensive and specialized hardware, making it both cost-effective and easily accessible.
The integration of user registration and login ensures secure access, while the inclusion of a learning
module enhances usability by helping users understand sign language through educational videos on
alphabets, numbers, and common phrases. The real-time gesture recognition module, supported by
image processing and computer vision techniques, effectively identifies hand gestures and provides
accurate text and audio output.
Overall, the system achieves its primary objective of bridging the communication gap between deaf
and non-deaf individuals. It promotes accessibility, independence, and social inclusion, improving the
quality of life for hearing and speech-impaired users. Although certain limitations exist, the system
provides a strong foundation for future enhancements and wider real-world applications.
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