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Abstract

LinguaHands is an Al-powered sign language translator designed to bridge the communication gap between
hearing-impaired individuals and the general public using multimodal inputs such as video and gesture
recognition. The system integrates advanced technologies including MediaPipe for hand landmark detection, a
deep learning model for gesture classification, and text-to-speech systems for generating human-like voice
responses. Users can perform sign language gestures in front of a camera, and the system analyzes these gestures
to deliver real-time, context-aware text and audio translations. The system also supports a reverse mode where
spoken or typed text is converted into animated sign language output. Built with a simple and interactive interface,
LinguaHands aims to improve accessibility and inclusivity for the hearing-impaired community, especially in
public and educational environments. The system serves as an efficient, scalable solution for real-time sign

language interpretation and awareness.

1. INTRODUCTION:

Communication barriers between hearingimpaired
individuals and the hearing community remain a
major challenge in society. Existing digital solutions
for sign language translation are mostly unimodal
and fail to provide real-time, bidirectional
communication support, limiting converts them into
text and speech in real time. The system also
integrates a reverse mode for converting spoken or
typed text into sign language animations,
communication. enabling two-way It serves as a
lightweight and accessible solution their practical
effectiveness. LinguaHands addresses this gap by
providing a multimodal Al-powered sign language
translator that captures hand gestures via camera and
for real-time sign language interpretation, especially
in resource-constrained and public environments.

2. LITERATURE SURVEY:

Existing research in Al-based sign language
recognition highlights the growing use of computer
vision and deep learning technologies for improving
assistive communication. Studies on vision-based
gesture recognition demonstrate that combining
skeletal landmark detection with classification
models can enhance translation accuracy, though
challenges remain in real-time processing and
diverse signing styles. Hand landmark detection
frameworks such as MediaPipe have been widely
adopted in sign language systems to extract precise
finger and wrist positions. While effective, they face
limitations in handling rapid gestures and variations
in lighting conditions. Similarly, textto-speech
systems like gTTS and neural voice models improve
user interaction by generating human-like voice
output, but often depend on stable internet

connectivity. User interface frameworks like Gradio
and Streamlit enable rapid development of
interactive Al applications by integrating multiple
components such as video, text, and audio into a
single platform. However, customization and
scalability can be limited. Overall, current systems
either lack bidirectional communication or fail to
provide seamless, real-time interaction.
LinguaHands builds upon these approaches by
combining gesture recognition, natural language
processing, and sign language animation into a
unified and efficient translation system.

3. EXISTING SYSTEM:

Current sign language translation systems are
primarily unimodal and rely on predefined gesture
libraries or basic machine learning models. These
systems can handle simple, isolated gestures but
struggle with continuous, real-world signing
scenarios. Most existing solutions do not support
bidirectional communication, meaning they cannot
translate text or speech back into sign language
animations. Additionally, many platforms depend on
specialized hardware such as data gloves or depth
sensors, limiting accessibility and raising
deployment concerns. As a result, these systems
provide limited accuracy, reduced user interaction,
and are not fully effective for comprehensive and
inclusive communication assistance.

4. LIMITATIONS:

Current sign language translation systems have
several limitations that reduce their effectiveness.
They are mostly unidirectional and cannot translate
text or speech back into sign language, restricting
real communication. Many systems rely on
predefined gesture datasets, making them less
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flexible and unable to understand continuous or
context-dependent signing. They often lack
accuracy when dealing with regional sign language
variants or complex expressions. Dependence on
specialized hardware increases costs and reduces
accessibility for everyday users. Additionally, these
systems may not provide real-time or context-aware
responses, resulting in a less engaging and less
reliable user experience.
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5. PROPOSED SYSTEM:

The proposed system, LinguaHands, is a multimodal
Al-powered sign language translator
communication through an interactive platform. It
allows users to perform sign language gestures
designed to provide real-time bidirectional in front
of a camera, enabling a more natural and real-world
interaction for hearing-impaired individuals. The
system integrates hand landmark detection, gesture
classification, and natural language processing to
understand user inputs and generate informative text
and audio responses. It also includes a reverse mode
that converts spoken or typed text into animated sign
language  output, enabling full two-way
communication.

LinguaHands is designed to be lightweight,
accessible, and easy to use, making it suitable for
academic purposes, public institutions, and
everyday communication support. It offers a more
flexible and user-friendly solution compared to
existing systems by combining multiple Al
capabilities into a single unified platform.

Advantages:

1. Supports bidirectional communication by
accepting both gesture input and text/speech input,
making the system practical for real-world use

ISSN 2277-2685
IJESR/April. 2026/ Vol-16/Issue-2s/65-67

Sumaita Fatima et. al., /International Journal of Engineering & Science Research

2. Generates human-like voice responses and
animated sign language output using text-to-speech
and avatar animation, improving accessibility and
user experience

3. Lightweight and easy to deploy on standard
systems without requiring specialized hardware
such as data gloves or depth sensors

4. Cost-effective as it uses open-source tools and
frameworks, reducing development and operational
expenses

5. Modular architecture allows easy customization,
maintenance, and future feature enhancements
including multilingual sign language support

6. Provides faster, context-aware, and more
interactive responses compared to traditional
unimodal sign language translation systems

6.IMPLEMENTATION:
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The implementation of LinguaHands is based on
integrating multiple AI components into a single
workflow. Users interact with the system through a
simple interface where they can provide input via
hand gestures captured by a webcam or upload pre-
recorded videos. The video frames are processed
using MediaPipe to extract hand landmark
coordinates, which are then fed into a deep learning
model for gesture classification. The classified
gestures are mapped to their corresponding text
labels and passed through a language model to
generate contextually meaningful sentence outputs.
These text responses are furthere converted into
speech using text-to-speech technology to create a
more interactive and accessible experience for users.
The reverse mode accepts spoken or typed text
input, which is processed through a natural language
understanding module to identify the corresponding
sign language gestures. These gestures are then
rendered as animated avatar outputs, providing a
complete bidirectional communication experience.
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System Integration & Local Hosting:
The system is designed to run in a local hosting
environment using tools such as XAMPP or a
Python-based server. It operates on localhost,
allowing developers to test and interact with the
application through a web browser without requiring
internet deployment. The platform can also be
configured to run over a local area network (LAN),
enabling access from multiple devices within the
same network for testing or demonstration purposes.
This allows seamless interaction across systems
without external hosting. The system integrates all
components, including gesture  processing,
animation rendering, and response generation,
within a unified environment. Temporary data such
as video frames and audio clips are handled locally
to ensure privacy and efficient processing.

8. CONCLUSION AND FUTURE SCOPE:
LinguaHands demonstrates how multiple Al
technologies can be integrated to create an
intelligent and accessible sign language translation
system. By combining hand landmark detection,
gesture classification, and natural language
processing, the system provides a more interactive
and user-friendly approach to bridging the
communication  gap  for  hearingimpaired
individuals. It addresses key limitations of existing
systems by enabling bidirectional interaction and
delivering context-aware responses in both text and
animated sign language formats. In the future, the
system can be enhanced by integrating support for
regional and international sign language variants
such as ISL, ASL, and BSL, adding real-time
collaborative translation features, and developing a
mobile application for on-the-go accessibility.
Further improvements may include multilingual
support, advanced security mechanisms, and an
admin dashboard for managing user sessions and
improving model accuracy through continuous
retraining.
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