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Abstract

This paper presents an Al-based real-time sign language translation system that converts hand gestures into text and audio using computer vision
and deep learning techniques. The system captures live gestures through a camera, processes them using trained models, and generates readable
text and speech output. The proposed solution is cost-effective and easy to deploy without specialized hardware. It can be effectively used in
education, healthcare, and public service environments. The system enhances accessibility, promotes inclusivity, and supports independent

communication for hearing-impaired individuals.
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1. Introduction

Communication is essential in daily life, yet deaf and mute
individuals often face difficulties due to the limited
understanding of sign language. With advancements in
Artificial Intelligence, Computer Vision, and Deep Learning,
it is now possible to automatically recognize sign language
gestures and convert them into text and audio in real time.
This Al-based approach helps bridge the communication gap
and promotes inclusive and accessible interaction.

2. Objectives

To recognize sign language gestures in real time using
Al-based models.

To convert identified gestures into meaningful textual
information.

To generate clear audio output from the translated text

To minimize communication barriers for deaf and mute
individuals.

To design a low-cost, portable, and user-friendly system.
To apply modern Artificial Intelligence and Deep
Learning techniques for accurate gesture recognition.
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Fig 1: System Architecture of the Real-Time Sign Language Translator
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3. Existing System
Description
e Communication depends on human interpreters

e  Manual sign language translation is required
e Time-consuming and not always available

e High dependency on trained professionals

e Limited accessibility in emergency situations
Limitations:

e Interpreter availability is low

e High cost
e Not scalable
e No real-time automated translation

4. Proposed System
Description:
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The proposed system implements a camera-based Al-driven
sign language recognition framework that enables automatic
translation of hand gestures into text and audio output. The
system captures real-time gesture movements and processes
them using computer vision and deep learning models to
identify meaningful sign patterns. By applying intelligent
feature extraction and classification techniques, the system
delivers fast and accurate translation without the need for
human intervention.

Advantages
e Real-time sign language translation

¢ Eliminates the need for human interpreters
e High accuracy achieved through deep learning models
e Portable and easily scalable architecture
e Enhances accessibility and social inclusivity
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Fig 2: Real-time sign language translation Block Diagram

Block Diagram Explanation
i). Camera Input

il). Image Processing

iii). Gesture Recognition Model
iv). Text Generation

v). Text-to-Speech Conversion
vi). Audio Output

5. Modules Overview

i). Camera Input and Image Preprocessing Module
ii). Gesture Recognition Module

iii). Text and Speech conversion Module

iv). Output Display Module

Camera Input and Image Preprocessing Module
Description:

This module captures real-time video using a webcam or
mobile camera. The video frames are continuously fed into
the system for further processing.

Function

i). Live video capture

ii). Frame extraction

iii). Continuous input stream

Preprocessing improves image quality and removes noise to
ensure accurate gesture recognition.

Steps

e  Frame resizing

e QGrayscale conversion
e Background removal

e Hand segmentation
e Normalization

Gesture Recognition Module

Description:

This is the core module that uses a CNN (Convolutional
Neural Network) or MediaPipe + ML model to classify hand
gestures.

Function:

e Feature extraction

e  Gesture classification

e  Mapping gestures to alphabets/words

Text and Speech Conversion Module

Description:

The recognized gesture is converted into readable text and
displayed on the screen.

Function:

e Convert gesture labels to text
e Sentence formation

e Display text output

This module converts text into human-like speech using Text-
to-Speech (TTS) engines such as Google TTS or Pyttsx3.

Function:

1). Text input

i1). Voice synthesis
iii). Audio generation
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Output Display Module
Description:
Displays translated text and plays audio output for users.
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Output:
e Text on screen
e  Audio through speakers
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Fig 3: Static Gesture Recognition Core

Workflow Steps

). User performs hand gesture
ii). Camera captures video

iii). Frames are preprocessed

iv). Gesture is recognized by ML model
v). Text is generated
vi). Audio output is played

Fig 4: Screenshots

Screens

e Camera capture screen

o  Gesture detection screen

e Text output display

e Audio playing notification

6. Results and Discussion

The proposed system demonstrates accurate recognition of
static hand gestures under controlled lighting conditions. The
use of deep learning models improves recognition accuracy
and response time. The system successfully converts
recognized gestures into meaningful text and audio output,
enabling effective real-time communication. Performance can
be further improved by increasing training data diversity and
incorporating dynamic gesture recognition.
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8. Conclusion

The Real-Time Sign Language Translator to Text and Audio
is an Al-based solution that helps bridge the communication
gap between hearing-impaired individuals and society. It uses
computer vision and machine learning to recognize sign
language gestures in real time and converts them into accurate
text output and audio speech using text-to-speech technology.
This system promotes inclusivity, accessibility, and
independence for deaf and mute individuals, and with further
improvements in training data and accuracy, it has strong
potential for real-world deployment.
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