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ABSTRACT: This project presents a machine learning–based system that integrates computer vision and speech 
processing techniques to enable intelligent sign language recognition and translation. Deaf and mute individuals 
primarily rely on sign language for communication; however, the majority of people are not familiar with it, leading to 
a significant communication gap. Existing solutions depend heavily on human interpreters or manual interpretation 
methods, which are often costly, time-consuming, error-prone, and unsuitable for real-time communication due to their 
limited availability. To address these challenges, the proposed system introduces a two-way communication framework 
that converts sign language gestures into text and speech for non-sign users, while also transforming voice or text input 
from normal users into sign language for hearing-impaired individuals. By leveraging machine learning algorithms, the 
system ensures real-time performance, improved accuracy, and cost-effectiveness. This approach reduces dependency 
on human interpreters and enhances accessibility, enabling seamless and inclusive communication between hearing and 
speech-impaired individuals and the general population. 
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I. INTRODUCTION 

 

Artificial Intelligence (AI) has significantly transformed the way humans interact with technology, enabling intelligent 

systems to perform complex tasks such as image recognition, speech processing, and language translation. One of the 

major challenges in human communication exists between hearing-impaired individuals and normal users, as deaf and 

mute individuals primarily rely on sign language for interaction. However, most people are not familiar with sign 

language, communication which gap creates in a everyday environments such as education, healthcare, workplaces, and 

public services. This gap often leads to misunderstandings, delays, and social exclusion. Traditional communication 

methods depend on human interpreters, which are not always available and can be costly and inefficient for real-time 

communication. To address these challenges, this paper proposes a Speech and Text Conversion System for Sign 

Language using Machine Learning. The system aims to provide a two-way communication platform by converting sign 

language gestures into text and speech, and vice versa. The proposed solution leverages advancements in Machine 

Learning, Computer Vision, and Speech Processing to ensure real-time, accurate, and efficient communication. 

 

II. LITERATURE SURVEY 

 

Y. Han et al. (2025) proposed a deep learning-based sign language recognition system combining Spatial-Temporal 

Graph Convolutional Networks (ST-GCN) and Long Short-Term Memory (LSTM). The model captures both spatial 

and temporal features using a dual-stream architecture, where phonological features are extracted via Media Pipe key 

points and temporal patterns are modeled using SA-Conv LSTM. The fusion of both streams achieved high accuracy 

(up to 95.2%), outperforming traditional CNN and RNN approaches. Asma Khan et al. (2025) reviewed deep learning 

techniques for Continuous Sign Language Recognition (CSLR), highlighting models such as CNN, LSTM, 

Transformers, and Graph Convolutional Networks. The study emphasized challenges like real-time processing, signer 

variability, and limited datasets, concluding that integrated spatial-temporal frameworks are essential for improved 

performance. 
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G. Batnasan et al. (2025) introduced a Head and Hands Tunneling (H&HT) method using Media Pipe and Vision 

Transformers to focus on critical regions such as hands and face. This region-based approach improved recognition 

accuracy on datasets like WLASL2000 by preserving fine-grained gesture details. 

 

H. Ranjbar and A. Taheri (2025) developed the ISLR101 dataset for Iranian Sign Language, consisting of 4,614 video 

samples. Baseline models showed that visual-based approaches achieved higher accuracy (97.01%) compared to 

skeleton-based methods, highlighting the importance of rich visual features. 

 

M. Geetha et al. (2025) proposed Sign Flow, a real-time Indian Sign Language recognition system using a combination 

of 3D CNN and Transformer models. The system effectively processes continuous gestures using Connectionist 

Temporal Classification (CTC), achieving a Word Error Rate (WER) of 19%. 

 

III. PROBLEM STATEMENT 

 

The communication gap between hearing-impaired individuals and the general population remains a significant 

challenge due to the lack of widespread understanding of sign language. Existing solutions are often limited by low 

accuracy, lack of real-time interaction, and minimal support for two-way communication between speech and sign 

language. Additionally, many systems fail to capture dynamic gestures, facial expressions, and contextual meaning, 

which are essential for effective communication. There is a need for an efficient, real-time, and user-friendly system 

that can accurately translate sign language into text or speech and convert spoken language into sign representations. 

Such a solution would improve accessibility, inclusivity, and independent communication for hearing-impaired 

individuals. 

 

IV. RESERCH METHODOLOGY 

 

The proposed Speech and Text Conversion System for Sign Language using Machine Learning effectively addresses 

the communication gap between hearing-impaired individuals and normal users by enabling real-time, two-way 

interaction. By integrating advanced technologies such as computer vision, deep learning models (CNN and LSTM), 

and speech processing techniques including Speech-to-Text and Text-to-Speech, the system achieves accurate 

recognition and seamless translation of sign language gestures into text and speech, and vice versa. The implementation 

significantly improves accessibility, reduces dependency on human interpreters, and enhances communication 

efficiency in real-world applications such as education, healthcare, and public services. Despite these advancements, 

challenges such as limited dataset availability, variability in gesture patterns, sensitivity to environmental conditions, 

and computational complexity still impact overall system performance. Future improvements can focus on enhancing 

model generalization, expanding multilingual sign language support, and optimizing the system for real-time 

performance on low-resource devices. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1 system architecture 
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Authentication & Register Module 

The Authentication & Registration Module enables users to securely create and access accounts within the system. It 
handles user registration by collecting and storing essential details, and performs authentication by verifying login 
credentials. The module ensures security through password encryption, input validation, and session management, 
while also providing features like error handling and password recovery to enhance usability and protect user data. 
 

Visual Perception & Hand Tracking 

The Visual Perception & Hand Tracking module captures real-time video input and processes it to detect and track 

hand movements. It identifies hand regions, extracts key landmarks such as fingers and joints, and continuously tracks 

their motion across frames. This processed visual data is then used for accurate gesture recognition 

 

Gesture Interpretation & Translation 

The Gesture Interpretation & Translation module analyses the tracked hand movements and extracts meaningful 
features to recognize specific gestures. Using trained models, it classifies these gestures into predefined signs and 
converts them into readable text and/or speech, enabling effective communication. 

 

V. RESULT 

 

 
 

Fig 2 login page 

  

This Fig 2 presents the user registration interface of the Sign Lingo system, designed to enable new users to create an 
account for accessing the platform’s sign language translation services. 
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Fig 3 Translating gesture 

 

 

 

Fig 4 Translating gesture 

  

This Fig 3&4 shows the Sign Lingo real-time gesture recognition interface. The system uses a webcam to capture hand 
gestures and displays the detected sign as “Peace” on the screen. The result is highlighted both on the video feed and 
below as “Detected Gesture: Peace,” demonstrating successful real-time sign language recognition. 
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Fig 5 Voice to sign language 

 

This Fig 5 illustrates the SignLingo voice-to-sign interface, which converts spoken language into corresponding sign 
language gestures. The interface includes a language selection option and a central microphone button that allows users 
to record speech. Upon activation, the system processes the input and generates the equivalent sign output. The design 
is simple and interactive, enabling users to communicate through voice-based input effectively. 
 

 

 

Fig 6 Translating voice to sign language 

 

This Fig 6 shows the Sign Lingo voice-to-sign output interface. After the user speaks the word “welcome,” the system 
converts it into sign language by breaking it into individual letters. Each letter (W, E, L, C, O, M, E) is displayed with its 

http://www.ijctece.com/


   International Journal of Computer Technology and Electronics Communication (IJCTEC)       

                       | ISSN: 2320-0081 | www.ijctece.com ||A Peer-Reviewed, Refereed and Bimonthly Journal | 

     || Volume 9, Issue 3, May- June 2026 || 

       DOI: 10.15680/IJCTECE.2026.0903003 

IJCTEC© 2026                                                           |     An ISO 9001:2008 Certified Journal   |                                                1005 

     

corresponding hand gesture, demonstrating the system’s ability to translate speech into a sequence of sign 
representations. 
 

 
 

Fig 7 Translating voice to sign language 

 

The Fig 7 shows the Voice-to-Sign translation interface of the proposed Sign Lingo  system. The user provides a Tamil 
word as input, and the system converts it into corresponding sign representations. The word “வணக்கம்” is 
segmented into individual Tamil characters, and each character is displayed with its related hand sign and phonetic 
notation. This module helps hearing and speech-impaired individuals understand spoken or written Tamil through 
visual sign representations 

 

VI. CONCLUSION & FUTURE ENHANCEMENT 

   
The proposed Speech and Text Conversion System for Sign Language using Machine Learning effectively addresses 
the communication gap between hearing-impaired individuals and normal users by enabling real-time, two-way 
interaction. By integrating advanced technologies such as computer vision, deep learning models (CNN and LSTM), 
and speech processing techniques including Speech-to-Text and Text-to-Speech, the system achieves accurate 
recognition and seamless translation of sign language gestures into text and speech, and vice versa. The implementation 
significantly improves accessibility, reduces dependency on human interpreters, and enhances communication 
efficiency in real-world applications such as education, healthcare, and public services. Despite these advancements, 
challenges such as limited dataset availability, variability in gesture patterns, sensitivity to environmental conditions, 
and computational complexity still impact overall system performance. Future improvements can focus on enhancing 
model generalization, expanding multilingual sign language support, and optimizing the system for real-time 
performance on low-resource devices. Overall, the proposed system represents a meaningful step toward developing 
intelligent, scalable, and inclusive assistive communication solutions for the hearing-impaired community. 
 

Future enhancements of the system can focus on expanding its capabilities and improving overall performance. One 
key improvement is the integration of multi-language sign support, including ISL, ASL, and other regional sign 
languages, to increase accessibility for diverse users. Incorporating advanced deep learning models such as 
Transformers and hybrid architectures can further enhance the accuracy of continuous gesture recognition and enable 
sentence-level translation. Additionally, expanding and refining the dataset with greater diversity and quality will 
improve model generalization across different environments. Optimizing the system for real-time performance with 
reduced latency will ensure smoother communication, even on low-end devices like smartphones. Furthermore, 
integrating facial expression and body gesture recognition can provide better contextual understanding and capture the 
emotional aspects of sign language communication. 
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