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ABSTRACT 

Communication barriers between hearing-impaired 

and visually impaired individuals continue to pose 

significant challenges in modern society. This 

research presents a real-time sign language 

recognition system that translates hand gestures into 

textual output and further converts the text into 

Braille representation. The system utilizes computer 

vision techniques along with MediaPipe for efficient 

hand landmark detection and tracking. Based on the 

spatial configuration of fingers, gestures are 

classified into alphabets and predefined expressions 

such as “I Love You” and “Thank You.” 

The system incorporates a dual-mode functionality, 

allowing users to switch between alphabet 

recognition and gesture-based communication. A 

continuous text generation mechanism simulates 

live typing, enhancing usability. Additionally, a 

Braille conversion module translates textual output 

into Braille symbols, improving accessibility for 

visually impaired users. 

The implementation uses Python, OpenCV, 

MediaPipe, and Streamlit to ensure real-time 

performance and a user-friendly interface. 

Experimental results demonstrate that the system 

performs efficiently under controlled lighting 

conditions, although accuracy may vary with 

environmental factors. This research highlights the 

potential of AI-driven assistive technologies in 

bridging communication gaps and promoting 

inclusivity. 

I. INTRODUCTION 

In today’s digitally connected world, 

communication remains a fundamental necessity. 

However, individuals with hearing and visual 

impairments often face significant challenges in 

interacting with others. Sign language is widely used 

by hearing-impaired individuals, while Braille 

serves as a primary medium for visually impaired 

individuals. Despite advancements in assistive 

technologies, systems that integrate both forms of 

communication are limited. 

Traditional sign language recognition systems often 

rely on sensor-based gloves or complex deep 

learning models, which may not be accessible or 

cost-effective for everyday use. With the 

advancement of computer vision and machine 

learning, it has become possible to develop real-

time, camera-based systems that eliminate the need 

for specialized hardware. 

This research proposes a real-time sign language 

recognition system that leverages computer vision 

techniques to detect hand gestures using a webcam. 

The system converts gestures into textual output and 

further into Braille, thereby addressing the 

communication gap between different disability 

groups. The use of MediaPipe allows efficient 

detection of hand landmarks, while Streamlit 

provides an intuitive interface for real-time 

interaction. 

The proposed system emphasizes simplicity, 

efficiency, and accessibility, making it suitable for 

real-world applications such as education, 

communication aids, and assistive technologies. 

Assistive communication technologies play a crucial 

role in bridging the gap between differently-abled 

individuals. Despite significant advancements in 

sign language recognition systems, limited research 

has focused on integrating gesture-based 

communication with accessibility tools such as 

Braille. This paper presents a real-time sign 

language recognition system that translates hand 

gestures into textual output and further converts the 

text into Braille representation. 

The proposed system employs a computer vision-

based approach using MediaPipe for efficient hand 
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landmark detection and tracking. A rule-based 

classification mechanism is utilized to identify static 

gestures corresponding to alphabets and commonly 

used expressions. The system incorporates a dual-

mode interface that enables both character-level and 

word-level recognition. Furthermore, a continuous 

text generation module simulates real-time typing, 

enhancing usability. 

Experimental evaluation demonstrates that the 

system achieves reliable performance under 

controlled conditions with minimal computational 

overhead. While the rule-based approach ensures 

fast execution, it introduces certain limitations in 

scalability and accuracy. The research highlights the 

feasibility of lightweight, real-time assistive systems 

and provides a foundation for future integration of 

machine learning models to enhance performance. 

Communication remains a fundamental human 

necessity; however, individuals with hearing and 

visual impairments often face significant barriers in 

interacting with others. Sign language serves as a 

primary mode of communication for the hearing-

impaired community, whereas Braille is widely used 

by visually impaired individuals. Despite the 

existence of these independent communication 

systems, there is a lack of integrated solutions that 

can effectively bridge the gap between these groups. 

Existing sign language recognition systems 

predominantly rely on either sensor-based devices or 

computationally intensive deep learning models. 

While these approaches achieve high accuracy, they 

often lack accessibility, portability, and real-time 

performance in resource-constrained environments. 

Moreover, limited attention has been given to 

converting recognized gestures into alternative 

accessible formats such as Braille. 

This research addresses these challenges by 

proposing a real-time, camera-based sign language 

recognition system that converts gestures into text 

and subsequently into Braille. The system leverages 

MediaPipe for efficient hand tracking and employs 

a rule-based classification approach to ensure low 

latency and ease of implementation. The primary 

contribution of this work lies in integrating gesture 

recognition with Braille conversion in a unified, 

lightweight framework. 

 

 

II. OBJECTIVES 

The primary objectives of this research are as 

follows: 

• To design and develop a real-time hand gesture 

recognition system using computer vision 

• To implement accurate detection of hand 

landmarks using MediaPipe 

• To classify hand gestures into alphabets and 

predefined expressions 

• To generate continuous textual output simulating 

live typing 

• To convert recognized text into Braille 

representation 

• To develop a user-friendly web-based interface 

using Streamlit 

• To enhance communication accessibility for 

differently-abled individuals 

The system aims to provide a cost-effective and 

scalable solution for assistive communication 

technologies. 

III. LITERATURE REVIEW 

Sign language recognition has been an active area of 

research in the field of computer vision and machine 

learning. Early approaches relied on sensor-based 

systems such as data gloves, which provided high 

accuracy but lacked practicality due to cost and 

inconvenience. 

Recent advancements have shifted towards vision-

based systems using deep learning techniques such 

as Convolutional Neural Networks (CNNs) and 

Recurrent Neural Networks (RNNs). These models 

achieve high accuracy but require large datasets and 

significant computational resources. 

MediaPipe, developed by Google, has emerged as a 

powerful framework for real-time hand tracking. It 

provides 21 key landmarks for each detected hand, 

enabling efficient gesture recognition without heavy 

computational overhead. 

Several studies have explored the integration of 

gesture recognition with text-to-speech systems. 

However, limited research has focused on 

combining sign language recognition with Braille 

conversion. This research addresses that gap by 

integrating both functionalities into a single system. 

Compared to existing approaches, the proposed 

system uses a lightweight rule-based classification 
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method, making it faster and more suitable for real-

time applications, especially in resource-constrained 

environments. 

Sign language recognition has been extensively 

studied in the domain of computer vision and 

artificial intelligence. Early approaches utilized 

sensor-based gloves to capture finger movements, 

offering high precision but limited practicality due 

to cost and user discomfort. 

Recent advancements have focused on vision-based 

techniques employing deep learning models such as 

Convolutional Neural Networks (CNNs) and 

Recurrent Neural Networks (RNNs). These models 

demonstrate superior accuracy in recognizing 

complex gestures; however, they require large 

annotated datasets and significant computational 

resources, which may not be feasible for real-time 

applications. 

MediaPipe has emerged as an efficient alternative 

for real-time hand tracking by providing 21 key 

landmarks for each detected hand. This enables 

gesture recognition without the need for heavy 

training models. Several studies have explored 

gesture-to-text conversion using such frameworks, 

but the integration of Braille conversion remains 

relatively unexplored. 

The proposed system differentiates itself by 

combining real-time gesture recognition with Braille 

output in a lightweight and accessible manner. 

Unlike deep learning-based approaches, the system 

prioritizes speed and simplicity while maintaining 

acceptable accuracy. 

IV. METHODOLOGY 

System Workflow 

The proposed system follows a structured pipeline 

consisting of multiple stages: 

1. Image Acquisition: The webcam captures 

real-time video frames, which serve as 

input to the system. 

2. Preprocessing: The captured frames are 

converted from BGR to RGB format, as 

required by the MediaPipe framework. 

3. Hand Detection: MediaPipe detects the 

presence of a hand and identifies 21 key 

landmarks representing joints and 

fingertips. 

4. Feature Extraction: The positions of these 

landmarks are analyzed to determine which 

fingers are raised or lowered. 

5. Gesture Classification: A rule-based 

approach is used to classify gestures into 

alphabets or predefined expressions based 

on finger configurations. 

6. Text Generation: Recognized gestures are 

appended to form a continuous text 

sequence, simulating real-time typing. 

7. Braille Conversion: The generated text is 

converted into Braille using a predefined 

character mapping. 

8. Output Display: The results are displayed 

on a web interface built using Streamlit. 

This methodology ensures real-time performance 

while maintaining simplicity and efficiency. 

SYSTEM DESIGN 

The system is designed using a modular architecture 

to ensure scalability and maintainability. Each 

module performs a specific function within the 

overall pipeline. 

The Hand Detection Module utilizes MediaPipe to 

identify hand landmarks with high accuracy and low 

latency. The Gesture Recognition Module analyzes 

finger positions to classify gestures using predefined 

rules. The Text Processing Module maintains a 

dynamic string that updates in real time based on 

detected gestures. 

The Braille Conversion Module maps each character 

to its corresponding Braille representation, enabling 

accessibility for visually impaired users. The User 

Interface Module, implemented using Streamlit, 

provides an interactive platform for users to view 

results in real time. 

The modular design allows easy integration of 

advanced machine learning models in the future, 

enhancing the system’s capabilities. 

V. RESULTS AND ANALYSIS 

The system was tested under various conditions to 

evaluate its performance. It successfully detected 
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hand gestures and converted them into text in real 

time. The gesture mode allowed recognition of 

predefined expressions, while the alphabet mode 

enabled character-level input. 

The Braille conversion feature accurately mapped 

text to corresponding Braille symbols. The system 

demonstrated low latency and smooth performance 

during real-time execution. 

However, accuracy was influenced by factors such 

as lighting conditions, background noise, and hand 

positioning. The rule-based approach provided 

quick results but lacked the robustness of machine 

learning models. 

Overall, the system achieved satisfactory 

performance for a prototype and demonstrated the 

feasibility of real-time gesture-based 

communication systems. 

The system was evaluated under real-time 

conditions using a standard webcam. Experimental 

observations indicate that the system is capable of 

detecting hand landmarks and classifying gestures 

with low latency. The dual-mode functionality 

allows users to switch between alphabet recognition 

and predefined gesture recognition, enhancing 

usability. 

The continuous text generation mechanism 

successfully simulates a typing interface, improving 

user interaction. Additionally, the Braille conversion 

module accurately maps textual output to 

corresponding Braille symbols, demonstrating the 

system’s potential for accessibility applications. 

However, the system’s performance is influenced by 

environmental factors such as lighting conditions, 

background complexity, and camera resolution. The 

rule-based classification approach, while efficient, 

lacks the adaptability required for recognizing 

complex or dynamic gestures. 

Overall, the results validate the feasibility of a 

lightweight, real-time sign language recognition 

system with integrated Braille conversion, while 

also highlighting areas for improvement. 

VI. LIMITATIONS 

Despite its effectiveness, the system has several 

limitations: 

• Limited accuracy for complex or dynamic gestures 

• Sensitivity to lighting and environmental 

conditions 

• Dependence on camera quality and positioning 

• Rule-based classification restricts scalability 

• Lack of support for full A–Z gesture recognition 

• No handling of temporal gestures (motion-based 

signs) 

These limitations highlight the need for further 

research and development. 

VII. FUTURE SCOPE 

Future enhancements can significantly improve the 

system’s performance and usability: 

• Integration of deep learning models such as CNNs 

for improved accuracy 

• Implementation of LSTM models for dynamic 

gesture recognition 

• Expansion to full A–Z sign language dataset 

• Addition of voice output using text-to-speech 

technology 

• Deployment as a mobile or web application 

• Multi-language support for global accessibility 

These advancements can transform the system into 

a comprehensive assistive communication tool. 

VIII. CONCLUSION 

This research presented a real-time sign language 

recognition system with Braille conversion using 

computer vision techniques. The system 

successfully bridges communication gaps by 

translating gestures into text and making it 

accessible for visually impaired users. 

The use of MediaPipe ensures efficient hand 

tracking, while the Streamlit interface provides an 

intuitive user experience. Although the system has 

certain limitations, it demonstrates the potential of 

AI-driven assistive technologies in promoting 

inclusivity and accessibility. 

This research presented a real-time sign language 

recognition system that integrates gesture-to-text 

translation with Braille conversion using computer 

vision techniques. The proposed approach 

demonstrates that efficient and accessible assistive 

technologies can be developed without relying on 

computationally intensive models. 
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The system successfully bridges communication 

gaps by enabling interaction between hearing-

impaired and visually impaired individuals. While 

the rule-based approach ensures real-time 

performance, it also introduces limitations in 

scalability and accuracy. 

Future work will focus on incorporating machine 

learning models to improve gesture recognition 

accuracy and extending the system to support 

dynamic gestures and multi-language capabilities. 

The research contributes to the growing field of 

assistive technologies and highlights the importance 

of inclusive design in modern computing systems. 

The proposed system serves as a foundation for 

future research and development in the field of 

human-computer interaction and assistive 

communication systems. 
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