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Abstract - Communication barriers between deaf, mute, and 

hearing individuals continue to limit social inclusion and 

accessibility in everyday interactions. While existing solutions 

provide partial support, many are either hardware-dependent, 

costly, or lack real-time bidirectional capabilities. 

This paper presents SignBridgeAI , an AI-powered, lightweight, 

and browser-based multimodal communication system 

designed to enable seamless interaction using Indian Sign 

Language (ISL). The system integrates real-time sign-to-text 

recognition, text-to-speech conversion, and text-to-sign (ISL 

fingerspelling) using web technologies. Unlike traditional 

approaches, it operates entirely within a web environment 

without requiring specialized hardware. 

The proposed system uses MediaPipe for hand tracking, a 

trained deep learning model for gesture classification, and 

browser-based APIs for speech synthesis.Additionally, 

deployment on the Internet Computer enables decentralized, 

serverless, and always-available access. 

Experimental evaluation demonstrates efficient real-time 

performance with high usability and low latency, making the 

system suitable for practical communication scenarios. The 

proposed solution contributes toward scalable, affordable, and 

inclusive assistive technology. 
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1.INTRODUCTION  

 
Communication is a fundamental human necessity that enables 

social interaction, learning, and participation in daily life. 

However, individuals who are deaf or mute face significant 

communication barriers due to the lack of widespread 

understanding of sign language among hearing individuals. 

Indian Sign Language (ISL), though widely used within the deaf 

community, is not commonly understood by the general 

population, resulting in limited accessibility and social 

inclusion. 

 

 

Traditional solutions rely on human interpreters, which are 

often unavailable or expensive. Recent advancements in 

artificial intelligence, computer vision, and natural language 

processing have enabled the development of automated systems 

for sign language recognition. Previous work such as 

SignBridgeAI demonstrated the feasibility of multimodal 

communication systems integrating gesture recognition and 

speech processing. 

 

However, these systems still face limitations such as: 

• Dependence on external APIs and backend servers  

• High computational requirements  

• Limited accessibility due to installation or hardware needs  

To address these challenges, this paper presents SignBridgeAI, 

a fully web-based, decentralized communication system that 

operates directly in the browser without requiring specialized 

hardware. The system integrates gesture recognition, speech 

synthesis, and ISL visualization into a single platform, enabling 

seamless interaction between deaf, mute, and hearing users. 

 

2. LITERATURE SURVEY 

  

[1] This research presents the Saudi Deaf Companion System 

(SDCS), a comprehensive platform for two-way 

communication between deaf and hearing individuals using 

Saudi Sign Language (SSL). The system integrates a sign 

recognition module based on a custom 3D Graph Convolutional 

Network (3DGCN), a speech recognition and synthesis module 

(SRSM), and an avatar module (AM) for visual animation of 

SSL. With the introduction of the largest SSL dataset (KSU-

SSL, comprising 293 signs from 10 domains), the SDCS 

achieves high recognition accuracy, scalable text-to-sign 

conversion, and  speech  synthesis.  The  platform  enables  

deaf individuals to participate more fully in education, 

healthcare, and societal activities and addresses challenges of 

interpreter scarcity by using automated avatars, thus promoting 

social integration and autonomy for the deaf community. 

 

 

[2] This paper proposes SignSpeak, a real-time system 

translating sign language to speech via a wearable glove 

embedded with flex sensors and spatial tracking. Sensor data is 

processed by machine learning models to recognize and 

classify gestures, which are then rendered into synthesized 
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speech. The design is affordable, portable, and supports user-

defined gestures for personalization. Validation studies show 

SignSpeak achieves a recognition accuracy of 94.7% across 29 

gesture classes and an end-to-end response time of 112 ms, 

supporting practical real-time communication. The paper 

provides a comparative analysis of previous translation 

systems and demonstrates that SignSpeak overcomes cost and 

adaptability limitations seen in existing solutions, positioning 

it as an accessible and scalable communication aid. 

 

[3] This study introduces SignTone, an AI-based system 

designed to break communication barriers for the deaf using 

advanced computer vision, deep neural networks, and voice 

processing. The proposed system is composed of a Gesture 

Interpretation Component (GIC), using deep convolutional 

networks for real-time sign language video processing, and a 

Verbal Communication Component (VCC) for bidirectional 

speech and text conversion. The framework also features a 

dynamic virtual assistant providing real-time visual 

translations. Experimental results demonstrate high gesture 

recognition accuracy (92%), robust speech-to-text 

performance (89%), and strong virtual assistant animation 

reliability (94%). The project highlights advancements in 

multimodal learning, spatiotemporal gesture analysis, and 

user-centric accessibility, indicating significant promise for 

making communication truly inclusive for deaf individuals. 

 

[4] This paper presents a machine learning-based approach for 

sign language conversion to text and speech. The system 

leverages convolutional neural networks for real-time gesture 

recognition, complemented by natural language processing and 

text-to-speech synthesis to produce expressive spoken output. 

Designed to handle variations across sign languages, this 

approach emphasizes adaptability and scalability for inclusive 

communication.  

 

3.PROPOSED SYSTEM 

The proposed system, SignBridgeAI, is a multimodal 

communication platform designed to enable seamless 

interaction between users through three core functionalities: 

1. Sign-to-Text Conversion 

Hand gestures are captured using a webcam and processed 

using MediaPipe. Extracted landmarks are passed to a trained 

deep learning model, which predicts the corresponding ISL 

character and displays it as text. 

2. Text-to-Speech Conversion 

Users can input text, which is converted into speech using the 

browser's built-in SpeechSynthesis API. Adjustable speech 

rate enhances usability 

. 

3. Text-to-Sign (ISL Fingerspelling) 

Typed text is converted into ISL alphabet representations using 

pre-mapped visual assets (A–Z), enabling visual 

communication. 

3.METHODOLOGY 

A. Data Collection: Gesture data is captured using a webcam 

under different lighting conditions and backgrounds. 

B. Preprocessing: Frames are processed using MediaPipe to 

extract 21 hand landmark points. 

C. Feature Extraction:Landmark coordinates are normalized to 

ensure consistency. 

D. Model Training:A Convolutional Neural Network (CNN) is 

trained to classify ISL alphabets. 

E. Real-Time Inference:The trained model predicts gestures in 

real time from live video feed. 

F. Confidence Mechanism: To reduce noise: 

• Predictions collected over 600 ms  

• If ≥70% match → accepted  

G. Text-to-Speech: Speech synthesis is performed using 

browser APIs. 

H. Text-to-Sign Mapping:Each character is mapped to ISL 

visual representation. 

4.SYSTEM ARCHITECTURE 

The proposed system follows a modular, layered, and 

decentralized architecture designed to support real-time 

multimodal communication using web technologies and AI-

based gesture recognition. 

 

1. High-Level Functional Modules: 

At the top layer, the system is divided into three core 

functionalities: 

• Text-to-Speech (TTS): Converts user-input text into 

audible speech using browser-native APIs.  
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• Text-to-Sign Language: Transforms text into Indian Sign 

Language (ISL) fingerspelling representations using 

visual sign cards.  

• Sign Language to Text: Recognizes hand gestures via 

camera input and converts them into readable text output.  

These modules ensure bidirectional communication between 

deaf/mute and hearing users. 

 

2. Frontend Application Layer 

The frontend is implemented using a React-based architecture 

(App.tsx) and is structured into multiple tab components: 

• TTS Tab Component: Handles text input and triggers 

speech synthesis.  

• Sign Cards Tab Component: Displays ISL alphabet 

representations for typed text.  

• Sign-to-Text Tab Component: Captures real-time 

video and performs gesture recognition.  

• Architecture Tab: Provides system visualization and 

documentation.  

This modular UI design ensures clean navigation, scalability, 

and accessibility. 

 

3. Web API Integration Layer 

The system leverages browser-native APIs for efficient real-

time processing: 

• Web Speech API (SpeechSynthesis): Used for text-to-

speech conversion without external dependencies.  

• Canvas API: Captures video frames for processing 

gesture input.  

• MediaDevices API (getUserMedia): Accesses the 

webcam for real-time video streaming.  

These APIs eliminate the need for external services, making the 

system lightweight and fast. 

 

4. Gesture Processing Pipeline 

The core AI pipeline for sign recognition operates as follows: 

• Camera Stream Acquisition: 

Live video is captured from the user's webcam.  

• Frame Capture using Canvas: 

Frames are extracted at regular intervals for processing.  

• Hand Landmark Detection: 

MediaPipe extracts 21 keypoints representing hand 

structure.  

• Feature Processing &Prediction: 

The extracted landmarks are passed to a trained model to 

classify gestures into ISL alphabets (A–Z).  

• Temporal Buffering: 

A frame buffer of 20 frames (~600 ms) is maintained.  

• Confidence Filtering: 

Predictions are validated only if ≥70% of frames agree, 

ensuring robustness and reducing noise.  

• Text Output Generation: 

Final recognized characters are displayed as text.  

This pipeline ensures high accuracy, low latency, and real-time 

performance. 

 

5. Decentralized Backend Architecture (ICP) 

The system is deployed on the Internet Computer Protocol 

(ICP) using canister-based architecture: 

• Frontend Canister: 

Hosts and serves the React web application.  

• Backend Canister (MotokoLogic): 

Handles application logic, data processing, and 

coordination.  

• Candid Interface (IDL): 

Defines communication between frontend and backend.  

This architecture provides: 

• Decentralized execution  

• Serverless deployment  

• High availability and scalability  

 

6. Deployment Layer 

At the lowest layer, the system operates on a decentralized 

infrastructure offering: 

• Always-On Hosting  

• Secure HTTPS Endpoints  

• Distributed Network Availability  

This ensures the system is accessible globally without 

dependency on centralized servers. 

5. SYSTEM DESIGN 

1.Design Overview 
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2.Module design 

 

 

 

 

 

 

3.Data Flow 
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6.IMPLEMENTATION RESULTS 

 

1.Web Results 

 

 
 

Img 1: Sign To Text 

 

 

 
 

             Img 2: Text To Sign 

 

 

 
Img 3 : Text To Speech 

 

 

 

 

 

 

 

 

 

 

2. App Results 

 

Img 1: Sign To Text 
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Img 2: Text To Sign and Text To speech 
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   7.CONCLUSION AND FUTURE SCOPE 

 

This paper presented SignBridge AI, an innovative AI- 

powered multimodal platform that bridges communication 

gaps among deaf, mute, blind, and hearing individuals via 

real-time sign language recognition, speech-to-text 

conversion, and animated avatar translations. The system 

achieves high accuracy, low latency, and broad accessibility 

using standard consumer devices. Pilot testing indicates 

improved communication efficacy and user acceptance. 

Future work will focus on expanding the sign language 

vocabulary to include regional and contextual variations, 

incorporating advanced natural language processing for 

nuanced interpretation. Enhancements in avatar realism and 

emotion expression will be pursued to enrich interactions. 

Additionally, integrating tactile or haptic feedback could 

broaden accessibility for deaf-blind users. Further scalability 

improvements aim to support larger user bases and offline 

capabilities. Overall, SignBridge AI is poised to make a 

substantial societal impact by enabling inclusive and effective 

communication for differently- abled communities. 
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