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Abstract: Communication is one of the most basic needs for humans, but millions of people who are deaf or hard of hearing
struggle to get information and connect with the world around them. The tools available to help them are often limited, providing only
pictures that don’t show the full, natural way sign language works. Many platforms also don’t respond quickly or allow people to
use their voice, making them hard to use for those with different needs. This paper introduces a web application that helps bridge
the communication gap for the deaf and hard-of-hearing community by converting text and speech into real-time, animated Indian
Sign Language (ISL). The app lets users type or speak naturally, and then turns that into smooth, animated signs. It uses speech
recognition to turn spoken words into text, which is then mapped to an animation system that shows the signs accurately. Instead
of using still images, the system creates smooth animations that help people understand better and stay engaged. The web-based
design works on any device without needing extra software. By combining speech recognition, language processing, and animation
all in one place, the app offers a simple and inclusive way for the deaf community to communicate more easily.

Index Terms: Indian Sign Language, speech recognition, real-time conversion, web application, deaf accessibility, animation
rendering.

l. INTRODUCTION

Effective communication is essential for people to fully engage in learning, work, and social activities. However, for
those who are deaf or have hearing difficulties, communicating with others who can hear remains a big challenge. Indian
Sign Language (ISL) is the main way millions of hearing-impaired people in the country express themselves, but it is
not well understood by most people. In the past, efforts to help bridge this gap have used human interpreters, fixed sign
charts, or recorded videos. These methods are limited in how well they can scale, how available they are, and how
quickly they can respond in real time. Without better, technology-based tools, many hearing-impaired people face
difficulties in everyday digital interactions [1].

Also, most previous research and existing apps have mainly focused on recognizing sign language and turning gestures
intotext, rather than the other way around — converting spoken or written words into signs. Although these recognition
systems are useful, they place the responsibility of communication en-tirely on the hearing-impaired person. Many of
these platforms also don’t support voice input, use still images instead of smooth animations, and aren’t easy to use
through standard web browsers without special hardware or software.

To fix these problems, this paper introduces a web-based system that converts both text and speech into real-time
animated Indian Sign Language. Instead of using static images, the system uses an animation pipeline to create smooth
and natural sign sequences, making it easier for users to under-stand.

Unlike traditional assistive tools, this system combines speech recognition, text processing, and animation in one plat-
form that can be used through a web browser [2]. This design removes the need for complex setup, supports various
input methods, and ensures the system is inclusive and practical for use in real-life settings like schools, public
services, and healthcare facilities.

The system also integrates Google Translate API to support input from any regional Indian language, including Hindi,
Marathi, Tamil, and Bengali, among others. This multilingual capability ensures that the platform is not restricted to
English-speaking users, significantly widening its reach and making it genuinely accessible to communities across the
country where regional languages are the primary mode of communication. Furthermore, the system incorporates
SignTube for retrieving reference sign videos and a fingerspelling fallback mechanism for words not present in the 1SL
database [2]. Together, these features ensure complete coverage of user input regardless of vocabulary limitations,
making the system robust, reliable, and well-suited for real-world deployment in diverse communica-tion environments.
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1. RELATED WORK

A.

Literature Survey
B. Research Gap

Existing approaches are largely restricted to ASL or BSL, support only English text input, and lack a unified platform
capable of real time multilingual conversion, animated ISL output, speech recognition, and accessible web-based
deploy-ment within a single scalable system. [3]

The proposed system is an Al-powered real-time web ap-plication that turns text and speech into Indian Sign Language
animations, helping the deaf and hard-of-hearing community

PROPOSED SYSTEM

communicate more effectively. It is built on a simple web-based setup, so it works smoothly without needing special
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equipment or a human interpreter.

The system uses several integrated modules that work together to produce accurate ISL signs:

Speech and Text Input Processing: The system accepts either typed text or spoken words as input. When using speech,
the browser’s microphone picks it up and converts the words into text right away using a speech recognition engine.
This text is then passed to the next stage of the pipeline.

Multilingual Translation: The system uses the Google Translate API to handle input in any Indian regional language.
No matter which language the user types or speaks in, the input is translated into a standardized English form
before

being mapped to ISL signs, making the system accessible to a much wider range of users.

Animation Rendering: To display the signs, the system uses MediaPipe, which generates smooth, real-time skeletal
animations of ISL gestures. Instead of relying on still images or pre-recorded videos, these animations are fluid and
natural, making the signs far easier to understand.

The system also addresses diverse accessibility needs through dedicated components:

Sign Video Integration: The system connects to SignTube to retrieve reference sign videos for words, giving users
additional visual context alongside the generated animations. Web Dashboard: Users interact with the system through
a simple, browser-based dashboard that displays live animation output, accepts text or speech input, and
providesreal-time feedback. Since it is entirely web-based, it works on any device

without requiring additional software.

Algorithm 1: ISL Web Application: Text and Speech to Sign Language Conversion

V. SYSTEM ARCHITECTURE

The proposed system is an Al-driven real-time web ap-plication built on a lightweight browser-based
architecture that automates sign language conversion using integrated translation and animation intelligence. The
system captures user input either as typed text or live speech through the browser interface, where input
undergoes preprocessing steps such as language detection and text normalization to ensure consistent performance
across varying regional languages and accents. A lightweight Flask based backend enables real time processing,
translation, and animation streaming through a web-based dashboard. Multiple conversion stages [4] are handled
seamlessly — for speech input, the system employs a browser-integrated speech recognition engine that transcribes
spoken words into text in real time. The transcribed or directly typed text is further processed using the Google
Translate API, which detects the input language and translates it into a standardized form before mapping it to the ISL
sign database. Sign generation is achieved using MediaPipe, which renders skeletal keypoint-based animations for each
recognized word or phrase. These animations are displayed fluidly on the web dashboard, where gesture sequences
are rendered frame by frame to ensure smooth and natural ISL representations that are easy to comprehend [5].
Instead of relying on pre-recorded static image mappings, the system incorporates a dedicated Animation Pipeline
based on real time keypoint rendering. Sign video references are fetched through SignTube integra-tion to provide
supplementary visual context alongside the generated animations. Accessibility is ensured by comparing input
words against a structured ISL vocabulary database to confirm valid sign mappings. Upon successful conversion, the
system activates the output display mechanism [6]. Animations are rendered in real time on the dashboard,
containing the corresponding ISL gesture sequence along with the original

input text for quick comprehension and user verification.

Algorithm 1 ISL Web Application: Text and Speech to Sign Language Conversion 1: Initialize web application,

speech engine, translation API,

and ISL sign database

2: Load modules: Speech Recognition, Google Translate API, MediaPipe, SignTube
3: for each user session St in Web Application W do

4; Accept user input: text typed or speech via microphone
5 if input mode is speech then

6: Capture audio using browser speech recognition en-gine
7 Transcribe audio to raw text Traw

8 else

9: Accept typed text as raw text Traw

10: end if

11 Detect language of Traw Using Google Translate API
12: if language /=~ English then
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13: Translate Traw to English using Google Translate
API
14: Store translated text as Ten
15: else
16: Set Ten «— Traw

17: end if
18: Normalize Ten: lowercase, remove punctuation, tok-enize into words
19: for each word W; in Ten do
20 if W; exists in ISL sign database then
21: Fetch corresponding ISL sign mapping for W;
22: Retrieve reference sign video from SignTube
23: Render MediaPipe skeletal keypoint animation for

W;
24: else
25: Perform fingerspelling animation for W; letter by letter
26: end if
27 end for
28: Sequence all rendered animations in word order
29: Stream final ISL animation to web dashboard in real time
30: if animation rendering successful then
31 Display ISL output alongside original input text Traw
32: Log session: input text, detected language, timestamp
33; end if
34:_end for

how are you

Text input
Sy Fancriane

Speech input
Type ir ea an

Google Translate API

ISL sign database SignTube
Word-to-sign mapping ference sign vide

MediaPipe renderer

etal keypoint animation fc

Web dashboard output

Fig. 4. Architecture of Gesture Talk
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This diagram shows how the ISL web application works, demonstrating the process of handling text or speech input
from the user [7] through a single browser-based system. Translation models take the input, which can be in any
language, and convert it into a standard format before linking it to signs in the ISL sign database. The system allows for
different ways to input information, such as typing text or speaking live, and uses fingerspelling when there is no direct
sign available [8]. MediaPipe creates smooth hand movement animations for each word recognized and shows them in
real time on the web interface. Processing is done entirely in the browser, ensuring quick performance and accessibility
without needing special equipment or cloud services.

V. RESULTS AND DiSCUSSION

Type text Speak aloud
gional languac Browser microphone

Speech recognition
I » raw text

Google Translate API

ISL database SignTube
eference sign v

Word ~ sign lookup ideos

MediaPipe = ISL animation on web dashboard

Fig. 5. System Workflow

Fig. 6 shows the input interface of the Gesture Talk web application, demonstrating how users can enter text or
SpeeChFig. 6. System Demonstration 1 — Input Interface

in both English and Devanagari script within a single browser-based dashboard [7]. The input panel displays a live text
field where the user has typed “hindi, ?” in Hindi, confirming multilingual support without any manual language
selection. A microphone button enables direct voice input, while the Translate button triggers the conversion pipeline.
The interface also provides quick-access phrase suggestions in both Hindi and English at the bottom of the panel,
allowing users to test common conversational inputs instantly [8]. The clean, minimal design ensures accessibility
across all user groups, including those unfamiliar with technology, making the sys-tem practical for real-world assistive
communication without requiring specialized hardware or software installations.

Fig. 7. System Demonstration 2 — Interpreter Panel

Fig. 7 shows the Interpreter panel of the Gesture Talk system, demonstrating the real time hand animation output
generated for the converted ISL signs. This module utilizes MediaPipe [10] to render skeletal hand keypoint
animations, displaying both the left and right hand movements separately within a structured four-quadrant canvas. The
Sign and Spell toggle at the top allows users to switch between full word sign mode and letter-by-letter fingerspelling
mode, providing flex-ibility for words that may not exist in the ISL database. Each hand is color coded with distinct
LEFT and RIGHT labels, ensuring visual clarity during multi-hand signs that require simultaneous gestures. Navigation
controls at the bottom allow users to step through sign sequences word by word using the previous and next buttons,
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while the play button animates the

complete sign in a continuous fluid motion. This approach provides a lightweight yet visually accurate alternative to
pre-recorded video demonstrations. This feature is particularly essential in educational institutions, public service
counters, and healthcare environments, where clear and immediate sign language communication is critical for enabling
inclusive interaction.

Fig. 8. System Demonstration 3 — Full Dashboard

Fig. 8 presents the complete Gesture Talk dashboard where the end-to-end conversion pipeline is demonstrated in a
single unified interface. The user has typed “where are you” in the Input Source panel, and the system has processed
the phrase in real time using Flash Engine V3.2 [11]. The ASL Sequence panel on the left displays the tokenized
output, breaking the sentence word by word — with “YOU” highlighted as the currently active sign token at position
one, and “WHERE” queued at position two. Simultaneously, the Interpreter panel on the right renders both left and right
hand skeletal animations for the sign “YOU?”, with a Sign Token description below confirming the hand shape as index
finger extended pointing forward. The system maintains word-by-word navigation so users can step through each sign
independently [12]. This recorded sequence facilitates efficient learning and communi-cation, helping users understand
the structure of ISL signs and verify the accuracy of each gesture generated by the MediaPipe animation engine.

CONCLUSION

This paper presented an Al powered web application de-signed for real time conversion of text and speech into Indian
Sign Language animations, making communication accessible for the deaf and hard-of-hearing community. By
integrating multiple technologies within a unified browser-based pipeline, including Google Translate APl for
multilingual input normal-ization, MediaPipe for skeletal keypoint animation rendering, SignTube for reference sign
video retrieval, and a structured ISL sign database for accurate word-to-sign mapping, the system effectively converts
input across any regional Indian language into fluid and comprehensible ISL animations. The rule-based fingerspelling
fallback further enhances reliability by ensuring that words without direct sign mappings are still communicated
accurately. The lightweight, browser-based architecture enables low latency processing and real time

animation output without reliance on specialized hardware or complex software installations. Experimental
observations indicate that the proposed system provides improved accessi-bility and practical usability compared to
existing ASL or BSL focused approaches. The proposed system offers a scalable and inclusive solution for assistive
communication and can be further extended with continuous sign language support, expanded ISL vocabulary, and
gesture-based input modules to address evolving accessibility challenges.
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