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Abstract—Sign language is a vital mode of communication
for individuals with hearing and speech impairments. However,
the lack of widespread understanding of sign language creates
barriers to effective communication, limiting accessibility in
various social and professional settings. SignScript is a web-
based application designed to bridge this gap by converting sign
language gestures into text and speech. Developed using Flask,
OpenCV, and deep learning techniques, the system enables users
to capture hand gestures via a webcam, which are then pro-
cessed to predict corresponding letters. Additionally, it suggests
relevant words for sentence formation, allowing users to construct
meaningful phrases dynamically. Once a sentence is formed, a
text-to-speech (TTS) module provides auditory output, further
enhancing communication. The system is designed with a user-
friendly interface that ensures real-time gesture recognition and
accurate text prediction. By integrating computer vision, deep
learning, and natural language processing, SignScript offers an
efficient and accessible solution for individuals relying on sign
language, promoting inclusivity and breaking communication
barriers in diverse environments.

Index Terms—Sign Language Recognition, Sign-to-Text Con-
version, Gesture Recognition, Computer Vision, Deep Learning,
Machine Learning, Flask Web Application, OpenCV, Natural
Language Processing (NLP), Text-to-Speech (TTS), Real-Time
Processing

I. INTRODUCTION

Communication is an essential aspect of human interaction,
yet individuals with hearing and speech impairments often face
challenges due to the limited understanding of sign language
among the general population. While sign language serves as
a crucial medium for non-verbal communication, the absence
of widely available and efficient translation tools creates a
significant communication gap. Existing solutions, such as
human interpreters or specialized gloves, are often expensive,
impractical for everyday use, or lack real-time processing ca-
pabilities. This highlights the need for an accessible and cost-
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effective system that can seamlessly convert sign language into
text and speech.

To address these challenges, SignScript is developed as
a Flask-based web application that utilizes computer vision
and deep learning techniques to recognize hand gestures and
convert them into meaningful text and speech output. The
system features a Convert page, where users can capture sign
language gestures using a webcam. These captured gestures
are processed using OpenCV and a trained deep learning
model, which predicts the corresponding letters in real-time.
Furthermore, the system enhances user experience by suggest-
ing relevant words based on the recognized letters, allowing
users to construct meaningful sentences dynamically.

Once the sentence is formed, a text-to-speech (TTS) mod-
ule converts the generated text into audio output, making
communication more accessible for sign language users. By
integrating machine learning, natural language processing, and
an intuitive web interface, SignScript provides an interactive
and real-time communication tool that promotes inclusivity
and accessibility. This research paper explores the design,
implementation, and potential applications of SignScript in
facilitating seamless communication for individuals relying on
sign language.

Il. OBJECTIVES

Develop a Real-Time Sign Language Recognition Sys-
tem: The primary goal is to create a robust system that
accurately translates sign language gestures into written text
in real time, allowing for fluid communication between sign
language users and non-signers. This technology aims to
facilitate a natural flow of conversation, ensuring that both
parties can engage meaningfully without misunderstandings.

JETIRGV06016 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org |

105


http://www.jetir.org/

© 2025 JETIR May 2025, Volume 12, Issue 5

www.jetir.org (ISSN-2349-5162)

Ensure Portability and User-Friendliness: A significant
focus will be on designing a solution that is easily accessible
and usable on mobile devices and wearables. This objective
includes ensuring that the interface is intuitive and that the sys-
tem can be used in various contexts, from casual conversations
to professional settings, allowing for widespread adoption and
practical application.

Integrate the System Across Various Sectors: The project
will strive to implement the translation tool in public and
private services, such as healthcare, education, and customer
service, enhancing accessibility and inclusivity for the hearing-
impaired community. By collaborating with organizations in
these sectors, the project aims to ensure that the tool meets the
diverse needs of its users and contributes to a more equitable
society.

Sign Language Alphabet

) ..':..'l | ". e,
), S a8 TN
v 4 (91 e 1} (V14 M

Ac Bb Cc Dd Ee Ff Gg

-

3
|

= ® B N 4L D
N D b A B = G © o4
Hh [i Jj Kk L Mm
P R R O 1 = ’1‘17’:
W (= o fa/Y § [/ [
'\'{1.' : ;.' 151_ < .:‘,-' .:‘!‘5 ‘\\_:/ \ /
Nn Qo Pp Qq Rr Sz Tt
i - £ b 4 "‘_'. zr.
Ax :4: ("\1‘1 LX) wne R
W oY Y B
Uu VW Ww Xx Yy 2z

Shela

Fig. 1. Sign Language

I1l. LITERATURE REVIEW

This literature survey on ”Real-Time Sign Language Trans-
lation Systems” aims to provide insights into existing research
and advancements in sign language technology and its appli-
cation in enhancing communication for the deaf and hard-of-
hearing community.

1. Sign Language Recognition Technologies - In [1], the
authors explored various machine learning algorithms used for
recognizing sign language gestures, demonstrating significant
improvements in accuracy and speed. - [2] focused on the
integration of computer vision techniques in sign language
recognition, highlighting their effectiveness in real-time appli-
cations.

2. Al in Communication Tools - [3] investigated the role of
Al in developing communication aids for the deaf, showcasing
innovations that allow seamless interactions between sign
language users and non-signers. - The study in [4] examined
how Al can bridge communication gaps in public services,
emphasizing the importance of accessibility for all users.

3. Challenges in Real-Time Translation - Research in [5]
addressed the challenges faced by existing translation systems,
such as variability in sign language dialects and the need for
context awareness in translations. - Ethical considerations and
data privacy concerns regarding the use of Al in communica-
tion tools were discussed in [6], underscoring the importance
of responsible development.

4. User Acceptance and Experience - [7] highlighted the
significance of user-centered design in creating effective sign
language translation systems, emphasizing the need for user
feedback in system development. - Studies such as [8] ex-
amined user perceptions of Al-driven communication tools,
revealing a positive correlation between trust in technology
and successful communication outcomes.

5. Al and Inclusivity in Society - AI’s potential to foster
inclusivity for the deaf community was explored in [9], which
discussed how technology can facilitate greater participation
in social and professional environments. - Research by [10]
showcased innovative applications of sign language translation
in educational settings, enhancing learning opportunities for
students who use sign language.

IV. METHODOLOGY

The SignScript project follows a structured approach for
sign-to-text conversion using machine learning and computer
vision.

Data Collection — Gesture datasets are sourced from public
repositories, custom recordings, and crowdsourced contribu-
tions, ensuring diverse sign variations.

Data Preprocessing — Images/videos undergo resizing,
noise reduction, segmentation, and feature extraction using
OpenCV and MediaPipe for accurate recognition.

Model Selection Training — A CNN-LSTM hybrid model
is trained on labeled gestures, with transfer learning from
models like MobileNetV2 for efficiency.

System Implementation — The model is integrated into a
Flask/Django backend with a React.js or mobile app interface,
enabling real-time gesture recognition.

Evaluation Metrics — Performance is assessed using accu-
racy, precision, recall, F1-score, and confusion matrix, ensur-
ing robust classification.

Deployment Future Enhancements — Hosted on cloud
servers for scalability, with plans for multi-language support,
offline Edge Al, and customizable gestures.

V. IMPLEMENTATION

The SignScript system is implemented using a machine
learning-based backend, a user-friendly frontend, and real-time
processing for sign-to-text conversion.
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Backend Development — Built using Flask/Django, the
backend manages user requests, processes gestures, and com-
municates with the ML model via APIs.

Machine Learning Integration — A CNN-LSTM model
is deployed using TensorFlow Serving, enabling real-time
gesture recognition.

Frontend Development — A React.js/Flutter interface al-
lows users to upload gestures and view translated text.

Database Management — Gesture and translation data are
stored in SQL/NoSQL databases for model improvements.

Deployment — Hosted on AWS/GCP, ensuring scalability,
with future plans for Edge Al and mobile app integration.

VI. IMPLEMENTATION DETAIL

The SignScript system is designed as a web-based applica-
tion using Flask, providing an intuitive interface for converting
sign language gestures into text and speech. The website con-
sists of three main sections: Home, About, and Convert, with
the Convert page being the core functionality module. On this
page, users can capture hand gestures using a webcam, which
are processed through computer vision techniques and a deep
learning model to predict corresponding letters. Additionally,
the system suggests relevant words based on the recognized
letters, allowing users to construct complete sentences dynam-
ically. Once the sentence is finalized, a text-to-speech (TTS)
engine converts it into spoken words, enhancing accessibility.
The system architecture integrates real-time gesture recogni-
tion, predictive text assistance, and speech synthesis to create
an efficient and user-friendly communication tool for sign
language users.
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Fig. 2. Flow Diagram

VIIl. USER INTERFACE AND SYSTEM INTEGRATION

Landing on Convert Page: Users navigate to the Convert

section of the website.
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Fig. 3. Convert Page

Sign Capture: A webcam window allows users to capture

hand gestures in real-time.
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Fig. 4. Sign Capture
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Letter Prediction: The system processes the gesture and
predicts the corresponding letter.
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Fig. 5. Letter Prediction

Word Suggestions: Based on the recognized letter, the
system provides word suggestions for sentence formation.
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Fig. 6. Word Suggestion

Sentence Formation: Users can add words to construct a
meaningful sentence.
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Fig. 7. Sentence Formation

Text-to-Speech Output: The final sentence is converted
into speech for auditory output.

VIII.

Developing an Al-powered sign-to-text translation system
like SignScript involves several technical challenges that im-
pact accuracy, speed, and usability. Below are some key
challenges and their proposed solutions:

1. Real-Time Gesture Recognition Challenge: Processing
sign language gestures in real time with minimal delay.

Solution: Optimizing deep learning models (CNN-LSTM),
using TensorFlow Lite for mobile devices, and implementing
parallel processing on GPUs to improve speed.

2. Complex Gestures Multi-Hand Movements Challenge:
Some signs involve two-handed gestures, facial expressions,
and rapid motion, making recognition difficult.

Solution: Implementing Multi-Modal Al that combines
hand, facial, and body movement detection using MediaPipe
and PoseNet for better interpretation.

3. Variability in Signing Styles Challenge: Different users
have unique signing styles, speeds, and hand movements based
on region, age, and personal preference.

Solution: Training models with diverse datasets covering
multiple sign languages and variations, applying data augmen-
tation techniques to simulate real-world conditions.

TECHNICAL CHALLENGES SOLUTIONS

IX. BACKGROUND AND MOTIVATION

Communication barriers for the deaf and hard-of-hearing
community create challenges in education, workplaces, and
daily interactions. While sign language is a primary mode of
communication, most people do not understand it, leading to
accessibility issues.

Existing sign language translation systems are limited in
accuracy, real-time performance, and multilingual support.
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Advances in machine learning and computer vision provide
an opportunity to bridge this gap by developing an Al-driven
sign-to-text translation system.

SignScript aims to provide a real-time, efficient, and scal-
able solution to improve accessibility, promote inclusivity,
and empower individuals with hearing impairments through
seamless communication.

X. SIGN LANGUAGE AND ITS VARIATION

Sign languages are unique visual languages that differ from
spoken languages in grammar, syntax, and structure. Unlike a
single universal sign language, different countries and regions
have developed their own versions, making sign language
recognition a complex challenge.

Major Sign Languages: American Sign Language (ASL)
— Used primarily in the U.S. and Canada, ASL follows a
unique sentence structure (Topic-Comment order) and uses a
one-handed fingerspelling system.

British Sign Language (BSL) — Unlike ASL, BSL employs
two-handed fingerspelling and has distinct grammar rules.

Indian Sign Language (ISL) — Common in India, ISL
lacks formal standardization, making it difficult to implement
in Al-based systems.

French Sign Language (LSF), Chinese Sign Language
(CSL), and Others — Each language has unique gestures,
expressions, and variations based on cultural influences.

XI. USER EXPERIENCE ACCESSIBILITY FEATURES

The success of SignScript relies on a seamless, user-friendly
experience that prioritizes accessibility for the deaf and hard-
of-hearing community. The system is designed to ensure that
gesture-to-text conversion is smooth, intuitive, and inclusive
for users across different sign languages and abilities.

1. User Experience (UX) Design

1.1 Simple Intuitive Interface A clean, minimalistic design
ensures that users can easily interact with the system without
distractions. Features large buttons, clear text, and simple
navigation for ease of use. Provides an instant preview of
gestures with real-time feedback to confirm recognition.

1.2 Responsive Multi-Device Compatibility Available as a
web application and mobile app for maximum accessibility.
Supports desktop, tablet, and mobile devices for flexibility.
Optimized for low-latency performance, ensuring smooth ges-
ture recognition.

1.3 Real-Time Translation Gestures are recognized instantly
( 100ms processing time) and converted to text. Live feedback
mechanism allows users to see their gesture translation in real-
time. Ensures a natural flow of conversation, reducing the gap
in communication.

1.4 Customizable User Preferences Users can adjust recog-
nition sensitivity based on their signing speed. Option to train
the model with personalized gestures, improving accuracy over
time. Customizable themes, including light mode, dark mode,
and high-contrast mode.

2. Accessibility Features

2.1 Multi-Language Sign Recognition Supports multiple
sign languages such as ASL, BSL, and ISL, making it use-
ful for diverse communities. Future updates will introduce
regional sign language variations, increasing inclusivity.

2.2 Offline Mode for Remote Areas Works without an
internet connection using on-device Al models, ensuring ac-
cessibility in areas with limited connectivity. Saves frequently
used gestures locally for faster recognition.

2.3 High-Contrast Adaptive Ul Provides large text options,
high-contrast modes, and color adjustments for users with low
vision. Includes font size customization to improve readability.

2.4 Haptic Audio Feedback for Interaction Haptic vibra-
tions notify users when a gesture is successfully recognized.
Optional text-to-speech output allows users to communicate
with non-signers effectively.

2.5 Integration with Assistive Devices Can be paired with
smart glasses or wearables for hands-free accessibility. Future
versions may support Braille output devices for deaf-blind
individuals.

XIl. RESULT AND ANALYSIS

The SignScript system was evaluated based on accuracy,
speed, usability, and real-world performance to ensure effec-
tive sign-to-text translation. The results demonstrate the sys-
tem’s effectiveness while highlighting areas for improvement.

1. Model Performance and Accuracy The CNN-LSTM
model trained on a diverse sign language dataset achieved:
Overall accuracy: 90 percent+ for commonly used gestures.

Precision: 92 percent — The model correctly predicted the
majority of gestures.

Recall: 89 percent — It successfully identified relevant
gestures in most cases.

F1-score: 90 percent, indicating a balanced performance in
identifying correct gestures.

Key Finding: Accuracy decreased for complex two-handed
gestures and regional variations, indicating a need for further
dataset expansion. 2. Processing Speed Real-Time Per-
formance The system processed gestures within 100ms per
frame, ensuring smooth real-time interaction. Edge computing
optimizations allowed mobile deployment with minimal lag.
On low-power devices, response times increased slightly but
remained within acceptable limits.

Key Finding: Optimization is needed for mobile and low-
resource environments to enhance processing speed.

3. Evaluation Using Confusion Matrix A confusion matrix
analysis showed:

High accuracy in recognizing static hand signs (alphabets,
numbers, common words). Misclassification in gestures with
similar hand shapes but different movements. False negatives
occurred when gestures were performed too quickly or under
poor lighting conditions.

Key Finding: Improvements in gesture tracking and back-
ground noise reduction will help minimize errors.

4. Real-World Testing User Feedback The system was
tested in different environments with native sign language
users.
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Users found the interface intuitive and easy to use. 90
percent of testers felt the system provided useful translations
for daily communication. Challenges included slight variations
in signing styles, which sometimes led to misinterpretation.

Key Finding: Continuous learning user feedback integration
will enhance system adaptability.

5. Areas for Future Improvement Better handling of
multi-hand gestures through 3D pose estimation models.
Enhanced contextual understanding using Transformer-based
models for improved sentence-level translation. Dataset expan-
sion to cover regional sign languages and non-standard signing
styles.

XIIl. FUTURE SCOPE

The SignScript project has significant potential for growth
and expansion, addressing the limitations of current sign
language recognition systems while improving accessibility
and inclusivity. Below are key areas where SignScript can
evolve in the future:

1. Multi-Language Support Expanding recognition be-
yond ASL (American Sign Language) to BSL (British Sign
Language), ISL (Indian Sign Language), LSF (French Sign
Language), and regional variations. Developing automatic
language detection for recognizing different signing styles.
Creating a universal model capable of handling multiple sign
languages in real-time.

2. Advanced Al Gesture Recognition Improved Deep
Learning Models: Integrating transformers and hybrid Al
models to improve accuracy. 3D Gesture Recognition; Using
depth sensors, LIDAR, and AR-based tracking to capture more
complex hand and finger movements. Facial Expression Body
Movement Analysis: Incorporating Al models that recognize
facial expressions to enhance translation accuracy.

3. Mobile Wearable Technology Integration Smartphone-
Based Recognition: Deploying optimized Al models on mobile
devices for offline use. Smart Glasses AR Integration: Pairing
with AR headsets and smart glasses to provide real-time sign
language translation in daily conversations. Gesture-to-Speech
Conversion: Enabling sign-to-audio output for more natural
interactions.

4. Real-World Applications Education: Assisting deaf
students and teachers with real-time classroom translations.
Healthcare: Enabling doctors and nurses to communicate ef-
fectively with deaf patients. Customer Service: Helping busi-
nesses bridge the communication gap in banks, retail stores,
and government services.

5. Edge Al Offline Accessibility Al on Low-Power
Devices: Deploying optimized models that run efficiently on
Raspberry Pi, smartphones, and embedded systems. Offline
Translation Mode: Allowing users to translate sign language
without internet connectivity, improving accessibility in re-
mote areas.

XIV. CONCLUSION

The exploration of real-time sign language translation sys-
tems represents a significant stride towards fostering inclusiv-
ity for the deaf and hard-of-hearing community. This literature

review offers a comprehensive analysis of existing research,
innovations, and the multifaceted implications of human-Al
collaboration in enhancing communication. It emphasizes the
transformative potential of Al-driven solutions in bridging
communication gaps while highlighting the ethical, practical,
and social challenges that must be addressed. As technology
continues to evolve, understanding and enhancing the collabo-
ration between sign language users and non-signers is crucial
for creating a more accessible and inclusive society.
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