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Abstract- This project is designed to reduce the
communication barrier between people with hearing
impairments and those who use spoken language. It
introduces a system that converts spoken words into
corresponding sign language gestures, allowing for real-
time and inclusive interaction. Using advanced speech
recognition methods along with natural language
processing (NLP), spoken inputs are first transcribed into
text. The system then processes and segments this text to
identify meaningful parts, which are mapped to sign
language gestures shown through animations or visual
cues. The solution emphasizes user-friendliness and
accessibility, helping hearing-impaired individuals engage
more actively in conversations. Built with a modular
structure, the system supports different sign languages and
can evolve over time through machine learning
enhancements. By integrating modern technologies with a
focus on user needs, this project offers a powerful tool to
promote inclusive communication.
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LINTRODUCTION

The ability to communicate is a fundamental human
right and a cornerstone of interaction in society. For
the deaf or hard-of-hearing peoples, traditional spoken
language often presents significant barriers to
communication. Sign language serves as a vital
medium for them, but its usage is not universally
understood by those without hearing impairments.
This gap creates challenges in everyday conversations,
education, healthcare, and other crucial domains. The
development of a Speech-to-Sign Language
Conversion system aims to address this issue by

enabling seamless communication between hearing
individuals and the deaf community.

This project focuses on leveraging advancements in
artificial intelligence (AI), speech recognition, and
animation technologies to convert spoken language
translate into sign language. The system captures
speech, processes it into textual information, and then
maps the text to corresponding sign language gestures.
These gestures are visualized in real-time, ensuring
that the deaf audience can understand the context data
and meaning of the spoken words. By enabling this
transformation, the project provides a robust tool for
fostering  inclusivity = and  accessibility  in
communication.

Speech recognition technology has witnessed
remarkable progress in recent years, powered by
natural language processing (NLP) algorithms and
deep learning frameworks. These advancements have
allowed machines to accurately interpret human
speech, regardless of accent or tone. In parallel, the
development of computer-generated animations and
virtual avatars has made it possible to represent sign
language gestures dynamically. Integrating these
technologies into a single, efficient system forms the
foundation of this project, creating a bridge between
spoken words and sign-based communication.
Furthermore, the project aims to make the technology
accessible and user-friendly. By designing it for
integration with common devices such as smart
phones, tablets, and computers, the solution ensures
that it can be used in a wide range of settings. From
classrooms and workplaces to public service
environments, the  Speech-to-Sign  Language
Conversion system can empower individuals and
organizations to communicate effectively with the
deaf community, removing communication barriers.
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In summary, this project is a step towards solve the
problem of gap between spoken language and sign
language, promoting inclusivity and equal
opportunities for the deaf. By combining advanced
technologies with a deep understanding of linguistic
and cultural nuances, the Speech-to-Sign Language
Conversion system seeks to enhance accessibility,
foster understanding, and contribute to a more
equitable society.

ILLLITERATURE REVIEW

The field of speech-to-sign language conversion has
garnered significant research interest due to its
potential to bridge the communication gap between
hearing person and deaf person individuals. Existing
literature highlights various approaches, technologies,
and methodologies that have contributed to the
development of such systems. Speech recognition,
sign language modeling, and animation techniques are
key components of this domain. This review explores
the advancements and limitations in each of these
areas to establish the foundation for the proposed
project.

Speech recognition technologies form the backbone of
any speech-to-sign conversion system. Early models
relied on rule-based algorithms that required
predefined phonemes and acoustic models. However,
these methods often struggled with variability in
accents, tone, and background noise. The advent of
deep learning has significantly improved the accuracy
of speech recognition systems. Techniques like
recurrent neural networks (RNNs) and transformer-
based architectures, such as Google's WaveNet and
OpenAl's Whisper, have demonstrated exceptional
performance in transcribing spoken language. Despite
these advancements, challenges remain in real-time
processing and maintaining accuracy in multilingual
environments, which are critical for practical
applications.

The translation of text into sign language is a complex
process that requires an understanding of grammar,
syntax, and cultural nuances. Unlike spoken
languages, sign languages are highly visual and
spatial, with unique structures that vary across regions.
For instance, American Sign Language (ASL) has a
distinct grammar that differs from English. Early
efforts in text-to-sign translation relied on static image
databases to represent individual signs, but these
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approaches lacked the fluidity and context of natural
sign language. Modern systems employ natural
language processing (NLP) techniques, such as
tokenization and semantic analysis, to ensure accurate
translation. However, handling idiomatic expressions
and contextual meanings remains an area of ongoing
research.
Animation and avatar technology play a pivotal role in
delivering sign language gestures to the user. Early
systems used pre-recorded videos of human signers,
which were effective but lacked scalability. The
introduction of virtual avatars has enabled the dynamic
generation of sign language gestures, making systems
more versatile. Advances in image animation and
motion capture technology have improved the realism
of these avatars, enabling them to convey complex
hand movements and facial expressions accurately.
Research has also explored user-friendly interfaces to
ensure that these animations are accessible to a wide
audience, including children and elderly users.
Despite the progress in speech-to-sign language
conversion, significant challenges persist. One major
limitation is the lack of comprehensive sign language
datasets that can train machine learning models
effectively. Many existing datasets are region-specific
and do not account for the diversity of sign languages
globally. Additionally, real-time performance is
another critical challenge. Processing speech,
translating it, and rendering sign language animations
in real-time requires significant computational
resources and optimization. Addressing these gaps is
essential for creating systems that are both accurate
and practical.
Recent years have witnessed a surge in research
focused on solve the communication gap between
spoken and sign languages. Several studies have
explored various methodologies and technologies to
achieve effective speech-to-sign language conversion.
e "Speech to Sign Language Converter" (2024):
This paper discusses the use of deep learning
techniques in translating spoken language into
sign language. The authors propose a system that
utilizes Convolutional Neural Networks (CNN)
and Deep Belief Networks (DBN) to interpret
speech and generate corresponding sign language
gestures. [4]
e '"ListenBot: Augmented Reality Based Speech To
Sign Language Conversion" (2024): This study
introduces an augmented reality system that
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captures spoken language and displays the
corresponding sign language using a virtual
avatar. The integration of AR technology aims to
provide an immersive experience for users. [3]

e "Sign Language Interpretation Using Machine
Learning and Artificial Intelligence" (2024): The
authors review recent advancements in sign
language translation, emphasizing the role of
machine learning and Al in enhancing the
accuracy and efficiency of these systems. The
study highlights the importance of facial
expressions and hand gestures in conveying
meaning. [5]

e '"Real-time Conversion of Sign Language to Text
and Speech" (2020): This paper presents an
analysis of different techniques used for
converting sign language into text and speech
formats. The authors evaluate the performance of
various models and discuss their applicability in
real-world scenarios. [1]

e "ES2ISL: An Advancement in Speech to Sign
Language Translation" (2020): The study
proposes a model that converts English speech
into Indian Sign Language (ISL) animations. The
system aims to address the linguistic differences
between English and ISL, providing a more
accurate translation for users. [2]

e "MS2SL: Multimodal Spoken Data-Driven
Continuous Sign Language Production" (2024):
This research introduces a unified framework for
generating continuous sign language sequences
directly from spoken content. The model utilizes
a sequence diffusion approach to produce sign
language predictions step by step.

These studies underscore the potential of integrating
advanced technologies such as deep learning,
augmented reality, and multimodal data processing in
developing  effective  speech-to-sign  language
conversion systems. They also highlight the
challenges in ensuring accuracy, real-time processing,
and adaptability to different sign languages and
dialects.

In conclusion, the literature reveals a strong

foundation of research in speech recognition, text-to-

sign translation, and animation technologies.

However, gaps in multilingual support, dataset

diversity, and real-time processing highlight the need

for further innovation. This project aims to address
these limitations by integrating advanced Al models,
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robust NLP techniques, and scalable animation
solutions. By building upon the existing body of work,
the proposed system seeks to contribute to the
development of
technologies for the deaf community.

inclusive communication

[II.PROPOSED SYSTEM

The proposed system aims to bridge the
communication gap between hearing persons and Deaf
persons by translating spoken language into sign
language in real-time. The system leverages advanced
technique such as automatic speech recognition,
natural language processing, language translator, and
sign language animation to achieve accurate and
efficient conversions. It is designed to be user-
friendly, adaptable, and capable of supporting various
spoken and sign languages.

The system begins with capturing spoken input using
a microphone or other audio devices. Advanced ASR
algorithms process this input to recognize and convert
speech into text. The accuracy of speech recognition is
a critical aspect of the system, as errors in transcription
can lead to incorrect sign language translations. To
address this, the ASR module is fine-tuned with
diverse datasets, ensuring it handles different accents,
dialects, and speech speeds effectively.

Once the spoken language is converted into text then
using language translator text translate in common
English language after that, the NLP module processes
the text to adapt it to the grammar and syntax rules of
the target sign language. Unlike spoken languages,
sign languages often have unique structures, requiring
careful linguistic adaptation. The NLP module
analyzes the context and meaning of the text, ensuring
that the translated signs convey the intended message
accurately and naturally.

The final stage involves generating sign language
animations or visual representations. Using pre-
designed sign language avatars or gesture animations,
the system visually displays the corresponding signs
for each spoken word or sentence. These animations
are synchronized to ensure a natural flow, mimicking
the rhythm and expressiveness of human sign
language communication. The use of image animated
avatars enhances the system’s accessibility, providing
a clear and engaging medium for users.

This system is designed to accommodate multiple
languages; Users can select their preferred language,
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making the solution versatile and globally relevant.
The system’s modular design also allows for future
updates, such as the addition of new languages or
improvements in translation accuracy.

In summary, the proposed system represents a
advancement in assistive technology for the Deaf
people community. By combining cutting-edge speech
recognition, linguistic processing, and animation
technologies, it provides a practical, scalable, and
inclusive solution. This system has the potential to
transform communication for Deaf individuals,
empowering them to interact seamlessly in various
social, educational, and professional settings.

The proposed system design aims to solve the problem
in communication gap between individuals who are
deaf or hard of hearing and those who use spoken
language. This will be achieved through an innovative
solution that converts spoken language into sign
language in real-time. Below are the key aspects of the
proposed system:

1. Speech Recognition Module

A robust speech recognition engine will be employed
to accurately transcribe spoken words into text. This
module will handle diverse accents, speech patterns,
and varying levels of background noise to ensure
reliable performance.

2. Language Translator

The transcribed text will be processed and translate to
corresponding language which is use for sign gestures
using a pre-defined database of signs.

3. Sign Language Generation

The text will be processed and mapped to
corresponding sign language gestures using a pre-

Speech Recognition

Language Translator

Speech Frame

Text
Speech To text

Input Speech

Language Detect
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defined database of signs. The system will ensure that
both grammar and context are appropriately
considered to maintain clarity and comprehension.

4. Sign Image Animated

A sign image avatar will be used to perform sign
language gestures. The avatar will be designed to
deliver gestures naturally and fluidly, closely
mimicking human signing.

5. Real-Time Processing

The solution will be optimized for real-time
processing to allow seamless communication during
live interactions or conversations.

6. User-Friendly Interface

A simple, intuitive interface will be designed for ease
of use. The system will be accessible via smartphones,
tablets, and computers to cater to a wide range of users.
7. Adaptability and Personalization

The system will allow users to customize language
preferences and adapt to specific regional or cultural
language variations for improved personalization.

8. Focus on Accessibility

By providing a cost-effective and scalable solution,
the system aims to improve accessibility for
individuals who rely on sign language as their primary
means of communication.

IV.METHODOLOGY

The methodology for this project involves designing a
system that seamlessly translates spoken language into
sign language. The proposed system structure is
divided into multiple interconnected stages, each
addressing specific tasks to ensure accurate and
efficient conversion. The steps are as follows:

Text Preprocessing Sign Image
Dataset
Text Tokenization

Text 3 Text
Removing Stop Collect Text Based

Words All Sign Images

i

Sign Images
Sliding Animation

Fig.1: Block Diagram of Speech to Sign Translator

1. Speech Recognition
Employ advanced speech recognition technologies to
convert spoken words into text.

185811

The system will process real-time audio input and
ensure high accuracy despite variations in accents,
tone, and background noise.

2. Language Translator
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Then Real Text which is in any language we translate
it in to common English language for further process
of sign language

3. Text-to-Sign Mapping

Use a structured database to map the recognized text
to corresponding sign language gestures.

Contextual understanding and grammar adaptation
will be incorporated to ensure that the signs convey the
intended meaning.

4. Sign Language Animation Generation

Leverage a sign image animated avatar to visualize the
sign language gestures.

Focus on natural, fluid motion to make the avatar's
signing realistic and easy to understand.

5. Real-Time Conversion

Optimize the system to handle real-time processing,
minimizing delays between speech input and sign
output.

Ensure that the conversion process is efficient, even in
dynamic or fast-paced conversations.

6. Testing and Validation

Perform extensive testing with sign language experts
and deaf users to validate the accuracy, usability, and
effectiveness of the system.

Refine the system based on feedback to address any
challenges or inaccuracies.

V.MODULES

Modules of the Project
1. Speech Input Module

e  Captures audio input using a microphone.

e Filters background noise and prepares the
audio for recognition processing.

2. Language Translator Module

e Select audible Language which we have to
translate to English.

e Translate text using Google translator Api.

3. Speech Recognition Module

e Converts spoken audio into text using Natural
Language Processing (NLP) and Automatic
Speech Recognition (ASR) technologies.

4. Text Processing Module

e Analyzes the text to identify the context,
structure, and key phrases.

e Matches the processed text  with
corresponding sign language gestures in the
database.

5. Sign Language Gesture Database
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e A comprehensive database that includes a
wide range of sign language gestures for
words and phrases.

e Supports regional and cultural variations in
sign language.

6. Sign Animation Module

e Uses a sign image animated avatar to display
sign language gestures in a visually clear and
accurate manner.

e Ensures smooth transitions between gestures
to improve comprehension.

7. User Interface Module

e Provides an intuitive interface for users to
interact with the system.

e Offers options for customization, including
selecting specific sign languages or regional
preferences.

8. Feedback Module
e  Allows users to provide input on the system’s

performance, enabling continuous
improvement.

e Ensures adaptability and updates to meet user
needs.

VILIMPLEMENTATION DETAILS

The Speech-to-Sign Language Conversion System is
developed to bridge communication between hearing
and speech-impaired individuals and the general
public. The system is structured into eight
interconnected modules, each contributing to accurate
and smooth translation from spoken language to sign
language gestures. There is some modules, Speech
Input Module This module captures spoken words
using a microphone. It converts audio signals into
digital data for processing. The module is optimized
for clear speech capture and noise reduction. Speech
Recognition Module Leveraging APIs like Google
Speech-to-Text or offline speech recognition libraries,
this module transcribes the captured audio into text
format. The recognition engine supports multiple
languages and is fine-tuned for high accuracy.
Language Translator Module: In cases where the
speech input is in a different language than the sign
language target (e.g., translating from Hindi speech to
English-based American Sign Language), this module
uses translation services like Google Translate to
convert the text into the target language. Text
Processing Module Once converted to text, this
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module breaks down sentences into keywords and
processes grammar structures. It simplifies complex
sentences and maps them to standard sign language
format, which often omits auxiliary verbs and articles.
Sign Language Gesture Database A pre-compiled
database storing sign language images or animations
for every word and letter. It includes gesture videos,
GIFs, or 3D model animations that can be dynamically
retrieved. Sign Animation Module This core module
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displays the corresponding sign language gestures for
the processed text. It can render animated 3D avatars,
GIF sequences, or frame-by-frame sign displays for
better visual clarity. User Interface Module A user-
friendly GUI allows users to interact with the system.
It includes options to start/stop recording, display
transcribed text, and show sign language output. The
interface is optimized for accessibility.

VIL.RESULTS

After implementing the project, the system was tested with various speech inputs across different accents and
languages. The sign language output was displayed through animated gestures on the user interface. Below is the
summarized result:

Table 1. Test on different Input Speech

Test Input Speech Recognized Text Language Translated Text Sign Gesture Output | Accuracy
Translation
1. | "Hello" "Hello" English "Hello" Correct sign shown | 100%
2. | "Good morning" "Good morning" English "Good morning" Correct sign shown | 100%
3. | "How are you?" "How are you?" English "How are you?" Correct sign shown | 100%
4. | 9 T Hindi "Hello" Correct sign shown 100%
e PIs Tal Hindi “nobody” Correct sign shown | 100%
6. | Background noise | No text recognized English No text No sign Fail
recognized

Table 1 shows the performance of the system when
tested with different speech inputs. For clear English
phrases like "Hello", "Good morning", and "How are
you?", the system successfully recognized the speech,
translated it (if needed), and displayed the correct sign
language gestures with 100% accuracy. It also handled

translating them into English ("Hello" and "nobody")
and displaying the corresponding signs correctly.
However, in cases where only background noise was
present, the system failed to recognize any text,
resulting in no sign gesture output, marking it as a
failed test.

Hindi inputs like "THIA" and "ﬁé :lﬁ”, accurately

Table 2. Test on different Input Speech

Test Input Speech | Recognized Text Language Translated Output Image
Translation Text
1. "Hello" "Hello" English "Hello" 0\ 0
== @ QJJ > Qﬂ > fﬁ"
L ; . (£
H E L L o
2. | @5 et PIs Tal Hindi “nobody” on i P v.
S0 P 0w
2 S Fe e ¥
N o B o D Y

Table 2 further illustrates specific test cases by showing the recognized text and translated output. For the input
"Hello", the system correctly recognized and translated the text, while for the Hindi input "ﬁé :|T;‘>pf", it translated it
to "nobody" accurately. The Output Image column indicates that sign gestures (images or animations) were displayed
corresponding to the translated text during successful tests.
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Screenshots

' Speech to Hand Gestures =

Speech to Hand Gestures

Select Recording Language:
‘English v

Click 'Start Recording' and Speak

Recognized Text:
Translated to English:

~puddo

Pe=rd @
gd¥¥awd

U v w X VY 2

Start Recording

' Speech to Hand Gestures

Speech to Hand Gestures

Select Recording Language:
0
Click 'Start Recording' and Speak

Recognized Text: hello
Translated to English: hello

L

Start Recording

— X

Fig.2 — Speech To Hand Gesture Main Screen
In Main page Fig.2 Showing recording speech input in
different language and automatic detected text in
selected language and translate in English language,
after it displaying matching sign animations
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-
# Speech to Hand Gestures - X

Speech to Hand Gestures

Select Recording Language:

Click 'Start Recording' and Speak

Recognized Text @13 gl
Translated to English: nobody

[
O

Start Recording |

Fig.2 — Speech To Hand Gesture with Hindi
Language

In Main page Fig.3 Showing recording speech input in

Hindi language and automatic detected text in Hindi

language and translate in English language word

“nobody”, after it displaying matching sign animations

related it

-

VII.CONCLUSION

The Speech-to-Sign Language Conversion system
demonstrated high accuracy and effectiveness in
converting spoken words into sign language gestures.
The system consistently recognized and translated
both English and Hindi speech inputs, correctly
mapping them to appropriate sign gestures with 100%
accuracy in all valid cases. It handled language
translation seamlessly, ensuring that even non-English
inputs were accurately converted. However, the
system showed limitations in noisy environments,
where background noise led to recognition failure and
no sign output. Overall, the results confirm that the
system is reliable for clear speech input and
multilingual support, making it a valuable tool to aid
communication between hearing individuals and the
speech or hearing impaired. Future improvements can
focus on enhancing noise robustness and expanding
the gesture database for broader language coverage.

The development of a Speech-to-Sign Language
Conversion system represents a significant step
toward inclusive communication. By leveraging
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advancements in speech recognition and sign language
translation technologies, such a system can facilitate
real-time interactions between hearing individuals and
the Deaf community. Ongoing research and
interdisciplinary collaboration are essential to address
the challenges and enhance the effectiveness of these
systems, ultimately contributing to a more accessible
and inclusive society.

The Speech-to-Sign Language Conversion system is a
groundbreaking solution designed to address
communication barriers faced by the deaf and hard-of-
hearing communities also it solve different languages
barrier problem using language translator. By
integrating advanced speech recognition, natural
language processing, and sign language animation
technologies, the project provides a real-time, user-
friendly interface for seamless interaction. The
proposed system demonstrates the potential to bridge
the gap between spoken and sign languages,
promoting inclusivity and accessibility. While there
are challenges in terms of handling complex linguistic
nuances and regional variations in sign language, this
project establishes a strong foundation for future
advancements in assistive communication
technologies.

IX.FUTURE SCOPE

e  Support for Additional Languages and Dialects
Expand the system to include more spoken languages
and regional dialects, along with their respective sign
language variants.

e Emotion and Tone Recognition

Enhance the system’s capability to interpret emotions
and tonal nuances in speech, allowing for more
expressive and context-aware sign language gestures.
e Integration with Wearable Technology
Implement the system in wearable devices like AR
glasses or portable units to make the solution more
accessible and practical for everyday use.

e Bidirectional Communication

Incorporate a sign-to-speech feature, enabling
individuals who are deaf to communicate with non-
signing individuals more effectively.

e  Offline Functionality

Develop an offline version of the system to ensure
accessibility in areas with limited internet
connectivity.

e Al-Based Learning and Updates
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Utilize artificial intelligence to improve the system’s
adaptability and accuracy through continuous learning
and user feedback.
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