International Journal of Engineering Trends and Applications (IJETA) — Volume 13 Issue 3, May-Jun 2026

VOCAL2VISUAL.: Al-Powered Application Designed To
Bridge the Communication Gap for the Deaf and Hard-Of-
Hearing Community

Yoganand Sharma*, Ashish Kumar**, Bhojraj Singh Shekhawat**, Dhanraj Singh
Shekhawat™**, Gajendra Singh**
*Assistant Professor, Global Institute of Technology Jaipur, India

**B.Tech Student, Global Institute of Technology Jaipur, India

ABSTRACT

VOCAL2VISUAL is an Al-powered communication system designed to support the Deaf and Hard-of Hearing
community by converting spoken language usually in Indian Standard Language (ISL) into animated sign language.
The proposed solution integrates Whisper for accurate speech recognition, NLP techniques for text preprocessing, and
an LSTM based model for gloss translation. The system further employs MoviePy to generate dynamic sign-language
animations, enabling real-time and context-aware visual output. By combining deep learning, computational linguistics,
and video synthesis, VOCAL2VISUAL enhances accessibility and bridges the communication gap for users requiring
inclusive and assistive technology solutions. By combining speech recognition, deep learning, computational
linguistics, and video synthesis, VOCAL2VISUAL significantly enhances communication accessibility. It offers a
reliable technological framework that bridges the linguistic divide and supports equitable access to information for
individuals with hearing impairments..
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1. INTRODUCTION

Communication barriers faced by the deaf and hard-of-

accessibility design, and  multimedia processing,
VOCAL2VISUAL aims to enhance independence and

Hearing community continue to be a significant
challenge in education, social and professional
environments. While sign language serves as an
essential medium of expression, most spoken-language
interaction remains inaccessible without interpreters or
specialized support The backend infrastructure is
implemented using Django while Streamlit provides an
intuitive and lightweight user interface suitable for real
time interaction. With recent advancements in artificial
intelligence, opportunities have emerged to bridge this
gap through automated and scalable solutions.
VOCAL2VISUAL is designed as an innovation Al
powered system that converts spoken input into
accurate  sign-language animations, providing an
inclusive ~ communication framework. The system
integrates whisper  for high-precision speech
recognition  NLP techniques  for  linguistic
preprocessing, and an LSTM based model for effective
gloss translation, A user friendly interface is developed
using Streamlit, supported by Django as the backend
architecture. The final animated output is synthesized
using MoviePy to generate meaningful sign-language
video sequences. By combining deep learning,

inclusivity for individuals with impairments.

Research on speech-to-sign-language translation has
evolved significantly with advancements in artificial
intelligence and deep learning. Early studies on
attention modeling relied on gaze tracking and simple
facial emotion classification. While effective in
controlled conditions, these methods lacked robustness
against real-world variability such as lighting changes
or webcam quality.

These studies collectively provide a strong foundation
for integrated systems like VOCAL2VISUAL, which
combines ASR, NLP, deep learning, and animation to
enhance communication accessibility.

2. METHODOLOGY

The methodology of VOCAL2VISUAL is structured as
a multi-stage processing pipeline that transforms
spoken language into accurate  sign-language
animations. Each module is designed to ensure
reliability, linguistic ~ consistency and real-time
performance.

1. Speech Acquisition and Preprocessing: The system
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begins by capturing audio input through the Streamlit-
based interface. Streamlit captures the audio in WAV
format with standardized sampling parameters (16 kHz,
mono-channel).  This  ensures  uniformity  for
downstream processing. The raw speech signal
undergoes preprocessing steps such as noise reduction,
normalization, and sampling at a rate compatible with
Whisper. This ensures the speech input is clean and
ready for transcription. The interface is optimized for
low latency, allowing seamless user interaction and
real-time feedback for transcription and animation.

2. Speech Recognition using Whisper: Whisper is
employed as the core Automatic Speech Recognition
(ASR) engine due to its robustness against accents,
background noise, and variable speech patterns. The
model  converts the processed audio into text,
producing time-stamped outputs for potential
synchronization with visual animation sequences. The
generated text serves as the input for the linguistic
processing layer.

3. Text Preprocessing and NLP Pipeline: The
transcribed text is processed using NLTK to perform
tokenization, stop word removal, lemmatization, and
part-of-speech tagging. These steps refine the textual
content and eliminate extraneous information. A rule-
based linguistic mapping is applied to highlight
semantic  units  essential  for  sign-language
representation.

4. Gloss Translation using LSTM Model: An LSTM-
based sequence-to-sequence architecture is used to
convert the processed text into sign-language glosses.
Glosses act as intermediate representations between
spoken language and sign language, capturing the
syntactic and semantic structure unique to sign
communication. The LSTM model is trained on
parallel text—gloss datasets to learn contextual
relationships and ensure accurate gloss prediction.
Words are normalized to their root forms, and each
word is tagged with its grammatical role to support
rule-based ordering, which is crucial for sign language.

5. Backend Integration with Django: Django serves
as the backend framework, managing communication
between modules, handling APl exchanges, and strong
intermediate outputs. It ensures that data flows securely
and efficiently from the ASR module to the NLP and
gloss translation stages

6. Animation Synthesis using MoviePy: The predicted
gloss sequence is mapped to corresponding sign-
language animations. MoviePy is utilized to generate
video sequences by stitching together pre-designed
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sign clips or rendering frame-by-frame animations. The
animation  engine ensures smooth transitions,
appropriate timing, and visual clarity. This component
forms the visual output that the user interacts with. A
complete sign-language animation video is rendered
and streamed back to the user interface.

7. Fronted Deployment via Streamlit: Streamlit is
used to build an interactive and intuitive user interface.
Users can record speech, view transcription results, and
watch the generated sign-language animation within
the same platform. Streamlit communicates with the
Django backend through secure endpoints, ensuring
real-time translation and visual output.

8. Cloud Deployment and Scalability: The system is
deployed on Streamlit Cloud or AWS, depending on
use-case requirements. Cloud deployment provides
scalability, faster response times, and accessibility
across devices. Docker containers or virtual
environments are used to maintain version consistency
for Python 3.9+ and all supporting libraries.
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Fig 1: Methodology Flow-chart
3. RESULTS AND ANALYSIS

The performance of VOCAL2VISUAL was
evaluated across four major components: speech
recognition accuracy, NLP preprocessing efficiency,
gloss translation quality, and animation smoothness.
Additionally, module-wise latency analysis was
conducted to assess real-time feasibility.
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System Performance Evaluation

The overall system  demonstrated  strong
performance across all functional modules. Whisper
achieved an ASR accuracy of 92%, highlighting its
robustness against accent variability and environmental
noise. NLP preprocessing achieved 88% efficiency,
ensuring reliable linguistic normalization and
meaningful token extraction. The LSTM gloss
translation model achieved 81% accuracy, which is
consistent with current benchmarks for gloss-based
frameworks in low resource linguistic settings. The
animation engine obtained an 85% smoothness score,
reflecting the effectiveness of MoviePy in maintaining
video continuity and natural transitions.
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Fig 2: Performance Metrics Graph
Latency Analysis

To evaluate real-time applicability, latency was
measured at each processing stage. ASR exhibited the
highest latency at 320 ms, primarily due to waveform
processing and model inference. The NLP module
required 110 ms, reflecting text cleaning operations.
Gloss translation achieved 250 ms, impacted mainly by
sequential decoding in the LSTM model. The
animation engine required 400 ms, representing the
most time intensive phase because of video synthesis
and frame rendering. Despite these latencies, the end-
to-end processing time remains within acceptable
ranges for semi real-time assistive applications.
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Fig 3: Latency Analysis Graph
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Comparative Interpretation
The results highlight that:

e  Speech recognition and NLP modules operate
highly efficiently, ensuring stable front-end
performance.

e Gloss translation accuracy is promising, but
can be improved with larger datasets or
transformer-based models.

e Animation  synthesis is the most
computationally demanding, indicating
potential for optimization through GPU
acceleration or lighter rendering architectures.

e Total system latency remains user acceptable,
making VOCAL2VISUAL suitable for
practical  deployment in  educational,
professional, and accessibility contexts.

Overall System Reliability

VOCAL2VISUAL demonstrates strong reliability in
delivering  accurate, meaningful, and visually
comprehensible  sign-language  animations.  The
combination of Whisper, NLP, LSTM-based gloss
translation, and MoviePy ensures a cohesive and
functionally efficient pipeline. The system is capable of
bridging communication gaps for Deaf and Hard-of
Hearing individuals while maintaining technical
stability and output clarity.

Discussion

The results demonstrate that VOCAL2VISUAL
performs effectively as an integrated speech-to-sign
translation  system.  Whisper  delivered  strong
transcription accuracy, confirming its robustness in
handling real-world speech variations. This reliability is
important because errors at the ASR stage can
negatively affect downstream gloss generation and
animation output. The NLP preprocessing module also
showed efficient performance, ensuring that the
linguistic structure of spoken text was suitably
transformed for sign-language compatibility.

Gloss translation accuracy, while slightly lower than
other modules, reflects the known challenges associated
with limited gloss datasets and the inherent complexity
of modeling sign languages. Even so, the LSTM model
performed competitively and provided meaningful
gloss predictions.

The animation engine contributed the highest latency
due to the computational demands of video synthesis.
However, the total system delay remained within
acceptable limits for semi-real-time usage.
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Overall, the analysis confirms that VOCAL2VISUAL
is a reliable and effective assistive communication tool,
with clear opportunities for further improvement in
animation speed and gloss model accuracy.

4. CONCLUSION

The study successfully demonstrates that converting
speech, text, and audio into animated sign language
significantly enhances accessibility for individuals with
hearing impairments. By integrating Automatic Speech
Recognition, Natural Language Processing, and 3D
animation techniques, the system delivers an efficient,
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