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ABSTRACT: Hand gesture recognition and speech recognition system is an innovative solution that translates hand
gestures and spoken language into readable text in real-time, facilitating seamless communication for individuals with
speech or hearing impairments. By leveraging advanced computer vision techniques, including OpenCV and Media
Pipe for hand landmark detection and tracking, and TensorFlow-based machine learning models for precise gesture
classification, the system enables effortless communication. Additionally, its integrated speech-to-text functionality
allows for the transcription of spoken words, catering to diverse user needs and preferences. With features like real-
time processing, customizable gesture mappings, and multilingual support, this system is poised to bridge the
communication gap in various settings, including personal, educational, and healthcare environments, ultimately
promoting inclusivity and enhancing the quality of life for individuals with disabilities. By providing an intuitive and
accessible means of communication, the system empowers users to express themselves more effectively, fostering
greater independence, confidence, and social interaction.
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life.

L. INTRODUCTION

Communication is a fundamental human need, yet individuals with speech or hearing impairments often face
significant barriers in expressing themselves and understanding others. These challenges can hinder their participation
in everyday activities, limit educational and professional opportunities, and contribute to social isolation.

Background and Motivation

The lack of widespread knowledge of sign language and the unavailability of real-time assistive systems can lead to
miscommunication and social exclusion. Recognizing the urgent need for accessible, inclusive, and adaptive
communication tools, this project proposes the development of a real-time gesture and speech recognition system
designed specifically for individuals with speech or hearing impairments.

System Overview

The system integrates gesture recognition and speech-to-text conversion in a single, seamless platform, leveraging
advanced computer vision, machine learning, and deep learning techniques to ensure high accuracy and responsiveness.
It detects, classifies, and converts hand gestures and spoken language into readable text in real-time, promoting
inclusive and barrier-free interaction.

Technology Stack

The system utilizes OpenCV, MediaPipe, and TensorFlow for gesture recognition, and speech-to-text engines like
Google Speech Recognition API or Vosk for speech recognition. The gesture recognition module detects and tracks
hand landmarks, while the speech recognition module captures and transcribes spoken input accurately in real-time.
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Importance of Real-Time Processing

Real-time processing is crucial for seamless and intuitive communication, providing immediate feedback and building
user confidence and trust in the system. The system is designed to emulate the instant feedback loop found in normal
face-to-face communication, ensuring smooth and uninterrupted interaction.

Conclusion

The system represents a pioneering step toward inclusive communication technology, offering both functionality and
empathy. With its user-focused design and advanced technologies, it has the potential to empower individuals with
speech or hearing impairments, promote inclusivity, and foster meaningful, barrier-free communication.

II. SYSTEM MODEL

The system model represents a dual-modality communication interface that integrates both sign language and speech
processing into a centralized web-based platform. This system is especially designed to enhance interaction for
individuals with speech or hearing impairments by converting their natural modes of communication—either hand
gestures or spoken language—into readable text. The core of the system is the web interface, which acts as the central
processing and visualization hub. It handles the input data flow from both sources, interprets it appropriately, and
displays the output as structured text. The design is modular and allows for real-time interaction, ensuring that users
receive immediate feedback from their inputs.

On the left-hand side, the system processes sign language inputs, beginning with image acquisition from a camera.
This step involves capturing real-time video frames or images that contain the user’s hand gestures. These images are
then passed to the gesture segmentation module, where image processing techniques such as background subtraction,
color thresholding, or contour detection are used to isolate the hands from the rest of the image. This segmentation is
critical because it prepares the input for accurate feature extraction. Once the hand region is segmented, the system
employs hand detection and tracking algorithms, often relying on frameworks like MediaPipe, OpenCV, or deep
learning-based object detection networks. These algorithms identify the location and orientation of the hands and track
their movements across consecutive frames. The temporal dynamics of these movements are essential for
understanding more complex signs that involve motion.

S —>|  Web Interface = — ‘ )))
Stgn Language Speech
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+
Image Aequisition Audio Ingut via
from Camera Microphone
v Text-Accumulation & . S —
Hand Gosture Interpretation Noise Frtering
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and Tracking Conversion
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Classified Gesture Text Formatting
v | ¥
D'S.?éi)t/ as Display as Text D's%;i){ as

Fig 1: System Architecture

After tracking, the extracted hand gesture data is sent to a classification module. This stage typically uses machine
learning models such as Convolutional Neural Networks (CNNs) or Recurrent Neural Networks (RNNs) trained on a
labeled dataset of sign language gestures. The model interprets the hand configuration and motion to predict the
intended sign or word. The predicted gesture is then translated into its corresponding textual representation, which is
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forwarded to the web interface. There, the interpreted text is displayed, providing a clear and readable message for the
communication recipient.

On the right-hand side, the system processes speech input using a microphone. Initially, the spoken words are captured
as raw audio signals. These signals often contain ambient noise, so the first step is noise filtering and preprocessing.
Techniques such as spectral subtraction, band-pass filtering, or deep learning-based denoising are applied to clean the
audio. The cleaned audio is then passed through a speech-to-text conversion engine, typically built using ASR models
such as Google's Speech Recognition API, CMU Sphinx, or end-to-end deep learning systems like DeepSpeech or
Whisper. These models transcribe the spoken words into raw text by identifying phonemes and reconstructing them
into words and sentences.

The raw output of speech recognition often lacks proper formatting, so it undergoes an additional text formatting step.
This may include capitalization, punctuation, sentence segmentation, and error correction, making the final output
grammatically correct and more legible. The formatted text is then displayed in the web interface alongside or
independently of the gesture-based text output, depending on the context.

At the heart of the architecture lies the text accumulation and interpretation module, which not only aggregates the
input from both sign and speech sources but also manages conflicts, ensures synchronization in a multi-user or multi-
input environment, and prepares the data for user-friendly display. This module may include semantic interpretation
layers or natural language processing tools to enhance the quality of communication. The web interface serves as the
user’s interaction portal, providing visual feedback, enabling cross-modal communication, and potentially allowing
integration with additional modules such as translation engines, voice synthesis for text-to-speech, or even chatbot-like
interaction systems. Overall, the design demonstrates a technologically integrated, user-centric approach to assistive
communication, blending computer vision, signal processing, and natural language technologies into a seamless real-
time system.

III. LITERATURE REVIEW

The development of a real-time communication system for individuals with speech or hearing impairments relies
heavily on advancements in hand gesture recognition and speech processing technologies. Several studies in recent
years have contributed significantly to this domain. One such contribution is by S. S. Iyer and S. L. Happy (2019), who
proposed a gesture recognition system leveraging Convolutional Neural Networks (CNNs), Support Vector Machines
(SVMs), and K-Nearest Neighbors (KNNs). Their findings revealed that CNNs achieved the highest accuracy of
95.6%, outperforming traditional machine learning models due to their capability to effectively learn spatial hierarchies
in image data. This demonstrates the strong potential of deep learning models like CNNs in accurately interpreting
visual inputs, a crucial requirement for translating hand gestures into meaningful text in real-time communication
systems.

Another significant advancement was made by J. Liu and Z. Wang (2018), who incorporated depth sensors along with
CNNs to improve gesture recognition performance in real-time scenarios. Their system achieved an accuracy of 92.1%
and proved to be robust against variations in lighting and background noise. The depth information provided by the
sensors helped in better isolating the hand from the background, enhancing the accuracy of gesture recognition. Y.
Chen and G. Chen (2020) expanded on this by using RGB-D images, combining RGB visual data with depth features
to feed into deep learning models. Their approach resulted in a high recognition accuracy of 96.2%, highlighting the
advantage of multi-modal data in capturing complex gestures and improving classification performance, which aligns
with our goal of creating a reliable and precise gesture recognition component in the proposed system.

In addition to spatial recognition, temporal modeling also plays a vital role in accurately interpreting dynamic hand
gestures. S. Kumar and R. Kumar (2017) presented a method using Hidden Markov Models (HMMs) and Conditional
Random Fields (CRFs) to model the sequential and contextual patterns of gestures. Their model, which achieved an
accuracy of 90.5%, demonstrated the importance of capturing temporal dependencies, especially for sign languages that
involve continuous gesture sequences. Incorporating such sequence-based modeling is particularly valuable in our
project, as it enhances the ability of the system to recognize and interpret fluid gesture transitions rather than isolated
signs.
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Lastly, the work by A. A. Abd El-Rahman and M. Abd El-Haleem (2019) showcased the effectiveness of combining
Kinect sensor data with traditional machine learning models such as SVMs and KNNs. Their system utilized skeletal
and depth features extracted from Kinect and achieved an accuracy of 91.4%, proving the practical value of integrating
hardware-based depth sensing with classification algorithms. This reinforces the potential of employing sensors and
relatively lightweight algorithms in real-time assistive technologies. Collectively, these research efforts provide a solid
foundation for our system, supporting the integration of computer vision, depth sensing, machine learning, and speech
recognition to create an inclusive and effective communication platform.

IV. RESULT AND DISCUSSION

The Real-Time Communication System for Individuals with Speech or Hearing Impairments was successfully
developed and tested, demonstrating effective real-time conversion between sign language gestures and text, as well as
speech to sign-based communication. The system's functionality was evaluated based on accuracy, responsiveness, and
user interaction.

The gesture recognition module was able to accurately interpret hand gestures representing alphabets from A to Z.
Users could form complete words or sentences by performing a sequence of hand signs within the designated input
area. The recognized characters were displayed in real-time on the web interface, offering immediate visual feedback.
Once a complete word or sentence was formed, the system converted it into speech using a text-to-speech module,
thereby allowing users with hearing impairments to communicate effectively with others.

The speech-to-sign module enabled users to input voice commands, which were processed and interpreted by the
system to generate corresponding sign representations. This functionality supports individuals with speech impairments
in understanding spoken communication, closing the loop for two-way interaction.

The system achieved high accuracy in recognizing gestures under consistent lighting conditions and with proper hand
positioning. The preprocessing pipeline significantly improved the clarity of hand gestures, leading to better model
predictions. The real-time video processing and inference were performed with minimal latency, ensuring a smooth
user experience.

Sign L.anguage to Speech to Sign language

Result is: Z

Fig 2: Hand Gesture Collection Sample

Another key observation during the development process was the importance of user-centric design. Since the system is
intended to assist individuals with speech or hearing impairments, careful attention was given to the layout,
responsiveness, and simplicity of the user interface. The real-time feedback loop—where gestures are instantly
reflected as characters and eventually converted to speech—provides users with confidence and control over their
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communication. Furthermore, incorporating speech-to-sign functionality broadens the system’s usability, enabling two-
way interaction and fostering inclusivity. This bidirectional feature makes the system valuable not only for those with
disabilities but also for teachers, interpreters, and caregivers who engage with them regularly.

In addition, the modular architecture of the system allows for easy updates and enhancements. New gestures or regional
sign language variants can be added by retraining the model on more diverse datasets. Voice commands can be
extended with language processing capabilities to support complex sentences and context-based replies. These
observations suggest that the system can evolve from a simple prototype to a comprehensive assistive communication.

7

HEARING IMPAIRMENT ASSISTANT

Sy

All Done!

Live Voice

Fig 3: Switching to Speech to Text

The implementation of the Real-Time Communication System for Individuals with Speech or Hearing Impairments
highlights the powerful intersection of artificial intelligence, computer vision, and accessible technology. The system
effectively bridges communication gaps by translating hand gestures into readable text and audible speech, and vice
versa through voice-to-sign translation. Throughout the project, it became evident that real-time responsiveness and
accuracy are crucial for user trust and usability, especially when the target users rely heavily on assistive
communication tools. The choice of a Convolutional Neural Network (CNN) for gesture recognition proved successful
due to its ability to extract spatial features from image data, even with minimal training input. However, challenges
such as varying lighting conditions, background noise, and hand shape diversity exposed the limitations of a static
model and highlighted areas for future enhancement. Additionally, while the Flask-based interface served well in a
local environment, deploying the system to cloud platforms or mobile devices would greatly increase its accessibility
and real-world usability. Overall, the project not only achieved its objectives but also laid a strong foundation for
scalable and inclusive communication solutions using Al-driven technologies.

IJIRSET©2025 | AnlISO 9001:2008 Certified Journal | 9277



http://www.ijirset.com/

Iy

ﬂ“g‘;‘ International Journal of Innovative Research of
-«E Science, Engineering and Technology (IJIRSET)

Impact
Factor

8.699

|www.ijirset.com |A Monthly, Peer Reviewed & Refereed Journal| e-ISSN: 2319-8753| p-ISSN: 2347-6710|
Volume 14, Issue 4, April 2025
|DOI: 10.15680/1JIRSET.2025.1404466|

I am Listening
I am Listening

I am Listening
You Said: hell
You Said: hell
I am Listening

Good
afternog

I am Listening
I am Listening
I am Listening
You Said: hell
I am Listening
Listening]
Listening]
Listening]
Listening
Listening

am Listening

I am Listening
You Said: good afternoon

Fig 4: Speech To Text Sample
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Fig 5: Shutting the system
V. CONCLUSION

The Real-Time Communication System for Individuals with Speech or Hearing Impairments successfully demonstrates
how artificial intelligence, computer vision, and deep learning can be integrated to create an accessible and inclusive
communication platform. By translating sign language gestures into text and speech, and vice versa, the system
facilitates effective two-way interaction between hearing and non-hearing individuals. The use of a Convolutional
Neural Network enabled accurate recognition of hand gestures, while the Flask web framework provided a lightweight
and responsive interface for real-time interaction.

The project met its primary objectives by offering a functional, user-friendly, and modular solution that can aid
individuals with communication challenges. It not only bridges the gap between sign and spoken language but also lays
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the groundwork for further innovations in the field of assistive technology. With future improvements—such as
enhanced gesture datasets, multilingual speech support, and cloud deployment—this system has the potential to be
transformed into a scalable, real-world tool that makes meaningful contributions toward digital accessibility and social
inclusion.

The success of this project also underscores the effectiveness of modular and flexible system design. By separating
concerns—such as video processing, model inference, user interface handling, and speech synthesis—the system
becomes easier to debug, maintain, and upgrade. This modularity ensures that individual components can be improved
independently without affecting the overall workflow. For example, the gesture recognition model can be retrained with
a larger, more diverse dataset, or the text-to-speech module can be upgraded to support different voices and languages.
This approach not only enhances the project’s scalability but also makes it adaptable to new use cases and user needs.
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