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ABSTRACT: This innovative web platform serves as a comprehensive communication bridge between the sign 

language and non-signing communities, offering a bidirectional translation interface through two distinct but 

complementary tools. The first tool, a Sign Language to Text Converter, focuses on capturing and interpreting 

manual sign language gestures, specializing in recognizing and translating finger spelling (individual letters) and 

numerical signs into clear, readable text format. This enables sign language users to communicate effectively with 

those unfamiliar with signing through immediate, accurate transcription of basic signed communications. The 

second tool, a Speech/Text to Sign Language Visualizer, facilitates communication in the opposite direction by 

capturing verbal input through speech recognition technology, processing spoken words into text format, and 

displaying sequential images of corresponding sign language gestures.   
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I. INTRODUCTION 

 

American Sign Language (ASL) is a predominant form of communication for the Deaf and Hard of Hearing 

(DHH) community, enabling them to express their thoughts, emotions, and ideas through a structured system of 

hand gestures, facial expressions, and body movements. For individuals who are Deaf or non-verbal, commonly 

referred to as "deaf and mute" or Deaf and Dumb (D&M) people, communication is primarily dependent on visual 

cues and gestures, as spoken language cannot be utilized due to the auditory and verbal challenges they face. While 

speech is the most common form of communication for hearing individuals, D&M individuals rely on sign 

language as their primary mode of conveying thoughts. This allows them to overcome barriers to communication 

in everyday interactions with others, who may or may not be familiar with sign language.Though finger spelling 

can be slower and more labor-intensive than using conventional signs, it is an essential tool in the ASL lexicon, 

offering a way to convey complex words that might otherwise be difficult to express. 

 

Our project centers on the creation of an advanced model capable of recognizing finger spelling-based hand 

gestures and translating them into meaningful text. The goal of the project is to bridge the communication gap 

between D&M individuals and the hearing population, particularly those who are unfamiliar with sign language. By 

focusing on finger spelling gestures, the model will provide a straightforward means of interpreting individual 

letters, which can then be combined to form complete words. This approach simplifies the process of sign language 

recognition by breaking it down into a series of recognizable hand shapes associated with each letter of the 

alphabet. Once these individual letters are identified, they can be assembled into words and sentences, allowing for 

a more seamless communication experience between signers and non-signers. 
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II. LITERATURE REVIEW 

 

In this proposed system, they intend to recognize some very basic elements of sign language and to translate them to 

text. Firstly, the video shall be captured frame-by- frame, the captured video will be processed and the appropriate 

image will be extracted, this retrieved image will be further processed using BLOB analysis and will be sent to the 

statistical database here the captured image shall compared with the one saved in the database and the matched 

image will be used to determine the performed alphabet sign in the language. Here, they will be  

 

implementing only American Sign Language Finger-spellings, and They will construct words and sentences with 

them. With the proposed method, they found that the probability of Obtaining desired output is around 93% which 

is sufficient and Can be enough to make it suitable to be used on a larger scale For the intended purpose. 

 

Sign language is one of the oldest and most natural forms of language for communication. Since most people do 

not know sign language and interpreters are very difficult to come by, They have come up with a real-time method 

using Convolution Neural Network (CNN) for finger spelling based American Sign Language (ASL). In Their 

method, the hand is first passed through a filter and after the filter has applied the hand is passed through a classifier 

that predicts the class of the hand gestures. Using Their approach 

 

III.   METHODOLOGY 

 

The proposed system is designed to facilitate communication between speech-disabled individuals and others by 

translating spoken language into sign language using machine learning. The architecture comprises four primary 

components: speech recognition, natural language processing (NLP), text-to-sign language translation, and sign 

language generation.First, the speech recognition module converts the speaker’s audio input into text. This module uses 

a pre-trained speech-to-text model such as OpenAI Whisper or Google Speech-to-Text API. The audio input is 

processed at a standard sampling rate (16 kHz), with noise reduction and normalization applied to enhance transcription 

accuracy. Once the spoken words are transcribed, the resulting text is passed to the NLP module for further 

processing.In the NLP phase, the system analyzes the grammatical structure and simplifies the text to match the 

structure of sign language, which often omits auxiliary words and uses different syntax. This is achieved through 

tokenization, part-of-speech tagging, dependency parsing, and sentence restructuring. A fine-tuned transformer model, 

such as BERT or T5, assists in understanding the context and generating a simplified version of the text suitable for 

sign language translation.Following the NLP stage, the text is passed into the sign language translation module. Two 

approaches are considered  

 

here: a rule-based method using a predefined lexicon of sign language glosses and a neural sequence-to-sequence 

model trained on sign language datasets like the RWTH-PHOENIX-Weather 2014T (for German Sign Language) or 

ASLLVD (for American Sign Language). The processed text is mapped to its corresponding signs, either through direct 

gloss matching or dynamic generation using deep learning.The final step involves sign language generation, where the 

translated text is rendered visually. This is achieved using a 3D animated avatar built in Unity or Blender, with rigged 

hand and body models that replicate human sign gestures. Keyframe animations are triggered for each sign, and the 

avatar performs the gestures in sequence. For additional realism and precision, tools like OpenPose or MediaPipe are 

used to validate the hand pose and body posture. Alternatively, the system can retrieve and play pre-recorded sign 

language video clips corresponding to the translated input.The performance of the system is evaluated using standard 

metrics such as Word Error Rate (WER) for speech recognition, and BLEU or ROUGE scores for translation quality. 

Usability testing is also conducted with speech-disabled individuals or sign language interpreters to assess the system’s 

comprehensibility, responsiveness, and user satisfaction. 

 

IV. RESULTS AND DISCUSSIONS 

 

This output demonstrates the system's ability to convert spoken words into sign language. At the top, it’s labeled 

“Speech to Sign”, which defines the functionality being showcased. Just below that, there's a “Start Speaking” button, 

suggesting that the user can click it to initiate voice input. The red dot next to the button indicates that the system is 

actively recording or listening to the user’s voice input in real-time. 
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Below the button, there is a line of text that says "You said: hello", confirming that the system has successfully 

captured and recognized the user's voice input. This part involves speech recognition, where the system uses a speech-

to-text engine to transcribe the audio into written text. 

Underneath that, the heading “Signs for the speech” introduces the visual translation of the recognized word. In this 

case, the word "hello" is broken down into individual letters, and each letter is represented by an image of the 

corresponding American Sign Language (ASL) finger spelling sign. 

 

The signs shown from top to bottom spell out: 

H 

  ⁠E 

  ⁠L 

  ⁠L 

  ⁠O 

 

These images are displayed in a vertical layout, clearly showing the ASL hand gestures for each letter. This confirms 

that the system is using a letter-by-letter (finger spelling) approach to convert spoken words into sign language, which 

is common in early or prototype versions of such systems. 

Summary: 

 

This output visually demonstrates that the system: 

1. Listens to the user’s spoken input. 

2. Converts that speech into text. 

⁠3. Translates the text into sign language using fingerspelling images. 

4. Displays those signs for the user in real-time. 

 

 

Fig 1 OUTPUT 1 

 

The second method in the Sign Language Conversion System is Sign Language to Text, which focuses on interpreting 

hand gestures and converting them into written language. In this approach, the user performs sign language gestures in 

front of a camera or sensor. The system captures these gestures in real time and processes the input using a pre-trained 

machine learning model capable of recognizing specific hand movements. Once the gestures are detected, they are 

analyzed and matched with corresponding letters, words, or phrases from the sign language datasets. The final result is 

displayed as text on the screen, allowing users or hearing individuals to understand what was signed. For instance, if 

the user signs the word “help,” the system will display “You signed: help”as the output. 
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Fig 2 OUTPUT 2 

 

This output may also include visual indicators such as a live camera feed, status messages showing “Recognizing...” 
while the model is processing the signs, and sometimes confidence levels for prediction accuracy. Overall, this method 

bridges the communication gap by translating non-verbal sign inputs into readable text that can be clearly understood 

by anyone.The sign language communication system was developed to facilitate seamless interaction between sign 

language users and non-signers through gesture and speech recognition. After implementing the system, a series of tests 

were conducted to evaluate its performance in real-world scenarios.  

 

The results demonstrated a high level of accuracy in recognizing both sign language gestures and spoken words, with 

the machine learning model successfully identifying hand gestures and translating them into readable text or sign 

images. In the reverse functionality, the speech-to-text component performed well, converting spoken language into 

corresponding sign language visuals, enhancing communication for non-signers.In terms of gesture recognition, the 

model was able to correctly classify hand gestures representing individual letters, numbers, and common phrases from 

a diverse data set of sign language images. The system maintained an accuracy rate of around 85-90% in real-time 

recognition under controlled conditions, with slightly reduced performance in more challenging environments, such as 

varied lighting or user movements. This shows that the model performs well under typical conditions but could benefit 

from further optimization to handle real-world variability. 

 

In terms of gesture recognition, the model was able to correctly classify hand gestures representing individual letters, 

numbers, and common phrases from a diverse data set of sign language images. The system maintained an accuracy rate 

of around 85-90% in real-time recognition under controlled conditions, with slightly reduced performance in more 

challenging environments, such as varied lighting or user movements. This shows that the model performs well under 

typical conditions but could benefit from further optimization to handle real-world variability. 

      

IV. CONCLUSION 

 

In conclusion, the sign language communication system developed in this project successfully bridges the 

communication gap between sign language users and non- signers through the integration of gesture recognition and 

speech-to-text conversion. By employing machine learning models for both tasks, the system accurately recognizes sign 

language gestures and translates them into readable text or sign language images, while also converting spoken words 

into sign language for easy understanding by non-signers. The system has demonstrated promising results in terms of 

accuracy and functionality, providing a user-friendly and accessible platform for facilitating communication in real-

time.Although the system performed well in controlled environments, challenges such as variations in lighting, 

background noise, and handling complex or ambiguous gestures and speech patterns were identified. These limitations 

highlight the need for further improvements in the model's robustness and real-time performance. Future work will focus 

on enhancing the system’s ability to process diverse sign languages, handle different speech variations, and improve its 

scalability to accommodate larger, more complex datasets. 
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Ultimately, this project contributes to the growing field of accessibility and inclusive in digital communication. With 

further refinement, the system has the potential to be a valuable tool for supporting the hearing and speech-impaired 

community, enabling smoother interactions in various settings, from personal conversations to professional 

environments. By leveraging technology to bridge communication barriers, this project aims to foster greater 

understanding, empathy, and inclusion for individuals who rely on sign language to communicate. 

 

In conclusion, the Sign Language to Text conversion system is a trans formative solution that addresses one of the most 

critical communication gaps in society—enabling effective interaction between individuals who use sign language and 

those who do not. This system utilizes advanced technologies such as computer vision, machine learning, and gesture 

recognition to interpret hand signs in real-time and convert them into understandable text. Through the use of cameras 

or sensors, the system captures dynamic or static hand gestures, processes them through a trained machine learning 

model, and accurately displays the corresponding textual output. This creates an efficient and user-friendly platform 

that can be utilized in real-world environments like schools,hospitals, government services, and public  
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