
International Journal of Research Publication and Reviews, Vol (6), Issue (4), April (2025), Page – 1070-1075                                       

 

International Journal of Research Publication and Reviews 

 

Journal homepage: www.ijrpr.com  ISSN 2582-7421 

 

REAL-TIME SIGN LANGUAGE TRANSLATOR: A MACHINE 

LEARNING-BASED APPROACH 

Aditi Gaure¹, Kashish Jawade², Rushika Dahake³, Achal Jamgade⁴, Megha Gobade⁵ 

¹²³⁴⁵ DEPARTMENT OF COMPUTER SCIENCE AND ENGINEERING, NAGPUR INSTITUTE OF TECHNOLOGY, NAGPUR, INDIA 
¹[aaditigaure@gmail.com], ²[Kashishjawade82@gmail.com], ³[rushikadahake629@gmail.com], ⁴[achaljamgade345@gmail.com],  

⁵[meghagobade6@gmail.com] 

ABSTRACT:-  

Creating a desktop application that employs a computer's webcam to record an individual doing American Sign Language (ASL) movements and converts them 

into corresponding text and voice instantaneously.  The sign language gesture will be translated into text and then converted into audio.  We are creating a translator 

for finger-spelling sign language.  We are employing a Convolutional Neural Network (CNN) to enable gesture detection.  A CNN is highly proficient in tackling 

computer vision problems and can accurately recognize specific characteristics with enough training.  Sign language is a communication method utilized by Deaf 

individuals to engage with hearing members of the community.  Sign language is well-known among those with hearing impairments due to its widespread use in 

their society, however it remains mostly foreign to the wider populace.  This research involves creating a sign language recognition system to enhance 

communication between persons unacquainted with sign language and those who are hearing impaired.  This project aims to translate American Sign Language 

and provides an extensive analysis of deep learning methodologies for sign language recognition.  This will aid deaf and hearing-impaired individuals by offering 

a flexible interpreting alternative when in-person interpretation is inaccessible.  The principal aim of our research is to develop an intelligent system that functions 

as a translator between those with speech impairments and those without, thereby enhancing communication effectively and efficiently. 

 
KEYWORDS:- Sign Language Recognition, Machine Learning, Deep Learning, Computer Vision, Real-Time Translation, Convolutional neural 

networks(CNN),American sign Language(ASL). 

INTRODUCTION:-  

Sign language is the primary means of communication for millions worldwide, yet many individuals do not understand it, leading to communication gaps. 

This project aims to bridge this gap by developing a real-time sign language translator using machine learning. The model captures hand gestures via a 

webcam, processes them through a trained neural network, and translates them into readable text. Very few people understand Sign language. Deaf people 

are usually deprived of normal communication most of the time. Sign language is a language that provides visual communication and allows individuals 

with hearing impairments to communicate with other normal individuals in the community. Hence, the need to develop automated systems capable of 

translating sign languages into words and sentences is becoming a necessity . And the availability of such translator is really limited, expensive and does 

not work throughout the life period of a deaf person. So, the solution is that computerized system is most relevant and suitable for translating signs 

expressed by deaf people into text and voice. The Image Processing method is used for better extraction of features from input images, that should be 

invariant to background data, translation, scale, shape, rotation, angle, coordinates, movements, etc. Also, Neural Network Model is used to recognize a 

hand gesture in an image. Deep Learning is a relatively recent approach to machine learning that involves neural networks with more than one hidden 

layer. Networks based on deep learning paradigms. American Sign Language (ASL) exhibits a natural syntax akin to that of spoken languages, while it 

encompasses unique grammatical frameworks. ASL may express the purpose of physical movements.  In Native America, individuals who are deaf or 

visually challenged consistently embody absurdity.  There is no formal or informal variation of sign language.  Various signal languages are hypothesizing 

in specific domains.  British Sign Language (BSL) is a separate language from American Sign Language (ASL), and persons in the USA familiar with 

ASL would not easily understand BSL.  Some nations integrate components of ASL into their sign languages.  Sign language is a communication method 

employed by individuals with speech and hearing disabilities.  Approximately 360 million individuals globally are impacted by hearing loss, comprising 

328 million adults and 32 million children.  Hearing loss greater than 40 dB in the superior ear is categorized as severe hearing impairment.  As a result, 

the growing population of individuals with hearing impairment has resulted in an increased demand for interpreters.  Mitigating the communication gap 

between those with hearing impairments and those without is crucial for promoting effective engagement among all parties.  Sign language translation is 

a fast evolving field of research and constitutes the most organic mode of communication for those with hearing disabilities.  A hand gesture recognition 

technology allows deaf individuals to converse with hearing individuals without the need for an interpreter.  Figure 1.1 illustrates the symbols representing 

the ASL alphabet.  
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Fig 1.1The Gesture Symbols for ASL Alphabets that will be in the training Data  

LITERATURE REVIEW:-  

Several existing systems focus on sign language recognition using sensor-based gloves, static image classification, or deep learning-based video 

processing. Previous research has demonstrated the effectiveness of Convolutional Neural Networks (CNNs) and Recurrent Neural Networks (RNNs) in 

gesture recognition. While sensor-based approaches provide high accuracy, they are often expensive and impractical for widespread use. Our approach 

focuses on real-time recognition using a webcam and deep learning models to improve accessibility and ease of use. Having a real-time sign language 

detector increases the efficiency of the community to able to in contact with people having disabilities like hearing and deaf society. People from Different 

ethnicity have their tones different which is crafted in a model. Deep Learning methods and several machine learning algorithms are used to demonstrate 

translator to translate between parties. Having to communicate between deaf people and normal public has become a difficult task now days and to 

implement a such as the society lacks a good translator for it and having an app for it in our mobile phones is like having a dream at day. It is something 

great for the deaf community or hearing aid community by providing an web application for the communication. 

1.Sign Language Translation- 

This technology is engineered to execute computer vision that converts user gestures into text instantaneously. The system consists of four main modules: 

picture acquisition, pre-processing, classification, and forecasting.  

1. By using image processing the segmentation can be done.  

2. Sign gestures are captured and processed using OpenCV python library. 

3. The captured gesture is resized, converted to grey scale image and the noise is filtered to achieve prediction with high accuracy.  

4. The classification and predication are done using convolution neural network (CNN).  

 The aim of this technique is to enable communication between those with normal hearing and those with hearing impairments, without the requirement 

for specific background colors, gloves, or sensors.  Certain systems have employed databases of '.jpg' images.  The proposed solution entails storing the 

pixel values of each image in a CSV file, hence reducing the system's memory requirements.  The predicted accuracy is improved while employing a 

CSV dataset. 

2. Sign Language Recognition System for Individuals with Auditory and Speech Disabilities Employing Image Processing 

 This study utilizes sign language identification to investigate various approaches for mitigating communication barriers by creating an enhanced assistive 

model for those who are deaf and mute.  The progression of embedded systems enables the creation and enhancement of a sign language translation 

system to assist the hearing impaired.  A variety of auxiliary tools is available.  The main goal is to create a real-time integrated system that improves 

communication for those with physical limitations. 

 3. Hand Gesture Recognition System for Individuals with Hearing Impairments - The authors presented a static hand gesture recognition system 

employing digital image processing methods.  This project aims to create a web-based application that employs computer vision and artificial intelligence 

to translate sign language into text or speech in real-time using a webcam by detecting hand movements.  It will enhance communication between deaf 

or mute individuals and those unacquainted with sign language.   The subsequent output illustrates the letter A. 
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Fig 1.2 Displaying an image of Alphabet letter A. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

GOAL OBJECTIVE :- 

The global objective of the proposed research on “sign language translator using deep learning “is to develop an advanced system capable of accurately 

translating textual information into sign language gestures in real time. This system aims to bridge communication gaps between individuals who primarily 

use text-based communication gaps and those who rely on sign language, particularly benefiting the deaf and hard of hearing community. Through the 

integration of cutting-edge machine learning techniques, the research seeks to achieve the following overarching goals. 

• Enhance Accessibility: By enabling seamless translation of sign language, the system aims to improve accessibility to information and 

communication for individuals with hearing impairments. It strives to empower users by providing them with equal access to digital content 

and communication platforms. 

• Foster Inclusivity: The development of a robust sign language Translation system promotes inclusivity by facilitating effective communication 

and interaction between individuals from diverse linguistic backgrounds. By breaking down communication barriers, the system promotes 

understanding and empathy. And inclusivity in both online and offline environments.  

• Ensure Accuracy and Efficiency: The research aims to design and implement a high-precision recognition system that accurately translates 

inputs into corresponding sign language gestures. Through rigorous training, optimization, and evaluation processes, the system endeavors to 

achieve a high level of accuracy and efficiency in real-time translation, minimizing errors and enhancing user experience. 

• Adaptability and Scalability: The system aims to be adaptable and scalable, capable of accommodating various languages, dialects, and sign 

language systems. By leveraging the capabilities of deep learning techniques, it seeks to continuously improve its performance through 

iterative learning and adaptation to evolving linguistic patterns and user needs.  

• Promote Technological Innovation: By exploring the intersection of natural language processing, machine learning, and sign language 

recognition, the research aims to drive technological innovation in the field of accessibility and assistive technology. It seeks to inspire further 

research and development efforts aimed at harnessing the potential of AI-driven solutions to address societal challenges and promote social 

inclusion. 

 

Overall, the global objective of the research is to contribute to the advancement of technology-driven solutions that empower individuals with hearing 

impairments, promote inclusive communication environments, and foster greater accessibility and inclusivity in society. Through interdisciplinary 

collaboration and innovative methodologies, the research aims to make meaningful contributions towards building a more inclusive and equitable world 

for all. 

METHODOLOGY:- 

The methodology section outlines the plan and method that how the study is conducted. This includes Universe of the study, sample of the study, Data 

and Sources of Data, study’s variables and analytical framework. The details are as follows; 

The methodology for implementing Text to Sign Language using deep learning (Convolutional Neural Network) in machine learning involves several 

key steps. Initially, a diverse dataset comprising textual input and corresponding sign language gestures is collected and annotated with accurate 

alignments. This dataset undergoes preprocessing to handle linguistic variations, including tokenization and augmentation to encompass various sign 

languages and dialects. 
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1. Data Collection and Preprocessing 

• A dataset of sign language gestures is utilized for training. 

• Images are preprocessed using resizing, normalization, and augmentation to enhance model performance. 

2. Model Selection and Training 

• A Convolutional Neural Network (CNN) is trained for image classification. 

• The model is optimized using categorical cross-entropy loss and Adam optimizer. 

• The dataset is split into training and testing sets for evaluation. 

3. Real-Time Implementation 

• The trained model is integrated with OpenCV for real-time webcam-based gesture detection. 

• Predictions are displayed as text output, enabling seamless communication. 

How It Will Work- 

1.User Opens the Web Application 

• A simple UI with a webcam feed will be displayed. 

2.Real-Time Gesture Recognition 

• The webcam captures the user's hand movements. 

• The model detects hand landmarks and maps them to a predefined dataset of sign language gestures. 

3.AI-Based Translation to Text & Speech- 

• The recognized gesture is converted to text using a trained machine learning model. 

4.Displaying Output- 

• The translated word/sentence is displayed on-screen. 

• If speech output is enabled, the system will speak the translated word. 

TECHNOLOGY:- 

• Frontend technologies are HTML, CSS, JavaScript , React.js, Flask/FastAPI. 

• Backend technologies are OpenCV that is For image capture and preprocessing And MediaPipe. 

FLOWCHART:- 
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EXPERIMENTAL SETUP/ IMPLEMENTATION :- 

This model is  aims to create a web-based application that uses computer vision and AI to translate sign language into text or speech in real-time using 

a webcam. It will help bridge communication gaps between deaf/mute individuals and those who don’t know sign language. There are certain hardware 

and software technologies used to train the model like Cameras and Sensors are To capture sign language gestures, cameras and/or sensors can be used. 

These devices capture the movements and expressions of the signer, which are then processed by software. Computer Vision is a vision   techniques can 

be used to analyze the video or sensor data captured from the signer. This can include gesture recognition, facial expression analysis, and body pose 

estimation. Machine Learning: Machine learning models, such as deep learning models, can be trained to recognize sign language gestures and translate 

them into text or spoken language. These models require a large amount of annotated data for training. Natural Language Processing (NLP) is  techniques 

can be used to process the translated text and generate coherent sentences or responses. This can include tasks such as language translation, text 

summarization, and sentiment analysis. Gesture Recognition Software: Specialized software can be used to recognize and interpret sign language gestures. 

This software may use a combination of computer vision, machine learning, and NLP techniques. User Interfaces is used to translated text or spoken 

language can be displayed to the user through a graphical user interface (GUI) or a speech synthesis system. This allows the user to interact with the 

system and receive feedback in real-time.   

RESULT AND DISCUSSION :- 

The development of a sign language translation system using deep learning (Convultional Neural Network) represents a significant step towards enhancing 

accessibility and inclusivity for individuals who are deaf or hard of hearing. By leveraging advanced natural language processing techniques, this research 

has demonstrated the feasibility of accurately translating textual information into sign language gestures in real-time. Through rigorous training and fine-

tuning of machine learning models, we have achieved promising results in terms of accuracy and efficiency in text to sign language translation. The 

integration of CNN models has enabled the system to capture linguistic nuances and variations, facilitating more natural and comprehensible sign language 

output. Moving forward, continued research and development efforts are essential to further improve the performance and usability of the system. 

Collaboration with stakeholders from the deaf and hard of hearing community will be crucial in ensuring that the system meets their needs and preferences 

effectively. Furthermore, ongoing advancements in machine learning techniques and sign language research present opportunities for continual refinement 

and innovation in this field. By staying abreast of these developments and embracing interdisciplinary collaboration, we can continue to push the 

boundaries of accessibility and inclusivity through technology-driven solutions. 

• The model achieves high accuracy in recognizing hand gestures. 

• Real-time performance is efficient with minimal latency. 

• The system's effectiveness is evaluated through user testing and accuracy metrics. Below is the image showing the digital representation of 

this model.  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1.3 Digital Representation of Real Time Sign Translator 

CONCLUSION AND FUTURE WORK:- 

The real-time sign language translator successfully interprets sign gestures into text, facilitating communication for the hearing and speech impaired. 

Future work includes expanding the dataset, improving model accuracy, and integrating speech synthesis for spoken output. Expand to multiple sign 

languages (e.g., ASL, Indian Sign Language).Add sentence prediction for better communication flow.  Build a mobile app version for wider usability. 

In conclusion, the development of a Real-Time Sign Language Translator using machine learning and computer vision is a significant step towards 

enhancing communication for the hearing-impaired community. By leveraging advanced techniques like gesture recognition and AI-powered models, 

this project offers a practical solution to bridge the communication gap between the hearing and non-hearing-impaired individuals. While challenges such 

as gesture variability and lighting conditions may arise, these can be mitigated with strategies like data augmentation and model tuning. The system not 
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only empowers the hearing-impaired individuals to communicate more effectively but also promotes inclusivity and accessibility in society. With further 

improvements and future enhancements, such as text-to-speech integration, this project has the potential to make a meaningful impact and be expanded 

for real-world applications. 
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