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Abstract: The Al-Based Sign Language Recognition and Translation System is a computer vision-based application designed to facilitate
communication between individuals with hearing and speech impairments and people who do not understand sign language. The system captures
hand gestures through a webcam and uses OpenCV and MediaPipe to extract hand landmarks for gesture recognition. A machine learning
model processes the extracted features to identify corresponding English alphabet signs and display the recognized letters as text through a
Streamlit-based user interface. The system supports both single-hand and two-hand gesture recognition based on the trained datasets. Text-
to-speech technology is used to convert recognized text into audible speech, while speech recognition enables spoken input to be converted
into text for reverse communication. The system also incorporates multilingual translation and an Emergency Mode to support
communication in different situations. Python serves as the primary programming language, while OpenCV, MediaPipe, NumPy, and Joblib
support image processing, landmark extraction, and model prediction. The proposed system aims to reduce communication barriers and provide
an accessible platform for sign language-based interaction. However, recognition performance depends on lighting conditions, camera quality,
hand positioning, and variations in gestures. Further testing with diverse users and real-world conditions is required to evaluate the system's
generalization and reliability.
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I. INTRODUCTION

Communication is an essential part of everyday life, enabling individuals to express their thoughts, needs, and emotions.
However, deaf and mute individuals often face communication challenges when interacting with people who do not understand
sign language. These barriers can affect daily activities, education, healthcare, and social interactions. Traditional
communication methods may require the assistance of sign language interpreters, who may not always be available. Therefore,
an intelligent system that can recognize sign language gestures and convert them into understandable text and speech can help
improve communication accessibility.

The proposed Al-Based Sign Language Recognition and Translation System is a computer vision-based application
developed using Python, OpenCV, and MediaPipe to recognize hand gestures in real time. The system captures webcam frames,
detects hand landmarks, and uses a trained machine learning model to classify gestures into letters and words. Generative Al
processes the recognized words into meaningful sentences, while multilingual translation, text-to-speech, and speech
recognition support communication in both directions. Previous research has explored deep learning approaches to sign language
processing [2], while transformer-based approaches integrate sign language recognition and translation [8].

The main objective of the system is to reduce communication barriers for individuals with hearing and speech
impairments. It combines gesture recognition, sentence generation, translation, and speech processing through a Streamlit-
based interface. An Emergency Mode supports urgent communication by detecting HELP or SOS gestures, obtaining the user's
location, sending alerts to predefined contacts through WhatsApp, SMS, or Email, and activating a siren.

Furthermore, the system supports more inclusive communication by combining computer vision and artificial
intelligence with speech technologies. The gesture recognition module identifies hand movements, while Generative Al
processes recognized words to form meaningful sentences. Multilingual translation helps users communicate across selected
languages, and reverse speech-to-text functionality allows hearing individuals to communicate with sign language users through
text. However, the reliability of the system depends on factors such as lighting conditions, camera quality, hand positioning,
variations in gestures, and the availability of external Al and communication services. Further testing with diverse users and
real-world conditions is necessary to evaluate its performance and usability. This approach provides a foundation for
developing accessible communication tools that promote independence, inclusivity, and safety for individuals with hearing and
speech impairments.
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I1. MATERIALS AND METHODS
The proposed system follows a sequence of steps, beginning with webcam-based gesture capture and ending with
text, speech, or translated output.

Gesture Capture:
The webcam captures the user's hand gestures in real time. The video frames serve as input for detecting and
recognizing sign language gestures.

Image Processing and Landmark Extraction:
OpenCV processes the captured video frames, while MediaPipe detects the hands and extracts their landmark
coordinates. These landmarks represent hand structure and provide features for gesture classification.

Gesture Recognition:

The extracted landmark features are passed to a trained machine learning model to identify the corresponding sign
language letters or words. The recognition process supports single-hand and two-hand gestures represented in the training
dataset.

Sentence Generation:
The recognized words are processed using Generative Al to generate meaningful and grammatically correct sentences.
This helps convert individual recognized signs into more understandable text.

Translation and Speech Processing:
The generated text can be translated into selected languages. Text-to-speech technology converts the text into audible
speech, while speech recognition converts spoken input into text for reverse communication.

Emergency Assistance:

The system includes an Emergency Mode to support urgent communication. When an emergency is triggered through
the supported gesture or interface, the system can obtain the user's location, send alerts to predefined contacts through
configured communication channels, activate a siren, and display an emergency notification.

Output Display:
The generated sentences, translated text, and available speech outputs are presented through the Streamlit interface,
allowing users to access the system's communication features.

Materials and Technologies Used

The proposed system is developed using Python and Streamlit to provide an interactive interface for sign language
recognition and translation. OpenCV and MediaPipe support video processing and hand landmark extraction, while a trained
machine learning model classifies gestures. Generative Al supports sentence generation and multilingual translation. gTTS
provides text-to-speech functionality, and SpeechRecognition supports reverse communication. Additional modules manage
emergency contacts, location information, notifications, and siren activation.

Methodology

1. Input Collection: The webcam captures hand gestures, while a microphone supports spoken input for reverse
communication.

2. Image Processing: OpenCV processes video frames, and MediaPipe detects hands and extracts landmark coordinates.

3. Gesture Classification: The extracted features are passed to the trained machine learning model to recognize the

corresponding sign language gestures.

Sentence Generation: Recognized letters and words are processed using Generative Al to generate meaningful sentences.

Translation and Speech Output: The generated text is translated into a selected language when required and converted into

speech using text-to-speech technology.

6. Reverse Communication: Speech recognition converts spoken input into text, supporting communication between sign
language users and other individuals.

7. Emergency Management: The system supports emergency alerts, location sharing, and siren activation through its
configured emergency features.

8. Output Display: The final text, translated content, speech output, and emergency notifications are presented through the
Streamlit interface.

S

I1l. SYSTEM ARCHITECTURE
The proposed system consists of a gesture input module, image processing module, gesture recognition module,
sentence generation module, translation and speech processing module, emergency assistance module, and output interface.
The input module captures hand gestures through a webcam, while OpenCV and MediaPipe process video frames and
extract hand landmark coordinates. The gesture recognition module uses a trained machine learning model to classify the
detected gestures into corresponding letters or words. The Generative Al module converts recognized words into meaningful
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and grammatically correct sentences. The translation and speech processing module supports multilingual translation, text-to-
speech conversion, and speech recognition for reverse communication. The emergency assistance module supports emergency
alerts, location sharing, and siren activation through configured services. Finally, the Streamlit interface displays recognized
text, generated sentences, translated content, and emergency notifications, providing an integrated platform for accessible
communication.
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Fig.1 System Architecture of Al-Based Sign Language Recognition and Translation System

IV. RESULT AND DISCUSSION

The Al-Based Sign Language Recognition and Translation System is designed to improve communication between
individuals with hearing and speech impairments and people who do not understand sign language. The system uses Artificial
Intelligence (Al), computer vision, and machine learning to recognize hand gestures and convert them into meaningful text and
speech.

The system captures hand gestures through a webcam and processes the video frames using OpenCV and MediaPipe
to detect hands and extract landmark coordinates. A trained machine learning model classifies the gestures into corresponding
letters or words. The recognized words are then processed using Generative Al to generate meaningful and grammatically
correct sentences. The system also supports multilingual translation, text-to-speech conversion, and speech recognition for
reverse communication.

The system integrates gesture recognition, sentence generation, translation, and speech processing into a single
workflow through a Streamlit-based interface. In addition, the Emergency Mode supports urgent communication by detecting
supported HELP or SOS gestures or interface activation, obtaining the user's location, sending alerts to predefined contacts
through configured Wha tsApp, SMS, or Email services, and activating a siren. These features aim to improve accessibility,
support inclusive communication, and enhance user safety.

However, variations in hand positioning, lighting conditions, camera quality, and gestures may affect recognition
results. Sentence generation and emergency notifications may also depend on the availability of external Al and communication
services. Therefore, further testing under diverse real-world conditions is necessary to evaluate the system's reliability,
usability, and effectiveness.
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Fig. 2. Real-Time Sign Language Gesture Recognition

The figure 2 illustrates the real-time gesture recognition interface of the proposed system. The webcam captures the
user's hand gestures, while MediaPipe detects and tracks hand landmarks. The trained machine learning model predicts the
corresponding sign, displaying the detected letter and recognition confidence on the interface. The current word can be built
by adding recognized letters and spaces, enabling users to convert sign gestures into text.
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Fig. 3. Al-Based Sentence Generation and Multilingual Translation

The figure 3 illustrates the sentence generation and translation module of the proposed system. The recognized words
are displayed as a completed sentence, which is processed using Generative Al to generate a meaningful and grammatically
correct sentence. The system supports multiple output languages, such as English and Kannada, and displays the translated
text. The text-to-speech feature enables users to listen to the generated or translated sentence, facilitating accessible and
multilingual communication.
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Fig. 4. Speech Recognition and Multilingual Translation

The figure 4 illustrates the speech-to-text and translation module of the proposed system. The user selects the spoken
language and the target translation language, then records their voice. The system converts the recorded speech into text and
displays the recognized sentence. The recognized text is then translated into the selected language, such as Hindi, supporting
reverse communication and enabling users to communicate across different languages.
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Fig. 5. Emergency Assistance Module

The figure 5 illustrates the Emergency Mode of the proposed system, which allows users to select an emergency
condition such as Help, Danger, Robbery, Medical, Fire, Accident, Lost, Family, or Other. Based on the selected condition,
the system uses Generative Al to prepare an SOS message and sends it to saved family members along with the user's location
through configured communication services. This module aims to facilitate rapid emergency communication and improve user
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Fig. 6. Emergency Contact Management and SOS Alert System

The figure 6 illustrates the emergency assistance workflow of the proposed system. Users can manage emergency
contacts and capture their current browser location, which can be shared through a Google Maps link. When an emergency is
triggered, the system displays a countdown and generates an SOS message using Generative Al. After activation, the
emergency message and location details are sent to the saved contacts through the configured communication service, such as
WhatsApp. This feature enables faster sharing of emergency information and supports timely assistance during critical

situations.
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The figure 7 shows the location-tracking feature of the proposed system using Google Maps. After the emergency
mode is activated, the system captures the user's current browser location and generates a map link indicating the location
coordinates. This location information can be shared with predefined emergency contacts along with the SOS message, helping
them identify the user's approximate location and provide timely assistance.

VV.CONCLUSION

The proposed Al-Based Sign Language Recognition and Translation System provides an integrated approach to
recognizing hand gestures and converting them into meaningful text and speech using computer vision, machine learning, and
Generative Al. By combining OpenCV, MediaPipe, gesture classification, sentence generation, and multilingual translation,
the system supports communication between individuals with hearing and speech impairments and others. The integration of
text-to-speech and speech recognition enables communication in both directions. Additionally, the Emergency Mode supports
urgent communication by generating SOS messages, sharing location details with predefined contacts, and activating alerts
through configured services. The Streamlit interface provides convenient access to these features within a single platform.
However, the system's effectiveness depends on gesture recognition quality, environmental conditions, and the availability of
external Al and communication services. Future improvements may focus on enhancing recognition reliability, expanding
gesture vocabulary, improving sentence generation and translation, and conducting further testing under diverse real-world
conditions.
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