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Abstract: Communication between individuals who use sign language and those unfamiliar with it can be challenging, 

particularly in everyday interactions. This paper presents an AI-powered sign language recognition system designed to 

convert hand gestures into text and speech in Kannada, Hindi, and Tamil. The proposed system uses a webcam to capture 

static hand gestures and MediaPipe to detect hand landmarks and extract spatial features. A Multilayer Perceptron (MLP) 

model classifies the extracted features into supported sign characters. The recognized characters are then combined to 

form words and sentences using language-specific text composition rules. Large Language Model (LLM) based text 

refinement is incorporated to improve the grammatical correctness and readability of the generated text. The refined text 

is displayed through a user interface and converted into speech using a Text-to-Speech (TTS) module. The proposed 

system demonstrates the potential of computer vision, machine learning, and natural language processing in supporting 

multilingual assistive communication and improving accessibility for sign language users. 
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I. INTRODUCTION 

 

Communication is essential for everyday interaction. However, communication barriers can arise when sign language 

users interact with people who are unfamiliar with sign language. Technology-based sign recognition systems can help 

reduce these barriers by converting recognized gestures into text and speech. 

 

This paper presents an AI-powered multilingual sign language detection system designed to recognize supported static 

hand gestures and convert them into text and speech in Kannada, Hindi, and Tamil. The system uses a webcam to capture 

hand gestures, MediaPipe to detect hand landmarks, and a Multilayer Perceptron (MLP) model to classify the extracted 

hand features. 

 

The recognized characters are processed sequentially and combined into words and sentences using language-specific 

text composition rules. Large Language Model (LLM)-based text refinement is used to improve the readability and 

grammatical correctness of the generated text. A Text-to-Speech (TTS) module converts the refined text into spoken 

output. The system also provides a user interface for displaying recognized text and interacting with the recognition 

process. 

 

Unlike systems designed to translate continuous sign-language movements, the proposed system focuses on static 

fingerspelling, in which individual characters are recognized and combined to construct words and sentences. This work 

explores the application of computer vision, machine learning, and natural language processing to support multilingual 

assistive communication. 

 

II. RELATED WORK 

 

Previous studies have explored different approaches to sign language recognition using computer vision and machine 

learning. MediaPipe-based methods have gained attention because they extract hand landmarks from webcam images, 

allowing gesture recognition using numerical features rather than processing every image directly. Varanasi et al. [1] 

investigated isolated Indian Sign Language recognition using MediaPipe landmarks, highlighting the use of landmark-

based representations for gesture analysis. 
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Machine learning classifiers have also been explored for recognizing static hand gestures. Researchers have combined 

MediaPipe landmark extraction with classification techniques to identify individual signs and convert them into text [2]. 

Such approaches are relevant to fingerspelling systems, where each hand gesture represents a character that can be 

recognized independently. Other research has investigated the combination of three-dimensional hand geometry and a 

Multilayer Perceptron (MLP) with MediaPipe-based hand skeleton detection for real-time American Sign Language 

recognition [3]. 

 

Several studies have extended gesture recognition systems to produce speech output. Vision-based gesture-to-speech 

approaches demonstrate how recognized gestures can be converted into text and subsequently spoken using text-to-

speech technologies [4]. Recent research has also explored Large Language Model (LLM)-based natural language 

generation in sign language-to-speech systems, highlighting the potential of language models to improve the naturalness 

of generated communication [5]. 

 

Although these studies demonstrate progress in gesture recognition and assistive communication, challenges remain in 

multilingual character recognition, accurate character composition, text refinement, and integration of speech output. 

The proposed system addresses these aspects by combining MediaPipe-based hand-landmark extraction, MLP-based 

static character classification, language-specific text composition, LLM-based text refinement, and text-to-speech output 

for Kannada, Hindi, and Tamil. Unlike continuous sign language translation approaches, the proposed system focuses 

on recognizing individual static hand gestures and combining the recognized characters into words and sentences. 

 

III. PROPOSED METHOD 

 

The proposed system follows a sequence of processing stages to recognize static hand gestures and convert them into 

text and speech. The main stages are webcam input, hand landmark extraction, gesture classification, text composition, 

text refinement, and speech generation. 

 

A. Image Acquisition 

The webcam captures the user's hand gestures in real time. The captured frames are processed by the application and 

supplied to the hand detection component for further analysis. 

 

B. Hand Landmark Detection and Feature Extraction 

MediaPipe detects the hand and identifies its landmark points, including the wrist, finger joints, and fingertips. The 

landmark coordinates represent the spatial configuration of the hand and provide numerical features for gesture 

classification. 

 

C. Gesture Classification 

The extracted hand features are passed to a trained Multilayer Perceptron (MLP) model. The model predicts the 

corresponding character from the supported gesture classes. This process is repeated as the user presents successive hand 

gestures. 

 

D. Text Composition and Refinement 

The predicted characters are passed to the text composition component, which combines them sequentially into words 

and sentences according to language-specific rules. Text-processing and dictionary-based spelling-correction techniques 

are then applied to help identify and correct spelling errors in the generated text. 

 

E. Speech Generation  

The final text is displayed in the application interface and passed to the implemented Text-to-Speech (TTS) component. 

The TTS component generates spoken output from the recognized text, providing an additional communication channel. 
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Fig. 1. System Architecture 

 

IV. IMPLEMENTATION AND RESULTS 

 

The proposed system converts static hand gestures into text and speech in Kannada, Hindi, and Tamil. A webcam 

captures the hand gestures, and MediaPipe detects hand landmarks. A trained Multilayer Perceptron (MLP) model uses 

the extracted features to recognize individual characters. The recognized characters are combined into words and 

sentences using language-specific text composition rules. 

 

The generated text is displayed on the user interface and refined using Large Language Model (LLM)-based text 

processing to improve readability and grammatical correctness. The refined text is converted into spoken output using a 

Text-to-Speech (TTS) module. The interface also allows users to select a language, add recognized characters, and clear 

the generated text. 

 

A. Testing and Evaluation 

 

ID Test Case Expected Outcome Actual Outcome Result 

 

1 Camera  

Initialization 

Webcam initializes successfully Webcam feed is displayed 

successfully 

Pass 

2 Real-Time Frame          

Capture 

Live video frames are captured 

 

Hand gestures are captured 

through the webcam 

Pass 

3 Hand Landmark 

Detection 

MediaPipe detects hand landmarks Hand landmarks are 

detected when the hand is 

visible 

Pass 

4 Gesture 

Classification 

MLP model predicts the 

corresponding character 

Predicted characters are 

displayed for supported 

gestures 

Pass 
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5 Character 

Composition 

 

Characters are combined to form 

words and sentences 

Characters are combined 

using language-specific 

rules 

Pass 

6 Text Refinement 

 

Generated text is refined for 

readability and grammatical 

correctness   

Refined text is displayed 

when processing is 

successful   

Pass 

7 Text-to-Speech 

   

Generated text is converted into 

speech 

Spoken output is produced 

for the selected language  

Pass 

 

B. Discussion and Limitations 

The functional testing evaluates the major components of the proposed system, from gesture capture to speech 

generation. The system supports character-by-character composition, allowing individual recognized gestures to be 

combined into words and sentences. Language selection enables users to work with Kannada, Hindi, and Tamil. 

However, recognition performance may vary depending on lighting conditions, hand visibility, hand positioning, and 

similarities between gestures. Incorrectly recognized characters may also affect the generated text and its refinement. 

Speech generation depends on the availability and correct operation of the selected language's speech engine. Further 

evaluation using documented test datasets, classification accuracy, and additional functional tests is required to establish 

the overall performance and reliability of the system 

 

V. CONCLUSION 

 

This work presents an AI-powered sign language recognition system that converts static hand gestures into text and 

speech in Kannada, Hindi, and Tamil. The system uses MediaPipe for hand landmark detection and a Multilayer 

Perceptron (MLP) model for character recognition. The recognized characters are combined into words and sentences 

using language-specific text composition rules. Large Language Model (LLM)-based text refinement is incorporated to 

improve the readability and grammatical correctness of the generated text, while a Text-to-Speech (TTS) module 

provides spoken output. The system integrates computer vision, machine learning, multilingual text processing, and 

speech synthesis to support accessible communication. The developed system provides a foundation for further 

improvements in multilingual static sign language fingerspelling and assistive communication. 

 

Scope for Future Work 

Future work includes: 

• Improving character recognition accuracy under different lighting conditions and hand positions. 

• Expanding the supported character sets and vocabulary in Kannada, Hindi, and Tamil. 

• Enhancing language-specific text composition and LLM-based text refinement. 

• Improving speech generation and pronunciation across all three languages. 
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