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Abstract: Sign language serves as a vital mode of communication for individuals with hearing or speech
impairments, yet its accessibility in everyday interactions remains limited. To bridge this gap, technology
can be leveraged to automatically translate hand gestures into text or speech. This project introduces a
sign language translation system that combines computer vision techniques with machine learning to
achieve real-time recognition.

The system uses OpenCV for image acquisition and preprocessing, enabling efficient detection and
segmentation of hand gestures from live video streams. Extracted features are then passed to a Random
Forest classifier, chosen for its robustness and ability to handle complex, non-linear data patterns. By
training the model on a dataset of alphabetic gestures (A-Z), the translator can predict corresponding
letters with high accuracy. Recognized symbols are buffered into sentences, which can be further refined
using natural language processing techniques such as tokenization and n-gram correction, ensuring
meaningful output.

highlights the potential of machine learning to enhance inclusivity and accessibility in human
communication.
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Processing.

I.INTRODUCTION

Sign language serves as a vital mode of communication for individuals with hearing or speech
impairments, yet its accessibility in everyday interactions remains limited. To bridge this gap, technology
can be leveraged to automatically translate hand gestures into text or speech. This project introduces a
sign language translation system that combines computer vision techniques with machine learning to
achieve real-time recognition.

The system uses OpenCV for image acquisition and preprocessing, enabling efficient detection and
segmentation of hand gestures from live video streams. Extracted features are then passed to a Random
Forest classifier, chosen for its robustness and ability to handle complex, non-linear data patterns. By
training the model on a dataset of alphabetic gestures (A-Z), the translator can predict corresponding
letters with high accuracy. Recognized symbols are buffered into sentences, which can be further refined
using natural language processing techniques such as tokenization and n-gram correction, ensuring
meaningful output.

highlights the potential of machine learning to enhance inclusivity and accessibility in human
communication.
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ILMETHODOLOGY

The development of the Sign Language Translator system follows a structured and systematic approach
to ensure accurate gesture recognition and efficient real-time performance. The process begins with data
collection, where a webcam captures images and video frames of hand gestures representing the English
alphabet under different lighting and background conditions. These raw inputs are then preprocessed
using OpenCV to enhance image quality through resizing, grayscale conversion, and noise reduction. The
region of interest is segmented to isolate the hand, and MediaPipe is employed to detect hand landmarks
and extract key geometric features such as finger positions and angles.

LITERATURE REVIEW

Research in sign language recognition has evolved significantly over the past two decades, driven by
advances in computer vision and machine learning. Early systems relied on glove-based sensors to
capture hand movements, but these approaches were often intrusive and impractical for everyday use.
With the rise of vision-based techniques, researchers began using cameras and image processing
libraries such as OpenCV to detect and segment hand gestures in real time.

Several studies highlight the effectiveness of feature extraction methods (e.g., contour analysis,
histogram of oriented gradients, and skin colour segmentation) in isolating hand shapes from complex
backgrounds. These features are then fed into classifiers to predict corresponding signs. Among the
classifiers explored, Random Forest has gained attention due to its ability to handle high-dimensional
data, reduce overfitting, and provide strong performance with relatively low computational cost.

I1l. PROBLEM STATEMENT

Despite the importance of sign language as a communication medium, most people outside the deaf and
hard-of-hearing community lack the ability to understand it.

This communication gap often leads to social exclusion, limited access to services, and challenges in
education and employment. Traditional solutions, such as human interpreters, are not always available or
practical in everyday scenarios. Therefore, there is a pressing need for an automated system that can
translate sign language gestures into text or speech in real time, enabling smoother interaction between
signers and non signers Can't easily handle temporary high-risk areas

IV. OBJECTIVES OF THE PROJECT
Capture and preprocess gestures using OpenCV, ensuring reliable detection of hand shapes and

movements from live video streams.

Classify gestures accurately with a Random Forest model, leveraging its ensemble learning
capabilities to handle complex, non-linear gesture data.

Translate recognized signs into text or speech, enabling seamless communication in everyday
scenarios

Enhance output quality through NLP post-processing (tokenization, stemming, n-gram correction),
ensuring that sequences of gestures form coherent sentences.
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V. TECHNOLOGIES USED

- OpenCV

- MediaPipe

- Python

- scikit-learn (Random Forest)

- Natural Language Processing (NLP)
- NumPy

VI. RESULTS

The Sign Language Translator system was successfully implemented and tested using a webcam for real-
time gesture recognition. The Random Forest classifier achieved high accuracy in identifying alphabetic
gestures (A-Z), even under varying lighting and background conditions. MediaPipe’s landmark detection
combined with OpenCV preprocessing ensured reliable feature extraction, while the NLP module refined
raw predictions into coherent words and sentences.

PROPOSED SYSTEM

A. System Overview

The Sign Language Translator system uses a webcam to capture hand gestures and applies computer
vision techniques for preprocessing and feature extraction. Hand landmarks are detected using
MediaPipe and processed with OpenCYV to isolate gesture shapes. These features are then classified
using a Random Forest model, enabling accurate recognition of alphabetic signs (A-Z).

In addition to gesture recognition, the system integrates an NLP module to refine predictions into
coherent words and sentences through tokenization, stemming, and n-gram correction. The final
output is displayed as text and can optionally be converted into speech using a text-to-speech library.

The system operates in real time and requires only a standard webcam and microphone, making it
lightweight, accessible, and easy to deploy without specialized hardware.

B .System Architecture

System Architecture

Processing Output

« Gesture Recognition % Fext Output

*= Machine Learning

= NLP Refinement ‘)) Speech Output

Microphone
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VII. DISCUSSION

The Sign Language Translator system demonstrates how computer vision and machine learning can be
effectively combined to bridge communication gaps for hearing-impaired individuals. By using OpenCV
and MediaPipe for gesture detection and Random Forest for classification, the system achieves reliable
recognition without requiring specialized hardware. The integration of NLP ensures that raw gesture
predictions are refined into meaningful sentences, enhancing usability in real-world scenarios. While the
system performs well in controlled environments, challenges such as varying lighting conditions,
complex backgrounds, and gesture similarity highlight areas for future improvement. Overall, the project
validates the feasibility of a lightweight, real-time solution that can be scaled and enhanced for broader
accessibility.

VIIl. ADVANTAGES

- Real-time performance

- No extra hardware required

- High accuracy

- Scalable design Improves accessibility

IX. LIMITATIONS

- Sensitive to lighting and background variations
- Similar gestures may cause misclassification

- Requires consistent hand positioning for accuracy

X. FUTURE ENHANCEMENTS

- Expand vocabulary beyond A—Z to include words, phrases, and dynamic gestures.
- Integrate deep learning models (CNNs, RNNSs) for higher accuracy and adaptability.
- Add multilingual support for translating gestures into different spoken languages.

- Improve robustness against lighting, background variations, and occlusions.
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XI. CONCLUSION

The Sign Language Translator system shows how computer vision and machine learning can be
combined to recognize gestures effectively. Using a simple webcam, the system captures hand
movements and processes them in real time. OpenCV and MediaPipe provide accurate preprocessing
and landmark detection for feature extraction. The Random Forest classifier ensures reliable
recognition of alphabetic gestures. NLP techniques refine predictions into meaningful words and
sentences, improving usability. The system outputs text and optional speech, making communication
more accessible. Overall, the project establishes a strong foundation for future enhancements such as
expanded vocabularies, multilingual support, and mobile deployment.
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