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ABSTRACT: Communication is a fundamental human need, yet individuals with hearing and speech impairments 

often face challenges in expressing themselves effectively with the general population. Sign language serves as their 

primary mode of communication, but most people are not familiar with it, creating a communication gap. This project 

aims to bridge that gap through Indian Sign Language (ISL) recognition using modern computer vision and deep 

learning techniques. 

 

The proposed system captures hand gestures through a camera and processes the images using a Convolutional Neural 

Network (CNN) to accurately recognize ISL signs. The recognized gestures are then translated into corresponding text 

or speech, enabling real-time communication between hearing-impaired individuals and others. The model is trained on 

a large dataset of Indian sign language gestures to improve accuracy and robustness under various lighting and 

background conditions. 

 

KEYWORDS: Indian Sign Language (ISL), Sign Language Recognition, Hearing and Speech Impaired, 

Convolutional Neural Network (CNN), Deep Learning, Computer Vision, Gesture Recognition, Image Processing, 

Real-Time Translation, Artificial Intelligence (AI). 

 

I. INTRODUCTION 

 

Communication is the foundation of human interaction, allowing people to share thoughts, emotions, and information. 

However, individuals who are hearing and speech-impaired often face significant barriers when communicating with 

those who do not understand sign language. In India, the Indian Sign Language (ISL) serves as the primary medium 

of communication for such individuals. Unfortunately, the lack of awareness and understanding of ISL among the 

general population limits their ability to interact freely in society. 

 

With the rapid advancement of artificial intelligence (AI) and computer vision, it has become possible to bridge this 

communication gap. Sign language recognition systems aim to automatically interpret gestures made by the user and 

convert them into understandable text or speech. Among various approaches, Deep Learning, particularly 

Convolutional Neural Networks (CNNs), has proven to be highly effective in recognizing hand gestures and image 

patterns with high accuracy. 

 

This project proposes a vision-based system that captures ISL gestures using a camera, processes them through a CNN 

model, and translates them into corresponding text or audio output. The system enables real-time communication 

between hearing-impaired individuals and those unfamiliar with sign language. 

 

The development of such a system promotes digital inclusivity, enhances independent communication, and 

contributes to the empowerment of the hearing and speech-impaired community. 
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II. RELATED WORK 

 

Several researchers have contributed to the development of sign language recognition systems using various image 

processing and machine learning techniques. Early systems mainly relied on data gloves or sensor-based devices to 

capture hand movements. While these approaches provided accurate gesture tracking, they were often expensive and 

inconvenient for everyday use. 

 

 

Fig. 1 Proposed hybrid model with semantic verification 

 

With advancements in computer vision and deep learning, researchers have shifted toward  

vision-based recognition systems that use standard cameras to capture hand gestures. These systems are more 

practical, cost-effective, and user-friendly. 

 

R. N. Rajesh et al. (2021) proposed an Indian Sign Language recognition system using a Convolutional Neural 

Network (CNN) model trained on static hand gesture images. Their system achieved high accuracy in recognizing 

single-hand gestures under controlled conditions. 

 

P. Kumar and S. Goyal (2022) implemented a real-time ISL recognition model using OpenCV and TensorFlow, 

which converts gestures into text and speech. The model improved interaction between hearing-impaired users and 

normal users. 

 

A. Sharma et al. (2023) developed a hybrid model combining CNN and LSTM for recognizing dynamic gestures in 

continuous sign language sequences. The use of temporal learning improved recognition accuracy for moving gestures. 

 

M. Singh and D. Patel (2024) introduced a dataset-specific CNN trained on Indian Sign Language alphabets and 

words, achieving enhanced performance across varying lighting and background conditions. 

 

From these studies, it is evident that deep learning-based vision systems outperform traditional methods in gesture 

recognition tasks. However, challenges remain in handling real-time performance, complex gestures, and different 

environmental variations. 

 

The proposed work builds upon these findings by implementing a CNN-based model for Indian Sign Language 

recognition that is both efficient and suitable for real-time communication with text and speech translation 

capabilities. 
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III. PROPOSED METHODOLOGY 

 

The proposed system aims to recognize Indian Sign Language (ISL) gestures and convert them into text and speech 

to enable smooth communication between hearing/speech-impaired individuals and non-sign language users. The 

system uses computer vision and deep learning techniques to process hand gestures captured through a camera in real 

time. 

 

A. System Overview 

The system consists of the following main stages: 

1. Image Acquisition  

The input hand gesture is captured using a webcam or mobile camera. Each frame serves as the input image for 

further processing. 

2. Preprocessing 

The captured image is resized, filtered, and converted to grayscale to remove background noise and enhance 

gesture features. Image normalization is applied to improve model performance under different lighting conditions. 

3. Feature Extraction  

The Convolutional Neural Network (CNN) automatically extracts important spatial features from the input 

image, such as edges, contours, and hand shapes that represent unique ISL gestures. 

4. Gesture Recognition  

The CNN model classifies the extracted features into corresponding sign language categories (alphabets, numbers, 

or words). The model is trained using a labeled ISL dataset to ensure accurate predictions. 

5. Text and Speech Conversion  

The recognized gesture is then converted into text output, which is displayed on the screen. The text is also 

converted into speech using a Text-to-Speech (TTS) engine to facilitate two-way communication. 

6. Output Display  

The final recognized result (text and voice) is presented to the user, enabling real-time understanding of the 

gesture. 

 

B. System Architecture 

The system architecture consists of the following components: 

• Camera Module – captures hand gesture images. 

• Preprocessing Module – handles image cleaning and normalization. 

• CNN Recognition Model – performs feature extraction and classification. 

• Text and Speech Converter – generates readable and audible output. 

• User Interface – displays results and allows easy user interaction. 

 

C. Algorithmic Steps 

• Start the system and initialize the camera. 

• Capture the hand gesture image. 

• Preprocess the image (resize, filter, normalize). 

• Extract features using CNN layers. 

• Classify the gesture based on trained ISL dataset. 

• Convert the recognized gesture into text and speech. 

• Display and play the output for the user. 

• Repeat for continuous recognition. 

 

D. Tools and Technologies 

• Programming Language: Python 

• Libraries: TensorFlow, Keras, OpenCV, NumPy, Matplotlib, Pyttsx3 

• Hardware: Webcam/Camera, System with GPU support 

• Dataset: Indian Sign Language Alphabet and Word Dataset 
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V. EXAMPLE DATA FLOW FOR A REAL-TIME REQUEST 

 

Camera captures frame -> 2. Preprocessing (resize, normalize) -> 3. Hand + face detection -> 4. Keypoint extraction + 

CNN feature extraction -> 5. Short temporal window stacked -> 6. Temporal model predicts gloss probabilities -> 7. 

CTC/beam search decoding -> 8. Language model rescoring -> 9. Output to UI/TTS with timestamp. 

 

VI. CONCLUSION AND FUTURE WORK 

 

Conclusion: 

The proposed two-way sign language communication system based on Deep Convolutional Neural Networks 

(DCNNs) demonstrates significant potential in bridging the communication gap between speech-impaired individuals 

and the hearing population. By leveraging deep learning models such as CNNs, LSTMs, and Transformers, the system 

efficiently translates sign gestures into text or speech and vice versa, enabling real-time and accurate bidirectional 

interaction. Experimental results and insights from recent studies show that optimized architectures (e.g., MobileNet, 

ResNet, and YOLOv5s variants) achieve high recognition accuracy even in varying lighting and background 

conditions. 

 

Feature Extraction 

• Pose/keypoints: 2D/3D coordinates for hands, wrists, elbows, shoulders, face landmarks. MediaPipe and OpenPose 

are common choices. 

• Visual embeddings: CNN backbones (MobileNetV3, ResNet50, EfficientNet) trained or fine-tuned on sign images. 

• Temporal features: Optical flow (Farneback, TV-L1) or difference frames for motion cues. 

• Combined representation: concatenate keypoint vectors with CNN feature vectors per frame. 
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