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Abstract: Sign language is an important medium of communication for hearing and speech-impaired people.
Nevertheless, there still exist communication gaps between sign language speakers and the general public owing to a lack
of understanding of sign language gestures. This paper presents a Multi-Level Indian Sign Language (ISL) Recognition
System that can identify word-level as well as sentence-level gestures from video inputs. The proposed system employs
a hybrid deep learning model that combines Convolutional Neural Networks (CNN) for spatial feature extraction, Bi-
Directional Long Short-Term Memory (BiLSTM) for modeling temporal sequences, and an Attention Mechanism to
selectively, concentrate on important frames in the gesture sequence. The system analyzes video frames, extracts spatial-
temporal features, and classifies them to predict the corresponding word and sentence. Besides text output, the system
also offers multimodal feedback in terms of synthesized speech and visualization of output, thus improving accessibility
and usability. The proposed method is expected to fill the communication system.

Keywords: Indian sign language (ISL), CNN, BiLSTM, Attention mechanism, video gesture recognition, multimodal assistive
system.

INTRODUCTION

Communication plays an important role in human life, enabling people to express their thoughts, feelings, and share
information. For deaf and speech-impaired people, however, the only means of communication is through sign language.
Unfortunately, the majority of the people are not aware of this kind of communication. This is one of the biggest gaps in
the communication of differently abled people. But with the rapid growth of artificial intelligence, computer vision, and
the deep learning algorithms, it is possible to solve this problem by developing an automated sign language recognition
system.

The initial research done on the sign language recognition was based on the static image classification using
Convolutional Neural Network (CNN), which can easily extract spatial features such as hand shape, orientation, and
motion. However, the static sign language cannot recognize dynamic gestures and signs at the sentence level, which is
based on the temporal motion of hands in different frames. To overcome this problem, sequence modeling algorithms
such as Long Short-Term Memory (LSTM) and Bi-Directional LSTM networks were introduced to handle the temporal
dependency in the video frames. Recently, attention models have also been introduced in the deep learning algorithms
to focus on specific frames in the sign language gestures.

However, despite these developments, the existing systems are mostly based on word-level and sentence-level
recognition systems that have multimodal output. These assistive systems are based on the text, speech, and the visual
output. This is especially true in the case of Indian Sign Language (ISL), which has less research work done in
comparison to other sign languages. This creates a need to develop a reliable system based on a multi-level recognition
system that can recognize both the word-level and sentence-level gestures in sign language and also has multimodal
output. The proposed system aims to overcome these difficulties by using a combination of CNN, BiLSTM, and attention
to develop an efficient and assistive Indian Sign Language recognition system.

PROBLEM STATEMENT

The communication between hearing and the speech-impaired people and the general public still poses a challenge
because of the lack of understanding of sign language. Although various sign language recognition systems have been
proposed, most of the existing techniques are mainly focused on the static gestures or isolated work recognition, which
makes them less capable of recognizing continuous sentence-level gestures. The existing models are mainly dependent
on spatial feature extraction and fail to incorporate the temporal dependencies that exist in the dynamic sign language
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video sequences.

Moreover, most of the existing systems are only capable of producing text output without incorporating multimodal
output, such as visual display, text, and the speech synthesis for the Indian Sign Language (ISL), the research
contributions and the availability of large-scale annotated datasets are relatively less, which makes it difficult to design
robust recognition systems, Thus, there is a need for an advanced multi-level that is capable of effectively incorporating
spatial and temporal modeling techniques and producing multimodal output.

PROPOSED WORK

The proposed system provides a multi-level Indian Sign Language recognition system, which can recognize word-level
and sentence-level signs. The system can also process video inputs and retrieve the frames. Then, using a Convolution
Neural Network (CNN), the system can learn spatial features. Further, using a Bi-Directional LSTM network, the system
can learn temporal dependencies. Additionally, the system can make use of the attention mechanism to focus on the
relevant frames. This helps the system to increase the classification accuracy. The results are obtained using a fully
connected layer and provided as text, speech, and visual.

3.1 Indian Sign Language

Indian Sign Language (ISL) is a visual language that is used by hearing and speech-impaired people in India. It consists
of hand gestures, facial expressions, and body language. Compared to other sign languages, Indian Sign Language has
few large-scale datasets and contributions to research.

3.2 Convolutional Neural Network
Convolutional Neural Network (CNN) is a deep learning algorithm that is used for extracting spatial features from images
or video frames. In this system, CNN is used to detect prominent patterns in the images.

3.3 Bi-Directional Long-Term memory
BIiLSTM is a type of neural network that can process data both forward and backward. This helps the neural network
recognize dynamic gestures performed by a user on a video.

3.4 Attention Mechanism

The attention mechanism is used by the neural network. This mechanism helps the neural network focus on the most
important frames of the gesture. This helps the neural network be more accurate by giving more importance to the relevant
information.

3.5 Video Gesture Recognition
Video gesture recognition is the process of analyzing video to recognize hand gestures. Gesture recognition involves
both spatial and temporal modeling.

3.6 Multimodal Assistive System

A multimodal assistive system is a system that offers output in the different forms and can be used to improve the
accessibility of communication.
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The proposed system will work by analyzing the sign language video. It will be based on the spatial and temporal features
of the deep learning approach. In this approach, the video will be preprocessed by extracting the frames. It will be
analyzed using a Convolutional Neural Network (CNN), which will be used to extract the spatial features from the video.
The features will be further analyzed using a Bi-Directional Long-term Memory (BiLSTM) to understand the temporal
features of the gestures. It will be further analyzed using a fully connected layer to classify the word-level and sentence-
level. The system will be able to display the result in multimodal form.

4.1 Dataset Collection

Both the word-level and sentence-level datasets were collected using the publicly available online sources like Kaggle.
The Indian Sign Language video dataset was downloaded, and separate word-level and sentence-level datasets were
created for training and testing. The dataset was preprocessed according to the requirements.
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4.1.1 Word Dataset
The word-level module identifies the sign gestures of individual words and produces output in the form of three ways,
first showing the image of the sign language word, second predict the text, and finally synthesized speech recognition.

4.1.2 Video Dataset

The sentence-level module identifies complete sign language videos to predict complete sentences, and it produces output
in the form of three ways,first showing the image of the sign language word, second predict the text, and finally
synthesized speech recognition.

EXPERIMENTAL SETUP

The proposed model has been implemented using the Python language Programming and the PyTorch library. The
implementation of the Indian Sign Language system uses a dataset consisting of word-level and sentence-level video
data. Then the dataset has been divided into two types, train set and test set. The resized and normalized video frames
have been given as input to the proposed Convolutional Neural Network (CNN) - Bi-Directional Long-Term memory
(BILSTM) - Attention Mechanism. The model was trained using the Adam optimizer and the cross-entropy loss
function, and this model has been tested using the accuracy of the classification of the word-level and sentence-level in
Indian Sign Language.

RESULTS AND DISCUSSION

The proposed CNN, BiLSTM, Attention mechanism model was successfully implemented to recognize both the word-
level and the sentence-level gestures of Indian Sign Language. The spatial feature exaction and temporal feature
extraction of the basic CNN models. The accuracy was further enhanced by using the attention mechanism to focus
model was also capable of generating multimodal output in the form of visual display, text prediction, and speech
recognition.

.

VISUAL OUTPUT

6.1 Visual Display Output

The system also provides the user with feedback in the form of the corresponding word-level image and sentence-level
input video. This helps the user understand in a better way and increases the level of their confidence.

6.2 Text Output

The text of the word or sentence that has been predicted by the classifier is displayed on the screen. This helps the user
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to understand the sign language gesture that has been identified.

6.3 Audio Speech Output
The text of the word-level and sentence-level has been predicted by the classifier and is converted to audio speech using
the text-to-speech module.

FUTURE WORK

The system that has been proposed can be further enhanced by extending it to real-time sign language recognition by
using live camera feed. This can be done in the future by adding the transformer model to increase the accuracy of the
system for real-time sentence recognition. The dataset can be further extended by adding more Indian Sign Language
images. The proposed system can be further extended to support the development of a mobile or web application. Emotion
recognition and facial expression can be further incorporated into the system to increase the understanding of the gestures
in a specific context. The system can be deployed on the cloud and further optimized to make it more efficient.

CONCLUSION

This paper has demonstrated a Multi-Level Indian Sign Language Recognition System based on a hybrid CNN-BiLSTM-
Attention Mechanism model. The proposed model was able to extract spatial and temporal features from the input for
word-level and sentence-level gesture recognition. The combination of the attention mechanism helped to improve the
classification accuracy by focusing on the relevant frames of the gesture sequence. The system provided multimodal
output in terms of visual display, text prediction, and synthesized speech, making it more accessible and assistive. The
proposed system is a scalable solution for future real-time and large-scale sign language recognition systems.
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