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Abstract:  Sign Language is the primary mode of interaction between the specially-abled deaf and mute population. As per the 

World Health Organization (WHO) survey, 460 million individuals including men, women and children suffer hearing disability. 

Out of these 460 million individuals, about 12.3 million belong to India. Most of this population relies on a third person who is 

capable of translating hand sign gestures to the regionally spoken language for them. But involving a translator hinders the 

conversation privacy. Here, the rapid development in the field of Artificial Intelligence (AI) and Machine Learning (ML) aids to 

convert hand sign gestures into words that can be understood by normal people. The Indian sign language interpreter for the mute 

and deafened people follows a Vision-based approach which uses the Machine Learning technique of 3D-CNN (3-Dimensional 

Convolutional Neural Network) and LSTM (Long Short-Term Memory) neural network to productively map the input-Indian sign 

language gesture images to their meaning. This system aims to interpret hand gestures images of Indian Sign Language for 

alphabets, numbers, sentences as well as emergency words (conversion of images of hand gesture to text/audio). This proposed 

technique with data from various sources will aid to alleviate the communication gap between the deaf and mute people and others. 

 

Index Terms - 3D Convolutional Neural Network (3D CNN), Faster R-CNN (Faster Recurrent Neural Network), Indian 

Sign Language (ISL), Long Short-Term Memory Neural Network (LSTM), Sign Language Interpreter (SLI) 

 

 

I. INTRODUCTION 

Communication is the most important part of living. Sign language is the only medium for deaf and mute people to communicate 

but due to its triviality and insufficient knowledge of different Sign Languages based on regions, it becomes hard for them to 

communicate which is why many of them experience communication issues in day-to-day life.  

 

Global Statistics - As per the World Health Organization (WHO) survey, over 460 million individuals which constitutes about 5% 

of the world population have hearing disabilities. 

Indian Statistics - From these 460 million individuals about 12.3 million belong to India. Communicating with this specially-abled 

population is difficult because not everyone is well-versed with the sign language gestures. 

 

Rights of Persons with Disabilities Act 2016 (RPwD Act 2016) - The RPwD Act 2016 resolute appointing ISL interpreters at all 

Government and public sector organizations in order to create an unhindered communicating environment for the disabled people. 

 

Existing solution - A recognized solution for Sign Language Interpretation is a manual sign language translator (an individual who 

is skilled to translate hand sign gesture to words and vice-versa), but this solution hinders privacy of the conversation. For an Indian 

deaf and mute population of 1.8 million to 7 million, the number of certified Sign Language Interpreters in the country is only 250 

and the count goes on decreasing due to reluctancy or lack of qualification to pursue the job. 

 

Here lies the need to develop an automated sign language interpreter enabled to convert the hand sign language to alphabetical 

language which will help in overcoming the communication barrier between the specially-abled deaf and mute people and us. The 

automated interpreter can either be Vision-based or Glove/Sensor based. 

The proposed system of The Indian Sign Language Interpreter for Deaf and Mute people, interprets the hand sign gesture images 

[19] for basic Banking Help-desk words such as open account, fill passbook, withdraw money, amount value (like Rs. 5,000), etc. 

Allows the user to read out the interpretation (text to speech conversion of the interpreted meaning). Additional option to assign 

one’s own meaning to sign gesture (to avoid complex gestures. Although the main dataset of ISL won’t be altered, this option will 

create a user’s dictionary). 
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II. LITERATURE SURVEY 

 

2.1 Overview 

The Vision-based Approach [1-17] deals with the interpretation of 2D or 3D vision. In 2D sensing the width and height of the 

gesture are taken into consideration, whereas in 3D sensing the depth factor is also required. 3D technique requires the use of depth 

sensing cameras. While forming some hand gestures it is possible that our fingers might overlap, hence the depth sensing feature of 

3D sensing yields better results. The 2D/3D sensing combined with AI/ML - Neural Network algorithms help build a Sign Language 

Interpreter.  

Another approach being the Glove/Sensor-based [19-21] approach consist of three parts namely- input, processing and output 

units. In the Input unit, sensors are there for measuring hand and finger movements. Most commonly used sensors include 

accelerometers, proximity sensors, inertial measurement unit (IMU), flexion sensors and abduction sensors. Processing unit acts as a 

microcontroller that utilizes the data collected from sensors for processing and recognition. The output unit is usually a GUI or 

speakers. 

 

2.2 Related Research Work 

Sruthi C. J and Lijiya A [2] described a vision-based approach for static alphabet recognition of Indian Sign Language (ISL). The 

model used Viola-Jones face detection technique to identify faces of the signer and thus eliminate it, followed by Skin HSV (Skin 

color segmentation algorithm) to extract the hand gesture region. The CNN used, helped map the input binary silhouette to its 

interpretation. The model successfully achieved an accuracy of 98.64% for static alphabet recognition. It couldn’t perform finger-

spelling dynamic alphabets and dynamic words. 

Siming He [7] proposed a Vision-based system which dealt with video frames as input for Sign language recognition. The system 

used Faster R-CNN to detect hand gestures from video input and also gave a comparison of Faster R-CNN w.r.t. Fast R-CNN and 

YOLO. Dual channel 3D CNN was used to maintain the video frames as well as its sequence during feature extraction. Finally, 

LSTM Neural Network encoded and decoded the features extracted by 3D CNN and mapped them to their meaning. Accuracy rates 

reached 99.0% and the model used an RGB data stream for a limited dataset. 

This paper [4] helps to get the meaning of sign language in text format by considering the dataset of Indian Sign Language and 

taking input in image format using a camera. Firstly, Image processing is done to extract features. HSV is the method they have 

selected for feature extraction. HSV stands for Hue, Saturation, and Value. These values are selected according to the background in 

such a way that the hand gets isolated from the background in order to get the hand gestures correctly. Then the images gathered from 

HSV are compared from the datasets and Deep learning is implemented to interpret the gestures. The classification process based on 

a 3-layer CNN network helps interpret the hand sign gesture. 

The novel approach used in paper [10] consists of two modules i.e., Sign to Text (STT) and Text to sign. Firstly, in this sign 

language video captured is pre-processed to detect motion frames and reduce the number of frames to be processed. Then captured 

frames are sent to trained models to detect the sign in the image. Next to find out the sign from text or phrase it is passed as an input 

to the model. Here phrases are split into words, since articles and helping words do not have signs so they are ignored, then images 

for words are fetched from the cloud and are displayed. STT faces a lot of challenges which includes appropriate pattern matching 

due to presence of noise in images. This literature uses fusion of 3D depth and RGB data to capture images so as to increase the 

efficiency of the model. 

 

III. PROPOSED METHODOLOGY 

The proposed method for SLI is designed on the vision-based approach, wherein the input to the system is a hand gesture image 

captured through a camera and the model maps the image to its interpretation using Machine Learning (ML) techniques specified 

in Section 3.2. 

 

3.1 System Architecture 

Figure 1 depicts the SLI architecture consisting of four sequential processes - hand gesture region extraction, AI/ML model 

of 3D CNN for extracted feature handling and then the LSTM encoding and decoding to gesture interpretation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: System Architecture of SLI 
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3.2 Technical Modules 

The modules of the proposed system are elaborated as shown in Figure 2. 

          

Figure 2: SLI Modules     Figure 3: Structure of Faster R-CNN 

3.2.1 Gesture Area Acquisition Module 

The module uses Faster R-CNN which is the integration of the RPN (Region Proposal Network) and the Fast R-CNN module as 

shown in Figure 3, in order to get better performance with reference to accuracy and speed [7]. This method is used for locating 

hands in sign language, that can locate and track down hand gestures accurately while ignoring many of the factors like background, 

skin colour [1-4], hand movement or blur, etc. 

 

3.2.2 Feature Extraction Module 

Figure 4 depicts the 3D Convolutional Network block [7] which uses the depth sensing feature along with height and width of the 

hand gesture extracted to obtain precise information from the pixel. The inclusion of depth attribute helps in identifying, overlapping 

of the hands in the gesture image. The feature extracted by this module is loaded onto the LSTM module. 

 

  
        Figure 4: 3D CNN convolution blocks           Figure 5: LSTM structure 

 

3.2.3 LSTM encoding and decoding module 

Long Short-Term Memory Neural Network [7-8] applies the sequence-to-sequence learning of encoding the gesture image pixels 

and decoding them, for sign language recognition. The module uses the information stored in the Cell State and Hidden State of the 

previous cell in the neural network to learn about the present Cell State and Hidden State as shown in Figure 5. The Cell State 

maintains the Long-term memory required for gesture identification whereas the Hidden State stores the Short-term memory used 

for sequence maintaining. 

 

3.3 GUI and Interactions 

Figure 6. gives the Wireframe for Indian SLI created using Adobe XD. The user interaction of the User and GUI are: 

 

Figure 6: Web interface for SLI 

● Capture: clicks a real time image of the hand sign gesture made by the signer. 

● Upload: uploads an existing image (stored in local storage of the computer) of the hand sign gesture made by the signer. 

● Convert: interprets the hand sign gesture, i.e., converts the image to its meaning. 

● Speaker button: reads out the interpretation (text to speech). 
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IV. CONCLUSION 

The state-of-art study of various approaches to design a Sign Language Interpreter for deaf and mute people. After understanding 

both the approaches i.e., the Glove-Sensor based approach and the Vision-based approach used for Sign Language Interpretation as 

well as learning about their respective pros and cons, it was revealed that the Vision-based approach would be the most viable option 

as it poses no threat of hardware malfunction and yields better accuracy and efficiency results. The knowledge of the various 

methodologies can be used for the research of SLI. The proposed system architecture involving Gesture Area Acquisition Module, 

Feature Extraction Module, the LSTM Encoding and Decoding Module can be used for a better Machine Learning model. 
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