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Abstract— Sign language recognition has been a well-
researched topic for American Sign Language (ASL), but
regarding Indian Sign Language (ISL), few research works
have been published. In this paper, we propose a new
method for Indian Sign Language Recognition using
Residual Neural Networks (ResNet). ResNet is a deep
learning architecture that is computationally expensive and
normally used to provide high accuracy in classification
problems. The proposed method can recognize static hand
signs of 24 distinct English alphabets (A, B, C, D, E, F, G,
H LKL MNOPQR,ST,UV,W,X,Y) with total
4972 images and achieved 99.26% recognition rate on the
validation dataset.

Keywords: Indian Sign Language (ISL), Deep Learning,
Classification, ResNet

I. INTRODUCTION

One of the basic requirements for survival in society is
Communication. Individuals with hearing weakness convey
among themselves utilizing gesture-based communication,
but normal people find it difficult to translate it. In this day
and age, pretty much every communicated language has its
own confirmed gesture based communication. It is
imperative to make an interpretation of communication
through sign language for different crowds who don't have
the idea about the signs [2]. It is an organized type of hand
signals including visual movements and signs. Further hand
motions can be ordered into a few sorts like conversational
signals, controlling motions, manipulative motions, and
informative motions [1].Sign language includes the
utilization of a few pieces of our body like fingers, hand,
and arm to convey data.

Sign language recognition is a system that can
recognize hand gestures from a digitalized hand gestures
dataset. This system has become an important part of
various applications like Robotics and Tele-robotic, Games
and virtual reality, Human—computer interaction (HCI).
Most of the proposed models depend on the customary
example acknowledgment where human ability is required
for highlight extraction. The recent success of deep learning,
specially Residual Neural Network (ResNet) for computer
vision [4], [23] is used to recognize Indian Sign Language
(ISL) as a computer vision problem. This ResNet is a deep
Convolutional Neural Network (CNN) based model [8].
This is one of the best models for image classification.

Il. LITERATURE REVIEW

Starner et al. [9] proposes to classify resultant, trajectory
information and orientation shape of the Sign language
using Hidden Markov Models (HMM). The Intrinsic
properties of this technique make it appropriate to be applied
in gesture recognition.

Grobel K et al. [10] proposed a method where total
262 signs were collected from two unique endorsers, and the
precision reaches 95% using HMMs classifier. Accuracy is
greatly decreased when the database trained and tested by
the signs of different individual.

N. Sarawate et al. [11] proposed artificial neural
network based methods for real-time American Sign
Language (ASL) detection. In the paper, Microsoft Kinect
sensor is used for hand motion to recognize signs for two
applications which are arithmetic computation and rock-
paper-scissors game and achieved accuracy above 90% for
ASL.

Vogler C et al. [12] utilized setting subordinate
HMMs and a strategy for coupling three-dimensional
strategies on ASL. The framework groups 53 ASL and
accomplished precision of 89.91%.

N.Priyadharsini et al. [13] used Convolutional
Neural Network (CNN) to detect sign for Indian Sign
Languages.

O Al-Jarrah et al [14] used neural network to
recognize Arabic Sign Language.

An Indian Sign Recognition System for twenty five
English letters and nine numeral signs created by Deora, D.
and N.Bajaj [15]. PCA for classification of signs and
Segmentation for fingertip algorithm for feature extraction
were employed in this research. This strategy accomplished
precision of 94%.

Balakrishnan, G., P. S. Rajam, et al. [3] proposed a
method of recognizing Tamil Sign letters. Images of sizes
640x480 pixels were used in this method. After that the
pictures are converted to Greyscale images. This strategy
accomplished precision of 96.87% for static method and
98.75% accuracy rate reported for dynamic method.

I11. PROPOSED WORK

The proposed strategy comprises of different steps. In the
primary step, we have gathered the data from a standard
dataset [22]. After collecting the data we converted each
image into grayscale and resize the images into 64x64
pixels. After that we converted the gray level values which
are 0-255 to the range of 0 to 1 values using normalization
techniques. Then we reshape each image from 2 dimensions
to 3 dimensions in the second step. In the third step, we used
a residual block which consists of convolutional layers with
the same number of output channels followed by a batch
normalization layer and a ReLU activation function [23]. In
the residual block, we skip two convolution operations and
add the input before the final ReLU activation function
shown in figure 1. In this step, we extracted the features of
image data atomically and wused the algorithm for
recognition of Indian Sign Language. In fourth step, we
applied an optimization technique (Adam Optimizer [19]) to
maximize efficiency. Finally, in the last step, we used real
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time augmentation to increase diversity of data available for
training set. The proposed method block diagram is shown
in figure 2.

Fig. 1: Residual Building Block

block contains convolutional layer followed by batch
normalization and Relu activation function. There is also a
skip layer in ResNet which helps us to overcome the
vanishing gradient problem [24]. We have used Keras API
with Tensorflow as a backend to implement this model. In
this model we have used 50 layers where after the first layer
we used maxpool (Maxpool2D) shown in figure 4. After
that residual blocks are used and the output is added with the
output of the first layer which is also called skip connection
and finally activation function Relu (figure 5) is used on the
output. Model architecture is shown in figure 6. We
continued this setting until the last layer where we used
Flatten layer and connected dense layer with 24 classes and
finally Softmax classifier for probability distribution.
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Fig. 2: Block diagram of Proposed Method

A. Collection of Dataset

&

Fig. 3: Sample images from Dataset

The different images of Indian Sign Languages are taken
from a standard dataset [22]. From this dataset we have
collected 24 classes of different signs with total 4972
images. Then we converted each image into grayscale and
resize each image into 64x64 pixels, so that we can give
fixed size input to our proposed model. Sample from the
database is shown in figure 3.

B. Residual Neural Network (ResNet)

Computer Vision and pattern recognition is a major growing
domain in the area of image processing. ResNet plays a
major role in computer vision. ResNet comprises of
Convolutional layers which are the most important layer to
extract features from image [23]. To understand ResNet we
have to think of it as various residual blocks where each

Fig. 4: Maxpool
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Fig. 6: Model architecture
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C. Softmax Classifier

It is a Logistic Regression classifier which gives
probabilities for each class label. It is used at the last dense
layer. Mapping function is derived using

f(xi;W)=WXx;
L= &q' =

otequvabntly L= -4, +log) ¢
-

1 \ l" ,|
Where x is input data itemsand w is weight [18].
Cross Entropy loss can be defined as

Interpretation of probability can be defined as
l‘f'h

P(‘[J-/ | @3 """’) == —\ o
—

The final loss functio_n is

[.: == (()l/[l St .‘VSY' i )
Cross-entropy can be defined as
L=Xx3E L,

D. Adam Optimizer

In our model we have used Adam optimizer [19]. It is a
method which uses an adaptive learning rate. It is used to
update network weight depending on training data. First and
second moments of gradient for estimation are used by
Adam to adapt the learning rate for each weight of the
neural network. Random variable of N-th moment is defined
as

m, = E| X"|
Where m is the moment and random variable is represented
as X. The first moment is mean, and uncentered variance is
the second moment. Adam utilizes exponentially moving
averages to estimates moments. It can be defined as
m,=Gm,_ +(1—/f)g,

v.=/v, +1—-2)g!
Where m and v are defined as moving averages, ¢ is
gradient on current mini-batch, and f is introduced as hyper-
parameters of the algorithm.

E. Proposed Algorithm
Input: Indian Sign Language images
Output: Indian Sign Language image recognition
Method: Indian Sign Language Recognition Using Residual
Neural Network
Stepl: Images of Indian Sign Language are taken.
Step2: Convert the image into gray scale.
Step3: Resize images into 64x64 pixels.
Step4: Normalize the gray scale images
Step5: Convert the images from 2D to 3D.
Step6: One hot encoding is done. ie. 1 is
represented as [0100000000].
Step7: Flatten layer is used with fully connected
dense layers.
Step8: Softmax classifier is used to classify input
images.
Step9: Adam optimizer
accuracy.
Step10: Real time augmentation technique is used
to increase diversity of training data.
End

is used to improve

IV. RESULTS AND DISCUSSION

We evaluated the performance of our model using Google
Colaboratory. We have selected 24 classes of total 4972 sign
images. Further the data set was split into train and test set
where 3480 & 1492 images are selected randomly for the
training and testing set. Our model reaches 99.26% accuracy
on the validation dataset after 32 epochs. In our model total
no of trainable parameter is 23,608,202 and non-trainable
parameter is 53,120. Loss and accuracy graph for training
and validation data are given in figure 7 & 8.
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Fig. 8: Train & Validation Accuracy
Authors Method Recognition Rate
(%)
Rekh[alé] etal | KNN,SVM,DTW 86.30
Gupta B et.al
[17] HOGH+SIFT 96.80
Template matching
Pansare JR et. al by 62
[20] shortest Euclidian
distance
Bara”‘ivzal']'\' etal | suM (Comp), KNN 93
Proposed
Method ResNet Model 99.26

Table 1: Performance Comparison with existing work
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V. CONCLUSION

A deep learning approach for Indian Sign Language
Recognition is been proposed in this paper. We evaluated
the performance using ResNet on a standard dataset. From
the outcomes, it is seen that ResNet yields the best precision
for Indian Sign Language Recognition compared to the
alternative techniques. Our method achieved 99.26%
recognition rate.
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