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Abstract: Sign language is a language that uses hand gestures, motions, and facial expression. It
primarily used by the deaf and people with difficulties of hearing. However, in real-life, there is
always a communication gap between a normal persons and deaf people. Normal people are unable to
express and interact well with people having hearing impairment without the knowledge of sign
language and it leads to improper interpretation of the signs made by them. To overcome this issue,
we have developed a real-time hand gesture recognition model for Indian Sign Language using a
Convolutional Neural Network (CNN) with Deep Single-Shot Detector (DSSD). In the conducted
experiments, the proposed method achieved approximately 99.5% accuracy on the hand gestures. Also,
the proposed method showed its computational efficiency allowing to use the model in real-time
applications.

1. Introduction e It uses similar gestures to represent
Sign language is a visually interactive different things.
language used by people who are deaf or have Considering the complex nature of ISL, we

difficulties in hearing. Any form of effective propose a system that alleviates the problem of
should be understandable for both the informant

and the recipient. In real life, there is always
a communication barrier between the normal
hearing community and the people with hearing
impairments. Like spoken languages, sign language
differs from one geographic region to others;
therefore, it 1is hard for many individuals to
understand gesture-based communication that leads having prior knowledge about the sign language.

communication between the normal and the hard of
hearing by introducing a CNN-based model for
recognizing the hand sign gestures and display
1ts appropriate text on the screen. The proposed
method helps to understand the signs (performed
by the deaf people) for the normal people without

to misunderstanding and misinterpretation between In the proposed method, we used CNN techniques,
people[1]. These issues can also cause more as it is considered to be exceptionally efficient
serious problems like learning difficulties, in handling computer vision tasks. Also, it fits
social isolation, and depression for the for extracting desired features with a high-level
individuals with hearing disabilities. accuracy upon adequate training. Since we created

There are approximately 300 unique kinds of  ur dataset by capturing images in real-time, we

communication through gestures used around the ., only create a small dataset, which will be

globe today such as Indian Sign Language (ISL),  jnsufficient for training a CNN model that

American Sign Language (ASL), Japanese Sign usually employs a large dataset for training. In

Language (JSL), Korean Sign Language (KSL),  ,4dition, small dataset can cause overfitting. To
avold this 1issue, we wused transfer learning
technique for high accuracy prediction using pre-—

e : . trained models as a starting point, which froze
existing sign languages because of the following the top layer of the CNN and trained only the

Chinese sign language (CSL) and so on[2]. Indian
Sign Language (ISL) is considered to be one of
the most complex language compared with the other

reasons[3]: last few layers which made a prediction. To
identify the region and then to detect the hand
position, we implemented DSSD that used a fully
convolutional approach, where the network could
detect various objects in one single shot with
good accuracy that was significantly faster

e |t uses both single and double hands for
portraying  gestures.

e It includes both static and dynamic
gestures.
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compared with two-shot regional proposal network
(RPN) based approaches.

The rest of the paper is organized as follows.
Section 2 discusses currently available methods
for sign recognition. Section 3 contains detailed
explanation of the proposed methodology. Section
experimental Finally,
this with  the

conclusion and future work.

results.
study

4 represents

Section 5 concludes

2. Related Work

Previous studies have emphasized the
prediction of sign language gestures in support
of people having hearing impairments using the
advancement of technologies with Artificial
Intelligence algorithms. This literature review
highlights some significant works to address the
problem in recognition of sign language gestures.
Also, we have identified the improvement areas
from these works and implemented them in this
manuscript. As explained in the introduction,
there are numerous sign languages depending on
the geographic location. In [4], researchers
have proposed a model for Arabic Sign Language
(ArSL) translation with a customized glove having
5 flex and one accelerometer sensors. They have
also developed an android mobile application to
recognize ArSL gestures and translate them to
text and audio. But they have translated signs
only for letters. In [5], the authors have used a
Multilayered Random Forest (MLRF) classifier for
sign language recognition with a consumer depth
camera. The usage of MLRF contributed to less
training time and less memory allocation, but
their model lacked the generalization abilities
when compared to the other similar methods.

In addition, extensive literature to train CNN
for continuous and weakly labelled data was
presented [6]. Authors have trained CNN inside an
iterative Expectation-Maximization algorithm over

1 million poorly labelled hand shape images
denoting the sign language. However, they have
achieved only moderate prediction accuracy

despite using only the pre-recorded pictures and
videos. This might not be suitable for real-time
hand shape recognition.
Other literature has
recognition for ISL [7]. The authors have used
Microsoft kinetic sensor to capture the sign
images with Support Vector Machine (SVM) and
achieved 71.85% recognition accuracy on an
average and concluded 100% accuracy for one
numeric value and 6 letters alone. However, their
work did not consider every context of the

explained gesture

gestures. Likewise, there are several other
pieces of literature where gesture recognition
was performed wusing machine learning, deep
learning methods [8]- [10]. In a review article
[11], the authors have discussed about two broad
categories based on the approach used for gesture
recognition with machine learning algorithms. One
1s a sensor-based approach and the other is a
vision—-based approach. From the study, the
authors have proposed a technique named sub-unit
sign modelling for continuous sign language,
which is relating to dynamic gestures. However,
there 1s a lack of information about the kind of
data and environment suitable for this technique
being discussed in that article.

Considering the aforementioned issues, we
propose a real-time gesture recognition system
for ISL using transfer learning with CNN, and
DSSD.

3. The Proposed Methodology
3.1. Dataset Description:

We prepared a real-time dataset consisting of
images with the size of 640 x 480 using a web
camera. To recognize a single word, we captured
15 1images 1in various angles and positions to
train the model. We divided the image data in a
ratio of 70:30 to create the training and testing
datasets, respectively.

3.2. Methodology:

After obtaining the training and testing
images, we have formulated a CNN model. General
overview of the model is shown in Figure 1.

3.3. Proposed Architecture:

There are 4 layers in the proposed layout, and
1t follows a top—-down approach as follows.

1. ISL Data Input Layer

2. Data Preprocessing Layer

3. Data Training & Testing Layer
4. Output Layer

ISL Data Input Layer: This is the input layer
that consists of the real-time images captured
using a web-camera for each Indian Sign
recognition as described in section 3.1.

Data Preprocessing Layer: In this layer, first
we perform the process of cropping so that the
focus on the hand gesture is not lost due to the
unrelated background data. To crop the hands from
the image, we have used a graphical annotation
tool called labellmg and draw a bounding box
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which focuses only on the hands and label the
image for its corresponding sign. Then we have
used ssd_model_v2_coco model dataset along with
our real-time dataset for training. Also, we
performed resizing according to the configuration
of SSD images that has a fixed dimension of 300 x
300 to avoid misinterpretation of the sign s
meaning thereby increasing the likelihood of
displaying correct text for that sign. Next the
captured images are prone to have noise which
brings a necessity to use a filter to smooth the
image. We have used Gaussian filter to remove the
noise since it performed best in the conducted

experiments.
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Figure 1. General overview of the proposed

method.

Data Training & Testing Layer: Filtered image
data 1s inputted into the model using the concept
of CNN with DSSD as shown in the Figure 2 and
weight initialization-based rectified linear unit
(WIB-ReLU) activation function [12] to create the
training and testing model run constructively.
High accuracy of recognition is achieved using
DSSD to identify the hand region in the image and
detect the exact gesture of the hand sign. The
activation function helped the model to have good
convergence speed. Upon unfreezing a few parts of
the top layers in the model base, and jointly
training the newly added classifier layers and
last layers of the base model, we fine-tune our
model to obtain a proficient trained model for
inference.

Original Prediction layer

Figure 2. The proposed architecture of a CNN
with SSD.

Output Layer: This layer is the text displaying
layer, which displays the meaning of the hand
gesture in simple text so that a common person
can be able to understand the gesture shown.

4 .Experimental Results

For implementing the proposed model, we used
Python 3.8.4 version on a personal computer with
32GB RAM and Intel 17 3.60GHz CPU, Windows 10 of
64-bit operating system. Also, we used a webcam
with resolution of 720p/30fps to capture real-
time images as input to the model. Based on the
experiment results, the proposed method achieved
great prediction accuracy of 99.5 % on average
for ten different sign gestures with simple,
cost-effective hardware and software requirements.
Random hand gesture recognition input images and
their corresponding output images for three signs
are illustrated in Figure 3.

I Love You 99%

(a) (b)
Figure 3. (a)input images into the
proposed method (b)output images
from the proposed model.

5.Conclusion

In this paper, a real-time ISL hand gesture
recognition with CNN and DSSD model was built
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real-time images. In the conducted

we trained the proposed model for

predicting 10 different words in ISL and obtained
a high accuracy score even when we have used

almost similar sign pose for the words

and ‘Good’

‘Help’
. This made the proposed model unique

when compared with the existing methods for sign

language recognition.
focused on

Further research will be
real-time continuous sign language

prediction using ISL by expanding the datasets

appended with wvarious Kkeywords,

combined with

more signs from different domains.
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