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Abstract:
Sign language predominantly uses hand gestures for nonverbal communication modalities.
People with speech or hearing disabilities use them to communicate with others. Many
companies have developed several different sign language system, but they are not flexible to
adopt to various requirements or they are expensive for the user. In this paper we propose a
prototype system to automatically recognise sign language in order to help people with
speech or hearing disabilities toeffectivelycommunicate with others.
Gesture recognition and more generally pattern recognition are two fields of study that are
still in their early stages of development. We humans tend to use hand gestures for
nonverbalcommunication in our day to day life. The Hand Gesture Recognition System offers
auser friendly, natural and innovative way of communicating with computers. The system we
propose is based on a real-time application for hand gesture recognition that candetect
features based on shapes like figure status like folded or raised fingers, folded fingers, centre
of mass, orientation and centroid, basedon on the shape of a human hand, which has a thumb
and four fingers.
Key words: hand gesture, non-verbal,pattern recognition, gesture recognition,sign language,
I. INTRODUCTION
Ease of communication for people with speech or hearing disabilities depend a lot on sign
languages, because of whichautomatic recognition of sign language is studies for
years.Gesture recognition is a rapidly expanding area of image processing and artificial
intelligence. Gesture recognition is a method of identifying and using the movements or
postures of human body parts to operate computers and other electronic devices. Every action
in sign language has a specific meaning, due to which different basic actions can be
combined to describe a complex meaning.Sign language is a non-verbal way of interaction
that helps deaf and verbally challenged people to communicate more successfully with each
other and with the general public. According to World Health Organization over 5% of the
world population are suffering with loss of hearing including children.One tenth of world
population will suffer from hearing loss by 2050 [10]. It has particular principles and
language for efficiently expressing oneself. There are two basic ways to sign language
recognition: vision-based and sensor-based. Vision based system particularity has attracted
lot of researches they avoid the requirement for sophisticated setup like helmets,hand gloves
and such other accessories that the sensor-based approaches extensively use. Image
comprehension and sign recognition are linked. It is typically approached in2 phases, first
being the detection, followed by sign recognition. It employs some image pre-processing

4046

SPECIALUSIS UGDYMAS / SPECIAL EDUCATION 2022 1 (43)

processes for elimination after receiving the input sequence of images collected via web
camera.
II. RELATED WORK

There are two approaches for recognising hand movements in general. Recognition of
gestures using eyes and sensors. Many experiments have been conducted on sensor-based
systems such as gloves, wires, helmets, and so on, but because continuous wear is not
feasible, image-based techniques are receiving greater attention. HMM (Hidden Markov
Model), ANN (Artificial neural network), Eigen value based, and perceptual colour-based
techniques have all been used to recognise gestures. For categorization and particle filtering,
methods such as Support Vector Machines (SVM), KNN, and CNN have been proposed. In
their studies, Aditya V.et al.[1] and T. L. Baldi et al. [2] employed data glove to extract hand
gesture data. They discovered improved performance, but they ran into the issue of having to
wear a hand glove all of the time to collect data.
Sakshi Sharma et al. [3] discussed an innovative and robust model for hand gesture detection
called G-CNN. For feature learning, they employed CNN, and for classification, they used
the SoftMax classifier. P. K Sharma and colleagues [4] created a user-programmable glove
that registers hand and finger gestures in three dimensions. This Acela Glove is utilised in
video games for sports training or physical rehabilitation [5]. Dong Xu Li et al. published a
paper in which they worked on a large-scale Word-Level American Sign Language
(WLASL) video collection with over 2000 words performed by over 100 signers. Their
findings reveal that pose-based and appearance-based models perform similarly on 2,000
words/glosses, with top-10 accuracy of up to 62.63 percent.In paper [7] Saad M. et al. have
used type-2 fuzzy HMM that uses shape information for recognition of the gesture. They
could achieve 95% accuracy in recognizing the hand gestures. In [8], Phat Nguyen Hu et al.
have discussed about the algorithm for recognizing gestures usinghistogram of oriented
gradient (HOG) and support vector machines (SVM).Their algorithm has given accuracy of
99% with execution time of 70 ms for each frame, which is accepted for industrial scale
applications.Most of the research works have given focus on collecting data based on video
data or data from glove equipped with sensors. There is an ample scope for refinements in the
current approaches to increase the accuracy in hand gesture recognition. In this paper we
have given focus on implementing an image-based hand gesture recognition technique for
sign language to analyse the accuracy level of hand gesture recognition.
III. PROPOSED WORK
Gesture acquisition, segmentation and tracking, extraction of features, identification of
gestures are the main processes in creating a sign language recognition system. The
acquisition of gestural data is the first stage in a gesture recognition system. Images can be
captured using a simple digital cameraor an external webcamor abuild in webcam in a
computer or a laptop. A pre-existing database or one created by the researchers themselves
can be used. Fig.1 shows the commonly used hand gestures in Indian Signed Languages.
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Fig1. Hand gestures used in Indian Signed Languages (Source: Internet images)
Hand segmentation is required to track the movement of the hand. ROI and background are
separated through segmentation. Hand tracking is a method for determining the position of a
hand.Following the successfully finishing the trackingand its segmentation of hand, the next
stage is extraction of features, which is used to extract significant features. The entire
recognition process may be broken down into the following two stages: training and testing.
The classifier is trained using the training database at the initial stage. The development of a
database, pre-processing, feature extraction, and classifier training are all important phases in
the training stage. Gesture acquisition, pre-processing, feature extraction, and classification
are all important processes in the testing phase. The block diagram [2][5] of a sign language
recognition system is shown in Figure 2.

Fig.2 Block diagram of the ISL recognition system

IV. IMPLEMENTATION AND RESULTS
The proposed work has been implemented using Convolution Neural Network (CNN)
classifier as it performs well in image classification problems asthey can reach a much tighter
fit to the data. Convolution layer is forming the elementary block which takes image input
and generates feature map after convolving the filter of particular size.Kernel convolution has
been computed as per the Eq.1.
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Fig.3 Kernel Convolution
𝐺 𝑚, 𝑛 = 𝑘 ∗ ℎ 𝑚 ∗ 𝑛
(1)
𝑖𝑒, 𝐺 𝑚, 𝑛 = 𝑖 𝑗 ℎ 𝑖, 𝑗 𝑘 𝑚 − 𝑖 𝑛 − 𝑗
(2)
Kernel convolution process normally reduces the image size continuously. To avoid this
problem, To maintain the information contained in the image, CNN adds a border as padding
by adding zero bits to the filter. The padding factor P is decided based on the size of the filter
as given in the Eq.3.
𝑓−1
𝑝=
(3)
2
Where, P is the padding factor and f is the size of the filter. The dimension of the output
matrix is calculated by considering the padding and stride by using the Eq.4.
𝑚𝑖𝑛 + 2𝑝 − 𝑓
𝑚𝑜𝑢𝑡 =
+1
(4)
𝑠
Convolution over volume is carried out by using multiple filters at the same layer and
stacking the results one on top of the other to get a combined output. The dimension of the
resulting tensor is computed by using Eq.5.
𝑚 + 2𝑝 − 𝑓
𝑚 + 2𝑝 − 𝑓
𝑚, 𝑚, 𝑚𝑐 ∗ 𝑓, 𝑓, 𝑚𝑐 =
+1 ,
+ 1 , 𝑚𝑓
(5)
𝑠
𝑠
Where, 𝑚 is the image size, 𝑓 is the filter size, 𝑚𝑐 is the number of channels in the image
with 𝑝 padding factor using stride 𝑠 and using 𝑚𝑓 number of filters. An activation function is
used to generate output activation map from the feature map generated by the convolution
layer. It decides whether a neuron is to be activated or not based on the value of weighed sum
and added bias.

Fig. 4 Activation function in CNN
Where,𝑥1 , 𝑥2 , 𝑥3 are the vectorized inputs, 𝑤1 , 𝑤2 , 𝑤3 are the vectorized weights assigned to
the neurons and b is the vectorized bias assigned to the neurons in the hidden layer and z is
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the vectorized output of the layer. We have used RELU (Rectified Linear Unit) activation
function for the implementation of the proposed project. The experimental observations are
given in the following section.

Fig.5 Recognition of Digits based on captured hand gestures

Fig.6 Recognition of Characters using hand gestures

V. CONCLUSION
In this paper, we have proposed an approach to detect alpha-numeric signs of Indian sign
language. With the help of inception v3 architecture and CNN techniques we have achieved
accurate results in recognizing every ISL signs for multiple static gestures. This work could
be extended in future to analyse dynamic gestures under varying conditions and also on
recognizing different phrases of Indian sign language.
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