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14. Sign Language Recognition
- Dr Mahadeva Prasad M.

Abstract: The sign language is the communication medium
for the speaking and hearing deficit people. These people use
the sign language to exchange their thoughts, feelings, and
information with the persons having the speaking and hearing
deficiency. The persons without these deficiencies have to leam
the meaning of the sign language gestures made by the deficit
persons to understand the message conveyed by them. Due to
the advances in the artificial intelligence and machine learning
research and development activities, people are designing
the systems that can interpret the sign language gestures. These
human computer interaction systems are capable of converting
the sign language gestures into respective text or voice data.
Because of this, the burden on the common man to learn the sign
language has been reduced. A sign language recognition system
consists of a training module and a testing module. The images
that contain the hand gestures representing various hand gestures
of a sign language are used to train the system to generate the
trained database. In the test phase, an image that has the hand

gesture of a sign language which is of unknown sign language
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symbol is tested against the trained database to know the si gn
language gesture symbol in the test image. In this paper, an
overview of the sign language, the design flow, and the methods
used to design the sign langue recognition system are presented.

Index Terms- Sign Language; Sign Language Recognition
System; Human Computer Interaction;

1.INTRODUCTION

Communication is the way by which exchange of messages,
feelings, thoughts, etc., takes place. In addition to human beings,
other living beings also communicate among themselves to indicate
the location of food, entry of other animals to their territory,
occurrence of danger situations, etc. The round and waggle
dances of honey bee are one of the best examples which reflects
that even animals and insects do communicate among themselves
for the exchange of information. Animals like elephants and bats
do communication in the ultrasonic band of electro magnetic
spectrum. For human beings, effective communication is one of
the important life skills for the success. The methods through
which human beings communicate in their society can be broadly
classified into two categories. They are; verbal communication
and non-verbal communion. In verbal communication, voice is

used as the medium for the communication. In the non-verbal

methods, information to be communicated is represented by

writings, visual representation of information through sketches,
painting, various body languages, gestures, facial expressions,

etc., are used as the means of communication to exchange
information,
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In the case of verbal communication, a well-defined spoken
language is chosen to do communication. For the effective
verbal communication, proper spoken language should be
selected such that both the speaker and the listener have the
knowledge over the selected language. While carrying out the
communication through the well-defined spoken language, people
add various non-verbal signs to convey the intended information
to others. However, people with the speaking and hearing
impairments depend mainly on the use of non-verbal methods for

communication.

Among the non-verbal communication methods, people with
speaking and hearing impairment use gestures to convey
information. In a gesture based non-verbal communication,
movement of the human body parts are done to convey the
message. More commonly, the head and the hand movements
are used to represent the message. Because of the limitations
with the number of head movements that can be made to convey
different messages, variety of hand movements is preferred in
gesture based non-verbal communication. As that of the spoken
language, certain rules and standard symbolic representation
to indicate different messages have been formulated in gesture
based communication. While using hand as the body part in the
gesture based communication, different shapes, orientation,
movement, etc., of hands are made to represent different
messages. The different poses of the hands have been
standardized to represent different symbols or signs of
conventional languages. These standardized symbols or

<

4H
%
{ 3} e
& R ol <N
e f g
k i 831
f iy T3 £
2 -
q r S
o ) ({i’k;ibf:‘? EE
= = o
X v z
@g 1. Hand gesture symbol representing ASL alphabets A to Z)

Sign Language Recognition 167

signs are called the sign language (SL) of the respective
conventional language. For example, to represent twenty-six
English alphabets and ten decimal numerals, the shapes,
orientation and movements of hand has been defined. This
standardized representation is known as the American Sign
Language (ASL). The various hand shapes defined to represent
twenty-six English alphabets are shown in F ig. 1[1].
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In order to make the communication possible between
two speaking and listening impaired persons, proper training of
sign language is necessary. While training these people for a
particular SL, the various hand gesture shapes and movements
that have to be used to represent corresponding alphanumeric
symbols and messages of a conventional language are taught.
With the proper training on a particular SL, people with hearing
and speaking deficiency problem can do communication among
themselves. If a common man without this deficiency wants to
understand the message conveyed by the deficient people,
he/she has to learn the SL.

With the advance of human computer interaction (HCI)

technologies, technocrats are developing the mechanisms wherein
the SL symbols are converted into the respective conventional

languages. The conventional language representation could be

either voice or text. This process of converting sign representation
ofalanguage into either voice or text is called the sign language
recognition (SLR). Because of the development of SLR system,
the burden of learning the SL on part of the people without the
problem of hearing and listening impairment has been reduced.
Inaddition, the developed HCI that can recognize the SL can be
used to train the speaking and listening impaired persons. In the
literature, numerous research and development works can be
found that have concentrated on the development of the efficient
SLR systems. Some of these are given in [1-10].

2. OVERVIEW OF SLR SYSTEM

The development of the HCI system for the SLR comes under
the domain of pattern recognition and machine learning. Inthe
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SLR system, the designed machine interprets different symbols
of the SL. The developed system takes the various signs or
gestures of hand as input and gives out the corresponding symbols
of the language either in the form of text or voice. The HCI
system that is designed to recognize the SL has two modules.
One is the training module and the other is the testing module.
Explanation on various components of these two modules is given
in the next sections.

2.1 TRAINING MODULE OF SLR SYSTEM

In order to make the system to carry out the process of converting
SL gestures into corresponding text or voice format, the machine
has to be trained with different combination of SL gestures. The
flow diagram showing the process of training the SL recognition
system is shown in Fig. 2. In the training module, the sensor is
either a still camera or a video which is used to capture images or
video of hand that indicates different SL symbols of a language.
Depending on the image and video type, there will be several
preprocessing steps. If the video is captured, it is converted into
images so that each image has a hand symbol that represent
particular SL. The other steps in the preprocessmg are; hand
gesture extraction by removing the background scene,
segmentation, noise removal, etc. A fier the preprocessing, different
features are extracted to represent the SL symbol image in an
abstract manner. From the extracted features, the sign language
recognition system (SLRS) is trained. Depending on the specific
applications, the training modules based on artificial neural
networks, hidden Markov models, support vector machines, etc.,
can be used to train the SLRS. All these steps results in the

trained database of various symbols of a SL.
12
5=
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Fig.2. Training flow diagram of hand gesture recognition system
2.2 TESTING MODULE OF SLR SYSTEM

During the test phase, after subjecting the test SL symbol to varion?s
preprocessing and feature extraction process, its pattern is
compared against all the SL symbols that are present in the SL
trained database. Based on this comparison, the class of the SL
symbol to which the test pattern belongs is find out. The flow
diagram showing the process of testing the SL symbol is shown
in Fig. 3.
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3. DATA COLLECTION

The sign language data contains the gestures corresponding
to alphabets, numbers, special symbols of a language and also
common gestures which are used on regular basis for
communication. Therefore, depending on the proposed SLR
system, the corresponding SL data has to be collected. For
designing the SLRS, either the SL data available in the public
domain can be used or the developer can create the required SL
database through data collection. A sample of hand gesture images
corresponding to the decimal numbers 0t 1 is shown in Fig.4[10].
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Fig.3. Testing flow diagram of hand gesture recognation system

Fig.4. Hang gesture images correspondin to Indo-Arabic
numaral - to 9

4. EXPERIMENTS AND RESULTS

To begin with the proposed SLRS has to be trained with the SL
gesture data. Ifthe data is in video format, it should be converted
into images that have the SL hand gesture symbol. Then the
collected data is partitioned into training dataset and the test
dataset. Then the train dataset is subjected to various
preprocessing and feature extraction process. The stages in the
preprocessing include noise removal, background scene removal,
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and then extraction of the SL hand gesture that represent the SL.
From the preprocessed SL images, feature extraction is
carried out. Then the SLRS is trained with the extracted features
to create the trained SL database. In the testing phase of the
SLR system, the image that has the SL image whose identity/
label is unknown in compared with all the images in the
trained SL database to know the symbol/label of the SL in the
test image. This process is called the pattern classification.
The simulation experiments for training and testing the SLR
system can be carried out with the software tools like MATLARB,
Python, Scilab, Open CV, etc. As part of the experimental results
the recomition accurey recogniti(‘)n speed, confusion among sign
language patterns etc can be mentioned.

5. CONCLUSIONS

In this paper, an overview of the SL and the HCI system that can
recognize SL hand gestures is discussed. Explanation on the
different stages in the design of training module and the testing
module of a typical SLR system are presented.
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