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Abstract—Sign Language (SL) is used by deaf and other people
who cannot speak but can hear or have a problem with spoken
languages due to some disability. It is a visual gesture language that
makes use of either one hand or both hands, arms, face, body to convey
meanings and thoughts. SL automation system is an effective way
which provides an interface to communicate with normal people using
a computer. In this paper, an avatar based dictionary has been proposed
for text to Indian Sign Language (ISL) generation system. This
research work will also depict a literature review on SL corpus
available for various SL s over the years. For ISL generation system, a
written form of SL is required and there are certain techniques
available for writing the SL. The system uses Hamburg sign language
Notation System (HamNoSys) and Signing Gesture Mark-up
Language (SiGML) for ISL generation. It is developed in PHP using
Web Graphics Library (WebGL) technology for 3D avatar animation.
A multilingual ISL dictionary is developed using HamNoSys for both
English and Hindi Language. This dictionary will be used as a database
to associate signs with words or phrases of a spoken language. It
provides an interface for admin panel to manage the dictionary, i.c.,
modification, addition, or deletion of a word. Through this interface,
HamNoSys can be developed and stored in a database and these
notations can be converted into its corresponding SiGML file
manually. The system takes natural language input sentence in English
and Hindi language and generate 3D sign animation using an avatar.
SL generation systems have potential applications in many domains
such as healthcare sector, media, educational institutes, commercial
sectors, transportation services etc. This research work will help the
researchers to understand various techniques used for writing SL and
generation of Sign Language systems.

Keywords—Avatar, dictionary, HamNoSys, hearing-impaired,
Indian Sign Language, sign language.

1. INTRODUCTION

L is a gestural language used by hearing-impaired people

for their communication and education. It is not a unique
language as it varies from region to region. SL includes facial
expressions, head or body gestures, and eye gaze as non-manual
signs whereas manual signs include hand orientation, shape,
location and movement. Each word is represented as a different
sign.

There are various types of SL as the spoken languages; they
also differ from country to country. It is a complete natural
language. Each of these SL has different signs to represent a
word or sentence. According to the Ethnologue Languages of
the World, there are more than 200 SL which are used by deaf
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communities all over the world [1]. These are Chinese Sign
Language (CSL), Japanese Sign Language (JSL), Spanish Sign
Language (LSE), British Sign Language (BSL), Australian Sign
Language (Auslan), ISL, German Sign Language (DGS) etc.
Fig. 1 depicts some of various types of SL.

Some of
Sign
Languages

Language

Fig. 1 Various Types of SL
A.ISL

There are 12.3 million people who use ISL as a medium of
communication [2]. Only 2% of deaf people get any education.
ISL in India varies to some extend in different parts of country
like Hindi language spoken in Delhi and Mumbai. Research on
ISL indicates that it is very similar all over India [4]. Some
educational institutes have started teaching through ISL like
deaf'schools at Indore, Patiala Deaf School, Bhagat Puran Singh
School for Deaf at Amritsar, Ali Yavar Jung National Institute
for the Hearing Handicapped (NIHH) at Mumbai etc. [3].
Moreover, National Council for Education, Research and
Training (NCERT) came forward for giving education to
students through ISL [4].

B. Features of ISL

There are various features of ISL described as follows.

e ISL uses non-manual component to indicate question,
negation and suggestion.

e It uses spatial locations for representing a directional verb
and anaphora.

e It represents the sign of stemmed word i.e. root word.

e For each alphabet and number, it represents its finger-
spelling. For example, 10 in ISL is represented by finger-
spelling of 1 followed by finger-spelling of 0.

e In ISL, name of a person is represented by his/her feature
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or finger-spelled.

e Past, Present and Future tenses are represented by sign at
specific locations at the end of ISL sentence.

e Interrogative sentences like What, When, Where etc. are
also represented by sign at the end of sentence.

C.Outline

The paper is divided into 8 sections. Section II describes the
literature survey with the need of proposed system and Section
III provides the detail of data collection for processing of ISL
dictionary. Section IV explains the techniques used for creation
of ISL dictionary whereas Section V includes the methodlodgy
of the system. Section VI describes the components of ISL
dictionary and Section VII depicts the outcome of the system.
Conclusion and Future scope of this research work is presented
in Section VIII.

II. LITERATURE SURVEY

There are various online multilingual dictionaries available
for different SL. These are briefly discussed as follows.

Fuertes et al. (2006) had developed Spanish Sign Language-
Spanish (DILSE) dictionary. It is a bilingual corpus of LSE,
which is available electronically for the deaf communities. The
interface two options for search, i.e., Spanish and sign [5]. An
online multilingual dictionary was created by Suzuki et al.
(2006) for various sign languages which includes American
Sign Language (ASL), Japense Sign Language (JSL) and
Korean Sign Language (KSL). It consists 218 entries from JSL
and 71 corresponding words from KSL [6]. A Danish Sign
Language (DTS) dictionary was developed Kristoffersen and
Troelsgrd (2010). The dictionary interface shows headword,
video of sign, their synonyms and references [7], [8].

A BSL SignBank was developed for BSL by Cormier et al.
(2011). It consists of 2,528 video clips of Deaf people using
BSL. They have also collected the information about signers
and the description of signs using annotation tool EUDICO
Linguistic Annotator (ELAN) [9]. It can be publicly accessible
and online available [10]. An ISL Dictionary was proposed by
Martin et al. (2013) for disaster domain. The videos are traced
to convert it into avatar animation. This dictionary provides the
information of disaster to deaf. It consists of 600 sentences and
2000 words [11]. A DGS Corpus was developed by Thomas
Hanke et. al (2016) using gloss and Hamburg Notation System
(HamNoSys). It uses iLex annotation tool for both manual and
non-manual signs. It includes about 6000 sign entries [12].

There are various corpus available for different sign
languages but there is no such corpus exists for general domain
in ISL, which can be accessible online and provides interface
for avatar animation in ISL for each word or sentence. As there
is lack of ISL interpreters so there is a need for a interface for
learning and communicating in ISL. The propose system
provides the online access to public so that they can learn ISL
or communicate with others through this system.

III. DATA COLLECTION

The data for ISL Corpus has been collected from various
sources. It has been taken from the books and videos provided

by Bhagat Puran Singh School for Deaf. Each video is verified
manually by the SL expert and any modification in the sign has
been recorded. Further, the SL experts from Patiala School for
Deaf provides the book and video for each sign and it is verified
by them.

After the verification of data for every sign in ISL, the data
is processed for creation of online multilingual dictionary for
both English and Hindi language. For this purpose, HamNoSys
is used which is explained in the next section.

IV. TECHNIQUES USED FOR GENERATION OF ISL DICTIONARY

There are various techniques available for representing signs
like Stokoe Notation [13], Sign Writing [14], and HamNoSys.
The proposed system uses HamNoSys, SIGML, and avatar
animation for ISL signs. These techniques are described as
follows.

A.HamNoSys

An online multilingual ISL dictionary has been developed
using HamNoSys notation. HamNoSys is developed by Prill-
witz et al. in 1984. It has approximately 200 characters [15].
HamNoSys is a standard transcription and used internationally
for all SL. It includes manual and non-manual components. It
is a phonetic notation which consists of differ-ent parameters
like configuration of hand, movement, location, head and body
gesture described as follows.

1) Handhsape: For representing a sign, there are various
handshapes symbols available in HamNoSys. Fig. 2 shows
some of various types of handshapes and finger positions
used in HamNoSys.
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Fig. 2 Types of Handshapes

2) Hand orientation: The hand orientation includes the
direction of fingers and palm. It can be left, right, upward,
inward, downward or outward depending upon the position
of signer/body. Fig. 3 shows the symbol used for hand

orientation.
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Fig. 3 Symbols used for Hand orientation
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3) Location: The location of a sign can be defined using the
location symbols like above head, head, shoulders,
forehead, nose, mouth, lips, cheek, ears, neck, chest,

4)

in

5)
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handed signs. Non-manual features like facial, body and
head gestures are also included. Fig. 7 presents the
symbol used for two-handed signs.

stomach or below stomach. The position like left or right
can also be defined. Further, the hands are touched or close v . %

to touch can also be shown using these symbols. Fig. 4
depicts the location symbols.
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Fig. 4 Location symbols used in HamNoSys

Hand Movement: There are different types of directional
and rotational movements present in HamNoSys. It defines

*
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Fig. 7 Symbols used for two-handed signs

B.SiGML
SiGML was devel-oped at the University of East Anglia

the movement of hand from the initial location to the (UEA) for specifying signing sequences. It is like XML and
destination. The movement can be repeated one or more  uses different tags for representing their corresponding

times. Fig. 5 shows the symbol used for movements.
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Fig. 5 Symbols used for movements

Fig. 6 depicts the finger and rotational hand movements used

HamNoSys.
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Q

Fig. 6 Rotational movements

Others: It includes the symbols used for representing two-

HamNoSys symbol. It is given as input to animation server for
generating frames which defines the pose of avatar. Fig. 8
shows the SiGML of word Alone.

«sigmlz
<hns_sign gloss="alone">

chamnosys_nonmanuzl>

< hamnosys_nonmanual>

chamnosys_manual»
chamfingerd/>

chamsmallmod/ >
< hamnosys_manual:

</hns_sign>

«fsigmls
Fig. 8 SiGML of Alone

C.Avatar

Avatar also known as virtual human was developed by
Glauert et al. (2010) at University of East Anglia. It takes
SiGML as input which is generated from HamNoSys notation
and processes the animation frames. These frames generate 3D
avatar animation. Fig. 9 shows the avatar animation of word
Alone.

alone

Fig. 9 Avatar animation of word Alone
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V.METHODOLODGY

The workflow of proposed system is depicted in Fig. 10. The
system accepts user input in two languages namely Hindi and
English. The input tool uses Google Application Programming
Interface (API) for Hindi transliteration. The input is processed
through a parser and translated into an ISL sentence. For the
translation process, the morphological information for each
word of the sentence will be retrieved from the parsed output.
Thereafter, stemming is applied on the basis of POS tag
information to convert it into ISL sentence. After fetching the
root words of the input sentence, its HamNoSys are extracted
from the Database. Thereafter, its corresponding SiGML is
looked up in the cache, where it is saved after generation. This
SiGML is taken as input by animation server which uses Web
Graphics Library (WebGL) for generating 3D avatar animation.
The system can be accessed at URL www.islfromtext.in and and
mobile application is also available at Google Play Store [16].

VI. COMPONENTS OF DICTIONARY

Different words along with their corresponding HamNoSys
notation are stored in the database. To manage these words
various functionalities are developed which are discussed as
follows.

A. Database

The database statistics shows the number of words present in
the dictionary for both English and Hindi language. It has

Word Manager

different filters which can be used to find the words present in
dictionary without its HamNoSys, corresponding Hindi word,
or which are not verified. It consists of 2000 English and 3286
Hindi words. It also have 110 example sentences which can be
accessed through the system interface.

B. Word Manager

Word Manager in the proposed system shows all the words
present in the dictionary at a glance. The user can easily search
the number, alphabet or word by using its initials or select the
word from there. Fig. 11 shows the Word Manager of the
proposed system.
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Fig. 10 Workflow of System

Type in box below to filter the list and click word to edit its details:

lbri| ] (Add new word)

I - background means HamMoSys Unverified or Missing

- background means HamMNoSys Verified

Words have been loaded. Use filter box above to find words.

bridge

brighton bring

Fig. 11 Word Manager of Dictionary

C.Edit Panel

When a new word is created, its HamNoSys and correspond-
ing Hindi word can be added by Edit panel. Each word stored
in the database can be easily modified through Edit Panel. Fig.
12 depicts the Edit Panel for modifying word Alone in the
dictionary.

D.HamNoSys Writing Tool

There is a interface for writing HamNoSys for each word. It
provides the virtual keyboard for inserting symbols for
representing ISL signs. Fig. 13 shows the HamNoSys virtual
Keyboard.

Edit Panel - ISL
Word ID (Read only) |872—‘
English word (Edit) [alone |

HamNoSys (Locked)
Test Sign

Associated Hindi words (Edit) (Delete) 3ipen
(Add Hindi Word)

Fig. 12 Edit panel for modifying word Alone
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HamNoSys Writing Tool
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Fig. 13 HamNoSys Writing Tool

E. HamNoSys to SiIGML Conversion Tool

The proposed system provides the feature of automatic con-
version of HamNoSys to its corresponding SiGML. The user

Hamnosys 2 Sigml Tool

Paste HamNaoSys Here
[Use HamMoSys Writing Tool to create / edit HamMNoSys)

= acl"—'-":"-%

Enter gloss word here

needs to define HamNoSys and its gloss, the output SIGML is
generated automatically. Fig. 14 describes the HamNoSys to
SiGMI conversion tool for word Alone.

| alane

Output sigmi =

<sigmls
<hns_sign gloss="alone">»
<hamnosys_nonmanual:
</hamnosys_nonmanual>
<hamnosys_manuals>
chamfingerd/»
¢hamthumbacrossmodf >
chamextfingeru/ >
<hampalmu/ >
<hamshouldertop/ >
chamlrat/»
chamcircleu/ >
<hammoveo/ >
shamsmallmod/ »
«/hamnosys_manual:
</hns_sign>»
<fsigml>

Fig. 14 HamNoSys to SiGML Conversion Tool

VII. OUTCOME

The system provides the online multilingual dictionary for
ISL. It uses the techniques like HamNoSys for creation of
dictionary and SiGML and Avatar for its processing. Table I
depicts the processing of word Time for its ISL animation. The

proposed system generate 3D avatar animation for any number,
alphabet, word or sentences. It has 2000 English and 3286
Hindi words with 110 example sentences.

The proposed system can be used by the people for commu-
nication at public places like railway stations, banks, airport etc.
It can also be used for education and learning of ISL.
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TABLE I
DESCRIPTION OF ISL ANIMATION FOR WORD TIME

Word HamNoSys

SiGML Avatar Animation

Time el e

<sigml>
<hns_sign gloss="time">
<hamnosys_nonmanual>
</hamnosys nonmanual>
<hamnosys_manual> <hamparbegin/>
<hamfinger2/> <hamthumbacrossmod/>
<hamfingerbendmod/>
<hamplus/>
<hamfist/>
<hamparend/>
<hamparbegin/> <hamextfingerl/>
<hampalmd/> <hamplus/>
<hamextfingero/> <hampalmd/>
<hamparend/> <hamparbegin/>
<hamshoulders/> <hamplus/>
<hamchest/> <hamparend/>
<hammoved/> <hamparbegin/>
<hamwristback/> <hamhandback/>
<hamplus/> <hamindexfinger/>
<hamfingertip/> <hamparend/>
<hamtouch/> <hamseqgbegin/>
<hammoveu/> <hamsmallmod/>
<hammoved/> <hamsmallmod/>
<hamseqend/> <hamrepeatfromstart/>
</hamnosys_manual>
</hns_sign>
</sigml>

time

Fig. 15 analyzes the input sentence and shows the avatar

English to ISL Hindi to ISL Examples

Enter English text here

These are books.

Debugger:

Hide Debugger Clear Debugger

animation of its ISL sentence These are books.

Playing sign :book
Playing sign :these
Play sequence ["these","book”|

book

Fig. 15 ISL animation of sentence These are books.

VIII.CONCLUSION AND FUTURE SCOPE

An online multilingual ISL dictionary has been developed for
Indian signs using different resources and books available for
ISL. It is used as a database to associate signs with words or
phrases of a spoken language. Thus, this dictionary consists of
different words along with their corresponding HamNoSys
notation.  The  dictionary is available at URL
www.islfromtext.in. The system displays the 3D ISL avatar
animation for each input sentence. The mobile application for
ISL dictionary is available at Google Play Store [16].

In Future, this dictionary will be extended for ISL signs so
the researchers can. The work to develop a ISL generation

system from Hindi input language is in the process which will
help the researchers and other in the field of SL generation.
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