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LINGUISTIC ASPECTS OF THE DEVELOPMENT
OF COMPUTER SIGN LANGUAGE INTERPRETERS
RUSSIAN LANGUAGE

Ganelina N.D., Grif M.G., Korolkova O.O.

The article is devoted to the actual direction of modern linguistics — describing
the features of Russian sign language identified by the analysis of theoretical and em-
pirical lexicographical sources, as well as in the process of communication with na-
tive «speakers» — people using Russian sign language as native language. Another
purpose of the article is detecting and confirming the practical significance of such
research — solving problems of social adaptation for hard of hearing people. The pa-
per presents the results of linguistic research of Russian sign language that the devel-
opers of the computer Russian sign language translator rely on: peculiarities of lexis,
word derivation, morphology and syntax of sign language for deaf citizens of the
Russian Federation are described. Approaches to developing a system for computer
sign language translation used by the employees of the Institute of Social Rehabilita-
tion, Novosibirsk State Technical University, are justified in the paper. The results of
the research can be interested to specialists studying and describing lexical and
grammatical systems of Russian sign language, developers of the system for a two-
way machine translation from Russian spoken language to Russian sign language and
vice versa, sign language interpreters and teachers of sign language.
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JIMHTBUCTHYECKUE ACIHEKTBI PABPABOTKH KOMIIBIOTEPHOI'O
CYPAOIIEPEBOAYUKA PYCCKOI'O A3BIKA

lNanenuna H. ., T'pudp M.T"., Koponbkosa O.0O.

Crarbs NOCBSILIEHA aKTyaJIbHOMY HAIIPABICHUIO COBPEMEHHOTO SI3bIKO3HAHUS
— OMMCAHHUIO OCOOEHHOCTEH PYCCKOI0 >KECTOBOTO 53bIKA, BBISIBICHHBIX NP aHAIIM3E
TEOPETUUYECKUX, JIEKCUKOTrpaduYecKUX W IMIUPUUYECKUX HCTOYHUKOB, a TakXKe B
Ipouecce OOIIEHUsI ¢ HOCUTENSIMH PYCCKOIO KECTOBOT'O SI3bIKA U PACKPBITHIO MpaK-
TUYECKON 3HAYMMOCTH MOJAOOHBIX MCCIEIOBAHUN ISl pelIeHus] MpoOJieMbl COLIUAIb-
HOM ajanTanuy MHBAJIUAOB MO ciyxXy. B paboTe mpencraBieHbl pe3ysbTaThl JIMH-
IBUCTUYECKOTO MCCIEAOBAHUSA PYCCKOIO JKECTOBOIO SI3bIKA, HA KOTOPHIEC OIUPAIOTCS
pa3pabOTUMKHU KOMIIBIOTEPHOTO CYPAONEPEBOJUHNKA PYCCKOTO SI3bIKA: JaHO OIMCAHHE
0COOEHHOCTEN JIEKCUKH, CIIOBOOOpPa30BaHUs, MOP(OIOrMH U CUHTAKCHCA KECTOBOTO
A3pIKa DIIyXUX M ciabocablmamux rpaxnaan Poccuiickoit ®@enepauuu. B pabote
00OCHOBaHBI MOAXO/Ibl K CO3AAHUIO CUCTEMbI KOMIIBIOTEPHOI'O CYypAOIIEpeEBOIa pycC-
CKOT'O $3bIKa, MCIOJIb3YEMbIE COTPYJHUKAMHU MHCTUTYTA COLMAIBHON peaduInTanuu
HoBocubupckoro rocy1apcTBEHHOI0 TEXHUUECKOIO0 YHHBEpCHUTETa. Pe3yiabTaThl HC-
CJIEI0OBAHUS IIPEACTABIISIIOT UHTEPEC U1 CIICLIMAIMCTOB, 3aHUMAIOIIUXCS U3yUYCHUEM
Y OIKMCAHUEM JIEKCUYECKOM U TPaMMAaTUYECKOU CHUCTEMBI PYCCKOI'O KECTOBOI'O S3bI-
Ka, pa3pab0TYUKOB CUCTEMBI JIBYCTOPOHHEIO MAIIMHHOIO MEPEBOJA C PYCCKOTO 3BY-
Yauero s3bIKa Ha PyCCKUM KECTOBBIN SA3BIK U C PYCCKOI'O KECTOBOI'O S3bIKA HA pyC-
CKMH 3BYYalluH sI3bIK, CIIELIUATIUCTOB-CYPAOIIEPEBOAYMKOB U CYPAOIEIaroros.

KiroueBbie €10Ba: pyCCKUH A3bIK; PYCCKHI XKECTOBBIN SI3bIK; KOMIIBIOTEPHBII

CYpAOIEPEBOAUHUK.

Today world community is actively resolving problems of breaking the barriers
in communication between hearing and hear-impaired people and their social adapta-

tion. It is known that deaf and people with hearing disabilities are about 10% of
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world population. These people use for communication sign language which can be
unknown for hearing people they speak to. Discussing sign languages we should
mention that during a long time sign languages were not considered to be full and in-
dependent languages in spite of the fact that such a language is one of the types of
natural languages distinguishing by the kind of presenting «based only on gesture
and mimic» [7, p.44].

Different machine sign language translation systems are developed to resolve
several problems, including deficiency of professional sign language interpreters,
problem of communication and social integration for hard of hearing people. In No-
vosibirsk State Technical University, for example, a team of specialists is designing a
two- way computer sign language translator [11, 13, 14].

To address this important social problem it is necessary to make a research of
linguistic aspects of Russian sign language (RSL). By comparative analysis of RSL
and Russian spoken language lexical and grammatical features of RSL used by deaf
and hear-impaired citizens of Russia should be detected. The idea of necessary study
of RSL was formulated by A.A. Kibrik in 1990s [4]. In 2000s under his direction in-
vestigation of some aspects of RSL were started. But grammatical system of RSL is
not described yet. The most complete and holistic paper devoted to RSL is a textbook
«Gestural language. Dactylology» written by well-known Russian defectologist
G.L. Zaytseva [1].

Importance and urgency of our research is proved by announcing Russian sign
language to be official language of deaf and hard of hearing citizens of the Russian
Federation in December, 2012. In Federal Law Ne 296-FL «On alteration of 14 and
19 articles of Federal Law «On social defense of disabled people in Russian Federa-
tion» passed at December 30, 2012 it is stated: «in article 14: a) the second part to be
as follows: Russian sign language is avowed to be a language for communication in
case of hear and/or speech difficulties, including spheres where verbal official lan-
guage of the Russian Federation is used... g) to annex by the fifth part with the fol-

lowing content: Training, raising of qualification and professional retraining for
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teachers and interpreters of Russian sign language, as well as Russian sign language
development is provided» [10].

Our linguistic research of Russian sign language is based on G.L. Zaytseva the-
sis: «RSL is a full human language with own lexical and grammatical systems» [1,
p. 32].

The analysis of theoretical, empirical and lexicographical sources, as well as
communication with people for whom Russian sign language is native, let us con-
clude that RSL has the following features of vocabulary, derivation, morphology and
syntax.

Russian sign language vocabulary is characterized by a tendency to syncretism
and separation. On one hand, in RSL the same gesture can be used to present an ac-
tion, an executor and a tool for action. The actual denotatum is defined by the con-
text. On the other hand, in Russian sign language there is not always a certain sign to
transfer any information and people have to resolve this problem in the process of
communication using available gestures.

Gestures are iconic, it is a feature of vocabulary of sign languages including
RSL. It means that signs perform denotatum, show it or look like and resemble it.

The third feature of RSL vocabulary is a possibility to form figurative mean-
ing.

One more peculiarity of RSL lexical system is distinguishable vocabulary, i.e.
there are expressions that can not be translated to spoken language by one word.

There are system relations in RSL vocabulary. Thus, we defined and described
gestures that are similar to antonym, synonym and polysemantic words.

An important feature of RSL vocabulary is a possibility to be enriched by loan
words and adoptions from world sign and spoken languages.

RSL vocabulary is also characterized by changing its composition, gestures
appear and disappear or perform in different way.

We defined that Russian sign language vocabulary has thematic groups which

can be divided into subgroups and micro groups.



© CoBpeMeHHbBIE UCCIIEJOBAHUS COLUAIBHBIX MTPO0JIEM (JIEKTPOHHBIN HaYUHbBIN KYypHa),
Modern Research of Social Problems, Ne7(27), 2013

o www.sisp.nkras.ru

And the last feature of RSL vocabulary is small scope as compared to Russian
spoken language. This fact perhaps let scientists assume that sign language was not
full and complete.

The analysis of gestures in terms of word formation allowed us to define the
following peculiarities of RSL derivation system [6].

RSL word formation is more focused on expressing morphological features of
words than on creating new gestures.

Principal units of RSL derivation system are word formative chains, paradigms
and families of words. Motivating and motivated gestures are defined in and motivat-
ing gestures in Russian spoken language do not always title motivating gestures.

There are no tools in RSL derivation system that fully correspond to word for-
mants of Russian language. But the system has specific means for new gestures for-
mation: combination of two separate gestures, appending to nominative gesture spe-
cial additional gestures (for example, a gesture meaning PERSON), repeating addi-
tional gesture, changing gesture amplitude or intensity and its localization, transform-
ing one-handed gesture to two-handed, using facial expression and/or body turning in
the process of gesture performing. Applying systematically tools mentioned above let
us define in Russian sign language special word formative models which sometimes
have analogues in Russian spoken language, for example prefixal, suffix and stem
composing methods.

There are special cases of gesture formation in RSL: gestures that in terms of
word formation in Russian language are cognate words, but not included in derivation
chains, are similar in performing; gestures which analogues in Russian language are
cognate words are identical in performing; gestures which names in Russian language
are cognate words are diverse in performing.

In RSL research tradition initiated by G.L. Zaytseva [1] gestures were not di-
vided into parts of speech. The well-known Russian defectologist explains this by the

fact that there are gestures which can denote an action, agent or tool depending on the
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context. For example, the same gesture in RSL can denote TO SKI, SKIER and SKI-
ING.

As a result of analyzing lexicographical, theoretical and empirical sources we
concluded that classes of gestures analogous to parts of speech in Russian language
(noun, adjective, numeral, pronoun, verb, predicate noun, adverb, participle, modal
words, preposition, conjunction, particle, interjection) can be defined in RSL. These
classes also can be described by categories of analogues in spoken language [5].

The feature of RSL morphology is that gestures analogous to parts of speech
do not have all grammatical categories peculiar to their spoken equivalents. For ex-
ample, noun gestures do not have case category, adjective gestures do not have gen-
der and case categories.

The key part of speech in Russian sign language is verb. Gestures that are
analogous to verbs can present aspect meaning, mode, tense (the paradigm of tense
forms includes preterit and perfect), person, number and reflexive meaning. We
should note that all these forms are created analytically. There is no gender category
for verb gestures. As in Russian spoken language verb gestures in RSL realize a pred-
icate function.

There are groups of numeral gestures in RSL (TWO, THREE, FOUR, FIVE),
which combine paradigm subgroups. Gestures in subgroups denoting some values or
dimension (time, weight, cost and others) differ from each other by the type of
movement. RSL peculiarity is gesture incorporation, that is special way of presenting
quantitative relation when a gesture denoting a number less than 5 is incorporated to
nominative gesture denoting noun. As a result of incorporation new complicated ges-
tures identical to word combination noun + numeral are formed.

All personal pronouns in RSL perform designative or indicating function. In
Russian spoken language deictic function is attributed only to pronouns of the first
and second person.

In RSL as opposed to spoken language there is a tendency for interrogative

pronouns and negative participles to take postpositions in statements.
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Prepositions in RSL are not tools for hypotaxis of one meaningful word to an-
other in a phrase or sentence, but a way to present spatial relations.

Describing features of RSL morphology we can not but mention that basic
means for presenting grammatical meaning are gesture configuration and movement.

Syntax in RSL like in Russian spoken language performs a leading function.
RSL syntax system has some features.

Basic syntactic element in RSL as opposed to Russian spoken language is a
statement.

An important feature of RSL syntax is basic order of gestures in a statement,
including interrogative sentence. This order depends on reversibility of the sentence,
aspect mark of a verb, as well as on animateness and prevalence of object as well as
on the part of speech the gesture belongs to.

The syntax of Russian sign language can be described in terms of subject (sub-
ject in a sentence) — object (object in a sentence) — predicate (verb). Differentiation of
subject and object is based on the features of gesture order in a statement, changing
direction of gesture performing and localization of referents.

As sentences in Russian spoken language statements in RSL are classified to
simple and composite, and not all of them have analogues in spoken language.

Sign languages are soundless, so to express a question you should use not into-
nation but other tools. These tools are non-manual component, interrogative gestures
and particles.

One more important feature of RSL syntax is predicate doubling, repeating
parts of a statement or whole phrases. The necessity of adjustment, explanation and
appending of the stated is a reason of these phenomena.

The last feature of RSL syntax is segmentation of discourse to elementary dis-
course units (EDU) and super discourse units (SDU) that are analogous to word com-
binations in a simple sentence and to a simple sentence in composite sentences [10].

So everything stated above let us conclude that Russian sign language is a full

natural language with specific features at every level of language system which
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should be taken into account in the process of developing machine sign language
translation systems.

There are two approaches to designing automated sign language translators:
rule-based and data-based translation [12, 15]. In the first type systems rules of trans-
lation are created manually based on knowledge about both languages. In the systems
of the second type rules are derived automatically based on computer analysis of lan-
guages data. The analysis doesn't rely on prior knowledge about structure of lan-
guages considered. An example of the second type system is statistical automated
translation. As soon as there is no sufficiently representative corpus of parallel texts
which the system can use to learn, elicit rules for correlation between texts in Russian
spoken language and RSL from it, this approach doesn't seem to be realizable at the
current moment.

Systems of the first type can differ in depth analysis of the translated text.

Direct translation is based on found lexical matching without syntactic (and of
course, semantic) analysis. «Transfer» translation is based on more sophisticated
analysis at syntax and semantic level. Syntactic or semantic representation of the text
translated transforms to syntactic or semantic representation of another language
based on the rules of the translation system. This transformed representation is the
basis for generating output text. Such a translation strategy goes to ideas stated in the
end of 1950s by V. Yngve.

Even deeper analysis takes place in translation based on designing "interlin-
gua" - artificial interim language. This strategy of translation originates in W. Weav-
er's ideas. It consists in using a translation circuit which transforms a text in one lan-
guage to a text in another language on the basis of reduction both texts to a common
for them semantic representation in interlingua. This notation theoretically doesn't
depend on the chosen languages L1 an L2.

There are two types of strategy for designing interlingua:

1. Designing a universal language description that generalizes syntactic and

semantic means of different natural languages.
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2. Designing an interlingua that doesn’t simulate natural languages, but a
world which these languages are used to speak about. Formalization of knowledge
about the world makes it possible to include in translation process procedures of logi-
cal inference based on common sense reasons.

As an example let's consider software package for computer translation from
Russian text to RSL (programming language is C++, OS Win 32) [11]. Russian text
can be arbitrary. It can include numbers and acronyms. The version of colloquial
Russian sign language is based on notations for sign writing SignWriting [2, 3, 9].
Software developed includes modules for morphologic, syntactic and semantic analy-
sis of Russian texts as well as the module for translating to colloquial Russian sign
language. Any Russian text (sentence) entered to the program is provided for mor-
phologic, syntactic and semantic analysis. Then a standard scheme of sentence in col-
loquial Russian sign language is formed:

SUBJECT — ATTRIBUTE — ADJUNCT — PREDICATE — OBJECT.

This scheme is consecutively applied to simple statements.

If a word in a sentence has a corresponding gesture then the word is changed
by the notation system in SignWriting for this gesture. If there is no corresponding
gesture — the word is translated by dactyl alphabet in the notation system. To remove
polysemy in gesture performing a base of ontology is used. Possibility of parallel per-
forming of statements is analyzed.

In the SignWriting notation system 500 Russian signs are described. All ges-
tures were normalized and approved by Russian experts in colloquial RSL. The stra-
tegy for translating Russian text to Russian sign language is focused on the closest in
the meaning and ergonomic translation. It includes loan Russian sign language and

dactyl alphabet.
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