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B 2016 rogy mist pa3BUTHS U YAYYIICHUS Ka9eCTBa )KU3HHU Ka3aXCTAHIIEB OBLT
CO3J1aH YacTHBIN briarorBopuTtenbHbIH HOHT « XalbIK». 3aTOIBI CBOCH IEATEITHPHOCTH
Ha pealln3aluio OJaroTBOPUTEIIBHBIX IIPOCKTOB B 001ACTIX 00pa30BaHus U HAYKH,
COLIMANIbHOM 3allMThI, KYJBTYPBI, 3APaBOOXpaHEHUs] W cnopta, POoHA BBLACITHI
Oonee 45 MIITHAP/IOB TEHTE.

Ocoboe BHuUManue brnarorBopurenbueli  poHn  «Xadblk»  yaenseT
00pazoBaTeNbHBIM IPOrpaMMaM, CUUTas 3TO HANpaBlICHHE OJHUM U3 KIIFOUEBBIX
B cBoell aesrenbHOCTH. OKas3biBasi MOAJEPIKKY OTEUECTBEHHOMY OOpa30BaHMIO,
@oH1 BHOCUT CBOW MOCHJIBHBIA BKJIaJ B pa3BUTHE Kaue€CTBEHHOI'O 00pa30BaHUs
B Kazaxcrane. Tem caMbIM crmocoOCTBYSl pOCTY 4YHcCa JIIO#EH, CIIOCOOHBIX
MEHSTh KU3Hb B CTpaHe K JydmeMmy — NpodeccHOHAIIOB B pa3MUHBIX cdepax,
MOTCHLIUANBHBIX JIMACPOB U «BEIUKUX YMOB». ORHOW M3 3HAYMMBIX WHULIMATUB
¢donaa «Xansik» B 00pazoBarenbHol cdepe cran npoekT Ozgeris powered by Halyk
Fund — nepBsrii B cTpane 6uzHec-uHKyOaTop utst ydamuxcs 9-11 kmaccoB, KOTOpBIT
MOMOTaeT Pa3BUBaTh HEOOXOANMBIC B COBPEMEHHOM MHpE NMpeIIpUHIMATEIbCKHE
HaBbIKU. Tak, Ha cozelicTBHE MaJloMy OM3HECY HIKOJIBLHUKOB OBIIO BBIZIEJICHO Oosiee
200 rpanrtoB. g noanep:KKW TaJaHTIMBBIX U MOTHUBUPOBAaHHBIX nered DoHn
HEOIHOKPATHO BBIACIISUI IPAaHTHI Ha 00yueHune B MextyHapoHoH mkoie «Mupacy»
u B Astana IT University, a Takke MOMOT' Ka3aXCTaHCKHM HIKOJIbHUKAaM NPHUHATH
yuactue B mpectmkHoM kKoHkypce «USTEM Robotics» B CIIA. Atopckue
paboTsl B pamkax npoekTa « Tamimrepy, koropomy ®oHJ 0Ka3ail NOAACPKKY, JICIIN
B OCHOBY y4yeOHOW MpOrpaMMbl, YYEOHHKOB M Y4E€OHO-METOIMYECKHUX KHHI IO
npeaMeTy «OCHOBBI IpeIIPUHUMATEIbCTBA U On3Hecay, npenogasaemoro B 10-11
KJIaccax Ka3axCTaHCKMX LIKOJ M KOJIICIKEH.

[ToMuMO moMoOIIM MIKOJIBHUKAM, YYallUMCsl KOJUIeIKeld u cryneHTamM DoHp
CUUTAET BAXHBIM BHECTH CBOHM BKJaJ B MOBBIIICHUE KBAJIM(HUKALNU MEaroros,
COBEPLICHCTBOBAHHE MX 3HAHWH M HABBIKOB, MOCKOJIBKY MMEHHO OHH SIBJISIOTCS
MPOBOAHMKAMM 3HAHWH OyyIIMX MOKOJICHMH Ka3axcTaHieB. [Ipu mommepikke
doHma «Xanplk» B KOKHOH CTONHWIE OBUT OpPraHW30BaH €XKETOIHBIN TOPOICKOM
KOHKYpc neparoro «Almaty Digital Ustaz.

BaxxHoil MHMUIMATHBOM CTaJl peaju3yeMblii MPOEKT M0 OOYYECHHIO OCHOBAM
(MHAHCOBOM TPaMOTHOCTH IpenojaBaTesied M3 BochbMM obnacteil Kazaxcrana,

I'paMOTHOCTHU U IPCANIPUHUMATCIIBCKOT'O MBIIIIJICHUS Y HOBOT'O ITOKOJICHU A I'PpaXXJAaH
CTpaHBbI.



HeoOxomumyto nomomps @onp «Xallblk» OKa3bIBa€T U TEM, KTO OCOOECHHO
OCTpPO B HEHl Hykmaercs. B pamkax coluanpHON 3aIlIMTBHl HACEJICHUS aKTHBHO
MpoBOAXTCS paboTa MO MOAJEPIKKE AETeH, ocTaBIIMXCs Oe3 poxuTenel, AeTei u
B3POCIBIX U3 COLMAIBHO YS3BUMBIX CIIOCB HACEJICHHUS, JIOACH C OrpaHMYCHHBIMU
BO3MOJKHOCTSIMH, @ TaKXe 00CCIICUCHHIO HYKAAIOMINXCS COLHMAJIbHBIM KHUIBEM,
CTPOUTENILCTBY COLIMAJIbHO BaKHBIX OOBEKTOB, TAKUX KaK JAETCKUE CaJlbl, AETCKUE
TUIOIIAAKH U (PU3KYIBTYPHO-0310POBUTEIBHBIC KOMITJICKCHI.

B xonmnky 106psix gen @onaa «Xasblk» MOKHO 100aBUTh OKa3aHUE TOMOLIH
JETCKOMY CHOPTY, KyZa OTHOCHUTCS IMOJJICP’KKa B Pa3BUTHU ACTCKOro ¢gyrdoia u
Kapate B Hauel crpane. JKu3HEHHO BasKHYIO ITOMOIb biiaroTBOpUTeIbHbIN (GOH
«XanpIK» OKa3aJl HalllUM COOTEYECTBEHHMKAaM BO BpeMsl HEIaBHEH MaHICMUU
COVID-19. Torga, B pasrap Tsbkenoil OopsObl ¢ KOpOHaBUPYCHOW MHQeKuuei
®onpx Bbtenun cBbimie 11 MWIIMAapIOB TEHre Ha MPHOOpETeHHEe HEeOOXOIUMOro
MEIUIUHCKOTO OOOPYAOBaHMS M JOPOTOCTOSIIMX MEAMLHMHCKUX Ipernaparos,
aBTOMOOWJICH CKOPOM MEIUIMHCKOM MOMOIIM M CPEACTB 3aIlUTHI, aJPECHYIO
MaTepraibHyI0 MMOMOIIL COLMANBHO YS3BHMBIM CJIOSM HACEICHHUS U JCHEKHBIC
BBIMJIATHl MEJUIMHCKUM PAOOTHHUKAM.

B 2023 rogy napsimy ¢ OIpyruMH MpPOEKTaMH, HALICNEHHBIMH Ha MOBBILICHUE
071arocOCTOSHUS Ka3aXCTaHCKUX IpaskaaH QOH pelu yIeIuTh 0co000e BHUMaHNE
HayKe, TIOCKOJIbKY OHa SIBJISIETCSl 4aCThIO OOIIECTBEHHOM KYJIBTYpHI, @ YPOBECHb €€
Pa3BUTHS ONPEACISIET YPOBEHb PA3BUTHUS TOCYIapCTBa.

[Monnep:xka @oHIOM BbIMycKa KypHanoB HamumonanbHOM AkaneMuu Hayk
PecnyOnukn KazaxcTtaH, KOTOpble BXOAAT B MEXAyHaponuHble (OHABI Scopus u
Wos 1 B KOTOPBIX IMYOJHMKYIOTCS CTaTbH OTEYECTBEHHBIX YUYCHBIX, JOKTOPAHTOB
W MarucTPaHTOB, a TAK)KE HAyYHBIX COTPYIHHKOB BBICHIMX Y4YeOHBIX 3aBEeICHMI
W HayYHO-HCCJIEOBATEIbCKUX MHCTHUTYTOB HAIICH CTpaHbl SIBISIETCS HE MEHEE
3HAYUMBIM BKJIaioM DoH/Ia B pa3BUTHE Ka3aXCTaHCKOTO OOIIECTBRa.

C yBaxkenmnewm,
BbaarorBopurenbHblii ®oHa «XaabIK»!
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PROBLEMS OF DEVELOPING A SYSTEM FOR COMPUTER
TRANSLATION OF TEXT FROM KAZAKH INTO SIGN LANGUAGE
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Abstract. With the advent of video technology and multimedia computers, sign
language has gained the ability to record text, i.e., it has acquired the ability to write
and, accordingly, the ability to record and repeatedly reproduce sign statements,
analyzing and in-depth study of their grammatical and other features. People with
hearing impairments use sign language to perform interpersonal communication.
Mastering sign languages, as well as verbal ones, is important for the formation
of the personality of the deaf learner, his mental development, and socialization.
This article describes the problems of creating a system of computer sign language
translation of text from Kazakh into sign language using the multimedia capabilities
of modern computer technology. The study of the automation of the translation
of Kazakh sign language and texts in the Kazakh language showed that there
are practically no resources in the Republic of Kazakhstan for the training and
rehabilitation of people with hearing impairments, there are few linguistic studies
of Kazakh Sign Language in highly specialized subject areas. The obtained results
on the analysis of the syntactic and semantic structure of the Kazakh sign language
can be used for other agglutinative languages.
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MOTIHAI KA3ZAK TIJITHEH BIMJAY TIJITHE KOMIIBIOTEPIIK
AVJIAPY )KYHUECIH 93IPJIEY MOCEJIEJIEPI

AnHoramus. beliHeTexHUKa MEH MYJIBTUMEIUSUIBIK  KOMITBIOTEPICP/IiH
naiia OOJybIMEH BIMJAy TUTI MOTIHJI jkKa3y MYMKIHJITiHE We OONIbl, SFHU
XKasylbl KOHE THICIHINE, BIMIAy ce3lepiH OeKiTy jKoHe KalTa UIbIFapy,
OJIApJbIH TPAMMATHKAJBIK JKOHE Oacka Ja epeKIIeNiKTepiH Taujay JKOHEe TepeH
3epTTey MYMKIH[ITiH amabl. blMaay Tinmi ecty kaOineri Oy3bUIFaH agaMIap/IbIH
TYJIFaapasblK KapbIM-KAaThIHACKI KbI3METIH aTkapaiabl. blMaay TimiH aybI3ina Tin
CUSKTBI MEHTEpPY €CTIMEHUTIH OiJiM aJyIIBIHBIH TYJIFACBhIH KAJIBIITACTBIPY, OHBIH
MCUXUKAIBIK JTaMYbl MCH dJICyMETTEHYI VIIIiH MaHbI3bl. Byl Makanaia 3amMaHayn
KOMIBIOTEPIIK TEXHUKAHBIH MYJIbTHMEMSIIBIK MYMKIHAIKTEPIH KOJaHa OTHIPHIIT,
MOTIH/II Ka3aK TUTIHEH bIMJIAy TLUTIHE KOMITBIOTEPIIIK CypoayapMa )KYHeciH Kypy
Macenenepi cumartanrad. Kazak TUTiHIEr bIMIay Tijli MeH MOTIHAEPl aylapyiasl
aBTOMATTaHJBIPY Mocenenepin 3eprrey Kaszakcran PecmyOnukaceinma ecTy
KaOineTi Oy3bUTFaH ajiaMaapbl OKBITY JKOHE OHAJTY YIIIIH iC KY3iH/Ie TOIBIKKAHIbI
pecypcTap MeH >KOFapbl MaMaHJaHJbIPBUIFAH TMOHJIIK caianapia Ka3ak bIMIay
TIJIIH JTUHTBHCTUKAJIBIK 3epPTTEyNiep a3 ekeHiH kepceTTi. Kazak wIMpaay TimiHIH
CHHTAKCHCTIK OHE CEMAaHTHKAJbIK KYPBUIBIMBIH Tajiay OOMBIHINA albIHFAH
HOTIDKENep/Ii 0acKka arnIFOTHHATUBTI TUIAEp YIIiH malgananyra 0omabl.

Tyiiin ce3mep: wIMumay Tinaepi, Ka3ak bIMAAy Tili, Ka3zak bIMIAy Ce3/epi,
KOMITBIOTEPIIIK BIMJIAY TiJli, MyMKIHIITI IEKTEYITi agamaap
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MNPOBJIEMbI PABPABOTKH CUCTEMbI KOMIIBIOTEPHOTI'O
MEPEBOJIA TEKCTA C KA3AXCKOI'O SI3bIKA HA )KECTOBBII
A3BIK

Annoranus. C TOSBICHUEM BHICOTEXHUKH 1 MYTBTUMETNHHBIX KOMITBIOTEPOB
YKECTOBBI SI3BIK MOJIYUHII BO3MOXKHOCTD 3alUCH TEKCTa, T.€. 00pes MMChbMEHHOCTh
1, COOTBETCTBEHHO, BO3MO)KHOCTh (PHKCAIIMYA U MHOTOKPATHOTO BOCIIPOU3BEICHUS
JKECTOBBIX BBICKaSBIBaHHﬁ, aHaJIn3a nu yrny6neHHoro HU3YyUYCHHUA UX TPAMMAaTHYCCKUX
U IPYruX 0COOCHHOCTEH. JKeCTOBBIH S3bIK BBITIOIHSIET (DYHKIIUIO MEXKIUIHOCTHON
KOMMYHHKAIIUX JIUI] C HapymieHneM ciryxa. OBliafieHne )KECTOBBIM SI3bIKOM, KaK U
CIIOBECHBIM, UMEET BaYKHOE 3HAYCHHUE IS YOPMHUPOBAHHS IMUHOCTH 00y HaIOIICTOCS
C HapylIeHHEeM CllyXa, ero IICHXHYECKOTO pa3BUTHS W COlUaNn3anud. B
Z[aHHOfI CTarb€ OIINCAaHbI HpO6JIeMBI CO31aHUsA CHUCTEMbI KOMIIBIOTCPHOI'O
CYpAOIEPEBO/Ia TEKCTA C Ka3aXCKOTO S3bIKA HA KECTOBBIN SI3bIK C UCMOIB30BAHUEM
MYJIBTUMEIUMHBIX BO3MOXXHOCTEM COBPEMEHHOM KOMIIBIOTEPHOW TEXHHKH.
HccnenoBanue BOpoCcoOB aBTOMATH3AIMK MEPEBO/IA )KECTOBON Ka3aXCKOW pedd u
TEKCTOB Ha Ka3aXCKOM SI3bIKe TI0Ka3alio, 4To B PecryOnmke Kasaxcran npaktuuecku
OTCYTCTBYIOT PECypChI il OOyUEHUS] U peaOMIUTAIMK JIFOACH C HApyIICHUSIMHU
ClIyXa, Majo JIMHIBUCTUUYECKUX HCCICIOBAHUN Ka3aXCKOTO KECTOBOTO f3bIKa B
Y3KOCTIeTIHAIN3UPOBAHHBIX MPEIMETHBIX 00nacTax. [lomydeHHsie pesyiasTaTsl 1o
aQHATN3y CHUHTAKCUYECKOM U CEMAaHTUYECKOH CTPYKTYpBhI Ka3aXCKOrO KECTOBOTO
SI3BIKA MOTYT OBITh MICTIONIE30BaHBI IS IPYTHX arIIOTHHATHBHBIX S3BIKOB.

KuioueBble c10Ba: KECTOBBIC SI3BIKH, Ka3aXCKas KECTOBas peub, Ka3aXCKUH
JKECTOBBIN SI3bIK, KOMITBIOTEPHBIN KECTOBBIA TEPEBOJI, JIFOAM C OrpaHUYECHHBIMU
BO3MOXHOCTAMH.

Introduction

In accordance with the Standard Rules for Ensuring Equal Opportunities
for People with Disabilities, adopted by the UN General Assembly in 1994,
the integration of people with disabilities into society is considered as the most
promising direction in the policy of any modern state in relation to this group of
people.

One of the important but little discussed problems in Kazakhstani society is
the inability of the country's digital infrastructure to meet the needs of people with
disabilities.

People with disabilities still remain one of the most socially vulnerable groups
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in the population. Today, almost 700 thousand people with disabilities live in
Kazakhstan, which is almost 3.73 % of the country's population. People with hearing
disabilities use sign language to communicate, which is not always understood by
their hearing interlocutors. Mastering sign language, as well as verbal, is important
for the formation of the personality of a deaf person, their mental development and
socialization.

According to the World Health Organization, more than 5 % of the world's
population, or approximately 430 million people, need rehabilitation to solve the
problem of hearing loss. It is estimated that by 2050, more than 700 million people,
or one in ten, will have disabling hearing loss (World Health Organization).

In this paper, we will consider the process of implementing a system of computer
sign language translation of the Kazakh text, taking into account the morphology of
the Kazakh language.

Sign language is a way of communication for hearing impaired people in which
information is transmitted through the movement of hands, bodies, and facial
expressions. Sign language is classified as a natural language, and for its analysis,
methods based on studies of spoken languages are used, since it is similar in its
fundamental properties to spoken languages (Grif, 2012).

Materials and methods

Dypes and degrees of hearing loss. According to the International Classification
of Hearing Loss, which was approved in 1997 by the World Health Organization,
there are 5 degrees:

» The first degree of Hearing loss (weak) means that a person hears Sounds in
frequencies from 26 to 40 dB. A person of this degree has difficulty in perceiving
quiet and distant speech.

* The second degree of Hearing loss (medium) means that the person hears
Sounds only louder than 41-55 dB. Difficulties in perceiving quiet and distant
speech, dialogue.

* The third degree of Hearing Loss (moderate-severe) means that a person
hears Sounds only louder than 5670 dB. A person of this category perceives only
loud speech and has difficulty in collective communication and talking on the phone.

* The fourth degree of Hearing Loss (severe) means that the person hears
Sounds only louder than 71-90 dB. A person of this degree hardly perceives even
loud speech. Only a scream or speech amplified by headphones is understandable.
Phone conversation is not possible.

* The last one, Deafness (profound) means that the person can only hear
sounds louder than 91 dB and has difficulty understanding even amplified speech
with headphones.

To determine the degree of hearing loss, the average values of sound perception
thresholds at four frequencies are taken into account: 0.5; one; 2 and 4 kHz. When
a person has normal hearing, it means that a person hears Sounds at all frequencies
from 0 to 25 dB and does not experience problems with communication and
conversation with any device, for example, with a telephone.
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Thus, the WHO International Classification of Hearing Impairment is the main
one for medical and social examination and assignment of a disability group. The
causes of hearing loss are varied. For example, taking medications, complications
after various diseases, injuries both in childhood and in adulthood, heredity, etc.
(Jos J.). The use of gestures instead of voice communication may be preferable in
many situations where communicating information by voice is either impossible or
difficult.

The purpose of the article is to study the creation of a system for computer sign
language translation of text from Kazakh into sign language using the multimedia
capabilities of modern computer technology. Many works have appeared in recent
years that address the issues of developing multimedia computer systems for
translating from a spoken language into a sign language. The most famous are: the
ZARDOZ and Icommunicator systems for translating from English into American
Sign Language (ASL), the TEAM machine translation system from English
into American Sign Language, the ViSICAST system with a realistic avatar for
capturing the movements and gestures of a sign language interpreter, and others.
ZARDOZ is a system that solves the problem of intermodal machine translation
by translating speech and text into fluid sign language (Veale et al., 2008). The
problems of translating Kazakh speech into sign language are practically dealt with
only by linguists (Berdalieva, 2015). At the same time, it should be noted that all
works on the development of sign language text translation systems in Kazakh
sign language are at the initial stage of development, which is due both to the lack
of a corpus of texts in the Kazakh language and to the peculiarities of the Kazakh
language, which is an agglutinative language.

Results and discussion

The following subsystems of sign languages are distinguished: means of national
sign language (NSL) or the so-called spoken sign language; tracing sign language
(TSL); dactylic speech. If the national sign language (Kazakh) is used in everyday
life and the skills for its use are often instilled in the family, then the tracing sign
is used in terms of official communication and scientific communication, using
special terms that are often not found in everyday communication of the deaf. For
such terms, specific gestures are required-analogs are displayed using the dactyl of
the Kazakh sign language. Tracing speech is when gestures are used to represent
words and repeat their order in a normal verbal sentence. The tracing of sign speech
does not have its own grammar but only copies the structure of the verbal language,
acting as a secondary sign system, and is usually accompanied by the simultaneous
silent pronunciation of words (Myasoedova et al., 2018).

The sign language of the deaf is a multilevel linguistic system, and since gesture
— the main semantic unit — has a complex structure; sign language has a wide range
of regular means for expressing meanings and relationships between meanings
(Bazoev et al., 2012).

Traditionally, tracing sign language is a communication system in which
gestures accompany the speaker's oral speech. Gestures in tracing sign language
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act as equivalents of words, and the order of their sequence corresponds to the
arrangement of words in an ordinary sentence. The tracing sign (TS) calculates the
structure of the verbal language (Russian, English, etc.), therefore it is a secondary
sign system. The main difficulty in the implementation of a computer sign language
translation system is the quality of the translation using TS. By the quality of the
translation, we will understand the correctness of the transfer of the semantic
meaning of the sentence (its semantics). The TS should provide each word of the
text or oral speech with an equivalent in the TS. It is noted in (Zaitseva G.L., 2020)
that two main classes of gestures are distinguished in the TSL vocabulary. The first
of these are gestures borrowed from spoken sign language; these gestures are used
in both NSL and TSL. This is a fairly large and stable class. The second class is
gestures belonging only to TSL, which are divided into the following subclasses: A)
gestures proper (for example, koz(eye), agash(tree)); C) the words of the national
language, reproduced using the dactyl alphabet - dactyl words (k-o-r-i-m-d-i-k);
C) lexemes containing a gesture and several dactylems (t-a + bass kiim (hat) =
takiya (skullcap)). Most often, dactyl words are used for words used in scientific
and official terminology, or for new words for which there are no gestures yet.

There are various national sign languages depending on the spoken language
used (there are about 200 of them). For example, in India, there are 39 different
sign languages. The United States and Canada use American Sign Language (ASL)
— American Sign Language.

"European Center for Sign Languages Research" (Orebro, Sweden) since 2006 has
been developing and implementing the international online project "Spreadthesign"
(https://www.spreadthesign.com/). The website www.spreadthesign.com provides
online sign dictionaries for 43 national sign languages (see Fig. 1). You can use the
search field and type in the word you want to search for, then it will immediately
be displayed in sign language (see Fig. 2). The Kazakh language is not represented
on the site.

Walonma & Spreadthesips

Fig. 1. Spreadthesign window
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Fig. 2. Word search window and sign language display

Only (Kudubayeva et al., 2014) can be attributed to research in the field of IT
on issues of automated translation from the Kazakh language. The Surdoserver
was developed at Kostanay University and contains about 2000 video files (http://
surdo.kz/). The Surdoserver was created to help deaf and hard-of-hearing people
and everyone who wants to have online access to the resources of the Kazakh sign
language and sign languages of the world (see Fig. 3).
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Fig. 3. Kazakhstani surdo server surdo.kz
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In (Grif M.G., 2012), the existing systems of sign language translation are
considered, and their advantages and disadvantages are identified. The main
disadvantage of these systems is the lack of a block of semantic analysis of the
source text, aimed at solving the problem of polysemy of words in the language.
The authors used the dictionary of V.A. Tuzov to analyze the source text, taking
into account the semantic component of the Russian language.

The study of sign languages, which are classified as the second type of natural
languages, is currently one of the most important and actively developing areas
of linguistic science. Often, people with hearing impairments cannot perceive
the sound composition of words from a speech stream, so they need to provide
other conditions for the perception of the full structure of words. Sound perception
skills are formed from the perception and understanding of the text. The text is
a multi-level, hierarchically organized whole, where all elements are in a certain
relationship. The ability to analyze the structural and semantic organization of the
text; possession of linguistic means of semantic categories; understanding of subtext
and context affect the understanding of a speech message. When studying highly
specialized branches of knowledge, there is a need to create new gestures denoting
special terms and a need to unify gestures. The use of dactylology in teaching
people with disabilities to speak is recommended for correct word perception and
memorization.

Providing the deaf and hard of hearing with special technical means such as
computer sign thesauruses and sign language translation systems allows them to
receive an adequate translation of texts in the IT industry, which develops their
speech capabilities in a highly specialized subject area (Soloviev et al., 2016).

Let us consider the implementation of a software package for translating text
from the Kazakh language into the Kazakh Sign Language using an animator.

For the development of Avatar, a step-by-step algorithm for translating text from
Kazakh into Kazakh sign language is proposed (see Fig. 4).

Dictionary Sign
Language

KSL Animations

KSL Gloss Avatar
Parallel Corpus

l

Transformer

l

Output text

Fig. 4. A step-by-step algorithm for translating text
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Note that, in our work, in order to translate the text written in the Kazakh
language into Kazakh sign language, information in sign language is transmitted
through several channels (see Fig. 5):

1. Facial expression

2. The shape of the lips

3. The position of the body and head

4. Hand gestures.

Fig. 5. Communication channels of sign language
It is a special information glove capable of recognizing Kazakh sign language (see Fig. 6).

——e-

Fig. 6. Information Glove

The Perception Neuron 3 suit is the world's smallest full-body motion tracking
system based on highly sensitive IMU sensors. Perception Neuron 3 captures and
transmits data from anywhere in the room. For PN 3, there are no restrictions on
space, lighting, or environment (see Fig. 7). Equipment of Perception Neuron 3
suit:

* Body sensors;

* Spare sensor;

» USB transmitter;

* USB C to USB A adapter;

* USB C charging cable;

* Docking station for storing, charging and calibrating sensors;

* Full body harness set;

* Mesh bag for belts;

* Carrying case.

174



ISSN 1991-346X 1. 2024

Fig. 7. Perception Neuron 3 suit for gesture recognition

The task of creating a system of computer sign language translation of text from
Kazakh into sign language using the multimedia capabilities of modern computer
technology is the task of translating the text into some sign linguistic system. TSL is
more commonly used, which has its own linguistic structure (vocabulary, grammar, etc.)
and is constantly updated with new gestures with the advent of new words and concepts.

The research uses methods from the following fields of knowledge: linguistics
of the Kazakh language, computational linguistics, sign language linguistics, and
computer modeling.

Linguistic methods. The methods of structural linguistics consider the word
as the basic unit of the language and allow texts to be divided into segments
(morphs) that are minimal for the morphological level and will be used to establish
their distribution and bring them under certain units of the language structure
(morphemes).

The continuous sampling method in the selection of terms will be used to select
terms on IT technologies from dictionaries and reference books. The methods of
linguistic statistics will allow us to estimate the frequency of certain phonemes in
a word, the frequency of using a particular language unit in a particular text, and
which terms should be included in the highly specialized thesaurus being developed.
Graph-theoretic methods will be used to build a semantic network. Using thesaurus
elements, a lattice of types is constructed—a directed graph without cycles.

Linguistic methods are used to model associative (paradigmatic) relations
between lexical units, taking into account the terminology of the subject area (IT).

Computer modeling methods. TSL is designed to reproduce individual letters
(dactyls) of the alphabet of the natural language, which are shown with the fingers
of one hand. The use of computer modeling to display individual dactyls and words
involves the creation of a three-dimensional model of a human hand.

Methods of multimedia visualization. The achievements of modern information
technologies (IT) in the fields of computer graphics, animation, recreation, and
reproduction of processes of various complexity make it possible to realize
visualization of the studied objects, processes, and phenomena, as well as their
models, at a new level. The use of a multimedia gesture visualization system for
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perception by people with hearing impairments using an avatar will increase the
speed of perception in terms of recognition and reproduction, memorability, reduce
fatigue, etc. The system uses a video camera and wrist-mounted accelerometers as
the main sensors.

Conclusion

We have developed a basic prototype of the system, which allows us to recognize
some gestures in the Kazakh Sign Language. Main results: a large number (dataset)
of texts for teaching a computer and understanding the structure of the Kazakh sign
language. Acquisition of gesture information from video: tracking not only hand
movements but also facial expressions for a better understanding of human gestures.

For inflectional languages (for example, Russian or English), the structure of
the language is well studied and the main groups of syntactic links in sentences are
identified, but for the Kazakh language, the situation is somewhat different. In the
Kazakh language, the dominant type of inflection is the agglutination ("gluing") of
various formants (suffixes or prefixes), each of which has only one meaning. Words
in Kazakh consist of a stem and affixes added to it (suffix + ending), of which there
are at least two or three. People with hearing impairments use sign language to
perform interpersonal communication. Mastering SL, as well as verbal, is important
for the formation of the personality of a deaf student, his mental development, and
socialization. The relevance of the development is dictated by the need to create
conditions for the development of the little-studied Kazakh Sign Language.
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