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AnHoTtanus. [IpencrasieHa KoHIeNTyaIbHast MOJIENb, apXUTEKTypa U IIPOorpaMMHasi peaan3alys MHOTOMOAIBHOH CHCTEMBI
ayZMOBU3yaJbHOTO CHHTE3a PEYM M JKECTOBOTO SI3BIKA IO BXOJHOMY TeKCTy. OCHOBHBIMH KOMIOHEHTAaMH pa3paboTaHHOM
MHOTOMOJIAJIbHON CHCTEMBI CHHTE3a (JKECTOBBIH aBaTap) sIBIISIIOTCS: TEKCTOBBIM MPOLIECCOp aHATIHM3a BXOAHOTO TEKCTa; UMH-
TAIMOHHAs TPEeXMEpHasi MOJIENb TOJIOBBI YeJIOBEKa; KOMITBIOTEPHBIH CHHTE3aTop 3ByYalleil peur; cUcTeMa CHHTEe3a ayIuOBH-
3yalbHOM pedyM; UMHTALMOHHAS MOJENIb BEPXHEH 4acTu Tella M PyK 4YeJI0BeKa; MHOTOMOJAIbHBIH IOIb30BaTENbCKUIA HHTEP-
(eiic, HHTErPUPYIONIHI KOMIIOHEHTBI TeHEpaLlMK 3Bydaliell, BU3yaJbHON M KECTOBOH peur 1o TeKCTy. [IpeasoxeHHas cuc-
TeMa BBIMOJHSAET aBTOMAaTHYeCKOe MpeoOpa3oBaHKEe BXOTHOH TEKCTOBOH MH(OpMALUHU B PEUeBYIO (ayAHOMH(GOPMAIHIO) H
JKECTOBYIO (BUACONH(OPMAIINIO), 00bEANHEHNE U BEIBOJ €€ B BUJC MYJIBTHMEIUIHON nHPopMmannu. Ha BXox cuctemsl mona-
€Tcsl MPOU3BOJIBHBIA IpaMMaTHIECKN KOPPEKTHBIN TEKCT Ha PYCCKOM HIJIM YEHICKOM SI3bIKe, KOTOPBIH aHAIN3UPYETCs] TEKCTO-
BBIM IIPOIIECCOPOM IS BEIIETICHHS MIPEUIOKEHHH, c1oB 1 OykB. Jlanee moiaydeHHast TeKCTOBasi MH(OpManus mpeoodpasyercst
B CHMBOJIBI )KECTOBOH HOTalMK (MCIONb3yeTcst MexayHaponHas «['amOyprckas cucrema Hotauum» — HamNoSys, xoropas
OIUCHIBAET OCHOBHBIC TU((PepeHIMaNbHbIe TPU3HAKK KaXKI0TO XKecTa pyK: (GOpMy KHCTH, OPHEHTAIMIO PYKH, MECTO U Xa-
paKTep IBMXKEHUS), HA OCHOBE KOTOPBIX TPEXMEPHBIH KECTOBBIH aBaTap BOCIIPOM3BOAUT 3IEMEHTHI )KECTOBOTO s3bIKa. Bup-
TyaJlbHasi TpeXMEpHasi MOJIEJb TOJIOBBI M BEPXHEH 4acTu Tesla YeJoBeKa pealn30BaHa Ha SA3bIKe MOAEIUPOBAHUS BUPTYaIbHOM
peansHOCcTH VRML U ympaBisieTcst mporpaMMHO cpeacTBaMu rpaduueckort 6ubmmorekn OpenGL. [IpeanokeHHas MHOTO-
MofanbHas CHCTEMa CHHTE3a SBISIETCS yHHBEPCAIBHOM, OHAa MpeJHa3HaYeHa KaK Ui OOBIYHBIX MOJIB30BAaTEeNeH, TaK M IS
Tofielt ¢ OrpaHIMYEHHBIMH BO3MOXHOCTSIMU 3I0POBBS (B YACTHOCTH, IIyXUX U HE3PSUMX JIOAEH) U CIy>KUT UIS LIeJIeH MyIlb-
THUMEIUIHOTO ayMOBH3yaIbHOTO BHIBO/IA BBOAUMOM TEKCTOBOH HH(OPMAIHN.

KnroueBsbie ciioBa: MHOrOMOAaIbHbIE HHTEPdEICH! MOIb30BaTels], YeIOBEKO-MAIINHHOE B3aUMOIEHCTBHE, )KECTOBBIN SI3BIK,
CHHTE3 PeUH, TPEXMEPHBIC MOJIEIIH, ACCUCTHBHbIE TEXHOJIOTHH, )KECTOBBIN aBarap.
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Abstract. We present a conceptual model, architecture and software of a multimodal system for audio-visual speech and sign
language synthesis by the input text. The main components of the developed multimodal synthesis system (signing avatar)
are: automatic text processor for input text analysis; simulation 3D model of human's head; computer text-to-speech
synthesizer; a system for audio-visual speech synthesis; simulation 3D model of human’s hands and upper body; multimodal
user interface integrating all the components for generation of audio, visual and signed speech. The proposed system
performs automatic translation of input textual information into speech (audio information) and gestures (video information),
information fusion and its output in the form of multimedia information. A user can input any grammatically correct text in
Russian or Czech languages to the system; it is analyzed by the text processor to detect sentences, words and characters. Then
this textual information is converted into symbols of the sign language notation. We apply international «Hamburg Notation
System» - HamNoSys, which describes the main differential features of each manual sign: hand shape, hand orientation,
place and type of movement. On their basis the 3D signing avatar displays the elements of the sign language. The virtual 3D
model of human’s head and upper body has been created using VRML virtual reality modeling language, and it is controlled
by the software based on OpenGL graphical library. The developed multimodal synthesis system is a universal one since it is
oriented for both regular users and disabled people (in particular, for the hard-of-hearing and visually impaired), and it serves
for multimedia output (by audio and visual modalities) of input textual information.

Keywords: multimodal user interfaces, human-computer interaction, sign language, speech synthesis, 3D models, assistive
technologies, signing avatar.
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BBenenue

OCHOBHBIM CITOCOOOM MEKYEIOBEYECKOH KOMMYHHKALIMK B OOIIECTBE TIIyXUX M CIa0O0CIHBIIIANINX JTIOACH
ABJIAETCS JKeCTOBBIN s13bIK (PKS1), B KOTOpPOM Ka)KIOMY CMBICIOBOMY MOHSATHIO (MJIM TPYINIIE CHHOHUMHUYHBIX IO-
HSATHI) COOTBETCTBYET OIpE/ICICHHBIH YHUKaIbHBIN KECTOBBIA SKBUBAJICHT. B Hem ais nepenaun nHGpopManuu
UCIIONIB3YIOTCSl Pa3iIMYHbIe BU3yalbHO-KHHETHYECKHE CPEIICTBA €CTECTBEHHOTO MEXKYEJIOBEYECKOI0 OOLICHUS:
JKECTBl PyK, MUMHKA ¥ SMOIMH JIMIA, apTHKYJIsIus Ty0. K5 He sBisieTcst yHHBEpCalIbHBIM BO BCEX CTpaHaX MH-
pa, TaK KaK OH BO3HUKACT M Pa3BHBACTCSl €CTECTBEHHBIM ITyTEM B Pa3HBIX JIOKAJIbHBIX COOOILIECTBAX M N3MEHSET-
Csl CO BpEMEHEM C MOSBJICHHEM HOBOH JIeKCHKH. 1o JaHHBIM MexTyHapoaHoro uHTepHeT-karaitora Ethnologue
(www.ethnologue.com/subgroups/deaf-sign-language), B pasHBIX CTpaHaXx MHpa HACUMTBHIBACTCS MOpPSIKa
140 pa3nu4HBIX KECTOBBIX A3BIKOB, HE CANTAsI UX PETHOJIEKTHI.

ITo crarmctuke MuHHCTEpCTBa 3apaBooxpaneHus Poccuiickoit @eneparun (PO), B Poccun HacunThBa-
etcst okosio 200 TRICSY TIIyXHX W CIAOOCHBIMIAINX TPakJaH, IMEIONIINX HHBATHIHOCTH IO CIyXY, U OKoJo 95%
MHBAJIHIOB IO CIIyXy OOIIAIOTCSI MOCPEICTBOM fA3bIKa KECTOB. be3 ero mMcronb30BaHUs HE OOOWTHCH TaKkKe
Ha IIpHeMe y Bpada, y HOTapHyca, Ha CyAeOHOM Ipoliecce, Ha O(QUIINATIbHBIX JEKINAX, IPU OBITOBBIX Pa3roBopax
u T.0. Taroke, commacHo mocneanei nepenucu Hacenenus 2010 1., B Poccun HacumthiBaetcst 6onee 120 Thicsy
qenoBeK, Bnageromux pycckuMm JKS. JInga cpaBHeHus, B Uexuum MO CTAaTUCTHKE HACUUTHIBACTCA OKOJIO
7500 nocuteneit yemckoro XS (3to okomo 0,07% Hacenenus) u okoyio 500 Thicsd ¢IaOOCIBIIIANIUX JIFOACH
(4,7% Bcero HaceneHus cTpaHsl) [1].

[Tpu 3TOM HY)XKHO OTMETUTH, YTO JKS sIBISIETCS BTOPHIM TOCYNAPCTBEHHBIM SI3BIKOM YCTHOTO OOIICHHS
rpaxxaad B CHIA, ®unnanguu, Ucnanuu, Yexuu u T.4., uto 3akperuieHo Konctutyuuei stux crpat. Jlo Heaas-
Hero BpeMeHHU pycckuit XS He nmen B Poccnn HuKakoro opuInaipbHOTO CTaTryca, OAHAaKo B camMoM KoHme 2012 .
[Ipe3unent PO noamucan 3akoH, onpeAenSomuil opuIHuaNbHEI cTaTyc pycckoro KA B Poccun kak si3pika 00-
LICHUS TIPH HAIMYWH Y JIIOfIeH HapyIIeHnH clyXa WM pedH, B TOM Yucie B cpepax YCTHOTO HCIONb30BAHUS IO-
CyZapCTBEHHOTO si3bika PO. B pe3ynbTare BCTYIIICHNS B CHITy JaHHOTO 3aKOHA TITyXHE JIFOH MOIY4ar0T BO3MOXK-
HOCTb, HarpuMmep, oOpaleHus B rocylapcTBeHHbIe yupexxaeHus Ha XKS. B nanpreiimem mpenmnonaraercs cos-
JAHUE aBTOMATH3MPOBAHHBIX CHCTEM CYOTUTPHPOBAHMS U CypAONEPEBOAA TEICBU3HOHHBIX NIPOTPaMM M KHHO-
¢buIBEMOB.

OCHOBHOI 3a/1aucii aBTOMaTH3UPOBAHHBIX CHCTEM, OCHOBAHHBIX Ha KOMIBIOTEpHOM 00padoTke XS u pe-
4, ABIISIETCSl 00ECIIeYeHnE PaBHONIPABHOW KOMMYHHKAIIMHU CIIBIIIAIINX U TIYXHX JIOJEH ¢ HapYyIICHUSIMH CIIyXa,
KOTOPBIX BO BCEM MUPE HACUMTHIBAIOTCS ICCSITKH MUJUTMOHOB 4YesioBeK. OHUM 13 caMbIX 3 QEKTUBHBIX CPEACTB
00y4eHHsI ¥ B3aUMOJCHCTBUSI SIBISIOTCS MYJIBTUMEAWHHBIE KOMITBIOTEPHBIE CHCTEMBI, I0O3TOMY CO3/1aHHE HH-
(hOpMaIMOHHBIX MTPUIIOKEHHUH, CIIOCOOHBIX paborark ¢ XK1, siBisieTcst OHON M3 IPHOPUTETHBIX 3a/1a4 IpH pado-
T C NIYXUMH U cinabocnpimammmu ioasMu. OcoOblii HHTEpeC B 3TOH 00JIaCTH MPEACTABISIOT CHCTEMBI KOMITb-
IOTEPHOTO CHHTE3a KECTOBOTO S3bIKA M PEUN 110 BXOJHOMY TEKCTY.

OnunM n3 Hanbonee >PEKTUBHBIX BAPHAHTOB IS pealU3allii KOMIBIOTEPHBIX cHcTeM cuHTe3a XK siB-
JISIETCS] UCTIONIb30BaHNE TPEXMEPHBIX aHMMUPOBAHHBIX MOJIEIICH YeIOBEKa (TaK Ha3bIBAEMbIX JKECTOBBIX aBaTapoB
(signing avatar)), KOTOpBIE MOTYT YIPAaBISATHCS MOCPEICTBOM CHMBOJIOB )KECTOBOIM HOTAINH, OMHUCHIBAas Tpedye-
Mble KOHQUTI'YpaluH PyK U Pa3inyuHble THUIBI JBIKEHHH. JKecThl U3 JISKCUKOHA B TAKOH CHCTEME CHHTE3a Ipej-
CTaBJIAIOT COOOI LIENOYKY CHMBOJIOB B BHIOPAHHOM HOTAIMH, IOATOMY CJIOBaph MOXKET JIETKO MOIU(PUIMPOBATh-
Csl U pacIIupsAThCs Oe3 UCMOIb30BaHMUS CHeUaIbHOro odopynoBanus. Crenudrka aBTOMaTHIECKUX CUCTEM Ye-
JIOBEKO-MAIIIMHHOTO B3aUMOJEHCTBUSA U KOMMYHHMKALIMU COCTOUT B TOM, 4TO JKSI 1 JKeCTOBBIN CIIOBaph JOJIKHBI
OBITH OmpesieNleHHBIM 00pa3oM (hopMaIn30BaHbl, YTOOBI KOMITBIOTEP MOT 00pabaThIBaTh U CHHTE3UPOBATH XKeEC-
ThI. JJ1s1 OoTMcaHus JKecTa 1Mo €ro BU3yaJIbHBIM MPU3HAKAM CYIIECTBYIOT HECKOIBKO PA3IMYHBIX CHCTEM HOTAlUU
(manpumep, HamNoSys mmn Sign Writing), mo3BOSFOIIUX 3a)UKCHPOBATh OMHCAaHUE KecTa. JJOBOIBHO IIHPO-
KO€ paclpoCcTpaHEHHE B TIOCIeaHee BpeMs B Mupe (0coOeHHO B cTpaHax EBpomsr) momyunina «['amOyprekas cuc-
tema HoTanum» (HamNoSys) [2, 3]. Ota cucrema oTmrgaercs HaubobIiel mpopadoOTaHHOCTRIO HHBEHTAPS 3HA-
KOB U IPUTO/IHA JUTS UCTIONIb30BAaHNS B KOMIBIOTEPHBIX MPUJIOKEHHSX 3@ CUET TOTO, YTO €€ 3HAKH NEPEBE/ICHBI B
KOMIIBIOTEPHYIO CHCTEMY KOIUPOBKH KOHHUKO € COOTBETCTBYIOIMMY KOMIBIOTEPHBIMHU HIpu(Tamu. VIHBeHTaph
HamNoSys no3Bosmser 3anucars IpakTHYECKH JTI000H KECT, BHITOTHIASMbIH OJHON WM AByMS pyKaMH, 9TO Je-
JIACT 3Ty CHCTEMY YHHUBEPCAIBHOW M MPUTOMHOMN [T 3amucy npakTudecku jrodoro XK mupa. Takum ob6paszom,
HanOoJiee MEepPCHeKTUBHBIM BapUaHTOM HCIIOIBb30BaHUS TPEXMEPHBIX BHPTYAIbHBIX aBarapoB Juisi cuHTe3a JKS1
SIBJISIETCS MX YIPaBIEHUE MIOCPEICTBOM CUMBOJIOB HOTAIIMH JKECTOB, KOTOPBIE ONUCHIBAIOT TpeOyeMble KOH(PHTY-
pauuy pyK ¥ paziauyHble TUNBI ABMXeHHH. CIoBaph ’KECTOB B TaKOW CHCTEME IpEACTaBisieT cOOOH LETMOoUuKy
CHMBOJIOB B OJIHOM CHCTEME HOTAallMH, II0ATOMY MOJKET JITKO MOJU(UIIMPOBATECS U PACIINPATHCS 0€3 MCHOIb-
30BaHUs CHEIUAIBHOTO 000PY/IOBaHUS.

Hcnone3ys Takoi MOIXOM, 3a IMOCIESIHIE TObI HA BOJHE CO3/IaHHS ACCUCTHBHBIX TEXHOJIOTHH OBLI pa3pa-
6oTaH psAn Mojenel KOMIBIOTEPHOTO CHHTE3a >KECTOBOM pedd Ui HecKoibkHX JKSI, BKIIOo4ash aMepHKaHCKHH,
OpuraHckui, ppaniysckuii, gemckuii K5 u np. Cpean M3BECTHBIX 3apyOeKHBIX KOMITBIOTEPHBIX CHCTEM CHHTE-
3a JKECTOBOM pEUM, UCTIONB3YIOIINX PA3INUHbIC AHUMHUPOBAHHBIE aBaTaphl, CIEAYIOT OTMETUTh CUCTEMBI, pa3pa-
O0oTaHHble B pamMKax pas3au4yHbix npoektoB B EBpocoroze u  CIHA: DePaul ASL  Synthesizer
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(http://asl.cs.depaul.edu), aBataper eBpomelickux mpoekToB Dicta-Sign (www.dictasign.eu) [4], SIGNSPEAK
(www.signspeak.eu/en) [5], SignCom [6], Italian SL [7], ViSiCAST (aBarap Visia, www.visicast.co.uk), eSign
(aBarap vGuido, www.sign-lang.uni-hamburg.de/esign), aBarapsl Sign Smith u Sign4Me komnanuu Vcom3D
(www.vcom3d.com), SiSi ot IBM (www-03.ibm.com/press/us/en/pressrelease/22316.wss), aMEpUKaHCKYIO CHC-
temy iCommunicator (Www.icommunicator.com) U psii APYTUX.

Mopaenp U apXHTEKTYpPa MHOTOMOJAJbHON CHCTEeMbI CHHTE3a PeYH M 3KeCTOBOI0 SI3bIKa

B xone nccnenoBanuii apropamu Oblia pa3paboTaHa MOJENb YHUBEPCATILHOTO MHOTOMOJAIBHOTO Yeo-
BEKO-MAaIIMHHOTO MHTep(eiica (U1 BHIBOAA MyJIbTUMEIUHHON HHPOPMALNT) U apXUTEKTYpa MHOIOMOJAIEHOMN
CHCTEMbI CHHTE3a ayJuoBH3yasibHOl peun u XK no tekcry. KoHnenryanbHast Mosienb yHUBEpCaIbHOTO MHOTO-
MOJANBHOro HHTEepdeiica monbp30BaTeNs MpeAcTaBieHa Ha puc. 1. VHTepdeiic BEIMONHIET aBTOMaTHYECKOE TIpe-
obpa3oBaHUE BXOJHOW TeKCTOBOH mMH(popMauuu 7 B jxecTOBYI0 (G, a TaKKe PeueByl0 ayauoHHpopManuo 4 u
BuieonHpopmanuio ¥, o0beJuHEHNE U BBIBOJ €€ B BHUJE MYyJIbTUMeAnitHON nHpopmaiu M (npu 3ToM mnpeoo-
pa3zoBanue g sBisiercsi GyHKIMEeH aBTOMAaTHYeCKO 00pabOTKU TEKCTa, a f BBIMOJHIET QYHKIHUIO 00beINHEHUS
Pa3HOTHITHOM MH(POPMALMK B MYyJIbTHMEUIHHOE IPEICTaBICHHE):

T—45<G AV>—LsMm.

Texct/ppaza T

|

CHHTE3 DIIEMEHTOB JKECTOBOTO s3bIKa G
r TUTSL TITYXUX
JTroaen
CuHTE3 apTHKYISIIHUA TYO (BHIUMOH peun) V-
JUTSL OOBIYHBIX +
MI0JIb30BATETIEH o
Cunres 3ByJalnei peun 4 AL CIICTIBIX
nronen

!

Mynetumenua M

Puc. 1. KOHuenTyaanaﬂ MoAenb yHMBepcanibHOro MHoromoaanbHOro 4enoBeko-mMalnHHOro nHTepdelca
Ha OCHOBE CUHTE3a ay,u,mosmsyaanon pe4n n XKXeCTtoBOro A3blka

Tako# nosp30BaTeNnbCKuii nHTEpdeEiic BbIBoa MHGOPMAIIMH SBISETCS YHUBEPCAIbHBIM, TaK KaK OH Ipel-
Ha3HaueH JUIs BHIBOJA BXOIHBIX TEKCTOBBIX JAHHBIX IOCPEICTBOM CHHTE3a 3Bydallleil pedyd, apTHKYJIALUH Ty
aBarapa M )KECTOBOTO $SI3bIKa KaK JUIsi OOBIYHBIX MOJIb30BATEIEH, TaK U JUISl JIIONEH ¢ OrpaHMYCHHBIMH BO3MOXKHO-
CTSIMU (DITyXHUX U HE3PSIUUX JIIONEH).

Ha puc. 2 npencrasnena pa3zpaboTaHHass apXUTEKTypa MHOTOMOJAAIBHONH CHCTEMBI CHHTE3a ayAnOBU3Y-
anbHOM peun u JKA no tekcty [8]; ee 0CHOBHBIMU KOMIIOHEHTAaMU SIBIISIIOTCSL:

— TEKCTOBBIM MPOLECCOp aHAJIM3a BXOAHOTO TEKCTa IS MOCICAYIOIIEro ayAnOCHHTE3a 3Bydamied peun (1o
CJIOBaM) M BHICOCHHTE3a KECTOBOH M NAKTHIBHON peud (moka3 ¢pa3 mo cioBam wim 1o OyKBam);

— WMUTAIMOHHAS TPEXMEpPHasi MOZAENb TOJIOBHI YenoBeka [9];

— ayIMOCHHTE3aTop 3Bydalleil pedd, OCYIIECTBILIONIMKA NMpeoOpa3oBaHHE TEKCT—PEYb MO0 BXOIHOMY TEKCTY
[10, I1];

— KOMIIbIOTEpHAsI CUCTEMA CHHTE3a ayHOBU3yalibHOM peun (roBopsimas ronosa (talking head)) Ha ocHoBe Bup-
TyaJlbHOH 00BbEMHOI MOZIEIIH TOJIOBBI UeJIOBEKA U MAIIMHHOTO cuHTe3a peuu [12, 13];

— WMMTAIMOHHAs TpEeXMEepHas MOJeNb BepXHEH yacTH Tela M PyK YesloBeKa, B KOTOPOH HacTpauBaroTCs mapa-
METpPBHI JBIKCHUH PYK JJIsI CHHTE3a 3JIEMEHTOB JKECTOBOTO SI3bIKa Ha OCHOBE YIPABIIAIOIINX CHMBOJIOB XKec-
ToBoi HoTauuu HamNoSys [2, 14];

— MHOTOMOJIAJIbHBIA TOJIb30BATENLCKUH HHTEp(Eic, MHTETpUPYIONIMH KOMIIOHEHTHl TeHEpaly 3BydYallew,
BH3YaJIbHOHN ¥ KECTOBOHM PEUH 10 BXOAHOMY TeKCTY [1].

B MHOrOMOzmaNbHON cHCTEME apTUKYISIHA T'y0, KOTOpBIE SBISIOTCS BUANMON YacThI0 OPraHoOB pedeoOpa-
30BaHUs, COIPOBOXKAACTCS TAK)Ke CHHTE3WPOBAHHON PEUYbI0, KOTOPAsi MOXKET M HE OBITH JOCTYITHA IOJHOCTHIO
TIyXUM JIIOISIM, OZHAKO TSI CIBIMIANINX JIFOICH CHHTE3 ayAMOBH3YyalbHON PEYd JOCTYIEH U Ja)xe HeoOXomum
JUIS TIOBBIIICHUS] pa300PUMBOCTH U €CTECTBEHHOCTH CHHTE3UPYEMOI KOMIIBIOTEPOM PEUH.
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BxonHoii TexcT
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T N CrnoBapb

€KCTOBBIN JKECTOB B
3ByKOBast MIPOIIeCCop HOTAIUN

0a3a JaHHBIX HamNoSys

N _/
Y [ ~Na v N\av

Cunresarop biox CunTtesaTop CunresaTop
3ByJameun » CHHXpOHHM3AIMHU [€P>| BHU3yaIbHOU JKECTOBO U
pedn MOJaIbHOCTEN peun peun

MHoromoaanbHbIH J J
nHTepdeiic

Puc. 2. Apxutektypa MHOromMmogarnbHOW CUCTEMbI CUHTE3a ayaNoBM3YyarnbHOM PeYN N KEeCTOBOTO A3blKa MO TEKCTY

HpOFpaMMHafl peaausanus Z[BySBLI‘lHOﬁ MHOTOMOJAJIbHOI CMCTEeMbI CHHTE3a

B kadyecTBe NpaKTHUECKOW peann3alii YHHBEPCAIbHOIO MHOTOMOJAJIBHOIO HMHTepdelica Obuia Impo-
TpaMMHO pa3paboTaHa IBYS3bIYHAsT MHOTOMOJAIbHAs CHCTEMa CHHTE3a ayAHOBHU3YaJbHON pEYM U JJIEMEHTOB
JKS1. 3a ocHOBY ObITa B3ATa KOMITBIOTEPHAs cMCTeMa BuaeocHHTe3a denickoro JKS [15], coznannas panee 3a-
MaTHOYCTIICKAM YHUBEPCHTETOM B paMKaX HCCIe[oBaTelIhckoro npoekra Musslap (http:/musslap.zcu.cz), koto-
past Obu1a amanTupoBaHa K o0paboTke pycckoro JKA. B urore 6pu1a pa3paborana He IPOCTO CHCTEMa BHICOCHH-
T€3a XKECTOB PyK TPEXMEPHOTO aBarapa, a MHOTOMOJA/IbHAasI CHCTEMa CHHTE3a, B KOTOPOH, TOMHUMO BHI€000pa-
0OTKH, BBINOIHACTCS TAKXKE ayIHOBU3YaJIbHBIM CHHTE3 3ByJallel peur (XOTs AJs NIyXHX JIOAEH OHA M HE JocC-
TYIIHA, HO HE0OX0AUMa JJIs TPAaBUIILHOTO CHHTE3a apTHKY/ISILIUK I'y0 ¥ MUMUKH JIHLIA).

Ha Bxojn cuctembl mojaercsi poU3BOJIbHBI IpaMMaTHYeCKH KOPPEKTHBIH TEKCT (Ha PYyCCKOM WIIM Yelll-
CKOM $I3bIKE), KOTOPBIH aHAJIM3UPYETCS] TEKCTOBBIM MPOLIECCOPOM, B HEM BBIJIEIISIOTCS MPEIOKEHUS, CI0Ba (11
ayZIMOCHHTE3a PEYH M BUACOCHHTE3a apTHKY/ISLUK I'y0 aBarapa) U OyKBbI (7151 MAIIMHHOTO CHHTE3a JAaKTHILHOM
peunt [16]), KoTOpbIe aBTOMaTHUECKH MTPeo0pa3yloTcst B CHMBOJIBI )KECTOBOH HOTAIMM, HA OCHOBE KOTOPO aBaTap
BOCIIPOM3BOIUT MaHyaJIbHBIC )KECTHI, NEKOAUPYS CHMBOJIBI HOTALMH. JJIEMEHTHI )KECTOBOH pedr B CHCTEME OIH-
CBIBAIOTCS NIPH TIOMOIIM CHCTeMBI 3amucH xectoB HamNoSys, oTpaxaromeil ocHoBHbIE nuddepeHnnansHbie
MIPHU3HAKHM KaXJO0ro *kecTa: (JopMy KHCTH, OPUEHTANMIO PYKH, MECTO M XapakTep ABWXEHHs. BupryanpHas Mo-
JIeTb TOJIOBBI M BEPXHEH YacTH TYJIOBMINA YEIOBEKAa PEaln30BaHa Ha SI3bIKE MOJEIMPOBAHUS BHPTYalbHOU pe-
anpHocTH (Virtual Reality Modelling Language, VRML) u ynpasisieTcst mporpaMMHO CpPeACTBaMHU TpaduuecKoit
oubmmorexkn OpenGL mox ympaBieHneM oIeparMoHHONW cucTeMbl cemeiictBa Microsoft Windows. Co3man
TPEXMEpHBII KECTOBBIH aBarap (signing avatar), KOTOPBI MOXKET UMETh CBETIIYIO JHO0 YepHYIO onekay (B 3a-
BUCUMOCTH OT IPEANOYTCHUN MOJib30Baresis). JlaHHbINA aBatap, IEMOHCTPUPYIOMINN (PUHAIBHYIO CTAThIO JHHA-
MHUYECKOTO KeCTa JIsl YUCIUTEIHHOTO « 16y, oKa3aH B pa3IUYHbIX MPOSKIIMSIX Ha puUC. 3.

Puc. 3. TpexmepHbIl XXeCTOBbIN aBaTap B pasfiMyHbIX NPOEKLMAX
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[Moncuerema ayTMOBU3yaIbHOTO CHHTE3a pedud (Tak HaszbiBaeMas roBopsimas roiosa [9, 17]) mpousBogut
KOMIOIISAIMOHHBIN CHHTE3 3By4Yallleld pa3rOBOPHON pEduH IO TEKCTY, COBMEIIEHHBIN ¢ IBMXEHUSAMH T'y0 U JIHIIe-
BbIX OPIaHOB TPEXMEPHOW BUPTYaIbHOMU royoBbl yenoBeka. [ cunresa XK BusyalibHas MOAEb OJIOBbI 4EJIO-
BeKa 00bEMHEHA C MOZEIBIO TYJIOBHUINA U PYK (BKJIIOUas Majbliel) uyenoseka. Kak yxe roBopuiocs, K5 cknansl-
BaeTCsl U3 KOMOMHAIMU TUHAMHYECKHX JKECTOB, BOCIPOM3BOAMMBIX 00enMH pykamu (JIMOO OAHOW pyKOW), H
apTHUKYJISILIUK Ty, IPOrOBapHUBAIOIIUX OKa3biBaeMoe ciioBo. [Ipu 3TOM MHOTHE TITyXHe JIIOI1, KOTOphIE B IETCT-
Be 00JIajalii CIIyXOM, CIIOCOOHBI «YHUTaTh peub Mo Tybam» cobeceHHKa axke 0e3 UCIIONb30BaHMs KECTOB pyKa-
MH, TTI03TOMY TaKasl pe4eBasi MOJAJILHOCTD JIOJDKHA SIBJIATHCS HEOTHEMIIEMBIM 3JIEMEHTOM KOMIBIOTEPHOI CHCTe-
MBI CHHTE3a KECTOBOH PEUH.

Taxoxe A1 cHCTEMbl MHOTOMOJQJIHOTO CHHTE3a pa3paboTaH CHEelMalbHbBIH METOJ CHHXPOHU3AIUHU BbI-
XOIHBIX ay[Ho- U BHACOMOAanbHOCTEH. CHHXpOHHM3ALMs 3ByJallell PeUr 1 JKECTOB B CHCTEME OCYIECTBIISIETCS
Ha OCHOBE BPEMECHHBIX METOK Hadajla M KOHIIA CJIOB 3Bydallled pedn, CHHTE3NPOBAHHOM CHCTEMOM 10 TekcTy. Tak
Kak 3Bydallasl pedb B CpeJHEM MMeEeT 0oJee BBICOKHI TEMIT BOCIIPOU3BEIICHHUS, YEM JKECTOBAsI peub, TO BUPTY-
aJIbHBIM aBaTap ITOCIICIOBAaTEBbHO TPOTOBAPHUBAECT M APTHKYIHUPYET C HEBBICOKOW CKOPOCTHIO M30JIMPOBAHHBIC
CJIOBA 3ByYallled peuM, JOXKUAASCh OKOHYAHMS KECTHKYSIIUU COOTBETCTBYIOLIETO CJIOBAa (MOXKET BKJIFOYATh B
ce0s1 HECKOJIbKO TOCIIE/IOBaTEIbHBIX OyKB IaKTHIILHOM a30yKH), TUIABHO HEPEXO/sl K CICAYIOIIEMY JKECTY CIIHT-
HOM XKECTOBOU peyuu.

Pa3paboTaHHbIi KeCTOBBIN aBarap MakCUMalIbHO HMHUTUPYET CTHJIb )KECTHKYJISALUH )KUBBIX jozieil. Taxk,
BCE JKECTHI CIEIYIOT B peun 0Oe3 ray3 ¢ COONIONEHHEM «IUIABHOCTH» M «TEKYYeCTH» XKECTOB, YTO IO3BOJISIET
oopmisaTh nensie Gpaspl U JIEKCEMBI, 2 He HA0Op M30JMPOBAHHBIX APYT OT Jpyra >kecToB. Ha gaHHBI MOMEHT
CJIOBapb JKECTOB CUCTEMBI COCTABIISIET HECKOIBKO COTEH JKECTOB JUIsl HanOolee pacrpoCTpaHEHHBIX CJIOB, LU,
OyKB ¥ T.J.

Cremyer OTMETHTB, YTO KOMIBIOTEpHBIH cuHTe3 JKSI ¢ MCIonb30BaHMEM TPEXMEPHOIo aBarapa oOnmajgaeT
PSIOM JOCTOMHCTB TP OPTaHU3aLMN BBIBOAA HH(OPMAIMH MOJI30BATEISIM C HAPYIICHUSMH CIIyXa, B YaCTHOCTH:

1. mo3BOJISET MPOCMATPUBATH BUICOCHHTE3 )KECTOBOI Ped ¢ Pa3HBIX CTOPOH U YIIIOB 0030pa, 4TO JaeT BO3-
MOXKHOCTB JIy4Ille BOCIIPUHUMATh NPOCTPAHCTBEHHYIO HH(MOPMALHMIO, HAapUMeEp, CTENEeHb YIaJIeHHOCTH
PYK OT TYJIOBHINA U APYT OTHOCHUTENBHO JpyTa (B OTIIMYME OT ABYXMEPHBIX MOZEIEH);

2. JaeT BO3MOXKHOCTb OTHOCHUTEJIHHO JIETKO IOMOJHATh U KOPPEKTUPOBATh CIIOBAaph )KECTOB, TaK KaK BMECTO
BUI€03aICel pealIbHOTrO YeJIOBeKa B CIIOBApE MPUCYTCTBYIOT KOMIIBIOTEPHBIC aHMMHUPOBAaHHbBIC aBaTaphbl,
COOTBETCTBEHHO, /ISl pacUIMpeHHs cJoBapsi HE 00s3aTeJbHO 3aliChIBaTh TOTO JKE€ CaMOIo 4YeJOBeKa-
JIEMOHCTpATopa )eCTOB B TOH K& CaMO# OZeXKIE U C TOH e MPHUUECKOM, a TaKKe YPOBHEM OCBEIIEHHOCTH;

3. TO3BOJISIET BHIIOIHATH CIUTHBIN cuHTE3 JK5I, B KOTOPOM OT/IENBHBIE CII0Ba BO ()pa3ax CTHIKYIOTCS OECIIOB-
HO, T.€. HE BUHBI IBHBIC TPAHUIIBI MEXIY COCETHUMH CIIOBAMH;

4. nmaer BO3MOKHOCTH 3aMEHSTh BUPTYaJIbHBIH aBaTap, MCHONb3Yysl HOBBIE BBICOKOPEATNCTHIHBIE MOJEIH JIIO-
Jel (My>XYHH WITH XKEHIIUH, a TaKKe JI00BIX epCoHaXel);

5. TO3BOJSIET BOCIIPOM3BOAUTD KECTOBYIO pedb HA dKpaHe ¢ JH000H HEOOXOANMOM CKOPOCTHIO, KaK 3aMeIss,
TaK ¥ yCKOPSIL BUAEOPSIL.

JemoncTpanus u TectupoBanue cucteMsl B Cankr-IlerepOypre ObLTH OpraHH30BaHbI MPHU MOMOIIX CO-
TpyaHUKOB «Bcepoccuiickoro obuiectBa mtyxux». OT3bIBbI M KaueCTBEHHAsI OLIEHKA CUCTEMbI IOTEHIMaTbHBIMH
TOJIb30BATEISIMU TI03BOJISIFOT TOBOPUTH 00 00ECIeYeHUH €CTECTBEHHOCTH M Pa300pPYMBOCTH CHHTE3HMPOBAHHBIX
aNIeMeHTOB pycckoro YK 1 nakTuibHOW peun (IaKTHUIIONOTHH), @ TAKKE apTUKYISIUA U MUMHUKH Ty0 BUPTYyaib-
HOTO aBarapa IpH peueoOpa3oBaHHH.

PazpaboTanHass MHOTOMO/JaJIbHASI CHCTEMA ayAIMOBHU3YaIEHOTO CHHTE3a PEUYH U KECTOBOTO SI3bIKa (JKecTo-
BBI aBarap) IpejHa3HauyeHa JUIsl OpraHU3alud YHUBEPCAJIBbHBIX YEIOBEKO-MAIIMHHBIX HHTEP(EHCOB C IEIbo
KOMMYHHKAIUU C JIFOIbMH, MMEIOINMH TSDKEIIbIC HApYIICHHUS CIyXa M MONHOCTBIO DIyXHMH, TIOCPEICTBOM 3JIe-
MEHTOB pa3roBopHoro JKS (KaabKHpYIOIIEH >KECTOBOM pedd M JaKTWIIBHOM Pedn, BOCIPOM3BOIMMBIX IBHXKE-
HUSAMH/)KECTaMH PYK BUPTYAIBHOTO IIOMOIIHUKA—aBaTapa) U BU3YAIbHONW pedn (apTHUKYILIIUH Ty0, 00s3aTeThHO
COITYTCTBYIOIIEH >KECTOBOH MOJAIBHOCTH), a TAK)KE PEUeBON KOMMYHHUKALMHM CO CIENBIMH M CIa0OBUAAIINMHU
JIIOABMHU U TIOJTHOLIGHHOTO MYJIBTHMEIUHHOTO OOLICHUS CO 3PSYMMH M CIBIIIANIMME MOJIb30BaTensamMu. JlaHHas
CHCTEMa MOKET MCIIONB30BATLCS JUIS 33a4 OPTaHU3allM KOMMYHUKAIIMU Y€JI0BEK—UEIIOBEK U YEITOBEK—MalllHa
[1], B cucremax anekrpoHHoro oOyuenus [18, 19], mammuHOro nepesoxa [20], BUpTyanbHOW W JONOJHEHHON
pEaJIbHOCTH U T.1.

[IpencraBnenHass MHOTOMOJIJIbHAsT CHCTEMa ayJMOBH3yaJbHOTO cuHTe3a peudn M JKS Bxoaur B cocras
0O0JIBIIIETO KOMIUIEKCa — YHUBEPCAIBHON acCHCTHBHOM MH(OpMAIMOHHOM TexHOIOTHH (assistive technology) s
JIIOJIel ¢ OrpaHWYEHHBIMH BO3MOXKHOCTSIMH 37I0pOBbs [21], B COCTaB KOTOPOH TaK)ke BXOAAT MHOTOMOJANIbHAsS
cucteMa Uil OECKOHTAKTHON paboTHI ¢ KoMIBbIOTEpoM [22, 23], crcTeMa ayInOBH3YaJIbHOTO PAcIIO3HABAHUS pe-
4n [24], crucTeMa aBTOMAaTHYECKOTO PACIIO3HABAHMUS 3JIEMEHTOB JKECTOBOTO SI3bIKA [25] M MOJENb acCHCTHBHOTO
HMHTEIUIEKTYaJIbHOTO IIPOCTPaHCTBa [26].
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A.A. Kapnos, M. YXenesHbl

3akauenne

B pabote Obu1 IpeCTaBICH YHUBEPCATBHBIN MHOTOMOJANBHBIN HHTEpdElc U pa3paboTaHa mporpaMMHast
KOMIIBIOTEpHAsI CUCTEMa IS ayINOBU3YaIbHOTO CHHTE3a AJIEMEHTOB JKECTOBOTO SI3bIKA U 3ByYaIllell peduu 10 TeK-
cTy, 00BbEaUHSIONIAsT OMMOAIBHYI0 CHCTEMY CHHTE3a peud (BHpTyasibHAs TOBOPSINAs rOJIOBa), 00eCIeUHBAr0-
LIYIO ayINOBU3YaJIbHBIN CUHTE3 peuH, U MOJEIb Tejla U PyK ueloBeKa ()KECTOBBIM aBarap), BHIIOIHAIOUIYIO BH-
JIGOCUHTE3 TUHAMHYECKHUX jkecToB. CrucTeMa mpeaHa3HaueHa JUisi BEIBOJIA BXOIHBIX TEKCTOBBIX JAHHBIX MOCPE-
CTBOM CHHTE3a 3ByYallel pedH, apTUKYILILHMU T'y0 aBaTapa W >KECTOBOTO sI3bIKa Kak JUIs OOBIYHBIX IOJIb30BaTe-
JIel, TaK ¥ JUIsl JIIoJiel ¢ OrpaHMYEHHBIMHA BO3MOXKHOCTSIMH (IVTyXUX M HE3PSUHX).

CrenyromumM 3TarnoM Hay4YHO-HCCIIEOBATEILCKUX PaboT OyAeT SBISATHCS pa3pabOTKa CUCTEMBI CHHTE3a
Pa3rOBOPHOTO JKECTOBOTO sI3BIKA M peud MO TeKcTy. Ee co3maHme OoCIoXHIeTCs HEOOXOMUMOCTBIO CPEICTB Ma-
IIMHHOTO TIEPEBONIa TEKCTa Ha YKECTOBBIM S3BIK, OOJIAJAIOUINA COOCTBEHHON CTPYKTYpOH M TpaMMaTHKO# (OT-
JUYHOW OT MMCEMEHHOTO WM YCTHOTO SI3BIKa), KOTOPHIE TTOKa c¢1abo ¥MccaeJoBaHbl TMHTBUCTAMU U HEAOCTATOY-
HO (OpPMaIH30BaHBl, HO MCCIEAOBAHHSA B JaHHOM HAIPaBIICHHH aKTUBHO BEIYTCS, YTO TO3BOJSET TOBOPUTH O
CKOPOM peIlIeHNH TaHHOHM mpoOnemsl. JlanpHeiimue mcciaenoBaHus, pa3padOTKH M BHEAPEHHE B KU3HBb NIIYXUX
JIONIEH aBTOMATH3MPOBAHHBIX KOMITBIOTEPHBIX CHCTEM IOJDKHBI JOMOJHHUTEIFHO TPHUBIEYh K 3TOW Mpobieme
BHUMaHHE OOILECTBEHHOCTH, a TAKIKE O0OPAaTHTh YCHIIHMS YYEHBIX, pa3pa0OTUYMKOB M KOMITBIOTEPHBIX JIMHIBUCTOB
K MSKIUCIUTUTMHAPHBIM UCCIICIOBAHUAM B PaboTaM B 3TOH cepe 00pabOTKK €CTECTBEHHOTO SI3BIKA.
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