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PO3POBKA APXITEKTYPHU
ITPOI'PAMHOI'O 3ABE3IIEYEHHA
JJIA IHTEPAKTUBHOI'O HABUYAHHS JKECTOBIN MOBI

1O.I'. Kpusonoc, KO.B. Kpak, A.C. Tepnos, M.II. Jlicuax

IactutyT KibepreTnku iMeni B.M. I'mymxoa HAH VYkpaiunu,
03680, Kuis, npocniekT Akanemika ['mymikoBa, 40

VY cTaTTi NpONOHYETHCS MiAXiJ 10 pO3POOKH HPOrPaMHOI CUCTEMH ISl IHTEPaKTUBHOTO HaBUaHHS JKECTOBIM MOBI. Po3risiHyTO 0a30BY apxi-
TEKTYpy Ta CKJIaJ0BI TaKoi CHCTeMH, GOpMAT Ta MPOTOKOJI Mepe/iadi JaHuX MK HUMH. Takox OMHCaHO OCHOBHHIT MOZYJIb CHCTEMH, L0 Bif-
HOBiJa€ 3a CHHTE3 Ta aHiMalii JKecTiB, eMOLIHHO-MIMIYHUX MPOSBIB Ha OOIMYYI JIIOMMHH 3 BHKOPHUCTAHHSM TPUBHMIPHHX MOJeNe Tina
nmoauHd. ONMUCYIOTHCSI OCHOBHI BUMOTH 10 MOJYJISI, IPOOJIEMH Ta IHCTPYMEHTH iX BHPILICHHsI, I0r0 apXiTeKTypa Ta KOHTPOJIEpH, IO Biamo-
Bi/Iaf0Th 3a reHepairo aniMarii Ta ii 00poOKy Ha rpadidHUX HpoLECOopax.

The article suggests an approach to the software system development, dedicated to the interactive learning of sign language. The article
shows a basic architecture of the system, its modules, format and transmission protocol of the data. The article also describes the main mod-
ule of the system responsible of the synthesis and the animation of the gestures and facial expressions of the emotions, based on the three-
dimensional pattern of a human body. It describes main requirements for the module, analyzing basic problems and the implements for their
solution, architecture and components, especially these ones that are responsible of the generation of the animation, its structure, the algo-
rithm of gestures’ combination and their graphical processing.

Beryn

HesepOanpHa apTuKysmiiHa 1 MiMidHa Tiepeada iHGopMarii JTFOAWHOI 332 JOIOMOTO0 KECTOBOI MOBH CTaja
NPeMETOM IHTCHCUBHUX JOCIIDKEHb 13 cepeauHn XX CT. BHACTIIOK BUHUKHEHHS CBITOBHUX TEHJCHIIHM MO iHTErparrii
JI0/IeH 3 BaJlaMy CIIyXy B CYCITUIBCTBO Ta Y 3B’SI3KY 13 IIPOTrPECOM 1 3arabHOJOCTYITHICTIO KOMIT FOTEPHOI TEXHIKH.

VY CycHimBCTBI BaXKIMBOIO € TpoOiieMa IONIETTIeHHS iHTerpalil e 3 ¢iznyanMu Bagamu. Lle Takox crocy-
€THCA JIIOJICH 3 BaJJaMH CIIyXY, TITyXOHIMHUX. Taki JIFOAW TMEePEBaYKHO CIUIKYIOTHCS KECTOBOIO MOBOIO. BiaMiHHOCTI MiXk
JKECTOBUMH Ta 3ByKOBHMH MOBaMH BH3HAUYAE KaHAJ, IO SIKOMY MEPeIaeThes iHdopmalis. Y jKeCTOBUX MOBax iHpopma-
LISt KOJYETHCS pyXaMu PyK, Tijla, 00au4usl, ouell 1 CipuiiMaeThest 3a JOOMOToI0 30py. Lle 3yMOBITIOE TaKOXK CIIPOMOXK-
HICTH JKECTOBOI MOBH BHUPaXaTH €MOIIii 1 MOYYTTS TIYXOi JIOAWHH 32 JOTIOMOTOI0 Pi3HOMAaHITHHX MOBHHUX 3aC00iB pUT-
MIKO-IHTOHAIIHHOTO PHCYHKY, EMOTHBHOI JIEKCUKHU 4Yepe3 eKCIPECilo pyXy Ta eMoLiiiHy MiMiKy Ha i1 oOnuudi. 3Bigcu
BHIDIMBAIOTH OCHOBHI ()yHIaMEHTAIbHI BIIACTHBOCTI JKECTOBUX MOB:

1) mpoBigHY poJib Bifirpae mpocTip HABKOJIO JIOAWHH, IKa TOBOPHUTE;

2) eJEeMEHTH JKECTy BUKOHYIOTHCS 1 CIPUIMAIOTHCSl OJTHOYACHO, B TOM Yac KOJIM 3BYKOBE MOBJIEHHSI IIOCTYIIOBO
Jocsrae Byxa moanHu. e mo3Borsie KogyBaTH OLTbImiA 00CsT iHpOpMAaLii HOPIBHIHO 31 CIOBOM YCHOTO MOBJICHHS.

OCHOBHOIO CTPYKTYPHOIO OJJMHHIIEIO )KECTOBOT MOBH € kecT. JKecT y )KeCTOBUX MOBax € aHaJIOrOM 3ByKOBOTO
CJIOBa, TOMY JIEsIKi JIIHI'BICTHYHI METOIMKN MO>KHA YCHIIITHO 3aCTOCYBATH 1 /10 HBOTO. AJle )KeCTy NMpUTaMaHHi yHiKa-
JBHI BIACTHBOCTI, JUIA OMHUCY SKUX TaKi METOIUKH HE IIXOIATh, HAPUKIIAL, (GiKCOBAHUI MOPSAIOK ISl BU3HAUYCHHS
TPaMaTUYHOTO CJIOBA HE MOTPiOHMHN, OCKUIBKH rpaMaTHYHI €JIEMEHTH B JK€CTaX BUKOHYIOTHCS OfHO4YacHO [1].

Y poborti [1] BuaineHo Tpu napameTpu, HEOOXiIHI Ul ONKCY CTPYKTYPH JKECTY:
— MiCIle BUKOHAHHS JKECTY 32 BIIHOIIEHHSIM JI0 TiJIa JIFOJIUHH, SKa IIPOMOBJISIE;

— (¢opma KHCTi pyKH, III0 BUKOHYE JKECT;

— TPAEKTOPisg PyXy PYKH.

3a3HauMMoO, 110 J)KECTOBA MOBA € CIIPaBKHBOI MOBOIO 3 yciMa 11 CKJIaJHOIaMH1, TAaKOXK BOHA MPUHIIMIOBO i (yH-
JAMEHTAIBHO BiJPi3HAETHCS BiJl pO3MOBHOI MOBH IIPaBHJIAMH, IIPUHIIUIIAMHE MTOOYTOBH PEUYEHB 1 T. 1.

Ha cyuacHoMy etarri po3BUTKY CypAOIeIaroriyHoi Teopii BUIIEHO ABi (OPMH MOBH XKECTiB — PO3MOBHY 1 KaJlb-
kyrouy [1]. KoxHil i3 HUX BIaCTUBI NIEBHI rpaMaTH4YHi 3aKOHOMIPHOCTI.

Po3MoOBHA KecTOBAa MOBa — CAMOCTIliHA KIHETHYHA CUCTeMa. Y Hili HasgBHA TakKa KiJIbKIiCTh JKECTIB, sIKa HEOOXiAHA
U HEBUMYIICHOTO, HEO(IIIITHOTO CIIIKYBaHHS TITyXHX JIIOAEH MK c00010. 32 JOMOMOTOX0 PO3MOBHOI KECTOBOI MOBU
nepeaaeThest iHdopmallis Ha MOOYTOBI TEMH, PO MOBCAKICHHE JXUTTS. LI MOBa Oe3mocepeIHbO MOB'sI3aHa 3 CUTYaIli-
€10, Ha TJI SIKOT B1IOYyBa€THCS PO3MOBA.

Kanbkyroua jxecToBa MOBa — I CHCTEMa CIUIKYBAHHS, KECTH B SKill CYIPOBOIKYIOTh YCHY MOBY TOTO, XTO
roBOpHTH. JKeCTH mpu bOMY BHUCTYIIAIOTh IEBHUM €KBiBaJCHTOM CIIiB, a X PO3TallyBaHHSA, B OCHOBHOMY, Bi/IIOBi-
nae OyZ0Bi peueHHs y ciioBecHil MoBi. Lleit Bu xecTOBOT MOBH HE Ma€ BJIACHOI rpaMaTHyHOl OyJ0BH MOBH, a TiJib-
KU KaJIbKYE€ ii.

295



Proceedings of the 8th International Conference of Programming UkrPROG’2014 (Kyiv, Ukraine)

Jis1 BUpimeHHS TPOOIEMH IIBUAKOTO 1 €PEKTHBHOTO BHBUCHHS KECTOBOI MOBH HEOOXiTHE CTBOPEHHS TEXHOJIO-
Tl U1 KOMIT'FOTepH3allii 1[bOr0 HABYAHHS B CHJIY JOCTYIHOCTI Ta CY4aCHOCTI TAKOTO MiAXOIY 3 YPaxyBaHHIM OypXJIu-
BOT'0 PO3BUTKY rpadiuHUX MPOLECOPIB Ta TEXHOJIOTIH 115l TOOY0BY TPUBUMIPHOI rpadik.

BaxumBuM erarmoM pPO3BHTKY TpadiyHMX NPOLECOpiB Ta MOCHIECHHSA IX 3HA4YEHHS JUIA EPCOHAIBHUX
KOMII'FOTepiB OYJI0 CTBOPEHHS BICOKOPIBHEBUX MICHISPHUX MOB, SKi JO3BOJISI CTBOPIOBATH CKIIAIHI aITOPUTMH IS
BiZIoOpa)keHHs TPUBUMIPHOT Tpadiky, MiABHUIIYIOUN pealliCTUUHICTh 300paxkeHHs [2]. 3aB/sIKM TaKOMY PO3BUTKY Bijieo-
MIPOILIECOPIB CTajla MOXKJIMBOIO PO3pOOKa aBaTapiB — BIPTYaIbHHX areHTIB Uil B3a€EMOJIl JIIOJMHU 3 KOMITIOTEPOM
(human-computer interaction). @yHJaMEHTaIbHUMU XapaKTEPUCTUKAMU aBaTapiB € PEANICTUYHUIA BUIILSII Ta PYXH,
eMolliiiHa MiMiKa Ta apTUKYJISLis, MPUPOJHE MPOMOBISHHS CIiB Ta (pa3. OCHOBHUMH IpoOieMaMy TpH po3poOii
aBaTapiB € MOJIEIIIOBAHHS SIKICHOT TPMBUMIPHOI MOJIeN, aHiMallis peaJicTHYHUX PYyXiB, BUpa3iB 00JINYYs, apTHUKYJISLII,
CHHTE3 NMIPUPOIHBOT MOBH, CHHXPOHI3aIlisl aHIMAIli1 31 3ByKOM. ABaTapy BUKOPHCTOBYIOTECS B Pi3HUX cdepax, 0COOIHBO
B Tay3i po3poOKH MporpaMHOro 3a0e3meueHHs Ajs Jroneil 3 Bamamu ciyxy [3, 4]. YV maniit po6OTi po3risgaroTbes
npoOjeMu Ta OCOOJIMBOCTI peaiizallii aBarapa Jjisi BIATBOPEHHS YKPAlHCHKOI )KECTOBOI MOBHU I OOYJOBU CHCTEMU
IHTepaKTHBHOTO HABYaHHS )KECTOBIA MOBI.

OCHOBHI BUMOI'H 10 IPOrPAMHOI0 KOMIUIEKCY iHTEPAKTUBHOI0 HABYAHHS KE€CTOBOI MOBH

[IporpamHmii KOMIUIEKC [UIS IHTEPAKTHBHOTO HABYaHHS YKPAiHCHKIHA JKECTOBiH MOBI CKJIAHA€THCS 3 NEKITBKOX
MiJICUCTEM, III0 BiAMOBIIAIOTH 3a aHIMAIIiI0, 3BYK, pO3Mi3HaBaHHA Tomo (puc. 1).

Migcucrema posnisHaBaHHA MNigcwcrema poznizHaBaHHA
ronocy ApTHEYNALT

Cepeep MecToBOl MOBM

Migcucrema KepyBaHHA

MNigcncrema posnizHaBaHHHA
HecTie

Puc. 1. BucokopiBHeBa CTPyKTypa IpOTPaMHOTO KOMILIEKCY

VY 11iif cTaTTi PO3IIISHYTO MOJIEII JAHUX Ta MPOTOKOJIH IX mepeayi Uisl bOTO MPOTPAMHOTO KOMIUIECKCY, & TAKOXK
OUTBII JETAITBHO OIHCYETHCS CEPBEP JKECTOBOI MOBH, SIKWH, y CBOIO YEpry, T€X PO3OUTHIA Ha OKpeMi claOKo 3B’s3aHi
MiX cOO0I0 MOAYIII.

OCKIUIBKH KOXKHA 3 LIMX IIJCHUCTEM € CBOEID OKPEMOIO JJOCHTh 00’€MHOIO SIK HAYKOBOIO, TaK i ajJrOPUTMIYHO-
MIPOTPAMHOIO 33]]auei0, OCHOBHA BUMOTa JI0 IOOYIOBH iX Y KOMIUIEKCI — 3pOOHTH X MaKCHUMAIIEHO HE3aJCKHUMH OJHH
BiJl OJTHOTO Ta BiJ] OCHOBHOI IiACHCTEMH, 3a0€3IIEYNTH MOXIIUBICTD iX pO3POOKH PI3HUMH JIOABMH, HA Pi3HHX MOBaX
MporpamMyBaHHs, ajie IPU FOMY Iepea0adunTH MOXIIMBICTD JIETKOi Ta MIBUAKOI iHTerpamnii 0e3 Benukux 3ycuinb. OTKe,
JUTSL TOTO 1100 3aI0BOJIBHUATH BHIIE OMUCAHI BUMOTH, 0YJI0 BUPIIICHO, 1[0 KOXKHA 3 MIACUCTEM Oy/1e OKPEMOIO HEe3aJIeK-
HOIO TIPOTPaMOX0, IO J03BOJIUTH Oy IyBaTH apXiTEKTypy KOXKHOI 3 MiJICUCTEM HAHKPAIIUM JUIS Hel Clioco0oM, poOuTH ii
KIIIEHT-CEePBEPHOI0, BAHOCHTHU MOBHICTIO HA CTOPOHY KIIIEHTA, SIKIIO B IBOMY € HEOOXiTHICTh, Ta MPALIOBATH MaKCUMa-
JILHO aBTOHOMHO. J[11s1 iHTerpauii BUpilieHo po3poOUTH Ta peastiyBaTH MOk, O Oy/e BIANOBIIAaTH 32 KOMYHIKAIil0
3 IHIIMMH TiICHCTeMaMHU.

Juis peanizamii Takoro Moy He0OXiTHO BUSHAYHTH:
1) Monenb TaHUX,

2) ¢opmar nepenayi 1aHUX;

3) TpaHCHOpPT JJIA Mepenadi 1aHuX.
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Haii6inpim oueBnaHNM € BHOIp TpaHCHOPTY nepenadi gaHux. OCKUNBKY pi3HI MiACHCTEMH MOXYTh OyTH Hamuca-
Hi, 0a3yI0YKCh Ha PI3HUX TEXHOJOTISAX, & TAKOXK MOXKYTh OyTH (i3MYHO PO3MILIEHI Ha PI3HUX KOMII IOTepax, ajJbTepHa-
THUBU MEPEKeBiil KOMyHiKamii Hemae.

OCHOBHHMH TPAHCIIOPTHUMHU NPOTOKOJIaMHK 1Sl MepeskeBoi komyHikaiii € TCP (Transmission Control Protocol)
ta UDP (User Datagram Protocol). Po3riissHeM0O OCHOBHI BiZIMIHHOCTI MK HUMH.

OTtxe UDP — e mpoctuii mpoTOKOII, 1m0 6a3y€eThCs Ha MTOBiAOMIICHHSIX.

OcHoBHuMH xapaktepuctukamu UDP e:
HEHaIiHICTh — HEBIIOMO YX TIOBIJOMJICHHS OCSTIIO ITYHKTY PHU3HAYCHHS;

HEBIOPSIKOBAHICTh — OPSIOK OTPHMAaHHS MOBiIOMJICHHST HEOOOB I3KOBO TaKHii CaMUii, sIK TIOPSIOK iX BiAmpa-
BIICHHS;

JaTarpaMu — ITAKETH BiATIPABISIOTHCS SK MITICHA OJJUHHUIISI Ta MAIOTh ITEBHI MEXI.

Bonsouac TCP — mpoTokos, opieHTOBaHMI Ha 3’€IHAHHS, SKe MiATBEpIKeHe 3 000X cTopiH. Moro xapakTepuc-
THKaMH €:

HaJIHICTh — IPOTOKOJI YIpaBiIs€ MiITBEP/KEHHSIM, HIOBTOPHUM IE€PECHIaHHAM JIaHUX 1 MIEBHUM TalM-ayToOM
JUISl TIOB1JIOMJICHD;

BITOPSIKOBAHICTh — MOPAIOK BiJIIPABJICHHS Ta OTPUMAaHHS MOBIIOMJICHh OJTHAKOBHUI;

MOTOKOBICTh — JIaHI YNTAIOTHCA, K MOTIK OaiTiB 6€3 MeBHUX MEX, 0OpOOKY IMMOTOKY MOTPiOHO peani3oByBaTH Ha
BHIIIOMY DPiBHI.

Jis mporpaMHOTO KOMIUIEKCY AJISi IHTePaKTHBHOTO HAaBYAHHS YKPAaiHCHKiIA JK€CTOBI MOBiI JOCHTH CYTTEBOIO
npobiemMoro € ymMoBa oOMekeHocTi makeTra y nporokoni UDP, ockinbkn o0cAr TaHnX MOXe NEepeBHIIyBaTH Iii oOme-
JKEHHS, TAaKOXK BOKIMBHM € HAIiiHICTh HAJXOPKEHHS MOBIOMIICHb. TOMY UL peaiizallii MOAYJIsT KOMYHIKamii Mix
MJCUCTEMAMH B SIKOCTI TPAHCIIOPTY Nepeaadi qanux Oyio Bubpano mepeskeBuii mpotokon TCP.

lono dopmary mepenayi HaHWX, HA JAaHWH MOMEHT IIMPOKO BHKOPUCTOBYIOThCs HacTymHi (opmarn XML
(Extensible Markup Language), JSON (JavaScript Object Notation) Ta Google Protobuf. 1li dopmaru, sixi migrpumy-
FOTBCS PI3HUMHU IIaT(GopMamu, IS IKUX € 010JTI0TEKH MPAKTHYHO IJIST KOYKHOI MOBH IIPOTPaMyBaHHSI.

Omxe XML i Json € ¢opmartamu, siki 3po3yMiii JItoAsiM, B TOM yac sik Protobuf € OiHapHHM NpOTOKOJIOM, aie B
TOM JKe 4Yac BiH Mae HalOUIbIIY MIBUAKICTH Jecepiaizamii Ta BUKOPUCTOBY€E HallMEHIy KiNbKiCTh nam’siTi. BoxgHouac
XML iJson € ¢popmaramu, sKi JO3BOJIAIOTH HE MATH YITKOI CXEMH MOBIOMIICHHS, Ha BiAMiHY Bix HUX Protobuf Buma-
rac 9iTKOi CXEMH ITOBIOMIIEHHS.

BpaxoByrour BUCOKY HIBHIKICTh Cepiaiizailii Ta aecepiaizailii, HH3bKe BUKOPUCTAHHS MaM’sITi, a TAKOX peati-
3alil0 3pyYHUX JJIs IPOrpamMicTiB 0iOIIOTEK, MPAaKTHYHO MiJX KOXKHY IMOIYJISIPHY MOBY IIPOrpaMyBaHHst OyJI0 BUPIIIEHO
BukopuctoByBaTH Protobuf hopmar marux. Ase npobieMy 4iTKO AeTEpMiHOBAHOI CXEeMH JaHHUX TOBEIEThCS BHPINTyBa-
TH 32 JIOIIOMOT'00 MOJEINI AaHHX.

JIst Mojienti TaHUX OCHOBHOKO BHMOTOIO € ii MacIITabOBaHiCTh, TOOTO KOJIM MOYKHA JTOJATH SIKICHO HOBE ITOBI-
OMJICHHS 3 HOBHMH JaHHMH, a0COJFOTHO HE 3MIHIOIOYH NPOTPAMHOTO KOIY, SKUil y)Ke HalHMCaHWH, a JIMIIE TONAF0YH
HOBHUH. Y Takii MOJEl KOXKHA 3 MiACHCTEM 3HATHME TUIHKM Ti IOBIJIOMJIEHH, 11O BIMHOCIATHCS TIIBKM J0 HEl 1 He 3Ha-
THUME ITOBiJJOMJIEHb CTOPOHHIX CHCTEM, 3 SKMMH BOHa He KOMYHiKye. Taky Mozenb TaHUX MOXXHA ONKMCATH 32 JIOTIOMO-
T'OI0 HAaCTYITHOTO proto dainy:

message Message {
required int32 id;
required int32 correlationlD;
optional bytes data;

}

IMone id € inenTudikaTopoM GopMaTy ITaHUX BHYTPIIIHBLOTO MOBIJOMIICHHS, TOOTO BOHO (PaKTHUYHO 3a/1a€ SKUM
YHMHOM Cepiai3yBaTH/Iecepiai3yBaTH 1oe data, BU3SHAYCHE, IK MacUB OAWTIB, alle, HACIIPABI, € YK€ cepialli3oBaHUM
protobuf moBimomneHusM. Tobro mone id BW3HA4ae, SIKUM YHHOM IOTPiOHO necepiamizoByBatu mone data. Ilome
correlationID BinnoBinae 3a KOpeJslilo 3amuTy 1 BiANOBIII, TOOTO CHUCTeMa rapaHTye, IO Ha 3aluT 3 IMEBHUM
correlationID KIIi€HT OTPUMAE BiAMOBIb 3 THM CaMHM 3HAYEHHSIM IHOTO ITOJIS.

OTxe, 32 Takol MOJENI MaHWX MPHU HEOOXiTHOCTI TONATH HOBE ITOBINOMIICHHS BCHOTO JIMINE MOTPIOHO Honatu
napcep JaHuX JJIs IbOTO KOHKPETHOTO id Ta 0OpOOHMK MOIiN M1l HhOTO K. BomHOUAC, SKIO BiJOKPEMUTH pealli3aiiio
00poOHMKa Mol Bix mapcepa, TO 3 SBISETHCS MOXKIIMBICTB JIETKO peaii3yBary 1 iHmi Tvnu Gopmary nepeaadi gJaHux
(Json, xml), — s iporo MOTPiIOHO OyIe JUIIe peari3yBaTH mapcep IiJ KOHKPeTHUi popmart.

Ha ocHoBi Buiieonucanoi Mojieni 1aHUX OyB MPOBEJCHUI EKCIIEPUMEHT ISl OPIBHSAHHS 1MX (OpPMaTIB 3a J10-
MOMOTOK0 T€CTOBOI YTHJIITH, HAITUCAHOT Ha MOBI mporpamyBanHs Java. [[Jis 1poro cepiaiizyBajiu Ta JecepiaiizyBaiu
1000 noBinomiienb. OCHOBHI XapaKTEPUCTHKH, SIKi TIOPIBHIOBAJIMCH — 1€ MIBUKICTh cepiasti3auii, IBUAKICTb Jiecepiati-
3aii, KUTBKICTh BUTPA4YeHOT 1aM’ATi Ha OJIHE IOBIIOMIIEHHS (pHC. 2).
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Puc. 2. PesynbraTn ekcriepuMeHTy MIBUAKOAIT (hopMaTiB TaHUX

ApxiTeKkTypa Ta AeTaJi peasizaunii MOAyJiB NPOrPaMHOI CHCTEMU

Po3risiHeMO JeTanbHilie OCHOBHI BUMOTH, (DYHKIIT Ta CTPYKTYPY OCHOBHOI migcucTeMu. DyHKIISIMH OCHOBHOT
MJICUCTEMH €: TeHepallisl aHIMaIlil )KeCTiB, reHepallisi MIMIYHUX, apTUKYJISALIHHAX Ta eMOLIHHUX MPOSIBIB HA OOIMYYi
aBaTapa, I'eHepallis 3BYKOBOI'O CYIPOBODKECHHS JKECTy (TOJIOCOBOTO IPOMOBIISIHHS CJIOBA, SKOMY BIJTOBIZae DaHUUN
JKECT), CHHXPOHI3allisi apTUKYJISALIT Ta TOJIOCY, a TAKOXK BHUBiJ 300pa)KeHHsI Ta 3BYKY 3a JAOIIOMOTOI0 TpadidHOro pyIis
Ta 3ByKOBOi 0i0mioTeku. Peamizamiro ycix nux QyHKIIH, OKpiM reHepailii 3ByKOBOTO CYIPOBOKEHHS, 00'€THAEMO B
OJIMH MOJIYJh — MOJIYJb ““KeCTiBHUK”. BogHOowac Juis iHTerparii 3 iHIIMMH ITiJCHCTEMaMH TIOBUHCH OyTH HasBHUUI
MOZYJb 3B'13Ky. BUCOKOpiBHEBa CTPYKTYypa OCHOBHOI MiICHCTEMH MMOKa3aHa Ha pHC. 3.

TeHepaTop ronocy

KnienT(iHwa nigcrerema) Mogynk 3eA3Ky

Mogynb "WecTiBHuK"

~_

Puc. 3. Ctpykrypa cepBepa kecTOBOT MOBHU

Monynp ‘““KecTIiBHHK € OJHUM 3 HAaBaKIMBIIINX KOMIIOHCHTIB YCi€i CHCTEMH, OCKIIBKU caM BiH 3a0e3redye
TeHepalliio JKeCTiB Ta iX BioOpa)XeHHs!, BIIIOBIIa€ 3a peaicTUUHY aHIMAIIO JKECTiB, 3 OJTHOYACHOIO aHIMAIlI€l0 apTH-
KYJIALii Ta pi3HUX eMOIIITHUX MPOSBIB 1 3ByKOBUM CYIIPOBOKEHHSM [5].

OCHOBHHMMH apXiTEeKTYpPHHMH BUMOT'aMH IS TAKOT CHCTEMH €:

1) oOuncieHHs B peKUMi PETFHOTO Yacy;

2) miATpUMKa Cy4acHUX MiAXO/IB 1 TEXHOJIOTIH TPUBUMIPHOT rpadiky 1Sl peasricTHYHOTO 300pakeHHsI aBaTapa;

3) kpocmiaTGOpMEHICTh;
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4) wMonyJdBpHA CTPYKTYpA;
5) oprani3aiis 6a3u KECTIiB 3 BEIUKOIO KITBKICTIO TaHUX.

Hanzeu4aiino BakIHBO, 00 cricTeMa MOTJIa MiATPHIMYBATH OOYHCICHHS B PEXXHMIi PEaThbHOTO 4Yacy, OCKiIBKH
BOHA € JIOCUTh pecypco3arpaTHoto. i peasicTHIHOTo BimoOpaskeHHs aBaTapa, HOro pyxiB, eMOIIITHAX TPOSBIB HEOO-
XiIHO BUKOPHCTOBYBATH TPUBUMIpPHI MOJETI TiNa JIOIUHY 3 BEIUKOIO KUTBKICTIO MOJITOHIB Ta CKEJIETOM, IO CKJIaja-
eTbes 3 O6umpI HiXK 80 KicTok. Takox BaXIMBO, 00 TPUBUMIPHUH aBaTap BUIJIAIAB MaKCHMAaJIbHO peasliCTHYHO, OyB
CXOKUH Ha 3BUYANHY JIIOUHY.

Jliist peanizaiiii BCboro (yHKI[IOHATY MOJYJIb «XKECTIBHUK» MOBHHEH CKJIAATUCh 3 HACTYITHUX KOMITOHEHT:
1) KoOHTpoJIep MIMiKH Ta €eMOLIHHUX MPOSBIB;

2) KOHTpOJEp aHIMAIl pyXiB Ta KECTiB;

3) KOHTpoJIep CHHXPOHi3alii 3BYyKY Ta MIMIKH;

4) rpadiuHui pymii;

5) 3ByKoOBa mificucTeMa.

L1i koMIoHeHTH (HOPMYIOTh MIEBHY HOCIIIOBHICTh TIEPETBOPEHHS BXIIHUX JIAaHWX, Kl Ha BXiJ NOAAETHCS i7€H-
TU(IKATOP JKECTY 1 uepe3 sIKy JaHi MPOXOAATh y YITKOMY MOPAIKY, Ta Pe3yJIbTaT BUKOHAHHS ITOTIePEIHBOI KOMIIOHEHTH
MMOJTAETHCS, SIK BXigHI JaHi Ha HacTynHy. KojkHa 3 WX KOMIOHEHT ITOBHHHA OyTH HE3aJIEKHOIO Ta MaTH MOXKJIHBICTH
OyTH 3aMIHEHOIO THIIOIO pealtizalieto 6e3 3MiHU pelTH KOMIOHEHT. CXema apXiTeKTypu Ta MOCHTiJOBHICTh BUKOHAHHS
nokasaHa Ha Puc. 4.

Error! Bookmark not defined.
Puc. 4. CtpykTypa MOAYJIsl «<OKECTIBHUK

MOJIeJ'H) JOaHUX OJid MO)IyJ'l}I HoJa€eThCA HaCTyHHI/lMl/I JAaHUMU:

® MHOKHMHA BEpPLIMH, HOPMaJeil Ta KOOPIUHAT TEKCTYp TPUBUMIPHOT MOJIEII B MOYATKOBOMY IOJIOXKEHHI,

® MHOJXKHHA CTaHiB 0OIIIds Ut 6a30BUX Bi3eM Ta eMOLIWHUX IPOSIBIB;

® MHOJKHHA KICTOK, JTO SIKAX MPHB’s3aHi BEPIINHH, a TAKOXK BaroBi KOSQIIIEHTH I KOXKHOI TaKOi MIPHUB’ 3K,
® MHOXMHA 0a30BHX JKECTIB, IO MPEICTABIICHI 32 TOMIOMOT0I0 CKEJICTHOT aHIMAIlil.

Kontposiep MiMiKH BiINOBiZa€e 3a reHepalito apTUKYJIALIT IPOMOBIISHHS Ta MIMIYHUX apTUKYJIALIHHNAX MPOSBIB
3a JOIIOMOTO0 TIO3HIIIFHOI aHiMatii (pose animation). Jist mo3umiifHOI aHiMAaIlii BHKOPHCTOBYIOTHCSI MHOXXHHH CTaHIB
00mmy, AKi 300pa)XyIOThCSl Y BUTJILSAL ITap: HOMEP BEPIIMHU — BEKTOP 3MiMIeHHA. Take MoJaHHsS IO03BOJISE 3MEHIIINTH
noTpedy B 1am’sTi, OCKUIbKY He3MIllleH] BEPIIMHN y HhOMY He 30epiratothcs. Ha BXij KOHTposepy MoJaeThesi MackB 3
4acOBMMH 3HAYEHHSIMH, MacuB i1eHTH(IKaTOPiB Bi3eM, 10 BiAMIOBIJAIOTH IaHOMY YaCOBOMY 3HAU€HHIO, Ta ileHTH(iKa-
TOp Bi3eMH €eMOLIHHOTO MPOSIBY.

Konrponep aniManii BiIIOBizae 3a reHepawilo aHiMallii jkecTy 3a JIOIOMOro cKeneTHoi aHimanii. Mopemto
JAHUX JUIsl KOHTpoJiepa aHiMallil € MHOXHMHA KICTOK Ta ITPUB’sI3Ka BEPIIUH. AHIMAIIISI )KECTY MOJA€ThCA, K KyTH MOBO-
pOTy KOXHOI KiCTKM BiZHOCHO OaThKiBCBKOI KICTKM B TIEBHHH MOMEHT 4Yacy. 3aBASKH TOMY, IO KO)KHA BepIIMHA
MpUB’si3aHa 3 IEBHUMH BaroBUMH KOe(illieHTaMu IO AEsIKOI KUTbKOCTI KiCTOK, Bilagae HeOOXiIHICTh 30epiraTtu moio-
JKCHHSI KOYKHOT TOYKH OKPEMO, JOCTATHBO JinIiIe 30epirat iHGOpMaIlifo mpo pyX KICTOK, a PyX BEPIIMH O0YHCIIOETHCS
BiJTHOCHO HUX.

Ha Puc. 5 moka3sana giarpama mociiJOBHOCTEH MOTJIs.
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_3UEH|u.|Hﬂ Moayne 383y OcHoBHMit CuHreaatop CikxpoHiaarop KoH_Tp_onep KoH_Tpongp CucTema
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Puc. 5. [liarpama nociigoBHOCTEH

BaxnuBuM acrieKToM poOOTH KOHTpOJepa € MeXaHi3M I YIPAaBIIiHHS aHIMaLisIMH Ta HepeXxoJaMd MK HHMH.
By1o po3po0iieHo HaCTyIHY MOJIEb, 110 MiATPUMYE TPH TUIIH IIEPEXO/iB MK aHIMAalliIMH:

1) MoMeHTaJbHE 3aBepIIEHHS NEePIIOi aHiMalii Ta cTapT Ipyroi;

2) muIaBHHI mepexil Bix mepuioi aHimarii 10 Apyroi;

3) ouiKyBaHHS 3aKiHYCHHS IEPIIOi aHIMaIii i MCIA MBOTO CTapT APYTOi.

OCKIJIbKY NIePIINH Ta TPETIi MYHKTH € JOCUTh IPOCTUMH, 3YITHHUMOCH JI€TalIbHIIIEe HA APYTOMY ITyHKTI.

st 3abe3neueHHs MJIaBHOTO MEPeXoly MK JBOMa aHiMallisiMU 3aCTOCOBYBaBCs Takud anroputM. Crouarky
OyJia TIocTaBiIeHa YMOBA, IO HAcTyITHA aHiMmamis Oyzxe craprysatH 3a 30% d9acy 10 3aKkiHYEeHHs cTapTOBOi aHIMaril.
[Ticns upOTo ISt KOXKHOT aHIMaIlil BCTAHOBJIIOBABCS CBiM BaroBuil KOeilli€HT, 10 BU3HAYABCS 32 HACTYIHOIO (HOpMYy-
noro: weight; = timeLeft/(0.3*duration), weight, = 1 — weight;, n1e weight; — BaroBuii Koe}illieHT Mmepiioi aHiMaIlii,
timeLeft — vac, 110 3anumuBes A0 KiHIg aHiManii, duration — qOBXXHMHA aHIMaIlil.

Li 3aBgaHHsA MOXKIIMBO BHUPIIIMTH OUITXOM BHKOHAHHS AESKHX YaCTWH MPOTpaMH Ha rpadidHOMY mporecopi 3a
JIONIOMOToI0 mporpamoBanux meiaepis. [lednep (aurit. Shader) — ne mporpama Juist OAHOTO 31 CTyIEHIB TpadiaHOTO
KOHBEEPA, 1110 BUKOPUCTOBYETHCSI B TPUBUMIPHIH rpadili it BU3HAUSHHSI OCTATOYHUX MapameTrpiB o0'ekta 4u 300pa-
JKeHHs. BoHa MOke MICTHTH y c00i JOBUIBHOI CKJIAJHOCTI ONMMCH MOTJIMHAHHS Ta PO3CIFOBaHHS CBIT/A, HAKJIAJCHHS
TEKCTYpH, BiJJI3epKaJCHHsS 1 3aJIOMJICHHS, 3aTiHEHHS, 3MIIIEHHS MOBEpXHi 1 edekTH mocr-oopobku. Ilporpamosani
meiinepu THy4Ki Ta edexrtuBHi. CKIagHi Ha BHUTIIAI MMOBEPXHI MOXYTh OyTH Bi3yasi30BaHi 3a IOIIOMOTOIO IIPOCTHUX
reoOMEeTpUYHUX (HopM.

XapakTepuCcTHKA OCHOBHHMX I'paivyHuX pyuIiiB

BaxiuBuM eTamoM y po3poOili CHCTEMHU € aHalli3 HasIBHUX TEXHOJIOTIH I BiIOOpaXKeHHS TPUBUMIPHOT rpa-
¢iky, Tak 3BaHUX rpadivHUX PYILIiiB, OCHOBHUM 3aBJaHHIM SKUX € Bidyallizalis TpUBUMIpHOI rpadiku. OCHOBHUMU
KPUTEPIsIMH ISl TAaKUX PYIIiiB € BIAKPUTHUH JOCTYII, MiATPUMKa IporpaMHux mredaepiB Ha moBax GLSL, HLSL,
CG, migrpumka DirectX ta OpenGL Ta MoxnuBicTs 3MiHUTH TpadiuHy migcucTeMy 0e3 3MiHH IIPOrPamMHOTO KOAY,
BHCOKa OINTHMI3alis, MiATPUMKA EKCIOPTY TPHUBHMIPHHMX MoJeleil i3 crnenianizoBaHux nporpam. Takox aus pea-
JICTUYHOTO BiZOOpaXeHHs] TPUBUMIPHOT MOJEINI Tijla JIOAMHA BaXKIMBA IMiATPUMKA Pi3HUX THITIB OCBITICHHS, MOX-
JTUBICTH TO-PI3HOMY BiIOMBATH CBITJIO Bifl Pi3HUX MOBEPXOHb, MOKJIHMBICTH OJHOYACHOTO BiTOOpa)XKCHHS KiTHKOX
aHIMaIi.

HaBeneHuM KpuTepisiM MOBHICTIO BiNOBiAat0Th Tpu rpadiunux pymii — Irrlight, Ogre, ta Unity. Okpim ToroO,
BOHM € Kpocriargopmernnmu, miarpumytoTh sik OpenGL tak i DirectX rpadiuni 6i0mioreku, mo B MailOyTHbOMY
MOJKe J03BOJINTH Oe3 mpobiieM MOpTyBaTH cucteMy Ha iHmi ruiatdopmu. OcHoBHUMHE mepeBaramu Irrlight € #oro
npocTa 1 Mpo3opa apxXiTeKTypa, HEBEJIMKHI, ajie JOCTAaTHIH OCHOBHMU (YHKILIOHAJ], CyMICHICTh 3 NIESKUMH aynio
6i0miorexamu [6]. Ogre mMae OLIBII CKIAJHY apXiTEKTypy, NOTYKHHH (YHKLIOHAN JUIs yNpaBlliHHS MaTepianamu,
MATPUMKY MO3HMLIKHOT aHiMawii (pose animation), cucteMy TeHepauii melaepiB y peaJbHOMY 4aci Ha OCHOBI CKPHII-
TiB MaTepianiB. Takox Benukoro nepesaroto Ogre € HOro THyYKiCTh Ta MOXIJIMBICTb IHTErpalii 3 (Gi3NYHUMH PyIIis-
MU Ta ayaiobibmiorexkamu. OOHIBI CUCTEMH MalOTh JIOCUTh PO3BUHEHY CHUIBHOTY, sIKa HaJa€ MiATPUMKY B pasi nmpo-
OxreM 3 ix BukopucTaHHIM [7]. Ogre Takox migTpuMye MOOUTBHY cuctemy i0S, ane, Ha )kaib, HE TIATPUMYE MOOIITb-
HOl cuctemMu Android 6e3 momatkoBux mMoamdikamiii. Unity i, y cBOIO 4epry, € He TpadidyHIM, a irPOBUM PYIIiEM,
T0OTO BiH Mae BOYIOBaHY MiITPUMKY 3BYKY, (i3WKH, MEpeXi Ta IHIINX pedell, HeoOXiTHUX I TPUBUMIPHHX iTrOp.
BopaHouac BiH € MPOCTHM y KOPHCTYBaHHI Ta MiATpUMY€e MOOUIBHI cucteMu, Taki sik Android ta 10S, w10, B 4ac ctpi-
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MKOT'O 3pOCTY MOOUIBHHX TEXHOJIOTiH, € nyxe BaxuinBuM. OcHOBHUM HenoiikoM Unity € Te, 110 Lie cucTeMa 3 3a-
KPUTHM KOJIOM 1 O€3KOIITOBHOIO € JIMIIE ypi3aHa Bepcis ii 1yisi HepCOHANBHUX KOMIT'IOTEPIB, Ui MOOUTBHUX CUCTEM
Unity € mnarnoro[8]. OnucaHi xapakTepUCTHKH HABEACH] B TAOJIHUII.

Tabnuist. XapakTepucTHKU KPOCIUIaTGOpMEHUX pyLIiiB

Ogre Irrlight Unity

[MinTpumka 1eiepis + + +
[Minrpumka DirectX/ Opengl + + +
Kpocmnargdopmenicts Ha [TK + + +
[MixTprMKa MOOITBHUX MIPUCTPOIB Tinpku i10S - +
[MinTprmKa 3ByKy Croponsi 6i6siorexkn | CropoHHi 6i0mioTekn BOynoBana
CkiagHicTh py1is Cepenns Jlerka CkrnagHa
BecrumatHicts/Binkpuricts + + -

IIporpamua peasizauis

Bukopucrosyroun Ogre 3D, Oyino peami3oBaHi KOMIIOHEHTH 2, 4 Ta 5 MOIYJSl <OKECTIBHHK» Ta 1MOOYJOBaHO
nporpamHe 3a0e3rneueHHs Ui BiIOOpa)KeHHsI TPUBUMIPHOT MOJIENi 3 MPOCTOI0 CKENETHO aHIMAIli€lo, KepyBaHHIM
KaMeporo Ta ocBiTIeHHsM. [l Horo nmoOyAoBH BUKOPHUCTOBYBAJIaCh TPUBUMIpHA MOJIeb 3 26337 BepmuHamu, 53992
moJiroHamu Ta 70 KiCTKaM# y CKEJIeTi.

V¥ cucremi Oyi0 peanizoBaHo 3 MpOrpaMHUX LIEHAEPH:

1) meiimep I MATPUMKA KapT HOpMaJe, 0 JO3BOJIUTH JOCATTH OLTBIN BUCOKOI AeTai3amii aBarapa, He 30i-
JIBIIYIOYH TOMITOHATIBHICTD BX1JHOTO MEIIIa;

2) melinep A MATPUMKH KapT BiTOOpaXKeHb I OUTBIN PEeaTiCTUIHOTO BiITBOPEHHS 1 BIIOUTTS OCBITIICHHS,

3) medaep s MIATPUMKN OOUMCIICHHS CKEJIETHOI aHIMaIil Ha rpagidHOMYy MpOIecopi, IO JO3BOJIMB HMPHUCKO-
pUTH BHMKOHaHHA 11i€i pecypcomictkoi omepaunii. TectyBanHs mpoBoamnochk Ha Bipeomnpouecopi NVIDIA GeForce
G102M, npu npomy FPS (frames per second) kinbkicTh KaapiB BigTBopeHHs 3pocia Bix 30 mo 120 3a paxyHOK HbOTO
wmeiaepa.

Poboue BikHO «KecTiBHHKa» ITOKa3aHe Ha Puc. 6.

Puc. 6. PoGoue BikKHO TECTOBOTO IIPOTPaMHOTO 3a0€3MCUCHHS
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Takox peanizoBaHO MOIYJb 3B’SI3KY, SIKMI peaji3ye MPOTOKOJ Meperadi MaHWX MK MiJCHCTEMaMH, Ha MOBI
C++ 1 Java. 3a 10nOMOror 1Oro MOIYJII0 TAKOX Pealli3oBaHO BiAJalieHuil kiieHT Ha ratdopmi Android, skuii 0-
3BOJISIE KEPYBATH OCHOBHOIO ITiICHCTEMOIO.

BucHoBxku

JlociimKeHo KecTOBI MOBHU Ta 30KpeMa, YKpalHChKY JKECTOBY MOBY, BHJIUIEHO i OCHOBHI ocobiuBocTi. [Ipoana-
JIi30BaHI OCHOBHI BUMOTH JI0 CUCTEM KOMII I0T€pH3allii HaBuYaHHS JKECTOBHX MOB, PO3pO0OJIEHO 0a30BY BHCOKOPIBHEBY
apXiTeKTypy MUl peasti3alii MmiacucTeMu CHHTE3y KeCTOBOI MOBU. Po3po0iieHO mpoTOKoII iepeadi JaHUX MiX pi3HUMHU
MiACHCTEMaMH 10 MOXXYTh BXOIHMTH Y NPOTrPAMHHNA KOMIUIEKC. PO3risHyTO Mozeni JaHuX JUls BigoOpa)keHHS OCHOB-
HHUX THITIB )KECTIB Ta MiMiKH, MOJICJIi TEHEepaIlil Ta BIATBOPECHHS aHIMAIlil, a TaK0X OCHOBHI IHCTPYMEHTH JIJIsl peatizariii
MPOTPaMHOTO 3a0e3MeUeHHs — Cy4acHi 0i0ioTeku A1t poOOTH 3 TPUBUMIPHOIO Ipad)iKOr0 Ta 3BYKOM.

PeaxnizoBaHi 1Ba OCHOBHI MOy — TeHEepaTop aHiMaIlil Ta rpadigamii pymiit Ha ocHoBi Ogre Ta EBHUH KOpHUC-
TyBalbkuil iHTepdeiic 11t unx MoaymiB. JlaHe nporpaMHe 3a0e3nedeHHs] MOXKe OyTH BUKOPHCTAHO JUIs peajtizaiii Bip-
TyaJbHOTO BUMTEJIS Ta Iepekiiagaya )KeCTOBOT MOBH, JUISl CTBOPEHHS MYJIbTHMEAIHHUX TEMAaTHYHUX CJIOBHHKIB JKECTO-
BUX OJMHHIb, IHTEPAKTUBHUX MIIPYyYHHKIB Ta IHTENEKTyalbHUX iHTep(eiiciB. Po3podka excriepuMeHTalbHOT CHCTEMU
HABYaHHS )KECTOBOMY MOBJICHHIO IIPOJIEMOHCTpYBajia €(peKTUBHICTP i HEPCIEKTHBHICTh 3aIIPOIIOHOBAHOTO ITiIXOY.

[Moganbuii gocnipkeHHs: OyayTh COPSMOBaHI Ha MPOTPaMHY peasti3allilo MOAYJs AJsl aHIMalii MiMiKH Ta eMo-
LiHUX TPOsIBIB 1 i1 iHTErpalito B HasBHY CHCTEMY, CTBOPEHHS IPOrPaMHOrO Iueiepa Juis NpOBEAEHHsS 00UNCIICHHS
miei aHiMarii Ha rpadigHOMy mpomecopi. BogHodac s peayicTHYHOTO BimoOpaXKeHHs o4Yed HEOOXiTHO TONaTH IO
CHCTEMH IIeiiep, 0 BiNOBiJaTHME 32 BiTOOpa’keHHS 30BHIIIHBOTO CBITY B 09ax aBaTapa.
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