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CROSS PLATFORM SOFTWARE FOR THE DEVELOPMENT OF
SIGN COMMUNICATION SYSTEM: DACTYL LANGUAGE
MODELLING

3anpornoHOBaHO TEXHOJOTiI0, IO pPEeali3yeThbCs 3a JOIMOMOrOI KpociulaTGopMeHuX 3acobiB, Ui
MO/ICTIFOBaHHS KECTOBUX OJMHHIL JKECTOBOI MOBH, JIMHAMIYHOTO BiZOOpa)KEHHsS CTaHIB MiX IKECTOBUMHU
OIMHHIIMU TIPU TIOE€THAHHI X Y JKECTOBI KOHCTPYKIII (ci0Ba, pedeHHs). TeXHONOTis peani3ye BiATBOPEHHS
3MOJETHOBaHUX KECTOBHX OIMHUIH 1 KOHCTPYKIIH 3a ITOIMOMOTOI0 MPOCTOPOBOI BIpTyalbHOI MOJEINi pyKH. 3a
JIOTIOMOTOI0 KpOocIIaTGopMeHuX 3aco0iB, TEXHOJIOTiS Ma€ MOXIHMBICTD 3aIlyCKy Ha MHOXHWHI matdopm 0e3
IMIUTEMEHTAIII] ITi [T KOXKHY TIATPOpMYy.

Karouosi ciioBa: xpocmiatopMeHicTh, )KecTOBa MOBa, MOJICTIOBAHHS KECTIB.

The technology is proposed, which is implemented using cross-platform tools, for modeling of signs units
of sign language, dynamic mapping between states of sign units with a combination of gestures structures
(words, sentences). The technology realizes simulated playback of signed items and constructions using virtual
model of spatial hand. With the cross-platform means technology achieves the ability to run on multiple
platforms without implementation for each platform.

Key words: cross-platform, sign language, sing modeling.

Beryn

CrninkyBaHHSI 3a JOIIOMOTOKO JKECTIB € OJHUM 3 TPhOX OCHOBHMX 3aco0iB mepeaaul
iH(popMallii MiX JIIOIbMH, JIOTIOBHIOIOYM CHUMBOJIbHY (TEKCTOBY) Ta T'OJIOCOBY (MOBJIEHHEBY)
KoMyHiKkarii. JKecToBy MOBY 3a3BHuYail BHKOPHCTOBYIOTH JIIOJU 3 BaJaMH CIyXy s
CHUIKYBaHHS MK c00010, Ta 31 CBOIM OTOYEHHSIM, 110 301UIBIIIY€E KOJIO JIOJEH SIKUM HE0OX1IHO
BOJIOJIITA HEr0. Bia3zHaummo, 110 KECTOBAa MOBA € YHIBEPCAIBHOIO B TOMY PO3yMIHHI, IIO
TEKCTOBY iH(OpMaIlil0 MOXKHA MEepeJaTH )KeCTaMH, a KOJIU JKECTIB Ul MIEBHUX CIIIB HE ICHY€
(iMeHa, Ha3BU MICT, TEPUTOPIN TOILIO), TO iX MOKa3 3/A1MCHIOETbCA MO OyKBax 3a JI0IOMOIOIO
JaKTHJIbHOT a0ETKH.

CyuyacHi TexXHIYH1 3aC00H JI03BOJISIOTH MIBUIKO Ta Maike 0e3 00MeXeHb HAaKOMTUYyBaTH
iHpopMarlito, o0poOmtoBaTH ii SIK Yy XMapHHX OOUYMCIEHHSX (MOJenb, IO 3abe3neuye
MOBCIOJTHUM, 3pYYHUH JOCTYN 3a 3alMUTOM Yepe3 MEpexy /0 BIpTYaIbHOTO KIacTepy
o0uMcIIOBaILHUX pecypceiB) [1], Tak 1 JTOKanbHO Ha MPUCTPOT, Ta 3aBISKU IMIBUIKAM KaHalIaM
nepeaadi JaHuX MOBEPTATH pe3yIbTaTH 00YMCIIeHB 10 KOpUCTyBava. Bee 11e akTyanpHO i ais
YKECTOBOi MOBH, JJIi HaKOMMUYEHHS Ta BIATBOPEHHS SKOI Temep MOCTYMHUHN HMIMPOKHUN 3arai
PI3HOMaHITHUX MPHUCTPOIB Ta MIaT(OpM, SIK CTAIOHAPHUX TaK 1 MOOUIBHUX, SIK MOTYXHHX,
Tak 1 €eHeproeeKTUBHUX. AKTYaIbHOIO MPOOJIEMOIO € MEePEeHECeHHs BIATBOPEHHS »KECTOBOI
MOBH Ha BCi IIi PUCTPOI, JUTsI BUKOPHUCTAHHS JIIOJBMH 3 BaJaMH CIyXy 30Kpema Ta BCiMa
KOpUCTYBa4aMu B IiJloMy. Y jaHiii mpoOieMi TOJOBHHUM € PO3rOpTaHHS YHi(iKoBaHOT
TEXHOJIOT1] Ha pI3HOMAaHITTI JocTynHuX miatdopm (android, i0s, windows, linux, web) 6e3
HEOOXIJTHOCTI MOPTYBAaHHS Ta MEPENUCYBAHHS 3 IOYATKY.
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OmauM 13 3ac00iB BUPIMICHHS TOCTABJICHOI MPOOJIeMH 3 Bi3yaliallii Ta BIATBOPECHHS
KECTOBOI MOBH € KpocmaTgopMeHa po3poOka Ta KpocIulaThopMeHe MporpamHe
3abe3neveHds. Ha BiaMiHy BiJ ogHOIIIATHOPMEHHUX TEXHOJOTIH, AKI (PYHKIIIOHYIOTH JIHIIIE
Ha cnenudiyHii Tuiatdopmi miAg SKYy BOHH PO3POOISSUIMCH, “KPOCIUIaT(OPMEHICTh Hajae
porpaMHOMY 3a0€3MEYCHHI0 MOJXKJIMBICTh BUKOHAHHS Ha OUIBII HIX OJHIA TuiaTdopmi 3
0JIHaKOBOIO (200 Maibke onHaKoBOw) ¢yHKIiIoOHANBHICTIO” [2]. Tepmin ‘“mmatrdopma” B
JTAHOMY KOHTEKCT1 MOKE BITHOCUTHCS JI0 OJHOT0 ab0 KOMOiHAIli KiJTbKOX BH3HA4YEHB: 1) THII
omepariiinoi cucremu (Hampukiaa Microsoft Windows, Mac OS X, Linux, Solaris, Android,
10S); 2) Tun mnpomecopa (Hampukiang x86, PowerPC, ARM); 3) tum amapaTtHOro
3a0e3nedeHHs (Hampukian, mainframe, poboda CTaHLisA, NEPCOHAIBHUI KOMII IOTED,
MoOUThbHHI mipucTpiit) [2]. Kpocmnardopmeni TexHONOrl CTOATH B OJHOMY psay 13
TEXHOJIOTISIMU HE3aJIeKHUMHU Bij TaTdopmu (Taki, o 374aTHI PYHKIIOHYBaTH HA OyIb-sKii
maTdopmi, HanmpukiIaa Bed-1oaaTtku) [2] Ta KpocriarpopMEeHUMH BipTyaJIbHUMH MAIIMHAMH
(TexHoNoTii, M0 MIATPUMYIOTh IHAMBIAYaJbHI HPOIECH YM CHCTEMH 3aJIEKHO BiJl PIBHS
a0OcTpaxiiii, Ha SKOMY BifOyBaeThcs BipTyamisaitis) [3].

Y  npamiii  cTraTTi  3ampONOHOBAHO  BUPIMIEHHA TNPOOJIEMH 3a  JIOTIOMOTOIO
KpocriaTOpMEHOCTI, 3 YypaxyBaHHSIM XapaKTepUCTUK PI3HUX KJaciB MNPHUCTPOIB (TUIY
amapaTHOTo 3a0e3MEeUYeHHS, MOTYKHOCTI HEHTPAIBLHOTO IMPOLECOpa, KUTBKOCTI ONEpaTHBHOI
nam’sTi, HasBHOCTI Mepexki [HTepHeT) Ta HalalTyBaHHS pPiBHA JeTaii3alii TpUBHUMIPHOI
MO/IeITi KUCT1 Ta MaJbIiB PYKH JIOJAWHY 3 aHIMAIIE€I0 1X pyXiB.

Takum ywmHOM, Kpocruiarpopmena iHbopMaliiHO-KOMYHIKalliiHa TEXHOJOTIs IS
MO/ICITFOBAHHS TAKTHJILHOI KECTOBOT MOBH € aKTYAJIbHOIO Ta BAKIMBOIO MPOOIEMOI0 y TUIaH1
PO3pOOKM HOBUX MIAXOJIIB 0 MOOYAOBHU KPOCIIATPOPMEHUX CHCTEM Ta iX aNrOPUTMIYHOI Ta
IPOrpaMHOT peari3ariii.

IcHyroui minxoam 10 Mo/Ie/IFOBaHHSI 5KeCTOBOI MOBH Ta iX peaJiialil Ha pi3HUX IIaTgopMax

MoientoBaHHS KeCTiB € IPoOIEeMOI0, sIKa po3risiaaiacs siK CaMOCTIHHO, TaK 1 y paMKax
3a/1a4l MOJIEIIOBAaHHS 1 pO3Mi3HABaHHS KECTIB Ta NOOYI0BM KOMIT IOTEPHUX 3acO01B ISl BUB-
YeHHs >kecToBOT MOBU. OJIHIEO 3 CHCTEM JUIs B11OOpaskeHHs JKeCTOBOI MOBHM € American Sing
Language Online Dictionary [4], sika ckiagaeTbest 3 0a3u Bijeo3anuciB CiliB Ta (pa3 moxa-
3aHHX JKECTOBOIO MOBOIO. BiJ3HauMMO TakoX, IO KEpPyBaHHS 3a JOMOMOIOK XECTIB €
aKTyaJIbHOIO MPOOJIEMOI0 ¥ po3po0Kax miaThOpPMOHE3AIEKHUX CUCTEM JIFOIMHO-MAITHHHOTO
iHTepgeiicy [5]. Takumu po3poOkamMu 3aliMaeTbes psAA KOMEPLIMHUX YCTaHOB (AMB.,
Harnpukiaz, [6][7]), mpoTe 3anpornoHOBaHI HUMH CHCTEMH HaJAIITOBaHI Ha s/ 3a3/ajeriib
BU3HAYEHUX HEMOB A3aHUX JKECTIB, 4, OT)KE, HE pO3B’SI3YyIOTh MNPOOJIEMY MOEIIOBAHHS
JKE€CTOBOI MOBU.

CTBOpeHHs MOZENI PyKH € MEepLUIMM KPOKOM Yy 3a/a4i MOJAETIOBAaHHS JKeCTiB. Y CTarTi
[8] mpoBoAMTHCA aHaNI3 ICHYIOUMX MIAXOAIB MOJAHHS MOJAENI PYKH, SIKI MOJUISIFOTHCS Ha AB1
OCHOBHI I'pyNH: NMPOCTOPOBI Ta yacosi. Ilepini po3risnarTe XapakKTepUCTUKN MO3ULINH PyKH
JUISL PI3HUX JKECTIB, JIPYT1 BIAHOCSATBHCS O ONUCY AMHAMIKHM KecTiB. MoOJEIIOBaHHS PyKH Y
POCTOPOBii 06sacTi Moke OyTH BUKOHAHE Y JIBO- Ta TPUBUMIPHOMY IPOCTOPI.

VY crarTi [9] HaBeAeHO CUCTEMY, 3/IaTHY MOJCIIOBATH >KECTOBI aHIMaIlli JIsl 3aJIaHOTO
TeKkcTy. B pamkax naHoi cucreMu Oyjl0 BHUKOPUCTAHO CTAaTHMCTUYHY MOJENb JJISl aHANi3y
BXIJJHOTO TEKCTYy Ta TE€HEpPaTHUBHUI aJrOPUTM Jii CTBOPEHHS BIAMOBIIHUX KIHEMaTH4YHO
CHUMYJIbOBAaHHMX >KECTOBUX aHIMallii. Y paMKax CTaTTi, aBTOpW Hagainu iHCTpymeHT ANVIL
JUIs aHOTallli BXITHOTO TEKCTy, reHeparop xkectiB NOVA, Ta i adimaiii >XecTiB
BUKOpucTOBYIOTH 0101i0Teky DANCE, po3pobieny B pob6oti [10]. Sk 1 BukopucraHa
610;i0TeKa, Tak 1 po3poOKa aBTOpiB, MoOyAoBaHiI Ha miuaTdopmi Microsoft Windows 1 x86
nporecopa. Y ctarti [11] aBTOpM pO3MIISNAIOTH MOAETIOBAHHS pPYXiB BIPTYyaJbHOTO
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MEePCOHAXKa JUIsI MPOCTOPOBOTO BIATBOPEHHS KECTOBOi MOBM Ha 1iardopmi Microsoft
Windows. ¥ crarti [12], po3pobiieHa crucTeMa HaBYaHHS KECTOBI MOBI, SIKA CKJIAJIAETHCS 3
JIBOX MOJYJIB - MOIYJs JEMOHCTpaIlii >KeCTiB 3a JIOMOMOTOI0 BiJICO3alUCIB Ta MOIYJIS
pO3Mi3HABAHHS KECTY MPOJACMOHCTPOBAHOTO KOpUCTyBadeM (HEOOXi/IHI pPyKaBHIIi), B OCHOBI
KO0 BHUKOPHCTAHO IPUXOBaHY MapKOBCBKY Mojenb. CucreMa HaBuaHHs MOOYyJOBaHAa Ha
iatdopmi Microsoft Windows 1 x86 mpouecopa.

PosmizHaBaHHs kecTiB HA MOOUIBHHMX IuIaTdopMax po3podssieTbes y crarti [13], anme
MO/ICITFOBAHHS JKECTIB Ha MOOUIBHUX MPUCTPOSIX HE MTPOBOIUTHCS.

IMocTanoBKa 3agaui

HeoOximHO 3amponoHyBaTd TEXHOJOTIIO JJIsi MOJAETIOBAHHS JKECTOBUX OJWHUIID
(mopdem, BizeM, Xxipem [14]) kecToBOi MOBM, JUHAMIYHOTO BIJOOpaXEHHS CTaHIB MiX
JKECTOBUMHU OJWHUIIIMHA TIPU TOEAHAHHI iX y JKECTOBI KOHCTPYKIi (ClIoBa, pedyeHHs) Ta
pealizyBaTy BiATBOPEHHS 3MOJICIbOBAHUX KECTOBUX OJUHUIIL 1 KOHCTPYKIIIH 32 JOTIOMOTOIO
MPOCTOPOBOI BIPTYaJIbHOT MOJIENI PYKH.

TexHonoriss MOBHHHA pO3B’S3aTU MPOOJEMY 3allyCKy Ha BXKe ICHYIOUId MHOMXKUHI
w1aT(opm 3a J0MOMOTO0 KpOCIuiaThopMeHOCTI, 03 iMIieMeHTalii PyHKIiOHATY HiJ KOXKHY
wiatrGopmy okpemo. EQEeKTUBHICTH 3alpOIIOHOBAHOTO MiAX0Ay Oy/e moka3aHa Ha MoOyIoBi
KpocIuiaThOpMEHOi TEXHOJIOTIT JUIsi MOJICITIOBAaHHSI Ta PO3Ii3HABAHHS CJIEMCHTIB JAaKTHIBLHOT
abeTKH yKpaiHChKO1 )KECTOBOI MOBH.

3anponoHoBaHMA MiAXig

Jns BupimeHHs TpoOJIeMHU MOIENIOBAaHHS JKECTOBUX OJMHHIL KECTOBOI MOBU Ta
JUHAMIYHOTO  BiIOOpakeHHS JKECTOBUX KOHCTPYKLIH 3a JIOMIOMOTOI0  IPOCTOPOBOI
BIpTYyaJbHOI MOJIETII PYKH 3alPOIIOHOBAHO KPOCIIATPOPMEHY TEXHOJOTIIO siIKa 0a3yeThcs Ha
kpocmnatdopmeniit 6i61oteni libHand [15] (ana MmonentoBaHHS pyku Ta KpocriaTdopMeHii
616mioteni Qt [16] nns xopucryBalbKkoro iHtepdeiicy, oOuaBi 010J10TEKH Ta TEXHOJOTIIO
IMIUIEMEHTOBAaHO MOBOIO nporpamyBaHHsi C++ (Puc. 1). 3anponoHnoBaHi 3aco0M JO3BOISIIOTh
BUPIIIUTH MpoOJeMy 3amycKy TEXHOJIOTi Ha ICHYr4ii MHoxuHI muatdpopMm. Housna
3aMpONOHOBAHOIT TEXHOJIOTIT MOJISrae y KpocIiaThOpMEHOCTI Ta MOXJIMBOCTI HaJlaITyBaHHS
10 HaJa€ MOXJIMBICTH 3aIlyCKy TEXHOJIOT1i 0€3 3MiH Ha MHOXHUHI Iu1atopmM (pi3HUX THUIAX
IIPOLIECOPIB, ONEpAIITHUX CUCTEM Ta allapaTHOMY 3a0€3I1E€UYEHH]).

Linux / Windows
AopaTok

Android gogarok
MOLENIBAHHA HECTiB

i0S poparok
MOOENIOBAHHA HeCTiB

Puc. 1. KpocmnardopMeHicTh Ta BUKOPHUCTaHI TEXHOJIOT1i/610110TeKH
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[TepeBaroio KpocmiaTGOpPMEHUX TEXHOJOTIH Haa TEXHOJOTISIMH L0 PO3POOISIOTHCS
Uig €1uHOi MIaTGopMu € BIACYTHICTh HEOOXiTHOCTI MOAM(IKYBATH YU IMIUIEMEHTYBATH
3aHOBO B)X€ HAsIBHUM (YyHKIIOHANT g iHIOI 1atdopmu (mopryBaHHs) [2], 1m0
NPUILIBUJIIYE TPOLEC PO3POOKH Ta pPO3rOpTaHHS TEeXHOJOrii, Ta 301JbLIye KOJO
NOTEHIIMHUX KOPUCTYBAaYiB.

[TepeBaroro kpocmiaThOpMEHUX TEXHOJOTIH HaJ KPOCIIAT(POPMEHOI BIPTYaITbHOIO
MalllHOK Ta EMYJATOpaMH, 30KpeMa, € IIBUIKOJIS Ta BIJICYTHICTh HEOOXIAHOCTI Yy
BCTaHOBJICHH1 JOJATKOBOT'O MIPOTrPAMHOTI0 3a0e3MeueHHs (IPOrpaMHUX 3aJIeKHOCTEN ).

MoperoBaHHSA PYKH

Jns moOynoBu Mozeni pyKH JIOAMHUA CKOPUCTAEMOCH THUM, IO pyKa Mae 27 KICTOK, 3
HUX 8 KICTOK 3HaXOAATHCS B 3aIl SICTI, 3 3HAXOAATHCS Y BETUKOMY MajbIll (0JHA I’ SICTKOBA Ta
2 ¢damanrn), 1 4 m’scTkoBi Ta 12 danaHr 3HaX0AAThCA y IHIKX nanbisax [17]. KoxxHa KicTka
3’€IHY€ETHCS 3 IHIIMMHU 32 JJOTIOMOTOI0 Pi3HHUX BHIIB CYTJI00iB.

Po3pobka BimacHoro KpocmiarOpMEHOTO [BHIKKY JJI MOJIEIIOBAaHHS PYKH €
HETPUBIAIILHOIO 3aJ]a4€l0, TOMY Yy SKOCTI OCHOBHOI TEXHOJIOTil JUIsi MOJEIIOBaHHS
TPUBUMIPHOI MOJENi pPyKH Ta aHiMmaliil mnepexony MibK Mopdemamu Oyiao oOpaHO
kpocmiatpopmeny  0ibmioreky libHand. bibmioreka libHand 3matHa  edexTuBHO
BIITBOPIOBATH Ta JePOPMYBATH PEATICTUYHY MOJENb PYKH sKa CKiaaaeTbes 3 monayn 70000
nonironiB. [lepeBaroro libHand Takox € inTepdeiic mia 6i6miorekn OpenCV, 1mo Haxae
MO>KJIMBICTh BUKOHYBAaTH 00pOOKY MOJIeNi pyKH 3aco0aMu computer vision.

basyrounce Ha anaromii pyku, y pamkax libHand 6ymno po3poGieno monens pyku 3 25
CTYNCHSIMH PYXJHBOCTI, YOTUPH 3 HUX PO3TAIIOBAaHI y IT'SICTHO-3all’ ICTHOMY CYyIJI00i, IJist
MI3HHIISI Ta MEPCTEHEBOIo Majblls, 00 3a0e3MeunTH AYTOBUIAHHUI pyX HOoJOHI. Benukuit
najenb Mae 5 CTYNEHIB PYXJIMBOCTI, CepeAHiil Ta BKa3iBHHUI Malbllli MalTh 1Mo 4 CTYyIMEHi
pyXJUBOCTI (11’ ICTHO-(paJlaHTOBHM Cyriio0 Mae J1Ba CTYNEHsS PYXJIMBOCTI, Ta JUCTAJIbHHUH 1
MPOKCUMaJIbHIN MDK(alaHTOB1 CYTJI00M MalOTh KOKHUHN 10 OJTHOMY).

st 36epekenHs xectiB 0yno oopano ¢popmar YAML [18], B sikomy kecT 30epiraeThbest
B HACTYITHOMY BUTJISAII:

%YAML:1.0 rotation: [ -9.5845758914947510e-02,
8.3791027449819921e-09, -9.9539619684219360e-01,
-7.5690525770187378e-01, -6.4944797754287720e-01,
7.2881683707237244e-02, -6.4645802974700928e-01,
7.6040601730346680e-01, 6.2246840447187424e-02 ]

hand_joints: fingerljointl: [ 0., 0., 0. ] fingerljoint2: [ 0., 0., 0.]...

MopenoBaHHA KeCTiB

3aBASKU JlaHi TEXHOJOTIi peani3oBaHO “HPOCYHYTHH~ MOIyNTb A Mojudikarii
ICHYIOUYMX KECTIB JKECTOBOI MOBHU Ta J0JAaBaHHS HOBHX JKECTIB KECTOBHX MOB 1HIIUX a0ETOK,
10 HaJa€ MOTEHINaN sl JIOKaJi3alli Ta 0e3MmepemKoTHOr0 BUKOPUCTAHHS 1H(POPMAITIiTHOT
TEXHOJIOTT T a0ETOK 1HIITMX MOB (710 Ta micis Moaudikarii, puc. 2).

Januii Monyns Monudikauii Ta J0JaBaHHS JKECTIB € JOCTYMHHMM JUIS arnapaTHOTro
3a0e3neueHHs] 3 BCTAHOBJICHMMH HACTYyITHUMH omnepaunidHuMu cucremamu: macOS,
Linux, Windows.
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Puc. 2. MonentoBaHHd )KECTIB

Po3po0ka inTepdeiicy kopucryBaua

3 MipKyBaHb HMIBUAKOJII Ta KPOCIIATPOPMEHOCTI, TEXHOJIOTIEI0 ISl KOPUCTYBAIIBKOTO
iHTepdeiicy Oymo obpano 6i0mioreky Qt. BiOmioreka Qt Hamae MOXIHBICTH PO3POOUTH
MacmTaboBaHUN Ta KpocriaTdhopMeHuil iHTepdelc, MepeBaror SKOTO Hall ICHYHOUUMH
pILICHHSMH € MIBUIKOMIA Ta YHI(IKOBAaHHWI BHIJIAJ HAa MHOXHHI ICHYIOUHX IUIATPOPM, SK
MOOITPHUX Tak 1 CTUIbHUKOBUX. KopucTyBanpkuil iHTepdeiic s TeXHOJoril KecTOBOi
KOMYHIKaIlii peanxizoBaHo 3a qormomoror Qt (puc. 3).

ObepiTe Moy

ObepiTe AlTEpY

AE BT /F AEE XMW I HHANNIEK AMHBONODPCT ¥ @& X WL Y W W KA/

Puc. 3. Iurepdeiic kopuctyBaua

Buxopucranns kpocmiargopMeHunx 3acodis

3amponoHoBaHa iH(popMaliifHa TEXHOJOTis, 3aBIsKH OOpaHUM KpOCIUIaT(HOPMEHUM
3aco0aM IS IMIJIEMEHTAllli, po3B’sA3ye MpoOiieMy 3aIllyCKy Ha ICHYIOUi1 MHOXUHI I1aTGopm
0e3 peamnizalii miJ1 KOKHY I1aThopMy OKpeMo.

[Iporpamui 3aco0u 3ampoIlOHOBaHI Ta BHUKOPHUCTAHI IMMijJ dYac IMIUIEMEHTAIli
iH(popMariifHoi TexHoJoril € KpocmaarGopMeHUMH Ta (YHKIIOHYIOTh 0€3 3MiH HE3aJIekKHO
Bix onepariitHoi cuctemu (Windows, Linux, Android, 10S), Tumy nporecopa (x86, arm), Ta
THUITy arnapaTHoro 3ade3nedyeHHs (MOOITbHUNA YK CTalllOHApHUM IPUCTPIi).

3aBasku KpocmuiarpopmeHiii cucremi moOymoBu nomatky QMake [19] moxauBo
CTBOPUTU JIONATKU JUIs KOXXKHOI IuiaTdopmu 0e3 HEOOXiTHOCTI MOPTYBAaHHS UM 3MiHU
OpUriHaIBEHOTO KOy (puc. 1). OCKiibKkH crenudiuHuX BUMOT JI0 allapaTHOTO 3a0€3MeYeHHs Y
iH(OpMaIIiifHOT TEXHOJIOTII I MOJIETIOBAHHS KECTOBOI MOBU HEMAE, TO ICHYIOTh 00’ €KTHBHI
NEPEIIKON y MIBHIKO/AIl MPUCTPOIB CTApIIMX TMOKOJiHG. [y momomanHs naHoi mpoOieMu
3arpoNOHOBAHO HACTYIHUHN aJalTUBHUH MiX11 y iH(popMalliiHiii TexHosorii (puc. 4).
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Puc. 4. 3aranpHa cxema KpocIIaTOpMEHOCT] Ta alalTUBHOI'O 3aITyCKy
iHpOopMamiifHOT TeXHOJIOTI]

Y Bumagky wmoOinmeHOTO noxatky (iOS, Android) ym nomatky Ha TpPUCTPOrO 3i

crauioHapHoro OC (Windows, Linux), npu iHcramauii Ha mnpucTpii, iHpopmarlliiiHa
TEXHOJIOTIS MPOBOAMTH aHal3 HAasBHOIO alapaTHOTo 3a0e3MEYeHHs Ta, 3aJIe)KHO BiJ HOro
HOTY>KHOCTI, TPOBOJIUTH PsiJl HANAroKeHb: 1) MOJMIrOHAIBHICTh MOJIENI PYKU 3MIHIOETHCS, 3
NPIOPUTETOM 10 MIBUJKOAIL; 2) MiJ yac MOBOPOTY MOJAEINI PYKH 3MIHIOEThCSI KPOK KyTa, Ha
KU BOHA 00EpTAEThCA, 3 MPIOPUTETOM JO MIBUAKOAIT (puc. 5). Y BHUIAJAKY, SKIIO HasBHE
anapartHe 3a0e3le4YeHHs] HE BIJNOBIAA€ MIHIMaJIbHUM BUMOram iH(pOpMAaIiiiHOI TE€XHOJIOrII,
KOPUCTYBauy HaJaeThCsl pEKOMEHMallis BUOpaTH “OHJIAWHOBHHA~ pexuM poOOTH, B SKOMY
00YMCIIEHHSI HE BUKOHYIOThCS Ha anapaTHOMY 3a0€3I1e4YeHHI.
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BucHoBku

3anponoHOBaHO TEXHOJIOTiI0, TOOYAOBaHY KpOCIIaTPOPMEHUMH 3acobamu, s
MOJICITIOBAHHS JKECTOBUX OJIMHHUIIb JKECTOBOI MOBH, JUHAMIYHOTO BiJOOpaKEHHS CTaHIB MiX
JKECTOBUMH OJIMHUIIMHU TPHU TOEIHAHHI 1X Yy JKECTOBI KOHCTpYKIii. TexHomoris peanizye
BIZITBOPCHHS 3MO/ICTIbOBAHUX KECTOBHX OJMHHIIb 1| KOHCTPYKIIIH 3a JJOIOMOTO IPOCTOPOBOT
BIpTyaJIbHOI MOJIEINI PYKH.

TexHomoriss 3a JONOMOTOK KpPOCILIAaTPOPMEHOCTI PO3B’s3ye MpoOJieMy 3alycKy Ha
icCHyrO4iif MHOXXHHI M1aThopM, 6€3 CTBOpeHHS (DYHKIIIOHATY MiJl KOXKHY IIaT(GopMy OKpeMo.
Takum uymHOM, OyJIO MMOKa3aHO €(EeKTUBHICTh TEXHOJOTIi, MOOYI0BaHOI 3a JOIMOMOTOIO
KpocruiaThopMeHUX 3aco0iB, Ha MPUKIAAI MOJETIOBAHHS Ta PO3IMi3HABAHHS EJICMEHTIB
JAKTHIILHO a30yKH YKPATHCHKOT MOBH JKECTIB.

[ndopmariiiHo-KOMyHIKaIliifHA ~ TEXHOJIOTiE  po3podisiacs 3  MOMIJIMBOCTSAMHU
MOJAJIBIIIOTO MacIITaOyBaHHs K Ha PiBHI )KECTIB OAHIET a0ETKH, TaK Ha PiBHI KECTIB 1HIITUX
aberok. [lmsa peamizamii maHoi imei Moxe OyTH BHUKOPHCTaHO MEXaHI3M Baslifamii HOBHX
JKECTIB JI0 3arajgbHOi 0a3u JjaHux kecTiB. KpocminardopmeHicTts  iHpopMaIiiHO-
KOMYHIKaI[iifHOi TeXHoJIOoril Ta yHi(piKOBaHUN IPOTOKOI Ta popmar nepeaadi ganux (YAML)
JI03BOJISIE BUKOPUCTOBYBATH PSIJI PillieHb JUIS BiAJAICHUX 0O0YHCIICHD 32 JOMOMOTOK XMapHUX
o04ncieHb, BeO-cepBepiB, JOKATHHUX CEPBEPIB BUKOPUCTOBYIOUM €IUHY 0a3y JaHUX KECTiB
PostgreSQL [20].
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RESUME

S.S. Kondratiuk, 1u.V. Krak

Cross platform software for the development of sign communication system:
dactyl language modelling

Communicating with gestures is one of the three main means of information
transmission between people, as well as a character (text) and voice communication. Sign
language is universal in the sense that the text information can be transmitted by gestures, as
well as if gestures for certain words do not exist (names, names of cities, areas, etc.), their
demonstration is performed by using the letters of the dactyl alphabet.

Modern technical equipment allows to quickly and almost without any restrictions to
accumulate information and process it remotely or locally on the device, and thanks to the fast
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data transfer channels to return the calculation results to the user. All this is true for sign
language for the accumulation and reproduction of which it is now available a variety of
devices and platforms. The authors proposed information technology to solve the problem of
modeling of sign units of sign language and the dynamic display of sign structures with
spatial virtual hand model. An important step in that the proposed information technology is
cross-platform, so the ability to run on multiple platforms is achieved. This system is based on
a cross-platform library for modeling hands libHand and cross-platform Qt library for the user interface.

The novelty of the proposed technology is its cross-platform and the possibility of
setting the level of detail of the three-dimensional model of the human hand and the
animation of their movements.

The existing cross-platform software tools for modeling of three-dimensional models
has been researched and as the core technology to simulate a three-dimensional model of hand
and transition animations between morphemes cross platform libHand library has been
chosen. As a part of the technology it has been developed hand model with 25 degrees of
freedom. In the proposed sign language simulation technology number of polygons in the
hand model is a tunable parameter, so the technology is able to run even on low-end hardware.

As a part of the technology the module was proposed, which provides means to modify
existing gestures of sign language and adding new gestures of alphabets of other languages,
and as a demonstration, gestures of Ukrainian dactyl alphabet were added.

With the aim of speed and cross-platform a Qt library was proposed as a Ul technology.
It provides a possibility to develop a scalable and cross-platform interface, which advantages
over existing solutions are performance and a unified view on the existing platforms.

If there is no hardware to meet the minimum requirements of information technology,
there is provided "online™ mode in which the calculations and display of gesture animation are
not executed on the hardware but are performed via the network on the remote server or on
the cloud computing resources.

Thus, it shown the effectiveness of the technology built using cross-platform tools for
modeling and recognition of elements of Ukrainian dactyl sign language alphabet.
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