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[Tporoyoc

H moapovoa sumlopatikn epyacio pe titho «Ewovikn Avamopdotacn Nompotikng
IN'\wooag oto Awdiktvon exmovnOnke v mepiodo DePpovapiov - OxktwPpiov Tov £TOVG
2003 oto epyacmpo Pnowkng Emeepyaciog Ewovov g Zyxoing HAextpoldywv
Mnyoavikov kot Mnyavikov Yroroyiot®v tov E.M.IToAvteyveiov. MeietOnke n ocbvbeon
Kivnoewv &vog tprodidotatov  (3A)  avBpomoeldovc HOVIEAOL Kol 1 OLuVATOTNTO
avamropdotacng kKivnoemv g EAAnvic g Nonpotikng I'loocag. H avarapdotaor yiveton
pnéom evog euiropetpnty (browser) VRML 97 coppatod kot divetar i dvvatdtnto otov
YPNOTN €KTOG OO TO VO TOPUKOAOVONCEL OPIGUEVO TOPAdELYHOT, VO ONUIOVPYNCEL Kot
avTOG OIKG TOV GET KIVNOEMV, Vo OAAAEEL TOV TPOGAVATOAMGUO OAOL TOVL HOVIEAOL 1|
OPIOUEVOV HOVO HEADV TOV 6MUATOS Tov. H mhatpopua Aettovpyet pe O o ta avOpomToedn
povtéla mov etvan cvppotd pe to Tpétvmo H-Anim.

10 onueio avtd Bo MBeia va gvyaploTiom Tov Kadnynt) K. Xtépoavo KoAlwo yuo
NV EUMGTOGVV oL oL £d€1&e, Tov Apa. Koota Kaprovln yia v cvvepyacio kot v
EMIALGT OTOI®V ATOPLOV KOt TEAOG OAOVG LE OGOVG GLVEPYAGTNKA TOVS TEAELTAIOVE HVES

HEGO GTO EPYACTNPLO Y10 TNV KOAT TOLG S1A0ECT KOl GLVAOEAPIKOTNTO.

AbMva, OktdPprog 2003
®dvoc ABavactiong






[TepiAnyn

YKomdg avTAG TG OWMAMUATIKNG €PYOCIiag NTOV 1 avamtuln €vOg GULOTNHHOTOG
EIKOVIKNG OVOTTOPACTOCNG KIVIIGEMVY KOl XEWPOVOULDV omtd Eva avOpwmoedég poviého. To
ocvoTno eival SdPacTIKO Kot S1adIKTLOKO, ONAadN yopaktnpiletar amd TV evepyn
GUUUETOYN TOL YPNOTN Kol €ivor TPOSPAGIHLO atd OTOVONTOTE HEG® TOL SLdOIKTOLOV. AvVO
elvarl o1 Pacikég dvvatdtnteg Tov Tapéyovior atov ypnot: H mpdtn eivon n emokonnon
OPICUEVOV KIVIIGEMV TOV LOVTEAOV, OTTOC TEPTATNILO, GALA, YOUPETIGHOG K.4. KOOMG emiong
KOl YOPOKTNPOTIKOV Kiviioemv ¢ EAAnvumc Nonpotwkng N'hoooag (ENIY). H devtepn
elval 1 dvvatdOHTNTO Yoo GLYYPOPN Kol VAOTOINON peE €OKOAO TPOTO VEMV KIVIGE®V Kol
yepovoumv. ‘Epgacn 660nke oty guoikoOtnTa TG Kivnong Twv YEPLOV TOL TAPAYOLV Ta.
vonuato ¢ ENI, xabog 10 chommua avtd pmopel va oamoteAéost v Pdon yuo éva

LEALOVTIKO OAOKANPOUEVO GUGTNHA SLEPUNVELNGS Y10 TOVG KMPOVC.






Abstract

The scope of the dissertation with subject “Virtual representation of the Greek Sign
Language in Internet”, is the implementation of an interactive and internet-based system
capable of animating normal human movements and gestures through a humanoid model.
There are two basic capabilities of the system: The first one is a simple representation of
some demo movements, i.e. walking, jumping, greeting, and the most important some
gestures which represent meanings in the Greek Sign Language. The second option is a
more interactive one, since it gives the user the opportunity to make his own scripts and
manipulate the model in various ways. The implemented system can be potentially the base
of a more enhanced system which can be used as an interpreter between deaf people and the

rest who do not know the sign language.
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Kepdhoio 1°: [TAnpogopikn kot Nonpatikn ['Adoca

1.1 H EAqviki) Nonpotikn F'hoooa, éva dAho péco emkotvoviog

1.1.1 T givar  EAAqvikn) Nonpotwki F'hoooa;

O meplocoOTEPOL AVOPMOTOL, OV OEV EYOVV TPOCMOTIKES 1| KOWMVIKEG EMAPES UE
KOEOVE, €YOuV TNV TACN VO TIGTELOVV OTL Ol VONUOTIKEG YAMOOES &ivon éva €100g
TOVTOULOG 1) OVATOPAGTAOTG KATONG 0l TIC PMVOVUEVES YADGGEG OV [WAdve ot idtot. H
aAnfela dpmg elvar TOAD SOEOPETIKN Omd TNV gVPEmG dtadedopévn ovtn avtiinyn. Ot
VONUOTIKEG YAMOOoEG (TOV, ONUEIMTEOV, €lval TOAAEG Kol EVTEAMG OLOPOPETIKES HETAED
TOVG), SWPEPOLV OO TG VITOAOUTES PLGIKEG YAMOOEG MG TPOG TO OTL Uag elvar Mydtepo
YVOOTEG, Ol OUMG Kol WG TPOG TIG YAWCCOAOYIKEG OPYES TOV JETOLV TNV EMKOVOVIOKN
TOVG AEtTOLPYicL.

H EAAnvucy Nonpatikr F'Adooa (ENT) etvot np guoikn YAOGGO TG KOWOTNTOG TOV
KooV otnv EALGSa. Onwg cupfaivet kot Pe TIg VTOAOITES VONLLATIKEG, 1) 1O10UTEPOTNTE TNG
o€ oyéon e avtd OV 0 TEPLOGATEPOG KOGLOG £xel cuvnbioel va ovopdlel "yAdooa" ivon
OTL M| YPOULLOTIKY TG, ONAAOT TO GVGTNHO TOV KOVOVEOV BAcel TV omoiwv dapBpdveTal o
AOYOG KOl EMTUYYAVETOL 1 EMKOWVOVIO, OV €ival TPOEOPIKO GAAL OTTiKO-Kivnolokd. H
ENI" Aéyeton "ednvikn" ywati ypnowonoleiton otqv EAAGSa and "EAAnveg vonpatiotés,
ovTO OUMG Oev oNuaivel o Kapio mepintmon OTL amelkovilel TNV eEAMVIKN YA®GoW 1 OTL
npoépyetal and ovtnyv. Avtifeta, mpokettar Yoo €vo aVTOVOUO YAWMGGIKO GUGTILO TOV
umopel va pedetn et Kot va avaivBel OTmg Kot KaBe GAAN QLGIKT YADGGO.

Ta ylowoowd péoa mov ypnotpomolel n ENIT (0mw¢ kot or dAheg vonmuUatikKég
YADGGEG) Y10 VO SLOTVTTMCEL TIG EVVOLEG KO Y10 VO ONULOVPYNGEL LOPPOAOYia Kot cuvTaEN,
Bacilovtal otV Kivnom TV yePudV, GTNV GTACN N OTNV Kivion TOL GAOUATOG, KOl GTHV
ékppaon Tov mpocdnov. Ot Pacwkég povadeg tov Adyov (TIG omoieg M EmMOTAUN NG
yAwocohoyiog ovopdalel Yhwoowkd onpeia) g ENIT ovopalovror vonuota. To vonuata
UmopovV va €xovv AeEIKN 1 YPOUUATIKY onuocio, akpiPdc Ommg To LOPENUOTE Kol Ol
AEEELG OTIG PLOIKEG YAMGGEC.

Ta vonuota dev mpémel vo GuyXEOVTOL e TO dOKTVAIKO oApdfnto, to omoio &ival
ATAMG €VaG TPOTOG UETOYPOPNS TOV EAANVIKOV aA@afritov. Ot vOnUaTIoTES, MG PLGIKOL
opntég g ENI, ypnotipomotohv to SaxtuAkd arpapnto pe ovo tpodmovg: &ite yia va
ATOOMGOLV T AKPOVOULN Kol To. KOPlo. ovOUOTO, €iTe Y100 Vo OYNUOTICOVY VONUATO GTO.

omoio. Ta OTOLXElD TOV SOUKTUVAIKOV OAQOPNTOL YPNOLULOTOOVVTOL O YXEWPOHOPPES. T
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TopAdEyHa, to vonua mov onuaivel "kowvovia" oynuatifetor and to "k" T0U daKTLAKOD
aAQoPnTOL GE GLVIVAGUS LE Kivnon.

To yopokIPoTIKOTEPO GLOTATIKO €VOG Vonuatog Aéyeton  yepopopen. H
YEPOLOPPN €ival TO Gy TOL TaipveL 1 TaAdun Kot 1 Béon otnv omoia TomobeTovvTon T
daKTLAL TN oTiyun mov apyilel va oynuatiCeton éva vonua. H idwa 1 yeipopopen dpmg omd
uoévn g dev eivar eopéag onuociog. o va amoktoegl onuacia, ywo vo dnpovpyndel
ONAadn Eva vONUa, 1 XEWPOLOPQT| TPEMEL VAL GLVOOEVETOL KOl OO TO TOPOKAT® GTOlYE O

e Tov "mpocavatolMopd" g moAdung, omAadn v xKoatevOvvon mpog v omoia
OTPEPETAL 1] XEPOUOPPY| KOTE TO GYNUATIGUO TOV VONUATOG: O Oeiktng mov delyvel
TPOG TOL TAV® 1) CTPEPETAL TTPOG TA OEELA OMOTEAEL TUNLLOL OLOLPOPETIKMDY VONUATOV.

o Tn Béom G YEPOUOPPNG OTO YDPO N EXAVMO GTO GAOMUA: TO VONUOTO TOPAYOVTIOL GE
KaBOPIoUEVO YDPO TOL AEYETAL YDPOG VONUaTIIopov. O ydpog avtdg avTioToyel
nepinov og €va TeTpdymvo mov opiletal amd TNV KOPLEN NG KEPUANG MG TOV dvm
Kopud ko exteivetan og 20-30 gkatootd 4S8 Kot aplotepd amd To umpdroa. Av
YPNOUOTOUCOVUE pia YEPOHopPn €€ amd TO YDOPO OLTO, T.X. UE TA UTPATCO
KPELOGUEVO SITAC GTO GO, TO ATOTEAECLO OEV EIVAL AVOYVOPICIUO OC VO L.

e Tnv xivnon tov xep1ov, ywpig v onoia dev pmopel va oOAoKANpwOel Eva vonua: o
delktng mov delyvel mPog Ta TAve 1 oTPEPETOL TPOog Ta. Oe&Ld Ywpig va Kiveital dev
etvar oAoxkAnpopévo vomua, dev avtiototyel dOnAadn oe opiopévn onuacio. Extdc
amd TN GLUUETOYN TNS GTO GYNUATIGUO TOL VONUOTOG, N Kivnon umopel va givar kot
Qopéag GALDV ONUOCIOV, YL TOPAOELYHO Vo OMAdVEL Tov oplBud (evikd 1
TANOVVTIKS), TO HEYEDOG EVOG AVTIKEILEVOL (UIKPOTEPO 1) LEYOAVTEPO), QKOO KOl T1)
ovyvotta piog evépyelag.

e Tnv otbdon (M kivinon) tov cOUATOC 1} / Ko TNV €KEPOCT] TOL TPOGMOTOV, TOL
AOTEAOVV EMIGNG CLOTATIKA TOL VONUOTOS UE TNV Evvolo OTL AEITovpyohV Yo va
HETOPEPOLV TTANPOPOPID. OTMG OVTI| TOV ONAMVETOL Atd TOV TOVO TNG PWVNG OTIC
opthovpeveg yaAwooes. o mapddetypo, n £€vvola Tov HEAAOVTOC OLOTUTTOVETOL GTIV

ENT cuvovalovtag to vonua pe pio eAa@pd KAIoT TOU COUOTOC TPOGS To EUTPOG,.

1.1.2 Merétn ko AeEikoypaonon e ENI'

H peyoldtepn dvokora mov epgoaviletor 6tov kamotog BéAel va peletinoet pio
VONUOTIK YA®ooO, givat "texvikov" yoapaktipa, He TV £vvola OTL dEV LIAPYEL YPOPN N

petaypaen kamowov gidove. To amotédeoua avg TG KatdoToong Uropel vo cuykplfel pe

14



avtd mov ovpPaivel 6e TOAAEG TPOEOPIKEG YAMGGES: M KoTaypagn TG YA®ocag sivol
eCopetikd eAMmng kot M peAétn g wwitepa mepropopévn. Elvar mpogovég 61t 10
mpoPAnua etvar evrovotepo oty mepintwon g ENI, yio v omoio m katoypaen
OTOL0CONTTOTE TANPOPOPIOG YIVOTOV UEYPL TOPU HOVO HE QOTOYPAPieC N okitoa, omd Ta
omoio éAeme €va Pacikd ovotoTikd TV vonudtov: m kivion. [T wpdcearta
xpnoonotovviot Pivteo mov mapovstalovy Tig évvoleg. EmumAéov, ot d1dpopeg YAMOOIKES
KOl KOWVOVIKEG TPOKATUANYELS, OTWG Y10 TAPAOELY O OTL 1] VONUATIKY| dgv glval "akpimg”

YADGGA, £X0VV EUTOOIGEL TNV ELPVTEPT 018006 TNG.

1.2 E@appoyéc g minpogopikig otnv Nonpatiki

H avéntuén avBpomocddv pe duvatdtnta pyvywong tovg (animated humanoids)
0€ TPOYUOTIKO ¥POVO £XEL G EVO OO TOL TTO COMUAVTIKG TTEdio EPOPHOYNS TNV PerTimon TV
TOPEYOUEVOV DINPECUDY GTOVG KOPOVS TOMTEG, HEC® TNG VONUOTIKNG YAMGOOS Kol 7O
ovykekpipéva e EAAnvikng Nonpatiknig F'Adccag. Avo media tng Kabnuepvotntog tov
KOQ®OV oto. onoio Bo TV EVEPYETIKY M XPNON HOVIEADV LETOPPAGTMOV TNG VONUOTIKNAG
YADGGOG €lval 1 oLTOUOTN UETAPPACT] KOL Ol OOPACTIKEG VANPESIEG GE ONUOCIOVE KOl

101OTIKOVG YDPOLG.

1.2.1 Avtopatn peTd@pacn TNALOTTIKOV EONGEMV GE TPAYROTIKO YPOVO

IMvovton moAAEG Epevveg TPOKEUEVOL Vo SameTOBEL TO KaTd TOGO gival duvatd va
VIAPYOVYV VOMUOTIKOL LTOTITAOL GTNV TNAEOPACT], KOlL 7O GLYKEKPUEVA OTO OEATIO
gwnoewv. Xe éva 0eAtio ednocemv 10 Keipevo eivor mpokabopiopévo, omote dev eivon
avoyKoio 1 HETATPOTN AOYOL Gg Keilevo o€ mpoyuotikd ypovo. ‘Etor Aowmdv dev eivan
avaykaio pio dwdikacio avayvopiong emvig mov gv yévet dev eivan  100% emtuyng Kot
Exel emmALOV PEYAAO VTTOAOYIOTIKO (POPTO.

Mo tétot0 epoppoyn eivar duvvarty Poévo pEcH amd TIS LANPEGIEG TNG YNOLUKNG
Aeopaong kot Oyt g avaroyikne. O Adyog eivar 0Tl TO avOAOYIKO GNUOL OEV TEPLEYEL
EeXYOPIOTA TNV TANPOPOPI Y10 TOVS VIOTITAOVS, aAAE ovTol eivon amAd pHEPog TG EKOVOG,.
Ye avtiBeon, oto ymelokd onpo. ot LIOTITAOL glvan €va EexmPloTd avTiKeievo T0 omoio
umopel va avaktndei avtdovopa kot va eneepyactel. Tnv dvvordmta avt v divel 10
npoétvro MPEG 4, 10 omoio (0mw¢ meprypdpeton oty moapdypago 4) dwtnpel v
mAnpogopia yoo kabe éva avtikeipevo mov gpgoavifeton otnv 006vn. H emeéepyacia tov

VIOTITA®V YiveTal amd TOV TNAEOTTIKO JEKTN 1] amd £va emmpdcsheTo cuoTna (set top box)
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KOl UETATPENMOVIOL OTNV VONUOTIKA YA®GGO. Me out) v TPoKTIKY, €ival duvat m
AAANAETIOPOON TOVL ¥PNOTY UE TO CVOTNUO, KOOMDG UTOPEL VO ETNPEACEL TV TAYVTNTO TOV
VONUOTIKOV TOPOCTAGEDV, TPAYUO TOV GE ovTIoTolYio lvar 1 duvatdtnTa EVOG Un KOPOH
aTOHOL Vo UETOPAAAEL TOV YO TOV TNAEOTTIKOV O€KTN Tov. Emeidn ocvvinbwe n toydnta
TOV VONUATOV OV £Vl OPKETA PEYEAN Yo Vo Uopel v akoAovOel TNV TAEOTTIKTY €KOVA,
elvarl amapaitntn 1 ovumieon t@v vonudtwv. Avt givor pio TakTikn mwov epapuoleton
YEVIKOTEPO GE JlEPUNVELD OO PLOIKT YAMGOO GE VONUOTIKY, HOG Kol 1) VONUOTIKY givot
amd TV eOoN TG YAOGSH TOAD TePleKTIK. Omdte KaTd TNV enesepyacio TOV LIOTITA®V
yiveton ko emeepyacio ToOL GLVOAMKOD VONUATOS e OKOTO TOV EVIOTIGUO TV AEEE®V Kot
eploemv pe TV UIKPOTEPN TPOoTEPALOTNTO N/KOl onpacia. Avtég pumopohv Emeita va
TOPAAEIPOOVY 6TV TOPOVGINGT TOV VONUATOV €0V dlomiotwdel 0Tt VTapyEl KaBvoTépnon
G€ GYEOT LE TNV EIKOVAL.

Mo kéBe AEEN yiveton ypron evdg eidovg Aeikov, 1o omoio avtiotowyilel Tnv AEEN pe
TO VONLOL TNG VONUOTIKNG YADGGOG. Me ypnom YPoUUKNG TapeUPOANG GUVIEOVTOL 1] TEAIKN
0éom Tov HoVTELOL — aVOP®TOELD0VE TOV TEPTYPAPEL TNV i AEEN He TV apyikY| Béom g
EMOUEVIG AEENG, £TOL MOTE VAL EMTLYYAVETOL L0 OGO TO SLVATOV O OUOAN KOl PUGIOAOYIKY|
kivnon. Xe avtd 1o onueio yiveror kabapr 1 veepoyn ™S ¥PNoNS evOg avBpmmoedovg o
avTIOGTOAN e amodnkevpéva Bivieo. Eivar duvarh n éupeon enépfaon otnyv kivnon tov
avOp®TOEB0VE, KATL TOL vl TPAKTIKA adVVOTO OTAV EXOVUE VO KAVOLUE e aKOoAovBieg

Bivteo.

1.2.2 Aw00paoTIKEG VN PECIES GE LOLMTIKOVS KOl O1LOGLOVS YD POVS

[ToAV ovyvd givar avaykaio 1 emKovovia HETAED £VOG KOPODH OTOLOV KOl KATOLOL O
omoiog dev yvwpiler v ENI. Xe opiopéveg mepumtdoelg pmopel €vo amAd ovotnuo
petdppaons pe xpion avlpomoeddv HovIEA®Y va dmaoel v Abon. T moapdderypo og
Bewpnoovpe ta tapeio eloTNPioV o £vav GONPOSPOIKO oTafUd 1| oV TOAN €660V
(check in) og éva aegpodopdo. Edv o vwdAAnioc ypnoywonotel £vo TEPLOPICUEVO CYETIKA
Ae&MOY10, TOTE pmopel €vol GUGTNUO. VO LETOLCIOVEL HECH® piog 0B6vng tov AOYo of
VONUATIKY YAOCOH KaTovoNTh and Tov Koeod. Katapyv ot Ipotdcels Kot ot gpAacElS TV
vroAAM AoV avayvopilovtal and éva cHotnuo avoayvopiong eovic. H avayvopion degv
elval avaykaio va gtvan TANpng, aAld apkel va evtomilel AEEeIC KA1 (OTT™MG NUepOUNVIES,

TPOOPICLOL, VOUUEPA KAT), OTOTE £TGL AMAOTOLEITOL ONUOVTIKA 1 OAN Stadikacio. Amd v

16



GAAN, 0 KOEOG Bo pumopel e TO TATNUO OPIGUEVOV KOVUTIAOV 1| OKOUO KoL [e TV ¥pnon

EVOC TANKTPOAOYIOV VO LETAPEPEL GTOV VITAAANAO TNV emBupia TOV 1 TIG EPWTNGELS TOV.

1.3 Yrepoyn o€ oyéon Pe vTAPYOVOES TEXVOLOYIES

Y10, 500 TopATAvVE TOPAdElYHaTa, KOAO gival vo yivel pio TO0TIKY GUYKPION NG
TPOTEWOUEVNG TEXVOAOYIOG OE OY€om HE TNV ©OG ONUEPL YPTOLUOTOLOVUEVY] TTOV
Aertovpyooe amokAEloTIKG pe Prvteookomnon avlpodmwv — petappoactodv. [evikd ot
VILAPYOVGES 1GTOGEAOEG KO OLOOTKTVOKES EQAPLOYES TOL AGYOAOVVTAL pe TV NONUOTIKN
(EAMvik oAAd kupiog Apepikdvikn - v American Sign Language), xpnoiLomolovv
npoPvteockonnpuéva  apyeia, yeyovog To omoio onpovpyel peYAAEG ovAYKEG OF
amofnkevtikd y®po (cuvnbwg g Taéng TV pepikdv GB). Zvvn0wmg ot epapproyéc avTég
etvar Ae€ikd piag eLoIKNG YA®Goag Tpog tnv Nonuatikn Kot eivat ypnoipo Kot foAkd va
VILAPYOVV TETOOL €idovg Aelikd o€ pio TAATEOPUA GTO JLOTKTLO, ETCL MGTE VO TOPEYETOL
e0KoAn TpOGPacn og avTd.

Agdopévov 6t to dtabéoipo ebpog LdVNG TPOG TOV TEMKO ¥PNoTH AVEAVEL TTOAD TTLO
apyad amd TV SbEsIUn LIOAOYIoTIKN oy¥ (TeTpamiacidletal KdOe Tpio ypdvia), n Avom
etvar vo unv petagpépovior apyeion Pivteo mov €xovv peydro péyebog, aAAd Gvt’ ovtol va
LETAPEPOVTOL TANPOPOPiEG OV KaBoOYOUV éva avOpmTOEdég oty epydywon tov. Tig
mAnpogopieg avtég Tig emelepydletor To TOMIKO pnydvnuo kot amodidel (render) tnv
akolovBio g epydymong (animation sequence), €£01KOVOUDOVTAG TOAOTIUO €VPOS {dVNG
€1G PApog VTOAOYICTIKNG 10YV0G, TOL OM®G TPoovaPEPONKE €ivol OpPKET Yoo TETOLES
EQOPLOYEG.

"Etot, yiveton duvarn| n €€ anootdoemg xprion HEC® TOV O10OKTVOV, 1 LETOPOPE GE
éva CD «An. H ypnon dev mepropiletor povo 6e vwoAoylotéc ypageiov, oAl pmopel va

EMEKTOOEL KOl OE VITOAOYIOTES TTOAAUNG, KIVNTA TNAEP®VOL KA.
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Kepdrowo 2°: STEP, Mia I'hwoca Xevapiov yio Evoopropévovg
[Ipdktopeg (Scripting Language for Embodied Agents)

2.1 Evoaymyn

Mo v aAAnienidpacn Tov ypnotn pe TOo avOp®ToeWég eivar amapaitntn pio
YyAdoca oevapiov (scripting language) vymAol emmédoov. To avOpwmoedég €xer v
dvvatdtTo vo avTilauBdvetol Tov yopo pEca otov omoio Ppioketor Kot va avtidpd o€
nowila epebiopata. evikd, n emkowvovia pe Eva avOpmmoeldég uropet va ivatl AekKTikn 1
KIVNGLOKT.  XTNV GULYKEKPUWEVN TEPIMTOON, 7OV OTOYXOG €ivar 1 dnuovpyio €vog
OLOTNHOTOG OV Vo, prtopet var eEopotdvel v EAAnvikn Nonuatikr] I'Adocoa (ENI') kabdg
Kol Yevikotepa vo, umopel var extelel mpokabopiopévo 6eT kivnoewv (Tpé&lo, tepmdnua,
YOLPETIGUOGC K.4.), TO PAPOC TEPTEL GTNV KIVNOLOKY ETKOWV@VI. XEPOVOUIES, GTAGELG KOl
EKQPACELS TOV TPOGMTOL ELval T KOPLOL YOPAKTNPLOTIKA 6To omoio Pfaciletar 1 Kivnoakn
EMKOVOVIN TOV avVOp®TOELD0VG UE TOV YPNOTN.

Eniléymxe n YAwooa STEP (Scripting Technology for Embodied Persona) va eivait
aLT OG TO EVOLAUESO EMIMESO EMKOWVMOVING HETAED TOV ¥PNOTN KOl TOV AVOP®TOESOVG.
Onwg kot kaBe dAAN yAdooao cevapiov, elvar og éva Babuod apketd amArn, Yeyovog 10 onoio
SLEVKOADVEL TO £PYO TOL TPOYPOUUOTIGHOV Kol TG avamtuéng. 'Eva Paocikd mieovéktnua
QVTOV TOV YAOCO®V &lval OTL pmopel vo yivel SlaY®PIoHOS TOV TPOJSYPAPDOV TMV
EVEPYELDV TOV HOVTEALOL (KIVNGELS, XEWPOVOUIES) amd Ta TPOoypappoTa To. onoio kabopilovv
TNV OPYLTEKTOVIKY], TNV YEOUETPIO KOl TOV AOYIGUO (Vonpoovvn) tov. Ondte 0mo10dNTOTE
OAAOYY]  OTO  PEMEPTOPO TV  KWWNCEDV  TOL  avOpomoewovg dgv  amortel
EMAVATPOYPOUUATIGUO TOV. To pemepTOPlO TOV KIVGEDV GLUVETAYETOL LOVO YEDMUETPIKES
OALOYEG TOV GMUOTOG KOL TOV LEADY TOV, EVA Ol ECOTEPIKES OAAAYEC TOV VONTIKMOV QACEMV
(emlyvoon g 0éomg Tov, TNG KOTAGTOONG TOVL) OmMALTOOV GAAOLG TOALTAOKOTEPOLG
VTOAOYIGHOVS KOl GLAAOYIGUO (reasoning).

Ta avBpomoedn akorovBodv to Tpdtuvmo H-Anim Kou €Tl vEdpyeL N dVVATOTNTA
xpNoNG pog mietddog epyoreiov kot Biprodnkdv. H yAdooa STEP ypnoiponotei emiong
v yA®ooa DLP (Distributed Logic Programming), n omoia amoteiel €va epyadeio yo
avamtoén 3A evpuav mpaktdépwv. H DLP eivar pio popen g Prolog, g kate&oynv
YA®GGo kotryopnuatikov AoyiopuoV. ‘Etot np STEP €yet copmayn onupoacioloyikd Bepéiia
Kol TAve o€ autd Asttovpyel kol Oyl otV ¥pNom €vOg TEPAGTION aplfpol petafintdv Kot

apOUNTIKOV TEAECTOV.
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2.2 Apyéc

H oyediaon g STEP £yve pe kateoyv oKomo Tov EAEYYO0 KOl XEPIGUO LOVTEA®MV
avOpomoedwv. H STEP dev £xel ¢ okomd va avTikotaotnoel YAwooes 6mmwg  JAVA 7 1
Prolog, obte va £xer mAnpn kot 100% Aettovpykn vroroylotiky vrodour|, 0AAG va givar pia
YADOOO GIAKT) TPOG TOV YPNOTH KOt E0KOAN Yo avanTuén. Amanteiton BEPara o€ Eva Babud
pio aAANAETIOpOCT HE TO E0MTEPIKO KOl TO KOUUATL OV eme&epydletal TIC QACELS TOV
avOpwmoe1d0vg Kot avto yiveton pe v DLP. "Etot Aowmdv cuvoyilovpe tig 5 Pactkég apyéc

OV OLEMOLV TNV CLYKEKPIUEVT YADOCGTO.

2.2.1 Evkolia

O éleyyoc T@V KWWNGE®V TOV 0VOPOTOEW0VS (XEPOVOUIES, EKQPACELS TPOCHTOV
KAT) amotel moALG yempetpikd dedopéva, onwg evtodég ROUTE omv VRML 1 e€iodoeig
kivnong ota ypapikd. H yA®ooa STEP kp0Bet 6Aeg autég Tic YemUETPIKEG OVOKOAIES, £TOL
MOOTE AKOUOL KO TPOYPAUUATIOTEG PE AlyeG | KOOOAOV YVMGELS OTA YPOPIKA LLE VTTOAOYIOTES
VO UTTOPOvV VoL TNV YPNOLUOTO0VV Ywpig mpoPfAnparta. Mo mapddstypa, n eVIoAn yio apyn
TEPLOTPOYPT] TOV APIGTEPOV Pparyiova TPOg Ta UIpocTd giva:
turn(humanoid’s _name, left_arm, front, slow).

Agv glvar Aowmdv amopoitnto vo €€l O TPOYPOULUATIOTNS YVOOE, TAVEO OE
CULGTNLOTO GUVTETAYUEVOV 1) AEoveg TePIoTPoPnG. Ymovoeital BEPata 6Tl T0 avOpOTOEIdEG
EYEL YVOOT TOV 1010V TOV TOV TEPLEYOUEVOV, ONAAON WS ovopdaletal to Kabe pérog tov
oopatog tov. Emiong mpémetl va katalapaivel Tig katevBovoelg ‘aplotepd’, ‘mdve’ KAT o€

oY£0M LE TO TOMKO GVGTNIO GLUVTETUYUEV®V TOL KAOE Qpopd.

2.2.2 XovOetn Enpacworoyia (Compositional Semantics)

Ed®d evvoeitan o kabopiopdg chvietmv evepyeldv, Paciopuévov 6e 101 LITAPYOVOES
kabopiopéveg evépyeteg. Ta mapdostypa, m kivnon oty omoia éva avOpOTOEIdEG
TEPIOTPEPEL APYA TAL VO TOL XEPLAL TPOG T EUTPOG, UTOPEL VoL OPIoTEL e TNV cvvBeon VO
amAovoTEP®VY KIviioemV Tov Kabopilovv 1 KaOe pia v mepiotpoen tov evog Ppoyiova:
par([turn(humanoid’s name, left arm, front, slow),
turn(humanoid’s_name, right_arm, front, slow)]

Tomikéc evtodég yro dnuovpyla cvvBetwV Kiviioemv glvar 1 ‘par’ yio TopdAANAES

evépyeleg, n ‘seq’ Yoo akoAovBlakég ka1 ‘repeat’ yio emavaiopuPavOopueveg.
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2.2.3 Enavonpoooropiopdg (Re-definability)

Evépyeteg oevapiov (scripting actions), Onwg m.y. 01 GLVOETEG KIVIOELG, LTOPOHV Vol
oploTOLV o€ oxéon pe Ghleg kwnoelc. H yiAdooco STEP éyet evoouatopévo évav
unyoavicpud kobopiopod Kiviioewv Paciopévo og kovoves. Eivarl duvatov va mpocdtoptotohv
véeg KIVNOELS HE TO OIKO TOVC OET KOVOVOV KOlU OVTEC HE TN OEPd TOLG Vo
emOVaYPNOIHOToBovV Yo GAAOVG GEVAPLOKOVG OKOTOLG (scripting purposes). [
nopddeyna, £6t® OTL elvar oM Kabopiopéves ot eng dvo cuvbeteg kKivnoelg ‘run’, ‘kick’.
Mmnopei va oprotel Aowdv pio véa kivnon m ‘run_then kick’ ¢ e&nc:
run_then_kick(humanoid) = seq([run(humanoid), kick(humanoid)]).

Xe ovvtaxtiko ¢ Prolog siva:
script(run_then_kick(humanoid), Action).-
Action = seq([run(humanoid), kick(humanoid)]).

2.2.4 llapapeTpomoinon

O evépyeleg oevapiov umopodv va gvkola vo. Tportomombodyv 6e GAAEG KIVNOELS,
apkel va kaboprotel Tt aAloyég YivovTal 6TO TEPAGLLO TOV YPOVOV Kol TG YIVOVTOL AVTEG Ol
aAlayés. O ypdvog amoterel Tov Pabud elevbepiog tng Kivnong Kot e TPOTOTOINGY| TOVL
umopovpe vo Kabopicovpe véeg kivnoels. a va yivel mo capés, £otm 1 evépyela gevapiov
‘run’. To tpé€uo eivon vrokeevikny évvola, umopel va gtvar ypriyopa, apyd KA. Xtn
STEP dev eivan amapaitnto vo mpokafopiotodv moAAd €i0n Tpe&itatog, yio dlapopeTiKd
pLOUd 10 KéBe éva. Mmopel 0 optopdg TG Kivnong va yivel pe évav fabud elevbepiog mov
va. ovopdaleton ‘tempo’.  Metafdiioviag v T TOv ‘tempo’, €ivol apKeETO Yoo Vo
emrevyfodv  moAlol  Swagpopetikoi  pvBuol  tpe&iparog. Mio  édAAn  péboodog
TOPOUETPOTTOINONG €lval 1 €160y®OYN] UETOPANTOV 1M TUPAUETP®V OTOL OVOUATO TOV
evepyeudv oevapiov.  Ewdwdtepa to ovopota ToV avOpOTOEW®OV KOl Ol GYETIKEG
napdapetpor opilovral wg petafAntéc oe Piprodnieg cevopiov, pécm v onoimv o i1
oEVAPLOL UTOPOVV VO EMAVOYPNGIULOTONO0HV Y10 SLPOPETIKA OVOP®TOEWN KAT® oo

SLPOPETIKEG GLVONKEG Kol O AALOVS TPOYPULUATIOTEG.
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2.2.5 AMiniermiopaon

O evépyeleg oevapiov mpémel va eivar oe BEon va aAAnAemdpodv e ToV KOGLO,
CUUTEPIAOUPAVOUEVOV OVTIKEIEVOVY Kol GAA®V avBporoeddv. Ilo ocvykekpyéva, ot
EVEPYELES GEVOPIOV UTOPOVV Vo avTIAAUPAVOVTOL TOV KOGHO aKOL KOl TNV KOTAGTOOT TV
avOpOTOEBDV 00T MOTE Vo amoPacilovy av Tpémel 1| Oyl va cuveylotel pia kiviion N av
mpémel va yivel kdmow dAAN. TéEtowov eldovg arAniemidpaon pmopel va emtevybel pe
xpon telect®V vYNAoL emmédov (high-level operators), 6nmg kabopiletor otny dvvapikn
Aoyikn. Ot 1eheotég ‘test” wor  ‘conditional’ elvar mopadelypota TEAESTOV OV

SLELKOADVOLY TNV AAANAETIOpaOT HETAED TOV KATAOTACEWDV KOl TMV EVEPYELDV.

Yvvoyilovtog, ot Topandve TEVTE apyég OEmovy Vv yAwood cevapiov STEP katd
tov e&nc tpomo: To aitnua yo amAdTNTO KOADTTETOL Od TNV GYXEOOV PLGIKY YADGGO, TOV
YPNOUOTOIEITOL OTIG EVIOAEC TNG. To aitnua yio cOvOeT oNUOGLOAOYIO TPOYUOTOTTOEITOL
pe Vv vmapén evog GET EVOOUATOUEVOV TeEheoTOV. To altnua yio enavamrpocdlopicud To
minpoi n STEP, pog kot evoopoatdvetl éva cvotnuo Bacicpévo o kavoves. To aitnpa yio
nopapeTponoinon koAvmretor kabmg n ovviaén g STEP eivan 6pown pe g Prolog.
Téhog, n STEP Paociletatl oe pia petayddooa Le TEAECTEC, YEYOVOS TOL KOADTTEL TO OUTILLOL

Yo oAANAETTOpao).

2.3 H yA®ooa oevapiov STEP
e avto 10 onueio Ba 00000V oplopEVEC AETTOUEPELES TNG AELITOVPYING TNG YADGGCOG

STEP, Eexivavtag amd 10 TPOTEWVOUEVO GUGTNUO AVOPOPAG.

2.3.1 Zvotnpa Avagopag

To cYomua avapopds g STEP amoteieiton amd 1tpelc ovvictwoes: [a v

KatevBuvor, Yo T GO KoL Y10 TOV YPOVO.

2.3.1.1 votnpa Avagopag KatevOvoveng
To ocvomua avapopdc katevbvvong oty STEP PBoaciletor otic mpodiaypapEc Tov

H-Anim. Xvvontikd avtég givon (BAéne kepdhono 3): H apyikr| Béon to avBpwmoeldotg
npénel va eivar 6pOia, avtikpilovtag v katevBuvon +Z pe v +Y TPog To TAVEO Kot TNV

+X mpog ta apiotepd Tov. H apyn tov a&dvev (0,0,0) Bpicketar oto enimedo Tov £56.poVG
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avapeco ota oo tov avlpwmoedovs. Ta yépla Tov mMPEmEL v elval TEVIOUEVO KoL
TOPAAANAL [LE TO GO LUE TIG TOAAUEG VO, KOITOUV TPOG T LEGH, TPOG TOLG UNPOVC.
Me Bdon v apyikn 0€on Tov avBpwmoeldovg, opiletal T0 GVOTNUA AVUPOPAS OTMG

eaiveton oto oynua 2.1.

badk

—* leht

front

down

oy. 2.1 2ootnuo. Avagopaog KotedOvvons tov avBpwmogidovg

To cvompo avapopdg katevBvvong Paciletor otovg e&ng tpelg a&oveg: Ztov d&ova
Z mov avtioTtoyel amd mio® TPog Ta UTPooTd, oTov dEova Y mov aviioTotyel amd mhive Tpog
TO, KOTO Kot oTov X oo To. aplotepd mpog To d0eEid. Mia avoamapdoTtacn KOVTivi) 6TV
QLOIKN YAOoGo ivar TAéov duvarr, OTtmg my ‘front-up’ mov eGv epappooctel otov Ppoyiova
Ba €xel cav amotéleoua va TEPIOTPAPEL AVTOG £TGL MOTE 1) TEMKN TOV BEoM va glval T€Ton
7OV Vo, OglyVveL TPOG TAL TAV® Kot UIPooTd. Xto oyfua 2.2 goaivovtal didpopotl GLVIVAGHOL
KatevBuvoewv Yoo Tov aplotepd Ppayiova, PACICUEVOL GTO TOPATAVED CUGTNO AVAPOPAS.
[Tapora avtd dev emapKoVV Yo TO CVUVOETEC EQPUPUOYES, Yol ALTO Kot £xEL Ypnotpomomn el
YPOUKY TOPEUPOA YO0 TOV TPOGOIOPIOUO EMMAEOV  KaTELOOVOEWY, OMWG TY M
‘left front2’ n omoia givor n koatevBuvon petadd tov ‘left’ kou ‘left front’, dmwc @aivetan
eniong oto oynua 2.2. O mpocdopiopds e KatevBuvvong pe v Pondeta evog cuoTHHOTOC

avaQopds TOPOUOIOV HE QUOIKN YADOGoO &lval o TOAD mpoakTikn HEB0dOG Yoo Tovg
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TPOYPOUUATIOTEG TPOKEWEVOL Vo OTIAEoVV evépyeleg oevapiov, kabmg omaieipetor n
dvokorion mov mpoodidet 1 VRML mov amoutel Aemtopepeic YVOOES GE GLGTHUATO
avaeopds. EmmpocHeta, mopéyetal n duvatdTTO Y10 TO EUTELPOVS TPOYPOUUUOTIOTES VO
&yovv dueomn tpocPaocn oto cvotnua avaeopds s VRML kot va £xovv évav KaAdTepo Kot
o axpiPn EAeyyo Tov HOVTELOL TOVG, OTMG Ty, e TV €vtoAn rotation(1,0,0,1.57) n omoia

INrmvel TepioTpon| mepi Tov d&ova X katd +m/2.

ledt_hack_up

1=kt back

- ffontz

laft hack dovm

ay. 2.2 2ovovaouol kotevfovaewy yia tov aplatepo fpoyiova.

2.3.1.2 Tdotnpa Ava@opas Zonotog
XOupova pe 1o Tpdtuvmo H-Anim, 10 avBpwmoeldés amotereiton amd €va 6eT KOUPV

ApBpwon mov eivar ta&vounpévotl kat dnuovpyovv pia tepapyio. To oyfua 2.3 deilyvet
HEPIKES OpBpMCELS TOV OMWUATOS.  Metakiviion 0molovVINTOTE UEAOVS TOV GMUOTOG
VIOONAMVEL TEPIOTPOPN TNG avtiotoyns apbpwong. To moapdderypo m kivion tov
ap1oTeEPOV Ppayiova apyd Tpog To eUmPdS YiveTon He NV TopoKdT® evioln: turn(humanoid,
| shoulder, front, slow). XZOppwvo pe 10 mpoétvmo H-Anim OAec ov apBpdoelg sivar
LEPOUPYNUEVEG, OTTOTE OO TTEPIGTPOPN Hiag dpBpwong emnpedlel ko OAeg 66ec Ppiokoviat
o KAT® otV epapyia. Me dAha Adywa, 1 teMkn 0éon pioag dpBpwong e€dyetal amd Tov

GLVLTTOALOYIOUO TV BEcEV OA®V TV APOBPOCEMY — TPOYOV®V TNC.
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HumanoidRoot skullbase

r_shoulder I_shoulder
r_albow I_elbow
r_wrist I_wrist
/ | I_hip
r_hip
r_knee I_knee
r_ankle ——— I_ankle

sacroiliac

oy. 2.3 Tomkés opOpwoeis yia éva avOpwmoe1dég

To moapamdve yiveror To KaTavontd omd T0 TUPAKAT® CYNUL. XTO oynuo 2.4a 1o
avOpomoedés PpiokeTan oty apyikn tov B€omn pe povn egaipeon TV MEPIOTPOPN NG
apBpwonc Tov aPIoTEPOD AYKOVO TPOS TO EUTPOS. Xto oynua 2.4b elvarl Ko o aplotepdg
DOUOG TEPIOTPEUUEVOG TTPOG TO. eUmPOc. To tehkd amotéhespo eivor 1o ¥épt va gival
OTPAUPEVO TTPOG TO EMAVEO. XNV TPAEN aWTO TO GVOTNUO avaPOpdS KoatevBuvong dev
SVOKOAEVEL TOV TTPOYPUUUATIOTT, OPKEL VO EMAVOQEPEL OAEG TIG 0PBPDTEIC — TPOYOVOVS OTIC
apykéc Tovg Béoelg Ko £tot Ba Exel TV TpaypoTikny kotevbouvon. Amevavtiog givol E0XmG
YPNOULO Y10, EQOPLOYEG €VOElNG KIVUOTIKNG, HOG KOl KAT  ouTOV TOV TPOTO AEITOLPYOVV

TETO0. GLGTHLLOTAL.

Shoulder: Front

—— Elbow: Front
Elbow: Frent

fa) {b)

oy. 2.4 H apBpwon tov aykava o€ 000 LaQPOPETIKES TEPITTWTELS
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2.3.1.3 Xvotnpa Avogopag Xpovov
H yhdooa STEP ypnowonotel 1o 610 choTNHO 0vAQOPAS XPOVOL TTOV YPNGLLOTOLEL

kot 1 VRML. T mopddetypa pia evépyslo mov va ektedeitor o 2 devtepoienta sivat:
turn(humanoid, | shoulder, front, time(2,second)). Avtog o dauecog kabopiopdg g
YPOVIKNG OlbpKelag piog evépyelag, Oev KOVOmOlEl mapOAo avtd TNV amoaitnon yio
nopapetponoinon. ['a avtd Tov AdYo vrdpyel eVOALOKTIKE Kot €vag GAAOG o PBoAlkog
1pomog. Eiodyeton n évvola tov puBpov (tempo) kot tov oot (beat). "Evag maipdg sivor
TO YPOVIKO O1ACTNLO LETAED dVO KIVIGEMY TOL CAOUNTOS, EVAD 0 puOUOS glvarl 0 aplBuog TV
TOALOV avd Aemtd. Apywkd o puOuog tibeton oty T 60, 10 omoio onuaivel 6Tl €vag
TaApOG avTiotoly el og éva devtepdiento. Tlapoia avtd o puBudS pmopel va emttayvvOei N
va emPpadvviel pe avtiotpopeg aAlayég oty TN Tov ToApov. ‘Etot yivetor duvatdg o
OPIOUAG GYETIKAOV EVVOLDV Y10, TNV ToyDTNTO OT®G “ypriyopa’ Yio £vav TAAUO, ‘apyd’ TPELg

TOALOVG KATT.

2.3.2 IIpoToyeveig Kivioels Kol 6OVOETOL TEAEGTES

H mepiotpoen ko m petaxiviion eivor ot dV0 KOPLEG TPMTOYEVEIS KIVIGELS TOV
ocopotoc. H mepiotpoon, 6mwg to Eexabapilel Kot To OVOUd NG, TEPIOTPEPEL PEAT TOV
OOUOTOG 1| OAOKANPO TO GOMO, VO 1 petakivnon kabopilel v aliayn g 0éong tov
HUEADV TOL GOUATOG 1] TOV CAOOTOG,.

Mia kivnomn meplotpoeng vog LEAOVS TOV GMUATOG TPocdlopileTat g eENG:
turn(humanoid, BodyPart, Direction, Duration).

To opiopa ‘Direction’ umopel va givon pio AéEn mov tpocdiopilet pio katevhouvon,
omwg ‘front’ 1 évag mo podnuatikoromuévog tpomog EKkepaong Onmg ‘rotation(1,0,0,3.14)’.
To 6piopa ‘Duration’ déyeton Tipég Onmg ‘fast’ N Mo cap®dg KaBopioHEVO YPOoVIKO d1AGTN LA
omwg ‘time(2,second)’.

Mia kivnon petakivinong evog TULOTOg Tov cdpaTog opiletat katd Tov e&ng Tpomo:
move(humanoid, BodyPart, Direction, Duration).

Topa 10 Opiopa Direction maipverl Tipéc dnwg kou mpiv ‘front’, ‘left back’ kok, aAAid
Kot Tipég ommg ‘position(1,0,10)’ 1§ axodpa kot Tiun tposavénong onmg ‘increment(1,0,1)’.
Mo v meptoTpoPn Kol TV UETOKIVION OAOKANPOV TOL COUONTOS TOVL AVOPMOTOED0VG
VILAPYOLV Ol TAPUKAT® dVO EVIOAES:
turn_body(humanoid, Direction, Duration)

move_body(humanoid, Direction, Duration).

25



Tomikol telectéc cuVBeTOV KIviGE®V gival ot:

AxolovOiakdc Teheotng ‘seq’. H ovvtaén tov givat:

seq([Action;, Actiony, ..., Actionn]) Ko £XEl ®G OMOTEAEGLOL TV AKOAOVOLOKT) EKTEAEGT

oAV TV Kiviioewv ‘Actioni, Actiony, ...,Actionn’. TIy.:

seq([turn(humanoid,l_shoulder,front fast),turn(humanoid,r shoulder,front fast)])

Teheomg Mapariniiog ‘par’. . H ovvtaén tov givo:

par([Action;, Actiona, ..., Actionn]) ko1 Xl ®G OMOTEAEGHA TNV TOPAAANAY eKTEAEOT

OAOV TV KIVI|CEDV.

Mn Nretepuviotikdg Tedeotic Emioyng ‘choice’. O 1edectnc avtd¢ GLVTAGGETOL
o¢ €&nc: choice([Action;, Actiony, ..., Actiony]) kol extedeitan povo pio amd T1g
KIWVIOEIS TOL VTAPYOLV €VTOE NG OyKOANG, He Ttuyoio kdbBe @opd (un
VIETEPUIVIOTIKO) TPOTO EMAOYNG,.

Teheot|g Emavainyng ‘repeat’. H eviodn repeat(Action, T) extehel v gvépyela
Action T @opéc.

2.3.3 Teheotéc Ahnienmiopaong Yyniov Emaéoov

To emmAéov YAPOKTNPIGTIKO OV TPOGPEPOLV Ol TEAEGTES OAANAETIOpAOG LYNAOD

emmédov (high-level interaction operators) etvot 1 dSvvaTOTNTA APESNC EMKOWVMOVIOG [LE TNV

ECOMTEPIKN KOTAOTOON TOV avOp®TOEO0VE KOl TNV KATACTAON TOLG OE GYEON UE TO

mepifailov tovg.  Avtol ot tereotéc Pacilovror oty petoyAdoco (n omoia €ivon

evoopatopévn omv STEP, kot minpot v 5" anaitnon yio aAAnAenidopacn) Kot 1 omoio

etvar n DLP (Distributed Logic Programming). AxoAovBovv ta mopokdt® mapodeiypato

TEAECTOV:
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Aoxun: test(p), eréyyel av oyveL ) Katdotaon ¢. Eqv woydet, 10te cuveyilel, aAlidg
OTTOTLYYAVEL.
Extéheon: do(p), xdvel v Katdotaon ¢ oAndn, onAadn exteleiton m ¢ otV
LETOYAMDOOO.
YnoOeon: if then else(p, action;, actionz), yivetoaw éleyyog av 1oyvel (av eivol
aAnbng) M xotdotoon ¢ kol av eivon ektedeitar 1 action; dAMOC eKTEAEiTAL M

actiona.

'Ewc: until(action, @), exteleiton 1 action 660 1GYVEL 1] KOTAGTACN ©.



2.4 llopadeiypata

g ot TV Topdypaeo Ba avaivbovv opicuéve TapadElyLoTa ¥poNG TS YAOCOHS
STEP. Ta mpdta Vo mapadeiypato ‘walk’ kot ‘run’ meptypa@ovy yevikd KIVAGELS TOL
oopatog tov avlpomoewovs. To tpito mapdoetyuo ‘look at ball’ kor ‘run to ball’
TEPLYPAPEL EVEPYELEG TTOV EMOEKVOOLY TNV dAANAeTIOpacn peTal&h Tov avOpmTOEd0vg Kot
T0V KOoUov Tov 10 TepPdArel.  Téhog, to Té€TOpTo MOpdderypo ‘touch’ avaAideton m
dvvatotra mov £xel 1 Yhwooo STEP va emivel mpoPAnpota avdotpoene kivnuoatiknig. Ta
TPAOTA 000 Topadelypato eivorl opkeTd omAd, v TO GAAQ VO glval To OVOKOAN KOl

ATOLTOVV OPKETEG YVOGELS 3A yeUETplog KOU KIVNUOTIKNG Kol Omevddvovtal o€ mio

EUTELPOVG YPNOTEG.

2.4.1 ‘Walk’ ka1 mapapeTpor

oy. 2.5 lepmotnuo

H xivnon evéc avBpmmoe1doc povtéAon pmopet va ek@pactel omid wg pio cuvie
kivnon mov amoteleitol amd TIC TapakdT® dvo KOpleg evépyeteg: H mpdtn katd v omoia o
aplotepds Ppoayiovag kot to 0e€l mHOL KivovvTon TPog To EUTPOS VD TOPIAANAQ 0 0e&10¢
Bpoyiovag kot 10 aplotepd OO KivoHVTaLl TPOG TO oM. XTNV SeVTEPN EVEPYELN KIVEITOL O
0e€16¢ PBpoayiovag kol 10 oplotePd TOSL TPOG TO EUTMPOS KO TAPUAANAG O OPLoTEPOG
Bpayiovog kot 0 6e&10 mOOL mpog T Miow. Ot KOPIEG CTACELS KO OPIGUEVES YPOUUUIKES
mopeUPoréC Toug (Yoo @uoikdTtepn kivinomn) @aivoviol 6to mopamdve oynuo 2.5. Xty
yAdooa STEP 6ha ta mapondve meprypdpovior og €ENG:
script(walk_pose(humanoid), Action):-

Action = seq(/[
par([

turn(humanoid,r_shoulder,back down2, fast),
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turn(humanoid,r_hip,front _down2,fast),
turn(humanoid,l_shoulder,front_down2, fast),
turn(humanoid,l_hip,back down2,fast)]),
par([
turn(humanoid,l_shoulder,back _down2 fast),
turn(humanoid,l_hip,front_down2 fast),
turn(humanoid,r _shoulder,front_down2,fast),
turn(humanoid,r_hip,back down2,fast)])
D).

Onwg eaivetor mopakdto, 1 OAN Kivion TOL TEPTATHLATOS TEPLYPAPETOL Ao pio
TOPAAANAN EVEPYELQL AMOTEAOVEVN OTO TIC GTAGELS TOV TEPLYPAPTNKOAY TOPATAVE® KOl TNV
petakivnom mpog Ta EUTPAS GAOV TOL GCOUATOC:
script(walk_forward step(humanoid),Action):-

Action = par([walk _pose(humanoid), move body(humanoid,front fast)]).

To pnkoc tov Prpotog umopel va eivar pio kabopiopévn tun. Av o Mrav yo
napadetypa 0,7 pétpa 1dte opiletan mg e&€ng:
script(walk_forward step07(humanoid),Action):-
Action = par([
walk_pose(humanoid),
move(humanoid,increment(0.0,0.0,0.7),fast)] ).

EvoAloxtikd, pmopet To pnkog Tov Prratog va eitvor pio petafAnty:
script(walk _forward_step var(humanoid,StepLength),Action).-
Action = par([
walk _pose(humanoid),
move(humanoid,increment(0.0,0.0,StepLength),fast)] ).

"Eto1, n kivnon mpog ta epmpdg yia N fripoto pmopet va oprotel axorovdwg:
script(walk_forward(humanoid,StepLength,N),Action).-
Action = repeat(walk _forward_step var(humanoid,StepLength),N).

Ov mopandve TEPLYpAQES Kivnong MEPTMATNUATOS YL TNV EUYOY®OON  €VOG

avOpmOTOEB0VE £ival TPOGEYYIOTIKEG Kot € HeydAo Babud amiomomuéveg. Mia peaMoTiky
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ELYOY®ON TEPTATAUATOG PG avOpOTIVIG Pryovpag omottel TOAAOVS VTOAOYIGHOVS EVOG
e0pwoTOL eEopolmT O Oomoiog ypnowomolel gvbelo kol AVAGTPOPN KIVNUOTIKY G©E
oLVOLAGCUO HE oVTOMOTN aviyvevon cvykpovoewv. Ilapoia tavta, yio pio S10OIKTLOKY|
EQOPUOYT OTAVIOL Oamoteital T060 pPeYdAn okpifelo mov emmAéov emiPapvvel oe pUeydio
Babud tov ypovo amokpiong. Ilavtwg vrapyet 1o vaofabpo yoo va evoopotmbel kot
YOV OVAGTPOPNG KIVNUOTIKNG o€ mepintmon mov {nmbel kodvtepn peyoidtepog

pEAMSUOG.

2.4.2 Run ko1 n tapapopemot} Tov (Deformation)

2

! /
v

a b

i,

@‘3
)

he

oy. 2.6 2taoeig tpediuotog

Ye mpdTN MPocEyyion, N kivnon ‘run’ givon mapopola pe v walk’, pe emmiéov
YOPOKTNPLOTIKAE TO ADyiopa TV Bpoytdvev Kot Tov todumv. To tehevtaio kdvel ta O va
(QOivOVTOL GOV VO OVOLCTIKOVOVTOL 0td TO £00/(POG, TO OO0 EIVOL 1] CTLLOVTIKT S10pOpd. [LE TO
nmepmatnuoe. Mia 6Tdon ToV COUNTOG KATA TNV EKTEAESN TNG Kivnong ‘run’ @aiveton 6To
oynua 2.6a. Onwg eaivetal amd 10 oyNuo Kotd v dtdpKeln Tov TpeSitatoc o aplotepdg
Katw Ppayiovag eivor TpocavatoMouévog Tpog to eumpdc Kot mhve (‘front up’) kot o
aplotepdsg ave Bpayiovag mpog ta epmpog Ko Katw (‘front _back2’). Aappdvoviag vioym
mv epapyio 1 omoio VITAPYEL Yo TIG opOpDOCEIS Kot Ta UEAT TOV CMOUATOC, OEV TPEMEL VOl
ypnopomom el n EVTOM turn(humanoid,l _elbow,front up,fast) aAAG n
turn(humanoid,l_elbow,front,fast), ywti n 0éon tov Kdtw Ppayiova mpocsdiopileTar amd Ola
To HEAN TOV CAOMOTOS TOL Ppiokovtal Mo TAVE OTNV 1EPOPYi, Kol GTNV GLUYKEKPLUEVN
nepintwon Aappdvetar vroyn n B€on Tov apioTepol Ppoayiova kol akOUA TO EXAKPPDS N
apBpwon ‘I shoulder’. Avtov 10V €ld0Vg N avakatevOVVOT dev eMPAAEL SVOKOAEG GTNV
ovYYpaT cevapimv (scripts), kKabdc n cwot katevBouvon unopel va avaktn el BETovtag ta

HEAN — TTPOYOVOLG TOV GMUOTOG OTIC APYIKES TIHEG TOVG (OTMG apykomombnkay yio Tnv
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ovykekpipévn kivnon). @aivetor oto oynua 2.6b 011 0 kdtw Ppayiovag deiyvel Tpdypatt
TTPOG TOL EUTPOG.

Me Bdon v ovvBetn kivnon ‘walk’, 6nwg avt) opictnke TponyovuEvmg, 1 Kivion
‘run_pose’ umopel va apyiler oand v otdon tpeipotog (PAEme oynua 2.6b) kol va
emovalopPavetor n evépyswa ‘walk pose’ yuo N popéc:
script(basic_run_pose(humanoid), Action).-

Action = par([
turn(humanoid,r_elbow,front fast),
turn(humanoid, |_elbow, front, fast),
turn(humanoid, |_hip, front_down2, fast),
turn(humanoid, v_hip, front_down2, fast),
turn(humanoid, | _knee, back _down, fast),

turnthumanoid, r_knee, back_down, fast)]).

script(run_pose(humanoid,N),Action):-
Action = seq([
basic_run_pose(humanoid),

repeat(walk _pose(humanoid),N)]).

Yovendg, Yoo TPEEWO TPog Ta UMPOS, Yoo N PUoTo HE CLYKEKPIUEVO HUNKOG
Brpatog ‘StepLength’, opiletan og e&ng:
script(run(humanoid, StepLength,N),Action).-
Action = seq([basic_run_pose(humanoid), walk forward(humanoid,StepLength,N)]).

Ymv mpaén n kivnon tov tpelipatog pmopel va €xel moAAég maporrayés. Ta
TopadelyHa 0 KAt PBpoyiovag pmopel va etvarl oTpappévog og d1dpopeg Kotevhuvoelg Kot
oyt amopaitnta mpog ta eumpds.  Emopéveog pumopel va opiotel pio evépysia ‘run’ pe
pepkovg Pabpovg erevbepiag. To mapakdtm cevaplo apnvel oG erevBepn petafAnty v
YOViO TOL OYKOVOL:
script(basic_run_pose_elbow(humanoid, Elbow _Angle),Action).-

Action = par([
turn(humanoid,r_elbow,rotation(1,0,0,Elbow_Angle),fast),
turn(humanoid,l _elbow,rotation(1,0,0,Elbow Angle),fast),
turn(humanoid,l_hip,front_down2 fast),
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turn(humanoid,r_hip,front _down2,fast),
turn(humanoid,l_knee,back down,fast),
turn(humanoid,r _knee,back down,fast)]).
script(run_e(humanoid,StepLength,N,Elbow Angle),Action):-
Action = seq([basic_run_pose_elbow(humanoid,Elbow Angle),
walk_forward(humanoid, StepLength, N)]).

‘:1'.*;3- ‘3’“33‘5!‘;;;& é-»-‘%’-l
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oy. 2.7 Tpééuo

2.4.3 Alimiermiopaon pe Ewovikoig Koopovg

oy. 2.8 Aliniemiopaon avOpwmoe1dois ue wio uraio

Ye oty TV Topdypaeo Bo @avel T®G EMTLYYAVETOL HE TNV YXPNON TEAECTAOV
aAAnAenidpaong vynAol emmédov 1 oAANAETiOpacn peTa&d Tov AVOPOTOEB0VE Kol TOV
EIKOVIKOD KOOUOL Tov to TepiBdAiet. To mapdaderypo mov O avalvdei Exel va kdvel pe
évay eKovikd KOoUo TTov TeptAappavel avOpomoedn kot pia prndia. H 6éon g pmdrog
dev eivan otabepn ko {nteitor OAo To avOPOTOEWN VO KOLTAVE GUVEYDG TNV UTAAQ,
aAralovtag kaBe @opd KatdAANAa TV BEom Tovg Ko petd va tpéxovv mpog To exel. o
Vv vAomoinom Tov Tapamdve givol amapaitnn N xpnon xortnyopnudtov VRML/X3D g
yAdocag DLP, dote va yeipiotovv katdAAnia o 3A aviikeipeva Tov EKOVIKOD KOGLOV.
Mo mopdaderypa, pe dedopévn v 0éom g UmdAag Kot Tov avOp®TOEWBOVE, UTOopEl va

TAVTO TPOCIOPIGTEL 1 OAPOITNTN TEPLOGTPOPT TOV AVOPOTOEB0VE DGTE VO KOLTAEL TPOG
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™mv umdio.  Me ypnon 1ov Ttekecty ‘do’ KOU TOVG EVOMUATOUEVOVS TEAECTEG TNG
petayAdocog opiletor m ovvBetn evépyeln ‘look at ball’ kabdg wor dAlec mopdpoteg
EVEPYELEG.

[Ipwta wpémel va oprotel M evépyela ‘turn to direction’ mov petacynuotilel, pe
YPNON CGLYKEKPUEVOV KOTNYOPNUATOV ENEEEPYOTING OLVUGUAT®V, TO dtdvucua BEoNG Tov
AVTIKEWWEVOL (01O Topddstypa, tv 0€om tov avOpomoedovs) o610 TEAKO ddvuoua
katevbuvong.  Eivar yvootd o011 10 amotélecuo Tov  e€mteptkol  yvougvov 600
SLVUOUATOV Vi KoL V2 €lval éva vEo d1dvucpa kABeTo 610 emimedo mov oynuotilovy Ta vi,v2
LE HLETPO TO YVOUEVO TMV LETPAOV TAOV Vi KOL V2 €L TO GLVNUITOVO TG HETAED TOLG Yoviag 6.
"Eva této10 d1dvuopa mpocdiopilel Tov dEova TepIoTPOPNS, EVM 1 Ywvia B vroroyileTon amd
TOV OPIOUO TOV EEMTEPIKOV YIVOUEVOD:
cosf ="M
[y [ Juy |
Yuvenmg m evépyeta ‘turn to direction’ pmopet va oprotel g €ENG:
script(turn_to_direction(Object,SrcVector,DestVector),Action):-

Action = seq([
do(vector cross_product(SrcVector,DestVector,vector(X,Y,Z),R)),
do(setRotation(Object, X, Y,Z,R))] ).

To xamyopnua vector cross_product(S, D, V, R) vtoloyilel 10 eEOTEPIKO YIVOUEVO
V kot v yovia R tov dtovocpdtov S kot D.

I'evikd, to avBpomoed] umopodv vo. TEPIGTPEPOVTOL TPOS TV UTAAN UOVO OTO
enimedo XZ, oLVEN®G &ivar duvatov vo ayvonbovv ot mapauetpotr tov agova Y. Ot
nopdpetpor ov Y d&ova eivar ypnouol HOVO Yo TOV LTOAOYICUO TEPICTPOPNG TOL
KEPAAL00, DOTE VO, KOITAEL TPOG TO TAV® 1 TPOGS T KAT® TNV Umdia. Ta avOpmmoeldr| katd
to potvmo H-Anim givor apyikd TposavatoAouévo mpog v katevbovvon +Z, ondte 10
apywo oavuopd touvg etvar to {0,0,1}. To didvooua Tpoopiopov umopel vo, VITOAOYIGTEL
amd TG Béoelg Tov avOpomoewdovg kol g umdiag.  ‘Etor m ovvBemn evépyeswa
‘look_at position’ opiletot o¢ €ENG:
script(look at position(humanoid, X1, Y1,Z1),Action).-

Action = seq([do(getPosition(humanoid, X, Y,7)),
do(Xdif is X1-X),
do(Zdifis Z1-7),
turn_to_direction(humanoid,vector(0.0,0.0,1.0),
vector(Xdif,0.0,2dif))] ).
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Me Bdon v mopandve evépyeta, opiletar edkoAa kol ‘look at ball’:
script(look at ball(humanoid,Ball),Action).-
Action = seq([do(getPosition(Ball, X1,Y1,Z1)),
look_at position(humanoid, X1,Y1,Z1)]).

[Mapaxdtw opiletor m ovvletn evépyelo ‘run to ball(humanoid, Ball, N)’ mov
Katevhuvel 10 avOpoTOEIEC va TpéLetl mpog TV umdha oe N Prjuata. Xpnotipomotleital o
teheotig ‘do’ yia vo avaktnBovv ot TpEyovceg BEGELG TOL avOPOTOEB0VE Kot TG UIAAOC,
amo Tig omoieg Ba voAoyiotel N petaxivinon otovg a&oveg X kot Z.
script(run_to_ball(humanoid,Ball,Steps),Action).-

Action = seq([do(getPosition(humanoid, X, ,7)),
do(getPosition(Ball, X1, ,Z1)),
do(StepLengthX is (X1-X)/Steps)),
do(StepLengthZ is (Z1-7)/Steps)),
run_steps(humanoid, increment(StepLengthX,0.0, StepLengthZ),Steps)]).

H ovvBem kivnon ‘run_steps(humanoid, Increment, N)’ meprypdopet pio evépysia
Katd v omoia to avOpwmoedés alralel v 0éon tov oe N Pruoata. H evépysia avt
opiletatl pe avadpopKo TpoOTo:
script(run_steps(humanoid,increment(X,Y,Z),1),Action):-
Action = par([run_pose(humanoid),
move(humanoid,increment(X,Y,Z),fast)]).

script(run_steps(humanoid,increment(X,Y,Z),Steps),Action).-
Action = seq([par([run_pose(humanoid),
move(humanoid,increment(X,Y,Z), fast)] ),
do(Stepsl is Steps - 1),
run_steps(humanoid,increment(X,Y,Z),Steps1)]).

2.4.4 Enag1 (Touch): 'Eva npopinpa Avastpoons Kivnpatukig

‘Eva tomikd mpofAnpo avaoTtpoens KIvHOTIKNG €ival 0 DTOAOYIGUOG TV YOVIOV

TEPIOTPOPNG TOV PPoyldveV Kol TV KOPT®OV VOGS avOp®TOEB0VG, £TG1 MGTE T YEPLOL TOV
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va ayyi&ouv éva avtikeipevo. O ovvnbng 1poémog emilvong amaitel cVvVOETOLG
VTOAOYIOHOVG, Omw¢ eivar M emilvon Slo@opikdv lo®cemy N 1 YPNOoN EWVIKOV Un
ypopuukav Peitiotomomoewy.  Eivar dvvatév 6Aa avtd vo vAomomboldv kot HE TOVG
TEAECTEG LYNAOD emmédov G petaylmooag ™ STEP kot va Avbel 1o mpofAnua. Opmg n
V10OETNOT AVTAOV TOV AVIAVLTIKOV Kot aplOunTtikedv pebddwv dev elvar duvatdv va yivel og
pio 51001KTLOKY EQOPOYY, KOOMOG Ba pewdaoel TNV amddoot| g o€ TayvtnTo. [ivetor omdte
évag amodektdg cLUPPAcHOC HeTalh TG eMiOOONS KOl TOV PEOMGHOD TNG ELYHYMOTG.

Mo va amotvnwBel kaAvtepa to mapamdve (RTnuo, ovoAvetal 01eE0d0IKA TO
napddetypo ‘touch’ kot Bo eovel mog umopei n yAwoca STEP va Avcer mpofinuota
avAGTPOENG KIVIUATIKNG G TPOUYUATIKO ¥pOVO KOl LE 1KavomomTiko amotédeoua. o va
amAomomBel To TPOPANUa yiveton M Topadoyn OTL To AvOP®TOEDN eivol GYeESOGUEVO VO
CLUTEPIPEPOVTOL KAT®G éTtol. Oa ayyilovv €va aviikeipevo He T ¥EPLOL TOVG OV TO
avTikeipevo etvar evtdg g oKtivag Toug, e0GAA®G Ba oTpéPovV Ta XEPLOL TOVG TPOS TNV
KkatevBvvon tov avtikelpévov. EmmAéov, ayvoohvtor ta dve Kol KTt® Oplo TEPIGTPOPNG
TV apfpdoewV Tov OUOL Kot Tov ayk®dva. Ewdikdtepa, vrobétovpe 0tL 1 dpbBpwon tov
ayKovo, £xel opketong fabpovg ehevbepiag yo pio KotdAANAn Avon.

Avt6 10 amAomomuévo mpdPAnpa avodvetor og e€ng: Agdouévng g Béomg tov
avOpomoed0vg Kot TG BEoNS TOv aVTIKEWWEVOL {Xo, Yo, Zo}, TPEMEL va PpeBodv ot ymvieg
TEPLGTPOPNS TOV aPOPDOGED®Y TOL OOV KOl TOL AYK®VA, £TGL OCTE TO ¥EPL va. ayyiEel TO
avTikeipevo, epdcov pumopet va to gtdoel. 'Eoto 6t 10 punkog tov dve Bpayiova (Lmpdtco)
etvat u ko Tov YN f Ko 0TL N amdSTOCT OO TO KEVIPO TOL MOV {X3, V3, Z3} G TO CNUELD
eMAPNG {Xo, Yo, Zo}eivor d (PAéme oynua 2.9). To onueio {Xo, yo, Zo} €ivar eviog oxtivag av
Kot povo av d < u + £, ayvowvtog Opme to Oplo TEPIOTPOPNS TV apbpdoewy. Amd tov
VOUO TOL GLVNUTOVOL gival YvOGTO OTL EPOGOV TO AVTIKEIPEVO gfvan evtOg akTivag, TOTE M
yovia ‘o’ peta&d Tov avo PBpoyiova Kot Tov TN vroAoyileTon oG €ENG:
u2 +f2 _d2

2uf

EminpocHétmc, edv to u givon 1o didvucua katevBuvong mov delyvel Tpog To0 TEMKO

a = arccos(

)

onueio omd T0 KEVIPO TOL GMOV, U TO OAvucpo KotevBuvong Tov Ppayiova kot ur To
dtvocspa tov dve PBpaylova (PAéte oynua 2.9) tote n yovia ‘B’ petadd tov dtovuoudtov u
Kol ug dtvetan ammd TovV ToPuKAT® TUTO:

u>+d> - f?

f = arccos( ) , dedopévou Kot hA OTL TO avTiKeievo gtvat vtdg TG axtivag

Kol Uopel To avOpOmToEdES VoL TO PTACEL.
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ay. 2.9 diovoouozixny avaloon tov mpofANuaTos

Av oM to avtikeipevo eivan €ktO¢ aktivag, 10t a0 = T kol B = 0, €101 dote O
Bpayiovag vo delyvel mpog v katevBuvon mov PpiokeTor 10 Un TPosPACIHO OvVTIKEIHEVO.
Eniong av d = 0, 161e 1 telkn| B€om Ppioketar TOAD KOVTE GTO KEVTIPO TOL MUOV. X€ aVTN
mv mepintowon tifetor o = 0 kou B = 0. Opileton pia evépyela cevapiov mov VAOTOLEL TIG
OLVOPTNOELS Y10 TO ‘0 KoL 1o ‘P
script(getABvalue(humanoid,position(X0,Y0,20),Hand,A,B),Action).-
Action = seq(/[
getDvalue(humanoid,position(X0,Y0,20),Hand, D),
get_upperarm_length(humanoid,L1),
get_forearm_length(humanoid,L2),
do(D1is L1 + L2),
if then else(sign(DI1-D)>sign(0.001-D),
seq(/
do(cosine law(L1,L2,D,A)),
do(cosine_law(L1, D, L2, B))
D).

seq(/
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do(A is 1.57*(1+sign(D-0.001))),
do(B is 0.0)
1)
-

Y10 mopomdve Kotyopnuo getdBvalue(humanoid,position(X0,Y0,Z20),Hand,A,B),
VIOOMAGVETOL OTL Y10 TO avOpwmoeldég humanoid kot yio tnv tehkn 0éom {X0,Y0,Z0} tov
yepov (Hand), ot tyun| tov ‘o’ eivon A kot tov ‘B’ eivon B.

To kamydpnpa getDvalue vmoroyiler v andotacn D petald tov k€vipov Tov
opov Ko g TeEMKNS B€ong {Xo, Yo, Zo}, He TNV VTOOEOT) OTL OL GLVTETAYUEVES TOL GNEiOL
aVTOD OVOPEPOVTOL GTO GUGTIHO CUVIETAYLEVOV TOV avOp®ToEd0vg Kot 0nwg kKaBopilet To
npdétumo Tov H-Anim. ['vootig g tehxng 0éong, n getDvalue amhd €xel vo. 0VOKTNOEL
v 0éon Tov KEVIPOL TOL MOUOL KOl VO VITOAOYicEL TNV dtavuouatiky arodctacn D. Xta
nopakato Oa kabopiotel n kivnon ‘touch’ mpdTa Yo Béoelg pe oyeTIKEG CLVTETAYUEVEG,
evdd Bo koBopiotel n kivinon ‘touch’ kot yioo amdAvteg cLVIETAYUEVES, ONMAGON Yo
avOpomoedn pe avbaipetn B€on Ko awbaipeto TposavatoMopnd. o derytel emiong Kot OTL
n devtepn Paciletar otV TPOTN TEPITTOON.

To efwtepkd ywouevo uoxu, 10 omoio eivor €va KABeTOo o€ QLT SAvvoua
n={Xn,Yn,Zn}, Wopei vo. BewpnOei cav 10 KABeTO didvocua eTiong Ko Yo To U Kot Up Ko
kaBopilel To eminedo 6To OMOi0 MEPIOTPEPETOL O Pparyiovag amd TNV apykn Tov 0éon Tpog
mv TeEMKN. Avtd vrodnAmvet 6Tt To dtdvucpa ur PBpioketar 6To 1d10 EMIMESO LLE TO U KoL Uo,
00TMG MOTE 0 Ppaylovos Vo TEPLOTPUPEL TPOG TNV TEAIKN TOV BE0M HECH TG GLVTOUOTEPTG
0000 (PAéme oy. 2.9). H yovia “y’ peta&d tov up Kot u pmopel vo VTOA0YIoTEL OTMC KOl GTO
TPONYOVLEVO TTOPAOELYLO LE TO KATNYOPNUA Yo To OavOcpata. ‘Etot, n mepiotpoen yu
mv apBpwon Tov ayKovo €ivol {Xn, Yn, Zn, T-0L} KOL 1 TEPIOTPOPN Yo TNV GpOBpwomn tov
®UOV {Xn, Yn, Zn, Y-

To dvoopa u pmopel vo vwoloyiotel pe v Pondeia Tov TOpaKIT® cEVApiov,
Aappavovtag vmoéym Ott M TEAMKN 0€omn elval 0E OYETIKN UE TIG GLVIETOYUEVEG TOV
avOpwmoE1d0ve;
script(getVvalue(humanoid,position(X0,Y0,Z0),Hand,V),Action):-

Action = seq(/[
get_shoulder center(humanoid,Hand, position(X2,Y2,72)),
do(direction vector(position(X2,Y2,Z2),position(X0,Y0,20),V))
1)
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Omnov 10 Kotyopnuo get shoulder center Bpickel tnv BEom T0L KEVTIPOL TOL OOV
Kot 1o kotnyopnua direction vector vwoAoyilel 1o dibvucpa kotevhuveng tov 0o Bécewv
— apykng kot tedkne. IMapdro mov givar T0c0 €HKkoA0 Vo KBOPIGTOVY VO KOTIYOPT AT
omv Ylwooa STEP, eivor mo amodotikd vo ypnotpomombel to €Tolno KoTnyoprmuo
direction_vector mov mtpoc@éper DLP.
AxoiovBel 0 opiopdg g ovvBenc kivnong ‘touch’ yio 10 apiotepd yEpL kot yio
0éoe1c oyeTIKEG Pe VTN TOV avOpwTOEd0VC:
script(touch(humanoid, position(X0,Y0,20),1),Action).-
Action = seq([
getABvalue(humanoid,position(X0,Y0,20),1,A,B),
do(R1 is 3.14-A),
getVvalue(humanoid,position(X0,Y0,20),1,V),
get_arm_vector(Humanoid,l,V0),
do(vector_cross_product(V0,V,vector(X3,Y3,23),C)),
do(R2 is C-B),
par([turn(humanoid,l_shoulder,rotation(X3,Y3,Z3,R2),fast),
turn(humanoid,l_elbow,rotation(X3,Y3,Z3,R1),fast),
turn(humanoid,l_wrist,rotation(X3,Y3,73,-0.5),fast)
/)
-

Av ko dgv voAoyiletar n B€om g GpHpwong Tov Kapmov, uropel va puBuIoTEL pEe
Bdaon 1o 1010 KaBeTO O1dvLCUA, £TGL OOTE 1| TOAGUN VO TEPIGTPEPETOL ALYO OTTOPEPOVTOG
HEYOADTEPO PEAMGLO 0TV cLuVOMKN Kivnon. [lpogoavdg pe avtictoyo Tpodmo opileTon Ko
n kivnon yia to 0e&16 yEp1.

Téhog, péver va opiotel m ovvBetn «ivinon ‘touch’ yia 0écelg pe amodOAVTEG
oLVTETOYMEVEC.  AVTO yivetal HE HETACYNUOTIOHO T®V OTOAVTOV GUVIETAYUEVOV GCE
OYETIKEG e TNV BE0M Ko TOV TPOGAVATOAIGHO TOV 0vOP®TOEIZ0VG Kol ETELTO, LUE YPT|OT) TOV
TOPOTAV® OPICUOV Yo GYETIKES BEaels:
script(touch_absolutePosition(humanoid,position(X1,Y1,Z1), Hand),Action):-

Action = seq([do(getPosition(humanoid,X,Y,Z)),
do(getRotation(humanoid, X2,Y2,Z2,R)),
do(X3 is X1-X),
do(Y3 is Y1-Y),
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do(Z3 is Z1-7),
do(R1 is -R),
do(position_rotation(position(X3,Y3,7Z3),
rotation(X2,Y2,Z2,R1),position(X4,Y4,24))),
touch(humanoid,position(X4,Y4,Z4), Hand)] ).
Omnov 10 katnydpnua position rotation(P1, R, P2) emotpépel v tehikn 0éon P2
v dedopévn apywkn 0éon P1 petd and neprotpoen R.

oy. 2.10 Mepixég KoTootaoels POTIOUEVES OTIC TOPOALLOYES TOV oevopiov ‘touch’

2.5 Xvprepaocpota

Y& aUTO TO KEPAAOO TOPOLCLACTNKE EKTEVMG 1) SOUN KO 1) Y¥PNOT TS YADGGOG
STEP, piog yYA®ooog c6evapiov KATOUCKELAGUEVNG E0IKE Yia TOV EAEYYO AVOPOTOEODV GE
OLOOIKTVOKEG EQAPUOYES LE ELLPAOT] OE LOPPES EMKOWVMVIEG OTMG YEPOVOUIES KOl CTACELS.
AvoloOnkav ot apyég Pdoet tov omoiwv dnuovpyndnke n YAMGGO KoL TOLG OTOI0VG
vanpetel. AkKOpa €ywve eKTEVIG TOPOVGINCT TECOAPMV TOPAdElYHUdT®VY, Kabe Eva amd Ta
omoia TOVILE KATO0 OOPOPETIKO YOPUKTNPIOTIKO, YEYOVOS TTOV OElYVEL TNV €VPVTNTO KO
™V xpNoTIKOTNTA TopdAAnAa TG YAd®ssog STEP. Ot duvatdmreg mov npocepépet 1 STEP
ntav o Adyog mov emAéyOnke oG PACIKOC PUNYOVIGUOG YloL TNV LAOTOINGM OVTNG TNG

SUTAMUOATIKNG.
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Kepdroro 3°: ITpodiaypapés yio 1o tpdtovmo HUMANOID v. 1.1

"""’" Hanim <A

Humanoid Animation Wor kmg Gmup

3.1 Xkomog

Kobodg 10 3A dwdiktvo (3D internet) ovveyiler va eEamAdverol, Lmapyel
av&avOLEV] OVAYKT Y10 TNV OVOTOPACTACT) ovOpOTOV 6e gkovikd mepidiiovta (online
virtual environments). T v xKoatdktnon ovtod Tov okomoL Oa ypewotel va
onpovpynBovv Piprodnkeg avBpomociddv (humanoids), kabmg Kot KatdAinio epyolieio
7oV Bol SIEVKOAHVOLV TNV KOTAGKELN VEOV 0vOpOTOEW®MV Kot ELYHY®ONG TOLG (animation).
Tic mapamdve avaykeg kaidmtel To Tpotvno H-Anim 1o omoio eival cvpuPatd pe VRMLI7,
éva. TPOTLTTO TO OTOio Olvel TNV dVVATOTNTA VO ONUIOLPYOVVTAL OVOP®TOEN amd Evav
ONUoVPYd KOl Vo EQYLY®VOVTOL HE Oldpopa  epyoieinn (Y YOPAKTNPIOTIKG KOPE,
avAGTPOEN KIVIUOTIKN K.A.) ord KATo1ov GAAOV.
21001 GTOV GYEOOCUO Etvat:

1. Zvppotomro: Ta avBpomocdn mpéner va mailovv oe kaBe VRMLI7 cvuPatod

euAhopetpnn (browser).

2. BEvelMé&io: Agv mpémel vo vTapyovV Kavevos 10006 AGAPELIES OTIS EPOPLOYEG TOV o

YPNOUOTOLOVV Ta. VOPOTOELO).
3. Amlommra: Av kdtt mpokalel apgiPoiiec, KaAbTepa va, peivel EKTOG TPOTVTOV, LULOG
KOl TO TPOTLTO Uopel Tavta vo enektafel 6To HEAAOV.

O 1peig mapomdve otdyotl Kabopilovv 6to HeYaAHTEPO TOCOGTO TOV GYEOIAGUO Kot TV
vAomoinon. H amaitnon ywo copPatdtta 001yNcE GTOV OMOKAEIGUO NG YPNONG MIOG
amANG YAdooog oevapiov, kabmg ot mpodtaypapéc g VRML 97 dev kaAvmtovtol amd v
YPNON KATO0G GLYKEKPUEVNG YAMGGOG avtng g popens. H amaitmon vy gveléia
odMynoce otV ONUIOLVPYID OPKETA YOUNAOD EMTESOV TPOSIAYPOUPDV, OVTOS DCTE VO
EMTPENMETOL 1 AUEST TPOSPOoT OTIC APOPDOGELS TOV COUATOG TOV AVOP®TOEDOVE Kol OTIC
KOPLOES TV HEADV TOV cOMTOHS Tov. H avdykn yio amAotnta 001 ynoce oty €otiocn oe

avOpwmoedn, avti va yivel mpoondfeia oe apBpTég Pryovpes e avbaipetn kivnon.

39



3.2 lepinyn

To avBpdmivo copa amotereiton and Evav aplBud pehdv (6mwg Ty 0 TGS, TO XEPL,
TO O K.4.) Ta omoia elvarl LETAED TOVG GLVOEOEUEVA e aPOPDGELS (OTTMC Y. O AYKOVOC, O
Kapmog, 0 aoTpayorog K.4.). Ilpokeiuévon pio epaproyn vo. UTOpECEL VO ELYVYDGEL £Val
avOpomoeldés, ypetdletal va amoktoel TpodsPact otic apfpdoelg Kot va pumopel va aAAACeL
11§ yovieg tovc. H epappoyn iowg emiong va mpénet va £xel mAnpogopieg yio dedopéva
OT®G T OP1aL GTNV TEPIOTPOPT TG KAOE dpOBpwong ko n pdla kdbe pEAOLS TOL GOUATOC.

Ka0e pédog touv oopartog opileton Tumkd amd Eva dtytv (mesh) ToAvydvov Kot €161
N epopuroyn iomg ypelootel vo petafdirel v Béon TV KOpuEAOV 6€ aVTO TO diYTL, N
KOO VO £YEL TANPOPOPIO. CYETIKA LLE TO TTOEG KOPLPEG Ba Tpémel var petayepilovior mg
oudoa yio Tov okomd piog Kivnong.

‘Eva apyxeio H-Anim amoteleitar and éva oet kOpPov ApBpwon (Joint node) ot
omoiot oynuatiCouv pia epapyio. Kdbe xoppfog Apbpwon pmopel vo gumepiéyet dAlovg
koppovg ApBpwon, axoua éva kopPo Méhoc (Segment node) o omoiog meprypdest 10
OVYKEKPIUEVO KOUUATL TOV COUOTOG GE GYECT LE TNV cLYKEKPIUEVN apBpwon. Kabe Méhog
umopet emiong va éxet Evav aplBud and kopPovg ®éon (Site nodes), ot omoior kabopilovv
Béoeig oyxetikéc pe 10 Méhog. Tétotot kOpPot pmopovv va ypnoiponombodv oty Tpdcsheon
POLYIGLOV KOl KOCUNUATOV eV Pmopel akdpa vo ypnoyorondel kot og axpaio onueio
™G aAvcidag (end-effectors) oe epappoyéc avdotpopng Kivnuatikng. TEAog, umopovv va
kaBopicovv Tonobecieg ontikng (eyepoints and viewpoints locations) o pio VRML oknvy.

Kdébe woéppog Mélog pmopel vo meprhapfdver okopo €vav  oplbud xouPov
Mopapopewong (displacer nodes), mov kaBopilovv moleg Kopveég Tov MELOVG avTioTOLOHV
0€ KATO10 1010UTEPO YAPOKTNPLOTIKO 1} OV AVIKOLV G€ pia opliopévn odTasn.

‘Eva H-Anim apyeio mepiéyer oaxdpo Evav  povadikd «oOpPo  AvOpwmoeldég
(Humanoid node) otov omoio amoBnkedovior oedopéva (Ge HOPPN ELOVAYVOOTN Yo
GvOpmTO) OYETIKA [LE TOV INUIOLPYO KOl LE TNV KOTOYVP®GN TVELHOTIKAOV SKoopatov. O
OLYKEKPIUEVOS KOUPOC €xel akOpo omobnkevpuéveg ovaeopes Yo OAOVG TOvg KOUPovg
ApBpwon, Mérog kot OEon Kot ypnotuedel g TEPITOAMYLO (Wrapper) Tov avOpmOToEd0VE.
EminpooBeta, mpoceépel v duvatdtNTa Yo LETOCYNUOTIONO GE ovOTEPO €mimedo (top-

level transform) yia tv tomoBétnomn tov avOpmToEB0VE 6TO TEPIPAAAOV TOV.
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3.3 OvKoppor

[Tpokepévou vo amhomomBei 1 dradikacio dnpuovpyiag evog avBpwmoedovs, moirol
véor koppotl €xovv eionynbel. Kabe évac meprypagetor and éva mpoétuvmo - PROTO. H
Bacwn viomoinomn OAwv twv KOUPwv elval moAd EekdBapn, wOTOGO TPOCPEPEL OPKETY|

eveM&io doTE GTOV LEALOV VO LTTOPOVV VOl YPNGILOTTONB0UV TT0 EEEATYLEVES TEYVIKES.

3.3.1 Koppog ApBpwon (joint node)

Kd&be apbpwon o10 copa avtimpocsonevetal and Evav koppfo Apbpwon, o omoiog
YPNOUOTOIEITOL Y10 VO OPLoTEL 1 OYEom evOg MEALOVG TOL GAOUATOC LE TOV AUECO TPOYOVO
Tov. Mia apBpwon emrpénetar pdvo va eivon mwodi vog dArov koéppov Apbpmwon M wondi
evtog tov mediov humanoidBody otv mepintoon g dpbpwong HumanoidRoot (wy. pio
apBpwon dev pmopet va givor Todi kdmwoov Mérovg).

O xouPoc ApBpwon ypnowomoteitar emiong yw vo amobnkevtodv Kot GAAEG
mAnpogopieg oxetikd pe v apBpwon. Ewdwotepa, €xer évo Ovouo pe 10 0omoio ot
EPAPUOYEG pmopoLV vo avayvopilovv kdbe kouPo ApbBpworn katd v Obpkeln NG
exktéheonc g epapuoyng (runtime). O kopPoc ApBpwon pmopetl va mepiéxel odnyieg yuo
CLOTNLOTA OVAGTPOPNG KIVNUATIKNG To. omoia eAéyyovv 10 H-Anim avOpmmogdéc. Avtég
o1 0onyieg mepthapPdvouv Ta KAt® Kot dve opro G dpBpmong, Tovg mePLopiopons Yo TovV
TPOCAVATOAIGUO TNG ApOPp®ONG, KOOMG Kot Ol TIWES Yo TV aKopyio Kot TNV avOekTikdTTd
™me.  XnNUEdVETOL OTL avTd To Opla. Oev emMPOAAOVTOL OO KOVEVOV HNYOVIGUO 7OV
dNuovpyel v oKV Kot 10 avBpoToedEs, aALd TapEyovTat Yo, AGYOUS EVIUEPMTIKOVS

Kol HOVO Ko YKETOL OTNV OO0 EPUPUOYT 0TO KoTd TG0 Oa ¥pMGILOTOUCEL QLT TV

TANpoeopia.
To mpodTLTO TG APBp®ONG eivatl KATWS £ToL:
PROTO Joint [
exposedField SFVec3f  center 000
exposedField MFNode  children []
exposedField MFFloat llimit []

exposedField SFRotation limitOrientation 0010
exposedField SFString name "
exposedField SFRotation rotation 0010
exposedField SFVec3f  scale 111
exposedField SFRotation scaleOrientation 0010
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exposedField MFFloat  stiffness [000]
exposedField SFVec3f  translation 000
exposedField MFFloat  ulimit []

A& avagopds ivar 0Tt T TEPIGGOTEPA TENIM AVTIOTOLOVV GE OVTA TOL KOOV
Metaoymuatiopov (Transformation Joint). Avtd glval £T61 €mEON 1 TLTIKY| LAOTOINGCT TOV
Joint PROTO etvau:

{
Transform {
center IS center
children IS children
rotation 1S rotation
scale 1S scale
scaleOrientation IS scaleOrientation

translation IS translation

AAlec viomomoelg givon puokd mbavég. H pdévn amaitnon sivon 6t pio dpOBpwon
TPEMEL vaL €lval KAV VoL OEXETOL TIG TOPOTAvVe €VTOAEG (events). Aonvetar glevBepn n
amoOPOoT GTOV dNUOVPYO TOL avOp®TOEWBOVG TO WS B VAoTOMGEL TOV KOUPOo ApBpwon.
[dwaitepa, pmopel va amo@acicel va xpnolomooet Eva povo diytv moAvyovev (polygonal
mesh) v va avamopactiost éva avOpomoedés, N va €xel Eva Eexmplotd LeT AEKT®OV
[Tpocdmov (Indexed Face Set) yio kdBe MéLog Tov odpatog. Xe pia téroto mepintmon, pio
GpBpwon Ba NTav VIEHOHLVN Yo VO KIVEL TIG KOPLPES TTOV OVTIGTOLYOVV GE £VOL GLYKEKPLUEVO
Mélog Tov cdpatog kol oe 6co Katdyovtal and avtd. To center exposedField divelr v
0éom tov KEVIPOL TMEPIGTPOPNC NG APHPOONC, CYETIKA LE TNV TEPLYPUPT) OAOKANPOV TOV
OOUATOG TOV aVOPOTOEWBOVS. ENUEIWTEOV OTL TO cLYKEKPIUEVO Tedio (center Field) dev
&xel oxedlootel Yo va déyetar eviorléc. Emopévac, ol Béoeig Tov kévipov tov apbpdoewny
elvar pooPaoyleg amd 10 avtiotoryo medio (Y meplocdTEPEG AEMTOUEPELES, OgiTe TNV
mopdypoo 3.4 "Movtelonoinon tov avOpmmoeldovg").

A@o¥ Aomdv o1 Bécelg TV KEVIPOV TV aplpdoEDV avapEépovTal 6To 1010 TANIG10

OCLVTETAYUEVOV, TO UNKOG €vOG omolodnmote Méhovg pmopel va mpocodlopiotel e
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vroAoylopd g omdotaong petabh tov KEVTIPOL TG ApBpwong - maTépa Kol TOL TOdL00
tov. E&aipeon amotedov ta MEAN ota dKpo TV SAKTOAOV TOV Gved Kol KAT® GKP®V,
omoTe Kol €lvan amopaitntn n xpnon g 0éong tov axpaiov onueiov TG CALGIdAG TOV
kouPBov Oéon (end effectors Site). (Yo mepiocdtepec AenTopéPEIES, OEiTE TNV TTEPLYPOPT] TOV
Kopupov Oéon).

Ta wedia ulimit won llimit tov Tpotdmov ¢ apBpwong kabopilovv Aemtopepds ta

dvo kot kaTo opta tepltotpoens. Kot ta dvo media eivan tpia otoryeio tomov MFFloats kat
TEPLEYOLY EEXWPIOTEG TIUES Yo T OpLL TEPIOTPOPNS oTovg TPeElS dEoveg X,Y ko Z. To
nedilo ulimit amoBnKevEL Ta AVEO OPLOL TOV TYLMOV TEPIGTPOPNS YOP® amd TOVG TPELG AEOVES
Kot avtiototya to medio [limit To Katw Oplo. ENUEIOTEOV OTL Ol TPOEMAEYUEVES TYLEG OVTDV
Tov medlov elvar [], mpdypa 1o omoio onuaivel 0Tt 1 ApBpwon Bewpeitar 0Tl dev Exet
KOTTO10V TTEPLOPICUO GTNV Kivion TNe.
To medio limitOrientation divel TOV TPOGOVATOAMGUO TOV TANIGIOV GULVIETAYUEVOV GTO
omoio ot TWES TV ulimit xou llimit mpénel vo epunvevtovv. To limitOrientation Teptypaeet
TOV TPOGOVOTOAMGUO TOV TOTIKOV TAOIGIOV GUVIETAYUEVOV, o€ oyéon uHe 1N 0éom tov
KEVTPOL NG GpOBpwong N omoia meptypdpeTon amd to center exposedField.

To medio stiffness, av vapyel, mepiéyel TYWEG mov kvpoaivovral amd 0.0 éog 1.0, ot
omoieg divouv odnyieg o€ €va GHOTNUA AVACTPOPNG KIVIUOTIKNG OYETIKA pe ™ "embopia”
piag apBpwong va petokivndel pe éva cuykekpiuévo Babuo elevbepiag. Mo mapaderypa, 1
dvokapyio evoc kopPov ApbBpwon umopel va ypnoomombei wg €€ng: Xe pio kivnon
oAOKANpOL TOL Ppayiova umopel vo 600el mpotepardNTa (TPOTIUNGN) OTNV Kivnon tov
Kopmoh Kol TOL oaykovo o€ oxéon pe tov opo. Emiong pmopel va eavel ypnowun
mAnpogopia akdpa kot O6tav mpokertal ywoo pio povo apbBpwon pe mwoAlovg Pabpovg
elevbepiag ommv kivnon, omdTE Kol UTOPOLME Vo opicovue OTL Kivnon oe évav
ovykekpiévo Babud erevbepiog £xel mpotepardtnta oe oxéomn pe tovg vworomovs. Oco
LEYOADTEPN €lvol M TN TOL Stiffness, TOGO TEPIGCOTEPO OVTIOTEKETOL 1| ApOpwon oe pia
kivnon otov avtictoro a&ova.

Kabe apbpwon mpéner va €xel éva medio DEF name 10 omoio vo touptdlel pe 1o
OVOLLOL TNG GLYKEKPIUEVS apBpmwong, oAl pe Eva yopoakInplotikd tpobepa. To mpdOepa
avtd pmopel va givor otdNmote, aAAd Tpémel va gival To 1d10 Yo dheg TG apOBp®OGES TOV
ovykekpipévov avBpomogdovs. To yoapakmmpiotikd avtd mpoddepa eivar ypoLo otnv
mepintwon mov ypeldletor va yivel pa ototiky] Opopoidynom (static routing) TV

apOpOGEDV Kot LITAPYOVV TOPATAVED amd £vo avOpwmoeldn oto 1010 apyeio. Edv povo éva
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avOpomoeldég sival amobnkevpévo oe éva apyelo, tote 10 TPOBepa B mpémel va eivan
"hanim_". Ta mwopaderypa, o apiotepds dpog Ba £xet dvopa "hanim 1 shoulder".

To medlo DEF name ypnGILOMTOLEITOL Y10 OTATIKY) OPOUOAOYNGY, TPAYUO TO OTO{0
ocvvnBwg cvvoéel ta medion OrientationInterpolators Tov apyeiov ToV AVOPOTOEOOVS LE TIC
apBpwceic. To medio ovTO YPMNGILOTOLEITOL Y10t TOV TPOGIOPIGUO TV aPHBPDOGEDV KaTd TNV
EKTEAEOT NG EQOPUOYNG, WOG kKol oe GAAn mepimtwon to DEF name dgv Bo Mtav
aropoitro dbécio. To medio avtd mpémel va VILAPYEL, OVTMOE MOTE Ol EPUPUOYES V.
elvar og Béom va avayvopilovv 1 dpbpwon kotd v extéleon tovc. OAa Ta vOLOTO
nedia elvat TPOaPETIKA.

Oa givar ovyvd ¥pNoYo Yo KAToov o omoiog dnpovpyel éva avOpomoeldéc va
umopetl vo mpocOétel emmAéov apBpdoelg oto copo. To coOpa 6€ (o TETOW TEPITTOON
dwtnpel 10 oyNuo. TOL Kol ivon yevikd oavapevopevo ott Bo datnpel Kot TG Pacikég
apBpmoelg ol omoieg mepryphpovrol mapokdto. Ilapodia avtd, ot Bacikég avtég apBpdoelg
Bewpodviar ®¢ éva €AAYIOTO OET, GTO OMOIO UTOPOVV VO YIVOUV TTEPOLTEP® EMEKTACELS

(BAéme mapdypago 3.5.5 Mn-npotvrmomompéveg ApBpdoeig ko MEAN).

3.3.2 Koppog Méhog (segment node)

Kabe péhog tov oopartog eivon armobnkevpévo oe vav koppo Méhog. "Evag tétotog
KOpuPog viomoteitar g kOpPog Opdda (Group node), o omoiog eumepiéyet eite Evav apOpd
armo Zynuota (Shapes) eite iowg kot kOpPovg Metaoynuatiopog (Transformation nodes) ot
omoiotl TomofeToHv To. LEAN TOV GOUATOS GE GYECN LE TO OIKO TOVE GUGTNIN CUVTETAYUEV®V

(BAéme v moapdypago 3.4 "Movtelomoinon Ttov ovOp®TOED0VS" Yo TEPIGCOTEPES

AEMTOUEPELEQ).

[Ipotumo Tunpatoc:

PROTO Segment [
field SFVec3f  bboxCenter 000
field SFVec3f  bboxSize -1-1-1

exposedField SFVec3f centerOfMass 000
exposedField MFNode  children []

exposedField SFNode  coord NULL
exposedField MFNode  displacers []
exposedField SFFloat mass 0

exposedField MFFloat momentsOfinertia [000000000]
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"

exposedField SFString name
eventln MFNode  addChildren
eventln MFNode  removeChildren

Avt6 viomoteitat Kmws £T01
{
Group {
addChildren IS addChildren
bboxCenter IS bboxCenter
bboxSize IS bboxSize
children IS children

removeChildren IS removeChildren

To dvopa mpémetl va vrdpyel, £To1 dote T0 MéLog va pmopel va avayvopiletol Kotd
TNV EKTEAECT TNG EPOPLOYNG, EVAO OAa Ta, LTOAouTa Ttedia elvar mpoapetikd. To medio mass
elval n cvvoAik| pala tov Mélovg ko to centerOfMass givon 11 B€omn Tov KEVTPOL Papovg
TOV. XNUEWMTEOV O, OTL N TN UNOEV Yoo TNV pala €ivol eVOEIKTIKN TOV OTL €V £YOVLLE
kapio tAnpogopia. To medio momentsOfinertia nepiéyel tov 3x3 mivaka mwov yopaktnpilet
mv adpdvelo Tov Mélovc.

Ta avBpomoeldn Tov PLOVIEAOTO0VVTAL G CLVEYES diYTL £YOLV Kot aVTE KOUPOLG
Méroc, mpoxelévou va amonkevcovy TAnpoeopia avd HEAog. Ze pio tétola mepintwon o
KOuPoc Méroc dev mepi€yel amapoitnTo Kdmowo yewuerpio, mwopdtt Oo mpémer va
eEaxorovBel va givar moudi evog kopfov Apbpwon).

Mo tppota mov €govv mapapopemcipo diytva (deformable meshes), 1o medio
coord Bo mpémer va mepiEyel €vov kouPo  Xvvretayuévn (Coordinate node) mov
ypnotpomoteitoan oto IndexedFaceSet yio to Méloc. O kopPog Xvvretaypévn o mtpénet va

éxel 1o 1010 6vopa pe 1o DEF name tov Méhovg, pe emmAéov kotaAnén '

"skull coords").

_coords" (my.
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3.3.3 Koppog Ofon (site node)

"Evog kopPog @éomn e&unnpetet tpeig oxonovg: O mpdtog eivan va kabopicel T Béon
evoc axpaiov onpeiov g alvcidag (end-effectors), n omoia pmopel va ypnoponomei and
éva cvotnua avdotpoeng kvnuatikig. O devtepog eivar o kabopiopdg evog ornpeiov
EMOPNG Yo E0PTAHOTA OTTOC KOSUNATO Kot povya. O tpitog oxomdc eivor o Kaboptopdg
plog 0éong yo pio elovikn KAUEPO GE €va TAAICIO avagopdg evog Mélovg (Omme pia
ontikn "péoo omd ta pdte” yio Eva avOpomosdég Yo xpron o€ KOGUOVLS HE TOAAOVG
y¥pNoteg - multi user world).

Ot k6pupor Oéon amobnkedovioar péca oto medio exposedField tov TOd100 TOL
kopuBov Mérog.  Ta media rotation wou tranmslation opiloov v 0éomn ko TOV
TPOCAVATOAICUO €VOG akpaiov onpeiov tng oivoidag tov Méhog. To medio children
YPNOEVEL Yot Vo amobnkevovior O6molo e€apPTNHOTO TOV UTOpPoVV va TPooTteBohv GTO
Méhoc.

To IIpotvmo Tov KOUPoL Béon elval KATwS £TGL:
PROTO Site [

exposedField SFVec3f center 000

exposedField MFNode  children []

exposedField SFString name "
exposedField SFRotation rotation 0010
exposedField SFVec3f scale 111
exposedField SFRotation scaleOrientation 00 1 0
exposedField SFVec3f translation 000
eventln MFNode  addChildren
eventln MFNode  removeChildren

Mia tomikt| vAomoinon eivou:
{
Transform {
addChildren IS addChildren
center 1S center
children IS children
removeChildren IS removeChildren

rotation 1S rotation
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scale IS scale
scaleOrientation IS scaleOrientation

translation IS translation

To medlo name mpénel om®OINTOTE VO LILAPYEL, Yo Vo, pmopel o KOuPog Oéomn va
avayvopiletor kotd TV eKTELEST TG OTOG EPOPLOYNG, EVO OAO Ta. VITOAOUTO TEdi Elvor
TPOOLPETIKAL.

Edv ypnoyomoteitarl wg axpaio onueio aAvcidag, 10te 0 kKOUPog Oéon Ba mpémet va
éxel éva Ovopa 1o omoio amoteAeiton amd TO Ovopa Tov MéEhovg ot1o omoio eivan
TPOGOPTNUEVO cuv TNV kKatdAnén " tip". T mopddetypa, éva akpaio onueio aivcidag
otov KOpuPo ®@éon tov deiktn Tov 6e&lov yeplov Ba elye dvoua "r index distal tip" kot o
kOoppog ®éomn Ba MTov modi tov Mérovg "r index distal".  Ov kouPor ®éon mov
ypnoporoovvtal yia va kabopicovv v B€on g kauepag Ba mpémel va Exovv dvouo pe

n

kataAnén " view". KopPor Oéon mov dev eivan ovte axpaio onueio. aAvcidag ovte
VTOONA®VOLV TNV B€om TG KAUEPUS TPETEL VO £XOVV Ovopa pe KotdAnén " pt", evd t€Aog
Kopupor @éon mov amattovviol omd pio pappoyn oAAd dev opiloviol 6TIC GUYKEKPIUEVESG
TPodlypapég Ba mpémetl va Exovv mpdOepa "x_".

O1 ko6pPor ®éon ta omoia mpoOKeLTAL VO YpNnoipomonBovy wg onueio emoeng yio
Kopupo ontikng yoviog (Viewpoint node), 0nmg wy. 10 9e€16 kot 10 aplotepd pdrtt, Bo mpémet
va givatl €161 TPOGAVOTOMGUEVO MGTE VO, avTIKPiLovV TV KatedBuven mov BEAovue va €xel
N kauepa. Me dAha AOylo, ETGLVATTOVTOG TO TapakdTm onueio ontikng (Viewpoint) otov
KOuPBo Oéon ot1o aplotepd pdtt B £xel oG omotédlecpo pio OMTIKA ¢ av NTOV omd TO
ap1oTEPS LATL TOL OVOPOTOEOVG:
Viewpoint {

position 0 0 0

Inuewwtéov 01t M mpokabopiopévny tun givar {0 0 10} kor o mpokaBopiopévog
npocavatoAlopdg {0 0 1 0}, mpdyua 10 omoio Katadewkvoel OtL yperdleTon 1dtaitepn

TPOGoYN MG Kot aAAGCOVUE TIC TIUEG OVTEG.
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3.3.4 Koppog IMapapopewon (displacer node)

Opilopéveg epapproyéc iomg ypelootel vo petafdiilovy to oynuo evoc Mélovg. Xto
Mo Pookd emimedo, ovTO emTLYYAVETOL HE OAAOYn O©TO TWedlo point TOL KOUPOL
Yvvietaypévn to omoio Ppioketar 610 medio coord tov kKOuPov MéElog. Xe oplopéveg
MEPUTTAOGEIS, N €QAPUOYN 1owg ypelaotel vor avayvopilel CLYKEKPEVES OUAdES Ao
KOPLOES evtOg evog Médovg. Ta mapddetypo, n epappoyn iomg ypelaotel va yvopilel moteg
KopLeég Tov Mélovug ‘skull’ amotedovv To apiotepd EpLdt. Towg akdpa Vo AraTovVTOL Kot
odnyieg Ommwg M KoatevBvvon oty omoio mPEmEL vo. KiwnBovv ot kopuPég.  Avth m
mAnpogopia amodnkevetor oe €vav KOUPo mov ovopaleton koupog Iapapdpemon. Ot
kouPor Tapapdpewon oo éva Méhog eivar amobnkevpévor oto medio displacers tov

Mélovc.

To IIpotumo evog kopuPov Iapapdpewon eivor Kémwg £Tot:
PROTO Displacer [
exposedField MFInt32 coordIndex [ ]
exposedField MFVec3f displacements [ ]

nn

exposedField SFString name

To medlo name mapéyet to 6vopo tov kOpPov Iopapdpewon, pe 1o omoio eivan
YVOGTO 6NV €QApPLOYY Kot umopel va kKAnOel katd tnv didpkela tng ektédeong me. Omnmg
Kol Pe To Tponyovueva €i0n KOUP®V, £To1 Ko €d®, LOVO To TEdio name givor amapaitnto va
vrdpyel. To medio coordIndex mepiéyel ToVG OElKTEG EVIOC TOL TMIVOKO CUVIETAYUEVOV TOV
Kopuedv TV MéEAovg ot omoieg emmpedlovror amd tov kOuPo IMapopdpewon. o
TOPAOETYLLOL:

Displacer {
coordIndex [ 7, 12, 21, 18]

name "l_eyebrow feature"

To moapandve evvoel 6Tt o1 Kopveég 7, 12, 21 ko 18 tov Méhovg oynuatilovv to
apiotepd epodt. To medio displacements, av vrapyel, mapéyel £va oet omd 3A TpéG ot
omoieg mpémel va TPooTeBOLV G aVTEG TOV TTEdiov coordIndex Tov Mélovg mov avagépovtal
oV 0vdéTePN N o€ Npepia BEom Kabe KopveNc. AVLTEG Ot TIHEG avTioTolyobV i Tpog pio

HE OVTEC TOV Tivoaka cvvtetoyuévov coordIndex. Tig Tyéc owtéc pmopel 1 epoapuoym
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erevBepa va TIg KAMpoKkovel (scaling) copuemva pe TG avaykeg mpv TIg TPOGHECEL GE QVTEG
nov kaBopilovv Tig oVdETEPES BEGELS TV KopLE®V. [l Tapddstypa:
Displacer {

coordIndex [ 7, 12, 21, 18]

displacements [ 0 0.0025 0, 0 0.005 0, 0 0.0025 0, 0 0.001 0]

name "l_eyebrow raiser_action”

Ed® avaonkdvovtor o€ katakOpuen o1edbvvon ol TEGCEPLS KOPLEEG OV
oynuatiCouv to apiotepd epvdl. H kopven vovpepo 7 Bo amewkoviotel 2,5 yilootd
TOPOATAV® KATA TNV Katakdpuen oevbvvon (katd tov dEova Y), 1 kopven vovpepo 12 Ha
ATEIKOVIOTEL 5 YIMOGTA Tapamdve, 1 kopven 21 2,5 yIMooTd To Tave Kot TEAOS 1| KOPLOT
18 puohg 1 ytmootd. H exdotote epappoyn duvatal vo eMAEEEL VUL KOVOVIKOTOMGEL OVTEG
TIG LETOKIVIGELS.

O «6upoc IMoapopopewon pmopel vo ypnoipomomndel pe TPES OSOPOPETIKOVS
tpémovg.  Xto mo Pookd Tov emimedo, pmopel amAd va ypnowomomBel vy TOV
TPOGOOPICUO TV KOPLO®V TOL OVTIGTOLYOVV OE €Vo WTEPO YOPOKTNPIOTIKO TOV
Mélovg, to omoio 1 epapproyn Umopel vo xeplotel ev puépel aveEdptnra. Xe €vo ETOUEVO
emimedo, pmopel va xpnoipomoindel yio vo ovomoploTd o CLYKEKPILEVT LLIKY EVEPYELQ, M
omoio amekovilel TIg KOPLEEG 6e d1aPopes KaTeLOVVOELS (YpauuKd 1 okTvikd). O tpitog
TpOTOG pe Tov omoio pmopel va ypnowpomondel o koépupog Iapapdpemon eivor yia vo
AVOTOPUCGTHGEL Pio OAOKANPOUEVT d1dTaEN TV KOpLEOV oe éva Mérog. o mapdderypa,
oTNV TEPITTMOT TOV TPOSMOTOV, Umopel vo vdpyel Evoc kKoppog Tapapodpemwon yio kdbe
EKOPOGT TOV TPOGAOTOV.

Ov xéupor  IMopopdpemon 7oLV  ¥PNOWOTOOVVIOL YL VO Tpocdlopilovv
YOPOKTNPIOTIKA Taipvouv o©T1o0 Ovopd tovg tnv katdinén " feature". Ouv wkouPot
[opapdpPmaon mov ¥PNGIULOTOIOVVTOL Y10 VO LETAKIVOUV £VOL YOPAKTNPLOTIKO Taipvouy TV

n

KatdAnén " action" cuvnBwg pe v emmpdcOeTn TPO-KATAANEN TOL KATUOEIKVVEL TO 100G

™G xivnong (my. "1 _eyebrow raiser action"). Ot kéupot I[Hapapdppwon mov aviictoryoHv

o€ po cvykekpipévn dataén Kopueav opsilovy va €xovv v kotdAnén " config" oto
OVOUd TovC.

nuelwtéov 0tL evod ot kopPot Tapapdpemon ypnoiporotovvror cuvibwg yo Tov
ELEYXO TOVL CYNUOTOS TOV TPOCMOITOVL, UTOPOVV EMIONG Vo XpNoomombodyv Kot yio AL

pépn tov copatog. Mo mapddetypa, pe KatdAAnio €leyxo oto oyfua Tov Mélovg tov
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Bpayiova pmopel va eéopowwbel n kivnon tov podv tov Ppayiova kabdg o Ppoyiovag

Ayilet.

3.3.5 Koppog AvOpmmocioég (humanoid node)

O xéuPoc AvBpwmoeldég ypnoluomoleitar ywuo tnv omobniKevon dedouévav, o€
ELOVAYVMOOTN HOPPN Yo TOV AvOpmTo, pe TANPOQEOpio. GYETIKA He TOV ONMovpyod, yio
KOTOYVPMOT] TVELUATIKAOV OIKOIOUATOV, KOODG Kot Yyl omofnKevuon ovopopdv o€
apBpwoeig, MéAn ko Ontikég. Emiong e&ummpetel kot g mepttdMypa yio oAOKANPO 1O
avOpomoedés. TéLoc mapéyel évav PoAkd TpOTO peTOKiVIONG TOV VOPOTOEOOVG HECH
010 ePPAAAOV TOV.

To [Ipotvmo giva:

PROTO Humanoid [
field SFVec3f bboxCenter 000
field SFVec3f bboxSize -1-1-1
exposedField SFVec3f center 000
exposedField MFNode humanoidBody []
exposedField MFString info []
exposedField MFNode joints []
exposedField SFString name "
exposedField SFRotation rotation 0010
exposedField SFVec3f scale 111
exposedField SFRotation scaleOrientation 0010
exposedField MFNode segments []
exposedField MFNode sites []
exposedField SFVec3f translation 000
exposedField SFString version "1.1"
exposedField MFNode viewpoints []

]

O x6ppog suvnBmg vioroteiton wg €ENG:

{

Transform {
bboxCenter IS bboxCenter
bboxSize IS bboxSize
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center 1S center
rotation 1S rotation
scale 1S scale
scaleOrientation IS scaleOrientation
translation IS translation
children [
Group {
children IS viewpoints
/
Group {
children IS humanoidBody

/
/
/
/

Onwg kot oe OAa Ta Tponyovueva €10m KOUPwv, €161 Kot €d® 10 TEdi0 name mOL
npoocdtopilel To dvoua etvar to pdvo medio mov givan amapaitmro. O kOuPog AvOpwmoeldég
YPNOUEVEL Y10 TV TOTOOETNOT TOL GTOV YDPO. EMUEIOTEOV, OTL 1) dpOBpwon HumanoidRoot
YPNOUEVEL GLVINOME Yo VO ELYVYDVEL TO AVOPOTOEDEG EVIOS TOV TOTIKOV GLGTHUOTOG
CUVTETAYUEV®V, KIVIOELG OTI®G Y. TO TepmATna Kot To Thonpo. [T cvykekpipéva, oto
TEPTATNLLOL 1] GVVOALKN KivNoT TOL 6MOUATOG EMNpealel TV dpBpwon HumanoidRoot, evd n
péon euBuypapun kivinon péoa ot oknvi ennpealel tov koppo Avlpomocdés. To medio
humanoidBody nepiéyel tov kOuPo HumanoidRoot.

To medlo version omoBnkevel v £€kd00N TOV TPOSIAYPUPDV OTIS OMOIEC TO
OLYKEKPIUEVO avOpmToeldég vrrakovel. To medio info amoteAeiton and €vav mivoko omd
aAQoPIOUNTIKY GEPA YopakTpwv (strings), kdOe éva amd to omoio &ivor tov THTOVL
"etucéta = " ("tag = value"). Qg onuepa £xovv 0PIOTEL O1 TOPAKAT® ETIKETES (tags):
authorName
authorEmail
copyright
creationDate
usageRestrictions

humanoidVersion
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age
gender (typically "male" or "female")

height

weight

Emumiéov (evydpra "etikétog = Tiung" pmopodv va cupmeptinefovv Kot 10 doKovHV.
H etxéta humanoidVersion avogépetol otnv €K0oon TNV Omoio YPNOUYOTOlEl TO
avOpOTOEDEG, TPOKELUEVOD Vo evtomilovTat o1 aAlayEC oTa dedopéva. Aegv glval To 1010 pe
to medilo field otov kOUPo AvOpOTOEOES, TO OMOI0 AVAPEPETAL OTIC TPOSLYPAPES TOV
YPNOLOTOmONKOV KAt TNV dnpovpyio Tov avlpomogdovc.

To medio joints mepiéyetl avapopés yio kébe évav and toug kOpPovg ApbBpwon tov
oopatog. Kdébe pio and avtég 11¢ apbpaoceic npénetl va eivar kOpPfor tomov ApBpwon. H
oEPa e TNV omoia apatiBevtal etvar adldeopr, LG Kot To OVOLATO TOV apdpdcemvy eival
amoOnkevpéva. IMapdpola, 10 medio segments £xel ava@oOpPEG Yo OAOVS TOVG KOUPOLG
MéLog Tov GOUATOG, TO TEdI0 viewpoints €l avVaPOPES Yo OAOLG TOLG KOUPovg OmTiKN-
yovia (Viewpoint) Kot téA0G 10 edio sites yio Toug kOpPove @éon.

O xopPoc AvBpomoeidéc Ba mpémet va xel v ovoposio "Humanoid", £161 wote va
dtevkoAvveTan 1 TpocPacn kotd v xpnon EEmtepikdv Aemapmv Xvyypaeng (External

Authoring Interface).

3.4 Movtelomoinomn Tov AvOpmmoEld00g

To avBpomoeidég npénel va poviehomombei oe Opba otdor, kortdloviog otnv
KatevBvvon +Z kot pe v kotevbovon +Y mpog ta mhve kot v +X Tpog o apltoTEPE TOV
avBpomoewwovs. H agpempia (0,0,0) Ba mpéner va Ppioketar 6to emMimedo TOL £6QPOVLE
avapeca amd o Tod Tov avOpmmoedovs. Ta mélpata tpénetl va eivar opldvtio o€ oyéon
HE To £00pog Kol va, epantovion oto eninedo Y=0. Ot Bpoayioveg mpémetl va etvar teviopévor
Kol TAPAAANAOL GTO TAELPE TOV CAOUATOG UE TIG TOAGUES TOV XEPLDOV VA avTIKPILovV TPOg
0 péoa mpog tovg unpovs. Ta yépro mpémer va eivon emimeda, pe TOVg AEOVES TMV
apBpacewv "1" €wg kot "3" twv daxTOA®V va givar mapdAiniol otov Y-aEova Kot Tov
a&ova tov avtiyepa oe yovio 45 popdv mpog v katevbuvon +Z. Enueiwtéov, OTL TO
OUGTNWO GUVTIETAYUEVOV Yo KABE dpBpwon Tov avtiyelpa givol TPOGAVOTOMGUEVO Yo VO
etvat evOLYPAUGHEVO pE AVTO OAGKAT POV TOV AVOPOTOEB0VC.

H xivnon g apBpwong "0" twv doktddmv eivar cuviBmg moAD TEPLOPIoUEVT Kot M

dvokapyio avtov Tov opbpdoemv mowkilel amd dakTVAO ot OdktvAo. IlepiocdTepeg

52



Aemtopépeleg yuoo TNV Oldtaln, ToV TPOSavatoMopd Kot v kivnon tov "0" apBpdoewv
UIopovv vo. avaktnovv and Piiia avotopiog.

To npoécwmO poviedomoleiton e Ta PPV GE AVATOVGT, TO OTOUO KAEGTO Kol To
pdti opBdvoryta. To avOpmoeldég TPEMEL va OTIAYVETAL e KOTEVOLVTNPLO OKEYT TIC
TPOYUATIKEG ovOpdTIveEG avaroyieg, Yoo mapaderypo to Vyog tov Ba mpémer va eivon
yovipikd 1,75 pétpa.

[Moapaxdto aneucoviCovior 1 apyikn oTdor Vo avOpmOTOEd0VG:

oy. 3.1 Hopadetyuozo avOpwmoeldmv aTtnv opyiKl ToVS aToon]

Ye aut TV 0éom, OAeg ot Yywvieg Twv apBpdoewv elvar undév. Me dAia Aoy, OAa
ta. tedia rotation oe OAOVG TOVG KOUPOLG ApBpwon £xovv TIG TPOKAOOPIGUEVES TILEG TOVG
(0,0,1,0). Axopa ta media translation €xovv T1¢ Tpokabopiopéveg TnéC tovg (0,0,0) ko o
napdyovtag kAipokag (scale factor) €xet emiong tnv mpoxaBopiopévn tyun (1,1,1). To pévo
nedio To omolo dev mpémel va €yl TV TPokaBOPIGUEVT T TOL €lval TO center, OV
ypnopomotleitan yio vo kKabopicel to onueio yopw and 1o omoio n apbpwon (kKo 6Aot ot
KOuPot - moudd g av vmdpyovv) Ba mepiotpépovtal. Me TG TPOKAOOPIGUEVES TIUES
petdBeong, TepoTPoPNg Kot peyébuvong oe 6AoVS Tovg KOUPovg ApBpwon TPETEL TO GO
Vo enavatomobeTeiTol 6TV apylkn oTAoT oL TEPLYPAPTNKE Topandvew. To medio center
K&Oe dpOBpwonc mpémel va £yl TéTOlM TN OOTE 1 APOp®ON va TePIoTPEPETAL e TPOTO 1d10
He TV avtiotolym apbpmon evoc mpaypatikoh ovOpmmov.

To mapokdt® dSidypappo dSelyvel TOV TPOGAVUTOMSHSO Tov Yepov. Ot otavpoi 610
oyNUa Oeiyvouv KAmolo TPOTEWVOUEVA GNUEID Y10 TO KEVIPO TOV aPOPDOCEDV Kol TOV AKP®V

TOV OO TOA®V:
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ay. 3.2 Midypoyua tov yepiov. Eivour onueiwuéva xai to anueio aplpwons twv 0oaxtoimy

[Ipoteivetan, oAAG Oev oamatteiton, OTL OA0L TOL TUNUOTO TOV GOUATOS VO
Kataokevalovtal €€ apyng oty TeMKN Tovg Béorn. AnAadn dev Oa amorteitol peTakivnon,
00T TEPLOTPOPN, OVTE PEYEOLVOT TPOKEUEVOL VO EVEOBODV LE T YEITOVIKG TOVG TUNUOTO.
IMa mapaderypa, to ¥épt Bo mpémel va eTidyveTon £T01 MOTE va glval 6t oot Béom og
oxéom e TOV TYT Kol 0 TYNG LE TNV GEPA TOL £T0L MOTE va. Eivol 6T oot BEon pe 1o
umpdroo Kot ovt® kabeEng. OAeg ol cLVTETAYUEVES TOV GMOUATOG HOPALOVTOL (it KOIVY|
apemnpia,  omoia ival o 1610 10 avBpomocdés. Edv avtd dnuovpyet duokorieg Kotd tnv
KATOOKELT TOV avOpOTOed0ove, elval amodekTn N xpnon evog koupov Metaoynuatiopog
péoa oe kKaBe MéElog, 1 axoOun kol OPKETOV, TPOKEWEVOL Vo LIOPEEL emTvuyio oTNV
yYe®UETPia KoL TNV TOMOBETNON TOV CLYKEKPIUEVOL Médovg. Enueimtéov OTL, T0 GVGTN L
CLVTETAYUEVOV NG KAOE ApBpwong eival TposavaTolMopévo yio va givat evbuypapliicpévo

HE VTO OAOKANPOL TOL AVOPMOTOEIBOVG.

3.5 Iepapyio Tov ApOpaocewv
To copa elvar Tomkd @tioypévo cav pio oelpd amd evlviakopéves ApBpaoels,

KkéOe pia ek TV omoiwv dvvatal va £xetl Eva Mélog cuvdedepévo pali e, o mapaderypa:
DEF hanim_1_shoulder Joint { name "l_shoulder”

center 0.167 1.36 -0.0518
children [
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DEF hanim_1_elbow Joint { name "l _elbow"
center 0.196 1.07 -0.0518
children [
DEF hanim_1 wrist Joint { name "l _wrist"
center 0.213 0.811 -0.0338
children [
DEF hanim_1 _hand Segment { name "l _hand"

/
/
/

DEF hanim_1 forearm Segment { name "l _forearm"

/
/
/

DEF hanim_I_upperarm Segment { name "l _upperarm"

Agtypoto and avOpomocdn pe cwotn doun eivon dtubécipa amd v 16ToceAd TG

H-Anim (http://H-Anim.org/).

3.5.1 To copa

Ta ovopota tov kOpPov ApbBpmon yoo T0 copa mopatifevior oTov TOPAKAT®

nivoko:
1 hip 1 knee 1 ankle |1 subtalar | midtarsal 1 metatarsal
r_hip r_knee r ankle |r subtalar r midtarsal r metatarsal

55


http://h-anim.org/

vl15 vl4 v13 v12 vll

vt12 vtll vt10 vt9 vt8 vt7
vto vt5 vt4 vt3 vt2 vtl
ve7 vco veS vcd ve3 ve2 vel

1 sternoclavicular || acromioclavicular I shoulder |l elbow |1 wrist
r_sternoclavicular r acromioclavicular r shoulder r elbow |r wrist

HumanoidRoot |sacroiliac (pelvis) skullbase

O xoppot ApBpwon vi5 ko sacroiliac gtvan moudid g HumanoidRoot. H HumanoidRoot
elvar amoOnkevpévn oto medio humanoidBody tov koppov AvOpwmoeldég, aArd GAol ot
vroromol koot ApBpwon Katdyovio gite amd tov vi5 gite and tov sacroiliac. Av avtoi
Aeimovv, 10TE yiveTon kot younAotTepoL emmédov kOuPor va eivor amevbeiog moudid tov

HumanoidRoot.

3.5.2 Ta yépra

Ta xépo, av eivanr mwopdvra, opeilovv va akorovBoldv Tig €€ng ovuPdoelg yia to

6vopa TV SOKTOA®Y TOVG:

| pinky0 |l pinkyl |1 pinky2 |1 pinky3 |1 ring0 |1 ringl |1 ring2 |1 ring3
1 middle0 1 middlel I middle2 I middle3 I index0 1 index1 1 index2 | index3
| thumbl |1 thumb2 |1 thumb3

r pinky0 r pinkyl |r pinky2 |r pinky3 |r ring0 |r ringl |r ring2 r ring3
r_middle0 r middlel r middle2 r middle3 r_indexO r_index1 [r_index2 [r_index3

r_thumbl r thumb2 |r thumb3

3.5.3 To tpécmmo

[ToAAEC VAOTOMGELS AVOPOTOEODV EYOVV KAVEL YPNION OPIGUEVOV OLOSOTOUEVOV
JOUADV TOV TPOCHTOV Y10, VO UTOPECOVY VO EEOUOLDGOVY EKPPACELS TOV.  AVTEC eivan

OTOTEAECUATIKEG UEXPLS EVOG Ooplov, OT®G Y. Eva avdpeikedlo gyyaotpipvbov (ventriloquist
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dummy). Ta mopakdto givor €va Bacikd cet apfpdoemv Kot TUNUATOV ToL Voot PilovV
TETOL0L €100VG LYY ®OT TOL Tpos®Tov. H katdAnén " joint" ypnoylomoteitol €06 emedn
OTNV TPAYHATIKOTNTO TO TEPICGOTEPA OO TETOLN YOPOKTNPIOTIKG EAEYYOVTOL OO UVTKES
opdoeg avti amd Tpayunotikeég apbpmoels, pe e€aipeon v apbpwon temporomandibular. H
KatdAnén " joint" mapéyetl pia drapopomoinomn peta&h Tov ovopatog g dpbpmaong Kot Tov
OVOLOTOG TOV OVTIGTOL(OL HEAOLG,.

Oleg o1 apBpiroeic Tov Tpoocdmov sivar modld g ApBpwong skullbase. To kévipo
TMEPIGTPOPNC TOV UATIOV KOl TOV PAEPAPOL €ivol TO YEMUETPIKO KEVTPO TOL PoABod Tov
00BoApnov. To kévipo meploTpoP|g ToL PAEPEPOL €lval TPOKAOOPIGUEVO GTNV TIUY UNOEV
Kot pio TeploTpon kotd +1 rad £xel og amotédeso 10 TANPEG KAeloo Tov PAepdpov. Ta
QPUALL £YOLV Kol QLT TPOKAOOPICUEVT TIUN UNOEV Ko UTOPOVV VO TEPIGTPAPOVY YOP®
amd 1o péso tovg. To otoua givor KAe1oTo Otav M ApBpwon temporomandibular givol oTig

undév poipe.

1 eyeball joint r_eyeball joint
1 eyebrow joint |r eyebrow joint
1 eyelid joint r_eyelid joint

temporomandibular

Eivar duvatd va amaitobvron emmAéov apbpmoels yuo 1o tpdécmno (BAEne v mapdypopo
3.5.5 "Mn-npotvmomomuéveg ApBpmoelg kot Tunudta"). Zvviotdtor autég ol emmAov
apOpOCEIC VO TOVTOTOOVVTOL TO SLVOTOTEPO SLVATOV KO VO YPNGLLOTOIOVVTAL Y10, TNV

KOTAGKELT] OA®V TOV avOPOTOEODV TOV TPOYPAULATOG.

3.54 Iepapyia

H mnpng ko ohokAnpopévn epapyio etvon 1 e&ng, pe to ovopata twv Meilmv va
avaypaeovtot dimha oTic apBpdoELg Le TIG 0moieg GuVOEoVTaL:
HumanoidRoot : sacrum
sacroiliac : pelvis
| 1 hip:1 thigh
| 1 knee:1 calf
| 1 ankle : 1 hindfoot
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| | subtalar : | midproximal
| | midtarsal : | middistal
| 1 metatarsal : 1 forefoot
| r hip:r thigh
| 1 knee:r calf
|  r_ankle:r hindfoot
| r_subtalar : r midproximal
| r_midtarsal : r middistal
| r_metatarsal : r_forefoot
vls @15
vl4 : 14
vi3 13
vi2 ;12
vil 11
vtl12 :t12
vtll :tll
vt10 :t10
vt9 : 19
vt8 : t8
vt7 : t7
vt6 : t6
vtS @ t5
vt4 : t4
vt3 : {3
vt2 : 2
vtl :tl
vcT:c7
| veb : c6
| ve5:c5
| vcd :c4
ve3 :c3
ve2 :c2
vel :cl

skullbase : skull
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|
|
|
|
|
|
|
L

1 eyelid joint: 1 eyelid
r_eyelid joint: r_eyelid

1 eyeball joint:1 eyeball
r_eyeball joint:r eyeball

1 eyebrow joint : 1 eyebrow
r_eyebrow joint : r_eyebrow

temporomandibular : jaw

sternoclavicular : 1 clavicle

| I acromioclavicular : 1 scapula

| 1 shoulder : 1 upperarm

1 elbow : 1 forearm

1 wrist : 1 hand
1 thumbl : 1 thumb metacarpal
1 thumb2 : 1 thumb proximal
1 thumb3 : 1 thumb distal
1 index0 : 1 index metacarpal
| index1 : 1 index proximal

| index2 :1 index middle

1 index3 : 1 index distal
1 middle0 : 1 middle metacarpal
1 middlel : 1 middle proximal
1 middle2 : 1 middle middle
1 middle3 : 1 middle distal
1 ring0 : 1 ring metacarpal
1 ringl : 1 ring proximal
1 ring2 1 ring middle
1 ring3 : 1 ring_distal
1 pinkyO : 1 pinky metacarpal
1 pinkyl : 1 pinky proximal
1 pinky2 : 1 pinky middle
1 pinky3 :1 pinky distal

r_sternoclavicular : r_clavicle

r_acromioclavicular : r_scapula
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r_shoulder : r_upperarm
r_elbow : r_forearm
r wrist : r_hand
r_thumbl : r thumb metacarpal
r_thumb2 : r thumb_ proximal
r_thumb3 : r thumb_distal
r_index0 : r index metacarpal
r_index1 : r index proximal
r_index2 : r index middle
r_index3 : r index_ distal
r middle0 : r middle metacarpal
r middlel : r middle proximal
r_middle2 : r middle middle
r_middle3 : r middle distal
r ring0 : r ring metacarpal
r ringl : r ring proximal
r ring2 : r ring middle
r_ring3 : r ring distal
r pinkyO : r pinky metacarpal
r_pinkyl : r pinky proximal
r_pinky2 : r_pinky middle
r_pinky3 : r pinky distal

O 6pog proximal onpaivel 1o Kovtivotepo MéELog kat o 6pog distal 10 mO ATOUAKPVOUEVO
Méhoc.
Ot apBparoetg [ sternoclavicular xou r_sternoclavicular givon modid tov vl kol adépeio
TOV v
H apBpwon scullbase eivor ovslaotikd n apBpwon "atlanto-occipital”.
To apiotepd ko de€10 petatapoto (metatarsals) eivor ovolaoTikd 10 aplotepr| kol 0e&id
apOpwon "tarsometatarsal".

To Owdypappo g enduevng oeiidag amewkovifer xoboapd TV TopOTAVED

meptypageica tepapyio:
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vl ™) N |_eye|id_jginE@\—
[
L () |_evebdl_joint |_eveball
c3
™ ves (Y 4 jaw
§ ved () tem porom andibular
I R ) € jaw_tip [chin]
ch
skull
vee () ® skullbase Y
ve? () c7 53'3"
3 Simple Facial Objects
AR
vil o' s
w2
- ] \
vES
= N
vt (5] &r
% vis (3]
g viE
= E7 ‘@{é
&7
v A kS |_thum bl
= *
via () o | _thum b2 |_iF) metacarpal
|_thumb3 £ '
wil o) - 3 o
x k1 ’) |_{F) prasimal
wtll
12 A |_{F) middle
okl (—) I
i —i > |_{F) distal
5 5 - | () distal_tip
_r_éu w2 : 3 i b _HiF
3 ‘\."|3 -
= 14 : =
o= : H-ANIM 1.1
I5 |_thum b_m etac arpal . R
vis _,H | _thumb_proxim al Joints Segments Sites
o t sacrum |_thum b_distal O Soint
2 L) Delvis &8 |_thumb_diskal _tip
B A o« Spinal Joint Recommended
o a o L by Spec
Q(‘@ 6& 5 Typical Minimal Humanoid
£ 7 ) Joints
I_knee ‘?ﬁ. ¥ Indicates Children of Joint
e &}'-é@;:;:& R . Segment +Examp|e Sites *
: o [
\? ss‘ @ &é‘ ';r,-\':\'{k Objects with names beginning with
I_ankle {zg) & & \k & I_have a corresponding object with
— R o - - -
c [ ‘E a name starting with r_ (left,/ right).
@3:5 %\ r-? * Indicates Items Added in 1.1
Q}ﬁ S@{g <P Created to suppat desigrers wsing irformation inthe
RS q@@ H-Enirn Specificati om, Bt fece uwaterloo.ca foh-arim
A - Chart by 1, Bric Mason and Werarica Poo, VR Telecom, Inc.

oy. 3.3 Iepopyio twv opOpwoewv
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3.5.5 Mn-npotvmomompéveg ApOpacerg ko Mé

Mmnopovv va. opiotodv emmAéov ApBpmoelg kot MéEAn tov copatog.  Ymapyovv
uovo tpeig mpovmobécels. H mpd givan 6t1 o1 apBpdoelg Tpémel va avaypapovIol GTovG
TOPOTAVE® TIVOKES KOL VO YPNCLOTOI00V TNV TTpokabopicuévn ovopatoroyio. H devtepn
npovimdOeon eivor Ot dev emutpémovton véeg apbBpmoelg evdlduecso ¢ "aivoidag" TV
mpotuTonoMUEVEV apbpocewv. o mapdaderypa, dev pumopet va mpootebel Evag emmAiéov
aykovoag otov Ppayiova.  Tivetor, Oupwg, va mpooteBodv oto  avOpomoedés véa
npocapTHoTe (Omwg poAid, viylo K.6.) pe Tpdmo T€T010, AGTE Vo SNUOVPYOVVTOL VEEG
apOpOGEIC TOdId TOV TPONYOLUEV®V. AVTEG Ol N TPOTLTOTOINUEVESG OPOHPDOGELS HTOPOVLV
va givol Tondd mpotuomomueEvey 1 un apbpocewv. H tpitn mpodmdbeon eivar 6TL ovTEG
ol apBpdoelg mpémel va. Tpootifeviol KOTA TETOW0 TPOTMO MOTE vo. Pnv eumodilovv 1
aALalovv og Kapio TEPImTOoT TV KivoT TOV TPOTLIOTOUEVOV 0pBpdCE®MVY, OKOUO Kot
av Oev mpoPAémeTon 1 OEV LTWAPYXEL M SVVATOTNTO YO KATOWOL €100Vg EUYHYMOT).
Epyvyooeg yio 11¢ mpotvmomompéveg apbpwoelg o mpémel vo givan aveEdptnteg amd
omolodNmOTE EUYOY®ON Hog U TpoTumomolévng dpbpwong (| madidv ™). Akduo to
CLUGTHUOTO  AVTICTPOPNG KWWNUATIKAG Bo  pmopodv vo  AoBaivouv vadyn TG un
TPOTLITOTOMUEVEG APOPDGEIS KATO TOVS VTOAOYIGHOVE, YWpiG avtd va onuaivel otL givor
KOl VTOYPEDUEVD, Y10, QVTO.

¥70 OVOUO TOV PN TPOTLTOTOMUEVOV apBpdoewv Tpénel va divetar to TpodBepa
"x_" (my. hanim_x_pigtails) yia va doakpivovior amd GAAES TPOTLTOTOMUEVES OPOPDOCELS

OV 1oWG £0VV TOPOUOLO0 GVOLLQL.

3.6 Onntikég I'mvieg kan [Thonynon (Viewpoints and Navigation)

[Tpokeévou va yivel e0KoAN 1 gp1oN Kot 0 EAEYXOG TOV avOP®TOEB0VG HEGH OO
évav oopPatd pe VRMLI7 puihopetpnti), TPENEL VO GUUTEPIANPOOVLY OPIoUEVES OTTIKEG
yovieg (Viewpoints) kot mAnpogopiec mhonynong (NavigationInfo) oto apyeio.

3.6.1 Onttikég yovieg

Opiopéveg epupUOYEG 10MG AmOTOVV EEYMPIOTEG OMTIKES YWOVIEC TOV OVOP®TOELD0VG,.
Yndpyovv 600 tpoémOL Yo va yivel kKatt tétoto. O mpdTOC €ivan 0 1010¢ 0 dNUIOVPYOS Vo
KaTaokevdosl kopPovg @éon ota kKatdAAnio onueia. Tote pmopel M epoppoyn va
onuovpynoet évav kouPo Ontikng ['oviag kot va tov ovvdécer pe O6molo omd Tovg

vrdpyovieg kOpPovg Oéon. Avtod emrpémer omv Ontikn ['ovia vo mapakoAiovbel v
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kivnon Melov tov oopatog. H devtepn teyvikn givor vo tomobetovvror koppor Omticég
I'ovieg oto medio viewpoints Tov KOUPoL AvOpmTOEdES, TPayLa To oroio Ba dnuovpynoet
pio o7TIKY] TOV AVOP®TOEBOVS TOL TOPAKOAOVOEL TNV 1014 TOL TNV Kivnom péoa GTov YHOPO
Yopig va emnpedleton amd v kivinon kavevog dAlov Mélovg tov copatoc. Ot omTikég
yYovieg Tov TtomofeTovvtan o aVTO T0 TESIO givor emiong StaBEoieg OTOTE TO AVOPOTOEIHES
QopT®Oel GTOV PUALOUETPN T LE ATOTEAEGLO TNV SLVATOTNTO TPOEMGKOTIGNG TOV.

Ymhpyovv Spopeg GUYKEKPIUEVES OTTIKES YOVIEC TOL UTOPOVV VO GLUTEPIANPOOVV
oto apyeio. H Front view mpémetl va avtikpilel v -Z katevBovon, n Side view v -X,
Top view tv -Y, n Inclined view tv (-1,0,-1) xor  Best view pmopel va mapéyet pio
OTTIKY OO OTOLONTOTE KATELOVVGN, 1) OTTOL0L AVASEIKVVEL TAL IOOUTEPA YOPOUKTIPLOTIKA TOV
OLYKEKPIUEVOL avOpmmoedovs. Olot avtol ot kouPor Ofomn mpémel vo tomobetovvion oe
KATOAANAN omdotoon omd TOo KEVIPO TOL avOpOTOEWOVE, OVTMC (MOTE VO QOivETOL
OAOKANPO OO AT TNV OTTIKY YOV

Emunpdobeteg ontikéc yovieg etvar puoikd dvvatég. Oleg ot omtikég yovieg evog
avOp®TOEB0VE TPEMEL VAL AVAYPAPOVTOL 6TO TEdI0 viewpoints 1oV KOUPov AvOpwmToeldés.
Me avt| Vv cOupocn, CLGTAUATO TO OTOi0L Y¥PNGLUOTOIOVV TOAAG HOVTEAN TNV 1010
oKNV] UmopolV vo EMAEYOVV VO OTEVEPYOTOLOLV OAEC TIG EMTALOV OMTIKEG YWVIES

otéAvovtog pia doela MFNode evtoln (event) 6to medio viewpoints Tov AvOpomogdove.

3.6.2 IThonynon

‘Evac xopPog tomov ITAnpogopiec IThonynong (Naviagationlnfo) pmopei va
ocvumepAneOel otV KopLET TOoV apyeiov, TpokeEvoy va Bécel tov cuuPatd pe VRMLI7
euAhopeTpntn o€ Tpomo Asttovpyiog "EEEtaon" (examine). To medio type mpénetl mavta va,
Exer v TN "examine" mpdta kot v "any" devTEPN:
Navigationlnfo { type ["EXAMINE", "ANY"] }

AvT6 dtevkoldvel TNV €EETOON TOV aAvOPOTOEO0VE OO OAES TIG YOVIEC.

3.7 Lpotewvopeveg Mpoaxtikeg

Yrdpyer évag apBudc Bepdtov yopo amd v ypnon H-Anim avBpomosidmv to
omoia etvon mépa amd to mAaicla TG mapovoag epyosioc. Ilapdia avtd opiopéva acilovv
avaeopds kat Yo avtd Bo Bryovv yopic dpme va yivel eig Bdbog meprypapn. Enpeliowtéov, ot
TOPOKATO TPOKTIKES EIVOL LOVO TPOTAGELS Kol GE Kaplio TEPITTMON KATL OEGUEVLTIKO Yia o

YeEVIKOTEPT PN oM evOg H-Anim avOpwmoeidong.
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3.7.1 IloALd avOpomogdN o€ £va apyeio

Ymhpyovv opiopéveg TEPIMTMOGELS OMOV &ivorl YPNOIUO VO, £YOVUE TOAAUTAN
avBpwmoedn oto id1o0 apyeio, iowg pall akdpo pe dAia ototyeio evog 3A koéGpov. Ze pia
TETOL0L TEPIMTMON, GLVICTATOL TO. AVOpWTOEWN va ovopdlovtot pe povadikd tpomo (avti va
Aéyetan amAd Humanoid) kot avtd tor ovopata vo ovoeeépoviol ¢ modld evog Koupov
Opada (Group node) pe 1o 6vopa "HumanoidGroup". Me dhho Aoyo:

DEF Fred Humanoid { ... }
DEF Jane Humanoid { ... }
DEF Sally Humanoid { ... }
DEF HumanoidGroup Group { children [ USE Fred, USE Jane, Use Sally ] }

Mia gpappoyn EEwtepucng Atemagng Anpovpyiog (External Authoring Interface)
umopel va amoktnoel pia avapopd tov HumanoidGroup yio. TV GKNVI| KO LE ETOVAANYN
oTo. OOl TNG OpAdag o UTOPECEL VO OMOKTNGEL TIS OVOQOPEG Y To KABe &va

avOpOTOEIDES.

3.7.2 EAG)16T0 0TOITOVNEVD,

Ot e@aployég mov €10GYOLV EIKOVIKOVG ovOpdTOvg dev elvar omapaitnTo Kot
VRMLI7 ocvuPatoi euiiopetpntéc. Ilapoia avtd, kdbe epappoyn mov embopel vo
vrootnpi&et i mpodtaypapéc Tov H-Anim mpénel va pmopei va vrootnpilel tovAdyiotov

TOVG TOPAKAT® KOUPOLG:

Transform Group Viewpoint

Shape Appearance Material
ImageTexture |TextureTransform TextureCoordinate
Coordinate Color Normal
IndexedFaceSet IndexedLineSet  |Box

Cone Cylinder Sphere

NavigationInfo 'WorldInfo
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O)eg ov H-Anim wpodwoypapég mpénet va mepvdve (parse) opBd OAn tv cvvtaén
VRMLI97 ‘utf8 encoded’ yw avtodg tovg xoOpPovg, okdpo kot ov dev TPOKELTOL VO
vAomomBovv Olec ot Aertovpyieg ko dvvordtntec.  Epappoyés mov advvatodv va
viomomoovv ta [Ipotvma, mpémer vo vrootpilovv tovg H-Anim xopPovg (ApBpwon,

Méhog, ®éon, [Tapapdpemon kot AvOp®TOEDES) MG GAV VO NTOV EVEMUATMOUEVEG.
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Kepdioro 4°: Epytdymon katd 1o tpdtvmo MPEG-4

4.1 Evoaymyn

H ocvveyng avantuén tov Aoyiopikod Kot YVAIKOD ToV GUGTNUAT®V ToAVHEG®Y, pall
pe v toyeio dtddoon Tov SwadikTvov, Ponncav otV avATTLEN EVOLAPEPOVTOS Yid
OTOTEAECUOTIKEG TEYVOAOYIEC GUUMIECTG KOl KWOIKOTOINGNG ONTIKOOKOVGTIKOD VAIKOV, £TG1
®oTE Vo Pelwbel 0paocTikd TO KOGTOG TNG UETAOOONG OEOOUEVMV GE OIKTLOKA TTEPIBAALOVTA
molvpéowv. H opdda tov Moving Picture Expert Group (MPEG) éxet cav avtikeipevo tov
KaBopIopUd TOL TLPNVA KOTAAANA®V TEXVOAOYL®V TOL EMITPEMOVV TNV OTOTEAEGLOTIKN
amofnkevon, petddoon kot eneepyacio OnTIKOAKOLSTIKAOV Kot 3A dedopévav. To MPEG-4
arotelel 01EOVEC pdTLVMO amd ta TEAN Tov 1999 Ko €dwkevETAL GTOV KOOOPIGUO T®V
TPOOLALYPOUPADV Y10 TIS EQAPLOYEC TOAVUECWYV, EMTPEMOVTIOS TOAVCYION AEITOLPYIKOTNTA
omwg v eneéepyacia video, ™ Pabum kwdkomoinon video, tTnv vPpLOKN K®OIKOTOINGN
GULVOETIKOV KOl TTPAYLLOTIKOD DAIKOD Kot TNV K®OKoroinor kot cvupumieon 3A dedopévmv kot
AVOTOPUCTAGE®Y aVOPOTIVOV TPOoOT®V Kol coudtov. H mapopetpikny Koditkomoinomn
video pe PBaon HOVIEAN EMUTPEMEL TNV GLUTIEST, HE TOAD YauUnAOd pvOud petddoong
OeOUEVDV, KOAVOVTOS EQIKTEG EQPUPUOYEG GOV TNV EIKOVO-TNAESIACKEYT KOl TNV E€KOVO-
TAEQPOVIO, TIG KIVNTEG EMKOWVOVIES KO TIC KVNTEG £QOPUOYEG moALVpEcwY. H epyidymon
avOpOTOEdV yopakTpwVv givor éva axkoOpo onuoviikd Bépa mov oyetiletor pe TIg
epapuoyég 3A dedopévarv, €OIKA av AdPovpe vIoOyn TIC avAYKES Yol XpNom TETOL®V

YOPOKTAP®V cav avatars o€ cLVOETIKA TEPIPAALOVTO TOAAATAGDY YPNOTOV.

4.2 Avarapactaocn FBA

Boowo tuqpa g mpdtng tpomomoinong (Amendment 1) tov mpotdmov MPEG-4,
omwg kabopiomke amd v vroopdada Synthetic and Natural Hybrid Coding (SNHC),
amotedel M epyHywon avlpomosdmv avatars (face and body animation — FBA) pe tov
OPIoUO TNG AVOTAPAGTAONG OESOUEVOV KOl TOV GYNUATOV KOOKOToinong kot cuuricong. H
opdoa yioo tnv enéktaon Tov Animation Framework eXtension (AFX) éyet vioBetoet tig
TPOOLALYPOPES EPYLYOONG 1e Bdon Ta ootd (bones), | omoia KaAeitow bone-based animation
(BBA) kot amockomel otV €DKOAOTEPT] KOl OTOTEAEGLATIKOTEPT ELYLYMOT] VOGS 0pOpmTOD
ovvletikov yapaxtipa. To AFX eivor tpuque tg tpomoroinong 4 tov TpotdIov, N omoia
aQopd aKOU KO KATOEG VEEG TEXVOAOYIEC, OTTMC Ol eMPAveELES vTodtaipeong (subdivision
surfaces), n ovomapdactacn dykwv, ot eEaptnuéveg amd v Oymn vEEG Ko 1 petddoon 3A

avtikelpnévov. 'Etol, @lodolel va amavtioel oTiG CUYYPOVES OVAYKEG TMV OIKTLOK®OV
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TEPIPOALOVTOV e GLVOETIKODG YOPUKTPEG KO EOIKA OTIG AVEAVOUEVEG OTOITOELS TOV
oy vidlov. IIpog to mapdv, ot GYETIKEG AVAYKEG IKAVOTOLOVVTOL OO TO, VITAPYOVTO TPOTLTA
dwiertovpykdttoag 3A dedopévov, 6mowg 1 VRML xoau to MPEG-4, pe to AFX va

eoaivetal Tmg eivorl To HEAAOVTIKO onueio avapopag.

4.3 Movtédla gpyvyoong 3A yopoxtipo

H epyidymon evog 3A yapoaktipo a@opd T dtopkn petafoir e popeng tov. Ta
HOVTELQL ELYVYWOCNG TTOL UITOPOVV VAL XPNGILOTOM B0V Y10 T 6KOmo antd givor ToAvAp1OpLa
Kol UTopovV va opyaveBovv tepapyikd pe Pdon tov EAeyyo TG EUYOX®ONG GE LOVTEAQ
YEOUETPIKA, KIVNUOTIKA, (UGLOAOYIKA, CULUTEPLPOPES Kot yvootikd. To yewpeTpikd
HOVTELD EMOPOVV amELOEING OTO EMMEDO YEMUETPIKMDY KOPLODV TOV EIKOVIKOD YOPUKTHPO
(virtual character — VC). Ta xwnuotikd poviéAa pag oivovv 1 dvvatdtto va
OLLOOOTIOICOVUE TIC YEMUETPIKES KOPVOES GE GLYKEKPLUEVO VTTOGVVOLQ, YPNCLOTOIDOVTOG
Kavoveg kvnuatikng. [To eEehypéva cuomiuota AEYYOL TG ELYVLYWOONG YPTCLLOTOLOHV
TIC PLOLOAOYIKEG 1010TNTEG €vOg VC Yo vau avommapdyovy TV Ryuy®on HEso omd Kamolo
dvvapikn tpocopoimon. H povteloroinon pe faon ™ cvumeprpopd emitpénet ) oyediaon
YOPOKTNPOV pHE €Yyyevelc Oladwkaocieg euyidywong, ot omoiot €yovv TN dvvatdtnTa Vo
avtdpovv ota epebicpota omd 10 TEPPAALOV, EVO TA YVOOTIKA LOVTEAN TPOTEIVOVTOL GE
TpdoPATES £pYacieg cav PAon YopoKTP®V TTov £xovv TN dvvatdtnta va padaivouv. O
TPEMEL VO TOVIGOVUE OTL 1] VAALGT Kot 1) akpifelo Tov EAEYYOL TNG ELYOYMONG HELDVETOL,
KaOd¢ avePaivovpe oe avdtepa EMImEdD, EVAO Yo Vo Yivel duvat) 1 epyHY®ON UEC® TNG
napapdpemong tov VC, ot dopég avatepmv emmédwv Bo mPEmEL Vo TOPEYOLV Kol TIG
TOPOUETPOVE Y10l TIG OOUEG OTA YOUUNAOTEPQ EMITTED L.

IMa va yiver duvatn N avamapdotaon aveEdpTnTa amd TG SOUES EAEYYOL Oa mpémel
va KaBoploTel o YEVIKELUEVT KOl TOPAAANAC GUUTAYNG AVATOPAOTOCT TOV JOUDV OTO
YOUNAOTEPOL EMIMESD EPYLYMONG. AVT UTOpel va Yivel ikt pe PAon TG SOUES KOl TG
nebddovg povielomoinong (modeling), spyvywong (animation) kot Katoypoeng Kivnong
(motion capture) — €101kn wPoOPAeyn Oo mpémer va yivel TAVTOG Yoo TO. CLOTNHLOTO

emKovaviag yia 3A dedopéva.

4.4 Epyiymon lKovVIKOV (opaKTP®V
Ol TpdTOL EIKOVIKOL YOPAKTAPES GYEIACTNKAV OTA TEAN TNG dekaeTiog Tov 70. AT
TOTE, Yivovtal oAoéva Kot To dNUOPIAElG Ko cuvnOiopévol, Eektvamvtog amd omAd LoVTEAQ

OV OMOVTOVIOL OTO Toyvidlo, HEYPL MO TOAVTAOKOLG EIKOVIKOUG TPAKTOPES Yl
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EUTOPIKOVS 1 TANPOPOPLOKOVS SIKTLAKOVS KOUPOLS Kol TPOCPATA, VEOLS «AUGTEPES) TOV
EWKOVIKOD Kvnpatoypdeov, tAedpaons kot dwenuone. [HopdAinia, n Peitioon tov
ocuvOnkdVv ot peTAdoon Oedouévmy, pe To avEnuUéEvo dtabécio vpog {dvng Kot tov
KaBopIoUd MO OMOTEAEGUATIKOV TPOTOKOAAWV, Olebpuve Tovg opilovieg yu Tig 3A
OIKTVLOKEG KOWVOTNTEG KO TO CLOTNHLLOTA ETALENUEVTS TTparypaTikdTnTag (augmented reality)
o€ KaTOVEUNUEV TTEPPAAAOVTAL.

To younAdtepo eminedo eUYLXOONG EVOG EIKOVIKOD YOPOKTPO HE KATOUTUNUET
YEOUETPIOL VAOTOIEITOL LE TNV EQAPLOYN YPOUUK®V UETACYNUATICUOV 6€ KAOE TUNUO TOV.
To peyddo mheovéKTnUO OVTAG TNG TEYXVIKNG €lvan OTL avTég ot dladikacieg Hmopovv va
vAomomnBovv 6 TPayHaTIKO Xpovo pe T Pondsta TOAD Ao Kot cuVNOIGHEVOL VAIKOD Kot
TPOPEPOLY ¥PNOTIKEG HeBdOOVS eAéyyov tng kivnong. To mpdPfAnua avtig g pebddov
elval Ot1 mpokoAel Topég ot YeOUETpiot oToL oNUEID TOV GLVOEGUMV avAUESH GE OVO
tunpato. o vo aviipetoniotel autd UmopodUe vo. XPNCLLOTOW|GOVUE €L TOVTOL N
EVPETIKES UEBOOOVG, OTMG M EIGOYWYT GEAPOV OTO oNUEid CLVOEGU®Y 1| TPOcheTV 3A
OVTIKEWLEVOV Y10, VO, KPOWYOVULE TIG TOWLEG.

Avt N pnébodog elvar apketn otav OEAOVE VO ELYLYDOOVUE GLVOETIKOVS YOPAKTAPES
TOMOV KIWVOLUEVDV GYESIWV — OTNV MO PEOACTIKY TEPIMTMOOT, Ol HETACYNUOTIGHOL Oa
TPEMEL VO, €PAPUOGTOVV 0TO €mMimedo NG yewpetpiog tov yopaktipa. Ot kupltOTEPES
GYETIKEG TPOGEYYIGELS UTOPOVV VO KATOTAYOVV GTIG TAPOKAT® KOTNYOPIES:

e Boowouéveg oe diktoopa (lattice), dnAadn oe €vo oOvolo — mAEyuo omd onueio

eléyyov ta omoio opilovion amd TO ¥PNOTN Yo vo. EAEYEOLY TNV TOPAUOPPOOT GE

3A. Ta onueia ¢ yeopetpiag mov Ppiokovtal péoo 610 TAEYHA ametkovifovTot amod

TO OPYIKO SIKTO®LOL GTO TOPULOPPOUEVO HECH UG OLOANG TTOPEUPOAN.

¢ Boowouéveg oe déoun (cluster), dnAadr| o€ OUAOES YEOUETPIKMOV KOPLOAOV Y10 TIG
0101EG 01 TOPAUOPPADGELS UTOPOVV VO, OPIGTOVV LE KOWVEG TAPAUETPOVG.
e Boowopéveg oe splines: €3 1 TapapudOPE®OY TNG TOAVYMVIKNG YEOUETPIOG

KOTELOVVETOL A0 TNV TOPAUOPP®OT LG KOUTOANG TOTTOL spline.

¢ Boowouéveg o teyvikég morphing, OnAadr otnv oo, TpoodevTiky petdfocn and
N WO Hopen otV GAAN, TEYVIK oL &ivol TOAD OMUOQIANG OTNV EUYOX®OON

TPOCOTOV KO

e Boowopuévec o OKEAETIKY] TOPAUOPP®ON, TEXVIKN ocvvnOiouévn o€ 1epapyiKa

HOVTELQL EIKOVIKMV YOPOKTNPOV
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O okeketdg €VOG E€KOVIKOV YopoKTApo eglvar otnv ovcio éva oOvoAo omd
ONUOGLOAOYIKES TANPOPOPIEG, OPYOUVOUEVEG GE LI LEPAPYIKT] OOUN GTOYEWMIDV OVIOTHTMV
mov omokoAovvion 0otd (bones). Xtnv mepintmon evOC YOpOKTHPA YOPIG TOUES, M
TOPOALOPPMOGCT YIVETOL UE TNV EQOPLOYT) CTEPEDV UETACYNUOTIGULAOV, Ol 0TOi0l £GAYOVV
TOTIKEG UETOKIVIGELS OE VTOGUVOAL TMV EMPOVEINKDOV KOPLPDOV — HE OVTOV TOV TPOTO
amoeeLYovTol ot Topég oTlg Béoelg twv cuvoéopmv. o va oyedlaotel €vag TE€TO10g
YOPOKTAPOS, OTALTEITOL O OVOALTIKOG KaBOPIoUOG TN TTEPLOYNG EMPPONG KAOE 00TOV Kot
TOL OYETIKOV WETPOV. AVT M Odikacio yivetar ovviOm¢ emavoAnTTiKd, uEYPL vo
emtevyfel 1o emBountd oaobntikd oamotérecpa. H tpéyovca thon ommv epyldywon
EIKOVIKDV YOPUKTNPOV TEPIAAUPAVEL TNV VTOJAIPEST] TOV YOPUKTPO GE TUNUATO XOPIg
TopéG Ko v avtoévoun enelepyacio Kabevog amd avtd. AvTi N GTPATNYIKN KOVOTOLEL
AmOALTA TNV ATOITNOT Y10 TAPAUOPPMOT GE TPAYUATIKO ¥pdvo, apkel va kabopiotel to
€100¢ ¢ mpocopoimong (Kvnuatikn 1 dvvapikn) Kot ot akpiPeic oyeTkég TaPALETPOL.
2V TpOTN TEPITTMOT, Ol TOPAUETPOL OTOTEAOVV TNV EKPPOCT] EVOG TPOoPANaTog evbeiog
(forward) M avdotpoeng (inverse) kivnuotikng (kinematics). Xto mpoPAnuatoa gvbeiog
KIVIUOTIKNG, Ol KPIGUUES TOPAUETPOL AVTIGTOLYOVV GTOVG YEMUETPIKOVS HETUGYNLATIGUOVG
OV TPEMEL VO EQOPUOCTOVV o€ KaBéva amd To O0GTA TOV GKEAETOL. XTNV avVAGTPOON
TEPIMTWOT, Ol MOPAUETPOL OVTIGTOLYOVV OTN YEOUETPIKY BE0M TOL TEAIKOD AKPOL TG
Kivnuatikng aAvoioog (end effector). Av kat 6to maperf6v n Abon £vOg TETO10V GLOGTHLOTOG
0€ TPAYHATIKO YpOVO deV fTaV OLVATH, AOY® TNG TOAVTAOKOTNTAG TOV, GYLEPO GYEOOV OAN
T0 TPOYpAppaTo oyxediaong vrootnpilovy kot T 600 pehBoddovg epydymons. Ot duvapikég
TOPALETPOL OVTIGTOLYOVV OTIS QUOIKES O10TNTEG €VOG 3A EIKOVIKOV OVTIKEILEVOV, OTTMG M
pélo 1 M adpaveln Kol GTOV TPOTO LE TOV 0010 01 EEMTEPIKES OLVVAUELS OAANAETIOPOVV LE
TO OVTIKEIUEVO. AVTA TO. HOVIEAD UTOPOLV VO EMEKTOOOVV pe TNV VTOGTHPIEN EAEYYOL

TOAVTAOK®V TPOKAOOPIGUEVOV KIVIGEMV, OTTMG TO TEPTATN LA 1] TO TPEELLO.

4.4 Xvotpoto Kataypo@ns Kiviiong (motion capture systems)

Mo v gpuyvymon evog €KovVIKOD YOPOKTPO OTALTEITOL KATOWL TNy TOPOy®YNG
™m¢ kivnong. H mpdtn tétota teyvikn mov ypnoipomomdnke EAKEL TV Kotaywyn e and
TNV TOPOSOCLIOKY EUYDXWOOT TOV KIVOUUEVOV GYedlmV: €Voc KATOAANAO EKTOOEVUEVOG
oed100TNG €TOUALEL TO OKITOO TOV YOPOKTNPO G€ KAmoieg yopaxktnplotikés noleg (key
frames) Kot 01 VITOAOITOL GYESUGTEG VAOTOIOVV T HLOPPT TOL oTa eVOldpesa otdota. Koatd

TN XPNON GLTAG TNG TEXVIKNG € éva 3A YapoakTipo, T0 POAO TOV JEVTEPMOV CYEOOCTAOV
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nailel 10 vmoloylotikd ovotnuo. To mpOPANUe TAVTOC, OTMG KOl GTNV TOPUSOCIOKN
TEYVIKY, Elval va YiVeEL TO GYES10 TOV YOPAKTPO GTO XOPOUKTNPIOTIKA KOPE.

IMa va avtipetomotel avtd 10 TPOPANU, oTo TEAN TG ogkoeTiog Tov 70, apyloav
Vo VAOTOOUVTOL TO TPAOTO CGLGTHUOTO Kotaypagns Kivnong. To yopoakTnplotikd evog
TETOWOL CLOTNHUHOTOG €ival M okpifeld ™G Kataypaeng g kiviong, m  KOvVOTHTA
KOTAYPOENG Kivnong ympig mEPLOPIGUOVG Kot 1 ToXDTNTA KOl EVPOOTIO TG Sodkaciog
Babuovounong. Mia yevikn O10UpecT] TOV GLOTNUATOV KOTAYPOEN|G KIvong apopd TN
YPNOT EVEPYDOV N TAONTIKOV osONTNPOV Yo TV KOTAYPOPY|. ZTNV TPOTN TEPITTOON, T
TPOG UETPNOT OHUATO LETOSIOOVTOL OO TOVG ACONTIPES, EVA OTN JEVTEPT KATAYPAPOVTOL
pue Baon v avdkioon Tov EOTOG GTOVG ooONpes. Mo and TiC TPMOTEG HeBAdOLG
aQOPOVCE UNYAVIKOVG 0eONTNPES, Ol 0Toiol ONUIOLPYOVGAV L «TOVOTALo YOp® amd TO
OOUO TOV TPAYUATIKOD YOPOKTPO KOl OV oLVOEovTay HETAD TOug pe €va. 6hVOAO

UNYOVICUOV KOTOYPOENG LETAKIVIONG KO TEPIGTPOPT|S.

4.4.1 Tvotpoto KaTaypaeins RE (P1on EVEPYAOV dicOnTip@V

H mo dnpogiing pébodog kataypapng g Kivnong Paciletar oe poyvntikd medio.
‘Eva t€1010 cvoTpo vAomotleitan and £vo TOUTd Kol apKETOVS OEKTEG UAYVNTIKOD Tediov
oL PPIicKOVIOL GTO GO TOL TPAYHATIKOV yopaktipa. To medio peTpdton kdbe popd amd
TOVG OEKTEG KOl He Paom avtég Tic peTproels vtoAoyiletar 11 B€om Kot 0 TPOGUVAUTOAMGHOG
10V k0BeVOg amd avTohs. Ady® TG PVONG TOV, £va TETO0 GVGTNHO Eival TOAD gvaicOnto
OTO. UETOAMKG avTikeipeva, omote mpémel vo. AapPdvovtor oe kdbe mepimtwon pétpa
nmpootacioc. Mia mo e&eAypévn Kot TOAOTAOKT HLopPn EvepYDV aucOnmpwv otmpiletorl o
OMTIKEG TVEC KOl OTY LETPNOT TNG EVTOOTG TNG OKTIVOBOAIOG TOL TEPVA — TETOLO. GUGTLLATOL

ATOVTIOVTOL CLVNOWOE GE POPNTES GUOKEVES, OTTMG YAVTLOL.

4.4.2 Zootqpoto KOToypapng HE Y PNo1 ToONTIKAOV acOnTipov

H debtepn katnyopia cuotnudtov Kataypaeng kivnong ypnotponotel mabntikods
awoOnmpec. Xe UV TNV TEPIMTMOON, WO KOUEPO GE OCULVOLOGCUO HE KOTAAANAQ
TomofeTnuéVoLg KaBpEPTEG 1| TOAAEC KAUEPES O KATAAANAN Soapdppmon umopohv va
¥PNoomomBohv yio TV avoKataokev evog 3A avtikeévov and moAAATAES 2A OyeElc.
Mo va pewwbei n molvmlokdTNTO TG dodikaciog avaivong, onuelwtés (markers) amd

avaxAaotipes ¢mtog 1 LED tomofetovvion 6to copa tov mpaypatikod yoapaxtinpo. Ot
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ONUEWMTEG AVTOL aviyvevoviol and kdbe dlapopetiky] Kapuepa, divovtag v 3A Béon tov
Kka0e onuelwt). 'Eva mpdpfAnpa oe avtyv v mpocéyylon pnopet va dnpovpyndel and v
amOKpLYN KATOWWV ONUEWMTOV G€ KAmOoleg amd TIG OYELS, OV Kol ovtd uUmopel va

OVTILETOMIOTEL e TV aOENGT TOV aplBoD TOV OYEMVY TOV YPNCUYLOTOLOVVTAL.

4.5 Ewkovika owktvokd wepifpdriovra

‘Eva eicovikd diktvokd mepidirov (networked virtual environment — NVE) pmopet
Vo 0p1OTEL 0V «OIKTHMOT GE GLVOVAGHUO UE 1O1AHTEP OLOOPACTIKEG TEYVOLOYIEG EIKOVIKDV
koopovy. To wpdTo amd ovtd to cvotnuote dnuovpyndnke oto Ilavemomuo g
Washington — amd 161 TOALAPIOLA CLYYEVIKA GLGTHUATO EXOVV TPOTADEL GE GLYKEKPLUEV
TAOIGLOL EQOPUOYNG N TEPLOPIOUOVS apyrtekTovikne. o mapdadsrypa, 1o dVS, yoo
onuovpyio ko ™ Owdpaocn pe ewwovikd mpwtotuma mpoioviov CAD, 1o DIVE mov
YPNOLoTolel TPMTOKOALN emKOVmViag €vac-mpog-évog (peer-to-peer), To NPSNET mov
TPOCOUOIBVEL £va Tedio pdymg kot 1o MASSIVE mov cuvovdaletl dSlompoconeies ypopikmy,
Nyov ko keyévov, eved 10 VLNET givan éva amd to mpdto tétota mepifailoviao mov pmopet
VO TPOCPEPEL PEAMOTIKEG OVOTTOPACTACELS EIKOVIKOV YOPOKTNPWV. Ta €1KOVIKA SIKTLOKA
nepPaAlovTo umopohv va KaAOWOLV €vplh QACHO EQOUPUOYDV: EVEPYEIEG OE EMKIVOLVA
TEPPAALOVTO, EMIGTNUOVIKY 1 OPYLITEKTOVIKT ONTIKOTOINGT), OMOKATAGTACT acHevdy Kot
VITOKOTAGTOOT Y10, ATOWA LE EWOIKES OVAYKES, WYLYLOTPIKY, EKTOIOELOT) KOt Yuyaywyia.

IMa ta wepfairova avtd ¥pnoiomolovvtal cuVHBMG WIOKTNTEG AVGELS Y10 TOV OPIGUO
KOl TNV EUYOY®OOoN TOV OVIIKEWWEVOVY. Ot TpE€Yovceg dadIKAGIEG TPOTLOTOINGONG OTA
nmiaicto ™S VRML kot tov MPEG-4 (BIFS 3D, AFX kot Multiuser world) mpoteivouv éva
evomoInpévo mAaiclo epyaciog, To omoio yyvatal ) deAertovpykotnta. Extoc and avto,
to tpodTVTo MPEG-4 tpocpépetl nebodovg copmieong yia petddoon o€ meptBAALov younAon
e0bpovg LOVNG Yo TN YEOUETPLO, TNV ELPAVIOT] TOV AVIIKEUEVOV KOl TNV EPyOywon. [a Tig
ePaPULOYES TV 3A €lKOVIKOV TTepPaAlovimv, ot opddeg epyaciog FBA kot mpdopata 1o
AFX éyovv opiotel éva mAaicto epyaciag yio Tov opiopd Kot TNV ELYHYMON TOV EIKOVIKMV
YOPOKTI POV, TO 07010 givar:

o Apketd yevikd, dote vo pmopel vo ogxbel omolodNmoTE YOpPOKTINPO, OTAO 1|

TOAOTAOKO
e Ikavo 1000 Y10 peAMOTIKY ATOS0GT, OGO KOl Y10 KIVOOUEVO GYEALO

e Evkolo va mpootedel pe popen| plug-in otig vdpyovceg TEXVOAOYie
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o Ikavd vo ovomoapdyst apyeio epyvY®ONG MOV UETOSIOOVTIOL HE HOPPT, PONG OE

ePPairov yapunAot gvpovg Lovng.

4.6 MPEG-4 ka1 gpyvymo1) TpocaTov Kol GONATOG

Ov mpoteg mpoomdBeleg ywoo va mpotvmomombel 1 epydY®ON €VOC EKOVIKOD
yopaktnpa oto mAaicie Tov MPEG-4 gvodmbnkoav otic apyéc tov 1999, pe v mpot
€Kd00T VO KOADTITEL TNV ELYHYMON EVOG EIKOVIKOD TPOCHTOV KOl TNV TPMTI TPOTOTOINGT
Vo TEPEYEL TIG TPOOLAYPaPEG TTOV OYeTICOVTIOL HE TNV EUYLYMOOT TOV CAOUOTOS €VOG
ewkovikov nbomorov. I'a va yiver avtd, 1o MPEG-4 opilel ta avtikeipeva tomov FBA — og
VYNAS eminedo, ta avtikeipeva Tomov FBA avtiotoryobv 6 cuAL0YEG amd koupovg o€ éva
YPAPO GKNVNG, TO OTTolo ELYVYDOVOVTOL OO TN PO SEOOUEVOV KO, GUYKEKPIUEVA, OO TOV
koppo FAP (Facial Animation Parameter) mov opilel Tic oyeTIKEC TOPAUETPOVS YO TIG
EKPPAGELS TOL TPOGAOTOL Ko TN GYETIKN epydywon. H yeopetpia mov meptrypdeel 1o oo
KOl TNV EUPAVION TOV EIKOVIKOV Yapoktpo meptlapupdavovior otov kopfo BDP (Body
Definition Parameter) kot o1 kivijoeig Tov otov k6ppfo BAP (Body Animation Parameters).

Y10 mhaicto Tov MPEG-4, n epydymon tov tpocdnov pmopel va oyediootel 1660
o€ VYNAO eminedo, YPNOLOTOIOVTAS Eva TpoKabopiopévo mAN00G amd ekQPACELS Kot
OTTIKA QovNuato (visemes), 060 Kol 6€ YOUNAOTEPO EMiMEdO, PE TO TPOTLTO va. opilel
CULYKEKPIUEVO YOPOKTNPLOTIKA onpeia 6To gikovikd npdcwno. To avtikeipevo tomov body
avTIGTOLKEL OE €vav 1EpaPYIKO YPAPo Tov amoteleitar omd kOpPovg mov cuoyetiCovial pe
TUNHOTO TNG avaTopiag Kot akpég mov opilovv epapyikés oxéoels. Kabéva amd avtd ta
TunpoTo opileTol Kot ERYLYOVETOL EEXMPIOTA HEGH TOV OVO0 SLOKPLTOV PODV OESOUEVOV
tov BDP ko1 BAP. H pony tov BDP koBopilel Tic ecmtepikég 1010TNTEC TOV TUNHOTOC,
ONAodn TV TomMOAOYiO TNG EMPAVELAS TOV, TN YEMUETPIO KOL TV VPN TOV, EVA 1 PO TOV
BAP xoBopiler 1010mteg 0mwg 1 3A otdon oe oyxéomn pe €va KapE avoPopas Tov £YEl
GUGYETIOTEL LUE TO TUNULA-TTOTEPQL.

H pon tov BDP egivol dpeca cuoyetiopévn He TO GUYKEKPLUEVO YOPAKTPO Kl
EMOUEVMG M CLUVOAIKY] LOPOY] TOL Umopel v aAAAEEL dpaoTikd oAAGLOVTOG TIS TPEXOVOES
Tinég Tov BDP. Avtifeta, n pony tov BAP €xetl oyediaotel dote va givor mo yevikn Kot vo
dtvel ooOnTikd TopOUOL0 ATOTEAEGLATA GTNV KIVI|OT] SLUPOPETIKMY LOVTEAMVY YOPOKTP®V,
0 kaBévag amd Tovg omoiovg opiletal pe 10 1kd ToLv GVVOAO amd BDP.

HeKvovTog omd TNV TEPLYPOPN €VOG €VIOIOV OTOTIKOD HOVIEAOL EIKOVIKOV

yopaktnpa o€ VRML umopodue va opicovpe v mANpN KATATUNGCT TOL GE TUNUOTO UE
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Baon v avotopio Tov, Vo ONUOVPYNGOVUE EVOV 1EPOPYLIKO YPAPO TOV VA TEPLYPAPEL TO
ochpo oav Eva apfpmTd HOVTELOD KOl VO, VAOTOMGOLUE Eva unyovicpd opiopov tov BAP. H
SldKocion  KATATUNONG TOL HOVIEAOL Kol oLTH NG mopaywyns towv BAP  odev
nmpotvmonoovviol amd 10 MPEG-4, oAld elvar avoykoieg yuo vo UmopEcovue va
YPNOUYLOTOUCOVLE EVOL KOWVO HOVTELD EKOVIKOD YOPOKTNPA GE £va TEPIPAALOV cLUPATO LEe

10 MPEG-4.

4.4 Xvykpion avaropacticewv FBA kxar BBA

H opyuc avamapdotoon g epydyoong pe pon FBA opiler v avorapdotaon
EVOC EIKOVIKOV YOPOKTAPO. HE TN HOPON €VOC KATATUNUEVOL HOVTEAOL Kot givol
TEPLGGOTEPO TPOGPOPN Y10, EQPOPUOYEG TEPLOPIGUEVOL PEQAICUOD, OTMG Yol TOPASELY LA
KIVOUUEVDVY oyedimv — avtifeta, ot poéc BBA pdg otvouv ) dvvatdtnta va oyxedidoovpe
™MV eUYOHY®OON UE UEYOAVTEPY AETTOUEPELD, YPNOLOTOIDOVTIONS TN AOYIKN TOV KAOGIKOD
apBpwtov povtélov. H pony FBA mpotumonotet éva cuykekpipévo aptpud amd mopapéTpouvs
ELYLYWOONG, GLVOAKE 296, VTOBETOVTOG TN SVVATOTNTA TEPIOTPOPNG KAOE TUNIATOS YOP®
amd €vav, 000 1N tpelg dEoveg — otny mepintwon g pong BBA, o ap1Buoc tov mapopétpov
LETAGYNUOTIGLOD TOV 0GTMV TOL CKEAETOV OV £ival OPIGUEVOS, EVA UTOPEL VO TEPLYPAPEL
KoL LETOPOPES 1 LEYEBVVOELS, EKTOC 0O TEPIGTPOPEG,.

e 0,TL aQopd TN HETAdOON HE HOPPN poNGS, TG0 10 TAaiclo gpyociog FBA kot to
BBA vrootpilovv v kwdwonoinon o€ younid evpog {dvng. Ot dvo yevikég pébodot
oovumieong, pe Paon ta kapé kot pe Pdon to petacynuatiopd DCT, vrootnpilovral Kot oTig
oo mepimtdoels. Extdc avtod, n popen BBA vroompilel ecmtepikd kot KATOEG 0md TIG
KAMoKEG peBOdoVG oyedioonc TG ELYVXWOONGS, OTTMOC 1 TAPEUPOAT avApESH GE KapE Kot N
avaotpoopn kwnuatiky (IK), evd pmopel va mepthapufavel tnv meptypoen e EUYOLXOONG
mEPocOTEP®V Omd €VOG yopokTp®V o€ o oknvhy. levikd, to €bpog Cmdvng g
CLUTIEGHEVNC PONG eE0PTATOL OO TNV TOAVTAOKOTNTO TNG Kiviong, dSniadn tov aptBud tov
TUNUATOV 1] 0GTMOV TTOL EUTAEKOVTOL GE KABE Kivnon, kol kopoaivetal amd 5 g 30 kbps, ya
pLOP6 petdooong Kapé ota 25 fps.

H mapapdppmon evog ikovikov yopaktipa pe Bdomn tovg poeg eivar dvvorn, 1060
otV mepintwon g pons FBA, 6co kot og avtrv g pong BBA. I'a v npod mepintmon,
10 TpdTLTO OpilEl £va cVVOAO amd ornpueio EAEYYOL Tov poviélov (control points), Ta omoia
TPEMEL Vo, BpioKovTal 6€ GLYKEKPIUEVA ONUELD, EVAO 0TN OEVTEPN 1| TOPAUOPPMOGCT YIVETOL LE
Baon koaumdAeg Ypaupés oe omotadnmote BEon g empdvelag, divovtag 6To GYEONOTH TN

duVaTOTNTO VL OPIGEL TTLO PEUAIGTIKY TOPAUOPPDGN Y10 TOV EIKOVIKO YOPOUKTHPOL.
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Kepdhaio 5°: [MAatedppa SoKipumv

5.1 Evoaymyn

Eivor mpopavig n avaykoadmrto vAomoinong pog TAATQOPHOS OOKIUADV TV
KIVIIGE®V TTOL UTOPOLV Vo, VAoToBovv pe yprion s YAwosoag STEP. H mAatedppa avt
dev elvan timota dALo amd pio html cedida, pe eméktaon g pe JavaScript, Tpokeyévov va
VILAPYEL EMKOVOVI XPNOTN Ko TPOYPAUUOTOS. Mia 10T0GEADN £YEL TO LEYOAO TPOTEPTLOL
¢ olAertovpykotntag (interoperability), onladr| eivon mposBaciun amd v peyaldtepn
pepida ypnotdv, Hog Kot to d1adiktvo €xetl peydin eEdmimon kot duvapkn. ‘Etot and v
apyn NTav capég 0Tt 1 vVAomoinon Ba oPloTaV Ge SOdOIKTLOKA epyaAeia, OTmG gival M
HTML «kou 1 JavaScript. H 1otocehoa eivar d1aBéciun oty e&ng o1evBuvon:

http://mystras.image.ntua.or/step

5.2 leprypaen I'pagucig Awemagng Xpnotn (GUI)

Ye outv ™V Tapdypoeo o avalvBoldv ot duvaTdTNTEG TOV TPOCPEPOVTAL GTOV
YPNOTN Y TOV EAEYXO €VOG avOpOTOEWOOVE Kol Ol TOPAUETPOL TOL UTOPOLV Vol
TPOTOTONHOVV Y10 VO EVIGYVGOLV TNV AETOVPYIKOTNTO.

2V 10T00eAd0 TNV peYaADTEPT empdaveln. KaAvTtel N epmedopévn (embedded)
EQOPUOYT YL TNV OVOTOPACTOGT TOL €Kovikoy Kospov te VRML 97 otov omoio
Bpioketor 10 avBpomoewdés. H ypnon evdg mpoypaupatog emokomnons VRML (VRML
Viewer) eivar amapaitn (PAéne mapdypago 4.4 “TIpodiaypapés KaAng Asttovpyiog tov
CLGTHWOTOS”) Kot avdAoyo pHeE TIG OLVOTOTNTEG TOL KAOE TPOYPAUUOTOS OtveTon €vag
aplOUOC TOPAUETPWV TIG OTOlEG O ¥PNOTNG Umopel Vo AMAEEL Yo VoL BEATIOTOTOMGEL THV
teMkn ovomapdaotacn. IIy. Na ypnowomomost pio dAAn omtiky| yovia (to H-Anim
avOpoTOEdN HOVTEAD TPOCEEPOLY GLUVIOMG Ui TAELAON), VO ECTIOCEL G Ml TEPLOYN
EVOLPEPOVTOG, OV TEPIGTPEYEL TO UHOVTEAD (TPOCOYN, M TEPLGTPOPN VT E£XEL VO KAVEL
uévo pe tov tpomo avamapidotacns 1ov VRML 97 apyeiov and tov uAlopetpnty| Kot Oyt
HE TOV UNYavVIopO Kivnong twv oapbpmdcoemv): vo UETOPAAEL YEVIKOTEPA TOV TPOTO
anekoviong tov avOpmmoedovs. Télog otvetar cuvnBwg m dvvaTdtTo, YO0 TOVG TLO
TPOYWPNUEVOLS YPNOTEG, UEYAANG TOPUUETPOTOINCTG TOLV GLOTHHOTOS omddoong (render

options).
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oy 5.1 To ovBpwroeioés “yt with fingers”

Me can kot e0KOAO TPOTO Umopel aKOUO Kot £VOG GTEPOG YPNOTNG VO POPTAOGCEL
éva dALo avBpomoeldég amd v mpokabopiopévn AMota Tov TEPEXEL GLVOMKE TTEVTE, 1 VOl
POPTMOEL KATOL0 AALO OO TOV VTOAOYLOTH TOL N omd pion StadikTvoakn devbvvorn. Av
avtd dev eivar ovuPatd pe to mpdtvmo H-Anim téte dev Bo pmopel va yiver emruoyng
eMidEIEN TV deYHATOV KIvoewV Kol Ba vdpyel po yevikodtepn dvoiettovpyia. Amd to
avOpmTOEDN TOV VITAPYOLVY oTNV AloTa, povo to “yt with fingers” kot “nana” €yovv tnv

dvvatdtrto aveSdptnTng Kivnong TV 0aKTOUA®MY TOLG.

Load an avatar:l

Browse... |
Load the new awatar

...or select one from the list: [ytwith fingers |

oy 3.2 Mevoo emiloyns avOpwmoeidoig
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Endpevo pevov eivar awtd mov o ypnotng EMAEYEL TOWO0 UEPOS TOV CAOUATOS TOV
avOpwmoedovg BéAeL va meprotpéyel. H AMota mepriapfdver 16 apbpmdoelg tov chpotog
Kot akopo 30 apBpmdoelg Yo tor SAKTVAN TV dVO YEPLDY. XTO OMAOVO LEVOD O YPNOTNG
EMAEYEL TNV ToYVTNTO e TNV ooia Ba ektedeatel 1 kivinon. Ot emioyég eivan “fast”, “very

fast”, “slow”, “very slow” kot “seconds”. H tedevtaio divel v dvvatdtnta g angvbeiog

avaQOPAS 0€ OEVTEPOAETTA Y10 TNV TEPATWON TNV KIvNnong.

~elect body part and rotation speed:

BodyPart: |sa|::r|:|ilia|:: j Speed: Ifagt vI

oy 5.3 Mevod emihoyng péLovg tov omUaTOS Kol ToYOTHTOS THS KIVHONS

To pevov kabopiopoh TOV TOPAUETP®V TNG TEPICTPOPNG ATOTEAEL TO 1GYXVPOTEPO

EPYOAELD Y10 EVaV EEOIKEIOUEVO L€ GUGTILATO CUVTETAYUEV®V XPNOTH.

Define rotation parameters:
x:[o jjl"":h] jjz.-h JJ
A Justdo it |
=l

...or use a predefined direction: |fr|:|nt
Addd the action into the script textarea |

oy 5.4 Mevoo emidoyng mopouétpwy kivong

O ypnotg pmopet va B€oetl Tnég Papoug Yo kabe a&ova, OnAadn vo petaPdiel Tig
100PPOTEG GYETIKNG MEPIOTPOPNG ava aova. Me GAla Aoy, ov évag aovag €xel Tiun
undév, tote Ba vapEel UNOEVIKT TEPIGTPOPT] WG TPOS AVTOV. AV TOAL TOPATAVE® Ao 6V0
GEoveg Exouv un UNdEVIKN Tun, TOTE YIVETOL KOVOVIKOTOINGT Kot 0 Babpdg meptotpoeng
(T R) popaletor avarloya o€ mEPIGTPOPN WG TPOS TOLG AEoveg avtovg. H tiun R etvon
yovia TEPIOTPOPNS TS EMAEYUEVIC ApBpwong ekppacuévn o€ axtivia (rad).

Yrmbpyer oxoépa mn dvvatdtmro emAoyng pio ond T 29 mpokaBopiopéveg
KOTEVOVVOELG KOl TOV YPUUHK®OV TapeUPordv Tovg (PAéme mapdypapo 2.3.1.1). Avt) n
duvatodtto amhomotel oe évov peydio Pabud v emAoyn KatevBvuvong, HoG Kot dgv

yperdleTon o axpipng kabopiopodg TOV TIHAOV TOV aEOVOV Kol TNG YOVING TEPLGTPOPTG.
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Téhog vrdpyovv dVO KovUTLA pe TNV O1KN TOVG ¥pnooTnta. To éva evepyomotel Tig
aALoyéG 610 avOpOTOeEG (av Kot avTd YIVETOL QLTOUOTO GTNV TEPITTMOOTN YPNONG TOV
Kovumov ‘+’ kot ‘-, o omoia petafdrovy katd 0,2 v tpéyovca tiun). To dAlo kKovumi
npocBétel v kivinon oty “Script Text Area” (BAéne mapakdTo).

To mapakdto oynuo amekovilel To oNUAVTIKOTEPO, IGMC, KOUUATL TOV GLGTLOTOC:
Tpeig katnyopieg pe mopadetypota. To mPpMOTO €ivor KIVAGELS TOL COUOTOC, OTMG TY.
TEPTATN LA, TPEELO, YOUPETIOUOG K.A. Kot dimAa 0 emBuunToc aplOpdS TOV ETAVIANYE®DV.
AxolovBolOv ta moapadeiypota kvnoewv ™ ENI, evdewtikd 11 tov apBpd. Télog,

OPIOUEVES XEPOUOPPES, TO PAGIKO GVOTATIKO Hi0G VONUATIKNG YADGGOC.

Select script example:

Body movement|jump = # of terations: [1 El
Gestures using fingers |television x| El

Some significant handshapes g3 x|  Showmel |

oy3.5 Mevod emiloyng mopaderyudrwv

Téhog, vapyet kot pio TePLOYN E10AYMYNG amevbeiog EVIOA®V kiviiong otV YAOCo
STEP (Script Text Area). Amouteiton OU®G TOAD KOAN Yv®dOTN ToL cvvtaktikov ¢ STEP,
KaBmg £vo pOAg AaBog elval apkeTd Y10 VoL UMV OOLAEYEL N EPAPLOYT. XTOV YDOPO 0VTO,
ekTuVTOVOVTOL £Miong kot ot evtoAég STEP mov mpoékvyoav amd v emAoy KIvijoe®v LEGH
TOV HEVOL EMAOYNG UEAOVS TOV CAONOTOC, EMAOYNG 0EOVOV TEPIGTPOPTG KOt LETA OO TO
ménpa Tov Kovpumov “add the action into the script textarea”. To cOpuporo ‘%’ otnv apyn
™G YPOUUNG B€tel OAN TV ypapuun o€ oxoAo. "Yotepa amd kdbe evroln eivon omapaitnto
TO KOUUO, EKTOG Kot av efvan 1) tedevtaio omote ypetdleTon TeAeiol.

Script Text Area

% Define the body of a script action here, like ;I
% par ([turn{humancoid, 1 shoulder, front, fast),

% turn(humanoid, r_shoulder, front, fast)]]

Aok A

A
A

e

Test Script Clear Script | Foze Feset | Finger Feset |

Stop Applet |

oy 5.6 llepioyn eioaywyns evioiav STEP kaOwm¢ Kot KOOUTLG ETOVOPOPAS TOD GOUOTOS KAl

TV JAKTOAWV OTHY apyikl Tovg Béon Kkal tepuationog tov applet.
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Ta kovumid mov Ppickoviol KAT® aKpPOG amd TO YOPO EIGAYMYNG TOV EVIOADV,
etvar ta e€ng: “Test Script”, pe To TATNUE TOL EKTEAEITOL O KOJIKOG TOL YPAPTNKE (v €fvon
owotog), “Clear Script”, ofnver 0,11 €xer ypaotei, “Pose Reset”, emavagéper to
avOpoOToEDEG oV apylk] Tov otdorn (dev 1oydel Yo ta ddktvia), “Finger Reset”,
eMOVaPEPEL OA ToL dAKTVAN TOV aVOP®TOEDOVG 6TV apylkn Tovg Béon kot “Stop Applet”
oL epeavilel éva unvopa emPefaioong yio Tov TEpUATIGUO TG EPApPROYNS (1) 1oTOGEAIDN

TPEMEL VO, EMOVOPOPTOOEL TpoKeEEVOL va Eavd Eekviioer).

5.3 Ecotepui] Aettovpyia

[Ticow and 10 ypapikd mepiPdirov mov Ponbd tov ypnotn va evepyel mlve ot0
avOpOTOEDEG LITAPYEL EVOG UNYAVIOUOG TOV GULVOEEL TIG EVIOAEG MOV EIGAYOVIOL UE TO
avOpomoedég mov TG epapudlel. H pon dedopévov (data flow) kotd v exktédheon tov
TPOYPAUUOTOG (Tuntime) TEPLYPAPETAUL GE QVTH TNV TOPAYPUPO.

Emypoappatikd, mpokeipévon va 000l pa yevikn €1KOvo, T0 GOGTNLLO AEITOVPYEL G
eENeG: APacua Tov evepyeldV TOL ¥PNOTH GTNV 10T0cEADN e JavaScript, KAnomn tov Java
applet, duaPacpa tov STEP gvioddv, ecmtepikn emkowvmvia STEP pe DLP, kot axolovbei
N ovtiotpoen mopeio péEYPL va OTACOLV T O£dOUEVA YlOL TOV TPOCOVATOAMCUO TV
apBpdoewv ToV avOP®TOEWDOVS GTOV PLALOUETPNT. ATO exel avaiaupdvel dpdon Tto
npdcebeto mpoypappa (plug-in) tng VRML 97 v va amoddoel cwotd Ty epydy®on Tov
avOpmTOEd0VC.

Afyo mo avOALTIKA TOPO, 1 IGTOGEAIDN TOV EYEL TV EQUPLOYN TEPIEXEL KOIKA GE
JavaScript, £€tol ®oTe Vo pumopel var d€ETOL EVIOAEC OO TOV YPNOTN KoL VO UTOpel vo
katoAafaiver Tig emAoyég tov. H JavaScript mapéyel og epyareio eopueg (forms) péoa otig
OToieg VIAPYOVV AVTIKEIPNEVA OMMG KOLUTLIA, YMPOS Yoo KEIpHEVo piog YPOUUnG, HEVOL
emAoyng K.6. Ot gvépyeleg avtég mepvave ¢ opiopoto oe cvvaptnoelg g JavaScript,
Omov yivetolr U OTOWEWDONG eme&epyacioL. Mio. moAd Pacwkn ovvdpmon, 1
“appletQueue(string)” avorapfdver vo petagépel tnv TANpopopio Tov £xel kmotkomon el
KATAAANAO 6T0 6TAd10 NG Tpo-emelepyacioc, oto Java Applet.

Ye avtd 10 onpeio avarapPaver n Ppiobnkn g Java (to apyeio step engine.jar)
TNV UETATPOTN TOV deO0UEVODV 0 TEAEOTEG. Ot TeEAeOTEG €ivol KATNYOPNUATO GE LOPON
katovont and v DLP kot ekel oe avtd 1o eminedo yivetor n emefepyacio. Aniadn,
HETOTPEMOVTOL Ol EVIOAEG TOMOL ‘turn’ og ‘do()’, 6mov ‘@’ Mo KATAGTAOT YVOOTY

(opiopévn amo mpv otnv DLP) yia to avBpomostdéc.
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5.4 Ilpodraypa@éc KaANG AELTOVPYLOS TOV GUGTI|NOTOG
H vAomoinon tov cvotiuartog £ywve og vmoloyiot| Intel Pentium 4, CPU 1.8GHz,

puvnun RAM 512MB, xdpta ypapikov Sapphire Radeon 9000 Atlantis Pro 64MB. H
EPOPLOYT SOKIUACTNKE KO GE LITOAOYLOTY Yo pmAdTEP®V dvvatoTitev (Pentium2 300MHz,
128MB RAM) kou £Tpeye IKOVOTOMTIKAL.
Amontovpeva og ke mepintmon ivon ta €Ng:

e 'Evag puiopetpntig (Internet Explorer ) Mozilla)

e 'Evag VRML 97 viewer (Blaxxun 1} Cortona)

e Java plug-in. Ilpémer va eivor evepyomompévn m emioynq vy v Java Ko

JavaScript.
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File Edit Wiew Favorites Tools Help | = - = - @ ol | é.@.- @ E=| @ @ | %' == _

Virtual representation of the Greek Sign Language

Load an avatar:l Browse... I

Load the new awatar I

...or select one from the list: Iytwith fingers =|

Select body part and rotation speed:

EodyFart: |Ieft shoulder LI speed: Ifast "I

Define rotation parameters:
x:[To [+ =] z:[on R I A O = HE
o JEN I

...or use a predefined direction: Ifant j
Add the action into the script textarea |

Select script example:

Body movement:lm # of tterations: IE— :
Gestures using E_ngers;lsilence vl GD!l
Some sigficant ha.ndshapes:l gl 'I Show mel |

Script Text Area

e
A

Iefine the body of a script action here, like
prar ([turn (humanoid, 1 shoulder, front, Lfastc),
turn (humanoid, r shoulder, front, fast)])

L
L

A
A

Test Script I Clear Script | Fose Reszet I Finger Reset |

Stop Applet |

o). 5.7 ZTyuIotomo Koo, TNV EKTEAETH THS EQOPUOYNG
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