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Synthesis of Mesh Animation Sequences.

EmiBAénwv: lwdvvng ®odvtog, Kabmymtis.

Yty mopovoo SLaTpLPy), dtepevvolpe xowvotiéueg nebddovg yiow To cuvdvooud
axoAoLOLY atd TAéypata (meshes) Léow TG eQaPRoOYg TEXVLXWY PabLéc pndbnone.
H xdprta ouvelo@opd pog elvar 1 oavamtuEn pog TEONYLEYNG EYLTEXTOVIXTG XWOL-
XOTTOLYTN-OTTOXWOLXOTIOLYTY] TTPOCOPUOCUEYNS YLow TN oVVbeam xvodpevwy oyediwy.
0 xwdxomonTg AopBAavel xoil XWILXOTOLEL T YOPAXTNELOTIXA TWY UEUOVOUEVWDY
OYNUETWY, EVE O ATTOXWOLXOTTIOLNTYG OVOXATAOXEVALEL [LLOL OAOXANPWUEVT oxOAOLOIo
OXESLWY TTAEYUOTOG EVOWUATWYOVTOS VT TO XWOLXOTIOLNUEVDL Yoo TNELOTLXE. O
OTTOXWILXOTIOLTNG ELVOL LOLALTEQO EVEALXTOG, ETILTPETIOVTIOS TNV TTOPOUETOPOTTOLNON
UE TOATIAEG €LOGBOVG YLOL TNV ETUTEVEY UETOPOPAS GTUA, ETLTPETOVING ETOL TN
ONuLovEYLOL SLAPOPETIXWY GTUA Xivnorng amd Tg eloddovs. Mo va Stacpoaiicovpe
TNV ELPWOTLA XAL TNV TUOTOTNTA TWY ONULOVOYOVUEVWY TAEYUATWY OE OYEOY] WUE
TO aEYLXO TAEYLO, EQOPUOCAUE XOL OELOAOYNOOWUE OLOPOPES TEYVIXES TTOL EYOLY
OYEOLAHOTEL YLO TN SLATNENON TWY PBACLXWY YHOOKTNELOTIXWY TOL TAEYROTOG. Ot Te-
YVLXEG OUTEG ETULXEVIPWYOVTOL GTY OLXTNPNOY TOCO TOTUXWY 000 XAl TAUYXOOULWY
YOLPOXTNOLOTLXWY, CUUTIEPLACULBOVOUEVW®Y TOV GYXOU, TNG XOUTTUAGTNTOG KO TWY UE-
OWY XOVOVLXWY, TO. OTtolor €lvorl {WTIXNG ONUOCLOG YLoL TN JLOTNENCN TNG OTTTLXNG
%o QOULXNG OXEPALOTNTOS TWY XLYOOUEVWY OYEDLWY. Tor TELPOUATIXG YOG OTTOTEAE-
OLOTO. XOTOUOELXVYOOLY TNV GTTOTEASOUATIXOTNTO TNG TPOCEYYLONG OGS OTNY TTOQO-
YWY TAEYUATOY VPNANG TOLOTNTOG TTOL SLATNEOVY TAL PUOLUE YOPOXTNELOTLXA TWV
oEYLXWY LovTéAwy. Evtontilovpe emiorng diapopeg vooydueves pebddouvg yra LeAro-

VT €PELVAL, OTTWG ¥ EVIOYLOY TNG CLEYLTEXTOVIXNG XWOLXOTTOLYTY-ATTOXWILXOTTOLYTY),

vii



N BeATiwon Twy pebd3wY TOPAUETPOTOINGNG YLOL TTLO SLOPOPOTIOLNILEVES UETAUPOPES

OTUA %O M AYATTTUEY TILO EEEALYUEVMY TEXVLXWY VLA TN OLOTNONOY TWY TTAEYUATWVY.
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EXTENDED ABSTRACT

Pavlos Chatzisavvas, M.Sc. in Data and Computer Systems Engineering, Department
of Computer Science and Engineering, School of Engineering, University of loannina,
Greece, 2024.

Synthesis of Mesh Animation Sequences.

Adpyvisor: Ioannis Foudos, Professor.

In this thesis, we explore innovative methods for combining mesh animation se-
quences through the application of deep learning techniques. Our primary contri-
bution is the development of an advanced encoder-decoder architecture tailored for
animation synthesis. The encoder effectively captures and encodes the features of
individual animation schemes, while the decoder reconstructs a comprehensive mesh
animation sequence by integrating these encoded features. This decoder is highly
versatile, allowing for parameterization with multiple inputs to achieve style transfer,
thereby enabling the creation of diverse animation styles from given inputs. To ensure
the robustness and fidelity of the generated mesh animations relative to the original
rest pose mesh, we have implemented and evaluated various techniques designed
to preserve essential mesh characteristics. These techniques focus on maintaining
both local and global features, including volume, curvature, and average normals,
which are crucial for preserving the visual and structural integrity of the animations.
Our experimental results demonstrate the effectiveness of our approach in producing
high-quality mesh animations that retain critical attributes of the original models.
We also identify several promising avenues for future research, such as enhancing
the encoder-decoder architecture, improving parameterization methods for more nu-
anced style transfers, and developing more sophisticated techniques for preserving

mesh features during animation synthesis.
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KeEoaaalo 1

Eizaroru

1.1 Xzoyor

1.2 Aoy g AratotfBilg

1.1 Xvoyor

XTOV TTOPOV XEQPAAOLO TTAPOVLOLALETOL UL CUVTOUY ETLOXOTNOY] NG SLaTELfg, oL
otoyoL g xobg xot pioe TEPLYPOPY TNG SOUNG TWY XEQPOAXLWY TNG. ZXOTOG TNG
Topovoog SLatELPng, elvor M LEAETN o M OMULOLEYIX XLYNOEWY YopaxTHpwy. [lio
OUYXEXPLULEVXL, UE TN YEPNON VELVPWYLXWY SIXTOWY TTOL OVOTTOEaUE XL pe rebddoug
Baberdc pabnong, mpoomaboope vo avamopdyovpe N Vo ONLLOVOYTOOVE VEES XL-
VNOELG YLOL TOVG XOPOXTNPEES Las. [lor vou To emtitiyovpe avtd, opyixd, eEayope 6ed0-
KLEVOL XLYNOEWY UE TN XE7om Tov Blender [1]. Ewdixdtepa, avtAnoope dedopéva 1600
Ytor TNV %LvNOY TOL EXACTOTE YOPOXTNOEN, OO0 XOL YL TO YHOOXTNELOTLXA TOL %A be
mesh 7ov TePLPEAAEL TOUG YOPOKTNPES. 2TV CUVEXELR, YONOLLOTTOLNOOUE TLS TCAN-
POPOPIEC OTES YLt TNV EXTTALOELOY KOl TNV AELOAGYNON EVOS YELPWYLXOD OLXTOLOL
OANG, xo yioe TN OnuLovpyio VEwy, Lo oVvbetwy xtvioewy. o vor emttdyovpe OAo
TOL TTOPATIAVW, YEVOLLOTIOLOAUE TN YAWOOoO Tpoypaupotiopod Python 7 omolo pe
Tg BLBALobxeg TG, KOG ETULTEETEL TN SNULOLEYIX XOL TNV EXTTLGEVOY TOL VELPW-
vxoV dxtvov. Emiong, 1 xonon g x&ptag yoaetxoy [2], pog divel ™ duvatdtnTa
Vo Vot TOEOVPE KoL Yo ELOAOYNOOLUE ToYVTEPX TO YEVPWYLXO SLOTL, YPNOLUOTIOLEL

TLG QLVATOTNTES TNG XAPTAG YEOPLXWY YLo LTTOAOYLOROVGS. TéAog, To Python API mou



mpoo@épet to Blender, pag fondnoe otny amoxoutdn 6Awy Ty amapaltnTwy 6e50-
HLEWY, xabwg pog emLTpémetl vo Ttpoypopuatioovue anevbeiog o Python péoo oto
nepLBaAioy Tov Blender, kyote va mapovpe xot va amobnxedoovpe o oo Lopepn

embopodpe Tig TANPOPopicg oL YpeLtalOUoOTE.

1.2 Aopn g AratoLfng

H drotpLBn) meptéyet 5 xepdrota. Xto xe@dioto 2, Ho Tpoodioptotody to Hewpntind
%o TEXVOAOYLXO LTOBabpo Tov YpetaleTor TEOXELUEVOL Vo xoTavonfody oL bpot
mov Oa yonorpomotnfody oAAd xal yiow TV TANEY avtiAndmn tng peboroyiag mov
vAoToninxe.

X710 TplTo *EPAAQLO, Hor aTodWooLUE TOV TPOTO AVATTTLUENG *oL LAOTTOINONG TOV
VELPWYLXOV SLxtVov. Avodbovue Tig pebddoug pe Tig omoleg eEQyoue TLg amapaitn-
TEG TTANPOPOPLEG OXAAGL X0l TOV TPOTIO LE TOY OTTOLO TLG OELOTTOLOOUE QVTEG.

XT0 TETAPTO xEPAAOLO, Bor TapovaLldcovpe xal Bor aVaADGOLUE TOL ATTOTEAEGLOLTOL
IOV TTPOEXVLYPOY ATTO TNV VAOTIOINGCY TNG CLYXEXQLUEVNS SLATELPYG.

TéAog, 010 TEUTTO K@M, Oor awoyoAnfodpe e Ta oLUTEPAOULATO GTOL OTTOLOL
XOTAANEQUE X0 TLG TiLOOVES BEATLHOELG XL ETTEXTATELS TTOL LTTOPOVY VO TTEOXVYPOLY

0TO UEANOV.



KE®AAATO 2

(EQPHTIKO KAI TEXNOAOTIKO YTIOBA®PO

2.1 Blender

2.2 Meshes xat Animations

2.3 Nevpowvixd Aixtoo

2.4 AEoNoymom Awxtdoov xo Xovola Exmaidevoyg

2.5 Metpwxég Ymoroytopod AmAstog

270 Topov xe@aAoo Ho Tapovaotdicovpe To BewpnTind xon TEXVOAOYLXO LTTOPRoBPO
TIOL YPELOLOUAOTE ETOL WOTE YO UTTOPOVUE VO XOTOVONOOVUE TNY DAOTOINOY NG €Q-
Yoolog. ETig emOUeveg evOTNTES, Har avapepbodpe os pepixég Booixég Evvoleg oL
oyetilovtol Ye To VELPWYLXA OIXTLO XOL ELOIXOTEQO LE TO LOVTEAOL TTOL YEYOLULO-
mowoape. Enilong, o yiver plo odvtouyn avopopd oto Blender xow Tig Asttovpyieg

ToU XabWG aTOTEAEL ONUOVTIXO XOUUATL GTNY EEXYWYT TWY OESOUEVMVY.

2.1 Blender

Ye aut) v evotnta Bo aoyoAnfodue pe to epyareio oyediaong Blender [1]. [1po-
xertoL Yo €vor eAsVBepo xot avoLyTod ®WOLXe: AOYLOULXO TO OTOLO KOG ETILTOETEL
voo oyedtaoovpe 3D LOVTEAR, OTTTLXA €€, animations xot GAAa €Ldn 3D ypo@Lxoy.
To mepLBdArov Tov, av xol Sev lvol TO TLO EVYPENCTO, ELOLXA YLOL XATTOLOV OO GELO

XONOTY, TPOOPEPEL TTOAAEG Suvatdtnteg [3]. IIto ouyxexpLxpéva, oL animators, LEaw
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Tov texturing xo Tov modeling wov TPooEépeL to Blender, pmopody vo oyedidicovy
xabe popeng yapoxtnoo o omolog Oor cuvodeeTol ATO KLVNOELG BAXPWSG PEXALOTL-
%€ 1oL OlYWe LOLKITEPEG AAOLWDOELS OTOL LOVTEAX TWY YopoxTnpwy. [Tpoxeipévov
vo. emtitevyfody dAa T Topamdvew, To Blender mpoogépetl Stépopovg TOTOLS oy TL-
xetévwy Omwg ta meshes (TAéypoto) o Tor armatures T OTOLOL LTTOPOVUE VL
eTeEEPYAOTOVUE WOTE VO TTEPOLUE TO eTtLOLuNTO amotéAsopa [4].

2TLg LTTOEVHTNTES TTOL axX0AoLOOVY, Ha avahboovpe Tov TPOTO e TOV OTTOLO UTTO-
povpEe vo xatoAnEovpe oty ovvbeon piog xivnomg evog yopoxtioo [5] 6TTws paivetor

070 Zynua 2.1 6TToL 0 XoPOXTNAPOG EXTEAEL Evar AALLOL.

Zynuoe 2.1: H xtvnon evdg yopaxtrpo

2.2 Meshes ot Animations

To mAéypo (mesh) evdg TELOSLAGTATOL YOEPOKTAPN, OTOTEAEL [OWG TO TTLO ONUOVTLXE
OTOLYELO OTYY TELOJLAOTOTY LOVTEAOTOINGY. MECw ouTOD, TO LOVTEAO O TTOLLPVEL
TNV TEALXY] TOL LOPPY] TTOL €Y TEAEL TTPOPRAAAETOL GTOV EXAOTOTE YPNoTY. H dnutovp-
yiot g LopeYic evig 3D povtédov, Baoiletor oty évwon Twy xopu@®y (vertices),
Ty axpoy (edges) xot twv empaveldy (faces) tov otov tpLodidotato ywpeo [6].
evixdtepa, to TAEYLO 08 GLYBLOOUOS UE DLEPOPES TEXVIXES OTtwG TO texturing divet
OTO LOVTEAO TNV ATTXEALTNTY] ASTTTOUEQELO TTOL YPELALETOL WOTE Vo Elval 6GO TLO
PECALOTIXO YIVETOL TOLY EQPOEUOCTEL TTAVEW TOL xAToLo animation. Ilapoaxdtw, oto
Zynuar 2.2 BAETOLPE TG EVOG OXEAETOS XUTEANEE Vo EXEL TN LOPYY EVOS 0dMYOD
Ue xOxxLvy] 0TOA] péoa amd Ty TPoohnxn evéc mesh aAAd xou textures. TéAog,
aELleL VO OVaPEPOLUE TTWG OTLS APYLXES TOL exddoeLg, To Blender mpooépepe pdvo
™ SVVATOTNTO ONULOVEYLOG TOLYWVWY EVE TTAEOV, O XPNOTNG UTOPEL VO OYNUOTIOEL

OTTOLOONTTOTE TTOADYWVO.



Yynua 2.2: To mesh evdg yopoxtipo

2.2.1 Animations

Ontwg avopépape, xabe mesh amoteAeitar amd xopvpéc. Kabe xopven, yopaxtnoi-
(et oo TLG OLVTETAYUEVEG X, Y XOL Z TOU TOLOOLAOTATOL XwWEov. ['ta var tetdyovpe
™Y €TOLUNTY XIYNON TOL YUPOXTNPO LG, TTPETEL XAbE Popd var petotomti{ovue TLG
OLVYTETOYEVEG OLTEG 0Ty Béom mov O€Aovpue Yo vo oynuotiotel pior SLapoPETLXN
0Tdomn ToL TAEYROTOS Hog. H ouvexduevn HETATOTLON TWY CGUYTETAYUEVWY OE TTOAD
wxpd xpovixd drdotnuote, (frames) poc dnuiovpyel Ty aiobnon mwe To Lovtéro

LOG XLVELTOL GTO XWPEO.

2.2.2 XYxeletol Tptodidotatwy Movtédwy

YxeAetic (armature) ivoi évor 6OVOAO ortd 06Té Tow oTtoloL TTPOGSIB0LVY GTO LOVTENOD

KOG TN AELTOLEYLXOTNTO. TOL OXEAETOV Tov BéAovpe va avamoplotovpe gite avTOg



ovBpwmivog eite dyt. Kabe 0oto, eivor vtevbovo yiow T %xivnom evdg oLYREXPLLEVOD
TuNroTog Tov mesh. Emimpdobeta, xdbe 0016 avixel og pio opddo amtd 00Té OTTWS
To XEQLO, Ta TTOSLAL M TO xeQAAL. Kotd xVpLo Adyo, n pila, to apyixd 06Td TOL
oxeAeTOD elvot oL YOOI Tou ot amd Egxtvd 0 oxeAETOS Vo YwELleTon OTLS SLAPOPES
vroopadeg Tou [7]. Topaxdtw @oaivetor 0 SLayWELORLOS TOL GXEAETOV OTLS OUAOES

Tou (CyAuo 2.3, TyAuo 2.4).

Zynuo 2.3: "Evog oxeAetog

Emiorng, akilel va onuetdoovpe mwg ot avhpwmivol, xvpiwg, oxeAetol €xovy 300
onuovtixég otaoels, Ty T-Pose xot v Rest Pose. H T-Pose, dmwg sivar edxoio
OVTLANTITO %o oTtd TNy ovopoaotio TG, efval piat 6Téomn xoTd Ty oTolo T YEPLO TOV
LOVTEAOL ELVOL TEVIWUEVO GTO TTAGL XL OVOLUOTIXA O OXEAETOG oyNuaTilet éva T .
[Tpoopépet oo YpNot éva E€xabopo OTTIXG aTOTEAECUO LECW TOV OTOLOL ULTTOPEL
vo emteEepyaotel OAo Tor 00TE OTTWS PALVETAL XOL 0TO ZyNuo 2.5.

H Rest Pose, eival ) TpoemtAsyLEVy] 0TEOM TTOL EYEL O YOPOXTNPOG LOG TTOLY EQOO-
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Zyquar 2.4: O opdideg 00TWY 0TLG OTTOlEG YWELLETOL O OXEAETOG

LOGTOVY TAVL TOL TTAPOUOPPWOELS 1 animations. AE(LeL VOU ONUELWOOLILE TG TTOA-
Aég @OpEc oL dVO GTATELS TOVTILOVTAL YL TTOXTIXOVS AGYOUS (OTE YO UMV VTTROYEL

oVYYLoT xaTé TN dNULovEYLa TOL OxEAETOD xol TwWY animations Tov.

2.2.3 Rigging

‘Otav oroxAnpwbel 1 dtadixacion dnutovpyiag Tov oxeAeTol xo Tov mesh, Ho TEETeL
outd vo ouvdebody pe xémoro tpdmo. H Stadixacio owty), ovopdletor rigging xo
TEPOL OO TNV ONULOLEYLX TWY OOTELVWY CORWY, TEPLAXWBAVEL xor TNV ToTobéTnon
controllers ot omofot O Srayetpilovtor oA xot Bo mepLopilovy ™y xivnon Twvy
00TWY NDOTE Vo EYOVUE EVOL OG0 TO BLVATOY TILO PEXALOTIXO XOL QUOLXO ATTOTEAECLOL
oty x{ynom Tov yopoxteo. o Topadetypa, Le TN ypNon twv Inverse Kinematics
EYOULUE TN SLYATOTNTAL Vo EAEYEOVILE TNV %(VMOM TV 00TWY. AuTo ouuPaiver SLoTL, N
OLUYXEXPLULEVY] LEHODOG LG ETULTPETEL VL XLYOVUE TO BXOO TOL YOPAXTNOA UE [dom

™V TEAXY] Toug Héom.

2.3 Nevpowvixd Aixtoo

Tow vevpwwixd dixtoo eivor évag THTog aAy6pLbuon pnyovixig pébnorng (machine
learning) xot amoteAoby proe néBodo otn TEXYNTA VONooHYY, oL dLBAoxEL GTOVG
VTTOAOYLOTEG v eTteEepYalovTol GESOUEVA LE TPOTTO EUTIVEVOLEVO OO TN OOUY] %Ol
™ ActTovpyior Tov avbpwTvoyv eyxepdiov [8].

Tow vevpwwixd dixtoo amotedobvton and enineda (layers) dioovvdedepévwy Te-

XVNTWY VELPWYWY, TTOL ETTEEEPYALOVTOL DLAPOPESG TTANPOPOPLES xoL EEAYOLY EVa ATTO-



Yynua 2.5: To T-Pose evdg povtéAov

TéAeopa pe Baon éva oOvoAo amd inputs, dNAcd” GES0UEVA TTOL ELGAYOVTAL.

Ta vevpwvixd dixtuor puToEovy vor Bondnoovy oNuaYTIXE TOLG LTTOAOYLOTES VO
Ao Bavovy Eumveg amo@Aaoels, TEPLOPLLOVTOG TN CLUUETOYN TOL ovbpwTLvov TTo-
PaYOVTOL.

Avté mpaypotomoteitor xobwg LTOPOVY Vo EXTOLGEVTOVY OE UEYOAG GUOVOAX
OECOUEVWY XL VO LOVTEAOTIOLNOOVY TEPITTAOXES OYETELS LETAED JESOUEVWY ELGOOV
xow €E600v, BydlovTtog CUUTEQATUOTO KoL XAVOVTOS OLAPOPES YEVIXEVTELG.

X1 ovvéyela, Bo dodue TOY TPOTO e TOV OTTOLO AELTOVPYEL EVOL ATTAO YELPWYLXO

dixTvo.

2.3.1 Tpobmog Asttovpyiog

H 1o amAn apyttextovinn evog vELPWILXOD SLXTOOL OTTOTEAEITOL OTTO TPELG OUAOES
7 otpwpoata[9] (layers): éva otppo povédwy «eta63ov» (input layer), mov cvvdé-
ETOL UE EVOL OTPWUOL «XPLPWY» povddwy (hidden layer), To omoio cuvdéeton pe éva

emiedo povédwy «eEddov» (hidden layer) (Zyfpa 2.6).

e Eximedo eto6d0v (input layer): [lpoxeittal yioo To TEHOTO eTiTtedo O Evar VEL-

pwvLx6d 3ixTLo TOL Ao PBAvel Tor oPyLxd dedopéva eLaddov. Ot xopfPol eto6dov



ImpLt Hidden Clutput

layer Layer layer

Input #1

Input #2
Clutput
Input #3

Input 4

Zynua 2.6: H apyrtextovinn evdg amAod vevpwyixod dLxTOOL

entekepyalovtol Tor OEOUEVO QDLTA, TO oVOAVOLY %ot Tar petofifalovy 6TO

emopevo eTtimedo.

e Kovppévo emimedo (hidden layer): To xpvppéva otpopato amoteAody To
evoLapeaa eTtimedor aVAUETO 0TO ETLTEDO LGOS0V X0 EEHSOL XL ETULTEAODY TO
LEYOADTEQO UEPOG TOL LTTOAOYLOUOV. Evd€yeTon vor LTTAPYOLVY TTOAAG XOLUUEVL

emimedo o €var YVELPWYLXO BLXTLO.

e Eximtedo cEo6dov (output layer): To eminedo EGdov eivor to TeEMxd emtimedo
oc éva YELPWILXO 3ixTLO %o 0dMYeEL oty €E0d0 Tov dixtvov. O apLbudg Twy
YELPWYWY 0TO ET{TESO OVTO eExPTATOL OTTO TO EXATTOTE TTPOPBANUO TTOL AVVE-

TOL.

2.3.2 Ezmovoloppovopeva Nevpwvixd Aixtoo (RNNs)

To emavodapBoviopevo vevpwyixd dixtuo (recurrent neural networks) sivor pior xoi-
TNYOPLOt VEVPWVYLXWY SXTOWY, TO OTOLOL EXOVY OYESLUOTEL YLOL TNV OLVAAVGY XOL ETIE-
Eepyaoio Stadoytxwy, axolovbioxwy dedopévwy [10].

H apyttextoviny Toug Toug divel 1 SLYATHTNTO VoL XPATOVY ATTOTEAECULOTO. ALTTO
TPONYOVPEVESG €LOB0OLG TNG oxoAlovbiog Twy dedouévwy. To yeyovdg avtd, Tor xo-
OLota Wovixa yioe TANOOEo eQoppoYwy Tov oyetilovtol pe TEOBAEPELS xaw YPO-
VOOELPEG OTTWG YL TTAPAOELYUO, OL TPOPRAEYPELS TWY TTWANCEWY OE €var UEAAOVTLXO
XOOVLXO dLaoTNUa M 1 ETEEEPYOOLO PUOLXWY YAWooWY. [Ito ouyxexpLpéva, N cLYxE-
XOLULEYT opyLTEXTOVLXY Olvel TN duvatdTnTo 0To 3ixTLO Vo eTteEgpyaotel TNV (SLo

€{0030 TTOAAEG POPEG. ‘OTTwg TP TNEOVE GTo Lynuo 2.7, | TTAnpopopio oynuoatilel



EVoy XOXAO XAT& TOV OTTOl0 GLOYETLLETAL M VEX TTANPOQPOPLOL UE TNV TTAALL, YEYOVOS

mov Oev ovuPaivel oto amtAd Feed Forward dixtuo.

Synua 2.7: H opyrtextovixy evog RNN

2.3.3 Long Short Term Memory Nevpwvixd Aixtvo (LSTMs)

‘Evae Long Short Term Memory (LSTM) vevpwvixd 3ixtuo eivor évog ouyrexpLLévog
tomog RNN, To omolo dnutovpyndnxe e o%OTO VoL LOVTEAOTIOLEL TLG YPOVLXES OAAY-
Aovyleg %o TLG LEYAAOL EVPOVG EERPTNOELG VTWY UE UEYAAVTERY, oxPLPEL OTTO TOL
ovuPotixa RNNs [11].

H Stapopd g apyttextovixig toug o oyéon pe owt) Twv RNNs éyxettar oto
YeEYOVOG Ttwg xabfe xeAl StobéTel TPELG TTOAEG, OL OTTOLEG EAEYYOVY TV PON TWY TTANPO-

@opLV. AuTtég elvat:

e [IOAY eto6d0v (input gate): EAEyyel moleg véeg TAnpopopieg Ho mpootehody
070 XOTTOPO UVALNG. APy ixd, Léow evig atypoetdolg emtmédou (sigmoid), aro-
pootletor ot TAnpoopia Hor xpotnbel amd Ty pynun. XN cvvéxelo pio
oLYAPTNOY LTEEPPOAKYC epamTopévrc (tanh), Ba dnutovpyroet éva Stdvvopo

pe vroPNELeg TLég Tov Ha uTopovoay vo etaoryfody TN UYNUT.

e [IOAY emiAextinig ovyxpatnorng (forget gate): H ouyxexpipuévn moAn amopo-
olleL ToLEG ATTO TLG TTANPOQPOPLES JeY lvall TTAEOV ONUOVTLXES XOL LTTOPOVY VO
“Egyootoly” amd to xeAl. H amdpoon avt) Aapfdvetol péow pLo oLypogtdoig
OLYAPTNOYG UE ELGOBO TNV XATATTUO TOL TTPONYOVUEVOL XEALOD %L TNV L6050
ToUv TPEYOVTOG. To amotéAeopd g, eivor €va SLavuopa e TLUES LETAED O xou
1.’0c0 1o xovté elvor pio TLpwy] oto 1 téoo mo mhovd ivar vo dtotnpndel eved

600 Lo xovtd Pploxetor oto 0, tote elvar mo mhavd va “Eexaotel”.

o [I6An €Eb6d0ov (output gate): H mOAn awt) amopacilel o amotéAsouo mov Ho

eEorybel xo émerta o Tpowbnbel oto emduevo xeAl. Apyxd, Le TV EQPOELOYT
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QLo OLYOELS0VS GLYAPTNOYG Dot ATTOPOOLOTEL TTLO XOUPATL TNG XATATTOOTS Dot
Stotnenbel v peTémeLta, OAN N *xATAGTOGY], TOL xeEALOD Bor Tepdosl amd pio
LTEPBOALKY] eQaTTTOUEYY] GLVEETNOY (tanh) TEOXELLEVOL OL TLLEC VO XALULAX K-
Bovy oo medio Ty (-1,1). Télog, Tar 3o amoteréopoto. TTOAATTAOGLALOVTOL

LETOED TOLG WOTE Vo XaToAnEovpe oty emtbountn €€odo.

2.3.4 Xvvoptnostg Evepyomoinorg

Ov ovvoptNoslg evepYOTOiNnoNg ATTOTEAODY Vol TTOAD ONUOVTLXO XOUUATL TWY VEL-
OLXWY AxTOWY, xobg Tovg divovy T dvvatdtnTa vo pabaivovy TOAOTAOXES, YN
Yooputxég oyéoetg xo LotiBo avapeoo ata dedopéva [12]. Alywg awtée, Tor vevpw-
vxé dixtoa Bow EmpeTe vor TEPLOPLOTOVY UOVO OE YOOWUULKES OYETELS LE OTTOTEAECULOL
VO LTTOPOVY VO EXTEAODY GYETLXE OTTAODG UTTOAOYLOULOVG.

Mo ouvépTtnoy evepyomoiong, vLTOAOYLLEL TNV EEO0G0 €VHG VELPWVA GLYPTYOEL
NG €Lo6dov Tov Oa deytel avtds. H emiAoyy tng ovvdptnong mov o ypnotpomol-
NOOLUE EEXPTATOL GAUETH OTTO TLG ATIALTNOELS TOL TPOPANUATOG XoL €lvot LOLoiTEQX
oNpovTLXN OLOTL UTTOPEL Vo BEATLHOOEL TNV ATtE300Y] TOL VELPWYLXOV SLXTVOL.

21N GLYEYELR TNG LTTOEVOTTTOG, Bl avoALOOVY PePLXES OTTO TLG CLYOPTNOELS EVEQ-

YOTOLNOYNG TTOL YPNOLLOTTOLYOOUE YLOL TNV TTOPOVTOL SLOTELP):

o Yiypoctdg ouvvaptnoy (sigmoid function): Tpdxeiton yroo pioe yooputxy ov-
YRPTNOY EVEQYOTTOINOYG N OTTOLOL LETATOETEL TLG ELOOBOVG OE €EADOVG TTOL CVY-

xovv 670 dtdotnua Ty (0,1). H eEiowor tng sivor:

o(r) = (2.1

e YrepPoAwxn s@amTopévy (tanh): H ouyxexpLpévy, un yoopulxyn, ouvaptnon
HETOTPETEL TLS ELoGB0LG ot eEAdoVG pe edpog Ty (-1,1). Tevixd, n cvvép-
™o TEOTLLATOL JLOTL Tal JESOUEVO XATAVERLOVTAL XoADTEQPX YOPwW omd To 0

UE OTTOTEAECUA TO LOVTEAO v oLYXALVEL YoNYopdTEPR. O TOTTOG TN Elvart:

tanh(z) = % (2.2)

e Rectified Linear Unit (ReLU): H ReLU, eivow ploe oAy ouvaptnon n omoio

ToLPVEL TN LEYOAVTEPN TLUN avapeoa ato 0 xow Ty eioodo tng. Eivar apxeta

11



OTTOS0TLXN KoL AOY® TNG OTTAOTNTAG TNG TEOTLLATOL OTO XPUUUEVA ETLTEd

TOL YELPWYLXOV OLxTVoL. O TOTOG NG lvot 0 TOEPOXETW:

f(x) = maz(0,x) (2.3)

e Softmax cvvaptnoyn: Xpnotpomoleltol xatd xOEL0 A6Y0 aTny €E0d0 eVOC LOVTE-
Aov. AapPével wg elc0do €va SLAVLOUN Z XOL TO LETATEETEL O iat axoAovbio

mhovotitwy pe Stdotnua Tty (0,1). H eEiowon g elva:

(2.4)

Softmax(z;) =

Zj e

2.4 AEodoymon Awxtdov xor Xdvoia Exwaidsvorg

XUOTTOG TNG UMYovLxNg Lébnong, sivor 1 dnutovpyio StxTdWY Ta OTTOLO VoL LTTOPOVY YO
pnoboivovy péoa amd obvora dedopévwy. Emiong, otdyog eivor vo yivovtor TpoPAE-
PeLg Baoet Twv dedopévmy pe Tor otolor exTodedTnxe éva dixtvo. To dedopéva ex-
TaLOELONG TWVY VEVPWYLXWY SXTOWY, ATOTEAOVVTOL OTtd TPLAL GOVOAX: TO GUOVOAO €X-
raidevorg (Training Dataset), To obvoro dedopévwy emixbpworg (Validation Dataset)
xa To 6bvoro doxtuvg (Test Dataset).

[evixa, 6oa mepLoodtepa elvar Taw dedopéva Tov o dwoovpe 1o GVVOAO €x-
TaldevomNG, TOGO0 KUAVTEPA EXTTAULSEVETOL TO VEVPWYLXO GIXTVO OE OVTA XAL XAVEL
xoANOTEPES TIPOPBAEPELS. BEBoa, xartd T nuLovpyio TWY TTOEATIAVE GLUVOAWY YPELE-
Cetou wWialtepy TPoooy OLoTL, UTopovue vo 0dnynbodue oc Qarvépevo overfitting 7
underfitting [13] [14].

Kotdmy g dnutovpyiog twy 3edopévmwy exTaidenorg, TEETEL Vo SLAGQUALGOLUE
™Y TOLOTNTA AVTOY. ['la va To TeTOoLE ALTE, LTTOPOVLUE Vo aotpéaovpe HOpvfo
7 avopaiicg (outliers) ot to dedopéva pog.

2TN GLYEYELD, OPEIAOVUE VO SNLLOVPYNIOOVLUE EVOL GOVYOAO GESOUEVLY YLOL VOL TTOO-
OUETPA TNV aTtdd00Y] ToL povTéAov. [Ipoxetpévou va emitiyovpe €vay owoTo SLoryw-

OLOUO TWY JESOUEVWY UOG, CLYNOWS YENOLULOTTOLOVUE it EX TWY TTOPOXATK UEDOSwWV:

¢ Train/Validation Split: [Ipdxettar yio 10 dtoywpLtopd Twv dedopévwy o 300
VTTOGVYOAR, Evar Yo eEXTToLdEVo xoL €var yiow eTxVpwon. O dtaywptouds av-
T6¢ ouVHBwG Yivetal oe éva Tooootd 80% (backslash percent) 1 70% (backslash

percent) yto. To abvolo exmaidevong xor 20% (backslash percent) 1 30% (back-
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slash percent) yio To GUVOAO eTTLXOPWONG. QTTGCO, Tot TOGOOTE OVTE LTOPEL VoL

ta xofopioet 0 ypRotng Omwe emttbupel Bdoet Twy avoryxwy Tov (TyHuo 2.8).

K-Fold Cross-Validation [15]: Eivow pio pébodog émov to odvoro twv Oe-
dopévwy, dtopeital os k (oo btooVvoia (dLov peyébovg. H draduxaoio ovtn,
exteAeiton k Qopég pe xabéva amd Tar LTTOGVVOAL Vou YpnoLpoToLELTaL it QOPA
WS GVYOAO doxLug oL Tor LTTOAOLTI, k-1, vou ypnoLpomTolobvToL Yo exToidevo.
[Mpdxetton yioo piow ocpxetéd mo akLémiotn nébodo g extiunong g arddoong
TOU HOVTEAOL GUYXPLTIXA UE TNV OTTAN OLoipean Twy Sedouévwy pe Bdon xa-
TTOLOL TTOGOGTA TTOL 0PLLEL 0 YPNOTNG. AuTo ovpPalvetl emeldy, xdbe vtoodvoro
OLUUETEYEL TOOO OTNY EXTALOELON GO0 oL OTNY ETLXVPWOY. Télog, akilel va
OMNUELWOOVUE TG 1 EEXYWYN TWY UETELXWY TOV LOVTEAOL YiveTol (e TOV HECO

6P0 TWY PETPLXWY ToL TTPOéxvPay o xE0s emovarndy (ZyAuo 2.9).

Zynuo 2.8: 'Evar artAd split

2.5 MeTptxég Y'moroylopod AmoAstog

Kota tn Stadixaocio tng exmaideuong evog veLpwyixod dtxTOoL, givol 1 660 TO dU-

YOTOV PLEYOADTEPY UELWON TOL CPAALOTOS TIEOPRAEPTS. [or Tov vTOAOYLGP.OV TOL

OQAALATOG, YONOLULOTIOLOVUE TLG CUVOPTNOELG XOOGTOVG 1 ATIWAELOG OL OTTOLES LTTOAO-

Yilovy ™ SLoPOPA HETOED TWY TEOYUOXTIXWY TLUWY TwV OESOUEVWOY XOL TWY TLUWY

Tov TPOEXLYPAY aTd TNV TEOPAEYT. Mepinég amd aLTEG TLE CLVPTNOELS Elval 1

oLYEETNOYN PECOL TETPOYWYLXOV o@dipatog (Mean Squared Error), 1 ouvéptnon

néoou améruTov opdApotog (Mean Absolute Error) n Categorical Cross-Entropy xow
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oMeg [16]. TMopaxdtw, Oo voAOGOVPE TLG LETPLXES TTOV YOYNOLUOTTOL|OOLE YLOL TNV

OELOAGYNOY TOL VELPWYLXOV SLXTVOL TTOL AVUAVCOE.

Zynua 2.9: 5-Fold cross validation

2.51 Méoo Terpoymwvixo X@dipo (Mean Squared Error)

H ovyxexpLpévn ovvéptnomn vmoroyilel T0 HECO TETPOYWILXO CGQEALO AVOUECO OTLG

TLLEG TTOL TTPOEXLYOY Tt TNV TTPOPRAEYT xon aTLg TEOYoTLXEG TLES. [Tpdxertan Yo

70 &bpoLopor ™G TETPAYWYLXNG SLOPOPES UETAED Twy dVO0 TLUKY OLALPWYTHS TO WUE

TO oLYOALXO aPLOUd Twv Topaderypatwy. H eEloworn exppaletal pe Tov Eng TomO:!
| X

MSE = + 3" (i — 41)° (2.5)

=1

‘Omov, y; elvor oL opytxég TLUES xo §; lva ot TLES TTov TEOPRAEPHTX Y.

2.5.2 Ilococtd lopapdppworng (Distortion Percentage)

To Distortion Percentage, exppdlet 10 AGYO TREOUOPPWONG TOV TAEYULOTOS TTOV TTOL-
PAaYEL XoTA TNY TEOPRAEPN TO HOVTEAO o oYx€on pe To Tpoypotixd mesh. O timog
TOU ELVOL O TTOLPOXATW:

|Aorig — Aapprox| g

DisPer = 100 - (2.6)

||Aorig — Aavg||r

‘Omov, Aorig elvar évag mivaxog Tov TEPLEXEL OAEG TLG CUVTETOYUEVES TWY XO-

pvwy tov mesh yia x&be frame Tov animation, Aapprox eilvor €vog mivoxog oL
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TIEPLEYEL TLG OLVTETAYUEVES TWVY XOPLPWY TOL Mesh Tov TPOBAEPHTNXaY aTtd To po-
VTEAO Yl OAar To frames xow Aavg elvon €vag mivoxog ov meptéxel oe xdbe oA

TOU TN UEON TLUN TWY XPYLXWY CUVTETAYUEVMY TWY X0PLYWY o€ OAa Ttow xop€ [17].
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KE®aaao 3

Y AOIIOTHZH

3.1 Ipo-ErcEepyaocio Asdopévemy
3.2 Anprovpyia Tov Nevpwyvixod Atxtdov

3.3 XovOesomn Kivnoewy

XT0 oLYXEXPLUEVO XEPOAaLO Do ovoyoAnbodpe exTevdg pe Ta PAULOTO xOL TOVG OAYO-
ptbpovg Tov vAoTTOLONKAY YL TNY EXTTOVNON TNG TTopovaag dLaTpLPg. H Aoyixn mov
oxoAovbNoaue yLor TNY TAEOYWYYN ATTOTEASOUATWY €lvat: 1 dNULOLEYLOL SESOUEVWLY
©e ™ xenon tov Blender, 1 dnutovpyior Twv cLVOAwY dedopévwy train, validation xou
test. TN CUVEYELN, XATUOXEVAOOUE TO LOVTEAO TO OTOLO GUPATOL TO EXTTALIEVOOUE
0T CUVEYEL TO OELOAOYNOAUE YLOL DLOPOPETIXES VTIEQPTIOPAUETOOVS XOL TEAOG, CLTTO-
Onxedoope T amoteAéopata. LTig evotnTES TTOL Hor aaxoAovboovy, Ba avahboovye

T PAULOTA TTOL OVUPEPAUE TTOPOUTIAV .

3.1 THpo-Exekepyoocio Acdopévemv

Q¢ mpo-eneEepyaoio dedopévwy (data preprocessing), opiovpe T Stadixooio amd-
xTNong xow enekepyaciog Twy 6edopévwy ov B Tpopodotioovue wg €loodo oTo
vevpwwxd pog dixtuo [18]. Ilpdxettan Yo Evar amd Tor O ONUAVTLXE BuoTa 6Ty

OVATTTUEY] TWY OXTOWY OLOTL pHEow TN, xaboplletal N TOLOTNTH TWY FESOUEVWLY.
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Mepwxéc amd g texvixég mpo-emeEepyaoiag, eivor o xobopLlopndg Twy SeSopEVLY
amd BopVfoug N N ®KAVOYLXOTIOLNGY] AV TWVY.

X1y oo SLatELPY), Tor dedopEVa ToL VTAOVUE aTtd TNV TAXTQOpUo Mixamo
%o Ta TPo-eneEepyoldpaote oto Blender. Ewdixdtepa, Tor dedopévar pog amoteAoD-

VTOlL OTtO TOL OTOLYELDL XLYNOEWY TWY YOPAXTNOWY.

3.1.1 Mixamo

To Mixamo, eivor pior online dwpedy TAaTEOpp.o 1 oTTolar Sivel TN SLYATOHTTO GTOVG
XoNoTeES TG vou awvePailovy M va xatefdlovy 3D povTéAd YopoxTPwY %ot anima-
tions (Zyfuo 3.1). H BpAobAixy tov mopéyet pioe TANOWpa amd yopoxthpes %o
nwvnoels. o ovyxexpLpéva, xabe povtéro g BLBAtobnxrg, pmopel va cvvdvaoTel

LE OTTOLOOMTTOTE animation emLAEEOLUE.

Zynuea 3.1: To meptBéArov Tov mixamo

21N ovVEYELDL, OPOD SLAAEEOLUE TO YOPOXTNPO Xo TO animation wov Ho Tov ov-
VoJeVEL, XaAOVUOOTE Vo pubpioovpe PePLXEG amd TG TTOPOUETPOVS Tov. [lor TTopd-
detypo, avéhoya UE TO animation oL XXAOVUOAOTE VO ETMEEEQYAUTTOVUE, UTTOPOVUE
vou OANGEOVPLE TNY OTTOGTAGY] TTOL EYXOLY ToL XEPLOL OTTH TOV XOPUO TOV CWUOTOG, TNV
OTAOY] TOL OWUOTOG, axouo xot To. frames Tov animation wov O xpotnoovpe yLo
aroffixevon (TyAuo 3.2). 0o Tor TOPATTEV®, EVOL YAEOKTNELOTIXE TTOL TTPOGILSOLY
OTO TELOOLAGTUTO LOVTEAO OGS OXOUO PLEYOADTEON LwvTdviar xor oAnbopdvelto oTig
XLYNOELS TOV.

Eriong, n mAatpdpuo pog mTpoopépel Ty mLAOYY Vo SOVUE OE TTPOETLOXOTINON
TOo TeAxO animation mpLy to xatedoovpe cite pe mesh eite pOvo pe ™ oxEAETLXN
Touv Sopn. Téhog, xarovbuaote vo pubuioovue Topopétpovg OTTwg Ta frames xow Tov
om0 Tov apyeiov (6Twg fbx, obj N collada) oLy To xatefdoovpe oTOV LTTOAOYLOTH

oG OTwe Patvetal 0to ZyNuo 3.3 Tov axoAovbel.
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Zynua 3.2: Or TopdeTpol Tov UTOPOVUE vor aAAdEoLUE GTO animation

Zynua 3.3: Ov emAoyég yro download

‘Ohoe o Topomtavew, xobtotody To Mixamo plor edxoAo Tpoofaoipn ot edypn-
0T TAXTEOpUO LECW TNG oTolag Oo avtAnoovpe tar dedopéva pog Tar omolor How
Tpo-emeEepyootovue oto Blender xow axorodbwg O tor dwyoovpe wg €lcod0 GTO

VELPWYLXO oG BIXTLO.

3.1.2 Ewoyowyn Xoapoaxtipwy cto Blender

[Mopoxatw, o avarboovpe Ty emeEepyaoio xol TAPXYWYY TwWY OeS0UEVWY TToL Hor
avTAoovue amd To animations Tov Mixamo mov yEnoLpoTOLMoaUE.
Apyxd, TpEmeL va etoayovpe oto TePLBaAioy tov Blender to exdotote anima-

tion. I'ta vau to etd0oLEE OVTO, ETULAEYOLUE OTO TN Yooy dteTtoupy File xo o1
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ovvéyetar Ty emthoyn Import. EmiAéyovpe 1o apyeto mov Bélovpe va etodryovpue xow
OLOLOPPWVOLUE TO LOVTEAD OVAAOYO UE TLG aVAYXES pog. [Mor TpoxTivodg Adyoug,
oty Tapodoo SLotELBn, €xel optotel g scale n Tiwn 1 oe xdbe €vav amd Tovg
TpeLg dEoveg (x,y,2). Autd ovpPaivel étol HoTe, xAbe oxeAETOS Var ElvaL TTLO ELQOVAG
CyAuo 3.4).

Zxnuo 3.4: H popey tov yopoxtipo Letd to import

Emione, akloonueiwto eivar 10 yeyovdg mwe To Mixamo pag mTpoo@épet LOVTEAN
UE ETOLUOVG OUEAETOVG. ZVVETELX aVTOY elval amogedyovue 0 Stodtxosio Tov rig-
ging xot tng emeEepyaciog Tov oxeAeTOD ooV 1 oxeAetixy] doun eivar MO €ToLun.

H dtaduxaoio etoaywyrg mov meptypadope, axolovbnbnre opxetés popéc wote
VO OTTOXOULOOVUE €Vl GOVOAO OTTO YOPOXTNPES OL OTTOLOL EXTEAOVY XLVNOELG TTOL
potélovy opxetd PeTAED TOLg (OTTWC SLAPOPES TTOPOAAXYES OTTOL O YOPAXTHPOS
exTeAel dApa), eite amd xLvfoelg oL Sta@épovy (6w évar GApa PE TO TTEQTATNLOL
TOL YOPAXTHPA).

To THEATAVE TOPASELYRLOTO OTTWG PoivovTol 0To Lynuo 3.5 xpnotporouonxoy
Lo TN SNLLOLPYLO TWY CLVOAWY TTOL GTY] cLVEYELX Do aELoTolnbody ad To veELPWYLXO

oixTLOo

3.1.3 Hopaywyn Acdopévwy amd To Blender

Kdabe xivnon mov epopudletor o €vay YopoxXTNOA, ELVOL GUVETELX TWY XLVYOEWY

TWY 00TWY Tou armature. H ameixdvion Twv ULXPOY XLVCEWY XXl UETXTOTLOEWY
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Yynuoe 3.5: Tpelg yopoxTnpeg

mov yivovtal ot 00Td oc xébe frame Ttov animation yivetow Y€ow TWV TLVAXWY
petaoymuotiopod. ‘Evog mivaxog petaoynuatiopol, eivor évag 4X4 mivoxoag 6mou
Ol TPELG TIPWTES YPOULUES KOL GTNAEG LG TTOPEYOVLY TTANPOPOPLES OYETLXA UE TN TTEPL-
oTPoQPLXY) B€0mM TOL AVTIXELLEVOL, EVEK N TEAELTOLO. GTVAY] oG BLVEL TTANPOQPOPLES YLoL
™ 0€om Tov oToY TELEdLAoTHTO XWEOo. H TéTaptn Yoopun tov mivaxa, €xel ouvbwg
g TLpég [0,0,0,1] o eEaopailel Twe 0 exdotote PETATYNULATIONOS Bor eopprooTel
OWOTA GTLG OULOYEVELG CUYTETUYLEVES. LTV TEQITTWON UG, 1 TEASLTOLO YOOULUT] TOV
TUVOXO LETOOYNLOTLOUOD Elvat TTeELTT] %00 deV oG TopEYEL *ETTOLO TTANPOPOPLO
YONOLUYN YL TO YEVPWYLXO LG OLXTLO, CUVETIWG TNY APOULPECAUE.

2T OGLVEYELR, OTTOXTWOVYTOGS TPOoBooy 6To mesh ol TLg TTANPOPOPLES TOV, UECW
Tov Python API mov mpoo@épel to Blender, dnulovpyodpe toug mivaxeg Twy xopu-
@Y Tov mesh. I'ta va To TeTdOLUE QW TO, OPYLXA LTTOAOYLLOVILE TOLG AV TITTPOPOLS
TUVOXES TWY TOTILXWY UETUOYNULATLOUWY TWY 00TWY, OL OTOLOL UE TN OELPA Tovg Hor
XONOLLOTTOLNOOVY YLt YOI UETOOYNUOTLO0VY TLS XOPLPES TOL Mmesh amd Tov ToTLXO
XWPEO TWY 00TWY, GTOV TTYXOGWLO XwWEo. 'Emetta, yioe ®x&be xopv@rn tov mesh, vro-
Aoyilovpe tor BApn TWY 00TWY TTOL ETNEEALOLY TNV EXACTOTE XOPLYY] XAL LTTOAO-
YiloLUE TG LETATYNLATLOUEVEG CUVTETAYUEVES TWY XOPLEWY. AXOUa, EQOPUOLOLILE
TOUG UETUOYNUATLOUOVG TWY 00TWY TTOL €YOLUE VTTOAOYLOEL GTLG CLVTETAYUEVES TWY
XOPLPWY OGS KO TTOAATTAAGLALOVE TNV xADE XOPLEYY UE TOV UETATYNUATLOUS TTOV
™™g avtiotolyel. TéAog, TOAATAXGLALOVUE TLG XOPLYES TTOL TTPOEXLYPAY LE T OVTL-
otolya BApn TOL LTOAOYLOOE XOL XATOANYOLUE O0TO ETLOLUNTO ATTOTEAETLAL.

EmumAéov, yior Tov umoAoYLopd Tov 6yxou Tov TAéypatoc (Eyiua 3.6), e@apuod-
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Zynua 3.6: Block xwditxor btoAoylopod Tov GYxov

ovpe 0TO TAEYUOL TOV THVOXOL UETOOYNULATIOUOD %Ol OXOAOVOWS, TELYWYOTTOLOOWE
T0 TMAEYPa. Tprywvoroinoy, elvor v SLodixooior LETATPOTNG OAWY TWV ETTLPOVELDY
TOU TAEYUOTOS GE TETPAEDPO YLO TOV XOAVTEQO LTTOAOYLOUO TOL Oyxov. TeAxd, o
oyxog [19] vmoroyileton pe Baon v EEiowon 3.1 omov v1,02,03 elvor oL cvvte-
TOYLEVEG TOU TELOOLAGTATOL SLAVOOUOTOS TTOV TIPOXVTITEL AVAUETO OE X&be x0pLET

ToL TELYWYOL xat Tov onpeiov (0,0,0) (Tyruo 3.7).

volume(V) = éZm - (v2 X v3) (3.1

KAelvovtag tnyv evotnro, aEllel vor ovapEéPOove TTwe OAL TO OTTOTEAECLOLTOL OLTTO-
Onxedovror oe apyelo npy SLétL, pe awtd Tov TEOTO Tor dedopévar elvor TEVOrES
NumPy ot omolot eEvTtneeToldy TG avdyxes pog Adyw Tng TAXOLTNTOS E TNV OTOLo
Yivovtal ot pobnuotinol VTTOAOYLOUOL TWY TLVEXWY ATO TLS ETOLULEG CUYOPTNOELS TNG

BLpAL0O«NG.

3.2 Anprovpyio Tov Nevpwvixod Awxtdov

X1y mapovoo evotnta, Bor avaADoOLUE TOV TPOTTO UE TOV OTOLO XUTOOKEVOOAUE

TO VEVPWVYLXO B3IXTLO XOL ELOAYAUE OE AVTO To. OESOUEVA TTOV AVTAVOOUE OTTO TOL

21



Zynuoee 3.7: O oynuotiopnds evog TeTpAedp0L

animations.

Tow dedopéva eLaddov xaL €EGS0L TOL LOVTEAOL HOG OLPOPOVY TN LOPPY] XOL TNV
%xlYNoM KEATOLOL YOPEOXTNPO YEYOVOS TtoL T xofLotd axolovbioxng pnopeng. Emt-
TAE0Y, 1 SLaTNENOY TNg TTANpoopiag oc xdbe frame, eivor amapaitnTn xow xobLoTd
TNV OVAY®N TNG OTTAPENG EVOG ETTOVAAOUBAVOUEVOL YELPWYLXOD SLXTOOL ATTAPOLTYTY.
Mo 0wt 10 AGYO0, ETUAEEQUE YLD OPYLTEXTOVLXY] XWOLXOTTOLNTN-ATTOXWILXOTIOLYTY
(encoder-decoder) oe cuvdvaopd pe yEHon evég LSTM. Zto IyAua 3.8 mov axolov-
Bel, Topatnpodue plo amAn avamopdotaoy g opyttextovixng evog LSTM duxtdou

YLt TNV ETMEEEPY AT PLUOLYNG YAWOOUG.

Zyneo 3.8: Aixtvo LSTM
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3.2.1 Apyttextovixn Tov Awxtdov

H apyltextovixy] Tov YENOLLOTOMOOUE YLOL TNV ETUTEVEN TWY OTOXWY TOL LOYTEAOV

nog amoteAeital amd Téoocpa xOPLX onuElo:

e Kwdowromowntng Ootwv (Class Encoder bones): [lpoxeitor yia pioe xAdom 7
oTtolal XWOLXOTOLEL Tt GESOUEVOL TWY 0OTWY TOV ELOAYOVTOL 0TO dixTLO. ApP-
Xx&, TTolpveL g €loodo Tov apLbud twy features yio xabe ypovixd PBrpo tng
oxoArovbiog, Tov apLthud Twv units Tov XPLUUEVOL ETLTESOL TOL SLXTVOL XOL
Tov opthud Twy emmédwy tov LSTM. ‘Entetta, n pébodocg forward opyixomotel
TLG XPLPES XOTAOTAOELS 0 Undevixd tensors peyébovg 6co to batch size xou
exteAel TNY TPOWONON TwV dedouévwy péow Tov LSTM. TéAog, n €Eodog output
_encoder TTOL TTALPYOLLE OLTTO TOY XWOLXOTIOLYTY TTEPVA TS ot CLYAPTNON EVEQ-
YoToinovg tanh TEOXELLEVOL OL TLUES TNG YO XavovixoTtotniody oTo SLAoTNUO

(-1,1) %o TO LOVTENO Lo VoL Yivel o oTabepd ko amodoTLXo.

e Kwdwxomontig llpwtov Frame (Class Encoder_firstPose): Eivol pio xAdon 7
omola vAomotel éva FeedForward vevpwvixd dixtuo yio Ty emteEepyooio Twv
JeSOUEVWY TNG TTEWTNG TOLOS TOL TEWTOL %oPE Tov mesh Tov TELEdL&OTO-
TOUL XOPOXTNPO TTOL J€YETOL TO JixTLO pag. E@doov 1 TAnpopopio pag apopa
©LOvo Ty TPWT™N TOlo Tov TPWToL frame, xatoAaPaivovpe Twg dev TEOKELTOL
yioe oaxorovBioxd dedopévar OTtwg Oa ovvEPBave e, dexduaotoy we {6030
™Y TEWOTN OO YLor CLVEXOUEVX 1] YL OAot To xoP€ Tou animation. I'ta Tov
AGYO avTl, emeEepYolOpaoTE T SESOUEVA e BVO YOAUULXA ETUTTEIO TA ALTTO-
TEAEOUOTOL TWY OTTOLWY XOVOVLXOTIOLOVVTOL UE TN XENOoYN Tng tanh cuvaptmorng

gvepYOTTOiNONG.

* Muyoviopdg llpocoyrg (Class Attention Mechanism): O pnyoviopdg Tpocoyng
elvot €val opoxTNELOTIXO TWY SXTOWY TO OTTOLO YOTOLLOTIOLELTAL YLOL VO ETTL-
TPETEL OTO LOVTEAD YO ETULXEVTIPWYETOL OE SLOPOPETLXA ONULELX TwY JESOUEVWY
IOV JEYETOL WG EL0OSO. LTV TAPOVGO XAGCY, O UNYOVLOUOG OEXETOL WS ELGOSO
Toe 3edopéva Tov ToPNXONoOY aTtd ToLG dVO KWILXOTTOLNTES KO TOL GUVEVWVEL.
"Enterta, v evouévn TANpopopia, TEPVE ol Evar YOAUULXO OTPOUO XAl (o ov-
VaETNOoY evepyomoinorg tanh. TEAOG, 1 XAVOVIXOTTOLNUEYT TTANPOQPOPLO. TTEPVAL
TOAL Tl €var YOOoLULXO ETTITTEDO E GXOTO Vo TTAPAEEL Tl Bapn TEOCOXYS.

To Bdon mpoooyng lvar avtd ov xabopifovy THoO onuavTixy lval yLor TOV
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unyoviopd pion TAnpopopia. Enimpdodeta, to Bépn mTepvody xow owTd omd ™)
oLVAPTNOY EVERYOTIOLMOTG Softmax waote vo eEopaAuvboidy ot TLpég Toug. TéAog,
TOL XOVOVLXOTIOLNULEVOL BAOY] TTOAATTAAGLALOVTOL UE TLS EVWUEVES TTANPOQPOPLES

étol Wote va xabopLotel o Téoo onuoavtixn N Oyl eivor n xobepian amd awtéc.

¢ Amoxwdixormountig (Class Decoder): Katd ) dtadtxaoion tng amoxwdtxomot-
NONG, TO VELPWYLXO oG Oixtvo pabaivel vo mopdyst T dedopéva oL ETTL-
Oopodue va Adfovue WG ATOTEAECKO. XTN OGUYXEXPLUEVY] TTEPLTITWOY, O ATTO-
XWOLXOTTOLNTNG OEYETUL WS L0000 TO ATOTEAECUO TOL TOPAYETOL OO TOV
OTTOAOYLOUO TOU UMYOVLOROU Ttpoooyns. Omwg Staxpivovpe oto Zynuo 3.9, 7
eloodog pog Bo mepaoetl apyxd amd éva dixtvo LSTM touv omoiov 7 €Eodog
Oo yonorpomotnbel amd 3V0 YPORULKA ETUTESH YLl TO UETATYNUOTLONOD TOV
reyéboug tng mAnpoopiac. H €£0d30g ToL amoxWILXOTOLTY TTPETEL VoL EYEL TO
XATEAAANAY péyebog dnAady, TpETeL va efvor (00 UE TO YLVOUEVO TWY XXPE TTOL

€yeL To animation €7l Tov GLYOALXS CPLOUG TWY XOPLEVY TOL.

3.2.2 Ymepmoapdapetpor xor Exctaidsvon tov Awxtdov

Mo v opytxomolnbel xow vor extot3eLTEL CWOTA TO YVELPWYLXO OLXTVO UE TOV U OVL-
oUO TPOCOYNG TTOL OVATTTOEUE, TTPETEL VO TTPOGOLOPLOTOVY OL DTTEPTTOPAUETOOL TOV.
Ov vTTEPTTAPAPETEOL, E[VOL OPLOUEVA GTOLYELDL TOV YEVPWYLXOD SLXTOOL TWY OTTOLWY OL
TLULEG EEXPTWVTAL OTTO TO YPNOTN XAl ETNEEALOLVY TNV TAYVTNTO AAAL XOL TNV TTOLO-
T e TNV omola TPOPRAETEL To dixTvo. Mepixée amd avtég elval: to batch_size, o
ovbuog uabnong xow o aPtduos Ty emoxwy.

2 0N pog TEPLTTWO, OL TTOPBYOVTES TTOL ETTNPEEALOVY TO ATTOTEAECULO ELVAL TO
uéyebog g etoédou (Input_size), o opLtOpdg Twv xpvppévwy emmédwy (Hidden_size),
to péyebog g eEddov (Output_size) xor o apLtBpdg Twy emtnédwy tov LSTM. Ava-
ALTLXOTEQ, M €EL00B0G LOOVTOL LE TO YLVOUEVO TOL apLOLOL TwY 00TWY Tl TLG TLUES
Toug, M €E000¢ glval 0 GLYOAXOS oPLOLOC OAWY Twy Vertices Tov mesh v Tow xPVLYL-
uévor emtimedo xo tor emtimeda tov LSTM éxouvv xabopiotel pe tig tipég 40 xon 2
ovTloTOoLYOL.

Ertiong, onpovtixé pého mailet 1600 o optimizer ov éxovpe emtAéEet (Adam) 60
%o 0 pLOPOG pe Tov omolo pobaivel avtds. XNy EPITTWON o, 0 pLOKOS Pébnorg

xopodvetol petoEd 0.00001 ot 0.001 yra OAc Tar LOVTEAX %{VNONG ELTE XPATAUE TOV
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Zynuoe 3.9: Avdypop o SLxtdHoL

0yxo Ty mesh eite oxt. Katd v exmaidevon tov exdotote LovTEAOL, €XOVUE TTEO-
o0éoet otov optimizer xot pior oy (wight decay) yrow o Bdipm, g TéEng Tov 107°.
H mowvn avt, mpootifeton oty amwAeto Tov vToAoyileton oTo TEAOG *A&be eTO-
NS WOTE TO YELPWYLXO BixTLO va pobalvel xow vo evnuepwvel pe mo opHd TpdTOo
o Bapn xota Ty Sradxaocio g exmaidevons. ATotéAsopo TNg TEOoHHNS aw-
™G NG TOYNG ElVOL M LTTOQLYY POLYOULEVWY, LTTEPEXTIALdELOTS xo M BeATiwon TNg
Yevixevorng xofwg T peyaro Bépn Tov LToPel vor TEOXHLYOLY, XKATAAYOLY VO TTE-
0LoPLLoVTOL OE XOVOVLXOTIOLNULEVES TLUEG EVW, 1] UELWOT TOL XOGTOLG YiveTal otabepd
%o UE ULXPOTEPES ETOUBOAEC.

Axbuy, Egxwprtot] eivor v onpoocio Tov 6yxov mouv éyet éva mesh (Eyfuo 3.10)
x00¢ Tov TpoohéTovpe o PLETOYEVEGTEPO GTASLO GTOY LTTOAOYLOUO TG OTUOAELOG
WOTE TO TEAXO amoTéEAETUa TToL Do TTdpovpe vo elvar 600 To SLYTOY TILO EVPWOTO.

TENOG, ONUELOYOLPE GTL TO COVOAD TWV ETOYWY XUTA TNV EXTALOELON XAl AELO-

AG6YMom xobopiotnxe oty ttun 10000 (number of epochs = 10000), xotdg petd amd
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TIELOALOTO. XATOUANEOLE OTO YEYOVOS TG O CUYXEXPLULEVOS apliudg emoywy eivor
gva ool onueio Omov 1 amwAsta €xel €pbel ot emtbuvuntd emimedo kot TO KO-
VTEAO EYEL EXTTALOEVTEL LXAVOTIOLTLXA OTO OEDOUEVO TTOU DEYETOL EVLY XOL O YOOVOG

EXTEAEOTG TNG EXTTOLOEVLOTG ElVaL PXETE KOADC.

Volume: 1635

Zynpoe 3.10: O dyxog Tov mesh TOL YPENOLULOTTOLNOALE

OTtwG aVoQEQOULE TTPONYOLLEVWG, YLO VO EXTTOLOEVTEL Evar JIXTLO, TTPETEL VAL TPO-
@odotnbel pe dedopéva. Xtny mopovoo dLoTELfY], Tor dedouévar Tov 360vmay oTo
dixTLo €)xovy YWELOTEL PLE Bdom Tov TOTO %ivnong Tov exteAel x&be oxeletds. o
TOPASELYUO, It XATNYOPLOL XLYNOEWY ELVOL OL YOPOXTNPES TTOV TEPTTATOVY EVE Uio
OAAY elvorl LT TWY YOEOXTNPWY TTOL EXTEAODY XATOLO OTEOQY. 2T0 Xynuo 3.11
IOV oXOAOVLOEL TOPATNPOVLE TPELG YOPAXTNPES TTOV EXTEAOVY OTtO Uiot OLOPOPETLXN

x{vnon.

ynuo 3.11: Avdypappor Stxtdov

[evixdtepa, Evor GVVOAO XLVNOEWY OTTOTEAELTOL LOVO OTTd ®LYNOELS TOL (3Lov TUTTOL,
0TS TO GALD, XOAL OTYN CLUVEYELX YWPELLETOL GE GUVOAX EXTTOLGELONG, ELOAGYMONG KoL
eTxOpwong. o vor unv vmdpyet dtopopd avdpeoo oto dedopéva €xovpe Ttpoxado-
ptoeL péow tou Blender mwg dAeg oL xvnoelg Oor exteAobyvton yior Tov (Sto optipd amd
frames. Emimpdofeta, akilel vo onuetdioovpe mTwe to oUVOAX ETTLXOPWONG XOL 0ELO-

AGYNOTG amoteAOVYTOL Tt (BLOL TUTTOL XLVNOELG LE OUTY] OTYY OTTOLOL EXTIOLIEVETOL
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T0 J(XTLO WOTHGO, GEY AVYXOVY GTO GOVOAO EXTIOLIEVOYG.

Koata v Stadixaocio tng t1po@oddtnong, to dixtuo déxetor dedouéva o batches
WoTE Vo AauPével TouTtOYpovar TOAATAG Ttopadeiypota. Me Tov TpoTo awtd, Pon-
fovpe To LOVTEAD VO OTTOQPOYEL QPOLYOIEVO LTIEQTIPOCAPULOYNS OTTOL OLOLAGTIXA TO
LOVTEAO pag €xel Label vor TPOPAETEL TTOAD OWOTA UOVO YLOL EVOL CUYXEXQLUEVO OV-
YOAO TTOQOSELYUATWY.

Metd v TP00d36TNoN, TO LOVTEAO exTtoLdeVETaL UE TO OEDOUEVN TTOV TO TTOL-
oMybnoayv xar mpoorabel vo Tapdyel amoteAéopota mov Bo eivor 6oo To SLVaTéY
TLO XOVTA OE OWTA TTOL OTOYEVOVLUE. XTYN CLVEYELX, TO LOVTEAO AVEAOYX [LE TLG OL-
vopTtnoetg Adboug evnuepwvel Tig TopoéTpoug Tov. ‘0c0o Lo ULxEY Elval 1 amtwAsLta
TIOL TTPOXVTITEL TOOO XAAVTEQES lvat oL TPOPRAEPELS TTov €xovy Tpaypatortondel. 2e
ot TO onpelo aEilel Vo avouPEPOLUE TG 0T BLYAPTNOY Adboug €xel tpootebel 7
SLoTNENoN TOL GYXOL. AVOAVTIXOTEQR, TO LOVTEAO Uall PE TLG LTTOAOLTIEG TTOOOUE-
TpovG, TpooTabel va TpoBAEdeL xow Tov 6Yxo Tov mesh oL xd&be Popd TPoPBAETETOL
0 omotog emtlvpovbuE Vo lvot GO0 TILO XOVTA YIVETOL GTOY TPAYUXTIXO OYx0. Enetta,
0 6yxog pootibetal poall pe éva Bapog w oty oAl g xAbe emoyNg oVUPLYOL

Ke v eElowon EElowon 3.2 mov Emeta.

total_loss = epoch_loss + x - w (3.2)

Orov x:

‘= volume_predicted (3.3)
target _volume

Ye xbbe emoyy, et TN dtadxaoion NG EXTASELONG TTEAYULOTOTOLE(TOL Ko [Lio
oLodixoolor aELOAGYNONG TOL HOVTEAOL OTO EXAGTOTE GVYOAO eTxVpworns. To po-
VTEAO, XOAELTOL YO ONULOVPYNOEL ATTOTEAEOUOTO [BACEL TOU GLVOAOL ETUANVPWOYS.
"Etot, pmopodpe va aELoAoynoovpe ™y amtdd007] TOL [LOVTEAOL LOG GTO VO TTOOY O~
TtoTtotel TPOPAEPELG pe dedopévar Tor OOl TOL Elval AYVWwoTo. Axéua, Tor aToTE-
Aopato x&be emoyng eppavilovtol 0To TEPUATIXO OGS TTPOXELULEVOD YO EXOVUE [Liot
%XOAOTEPY ELxbvo ToL Tt ovpPaiverl o xdbe emoyh (EyAuo 3.12, ZyfAua 3.13).

TENog, €xovpe ePapUOTEL piot TEXVLXY XOTA TNV OTTola, aTtob*eVOLIE TO LOVTENO
KE TNV XOADTEPY] aTtd300M 0TO GVVOAO eTxVpwors. H dtadixaaion ovtn, emovaiay-
Bévetot yior OAEG TLG ETTOYES TTOL EXTIALIEVETOL TO LOVTEAO XL GTYV TEPITTTWGY TTOL 7

OTTOAELO ELVOL ULXPOTEPY] CUYXPLTLXA UE TNV 1OY] UTTAPY OV XAADTEQRY] ATTWOAELN, TOTE
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/16806] , Loss
/10800] , Loss : isper: i ;0. v 8 ,best_eval loss:
/10808], Loss i 6 v ,best_eval_loss:
0000], Loss: 8. ] - ev
/16808], Loss: 8.7 i val _ 8465, best_eval loss
: 0 1,best_eval loss:

ing Rate: @. 7,eval DistPe
,Learning Rate: s: 6.1770, best < 047, eval_DistPer:

ing Rate: @. —eval_ 1_DistPe

00, best_eval loss
: 9.1164,best_eval loss: 5
/10008],Loss: 10.6! ]
046/16000], Loss: 12.8121,Di : i - || eval loss: 10.
641/10000], Loss: 15.844@,DisPer i . eval loss: 11.
042/10000], Loss: 15.7174,DisPer i 1 12.6

,Learning Rate: @.0e1600 || ev

1,Learning Rate: ©.001808 || eval loss: 6.1779,best_eval loss:
,Learning Rate: ©.001600 | ] ,best_eval loss:

Jthis is the lower
jthis is the lower value of DisPer loss :

Zynua 3.13: To terminal oto téAog Tng exmaldevong

T0 povtéAo amobnxedetal wg xaAdtepo. H ouyxexpiuévn mpooéyyion Stapépst amd
™V TEYVLXY] Tov early stopping emeldy), n dradixacio exmaildevong dev SLOXOTTTETOL

TOTE.

3.3 X2Vvleom Kivnoeswy

Q¢ oVvbeon wvnoswy, Tpoadioptlovpe TNy avdpelEn xvoswy. Katd ) dtadixaocio
NG oVVBOeOTG, avTAOVUE DeDOUEVO OTTO DLOUPOPETLXES LYNOELS TToL Dot GLYSLAGTOVY
ue oxomod vo dnprovpynbel plor véaw xivnom yioe tov yopaxtipo. Ot xivnoetg oo Ho
YONOLLOTOLYIGOVUE YLO. TY) CVVOEDY, OV xOLY OTA GUVOAR TWY XLYNOEWY TTOV EYOVUE
NON avtAnoeL and to Blender xot amwooxomody oty dNULOLEYIO LLOG AYVWOTNG KO

VEOGg %xiynomg Omwsg To GAULo Lol UE TO TTEPTTATNUO.

28



3.3.1 YMlowoinoyn X0vOeong Aiyweg Katnyoptomoinon

[No Tv vAoTOINOY NG oVVbeoTC, YPNOLLOTOMOOUE ict TTPOCEYYLON AT TNV OTTOL,
EXUETUAAEVOPLOOTE TOL MO EXTTOLGELUEVO DLXTLUO KoL TO ATTOTEAEGUATO TOVG. ELdtL-
XOTEPA, TTPETIEL VO OLAUGQPUALCOVUE TTWG Ta LOVTEAX TToL B ypnotpomotnbody yiow ™)
oVvbean, Oo €xovv Tig (BLteg Topap€Tpoug eLaddov xon eEAJ0L.

AxorodBwe, N Stadixaocion exmaidevorng Yo xabe povtého elvor (S pe avt
IOV €YOVLUE ETEENYNOEL VW TEPW. MeTd Ty exmaidevoy Twy LOVTEAWY, axoAovbel
N TPOPOSATNOY TWY AWOLXOTOLNTWY UE TO GECOUEVA TWVY XIVNOEWY TToL BEAOLUE Vo
XONOoLoToLoove ot oVvbeay. O exdotote xwdxomontng Oor AdPer dedouéva pe
T oTrolor €xEL eEXTTOLOEVTEL xo HECW TWY oTolwy Ba eEdyet T ypNoLUwn TANPOQPoPLa.

Metémeita, Aaufdvovue Ty ®xWIXOTONUEYN TTANPOQPOPLOL TTOL TTOPAYEL O %Abe
XWOLXOTIOLNTNG KOL CGUYYWYEVOVUE TO YOPAXTNELOTLXA TTOL AVTA TTOL €Yovy eEoryDel.
TeAxa, T ouyywYeLUEVL dedouéva BivovTaL GTOLG NON LTTAPYOVTES ATTOXWILXOTIOL-
NTEC UE OXOTTO Vo TToPdEovE To mesh Tov véouv animation mov Oo amwoteAsl Ty

xovovpyLo xivnom.

3.3.2 YMlowoinom XOvOeong pe Katnyopromoinon

Miow &AM Tpooéyyion oto {Tnuor Tng ovvbeong Twy xVNoEWY elvoe UE TN YXENOM
™¢ xaTnYyopLoToinons. Avtn n wébodog, Paaciletol oy eLoaywYY] EVOG SLOVOOULOTOG
TO OO0 XATNYOPLOTTOLEL TNV xaAbe xivnom avaAoya LE TNV xoTnyopia oty ool
ovxeL. Ta ouyxexpLpévo Stavbopota, elval ™ LoPENS XXXl 0oL To ) pnTopEl
voo AéPBel tipég 0 M 1. Ay xdmoita to x Adfel v Tpn 1, autd onpalvel Twg N ovTi-
otouyn xivnon exteieitot. [apadeiypatog xdoty, To GALO XVTLTPOCWTEVETUL XTTO TO
otavoopa [0.0,0.0,0.0,1.0,0.0]

[N ™ ovyxexELUévy TPOCEYYLON, N ®VPELO. OAAXYY] TTOL €YLVE OTO LOVTEAO TOU
LSTM eivar n Tpoohxn tng TANeopoplag Tou SLoavdoUoTog 6TO CUVOAO TNG EXTIOL-
dcvomg. Ev xataxAeldt, umopodue vor xaTaANEOLUE GTO CUUTIEQATUA TTWG 1 LOVOOLXY
OLOPOPAL TTOL EYEL N CUYXEPXLULEYY] TTPOTEYYLOY] CUYXPLTIXA LE TYV OLTTAY] OLOYLTEXTO-
v LSTM mouv mopouotdoope mopamive €ivol v GVTLUETWOTILOYN TWY OS0UEVLY

XOTNYOPLOTTOINONS WG axoAovbioxd dedopéva.
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KE®AAAIO 4

ATIOTEAESMATA

4.1 AEoldymon Kivnong Xopoxtnowy
4.2 AELoldynon Armoteheopdtwy AuxtOov

4.3 Omtxomoinoy AmoteAeopdTOY

210 Topdy xe@aioto Oo avolboovpe xol Oor OYOALACOLUE TOL ATTOTEAEGUOTOL TTOV
TpogéxvPay amd TNV LAoTOiNoY TNg Topovoag dtatELPrg. Hlpdhtiota, aEllel vor avo-
@epbodpue duwg atig BifAtobnxeg xaw T epyaieia Tov ypnotpomotoope xobwg ot
OTO YOPOXTNELOTIXA TOL LTTOAOYLOTY] GTOV OTOLO EAOPE YWEO N AVATTUEN ToL Jt-
xtoov. Xprotpomowoope Tig exdooetg 3.10 xow 3.4 tng yAwooog Python xot tov
Blender avtiotowo. Emiong, €ytve xponon tng PLprobvxng PyTorch 7 omoio elvou
pLa BLBALoOMN®N avoryTod ®WdLxor TTOL YPEMNOLLOTIOLELTAL YLOL TYY OVATTTUEN EQOUOYWY
Baberdc pabnons.

ZNUELWVOVUE, OXOU, TTWG YLOL TNV VENON TNG TAYOTNTOS TWY VTTOAOYLOUWY, EYLVE
xonon ™g BLBAobnxng CUDA 7 omoia €xel avamtuybel amd tnv Nvidia pe oxomd va
EXTEAOVYTOL OTLG XAPTEG YOOPLXWY TNG DTTOAOYLOUOL, (YOTE VO YIVETOL EXUETEAAELOY
VG LTTOAOYLOTLXNG TOLG LoYVOG. EvSewxtixd, N N0 ™S XEAOTOG YOOPLXEY TOL GL-
OTNULOTOG, ETLTAYVOVEL TNV dtapxeta exmaidevorng yio 10000 emoyég amd xatd TEO-
oéyyton 50 Aemttd, oc mepimou 18 Aemttd YL €var LOVTEAO exTtaldevong oTny xivnon
TOU AARLOTOG BiYWG dLaTNENOT TOL dyxov. ETLTAEOY, LTTOPOVUE VO ONUELDGOVIE OTL
N OLAPXELO TNG EXTIOLIEVLONG EVOS LOVTEAOL pe SLaTNEnoy Tov Gyxov yie 10000 emo-

Y€ ypeLaletal mepimov 6 wpeg pe ™ xeNnon g GPU evw, diywg avty amattodyvton
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niepimov 10 dpeg. BEPRowa, awtd dev onuoalvel we n LAOTOINOYN AELTOVEYEL LOVO YLow
CLOTAUATO TTOL €YoLY it x&pTor YoopLxwy TN Nvidia. Xtnv mepintwon avty, Aot
ot vtoAoYLopol ival pubutouévol va yivovtal p€ow Tov eTeEepYOOTN.

TéAog, onuetwyvovpe Ot 1 gpyooia xabwg xot GAx TN ToL TELPAUATO, EYLVAY OE
€vay LTTOAOYLOTY UE évay emtekepyoot Intel i7-4790 o omolog Aettovpyel otor 3.6
GHz, pla xapto yoopixwy Gigabyte GeForce GTX 1660 Super ota 6GB xow 16 GB
DDRS3 pviun RAM.

4.1 AELoAoymor Kivnorng Xopoxtnowy

Omtwg €xovpe ava@épel oe TPONYOVEVO XEQPEAXLO, LE TN XE1Non Tov Python API
mov TPooépel to Blender, avamtiEape xwdtxa, HEGK TOL OTOLOL UTTOPOVUE VO
eAévEovpe ™y 0p00TNTA TV ATOTEAECUATWY poG. XTo Xynuoe 4.1, BAémovpe To
OTTOTEAEGLLOLTOL TTOV TLORAYOVTAL XOTO TY] SLoOLXATLO TNG EEXYWYG TWY TTANPOQOPLLY
Touv mesh vt 6Aa T xop€. TIo auyxexpLuéva, xdbe xovxido Tov BAETovpe eivol
N avTioToLYM X0PLEN TOL TAEYLATOS TOL TELGOLAGTATOL YopoxTrpo. EmimAéoy, oto

ZyNuo 4.2 ToPaTNEOVUE TNV OTTELXOVLOY TWY XOUXIdWY Ylow OAo To frames.

Zynuo 4.1: H amewxdvion yra éva frame
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Zynuo 4.2: H amewxdvion yia ToAAamtAd frames
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4.2 AELoAoymon Amoteleopdtwy Atxtdoov

Kotd v exmdvnon tng StatolBng, n ametxdvion xol aELoAGYNoT TWY ATTOTEAECUE-
TWY TWY VELPOVIXWY OXTOWY, OTTOTEAEL onuavtixd Tapdyovia OLoT, ue Baon To
OTTOTEAEGULOLTOL TTOV TTROEXVTITAY LTTOPOVCOULE VO SLOXPLVOLUE oY Tor BiXTL XL OL
EXAOTOTE LTEPTAPAUETOOL TOVG, NTAY CWOTES N YPELAlovToy SLopbwaon.

H aElohdynom tng exmandevtinng Stadixaotiog YIVETOL LE TO ATTOTEAECUOTO TWY
UETOLXWY OTTOAELAG TTOV TTPOXVTTTOLY GTO TEAOG x&be emoyng. Xe avtd To omuElo,
QELO OVOUPOPAS ELVOLL TO YEYOVOS TTWG YLOL TNV EXTTALOEVLON TOL EXAOTOTE LOVTEAOU,
ToL OOVOAQ EXTTALOEVOYG ATTOTEAOVYTOY OTTO XLVNOELS TNG (OLog xaTnyoplog, OTwe
TO QALO, OAAG SLOPOPETLXKES LETOED TOUG. XTN CLUVEYELX, M AELOAOYNON TWV KTTOTE-
AEOUATWY, €YLVE UE OUVOAX Tl OTOLOX TTEPLEYOLY JEDOUEVOL TTOL OVYXOLY TNV (OLo
%x(ynomn oAA& To HOVTEND Oev €xel exTtaldevTel o awTd. Mévo otny TeplmTwan g
oVvbeomg, T oOVOAX exTTaideLOYG KoL ETUNVPWOYG ELTIEQLEXOVY AOTES SESOUEVWY
%o amd TG OVO KLYNOELG TTOL GLYSLALOVUE.

Ot VY0 peTpnég Tov ypnotpomorodue ivar to MSE xot to Distortion Percentage
T OTTOLOL TOL OWVAADOAUE TTPONYOLUEVWG. TéNog, aEllel vor avaPEPOLPE TS GTY OL-
véyeto. o TapovoLdoovpe xol ATOTEAEGUOTA Lo TLG (OLEG LETPLXEG UE TNV TEYVLXY

™G SLaTNENOMNS TOL GYXOoL.

4.21 Amoteléopoto Alywg Atatnonoyn ‘Oyxov

21N oLYXEXQLUEYT evoTTa, Oor TTPOPR&AAOLUE TN OTTOTEAEGUOTO TOL OLXTOOL XATE
™V aELoAGYNOY Sixwg TNy SLATNENOY TOL GYXOV. XTO ZYNUe 4.3 PAETTOLIE TOY TPOTTO
LE TOY OTTOLO UELVETOL TO HECO TETPAYWYLXO AdBOG 01O GUVOAO Ty SESOUEVWY YLO
To mepmaTnua. EmimAéoy, oto Eynpo 4.4 Topotnpovpe TN Uelwon Tou Distortion
Percentage 010 00VOAO TwV ETOYWY VLA TLG OTOLES EXTIALOEVTNKE TO LOVTEAO.

BAémovpe amd tig V0 YOOPLXES TTAPAOTAOELS XOL OO TO ATOTEAECUOTA TOV
TEQUOTIXOV TtwG M EAGYLOTY TN oL TTNPEE To MSE fjtav: 1.7641946375370026 v
70 DisPer:4.424110925577921.

Koatomy oto Zynuoa 4.5 xow 010 o 4.6 TorpouotalovpE To oV TLOTOLY O TTOTE-
AEOUOTOL TTOL TTPOXVTTTOLY OTTO TYY XLVNOY TTOL EXTEAEL O YOPOKTNPAG YLOL VO TTOOLY-

LOTOTTOLYOEL GAULOL.
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Zynuo 4.3: MSE loss yia mepmdtnua

Zynua 4.4: Distortion percentage yLow TeQTaTNULO

Yynuo 4.5: MSE loss ytow dApo

34
Zynuo 4.6: Distortion percentage yiow GAp.o



[Tro ovyxexptpéva, N eAdytotn TLun tov MSE eivar: 0.4677031859755516 xaw tov
DisPer: 2.1740565069863047. [Topotnpodpe Twe oL TLUES OTY] CUYXEXQLUEVY] TTEQPL-
TTWOT ELVAL ULXPOTEPES YEYOVOS TTOL ONULOLVEL TIWE TO 3IXTVO EQPTAOE VO EXTIOLIED-
ETOL XOUADTEQO.

TéAog, Topovoldlovue TLG ATWAELEG TTOL TTPOoEXLAY aTNY %xivnom 6Toy To mesh

extelel 0TPOQN TPOC xéTOoL! xotebBLVe (EyAuo 4.7, TyAuo 4.8).

Zynuea 4.7: MSE loss yLa otpoon

Zynuo 4.8: Distortion percentage yiow 6Tp0Q"

[Noa xé&be plo amd tig Topamdvew exmoldedoelg, aEllel Vo ONUELOOOVUE TTWG TO
EXAOTOTE LOVTEAO ElYE WG VTEPTOPAUETEOVG: batch_size = 2, Input_size = 624, Out-
put_size = 21729, Hidden layers = 40 xow learning rate Leta£d Ty Tty 1070 €ug
1073,

21 ovvéyela, Hor ToPOLOLACOLUE TO ATTOTEAECUATO TTOL TPOEXLYPOY OTTO TN
obvbeom xivnong pe ™y xotnyopLomoinon oty (IyAuo 4.9, Tydua 4.10). Omwg
BAEToLpE, N eA&ytoTtn TLun tov MSE eivorn: 0.18996027261018752 xaw tov DisPer:
14.040560302718252.
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Yynua 4.9: MSE loss yia obvbeon

Zynua 4.10: Distortion percentage yio oOvbeon
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Ytov mopoxatw [ivaxo 4.1, o dodpe extetapéva Tig SO0 UETPLXES TTOL YEYOL-

LOTTOLOAUE YL TNV ETLXVPWGOY] TWY XTTOTEASCUATOY [LOG

[Mivaxog 4.1: Tlivoxog Ty MSE loss xow distribution percentage.

Kivnon MSE | DisPer
[lepmatnuo | 1.764 | 4.424
ANpo 0.468 | 2.174
XTpopN 2.519 | 18.394

4.2.2 AmoteAéopata pe Aratnonoyn ‘Oyxov

21Ny vToeVITNTAL TOL axoAovbel, Bo TorpovaLAoOLUE PEPLXA OTTO T ATTOTEAECLATOL
TIOL TPOEXVLYP Y OTLG TTPOBAEYPELG OTTOL SLATNENOAUE TOV GYXO OTY CLUVAPTNOY] AUTTW-
Aetog. ZTo Zynua 4.11 BAETovpe TOV TPOTO UE TOV OTTOLO LELWVETAL TO [LEGO TETPOY (M-
vx6 Aébog 6T0 6VYOAO TwV dedopévwy YL To TEpTdTe. ETtimAéoy, oto Zynuo 4.12
TP TNEOVUE TN pelwor Tov Distortion Percentage 0to oOVOAO Twy ETOXWY YLt TLG

OTTOLEG EXTTOLOEVTXE TO LOVTEAO.

Zynuo 4.11: MSE loss yio mepmatnpo

21N ovvéyela, PAETOLUE TG SLoLoPPWHNXOY oL VO PETPLKES GTA OYNULATO TTOV

ax0A0LHOVY TTOPOXATK Lo TNV TEPLTTTWOY TOL dApartog (ZyAuor 4.13, ZyAua 4.14)
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Zynua 4.12: Distortion percentage ylo TEQTATNUO

Zynuo 4.13: MSE loss yior dApo

Yynua 4.14: Distortion percentage ytow GAp.o
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Téhog, ot0 Zynpo 4.15 xar oto Zxnpo 4.16 TOEOTNEOVUE TLG ETOELXES OTTWG
oLapop@uinxay yiow To

Yynua 4.15: MSE loss yio atpopn

Zynuo 4.16: Distortion percentage yio 6TPOQ™

4.3 Omtixowoinoy AToteleopaTOY

Meta amd v exmaidevon xol TV oELOAGYNON TwY SXTOWY UE TLG EXAOTOTE TLUEG
TWY UETOLXWY, OnuLovpynoope apyetoe NumPy pe to dedopéva mov eEnybnoay amd
o OlxTL XOTA TN OLAPKELR TNG KELOAGYNONG. (2C OLVETELX TOV TTAPATIEVW, ELVAL 1
SLYOTOTNTO VOL OTTTLXOTTOLOOVLE ToL atoTeEAEopata. 0To Blender. Zta oynuotor Tov
Oow axorovOnoovy, Ha Sovpe tor amoteAEopaTar TTOL TTPOEXLYOY LETA TLG TTPOPAEPELS
ToU povtélov LSTM pe unyaviopd mpocoyns. o mopddetypa, ota Zynuoto 4.17,
4.18, 4.19 BAETTOLUE TTWS TO TTEPTIATNLOL TOV YOPUXTNOX, ELVOL OLOXETE LXAVOTTOLNTLXO

KE ULO ULXY] AAOLWOY] GTO XEQPAAL XL ELOLXOTEQPX GTO LATL TOV YOOOXTYOO.
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Zynua 4.17: H xivnon Badiopatog mov exteAel To mesh mov mpofAEpbnxe
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Yo 4.18: H xivnon Badiopotog mov exteAel To mesh mov mpofAépbnxe
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Zynua 4.19: H xivnor Padiopotog mov exteAel To mesh wov mpoPAEpOnxe

X1 ovvéyela, mopabétovpe ota Eynuoto  4.20, 4.21, 4.22 tnv xivnorn mov
TOOYLOTOTIOLEL O YOPOAXTNPOG APOV EXTIOLIEVTEL YLot piox TTEPLOTEOPLXY *ivnom. OTtwg
OLOXPLYOLPE, O OXEAETOG TPOYUATOTIOLEL TNV KLYNOY] OYESHY TTOVOUOLOTUTIOL UE TNV

oYY Olyws AAoLWoES oTa onuelor Tov mesh.
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Zynua 4.20: H meprotpoixn xivnoy tov mesh
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Zynuo 4.21: H meprtotpo@inn xivnon tov mesh

Zynua 4.22: H meptotpoixn xivnoyn tov mesh
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Emirpocbétwe, ota oxynuota mov axolovboiy, eketdlovpe ™y TEPITTWON TOL O

YOPOXTAPOC EXTEAEL évar GApar (TyAuotor 4.23, 4.24, 4.25).

Zyuor 4.23: Alpa Tov xopoxTneo
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Zynuo 4.24: Alpo Tov yopoxTHEo

Zynuo 4.25: Ao Tou YoEoXTHEO
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‘OTtwg UTOPOVIE VO XATOVONCOLPE EOTLALOVTOS 0To mesh, 1 xivnoy potalel ap-
XETO UE TNY TOOYUOTLXY HE Riot ULXOT GTPOQPY] TOUV XEPOALOD ¥ OTTOlor OEY AAOLWVEL

OUWC TN LOPPY] TOL Xo PE Wio Uixph Tapaudp@won oto dekl watt (IyAuo 4.26).

Zyua 4.26: H odhoiwon oto mpdowTo

ATé OAoL TOL TTAPOTIAVE ATTOTEAECLOLTOL, LTTOPOVUE VOL GULTIEQAVOVUE TTWG OL TTOL-
QOULOPPWTELS TWY TPLOOLAGTATWY TTASYULATWY YL TLG XLYNOELG TTOL EEETATTNUOY ELVOLL
UNOOULVEG. ZOVVETIWG, UTTOPOVIE VO YOPAXTNELOOVIE TNV TOLOTNTO TWY TTPOPRAEPEWY
LXOVOTTOLYTLXY).

Emmpdobeta, otéyog pog eivar n akloAdynon tng odvbeong xivnong pe tpémo
OUOLO UE TOY TOPATAVW. IIpoXELUéVOL VO UTTOPEGOVIE VO PTACOVUE OE EVOL LXO-
vomounTuixd oamotéAeopa oVvvbeong o mpémel va BeAtidoovpe v exmaidevon. To
YEYOVOS aLTO TO ETULTUYOWUE E TOV EUTAOULTLONG TWY OLVOAWY exTaidevons. o
OLUYXEXPLUEV, YLow X&be cvvdvaoud Tov BEAovue va dnuLovpynoovue Tpochétovpe
070 OVVOAO eXTTaldeLOTGg TNG Ulog xivnomeg, LEPLXES OTTO TLG XLVNOELS TNG GAANG. [Mox
TOPABELY U, GTO GUVOAO TWY XLVNOEWY AALOTOGS, TTPOaHETOLE pePLd el oTor ATl
OTPOPES TOL YoPoxTNEA. DAt otUTA, EYOLY WS ATOTEAEGULO TNV OO0 TLO PECALOTLXN

onuLovpyio pLog véag, ovvbetng xivnorng.
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X1 ovvéyela, Ba aEtohoynoovpe Ty ToLOTT TY)g oVvbeorg piag xivnorg otpo-
eNg pe to Béadopo. To Eynpotoe 4.27, 4.28, 4.29 mov axolovbodyv pog delyvovy
WS N x{vNon METUYALVEL ATTO TNV GTEOPY] TOL XOPUOVD EVE TOPEAANAO TEQTTUTA,

OAAG Ol TTHPOUOPPWOELS GTO OXEAETO ELVOLL APXETA EUPOVELC.

Zynua 4.27: Yovdvoopdg Padiopotog kol aTeopng
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Zynuo 4.28: Xuvdvoopdg PBadlopatog xoL oTpoeng

Zynua 4.29: Tovdvaoudg Boadlopotog xot aTEoPNS
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Ontwg mopoatnpovue oto Zynuoatoe  4.30, 4.31, 4.32, n véo xivnon mov On-
ULOVPYNOAUE WS CLYSVOGUO TOL EAUATOG XOL TOV BodloUATOG, EXTEASITOL XAVOVLXA.
Qo1000, TOPATNEOVUE UEPLUEG OAAOLWOELS GTO TAEYRO. Ol TOPAUOPPHTELS QVLTEG,

evtomtilovtot xoTé xVEL0 AGY0 0To OeEl YEQL TOL XOPOXTNPO XAL 0TO OEEL TOL UATL.

Zymue 4.30: Xovdvoopds aApatog xo Bodiopotog
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Zyua 4.31: Xovdvoaopog aApatog xol Badiopotog

Zynua 4.32: Xovdvoaopog aApotog xot Badiopotog
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Emirpdobeta, O aoyoinbodue pe ™ odvbeon xivnoswy Péow TG XorTNyYopLOTTOL Y-
O7G TWY XYNOEWY ATTO T SLAYVOOULOTO TTOL TTPOGOLOPLLOLY TNV %{VNoM TTOL EXTEAELTOL.
Xe aUuTN TNV TEPLTTWOY], 0 GLYSLAGUOG GVO0 KLYNCEWY, ETLTUYYAVETAL LE TOY GUYIVO-
ou.6 TwY dVO SLOAVLGUATWY TTOL EXPEALOLY OVTEG TLG XLVNOELS. LVVETIWG, TTEPLLEVOLUE
éva dtavuopo To omoio Oo €xel oe dVO Un UNOEVIXEG TLUES. LTO TTOPASELYLOL TTOV
BAETovpue oto ynuotor 4.33, 4.34, 4.35, TOQATNEOVPE TO GLYSVAGUO TOL AALATOG
ue Ty xivnom tng LTOdELENG. Xe aVTN TNV TEPLTTWOMN, N ®iVNON TETLYLVEL €V UEQEL,

woTHC0, N TOEUULOPPWON TOA elvar PeYEAN Ldxd oTo Skl YEQL TOL YOPUXTNOO.

Zynuo 4.33: Zuvduaopdg AARORTOS X0 DTTOSELENC
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Zynuo 4.34: Xovdvoaopdg AALOTOS xot LTTOJELENS

Yo £.35: XovBuaouog GALOTOS xoil LTTOJELENG
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[MopdAAnAa, o ocoyoAnBovpe pe Tov TPOTTo ToL GLVEROAE 1 SLOTNENOY TOL GYXOL
oTLg TPOPAEDELS pog. Apyixd, aEllel Vo ONUELWGOLUE TIWS OL SLAPOPES LETOED TWY
OTTAWY XYNOEWY €lTe AoYilovTtog €lte Oyl TOV 6YXO GTN CLYAPTNOY OTTWAELOG, ELVOL
OTTELPOEAAYLOTEG oL VTO oLPPalvel SLOTL dev LTTEEYOLY LOLALTEPES LETABOAES GTO
mesh xatéd ) didpxelo g extéAeag piag povo xivnons. Onwg B Sodpe oto Xym-
notor 4.36, 4.37, 4.38 ou axolovboly, 1 Stapopd oo cuydvoou.d Badlouatog xol
oApotog efvot eppovng. [lio ouyxexpLuéva av E0TLATOVUE GTO JAYTLAN TWY YEPLWY,
UTTOPOVULE VO TTOPUTNPNOOVUE TTWS TO ATTOTEASOUA E(VOL TTLO PUOLYO CLYXPLTIXG. UE
ToV oTtAG cLYSLOOUS wLYNoEWY. Eidixdtepa, av dwoovpue onuacio ato Sl yépt TTo-
POTNEOVUE TG Biywg TN SLATNENOT TOL GYXOL TO XEEL NTAY cay Uny €xel xoldAov
OOYTUAX VW), 0T OEVTEPY] TEPITTWOY EXEL EVOL OPXETA TILO EVPWOTO ATOTEAECUA.
Fevixa @aivetor Twg Tor onueior Tov oyNULoTI{oLY YWVIES aTtd TOV TEPOTO UE TOV
oTolo elvoll XUTAOREVOOUEVOS O OXEAETOG, eEopaAbVOVTAL av AdBovpe LTTOPLY oG

TOV OYXO.

Zynua 4.36: Tow dé&ytuAa oto Jekl yEpL elval TOEOUOPPWUEVO

o4



Zynua 4.37: Ta daytuAo oto Sl x€pL eivatl Lo EVPWOTO

Yynuo 4.38: To omttixd amotéAeopa oTLg Ywvieg TOL oyxnuatifovtol eivor xoaAdTEPO

KAetivovtag, Oa avagpepbobue oto t1pdTo oL 0 dyxog emnpedlel ) obvbeon Tov
YiveTal 6Tay YENOLLOTTOLODILE XOTNYOPLOTIOLNOY TWY XLVNoewy. Edw vmtdpyovy onpa-
vixée Stapopéc (EyAuoto 4.39, 4.40), xaboc and 1t pio mopatneeitor to (dLo
POLYOEVO OYETLXA PE TLS Ywvieg (etdxd oTic opBpiioeLg) Tov amahbvovial, WeTdGo
TO OTTTLXO ATTOTEAEOULO E(VOL YELPOTEPO SLOTL 1oL Tor SVO0 YEPLa Efvot ctPXETE LAAOLL-
péve. TlopdAor L TA, UTTOPOVILE VO ONILELDTOVIE OTL TAPOTNPWYTOCS TO animation o€

OAN TN SLEPXELR, O OYXOG TOL XEQPOUALOD %Ol TOL XOPWUOV elvort oXedOV aUETAPBANTOC.
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Zyua 4.39: To opLotepd yépt elvor aAAOLWUEVO

Zynuo 4.40: To apLotepd yEpL elvol TEASIWS TOPUULOPPWUEVO OAAG TOL TTOJLOL EYOVLY

ULEYOADTEQPT AETTTOREPELOL
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KE®aaao 5

YD YMIOEPAYSMATA KAI MEAAONTIKEY

EOEKTAZEIS

O Baowdg otéy0g TNg Topovoog SLaTELPNG, NTOY 7N ONULLOLEYIX EVOS YELEWYLXOV
dwxtvou to omoio Oo pmopovoe vor TEOPBAEDEL TNV %(YNoN EVOS YOPOXTNOO UECW TOV
TAEYLATOG TOL xoiL 1 dNULOLEYLO VEWY %LYNoEWY oL omoieg Ba €xouvy wg Pdon Tig
opyxéc. To dixtvo oL avamTOYONxE, clvor oPxETE ATOTEASOUOTIXG ELOLXA GTOV
TOUEN TNG TTEOPAEPNG TV KLYNOEWVY.

Me dAAa MOy, TO VELPWYLXO BIXTLO €XEL Lot TTOAD XOAN OTTOS00T TO OTOLO
ONUOLVEL TG OL UETPLXES TNG ATIWAELOG TTPOPBAEPNS, €lvat YOUNAEG OE OMUELO TTOL
LTToP0oLY Vo Bewpnbody pundoptvég. Xty emLTLYiOt VTN TNG ATTOS00NG, TOY LEYO-
AOTEPO POAO TallOLY OL LTIEPTTAPAUETEOL TOL LOVTEAOL OTIWG YLO. TTOPADELYLO. TO
learning rate wov malpvetl 0 optimizer N 0 aELOUOS TwY eTOYWY TTOL exTEAOVVTOL. EL-
owxn pveta aEilet va yiver otn BLBAtobvixn CUDA tng NVIDIA, 1 omtola pog emitpémnet
VO EXPETAAAEVTOVE TYY DTTOAOYLOTLXY] SOVOULY] TNG XAQTOS YOOPLXWY TTOL UTTOPEL VoL
oLabétel 0 LTTOAOYLOTAG.

Emiong, n obdvbeon xivioewy pe éva LSTM dixtuo pe pnyoviopnd mTpoocoyng omo-
TEAEL Ylot TTOAD EVOLOPEPOVOO TTPOGEYYLON YLO TN ONULOLEYL VEWY XLVNOEWY 7 OTTOLXL
elvol olPXETA OTTOSOTLXY.

Qotd00, O6Tws oLYPalvel OTO TTEPLOGOTEQN TTPOPANUOTA TEXYNTNG VONULOCVVTG,
€TOL XL OE OVTO, LTIAPYEL N SLVLYOTOTNTO BEATiWONG TwV amoteAsopdtwy. [Tibavdg,

N XENON GAAWY XWOLXOTTOLNTWVY-ATOXWILXOTOLTWY o pmopoboe vor BeAtiwdoel v
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TOLOTNTOL TV TPOPAEPEWY ToL TtopdyovTal amd Taw dedopéva exmaldevons. Emt-
A0, M XENoN TS *XoUTLAGTTOC (curvature) oAAG xow pioe 0AAGYH 0TS TTOEOWWLE-
TPOLG TNG OLATNPENOYG TOL OYXO0UL, Hor LTTOPOVCAY VO EAXYLGTOTIOLICOLY AXOUO TTEQLD-
OOTEPO TNY TOEOUOPPWON XOTA TN obVheon TwY xvoswy. TéNog, pLor SLaopeTLnn
©LEH0SOC TELYWVOTTOINGNG N N OAOXANEWTLXY] UETOPOPE TOL OLXTOOL OTO TEPLRAA-
Aov tov Blender, Oo pmopodoayv vo amoteAéoovy xafoplotivodg mapdyovteg oty

SLOTNPNON TWY YAPOXTNELOTIXWY TOL LOVTEAOL XOTA TN oVvbeo.
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