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NEPINAHWH

H mapakoAoUBnon kot avaluon tng avlpwrivng Kivnong amoteAel pla onUAVTLKA
Katnyopia mpoBAnuatwyv otov topéa tng Ymoloylotikng Opaong. Méoa os auth tnv
katnyopia, ta mpoPfAnuata mov adopoulv otnVv eKTipnon ¢ 3A molag evog avbpwrivou
Xeplou eival Wlaitepa evbladépovia. Auti n epyacia otoxeleL otnv emiluon tou
TPOPBANUATOG TNG EKTIUNONG TNG TOlag evOG avOpwIlvou XEPLOU OE TIPAYUATIKO XPOVO,
XPNOLLOTIOLWVTAC HOVO oMtk TAnpodopia. MoANEC mpooeyyiloelg €xouv MpoTabel yla
™V emiAuon autol Tou TPORAAUATOC, HETOELU TWV OMolwVv Kot N edapuoyn TEXVIKWY
UNXOVIKAG HaBnong. H mpoodatn emtuxioa twv Pabéwv veupwvikwv SIKTUWV o€
TPOoPBARUATA UTIOAOYLOTLKAG OpacnG €XEL 0ONYAOEL OE ONUAVTLIKI) TTPO0S0 OE AUTOV TOV
Topéa. Qotdo0, MOPA TIG EVTOVEC TIPOOTIABELEG TTOU €xouv adlepwBel otnv emiAuon
TPOPBANUATWY AUTNC TNG Katnyopiag, kapio pEBodoc dev £xel KatadEpeL va eTIAUCEL TO
TPOPBANUA OTN YEVLKI TOU popdr).

OL TEXVIKEG UNXAVIKNAC LABnong Kal blaitepa autég mou Bacilovtal o Babld veupwvika
Siktua amattouv peyala emonpacpéva cuvola dedopévwy yla tn eknaidsvon toug. H



gmonuavon os mpayuotika dedopéva eival KOTILAOTIKA KAl QTALTEL XpOVO Kal AAAOUG
avOpwTvoug MOPoUG. EMopévwG, TPOTIUATAL £VAC AUTOUATOC TPOTOG dnuLoupyiag Kat
emonueiwong twv dedopévwy eknaibevong. H xprion ocuvBeTikwv deSoUEVWV TTaPEXEL
€vav €UKOAO TPOTO yla Tn Snuioupyiol HEyAAOU OYKOU ETUCNUACUEVWV SESOUEVWV
uPNANG akpifelag. Eva HELOVEKTNMO QUTAE TNG TPOCEYYLONG Elval OTL OL AEMTOUEPELEG
TWV TPOYHATIKWY SESOUEVWY UTTOPEL VA NV TIPOCOUOLWOOUV LE LKOVOTIOLNTIKA aKpiBela
Katd tn &nuoupyla Twv cuvOeTIKWY Sedopévwy. OL UTIAPXOUOESG TEXVIKEG UNXAVLKAG
Habnong eivat evaiocbnteg otnv Katavoun Twv SeSopévwy EL0OGS0U Kal CUVETTWE, UTTOPEL
Vo OMOTUXOUV VA YEVIKEUOOUV Of Tpayuatika dedopéva otav ekmaldevovtal o€
ouvOeTIKA bebopéva.

Z€ aUTH TNV €pyacia MapouoLAl{oUE LLO VEQ TTPOCEYYLON VLA TNV EKTIUNON TTOlaG XEPLOU
ano Sedopéva Baboug anod pia povo ogn. Mo cuykekpLUEVA, UTTODETOUE OTL N €l0080G
elvaL éva pepovwpévo kapé dedopévwy Baboucg, mou anelkovilel £vo AmOUOVWHEVO XEPL,
SnAadn éva xépL mou Sev ETUKAAUTITETAL OO AVTLKE(HEVA oTo TepLBAaAAov Tou. To KapE
BaBoug mpooAapPadvetal amno évav atcOntrpa Babouc kal Sev xpnoLLOTIOLOUVTOL OTTTLKA
BonBrjpnata yio va SteukoAuvBel n epyaacia eviomiopol Tou XepLou 1 TUNUATWYV Tou. H
nEBodog akoAoubel pla otpatnyky e€eldikevong (coarse to fine) xpnolwomowwvrag
Siktua ocuvaptnoewv aktwikng Baong (Radial Basis Function Networks, RBFNs) mou
ekmaldevovtal og €va PeEYAAO GUVOAO GUVOETIKWY SESOUEVWV.

H dnuwoupyia twv ouvBetikwv Sedopévwy Tou amaltouvial yla TNV eknaidsvon twv
SiktOwv Eekvael kataypddovtag pia mpayuatiky akoAouBia evog avBpwrivou xepLou
TIOU €KTEAEL SLAPOPETIKEG XELPOVOULEG. ITN CUVEXELA EKTLUATAL N OO TOU XEPLOU YL
KABe kap€ tnN¢ akoAouBiag xpnowuonowwvrag Pl pEBodo mapakoAouBNoNg XEPLWV HE
uPNASG urmtoAoyLloTikd POPTO, EMITUYXAVOVTAC aKPLBELG EKTIUAOELS. ATIO QUTO TO CUVOAO
OAWV TWV OVAKTNUEVWVY TTO{WV, ETUAEYOULE QUTEG TTOU SLapEPOUV TIEPLOCOTEPO UETAEY
TOUG. XPNOLUOTIOLOUE QUTO TO OVIUTPOOWTIEUTIKO OUVOAO, Mall HME ML TIUKVA
SeypatoAnyio OAwv Twv mBavwv MepLoTPodwVY yLo VoL SNULOUPYNOOULE TO CUVOETLKO
ouvoAo eknaibevonc.

Eva Siktuo apyikomoinong kat moAAamAa e€eldikeupéva Siktua ekmatdevovial o€
TUAHOTO TOU OUVOAOU OUVOETIKWV Sebopévwy. Yrmapxouv Suo eldwv efeldlkeupéva
Siktua. H pila katnyopia, mepthappavel diktua mou sival KataAAnAa ekmatdeupéva ylo
Va QVOKTAOOUV TOV TIPOCOVOTOALOHO TwV XeEplwv Ue Oebopévn tnv dpBpwon twv
SakTtUAwvV. H 6eUtepn katnyopia avaktd tnv apBpwaon dedopévou Tou MPOCAVATOALGUOU
Tou YXeploU. Aappavovtac ocav eicodo éva kapé Paboug, xpnolpomoloUUE T
EKMOLOEV HEVO LOVTEAQ YLOL VO AVOKTOOUUE TNV TtOla Tou XepLou. Mo To oKoTo auTo, To
6lktuo apylkomoinong XPNOLUOTIOLEITAL Yl TNV EKTIUNON MLAG OpXIKAG Tolag. Xtn



OUVEXELQ, Ta e€LOIKEVEVA SIKTUA XPNOLLOTIOLOUVTOL OE €Va EMAVOANTITIKO OXN QL TIOU
€XEL OKOTIO va. BEATIWOEL TNV OPXLKN EKTIKNON. AUTO TO EMAVAANTITIKO oXNUa BeATiwong
ekTeAelTal yla évav nmpokaboplopévo aplBud enavoAnPewy, LETA TNV OAOKANPWON TOU
omolou avaktdtat n ektipnon nolag.

To OUVOALIKO UTIOAOYLOTIKO KOOTOC TNE MPOTELVOUEVNG TIPOCEYYLONG KaBopileTal amo Tig
UTIOAOYLOTIKEG QTIALTAOEL €VOC MIKpoU mARBou¢ Owktuwv RBFN, emttuyydvovtag
embooelg oxedov mpaypatikol xpovou. EmumAéoy, n mpotewvopevn pEBodog ermubéxetal
ETLTAYUVONG HEOw TtapalAnAomoinong, xapn otov eyyevh MApoAANALOUO TwV SIKTUWV
RBFN. H uébodocg amnattei Alya mpaypatika dedopéva kal oxedov kaboAou emonueiwon.
EmutAéov, €xel Alyeg UMEP-TIOPAUETPOUC OL OTIOLEG SLEPEUVOUVTOL TIELPAUATIKA YL VOl
TPOOodLOPLOTOUV oL BEATLOTEC TLUEG TOUC. H moooTikn afloAdynon tng uebodou Baociotnke
OE MLOL TIPOYHATIK akoAouBia yla tnv omoia yvwpillouUE TIC TTPAYUATIKEG TTOLEG TOU
Xepou (ground truth). EmutAéov, mapouoldl{oUE TIOCOTIKA ATMOTEAECATO OE €vVa KOWVA
SlaBéatpo ouvolo dedopévwy (public dataset) mou xpnolpomnoteital yia tnv afloAdynon
TwV HEBOSWV ekTiPNONG Kal mapakoAolBnong molag xeplwv. MoloTika amoteAéoparta
napouaotalovrtal kat yla ta SUo cuvoAa dedopévwy ta omola deiyxvouv OTL N Mpooéyylon
HOG  EMITUYXAVEL LKOVOTIONTIKA  QTMOTEAEOMOATA O OAEC TIC TIEPUITWOELC.
JUUMEPACUATLIKA, N €EpyAOia auTrh SELXVEL OTL TPOTELVOLEVN TIPOCEYYLON YLOL EKTINGN TNG
3A nolag tou xeploL mou Baociletal oe diktua RBFN umopel va yevikeUOEL ApKeETA KOAQ
O£ TIpayHaTika SeSopéva, evw €xel ekmaldeubel oe ouvBeTika dedopéva.
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ABSTRACT

Human motion tracking and analysis forms an important category of problems in the field
of Computer Vision. Within this category, the class of problems that deal with the



estimation of the full pose of a human hand are especially interesting. This thesis treats
the problem of estimating in real time the full pose of a human hand, using only visual
input. Many approaches have been proposed to solve this problem, including applying
machine learning techniques. The recent success of deep neural networks for computer
vision tasks has resulted in new advancements in this area. Despite the significant effort
that has been devoted to the problem of 3D hand pose estimation, no method has
succeeded to tackle the problem in its full generality.

Machine learning approaches and, in particular, deep learning ones require large
annotated datasets for training. The annotation process in real-world data is human labor
intensive and time consuming. Therefore, an automatic way of creating and annotating
training data is preferable. The use of synthetic data provides an easy way to obtain large
volumes of accurately annotated data. On the negative side of using synthetic data,
details of the real data may not be accurately simulated. Existing machine learning
techniques are sensitive to the distribution of input data and may fail to generalize to
real-world data when trained on synthetic data.

In this thesis we present a novel framework to perform single shot 3D hand pose
estimation from depth maps. More specifically, the input is assumed to be a single depth
map, depicting a single hand in isolation, that is, not occluded by its surroundings. The
depth map is acquired using a depth sensor, and no visual aids (e.g., markers) are used to
facilitate the task of localizing the hand or parts of it. The method follows a coarse-to-fine
strategy, employing Radial Basis Function Networks (RBFNs) that are trained on a large
synthetic dataset.

In order to synthesize the dataset that is used to train the RBFNs, we capture a real-world
sequence of a human hand performing a set of diverse hand gestures. We proceed to
estimate the hand pose for each frame of the sequence using an offline hand tracking
method with high computational budget, achieving accurate estimations. Given the set
of all the recovered hand poses, we proceed to select the most diverse of them. We use
this representative set, along with a dense sampling of all possible rotations as a seed to
generate the synthetic training set.

An initialization RBFN and multiple specialized RBFNs are trained on parts of this large
synthetic dataset. There are two classes of specialized RBFNs. One class is appropriately
trained to recover the global hand rotation given the hand articulation and the second
one to recover the global hand articulation given the hand rotation. Given an input depth
map, we use the trained models to recover a hand pose. Towards this end, the
initialization RBFN is used to provide a rough pose estimation. Subsequently, the
specialized RBFNs are employed in an iterative refinement scheme in order to improve



the initial estimation. This iterative refinement scheme is repeated for a predetermined
number of repetitions, after the completion of which the final estimation is retrieved.

The overall computational cost of the proposed approach is dominated by the
computation of several RBFNs, yielding in practice a system that achieves close to real-
time performance. Furthermore, the proposed method is parallelizable, taking advantage
of the inherent data-parallelism of RBFNs. The method requires few real-world data and
virtually no manual annotation, and it has few hyper-parameters that are experimentally
investigated to identify their optimal values. We perform a quantitative evaluation of our
method on a test sequence of our own. Additionally, we present quantitative results on
a public dataset that is commonly used to evaluate hand pose estimation and tracking
methods. Qualitative results are also presented for both datasets. We show that our
approach achieves promising results in all cases. Conclusively, this work shows that the
proposed RBFNs-based approach can generalize quite well when learning from synthetic
data.



