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“3A NapakoAovBOnon tou AvBpwrivou XepLou e Xprion MBavotikrg Avaluong Kopiwv
Zuvictwowv ya tn Movtelonoinon t¢ ApaotnpLlotntag tov ”

NEPINAHWH

‘Eva onuoavtikd mpoBAnpa otnv UTIOAOYLOTIKN) Opach €ival n ektipnon tng 3A B€ong kal Tng
Slapbpwong tou avBpwrivou xeplol He Bdon omtiki mAnpodopia. H AVon autol Tou
npoPAnuatog umopel va  SleukoAUvel Tnv avamtuén moMwv edappoywv, OnMwG TNV
oAAnAenibpaon avBpwrmou-umoAoyLoTtr), TOV TNAEXELPLOUO POUTOT Kol AAAa. OL KUpLEG
TIPOKANOCELG TIOU TPEMEL KOVELG va aviletwnioel adopolv otnv udnAn Sidotaocn tou
npoPAnuatog, Tig erkaAUPeLg Tou odeilovtal oTn yEWUETPLA TOU XEPLOU KAl OTNV EVOEXOUEVN
oAAnAemibpaocr) TOU ME QVIKE(PHEVA, TNV TOXUTNTO TWV KLWWNOEWV TOU XEPOU Kol TN
peTABANTOTNTA TWV cUVONKWV GWTLoHOL Kat Tou urtoBaBpou TnG oKNVAG.

H nmapoloa epyacia aocxoleital pe to mMPOPANUaA TNG TPLOSLACTATNG EKTILNONG TG Olag Tou
XEPLOU HOVTEAOTIOLWVTAG OUYKEKPLUEVEC OPAOCELC XEPLWV HE XPNON MHLAG TEXVIKNG HEelwong
Swaotatikotntag, tTnv Mbavotikn Avaluon Kuplwv Zuvictwowv. KaBepia amno tig Bewpolpeveg
EVEPYELEC, QAVOTIOPLOTATOL OE £VA TIOPOMUETPIKO UTIOXWPO TIOU EKTIHATOL OO €va oUVOAO
XOPOKTNPLOTIKWY €EKTEAECEWV QUTAG TG Opaong. Exoupe avamtuéelt Vo pebodoug 3A
TIapaKoAoUONoNC oL omoieg AettoupyoUV £(TE OTNV MEPIMTWON YEVLIKNC Kivnong Tou XepLou eite



OTNV TEPUTTWON TIOU TO XEPL EUTIAEKETOL OE KATIOLOL OTTO TLG LOVTEAOTIOLNUEVEC EVEPYELEC. H TTpWTN
HEBodo¢ Baoiletal o pEBodo ptpapiopatog cwpatidiwy (particle filtering) evw n dgltepn o€
pio péBodo olykALoNng Le eEAATTWoN TNG mapaywyou (gradient descent). Kat otig SU0 mepUMTWOELG
0TOX0G £lval n BeATIOTONOLNGCN TOU TALPLACHOTOG VOGS 3A HOVTEAOU TOU XePLoU oTLG SLaBEoiueg
napatnpnoels. EmutpdoBeta, kat ot Suo pEBodol anodacilouv auvtopata To Katd noécov n 3A
napakoAouBOnaon Tou Xxeplol Ba MPEMEL va yivetal BewpwvTag YEVLKN Kivnan Tou XepLou 1 Kivnon
0TO MAQLOLO KATIOLAG OO TLG LOVIEAOTIOLNUEVEG SPACELG TOU.

Ma va ekmatdeVoOUUE KoL VA aELOAOYCOUE TIG TIPOTELWVOUEVEG HEBOSOUG, avamtuaue Eva vEo
ouvoho O&ebopévwv mou meplhapPavel Seiypota ekteAécewv 5 SladOPETIKWY EVEPYELWV
oAANAeniSpaong evog XEPLOU UE QVTLKELPEVA. ATIOTIUNCOE TIG TIPOTEVOUEVEG HEBOSOUC TOOoO
TIOOOTIKA 000 KOL TOLOTIKA. [ TNV TOooOoTIK afloAdynon XPNOLUOTIOW|COUE TO OGUVOAO
Sebopévwy Tou avamtuxdnke, WOTe va SNULOUPYNOOUE CUVOETIKEG OKOAOUBIEC amod TIG OTmoleg
adoalpEcapE TAPATNPHOELG WOTE VA TIPOCOMOLWOOUME EANEWPN LETPHOEWV AOYW ETKAAUPEWV.
Ta amoteAéopata mou mpoékuav Sdeixvouv OTL oL POTEWVOUEVEG HEBOSOL BeATIWVOUV TNV
eKTIHNON TNG MOloG Tou XePoU o€ OXEon HE UPLOTAUEVEC Tpooeyyloelg, Wilwg mapouaoia
eMKOAUPEWY, OMOU TA XPNOLUOTOlOUHEVA HovtéAa Opdong BonBouv otnv akplBéotepn
EKTLUNON TNC TOT0G TOU XEPLOU KAL TNV AVILLETWTILON TWV EAAELTTIOUCWV TIOPATNPHOEWV.
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“3D Hand Tracking by Employing Probabilistic Principal Component Analysis to Model Action
Priors”

ABSTRACT

One important problem in computer vision is the estimation of the 3D pose and full articulation
of a human hand based on visual information. The solution of this problem can facilitate the



development of many applications such as human-computer interaction, robot teleoperation and
others. The main challenges concern the high dimensionality of the problem, the occlusions due
to the hand geometry or due to the manipulation of objects, the fast hand motion and the
variability of the illumination conditions and the scene context.

This thesis addresses the problem of 3D hand pose estimation by modeling specific hand actions
using a dimensionality reduction technique, the probabilistic Principal Component Analysis. For
each of the considered actions, a parametric subspace is learnt based on a dataset of sample
action executions.

We developed two hand trackers that can perform 3D hand pose estimation either in the case of
unconstraint hand motion or in the case that the hand is engaged in some of the modelled actions.
The first tracker is based on particle filtering while the second is based on gradient descent
optimization. In both cases the goal is to fit a 3D hand model to the available observations. Both
methods employ an online criterion for automatically switching between tracking the hand in the
unconstrained case and tracking it in the case of learnt action sub-spaces.

To train and evaluate the proposed methods, we developed a new dataset that contains sample
executions of 5 different grasp-like hand actions and hand/object interactions. We tested the
proposed methods both quantitatively and qualitatively.

For the quantitative evaluation we relied on our dataset to create synthetic sequences from which
we artificially removed observations to simulate occlusions. The obtained results show that the
proposed methods improve 3D hand pose estimation over existing approaches especially in the
presence of occlusions, where the employed action models assist the accurate recovery of the 3D
hand pose despite the missing observations.



