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“Tprodlaotatn mapakoAolOnon avlpwNVWV XEPLWV TTOU UTIOKELVTAL OE XWPELKOUG
TEPLOPLOUOUG”

NEPINAHWH

H ektipnon tng B€ong kat Tng MANPoUC apBpwTnc Kivnong evog avBpwrivou XepLlou Ue
Bdaon omtikr mMAnpodopia mapapével Eéva SUokoAo TPOPANUA To omoio €xel peAetnBel
EVTOTLKA IO TNV EPEUVNTLKN Kowotnta. OL KUPLOTEPEC TIPOKANCELG TIPOKUTITOUV aTtd TN
HEYAAN SlaotatikotnTta Tou TPOPANUATOG, TNV YPAYOPN KIvnon TwV XEPLWV KOl TLC
TIOPOTNPOULEVEG AUTO-ETUKAAUELS. AELOTILOTEG, AVOEKTIKEG KOl akpLBElg AUOELC yLa TO
TPOPBANUA prtopolV va SLEUKOAUVOUV TNV avamtuén mMoAAwV epappoywyv. 2 TOANEG amo
OLUTEG, UTIAPXOUV TIEPLOPLOKOL W TTPOG TN B€0n Kal TNV Kivnon TwV TUNHATWY TOU XEPLOU
T omola UmopoUV va eKTIUNBoUV amd QaVIXVEUTEG KateuBuvopevous and debopéva
(data-driven detectors) n eppéowg e€attiag ¢ aAAnAenidpaons Twv XEPLWV HUE TO
nieplBaAlov.

Ye autr TNV epyacia, dtepeuvol e TEToLla ogvapLa Kat AapBavoupe urmtoy v auto to idog
XWPLKWV TeEploplopwy. Mapouoialouvpe pla  pEBodo  ywa TNV TPLOSLAoTATN
TapoakoAouOnon Tou XeploU n omolot €KUETOAAEVETAL QTOTEAECUATIKA XWPLKOUG



TEPLOPLOMOUG TNG 3A B€ong Twv akpodaxtuAwyv. Mo CUYKEKPLUEVA, TO aKPOSAXTUAQ
umnopel va €xouv yvwotr 3A 6€on 1 va Bplokovtal og pia yvwotr eptoxn. O aplOpog twv
TIEPLOPLOUEVWY OOKTUAWV Umopel va PETAPBAANETAL XPOVIKA KOTA TN OLOPKELD HLOG
okoAoubBiag. H mpotewvopevn HEBOSOC OKOAOUBEL HLO YEVETIKA TPOCEYYLON TIOU
dnuoupyet kat aflohoyel utoBéoelg (generative hypothesize-and-test approach) kat mou
XPNolLomoLel éva Lepapxlkd ¢idtpo cwpatidiwv (hierarchical particle filter) yia tv
TapakoAouBnaon Tou xepLou.

Ol KaAUTEPEG YVWOTECG MEBOSOL yla TNV emiAucn Tou mpofAnuatog AapBdavouv unoyn
XWPLKOUG TIEPLOPLOUOUG PE XaAapd TPOTIO KOL CUVETIWG SV UmopoUV va eyyunBouv OtL n
TeAKn AUon Ba Toug LKavomoLloeLl. AVTIOETWG, 0TNV MapoUoa EPYOOLA, OVTIUETWTTI{OUE
oUTO To {ATNUA EMBAANOVTOG TOUG XWPLKOUG TIEPLOPLOMOUC KATA T daon dSnuouvpylag
uUTtoBEcEwWV TG ApBpwWONG Tou XepLov. Mpog autr TNV KatebBuvon avamtuEaue ULl oA
Kal ypnyopn péBodo delypatoAnyiag apBpwoswv twv SaktuAwv mou Baciletal otnv
€vvola Tou Xwpou MpooBacipotntag Baon Anootaong — XMNA (Reachable Distance Space
- RDS).

OL KUpLeG OUVELODOPEC AUTAG TNG gpyaciag ival oL €€NG: (a) EmMeKTElVOUUE TNV apXLKN)
Statunwon tou XMA (RDS) yia va mapdyoupe apBpwoelg Twv SakTtuAwv mou o€Bovral
TOOO TO KLVNUATIKA OPpLO TWV CUVOECUWY TOU XEPLOU OCO KOL TOUG TIEPLOPLOUOUC TWV
TeAlkwV teAeotwy, (B) elcayoupe o alyoplBuikd mAaiolo C-HMF mou eVOWUATWVEL TNV
mapanavw otpatnywky SewypatoAndiag pe 1o MAALOO lEPAPXIKAG ZUYXWVEUONG
MovtéAlwv - IZM (Hierarchical Model Fusion - HMF). Edv amouowdlouv xwplkotl
TIEPLOPLOUOL OE CUYKEKPLUEVA KOPE TNG akoAouBiag, To mpotelvopevo mAaiolo C-HMF
avayetal otnv apxkn puEbodo IZM - HMF. KaBe unoBeon aflohoysitol EKTILWVTAC TNV
aovudwvia petafL Tou mapayopevou 3A HOVTEAOU KoL TwV SLOBECIUWY TTapaTNPrOEWV.

Xpnotuornottnkav apKeTEC LETPIKEC OPAALATOC VLA TNV EKTEVH TTOOOTLKI KAl TIOLOTLKNA
aflohoynon tng pebBodoloylag pag oe akoAoubBieg¢ oL OmMoleg TEPLEXOUV OPKETEG
QUTOETIKAAUYPELS. Ta TIOOOTIKA KOl TIOLOTIKA QmOTEAEOUATA KOATOOEKVUOUV OTL N
TIPOTEWVOEVN TIPOCEYYLON UTEPTEPEL ONUOVTIKA O OXEON HE TG PEATIOTEG YVWOTEG
neBodoug oe akpiBela ektipnong ¢ B€ong kot tNg apBpwTng Kivnong Tou Xeplol Kot
otnv supwotia. EmutpoocBOeta, Seixvoupe otL n peBodoloyia pog eival avOekTiky og
B0puPo ou evOEXOUEVWCE TTPOKUTITEL KATA TN dtadikaaoia avixveuong Twv SakTtuAwv.

ALEPELVWVTAC TILO TIUKVA TO XWPO TWV EPLIKTWV AUCEWV, ATALTOULE TNV afloAOynon oAU
AlyOTEPpWYV UTIOBECEWY TOU XEPLOU, TIOU OAEC LKOVOTIOLOUV TOUG SOOUEVOUG TTEPLOPLOUOUG.
‘Etol, n mpotelvopevn peBodoloyia amodelkvuetal KATAAANAN yLA TNV OVTLULETWIILON TWV
UTTOAOYLOTIKWV aVayKWV TwV €PapUoywV TIoU amnattolv enihucn tou mpoBARUAToC TG
TPLOSLAoTATNG MAPAKOAOUONONC TOU XEPLOU OE TIPOYHATLIKO XPOVO.
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“Generative 3D Hand Tracking with Spatially Constrained Pose Sampling”

ABSTRACT

Estimating the 3D pose and full articulation of a human hand based on visual information
remains a challenging task which has been intensively addressed by the research
community. The main challenges arise from the dimensionality of the problem, rapid
hand motion and self-occlusions that occur in the majority of observed poses. Reliable,
robust and accurate solutions can facilitate the development of industrial to consumer-
level applications. There exist practical hand motion scenarios where the hand parts are
spatially constrained. In these scenarios, hand part locations can be inferred implicitly
from data-driven detectors or interaction with the environment.

In this thesis, we investigate such scenarios, and we consider this type of spatial
constraints. We present a method for 3D hand tracking that efficiently exploits spatial
constraints in the form of end effector (fingertip) locations. An end-effector target can be
either a specific 3D point or a 3D region, and the number of constrained fingertips may
vary through frames. The proposed method follows a generative, hypothesize-and-test
approach and uses a hierarchical particle filter to track the hand.

The current state of the art methods consider these spatial constraints in a soft manner
and can not guarantee that the resulting estimate will satisfy them. We tackle this issue
by enforcing spatial constraints during the hand pose hypothesis generation phase. In that
direction, we developed a simple and fast finger articulation sampling method that is
based on the concept of Reachable Distance Space (RDS).



The main contributions of this work are the following: (a) We extend the original RDS
formulation to generate finger articulations that respect both the hands' joint limits and
the end effector constraints, (b) we introduce the C-HMF framework by tightly integrating
our constraints-aware sampling strategy to the Hierarchical Model Fusion (HMF)
framework. If spatial constraints are absent at certain frames, our proposed C-HMF
framework can seamlessly fall back to the original HMF method. Each hypothesis is
evaluated by measuring the discrepancy between the rendered 3D model and the
available observations.

Several error metrics are employed to extensively evaluate our methodology on
challenging, ground truth-annotated sequences that contain severe hand occlusions.
Quantitative and qualitative results demonstrate that the proposed approach
significantly outperforms state of the art in hand tracking accuracy and robustness.
Additionally, we demonstrate that our methodology is robust to fingertip detection noise.

By exploring more densely the space of feasible solutions, we require the evaluation of
much fewer hand hypotheses, all of which satisfy the given constraints. Along with the
proposed light-weight sampling strategy, our methodology is suitable to cope with the
performance requirements of applications requiring a real time solution to the problem
of 3D hand tracking.



