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NEPINAHWH

Ta teAeutaia xpovia, ta TPoBAApATA TNG OVAAUCNG KalL TN Kotnyoplomoinong /
avayvwplong Ttwv avbpwrivwv Opdcewv pe Bdon omtkn mAnpodopia  €xouv
TPOOEAKUOEL UEYANO €pELVNTIKO evdladEpov e€altiag Tng onuaociag tng emiAuong Toug
o€ TOMElC Oomw¢g n umoPonBolpevn dlafiwaon, n enitipnon xwpwv, n aAAnAenidpoon
avOpwrtou-urtoAoyLotr/pounot, KATL Mapd tTn onpavtiki Tpoodo mou £xeL emiteuxOel, n
KQTNyopLomoinon Kal n avayvwplon twv avopwnivwyv Spacewv mapapével éva SUGKoAo
TPOPANUa mou Sev €xel emIAUBEL 0TN YEVIKOTNTA TOU.

Ze aUTA TNV gpyaoia, pag evdladépel n katnyoplomoinon avBpwrivwyv Spdcewv He Bdaon
3A okeletikad dedopéva kal Baowlopaocte otn pEBodo ¢ Zulhoyng OmTkwy Aé€swy -
ZOA (Bags of Visual Words - BoVWs) mou armnote)Ael €va 0pKETA EMITUXNUEVO TTAQLOLO
KwSLKOTIONONG  XAPOKTNPLOTIKWY ylo. TNV €mMiAucn autol Tou TpoBAnuoatoc.
AkoAouBoU e éva oxrua katnyoplomoinong Spacewv Mou amoteAeital amno tpia Baoka



BrAuata: (o) e€aywyn xapaktnplotikwy, (B) avamnapdotacn / kwdikomoinon Baclopévn
0€ oUA\OYN KWOLKOTIOLNUEVWY OTITIKWY XAPAKTNPLOTIKWY Kal (y) Katnyoplomoinon twv
TAPOOTACEWV SPACNG TIOU TIPOKUTITOUV. € QUTH TN MEAETN, O OTOXOG MOG €lval va
TIOPEXOUME HLO TELpOMATIK afloAoynon Sladopwv OXeSLAOTIKWY ETUAOYWV Yyl T
TapaAnAavw Brpata, oL onoieg, epocov MPoadloploToly, 0dnyoUV 0€ CUYKEKPLUEVEG KOl
Sladopetikég peBOSoUC Katnyoplomoinong dSpacewv.

Ie autn tnv KatevBuvon, oL ouvelodopEG AUTNG TNG epyaciag eival TMOANEG. ApXLKQ,
EPEVUVOUUE TNV amodoon TPLwV UDLOTAUEVWY TUTIWV 3A OKEAETIKWY XOPOKTNPLOTIKWY.
Mpoteivoupe emiong éva VEO XOPOKTNPLOTIKO yla TNV avanapdotacn tng 3A otdong Tou
oVOPWTILVOU CWHATOC TTIOU EUNVEETAL A0 UPLOTAUEVN €psuva o€ lotoypappata Opiou
Kivnong - 10K (Motion Boundary Histograms — MBH). H xprjon Tou TPOTEWVOUEVOU
XOPAKTNPLOTIKOU dalVETAL VO TTAPAYEL ATMOTEAECHATA TIOU E(VAL AVTAYWVLOTIKA LE AUTA
TWV Kopudaiwv UPLOTAUEVWY OVTOYWVLIOTIKWVY HEBOSWV.

E€etaloupe tpelg Sladopetikég pebBodoug katnyoplomoinong(K-Kovtwvotepol leitoveg -
KKF , Mnxavég Awavuopdtwyv YmootnpEng - MAY, Neupwvikd Aiktuo Zuvaptnong
AKTVIkAG Baong - NAZAB). AlepeuvoUe emiong to péyeBog TG cUAAOYNG KWELKWV TIoU
XPNOLLOTOLEITAL Yl TNV Ovamapaotaon OpAcEwv, TO ONMOI0 ATMOTEAEL ONUAVTLKA
oxeblaotikn emloyr) oe puebBodoug mou PBaocilovtatl oe I0A. MNa va emtevyxBel auto,
BaollONaoTE O Hla EUMELPLK), OXEOOV €€aVIANTIK UEAETN yla va KaBopilooupe To
KaAUTepo PEYEBOC cUAAOYNG KwdIKkWVY yla KABe TUTO XOapaKINPLOTIKOU Kal peBodou
Katnyoplomoinong. OL MepLoooTeEPEC UDLOTALEVEG Epyacieg opllouv €va CUYKEKPLUEVO
HEYEDOC OUANOYNG KWOKWV XWPLG v TIAPEXOUV AEMTOUEPELEG YlOL TO TIWC QUTO
amodaociletal. AvtiBetwe, epeic Stepeuvoupe pebBodouc mou kabopilouv auToOUATA TO
puéyeboc tng ouMoync. Ta amoteAéopata tng dlepeuvnong Seixvouv OtL n péBodog
Awddoong Zuvadelag (Affinity Propagation), M TEXVIKA WN  €MITNPOUUEVNG
opadormnoinong mou kaBopilel autopata Tov aplBud twv cuotddwv oe €va cUVOAO
6ebopévwy, pmopel va xpnolpomolnBel AMOTEAECUATIKA WC OVIIKATAOTOON TOU
oAyoplBuouv K-péowv (k-Means) mou XPNOLUOTIOLELTAL OTI( TIEPLOOOTEPEG QMO TIG
nebodoug katnyoplomoinong mou Paocilovtat oe IOA. EmumpdoBeta, OSlepesuvape
€EVAAAQKTLKEG TIPOOEYYLOELG KWOLKOTIOINONG XOPAKTNPLOTIKWY OTIWE oL ZUAAOYI XpOVIKWVY
Né€ewv - IXA (Bag of Temporal Words - BoTW) kat ta Aiwoviopata Tormka
Juoowpeupévwy Mepypadwyv - ATZN (Vector of Locally Aggregated Descriptors - VLAD).
Ta anmoteAéopata MOU TPOKUNTOUV SELXVOUV OTL N OXETIKA amAoUoTepn Kwdlkomoinaon
YOA UTtEPEXEL £VAVTL AUTWYV TWV TTOAUTIAOKOTEPWVY ETIAOYWV.

OAeg ol el oyég oxeblaopou pebodwv tatvopnong Spacswv aflohoyndnkav BAoeL poag
OELPAC TELPOUATWY TIOU TIPOYUATOTOWONKAV OTO EUPEWG XPNOLUOTIOLOUEVO GUVOAO



Sebopévwy kivnong kat avBpwnivwv dpactnplotitwyv Berkeley MHAD. To cuvolAo
6ebopévwv MHAD eival emonUELWHEVO UE TIG 0pBEC KaTnyopieg avBpwnivwy Spacewy,
YEYOVOC TIOU ETITPETEL TNV TIOCOTLK OTOTIUNGCN TWV OXETLKWV OUTOUATOTOLNUEVWY
HEBOSWV Katnyoplomoinong.
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ABSTRACT

In recent years, the problems of vision-based human motion analysis and action
classification/recognition have attracted a lot of attention due to the significance of their
solution in domains such as assisted living, surveillance, human-computer/robot
interaction, etc. Despite several breakthroughs, human action recognition remains a
challenging problem that is unsolved in its generality.

In this work, we are interested in action classification based on motion capture/skeletal
data and we rely on the Bags of Visual Words (BoVWs) features encoding. We follow an
action classification framework consisting of three main steps: (a) feature extraction, (b)
representation/encoding based on a BoVWs codebook and (c) classification of the
resulting action representations. In this study, our goal is to provide an experimental
evaluation of various options regarding the selection of the components of this
framework that, when instantiated, give rise to a specific action classification method.

In that direction, the contributions of this work are manyfold. First, we investigate the
performance of three existing types of 3D skeletal features. We also propose a new



feature for representing human 3D pose data that is inspired by the work on Motion
Boundary Histograms (MBH). The use of the proposed feature is shown to produce results
that are competitive to the state of the art. We explore three different classification
methods (K-Nearest Neighbors, Support Vector Machines, Radial Basis Function Neural
Networks). We also investigate the size of the codebook used to represent actions, which
is a major design issue in BoVW-based methods. To achieve this, we perform an empirical,
almost exhaustive study to determine the best codebook size for each feature type and
classifier. Most of the previous works define a specific codebook size without providing
details on how this has been decided. In contrast, we explore methods that determine
automatically the codebook size. This investigation shows that Affinity Propagation, an
unsupervised clustering technique that determines automatically the number of clusters
in a dataset, can be used effectively as a replacement of the k-Means algorithm which is
used in most of the BoVW-based recognition methods.

Additionally, we explore feature encoding alternatives to BoWs such as the Bag of
Temporal Words (BoTW) and the Vector of Locally Aggregated Descriptors (VLAD). The
obtained results show that the simple BoVW encoding outperforms these more
complicated choices.

All methods and action classification design choices have been evaluated quantitatively
based on a series of experiments that have been carried out on the standard, extensive
and ground truth-annotated Berkeley MHAD dataset.



