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Evyaprotieg

Kot’apynv, 0o f0era va evyapiomon tov Ap Kootavtivo Kaprodln yio v eumietoohvn
ov pov €oeie pe v avdbeon g mToPodoOC SMAMUOTIKNG €PYACIOg Kol Yo TNV
kafodnynon tov kaf’oAn T dudpkelo ™G ekmovNnong te. Ev cuveyeia, Oa 10eia va exkppdom
MV EVYVOUOGUVI Hov amévavtl otov vroynelo Ap [empylo Tovdén yio v auépiot
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dumiopotiknig. Emiong, opeilm va to mog sipor vwoypen oty Ap Avaoctoacio. ToovpoveAn
kaOnyntpe evotkng ayoyng EMIT yoo v moldTiun cuvdpoun g otn dnuovpyic g
Baong, kabd¢ xar otov Avactdolo Bevétn kot oe Olovg OGOLC GULUUETEOV OTIC
BvTe0oKOMNOELS YI0L T GLAAOYN TOL OTOPAITITOL VAIKOD Yio TNV dnpovpyio ¢ Pdong.
Axéun, Ba 10gko va evyaploTHGH TOV ZTOPO ATOGTOAOL Y10, TNV TOAVTIUN forfeio Tov oV
Tpocépepe, KaOMG emione kot Oha ta WEAN Tov gpyaotpiov  Pnoewxng Emefepyoociog
Ewovag, Bivieo kot [Tolvuéomv mov pe Ponncav ce kdbe Svokolio, TOL OVIWETDTIOO.
Téhog, Ba Oela va, EVYOPIGTHGM TOVS YOVEIC LLOV Y10 TNV QUEPLIOTT CLUTAPACTACT TOLG KGOE
OTLYUN OAOL ALTE TOL XPOVICL.






2ovoyn

H Aviyvevon ka1 Kotmyopromoinon AvBponivov Kivicewv, wg topéog ooumpaéng g
Opoaong Ymoloyiotdv ko ¢ Avayvapiong Ilpotommv, ypnoyomoieitor 6€ oloéva Kot
TEPIOGOTEPEC EQUPUOYEG YO TNV TEPLYPAPN TNG avOpdTIVNG OpoacTploTtag, Onmg 1
avéAivon video pe Pdon 1o TEPLEYOUEVO KOl 1 SLOUOPPMOOT] ELELOVEC TEPIPAAALOVTOC L
OldpaoTiKéG ePappoyéc. Ol €QUPUOYEC OVTEC OMOLTOVV AmOodoTIKEG WUeEBOOOVG Yoo TNV
avtopatn ovéivon kot ta&vouncn Tov OedopEVeV KIivomng, Kol OTOTEAOLV £va TTOAD
dpacthplo epeuvnTikd nedio. o v aviikeluevikn a&loAdynon Kot GUYKPLoN TOV d0pOpmV
uebdd®V availvong kol Kotnyoptomoinong g avlpomivng dpactnpldTTog, 10 TEAEVLTOI
xpOvio, Exovy dnuovpyndei cuALoyEG amd Video pe KoToyeypoupuéveg KIVIGELG.

2100¢ AL TG AMAOUOTIKNG epyaciog &ival vo TPOGPEPEL GTV  EPEVVINTIKY
Kowotnto, po véo, Paocmn dedouévaov Kivnong mov va pmopel vor ypnoiuomomfel oty
a&loA0yNoN Kol GUYKPION TOV Spopmv HeBOd®V ovaAvong Kol KoTNyoplomoinone g
avBpomvng dpaocmpidomtoc. H Baon pog mepirouPaver 8374 video, mov mepiéyovv 12
KWNAoES Tov aOANUATOC TG OvVTIoQAipIoNG eKTeEAecUEVOY amd 55 Olapopetikd dToua
Katoyeypoupéve pe v kaupepo tpiodidotactng Afyng Kinect. Tho ovykekpiuéva,
nepiapPavel video mov kataypdgovy v Kabe Kivnon oTig TPELS JUOTAGEIS TOV YDPOV,
KkaOdC Kol TV Kivion Tov okeretod Tov avOpomvov couatos. H cvokevn kataypagng
Kinect dwafétel kauepa vrepOOpwy, exttpimovtag £Tc1, TNV eEaymyn TANPOPOPIiaC GYETIKA Ue
10 Pabog kar ) Béon TV apbpdoewv Tov avlpmdmvov couotog. Me avtd Tov TpOTO
EMITUYYAVETOL LLLO. LOVTEAOTOINOT) TOL aVOPAOTIVOL GKEAETOV GE TPELS OLUGTACELS.

210 TAaiclo g epyaciog, epapudlovpe dvo pebddovg aviyvevong kot Taivounong Tmv
Kwwoewv oto dedopéva g Pdong pog. Ewdwotepa, epappdlovpe ™ néEB0d0 «eVTOMIGHLOD
onueiov evolapPépoviog 610 Ywpoyxpovo» (Space-Time Interest Points) kot t péBodo
«EVTOTIGHOD TUKV®V TpoyLmv Kiviione» (Dense Trajectories). Ot 600 pébodot ypnoomolody
WG TOMKOVG Ywpoypovikove meptypapeic ta lotoypdupato Ilpocoavoatolopévng Kiiong
(Histograms of Oriented Gradient-HOG), Iotoypaupato Omntikig Pong (Histograms of
Optical Flow - HOF) kot Iotoypappato Opimv Kivnong (Motion Boundary Histograms). H
ta&wvounon tev video mpaypatonoleitol pe o pnyoviy dtavucoudtov vrootpiéng (Support
Vector Machine- SVM) wg ta&wvount moAAdv kKAGoemv. To anoTeAéGLOTA TNG TEWPOUATIKNG
dwdkaciog delyvouv 0TL 1 Pdon £xel SLVOUIKY] Yol TN XPTOLUOTOINGN TNG G€ LEAETES Yo TNV
avamTuEn eQopLOY®V avayvoplong avlparivov kivicewv mov mapovctdlovv daitepeg
TPOKANGELS.

AéEerg Kerod

avayvopion avbponivov kwvhioswv, Kinect, ta&ivopnon video, aviiogaipion, 16toypoppa
TPOGAVOTOMGUEVTG KAIONG, 10TOYPOALULO OTTIKNG PONG, 1OTOYPALLY Oplov Kivnong, Unyovn
VLG ATV VITOSTAPIENG, alyopiBuoc K- péomv



Abstract

The detection and classification of human movements, as a joint field of Computer
Vision and Pattern Recognition, is used with an increasing rate in applications designed to
describe human activity, such content based video analysis interactive environments and
applications such as smart rooms. Such applications require efficient methods and tools for
the automatic analysis and classification of motion capture data, which constitute an active
field of research. To facilitate the development and the benchmarking of methods for action
recognition, several video collections have previously been proposed.

With this Diploma thesis we provide the research community with a new video database
that can be used for an objective comparison and evaluation of different motion analysis and
classification methods. Our database consists of 8374 video clips, which contain 12 different
types of tennis actions performed by 55 individuals captured by the 3D motion capture device
Kinect. To be more specific, the database contains video clips that capture the 3D motion of
individuals. Kinect which is our motion capture device, is used as an infrared camera and
provides us with the depth map of motion data and helps to extract the 3D skeletal joint
connections from these depth maps. As a result, we achieve a 3D model of individuals’
skeletal motion.

In the framework of this Diploma thesis, we apply two different methods of detection
and action recognition, conducting experiments on our database. Particularly, we use the
method of Space-Time Interest Points and the method Dense Trajectories for action
recognition. These methods are based on the use of local spatio-temporal descriptors, such as
Histograms of Oriented Gradient (HOG), Histograms of Optical Flow (HOF) and Motion
Boundary Histograms (MBH). Moreover, we perform action classification on the video data,
and the classification is carried out with a multiclass support vector machine (SVM)
classifier. The accuracy rates attained with our experimental procedure show that this new
action database could be used in research on human action recognition applications that
introduce special challenges.

Keywords

Human action recognition, kinect, video classification, tennis, Histogram of Oriented
Gradient, Histogram of Optical Flow, Motion Boundary Histograms, support vector machine,
k-means algorithm.
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KE®AAAIO 1

EIZAT'QI'H

1.1 Xvvero@opd AUTA@POTIKIG

H avayvodpion g avOpomivrg dpactmpiotnrag and swkovooelpés (video) anotelel éva
OMNUOVTIKO TPOPANUO TOV EMGTNUOVIKOD TTEIOV TG OPACTG VIOAOYICTAOV UE EQUPUOYEG GE
TOALOVG TopEic, Ommg 1 avaktnon Video, 1 emtpnon dnuociov ydpov kat 1 aAANAETidpacn
avOpomov-vmoAoyiot). Me v egvpela eEdmhmon TV UECHOV  EMIKOWOVING VYNNG
TOYOTNTOG, TNV €0KOAN TPOSPUCIUOTNTA GE HECH amOONKELGNG UEYAANG XOPNTIKOTNTAG KoL
otov teyviKo e€omhond, TAéov o ynolakd video Bpicketarl otn d1dOeon tov kabevoe. Kotd
ovvénelo, 1 o yo omoteAecuatikeg Texvikeg encepyaoiog Video katl avayvdpiong g
dpactnprotrag avéavetal paydaia.

Ta yapoaktploTikd mov opilovv Tt &ival 1 «dpacTNPLOTNTAY, OPKETES POPEC dEV Eivat
duvatd va dtatvrwbodv e capnvela. Ot dpactnploTTeg 1 KIVIGELS Elval GOVOETEG OVTOTNTES
OV OLOPOPOTOLOVVTOL MOC TPOC TN OLIPKEIN” KATOEG &ivol oTIyuloies, evd GALEG Exouvv
nopoteTapévn odpkea. EmmAéov, pmopel va mepiiapuPdvovy oAiniemdpdoelg ue Ao
ATOWLA 1] AVTIKEIIEVOL KO VO TTPOLYLLLTOTTOLOVVTOL LLE T GLUUETOYN €lTE OAOVL TOV CAOUOTOC, ElTE
KATOL®V LEADY TOL.

A&iler va onueiwbei 611 vdpyel omovdaia PiPioypapio TOL APOPE GTNV AVAYVDPIoN
™G avBpdmvg dpacTnPoTTa 0o TOV NAEKTPOVIKO LTOAOYIGTH, O TOIKIAN EPEVVITIKA
nedia, 0T 1 OPOCT VIOAOYIGTMV, 1 OVOYVOPIoT TPOTOHTWV, 1| UNYAVIKN HdOnomn, avaivon
ONUATOV K.0.. AVAUESH OTIS OAQPOPES TEXVIKEG AVOTAPACTACNG TNG TANPOQOPiaG TNG
Kivnomng, ot o dnuo@iieic eivar ta onueia evdapépovtog yopoypovov (Space-Time Interest
Points) ka1 n gpron mokvev Tpoyidv kivnong (Dense Trajectories).

Xe auto 10 onueio gival avaykaio vo ava@EPOVUE TPES TOAD CNUAVTIKESG TPOKANGELS
oV ovayvopion g avBpomvng dpactnpomrag. Kot apybs, onpovtikd mpofinuo
amoTEAOVV Ol SlPopomoincelg oty dwe kKAGon kwnoewv (intra — class) kot 1 peydin
OpOOTNTA SLPOPETIKMYV KAGoE®V avBpomivng dpactnpiottag (inter —class). Ao ™ o
TAELPA, TO ATOMO LTOPOVV VO EKTEAEGOLY TNV 1010 Kiviomn e dlapopeTikés KatevnBuvoels Kot
OLPOPOTOMNGELG GTNV UETATOMION TOV avOpOTVOV HEA®V, evd omd TNV GAAN pmopel va
ouuPel, dvo KwNoel mov avikovv oe Eexwpilotés KAdoel va daympilovior povo omd
OLOAAKPITEG AEMTOUEPELES TOV YWOPOYXPOVOL. Agbtepov, 0 0OplBROS TOV SPOPETIKMOV
Katnyopumv kivnong etvar e&opetikd PHeYAAOG Kot TpiTov, Ot S1POPOTOICEL; OTIG GLVONKES
QOTICUOV, GTO TAPAUCKNVIO (POVTO), TNV OTIKN Yovia Aqyng, Kabmg Kot 1 dapén oKimdv
UTopovV v aAAAEOLV TOV TPOTO pE TOV Ooio YiveTal avTIANTT o Kivior).

[Ipokeywévou va dievkorvvlel 1 avamTuEn HebBOdWV Yo TNV avayvOPIoN TOV KIVIGEWDY,
éxovv ovykevtpwbel apkeTd chvola amd Video mov mepiEyovv didpopa €idn Kiviong. Ttnv
evomnta 2.3 yivetal eKTEVG ovapopd oTo To dNUOPIAT] cOVoA dedopévev. Méypt tdpa M
épeuva £yl emKeVTPpwOEL otV avayvodpion dpactnpottag omd Video mov £xovv Katoypaget
pe Kpepeg opatov PTOG. OUmG, 1 ¥PNOT CLCKELOV TTOL Kataypdpovy kot To Pdbog (range
camera), avtyetonifovv oe peydho Pobud TIC TPOKANCELG TNG TPITNG KOTNYOpidg TOL
LEWDVOLV TNV OOSOTIKOTNTO GTNV OvVAyvVAPIoN TG opactnplotntog and answkoviceg 2D.
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dvuowcd, po KAUEPO TETOIOL TOMOV WUTOPEL VO, KOTOYPOWEL CMUOVTIKY TANPOQopio Yo
KIVAOEIS Tov mePEyovy oAAayéc oto Paboc. Tlapadeiypotog xapv, o SYOPIGHOG TNG
Kivnong «deiyvo» omd v kivnon «@dveo» ce p Uapoctivip Aym, Ba ftav woAd mio
axpiPng omd Tig ekovooelpég Pdbove (depth map), mtapd amd ewovooepéc RGB.

[Mop’6Aa avtd, ot modotdtepol arsbntipec Pabovg yapaktnpiloviov gite amd vynid
KOoTOG €ite amd younAn axpipewa. Avtibeto, n Tpdoeatn Kukiogopia ¢ cvokevng Kinect
¢ Microsoft avtpetonilel avtd ta nriuoto kot S1o0£Tel 3o KAVAAO, KATAYPAPNS , KOVEAAL
ov  koTaypapel Pabog kot kKavait wov Koataypdper RGB ewodva. Tlop’ott mpotapykodg
o010Y0¢ TG KuKAopopiag tov vanpée N ayopd ¢ ywuyayoyiog, to Kinect mpokdiese to
EVOLOPEPOV TNG EPEVVNTIKNG KOWOTNTAG TNG OPACTG VTOAOYIGTAOV, AOY® TOL €0POLEG TMV
EQUPUOYDV TTOL Voot Pilet.

IMa Tovg Topamdve AOYOLS, ATOPAGIGUUE VO, TPOGPEPOVILE GTNV EPELVNTIKY KOWVOTNTA
éva emmAéov ohvoro dedouévmv omd Kvioelg Katayeypapupuéveg omd 1 ovokevr] Kinect.
Ytdyoc g véag Paong dedopévov 1 onoia ovopdletor THETIS (THree dimEnsional Tennls
Shots) eivar vo amoteléoer éva ypriowo epyoreio afloldynong yw Tovg S1aQopovg
aAyopiBuovg avayvdpiong Kvioemy, oAAG Kol YEVIKOTEPO VO, OTOTEAEGEL EPYOAEIO Yiow TNV
avAmTVEN EQUPUOYDY TTOL GYETICOVTAL e TNV AvayVOPIeT TG avOpOTIVIG dPAcTNPLOTNTOG.
Ta mheovekTRUATO Kol Ol dSVVATOTNTEG TOL TPOCEEPEL 1 XpHon ¢ ovokevng Kinect givat
TOAMG Kot Oa yivel 1dtaitepog AOYOg yio ot oty evotnta 3.2. Evdeiktikd, avaeépovpe 6tim
TAnpoeopia tov Pabovg mwov kataypdpetor and ™ cvokevn Kinect, pog mapéyet Oyt uévo tmyv
VOTOPACTOCT) TG KIVIONG OTOV TPIGOIAoTOTO YMPO, OAAG KoL Tr SVVATOTNTA EVIONICUOD
™ 0éong TV apfphcemv Tov avOPMOTIVOL GMITOS KAl TV AVATPACTOCT TNE KIVoTG TOV
oKeAETOD oTOV YPdvo kot oto YOpo 3D (XYZT). Mg avt v avarapdotact tpoceyyilovue
TO TPOPANUO. TG AVaYVOPLONS TG avOp®OTIVIG dpacTnplOTTaS UE TPOTO AydTEPO chvOETO
o€ oLyKplon Ue T ypnon ewovooelpdv RGB. EmmAdov, mapéyetl aveEapmaio and ) yovia
AYNG Kot LYNAOTEPT TOYXVTNTOL.

XV mopodco AMA®UOTIKY €pyacio. Tpaypatomoleital 1 mopovsioon g Paong
dedouévav THETIS, 1 omoio mephapPdver 8374 video, mov mepiéyovv 12 kwvioelg tov
OOANOTOG TNG AVTICQAIPIONG, EKTEAEGUEVEG OPKETEG (OPES Amd 55 Sl0pOopeTKE ATOLOL.
EmmAéov, mpoypotomoleitol 1 €QAPHOY OVO SOPOPETIKOV HEBOO®V, TOL ATOTEAOLYV
tedevtaio AEEN ™G TEXVOAOYIOG Yo TNV €E0y®YY] TEPLYPAPEDY TMOV YOPOUKTNPIOTIKMV TG
Kivnong, oto video g Baong THETIS xat emyepeitar  kotnyoplonoinon tov Video pe
Baon to mepleyoOuevo amd Lo unyav] VITOGTHPIENS MG TAEIVOUNTH TOAADY KAUCEMV.

Yvvoyilovtor o kOpla Bépata oLV ATOTELOVY GULVEIGPOPE GVTAG TNG OUTA®UOTIKYG
gpyaociog :

e Anuwovpyia peybing Paong amd video mov katoypdpovv 12 KvAGE ™G
avTiopaipong, amd 55 dropo, eKTeEAecUEVES OAEG APKETEG POPES amd TO KAOE
dropo. o k@O extéleon mapéyovton 5 tomot video:

1. Video siévag RGB

2. Video gwovag Babovg (depth map)
3. Video meptypdppotog/ ciovitag
4. Video oxeletod 2D

5. Video okeletod 3D

e Eopoppoyn mg pebodov onueimv evdiapépovtoc oto ywpoypdvo [19] (Space-
Time Interest Points) yw v &fayoyq tov €€fg TOMKOV TEPYPOYEDV :
Iotoypappata Ipocavatoopévng Kiiong (Histograms of Oriented Gradient-
HOG) kot Iotoypdppata Ortikng Pong (Histograms of Optical Flow - HOF) ota
video PaBovg kot oxeretov 3D, kabmg emiong kot oto dedopéva TOL GLVOLOV
KTH[53].
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e Eoeopupoyn mg pnebddov Dense Trajectories [73] ywo v eoyoyq tov eéng
TomIK®V TEptypapémv : Iotoypdupato [pocavatorcouévng Kiiong (Histograms
of Oriented Gradient-HOG), Iostoypdupoto Omtikig Pong (Histograms of
Optical Flow — HOF), Iotoypauuata Opiov Kivnong (Motion Boundary
Histograms-MBH) ka1 e€aywyn g tpoyidg g kivinong ota Video Bdbovg kat
okeletob 3D, kabdc emiong kot oto dedopéva Tov cuvorov KTH.

e KpPavtomoinon tov ¥opaKkINpIoTIKOV SavuoUdTtOv TV VIdeo mov mpoékuyay
amd TOVG TEPLYPOPELS ypnoomoldvTag tov oiyopifuo cvotadoroinong k-
means kot 1 dnuiovpyio evog ontikod Ae€ihoyiov (bag of features).

e Koatmnyopronoinon tov video Babovg kot okeietod 3D g Baong THETIS xat
tov video tov cuvorov KTH. T v ta&ivounon ypnoyonomdnke o unyovn
unyovn dlavvopdtov vroompiEng (Support Vector Machine- SVM) ¢
Ta&vounT TOAAGOV KAAGE®V.

e Anuiovpyio Kol ¥pNON GLVOOELTIKMOV TPOYPUUUATOV Yo TN Oe&aymyn G
TEPAUATIKNAG SLodIKaciog.

Ocov apopd otnv vAOTOINGN, GTO0 TANIGLO TNG OUTAMUATIKNG EPYACIOG KOl Yo TNV
KAALVYN TOV OIOITACEMV TNG TEWPAUATIKNG Olodikaciog acyorndnka pe TAnddpo popuoydv
KoL TNV ovATTUEN KOOIKA.

Apywd, mpaypoatoromdnke n e€aymyn tov okedetov 3D, Tov okeAetov 2D ko Tng
otovétog amd ta Video Babovg ko eikdvag RGB mov kataypdoenkay and to Kinect pe yprion
érowung viomoinong oto OpenNIl Framework. Xtn cvvéyewa, to Video mepikdmmkov Kot
TPOEKLY OV LKPOTEPOL Kal TEPLOTOTEPO 6TOV 0plOud Video, mov to kabéva mepiéyetl akpBmg
Lo TAN PN EKTEAEGN TG EKAGTOTE KiVIOTC.

‘Eneta, de&nybnoav apketd neipdpote 6to mpoypappatiotikd nepipaiiov Matlab yuo
mv ggokeimon pe o SVM kot Tig 514¢popeg VAOTOMOELG 68 GuVola dedopévav, ommg KTH
kot Weizmann, pe 51dgpopovg Topives, 0mmg o ypappikds kot o Gaussian. e ovtd to otddio,
TpoypatoromOnke piog popeng a&toAdynon tov dedopévav epyaieinv eknaidevons, Kabmg
Kot po Tpoomdfela PeATioTonoinomg TV S10POpOV TAPUUETP®V, LE GKOTO TV £EAYOYY| TOV
Bértiotov Twov akpifelag Ta&vounong Tov detypdtov eAéyyov.

Télog, acyoMibnko pe v viomoinomn, oe mpoypoupatiotikd mepBdilov Matlab,
K®OwKo ywoo TNV KPavtomoinon tov meptypapémv tov Video kot yio tnv vAomoinomn Tov
TPOTOKOALOVL Ta&Ivopnong Tov Video, pe ypnon SVM.

Ipéner vo ovapepbei, ot 1 dodikacio ekmoidevong oto meptfdiiov  Matlab,
mpaypatonodnke PBacet g PProdnkng Spider’. Emiong, ypnotpomomgdnkay ETotgio
ekteléoua apyeia vAomoinong twv adyopibuwv STIP kow Dense Trajectories, ommg ovtd
elyov ypnoonomBel yio ) deaymyn nepapdrov ota [19] ko [73] avtictoryo.

! http://people.kyb.tuebingen.mpg.de/spider/main.html
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1.2 Aopf} AvTA@pOTIKNG

H mopodoo dumdopatikn dopgital 610 mAaicto dvo Pacik®dv Bepdtov, g Topovciocng
g véag Paong video THETIS kot g die€oymyne melpaudtov avayvdpiong KIVioE®Y, UE
ypnomn tov uebddwv STIP ka1 Dense Trajectories kot g unyovng S1evucraT®my DITooTPENG
SVM.

310 KEQOAOLO 2, TEPYPAPETOL TO TPOPANHO TG avoyvapiong g avlpomivng
dpactnpomrag omd Tov vmoAoylot. [ivetor extevic avoeopd otig uebddovg mov €yovv
npotafel amd TV EPELYNTIKY KOWOTNTA Y1O0L TNV EMIAVGT TOV TPOPANUOTOS KOl GTO. GOVOAM
dedouévav amd video mov £yovv ypnowonomOel o tnv agloAdynon Kol T GOYKPIoT TOV
uebddwv.

10 kePGAao 3, Tpaypatomoleital d1e£odikn mapovaciaon g Paong dedopuévmv Kivinong
THETIS. ITio cvuykekpiuéva, TEPLypa@OvVTOL UE AETTOUEPED, TO. HECOH Kol Ol GLVONKES
KoToypopng Kot divetol AETTOUEPNG avapopd yio To Tepieydpevo tmv Video mov amotedobv
™ Paon THETIS.

210 ke@aAatlo 4, mapovoidlerol Aemtouepmg 1 wEPapatikny dwdikacio. [Tapovoidletal
10 Bewpnrtikd vroPadpo tov pebddwv STIP ka1 Dense Trajectories yio v eEayoyn tov
TEPLYPOQEDV TG Kivnong tov Video. Eniong, neptypdpetar 1 dwadikacio kBfoviomoinong Kot
taEwounong tov video ue SVM. Axkéun, topovotalovtol To amoTeEAEGIOTO TG TEPOUATIKAG
dwdkaciog.

Télog, oto KkeEdAalo 5 cvvoyilovue TO GLUTEPAGLATO YLO. TO GUVOAO OEOOUEVMV

THETIS kot mopovoialovior véeg 106eg oty Tpoomdbelor Tov avtd TPOPOSOTEL Yoo VEQ
épevva.
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KE®AAAIO 2

Avayvapion TS avlpomvng
opaoTNPLOTNTUS(AAA) 0TO TOV VTOAOYIGTN

2.1'Evvola T AAA Kou €QoppoyEg

2.1.1 Ewoayoyn

H avayvopion e avipomvng opoacmmpdomtog (human action recognition)
KOTOAQUPAVEL OUOVTIKO Y¥DPO OTNV EMCTNUOVIKN £pguva ToL Ole&dyetal 610 Tedio NG
OpaoNg VIOAOYIGTMOV (computer vision). XKOmO aVTAG TN EPEVVNTIKNG TPOCTAOENG OTOTEAEL
N GLTOUATY OVAAVGT KOl KOT ETEKTACT], 1| OVAYVAOPICT TOV avOpOTVOV dpacTNploTTOV 01
omoieg etval kaToyeyYpOUUEVEG G elkovooeElpEg (video).

H enetepyacio eikovocelpmv €yl TPoodedoel omd TO EMIMESO TOV EVIOMIGUOD KOOGS
kivnong oto vo avayvopilel Tig Tpdéelg kar aAAnAemdpdoelc og Egxympiotd yeyovota. H
avayvoplon e avlpodnivng dpactnplomrog omd TOV VTOAOYISTH TEepapPdvel v
KATOVONGT TG oavBp@dmivig Kiviong, YEYOovOg TOV KOBIoTA TNV avavayvmdpion Eva 101TEPMG
TOAOTAOKO avTikeipevo. H doun kot 1o oyfjua Tov avlponivov couatoc 0ev pmopel va etvor
coQMO¢ KaBopiopévo, AOym G VmapEng ToAMGY apbBpdoewy kot AOYym G Vmapéng Tov
evovudtov. Emiong, ot adlayés omv ewtevdtnTa TG €kovag Kabng kot o 06pvfog mov
TPOEPYETAL OO TIG OKIEC, SVOKOAELOVY OKOLLO TEPICCOTEPO TIG TPOGTADEIES Y10 AVAYVAPION
TV aviponivov Kiviceov. ['a Tapdderypo, n avayvopiorn dpastnplothTeV o€ e£mTeptkois
YDPOLG eMMPeALeTAl ONUAVTIKA 0O TIG AAAAYES TOV KAPOD KAl TOV QOTIGLOV.

2.1.2 TYmor avOpoTIVIC dPASTPLOTN TS

H xatavomon g avBpomivng kivnong, wmopel va mpooceyylotel pe Oidpopa emimedo
AETTOUEPEIDY, OVALOYQ LE TNV TOALTAOKOTNTA TNG ekdioTote Kiviong. H povtehomoinon kot
N ovayvoplon g ovlpdmvng cvumeplpopds mpoimoBétel Tov yopaxtmpopd Kol Tnv
ta&wvopnon Tov Sedpmv €OV dpactnpomras. Mrmopodue va dwukpivovue TE0oEPLG
Katnyopieg avlpomvng dpactnprotntog pe Pdon 1o eminedo g TOAVTAOKOTNTAS TNG. ZTNV
TPMTN KATNYOPilol OVKOLV Ot yelpovopieg (gestures), dSNAadN 1 HETOKIVIION KATOLOVL HEPOLG
TOL GMUATOG EVOS OTOLOV, TAPUSETYLATOS Yaptv TO ok Tov xeplov. H dedtepn katnyopia
amoptifeTor amd TIg KWNoEeLg evog wovo atdpov (actions) , mov mephapPdvovv évav apBpuo
xewpovouidv. Kivnoeig Bempoivtal, yio mapddetypa, 1o TpeEyLo ,t0 mepmdrnua K.o.. Mg tov
6po OpacTNPLOTNTA, AVAPEPOUAOTE 6T cUVOETN aKolovBio KIvGE®Y TOL EKTEAOVV dLpopaL
dropo Otov  oAAnAemidpovv (interaction) petald tovg Kot gite meprhapPdver Kdamwolo
avTiKeipevo gite Oyl Amd avtd To €10M avOpOTIVNG dpacTnploTTag amoTeAEitan 1 Tpit
Kotnyopia, evd TELOG, LIAPYOLV KOl Ol OpodIKES dpaotnplotreg (group activity) mov
TpoyuaTonoovvIol  omd  Opadec  aTou@v.  XapoKTNploTiKO  TOPAOELYHo  OHOOIKNG
OpaoTNPOTNTOG ATOTEAET {110 OLAOO ATOU®V TOL GYNUATICOLV Lo OLPE CVOLLOVIG.

O1 opot kivnon Kkor dpactnpdmmro cvxvd cvyyxéoviatl. Zvvinbwe, ot dpactnploTnTeg
yopoktnpiloviar and peyaAdtepn Ypovikn ddpkeld, OUMG avtd dev givarl amdAvto. Emiong,
Ogv VIAPYEL QWGTNPN SLOY®PICTIKN VPO avipesa ot dvo évvotes. o mapddetypa, o
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YEPOVOUIEG TOL UAEGTPOV OGS OPYNOTPOS B0 LTopovcay Vo, YopoKTNPIeTOOV (G Kivior Kot
dpaoTNPIOTNTO TOVTOYPOVA.

2.1.3 Egappoyéc

[ToAvapBpeg kot TOAD onUAvVTIKEG ival ol Epapuroyég mov Pacilovial oty KavoTn T

TOL VTOAOYIOTH Vo avayvopilel covleteg avOpomiveg evépyeleg, oL omoieg ovvinBmg
amotehobvTol omd mo amiéc kwnoelg (primative actions) péom g emefepyaciog kat
avdAvone TV dedOUEVOV EIGO00V OC KApEpPAS. & avtd TO onueio, Ha TapovcldcovE
Kdmoleg PACIKEG EQPUPUOYEG TOV GUGTNUATOV AVayVOPIOTG TG AvOpOTIVIG dpacTnpLOTNTAG
7ov Tovilovv TN onuacio AVToY TOV EPEVVITIKOD TTESIOV.
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Biouetpixa oedouéva mov faciovrar oty coumepipopd. H culloyn Plopetpikmv
dedouévav  ooumeprpopdg (behavioural biometrics) aoyoheiton pe v uekém
uebddmv  ywo vV avayvopion tov avlpdmov pe PAcn To QUGIKA  TOLG
YOPOKTNPIGTIKE 1/KatL TV ovumepipopd tovs. Ot mopadoctokés péBodor cuALOYNC
Blopetpik@v dedopévmv, OMMC TO OUKTLAIKO GTOTOIMUN KOl 1 ipda Tov UATIoD
ompilovtal ota PLOIKE YopakTPloTiKd Tov atduov (physiological biometrics) kot
amotohv TNV cuvePYacio Tov 1010V Tov atopov. Tedgvtaio OUMS, TO EVOLOPEPOV YLo
TNV GLAAOYT| BLOUETPIKGOV SEGOUEVOV OO TNV GLUTEPLPOPE TOV ATONOVL Exel avEnOel
kaOd¢ dev omattovy TNV cuvvepyooia Tov, ovTe mopeuPaivouv ot dpaocTNPOTNTA
tov. E@odcov, n mopatipnon g  avOp@OmVING  GUUTEPLPOPAC TPoLmobETEL
UEYOADTEPNC OAPKELOG TOPAKOAOVONGT TOL VIOKEWEVOD, 1 VAYVDPLOT] KIVIGEDV
Bonbd otV enilvomn tov TpoPAnuaTOC.

Acodleia Ko emTipyen. Tvotnuata ooc@Oielog (Security) ko emTripnong
(surveillance), ta omoia Tapadociokd BaciCovtal oty mapakorlovdnon evog SIKTHOL
KOUEPDY OV KOTAYPAPOLY TNV dpactnplotnta TV avlpdnwy, eEeAiccovtal Le v
POOd0 OTNV  AvVAYVOPIoN avOpAOTIVOV KIVAGEWV. XKOmOG TV  eEeMyuévov
CUOTNUATOV EMTAPNONG OE ONUOCIONG YMPOVLS, OTMG TO OEPOOPOUIN. KOl Ol
cdnpodpoputkoi otabpoi, ot tpdmelec (Zynpa 2.1), elval 0 eVTOMIGUOG GE TPAY LOTIKO
¥POVo acvviBiong 1 VTorTG avOp®OTIVIG dpactnPLdTnTaS, OTMG KAOTN 1 emifeon,
MOoTe Vo mopéyeTal dvvatotnTa AueEcNS avtidpaong. M OYETIKN  €QOapUOY™
weptlapPavel To YAEWWO HIOG GLYKEKPUEVNS OpacTNPOTNTOG O MEYdAeS Pacelg
dedopévmv péom ™G ekpadnong mpotimwv and pakpdg dapketag video [28], [29].

Awadpacrtikd mepifidiiovra kol epapuoyés. H xatavomon g aAiniemiopacng
petald avlpdmTov Kot VTOAOYIOTY] TOPAUEVEL oL SLOPKNG TPOKAN O 6TO TPOPANLA
TOL GYEOCUOD SomPocOTEIDY avBpdmov-vmoroyloty. Ta omtwkd epebicpata
CLVIGTOUV TNV MO CNUOVTIKY HopeY| emkowoviag yopig Myxo. Emopéveg, 1
OTOTEAEGLLOTIKTY XPTOT OVTNG TNG LOPPNG EMKOVMVING, OTMG 01 YEPOVOUIES Kot Ot
KIWVNGELS, KOl 1] EMITUYNG OvVAyVOPIoT TG avOpdTving SpacTnplotnTos VITOCYOVIOL
NV OMNUIOLPYI0 CUGTNUATOV KOl DVTOAOYIGTMV OV AAANAETIOPOVY KAADTEPA LLE TOVG
yprotes. EmmpocHitmg, mopopow dwdpactikd cvotiuote mov Pacifoviolr otnv
avayvoplon  OpaotnpotnTog  cupPdAilovy ot SWUOPP®CT  EVOG  EVPLOVS
nepPaiiovtog (intelligent environment), katdAAniov yio NMAMKIOUEVOLG 1| TOLOLEL,
Beltidvovtag tnv mowdtnTa {ong Tous.



Yypa 2.1: TTapadetypo otrypnotdnoy amd to Video tng npocopoimong Anoteiog oe tpamelo
[68] (a) Evo dtouo eioépyetan oy tpdmela, (b) O Anomg sioépyetal oty tpdmelo.
AyvmoTog e16£pyeToL 6To ¥pnuaTokiBmtio, (C) ‘Evag meddg eedyel and v tpdnela, (d) O
Anotg e&épyetal.

o  Avdiven video ue pdon to mepigyouevo. Ta video oamotelodv uépog TG
KaOnuepvoOTTAG TV avOpOTOV Kol e TNV cvuveyn €EATA®OT TOV NAEKTPOVIK®OV
KOWOVIK@OV SIKTO®V TTov dtapolpdlovv maong euoemg video kpivetar ovaykoio m
OTTOTEAEGLLOTIKY ONUovpyia, evpempiov Kol amTobNKEVGT| TOVG Y10, TNV SIEVKOAVVOT
TOL ¥PNoTN. Avti M ddkocio amaltel TV eKpuabnon mpotuTmy omd video Kot TV
oUVOYN TOL TEPLEYOUEVOL TOVG. X& GUVOLOOWUO LE TIG TPOOSOLS GTNV OVAKTINGT|
gwovag pe Paon to mepieyoduevo (content-based image retrieval), to evdiagépov yio
épevva. 6to TPOPANUO TG ovVoyNg Tov TEPlEYopEVoy  tv video avéndnke
onuovtikd [27]. H gumopikr] epappoyn avtnig g TeXVOAOYing £ivol T0. GLOTHLOTO
7OV YPNOLOTOLOVVTOL 6TV avaivon abintikdv ayovev (sports play analysis). H
AVOyVAOPIoT TV EVEPYELMV TOV HEADV H0G OOANTIKNG OMGdag UTopel va €xel
TOAMOTAES EPAPUOYES, OTMG M OVAALGT TNG TOKTIKNAG TG, 1 €&0Y®YN GTATIGTIKOV
OTOWEI®V, O OVTOUATOS GYOMUCUOC €VOC OydVE KOL O OUTOUOTOS EAEYXOG LI0G
KAUEPAG AVOUETAd0ONG EVOG aydva ( Zynua 2.2).

Xmv ovvéyew, Bo dmcovpe Eupaocn otig peBdoovg mov €xovv ypnowomombel otnv
avayvopion e avOpamivng dpactmpiomrag o€ ynAo erinedo (high-level).

2.2 M£0odor avayvopiong avlpamTveov opacTploTTOV

H mpdodog otov Topéa Tng €peuvog TOL aPOoPd CTNV AvVAYVOPLoN NG avOpdmivng
dpacnpromrog stvar afloonueiotn kot ot pebBodoroyieg mov €xovv mpotabel amd TOLS
EPELYNTEC YL TNV emiAvom Tov mpoPinuatog etvor moldés ko ailer va onueiwdel ot d¢
Baoilovtor OAec otv dw mpooéyyion tov mpoPAnuatog. Xe avtiv TNV evotnta, Oo
TePLYpapody ot ddpopeg peBodoroyieg vymAol  emmESOL  AVOYVAOPIONG  KIVICEWDYV,
aAniemdphoewv Kol opadikav dpactmplotitev. Enione, Ba mapovcioctel po ta&vopnon
Toug mov Tpotdbnke and tovg J.K Aggrarwal kor M.S. Ryoo [1]. H ta&vounon avt
amewovifetor oto oynua 2.3 kol Omwg ¢aiverar dakpivovior dvo Pacikég katnyopieg
pebBodoroyudv, ot single-layered 11 povig otifddoc Kot ot lEpapyIkég Kol Ol VITOKATYOpPieg
TOVG OV TEPLYPAPOVTOL AETTOUEPADS GTN] GUVEELD.
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Yympo 2.2: Aieroen ypnotn evog cvotiuatog Sport play analysis [1]. Tpeig maikteg épovv
EVTOTIOTEL, KO TO GUGTN O €0TIALEL 6TOV oK TG deE14G TAELPAC.

Human activity recognition

//\

Single-layered approaches Hierarchical approaches
Space-time approaches Sequential approaches Statistical Syntactic Description
/‘\ /\ -hased
Space-time  Trajectories  Space-time Exemplar-based State-based
volume features

Yyqpoe 2.3: To&wounon tov pebodoroyidv pe Pdon tov TPOmO TPOGEYYIONG TOVL
TPOPANLOTOC.

2.2.1 M£0odot Single-layered 1 poviic otipadag

Q¢ single-layered yopaxtmpifovior ot péBodor mov avayvmpilovv T avBpomiveg
dpaotnprotreg katevbeiov and ta dedopéva g akorovdiog sewovov. Kabe dpactmpiomta
OVTITPOCMREVEL {10, GLYKEKPIUEVT KAGOM amd akodovbieg elkOvav Kol 6Ttoyog TV Ledddmv
avtob Tov €ldovg gival vo avayvepicovv T SpacTNPOTNTO TOL TEPIAAUPAVETAL GE oL
dyvootn okolovbio €wOVOV, KOTOTAGGOVIAS TNV OTn OMOTH KAAGN, HE TN YPNoM
alyopiBuwv katnyoplomoinong. A&iler va onueidoovpe, 0Tt Oty oTN SdKAGIO NG
ekmaidevong Tov  oAyopibpov ewayxbodv  mpoTLmE  oKOAOLOWDV amd EKOVEG TOV
OVTITPOCMTEVOVY GUYKEKPIUEVEG KIVIGELS 1 OpaoTnpldtnTeS, N enidoon Tov nedddmv single-
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layered BeAtidvetar. Télog, kOplo ovTIKEIEVO TV HEBOSOV QLTS TNG TPOGEYYIONG UTOTEAEL
N OVAYVOPIGT] GYETIKA OTADY SLOO0YIKOV KIVICEMV, OTIMG TO YEWPOKPOTNHO KOl TO TPEELO.

Y7apyovv dvo KOpieg vokatnyopieg Tov single-layered mpoceyyicemv : o1 mpooeyyicelg
ydpov-ypdvov (space-time) kot or axorovbrokég (Sequential).

2.2.1.1 Space-time

Onog eivar yvootd, éva video dev eival Timote GAA0 mopd pio akolovbio €koOvVmV
tonofemuévav o€ ypovikn cepd. Ot €IKOVEC amoTeAOLY TNV TPoPoin ™G TPIGOACTACNS
TPAYUOTIKOTNTOG G€ OVO  OlOOTAGEIC KOU TEPEYOLY  CYNUOTIOUOVG avOpdTov Kot
avtkewévav. Erouévmg, givar dvvatn n avorapdotacn evog video pe tov Guvovaoud g
E1IKOVAG GTOV YMPO KOl TO YPOVo, MG YKo 670 Ywpoypovo (3D XYT space-time volume).

Muo, tomiky) pebodoloyia avayvopiong avlpamvng dpactpiotrag wov Paciletol otov
TPLGOLIGTUTO OYKO YWOPOYXPOVOL €vOg video kal o €vav oAYOPIOLO TOPLACUATOS TPOTOHTMV
givar M axoAovln. Apywkd, xataokevaletal évo povtédo 3D XYT space-time yuo kdbe
dpacTNPOTNTO TOL OVNKEL GTO GUVOAO EKTOUdELONC. ZTN GULVEXEW, Yo KUOE Ayvootn
akoAovBio elkdvev Tov divetal @ €I0000¢ GTO GUGTNUN OVAYVAOPIONE, KOTUoKEVALETOL O
OYKOC YPOYPOVOL TOV TNV aVTITPOSOTEVEL. TELOC, ¥PNOUOTOIDVTAS Evay oAyoplOuo
TOPLICHOTOV TPOTOTTAOV, 0 VEOG OYKOC YWPOYPOVOL GUYKPIVETOL LE TA VILEPYOVTO TPOHTLTO
Kot emAEyeTan 1 OpacTPLOM T eKEiv TOL TO TPOTLTO TG TaPLalel TeplocdTEPO (ZyNua
2.4).

Extég amd v Ttomikn avamopdotoon TV video oto yopoyxpoévo Tov  HOAG
TapoLGLAcTNKE, &yovv mpotabel Kou GAAeG mpooeyyicelg tov mpoPAnpatos. Ilpadtov, n
dpaocTPoTnTe. VOGS ATOLOL M oG Opadag atdumy umopet va avamapactadel wg £va cuvolo
omd TPoyLEC, OEOOUEVOL OTL VTTAPYEL M dLVATOHTNTA VO EVTIOTIOTOVV GNUEIN £VOL0PEPOVTOG,
Omw¢ TapadeiyloTog xaptv, n 0éon twv apbpmdcemv Tov aVOPAOTIVOL COUOTOC. ASDTEPOV, L1
dpaotnprotro pmopei vo anodobel wg Eva ohvoro and yoapoxtnpiotikd (features), to omoia
&yovv e&aybet omd T dedopéva TOL AVOTAPIGTOVY TOV OYKO 1 TNV TPOYL& TG Kiviomng.

Q¢ mpog tovg aAyopifovg avayvdplong Tov YPNCUYLOTOLOVVTOL Yot TO TAIPLICLN TOV
OYKOV, TOV TPOYIOV 1 TV XOPUKTNPICTIKOV TOVG, VILAPYOLV EMIONG UPKETES SLOPOPETIKES
npoceyyloels. Xtn Guvéyeln, Yyivetor eKkTeEVESTEPT avoeopd otlg Pooikés  pebddovg
avamopAcTAoNG NG oKoAovbiag ewdvav, kabmg kol 6Ttovg ddpopovs aiyopiBuovg mov
YPNOYOTOLOVVTAL GTIV AVOyVAPLoT TNG avOpdTIVNG OpaaTnPLOTNTOG.

(b)
Yympo 2.4: Hopadeiypata tpiodidotatov dykov XYT katakevaopévo amod : (a) oAOKANPES
ewoveg kat (b) blob eikévav and gikovooelpd mov ovanaplotd TV Kivnon «ypovOoKormy.
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2.2.1.1.1 Space-time volume

H avayvdpion kiviicemv PHECH TG aVOTapAGTOCTG TOL OYKOV GTO X®poxpdvo Paciletot
TPOTIOCTOG GTOV VTOAOYIGHO TNG OHOLOTNTAG METAED TV OYK®V TOL £(0VV TPOKVYEL Omd
dlapopeTikég akolovbieg ewovov. Emopévag, éva TETO10 GUOTNUA OVAYVOPIONG TPETEL VA
eivar og Béom vo, vToAoyicel OGO OUOLES glval dVo avOpOTIVES KIVAGEIS TOL TEPLaUPavovTaL
o€ aVTEG TIg akoAovdieg ewovav. o mv eEaymyn courepacudtov Tepi OUoLOTNTOC £YOVV
npotalel SLPOPETIKOL TUTOL OVOTOPACTACNC TOL OYKOU GTO Y®POYXPOVO, OAAG KOl
SLPOPETIKOL TPOTOL TAUPLAGLOTOG TOV OYK®V Y10 TV OVOYVAOPLOT TOV KIVIGEDV.

O1 Bobick kot Davis [2] apotevay évo cOGTNUO. avOyvOPIOTS KIVAGEDV TPAYLOTIKOD
YPOVOL TO 0moio YpNoonotel Taiplacua TPoTHmWY. X ovtideon pe GAAQ GLGTAUOTO TOV
dTnpodv Tov TPIodIoTOTO OYKO TOL YWOPOYXPOVOL Yo Kabe kivnom, 1o cdoTnue. avtd
avamoploTd KaOe Kivnon pe éva TpOTLTTO TOV ATOTEAEITAL OTO dVO S1GOIAGTATES EIKOVEG © UIaL
dvadikn ewdva. evépyetog g kivnong (motion-energy image, MEI) kot po eikévo 16topiko
g xivnong (motion-history image, MHI) (Zyfua 2.6). Ot Vo ewkdveg kataokevaloviat and
pio akoAovdio EIKOVOV GTO HUTPOCTIVO TAGYVO, Ol OTTOIEC ATOTEAOVV OLGLUCTIKA O1GOIGCTOTEG
poPorés (XY) tov apykod tpiodidototov 0ykov XY T 6tov xwpoypovo. Tn GUVEKELQ, LE T
YPNON  WOG  TOPOSOCIOKNAG  TEXVIKY]  TOUPLICUATOS TPOTUI®V TO GUGTNUO  oVTO
TPAYLOTONTOINGE EMITUYNUEVO, QVOYVOPLON OTA®V KwhAoewv, (my. xdboual, okOfw) pe
eQapuoyn og d10dpaotikd mepPdilov yia Toudid pe o dvopo Kids Room (Zynua 2.5).

Ot Shechtman xot Irani [3] yio v emitevén g avayvopiong g avOpdTIvNg
dpaotnpromrog ypnotporolovy v omtikn pon (optical flow) tov 1piodidotatov dykov
yopoyxpovov. Emumhéov, UETPOVTAS TNV OUOLOTNTO TOL VRAPYEL METAED TOL EEUYDUEVOV
OyKoV €vOG vEOL video Kal TV TPOTLTTOV OYKOV OV £XOVV 6T d100€0T TOVE, KATAGKELAL oLV
po cvoyETion pe 1o Tpotuma video. O VIOAOYIGUOG TNG OUOLOTNTOS YIVETOL (G OKOAOVOMG:
og kG0e onueio Tov 6yKov, ag movue (X,Y,1), eEdyetar £va pikpod KopudTt Yopm omd 1o onueio
ovto. Kébe pikpd tepdylo 0ykov mepléyet ) pon g Kiviiong o1 GLYKEKPLLEVT TEPLOYN KOl
EMOUEVMC, 1| OLOYETION &VOG TUNUOTOG amd €ve, TPOTLTTO UE TO TUNUO &vog video mov
Bpioketar oty e akpiPdg meproyr], divel éva TEMKO TOMIKO OMOTEAEGUO OC TPOG TNV
opordTNTa. ABpoilovtag Ao OVTA TO EMUEPOVS OTOTEAEGUOTO, TEAKA vmoloyileTor m
GUVOAIKT] GLOYETION OVAUESH GTO TPOTLTA. OYKOL Kot Tov Oyko Tov video mwov e€etdlel o
cvotmua kabe eopd. 'Etol, otav dobel éva dyvmoto video, to chotnua vroAoyilel oo ta
mhova tpledidotoro Tepdye OYKoL pe KEVTpo kabe (X,Y,t) mov tauptdlovv TEPIoGOTEPO UE TO
npotvmo. H epappoyn tov ocvotiuatog mpaypotomomnke emruy®ds oe dwdpopa €iom
avBpodTIvVNG Kivnong 0mme, KATAdVGELS, KIVIGEL, UWITOAETOL K.

Yympa 2.5: Kids Room.
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arms-wave arms-wave MHI

)

crouch-down crouch-down MHI

Yo 2.6: Toapadeiypoto ovomopaotaonc g Kivinong oto yopoypovo, swovegc MHI omd
toug Bobick, Davis [2].

Ot Ke et al. [4] a&onoinoav v kotdtunon tov O6yKov 6710 Y®POXPOVO Yo Vo
povielomotjcovv avlpomiveg dpactnplotres. To cvotud tovg epapprolel Evav epapyko
aAyopiBpo meanshift yu va katmmyoplonomjcel ta Oykootoyeio 1| voxels avdloyo pe to
YPOUA TOVG, OMOKTOVING £TGL KotateTpunuévoug oOykovs. H avayvdpion g kivinong
EMTVYYAVETOL YAYVOVTAG Y10 €vo VTOGVVOAO KOTATETUNUEVOV OYK@V 7oL  Toplalovv
TePLGGHTEPO e TO TPOTLTO NG Kivinong. To cvoTnua epapUdGTNKE GTNV AVAYVOPICT ATADV
kwnoewv ¢ Paong KTH [5], xabdg eniong kol o aydveg aviicpaipiong oe video pe mo
noAdmloko background.

Mo StopopeTikny texvikn ypnoonoincav ot Rodriguez et al. [6] yw v avayvopion
KoV, KoBdg avéEALGOV TOVG TPLOOEGTATOVS OYKOVS OTO YWpoypovo LE Tn cvvbeon
eiATpov Kot ovykekpéva, twv MACH (maximum average correlation height) piktpov. '
Kkd0e Kivnom, dnuovpyeital £vag cLVIVAGUOG PIATP®V TOL TOPLALEL LE TOV TOPATNPOVLEVO
OyKo Ko M TaEvounon Tev kvioewv yivetot epaprolovtog to ouvleto MACH oiltpo kdbe
kivnong oto dyvmoto video kot avaivovtog v omdkpion tov. Ilepduoto pe ypnon g
peboddov avtg mpaypatorombnkav méve otig Bdosig KTH kot Weizmann [7].

levikd, 10 peyoldtepo pelOvEKTNUO TV  Tpoceyyicemv mov Pacifoviolr otov
TPIOOIOTOTO OYKO TOV Y®POYPOVOL ATOTEAEL 1| SUOKOAID OVAYVOPIONG KIVICEDV OTAV OTN|
oknvn e€lvar mopdvta. moAAd dtopa. To mpdPAnpo avtd cvviBwg avtipetomileTor pe
aAyopifpovg cvpduevov mapabipov (sliding-window), ouwg T0 VITOAOYIOTIKO KOGTOG £ivat
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peydro. EmmAéov, 1 duckoAia TV TPOGEYYIoEMY OLTAOV VO OVayVOPICOVY KIVIGEIS TOL JEV
UTOPOVV VO TEQOYIGTOVV YOPIKA OTOTELEL EVOL KO LELOVEKTT L.

2.2.1.1.2 Space-time trajectories

Mo mv oavayvopion g avOpdmvng SpactnplotnTog VIAPYOVY TPOGEYYIGE TOV
avTiAopupavovtal Ty dpacTPlOTNTA ¢ £VO GUVOAO OO TPOYLEG GTO Ywpoypovo. Eva dropo
avamopictatal, ovvnlwe, g cvvoro diedidototov (XY) 1 tpedidctatov (XYZ) onueiov
7ov avtomokpivovtal otlg 0Béceic tov apfpdcemv tov. Emopéveg, otav to dTopo
TPOYUATOTOLEL (o Kivnor, ol aAlayéC oTic Béoelg TV apfpdoe®V TOL KOTOYPAPOVTOL MG
TPOYLEC GTO YWOPOXPOVO KOl TEAIKA, KaTookevdletal o avamapdotaon o€ tpelg (XYT) 1
técoepic (XYZT) dwotdoelc.

Mepwcéc mpooeyyicelg yw v avamopdoTocn Kol ovoyvoplon TV KIVIGE®V
ypnowonwowovy om’evbeiog Tig tpoyiés. Ilapadeiypotog yaptv, ot Sheick et al. [8]
avamopleTovy o Kivinon og éva cuvolo ard 13 Tpoyiég oe évay tetpadidototo XYZT ydpo,
LE GKOTO TOV VIOAOYIOUO TNG opotdTNTOG UETAED 000 CUVOL®Y amd TPOYLEG aveapTnTo 0o
v onttikn yovio. Opoimg, ot Yilmaz kot Shah [9] kdvouv ypfion OLO0G OvVATOPAGTAGTC Yo
™ 6VYKpion video amd Kapepeg mov KvovvTaL.

Mo, dwapopetikn mpocéyylon cofyoayav ot Campbell kot Bobick [10], ot omoiot
EMYELPOVY TNV AVOTOPAGTACT] TOV aVOPOTIVOV KIVIGEOV O KUUTOAES GE YDPOLE PAONC
YounAdv dloctdoeswv. O mopnvag g neboddov tovg eivor dtL dploav TN QAcn YOPOV EVOG
oMOUOTOS G &va, ydpo Omov kdbe dEovog amotedel eite pio ave&apTnTn TOUPAUETPO TOV
CMUOTOC(T.Y. YOVio aoTpaydAoL, Ywvia YOVATOoL), €iTe TNV TPAOTN NG TOPAY®YO. XTN GACH
YOPOL 1 GTACIUN KATACTOON TOL OTOHOL o KABe Kivnon Bewpeitoan éva onueio Kot pio
kiviion omoteAeitor amd €va. GUVOAO ONUEIDV, OTMOC UK KOUTOAN. ZOUQ®VE UE TNV
TPOCEYYIoT OLTH, N KOUTOAN TpoPdAietal 6€ TOAALUTAOVE S1601846TOTOVG VITOYMPOLS Kot
amoBnkeveTAL Y10 Vo avTITpoc®neHoel TV Kivnon. Telkd, amd OAeG TIC SOLVVATEG KOUTOAEC
TOV  O60140TOTOV  VIOYMPWOV TO OoLOTNUO emAéyel T mo  afdmiotec mov  Oa
ypnotponombovv oty ddikacio avayvopione. H avayvopion pog Kivnong emtuyyaveton
petatpémovtog éva dyvooto video oe éva chVoLo onueinv HECO GTO YMPO Ao Kal EMELTA,
10 cvotnua givar og Béom va emPePardoet av o onueio Ppickoviol Tave oTig TPoPorég TV
arodnkevpévov Koprviov. H pébodoc tov Campbell kot Bobick epappdotnke pe emroyio
o€ Pacikég KIVNGELG UTOAETOV.

Xe avtifeon pe Tig mponyodueveg pebodoroyieg, 6mov givar amapaitnt n dtpnon g
TPOYLIG GTO YWPoXpoOvo, ot Rao kot Shah [11] e&nyayav ypnoa oxédio KOUTLAGTNTOG OO
115 Tpoyés. To ovomud tovg evromilel Tig BE0EIC TV KOPLPADY TOV KOUTVADTMOV TPOYLDV,
KoL OVOTOpIoTa pio Kivion pe éva cUVoLo amd KOpueEG KOl OAOKANPOUOTO HETAED TV, T
omoio. etvan de aveEdpmra and v ontikn yovia. ‘Etol, xabictotor duvar 1 KOTaoKeL|
TPOTOIOV KIWWNCEMY KOl 1) OVOYVOPIOT EMTUYYOVETOL HE oAyopiBpovg Toupldopatog
TPOTLTOV.

To Pacikcd TAEOVEKTNUA TOV TOPOUTAVD TPOCEYYIGEOV €lval 1 IKAVOTNTA VO OVOADOLY
TG AEMTOUEPELES TV avOpOTIVOV KIVINCE®V, UE OMOTEAEGHO VA GUUPAAROLY OTNV
aVaYVOPIoT] KIVGEDV SOPOPETIKMY KAUGEMY TOV TAPOLGIALOLY TOAAES OpOLOTNTEG HETAED
tovg. Emmpocétmg, o1 mepiocotepeg pébodol movg Paciloviar otnv avdivon Tpoyldv givol
ave&aptnteg omd v ontiky Yovia. [lap’ola avtd, yio Tov VTOAOYIGHLO TV apBpdcE®Y TV
aTOL®V oV gppavifovtol 6t oknvi o€ Tpelg dotdoelg XYZ, amatteitol éva 1oxvpd low-
level voBabpo. Anradr|, Ol TAPATAVED TPOGEYYIGEIS ATOLTOVV TI XPNOT OMOTEAECUOTIKMV
olyoplOuov TPIGOICTOGTNG OVIXVELONG KOl EVIOMIGUOD TV UEAGV TOL avOpmmivovu
GMUOTOC.
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2.2.1.1.3 Space-time features

O1 péBodot Tov aviKoVY GE QLTI TNV KOTIYOPIio ¥PNGUYLOTOLODY TOTIKA YOPUKTNPLOTIKA
mov e€Ayovtol amd Tovg TPIGOIAGTATONG GYKOVG GTO XWOPOYXPOVO Y10 VO OVOTOPAGTHOOLY Kol
v avoyvepicouv v avBporivn dpompidmta. o vo meprypagel emapkmg pio néBodog
TOomov space-time features, sivar amapaitto va amovinfodv Tplo. EPOTAUATO TOV TNV
agopovv. Ilpdtov, 7o TOMIKA YOopaKTNPISTIKA €EAyel , O€OTEPOV, LE TOOV TPOTO TO
a&lomolel Yo v avomapaoT)oEL o Kiviorn Kot TEAog, ol pebodoroyio ypnouonotel yio
Vv TaéIvoUnon TV KIVIGEDV.

Ot Chomat kot Crowley [12] ypnowomoincov TOmIKODS TEPLYPAPELS EUPAVIONG
(appearance descriptors). Xto ovomue TOvg of KGO Kopé eviomiloviol TOmMIKG
YOPOKTNPIGTIKA EUPAVIGNC TOV TEPTYPAPOLY TOV TPOGAVUTOAGUO TG KIviong, LE GKOTTO TNV
e€aymyn mAnpogopiag amd pio akoAovdia ewoévemv. ATO OVTA TO TOTIKG YOPUKTNPIOTIKA
TPOKLITOLY EMELTAL 1GTOYPappaTe Kor epoapuoloviog tov kKovova Bayes vmoloyiletor m
mOavoémTa va epupoaviotel po cvykekpluévn kivinomn. Ilapdio mwov To odotue ovtd
avayvopilel povov amiéc yepovopieg, e€artiag Tng omAOTNTOG TOV TEYPUPEDY, ATOOEIKVVEL
TG Ol OIGONTAPES EUPAVIONG WITOPOVV VO GUUPBAALOLY GTNV avayvdPIoT TS avOpOTIVIG
dpacTnPOTTOG.

Muo, d1apopeTikn TPocEyylon mov Paciletal 6T ¥PNON TOTIKMOV YOUPOKTNPIOTIK®DY GE
ToOAMTAEC Pabuidec mpotevay ot Zelnic-Manor ko Irani [13]. H avélvon tov 6ykov tov
video g ypovikéc Pabuides amooKonEl GTNV AVIIUETOTIOT TNG SLPOPOTOINGNC OV UTOPET
va. vapéel oy TovTTe. ekTédeonc wog opaoctnpotntoc. Mo kdbe onueio XYT tov
TPIEOAOTOTOV GYKOV, TO GVGTNUE TOLC VIOAOYILEL TV KOVOVIKOTOMUEVT] TOTIKT GLVAPTNON
KA\ong g éviaong (local intensity gradient). Axolob0wg, epapuolovtog ota 16TOYPAULILOTO
Kamolov aiyopibuo cvotadonoinong (clustering) yopic enifieyn, to cdoTHHO avoyvoOPLoE
EMTLYMG 018popeC dpacTNPLOTNTES, OO KaAUBOoPaipIon Kol OVTICQAIpPIon G€ eEMTEPIKONG
YDPOLC.

Tnv egayoyn TomKdOV YapaknploTik®dv vioBétoav kot ou Blank et al. [14], pe
dlapopd 0TL M eEaymyn TpaypaTomomOnKe e ypnion e cvvaptnong Poisson. AxpiBéotepa,
v k&g pixel katookevaletan évag tpiedidotatog 6ykoc XYT tov omoiov ot Tipég tov pixel
amotelovv Avoelg g eEiowong Poisson. Me avtov tov 1pomo, eEdyovton yproIeg TOmKES
WOOTNTEG OV OPOPOVV GTOV TPOCAVATOMGUO (orientation) kot v vepoyn (saliency). ‘Etot,
k0 kivnon avamopictatol ®g Evo GHVOAO Omd YEVIKE YOpaKTNPLOTIKA, dNAadn oTabcopéva
CTUYUIOTLTIO TOV TOMIKAOV YVOPWOUATOV. Me v epoappoyn evog ta&vounty Kovtivotepov
yeltova (nearest neighbor), to cOGTNHA TOVG AVOYVAPLOE LE EMTVYi0 KIVIGELS amd T Pdon
Weizmann aAld kot YOpEVTIKEG GYOVPES HTOAETOV.

Ye avtifeon pe T mpooeyyioelg Tov avaPEpOnKay TPONYoLUEVMG, VITEPYOoVY ALEG OOV
YL TNV avoyvapilon tng dpactnplotnTos e£0youy apatd Tomkd yopaktnpiotikd (sparse local
features). Xapoktnpiotikd mapddetypo aroterel n pébodog twv Laptev kot Lindeberg [15], ot
onoiot eEdyovv apard onueio evdlapépovtog (interest points) amd Tig akolovdieg gwoOvVOV.
YUYKEKPHEVA, O OVIXVELTHG TOLG gvTomilel Yovieg otov tprodidctato ydpo XYT, ot onoieg
ocvAopPavooy  mowkileg petafoArég oty kivmomn, Omwg oAAayn kotéBvvong  evog
OVTIKELEVOV, GUYXDVELOT] 1] OLL®PICUO TNG SOUNG LG eKOvag (Zynua 2.7).
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(a) (b)

Typa 2.7: To Zynpa 2.7 (a) Ttapovoidlet i cuvdvacuéveg empavelec XY T Tov m0d100 £vag
aTOHOL Kot TO. OTUElD EVOPEPOVTOG OV evTomiotnkov pe T pébodo twv Laptev and
Lindeberg [15]. To Zynuoa 2.7 (b) deiyvel to idio onpeio evolopépovtog o€ o, akorlovdio
TPAYLLATIKAOV EIKOVOV.

O1 péBodot mov opiloviol e apaid TOTIKA GNUEL EVOLOPEPOVTOG EYOVV Yivel Waitepa
ONUOQIAEIG OV €PELVNTIKY]  KOWOTNTO, O0TL  EMKEVIpOVOVIOL otV  e&ayoyn
YOUPOKTNPIGTIKAOV HOVO OTOV LTAPYEL KATOW HETOPOAN TOV GYNLOTOG TOL OYKOL 1 GAAOL
gidovg petoforr] mov Eexmpilel, avii vo GLAAEYOLV YOPOKTNPIOTIKG Oomd KAOE Kapé.
EmmpocBétmc,ta yopaxmpiotikd avtd cuvibmg, sival aveEaptnta amd Ty KApoKe Kot T
mePoTPoP]. OmmC Kol Ot TEPLYPAPEIG TOL ¥PNGLUOTOLOVVIOL GTNV OVOYVADPLOT] OVTIKEWEVAY,
onwg o SIFT descriptor Tov Lowe [16] .

O1 Dollar et al. [17] mpoteEWvay €vav VEO QVIYVELTH OPOLDV YOPUKTNPIOTIKOV GTO
Y®poYpOvo, o omoiog €&dyel onueio pe TomKN mEPLOdIKN Kivnon kol To oviiotoryilel oe
kpode  tpiodidotatovg  Oykovg (cuboids) (Eynuo 2.8). Xt ouvvéxew, e@appolet
KATAAANAOVG PLETAGYNLATIGLLOVG Y10 VO TPOKVWYOLV TOL TEAMKE TOTIKA yopaktnpiotikd. Télog,
70 oVoTNUA povieloolel kdBe Kivnon pe éva 16TOYPALLILO TTOL YPNGLOTOLEITAL GTNV TEALKN
avayvoplon  EKOPAGE®MV  TPOGMTOV,  GULUTEPIPOPOV  TOVIIKIAV Kot  avOpdmivov
SpacTNPLOTTOV.
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Yympo 2.8: KvPoedn| yopoktnpiotikd wov e€nydnoay amd v Kivinon Tov movtikiol, e
uébodo [17].

e Oleg Tig mponyovueveg LeBodove mov otnpilovtal og apatd TOmKE YOPUKTPICTIKA,
Ol TOMIKOL Kol ¥povikol cvoyetiopol petald tov onueiov mov evtomilovioal oyvoouviat.
Yrdpyovv, OU®G, GAAEC Tpooeyyicel, mov OBempovdv TOAD ONUAVIIKOUS OVTOVG TOLG
GUOYETICUOVE KOl EMLYEIPOVY VO LLOVIELOTOWCOLV TNV KATOVOLY| TOV YOPOKTNPIOTIKOV GTO
YDPOYPOVO Y10 KAADTEPES EMOOGELS GTNV OVOLYVOPIST avOpOTIVNG dpacTnpldTTaC.

Hopdaderypo avtig g mpoondbelog amoteiel  peBodoroyia mov wpotddnke amd ToLG
Savarese et al. [18] yia v e&aryyn| g TANPOoPOpiag TEPL GUGYETIONS TOV XOPAKTNPIGTIKAOV.
Opoiwg, ot Laptev et al. [19] mpdtewvav v KOATAGKELY 1GTOYPAUUATOV YDPOL-YPOVOL
dwpmvtag tov OyKo o€ TAEYpota. Me v TeXVIKN ovTY], LRoAoyilgTal M KaTAvVOUR TMOV
TOTKOV TEPLYPAPE®V 6ToV TPLodtdotato XY T ympoypdvo, avaldovtog Tol yopaKTNPLoTIKA
néPTovV og oo mAEypa. H pébodog avtn eréyydnke ot Pdon KTH, énwg kat og dAla video
TEPLGGOTEPO PEOMOTIKAL.

Ymv dw katevbuvon Ppioketal Kot 1 wpocéyyon Tov Ryoo kot Aggarwal [20], n
Aeyouevn «rtaiploopo oyéoemv xmpov-ypdvovy (spatio-temporal relationship match- STR
match). Edcd peletdvior ot dopikég opotdtteg petalld Tov akolovdidv ekOvmy Kot Exel
epappootel pe entitvyio toco og amieg kivnoels (KTH dataset), 6co kot og dpactnpiotTreg
aAAnAenidpaong.

Ievikd, or pébodol avayvadpiong KvioE®Y TOL YPTGLULOTOLOVY TOTKG YOLPOKTNPIOTIKA
€YOLV OPKETA TAEOVEKTNUOTO. LVYKEKPIUEVE, OEV OMOLTEITOL 1] APOIPEST) TOL TC® GKNVIKOV
ovte M ypnon Giiwv low-level epyadeiov. Emiong, to tomkd yopoktnplotikd eivol
ave&aptnto and TNV KAMUOKO Kol TNV TEPIGTPOPT OTIG MO TOAAEG TeEPMTM®OELS. TELog, etvar
OPKETE KATAAANAEG YO TNV OVOYVAOPLION OMA®V TEPLOOIKAOV KIVHCEMV, OM®OG TO Pddicua
KaBOTL 01 TEPLOOIKEG KIVIGELG TAPAYOLY EMAVAAUUPAVOUEVA TPOTVTO OPAKTIPIOTIKMV.
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2.2.1.1.4 Xbyxpion

Emyepovtag por odykpon oTiC S0QOpETIKEG Tpooeyyioels space-time ywo v
avayvmpIoT OpacTNPLOTNTOG Ol0TIGTOVOLUE OTL €ival OAEC KATAAANAES Y100 TNV AVOYVOPLOT|
TEPLOOIKMOV KIVCEMV KOl YEPOVOUIDV, OUME TOPOVGIALouV SLGKOAD GTNV OvVOyVAOPLIoN
UETAPOAGDY 0TV T OTNTO EKTEAECT|G UG KIVIONG.

Ot mpoceyyiceig mov otpilovior oy eaywyn TpoyIdY, ivar cuvnBmg ave&dptnteg
OO TNV OWMTIKN YOViK KOl EMLTUYXAVOLV AETTOUEPEGTEPT] OVAAVGCT OE TOAAOTAG emimeda.
Evtovtolg, yioo v €Qapuroyr Toug omalteital 1) TPIoodGTACT] TPOTVTOTOINGT TOV LEPDY TOV
avBpamvov copatog, TpoPANUe T0 omoio mopapével dvokoro. AvtiBétmg, ot uébodot wov
Bacilovtal oty e&oymyn TOTIK®Y YOPOKTNPIOTIKOY OALOEVO KEPSILOLY TO eVOLOPEPOV TN
EMOTNUOVIKNG kowvotntog egartiog ¢ aflomotiog Toug akdun kot o€ cLvOfKeg Omov
vapyel 00pvPog M petaforés oto poTicpd. EmmAéov, molAég amd ovTég mapExovv 1
SuVaTOMTA OVAYVAPIONE S0POPOV dPACTNPLOTATOV YMPIC VO OTULTEITOL OTOUOVIOOT] TOV
UTPOGTIVOD GKNVIKOD. Q6TdC0, 0dUVATOUV VO, avayvepicouy TOADTAOKEG OPOUCTNPLOTITEG
kot eEapT@VTOL oo TIC LETUPOAEC TNG OTTTIKNG YOVIOG.

2.2.1.2 Sequential

Yooty Vv kotnyopio avikouv ot uébodol avoayvopiong UEC® NG AVAALGNG
aKOAOVOIDY amd YopOKTNPIOTIKA. X& ovtd To cvothuata éva video Osmpeitalr g o
axoAovBio amd TapatnPNoELS (.Y, SLUVIGUOTO YUPOKTNPICTIKOV) KOl CUUTEPAIVOVUE OTL Uid,
dpaoctnpotra. Aoupdaver yopa oOtav moapatnpndel por cvuykekpiuévn okoiovbio, mwov
yopoktnpilel avt ™ SpactnprotnTo. Tuvnomg, 1 akoAovdio EIKOVOV 0pYIKA LETATPETETAL
o€ aKoAoLOio amd SVOGLOTA [LE YOPUKTNPIOTIKA, EEAYOVTOGS YOPOKTNPIOTIKA (T.Y. YOVio TG
apBpmoNE Tov YOVATOV) TOL TTEPLYPAPOLY TNV KOTAGTAUOT VOGS OTOLOL o€ KABe Kapé. X
GUVEXELD, AVOAVETAL 1] 0KOAOLO1a Y10 VoL VTOAOYLoTEL TOOT €ivar | TOAVOTNTA TO SLOVOCLOTO
YOPOKTNPIOTIKOY Vo €yovv mapoaydel amd To ATOHO TOL EKTEAElL MO GLYKEKPLUEVT
opaocmmpotra. Edv n opowdtnta ovdaupeco otnv  akolovBio kot TtV KAdon UG
dpaocmpotToc eivol apkeTd HEYAAN, TO cVOTNUO amo@ocilel 4Tl avt 1 evépysia Exet
EKTEAECTEL.

Ot axohlovbiokés mpooeyyioelg ywpilovior oe dvo vmokatnyopieg pe Pdaon
peBodoroyion Tovg: avayvoplon Pdogt mPotvm®V Kot avayvoplon Pdost  poviédmv
Katdotaong. Xt emdueves evotnteg  meprypdgovtor  dudpopeg  peBodoroyleg  kabe
vrokatnyopiog.

2.2.1.2.1 Exemplar-based

Ta ovomuoto 7oL  YPNOWOMOOLV  TPOTLTO,  AVOTAPIGTOOV  [e.  avOpdmvn
dpaoTnPOTNTA S10TNPOVTG Lo akoAovdia TpdTumo 1| éva chvoro omd delypata akolovidy
oL TPoEkLyov amd TNV ektéAecn g Opoaotnpotntag. Otov oto cvotuo dobel €va
dyvooto video, cuykpivetal 1 aKolovdio SVUGUAT®OV [E TO YOPAKTNPIOTIKA amd To video
avtd pe v akoiovbia mpotvmo. Edv vmapyel axpkerd peydAn opoldtnTo, T0 GUGTNUO
ocvumepaivetl 6Tt To video TEPLEYEL TNV GLYKEKPLUEVT dpasTNPLOTNTOL.

Ddvuokd, o Tpdmog Kot 0 pOUOS ekTédeoN S Liag Kiviong uropel va dwpépet. To cvotnua
npénel va etvor aveEdpmro and téroteg petaforés. o to Adyo awtd, Te(VIKEG SUVOIKNG
gvuypappiong / ovykpiong mpotvmwv (dynamic time warping- DTW) £xovv viofetn0ei yio to
ToiploGHa dVO AKOAOVOLDV e XPOVIKES OTOKAIGELS.
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O Darrell ko Pentland [21] wpdtewvay o pebodoroyia mov Paciletor oty DTW yia
™mv avayvopion yepovopdv. To cbomud toug dwatnpel moAlamdid povtélo oyng (view
models) evog avtikelévon vd dapopeTikéc ouvinkes. MoMg dobei wg eicodog Eva video, To
OTOTEAEG L0 GVGYETIONG HETAED TNG EIKOVOC G€ KAOE Kapé Kat Tng Kabe Oyng povielomoteitan
o€ (o cuvéptnomn tov ypovov. ‘Ernetta, po véa mapatipnon aviietowiletor 6To TpoOTLTO
puéom tov adyopibpov DTW kot to chomue avayvopilel dS1Gpopeg xeypovopiec mov divoviat
¢ gidodot.

Ot Gavrila ko Davis [22] avéntvoéav pio péodo eVIOTIGUOD TV HEPDY TOV avOpOTIVO
ompotog M omoia ypnouonolel tpiodidotate XYZ povtédo. Tkomdg tng puebddov eivar o
VTOAOYIGUOG TOV TPIGOIAGTATOD LOVIEAOD TOV GKEAETOV €VOG 0TOUOV o€ kGfe Kapé Kol M
avéAivon g kivinong. ' vo TpokOyeL T0 TPIGOIAGTATO LOVTEAD YPTGILOTOLOOVTOL TOAAEG
Kauepeg AMymg. Telkd, mpokvmtel Eva povtého avBpamvov okeletov (stick figure model) pe
17 Babuovg erevbepiog Tov KOTOYPAPEL TIG TIWEG TOV YOVIOV ToL oynuotilovy ot apbpdcels.
Ot axorovblieg T@v yoviov avaivovior pe tov odyopdpo DTW kol cuykpivovtor pe v
axoAovBia mov yapaktpilel Tnv kdbe kivnon.

Ot Yacoob kot Black [23], avtipuetonilovv v €i60d0 g éva cOvoro omd oot ovti
Yoo OlKpItEG  akoAovdieg mov  TEPLYPAPOLY  SLOOYIKEG OAAAYEC OTIG TIWMEG TV
YOPOKTNPIOTIKGV. [0 TNV avaAvon TV onuatoy ¥pnoornotody aviivoen 11ulovcmdv Tu®v
(singular value decomposition - SVD) kot avamapiotodv v Opactnpldtio. cov &vol
YPOUUKO GUVOLOCUO EVOG GUVOAOL dpacTnPOTHTOV Pdong, ol Omoieg eivol OVCLUGTIKA Eva
obvolo 1d10dvocpdtoy. Emopévag, o kdbe véa €icodo 10 chotnuo vmoAoyilel Tovg
OUVTEAECSTEC TOV OpooTNPOTTOV Pdong ovumepiaufdvoviag mhoavodc mToplyovieg
ToPOUOPPOONG OmWG peTaforéc oty Khpoaka. Dvoikd, n opotdmTa vroroyiletol amd v
OUYKPIOT] TOV GUVIEAEGTMOV 7OV TPOKVTTOVV [LE€ TOUG GLVIEAECTEG TOL TPOTUTOL KAOE
Kivnong.

H avayvopion avOpdmivov Kiviicemv o€ HEYAAN amOGTAOT OMOL Ol KWNOES €ival
dvoodidxpiteg, amacyoance tovg Efros et al. [24] ot omoiol ypnoyLomoincoy TEPLYpaPEig
Kwvnoewv mov Pacifovial otnv ontikn pon o€ kb kapé. To cuoTnua vToloyilel apyiKd Tov
OYKO ©TO YWPoYpovo Yo KABe dtopo mov aviyvedetow Kot &v ocvveyeia, vroloyilelt
dodldoTotn ontikny pon oe kKabe kopé. Me tov Tpdémo awtd, to video pog avOpdTIVIG
Kivnong petatpénetal o pio akoAovdio mePlypapEémv Kiviong mov TPOKVTTOLV Omd TNV
OTTIKY] POT| TOL aTOPOL. [t TNV TA&VOUNGT Kot TV avayvdplomn ToV KvPoemv epapudletat
N péBodog kovtvotepov yeitova. H mpocéyyion avt] epapudotnke emtuoy®ds o€ KIVAGELS
UTOAETOL KOl GE AYMVEG OVTICOOIPIONG Kol TOS0GPAipOv.

Mo S1apopeTiKn TPOGEYYIoT ToL TPoPANpatog extyelpovy ot Lublinerman et al. [25], ot
omoiol povteAomolohv v avOpdmvi) dpacTnPOTNTO UE YPOUUIKA YPOVIKA OUETAPANTO
ovotiuata (linear-time-invariant — LTI). To ocbomua avtd petatpénst pio. oKoAovbia
elovov og o akolovBio amd meprypapparta (silhouettes) e&dyovtog dvo €idn oynuatikdv
OVOTOPOCTAGEDY: TO MAGTOG TOL TEPLYPAUMOTOS Kot Tovg meprypapeic Fourier. Mo
dpaotnpromra meprypdoetal oav éva LTI cuotnpa mov aviyvedel T dSUVOKT T@V 0AALY®OV
OTO0.  YOPOKTNPIOTIKE Tov meprypdupoatos. H  ta&wvopnon oe oavt v mepintwon
TPAYUATOTOIELTOL HE PNyavEG dravucpdtov vrootpiEng (support vector machines- SVMs).
Me v mpocéyyion ovtr, TaSvopndnkay Kvnoelg 0nmg apyd PBadioua, yprnyopo Pddicua,
Kot Bédiopa og kKeKMUEVO eMinedo.

Inuavtikn etvor 1 copfoAn tov Veeraraghavan et al [26] otn caen povteionoinon tov
EVOOOTOUIKMV KOl SIOTOUIKMY S1POPOTONCEDMY TOL ALPOPOVY GTNV TAXVTNTU EKTEAECTG HLOG
dpaotnpromrag. Ta dropa givar mbBavov va aAhalovv v ToydTNTo EKTELEONG EVOG HEPOLG
pog dpaotnpotntog, Yopis amapaitnto vo woybel 10 010 Yoo T LVEOAOWTO PEPT NG
dpactnpromras. Ot Veeraraghavan et al. kataokebooav éva cuotua mov pabaivel To pn
YPOUUKG YOPOKTNPIOTIKG TV peTafordv otnv taybtnto extédeons. Ilo cvykekpiuéva,
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LOVTELOTTOLOVV TNV EKTEAECT] MaG Kivnong pe dvo cuvaptnoelg : (i) ovvdptnon oilayodv twv
HOPOKTNPIOTIKOV e To ¥povo Ko (ii) ywpikn oovaptnon e mbavis opéfiwons tov ypovou.
Emiong, eméxtewvav tov oaiyopibpo DTW  mepihappdvoviog T ouvApPTNON  YPOVIKNG
oTpéPfrlmong v 1o taiploouo dvo axolovbiwy. Téhog, amoteAéopata VYNANG axpifelog
TPOEKLYOV amd TNV €QOpUoy | ¢ pebddov oe xwnoelg Ommg Gpon kot piym evog
OVTIKEWEVOV, OTPMEO K. 0L

2.2.1.2.2 State model-based

Ot pébBodotl avayvopione Kivioemv mov otnpiloviol oe povtého Kotdotacong (State
model-based) avomapiotodv pia avOpdOTIVY SPacTNPIOTTA GOV £VO LOVTELO 0Tt €va GOVOLO
kataotdoemy. To kabe pHoviEAOo eKTOUOEVETOL GTATIOTIKA (OCTE VO OVIOTOKPIVETAL GE
oKOAOVOIEC MO  YOPOKTNPIOTIKG 7OV OVAKOUV OTNV  KAGOT NG  GUYKEKPLUEVNG
dpactnpomrag. Edkotepa, 10 o0TOTIOTIKO HOVTEAD OYeddleTol OTE Vo TOPAYEL Mo
axoAovdio pe ovykekpuévn mlavotta. Mo kdbe poviédo vroloyiletor n mbavoTTo Vo
napoyOel 1 akoAlovdio YOPUKTNPIGTIKMOY TOL TOPATNPEITAL KOl UE AVTOV TOV TPOTO HETPATOL
1 OUOLOTNTO OVAUESH GTO HOVTELO TNG Kivnong kot oty akoAovdia uovov mov divetal g
glcodog. Téhog, yw MV ovayvoplon ™ opacmpldmrag Kotaokevdletol gite évag
taEwvountg - ektiunmg péytotng mbavoedvewog (maximum likelihood estimation — MLE)
gite évog ta&vountig péylomg ek tev votépmv mbavormtag (maximum a posteriori
probability — MAP).

Evpémg oadedouéva epyareio tov state model-based mpoceyyicemv oamotelobv T
Kkpued Mopkofiava povtéra (hidden Markov models — HMMS) kot ta duvopikd diktoa
Bayes (dynamic Bayesian networks — DBNSs). Kot otig 6vo mepmtdoelc, pio dpactnptotnia
avomopiotatal cov €va GOVOAO Kpueav Kotootdoewv. To dtopo mov ektelel pua
dpaopotta o€ Kabe kapé, Bewpeitor 4Tl fpioKeTal o€ LU0 KATAGTACT 1| OO0l TAPAYEL L0,
napatipnon (my. SvOoHOTO YOPUKTNPIoTIKOV). XT0 emdOpuevo kapé, to state model-based
ovotnuo petafaivel o GAAN kotdotaon AapBavoviag v’ oy v mhovotTnTa PETARUoNC
petald 1oV Kataotdoemv. Ot dpacTnplOTNTEG UTOPOVV VO aVAYVEOPIGTOOV ETAVOVTOS TO
TPOPAN O TNG ATOTIUNONG, OEOOUEVOL OTL EYOVV EKTAIOELTEL O1 MBAVOTNTEG LETAPAONG Kol
napatipnong v to povtéda. To mpdPAnuae g amotiunong (evaluation problem), opiletat
®¢ 10 TPOPANUA VITOAOYIGHOD TG mhavotnTag Tov Exel pia dedopévn akolovbio va €xet
napoyBel omd éva cvykekpévo poviého Kotdotaons. Edv avt) n mbavémta eivor apketd
peydAn, to ocvomuo amopacifel 6tL M SpacTNPOTNTA TOL AVTOTOKPIVETAL GTO HOVTELO,
Aappéver yopa oto video mov €xet 600el wg €icodog. To Zynua 2.9 mapovcualer éva
apadetypo akorovdiakod HMM.

D
o

? 2

&

pose R pose A pose\\ A posél.ﬂl

Yympa 2.9: TTapdderypo kpueoh MapkoPlavold HOVTELOL Y10 TV KIVIOT| «TEVIOV® TO XEPI».
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H epyacia tov Yamato et al. [30] eivar n mpdtn OmovL e€@apuoloviar popkofiovd
HOVTELD TNV ovayvapion Kiviieewv. [Tio cuykekpipéva, Katackehooay EVo GOGTILM TTOV GE
KG0e wopé, peTATPEMEL ol SLOOIKT €KOVO GTNV omoia €xel omopovmbel To PmPocTIVO
oKNVikd, o€ évav mivaxo ond mAéypata. O apBudc Tov pixel og kdbe TALypo Bempeital Eva
YOPOKTNPIGTIKO KO KOTA GUVETELL, VO SIUVUGLLO YOPOKTNPIOTIKOV e&ayetal yio kB Kapé.
AvT6 10 d1vucpo avTipeTOTileTon Og Lo okolovbio TapatnpNoemy oV dNUoLPYHONKE aTd
TO HOVTELO dpacTnPlOTNTOC, KOl KAOe Jdpactnplotnte. ovamopiotatol omd £va KPpupo
HopKoPlove HOVTELO TTOL avtamokpivetan - pe Pdon v ThavoéTTo — GE GUYKEKPILEVEG
akoAovbieg OSlavvoudtov pe yopaktnplotike (my. 7mAEypota). ITo ocvykekpuyéva, ot
TOPAUETPOL TOV UOPKOPIOVAOV UOVTEA®DV EKTOOEVOVTOL HE £V GUVOAO TOEIVOUNUEVOV
dedopévav  epapudloviog tov amhd aiyopifuo exkpdabnong ywoo to HMM kou tehikd,
emvetal 1o TpoPAnua. amotiunong. To cdoTNUO TOL HOAG TEPIYPUPNKE OVAYVDPICE KE
EMTUYI0L KIVAGEIS avTio@aipiong (tennis), Kol ATOTEAEGE TNV TPAOTN ALOOEIEN TOG TA KPLEQ
popkoPlove,  povtédo  pmopodv  vo, avayvopicovv pe  aflomiotion TG OAAGYEC ot
YOPOKTNPIGTIKA TOV HOVTEADY KOTO TNV EKTELECT] OVOPOTIVOV dPUGTNPLOTHTOV.

Opoiwg, ovuPoticé HMMS ypnoyomomOnkav kot omd tovg Starner kot Pentland [31] pe
OKOTO TNV avoyvaplon e Apepikavikng vonuatikng ydwocog (ASL). H péboddc touvg
aviyvevel Ty Béom TV yepLdV Kot EEAYEL YOPUKTNPIOTIKG TOV TEPTYPAPOVY TO, GYNMUATO, KoL
v tomobéton tovg. Kdbe Aéén tg ASL poviehomolgitar o évo popxoflavd poviéro,
TOPAYOVTOG Lo aKOAOLOIO YOPUKTNPIOTIKMOV TOL TEPTYPAPOVY T GYNLOTH TMV XEPUDY KoL
Tig 0ol Tovg, Omm¢ oty mepintwon Tov Yamato et al. [30]. Xt cvvéyewa, yw Tov
vIoAOYIGHO TV mhovoTHT®V ePapproletar o akyopiBuoc tov Viterbi mov mopéyel pia
OTTOTEAEGLLTIKY TPOCEYYIoN TNG AmOcTACNS TOUVOTNTOG, UE OMOTEAEGUO VO, LTOPEL Uid
dyvoot akolovdia mapatnpioemv va ta&voundel otnv KAGoN TG TEPIGCOTEPO TUIPLUGTNG

AE€ng.

o v avayvopion dvo 1MV YEPOVOING — «YUIPETO» Kol «deiyvm», ot Bobick kot
Wilson [32] ékavav yprion 1oV HOVIEADV KOTAGTUONG. XTO GUGTNUG TOVG, WO YEPOVOLLI
napovstaletor w¢ pia dodidotacn XY TPoyld mov TEPLYPAPEL TIG OAAAYEG oTn BEon TV
yeprov. Kdbe woumdAn avordetor o€ axolovBieg O0VOCHOTOV KOl KOT ETEKTOOT OF
akolovbieg kataotdcewv mov  vmoAoyilovtar amd  €va TOPAOEYHO  eKTOUOELONC.
EmnpocOétmg, kdbe watdotaon sivor acapng oote va Aoupdvovtalr vrloyy  Tuyov
OlPOPOTTOMGEL GTNV  TOYLTNTO KoL TOV TPOmO ekTéAgong g idwg yepovopiog. H
mbavdmta petdfoons and o Katdotaon o€ o dAAY, 1odvvapEl Le To KOGTOG LeTtdfaong
mov vroroyiletor amd 10 cvotTua. [ TV avayvdpion TV YEPOVOULDY QapULOlETaL £vag
alyopBpog dvvoptkod mpoypappaticpod. Kdamoleg mapoiiayés Tov Kpuedv popkoflovov
LOVTEA®V, KOOMG Kol EMEKTAGES TOLG TOL YPNOWOTOMOINKAY Yo TNV AvayvAOPLoN
TEPLGGHTEPO TOAVTAOK®MV OPAGTNPLOTHTAOV, OVAPEPOVTOL GTIS OLO EMOUEVEG TAPAYPAPOVC.

O1 Oliver et al.[33] katackevacav o wapaiiayn Tov cvppatucod HMM (Sithké HMM)
Yo TNV avayvopilorn oAAnAemidpdcoewv avBpomov pe avBpomno. To peyoldtepo pelOVEKTLA
tov ovpPotikod HMM elvar 1 advuvopio Tov Vo OvOTOPOGTNGEL OPUGTNPLOTITES TOV
eUmAEKOVV 000 M mepiocdTepa dtopa, 016t o HMM etvan éva axolovBiokd poviélo dmov
po povo katdotoon eivar evepyn kébe popd. ‘Etot, kKabioctator advvaro va avorapactadodv
oL dpacTnNpOTNTEG TOAAGDV atopmv. Ovolootikd, T0 OwAd popkoPlovd  poviélo
KOTAOKELAGTNKE GLVOLALOVTAG aVA dVO, amAd KpLEA papKoPlovd poviéla 6mov kdbe amAod
povtélo povteromotel v Kivinon evog atopov. o cuykekpiéva, cuvdVACTKAY 01 KPLPESG
Kataotdoelg ovo dtapopetikdv HMM zpocdiopilovtag tig eéapthioelg tovg. To tehikod
CUOTNUO OV KATAGKELACTNKE avoyvadploe cuvleteg aalniemdpdoelg petald dvo atdp®yv,
OO GLVOLAGUOL TOV SPAGTNPLOTITMV KTPOGEYYICT», KCLVAVTNOT Kol KGLUUTOPELOTY.

Ot Park xouw Aggarwal [34] ypnowonoincav éva dvvopkd diktvo Bayes (dynamic
Bayesian network - DBN) yio tqv avayvdpiorn ¥Epovopdy 600 oAANAETISPOVTIOV OTOU®V.
Meg 10 cUOTNUA TOVG AVAYVAOPICAY XEWPOVOUIES OO KTEVIMV® TO YEPL> KOl «GTPEP® TO
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KEPAAL aploTePA», Kotaokevdloviog &vo 6evopoeldég duvapukd diktvo Bayes. ‘Eva DBN
amotelel pio mpoéktaon evog HMM. Ty epyacia tov Park kot Aggarwal, pio yeipovopio
povtelonoleitol ¢ HeTaPACES KOTAGTACE®MY TOV KPLUUEVOV KOUPBOV (.Y, OTAGES LUEPOV
TOL GMUOTOC) amd €va YPovikd onueio og GAlo ypovikd onueio. Kébe otdon mapdyst Eva
GUVOAO YOPOKTNPIOTIKGV TOL GYETILOVTUL LE TO AVTIOTOLYO LEPOG TOV GMLLOTOC,

Ov Natarajan kot Nevatia [35] oavémtoéav évav amodoTikd oAyOplOpo ovayvopiong
YPNOYWOTOLDVTAG SAL KPLPH Mui-popkoPlovd HovTéra, emeKTeivovTag TO OO KpLEO
LOPKOPLOVO LOVTELD TTOL avVOQEPONKE TOUPOUTAV®, LOVIEAOTOIOVTOG UE GOPNVELL TN YPOVIKT|
OLIpKELD. TOPOUOVIG MG Opaotnplomtog o€ kdabe xotdotoon. H poviehomoinom g
YPOVIKNG SLAPKELNG TNG OPAGTNPLOTITOG 001 YNCE GE OMOTELEGUATA EYOAVTEPTG OKPIPELNG O
GUYKPLOTN UE TO ATOTEAEGUATO GAA®V TTIO OTADV GTATIGTIKOV LOVTEAMV.

2.2.1.2.3 Xbyxpion

Ievikd, ot akoiovbiokéc mpoceyyioelg Aaufdavovv v’ dyy v akolovblokn oyéom
UETAED TOV YOPUKTNPIOTIKOV 6€ avtifeon pe Tig Tpooeyyioelg ympov-ypovo, Kol YU avTo
KaO1GTOOY SLUVITI TNV OVAYVDPLOT) T GUVOETOV dPUGTNPLOTHTMV.

Emyeipodvtag o ovykpion peta&d tov akolovblokdv tpoceyyicemy, Tapatnpovue Ot
ot uébodor mov PaciCovtarl oe mpodTLma (exemplar-based) moapéyovv peyordtepn evedéio og
oyéon ue 1ig pebddovg mov otpilovian og poviéha katdotaong (State-based), 1ot pmopodv
va Ol T PovV TOMG dety oo okolovidv Tov givorl Thavdc ToAD dto@opeTikd uetaé&d Tovg.
Emmpoctétmg, o alyopOuog dynamic time warping DTW mwov ypnouonogitol cuvidmg oto
exemplar-based cvotiuata mapéyel po pun ypapwkn uebodoloyio taipidopotog, 1 onoio
AopPaver VoYY TIC OWPOPOTOMCES oT0 pLud extédeons. Télog, ot pébBodotr mov
Bacilovtal og mpoTLTTO. ATOdIdOLY KOl LE AyOTEPO dEdOUEVA EKTOUOEVOTC.

Xtov ovtimodo, ot uébodolr mov Pacilovior oe poviélo KATAGTOONG HTOpovV Vv
VIOAOYIGOVV TNV HETAYEVESTEPT TOAVOTNTO Vo CUUPEL Lia dpacTNPLOTNTA, TOPEXOVTIUS GTO
GUCTNUO TN SVVATOTNTO VO, TV CLYY®VEVCEL He GALeg amopdoels. H xvupldtepn advvaplio
avTmdv TV uebddwv, eival 61t anartodv peydro apiud dedopsvov yio exnaidgvorn (video)
AoV Ol dPACTNPLOTNTES TOV GKOTEVOLV VO, AVAYVOPIGOLV glval TePocOTEPO GHVOETEG.

2.2.2 Iepapykéc nébooot

O mopnvog TV lEPAPYIKOY TPOGEYYIcE®V 61O TPOPANUA TG avayvdPIoNG avlpdOTIVIG
dpaotnpotrTag €ivar 1 ovayvopion SpacTnplotitev vyniov emmédov pe Pdaon To
OTOTEAEGLOTO avVayvOPLoNG AV amiovotepov dpactnplotntov. [apadsiypatog yéprv,
pio aAANAETidpaon LYNAOD EMUTESOL, OTMG «TOAELMY» UTOPEL VA avayvmplotel gviomilovtog
pio okolovBio amd mpa&elg Omwg «ypovBokomd» Kol «KAWToh». Emopévag, otig tepapyikés
pefoddovg avayvopiong pio ohvletn dpactnplotnTa. ovamopioTatil G £V GUVOAO ATO
empépoug cupuPdvra (subevents) £0¢ OTOV TPOKHYOLY TOAD OTAEG KIVIOELS.

YTIC TEPIGGOTEPES 1EPAPYIKES TTPOoEYYioels, ol amAég evépyeleg (atomic or primitive
actions) avayvopifovtor epoappolovtog pebodoroyieg avayvopiong povig otiddag (single-
layered). T'to mopddetypo, oL YEPOVOWUIES «TEVIOV® TO YEPL> KOl «ONKOVO TO YEPLY
cupupaivouv cvyvé oty avBpdmivn SpacTNPOTNTO ATOTEADVIONG £T61, KUAO Topdoetypo
AV EVEPYELDV Y10 TNV OVOTAPACTACT] OVOPOTIVOV dpACTNPOTHTOV OTMG «YEPAWion N
«ypovBokdmmon». MéBodor povrg otifddag, Omwg ot akoAoLOKES Le TN ¥PNON KPLO®OV
LOPKOPLOVOV  HOVTEA®Y, UTOPOVV VO EPUPHOGTODV Ylo. TNV OVOYVAOPLoN TOPOULOImV
YEPOVOULDV.
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To KVPLOTEPO TAEOVEKTNUO TMV 1EPUPYIKAOV TPOCEYYicE®V €lvar 1 KAVOTNTO
avayvmplon cOVOeTmv Soudmv. ¢ €K TOVTOV, EVOL ATOAVTOS KATAAANAES YioL TNV avdAvon €
ONUOCIOA0YIKO EMIMESO TG OAANAETIOPUOC LETOED OTOUMVY /KL OVTIKEIWEVDV, KOODG Kot
TOADTAOK®V OUASIKMV OPOCTNPOTHTMY. L€ GVTN TNV IKAVOTNTO GLVIEAODV dVO GTOoLYElD TV
EPOPYIKADV TPOCEYYICEOV: TPAOTOV, T WKAVOTNTO VO AEITOLPYOVV UE Alyo dedopéva
ekmaidevong Kot 6evTEPOV, M OLVOTOTNTO VO, EVOOUATOVOLV TPOYEVEGTEPT YVMOGN GTNV
OVOTOPACTOCT.

Kot’apynv, o éykoc Tov de00UEVOV EKTAIOEVOTG TOV OTALTOLY TO, LEPUPYIKE LOVTEAQ
avayvoplong eivor onUovTIKG pKpOTEPOG omd TOV OVTIGTOLO OYKO 7oL OmAlTEiTOl GTO
povtélo povng otifadac. Ilapadeiypotog yapv, ta kpued popkoflovd HovtéAd HOVIG
oTadag, amartovy va nabovv Eva peyaAo apBpud ThouvotiToVv LETAROONG Kot TOpATHPNONGS,
EPOGOV 0 aPlOUOg TOV KPLPDV KOTOGTAGEDV aVEAVETOL OGO 01 dPUGTNPLOTNTES YiVOVTOL TTLO
ovvletec. Tlepucheioviag dopkd moALAPIOUES VTOEVEPYEIEG TTOV OLAUOPALOVTOL OVAUESH
OTIC GUVOETEG OPACTNPLOTNTEG, OL IEPAPYIKEG TPOGEYYIGELS LOVTELOTOLOVV TIC OPUCTNPLOTNTES
UE TOAD IKPOTEPO OYKO OEOOUEVOV Y10, EKTTAidEVON Kol avoyvopilovv TiG KIVAGEIS TTLo
OTOTEAEG LOTIKGL.

Emmpoctétmg, 1 evempdtoon mtpoyevésTepng TANPOPOPING GTO GUGTNLO AVAYVMDPIOTG
SLEVKOAVVETOL OO TNV 1EPUPYIKT] LOVIEAOTOINGT T®V dpucTNPOTHT®Y VYNAOV enimédon. H
avOpomvn yvoon upmopel vo copmepinebel 610 choMue  amoplOUdVTOC CMUAVTIKEG
ONUOAGIOAOYIKE VTOdPUGTNPLOTNTEG, OV GLVOETOLY pid SPACTNPIOTNTO VYNAOD ERTESOV
ko mpoodopiloviag T oxéoelg tovg. Kotd v poviehomoinomn Ttov  ocvvletwv
SPACTNPIOTATAOV, Ol U LEPUPYIKES TEXVIKEG TEIVOLV VO YPNCUOTOLOVV TOADTAOKEG OOUES Kot
YOPOKTNPIOTIKG TO. ool gival dVGKOAO Vo EpUNVEVOODV OTOTPEMOVTAG TV EVOOUATMOGN
TPOYEVESTEPNG YVOONG. ATO TNV GAAN pepld, ol 1EpopyIkéG TEXVIKEG HOVTELOTOLOUV TNV
VYNAOL emmESOV dpaoTnPdOTTO ooV £VaV OPYOVIGHO amd ONUOGIOAOYIKO EPUNVELUEVA
VIosLUPAVTO, KOOIGTOVTOC TNV EVEOUATMOGN TPOYEVESTEPNC YVAONG TTIO EVKOAT).

O tepapykég nEBOSOL KOTATAGGOVIOL OE TPELS VIOKATyopieg pe Pdaon tov TpodTO
TPOCEYYIONG: TIG OTATIOTIKEC, TIC OLVTOKTIKEG Kol TIG POCOUEvEG OTNV  TEPLYPOON
TPOCEYYIoELS.

2.2.2.1 Statistical

H avoayvopion avBpdmivng dpactnpotrtog HECH TOV OTATICTIKOV HLeBOdOAOYIDY
TPOYUATOTOEITOL UE TN YPNON OTUTIOTIKOV HOVIEA®V KOTOGTAGEWDY. XUYKEKPIUEVA,
YPNOWOTOOVVTAL TOAAOTAG  €mimeda  TETOLOV  GTATIOTIKOV UOVTEA®V, Om®C KPLOd
MopkoPava povtéro (hidden Markov models — HMMs) kot dvvopukd diktvo Bayes
(dynamic Bayesian networks — DBNS) 1o omoia. 6Toye000v 6TV avoyvdpion dpacTnploThTov
pe okoilovBuwkn dopn. XLta younAotepa emimedo, Ol OMAEG 1N OTOMKES  KIVIGELS
avayvopilovior and akolovdieg YOpPUKINPISTIKOV JSWVUCUAT®V, OTOG OoKPPOG OTIg
axoAovBkéc Tpooeyyioels povig otiBadag. Ta povtéda devtépov emmédov petoyepifovran
™V akoAoLBio TOV ATOHKOV KIVGEMV G TAPOTNPNCELS OV dnuovpyodviat arnd avtd. [a
Kkd0e povtéro, voloyiletal 1 mBovOTNTA VoL SNUIOVPYACEL [io, aKoAoLBid Ao TOPATNPTCELS
KOl PE QUTOV TOV TPOMO, WETPATOL 1) OLOLOTNTO OVOUESOH GE U0 OpOoTNPLOTNTO Kol TNV
axoAovBia ewoveov mov &yl dobel wg eidocog 610 cvotnua. To oyua 2.10 Tapovoidlel Eva
TOPASELYLOL EVOG TETOLOL LOVTEAOD Y10 TNV AVOYVOPICT] TNG SPACTNPLOTNTAG «YPOVOOKOTM.

Ou Oliver et al. [36] ewfyayav po and TG OUEAEIDIES LOPPEG TMOV 1EPAPYIKDV
OTATIGTIK®V TTPOoEYYiceEmV, T0 moAveninedo kpved Mapkofuavo poviého (layered hidden
Markov model — LHMM), 1 Agttovpyioc tov 0moiov MOPOLCIAGTNKE GTNV TPONYOOUEVN
napdypao. Onmg yiverol caeés amd v dw T UGN TOV HOVTEAOL, OAL TO EMLEPOVS
cupupdvra pog Spactnplottog o Tpénet va eivar avotnpmg dradoyikd o€ kabe LHMM ko
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Kk@0e emimedo tov HMM exnadeveton Eeyoplotd Ue TANPOS TPOGIIOPIGUEVE OEOOUEVA
kabiotdvtag dvvatny v emaveknaidevon. To HoviéAo autd avoyvaploe e emTuyia
oAnAemdpdoelg petad avBponwv ce o aifovco GLOKEYE®MY, CLUTEPIAAUPOVOUEVEOV
dPACTNPIOTATOV OTWGC, «EVO, ATOMO TPAYUATOTOLEL 10, TOPOLGIOoT Kol «cL{ATNOT TPOCHOTO
HE TPOGMITON.

Punching
Upper-layer / \
Arm stretch: 0.8 Arm withdraw : 0.85
Arm stay stretched : 0.15 Arm stay withdrawn: 0.10
Arm stay withdrawn : 0.05 Arm stay stretched : 0.05
Arm stretch Arm withdraw

OO0 (OO0
i f rt o

Arm stay stretched Arm stay withdrawn

OO0 (OO0
'S O

Yyqpo 2.10: Iopadetypa evog epapyuwod HMM yu v avayvépion g kivinong
«ypovBokond». To poviéro amotereitan amd dvo enimedo HMM..

Lower-layer

To mopoméve mapddetypo Tov ppnibnkay modloi epguvntéc, ommg o Nguyen [37], ot
omoiot katackebooav éva HMM Odvo emmédov yw v  avayvopion TOAVTAOK®V
aKoAoLBlK®V dpatnplotitav, (T.y. «Eva GTopo maipvel éva yeduoy Kal «Eva dTopo TpdEt
éva, snack»). Opoiwg, ot Zhang et al.[38] ypnowonoincav éva molverinedo HMM, mov
arotereital omd HMM 6vo enmédmv Yo TV avayvopion OpadIKOV SpacTploTiT®OV GE Lo
aifovca cuvedpricemv.

Onwg avagépnke kat Tponyovpévms, o porog tov DBNS (dynamic Bayesian networks )
oTI lepapykég mpooeyyioelg ivarl Pacikog. Ta DBNS nepiéyovv moAlomAd enimeda Kpue®V
KOTAGTAGEMV T OTOI0L LITOPOVV VO OVOTTOPOCTI|GOVV 1EPUPYIKES AvOpOTIVES dPaCTNPLOTNTEC.
Ot Gong kot Xiang [39] enéxtewvav ta cvpPotiké HMMS yuo thv Katookevn Suvopkov
mbavotikdv Siktowv (DPNS) pe ondtepo okomd TNV avamoepdcTaot SpacTNPOTATOV UE
TOAAOVG GUUUETEXOVTEG, OMMOG 1 TOMOOETNON KAl 1 QPOIPEST QOPTIOL GE POPTNYO OyNLOL.
Eniong, o Dai et al.[40] ypnowonoincav ta DBNS yio v oavoyvopion Opodikdv
dpaotnprotitav. [Hopadeiypatog ydptv, «To SGAEpa», «1) TopovsiocT» Kal «1 cv{Tnon»
avayvopiomnkav pe Baon aniég evépyeles, OTMG «A®», «pOT®d» K.0.K. Télog o1 Damen kot
Hogg [41], xatackebacav Bayesian diktva pe t yprion alvcidag Monte Carlo tov Markov
(MCMC) yio. v avoyvadpion SpactnploTiToV GYETIKEG LE TO TOSNANTO.
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H ypnon propagation networks (P-net) otic 1epapyikég mpooeyyicelg mpotadnke amd Toug
Shi et al.[42]. 'Eva P-net dwBéter doun mopopola pe ekeivp evoc HMM, agod o
dpaoTNPOTNTO OVATOPIoTATAL UE TOAAATAODG KOUPOLG KATOOTACE®V, TIS TOAVOTNTES
petapaocng and kopPo oe kOpPo Kot e mlavotnTeg Tapatipnong. Enmpocstétmg, to P-nets
OTOGVVOETOUV TIC EVEPYEIEC OE OTOMKEG KIVAGEIS KOl KATaokevalovv 10 JSiKTvo 7oV
TEPLYPAPEL TNV TPooOPIV HETAEL Tovg oepd. H kuplotepn dwopopd peta&d evog P-net kot
evog HMM eivar 611 tar P-nets emttpémovy v gvepyonoinon ToAGV KOUPOV KOTAGTOONG
Tavtoypova. H onuacio e ikavomtog avtig Tv P-nets eivar peydan, d10tt £tot emttpénetal
N UOVTEAOTOINGT dPACTNPIOTHTOV VYNAOD ETITESOL TTOL ATOTEAOVVIOL OO VITO-CLUPAVTA
ov cvpPaivouv Oyt povo Sladoykd aAAd kol tovtodypova. H epapuoyn tov P-net oty
PAEN, €ixe OC OMOTEAECUN TNV EMLTUYN OVOYVAOPION TNV dpacTnplomta «deéoymyn evog
ANUKOV TEIPELLOTOSY.

SOUTEPAGLOTIKG, Ol GTUTIOTIKEC TPOGEYYIGEIS &ivol KATOAANAES Yoo TNV OvVAYVOPLOoN
aKOAOVOIK®Y SpacTNPOTHT®V. YO TV TPouTOOEST] OTL LIGAPYOVY APKETA SESOUEVE, Y10, TNV
EKTOUOEVON, TO OTOTIOTIKO MovtéAa eival oe 0éom vo mpoodiopilovv pe aflomiotio
dpactnpotreg okdun Kot oav vrdpyet 06pvPfoc omv eicodo. Ilap’dio ovtd, TO
OTUOVTIKOTEPO UELOVEKTNILA TOLG EIVOL TG AdLVOTOHV VO AVayVOPIGOVY dpacTnplOTNTES TOV
OTTOTEAOVVTOL 0T TAVTOYPOVE VTTO-GVUPAVTOL.

2.2.2.2 Syntactic

Y& ot TV Katnyopia iEpopyik@v Heodorloyidy aviKoVY EKEIVEC TOV LLOVTELOTOIOVV
TG avOpamIveg dpaotnpldtteg ¢ cupPorooelpés, 6mov kdbe cOUPoro aviamokpiveTol G
po amAn atopukn kivnorn. Onmg kot oTig oTatTioTikEG PLeBodoA0Yieg TOV THPOLGLAGTIKOV
TPONYOLUEVMDG £€TGL KL €00, OMALTEITOL OPYIKE 1) OVOYyvVOPLoN OMADV KIVICEOV UECH TV
TEYVIKDOV TOL avapEpOnKay. e YevikéG YPAUUES, 1| ovOpOTIVY SpacTnploTnTa TopovctdleTon
ooV €va GOVOAO OO KOVOVEC TOPOY®YNS TOL ONULOLPYOVV Lid GLUPOAOCELPA ATd ATOUIKES
gvépyeleg Kot ovoyvopiletol vioBeTdvVTag TEYVIKEG CUVTOKTIKNAG avdAvong and To medio TV
YAWGG®OV TPOYPOUUATIGHOV. '’ 0vTOV TOV GKOTO, 01 EPEVVNTES YPTCUYLOTOINCAY YPOLLATIKES
yopic copepalduevo (context- free grammars -CFGS) katl 6ToyaoTIKEG YPOUUUOTIKEG YmpPig
ovuepaldueva (stochastic context-free grammars —SCFGS).

Ou Ivanon ka1 Bobick [43] mpotewav pio epopyikn pébodo pe SCFG yoo v
avayvoplon ToATAOKOV ovBpdmiveoy Kivnoewv. Edikdtepa, komduonoinsay Eva onpavtikd
aplud amd oTOXOCTIKODS KOVOVES TOPOY®YNG Y v ekppdcoovv Oleg Tig mBavég
dpaoctnpotreg 610 mepPariov evdapépovtos. Ta HMM vymAdtepov emumédov avardovv
cuvtakTikd po cvpfoloakorovdio amd atopkés evépysleg mov dnpovpyndnke omd To
yopunAdtepov emmédov HMM, avayvepilovtog pe avtév tov mbavotikd Tpomo diipopeg
dpaotnprotres. Or Moore kot Essa [44] enéktevay v mapandve pébodo, avEdvoviag v
akpifeto ko Bertidvovtag v aviyvevon Adbovg. Avtifétwg, To ovomua AAA tov Minnen
et. al.[45] emevipodbnke oto0 WPOPANUA  KATATUNONG TOAAOTADV  OVIIKEWEVOV,
OTOdEIKVOOVTOG OTL 1 onuacloloyikn emefepyocic tov kwnoewv pe CFGs upmopel va
cuuPdAder otV avayvoplon ovtikelévoy. Ed® sodyetor yioo mpdtn) @opd 1 10€a g
nopaicOnong (hallucination) otnv KoTavonon TOV ATOTLYIOV GTOV GOPT TPOGIIOPIGHO TOV
AV — OTOUKADV EVEPYELDV.

Enéktaon ¢ ypoupotikng SCFG  emyeipnoav ot Joo «or Chellappa [46],
dnuovpymvtog o Tpappatikn  Idotirov  (Attribute grammar) n  omoia wpocBétet
ONUOGLOAOYIKES ETIKETES KOl GLVONKEG GTOVG KOvOVES Tapaymyng TS ypappatikng SCFG. H
YPOLLUOTIKY] QUTH] €YEL TNV KOVOTNTO VO TEPLYPAYEL TOVS TEPLOPIGLLOVG GTO YOPOKTPLOTIKA
0AAG Kol 6TO YPOVO TOL OVTICTOLYOLV OTIG ATOMKEG KIVNGEL,. ALTO GLVETAyETOL OTL HOVO
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OTaV 1KOVOmTolovvTal Totoypove 1 ovvtaén g SCFG kot o mepropiopoi amopaciletal amd
70 GOGTNHO OTL Lo dpactnpotnTa £xel cuuPel. H epappoyn evog TETolo0v GLGTHLATOG OE £val
Y®Opo ot1abuevong mopoadeiypatog yapwv, UmOpel Vo 0ONYNCEL GTO OYWOPICUO TOV
(UOIOAOYIKMV SPAGTNPLOTHTOV, OO TIG U1 PLUGLOAOYIKEC.

Ocov apopd 6T0. LELOVEKTILLOTO TOV GUVAKTIKGV Tpoceyyicewv atilel va onueimbei 6t
VIAPYEL AOVVOLLIO, GTNV aVOyVAPIoT OpacTNPLOTHT®V oV cuuPaivovy TapdAinia. E@ocov,
Ol GUVTOKTIKEC TPOCEYYIGEL UOVTEAOTOLODV TNV VYNAOD ENIMESOL OPACTNPLOTNTO GOV
ovpporoakorovdio amd GAAEC OTOUIKEG KIVIGELS, 1| XPOVIKY 014TaéN TV TEAELTAIOV TPETEL
va gival aeTNP®G 0KOAOLOTOKT).

2.2.2.3 Description-based

O meprypaikés epapyikéc pebodoroyiec avamapiotodv v avlpdmivn dpactnploTTa
VYNAOV ETTESOL MG £V GUVOAO OO TLO OAEC KIVIGELS (TT.). VTO-YEYOVOTA), TEPLYPAPOVTUS
TG YOPIKEG, YPOVIKEG KoL AOYIKEG TOVG GLOYETIoES. Emopévac, m avayvoplon UG
dpaCTNPIOTNTOG EMTLYYAVETOL YAYXVOVTOC OAQL TO VTTO-YEYOVOTH TOL E£YOVV TPOCIIOPIOTEL
Kkatd v ovoroapdotacn . Emiong, sival amoapaitmto vo avagepbel g ol meptypopikég
TPOGEYYIOES UTOPODV VO SLOYEPIOTOVYV dPacTNPLOTNTEG UE LITOGLUPAvVTO Tov AauPdvouv
YDPO TOPAAANAQL.

OeuelMmOeC OTOYEIO TOV TEPLYPUPIKDY TEXVIKDOV OTOTEAOVV TO. YPOVIKG OLLGTHLLOTOL
(time intervals) mov yopoaktnpifovv To vVIo-cLUPavTo Kol KaBopilovy T YPOVIKEC OYECELS
peta&d tovg. Ilpoxkeévov va kabopiotodv ovtég ol GY€cels, opioTnKav To YPOVIKG
katnyoprjnoto tov Allen[47], ta onoia givon ta e€ng : before, meets, overlaps, during, starts,
finishes and equals. A&ilel va onueiwdei tmg ta katyopruoto before kon meets meprypdoovv
dwadoyikég oyéoels, evd ta vorowa opifovv clOyypoveg oyéoels. Xto ynuo 2.11 (@)
TEPLYPAPETOL LECH YPOVIKADV JOGTNUAT®V 1) XPOVIKT SO TNG GAANAETIOPOOTC «OTPDYVMO».

2Tc meprypagikéc uebodovg ypnoponolgitar emiong, 1 ypoupotikp CFG ¢ tomikn
oUVTOEN YO TNV OVOTOPACTACT) TNG OpacTNPlOTNTAS TUPOAO TOL YPNOUYLOTOLEITOL LE
OWPOPeTIKO TPOTO amd OTL OTIS OLVTOKTIKEG Tpooeyyicels. Il ovykekpéva, oTig
OVLVTOKTIKEG TTpoceYYioels vovoeitar 6Tt ot idieg o1 CFGS meprypdgpouvv tn onpoacioloyio g
dpaoctnpuotag. Xtov oviimoda ot meplypapikés pebodoroyiec, n CFG Bewpeitor éva
GUVTOKTIKO Y10 TNV TUTIKY OVOTopAcTaoT] TNG OpacTnPldTNToS VA 1 ONUOGLOAOYiOL TNg
K®OIKOOLEITOL PE [0 dopn TopOUole HE TIG YADGoEG mpoypappaticpod Zynuo 2.11 (b).
Emopévog, n CFG amldg dwfefoardvel mog 1 ovamapdoTtacn g opactnplot)Tog TANnpol
TOVG KOVOVEG TNG YPOULOTIKNG.

Ot Pinhanez a1 Bobick[48] npétevav éva diktvo {mapeldov, mapov, péiiov} (PNF-
network), 6mov ta vro-yeyovota opiloviar g kOpPot Kot ot xpovikég oyéoelg Hetaé&d Tovg
neptypaoovtal pe akpés. Emmiéov, avéntuéay évav alyopifpo moivmvouikon xpovou yio Ty
emegepyacio Tov SIKTVOL Kol TO EPNPUOCHY EMTLYMG 6T0 MePPaAlov pog kovlivag ce
dpaotmplomreg payelpikne. Aiyo apyotepa, ot Intille ko Bobick [49] ypnowonoinoav pia
TEPLYPAPIKY] LEBOJO Y10 TNV AVAAVOT| AYOVOV AUEPIKAVIKOD TOS0COAIPOV, OVOTOPIGTMOVTOS
™mv avBpdmvn dpaotnplotnto o Tpla eninedo: atomic, individual ko team- level.
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Push_interaction(pl, p2) = {
list( def{“i’, Stretch(p1’s arm)),

this = Push_interactions(pl, p2) list( ﬁgff |de§(tiy_sTtge:§Ef:§§ls ;1;;;)),

def(*I", Depart(p2, p1)) ).
and( meets(‘1’, 1),
- ! and( during(‘k’, “this’),

— Depalﬁ(pz’ pl); and( meets(‘k’, 1°),
and( starts(‘i’, “this’),
finishes(‘j’, “this’) ))))

1i = Stretch(pl’s arm) j = Stay_Stretched(p1’s arm)

'

1

'
+

'

1

'
e
Pt

'

'

'

'

'

|

1

+

k= Touching(pl, p2)

-

IR
(a) (b)
Yyua 2.11: (a) Xpovikd daotiuate ™G OAANAETIOPACNG «OTPOYVO» KOl TOV VTO-
evepyelmv kot (b) 1 avomapdoTacn ToVg 68 YADMGGO TPOYPUUUATIGUOD.

A&iler va avagepbel n yAdooa mpoypappoticpod VERL mov oyedidotnke amd tovg
Nevatia et al. [50], pe okomd TV mePtypa®n g avOpdmvng dpactnplotntag. Apyikd opioay
TPlO, EMIMEd 1EPOPYIOG VIO TIC OPACTNPIOTNTEG: «OTAO YEYOVOCH, «oOVOETO YeEYOvVAg» Kot
«oOAVNUATIKO GOVOETO YEYOVOCH. XT1N GLVEKELD, YpnolonoOnkay ta kKotnyopruota Allen
KOt AOYIKG KOTNYOPTUOTA Y10, TV TEPLYPAPT TOLE Kol TELOG, Yo THV ovayvdpion Bayesian
diktva ko HMM.

To 2006 ot Ryoo kot Aggarwall [51] mpdtevav po mpocéyyion tov TpofAiuatog 6mov 1
GFG ypOouUOTIK TOVG EMTPEREL TNV OVOTAPACTOOT TS avOpOTWVOV OAANAETIOPACEDY
OTOLOVANTOTE 1EPAPYIKOD EMITESOL KO TNV TEPLYPAPel o¢ Aoyikég mpa&eig (and, or kat not)
OVALESH OTIC YPOVIKEG KOl YOPLKEC GYECELC TOV VTTO-YEYOVOT®V. TEéAoC, v pEay Tpoomabeteg
YL TNV ¥PNON  TEYVIKOV TEYVNTAC VONLOGVOVIIC OTNV  OvVOyvOPLon TNS avOpomvig
dpaotnpromrog ommg avty tov Tran kow Davis [52], ot onoiot vioBémoav Mapkofiavd
AOYIKé dikTvo Yoo va avayvopicovy avBpdmivn dpactnplotnTo o€ yOpo otdbusvone. H
TPooTdOeld Tovg OUWC, OmElYe Amd TV AvAYVOPLoT OLVOLUKNG OAANAETIOpOoNC LETAED TV
OpacTOV.

2.2.2.4 Xvykpion

Me Bdon 1o Topamdved UTOPOOLE VO GUUTEPAVOLUE TG Ol LEPAPYIKEG TPOCEYYIOELS
etvat KOTAAANAES Yo TNV OvayvVOPIeT) GOVOET®V TOL ATOTEAOVVTOL OO EMUEPOVG TLO OTAES
Kkwnoels. Emmiéov, amaitodv Aydtepa dedopéva ya tnv eknaidevon toug. Emyeipovtag po
GLYKPLoT OA®V TOV 1EPAPYIKAOV TPOCEYYICEDV KATAANYOVUE GE KATOEG OUMIGTMGELS.

[IpdTov, ol otaTIoTIKEG KOl Ol GLVTOKTIKEG peBodoAoyleg mapéyovv éva mBavotikd
TAOIG10 Yo TNV avayveploT SpacTnploThTev Ue apketd BopuPo oy eicodo.llap’oia avtd,
AVTILETOTILOVY OLGKOAIDL GTNV AVOYVAPLION KIVIGEMV TOL TEPEXOLV VLIO-YEYOVOTA TOL
cuupaivovv mapdiinia.

Ytov avtinodo, ot mePYypoelkég HEBOSOL PTOpodV VA OVOTOPOCTAGOLV Kol Vo
avayvopicovy dpacTnPlOTNTEG UE TOAVTAOKES YPOVIKEG OOWMEC, KOl VO XEPLOTOVV LTO-
yeyovoto, mov ovpfaivouv dtodoykd oAld Kot TavTtoxpova. Qotdco, mapovcidlovy Eva
OTUOVTIKO UELOVEKTILLO TTOV OQPOPE GTNV ATOTVUYI0 OVOYVMPIOTG TOV MO OTADYV KIVICEMV
oL GVVOETOVY pia SPacTNPIOTNTA (T, OTOTLYIO AVOYVDPLOTG XEPOVOLLDV).
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2.3 Datasets

2.3.1 Ewoayoy

H peyddn oio tov Paocov odedopévov 7 alldg datasets mov mepiéyovv
KOToyeypoupéveg ovBpomveg dpaotnpiomreg oe Videos, eivor adwapgiopfimm  diot
OTOTEAODY €Vl KOWO KPLTAPLO Ylo. TNV UETPNOT Kol TN GOUYKPIoN TG okpifelag mov
TPOCPEPOLY 01 dLaPopeg LeBOd0AOYIES YLo TNV avayvdplon NG avlpdTIVIG dpacTnPLOTNTaC.
Emopévmg, m xatackevn pog tétolag Pdaong dedopévev oupPdidel otnv mpdodo Tov
GULVTEAEITOL TNV £PELVA Y1 TNV AVAYVOPLOT] TNG AvOpOTIVNG OpacTNPLOTNTOC.

levikd, ot Pacelg dedopévav mov aPopolY avOpAOTIVEG dpacTNPIOTNTES TOL Eival
Slb€oipec 6T0 KOO UTOPOVV VO YOPLGTOVV GE TPEIC KUTNYOPiEs. TNV mpdTN Kotnyopio
nepappavovion Baoeig dedouévev omwg 1 Pdon KTH [53] kot n Bdon Weizmann [54] wov
oYEOLAGTNKAY Y10, TV OKOONUOIKTY a&lOAOYNOT GLOTNUATOV AVOYVMPIGNC KIVIGE®DY YEVIKOD
okonov. TTepthaufdvovv video d1apopmv atOU®Y TOV TPAYLOTOTOIOVY AMALG KIVIOELS, OTMG
CTEPTLOTAO» KOl «YVEP®» GE €va, EAeyyOuevo mepPdirov. Ta cuvoro dedoUEV@V TNG dEVTEPNG
KaTnyopiog &ivol mePIGGOTEPO TPOGOVOTOMOUEVO GTIS EQOUPUOYEG KOl TPOKVATOVV oo
peoMoTikG mepBarlovta, Ommg agpodpduta. [oapadsiypatog xaptv, To chHvVoro dedouévmv
PETS mepiéyel SpaoctnplotNTeg OMMG «KAOMN OTOOKEVOVY» KOl «TAAN» Kol GTOYEDEL GE
epapuoyéc emmpnong. Télog, €xovv  KOTOOKELAOTEL KOl TOPOLCLOOTEL PACES TOV
TPOEKLYOV OO TN GLAAOYN TpayUaTIK®V Video and péco evnuépmong, OT®G TNAEOTTIKES
EKTOUTES Ko Tauvies. Xto oynua 2.12 angucovifovtot otrypdturo omd dnpoeiin datasets.

LR r%

(a) (b)

Yympo 2.12: (a) KTH dataset, (b) Weizmann dataset, (c) Inria XMAS dataset, (d) UCF sports
action dataset o (€) Hollywood human action dataset.

2.3.2 Inpovtika Datasets

"Eva onpoavticd mindog epgovntadv €xovv dokipdoel to cvotnud toug ot Baon KTH. H
Baon KTH mepiéxer 2391 videos, €&t dpactnplothtov ektedeouévov oamd 25 dropa. Ot
dpaoctmpromreg mov meptlappavovtan ivor: Walking, jogging, running, boxing, hand-waving
ko hand-clapping. Ta videos éxovv katoypagei oe ELOEPDS SLOPOPETIKEG KAILLOKES TOGO GE
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eEmtepikd 060 Kol o€ £6MTEPIKO TEPPAALOV, pe povo Eva dTopo oto oknvikd. Kabe video
TePLEXEL EMAVOLOUPOVOUEVEG EKTEAEGELS LOG Kiviiong og avaAivorn 160x120, 25fps.

H Bdon Weizmann amoteieiton omd 10 S10p0peTIKEC KIVAGEL, EKTEAEGUEVEC amO 9
dapopeTikd dtopa kot mepiéyel emouéverg 90 videos. ESd to oknvikd eivor amkd kot
wapapével 610y 6Aa too video. Ot 10 kwvioeig mov mepiéyel eivar: running, walking,
jumping-jack, jumping forward on two legs, skip, jumping in place on two legs, galloping
sideways, waving one hand, waving two hands kot bending. H avéivon tov videos eivoi
180x144, 25fps kot povo Eva dropo eppaviletor ke eopd 610 GKNVIKO.

Qoéhpo elvar vo emionuoviel 0t o1 mopamdveo PACE GYESAOTNKOV Yo V.
a&1oA0yNGovY TV IKaVOTTA TAEIVOUNGCNC TOV CLGTNUATOY 68 amAég Kivioels. 'V autov 1o
MOYo GAAmoTE, o8 KGOE VIdEo Tep1E)ovTal EKTEAECELC LOG NG Kiviong Kot 0KOTOg eival vol
avayvoplotel n kKAdon g kivnong tov Video, dedopévov OTL owTd OVAKEL ©E Eval
TEPLOPIGUEVO aplud yvootdv kidocewv. H doxun pebodoAoyidv mov ypneILomTolovV
YOPOYPOVIKA TOTIKA yopoktnplotikd (gvotmrta 2.2.1.1.3) eivar dnuopiing, kobmg oev
OmToUTOVV OMOUOVEOGTN TOVL UTPOCTIVOD GKNVIKOD KOl OVTILETOTILOVV 1KOVOTOMTIKG TIC
oAroyég oty KMpoka. Etmpoctétmg, eival KatdAANAeg yio meplodikég KIVIOELS OTTmG OAES Ol
KIWVROEIS oV avoapéptnkay mponyovpuévag, av egaipebel n kivnon bend. Avtd cvuPaivet
S10TL, TO. YOPOYPOVIKO YopoKTNPloTikd Bo e€ayxbodv kot emavdAnymn omd TIG TEPLOOIKES
KWV OELG.

Ytov avrtimodo Ppiokovtal PAcelc TOV GTOYEDOVY GE EQPUPUOYEG TTOL oyeTilovTal UE TNV
emtipnon (surveillance datasets). Ta cOvora dedopévav PETS mov éywvav dwbéciua oto
ouvvédpla, PETS 2004, 2006, 2007, adld kor dAla mopoduola ,0mwg to i-Lids amotehodvrot
amd pealoTikd Video og un gleyyoueva mepipdilovta, omwg odnpodpoutkol otaduoi kot
agpodpoua. H omtikny yovie g kduepoag sivar mopdUole HE OVTNV TOV  KAEIGTOV
KUKAOUAT®OV TopokoAohinons, evd oe ueptikéc PAceEl TapEyovTol TOAAES KAUEPES, POl Kot
onTikéG yovieg. Or kauepeg eivor otabepés, divoviag TV EVIVTIMOTN TG TO CKNVIKO givat
otatikd Kot 1 KAMpoka oyxeddv otabepn. ‘Eva emmAéov yopaktnpiotikd o€ avtég TIc PACELS,
glvar 1 TovTOYPOVN TAPOLGIO TOAADY OTOUMV Kol OVTIKEWEVOV OTO GKNVIKO. Baoikdg
o1dY0¢ TV Pdcewv emmpnong eivar n aEloAdynon ¢ KOvOTNTOC TOV GUOTNUATOV
OVOYVOPIONG VO OVOADGOLY CUYKEKPIUEVES OPACTNPLOTNTEG MOV TOPOVGIALOVV TPAKTIKO
EVOLOLPEPOV, TOPASELYLLOTOS XAPLY EYKATAAENYT] ATOGKELNG 1| KAOTY| OTOCKELNG.

H Pdaon PETS 2004 yvoory kot g CAVIAR zmepihapfdaver 6  katnyopieg
dpaoctnpotitev, 6mov kdbe katnyopio omoteAeiton omd WO 1| TEPIGGOTEPES KIVNGELS:
walking, browsing, resting-slumping-fainting, leaving bags behind, people meeting, walking
together, splitting up, fighting. KdéOe khdon €xet 3 émg 6 videos, katolnyovtag o€ éva
obvolo amd 28 videos pe avalvon 384x288, 25fps. Télog, ta videos kataypdonkav oe
TEPPAALOV KATAGTILOTOG UE L0 KAUEPQ.

> PBaon PETS 2006, yio ké0e pio amd T1g T€60€p1G ONTIKEG YMVIEG €YoV Kataypapel 7
oknvés. H Paon eotidlel 610 TpoPAnpa eyKATOAEWTG OTOCKEVGV Kot KAOE oKV TEPIEXEL
™V EYKATAAEWYT H0G TOAVTag G éva odNpodpoltkd otafpd. e kabe dpaoctnplotnta
oLUUETEYOLV éva M Ovo dtopa, evd Owapopol melol eival mapdvieg 6to oknviko. Kot ot
T£66€p1g Kapepes drabETovy vynAN avaivon 768x576, 25fps.

[Mopopoing, n Pdon PETS 2007 acyoinbnke pe v aAlnlemidpaocn avOpodmov —
anockev®v. Ta videos emedncav o pio aifovoa aepodpopiov amd 1€60epis KAPEPES 1d10G
avAALONG LE TIG TOPATAV®, KOTaypapovtag dvo oknvég general loitering, téooepig oknvég
KAOTNG OTOGKELMV, KOl SVO GKNVEG EYKATAAENYTC OMTOGKEVADV.

M axopun Baorn dedopévav Kivnong mov acyoreital pe To TPOPANUA TNG EYKATAAEYNG
amookev®v givan 1 Baon i-Lids. Ta videos kotaypaenkav cg £va vadyelo oTabpd TpEvov 610
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Aovdivo amd o, OTTIKY Yovia, 6€ cuvooTiouévo TepiPdiiov. H avdivon tov videos siva
720x576, 25fps kau dev mepiéyovv udvo Gropo kot avTiKeipeva, oAl Kol S1epyOUeva TpEVa
omov Kkoopog emPialeror kot amofifaletar. o okomovg ekmaidevong kol emaindgvong,
dnuovpyndnkav tpion videos eved évo peyoddtepng ypovikng owdpkewag Vvideo upe €&t
dPACTNPIOTNTEG EYKATAAENYTC OTOCKEVMV YPTCUYLOTOIONKE Yo dOKIUT.

Téhog, Ommg avoeépdnke kol otV €loay0yn TG evotnTag, Ladpyovv Pdcelc mov
TPOEKLYOV 0td TN GLAROYN Video TMALORTIK®Y eKTOUTOV Kal Towvidy. Ot d1popi Tovg e
T1g VoOAoweG Paoelg ivar Twg ta Video kotaypdpovtar oe un gleyyduevo mepifdAlov, evod
VIAPYOLV YPNYOPES EVOAAAYEC GTNV OTTIKY YOVia Kol cuvnbmg dev mapéyetal TANpoeopia
v To0 oknvikd. Ot teplocotepeg Paoelg amd tovieg [55][56][57], emkevipmbnkov o€ omAég
KIVAGEIS OTT®G Y10 TOPASEIY LN «PIAD» Kot «KTumd». [lap’olo mov ot KIvAGELG gival amAéc,
KkGOe video pog kivnong emdeikviet eEdpnon amd T aAAAYEG TOV OPOPOVY GTO GITOUO KOt
omv ontikn yovia. Emopévac n peyaddtepn mpokAnom &ivol 1 OVTILETOTION OVTOV TOV
e€aptnoemv Kot Oyl N avVayvVOPIeT) TOADTAOK®V dPaCTPIOTHTOV.

To obvoro dedopévav kivnong Hollywood?2 [58]2 TPOEKVYE amd TV GVAAoYT Video and
69 dapopetikég tavieg tov Hollywood, kot amoteAel eméktaon g Pdong Hollywood.
Ieprappdaver 12 khdoegig kivioewv: answering the phone, driving car, eating, fighting,
getting out of car, hand shaking, hugging, Kissing, running, sitting down, sitting up kot
standing up og 10 dlopopeTikéc KAAOELS GKNVAV, 6 cuVoMKA 3669 video pe didpkea 20.1
wpeg mepimov. Xtdyog NG OLKYKEKPEVNG Pdong eivor M a&loddynon tev Sopdpmv
uebodoroyimv yio v A.A.A. o€ peaMOTIKEC GUVONKEC.

Mia axoun Bdon pe KvNoelg mov dnuovpyndnke and ™ cvAAoYN peaiiotik®dv Videos
givon  Paon UCF sport [59]3. Iepigyer 10 KAdogig kvioewv @ swinging (on the pommel
horse and on the floor), diving, kicking (a ball), weight-lifting, horse-riding, running,
skateboarding, swinging (at the high bar), golf swinging xai walking kot omoteleiton
ovvolkd omd 200 video pe avdivon 720x480. Or kwvioelg Tpoépyoviol omd TOIKiAAES
AOANTIKES OPOCTNPLOTNTEG TOL £XOVV TOPOVCIACTEL GE TNAEOMTIKEG EKTOUTEC TOV JIKTOWV
BBC «a1 ECPN.

Téhoc, o ohvoro kiviicemv YouTube [60]* mepiéyet 11 kotnyopieg kiviioemv basketball
shooting, biking/cycling, diving, golf swinging, horse back riding, soccer juggling, swinging,
tennis swinging, trampoline jumping, volleyball spiking, kou walking with a do ko cvvoAikd
apOpo 1168 video. EWwd avty n Pdaon amoterei mpokinon e€ortiog tov peydAmv
SWPOPOTOMGE®Y OTNV Kiviion g KApepag, oty eUPAVION Kot TNV Tomobétnorn Tov
OVTIKEWLEVOVY, TNV KAHOK, TNV OTTIKY YOVia, TIG GLVONKES @OTICHOV KOl OTIS OAAAYEG TOV
oKNVikoL. Mepwd emiong onpod] cbvola pe dedopéva kivnong, mapovoidlovial 6to
Zyqua 2.13 padi pe po GuvoRTIKN TEPLYPAPT] TOVE.

Ovopocio. | Khaoeg | Videos YovOnkeg Ieprypoen dedopévav
Yuvorov Kataypaoig
Agdopévov
UMD[26] 10 100 | Epyaotmpro: 1 | Avédivon 300px
GTOULO, TOALEG
EMOVOANYELS
IXMAS[61] 11 110 | Epyaompro: Avalvon 100-200 pX, modd pikpng
10 dropa, 5 SLapKeLng ANYELS

2 http://lear.inrialpes.fr/data
3 http://vision.eecs.ucf.edu/
* http://crev.ucf.edu/data/UCF YouTube Action.php
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yovieg Myelg
HE TOAAEG
KOUEPES
Olympic_ga 17 166 Video amd tovg | 5065 frames: vynAn diapoporoincn
mes[62] OMoumokobg otV 010 KAAGT, GNUAVTIKY Kivnon
Aymveg ™G Kauepag, BoAn uova Aoym
Kivnong, S10(pOopOTONGELG GTNV
EUOAVION
UFCI[63] 2 20min | Video and Allayég o€ gpoavion, yovio Aqyng,
TNAEOTTIKEG Kivnomn Kauepag, Tavtdypovn
EKTIOUTEG EKTEAEOT] OO TOAAG GTOULOL
ADL [64] 10 150 Epyoompio : 5 | ZvvOetec Opaotnplotnieg , GTATIKO
droua, 3 background, vymAn avéivon,
EMOVOANYELS 240x450px,24fps
High- 4 300 23 dwagpopetikd | 30-600 frames, psaAiotikn
Five[65] TV shows aAnAenidpaocT aTOp®Y
Youtube 16 800 Videos and to | X0vOeteg dpactmpromeg, SO
Olympic Youtube ogvapilo Yo kaOg kKhdon.
Sports[66]
MSR 11[67] 3 54 e mepiPaiiov | TToArd dtopa, 203 otiypidtuna,
GUVMOGTIGHLOV 320x240px, 15fps

Yympo 2.13: Anpo@idn cdvolo dESOUEVOV KIVIGEWDV.

2.4 IlpoxMoerg

Tnv tedevtaio dexaetion £xel ocLVTEAEDTEL EVIVTTOOINKT TPAOd0G 01O Tedio g AAA.
v mapodoa PAcT|, TEWPALATIKE CUOTHHOTO SloTifEVTOL GE 0EPOdPOLLN Kol AALD dNUOCLOL
uépn, eavépevo mov mpoPAémetar va avéndet oto péAlov. O TpokAnGels, dUms, dev Tavovy
va vmdpyovv. Ilopadelypatog xdptv, 10 mPOPANMO avayvodpiong g  avlpdmivng
dpaoTNPOTTAG OO Lo KVOOUEVT TAATQOPUO, OTMG éva OYnuUa M éva Un ETavOp®UEVO
aepookdpoc — UAV, eiodyer véeg mpoxkiioels. Zntiuota Bopvfov, eviomopold Kot
S @PIG oD TPOoTifEVTAL GTO LITAPYOV TPOPANLA TNG AVAYVADPLIGNS TG OPOUCTNPLOTITOG.

H xatevBuvon tov peEALoVTIK®V gpeuvadY VITOyopeVETAL Kol eVOappOVETAL OTOGOINTOTE
and TG epappoyés. Or meplocOTEPO TMIECTIKEG EQOPUOYES &€lvol 1 emTpnon Kot 1
TOPOKOA0VON O dNUOCIOV YOPWV, OTMOS aepodpopLn, cldnpodpopkol otablol, vocokopeia,
1 mopakolovOnon dpactnprotitov and UAVS kot dAiec mapopotes epopproyés. Oreg antég
ol EPUPUOYEG TPOOTAHOVV VO, KATOVONGOLV TIG dPASTNPLOTNTES EVOS ATOLOL 1] EVOG GLVOAOL
OTOL®V Kol TPOPAETETAL VO OTOGYOAOVV TIV EPEVVITIKT] KOWATNTA Y10 TTOAAG XPOVIOL AKOUN.

Onwg avapépbnke mPONYOLUEVOS, O TOVTOXPOVOS SYOPIGUOS Kol  EVTOMICUOG
dapopov atopwv oto Videos amotelodv mpoOPAnua dvokordtepo am’d,tt eoaivetor. H
OVOKOAIDL TOL €yKelTal otV EAAEWYT] POTICUOD, TIG EIKOVEG TTOL TEPLEYoLV BOpLPO Kot TIg
petatomicels G Kauepog. Etol, avamtuccoviolr eVOAAOKTIKEG TPOCEYYIGES YL TOV
SOPICHO TOV LEPOV TOV CAONNTOG e Paon Tovg Tpiodidotatovg XY T oykoug.

‘Eva. axopn {Rmpo mov amaoyolel TOVG €PELVNTEG EvaL 1 €QOPUOYN TGOV OPOPOV
pebodoroyidv oe epapuoyéc mpoyuatikod ypoévov. To {ATUO OTOdEKVOETOL OPKETA
OTTOTNTIKO €E0UTIOG TNG VITOAOYIGTIKNG TOALTAOKOTNTOG TV HEBOSV oL Erovv avamTuyDet.
Mo ToAAd vrooyOpevn KatevBuvor yuo. TNV VAOTOINGCN EPOUPUOYADV TPAYLATIKOD YpOVOL
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gtvor  peiétn tov vikov (hardware). Allwote, ot cOyypoveg CPUS ka1 GPUS amotehodvton
00 TOALODG TLPNVES KOl TPOKOAOVY TOVG EPEVVNTEG VO, EKUETOAAELTOOV TIG OLVOTOTNTEG
TOVG,.

Emmpoctétmg, epevvovtor moAAég GAAec kowvotoueg mpooeyyicews. Ilapdderypo
amotehel 1 mpoodyylon tov Veeraraghavan et. al. [26] mov ekpetodiedetar v mbavy
omopén ewdvev (onpoto ToAMoV dotdoswnv) o molhamAdtreg (Mmanifolds) Avydtepwv
dudotacenv. 'Etol, epeuvntég acyorovvial e OEHOTO TOL APOPOVY GTOV YAPOUKTNPIGUO TOV
manifolds «ot ot digpedvnon tov oyfocsov peta&d tov  manifolds dwapopeTikdv
OPACTNPIOTATOV EKTEAECUEV®V OO TO 1010 ATOpO, KOOMS Kol TV oYEce®V HeTa&D TV
manifolds g it dpactnproTTag EKTEAEGUEVNG OO S1OPOPETIKG ATOUA.

Téloc, Ol 1EpapPYIKEC TPOCEYYIGEICATOTELODY OVTIKEILEVO GUGTNUOTIKNAG EPEVLVOC, 101MC
Yo TV AVoyvOPIoT dpactnpldTTog TOAAMY aTOU®Y. XT0 £YY0¢ LAV, TpoPAémetol Tmg O
pueAeBovv akdun TEPIGGOTEPO MDGTE VO GUVOVTNGOLV TIC OTUUTHCEI TOV GLGTUATOV
EMTNPNONG KAODC Kot GAADY EQAPUOYDV.
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KE®AAAIO 3

IHapovoiaon tng Baong THETIS

3.1 I'evika

Ta tedevtaio ypoévie peydreg oOVAAOYEC oamd OmAég OAAG Kol 7o oOvOeteg
KOTOYEYPOUUEVEC KIVIIGELS, OTTMG TOPOVCIAoTnkay oty evomta 2.3 &rouv yivel dabéotueg
070 KOowo. Ady® TV S10pKMG aEAVOUEVMY aVAYKOV Kol TOV GOVOET®V TPOKANCEDY TOV
Tapovoldlovial e €QUPUOYEG avayVOPIONG ovOPOTIVIC OpacTPIOTNTOS 1| EPEVVITIKN
KOWOTNTO EYEL TNV OVAYKT VEOV 0E00UEVOV Y10, GLGTNUOTIKY £PEVLVO KL OVAALGT).

Yxomog ¢ Paong THETIS eivar va tpoc@épel 6Ty £pgLVNTIKT KOWOTNTA £Va. EXITAEOV
oOLVOAO OedoUEVMV OO KOTOYEYPOUUEVEG KIWNGES HE GUYKEKPYLEVO TPOCAVATOAGHO
dtvovtag gpébiopa yo €pevva TAVD 6€ o EEEIOIKEVIEVEG EPUPULOYEG TTOV QPOPOLY GTIV
avayvoplon avlpanivng dpacmpotnrag. H Pdon THETIS zmepiiapfaver 12 Bootkég
KWNAoEIS Tov abAquatog ¢ avtiopaiptong (tennis). AkolovOdVTOG MO GUYKEKPLUEVN
dldkacio oL TEPLYPAPETAL GTI GUVEXELD, UE TN XPNON T™E KAUEPOS TPIEOAGTATNG AYNG
Kinect kotoypdenkov cvotnuotikd video pepIKOV ®P®V, TOV TEPIEYOVY CUYKEKPLUEVES
KIWVNGEIS OVTIoQAIpPIoNg eKTEAECUEVES Ao 55 dtapopeTikd dtopo. H Pdon pog otnv tedkn
™G nope1 omotereital and 8374 video kataysypouuévng kivnong. EAmiCovue ot1 n Bdon
THETIS 6a amoteAiécel éva ypnowo epyaieio agloAdynong kot avdivong tov alyopiOumv
oV TTPOTEIVOVTOL Yoo TNV €milvon Tov TpoPAnuatog g AAA KOl TO GUYKEKPILEVA, Y10
EQAPUOYEC gamiNng, GLTOUOTOTONUEVOD GYOAAGLOD 0OANTIKGOV events «.a.

A&iler va onuelwdel g TPooPATOC £ytvav S0BECILA OTNV EPEVVNTIKY KOWOTNTO
uepikd cvvoro dedopsvav kivnong katayeypouuévo pe T cvokevr] Kinect mov mepiéyovv
mnpogopia Babovs. Xapakmpiotikd avagépovpe ™ Baon MSRDailyActivity3D® 1 onoio
weptlapfavel Kvnoelg g kadnuepvodmtog (Y. «TpO®», «UWAD® 6TO KNt THALP®VO»,
«wpalo éva Pprio» k.a.) kol ) Paon dedopévav G3D [76] mov mepihapfavel Kivioelg
oyxetkés pe o1dpopa abinuata. Kavéva and ta vrdpyovta chvora ded0UEVOV KIVIGEDY gV
wepLapPavel 6Xo To PAcHO TOV PACIKAOV KIVIGE®Y TOV AOAALATOG TG AVTIGQAIPIoTG.

Ye outd TO KEPAANLO TPAYUATOTOLEITOL 1 EKTEVNG Tapovsiaor g Pdorng dedopévov
THETIS. Zmv evotra 3.2 mopovoidloviol o1 AETTOUEPELES TTOV OPOPOVV GTIG GUVOTKESG KOl
0T0 LEGO KOTOYPAONG TV dedopéVmV Kivnong. Xtrn cuvéyela, otny evotnta 3.3 diveton pio
Aemtopepng meptypapr] OAmv TV dedopévev Kiviong mov tepthapfavovtol otn Paon. Télog,
n evomra 3.4 mapéyelt mAnpoeopieg yw To €pyaAgin mOv ypnoomombnkay Yy TNV
LETaTPOTN T®V apyeiov TG Pdong otV TEMKN TOVG LOoPON.

> http://research.microsoft.com/en-us/um/people/zliu/ActionRecoRsrc/default.htm
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3.2 Kataypa@n Tov 0goopivev Kiviiong

YTapyovv ToALOl SLOPOPETIKOL TPOTOL Y10l TNV KATAYPAPT TV dES0UEVOV Kivnong Tov
amorteiTol yioo T dnpovpyia pog Paong dedopévev kivnone. Kabe texvoroyio £xel ta Skt
g TAEOVEKTNHOTO Kot pewvektparta. o m dwn pog Paon THETIS, ypnopomombnke n
GLGKELT AViYVELONG-KOTOYPUPNS Kivnong KINECT®, ™m¢g MICROSOFT mov dnpiovpynonie
v v magvidounyovip XBOX 3600 ko spmepiéyet texvoroyio Aoyiopkod g Microsoft kai
EVOOUOTOUEVN Kapepa, teyvoloyiog PrimeSense.Ot Aoyotl mov odnynoov oty €TA0yn TOV
Kinect givon onpoavtikoi. Ilpdtov,n tpdcPacn ot cvokevn givor 0KoAn 310t TO KOGTOC TG
gtvar yopmAd Kot dgvtepov TaPoVCIAlEl AVENUEVO EPEVVITIKO EVOLOPEPOV Y10l TOV TOTTO TMV
Kataypae®dv g katl yio v avamtén 3D epapupoymv. Tlepiocdtepeg AemTopéEPELES YOl TIG
duvatotreg g ovokevng Kinect mapovoialovol oty evotnta 3.2.1.

Ipokepévov va emtevydel  kataypapn péow g ocvokevng Kinect, ypnowonomonke
10 mAoiclo avolktod Aoyloutkod OpenNI 1.5.2 ot to pesoroyispkd NITE 1.5.2 g
PrimeSense mov mepiéyel tov odnyd tov 3D awsbnmpa. O pdrog tovg mapovctdletol
avoAvTIKG oTig evotnteg 3.2.2 kot 3.2.3.

3.2.1 Xvokev Kataypagig

To Kinect mg ocvokevy Ayng eikdvov dobétel wo kauepa RGB kot o IR kduepa
vrepvOpwv pe €8kd microchip mwov avigvedel kol Kotoypdeer TV Kiviion o€ TPElg
dwotdoelg. Avtdo 10 olvotnuo Tprodidotatne odpwone mov ovopdletor Light Coding
EMITUYYAVEL TNV OVOKATOOKEVT TG EIKOVOC GE TPELS OL0OTACELS,

ITo ovykekpipéva, 1 ovokevy dlabitet pia kdpepo RGB, évav aiodntipa dbovg (depth
Sensor) Kot Wkpoemvo Yo TNV kataypaen Nyov. O acdnmpag Babovg amoteieiton and éva
Alep vrephbpwv og cuvdvacud pe éva povoypouatikd astntpo CMOS, mov umopei va
Katoypdyel Video tplov yopikodv dwaotdoewv. To gdpog Tov atsbntipo mpocapuoletal
avtovopa omd to AoYIoUKO Tov Tov pubuilel katdAinia pe Bdon to puokd mepiBdiiov. To
oynpa 3.1 emonpaivel to pépn piog cvokevng Kinect.

Qg TPOG TOL TEYVIKA YOPOKTNPLOTIKA Kot v akpifeia tov Kinect mpénet v avopephei
ot xataypdeer video pe frame rate 30 Hz, evdd n avdivon tov kavoiiod RGB eivar 8-bit
VGAC, 680x480 pixels kot pmopet va @taoet kot 1280x1024 o yaunidtepo frame rate. To
LLOVOYPOUATIKO KovaAtl Tov Katoypdoet to Bdbog éxel avalvon 680x480 pixels kot mapéyet
2048 enineda evoicHnoiog. AxOun, VIAPYEL 1] EMAOYN TNG AmoOKEVONG TG EKOVAG OO TNV
Kapepo vIEPLOPOV WG Video o avaivon 680x480 pixels | 1280x1024 o pkpod fps.

® http://www.microsoft.com/en-us/kinectforwindows/develop/resources.aspx
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;VlOTORIZED TILT

iy T T

I R
Yypa 3.1: Awedveia ond cvvédplo g Microsoft mov mapovoidlel tig teyvoloyieg mov
vrootpilet to Kinect.

T'o ) odueevN LE TIg TPodiaypaeis Aettovpyia ¢ cvokevng Kinect vadpyovv kdmotot
TEPLOPIGLOL WG TTPOG TNV AMOGTACT, HETAED TG KAUEPOS KOL TOV OVTIKELEVOL-VTTOKEIUEVOD
ov Kotoypapet. Ewdwotepa, n andotoon wWwavikd mpémel va givar 0,8 €wog 3,5 pétpa. O
acOnmpog el €bpog Myng 57° opilovtia, 43° kabeto kot 70° dwydvie. To cdotnua
oTAPIENG Umopel Vo, TPOGPEPEL PETOTOMION o1 Yovia AMyng 27° mpog ta Téveo N Tpog Ta
KéTw. TELOC, Y10 TN AELTOVPYIN TG CVOKEVTG OMALTEITOL TAPOYT PEVILATOS, TOL EMITVYYXAVETAL
LE TO GLVOVAGHO dVO THTTOV KoAmdiov (Eva USB kat éva kodmdio pedbpotog).

3.2.1.1 Teyvoioyia Light Coding

O mepiocdTEpEC TEYVOAOYIEG TOV £XOVV GTOYXO TOV TPOGOIOPIGUO TNG ATOCTACNG EVOC
OVTIKEWWEVOV, HETPOVV TO XPpOVO TTov ypetdletar o Adpyrn eotoc Yo vo talidéyel péypt 1o
avTIKEHEVO Ko vo. avokAaotel amd Tty em@dveid tov. H teyvoroyio Light Coding
YPNOOTOLEL [ EVIEADC OPOPETIKY TPOCEYYISN, OMOL 1 TNYyN QMOTOC €ivol HOVILLOL
OVOULUEVT), LEWDVOVTOG TNV avaykrn vy akpiBeis petpnioelg tov ypovov. Mo mnynq Aélep
EKTEUTEL UN-0paTd QMG (TPOCEYYICTIKA GE UNKOG KOULATOG VIEPVOPWV), OV TEPVA Amd £val
¢iAtpo kot okedaletar og éva Mu-tuxaio aAld 6tabepd oYEd0 amd UIKPEG KOVKKIOESG OV
npoPdrietoan oto mepiPdAlov mov Ppicketar pmpootd otov awcOnmpa. To avaxiodpevo
oY£010 o1t cLVEYEW, eviomtiletan amd pia kapepa vepvBpav (IR) kot avardetat.

I kaBe pixel oy gwcova Tov Pabovg, avarvong 640x480, Topéyetat o Ty Pabovg
péca oto ddotua [0-2048] (11bit). Tpokewévou va ypnotpomombei avti 1 TAnpoPopia,
etvat amapaitnTo vo OpioTel o oYXECT AVALESH GE QUTIHV TNV TN TOL ocHNTPA Kol GTV
Tpoypatikn aroctacn. H mpocéyyion tov mpofinpatog eaiverotl oto oynua 3.2.

H yovia pmopet vo vmohoyiotel and v TptyovopeTpia g e&ng :

o =artan ;)
= arctan I

omov N amootacn Hetalld Tov mopmov vepVBpwv Kot déktn ivor D=0.075 m ko L, givor n
OmOoTACT TOL asOnTpa ad TO avTiKeievo Tov petpninke. Zvykpivoviog Tig ywvieg Tov
vroloyilovtal Y OAeg TiG petpnoelg pe Tig avtiotoryeg Tiég (N) Tov asOnripa, TPoKLTTEL
LWL YPOLLULKT) GYEo :
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/ IR CMOS (receiver)

N\

R-transmitter

Yoo 3.2: Adypappo epapuoyng g Oewpiog yio v uétpnomn g amdcTaong.

N = —4636,3 0 + 1092,5

Ewsdyovtag v mopandve £icmon yio to 8, G VTV EYOVLLE :

5
N = —4636,3 arctan( ) + 10925 &

)

L

~ 0.075
=~ ~@an(0.0002157N — 0.2356) "™

H eficwon avt vroroyilel v mpaypatiky amdoToon Yoo pio dgdopévn Ty N. 210
oynua 3.3 eaivetat 1 YpoEIKn ovOTapdoTacn TG OXECNG AVAUEGH GTNV OTOGTACT| KOl GTIG
TWWES TOL auobnmpa mov peTpdVTOL Kol ovTéG mov vroloyifovtal AkoOpo KaALTEPW
OTOTEAEGUOTO UITOPOVV VO TPOKLYOLV HE TOV enavoUToAoyopd tov N kot 8, petd omd

Babpovounon.

3.2.2 OpenNI framework

Io v koTaypaen, o€ cvvdvacud pe ) ocvokevn Kinect ypnoyonombnke to mhaiclo
avoiktov Aoywoptkod OpenNI 1.5.2, mov elvor KatdAAnAo yw v ovATTLEN EPAPUOYDV
pecoroytopkov (middleware) ko Bipriodnkadv yuo ocntipeg 3D.

To OpenNI(Open Natural Interaction) amotelei éva d10yA®OGIKO Kot SATAATOOPUIKO
mhaiclo mov opilel (o demaen Yoo TPOYPOUUATIOHO gpappoydv (API) oxetikodv pe
dvoik AMAenidpacn avOpdmov-pnyovig (natural interaction). Ewdwotepa, emituyydvet
NV EMKOWOVIN UE :

e  OnTKooKkoVGTIKOLG asnTpeg
e  MEeGOAOYIOUIKO TOL OVOADEL TO. OTTIKE KOl AKOVGTIKG OEOOUEVE TTOV KOTAYPAPEL 1|
GUOKELT] KOTOYPOPNG.
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Yo 3.3: Tywég arstnripa mov petprinkay (KovKkides) Kol VwoAoyioTKAY (YPApU) GE
oyéon LeE TNV amdGeTAoT).

To onpaviikdétepo mheovéktnuo tov OpenNl APl givor 6tL emirpémet v avdmtuén kot
epappoyn oryopifuwv ota akatépyaota dedouEva oV Kataypagovtal, aveEaptnto amd
oLVOKELY, M owobnmpo mov To €yel OnNuovpynoet. TEAhog, emTpémer TNV aviyvevon
TPLOOIACTOTOV GKNVMV YPTCLOTOIDVTINS HOPPEG 0E00UEVMY Tov LroAoyilovtal amd To
dedopéva €16000v £vog atcOntpa. Iapadsiyportoc yaptv, etvar duvartni 1 avamapdotact evog
avOpOTIVOU cMLTOG eVTOTILOVTAG TIG ApOPMOOELS TOL.

Avaivtikdtepa, To OpenNl APl vrootpilel Tov 3D aieOnmpa, v RGB «duepa, v
IR kGpepa vePVBPWV KOl TNV OKOVOTIKY GVOKEVT (LIKPOP®VO). Emmpocbétwe, vrootnpilet
T €ENG oToLKElN LEGOAOYIGUKOV:

1. IwWpng Avéivon Zopotog: Aoywopkd mov emeepydletan to dedopévo  mov
TPOKLTTOLY Otd TOLG ACONTIPES Kal dnuovpyel TV avtioToyyn TANpoPopic wov
aeopd 10 avBpomivo copo (m.y To. dEdOUEVA TOV TEPLYPAPOLY TIG 0pOPMGELS, TO
KéVTpo palag K.0.K)

2. Avéivon Xepiov

3. Avoyvopion yewpovopudv  (gesture detection): Aoyiopikd mov  avayvepilet
GUYKEKPIUEVES XEPOVOLIEG KOt EKKIVEL avaAOY S18(pOPES EPAPLOYES.

4.  AvéAvon Tov GKNVIKOD: AOYIGUKO TOV aVOADEL TV EKOVA TNG Kivomng pe 6Komd TV
TOPOYOYY] TANPOPOPIOG CYETIKA LIE :

e To dympiopd Tov Tpooknviov (foreground) amod to Tapaocknivio (background).

e Tnv kdtoymn tov Y®Pov.
e Tnv avayvopion LELOVOUEV®V OTOL®MY GTN GKNVY.

AT 0 €101 LEGOAOYIGIKOD TOL ovapEPONKaY Tapamdvm, yio T dnuovpyio g Pdong
THETIS a&omomOnkav diaitepa 1 mpdTN Kot 1 teAevtaio Kotnyopio. 1o oynuo 3.4 wov
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axoAovBel, omewovileton n og Tpla emineda M Aoyikn tov OpenNl pe kdbe eninedo va
Topovctdlel éva (mTikd ototyeio.

o  Kopvopn: Avamopiotd 10 AOYIOUIKO OV VAOTOLEL TIC EPUPUOYEC OAANAETIOpOOTG
avOpOTOL-UNYOVIG.

o Méon: Avamapiotd 1o OpenNl, mov Toapéyel SOMPOCOTIES EMKOWVOVIOG 7TOL
OAANAETIOPODV LE TOLG OICONTNPES KOL LE TO LEGOAOYICUIKO, TO OTOI0 OVOAVEL TO
dedopéva, TV acinTp®V.

o Bdomn: Asgiyvel TIg GLOKEVEG TOL KOTAYPAPOLY TO, OTTIKOUKOLGTIKG OEOOUEVH TNG
OKNVIG.

:|» Application

Middleware

Components

(e.g. Hand — OpenNI
gesture — Interfaces
tracking)

Hardware
~ Device
(sensor)

Yyqpe 3.4: Aoy tpudv emuédov tov OpenNl.

H xataypaen tov dedopévav kivnong mpoaypotomombnke HEC® TG EPOUPUOYNS
NiViewer tov OpenNIl wg meprypaoetar akolovbwg (Zynua 3.5). To dedopéva mov
Kotéypoye o aebntipag Pdbovg mov ovopdlovtar depth map, kabdg kot ta dedopéva Tov
katéypaye n RGB kdpepa kot ovopdlovtar image map, cvvévalovat Kot omobnkevoviotl e
éva apyeio tomov ONI mov givar cupPatd pe o OpenNI. Ot Adyor petatponic TV ap KOV
apyelov og apyela tomov AVI kabdg emione, Kot 0 TPOTOG LETATPONNG TOVS TEPTYPAPOVTUL
otV gvomta 3.4.1.

50



Yyua 3.5) Answdvion tov depth map kot tov image map ond to NiViewer xotd ™
Sld1KaGio Kooy poemnc.

3.2.3 NITE Middleware

NITE 74 PrimeSense’s Natural Interaction Technology for End-User ovoupdletor to
LECOAOYICUIKO TTOL avTIAoUPaveTal Tov kOuo oe 3 daotdoelg pe Bdon Tig koveg Pabovg
oL KoTaypaeel 0 3D aioOntipag kot peta@pdalel Ta dedouévo oTa 6 0E00LUEVE, LE OTLOGTOL
vio, tov avOpomo. O 3D acbnmpog mapatnpel to meEPPOAAOV TOV YPNOTN, EVO TO
uecoroyiopkd NITE Aeitovpyei ¢ unyoviopog avtiAnyng mov KaTovoel Ty oAANAETiOpaon
TOV YpNotn pe 10 mePBdAlov Tov. Xvykekpipéva, 1o pecoroyiouikd NITE mepiloapfaver
alyopiBuovg dpacng LTOAOYIGTH TOL KABIGTOLV dUVATO TOV EVIOTIGUO TOV YPNOTAOV Kol TNV
avayvVOPIoT) TOV KIVIGEDY TOVG.

H 18é0 amd v omoia poékvye o oyedacuoc tov NITE Baciletal og dvo epappoyéc. H
mpdn ovoudleton éheyyoc e ta yépo. (Hand Control) kot emitpénetl oto ypriotn va eA&yyet
LU0 EQOPLOYN LE TIC YEIPOVOUIEC TV YePL®V Tov. H devtepn epapuoyn oyetileton pe exeivo
TO, TALYVidlo OOV o1 ¥PNOTEC 1| O ¥PNOTNG OTEKOVTOL UTPOCTA oty 006vN NG ThAEOpaoNC
Kot €mdidoviol o€ OLAPOPEC OLOOKESUOTIKEC EQPUPUOYES. XTOYOC TNG EQEOPUOYNG, TTOL
ovoudleton full body-based control eivar va €€dyel to onuavTiKé YOPOKTNPIGTIKA TOV
OKELETOV TOL ¥PNOTH KOl VO UTOPEL Vo Ta evTomilel oe OAN T S1dpKEI TOVL T VIS100. AVTO
£YEL OC OTTOTEAEGLLO. 1] EQPAPLLOYN VO UMV AOYOAEITOL LLE TOL dEdOUEVA TOV a@OpovV TO Paboc,
o uovo va AopPavel to onueio. Tov GKELETOD Kal TIC YEPOVOUIEC TOL okKeAeToV. TeAka,
emruyyaver vo efdyel Tig dwbéoelg tov ypNoTn He UIKPOTEPO VLTOAOYIGTIKO KOGTOG.
IMapaderypa piog epappoyng full body-based control areucoviCetat oto oo 3.6.
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Yypa 3.6: H epappoyn Full body-based control.

3.2.4 YuvOnkeg Kataypaenig

H xataypoepn tov kKivicewv oviio@aipiong mov amoteAovv v Pdon THETIS
TPOYUATOTOMONKE GE OLO SLUPOPETIKOVG EGMTEPIKODS YDpovg oto ABANTIKO Kévipo
EBvikod Metadfiov TTohvteyveiov kot atov Opho Avticeaipiong I'veddag. H emioyn dvo
ECMTEPIKAOV YDHP®V Y10 TV KoToypapn Tov Video, opeiletal otny gvoicnocia g GLOKELNG
Kinect oto nlaxd ewc. Zvykekpuéva, e€artiog g kauepag IR vagpupbov aktvdv mov
ypnotponotei to Kinect, kabiototar advvatn 1 ketaypoagn tov dedouévav tov Pdbovg dtav
déyetan aueca v NAakn oktvoPforia. Emouévec, vimpée avoykoio n deaymyn tov
KOTOYPOPDOV GE ECMTEPIKO YDPO YO TNV OATOPLYN TOL GUEGOL MAWKOD QMOTOC KOl T®V
TOPEUPOADY AOY® VITEPVOPOV TOL KL TO TPOKUAEL.

Ytov KAEoTO Ydpo Tov AOANTIKOD Kévtpov E.M.IT dwelniybn n xotaypoen tov
Kwnoewv avtioeaipiong amd 31 apydplovg kot 17 éumeipovg avticeoptotés. o tovg
VIOAOOVE 7 EUTELPOVE AVTICPALPIOTES, TOL OEO0UEVE, KIVIIONG KATOYPAPN KOV OTOV KAEIGTO
y®po tov Opidov Avticpaipiong g ['Aveddag. Xt ovvéyeta, Teptypaeetal 1 ddtKacio
OV aKoAoLOONKe.

H ovoxevn Kinect apywd, tonobeteiton oe Dyog 1.6 pétpov and to édapog. H kauepa
TOPAUEVEL OTATIKY). Xe omootaot 1.5 pérpov mepinov, opiletal 1o onueio ektédeonc tov 12
SLOPOPETIKAOV KIvice®mV TG Pdong amd tovg cvuuetéyovres. Kdbe kivinon emavalapfdvetot
OPKETES POPES, EVA 1] GLOKELN KATAYPAPNG TOPAUEVEL GTOOEP.

Avaykaio kpiveton vo emonpoviel 0Tl ot apydplol avTicPAIPIGTEG, TAPAKOAoVOOHY
apyKa po emidelEn kivnong amd v exmadenTpla aviioeaipions tov ABAntikod Kévipov
tov E.M.IIL. £t cvvéyeta, emyepovv vo ppnbovv my 161 kivinon. Zyfuoe 3.7.

Oocov apopd oto mapacknvio (background) twv video, mpénel va onueimbel mwg avtod
dgv mapapével otatikd. Alapopomoteital Tig mePocoTEPES POPEG Amd ATOUO GE GTOpO, Omd
kivnon og kivnon yia 1o 1610 dropo Kot téhog, pmopel vo dlapopomoteital katd T SdpKeL
KaTaypaeng LG Kivnong tov idtov atodpov
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Yypa 3.7: Exideién g kivnong backhand amé v exkmoudedTpio avric@aipiong.

Enmpoobétwc, ota videos dev supavifetar uévo to dropo tov omoiov m kivnon pog
eVOlOPEPEL, OAAG Kot TAN00G GAA®DV aTOUMV 7OV JIEPYOVTOL OTO TOPAGKNVIO, ElTE
OLUUETEYOVI®OV GE  GAAOL  €idovg dpaotnplomtes, Onwg Kohobooeaipion. Akoun,
SLPOPOTOMNCELS WG TTPOG TN Ywvia ANYeLG givarl TBovO va vITapyovv, Opmg dgv KpivovTol
vroAoyioyeg. Télog, Vmapyovv SPOPOTOMCE OTNV  amdoTacn 7Tov  Yopilel Tovg
avTioQaiplotég amd ™ ovokevn Kinect e&attiog Tov 61t yioo 7 and ta 55 dropa mov £xovv
KOTOypopel, o1 AYELS TpayloTomomdnkay Ge SlpOPETIKO YMPO Kot OV NTaV duvarth M
dathpnon tov 1,5 pérpov amndotoong amd to Kinect. H avouowoyévewa oto background
eaivetat oto oynua 3.8.

Yympo 3.8: Awgpoponomoeig oto background katd t S1GpKeI0 SIUPOPETIKDY ARYEMV.
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3.3 Aopn ¢ Baong THETIS

3.3.1 Ewoayoym

H Bdon dedouévev xivnong THETIS omv mepihouPdver 8374 video popeng AVI
GLVOMKNG 01apKeLag Tepimov 7 wpav Kot 15 Aertdv. Onwg avapépbnke non, 55 dtopa -31
apydplol Kot 24 EUmEPOL OVTICQPUIPIOTEC CLUUETEIYOV otV koTtookevn g Pacnc. Ot
KIVAGEIS ovTIoQaipiong mov mepthapupavovtol givar ot mapakdto. H yprion tov ayylMkov
ovoudtov Tpotiudtal kabmg cuumintel pe ) d1ebvac amodektn opoAoyia yio To AOAN Q.

Backhand with two hands
Backhand

Backhand slice
Backhand volley
Forehand flat
Forehand open stands
Forehand slice
Forehand volley

9. Service flat

10. Service kick

11. Service slice

12. Smash

NGO A~LNE

Apyikd, KkaBe dtopo extedel kdBe o amd TG 12 KO  ovVTICEOIPIONG
enavorappavovioc and dvo Emg téooeplg popéc Katainyovue €tol, og 660 apyeio TOHmOL
ONIL. Xt ovvéyeln, petotpémovtal o apyeio ONI oe apyeio AVI pe m ypion epapuoyng
7oV mEPLypdeetar oty evomra 3.4.1, Paciopévng oto mhaicto g OpenNlI. TMa kabe apyeio
ONI onuovpyodvtar tavtdypova mévie AVI apyeio, iong Owpkews. ZvyKekpyléva,
dnpovpyovvTOL:

» 'Eva apyeio AVI mov anewcovilel v mAnpogopioc RGB tov apyikov apyeiov.
» 'Evo apyeio AVI mov anewcovilel v mAnpogopia BaBovg tov apyikov apyeiov.

» ‘Evo apyeio AVI mov amewkovifel v 61A0vETO TOV GTOLOL OV OTEWOVILETOL GTO
apyd apyetlo.

» ‘Evo opyeio AVI mov amewcovilel v kivnon tov okeketod o€ 2 SGTAGES TOL
aTOpOoL oL anewkoviletatl 6To apykd apyeio.

» ‘Eva opyeio AVI mov amewcovilel v kivnon tov okeketod o 3 S06TAGES TOL
aTOOL oL amekovileTal 6To apyKo apyeio.

Emopévemg, mpokvmrouv 3300 apyeia AVI, mov opmg dev amotehodv v tEMKN Pdon
diott voiotavtar kot GAAN eneEepyacio aod KOTTOVIOL 6E EMUEPOVS VIAEO YEPOVAKTIKA.
Y1oy0¢ G dadikaoiog koyipatog givar 1 dnuovpyio omd kabe Video Tpidv vEmv, Tov 0
Kkd0e éva Ba mepiéyel poévo o TANPN emavaAnym g ekdotote kivnong. 'Etotl, mpokdntovv
1980 video RGB, 1980 video depth kot 1980 video mask(silhouette). Ocov agopd ta video
oL amewovifovy To okeAetd €ite og dvO glte og TPElG Ol0OTACEL, dgv glval TAVTOTE
dwbéoipeg tpelg emavornyels. To yeyovog autd oQeileTal GTOVE TEPLOPICLOVG TOV LILAPYOVY
MOTE VO OMOKTACEL KOVElG TV TAnpogopio. okeAetod amd €va oapywd apyeio ONI.
YUYKEKPWEVO, O YPNOTNG TPEMEL VO, TAPEL L0 CUYKEKPWEVN Ofom omnv apyn NG
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Katoypopng, mov ovoudletan calibration pose. e avtifet nepintmon, dev TpaypoTonoleitat
n eoyoyn tov okeletod. Avotuydg o€ oplouéveg meputtwoelg, 1 calibration pose twv
CUUUETEXOVT®V Ogv vIPEe EMTUYNG KOl AVTO gival KATL TOL OgV UTOPEL TPOKATAPOAIKA Vo,
ereyyOel. Axoun, KAmOOL GULUUETEXOVIEC TPOYUATOTOINCOV UE HEYAAN TaydTNTO TNV
EKTELEOT] KATOLOV KIVIICEMV LE OTOTEAEGUO 1 EEAYMYT TOL OKEAETOD VO, EXITVYYAVETOL OTIG
tehevtaieg emavalyelg povo. T'a tovg mapomdve Adyovg, Tposkuyay 1217 video okeleton
og dvo dwotdoelg kot 1217 video okeletod o€ Tpelg daotdoels. To chvoro Tav dedousvav
THETIS yopiletar o€ £&1 vro@axélovg, Onmg PaiveTol 6to oynua 3.9.

BAXH THETIS

txt  Video RGB Video_Depth Video_Mask Video_Skelet2D Video_Skelet3D

Yympe 3.9 : Aour g Bdong dedouévav THETIS
e auTd 10 onpeio, TaPOLGIALETOL Lo TEPIANYT TOV TEPLEYOUEVOV TOV KAOE QuKEAOL.
o iXt: meprlopPdivel AemTopEPT TEPLYPAPT TOV TEPLEYOUEVAOV TNG PACNC dedOUEVDV.

e Video RGB: mepiéyet 1980 apysia AVI, og 12 vmopakélovg (avd khdom). Ze kdbe
@axelo, vtdpyovv 3 emavornyelg omd Kabe dtopo yio v Kivnon outh.

e Video_Depth: nepiéyet 1980 apyeion AVI, og 12 vropakéhovg (avd kAGon). Xe kabe
(@AakeA0, LTapyovV 3 emavaiyelg amd kb Gtopo Yo TNV Kiviomn avth.

e Video_Mask: mepiéyer 1980 apyeia AVI, o 12 vmopakérovg (avd khdon). Xe kabg
(@AakeAo, LLapyovV 3 emavaiyelg amd kabe dtopo yio TV Kivnor autr.

e Video_Skelet2D: nepiéyet 1217 apyeio AVI, og 12 vropakélovg (ava khdon).
e Video_Skelet3D: mepiéyet 1217 apyeio AVI, og 12 vropakélovg (ava khdon).

Y10 oyfuo 3.10 omewoviCovtor otrypdtome tov dov atdpov, vo ektedel v kivnom
forehand slice, and dleg Tig katnyopieg video g Paong.
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(¢)
Yympo 3.10 : (o) RGB video , (B) Depth video, (y) Skelet3D video, (5) Skelet2D video, (g)
Mask video

3.3.2 RGB videos

IMo v ovopacio Tov apyeiov 6e avtdv Tov PaKelo akolovBovpe v e&ng cvPoon:
THETIS {actor} {action} {sequence}.avi

To medio actor avtictoryel o€ éva omd ta 55 dtopa mov cvppeteiyav. Kdbe dropo
avtioToyel o évav Kodkd amd pl émg pS5. Ot kwdwoi pl €wg p31 aviietoyovy ot
apydpovg, eved ot kwdwoi P32 €mg PSS, AvVTICTOWYOVV GE EUTEPOVS OTNV
avticpaipion. To medlo sequence avaeépeton otnv  apibunon peta&d TV
emavoA eV Kot KaBe @opd maipvet po omd Tig Tiég s1, s2 ko $3. To medio action
avVaPEPETAL 6TO €I00G TG Kivnong mov mepiéyet to Video. To oynua 3.11 mapovoidlet
MV oviotoiyion peTo&d Ttov mboavav Tdv Tov Tediov action kot tov TumIKov
ovOUOTOG TNG Kivnong.
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backhand Backhand

backhand2h Backhand with two
hands

bslice Backhand slice

foreflat Forehand flat

foreopen Forehand open
stands

fslice Forehand slice

serflat Flat service

serkick Kick service

serslice Slice service

smash Smash

fvolley Forehand volley

bvolley Backhand volley

Yympa 3.11: Avtictoiyion tiudv mediov action kot Tpaypotikic ovopasiog g

Kkivnong.

[T avaAvtikd, o eakelog mepiéyel 12 VTOPAKEAOVS TTOL TO TTEPIEYXOUEVO TOVG TEPLYPAPETOL

oto oynua 3.12.

Ovopaocio ®akériov ApOpog Atopa Eravaiqyelg
Video avd GTopo
backhand 165 55 3
backhand2hands 165 55 3
backhand_slice 165 55 3
forehand_flat 165 55 3
forehand_openstands 165 55 3
forehand_slice 165 55 3
flat_service 165 55 3
kick_service 165 55 3
slice_service 165 55 3
smash 165 55 3
forehand_volley 165 55 3
backhand_volley 165 55 3

Yypa 3.12: Teprypoen Tov tepieyopéveov tov eakélov Video RGB.
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3.3.3 Depth videos

Mo ™mv ovopacio tov apyeiov og avtov Tov @drkelo axolovbBovpe v e&ng ovuPaon:
THETIS_{actor}_{action}_depth_{sequence}.avi
To medio actor avriotoryel o€ éva amd to 55 dropa mwov cvppeteiyav. Kabe dtopo avtictoyel
o€ évayv Kodko and pl éwg p55. To wedio sequence avagpépetar otnv apifunon petatd tov
emovaAnyemv Kol kabe @opd maipver po amd T Tnég S1, s2 ko s3. ITo avaAivtikd, o
(QAKEAOG TTEPLEYEL 12 VTOPUKELOVG TTOV TO TEPIEXOUEVO TOVG TTEPLYPAPETAL 6TO GYApa 3.13.

Ovopocio ®axérov ApOpuog Atopa Eravaiqyelg
Video ava atopo
backhand 165 55 3
backhand2hands 165 55 3
backhand_slice 165 55 3
forehand_flat 165 55 3
forehand_openstands 165 55 3
forehand_slice 165 55 3
flat_service 165 55 3
kick_service 165 55 3
slice_service 165 55 3
smash 165 55 3
forehand_volley 165 55 3
backhand_volley 165 55 3

Yympo 3.13: Teprypapn tov nepieyopévav tov eokéiov Video_Depth.
3.3.4 Mask videos

IMa v ovopacia Tov apyeiov 6e avtdv Tov PaKelo akoiovBolpe v e€ng cduPaon:
THETIS_{actor}_{action} _mask_{sequence}.avi
To medio actor avriotoryel o€ éva amd ta 55 dropa mwov cvppeteiyav. Kébe dropo avtictoyyel
oe évav Kodko and pl éwg pS5. To nedio sequence avagpépetar otnv apibunon petald tov
emovaAnyemv Kol ka0 @opd maipver po amd T Tpég S1, s2 ko s3. Iho avaivtikd, o
(AaKeAOG TEPLEYEL 12 VTTOPAKELOVG TTOV TO TEPIEXOUEVD TOVG TTEPLYPAPETAL 6TO Tynpa 3.14.
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Ovopocio ®axérov AprOpog Atopo | Eravainyelg
Video ava dTopo
backhand 165 55 3
backhand2hands 165 55 3
backhand_slice 165 55 3
forehand_flat 165 55 3
forehand_openstands 165 55 3
forehand_slice 165 55 3
flat_service 165 55 3
kick_service 165 55 3
slice_service 165 55 3
smash 165 55 3
forehand_volley 165 55 3
backhand_volley 165 55 3

Yyua 3.14: Tleprypoaen Tov tepieyopévov tov pakélov Video Mask.

3.3.5 Skelet2D videos

INa mv ovopacia Tov apyeiov oe avtdv Tov PdKelo akorovBovpe v e&ng oopPaon :
THETIS_{actor} {action}_skelet2D_{sequence}.avi

To medio actor avriotoryel o€ éva amd ta 55 dropa mwov cvppeteiyav. Kébe dropo avrictoyel
oe évav Kodko and pl éwg pS5. To nedio sequence avapépetar otnv apibunon petald tov
emavoAnyemv kol kaBe @opd maipvel po amd Tig Tpég S1, S2 kon $3. Mo avoivtikd, o
(AaKeAog TePLEYEL 12 VTOPAKELOVG TTOV TO TEPIEXOUEVD TOVS TTEPLYPaPETAL 6TO GyNpa 3.15.

Ovopacio ®Pakérov ApOpdg | Atopa | Iapatnpiioeg
Video

backhand 97 51 {p1,p5,p6,p12,p13,p17,p18,
p22,p29,p32,p40,p50}x1 emavainym,
{p7,p28,p33,p45}x0 emavarnyelg,
{p2,p3,p23,p26,p46,p51,p53,p54}x 3
EMOVAANVELS,

OA0L TO, VTTOAOUTOL ALTOMOL X 2
EMOVAANWELS TO KAOE éva
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backhand2hands

107

54

{p11,p14,p23,p34,p55 }x1
EMOVAAN Y,

{p8}x0 emavornyelg,
{p6,p20,p53}x 3 emavarnyelc,
OAQL TOL VTTOAOUTO, GTOMOL X 2
EMOVOANYELS TO KAOE Eva

backhand_slice

100

54

{p2,p7,p10,p12,p25,p27,p41,
p43,p44,p47,p55}x1 emavainyn,
{p8}X0 emavarnyeic,
{p6,p20,p53}x 3 emavarnyelc,
OAQL TOL VTTOAOLTO, ATOUOL X 2
EMOVAANYELS TO KAOE Eva

forehand_flat

110

55

{p6,p19,p21,p32
p50,p55}x1 enavoinyn,
{p3,p4,p8,p11,p31,p49}x 3
EMUVAANYELC,

OAQL TOL VTTOAOLTO, GTOUOL X 2
EMOVOANYELS TO KAOE Eva

forehand_openstands

101

55

{p7,p12,p15,p21,p22,p33
P35,p36,p58,p50,p52}x1 emavoinyn,
{p3,p4,p9,p53}x 3 emavarnyerc,

OAQL TOL VTTOAOLTO, ATOOL X 2
EMAVOANYELS TO KGOE Eval

forehand_slice

97

55

p6,p7,p28,p32,p33,p34,p35,p40,p44,
p45,p47,p48,p49,p50IX1 emovainym,
{p1}x 3 emavarnyeig, OAa TO
VILOLOUTO, ATOMO X 2 EMAVOATYELG TO
Ka0e éva

flat_service

96

51

{p1,p3,p5,p7,p13,p33,p36,p41,
p45,p51 Ix1 emavoinym,
{p37,p50,p22,p55}x0 emavornyelg,
{p2,p40,p44,54} X 3 emavalfyeic,
OA0L TOL VTTOAOUTOL AITOLOL X 2
EMOVAANWELS TO KAOE éva

kick_service

109

54

{p3,p8,p21,p27,p28,p32,p45 Ix1
EMOVOAN YT,

{p37}x0 eravarnyeg,
{pl,p7,p11,p17,p31,p44,p48,p49,p53}
X 3 emavolyeLg,

OAQL TOL VTTOAOLTO, GTOMOL X 2
EMOVOANWELS TO KAOE éva

slice_service

100

54

{p2,p7,p11,p12,p19,p22,p31,p36,
p41,p45,p52,p55}x1 emavainyn,
{p37}x0 grovarinyeig,
{p21,p51} X 3 gmavoryels,

OA0L TO, VTTOAOUTOL AITOMOL X 2
EMOVAANWELS TO KAOE Eva

smash

104

52

{p3,p22,p27,p32,p34,

p43}x1 emavoinym,
{p11,p37,p45}x0 eravoryelg,
{p5,p16,p25,p28,p42,p55} x 3
EMOVOANYELS,

OA0 T VTOAOUTO, GTOHOL X 2
EMOVAANYELS TO KAOE éva
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forehand_volley 93 52 {p7,p12,p21,p26,p27,p33,p34,p36,p37,
p43,p51,p52,p53 }X1 emavainyn,

{ p32,p49,p50}X0 emavorinyelc,

{p30} X 3 emavornyeic,

OAQL TOL VTTOAOUTO, GTOMOL X 2
EMOVAANYELS TO KAOE Eva

backhand_volley 103 53 {p5,p21,p22,p27,p35,p37,p45}x1
EMOVAANY,

{ p32,p37}x0 emavornyelg,
{p2,p13,p41,p48,p51} x 3
EMOVAANYELC,

OAQL TOL VTTOAOLTO, GTOMOL X 2
EMOVOANYELS TO KAOE Eva

Yypa 3.15: Tleprypoen tov mepieyopsvov tov eokélov Video Skelet2D.

3.3.6 Skelet3D videos

INa v ovopacio Tov apyelov og avtdv ToV PaKeAo akolovBolpe Tnv e€ng cvuPaon:
THETIS_{actor}_{action}_skelet3D_{sequence}.avi

To medio actor avriotoryel o€ éva amd to 55 dropa wov cvppeteiyav. Kabe dtopo avrictoyyel
o€ évav Kodko and pl éwg p55. To nedio sequence avagpépetar otnv apibunon uetatd tov
emovaAnyemv Kol KaOe @opd maipvel po amd Tig Tiég S, s2 ko $3. ITo avaAvtikd, o
QAKEAOC TTEPLEYEL 12 VTTOPAKELOVG TTOV TO TEPIEXOUEVO TOVE TTEPLYPAPETOL 6TO YN 3.16.

Ovopocio ®axélov | ApOuog | Atopo | IHopatnpiosig
Video

backhand 97 51 {p1,p5,p6,p12,p13,p17,p18,
p22,p29,p32,p40,p50}x1 emavornym,
{p7,p28,p33,p45}X0 eravarnyeic,
{p2,p3,p23,p26,p46,p51,p53,p54}x 3
EMOVAANVELS,

OAOL TO, VTTOAOUTOL AITOMOL X 2 ETMAVOUANYELS TO
K&0e Eva

backhand2hands 107 54 {p11,p14,p23,p34,p55 }Ix1 emovainym,
{p8}x0 emavornyer,

{p6,p20,p53}x 3 enavarnyeig,

OAOL TOL VTTOAOUTE. ATOMO X 2 EXAVOANYELS TO
KéOe Eva

backhand_slice 100 54 {p2,p7,p10,p12,p25,p27,p41,p43,p44,p47,p55}
X1 emavoinyn,

{p8}x0 emavornyelg,

{p6,p20,p53}x 3 emavainyerc,

OAOL TOL VTTOAOUTE, ATOLO X 2 EXOVOANWELS TO
K0 éva

forehand_flat 110 55 {p6,p19,p21,p32p50,p55}x1 emavornym,
{p3,p4,p8,p11,p31,p49}x 3 enavaiyelc,
OAOL TOL VTTOAOUTE, ATOUO X 2 EXAVOANYELS TO
Kké0e Eva

forehand_openstan | 101 55 {p7,p12,p15,p21,p22,p33
ds p35,p36,p58,p50,p52}x1 emavoinym,
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{p3,p4,p9,p53}x 3 emavarnyelg,
OA0L TO. LTTOAOITO. ATOUO, X 2 EMOVOANYELS TO
K0 éva

forehand_slice

97

55

p6,p7,p28,p32,p33,p34,p35,p40,p44,
p45,p47,p48,p49,p50}x1 emavainym,

{p1}x 3 enavarnyeig,

OA0L T LITOAOITO ATOUO X 2 EMAVOANWELS TO
K0 éva

flat_service

96

51

{p1,p3,p5,p7,p13,p33,p36,p41,

p45,p51 Ix1 emavainyn,

{p37,p50,p22,p55}X0 emavarnyels,
{p2,p40,p44,54} X 3 enavorYELG,

OAO0L TO. LTTOAOITO. ATOUO, X 2 EMAVOANYELS TO
K60 éva

kick_service

109

54

{p3,p8,p21,p27,p28,

P32,p45 }x1 emavoinyn,

{p37}x0 emavarnyer,

{p1,p7,p11,p17,p31,p44

P48,p49,p53} X 3 emavainyels,

oMo, To. VTOAOUTAL GTOMOL X 2 EMAVOANYELS TO
KGO éva

slice_service

100

54

{p2,p7,p11,p12,p19,p22,p31,p36,
P41,p45,p52,p55}x1 emavainyn,

{p37}x0 gravainyeg,

{p21,p51} x 3 emavaliyerg,

Oho. To vOlowmo GTopd X 2 EMAVOANYELS TO
K60 éva

smash

104

52

{p3,p22,p27,p32,p34,

p43}x1 emavoinyn,

{p11,p37,p45}X0 emavornyelc,
{p5,p16,p25,p28,

p42,p55} X 3 emavoinyelc,

OAa. To. VTOAOUTAL GTOMOL X 2 EMAVUANYELS TO
KéOe Eva

forehand_volley

93

52

{p7,p12,p21,p26,p27,p33,p34,p36,p37,p43,p51
,p52,p53 }IX1 emovainyn,

{ p32,p49,p50}x0 emavoryels,

{p30} x 3 emavarfyerc,

OA0. To. LTOAOITOL ATopo X 2 EMOVOANWELS TO
Kké0e Eva

backhand_volley

103

53

{p5,p21,p22,p27,p35,p37,p45}x1 emavoinym,
{ p32,p37}x0 grovainyeig,
{p2,p13,p41,p48,p51} X 3 emavainyelg,

Ol To. LTOAOITO. ATopo X 2 EMOVOANWELS TO
KéOe Eva

Yympo 3.16 : Tleprypoen tov mepieyopévav tov eakéiov Video Skelet3D.
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3.4 Epyoieia

3.4.1 Meratpom apyeiov ONI o¢ apyeioa AVI

Yxomog ¢ onuovpyiag e Paong dedopévov THETIS eivar va ypnoyomombel mg
gpyareio a&loAoynong Kot avaAvuong Tov aAyopidimy Tov TPOTEIVOVTOL Yo TNV ETIALGT TOV
TPOPANUOTOS TG AvVOyVOPLoNG avOp®OTIVIG SpacTNPlOTNTOC KOl O CLYKEKPIUEVA Yo
EQPOPUOYEC gaming, avTopoTOmomuUEVOD oyoAaouod abintikov event «.o. Emopévac,
kpivovtag mwg 1M dwdbeon g oxetikng mAnpopopiog oe apyein tomov ONI Oa Mrav
TEPLOPIOTIKN YO gupela ypnon, kobmg Bo Mrav emPefinuévn n ypnion tov Thouciov
epappoymv OpenNI kpifnke avaykaio 1 WETOPOT TOV KATAYEYPOUUUEVOV CPYEI®V TOTOV
ONI, oe po evpémc owdedouévn HOpeT apyeimv Yo v omofnkevon odedouévav
nolvpécwv. H petatponn tov apyeiov ONI ce AVI mapayuatorombnke pe m ypfion wog
ePappoyNc, Pactopuévng 6to dayAwnooikd mhaicto epappoydy OpenNlI, mov éxel avomtoydei
oo Tov K. ZTopo AToctorov. H epapuoyn mapéyet Tig €ENg dSuvatdTnTeg :

e  Amoudvoon tov dedouévav tov Pabovg mov £xel kKataypayel o aisbntipag Badoug,
Kot 1 omofnkevon og apyeio avi.

o Elayoyn m™c oltlovétag tov atdéuov pe ypnomn oAyopibumv mov vrootnpilel to
OpenNI ka1 1 amoBfKevon TC TANPOPOPiag 6E apyeio avi.

e Elayoyn 1oL okEAETOD TOL AVOPOTIVOL GCOUOTOC, HECH TOL EVIOMIGUOD TV
apBphdoewv Tov eniong vwootnpiletor amd to OpenNI.

e H amewovion g TANpo@opiag Tov apopd Tov 6GKEAETO TOGO GTIS dVO SUGTACELS OGO
KOl OTIG TPELG.

3.4.2 Ilepikom Tov AVI apyeiov

Me ) dwdikacio TeEPKONMNES TV apykav apyeiov AVI, dnuovpyndnkav yo kdde
apykd apyeio, meprocoTepa pkpdtepns odpkelag. 'Etor and 3300 apyeio, mpoékoyav 8374
véa. Xe ka0e évo omd Ta apykd apyelo, mapovclAleTal 1) EKTEAEST] LEPIKADV EMAVOANYEDV
QoG ovykekpévng kivnong avrticpaipiong. Avtibeta, petd v mepikomy, Kabe apyeio
mePLEYEL LOVO pio emavAANYM TG emBuuntig Kivnong amo@edyovTog TNV KOTOY PO
Kivfcewv mov dgv oyetifovion pe v embount dpactmpomra. ‘Etol, ta tedikd €yovv
TEPLEYOUEVO TEPICCOTEPO GAPEG KOL TTLO GYETIKO [ TNV emBounTh Kivnon.

H Sdwcacio g mepkonng Tov apyeiov Tpaypotomrodnke xEPpOVIKTIKA e T ¥p1on
TV gpyaieiov Tepkonng apyeiov video Virtual Dub 1.9.11.
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KE®AAAIO 4

AeEayoyn apapdtov

4.1 Ewoayoym

Kotd 10 televtaio GTdo10 NG €PYACING TPAYUNUTOTOIEITOL 1 TEWPUUATIKY SOKIUT TNG
Baong 6edopévav THETIS pe v epapuoyn dvo uebddwv avayvmpiong dpactnplotnTog Ton
&yovv oM mpotabel. o Tov oxomd awtd, GAa Ta Video mov TEPEYOVV TV AVOTOPACTUCT] TOV
okeletod ot 1pelg daotdoelg (Skelet3D video), kabmg kot To, Video mov mepiéyovv v
mAnpoeopia. tov Pdbovg (Depth video), kmdiwkomorovviar pe meprypaPeic Tegvtoiog
TEYVOAOYIOG, TTOL TTEPLYPAPOVTUL EKTEVDS oTIG evotnreg 4.2.1 kot 4.2.2. 1t cuvéyeln, apov
KkBavtomomBovv o1 meptrypapeic Tov Video pe ™ dadikacio mov TEPLYPAPETOL GTNV EVOTNTO
4.3, elobyovtal ¢ €i60d0l 68 un-ypopikés unyovég dtavvoudtov vrootypiEng (nonlinear
SVM) (evotnra 4.4) yio v ta&wvounon tov Video oe khdoelg pue Baon 1o gidog tng Kivnong
IOV TTEPLEYOLV.

EmnmAéov, mapovcialovtal o avtimapdBeon 10 amoTeAECUATO TOL TPOEKLYAV OO TNV
EPUPUOY TOV 1010V TEPYPOUPE®V KOl UE TO 1010 TpwTOKoAAO Tafvounong ot Pdon
dedopévav KTH. Xkomdg ivol va mapovstactody ol TPOKANGELS TOV TPOKLITOLY 07T0 TO VEO
ovvolo dedopévav kiviicewv THETIS.

4.2 MéBooor E€ayoyncg Ileprypapimy

4.2.1 M£0odog Space-Time Interest Points-STIP

"Evag amodedetypéva modd ypoLog TPOTOS EVIOTIGUOD TMV GTOEI®MV oV Umopel va
pog evolopépovv péoa oe pio ewdva kol kat' eméktaon o€ éva Pivieo, etvar n avedpeon
onueiov evdpépovtog (interest points). Xtnv mpoondbeia va Ppebodv této1 onpeia 610
YOpoYpOvo mov va etvar apetdPfinta otig aAlayés g KAMpokag tov vmd eEétaom
avTIKEWEVOV 1| avBpoTivoy Kviicemv mpotddnkav Katd kaipovg diipopes pébodot.

2TV Topovuca EPYOCIO YO TOV EVIOMIGHUO YWOPOXPOVIKOV CUEl®V eVOLHPEPOVTOS Kot
™mv e€aymyn TV TEPLYPAPEDY TOVS, aKoAovBnoape T péBodo mov ypnoorombnke 6to
[18] Kot ApMOYLOTOU|CALE TOV KOJIKO TOL TAPEXOLV Ol GUYYPAPElS. O KMOKOG TPOEKTEIVEL
tov Aviyvevtn Harris 3D (Harris 3D Detector), tov Laptev ko Lindeberg [15] mov gvromilet
YOPOYpoviKa onuela  evolapépovtog  (Zynua  4.1) kot vmoroyiler TOLG  TOMUKOVG
xopoypovikovg meptypaeic  lotoypdupata IpocavatoMopévng Kiiong (Histograms of
Oriented Gradient-HOG) kot Iotoypappato Ontikng Pong (Histograms of Optical Flow -
HOF). Onwg oto [18], ypnoipomotodpe tnyv €kdoor eketvi) Tov KMk Tov dgv xpnoyLonotel
emioy] KAMpoKag,aAAd avtifeta éva GUVOAO TOAAATAMY GULVOVACH®V OTO YOPIKEG Kol
YPOVIKES KAILLOKES.
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Yypo 4.1 : Epoppoyn tov kddwka, STIP og Bivieo g Paong THETIS mwov amewcovilel to
Badog.

4.2.1.1 Aviyvevtijs Harris 3D

O Aviyvevtic Harris 3D (Harris 3D Detector) avalntd 1ig xopoypovikic TéG g
EIKOVOG OV TOPOLGLALoVY HeYdAES amoKkAioELS TOGO 6T O1AGTAGT TOV XMPOL, OGO KOl TOV
ypovov. Ta onueio owtd Oa givar yopikd onpeio evOlaPEPOVTOC, OAAR LLE LLO YOPUKTNPIOTIKY
YPOVIKT B€om, TOL OVTIOTOWXEl GE OTLYUEG W GLVEXOUEVNC KIvionG TNG €IKOVOG GE Hd
YDPOYPOVIKY| YELTOVIAL.

TUVERMC, Y0, T1 YOPOYPOVIKY akoAovdio TG ekovag, f: RZ x R — R &yovpe TV KOTOOKELN
TG YPOLUKTC Y®mPOXPOVIKNG avamapdotoonc D : RZ x R — R, %, pe ovvélén g f pe évav
aVIGOTPOTIKO TKOOVGI0V TUPAVE GUYKEKPLLEVIG YOPIKNS T2 KoL YPOVIKNG SlokDULOVeNG T2+

(4.2.1) D(502,72) = g(502,t2) * f()
OOV 0 YWPOYPOVIKE dtaywpictpog I'kaovoavog Tuprvag opiletat g :
exp (—(x% + y?) /202 — t*/21%)

V(@n)dott?

Oe®POVUE TN YOPOYXPOVIKY UNTPa devTEP®V pomddv (spatio-temporal second moment
matrix), m omoio &tvar évag 3%3 mivakag mov omoteEleiTOl OmMO YOPIKES KAl YPOVIKES
TOPAYDYOVS TPOTG TAENG, Kavovikomompéves ond pio I'kaovowovr cvvaptnon Pdapovg
9Gal,td)

(4.2.2) gy, t;62,12) =

D DD, DyD,
(4.2.3) p=gGa2t2)«| DD, Dj D,D;
D.D, Dy,D, D?

,0mov ot KMuokeg evoopdtoong (integration scales) sivar 02 = so? xou T2 = ST, O1
mopdymyol Tpd™S TaENG opiCovton wg Dg( 62,12) = 0:(g * f). H avalimon yio onpeio
EVOLLPEPOVTOG YiveTol TAEOV OTIS TTEPLOYES NG [ OV Ol W0TWEG A4, A5, A3 TOL W Taipvovv
Wafovoeg TYEG.

Enexteivovtag mdAtl tov amho Harris aviyveotr, dnpovpysitat éva tpiodidotato pétpo
Harris/ yoviomrog
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(4‘24‘) H = det(l.l)— k- tTace3(ﬂ) = 111213 - k(Al + Az + 13)3

'Eto1 Aowmdv, ta onpeio evOl0QEPOVTOG TOV EMAEYOVE EIVOL OVTA TOV OVTIGTOLYOVY GTO
Oetikd tomikd péytota ™mc H. o mv emhoyn g kAipakeg Tov cuvodedel To kdbe onueio
EVOLOPEPOVTOC EUTAEKOVUE TNV AQTANGLOVY] GE YOPOYPOVIKT LOPPT KOl KOVOVIKOTOUUEVT
®C TPOG TNV KAlpaka, ®cte vo opiletal e Tov €€ng Tpdmo:

(4-2-5) V%OTmD = Dxx,norm + Dyy,norm + Dtt,norm

610V Dyynorm = 02%T2PDyy k01 Dyt norm = 02°T22Dy;. Me v emloyn tov katdAAniov
TopOUETPO®V Yo T0 a, b, c,d pmopovpe va @épovue T AOTAACIOVY GE LOPET Tov &ival
dwyepioyn ®ote TeEMKE, avalntovpe To onueios TOV UEYIGTOTOODV TOTIKG OVOUESH GE
YOPIKEG KL YPOVIKEG KAILOKES T1 GLVAPTNON:

(4.2.6) VZmD = 021/2(Dyy + Dyy) + 07%/2Dy,

4.2.1.2 Iovoypopuara Ilpocavarolicuévys Kiiens waur letoypaupatra Ontikis
Porjc

Mo mv &fayoyn yapoKTpIoTIKOV 7TOL OEOPOVYV TO GONUEID EVOLLPEPOVTOC TTOV
evromilovton pe tov Harris 3D detector, omwg avagépbnke TponyoLvHEVOS, ¥PNOILOTOL0VVTaL
T wroypdupate HOG ka1t HOF.

I'a v viomoinon tov HOG (ZyMua 4.2) amorteitor 1 akdlovdn dwdikacio. Apykd,
yivetol 0 VTOAOYIGHOG TNG KAioN G (gradient) 1e TO QIATPAPICUN TOV Y¥POUOTIKOV TILDV 1 TOV
TILOV EVTAONG QOTEWVOTNTAG (0V TPOKELTUL VIO OOTPOLOVPES EIKOVEC) TNG EIKOVOG LE TO.
dwukptd  @idtpo - pAOKEG  TOPAYOYIONG KoL Yo TG OVO  OCTACELC:
[-1; 0; 1]kac[-1; 0; 1]7.

2T CUVEKELD, TPEMEL VO KOTOUGKELAGTOVV TA 10TOYPAUpata Yo kébe keal. Kdbe pixel
péca oto KeAl TpocBEtel 6TO 16TOYPAUUA TIC TANPOPOPLES Yl TNV KaTevBvVoT g KAlong Tov
pe éva ovykekpyévo Papog v v Kabe yneo mpog pia katevBovon. Lovibwg yio avtd to
Adyo ypnowonoteitoan amid oav BApog To mAGTOG TG KAlong Tpog pia kotevbuvaen, apov Exel
amoderyfel Tog divel o KaAdTepa amotedéopata. [ v KoADTEPN KOvOviKOmOinoT TV
TATOV TG KAlomMg, TOAAL KeAd opadomolobvial o€ peyolvtepa yopikd tunpata (blocks).
[T ovvnBeg €ldog oynuatog mov ypnotponoteitol givor to ophoydvio mov yapaxtnpileto
amd 3 mapapétpovs: «,f,y. Eva opBoydvio avoamapiotdtor amd a x ¢ mAEypoto omd
B x B xehd pixels, mov to Kabéva TePIEXEL Y SLPOPETIKES KATELOVVOELS.

Mo v xavovikormoinon tov tunudtov mpoteivovtol emiong Spopa Gy LOTA, TOV
TEPLAUPAVOVY TO V, TO LN KOVOVIKOTOUWUEVO SIIVUGHO TOV TEPLEYEL OAOL TO IGTOYPALLOTO
evog TunpaTog, TG VOpHES TOL Kol o pKkpn otafepd e. O VTOAOYIGHOG TMV
KOVOVIKOTOUUEVOV TYLMV UTOPEL vaL YIVETAL LE £vay amtd TOVS TAPUKAT® TPOTOLGS:

v

Ly—norm: f = ——
norm ,—”V”% iy

v

Ll— N f=—
o JIVI; + e

v

Li—sgrt: [ = |75
st S =l e
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Yyqpo 4.2: Anewcovion avOpdmTov Kol VTOAOYICUOV TNG TPOSUVOTOMOUEVNS KAIoTg
GUVOMIKA, OAAG Kol GTO OPOPETIKA KeMA Yo TV e&aymyn tov HOG o6mwg 6to oyfiuo tov
[71].

H viomoinon ywo. tov vmoroyiopd tov totoypoupdtov HOF (Zyfua 4.3) eivar apketd
OO0 O TPOG TOL GTAdLY TG pe TV uéB0dO Yo Tov VITOAOYIGUO TV eToypaupdtov HOG.
Mo tov vToAoYIGUO NG ONTIKNG PONG W CULYKEKPLUEVE, YPNOILOmOoLEiTOl Yo Kabe pixel
ave&aptnto n Avon g petplacuévng ypouutkng eéicwonc Elayiotov Tetpaydvaov (damped
Linear Least Squares equation):

w=(ATA+BD"'ATh

v og o wkpy N X N yswwovid, 6mov 10 b sivar éva N28ivoopa othing mov
KOSUKOTOEL TIC YPOVIKES S10POPEC TNG EIKOVOC, 0 A sivar évac N2 X 2 mivakac amd yopucée
KMoelg [lx ly] Kot B glvar £vag PeTplacTIKOC TapdyovTag Yio vo uetmbovy apBuntikd 0éuoto
amd tov povadwaio AT A.

2TN CULVEYELD, YO TOV LTOAOYIGHO TOV OPOpPOYV TMV ONTIKOV PomV, Ol omoieg Ba
GUUUETEYOLY OTA IGTOYPAUUATA, EYOVV TPOTAOEl apkeTOl TPOTOL, AALE EVOG TOL OVOAOEIKVVEL
KOADTEPA TIG GYETIKEG Kvioelg Tmv dkpov sivar o IMHcd (Internal Motion Histograms cell
differences). Zouemvo pe avty Vv TeXVIKY, &rovue 3 X 3 tuquota amd KeAd kot og Kabéva
pixel amd ta 8 emtepikd keAld vmoAoyilovior ot SPOPES OMTIKNG PONG MG TPOS TO
avtioToya pixel Tov KeEVTPIKOD KEALOV, OOTE VO TPOKVLYEL VA IGTOYPOULULL TPOGAVOTOAGLLOD.
Ta 8 1oToypdppata Tov TPOKHTTOLY KAVOVIKOTOLoUVTaL ooy £va Tunpa (Zynua 4.3 (B).
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Yo 4.3: Iotoypappoata Ontikng Porg-HOF. a') Yroloyiopdg ontikig pong kot TAGToUG
PONG LETOED 0VO JAdOYIKMOV EKOVMV e avadelln opimv kivione. B') Zyfua Kodikomoinong
IMHcd, 6mov o vrohoyioudc v dagopdv yivetal petald avtictoryomv pixel 6€ yertovika
KeMd dTwg 610 oYU Tov [72].

4.2.1.3 Hapaouctpor MeBoodov STIP

Me mv eloayoyn tov Pivieo oty €icod0 Tov cuoTHHatdC, oL akoAovbiec amd kopé
emelepydlovioan ocvppova pe tov aiydpiBpo Harris3D. Xe kdBe onuelo tov Pivieo
vroloyiletar n pftpa dedtepwv pommv (second moment matrix) (4.2.3) pe 1t ypnon
aveapTNTOV TILAOV Yo TIG YOPIKEG KOl YPOVIKES KAILOKEG G Kol T, UI0G OX®PIGUUNG
cuvapmong ['Kkaovoavig OpaAOTOMONG g Kol TV YOpoxpovikov mapaydyov VD. Ot
teMKkég B€0elg TV YOPOYPOVIKAV onuelov evolapépovtog divovior and o TOmKe HEYIET
™m¢ (4.2.4), evd vy v emioyn G PEATIOTNG YOPOXPOVIKNG KAMpakag yivetar ypron g
(4.2.6), oAMG o€ pio amlomompévn Hope] 0oL SOKILALOVTIOL GLUVOLOGLOL YPOYPOVIKMOV
KMUAK®V Kol EMALYETOL O KAADTEPOG GLVOVAGUOG. Me avTOV TOoV TPOTO EXOLLE 1O 1 KO
KOAOTEPO OMOTEAEGHLOTO. KOl GTLLOVTIKY EMTAYLVOT ToL adyopifuov o€ onueio va TAnoidlet
™V TovTNTe TOV Pivieo.

‘Emerto. amd v emiloyn Tov onpeimv evolapépovtog yuo Ty e€aymyn TV (opoKTY-
PLOTIKOV HOG YPNOLOTOOVUE TNV TEPYPOP TV cvvdvacuévev lotoypappdtov Ilpo-
cavatoMopévng Kiiong kot Omtikng Porg (HOG - HOF descriptors) otig yertoviég tmv
onueiov evdlapépoviog. o avtd Tov GUVOLAGCUO Ta LEYEDN TNG TTEPLYPAPNG TNG YELTOVIAG
tov onueiov evépépovtog kabopiloviar wg 4,(0) = 4, (o) = 180, 4.(t) = 87, 6mov
A,(0),4,(0) eivon o yopucd peyédn cvvoptiocst mg xopikng Kiipakag o kat A,(t)  sivot
N XPOVIKY EKTOOT] GLVAPTACEL TNG XPOVIKNG KAMpakag T. Kabe dykog ywpiletar og éva n, X
n, *X n; mAéypo amd keMd, evd yoo kdbe kel vmoloyiCovtan to Iotoypdupata
[Tpocavatohopévng Kiiong 4-katevfiveemv (4-bin HOG) kau ta Iotoypdppare Omtikig
Ponc 5-katevBiveewv (5- bin HOF).
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‘Emterto. amd kovovikomoinor to 6ToEio. ToV 16TOYPaUUdTeV cuvBétouy To ddvuoua
TOV YOPOKTNPOTIK®OV HoG. [a v Okn Hog EQapUOYR YPTCULOTOLODUE TUPAUETPOVS M\=
ny, =3, ny = 2. Kotd cvvénew, omd kabe onueio evolapépovtog Exovpe Tov LIOAOYIGUO
€VOG O1OVOGUOTOC YOPOKTNPIOTIKOV pe 3 X 3 x 2 x 4 = 72 HOG ko 3x3x2x5 = 90 HOF,
dAadn éva didvvoua dtdotaong 3 (yopoypovikn Béon_onueiov evdiapépoviog - X,Y,t) + 2
(xwpoypovicéc kiipaxec -02, t2) + 72 + 90 = 167.

4.2.2 M£0odog Dense Trajectories

H Jedtepn pébodog avayvopiong avbpomvng dpactnpotntog oe  Video, mov
epapudéotnke oto Video g Paong dedouévav THETIS - video mov anekovilovv to Babog
Kot Tov okeAeTO o€ Tpelg daotdoelg — ivarl 1 uébodog Dense Trajectories 1 mukvég Tpoyiég
ov Tpotabnke and tov Wang kat tovg cuvepyateg tov [73]. H pébodog Dense Trajectories
ompiletar oV mokvhy derypotoAnyio onueiov amd kabe kopé kol mopoakolovbel v
petatémion tovg pe Pdon tnv mAnpoeopio wov AauPdvel amnd to mwedia ontikng pong. O
appdg Tov onueiov mov mopokolovfodvtal UTopel EVKOAN VO, TOAMATAOGIAGTEL, EPOGOV
VTOAOYIGTOVV 1O mediot OnTIKNG poNg ¥wpig k6otog. 'Etol, o1 mukvég tpoyiég tov onpeiov
neptypapovy v kiviion oto video (Zynua 4.4).

Emumhéov yuo TV avTILETOTION TOV TPOPANUATOV TOV TPOEPYOVTAL ALd TNV KIvion TNG
Kképepag, oto [73] ot cuyypaeeis el yoyav Evay VEO TOTIKO TEPTLYPOUPENR TOV GUYKEVTIPMVETOL
omv kivinon tov mpooknviov. O meprypagéag ovtdC OmoTeEAEl EMEKTACT, TOL TPOTOL
Kodwomoinong ¢ «kivinong pe Iotoypappota Opiov Kivnong (Motion Boundary
Histograms) [72].

Yypa 4.4: Epappoyn g pebddov Dense Trajectories o€ Pivieo g Paong THETIS mov
amewcovilel To Bdbog.
4.2.2.1 Eéayowyq Tpoyimv

Ov tpoyiéc edyovtar yuoo mOAAOTAEG yopikés KAlpakeg (Zynpo 4.5 apotepd). Ta
YOPOKTNPLOTIKG onueia derypotoinmrovvol og éva TAsypa pe W pixels, omov W to friua
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detypnatolnyiag Kot mopoakolovbovvial yomplotd yio kabe wAipoxa. Kdabe onueio Py =
(x¢,y:) amd 1o kapé t, eviomiletar 610 emduevo kapé t+1, uéow evog @iktpov pecaiov
(median filter) oe éva Tokvo ontikd nedio ontikAc pong w = (U, Up).

(4.2.7) Pevr = (Xer1, Vew1) = (e ye) + (M = “))l(ft,ﬂ)

omov M eivan o moprvag tov median filter kot (ft,yt) givor n otpoyyvAomompévn 0o Tov
onueiov (x;,y:). MOMc vmoloylotei to medio otikig pong, To onueia pmopodv va
EVTOTIOTOOV €VKOAD yYwpig emmAéov ko6ctog. Ta onueio T@v oakolovbidv Ttov Kopé
cvvevavovtat kot oynuatilovy mv tpoytd (Py, Pryq, Pryg, v ).

T'o Tov VTOAOYIGUO TNG OMTIKNG PONG Ypnowonoleital o akyopiBuog tov Farneback,
onw¢ viomoteitan amd ™ Pifirodnin OpenCV7. ‘Eva. koo mpdfAnua Kot tov VToAoyIopo
™G TPOYIGG €ival 1 oAloOnom amd v apykn g 0éom. o v avIET®TION TOV, TPETEL VAL
TEPLOPIOTEL TO PNKOG TG TpoYLaG o€ L kapé. Otav Eemepactel to dpro L, 1 tpoy1d apoipeiton
amo T dladikacio mapakolovdnong (Zynfua 4.5 kévipo). Eniong yia va Stac@aliotel n Tokvi
KG@Avy” TOL Video kat yo, va vidpyst og kaOe Kopé 1 mapovsio evag ixvovg 6to mALyu, GtV
nepintoon mov dgv gvtomiotel kdmolo onueio ot yertovie W X W Aoaupdveton pe
detypatolnyia, évo onpeio Kot Tpootifetal ot S10d1Kacio Yiol TOV EVIOTIGUO TNG TPOYLAS.

To oyfuo pog tpoylds Kmdkomolel Tomkd potifo Kivnong. Me dedopévn pia tpoyLd
unkovg L, n pébodog Dense Trajectories meptypdeel 10 oyAuo TG HECH Hag aKoAovBiog
S = (4P, ...,AP; ;1) dwavvopdtov petotomiong AP = (Pryqr — Pp) = Xep1 — X6y Vier —
V). TO teEMKO d1dvocpa Kavovikoroteital amd 1o abpoispo Tmv peyeddv Tmv S1avucuatny
LETATOTIONG :

(4-28) S = (Apttl-l_"L'_'fIPt+L—1)
it tlan|

To dibvuopa avtd ovopdletor meptypagéag Tpoylag (trajectory descriptor).

4.2.2.2 lIeprypapeic Kivyong

IIpokeywévov va amoktnBel 1 TAnpopopia yo v kivnon and tig Tpoylés, vmoloyilovtot
Kdmolol mEPLypaPeils oTov OyKo Ywpoxpovov yOopw amd v tpoyld (Xynuo 4.5 oegud). To
péyebog tov oykov eivar N x N pixels kat L xapé. I'io va evoopatodel n minpogopio g
dopng oV mapovcioot, 0 OyKog dwaupeitar o éva TAEYHA yopoypOvov peyéBoug ngX ng,
X n;. Ot meprypageic mov vmoAoyiCovrar gival ta Iotoypappata Ipocavatoropévng Kiiong
(Histograms of Oriented Gradient-HOG), ta Iotoypdppota Ontikig Porg (Histograms of
Optical Flow - HOF) «ot ta Iotoypappato Opiwv Kivnong (Motion Boundary Histograms-
MBH).

7 http://opencv.willowgarage.com/wiki/
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Dense sampling Tracking in each spatial scale separately Trajectory description

in each spatial scale
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Yympo 4.5: Tlapovoioon e meptypaenc 1e TukvEG Tpoy1Es. Apiotepd: [Tukvn derypotoinyia
YOPOKTNPIGTIKGOV oNUeinv og TOALUTALG yopikée kKhpokes. Kévipo: H mapakoiovdnon toug
TPOyUTOTOLEiTOL TNV avTioToyn Yopikn KAlpaka yio L kopé. Aeid: Ot meprypaeic TpoyLic
Bacilovtol 6To GYAUE TOLS TOL AVOTAPIGTATOL OO TIC GYETIKEG CUVTETAYUEVES TOL OTUEiOV,
KOl GTNV TANPOPOPI TOV aPopd TNV EUPAVIOT| KoL TNV KIVNon 6€ Wi, TOTKT Yertovid and N
x N pixels yopo omd v tpoyid. o va evoopotwndel n TAnpoeopia g doung otV
TOPOVGINGN, 0 OYKOG dloupeital 6€ Evo TAEYUO XOPOYXPOVOL HEYEDOLE Ny X Ny X Ng.

O neprypoéag MBH ywpilel to medio ontikng pong I, = (Ix, Iy) o€ OVO CLVIGTMGEG X
Kol y. Xt ovvéyeln, vmoloyifoviol ot Yopikég mopdymyol yio. TNV KoOgpd Toug Kot 1M
TANPOPOPin, TPOCAVATOAMGHOD KPOVTIOMOlEiTal GE 1GTOYPAUUOTO OTMOG OTOV TEPLYPUPED.
HOG. Egoécov ot meprypageic MBH oavomapiotobv v xhion ¢ OnTIKNG pong, 1
TANPOPOPIa, Y10, TIC OAAAYEC GTO TTESIO OMTIKNG POT|G OTOLOVAOVOVTAL KOl arofnkevovTaL.

4.2.2.3 Hoapauctpor MeBodov Dense Trajectories

INa ™ de€aywyn Tov TEPAUdToV 6T0 TANICLO TG £pYAciag, To Prina derypotoAnyiog
ov ypnowonombnke sivaw W=15. Emiong, ypnowomomdnkayv 8 ywpwkés kApokeg pe

nopdyovta amécTaong 1/4/2 . Q¢ pikog tpoyidg xpnooromoae L=15 kapé.

Oocov apopd 6TV 0pyaveGcT TOL YOPOXPOVIKOD TAEYLATOG TOV OYKOV GE KEALY, Ol TULES
TOV Topapstpev  Eovv g eéng: N=32 pixels, n, =2, n, =3. T «kdbe onueio
evolpépovtog  vmodoyilovtar  m  tpoyie  Trajectory  (2-bin), ta Iotoypdupata
ITpocavatohopévng Kiiong 8-katevbiveewv (8-bin HOG), ta Iotoypdupata Ontikng Pong
9- xatevBvveewv (9- bin HOF), ta Iotoypappata Opiov Kivnong d&ova X 8-katevbivoemv
(8-bin MBHX) kat 1. Iotoypdppata Opiov Kivnong d&ova y 8-katevbiveswv (8-bin MBHY).
‘Emeito. amd kavovikomoinorn to ototyeio. ToV 1GTOYPaUIIT®OV cuvBETOVY TO SIVLUGHO TMV
YOPOKTNPOTIKOV poc. Kotd ovvémewn, omd kabe onuelo evdlo@épovioc &yovpe Tov
VIOAOYIGHO EVOG S1OVOGHOTOC XopakTNPLoTIKOVY pe 2XL=2x15=30 Trajectory, 2 x 2 x 3x 8 =
96 HOG ko 2x2x3x9 = 108 HOF, 2 x 2 x 3x § =96 MBHX kot 2 x 2 x 3x 8§ =96 MBHYy.
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4.3 Kpavrtomoinon Tov meprypopimv
4.3.1 Anmovpyio Ontikov Aggikov

Eivai gvkora katovontd amod ta Tponyovueve, Kepaioto 6Tt 1 eEaymyn XopaKTNPIoTIKOV
Kivnong omd ekovocelpég eival dlepyacio Le DYNAO VTOAOYIGTIKO KOGTOC, 1 OToio, TOPAYEL
o€t 0edopévmv TOAD peydAov peyéboue. [oAAEg PopEG T YAPUKTNPICTIKA QVTA UTOPODY V.
ethoovy ™V TGEN Tov 10° dwkprtdv peyeddv. Eivor mpopavéc 6Tt TETOWOL THTOL
OKOTEPYOOTO YOPAKTNPICTIKA OE UTOPOVV VO, XPNGILOTOI000V amodoTikd o€ alyopibpovg
ta&vounong (classification) Adyw ¢ VTOAOYIGTIKNG TOAVTAOKOTNTAG TTOL EXPAALovY. 'Evog
TPOTMOC VO, OVTIUETOTIGTOVY TéTolov €idovg mpoPAnuata sivanr m texvikny bag of words
(features), dnAadn n dnpovpyia evog «omtikod AeEkob». Mg Tov TpOmo aVTd EMTVYYAVETOL
n KPavromoinon tov meprypapémv. H dnutovpyio Tov ontikod Ae&ikod TpuylaTomoleitol e
oAyopiBuovg opadomoinong M oAlmg opadomoineng (clustering) tov dedouévov. H
opodomoinon pe v evpeio. évvola eivor €va omd TO. OMUOVTIKG TPOPANUATE TOL E)EL
OTTOCYOAGEL TNV EPEVVNTIKY KOWOTNTA, EIOIKOTEPA OTAV EYEL VO KAVEL e HEGOUEVE TOL OTTOTN,
petafdirovrol pe o ypovo, 6nmg cupuPaivel oTIC YPOVOCEIPEG.

Me tov 0po cuotadonoinom (clustering) ovopepopacte otn dladkocio ekeivn ue v
onoio, TpoomafovE VO EVTOTICOVUE ECMOTEPIKEG OOUEC-OYECES GE £V GUVOAO OEOOUEVOV
GyvmOoTNG KOTYopiog, OpyovavVOVToS To. 000UEVA OVTE GE OLOYEVEIC Opadec. Xtdyog sival Ta
dedopéva, g idtog opdadag vo, mwapovctdlovy peydAn opuotdtnTo peta&d Toug Kol SloKpLTh
ETEPOTNTA LLE AVTO TV GAAOV ouddwv. Me v ouadomroinomn, moAvaindn oet dedouévmv
UTOPOVOV Vo, ¥pNoonomBody amodoTiKd ETAEYOVTAS TOVE YOUPUKTNPIOTIKOVS EKTPOCMTOVS
TOV KUPLOTEPOV OLAI®V.

Ov aAyopiBpor opodomoinong pmopel va  eivar  epapywoi (hierarchical) 1 un
epapykoi/katatuntikoi (non-hierarchical/partitional). Ou epapyikoi akyopiBuor Bpickovv
O1000YIKEG OUAdEC YpPNOOTOIDVTAS KABe @opd MOM kobiepouéveg opddes, €vd Ol Un
tepapytkoi kaBopilovv Tig opdoeg dueca kot €€ apyne. Ot epapyikoi aryopBuol ywpiloviot
0TOVC GLOOMPEVTIKOVG (agglomerative) kal oTovg dlaymplotikovg (divisive). Or mpmdTOL
avTipeTomilovv kdbe oToLyEl0 GOV L1 OUAON KOl GTI GUVEXELD, CLYYXMVEVETOL O LLEYOADTEPESG
opades. Ot devTepOt EgKvodv e OAOKAN PO TO GHVOAO Kot TO S10.6TTOVY GE UIKPOTEPES OLLAOES.

v pekét g eEaymyNng YopaKINPoTIK®OV Kivnong and ewovooelpés idape OtL ot
TEYVIKEG TIOL YPMOLLOTOWONKAV 0dNYOUV GE UHEYAAN GET TETOLWV YOPUKTNPOTIKOV. [ va
UTOPEGOLLLE VO TEPLOPIGOVE TO YOPAKTNPIOTIKA avTd og TANB0G Kavd va ypnotpomowmBel
OmodO0TIKG 0T SdIKAGIo TG avayvAPIoNG avlpOTIVEOY KIVAGE®V, YPTCLULOTOONKE ®G
TEXVIKY opadomoinong n néBodog capovg dwapéptons K pécmv (k-means). Me ) pébodo avtn
d0Bévtog evOg GuVOLOL avTIKEpEVDY, Katackevdlovtol K dopepices tov cuvolov, 6mov
K&0e SLOUEPION AVOTAPIGTA 10 ORLASO TTOV TTEPLEYEL TOVAGYLOTOV VAL AVTIKEILEVO.
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Yyua 4.6: Opoadonoinon Xopoktmplotik®dv pe olydptdpo K-means.

4.3.2 O alyoprOpog K- péswv (K-means)

H npdtn mpocsyyion yio TV KATAGKELT TOL OonTikol AeEikol éytve amd tovg Sivic kot
Zisserman [70], ot omoiot ypnowonoincov T0 YVOOTO EMAVOANTTIKO  olyopiOupo
ovotoadonoinong k-means. T'a v katackevn ontikod AgEkol ue tov aAdyopibpo k-means,
opifovpe apywd tov aplBpd Tov KEVIpov (ONTIKOV AEEemV) TOv emMBLUOLUE VA EYOVLLLE,
OPYIKOTOLOVLE T KEVIPO TWV GLOTAOMV LLE KATOL0 OO TOL GNLLEIN TOV GVVOAOV EKTOIOEVOTNG
ov 00 CLGTOSOMOICOVLE KOl EKTEAOVIE OTN] GUVEYELD TOV EMOAVOANTTIKO alyopiOuo. H
dwdwocio g ovotadomoinong €xer 6vo otddw. To otddo avdabeong Kot to oTEO10
avavénonc. O olyopiBuog otapatder péypt va vmapyel Kamow cVYKAlom M pHéxpt va
Eemepaotel éva 0plo enavainyenv Tov £xovue Béael. AkoAovBmS, ToPoLGLALOVE GUVOTTIKA
ToV aAyOop1Opo K-means yio TV KaTtaoKeLT ontikon AeEkov.

Aobévtoc evog cuvorov meptypaénv (X, Xz, ..., Xn) Sldotaongd, o alyopduog k-
means ctoyevel 6Tov dywpiopd twv n meptypapiéov oe K cbvola S = {51,52» ...,SK} ne
k < N pe okomd v ghayiotonoinon tov e&ng abpoicpatog

K
(43.1) arg rrgmz Z ||%; —ml-||2

i=1 x;€S;

omov m; glval PéGog OPOC TV GNUEIV GTO S; KOl OTNV TPOKEWEVT] TEPIMTMOGT] AVTIGTOLYOVV
oT0. JVOGUOTO TOV AEEEWMV TOV OTTIKOL AEEIKOV.

Me dedopévo éva apyikd cOHVOAO KEVTIP®V m(l) . mg(l), 0 aAyopiBpog k-means
pofaivel 6TV EKTEAEST] TV dVO EVOALACCOUEVOV 017(16103\/.
Y140 Avadeong: Avobétovpe kdbe TEPLypapEN TOV GUVOLOL OESOUEVMDV GTN GLGTAON LE
TO KOVTIIVOTEPO KEVTPO (ONAdY], TNV KOVIIVOTEPT) OTTIKY AEEN):
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432) SO = {x,:||x, - mP| = ||x, -m°||v 1<) < K}

r r ’ r 7 t
omov kabe X, avatiBeton povo oe éva Si( ),
Y1400 avavémong: Ymoloyilovpe Toug VEOLG HEGOVE OPOVG TV OTOXEIMV KA GVGTAdAG

Tovg omoiovg Bewpovpe Hotepa cav Ta vEo KEVIPA NG €mOUEVNG emavainyng t + 1 tov
aAyopifuov:

(433) m* = | (t)| Z

X ES(t

Siep 1 Siep 2 Step 3

Step 4 Step 5 Step b

Yympo 4.7: Eeappoyn tov akyopibpov K-means og éva npdPinpa 300 daotdoemv. Apyika
o KEvipa (KOKAOG) emAéyovtal tuyoio amd To OedOpHEVO. TN GUVEXEWL O OAYOpPlBLOg
ovykAivel daywpilovtag Ta onpeio oe VO SUPOPETIKES GLGTADEG TN WITAE KOl TNV KOKKIV).

Onwg eaivetal omd o oynue 4.7, oy mpd™ enovainymn tov k-means smléyovps ta
Kévtpo Tuyoio péca amd To dsdopévo kol avabétovpe to. onpeio Tov YOPOL GE AVTA
(apyucomoinon alyopiBuov - step 1). Xto step 2 emavavmoroyilovpe to kK€vipa ®G TO0 LEGO
6po TtV otolyeimv mov &yovv avatebel oe aVTE. TNV EMOUEVT EMAVAANYN LE dESOUEVA TOL
véa K€vipa, vtoAoyilovpe TiC Véeg avabioelg Tav onpeimv Kot eravavToloyilovue o KEVIPA.
Beopodpe 61t 0 alyopBpog €xel cuykivel 6tav dev cuvieleitar kapio oAAay 6To GTASI0
avébeong.

O alyopiBpog k-means eivar eEapetikd dadedopévog kabmg etvor apkeTd ypryopog
(ovykhiver ypryopa o€ kGmolo Op1o). Xe OtL agopd TV omddoon Tov, 0 oAyOpBuog dev
gyyvartar 0t Ba mpooeyyioel mavta 1o Pértioto. H mowdttor g telkng Avong e&optdron
TOAD amd 10 apykd cHVOLO OpAd®VY Kot PTopel va efvat ToAD YouUNAdTEPN Ad TO GLVOAIKO
Béltioto. Baokd yopaxmmpiotikd tov alyopifpov mov emPAAAEL Kol TOVG TEPLOPIGUOVS GTIV
aO000N TOL €tvat OTL 0 ap1BNOg TV OPAd®V TTPEMEL Vo optoTel eEapyng.

75



4.3.3 Iotoypappato Xoyvotnrog

Ot ewovooepég (video) exkmpocommovviar amd oOvolo onueiov KA mov
TEPLYPAPOVTOL OO TOVG Teptypapeic. Emetdn opwg dapépouv oto mAnbog, dev €xel Kavéva
vonua 1 oepd toug. Avtd dnuovpyel SuokoAieg Yo T HeBddovg TAEIVOUNONE TOV ATOLTOVY
oLVNOMG SLOVOGLOTO YOPOKTNPICTIKOV UE oTabepéc daoTdoel o¢ gicodo. Emopévag, mpv
amo v ddkacio ¢ tagvounong kabe onueio kKAewdi kmdkomoteital amd Tov deikTn g
opadoc oty omoio avikel. Me avtdv ToV TPOTO, KOTOOKEVALETOL Vo 1GTOYPOUUO
oVvOTNTOG TOV OTTIKOV AéEemv Yo kdOe gikovooelpd (Video) mov Ba. ypnoyomombel and
Tov aAyopduo tagvounonc.

4.3.4 Tlopapetpor k-means

10 mhaicto g deEaymyng Tov mEpaudtov, yio T onwovpyia tov bag of features
KOTOOKELAOTNKE Y10, KAOE Evov amd Tovg Teptypageic éva ontikd Ae€ukd pe tov alyopibuo k-
means tov wpoypauuatoc Matlab  R2010b. Xvykexpéva, oe kdbe meipapo
npaypotonomBnke k-means (k=500) vy vo opadomomoovpe éva vrocvvoro 100K
YOPOKTNPIGTIKOV TOV EXAEXONKAY TVYOiC 07td TO GVVOAO ekmaidevong Tov nelpduatoc. ‘Etot,
npayporonomOnke k-means (k=500):

1. Zto vmoovvoro 100K yapoaktnpiotik@v tov meptypapia HOG mov mpoékvyay omd
™V €popproyn tov aryopifuov STIP oto cvvoro dedopévemv KTH.

2. Xto0 vmoovvoro 100K yopoaktnpiotikdv tov meprypopéo. HOF mov mpoékvyoav amd
™V €popproyn tov aryopifuov STIP oto cvvoro dedopévev KTH.

3. X10 vroobvoro 100K yopakInploTikdv Tov meptypagia trajectory mov mpoékvyav
amd TV gpappoyn Tov akyopibuov Dense Trajectories oto cuvoro dedouévmv KTH.

4, ZXto vmoovvoro 100K yapoktnpiotikdv tov meptypapéo MBH mov mpoékvyav ond
™mv epapuoyn Tov akyopibuov Dense Trajectories oto civolo dedouévmv KTH.

5. Z10 vmoocHvoro 100K yapaxmpiotikdv tov meprypapéo HOG mov mpoékvuyov amod
™mv gpapuoyn tov adyopibpov Dense Trajectories oto ohvoro dedopévmv KTH.

6. Zt0 vmoocvvoro 100K yapaktnpiotikav tov meprypoeéa HOF mov mposkuyav amod
™mv gpapuoyn tov adyopibpov Dense Trajectories oto ohvoro dedopévmv KTH.

7. Z10 vmoovvoro 100K yapaxpiotikdv tov meprypapéa HOG mov mpoékvuyov amod
™mv gpapuoyn tov aiyopibpov STIP 610 ohvoro dedopéveov THETIS_Depth.

8. Xto vmoovvoro 100K yopaktnpiotikdv tov meprypapéo HOF mov mpoékvyav amod
™mv gpapuoyn tov aiyopibpov STIP 610 chvoro dedopéveov THETIS_Depth.

9. Xt0 vrmooHvoro 100K yopoktnplioTik®v tov meptypapia trajectory mov mpoékvyoav
and ™V epappoyn Tov aiyopibuov Dense Trajectories 6to cOVoOro dedopévov
THETIS_Depth .

10. Zto vmocvvoro 100K yapaxtmpiotikdv Tov weptypapés. MBH mov mpoékvyav amd
™mv eeopuoyy tov aAyopifuov Dense Trajectories oto ocOvolo dedouévaov
THETIS_Depth.
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11. Zto vrocHvoro 100K yapoaktnpiotikdv tov meptypapéa HOG mov mpoékvyav amd
™mv  epapuoyn Tov oaAiyopibpuov Dense Trajectories oto oOvolo dedouévav
THETIS_Depth.

12. 10 vmocHvoro 100K yapoktnpiotikav tov meprypaeés, HOF mov mpoékvyav amnd
™mv epapuoyn Tov oAiyopibpuov Dense Trajectories oto ovvolo dedouévav
THETIS_Depth.

13. 10 vmocHvoro 100K yapoaktnpiotikdv tov meptypapéa HOG mov mpoékvyav amd
™mv epapuoyn Tov aikyopibuov STIP oto civolo dedouévaov THETIS_Skelet3D.

14. X0 vmoctHvoro 100K yapoktnpiotikav tov meptypaeés, HOF mov mpoékvyav and
™mv epapuoyn Tov akyopibuov STIP oto svvoro dedouévewv THETIS _ Skelet3D.

15. Y10 vroctvoro 100K yopaktnploTikdv Tov meptypapia trajectory mov mpoékvyav
amd Vv epapuoyn tov oiyopibuov Dense Trajectories oto chvoro dedopévaov
THETIS_ Skelet3D.

16. 1o vocvvoro 100K yapaxmpiotikav Tov weptypoaeés, MBH mov mpoékvyay amd
™mv gpoppoyn tov aiyopibpov Dense Trajectories oto ovvoro dedouévav THETIS
Skelet3D.

17. 1o vmocHvoro 100K yapoaktnpiotik@v tov meptypapia HOG mov mpoékvyay amd
™mv gpoppoyn tov aiyopibpov Dense Trajectories oto ovvoro dedouévav THETIS
Skelet3D.

18. 1o vmoocvvoro 100K yapaktnpiotikdv tov meprypaeéo HOF mov mpoékvyav amd
™mv gpoppoyn tov aiyopibpov Dense Trajectories oto ovvoro dedouévav THETIS
Skelet3D.

4.4 Tagivopnon

4.4.1 Mnyavég Alovoopatov Yrootypieng
4.4.1.1 Ewcaywyn

Ot pnyovég davvopdtov vroompiEng (MAY) (support vector machines) (SVM)
amoteloVV cuotnuata ekpdnong pe yopo vmobécewv mov mEPMAUPAVEL YPOUUIKES
CUVOPTNOELS, OEXOVTIOL MG €10000V¢ Oelypato amd YDOPOLG YOPOUKTNPLOTIKMY TOAADY
dloTACEMY Kot EKadevovTal pe Paor évav akyopuo expddnong oto TAaiclo g Bewpiog
Bertiotomoinong. Ta SVM avanthyfnkav o otpatnyiky ekpddnong and tov Vapnik [77]
KOl TOLG GLVEPYATEG TOV.

Yvuykekpyéva, Paoikn Agttovpyia Tov SVM eival 11 edpecn LIOAOYIGTIKA 00S0TIKOD
TpOmov ekudOnong vrepemmédov (hyperlines) dwympiopod og YOPOLE YOPOKTNPLETIKMOV
TOAMGV  dlootdosmy. Xy tagwvounon dovvoudtov  vrootpiéng  (support  vector
classification), og vrepeninedo draywpiopod opilovtar ovtd mov PEATIGTOTOOVV A OplaL
yevikevong (generalization bounds) kot ®¢ vwoloyoTikd 0modoTIKoOS  adlyopiBuovg
eKUAONOoNG, OVTOVG OV AVTATOKPIVOVTOL Gg pPeYEdn cvvohmv dedopévov g TAENG TMV
100000 derypdrov.
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Ta SVM oaviyetonifovy emtuy®dg T TpOoPANUOTO amodoTIKOTNTAG OGOV aPOopa GTNV
ekmaidevon, otov €deyyo véov dedouévov (testing) ,oto vmeptaipiacpe (overfitting) tov
unyavov ekpabnong kot oty avegloniotic tov exdotote yepiopmv (heuristics), ommg
TPOKVATEL OO TO TAPOUKAT®:

e Adyo 1tov ovvOnkov tov Mercer yioo tovg mopnvec (kernels) wovu
YPNOYOTOLOLVTAL GTNV €KUAON oM, Ta avrtictorya TpoPAHaTe BeATioTonoinong
gival Kuptd Kol GVVER®MC, dev gU@OvIovTal TOTIKA EAGYICTO Kol KAOE TOMIKN
AOon amoteldel kat olkd BérTioto. Emopévacg, eEacpariletal n drapén Abcewv
KON KoL Y1, ueydia oOVoAQ eKTaidevong.

e H dévvatdémta ypiong cvvaptioenv muprivev (kernel functions) amotelei to
KA1 Yo TNV amodotikn xpnon tov SVM g ydpovg ToAGV S106TAGEWDY.

e H Oeswpio yevikevong mov eeapudlovv efacpariler tov  €leyyo NG
YOPNTIKOTNTOG Kol GLVETMS TNV amo@vyn tov overfitting, to omoio eivan eyyevig
0€ YDPOLE TOAADY SACTACEMV EAEYXOVTAG TO. UETPa. TOV mepBmpiov (margin)
TOV VAEPENIMEI®V SLOY®PICHOD, VD TOPAAANAa 1 Oswpia PertioTomoinong
TopéYel TG MAOMUOTIKEG TEYVIKEC MOV OMOITOOVTOL Yo TNV EVPECT] TOV
VIEPETTEO DV TTOV PEATIOTOTOLOVV QT TO, LETPO.

o Tlapéyovv cuumoyeic Kot apatéc SVIKEG AVOTAPUOTACELS TNG EKAOTOTE VITODEGNC
UetmvovTog Tov apliud Tov mopoustpmy eKpuatnone, svvomvtag v eEoymyn
OO0 OTIK®Y alyopifumv expabnonc.

IMa 6hovg tovg mopamdved Adyovg, Katd ™ deaymyn TV TEPAUITOV ETIAEYONKE 1
YPNOT LNYOVAOV SIOVOGLATOV VTOCTAPIENG Y10 TNV TAEIVOUNOT) TV KIVIGEWDV.

4.4.1.2 BEATI6TO DREPETITEDO P10 YPAUUIKG, OLOYOPIGLIO TPOTVTTA.

Ocwpovpe dedopévo eknaidevong to {(x;,di)}i=1.n , OTOL TO X; &gival TO0 TPOTLTO
€16000V Y10 T0 1-00T6 Mapdaderypo Ko d;givan To embountd amotéheoua (target output). o
apyn, Bempovpe 6Tl T0 TPOTLTO (KAGOT) OV OVATAPIGTATOL OO TO VIOCVVOAO d; = +1 Kot
T0 TPOTLTIO OV AVOTAPIGTUTOL OO TO VIOGVLVOAD d; = -1 givol «ypappicd dwoyopioporn. H
elomon yo Vv emQAveLD AmOPACTG OTI LOPPT EVOS VIEPEMUTEOOV TOV KAVEL TO SLOWPIGUO
gtvo:

(4.4.1) wix+b=0

omov x givonr éva didvuoua €166dov (input vector), o w eivar éva pvBudpevo ddvooua
Bapdv, kot to b glvar To KOTOPAL MTOpovLE ETOUEVMS VAL YPAWOLLLE:

(4.4.2) wlix;+b =0 yiad; = +1
wlix;+b <0 yad; = -1

H vmobeon yio ypoppikd dwywpicyio mpotuma yiveror €6d yuo. vo €ENYGOLUE TN
Baoum 10éa wicw amd €va support vector machine vio €va o ATAO GKNVIKO.

Mo dedopévo dudvoopa Popdv w kol KOTOOA b, 0 Sy®PICUOG UETAED TNG
VIEPEMPAVELNG TTOV opiotnke otV e&icwon (4.4.1) kot Tov kovtivotepov data point (onpeio
dedopévav) Aéyetor margin of separation 1 aAM®G TEPODPLO SOXOPIGUOV, TOV dNADVETOL
an6 to p. O otdyog €vOog support vector machine egivar va Ppel v ocvykekpuévn
VIEPETPAVELD Y10l TNV OO0 TO TEPOMDPLO JYOPIGHOD P Vo Vol TO PEYIOTO. YTTO QVTEG TIg
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oLVONKEG M EMPAVELD JOY®PICUOL avaPEPETal ¢ 1 PEATIOT) vIepemdveln (optimal
hyperplane). To oyfuo (4.8) omewovilelr ™ YEOUETPIKY KOTOOKEL MG PBEATIOTNG
VIEPETPAVELOG Y10, EVOL SIGIUTTOTO YDPO EIGOA0V.

Support

Yo 4.8: Ametcdvion pog BEATIOTNC VIEPEMIPAVELNG Y10 YPOLUUIKE Stoy@piciLo TPOTLTA.

‘Eoto 611 Tt Wy kat by dnAdvouy Tig PEATIOTEG TIUEC TOV S1VOCUATOC PBOpOdY Kol TOV
Kato@eAiov, avtiotoyya. I[lapopoimg, 1 PBéltiot vmepempdveln. TOV OVOTOPIOTA Ui
TOALOLAGTOTN YPOLUIKT ETLPAVELD ATOPACTG GTO YDPO icodov opiletar g

(4.4.3) wix+by=0

1 omoia eivon emavadiatummon g eElowong (4.4.1).
H ovvapmon:

(4.4.4) gx = Wwlx + b

otver v akyefpiky mocdTNTO TG OmMOGTAONG MHETAED TOL X KOU NG PéATioTNg
VIEPETLPAVELOC.
Towg o md evKkorog TpOTOG Yol va To doVLE aVTO glval VoL EKOPAGOVUE TO X OC:

Wo
X =Xp + r(—)
llwoll

0mov 10 X, elvar n Kavovikh TPoPoAn Tov X Tavew 6T BEATIOTN VIEPEMPAVELD, KoL TO T givar
1 emBount) odyePfpikn amdcstaon (1o r givor BeTikd av 10 x Ppicketar otn OeTikn TAELPA TNG
BélTiotng vIEpEMPAvVELNG Kot apvnTikd ov 10 X PBpiokeTor onv apvntikn TAgvpd). Epocov
€’ opiopov 1o g(x,) = 0 t61e oKxorovbag,

(4.4.5) Ix = We x + by = rllwyl|
N
_ g9
llwol
[T ocvykekpéva, 1 amdoTaon and TNV apyn cVvieTayUEvov (dniadn, x = 0) uéypt
bo

Bértiotn vepemipdveln divetal and To .
lIwoll
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Av by >0, n opyn ovvietaypuévov Ppioketor ot Oetikny mhevpd g PEATIOTNG
VIEPEMIPAVELNG KOl oV by < 0, Bpioketon oty apvntikny mhgvpd. Av by = 0, tdte 1 PéATIo
VIEPEMPAVELD TEPVE SOUEGOV TNG OPYNS CLVIETOYUEVOV. Mo YE®UETPIKY OVOTOPAGTOON
QVTOV TOV OAYERPIKMV amoTElecUATOV PpickeTal oTo oynua 4.9.

»
7
bo //f
LA
Optimal
hyperplane
0 x

Yympa 4.9: TeopeTpik] avamapdoToon ToV aAYERPIKOV amootdoemy Hetalld tov onueiov
Kol TG BEATIOTNG VIEPEMPAVELNG VI O1GO1ACTATO YDPO.

To {ntovuevo givor vo, Bpovpe Ti TOPAUETPOVS Wokat by TG PEATIOTNG VTTEPEMPAVELNG,
dedopévou evog cuvorov exmaidevong J = {(x;, d;)}. Aappavovtog v’ dyn ta anotélecuoTa
10V oyAraTog 4.9, PAémovpe ot to Levyog (W, by) Tpémel va. tnpet Tovg TEPLOPIGUONG:

(4.4.6) wolx;+by =1 yad; =+1
wixi+by<—1ywad; =-1

Na onpetdoovpe otL, av 1 e€icwon (4.4.2) oydel, dnradn To TPOTLTTA VUL YPOLLLIKA
Swympioyo, propovpe mavia va EavaptidEovpe ta wy kat by 6e pikpoteprn KAMpoKo £Tot
®o1e va woyvel kot 1 e&iowon (4.4.6) (avtd apnvel v e€icwon (4.4.3) avennpéaotn).

Ta g8 onpeia (x;, d;) yio Ta omoia N Tpd™ 1 devtepn Ypouun e eéicwong (4.4.6)
KOVOTIOlEITOL [LE TO O 160TNTAG A€yoviatl dtavOcpoto vrootpieng (support vectors),
€£’00 kot To Ovopo “‘support vector machine”. Avtd to davdoupato (vectors) mailovv
a&lonpocekto poOLo o1 Aettovpyio. avtod Tov €idovg aiyopiBumv ekpabnong. Ta support
vectors gival ekeiva To onpeio To omoia Ppickovtol KOVIIVOTEPO GTNV EMPAVELL ATOPACTS
Kot emopévag eival Kot ta o dSVoKOoAX Yo va KatnyoptomomBovv. Gsmpovpe évo support

vector x) yio 10 omoio d® = +1. Térte £&’0opiopod, Exovpe
(4.4.7) g(x®) = wix® + by = +1 yia d© = +1
And v eEiomon (4.4.5) 1 alyePpuchy omdotaon petald tov support vector xS kot g

BélTiotng vepempavelag ivat
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_9(x¥) _

(4.4.8) = =
llwol
1
= av d® = +1
llwoll
-1
= av d©® = -1
llwoll

6mov 10 HeTed TPOOMLO VIodAGVEL 6Tt To xS Bpioketon o Otk TAELPE NG PEATIOTNG
VIEPETPAVELNG KOL TO OPYNTIKO TPOGTO DTOIMADVEL OTL BPICKETAL GTNV GPVNTIKT TAELPA.
‘Eoctm 611 t0 p dNhdvel ) péytot Ty tov meptdmpiov daympiopov (margin of separation)
peta&d dVo KAAGE®MV OV AmoTEAOVVTUL amtd TO cOVOAO ekaidgvong J. Tote and v e&icwon
(4.4.8) mpoxvmtel Ot

2

(4.4.9) =2r =——
P Twol
H &&icmon (4.4.9) dnidvel 0T peyioTonomvTag T0 TEPODPLo Sloy®PIoUoD HETAED TMV
KAdoemv gival 16odvvapo e v glayiotonoinon tov Evkieideiov uétpov (Euclidean norm)
TOL dLoVOGUATOC Papdv W.

[Mepuimmtikd, 1 Pértiot vrepempdveln mov opiletar amd v e&icwon (4.4.3) eivan
povadtkny vwd v évvola 0Tt 10 PEATIOTO JGvucpo Papdv Wy TopéYel TO UEYIGTO SLVATO
SLo@PIoo peta&d Tmv OeTIK®OV Kol apvnTIKOV Topadsryudtov. Avti 1 EATIo™ KatdoToo
EMTLYYAVETOL LE TNV EAaryloTomoinom tov EvikAgideion puétpov tov dtaviouatog fapmv w.

4.4.1.3 BEATIOTO DTEPETITED O Y10 UN-YPAUUIKT OLAYOPICIUA. TTPOTVTTO.

Méypt Topo Exovpe avagepbel ota YPopUKd dloympicio TpoTLIo. TN CLVEXELD, 0o
aoyoAnfobue pe v MO OSVOKOAN TEPIMTM®ON N YPOUMUK®OV Ol0YOPIGILOY TPOTOHII®V.
Agdopévov evog TETOIOL GUVOAOL €KTOidELONG, €lval OVOKOAO VO KOTAOKEVAGCOVUE Lol
OO ®PICTIKY VIEPETMPAVELD YOPIC Vo ovTipeTOnicovpe AaOn katnyoproroinone. Iop’dia
avtd, 0éhovpe va Bpodpe o PELTIOTN LITEPEMIPAVELR 1 OOl EAayloToTOLEl TNV TBdvoTN T
LBV oV Katnyoplonoinon. To mepBmpro dwaywpiopol peta&d tov KAdosmv Adyeton soft,
onAadn poiakod, otnv epimtmon omov éva dedopévo (xi, di) mapapraler mv e&ng cuvonkn:

(4.4.10) diwlx;+ b)>1 yuai=12,..,N
Avt 1| tapafioorn propet va mpokdyet yio 600 Adyovug:

e To dedouévo (x;,d;) mQTel evidg ™G MEPOYNG S®PIGUOD OAMG ot cWoT
TAeLPA TG empdavelng omdpaong (oxnua 4.10 o)

e To dedopévo (x;, d;)méetel ot Mdbog Thevpd g empavelog amdpaong (oynua 4.10
B)
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___Support

=~ veclors

Data Data
point point

Yyqpo 4.10: o) To onueio x; (mov avikel ot kAdon Pl) wéetel evtdg ™G TEPLOYNG
SLY@PIGHOD GALG 0T COOTN TAEVPA TG emEavelng amdpaong. B) To onueio x; (wov avnket
oV KAdon B2) méptel otn AdOoc TAeLPA TG ETPAVELNS OTOPOOTG.

[Tapatnpovpe 0TI GTNV TPOTN TEPIMTMOOT £YOVUE GMOOTN KOATNYOPLOMOINGY, EVH OTN
devtepn mepintmon £yovue AavBaouévn katnyoplonoinom. o 1o yeptopud TV un YpouuKd
SLOPICIU®Y OEOOUEVOV EIGAYOVUE VO KALVOVPYLO GOVOAO amd un apvntikéc Poadumtég
petaPintéc  {&;}i=1ny OTOV OPIOUO TNG LIEPEMPAVELNS dloy®Popol (dnAadn empavelog
amdEaoNG) OMMG PAIVETAL IO KATW:

(4.4.11) diwlx;+b)=>1-¢ ,yiai = 1,2,..,N

H petapint &; Aéyeron slack variable, xat petpd v amdxkion evog dedopévov amd v
WOVIKN Katdotaotn 6to dtoyopiopd tpotomev. e 0 < & < 1, 1o dedouévo TEPTEL EVIOG
™G TEPLOYNG SO MPIGHOD OALAL OTH COGTH TAELPE TNG EMPAVELNS ATOPAOTG, OTMS POIVETOL
kot oto oynua 4.10 a. Ia & > 1, Téetel ot AdBog TAEVPEA TG VILEPETIPAVELNS LOYWOPIGLOD,
onm¢ paiveror kot oto oynua 4.10 B. Ta support vectors eivon exelva ta onpeio dedopévav ta
omoia wkavorolovy akpimg v e&icwon (4.4.11), axdpa kot av & > 0. Enueidvoope 6Tl v
éva onueio pe & > 0 dev ocvopnepiinebei 610 GOvoro ekmaidevong, TOTE M EMUPAVELD
aropaong Ba aAldEel. Emopévamg, ta support vectors opilovtoat pe Tov 1610 akpimg tpdmo yo
T SLoy@picLa Kot Yo T P Ypoppikd dtoympiotpo 6edopuéva.

O otdyog pog etvar va Bpodpe o S1oy®mploTiky VIEPEMPAVELL Y10, TV 0moia To AGB0G
™¢ AaBacpévng katnyoplonoinong va eivat To gldy1oto. Mmopolpe vo T0 KAVOLLE QUTO LE
NV EAO(LOTOTOINGT TG CLVAPTNONG:

o@) = D 1E-1
t=1..N
o€ oyéomn pe To didvuoua Bapdv W, VIO TOVG TEPLOPICLOVS TOV TEPLYPAPNKAV otV e&icmaon
(4.4.11) kv tov mepropiopd oto [|[w?||. H covapton I(E) eivar pia cuvéptnon Seikn
(indicator function) mov opileton oo T0
1)=0avé<0
I)=1avé>0

Avotoymg, 1 elayiotormoinomn tov O(&) oe oyéon pe To w ivar £va nonconvex TpoPAn LA
Beltiotomoinong mov eivar NP-complete. ' va kévoope to mpofinua PBeAtiotomoinong
pofnpotikdg vTakovo, tpooeyyilovpe ™ cvvaptnon O (§) ypdepovtag :
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o) = Z $i

t=1..N

Emw\éov, oamAiomolodue TOV VTOAOYIGUO OloTumdvovTag T ovvaptnon mov o
elaylotonombel oe oyéon pe o divucuo fapdy W ¢ oKoAov0mg:

(4.4.12) d(w,§) = %WTW +C Z &i

1=1..N

4.4.1.4 MAY-roA oDy Kidoewy

2TIC TTPONYOVUEVEC TTOPAYPAPOVG TEPIYPAPNKE O TPOTOG SLOYMPIGUOL dVO KAAGEWDV.
Ymv mieloyneio tov tpofAnudtov duwc, Oa tpénel va yivel n ta&vouncn oe meEPIeCOTEPES
TV 000 KAdcewv. ‘Exovv avamtuydel o1dpopeg néBodot yio To cuvOLACHO TOADY SLUSIKOY
SVM, pe otdyo ™ dnuovpyio MAY-toldv kKAGoewyv. Ot To cuyvd ypNGIUOTOLODUEVES
npoogyyioeig (Vapnik, 1998) eivon o1 one-against-all, all-together, one-against-one.

e One-against-all: Me avtév tov tpoémo npoomabodue va Ppodue o, Opto TG KAOE
KAdong evovtiov OAmv tov GAlov poli ko étol égovue k GUVAPTOELS amdQacNS
a@ov &yovue k daympiotikd vrepenineda. Ta opla g kdbe KAAGNG TPOEPyovTaL
VoTEPQ OO GVUYNPIoUO TV amotelecudtov Tov k SVM. Ta mv dwdikacio g
Katdtalng topo, vmoAoyilovpe v T TV k ovvapticewv amd@acng Kot
KOTOTAGGOLLE TO ONUEI0 OTNV KAGOT TOL GVTIGTOLEL GTNV GLVAPTNON ATOPACTG LE
TN UeyoAOTEPT TWH. AVTH 1 AOYIKY eMQEPEL AAON Katd T dadikacio TG KATaTagng
aeoV e£eTalel LOvo TN TN TS GLVAPTNONG amdpaong. Xto Xynua 4.11 aiveton 1
apyn ™G ueBddov avthg oe €vo d160140TUTO TAPAOELYI LE TPELS KAUCELS Kol TO
SoymproTikd enimedo mov tponAbav and avti ™ péBodo. H gvubeia el dwoywpilel v
KAaon 1 amd OAeg Tic vmorowmec. Ouoimg, ot gubeieg €2 kar €3, daywpilovv TIg
KAboels 2 Kot 3 omd OAeG TIG VTOAOLTES, AVTIGTOLYO.

e All-together: H péfodoc avt givon Topaminoio g one-against-all. Anpuovpyodvran
k ovvaptiocelg andpaong v tic k kKidoeis, dmov, yio mopdoetypo 1 n GuVAPTHON
andéeacng Swywpiler ™mv n kAdon amd Olec Tig GAleg. Xtnv one-against-all
emivovtar k SVM yua va BpebBodv ta Opla g piog khdong, evd €0, cuvoyilovtal
ot Aon evos. H cuvapton amogaong autrg g pebodov etvan 1 idwo pe tnv one-
against-all kot 10 onpeio KATOTAGOETAL GTNV KAGGT TOL €YEL TN HEYIOTN TN M
avTioTOoyN GLVAPTNGOT ATOPACNG.

e One-against-one: X¢ avtifeon pe ) one-against-all, 3 Oewpovvtor GAa to TOAVE
Levyn tov KAdoewv kol Avvetoar to TpOPANUe dywpiopod Tovg. AnAadr], yu k
Khdoeg €xovpe k!/[2(k-2)!T dvvatovg cvvdvacpodg tov kidoewv. Emiong, toceg
etvar Ko ot cuvaptioelg andpaons. [l anid, epoapuolovpe tn pebodoroyia mov
avamtoydn ot mponyovpeveg mopaypdovg Kot Ppiokovpe TO  SOPLOTIKO
vrepeninedo kdbe mbavov (evyovg KAdoewv. H mo dadedopévn pébodog yio v
Kordtagn evog onueiov ov éyovpe axolovBnoel ) dodikacio Tng one-against-one
etvar 1 max-wins. Mg tov adyopiBpo avtd, kdbe mpog Katdtaln onpeio eEAEyyeTol e
OAEG TIG GLVOPTNGELS AmOPaAoNG Kol kiBe Ppopd kaTatdcoeTol og po KAaon. H kidon
otV omoin &yel katatoyOel TIg TEPIOCOTEPEG POPEC €lvar KOl 1| KAAGT otV omoia
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telMkd Tomobeteital To onpueio. Xto Zynua 4.12 BAénovpe €va d100146TATO TPOPAN LA
TPIOV KAAGE®V Kol TIG S0 OPLoTIKESG evbeiec.

el

&2
KR 1
@ KAaom 2
... l. A
@ .l Ab A A‘
@ '.0 AA,Aa

N

Yyna 4.11 : Awyoplouds tpiov kKAdoswv pe ) uébodo one-against-all.

) el
' o 1
°
o0 o A a3
° -:- A AL
® o A
AA A
A

»

Yo 4.12 : Awodidototo TpoPAnua tpidv KAdoewv mov daywpifovrar pe ™ pébodo one-
against-one, kafag emiong kot 1 Kotdta&n £vog TuXiov onEiov.

4.4.2 Mopaperpor SVM

Epdoov 1o ouvora dedopévwv THETIS_Depth, THETIS_Skelet3D kot KTH nepiéyovv
video pe meplocdtepeg omd dvo  katmyopieg kKwnoewv (12 KAGoEG KWWNGEOV TO
THETIS_Depth, THETIS_Skelet3D kot 6 k\doeig kivicemv to KTH), yio v ta&wvounon

v Video ypnowonomoope évo pn-ypoupikdé SVM pe RBF kernel. Ou dwogopeticol
TEPLYpaeic cuvdvalovtar o€ o Tpocéyyion molvkavorkn (multi-channel kernel) 6nwe oto

[74]
1
K(xi,x-) = exp (— —CD(xiC,x-C)>,
) ZA ]
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. C A CY o ; , \ . .
Omov D(xl- ,xj) etvor M evkdeidia andotaon petald tov video x; xor xj, AapPlvoviag
VIOYY TO C-100TO KovdA-Teprypaéa. AC eivor M péon Tun TV x? OmOGTAGE®V TOV
delypdtov exmaidevong Yo Tov C-100td meptypoéa [75]. Emopévac, oty TpaylatikoTnta

afpoilovtal o1 amocTdcelC D(x-c xc) ko eappoletar éva RBF kernel oto dOpotopd tovg,.

P24

Emiong, emedn mpoketar yio tafvouncn moAADV KAAGE®V YPNCUYOTOLEITOL 1)
npocéyylon one-against-all. Thw v ekmaidevon wor v  emoAnbevon tov SVM
ypnoonomoape 10 mpwtokollo leave-one-out cross-validation (LOOCV). H teyvikn
avt Kpatd 7To. detypota (video) mov a@opovv €vo, GUYKEKPIUEVO GTOUO ®OC GUVOLO
emaAnOgvong (testing set), evd ta vmoOAowma delypoto ypnoyonotovvial g (training set).
Avtd emovoropPavetor N @opéc @ote to oVVOlo Oeiyudtov Yoo kdbe dtouo vo
ypnoporomBei akpimg pa @opd g (testing set). Erouévac, yia 1o cdvoro dedouéveov KTH
ov eptopPavel 24 dropa, 1 dwdikacio emavaiapPavetal 24 @opég Ve Yo To. GOVOAQ
dedouévav THETIS_ Depth kor THETIS_Skelet3D 1 dwdikocio emovaAiaudvetor 55 @opéc.
Téhog, oe «dOe meipopa ta N amoteAéopoto cuvoLAloVTOL Kol TPOKVATEL TO TEAIKO
OTOTEAEG LA

4.6 Ilapovoioocn AmoTeELEGUATOV

4.6.1 Agikteg A&Loloynong

Mo mv a&ordynon tov uedddmv ypnoonotodue T€coeplg deikTeg enidoong, 10 UEGO
opo ¢ opboémprac tawounong (average classification accuracy), omnwg avtdg
dapopemdvetor emi evog aplOpold  SlapopeTIKGOY  yoploudtov Tov Video oe clOvola
ekmaidevong kat eéyyov , TNV axpifeia ta&vounong (classification precision) ovd kidon, tnv
opbotnta to&vopnong (classification accuracy) ové khdon xoi tov mivako “cOyyvong”
(confusion matrix). O deiktng opBoTnTag Tagvounong (classification accuracy) opiletot wg

opba taéwounuéva video A€y yov
ovvoldo video A€y yov

Méoog 6pog 0pBoTNTAC TAéIVOUNONG =

O deiktng axpifelag ta&vopnong (classification precision) yuo pua kAdon opiletor mg

akpifeia taéwounong kAdong j =

video eAéyyov mov taéwounOnkav oplwg atnv kAdan j
video eAéyyov mov taéwounOnkayv oplws atnv kAdon j +
video eAéyyov mov taéwounOnkav Aavlaouéva atnv kAdon j

O deiktng opBoTNTOC Ta&vounong (classification accuracy) yw pio kidor opiletot wg

opbotnta taéwounong kAdong j =

video eAéyyov mov taéwoumOnkay oplws atnv KAdon j
video eléyyov mov taéwounbnkav opfws atnv kAdon j +
video eAéyyov kAdang j mov Sev tavounbnkav otnv kAdon j
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Axorob0mg, o Tivakag “cOyyvong” opiletat g

_ vk e G :hvi) = i}

Gj

ij

omov i,j € {1,..,Nc}, M;; sivar m M tov wivaka cOyyvong om Oéon (f,i) kon Cj 0
oOvoro TV Video eléyyov katnyopiog j. h(Vy)eivan n katnyopio, n omoio €dafe tn péytot
T amdeoong tafwvounty ywo 1o Vvideo Vi, oniadn m kotnyopio. oty omoio TeMKd
ta&wvoundnke to Vvideo Vy. Emopévag, n tum tov M;; 1codtar pe 1o mAndog tov video mov
aviKovv oty katnyopia j oAld ta&voundnkay otny katnyopia i , 410 to TAR00g TV Video
OV OVAKOLV oty katnyopia j. Zvvnbmg ot Twég Tmv accuracy, precision, accuracy kot
confusion matrix ekepdalovtorl o€ T0500Td £l T1g £K0TO (%0).

4.6.2 Amoteréopota MeBodov STIP

2V evotnTo, 0T TOPOVGLAOVTOL TO OTOTEAEGLOTO TTOV TTPOEKVLYOV OTTO TIV EQOPLOYT
™m¢ uebodov STIP ota dedopéva twv cuvohwv THETIS Depth , THETIS_Skelet3D kot
Depth ywia tov ovvdvacud twv dvo meprypopiov HOG xor HOF. Xto oynua 4.13
Katayphpetor o uéoog Opoc axpifeiag / opfomTag (accuracy) TV OomOTEAEGUATMV
Ta&VOUNGNC KOt Y10, T TPLO, GOVOAL OEO0UEVMV.

Yovoro Asdopévov | Average Accuracy (%)
THETIS_Depth 60.23%
THETIS_Skelet3D 54.40%
KTH 92.99%

Yympo 4.13 : Méoog 6pog axpifeiag ta&vounong yio m pébodo STIP.

210 oynuota 4.14, 4.15 ko 4.16 mapovcstdlovtal 7o OVOAVTIKG TO OTOTEAEGLLOTOL
ta&wvounong v kébe KAdon kwvnoemv, amd v epappoyr g pebdsov STIP oto cvivoro
dedopévov THETIS_Depth.

Eidoc Kivnong Precision (%) | Accuracy (%)
Backhand with two hands 61,29% 69,09%
Backhand 63,93% 70,91%
Backhand slice 63,47% 64,24%
Backhand volley 68,79% 65,45%
Forehand flat 59,30% 62,20%
Forehand open stands 73,17% 72,73%
Forehand slice 64,97% 61,82%
Forehand volley 63,82% 58,79%
Service flat 46,95% 46,67%
Service kick 52,60% 49,09%
Service slice 53,95% 49,70%
Smash 50,29% 52,12%

Yympo 4.14: Tlocootd precision kot accuracy kéfe khaong yuo to covoro THETIS_ Depth.

86



Kivioaig | 1 2 3 4 5 6 7 8 9 | 10 | 11 | 12
1 114 8 4 4 15 8 3 0 5 1 1 2
2 11 | 117 4 5 6 6 4 5 0 2 2 3
3 13 | 106 | 19 6 1 4 5 3 2 0 2
4 7 21 | 108 8 2 6 11 0 0 0 1
5 17 5 5 0 102 | 14 5 6 3 1 3 3
6 8 14 3 2 6 120 5 4 0 1 0 2
7 9 5 11 2 9 3 102 | 17 1 1 2 3
8 5 3 5 15 9 1 25 97 2 0 1 2
9 5 2 2 0 4 4 0 2 77 21 26 22
10 7 3 2 1 5 1 0 1 23 81 17 24
11 3 1 4 0 1 1 1 0 31 20 82 21
12 2 5 0 1 1 3 2 4 19 24 18 86

Yypna 4.15: Tlivakag ovyyvong (confusion marix) oe omdivteg Twég yoo t0 oHVOAO
THETIS_Depth. H apifunon tov kivijcemv copgovel pue v apibunon mov topovcidotnke
otV evomta 3.3.1.

Kwioaig| 1 2 3 4 5 6 7 8 9 10 | 11 | 12
1 691| 48| 24| 24| 91| 48| 18| 00| 30| 06| 06| 1,2
2 6,71709| 24| 30| 36| 36| 24| 30| 00 1,2 1,2 18
3 24| 79|64,2|115| 36| 06| 24| 3,0 1,8 12| 00| 1,2
4 06| 42|12,7| 655 | 4,8 12| 36| 67| 00| 00| 00| 06
5 10,3 30| 30| 00(61,8| 85| 30| 3,6 1,8| 0,6 18| 1,8
6 48 | 85 1,8 12| 36727 30| 24| 00| 06| 00| 1,2
7 5,5 30| 6,7 1,2 55 1,81 618|103 | 06| 06 12| 1,8
8 3,0 18| 30| 91| 55| 06| 15,2 | 58,8 12| 00| 06| 12
9 3,0 1,2 12| 00| 24| 24| 00 1,2 | 46,7 | 12,7 | 15,8 | 13,3
10 4,2 18| 12| o6| 30| O6| O0O0| 06| 139|491 | 10,3 | 145
11 18|, o6| 24| 00| O6| O6| 06| 00| 188 | 12,1 | 49,7 | 12,7
12 1,2 30| 00| 06| 06 1,8 1,2 2,41 11,5| 145 | 10,9 | 52,1
Yypo 4.16: Tlivakog obyyvong (confusion marix) oce mocootd % 7y 1O GOVOAO

THETIS_Depth.

Y10 oyfuota 4.17, 4.18 xor 4.19 mopovcldloviar mo oVOALTIKO TO OTOTEAEGLLOTO
ta&wvounong v kéfe KAdon kwvnoemv, amd v epappoyr g pebdsov STIP oto cuvoro
dedopévov THETIS_Skelet3D.

Eidog Kivnong Precision Accuracy
(%) (%)

Backhand with two

hands 65,66% 60,75%
Backhand 60,64% 58,76%
Backhand slice 61,22% 60,00%
Backhand volley 62,14% 50,52%
Forehand flat 52,07% 57,27%
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Forehand open stands 61,48% 82,18%
Forehand slice 51,04% 62,14%
Forehand volley 58,51% 59,14%
Service flat 46,51% 41,67%
Service kick 37,29% 40,37%
Service slice 44,32% 39,00%
Smash 50,59% 41,35%
Yyqpo 4.17 : Ilocootd precision kot accuracy kabe kidong yw 1o ocvvoro THETIS
Skelet3D.
Kwijoaig | 1 2 3 4 5 6 7 8 9 | 10 | 11 | 12
1 65 5 3 9 4 8 4 1 2 3 2 1
2 9 57 2 3 1 11 1 2 2 2 4 3
3 4 2 60 13 6 3 7 1 0 1 0 3
4 8 2 14 64 2 1 6 5 0 0 0 1
5 3 5 2 5 63 5 11 5 0 5 4 2
6 0 5 0 1 1 83 0 1 0 3 3 4
7 3 5 4 2 15 0 49 16 0 1 1 1
8 4 2 6 4 10 1 9 55 1 1 0 0
9 1 2 1 0 5 5 1 2 40 21 9 9
10 1 4 1 0 2 4 2 0 23 44 16 12
11 1 1 2 0 6 8 5 0 8 24 39 6
12 0 4 3 2 6 6 1 6 10 13 10 43
Yyua 4.18 : Ilivakog ovyyvong (confusion marix) oe oamdivteg Tipéc yoo 10 oHVOAO

THETIS_Skelet3D. H apifunon 1ov Kwvicewv ocLUQ®VEL
TapoLGLAcTKE 6TV gvotnta 3.3.1.

pe v apibunon mov

Kwioeig | 1 2 3 4 5 6 7 8 9 10 | 11 | 12
1 60,7 | 47| 28| 84| 37| 75| 37| 09| 19| 28| 19| 09
2 931|588 | 21| 31| 10(113| 10| 21| 21| 21| 41| 3,1
3 40| 20(600|130| 60| 30| 70| 10| 00| 10| 00| 3,0
4 78| 19136621 19| 10| 58| 49| 00| 00| 00| 10
5 27| 45| 18| 45|573| 45|100| 45| 00| 45| 36| 18
6 00| 50| 00| 10| 10(822| 00| 10| 00| 30| 30| 40
7 31| 52| 41| 21|155| 00|505| 15| 00| 10| 10| 10
8 43| 22| 65| 43|108| 11| 97|591| 11| 11| 00| 0,0
9 10 21| 10| 00| 52| 52| 10| 2,1|41,7|219| 94| 94
10 09| 37, 09| o0 18| 37| 18| 00| 211|404 | 14,7 | 110
11 10 10| 20| 00| 60| 80| 50| 00| 80| 240|390 | 6,0
12 00| 38| 29| 19| 58| 58| 10| 58| 96 |125| 9,6 |41,3
Yympo 4.19 : Ilivakog obOyyvong (confusion marix) ce mocootd % 7y T0 GUVOAO

THETIS_Skelet3D.

Y10 oyfuota 4.20, 4.21 xor 4.22 mopovcldlovial TO OVOALTIKO TO OTOTEAEGLOTO
ta&wvounong v kébe kKAdon kwvnoeov, amd v epoppoyn g pnebddov STIP 610 cvvoro
dedopévav KTH.
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Eidog Kivnong | Precision (%) | Accuracy (%)
Boxing 95,19% 99,00%
Handclapping 97,98% 97,98%
Handwaving 100,00% 96,00%
Jogging 81,90% 86,00%
Running 88,89% 80,00%
Walking 94,29% 99,00%

Yypa 4.20: TTocootd precision kot accuracy ke kidong yio o cbvoro KTH.

Kwiosig 1 2 3 4 5 6
1 99 1 0 0 0 0
2 2 97 0 0 0 0
3 3 1 96 0 0 0
4 0 0 0 86 10 4
5 0 0 0 18 80 2
6 0 0 0 1 0 99

Yypa 4.21: TTivakag ovyyvong (confusion marix) oe amdéAvteg Tipég yo 1o obvoro KTH. H
apifunon Tov Kvnoewv cuppmvel pe Tov Tivaxa 4.20.

Kwioeig 1 2 3 4 5 6
1 99,0 1,0 0,0 0,0 0,0 0,0
2 2,0 98,0 0,0 0,0 0,0 0,0
3 3,0 1,0 96,0 0,0 0,0 0,0
4 0,0 0,0 0,0 86,0 10,0 4,0
5 0,0 0,0 0,0 18,0 80,0 2,0
6 0,0 0,0 0,0 1,0 0,0 99,0

Yympa 4.22: Tlivakag cvyyvong (confusion marix) oe mocootd % yio o cuvoro KTH.

Onwg Topatnpovpe, ta 10c00td akpifelag ta&vounong ya to ocvvoro THETIS_Depth
gtvar otabepd vynrotepa omd To avtioToye mocooTd Tov cvvorov THETIS Skelet3D.
Qo1d00, 68 GUYKPION HE TO AMOTEAEGHOTA TOL cLVOAoL Kiviioewv KTH eivor yaunidtepa.
A&iler va onuelwdel 60TL 1 KAAon ov eppavifel Ta vYMAOTEPA TOGOoTA oKpifelog eivor M
forehand open stands (73,17% oto THETIS_Depth kouw 61,48% THETIS_Skelet3D).
Avtifétme, 1660 Y100 To ohvoro THETIS_Depth, 660 xat yio to ovvoro THETIS_Skelet3D,
0. YapnAdTEPpa TOc0oTA aKpifelag mpokdmTovy ot Kivnoelg, service flat, service Kick,
service slice xat smash, onwg eaivetar otovg mivakeg 4.14 ko 4.17. IMapadeiypatog yépwv,
v Vv Kivion service flat ta mocootd axpifetog eivor 46,95% wat 46,51% avtiotoya, evod
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T0 younAd moocootd axkpifeiag 37,29% eupavifet n kivnomn service kick tov ouvoiov
THETIS_Skelet3D.

Ta amoteléopato mov agopodv Tic Kivnoelg service flat, service kick, service slice kot
smash givor avopevopeva kabmg 1 OUOLOTNTO TOV KIVGE®Y 0LTOV gival vynin. Mdalota, ot
TPELG TPMTEG AMOTELODV TOpalAayég Tng 810 Kiviiong mov eivat to service. Emmpootétmg, 1
EKTELECT] TOVG OO APYAPLOVG GTNV OVTICEAIPIoT KAHIoTA TNV OvVayVOPIGT TOLG OKOUN KoL
oo Tov id10 Tov AvOpwmo £va dSVGKOAO TPOPAN L.

4.6.3 Amoteléopata Agvtepng Mebdoov

2V evotnTo, 0T TOPOVGLALOVTOL TR OTOTEAEGLOTO TTOV TTPOEKVLYOV OTTO TNV EQOPLOYT
™m¢ uebddov Dense Trajectories ota  dedouévo tov ovvorwv  THETIS Depth
THETIS_Skelet3D xat Depth. T kG0 chvoro mpoypatomotbnkay tplo TepauoTa. , va. pe
Bdon tov meprypogia Trajectory, éva ue Pdon tov meprypapéo MBH kot évo e Bdon tov
ocvvdvaoud TV 1eccdpmv Teptypapiwv Trajectory, HOG, HOF kot MBH. 210 oyfua 4.23
Kataypapetor o uécog Opoc axpifeag / opBoTnTOC (AcCuracy) TV OmTOTEAEGUAT®V
Ta&vOUNGNC KoL Y10, To, TPio. GOVOAL OEQ0UEVOV, Y10, KAOE O10pPOPETIKO TEPLYPUPEQ.

Xvvoro Trajectory MBH TRAJECTORY,HOG,
Agdopévov HOF,MBH
THETIS Depth 51,59 % 54,32 % 57,50 %
THETIS_Skelet3 46,84 % 50,78 % 53,08 %

D

KTH 86,98 % 92,32 % 90,65 %

Yympa 4.23 : Méoog 6pog akpifelag tagivounong (average accuracy) pe m uébodo Dense

Trajectories, yio S10pOpeTIKODG GVVOVUGLOVE TEPLYPUPEMY.

Y10 oyfuota 4.24, 4.25, 4.26, 4.27 mapovcidlovtol To avOALTIKO TO OTOTEAEGLLOTO
Ta&vounong yo kabe KAGoN KWWNGEDV Yot TNV €QAPUOYT TOV S0POp®V TEPLYPAPEDV TNG
uebddov Dense Trajectories 6to cuvoro dedopévov THETIS_Depth.

Precision Accuracy
Eidog Trajectory | MBH | Trajectory, | Trajectory | MBH | Trajectory,
Kivnong HOG, HOG,
HOF, HOF,
MBH MBH
Backhand
with two 54,79% 57,07% 59,04% 62,42% 66,06% 67,27%
hands
Backhand 56,83% 59,24% 61,29% 63,03% 66,06% 69,09%
Backhand 50,93% 55,78% 60,38% 49,70% 49,70% 58,18%
slice
Backhand 58,29% 60,23% 65,03% 61,82% 64,24% 64,24%
volley
Forehand 50,30% 53,05% 56,29% 50,61% 53,05% 57,32%
flat
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Forehand

open 67,90% 69,41% 71,43% 66,67% 71,52% 72,73%
stands

Forehand 60,42% 62,82% 64,56% 52,73% 59,39% 61,82%
slice

Forehand 53,94% 58,71% 62,58% 53,94% 55,15% 58,79%
volley

Service

flat 35,50% 38,69% 43,35% 36,36% 39,39% 45,45%
Service 41,98% 48,03%

kick 45,16% 41,21% 42,42% 44,24%
Service 40,44% 47,06%

slice 41,35% 33,33% 33,33% 38,79%
Smash 46,15% 47,22% 49,43% 47,27% 51,52% 52,12%

Yyna 4.24: TTocootd precision kot accuracy kabe kAdong yio to cvvoro THETIS Depth,
Y10 TOVG SLAPOPOVS TEPTYPUPEIC.

Kwioeig| 1 | 2 | 3| 4] 5] 67 ]8] 9 [10[11]12

1
103 8 6 6 18 9 3 0 5 2 3 2

2
15 | 104 6 6 6 9 5 5 0 2 2 5

3
7 15 82 32 7 1 5 6 3 3 1 3

4
2 4 25 | 102 6 0 6 15 2 1 1 1

5
18 8 7 4 83 19 3 10 4 1 4 3

6
8 17 3 2 10 | 110 6 4 0 2 1 2

.
10 7 14 2 9 3 87 25 1 1 2 4

8
5 4 7 16 11 4 23 89 1 1 1 3

9
5 2 4 1 5 1 0 3 60 28 31 25

10
8 6 2 1 5 0 1 2 31 68 18 23

11
5 3 5 1 4 1 1 0 41 29 55 20

12
2 5 0 2 1 5 4 6 21 24 17 78

Yynpo 4.25: Tlivakag obyyvong (confusion mariX) ce amdlvteg TéEG Yoo TO GVVOAO
THETIS_Depth, pe meprypagéa Trajectory.
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Kwiosig | 1 2 3 4 5 6 7 8 9 | 10 | 11 | 12

1
109 8 4 5 18 9 3 0 5 1 1 2

2
14 | 109 4 6 6 7 5 5 0 2 2 5

3
7 15 82 35 7 1 4 6 3 3 0 2

4
1 7 24 | 106 4 2 6 14 0 0 0 1

5
18 6 6 3 87 19 5 9 3 1 4 3

6
8 15 3 2 6| 118 5 4 0 2 0 2

7
10 5 11 2 9 3 98 19 1 1 2 4

8
5 4 5 15 11 2 27 91 2 0 1 2

9
5 2 2 0 5 4 0 2 65 25 30| 25

10
8 6 2 1 6 1 0 1 26 70 19| 25

11
4 2 4 0 4 1 1 0 44 26 55| 24

12
2 5 0 1 1 3 2 4 19 24 19| 85

Yyua 4.26: Tlivakag ovyyvong (confusion marix) oe oméivteg Twég yoo to ohHVOAO
THETIS_Depth, pe neprypapéo MBH.

Kwioaig | 1 2 3 4 5 6 7 8 9 (10 | 11 | 12
1
111 8 4 4| 18 8 3 0 5 1 1 2
2 12 | 114 4 5 6 7 5 5 0 2 2 3
3 6| 15| 9% | 24 7 1 4 5 3 2 0 2
4 1 7| 23| 106 5 2 6| 14 0 0 0 1
> 17 6 5 3| 94| 17 5 6 3 1 4 3
° 8| 14 3 2 6| 120 5 4 0 1 0 2
! 9 5| 11 2 9 3]102 | 17 1 1 2 3
8 5 3 5 15 9 1| 25| 97 2 0 1 2
o 5 2 2 0 4 4 0 2| 75| 23| 26| 22
10 8 6 2 1 6 1 0 1| 24| 73 18| 25
1 4 1 4 0 2 1 1 0| 41| 24| 64| 23
12
2 5 0 1 1 3 2 4| 19| 24| 18| 86

Yynpo 4.27: Tlivakag obyyvong (confusion mariX) ce amdlvteg TéEG Yoo T0 GVVOAO
THETIS_Depth, e meprypageic Trajectory, HOG, HOF ka1 MBH.
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Y10, oynpata 4.26, 4.27, 4.28 kot 4.29 mapovctaloviol o aVOALTIKG TO ATOTEAEGLLOTO
Ta&vounong yo kdbe KAGoN KIVIGEDV Yo TNV EQOPUOYN TOV S0QPOP®Y TEPTYPAPEDV TNG
uebodov Dense Trajectories oto cuvoro dedopévav THETIS_Skelet3D.

Precision Accuracy
Eidog Trajectory | MBH | Trajectory, | Trajectory | MBH | Trajectory,
Kivnong HOG, HOG,
HOF, HOF,
MBH MBH
Backhand
with two
hands 49,41% 57,14% 63,73% 39,25% | 52,34% 60,75%
Backhand 44,58% 52,75% 59,34% 38,14% | 49,48% 55,67%
Backhand
slice 45,65% 54,17% 59,18% 42,00% | 52,00% 58,00%
Backhand
volley 50,94% 53,85% 59,80% 52,43% | 54,37% 59,22%
Forehand
flat 49,59% 50,00% 51,67% 53,55% | 54,55% 56,36%
Forehand
open
stands 60,14% 62,41% 61,03% 82,18% | 82,18% 82,18%
Forehand
slice 44,34% 47,00% 48,96% 48,45% | 48,39% 48,45%
Forehand
volley 54,08% 55,21% 56,84% 56,99% | 56,99% 58,06%
Service
flat 45,35% 47,56% 45,45% 40,53% | 40,63% 41,67%
Service
kick 34,88% 37,19% 36,13% 41,28% | 41,28% 39,45%
Service
slice 39,18% 42,22% 43,68% 38,00% | 38,00% 38,00%
Smash 39,47% 47,67% 49,40% 28,85% | 39,42% 39,42%

Yynpo 4.28: TMoocootd precision kor accuracy kdabe xidong yw to ovvoro THETIS
Skelet3D, yia tovg d1GpopovE TEPTYPAPEIG.

Kwioaig | 1 2 3 4 5 6 7 8 9 110 | 11 | 12
1 42 9 8| 13 6 8 6 4 2 5 2 2
2 13| 37 2 4 2| 14 3 2 3 4 9 4
3 5 41 42| 19 7 2] 10 4 1 3 0 3
4 9 3| 18| 54 2 1 7 4 0 1 1 3
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S 3 5 3 5| 60 4| 14 5 0 5 4 2
6 0 5 0 1 0| 83 0 1 0 4 3 4
! 4 5 6 2 14 0| 47| 16 0 1 1 1
8 5 2 6 4| 11 1 9| 53 1 1 0 0
9 2 2 1 0 5 5 1 2| 39| 21 9 9
10 1 5 1 0 2 5 2 0| 20| 45 16 | 12
11 1 2 2 1 6 5 0 7| 24| 38 6
12 0 4 3 3 6 7 2 7| 13 15 14| 30

Yyua 4.29: Tlivakag ovyyvong (confusion marix) oe omdivteg Tég yioo 10 GOVOAO
THETIS_ Skelet3D, ue neprypoagéa Trajectory.

Kwviezig| 1 | 2 | 3 | 4 | 5| 6] 7] 89 |10]11 ] 12
1 56 6 4 13 6 8 4 2 2 3 2 1
2 12 48 2 4 2 10 3 2 2 2 6 4
3 5 4 52 15 6 2 7 4 0 2 0 3
4 9 3 16 56 2 1 7 4 0 1 1 3
5 3 5 3 5 60 4 14 5 0 5 4 2
6 0 5 0 1 0 83 0 1 0 4 3 4
[ 4 5 6 2 14 0 47 16 0 1 1 1
8 5 2 6 4 11 1 9 53 1 1 0 0
9 2 2 1 0 5 5 1 2 39 21 9 9
10 1 5 1 0 2 5 2 0 20 45 16 12
11 1 2 2 1 6 8 5 0 7 24 38 6
12 0 4 3 3 6 6 1 7 11 12 10 41

Yynpo 4.30: TTivakag obyyvong (confusion mariX) ce omdAvteg TWéES Y00 TO GVVOAO

THETIS_ Skelet3D, pe neprypapéa MBH.
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Kwiosig | 1 2 3 4 5 6 7 8 9 |10 | 11 | 12
1
65 5 3 9 4 8 4 1 2 3 2 1
2
10 54 2 4 1 12 1 2 2 2 4 3
3
6 2 58 13 6 3 7 1 0 1 0 3
4
8 2 16| 61 2 1 6 6 0 0 0 1
5
3 5 2 5 62 5 12 5 0 5 4 2
6
0 5 0 1 1 83 0 1 0 3 3 4
7
3 5 4 3 15 0| 47 17 0 1 1 1
8
4 2 6 4 10 1 10 54 1 1 0 0
9
1 2 1 0 5 5 1 2 40 21 9 9
10
1 4 1 0 2 4 2 0 24 | 43 16 | 12
11
1 1 2 0 6 8 5 0 9 24 | 38 6
12
0 4 3 2 6 6 1 6 10 15 10| 41

Yyua 4.31: Tlivakag ovyyvong (confusion marix) oe omdivteg Tég yioo 10 oOVOAO
THETIS_ Skelet3D, ue neprypagpeic Trajectory, HOG, HOF xou MBH.

2t oyfuota 4.30, 4.31, 4.32 kot 4.33 wopovctdloviol To OVOALTIKA TO OTOTEAEGLLOTO
tavounong v kdbe KAAON KIVAGE®V Yo TV EQUPLOYT TOV J0POP®V TEPLYPAPEDV TNG

uebodov Dense Trajectories oto obvoro dedopévov KTH.

Precision Accuracy
Eidog Kivnong | Traje- | MBH | Trajectory | Traje- MBH | Trajectory
ctory , HOG, ctory , HOG,
HOF, HOF,
MBH MBH
Boxing 96,00
84,85% | 95,05% 91,26% 84,00% % 94,00%
Handclapping 92,93
79,21% | 92,00% 91,00% 80,81% % | 91,92%
Handwaving 97,00
96,94% | 97,00% 98,94% 95,00% % 93,00%
Jogging 81,00
80,37% | 89,01% 84,00% 86,00% % | 84,00%
Running 88,00
84,44% | 84,62% 82,83% 76,00% % 82,00%
Walking 99,00
96,15% | 96,12% 96,12% 100,00% % | 99,00%

Yympo 4.32: Tlocootd precision kat accuracy kéfe khéong yw to ovvoro KTH, yia tovg
SLPOPOVG TEPTYPAPEILS.
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Kwioeig 1 2 3 4 5 6

1
84 16 0 0 0 0

2
15 80 3 0 0 1

3
0 5 95 0 0 0

4
0 0 0 86 14 0

5
0 0 0 21 76 3

6
0 0 0 0 0 100

Yyna 4.33: ITivakog obyyvong (confusion marix) oe amdivteg Twég yio to ovvoro KTH, pe
neptypoéa Trajectory.

Kwiosig 1 2 3 4 5 6
1 96 4 0 0 0 0
2 4 92 3 0 0 0
3 1 2 97 0 0 0
4 0 1 0 81 16 2
S 0 0 0 10 88 2
6 0 1 0 0 0 99

Yyna 4.34: TTivaxkog obyyvong (confusion marix) oe amdivteg Twég yio to odvoro KTH, pe
neprypapéa MBH.

Kwioeig 1 2 3 4 5 6
1 94 4 0 0 1 1
2 7| a1 1 0 0 0
3 2 4 93 0 1 0
4 0 0 ol 8| 14 2
5 0 1 ol 16| 82 1
6 0 0 0 0 1| 99

Yympoa 4.35: Tivakog obyyvong (confusion marix) oe amoélvteg Tipég yio to ovvoro KTH, pe
neprypageic Trajectory, HOG, HOF kot MBH.

Onwg mapatnpodue, o 1060otd akpifelg ta&vounong yo to cbvoro THETIS_Depth
gtvar otabepd vynrotepa omd To avtioToye mocooTd Tov cvvorov THETIS Skelet3D.
Qo1600, 68 GUYKPION HE TO AMOTEAEGHOTO TOL cLVOAoL Kiviioewv KTH eivor yaunidtepa.
Emnpocbétmg, eivor @avepd o611 0 cuvovaouds meplypagémv mov  Peltictomolel Ta
amotedéopoto  toEwoumong  yoo  ta oOvola  dedopévov  THETIS Depth ko
THETIS_Skelet3D eivat 0 cuvdvoopdg OA@v Tov meptypaeémy mov VITOAOYILEL 0 KOG
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Dense Trajectories, dniadn o cvvdvacuog tav meptypagémv Trajectory, HOG, HOF a1
MBH. Emiong, mopatmpodue mwg oo 1o cvvoro dedopévov KTH, 1o amoteléouata
Beltiotomolobvtan e v ypnon tov meprypapéo MBH amoxielotika.

Ailer va onuewbei 6t ota odvoro THETIS Depth woir THETIS_Skelet3D, ta
yapnAoTEPa TOG00TA aKpifelag TpokvmTovy otig Kivnoelg Service flat (35,50%) kot service
kick (34,88%) avtiotoryo, Omw¢ @aivetor otovg wivakes 4.24 kor 4.26. Avtibétoc, ta
vynAdTeEpa. mocootd mapovoidlel N kivinon foreflat open stands (71,43%) yw 10 chvoro
THETIS_Depth, xoi1 m «ivmon backhand with 2 hands (63,73%) vy to obOvoro
THETIS_Skelet3D.

4.6.4 TvykprTikd Amoteréoparta,

Ymv evémrta oavt, zmapovoidlovtal to  omoteléopato g uebddov STIP oe
avtimapdfeon pe to amoteléopoto g uebodov Dense Trajectories. Onwg mpokdmTEL KO
amo to oynua 4.32, 1 epappoyn g nebddov STIP 001 ynce e KaADTEPO OTOTELEGUATO TOGO
v ta Video g Bdong KTH, doo kot yo to Video g mapovoialopevng Paong dedousvov
THETIS.

YOvoho Agdopévev Dense Trajectories STIP
IMeprypapeig Trajectory MBH Trajectory, HOG,HOF
HOG,
HOF, MBH
THETIS Depth 51,59 % 54,32 % 57,50 % 60.23%
THETIS_Skelet3D 46,84 % 50,78 % 53,08 % 54.40%
KTH 86,98 % 92,32 % 90,65 % 92.99%

Yyua 4.36: Toykpion tov anotelsopdtov tov pueboddwv Dense Trajectories ko STIP, yia
OA0 TOL CUVOAN OEOOUEV®V TTOV YPNCUYLOTOONKAY GTNV TEPOUATIKY O10OIKAGIOL.

Ewwotepa, mopatnpodpue nog 1 Koddtepn emidoon tov ocvvorov THETIS Depth
onuewvetor yo ™ péBodo STIP (60.23%). Ta mepduato pe v xpNon Tov TEPLYPUPEN
MBH g pebodov Dense Trajectories oto ocbvoro KTH, édwoav mold kold omoterécpota
(92,32 %) oxedov 1660 kald 6o 1 péBodog STIP (92,99 %). H ypfion tov neprypapéo MBH,
A wote, oKOmd €xel TV amopovoorn tov Bopvfov mov mpokvmTEL AmO TV Kivom NG
Képepag. v mapovotalopevn Pacn, mov 1 khpepa givol oTOTIKY, @aiveton TG dev divet
avtioTolyo KoAd omoteAéopata o€ oOyKplon He to amotehéoporo g peBoddov STIP.
EmnpocHétmg, kot ota Tpla cuVoLa dES0UEVAOV KIVIIONG, 1| EPOPLOYY| TOL TEPTYPAPEN TPOYLAS
Trajectories wg amokAEIGTIKO TEPLYPAPEQ, JIVEL TO MYOTEPO KOAG OTTOTEAEGLLOTAL.

Ievikdtepa, eivarl capéc mwg n epoppoyn tov pedddwv STIP kot Dense Trajectories dev
0d1ynoe oe 1660 LYNAN aKpifelo GTNV OvVayVAPION TOV KIVIIGEMV TNG TPOTEWVOUEVNS PAong,
600 otV avayvoplon tov kvioemv g KTH. Xto onueio avtd mpénet vo onueimbel n
dwpopetikdmTa G Pdong dedopévav kivnong THETIS, oe oyéon pe m Paon KTH.
Kat’ apydc, ot kivioeig g Paong KTH givan mo andég and tig kivnoelg g Pdong THETIS,
oL TEPIAAUPAVEL KIVAGEIS avTIoQaipiong, onAadr| mo chvleteg Kol AyoTeEPO daY®PICLEG
peta&y tove. Iapadeiypatog yapv, to cvvoro THETIS, nepiéyet tpra €idn service mov givor
dl@pioo LOVO amd EUTELPOVG TAIKTES, EVM €lval TOAD dVGKOAO va yivel dtdkpior peta&nd
TOVG amod €va puéco Beatn.
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Enmpoobétwe, xpiverar omopoitmto vo onuewwbel mog ota video tov cuvormv
THETIS_Depth xoaw THETIS_Skelet3D kataypdaeetor  kivion GAA®v atéuov 610 oo
uépog g oknvig (background). To mep1pdAiov Kataypaphg TV KIVGE®Y OgV eival TANP®G
EAEYYOUEVO, KAODC GTO TAAVO EIGYMPOVY GUYVE GAAX ATOWA T OTTOi ETOIOOVTAL GE TOIKIAES
dpacTNPIOTNTEG GCYETEG LE TNV KIVNON TOL KATAYPAQPETOL TI OEOOUEVI] YPOVIKY] GTLYUR.
Mmopei i gprion tov Kinect yio v moapaywyn 3D dedouévev va mopéxet éva. oNUAVTIKO
mieovéktnua yio v e€ayoyn tov background, o mepiBaiioviikog B6pvPog duwe dev mavet
vo omotelel pa emumhéov Tpokinon. Térog, vmapyel cvyvd 00pvPfog otV OmEKOVIOT TOVL
Babovc, Adyw g oké€dacmg Tov LEEPLOPOL E®TOS amMO SLAPOPES EMIPAVEIES, OTMG
KaOpEntng, EOAVO TATOUO TTOV AVTUVAKAR TO WG, K.O.

EnumAéov, 10 cOvoro dedopévov THETIS Skelet3D mov kotaypdgel v Kivinorn tov
OKEAETOD TOL AVOPOTIVOV GAOUATOG OTIS TPEIS OOGTAGEI TOV XDPOL gival éva vEo €i00¢
oLVOLOV dedopévav kivnong. Zvvovaletl Ty mAnpoeopio Tov Babovg Tov KatackeLAleTuL (g
™ PBonbew g KAUEPUS VITEPVOPOV KL TNV AVOKATUOKELT TOV GKEAETOD TOL AVOpOTIVOL
omuoTog, mov vmoompiletor amd To  dwmAatpopuikd mAoiclo epapuoydv  OpenNl
Framework. Enouévac, ival dikoio va avo@Epove Tmg 68V Hmopody vo, GuYKptBody dueoa.
to amoteléopata Tov uefddwv STIP kot Dense Trajectories Tov cuvorov dedouévav KTH pe
ekeivo, tov ocvvolov THETIS Skelet3D, xobBd¢ 1o €idog g mAnpogopiog mov &yxet
Katoypogel ota Video kabe mepintmong sivar eviehdg dapopetikd. Xe Kabe mepintwon, 1
obykpilon yivetar ywoo vo ovadeifovpe ™ OSLVOUIKY NG TPOTEWOUEVNG Pdong Kot Tig
TPOKANOEL OV LT ToPovclalel Otav amotelel avrtikeipevo a&loAdynong aiyopibuwv
KO TN YOPLOTOiNonG TEAEVTOL0G TEYVOAOYING.
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KE®AAAIO 5

5.1 Youmepaocpato

270 KePAANL0 VTO YIVETAL [110. GOVOYT] TOV OTOTEAEGLOTOC TG EPYUGIOG Ko ETLXEIPEITOL
N a&0A0YNGN TOL Kot 1| SlEPEVVOT TOAVAOY TPOOTTIKDV Y10 TEPALTEP® UEAETT KOl EPEVVAL

Y10 T\aiclo TG TOPOLGHS SUTAMUATIKNG epyociag Onuovpyndnke éva véo peydro
oOvoro amd Video mov mepEyovv KvNnoelg tov abAnuatog g avitoeaipiong H véa Pdaon
dedopévav THETIS cuvdvalet évav aptBpod mTAeovekTHUaToY mov uropodv va aglomomfody
070 LEAAOVTIKEG EQUPUOYEG OTO TAQUGLY TG AVAYVAPIOTG TNE 0VOpOTIVIG SpacTnPLOTNTAG.

[pato am’oia  Pdon THETIS eivan mpotoTLunn @¢ mpog 1o €160¢ TV KIvNoemV KaODC
o€ KovEVe, GAAO GUVOAO dedopévov amd To NHON vIdpyovta, dev meplouPavetal 6Ao To
edoua Tov Pactk®v Kvioewv tng aviio@aipione. Emmiéov, mepthoufaver video oyt pwovo
ewovag RGB, aAld ko video mov avamapiotodv v kdbe Kivinon oTig Tpelg dluoTdGELS TOV
ydpov. To mheovékTnuo avtd, mov wnydlel amd tn ypron g cvokevng Kinect wg uéco
KaTaypagnc, TapEyel o€ Evo uéPog Tmv dedouévav g Paong THETIS, aveaptnoia and v
yovio ANyng, 1 omoio € GAAL GUVOLD dEV VITAPYEL.

Enmpoobétwg ta video oxeletod 3D, okehetod 2D ko mEptypAppoTog mopiyovy o€
YEVIKEC Ypappués To mAsovéktnue ¢ aveaptnoiog omd to background (oévto), extdc
elayiotov eEapéoemv OOV dev KATESTN dvVATH N TAPNG amopdvoon g Kivnong and 1o
@ovTO.

‘Eva. axoun mieovékmuo tov cuvorov dedopéveov THETIS eivar adwopeiopfimro to
video mov ameikovilovv TIC KIVAGELS TOV OKEAETOD TOV GLUUETEYOVI®MV GE GUOTNUA TPUDV
YOPIKAOV S0oTAcE®Y. Mg TNV ovomapAcTaoT) OUTH TPOTEIVOLLE TNV TPOCEYYIGT TOL
TPOPANOTOG TG avayvedplong e avBpomivng dpactnpiotntag and Video, pe Evav tpomo
Mydtepo olhvOeTo 0 GUYKPION UE TIG TPOGEYYIGELS TOL YPNGLULOTOLOVV EIKOVOOUKOAOLOiEG
RGB ywo ™mv a&ordynon tov Soeopev pebddov oavayvapiong Kvioeov. Mécom ™G
aVATOPAGTAGNG OVTNG SIVETOL 1] SLVOTOTNTA Yot XPNOTN TNG TANPOPOPIag TOL APOPA GTN
LETATOMION TOV 0pOPDOCEDY TOL GMOUATOC, OTOLOVMOUEVT] OO TNV VTOAOITN TANPOPOPIn EVOG
video.

Q¢ mpog TV TEWPOUATIKY OdKocio, ONUIOVPYNONKE £€va GUGTNHO AVOYVOPLOTSG
Kwnogov and video, mov Baciletal og dvo akydpBuovg avaivong g kivnong tekevtaiog
TeXvoAOYiog, Tov Space-Time Interest Points xait tov Dense trajectories. Emiong,
KOTAGKEVAGTNKE TO TPOTOKOALO Yo TNV KBOVIOTOINGT TOV YOPUKTNPIOTIKMOY OVUCUATOV
nov e€dyovv awtoi ot akyopidpot kat yo v ta&vounon tov video pe faon to TEpExOUEVO,
ue ypron SVM. Ta mepdpato tagvounong epappootnkay ota Video fabovg kot okeAeTon
3D 10V cuvolov pog kot ota dedopéva g Phong KTH. Ta anoteléopata tov mepapdtov
oto oedopéva g Pdong THETIS, eivar evBappuviikd aAld vdpyel oliyovpa ymPog yio TV
Bertiwon tovg. Ot Adyor mov Oev mpoékvyav LYNAG mocootd akpifelag pmopodv va

e&nynBoov.

Kot’apybg, ot dnuovpyio g Paong ovppeteiyov 1060 EUmEpol 660 Kot apydplol 6To
afAnuo g avtioeaipiong, ovykekpiuévo ocvppeteiyav 31 apydprot kor 24 éumeipol
avTIoQUPLOTEG. MAMoTo, 0 AGY0g TOL 1 GUUUETOYXN TV apyopiov kpidnke avoykaio Oo
e€nyndel ot ovvéyeln, Omov yivetar AOYOg Yo TIG TPOOMTIKEG EMEKTOONG TNG EPYOCING.
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[Mop’6Aa avtd, To Yeyovog 6Tl ot dadikacio ekmaidevong tov SVM ypnoyoromnkay Kot
To OElYHOTO TOV apyapi®v OTNV OVIIGQOIPIoT, AMETPEYE TNV KOTOOKELT £€voC TEAELOV
Ae&loyiov Yo To kd@Be €idog ¢ kivnone. Eipoote PéPatol, mowg av ot Swdikacio
ekmaidevong ovppeteiyov povo dsiypata EUMEP®Y, TO. amoteAécpoTo akpifelag Bo Mtav
VYNAOTEPQL.

EmmpocOétwg, n Pdon dedopévev THETIS omoteleitor amd apketd e&eidikevpéveg
KWhAoelg ¢ avtiopoipione. Ewdwortepa, tpelg amd Tig O0DOEKD KIVNGES OTOTELODV
Tapardayég TG 1010¢ Kiviong mov givar To Service. Ttnv mepintmon Tovg, ot dlopopEig ToVg
gtvat TOAD SVGIAKPITEG, MGTE LOVO 0L TOAD EUTEPOL 6TO AOANU TG ovTIGPAiplong va. eival
o€ Béom va TI¢ dryopicovy. ['Vavtd To AOYO0, TOPATPOVUE TMG TO ATOTEAEGLOTA aKpPifelag
7OV APOPOVV GTIG GVYKEKPIUEVEG KAAGELS, €lval Emg kot 20% yaunAdtepa amd TIC VITOAOUTES
KIVAGELS.

MdMoTo, €iuooTe TEMEIGUEVOL TTOG TO TOGOGTA aKpifelag pmopodv va avEnbovv
OPKETA, oV d1EPELYVNOOVY AKOUN TEPIGGOTEPO KATOIES TAPAUETPOL TOV EXNPEALOVY (eSO TNV
EMIBOOT TOV GLOTAWOTOG, OTMG Ol TaPAUETPOL TOV aopodv otov mupnva kernel tov SVM
™¢ ToEIVOUNONG, TOL JIEPELVNONKAY ETONTIKA, VD UTOPEl va yivel e£avTANnTIKY diepedvion
TOVG LLE TO. KATAAANAL DTOAOYIGTIKG UEGQ.

Oocov apopd 0TI HEAAOVTIKEC TPOEKTACEIS TNG EPYOACING, UTOPOVUE VO TOOUE TTWG
VILEPYOLV TPOOTTIKES Y10 TEPAUTEP® HEAETT KO £pEVVO. EEKIVAOVTOG OO EKEIVO TOV LITOPOLYV
va yivouv g0kolo LE Ta dedopéva oL £xovv NON cvyKevIpwOEl, TpoTEiveETOL N ¥PTON TOV
video mov amewoviCovy ™V kiviion g GAOVETOC TV ATOU®V 6E OVAAOYO choTHuO
avdAivong kot kotmyoptonoinong. ‘Hon oy evomra 2.2, avaeépbnkav pébodot avayvmpiong
Kwnoemv mov avédelEav v aia g eEaywyng g othovétag omd Eva Video.

EmnpocOétmg, pelhovtikéc epeuvntikég mpoondbeleg Umopodv vo ERLYEPTICOLY TNV
EMEKTAON TOL GLOTARATOS o€ Ta&vounty expert-non expert , pe Baon ta Video Tov cuvorov
LG, TOV OTTMOC OVOPEPONKE KOl TTLO TTAV® TEPLEYOLV Oetyata Kot EUmepmv Kot apyapiov. ITo
OLYKEKPEVO, B Hmopodoe Vo KOTOOoKELOOTEL éva chotua mov va givar oe 0éom va
Eeywpilel av o dropo mov ektelel pa kivnon avticeaiptong og évo, Video givarl apydpto 1
éumelpo oto dOANua. Maiiota, po whovi dvvatdtnra evog TETOOL GLGTHIATOS, B NTay Vo
Babporoyel v emidoon Kabe extédeong oe o KAMpoka omd to 1 éwg to 10.

Av gmexteivel Kovelg avt v 10éa, Oa umopoce Vo dMGEL EKTAOEVTIKO YOPOKTI PO GTO
cLOTNUO KO VO 0oTEAECEL epyaleio ekpdOnong yia to dBAnua g avticeaipiong. Aniadn,
pe v ovlmtuén evoc dwdpactikod mepPdAloviog, Ba pmopovce TO GUGTNUA VO
ypnowonoteital Katd tn dadikacio mpordvnong Kot 6To T€A0G, v mopoLGilel CTOTIGTIKA
otolyeia yio TNV emidoon katd v ektédeon Kabe Kivnong.

Téhoc, to oOvoro dedopéveov THETIS, 6o pumopovce va amotedécel xpnopo epyaieio
Yo ™MV avamtuén eQOPUOY®OV GLTOHATNG OVAALONG aydveov avilo@aipiong (sports play
analysis), mov amoteAei Evo omd To To dNpoPy abAnuata. ‘Evo tétolo cdomua mov Oa
umopovoe va avayvopilel 6€ Tpaypatiko ypovo v Kivnon mov ektehel 0 EKAGTOTE TAKTNG,
Ba Ntav og BEon va emiTHYEL TNV GLALOYT GTOTICTIK®V GTOXEI®Y, TNV AVAALGT TNG TOKTIKNG
TOL TTOLYVISL0D KoL TNV CLTOUATI TTEPLYPAPY] VOGS AYDVO AVTICPAIPIONG.
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