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Lepiinyn

g VTNV TNV UETOTTUYLOKT OUTAMUATIKY] £pYyacio acyoAnOnkaue pe to {fTnua e
aVixvVeELONG, aVaYVOPLoNG Kot avaAvong Kiviiong o akolovbdiec eikovov (video)

210 TPOTO KEPAANLO KAVOLLE U0 YEVIKT €100Y®YN OTO aviikeipevo g Texymtig
Opaong kot Topovctdlovpe KAToles epaproyES kot avorytd {ntmuata, Koddg kot v
dopn| evog arlod cvotuotog Texvntng Opaonc.

210 deVTEPO KEPAAOLO TTAPOVCIALOVUE KATOLEG amd TIG PACIKES EVVOLES Kot apyEG
g enefepyooiag kot aviilvong video, kot Tapovctalovpe o omapaitnta epyarsio
Kabdg Kot v avtiotoryn onueloypaeio (nNotation)mov Ha ypnoylomomoove oe OAL
T VTOAOITO KEPAALOL.

210 TpiT0 KEPAAOMO OCGYOAOVUACTE HE TO (HTNUOL NG aviyvevong Kivnomng Ko
glodyovpe v évvown TtV evepydv frames, omov dnladn mapatnpeitor kdmola
onuovtiky  xivnon. Ilpoteivovpe 1pelg pebBodovg kot mapovoidlovpe TOG0 T
TEPALATIKA OTOTEAEGLLOTA OGO KO TO, GCUUTEPACLULATL LLOG.

210 T€T0PpTO KEPOAAOMO aoyoAoVpaoTe pe TNV e€aymyn 6Vo PacIKOV 1010THTOV
kivnong. Ilpoteivoope o000 pebBdooLG Yy kdBe 1O16O6TMTO, KOl TIG OEOAOYOVUE
TEPALOATIKA, 001 YOVUEVOL GE APLOTO ATOTEAEGLLOTOL.

10 MEUNTO KEPAAOLO OLGYOAOVUOOCTE LE TNV GEIPLOKY OVIXVELOT CAAUYDV UE TNV
¥PNoMN TG ONUoP1Lovs pebddov CUSUM. Tpomomotovpe tnv pnébodo Kot mpoteivovpe
évav TpOmo peimong tov ydpov avalnmons. Aétoloyodue melpapatikd v uébodo
ywo. Translationakiviogig kot S1OMIGTOVOVUE [0 APLOTH CLUUTEPLPOPE. AVOTVYMG, N
uébodog avtn dev amodidel yioo N0 Translationakwnoelg, okloypaeodue Opmg pia
mBavn ADoN, EVIAGCOVTAS TNV OTA AUEGO LEAAOVTIKA LLOG GYESLOL.

210 £€KTO KEQPAAOIO 0OYOAOVUOCTE UE TNV AENTOUEPT OVAALGON TNG Kivnong.
A1ELPOVOLUE TOV OPIGUO TOV OTIYHOTVTOV TANPoLE Kivinong (FAI) kot tov onudtmv
mov oKolovBovv tnVv kivnorn kot aflohoyodue 23 onuoTe G TPOG TNV OLGKOAIL
aviyvevong FAL Ta counepdopatd pog teptAapfavovy v Qoaproyn TG ovaAvong
Kivnong tOco mpv 0G0 Kot LETE TNV avVOyvVAOPIeT Kivnomng.

210 £BO0oU0 KEPALOLO OGYOAOVUACTE e TNV avayvaplon kiviong. [apovoidlovpe
TG O TPOCPUTES TPOOTAOEIES KOl SLOTVTAOVOVE KATOL GUUTEPAGLOTO GYETIKA LE
TNV OTapOiTNTY TOGOTNTO TANPOPOPING TOL YPELALETAL Y10 TNV AVAYVAOPLON.

TéXog, SLOTLTMOVOVLE TO GUUTEPAGLOTO OGS KOl TEPLYPAPOVUE KATOLOVG OO TOVG

0TOYOVG LEAAOVTIKNG EPYOCIOG LOG.
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EvXapioTieg

¥ ovto to onueio Ba NBeha vo gvyapioTom Bepud Tov emPAEmovta KabNnynT
KOplo Xovotn HAla, yio tv mpoypatikd toldtiun fonfeid tov kad’ 6An v didpkeio
TV omovd®v pov. H onuavtikn kabodnynon tov Ntov kabopioTikng onpociog yio
TNV EKTTOVIOT TNG TOPOVGOG LETUTTUYLOKNG SUTAMUATIKNG EPYACIOG.

®a NBeha akdun va gvyaploTom TV Kupia Xovotn Awotepivny yu v e&icov
ONUOVTIKN GUUPOAN TNG TNV OAOKANP®GN TG TOPOVCAS EPYAGIOG.

Eniong, 6o MBsha va evyapiotiom tov kupo Koatcafouvidn Iodvvn yu Tig
TOAVTILES GLUPOVAEG TOL A Ko Yia TiC vEeg Pdoelg pdbnong mov é0ece kad’ OAn
TV SLAPKELN TOV UETOTTLYLOKDV LOV CTOVIMV.

Ba MBera akdUN vo T Eva PLEYAAO guYopPIoT® otV Kupio Mrplacovin Ade&ia,
xopn oty omoia olokAnpdbnke mn Sumhopatik] pov SwrpPr. Ot yprolueg
oLUPOVAEC, M GLVEYNS VTTOCTHPIEN, KOl KLPI®G 1 dNovpyio KAILOTOG EUTIGTOGVVNG
Kol Kotovonong, pe pondncav va aviypetonioon Bappetd OAa ta SOGKOAN GNUETA.

Ziyovpa ¥pOoTa® £va, LEYOAO EVYOPLOTEH GTOVS YOVELG LLOV KO TOV 0dEPPO LLOL Yo
™V dpkn Tovg oPEn Kot evBGppuven o OAEG TIC OTIYUES, OTIS KOAEG KOL OTIC
dVoKoAES. BOa MBela vo LYOPICTACH WLETEPA TOV AOEPPO LOL Yol TNV KOONUEPIVA
VTOHOVT] KOl KOTAVON O™ TOV EMESEIEE GE LU POPTMUIEVT Yo LEVOL TTEPT000.

Téhog, Ba NBeha va evyaplotom Wiaitepa v Xpodoa Yo TV Pk VTooTnPEn
Kol oupmopdotacn kaf' OAn TNV JPKED TOV GTOLOMV WOV KAB®DG Kol TOLG
CLUEOITNTEG OV Kot OIAOLG oL Yo TNV GuveyT Tovg evBappuven: Mapia, Mdapba,
Kovotavtiva, Koota, Zepoaeeipn, Odvo, Baidvin, Xdaprn, HAMa, Niko, T'dpyo,

ATOGTOM.
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Kepadiaio 1

“ Eicaywyn otny aviyvevon,

avayvapion Kol avdivoocly Kivnonyg'
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1.1 Eicaywyn

H Teyvnt Opaon (7 Opaon Yroloyiorerv - Computer Visiongivar n meployn e
[TAnpoopikng mov acyoleiton pe v &aymyn YPNOIUOV TANPOPOPLOV OO
ddibotateg mpoPforés (m.y. pwtoypoeieg) uag oknvis. H Teyvnti Opaon npoonabdei
vo  amovinoel epmtnoelg tov tomov «llov Ppiokeror €vag OpoUog o€ o
aepoPMOTOYpOPie;» 1 «YWAPYEL KATOL0G AVOPOTOG HEGH GE VTRV TNV €KOVA;». ['a
VO TO TETVYEL OTO TPOYWPEL G AVAAVLON TOV JSOECILOV YNOIKOV TOAVUECHV
(etxovewv koa video)

Ta tedevtaio gpdvio 1 avdAvon YNELIKOV TOAUECOV YIVETOL CLUVEXDS OAO Kot
TO ONUOVTIKY KOOMG ypnoilomoteitor o OA0 Kol TEPICCOTEPEG EPAPUOYES TNG
kafnuepvng {ong. Evoeiktikd avagEépove To GLGTHUATO TAPAKOAOVONONG YOPOV,
TNV OVTOUATN TOPAKOA0VONGN NMKIOUEVOVY avOpdT®V, TNV VTOGTHPIEN ATOU®OV e
eWvEg avaykeg (my. avoyvdpion g VONUOTIKNG YADOOWG), TNV ETKOWV®VIN
avOpOTOL-UNYAVIG, TOV OCNUOCIOAOYIKO 10TO, TOV €AEYYO0 TOL KLKAOQOPLOKOV
CLOTNOTOG KOl TNV J101THoio AOANUATOV.

[owitepa evBappuviikd eivor to yeEYovdg TG OTIS TEPIGGOTEPES OMO TIC
EPOPUOYEG HOG EVOLOPEPEL TEPIGGOTEPO 1 OVOYVAOPIOT KOl KATOVONGN TNG
avOpOTIVNG GLUTEPLPOPAS, KATL TOV  HOPTUPA W0 OTPOPN TPOS £vay  TO

avOpomokevtpikd poro ™G emoTung g [IAnpopopiknc.

1.2 I'eviky avocKkomTnon Evos GOGTIUATOS AVAYVAOPLEHS KIVRGHS

[Tapoéro mov M avayvopion kivinong ivat iI6O¢ T0 GNUOVTIKOTEPO TPOPANUO TNG
Texywtmc Opoaong, éva odotyuo ovoyvapions kivions omoteAeitonr omd TOAAL
VTOGLGTLATO TOV TPOGTOHOVV VO ATOVIGOLV GE TOKIAN GALO EPMOTHUATO, OTMG
«Ymhpyel kbmolog avOpwmog oty oknvi;» 1 «lIpog mota katevhvuvon Kveitar avTodg
0 dvBpwmog;».

IIieTevovpe PAMOTO TOS 1| UTOTEAEGUOTIKOTEPT] CVTIUETAOMION CVTAOV TOV
apofinudtov Oa 00NyNGEL G6E KOAVTEPO OTOTEAEGUATO TIS VAAPYOVGES KOl
pelrovtikéc pe@ooovg avayvopiong Kiviong.

v ocvvéyeln Tapovoldlovpe GLVOTTIKE KOOEVH Omd TO VTOGVOTNHUATO EVOG

TANPOVLS GLOTNHLOTOG AVAYVOPIoNG Kivong.
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Aviyveven evepyav frames

Y& avtd 10 0TAO0 oviyvevovtol To. framesota omoia mpayuatomoleitol Kamoo
onuovtikn Kivnon. Adym Bopvfov (m.y. kivnon kauepag, kivnon QLUAA®V, KOIPIKA
eowopeva), veapyel M mlavotnta éva frame va «aivetar» Tmg eivol onUavTIKd
Yopig va gival otny mpayuatikotnto. To apyikd videodwaipeital £to1 6€ TOAGL pikpd
video, kabéva, and ta omoia yapaktnpiletor oc “ evepyd” M wg * oratikd” , avaioya. pe
T0 OV Tpaypotomoleitol KAmow onpovtiky kivinon N oxl. To emopeva Prjpoto
epapudlovior ota evepyd Video kabog ta otatikd mepiEyovv udévo 06pvfo. Me v

aviyvevon evepymv frames aoyolodpoote avalvTikdoto kepdiaio 3.

Aviyvevon avlpomov
Ye outd 0 Prpo Tpoomabovpe vo Bpodue av vIdpyEl KAmolog avOpmmog otV
oknvi kol og motwo pixels akpiPog eupaviCetar. Ot pébodor ywpilovtar oe 600
Katnyopies: oe ekeiveg mov oamartovv agaipeon background [43, 44, 45ka oe
ekelveg mov dev amautohv KAmowo TETOw TpoemeEepyacioc. oAAd mTpoomabovv va
avyvedboovy tov avBpomo amevbeiog omd to dedopéva [46, 47, 48].Mia ektevig

EMOKOTNOT AVTOV TV uebddmv pnopei va Bpebei oto [49].

Aviyveven evepyav pixels
Y& ovtd T0 0TS0 avyvebovtal To. evepyd PiXels ota omoio mpaypotomoleital M
kivnomn, ta omoio kot Oaywpilovtal amd To otatikd. ‘Exovv mpotabel oibpopeg
uébodot [5, 4]. Mepkéc amd T1¢ yvwototepeg pueboddovg aviyvevong svepydv pixels

TOPOVGIALOVTOL GUVOTTIKG GTO KEQAALO 2.

Eéaywyn ooty kivyengs
e autd T0 OTASI0 EEAYOVLE OPICUEVEG ONUAVTIKEG 1010TNTEG TNG Kivnong, OTmg av
npoOKeLTaL Yo, kivion koatd unkog tov Gfova X (m.y. mepmatnua, Tpé&yo) N Oyt
(.. emtomo dApa) kabohg kot 1 katevbuven g kivnong (aprotepd / 6e€id). Me v
eCaynyn TOV Topomdve 1010THTOV  KIVNomg OGYOAOVUACTE  OVOAVLTIKA GTO

KePAaioo 4.

Aviyvevon allaymv kivyong
Ye auTd 10 0TAd0 TPOSTAHOVUE VO EVTOTIGOVUE TO YPOVIKA onueior ota omoia

petoPaivoope amd pio kivnon oe pio dAAn dwpopetikn. Kat' avtdév tov 1pomo, 1o
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apyko video ympiletoar og pkpotepa Video, ota onoia mpaypotonotleitar povo pia
Katnyopia kivnone. Me v aviyvevon aAlaydv Kiviong ooyolOOUOCTE AVOAVTIK

070 KePAAaLo 5.

Avayvopioen kivyong
e auTO TO OTAO0 TPOYLOTOMOLEITOL 1] OVOYVMDPIoT TOV KIVIIGEMV TTOV EKTEAEL O
KWoOueEVOS avOpwmog. Ymapyovv mapa Torrég pébodot avayvapiong [1, 2] pe apxetd
KoAG amoteAéopata. Me v ovayvdpion Kivnong aoyoAoOHOoTE IO OVOAVTIKG GTO

KeEPOAOO 7.

Avdiven kivyong
e ovtd 10 6TAS10 TPAYUOTOTOlEITOL AETTOUEPT|G avdAveN TG Kivnong, HEcw NG
omoiag mpoomaboOue va amavtioovpe oe gpotirote Omwg: «ldéca Pruata Kdavel
avtodg o avlpomog,» N «lldco dwopkel T0 TPOTO PHA Kot TOGO TO SEVLTEPO;».
Inuovtikég €0m gival ot £€vvoleg ToV «GTIYHoTOTOL TAPoVS Kivnong - FAD» kot tov
«ONUATOV OV aKoAOVOOVV TNV Kivnon». Me v avdivon kiviong acyOAOVLOCTE

OVOAVTIKA 6TO KePAAoLo 6.

Avayvaopien avlpaorwv

To kbplo epdTHE €3G glvar: «rotog givatl avtdc 0 dvBpwmog mov kiveital,». [a va
000el  ambvinom, YPNOYWOTOOVVTIOL OlAPOPa  PIOUETPIKE  YOPOKTNPIOTIKE TOV
Kwvobuevov avlpmmov (m.y. YopaKINPLoTIKG Tpocmdmov, Tpdémoc Padicuatoc). Ta.
Blopetpcd yopaxtnplotikd umopel var €govv vmoloylotel amd mpwv, pe dedopéva
ekmaidevong, Kot vo  amoBnkevtovv oe  Pdaon  dedopévov. To €idog TV
YOPOKTNPIOTIKAOV TOV  YPNOUOTO0LVTOL  €£0pTATal amd TNV EQOPUOYN, Yo
TOPAOELYILO OV TTAPEYOVTOL KOOAPES EIKOVEG TPOCHOTWV, ivarl duvati 1 €PAPLOYN
uebodwv avayvopiong mpoowdnwv (face recognition) [50]. Av, avtifeta, eivon
drabéopeg akolovdieg elOVOV TOV AvVOPOTOV Vo TEPTOTAVE OO POKPLY, EYXEL VOTLQL
va ypnowwonomBodv  uébodor avayvopiong woélag N Podicuatoc (pose, gait
recognition) [51]. Otav VTOAOYIGTOOV TO. GYETIKO YOPOKTNPLOTIKA TOL Pivieo,
axolovBel avalntmon oe pia Paon dedopévav mote va Ppebet av o avBpmmog eivor

YVOo10G (eav vapyer 10N oty fdon) N AYVOCTOG.
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Eéaywyn courepoacudrwmy

Av kol ovto 10 Prjpa avikel otov topéa g Texvnmg Nonpoosvvng kot Oyt otnv
Teyvnm Opaon avagépeton yioo Adyovg mAnpotntag. Me Bdaon 1o yapaxtypiotixa
xounlov emmeédov (€160¢ PadiGUOTOG, YOPOKTNPIOTIKA TPOGMTOV KAT), UTOPOVV VO
eCayxbobv ocvumepdopata yio to copfdvro mov Aaupdvovv ympo kot vo Anedovv
avTIoTOl(O. Ol AMOPACELS UEAAOVTIKNG OPAOoNG TOV GULGTNUATOS, VAOTOIMVTIOS £T01
KOt Kamowov tpomo v «Aeirovpyixn Opoon» (Functional Visionkov vroloyiot.

H epunveia tov anotedecpdtov g avayvopiong kivinong eivatl opiopéveg popég
OPKETA OVOKOAN Kol Aemty) vwobeon kabMOC emnpedletal Kol amd TPOCSHOTIKOVS 1
TOMTIGHIKOVG TTapdyovteg (Yo mapddetypa, T vebpo «Ooyx» tov Ivomv epunvedetol
o¢ «wor» amd toug EAAnveg) kobmg kot amd ywpo-ypovikovg (¢ Eivar o idio uia
ypothd, oto prvyk tov umoé kar o ypobia uéoa oe o tpameln;”’) KOl ETOUEVMG

e€aptdror amd ToVg oKOTOVE TG KABE EQPOPUOYNG.

1.3I'evixca mpofijuaza Ty avayvapion Kiveens
Kdénow omd ta mpoPfAiuoato mov koAgitor vo oavtipetomiost Kabe péBodog

avayvoplong kivnong etvar ta €ENG:

A&omiotio
H a&lomotio puog pebddov kabopilet kot to moco yprioun Ba eivor 1 cuyKekpipévn
pnébodoc. Ta mopdderypo, poe péBodOC mOL  €yEl COAAMO UM EMTLYNUEVNG
avayvoptong 0.0001% Bewpeitaeopetikd yproyun kot £xel peydleg mbavoTTeg va
ypnowonombel o WOwitepo KPICIHES €PAPUOYES (MY, CLOTAUOTH CCPUAELNG).
AvtiBeta, po pébodog pe opdipa 15% dev pmopet va ypnoporombei oe kpioipeg
epapproyég kot yperaletar omwodnmote emPBePaimon TOV OMOTEAESUATOV TNG ond

Kdmolov dvBpwmo.

Emilvon o& npayuatixo ypovo
Av16 glvan pdAdov to mo kpicyo wpoPAnua. 'evikd pog evologépel 1o choTUA
pog vo givar 660 mo ypnyopo yivetal, TOPOAO TOL Ol GMOLTNCELS GTNV TOYVTNTO
eCaptdvtal Kot and TG amotoelg kabe epapuoyns. o mapddetypa, av 0&Aovue va

eTaEov e o epappoyn mov va ta&vouei dtdpopa videooe pia Bdon dedopévav yia
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HEALOVTIKT] avalnTnon, 1 To0TNTe EKTEAEONG OV Elval TOGO KPIGIOG TOpAyovVTaG.
Av ouwg Bélovpe vo avamtOEOVUE 0L POUTOTIKY EQOPUOYN Yo €vo. CLGTNUO

acQoAEinG, TOTE AmAITOOUE TAPO TOAD LEYOIAN TOYVTTO EKTEAECTC.

AveéapTnoia amo GOYKEKPIUEVO TEPIPdILOV KIVGHS
Kdamoteg popég pmopei va avantdiovpe pio péBodo €101kd Yo KATolo GUYKEKPIUET
epappoyn. Avti n Aon iowg va eivar e0korlo vo. viomoinbel, mapovoldlel OUMG
dVoKOAEG TPOGAPUOYNG OE vEeg HeAAOVTIKES aAlayés. o mapadetypa, av Exovpe
QTIOEEL €vol cVOTNUO TTOV avayvepilel TIC KIVAOELS €VOC TTOAKTY TOV TEVIG OE &va
yAmedo pe yoptapt (mpdaorvo teppaiv), 10 ocvotuo avtd dev Bo umopicel va

Aertovpynoet o€ Eva AAAO YNTEDO LE DU (Kapé Teppaiv).

Aveéaptnoia amo Ty Oéen TS Kauepas
Etvor onpavtikd yuo por pébodo va eivon aveEdptnm and v Béon e kdpepog
Myme. TNo mapddetypa, av o péBodog avayvmpilel emrvynuéva povo kdmolov
GvBpwno mov mepratdel oe yovia 0° og oxfon e v Kapepa Aqyg, tote N péBodog
ot dev Ba £yl PEYEAN TPOKTIKT ONUOGIN Y0l TIC TEPUTTDOGELS TOL OKOUT Kot O 1010¢

avOpwnog Oa teprotdel oe yovia 35’ .

Kwvovuevy kauepa | zoom
H xivnon g xauepag omuovpyet mpdcobeto mpoPAnpoto kot yeViKd amortel
OLLPOPETIKEG TPOCEYYIOELS aMO TIC TEPWTMOELS UN Kwvovpevng kauepog. Mo
nopadeyna, Kafdg N Kapepa Kveitor Tapovotdlovior LETAPOAES TV POTEWVOTNTA
™G €kovag mov pmopel va ekAneBovv AavBaouéva cav kivnorn yopig va vrdpyet
oumg kopio kivnon amd tov dvOpowmo. Avtictorya mpoPANuaTe TPOKAAEl Kot TO

Zoom.

Xepiouog Occlusion (Occlusion handling)

Occlusionéyovpue 6tav Vo 1 TEPIGGOTEPOL AVOP®TOL KOADTTOLV KOG onueio o€
pw. akoAovBio ekdévov. e autiv TV mepintoon sivoar dVoKOAO vo aviyvevdel
AmOTEAECUATIKA O KAOBe AvOpwmOg Kot @ULOIKE &ivor axoun 7o OVGKOAO Vo
AVOYVOPLOTOVV ETOPKMG 01 KIVAGELS TovG. Eva kaAd chotua Oa mtpémel va Aappdvet

KAmolo, uépiuva oxetikd pe to occlusion.
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Odpoflog

060 TPOCEKTIKOL Kot VO EIL0OTE KOTA TNV dtdpKeto TG AMyng evog video, avta Oa
vrapyel mapovoio Bopvfov. O B6pvPoc pmopel va apketd opatdg (kakn moldTnTO
Myme AOY® Un TOWOTIKNG UNYOVAG ANYNG, TOPEUPOAN GOYeET®V OVTIKEWWEVOV 1
KIVIOE®V GTNV OKNVI AYNG, KOKEG KOPIKEG GUVONKES, EVIOVES PMTOOKIAGELS KTA) 1)
Kot oyxedov aopatog (ovemaicOntn kivnon kauepag, WKPEG AAAAYEC OTOV QOTIGUO
ktA). H pébodog avayvopiong kivnong mpénet va gival oe B€omn va amopakpOVveL 7| va,
avTIHETOTICEL OGO MO OmOTEAEGHATIKA Yivetal Tov B0pvPo. Mo kVplo. TpocEyyion
oV PBiproypaeio givar va Bswpeitan 6t 0 00pvPog sivar aveaptntog omd pixel oe

pixel ka1 611 axoAovdei v Kavoviky Katavoun (Gaussian).

1.4 Epapuoyéc tns aviyvevons kot avayvaopions ovOpomivys kivpens
Ta tedevtaio gpdvio 1 avdAvon YneoKOV TOAUECOV YIVETOL cLUVEXDS OAO Kot
MO ONUOVTIKY KOOMG YPNOUOTOEITOL 0 OAO KOl TEPIGCOTEPEG EPUPUOYES TNG
Kafnuepvng Cong. Ze auTiv TNV EVOTNTA TAPOVCIALOVUE GVVOTTIKG KATOES ) TIG

OTNUOVTIKOTEPEG EPAPULOYEG TOV GLOCTNUATOV OVOLYVMOPLOTG Kivnomg.

IHapaxolovOnon yopwv (Security and Surveillance)

H avayvopion kivnong eivor dwitepo Kpioyun 6€ CLOTHUOTO OGEAAEING KOl
napakorovdnone yopwv (Security and Surveillance SystemEvvribog avtd to
ocvotipata Bacilovv v Aettovpyia Tovg o€ £va diKTLO 0md PLVTEOKANUEPES OL OTTOLEG
yewpilovtar amd kdamowov vmredlvvo aceareiag. Qotdc0, TOAAEG TPoomAOeles
EMYEPOVV TNV avTIKATACTACT 1| TNV vIofondnon tov avBpomivov mapdyovro. H
avTopaTn avayvoplon Topaéevov evepysidv (anomalieskivat évo and to {nthpota

TOL £YOVV OTOGYOANGEL ApKETONS epevvnTéG [53, 54].

Emrxowvawvia avOpamov-unyavys

[Ipv v avamntuén g Texvnmg Opaong, n emkowvovio avOp®OTOL-pNYovIG
YWOTOV HE TIG KAUGIKEG GLOKEVEG €16000V-e£000V (m.y. mANKTpoAdYlo / movtikt —
o0ovn [/ extvrmmwtig). H Teyvnmy Opacn odnynoe ce TpOTOVG EMKOWVMVIOG
TEPLGGOTEPO OVOPOTOKEVTPIKOVG, KOOMG Kol G€ GLVOLOGHO TOGO AEKTIKNG OGO KoL [N

AEKTIKNG emKowvviag (vedbpoto, 6TdoT TOL COUATOC, EKPPACELS TOV TPOGMITOV).
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Behavioural Biometrics

H Buopetpio (Biometrics)aoyoleitar pe v perétn pebddmv kot akyopibumv pe
oKomo ™V povaoikn tavtoroinon (Unique identificationyov aviporov pe Bdon ta
(QLGIKG YOPAKTNPLOTIKA TOVS (SUKTUAMKE OTOTVTOUATA, TPOCMTO, iPLOA TOV HATIOV).
Oleg avtég o1 pébodotl amotovv TV cLVEPYACio TOV avOpOT®V Yo, TNV GLAAOYT
OVTOV TOV PUGIKOV YOPOUKTNPICTIKDOV.

[Ipdopata, £ytve apketd SUoEIANg Evag véog TOmog Propetpiag mov ovopdletal
2oumeprpopixy; Biouetpio (Behavioural Biometrics kot peletder v avOpdmivn
ovuneplpopd (m.y. Padiopa). To KOPLO YUPOKTNPIOTIKO AVTNG TS TPOGEYYIONG Eival
oG M avBpdmvn cuvepyacia Oev eivar TAEOV AmOPOITNTN Kol EMTALOV 1] AVAYVAOPION
umopel va exteAeitan yopic vo dakodmteton | vo eumodiletar 1 dpacTnplOTTO TOV

avOpAOTOL Y10 TNV GLALOYT QVTMOV TOV CTOLYEIWV.

Avtopuarn waporxolovOnen roidiwyv Ko NAKIOuEvey avlpaorwy

v ouTtoOpaT TopaKoAoLONoN ToWDV Kol MAMKIOUEVOY  avOpOToV  pog
EVOLPEPEL TOAD 1 AVIXVELOT GULYKEKPIUEVOV KIWNOEWV, OMMOG T.Y. 1N ANYn &vog
QOPUAKOV M TOL GoyNToV. EmmAéov onuaviikd poAo €xel Ko 1 un oviyvevon pHog
oLYKEKPILEVNS Kivnong. [ mapdoetypa, n un aviyvevon g AYNG QapraKov mEpov

LL0G CLYKEKPLUEVNC OPOG Ba ETpeme va oNUAVEL KATOL0V GUVAYEPUO.

Yrootijpién arouwy ue e101kés avaykeg

H teyvnm 6paom umopel vo @avel 1dwaitepa pNoin 6Ty LVIOCTAPIEN OTOUMV LUE
EWVIKEC avayKes. XT0 Tedlo NG EmMKOw®VIog avOp®OTOL-UnYovig €xovv Mom
avamtuybel opketd oLOTAMOTO YL TNV VROOTNPEN  KATOAANA®V  TPOT®V
emkovoviag, Ommg M katavonon TG vonupatikng ylooocog (my. oto [52]
ypnowonoovvior HMMS). EmmAéov, o1 Yevikéc apyés TOV GLOTHUATOV
TOPAKOAOVONONG TAOIDV KOl NAIKIOUEVEOV OVOPOTOV UTOPOLV VO, EPOPLOGTOVV Kot

OTNV TAPOKOAOVONOT ATOU®V [E EIOTKES OVAYKEG.

Znuacioloyikog 16toc (semantic web)

210)0G TOV OMUAGLOA0YIKOD 16TOV Eivat va Yivel eneEepydoiilog o TepAoTiog OYKOog
TOV YNOWKOV TOAUECIKOV Oedopévav mov vrdpyovv ot1o dwadiktvo. Telkdg
oKOTOG €lval vo VITAPYOVY OEOOUEVA KOBOPIGUEVO KOl GUVOESEUEVO OTLOGLOAOYTKA

£T01 OOTE OAPOPES EPAPLOYES VO UTOPOVV VoL TOL EMEEEPYAGTOVV, VO, TO. GLVOIVALOVY
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Kol va to emoavoaypnoilponoovyv. H amotehecpatikn avdivon kot enelepyacio

YNOK®OV TOAVHESOV Bempeiton amapaitnn Yoo TV €niTELEN OWVTOV TOL GTOYOV.

Content-Based Video Analysis

H ovveyng e&amiwon g ypfiong tov dwdiktoov (interne) éyet kdaver tov
dwapopaoud video fideo sharingua apretd dnpoeidng dradikacio. Ot 16T06EMOES
TOL aGYOoAOVVTAL [E TO dopopacpd video (ideo sharing websitggvopilovv 6lo
Kol PEYOADTEPN AvONoT, KOOIGTOVTOC £TOl EMITOKTIKA TNV OVAYKN avamtuéng
amodoTikdV pebddwv tagivounong kot amodnkevong (indexing and storage schemes)
dote vo Beltiobel n aAAnAienidpaon pe tov ypnom. O otdyog avtdg odnyel otV
nepypa@r, evoc video pe Paon to mepieyduevd tov (content-based video
summarization),n omoio. ennpedletar and TV ovdkmmon ewoévog pe Pdon To
nepleyouevo ¢ (content-based image retrieval, CBIR55]. M amd Tig mo
eumopikég epappoyés e Content-Based Video Analysisvatr ota abintikd video
[56].

Pourmortixés epapuoyés

fuepa 6A0 kot TANBaivouy o1 TPOoTABEIEG AVATTVENG POUTOTIKMY KATUCKEVDV
pe dvvardtreg emkowwviog pe tov dvBpomo. H dpaony evdg poumdT vAomoteitot
ovvnBwg pe pia N teplocoTepeg Kapepes. Eivar emopévog avaykaio n gupeio ypron

avaivong video kaieikdvav, n avalntnon Tovg o€ pia Bacn 6edopEVOV KTA

'Eleyyog T00 KOKAOPOPIOKOD GOGTIIHOATOS

[ToAAéC @opéc O €AeyX0G TOL KLKAOPOPLOKOD GULOTAUOTOC Umopel vo yivetol
aLTOHOTO HEC® CLOTNUATOV TapakoAoVONong yOpwv. 'Hon ypnoyomotodviot
EPOPUOYES YIOL TNV KOTAYPOQPY| TOPUPlAcE®V TOL KOOKO 00IKNG KLKAOQOpiag o€

onpeia LYNA0DH KIvddVoL EKONAMGTG ATUYNUATOV 1] KOTE TNV SIOPKELD TNG VOYTOC.

Awatnoia a@inuatwy

H avédivon ymoeokov molvpéomv pmopel va ypnoipomondel modd emruynuéva
omv dwutnoio abinuatov. H vynin axpifeio mov pmopel va emtevydel péow tov
YNOWKOV cuotnudtov pmopel vor amodeybel 1dwaitepa ypnoun kaTd v Aqun
KPICIUOV OTOQACE®MY O TEPMTMOELS TOL TO OvOp®OTIVO patt dev mpoiaPaivel va

ovAdafer ONOKAN PN TNV Kivnon.
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2elido oromiuo KA.
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2.1 To videooav uovodidsraro cijua.

"Eva video L umopei va 0swpndei cav o axolovbia eucévov L = {L,,L,,...,L, .}.

To pnkog tov video Aéue tote OTicivan K frames omov kéBe frame sivayuio ewdva.

L k1 t

Emopévac, wo akodovbia eikovov (1 éva video) o uropovoe va Bswpnbei cov
éva. puovooldototo onuo mov efehMooeton otov dlokpitd ypovo t, pe  TIég

f(t)=L,te[0,k-1].

2.2 To videooav tpieoiaeraro oua
‘Eva frame eivar pia €ikova, évo cOVOAO E€MOUEVOC OO TIUES EVIOONG TNG
QOTEWVOTNTAG KAOE g1kovooTotyeiov (pixel).
O\a ta framesevog video éyovv Tig id1eg axpipdg S106TAGELS, £6T® M MG TPOG TOV
op1Lovtio GEova Y Kat N ¢ TPOG TOV KATakOPLPo GEova X, ue cuvolko apBuod pixels

Nn-moe k& frame.

[]0 1 f : —r—r—r—r— r:” ¥ g(O,U) g(U,l) g(U,m—l)
Lo o . e . . g(1.0) gl - g(lm-T)
. glxyl= : : :

3¢ s = LI I . . gin=10 glx-11 - gx-1m-1

L s e e e e s e e e s Eva frame civan évag

L o 2 o ¢ s s b 8 & @ SITOIGOTATOC THVAK AS

HY M
Nlg o« o & & o » & & & &

glxy)
x ‘Ewa pixel

* .
Avagepopaote og aonpopavpo Video, e aképateg tipég oto didoua [0, 255]. X1i¢ tepintdoeig mov
£xoovpe éyypopo videobo mpénel TpMOTA VoL TO PETATPEYOVLLE GE OGTPOLOVPO.
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‘Eva framelowtov givat £vo, 318146 TaT0 GO LE TIUES

a(x y),vVxe [0,n-1] kar ye [0,m-1] .

Evvoetton Béfona nmg kabe frame L, Exet tnv dikn Tov cuvaptnon

L(XxY=a(xy).

Av mpocBécovue cav tpitn 01dotacn Tov dtokpitd ypoévo t umopodue vo movue
¢ éva Videoegivor évo TplodldoTato G te THEG
h(x y,t),vxe[0,n-1], ye [Oom—1] ko te [0,k —1]

H 6vvdeon peto&d Tov h kot L givan 1) €€nc;
h(x y, ) = L(xY)

V xe [0,n-1], ye[0,m-1] xa:te[0k-1]

2.3 Xpovikn olapkera tov Video

H ypoviki didpkeia tov video e€aptdrol amd v xpoviky didpkelo evog frame.
Avt Bpioketon amd tov puOud frame(frame rate) nov sivar o ap1Oudc tov framesoe
éva devteporento (second)

Tomég Tyég Tov frame ratesivan 24 frame/s, 25apotvno PAL), 29.97 fpdtumo
NTSC) uéypr wxor 120 m kot TEPIGGOTEPO OO GUYYPOVEG  EMOYYEAUOUTIKES
Bvteoxapepeg.

A&iler va onuetmBel g n yaunAotepn Tiun yio vo eEomatnbei to avOpomivo patt

givon mepinov 15 framel/s.

I 6l ™v vrélown epyocio Oo peTpape Tov ypovo og frames, yopic vo

Kavovpe Kopio vrodson yia v Ty tov frame rate.
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2.4 apaywyos akxolovlias stkovwy
Eidape Aoumdv mwg pa axkorovdia sikdvov pumopei 1codvvopa va Bempndel cav o
ocvvaptnon eite pog petaPAntng (didoraong) gite Tprv.
AV YpNCILUOTOUCOVLE TNV TPOCEYYIoT TV 3 O10CTAGE®V X, Y Kal t, pmopodue va

OpiCOVE TNV UEPIKT TAPAY®DYO G TPOG KADE 1oL 0md 0VTEG TIG OUGTACELS.

e H pepuch mapaywyog e h(X, y,t) g mpog v didotacn X o€ kKamoto pixel
(% y,t) opiletar wg:

h(x+ 1y, ) - h(x, y,t)
(x+1D —x

h(x,y.,t)=

e H pepwn mapdywyoc og mpog Y opileton og:

_ h(x y+1t)-h(xy,t)
(y+D) -y

h(x,y .t)

e H pepwn mapdywyoc o¢ mpog t opiletar og:

h(x y,t+1) - h(x,y,t)

Ry .t)= t+1) -t

Abyom tov 611 o1 mapdymyot opilovral Tavo o€ yertovika pixels, ol mapovopooctég

elval Tavtote {001 e TNV HoVAdM KOl ETOUEVMG UTOPOVLLE VO YPAWOUVLE TTLO OTTAL

e h(xyd= Hx1yd- Hxyt=Lx+Ly)-L(Xxy)
e Nixyd= Hxwld- Axyh=LxXy+)-L(xy)
o hxy)= HxytrD)- Hxyd= L, (Xxy)-L(xy)

[Topatnpodpe mog otv  Béom g  opyikng  axolovbiog  ewoOVOV

L= (@, Ly,--,Ly) éxovpe tpeig véeg axorovbieg ewovov, ig L, , L, ko L, 6mov:
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Lo ={La Lz pr}’ p=k-1
He
y=01...m-1
in = U [I'r (X+ lvy)_ L| (X!y)]! | = O;L;k_l
x=01..n-2
L,={LiLp Lok p=k-1
He
y=01..m-2
I—yi = U [Lr (le+ 1)_ L| (le )]1 i: 07111k_1
x=01..n-1
L ={ Ly Ly L} P=k =2
pe
y=01..m-1
Lti = U [I'i'+1 (X’y)_ L| (va )]1 i: O,].,,k—2
x=01..n-1

2.5 nqua evépyerag mapaydyov akxolovbiog eikévwv EL
INa kdfe o and tig K-1 ewkdveg g axorovbiog L, pmopovpe va fpovpe v

evépyela TG o¢ e&ng:
=0J...m- 2
FL} =2 gl oY)

Av opicovpe pio akorovdio EL, og e&ng
EL()=E{L }, i=0 1. k-2
Taipvovpe ooV amoTtéAecUa €vo LOVOOLAGTOTO GNHOL TTOV OEIXVEL TNV YPOVIKN
e€EMEN g evépyelag g Tapaywyov (w¢ mpog t) g apyikng akolovbiog KOVOV.
To onuo avtd £xel oploPEVES OPKETE TOAD EVOLAPEPOVCES 1O1OTNTES LE TIG oToieg Oa

acyoAnBovpe avoAlvTikd 6To KEPAAULO 6.
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2.6 Ontikaj pony (Optical flow)

H mapbymyog og mpog tov xpovo t, meptypdpet v HETABOAT TS QOTEWVOTNTOG
evog pixel g 6éong (X, y) amd Vv ypovikn otiypn t, omv ypovikny otypn t,,, .
Avtifeta, n ontikn pon| (optical flow)meprypdoet v petaxivnon tov pixel me 0éong
(X,y) oy véa 6éon (X, Y').

H ontikm por emiotpépel Aomodv dVo akoAovbieg elkOVOV, SW Kol SV, UNKOLG
K -1, 6mov K 1o punkog g apyikng akorovdiog. H petaxivnon tov pixel g 6éong

(X, ¥) and v ypovikn otiyun t, omv ypovikn otiyun t., meprypdostor omd TO

Suvoopa { sy(X %), SY (X Y.t)).

H ompoeiréostepn néB0O0C LITOAOYIGHOV TNG OTTIKNG pong Tpotadnke to 1981 amod
tovg Lucaskar Kanadd 3] kot Bacileton otig €€Nc tpelg vmobioers:

1. Awmpnon g eoTEVOTNTOG
H pwtevomnra evog pixel dev arddler kabwg ovto riveitor omo frame oe
frame.

2. Mikpéc petafolég kivnong
Ta pixel uetaxivovvriar apyd aré frameose frame.

3. Xwpwn cvvaesto

Ta yertovika. pixel avixoov atnv idio emipadveio. kot Exovy mapouoia kivyon.

2.7 Videoue Gopofo
[ToAd cvyvé pmopei va mepiéyetal 00pvPoc oe éva video. Xty Pifloypagia, o
06pvPog Bewpeitor Tpocsbetikde, aveEaptntog and pixel oe pixel kot 6t axorovbei
mv Kovovikp (Gaussian)pe pundevikiy péon tuf ko dwokvpoven o2. 2to [5]
delyveton mwg akopo ku av o B0pvPog dev akoAovbel otV TPOyHOTIKOTNTO TNV
Koavovikn Katavourn, avti n vtdbeon eivol apkeTd tkavomouTikny.
Av dowmdv 10 frame mepiéyer 06pvPo, tOTE pUmOpovUE Vo movpE TG TO Video

avamapictotor cav  f()=L +z,te[O k-1 oémov n, eivor o B6pvPog Kt

z ~N(0,5%).

25

Institutional Repository - Library & Information Centre - University of Thessaly
17/10/2023 12:26:56 EEST - 167.114.118.212



2.8 Motion Energy Images (MEI)

Eidape mog av éovpe po akolovbion ewdvov L(X Y,t) pmopodue vo
opicovpe Vv mapdywyd ™ms L (X Y,t) ©¢ mpog kdbe pa and TG SoTtdoelg
k={ x y, t} . Emnpdcbeta, pmopodpe vo opicovpe pio dvadikny akorovbio eikdvav
D(X,Y,t) tétolo dorte:

0, av L (Xy,t)=0

Dixy.t)= { 1 aliov

Tote umopei va opiotei 1o MEI E; (X, Y,t) g axolovbiog wg e&ng:

El‘ (X1 y,t) :U D(le’t _I)

To MEI givan puo ewcova, 6mwg PBAémovpe kot 610 oyfua 2.1, xovpe dniadn

aVTIGTOlYNO™ HoG akoAovBiog EIKOVOV 6€ pio HOVO EIKOVAL.

Ovolaotikd Aowmdv to MEI mpoorabei va Bpet 10 cOvoro Tmv evepymv pixels
oto cuvoro tv framestov video. [lepioootepeg Aemtopépeteg yio too MEI pmopovv

va Bpebovv o1o [4].

Frame i)

2mua 2.1 To MELuog axoiovBiog eikovav 0mov kamoiog avipwrog kdbeton

0€ UI0. KOPEKAQ
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2.9 Motion History Images (MHI)
To MHI givon enéxtaon tov MEI ko delyver v petafoin g kivnong otmv
akoAovBia video. Xe évo MHI n tyun ke pixel eivon pio cvvdptnon g otopiog

Kivnong Tov cvykekpuévoo pixel.

Mo cuvapTnomn oL ¥PNCLOTOLEiTAL GLYVA givar 1 e&NG:

T, av D(x,y,t)=1

HT (X, y,t) :{ max ( o’ H (X,y,t_l)_l)! allov

To anotéleopa sivor o ewkdévo 6mov ta mo pixel pe mv mo mpdoeatn

kivnon eivonl potewvotepa. Kamowa tapadeiypotoa MHI @aivovtor oto oynua 2.2.

[eprocdtepec Aemtopépeleg yio to. MHI pmwopovv va. Bpebovv oto [4].

Apyo video MHI

2o 2.2 TOMHI yio kémoio wopooeryuoto.

Kivyong.
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2.10 Activity Areas

Ta Activity Areas AA) npotéOnkav oto [5] kot poidlovv pe too MEI piag ko
g&yovpe avtiotoiynon g akolovbiog ekdévov oe pion poévo ewova. Alapépovv
®WGTOGO GTOV TPOTO GYNUATIGHOD TNG EIKOVOLC.

Ta MEI oynpatifovtor amd v amin €voon Tov onUEi®V TG Tapoydyov g
akorovBiog ewovov L(XY,t). Avty n dwdkacio eivor moAd omAf Kor dev
OVOUEVETOL VO €lval OTOTEAECUATIKY] O TEPIMTOGELS BopOPov, HeETAPUAAOUEVOL
EOTICHOL Kol TpepovAdopatoc ¢ kauepoc. Ta Activity Areas avtifeta

YPNOUOTOL0VV Lo Tt ovvletn eneepyacio yio TN emAoyn tov pixel.

H Baocwn 18éa ota Activity Areassivar n gEnc

H allayn oty tiunq evog pixel pumopei va ogeidetan eite o€ mpoypatiky
Kivnon eite oe 06pvPo. Emopévac éxovue eite pixel kivhong eite oratika pixel mov
AOy® tov Bopvfov @aivetoar mwg Kwvovvtatl. Eivoar mpogavég mmg pog evolopEépovv
uovo ta pixel kivnong.

INo tov daywpiopd tev pixel oe ototikd (tov akolovbobv v Kavovikn
Katavoun) kot xivnong (mov dev axorlovbovv v Kavovikny Katavoun) eléyyeton n
un-kovovikétra (non-gaussianity)tov oedopévov [6]. To khaowd pétpo un-
KavovikoTntag pag toyoiag petapintg eivan n Koptwon (kurtosis),n onoia opiletar
g egNg:

kut X = B X*1-3(HX?])? yia v .. X.
H woptowon eivor pundév av n katovoun g toyoiog petofintmg eivor m

Koavovikn kot dtdpopn Tov undevog av dev eivan n Kavovik.

2Vykpion pue ta MEI
Ta Activity Areas yevikd vreptepoiv tov MEI kabmg ypnopuonotodv o
OPKETA KOA mpocEyywon Ttov BopvPov, amopakpOVOVTAE TOV  TOAD o
amotedespatikd. Onmg paivetat kot 6to oyfue 2.3,t0 Activity Area cuykevipoverat

oxe0OV AMOKAEIGTIKA GTNV TEPLOYN Kivnong.
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)

2yniua 2.3. Xoykpion MEI - Activity Area. &) apyixii oxnviy, (8) MEI (y) Activity Area

2.11 Activity History Areas

Ta Activity History Areas AHA) npotéOnkav oto [5] kot oyetiCovrar pe oo MHI

onwg oyetiCovror to Activity Areas pe 1o MEL T tov oynpaticpud Toug

ypnouonotovue ta Activity Areas, mceénc:

Av 1 tipf tov Activity Area AA oto pixel r eivat AA(r) oto framet, tote 10

Activity History Area AHA givat:

r.av AAr)=1

AHA(r t) =
.9 {maxo, AHAfF, t-1)-1), atilov

Ta AHA Aowmdv divovv meptocodtepn mAnpopopia oYeTIKd pe v kivion o€ oyéon

pe ta AA. EmmAéov, etvar mohd mo avOektikd oty mapovsio BopHov oe oyxéon pe

ta. MHIL

() 8)

»)

2yniua 2.4 @) Xopoxtypiotiké frameoro videoue évav avOpwmo mov tpéyer

() To Activity Arearov idiov video, §) To Activity History Areaoo idiov video
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2.12 Fourier Descriptor
O Fourier Descriptor [40Jeivor pio pébodog meptypoeng Tov OYNUOTOS HL0G
KAELOTNG KOUTOANG TOV XPNCILOTOLEITAL GUYVE Yo TNV AVAYVAOPLOT EIKOVAGS.
Av 10 Tepiypoppa TG KoumoAng amoteAsitor and N pixels pe cvvietoaypéveg
(%, %), (%, Yi)seees (Xy_1s Ynot) » MmOpoOue vor opicovpe v axolovBio pryodikmdv
aplfudv § =X + |-y, ,i= 0, 1...,N —1. O Awxkprtdog Metaoynpotiopdg Fouriermg

axorovBiog S oynpatilet v axkorovbio F, :

N-1 o ;
Fo=—)Ys -ex;{ Jsﬂk'} k= 03..N—1
O Fourier Descriptoroynuartifetor KpoT®VTOS TO HETPO TMV GUVIEAECTMOV KOl
drapavtog pe to pétpo tov DC dpov Fy:

o[l L]

Fol " [Fl  [Rol
O 6poc F, dniover v Béom TOL CYNUATOC GTOV YMPO KOL EMOUEVOS OEV
ypnouomoteitar. H odwipeon ®otdéco pe 10 |Fo| e€aocparilel apeTapAntoTnTa

(invariance) o¢ mpoc v oriayn kiipakag (scaling) Emiong, n ypfion tov pérpov
eEoopolrilel apetafAntoémra o¢ mpog TV meplotpoen (rotation). AwamiotmOnke
AKOUO TG Ol YOUNAOTEPEG GLYVOTNTES OVIIGTOLYOLV GTNV TEPLYPOAPT] TOV HEGOL
oynquatog (average shapekved ot vyniotepeg TEPLYPAPOLY AETTOUEPEIES TOV
oynuoatog [41]. Eropévmg, n xpriion Myodtepov omd N cuvieAeoTéc mapKel yioo TV
avoyvmOPLon TOPOUOIOV SYNUAT®V. Xto oynuo 2.5 @aivetor 1 TPooyyion &vog
TETPOYDOVOL Ypnotponoldvtos 2, 6, 30kar 60 cvvieheotéc. H ypnon mepiocodtepmv

OLVTEAEGTMV GUVETAYETAL LEYUAVTEPES OMOULTIGELS OLOLOTITOG.

% i i
| & i FO=6 i FD =30 FD =60

2ynuo. 2.5 H epoaeyyion evog tetpaywvov ypnoyoroiwvras 2, 6, 30kor 60 ovvreleares.
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2.13 Datasets
Mo v a&loddynon tov pebBddwv aviyvevong, avayvopiong kot avéivong kivnong
TPOYLOTOTOLOVVTAL LETPNOELS TAVD o€ debvidg amodextd video benchmarksTa
video avtd ywpiCovion oe Pdoeic (Datasets) kot dnuovpyndnkav kvpiog yio
EPELVNTIKOVG OKOTOVG Amd EPEVVNTIKES OLLAOES TOV NOeAAY aKxplPdg Kdmoo delypoTo
Yo voL EQAPUOGOVV TIG HEBOOOVS TOVG.
Avo and ta TAéov yvootd Datasets otnwepoyn g avayvopiong kivnong eivat to

KTH xa1 to Weizmann

2.13.1 KTH dataset

To KTH Datasettpotoypnoiponomdnie oto [11] kot mepiéyet tovg e€ng 6 tHmovg
avOponivng kivnong: boxing, hand-waving, handclapping, jogging, rumgnirot
walking. Ot kwnoelg extehobvtar apketéc Qopés amd 25 avOpdnovg oe téccepa
dwapopetikd oevapla cuvOnkodv: outdoors (d1), outdoors with scale variation/zoom
(d2), outdoors with different clothes (d3) and indoors (H4)< videonepiéyet povo
évav tOmo kivnone. Zuvolika 1 Paon mepiéyel 599 aonpouavpo (grayscale)video,
300-500 frames 1o kabéva

Ot teyvikég avoyvapiong Kivinong oe avtd 1o datasetemitvyydvovv mocootd
emroyiog péyxpt ko 94% [12, 13], ypnoUonoldVTaS OU®MG TEPAGTIEG TOGOTNTES

TANPOPOPLG EKTOIOEVOTG.

2.13.2 Weizmann dataset

To Weizmann Datasetpotoypnoiponomdnke oto [15] ko mepiéyet tovg e€ng 10
Tomovg avOpomvng kivnong: Walk, Jump, Run, PjumfJump in place)Bend, Jack,
Side (Gallop sidewayspkip, Wavel (One-hand wayé&yave2(Two-hands wave)

Yvvolkd 1 Baon mepiéyet 93 Eyypouavideo, 40-120 frames wonbéva.

Ot teyviKég avoyvopiong Kivnong oe avtd 1o datasetemtvyydvovv mocooTd
emroyiog péypt kar 100% [14], xpnoomoldvIoG OUMG TEPAOTIEG TOCOTNTES
TANPOPOPIaG EKTOUIOEVLONG,

To Weizmannoiyovpa 6gv éxel Tov TAOVTO SLOQOPETIKOV epimtdoemy tov KTH
dataset.Emimhéov, n xdpepa eivar ototikn kot to mepPdirov (background)amdro.
Qo1660, TephapPdvel TEPIGGOTEPOVS TOTOVS KivnoNG, YEYOVOS TOV TO KAVEL TO 1010
dnuoeréc. Emmiéov, ta videotov gival éyypmpo, Kot EMOUEVOC TPOCPEPETAL KOL Y10

epapuoyn nefddwv mov Aappavovv vroyn tovg tov RGB ydpo avarapdotoong
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2elido oromiuo KA.
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Kepadiaio 3

“ Evepyd ka1 un evepya frames”
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2elido oromiuo KA.
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3.1 Eweaywyika

Onwg sinaple Kol 6€ TPONYOLUEVO KEPAALO, Eva Video propeiva Oewpnbei cav pia
akoAovBia ewdvov (frames). Eivar mpopovég mwg oyxedov moté dev mpoKeLton va
vmdpEer o dmepn  akoAovBic oty omoio B0 TPAYUATOTOLOVLVIOL GULVEYMG
evorapépovaes Kivnoels. O 0pog “evdtapépovces” aAldlel PLOIKAE omd EQUPUOYN O
EPAPHOYY, OAAL YEVIKG UTOPOVUE VO TOVUE OGS OVOQEPETOL GE KIVIGELS YOl TIG
omoieg £yl VOO KOl YPNOULOTNTO 1] OVIXVELGT KO OVAYVMPLGT] TOUC.

INa mopdderypa, oe éva Bolacowd tomio, m kivion TV KOUUATOV HITOPEl va
BewpnOel anhd cav kvovuevo backgrouncvéd avtifeta to kKolvpumt evog avOpdmov

umopel vor £yl TOAD TEPIGGATEPO VOMLLOL Y10l TEPULTEP® AVAALON).

Opilovpe Lowmdv v évvola tov evepydv (active) frames wgéng:

‘Eva frame ovoudleton evepyo (active) 6tav mpaypotomoleitar oe ovtd KOTO
Kkivnon 1 0pacTNPlOTTa, THAVDS EVOLAPEPOVGE Y10 TNV CLYKEKPILEVT EQOPLLOYT TOV

e€etdlovyle.

A&iler va mpocéEovpe TV Evvola TG «ttfovag eVOLAPEPOVTOS OPOTTHPIOTHTASH.
Agv yvopilovpe oiyovpa av m opactnpltotnto €ivar ciyovpa evoloQEPOVCH OAAL
oiyovpa a&iletl Tov KOTO va TNV ££ETACOVIE KOADTEPOL.

[Tapdro mov avtdg 0 0p1opdS I6MG HOLALEL TOAD YEVIKOGC, GTNV TPOYUOTIKOTITO oG
emTpéNMEl vo  KoAOyovpe éva  peydAo, mpooappolopevo kdbe  @opd, €VPOC
dpaoctnpotteov. Emmiéov, n 101 1 évvola g amodivtng PePardotntog pmopet va
amoktnOel povo dtav mpaypoatonomBel Kot 1 Ao TG ovayvadpilong Kivnong, 1 omoia
telMkd Oa paypatonomel povo ota evepyd frames.

[Tpokvmtel Aowdv 10 TPOPANUO. TG OVIXVEVONG TOV EVepY@dV Kol un evepywv (M
orotikv) frames pe 660 10 dvuvatov mo LVYNAY akpifeln kot 660 TO SLVATOV
pKpOTEPT YPOVIKN KalBuoTéEPNON).

Y& avtO TO KEPAANO o ETLEPNOOVIE L0 SIEPEVVIOT] OWTOV TOV TPOPANUATOC

Kot Oo KataAnovpe o€ KATolo EVOLOPEPOVTO AMOTEAECUATO KOl GUUTEPEC LOTOL.
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3.2 Xpnouornyta
H ypnowodmrta g aviyvevong tov evepymv framesce video umopel va yivet

TEPLGGATEPO EUPOAVIG LEGO OO TOL EMOUEVA OVO TOPAOETYLATOL

Hapaderyua 1

Ag pavraotodue wwg oyeoialovue Evo. cOOTHUA 00QOIElas eVOg KTipiov. Mia
Kauepo. eykobiotatar TNV KEVIPIKY ELGOO0 KOl OTEAVEL EIKOVEG OE KATOIOV
vToAoyloTH, 010 E0MWTEPIKO TOVL KTiplov. Kamoieg amd tic eikoves Oa mepiéyovv
avBpwmovg o1 omoiol Go. Epyovior KOVTG GtV KEVIPIKY E16000 EVA Ol TEPLGGOTEPES
Oo. deiyvovy Kamolo. «ayedov axivn» eikova. Eivar mpopavés mawgs otav Oa fpéyet,
n xivpon tw™g Ppoxns Oo umepoever to cbotnua, to omoio Qo onuaivel kamorov
JovBaouévo ovvayepuo (false alarm). To (yroduevo eivar vo. pvBuicovue to

GOOTHUO. DTTE VO, TNUAIVEL OG0 TO ODVATOV AIYOTEPOVS AAVOAGUEVODS CVVAYEPUODG.

Hapaderyua 2

A @ovractobue mws Oélovue vo  avayvwpioovus TV - KIvHon — wOD
rpayuoronoleitol oe éva VIde0.Eival mpopaveg Tme av 0ev TPOyUATOTOLEITOL KOUIO,
kivion oe¢ kamoio, frames, tote dev éyer vonua va Cexivioer n diodikooio,
avayvapiong, kobag Go. odonynoer mbovototo oe LavOoouive N TopaTAaVHTIKG

omoteAéouata.

Y10 TPOTO TaPAdEyUa M avixvevon tov evepydv frameseival icwg to mo
ONUAVTIKO TUHO TNG EQAPLOYNG. AvTifeta, 6To de0TEPO TAPASEYLQ, 1| OViYVELOT
glval éva evollpeco o6T1dolo, TO0 Omoio YPNGIUEVEL GTNV TOPAYWYN O TOLOTIKMV

AMOTEAECUATOV G€ KATO10 0o To emOpeva Prinota (ot avayvodpion Kivnong).
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3.3 Aviyvevon ue Tty uéBodo tHs evépyclos

3.3.1 Heprypapijtns uebooov
Epoocov ota evepyd frames mpayuatomolodviar evolopEépovceg dpaoTnplOTNTES,
UIopovpE YEVIKA va vmootnpifovpe mog to evepyd frames £yovv yevikd mwoAD
peyaAdtepn KvnTikn evépyela and to. un evepya frames.a mopddetypa, n Ppoyn
nmpokaAel TOAD UIKPEC PETAPOAEC OTNV €KOVOL OE GYECM YO TOPAOELYLO UE EVOV
avBpwmo TOV TEPTATAEL.
H xwntkn evépyela oyetiCetoan kbmwg pe to onua ELt. To onqua ELt evog video

a6 to KTH dataset gaivetaoto oynua 3.1.

5 x10 | :

5+ 1

4 i

3k i

2 pal

1h 1

00 1C|)0 2(|)0 360 460 560 600

2yniua 3.1. To onuaELL ov video person01_walking_d1 #TH dataset.

[Mapatnpodue mwg ota frames 6mov dev €yovpe Kivnon oAAd povo kdmolo
BopuPddeg backgroundpt tiuég tov ELt givar modd yapniéc. Avtibeta, ota frames
omov &yovpe kivnon ot Tipég Tov ELt elvar moAd vyniéc kot kivodvtal yOopw amd pio
KEVIPIKY TUN. X€ ATV TNV TEPITT®ON Aomdv, 1 O1dkpion HETaED EvEPYDOV Kol un
evepymv frames sivayuo apketd edKoAn veddeon.

Qo1600, 0tav e&etalovpe mo moAvmhoka Video émmg gival avtd g Kotnyopiog

d2, n dudkpion eivar dvvarr oAAG Oyt TO 1610 VKOAT. XT0 oyAua 3.2 BAETOVUE TTMG TO
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onuo ELt maipver tpéc oe éva moAD UEYOAVTEPO SUAGTNUA TIUAV EVEO TAEOV OEV

KIVELTOL YOP® OO KOO0, KEVIPIKN TIUT.

x10°
4 T T T T T

0.5 .

0 | 1 | |
0 100 200 300 400 500 600 700

2ynuo 3.2. To onjuaELt 7ov video person01_walking_d2 z#TH dataset.

BAémovpe Aowmdv moc to onua ELt pog emtpémel va oyxedidoovpe Eva cOGTNHA
aviyvevong og e&nc:

e Ymnohoyilovpe ta ofjuata ELt d1dpopmv avBpdrmv mov extelobv S1ApopES
dpaotnplotNTeg o ekmardevtikd Pivieo (training videos).Amd avtd ta
ofuoto mpoodiopilovpe éva katdei T (umopel vo oyetiletar pe To
KOOOAMKO eAAYIOTO | E TOL OTOTIOTIKG TOV GNUATOV) Yio Va. BpioKOvUE oV
VILAPYEL EVTOVN dpaoTNPLOTNTA GE £va Piveo.

e Xpnowonoovue avtd 10 KATOPAL 68 Ayvwoto Video kat yopaktnpilovue

6c0 framesto vrepPaivovv g “evepyd” ko to vTOLOUTO G “Un EvepYd.

H pébodoc avtn givor KatdAANAn yuo xpnorn o€ Tpaypatikd ypovo, kabmng amontel

uovo v kabvotépnon evoc frame, Loymtng xpnong g mopaydyou.
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3.3.2 Hapauatikaaroreiécuara oro KTH dataset

Xpnowwonomoape ta Video evog avBpodnov A mov ekteAel tpelg kivnoelg (walk,
JOg, run)ywo exmaidevon (training) kot ta avtictoyo video evog dAlov avOpomov B
ywo. éleyyo (testing) v edon g exnaidevong (training), Ppnkape v péon Ty
tov evepydv framesyio kdbe video tov avOpdnov A ko emdé€ape TV HKPOTEPN
yo. Tl Tov katoeiiov T. Ztnv @don tov eléyyov (testing) aviyvevoaue ta evepyd
framestov video tov avBpdnov B ypnowomoidvrag to kotdei T mov emdé€ape
oV eAaon TG eKTaidevoNg.

H péBodoc métuyxe €va moAd vymAO TOGOGTO GMOTNG OAVIXVELONG TV EVEPYDOV

frames katd95.86%. Avaivtikdra amotedéopota eoivovtat otov wivaka 3.1.

Ilivaxog 3.1. Awodoon tns uebooov g evépyeiog oe 4 dapopetika. mepifaiiovia,

XPHNOLUOTOLOVTOS Kol To. 4 TTepifallovia otny eKTaiocvoy.

Hepifaiiov | Hepifallov | Hlepifpaiiov | Ilepifatiov Méon
di d2 d3 d4 COUTEPLPOPA

ITocoocto (%) 97.88 94.84 97.56 93.16 95.86

[Mapatnpodue Tmg To younAdtepa T0600Th onueidOnkayv oto nepiBariovia d2-d4
mov £yovv moAd BopuPmdec background(zoom, pwrookidoerg). Kpivovtar opmg
OPKETA LKOVOTTOUTLKA.

Qo610600, TOPd T0 LVYNAO TOc0GTO, TO training Settov ¥PNGILOTOMCUUE NTAV I6MG
TOAD peydro, kobmg ypnowomomoape 12 video (3kwnoelg X 4 mepipdiiovra).
EmunAéov, 10 mepifdrhov dev Ntov dyvawoto, kKobmg oto ekmaldentikd Video siyaue
TOLVAQYIoTOV €va. Videoyia kabe Tomo meptPaiiov. OeAcope AOITOV VO LELWGOVLLE TO
uéyebog tov training setoe 3 video,koAVmTovTog TAA TO GOVOAO TOV SOPOPETIKOV
KWVNOEDV OAAL YPNOLOTOIOVTAS HOVo Evav TOmo mepipdriiovtog cav yvmoto. Ta
amoteAéouaTo eaivoviot otov mivaka 3.2.

[Mopatpolpe Twg to TOG0oTA YeVIKa eivar oD pkpodtepa. EEaipeon amotehei 1
nepintmon tov d2,mov €xel Ta 1010 TOGOoTA Kot PAivETAL TMS NTAV TO TEPPAAAOV UE
™V uikpotepn uéon Tiun evépyelag evepydv frames. To yauniotepo péco mocooTo
etvarl to 85.61%,10 omoio woTOGO elval oyeTIKA VYNAO Ko emopévag 1 uEBodog g
evépyelog umopel va Asrtovpyel opketd KOAQ OKOHO KOU GE TOVIEAMG GYVMOGTO

nePPAALOV..
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Ilivaxog 3.2. Amodoon s uebooov g evépyeiog oe 4 diapopetika. mepifaiiovia,
XPHNOLULOTOLOVTOS KOOE popa 1ovo Eva mepiffoiiov atny ekmaiocvon. Me * onueiwvetol

n amédoan aviyvevons ywpic v ypnon tov training backgroundotyv gdon tov

eléyyou.
Training/Testing| d1 d2 d3 d4 Méon Méon
background COUTEPLPOPL* COUTEPLPOPA
dl 94.60 | 71.66| 93.13 83.05 82.61 85.61
d2 97.88 | 94.84| 97.5 93.16 96.20 95.86
d3 95.71| 79.51| 94.35 86.78 87.33 89.09
d4 95.71| 79.51| 94.35 86.78 89.86 89.09

3.3.3 Meiovektijuaratng uedodov tyg evépysclag
H pébodoc g evépyetlag amodidel modh Kahd o mepipdAlovia pe 6GO yivetal o
otatikd background,ympic mold 06pvfo. Otav duwe €xovupe B6pvPo, mpémel va
TPOGAPUOLOVLE TO KATMPAL LE BAon Ta YOpaKTNPIOTIKA TOL BopvPov. Agv pmopovue
VOl {PTCLULOTOMGOVLE TO 1010 Katd@AL Yiati 0 80pvog petafdirer TOAD TV evépyeia
1000 TOV EVEPYDV 000 Kal TV U evepymv frames,ce onpeio mov to otatikd frames
ue 06pvPo va Exovv mOAD peyaAbtepn evipyela e o)EoN LE Ta evepyd framesympic

00pvPo, 6Tm¢ eaivetal Kot 6to oyfua 3.3.

25}{10? 2ynua 3.3. To onua ELt
tov iowv Video ue v
5L 1 epapuoyn pocletikod
Gaussian Bopvfov
158 i N(0,02)
o={
o=1f
r 7 — =20
0.5 -
0 e 1 A 1
0 100 200 300 400 500 BO0
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Amonteital Aowmdv va AapBdvovpe vwoyn pag tov 06pvPo katl va tpocappolovpe
avéroyo To KAT®OAL XNV PipAoypaeio o 06pvPoc Bempeitar mpocshetikdg kot oti
akorovdei tv Kavovikr (Gaussianlie pndeviki péon s kot Stakdpaven o2. Av
Aowmov 1o frame mepiéyer 06pvPo, TOTE pmOpodUE va Todue TG Tto Video

avamapiototonr cav  f(f)=L +27,te[0,k-1] oémov n, eivor o B6pvPog Ko

z ~N(0,0%).

To onpa ELt evoc BopuPfddovg video Aowmdveivar:
=0.1..m- 2
L =2 (% )+ 7 (xY)
2 2
=20 [ XN A XY 20 (X 9* 7 (%)

S L Sz 0F - 2% L(x 9 7 (%)
=EL +Ez} +2*Z L(X Y™ Z(XY)

[Mapatnpodpe mwg 1 evépyeta Tov BopuPfmddovg frameeivar ion pe v evépyeia Tov

frameywpic tov B6pvPo cuv Vv evépyeta Tov BopvBov cuV ToV OPO SLUCLCYETIONG

2 L(xy* 7 (xY).

O 6pog dLGVOYETIONG OPEIAETAL GTNV LT YPOLLULKT) GUUTEPLPOPA TNG EVEPYELNG KOl
N Ymapén tov kabotd ™V avdivon ce BopvPmddeg mepPdAiov amd mOAD dVGKOAN
€mg kol advvatn. Av dev vnpye avtdg o dpog, Ba pmopovcape va vVToroyicovpe
OTOTIOTIKG KAmoleg TES NG evépyewng tov BopOPov yw €va medio THOV NG
SKOUAVOTG KO GTNV GUVEYELD VO OVIXVEDOLLLE TO OTUTIOTIKA Tov Bopvov kot va
QPOLPOVUE TNV AVTICTOYN TN TPOTOV TPOYMPT|COVLE GTNV GUYKPLOT| LE TO KATMPAL
T=T+0c2%.0 0p0og aTHS OUMG KaB1GTA avTVv TNV ADoN emppent| o€ 4O, apod dev
UTOPOVUE VO EAEYEOVLE TIC TIUES TOV.

M dtopopetikny mpocEyyion Ba NTav Vo EKTOOEVLOE TO GVOTNUO TPOTHETOVTOG
06pvpo ota videotov training setH Avon avt Oa dodAgve KoAd pe v Tpotimdbeon
no¢ Oa eipaote og Béon va aviyvevovpe pe akpifela ta xopoaKTNPLoTIKA Tov BopvBov

oto testing video.
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3.4 Aviyveven ue Tty uéfodo tov ypauuikod abpoicuotos

3.4.1 Hapoveiacntns uebooov

Mmnopobdpe avti yio tnv vEpyELlO va. XPNGLLOTOW|GOVUE L0 YPOUIIKT) GuVEApPTHOT,
omwg 10 amkd dfpowopa M 0 amAGC HEGOS OpPOg TNG OAAAYNG QOTEVOTNTOGC
(rapaydyov, omtikng porc). Ta frames pe évtovn xivnon mBavototo Ba Eyovv
HeYaATEPO HEGO OpOo o€ oyéom pe to framesympig évrovn kivnon. Oswpnrtikd Oa
énpene va Eyovpe avoyn oe mpooHetikd B6pvfo UNdeEVIKNG HEONG TWUNG, EPOCOV
elyope OpmG Kot Gmelpeg TYWEG TV dedopévav. Znv Tpdén Opmg dnpovpyovvTot
apketd TpoPAnpata, Tov opeilovial og axpaieg Tinég (outliers) ondte kot amarteiton
Kamota avTipeT®dmion Tov BopvBov. Oda SOKILACOVE AOITOV VO AVTILETOTICOVLE TOV

BopvPo avampocaprdlovtag 10 KatdeAl oG ENG:

T=T+o
v mpdén BéPota, To amAhd dOpoicpa TNE HETOPOANG POTEWVOTNTOC TV PIXelSdey
EKQPALEL ETapKOG TV TOGHTNTA TS Kivnong, kabmg vdpyetl mavta 1 Thavotn T Vo
&yovpe pikpd abpotopo axopo kot oe frames pe éviovn kivinon AOy®m TOAA®V
avtifetov Tipov (ue drapopetikd mpoonuo). H mocdtto g kivnong ekepaletot
KOAVTEPA UE TO GOPOICUO TOV ATOAVTOV TIH®V, TOL OU®MG OEV €IVOL YPOUUIKN
ovvdptnon kol emopévemg Bo odnyodpoctov G TOPOUOlN TPOPANUATO HE TNV
evépyew. [ tov Adyo avtod, otn cvvéyeta eEetdlovpe TNV amddoom TG ¥poNS ToL

amAov afpoicpatog TG OAAAYNG POTEVOTNTOG.

3.4.2 ewpaparikdaroreiécuara oro KTH dataset
H pébodog avt amodidel kaddtepa aArd péxpt ouyKekpléveg Tipég Bopvfov. Xto
omua 3.4 PAémovpe v péon amdooon g nebddov oe oyxéon pe v avénon tov
Bopvpov, omwe v a&loroynoaue oto KTH datasetllopoatnpovue mog n péBodog
amodidel OpPKETA KOAG, OAAG dvotuy®dg Otav o B6pvPoc yivetoaw TOAD €vtovog

(o0 >16), n anddoon méetel amdTopa. Emopévmg, m mpooapuoyn tov KatoweAiov

T=T+0 sivm OTNV TPAYUATIKOTNTA L0 TPOGEYYIoN TNG PEATIOTNG TPOGAPLOYTG.

To avalvtikd aroteAéopato ovtne TG HeBddov paivoviat otov mivaka 3.3.
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2ymua 3.4.

H uéon omodoon g
uebooov twv uéowv opwv
o€ oyéon pe TNV TOWIKNH

omoxiion tov Gopvfou .

Ilivakog 3.3. Amodoon s uebooov twv uéowv opwv oe 4 diapopetikd,

nepifallovia, mapovaia npocbetiod Gopdfov N(0,07)

dl d2 d3 d4 Méon
COUTIEPLPOPA.

=0 87.11 | 89.97| 83.060 91.94 88.02
6=5 9593 | 81.38| 94.83 89.07 90.30
=10 97.05| 90.69| 96.47 91.35 93.89
6=15 93.97 | 94.29| 91.03 94.62 93.47
o=17 59.03 | 71.40| 53.14 73.47 64.26
=20 40.43 | 56.74| 37.63 53.55 47.09

BéBowa, n avoyr otov 686pvfo pmopel va Bswpnbel apketd vynin, xabag o
06pvPog arloudvel Told ta framestov video,dnmg eaivetar kat 6to oyfuo 3.5. Xty
TPA&n 1omg va cuvavtape omdvia 6o peydlo 06pvfo, Yeyovog OUmG Tov g Kapio
mepinton oev pumopei va OempnBel Kavovag Kot va ETITPEYEL TNV ACPAATR YPNOT TNG
neBoooL Ywpig kdmolov EAeyyo tov Bopvpov.

[Tapoéro mov 1 péBodog avtn Asttovpyel KOADTEPU KOl TPOCEOEPEL U0, OPKETA
vyNnAn avoyn otov Bopvfo (uéxpt o = 16), Tah Oa mpénel mhvta va avtipetomilovue
EMTLYOG TO TPOPANUA TG OKPPOVG YVAOGNS TOV XOPAKTNPIGTIK®Y Tov Bopvov.

Yty emduevn evotnta Bo mapovoidoovpe po péBodo aviyvevong evepymv frames

N omoia givor aveEdptnn od TO YOUPAKTNPLOTIKA TOV BopHov.
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(o) (B) (v)

©) (¢) (o7)

2ynua 3.5. H emidpaon tov npoobetikov Gaussianfopifov oro oo frame () eviog
video. ) 6 =5, () 6 =10, 0) 6 =15, ) 6 =17, (61) 6 =20

3.5 Aviyvevon ue tyv uédodo ths KvpTwWOoNs

3.5.1 Hapoveiacnths uebodov
H pébodog avtn Paocileton oty 0éa twv Activity Areas kawotnpiletor otnv yxpnon
g kuptmone. H koptwon (kurtosis)uog t.p. X. opiletor og €€Xg:
kut X = B X*]-3(HX?])*
N 16odLVaLLL:

kurt(X) = E[—X:]Z -
(E[X7])
Mmropel va amodetyfel 011 Katw amd opiopéveg cuvOnkeg avesoptnoiog, n KHpTON
elvar  ypappikny ovvdptmon, omiadn o6ttt yww T T X, Y oyl
kurt X+ Y) = kur( X) + kurt(Y)
H onpavtikdtepn dpme 1d10tra g KupTmong ivar Tt £xel UNOEVIKT TN OTAV 1|
T.1. X axoiovbei v Kovovikn kotavour, e omolodmoTe YopaKTpioTikd, OnAcdn:
kurt(X) =0 étav X ~N(u,0?).
Avt 1 cuumEPPOPE TG KOPTOONG TNV KOO10TA TPAYHATIKE oveEapTnTn 0o TOV
06pvpo, apod N kuptwon Tov Gaussiarbopvfov Oa eivar wavta 0. Eyel amoderydei

naiota 6tL akoua Kot yio un Gaussiamopvfo, n kOptwon oA Taipvel VYNAITEPES
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TIEG Y10L LETPNGELG TTOV TTPOEPYOVTOL 0td BOpLPO, Kot Oyt oo ofua [7], kabodg givan
gvaicOntn oV mapovcia akpaiov tipwov (outliers).Zmv dwikn pog mepintwon, otov
VIapyeL Kivnom kot oyt povo BopvPog petpioewv og Evo pixel, to onpa g aAlayng
QOTEWVOTNTAG OLOPEPEL OPKETO OMO OVTIGTOLYO ONUO OV TPOEPYXETOL UOVO amd
06pvPo, amotelel dnAadn Tun outlier.
H xoptwon evog BopuPmdovg frame Aowmoveivat:

kur€ L. + z)= kurt(L; )+ kurt(z, ) = kurt(L, )+ 0 = kurt(L,)
Yy wpdén 1 KOpTmon maipvel THES TOAD KOVTA 6TO UNOEV, aALE Oyt TavTa aKkplPdg
undév. I' awtd axpPog kot ypnoyorotovpe éva Katdeil T kovtd oto O, pe Bdon to
onoio amopacilovpe Yo o av to frame givabopvPaddeg 1 Oyt

Ta otatikd frameséyovy yevikd moAd pkpéG TIHEG KOPT®ONG, TOL TANGLALoVV
oA 10 undév. Avtifeta, to evepyd frameséyovv yevikd ueydreg tpég. O kavovag
aVTOG oYLEL Yo €vo, UeYOAO0 T0G0ooToO framesaidd Oyt mavtov, yeYovog Tov oG
odnyel kdmoleg popég oe opdApata. Qotdc0, 1 néBodog ¢ KOipTwoNg dev amortel
Kamolo pAom eKTaidELONG.

Y10 oyfuo 3.6 PAémovue Vv KOptwon tov framesevog video kivnong walk.
[Mapatnpodue O6tL ta ototikd frames éyovv WKpEG TIUEG EVE Ta EvEPYA LYNALG.
Evtommon pog mpokodlovv ot €vioveg aAlayég oto onueion 6mov eueoviletanr kot
eCapavifeton amd Vv oknvi 0 Kwovpevog dvBpomoc. H diepedvinon avtod ToL
YOPOKTNPIOTIKOY 16MC Vo, 00NYNOEL GE TOAD LYNAG TOGOCTH EMTLYIOG, MOCTOGO

QPN VETOL Y10 LEAAOVTIKN EpYOTiaL.

450
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2ynuo 3.6. Hrkoprwon twv frames rowideo person01_walking_d1 #&TH dataset.
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3.5.2 Hapauatikaaroreiécuara oro KTH dataset

EXéyEope v aviyvevon active framesue tv pébodo g koptmong oto KTH
dataset.Xpnowomomoope video kot amd tovg 4 tomovg mepPdirovrog. Ewodyope
axopn mpooshetikd Gaussian 06pvpdN (0 g® )y o= 0,1, 2, .., 20.

Kdvape mepapato pe Stdpopeg Tipés kato@Aiov péoo oto ddomua [0, 7].
EXéyEape v amddoorm tng peboddov 1060 cuvykekpiuévo oe kabéva ond to 4
mePPAALOVTO OGO KOl GUVOAKE, aveEaPTNTOS TEPPAALOVTOG.

Apyikd, emPefordoape v un omodoTKOTNTU TOL ATOAVTOL UNOEV GAV KATMDOAL
v v KOptwon. Ta mocootd emtvyiog gaivovtal otov wivaka 3.4 Kot givor pdAiov
avapevopeva, kabmng oty Tpdén dev £xovpe moTé 00TE AMEPES TYES UIOG TLYOIOG

uetaPAntnig ovte tédeia Gaussian 66pvfo.

Iivaxag 3.4. Awodoon s nuebBooov s KOPTWENS G€ O10POPETIKG. TEPIPOLLoVTOL

xpnoipuomolavos ooy koatweil T to amdivto unoév.

Hepifaiiov | Hepifpaiiov | Hlepifaiiov | Ilepifiaiiov Méon
dl d2 d3 d4 GOUTEPIYPOPA

ITococto (%) 46.77 59.65 48.81 65.96 55.30

[Mopatmpodpe T®G T0 TOGOCTA €lvol OPKETA YAUNAL EVO TO KAAVTEPO TOGOGTO
netvyaivetar 610 EepPdilov d4 (wTiopdc ecwtepKoD dwuUATion).

AvEdvovtog motoco TV T Tov Katogiiov oto 0.1 eidape to mpdTa Oetikd
amoteléoparto. H cvpmeprpopd e pebddov t6co o kabéva and ta 4 nepipdirovia
0G0 Kol GUVOAMKA, GaiveTal 6Tto oyfua 3.7.

[Tapatnpodpue 011 o€ KABe TEPIPAALOV £YOVLE SLOPOPETIKT GLUTEPLUPOPV, KATL TTOV
ac@almg mepuévope. Ta mepiBdirovra d1,d3 Exovv peydiec opoldtnTeg Kot €Tl
e€nyovpe TV OpOOTNTA TOV KOUTLA®Y Tovg. Xt mepiBdilovta d2,d4,0 06pvPoc
TOV E16AYETOL OO TO ZOOM Kot amd TG POTOOKIAGES 0dnyel e mOAD pukpdTEPO
TOC0GTA EMTLYOVG aviyvevons. H péon coumepipopd Kiveitor petald tov oVo avtdv
OUAOWV KOUTLADV.

[Mopatpodpe ®oTOG0 OTL N PEATIOTN TIUN KATOPAIOL €lvar PKPOTEPN TOL 2, KATL
OV pag Oelyvel T mapOAo Tov 1 KOpT®oN dev glvar akpPdg undév, €xel oiyovpa
TIWEC TOAD KOvTa 610 undév. Evdektika yio éva video,oto oynua 3.6, BAénovue mmg

N KOptwon Tev evepydv framesnaipvel Tipég kovtd oto 50, emopévmg n dtagopd g
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KOptwong tov evepydv frames oe oyfon pe TV TIUN TOL KOTOOAIOL &givol

KOLVOTIOUTIKAL LEYOAN.

TRARR
Q&&

2ymua 3.7 Hovurepipopad tns uedodov tg koptwong
o TES katweliov oto oidotnuo [0.1, 7].

To vynAoTEPO HEGO TOCOGTO emiTLYOVS aviyvevong avtictolyel oty tiun 7=0.4
nrav 90.50%, 1o omoio kpivovpe apketd evOappLVTIKO, dEGOUEVOL TG TOIKIMOG TV
ocvvOnkov backgroundrov eAéyEape (eEmtepikd EPIPAALOV, POTICUOS ECOTEPIKOD
YOpov, Kauepa pe petaforiopevo zoom) kabmg kol g ovoyng otov 0opvfo
(o €[020]). H ovumeprpopd g peboddov kot ota dAro mepipdirovra yioo 7=0.4

eaivetal otov Tivaka 3.5kl Onwg TopaTNPOVLLE, TO TOGOGTA Eival ApKETE LVYNALL.

ITivaxag 3.5 H arodoon g uebooov s kdptwons oe 4 drapopetika. mepiffoiiovio.
ue ypnon tov kozweliov T = 0.4.

Heprfaiiov | Hepifaiiov | Hepifaiiov | Ilepifiaiiov Méon
dl d2 d3 d4 GUUTEPLPOPA.
ITocooto (%) 92.92 88.48 92.87 87.76 90.51
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To kaAVTEpO TOC00TA o8 KOs MEPPAAAOV Kol Ol OVTIOTOLXES TIUEG KATWOAIOV
eaivovtal otov mivaka 3.6. Ta mtocootd eival vymAidtepa and v nepintwon T=0.4,
aAAG M Slopopd dev givar oAy peyddn (mepimov +2%). [Mapatnpodue akdun v
opadomoinomn tov meptParrdviov d1, d3kor d2, d4,m omoia NTov gpeovig Kot amd
TNV OTTAY] TOPATHPNOT TOV KAUTVADV.

Ilivaxog 3.6 H xaldtepn amoooon te ucbooov tns koptwong oe 4 oiapopetixd,
wepifarlovta kot o1 ovtioToryes TyES Tov Katwpiiov T.

Heprfaiiov | Hepifpaiiov | Hlepifaiiov | Ilepifiaiiov Méon

dl d2 d3 d4 GUUTEPLPOPA.
Iocoocto (%) 94.7181 88.9095 94.4725 88.5288 90.505¢
Kartopisr T 1 0.2 1 0.2 0.4

3.6 Xvurnepacuara

e autd T0 KEQAANL0 NPOOLE AVTILETMOTOL e TO TPOPANLLOL TS OVIXVEVLONG EVEPYDV
framesoe video.H onpacio g aviyvevong kpivetot 1010iTepO GNUAVTIKY, TOGO YTl
elval 10 TPAOTO PrHa Y TV OVAAVLOT Kol ovoyvaplorn Kivnong 060 Kol emEdN
emnpedlel dueca v amddoon TV ETOUEVOV PrUdTmy.

Apyikd mapovoidoape po pEBodo Paciopévi otnv evépyeld, 1 Omoio AmOoidel
e€opeTikd akopo Kot 6€ Ayveooto mePPAAlovTa, amait®dvVTag TOAD KPS GHVOLO
ekmaidevong (training set) Qotdéco, M pébodog avtny dev amodidel KoAL o€
nepailovia pe 06pvPo, AOY® TG UN YPOUUKNG TG CUUTEPLUPOPAC.

2V GLVEYELD, TOPOVCIACOUE TNV HEB0OO TV pEGOV Opwv, 1N omoia TapEyeL
Kdmota avoyn otov 06pvPo, ywpic ®oTdOG0 Vo AOVeL To TPOPANLLOL.

Téhog, mapovcidoape ™MV HEBOJO TS KUPTMOOMNG, 1| OO0 EKTOG TOV OTL eV amorTel
edorn ekmoidevong, Asrtovpynoe apketd amoteieouatikd (90.5%) oe moAAG
SpopeTikd mepPdAiovta, Tapovoldloviag TAPAAANAC EKTANKTIKY OVOYY OTOV
0opvpo.

Kot ot tpeig pébodor elvanr katdAAnAeg yio xpnor G€ €QPAPUOYES TPOYLOTIKOD
YPOVOL, KaBdC amortodv povo v kabvotépnon evog frame, Loym g ypnong g
TOPAYDYOV.

Y10 o010 LEAAOVTIKNG €PYACIOG LG EVIACOETAL TOCO M dlepedvior TG YPNONGS
TOV €VIOVOV OoAAOY®OV ota onueion oAdayng oknvikod (dmov supaviletor koi

eCapaviletar o kivobuevog avlpwmog amd v oknvi) mov mapovotdlel 1 uéBodog g
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KOPTOONG, 660 Ko 1 Pedtioon TV amotelecudTov TG Hebdoov pe ypnon odpopwv
teyvikov (ouadomoinon yeirovikawv frames,pidtpapioua). Téhog, oto Queca oyeEdd
LLOG EVIAGGETOL 1 SlEPELYNON TG XPNONG TNG KVPTOGNS Yol TNV aviyvevon “ evepyamv

ougowv pixels” (blocks)oe éva frame.
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2elido oromiuo KA.
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Kepaiaio 4
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2elido oromiuo KA.
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4.1 Eiecaywyn

Ye autd 10 Ke@AAawo Ba acyoAnBobue pe v e€aymyr] KOOIV GNUOVIIKOV
1O10TATOV/YAPOKTNPIOTIKOV TNG KIVIONG OV Tpaypotonoleital o€ kamowo video. Ot
010Teg pe Tig omoieg Ba acyoAnBodue eivor o yopakTnplopuodg g Kivnong g
Translational un Translationalkot 1 katebBvvorn tov Kivodpevov avlpomov (ot
nepintoon Translationakivnong). IapoAro mov Yo TV TAPOVGINGT KO TELPOWOTIKY
a&lodoynon tov uebddmv ypnoiponocoue Video ue avlpomovg, ToTtedovue TMG Ol
pébodotl etvar mo yevikég kot Bo pumopovcov Vo QAPUOGTOVV Yoo TNV eEay@yn
WOOTATOV KOl GAA®V KIVOOUEVOV VTTOKEWWEVOV (.. avTtokivinta), vwdbeon mov Oa

eréyEovpe o€ HEALOVTIKT LOG EPYOGTaL.

4.1.1 Znuaciatwy 1010THTOWY KIvyeNS
H eayoyn wWwmtov g kivinong eivar éva onuoviikd Prpo 1060 Yoo TovV
TANPECTEPO YOPAKTNPICUO TNG Kivnong 660 kot yia Tnv dnpovpyio opddwv kivnong,
YeYOVOG IOV €ivar 10104TEPA YPTOUO GTO ETOUEVO, GTALO TOV GUOTHUATOS AVAAVONG
video.
YuyKekpLéEvVa, OGOV apopd TNV avayvmdpilon Kivnong, eivatl onuavtiko va dtafAémet
KOVelg «opadeg Kivnone» yloti étot:

» Beltidvetor 10 mocootd emtvyiog Tov peBoddwV avayvopiong, kobmg
HEIOVOVTOL Ol OlOTACELS KOl 1 €VIPOTOL TOL apykod TPOPALATOG
avoyvaoplomg.

» Axoun kot ta Aabn ¢ avayvopiong £xovv TALoV TEPIGCOTEPO VOMUA,
KaOdG TpdKertal yroo AavOaGHEVT avayvmdPIoNG oG TOLPOUOLOG Kivong.

» H dwdwaocio avayvopiong extoyvvetor Kobmg mAéov 1o medio avalitnong

glvol pKpoTePO.
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4.2 Awaywpieuoc o¢ Translational ker non-Translational kivijeerg

4.2.1 Opicuoi
Translational kivijosic evvoobue TIG KIVIGELS OTIG OTTOIEG TO VIOKEIUEVO KiveiTal
Katd pnkog tov opilovriov déova X. [Na mopaderypa, ot kivioelg walk, jog, run, jump,
skip, side eivarTranslational kivioceig
Non-Translational kivijoeigc givon o1 xwvioelc mov ogv eivaw Translational.T'wa
napaderypa, ot Kwvnoeg bend, wavel, wave2, pjump, bakor non-Translational

KIVIGELC.
4.2.2 Awaywpiouicue yprien twv Activity Areas

4.2.2.1 Heprypoaptys pedooov
"o va etdyovpe tov daymploud oe Translationakor non-Translationakwvnioeig
Kavovpe ta e€ng Ppata [39]:
1. Bpiockovpe 10 activity arearov videoypncilomoudvtag Ty amin Topaymyo
G TPOG ToV Xpodvo t.
ABpoilovpue Vv eikdva tov activity area katdotiieg.
Metpape 10 TAN00G TOV UNOEVIKOV TILAOV Z.

Metpdpe T0 TAN00C TV N UNOEVIK®V TIUdV N.

a b~ w N

Av Z>N t61e m kivnon eivor non-Translational, aAMogivor Translational.

[Mapoxdato PAémovpe to activity areassvo dlopopeTikdv Kivncemv, tov walk kot
TOL Pjump, 6tav avTég ol KIvnoelg ektehodvtat and tov id1o avOpwmo. IMapatnpodpe
nog oty translationakivnon ta evepyd pixel katodapfdvovy éva peydio puépog tng
gwovog, kotd unkog tov Gova X. Avtifeta, otnv non-Translationalkivnon, ta

evepya pixel katalapfavovy moAd pikpd 1o606td ToL AEova X (oyiua 4.1)

2ynua 4.1 @) To activity area oo 2yniua 4.1 ) To activity area oo
daria_walkozo to Weizmann dataset . daria_pjumpozé to Weizmann dataset
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Kowtdlovtag to dOpolcpo katd othreg TV 00 OVTOV KIVACE®V E£YOVUE T

amoteAéouaTo ToL oynuotog 4.2.

70 70

6O+

&0

woh

30r

20

10+

]

L L ! L L L I !
o 20 40 60 a0 100 120 140 160 180

2ynua 4.2 @) To dBpoioua kota oriieg 2ynua 4.2 B) To dOporoua kota oriieg
rov daria_walk aré o Weizmann dataset oo daria_pjump axé o Weizmann

dataset

4.2.2.2 Tiuécrovra 6t0 unoév
Evologpépov €xel iomg 1 avTIKaTAoTOoN TOV UNOEVIKOV TILAOV HE TNV £VVOL0L TOV
KTUDV KoVTo. 0T0 unoév». Aoyw Bopvfov Ba pmopovoav vo VTAPEOVY TEPIMTMOCELS
omov Oa giyope TOAAES TIHEG KOVTA GTO UNOEV OAAG OYL amdALTA UNOEV. XE QUTAV TNV
TEPIMTOON 00 LTOPOVCALE VO, YPNGIULOTOCOVE Eva KaTdPAL T kot vo Bempovpe ¢

KTIUES KOVTA 0TO UNoEV» OGEG €lvol LIKPOTEPEG 1] 106G OO VTO TO KOTDOPAL

H emdoyn tov T eivor onpovtikn kot wpénet va eivor yeViKd Kovid oto pndév.
Qo1000, 0&ilel vo GNUEIOCOVUE TG 1) TOPOoVGia Tov BopHov eivar yevikd pikp| oto
Activity Areasagov & opiopod 1o Activity Area ypnoiponotel v KOPTmon Yo vo.
QUATpapel amoterecpatikd tov 06pvfo. Enopévag, to T givor oxeddv aveEdptnro and
Tov 06pvPo kot Bo PITopoVoaE VO YPNCILOTOGOVIE pie TOAD puikp Tiun (.y. 3) pe

OPKETA KAAQ OTTOTELEGLLOLTOL.

[Ma To Tepdpotd pLog xpMCLOTOMGALE TNV (ETH TIUH TOV IGTOYPAULOTOS TOV

TILOV 0OpoloUATOV KOTO 6TAAESG, 1 omoia Edmae dptota anoteléopata (100%).
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2ynua 4.3 @) To 1otoypopuo. tov 2ynua 4.3 ) To iotéypopuo tov

daria_walk aro 7o Weizmann dataset  daria_pjump azo 7o Weizmann dataset

4.2.2.3 Hepopatikdamotelécuaro.

EMéyEope mepopatikd v mopomdve pébodo oto  Weizmann Dataset.

Xpnoponowwvrag cov KatdeAl T to 0 10 mocostd emitvyiog frav 96.67%,ysyovidg

OV UOPTLUPA U0 [KPN Topovsios BopvBov. XpnNoHOTOIOVTOG ETEITA GOV KATDOPAL

™V PECT TN TOV 10TOYPAUUATOS TO TOG00TO emTuyiog avéndnke oto 100%.

[Mopatpodpe Aomdv mwg mavio Lrdpyel Kamowog kpds B6pvPog, tov omoio

UTOPOVLE MGTOGO EDKOAN VO, AVTLILETOTICOVLE LE TNV XPN o1 ToL Katw@Aiov T.

4.2.3 Araywpiouosus ypyon tov kEvipov Bapovg

4.2.3.1 Heprypapitns pebooov

H pébodog mov mpoteivovpe akorovbet Ta €ENg oo

1. Me agaipeon background, Bpickovpe v ollovET TOL KIVOOUEVOL
avOpodnov og kabe frame touvvideo.

2. Bpiokovpe 1o xévipo fapovs kaBe G1IAOVETAGC.

3. Anuovpyodpue to onua SX(t) to omoio deiyvel v cvvietayuévn (w¢ Tpog
70V déova X) Tov KEVTPOL PApovg yio TNV Glhovéta Tov frame t.

4. Metpape 10 evpog E tov mediov Tydv tov onpotog SX(t).

5. Av E>T, 101¢ 1 xivnon eivon TranslationalpgAiubg eivar non-Translational.

T elvon éva KaTOEAL.
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H agaipeon background[43, 44, 45]odnyei oty e&aymyn TG GIAOVETAC TOL

Kwvobuevov avipomov (oyfuo 4.4). dvowkd, 1 entvyio g agpaipeons background

elvat apKETA GNUAVTIKY Yo TNV amddoon TG Hebddov.

Zyiuo 4.4 @) Zilovéta tov 5 frame tov

daria_walk aro 7o Weizmann dataset

Zyiua 4.4 (B) Xidovéta tov 5° frame oo
t

daria_pjump azé to Weizmann datase

H &bpeon tov kévrpov Bapovg amortel yevikd pio ovvOetn dwadikacio. [Ipog to
napov Ba mwpoceyyicovpe 10 KEVIPO PAPog BemPOVTOG MG GLUTINTEL PE TO KEVIPO
Bapovg tov opboywviov TAPUAANAOYPALUOL TOV TEPIKAEIEL TNV GLAOLETA. TOL
avOpomTov.

H mpocéyyion avt mpooceyyilel pe peydin axpifeia 1o oAnbvd kévipo Papovg
otav 1 otlovéta potdlel pe opboymdVIo TaPUAANAOGYPOULO. ALAPOPETIKA, TO GOAALLOL
umopel va yivel apkeTd peyaAo kol Kamoleg popég umopel va fpodpe kévipo Phpovg
nov Eepelyel and ta OptoL TS 010G TG GIAOVETOG.

INo mopaderypa, oto oyquo 4.5 @) PAEmovpe mog t0 KEVTIPO PApovs dev améyet

oA and 1o dcOnTikd cwotd. Avtifeta, oto oynua 4.5 @), mapatnpodue TwG

ATA®UEVO YEPL EMOEL TO KEVTPO PAPOVE GYEOV GTA OPLaL TG GIAOVETAG,

2yniua 4.5 @) Ipocéyyion tov kévipoo
Pépovg rov daria_walk rooWeizmann
dataset

2yniua 4.5 B) Ipocéyyion tov kévipov
Pdpovg Tov daria_wavel rodNeizmann
dataset
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Qc1000, LT 1N TPOGEYYION Eivon apkety Yy TV €€aym®yn TOV 1O10TNTOV TOV
eCetalovpe. O oxkpiPnc vmoAoyiopdg tov kévipov Papovg Ba €dve  oiyovpa
axpiéotepa amoteléopato ovEAVOVTOS OU®MG TOAD TO VTOAOYIGTIKO KOGTOG TNG
pedddov. Mo amAn avtimpdtacn eivor vo unv Aappdvovpe voyn pog to Gopofiadn
uépN oL omdpatog (¥épla, mOdw) kot vo epyalOpacTE UOVO UE TOV KOPUO TOL
GMUOTOG.

To evpog E 10V mediov tipnmv tov ofjpotog SX(t) eivar eniong éva onuavtikd O&pa.
Mmnopovpe va T0 LETPNGOVUE OG TNV SPOPE AVAUESH GTNV HEYIOTN KOl EAGYLOTY
T, Avti 1 Ao ayvoel TNV KaTavopr| TV TGV, KATL Tov TV Kdvel evaicOn og
Kanoleg axpaieg Bopupmdeig tnég (outliers) IMpotwodue cav kaAdtepn Adon v
TUTIKY OTOKALGN 0 TOV TIUOV.

Téhog,  emdoyn tov KatweAiov T mpémel va yivetar pe fdon tov 6100 TG KAOE
EQOPUOYNG KOl TO YOPOKTNPIOTIKA TOL KIVOOUEVOL VToKEWEVOL (GvOpwmoc,
avToKivnTo, KTA). QoT1d60, Yoo avBpdOTIVES KIVAGELS £va KoTdOAl petad tov 5 kat
tov 10 Bewpolpe Tmgeivar HAAAOV OPKETO.

Y10 oynua 4.6 pAémovpe to ofjua SX(t) 0o dapopetikdv kivhoewv. [Tapatnpodpe
no¢ oty Translationalkivinon (walk) ot tuég tov ofpotog exteivovtar omd 1o 0
uéxpt to 160. H tomwkn tovg amdxhon eivar mepimov 47. Avtictoro, otnv NO
Translationakivnon (pjump)ot tiuég Tov onpaTog exteivovtot amd to 75 uéypt to 79.

H tvmucn tovg andhon eivon mepinov 0.77.

180

160 +

140 +

120 -

100 ¢

60+

60+

40 -

20+

D 70

L L L L L L L L
0 10 20 an 40 a0 60 70 6o a0

2yniua 4.6 @) To onua SX(t) tov 2yniua 4.6 B) To onuo sX(t) tov

daria_walk aro o Weizmann dataset daria_wavel axé to Weizmann datase
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4.2.3.2 llepopatikdamoteléocuaro.
[TapOoAo OV YPNCIUOTOUCAUE TV ATAT TPOGEYYIOT TOV TAPUAANAOYPAULOV Y10l
TNV €VPECT TOL KEVTPOL PBApovg, e TNV xpnom tov katweiiov 7 = 5, katapépape va
netoyovpe 100% Swywpiopd oe Translationalkar non-Translationakwnoeic oto

Weizmann Dataset.

4.2.4 Aiaywpiouogue emeéepyacio Tuiuatog TS akxolovbiog
[TapdAio mov kot o1 dVo PEBOOOL EMESEIEAV APLOTN CLUTEPIPOPA, E£YEL EVOLUPEPOV
va g€etdoovue to Oéua tov eddyiotov mANOog frames mov amattovvrol Yoo TV
OTOTEAECUATIKY] EQPAPUOYT KAOE peBddov.
Erovorafape Aowmdv ta mEPAUOTA HOC, ypNolLonoimvtag ond 5 émg ko 40
frames ¢mov avtd NTav duvarod) yio Tov SWPIoHO TV Kivicewy. Ta amoteAéopato

eaivovtal otovg wivakeg 4.1 kon4.2.

ITivaxag 4.1 Moywpionos oe Translational koez non-Translationalxivijoeig oo

Weizmann Dataselie v uébooo twv Activity Areasypnoiuomordviog uikpo minbog

frames.
Kivyon
j00s | N
frames Walk | Jump| Run | Side| Skip| Pjump Bend| Jack | Wavel| Wave 2
5 0 0 0 0 0 100 | 28.57 100 | 71.43 100
10 0 1111 O 0 100 | 66.67 100 100 100
15 0 4444 O 11.11 100 | 77.78 100 100 100
20 0 22.22| 88.89| 11.11| 44.44| 100 100 | 100 100 100

25 11.11} 33.33| 100 | 77.78 100 100 100, 100 100 100
30 66.67| 66.67| 100 | 88.89 100 100 100, 100 100 88.8¢
35 77.78| 100 | 100 | 100 100 100 10( 100 10 88.
40 100 | 100 | 100| 100 100 100 100 100 100 77,
full

sequence

=
(&)

100 | 100 | 100| 100 100 100 100 100 100 10
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ITivoxos 4.2 Moywpiouos oe Translational kex non-Translationalkivijoeic oto

Weizmann Dataset, @v uéfodo tov kévipov fapoug, ypnoiomoidrvrag ukpo minbog

frames.
Kivyon
1lin6og i ) .
Walk | Jump | Run | Side| Skip| Pjump Bend| Jack | Wavel Wave 2
frames
5 0 0 66.67| 22.22| 11.11] 100 100 | 100 100 100

10 77.78| 100 | 100 | 88.89 100 100 100| 100 100 100

15-40 | 100 | 100 | 100 100; 10Q 100 100 100 140 10

full

sequence

100 | 100 | 100| 100 100 100 100 100 100 10

H pébodog tav Activity Areas prmg tv meptypayape oty evotnra 4.2.2.1)eivon
Kabolikn|, epapuoleton dnAadr oe OAa to pixelstov Activity Area. AALmote Kot 10
Activity Area givor ovolaotikd por KoBoAkn avamapdotact, Kobmg GLUTVKVOVEL
™mv Kivnon moAlmv framesce éva povo frame. Avtd onpaivel mog eivor pdAiov
dotoyo vo mpoomabodue vo ypnolorocovpe Aty framespe ovtiv mv pébodo,
YEYOVOG TOV OMOTLAMVETOL KO 0T, AOTEAEGHATO TOV Ttivaka 4.1.

Towg peloviikd vo €yovpe KOAOTEPO OMOTEAEGUOTA OV TPOCTOONGOLUE Vo
petatpéyoupe v pEBodo e Tomikt, aAldlovtag oniadn To Prua 5: “Av Z>N tote n
Kivnon eivar non-Translationalphlog eivon Translational.”dote va ypnouonotel
uovo ta, pn undevika otoryeion N mov eivar GAA®oTE Ko To oToLyEio TNG Kivnong.

AvtiBeta, n néBodog Tov KEVTPOUL Papovg eivarl TOTIKN KO ETOUEVMG HITOPEL vau £xEl
TOAD KOAN GUUTEPLPOPA YPNCILOTOLOVTOG aKkopa kat 15 framesprnmg eaiveral otov
nivaxo 4.2. To yeyovog awtd pag emrpénet va Pyalovpe COUTEPACUATO OKOMO Kot

amd Alya dwebéoipo frames, dSnlodiokoua Kot 6€ TPoyUaTiKo Ypovo.
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4.3 Evpeon katevBovvens kivovuevov avlpamov

yia Translational kivijeeis

4.3.1 EvpeonrarsvOvvenc ue ypron Activity History Area

4.3.1.1 Ieprypapijtys uedodov
Mnopovpe va  PBpodue v kotevBvovon  TOoL  KVOOUEVOL  ovOP®OTOL
ypnouonowwvtag to Activity History Area ogénc:
1. Bpiokovpe to Activity History Area towideo.
2. Bpiokovpe tov péco 6po kabe otning tov Activity History Area
3. Xymuoatileton £va onua, omd To omoio vwoloyilovpe TV KAiomn tov A
4. Av A>0 t6te n xorevbovvon eivor mpog ta 0e€id, aAlmg givol Tpog Ta

apLoTEPQ.

100 - sl ‘\
:

120

20 40 B0 B0 100 120 140 160

2yiua 4.7 @) To Activity History Area = Zynuo. 4.7 (8) To onjua twv uéowv opwv

o v kivpon walk_left TV oTHAMV yLa To id10 Video.

Hopatnpovue ot n kAion eivor apvyTiky.

4.3.1.2 Hepopatikdoamotelécuaro.
A&oloyodvtog mepopatikd v péBodo autr, Kataeiépape va Ppiokovpe cwotd

oV katevbvvon kiviong oto 100%tov Weizmann Dataset.
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4.3.2 EvpeonkatsvOoveng ue yppon tov kEvipov fapovg

4.3.2.1 Ieprypapntng puedooov
Mmnopovpe va  PBpodpe v katedBuven  TOL  KIVOUPEVOL  avOp®OITOL
YPNOLUOTOIDVTOG TO KEVIPO LApong TOV KIVOUUEVOL avBpdmov mg eENG:
1. Me agaipeon background, Bpickovpe v ollovéta TOL KIVOOUEVOL
avOpodnov ce kabe frame touvvideo.
2. Bpiokovpe 10 kévipo fapovg KaBe GLAOVETAG.
3. Anuovpyodue to ofjua SX(t), To omoio deiyvel TV GLVIETOYUEVN OG TPOG
tov G€ova X Tov KEVTIPOL Papovg yia Tnv cliovéta tov frame t
4. Yroloyilovue tnvihion A tov ofjpuatog SX(t)

5. Av 1> 0 10te 1 KatevBuvon eivar mpog ta de€id, aAMdg eivor Tpog To

apLoTePQ.

180 T T T T T T T T 180

160 - b 160 F
40 140+
tanf 10l
iy 1ot
Ll Gl
BO | eol
40+ sl
201 al
DU WIU ZIU EIU 4IU S‘U B‘U 7‘U BIU an u] L L L 1 I L

o 10 20 30 40 a0 B0 70
2yniua 4.8 @) To onua SX(t)yra tnpv 2yniua 4.8 B) To onuo sX(t)yio v
kivipon walk_left kiviyon jump_right

4.3.2.2 llepopatikdamotelécuaro.
[TapOoAo OV YPNCIUOTOUCAUE TV ATAT TPOGEYYIOT TOV TOPUAANAOYPAULOV Y10l
TNV €0PECT] TOL KEVIPOL PApovs, Katapépope va Bpickovie cwotd otny Katevbvvon

kivnong oto 100%tov Weizmann Dataset.
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4.3.3 Evpeonaliayns katevOvvens T Kivipong
Evdiagpépov mapovsialel  aviyvevon tov aAlay®v otnv katevbouvon g Kivnong.
O1 emkaAVTTOUEVEG KIVAGELS ypdpovy To évo. Activity History Areandvo oto Ao,
dwaypdoovtag Etol v uvijun tov. 1o oynuo 4.9 PAénovpe to onua SX(t) (kévpov
Pdpovg) v éva video pe 3 Swpopetikéc katevBovoelc. To onua ovtd eivan
BopvPmoeg aAAd Ba umopovoe vo mpooeyylotel pe 3 vBVYpOpO TUNUOTO LE TNV

LéB0d0 TPOGEYYIoNG GNUATOG TOV Oa TAPOVGLAGOVE OVAAVTIKA GTO KEPAANLO S.

180

2yniua 4.9 To onuasx(t)yio éva
160 ¢

video uetnv allayn karevfovoewv
140 -

ool left— right— left. Ta onucio
10| 1 aAdayng onueidvovrar e O.
80
B0 -

40+

20

D 1 1 1 1
0 50 100 150 200 280

4.4 Xvunepacuora

e ot To KEPAAOO gidape TNV onuacio gdPESTG dVO PACIKOV WIO0THTOV Kivnong,
avtég Tov tHmov ¢ kivnong (Translational-non-Translationaljat ¢ katevBvvonc.

[Ma k@B 101010 YpNCLHOTOMCAUE KOl OEIOAOYNOALE TEPAUATIKE TOGO [ 7O
vrapyovoa pébodo (Activity Area - Activity History Area)co kot o véo
nmpotevopevn pnébodo mov Pacileton oy xpnomn Tov KEVIPOL BAPOVLE TOV KIVOVUEVOL
avOpdmov Kot amontel TV e£0y®YN TG GIAOVETOS TOL KIVOOLEVOL avOpdTTOV.

Kat ot dvo pébodor éxovv e€arpetikny anddoomn (100%),yeyovog mov emttpénet Tnv
00Qol EVOOUATOON TOVG MG EVOLAUESO OTAOOL €VOG YEVIKOTEPOL GULGTHLOTOS
Katavomong kivnong. Eidape axoun mwg m péBodoc tov kévipov Pdpovg eivar
KOtoAANAOTEPT Yoo emeepyacion akoOpo Kot otav Exovpe Alya dabéoua framestng
kivnong. Téhog, mpoteivape Evav Tpdmo aviyvevons arllaydv oty Katevbvuvon g
Kivnong pe Baon 1o onua X(t) tov kévrpov Papoug.

Ot 016101 HEALOVTIKNG HaG epYaciog TEPIAAUPAVOLY TV TEPAUATIKN aSloAdynon
tov uebddwv oe mo amortnTikd mepiBaiiovta (6mws oto KTH Dataset) v
Beltimon g uebddov tv Activity Areasmote va Umopel va yp1oILOTOLEITOL Kol G
Ay dbéopa frames, kol v mepopatikny agloAdynon g gvpeons oA IYDOV oTNV

Katevbuvon pe 6Komd v mapaymyn mo mototik®v Activity History Areas.
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2elido oromiuo KA.
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Kepadioio 5

“Sequential Change Detection”

=in]
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2elido oromiuo KA.
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5.1 Eweaywyika

H aviyvevon ollaydv mpoomabel vo €viomicel ta ypovikd onueio ot omoio
petoPaivovpe amd pio kivinon oe pio stapopetikn. Kot avtdv tov 1pomo, to apyikd
video yopiletoroe pkpotepa Video, otaonoio mpayuatomoteitol povo pio Katnyopio
kivnongc.

YTV GLVEXEWN, T TEPOITEP® avAAvon TG Kivinong (m.y. avoayvopion, €dpeon
TEPLOSOV/AAA®DVY  YOPAKTNPIOTIK®OV, KTA) TPOYUNTOTOIEITOL O OVTO TO LUKPOTEPO,
video. H amddoon twv ddpopwv pebddmv avayvopiong kot avaivong Bo givol
olyovpa kaAdtepn o’ 6co av epyalduactav ce frames e dvo N meplocdTEPES
KIVAoELS, Kobmg tOte B vIpye cVYYLON OC TPOG TO MOl OO TIG OVO KIVIGELS
TPOYLLOTOTTOLEITOL TEMKA.

[Tapodro mov €yel yivel apketn Epeuva GYETIKA LE TV OVIXVELON OAAAYDV GKNVIG
oe Pivteo (shot change detection) [33, 34, 35, 3&y éyetl 600¢i apket) Eppacn otny
aviyvevon aAlayov xivinong [37, 38]. Ot uébodol evpeonc orAay®V GKNVNAG
Baciloviol o€ YOPAKTNPIOTIKA TNS EUPAVIONG TOL Pivieo, Kol KATA CUVEMELWD O&V
umopovv va ywpicovv 10 PBivieo 6e TUNUOTO TOV OTOTEAOVVTOL OO OLOUPOPETIKEG
KIWNOELS Kat, Thavdg, dlapopetikd yeyovoto (events)Ma mapaderypa, og éva Pivieo
TOPOKOAOVONONG, WITOPEL Vo UTEL KATO10G GTO XDPO Y®PIS Vo aAAGEEL oNUOVTIKA M)
eupdavion ™g oknvng. H mpotevopevn 1é€Bodog amookonel otnv aviyvevon T€Toimv
aAlay®dv, aAld ot vdpyovoeg pébodot yia shot change detectiaiav propovv va Tig
Bpouv.

Ye autd T0 KeEPAAMO 00 TAPOLGLACOVIE [0 VEQ TPOGEYYION, OV EMITPENEL THV
aviyvevorn oAlaydv kivnong pe PAoTm To GTATIGTIKA TOLG YOPOKTNPIOTIKG, KOl TOV

Sympiopd tov Pivieo o€ VIO-0KOAOVOIEC TOL TEPLEYOVLV OLAPOPETIKA YEYOVOTO.

5.2 Sequential Change Detection - CUSUM
H oeiproxn aviyvevon alayov (sequential change detectiogiyot yvmorr kot wg
CUSUM, «kabmg Paciletonr oto cvocmpevtikd dbpowoua tov log-likelihood ratio
(cumulative sum of the log-likelihood ratif@)]. @cwpovpe 611 Ta dedopéva ota omoia
0éhovpe va Bpovpe o addayn eivor pior axoAovBio dedopévav Kivnong v, Yo 10
frame k,0mov 1< k< N , mov amoteleitan omd ta dedopévo. Kivong péypt Kot avtd to

frame:

O, = [Ug,U,..1,0, ]
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[Tapatnpodpe 6TL ¥pNGYLOTOI0VVTOL LOVO TO. OEOOUEVA TTOV Eivar dtaBEaI PéEYPL TNV
TOPOVCO, YPOVIKN GTUYUN, Y10 VO AELTOVPYEL TO TPOTEWVOUEVO GUGTILLO GE TPOLYUOTIKO
xpOvo. Avtd ta dedopéva akorovbovv o katavoun f,(D,) mpw v aAlayn Koi
f,(0,) petd v adlayn. H otiypn g alhoyng dev etvan yvootn, aAd pumopel va
vroAoywotel pe v péBodo CUSUM pe amdn] vmoloyioTikny TOALTAOKOTNTA, KOl
HédAota o€ TPAYUOTIKO YpOvo. Avto ywoti M mpotewouevn péBodog AapPdvet
amOPOOT Y10 TO oV EXEL Yivel aAlayn o€ KAOE YPOVIKN GTIYUR YPNOUYLOTOIOVTAG LOVO
To Ogdopéva mov eivor Sbéoyo PEXPL EKEIV TNV XPOVIKN OTLYUN. XTN GUVEXELN
nmopoabétovpe ta Pacikd Pripata Tov oeprakon eréyyov CUSUM.

o vo viomomBel m oeplaxn aviyvevon oriayng, ypnowwomnolgitor to log-

likelihood ratio, movopiletar wg:

T, =In fl(@) _ |nﬁ fi(v) _ Zklln fi(v)

fo(0) a L) T L)
Omov €yel yivel n mapadoyn 0Tt ta dedopéva Kivniong péxpt v xpovikn otyun K sivar
iid (independent identically distributed)Xtv mpdén avtd umopei va. unv oyvet
navto pe axpifela, aAld elvar po amapoitntn veddeon, Kabdec N eoywyn e amd
KOWoU cuvapmmong mukvotntog mifavomrog (6.m.m.) €xel Ueydlo VLTOAOYIOTIKO
KOGTOG, Kal dgv glvarl Tavta eQiktr). EmmAéov, éxet amoderyBel 6TL axdpa Kot OTav dgv
oyvel TANpwg N vrobeon ya i.d.d. dedopéva, o CUSUM mapapével aovupnt@tikd,
Bértiotog, divoviog pkpd  GEAAHO otV aviyvevorn oaAlayov  [9].  Avtd
emPefordveTor Kol amd To TEPAUOTA Hog, Omov ol oAAayEG o€ [l TOwKIAMo amd

Bivteo aviyvedovton pe ko axpipeto.

Ot KaTOVOUES TV JEGOUEVOV TPV Kol UETA TNV OAAAYn Ogv givol yvmotég €€
apYNG KoL TPEMEL VO, TPOGEYYLoTOVV 0mtd Ta drabéoipa dedopéva. H apykn katovoun

f, nmopel va mpoceyyiotel pe kavomomtiky akpifeta amd ta apykd detypato [59],
Kavovtag v vdbeon g dev ovpPaivel Kopio odiayn ota Tpodta W, framestmg
akolovbiog. Epdcov n otiypun g orrayng etvar dyvoot, n f, mpooeyyileton
YPNOOTOLOVTOG To. W, To wpocpata detypota. [lapdio mov dev vmhpyel KAmoog
Bempnrticdg tpoémOg Yo va vrohoyicovpe o BEATIoTO W, KOt W, TWHEG HEGA GTO

dtdotnua [5,15] divouv apketd kaAd amoteAéopoto. XtV TPEEN XPNOILOTOCOUE

nopabupa pnkovg W, =15 kor W, =10 ota Bivieo mov mopovoidlovtol 6e avty TV

epyaocio.
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Kaboc 1o cvomua otoyedel va Aettovpyel Kol o€ TPAyHatikd xpovo, mpoteiveTon
n xpnon uévo twv dedouévev Kivnong mov Ppiockovior péca oTig meEPLoyES Kivnong
(Activity Areas) mote vo. pel®Bel TO VTOAOYIGTIKO TOL KOOTOG. AAAMGTE, deV €XEL
vonuo mn e&étaon tov akivntov pixels. Exiong, peidvetoar ko n mbovotmta vo
vrap&ouvv yevdeic aviyvevoelg adlayov (false alarms)kabwng dev ypnowonotovvon
axivnta pixels otaomoia Oo pmwopovoe vo aviyvevtel eo@oApuéva aAloym.

E&etdoape 000 mepmtdoelc yio To dedopéva Kivnong mov ypnoLorolovviol GTo
1e0t CUSUM, kot cuykekpipéva TV OTTIKY poT} KoL TNV EVEPYELN TNG OTTIKNG PONG.
I'o t0 ovykekpluévo TPOPANUO, SOMOTOOAUE OTL 1] EVEPYELD THG OTLTIKNG pong (ua
nopon tov orjuarog ELL) 0dnyei oe kaAdtepa amoteAéopata aviyvevone aAlay®v
kivnong am’ 6,1t 0 1 omTikn por). AemTopEePNS avAALON OVTAG TNG CLYKPLONG
Bploketoaw omv evotnro 5.4.2. Inueidvovpe OTL GOUEEOVO HE TO TOPOTAV®, M
EVEPYELQ TNG OTTIKNG pon¢ vroroyiletar ota. pixelsmov kivobvtat, dnradn ota pixels
uéoa oto Activity Area. Xtnv mepintmon mov 10 TE0T VAOTOWONKE UE TNV OTTIKN
po1|, TAAL ypnoomomOnKay Hovo ot TIHES TG HEca oTo eEvePYd pixels.

H viomoinon tov CUSUM oamAomoteiton kot €mroyOVETOL ONUOVTIKA HE TNV

TOPAKAT® OvVadPOIKY oyéon, Tov Tpdtewve o Page [32], yid.i.d. dedouévor:

fl (Uk )

T =max 0,T, ., +In
‘ < (D)

OV GTNV TEPIMTOOT| Hag yiveTal:

k
T, = ma O,Tk_1+ZInw
i-1 o)

H aviyvevon oAloyng mpokdmtel 6tav M T tov TK yiver peyolvtepn omd éva
nmpokabopiouévo kotdeAl. H Bértiomn Tiun t0v Kotweiiov Ppioketor TEPOUOTIKA
epapuodlovtoc tov CUSUM o training video,oniadn video mopopota pe avtd mov
egetalovpe Kol emAéyovtog Kabe opd 10 KOT®PAL TOL oviyvevel Ta Ayotepa. false
alarms[10]. Bpiikope 0t 1 Tin 10V KOTOEAIOV OV 0dNYEl 08 KOAG OTOTEAEGHLOTA
Y peyaro gupog PBivieo avOpmmivng kivnong dtveton amd v oyxéon:

n=u; +c-o;, ce[2 3.
H tyum tov € xobopiotnke petd omd mepduoto pe dedopéva ekmaidevong (training

data), kauPpidnke o6t TpéG amd 2 mg 3 0dNyoHV o€ KAAG OmTOTEAEGLOTAL.
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5.3 Statistical Modeling
5.3.1 Eicaywyixa

H pébodog CUSUM Baciletar oe log likelihood ratio mov ypnowwonoei v
Katovoun Tov Ogdopévov. Xpeldletolr €mopéveg Vo EEPOVUE OO KOTOVOUM
npooeyyilel kaAbtepa ta dedopéva pag. Xtnv mepimtmon mov eEetdlovus, TO
dedopéva kivnong eppaviovv andtopes aAlayég, dNAadN VIAPYOLY THEG OV lval
outliers. Avto ywati og kabe pixel otn didpketo Tov Pivteo, eivor mOavo to dedopévo
Kivnong va petafel omdtopa amd po younAn tun (ov apyikd Mrov akivnto to
OVTIKEIIEVO) GE [0 VYNAT, T} TO AVATO0.

o to Adyo avtd cuykpivovpe TV povtedomoinon mov metvyaivelr 1 Gaussian
KOTOVOUT], TTOL ¥PNOLUoTolEital ouyva otnv mpdén, ue avtiv tg Laplacexat g
Exponential §k0etikng) katavoung, mov eivar mo KatdAAnieg yio dedopéva mTov

TOPOVGIALOVY HEYOLES SLOKVULAVOELS TULMOV.

5.3.2 Oruxkijporn: Laplace fitting
H ontikn pony povtelomoteitan ocvyvé pe tnv katavour Laplace,n omoia éyxet
deybei g Tpoceyyilel kodvtepa To dedopévo [38].

H o.1.1. ¢ xotavounc Laplacediveran and:

f(x):z—lbex x4

6mov  eivar 1) péon T Tov dedopévav kot b= % , Y10 TUTTIKTY ITOKALoN ©.

Ia v povtelomoinon e&etdlovpe Pivieo avBpomvng kivinong mov cvupaivel
Katd tov oploévtio a&ova (Translational) Tote, ypnowomnoidviog cav dedopéva
mepypagng evog frame tv X ovvictd®oo NG OMTIKAG PONG, TOIPVOLUE T,
amoteAéopato Tov oynuotog 5.1. TTapatnpovue nog n katavoun Laplacenpooceyyilet
KaAVTEPA T OedOpEVA pag, enopévmg oty CUSUM Ba ypnoipomotodpe vty v
katavoun. [lepaparta pe mepiocdtepa Pivieo emPePaimcav 6t  Laplacexatavoun
TEPLYPAPEL KAADTEPO, TO, OEOOUEVOL LOG, KOl ETOUEVMG TPETEL VoL Ypnoonomel 6to

CUSUM. Emopévmg 10 6TOTIOTIKO TEGT TAIPVEL TNV LOPON:

‘Ui - ﬂo‘ ‘Ui - ﬂl‘
- +
b, b, !

k
T, = ma O,Tk_1+kln%+2ex
i=1
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Omov T Ly, 4y €tvar M péom TN TV dESOUEVOV TPV KoL PETE TNV aAlayn KOl T

by, b, vrohoyiCovtar and Tig avticTol Eg TVTIKEG amOKAIGELG.

1 T T T T I; 3 T T T T 2)(77’#05 5.1
!
At ,
iy Hi ] Movrelomoinon g
iy
08 ! :1 7 X ooVIoTOo0S THG
F . , .
BLT b 7 OMTIKIC PONC €VOGS
¥ i _
0EF ol “.l 1 video.
i ol 4 .
05 . | (@) mpayuazixy
S ! ,
04t Tl 7 Kozavour,
T [
L : N 4
0.3 f; || L (8) Laplace,
It .
02r B il 7 (y) Gaussian
= 3
o1 oy ]
g
i 1 L L -| I 1 T L
O 10 20 30 40 &1 60 70 80 90 100

5.3.3 Exponential fitting
KoabBnhg 8éhovpe va eléyEovpe v ypnom g EVEPYEWNG TNG OTTIKNAG PONG aVTL Yo
Vv 1010 TV OTTIKY| pon, TPEMEL Vo YVOPILOVUE TNV KATOVOUN TOL TNV TpooceYYilet
KaAvtepa. Emeidn n evépyela maipvel povo BeTikég Tiég, EAEYYOUVUE TNV TPOGEYYIoN
¢ ExOetucg katavoung (Exponential)

H o.1.7. ¢ ExBetikng xatovoung divetan amo:

A-exg—Ax), x>0

f(x) =
9 0, x<0

omov A = 1 Kol )L etvon 1 H€oT T TV OE00UEVMV.

Ia v povtelomoinon e&etdlovpe Pivieo avBpomvng kivinong mov cvupaivel
Katd tov opldévtio G&ova (Translational) Tote, ypnowonoidviog cav dedopéva
epypagng evog frame tv X ovvictd®oo NG OMTIKAG PONG, TOIPVOLUE T,
armoteAéopato Tov oynuotog 5.2. IMapatmpovpe mwg m  ExbBetikny xoatavoun
npoceyyilel kaAlvtepa ta dedopéva pag, enopévog otnv CUSUM Ba ypnoyorotodpe
avtv v Kotovoun. Iepdpata pe teprocdtepa Pivieo emPePaimcav 611 n Laplace

KOTOVOUN, TEPLYPAQPEL KOADTEPA TO. OEOOUEVO, LOG, KOU EMOUEVMOG TPEMEL Vo
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ypnowonombei oto CUSUM. Ztov mivaka 5.1 @aivovtar ot amootdoelc (uéco
TETPOAYOVIKO GQAALN) TOV KOTOVOUMV TNG evépyelag tpudv Video og oyéon pe Tig
Tpelg katavopég mov eEetdlovpe. Onwg PAémovpe, 1 ExBetikn katavoun mpooceyyilet
TOAD KAADTEPO TOL SEQOUEVOL LLOG.

Enopévmg, 10 6T0TIoTIKO TEGT TOiPVEL TNV LOPOT):

T, =ma O,Tk_1+lnﬂ+l—l

Hy  Hoy Hy

OTOL TOL L4y, 44y €lVOL M LECT) TUYT TOV OEGOUEVMV TPV KO LETA TNV CAAYT).

i 2ynua 5.2
nsf (@ Movrelomoinon e
asl —— - | ,

o ) evépyeLag e X
07t (8 ] oVVIOTOOOGS THG
06 F T OTTIKNG PONG EVOG
a5t ] video @)
04r i TPayULOTIKY
03t 1 KoTovoun,
02r i (#) Laplace,
01r ) (y) Gaussian

% 0 12 14 6 18w (0) Exponential

Ilivaxog 5.1 H mpocéyyion te Katavouns tes eVEPYELOS THS OTTIKNG PONG GO TPEIG

KOTOVOUES.
Gaussian Laplace Exponential
daria_walk 0.0016 9.5275e-004 3.2834e-004
eli_jump 5.6531e-004 3.4468e-004 1.3718e-004
denis_run 0.0011 7.3060e-004 2.5519e-004
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5.4 H uéfooog mov mpoteivovue

5.4.1 Ewcaywyika

[Ipoteivovpe o pébooo mov ypnoipomolel v CUSUM yu v aviyvevon
aAdlayov kivnong oe Bivteo avBpomivng kivnong. ['ivetar ovykpion g akpifelog towv
OTTOTEAECUATMV TTOV TOIPVOVLE YPNCULOTOIMVTAG TNV OMTIKY POT| KoL [0l LOPON TNG
evépyelag Tov onuatog. Onwg Ba pavel ot CLVEYELN, KOTAAYOVUE OTL L0 LOPPT TOV
ofuotog ELt (svépyeto TG X cuvioT®oog TG OTTIKNG pong kabe frame,yia opildvtieg
KIWNOELS) 0dNYel 68 KAADTEPO SLOYOPIGUO TOV KIVIGEMV.

Yy mpdén 1 CUSUM egivar mbBavo va Bpet emmhiéov AavBaouéva mbavd onpueio
aAlaync kivnong (false alarms) Ztnv nepintoon tov avOpOTIVOV KIVAGE®Y 0VTO
opeiletar 010 OTL KAOE Kivnom eumepléyel UIKPOTEPES, GLVNOME TEPLOOIKES, KIVIGELS,
Omwg To ¥EPLo TOL Kvovvtal 6to mepmatnpa. [ Tov Adyo awtd, £xovpe avoamtuget
VO TEYVIKES Yol TNV OGO YIVETOL KAAVTEPT OTOUAKPVVOT) TOV ONuUeimV AavOacHEVNG

aviyvevong, 0 GLVIVACUOG TV OTTOLMY 0ONYEL GE APKETA KAANL OTTOTEAEGLOLTAL.

5.4.2 XVyxpion ypijcns owTIKNS PONS HE EVEPYELA KIVIIGHS

EXéyEape v ypnon g X ovvict®cog g omtikng pong oto KTH Dataset.
Xpnowonomoape amocndcpoto 25-150 framesond 12 dagpopetikd video
kaivmrovtag 6 kwvioelg (walk, jog, run) 2 xatevbivoeig kivnong (apiotepd, delid)
Kt 2 avBpomovc. Zynuatiotnkav étor 144 véa video koabéva pe éva (gvyog
KIVNOE®V), 6Ta omoia epappocape v péEBodd aviyvevong odroydv CUSUM pe v
katavoun Laplace.

H pébodog aviyvevoe v dmapén arrayng poévo oto 66% tov ntepmmtdoemv. XT1¢
TePUTOGELS PEPara wov aviyvedbOnke aidiayr|, ta onueia mov Ppédnkav ameiyov Aiyo
amd To TPAyHoTIKG onpeio addayng. Xpnoporowdvog 15 framessav enttpenopevo
Oplo0 OmOKAMONG, TO TOG00TO GMGTNG aviyvevong Nrav apketd vynio (88.42%).
061000, T0 YOUNAO TOGOGTO aviyvevong aAlayNG HEW®VEL TOAD v adlomoTia g
uebodov (66% x 88.42% = 58.36%)a amoteAéopato Yo KOTOW EMTPEMOUEVQ

oQAALOTO GaivovTal oToV TTivako 5.2.
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ITivoxog 5.2 H arédoon tne CUSUMue v yprion omtikic pong (X ovvietwoag) oe

OYEON UE TO ETITPETOUEVO CPOAU TOD CHUELOD OVIYVEVTNS AALAYHG.

Emtpenopevo cpdipa (o frames) 5 10 15 20 25

Am6doon (%) 16.67| 57.64 | 58.36 58.36 63.89

EmumAéov, m pébodoc dev aviyvever oddayn oOtav oAldaler m katedOvuvon g
kivnong, kdatt mov JdwmicTOcAUE emavoAappfdvovtog To 1010 melpapa, yoplg va
AopPavovue v katevbvvon g Kivnong (apiotepd, decid) g dragpopd kivnong. H
néBod0g aviyvevoe v VTaPEN oAAAYNG 6T0 7 7% TOV TEPUTTAOGE®V. LTI TEPUTTOCELS
BéPara mov aviyvedOnke aAlayn, ta onueia wov Ppédnkav ameiyov Atyo omd To
TpaypoTikd onueio addayng. Xpnowwonowwvtag 15 framescav emttpendpevo 6plo
amOKAMoNG, T0 T0G00TO CMOTNG aviyvevong NTov apketd VYNAO (97.30%). Kot okt
OU®G, TO YOUNAO TOGOOTO aviyvevong OAAAYNG HEIDOVEL TOAD TV a&lomiotion NG
uebodov (77% x 97.30% = 74.92%)la amoteAéopaTo Yo KOTOW EMTPEMOUEVA

o@AApnaTo Gaivovtal otov Tivako 5.3.

ITivoxog 5.3 H arédoon tne CUSUMue v yprion omtikic pong (X ovvietwoag) oe
OYéon UE TO EMITPETOUEVO OPOAUO. TOD OHUEIOD QVIYVELONS QALOYNG, XWPIS Va

loufavooue v karevBovon e kivpong (0e€ia | apiotepd) we drapopad kivnong.

Emtpenopevo cpdipa (o frames) 5 10 15 20 25

Amnédoon (%) 33.33| 74.31 75 75 76.39

SOUTEPAGUATIKE AOITOV, TAPATNPOVLE OTL 1) XPNON TNG OTTIKNG PONG €V 00N YEl o€
oAV a&lomioTa amoteAéopoTo. ATonteiton Aowmov gite KATOWO PETO-EMEEEPYOTIN TOV
amotelecpdTov gite n xpnon aAlov dedopévev oty CUSUM. Onwg Ba deifovpe
TOpaKAT®, 1 ¥pHoN He. popeng tov onuatog ELt (evépyela g X cuvietdcag TG
onTIKNG pong kabe frame,yia op1ldvTiec KIVAGELS), € GLVOVAGUO LE 10, VEO TEYVIKN
peta-emeEepyaciog, oonyel oe mOAD VYNAEG amod00ELS, AAUPAVOVTOG VITOYN Kol TNV

aAAoyn TNG KATELOLVONG, TPAYLOTOTOUDVTOG ETCL AETTOUEPESTEPT] AVAAVOT).

5.4.3 Arwouarpoven Aavlacuévawv Aviyveveewv Allayov (false alarms)
1o oyfuo 5.3 Aémovpe to log likelihood ratioevoc video,6mov coufaivel olioyn

Kivnong ano jog_leftoe run_rightoto frame 24.
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[Tapatnpodpue Tog vrdpyovv moAAE onueion TOOVINC OAAOYNG CUYKEVIPOUEVO GE
opdoes. Ilpopavdg ovo onueion aAlayng TPEMEL VO OTEYOVV HETOED TOLG KOTA
TovAdyotov L frames,mote va mpoldfel oviwg vo mpaypatonomel 1 ahiayn otny
kivnon. 'Etol, Otav Ppiockovior oAloayég oe omdotoorn pkpotepn amd L frames,
Bewpovpe 6t1 cupPaivel aALayn 6TO KEVIPIKO ONUELD TOV EXEL EVIOTIOTEL

H tym tov L e€aptdron amd v kdbe epoppoyn aAld KAmoleg amodoTIKES TILES
tov L pmopel va avikovv 6to medio [5, 25]. o ta melpauotd (oG ypnoILOTOGOUE

L=25, 10 omoio £€dmoe MOAVKOAL OTOTEAEGUATA.

60 T T T T T T T

50 -

40 -

30+

20

10+

0 o K I I I I I I I
0 10 20 30 40 50 60 70 80 90 100

2yniua 5.3 Oraliayéc mov aviyvever n CUSUM océva video jog_left— run_right. H

oAnBvy oddayn onueiwveton pue 0 v ol TOOVEG pe *.

[Tapatnpodpue okdéun mwg to onuo Bo pmopovoe v TPooeyylotel pe VO
evBvYpappo TUHOTO, €vo omd TNV apyn TG Kiviong péxpt To onueio oAAayng Ko
éva amd 10 onpeio aAloyng péxpt To TEAOG TG Kivnong, 0nmg eaivetal oto oynuo 5.4.
Télog, mapatnpovpe mwg 10 onua. €xel BOpvPo otTic YnAég ocvyvottes, Kabmg

oynpoatilovion PKpEG aovvE eles OTO ELOVYPOUULLOL TUTLATO.
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60

a0

40

30F

20F

2mua 5.4 Ipocéyyion tov
onuaTog ue 0vo evbvypouyuo.
TUHUOTOL.

5.4.4 Avalvtiknymrapovcioon tys uedooov

Me Bdon 11¢ mapoamdve mopatnpnoels, mpoteivovpe v eéng péBodo yoo v

AmoAOIPN TOV AoVOUSUEVOV CNUEIOV 0ALOYTG KoL TV SLOTHPNOT| TOV TPALYLOTIKOV:

1.

2.

Ynoloyilovpe 1o ototiotikd teot T, pe v pébodo CUSUM.

[Tepvape to onua and éva Pabomepatd eiktpo pe cLYVOTNTA OTOKOTNG O,
®oTE Vo amopakpHvove Tov B6pvfo..

Mewwvovpe v mokvotnta tov onueiov mbavig ariayng, opilovtag cav L
frames mwiéyiotn emtpendpevn andotaon HeTtocd 600 onuei®v aAAayNC.
Kavovikorolovpe to ofpa T, oto 1.

[Ipoceyyilovpe to ofjua pe VOVYPOULO TUAUOATO, ETITPETOVTIOG U0 SLOPOPA
euPadod T peta&d kdbe evBOYPOLIOV TUAIOTOG KoL TOV GYULATOG.

E&etdlovpe to onpeio g mPOG TO YOPOKTINPIOTIKA NG Kivnong y vo

emé€ovpe To TpaypaTikd onpeio aldayng (av omdapyoov).

21V cuvéyela, eENYOVHE aVOADTIKG KaOEVA amd To TopAmive BriLota.

5.4.4.1 Xrariotiké teot 1, pe facny tyy CUSUM.

Ynoloyilovpe to T, dnwg avardoape oty evotnta 5.2. Ta dedopéva kivnong mov

YPNOUOTOIOVUE Eivar o, pope1| Tov onpatog Elt, kot cuykexpyéva, n evépyela g X

OLVIOTMGOG NG OMTIKNG ponfg kabe frame gmedn eEetdlovpe kvpimg oplldvtieg

Kivnoewg). Avtd avtiotoyyiler oe kdbe frame pio povo tun mov ocvvowyilel ta

YOPOKTNPLOTIKA TNG KivNnong Tov.

76

Institutional Repository - Library & Information Centre - University of Thessaly
17/10/2023 12:26:56 EEST - 167.114.118.212




5.4.4.2 BaBvrepato pritpapicua
To PabBvmepatd @uATpdpIoHa amopoKpOVEL UeYdAO HEPOC TOL Bopvfov Tov
enpaviCetoan 6to T, kot KAveL To oMU APKETE OPOAD, OCTE VO AELITOVPYNGEL KAADTEPQ
N wpocéyyon tov pe evbvypappa Tpquata. H cvoyvétto amokomig we pmopet va

etvor apketd younAn (Soxdoape we= 0.2 koieiyope ToAd KaAd omoteEléopata).

5.4.4.3 Meiwontys mokvoTyTas

Ta onueia mov améyovv Aydtepo amd L peta&d tovg oynuatiCovv pio opdda
onueiov, amd v omoio KPATAUE HUOVO TO KeEVTPKO onueio ¢ opddag. TTpaktikd
avTd oNUOIVEL TOG OV TO TPAYUOTIKO onpeio avikel otV opddo oA dev gival to
KEVIPIKO onpeio ¢ opdoag, tOte veiototon ¥povikny orcOnomn, elcdyoviag Kdmolo
oQAALOL.

H emoyn tov L eivar wwaitepa onuavtikny. Mwkpd L (L<5) umopei vo apnoet
napo. TOAAG onueion kKol vo dUOKOAEWEL ToL emOpeva Prpota. AmoO v GAAN, pio
ueydAn tyn v to L (L> 25) pmopei va mpokorécel moAd peydAn olicOnom ota
aAnBwva onueio oAAayng, ewcdyoviag £€tol peydho odiua. H ocvumeproopd avtr

OTOTLTTMVETAL GTO oyNua 5.5.

&0 T T T T T T T T T &0

I 1 1 I 1 1 1 1 1 - L 1 1 1 1 1 L 1 1
10 20 30 40 a0 G0 70 80 90 100 0 10 20 30 40 a0 B0 70 a0 a0 100

2ynua 5.5 To onfjua uetd. amo ueiwon mokvotntag ue N=5 (opiotepa) ko N=25 (de&id). H
Hakpn Ty oo N apnvel mepioootepo. ONUELD, 0LLG. TANGLALEL KOADTEPOL TV TPOYUOTIKY
orrayn. AvtiBeta, n vynAn tun tov N amokofer wollo. onueio 106Y0VTas UEYOLDTEPO
opaiua.
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5.4.4.4 Kavovikomoinoneto 1
210 PAuo avtd KAVOLUE U0 OTAT] KOVOVIKOTOINGM Stoupodvtog Kabe Tiun Tov
ONLLOTOG HE TNV HEYLOTY TN TOVL, AGTE TO GNUA. VO TaipveL TIHEG 6To ddotnua [0, 1].
To PApa avtd eivor PondNTiKd Yoo TO EMOUEVO KO HOG EMITPEMEL VO EMAEEOVUE TLO

€0OKoAO TNV TN TOV Kat®wPAiov, 6wg Ba eEnynoovpe otnv cuvEKELO.

5.4.4.5 Illpocéyyienofuatos ue e00vypaupua tujuoTo
210 Puo owtd Tpooeyyilovpe to onpa pe evBHypappo TURUATO. ATO TO aPYIKO
onNuo KPoTape povo to onpeia mbovig aAlayng, Kabdg Kot To TpMOTO Kot TEAELTOO0
frame. Avtd to onueic dnuovpyodv TO odvolo evdiopépoviwy onueiwv S. H

dtadtkacio Tov aKolovdeital TEPYPAPETAL GTOV TAPAKAT®O OAYOPLOUO.

AlyopOpog 5.1: ‘TIpocéyyion onuatog pe evBVYPOLLO TUAIATO Y10 OViXVELOT
onpeiov aAloyng’

Eicodog : 10 onua X(t) , evorapépovta onueia S péyioto opdiua T
"E€odoc: S’,6mov S < S

S={}

T i=1:]9-2

1. a=S§
2. b=S

1+2

3. s=5

1+1
3. Yroloyilovpe 1o gubdypappo tuqua W =A-t+ S, te[ab], omov:

L XB-x@)
b-a

4. Yroloyilovpe to epuPadov E, tov onuatog X 1), te[ab] oe oxéon pe tov

k= Xb)—1-b

oplovtio dEova.

5. YrohroyiCovpe 1o gpfaddv E, tov gvddypappov tuipatog Y(t) oe oxéon

pe tov oplovtio dEova.

E,-E,
b-a

6. E=

7.Av E>T 101 S= S U{s}

Télog_emovoinyng
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To cedipa E deiyver v dtopopd oto epPadov tov ofjpatog T, pe tov opilovrio
G&ova katr tov evBvypdupov TuHpaTog (mov mpooeyyilet to T,) pe tov opldvtio
d&ova. T'evikd, 660 mo pikpn elvar n dwwpopd, 1060 MO KoAd Topldlel TO
€VOVYPOUUIO TUNHO GTNV TEPLOYT TOV CYLATOG OV £EETALOV|LE.

Eneon 10 E pmopet va maipver tipég avbaipeto peydreg, edkd av eéetdlovpe
Bivteo mov elvan peydho o pnkoc, doupovpe pe to mAnbog tov framesmote va
&yoope avegopmnoio amd TO UNKOC NG mepoyng mov efetalovpe. Akoun, n

KOVOVIKOTOINGoT TOV TIU®V ToL onpatog oto 1 (evomyra 5.4.4.4)nepiopilel To cQaipa

070 SloTNHA {O, %} [pdypatt, n xepdtepn mepimtoN €ivor vt TOV GYNUOTOG

. . . 1
5.6, 6mov 10 cedALa TEIVEL GTO 3

1 E o E

2ynuo. 5.6 Hrepimrwon tov uéyiarov opaiuarog

1 1
=—(K-K+Xx)-1==-X
E 2( ) >
Eyzl.K.]_:l.K
2 2
1 1 1 1 1
E=—(E,-E)=—(-K-—=-X)=——(K=X
(BB =G K-S0 == (K-X)
, . . . 1 1
To E yivetou uéyioro otav X =1, orote maxk = <=
coa lim E = fim ~+=1
K—o K—w ). 2

To T elval 10 P€Y10TO EMTPEMOUEVO GPAALN DOTE 1 dopopd euPadod va Bempeitan

apentéa. Otav T =0, anaitovpe téAel0 TPOGEYYIoT), ONOTE EMOTPEPOVTOL OA TO
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onueio Tov ovvorov S. Otav T ZE’ EMTPEMOVIE OMEPO GOAAUQ, OTOTE TO S

mePLEYEL LOVO TO apyKO Kot TEAIKO onueio Tov onuatog. Mo koAl emioyn tov T
(mov édwoe eCaupetind omoteléouara ota mewpduota pog) givor oto dtdotnua [0.05,
0.15].

Mmnopovpe iomg va dovpe TNV TPOGEYYIoN EVOC GNUOTOS e EVBVYPOLLLLOL TUALLOTOL
ocav o péBodo cuumieong oNUOTOG e amMAELES, KaBmG amd o avarapdotaon L

OEYUATOV KATOAYOVHE GE o avomapdotaon L' derypdtov, 6mov L'< L.

5.4.4.6 Eriioynonuciov aliayis pue fdaon to 6ToTIcTIKG THS KIVHONG

H mpocéyyion pe evbdypoppa tuquote emotpé@el mToAD Alyo onueio, o omoio
onmg etvar axoun mhoave onueio aAlayng, Kabme 1 aAloyn otV Topeior TOV GNUOTOG
Umopel va opeiletal oe ahAayég otV EREAvioT Tov avBpmmov, oto backgroundiri.
IV avtd emParreton n eE€taom TV oNUEI®V OC TPOG TO GTOTIOTIKA TNG Kivnong.
ZNUELOVOLUE £0M TG TOL OTATIOTIKA TNG Kivnong TPokOLATOVV omd TIC THES Kot Oyl
amd TNV EVEPYELN TNG OTTIKNG PONG, KaBdS N evépyelo divel onuavTiky TAnpoeopio
v v e£€MEN ™G Kivnong oAAd Oyl Kot ylo. TNV EMOPKN O1AKPION TOV KIVICEMV
peta&d Toug.

H g&étoom yivetar o éva mapdbopo W frames,mpv ko petd omd kdbe onueio
aAloync. Zynuotiloviat €161 600 TpLedidoTaTo onuata - TePLoyés (cav pikpd video),
ukovg W framesto kabéva, mov mepiEyovy Vv ontikn por| tov frames.Eneidn ot
Kiwnoelg mov eEetdlovpe edm givar opilovrieg kot Translationalpmd v omntikny pon
KpaTape LOvVo TV X GUVIGTAOGO Y10, TNV EETOON.

[Ma ka0e meproyn|, e&dyovpe Ta GTOTIOTIKA TG, LEGO OPO 4 KOL TUTIKN OTOKALON O.
2tV ovvéyeta, vroAoyilovpe Tig peTAPOAES:

_|_ T
max(u,, 1,)

&1 &
maxg, )

Kot A, :‘
omov ta &, &,¢&lvan To davocpoTa:
51:</11_01’ ﬂ1+0_1> Kat 52:<ﬂ2_02’ ﬂ2+0_2>-

2

, . A+ A . . . .
H telkr| petaforn elvar A = lT Kot Topayel o KoAd anotehéopoto amd

660 av ypnoponolovoaps povo Kamow and g A;, A,. Av A>T, td1e Oewpeiton

OTL &YovLE TPAYLOTIKY OAAOYT] Kivnomg.
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H emoyn tov mapabopov W givar onpavtikn. Mukpd mapdbvpo onpoivel twg oev
Ba eCetaotel | Kivnomn 610 cHVOAD TG aALG o€ Eva LuKpO HEPOG TG LOvo. ATd v
AL, éva peydro mapdBupo umopel vo GLALAPEL TEPIGGOTEPES AMO VO KIVIGELC.
[Bavikd, Ba Béhape to uRKog Tov TaPABHPOL va eivar A IoTO LEYOADTEPO OO Lol
nepiodo ¢ kivnong (omv mepintwon 7mEPLOSIKOV KvAcE®Y, Om®C &ivar ot
TMEPLOCOTEPEG AVOPOTIVEG KIVAGELS), MOTE VoL SLAAAUPBEVOLIE OAOKANPT TNV Kivhon,
egetalovtag €161 povo ta amoAvtmg anapoitnto frames.

H emoyn tov T, eivon emiong onupavtikn ywri kabopilet 10 1060610 NG
HETAPOANG 7OV UTOPOVHE VO OVEXTOOUE GOV Opopd HETAED  SLOPOPETIKMV
OTYHOTOTT®V TNg 1dtag kKivnong. Mo tiun kovtd oto 20-40%c¢ivar icmg pia apKeTd
KOAN €TAOYT.

‘Eva otiypiotumo ektéheong tov akyopifuov gaiveton oto oynua 5.7.

140

120

100

a0

B0

40

20

06 F

{0l

0.4r

B4

DD L 40 60 a0 1DID 12‘0 11I10 1éD 180 DD Za .-1ID . EID BID 1DID 12‘0 13‘10 1éD 180
(a)
1 1 T T T T
gt . 09t —
o0&t . et -
a7t . a7t .
o0&} - 06} -
05t . 05t -
naf - 04t j
0af 2 03t 2
02t 1 2t —
01t - 01t -
ol . ! . ! gl iy S . i 1 i i
i] 20 40 60 a0 100 120 140 160 180 1] 20 40 G0 a0 100 120 140 160 180
) ()
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140

a

120
100+
80
B0+
40+

20+

1 1 1 1
i] 20 40 60 Firf 100 120 140 160 180

1 | evbdypouua qunuazo.
() 0 apyiko orjua ue 3 onueio oriayng

onueiwv

(€) To tedixo onua ue 1 onueio arloyng

PR AT LA

* 1 onueio orrayng
(€)

0 @ TPOYUOTIKO ONUELO QALOYHG

S.5llewpapatika anotelécuara

EléyEape v péBodd pog oto KTH Dataset. Xpnoylomomoope omocmicuoto
25-150 framesind 12 dwagpopetikd video kaivmrovtag 6 kivnoeig (walk, jog, run) 2
Katevfoveelg kivnong (opiotepd, decia) kol 2 avOpodmovg. Zynuatiotnkov étor 144
véa video kabéva pe éva (ebyog kivnoewv), ota omoia epapuocape v péBodod
aviyvevong oAlaydv Tov eprypdyape oty evotnta 5.4.4.

H pébodog Aertovpynce apketd KaAd, aviyvevLovtag cmoTd TtV Vmapén 1 Oyl
aArayng kivnong oto 98.61%1t0v TEPITOGEDV. XTI TEPUTTOCELS TOV OVIYVEVONKE
aAdayn, to onueio mov Ppédnkav ameiyov Alyo amd to TPAYHOTIKG onueio aAloyNG.
Xpnowonowwvtag 15 framessav enttpendpevo 6plo amdKAong, T0 TOGO0TO GMOTHG
aviyvevong nrav apketd vynAd (92.25%).

"Eto1, cuvolkd, 10 T0G00Td cmoTNG aviyvevong ntav 98.61 x 92.95 90.97%,
ypnowonowdvtag 15 framessav emtpendpevo oplo amdxiong. H coumepipopd g

peBdd0L Yo Kdmoto AL ETITPEMOUEVO. GOAALOTO POAIVETOL GTOV TTivaka 5.4.

Ilivaxog 5.4 H ooumepipopa. ¢ ueooov ae ayéon e 10 EMTPETOUEVO CYOAUA TOD
ONUEIOD OVIYVEVONS OALOYNS KoL oUYKplon ue Ty iola uébodo ywpic to pruo g
TPoaEYYIoNS e evBOYpoLo TULOTO.

Emtpenopevo cpdipa (og frames) 5 10 15 20 25

An6doon (%) e nedodov pog 40.28| 63.89 | 90.97 96.53 97.92

Anodoon (%) yopis v mpociyyion 36.11| 52.08 | 77.78 83.33 84.03
e EVOVYpOoppE TUROTO
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2ymua. 5.7 Eva ouywiotoro extéleons  Ttov
1 | adyopiOuov  emioyns  onueimv  avixvevong
1 | aMayne  ue mpocéyyion tov  oHuoTOS  UE

B)-(00) o ordoo  eéroons TV  ouadwv3




Ytov mivaka 5.4 fAémovpe axoun v omddoon g HeBodov ywpic TV TPociyyion
TOoL onuatog pe evBvYpappa Tupata. Hoapatnpodue TOG 1 TPOGEYYIoT QLT AVEAVEL
mv anddoon katd nepirov 10-13%.

Emiong, otov mivaka 5.5 BAémovpe To 0vTIoTOL(O OMOTEAEGLLOTA OV ELYOUE YVOOTES
¢ katavopés fo xou f, (av yia mopdderyua nrav yvwotés o1 kivijoeis kar (nrodoous
va. fpodue oe moio onueio axpifas Erovue orloyn kivyong). Topotmpovue Tmg ta.
mocoaTd eivar vyMAdTEPA Katd Tepimov 2% oty mepintwon g TANPovs nebodov
ka1 kotd mepimov 10% oty mepintwon mov Oev YPNCIUOTOIOVUE TV TPOGEYYIoN UE
eVOVYPOLLOL TULOTOL.

H dwpopd 10% eivoar ao@oA®dg avapevopevn, Kobmdg n akpipng yvoon tov
KOTOVOU®MVY 001YEL Glyovpa 6€ TOAD o akpiPn amoteAéspata. 26TtdG0, 1 TOAD UIKpn
dtapopd 2% avadelkvOEL Glyoupa TNV GTOVONOTNTO TG TPOGEYYIOTG TOL CNLATOG LE
eVOvYpappe THHOTO, KAODG £TCL AVATANPOVETOL KOTA TOAD 1 ATOKAIGN OV E1GAYEL

N (PNON TOV EUTEPIKAOV KOTOVOUDV OO TEXEPAGUEVO APlOUd deryUATOV.

Ilivaxog 5.5 H ooumepipopa. g ueooov ae ayéon e 10 EMTPETOUEVO CYOAUG TOD
ONUEIOD OVIYVEVONG OAAOYNS KoL oUYKpIon ue Ty iola uébodo ywpic to pruo g

TPOGEYYIoNS e evBOYpouua Tuuato Bewpaviag yvwotés tig kotavouéss Ty ko f. .

Emtpenopevo cpdipa (o frames) 5 10 15 20 25

An6doon (%) g pedédov pag 22.92| 85.42 | 93.06 94.44 95.14

Am6doon (%) yopic Ty Tpocéyyion 21.52| 81.25 | 88.19 89.58 90.97
pe ev0vypoppa TppOTO

5.6 Aviyvevon allaywv e non-Translational kivijeers
H pébodoc mov mpoteivape otny evotnta 5.4.48ev Aettovpyet amodotikd (25-35%)
oV nmepintwon non-Translationakvnoemv, Katt avapevopevo Kabmg 1 EVEPYELR TNG
Kkivnong oev eivat TOGO TEPLYPAPIKT) OE AVTEG TIG KIVIOELS, DOTE va dtaywpilel v pia
kivnon and v aAAn. Tlpoteivetor Aomdv n aviyvevon aAloydv pe Baon to oynuo
tov Activity Area, 1o omoio avouévoupe vagival TOAD o TEPLYPUPIKO.
Ymv wpdln, emAéyetar 0 TPOTOS TPOGEYYIGNG TOV TPOPANUATOS TNG OAAUYNG

Kivnong Ppiokovtag mponyovuévmg ov 1M kivion eivor Translational § non-
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TranslationalH dwadikacio avth givol autopatn Kot pe ToAd pHeyain okpifeia, onote

N enilvon Tov TPOPANUATOC pE TNV 6MoTN HEBOSO Elvar avapevouevn.

5.7 Xvunepacuara

Ye autd TO KEQAANO OCYOANONKAUE HE TNV GEPLOKN OVIYVELON CAAUY®V Kot
nmopovotdocope pio puébodo Pacilopevn oy evépysln TG Kiviiong 1 omoia
nelpapotikd £6eiée apketd kold omoteléopata (91%) pe ikpd oyetikd oeaiuo (15
frames) otwepintwon towv Translational kivicemy

H {010 pébodog, dev €xet kadn amoddoon (25-35%)ctig non-Translationakwrocetg,
kaBmg n evépyeld tovg dev TIc Olaywpiler amotedeocuotikd. Ilapdio avtd, N
YPNOUOTNTA NG OV UEIDVETOL, KAODS 1 aviyvevon aAloydv £metal cov Prilo Tov
dwympopov og Translational/non-Translation&iivnon, ondte Kot ypnoiponoteito
SPOPETIKO YAPOUKTNPLOTIKO TNG Kivnong vl Tig hon-Translationalrepittooeic.
Qo1600, 1N dlepedvnon ¢ aviyvevong aAlaydv oe non-Translationalkwvnoeig

EVIAGGETAL GIYOLPO GTOVG GTOYOVG TNG LEALOVTIKNG LG EPYOCTOG.
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Kepadiaio 6

“2nuara mov axoiovBovy tyy

Kivyon’

4.5
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2elido oromiuo KA.
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6.1. Eicaymwyikd

Opioudc 6.1
2av «otyuororo whipovs kivions» (Full Action Instance - FAIYI opilovue to

- ook potifo kivnong mov emavalopufavetar ooveywgs o€ kdle mepiodiki kivion.

Enopévmg, pwe axolovBio ewovov, otnv omoia eueavietonr pévo  po
CULYKEKPIUEVN TEPLOJIKY] KIvNom, MEPLEXEL EMOVOANYELS TOV GTIYUIOTOTOV TANPOVG
Kivnong pag meptodov, I, kot propei va meprypagei cav K ={I1,IL,...,TT}.

[Mo Tapdaderypa, 6To TEPTATNIA TO GTIYUIOTLTO TANPOLG Kivnong eivon éva frua,
ONAadn amd TNV GTIyUn Tov 0 AvOpwTog otnpPileTan £ 0OAOKANPOL GTO £va TOV TOOL
Ko givat £Tolog va kvnOet pe to Ao péypt v otiypn mov otnpiletat 6To GAAO TOV
oo Ko v EToog v KivnOel pe to TpoTo.

BéBowa, oe o xivnon pmopovue va €YOVUE  TEPIOCCOTEPOVS OO  EVOV
SLPOPETIKOVG OPIGHOVE TOL OTLYHOTOTOV TANPovg kivnong. o mapdderypa, oto
TEPTATNLLO KATTOL0G B UTOPOVGE VO OpIGEL TO GTLYHOTVTTO TANPOVG Kivnomg omd v
oTyUn mov o avBpwmog otnpiletal £ OAOKANPOL GTO 0PLGTEPO TOV TOOL Kot €ivan
éroog va ktvnOet pe to 0e&i péypt v otryun| mov otnpiletal Eavd 610 aploTEPO TOLV
OOl Ko etvan €toyog vo kivnbetl pe to de&l. Le avtiv Vv mepimtwon AEUE OTL TO
otrypotono 11 elvan dirddoro amod to I1.

Yrdpyovv Vo Pacucoi otOHYOL TOL TPEMEL VO IKOVOTOEL O Oplopdg kébe
OTLYHOTVUTIOL [og Kivnong, yopic BéPara va eivar decpevtikoi. O opiopdc npénet:

o va mePEXEL GVTMOS TNV €vvola Tov HoTiPov mov emavorapupdveral, va unv
gyovpe OmAadn meprypagéc tov tomov K ={I1[I1,...,0,...,I1}, o6mov
® = I1, ektOg omd TV TPOTN Ko TV TEAELTOin KivoT, Ol omoiec pmopet
vo. unv ntav duvotdv va Anebovv oAoKANPOUEVES, ONAOdN NG HOPPNG
K={0II]II..,...I 6} .

e va £yel TpakTikn Ko Aoyikn o&io. ['a mapdderypa, umopodpe vo opicovpe
ocav apyn evOg AALOTOG TV OTIYUN oL AvOpwmog PpiokeTal 6Tov aépa, O
0poHOG pag Opmg Ba €xel pkpn mpaktikn aéio Kabdg ondvia Kamolog Oa

op1le étol éva aAp.
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6.2 To mpofinua tov dlaywpicuov Ty KIvijeHs 6€ KUKAODS

To npofAnua Tov Sto®PIGHOD pIaG TEPLOSIKNG Kivnong o€ ottypidtura (kdxlovg)
mpovg kiviong (FAI) avikel kupiong oto medio ¢ avalvone Pnuaticpov (gait
analysis) kot Bpiokel epappoyéc oty Blouetpikny (avayvodpion avBpdmov omd 1o
nepmatnud tov) [30, 31] aAld kot oty latpikn (katavonon g dadikaciog Tov
TEPTATNUATOC, AViYVELST OvVOUOMOV Padiopatoc). Qotdco, uéyxpt TOpo dev Exel
EQPAPUOGTEL EVPEMC 08 AAAEC KIVAOELS €KTOG amd o mepmatnpo. 2o [28, 29] dei&ope
OTL £xel VOMUO VoL KAVOLLE OvixveLoT KOKA®V Kot 6€ GAAEG KIVIOELS, KAOMG TOALES
Ao TIG KIVIOELS TOL 0vOpOTOV ivat TEPLOOKES.

Xe avtd 10 kePdloo Bo emyelpoovpe o e£gpevVNON TG KIvoNg Kol TMV
onuaTeV Tov aKkoAovBovv v kivnon. ITictevovpe TG N avdivon oe KOkAovg lval
OPKETA ONUAVTIKN KOODG pmopel vor 0DGEL amovTioelS 6 epOTRHaTe OTwg «Iloca

npota kdver awtdg o avBpwmog;» N «I1déco dapkel o TPOTO PriHa Kot TOGO TO

devTEPO;».
6.32uara mov axolovfovv Ty kivyon
Opioudg 6.2

Evo. onuo. axolovBei tny kivnon evog KIvOOUEVOD ovEp@Tov OTaV UTOPEL VO, dWTEL
TANPOPOPIES GYETIKG e TNV EvOpLn Kol THV OLOKANPOON TWV OTIYULOTOTWV TAPOLS

kivipong (FAI).

To o gvpémg ypnoonotovevo tétoto onua ivar to foreground sum signaktro
[28,29] mapovoidoaue évo GAAO oNua, TO GNUO EVEPYELNG TTOPAYM®YOL akoAOLOiag
ewovav EL, , to onolo deilape mmg éxet mopopoteg womes. To iowg mo evdtapépov
elval To¢ vdpyovy TOAAG aKOUN CNUOTA HE TOPOUOLES 1O10TNTEG, UEPIKE OO TO

omoio B TOPOVGIAGOVE GTIV GUVEXELD.

6.3.1 foreground sum signal

To 1o gvpéwg ypnoponotovuevo t€to1o onpa ivar to foreground sum signal, Tov

opiletar g €N

Shx:> Ixynh)h=0...N-1
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omov I(X,y,n) elvar m n-otn ewova meprypdupotog (Silhouette image)tov
Kivobpevov avBpomov. Avtd to onua givar cuviBwg moAd Bopvfmddeg e€ontiog Tov
BopuPddovg backgroundkor yi' oavtd o1 mepiocdtepeg péBodol Kavovv TPOTA
e€opdAvvon Tov oNuaTog katl oty cuvEyela avyvevovv ta FAI [30, 31].

Kowtalovtac ta onpata S(n) 6vo video napatnpodue nog dviog 1o onua S(n)

akoAovOel v kivnon (oyfuo 6.1).

1000

950 1

900

8a0 +

800+

A0+

700+

650

BO0O L L L 1 1 1 L L L L 1 L
n 1n 2n an a0 B 7 &0 an o 10 20 0 50 B0 70

)

(@)

2ynua 6.1 To onua S(N)yia o video daria_walkd) xoz yio to video daria_jump/)

rov Weizmann Dataset

6.3.2 Znuacvépysiac wapayoyov arxolovliog sixovwy EL

[Na kéOe o and t1g K-1 ewdveg g akorovbiog L, pmopodue va Ppodue v

evépyela TG o¢ e&ng:
y=01...m— 2
H L} =2 o ma b (xY)

Av opicovpe pa axorovBia EL, og eéng
EL, (i) = E{L, }i= OL....k—2

TOPVOVUE OOV OMOTEAECUO £VO. LOVOOIAOTOTO ONUO. TOV OEIYVEL TNV YPOVIKN

e&EMEN G evépyelag TG Tapaydyov (g Tpog t) g apykng akolovbiog elkdvmv.

Kowrélovtag ta onpata EL, dbo video mapatmmpodue nog 6vimg to onua EL,

akoAovOel v kivnon (oyfuo 6.2).
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%10 %10 daria jump
22 T T : : : : : : 28 . : - .

24 q 26k
24r

22r

L L L L I I I L I L L L I I
1o 20 30 40 a0 B0 70 a0 a0 0 10 20 30 40 a0 60 70

() ()

2ynua 6.2 To onuo EL, yio 7o video daria_walkd) xa: yia to video daria_jump/)

rov Weizmann Dataset

Y10 [28] deibape 611 T0 onuo ELt elvon éva apketd kaAd ofuo Kivinong kot
TEPLYPAYOLE Lo HEBOS0 LTOAOYIGHOD TV dKkpwv TV FAI pe apketd pkpd cedipo
(3 frames)ou pe apketd peydin emrvyio aviyvevong (89%).

Onwg Ba dobue oe avtiv TV €pyacia, LIAPYOLV TOAAL GKOUN GY|LLATO TTOL

aKoAovBovv TV kivnomn £xovtog TopOUOLES WOOTNTES.

6.4 A&10i0yn06n TOVY SNUATOY TOV aKolovBoVy THY KivyoNy
H a&ordynon tov onudtov mov akoAovBobv v kivnorn kpivetor omapoitnn
MOOTE VO £YOVLLE YVAOGCT YL TNV GLUTEPLPOPA TOV GYLLOTOG OAAGQ KO Y10l TO TTOL0 GTLLOL
elval KataAANAOTEPO Yo KAOE eQaproy.
I'evikd, mpocsdokovpe Tmg 1 a&oAdynon Ba kataAnget gite oe évo Lovadikd onua,
10 0moio Ba avadelyBel To KaAOTEPO GE OA TO KPLTNPLa, E1TE O€ £va, GHVOLO GNUATOV,

KkaBéva amd ta omoia Oa eivol KATOAANAOTEPO Y10l L0 GLYKEKPIUEVT] EPOPLOYN.

6.4.1 Iootytesmov Ba mpémel va Exel Eva Kalo ciua Kivipong
"Eva onpa mov akoAovBel v kivnon Oa mpénet va €xel KATOEG 1010TNTEG DOTE VAL
umopei va ypnoyorondel yio v eaywyn ypnoipov cvunepacpdtov. Kamoweg and
avtég etvon o1 e€ng:
a) To onua mpémel va. pag divetl v dvvatdtta vo vrodoyilovpe to dkpa tov FAI

LLE 1KavoomTiKn akpifeta.
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B) To onua mpémel vo pag 6ivel TV duvatdOTNTA VO AVIYVEDOVUE YPOVIKEG OTIYLES
OTIG OTOLEC OV YIVETOUL KATOL0L OMULAVTIKT Kiviomn Kol vo, eivol apKeTd avOekTikd otnv
napovcio BopvPov ®g TPog avTo.

y) To onua mpénetl vo pag divel v dvvatdmra vo mapakolovdncovpe akpimg
v kivnon. [Ipénel emopévmg va daywpilel pe kdmoov tpoémo ta FAI g popong ©
OV TEPLYPAYALE GTNV APYY], KOl TO OTOL0L OVTIGTOLYOVV GE KIVIGELG O1 OToleg Umopel
vo punv fTov duvotov vo ANeOovv 0AoKANpOUEVES, dIVOvTOg £TOL TEPLYPAPES TNG
woporig K = {® I1I1,...,...,I1, ®} .

Ao TIg TPEIG TOpaTAV® 1310TNTES, B aioyoinBode povo pe v tpo. [Hapodro
oL €YOVUE €VOEIEElS TG TOAAG amd TO. oNuato Tov Oo TAPOVCIACOVUE OTNV
OULVEYELD IKOVOTIOLOVV ¢ évav Pabud kot Tig dvo GAdeg WdTeg, 1 o Pabog
TEWPAPATIKN O1epedvoT TOL {NTANATOG ATOTEAEL £vaV AtO TOLG GTOYOVG LEAAOVTIKNG

gpyaciog pog.

6.5 oo oijuara Oa adroloycovus

Ono¢ avagépape Kot TponyouuUEVEMS, LITAPYOVV AP TOAAL GYLOTO TO OOl
akoAovBovv v kivnon. Zto mlaicwe ovtng TG epyociag BeAnocope va
eetdoovpe 23 1€T010 OTLLOTAL.

Koabéva amd avtd o ofjpato Oa propovcape vo ToOUE TmG amoTeAeital omd Ta
OedopéVaL TOV YPNGIULOTOIOVUE, OO EVaV UETAGYNUATICUO TOL €PUPUOLETOL OTA
dedopéval Kot omd o GuVAPTNON.

Ta dedouéva mov ypyouomorovus eival ta eENG:

A) Ot dVadIKEG LAOKEG TNG GIAOVETAG TOV KIVOOUEVOD VITOKEUEVOD

B) H napdywyog twv frames (¢ npog tov ypdvo t)

I') H omtikn pony (optical flow)
O1 pstacynuaticuol Tov YpyoiuomTolovus Eival ot EENG:

A) O To0T0TIKOG HETOTYNUOTIGHOG |

B) To @uitpdpiopa pe v SVAdIKH HACKO TNG GIAOVETOC TOV KIVOVUEVOL
VTOKEUEVOL
O1 6VVOPTHGELS TOV YPNCYOTOI0VUE Eval 01 ECHG.

A) To aBpotopa TV OTOATOV TIHOV TOV OESOUEVOV

B) To aBpotopa g evépyelog Tmv S£30UEVOV

I') H a6 xowvod evtpomia (joint entropy)twv dedopuévov
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o mopdderypo, 1o onua ELt ypnowomoiei tv ovvéptnon B,

petooynuotiopd A kot ta dosdopéva B.

Ta ofjuata mov agloloyodue avaypdpovtal otov mivaka 6.1.

Iivaxog 6.1 23 onuaromov oxolovBodv v kivior.

TOoV

Kwoikog

oNUaTOS

Leprypagi orjparog

1.

Foreground Sum Signal

Evépyeia mapaydyov g mpog t, ELt

Evépyela mapaydyov og mpog X, ELX

Evépyela mapaywyov og mpocy, ELY

Amd kowvov gviporia (joint entropy) thgrapay®yov mg mpog t

ABpotopa mapaydyov g Tpog t

ABpoioua Topay®yov ™G TPOg X

ABpoioa Tapay®dyov g TPog 'y

© ©O N o o B WD

Evépyeta g cuvioTopévng TS OTTIKNG POTG

[EEN
©

Evépyela g cuvietdcog X TG OTTIKNG pONg

[EEN
=

Evépyela e cuvioTdc0g Y TG OTTIKNG PONG

[EEN
N

ABpoioa TNG GLVIGTAREVNG TNG OTTIKNG PONG

[EEN
w

ABpoicpa TG CLVIGTMOGOG X TNG OTTIKNG PONG

[EEN
B

ABpoloa TG GLVIGTAOGOGS Y TNG OTTIKNG PONG

[EEN
o1

Evépyela piltpapiopévng mopaydyov g tpog t

[EEN
o

ABpoiopa PIATPUPICUEVNC TAPOYDYOL MG TTPOG T

[EEN
~

A6 KOwvoL evTpomio TG PIATPAPIGUEVNG TOPAYDYOV G TPOg t

[EEN
©

Evépyeta tng cuvieTapévng e QIATPAPIGUEVNG OTTTIKNG PONG

[EEN
©

Evépyetla g cuviotdoog X TG QIATPOPIoUEVNG OTTIKNG PONG

N
o

Evépyeia g ouvietdoag Y TG GIATPOPIoUEVNG OTTIKNG PONG

N
=

ABpoioLa TNG GLVIGTAUEVG TNG PIATPAPIGIEVNG OTTTIKNG POTG

N
N

ABpoicpa TG CLVIGTMOGOS X TNG PIATPAPIGUEVNG OTTTIKNG POTG

N
w

ABpoioa TNG GLVIGTAOGOS Y TNG PIATPOPIGUEVTG OTTTIKNG PONG
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6.6 Kpitypio al1oléynens twv eynudatwy
Y10 [28] efepevvioape 10 onua ELt kot €idope OTL €yel kdmoleg ypNOUES
1010t TEC!
I) Ta dxpa tov FAI givan tomikd eAdy1ioTto TOL GNUOTOG e OPKETE UIKPY| OTOKAIoN
(3 frames).

I 1) ’Eva otiypuotomo mAnpovug kivnong (FAI) éxet cuvnbmg v popen xopmdvag.

H w16mta I eivor moAd onpavtikn 1ot HetdveL TOV YMPO GTOV 0010 HITOPOVLE Vi
avalnmoovpe ta dkpa twv FAL Onwg PAérovpe otov mivoka 6.2,1 10Tt 1o)vEL
ywo. 70 90%twv dxpov pe cedipa 1 framekat yio to 97.8%twv dkpwv pe opdiua 3

frames, 1o onoio givaEva apkeTd amOOEKTO GOALLLOL

ITivaxag 6.2 Ioyvctng 1010tyrag I pue foon to emtpenouevo apdlua oto. axpo. twv FAL.

Y@alpa og frames 0 1 2 3 4 5 6

Toyog (%) 444 | 903 | 96.9| o97.8] 988 989 99

Emmpeacpévor and avtiv v wdmta, avartdope o pébodo aviyvevong tmv
axpov tov FAI [28]. H pébodog avtn e€epevvel ta Tomikd eldyiota tov onpatog ELt
Kot avyvevel ta dxpo tov FAL Zto [29] deiEape 6T1 1 amddoon ¢ nebddov pbivel
pe v avénon tov BopHov, 1 omoia kol 0dNyel o€ avdAoyn adENom TG TLKVOTNTOG

TOV TOTIK®OV EAAYIOTOV TOV ofjpatog (Tivakag 6.3).

H mokvomta exppdleton oc:

_ AnBog romimov elayiorwv

min

[1AnBo¢ axpwv twv FAI

Epocov 1 néBoddg pag aviyvevet ta dkpo tov FAI péoa and ta tomkd ehdyiota
TOL ONUOTOC, €ivol {0MG APKETA TPOPAVES TG UEYAAN TLKVOTNTO CNUOIVEL TOALA
TOMIKG €AAYIOTOL KO EMOUEVEDG HEYOADTEPN TOAVOTNTO CEAAUOTOS OAAG KOt

HEYOADTEPT OLGKOAN ETAOYNG TOV COCTMOV AKPWV.
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| TN oise H A\'g {jmira ‘ A\g Perf. {%'} |

0 1.69 89.33
I 1.72 89.08
3 1.8 88.83
5 2.02 88.59
7 2.22 86.6
9 2.44 88.83
11 2.64 83.37
13 2.75 76.43
[5 2.97 75.19
17 3.11 713.45
19 3.11 65.76

ITivaxag 6.3 H uéonmorvotnra O, elayiorwv tov ofjuatog ovéaver kabwg avldver i

Sraxduoven mpocbetivotd Gaussian GoptpouN (0,02) , yeyovéc mov odnyei oe mrron

¢ omodoans ¢ ueBodov aviyvevons twv FAI.

[davikd Ba BéAape P mokvotnta ion pe 1, omdte Ba aviyvevape GUecH To TOTIKA
eMdyota og dkpa tov FAL Ot emhoyég givan gite voo IATPAPOLLLE T OEOOUEVH DOTE
va peiwoovpe tov B0pufo eite va kavoupe Katevbeiov tnv aviyvevon.

[Ipaxtikd Ouwg moté dev Bo pmopécovpe vo Egovpe undevikd Bopvfo ota
dedopéva pog, emouévag Ba mpémel avaykaotikd vo avartvéovpe peBddovg mov va
avtipetonilovv dedopéva pe 06pvpo. EmmAiéov, 1o onua kivnong mepiéyet 06pvpo ot
L0 GYETIKG LEYAAT] TTEPLOYT CLYVOTNTMOV, EMOUEVMG Ol KAAGIKES TEXVIKEG PIATPp®V, oV
OEV OmOTLYYAVOLYV, OTOLTOVV TOVANYIGTOV TNV OKPPN EKTIUNON TOV GLYVOTHT®V
OTOKOTNG.

Ymv mapovoa epyoacio e£€TAlOVE TA CNUATO TOGO MG TPOG TNV oYV TNG WO10TNTOG
I 660 ka1 ®G TPOG TNV TVKVOTNTA TOVS, TOGO GUVOMKA (1éon moKVOTHTA OHUaTOS) OGO

KO 0K (TOKVOTHTO. GHUOTOS O GUYKEKPLUEVI] KATIYOPLO. KIVIOHG).
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6.7 Amoteléouara ™ aloAOYNGNS TV GHUATOV IS TPOS THY 16D
6 1010TnTas I

Apyikd a&loloynoope to 23 oHTe MG TPOG TV oYL NG W1dtT0G I, dote va
dobE av OvVImg To onua akoAovbel tnv kivnon. H agloddynon éywve oe Olo ta
video tov Weizmann Datasetypnciponoidvtog yio. optopodg tov FAI tovg
oplopovg mov dwcape oto [28]. o kabe onua Tpocdlopicaps T0 TOGOGTO TOV
dxpov Tov FAI tepiloppavotov 6to TOTKA EAAYLGTO TOV GYLLOTOG.

Me amdxkion kavevog (0) frame,ta mocootd ftav amd 15% éwg 45%. Axopa
Ooumg kot pe amdxion 1 frame,apketd onpata Topovcldcave Evo opKETE VYNAO
10c00to (80-90%).

Avtd eivor avoapevopevo yati pukpd c@AAUOTO UTOPOVV VO TPOKLYOLV O
0opvPo petpiioewv oto Pivieo (Measurement nNoiseyAld emiong kot amod
apuntikd ceaipoto otig tpdéelc. Oumg n amdkAon katd undév i évo frames
dev glvon amapaitnTn, aeov Kot To avOp®OTIVO HaTL dev glval evaicOnto e aAlayEg
AMyov frames, magaéng tov 10 — 20.

Me andékhon 3 frames, ce Ola T0. OAUOTO TO TOCOGTO NTOV OPKETA
wovoromtikd (mepimov 90%). Otav 10 oedipo avéBove ota 5 frames, 1o
10600TO avéfatve kovtd oto 97% evd ywotav (7 éteive yio oplouéva ofuota oto)

100% yiaoedaiuo 10 frames.
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6.8 Amoteiéouara ™ aloldoynens Ty GRUATOY WG TPOS THY

TOKVOTHTO

H a&loloynon éywve oe 6Aa o video tov Weizmann Datasejpnoiponoidvtag yio

opiopovg t@v FAI toug opiopoig mov dmcoape oto [28].

6.8.1 MéonmokvoTnta

A&lohoynoape o¢ Tpog TNV péEon mukvotnTa To. 23 oNHoTo Kot KatoAn&ape oto

amoteAéopaTo ToL mivaka 6.4.

Iivaxag 6.4 Anmoteléouaro s olloloynons twv 23 onuaTtmv ¢ mpog TV uéon

TOKVOTHTA.
Kwoixos | Ivkvotyta Heprypapn onuatog
1 2.56 Foreground Sum Signal
1.63 Evépyela mapaymyov g mpogt, ELt
3 2.38 Evépyela mopaymyov g mpog X, ELX
4 2.50 Evépyela mapaymyov wg mpogy, ELy
5 2.25 Amd kowvov gviponia (joint entropy) thgrapay®yov mg mpog t
6 1.77 ABpotopa mopaydyov g Tpog t
7 2.93 ABpoiopa Tapoy®Yov ®g TPOG X
8 3.17 ABpoioa Tapay®dyov g TPog 'y
9 2.70 Evépyeia g cvvictopévng g omtikng pong (optical flow)
10 2.88 Evépyela g cuviot®dcog X TG OTTIKNG PONS
11 291 Evépyela g cuvietdcog Y TG OnTikNng porg
12 2.62 Abpotoua TG cvvioTouévng TG omTikng pong (optical flow)
13 2.74 ABpoloa TG GLVIGTAOGOS X TNG OTTIKNG POTG
14 2.93 ABpoloa TG GLVIGTAOGOGS Y TNG OTTIKNG PONG
15 2.04 Evépyela piltpopiopévng mapaydyov wg mpog t
16 2.06 ABpoiopa PIATPUPICHEVIC TAPOYDYOL MG TTPOG T
17 595 Amd kowov gvipomia (joint entropy) tgpiATpapiopévng
TOPAYDYOL MG Tpog t
18 2.73 Evépyeta tng cuvioTapévng e QIATPAPIGUEVNG OTTTIKNG PONG
19 2.82 Evépyela g cuvioTdoog X TG GIATPOPIoUEVNG OTITIKNG PONG
20 2.93 Evépyela g cuviotdoog Y TG @IATPAPIGUEVIG OTTIKNG PONG
21 2.47 ABpoicpa TG CLVIGTAREVNG TNG GIATPOPICUEVNG OTTTIKNG POTG
22 251 ABpolGLa TNG GLVIGTAOGOS X TNG PIATPOPICUEVNG OTTTIKNG PONG
23 2.75 ABpolGa TNG GLVIGTAOGOS Y TNG PIATPOPIGUEVTG OTTTIKNG PONG

96

Institutional Repository - Library & Information Centre - University of Thessaly

17/10/2023 12:26:56 EEST - 167.114.118.212




Amo 1o amoteAéopato tov Tivaka 6.4 BAémovpe o011 to onfua ELt éyer v
UIKPOTEPY] TLKVOTNTO, KOl EMOUEVMOC OvVOUEVETOL Vo, Olvel opKetd aélomota

amoTeEAEGLATO Y10 TOAAG €101 Kivnong.

6.8.2 Ilvkvotytace kabe katnyopia kivyong
2NV GLVEYELN, LETPNCOE TNV TLUKVOTNTA TOV 23 onuatov og Kabe po omd tig 10
Katnyopieg kivnong tov Weizmann Datasel o arotehéopata @aivoviol otov mivaka,
6.5. Mg évtovo ypmdpa @OVTov QOiveTal 1) TUKVOTNTA TOV KOADTEPOD CUATOS Y10 KAOE

Kot yopia Kivnong.

Iivaxag 6.5 Amoteléouaro s olloloynons twv 23 onuatmv ¢ mpog v uéon
TOKVOTNTO. OV0, KOTHYopio. Kivijong. Me Eviovo ypuo. poviov onueimvovIol Ta. HUGTO.
e T0 KaADTEPOL OTOTEAEGLLIOTO. QG KATHYOPLO. KIVIOHG.

1,2/ 3/ 4/ 5/ 6,789 1011
walk 1.92 2.762.733.472.732.76 3|24 3.733.373.513.45
jump 2.241.692.552.621.(1.482.933.142.712.622.83

run 1.621.332.432.551.11.2€2.7112.692.332.602.60
pjumpl.470.9¢1.151.171.270.971.641.761.051.161.16
bend6.111.746.305.814.783.157.377,74€.07 6.936.48
jack 2.151.511.772.181.791.5642.102.562.66 2.64 2.87
side 2.762.692.752.862.12.312.81.3.363.33 3.58 3.56
skip 2.1021.903.4113.272.391.933.633,562.983.002.98
wavel3.691.302.152.302.911.333.303.702.803.06 3.07
wavez3.461.2¢ 1.4831.352.231.442.522.462.232.562.75

12
walk | 3.06
jump 2.31
run | 2.10
pjump 0.99
bend| 6.22
jack | 2.46
side | 3.39
skip | 2.71
wavel 3.20
wavez 2.37

13
3.10
2.21
2.19
1.11
6.78
2.51
3.36
2.80
3.41
2.65

14
3.33
2.71
2.33
1.24
6.89
2.79
3.53
2.93
3.43
2.85

15
2.76
1.88
1.55
1.12
3.19
2.00
2.86
2.02
2.35
1.75

16
2.33
1.83
1.38
1.09
3.48
2.26
2.86
1.90
2.54
2.04

17
2.73
1.62
1.71
1.27
4.78
1.79
2.78
2.39
291
2.23
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2.73
3.00
2.07
1.20
5.44
2.59
3.58
2.78
3.19
2.92
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19
2.86
2.98
2.29
1.28
6.22
2.92
3.42
2.63
3.11
2.83

20
3.14
3.12
2.36
1.33
5.81
2.72
3.64
2.85
3.37
3.17

21
2.14
2.71
1.81
1.15
5.07
2.30
3.39
2.34
3.04
2.77

22
2.20
2.69
1.81
1.15
5.74
2.57
3.03
2.34
3.02
2.71

23
2.61
2.88
2.10
1.32
5.81
2.52
3.36
2.41
3.35
3.23



6.8.3 Epunveiatwv aroteieoudrmv

Ta oamoteléopota ovtd Bewpodue OTL givor mOAD onuaviikd yoti pog
emPePfardvovv v opboTNTO TG HEXPL TDPQ XpNomg tov Foreground Sum Signal
otV avaivon tepratnipatog (walk).

Mag deiyvouv wotdco axdun mwc evd to Foreground Sum Signairopei vo
ypnoponoleiton dpofa 6to TEPTATNUO, OEV 1OYVEL TO 1010 KOl YOl TIC VITOAOITES
katnyopieg kivnong. Edikd oe kivioeig omwg n bend,to Foreground Sum Signal
epupaviCer pa vrepPoiikd LYNAN TLKVOTNTA, TOPOLO TOL TEMKO LRIAPYOLV KoL
Ao oNHOTO LE HEYOADTEPT TUKVOTNTA YL TV 1010 kKiviomn. Evtommon mpokoiet
eMioNg 10 MWOAV YauUnAd mocootd Tov ofuatog ELt oty 101 kivnon, to omoio
pdaioto Eepedyel moAD amd ToV HEGO OPO TOV VTOAOIT®V SNUAT®V. Oewpovpe
OGS VTN 1 OlPopd oPeideTal oto yeyovog 0Tt to onua ELt oyetileton moAv mo
Gueca e TNV KIVNTIKN EVEPYELD TOV KIVOUUEVOD avOpOTOV Kol EMOPEVOS Eivol G
0éon va ekppdlel KaAVTEpA TNV Kiviion mov mapakoAovbel e mEPIOCOTEPES

TEPUTTAOCELG.

6.8.4 Ileipapatiky empPefoinecn Twv GOUTEPAGUATOY HAS
"o va evioyboovpe v aroyn pog 6t ovieg to Foreground Sum Signalvot
kaAvTepo oto walk evd to ELt kadvtepo ot dAAeg KIvNoELS, EQapUOCapE HLa
puébodo aviyvevong FAI yia kabéva and ta 6o onuota. Ta amoteAéopato mov

TPOoEKLY OV Poivoviol 6Tov Tivaka 6.6.

ITivoxog 6.6 Arodoon twv onuarwv Foreground Sum Signadu: ELt w¢ mpog
mv aviyvevon FAl ypnoworoidvrog tyv uébodo aviyvevong tov [28].

Kivyon Foregsri(;lﬁ]r;? Sum 2nua ELL
walk 100.0 % 72.3 %
jump 45.5 % 100.0 %

run 100.0 % 94.4 %
pjump 4.5 % 89.4 %
bend 16.7 % 88.9 %
jack 50.0 % 100.0 %
side 37.0 % 44.4 %
skip 21.9 % 88.9 %
wavel 24.4 % 100.0 %
wave?2 16.3 % 100.0 %
Méon arnddoon (%) 40% 89%
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[Mapatnpodue 6t N péomn amddoon pe to Foreground Sum Signgkav 40.15%
evo pe 1o ELt 89%. Avtd eivon Kt mov 1o mepuévope kabmg to Foreground Sum
Signal éyermold peyaldtepn Tukvotnta amd to ELL.

[Mopatnpodpue dpmg akoun nog oto walk to Foreground Sum Signéjet dpiot
anddoorn (100%) evd, oty 161 kivnon, 1o ELt &yl v debtepn yepodtepn
amod0oon Tov. AvTO TO YEYOVOG EVICYLEL TNV AIOYN HOG TG 1 AmOd00T €VOG
onNuatog eEapTatat omd TV TUKVOTNTO TOV TOTIK®V EANYICTOV.

2116 vdhomeg Kvnoelg mapatnpovpe g to ELL amodidel mdvtote kaidtepa,

pe e€aipeon v kivion run, 6mwov OU®G 1 d1PoPd eivort TOAD LK.

6.9 Xvurnepacuara

e auTo 10 KePdAao dmoape tov opiopd tov FAI ko deiope Tmg vrapyovv
Tapa TOAAG GHOTO. TOL UTOPOLV Vo, TopayOodv amd éva Video kot ta omoia vo
axoAovBovv v kivion tov Kivoduevov avlpamov. AgiEape tog ta dkpa tov FAI
elvorl TOTIKA EAGYIOTO OVTMOV TOV CNUATOV KO EXLYEPTCOUE Lo 0ELOAOYNOTN TV
ONUATOV ®G TPOG TNV TLKVOTNTO TOV TOTIK®V gAOyioT®OV, TNV Omoio Kol
CLVOEGALLE LE TNV adO0GT EVOC GNUOTOC, OTAV XPTCLUOTOLEITOL Yo TNV aviYVELOT
TV dxpav tov FAL

Ta amoteléopota TOV TPoEkLYAY Eivor 101ATEPA YPNOUO Y10 TNV AVAAVOT TNG
Kivnong, Kabdg emMTPEMOLV TNV ETAOYN TOV KOTOAANAOTEPOL GNUOTOC Yo, Vol
peydro obdvoro xwnoewv (my. vy to walk emiéyovue to Foreground Sum
Signal) eved av dev yvopilovpe 1o €idog TG Kivong ypNOUOTOIOVUE TO GO
ELt. Emopévemg, avédloyo pe v €@appoyn, m ovaivon kiviong umopel va
mpaypoatoromOet ite mpiv eite PeETA TNV avayvopion kivinonge.

Qo61660, VIAPYOLY aKOUN TOAAEG aveEepeDVITEG 1O1OTNTEG OVTMOV TOV CNUATOV
Kol TIOTELOLUE TG 1 UEAAOVTIKY €pevva Bo mpémel va dMoel mePlocOHTEPT
TPOocoyn o€ avtd To medio. Xiyovpa, M AEmTOHEPNG OvAALOM TNG Kivnong Oo
UTOPEGEL VO TPOCPEPEL OVOLYVAOPLON KIVICEDV GE EPOPUOYES OOV OTOLTEITOL T

AVOYVOPLOT APKETA OUOIWY KWAGEWDV (TT.Y. VONUATIKY YADooa, VEDUATO).
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2elido oromiuo KA.
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Kepadiaio 7

Avayvapion kivyonyg’

45 T T T T T T T T
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2elido oromiuo KA.
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7.1 Ewcaywyn

H avayvopion kivnong elvat icog 1o onpovtikdtepo mpdPinua mov tpoonabel va
avtpetoniost  Teyynm Opaon. H emtvyio ovtov tov Pripotog eaptdrol and v
emTuyio TV Tponyoduevey Pnudtav (aviyvevon, eEaymyn W10thTOV) Kot ennpealet
Gueoa ta emodpeva Prpata (avaivon kivnong, e&aymyn cuumEPACUATOV, ARYN
AmOPAGEWDV).

Yovbog, M avayvoplon  kivinong  avtpetoniletor  cav  €va mwpOPANua
KOTNYOPLOTOINoNG, e TO Taiplacio SnAadn piag dyvootng akoAovdiog eikévmv e o
HEAOG LLOG OUASOS TPOKATIYOPLOTOMUEVAOV OKOAOLOIDV TOV OVOTAPIGTOVY KOTOIEG
TUTKEG GUUTEPLPOPEG. AVTN 1 TPOCEYYIOT lval OPKETE ONUOPIANG, VITOKELTAL OULMG
010 Poaocwkd peovéktnuo kdbe kornyoplromoinong: dev Aoupdver vaoym TG VEES
ovunepipopéc |/ xatnyopieg kivnone. Emopévog, sivar apketd amodoTikh yia
TEPIMTMOCELS OTIS OTOlEG Ol KIVNGELS elvan pdAAov mpoPArendpeveg kot Ta Teplddpo
Yo EKOAMON AyveOoTNG Kivnong eivar pukpd, omodetkvigTol OUMG OVETOPKNG Y10l
YEVIKEVUEVEG TEPUTTAOGELS.

Mia Adom o€ avtod to TpoPAnua ivar  Teyvnty Mabnon (machine learning) dia
Siov exmaidevon OMAaod TOV GUGTAHOTOS MGTE Vo gival o BEon va avayvopiletl kot

Vo GopdTor Kovovpyleg COUTEPUPOPES.

7.2 O1 kvprotepeg Tpoomabeies

[ToArol epeuvnTég aoyoANONKav Le To TPOPANUO TS avayvdplong Kivnong, cuyvd
ue oA kald amoteAéopata. H dnuovpyio twv benchmark Datasets KTH (2004
Weizmann (2005(dwoe véa dbnon kabmg mAéov ot didpopec puéBodol umopodv va
ovykpivovton petald tovg oto 1010 DatasetH mieioymoeio tov neboddmv ypnoipomotel
TEPAOTIEG TOCOTNTEG OEOOUEVMV EKTTOIOEVONG KO YPNCLOTOOVV TNV TEYVIKN TOV
dctavpmtikod eléyyov (leave one out cross validation)Aéov vadpyovv puébodot
OV KATOPEPVOLY Vo £xovv omddooon akopa kot oto 100% oe cvykekpluévo ORmg
Datasets.

XT1¢ AoV KAUOIKES TeYVIKEC TeptAapPdvovtor to Dynamic time warping [16, 17],
ot unyavég memepacpévov kotaotacewv (FSMs)[18], ta Hidden Markov Models
(HMMs) [19, 20, 21]zo vevpwvikd diktva ypovikng kabvotépnong (TDNNS)[22,23],

ol ocLvToKTIKEG TEXVIKEG (Syntactic techniques]24,25], ta un VIETEPUIVIOTIKA
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nenepacpuéva avtopota (MI1A) [26] kol Ta aVTOOPYOVOVAOUEVI VEVPOVIKG diKTLO
(AN4) [27].

Amd T1g o oVYypoveg Tpoondbeies, Eeywpilovv ciyovpa o1 TAPOKAT®:

>

*,

*

Yto [15] e&ayeton M avBpodmvn cllovéto oe kdbe frame kot m kivnon

L)

avomapiotator cav £va oOVolo amd ywpo-ypovikd oynuata (space-time
shapes).H pébodoc avtn dokdotnke oto Weizmann Datasefie apiota
amoteréopara (97.83%).

X/
L X4

Y10 [42] yivetoan po mpoomdbelo ovayvdplong Kivnong ond omdotoot, G
TOAD LUKPEG QLYOVPES, XPNOILOTOIOVTOG Ui vEa Teptypar kivnong (Motion
Descriptor)

% X10 [7] ypnowomnoteital n meptypan kivinong tov [4] ya v exmaidevon evog
katnyoplomomtn (classifier) ue ypionAdaBoost.

s 210 [12] mpoteivetan pa péBodog epmvevcuévn and v Ploloyikn Aettovpyia.
™G OpOaoNG YPNOLOTOIDOVTAG TNV OTOKPION YMPO-YPOVIKGOV GIATPOV ylo
Taiplaopa Tov Kivioemv (spatio-temporal filter template matching)

% Xto [57] efetdletan mn  mepimtwon Vmapéng povo evog  dlabéotuov
ekmoudevtikov  video yia k@b «kivnon. T v Katnyopromoinon
ypnopomoteitor e moporiayn tov SVM, evd mpoypotomolovvionl Kot
nepapato Tov cuvovalovv dvo dupopetikd Datasets (Weizmann, KTH)e
amoTeAEopATO EQAIALD [E TIG HeBASOVG TTOL YPMGILOTOLOVV TEPAGTIO GHVOLL
EKTOIOEVOTG.

210 [39] mapovoialetar évo GOOTNUO ATOTEAODUEVO QIO TEXVIKES OVIYVELONG

evepymv meployov (Activity Areas), oeiplakrn oviyvevon oAloy®V Kot o

amAn pébodo Kotmyoplomoinong (oyfuo, TaydTNTO) TOL 00NYeEl GE OPKETA

KOAQ omoTteAécpaTO, YOPIG vo amortel 1dwitepn ekmaidevon 1N VYNAO

VTOAOY1IGTIKO KOGTOG,

X/
L X4

Y70 [13] n amapaitnTn TANPOPOPIN Y10, ATOTEAECUATIKY OVOYVDPLOT KIvong
ovoyetiletor 10 UnKog g axolovBiog mov efetdleton KOl OMOJEIKVOETOL
TEPAUOTIKA TTog akopo kot Aiya frames (1-10)umopodv va odnynoovv og
apoto amoteréopato (93.5 — 99.6%cto Weizmann Dataset). Avté 1o

Mua Ba pog omacyoANcEL 6€ OAO TO VITOAOUTO KEPAAOLO.

104

Institutional Repository - Library & Information Centre - University of Thessaly
17/10/2023 12:26:56 EEST - 167.114.118.212



7.3 To {ytyua ™) amartovuevys Tinpopopios

Bloroyikd, ot avBpwmot avayvopilovpe pa kivinon oyeddov dueca, yopis cuvnbwg
VO OTOUTEITOL KATOlL ONUOVTIKY ¥povikn kabvotépnon. Ilpoxvntel emopévmg to
epomua “Iloon mAnpogopio ypeialetar yio. vo Umopécer Evog VTOAOYIOTHS Va
ovoyvopioel pio kivnon;” .

H andvinon oe avtd 1o gpdTHa Bewpoldpe Tog ivar Wiaitepa kpioyn yuo v
o)ed100T GLOTNUATOV TPAYLOTIKOD ¥POVOL Kab®G To amapaitnto TAnbog twv frames
kaBopilel v kaBvoTéEPNoN TG EvapEng TS O1001KAGTING TNG AVAYVAPIOTC.

Y10 [13] n amapaitntn TANPOEOPIO. YO OTOTEAEGUATIKY OVAYVOPLOT Kiviiong
ocvoyetiletol to unKog g akoAovbiog mov eEetdleTar. ATOSEIKVVETAL TEPAUATIKA
TOG M cVVOLACUEV TANPogopia TOco Tov oynuotog (Form) éco kol v Kivinong
(Motion) odnyei 6€ TOAD KOADTEPO, OTOTEAEGLOTO, OKOWO KL OTAV YPNCULOTOL00VTOL
Atyo frames(1-7).

Xe autv Vv evotnta o eEetdoovpe to gpotnua: “Emapkel n mAnpogopio mov
nepieyetan oe 1 FAI yiova avayvopicovpe amotelespotikd v kivnon;”

Blohoywd, po emavédinym g kivmong elvor ouvBmg  apketn yu TV
avayvopion/katavonon, ov kot ovtd 0ev GLUPOIVEL TAVIOTE. Ol TEPIOCOTEPEG
emavaAnyelg mbavotato evioyDovV TNV apylK HOG YVOUN O TPOG TO IOl ivat
TeMKG M kivion mov mopatnprcoue (Orws ovufaiver yia wapaderyua ue to. replay
videos twv aupiofnrovusvav pdoewv oto adintikd moryviola). Etouévmg, ciyovpa
OEV UITOPOVUE VO, TEPIUEVOLUE dprota omoteréopota and Eva povo FAL evd avrtibeta
OVOUEVOVLE CUOVTIKY BEATiOON 6TV avayvdpion e Ty xpnomn neptocotepmv FAL

Epeic 6o peremoovpe 1o {mnua povo oyetikd pe tig non-Translationakwnoerg,
YPNOUOTOIOVTOS OU®G UOVO TO oYU, KaBMG TOTEVOVUE TG UTOPEl Vo dMOEL

apKeTn TANPoPopio otic Non-Translational kwvnoeig

Xpnowomotodpe Aowdv v e€ng uébodo avayvopiong [39]:
1. Bpiokovpue 1o Activity Area tovframeskat eEdyovpe to mepiypoupd tov.
2. Ymoloyilovue tovg ovvteheotég tov Fourier Descriptor [40] tov
TEPLYPALLLOTOC.
3. Kpatape poévo toug 20 tpd1oug GUVIEAECTES, KAVOVIKOTOMUEVOVS (OC TPOG

TO HETPO TOL TPMTOL GLVIEAECTN.
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H ypnion tov Fourier Descriptofio v meptypaen tov oynuatog pog sac@aiilet
apetofAntomra (invariance)wg mpoc v meptotpoen (rotation), mv aAloyn 0éong

(translation) kawnv aiiayn khipakag (scaling).

1. Alleipapatikd anotelécuora
Xpnowonomoaue v pébodo tmv Activity Areas yia va ovayvopicovue non-
Translationakwnoeig oto Weizmannkot oto KTH Dataset Xpnowuonowmoapue 1660
™V ¥pNomn O0AnNG g akoAovBiog ekdvov 6co kot evog FAL yuo v dnovpyio tov

Activity Areas.

7.4.1 Avayvaopienee 1 FAI

Edd ypnowomomoope cov odvoro ekmaidevong to Activity Area amd to mpdTo
FAI ka0e video.Xtv cuvéyela, Kavape avayvoplon kivnong oe kabe FAI tov video,
ypnoonowwvtag v péhodo tov mAnoiéotepov yeitovo (1-NN). H Swdikooio
emavaineonke ylo OAo to video,ppovtilovtag va. unv vdpyet emkaivyr petad tmv
training xottesting set.

Amd to Weizmann Datasetpnoioromoope kot tovg 9 avOpdmovg evd amd 1o
KTH ypnoyomomoape povo tovg 10 mpdtovgavOpmdmovg amd to meptBaiiov dl.

Ta mepopotikd omoteAéopata goivovion 6tovg mivakeg 1 ko 2.

Hivaxas 1. Ileipouotike omoteléouara avoyvaopions xivhons oe 1 FAl oo

Weizmann Dataset. Héon andédoon nrav 66%.

Pjump Bend Jack Wavel Wave?2
Pjump 60.38 26.42 0 9.43 3.77
Bend 0 77.78 0 22.22 0
Jack 0 0 72.09 0 27.9
Wavel 0 16.67 0 63.89 19.44
Wave?2 0 14.71 0 2941 55.88
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Iivaxog 2. Ieipouoatiko, aroteléouata ovoyvapions kivnons oe 1 FAl oto KTH

Dataset. Huéon anoooon nrav 67.83%.

Boxing | HandClapping| HandWaving
Boxing 48.48 51.52 0
HandClapping 20 80 0
HandWaving 15 10 75

7.4.2 Avayvaopienee 6y tyv akxolovbio eikévwv

Ed® ypnowomomoape cov 6Ovoro gkmaidevong OAn v akoiovdio KOVOV amd
Kabe video. v ovvéyela, Kavope oavayvoplon Kivnong oe kabe video,
ypnoonowwvtag v péhodo tov mAnoiéotepov yeitovo (1-NN). H dSwdikooio
emavaineonke ylo OAo to vVideo,ppovtiovtag va unv vdpyet emkaivyrn petad tmv
training xottesting set.

Amd to Weizmann Datasetpnoioromoope kot Tovg 9 avOpdmovg evd amd 1o
KTH ypnowonomcape 1660 tovg 10 660 kot toug 23 mtpdTovg avlpdmovg ond 1o
nepifaiiov dl.

Ta mewpapoticd aroteAéopato eoivovtal 6toug mivakes 3 kol 4.

ITivoxag 3. Iepoauatikd omoteAéouata ovayvaopions kivions oe oAokinpo to Video

oro Weizmann Datasel! uéon omédoon nrov 77.78%.

Pjump Bend Jack Wavel Wave?2
Pjump 77.78 22.22 0 0 0
Bend 0 55.56 0 11.11 33.33
Jack 0 0 88.89 0 11.11
Wavel 0 0 0 88.89 11.11
Wave?2 0 11.11 0 11.11 77.78

ITivoxog 4. [eipouatika amoteléouota oavayvaplons kivnong o oloxkinpo to Video

oto KTH Dataset. Hiéon amoooon nrav 60%.

Boxing | HandClapping| HandWaving
Boxing 40 30 30
HandClapping 20 60 20
HandWaving 10 10 80
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7.4.3 Epunveiatwv arotelecudrwy

[Mapatnpdvrtag to amoteléopota Tov mvakov 1 kou 3, BAémovue mTwg n xpnon 1
FAl odnyei o€ oyetikd pétplo amoterésparto (66%), aAldoyL o€ YOUNAE, YEYOVOG TOL
delyver mwg 1 FAI mepiéyetl apketn mAnpopopia yia v kivnon. EmmAéov, n dtopopd
otV anddoon dgv givar TOc0 peydin (repimov 12%).

BAénovpe aképo moc m ypnion meplocdtepov frames odnyei oe kolvtepa
amoteAéopato (77.78%).To icmg younAd avTd TOGOGTO OEV HOG OTOCYOAEL €0M
Kabmdg ot kvioelg mov eEetdlovpe Exovv TOAD yapaktnplotikd Activity Area (ot
MEI @uoikd) dote va yivel OmoTELECUATIKG 1| KATIYOplomoinon g Kivnong. Aoym
tov o1t to. Activity Areas tov kwvioemv potdlovv moid petatd tovg, o Fourier
Descriptordev pnopei va 1o Eexmpicel amoOTEAEGUATIKA KOl ETOUEVOG OEV UTOPEL VOl
Yivel KaAr avoyvapilor tng Kivnong.

To yeyovdc ®wot6c60 TS 1 Ypnon meplocdtepwv frames odnyel oe koAdTEP
amddoon 6e OAEG TIC KIVNOES €KTOG amd TNV Kivnon Bend, dev pag emrpémel va
OVLGYETICOVLLE [LE OOPAAEL TNV ATALTOVUEVT TANpOPOpia pe To TA00G TV frames.

EmumAéov, KabdOG ypno1onolovpe otatioTikég Hebddovg e dtakpitd dedopéva, 1
YPNOT TEPIOGOTEPWOV OELYUAT®V 0dNYEL cLVNOW®G GE KAADTEPN CLUTEPIPOPAL.

Eniong, oto Weizmannomdvia éxovpe £VIOVES KIVIIOELS 6TO GOUN, EKTOG amd TNV
Kupimg kivnon. Emopévac, n ypnon tepiocotepwv framesevioydel Ty kupiog kivnon
ko g€acbevel v Hopvfawdn wivnon (m.y. kivinon ocOUHOTOG), TOPAYOVTOS ETOL
Kaivtepo Activity Area.

Y10 oymua 1 BAémovpe mwg cvyvd 1 FAI dev emapkel yio va ovAdnplei amd to

Activity Area nmAnpng kivnon oAAd poévo Evo Tufpo TG Kivnong.

(@) (8)
2ynua 1. Activity Area oro 7o idio video roWeizman Dataset (denis wave?2).
(o) 1 FAI () ITApnc axolovBia
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SOUTEPAGUATIKE A0TdV, Hmopovpe va Tovpe Tog Eva FAI elvonl mbBovo va mepiéyet
oA TV TANpoPopia TOL YPEWLOUUCTE Y10 VO OVOLYVOPIGOVUE TNV KIvon, 0AAL av 1
Kivnomn exteleotel pe dapopetikd Tpomo o éva FAL n avayvodpion kivnong (gite pe
1 FAI egite pe mAnpn akolovbio) pmopei vo aAloimbel kabbg O Exovpe porydreg
aAlayéc oto oynua tov Activity Area.

[Mapammpovtag ta amoteAéouato oto KTH Dataset, swomotovovpe 011 €0M
ovppaivel To avtibeto amd v mepintwon Tov Weizmann,kabmg ot dvOpomotl ota
video tov KTH mpaypatomolohv cuveymg EVIOvES KIVIIGELS GTO GO0 TOPAAANAL UE
™V Kuping kivnon mov ektedovVv (). 0 Kopuog Kiveiton pali pe to xéplo 6 KIVAGELG
onmwg 1o boxing). Emopévac, oe 1 FAI, 1 Oopvfardne kivnon eivar pev onuoviikn
(yeyovog mov dwaroroyei tv  yapmAn amddoon 67.83%), evioydetor Ou®C
TEPLOGOTEPO WE TNV YPNON TEePLocoTEPp®V frames, odnydvioag €tol oe yepodTEPT
ocvumepipopd (60%).

210 oynuo 2 PAEmovue axkplPdg TV evioyvon ¢ Kivnong Tov Kopuolv otav

avédaveton To TAN00¢ Twv frames.

2ynua 2. Activity Area ozo to idio video oK TH Dataset (person07 boxing).
(o) 1 FAI () ITApnc axolovBia

BAénovpe Aowmdv g n ypron Myov 1 tepiocotepmv framesailote evioyvel v
Koplog Kivnon kot dArote tov B6pvPo, Yeyovdg TOL dEV HOG EMTPEMEL VL

SITLTOGOVUE KATOL0V YEVIKO KAVOVAL.

1.4.4 Xvvoeonue wponyovusvy epyacio
Y10 [28] mpoypatomomcape o mapdpolo Epevva kot eAEyEope dvo pebddovg

(Eumepicéc katavouég [58] ko Activity Areas) oto Weizmann DatasetQotédco,
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e éyEape kot Tig 10 kivioelg yopic va kavovue daywpiopd o Translationakar non-
Translational. Taxroteléopata paivovtal 6tovg mivakes 5 ko 6.

[Mapatnpodpe apykd 6t 0 doywpiopog oe Translationalkor non- Translational
KINoeg odnyei oviog onuavtikn Pektioon g idwog pedddov (omd 48.2%ce 66%),

oG emonudvape oto Kepaioo 4.

Ilivaxog 5. lewpouatika omoteAéouoro,  Ilivaxos 6. Ilepouatike amoteléouoro.
oVoYVOPLIoNG KIVHONS 0 OAOKANPO TO  OVOYVOPLONS KIVHONS o0& O0AOKANpo 710
video oro Weizmann Datasete yprion video oto Weizmann Datasete yprion
m¢ uebodov twv eumepikav katavouwmv ¢ uedodov twv Activity Areas.

[58].
Kivnon ITocooto Kivnon [Tocooto
emrvyiog (%) emvyiog (%)
Walk 37.5 Walk 22.9
Jump 74.3 Jump 42.9
Run 72.37 Run 30.3
Pjump 91.5 Pjump 35.6
Bend 78.3 Bend 77.3
Jack 92.6 Jack 64.8
Side 57.7 Side 28.0
Skip 51.5 Skip 30.3
Wavel 68.1 Wavel 76.6
Wave2 75 Wave2 72.7
Méoo mocooto: 69.9% Méoo mocooto: 48.2%

[Tapatnpodpe akdun T N HEBOSOC TOV EUTEIPIKOV KATOVOUMV 001YEL OE OPKETA
VYNAQL mocootd avayvopiong otig hon-Translationalkivioelg (uéco mocootd
81.10%). To amotéheoua ovtd pag Oeiyvel mog kot M kivinon (Motion) mepiéyet
apKeTN TANPOPOpia akopa Kot yia Tig hon-Translationakivnoeig 6mov Oa mepuévoue
va amodidel kadvtepa to oyfuo (Form). To yeyovoc awtd, oe cuvdvacud Kol pe to
yaumAd mocootd tov Activity Areas otic Translational kivioelg, evioyvel 10
ovumépacpa Tov [13] 611 0 suvdvacudc Form/Shapecor Motion odnyei og kaddtepn

amddoo.
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1.5 Xvunepacuara

Ye avtd T0 KEPAAONO TPOCTOONGAE VO EPELVHIGOLUE TO CNTNUO TNG TOCOTNTOG
TANPoOPOpilag mOv amorteitonr Yoo MV avayvoplon kivinong. Ilpaypatomomoape
nelpdupoto oe 0o Datasetsuovo oe non-Translationakwvnioeig, ypnoyomoldvTag
HOVO TO GYNUO Yo TV OVOYVAOPLoT| Kol EEETAGOLE TNV XPNOT THG TANPOPOPLNG TOV
nepigyeton o 1 FAL Zvumepdvape OtL n ypron HOVO TOvL GYNUATOS 1] HOVO TNG
TANpoPopiag Kivnomng dev apkel yia va emtevyfBovv vYNAL TOGOGTH AVAYVAOPIONG,
elte péoa oe éva FAI glte og 0ho 10 Pivteo. Ta FAI mapora avtd Oa pmopovoav va
ypnoonombovv og péBodo mov cuvovdalel To oyfua Kot v Kivinon, énwog to [13],
yw. vo kabopicovv to mAnbo¢ twv frames mov Oa ypnowomomnmbovv Y TV
avayvoplon. H ovvelspopd tovg o o tétola mepimtwon Oa eivar olyovpa
ONUOVTIKN KOODOC T amoTeAéopaTd B ¥PNOYLEVCOVY GTOV KAAVTEPO GYEOIACUO

GUGTNUATOV TPAYUATIKOD YPOVOV.

111

Institutional Repository - Library & Information Centre - University of Thessaly
17/10/2023 12:26:56 EEST - 167.114.118.212



2elido oromiuo KA.
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2vvolika Lvunepdouato

g VTNV TNV UETOTTUYLOKT OUTAMUATIKY] £pYyacio acyoAnOnkaue pe to {fTnua e
aVixvVeELONG, aVaYVOPLoNG Kot avaAvong Kiviiong o akolovbdiec eikovov (video)

Apykd KAvope po yevikny elcaymyn oto aviikeipevo g Teyvntic Opaong kot
ToPOVGIALOVUE KATOEG €QPAPUOYES Kot avolytd {nthpata, Tig odpopeg pebddovg
enefepyooiag ewovag kol video, kobmg kot ™V doun &vog amiod GLGTAUOTOC
Teyvnmce Opaong. Empeivape 1dwitepa oty onuocio ¢ KotdAANAng mpo-
eneéepyaciog TV dedouéEvmV yia TV PeAtioon tov pefddwv avayvmpiong kivnong.

Y10 tpito KepdAaio acyoAndnkope pe to (Ao TG aviyvevong Kivnong kot
glodyape v évvolo TV evepydv frames, 6mov Sniadn mopatmpeiton kdmola
onuovtiky wivnon. llpoteivape tpeig pebBodovg Ko Oeiape TEPAUATIKE TOG 1M
LED0B0G NG EVEPYELNG UTOPEL (e eKTaidevon Va. EMTVOYEL GPloTn amddoon o€ Video ue
erdyioto BopvPo. Mo v katdAAnAn avtipetdmion tov Bopvfov mpoteivape v
uébodo g KupT®ONG, M omoia eixe apkeTd Kok cvumepipopd (90.5%) yopic va
amoutel KAmolo Aot EKTOiOEVOTC.

210 T€T0pTO KEPAAOO aoyoAnOnkape pe v e€aywyn oVo PBaciKOV 1O0THTOV
kivnong. Ilpoteivape v pébBodo tov Kévipov Papovg kot dei&ape Tmg £xel dplotn
ovumEPLPOPa axopa Kot pe ehdyiota dwbéotpua frames (15).Eniong, meprypdyope
g N nEBodog ot pmopel va avtipeTtoniost ta TpoPfApata pvnung tov Activity
History Areas.

270 TEUMTO KEPAANLO OGYOANONKOUE LE TNV CEPLOKT OVIYVELOT) CALOYDV LE TNV
¥pNoMN TG ONpoPilovg peBddov CUSUM. Tporomomoape tnvHEB0d0 KoL TPOTEIVALLE
po HéBodo TPOGEYYIoNG CNUATOG UE EVOVYPOLLLO TUNHOTO Y10 TNV LEIDMOT) TOL YDPOL
avalfmong. A&oloynoape mepapotikd v pébodo yio Translationalkivnioeig kot
STICTOVOLE L1a APLoTn CVUTEPLPOPE. AvoTuydg, N LEBOJOG T OV amodideL Yo
no Translationalkwnoeic, oxlaypagodue Opmg po mhavy AHGT, EVIACCOVTAS TV
OTO GUECO LEAAOVTIKA LOG OYEOLOL

210 éKTO KEQAAOLO OOCYOANONKOUE HE TNV AETTOUEPYT] OVAALOTM TNG Kivnong.
Alevpivape Tov optopud Tov oTypoTdTov TAfpovg kivnong (FAI) kot tov onudtov
oV akoAovBOLV TNV kivnon kot afloloynoape 23 GNUATO O TPOG TNV OLGKOAIN
aviyvevong FAIl, katoAnyovtog €tol 610 KATOAANAOTEPO onNua Yo KAOe &idog

Kivnong, T060 TPy 0G0 Kol LETE TNV OVOyVAOPLeT Kivnomngc.
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210 £Boopo KepdAaio acyoindnKaue pe v avayvopion Kivnong. [apovoidoape
TIC TTO TPOGPATEC TPOSTADEIEC KOl OLUTVITDOVOLUE KATO0, CUUTEPAGLLOTO CYETIKA LLE

NV ToGOTNTA TANPOPOpiag Tov mepExetal oe Eva FAL.

2Toy01 pellovriknyg epyocios

Yiyovpa vdpyovv TOAAEC 10€€ Yo, LEAAOVTIKNY epyacia, T omoieg Ba OEAape va
eréyEoupe ota mAaiclo KATOoG LEAAOVTIKNG EPYOGTOG LLOC.

Ocov agopd v aviyvevon kivnong, m Oepeuvnon g YPNoNG TOV EVIovVev
oMLYV oTo onpeia aAlayng kivinong mov mopovctdlel 1 HEBOSOC TG KVPTWONG Kol
n Beitioon TtV oamoteAecpdtov g HeBdoov pe ypnom OPOPWOV  TEYVIKOV
(opadomoinon yertovikaov frames, ultpapiod, aAAd Kot 1) EKTEVEGTEPT] TEIPOUATIKN
a&lohdynon tov peboddwv, ciyovpa Bo 00N YNGOLV GE APKETE YPNOULO GOUTEPAGLLOTA.

Ocov agopd v &loyoyn WoTHTOV Kiviong, OvVOQEPOVUE EVOEIKTIKA TNV
nelpapotikny agloddynon tov pebddwv o€ mo amotnTikd tepipirlovia (Omws oro
KTH Dataset) v Peitioon tg pueboddov twv Activity Areas mote vo umopel vo
ypnouonoleitar kot og Alya dwwbéopo frames,kar v wepopatiky agoddynon g
€0PEOTG AAAAYDV 0TIV KOTEHOLVOT HE GKOTO TNV TapAy®YN 7o Tol0TIKOV ACtivity
History Areas.

Y10V Topén TNG aviyvevong oAlaydv kKivnong, Oa eixe oilyovpa evolapépov 1M
dlepedivnon g Geplokng aviyvevong oAlaydv oe non-Translationakvnoelg oAla
KO M TEWPAPATIKY 0E0AOYNoN GAL®Y nebBddmv ektog g CUSUM.

Ta onuota mov axoilovBovv v Kivnon amotehoVV Giyovpa €vo GLVOPTUCTIKO
avtikeipevo €peuvag, oto omoio Ba mpémel ciyovpa vo 600el TePLoGOTEPT TPOGOYY).
Yiyovpa vdpyovv akOun TOAAEG aveepedvnTeg 1O10TNTEG AVTAOV TOV CHUATOV Ol
omoieg Bo pOG 0OMYNOOLV G©E WO OPKETA AEMTOUEPT] OVAALON TNG Kivnomg.
Evowgpépov Ba eiye emiong xou m  mepapatikn  afloAdynon o€ amotnTikd
nepiariovtoa (200OM, pwtiouds KTA).

Téhog, G0V aPopd TV avayvapion g kivinong, 1 dtepedvnor Tov CNTNHOTOC TNG
eAMBOTNG amontoVpEVNG TANpOoPOpiag Ba pHog 0dNynoel 6Tov KOADTEPO GYESOCUO
CLOTNUATOV TPAYLATIKOD ¥pOvov. Ziyovpa a&ilel Tov kOmo N a&loAdynon e xpnons

twv FAI 6g pebddovg mov suvdvdlovy 1o Gynue Kot v Kivnon.
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