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IeptAndn

H rapoioo Swutef3n aoyoheiton pe tpoBifuato tou Topéa tng Hepdrroucuc Nonpooivng
VePEAUDVOVTAG AVOELS, UEAETOVTIC KOl VAT TOOCOVTUG XUVOTOUES HEVOO0AOYIES TOU TOUEN TNG
Troroywouxric Nonpoolvng, yia Ty evowudtenorn “cuguiog” xow “avtiindgne” otic ouoxeuég
oe oyéorn ye Tov TepBdhhovia Yoeo Touc. H napolou St opyavevetar wg edhc:

Y10 Kegdhono 1 mapéyoupe toug Baowmols dEoveg tng IepiBdihovoag Nonpoolvng. Ho-
povotdloupe avoryTd TeoBAruaTa ye to omota aoyoreiton ) Hepdrhouoa Norpooivn cuvo-
Pilovtog, Tic xatnyopies TpoBAnudTey Tou Yu aoyointolue xo eueic otny Tapotoo dBtduxTo-
P e RelIoadelic N

Y10 Kegdharo 2 neprypdpouye Baownée yedodoroyicg mou Vu ypnowonomdoldy otr ou-
véyew Tov xepohalov. Aglepdveton xuping otn Sour| xa Aertoupyio Twv Neupeovixdy Awmtiny
YuvehZewy, oo TpoBAiuuto oTta omolo papudloviar eve YIvEToL XaL Uil Lo TORXY] avadeoun
010 mpdyovo toug, Ta Teyvntd Nevpwwixd Alxtua.

Y1 emoPeVa 600 AEQPIANLN PEAETATOL TO TEOBATUA TNG AUTOPATNG AVAYVORLONE TNE OTAOTG
ToU avUp®TOU, UECK EUPUYOVING XAUERUS TOTOUETNUEVTC 0Ny 0pogr) evag dwuatiou. Ilo
ouyxexpwéve oto Kegpdhowo 3 avantioostor €vag véog ohxdg meprypopéas eCaywyng yo-
CUXTNPLO TV O ELXOVES EUpUYMVIIG xduepas. O meprypagpéog autodg eupaviler avoyr 0T
OAROLOOELS TOU AVTIXEWEVOU OTO OUYKEXPUEVO TUTO XAUEROS.

Y10 Kegdhono 4 ouveyilouye tny PeEAETN TOU TROBARUATOC Avory VORLONS TNG OTAONE TOU
avipdrou, mpoteivovtog uor uBeBLxY) apyitexToviny Neupovixdy Axtiony Yuveliewy ye -
Townuévn TAnpogopla. To dixtuo evioyGinxe ye Ty emmAéov TANpoopld TV OMXGY Te-
CLYPUPENDY TIOU TUPOUCIAOTIXOY GTO TEOTYOUUEVO XEQAANLO, EVM EQUOUOCTIXE 1) TEYVIXY
METOPORES YVOOTE Yid BEATIOON TWY TEAXMY ATOTEASOUATODV.

Y10 Kegdharo 5 yehetdron €va mpdBinuo tne HepPdrrovoauc Norpooivng nou oyetileton
ue o BonOnmuxd HepiBdAhovTto xan cuYREXQUEVA UE TOV EYXUPO X0 EYXUPO EVIOTIONO NG
TTOONG €VvOg atouou. o 1o mpdBAnua autd mpoteiveTon uro uedodoroyio youniYc UTOAOYL-
OTIAC Lo VOS, HAVOVTUS AVEAUOT) TOAUOLEC TUTWY OTUATOY (PORTTMV 1 PORETOY CUCKEUMY.

To Kegdhoo 6 mpaypateteton 10 TpoBANUL duTOUATOU EVIOTIOHOU THJOYEVMY XATAC TH-
OV TOU YOO TREVTERLXOU OOAVAL, XEVOVTUS XPNoT AoUpUaTng EVO00X0TXAS xdpoutag. Tlpo-
tetveton por oAto Ty pedodohoyio aodevoie exnoidevong Buotldpevn ota Nevpwvixd Alxtua
YUVEMEEWY Lol TOV YUPUXTNPLONO Xl EVTOTLONS TAJOAOYIXGY XUTUO TAOEWY TEVE OF ELXAVEC.

H moapoucioon tou epeuvnuixol €pyou autrc g SwtefPric ohoxinpdvetar ye 1o Ke-

pdhono 7, omou mpotdinxe xou weAeTOnxe exteveg uio pédodog exnaldcuons Neupwvinmy
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Awxthoy Xuvehilewy ye auTdpaTn Teooupuoyy) Tou puliuol exudinone. H yédodog mou mpo-
telvoupe umopel xan tpocapudlel Tov apyixd pulind exudinong oe éva oTadepd Uixpd £0pog
THAY aveldpTnTo TNG oEYXNC TWHSC TOu.

H mopouoiaon tng owateBric ohoxinpdvetar pe to Kegpdiowo 8 dmou eunepiéyovton To

YEVIXE OUUTERAOUATY TNG OLaTELf3ric.
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Synopsis

This thesis investigates Ambient Intelligence problems establishing novel solutions and
innovative Computational Intelligence algorithms, where the “intelligent” and the “per-
ception” are embraced and integrated to smart devices in order to understand the real
world environment.

In the first two Chapters we provide the basic Ambient Intelligence definitions and open
problems of the field, in which we will deal with in this thesis. Additionally, we discuss
the evolution of the classic Artificial Neural Networks (ANN), the Convolutional Neural
Networks (CNN), their theoretical background and well known network architectures.

In Chapters 3 and 4, the problem of automatic human pose recognition via omni-
directional fisheye camera is investigated. More specifically, in Chapter 3 a novel feature
descriptor is proposed, based on Zernike moments invariant descriptor, adapted on the
fisheye camera’s len by using the geodesic distance. The proposed descriptor is more robust
than the classic Zernike on images where have been acquired by the imperfect segmentation
of real videos. The proposed Geodesically-Corrected Zernike Moments (GCZM) are used
on synthetic as well as real human silhouettes to recognize their poses.

In Chapter 4 the investigation of the aforementioned problem is continued using a
GCZM enhanced CNN architecture. The model is trained with synthetic human silhou-
ettes poses enhanced with image features based on Zernike moments, which are modified
for fisheye images. Then, using the Transfer Learning technique the model is fine-tunned
with a sample of real human silhouettes. Results show that the proposed enhance CNIN
architecture, combined with Transfer Learning, improves pose classification accuracy for
both the synthetic and the real silhouette images.

In Chapter 5, a framework that detects changes on human activity is proposed, de-
signed for devices with low computational power. The proposed methodology is better
fitted for high dimensional data streams of multiple device sensors, applying a low com-
putational Incremental Principal Components Analysis method in order to convert the
stream to one-dimension. Subsequently, the Cumulative Sum algorithms are detecting
changes on them.

In Chapter 6, a methodology for automatic detection and localization of gastrointesti-
nal (GI) anomalies in endoscopic video frame sequences using wireless endoscopy capsule
is presented. A generic Neural Network architecture was trained solely with semantically
annotated images, indicating whether they contain anomalies or not. While, using the

iil
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iv

information that after the train process captured inside their structure, the methodology
is capable to localize the abnormalities on video frames.

In Chapter 7, a method for adapting the learning rate of all the CNN weights is
proposed. The method uses the first-order information of the gradient vectors of three
consecutive iterations during the training phase to adapt the learning rate making the
algorithm to converge regardless the initial selectiob of the learning rate value.
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oToug AaoKdAOUS OV KAl OTOUS YOVEIS HoU
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Euyapiotieg

To téhog autrc Tng BbaxTopC StateP3r|c oNUUTOBOTEL TNV OAOXATIPWOY) TOU BLdUXTOpL-
%00 ®OXAOU OTIOUBHY HOU X0 AMOTEAEL TO Evauopa evog xawoUplou epeuynTixol “tadidlol”.
Méou oto Sdotnue autd elyo Ty TOYN Vo Yvepiow otoudoioug xor altohoyous, Gyl Hovo
ETULO TAROVES dAAY nupieg avlp®Toug.

Oa Hleha va euyaplo THOW Tov EMBAETOVTY XNy NTY) Moy, xodnynty| x. Bootiero I1. ITha-
yiovdxo yior Ty oéeo T Bondeld Tou oty 0AOXAHE®OT) TNE ToEOUoHS OLOUXTORIXNGC BLaTpeL-
Bric. H ouuBoly tou oy xadoptotixy| yio Ty eniteuln Tng Statpi3rc, TopEYovTag OUcLoo TIXT)
xordodrynon xar N oTAELEY Yol TNV AV TIIETOTLOY TWY SUOXOAGDY TOU TROEXUTTOY OTOV
“Bpouo”, mou etyape pall yopdier. Anotelel éva Aaumed Tapddery o ETLO THLOVE Xol avIp®TOU
AL TOV EUYUPLO T TEOYUATIXG YLl OAL.

Y10 To&idL auTd umdpyouy Xot GAAOL oToudioL XN YNTES X ETOTHMOVES ToU e Bonin-
ooy HATHAUTLXG £TOL OOTE VoL GTd0w 0TO TEAOG Tou. O avaminpowtic xadnyntrig x. Hilog
Moryxhoyiavvng tou Havemotnuiou Hepoud o omofog Atay xon elvon mévTto Simho wou, amd Ty
oy ”y Tou Tadool va pe mopoxivel xon vo pe oupBouielel xadoplo Tind o dho Tor Briuata Tou
éxavo. O enixoupog xadnyntric x. Kovotavtivog Ashiuraong o o xadnyntic x. Anuntetog
TaxeBione tou HMuvemo tnuiov Oeoouhivog Ye TiC EUTVEUOUEVES 1OEEC TOUC UOU EBEEUY EPEUVY-
UG LOVOTATL, X0 KoL TO TEOTO GOTE Vo ToL axohoutow. O elolpetog véog emo ThuovoC
now glhog Bp. Mwthetog Taoouknc mou pe Borinoe oe 6ho autd 10 TUdid, avTyeTwTilovTag
uoll Tic duoxoiieg mou mpogxuntay. Puotkd Va Hleha Vo euyoElo THO® Ao T HEAT TNG E-
TTUPEAOUE ETUTEOTAC, Y TOV YPOVO TIOU APLERMONY VI UEAETHOOUY EVOEAEY WS TO XEUEVO TNG
Tpovoag SLuTePric MoTE Ye TG xafpleg TopUTNENoES Toug Vo BeATiwlel cuvoAd.

Téhog, Sev Vo unopotioo vo Eeydon évay dvlpwto Tou omoiou oL oupBouiés TotodeTovToL
YOV amd TO BEUTERO £TOC TWY TRPOTTUYLUXMY OTOUBMY HOU %ot ¢Tévouy péypet onucpa. H
Borlew Tou elvor avexTiuntn 1000 0TOV ETLOTIUMOXO TOUEN OGO %o OTOV TROOWTLXO. Xwplg
NV Topoustor Tou auTy, 1) St auth dev Va elye Eexwvrioesl ToTE evdd Bev Vo umrpye olte
ooy oxédn. 'Etor Aomdy euyaplote autdy Tov Aauned emotidova 8. Miyadh I'. Emtpondum.

Kupleg dune tov euyaplotd v ) grhla tou, vt autd eivon tou aliler teploodtepo.
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Kegpdiowo 1
Eiwcaywyn

H Teyvnty Nonuoolvn xar 1 ouveyhc eEEMEN Tng €xer @pépel enavaoTaoY oTny XoiT-
uepwotnTa Ty avipdrwy. H emoyy| pog Swvier v meplodo g tétapTng Brounyavinic
enovdotoone (Industry 4.0), 6mou e VOAOYIXG ETTEDYUATO OUVOEOVTOL KO EVOWUATOVOVTOL
OTIC XOWWVIES, axdua %o oTov (Bto Tov dvipwnol. H tétaptyn Broumnyavin| enavio ooy yopo-
©TNElleTon amd TNV EVEOT SLUPORETINAY UTOAOYIC TIAY OTOLYELWY Tot ool UTOpOUY %ot EAEY-
YOUV QUOLXES OVTOTNTES Xon avapépovTon e Tov optoud KuBepvo-Puowd YXvothuate (Kok)
(Cyber-Physical Systems). To K¢ cuvbéouv toug evoouateauévous utohoylo tée, o dixtua
TP 0AOUINOTG %ot TIC (PUOIKES BradLxaotieg Ue Evary oagpidporo TEOTO ETXOWVWVING, ETOL (HOTE
oL puotxég Bradixaoleg vo emneedlouy TS UTOAOYIO TIXES %ot avTIoTROQwS. Baowd otoyeio
TV XUBEEVO-QUOKAOY CUOTIUATOY elvar 1) aZloTOINOY TEGTOXOAAGY ETXOVGVING TUYUTHTLY
upmiic ambdoone (4G) pe xovoTdua TEYVOROYEXE, ETLTEYUOTH BLUPOPETINDY ETLO THLOVEXEY
WAEBLV xon wuples e pounotixdc, e Teyvnic Nonuoolvne (TN), e HepBdihovoog
Nonuootvne (1IN), tou Awdwtiou 1wy Avuxeuévey (AtA) (Internet of Thinks, IoT), twy
QUTOVOUGY HETUXVOUUEVGY OYTIATOV, TOV LITEIXGY OUCTNUATOVY ehéyyou, x.o. [76]. Etot
o Ko Yo ynopobooay va yopaxtnpotolv og eZénln tng N, xadae popdlovton xdnoteg
noweg Baowrég apyrtextovinéc. ‘Oung, toa Kol napouotdlouy yeyahltepn eVvooudtnoT tmy

PUOLKEY XL UTOAOYLo Xy oTotyeiwvy [103].

1.1  IlIepiBdirovoa Nonpooivn

Yt téhn g Sexoetiog Tou 1990, 1 YuuBoukeutinr) Oudda Kowvoviag tov IIinpogopiody
xon Teyvohoyiog tne Evpwroixndc Emtpondc (XOKIITEE) (European Commission’s Infor-
mation Society and Technology Advisory Group, ISTAG) 6pioe o¢ IegBdhhovon Nonuo-
oGvn (Ambient Intelligence), to teptBdAhovta T omola eVoUATGYOUY toUnTHRES ot EEunva

ovothuota. To mepBdihovia autd €youy Tig axdhouleg WLOTNTES:
® 1) taVOTNTO VALY VORLOTG TNG TUPOUGENG ATOUMY OTO YORO,

® VY VOPLOY TNE THUTOTNTOS TOU ATOUOU,

"https://www.weforum.org/agenda,/2016 /01 /what-is-the-fourth-industrial-revolution /
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4 Kegaroo 1. Eoaywyr

o 1) XoVOTNTA avory vapLong drapopeTindy Thansiwy/evvoudy (T.y. xapds, xivnon, véa),
® OVOLYVMELOT) BPACTNRLOTHTY,
® 1) XOVOTNTY TEOCUPUOYYS OTIC UETUBUANOUEVES OVAYHES TWY ATOUGY.

Yromdg tne HIN efvon var umopel va toapéyet e€atopxeuuéveg UNNPeoieg auTOUATA, UYLV
TG AVAYXES TV OTOUGY Tou Opouv otov meptBdihovia yoeo. H LOKIITEE dev xaddproe
auoTned Tic Tpodtaypapés yia Ty IIN, xadde avayvopioe v toAumhoxdtnta xon T Toela
eZEMEN TWV TEYVOAOYLOY oL eunep€yovTan ot auThy. ‘Oploe Guee ot OAMoTiNT Tpooéy Yo,
TPoOoBLOPIlOVTAG TS EPEUVNTIXES XUt TEYVOAOYIXES TIEQLOYES TOU TRETEL VA OUVBUXOTOUY YLt
v vhoroinon g IIN, t6oo 070 eninedo tne teyvohoyia, 600 ko 070 eninedo Tng xowwviag
X0l TV ENLYEPROEGVY.

Baowka Ztoxela

MeptBarAovoa Nonuoouvn

Evowpatopevn YmoAoyLotikn
YnoAoyLoteg Nonpoouvn
AwcOntnpeg MpocappootikoTnTa
ATuaKka YAka Yuveldnromnoinon Tov
Dopnteg koL DoPETEC MeptBaAlovtog
SUGKEVEC AMNAeTtiOpaoN LLE TOV

Quowko Koopo

OAOKANPWHEVO AOYLOULKO

Yoy 1.1: Tpapuxy) amewdvior) twv pwv Tou cuvteholy Ty évvow TlepBdiiovon
Nonuooivr,.

Av npoonadfcouye vo ywploouue tny évvora IIN otoug dpoug Tou 1 ouviétouy, éyouue
ooy anotéheopa i évvoieg “TlepiBdhhovoa” xar “Nonpooivy”. Tlpoywedvtag ot po avdhuo
TV OpY auTOY Vo aroxthoouds ua xohitepy avtiingr tng IIN. Yy Ewdva 1.1 BAénouue
TOL OUCTATIXG TTOU TERLAMUBAVOUY Ot TUPATAVE EVVOLES.

H évvora “TlepiBdhhouoa” umodnhdver To U€pog TOU UALXOU Xt TOU CUCTAUNTOS YEVIXOTERY,
nephoBavovTag Toug aolnthipes, enelepyaoTES, EMUOWMYIES Kot TO DL EIPLOTING AOYLOWXO.
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1.1 IlepiBarrovca Nonpoovn 5

AZiler vo onuewwdel 6Tt Ta teheutator Ypdvia UTdpyEl TEpdoTIH TPOOBOS OTOUG TOMES TV
€Eunvey TAepevey (smartphones), gopetdy €Zunvey ouoxeuny (wearables), xaddc xon
oto ATA. Evé oto dueco yéhhov, umdpyer 1 nemolinon 6T ov Teyvoloyiec auTtés Umopoy
OUOLAOTIXG VO EVOWUATGUO0Y UETUEY TOUC.

H évvor “Nornpooivn” avagépetar 0To Aoytopxd xar xodopiler Ty emtuyto 1§ Ty amo-
Tuylo Tou Top€o g IIN. H évvowr tng “Nonpooivng” oyetileton ye v Teyvnt) Nonuooivr
(TN) xon amotehel évay orpovtind Topéa TG EMOTHUNG TV UTOAOYLOTOY. Xxonde tne TN
elvol Vo OWOEL TNV IXAVOTNTO TPOCOUOIWONE TV SLadIXACLHOY avIpOTVIG VOTOCUYNG 0TS
umyovée xon T ouo Thata [Iinpogopuic. Autée ov Swdwaoies mepthayudvouy tn uadnon (o-
TOXTNOY) TATEOQORLEY X0 STULoUEYio XovOVELY Yior Tn 0p07 YN \on TWY TANEOQORLGY UTOV),
™ ouhhoyo T (yeRon xoavdvey Yol THY RITELEN TEOCEYYIOTIXGY 1) UTOAUTGY OUUTEQO-
opdTwY) xor T autodidptnon [111].

‘BEZunva ouothAuata pe Ty Bordewa xavévey (Rule-based Expert Systems) epgoviotnxoy
ota mpdTa oot e TN, pe oxond v ewouywyy “euguing” otg unyavée [55]. dve oe
ot Tor ouoTAUaTo otneilovtar xon ot cuoxeués Tou ATA, ewodyovtog €tot Tn Baoxr) Lopey
VOTUOGUYNG 0TI ouoxeuég autés. Qotdoo, 1 1IN eondler oe Boditepa eninedu vonpooivng
TRV PNYavES, Yoo Tov Adyo autd o topéac ATA amoteiel turue tng 1IN, evowpatdvovtog
Touelc Tng TN mou peietolv Tov Tpdmo mou o Btog o dvlpwrog Tetver vo podaiver xon vo
ATOX T VOTTINES IXUVOTNTES.

H Trohoywotwry Nonuoolvr anoterel évay topéa tng TN, mou opileton ¢ t0 oUvoro
TLY UTOAOYIOTIXGOVY BLabIXaoUnY EXEVGY, OTOU EE0UOLOVOVTIS UNYOVLOUOUS NG QUONG EXOUY
oxond ) Moo ovletwy TpofAnudtoy Tou teayuaTixol xdouou 21, 119]. Ov uédodor mou
xernowonoel 1 Yrohoyiotinry Nonuoolvy Tetvouy vo Tposopotdvouy Tov T0To oxéPng 1o
TS YVLOTIXES Sdxaoles Tou avlporou. To koppdt auté Ua arnoteAéoer to evdapépov tng
rapovoag 01daktopikns Stp1Pns, kalos Ja eéetdoovpe ovyrekpiuéva tpofAnuaza tov touéa
s IIN Oepehicdvovrag Aloes, peretdvrag kar avartiooortas kavotdues pebododoyieg tou

topéa tns Trodoyiotiknis Nonpootvngs.

1.1.1 TIapayovteg tng IepiBdilovocag Nonmoobvng

H XOKIITEE npdtewe pua ohotny| dnod yio v mpooéyyion e avantudng tng 1IN ye
Tov avlpwno oto xévtpo te: ‘H IIE mpénet vo xardodnyeiton and tic avipomotinés avnouyieg
noL OYL OO T TEYVOAOYWXE, ETLTEUYUAUTA, eve Vo TEETEL Vo EAEYYETOL ATd TOUS ovUp®TouS .

Boowrol napdyovteg mou ennpedlouy v vovétnon g 1IN elvor ov e€nig:

Evyenotia: H arinienidpoon tou atdpou pe ) IIN npéner vo etvon Soxprtiny). To dtouo
otov mepBdihovta ywpeo mou undeyer 1 1IN da mpéner vo Budver to amotéheopa

YOl TNV avdyxn eWtxmy puiuicewy og auTo.

Teyvixh oxompdtnTo: H IIN Jo mpéner vo Aertoupyel afidmota, péoo 0TOUC TERLOPL-
opoUs TV TEYVOhoYLGY aryuhc. Tlpémer va Angpdoly unddm noupdyovies omeg 1
oxpifBetor, 1 xavOTITO Xo ToL UETEA AOGEAELS VLo OAOL TOL EEURTAUATY UALXOU %ot

AOYLOULXOU.
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6 Kegdrono 1. Eooywyrn

IBuwTixdTnTor H duvatdmto povadinc avay veetong xot Toguxohotinong ey avipohroy,

010 QoALoVTOG TIC TOATIXES UMOPETTOU OE ONUOCLO %o WL TIXO Y MOEO.

Kowwvixég xouw owovopuxée emntwoetg: H IIN Go npénel vo ebvon oe 9€or vo evi-
Oy VEL TIC XOWOWXES OAANAETLORAOELS OAWY TWV CUUHUETEYOVIWY GTO TEQUSUAAOY.
E&icou onpoavtind svor o owxovourxds avtixtunog tng IIN, xadog Yo odhder tic

Aettovpylec epyaoiog TOAAGY avlpOTeY.

H IIN mpéner va xepdloet Ty eumotooivr v yenotov mew uvodetniel cupéng. O
Andrew Ng, mpdny emxeqouifc emotiuovos e Baidu, 8¥awoe 61t i TN eivon 1 véor nhe-
nTpwen evépyeta. [ va xepdloer y epmiotooivr, 1 IIN npéner v tomodetioer tn Suwyeipion
AVOUVODY, TNV AOQEAEL TV DEBOUEVGLY XoL TNV afloTo T TOU OUCTAUATOS K¢ XOPUPULES

TEOTEPULOTNTES TNG.

1.2 Ewowxd Yevdgia tou Xweo tne 1IN

‘Opopa tng 1IN elvon 1) ohoxhipworn g xoweviog Tng TANPo(opiag, OTOU o XUVOVIXE, TE-
oBdhovTa epyaotog xon draflenon TeptBIhhovToL amd EVOWUATOUEVES EEUTVEC OUOXEVES TTOU
UTOPOUY Vo EVOTOLU00Y TAYPME XL VI ETUXOWGOYOUY UEOW XUTAATALY Oemtapoy. Tétoeg
ovoneUES, eEetdXEVIEVES UE pld 1) TeptoodTERES BuVATATNTES, TeoopllovTa Vo ouvepYalovTon
MEOO OE Lol UTOBOUY] EEUTVLY CUCTNUETGY, VoL TapEYouy €va TAHG0C UTNEECL)Y ToU OTOYE-
bouv 01N Bedtiwon tng mowdTTaG {Whg Xou TNE ACPIAELNS TOU XAOTUERVOD TEQBIAAOYTOC
draf3ieong, Tagdtol xon epyaolug Tou ATdRoL.

H BEvpondixf Entpons npdteve oevdpio mou oyetilovton pe v 1IN [35, 36, ye oxond
vor V€oEL Xo PE TN YPNHOT TURUBEYHATOY, To gpeuvnTixd Thaiow oto omofo Yo xvnlel 7
€oEuVA 0TOV TOMEN 0T, 21T CUVEYEL ToEOUCLELovTon 800 omd ToL TPOTEWOUEVH OEVAQLL TNG
Eupomnoixtc Emtponyc:

Yevdpro 1: O Arnu¥teng xatd tny 0udpxe Tou SWASUUATOC Tou antd TNy SouAeld
Véher var uny Tov Sotapdoost xavévag. Popder oTo polyd 1) TO CWUA TOU PLol CUOXEUT] UE
puvnTXT evepyoroinon evoe Pnpraxod Bondol, e to dvoua “lpocwmxdc-Bonddc (II-B)”.
O 1I-B ebvon prar ovoxeuy| udimong, n omolo pordatver 1ov Anuhten xor 1o TeptBdAhoy 10U, eV
Tpoopépel Aettoupyieg emxowvmviog, enelepyaciog xar Adne anogdosnmy. Kotd tn Sudpxela
Tou Swelppoartog, o HI-B anavtd oTic logpydueves xAHOEG %ot ToL UNYOUOTA TIAEXTEOVLXOU
Toyudpoueiov Tou AruriTten. AuTd TO EMTUYYEVEL YENOWOTOLGVTUS TN QUOLXY) YADOO TOU
ArunTon XEAVOVTIC AVUTAURPOY YT dXOUOL XKoL TNS POVAC X0t TNS TEOPORAS TOU. LT OUVEYEL,
o 1I-B hoBdver wor xhfon and ) obluyo tou Anunten, avoyvepiler 6t elvon enelyouoa
non T peTadider oto Anunten. Tautdypova, déxeton évo prvupo and to avtiotowyo 11-B
evog nhuouévou, Tou Beloxetor xovTvy andotaor. Autd 1o dtopo €yel @iyel and To onin
Y 0plg o Qdppond Tou xon Yo Hleke vo pdier mod uropel Bper To ouyxrexpévo gdouaxo. O
Aruritone ndoyer and éva Topdpoto TEOBANUe LYENS PE TOV NALXOUEVO XaL YENOOTOoEL TO
B0 gdppaxo. O II-B enelepydleton Ty sroepyduevn aitnon xa anoguoilel va uny amoxoiige

NV ToUTOTNTY Tou Anuhten oUTe vo tpoo@épet dueor BoRldeta, oAAd vo topdoyel otov 11-B
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1.3 HpoBAruata tou Heayuatixol Kécuou oto Xeweo e IIN 7

TOU TALOUEVOU EVOY XATAAOYO UE T TANCLECTERN pupuaxelor xat THIUVT) ETUGT) UE ULol OUAD
autoBordetog.

Yevapro 2: H Kdpuev ctowdleton va mder otn dovierd tng. Zntder amd tny 1IN, ye
POYNTIXY EVTONY), Vo Bpel ¥dmowov Ye tov omofo unopel var yotpaotel Ty SLadpoun Yiol Tny
OOUAELS TN)g, OF WIOT oL XTT) OUVEYEL TEoYpuuuaTilel To Belmvo Tou TEOXELTAUL Vo XAVEL
exetvo 10 Bpddu. Ofher vo guider éva YAuxd xou To nhextpovind tng uyeio Selyver oty
0Uovn Tou Pt ouvTayY) emoTuaivovTag To cuoToted mou Astmouv. H Kdpuev ohoxhnpdver
Vv Mota ayop®v Tne Yéow g 09dvne Tou Puyeiou xon {ntd va tapadotel 0to TANOEoTERO
onueio Bravourc g yertovidg g, ‘Olat Tor Tpotdvta efvar Eumvar Ye eTETH, €TOL MOTE Vo
UTOREL VoL EAEYYEL TNV TPOOBO TWV EWOVIXOY UYORGOY ATO OTOLONTOTE GUOKELY| OTOUOYTOTE
no oy Bploxetar xon var xdver amantovueveg ohhayés. H Kdpuev mder otny epyaoio g, ue
EVoL UTOXEVNTO PE BUVIUIXG C0OTNHUN O0HYTOTG KoL EVOWUATWUEVO CUGTIUI EAEYYOU NG
nUXAOQORLag, TO omoto pUUNICEL SuvoLXd Tor dpLaL T UTNTAS AVAAOY O UE T CUMPOLTIOT Kol TX
enineda pUmavorng. ‘Otav emotpéger oto oxnitt, 1 IIN v xohwoopiler xar tng npoteiver o1
NV enoUeVT) Yépal Vo TeETEL VoL SoUREPer amd To oTitt, xodig €YEL TEOYRUUUATIOTEL Ylar UEYHAN

OLBNAWOT 0TO KEVTPO TNE TOANG.

1.3 IIeoBApata tou Ilpayuatixo Kéoupou oto Xweo
tng TIN

Extdg twv ewovindy oevapioy tng IIN, mou édeocay 10 dpoua 070 Y R0 autd, eupavioTn-
ALY TROLYMOLTIXTL, OVOLY T, TEOBAAOTH UE PEYAAO epeuvnTixd evdlugpépoy. Tuo mpoBirjuota autd,

OLUVBEOVTOL PE TIC TP Te nUpLeg xatnyopieg epapuoyrc tng TIN:

134 7,99

"EZunva Xnitia Evo nepdihov evie “ECunvou Xmtol” ebvar éva onitt eomhiopévo pe
OUNTARES BLopPORP®Y TUTWY Yo TNV TURUXOAOUUNGT BpaoTNRIOTHTOY Xt %ivnoTg
TOU ATOPOU, YLl TNY TUEAXOAOUUNOY XATAOTACEDY xVOOVOU, OGS 1) TUEXAYLY. 1)

CUVALYERUOUE XATVOU.

Owoyeveltaxr Ppoviida HAuxtwpévey xaw Bonintixd IlepiBdiiovia ‘BEvog to-
péag tne IIN mou €yer oxond v unoothipln g aveldptntng dwPBinong Twv

NALLOUEVOY xou BeATiwon Tng motdtnTag {wng Toug.

HAextpovixn latpuxy] Ppovida Eva tepBdiiov tng IIN 6nou n e&étaon xou ) depo-
mela Ty aolevey Yo uropel vo yivel amouaxpuonéva amd ewdwols tTepols, e TNV

Borlewr cnoUnThpmy 1ot POUTOT.

Epndpro xouw Zuothpata Lootacne lepBdiiovta e IIN e ouoxeuég mou eréyyo-
vTon omd “EEUTVY AOYLOUIXE, TOU Ay TLAUBAVOVTOL TNV Topoucia TEAXTGY OURGEVA

ME TNV THUTOTNTO Ko To TROPEA TOUG TPOTEVOVTAS TOUG TOL XUTAAANANL TEOLOVTAL.

Yy rapovoa dwatpipn Oa aoyoAnfoliie pe mpoPAnuata twv TodY TpdTWY KATHYoPIHY THS
1IN, eferdlovtag to Tunpa tov mpoPAnuatog mov oyetiletar pe tny dnuiovpyia “eveuias” kar
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8 Kegdrono 1. Eooywyrn

avTiAphng twv ovokevdr pe tov TepiPdAiovTar ywpo toug. YTn cuvéyetd, Yu avapeplolue

0TI XATNYORLES AUTES XAVOVTHG Yol BLBALOY papLxy) avaoxoTNno).

1.3.1 "EEurnva Xritia

‘BEva dpapo e 1IN otoyeler oto mepBdiiov tou omtiol, dnuovpydvtag o “Elunvo
Ymin”. Holhd ovoyata €youv yenowornomlel yio vo teprypddouy onitio e€onAtoyévo e oud-
XuTn Teyvohoyin yu Ty moapoyy) utneeowdy 1IN otoug xatolxoug. “Efunvo Xmin” unopet
voL efvar 0 TO BNUOQUAAC 6p0¢, VG GAAOL Gpot TEphapfBavouy YVeOo TiES xatotxies, EEuUTveg
xotounies, ohoxAnpwuéva tepBdhhovta, Lovtavd - Stadpac txd onita/mepBdihovta. Kawvo-
TOUOL TEYVOAOYLXA TIROLOVTH Exouy dnutovpynoer Ty emdupio yix Behtioon tng TowdTnTag Tou
Xeovou Tou danovdTor 0To onitt. Autd amotehel v amd To xbvnteo avdntuing e N oto
onit. Aot nopdyovteg v Ty avantudng e N oto yoeo tou omtol efvor ot teyvoro-
yiée e€ehileg xan mpoodoxies, xadde xon 1 avfavduevy tdon oe évay Tpdmo {whg dTou Tu
bptor avdueoa 0To OTiTL, TNV epyaola xon TOug YOEouS avdmauong xon Quyorywyiog yivovto
BUOOLEXELTL.

H IIN 0710 €Zunvo OTiTL EVOWUATGVEL TN YVOOY) TOV AVTIXEWEVEHY TOU UTHEYOUY OF auTO,
vt Bertimorn Tou xoinuepwvol tpdmou {wng. Optopéveg td€eg xon AstToupyieg auTy TN oTYUn
elVolL PPV OpAUATOL, OIS O AUTO-EAEYYOUEVOS Xo ouTO-Leypa@ilouevog Tolyog, 0 pOTL-
ouog, N EmmAc o onola UTopoUy VoL avary vepilouy 1 Sudieor) Tou atopou. MUEp UE TNV
Borideo Tou ATA, o dvipenor uTopoUy vor EAEYYOUY ToL AT 1) T Oépuavor), YeNoLoToL-
ovtog dmxdnteg xan yerpro Thota [105]. O avdyxes tov yenotev éyouv avoludel oe Bdbog
AL TOPEYOVTHL TPOOWTOTOLNUEVES ADOELS XOL OL EQUOUOYES UTEG UTAEYOUY 1dT) 0TIV AY0pd.
Tétowou eldoug dume Aertoupyleg GUTOUATIONOU BEV EVOOUATOVOUY XETOL YONUOOUVT).

Y10 €€unvo oTiTL To CUO TN AUTOUUTIONOU Vo TEETEL VoL ovary Vepllel ToV X3TOIXo XL va,
Tpooupuolel TiC AStTOURYIEC TOU CUUPOVOL UE TIC YVWO TEC TPOTWNOELS TOU oATOUOU, AouBdvo-
viog umodn e dwrdéoeg Tou xodog xo xdmoeg e&ontepiné Topapéteous. opadelypotog
Xaen, YO0l Tou Podulvouy T TEOTYWHOES TOY ATOUMY OYETXE UE TO TOTE VEAOUY Vo ovo-
€ouv 1 var xAeloouv Ta Tapdtupa 1 TNV auTOUTY) PUUULOY TOU ETTESOU TOU GOTIONOU 1) TN
Oéppavone [121]. O xadpéptne tou umdviou unogel vo uteviupioer 0to dtopo mou xodpe-
priletan, o QAPUUXO TOU TPETEL VI THPEL, EVE TO O TEPEOPMVIXO TOU QUTOXWITOU UTOPEL Vol
OUVTOVIO TEL 0TOV (010 PUBLOPOVIXG OTUUO TOU AXOUYE TO ATOUO XATH TT) OIEXELL TOU TROWVOU
Tou [38].

To nepiBdihov €€unvou ommol elvor e£0TALOUEVO Ue oUNTHRES XAt SLUXOTTES SLapOREY
TUTOVY YLl TNV TEEaxX0AoUUN0oY) TV 0o TNELOTHTOY ol Tng #VNoTg ToU dTOUOU, UE OXOTO
TV €YXOMEY XL EYRURT] EVIUEQKOY| TOU XATAOTAUOY HVOUVOU, OTME TUPXAYLY 1) CUVIYEQUOS
xomvos. Fevixd, oto éZunvo onitt ouvdudlovtor cuviieg tela Baowxd ototyela, éva oUvoro
ooUNTAPGY, €va OUVOAO BLIXOTTOVY Yol TOV EAEY YO ToV aonTrhpmy ot e&eldixeuuévos e€o-
TALOPO0UG, OTWE UTOAOYIO TIXEG EYXATAC TUOELS OL OTOlEG CUVBEOUY TOUG AGUNTHPES XKoL TOUG
OLUNOTTEG PECK “EUPUOY” AOYICUIXOY.

O aroUnTripeg Umopoly yiol TURABELY U, Var vy VEDOOLY oY XATOlo¢ xdeTon og €vor xdt-
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1.3 HpoBAruata tou Heayuatixol Kécuou oto Xeweo e IIN 9

Oud, 1 AV XATOWOC TOU POPOUOE EVal POUYO UE ETIXETA AVUYVORLONG, VO UVAYVGEIcoUY oy
TEPUOE HATW AT YLoL TOPTY TOU EVOVEL 600 dwudTia. (20T000, oL TANPOQORies aUTEG amonTolyY
ML LORGPY| TIEPUUTERE EMEEERY oINS TV DEBOUEVEY, Yol TUREDELY U OYETIXE UE TOV EVIOTLOUO
e Véone tou atduou [109] B T SpaocedTnTd Tou xodie To dtopo xdleTon oTo (-
opo [43, 44]. Yt epyaoiec [8, 10] éyer npotadel 1 yphon wxperc TopéuBaonc 6To YOEo Tou
OTLTLO0 UE OXOTO TNV ATOTPOTY XUTAC TROPMV.

Iorkég epyoaoieg YOpw amd To EEUTVO OTHTL EMXEVTPMOVOVTUL OTA UALXE %ot TOUS ooUT-
THPES, OPWE UTEEYOUY 0pXETEC gpyaoieg, oTWC omoleg ou ouyypagpels utootneilouy 6TL oL
teyviéc TN unopolv vo Bondioouy Ty e£EMEn Ty EEUTVEOY OTUTIOY, EVOWUATOVOVTIS TiC
HUNEPWUEVES XL OUYYPOVES TEXVIXES unyovinic wdinong, otny enelepyaoia TV TANROQO-
ELOV oL TapEyovTaL amd TS CUOXEVES Xou Toug ooUntipes (9, 18]. Xpnowonot@vtag xo-
TdMAnheg petddouc e TN xon pe v enelepyaoio Ty TupaydUeVLY BeBoUEVELY, UTOpEl va
emteuy el expdinon v cuvnlet®dy TV Yenotey [24], tapéyovtas oupfouléc oyeTixd e To
oV I TPOTOTOINOT) TN TUTLXY|C TOUC XOUMUERWVTG Opao TNELOTNTAS Vol amOGEXTY| omd TOUG
{Broug Toug yenotes [11], ouvdudlovtag ypovixd xon mdavotixd Sedouéve yior Ty drptoupyin

HOVTEAGDY tOYUPWY Omopaoemy (9], xTA.

1.3.2 Owoyeveioxy, Ppovtida HAuctopévey xow Bonintuixd Ilept-
BadrhovTa

‘Evog dihog topéag g TIN mou €yer mpoceiniioer pyeydho epeuvnmind evolagpepoy, elvor 1)
unoo T g aveldptnTng SwlBimwong Twy naeuévey. H xolitepn vyeiovouxy| teptboidn
xow 1 Bertinon e towdtnTag {eric Tov avlp®dTey Exouy Teoxahéoer alinon e poxpolwiog.
To 2002 extyhdnxe 6T 10 2004 oty BEupdnn or nxouévor anotehovoay to 12-17% tou
ouvolxol Tanduopot [4]. YXto Hvepévo Buoiieio o mhnduoude dve tov 65 etdv elvor téhpo
oe 10000tH 15%, évavtt 11% o 1951 xon 5% 10 19112, O aprdpds 1oV atduey dve 1oy 60
€10V elvor PEYAAUTEROS amd Tov optiud TV atduwy nhuxdog 16 etov. [loAréc yeréteg €youv
eMOTUAVEL Lot UpES ouvexlouevn adinorn Tou TAntuouoy TV nAeuévey. 2t HITA 7
NALCAXT] OUAd TV aVUPOTOY dve Ty 65 eT1ov elvar 1 ToyUTERH UVUTTUCCOUEVY) NALXLAXT)
opdda o€ oprdud xon péyet o 2020 avapéveTton Vo avTinpoonrebouy 1o 1/6 tou tAnduopos [25].

Yougova ye 1o [5] ‘...to okovopukd kéotos vrooTipiEns evds nhikiopérov atdpou elvar
ToAU peyaAlTepo and to avTioTono K6oTog UTooTnpiEns evos naidl, ouvykekpipéra €ival o
Adyog mévte tpltwr. Meyddo pépog avtol tov mpéoletov kéoTous mpoépyetal and to vyn-

?

Adtepo kéorog Y Ty vyela.... Emmiéov, mohhd nhuempéve dropa (xuplng tou Autinol
%x60uov) Louv ot Zeyopto Té xatahbpate xon Oyt woll ye to moudid Toug. Auth 7 tdon auldve
TO %00TOC UTOOTARIENE TOU NAUGUEVOU, EWLXd OToy TEoo TIdEYTOL ETTAEOY UYEIOVOUXES U-
Tnpeoieg, Omwg 1 egetdixeupévn uysovouxy) teptduidn. 2to B dplpo extiudton OTL Y€yl
10 2050 0 Tayrdouoc TANOUOUGS NAXOUEVLY (dve Ty 60 etdv) Do elvar yeyohiTepog and
Tov TAntuopd v mudidy (0-14 etdv). O OHE yenowornowel tov dpo Adyoc Auvntixde

Trootipne (AAY) tov nhuawpévey, Tou evor 10 TARlog v atdueny nhuxiug 15-64 etdy

2Centre for Economic Policy Research, http://www.cepr.org/pubs/bulletin /meets /416 htm.
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10 Kegdrono 1. Eooywyrn

ovd dropo nhuxdac 65 etdv xon dve. Metagd 1950 xon to 2002 o AAY pewydnxe and 12 o 9
not avoEVETHL VoL TECEL 0Tl 4 Py pL To HECH oMV

'Etot, xiplog otdyog g €peuvag g IIN otov Topéa gpovtido v nhtmpévey xar Born-
UnTind TepBIAAOVTOY elvor 1) UTOOTARLEY TV NAIGUEVGY ATOUGY GoTe vo Loly aveldptnTo.
Irodtepar droua mou umopel vo Bploxovton O TEOWA OTAOL UG YVOOTIXAC 1) COUUTIXAC
BB adkd ebvon o V€om vo {Hoouv 0To OTETL TOUG, OUOEG YPELCOVTAL Uil OUVEYT) TOROXO-
Aolinon vy Aoyoug aogdhetas. O axdhouldes epyaoies (93, 12, 112] amewoviouv €va gupt
(paopa SEUo TNELOTHTLY OE oUTO TOV TOPEN, ME OUO THUATY Tou adloTotoly TeYVoAoYieg aryure,

o€ éva VewpnTind eninedo, xodng xot PEAETEG OTOYEUUEVES OE OUABES ATOUMY.

1.3.3 HAiextpovixy latpwxy Ppovtida

O Ttopug TG NAEXTROVIXAC LaTEWNS (pEoVTIBUG amoTehel Evay ouvey (s eEEMOOOUEVO ToUEY,
™NC TANPOQOPXNG Xat TN Teung emoThung. latpol umopolv va BAérouv amopaxpuouéva
OATVOYPAUPIES UECK AATIAANAGY AOYLOWIXMOY 1| VO EXTEAOUY YELLOURYIXEC EMEUBAOEC YEOW
countdt [108]. H eZéMER tou amotehel €vay x0pto xAddo e LN, ye ™y evowudtwon eupuiy
AOYLOMIXGY GTOUG o UNTNARES BLOAOYIXMY XL LUTEWXMY ONUATODY, Yo TOV QUTOUATO EVIOTLOUO
ao¥everdy Ye oxomd Tny UTOSEE) TouC 0TV LaTEo.

Koo ov tatprxol xon Broroyixol aeoUntiipes yia 0 UETENOTN SLPORGY OVITVEUC TIXMY,
Broympexay (1.y. enineda yAuxdlng) A Biotatpindy onudtwy (T.)y. nhextpoxupdioypdgnue) ele-
Aooovtar xon umopoly vo etvor gopnTol, amodeoUebouy TO GTOUO RO TNY QUOLXY| TOU TUPOUGE
OTa EEWBIXEVPEVOL LUTEXE XEVTROL Yo TNV OLedorywy T TV avtioToywy eletdoewy. H daolv-
0EOT) TWV CUOXEUMY PECK ACUPUITNG ETUIXOWGVING X0 YPTIOT) EVQUGY AOYICUIXOY, UTOROUY VL
BLECdyOUY Lol TEGOTY SLAY VO] XUTAO TUONG TOU ATOHOU EVIUELKOVOVTIS TOV TROOWTIXO LTEO
Tou pe auTéPaTo TEdTo. LTy gpyaocio [53] avantdydnxe évo eupués POPETO NAEXTPOXUEOLO-
yedgnuo Yior TNy €yxouer) aviyveuon xopdluxdy tattioewny. To cbotnua autd, napaxorouviet
AL VLY VEUEL OVOUOALES %o TTopdry el SLopopeTind ETUITESN CUVAYERUOU, EVIUEROVOVTUS XATHA-
Anhat ToEOY UG LTEWYG PEOVTIONG HECHK ACUPUITNG ETLXOVMVING.

‘BEZunva ouo tiuata utootheine anogdoewy |39, 40, 129] éyouv yenowonowmlel eupéng
otov Topéa g tateng meplloddng vy Ty mopoyr) BoRldetag otoug wTpols xow dAAoUS €-
ToyyeApotieg uyetag, pe oxomd Ty UTodely TadohOYIXGY HATUO TAOEWY TOU OTOUOU Yiol TNV

A e Telnic Toug amdgaong, HEOK TN UVEAVONE TLY dedouévey Tou aoldevois [90, 104].
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Kegpdhowo 2

Nevpwvixd Ailxtua XuveAiéeswy

‘Onwg avagépape oto Kegdhoo 1, n Troroyiotxr Nonuoolvr Baotleton otoug unyav-
opolg TNE pUoNG Yot T Ontoveyio ueVOdwY xar ahyopiluwy, Tou GXOTd €y0uvV TNV ETAUGCT
TEOBANUATGY TOU TEAYUATIXOU XOCUOU, TEOCOUOUDVOVTAS TOAES QORES TIC YVOO TIXEC OLodt-
xaoteg Tou aviponou. Kiptor tuhdveg tng Troloyiotinrc Nonuoolvng etvar o Nevpwvid
Afxtua, to Aoagry Xvotiuata xay oo Eehicticol AAydpidpor. Qotbéoo xadde anotelel éva
ouvEYOS EEENOOOPEVD peuVNTXG eSO, TOAMES véeg pédodoL xon aAYOELOUOL EUTVEUOUEVOL
amo TOUG PMoviopoUS Tng @loTg €xouv mapouctaoTel xon edponmlet, cuviETovTtag Eva To-
AuBLEoTaTO 0OVORO PEVOOMY TOU OXOTO €X0UY TNV EVOWUATGOY] EUQUINEC OTO UTOAOYLO TIXO
oboTNUO Yl TNy ETEAUCY TEOBANUATGY.

H Trohoyio ey Nonpoolvn duadpopoatiler onuavtixd pdho oty avdmtuln éEunvey ou-
OTNUATEOY 0AAS ot YVOOTIXGY avamTudoxey ouoTnudtey. To teheutala ypdvia uniple Wi
“expnin’, oe epeuvnuxd eninedo, Yipw and to Teyvntd Nevpwvind Axtua (TNA) uéow g
Bodudc Expdidnone (Deep Learning) xon ouyxexpuéva pe o Teyvntd Nevpowixd Alxtua Yu-
velZewy (TNAY). Yruepa, n Badd Exuddnon anotehel Boowxn uédodo tne TN, eved pepwnd

ond To o emtuynuéve ovothpata TN Bootlovtor ot TNAX.

2.1 Ewaywy™

To TNAY efvan pro pédodog e Mnyavixric Mainong mou yenowonoteiton oe ToAoOE KoL
BLapopeTinols epeuvnTixoVs Topels (Tavounon emdvev [80], avaryvodpion avtixeyévey [52],
VLY VELOT) AVWUIALOY OE totexés emdves [46], avoryvédpion xewwévov [50], x.a.) Beloxovtog
eQoppoYn xou ot Brounyovia, ue oxomd TNV ETLAUCT) TEOBANUATWY TOU TEUYUUTIXO) XOOUOU
we v BoRbewn EZunvov unyovoy (42, 81, To TNAY anoteholv tny eZEMEN TV XAXOOLXEOY
Teyvnuay Nevpovixdv Autiny [60], xenowonotdyTtag oVl Ty TUTLKOY TEYVITOY YEVROV®Y,
BOPES %ot TEAEOTES epto0TERO oUVIETOUC Ue BaotxdTepo TEAEOTY| TNV TRdEN TN ouvENENS.

Kipwo yapoxtnpro txd tov TNAY elvor 1 txavdtntd toug va enelepydlovton Sedouéva oyt
HOVO BLVUCUOTIXAC MOPPTIC, ONAadY| Oedopéva TomoVeTruéva oetpLomd, WG Hoppng 1) omola
UTOpEl Vo EpUNVEUTEL TOTOAOYIXE W €VOL LOVOOLAOTATO TAEYUA, OTOU Ta OedouEva TomoUe-

TOUVTOL TO €val OimAd 0TO GAAO, OAA %ot HOP@ES UnTe®mou 1 BtodtdoTatou TAéyuatos. Eva

11
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12 Kegparao 2. Nevpwvixa Alxtuo Yuveriewy

THEABELY U DECOUEVRDY HOVOOLAO TUTOU TAEYUATOS EfVor Tal DEBOUEVAL YPOVOOELRMY, EVE 1) BOUN
Tou anopTiCeTon amd ToL ELXOVOO ToLyEla YLag ELXOvag amoTehel Eva Btodidotato Thyua. Koddg
o Baowdg TeheoTrE ToU epopuoleTon oo BedouEvmy TV TNAY elvon 1 mpdén g ouvéhéng,
1 omola epapudleTton Sradoyxd ot wixpé yertovieg Ty dedouévey, Ta TNAY evowuutdvouy
ua Boower) oTNToL Vo BtTneoy TNV TOTY) TANEO(POopld TOU EUTERLEYETOL GTH OEOOUEVA TTOU
enelepydlovton [17].

H eneepyaocio twy 8edopévey ota TNAY axohouwdel tnv prhocogio twv TNA xo opya-
VOVETOL O TOAMOTAS eTUIMEDN O TPOUETWY, oUYBLALoVTIS Toug TumtxoUs veupmveg Tov TNA
e o VEa Bopr, Ta unTeda yapoxtnetoTixdy (feature maps). To untedo yopuxtneio Xy
TRV SLdoYXOY EMTEdLY ouvdéovtar petadlh Toug ue ouddeg Bopdv. Ta TNAY da yropo-
GoAY VoL YopaxTNELO TOOY 6¢ €vag Yoalixd TopdAAnhog enelepyao g, Ue TNy EUQUTY WLdTNTA
VoL STULOUEYOUY %ol VoL TOUVILOVEUOUY EUTIELRIXY) YVMOT TNy omtota Yo Umopoly vor TNy Yenot-
HoTooouy 0To YEAROY. O Tpdmog amdxTNoNG TG EUNELRLXNC YVOOTS TROCOUOLOVETOL UE TOV
TEOTO AMOATNOTG TNG YVOOTS Amd ToV 610 ToV GvlpmTo PEOW EVOS UNYoVIoRoU Udinong, Tou
otnyv Trohoyotny Nonpoolvn etvar o aAdydpiuog exraidevong. Kdvovtog yprion dedouévey
UE YVOOTO EX TV TPOTEPWY TO eMUULUNTO AMOTEAEOUN %ot PE TNV YENoT Tou ohyoptduou
exnaideuong, 10 TNAY anoxtd my suneiplo voo unopel vor avtidngdel dhia dyvwoTta oe autd
OEBOUEVIL UECL TNG YVOONE TTOU €xEL AdSet.

H minpogopior ot TNAY xwduonoteiton o¢ por Jadnuatiny ouvdetnon, anoTeAOUUEVT
amd €vay peydho aprdud aveldptniwy otovyeiwv-yetaintoy. H exnaldevon tov TNAY ot
OUVEYELL ETTUY Y AVETOL HEOW ptag xoTryoplag uedodwy, Tny pétodo exnaidevong pe enifAedn.
Yy xatnyopto aut, 1 exnaideuon Tou TNAX yiveton pe v eniBAedmn evdc “Booxdhov”,
6mou o anotéheopo e €£60ou Tou TNAY ouyxpivetor pe 10 emduuntd, YVeOoTd ex TV
TEOTEPWY UTOTEASOUN TWV OEBOUEVOV-TIPOTUTY TOU ELOAYOVIN OF uUTO %ot UToAoYileta 1)
orapopd Toug. H Suapopd auty| amotedel To oA extaldeuong Tou BxTOoU. 2T OUVEYEL
o Béemn Tou TNAX petofddhovion ye TET0l0 TPOTO €T0L MOTE OTNY ENOUEVY] ENUVIANPY TOU
ahyoplduou exmaldeuorng, 1 TWY| TOU OQIALATOS Vo PELWUEL.

‘BEotw 1 ouvdpetnon ogdhpoatos (avtineyevinr ouvdptnon) E tou opiletor ¢ 10 dbpotoyua,
OBV TWY TEOTUTGY L0000V, TOV TETEUYMVOY TV dlopopdy ng e£6dou tou TNAY ye ty

emrduunT TWY avd TedTUTO,

P Njp,

Bw) = =373 0k, — i) (2.)

p=1j=1

s s s s ’ L L . ’ ’

omou P ebvar 0 ouvohirde aptdpoc Tov mpoTiTeY, ¥, 1 E£000¢ TOU J VELPGVA/UNTEGOU Y opd-
ATNELO TGOV Tou avixer 0to L eninedo (avokdyws av Beloxeto 010 eninedo twv ouvehifemy 1
070 ENNEDO TOV TUTLXGY VELRPOVGY), NT, 0 aptiuds TV VEURGY®Y 0T0 enitedo e£600U xat 04 p

7 emduunt €€080¢ Tou § veup®va oto Tedtuto p. To {nroduevo eivon 1 ehoyto tonoinon g

ouvapTnong opdiuatos B, 1 edpeon dnhady evoc dwviouatos w* = (wi,ws, ..., wh) € R”
€101 HOTE:

* = min F(w). 2.2

w* = min £(w) (2.2)
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2.2 O Tereotric Yuvéhlne 13

H avaywy?| Tou mpoiiuatog exnaidevorng oe mpdfinua ebpeong Tou BEATIOTOU Wiag OU-
VAOTNOTG EAUYEC TOV TETRUYOVOY, EYEL TOAY TASOVEXTHUNTY XuME UTdEY oLy TOAAES uédodor
ebpeong ehayioTou, eve emmAéoy YVmpIlouue T0 OAXO EAEYLOTO TNE CUVEETNOTS.

H exnaideuorn tou TNAY emtuyydveton p€ow Tng ehoyto TOToMoNE TN CUVEETNONG OPAA-
HoTOg e TNV Lol oytxy| HETOBoAY) Tov Bapmy Tou dtxtiou. To didvuoua yetaBornc Tev Bupmy
oetyver TNy xateduvon Tou BLavUoUATOS 0TO YME0 TV Bopdy Tou dnuoupyeitar and To TedTU-
T EXTOUOEUOTNC, PE OXOTO TNV EAaLoTOTONOY TG ouvdptnorng . Xiugwvo ye ty pédodo
andtouns xhiong [16] o Béen petaBdiiovtor ue tov axdrouto THno:

whtt =¥ + 5wk k=0,1,.. ., (2.3)

ML eivar to véo Brdvuoua tov Bupdy, wk to tpéyov drdvuoua Tev Bapdy, evé Jwk

oToU W
elvor To Sudvuopa petoforrc.  To Swdvuouo petoBoiric umoloyiletar yENOHOTOLOVTUS TNV
TANpogoplag TS TEATNG TIENC TULUYOY®Y TNG OUVEETNOTG TeY Bap®y. MUYXEXOWEVE, TO
otdvuopo peToBoing ue Ty pévodo andtoung xitong oplletou we:
oE oE
(8wk71’ Y (’9wk7”)’

TOMATAACWIOPEVO UE UK TOROUETPO 1), Tou ovoudleton puduog exudinong. ‘Etol ta Bden

VE(uwk) =

(2.4)

OVAVEDYOVTOL CUUPWYYL UE ETOUEVO TUTO!

wr T = w® — pVE(Ww"). (2.5)

2.2 O Teleotrg XuveREng

‘Onewe avogépope otny Tponyoluevy evotnta, Buowds teheotic Twv TNAY elvor o Te-
heotic g “Xuvéhlng”. H ouvéldn ebvon o pordnpotny| meddn petall 800 ouVapTAOEWY
(f, g) mou mapdyer wa teitn ouvdpeTtnon (s), 1 onolo expedler TRV ahhory) TOL LGIoTaTAL )
Te® T ouvdptnon and T deltepn. H mpdln auty epoupudletar oe ofpata eite YovoOdLIo TouTa

LL 2

elte peyohUtepng Sudotaong xon avoaraploToton Ye Tov tTeAeoth “x7. 'Btol éyoupe Ty medin

NG oUVENENE OTwg optleton 0T ouvEYELY,

s(t) = /f (t—a)d (2.6)

yioo ouveyele ouvapthoss. Qotdoo, ota TNAY o mpdlec oyetilovtar ye Saxpités Tyég

dedopévey. ‘Brow n eiowon 2.6 yetaoynuatileton oe
s(t) = Z fla)g(t — a) (2.7)

OmoU @ To TANDOG TV SLUXELTOY TWGY Xt T T0 OTLYULOTUTO TOU LOVOOLEOTATOU OYUTOS 0TO
xeovo. H e&iowon 2.7 yapoxtnplleton o3¢ dtaxplth ouvenE.

H owvdptnon f opiletor wq 1) eloodog Tou TeheoTh) oUVENENS, EVE 1) OUVEETNOY) § O TO
pidtpo (ouvdptnom tuphva) Tou emdpd oty eloodo Tou teheoth. Téhog to anotéheoun g

OUVENENG 0pIlETOl C TO UNTPDO XaPAKTNPIOTIKOY.
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14 Kegparao 2. Nevpwvixa Alxtuo Yuveriewy

Y& TEPIMTWOELS OTOU TO OYud TOU avohETHL BV Vol LOVOOLAOTATO UAAS BLoBLIoTUTO,
OTOEG VLo TURAOELY N TO OO EWOVEY, TOTE TO @iATeo Tou egapudletar otny elcodo Tou

Teheo Ty elvan SidoTaong 800, O teheotrc ouvéhing yetaoynuotiletou oe
s(i,5) = (I« K)(i,§) =Y Y I(i—m,j —n)K(m,n), (2.8)

émou I ebvon 1 exdva e.0680u pe (4, 1) n V€on 1wy ewovootoyeiwy, K 1 8iodido tatrn cuvdp-

o giiteou. Xtny Ewdva 2.1, napovoudleton €va nopdderyua ouveNENg ot éva SLodtdo TuTo

o

Kernel

a b C d W X

Output ¢
aw + bx + bw + cx + cw + dx +
ey + fz fy+ gz gy+ hz
ew + fx + fw + gx + gw + hx +
iy +jz jy + kz ky + 1z

Yoo 2.1 Eymuotiny| avanapdotaon ouveNENG oe SLodtdoTota EdoPEVL.

EZetdlovtog tny mpdln tne ouvéMing oe Otaxpitd dedouéva, 1 Tedln auTr umopel va
avamapaotadel ©¢ évag ToAaTAdotopoS UnTedny. Eote 1 mpdln e dtaxptthc ouveldng
O€ UOVOBLIOTUTH BECOUEVY, TO UNTRPMO EL0O00U UTOPEL VO UETUCYNUATIOTEL 08 €vol UnTE®O
Toeplitz, démou xde othAn elvon (Bro ue TNV TEONYOUUEVT UETATOTLOUEVT) AT Eval oTotyElo
OUMTANEGVOVTOS Ue undevixd tor utdrotma. H ouvéhin pe Swodidotata dedouéva umopel vo
emteuy Vel wdvovtog yeron wog g poperc untenou Toeplitz, dmou xdie otowyeio Tou

unTenou sivor éva unopunteno Toeplitz. Koddg to giitpo etvar okl uixpdtepo and to unteno
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2.3 Boaowéc Apyéc twy TNAY 15

€10000u, TOAG amd Ta otovyelo Tou untenou Toeplitz etvar undevind, €tot £xouue va xdvouue

UTOAOYLOTIXES TIRAEELC UE UpOLd UNTEMOL.

2.3 Baoweg Apyéc tov TNAX

To TNAY evoopatedvouy xon aflomooty Tee Baowés apyés Ye oxomd Tny drioupyio
eVOG MOVTEAOU unyovixnc udldnong wavol yur Ty emfAuoy TeoBANUdTOY TOU TEayUUTiXoU
(OOUOU: TIS apaiés ouvdéoers, Tny Xpnon Kooy TapapuéTpmy xaL CUVIPTHOELS UE TNV WOLOTNTA
¢ woduvauiag.

To tumxd TNA 8éyovto o3¢ £loodo dedouéva LoVodLEo TaTou TAEYNATOS OTou %dde oToL-
Yelou Tou oUVBEETHL PE OAOUC TOUG VEURWVES TIOU TEMTOU EMTESOU VEUR®VGLY. Ot ouvBEoE
auTég avapépoviar wg Baen Tou dxtiou. Xt TNAY T onola 8éyoviton we eloodo dyt uévo
OE0OUEVY HOVOBLAG TUTOU TAEYHATOC AAAS Ko OLOOLEO TUTOU, OTWE V0L TOL ELXOVOC TOLYELY LIS
EOVOG, T O TOLYEL EL0OB0U TOUC BEV CUVBEOVTOL EVAL TTPOG EVOL UE TOUG UVTIO TOLYOUG VEURMVES
Tou endpevou emmédov, 6mou ota TNAY ovoudlovtar pntedo yopoxtneto ixey. Avtideta,
XENOWOTOOUYTOL 0Uddes Popdy Tou anapTiCouy Tr oUVEETNOT TUEHYA OTTOU CUVEEOUY To BEBO-
HEVOL EL0OB0U PE AAVE UNTEMO YUPUXTNELO TLXMY Tou endpevou emmédou. Téhog, epapudlovtag
NV TEdEN TG OUVEAENS HETUEY TeV SEB0UEVLY L0000 Xat X&Ue MUY VoL TURdYOoVToL To UrF
TP YapaxTNEto Ty, Autd To yupaxtneoTind tTov TNAY ovoudleton apaiés ourdéoeg
Vv Bopdy Tou BtxTiou xon ebvon Wradtepo onpavTixd xodog ot TNAY to dedopéva eto6dou
elvol TOAAEG YLAAOES 1) EXATOVTAOES O TOLEL XOU UE TOV YUPUXTNEIOTING OUTO ETULTUYYAVETHL
UL onuay Ty HElWoT 0TS AmotTAOELS TOU HOVTEAOU ¢ TEOG T1) UVIAUY] (AAY X0 OTO UTOAO-
yioTxd x60tog ouyxpwopeva pe o TNA. Buyxexpiéva Jewpdvtag ot €youne m thnidog
OLUVBECEWY %ot T2 TAUOC VEUROVGY 1| UNTEOMY YULUXTNEL0 TIXOY, TOTE omonTelTon 0 TOAUTA-
OLOUOC EVOC PNTEMOU TURUUETEGY M X N, €T0L 1) TN Tou ahydpriuou extéheong Yo ebvon
O(m x n). Av buoc mepoplooupe 0 TAYY0C TV oUVBESEDY Tou uTtopel o €xer wa é£0bog
oe k, xévovtog yeron apondy ouvdéoewy Yo arnartoloe 8in extéheons O(k x n), 6mou 1 tun
¢ mopopéToou B K m.

‘Eva dhho yopoxtnewotixd oy oltonowoly to TNAX xo ouvdéeton dueon pe to meonyo-
OUEVO YopoxTNEto Tixd Toug ebvar 1) eRom xowdy Topupétony. Lt TNA xdlde otoryeio tou
UTTEOO0U TV Bap®y YeToWOTOLELTAL Ytar %ot OVO Uit (Opd Yol TOV UTOAOYLOUO TV OE00UEVMY
ToU eMNEdOU €€000U. Buyxexpwéva xadog xdde Bdpog yenowonoeitor and éva oTolyelo Ty
0EBOUEVLDV €10000U, To Bdpn auTtd Yo Umopolouy Vo YopaxTnEtoToV m¢ Ao TNed TEOodlo-
otopéva Bden o mpog To oTovyelo Tou emmédou ewwddou. to TNAY xdde otowyeio g
OLVEETNONE TUETIVO SAATAETUORE Ue Ao ToL o Totyela TwV 0edopévey etoddou. Ttor yenowo-
TOLOUVTOL XOWE, OUVORY TUPUUETEGY, OTou avTi vor “podulvouy” EeywetoTd yia To xdlde Turja
TOU UNTEGOU SeBoUEVKY e10000u, exturdebovtar xar “adaivouy” éva xowd olvoro. Autd To
YopaxTneto txd dev ennpedler Tov ypdvo extéleoyc Tou 0 onolog tapapéver WEne O(k X n),
HELOVEL OUmE TO %00TOG amoUrixeuong Tou poviéhou oe k mopopéteous. ‘Onmg avopépeTton
OTNY TEONYOUUEVT) TORdYeopo, 1) TopdueTeoc k elvor Taing peyédoug onuavTixd wixpdtepng

and Tny mopdueteo m. ‘Etol 1 npdén tne ouvening elvar onuavTixd amodoTdTERY) »¢ TEOC
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16 Kegdhaio 2. Nevpwvixd Alxtua XuveAlewy

.

TIC AU TAOEL OF UVIAMY. 2T etedva 2.2 gadveTtar Eva Tapddetya YPNoNe XOWGY TUgUUETRY

twv TNAY évavtt v napapétpmy evog tumod TNA.

Syfuo 2.2: Avanapdotaon e adAnienidpoonc evde xpugol veupmva (F3) pe Ta
dedopéva eroodou (X). Hapatneolue 6t oty nepintwor wwyv TNA (ndve) o veu-
povog F3 oAAnhemdpd pe OAo Ta oTouyeln Tng £L0G00U, OTOTE ameLTOUVTUL TEVTE
Baen va exmondevtolv. XNty nepintwon wv TNAY (xdtw) ye ouvdptnor nuphva
OLoTaoNG 3 TO OTOLYEID TOU UNTEMO YoeuxXTrnEo TGy F3 odAniemidpd udvo ue tplo

oTovyelo Tou ouvohou oedouévey X.

Téhog, wa emmiéov WO TOU £xEL 1} oUVAETNOY CUVEAZTE TNV onoly afomowliy T
TNAY, ebvar v SuvatotnTa Tot OEDOUEVY TIELY XAt METE TNV EQURMOYY| TG CUVENENS Vol Topa-
HEVOUY LOOOUVAO JETA amd QRO EQUPUOYT) METUTOTLOTG - METAXIVNONE TWY OTOLYELY TOUC.
Mo ouvdgtnor f eivor toobOvayn pe wo ouvdptnon g av f(g(x)) = g(f(x)). Ozwpdvtug

, oo ; r h ’ u ’ ’ .
oG Topdderypa wat (ouvdptnon) ewdva I o I = g(1) wio exxdva yetaoynpatiopéyn and tny

’ ' 4 ’ ’ ’ ’
owdptnon g, omou I (x,y) = I(xz — 1,y), yot YETATOMLON) TOU XIVE ELXOVOO TOLYEIOU XAUTA Lot
Hovadya 6e€idtepa. Av e@upudooude Tov TEASOTY OUVENENG oTNy exdva I, To anotéleopa Yu

’ i ’ ’ I ¥ o s ’
clvar 7o (810 Ye TO oy EQUENOCOUIE ToV TEAEOTY| OUVENENG 0Ty I xon oTn cuvéyewa teoBolue
0TO UETUoYTNATIoNO ¢. H WudtnTa auth eivor slotcetind yeriown ote TNAY xadoc unosoiv

v i : I I i el I icibdd ot

VoL ovay VoRIlouy OUYREXQWEVH YUpaXTNELaTiXd, Tou uropel va éyouv evtoniost oe éva Tufua
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2.3 Boaowéc Apyéc twy TNAY 17

Ty dedouévey Tou enelepydlovTal, oe dtaupopeTnés Héoel oo Sedopéva autd. [ mapddery-
HOL O EVTOTULOUOC XY OF Wit exxdva uropet var emteuydel amd Tov (Bto Tuphva o dhA Emdva

OTOU To etxovoo Totyela Tou amerxoviouy uLol axuy) €X0uV UTOOTEL UETATOTLON,
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Meégog 11

Evtoniouég tng Avipwmivng
Ytdong peocw Ltatixne Kduespog
xou Atc9ntiewy 'EEunvwy

DIUOKELWY
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Kegpdiowo 3

Evtoniouog tng Avipwmivng

> tdong ano Evpuyovia Kéuspa

Y10 Kegdhono autd Yo mopovotdooude o xouvoloto. Yetodo eEayowyng YapaxTnoloTiey
UG ELXOVES EUPUY WVIAG XGUERAS, Yo TOV AUTOUITO EVIOTIONS TNE avlp®Tvng 0TAOTG. XX0TO¢
Tou xe@ahafou etvar 1 Yepehivon g uetddou efaywync yapaxTnetoTixey 1) omolo Bauolleto
oTg porég Zernike xon 1) enthuon Tou TEoBANATOS EVIOTONOD TNE avlpdTIVIG OTAONG, UE 1
Borifetor yopox TNELOTIXGDY TOU €E8YOVTAL YENOHOTOWBVTAS duOTNEd %ot LOVO ¢ TAnpogopla
NV OthOUETY ToU avipOTOoU.

H mpotewduevn pédodog eayoync youpaxtneto ey ovopdletar “T'ewdortiny) Awdpdwon
v Pondv Zernike” (APZ). Buoileton ot “xhoownés Ponée Zernike” (KPZ) xon otny
avTixaTdo Taon Trg Buxieldeiag andotaong Tou yenowonooty »¢ et ue ) IM'ewdontiny
andoTHOY. Apyixd, YENOWOTOLOYTUS ULol EURUYOVLN XAUepa Vo EVTOTIOOUUE OUYXEXPUIEVES
OTAOEG TOU ovUp®OTOU YPNOWOTOWWMYTAS YOVO TNy TANpogopia Tng otouétag tou. [ va
TO EMTUYOUNE, dpywd Vo Sruoupyooupe Eva ouvleTixd GUVOAD BE00UEVHDV eXTOlBEUOT,
TOMOUETOVTIC TO TeEYYNTE 010 YWpo mou Beloxetor n xduepo. 2Tn ouvéyew, Vo egdyou-
ME YUpaxTNEto Twd, and To oUvolo extaideuong pe Ty uébodo PAPZ o Yo exnadelooupe
évay Togvountn. Téhog, Ya eAéyEouue T0 YovTéNO Yag o exdveg and eAfpinoay and Ty
TEOY HOTIXT) EUPUY VLY XAUEQROL.

H mpotewdpevn pédodog e£dpuing YopaxTneto Ty, BEATIOVEL T ATOTEAECUIUTO TGV XA
oy poney Zernike oe eixdveg amd cupUYOVLA HAYERD, VI TOV EVIOTUOUO TNG avUp®Tvrg

otdone Omee tapovodlovton ot epyaoies [27, 29).

3.1 Ewaywyn

O auTduaTOg EVTOTIONOE Tou avUp®TOU o AT ETEXTAOT 1) XENOoT TEXVIXOY Mryovixrg
Mérinong yroe Ty avory veplon Tne 0pao TELOTNTAS TOU avip®OToU, TUEOUOLILEL UEYHAO EQEUVY-
TG evOLopépoy Tor TEAeUTHa Ypovia. Autd guiveton TO00 amd TNV EEUVNTIXY BP0 THELOTNTA

OTOV TOPEN QUTOY OO0 XL UTO TNV EUTOPIXT) TACT) TNG ETMOYNE YL TUPUYWYY] CUOXEUMY, OU-
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22 Kepdrao 3. Evtomouds e Avlpdmvne Ytdone ané Evpvyovia Kduepo

oTnpdTev!

xoL EQUEUOYOY Tou Vo Umopoly vo evtonioouy, mavy| TTOOoY VOg avipnhrou
(Bl nueopévey [125]) Ay SpaotnptdmnTa evdc avip®Tou Xutd Ty BidpXeld Tng NUEPUS
(mopadeiypatog ydpn Tov 0pldtepo UROOYLOUS TV Veppiduy Tou €yel XATAVUAGOEL EVTOC
e nuépac [120, 141]). To mpdBinua avayvopetong e avlp@dmvng dpao TRELOTNTHG omoTEAEL
EVOL oVOLYTO TIEOBANUO %o AVTIXELUEVO UEAETNG UEYTIAGY EQEUVITIXGY €YV CUUPOVOL UE TO
omola o dvlpwrog yehetdton oo Txd [85].

H enfivon tou mpoBiquatoc avayvopone e avilp®mivng dpao TnetdTnTaS, EVINCOETHL
0TN) YEWXOTERY XoTyopla enthuong TROBANUATOY avaryveeiong TEOTUTWY TN UTOAOYLO TUXNG
bpoone. Awadedopéveg Tpooeyyioe og autold Tou TOToU TEoBAAuaTY, etvor 1 Yerion pedddwy
eCay YA yopuxTnpto ixey ond Tig ewdvee [41, 63, 102, 115, 126]. Mo xotnyopio pedddwy
eCUYOYAC YUPUXTNPLO TINGY XL OUYXEXPLUEVO ONXOV YopaxTneto Tixey [39] elvar o utohoyt-
oulC TV pooY ot exdves [91]. Bouow| i6tnte eV yopuxolto TGy autey evar 6T
TUPEUUEVOUY OVOAROIWTH OTIC OTRPOPEC TOU UTOPEl TO oVTIXEIUEVO NG EMOVAS VO UTOO TEL,
%o xar 0TV ahAayy| TN VEong Tou PECA GTNY ELXOVAL.

H yeron sduepag yior Ty avaryveeton e avlp®mvng SpaotnetdtnTtag elvar vag xhddog
Tou ouvey g eCeMooeton. H petaffintémto mou mapovotdler To TpdBAnua & Teog Tov TOTO
%ot 10 TANY0C TV xauep®Y Tou Yo Y eToWOTO|O0UUE, TNV ToToUETNOT) TOUG 0TO YOPO, OAAS
%ot 0 {B10¢ 0 YWEog 6TV O0Tolo VEAOUUE Vo EVTOTEIGOUNE TNV SpaOTNEIOTNTA QUTY), XAVEL U1
duvaTH TNy Umopdr povadixrg Abong Tou TeoBARUTOS.

Ye évar TUTXO BWUATIO Uy ouy ovTixelueve T oTolol BLaXOTTOUY TO 0T TEGID ULog
TUTLXAG XAPEPUS (WS TEOS ToV TUTO Tou Quxoy Tng) Me Yovio Béuone nepinou 907, tou elvor
TonoVeTruévn otov optlovta Tou dwuatiou. OTdTE 0 EVIOTIONOS TNG DPUC TNELOTNTAS TOU V-
Ypodmou yiveTton 8UOKOAOE KoL 1) YEHOY) TEQLOCOTERMY TNG ULUG XAUERH GTOV (BL0 Y po Yivetan
emTo TN, Autd €yel ¢ amoTéreopd TNV alinon Tou OLXoVOULX0U XOGOTOUS TOU OUO THUO-
TOG XUPYEPDY OO0 XL TV UTOAOYIO TIXOV ToOpwY, xadde o mpéner vor yivovTor Toutdypovol
UTIOAOYLOWOL OTOL OTWYMLOTUTIOL OAWY TV xopepwy. Etot, Yewmpolye 6Tt par xahy) ADoT yior Ty
AVTLIETOTLON TOV EUTOOILY PEou 0 €var SLUATIo/Blounyovixd Y®eo epyaoiug, lvar 1 Ypho
EVPUYOVLLY Qomy Ue duvatdtnta Yéaong 1807, Tonotetnuéves otny opogn Tou duuatiou.

YT %dpepeg auTOU Tou TUTOU, 1) amOoTaon) METUEY 800 YELTOVLXMY EIXOVOOTOLYElWY BeY
UTOpEl VoL 0pLoTEL UE OPOUC CUVTETAYUEVGY ETL TOU ETTEBOU TNG EOVAC, XM 1) EmdVaL BEV
hofBdveTton Yéow anirc eninedng mpoBoArc, ahhd YENOHOTOLOVTUS Ve OQuEixd oToLyElo Ue

omTixd Tedlo 180°.

3.2 Elaywyn XopoaxtneioTtixwy oe Ewxdveg and Eupu-
vyovio Kauepa
Yy evotnto aut Topouotdleton 1 wé¥odog eCaywyNg YUpUXTNEIO TIXMY omd SUUBIXES el

%OVES, ®EVOVTUC YehoT TV portoy Zernike (A xhaowéc ponée Zernike) (KPZ) xon n enéxtoon

¢ ped680u 0 edVEC TOU TUEEYOVTAL TG XOPERES SUpUYMVLIAS Afdng. Xxomdg etvon 1 Y-

https:/ /www lifeline. philips.com /medical-alert-systems/fall-detection.html
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(®)

Yoyfua 3.1: A¥dn dpdug otdone tou avip®rou PEOE EUPUYMVING XUUERHS, TOU

ebvor Tomodetnuévn oty opogy| Tou dwuatiou (). Tunuatoroinon tng

c E'VOVJE\., pdvi]

eZoywyn e avlpdrvng othovétag, oty onola egapudleton 1 uEVodog eZaywyrg

yepaxtnpio ey (B).

OLHOTONOY TGV Yupax o TGy oy tagdyouy ov KPZ vy tov evtomoud g aviponivng
oTdong péow wa ototnrc xduepag. ‘Eva napdderypa evog avipmnou ot dpiia otdorn galveton
oty Ewdva 3.1-a, eve oty Eudva 3.1-8 OLaxpwe-taL 1 othouéta mou €€y N we v Bordela
evog alyopriyou tunpatonoinong ([31]) e ewmdvag pe agolpeorn tou tapaoxnviou.

[wat Tov Yapaxtnpioud e otdone Tou avipdrou Yo yenotwonom el wo eupuy VL Xduepa
TomoVETNUEYY, 0TV 0pogY| EVOC Bwpatiou, €tol Bote va emtteuy el To PEYLIoTO BUVATO NG
Mdme ohdxdnpou tou avipdnou, ywels mapeuBokéc tou ontixol medlou g xduepas amd
TUY OV aVTIXEUEVY TTOU L0WC UTHRYOUY 0T Ymp0. AGYE TV LOLHETERMWY YopUX TNPLOTIXGY AUTOU
Tou Timou xduepac (180° ontind Tedio) Vu yiver mpoouppoyy v KPZ yenowonowdytag Ty
YEOOUTXT AmOOTUOY). 1Tr CUVEYELR, XAVOVTAS YeHoN evog TavounTh o onolog Yo exmondeutel
UE EWOVES Umd OLAPOPES 0TACEWS Tou avlp®Tou, Bu evionilel 08 TEUYHATIHG XPOVO TS OTUOELS
TOU AT TNV EURUY VLN XOUEROL.

Qotbéoo Yy Ty exnadbeuor) Tou Tadwounty aruteliton éva enapxms peydho olvolo de-
dopévemyv Ye ouyxexpwéves otdoe Tou avlponou, To onolo dev elvor Bradéowo. Mo Ty
AVTWETOTLOT ToU TeofBARuaTog autol, Yo yenowonomioly SLdpopes 0TIoELS TELOLIO TUTGY ov-
UpOmvemY HOVTEAWY, Tou Yo TROOUPUOCTOLY OTO YMPO TOU UTUQYEL 1] XUUERPH UOC OF OLUPOPES
BéoEs %ot TEOOAVATOMOMOUS. 111 CUVEYEL EEAYOVTOG TG OtAOUETES TV OUVUETIXMY SUTMY
MOVTERDY X0l TRy OVTOC YopaxTneto iixd uéow twv FAPZ and autée, Yu extadeloouye évoy
tadvounty|. To napoyduevo exnardeupévo povtého and tov tadvount) da yenowonomiel yio
TOV YOUQUXTNELONG TV OTACEWY Tou avlp®rou ot éva Tpayuatixd Bivieo, apol TpdTo Yer-
oworouuel évog alydpriyos TunuaTtoroinons Y TNy eZaywyr T othouétag Tou avie®rou,
oty omola Yo egupuootel 1} TAPZ vy Ty mopaywyy| yapaxtneotixay. Lty Exdva 3.2
mopovotdletar aoynpatd 1) pedodoloyin eviomopol g avlpdnvng otdone. H npotewdpevn
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24 Kegddawo 3. Evtomouds tne Aviledmvne Xtdone and Evpuyevia Kduepa

Extraction of rendered
silhouette

3D model

Placement of 3D model in the real

Generation of training set at different locations
world =

(orientation changes are not shown)
fé_\

Zernike
moments

N~

——

Classifier

Zernike
moments

Extraction of segmented
silhouette

Pose
recognition

Real video

Tyfuor 3.2: Lymuotinn] avanagdotaor T TeoTevouevng tevodoloyiog.

uedodoroyia eZaywyric yapaxtneto Tixwy Ya cuyxewel pe tng xhaowés gonés Zernike, xondag
%ot Ue [ SN pédodo oAxav yapaxtneo Tixey, ta lotoyeduuarta tne Hgoouvatohouévng
K\ione (Histogram of oriented Gradients HoG) [1, 72].

3.2.1 Ponéc Zernike

O porég Zernike amoteholy Evary OMXO TEQLYPAPEN YALUATNOIOTIXMOV LS EIXOVAC, UE TNV
(BLOTNTA T YAPAXTNPLO TN AUTH VO TREAUEVOUY ovahAolwTal oTig HeToBokés g (T.y. oTpopéc,
oy i Ao getoxivnor Tou aviixewévou, xTA.). O ponéc Zernike napdyovion and tnv
aOROLIT OLXOYEVELY ROANUWVOUODY Ry, 4n (1) moU glvar avat 500 ogloydviat 7o povaduaio x0xho
xan eZapTédvIon 070 TARVOC and T TEEN N, M TOU TOAUWVOHOL:

(n—|m|)/2 ('.-‘L _ S)I

R (r) = _1 s ?,n—23_ 3-1
nan(r) 2 S (B = ) (= ) (3.1)

H petaBAnth r elvor T0 pixog tou dlaviopatog and T0 xEVTpo ToU Hovadla{ou xUXhou Tpog 10
xde exovooTtoiyeio, e elpwe TGy oto ddotnua [0, 1], n eivan évag Vetinde axéponog xou m
évac axéponog e n— |m| va efvon mdvta dptioc xon |m| < n. H ogYoxavovixdtnrta dtortnpeizo

ME Tov axdrowdo TUno:

1
1 .
-L Ry m ("")Rk,m(r)d?' = E{n—_i_l)'én.,k- (32)
To nolucvupo Zernike, opileton olugpuwva ye Tov TURo:
I/‘.Il_.‘i'ﬂ-(?"! ’Y) = Rn,m(r)ejm?s (33)
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3.2 BElaywyr Xapaxtnpiotixdy ce Eixdves and Evpuydvia Kduepo 25

omou 7y opileton 1 ywvia tou oynuoatiler o dovag 'z Tou Kopteotavol emmédou ue 1o dévu-
opo 1. 'Etor éyouge tov tOmo yio tig ponég Zernike vy ouvdptnon f(r, v) mou opileton

o &g
n

+1 1 2
Ty = — / / S, Vam(r, y)rdrdy. (3.4)
0 Jo

H efiowon 3.4 wotdoo yerowonoeitor xo oe droxpitég ewdves. Av A éva unooUvoro
tou N? pe mAdtoc w xoe Baplnevtpo (xevipd emxovootoLyeio Tne exdvac) to onueto (2o, Yo),
we A = [xg —w, 20 +w| X [yo —w, Yo +w| n ponA Zernike g emdvoag f oto A unohoyileton

xot xGUE TWN TOV TUROUETEWY 1, M Ue Tov axdioudo TUTo:

n

LS R0 ) ) Ve ) ), (35)

an (5507 yO) — =
(z,y)eA

émou ov r(x,y), (2, y) avToToLovy 0T0 ExXoVooTOLED (T, Y) XKoL TUPSYOVTOL ME TO UETO-

oympatiopd toug and Koapteowavée ouvtetayuéves o Tohxés ¢ mpos To (X0, Yo)-

3.2.2 Boadpovéunorn Evpuydviag Kduepag

Lpw mpoyweriooude oung oTny avaiuor g dioplwong tng uetddou ponky Zernike yio
EWXOVEG TIOU TOEAYOVTOL UG EUPUYOVLES XOUERES, YLt AGYOUS TANEOTNTS Vo TUPOUOLIGOUNE
10 TEOBATMa Tou epgaviletar oe auTtol Tou TUTOU Xduepe/paxolc. Autd dev elvon dAho
oo TNV AAROLWOT) TNE TEAYMATIXNG ATOOTAONG TOU UGloTavTar 800 EIXOVOOTOLYELD YELTOVLXMY
TEPLOY WV TEVE OTNY EOVA, xadmE %ot OTL O00 ATOUUKPUVOUIOTE oltd TO XEVIPO TOU Qux0l
HLIC EUPUYOVLNG XAepus 1) ahholwon auty| yiveTton ueyarlTeen.

H adholwon auth ednyeitor hentouepde oty epyooio [31] xo anexoviletor eniong otny
Ewdva 3.3 6mou yenowlonoteltar Yt avamapdoTooT) TOU EUPUYMVIOU (Goxo) 0TIG 000 SLaoTHoEL.
To onuetor Tou TpayaTinod xOoPoU 010 oTTXd oTowyelo ameoviovTol 6ToV woUNTHPd TOU
pax0l PEOK TNS SLIXEXOUMEVTS Yoouuhc Tou ouvdéer Tov TparypaTixd xbopo (to onueio oto
onTiXG OTOLYED) HE TO XEVTPO TOU OTTXOU OTOLYElOV.

Yy Ewdva 3.3, ebvon Eexddopo 6t yertovind etxovoo toyelor tou epgavioviar oe du-
popeTnég Véoeg oTov aoUNTHpo EOVOG, 1) ATOOTHUOY) TOUG Elvol CUPOS OLUPORETIXY OTUY
METEIETOL OTOY otoUNTHEA %ot OTO OQoreixd OTTixd oToLyElo.

(2¢ ex To0TOU, TpoXEWEVOU v TapayVoly axE3n) armoTeAéopaTa, oL SdpopoL aAyopriuoL
enelepyooiog exdvog Tou Bucilovior 0TOV UTOROYIOUG TGV OMO0 THOEGY PETUL) TWV EXOVO-
oTotyeloV, TEETEL Vor UTOAOYIOOUY X VEOU TNV AmOOTIOT YId TIC EUPUYWWXES exdves. 'Etot,
YENOWOTOLOUUE Yiot TNV EUTUYRAUULOT TNG EUPUYMVLIG Xduepas, TNy uéVodo Tou mpoteiveTton
oty gpyaoia [31], dmou utohoyiler To Sudvuoua (0, ¢) (tou avtiototyel oto alwolto xour TV
avOpworn avtiotowya) 0To ogueixd onTixG oTouElD Yio 0ToWdNTOTE ewxovoo Totyelo (, y)
™G EMOVIC:

(0,6) — M(z,y). (3.6)

Or tée (0, ¢) e xdpepoc apod UTOAOYIOTOUY Yot XGUE EIXOVOOTOLYED TOU OTTXOU TG
nediov amoUnxebovTon MOTE Vo Umopoty Vo Yenowonomdoly yia ToV YRTiYOpo UTOAOYLOWO NG

Sbplwore Twy anootdoewy (Eudva 3.4).
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26 Kegddawo 3. Evtomoués tne Avipdmvne Xtdone and Evpuydvia Kduespo

Spherical
optical element

| 11{

'
i
’
L1
T
'
'

Image sensor '

Eyfua 3.3: Zynmuotiny| ovomagdoTaon) NS AMELXOVIONG OC EXOVIC OF CQOLELXY)

SUPUYOVIAL XUEQU.

(3) (v)

Yyhua 3.4: Aneixdvion twv 1oy Tou alipoddou (xévigo) xa tng aviwong (8edid)
META amé TNV EVDUYPEUUICT] TNG EVPUYWMVIOG XGUEROS TIOU Elvol TOTOVETNUEVT OTNV

opogh Tou dwpatiou (dptoTepd).

3.2.3 Ilpoocapoyn twv Ponwyv Zernike oe Evpuyovia Kdpepa

‘Onwe avagépope otny Hopdypago 3.1 1o medBAnua Tou XAAOUUACTE VO AVTIUETWOTICOUUE
elvon 0 yopaxTnElopds TNg avIpOTIVIG OTAOTG HECU UG OTATIXES ELXOVES EVRUYMVIAG Xde-
pac. Lxomdg pag etvan vor eE8YOUHE XATEAANAL X0l AVTITPOOWTEUTIXY YAPUXTNPLO XA Amd TNV
otdor Tou avip®nou, £T0L MOTE VoL UTORECOUNE VoL EXTILOEUCOUNE €var XUTIANAO Tavour-
. Baowldpevol otny uédodo eZaywyrc yapuxtneiotixwy ue ponés Zernike, tpomonoinuéveg
Xatdhhnha oto ouyxexptuévo eidoc xduepac tou Bonddel oty enthuor tou TeoPARuAToS Hag.

Yty Ewdva 3.1 napouotdleton o eixdva omd TNy EVpUYOWIOL XAUERA Xot TNV HEYHAN
TOEAUOPPWAT) TIOLU TEOXUAELTOL OE AUTY| OTOV UTMOMAXPUVOUNCTE ond TO XEVIPO TOU OTTIXOU
otoyetou. Kévovrac yeron yvwotol ahyderdpou tunuartonoinone [31] ota otypdtuna tou
Bivteo (and 10 omolo amotehelton N ewdva), umogolue xot eZAYOUUE ML UTIO-EXOVAL CUYXE-
xpyévou ueyédoug, mou mepLéyel TNV othouéta Tou ovdpwnou o Buadixl| arewxovion. I
TOV UTOAOYLONG TV pondv Zernike, olupuva ye v eliowor 3.5, anotteitar 1 andoToor

(r(z,y)) o 7 yovia (y(z,y)) mou opileton and ta epantoyevixd daviouata ty Tou xUxAou
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3.2 Elaywyh Xopaxtnprotxdy oe Ewxéves ané Evpuydvia Kduepo 27

Py %o t0 egantouevind Sudvuopa Tou xixhou Tou oplletor and tov xixho Pi (Ewdva 3.5),
Yot xdUe EXOVOOTOLYED TNC TUNUUTOTOMUEVNS EXXOVIS WS TPOS TO TREYWY EXOVOOTOoLYElO.
A¢ unodéooupe 6t Yéhoupe va unohoyioouue T ponée Zernike yio Ty eidva 3.1(B). Av Py
elva T0 TpéyYov exxovootoyelo, Tpénet var UTOAOYIoOUPE TNV amdoTHoY KoL TN Yovia Yo xdde

eovootoyeio P e emdvac.

A
|II . t‘
/
|
N
09 |
o.s—l ,’
0.7 - I
ol |
L]
05 |
D4~ | -
03
P /o
0.2
&c@ o /
01 & . $ o g
|l o T / os
o-N" /
T T T
© 02 04 06 g

YT ts e Toed Ay { 0 1 OT OLOIL {
Yyfua 3.5 Avoropdotaoy, v onueiov Py xaw Py oty povadwda ogaiga xot o
UTOAOYLOMOG TNG YEMBUTIXTC andoTaong xot YVidg Toug.

Qotdoo, xalde N exOve UmO ULol EUPUYOWLY XAUERN ITEMOVILETOL (G EVOL OPOLELXG O TOL-
XElo, YLl ToV UROROYIOUS TG AMGOTIONG XL TNG YOG Ual YeNoHIOTOMOOUUE TIC OQopiés
ouvietaypéves. O mpo-unohoyiouévog Tivoxag avapopds Tou Tpoéxule and v Balduovounon
e ewdvag (aloiio xor avidwon - tapovodlovta ot Ewdvee 3.4-0 xon 3.4-y) %o ava-
péper oe #4le exovootoyelo T TWwég Tig adyoudioxrc Ywving xon yoviag avidoong, yenot-
uonotelte dote vo utohoyiooupe T opopirés ouvtetaypéves (B, ¢o), (61, ¢1) oto povadaio
nonho v onusiov Py xar Py, avtiotorya. H yeodoutind andotaon yetall 6Uo onueiny oe
wa ogalpa elvor T0 WAxog Tou TGZou Tou 0pllouy Ta onpeld AUTE XoL AVAXEL 0TO XUXAO TOU
diépyetar and 8o onuela ye xévtpo 1o xévtpo Trg ogalpag. O xdxhog autds oplleton e o
“ueydhog xixhog”. ‘Eotw vg xoe v1 to dtaviouate 9éong twv Fy xo Py aviiotowya, and to
%EVTpOo g opoaipag Omwg mapovotdloviar oty Eudva 3.5. H andotoon ror yra to onueia
Py xan Py, oty povodiotor ogaipa, Utohoyiletor 3¢ T0 Phxog Tou TOE0u Tev ONueiny autéhy

-1

(Yewpdivtag 6L 10 cos™ emoTpépel Téc o axtivia) ue tov el Timo:

vo - v1 =(cosbycospg, sinlycosgo, singo) - (coslycosy, sinbcospy, singy) = 37)
costycosdocosticosdy + sinbycosposintycosdy + singgsing,,

ro1 = cos™ (vg - v1). (3.8)
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28 Kepdrao 3. Evtomouds e Avlpdmvne Ytdone ané Evpvyovia Kduepo

Emniéov, extdg and ty andoToo 7, il T0V UTOAOYLONO Ty pontov Zernike omonteiton
non M yovio v v xdle etxovootoyelo, olugova pe Ty ediowon 3.5. BOewpdvtuc OTL 0
TEdAANAOG xUxAOg Tou BtépyeTon amd 1o onueio Py xon 0 ueYdAhog xUxhog Tou SLépyeTar Ao
o onpelor Py xon Py xon e ) yovio v va oplletar o¢ 1 yovio uetadl oV EQUTTOPEXAOY
BrovuopdTey o xar £ Ty 800 xUxhev oto onuelo Py (Ewdva 3.5), to egantopevind didvuoua

o ToU ToEdAANAOL xUxAoU and To Py umoloyileton wg:

. (—voy, Yoz, 0)/ 1/ VG, + V3, Voy <0 (39)
O p— .
(onv —V0x; O)/\/ Ugm + Ugy’ voy = 0.

'Botw thpa B éva yovadiaio owdvuopa xddeto oto eninedo mou opiletar and 0 vg, vi. To

eminedo auTd MEPLEyEL TO EQanTOPEVIXG Sudvuoua By, opllovTag €Tot Tnyv enduev eiiowon:
Vg X111 =09 XV = B = (Bm, By, Bz), (310)
OTou To SLdvuoua £y ebvon EMTAEOV xon ®XVETO PE TO BtdvuoUd Vo:
Vo - tl =0. (3.11)

Yuvoudlovtog tig 3.10, 3.11 mopdyetar 1) THpaxdTe LoppY:

0 —Ugz Uoy 1| |f1a B,
U0z 0 —Ugxe 1 L1y _ By . (3'12)
—Ugy  Uow 0 1] |t12 B,
UQx —Upy UQy 0 0 0

H nopandve eZiowon unopel va yevixeutel yioo N-onueio / drotdoeg and oautd tou ma-

pdryovTton omd To ouyxexpyévo TedfBinua. Etol éyoupe v yevixeuuévn ediowon:

0 —up. woy 1| |}, 3, .. ¥ Bl B .. BY

we 0 —woe 1| |ty tf, .. | _ By By .. By e RN (3.13)
—ugy  wor 0 1| |H, 3, .. ) Bl B2 .. BN T
Upe —Uoy Upz O 0 0 .. 0 o 0 .. 0

OToU oL UTEEdElXTEG LTOBTAGYOUY TO BeixTr Tng dtdoTtaong Tou onueiouv. H ywvio v utolo-
yiletar ¢ To €oWTEPIXO YWOUEVO PETALD TeV Blavuopdtey Ty %ot Ty, eV To TEOoNUS Tou
opileton amd t0 TMEdoNUo ToU ewTepxol yvouévou B, = (tg x 11), otov Z-dZova. ‘Etou n

yovia v oplleton ©¢ e&ig:

to-1
v = sign((to x t1),) - cos™? 0 1)), (3.14)
[to][£1]

H andotaon xow 1 yovia (r,7y) e ellowone 3.3 avixadiotator aviiotoryo ye Ty o-
mooTaon e ediowong 3.8 xou N ywvie g e&lowong 3.14. H véu amdotaon oplleton o¢
‘yewdoutixy xon ov ponég Zernike optlovtar w¢g “yvewdotixég ponég Zernike”, evdd n pédo-
b0¢ eay YN yopuxTnELo TixeyY Tou Baotletar og auth T Stoptnworn ovopdletar “I'ewmdontiny
Awbpinon v Pondv Zernike” (IAPZ).
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3.2 Elaywyr Xapaxtneotxey oe Eixdves and Eupuydvia Kauepa 29

3.2.4 Mekéty tng l'ewdoutixig Awdpdwong twv Pondy Zernike

1n ouvéyeta, Pooldyevor otny gpyooia [29] peheTHooPE TERUUAUTIXG TIC TPOTEVOUEVES
yewdutxée ponée Zernike oe olyxglon ye tnv ponéc Zernike ywelc v didpiworn. TN
TOV OXOTO Yenoonothooe Eval avTIXeluevo TagudAn\oypouuoy oyfpatoc ue otadepée ot
YVWOTES TIHES 0T0 YpwuaTixd Yweo RGB, to onofo to xatayeddoue pe v supuymvia xdusga
oe BagopeTixés Véoeig xan anootdoetg (Ewdva 3.6-o). Me tov 1pdno autd ruphydnouy 450
OTYMIOTUTR %Kot OTT) CUVEYELDL AMOPOVOTUIE TO AVTIXEIMEVO auTH (g Mo duadLxy| etxdvat), and
v undloinr, oxnvh Tou xatéypahe 1 xduepy, Vétoviac éva xatwgh otic Twéc Tou RGB

YEou, dtnehviac £Tot uovo 1o avixeipevo (Ewdva 3.6-0).

351

W—-‘—ﬁv_'*.r-.-" 7
AL ’

Eyfuor 3.6: Lytédtunal TG EVpUYGVIAE xduEpac Tou ametxovi{ouv éva avTixefuevo
oe SragopeTixés Véoeis, oTpogéc xon anbdotaon and v xducea (o). Tunuatonoinon
TWV avVT lG_OT.)/(rJ\J aT LYEMO_‘J“G)V J(I)’J{l"‘(r)\a' oC TO EOEV.){U/T'VT.O OT...{".""_.(r)\J_..'IC_ 10 OXﬁpﬁ

tou avTixeévou ().

‘Onwe unogolue va daxpivoupe oty Ewdve 3.6-0, to avtixeipyevo petd tov doywotoud
ToU and TNV UTOAOLTY OXNVA €xEl UTOOo Tel ahNOIDOOEIS YOADVTUS TNV CUVEYT Bour TapuAlTn-
hoypdupou Tou Yo €npene va £yl oUMGOVA UE TNV EYYPWUT EIXOVRL TOU. Lxomdg pac tvo
TELCUUATIXG, VoL EAEYEOUPE TNV 1XavOTTaL TV dlopduuévey ponty Zernike dnwe avagpéoeton
oty epyaoia [29], xatd néoo datngolv otadepdiepee TiéS, XaddS Xo TO YACAXTNPIOTIXG
VoL TOEAUEVOUY avathAOIWTEC WS TEOC TIC OTPOWEC Tou Unopel vor xdvel To avTixeiyevo au-
70. Ot Tiéc Twv otV ot TeayRaTiXES auviriXeS OTOU 1) BoWY| TOU OVTIXEIUEVOU TUSUUEVEL
otodepr], UeTUEY TwV BlaBoYIXGY OTYMOTUTOY TOU (BIOU AVTIXEIUEVOU, TUSUUEVOUY TUVOUOL-
otuneg xadide 0 ponég eivan £vag avolhoiwTOS TERIYPAPENS WOTACO EDW £YOUNE TO OYPIAUL
—— T ——— | R — { o N T—

Tou epgavileton 070 avTIXElYEVO AOYO TN EgopuoYc Tou ahyopidpou .prymo.kmncnﬁ.

[ tov AMdyo autd emhéyoupe v ouyxpivoude Tic TewTes Tpeic xevipixéc ponés Zernike

(Z2,0y Z4 0, Z6,0, Yio TtEC 0 = 2,4, 6 xou m = 0) pe xou ywelc mop-t}mcn 070 avIxeiyevo g

ouadxric eovac. Onwe gatveton oty Ewdva 3.7-a, ot Tipée Tov Tpotonv dtoplnuévey yew-
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30 Kepdlao 3. Evtomouds e Avipdmvie Xtdone and Eupuydvia Kduepa

h-liu-"’lh, Al nﬁ w it :

Yyfua 3.7: H tiun tng mpdtng xevigric diapogdc ota 450 oTiymdtuna Tou oyiuo-
T0¢ ToU avixeévou ey PAPZ évavtt Tov xhaoxov potdv Zernike (2). O Adyoc
TV Spopdv: TwV Tpitev Tpog Tic devtepes (B) ot TwV deTEpmV TEOC TIC TEMOTES
(Y), mv FTAPZ évavtt v xhaowdv gonov Zernike.

dautixdv gonwyv Zernike, xevtpiric T8ing, slvan eppovig otadepdteges HeTall TV BLadoyxGV
oTtyltotUnwY o olUyxetor Ue e xhaotxéc gonée Zernike, xoig ot TS TV Sloplwuévmy
YEGOUTIXWY LOTOV HETULY TWY DLIBOYIXGDY OTIYHOWOTUTOY efvol XOVTIVOTESES Xt BEV TUPOU-
odouv andtopec odAayée omwe o xhaoowes gonée. H peydhn tdon mpog T apvnTinég
Tée efvar Aoyw tng Bpaotixfc oAAayic TOU OYAUUTOS TOU AVTIXEWEVOU OTA CUYXEXCIUEVYL
ottyptdtuna. Mrogolue va nagatrnefiooude 6Tt oL TiéS TV Slogtnuévmy condv Zernike ou-
veyilouv va eivon otodegée oe opahéc petaPBorés trg ¥éong Tou avixetévou. Troloyiloviag
TOV MNOYO TV YEITOVXMY XEVTpXGY ponmv Zernike Z4o/Za0 xou Zso/Za0 bnwe eugavilo-
vran avziototya otig Ewdveg 3.7-B xan 3.7-v, BAénoupe Ott 0 AOYog Twv Bloglnuéveny pontty
Zernike magouctdlel wa avoyr|, oTic Zapvinés ahhayég TOU OYAUATOC TOU AVTIXEWEVOU OF
oyéorn Je Tig un dwgdwuéveg ponég Zernike.
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3.3 Hepopariey Oepeiivon twv Aopdouévaoy Pordy Zernike os Xuvietixnd o
Howyuarixd Asdouéva 31

3.3 Ilewpapatixy Ocesuchivon tov Awopdouévey Pornoyv

Zernike o YuvOetixd xou Ilpayuatixd Asdopéva

Yy evotnta auth Yo e€etdooupe T droplauéves Yewdutinée ponée Zernike evovtt v
nhaoxdv ponwyv Zernike yra v avayvdetorn e avlpdmivng otdone YEow g OthOUETAG
Tou avlporou. Ot emdveg autég AouBavovtar amd wa supuymvia xduepa 1 omolo Bploxeton
tonoUeTnuévn otny opogl evoc dwuatiou. H Véon auth xou xat’ enéxtaon o ouyxexpyiévog
Tintog xdpepag emAéyinxe Gote vo anogiyoupe TapepPoréc and avtixelyeve Tou pnopel vo
Uy ouY PEOY 0TO YORO TOU XWeltar 0 dvilpmTog, xadde Yol TUTIXOY (axol Xduepa dev Vo
umopovae va ametxoviler Tévta oAdxinen Ty avip®mvy othouéTo.

Xepnowonowjoode yia To MERIUATE pog ouvletinée othouéteg avlpdnivng otdong and
TpLoBLdo Tt ovTEAN avlpmmou, Torovetnuéva 0TO YGP0 evog TRayuaTkol dwuatiou oTto
Omolo UTERYEL MLl SEURUYOVLY XGUERK GTNV 0pOYT] TOU, oMM X0 TpayHoTixd dedouéva P Tig
avtiotoryeg avlpdmves 0Tdoe 0T0 dwUATIo auTtd. O AGYOS TOU YETOHOTOW|OUUE To CUV-
Uetixd dedopéva ebvor Brttog. Apywd v va eAéyEoude Tor Sedopéva 0 OLAOUETES OL OTOlES
uropoly vo apayYoly pe axplBela (xadde evar ouvdetind tpddotote povtéha), xadog 1
orproupyio avlpdmvne othouétog ond TpayUUTIXES EIXOVES EUTEPLEYEL OPAAL AOY® TOU oAy O-
PlIUOU TUNUATOTOMMONE VLol TOV EVTIOTLOUOU Kot Sy »ELopol Tou avilp®drou and Ty UTGAoLTT
oxnvh e ewdvag. Aeltepoy, yiot Ty exnaideuon évag amhod poviéhou TaEvounong YpeeLo-

{bpaote évo emapnéc 0UVOAO BEBOUEVGY EXTOLOEUOTC %ot EAEYYOU.

3.3.1 Xuvietixéc XLAOULETEC

['war Ty Onuroupyio wv cuvleTin®y otAOUETGY avlp®OTvng oTdong, Yo YenoyoTotmoouys
TNV TEOCOUOLWOY TNG EURUYMVLAS XuEps TTou Exer dnuoupyrlel uéow tou yovtéhou euldu-
yeduwone g [31] onwe napouodo Txe oty UTo-evoTT. 3.2.2, TPOCOUOLHOVOVTUS ETOL TOV
YXOpo Tou dwuatiou. YNy mpocopoinon auth Ya tomovetnloly To TELodLdo TOTo HOVTERY
avlpdrwy [9,14] mou rapovotdlovia oty Exdve 3.8 oe Sugopetinég Véoewc. Kdde otdon
avamaplo tator ond €va Stapopetind TARYOC TELOBLECTUTWY LOVTEAGV/avipGrwy. XuyXexpt-

uéva Eyouue 19 Bragopetind wovtéha yioo Ty otdor 1, 13 ywa v otdon 3, 18 vy tny otdon

3, 16 yi Tnv otdon 4 xa 16 yio TV otdon 5.

Yyfuo 3.8: To ouvietind poviéda Twyv TEVTe Oplwy avipOTveY OTIOEMY.
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32 Kepdlao 3. Evtomoude tne Avipdmvne Xtdone and Evpuydvia Kduspa

To ouyxexpiéva Tévie HovIEAN ETAEYUNOAY AOYL TNG QPUOLXOTNTAC TGV CUYXEXSIIEVOY
otdoewy nou aneixovilovy. Emmhéov, ot otdoeg autés dev epgavilouy petal toug ToAd
MEYdAES Orapopornotioss o8 oyéor Ye T Unolowteg diaéotues OTAOE ToU OUVOAOU BedO-
pévewy [57]. Autd auZdver tov Badud duoxohiog tou mpolAiudtoc evionopoy avie®rvng
otdorg, ouvunoloyiloviag 1o yeyovidc OTL ) sugLYOWIAL Xduepa (e oRTXd TEdio 180%) Adyw
NG AMOOTACONE TNG ATO TO TATWUA X TIC dapogeTinée Véoeic mou unogel va Bploxetot To
avtixelpevo oto yweo (Wwitepa 600 TAnowdlet 10 ®€vtpo Tou onTixol TEdiov), N cthouéta

tou avipdrou apyiler xau yivetor duodidxprtn, dwng gatvetar oty Ewdva 3.9-(y).

(%)

Yoyhua 3.9: T'oapix ameixdwion wwv ouvIeETIX®Y HOVTEAWY OTO TRUYUATIXG BOUATIO

wnec supuyoviae xducseoc (o) xon (B). Torovétrnon Tty cUVIETIXGY UOVTEAGY oTOV
I it I i =0 v

TEAYUATIXO YWpo U andotaot) 0,5 Yetga xot oTAVELO TEOCAVATOMOUO YLt TNV On-

uovgyia Tou ouvohou extaideuone (y). Tro-exdva pag CAOVETAS TV ouVIETIXrC

HOVTERWY YL TNV EQUOUOY T TV PEUOBmY oYWy OMXMY YASUATNOIO TIXMY.

[t Ty druougyia Tou auvolou dedopévey xde TedtdoTtato woviého and to Tévie Tgo-
avargeplévia, TotoveThinxe o BlagopeTixés Véoeic Tou mpaypaTiol dwuatiou xou ps didpo-
coug tpocavatohopols (Ewéva 3.9-(y) ). Eva nogdderypa othovétag nagouctdletat oTny
Ewéva 3.9-(8), eve) oty Ewdvar 3.9-(a) PAénouye pa Ypapixh, avamagdaTaon tne o:vﬂpco:t-
Vg otdone 3 oto ywpo. o TNy nupaywyr OAwV TV CLAOUETWY YECEW TOU TEOCOUOLLTY,

yenowonotfoae éva tAéypa 13 x 8 Bagopetixdv Véoewy pe andotaoy 0,5 pétpo petall
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3.3 Hepouoti Ozueiivon Ty Awpdwuévoy Pordy Zernike o Muyletind xon
Hooryuatixa Aedougva 33

Toug, eCupdvtag Tic Véoelc autéc mou Bploxovion 0To xUxAxd Yoeo Tou oynuatiletar ond
T0 ®€vTpo Tou omTxol oToryelou pe axtiva 1 uétpo, xadng ot autd To RO 1) avipdTivr
othouéTa elvar axpBeg Bl oe Oheg Tig 0TdoE. e xdle Véon tou Tomtoletinxe 10 wovTEho
070 YORO ToE) O Lot CLAOUETH OE BLaPOPETING TEOOUVATOMOUS, XAVOVTUS 0TPOPY| xdle 7/5
rad otov xddeto dZova tou (Z-dZova). Etor, yiu xdde poviého/dviponno xdie drupopetinic
otdone mapdyovtor 920 ovhouétes ((13 x8—12) x 10). To mAhdoc Tou oUVERoUL BEBOUEVELY YioL
%80e otdon urtohoyiletor ¢ TO YWOUEVO TOU TAYTOUC TWY BLUPOLETINGDY LOVTEAGY /avipihTewy
yioe x80e oTdon ToAhamhactaouévo pe 1o 920. ‘Etot, yio Tic Tévie 0Tdoeg €YOUUE €vol oUVO-
Ao 75440 ouovétee mou mopyUnooy and T 82 dwpopetixd povtéha/avipmrous. Téhog,
oe ude ewdva oLhougtag eqoppoloude Tic SlopUwuéves xo un pomég Zernike tdlng n = 9
eZdyovtag H8 yopauxtnetoTixd (29 uryadixd yoeuxTneto Tixd).

Ytdon  IIvdog Ewdvev  Xapaxtneiotind
1 17480 58
2 11960 58
3 16560 58
4 14720 58
5 14720 58
>:0voho 75440

Hivaxog 3.1: To oOvoho 8ebopévmy Yo Ti¢ TEVTE CUVUETIXEG OLAOUETES OpUiag av-

Ypodmyng oTdong.

To olvoho oouétwy aviporvng otdong tou meptypdgoye, tapovordleton otov Iiva-
%o 3.1 xon amoteieiton and T0 TARYOC TV GLAOUETAOY Tou TaEYUnoouy yia xdUe SLopopeTinn
otdor. O otdoeg autég Omwe eldupe oty Ewdva 3.8 elvar dpdec otdoeg Tou avlporou.
O {Bte¢ oTdoeg PTOPOUY TEYYNTA VUL UETUOY NUATLO TOUY GE OTAOY) TTWONE TOU oavUp®Tou 070
€00poc. AUTO EMTUYYAVETOL PE TNV OVTIXUTAO TOOY] TGV OUVTETAYUEVGDY TOU Z-GE0vol YE TOU
T-6Zova xor Tou T-dCova pe Tou X-dZova, avtiotowyo. Etot, dnuovpyeitor €va axdpo oOvoho

0e00UEVLY 0U0 uAdoewy TAloug 2 X 75440 dmwg mapouotdleton otov Tivoa 3.2.

Y.tdon IIdoc Ewdveoy  Xoapoxtnprotind

‘Opidrocg 75440 58
Ieopévog 150880 58
Y0voho 226320

Hivaxog 3.2: To 0OvOho GeB0UEVHDY CUVUETINWY CLAOUETOY TV 800 YEVXEUUEVGDY

VIPOTVGY OTAOEDY.
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34 Kepdlawo 3. Evromoudec e Avipdmvne Yrdone and Euvpuydvia Kduepa

3.3.2 Ilpaypatixeg LihoveETeg

Ytn ouvéyew, v v ehéyZoupe Tic Boplwpéves ponéc Zernike xar tnv mpotewduevn
evodohoyia xat enéxtaor o peahoTinés ouvihixes, Snuovpyfoaue 4 uxed Bivieo oto omola
' I I It i B (il

évag dvlpmTog TPOCOUOLVEL TiC TIEVTE OpULeg OTACELC TIoU Exouy Teprypapel vopitepa xodog
X0t TN OTYOT) TOU TECUEVOU avlp®nou 0To Tatwud. Lo Bivieo tapydnoay ot conTepind ¥ Opo
(OWUATIO) YEMOHIOTIOUBVTOS ULol EURUYMVLY XaEpH TOTOUETIEYT 0TIV 0p0gY| Tou SwuaTtiou.
Ta otrypdtuna Tev Bivieo yopaxtnplotnray o¢ TEog TV 0Tdon Tou ametxovilouy, EToL MOTE

v €Y OUME €VOL OROXANEWUEVO GUVORO Bedopévemy YL Tov €Aey )0 Tre wetoboloyiug yog.
O poréc Zernike (SropOwuévec xon pn) epapudlovior o duadrés ewmdvee. o Tov Adyo
auTd eZdyouds Ty orhougTa Tou avlpdrou aTic Budpopes oTdoe Tou eupavileto oTo Bivte-

0, Ypnowonowvtag Tov ahydpwiuo [31], o onolog emtuyydver TV eZayOYH TNE OLAOUETHS

pe oyetxd wxpd Badud ogdiuatog. Xtny Ewdvog 3.10 mopovoidletor Evar delyua and €val

Yoyhua 3.10: Afdm e otdong tou avlpdrou Péae EupuYOVING XEUERUS, TOU Elva
TonoUeTnuévn oty opogn Tou dwuatiov (aptotepd). Tunuatonoinon g ewxdvag xon
eZayoyr| Tne avlpdrwng othouétag (6eZid).

3.4 Ileipopotind AmoTeAEoUaTo

Yty evoTnTa auTy) Vot TROYWERoOUUE OTNY TELRUNATIXY MEAETY] TwV OLOpUMUEVLY POTIGY

Y
’

Zernike évavtt Ty xhaooy ponwy Zernike yio Ty elpeon g avlpdnivng otdong and eupu-
YEOVLAL XAUERN XAVOVTAS XPTOY MOVO TNg othouétag. e Tov UTOAOYLONG TGV YopuXTNELo TLXGY
KPZ twv ewmdvev yivetor yehon Tou ToAVeYIUoU Viy, HE TOV XAUoLXG 0ptoud NG amdo Taong
xot Yoviag, eve yiot Tov unohoytoud tov yapaxtnpo oy AI'PZ n andotaon xo 1 yovia
opiletan olpgwva ye 1w Edwodoec 3.8 xon 3.14, aviiotoya. Yuyxexpwéva, urtohoyilovo
Ole¢ oL poméc Tou TopdyovTat Yiot Tt TES 1 = 1,2, ..., 9 xor OAeg ot mbavég TES Tou m > 0
v xdde éva amd Tor N, Omee napovctdlovta otov [ivaxa 3.3. Etot, éva obvolo 58 yopaxtn-

PLOTIXMY EZdyEToL Yior X3Ue exdvat, dnhady and To TpUYHATIXG Xou pavTao Txd uépog Tov 29
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3.4 Hepouatixa AroteAéouota 35

ULY OBV POTIOY TOU TUREYOVTHL OO TO TOAUGOVUUO Vi, Ot 0l0pUeUéves YewduTinég po-
néc Zernike, oAAG xan ov xhaowég pomég Zernike, eqopudlovian 08 UTOEIXOVES TOU TEQPLEYOUY

avlp®Tveg CLAOUETES OLdo oo 64 X 64.

Y1 ouvéyeta, exnadeloope Evay Tadvounty Yenowonowwvtag o 40% tou cuvbiou ey
OUVIETIXGY OLAOUETMY, eV oL utdhoires (60%) yenotono{inxay yior EAEYY0 TOU HOVTENOU
o pog TV axpiBeta avoryvépone e otdone. O tadwountic k-Kovuwvétepog 'eltovae (k-
KI') pe mwr k = 3 emhéydn hoyo e anhdntde tou, xodoe Gehfoope va eréyZoune Ty
IXOVOTNTOL TOV TEOTEWOUEVMY YURUXTNPLOTIXGY Y TNY ERXELAUOT) TOU TROBATUATOS Kot Oyt TOV
oLVBUAOUS TOUS Ye 0UVIETOUS TadvouNTES TTOU YENOWOTOLOUYTOL VLol THY EXEAUOT] YEVXOTERGY

OLOXOAWY TEOBANUATOY.

ITa0oc  Adpootind IIhdog

1 Muyodwdy — YopuxTNELoTIXmY m
KPZ pem =0
1 2 1 -1 1
2 3 3 20 2
3 4 5 -3 -1 -1 3
4 5 8 -4 -2 0 2 4
5 6 11 5 3 -1 1 3 5
6 7 15 6 4 -2 0 2 4 6
7 8 19 75 3 -1 1 3 5 7
8 9 24 £ 6 4 -2 0 2 4 6 8
9 10 29 9 7 5 -3 -1 1 3 5 7 9

Hivoxag 3.3: Ov Twée v tapopéteeny 1 xar m e eéiowong 3.2 ye 1o avtiotoyo
madog yapaxtnetoTikey. To adpoiotind TAlog yapax Tneto Ty efvat T0 GUVOAXO
TARDOC YoporTNELO TGV (TpayaTindy Xon yodindy) yia GAOUS TOuG EYRUPOUS
oLUVBLUOHOUE TV TUPUETEOVY (N, ) Yot T0 TEEYov N xdle Qopd eZup®vTac To

Uy odwed oulnym.

Yrov Hivaxa 3.4 nopovoralovTon Tor amOTEAEOUATY TNG aXEBELG TOU EXTUOEUUEVOU UO-
viehou k-KI', xdvovtag ypnon Tov yapaxtneto Tixey ond Tic 0t0p0wUEVES YEWOMTIXES POTIES
Zernike évoavtt TV xhaowmady. Katog o ponég Zernike nopdyouy uryadixd yopoxtneio Tixd,
yior AOYOUS TANROTNTOG €YIVE EAEYYOS OTNY UMOTEAECUATIXOTNTO TOU METPOU XL TNE PAOTG
ToU %d¥e Yryadtxol aprduos, ohhd X0 TOV CUVBUNCUO TOUG ¢ YUEUXTNPLOTIXG YLl TNV €X-
Toddeuon Tou TeEvounty. Patvetar otov Hivoxa 3.4 4tL 1) Yerion TV TWOV TOU TEayPATIXo)
AL POUYTOO TOU PUEEOUG TOV ULYoBIXdY ooy YLol TNV eXTodOEUoT) TOU HOVTEAOU eppaviler
ueyohiTepn oxp{Belor oTor 6ebouéva EAEYYOU, EVEH ETTALOV Toputneeitar peyohlTepn oxplBela
v Stopleuévey poney Zernike évavtt twv xhoomey ye wa Bedtinon e éng tou 4%.
TNV OUVEYELL TOV TELROUATIXGY EAEY YV, Vol YENOUOTOWOUUE MG YALUXTNELO TIXE TWY POTIOY

Zernike Ti¢ TWEC 0mO TO TEAYUATING KoL PUVTACTIXO UEQOG TWV ULYUOIXMDY YURUXTNPLO TLXMY.
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36 Kepdrao 3. Evtomouds e Avlpdmvne Ytdone ané Evpvyovia Kduepo

Xopoxtrptotind KPZ I'APZ
Hporypotind xon Pavtaotind yépoc  91,15%  95,31%
Métpo 68,76%  60,99%
Pdom 57,08%  63,56%
Mépo xo Pdon 73,38%  70,62%

Hivaxog 3.4: To mocootd emtuylouc tov KPZ xow TAPZ otic ouvletinée othouéteg

YETOUWOTOUDVTAS OLUPOPETINS PETEO TOV TURUYOUEVMY YURUXTNPLOTIXWDY TOUC.

3.4.1 Tagwounor tov IIévte 'Opdiwy Avipdnivey Jtdoewy

Yuveyllovtag Ty PEAETY) TGOV TERUUATIXGY ATOTEAEOUATOVY %ot £eTALoVToS EVOEAEYMS
v axpiBela Tou povtéhou ot ouvleTinég OLAOVETES OpUIG OTAONG, TUPOUOLELOVTOL TA UY)-
Tewa oUyyvong otoug Hivaxeg 3.5 o 3.6, Twv ponwy Zernike ye Ti¢ TWEG amd T0 TEOYUATING
AL PAYTUO TG PEROC TOUG, YU TIC XAUOIXES Kot YEwOuTixéG pomég Zernike, avtiotorya. Ot
OTAAES TOU UNTEMOL Topouotdlouy Ty TedBAedT) Tou Tadvounty yio Ty xdie otdorn (xhdon),

EVE OL YPOUUES OVTIOTOLOUY 0TI TRAUYHATIXES OTAUOELS.

p6Bheqn
Y.tdon 1 2 3 4 5
Hporypotien 9424 189 496 246 135
Twin 155 6520 117 279 105

139 273 128 8092 200

1
2
3 141 156 9315 196 128
4
5 126 214 175 410 7907

Hivaxag 3.5: To untewo obyyvone tou KPZ otic ouvietnég othouéteg dpiog

oTdomng.
pdPhedn
Y.tdon 1 2 3 4 5
Hporypota 12057 116 495 187 39
Twin 75 8484 28 228 55

55 220 42 10418 75

1

2

3 57 75 11928 124 57
4

5 39 148 101 389 12057

Hivoxag 3.6: To unrewo obyyvong touv IAPZ ot ouvletinée othouéteg dpduag

oTdomng.

Yy Ewdva 3.11 Biénouye Ty amddoorn Tou TaEWounTy 0To ouvleTind 0UVOAo EAEYYOU

%ot T METUBOAY TOU OQPIAUUTOC TOU ®oUOE Ol OLAOUETES UTOUUXEUVOVTAL A0 TO XEVTPO TOU
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3.4 Hepouatixa AroteAéouota 37

pdBhedn
Ytdon 1 2 3 4 5
Hporypatixn 1 0 180 0 396 144
Tw, 2 0 720 0 0 0
3 0 270 0 0 0
4 0 0 54 48 0
5 0 0 0 207 O

Hivaxag 3.7: To untpdo olbyyvorg tou KPZ otic mporypatinés avipdnives othouéteg

opvuig oTdomng.

[Tp6Bhedm
Y.tdon 1 2 3 4 5
495 54 81 90
585 90 18 27
171 63 36
27 0 405 108
0 0 9 198

Hporypotien

1
Twin 2
3
4
5

o O o O
jam)

Hivoxag 3.8: To untedo obyyuone tou PAPZ ot npaypatinés avipdnives othou-

€te¢ Opthog oTdorg.

Tomog Agodopévey  MéGodog  Axp{Bewa

YuvieTind KPZ 91,14%
YuvdeTind HoG 77,26%
Yuvbetnd 'APZ 95,31%
ooy potixd KPZ 49, 08%
Hporypomind HoG 50, 15%
ooy potixd I'APZ 75,45%

Hivaxog 3.9: Ta mocootd emtuylag TV TeLdv pedddny 0T cuvUETIXES KoL TEaY-

HoTeég OLAOVETEG avlpOTVEDY Optuwy OTAOEMY.

ool oToyelou TN xdpepas. ‘OmeC UTOpOUUE VO TORATNENOOUUE TO OQAAUA TV YEM-
donTixdv pormy Zernike elvor younAOTERO Amd TO AVTIOTOLYO TWV XAAOAOY O xdUE POVAEdY
uétpou. EmmAiéov, T0 o@dhuo yeunveTon 6Todepd ot eupaviCel PixpOTERES SLUXUUAVOELS.
Y11 OUVEYELR, EAEYYOUUE TNV OmOB00Y, TV EXTUOEUUEVLY UOVTEADY OE OE0OUEVH omd
OUVUETIXES OLAOUETEG UE TTPAYMAUTIXES OPUIEC OTAOELS UM ToL GTHYOTUTY TWV TECOdpwY BivTeo
Tou TepLypdape vopitepa. O AOYOC TOU YENOWOTOOUUE Tal UTAEY OVTOL EXTULOEUMEVO, LOVTEAY
elvor T Ul TAND0C TRAYUATIXAOY EOVEGY TOU €YOUNE OTY) OLdUeon uag yior Tig TévTe Oplieg
OTHOELS, APOU TRENEL VoL EXTUOEUOOUPE €var LOVTELD €€ 0hoxATipou Ue auTég. O yopaxTneionds

¢ OTdoNE Tou ovlp®Tou Tou ametxoviletar 010 xdle oTYUOTUTO OEV UTopel VoL Yivel ue
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38 epdloto 3. Evromoude e Avipdmivne Ytdone and Eupuydvia Kduepo
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Yoyhua 3.11: Ta nooootd envtuyiug wwv FTAPZ xow KPZ ot ouvletixés othovéec,

HodOE ATOPAMPHVOVTAL OO TO XEVTPO TNG EVPUYMVLIG HOUEQRUS.

UTOUATO TEOTO, £TOL BeV UTOPOUNE Vo €YOUNE apXoUvVTLG HEYUAO olvolo exnuldeuong o
eAEYyOuL.

Yitoug Ilivoxeg 3.7 xon 3.8 mopouctdovTon Ta UNTEMO CUYYUONG ONO TG TEUYMUTIXES
othouéTeS TV TECOdpwY PBivieo we mpog T OTdon Mo anexovilouy, YeNOoWOTOLOVTAS TiG
xhaowée xon Sopwuéveg ponég Zernike, avtiotoya. Xtov Iivaxa 3.9 napovordletar wat
CUVOTTUXY, OREXOVIOT) TrG anddoone Ty pordy Zernike pe xon yowpls dwbpdnor, xatdg xo
g pedddou eaywyrc yapaxtmetotney HoG, 1600 i 10 0Uvoho eAEYY0U TV CUVIETIXGY
OLAOUETGY OG00 XL TWV TEayHaTiXdy. Autd Tou propolpe vo mapatrphiooude evor 4Tt To
exToLOEVUEVO HovTELD ue Tic Broplwpévee pomée Zernike otic ouvletinés ewdveg, unopel va
Togtvourioet ye TohG peyahitepn axpifBeian othouétes ToayuaTixGy avlpdnwy oe p and Tig
TéVTe OpULeg OTAOEL 0t oo We Tic dhAeg yedodoloyieg. Emmhéoy, evdd i uédodoc HoG otig
ouvieTtixéc othouéteg €xer yaunidtepa anddoon évavtt twv KPZ, ot npaypatixés othouéteg
epgaviCouy va €xouv tny BLor anddoon.

3.4.2 Toa&woéunon Avo 'evixevpévoy Avipomvey Ltdoswy

Khetvovtag tnyv metpoponxy| yerétn wwyv PAPZ du eZetdoouye iy anddoor| toug oe 800

yevieuuéveg otdoelg, iy 6pdia otdor %o TV 0TdoY 08 XAToTHoY NTOoNG. XToug Iliva-
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3.4 Hepouatixa AroteAéouota 39

poBhegn
Ytdon  Opbho  Iltdon
Hpoypatuep  Opbr 73599 836
Twn o 385 60972

Hivaxag 3.10: To untewo obyyuorng tou KPZ otig ouvletinég othouvéteg twv 600

YEVIXEUUEVGDY OTAOEWVY.

p6Bhedn
Ytdon  Opbho  Iltdon
Hpoypatuey  ‘Opbe 73770 665
Twn o 254 61103

Hivoxag 3.11: To unteoo obyyvong tou FAPZ ot ouvletixég othouéteg twv 600

YEVIXEUUEVGDY OTAOEWVY.

poBhegn
Ytdon  Opbho  Iltdon
Hpoypatuep  ‘Optha 209 105
Twn o 204 489

Hivaxog 3.12: To unteoo obyyuone tou KPZ otic nporypatinée avlpmniveg othou-

€TEC YEVIXEUUEVGDY O TAOEWY.

HpdBhedm
Ytdon  Opbho  Iltdon
Hpoypatuep  ‘Optha 278 36
Twn o 148 545

Hivaxog 3.13: To unteoo obyyuong tou KPZ otic nparypatinée avlpmniveg othou-

€TEC YEVIXEUUEVGDY O TAOEWY.

Tomog Agodopévey  MéGodog  Axp{Bewa

YuvieTind KPZ 99, 10%
YuvdeTind HoG 77,26%
Yuvbetnd 'APZ 99, 32%
ooy potixd KPZ 69, 31%
Hporypomind HoG 50, 15%
ooy potixd 'APZ 81, 72%

Hivaxog 3.14: Ta mocootd emtuyiog Twv TeLdY Hedddnwy ot oUVIETIKES xon TEAY-

HOTIXEG OLAOUETES avIpOTIVGDY YEVIXEUUEVODY OTUCEMV.

Institutional Repository - Library & Information Centre - University of Thessaly
21/05/2024 18:25:57 EEST - 3.145.77.85



40 Kepdrao 3. Evtomouds e Avlpdmvne Ytdone ané Evpvyovia Kduepo

xe¢ 3.10 xan 3.11 nopovordlovTon Tor UNTe®a oUYYUoNE Yot Ti¢ CUVUETIXEC GLAOUETESC TGV 6V0
yvevixeupévey otdoewy. Hapatnpolue L or TAPZ yopoxtneilouv owotd yeyoritepo Thidog
oUVIETIXGY OLAOUETGY o€ oyéon pe T KPZ.

Emniéov, vt TNy YEAETY) TV YEVIXEUUEVOY GTACEWY TapyUnoay oxdua 6o Bivieo mou
TEOCOPOLGYOUY T 800 otdoe autéc. Ot othouéteg Tou avipmrou e&iydnouy dnwe Exet Te-
orypopel TEONYOUUEVLS Xot Yeroulomoutnxay oL uédodol efayeyrg yopaxtnpo iy KPZ,
I'APZ xon HoG. Ov Iivaxeg 3.12 xon 3.13 nopouctdlouy Tor untemo oy Yuong TeY YupuxTn-
orotxwyv KPZ xow TAPZ, avtiotoryo. Yto Hivoxo 3.14 éyouye ouvontxd to anotehéopata
e oxplBelag TV TELOY YEVOBWY TO00 0TO 0UVORO EAEYYOU Omd CUVUETIXES OLAOUETEG O0O
not amod TG TPy TIXES othouéteg. BAémouye 0T 0 yEWOUTNOS 0ptopdg TV pondy Zernike

Topovotdler uPnhdTepa T0000 T axpifelag o oyéon ue T dAkeg puedddoug.

3.5 XUUNEpACUIATE

Ye qUTO TO XEPAAAO TUPOVUOLIC TNXE EVAS VEOG OALXOC TIEQLY QUPENS YOPUXTTOLO TUXMY YL
ELXOVES TTOU AoBAvovTon HEGE EURUYWVLNG XAUEROS, YPTOHOTOLOYTIS TNV YEOSUTIXY) AmO0 To-
om. O meptoodTepot TEpLYpapelc Yupux TNELC TGV Eival OYEOLUOUEVOL VLol XAUEPES UE TUTIXY)
yovio 9éoone (90°), yenowonowdvtag o¢ petewd| andotaon my Euxkeldewo anéotaon. O
TPOTEWVOUEVOS TEQLY PUPENS EEVAL XUTAAATAOG YOl EUPUYWOVIEG XAUEPES UE OPALPIXO OTTIXO OTOL-
xeto xon yewvio O€aong 1807, epapudloviac TNy YE@OUTXY andoToHon ¢ HETELXY) HeTallh 800
ELXOVOO TOLYEY TV 0TO 0QuLexd autd oTotyelo.

To merpopotind amoTeAéopaTo 0TO TEOBATUA TNG AVAYVORLONE TNE OTAONE TOL avUp®ToU
MEOL cupUYOVLIC xduepag, €deay oTadepy| UTEPOY T TNV TEOTEWOUEVNS uedOB0y EvavTt To-
eAB0OLIUAY PEVOBGY eEaymYNG OMNXODY YOLUXTNELOTIXMY. LUYXEXPWEVY, 1) TROTEWAUEVT] Ye-
woatTxy) Bropvworn ponwy Zernike nupousinoe xohltepa T0O0C T eMtTUYiNG OTOV EAEYYO UE
o0 oUVOETIXG POVTEAX avlp@Tvey oTdoewy (4% Bapopd and v deltepn wétodo), ohAd 7
Tpay o T UTEpoY ) @avIXe oTa TporyaTind Sedouéva avlpdmivng otdone (25% drapopd amd
v deltepn uédodo).

Emniéov, o mepiypagéag yewdutinrc otopdwong pondv Zernike amodewxvieton cleva-
00¢ OTIC UAAOLDOELS TOU OYTUATOS TOU AVTIXEWEVOU OO OTPOPES UL YETATOTULOY| O WOV
EUPUYOVIOG HAUERUS, EVUVTL TV XAAOIX®Y pomtdv Zernike yéow tng melpopotinric HEAETNG.
Emuniéov, 1 petaBoly) Tou 0@dhuaTog Tavounong TV o0 TAoewy xod®g 0 dvipmTog anopo-

%xpOVETOL 0O TO ®EVTPO TNg %duepag dtaTnpeiton oTodepn.
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Kegpdiowo 4

Enauénueva Nevpwvixd Alxtua
2uveAi&ewy yia Tov Evtonioud

e Avipomivng Xtdong

Y10 Kegdhoo autd Yo yerethooupe éva poviého Teyvntot Nevpwvixol Awtiou Nuve-
MEewv (TNAY) yio tov eviomopd tne avlp®dmvng 6Tdong o€ euxdves Tou AapBavovtor and pia
supuyevia xduepa. oty evioyvon g anddoone Tou NAY Ya etodyouue extodg Tng TUTXTC
EOVOG, EMTAEOV TATPOQORLo amd TNV ExOvVY auUTY| 08 €val EVOLdUEco eninedd Tou, Ty omola
dev umopel eixoAid To (810 T 8ixTUO Vo TNV TaEdEer PEOE TOV ENGAANALY cuveliZewy. To yo-
vTého o6 Vo to ovopdloue “Ernouiruévo Nevpwvixd Aixtuo YuvehiZewmy” (ENAX) xou o¢
emmAéoy TANPOQopia Vol YENOLOTOCOUKE T OAXE YUQUXTTPLO TLXY EIXOVIG TTOU TORAY OVToL
pEow g petddou APZ, mou gdvnxe péow tng merpopotinnc Stadixaoiag tou Kegdhotou 3
VoL efvor LOLNTERWE amodoTXd, xadmg elvol OYEOLAOUEVA VLol ELXOVEC TOU CUYAEXPWEVOL TOTOU

HAPEQOC.

To TNAY yenowonowiv olvieteg Soués and duadoyixd ¢lhtpa ouveAMEewy oTo eVOLdUED
eninedd TOug, TUPAYOVTUS To XUTIAANASL EXEIVY TOTUXA YUPUXTNOLOTIXG Yl TO TEOPBANUA TOU
avTeTonilouy xdle @opa. ‘Ouwe UTHEYOUY YAUPUXTNELOTIXG TOU THURAYOVTHL ATO OAXOUS
Teptypopels yopaxtTnEto Ty (Omee or porée Zernike) mou dev umopoiv va e€uytodv péow
ouvehiewv, €tor 1 TAnpogopla auTh dev pmopel va mapayVel and To B0 To BlxTuo. e
TpoBAipata 6Tee 0utd Tou eetdloupe patveTon OTL 1 TANeoopla auTH efvar onuavTLXY, xodog
T0 TPy GUEVO LOVTENO BEATLOVEL Tal UTOTEAEOUATA (TNG VoY VEOPELoTS NS avlpdmvng 6Tdong)

ONUOVTIXG 0TS QodveTon xon oTic epyaoies [51, 78).

Téhog, 10 poviého ENAY, agol exnoudedtnue and ouvleTinég othouéteg avlp®dmvng
oTdoNng Omwe T YovTéAn Tou Kegdhonou 3, uoletdviag Ty TEYVIXY) UETUPORUS YVOOT,
ETMAVEXTULOEUTIME UE EVOL PO OUYOAO U0 TRy MAUTIXES avUpMTIVEG CLAOUETES, TETUYUVOVTAS

emmAéov BeAtiwon Tng amdd00hS Tou.

41
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Kepdrao 4. Eroulnuéva Nevpwvixd Alxtua Xuverilewy yia Tov Evtomoud e
42 Avipomvne Xtdong

4.1 Ewoaywyn

To TNAY éyouv yapuxtneto tel wg 1 xuplopyn pedodohoyin o morlols Touels e Mnya-
vixfic Madnone, énewe otny avaryvoeton teotiney |70, tov evionioud avixewévoy [97], tny
OVOLY VEOPLOT) OV TIXEWEVLY O Bdoels dedopévey peydahng xAipoxos [32], tov eviomoud nado-
AOYIXOY XUTUOTHOEWY O toteuxéc erxdvec [19, 83, 122] x.a. H emtuyio twv TNAY éyxettoun
07O YEYOVOS OTL OMtoupYoly 0TO ECKHTERLXO TNE BOUYE TOU OLXTUOU TOUC ToL YHURUXTNELO TIXd
exelvor Tou ypedlovTon Yol TNV ETIAUOT Tou ouyxEXpWEVOU TeoBAfuaTog. Buowldueva otny
IXOVOTNTA TOUS VoL ZIOTIOL00Y TG TOTUXES tOLOTNTES TNG METAppuoNG evde ofuatos [17], em-
TEéMouY TNV onptovpyio CAANAEEdPTACEDY PETUEY UEYIAMY YELTOVIXGMY TEPLOY MY TOU ONUATOG

O ULXPOTEPES YELTOVIXES TEQLOYECS.

Boowd perovéxtnpa tev TNAY ebtvon 1 oavaryxn ueydAeoy ouvorey Se8OUEVEY Yiol TNV €X-
Tkdeuor) Toug. Mot eupgng SLUBEBOUEYT TEYVIXT] TOOO OF BEBOUEVY EMAVUS OO0 XL YOV, Elvan
7 TEYYNTY AOENon TV SEBOUEVHDV EXTUBEUONG UE YENOT OTROPMY Xol UETUTOTLONG TOU UVTi-
xewévou evdrapépovtog [26]. Ye npoBhiuate GUeS ToU 0 TEOCUVUTOMOUOS TOU AV TLXEWEVOU
TOU YEAOUPE VoL ovary VORIcouUE €yel onuaola, 0K 1) avayveetoT TNg 6TdoTE Tou avip®hrou
A0 EUPUYMVLYL XAPERA TOU Topouotdo Trxe oto Kegdhoro 3, 1 teyvixn auty| dev unopetl elxoia

VoL EQUEUOO TEL.

YT evOTNTH auTY, YLl TNV OVTHETOTON Tou TeoBAruatog Tou Kegdhoo 3 xdvovtog
xerion TNAY, npotetvetan 1) Snioupyia evdg ouvohou exTaldeuoNE Ue 0TAONS TOU avUp®TOU
and TedtdoToTe ovTéra (ouvieTinés avUpOTIVES OTEONGC) XL OTY) OUVEYELXL 1) EQUOLOYT TNG
TEYVIXAC PETOPORAC YVHoTg, enavexnondelovtog To TNAY ye Myeg ewdveg and TpayUaTixég

aVIpOTVEC OTAOELS.

4.2 Enovinuéva Nevpwvixd Alxtua 3uveliewyv

YuveyiCovtag 0 perétn tou mpoBAiuatos tou avantiioue oto Kegpdhowo 3, Yo npooma-
Uriooude Vo BEATUOO0UUE TIC ETMOOOELS 0TV OVAYVMELOT TNG OTAOTS TOUS avUp®TouU HECH TNG
OLAOUETUG TOU UTO EURPUYGVINL XAUER TOTOVETTUEYY, 0TV 0p0¢Y) EVOE dwpatiou. Muvdudlo-
vTog TV wavotnta Tov TNAY otov topéa tng tadvounong poll ue o olxd yapax Tneto Tixd
mou mapdyouv ov PAPZ Ya Snuoupyfoouue €va HovTtého txavd vor avaryvepiler xadnuepvég
0TAoE TOU avipOTOU oo PLol O TUTIXY ELXOVA EUPUYOVLIG Xduepas. 2Ty Eudva 4.2 topou-
owleton ouvonTixd 1 pedodoroyio mou Yo axohoudioouue. To TNAY déyetar we sloodo
TNV EOVEL TNG OLAOUETOG EVE TopdAATAe e€dyovTton amd auty To yapaxtnetoTid twv TAPZ,
6mou etodyovior 0To eninedo Tou TumXoD xpugol emimédou and veupovee Tou TNAY. To
TNAY exmondetetor oMoTnd ®dvovTog Yeror Tou aiyoplduou omododpouxrc SLidoong Tou
ogpéipatog (backpropagation) [110].
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4.2 Erouvénuéva Nevpwvixd Abxtva Xuyelilewy 43

Yo 4.1: Avdn opliag oTdong Tou avlp®dnou UESK EUPUYMVLIS XAUEROS, TOU ElVol TOTO-
Yetnuévn oty opopn Tou dwuatiou (aptotepd). Tunuatoroinon tng etdvag xow 2oy Yy Tng
avipdmvng othouétag (xévtpo). Trmo-eixdva Tng avdpdnvre othouétag Tou déyeTton 6¢ elondo

10 TNAY. (8e2d).

Convolutional
Layers of CNN

CNN

Input data

GZMI Calculation

Ve 4.2 Eymuotin| avamopdotaoy] TNg TeoTevopevng uebodoloyiog.

4.2.1 Apyvtextovixy Tou Encuinuévou Nevpwvixol Awxtiouv Yuve-
Aewy

To TNAY. mou Yua yenowonomiooupe aroteieitoar und téoocpa Exineda YuvehiZewy (EX)
o omofar Vo avarpépovtar w¢ YNuveyr Aradixooio YuvehiZewv (LAY). Ta npdra tplo enite-
ba ouveMZewy axoloutolvtar and éva eninedo péyLoTng uroderypatoAndiog, evéd To TétapTto
eninedo ouvehiZewy and éva TAYpwe draouvdedeuévo feedforaward dixtuo anoteholuevo and
000 xpupd enineda 4.3. Ta eninedu twv cuveriZewy anoteholvta and 16, 16, 32 xor 32 @ik-
tea. To péyedog twv giktpwy oe xdde EX emiéydrn va efvar 5 X 5, 4 x 4, 3 X 3 noe 2 X 2,
avtiotora. Ta exinedu utoderypatodndiog péyiotne s €xouv (Blo TARYoc giktpmy pe Tov
aprdud TV @iitoy Tou emnédou ouvehiZewy Tou axoloudolv. Yuyxexpuiéva, anotelodvTon
amd 16, 16 xor 32 pnredo YoeaxTnELoTiXGY, eve T0 uéyelds Toug elvon 2 X 2. Télog, o
TURMA TOU TUTEXOU emmédou amd xpupousg veupwveg Tou TNAY anoteheltor and éva xpugd
eninedo ue 64 veupdveg, axolouleiton and Eva xpupd eninedo 20 veup®vey oL TEhOg amd
éva eninedo £€600u Ye 3 vevpdveg (thoot Goeg xat oL xAdoew;/oTtdoels Tou TpofAfuaTtode wag).
To eninedo g eZ600U EVOWUATOVEL TOV YEVIXEUUEVO TUTO TG CUVEBLTNOYG AOYLOTUXY| To-
MvBpdunoTg, 6Tou avanupotd o anotéhecpa tou TNAY og dipotopa tdavothtey v Ty
nae dapopeTiny] xAdor tou. To TArdog twv emmeédmy xoL Twv GIATpwY (OTwE %ot To PEYelog
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Kepdlawo 4. Enoénuéve Nevpwvixd Alxtve Xuvedilewv yio tov Evtomoud e
44 Aviposmvne Yvdone

Convolutional Proccess

16@Conv Layer 16@Pooling  16@Conv Layer  16@Pocling 32@Convlayer 32@Pooling  32@Conv Layer
51§ Layer 2+2 a4 Layer 343 Layer 2x2

7.7 %32

20@Full
Connected
Layer

BA@Full
Connected
Layer

Yy 4.3: H Boow apyrtextoviny TNAY vy tov avayvdpton g avlpdnivng

otdong HEo NG EOVAS OLAOUETAS TOU ovBpMToL.

T0UG) TPOodPIoTNXE UETE omd TOMAES Boxtuée non ehéyyous, €xovtag TévTa umddr Mog Ot
o ot eninedo evoc TNAY telvouv v yodabvouy xhaowmd piktpa and tnv Yewpia enelep-
yoolug exdvag, evd o Paditepn eondlouv oe Aemtopépeiec Tou tpoBhfipatog [19]. Tty
Euwdva 4.3 napovordleton oYnuatixd 1) apytTEXTOVIXT] TOU TEPLYpdpae.

Ytn ouvéyeta Tpoxsyévou va Boniroouus To oVTEAD OTNY EMLTUYT TUEWOUNOY TWY TpaLY-
HATIXOY avipGTW6Y 0 TEOEMY dnuioupyoaue P evioyupévr éxdoor tou Tumixol TNAY mou
TEprypdoE 0T TEONYOUUEVY EVOTNTA. LUYKEXPYWEVN, TOOTEVOUUE ULat UPYLTEXTOVLXY 1} O-
nofo Yot ouvdualeL ToL YupaX TNELo TLd Tou e&dyovToe and TNy xdle ewdva €.06d0u 010 BixTUo
Xon ToedyovTon 0T0 TEA0S Tou LAY e 1o YupaxTRpto Tixd Tou e€8yovTar ol Ty e:xOva auTh
péow v PAPZ. To yopuxtnptotixd autd €pyovio »¢ el00dog 0Tov TpdTo Xpugo VEURGVL
0 TNAY nou neptypddope vopitepa.

O UTOAOYLOUOS TOV TUPUY WY GV TOU YeetdfovTon xutd Ty dradactio Tng extaldeuons Tou
Stxtou og ouVBUAOPG e TNV xavoueta 0000 Ty IAPZ yopuxtnplo Ty, entTuyydveToL Ue
™y Pordew g PBAodune CAFFE [T1]. H exnaideuon tou duxtlou yiveton ue tov ahyopud-
Ho omoVadpounnc SLddooTg Tou O@dUaTOg, xalmg 1) apyttexTowxy uropel vo teprypapel wg
évag oaxuxhxog xatevduvapevog yedgog. Ot pepinég mapdywyor unoloyiloviar YEok g ou-
VApTNONE OQANATOS ot TOV Xavova TG aAvoidog. Xtny Ewdve 4.4 napovotdleto oynuatind

1 apyrtextovixy tou ‘Enauinuévou Neupwwixol Awtiou YuvehiZewy' (ENAY).

4.2.2 TIlepvypapr Kadnuepwoy Aviponivey Stdoswy

Mo va ehéyZouvpe metpoatind 0 ENAY do Snutovpyrooupe éva 0Uvoho Bedouévemy ard
xomuepvég avlpmmiveg 0TAOEL YO TELOBEOTUTLY HOVTENGY: TN 0TdoY) Tou “Opiou” av-
Ypmmou, Tou “kathoTol” xou T oTdon TN “rTdong” Tou avledTou 0To TaTLYY. YE obyxpelon
UE To TpoNnYoUuEVO 0UVOAD 0TdoEmY auTéS elvar oTdoe Tou uropel 0 dvlpwTog vo xdver oty
xonuepvr Tou dpaotrptdtTa. O éheyyog mou Yo xdvouye oto mpaypotind Bivieo Ya elvor
ouvexRc ToEVOUNoY Tou Xdle oTYMOTUTOU Yot Gyt MOVO aUTHV TOU TERIEYOUY ULal atd Tig

ouyxexpéveg otdoec. Ou oTdoelg TV TEWIOTATWY MOVIEAWY TOU Yenouonomuinxay mo-
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4.3 Hewouarue) EmBefoiwon twv ENAY 45

Convolutional Proccess

= = |

Output

‘ RN | A e | o
[ L L R TE— i — i i .
16@Conv Layer 16@Pooling  16@Conv Layer lo@Fooling 32@Conv Layer 32@Pooling  32@Conv Layer P
545 Layer 2=2 44 Layer 3-3 Layer 252 ~S

20@Full
Connected
Layer

B4@Full
Connected
i)

-
LT

[ cmmcie
| ;

I

Iyfua 4.4: H mpotewvduevn wpyrtextowny) ENAY. Ta FAPZ ohxd yopaxtnptott-
%G amé pa exdva avlp®dmvng othouétag ELoépyovVTaL 0TO TATPeG Btacuvdedepévo
eninedo VEURPMVGLY, 0E OUYOLIOUS UE To TOTUXS YopUXTNELO TIXd TwY CAAETEAANALY

ouveMZemv.

pouawalovion otny Ewdva 4.6, 6mou o al - o2 arexovilouy Ty “dpta’ otdon), o B1 - B2 v
‘oot xo Téhog o Y1 - ¥2 v ‘nroon’. o xdde wa and g otdoeis ypnowuonowiinxay
o1, déxa o Eviexa dpopeTnd poviéha avtioTorya (2, 3, 5H8).

['tat Tig avAy®ES TV XovoUpLOY TEWUUATOY TOTOUETACUUE TNV EVPUYMVLAL XIUERH OE XE-
vIpdTERO oTueio g opogric Tou dupatiou (Ewdva 4.5) xa enavasuduypoppiooe v xdue-

paL 0TO XMeo OTwg Teprypddaue otny Evotnta 3.2.2.

4.3 Tlewpapotixry EmBefaiwon tov ENAX

L ouvéyera Ja Tpoyweiooupe otn wedéty twv ENAY yia v enfhuoy tou npofAructog
e avlpdmvng oTdoNS PEOW TG OthouETag TOU avip®ToU omd eupuydWLY Xdpepa. Apyixd,
drputoupyooue Eva ouVIETIXG CUVORO OO OLAOUETES TROCOUOLBVOVTUS TO TEUYHUTIXG BOUITIO
omwg meprypadope oty Evétnta 3.3.1. To miidog tev cthouetdy yio TG TREWS OTAOELS
ghvar 42,262 xon meprypdgeton avahutixd otov Iivaxa 4.1. To 50% and 1 othouéteg Da
xenowonotmUel yio Ty exnaidevorn tou ENAY %ot to undhotro yur €éreyyo.

Yrdon  [Ivilec Ewdvey

‘Opli 15,916
Koot 14,674
[Ttwon 11,672
Y Uvoho 42,262

Hivaxog 4.1: To mhidog twv ouvdetindy othoueTOY Yia i Tels avlpOTveES OTAOEK.
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Kepdrawo 4. Erow&rnuéva Nevowvixd Aixtue Yuvedifewy via tov Eviomoud trne
¥ i } ! I il
46 Avipdmvne Xtdom

Y

Eyfua 4.5: To dwudtio oto onolo elvar Tomovetnuévn xar £yt evduypouoTel 1

supuyOwia xdpepa. O TapdueTtpot ard tnv suluypduuor| Tne Yenotuoron|inxay yio

T0 BLUATIO TEOCONOIWOTE TLY TUVIETIXOY MOVTEALY avipdmvng oTdoTg.

4.3.1 Toa&wopnon twv Tewwy Avipohnivey Etdoceswy ce Tuvietixd
Acdopéva

Apyxd, Do eréyZouue tny anddoon tou ENAY otig othouéteg ehéyyou EVavTL ToV XAAot-
xev TNAY] o tou neprypapéa TAPZ o ouvdiaoud pe tov ahyopiduo talwounong k-KI' ue
) k= 3. To ENAY du exnoudeutel ypnowonowvtog 10 50% 1wy ouvieTixdy athoueTdV
xon xdvovtag yenomn heudo-ouddeny Teotimmy ue uéyevog 50 eixdveg v xdde eraviinly Tou
ahyopiluov, pe dotdoeg 113 x 113 w¢ 6edopéva et0660u xar 20, 000 enavarrierg. O Tipég
Tou pudol expdinorg xou opufc ebven 0,01 xa 0,9, aviiotoye. To Bio poviéro Ha yen-
owornomdel xo ota xAaowd TNAY. Emnkéov, éva odvolo 58 yupaxtnpotixdy eZdyovio
Yo xde exdva uéow tou PAPZ nou anotehodviar and To TeayMaTixd xon QuvTaaTixd wépog
TV 29 uyddindy pOTMYV TOU TURAYOVTH UTO TO TOAUOVULO Vi To omolo du siodyetor oto
ENAZ.

Ytov Ilivaxa 4.2 napovodleton 1 anddoor TV EXTUDEVNEVEY MOVTEAMY 0T0 GUVOAO ¢-
Ayyou. Onee propolye vo mapatnprioouue o ta ENAY nagovoidlovy hyétepo and 1%
BeAtiwon oe oyéor e ta undhotna wovtéha eve ta xhaoxd TNAY eupaviCouv (Blo nocootd

emtuyiac e 1o poviého Twv MAPZ. Ytoucg [livaxeg 4.3, 4.4 xo 4.5 mapovoidlovTor Ta unTeda
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4.3 Iewauatua) EmBefainon twv ENAY 47

(v2)

Tyfuo 4.6: To poviéda Twv Teimy avipdnivey oTdoswy. XTIg EXOVES o, O To-
pouctdletat 1 Gptha oTdon, oTic ewbvee B, B2 mapouaidletan 1 xaho T oTdon o

OTIC EIXOVEC Y1, Y2 TOPOUCLATETAL 1) TTAOOY) GTO TATGUL.

Anddoon (%)

ENAZ 98.5
TNAZL 97,7
TAPZ 97,2

Hivoxag 4.2: Ta nocootd emtuyiog TV Teidy YeVddnmy oo dedouéva eEAEYYOU TUV-

VETIXMV GLAOUETMV.

olyyvornc twv ENAY, TNAY xa 'APZ avtiotouya.

4.3.2 Evtomopog Avipomivng Xtdong os Yuveyég Bivteo

Qo1600, 10 TEUYUATIXO EVOIPEPOY UTHPYEL OTOV EVIOTIONS TNE avilpdnivng dpaoTnetdoTn-
Tog oe mporypatixés ouvifixee xou Oyt o ouvieTixd dedopéva. o Tov Adyo autd Srutoug-
yidnxav tela Bivieo xdvovtag xeriong e supuydviac xduepas TomodeTnuévng oty 0pogy
ToU dwpatiou MoTe Vo EAEYZOUUE TNV ATOBOCT] TGV EXTOLOEUUEVLY HOVTEAWY, UE TIC ouvie-
Tixéc othovétec. Xta Bivieo o dvipwnog epgpaviCeton va extedel tpelc xadnuepvéc otdoel,
Yy Gpdit oTdoT, TNV XIOTH OTAOT OF WMo XOPEXAA Xl TNV OTAON TNS TTHONE 0To €dapog.
Kdle otiyudruno wwv Bivico yapaxtnelotnxe ye yewpoxivito tpdno wg npog tn otdor Tou
avipmrou. Enedh duwe o thidog twv otiypotinwy 6ev elvon endpxés yior TNy exnaldeuon
TWV HOVTEAMY, TOU AVUPEQOVTOL OTIG TEONYOUUEVES TUAYPAPOUS, Vo YPNOYOTORCOUUE Tal
oM exmondeupéve LovTEAX e TIc GUVIETIXES GLAOUETES YIOL VoL VALY VRICOUPE TNV oTdoT] Tou

mporypaTixo) avidpmnou. O othouéteg TV TpaypaTixdy avlpdnemy eZdyovia and To Bivieo
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Kepdrao 4. Eroulnuéva Nevpwvixd Alxtua Xuverilewy yia Tov Evtomoud e

48 Avipomvne Xtdong
HpdBhein
Ytdon  Optwe  Kadwot Ilwoon
Hpoypatep  ‘Optha 7851 33 62
Twn Koo 44 7254 60
o 63 50 5714

Hivoxag 4.3: To unteoo obyyvong tou ENAY otic ouviletinée othouéteg.

HpdBhedm
Ytdon  Optwe  Kadwot Ilwoon
Hpoypatep  ‘Optha 7825 63 81
Twn Koo 39 7175 105
o 94 99 5650

Hivoxag 4.4: To unteoo obyyvong 1ou TNAY ot ouvletinés othovétes.

ue Ty Boreia evog ahyopiiuou Tunuatonoinong omwg avagépetar xor oty Hapdypopo 3.4.2.

Ytov Hivoxa 4.6 napouctdleton T0 T0000T6 emTUYlUE TOU XGUE HOVTEAOU 0TO o€V amd
o Tt Bivieo. o mpoyweroer 1 avdhuon, mpénel va onuetwdel 6T xdlde oTyOTUTO TWY
Bivteo yopoxtnploTnxe amd Tor LOVTEAD Xodig TeptEYouy Pl and NG Tee oTtdoe. Axdua
xoL 7] OTAOY NG HETAPUONG Amd TNV W OTAOY 0Ty €MOUEVY), €xet Topoueivel oto Bivieo
nan €xer yopoxTneloTel xan auTh amd ToL ovTéaa, pe mwavd Aavlacuévo Teomo, xudog Bev
éyouv exnondeutel o autéc. BAénoupe otov Ilivaxa 4.6 tewv anoteheopdtmy dtt T TNAY
UTOTUYYAVOUY VoL EVIOTIOOUY TNy 0TdoT ToU TeaydoTixol avlp®rou, xadde or GtAOUETES
TOUG EUPAVIlOUY TORUUORPWOT AOYH TOU dAYORLULOU TUNUATOTOINOTC TOU Y ETOULOTOOUUE
yioo Ty eayeyr Toug. To povtého tov APZ eupaviler xohltepo amoteAéopato and To
TNAY a0 ome etyope St eppaviler ovoyn) 0TI UHEES TURUUOPPAOOELS TOU OYAUITOS TV
avtieévey. Kadde 1o ENAY evoouatdvouy tny tinpogopia twv FAPZ éyouv unidtepa
T0000Td emtuytag oe oyéon pe To xAaoxd TNAX.

To o@diye Tou Tapdyeton and Tov ohyoptdo TUNUATOTOMOTE OTIC OLAOUETES OEV YUTO-
polue vo 1o amogiyouue. T va 1o avtiwetonioouye, Yo YprouoTomoouUE TV TEXVIXT)
peTapopds Yvoong Tov TNAY and éva exnudeunévo YovTERo yio Ty dnpovpyio evog xou-
VOURLOU UOVTEAOU.  DUYXEXQWEVN, Vol YPTOWOTOOOUUE TO EXTOOEUMEVO UOVTEAD amd TiC
ouvleTEG OLAOVETES WG Baon-apyonoinong Twv Bap®dy evog xavolpelou ovtélou, omou Ja
TO EXTAOEVOOUUE PE €V U0 0UVORO aTd GLAOUETESG UE OTAOELS TROYHOTIX00 avUp®Toy. Yu-
YHEXPUEVY, TO MOVTEAO auTO Vo exmondeutel amd ta oTrypoTuta Tou Bivieo 1 ou ebvar 1315
yioo 50 emovorferg. Ta undhowma yapaxTneto Txd Tou SixTlou Tapouévouy otadepd. Auty
7 Srdwaotor egappdleton téoo T ENAY 600 xon ota xhaowd TNAY. Emniéov, yio tov
EAEYYO TNE UmOBOONE TOU TEOTEWOUEVOU MoVTEAOU Vo ouyxprdel ue piar ShAN yVeoo T xodie-
pwuévn pEV0d0 YLl TOV EVTOTIOUO OTAOEWY Tou avip®Tou and oTaTixn xduepa, tTny puédodo

tou Poppe [101].
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4.3 Hepouotin Emfefoioon twy ENAY 49

poBhegn
Ytdon  Optwr  Katot Itoon
Hpoypatuey  ‘Opt 7785 83 101
Twn Koot 59 7135 125
o 114 119 5610

Hivoxag 4.5: To unredo obyyvorng tou FAPZ ot ouvletinés othovétee.

Anddoon (%)

Bivteo 1 Bivteo 2 Bivteo 3

ENAY 36,6 50,9 55,3
TNAY 36,4 43,1 47,8
I'APZ 51,3 63,5 72,4

Hivaxog 4.6: Ta mocootd emttuyiog TV eXTOOSUMEVLY LOVTEAWY UE CUVIETIXES

OLAOUETEG, YLl TNV AVAYVOPLOT) TOV TRUAYUATIXGDY avIpOTIVEOY GLAOUETOV.

Yrov [ivaxo 4.7 nopouotaleton T0 T0000TO eMTUYLUE TWV LOVTEAWY oTa 800 PBivieo xadng
10 Bivteo 1 éxet yenowonomlel yia Ty exnaldeuon Tou yoviéhou. Biénoupe 6L 10 ENAY pe
NV YPNHOT TNV HETOPORAS YVOoNg eupaviler onuovTiny| BeAtimwon oe oyéon ywelc Tn UeTapopd
YVOONG, EVE OUVORXE €xet xahbTepa amoTeréopata ot omd To xhoowd TNAY ahhd xon amd
v wédodo tou Poppe. Ta untpdo obyyuong tev uetddny ENAY xu TNAY otic otdoei
TV avlpOTVeY othoueT®y Ty Bivteo 2 xou 3 mapouotdlovtor otoug Iivaxeg 4.8 xon 4.9,

avtioTolyo.

Anddoon (%)

Bivteo 2 Bivteo 3

ENA3X 73,2 80, 1
TNAX 65,5 77,8
Poppe 47,3 74,5

Hivaxag 4.7: To m0oc001d emTuylag TOV EXTUOEUUEVOY LOVTEADY UE TRUYHATIMES
avUp®TVEG CLAOUETES TOU BIVTED 1, yior TNV avary vERLOT) TV TEUYUATIXGY avipdi-
vov othouetdy. Xto ENAY xow TNAY éyer yenorponomiel n uédodog yetapopds
YVOONG om0 To 0P yIXd EXTIOLOEUMEVH HOVTEAN UE CUVIETIXES OLAOVETES, eV 1) uéVo-
do¢ Tou Poppe €yel exnondeutel e£0h0XAAEOU UE TIC TRoYHOTIXES OLAOUETES Tou Bivieo
1.
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Kepdrao 4. Eroulnuéva Nevpwvixd Alxtua Xuverilewy yia Tov Evtomoud e

50 Avipomvne Xtdong
HpdBhedm
Ytdon  Optwe  Kadwot Ilwoon
Hpoypatep  ‘Optha 90 157 54
Twn Koo 207 495 248
o 135 211 1900

Hivoxag 4.8: To unreeo olyyuone tou TNAY otig mpaypatinée OthOUETES ov-

Yoodnwy and to Bivteo 2 xan 3.

[Tp6Bhedm
Ytdon  Optwe  Kadwot Ilwoon
Hpoypatep  ‘Optha 212 147 54
Twn Koo 143 500 146
o 7 216 1963

Hivoxag 4.9: To unteoo obyyvone tou ENAY otig mpoypotinée othOUETeS ov-

Yoodnwy and to Bivteo 2 xan 3.

4.4 UUTEQACUAT

Y170 XEQPAAANO AUTO TOPOUCIAO TNXE L0l VEU URYLTEXTOVIXY] VEUPWVIXGY SIXTUGY OUVEAEEWY
emauENUEVNS TANPOQORLNG, OTOU TO LOVTEND exXToudeleTor Ol UOVO PE To TOTXE, YopoXTrPL-
0Tixd TOU SroupYel HEOE TWY CUVENEEDY TOu, UAAG xou Ue emTAéoV TANpogopia Tou dev
umopel 10 1o var dnuovpynost. To HovTého auTd YENOWOTOAUNKE Yot TNV VoY VORLOT| TWV
#xaNUepVOY avIpOTIVEOY OTACEWY A EUPUY ML XOUERS TOTOVETTEYY OTNY 0POGT] TOU Bt~
HoTtiou, UE OXOTO TNV XATUYPUPY| XKoL TUPUXOAOUUNOY TN Bpao TNELOTNTAS TOU avUp®OTOU Yol
TNV OVTWETOTLON ETELYOUOMY XATUOTIOEMY (Y. 1) TTOOT evOS NAGUEVOU avUpOTOU) X.0.

H npotewvduevn pédodog cuvdlooe tny mAnpogopla Tou Topdyel 1 YEV0B0G TV ONXMY
TEQLYPUPERDY BLOPUWUEVHY YEWOMTIXGDY poTwV Zernike, xadog emAéyinxe ©¢ xaTaAAnAOTERT)
YL TO OUYAEXPEVO TEOBANUA ool Tp®To YeAeTHOnne xor ouyxpldnxe pe diloug ohxolg
TepLypapelc, ue To veupwmvixd dixtua ouverilewy. To mpotewduevo noviého xutdpepe emTUYY
avoryveeon, e avlpodnivng dpaotnetdtnTas o ouveydpeve Bivieo pe uéon anddoorn 76%.
Ipéner vo tovio¥el OTL T0 MOVTERO OF TE®TY QAOT) EXTAOEVTNXE UE CUVUETIXEG CLAOUETES TG
ovUpOTIVNG DEAUOTNELOTNTOC XAt OTY) OUVEYEWL, JELOTOUBVTOS TNV HEB0B0 UETHPORdS YVHOTS
enaveEXTAOEOTNXE UE AlYEC TRy TiXES avUp®TIVEG OLAOUETEC.

To npotewbuevo poviého ouyxeidnxe pe dhheg pedddouc (veupmvixd Suxtio ouveliZewy,
péVobo doplouévey yewmdurtixdy ponoy Zernike, pédodo tou Poppe) xon 1o amotehéopota

éoerday oopry UTEROY T Tou 0TO TEABATUA auUTo.
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KegpdAiowo 5

MeObooog XaunAng

Y rohoyiotixne Ioybog yia tov
Evtonioud tng Avipdmivng
ITtwong

Y10 xe@dhono autd Yo aoyornlolue PE ToV EVIOTLONO NG avipOTvig TTHOTNG XEAVOVTOG
XeTomn EEUTVGVY QORETOY CUOXEUGOY. XXx0TO¢ Tou xepalaiou etvar 1) driovpyla evdg uToloyL-
o Tx00 YOVTEAOU YUUTANG TOAUTAOXOTNTHG, TO omolo Va umopel Vo Asttoupyhoet oe aoVevelg
UTOAOYLO TUXA OUGKEVES, OTIOU AoBAvovTag OHUoTa omtd Toug atoUNTARES TWY OUCKEUMDY OUTMY

vor umopet vor tpoBAéder Tuyov TTdon Tou avipoTou.

To urohoyloTind cUGTNUA YLt TNY AVIAUOT TV oTudTeY Buctleton oTn yenorn 600 yourn-
ol umoAOYLo 00 xO0Toug YeVddwy. Apyixd pekethiooue T pédodo Bladoytxnic avdAuoTg
2UPlOY CUVIGTOOMY, TOU OX0TO €xEl TN PElwor TG OLdoTHoNG TOU CUVOAOU TV ONUATMDY
TOU AoPBAVOUUE OF Wit BLAC TUOY). TN CUVEYELL EQUOUOCHUE TNY AVIAUCT] TOU HOVOOLIO TUTOU
METAOY NUOTIOUEVOU OHUATOS HEOK TNG TEYVIXAC OTUTLO TiX0U EAEYYOU Xuoowpeeutixol Adpo-
fopatog (XTYABG). H npotewduevn mpooéyyiong divel Tny Suvatdtnta ypYong onudtey Toh)
MEYEANG BLAOTUOTG, OUYXELTIXG UE dAAEG ueldBoug EVTOTOUOU TG avipOTIVIG TTOOTC.

To mpotewdpevo ovotrua [48, 49|, éxyer eqpaupuootel xon eZetaotel oe évo 6OVOho BedO-
UEVWY UEYIATE LU0 TUONG, UTOTEAOUUEVO amtd BLopopeTiXéS avUpMTIVES DpUO TNELOTNTES, TOU
ToeryOnooy péow awodnthienmy evog EEUTVOU MVNTOU TRAEQPOYOU, UE TOMAATAES OANXYES TG
SpootnpLdTnTag Tou avlpdrou [48]. Emmiéoy, eZetdotnue o éva ohvolo Sedouévey uxpdte-
ENG B840 THONG ONUATEV, EVOS EEUTVOU XVNTOU TNAEPHOVOU, YIol TOV EVIOTUOUS TNG TTMONG TOU
avipomou [49]. To npotewbuevo obotnua édele T mopdyer axplBy) anoteAéopata Ue TOND

HEY) eVt Aovdaouévey evoeilenmy.

51
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5.1 Ewaywyn

Kadoe ov ovoxeués ouvbéovtar yetalld Toug xon avTthopBdvovTtor Tov TepiBdAhovTa Ydpo
ue tny Borlder evdg marloug aroUnTipwy Tou StdéTouy, yivovton OAO XoL TEPLOCOTERO av-
Ypomoxevipwmés.  PopnTéc xat QOPETEC CUOXEUEC OUVBEOVTUL UE TOV GVUPWTO OVTAMYTUG
TAnpogoplec-0edouéva. amd auTdy, oloToLdYTUS To SEB0UEVO TOu OUAREYOUY ElTe O XAmoLoy
ATOPAXELUOPEVO eEUTNEETNTY eite amd Tic Bleg Tig oLUOoXEVES. Xx0TOC NS TERYBEANOUOUS VOT-
HooUVNG elvan VoL EQOBLACEL TIC OUOHEUES AUTES PE TO XATIAANAO AOYIoUX0, T0 omolo Vo umopel
vor AOver xordnuepvd xon {otinic onuactog tpolBAfuata Tou avipdTou.

‘Eva tétoo npdBinua, eivon 0 evTomonog tng avip®rivig TTHong Tou avUpmTou, UE OX0TO
Y EYXURY XaL €Y XULET] EL00TIOMNOY XAToWU oLXEloU TEOCMTOU ¥ edol TEoowmLxol. ‘Onng
et topatneniel o TohEe Epeuves (88, 96, 133], mepinou 10 33% TV NAXLGUEVLY v ipGTeY
v omd Ty A Tov 65 yedvey xow o 50% Tov MAOUEVEY dve Tev 85 Budvouy uu
TToon xdle ypdvo. ‘Eva tétoo atdymua TOAES opéc umopel va emupépel amd eAoppelc
TpowpaTiopoUs Péypt o ToA) 0ofupolc yior Ty Lon touc. Melétee emonpaivouy 6t 1o 50%
TRV NAXUOUEVEY TOU €Y0UV UTOOTEL xdTorya Tou toyiou dev unopoly va {hoouv aveldptnTor,
eved €va T0000Th 25% €we 33% autdy, avakdye TS N OUddus 0Ty omolo avAXouY,
nvOuveLEL vor Ttevdver PETd amd 6 unveg €wg Evay ypdvo.

H Suvatdtnto vo umopet o dvlponog va (e xon vor xwvelton aveldptntog, Ywpelc Tnv ou-
veyn) emTrionor xdmotou Teitou eivon Evar Bualmua GAmY, TOAOL OUGE NAGUEVOL YEVOUY TO
duxadopa autd xodde 1 emTAENON Toug Yiveton avoryxooTixy. H Swxprtind eniBiedn Toug
XWEIC TOV TEQLOPLOUS TNG WOLWTIXOTNTAS TOUS X0t TOV TEPLOPLOMO TN aveloptnolug Toug ebvor
emiBeBAnuévn xar amoteAel Evay xovolplo TOPEN 6TO OV TIUA PEOVTIBUS TV avUp®TMY KoL
QUTOUUTOU EVTOTIOUOU ETELYOVTWY TERLO TUTLXMY.

HolAé ohoxhnpwpéva ouoThuaTte €xouy Tapouowotel ot PiBlhoyeagia (33, 34, 77, 89,
TOU OXOTO €Y0UV TO EVIOTLOMO EVOC ENELYOVTOC TEQLOTUTIXNO) X0l OTY) CUVEYELL EVIUERMOT)
evog owxelou mpoonnou yiu Boreo. Mébobol mou unopoly va evionicouv Ty TTOOoT €VOg
avlp®TOU PE TNV YENOT XAUERUS, OTLS Topouctdooue ot Kepdhona 3 xon 4, 6ivouv tny
guXOAa TNG BLXELTINAC EMTAETONG, YWwels va emeufaivouy oTov B0 Tov dvipwro aAldlovTdg
ToU Tov xatnuepvo TEdTo Lwhc Tou. Av dung Beeldel extde epPéhetac tTng wduepog xor ouuSet
€vol eTElyoV TEPLOTATIXG TO oLOTNUA Bev Yo umopécet va To evtonioet. ‘Etor undpyer 1 tdom
NG oELOTOINONE TV QOENTOY 1) PORETAY CUOXEUKY, XAIDS TETOIEC OUOKEVES YPNOWOTOLEL O
Gvlpwnog 0TV XUUNUEPVOTNTY TOU.

To emtoyuvolduetpo eivon €vog aoUnThPAS XaTorypaphc ®VNoNG TOU EVOWUATOVETOL O
TOMEG cuoxevée. Eyer nopatnenlel ot xotd Ty Tmor Tou avipnrou cuuBatver pua Tayeto
EMUTEY UVOT] TEAYUATOTOLOVTIS OARAYES OTOUS TRELS GEOVES TOU EMLTAYUVOLOUETROV, TOUS dEo-
veg X, T xon Z. Me puor xotdhhnhn enelepyoocio Ty 0edouévmy autdy uropel va emteuydel
EVIOTONOE NG TTwone. ‘Eva dhho peydho micovéxtnuo Tev aodnthipny xiviong elvoe To
YUUNAG x60TOG Mo To e€onpeTind wixpd PEYEVOC TOUC, EMTRENOVTG €TOL TNV EVOWUSTLOY
TOUG OE QOPNTES X0 POPETEC OUOXEUES (T.). OF évar pOAGL XapToU R xvNTO TNAEPLVO, OF €va

TOUXdULo0, X.AT.). Autd T0 YeYovis xdver Toug ooUnTApES Xivrorg Wavixols Yo ouveYEls
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XOTOLO THOELS Tapaxohoinorg, o omodhrote timo mepBdihovios (eomtepind B eZotepind
neptBdihov), aveZdotnTo and TN SpAoTNELOTNTA TOU YEHOTH.

‘Evo Baowd peovéxtnua v aotntheny xivnone (emtoyuvotopétpmy) eivor o hovdo-
opévoc eviomopds enciyovtog nepotatinol (my. 6tav o yeRotne extehel toyeles xvhoew,
peZo, xatéBuoua oxdhag, xA1.). Hodiéc epyaoiog (84, 125] evromouod ntdong Tou av-
Yoomou Poaollovton ot yprion 6edouévey aointrhpwy xivnorg, petaoynuatilovtag o Tetdt-
Gototo ofpe Tou Tapdyouy ot aodnTiees (Snh. toug X, T xou Z dZoveg) o€ YovodtdoTato Ye
xerion Tou tomou 5.1 xou ot ouvéyewa e Pedddoug xaTweAol utoloyilouy éva xaTEAANAO

AATOPAL OOTE VoL EVIOTLOUY TNV TTOOT:

sig = /(X2 + Y2 | 72). (5.1)

To mpdfinua duwe o autée Tig Yedddoug etvar 6Tt xadoS Tor OpLY TOU XATOPALOU EYOUY U-
TONOYLOTEL OE VOl CUYXEXPWEVO OUVOAO BEBOUEVKY, BEV UTOPOUY VO EQUQUOCTOUY UE TNV
{dw oxpifBerar o€ BebOPEVA TTOU THPAYOVTAL OO BLUPOPETIXES CUOKEVES, apoU Tduvd Stapépouy
AOY® GPIAULATOC 1) BlapopoToinong Tou TeOToU oUAROY TG amd TN cuoxevy]. ‘Eva 6ebtepo orn-
MOV TG PELOVEXTIUE Toug ebvor 1) Buoxoia ebpeong Tou xaTe@hol Tou unopel vo Eeywpeios
o 6ebopéva. ‘Etor, €youv mpotadel pédodor auTOUATOU EVIOTIOUOU TNE TTWOTS, YENOYWOTOL-
OVTOG 0 TUTLO TUES MEDGBOUE EVTOTLOMOU ahhory Y 0 oot oty dedouévmy [125]. Qotéoo
auTég ot YEYodol epavilouy Teploplopols a@ol UTopoy Vo aflOTOMO0UY TEREQUOUEVO O-
ordud SO TUONE TWY oNUETGY, Xadde av auihoouue To BeBOUEVA OF TEPLOOOTERES MO TEEL
OLO TAOELS BEV UTEPYEL HATOLOG HUATIAANAOG UETAOYUATIONOC TOUG OF Wil OLdoTHOY OTKSG
AT TOOV.

Autd 1o TEOBATAL EQYOUAOTE VOL Y TYETOBTOOUUE CUYOUALOVTIC KUTEAANAYL YVOO TES Ue-
Yodoug petwong g Sl TaoNG TV OEBOUEVEDY %o EVIOTLOMOU OAAXYMY OF HOVOOLEGC TUTH
ofpata. To mpotewduevo obotrua [48, 49, éyer epaupuootel xon eetaotel o évo ovoro
BEBOUEVGVY LUE BLPORETINES BRUO TNPLOTNTES VUMWY, YENOYWOTOLGYTS aoUnTrpes EEUTVoU
HVNTOO TNAEPAOVOU PEYEATG OLEOTAOTE ME TOAUTAEG AAAYES TNG avUp®TvNG Spoo TREOTY-
TG, OTOE Kot 0 Ever 0OVOAO SEBOUEVELY O ORUUTH ETLTOYUVOLOMETEOU (TEUDHY BLUO THOEWY)
evdg EEUTVOU XVNTOU THAEQHVOU e TTeor ovdpdrou. To mpotewvduevo obotnua €dele ot

ToEdyeEL axEBr] ATOTEAEOUAUTO UE TORD UXEY) EPGAVIOT Aoy DoopEVERY eVOEIZEmY.

5.2 Medodog Evrioniopod AN oy wv o Xuata Meyding

ArldcTaong

Yy evotna auty) Yo mapouctdoouye pro wedodoroyio EVTOTIOUOU dAAAY®Y O OuATO
Heydng dudo taorg atonotdvtag Ty Avdiuorn Kugiov Yuviotwody (AKY) yio tov petaoy -
HOTIONO TGV TOAUOLEG TUTWY OTUATOV OF ULol OO TAOY) KoL OTNY CUVEYELL YPNOWOTOUOVTAS
v ey Yuocowpeutixot Adpolopatog (NTXAO) Vo evtonicouue tuydy ahhoyéc mou
umopet va epgaviCovton oe auTd. Xx0omdg TG ouyxexpluévng petodoroyiog etvon vo umopel vo

eQoppooTel 08 TRUYHATIXG BedoUEVa TOU AouBdvovTar amd QOENTEC CUOKEUES XL OAOXATEY
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7 enelepyooio va yivetar €€ ohoxhrpou oe autéc. TErou Yu mpéner vo yedodohoyia vo ebvor

YAUTAOU UTOAOYLO TIXOU XOOTOUC.

5.2.1 Awdoywxn Avaiuvor Kuplov Suvictwoony

H Avéiuon Kupiewy Xuwvioteooy evor pa otatiotixy) pédodog petwong tng 8tdo taong
TWY GECOUEVLY OOV YETUOY NUAUTICEL TaL opytXd OEBOUEVOL UECEK ULl OUBDOS 1] YROUUIXOY OU-
oyxeTWOUEVLY PETUBANTOY, Ol OTOlEG XUAOUYTOL XUPLEG CUVIOTWOES. Baotd yopaxtnoiotind
TRV ®OPLOY CUVLOTGOMY elvol 1) avTo ToLylo TOUC UE YEUUXOUS BLVUOUATIXO0E LAY WEOUG
Tou eppovilouy T YEYIOTY BUVATY BtaxUUavoT) NETOEY TV UETABANTOY TV apytxdy 5e80-
uEvmy. Emiéyovtag toug undywpoug autols UE Tn HEYUAUTERY) SLaoTopd, Tar dpytxd Sedoueva
ueTaoynuatilovton o véo wxpdTepnG SLUGTUONGS, SLUTNEMVTAS TO UEYUAUTERO YEPOC TNG TTAY-
cogoptag toug. To péyedog tne véug Sdotaong Twy dedouévey eluptdtor and To TARdog
TV XUV oUNOTEOoGY Tou Bo yenotononUody (xor TV SLVUOUATIXGY UTOYGEGY XoT
enéxTaoy)).

207600, 0 UTOAOYLONOE TWV XURlwY CUVIGTWOOY BuctleTon 0TNY XprioT TOU UTOAOYLONOU
TV UNTEOGY OUVOLKOTIOPMY, OTOU TO UTOAOYLOTIXO XOO0TOC eivon OtlTeEpa YEYAAD, KUpleg
0€ OUOXEVES YUUTATIC UTOAOYIOTIXAC LOYUOG. YE MEQITTMOEL, OTOU T DEOUEVO EQYOVTOL UE
ouyvotnta devypatoindiog 50hz, o cuveyhc UTOAOYIONOS TOU UNTEMOU CUVBLAOTIOPOY Xat O
UETUOY NUATIOUOS TV BECOUEVLY OTIC XUYOURIES XUPLEG OUVLOTMOES EIVOL AUy OPEUTINAG. 2ITO
OUYXEXPWEVO TEOBATUAL Yial VOU ETLTUYOUUE YOUNAD UTOAOYLOTIXG XOOTOG OTNV UVIAUCT] TV
OMUATOY, TO TOAUBLIGTUTO 0y xd onjo Vo UeTaoy nuaTioTel oe wovodtdotato. ‘Etot wbwitepn
onuacia €yeL 0 YPYYOPOS UTOAOYIONOS TNE TE®MTNG X0OPLIC CUVLOTOOUS XL O)L OADY TMV XUV
OUVLOTOOWY Tou Xdie véou delyuaToq.

[t Tov Adyo autd €youv avamtuy Vel topahhayég Tng apytxnc uedddou xuplhy CUVIGTK-
oy, mou ovopsdlovton uédodor Awboyrc Avaivone Kuplov Yuwotwody (AAKY), v
TEOBAAUoTY OTOU ToL BEGOUEVL EpyYOovVTaL UE PEYEAO puiud xar Yo TpéneL 1) avdAUOoT Toug Vo
yiveton dueoo. Xxomdg TV pedddwy autdy elvar 1 aveloptnTtonoinoy| Toug and TV yenon
TOU UNTEPOOU CUVBLIOTIOPAY, UE TOV UTOAOYIOUO TWV XURIWY CUVICTOOMY VO EMLTUYYAVETHL
HEow mpooeyYIoTXGY PeBddwY (94, 95, 113]. ‘Eva npdBinud mou nupouctdlouv oL ouyxexpL-
uéveg uédodor elvor To YEYAAD OQIAUY UTOAOYLOMOU TWY KUY OUVICTOOMY OTOY ToL Ay
oedouEva elvar TOAD YEYAATC BLd0THOTG.

Autd to TEdBAnua épyetar va avtuetonios 1 uédodog Awdoyhc Avdhuonge Kupiwy u-
VIO TOOGY Ywplc Muvdteonopés (AAKYY)) Candid Covariance-free IPCA (CCIPCA) [132],
7 onolo Baoileta o epynoie Twv Oja xow Karhumen [95] 6nwe xon Sanger [113], avove-
OVOVTUE TO Otdvuoud XUplny CUVOTWOGOY e xdle €lcobo evog VEou Oelyuatog BEBOUEVELY,
YOI VoL XAVEL YENOT UTOAOYIOUOU TOU UnTenou ouvdlaoropdy. o Adyoug mhnpdtntog Yo
OWOOUUE ULOL UIXET| TEQLYPUPY| TNG MEVOBOU VIt TOV UTOAOYLOUO TNE TROTNG X0PLIS CUVIC TOOUS
ug.

‘Botw évady, n = 1,2,. .. 1 a-01doTote SteviouaTo TV OTUATRY TOU £0Y0VTHL 6TNY N

Ypovixr) oTryur xou 1 xdie SidoTooT avTioToryel 6To ofua evog aroUntipa. Xwpelc o@dhua Tng
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YEVIXOTNTOG, UTopoUUE Vo Yempnoouue 0Tt 1) HEOT Ty Tou BtaviouaTog dy, elvor Undey, xodog
umopet va tpooeyyloTel ye Swboyind tedmo. ‘Etot, 610 n-Bruc n mpdtn ®ipl cuvloTOow Ul
(mou pag evbapéper Yo To TpGBANUY pog) tpooeyyiletor ue Ty eZlowon

n—1-—1 141 u?!
un: un—l d dT 1 7
T ]

émou (n — 1)/n eivor évog ouvtedeothc PoplTnTog Yot TNV TEAEUTHLN TEOOEYYLON EVE TO
1/n elvon évac ouvteheothc Bapltntac yior T xowvolpa dedopéva.  Téhog, to ddvuopa dy,

ueTooY N TiCeTon OE LOVOOLAOTUTO BLdvVUOUA Yy UEOK TOU TOTOU
n
Yn = UL dy.

H rapdpetpog | ovopdletoan mopduetpog AMUng, divovtag Ty tovotnta otny pédodo va dive
Widtepn PopldTNTa Yid TOV UTOAOYLOWO TOU XovVOUQLOU YOREOU TGV XUploV OUMIOTOOMY, 0T
TeheuTato dedouéva tou enelepydletar. Autd Bonddet Ty uédodo va uny elvor JEpOANTTLXY OTa
oYL BEBOUEVOL Xo VoL TTROOUPUOLETOL 0TI HAAXYES TTOU EUPUVICOUY Tal xovoUpLd BESOUEVAL.
H pordnpotioe anddeln tne obyxiong g pedddou AAKYY undpyer oty epyaoio [142].
Aol ta opytnd TOAUBLECTATO ONUUTH HETATEETOVTOL OF HOVOOLSOoToTo Vot TEETEL VoL YT
OLLOTIOLOOUKE €VaY AmOBESELYUEVOL YUUNANG TOAUTAOXKOTNTUC ahyoprduo Yiot Ty €0pEoT oh-
Aoy v oe autd. o tov oxond autd emhéydnxe o arydpripoc LY XAO xou nupouotdleton o1y

OUVEYELL.

5.2.2 Alydbpudunog Xuocowpeutixob Adpolouatog

O ahyderiuog XTEAO elvon évog oTaToTindg ohydprduog ebpeong ahhaydy o HoVOodL-
Go Tt dedouéva xon umopel vo yenowonomlet eite oe otaTixd dedoyéva eite o poég Bedo-
pévoyv [98]. o o mpdBinua Tou eviomouoy avlpdmvng TTeong, 6oy To dedopéva eupovile-
oL ¢ POES, Vol EPUPUOCOUUE TNV avTioTolyT €x600T Tou aAyopliuou, Tou Ya meprypddoupe
OTT) CUVEYELL.

Ocwp®vTog Yot axohoudio and aveldptnteg Tuyales HETUBANTES Yy OL OTOlEC AVTLOTOLYOUY
0E €VOL ONUA OF OLMELTES YPOVIXEG OTWYHES T, TUPUYOUEVES OO Lol CUVHRTNOT] TUXVOTNTOG
mdovdTnTag pe(y) n onola e€uptdton uévo and 1 Tés e mapopéteou 0. L va evtonicouye
Hlor aAAYT) OTO OHOL OF XATOWL YOI OTWyuY to, 1 TopdueTpog 6 Ya meénet vo ahhdEer amd
NV apytn) TG Ty, €0Te O apyixonoeiton we g, pe 01 6mou Oy # 0.

YuyreEXpEVY, Yot TO TEOBANUA eVTOToYoU Trg avipdmivng Spus TNELdTNTIC TOU OXO-
TEVOUPE VoL EQUEUOCOUNE TV UéVods uag, Va Yewpolue Ti¢ axdhouleg UTOUEDE Yol TNV

ToEdpeTEO 0:

HO I 00
H1 :0:01. (52)

‘Oray wavornoweiton 1 undleon Hy 16t 10 ofjua dev epgaviler xoplo yetaBoAr xon 1 xo-

TdoToon e avlp®mvng SpaoTretdTnTuG Oev aAAALEL, eV otay wavoroteitar 1 unddeon Hy
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67 oupfaiver yetaBorr) oty avdpomivn xutdo Taor. ‘Eotw,

n
S, = z:si7 bmou §; = lnM (5.3)
i=1

Poo(Ys)
0 AoYog TN Aoyapriurc TiavoTNTIG TWY TUEATNPNOEWY Y5 OTO ¥y, OTOU N UVTITPOCMTEVEL
Y TEEYOUCA YPOVLXY| OTLYUY), EVK TO §; AVAUPERETHL WG OTATIOTIXG PETPO. OewpdvTog OTL To
0EBOUEVAL aXOAOUVTOUY TNV XOVOVIXT] XATAYOUT), UE [L VO OVTLOTOLEL 0T MEOT) TWT Xou 0 0T
OLOTORd, 1) OLUVEETNOY TUXYVOTNTG TWavoTn TS 0plleTon WE:

poly) = —— exp=(=07/20%, (5.4)
o+/(2m)

EVE TO OTUTLOTIXO PETPO §; opiletar w¢:

0=, O+ 0,

5= = 2. (5.5)

[ vo emiteuydel 0 evtomopdg wag addoyic, o€ xdle ypovixny oTiyuy), epupuoletar o
TUPUHATE HOVOVOC:

Gn = Sp — [t > h, OmOU f, = min Sj. (5.6)
125>2n

Q¢ wprtiplo TepuaTionol opilouue To t,
te = min {n: g, > h}, (5.7)
OTOU UTOPEL VoL UETUOY NUAUTLOTEL OTN) LOppT
te = min {n: S, >, + h}. (5.8)

O mopamdve xovovag oUYXEIVEL TO CUOCWEEVTIXG JUEOLOUN Sy, UE TO XATOPAL Ly, + I,
#x00¢ TO iy, Sanpel TNV TATPOQOpia TG MEONE TWNE omd TS TEONYOUUEVES TUQUTNEYOELS,
eve 1) Topdpetpog h meémer vo opolel. H mopdpetpog h elvon xplown yia Ty andgoorn tou
ahyoplduou xar Ty €0peon AAAXYHC OTO GHUOL.

[t ToV TPOCBLOPLOUS TWV THPUUETEMY Yt TOV OPLOHO TV UTOUVECE®Y 5.2 ohhd %ot TOv
npoodoptopd e Ui tne pedddou AANY yproulonoeltor éva oUVOLO exmoidEUoTg amd T
catnENoelS UEYIANE OtdoTaong Ywetouéves o dUo xAdoe (mapatnehoes mou eugoavilouy
avlpodmve TGO xor tapatrehioes aniic avlpdrvng Spao TnedTNToC).

Apyxd, umohoyilouue Ty TEGTY X0pLo CUVLOTOON U] YENOHIOTOLOVTIS OMOXATIO TO de-
fypo exnaldevong pe Ty xAaown uédodo AKYE. Y1n ouvéyeia, yetaoyruatilouye oe povoot-
4o TUTO OV To BEGOUEVAL PEYSANG OLO THOTG TOU OUVOAOU EXTUEBEUOTC Xo UTOAOYICOUPE TNV
HEOT TWT] TOV TURUTNPHOEWY AUTMY TOU AVTLO TOLY0UY O avUp®TIvY TTOOT), avTio ToryilovTtag
ME oUTH TNV T To 01, eved avtioTouyo 1) UEOT TWY| TOV HETUOYNUUTIOUEVGDY TOQUTNENOEWY
amArg avlpdTvNg Beao TNEWOTNTOC UTOBNAGVEL TNy TYY TN TopapéTeou do.

Y ouvéyew, xodog poég Tapatnehoeny eugaviCoviar, epoppdletar 1 uédodoc AAYY
OOTE BLadOYLK VoL UELOVEL TNV OLAC TUOY| TV TopaTnerioswy ot uia ddotaon. a tov evto-
TOUO ARy NG %ot XAt ETMEXTAOY) EVIOTUOUO TNG avUpOTIVIG TTMONG 0T UETUOY NUATIOUEVY

OEBOUEVOL YOENOOTOLETOL O XOVOVOG UTOPAONS Gn -
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5.3 lleipopoatind AnoteAdopoTa

Yy mapdypago auty) Yo avoagpeplolue ota TEpoUATIG anoTeAéoyata Tng uevddou ot
0U0 OLLPOPETIXG CUVOAN BEBOUEVMV PEYEANG OLACTHONG YIdl TOV EVIOTLOUO TNV ovUp®mivng
ntong. Ta obvolo dedopévey Teoeyovtar amd SugopeTixols aoUNnThees POpETOY EEUTVELY

CUOHEVWV.

5.3.1 IlpéBAnua Evronmiocpwold Avipomivng Iltdong oe Teyvntd Y-
PnMie Awdctaong Acdopéva

Yy unoevdTnTa auTyh) Yo YenoUoTOooupE To oUvoho Sedouévey “Human Activities
and Postural Transitions!” (HAPT) [106] it Tov eviomoud TTeong Vot BLopopeTinmy
(UTUO TAOEWY avlpdmvrg Badiong. O oxomd¢ TOU YENOLOTOLETUL TO CUYXEXPHIEVO GUYOAO
0ebOUEVLDV elvon 1) 0paiwor TG TEoTEWVOUEYNS HEVOB0U, apol Tor BEBOUEVI TOU OUVOAOU Oe-
dopévey elvon UPMAYC BtdoTaong. 110 0Uvoho auTd €Youv XUToYEupel TOMAES BLopORETIXES
OO TNEIOTNTES TOU avUp®OTOU Xot UTopoUY v Sloxprdoly YeEwxd ot evepyels xaL un-evepyeic.
BEuelc Yo aoyorndolye uévo pe ¢ e€rg xataotdoe, my Bédion tou avipdnou 010 eninedo
OMeC non TO avEBaopo 1o XU TEBAOPA 0T OrEAA Y welc Oune 0 avipnrog va Teéyel. AuTtéc Ti
AATAO TAOELS TNG VEWPOUUE ¢ Wld xATAOTHOT), EVO 1 ¢ OeUTERT xoTdo Taon) Vewpeiton dToy
0 avlpwTo¢ %ETETOL 0TO TATWUA, TOU AVTLOTOLYEl GTNY TTOOoT o Vewpelitar OTL anoTteAel pLa
OAROYT) OTNY XATAOTUOT) TOU ONUATOS IS,

To olvoho HAPT etvor Sronpeuévo oe 0OVORO eXTOUBEUOTE XKoL EAEYYOU, OTOTE YLl VoL
€y oude ouyxplowa amOTEAEOUUTY PE EANOVTIXESG peldboug Va Otatrpolue Tny Btadpeor ouTh.

Apyxd, Yo oTTUOTOMOOUPE To SEBOUEVO TOU OUVOAOU EXTIBEUOTS MOTE Vol EEETAOOUUE
AT TOOO 0L ®AJOELS efvar Story wplotues YETHED TOUC PETE TNY £QuppoYY| Tng uevddou AKE.
Eqapudélovtag e uédodo AKYE petaoynuatilovde 10 0UVOAO eXTUBEVOTS, XEVOVTUS YPHON
TV 800 XUPLY CUVICTHOMY ot 300 dwoTtdoets (Ewdva 5.1-a) xon xdvovtag yehon tne nedTng
%0pLG OUNO TGOS 08 HovodtdoTtato ofua (Ewdva 5.1-B). Yty Ewdve 5.1-3, goiveton Ze-
%3 0opor OTL OL TUPUTNENHOELS TTOU AVAXOLY OTNY EVERYT| XA TAC TUGT) UTOPOUY VoL OUadoTOLU00Y
AL VoL BLO WPLOTOUY omd TNV XATdo TaoT, oty onola o avipwrog efvar 0To tdtwua. (207600,
elvo ePQoVc 1) Topouota axpoley TGV PECH 0TI TURUTNEYOES AUTES, OL OTOlEC TEETEL Vol
evtomooly xon €vag amAdg xovdvag xateeho) dev o unopoloe vo Tig e£onpéoet.

‘Etot, Ya egoppdoouus Ty TeoTtewduevy uedodohoyia YenowomowvTag Tig R Topo-
HETEOUC, Yior Tov ahyderiuo AAKYY Yu oplooupe o Ty tng mapauéteou auvnotag | = 2
énee mpotelvouy oL ouyypogelc Tng uedddou [132], eved vy tov akyderduo XTYAO 1 no-
edueteog h = 0.2. Emmiéoy, Yo npoywperioouye o€ wa Siepelivnorn Tng Topopéteou i enot-
pomotevTog dopopeTinéc Twés. H Twés tov napauétowy Gy xon 01 €youv opotel we 1 uéon
Ty TV 0U0 XUTAOTAOEWY, AN TO PETUOYNUUTIONEVO OUVOAO exmaideuong pe tny Bordeia
e TewTng xoplag ouwotwoog. To amotéheoua Tng wedddou 6To GUVOAO EAEYYOU, OL Ta-
patnerioec Tou omolou eugaviovion wg poég dedouévey, Tapouctdletor otny Ewdvae 5.2.

Yy emodvo unodnhomvovTtar, e 800 Btaboynés xAVETEC TRAOWVES YRUUUES OTL T1) OEBOUEVT]

Thttps://archive.ics.uci.edu/ml/datasets/human-|activity-f recognitiontusing -+ smartphones
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‘Walking | | —— Walking

Walking Upstairs ‘Walking Upstairs
Walking Downstairs
Lying

(R RN ]

\ Walking Downstairs
i || l —— Lying

| o J4

6

Component 2
£

=

G

y . . . . 3 o
=20 =15 =10 -5 1] 5 10 0 100 ND 300 400 500 600 'J"DO 900 QOD
Companent 1 Time Sequence
(o) (®)

Eyhua 5.1: Ta dedoyéva exmaldeuorg HETUOYNUATIONEVY 0TO 2-BLL0TATO Y MEO PEGH
e uevddbou AKY (aptotepd). Ta Sedopéva exnaideuonc oto 1-8180TaT0 Yhpo Péow
e pevddou AKY. Tao Suupopetind yoduoto UTOBNAGMVOUY TIC TECOEPLS XATAOTUOTS
TOU OUVOAOU BEBOUEVGLV.

YPOVLXT 0Ty O dvUpmTOS HToy TEOUEVOS OTO TATMUY, EVE TO XOXXWVO OTUED Topouctdlet
NV yeowxt) oTiylr| exelvr Tou ) uédodog evtomios ahAayy TNG XATACTAOTE Tou avipdTou.
‘Onwg pnopovpe vo topatnerioouvue 1 uédodog evionilet GAeg Tic TTMONG TOU avIp®TOU, EVE
o&iler va Topatneiooupe 6t 0 akybprduoc XTEAO evioniler v xdde endpevy) xatdotaon
TTOoNE Ywpic va yperdletor vou Tov enavexxwhooude. Lty Ewdva 5.3, napouotdloupe uat
Ypovixh teplodo tng ouvdptnong andgaons (S,) mou utohoyiler o LTEAO xor dmee poiveTon
1 ouvdpTnor auth undevileton ToAD Yeriyopa €m¢ dTou Zavaeupuvio Tel 1) ETOUEVY] XATAC TUOT)
TTOONG.

Transformated Sensor Signal

2 B 2
L ==
=
=

=
S
4:;
L
—

-:g

a0 1000
Time Sequence

Yyhua 5.2: Ta dedouévor eEAEYYOU YETUOYNUATIOUEVE O0TOV 1-OLd0TUTO Yhpo TOU
AAKYY. Ta xdxxwo onpeio Tou Yeaphuatos UROBHAGYOUY TNV OTHYUY EVERYOTO-
inorne ou LTLAS.
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Téhog, vy vo. eZetdoouye Ty avioyh e uédodo LTLAO, edetdouye dapopetinés THués
e mopapéteou h. Ntov Ilivaxa 5.1, mapouvordlouye o AdY0 TOU EMLTUYOUS EVIOTLONOU WV
AATAOTACEWY TTOOTS TEOS TO TEAYMATXG TAYOC auT®Y Ty xataotdoswy. [ugatnpoiue ot

n anddoon tov LTEAO ennpedletor apvntind xor dev evioniler Oheg TG TTOOES Lol THES

ueyahitepes Tou 0.4.

Hopdyuetpog h

0.02 0.1 0.2 0.3 0.4 0.5

Evtomopde g
16/16 16/16 16/16 16/16 11/16

notdotaons ntwons | 16/16

Hivaxag 5.1: Xprjor tng mpotevduevng netdoou Yiol TOV EVIOTIOUS TV XA TACTAOEWY

TTOOoNG Yol dtapopeTiné e Tng Topapéteou h.

Sensor Signal

0zF f

/ b L \ b M L
] RS0

400 40 £00 b.‘lvﬂ a0
Time Sequence Sampla

Yoyfua 5.3: Topdderypo Tne ouvdptnong andgoorns tou NTYAO oto olvolo eréy-
you. O mpdowveg xdletes ypouués uTodnAGYOUY TNV ypowix)| Tepiodo Tne mpay-

UOTIXAG XATAC TRONG TTAANG EVO TO XOxxwvo onueio Belyver tnv evepyornolnon tou

YTYAO.

5.3.2 Egapuoyr oc Acdopéva tplwdv ALdCTACEDY
Ao eZetdoaye Ty uédodo oe éva 0UVOIO BEBOPEVELY UPNATG BLAIOTHONG ETLTUY YAVOVTAS
TOV EVIOMONO OAWY TWV TTOOEWY TOU CUVOAOU €AEYY0U, OTN ouvéyeta Vo EEETACOUUE TNV
uéVobo oe Eva 0UVOMO BEBOUEVMV TEIOY OLIO0 TUOEWY, TOU TUREYETH UEOK EVOS ETLTOLYUVOL-
GueTpou gopethc ouoxeuric. H mpotewdpevn uedodohoyio Vo ouyxprlel ye wa xadiepmuévn
uéYobo yior Tov eviomoud TTOoEWY, Tou Yerotonowel Tov ahyopripo XTYAO Zeywptotd oe
w&e ot dudo Taion tou orfpatog [125]. H puédodog [125] €yer emtiyer Tohd uhnhy anddoor oe

OYEON HE GAAES PEVODOUE YL TOV EVTOTILOUO TNV ovUp®TIVIG Opa0 THELOTNTAS YPT|CHLOTOLOVTIG
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HAVOVEG HUTHPMDY OF BEBOUEVH UTO EMLTUYUVOLOUETOA.

—— Accelerometer Axis Y

——— Accelerometer Axis X
el —— Accelerometer Axis Z

Accelerometer Valug

il |
WM i J\W Ll

1000 1500
Time Sequence

2500

Yynuo 5.4: H ypovinr axohoudion Tmv Toudv aZ6VmV TOU EMTUYUVOLOUETEOU TV
dedopéva younhng dLdoTaong.

To olvoho dedouévev SrutoupyRinxe yenowonowwvtag éve €Eunvo xwnTtd TNAEPEYO 10
omofo torodetinxe oe Tuyada Véon otny Toénn tou edehovth. O edehovtig elte Vo nepnato-
Oog, elte o EREQPTE OTO TATWUNL, EVE 1) CUOKEUT EYYPUPYS TOU ETLTUYUVOLOUETPOU XATEYPAPE
wa mopatienor xdde 12ms, 1o onolo amotehel yiu euds éva otryuotuno. Aol drnutoup-
yhoupe éve oUvoho exmaideuorg, Yu ehéylouue v puedodoloyio pag ato delyua éAeyyou Tou
nopovotdletor oty Ewdva 5.4, dmou undpyet wa Tidon xuté to otywdtuno £ = 1800. Exo-
TOC pog elvar VoL ENEYE0UPE TNV TPoTEVOPEYY] peloboloyio oy UTopEl VoL EVIOTIOEL TNV TTOOT,
%ot OE TOC0 YeOVO UETE amd ouTh, oTn ouvéyeta Do ehéyZoupe Ty pedodohoyia [125] av uro-
eel vo evtonioe: Ty TTOOY o8 onowdhtote dLova xa av egouppootel. Téhog, Va petprioouus
10 TAUOg TV oPUALdTEY ToU %dvel, dniadY| xotd Téoo evioniler pa TGO 1 onola 6ev L-
gploortoe. O tedeutodog Eheyyog elvar TOAD onuavTinds yia 10 TEOBATHY ToU avTueTRICouUE,
g 0 oxondg g pedodoloyiag sivar o axpBric evtomouds g avlpdnivng TTOoTG €T0L
OOTE 0TV CuvEYEL 1) CUTVY) OUOXEUT, val xohéoer Y Pordeto.

Xenowonoudvtag T0 oGVOAO EXTUBEUOTS TOU UVIPECUE OTNY TEONYOUNEVY] TORHYPUPO,
xot petooynuatilovtds to pe v uédodo AKX oc yovodidototo o, urohoyiloude TG Topa-
pétpouc fy xau 0 étor dote va oplooupe ToTE UTEEYEL AANAYH XATHOTUONS Kol XAUTH CUVETELY
ntdon tou avipdrou. AvticTorya yi ™y wédodo [125] ov mopduetpol By xon 0 tng xdde
bLdoTaong UROAOYIOTXAY OO TO MOVOBLEOTATO O TV SEBOUEVEY TOU CUVOAOU EXTUBEU-
ongG Tne ouyxexpwévrg dotaorg. Emmiéov, v hdyoug mingdtntag eZetdooue 10 oOvolo

éheyyou ye v uédodo AKX, énou 1 mopatrienon tou xdde otryudTunou yetooynuotldtay
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0€ UOVOOLIOTUTO ONHUOL YPTOULOTOLWMVTAS OAOXATPO TO OElYUA TOU CUVOROU EAEYYOU TOU Elye
eugovio tel puéyet exelvn Ty oty

‘Eto éyouye yio Tig drapopetinég puedddoug mou oplooue vepitepa otov Iivoxa 5.2, 4mou
TUEOUCLALOVTHL TH ATOTEAEOUAT TV MEVOBKY, OnA. xotd TO00 Beloxouy TNy TTHOoT KoL YETA

oo TOCU OTLYULOTUTN, Xo@¢ emiong ot To TANYOC TV AavUaoUEVERY EVIOTLOUOY TTMOOTNG.

h 0.010 0.050 0.100 0.150 0.200 0.500 1.000 1.500 2.000
‘AZovag X [125]
Aovdoopévn Evoeln 112 27 9 5 1 1 0 0 0

Kaduotéenon (otymdtuno) 6 7 280 39 39 54 78 91 101
‘AZovoag W [125]
Aovdoopévn Evoeln - - - - - - - - -

Kaduotépnon (otrymétuno) - - - - - - - - ,
‘AZovag 7 [125]

Aovdoopévn Evoeln 21 13 9 6 5 2 1 0 0
Kaduotépnon (otymétuno) 7 8 8 9 9 15 17 22 26
AKY

Aovdoopévn Evoeln 130 47 18 10 3 0 0 0 0

Kaduotépnon (otymétuno) 7 40 44 8 92 103 122 141 162
Ipotewoduevn Médodog

Aovdoopévn Evoeln {8 29 11 2 0 0 0 0 0
Kaduotépnon (otymdtuno) 1 1 3 4 5 7 18 31 45

Hivaxoag 5.2: Tewapotind amoteAéopato TG TeoTEWOUEYNS HEVGO0U 0TO TROBATNUL
AVOLY VOPLOTE TTWOTGE TOL avlp®drou xar oUyxplon He Tic pedddous [125], yio Suapo-

PETES TYES TNG TOPOETEOL N

‘Onwg, UTopoUUE Vo TopaTNEY|COUUE 1) XP1oT TOU GUYOLUAOUOU UElmoTg TNE BLdoTUONG TV
BEBOUEVGY Xol EQUpHOYY TNS wetddou X TIAO unopel vo evtonioer TdvTo TNY TTGOY), KoL UE
HATAAANAY, €TAOYY) TG Tng B va emtiyet vo undevioer i Aavlaopéveg eviellelg yio TToor
Tou avdperou. Avtideta, n yeron tou XTXAO o xdde dudotaon Eeywplotd, eupaviler To
TEOBANU ETAOYHC TNG XATAAANANG OLAGTAOTC TOU EMLTAY UVOLOUETEOU, APOU OTO OUYKEXPUIEVO
Telpopor 8ev xotdgepe Vo evtonioet ahhayn otov dZova T Tou emtayuvotopéteou. Emmiéoy,
7 yeron e uetddou AAKYY oe olyxpion pe Ty yenorn tne amiric AKX goiveton 6T €yer
TOMATAS OQERT), xaddg eupaviler uxpdtepo Ypovo xaduoTEENONG EVIOTIONOY TN TTMONG.
Téhog, yenowomolel TOAD AtydTERY UVIUY] Vi TOV UTOAOYLOUO TNG %0PLIG OUVLOTOONS, OF
oyéon pe tn xhoowd| tpooéyyion e AKX nov amoetel v Unopln (Swthenon) ohéxinpou
TOU BElYMATOC TOU EYEL ENPUVIOTEL UEYEL TNV BECOUEVT) YPOVIXT] OTLYUT).

Y Ewdveg 5.5 xon 5.6 mopouotdleton 10 UETUACY NUATIOUEVO OTA TWY TELOVY L0 TUCEWY
OUVOAOU ENEYYOU OF Lol BLEO TUOY) YENOWOTOLOVTAC TNV ooty Tpooéyyion AKY xoudog xon
v AAKYY, dnewe ko ouvdptnon andgoaong g pedosou LY XAO dnou to xdxuvr onuelo

UTOONAMYEL TO OTYMOTUTO OTIou eVIOTOE TNy TTwor. 2T Ewdveg 5.7 €u¢ 5.9 noapouot-
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GUSUM decision function

. W, T CEe # e B
Yyfuo 5.5: Xpovooewpd Tekv UETUOY NUUTLONEVDY OECOUEVEY TLY TELUOY D100 TUOEWY
emToUvoLOpETpou ot 1-0idoTato péow tou AAKYEY (opiotepd) xou n avtiotow
XN ouvdptnoy anogaone tou LTXAO (8egid). To xduxwvo onueio urodetxvier Ty
TEAYHOTIXY, Yeovixny 0Ty g Ttdong Tou avlp®Onou (aptotepd) xor Ty oTyur
evepyonoinone tou LYTYXAO (8elud). H pédodog enttuyydver Tov EVIOTOUS NG ov-
Jpdmvng TTeorg.

w B w @ - o
T T 1

CUSUM dacision function

m

: = T ; Time Soquanca
Yyrfpa 5.6: Xpovooelpd Tev UETUOYNUATIOUEVGY OEBOUEVEY TMV TELOY OLUC TUOEWY ETLTUYUV-
owbpetpou oe 1-8idotato péow tou AKY (apotepd) xon 1 avtioTowyn ouvdptnorn andguong
tou NYYXAO (8e€id). To xdxxvo onueio uToBelxviEL TNV TPAYUATIXH YPOVIXY OTUYWY TG
nTdone Tou avlpdrou (apwTepd) ot Ty oTyur evepyoroinone tou LYXAO (8efid). H
péD0B0g emtTUYYAvEL TOV EVIOTONS TN avlpGTVIG TTHOTC.
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Sensor Signal
mB

@

CUSUM decision function
=l

; i ; L
a 500 1000 1500 = 2000 ] 500 1000 1500
Time Sequence Time Sequence

Yyfua 5.7: Xpovooepd tou dedouévey Tou dZova X TOU EMLTAYUVOLOUETEOU (dpt-
oTepd) xou 1 avtioToryn ouvdptnon andguone tou LTXAO (8eiid). To xduxwo
orpelo uTodEXVUEL TNY TPOYHOTIXT XPOVIXH OTLYRY TNS TTMong Tou avipdrou (opt-
0TERd) ot TNV oTEyUn evepyormoinone tou LY XA (8eZid). H pédodoc emtuyydver

TOV EVIOMONS NG avilp®TVIG TTOOoYS.

1 T T T T
06
et
08 s
0T | §
04f
.
§ |
g 05 | g0z
& L \ p
B 04F 1R | i §
03 ! | I| 3 o2
02
A | o
01| M
o A L L *—! o "I i L 1 1
0 500 1000 1500 2000 0 500 1000 1500 2000

Time Sequance Time Sequance

Yyrua 5.8: Xpovooetpd tou 6edouévmy tou dova T Tou emitoyuvoLousTeou (opto te-
pd) xon 1 avtioToyn ouvdptnom andgaone Tou LYXAO (6e€ud). To xéxxvo onueio
UOBEXVUEL TNV TRAYHATIX Ypovix) oyl Tng TTdhong tou avlpdrou (uplotepd)
%oL TNV OTYWY evepyornoinong Tou XTXAO (6edid). H pédodog amotuyydver otov

EVIOTLONO TG WUpOTVIG TTMONG.
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Yyhua 5.9: Xpovooewpd Tou Sedopévmy Tou dZova Z Tou ETTHYUVOLOUETEOU (dpLoTe-
pdr) xon 1 avtioToryn cuvdptnon andpaonc Tou LTXAO (6e€ud). To xdxuwvo onueio
UTOOEIXVUEL TNV TROYHATIN) YPOVIXY 0Tyl TG TTMOTE Tou avipdnou (aptotepd)
%ot TNV oTyun evepyomoinong tou LYXAO (8egid). H pédodog emtuyydver Tov
EVIOMOUO TN avlp®dTvng TIGoTg.

aletor 0 ofua TG *Ae BLACTAOTS TOU EMTAYUVOLOUETROU ZEXMPLOTA OTLS XKoL 1) CUVAETNOT)
andgaone e wetddou LTXAO, ue 10 xOxuvo onpelo Vo UROBNAGVEL TO OTHYULOTUTO TOU
evtoniotnxe 1 Twon. Onwg, uropolye va topatnerioouue oty Eudva 5.8 o yivetor evto-
Toude NG TIOONG ool 1 ouvdptnon andpaong AouBdver ToAG yeydheg Tés amd TV opyn
Ywpic var undeviler oe xopla Ypowxy| oTiyur Tic TWES Tne.

5.4 vunepdouoTo

Y10 xepdhoto autd Topouctdo e pot uedodohoyia yoUnAhe TOATAOXOTNTAC Yo TNV EV-
COUATGHOTN O UTOAOYLO TIXES CUOXEVES YoUNAYG Loy Uog, ME oXOTd TNy TROBAEYY] TUYOVY TTOOTS
Tou avip®rou. XExondg tou xepulaiou eivat 1 SrLoupyis VO YEVIXEUUEVOU UTONOYLO TLX00
Hovtéhou To onofo ey Vo €xer meploptond oto TAlog Twy aoinTrhpwy Tou Ju yenoywonotet
(xadéde 1 evomudteorn TeptoodTepNS HoUoYETIO NS TANPOpOpio UTopel vor BMoer XaAiTepT) o-
xpiPeto ot amoteréopota), eved Yo drotnpel TRV WBLOTNTA Tou var BUvaTor Vo EvomuuToUe! ot
YANAAG Loy D0C OUOXEUES.

Auté emituyydvetar, ouvdudlovtag Ty YopnAfc TohurhoxdtnTag uédodo SLuboytxmY Ku-
plov ounotwomy, petaoynuatiloviag €ve TOABEOTITO OHUd O POVOBIIOTUTO. 2T Ou-
véyewr, o ahyoprduog Brorypauudtmy éheyyou cuoowpeutinol aldpolopatog, emhéyovtug xo-
TEAATES THES TV TOPUNETEWY UEOE VO OUVOAOU exTaideuors, eviomilel ahhayeg 0To Ho-
VOOLAO TUTO AUTO OrjUaL.

H npotewdyevn uedodohoyio eZetdotnne ot €va avorytd oUVOAO OEBOUEVHV PEYEATC Ot
dotaone and oodntipeg €EUNVOU XWNTOU THAEPMVOU, Yot TOV EVIOTONO ahhoyHC NG av-
Voo dpaotnpotntag. H mpotewduevn yetodoroyia xatdpepe va evtonios: xae alhoyy)

e avlpdmivng dpao TnetdtnTog. YT ouvéyela, eZeTdooue TNy tpotewduevry pedodohoyio oe
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5.4 Yuunmepdouato 65

BEBOUEVOL TELOY BLIO TAOEWY, TOU EARPUNCUY HECE TOU EMTAYUVOLOPETEOU EVOS EEUTVOU XV
TOU TNAEQOYOU YL TOV EVTOTLOUO TNE TThong Tou avipdrou. H pedodoroyio ouyxplinxe ue
YVOOoTY oUyypovr uedodoroyio EVTOTIONOU TTMOEWY O UOVOBLIO TUTO OTATO XL PAVIXE VXL
unepTepet, xadd¢ 0ev amantel TNV EMAOYT) TOU OHPUTOE 0T0 ontoto Vo epapuoc Tel, aAAd GUVOU-
Glel TNV TATPOPORLN OAWY TV ONUATMY O EVOL XUVOURLO OHUOL G YRUUUIXO UETACY TILATIONO

TOV TEONYOUUEVOY.
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Meégpog II1

Evtoniouog ITadoloyuxdmyv
Koataotdoswy oe latpixeg

Eiwxodvec
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Kegpdiowo 6

Avayvoelorn xa Evtomiouocg
I[Tadoroyixwy KatacTtdoewy oTo

[N'woteevtepind LwAnva

Y10 xe@dhono autd Yoo aoyOANIOUUE UE TNV AVaY VOPLOT| XoL EVIOTLONO Uil OELRAS OLopo-
PETIXMY TAVOAOYLXMY XATUO TUCEWY, TOU UTOPEL VO EUPAVLOTOUY OTO YOO TREVIEPIKO U0 TNU
AL CUYHEXPWEVH OTO YUOTREVIEPLXO OWATVEL TOU avip®dTou, EGK EUPUOY dAY0RIU®Y NG
umyovixic uainong. 2xonodg Tou xegohaiou etvar 1) Snpoupyio evOg UTOAOYLO o) LOVTEAOU,
TO OTOLO YENOWOTOLOVTUS EIXOVES UTO TO YHO TPEVIEPLXO CWATVOL VO UTIOREL ETUXOURLXY UE TOV
YeVxo toTed, vou ovaryvepiler Ty Unapdn o TedOAOYIXAC HAUTAO THOTG KoL VOL UTOBELXYUEL TNV
TEQLOYY| AUTH UECO OTO YUOTREVIEPIKO COANVAL.

To unohoyiotxd olotnua, Yo Ty avayvopon g UTueing TadohoyMAC XUTAOTUONG
oty edva Tou yaoteeviepwol owiive Buolleton ota TNAX. H exnouidevon tou dixtdou
yiveTon amd eOVES TOU YUOTEEVTIERIXOU OWANVA YALUXTNELOUEVES G TEOS TO XATE TOOOV
undpyer o auTég xdmow Todoloyi xutdoTaor, “aveuaiio”, ¥ byt 2T ouvéyew, ofio-
TOLOVTASG TNV TANPOQOpLd TOU TURdYETOL 0T EVOLAUECH ENENESA TOU BIXTUOU EMTUYYEVETAL O
evTomopog Tng madoroyxg meptoyfc. H véo mtuyn g mpocéyytong authg elvon 6T 1 €yl
e PEYOB0AOYIEC EVIOTIONOU TV TUAUOAOYIXGDY TEQLOY MY, UE EVOBOUC Unyovixnc udinong,
amonTOOY EXTUBEUOT) UE O TNEE YUPUXTNPLOMEVES ELXOVES WG P0G Ti¢ T OYEVELS TEQLOYES.

To npotewbuevo obotnua [45, 64] €xer epappootel, eZetaotel o ouyxprdel pe dAhec
HEVO00UC Aoy VOELONG %ot EVIOTLOMOU T OAOYIXGDY HUTAO TAOEWY OF ELXOVES TOU YHO TPEVTE-
ool ouothpatog. To arotehéopata delyvouy 0Tt T0 TEOTEWVOUEVO CUOOTIO ETLTUYYAVEL VO
Yoo tneioer xou vo evionioel TodoyeVelS XUTAOTAOES OE TOAAYL BLolpOpETiXd GUVOAXL BEBO-

MEVEWY UE EIMOVEC TOU YOO TREVTERIXOU GOANVAL.

6.1 Ewoaywyn

H Swolvoeorn twv ouoxsudy xar aoUnThpny €xel QEpEL ENAVACTAOT OTOV XAUNUERVO

Toomo {whe. Kodde ov cuoxeuée vivovtor Ao xot UXpOTEREC OF BLUCTAOES UTOQOUY XL
P
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EVOOUUTOVOVTAL OTOV YMP0, Ywelc va Slatapdooouy ot var UeTafdAhouy Ti¢ ouvrideleg Tou
aviponou. O xavovog autdg Loy UeL xaL OTIC LUTEES OUOXEVES apo YIVOVTOL OMO X0t UixpOTE-
PEC, EVOWUUTMVOVTAS BUVATOTNTES ACUPUIATNG ETLXOVOVING Xot YEYIANG owTovoplag. ‘Etot o
GAROTE PEYIAES EVOUQUATEG EVOOOXOTUXEG CUOXEVES, TTOU YENOWOTOLOUYTOY YL TNV TORUXO0-
AOUUNOY %o HUTOYQUPY| TOU YAO TREVIERLXOU CWANVAL, OHUERA UTOPOVY VO oV TIXATOO T 00V
amd aolppaTeS XAPOUAES TOAD U0l peyédoug.

Ov xéoureg autég €youv péyedog mepimou 11 X 27 yih. %ot EVOWUATGVOUV €Y YeoUN
HAUEQOL UE PUXO UXENE E0TWNYG AmOOTAONE, Xodd eniong Swétouy oboTrua gwtionod. H
TEOMUNOY NG AAPOUAAS OTOV YOO TREVIERIKG OWANVOL EMLTUYYAVETOL Bl TOU (QUOLOAOYIXOU
EVTEQWOU TEPLOTUATIONOU %ot AmOfBdAAETHL UEGK TNG QuOLoAOYLXYC 0000. H Bidpxeior Aettoup-
viog Toug umoroyiletan otig 8 — 9 Opeg, OTOU Y€K Tou dolpUATNG AstToupYidg Tou SrordéTouy
ETUTUYYEVOUY TNV XUTAYRUPT] O HOp@Y| ELXOVG %ot BIVTEO TOU YO TREVTEPLXOU OWAT VL.

I'veton ebxoha avTiAnmtd 6Tt auTy) 1) VEO TAOY TEAYUATOY OTOV YMEO TOU BLIY VMO TLKO-
U EAEYYOU TOU YUCTEEVIEQIXOU OUCTAUATOS, XAVOVTAS YEYOY) OUCHEUGDY EQOBLUCUEVODY UE
HAUEPES Y00 UEYEVOUC Xot AOUPUATGY ASLTOURYLOY, YIVETHL XOUUATL TWY GLUCUVOEDEUEVMY
OUOXEUMY Xt TG TERBAAAOUGUS YONOOUYNG OTO Y0p0 NS tTptxc ppovtidas. oTtdoo,
Ol CUOXEVES BEV UTOPOUY v SLd€TOuY vonuooUvr ywplc 0 xatdAAnio Aoyiouwxd. 'Eto
OTOV TOUEN TOU Loy VOO TLXOU EAEYYOU PECH amd ewoveg xan Bivieo, yio Ty utoBorinorn tou
LALTEIXOU TEOOWTX0D YLoL TNV AT ATOPAOEMY 6 TEOS TNV TJOAOYLXH XUTAO THOY) TwV dole-
VOV, avamTOooovToL ot Tapouotdloviar €Eunva “Yuothuata lateixody Atogdoswy pe yenon
Exévoc” (XIAE), xatdhhnho yior Ty ovory VORLOT, XoL TOV EVIOTLOUS SLpOpETEXMY To0H0EMY.

[ v madohoylo Tou yaoTpevtepinot owhiva, 1) xenorn LIAE nou unodetxviouy nado-
NOYIHES HUTAUO TAOE AmOTENEL €vor ONUAVTIXG EpYUAElD 0T YEpLal TOV LaTE®Y, xadoe 1) e&€Too
Tou Bivteo evdg aovevoic anontel TOAD ypdvo TAHPOUC CUYXEVTRWOTG OE AUTO, UE TOV %ivOu-
Vo TOMES popés vor oupfBoly A& and toug Bloug Toug wtpols. H avdmtuln xatdhinhey
eCunvey LIAE yio 10 yao tpevtepind oohvo Topouotdler ueydAo evotagpépoy xadog etvon éva
0UOXOAO TROBANUYL, 0POU OL ELXOVES TTOU TORAYOVTOL XAUTd TNV Btadxaotlor TG YHOTREVTERLKNG
evB0OonOTNOTG v AEUETEG BEXADES 1) %ot YLALUOEC.

To olhyypova UG TAUATE AUTOUATOU EVIOTIONOU TAJOYEVEVHDY xoTHo Tdoewy Bucilovto
0TI YENHON UEYUADY CUVORLY BEBOUEVHDV Ot EOVES TOU EUQUVI{oUY BLapopeTég Tordoho-
YiéC xaTooTdoes. AuTd T 00voho SEBOUEVLV YENOWOTOLOUYTOL YLOL Vol EXTAOEGO0UY HoL
VoL TORGE0UY UTOAOYLOTIXG LOVTERD TOU EMAGOUY TO CUYXEXPEVO TedBAnua. QoTdoo, 10
obvoho Ty LIAE anavtel ta oGvolo exnaldevong vo eivon auo TNed TEOoBLOPLOUEVE (O TEOS
NV mepoyy) e Tadoyévewrs tou mapouotdlouy. Auty 1) Swbtxaoia slvor ypovofopa, amonTy-
TN, UE OMuavTinG x00Tog %xord@g eEet8ixeuUEVoL LaTPol TEETEL Vo Yapax TNRloouY TG ELXOVEC
o Tpog To xdde etovootoryeio, ue Tov xivduvo mavta vor oupBoly uixed Addr. Autéc Tig pe-
B680ug Yo tig ovopdooupe “Medddouc Avotnpol Xapuxtnptopol” (MAUX). Ytov avtinoda,
uEVodoL Tou YENOOTOL0Y CUVOAY EXTHBEUOTE OTIOU OL EXOVES E£Y0UV AOUEVMS YoPUXTTOL-
oVel ¢ TPOog TO TEPLEYOUEVO Toug, SNAadY| oy eupavileTon xdmoto TadOAOYIXY XATAC TUOT 1)
by, Vo g ovopdloupe ‘Medbdoug Aotevoie Xapuxtnptopol’ (MAoX), eved to odvola dedo-

HEVLY, ¢ ac¥evy) yapaxtnpouéva. Elvor elxoio vo avtiingdolue ot n mapaywyy| aovevoic
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6.1 Eooaywyn 71

YAPUAXTNELOUOU CUVOAGY BEBOUEVGY ElVaL TOAD EUXOAGTEQRT] OE OYECT) UE QUTY) TWV AUCTNEOSC
yopoxtnptopévey. Ou pédodor tng MAoX oe oyéon ye tic MAUX ypnotonotoly Avydteen
oy L) TANEOQORid Yo TNV TORAYOYT) TOU LOVTEAOU, 0ol Ta OE00UEVH EXTULOEUOTC BEY TE-
PLEYOUY YUPUXTNELOUO AV ELXOVOO TOLYELD, OTOTE To HOVTEAX Efvar SUOKOAGTERO VL TIOREY OUY
UPMAS T0000 T8, emiTuUylug OTo ATOTEAEOHATA TOUG oUYXEITXd We Tic MAUX.

To mpotewdpevo obotnua avrixer otny xotnyopla MAoX xa oxomd €yet Tov eviomoud
T OYEVOY XATAOTACEWY AT ELXOVES TOU YUOTREVTERLXOU OWATVAL Tou €youy amoxtniel uéow
Aoctppatne Eviooxominic Kddovhae (AEK). To obotnue éyer exnoundeutel pe évor oUvoho
0E0OUEVHDY aoVEVOUE YURUXTIPLONOU, TOCO YL TNV avory VOELOT) THJOAOYLOY OTIC EOVES AUTES

000 XL EVIOTULOUO TV THOAOYLOY AUTGY TAVL 0TV EXOVA.

6.1.1 BB oypagpixry avagopd Juctnudteoyv latpixdy Anogpdcoewy
Tou N'actpeviepixol JwAva

Y BiBhoypagpio, o tedta ovo Thuata XIAE autdpatou eviomopol tadohoyindy xoto-
OTAOEWY TOU YAOTREVTERIXOU GwAvVa ot axorovldieg Biveo supaviotnxoy TedT Qopd oTig
apyéc tou 2000 [74]. ‘Oho xor TeptooGTERH OUC THUATO GEYIONUY Vo THpoUotdlovTaL UE OXO-
7O Vo UELOOOUY TO TANDOC TV 0pyovixdy BAABOY Tou umopel vor uny EVIOTIO TOUY XoTd TNV
Sudipuetor oG yao TeevTepnc evbooxdmnone [82|. Tuo ouotiuata emxevtpdvovtor 6To o
vy veeioouy wévo évay Timo 1) xdmotous Alyoug tonoug Yoo tpevteptniic tadoyévens [66],
émewe mohlmodeg (14, 69, 87, 107, 124, 123, 140] ¥ éhxog xon mohimodes [73], xopxivo tou
otoopayou [130], xoukwoxdx [135], @heyupovée Tou eviépou (45, 131] xon arpoppayies oto yo-
oTpeviepd owhfiva [67, 68, 137|. llpbogates dnpootedoes Tapovotdlouy oUC TAUUTY TOU
Telvouy var ebvon YevindTepou TUTOU, ovaryvepllovtag €vol UEYEAO GUVOAO BLOpORETIXMY Td-
Yohoywav xotaotdoeny. To cvotiuata autd Baotloviar oc pedddoug ommg tig Mryovég
TrootipEng Awvuoudtwy e Xohoet e Bédtoc Kodixornoinon (Deep Sparse Support Vec-
tor Machine, DSSVM) xat tunuotonoinorng ue ty Bodeia unep-euxovoototyeiwy (Superpixel
Segmentation) [22, 23], yeddédouc mou Baotlovtor 0T e0PECT] ONUAVTINGY YPOUATIXGY TE-
pLoy OV ot wa exdva ouvdualovtoag tie Mryoavée TrootieEng Awvuoudtoy [65], xon téhog
oe pedddoug mou xdvouy yeron twy TNAY [117, 143].

To TNAY, 6nex €xyouue avapépet xon oTny etoay ey €ouv yenorwonowel yio Ty emiiu-
oM TEOBANUATGY UE ELXOVES AVTIXELEVMY TOU TEAYUATIXOU XOOUOU, £Y0UV OUKE UEYIAT amodo-
YY) XL OTOV YORO TNG LUTEIXAC EXOVOG. LT TASLOVOTNTA TV TERITTHoewY Twv TNAY ) exmo-
{Beuom yiveTar YENoWOTOUGVTIG UTOOUYORY TV apyix®y exdvey (14, 107, 124, 123, 117, 143]
eved Alyeg elvor oL teputdoeis dmou exmondevovion Ye oAdxAnen tne ewxdva (140, 45]. H yphon
UTOCUVORGY TWY EXOVGY EQUOUOTETOL ELTE VIOt VoY VIPLOT) TNG EOVUC ELTE YLl TOV EVIOTLONO
avePIAOY Téve o auth. H exnaldevon yiveto ouviteg pe tuyoala detypotohndla teploydy
NG ewdvag OTou elvar YVeoTd av amexovileton ¥ Oyt xdmow tadoyevig xutdotaor. Autd
Ope¢ Tpolmoéter OTL €xer Yiver auoTNEOSC YUPAXTNELOUOS TOV EXOVGY.

Emedr) oung o auompedc YopuxTnelonos Tov emovey eivar puor entrovn Sadixactior Omeng

avapépape vepitepa, 1 Yenon uetddwy TNAY mou xdvouv yeron ouvdlev BeBOPEVERY o-
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o¥evoic yoapoxtnetopol éyouv onuavtixy aflo xon o Tic oploouye w¢ “Aotev Nevpwvixd
Abetuo YuvehiZewy” (ANAY). Y1 epyaoia [116] yenowonon(inxe éva poviého ANAY vy
ovary vORLOT) ToYEVLOY OF EIXOVES YOO TPOOKOTIOU omd KAPOUANL YENOUOTOLBYTOS EXTOS TGV
xavohoy RGB, v napoyduevn minpogogior and toug Eootavois xor Aamiactovois peta-
OYMUATIONOUE TV exdvey. Eve évo obvleto povtého amd wo aainiouyio TNAY yenowo-
TOVAUMXE VLol TNV VoY VORLOT, 0pYAVGY TOU Yoo TpevTepoy owhfva [20]. Mux apyttextoviny
TOVOROLOTUTING LOPPAS LE oUTY) TOU YENOWOTOouUE 0Ty epyootio [45], avtixadio tdvTug To
0e0TepO €MIMESO TOU TATIPOUG BLUCUVOESEUEVLY ETITEDOU VEUpWVLY de Mryavée Trootrpt-
Enc AtavuoudTey YLl ToV EVIOTLOWS otopeaylag 0TO YUOTREVTERIXO OWARYY TUEOUCLEO THXE
oty epyaoin [67]. M evbagépouoa mpooéyyion, ANAY [140] yio v avoryvdplon mo-
Aomodwy otrplydnxe otny e€aywyn YopoxTneto ixey and évo tpo-exnadeupévo TNAY. To
0ixTUO aUTO EYEL TPO-EXTIANOEUTEL Oyl OF LUTEIXES EIXOVEC UAAL OF EMAVEC TOU TEOYUATIXOU
x6opou [32]. To povtého autd eldyer yio xd0e eudva Evor BLEVUOUN TGV YUPUXTNELO TEXEY
e, eV 0T ouveyeta e Mnyovr Yoo trhieEng Atavuoudtey exnotdedeTor Ue Tol SLtyOouaTa
QTS Yo VO TROY U TOTOMAOEL TNV TOEWVOUNOY TWY EXOVGV.

Mot AN xonyopior pedddmy eivor or Aotevelc Mébodor EmBienduevne Mddnone (A-
MEM) vy to medBhnue tne avoryveetone TadoYEVEUDY O EIXOVES TOU YOO TREVTERLXOU OG-
Ao, dTou Tou yenoonooty Ty PéBodo efaywyng YopoxTNEto TIXGY “OUddny elovixy
AéZewv” (OeA), (Bag of visual Words). O gpyaoiec nou otnpilovior otny eZayoyy yopo-
xtnpeto txoy and T OeA Snuoupyoldy 1o “Aelihdyo” and TAnpogoples dTWC, TO LOTOYEU-
MOl BLOPOPETIXOV YPWUATIXGDY YGP®Y Yl Tov evIoTopd opopeayioc [137], tou ypwuatixon
x@eou tou CIE-Lab [131] yux tnv avory vépton gAeyovey tou eviépou ) Tov ouvduaoud Xo-
coxtneto Ty Auetdfintov ot Awotdoeg e edvog (XAA) (Scale-Invariant Feature
Transforma SIFT) ye évo totéypopua tomxol duadixol tpotinou (complete Local Binary
Pattern histogram) yio tov eviomopd nohimodey [136].

To Boownd perovéxtnuo tewv AMEM oe olyxplon ye Tic uedddoug umtoouvorey etvon 1) adu-
voplo evtomopol Tne tadoyévelng Ay e EAAELYNE TANROQOoplus XA TE, TNV BLdeXeLd EXTUSEU-
org ME TNV TEpoy Y| TNg Tadoyévelag Thve oty ewdva. Y Bpdiéc mpooeyyloe Hu-Aclevdy
Med6dwv EmBrenopevne Mdldnorg €youv mpotadel yia Tov Adyo autd OTOU YENOLOTOWO0Y
EVOLY CUVOUNOUO AOVEVEY YOULUXTTPIOUEVMY CUVOALY OE00UEVLDY Uall e UTOCUVORY ELXOVmY

YL TNV TUNUOTOTOiNoY TN TadoyEvelag Téve otny exdva (97, 99].

6.2 Medodog Avayvweioneg xa Evrtoniocuot ITadohoyti-

x0v Kataoctdoewy oto IN'aoctpeviepind XwArva

‘Onwg €ytve avTIANTTO 0TNY TEOTYOUUEYY] EVOTITY, 1) XPYOY) OAOXANOOUEVEOY CUC TNUATMDY
OVOLY VORLOTG XA EVIOTLOMOU THUOAOYIXMY XATAC TUCENDY GTO YO TREVIERIXO COANVA UE XPTOT
OLUVOALY BeBoUEVLY €€ OAOXATipoU e dolevy] yapoxTnewoud sivar emtoxtny|. H npotewduevn
uedodohoyio oxoneler vor xohGder oauty) Ty avdyxn Bootlouevr otny exnoaldeuon evog ANAY
uE €val OUVOAO exTaldeuoTNg AOVEVES YUPUXTNPLONEVO, YO TNV OVOYVOPRLOT) TOAGOY SLapope-

TIXOV LOPPAY THOYEVRY XATACTACEWY TOU YOO TREVIERKOU COANYAL %ol EVTOTLOHOU TOUC,

Institutional Repository - Library & Information Centre - University of Thessaly
21/05/2024 18:25:57 EEST - 3.145.77.85
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%xAvovTag YeRon TNe EcwTEpXAC TANEoYopiag Tou SLdETEL TO UTHEY OV EXTTUOEVUEVO BiXTUO.
H pedodoroylo Sraxpivetan oe tpewg @doew:

o ®don I: Exnaideuorn evoc ANAY yia Tov eVIOTOUS TV EXOVWV TOU YOO TREVIEQIXOU
owhfva tou epgovilovy nadoyevi xatdotaon péoo and éve GUVONO TOAADY BLaPOPETL-

%xOV TUTWY TaoyEveluc.

e ®don II: Evtomiopde onpaviixey onuelov mbéve oty etxdva Tou LToBEXVIoUY UL
TadoYeEVY] XUTAOTAO, OE AUTH, YENOWOTOWBVTAS TNV TANpogopia Tou undpyel o éva

Bord¥) exinedo Tou BixTlOL.

o ®don III: EZétaon tov nupayOUeEveY ONUavTIX®Y ONueiny xut xotnyoptonoiney toug

0g onuela tadoyevols 1 QUOIAOYXS XATACTACTG.

Yy Ewxdva 6.1 nagouordletan 1 npotevopevr uedodoroyia oynuotind. Xtn cuvéyew Vo

= ~ s : £ 0 ¢ v by
" = (o) Wi = o o) T
dhooupe avohutixd teptypagpn tng xde @dong Zeywptotd.
PHASE I: WCNN
' “L o [ sull [ ol sq : ol (20 (37 [T EH
2% Fy S92 -3 =i 25 = ool |3 g 1 :
] i ¥T g% ) gk
EE FITES EIREE EINPE £ ANEE INPE £ AREE EUNDE £ IEPE EURS EIS EINS I8, St pua
53 g |"8s 3 ﬁ[{ =3l [3ef | %=l | &l sz (3]sl Y2 -
| il | NERIERE: |§
31 |3

1 e=3,N=32 A
PHASE |I: DSD PHASE 1l ICU
Step 1 Steps 2, 3 Step

4
[ construct Find & Soit | | "
o —J' Maximal huu_:‘] Maxima ] Fier MES 1 11"
TN il
x - |

Distance from Cluster Evaluation | | scale & Add|
Classification | | Location Mark

Cluster PCFM ]
-

LI PCFM Featime |
| Extraction =

| max -

Feature Maps

O O

- .

Weakly Annotaed | (1) 04) (19) |
Imagss j Weak labels

. i Normal = {1,0§
Training data Abnormal =¥ (0,1]

Entire RGB images {320x320)

Eyfua 6.1: Eynuotixr) ovoamapdotaor g Teotewvouevng pedodoroyloug yopoxtnolouol xot

EVIOTUOROU TUDOYEVHV XUTAOTACEWY OF EIXOVES AT TO YUOTPEVIEPIXG CWATVOL

6.2.1 AocVevég Nevpwvixo Aixtuo Xuvehifewyv yia Ewuxoveg 'aotpe-
vigpixol MwARva

H npdytn @don tng pedodoloylag arnotehetton and éva ANAY 6nou exmondeleton Ue ELXOVES
TOU YOOTREVIEQIXOU TwAfval Ywelc auotned yoapuxtneoud. Xuyxexouuéva, xdde exdva Tou
ouvohou exnaidevorng yopaxtneileta we npog to av eugoaviletar onotadrnote todoyéveld Tou
YOOTEEVIERIXOU CWARVY 1) Gyt %ot Ypnowonoteltor yio va exnondedoet to TNAX. Etol 10
dlxtuo elvon évag duadtxde Tadivourthc.

Q¢ eloodo 010 BixTuo YeNowoToluE EYYpwHES Exdves daotdacwy 320 X 320 eve eixoveg
MEYOAUTERNC DIAOTAONG DLAUORPPAOVOVTHL MOTE Vol TrELdlouy PE TNV anatnom Tou Tiou we
eloodo. Baowd yopoxtneotixd tou Oixtiou eivor 6Tt yenowonotel ohoxAnen Ty ewdva

v eneepyooia oe oyéon e dikeg apyrtextovxéc TNAY mou yenowwonowiv utoolvola
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OV POV exdvey, Emévev 6.2. To TNAY anoteheltar and névie enineda ouveliZenv
(F) 6mou 1o téoospa mpmTor ouvdudlovton pe évo eninedo péylotng unoderypatohnpiog eve
0 méunto axoloudeitar and dUo TAfpwe Oouvdedeuéva eninedo veupGVLY xaL To eninedo
eZ660u. Ta mpdta téooepu enineda ouveAiZewy anoTeEAOUVTHL OTO TUpTveg dwdoTaong 4 X 4
xo eqpapudlovtar ava 800 ewovootoyela, eve To Téunto eninedo cuvelilewv amoteheiton
and Tuprveg dtdotaong 5 X 5 xar epapudleton ava Eva exxovootolyelo, emtmiéov tonoleteiton
TEQWETPME omd XAUE UNTEMO YUPUXTNPLOTIXMOV Wtat OEtpd undevixdy ewovoototyeiowv. To
eninedo umoderyuatohnpiog SruoupyodvTar ard Tuprves SIdoTaong 2 X 2 Xon EpupuOlovTaL oV,
0v0 ewovoototyelo. To npmtoa 600 enineda ouveriZewy Tapdyouv 16 unteda yapuxTnElo Xy
eV To uTOAowa enineda ouvehilemy 32 untena yopuxtnptoTmy. Télog, To mpdTo eninedo
TAROS SLIOUVOESEUEVGY VEURMVOY UMOTEAELTOL om0 32 VEURGOVES £V To 8elTepo and 20. Yto
amotéheopa xdde emnédou ouvehilewy epapudleTor 1 ouvdpnoy evepyonoinorns ReLU, eve
ot TApwe Oraouvdedeuéva enineda 1) oLydoedric ouvdeTtnor evepyoroinong. Yto eninedo
eZ000u egopudletar 1 cuvdptnon tahwdpdunong softmax.

T |
Input Input
TH— | | : | —
/ /
Full RGB
RGB > paten :
Image O L_L--—-""'": O
Convolution Layer Convolution Layer

Yyfua 6.2: Ewoywyr; ohdxhnpng tng €yypounc eovas oto eninedo v cuvehiZenmy evig
NAY (aprotepd). Ewoaywyr tunudtov (utoclvola) and v opyxr| €yyxemun exdvog oto
eninedo Ty ouverifewy evog NAY (deiiv).

6.2.2 Evtomiopog Enpavtixoy Enueiov otic Ewdveg 'aotpevtept-
%00 Lwlfva

H 8eltepn gdon tre yedodohoylog opopd Tov eviomonsd onuelny oTig edves Tve oTig
neployés mou oamewxovilovtou tooyevelc xataotdoe, ool 1o dixtuo g gdone I v €ye
yopoxtnplost wg madoyevr| eixdva. Autd ETTUYYAVETHL YENOHIOTOLOVTAS T UNTEMO YAUpo-
XTNELO LXMDY TOU THpdYovToL and To ¢ exinedo tou exmodeuyévou ANAY xatd tnyv Sudpxela
avdAuoTG Hiat eovag. Nuyxexpruéva, and To ¢ eninedo cuvehiCewy Tou ANAY, druoupyolue
ML ELXOVOL OO TOL UNTEMAL YUPUXTNPLO TEIXMY TOU &S TNV TeoPBoM T uéyotng THung OAmy TV
unTp@wy yapaxtnetoixwy FY,j = 1,2,..., N, 6nou N 10 TAflog TV Untphey YopaxTtrpto T-
%oy tou emenédou ¢. H noporyduevn emdva ovoudletor Exdva Meyiotwy (EM) M€ (Maximal
Image) o et didotoon lon Ye TN SLIOTAUON TOV UNTROWY YUPUXTIPLO TIXMY TOU ¢ ETREBOV,

evey xdle ewovootowyelo tng emdvoc ueylotwy oty ywewr Véon (x,\) arotekel Ty YéyioTn
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Ty e avtioToryng VEong OAGY TV UNTEOOY YAPUXTNELO TIXMY TOU ETTESOU ¢,

Me(k,1) = max{F{(k,1)|j = 1,2,...,N}. (6.1)

H mopaywyh e ewdvog otrplydnxe oty epyoaoia [97], obupwva ye tny otole to TNAY
oo BardTepa eminedd TOUG BTULOUEYOUY UNTEO YULUXTNELOTLXMY To oTtola Telvouy v Tovi{ouy
exelveq TIC TEPLOYES TNG EWOVOG TOU YENOHOTOOUVTAL €V XATOHAEISL amd To SXTUO Yt TNV
optY) Toug TaEwdunor. Apa, 600 PeYUAGTERT AMdBOOT £XEL TO BIXTUO WS TREOC TNV TaVOUNOoN
TV EWOVOY, TOL UNTEOA YoRuXTNELoTxoyY Yo Tovilouy Tic TEPLOYEC AUTEC TOU TIC XAVOUY VL
OLoLPEPOLY XL TIC OUUBOTOOUY OTNY (Bl XAAOY), 0T CUYXEXPLUEVY] TERITTOOY TS TEPLOYES
radoyevoy xataotdoeny. Eror to yéytota Twv EM avtiotoyyoly oto onuavtind onuela twv
QEYLAMY EXOVODY KoL UTOOEYUOLY Teployn) tadoyeévelng. 1o Tov eVIomoud TV ONuavTIXGY
onuetwy dnuoveyroaue tov Adydprduo 1 Edpeone Enpavtixey Xnueiov ond Bodt Eninedo
(EXYBE).

Algorithm 1: Deep Saliency Detection (DSD)

1 Construct a maximal image M€ from a deeper WCNN convolutional layer ¢ using
Fq. 6.1;

2 Find the local maxima in M€ using a maximum filter and add them in a list L;

3 Sort L in a descending order of intensities;

4 for each element | of L do

5 Visit each element k& of M€ in the 8-connected neighborhood of [ in M¢;
6 Initialize list 71 by adding [;
7 if valueO f(k) € (valueO f(l) — t,valueOf(l)] then
8 k' = k, mark k" as “candidate”, and recursively do:
9 if valueO f(k") = valueO f(l) then
10 ‘ add k' as a “valid maximum” in 7
11 end
12 Visit and mark as “candidate” each 8-connected neighbor k of “candidate”
k' until all k£ have valueO f(k) < valueO f(l) —t;
13 if k exists in L then
14 remove k from L
15 end
16 end
17 Produce a salient point by calculating the geometric center of all elements in
T
18 end

O aiyopriuog oto mpoTo Brue Tou utohoyiler Ty EM M€, 3to deltepo Priua Beloxe
OhoL T Tomuxd pEYLo T TNg ewovag M€ To omola Vo T ovopdlouye [, xan ta amodnxedel o

wlo Alotor L, ta€wvopdvtoag ta onuela g Motag o pdivouoo oepd ©¢ Tpog TNy THY Toug
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(valueO f(l)). Treviupiloupe 6T ta onueio | eivon ewovootoyelo ye tpée and 0...255. Yto
TéTopTo Briua Tou aiyopituou 1 unohoyilovion To péyloTa TG ewovag M€ mou uneptepol
amd oL yertovind erxovoo oyt xotd . H nopduetpog ¢ tou aiyopituou optleton ©¢ 1 avoy)
TOU UAYORIUUOU OTIG BLUPOPOTIOLACELS TV YELTOVIXGOY EMOO0TOLYEIWY OUUGOYA UE TNV TEYVL-
xf e unepyelinong [114, 127], yetdvovtag to TOAAG apyd péyoto. Autd emtuyydveton
emoxentOUevog Gha o onueto [ g Motag L, yopuxtneilovtag to onueio [ o¢ “urtogrigu”
(candidate) av n ©h toug ebvor petall v valueO f(1) —t xou valueO f(1). Auth n Swdwa-
ofo yivetar oe dho Tor “wmodrigue” onueto avadpound wodTou dev Vo UTdEYOUY dARY YELTOVLXS
ornpeiar TouU 0L TWES VoL avX0UV 0TO TUPATdve 0180 T Toy. Av Thpo xdmowo otovyeio Tng
Motag L mepdoet amd tny dwbiooia Tng entoxedng »g yertovixd, 1dTe agorpeitor and Ty AloTa
L ¢ adbvapo péyioto xon dev Yo eletaotel apydtepa. And To onueio oautd tor omolo €xouy
Yoo Tnpto tel ¢ “umodripLa’”, auTd Tou €youy Ty lon ye Ty TYr Tou peyloTou [ Tng ou-
YUEXPWEVNC ETovaANgMe, yapaxTnellovton ¢ “uovd péytota” xor Tomovetolvtar oTny AloTa
. To onuovtixd orueio Tou Topdyer we €£080 0 oAyGELILOC TapdyoVTaL Und TOV YEWUETEIXG

HECO TV ‘e péytoTev” Trg Motag T, oe x&le enavdindn tou Buatoc téooepa.

6.2.3 Meédodog Evornoinorng Enavainniixrc Opadonoinong

H tehevtaia gdon g npotewvouevng pedodoroyiog €xel 6%0md TOV TPOOBOPLOUO TV OT)-
Hov Ty onueiey Tou Eyouy Tapuyvel and tny gdon I xo unodeviouy Tadoyevelc Teployéc.
O oiydpripog EXYBE nopdyer éva obvoro onuelov mou miavd avixouv o modoyevy| me-
PLOYT) TN EMOVAC UAAY BEV EVOWUUTMVEL xopld TEOTERY YV®OTN 0TO Unyaviopd tou. 'Etol
yeewdletan évo emmhéov By (1 @don I1I) dmou o moparydueve onueio Ba eheyydoly xon Yo
ToEvountoly »¢ Teog To av Tpaypatixd eivar onueio tadoyevois Teployric 1 Oyt

[ty tagwvounon ey onueiov Ya yenowonomooupe Ty Mébodo Evonoinone Enova-
Anrtihc Ouadonoinone (MEEO) [64] mou Buoiletor otov ahyderduo opadonoinone k—uéowy
YL TV TaEWOUN0T TV onuavTixey onueioy tou EXYEBE. O MEEO onoteiel wo pédodog
aolevols emBAenouevng uainong, xoddg xotd TNy SLIEXE TNG EXTHUOEUOTS YENOHOTOLEL
EXOVES PE xot Ywplc madoyévela xan opadomoel tor onuovTixd onpeta toug. H pédodog xatd
Y eXTaBEUOY| TNG, HEOE ULl ETUVAANTTIXTC OLadtXaoiog EVOTOLEL TS OUGBES TWV ONUAVTIXMDY
onpeiov oe o modoyevh emdva, €tor Gote vo eivon GuoLES (LECL OUYXEXPHIEVGDY UETPOV
OUOLOTNTOG ), HE TIC OUABES OTUUVTINGDY OTEIDY TWY QUOLOAOYIXGOY EXOVEY, TORAYOVTOS EVOY
“evomonuévo yopo andguong’. Kotd ty Sudpxeia Tou eAEyyou, Ui eixova 1 omolo €yl
Yoo Trpto tel we nodoyevig and to povtého ANAY tng ®dong I, to onuavtixd onuela Tou
€youv mapay el péow Tou ohyopituou tne Pdong 11, tadwopoliviar we mbavd tadoyevy) ¥ oy
ue tny Bondera tou k-KI' w¢ mpog mor oudda avhixouy OTOV EVOTONUEVO YORO TWV OUIOmY
ToU €yeL OMuovpYoeL xutd TNy exnaideuoy) Tou o MEEO.

H MEEO 6éyetoan ¢ €loodo gt avamopdoTaoy] ThV ONUAYTIXGY OTUEIDY ¢ SLdvuoua
YAEUXTNEIO TV 32 VEoEwY, o0 elvor To UNTEMO YAPUXTNELO TIXGY TOU EMTESOU ¢ = 3 TOU
YENOWOTOLELTOL YLoL TNV ooy YY) Toug amd Tov ahyoptdyo EXYBE. O twéc tou draviouatog

elvor 1) THES TTOU €YEL TO ONUAVTIXO ONUElD 0T OUYKEXPUWEVT) VECT) OTOL UNTEMOO Y ULUXTNELO Tt-
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%GV TOU CLVTEAOUY oTNY dnuoveyia g EM.

6.3 Ilpocopoiwoeig xow AnoteAéopata

Yy evotnta auTy) Vo TOPOUOLICOURE CUYXELITIXG UTOTEAECUITH TG TROTEWOUEVNC Uevo-
doroyiag Evavtt GAALY YedobohoyLdvy Tou TopoucdoTrxay oty evotta 6.1.1. O yédodol
€Y 0LV BOXUAOTEL OE BLoPOPETLXA OUVORN BEBOUEVLY EXOVLY PE TAdY|OEC TOU YHO TREVTERLXOU

OWAN VL.

6.3.1 30vola Acdopéveyv Ewdvev tou 'actpeviepixol YwAhva

Apyud Yo avopépoupe Tor 0UVOAA BEBOUEVGY TOU YPTOLOTOWOUE YLOL VUL EEETAOOUUE TUG

uedodohoyieg.

MICCAI Gastroscopy Challenge

To mpdto cUvoro Sedouévwy anoterelton amd ewdveg Tou €youy mopoy Vel and Eva Tu-
T YOOTPOOXOTO X0t €xouy yenotuonowmel o évay daywviopd! oto ouvédpto MICCAIL
Tou 2015 [23]. To nedBhnua fray 7 elpeon TV exGVEY Tou Topouctdlouy o THdohoyix)
AATAO TUOT).

To olvoho Bedopévey dnuoupyinxe Uotepa amd emhoyy uetoll 10,000 ewxdvey tou
TopyUnoay and 544 vyielg edehovtéc xon 519 edehovtéc ye Sudpopeg BrdBec Tou yao TpevTe-
el owAva OTwe xapxivog, apoppayia, €éaxog x.o. H avdiuon twv emdvey apyind Hoy
768 x 576. Amd g apyxéc emdve Yol AGYOUC TpooTuotig TV TROOKTIXGY OEO0UEVHDY o-
ponp€dnxe TO TUHO AUTO Tou TEpLelye euatoUnTo TPOCHTLXG OEBOUEVYL XAt 1) TEAXT] OLdO TUOT)
TV EmOvey £yve 489 x 409 euxovootoyela.

[t tov Braywwviopd 1ou MICCAT emiéydnxe éva unooivoho ey apytxey 10, 000 ewdvey
UE TIC TO AVTIMPOCOTEUTINEG Xt ONULoupyUnxay 600 LOOPROTTUEVY GUVOAYL BECOUEVGLY 6
TpO¢ T puotohoynég ot ur). To évo olvolo Sedouévmy yenowonoteitar k¢ oUVOAO exTtaideu-
one xou anoteieiton and 205 guotohoyixég euxdveg xou 260 eudveg pe tadoyevr) xaTdo Tao,
eV TO BeUTEPO WG OUVORO EAEYYOU pe 104 quotohoyinéc xon 129 un. Amd €66 xon oto €€rc

Vo avopepdpao te oe autéd T0 0UVORO ¢ Xivoro 1 (X1).

KID Dataset

To dedtepo 0Gvoro dedopévey To onolo Yo 1o ovoudlouue Yovoro? 2 (32) xor ue o onolo
Yo aoyorndolye, anoteleltor and exdve evO0oXOTUXNG XAPOUAAC. LUYREXCLIEVOL EYEL YOT-
owonotnuel 1 xdpouro MicroCam e avdivor ddotaorn 360 x 360 xatoypdpovtag oAdxineo
10 Yoo teevTeptnd owhfve [79]. HepthopBdver 303 ewdves mov mopouctdlouy oy yeextooio xon

ofpor 670 AETTO €vTepO, 44 edveg TOAUTOOKY xot 227 EOVEG PE PASYHOVT] TOU EVIEQOU EV,

!Datasetl: http://endovissub-abnormal.grand-challenge.org/
“Dataset 2: http://is-innovation.eu/kid
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orrdéTer 1, 778 uOLOAOYIXEC ELXOVES UG TOV OLOOGAYO, TO GTOUMYL, TO AETTO EVIERO X0 TO
TV EVIEpO.

Axolovddvtag Ty Bradwaoior Sty wetodol Tou ouvdlou 21, yio Vo UTOPECOUNE VoL €-
Edryoude avaAOY O CUUTERAOMATO AAAGL X0l VoL YETOUWLOTOLO0UUE TUTXES PETPIXES 0LOAGYNOTG
TWY ATOTEASOUATOY, Vot ¥pNOWOTO|COUUE €VOL UTOGUVOAD EOVKY TOU 22 HOTE Vo ONULOUR-
YT OOUUE L00PROTNUEVE GUVOAY exTtafdeuong xon eAEYY0oU yia Tig pedodohoyieg pog. H emioyn
TV edvey Tou Ya yenoworomdoly v T 800 utooUvole €yve ue Tuyala derypoTorngla
YOI ETAVATOTOVETNOT Kol XATAOXEVAOUUE EVOL OUVOAO EXTALOEUOT)G PE 429 edVES PUOLOAO-
yixég won 423 ewxdveg ue dudpopeg tadoyevels xutao Tdoels, xadng eniong €va 0OVOAO EAEYYOU
ue 172 quotoroyixée ewdveg xon 172 un quotoroyiés. To woopponnuévo 6Uvoro BeBOUEVLY
yopoxtrpileton we Xovoro 2B (32B).

6.3.2 Avdivor Iopapétpwy Exnaldcvong tou ANAX

Ye auth Ty unoevotnTa Ya e€etdooupe Ty anddoorn tou povtérou ANAY g @dong 1
oto Xovora 1 xon 2B ypnowonoudvag SwpopeTinols aiyopiiuoug extaideuong, Ty pédodo
e otoyaoTxic andtoune xiiong [16] ye ouvteheoth oppric (XAKO, momentum Stochastic
Gradient Decent, MSGD) xa yopic (XAK, Stochastic Gradient Decent, SGD) xod¢ won
Tov ahyopripo exnoideuone ADAM [13].

[ v otohdynon tov ahyopliuwy enavordBope ta tewpduata 100 @opég xon oTa 500
olGvoho SEB0UEVLY XaL Toug aELOAOYNOOUE 6 TEog TNV axpifels TV anoTteheoudtony. Xenot-
HOTIOLNOOPE TO TUTLXG oUTO PETEO aELOAGYNONG VLTl ToL OUVORY EAEYYOU KoL TeV U0 CUVORGY
0eBOUEVLVY elvan LOOPPOTNUEVA (¢ TRO¢ TO TANJOG TwV BeryudTewy o xdie xhdorn. O ouviehe-
oThe expdinorg mou yenotwonotidnxe fray 1072 v yio tov apiud emavolipewy oplooue
Tic 100 ‘emoyéc’ onhadny 100 TATen TEQAOUUTH OAOXANEOU TOU GUVOAOU EXTULBEUOTIC TRV OAO-
winewiel 7 extoldeuor Tou duxtbou. EmmAidoy, vy tny exnaldcuoy Ty alyopiduwy oe xdie
emaveindn yenowonomjoaue Ty 080 TV Peudo-ouddey extaldeuong pe 50 edveg ova
peudo-oudda. H tuy) tne opurc oplotnxe w¢ 0,9, evd yio Tic TapopéTeoug Tou ahyoplduou
ADAM yenowonomidnxay ov tpotevdueves Twés and toug ouyypogpeic [13].

To anoteréoputa Twv puedddny ota Xovora 1 xo 2B mopouoidlovton otov Iivaxa 6.1
4TouU M avTioToLyEl 0Ty Péon anddoon Tou aAyopituou ot 100 enavaAhPeic Tou TeLduaTog
o oty dwonopd eve M oTn uéyiotn Ty Tou epgoaviotnxe o €va and to 100 mepdpaTa.
H yperion tou otoyaotxol ahyoptduou péyrotng xiiong yweic Ty yenomn opurc tapovoluce
Y UEYLIOTN amdd00T) O OYEOT UE TOUS dAAOUG ahyopiduoug extaldeuong xon oTa 6U0 GUVOAX
OEBOUEVWY.

Emmhéov, yLor Ty Topory Y dO@UAGY OUUTERAOUATGY BleldyovTon la OeLpd amd EAEY YOV
onpavTxdTNTaC oTo amoteréopata Tou Hivaxa 6.1. Apywd, yenoworowinxe o oTatioTixdg
éheyyoc Shapiro-Wilk [118] ue oxond vo eheyydel v o Sedouéva TEOEpyOVTaL Umd ULl Ko
vovu) xatovour).  H undevinr) undieon Jewpel ot Tor Sebopéva TpodpyovTar amd XUvovXn
xotovopry émou amoppintetor 010 5% eninedo onpovTdTTag. LTy ouvéyew, Seldyeton

Evog un-mopopeTewmog Ereyyog Friedman tou omofou n undevixry undleorn anoppintetar 0T0
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Alyoprduog 1 o Max 1 o Max

¥1 ¥1 ¥1 2B 2B 32B
YAK 0.836 0.048 0.909 0.874 0.007 0.892
YAKO 0.801 0.027  0.867  0.869  0.012  0.898
ADAM 0.820  0.030  0.884  0.863  0.017  0.895

Hivoxag 6.1: Anddoon tou ANAY xdvovtag yeror Supopetiney alyopidumy exnaldevong
ota MNovora 1 xou 2B (321 - 312B)

5% eninedo onuavtixdtntag, Selyvovtag €tor Gt UTdEYouY SLapopés UETUED TWY OTOTEAE-
OUATLY TV StapopeTinmy ahyopldumy exnaldcuons. Térog, epupudletor o un-nopoueTEds
Eheyyog onpavtixdtntog Tou Wilcoxon [134] oe xdlde Leuydpr uetddwy. H undevinr unddeon
oe udde EheyyYo onuavTIXOTNTAC uTodevier OTL Tor Selyporto ebvon aveZdpTnTa and TovouoL-
OTUTEG ouveyelc xaTavopés ue foeg Budueocoug. tov Iivaxa 6.2 nopovordlovTon 1 p-Tyég
yioe x80e Ceuydpr adyopiluwy exmaidevong ota 800 olvoha dedouévey. Ot p-Tiuég Tou etvan
ueyohiTepec amd 5 x 1072 ey amoppintouy Ty urdeviny| utddsor xa xut’ enéxTuon 1) BLapo-
PEC TV ATMOTEAEOUATOVY BEV elvar ONUOVTIXEC. DITY) OUYXEXPWEYY TepinTwor BAEnouue OTL 1|
undevixr} undleor amoppinTeETo TAVTY, dpo OL OLUPOPES TWYV AMOTEAEOUATWY Elvar 0TUTIo TIN
ONUOUVTIXES XL O OTOYUOTOG ahyoprduog T andtouns xiiong ywelc Ty mupdueteo Tng

opuNG EYEL OTATLOTLXA ONUAVTIXG XAAVTERT, AOB0O0T) ATd TOUG UTOAOITOUC.

YAK YAKO ADAM
1 31 31 >2B >2B 2B
YAK - - 0.0000 0.0301 0.0057 0.0381
YAKO - - - - 0.0019  0.0000
ADAM | - - - - - -

Hivaxag 6.2: Ov p-twiég Tou ehéyyou onuavtixotntag Wilcoxon ota anoteAéopato
TV SpopeTx®y ohyopliuwy extuideuone tou ANAY ota Xivoha 1 xor 2B (X1 -
32B)

Ohoxhnpovovtag Tov €Aeyyo Twv ohyopliumy exmoldcuong, eAéyyetar 1 amddoor Tou
YAK og exmalbevor ye unpdtepo oUvoho 6ebouévmy. Etot o apyd olvolo exmaldeuong
Tou Yuvohou 1 xa 2B unoderypotodnnteiton o vnoolvola e t8Eng tou 20% éwe 80%
ToU apytxoU TARUOUC Berypdtmv-exdvey. H derypatohndla éyve yonowonowdyTog éva oyra
OUOLOUORYPNG XAVOVIXTC XAUTAVOURE OTou Oronpeiton 1 tooduvoula etolt Twv 800 %Adoswy.
Yy Ewdva 6.3 napovordleton 1 anddoon tng Tavounorng o¢ teog To uéyedog Tou ouvdiou
exnodOeUoNg, ME TNY amddoon Tou dhyoplduou eEXTOidEUOTE VAL UELOVETOL ONUOVTIXY OTOY TO

péyetog Tou oLUVGAOU EXTULBEUOTG MELDVETOL X8Tw omd To 60% Tou apyixol ueyédouc.
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fouo{ 6.3: To noocootd emtuyloc tou poviéhou ANAY ye tov ahydetluo exno-
{deuone LAK oe duagogetixol) tAfloug oivola exnaldeuong.

6.3.3 XZ0Oyxpion ANAY us TNAXY Acdopéveov Auvotneol Ilpooctio-
pLowon

X1y voevotnTa auth Yo ouyxplvouye v mpotevouevn pedodoroyio and tnv Pdon I ye
uedosous TNAY nou xdvouv yphor auotrefic EROAUXVOTG OTIC EIXOVES. O yenooTotioou-
ue tnv Baowxr, exdoyr twv TNAX onou Ya eZdyoups utooUvola euxdvemy tou efte Yo neptéyouv
cZohoxhipou teployée ywels vo epgaviCouy xopla tadoyevh xatdotaon efte neployéc TAtge
radoyévelac, ovopdlovtog T uévodo auth “Baowxd Teyvntd Nevpwwixd Aixtua EuveMZewmy”
(B-TNAYX). H deirepn yedodoroyia Bacileton otn yvwoth epyooia wwv Sekuboyina [117],
omou oL ewovee petaoynuatiloviar oto yewuatxd yweo CIE-Lab evé yenowonoweizoa éva

apdiugo Bdotaone 36 X 36 eixovooTolyElny Yo TV ERLAOYT TWV UTO-ELXOVOV.

[ty aZohdynon v pedddwy dnpoueyhnxay ooxatavednuéva oUvola BEDOUEVLY
W¢ TEOS T AAAOELS, TO00 Yot T0 enirnedo Tou cuVOOU exTaideuoTc 600 %A YL TO GUVOAO
ehéyyou. Zuyxexgwéva, o X1 anotehetton and 6, 000 urno-suxdveg yia xdde xAdom evd 10 L2
a6 4, 500 uro-exdveg Y TRV xde xhdon. Ao autée ta 2/3 Twv exdvev yenoorotfinxe
YLt TV EXTOEBEUCT) TWV HOVTIEAMY EVE OL UTOAOLTES YL TOV EASY YO TOUC.

Hewv npoywefioouys Ye TNy tagouciaot TOV AROTEAEOUITOY Vol TERLYSAPOUUE THY ap)t-
textowxf Tov poviédwv. Ta B-TNAY yenowonoufinxav pe 800 dagopetixol peyédoug
URO-eOveg we eloodo ahhd pe v B Baoier| agyrtextovixh. H ogyttextovins| anoteheiton
und Tpla exineda ouveliZewy (F) dmou ta 800 temTa ouvdudlovion ye éva eninedo péyiotne
uroderypatolndiog, eve to teito axoloudeiton and B0 TAjewe dlacuvdEdeéva enineda veu-

!

eOVeV %o 1o enitedo e20dou. To nedta 800 exinedo ouvehiZewy a:uts)\ouvut a6 16 untema
YACUATNRIOTIXMY YE TUEHVES BtdoTaong b X 5, eved ouvdudlovtan pe 16 exinedo péytotng u-
roderyportodnpiog. To tpito eninedo ouveMZewy aroteheiton 32 untpmo x:custzc"?]r,tottxci)v e
rupriveg dtdotaong H X 5, eved petd and xde eninedo cuvehZewy egapuoleton 1 cUVIETNON
evegyonoinong ReLU. Téhoc, 10 np®to eninedo mAfgmv SLIcUVBEBEUEVV VEUSMVMY JmoTE-

Aelton o6 32 veupmveg evéd To delitepo and 20. T ynogéoouye va yenowonotiooupe ¢ dVo
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OLopOPETIXOU YEYEDOUC UTO-ELXOVES ¢ (0000, YPNOWOTOOUUE OLUPOPETIXES THIEC TEQLIL-
olewv xar Bruatoc ota dedouéva elo06d0u ToU equoudlovTal oL TUPHVES Yiol TNV OUVEALET o
TNV TOROY WYY TOU TEOTOU UNTRMOU YoUpaxXTNeto Tixey. Luyxexpwéva, optllouue o B-TNAY,
70 dixTuo oL Yenowonoel we elcodo uTo-edveg ddoTaong 64 X 64 ue Twée teprinpiou 1
nou Bripe 1 eves g B-TNAX, oplloupe to 8ixtuo Tou Yenowonotel we eloodo UTO-ELxXoVES
ordoToong 32 x 32 ye Tpég meprdwptou 2 xon Bripa 3. ot Ty pedodoroyio twv Sekuboyina
Yerowonoteitar yior apyttextoviy] e Telo emineda ouveAlfewy ue BtdoToor Tuphvey 3 X 3
AL TELOV UNTEOOY YapuxTnewo ixoy 610 xalde eninedo. To debtepo xaw to Tpito eninedo
ouvehifewv axohouleiton and éva eninedo yéyiotng unoderypotorndlug, eved To dixTuo ou-
UTANEGVETHL ol EVOY CUYOLAOUO TAYIPOUS BLICUVOESEUEVOU BtXTOOU VEURKOVELY 75 — 10 — 2
ue 800 veupoveg wg €£000.

To anoteréopata Ty Yetddwy tapouotdloviar otov Tivaxa 6.3 omou 1 anddoor Ty [3-
TNAY epgoavilouv yeyaritepn emtuyio xow oto 500 0Gvolo BeBoUEVeY EvavTt Tng uedodou
v Sekuboyina, ye v uédodo B-TNAY va éyer v péyiotn emtuyla. Qotéoo duwg, o
mivoog 6.3 eZetdler Ty emtuyio Tov Yetddey oe eninedo umo-edvey xar Oyl o8 OAOXATEY
v ewdva. o vor éyoue puar oy TimpoowreuTiny) olyxeon e Tic yetddouc ANAY o onoleg
AmOPUEVOVTUL GE OAOXATION TNV EXOVY ¢ TPOS TO oy Tapouotdlel Tadoyevela 1 oyt opilouue
TOV €EHC HOVOVAL: WL ELXOVOL YR TNRleTat (¢ PUOLOAOYIXT, OTOY OAEC OL UTO-EIXOVES TTOU TNV
amoptilouy yapoxtnpllovTon and Ty PEV000 WE PUOLOAOYIXES, VK THOYEVAC av £0TG KoL

uar umo-etxova yapaxtneiletor amd Ty pédodo wg tadoyevig.

| B-TNAY, 8-TNAY;  Sekuboyina
1 2B X1 2B N1 32B
Emtuyio | 0.839 0.846 0821 0.830 0.804 0.824
Buwolnotr | 0.872  0.908 0852 0.840 0817 0.840
AxpiBerr 0.807 0770 0.78% 0.821 0.793 0.804

Hivoxag 6.3: Emddoeic TNAY avotnenc emoruavong oto 21 xow X2B.

Y 1ov mivoxa 6.4 TopouctdlovTon To ATOTEAECUATA TV YEVOOWY YLl TOV TEALXO YoEoXTY-
PLOUO TWV EWOVEY WC TEOS TO oy eugaviouy Tadoyevela ¥ Oyt, YENOLOTOLOVTUC TOV TTROT-
yolpevo xavove. Xenowomowdvtag Ty apyttextoviny) B-TNAX:, yetall twy 0o B-TNAX
OEYLTEXTOVIX MY, Ko TETUYE LPNAGTERT amOB00T OTNY TUEWOUNOY) TGV UTO-EIXOVERY XL TN
uedodoloyio Twv Sekuboyina BAémoupe 6t 1 B-TNAYX ouveyiler va €yer udnhy emtuyla
%L OE ETUMESO YUPUXTNPIOHOU OAOXATENG TN Edvag. 201000, 1 TpoTewoueyr uedodoroyi
aoVevoig TNAY and v ®don I eppaviler to peyoritepa To000Td emtuyiog oe obyxeon

HE T dhheg 800 petddoug TNAY avotnpol yopuxtnetouos.

6.3.4 X0yxplon AwpopeTixwy pedodoloyiny ANAX

Yy uroevotnta aut) Yo ouyxpivouue Ty tpotewduevr uedodoroyin and v Pdorn 1

we dhheg pedddoug Aodevoic Exnaldeuong mou xdvouy yerion TNAY xow ouyxexpyévo pe
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ANAY B-TNAX, Sekuboyina

31 >2B 31 328 31 >2B
Emtuyio 0.909 0.892 0.717 0.541 0.619 0.517
Evototnoto | 0.930 0.924 0961 0.478 0.957 0.952
AxpBewa 0.885 0.858 0.413 0.610 0.251 0.091

Hivoxag 6.4: Emddoec mpotewvduevou poviéhou ANAY xar TNAY avotnerc emt-
ofuavone ota X1 xo 2B o ohdxhnen v e&etaldyevr euxovo.

v pedodohoyio v Zhang [140], Jia xor Meng [67]. Axdua, n npotewvduevn pedodoroyin
Yo ouyxprdel xon e pedddoug mou Boaotlovton oe O, ouyxexpyéva Ty pedodoroyio Twy
Yuan [136] xon Vasilakaki [131], 6mou agpod e€dyouy yopaxtnetoTind ond Tie exdveS, X3vouy
XENON UNYOVOY UTOOTARIENE BLUVUOUATRY Yl TNV EXTUOEU0T %ot Tagvounon Toug.

Yy unoevotna 6.3.2 dnou egetdoupe TNy Tpotewduevn uedodoroyio ANAY elyoue yon-
owornooel To 22B GhoTe va £Y0UNE LOOPPOTNUEVO OUVOAO GEBOUEVLV VLol TNV EMLAOYY| TWY
AHATIAANAGY Topapéteey. Topa dume dheg o uévodor VYu eletaoToby 010 TANpeS OUVOAO
dedopévey X2 xon X1, H afiohdynon twv pedddeny Vo yiver pe Slo TaupwpEVy Emtxipemon
10-9€ocewv oe OhOXANEA To CUVOAXL BEDOUEVLY, ETOL HOTE VO EMLTUYOUUE WLl AUEQOATTTT] O
EloAdymon TV Pedddwy 6 TEOg TNY ETMAOYY, TOU OUVOROU exTuideuong xat eAEyyou. ‘Oleg
Ol EXOVES TOU OLVOAOU Bedouévey Vo Sapeptotoly Tuyoia oe 10 turuota dmou Tor 9 Yo
yenowonomloly yio exTulBEUoT] EVE TO BEXATO Y EASYYO PEYPWS OTOU OAOL To TUHUATOL VoL
xenowonomdolty otny dadxaola eAéyyou. o vy adlohdynorn twy pedddey o yenouyo-
TOOOUUE EXTOC TWY TRONYOUUEVGY PETEWMAOVY xou Ti¢ xounUAeg Receiver Operation Charac-
teristics (ROC) xaddde xon v meproy evdrogpépovtog xdtw and T xaunviec ROC (AUC),
apol Tor Sedouéva Tou ouvOAoU eAéyyou Yu elvor TOAD Tlavdy un toopeoTnuéve PeTall TV

800 xAGoEWY xon 1) METELX AT €xer avoyY) o awTol Tou TOToL dedouéva [6)].

‘ ANAY Zhang Jia xoe Meng Yuan Vasilakakis
¥1 32 31 32 ¥1 32 31 32 31 32
AUC 0.963 0.814 0.951 0.773 0.902 0.705 0.940 0.709 0.946 0.802

Emtuyto 0.899 0.775 0.851 0.760 0.827 0.690 0.867 0.696 0.892 0.768
Evatotnoto | 0.907  0.362  0.930 0.537 0.806 0.602 0.876 0.432 0.911 0.454
AxpBewa 0.882 0913 0.779 0.836 0.857 0.785 0.854 0.820 0.872 0.886

Hivoxag 6.5: Emddoec poviéhoy ANAY ota 21 xow 32,

Ytov zhvoxar 6.5, TopouodlovTon To ATOTEAECUUT TV MEVOOWY. Muvoiixd BAémouue
oL 1 mpotewvouevy, yevodoroyla ANAY mopouotdler iy udgmidtepn anddoon »g TEog To
wetea AUC xon Emtuyiog oe oyéon e tic undroineg pedddous. H npotewvduevr yetdodoroyia
urepLoy e ooy Tind EvavTt Tne wevodoroyiag Tou Yuan oto X2 eve ebvon ehaped xaAUTERT
évovTt Tou Zhang oto 21 xar tng yevodoroyiug Tou Vasilakakis yio to 322

Q071600, ONUAVTIXG TASOVEXTNUO TwY Yevodoloyidy Tou Bacilovtar ot TNAX, évovte
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Ty Yetddny OsA 6T Sev eluptdvTon and Ghhn uédodo Yia TNV TURUY Y TWY YoULUXTNELO Ti-
%OV, OAAE Tapdyouy o (BLeg oL uEJ000L TaL Yo TNELO Tixd auTd Tou Btorywetlouy BEATIOTa TIC
800 xotnyopiec. Emmiéov, Oo Oéhape va tovicoue dtu n uédodoc DSSVM (23] tou eZétaoe
10 X1 eugdvioe anddoon wg tpog To uéteo AUC ion e 0.898, Tun yaunAdtepn and auty Tng
Tpotewouevng pedodoroyiog.

Téhog, v vao evioyGoouUe TNy amdd00T, TN TEOTEWOUEVTS PeVod0oA0Ying EvavTt Twv
UTOAOITOY, ONUIOVEYOUUE EVal oaxOUd GUVOAO BEBOUEVKY TO oTolo To ovoudlouue X0voro 3
(X3) xor amoteheiton oand Ty €veon tov X1 xou ¥2. To X3 anotekeitar and 3,050 exdveg
(698 ewdvec and 1o X1 xon 2,352 ewmdvec and to X2) o omoleg dragpépouy petald Toug
TO00 OTNY AEYT) AVAAUOY, 000 %ot 6TO EUPOE Tou omTixo) Tedlou e To onolo amewovileTton
0 yootpevtepinde ovhvag. To olvoho autd 1o aflohoyfooue OTWS XKoL To TEONYOUUEVY
xdvovTog Yenon g St Taupmuévng emxipwong 10-V€ocwy. H mpotewduevrn pedodoroyio
Topouotaoe TNV UPNAGTERT TN ©¢ Teog TNy pete) AUC @tdvovtag 10 0.861. H pedodoroyia
Ty Jia xar Meng nétuye 0.846, v Zhang 0.803, v Yuan 0.681 xor twv Vasilakakis 0.840.

6.3.5 Elpeorn Enpavitiedy Enpeiov xow AZoAoynon tov Medddwyv

Extd¢ g avory vidsplong Tmv Emovey autey Tou ep@aviouy o Tl oyevT xatdo TooT), tota-
{tepn onpooia £xeL 0 EVIOTIOUOE TV TEQLOY OV THJOYEVELNS XEVOVTUS YPTiOT ONUELWY-0EXTOY,
ot omolol emonpatvouy Pt Ty T oyEveLd TV GE YL TEQLOYT| TNG Etxovag. 2uveytlovtag
oo TNV TEONYOUUEVT) EVOTNTA, 0TS EIXOVES TTou €youy Yapuxtneotel and tn Pdon I tng pe-
Bodohoyiog poc o¢ nadoyevelc, Oo eZaytoly (onuovting) onuelo o omola Yo unodetviouy
Vv Teptoy Y| g madoyévewg. Ytny $dorn I e tpotewvduevng pedodoroyiog, yenotloroteiton
o ohyopriuog EXYBE v tny elpeon Twv onuavTidy onusiny mou gugavilouy todoyévela
oG EOVES YOO TEEVTERXOU owAva. T Tov ahydpriuo anorteiton évo exnadeupévo ANAY
€tor dote va yiver eCay oy Tng TANPopopiag Yol TV e0pEOT) TV ONUAVTIXGY oNUeley omd
éva BadUTepo eninedd Tou. Nuyrexpléva, uEoo and TEWUUUTIXY UEAETY Sthédope To TpiTo
eninedo ouvehiZfewv (c=3) yio Tov oxond avutd, emAéyovtog o poviého ANAY pe ) pe-
yarttepn T AUC vy 1o xdie SuapopeTind 0OVORO BEBOPEVERY TOU TUPOUCLEC TXE OTNY
TponyoUuevy evotnta. H emhoyr autr umopel vo dixanohoyniel yio 600 Adyoug TpdTov, T
Borditepa eninedo twv TNAY eugovilouy (xoOx0TOL00V) TOTXE YopaxTNELo TS TRV EXOVERY
oc Yeyoh0TERT) axpifELol 68 OYECT) UE TU UNTEON TOV TEOTOY EMTEOMY, CUUPEOYIL XL UE TA OU-
unepdopata and Ty epyooio [139], evé emmiéov, T0 PEYEDOC TOV UNTEOWY YULUXTNPIO TEXEY
mépay Tou emmédou Teio yiveTtar TOAD wixpd (ouyxexpwéva < 42 X 42), xdvovtog tny edpeon
TOYEVELDY OE TO0O XEES TEPLOYES UT) ATOTEAECUUTING X (OG Vol TEETEL VoL XEVOUUE ovaL-
vy e VEong e aveuaAiag and quTh TV TEQLOYY OTNY TEXYMATIXY] TEQLOYT TNG EMAVIC.
H afefordtnra mou Yo mpoxider and tny V€on tne nadoyévelag 0To TOAD xemY B0 TEoEwWY
UNTEOO YOpUXTNELO TIXMY 0TS TEaYMUTXéS dwotdoets Ty ewdvas (320 x 320), evioylouy
TNV ETAOYY| TGV PNTEOOY YUPUX TR0 TGOV Tou Teitou emnédou. Axdua, Baoldyevol otny
epyooio [56] yenowonoin e ywa TocoTxonoinom e oLoYEToNne YETUED TV EMTESWY TOU

ANAY, €10 dote va Jepeludoouue Ty eMAOYY Tou ouyxexpyévou emmédou. [ to X1
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non X2 unohoyioape Ty ouoyEtion xotd Pearson petall Tov TGV TGV ELXOVOO TOLEIDY LY
EM rou nopdyovton and o StpopeTind eninedo cUVEALEWY, UE TIC TYES TWY EIXOVOO TOLYElWY
TV TEPLOY OV TadoYEVELNS TV avTioTorywy edvey. [Ma Tov utoloyioud autd ot SLuc TdoE
TV AEYIHAOVY EMOVLY TpoTono|inxay €Tol MoTe vo €youy (o uéyedog ue T EM tou xdlde
emmédou. O Twég ouoyétiong Yetald twv EM tov tévte emnédoy ouvelilewy and o TpdTo
Tpo¢ 10 TéUnTo eninedo frayv 0,14, 0,05, 0,16 0,13 xou 0, 04, avtiotoyo. H peyourdteen tun

TopatnERinxe oTto Teito eninedo cuveAiZewy VEUEAOYOVTUC TNV ETAOYY) TOU CUYXEXPUIEVOU

emRESOU.
| EXBE CSD [65]
Y1 Y2 Y1 Y2
Yruela oty Hadoyevn Hepwoyry | 1 —-12 1 -7 2 —288 1 —478
Yuvohind Ynpeto 1-18 1—-10 195—349 548 —683

Hivoog 6.6: To amoteréopata Ty alyopliuwy e0peong onuavTiX®y onueinwy oto
Y1 xon 32, 't T0 %8 6UVOAO BEBOUEVOY TOEOUCLALETH TO EAUYLOTO KoL UEYLIOTO

A 0o¢ onuelony Tou Topdyel 0 aAYOEINOG O ULol EXOVY TOU GUVOAOU.

YuveyiCovtug, e€etdleton 1 wavotnta tou EXYBE otny elpeon onpavtixoy onueloy,
eEAEYYOVTAS TOV 0 xd¥e oUVOAO EAEYYOU NG Lo Towpwévne emxlpwone 10-Uéoewy tng
Evétnroag 6.3.4 twv euxdvev, tou 0pdd o ANAY yapaxtripoe we nadoyevelc. O mpotewduevog
ahyopripog ouyxpiveton ue Tov alyoprduo Color Saliency Detector (CSD) [65]. H napduetpoc
avoyhe tou EXYBE (1) opiletor eupetind we 120 eved or mopdpetpor tou ohyopiduouv CSD
oURPEVOL UE TOUS ouYYpupelc Tou [65].

Ytov Hivoxa 6.6 napouctdlovtar To AmOTEAEOUATA TV YETOOWY EVPEONE ONUUVTIXGY OT-
uetwy v xdde ewxdva. Muyrexpruéva, TapouctdleTor TO EALYLOTO xat YEYtoTo TANY0¢ onuelny
TOU UTOREL Vo EUPOVIOTEL OF WLt EOVOL OTU BLUPORETING GUVOAN BEBOUEVGY 0TI TEQLOYES TOU
€youv onuetwdel and Toug ewdwols we tadoyevn. Axdua, Tapouotdletar To EAIYIOTO o YéyL-
070 TV ONUEiwY TOU TapdyeL 0 xdUe aAYORIIUOC CUVORLXE 0 OAOXATIEY TNV EtxOVa, ONADY
onuelor Tou €youv eugovioTel xan extoc Tng Tadoyevoig mepoync. Elvon eugoavéc 6Tt o ah-
vopruog EXYBE napdyer onpavtind Avydtepa onueio o oyéorn ue tov CSD. T'a nopdderypa
oto 21 o EXYBE rnoupdyer to oA 12 onuela evtdg tng nadoyevoig mepoyric eved o CSD
288. H dwpopd auth etvan yeyardtepn oto X2. Tlpéner va tovicouye 6Tt yiol T0 GUYKEXEEVO
TEOBANU 800 ToEdyoVTES Elvor TOAY ONUAUYTLIXOL, O EVTOTIOUOS TWY TERLOY MY TOU elpavileTan
n TadoyEvera £ToL OOTE VoL DOOEL TPOCOY Y| O EOWXOG LTEOS dAAG %ot TO TANJOC TV oNuelnY,
o0 dC Bev TEEMEL Vo efvar Aol TOAAG Xt o€ Adog TEpLoyES, (BOTE VoL XaUUGTELOUY TOV ELOLXO
UE TOV EAEY YO OAGY TWYV TEQLOYMOVY TOU UTOOEVUOYTOL 0RO T0 000 TN,

Yy Ewdva 6.4 yiveton piar ot} TopouclaoT) Ty onuelny Tou TopdyeL O TROTEWOUEVOG
ahyoerduog évavtt Tou CSD og plo ewdva amd 10 xdie 6Uvoro dedouévey. Xtic Eidveg 6.4-o
xat 6.4-B BAETOUYE TS O TROTEWOUEVOS UAYORIIUOC ToRdYEL Eval oMUy TXd (ixpdTepo TAJ0g
onueloy Evavtt Tou TARYoUE TV orueiny Tou CSD mou TapoucidlovTton 6T dAAES U0 EXOVES.

Yy Ewdva 6.5 BAéroupe oty xevtpwr| othin i EM nou avtiotoyoly 6Tig etndveg ev-
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TyAuo 6.4: To onpoavtind onuela tou nagdyovion and tov alydewipo EXEBE (opt-

atept othAn) xou Tov CSD (deZid othAkn). Ewdveg and 1o X1 (o - ). Ewbveg and
10 X2 (v - 9).

doaxoriov mou eugaviovion otn TedTN 0THAN, 0TI oToleg eYYpdYeTH 1) Tepoy TardoyEvewag
oamd toug ewdwole. Ntg EM epgoavilovion ta onueio mou napdyer o odyodpipoc EXEBE,
ouyxexgyéva n Exdva 6.5-a ebvon 1) euxdva omd 1o X1, atrny onola tapdyovion To TEpLoooTEpa
onuovtixd onueta (18) and tov EXEBE 6nwg nagovoudleton ato Ilivaxo 6.6.

Yn ouvéyew epopudletar 1 MEEO tng ®dor) IIT trg npotewduevrg pedodoloyiog yia
Ty Behtiwor Tov Topay ouevey onpavtixoy onueinwy tou ELXBE. Ttny Exdva 6.5 ot 8eZid
othin BAéroupe Tor onuoavTixd onueia TOU omouévouy PETY TO QUktpdpiona oy Yiveton and
MEEQ. Me npdowo x0xho mopouctdlovTon o ONEis TOU 0Wo T3, YUpuXTNRlo TNXUY ¢ onuo-
VTIX& onueia xon UTodexvOouY Tadoyevh TEpoy N EV( HE XOXXWVO TETRAYWVO T Aaviaouéva
orueio X0 1 Tepoy ) oty eivor uoohoyxh. AZiler va avageglel T ToukdyoTov Eva
onueio oe xdde yagaxtnetopévr we nadoyevr exdva Uetd 0 @htpdeoua uéaw tou MEEO

UTOOEXVUEL GWaTY ol THUOYEVH TEpLOY T NS EXOVIC.
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(0)

Yo 6.5: Téooepic etxdveg mou gugavilouy tadoyévia xat 1) TEPLOY T UTODELXVIETOL

amd toug edixols tatpolc (aptotepr| othin). Ot EM twv avtiototymy emdvev xat ye
Ta onpeio Tou ahyopiduov EXEBE (xevteuxh othln). Puktpdpiond TV onavTixmy

ornpeiov ye v yehon tou MEEO (8eZtd otihn). Ewxéveg ané to X1 (a- ). Eudveg

ané To X2 (v - B).
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6.3.6 Ilepoutépw EZétacm tnv Medodoloyiag o Bivieo xou Euxodveg
we IToAUmodeg

Kaddg eletdotnxe 1 npotevouevn pedobohoyia o o oepd and abvoha BeBopévmv ye
eOVES TOU YOO TEEVTERIXOD CwAva, Srutoupyhinxe éva extoudeupévo povtého to onolo elye
ubniéteen anddoan oe oyéon Pe TG ouyxpvousveg pedodoloyieg. Oeshfjoaues va Sruloug-
yfiooupe éva OMOTIXG HOVTERD YL TOV EVIOTIOUS EtxbVKY Tou eugoaviouy rtadoyevels xoaro-
OTACEL OTO YUAGTREVIERKO WAV, UTodEtxvOovTag Tig TEptoyés autés atoug edxols Yopis
T0 MovTEAo va ypeewdletar exnaideuor xdle Qopd oto BlapopeTixd TUTO EXOVWV (G TEOS TN
ouoxeun Mibng toug. Ta tov oxond autd yenowonotiinxe éva exrodeupévo poviého ANAY
oto 1.3, 1o onolo anoteAeiton and ta X1 xon 12 xon ehéyydnxe 0T0 YAPUXTNEIOUS TV O Ty Lo
TOnewy evog Bivieo AEK tou ouvdhou 8edopévev KID [79] o tov exdvev xohovooxonnong
wou CVC-CLINIC »o ETIS-LARIB [15].

Yyhua 6.6: YNtypdtuna emdvayv e tadoyevels meployés, Omwg utodetxviovTtar and

Toug edixolc tatpoldc ye to padpo Bélog, and to Bivieo KID: ayyeextaocia (a),
Aepgayyeextaola (), o{ddec heppoetdelc uneprhaoio (y). Yt etxdveg g delite-
ere Yeauunc (8) supaviCovror tela Braboyind oTrypéTuna pe ayyetextaotia 6Tou 1|

npotevouevr uedodoroyia éyet evtonioe xar unodexvier Ty meptoyn tadoyévetog.

To Bivieo KID anotehetto and 2,8 tpeg ouveyolc AMbng tou yaotpevieptxol owAfva, ye

pudué AMdne 3 xapé o deutepdiento wéow tng xduepac MiroCam CE. "Eyet yapoxtperotel o-
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70 2 edwolg xon TEpLhaBdver o TiytoTUTY PE ayyetexTaoteg Ewdva 6.6-o, Aepgpayyeiextaoieg
Ewdva 6.6-3 xon oldoerg Aepgoetdeic unepmiaoieg Ewdva 6.6-y. H anddoon tng npotevoue-
e pedodohoyiog wg mpog 1o pétpo AUC Htay 0,886 yio TV 06O0TO YUPUXTNPIOUS TV
oTYUoTOT®Y, eV 0, 769 yit TOV 00O0TO YUpUXTNELOUO TGV CHUAVTIXGDY ONUELDY.

Kodoxe topa yiveton €heyyog e pedodoroyiag oe eninedo Bivieo, mpéner va AdBoupe u-
o 6T o Tordoyevic meptoyy) Sev Var elvorn €vol ATOUOVOUEVO O TLYMOTUTO oAAS, olyoupa
Yoo amoTun@veToL ot Pt aAAnAouyior oTryoTOney. ‘Apa tpéner 1 pedodoroyio va umopel va
evToTi{EL TOUAGYLOTOY €val 0 TLYLOTUTIO amd T ahhndouyieg autée. To Bivieo KID anotehel-
Ton omd 18 axoroudieg xon oe Oheg auTéC 1) TpoTEvOuEYY uedodohoyia Beloxet ToukdytoTov
évoe ottypotuno. It va tocotixomouooude Ty amddoor e pedodoroyiog w¢ Tpog Tov
YAEUXTNEIOUO TWV O TUYUIOTUTWY XL TOV EVIOTONO OTUAVTIXGOY OTuelmy, Vo epupudcouue
v petewh “Awdoydy Ytyuotiney” nov npotelvetar otry Epyaola [15]. H petpud aut
UTOAOYIZETAL (¢ TO TOCOOTO TWY ovoL D00 CUVEXOUEVGY (LEUYUELOY) O TEYOTOTGY TOU €YOUY
YaeaxTneto tel 660 Td oty xdlde axohoutin cuveyduevewy ottymotinwy. Etot, o yéoog dpog
AwBoywmey LTyoTinwy Petall dAeov Tov axoloudity mou tepéyet To Bivteo KID efvor
50, 4% pe dwoonopd 32,4%. Emnhéov, opileton xon n petei “Evioc Axohoudiog” [15] yio
TOV TPoodLoptod TNe oTtadepdTnTag g wevddou, 1 Evide Axoroudluc péon tyuy e mpo-
Tewvouevne pedodohoyiog we mpog g axohovdies eivor 65, 9% e dronopd 28, 1%. H uetpinn
ouTh 0plleTal WE TO TOCOCTO TWV WO TY YULUXTNEIOUEVLY CTLYIOTUTOY OF XAVE ax0AOU-
Yo My Ewdva 6.6-6 moapouotdleton €vor TUpUOELYUO TELOY CUVEYOUEVGDY CTLYIOTUTMY TOU
EUTEQLEYOUY ULol T OYEVY| TTEQLOYY).

Tehet®dvovtag Ty TEuua TNy YEAETY), 1) TeoTewouevY) uevdodohroyia Yo efetaotel o 600
oxOUo 0UVORN GEBOPEVELV TOU Elvol OTNY TEUYUATIXOTNTY T CUVOAY OEBOUEVHDY TOU OLoLY (-

viopot “Automatic Polyp Detection in Colonoscopy Videos” 3.

To cOvoho 6ebouEvmY
CVC-CLINIC oroteheitor and 31 axorovdiec 31 SrapopeTin®dy TUTGY TOAUTOOGY Yeelc Xo-
wlor puotohoyixh emdva (Snh. exdva ywplc TOMITO8ES), eved ouvohnd Stadéter 612 exdveg.
To oUvoro 8edopévery ETIS-LARIB anoteieitar and 196 eudveg xon ouyxexpiuéva yopileton
oe 34 axohoudicg otic onoleg epgovilovtor 44 SapopeTinol TOTOL TOAUTOOWY, EVE XL AUTO TO
oUVOAO GEB0pPEVLY Oy TEpEYEL puotohoyinég edves. To olvoho bedopévwy CVC-CLINIC
elye 80lel ¢ olvoho exmaideuong Yy TiC avdyxeg Tou dtaywviopol evéd 1o ETIS-LARIB
ity T0 0Uvoho eAEYyou Tov yedodoroyiny. Kaldog n tpotevouevn yedodoroyio etvon exmon-
deupévn Mdm ue To X3, dev Ya yenorponojooupe 1o CVC-CLINIC yio exnaideuon.

[ Aoyoug olyxpeong Tng TpoTevouevng uevodoroyiag ye Tic avtiotoryeg petddoug Tou
TpoTdUNMOY 0TOV Braywyviopd Vo axoroudnoouye Tig YeTpixéc mou oplotnxay oty Epyo-
ofa [15]. Muyxexpéva, Ya yenowonojoouue 1o Adndéc Betind (AO), Aavdaouévo Oetind
(AO), Veudéc Oetind (VO) xon o pétpo F'1 xon F2. H mpotewduevn pebodohoyio axolou-
VovTog ™y mewopatind| uehétn e Epyaoiag [15], o aZiohoynlel we mpog ty woavdTntd tne
VoL umopet va yopoxtnpeilet op¥d uio etxdva wg tadoyevy, av dnhady) Teptéyet xdmotn tadoyevn
XOUTHO TUOY) XL OTNV CUVEYEL oY ToL ONpavTixd onpela o€ auth etvon 0pdd (evtde A extde g

nodoyevolc teptoyfic). Luyxexpuéve o ueTpwés Tou Yo ypnotonotiooupe opilovton o¢ e€hg

Shttps://polyp.grand-challenge.org /site/Polyp/
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(Epyaoto [15]): éva AO avtiotoyel ot po nteployh-roAinoda apxel vo untdpyet Evol onuayTixd
onpeio evidg authc. Kédde onuaviind onpelo extdg tne nodoyevoig negloyfic Aoyileto wg A©
eve 1) amouaia eviomopol wa ewxdvag Tou Tepéyet tadoyéveta yapaxtneileto we YO. Igénet
vo Tovo tel 0Tt %o BV UTAEYOLY PUOLOAOYIXES EixiveS Ywplc ToAUTOdES Bev uploTatos 1|
évvola Tov Ahndag Apvntieav (AA).

Mévodoc l A© AO© VO Axpifea Avixhnon F1  F2
ETIS-LARIB

1" ©éon [15] 144 55 64 72,3 69.5 70,7 698

2" ©éon [15] 131 57 77 69.7 63 66,1 64,2

IMpotewoépevn | 94 69 114 57,7 45.2 50,7 472

3" ©éon [15] 110 226 98 32,7 52,8 404 471
CVC-CLINIC

ITpotewbpevy I 284 223 362 56 1l 49,3 459

Hivoxag 6.7: Anddoon tng neotewduevne pedodohoyiag évavtt twv uedodoloyudy
Tou TpoTdUnXay yia Tov Blaywwviopd ‘Automatic Polyp Detection in Colonoscopy
Videos’ ot ovoha dedopévsy ETIS-LARIB o CVC-CLINIC. Kade 1o olvolo
dedopévewv CVC-CLINIC yenowonowidnxe and i dhheg pevodohoyies w¢ alvolo
exnaldeucrc 0ev €youpe duvatdTnTa Tapouciaong anddoong TELAY TNV TEOTEWVOUEVNS

uedodou 1 onola Exel exnoudeutel and to X3.

Tyfua 6.7: Ewdvee nou anewxovilouv tadoyevels nepoyée and ta téooepa Sapo-
eeTixd €lon ouVORLY Bedopévey Tou yenotponotinxay oto xepdhao autd. CVC-
CLININC (o), ETIS-LARIB (B), MICCALI (y) xot KID (3).

It tnv mgotevduevr pedodoloyio oL eixdveg TEENEL Vol UETUOY NUATIOTOVY 0TS SLloo THOELS
320 x 320 oVugovo ye 1o poviého ANAY tne pedodoroyiog (Emdva 6.1). Ta anotehéopora
e anddoong e Tpotewopevng wedodoloyiag mogoucidlovior otov Ilivoxa 6.7 %o yio ot
800 alvoha dedouévev. H npotewvdpevr pedodoloyia xatatdooeton Tpitn ot oelpd anddoong
ot ayéan pe g 7 yedodoloyiec mou apouctdovtar oty Egyaoia [15] w¢ mpog Tic uetpixés
AxpiBeog, F1 xan F2. Tlgéner v toviotel 6Tl o undhowneg pedodohoyies €youv exmoudeutel
oto CVC-CLINIC oivoho dedopévey mou anoteAsiton uévo amd ToAUTODES, EVG YENOLLO-

oYY ToV aueTNeS YUouxTNeloud Tou divouy ot stdxol xan byl Tov ooV YoooxTneloud us
P ¢ | ]
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Tov omofo €yet exnondeutel To TpoTEVOuEvo wovtého. To povtého g mpotewdueyng Yevodo-
hovlag efvor eEXTOUOEUNEVO O TOAAEG oL OLOLPOPETIXES EIXOVEC TOU YHO TREVIEQPLXOU GOANVA,
eVO 0 TOTOC NG UAUEPUS OAAG Xt TO 0TS TESIO TV ExdveY auTtév dtagépe (Edva 6.7).
Emmiéov, ov pedodohoyies tne [15] elvar 0TOYEUMEVES GTOV EVIOTIONS TGOV TEQLOYMY TWY To-
YoYeEVOY XAOTAOTAOEWY OF EtxOVEC Tou eupavilouy Ttorlnoda. H mpotewvduevn pedodoroyi
avtiteTta, yopontneller TE®MTA TS ELXOVES W TEOS TO oV THUPOUCLALOUY XdToLs T oY EVELN TOU
yootepvTepmol ouo tiatog (Pdon 1) xou otn ouvéyew evioniler tic teptoyée autés (Pdon
11 xou 1II). 'Etot, oo obvoho dedopévewy ETIS-LARIB youpaxtneiler owotd e 191 (97, 5%)
edveg Ot oplng meptéyouy xdmown madoyévetn evey oto CVC-CLINIC tic 578 (94, 5%).
H mpotewduevn yedodohoyla etvar yevindtepn xan umopet va yenotuomotmniel oe OLupopeTinol

TUTOU EXOVES TOU YO TPEVTERLXOU OWATVOL UE UEYIAT axpifeta ywpls emmAéoy exnaideuon.

6.4 XuvunepdouoTo

Y10 xepdhono outd TpoTdUnxe W véa pedodoroyio aolevolc exmaldeuong yiu Tov yo-
QUATNPIOUO EXOVMV TOU YOO TREVTERIXOU COANVA ©¢ TEog ov epgavilouy ¥ oyt Tuxov Ta-
YOYeEVY] xUTAOTUOT AL OTY] CUVEYELL TEOCOL0pLoNs g madoyevolg mepoyrc. OAdxAneTn 1)
uedodohoyio vhonoteitor Ywpls TV yeron avotnerc unddedng and Toug edxols tTPols TN
rdoyevols TEQLoY NS dAAd povo amd Ty ‘aolevh) TAnpogopia Yo To av epgovileton TUYOV
roadoyévetor oty exova iy Oyt ‘Etol, ocuyxprtind pe dhheg pedddoug mou amontolv TATen
TANPOPORLd Yol TOV EVIOTIONS TwV TUUOYEVOY TEPLOY MY, TUPOUCIALEL 0TI TEQLOCOTERES TWV
TEQIMTOOEWY XUAUTERU ATOTEAECUATA 1| LOOOUVAUL, CUVELCPEROVTAS ONUUVTIXY OXOUN OTOV
OOVOPOTEYVIXG TouEd, AopufdvovTag utd)n To x6oTog vAoToMoNg Tou €youy oL uédodol
TAfipous Thnpogopiog [74], [117].

H pédodog umopel vo Sonpetel oe tpeic pdoec. Huadvag tng uedddou elvon To exmandeu-
uévo povtého Texvntdv Neupwvindy Amtioy YuvehiZewy ($don 1) mou dnuovpyRinxe and
aoUEVELS YUPUXTNELOUEVES ELXOVES TOU YUO TREVTEQIXOU OWATVOL TOU Upuvilouy TOAAES Bra-
popeTinég Tadoyevelc xutaotdoeg. MEow NG TELRUUUTING SLaOLXAUotog oL OUYKPIVOUEVO UE
Ghheg uedddoug avapopds, Tou elTe yenowonololoay aovevols elte TANPOUS YoEUXTNELONOU
OUVOAO BEBOPEVLY, TO TPOTEWVOUEVO MOVTEAD elye XUAUTERT) ATOBOOY XAt TOCOO A EMTUY NG
OTOV YOUQUXTTPLOUO TOV EXOVOV.

Ytn ouvEyew, péow tou ahyopituou Elpeone Mnupoavtiney Ynueiov and Botd Erinedo
(®dom 1I) xon e pedddou grhtpapiopatos onueloy (Paon II) unodevieton 1 Todoyevic
TEPLOYY| HECW OMUEY VG OTNY EXOVHL.  LTUavTixd OTOwEelo xur O AUTO TO XOUdT €l
voi 1) EAAELYY) OTOLOBNTIOTE YVAOTE TV TEAYHATIXG THJOYEVEY %ol QUOLOAOYIXGDY TEQLOY MY
Tou eugoavilouv oL yaoTpevtepwég eoveg. To amotehéopota delyvouy cagy| uTEpoyY| TNG
TEOTEWOUEVTG HEVO00U EVaVTL SAAGDY UEVOOWY Tapay YA ONUELWY.

Téhog, ebvar onuavTxy 1) avOTNTO TOU LOVTEAOU VL 800 ¢ EVHL OALOTIXO X0 AUTOVOUO
HOVTERO UTOOECUEVPEVO OO TOV TUTO 0L TOL YUQUXTNPIOTIXG TNG XAUEPUC TOU AoBdveL 6¢
ewdveg. Bidaye vo xatotdooeton Tplto YeToll Twv 7 uedodoloyLny Tou elyoy oyedlaoTel etdixd

yior Vo AOGOUY €val TROBANUS TOAUTOBWY O €V AvoLy TO BLoty WVIoHO, X wplg Vo yenoulorotel
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T0 0UVOAO EXTIOEOEUOTE TOU BLAYWVIOUOU OTwE Ot dAAeg PEV0d0L, ahhd €y 0VToG EXTAOEUTEL UE

GAhoL 0OVOAAL BEBOUEVOY UE TOAD TIEPLOOOTEPES oL BLUPOPETINEG T OYEVELC UTUOTAOEL.
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Meégog IV

Mevooor Mn Movdtovol
Exnotosvong TNAX
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Kegpdiowo 7

Exnoiosuon TNAY ue
MeToSANTé6 Puiuo Exralosuong

Y10 xepdhono autd Yo aoyorntolue pe Ty exmaldeuon twv TNAY yenowonowsvtog
HETUBANTO puiud exudinone. H ypron xavévev mou mpocupudlouy Tov puiud exudinong
AAUTE TV Otdpxetal EXTLOEUONE TOU OtXTOOU, ETLTUYYEVOUY XUAUTEQT] YEVIXEUOT) TOU EXTUOEU-
MEVOU LOVTEAOU LOLUTEQH OF TEQLTTMOELS UE HEYSIAO OUVORO BEBOUEVMY EXTAOEUONE, T} HEY RO
TANU0C BLPORETIXMY XAUCEWY TIC OTOIEC TO HOVTERD exTondelETOL VoL uddet.

Y1 ouvéyewr Yo Topouotdcoupe P WEY080 auTOUUTNG TROCUPUOYYS EVOE %ol puiuol
expdinong yroo o Bden Ohwy Ty emnédny tou ouxtiou. H mpotewvduevn pédodog Baotlleton
oty pédodo 7] xar otny epyooio [100], anoteh®dvTug pla TpoTononon e Yoo e uedodou
Behtiotonoinong, e Ltoyaotxic uedddou Andtoune Kilone (XAK) (Stochastic Gradient
Descent) [16]. H npotevduevn npooéyyion yenowonowel tny tAnpogopia Tne xAiong teonyo-
OUEVGY ETAVOURAPEDY UANG EVOWUUTOVEL X0 EVay XaUvOVYL ETOVEXXIVNOTE TNS TYNE Tou puiuoy
EXUAUNONG O TMEQIMTOOELS AQVNTIXGDY TUIOV.

O mpotewduevog ahyopriuog QuppOO TNXE Ko EEETEOTNXKE OF YVLO TO TEOBANUL TOU Yer-
OWOTOLELTOL EVREWS O TNV ETLO TNLOVIXT, XOVOTNTO (¢ oNuelo avapopdc [128] evdy ouyxplin-
% e xadepwUEVES 0TO YOpo Pedodoug uetaBAnTtol puldnol exudlinong yio Ty exmaideuor
TNAY.

7.1 Ewoaywy™

Y10 gpevvnuind medio Tov TNAY, to olvola Sedouévmy OTou YenooTooUyTaL YL Ty
exnofdeuoy| Toug elvor cUVATLE PEYSAOU Oyxou, £ToL 1) Yerion aAyopiluwy exnaideuong ovd
TpoTUTO eivor emitox Ty (20TO00 1) YeRom ahyopllumy extaldeuong auoTned ave TEOTUTO
€l0000u elvor Un omodoTiXY| TOCO OTY YEVIXEUOT TOU TUQUYOUEVOU HOVTEAOU OO0 % OTO
XeOvo exTaldeuoy|c Tou, €Tot uovetelton 1 Yerion Peudo-ouddey TEoTITGY eLodB0u NETUBANTOU
peyétoug xotd Ty Sradtxaoio Tne exnouideuone [54].

[ty exnaidevon 1oy TNAX pe geudo-opddes mpotinmy etoddou 1 o Toy oo T uédo-

00¢ andTouNng ¥Along ebvor eupéwe BLUBEBOUEVY) TORAYOVTAS MOVTENX Ue TOAY UPNAE TOCOoTd
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vevixeuong ota dedouéva eréyyou. Buowr tapdustpog g wedddou elvar o puludg exudin-
omng, Oueg dev Exer xatepwiel Evag xodohxdg xavovag emhoyng tTng BéATIoTng Trc pulnos
expdinong yior OAa o SrapopeTind TpoBiruate. Eyouv taputneniel teptntdoelg ue SlapopeTt-
%€ TWES puinoy expdinong oTic omoleg 0 ahydpriuog dev ouyxhiver xaddhou elte cuyrAiver
0€ XAMOW0 Oyt UAD TOTUXO EAAYLOTO, UE UMOTEAEOUN 1) YEVEXEUOTC TOU HOVTEAOU vor ebvon
eCapETING. YAUUNAY.

To péyetog twv Peudo-ouddey TeoTinwy e10ddou otny exnaidcuon twv TNAY éyel xa-
Yoplotind poro. H obyxhon oc xdmoto byt xahd Tomxd EAEYLOTO OpelAeTor 0TO YEYOVOG OTL
HEYSGAoU peyEdoug Peudo-ouddes TEOTUTLY EL0G00U TEVOUY Vo CUYXAIVOUY OE OTEVES TERLO-
Yéc TN ouvdpTnone exnoidevone pe andtoun xiion [75]. Autéc n meployée yopaxtnpilovTo
amd upniée Vetinée Wrotuée e dedtepnc Tapaydyou ( V2 f(xz) ) tne ouvdptnone opdhpa-
to¢ tou TNAX ( f ) xon tetvouv va Eyouv youniéc tpée yevixeuone. Ye avtideon ye tny
xenon wxedtepou peyédoug Peudo-ouddny TEoTiT®Y e10080u, 1) oUYXAoN NS Hedddou Telver
O€ TEPLOYEG OYETUY ETUMEDES UE YOUUNAES WOLOTHES TNG OEUTERNE TURUYDYOU TNG CUVERTNONG
opdhuatog f.

H yenon puduot exudinone uetaBantol peyédoug xoatd tny Sudpxelor extoldeucT Tou
TNAY mewpapatind €yer deller 6 Ponldder ot Abon tou mpoBiiuatos. ‘Eyouv mpotodetl
2 otpatnywég ueTHBOAAC Tou puluol exudinong:

® 1 OTPUTNYLXY) oTadWKNG MetwoTg
o 1 oTpaTnyx otadtaxic avinone (warmup strategy).

O pulude exudinong ool apyworoiniel YeTudAheTon OTUOWHXE HAUTE TNV OLdEXELN EXTU-
{devone Tou Bxtlou, VoTepa amd €vay TEoEMAEYUEVO optdud emavaipewy xdlde gopd [62].
Haparhayée Tov 800 oTtpatnynay €youy mpotadel otn BBAoypapia yia xakltepn anddoor
oe dopopeTind mpofhiuata [61, 52]. Tlpoteiveton 1 yeron evic younhol puduol exudinong
HATY T TEOTES EMAUVOATPES TNG eXTTUEBEVONE TOU BIXTOOU EVE Yol TNY OUVEYELW TNG EXTA-
{deuone Tou BxTUoU, EraVOPOEd Tou pulUoY expdinong ot yeyokitepn T [52]. Qotéoo, pe
QUTH) TNV TEYVIXT) THEATNEEITOL TOAAESG QORES 1) ATOTOUY) CAAXYT) TOU OQAAIATOS EXTUBELONG
Tou S TOoU. Muot GAAY Tapohhory Y| ebvon 1 otaduaxy) alEnor puiuol exudinong and uuo uxey
aEy T TYY) 0E EYURGTERT), MEOK OF EVOL OUYXEXPWEVO EUP0OC ETUVOATPEDY KoL OTY) OUVEYELY
ETLOTPOQY OTNG UEYLXY| THUY| TOU.

H emhoyy) dpwe Ti¢ apyinhc Trc Tou pudpol exudinong €yer onuavTixy xot xadopto Tixy)
allo 0T oTPUTNYES TOU Vot EQUPUOCTOUY YL TNV EXTALBELOT TOU B TUOU. 2TnV exmoideu-
on evig duxtiou Ye peyahou peyédous Peudo-opddes mpotimwy etoddou (> 1000) n yehon
wor T The pudnoy exnaidevone (n = 0.1) dev elvar xatdhhnhn Gote va ouyxAiver o
ahyopripog exnaidevong. H uvoVétnon yeyurltepne turc godveton 6T Borndder onuavTid,
g €xer povel TELWAUUTIXG OTL UTHEYEL Ul YRoULXY) OYEoT Tou puluol expdinong ue to
TARYOC TV TROTOTWY Tou YenowonowivTa [54).

Mot oTpatnyiny avTuetdmons Tou teoBiiuatog exnaidcuone twv TNAY ye yenorn ue-
ToBANTOU puluol expdinone etvar 1 avdnTudn aAYOopLUGY EXTULBEUOTE GTOU EVOWUATOYOUY

Vv petaBol Tou puinol exudinone otny Baow| Toug Aertoupyia [138, 37, 13, 92, 86, 100].
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7.2 Alyoprduor Exnaldsuone MetaSAntod Pudpod Ex-
padnong

H emioyy) Tou xotdiinhou puluol expdinong stvor uaitepo oNUovTiny YLt TNy exnaideu-
o1 TOU BXTUOU X0t TNV OUYXANOT) TOU OTOY o TWwoL aiyopiduou andtoung xilong. ‘Otav 7
Y| Tou puiuol exudinong elvor TOAD WwixeY), 1) EXTOLOEUOY) TOU HOVTEAOU YiveTor TOAD opYyd
nou pe 0edouévo 6T T TNAX €youv peydhoug ypdvoug exnaideuong 1 emAoyy| auth etvon
anotpen Ty, Avtideta, yio TOAD peydheg Tée Tou puiuol exudinong uropel o alydprduog
exTOOEUONG VoL UV CUYXALVEL TOTE.

Y1 Bhoypagia €xouy tpotadel moAhol SapopeTinol ahydpriuol TpocupuoYY Tou pul-
nol expdinone yio Ty exnaidevon tov TNAY. O akydprduoc AdaDelta [138] npooupudle
ouvaxd Ty Ty Tou puinol exudinong xdvovToag ¥eYion HoOvVo TNg TANpo@opiag Tou Bla-
voopatog e xMong tov Bupey tou (gradient vector). Muu dhhn Srpoguihc pédodog Beh-
notonoinong evar o AdaGrad [37] o onolog yenowonowel Ty TAnpogopia g xAiong Ty
Bopdv and Ti¢ TEONYOUNEVES ETaVUATPELS. uyrexpiéva, Teooupudler o puiud exudinong
07O YPOVO, XAVOVTUS YENHOT) TOU apolopaTog TV BLavUoUAT®mY TN xAlong Ty Bupdy and Tig
mponyolueves enavolfdec. H tund tou puduod expdinone (EZiowon 7.1) ebvor avtiotpdpeng
avahoyT TG TETPUY xS plluc Tou alpolouaTog TWY TETRUYOVMY BLUVUOUATOY TN XAloNg

Ty Bopoy g xdde TponyolUevng enavaAngng.
Mo - VE(wi)
et /iy (VE(w:))?

H ropdpetpog 1, avtiototyet oy apyixd Th Tou puduol exudidnone, 1 tepduetpoc e = 1077

Wi41 — Wi — (71)

amoTehel Evay TOAD Pinpd VeTind aprdud kote va amogeuy Vet 1 dtadpeor ye o undév. Qotdoo,
AOY® TOU TETPAYMVOU OTOV TOEUVOUIOTY| TOU XAGUATOS O TUQUVOUAoTHE elvor TévTta YeTinde.
Autd odnyel otn ouveyy| pelwon tou puiuol exudinong €t1ol petd and ToAES emavalrer
o Bdien otopaToly va ‘pordaivouy’.

H dnpoguiéoteen pédodog npooupuoyhic Tou puinol expdinong omou €yet xaAUTERH Umo-
TEAEOPOLTO OE OUYXELON HE TUC TponyoUleveS petddoug etvor 1 uédodoc ADAM [13]. Buoileton
OTNY TPOOEYYLOTN TWY POTGY Younhotepne 6éne (EZwodoee 7.2, 7.3). YXuyxexpiuévo yior oV
UTOAOYLOUO TNG %otvoUpLtou puiuol exudinorg, Yenowonoteitor Evag xvnTog UECOS NG POTHS
meotne 6Ene (EZlowon 7.2) xon e pordc debtepne tdéne (Eiowon 7.3) tou Swaviopatog

whiong Tev Bopdv. O tipée Tov Bapdy avavedvovto pe T Bofdew e ediowong 7.4.

m; = Simy_1 + (1 — ,31) . VE(wi_l) (7.2)
vy = Bavic1 + (1= Ba) - (VE(wi1))? (7.3)
wirg — wy —p T L= B0 (7.4)

S/ 5)
H nopdueteog 1, avtiotoryel otny apywxr Ty Tou puduol exudidnong evé ow napdusteor B
xot P ebvon YETUmAUPAUETEOL NG YeVOBoU Ye TWES TOoAD %ovTd oTo éva. Buowd yeovéxtnua

g pedodou etvar 1 edptnon Tng amd Y emAOYT TNS aE)Lxg TN Tou puiuold expdinong.
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7.2.1 ANydbpuwipog

H e&dotnon tov uetddoy exnaldeuong and Ty opyixr TW Tou puduol expdinone a-
motehel éva and to ooBupdtepa TpoBAiuaTa oty exnaideuong Twv TNAY. H otpatnywy
BOALUNG-HU-ETUAOYNC BLUPORETIXDY URYLXMY TULOV EIVIL TOAAES PORES Lol YpovoPBopa BtadLxd-
ofo, Wiadtepa OTay 1) EXTLOEUOT) EVOG Ot TOOU AmonTel AEXETEG NUEPES UXOUOL XL OF CUC THUOTA
vimhay emddoewy. Lnpldpevor ot epyaoies |7, 100], mtpotelvoupe évay alydprduo exmo-
©Bevong v TNAY pe udmiy avoyr| otic SwpopeTinés apytxés Tyée Tou puiuod expdinong.

O npotewbuevoe ahydprduoc [47] Buoileton otov alyoprduo [7] otov onolo yenowonoteito
N TANEOQOpia NG ¥AloNE Tou BtavioRATOS TRV Bup®dy TNG TEASUTHLUS XAt TN TREONYOUUEVNS
emovaAngne. Nuyxrexpuéve, olugove ue Ty gpyaoio [7] dtav 1 dtediuvon tou Stviopatog
v Bopdy 000 cuveyduEVLY ETavaliPeny Tetvouy va elvor Tavouotdtuteg TOTE 0 puiudg
expdinone auidvetor, oe avtiietn nepintwon dtav o Sieudivoelg Brapépouy oNPAVTIXG TOTE
0 puiuog expdinong uewveton. o Tov unoioyioud autd urtoloyilouhe To cuNUiTovo NG
yoviag petadd Ty 800 BlavUoUdTRY opol TEGOTY xavovixorouoly e Yétpo yovdda. Ilpo-
OEYYLOTIXA 1) EVPEGY) TOU GUVNULTOVOU TNG YWVIUG EMITUYYAVETOL UE TNV XPYOT) TOU ECHTERLXOU
YVOUEVOL ((-,-)) TV dtavuoudtey v Bopdv. AZiler va onueiwlel 6Tt o cowteptnd Yvdue-
VO TV 0pUOXAVOVIXGY BLUVUCUATOY Efval UNGEY, EVEH TOV TURIAATAWY StoavuoudTeY elvar Eva.

'Etol 0 puludg expdidnong mpooupudletar ye tov axdiouvdo TiTo:
n; = ni—1 + Y (VE;_1(wi—1), VE;(w;)), (7.5)

Omou 7y elvan pLol TUEAUETEOS EAEYYOU Tou puUUoD expdinong. MTny ewodva 7.1 axoroutoly
800 mapadelypato e0pEOTC TOV OAXOU EhayloTOU TNE CUVAETNOTG TV Bopdy Yiol uxeés (opt-
0Tepd) non ueydhes (6eid) Tyuéc Tou puBo exudinong, xadde xou 1 ebpeon TG YOVINC TV
OLUVUOUATOVY TWY Bop®y.

O mpotewdpevog ahyopriuog Buoctleton otov aryoeriuo uetaBAnTol puiuol expdinong
yioo Ty exnaideuon TNA [86, 100]. O npotewduevos olybprdpog xdver yerion e otediuy-
oG TV SLVUORATEY TV Bupdy TV TeheuTalny Tetoy enavalngeny. O pududs exudinong
Tpooopudletar AUfdvovTag UToYn To €0WTERIXO YWOUEVO TeV 0U0 TEASUTHOY Xt TeV B0
TEONYOUUEVLY Slavuoudtewy v Bapoy. TEtor o puiude exudinong npocaupudleton ye Tov

oaxdroudo TUTO:
ni =ni—1 + Y(VE_1(wi—1), VE;(w;))+

+ (VEi—a(wi—2), VE;_1(wi-1)),

OTOU Y1 %ot Yo ebvor ToEdUETEOL EAEYYOU TOu pUTUOU exudinoNng xor ovoudlovTal TUPAUETEOL

(7.6)

ueTo-puinoy exudinong. o tic Tég TV TUPAUETEOY TOU PETO-pUINOY exUdinoNe TEOTE-
fvetan vou Loy et v K y1 %o 71 < 1 €tor doTe 1 TAnpogopia Tou BtaviouaTog TV Bapmy oand
TIC TEONYOUUEVES ETOVUAAPE Vo €yel yaunAdTepn enidpooy oty YeTaBolY| Tou puduol ex-
udinong oe oyéon pe auTyh TV 800 TeEkeuTUiwy. Emimiéoy, yio vo anoTpégouue TNV oamdxALo
¢ ueVdo0oL OE TERIMTWOT ToU 0 PUUNOS EXUAINONG AMOXTYOEL ARVITIXES TWES, ELOAYOUE TOV
axdroudo xovovaL:

e — { ng -3, wp n; <0 (7.7)

ng, tp n; =0
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‘Weight Surface Weight Surface

Cos(a)=0.71 Cos(a)=-0.71

Tyfuar 7.1: Eymuorixd anetxovion tng uedddou elgeong Tomxol ehaylotou ocuvdptn-
ong ot 8o dlaoTdoe. L1 nepintwor mou Exoupe wxer| T pudpol exudinong,
T0 oUVNUITOVO TNE YwVidC TwY Slavuoudtny ToV Papmv TV 000 TeAeuTalny enova-
Mdewv etvor etind (aptotepd). ‘Otay 1 tur tou puduod exuddnong eivoe peydhn
%ot AMOXAIVEL omd TO TOTUXO EAYLOTO, TO GUVNUITOVO TNE YWV TV OLUVUCUATWY

TV Boupiy tev 000 teheutaiwy enavalfipeny civar apvnTind (Bedid).

6mou 1), elvar 0 apyoe PUINGS Exudinone eV v3 CUVTEASOTAC PElwOong Tou apy X0l puUUOY
expdinone. H yerion tou ouvteheots| peiwong elvan onuavtied agol o xavévag (7.7) autdg
evepyoroLeiton ouvidwg uetd amd mohhég enavarfibelg e uedddou drou Telvel va TpoceyYioe
éva xahd Ttomuxd eidytoto. H yprion tou apyinol puidpol expdinong ywelc Tov ouvieheott)
velworne, otny epintwon ueydine apyixfic Tuhg, AToTEéNEL TNV CUVEYLOT TNE TEOCEYYLONE OTO
TOMXG ENGYLOTO AmAUTOVTUG dpxeTés enavalrfipec dote va ouyxiivel Zoavd. Mot ahyoptduxt
TEpLY papY| TOU TROTEVOUEVOL ahyoptduou diveton otov Alydptduo 2.

7.3 Ilpoocopoiwoeic xaw AnoteAEcpota

Ty evonta auth Yo tapouotdooue ta omoteAéopata Tov alyopliuou o yvwotd npoBir-
ua exraidevone TNAX. To Alyderduocg 2 €xel adohoyniel xou ouyxerdel ue dhhoug Yveatous
ahyopiduoug exnaideuonc TNAX yix Sapopetixés apyixéc TwéS Tou puduol expdinong.

Tuyxexpéva, oZlohoYNOoE TOV TEOTEWVOUEVO ahyOptINo O0TO TIEOBATUOL avery VEPLoTS o-
vuxepévov oe pirpée edvec CIFAR-10 [128]. To npdBinue autd anoteheizon and 60,000
uixpés éyypwues ewxoveg ddotaong 32 X 32 ewovootoyeiy xot nepéyst 10 dagpopetinés
#xhdong pe 6,000 ewdvee va avtiotoyoly otny xde xAdon. To nedlinuo autd Eyer da-
ywetotet ae 50, 000 euxdvec oL 0TOlES YENOWOTOOUVTOL Y10 TNV EXTOUBEVCT] TOU BIXTUOU EVE
ot unorotreg 10, 000 exdvee yia Tov €Aeyyo g anddoanc Tou exnatdeupévou dxthou. o
Aoyoug enavahngnuétnTag xa €0X0AoU EAEYYOU TWV TELLUUATOV And TNV EMCTNROVIXY X0l
VOTNTU YENCHOTONUNXE ol YVWOTY| Xt SUSEWS OLIOEDOUEVT] dPYLITEXTOVLXY| OYEDIUOoY] TOU
TNAZX. uyxexpiéva, 1o TNAX anoteleitot and dUo eninedo ouveMlewy pe 32 untpho yo-

PUXTNELOTIXMY xai Héyedog ughva Bidotoone b X 5, eve to xdde eninedo axohoudeiton and
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100 Kepdrono 7. Exrmaibevon TNAY ue Metofinté Puiud Exraidevong

Algorithm 2: The Stochastic Gradient Descent with Adaptive Learning Rate
Algorithm (AdLR)

1 Input: wg, no, 71, V2, V3, iter ;
1=0;

while ¢ < iter do

1 =1+ 1;

Calculate F(w;) and V E;(w;);
Update the weights

Wi41 — Wy — niVEi(wi);

® N o Tk W N

Update learning rate
ni =ni—1 + Y{VE_1(wi1), VEi(w;))+
+ 2(VEi_2(wi—2), VE;_1(wi_1))
10 if n; < 0 then

11 Ny ="1op -3
12 end
13 end

14 Output: w;y

évo eminedo péytotng derypoatorndlag Sudotaong 3 x 3. X1n ouvéyela, axoloudel Eva oxdua
eninedo ouvehifewy e 64 unTedo YoeuxTnEo TdY xot pEyedog Tuphva SLdo Taong 5 X 5 xou
évo eninedo éyiotng derypoatohndlug drdotaone 3 x 3. Téhog, axoloudel Eva TAYpLE Slaouv-
0edeuévo eninedo amhmy veupwvey yeyédoug 10 6mou 1 ouvdptnor taiwdpdunorg softmax
epopuoletar o autd. Metd amd xdie eninedo ouvehiewv epapudleton 1 oUVEETNOT EVERYO-
roinorg ReLLU.

O mpotewduevog Ahydprduog 2 ouyxplinxe pe Tov ¥Aaoxd 0ToYaoTiXd aAyoptiuo Trg
androune xhone (XAK) xadae xon pe tov ahyoprduo exnaidevone TNAY petofintol puduol
exnaideuone ADAM. Ou tpeic ahydprduol eZetdo oy otny exnouideuor Tng Tpoavapepieloog
apyrtextovintic TNAY vy v entiuon tou mpoBaruatoc CIFAR-10 yenowonousviag drogo-
peTixée opytnée Tyée v Tov pudpd exudidnone 1y = {1072,1073,1074,107°}. To uéyoto
A 0og emavakipemy xo yio Toug Teel aiyoplipous oplotnxe 1 T 80,000 eved to TAKdog
WY TEOTUTWY avol Yeudo-opdda g 100 xadde xow 0 ouvteieoTric momentum ¢ 0.9. I
Tov oAyopripuo ADAM ov tipée tov napopéteny optloviar olupmva pe Tous ouyypupeic [13]
Tou. TéAog v TOV TEOTEWOUEVO oAy OpLIO O TWES TV TUPUUETEWY Y1 %ot Y2 optlovTar 6
1072 xor 1072 avtioTowyo evedy vy 1 Tapdpeteog vz = 1072, Kdde nefpapa emavohipinye
100 qopéc ot vo TopayYoly AoQURY] CUUTERHOUATO SLEEdYOVTUS EVal UN-TIOPUUETEIXG TECT
orpovtixdtnag Wilcoxon [134] oto nocootd tou 5%.

Yy Ewdva 7.2 topouoidletar 1 p€on anddooT Tou xdie ahyopiiuou 6to oUvolo AEYy0oU
Y1 TG TEOOEPLS OLUPOPETIXES dpYtXEC TWES Tou pUIUOU expdinong, xadag xar 1 eénin Tng
amOB00NE TOug XaTd TNy Owpxen g exmaideuong. H péorm amddoorn tou mpotevduevou

ahyopituou elvon xaAltepn ¥ t0od0voun e Ty anddoon tou oiyopituou LAK xadog o
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wou ahyopiduou ADAM, aveZupthtwe tne apywhc Thc Tou pulpol exudidnone. ‘Onwe fray
avaeEVOUEVo 1) amddooy) Tou ahyoptipou NAK ennpedletar onuavTixd omd TNy £TAOYY TOU
puluol exudidnone. O alyderduoc ADAM evd mpooapudler v detiuvor) elpeons tou
ehaylotou 1 emAoyy| Tou apyxol puluol exudinong eivar xplown oneg avagpépetar xaL OTNV
epyaoto [13].
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ng = 10~4 ng = 10~°

Yyfua 7.2: To mooooto emtuyiog e Tpotevouevng uedddou Evavtt Ty UeUddmy
ADAM xon $AK pe otadepd pudud expdinone ypnouonoidvTtas SlpopeTinéc op-
XHES TWES expdinong.

Ytov Iivaxa 7.1 nopouotdlovoe o e€1ic otanto uxée petpinés: n péor tun (1) e anddo-
ong Yot To %4 melpopa xon 1 draomopd. (), xodie xon T anoteéopata Tou Teot Wilcoxon
Tou TpoTevOuevou alyopiiuou Teog Toug aiyopiduoug XAK xor ADAM pe tov ouuPBolioud
(+/:). Buyxexpyéva, n undevinr) unddeon oe ndde Eheyyo onuavtxoTnTag UTOdEXVUEL OTL
o Selypata elvon aveddptnta and TovopotdTUTES ouveyeic xatavoués ue foeg dawéoous. E-
Tot, P ‘' emonuofvovTal oL TEPIRTWOEL;, XaTd TG onoleg 1) undevixr| unddeon aroppinteTon
oto 5% eninedo onuavTIXOTNTIC ot 0 AVT{o TOL0C TROTEWOUEVOS ohybpLipos Topouoiale
avetepn anddoar. Me ‘-’ emonuoivovTtor oL TERLTTMOELS, XATd TiC ontoleg 1 undeviny| unddeon

omoppintetor 010 5% emiNedo ONUAVTIXOTNTAC Xot O OVTIO TOL(OE TEOTEVOUEVOS olyopriuog
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3 A0 2 T T T T T T T 3 x0?
2 25
2 2
Q [+}]
e e
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@ 2 |
;s = RE
£ £
c c
B T I'
g 1 @ 14
25 e |
05| 1 c 1 osff o
1] s = I . b L L i
o Fil 40 60 an 100 120 140 160 o Fail 40 (£ &0 100 1, 140 160
Iteration x 500 Iteration x 500
1r—=2 o
ng = 10 ng = 10~3
3 x10 a 10
| |
2 25
2H a4
[ g
e e
o i
;s ;s
£ £
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= T
e .| ©
s s
. ' A - | "
5 A
nﬂ 2;3 lb m S‘U 160 12"0 l;ﬂ 160 LIIJ 2|J J;J BIJ SIU |LIIL1 léU IdIU 160
Iteration x 500 Iteration x 500
= 10— ng =105
g — g =1

Yyfuo 7.3: H npoooguoyr Tou pudpol exudidnong u€ow Tou TeoTevoUevoy ahyo-

plduov YENOWOTOLOVTUS BLPOPETIXES HPYIXES TUES.

AdLR YAK ADAM
p (%) o | pu(h) o | pn(h) o
ng=10"2 | 784 (+/+) 0.7 623 19| 172 83
ng=10"2 | 784 (=/+) 05| 789 0.6 | 747 1.0
ng=10"* | 783 (+/=) 07| 7.0 03| 781 05
no=10"% | 780 (+/+) 05| 59.3 04| 687 0.5

Mivaxag 7.1: H péon s emtuylog xou 1 Slomopd e mpotevouevng uedodou éva-
vt TV petddmy ADAM xo YAK pe otoadepd pudud exudinong yenotuonowwviag
BropopeTinés apyxéc TéS exudinong, v o TedBinua CIFAR-10.
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Iteration x 500

ng =1 0=

Iteration x 500

np = 1o

Yoyfua 7.4: To ogdhua exraideuong Tng TeoTevoueYng uedddou Evavtt Ty Yelddwy

ADAM xo YXAK ye otodepd pudud expddnong yenotlonoidvTug SLupope Tixés op-

yuée Tpéc expdinong.

TOEOUOIILEL XATOTERT) ANGO00T), €VO e ‘=" EmOoNUUivoVTIL OL TECITTMOELS, XAUTA T OTOlES 0L

emBOOEL SeV TUPOUOIILOUY OTATIO TG OTUAVTIXY) Blatpopd.

O npotewduevog ahybderiuog tpocupudlet to pulud expdinong oe xdde exavdindy, otny

Ewéva 7.3 nagouordleton ) péon Ty} tou puduol exudinong xotd tny Sudpxeta exnaideu-

ong Tou TNAY yio dragopetinés apynée tuée. Pofvetor dmt aveldptnta and tnyv enthoyh

g apyis Ty o pulnds exudinone tpooupudleTar YE TapdUOo TEOTo xdle popd. Eve,

avtiototya guivetor oty Eudva 7.4 1 mopduote Tpocouppoyy] TN TS TOU CQAALTOC TOU

HOVTEROU XaTd Try Otdpxetal exnaldeucric Tou.
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7.4 XUUNERACUOATE

Y10 xe@dhono auTd ToEoLCOTNXE €vog VEOS ahyderduog exnaideuone Neupowindy At-
©TOeV LuvehiEewv petafBAntol puduod exudidnong. Ovakydprduot exnoidevong twv Teyvntoy
Nevpwvinody Awmtieny Xuvehiewmv axduo xon ohydprduor onuela ovagopds Tou ueTodAouy Tov
o6 exuddnone xoto Ty Sradxaocio e exmaldevoric toug [13], guivetor va ennpedlovton
amd TNV EmMAOYY NG deyNg TWrE Tou puduol expdidnong. H cuvhidng Swduacio twv ena-
VOROUBAVOUEVLY B0XUGY, TV Tou puiuod exudinong etvor wiaitepa dumayney| oe eninedo
XPOVOU XoL EVERYEWILS, YPTOHOTOUDVTAG OXOUA Xt LOYURES HOVADES enelepyaoioug YpupLxdy
(mou yenowonowivton ota Teyvntd Nevpwvind Aixtun YuvehiZewy).

Yy evotnto auty Teotdinxe évag aAyoprduog petaBAnTtol puduol exudidnong ollonor-
GVTaC TNV TANpogopia Tng xAlong Twv Poupty omd T TEASUTHES TEEW ETUVUAAPELS XAUTE TN
dradxaotog extaldeuonc Tou. O ahyderduog aflohoyinxe oe éva YVeoTO 0UVOAO BEBOUEVGDY
nat ouyxelinxe pe yvootolse ahyoplduoug otadepol puluol aihd xor yetaBAntold puiuo-
O expdinong, UEASTOVTHG OtpopeTinés apyixés Twée pudpol exudinong. To aprduntnd
amoteAéopota €detiay OTL TPOTEWAUEVOS alYOprduog Swtnpeel otadepd TocooTd emtuyiog o-
ve&dotnta Tng eyt EMAOYHS, TopouctdlovToag Loodhvoud 1) XUAGTERY TO00O T emTUY UG
0€ OY€0T) UE TOUG UTOAOLTOUC.

AZiler va orpewdooupe OTL 0 ohydprduog autdg uropel vo mpotadel w¢ éva HOVTEAD €-
TWAOYAC WG XoANG oy thc TG Tou puinol exuddnong yia dhhoug aiyopiduous, xoddg
Tpooupuolel Tyt Ty Ty Tou puluol exudinong o wo otordepr) T, tavy) €101 WOTE TO

HOVTERO VO OUYHALVEL OF Lol XUAT) AUOT).
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Kegpdiowo 8
Yuunepdouato AlxTelBNg

3170 AEPAAAO AUTO AVAXEPUAALDVOUUE TOL TEOBAAUOTH TOU Uy HATIXO0 XOCUOU TOU UEAE-
THOUUE HAVOVTOG YPNHOY| CUCKEUMY UE BUVATOTNTES BLoUVOEOTS, XIS Ko OL UTOAOYLO TIKES
uédodor mou TEOTEIVAUE Vi TNV EVOWUATOOY ‘eupuiag’ 0TI CUOXEVES AUTES, UE OXOTO TNV
QUTOUOLTY] AVTYLETOTLOY] TV CUYXEXPWEVLY TROBANUATOY.

H ouveiogopd g moapoloog Sdaxtopic SlaTeBric EmxevTp®VETHL 0TY) VewenTiny) Ueue-
AMoon g enthAuong TEOBANUATGY TOou TOYER TNE TERYBAAAOUGUS VOTILOGUYNG XUl CUYXEXPUIEVX
TNV VoY VORLOT) BLOAOYLXMY 0pa0 TNELOTHTGY X0l TEOOROUTNS LUTEIXAG DLy VOOTNE Kol TORUXO-
rotinong tou ac¥evole amd yevixolg wtpols. Méoo amd Ty UEAETY) TV UTOAOYLOTIXMY
uedoowy mpoTdinxay ot avartUyInxay pedodoroyieg o dAYOELUUOL OTOYEUUEVOL VLol TNV
OVTWETAOTLOT) TV CUYXEXPLUEVODY TROBANUATOY OTKG Ko TEYWXES TTou Bploxouy qupuoYy| o
yevixol TOmou TeoBAruaTo.

‘Eva avtixeipyevo e mepBdiloucus vonuooivng ebvor 1 ovamtudy ovlpomoxevTomoy U-
TOAOYLO TGV 0L OTOLOL VoL UTOPOUY VoL XATUVOHOOUY T1] Opoo TNRLOTNTOL TOU ovUpmTOU GTO YME0
Tou xwvelton, Ywplc 1) ue uxpey| eméufoorn oto xaldnuepvd 1pdmo (onic Toug. XTdYog Toug elvar
1) AVOY VORLOT) TNG Bp00 THRLOTNTAS TOU X0 XAUT EMEXTUOT) O EVIOTIONOS ETELYOVIGY TEPLO TUTL-
xov. Kdvovtag yerion Suxtuomoy xopuepmy mou eivor TotoleTnuéveg 0To YMpo, £lTe aoUpuaTny
(POPETEY OUOKELMY XTaYpaPnc xvnong mou elvar Totovetnuéveg otov dvlpwro, avantiio-
UE Lot 0eLpd UEVOBOAOYLOY TROOUQUOCUEVGY OTIC CUOXEUES YLOL TOV AUTOUUTO EVIOTLOUO TNG
SpaotnpLdTnTag Tou aviperou (Kegpdhoo 3, 4 xon 5).

To Kegdharo 3 xon 4, oyetilovion Ue TNy avary vipetoT) Tng 0TdoTg Tou avlp®Tou, XAvVovTag
Xeron TN oLthouETAS Tou, Ywelic enéufoon oto xaldnuepwd tedno Lwng Tou. Autd emtuyydve-
T UAVOVTOG ot SLaxpr T TopéuBaon 0To Y Mo Tou avlpdrou (dyt otov (Bto Tov dvlpeno),
TOTOVETOVTOG ULoL BIXTUAXT) XOUERA XL OTY) CUVEYELN XAVOVTUS YPNOY| TEYVIXMY UTOAOYLIO TL-
g Gpaong. o Ty amoguyy emxahGgeny Tou onTixol tediou Tng xdUepas Xot Pelworn Tou
A(OOTOUG AAVOVTUS YPNHOY| TOAATAGY XAUEQODY, YENOUOTOLETOL ol EUPUY MV XIUERH TOTO-
Yetnuévn otny opogt Tou Ywpeou. 1o tny avaryvopelon tng otdong tou avipdrou Yo yenoio-
TOLHOOUPE EVaY TIERLYPUPEN YURUXTPIO TIXMY O CUVBUOUS UE Evary ahydprduo Tadvounong.
To nedBinuo mou druoupyeiton AoYe NG eUpuYOVLIC Xduepas elvon OTL 1 Thetodnpio Ty

TEPLYPUPERDY YUPUXTNPLO TIXMY YN oUWoTow0Y TNy Buxieldela andotaon o¢ Yeteny), Tou o1
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108 Kegdrono 8. YNuurepdouata AwreyBic

OUYXEXPEVT) TEpITT™OoT) Oev elvor 1) BEATIO TN AOY® TOU GQaptKol OTTIXOU AVTIXEWWEVOU TOU
YETOWOTOLELTOL ATTO TNV EURUYOVLOL XAUEQX.

‘Etol oto Kegdharo 3 mpoteiveton évag meprypapéas yopuxtneto Tixdy tou Poaotlletou o1
XENOT TNG YEWOUTXNG UMOCTAONG. MUYXEXPWEVH EMAEYoVTaG Ty péVodo pondv Zernike
AOY® TNE WBLOTNTAS TOUS VoL THEAYOUY OAXE YopoXTNRLo Tixd avadholwTo oTig ahharyég Véong
TOU oV TLXEWEVOU, Vol TNV TPOTOTO|COUNE XATEAANAAL XAVOVTAS YENHOT TNS YEMOUTIXNG UETEL-
xhc. O mpotewvduevos neprypagéac yapoxtneoTixdy (ITAPZ) uehetiinxe o eZetdotnxe oe
TEOYHATIXEG ELXOVES TNG EUPUYOVIIG XAPERIS, apol Te®To Tunuatotofinxay pe v Bordeta
nadepouévou ahyoplipou tunuoatonoinone. O FAPZ gdvnxe va mapouotdler avoyy, o Eogp-
VIXEG TUPUUOPPOCELS TNG EVPUYOVIG EIXOVAS, AOY® Tou aiyopliuou tunuatonoinong évavt
TV ®Aaotoy pondv Zernike. H ypromn twv Tuov ToU Teaylatiol Kot guyvTao Tixo) YEpoug
TRV PYOBIXOY YOURUXTNOIO TIXGY TOU TORAYEL, €0€1EE XUADTERO ATOTEAEOUOTO OTO TUAUYL TNG
OVOLYVORLOTG OVTIXEWEVOY EVOVTL TOU UETPOU X0l TNG QPAOTNG TOUG OAAG X TOV OUYOUAOUO
AUTOV.

YN ouvéyew oto enduevo Kegdhao oloxinpoooue Ty PEAETH TOU TEOPBATUATOS ovo-
YVeeloNe e avlp®TVNG OTAoNg, Yenowomotdvtag par uBpow) apyttextovixyy NAX, 1o
ENAY nou ouvdudler v tomxy| mAnpogopio. Tou dnuovpyel ota evOwdueos eninedd Tou
0O exTondelETOL UE WUl EXOVAL, PE TNV TANEOQORLN TeY MGy Teptypapény Ty TAPZ.
[ v exmaldevon tou ENAY xoddg anowtel peydho mhnidog dedouévey, drioupyrooue
Evot oUVUETING 0UVORO BECOUEVLY Amd TELOOWIO TUTHL VUPMTILVYL LOVTENN OF TEELS YEVIXES Ov-
Yoomveg otdoe exnoudetoviog 0 ENAY ye autd. 3t ouvéyew yenollonoteyToug Alya
OTLYULOTUTOL OO TRy MAUTIXES avUpMTIVEG GLAOUETES Kol EQUOUOLOVTUC TNV TEYVIXY] UETUPORSS
YVOONG, eEXTUdeboue Yol Alye emavokiels To exmondeuuévo HovTéRo ue ouvieTnés othou-
€teg. EAéyyovtag 1o TeEAXO eXTUOEUUEVO POVTEND PE CUVEYT OTHYMOTUTA €VO¢ BivTeo ue
TEoY o TnEG avUp®TIVEG OTAOELS, TETUYOUE TOAD UEYUAUTEQY TOOOOTH emTUidG EVovT TWV
Uy NAY adAd %ot SAAGY YVeo TV HeBdBmY avory vepiong 8pao TNELOTNTOS omd O ToTixY
HAIEQOL.

Y10 Kegdhowo 5 peretiiooue Tov eviomopd g dpaoeudtntog Tou avdp®rou ot e&o-
TEELXOUC YOPOUS OTOU 1) XPHOY Xauepas Bev elvor Buvath. Xxomdg sivar 1) aftomoinon Ty
POPETAOV OUOXELUGY (MVNTOU TNAEPGYOU) Xt toUNTAPMY (EMLTUYUVOLOUETPOU X.0.) TOU Lo
YE€TouV Yl Tov evTomiopd Tlavrg TTHOoTE Tou avip®dTou, ¢ XUPLOG UNYOVIOUOS ULl XOTIYO-
olag TEOBANUATEY TNE TEPBUAAOUCUS VOTILOGUYNE, TOU EVIOTLOMOU ETELYOVTMY TEQLO TUTIXMV.
Yuyxexpyéva, avamtiydnxe wo uedodohoyia younhol utohoyio ol x60Toug odlonoinong
OEBOUEVOV UEYAANG BLAOTAUONG, UE OXOTO TNV EYXOLEY) XA EYHURY] ALY VORLOT) TWIUVAC TTHONG
Tou avdpemou. H pedodohoyion auth afonoel Ty avdAuoy Slaboytuoy xupley ouVIo THOGOY
YOI TOV UTOAOYIOUO TOU UNTEMOU CUVBLAOTIOPMOY YO TY) UETUTROTY| TOAUOLIC TUTMY ONUATMDY
0€ LOVOOLEO TUToL ONUATo. LT ouvéyeta otonotel Tov ohydprduo cuoowpeuTivol adpoloua-
TOG YL TOV EVIOTUOUO OAAXYOY 0TO hovoddoTato ofua autd. H uedodoroyia qpdvnxe va
eviomiler ypryopa xon pe oxpiBelo ahAayéC 0TO UETUOYTUATIOUEVO LOVOBLIOTHTO OYd omd
v xivnon tou avlpmrou. Baciletar o akyopliuous younhold uTohoyloTiXo) xO0TOUC TOU

UTOPOUY VO EQUPROCTONY OF YaunAnc Loy 0og cuoxeués. Evm, 1 ToAD onuavTixy cuvelspopd
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ToU elvor 1) Xe\oT) ONUATEY amd TOAAEG TNYES xot Ot MOVO Umd CHUATO TELOY BLO THOEWY TOU
XENOWOTOUY oL xodiepwuéveg uédoodot.

Y10 Kegdharo 6 mapouctdotnxe To TeOBANUN dUTOUATOU EVIOTIOUOU TUUHOEWY TOU Yo-
OTEEVTEPIXOU COAAVA XAVOVTOG Yeron aolpuatng evbooxomxng xduepos. Ilpotdinxe wa
oMo TixY) ueVoBoAOYIN YUPUXTNOIONOY UG YUO TREVTERLXNC EXOVIS OC TPOG TO oV EUpavilel
TUYOV THJOYEVELL TOU YO TREVTEPLXOU OWANVA XM Xt ETLONUAVOY) TV TEQLOY MY UTOV.
H pedodoroyin otnpiydnxe otng exnaideuon ANAY ye Sedopévo aolevid yopuxtnptouéva,
ETUTUY Y AVOVTOG PEYOAT axpifBeta TO00 OTOV YHpaxTnELoUd TNE EmOvag 000 XAt Yt OTOV EVTO-
TLOPO TN TEpLoyE TNE Todoyévetag. [N Tov eVvTomousd Tev TEpLoy Gy EYVE Y101 ONUOVTIXMDY
onuetey yopelc xoulo TEOTEEY YVOOT TV TERLOYOY AUTOY, AAA AELOTOUGVTIS TNV TATPOpopia
mou dnuovpynoay T ANAY xatd v @don g exnaideucc Toug. H pyedodoroyio ouyxpidn-
AE ULl BAAES YVOOTEG UeBOB0UC xat 0UVORYL BEBOUEVHDY XUTaPERVOVTUS TOAD UPTAE TOCOoTd
emtuylog oe OheC T PETEIXES AELOAOY MOTC.

H nopovolaon tou epeuvnuinod pépoug authg Tng OtaTe3ic ohoxinpdvetar ue to Ke-
pdhono 7 o0To omofo mopouctdoTxe Wit PEU000E TROoUpUOYTC Tou puinol expdinong Twy
NAY. Yuyxexpwéva, meotdinxe 1 Teocuppoyy Tou puiuol exudinong, o&loTodyTog Ty
TAnpogopla Tng ¥Mong Tev Bapdy TV TELdY TEAEUTULLY eTavakiPeny Tou alyopliuou exna-
devong evoc NAY. To mewpopotind amotehéopata Tng TEoTEWoUeYNS pedddou édetloay oTo-
Yepn] 0UYHALOY] TOU HOVTEAOU, YPTOWOTOLOVTAS VI UEYEAO €000 0pytX®Y TWOY Tou puiuod
expdinong. Luyxrpttnd, Ye GAAeC xatiepmuéveg uedddous TeooupuoYTic Tou pUUUOD exudUn-
ong N mpoTevOuevr pedodohoyio Tapousiaoe LoodUVAUN 1 XUAUTERN TOGOOTE emTuylag O

(U NEPWUEVO VoL TO GUVOAO BEBOUEVELV.
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