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“ Texvikég BaBuag Mabnong otnv Enegepyaocia Znpuatwv”

NEPINAHWH

OL apXLTEKTOVIKEG Bablag pabnong €xouv emidpépel BepeAiwdelc aA\ayEC otnv €peuva
TIOAUAPLOUWY ETUOTNHOVIKWY TIESIWV Kal €Xouv TIUPOSOTACEL TN HETAOTPODN QMO TLG
natponapadoteg pebodoAoyieg unxavikng Labnong KoL TNV KOTOOKEU YVWPLOUATWY,
otn oxedlaon apXLTEKTOVIKWY KoL 0TNV emovopalopuevn eknaibevon "amo akpn os akpn".
Evw n amoteAeopatikotnta Twv Siktiwv Babldg pabnong pmopet va anodobel otn
oBevapn avotntad toug va e€ayouv ouvabpolopévn yvwon, kabwg to mARBog twv
SlaBéoluwyv bebopévwv aufavetal, ouyxpovwe amodidouv amoyonteuTIKA, Otav
ekmatdevovtal UE TN XPAON TEPLOPLOUEVWVY O TIANBOC onuelwpévwy dedouévwy. H
Baowkn embiwén autAg tng epyaciag eival n eéepelivnon tou AVTIKTUTIOU CUYXPOVWV
pneBodoroylwyv Bablag pabnong, oe neputtwoels EAewng i adBoviag dedopévwy, oe
600 oNUAVTIKA EpeLVNTIKA B€pata Tou amtovtal Twv nMediwv TG KoopoAoyilag Kot TNG
TNAEMLOKOMNONG.

TNV PWTN TIEPUMTWOLOAOYLKN MEAETN OETOUE EML TAMNTOC TO TMPOPANUA EKTILNGNG TNG
$AOUATOOKOTIKNC EPUOPNG LETATOTILONG OTNV aoTpovouia. E€attiag tng SLaoToArng Tou
JUUMOVTOG KOl TNC OTATIOTIKAG TOU OMOLOYEVELAG Kal Lootpormiag, ot yoaAafieg



QITOMOKPUVOVTAL, KATA LECO 0PO, LETAEL TOUG. AUTH N Kivnon avayKAleL To EKTIEUTMOUEVAL
NAEKTPOUAYVNTIKA KUUOTA VO PUETATOTILOTOUV QMO TO UMAE TUAUA TOU PACUATOC OTO
KOKKLWVO, cUUdwva pe to dawvopevo Doppler. H epuBpn petatodnion eival and ta mo
ONUAVTIKA GALVOUEVA OTNV OLOTPOVOLO Kal TNV KoopoAoyia, kablotwvtag duvatn t
HETPNON TWV QMOOTACEWY TwV YaAafLwv. ApKETEC TiNYEC BopuPou, eite aoTpodPUOIKNG
Tipo€AeuoNG elte amd ta Opyava HETPOEWY, kablotouv tn Stadlkacia ektipnong pn-
TETPLUMEVN, ELBIKA OE TEPUTTWOELG AOTPOPUOLKWYV Tapatnprocwv uPnAol BopuPou. Ta
televtaia xpovia, €xouv avalntnbel VEeg TMPOOeyyloel( yla TNV OLOTLOTN KO
OUTOHOTOTIOLNMEVN EKTIUNGCN TNG EPUOPNG LETATOTILONG, LE OKOTIO va eAayLoTomolnbel n
e€dptnon pog amo TG unapxouoeg SnuodAeic texvikég mou Baoilovral loxupd otnv
avBpwrnivn mapéuPaon. H ekmAnpwon autn¢ tng avalitnong amoteAel ocofopn
oavaykaldétnta, o€ cuvluaoHO HE TNV AKOPEOTN Mapaywyn amépaviwv, o€ MAROog,
OLOTPOVOLLKWY SES0UEVWV TTIOU UTIAYOVTAL OTNV Katnyopia tTwv MeydAwv AsSopévwy.
Mpoteivoupe pia eVAANQKTLKI) TIPOCEYYLON, TTIOU HeTaoXNUaTilel To {NTOUPEVO TIPOPANUA
aro éva Ntnua moAlvépounong o €va mpoPAnua taglvopnong moANamAwy KAACEwWV.
‘Etol, avoiyel o Spopog yla tnv aflomoinon €vog umeployxvovtog tafvounty Bablag
HAabnong, KoWwg Yyvwotoc we Babia Neupwvikd Alktua ZUVEAENG. ATTOTIHOUUE EKTEVWC
TNV POCEYYLON QUTH, LE TN XPIoN GACUATOOKOTIKWY SES0UEVWV TTOU OITOTEAOUVTOL OTTO
VYOAQELAKEG KATAVOUEG POAOCUATIKAG EVEPYELAG, HOVIEAOTIOLNUEVA OUUdWVA HE TNV
ETEPXOUEVN EMIOKOMNON Tou O&opudopou EukAeidn. H melpapatiky avaluvon oe
LOEOALOTIKEG KOl PEOALOTIKEG TIAPATNPNOELG ETUOEIKVUEL TIC LOXUPEG SUVATOTNTEG TOU
T(POTELVOEVOU oXeSloU.

2tn 6eUtepn peAETn nepimtwong e€etaloupe Eva akpalov epeuvnTtiko Bépa oto medio tng
TNAEMLOKOMNONG, KOl OUYKEKPLUEVA TNV Talvopnon KAaAuyng yng. OL CUPPBATIKEG
pneBobdoloyieg mou €xouv xpnowuomolnBel oto mapeABov eotidlouv eite otnv
QTTAOTIOLNUEVN TIEPLTITWON TOU TIPOBAAUATOC LOVASIKWY ETIKETWVY, EITE OE MIPOCEYYLOELG
BaolopEVEG O €LKOVOOTOLXELQ, OL omoleg dev pmopouv va SLaxeLpLoToUV amodoTika
€lKOVEC UPNANC availuonc. AvtiBeta, To mPoBAnua t¢ Tagvopunong kKaAAuPng yng Le Tn
XPrion MOAAOTMAWY ETIKETWYV, TIAPAUEVEL LEXPL KAL ONUEPA OXETIKA avefepeuvnto. Mapa
ToU OTL oL pEBodot BabLag padnong kat ta Neupwvika Aiktua ZUVEAENC €xouv emibeifel
piol EKTTANKTLKN LKOWVOTNTO OTNV OVTIUETWITLON OOLTNTIKWVY TIPOBANUATWY TaELVOUNOoNG
EIKOVWYV, OUWG eV KatadEPVouV va avtanokplBoUv oTic TPoodoKieC O MEPUTTWOELC TTOU
N eknaidevuorn TOUC TPAYUATOTOLETOL HE TN XPHON TEPLOPLOUEVWY, OTO TARBOC,
Sebopévwy. Mo va UTIEPVLKIOOUE TO CUYKEKPLUEVO {NTNUO, TIPOTEIVOUE pia SuVa LK
TEXVIKN EMEKTAONG TWV SeSOUEVWVY TIOU €lval Lkavr) va au€noel To PEYEDOC ULIKPpWV
ouvoAwv Sedopévwy os adBoveg moooTNTEC. Ta MEPAUATA PG O pia mapaAlayn Twv
6edopévwy UC Merced Land Use, pe MOAAQITAEG ETIKETEC, ETLOELKVUOUV TIG SUVOTOTNTEG
TOU TIPOTELVOUEVOU TAALGIOU, TToU EEMEPVAEL TNV IPOUTIAPXOUCA OTOTEAECUATIKOTEPN
uéBodo, Katd éva mMoocooTod TNG TAENG Tou 6\% oTn UETPLKNA Tou F-score.
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“Deep Learning Techniques in Signal Processing”

ABSTRACT

Deep learning architectures have revolutionized research in numerous scientific domains
and triggered a paradigm shift from traditional machine learning methodologies and
feature engineering to architecture design and the so-called "end-to-end" training. While
the efficacy of deep learning networks can be strongly attributed to their vigorous
capacity of extracting aggregated knowledge, as the size of the available data increases,
at the same time they exhibit an underwhelming performance when trained with a
limited amount of annotated examples. Our main aim, in this thesis, is to explore the
impact of the utilization of state-of-the-art deep learning methodologies, in both cases of
data abundance and data deficiency, in two major research topics in the fields of
cosmology and remote sensing.

In the first case study, we address the problem of spectroscopic redshift estimation in
astronomy. Due to the expansion of the Universe and its statistical homogeneity and
isotropy, galaxies recede from each other on average. This movement causes the emitted
electromagnetic waves to shift from the blue part of the spectrum to the red part, due to
the Doppler effect. This redshift is one of the most important observables in astronomy
and cosmology, allowing the measurement of galaxy distances. Several sources of
astrophysical and instrumental noise render the estimation process far from trivial,
especially in the low signal-to-noise regime of many astrophysical observations. In recent
years, new approaches for a reliable and automated methodology of the redshift
evaluation have been sought out, in order to minimize our reliance on currently popular
techniques that heavily involve human intervention. The fulfillment of this task has
evolved into a grave necessity, in conjunction with the insatiable generation of immense
amounts of astronomical data, falling into the category of the so-called Big Data. We
propose an alternative approach that transforms the issue at hand from a regression



problem to a multi-class classification task, opening the field for the deployment of a
currently dominating deep learning classifier, commonly known as Deep Convolutional
Neural Networks. This approach is extensively evaluated on a spectroscopic dataset of full
spectral energy galaxy distributions, modelled after the upcoming Euclid satellite galaxy
survey. Experimental analysis on observations of idealistic and realistic conditions
demonstrate the potent capabilities of the proposed scheme.

In the second case study, we examine a flourishing research topic in the field of remote
sensing, namely land cover classification. Conventional methodologies mainly focus
either on the simplified single-label scenario or on pixel-based approaches that cannot
efficiently handle high resolution images. On the other hand, the problem of multi-label
land cover scene categorization remains, to this day, fairly unexplored.
While deep learning and Convolutional Neural Networks have demonstrated an
astounding capacity at handling challenging image classification tasks, they significantly
underperform when trained on limited in size datasets. To overcome this issue, we
propose an online data augmentation technique that can drastically increase the size of
a smaller dataset to copious amounts. Our experiments on a multi-label variation of the
UC Merced Land Use dataset demonstrates the potential of the proposed methodology,
which outperforms the current state-of-the-art by more than 6% in terms of the F-score
metric.



