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NEPINAHWH

H paydaia €€€AEN TwV OMTIKWVY TEXVOAOYLWY KAl TWV aloBnThpwv opdosws Snuloupynoce
TEPAOTIO eVvOLAPEPOV OTIG KOLVOTNTEG TNG eMefepyaciag elKkOVAG Kol TwV TToAUpéowy. Kota
OUVETIELQ, N OvVayKALOTNTA ylo TNV Topaywyn €ovwv uPnAng moldtntoag HeyaAwoe
Spapatikd. Qotdéoo, mapd TNV HeYAAn avfnon tTng XWPLKAG avaAuong Kal TNG ELCOYWYNG
TPLOSLACTATOU ELKOVIKOU TIEPLEXOUEVOU, N GACUATIKA CLUVIOTWOA, TO Suvaplkd €Upog, N
amaloiwdpry Tou BopUPou Kal Tou BOAWHATOCG, AMOTEAOUV HEXPL KOL CNUEPO EPEUVNTIKA



npoPAnuata peilovoag onuaociog. H kupla cuvelodopd NG mapoloog SLOAKTOPLKNG
SLatpLBAg elvat o oxeSLOOUOC KALVOTOUWY LEBOSWVY pNXaVLKNG nabnong, ol onoieg AUvouv
BoowoUg MEPLOPLOUOUG TWV CUYXPOVWY ELKOVIKWY CUOTNUATWY, UE olaitepn €udaon os
50pUdOpPIKEC KaL TTOAUDACUATLKEG TEXVOAOYILEC.

ZTN OUYKeEKPLEVN SLOaKTOPLKN) SLatpLpr) MPOTEIVOULE KOLVOTOMEG HabnuatikéG pnebodoug
Baowlopeveg ota eupEwg Stadopéva MAaioL Twv Apalwv AvamapdoTEWYV Kal TS and-kolvou
Ekpadnong Ae€lkwv. ZUYKEKPLUEVA, AVOMTUCCOULE pUia MPWTOTUTIN nadnpatikn pébodo yla
amo-kowoU ekpddnon Aelkwv n omoio Pooiletal otnv TEXVIKA TNG €VAAANAKTLKAG
kateLBLvVoNC Twv oA amAactactwy Aaykpdvl. H tpotelvopevn alyoplBuikn péBodog AUvel
TOUG TIEPLOPLOHMOUG TIOU TIPOKUTITOUV OO TIC KAAOOLKEG TEXVLKEG QTO-KOLWoU eKpABnong
Ae€lkwv. Emopévwg, adevog emekteivoupe tnv nén umapxovoa pebodoloyia twv Apalwv
AvamapaocTAcEwV Kal TNG omO-KowoU ekuddnong As€lkwy, To omolo £xel peydAn Bewpntiki
omoudaldotnta, aPeTEPOU CUVELOPEPOUUE O ONUAVTIKA TipoPAnuata tng enefepyaciag
ONMOTOG KOl ELKOVAG OTIWE N UTIEP-OVAAUCH, N aO-CUVEALEN Kal n evioxuon tou Suvaptkol
£UpOUC EIKOVWY, KaTaAnyovtag otnv BeAtiwon §0pudoplkwy Kol TOAUPOOUATIKWY ELKOVWV.

H doun tng mapovoag SlatptPig ival n akoAoudn. ApxiKd, avTIUETWITI{OUE TO MPOBANU
™G evioxuong tou Suvopkol E£UPOUC ELKOVWV TIOU €xouv AndOsl amod eUmMOpPLKEG
dwtoypadlkeg pNYOVEG. To ELKOVIKO TeplEXOMEVO udPnAol SuvaplkoU €eUpouC, EXeL
XOPAKTNPLOTEL WC TO TTAEOV KALVOTOUO EMITEUYHO TNG EUMOPLKAG dwToypadlag, pue 6Ao Kot
TIEPLOCOTEPEG ePapHUOYEG emefepyaaiag elkOvVaG Kat kataypadnc Bivteo va urootnpilouy tTa
OUYKEKPLUEVO XQPOKTNELOTIKA. XTN OUYKEKPLUEVN HEAETN TOPAYOUUE €LKOVEG uPnAoul
Suvapkol g0pouc amo éva PovaSLKO OTLYULOTUTIO, XPNOLLOTIOLWVTAS UL KALVOTOUO HEBoSo
UNXOQVLKAC pHabnong, n omoia apxkd cuvbETel TNV akoAouBio €lKOVWVY UTO SLadOPETIKEG
ouvlnkeg GwTeVOTNTOCG Kal £Melto cuVOUATeL TN mapayouevn akoAouBila os plo elkOva
XapnAou Suvopikol Upoug Kat WSavikng GwTewvotnTag, N aviiotolya ansubeiag os pua
g€lkOova uPnlou SuvaplkoUu elpouc. EmutAéov, poabailvoupe KATAAANAQ  ELKOVIKA
XOPAKTNPLOTIKA, XPNOLUOTIOLWVTAG MO APXLITEKTOVIKA VEUPWVIKWY OIKTUwY, n omola
Baoiletal 0TOUG CUCCWPEUPEVOUC APALOUG QUTOMOTOUG KWOLKOTIOLNTEC.

ErunpdoBeta, otn mapovoa St6aktopikr Statppn avilpetwnilovpe évav KUPLO MEPLOPLOUO
TWV MOAUDACUOTIKWY CUCTNUATWY ELKOVAG: TNV €vioxuon tng ¢aopaTIKAG ouvicTwoag. H
TAELOVOTNTA TWV HeEAETWV Tou €xel avadepBel otn oxetikn PBiBAloypadia Kupiwg
ETIKEVTPWVETAL O0TO TPOPBANUA evioyuong tng XwpPLkng mAnpodopiag. Qotdcoo, eAdxLOTEC
MeAéETEG avadépovial oOTo TPOPANUA TNG evioxuong tNG (PACUATIKAG OUVIOTWOOC
Sopudopikwv Sedopévwy. Itn mopoloo UEAETN, OVAMTUCOOUUE pla YEBodo amod-kowvou
eKHABNoNng Aefikwv n omoia Paciletal otou¢ MOAAAMAACLACTEG AQYKPAV] €VAAANAKTLKAG
kateLBLVONG Kal avadEépetal o U0 XWPOUGE: O MPWTOG AVIIKATOTITPI{EL TOUC TPLOSLACTATOUG
KUBoUC XapnAnc dAoUOTIKAG avdAUoNG eVvw 0 SeUTEPOC AVATTAPLOTA TOUC QVTLOTOLXOUG
KUBou¢ uPnNARC paopatikng avaluonc.

YupBdAoupe emiong otnv adaipeon tou BoplBou amod pacpatookornikd dedopéva to omoia
Ba AndBolv amd 10 Sopuddpo EukAeidn (Euclid), amootoAry tng EBvikAG Ymnpeoiag
Aepovaumnytkng kat Ataotiuatog (NASA) twv HMA ywa thv mapatipnon tou SLooTUaTog.
TN OUYKEKPLUEVN €dappoyr], XPNOLLOTOLOUUE TNV TIPOTEWVOUEVN TEXVIK Qmd KowoU-
EKMABNONG AeflKwV e OKOTIO va ekmalbeUooupe U0 XWPOUG oL omoiol anoteAolvTaL amno
BopuBwdn kat ta avtiotola dacpoTikd podil vPnAng roldtnToc.



EmutAéov, aKOPn MO ONUAVTIK ocuvelodopd tng SlatpBrg adopd otnv amoouveEALEn
OlOTPOVOULKWY ELKOVWV. JUYKEKPLUEVO, OXESLAOAUE ML KawoTtopo HEBoSO avaktnong
EIKOVWV UPNANG avaAuong amod €lKOVEG XaunAng molotntag Kal BoAEG ekSOXEG TOUG Ko
EKTLLNONG TNG OXETIKNG TANpodOpLaG yLa TOV TTUPAVA TTOU EXEL TIPOKOAECEL TO GALVOLLEVO TOU
BoAwpatog. Akoun éva mpoPAnua TG Sopudoplkng emefepyaciog €lkOVWV TO oOmoio
avTlpeTwItilove adopd TNV AVAKTNON TWV EVEPYWV UETPNOEwWV tou dopudopou SMAP o
omolog £XEL WG OTOXO TN MAPAYWYr LETPHOEWY OXETIKA UE Ta emtineda vypaoiag tou edddouc.
ATLWTEPOC OKOTIOC TNG CUYKEKPLUEVNG LEAETNG €lval n ameuBeiag ektipnon tng uypaciag tou
£6adoug XpNOLUOTIOLWVTAS LETPNOELG TTOU £xouv AndBel amod to dopudopo SMAP.

1o TeAeutaio HEpOC TNG mapoloog Slatplpng aoxoAoUUaoTe He TO TPOPANUA TNG
TaflVOUNONG UNMEPPACUATIKWY OESOUEVWY. ZUYKEKPLUEVA, TIPOTE(VOUUE L KOLVOTOUO
MEBOSO pNXavikNG padnong n omola PacileTal ota CUVEAKTIKA VEUPWVIKA Siktua.
Avtiotolya, ota TAQIoLO TNG CGUYKEKPLUEVNG UEAETNG, SNULOUPYNOCAUE EVa TIPWTOTUTIO OET
SeSopEVWY yLa UTTEPDACUATLKA TAgLVOUNO.

Juvoyilovtag, xpnoluomolwvtag oAOKANPWHEVEC TIELPAUATIKEG Sladlkaoieg og MOAAATAG
oUVOAX TIPAYHOTIKWY Kal oUVOETIKWY Sedopévwy, elpaote oe B£on va unootnpifoupe tnv
OVWTEPN TIOLOTNTO TWV TIPOTEWVOUEVWV TEXVIKWV OE OXEon We TtV Ndn umapyxouoa
BLBAloypadia.

EruBAEnwY: KaBnyntng, MNavaywwtng ToakaAldng

ABSTRACT

The rapid evolution of display technologies and imaging sensors has raised an enormous
interest in the imaging and multimedia communities, and thus the demand for providing high-
quality images has grown tremendously. Computational photography and image processing
aim to improve the interpretability and perception of imaging content in order to facilitate
subsequent tasks, such as automated analysis, detection, segmentation and recognition,
among others. Despite the significant increase in the spatial resolution and the introduction
of 3D content, spectral resolution, dynamic range enhancement, image denoising and
deconvolution remain attractive research problems, as there is still room for improvement.
The key contribution of this thesis is the design of novel post-acquisition, machine learning
formulations that tackle the main limitations of imaging sensors, with special emphasis on
satellite imaging technologies and multi-and hyperspectral imaging systems.

In this dissertation, we propose novel and robust mathematical Coupled Dictionary Learning
formulations, based on the intelligent scheme of the Alternating Direction Method of
Multipliers (ADMM). We aim to learn dictionaries for sparse modeling in joint feature spaces
while enforcing the desired relationships among the different signal representations. The
proposed algorithmic formulations are able to overcome the main limitations of traditional
Coupled Dictionary Learning schemes. Thus we are addressing a twofold problem. First, we



extend the existing methodology of Sparse Representations and Coupled Dictionary Learning
which is very important from an engineering point of view. On the other hand, we are assisting
the research community which has started to appreciate the necessity of coupled feature
spaces in several signal and image processing tasks, from image super-resolution,
deconvolution and dynamic range synthesis of modern sensors, to hyperspectral and satellite
image enhancement to further investigate this research area with novel algorithmic
formulations.

The structure of this dissertation goes as follows. Primarily, we address the problem of
dynamic range enhancement of standard 8bit imagery. High Dynamic Range (HDR) imaging
technology is acknowledged as the next success story in consumer imaging, with a vastly
increasing image and video acquisition, content reproduction, and graphics applications
supporting HDR features. We produce HDR content from a single image using an innovative
Machine Learning (ML) approach that first generates a sequence of bracketed exposures via
a Joint Dictionary Learning formulation, encoding the transformations between differently
exposed images, and then combines them ideally into a well-illuminated low dynamic range
(LDR) image or merges them directly into a HDR image. Additionally, we learn appropriate
features by employing a stacked sparse autoencoder (SSAE) based framework.

Second, we confront one of the major limitations of multi- and hyperspectral imagery: the
spectral resolution enhancement. The majority of literature approaches mostly focuses on the
enhancement of spatial resolution, and thus only a handful of techniques tackle the problems
of spectral and spatio-spectral resolution enhancement of satellite sensors. In this
dissertation, we develop a coupled dictionary learning model which considers joint feature
spaces, composed of low and high spectral resolution hyper-cubes, in order to achieve
spectral super-resolution performance. We formulate our spectral coupled dictionary learning
optimization problem within the context of the Alternating Direction Method of Multipliers,
and we manage to update the involved quantities via closed-form expressions.

Moreover, we investigate the core problem of spectroscopic data denoising on simulated
Euclid-like noisy templates, and we exploit the proposed ADMM Coupled Dictionary Learning
methodology in order to learn coupled feature spaces, composed of high- and low-quality
spectral profiles. The reconstructed spectral profiles are able to improve the accuracy,
reliability and robustness of automated redshift estimation methods.

Additionally, another significant contribution of this dissertation includes the deconvolution
of astronomical imagery. Specifically, we design a novel and robust post-acquisition
formulation that recovers the high-quality versions of blurry astronomical observations, along
with information details regarding the blur kernel, i.e. point spread function (PSF). In order to
accomplish this goal, we exploit the mathematical frameworks of Sparse Representations, and
the Alternating Direction Method of Multipliers.

Likewise, we apply our proposed ADMM Coupled Dictionary Learning scheme on a highly
challenging problem of the remote sensing community. Specifically, we consider the retrieval
of the active measurements of the Soil Moisture Active Passive (SMAP) satellite. The upper
goal of this study is the direct soil moisture estimation from SMAP's satellite measurements.

In the third part of this dissertation, we consider a novel hyperspectral image understanding
technique. Specifically, we propose a novel machine learning technique that addresses the
hyperspectral image classification problem by employing the state-of-the-art scheme of



Convolutional Neural Networks (CNNs). The formal approach introduced in this work exploits
the fact that the spatio-spectral information of an input scene can be encoded via CNNs and
combined with multi-class classifiers. The proposed deep feature learning scheme is focused
on the classification of snapshot mosaic hyperspectral imagery, while a new hyperspectral
classification dataset of indoor scenes is constructed.

Last but not least, we have conducted a complete investigation of the experimental setups
with multiple real-world's and synthetic datasets and compare it with the best state-of-the-
art algorithms.
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