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ektipnong nolag tov opOaApouv”

“Retinal Image Registration through 3D Eye Modelling and Pose Estimation”

NEPINAHWH

H peAétn twv Aemtwv atpodopwv ayyeiwv punopet va Bondnoet tnv akplfn Stdyvwon Kot Ty
napakoAouBnaon voowv Tou oxetilovtal he ayyelondbela, OMwG n uléptacn Kat o StaPAtng.
H eukoAila amelkoviong TETOLWY ayyeiwv otov apudLBAncTpoeldn xrtwva péow Bubookomiong
KABLOTA TNV avaAucon TwvV SOULKWV XAPAKTNPLOTIKWY Tou Laitepa onpavtikn. H avaiuon
auTtn elval emiong onUavTIKN yla Tn Stayvwon acBevelwy ou ennpedlouv TNV 0paoh, ONwg
To olénua tng wxpdcg KnAldac, n NAKLakn ekdUAlon TG wxPAg kNALSag kat To yAavkwua. H
OVAAUGCN TwV SOUIKWY XAPAKTNPLOTIKWY Tou OpdLBAncTposldn pmopel va SteukoAluvBel
ONUAVTIKA oo TNV akpLpn avtlotoixion (registration) Twv elKOVWVY ToU.

H avtiotoixton edappdletal os éva (elyog £lKOVWV TOU OUPLBANCTPOELSH, TNV EKova
ovadopag KoL TNV ELKOVA EAEYXOU. ITOXOG ELVAL O YEWUETPLIKOC LETOLOXNUATIOUOC TNG ELKOVOLG
e\éyxou £ToL WoTe Ta onpeia TG va ametkovilovral otig iSLeg 2A CUVTETAYUEVEG LE TNV ELKOVA
ovadopac. H emiteuén autol tou otdxou cuvovtd SucokoAieg yia dUo Kupiwg Adyoug. O
TIPWTOC OXETL(ETOL ME TIG TIPOOTTIKEC TMAPAUOPDWOELS TIOU TIPOKUTTOUV Ao To KOUMUAO
oxnuo. tou apdPAnotposeldn xltwva os cuvduacpo e TNV oAlayn tng B£ong Kol Tou
TIPOCOVATOALGHOU TNG KAUEPOC WG TTPOC Tov 0pOaAUO (oxetTikn tola) Katd TV mpdoAnn Twv



£lkOVWV avadopag kat Sokiung. O deltepog oxetiletal pe mBaveg uetaforég otn Sour Tou
audIPANCTPOELS UETOED XPOVIKA QTTOUAKPUOUEVWY TIPOCANPEWY TWV EIKOVWY avadopag
KoL ehéyyou, efautiag kamoiwag audiBAnotposibonabelag. Emumpdobeta, n  duon Ing
epapuoyng amaLTel N avtioToiylon va yivetal pe peyain akpipela.

OL uéBodol avtiotoixiong prmopolv va enwdeAnbolv amo th yvwon tou £l60U¢ TwV EKOVWY
TMPOC QVTloTolXlon. e auTh TNV epyaocia, mpoteivetal éva peBobdoloylkd mAaiolo
OVTLOTOLXLONG ELKOVWYV TIOU TOUTOXPOVA EKTLUA TN OXETIKA TTOla peTafl Twv dUo OYPewv Tou
opdLBAnoTpoeldouc kabBwe Kat T mola KoL To oxAa Tou opBaApoU. H TocoTIKA amoTipnon
TOU TIPOTELVOUEVNG HeBoboAoyiag amoSelkVUEL TIELPAUATIKA WG QUTH UTtEpTEPEL O€ akpipela
QVTLOTOLXLONG £VaVTL TWV cUYXPOVWVY HEBOSwWV.

210 mAaiolo AUTAG TG epyaciog avamtuxbnkav emiong UTOAOYLOTIKA €pyaleia ylo TN
ouvBeon peaAlotikwy 3A poviéAwv Tou odBaApol Tou Xpnotpomownkayv yla tn cuvBeon
£IKOVWV ToU apdLBANoTpoeldolg xttwva armo SLadopeTikEG OYELG, e TEALKO OTOXO ToV EAgyXO
KoL TNV a&loAdynon tTng MPOTELVOUEVNG TIPOCEYYLoNG. EmumpooBeta, ouvtaxOnke Kal €ylve
Snuooia Stabatpo to FIRE, éva oUvolo edopévwy mou amoteAsital anod {evyn MPayUATIKWY
£IKOVWV Tou apdPAnotposldolc. To FIRE amoteAeital amd tpeig Tumoug {euywv ELKOVWY,
KOBEvVaG amo Toug omoloug mapouolalel SlopopeTikol e(l6oug SUCKOALEC Kal TTPOKANOELG WG
TPOG TNV avTLoToixlon Toug. [MpoKelWévou va yivel €PIKTH N TEPAPATLKA, TTOCOTIKK
amotipnon tg okpifelag pog peBodou avtiotoiylong, kabe levyog €lkOovwv tou FIRE
ETUONUELWONKE E TIPAYHATLIKEG OVTLOTOLXIEG ONUELWV.

Jtnv gpyaocia auty SlepeuvnBnke emiong n KATAAANAOTNTO TOU TMPOTELWVOUEVOU TAALGioU
ovtlotoiylong yla va umootnpiel epappoyéG OMWE oL SLOXPOVIKEG OUYKPLTIKEG UEAETEC
£IKOVWV apdLBAnotpoetdouc, n dnuLoupylo Lwoaikwy amnod elKOVEG Kal n Snuloupyio elkOvVwy
VPNANG XwplkNg avaiuong péow umepdelypatoAnyiag. EmimpooBeta, peAetiOnke n
KataAAnAdtnta Tou mMAaloiov auTtol yla TNV eKTIUNON TWV TTAPAUETPWY TOU GXNUOTOG TOU
odOaApol. Ta oxetikd melpapata Ssixvouv evBappuvTikAd amotedéopata Kabwg Kot tnv
Umapén onpavtikwy neplbwplwv yla mepattépw PeAtiwon.

YuveruPBA£nwv: Kuplog Epeuvntig, Zevodwv ZapmouAng

TuveruPBAénwy: Kabnyntig, Avtwvng Apyupog

ABSTRACT

The in vivo assessment of small vessels can promote accurate diagnosis and progression
monitoring of diseases related to vasculopathy, such as hypertension and diabetes. Given that
the human eye retina contains small vessels that can be directly imaged via fundoscopy, the
analysis of retinal structures becomes very important for non-invasive approaches. This is also
important for the diagnosis of illnesses that affect eyesight, such as macular edema, age-
related macular degeneration or glaucoma. This analysis can be greatly facilitated by accurate
retinal image registration.

Image registration is applied upon a pair of images, the reference and the test image. The goal
is to warp the test image so that it images retinal points at the same 2D locations as the
reference image. This is a challenging task, mainly for two reasons. The first is related to the
perspective distortions due to the curved shape of the retina and change of the camera pose



relative to the eye between image acquisitions. The second relates to potential changes in the
retina that occur due to retinopathy between temporally distant image acquisitions. In
addition, the nature of the application demands for high registration accuracy.

Registration methods may benefit from knowledge of the type of images to be registered. In
this work, we proposed a registration framework that simultaneously estimates the relative
pose of the cameras that acquired the retinal images as well as the shape and the pose of the
eye. The proposed framework is evaluated quantitatively and is shown to outperform state-
of-the-art methods.

In the context of this work, we also developed a set of tools for generating realistic 3D eye
models. These tools were used to render synthetic retinal image pairs, utilized for testing and
evaluating the proposed registration approach. Additionally, FIRE, a dataset comprised of
pairs of real retinal images has been compiled and made publicly available. FIRE consists of
three types of images, each one covering different challenges in retinal image registration. To
enable the experimental, quantitative evaluation of the accuracy of a registration method,
FIRE is annotated with ground truth point correspondences.

In this work, we also explored the suitability of the proposed registration framework for
applications such as longitudinal studies, image mosaicing and super resolution. Additionally,
the fitness of the framework for performing eye shape estimation is studied. Pertinent
experiments show encouraging results as well as ample room for further improvement.
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