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ABSTRACT

Optical imaging techniques have been the primary tool for biological discovery mainly
due to the rich molecular and functional information that they provide and also their
non-ionizing nature. Optical imaging has been applied to extract information related to
biological processes in cellular and sub-cellular level, as well as, to proteomics and gene
expression. Due to multiple light scattering of visible and near-infrared light in tissue,
traditional optical imaging suffers from low resolution as tissue depth increases. The
recent development of optoacoustic (or photoacoustic) tomography has showcased the
potential to overcome such limitations and allow high resolution deep-tissue imaging of
optical contrast. Optoacoustic imaging is based on the principle of ultrasound signal
generation when ultrafast light pulses are absorbed by tissue molecules. The amplitude
of the generated ultrasound waves depends on both local light flux and optical
absorption properties of the tissue. By recording emitted optoacoustic signals from tissue
obtained by multiple projections, optoacoustic images of tissues can be produced
through tomographic reconstruction. Combining optoacoustic imaging with the principle
of spectroscopy, Multispectral Optoacoustic Tomography (MSOT) has been recently
shown able to produce unique molecular and functional information by resolving for
example the bio-distribution of optical absorbing agents (e.g. fluorescent dyes/probes,
nanoparticles) in three dimensions (volumetrically) within deep tissue and in high
resolution. The proposed optoacoustic imaging systems vary in terms of performance
and detectability characteristics and can be influenced by a number of factors including
the properties of the imaged tissue, the light source’s and the ultrasound detector’s
specifications and also the selected reconstruction algorithm for the image formation.
Simulation of an optoacoustic imaging modality can provide an accurate estimation of
the contribution of these parameters in the final reconstructed optoacoustic image,
acting also as a tool to optimize the whole imaging chain. The purpose of this study is
the design and the implementation of a simulation pipeline for optoacoustic imaging
systems, as well as the combination and the adaptation of simulation methods and their
aspects through a validation with an experimental optoacoustic imaging system.
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NEPIAHWYH

H oTITIKf) aTreIkdvion XPNOIYOTIOIEITAl VIO TNV £aywWYN TTANPOPOPIWY TTOU OXETICOVTAI E
BioAoyikég dlepyacieg o€ KUTTAPIKO KAl UTTOKUTTOPIKO ETTITTEDO, KOBWG ETTIONG KAl OTNV
TIPWTEOMIKN Kal TN yovidlakn ék@paan. EEaitiag TNG TTOAATTARG OKEDAONG TOU PWTOG OTO
opatd kal o010 eyyug uttépuBpo (NIR) oTo €0WTEPIKO TOU 10TOU, O KAAOOIKK OTITIKA
arreikévion TTaoxel amoé XaunAn avédAuon kabBwg augdverar To BaBog Tou I1oTou. H
TTPOCQATN AVATITUEN TNG OTITOOKOUCTIKAG TOPoypa®iag ( £xel avadeitel T duvarotnTa va
EeTTEPAOEl TETOIOUG TTEPIOPIOKOUG KOl vO EMITPEWEl TNV OTITIKA ATTEIKOVION UWNnANg
avaAuong oe BABo¢ Tou 1I0TOU. H OTTTOAKOUOTIKY aTTeEIkovion Bacifetal otV apxn g
ONUIOUPYIOG OKOUOTIKWY KUMATWVY (UTTEPAXWY) OTAV OTITIKOI TTAAPOi TTOAU  PIKPNG
OIGPKEIAG aTTOpPOPOUVTAl ATTO TA MOPIa Tou 10ToU. To TTAGTOG TWV UTTEPRXWYV TTOU
dnuIoupyouvTal EEaPTATAlI TOOO ATTO TNV TOTTIKA PON TNG OTITIKNAG &€0uNG 600 Kal aTTd TIG
OTITIKEG 1010TNTEG aTTOPPOPNONG TOU 10TOU. Ta EKTTEPTTOMEVA Orfuata ot1rd Tov 10TO
AapBdvovtal atrd TTOAAATTAEG TTPORBOAEC PE CUVETTEIQ VA PTTOPOUV va TTapaxBouv €IKOVEG
TWV I0TWV PHECW OAYOPIBPWY TOPOYPAPIKAG AVOKATOOKEUNG £IKOVAG. TO QTTOTEAECOUA TOU
OUVOUOOHOU TNG OTITOOKOUOTIKAG QTTEIKOVIONG WE TNV apXn TNG QACUATOOKOTTIAS, N
MoAugacopuariky OTtrroakouoTikr) Topoypagia, €xer OcixBei Tpdo@aATa OTI PTTOPEi va
TTapAyel Povadikf HOPIOKN Kal AEITOUPYIKA TTANPO®OpIia OTTWG yia TTApAdEIlyua TNV
avadeign TG Blokartavoung d1a@opwy  TTapayoviwy OTITIKAG  atroppoenons  (TT.x.
@O0opICouTEG XPWOTIKEG OUTIEG ) vavoowuaTidla) o€ TPEIG dIAOTATEIS (TTOOOTIKA) Jéoa O€
BaBog oTtov 1016 KAl o€ uywnAn avaAucon. Ta XapoKTnEIOTIKA TwV TTPOTEIVOUEVWV
OUCTNPATWY OTITOOKOUOTIKAG ATTEIKOVIONG OIOPEPOUV WG TTPOG TIG €MOOCEIS KAl TNV
QVIXVEUOIUOTNTA TOUG KOl MTTOPEI VO ETTNPEACTOUV OTTO  OIAPOPOUG  TTAPAYOVTEG,
OUMTTEPIAAMBAVOPEVWV  TWV  OTITIKWYV  I8IOTATWY  TOU  aTTeEIKOVI(OUEVOU 1I0TOU, TNV
XPNOIUOTTOIOUPEVN TTNYR QWTOG KAl TA XOPAKTNPIOTIKA TOU QVIXVEUTH UTTEPNXWYV , OAAG
Kal a1t ToV €TTIAEYOUEVO OAYOPIBUO AVOKATAOKEUAG YIa TO OXNUATIOMO TNG TEAIKAG
eIkOvag. H 1Tpooopoiwon €vOog CUCTAPATOG OTITOOKOUOTIKNAG QTTEIKOVIONG MWTTOPEI va
TTaPEXEl IO QKPIBR €KTIMNON TNG CUMPPBOAAG QUTWV TWwV TTAPOAUETPWY OTNV TEAIKA
QVOKATOOKEUOOUEVN  €IKOVA, KOBWG €TTiONG  €veEPYEl KAl WG  €PYaAEio yia Tn
BeATioTotroinon oAOkAnpng TnG aAucidag arreikoviong (imaging chain). O okoTTog TNG
TTapouoag epyaciag €ival 0 oxedlaoudsg Kal n ulotroinon €vog pipeline yia TNV
TIPOCONOIWON CUCTANATWY OTTTOOKOUCTIKAG ATTEIKOVIONG, HEOW TOU ouvOUACHOU Kal TNG
TTPOCOPUOYNG dIAPOopWV PEBOdWV TTPOCOPOIWONG, KABWG €TTIONG Kal N avadeitn Twv
IBIATEPOTATWY TWV CUYKEKPIUEVWV TEXVIKWV HECW €TTaAnBeuong (validation) pe éva
TTEIPAUATIKO OUOTAPA OTITOAKOUCTIKAG ATTEIKOVIONG.

OEMATIKH NEPIOXH: Bioiatpikii Mopiakr Atreikovion, MéBodoi Npooouoiwong



AEZEIX KAEIAIA: oTTIKA atTelkdVvIoTr, OTTTOAKOUCTIKN] TOMOoypa®ia, TTOAUQACHATIKA
OTITOOKOUOTIKI] TOPOYpa®ia, TTPocopoiwon d1adoong Tou QwTog,
TTPOCOMOIWON B1IAdO0NG OKOUCTIKOU KUNATOG



