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e HA HAYIHOTO KYpH: npod. AH HHK. Mapua MapHHOR, TexHWHIeCKH YHHBCPCHTET —
Codus

1. AKTyAJHOCT HA paspadorsanus B AMCEPTANMONENS  TPYA npofiaeM B HAYIHO M
HAYIHONPHIOAKNO  OTHOMICHHE. Cremes M HHBa HA AKTYRJHOCTTA pa npobaema H
KOHKPETHHTC 32141, paspaboTens B ANCEPTALHATA

[IpesicTaBeluaT  ITHCCPTALMOHCH Tpya © MOcBeTeH  HA akTyasen H  ACHO
WATCPANCUHIUIEHAPEH HayHdeH npobiiem — paspaboTsaBero HA ANTOPHTMH 3@ HAIEKIHO
MYITHMOJANHO C/IHBAHC HA aparoMigaa HHopMalHd OT MarEHTHO-PE3OHAHCHA ToMorpahas
(MPT) ¢ Qysxuscnamaa H sojtexynspaa  HHpopmauns o7 PSMA-PET npn ofpassara
AMArHOCTHKA HA mpocTarata. JpAMHMOCTTA Ha 3a7iataTa OpoH3THHA 07 paTHIHMA, HO B3AHMHO
JOIBIBANI C& Xapakrep Ha ABETC sojammocra: MPT ocurypssa BHCOKA MPOCTPANCTBCHA
pazieauTensa cTIoCOGHOCT W AeTailiHa aHATOMHYHA urdiopMalHA. IOKATO PSMA-PET
NO3BOASBA BH3YATH3HpAHE HA (GyHKIMOBATHHE W MOJICKYASPHH XapaKTepHCTHKH, CBBP3AHH C
NPOCTATHO-CIENHQHIHUA MeMOpaHeH anTHIeH.

HayuHara aKTyarHocT <¢ onpenens u o1 pakra, 4e CHMBAHETO HA HE3aBiCHMO NPHIOOHTH
MyTTHMOJAIHH  ME/THIIMHCKH oOpas OCTasa HCTPHBHATHA jajaua MOPANH payI4uATa B
reoMeTpuATa, KOHTPAcTa, NPOCTPaHCTREHATE PE30MOLIA. apredakTHTe W YCJOBMATA HA
npuaoGusane. [lparTitiecKata AKTYAIHOCT ¢ 3acuiBa 0T orpaHmyeHaTa JOCTBIHOCT HA
@HTCTPHpaHH PET/MRT cucteMn, KoeTo TpasH codTyepHOTO CHEMECTABAHC { chHBaHe Ha
Jausi, UOMYHEHH B PasitHH W3CACIBAHMSE, NPHIOKHEMA H [IcpCHIeKTHEHA A/ TCPHATHEA.
[MocTaBeHHTE B AHCCPTAIMATA 3271851 — npeaBapuTeaHa 0DpaboTKa, perHCTpains, pazpaboTBane
ua wmonen 3a aehopMHPYEMO NOAPABHABAHC, yeiinneT-0asupano  CMBane #  00exTHBHO
OLCHABAHE — €& IOTHHHO CBRP3AHM U cpoTBeTCTBaT Hi hopMYyIHpaHATa UCL.

2. Cremen H3 HOIHABAIHE cLeTOSHEETO Ha Tpobaema # TBOpUECKR WHTEPIpPETAIS ua
ANTEPATYPHUS MATEPHAL

JlucepTalOHHUAT TPYA € € obem 172 crpaHHiid B € CTPYKTYpHpas B YBOIHA aACT, OCeM
[(aBH, TPHIOKCHHE, CIMCBR ya mnybmuxangETe M0 aucepraumATa B pubanorpadus.
[Ipencrasenust sTeparypen 0030p MOKA3BA MHOTO 7I0DPO MO3HABAHC HA CHLCTOSHHETO HA
upoGrema. Pasraexans ca ME HITMHCKHAT KOHTEKCT HA TPOCTaTHHS KapIHHOM. 0CODEHOCTHTE,
npeaMMcTBaTa i OrpaHAveHHATa HA MPT. CT u PSMA-PET. xaxTo o OCHOBHHTE ChBPEMEHHH
[TO/IXO/TH 32 PEMHCTPAIMA W CTHBAHE HA MYNITHMOZATHH MEMITHHCKM 300 paKCHNA.

[TomoxHISAHO OHeHABAM, € JMTCpATYPHUST MaTepran He € NpeCTaBeH KATO MEXAHHTHO
u30posBane Ha HIBSCTHI AMTOPHTMH, & ¢ OpraHH3Hpan OKOMIO TIOCTSAOBATCIHOCTTA HA peaaHis
W3C/IEI0BATEICKH  NpOUeC — npe;BapHTeaHa oGpaboTKa, OPOCTPAHCTBEHD CLITIACYBaHe.
seopMupyeMa pEriCTpaii, caMBaHe M OICHABAHE HA peay/iTaraTe. B jucepranmsATa ©
[oKa3aHO pazOMpaHe Ha BPB3KATA MOKIY XapaKTepHCTHKHTE Ha OTCTHHTE MOAAIHOCTH H



p3fopa HA ANTOPHTMEMHI PEIIICHHA. Ocobeso CHIHECTBEHO @ PasieAIaReTo HA MCTOHTE 32
pPErCTPAIlis B YCTOBHS HA OrpaHMueHH KIHHHYHN AaHHH H JHNCA wa eamosnauna ground-truth
petheperna. ToBd NOKA3BA HE camo 100po MO3MABAHE HA IUTEPATYPAT, HO W CHOCOOHOCT 3a
HOHHOTO KPHTHYHO H TBOPHECKO WHTCPIPETHPAHE CHPAMO KOHKPSTHATA W3CIE/I0BATeNCKa
3aj1a4a.

3. CpoTBETCTBIE HA H30pANATA MeTOANKA HA H3caeasane 0 HOCTABEHATA (€7 H 3a1aYH Ha
AMCEPTAIHOHHHS TPYA € NOCTHIHATHTE NPHHOCH

(OcHOBHATA NET HA ANCEpTALRATA € pazpaboTRaHe # EKCTICPHMEHTATHA OIICHKA HA [ATOCTHA
ANTOPHTMIYHA paMKa 33 MYATHMO/THO CIHBAHE Ha MPT u PSMA-PET ofpasun Jlanni Ha
npocratara. Visbpanara \eTolMKa € AJeKBarHa Ha Tasm el W caexBa JIOTHHHA
[OCTC/I0BATEIHOCT. T8  BKIIOWEA MONATHOCTHO CreiHbUIHA TIpe/IBapHTeIHa oGpaboTxa,
peTHCTpAllNs Ha PasIIHHITE oBpazHi NPOCTPANCTBa, wsnomspare Ha VoxelMorph-Gasupas
wonten 3a ACHOPMHpYEMO ChrIacyBaHC, yeiiBaer-6azupaso MHOTOMalabHo CAMBaHe H
KOMHUECTBEHO | KAUSCTBEHO OLCHABAHE HA MONYHEHHTC Pesy/ITaTit.

OGocnosana ¢  MEIMPEKTHATA PSMA-PET-MPT  perucTpauss tpe3 CT-MPT
floapaBHsBafe, KOSTO OTHHTA OCOBEHOCTHTE HA HATMUHMTES KIHHIIH aannn, Wacaeasad €
VoxelMorph-6a3ipas nojxoa H ¢ NPOBE/ACHO CpaBHCHME C YTBBPACHH METOIR Kato ANTs u
BRAINS. MacneasaHusta ¢a WIIhIHCHH BBPXY peanHil KINHIYHA MPT, CT u PSMA-PET
JTAHEH, TPCAOCTAREHH OT KIHHAYCH napTEOp. JlocTOBEPHOCTTA HA pesy ITaTHTE Ce TIOARpens o7
CPABHHTE/IHH CKCTIEPIMCHTH, KOTHYECTBEHH TIOKazaTend M BI3YATHA/KAUECTBCHA ONCHKA.
KopeKTHO €a OCOHCHH OIPaHETICHANTa — PASMEPDT HA pabopa OT JIANHH ¥ JTHIICATd Hl JANPEKTHR
ground-truth pedeperiui. B 1031 cMHCH H30paHata MeTo/iHKa ¢ B CHOTBETCTBHE € TIOCTABCHHTE
aquiatit i JIOTHUHO BO/IH /10 3aRBEHATE OPHHOCH.

4. Hayuan n/mas HAY THONPIIOKHI TPHHOCH {3 ANCEPTAIMOHHAES TPYA
Ha ocioBaTa HA NPS/ICTABCHUTE pesymaTi i § CHOTBETCTEHE C XapaxkTepa Ha paspalboTeHTe

mpHEMaN, We HCSPTAllHOHIIT Tpy/l CHABPKA HayuHH. HAYYHO-TIPHIOKHI ¥ NPHACKHH

nprrocH, QopMympan [H, KaKTO CAe/IBa:

Hayunu npunocu

1. PaspaboTeH € UATNOCTEH MOAXO/ 33 My/THMOATHO 0fpasHo CanBane ua MPT n PSMA-PET
AHHH HA TPOCTATATA, KOHTO ofie/musEa NIPEIBApHTEIHA 06paboTka, perHCTPaIis, CANBAHE |
oHeHsBaHE B CIOMIHA HoCieoBaTeTHa AITOPATMEYHA  paMEa. Hay4HHMST Xapaktep C€
w3pa3sBa # ODBEP3BAHCTO HA oTIETHITE CTAIH ¢ 0COOEHOCTHTE HA JIBETC MOZAIHOCTH H CBC
CHLRMECTHOTO NPECTARSHE HA AHATOMITTHA # (HYHKIHOHATHO-MONCKYIAPHA andopMalms.

2. llpemioken € TOAXOA 33 (POCTPAHCTBEHO ChrilacyBaHe Ha MYJITHMOJATHH obpasd Ha
pocTaTata, BKIKOHBAIL WHIHPEKTHA PSMA-PET-MPT perucrpaiis Hpes CT-MPT
nonpasussane, Mo 7034 HATH ¢ (opMynHpaHa B H3CICABAHA OCTEIOBATETHOCT 38
npeonongBaHe HA PASIITTHATA MeAly HE3EBHCHMO MPHIOOHTH obpasiy jlaEHM W 33
chaIasane Ha 00O POCTPAHCTECHO [peCTaBAHe, HEOOXOMUMO 32 ROCHEABAINO CANBAHC,

3. PaspaboTen ¥ H3CAC/ABAH € ananTHBeH VoxelMorph-Gasnpas Mozel 33 nedopMHpyema
perncTpaius  IpH orpamiycH Opofl  KAHHITHH jamEW, BKTOHBAN] V3NOM3BAHE Ha
HEKOHTPOIHPAHo OOYUSHHC, peryIspH3ama Ha nedhOPMAITHOHHOTO 110JI¢ | ayrMeHTaUus Ha
napuuTe, TIpHHOCKT € CBBp3aH © aJanTHPAHETO M OLCHKATd HA CHBEPEMEHEH HEBPOBCH
pPErHCTpaLHoBEH . ONXO0A shM creiyumnTe YCIO0BHA Ha pasrAe/AKAAHATA ME/HINHCKE
3ana4a.



Hayuno-npuaoyciu npuroct

1. PazpaGoTeHH ¢4 aTTOPHTME 33 MOZATHOCTHO CTICIA{HYHA NPEIBAPHTENHA obpaborka va MPT
u PSMA-PET u300pakenus, BRIIOUHTETHO cpassenne i 1300p Ha OJIXOIIIN METOAN 34
oTHCKANE HA MIyM W TOATOTOBKA Ha JBHHWIC CHOpesl XaPaKTEPHCTURHTE HA CHLOTBETHATA
MOZQAHOCT.

2. Tlposeseno ¢ CPaBHWTENO WicTeABAHE Ha  (PIUIONKCHHA VoxelMorph-Gasupan
PETHCTPAIHOHEH TO/IX0 CApAMO YTBBPICHN KIACHHECKH pemeiis Karo ANTs u BRAINS
BBPXY CAHH H CHUII KIMHIHIH TecTOBN CAyual, KOETo 103B0miBa oDOCHOBaHA OlICHKA Ha
HEroBOTO NMOBEJICHIE B PEATHCTIHT VCAOBHS.

3. Pmpaboren © TpHH3MCPEH yeiipicT-GasHpai AITOPHTHM 33 MHOrOMalaoHo caHBane Ma
anarommupara MPT mudopuaims © GyHKUHOHANHATA PSMA-PET wndopmanus *pe3
ornenHo obpaboTsane H KOMOHHEDAHE HA MPOKCHMAIMOHHE u netain KoedHIMCHTH.
TToaXOALT € CPABHEH C APYTH METOH 33 cnHBaKe ¥ € OUCHEH M0 OTHOMCHHE Ha 3ara3paneTo
{1 ChUICCTBEHATA HHOPMALHR OT JBSTE MOJATHOCTH.

4. Wsswppiment ¢ cucTeMaTHueEH aH@IN3 Ha BIMEHUCTO HA w3bopa Ha yCHRIET yBKins,
THA6OYHMHATA HA JleKOMnodmnua H cTpaTermsta 3a CIMBAHC BHPXY KOHHHCCTHCHMTE
NOKQ3aTeTH ¥ BH3VAIHHTE XAPAKTEPHCTHRH HA TIOAYHCHITE fusion H300paXkeHHd, KOSTO J1aBd
TPaKTHHECKa OCHORA 34 w30op Ha napaMeTpi NpH KOHKpeTHH 00pa3iy JaHHH.

5. Tlpemwtoken € KOMOHMEPAH LHOAXO/l 3@ OlUCHABAHE HA PE3Y/TATHTC OT NpeABApHICIHATA
pOpabOTRa, PErHCTPALHATA § CMBAHETO (IPW IHIca Ha AHPCKTHH ped)epeHTHHE JaHHHE THI
ground truth, 9pes cpHcTABARE 12 KONMHHECTBEHH METPUKH H KaJeCTBCHA EKCTICPTHA OIIeHKA,

Hpuaoscnu npusocu

1. PeamHampasl ca HPOrPaMHI MOy HA Python 3a perucTpalis. npeABapATEIHA oOpaboTka,
CAMBaHE M KOJMYECTBEHO OHSHABANC wa MPT # PSMA-PET usoOpakeina, T103BONABAIIH
BLINPOH3BOIIMO H3ITHIHCHUE Ha paspabOTEHATA ATOPHTMINNHA [OCTEADBATEAHOCT,

2. PaspaboreH € rpaduges TOTPEOHTEICKH TNPOTOTHN 33 3ApCARIAHT Ha MEAMIMHCKH
w3o0paxkenns, W00p HA NapaMeTpH Ha ANTOpHTMHTE, BUIYATHIMpale 1A MEKINHHN W
Kpaiiin  pesyrrars i y3qucigBaEC HA TOKA3aTeNH 3a KauecTso. KolTo JAEMOHCTPHPA
FBIMOKHOCT 33 TIPAKTHYECKO JamoJBRAHE W NOCHEABAINO Pa3BHTHE Ha paspaboTeHHTE
METOJIH.

Cunram, 9¢ Taka (OpMy/THPAHHTE npuHOCH Ca TOIHUeH pesyuTat OT TIPOBEACHHTE
wacIeABAHMA B €a NOJKpeneHn oT pejCTABSHHTE eKCHEPHMEHTAIH Pe3yITaTH. TemaTnuHaTa
Bph3Ka MEWAY HCEPTAHOHHMSE  TPYIL paspaboTeHHTe WITOPHTMH § NyOAHMKAUMHIC 1asa
OCHOBaNHE Ja NpHEMa OCHOBHHIC pesyNITATH B NPUIOCH KATO THYHO JICT0 HA JOKTOPaHTKATA.
peanu3npao ¢ HEOGXOMMOTO HAYHUHO PBROBOACTRO.

5. [penenKa Ha nydANKALINITE [0 IHCePTAHOHHNSA TPYL.

OcHOBHHETE pe3yiATard oT AWCCPTAIMOHHHA TPYA ©2 npejcTaBeHy 8 7 nyOInKaluH,
TEMATHMHO CRBP3AHH ¢ MICHCIBAHETO. Te obXBamaT OCHOBHHIE HanpasicHMA Ha paborara —
0620p W BHANH3 HI METOIMTE, TpeaBapHTENHA ofipaGoTKa, PerHCTpalid, obyyenne W OUCHKa HA
PeriCTPAIMOHCH  MOIE, cpasHeHMe Ha TOIXOm 33 cnuBage #  yelBaeT-Ga3HpaHO
sioromam@abno canBase. Cpex MOCOHeHHTE [ryGIMKALIME MM JOKTALH OT payuHK KoH(eperimi
§ myGaAMKauus B cOopEuK Ha Springer Nature, OTOCIS3aHA Kato _in print", [lybaukaumonaata
AKTHRHOCT € J0CTaThHRA 338 JEcepTAlOHeH TPYA 32 IPHAOOMBAHE HA OHC ..aoxTop™ ¥ 0Tpasasa
CHILSCTBEHA YACT OT NOAYUCHUTE pesyATATH i 3asBEHHTE NPUHOCH.



6. MieHn#, NPENOPLEH i DETEKRH.

JlicepTauNOHIHAT TRYA € aRLpIICH, AOTHYHO CTPYKTYPHPAH 1 MPEACTABA NOCIEIOBATEIHO
IpPOBEACHOTO WICACTABAKE. Karo npemophka 33 OKOHHATSIHOTO ofopmsse  GHX  (OCOTHI
npen3Ea (umanHa e3uKoBd M TOXHNWECKA PpeAaKiMs Ha TOKCIA, yeIHAKBARAHE Ha
TePMHHOIOTHATA 38 OCHOBHHTE OHATHS W SCHO, KOMITAKTHO NPCACTABANE Ha XAPaKIEPHCTHEHTE
ga H3MON3BAHHA ICTHHIYCH pabop OT JAaHHM. B ObaemoTo pa3BUTHE HA pabotara ¢
HeecHOOpPasHO  CRCIEPHMEHTAIHATA npoBepKa Aa €C  pasiiHpH BEPXY TO-TOZeMM M
MHOTOLCHTPOBH HabopH OT IAHHH. Tean OefekKKH ca NpeHopHIHTEImH | He HamansBaTt

HayuHaia # nny*mo—upunomm CTOHHOCT Ha OHCepTalHaT.

7. 3aK/noveHne.

Bpi OCHOBA Ha HANPIBCHHA aHanH3 JaRaM  yDeaeHo qonoKHTEAHa OllCHKa Ha
AMCEpTAIHOHEMA TPYJL HA MAT. MILK, Jlnana [{seTKoBa Ha TCMa L AZTOPHTMH 33 MYITHMOAMIR
obpasHo cauBaHe Ha MPT i PSMA-PET ofpa3ss# Zasun Ha npocrarara’. Tpy/sT npeCcTARAABA
3aBLPUICHO CAMOCTOATETHO HAYMHO H3CAC/BAHC B aKTyaqHa WHTCP/HCUHILIHHAPHA oGnact ®
ChABPKA Pe3yATaTH C HAyWeH, HRYTHO-TIPHIOKER H OPUIIOKEH XapaKTep. JloKTOpanTKara
JeMOHCTPHPA MHOTO f06pa TCOPETHYHA TIOAroTOBKA, Jl03HaBAHE HR CHBPEMEHHHTE METOIH 3a
MeHIHHCRA 00pasHa oGpaboTKa, yMEHUA 34 pazpaGoTBane W ATANTHPAHE Ha AITOPHTMH 32
perncTpauns H CAHBING, KAKTO # CHOCOGHOCT 32 CAMOCTOSTEIHO [GHUpAHE, IPOBEAJIAHE W
AHATH? HA HAYTHH H3CICABAHI,

CuprraM, 4¢ AMCEPTANHOHHHAT TPy 1o ChIbpAKanne, 00eM. MCTONO/IOrH A 0B0CHOBAHOCT,
HayHHH pe3yTarh u AyGIHKAIMOHHA aKTHBHOCT OTTOBAPS 1A HIHCKBAHHATA 34 npuaoGHBane Ha
o0pazoBaTCIHATA | HAYYHE CTeTeH aoxrop™, [opann 1083 npeUiaras Ha yBaKaeMOTO HayTHO
KYDH Jia NpHCHT Ha Mar, wik. Jlwana [{peTroBa oGpa3oBaTenHaTa H HayHHa cTene ,JAOKTOp™ B
npoeCHOHATHO HanpaBieHne 53 . KomyHuKamHoRHA H KOMITIOTHpHE TEXHHKa", HayuHd
CTIEIHATHOCT o, TeOpETHHH OCHOBH HA KOMYHHKaIHOHHATA TEXHHKA .

Jlara: 09.09.2026 YJIEH HA KYPHTO:
npod. 18 HEA. Mapun Mapuios
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scientific specialty "Theoretical Foundations of Communication Equipment”

Author of the dissertation: M.S¢. Eng. Diana Tsvetkova

Title of the dissertation: "Algorithms for Multimodal Image Fusion of MRI and PSMA-PET
Prostate Imaging Data”

Member of the scientific jury: Prof. DSc Eng. Marin Marinov, Technical University of Sofia

1. Relevance of the problem addressed in the dissertation in scientific and applied scientific
terms. Degree and level of relevance of the problem and the specific tasks developed in the
dissertation

The dissertation addresses a relevant and clearly interdisciplinary scientific problem - the
development of algorithms for reliable multimodal fusion of anatomical information from
magnetic resonance imaging (MRI) with functional and molecular information from PSMA-PET
in prostate imaging. The significance of the task stems from the different yet complementary
nature of the two modalities: MRI provides high spatial resolution and detailed anatomical
information, whereas PSMA-PET enables visualization of functional and molecular
characteristics assoctated with the prostate-specific membrane antigen.

The scientific relevance is further determined by the fact that fusion of independently
acquired multimodal medical images remains a non-trivial task because of differences in
geometry. contrast, spatial resolution, artefacts, and acquisition conditions. The practical
relevance is strengthened by the limited availability of integrated PET/MRI systems, which
makes software-based registration and fusion of data acquired in separate examinations an
applicable and promising alternative. The tasks set in the dissertation - preprocessing,
registration, development of a model for deformable alignment, wavelet-based fusion, and
objective cvaluation - are logically related and correspond to the stated aim.

2. Degree of knowledge of the state of the problem and creative interpretation of the
literature

The dissertation comprises 172 pages and is structured into an introductory part. eight
chapters, an appendix, a list of publications related to the dissertation. and a bibliography. The
literature review demonstrates very good knowledge of the state of the problem. It covers the
medical context of prostate cancer. the characteristics, advantages. and limitations of MRL CT.
and PSMA-PET, and the main contemporary approaches to registration and fusion of multimodal
medical images.

| positively assess the fact that the literature is not presented as & mechanical enumeration of
known algorithms, but is organized around the sequence of the actual research process -
preprocessing. spatial alignment. deformable registration, fusion, and evaluation of the results.
The dissertation demonstrates an understanding of the relationship between the characteristics of
the individual modalities and the selection of algorithmic solutions: Of particular impaortance is
the consideration of registration methods under conditions of limited clinical data and the absence
of an unambiguous ground-truth reference. This demonstrates not only good knowledge of the
literature, but also the ability to interpret it critically and creatively in relation to the specific

research task.



3. Correspondence of the selected research methodology and the stated aim and objectives
of the dissertation with the contributions achieved

The dissertation's main aim is 0 develop and experimentally evaluate a comprehensive
algorithmic framework for multimodal fusion of MRI and PSMA-PET prostate imaging data.
The selected methodology is appropriate to this aim and follows a logical sequence. It includes
maodality-specific preprocessing, registration across different image spaces. 4 VoxelMaorph-based
model for deformable alignment, wavelet-based multiscale fusion, and quantitative and
qualitative avaluation of the results,

The indirect PSMA-PET-t0-MRI registration via CT -to-MRI alignment is well justified and
accounts for the characteristics of the available clinical data. We investigated a VoxelMorph-
based approach and compared it with established methods such as ANTs and BRAINS. The
studies were conducted on real clinical MRI, CT, and PSMA-PET data provided by a clinical
partner. Comparative experiments, quantitative indicators, and visual/qualitative assessment
support the reliability of the results. The limitations - the size of the dataset and the absence of
direct ground-truth references - are correctly identified. In this respect. the selected methodology
is consistent with the stated objectives and logically leads to the claimed contributions.

4. Scientific and/or applied scientific contributions of the dissertation
On the basis of the presented results and in accordance with the nature of the developments, I

consider that the dissertation contains scientific, scientific-applied, and applied contributions. 1

formulate them as follows:

Scientific Contributions

1. A comprehensive approach for multimodal fusion of MRI and PSMA-PET prostate imaging
data has been developed, integrating preprocessing. registration, fusion, and evaluation within
a unified sequential algorithmic framework. Its scientific contribution lies in linking each
stage to the specific features of the two modalities and in jointly representing anatomical and
functional-molecular information.

2. An approach for spatial alignment of multimodal prostate images has been proposed. including
indirect PSMA-PET-10-MR1 registration through CT to-MRI alignment. In this way, a
sequence has been formulated and investigated fo overcome differences between
independently acquired imaging data and to create a common spatial representation required
for subsequent fusion.

3. An adaptive VoxelMorph-based model for deformable registration under conditions of a
limited amount of clinical data has been developed and investigated, including unsupervised
learning, deformation-field regularization, and data augmentation. The contribution involves
adapting and evaluating a contemporary neural-network registration approach to the specific
conditions of the medical problem under consideration.

Scientific-Applied C ontributions

1. Algorithms for modality-specific preprocessing of MRI and PSMA-PET images have been
developed, including comparison and selection of appropriate methods for noise suppression
and data preparation according (o the characteristics of the respective modality.

2. A comparative study of the proposed VoxelMorph-based registration approach against
established classical solutions such as ANTs and BRAINS has been conducted on the same
clinical test cases, enabling a substantisted assessment of its behaviour under realistic
conditions.

J



3. A three-dimensional wavelet-based algorithm for multiscale fusion of anatomical MRI
information with functional PSMA-PET information has been developed through separate
processing and combination of approximation and detail coefficients. The approach was
compared with other fusion methods and evaluated for its ability to preserve essential
information from both modalitics.

4. A systematic analysis has been carried out of the influence of the selected wavelet function.

decomposition  depth, and fusion strategy on the quantitative indicators and visual

characteristics of the resulting fused images, providing a practical basis for parameter
sclection for specific imaging data.

A combined approach has been proposed for evaluating the results of preprocessing,

registration, and fusion in the absence of dircct ground-truth reference data, through the

combination of quantitative metrics and qualitative expert assessment.

Applied Contributions

1. Python software modules have been implemented for registration, preprocessing. fusion. and
quantitative evaluation of MRI and PSMA-PET images, allowing reproducible execution of
the developed algorithmic workflow.

2. A graphical user interface prototype has been developed for loading medical images; selecting
algorithm parameters, visualizing intermediate and final results, and calculating quality
indicators, demonstrating the potential for practical use and further development of the
proposed methods.

1 consider the contributions outlined above a logical result of the research conducted and
supported by the experimental results presented. The thematic relationship between the
dissertation, the developed algorithms, and the publications gives me grounds to regard the main
results and contributions as the doctoral candidate's own work, carried out with the necessary

n

research. They cover the principal areas of the work - review and analysis of methods,
preprocessing. registration, training and evaluation of & registration model, comparison of fusion
approaches, and wavelet-based multiscale fusion. The listed publications include papers
presented at scientific conferences and a publication in a Springer Nature proceedings volume
indicated as "in print". The publication activity s sufficient for a dissertation for the award of the
educational and scientific degree "Doctor” and reflects & substantial part of the obtained results
and claimed contributions.

6. Opinions, recommendations and notes.

The dissertation is complete, logically structured, and presents the conducted research in a
consistent manner. As recommendations for final preparation, | suggest & careful linguistic and
technical revision of the text, harmonization of the terminology for key concepls, and a clear.
concise presentation of the characteristics of the clinical dataset. For future development. it would
be appropriate 10 extend the experimental validation to larger, multicentre datasets. These
comments are recommendations and do not diminish the scientific and scientific-applied value of
the dissertation.



7. Conclusion.

On the basis of the analysis presented above, 1 give an unequivocally positive assessment of
the dissertation by M.Sc. Eng. Diana Tsvetkova entitled "Algorithms for Multimodal Image
Fusion of MRI and PSMA-PET Prostate Imaging Data". The work represents a completed
independent scientific study in a relevant interdisciplinary field and presents scientific, scientific-
applied, and applied results. The doctoral candidate demonstrates Srong theoretical preparation.
knowledge of contemporary methods for medical image processing, skills in developing and
adapting algorithms for registration and fusion, and the ability o independently plan, conduct.
and analyse scientific research.

I consider that, in terms of content, ScOpe, methodological soundness, scientific results, and
publication activity, the dissertation meets the requirements for the award of the educational and
scientific degree "Doctor”. 1 thercfore propose that the esteemed Scientific Jury award M.Se.
Eng. Diana Tsvetkova the educational and scientific degree "Doctor" in professional field 5.3
"Communication and Computer Engineering”, scientific specialty "Theoretical Foundations of
Communication Equipment”,

Date: 09.09.2026 MEMBER OF THE SCIENTIFIC JURY:
Prof. D.Sc Eng, Marin Marinov



