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BLPXY JHCEPTANMOHEH TPYI 33 npiziobuBane Ha 00pa3oBaTCIHA H HAYIHA CTETICH SAOKTOp”

«,/
CTAHOBHINE

Astop ua mucepranuonEns Tpya: Mar mk. Inana | [BerxoBa

Tewma Ha AnCepTalHOHHNS TPYA: HH3cTeABANE HA A ATOPHTME 33 CANBAHC HA uiobpamenns
01 SAPCHO-MATHHTEH PEIOHAHC H N03HTPOHHO-EMHUCHOHTA ToMorpadis Ha POCTATHO-
cnemmduanus membpanen anTares”

Uner Ha HayaroTo xypi Hpod. a-p was. Iuvursp JAuMuTpos

LAKIYaaHoeT Ha pa3palorsanus B AHCEPTANNONHHT TPV npofiieM B HAy4HO M
payaHonpiioAHo ormomenne, Crenmen W HEBA HA AKTYaIHOCTTA HA upobaema u
KOHKPETHHTE 324841, paspaboTenn B IHCCPTANMATA.

Temarta HA NpEACTaBeRMs Ancepraimones Tpya ~ Micieapase Ha anropuTMH 33 CAHBANC HA
u3o0pakenns OT AAPCHO-MArHHTCH PE30OHAHC W MOSHTPOHHO-EMHCHOHHA Tomorpadus Ha
gpocTarHo-criennduHns MemOpaten anTures e 0Cco0eHO HHTEPECHA B 1100ANCH KOHTEKCT,
KBAETO CTPEMEEBT 34 MO-IPEIH3HA JHATHOCTHKA B MEANMIMHATA BHHATH € AKTyaicH. B
KOHKpETHHA cay4ail craBa ayma 3a pazpaboTBaHC Ha e)eKTHBESH ANTOPHTHM 33 MY/ITHMOJATHO
CTHBANE HA HE3ASBHCHMH H300paXeHMs NOMYYSHH OT /IBa PasmimtH# QHINHYECKH MeToaa , @
HMCHHO AAPCHO-MArHHTEH PE3OHAHC M TOIMTPOHHO-EMUCHOHHA toMorpadHs H2 NPOCTATHO-
criemhuaEns MemGpanen anTured, B 1031 CMUCH AKTYATHOCTTZ HA paspaborsanus npoiem e
HCChMHCHA.

2. Crenen 13 NO3HABAHE CHCTORHMETO HA NPOdIeMa # TBOPHECKA HHTEPUPETANNA HA
ANTEPATYPHHN MATEpHAL

JIncepTanHOHHHAT TPy ¢ B 0OeM 0T 188 cTpaiii. Kato BKIIOYRA YBOL. 8 I71aBH 32 peuIaBAHE HA
(hOPMYTHPAHHTE OCHOBHM 3a7a%H, CIHCEHK HA OCHOBHMTE MPIHOCH, CITHCRLK Ha nyONHKAHATE 110
AMCEpPTAIMATA H H3NON3BaHA IuTeparypa. Linmipany ca obmo 111 auTeparypHi WITOTHHIM,

B noResero OT HOCOYCHHTE JMTCPATYPHH M3TOYHMIM CE MHTCpHpeTHpa CIMH nobpe nozHar
HOAXOA B HAYKATA, 8 HMCHHO CIHOBPEMCHHOTO HINO/I3BAHC HA HAKONKO PasTHuHH (prraaEn
MCTOTA PH aHATH3 H H3YYBAHC HA TAPAMETPHTE HA CIUTH IPOIIEC. B aMcepTanHATa € HANpascHa
CHOTYUIHBA TBOPUCCKA HHTEPIPETAINS H PA3BUTHE HA HIBECTHOTO OT AuTeparypara B KOHKpETHA
obaact. [loka3aHo e MHOIO JOOpO MO3HABAHE HA M3IOMIBAHHTE MEIHIMHCKM METOAM 33
AHArHOCTHKA HA MPOCTATHATA A/C3a.

3.CLOTBETCTRNE HA WIDPAHATA METOIMKR HA MICAEABAHE M NOCTABEHATA HET H 3212491
Ha AHCEPTAIIOHINS TPY1 ¢ HOCTHIHATHTE IPAHOCH.

CHOTBeTCTBHETO Ha H30paHATa MCTOAMKA HA H3CIEABAHC M NIOCTABSHATA LS | 331841 Ha
JMCEPTALMOHHNS TPy ¢ NOCTHIHATHTE NPHHOCH ¢ nobpe 00OCHOBAHO W CIIC/RA Ja ce
Moj4YepTae, He NOCTABCHATA LEA M 33/1a4H HA AHCEPTAIHMOHHMA TPYA C4 AepuHHpanH K
THCHO CEBP3aHH ¢ NOCTHIHATHTE PE3YATATH W MPHHOCH B JIHCCPTAIHOHHIA Tpya. B T0B2
TBHpJEHHE C7CBA Ada CE  BKTIOYH 06OCHOBAHOCTTA HA TRJMTE W 3aJa4HIc B



TMCEPTALMOHHMA TPy  HAMBIHO  OCHOBATEIHO nedMHUpaHaTa 3HAYHMOCT U
HEOOXOAMMOCT B HAYMHO-NPHAOKHO W MPHAOKHO OTHOIIEHHE OT H3CACABAHHS B
m3Gpanara Haydna oGaact. TTpeioken € TPABHICH NOAXOI, 110 KOITO JOKTOPaHThT €
dopMyaHpas TOUHO ¥ B CHHIE3HDaH BHI KAaKTO [CATd, Taka H 3a4a4yHTe B CBOA
JIHCEPTAIHOHCH TPY L.

4. Hayann 0/iis Hay $HOBPRI0KITH NPHHOCH Ha JHCEPTAHOHANS TpyA

Hayunu npunocu

|. PaspaGoTeH € LAZOCTEH NOIXO 3 MY/[THMOAIHO CAHBAHE HA m300pakenns Ha
NpOCTATAaTa OT SAPEHO-MATHHTCH PEe30HAHC W NO3HTPOHHO-eMHCHOHHA TOMOIpadus Ha

HPOCTATHO-CIICIHHIHNA meMGpanes aHTHICH.KOHTO Npejulara npeAnMcTaa ClipamMo METOINTE,
OITHCAHH B JINTEpATypara.

2, TIpeanoXKeH € 110/IX0 38 MPOCTPAHCTBCHO ChiZIACYBAHE HA w30OpaKeHHs Ha MPOCTATara o7
SIPEHO-MArHHTEH PEIOHAHT W HOHTPOHHO-EMHCHOHHA romorpadus .

3. PaszpaloTes i W3CACIBAH € AnaTHRESH VoxelMorph-6asspan Mozen1 32
nedopMupyeMa  SAPEHO -MArHUTHA PETHCTPALNS DI OFPaHHYeH Opoil KIHHHYHH
JAHHY, BRTIOYHTEHO I3N0TIRAHE HA HEKOHTPOIMPAHO O0y4EHNE,
perynspHsanus Ha Ae(pOpMaNHOROTO NOC i ayTMEHTAIHA Ha JAHHITC.

Hayuto-npuiodcuu npusocu

1. Peami3Hpani ca AIrOpHTMH 33 MpeIBapHTeIHa obGpaboTka Ha W30OpaXeHus Ha
(POCTATATA OT AAPCHO-MAIHHTEH PEIOHANC I O3UTPOHHO-CMHCHOHHS TOMOTPAQHS, BR/IOIBALLH
cpaBHeHHE W H300D Ha NOIXO/SIIN METOIH 33 IOTHCKANE HA IIYM CROpea XAPaKTEPHCTHKHTE HA
CHOTRETHATA MOIANHOCT.

2. M3BbpImeso e CPABHUTEIHO H3CICABAHES Ha NIPEUIOAREHIA VoxelMorph-6azupan
PErHCTPAIHOHCH NOAXO/L ¢ KNACHICCKHTE MCTOLH ANTs it BRAINS BBpxy €/iHH H CHIIH
KIMHAYHHA TECTOBH Cay4aH.

3, PaspaGoTeH e TpUHIMEpell yeilBeT-6a3upan anropaTEM 33 CTHBAHE Ha RHATOMHYHA
AAPEHO-MATHATHE H QYHKIHOHATHA [IO3HTPOHHO-EMHCHOHHA HHQOPMANHS. ANTOPHTEMBT
103B01SRA OTACAHO 0OpaboTBate H KOMOHHHPAHE HA AITPOKCHUMAIHOHHNTE A AeTaiHaTe
xoeduimenTi. [TPe/UIOACHIAT ANTOPUTEM IPCIIATE NPEIUMCTRO cupamo PCA, Laplacian
Pyramid i Curvelet Transform.

4. M3BBpUICH ¢ CHCTEMATHUCH AHATHS HA BIMAHNCTO HA yeiiBaeT (yHKIMATA,IRIO0HHATA Ha
JICKOMIYOHITHS M CTPATCIHNT 32 CHIMBAHE BBPXY KOMHUCCTBCHHTC H BU3YAIHHTE XapaKTepHCTHRR
ua noaygennte fusion m3o0paKeHis.

5. Iperiokesa e KOMOHIPaH HOIXO/L 33 OLICHABAHE HA PCrHCTPAIHOHHEHE, TPE/IBAPHTEIIH 1
fusion pezyaTaTH [pH JIHIC2 HA pedepenTan ganws THOD ground truth®, xosro OOeIMEHABA
KOTHYCCTBEHN METPHKH i KaUSCTBCHA CKCISPTHA OLICHKA.



Hpunoxchu npuroCcU

|. PagpaGoTentt ca MPOTPAMHI MOJIYITH Ha Python 3a perncrpauss,

npesapuTeana o0pabOTKa, CIHBAHC M KOAMYECTBEHO OLCHIBAHC Ha n3o0pakeHnd Ha
[POCTATATA OT AAPEHO-MATHHTEH PE3OHANC H NOIHTPOHHO-CNHTHOHHA Tomorpadus

2. Paspaborena e rpaduuna NOTpeOMTEICKA CPEaa 33 3apeikiaHe Ha  n300paxeHHs Ha
NPOCTATATA OT SIPCHO-MAIHNTEH PEIOHARC W MO3HTPOHHO-EMHCHOHNA Tomorpadus, H30op Ha
napaverpn Ha fusion airopuTEMa, BISYAIH3AUHA HA KpafHHs PeIyITarT ¥ WITHCIMBAHE HA
OKa3aTelH 3a Ka4eCTRo,

5. TMpenenka Ha HYOAMKAUHATE 1O AHCEPTALHOHHNS 1pya: OGpoii, xapakrep Ha
H3AAHESTA, B KONTO ca ornedarany, OTpakenie B BayRaTa —3I0IIBARE | HHTHPAHE OT
JAPYTH ABTOPH, B APYIH AaDOPATOPHH, CTPAHM.

Pe3y/ITaTiTe OT HCEPTAIMATA ¢a MYOIMKYBaHH B 7 nay4un MyOTHKaHH KAKTO Clie/iBa:
« 6 JOKTAA OT MEAKITYHAPO/IHH HIY4YHI KOHPEPSHIMH, OT KOUTO 3 Aoxnaja B 9y xOHHA;
« | OKaAA OT HAMOHAIHA KOH(PEPEHIUS C MEKTYHAPOAHO YHACTAE,

« 6 OT NyGINKAIMHTE C3 HEICKCHPAHH B SCopus;

« 2 OT NyOARKAIMMTE C4 HHJICKCHPaHY B Scopus i B Web Of Science:

UHarupane

JabeasIano ¢ eIH0 ITHPARE Ha ABTOPCKH MyCUMKAIHN B SCOpUS.

6. Muenus, NPeHopbEN i GeIeKKN,

Hescrio 2amo nps nsxon Guryps (3.1; 4.1 42; 6.2 u 1p.) NOACHCHHSTO MO CAMHTE
durypH ¢ Ha HEMCKH €3HK B ACEPTALNATA , B GBIrapckaTa BepCHs Ha aBTopedepara NOJCHEHHETO
¢ Ha OBATapCKH e3UK , @ HATHCHTE BLTPE B CAMHTE GurypH H B AHCSPTAINATA U B ObATapeKara
pepeus Ha apTopdepara ¢4 Ha AHTITHICKH €3HK. ARO TeaH (DHIypR ca B3eTH OT AxTeparypara on
TpabBajo Ja C€ MOCTABAT B I1aBdTa 33 JHTCPATYPCH 0030p Ha JMCCPTALMATA 3aCAHO CBC
CHLOTBETHHTE NOACHCHAS KbM TAX..

Te3n pelakuHOHAN GENEKKH He HAMATABAT JOCTOHHCTBATA HA JIMCEPTAIHATa.

BHX MpEnopbuai IOKTOPAHTKATA 12 NPOIBIKH paborata ci B w3OpaNaTa NOCOKA KaTo
HANpHMEp BAIMIMPAHE HA TOAXO0KA BHPXY TO-TONCMH ¥ MHOPOLEHTPOBH HaOOPH OT AWHH,
pasiMpsBane HA M3CHCTBAHUATA B THACHA xonabopauss ¢ JICKapH 9pe3 BKIKOYBANC HA
AOMBIHATEAHH (H3MKATHE METOIHN 32 IHATHOCTHEA KaTo XHCTONATONOTHYEN pediepeHTHH JaHEH
uap.

7. Jak AI0MeHAE ¢ SCHA 010K TETHA HIH OTPHIIATETHA OLTHRA HA [ANCEPTAIMOHHIS TPYL.



B3 OCHORA HA H3I0KEHOTO MO-TOPe MOXKC Jia ce Aaje oblila NoI0RHTEIHA OLIEHKE Ha
TEOPETHYHHUTE W NPAKTHYECKH PE3YiITari, MOCTHIHATH NPH paspaloTKaTa Ha HACTOAIINA
jmcepraumoneH Tpya. JlehnnupanuTe HayuHH , HAYTHO-IPHIOKHH 1 IPHICKITH IPHHOCH,
OTpaseHl B 0CTarbycH Ha Opoil Hay4HH nyGaARaHN H B MOJXOAANIR KOHOEpeHIDH, ca
HAOBLIHO JIOCTATHYHO OCHOBAHME 33 HCHO [OQJOKHTEIHO 3AKIOYCHHC OTHOCHO
KBAIMOUKAIMATA Ha JOKTOpaHTKara W HeilHATE TMOTBhPACHH B AMCCPTAUHOHHMA TPYL
KagecTBa HAa YueH B H30panara oT Hero Hay4Ha 06aacT.

B zakiouenme npeaaraM Ha rnounraemoro HaydHo OKypH A2 TIpHCHIN
oOpa3oBaTe/iHaTa i HAY'iHa CTENCH J0KTOp” Ha Marn HEK. [Inana liserxoBa B
npodecuonanno Hanpapienue 5.3. KoMyHHKAUHOHBA ¥ KOMILOTLPHA TEXHHKA HO
Hay4YHa CHCIHATHOCT , TeopeTH' NI OCHOBE HA KOMY HHKAIHONHIATA TexauKa”

Jlara: 11.08.2026 YJIEH HA JXXYPHTO:
IMpod. a-p max. Jumursp L. lamatpos
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On a dissertation work for the acquisition of an educational and scientific degree “Doctor”™
Author of the dissertation MSc Env. Diana Tzvetkova

Dissertation topic "Study of algorithms for fusion of images from nuclear magnetic resonance
and positron emission tomography of prostate-specific membrane antigen”

Member of the scientific jury: Prof. Dr. Eng. Dimitar Dimitrov

1.Relevance of the problem developed in the dissertation work in scientific and applied

science terms. Degree and levels of relevance of the problem and specific tasks developed in
the dissertation.

The topic of the presented dissertation work “Research on algorithms for merging images from
nuclear magnetic resonance and positron emission tomography of prostate-specific membrane
antigen” is particularly interesting in a global context, where the pursuit of more precise
diagnostics in medicine is always relevant. In this case. we are talking about developing an
effective algorithm for multimodal fusion of non-declarative images obtained from two different
physical methods, namely nuclear magnetic resonance and positron emission tomography of
prostate-specific membrane antigen. In this sense. the relevance of the problem being developed
is undoubted.

2. Degree of knowledge of the state of the problem and creative interpretation of the
fiterary material,

The dissertation is 188 pages long. and includes an introduction, 8 chapters for solving the
formulated main tasks, a list of the main contributions, a list of publications on the dissertation and
used literature. A total of 111 literary sources are cited. In most of the indicated literary sources, a
well-known approach in science is interpreted, namely the simultaneous use of several different
physical methods in the analysis and study of the parameters of a process. The dissertation has
made a successful creative interpretation and development of what is known from the literature in
a specific area. Very good knowledge of the medical methods used for prostate gland diagnostics
is shown.

3. Correspondence of the selected research methodology and the set goal and tasks of
the dissertation work with the achieved contributions,

The correspondence of the selected research methodology and the set goal and tasks of the
dissertation work with the achieved contributions is well justified and it should be emphasized that
the set goal and tasks of the dissertation work are defined and closely related to the achieved results
and contributions in the dissertation work. This statement should include the justification of the



goals and tasks in the dissertation work. the fully justified defined significance and necessity in
the scientific-applied and applied sense of research in the chosen scientific field. A correct
approach is proposed, according 10 which the doctoral student has formulated precisely and in a
synthesized form both the goal and the tasks in his dissertation work.

4. Scientific and/or applied scientific contributions of the dissertation
Scientific contributions

1. A comprehensive approach for multimodal fusion of prostate images from nuclear
magnetic resonance and positron emission tomography of prostate-specific membrane
antigen has been developed, which offers advantages over the methods described in the
literature.

2. An approach for spatial alignment of prostate images from nuclear magnetic
resonance and positron emission tomography has been proposed.

3. An adaptive VoxelMorph-based model for defarmable nuclear magnetic
registration with a limited number of clinical data has been developed and investigated.
including the use of unsupervised leamning, regularization of the deformation field and data
augmentation.

Scientific and applied contributions

|. Algorithms for preprocessing of prostate images from nuclear magnetic
resonance and positron emission tomography have been implemented, including
comparison and selection of appropriate noise suppression methods according to the
characteristics of the respective modality.

2. A comparative study of the proposed VoxelMorph-based registration approach
with the classical ANTs and BRAINS methods has been performed on the same clinical
test cases.

1. A three-dimensional wavelet-based algorithm for fusing anatomical nuclear
magnetic and functional pasitron emission information has been developed. The algorithm
allows separate processing and combination of the approximation and detail coefficients.
The proposed algorithm offers an advantage over PCA, Laplacian Pyramid and Curvelet
Transform.

4. A systematic analysis of the influence of the wavelet function, the depth of
decomposition and the fusion strategy on the quantitative and visual characteristics of the
obtained fusion images has been performed. 5. A combined approach for evaluating
registration, preliminary and fusion results in the absence of ground truth reference data is
proposed, which combines quantitative metrics and qualitative expert assessment.



Applied contributions

1. Python program modules have been developed for registration, preprocessing. fusion
and quantitative evaluation of prostate images from nuclear magnetic resonance and positron
emission tomography

2. A graphical user interface has been developed for loading prostate images from nuclear
magnetic resonance and positron emission tomography. selection of parameters of the fusion
algorithm, visualization of the final result and calculation of quality indicators,

5. Assessment of publications on the dissertation work: number, nature of the editions
in which they are printed. Impact in science — use and citation by other authors, in other
laboratories, countries.

The results of the dissertation have been published in 7 scientific publications as follows:
« 6 reports from international scientific conferences, of which 3 reports abroad:
« | report from a national conference with international participation:
« 6 of the publications are indexed in Scopus;
« 2 of the publications are indexed in Scopus and in Web Of Science;
Citation: One citation of author's publications in Scopus was noted.

6. Opinions, recommendations and notes.

It is unclear why for some figures (3.1; 4.1: 4.2 6.2, etc.) the explanation under the figures
themselves is in German in the dissertation, in the Bulgarian version of the abstract the explanation
is in Bulgarian, and the captions inside the figures themselves both in the dissertation and in the
Bulgarian version of the abstract are in English. If these figures are taken from the literature, they
should be placed in the literature review chapter of the dissertation together with the corresponding
explanations to them.

These editorial notes do not diminish the merits of the dissertation.

[ would recommend that the doctoral student continue her work in the chosen direction, such as

validating the approach on larger and multi-center data sets, expanding the research in close
collaboration with physicians by including additional physical methods for diagnosis such as
histopathological reference data, etc.

7. Conelusion with a clear positive or negative assessment of the dissertation work.

Based on the above, a general positive assessment can be given of the theoretical and
practical results achieved in the development of this dissertation work. The defined scientific.
applicd scientific and applied contributions, reflected in a sufficient number of scientific
publications and in appropriate conferences. are quite sufficient grounds for a clear positive
conclusion regarding the qualification of the doctoral candidate and her confirmed in the



dissertation qualities of a scientist in the scientific field chosen by her. In conclusion, [ propose to
the esteemed Scientific Jury to award the educational and scientific degree "Doctor” to M. Eng.

Diana Tsvetkova in the professional field 5.3. Communication and Computer
Technology in the scientific specialty "Theoretical Foundations of Communication Technology”

Member of the scientific jury: Prof. Dr. Eng. Dimitar Tz. Dimitrov:
Date:11.08.2026



