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Tema na uceprannonsaus 1pya: 2AJITOPHTMHM 3A CJIMBAHE HA H30GPAKEHHUSA
OT SAPEHO MAIHUTEH PE3OHAHC H TNO3WTPOHHO-EMHMCHOHHA
TOMOTPA®HA HA MPOCTATHO-CIIELHIM®HYHWA MEMBPAHEH AHTHUT'EH*

I. ARTYaJIHOCT Ha PAIPpabOTBAHNN B AHCCPTAHNNOHHNN TPYA npob.iem

CuBpeMEHHATE MEHITMHCKA IHArHOCTHKA € HEMHCIIMA 063 H3MON3BAHETO Ha H300paKCHHS
H2 OPraHd OT 4YOBEWKOTO TAA0., ChLINCCTBYBAT roiam OpOH TEXHHYSCKH CPEACTBA 38 TAXHOTO
MONy9aBaHC — PEHTITeH, KOMMIOTLPEH ToMorpad, SIpeHo MarHHTSH pE30HAHC, MOINTPOHHO
EMHCHOHEH TOMOIrpad, yarpassykosy npubops # ap. C passiTHeTo Ha H3THCIHTEIHATA TeEXHAKa
CTaHa BE3MOKHO TIOYy4aBaHeTo Ha 3acHeTHTe n3oOpaxenus B mudipos i ToBa oT ¢BOS CTpaHa
JOBE/IE IO BB3MOKHOCT 33 NPHIAIaHe Ha MHOXKeCTBO OOpaboTKM Ha Te3H H300pakeHHS B
OTHOCHTEIIHO KPaTKH HHTEPBATH OT BPEME TIPH 386MaHe Ha OTHOCHTRIHO MAJIKH 00EMH OT IaMeT
— (uATpals HA WYMOBE, NOBMIIABAHNC H2 KOHTPACT, CerMEHTAIHs Ha OOSKTH, MIMEpBaHe Ha
Pa3CTOAHMA M TEXHATA IPOMNHA 1IPH CPABHEHHE HA JIBC H NOBEUE H300PAKCHHA, PEKOHCTPYKIHA
C e TPHMEPHO NPCACTABAHE HA OPraHH OT HOBEHIKOTO TAJIO OT MHOKECTBO U300pasKeHHA H P,
Exana or teau cuBpemenHn oOpaloTku € CaAMBaHETO HA H300paKCHHS H B HACTHOCT TaKHBA,
MOMY4YaBaHH OT SAAPCHO MArHiTEeH pPE3OHANC M IO3UTPOHHO-CMHCHOHHA ToMorpadms Ha
MpOCTaTHo-crietnuuuns MemOpaseH aHTHreH. Pe3ynTaTsT OT TOBA CAHBAHE KATO MEKIHHEH
€1an OT HO-CHOKHA CEpHA OT TpaHC(OpMANuH HEHMOBCPHO Y/ICCHABA MpONeca HAa AHATHI HA
CHLCTOMHUETO HA IPOCTATA M NOCTABNHETO HA HABPEMTHHY AMArHO34 i CHITBTICTBANID JCYCHHS HA
YOREKA.

Equm oT roeMure npeidMcTBa HA H3NOA3BAHETO HA MIPEH MAardMTHHA pPE3OHAHC €
IONY4asaHeTO HA H300paXenHs ¢ BRCOKA PasICTHTENIHA CIIOCOOHOCT H BHCOK KOHTPACT, JIOPH H B
o0nacTHTE, 33EMAHK OT MeKHTe ThKaHH. [loHAKOra mpensTCTBHMC mNpeX Pa3¥HTAHCTO H& TC3H
H300PAKCHHR C€ ABABAT apreaktd M JIe3UH, KAKTO M NpOMAHE BLB (OHA B TO-ronemy
QHATOMHYHH 30HH, IPHYHHCHA OT HEACAAHO MPEMCCTBAHS HA IAIHCHTA, PeKTaleH ras # ap. Or
CBOA CTpaHa MO3HTPOHHO-CMHCHONMHA ToMorpadus ua npocrarso-crenupuuanus memGpanen
AHTHICH MOXC 28 J@le J0mbIHHTenHa MAGOpMamns 3a opOPMSHETD HA 30HH OT TLKAHTA,
NpeICTARNIBAIE TYMOPHO 00pasysanue, CIHBANETO HA NOCOYEHHTE jiBe 0OPA3HH MOIATHOCTH
BOJIH A0 MO-AeTaliano W300pa3sBaHe HA CLCTOSHHCETO HAa NMPOCTATATA KaTO MO-SCHO MOrart ja ce
OTIHYABAT JIC3HH, 43 C¢ W3BHPILBA HACOUBAHE HA HHCTPYMCHTApPHYM npH OHOICHH, onpeaensHe
Ha CTAAMH HA PA3BHTHC HA HeKavecTveHw obpasysanns u ap. Bee oue ce mabmopasa ciabo
pasnpocTpasesse Ha KOMOMHMpaHH YpCAM 33 HO3MTPOHHO-CMHCHOHHA M SIPEHO Mar€HTHA
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Tomorpadisi. MacoBa npakTika € JBaTa BEjA HIOOPWKCHNA JIa Ce 1I0/Iy4aBAT OT/CNHO LPH JBe
HCIABMCHMH H3C/IEIBANNA Ha NAUKCHTA. TOB2 HANArA CTHBAHETO HA NMONYYABAHATE HI0OPAKEHHA
C roaAMa TOYHOCT Ha CHBOQJICHHE MCHKIY CAHM W ChIOH aHaToMmuuan obzacri. Tasm 3ajaus,
PCIIaBaHa M3UAN0 1O COPTYEPEH IBT, € ¢ BHCOKA CAOKHOCT H ONPEAE/s PasrlexiaHfs O
NOKTOPaHTa MPOoOACM KaTo MIKMIOYHTEIHO BKTYAICH.,

2. Crencs HA HO3HABAHC HA CLETOSHHCTO HA IPOOJIEMA H TBOPHECKA HHTEPHPETAILIS
Ha JAHTEPATYPHAS MaTEpHA

JloKTOpanThT € mokasan jio0po MOIHABAHC HA CHCTOSHHETO HAa NPOGIEMA W © HANpaBui
[HPOKA TBOPHECKX HHTCPIPETAUHN HA JHTSPATYPHMS MATEPHAI B MBLPBHTC [ABE [/I4BH OT
IucepranonEns Tpyjl. Karto mauaso e uajoxesa HeoOXOAHMOCTTA 0T M3C/IC/I8aHNA B JajcHaTa
obnacT, ACHUHEPEN € KOHKPETHHS Npo0JieM W BbPXY HEro ca (OpPMYIHDaRW UeT ¥ 3a1add Ha
JMCepTannoNHuA TPyA. OnHCaHW ca ¥ OYAKBAHWTE NPHHOCH KATO Pe3yATaT oT paborara 1o
Temara. B gacTra 1o MTepatypes asam3 TOXKTOPAHTET ¢ Pasriea) 0030pHO CHIMHOCTTA HA paKa
HA TIPOCTATATA KaTO MEAHNHHCKH (EHOMEH H HeoOXOIMMOCTTAZ OT HARPEMEHHO IIeveHHe.
AHATI3APAHO € 3aCHEMAHETO Ha MPOCTATa MYpe3 KOMIIOTEPCH TOMOrpad, SIPeHo MarHuTeH
PE3OHAHC M TO3HTPOHHO-CMHCHOHHA TOMOIpagHs Ha HpOCTAaTHO-cneuHMuHES MemOpanen
@HTHTCH KaTO 33 BCCKH €/IHH OT H3IION3BAHMTE ANAPATH € ONpeJecHO KaknH apredaxty Gusar
suacsny B u3o0pamenusTa npH 3acHemanero. Cnex tosa e O0OBPHATO BHAMAHHE Ha
BE3MOKHOCIHTE 33 C/IHBAHEC HA M300paeHHA OT SAPEHO MATHHTCH PE3OHANC M TOIHTPOHHO-
eMHCHOHHA TOMOTPadis Ha NIpoCTaTHO-CHEIHDHIHNA MeMOPaHeH AHTHICH — YPe3 TIPOLEeAYDPH Ha
0beHHSBAHC B MPOCTPAHCTBEHA 00/MACT; cuMBane, Hasnpano Ha GuaTpawEs; obeuuspane Ha Gaza
nipeo0bpazypanus; cauBance, 0a’HPaHO HA PA3PCACHH NPEACTABAHMA: METOIH, OCHOBAHH HA
A6100K0 oDyUcHHE H METO/IH Ype3 pasMiTa Tornka. He Ba nocaeano MAcTo ¢a H3T0KeHH 00HTe
CTpaTeriy 3a CAMBAHE OT MICIHA TOYKA Ha AHATOMHYHO-(YHKIHOHANEH ACTICKT HA 06pasHHTe
Aansn, OTAENEHO € MSCTO 3a AHWIH3 Ha NPOOICMHTC NPH PASITIEKAGHHUTE BE MONATHOCTH
Kapruuy, OTYCTeHA € CLIIECTBEHATA POAs HE MYATHMOZAIHATA PErUCTPAlLNS KATO KIIOYOBO
TPEABAPHTEIHO H3MCKBAaHE 3a MOCTENBAIIOTO CaMBane. Pasriezasn ca KJIACMHCCKHA IOAXOJ,
HOAXOMHM € JBJIDOKO 0OYUCHHE ¥ NOJX0/AN 4pes KiacH(PHKaHg KaTo ¢4 0TOeASIaHH OCHOBHHTE
HPE/IM3BHKATENCTRA Mpea TAX. PaskpuTy ca Hail-100pHTEe KBM MOMEHTA METO/IH 32 pErHCTpalHs |
CIMBaHE HA MEIHIHHCKH M300pameHHa OT PavuIMYHM MOAQIHOCTH KaT0 €4 ONpPCACIcHH
BLIMOKHOCTHTE 38 OBICHIO pa3sBHTHE 3@ THX.

3. CoorBercrBie Ha m0panara MeToAMKa HAa HICICIBAHE € MOCTABEHATA NG W
3A0AYN HA JTHCEPTAMOHHNS TPYA
Wsbpanata Merojmka Ha H3CACHBAHC HANBIHO CLOTBETCTBA HA MOCTABEHATA UEN 8
JHCCPTALHOHHUS TPYA W CBLP3AHHTC ¢ Hed 3a4auy 3a W3nbaHeHne. Ha mspBo MATTO J0KTOPEHTET
npeyicrass 0000LUICHO ONHCAHHE Ha ITPESJUIOKEHHA TIOAX0A W ClIel Hero Ha paipaboTes anropuTsy,
OCHOBaH Ha MHOIOeTanHa 06paboTka o1 xuGpHted Tun. Manomsa ce ody4enne Ha Mpexa OT BHAA
VoxelMorph, Aranuiupasn ¢ NpOICCET Ha PAINPOCTPAHEHHE Ha ToAeTO Ha Aedopmauns. OTkprTH
H ONHCAHH €3 MPEARMCTBA Hd HHIMPCKTHOTO BKIIOYBAHE HA [TO3HTPOHHO-CMHCHOHHA TOMOIpa s
HA IPOCTATHO-CNENMHYHNS MEMOPaHCH aHTHTCH H 1APEHO MaruiTHEA pesoranc, [Tpunoxeny ca

CTBIIKH 32 NpeBaprTenHa 06paboTka na u300paReHnaTa. AHATHINPAHY ¢ XAPAKTEPHCTHKITE HA



nyMoBete B TSX, Ha 9MATO Basa ca NOTHPCCHU HAH-TIOAXOAAIMTE CTPRTEIHH 32 PEAYIMpAHE Ha
HUBATA M e W3MOM3BAH NMOJXOJ, KOMTO ¢ ZITOPHTMMYHO M3mb/iHeH 3a Tasu uei. Cimeane Ha
A300paKEHHS C8 PeATHINPa upes yeHBieTHE QYHKIMS. 32 T3y [e7 € HANpPaBeH Ipernej Ha
MONYISPHM OT JiHTepatypata (HKIWH Karo e u30paHa Hal-NOAXOAAMATA. Onpenens ce
TEADOYMEATA Ha AexoMTosupane, CamoTo CAMBaHe Ce NpaBi Ha Dasa HAKONKO KPHTCpHA —
Gasnpano Ha CPEAHATA CTOHHOCT, Dasupano Ha SHEprus, IHS Gasupasio, OasHpano Ha aAANTHBHO
npeTerane Ha CHEPrusTa, 5asupano Ha NPETCrifHe Ha HITBKHWIOCTTA H CIHBANC C hukcHpann
Terna. PexOHCTPYKIMS ¥ TFCHCpHpaHe Ha KpaiiHHS BHI Ha CICTHTS obcMHM ca ONHCAHH KATO
OT/ACAHN ANTOPHTMH B JucepTanHonnua TpyA. [Ipn TecTsaneTo Ha ArOPHTMHIC €2 HINO/IIBAH
pe/HIia Nony.IApHH HAGOPH 0T H30GPAKEHHS KaTO Pesy ITAHTHHTE KAPTHHH 2 OUCHEHH  HAKOIKO
OINEHBYHN METPHKH — 0asHpany HA HHTEH3NTET, HHQOPMAIHOHHO-TCOPETHHHH H KATCCTBEHM.
Marpasien e # IPOTOKOI 32 OLEHKA Ha KAYeCTBOTO,

4. XapaxkTepHCTHKH Hi JHCEPTALHONHNS TPy

JincepTatOHIHAT TpY/1 ¢ ¢ 00em 188 crpanmim. Tolf chinpa 18 tabmamm, 32 GurypH
56 MaTemaTHueCcKH Hipasa. M3nonIsanata THTCPATYpa € 0POpPMEHE B CLHCHK CBO 111 3arnasus Ha
HayHH MyOTMKAINH KATO BCAYKH TE Ca HA BHTTHICKY C3HK.

ChALMKAEHHETO HA AHCEPTALMONNNS TPYA BKMOMBA NPEATOBOP, PEIOMC, CIHCLK CRC
CHKPAIICHNS, CLAbPAKAHNE, CIHCHK C QUIYPH, CIIHCEHK ¢ Tabmie, 8 rnasy, OPHIOKEHHE, CITHCEK
¢ NyGANKAMKTE HA JOKTOPAHTa, 3afeI3ann LWHTHPARRH, NONyICHH HArpatu 1 ubmmorpadms. B
Ilnpha raBa Ha MLPBO MACTO C HAIpaseHa ofocHoBKa HAa HEODXOAMMOCTTZ OT H3CACABAHHA B
pacokara, w3bpasa ot JoxTopanTa. JlehHEnpana ¢ CHIHOCTTA Ha Ay HHIA npobaesm. Ha tasu Gasa
ca nepHAMPAHH [EITAd H 3QM@YHTC HAa JHCSPTAUHOHHHA TPYL B xpas ma rnasara ca ONMCaH#
OMAKBAHWTE pe3yiITaTH 0T m3cnenpannsTa. Bss Bropa riasa o0IHpPHO ¢ pasTiieaHa BaKHOCTTA
fa BH3YANH3alHATA HA IPOCTATHA AUIE3A ¢ LEI ONPE/IC/ISHE HATHIHETO HIH OTCHCTBHETO Ha pak B
fes. T1OCOMEHH ¢a TPUTC HAR-NCPCHCKTHEIN MOATHOCTH 33 HEHROTO n3obpazssaie —
KOMINOTBHPHO ToMorpadeks H30OpaKeHus, H30OPAKCHME OT SAPSHO MarHuicH pe3oManc ¥
H300pKEHHA 0T OZHTPOHHO-CMHCHOHHA toMOrpadHs Ha HPOCTATHO-CICHHGHUHN smembpaticH
aETHred, AHUH3Upany ca Npod/ICMATE, CBLP3AHH ¢ I0NYHaBaHCTO Ha apreaxTi ¥ B TPHTE BHAA
wiobpaxenns. Cnejl TOBa ca pasyicqasy MOIXOMWTE 3a CIMBAlie HA H300pwKeHns OT JiBe
sommoceTH. KaTo ce H3X0%;1a OT OCHOBHATR NPOLEAYPa, HOCTENEHH Ca ONHCANH aKTyUIHHTE 34
NpaKTHKATA METOMH — OOCAMHABAHE B NPOCTPaHCTBEHA obnacr, GuiTpauHoEHO OGasHpAHK
TeXHHKY, TPARCHOPMATHOHHO Ga3NPaHy NIPOTIECH, Pa3PEeHH IIPSATTARAHNA, Ja60K0 0by4CcHHE
# PasMHTZ JOTHKA. AHATHIAPAHM €A H CTPATCTHHTE 33 CIHBAHE HA HATOMHHHO-(Y HKIHOHAIIH
amsn, V3TLKHATH ca OCHORHHTC HEIOCTATEIIN HA TAKA aHATHIHPAHHTE [IOIXO/IH, KOHTO Haco4BaT
KbM IE/Ta HE JMCEPTAINOHHMS TPy B ChIaTa [aBa € NPEACTABCHA PeIMCIpalmsTa Ha
wiobpamenns Kato HeoOxoauma 06paboTka, IPEIICCTBAIIA CIIHBAHETO. Pa3rie/tann ca HAKONKO
TPYIR — KAACHICCKH NOJXO, AbA00K0 O0yHEeHHE i Ap. [MocoueH# €& NPS/U3BAKATEICTRATA MPEA
BCHUKM THX. B Kpas HA r/iaBaTa € HANpaBeH AHAMNI HA Hal-CHIICCTBEHHTE pesyimamt of
AHTEPATYPHHS IIPETIIE M €& IOCOYEHH BB3MOMKIH HAaCOKH 33 HAy{HH H3C/AC/BAHHA. B Tpera rnasa
e pazeHo 00O0IIEHO ONNCAHNHE Ha NPSUIAraHus MO/IX0A 3a CANBAHC HA nzoGpaxenna. Onucad €
ATTOPHTHM 33 MHOroeTanHa Xubpiasa o0paborka. B Uerpnpra 171a8a ¢ IPEACTaBEHO 0606IIEH0
ONHCAHNE HA ATTOPHTLM 24 PETHCTPAIlMS Ha H300PAKCHHA OT pasiIcKIaHHa Billl, HOC/ICABAHO OT
JleTaliM3APAHO ONHCAHHE Hil JIBATA CTANa NPH PETHCTPHpaNe. TMpeanioxkeno € 00yHeHHe Ha Mpeka



or ima VoxelMorph. Cneasa onmcanme Ha TpeTH eTan HAa PErHCTPailisg, CBBP3aHO C
pasmpocTpaHeHHE Ha AcOpMANHONHO MOAC, KAKTO ¥ ¢ NPeABMCTBaTa HA HHIMPEKTHOTO
BKTI0YBaHe Ha ABaTa BHAa H3oOpaxennd. B Ilera rnasa e npeuioxkena npeasapuTenna oGpaboTka
Ha H300paKeHHATA ¢ He/ MOBAIIABANC HA TAXHOTO KavecTso, [locovenn ca oueHnwHE napaMeTpsy,
qpe3 KOHTO JI2 Ce OlIpe/lesin HONYHNSHOTO Ka4ecTBO Ha xapmuHatd. [lpejuioskenn ca metoam 3a
(uITPaIHg HA [BaTa BHAA H300pakeMus CIC] HaYalHO OHpEJeNsgHe HA XAPAKTCPHCTHKUTS Ha
uryma. B [llecra riaga ce npeanara H3n013BaHETO HA THCKPETHH YelBieTHH (DYHKIHM 38 ClIHBaHE
Ha wioOpaxennaTa. M30ophT HA KOHKPETEH BUA DYHKIINN © ¢ OCHOBCH AKICHT B AHATH3A TYK.
3acernato e M H300pa Ha HHBO Ha Jiexommnosnpase. OueHeHH ca HAKOJIKO CTpaTerH# 3a
oOe/iHeHNe Ype3 caeaunTe GyHKIHH — Oa3npanHa Ha CpeiHa CTOHHOCT, cHepriiiHo Oasupana, [HS
Gazmpana, ANTHBHO NpPETEIJicHA OT CHEPrHEeH BHI, ¢ MPETEIVINHE HAa H3INBKHANOCTIA M ¢
¢uxcupany Terna. B Kpas Ha 1188aTa € ONHCAHO PEKOHCTPYHPAHETO ¥ TeHCPAllHNTA Ha Kpalinus
cast ofem. B Cejma rnasa ca ONMCAHM [IPOBGACHUTE EKCHEPHMEHTH, KOHTO MNOTBLPAIABAT
HAlpaseHMTe XHIOTC3W B lpeaxoxuure rasH. Onucani ca H3NOM3BaHK 0asH C TECTOBH
m3obpakennn, JledHanpann ca METPHKH 3@ Ka49eCTBO € ¢/ CPAHHCHHE HA PE3yNTaTHIC OT
pamIMYHK OAXONH 3a ¢iamuBane. Onucana ¢ cpeaa 3a paspabortkara. Cnen uznarase Ha BCHYKH
CKCICPHMEHTAIHE PEIYITTATH C4 ONHCAHH OTpaHisesnyTa sa paspaborenute amopurya. B Ocma
[1aBa ¢a NPE/ICTABCHA HAYYHO-HPANOKHETE NPHHOCH HAa paspaboTkara M HACOKH 32 Onaewa
paboTa.

5. llpunocH B ANCEPTANHOHHNA TPY/L

JIOKTOpaHTHT € 3a9BHII 3 HAY9HH, 5 HayYHO-TIPHJIONKEN NIPHHOCA W 2 APHIIOXHE IPHHOCA.

Hayuynure npuHOCH ca cBbp3aHl c: paspaoTkata Ha BCCOOXBATEH MOAXOA 3a
MYJITHMOATHO CIMBRHC HAa M300paKcHMS Ha NPOCTATE OT WIPEHO MArHHTEH pe30HAHC H
MO3HTPOHHO-EMHCHOHHA TOMOIpadus Ha npocrarno-cneundrynng MeMOpaneH aHTHIEH — TYK C€
BKIIOYBA pCrucTpaiys, npeasapurenna oOpaboTka B TpHMEpHA yeHBIICTHE ACKOMNOZMIMA —
MOAXOABLT jiaBa NO-A00PH PesyATary 0T APYTH MCTON, HIBCCTHH B IHTEPATYPATa; TIPS/UIOAKEH €
MOZIX0A 33 NMPOCTPAHCTBEHO HACNATBAKE HA H2O0PaKeHHs OT CLUINTE IBA THIA KATO € W3N0I3Ea
KOMIIOHEHTa OT KOMITIOTHPCH TOMOTpad, Hrpaeia Pona Ha MeXAHHHA aHATOMHYHA MOJAIHOCT —
AedOpMALMOHHOTO TI07e, KOETO C¢ NOy4asa € PaslIHpeHo KhM Thpcenuns obem; paipaboreH e
azanTusen VoxelMorph mozien 3a nedopmupama perictpalas ¢ OrpaHideHil 110 00eM KIHHHYHH
JI@HHH KaTo ce npunara oOyucHue Oe3 yuHTen, peryaspHzanus Ha JedOpMENHOHHO none o
oboraTaBaHe Ha JIAHHHTE.

HayuHO-IIDIVIOKHHTE NPHHOCH Ca CBBP3aHH € pa3paloTeBaHeTo HA QIIOPHTEM 33
npeasapuTensa o0padboTka Ha H300pakeHHATa OT I'Ope [MOCOYCHHTE JIBA BHA KaTO € BKIIOYEH
eran Ha QUITPaIHd B 3aBHCHMOCT 01 KOHKPETHATa MOJATHOCT, HANPABCHO € CpPAasHCHHC HA
npeuioxenara VoxelMorph perucrpanus ¢ knacuyeckure ANT 1 BRAINS metomn supxy ennn
M CBHIM KIMHHEHH CiHy4ad; pa3paboTeH e anTOpHTEM C TPHMEpEH yeHBIET 338 caMBaHe Ha
H3o0paxkeHHs OT JBC MOJAIHOCTH — MIBBPINBA cc oTiacaHa oOpaborka ¥ koMOunwpane Ha
QITPOKCHMAITHATE M JICTRIUTHHTE KOCPHIMEHTH — HaObmoxapa ce 1o0dpeHo ACHCTBHE CIPAMO
PCA, nanyacoBa nupammja u curvelet npeoOpasysane; H3BLPIICH € CHCTEMATHHEH aHaiIM3 3a
BIHSHHETO Ha yelmieTHata (GyHKIMS, HHBOTO HA JISKOMIIO3APAHC M CTPATETHATA 38 CAMBAHE
BEPXY KONHYCGCTBEHHTE M KAYECTBCHM XapaKTepHCTHKM Ha DPE3YITAHTHHTE WH300pKenus —
JOCTHTHAT € ONTHMYM mpH Meyer yeiiBner, Cpe/iHO HHBO Ha JIGKOMIIO3HPAHC W CIHMBaHC ¢



dukeupann Terna; paspaboren € xoMGHHHpaHa paMKa 332 OUCHKE HA pPErHCTPaUMATA,
upeasaputensara 00paboTka W CHWRAHETO IPH OTCHCTBHE HA CTHKCTHPAHA TECTOBA M3BATKA C

H3IIOA38AHCTO HA KOIHHMSCTBEHHN METPHKH H KRYCCTBCHE CKCIICPTHA OIICHKA.

[Ipuo/AHNTE NPHHOCH €A CBLP3ANH ¢; paspaboTeanero na codTyephn Moxy:ns na Python 3a
PEeTHCTPAIHA, TIpeABapHTenHa 00paboTRa W KOJHYCCTBCHA OLEHKA HA J@HHWTE; paspaboreH €
rpaduden notpeOuTenckn uHTepdelic 3a 3apeKIaHE Ha TECTOBHTE H300paxenws, H30Op Ha
napaMeTpHTE Ha AITOPHTLEMA 38 CHBaHE, BU3YANH3aIMS Ha KPAHHATE Pe3y/ITaTH H H3THCIABAHE
HA KaMEeCTBEHHTE MCTPHKH,

Benuky 3a8BEHH NPHHOCH CHOTBETCTBAT Ha NPEACTABEHOTO ChABPKAHNE B AHCCPTALHONIHA
TPy AL

6. Tpencuxa ua my G AHKANMATE N0 THCEPTANMONAMA TPYX

PazpaboTeHuTe NOAXO/M, ANTOPHTME H 1I0JYHEHHTE OT TECTBAHETO MM CRCICPHMCHTRTHH
pesy/ITATH Ca AOKNA/IBaHH B 7 Hayyny nyOmaukay, T1er oT TAX ca JOKIaAH 0T MERyHAPOHM
HAYYRH KOHDEPEHIIMH, BCHIKH OT KOUTO ca hJiexcupan B Oasara nantu SCOPUS. Ocranamre 2
1y ONHKAIHA Ca JOKJIaAH OT HAIMONATHN KOHDEPEHITHA ¢ MEKAYHAPOANO yHacTHe, | 0T KOHTO
chimo e uagercupana 8 SCOPUS. Bewuxs nyS/iuKkanumy ¢a Ha GHIHICKH €3HK KaTo B 2 OT THX
JIOKTOPAHTHT ¢ CAMOCTOATE/ICH aBTOP. 3a0emi3an0 ¢ | ATHpaKe B Hy#/IECTPaHHA myGIHKanus,
CuaspaanneTo # 00eMbT Ha BCHUKY TE3H My DIMKAINY OTPA3ABRE B I'0/IME CTENSH ChIILPKAHHCTO
Ha IMCEPTANMOHHHA TPYA B OPHIHMHAIHATA MY HacT, KOCTO CBHACTCACTBA 33 IIHPOKOTO
PAZNPOCTPAHCHHE HA NOJAYYCHHTE PE3YITATH.

7. Ounenka ua apTopedcpara na ANCEPTAMITR

Kua gucepraumsta uMa npencrases asropedepar. Tol BKIOYBA OCHOBHHTC PE3yITATH,
TIONYYEHN OT JIOKTOPaHTa.

8. TipemophKH H KPHTHHHH 300 TERKH

Crien HASATHO JANO3HABAHE C JIMCEPTAMOHNHA TPYA OAXa OTKpUTH He romsM Opoi
HETOMHOCTH, TPeAH BCHYKO ¢ TexHmdeckd xapaxrep. Cues pasroBop © JIOKTOPAHTR TC3H
HETOYHOCTH DSXA OTCTPARHEHH H KhbM MOMCHTA HAMaM 3a0elexKH N0 IHCepTRIHOHHNS TPYL.

9. 3axmovuenne

JlucepraumonHRsT TpyJd Ha Mar. MEX. /Jluana [IseTkoBa Ha TeMa
LJAJIFOPATMM 3A CIIMBAHE HA U30BPAXEHMSA OT SIZIPEHO MATHHATEH PE3OHAHC
W TTO3UTPOHHO-EMMCHOHHA TOMOI'PA®HS HA TMPOCTATHO-CHELHWOHYHUA
MEMBPAHEH AHTUTEH® chianpaa AOCTATHMHE 1O O0CM OpHIHHAIHH EXCOEPHMEHTAINN
PE3YITATH M TEOPETHHHM MOJICITH, KOHTO NOJXPENST 3afBEHATA Te3a Wpe3 NOCTasenara uen #
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1. Relevance of the problem developed in the dissertation

Modern medical diagnostics is unthinkable without the use of images of organs of the human
body. There are a large number of technical means for their acquisition — X-ray, computed
tomography, nuclear magnetic resonance, positron emission tomography, ultrasound devices, etc.
With the development of computer technology, it became possible to obtain the captured images
in digital form. This, in turn, led to the possibility of applying multiple processing of these images
in relatively short intervals of time while occupying relatively small amounts of memory — noise
filtration, contrast enhancement, object segmentation, distance measurement and their change
when comparing two or more images, reconstruction for the purpose of three-dimensional
representation of organs of the human body from multiple images, etc. One of these modemn
processing is the fusion of images. and in particular those obtained from nuclear magnetic
resonance and positron emission tomography of the prostate-specific membrane antigen. The result
of this fusion as an intermediate stage of a more complex series of transformations immensely
facilitates the process of analyzing the condition of the prostate and making a timely diagnosis and
concomitant treatment of the person,

One of the great advantages of using nuclear magnetic resonance is obtaining images with
high resolution and high contrast, even in areas occupied by soft tissues, Sometimes an obstacle to
the interpretation of these images are artifacts and lesions, as well as a change in the background
in larger anatomical areas caused by unwanted patient movement, rectal gas, etc. In tum, positron
emission tomography of the prostate-specific membrane antigen can provide additional
information about the formation of areas of the tissue representing a tumor formation. The fusion
of the two imaging modalities leads to a more detailed depiction of the condition of the prostate,
as lesions can be distinguished more clearly, instrumentation can be directed during biopsy, the
stage of development of low-quality formations can be determined, etc. There is still a low
prevalence of combined devices for positron emission and nuclear magnetic tomography, It is a
common practice to obtain the two types of images separately in two independent examinations of
the patient. This requires the fusion of the obtained images with high accuracy of coincidence



between the same anatomical areas. This task, solved entirely by software, is of high complexity
and defines the problem considered by the doctoral student as extremely topical.

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

The doctoral student has shown good knowledge of the state of the problem and has made a
broad creative interpretation of the literary material in the first two chapters of the dissertation. To
begin with, the need for research in the given area is stated, the specific problem is defined and the
goal and objectives of the dissertation are formulated on it. The expected contributions as a result
of the work on the topic are also described. In the part on literary analysis, the doctoral student has
reviewed the essence of prostate cancer as a medical phenomenon and the need for timely
treatment. The imaging of the prostate using computed tomography, nuclear magnetic resonance
and positron emission tomography of the prostate-specific membrane antigen has been analyzed,
and for each of the devices used, it has been determined what artifacts are introduced into the
images during the imaging. Then, attention has been paid to the possibilities for merging images
from nuclear magnetic resonance and positron emission tomography of the prostate-specific
membrane antigen - through procedures of merging in the spatial domain; merging based on
filtration; merging based on transformations; merging based on sparse representations; methods
based on deep leaming and methods using fuzzy logic. Last but not least, general strategies for
merging are presented from the point of view of the anatomical-functional aspect of the image data.
A place is allocated for the analysis of the problems in the two image modalities under
consideration. The essential role of multimodal registration as a key prerequisite for the subsequent
merging has been taken into account. The classical approach, deep lcamning approaches and
approaches through classification, with the main challenges facing them noted. The best methods
for registration and fusion of medical images from different modalities are revealed, and the
possibilities for their future development are determined.

3. Compliance of the selected research methodology with the set goal and tasks of the
dissertation work

The selected research methodology fully complies with the set goal in the dissertation work
and the tasks related to it for implementation. First of all, the doctoral student presents a
summarized description of the proposed approach and then a developed algorithm based on multi-
stage processing of a hybrid type. VoxelMorph network training is used. The process of
propagation of the deformation field is analyzed. Advantages of the indirect inclusion of positron
emission tomography of prostate-specific membrane antigen and nuclear magnetic resonance are
discovered and described. Steps for pre-processing of the images are applied. The characteristics
of the noise in them were analyzed, on the basis of which the most suitable strategies for reducing
the levels were sought and an approach was used that was algorithmically implemented for this
purpose. Image fusion is implemented using 2 wavelet function. For this purpose. a review of
popular functions from the literature was made and the most suitable one was selected. The depth
of decomposition is determined. The fusion itself is performed based on several criteria - based on
the average value, based on energy, IHS based, based on adaptive energy weighting, based on
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convexity weighting and fusion with fixed weights. Reconstruction and generation of the final form
of the fused volumes are described as separate algorithms in the dissertation work. A number of
popular image sets were used when testing the algorithms, and the resulting images were evaluated
with several evaluation metrics - based on intensity, information-theoretic and quality. A quality
assessment protocol was also built.

4. Characteristics of the dissertation

The dissertation is 188 pages long. It contains 18 tables, 32 figures and 56 mathematical
expressions. The literature used is presented in a list of 111 titles of scientific publications, all of
which are in English.

The content of the dissertation includes a preface, summary, list of abbreviations, table of
contents, list of figures, list of tables, 8 chapters, appendix, list of publications of the doctoral
student, noted citations, awards received and bibliography. In the First Chapter, first of all, a
justification is made of the need for rescarch in the direction chosen by the doctoral student. The
essence of the scientific problem is defined. On this basis, the goal and objectives of the dissertation
are defined. At the end of the chapter, the expected results of the research are described. In the
Second Chapter, the importance of prostate gland visualization in order 1o determine the presence
or absence of cancer in it is extensively discussed. The three most promising modalities for its
imaging are indicated — computed tomography images, nuclear magnetic resonance images and
prostate-specific membrane antigen positron emission tomography images. The problems
associated with obtaining artifacts in all three types of images are analyzed. Then, the approaches
for merging images from two modalities are considered. Starting from the basic procedure, the
methods that are relevant to practice are gradually described — spatial domain fusion, filtration-
based techniques, transformation-based processes, sparse representations, deep learning and fuzzy
logic. The strategies for merging anatomical-functional data are also analyzed. The main
shortcomings of the thus analyzed approaches are. highlighted, which point to the goal of the
dissertation work. In the same chapter, image registration is presented as a necessary processing
preceding the fusion. Several groups are considered — classical approach, deep learning, etc. The
challenges facing all of them are indicated. At the end of the chapter; an analysis of the most
significant results of the literature review is made and possible directions for scientific research are
indicated. Tn the third chapter, a generalized description of the proposed approach for image fusion
is given. An algorithm for multi-stage hybrid processing is described. In the fourth chapter, a
gencralized description of an algorithm for image registration of the considered type is presented,
followed by a detailed description of the two stages of registration. Training of a VoxelMorph type
network is proposed. The following is a description of the third stage of registration, related to the
propagation of a deformation field, as well as the advantages of the indirect inclusion of both types
of images. In Chapter Five, a pre-processing of the images is proposed in order to increase their
quality, Evaluation parameters are indicated, by which to determine the resulting image quality.
Methods for filtering the two types of images after an initial determination of the noise
characteristics are proposed. In Chapter Six, the use of discrete wavelet functions for merging the
images is proposed. The choice of a specific type of function is the main emphasis in the analysis
here. The choice of the decomposition level is also affected. Several strategies for unification are
evaluated using the following functions — average-based, energy-based, [HS-based, adaptively

8



weighted by energy type, with convexity weighting and with fixed weights. At the end of the
chapter, the reconstruction and generation of the final merged volume are described. Chapter Seven
describes the experiments conducted to confirm the hypotheses made in the previous chapters. Test
image databases are described. Quality metrics are defined to compare the results of different
fusion approaches. The development environment is described. After presenting: all the
experimental results, the limitations of the developed algorithms are described. Chapter Eight
presents the scientific and applied contributions of the development and directions for future work.

5. Contributions to the dissertation

The doctoral student has declared 3 scientific, 5 scientific-applied contributions and 2 applied
contributions.

The scientific contributions are related to: the development of a comprehensive approach for
multimodal fusion of prostate images from nuclear magnetic resonance and positron emission
tomography of prostate-specific membrane antigen — this includes registration, preprocessing and
three-dimensional wavelet decomposition — the approach gives better results than other methods
known in the literature; an approach for spatial superposition of images of the same two types is
proposed using a component from u computed tomograph, playing the role of an intermediate
anatomical modality — the deformation field that is obtained is extended to the searched volume;
an adaptive VoxelMorph model for deformable registration with limited clinical data volume is
developed by applying unsupervised leamning, deformation field regularization and data
enrichment.

The scientific and applied contributions are related to: the development of an algorithm for
pre-processing images of the above two types, including a filtration stage depending on the specific
modality; a comparison of the proposed VoxelMorph registration with the classical ANT and
BRAINS methods on the same clinical cases was made; an algorithm with a three-dimensional
wavelet for merging images of two modalities was developed - separate processing and
combination of the approximation and detailed coefficients were performed - improved
performance was observed compared to PCA, Laplace pyramid and curvelet transform: a
systematic analysis of the influence of the wavelet function, the level of decomposition and the
fusion strategy on the quantitative and qualitative characteristics of the resulting images was
performed - an optimum was reached with Meyer wavelet, average level of decomposition and
fusion with fixed weights: a combined framework for evaluating registration, preprocessing and
fusion in the absence of a labeled test sumple using quantitative metrics and qualitative expert
assessment has been developed.

The applied contributions are related to: the development of Python software modules for
registration, preprocessing and quantitative data evaluation; a graphical user interface has been
developed for loading test images, selecting the parameters of the fusion algorithm, visualizing the
final results and calculating the qualitative metrics.

All listed contributions correspond to the content presented in the dissertation.



6. Assessment of publications on the dissertation work

The developed approaches, algorithms and the experimental results obtained from their
testing have been reported in 7 scientific publications, Five of them are reports from international
scientific conferences, all of which are indexed in the SCOPUS database. The remaining 2
publications are reports from national conferences with international participation, 1 of which is
also indexed in SCOPUS. All publications are in English, and in 2 of them the doctoral student is
an independent author. 1 citation in a foreign publication was noted. The content and volume of all
these publications largely reflect the content of the dissertation in its original part, which testifies
to the wide dissemination of the results obtained.

7. Evaluation of the dissertation abstract

An abstract is submitted with the dissertation. It includes the main resulis obtained by the
doctoral student.

8. Recommendations and critical remarks

After an initial review of the dissertation, a number of inaccuracies were discovered,
primarily of a technical nature. After a conversation with the doctoral student, these inaccuracies
were climinated and | currently have no critical remarks on the dissertation.

9. Conclusion

The dissertation work of M.S¢. Diana Tsvetkova on the topic " ALGORITHMS
FOR MULTIMODAL IMAGE FUSION OF MRI AND PSMA-PET IMAGE DATA OF THE
PROSTATE " contains sufficient original experimental results and theoretical models that support
the stated thesis through the set goal and correspond to the solution of the tasks set for
implementation. The main requirements of the ZRASRB, the regulations for its application and the
PURPNS of TU-Sofia for the acquisition of the educational and scientific degree "Doctor” have
been met, which gives me reason to support the acquisition of the latter by M. Eng. Diana |
Tsvetkova.

01.09.2026 Prepared by:. N
Sofia, Bulgaria (Assoc. Prof. Dr. Ivo Draganoy)
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