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o1 npod. a-p Cranncaans Caasues, Ly.u
3a McepraunonHns Tpy Ha a-p Feopru Jlanmesnon panpken
Ha TeMa:

~Msicro ua H3KYCTBCHHSIT HHTCICKT B CbBPEMEHHATA KOJNOCKONCKA (HATHOCTHRA i
HPCJAPAKOBH H3MCHCHHSY HA MAaTOYHATA muiKka*

30 npiioouBane Ha odpasoBaTesiHaTa U HayuHa creren Joktop™

B npodecnonaino nanpasienue 7.1, MeauumMHa“, HayuyHa CcneumMasHoct LAKVIHCPCTBO 11
IFHTHCKOJI0rHa™
Meanumnekn ynupepeurer — I'aesen

Jlncepraumonnuat tpya Ha a-p leopru [anuenos llpankes e npeicrasen s
HpHI0OMBaKE Ha 0OpasoBaTeaHaTa M HayuHa cteneH JIoKTop™ B 00:1acT Ha BUCHICTO 00PA30BAIIIC
7. .3apaseonassane W cnopt. npodecuonanno wanpapienue 7.1, MeanmnaT, nayvuna
CHCHMATHOCT LAKYIIEPCTBO U THHEKOIOTUA™ KbM Meanunuckn ynusepenter — Thiesen. Havunn
PHLROBOANTENN ca ui.-Kop. npod. 1-p Crasuo Tomos Tomos. jm.m.. u aka a-p 'purop Anrenon
['opuen. M. H.

Peniensusara € u3rorBeHa ¢boOpas’HO M3MCKBAHMATA HA 3aKOHA 34 Pa3sBHIncto 1
akaiemiunng cheras B Penydauka buarapus. Hpasuinuka 3a HeroBoTo npuiaarane H oTHOCHMITC

BLIPCIIHU IpaBiia Ha MeMIMHCKK yHuBepeuTeT — [ 1iese.

1. TndHU U NpodeCUOHAIHU AaHHU HA JOKTOPaAHTa

Jl-p T'copru Jlanuenos Ilpanmker e posaen va 20.06.1993 r. s rp. [lnosane. 3asnpiina
vemimna B Meannmieku yuusepenter — [aosans npes 2018 r. Tpodecnonannust My nn1
AKVHIEPCTBOTO M rHHEKoJ0ruaTa 3anousa npes 2019 r. 8 YMBAJL . Jlesa Mapusi™ — byprac. a o1
2020 1. nponbakasa 8 YMBAJL . .Ceeta Mapuna — [Taesen™. Tlpe3 aekemspu 2023 1. npuiodisa
CHCHMAIHOCT L AKYWEPCTBO W FMHEKOJIOTHA™ U loHacTosAeM paboTh KaTo JACKap Crnenaincs n
chinara JeuedhHa CTPYKTypa.

O71 03.12.2020 r. e acucTeHT B Kareapa . ,AKYLWEPCTBO H M'HHEKOI0r U™ Ha MenimneKi
viupepenter — Ilaesen, a or 08.11.2021 r. e peaoBeH JAOKTOPAHT 110 JOKTOPCKA NpOrpama

SAKYVIDEPCTBO M FHHEKOIOTHS™,

Hpodecnonannara My KBaanduKalms BKIOUBA NOJATOTOBKA 110 MUHMMAIHO HHBAZHRBIIA
[MHCKOJIOTMYHA  XHPYPIUs. JMArHOCTHYHA W ONEPATHBHA JANapoCKONMs. JIHAIHOCTHUHA U
OHEPATHBHA XHCTEPOCKOTINS W YATPA3BYKOBA AMArHOCTHKA B aKYLICPCTBOTO M FHHEKOJIOIHSTA.
Ceprudmtpan ¢ 3a padora ¢ podorusupana xupypruuua cucrema da Vinci uo¢ npemuma
CHCHMAINHPAHO  OOVUYEHHE 110 KOJIMOCKONMA, JAHANHOCTUKA W JICCTPYKTHBHO JCueHie i
JOOPOKAYCCTBCHH W NIPS/APAKOBH M3MEHEHMS HA MATOUHATA IWHKA, BAQIAAMIICTO M BYJBATL



MenciynapoanuaT My oOpasoBatesieH ONMT BKIKOUBA OOVHEHHE M MPAKTHKA 110 HPOIPaNi
Erasmus+ B Ucnanns.

HayunowuscaenoBarenackara my J1CHHOCT € 1OCACA0BATEIHO CBBP3AHA € TIPHAOIKCHHCTO 11
HIKYCTBCHHSA MHTEACKT, AMTUTAITHUTE TCXHOIOMMH U POOOTHZHPAHATA XMPYPIHS B THHCKOIOT 13T
Yuacrea 8 npoekra MureaKAMar. gbB Bucuietro yuuanuie 1o npoekt BG-RRP-2.004-000 3
Karo maan yuen R1 B Hayuna rpyna JM3KyCTBEH HHTEACKT B 00J1aCTTa HA THHCKOJIOMHATA™ . KAKIO
B lleHrbpa 3a KOMNETEHTHOCT 110 HEpCOHAJM3MpaHa Meanimua. 3D u o reaeme .
POOOTHIMPAHA M MMHUMAIIHO MHBA3MBHA XHPYPIHs. BKIKOUWTCIHO BLB BTOpata My dasa 10
npoekt BGIORFPRO02-1.014-0002.

PaspaboTkara My ¢ noayunia HalMoHAITHO U MEATY HAPO/HO NPH3HaHUe: oTanume B ]
Health i-Days u rpero msicto Ha esponeickus (pmnan 88 Buena npes 2022 1. nbpo wsicto &
npesuipuemaueckara nporpama Beyond Pre-accelerator. Intel Al Innovators Award 2023, Intel Al
Global Impact Festival 2023 — Country Recognition Award 3a bbarapus. Kakro i Tpero Mscto s
kareropus . Humanitarian Technologies/Social Impact™ na Startup O1¢ 2023 g Menanms.

2. AKTYanHOCT ¥ 3HAYUMOCT Ha pa3paborsaHua npobnem

JIMCePTALMOHHUAT TPYA Pa3riekaa U3KIOMMTETHO aKTyaideH M OOUICCTBCHO 3HAUIN
HPOOJIEM — TOBHINABAHETO HA OOEKTHBHOCTTA. Bb3IPOU3BOAMMOCTTA U IHATHOCTHYHATA CTOHHOC |
HA KOJMOCKONCKOTO W3CIe/ABAHE NPH NPEAPAKOBH W3MEHEHUS Ha MaTouHaTa uniika. Hesasueimio
o1 pazsuTreTo Ha HPV-0asupanms CKpUHUHI U BAKCMHONPOPHAAKTHKATA, PAHHOTO OTKPHBAIC 1
IPABWIHOTO JIOKQ/JAM3UPAHE HA CYCHEKTHUTC JIC3HH OCTABAT CBLUICCTBCHH 3a cekTiBiiala
NpoGHIAKTHKA HA paKa HA MaTOUHATA WIHITKA.

M3060pbT HA M3KYCTBEHHUA MHTENIEKT, M NO-CICHHATHO HA METONTE 3a KOMIIOTHPHO 3PCHITe
M OIMKCEIHA CCIMEHTALMA, € JIOMMYHO HayuHo petnenne. ToaxoanT uean e npocto ounapho
pa3rpaHHuaBaHe HA HOPMAIHH W AOHOPMHM M3OOPAKCHUS. @ NPOCTPAHCTBEHO JTOKATHIHPANC 11
KOHKPETHH KOJINOCKONCKH HAXOJAKH M CL3AaBAHE HA BBL3MOKHOCT 3d BH3YAAHO OOACHCHHC 11
pesyvarara.

lemara uma sicHo H3pa3CcH UMHTCPAHCUHTIIHHAPCH NapaKkiep. kKaro 00C/IMHABA ARVIICPCTBO
H FHHCKOIIO s, UIH\'()IlpO(I)HJIHKTIAK.’.l. MauItHHHO 06_\ YCHHC, aHAIHS HA MCJIHIIMHCKH II'&U(‘P:UKL‘IIIHI
H L‘U(I)'!')CPHU WHIKCHCPCTBO. OcodeHO MOJOKHTCIHO € HOCTABIHCTO HA H3KVCTBCHHS HHTCICK]
KaTo acHcTupatr MHCTPYMCHT, 11pH KOMTO JdeKkapsarT 3araspa Bo/iCUlaTa podist B OKOHYaTe HoTo
AMATHOCTHYHO PCHICHHC. Tosu JAUCEPTALAOHCH TPYIL € H3KIMHOUHTCIHO 3HAYMUM. HHOBATIHOHCH.
ABAHTAPJCH 1 HABPEMCHCH.

3. Nuteparypen ob30p

Jluteparypuuar 0030p e pa3paboTeH B HWIMUPOK TeMaruuyeH oOXBaT M OCHINPsiBa
HEOOXOAMMATa  KIAMHMYHA M TEXHOIOrMYHA pamka Ha  wicaeasanero.  [lpocaeiacnn  ca
HCTOPHYECKOTO Pa3BUTHE HA KOJINMOCKOMUATA M U3KYCTBCHMUA WHTCACKT. OFpaHHucHMs a1



KOHBCHIIMOHAIHATA KOJTOCKOMNCKA OHEHKA W CBOMMOHIUATA HA KOMITIOTHPHO HoJnoMarasmie

JAHArHOCTHYHH CHCTCMH.

ABTOPBT  pasriiekaa  NOCIC/0BATEIHO  KAACH(PUKALMOHHUTE,  CCIMEHTAIIMOHHNTC.
MYATHMOJQIHNTE M XHOPHIHUTE apXUTEKTYPH 33 aHAIN3 HAa MEJAMLMHCKH n300pamenns. Baxen
cleMeHT Ha 0030pa ¢ KpUTMYHATA OLEHKAa HAa NYOAUKYBAHWUTC PE3yITari. BKIOUHTCIHO
AMArHOCTHYHKUTE  NparoBe, MerlyHalaiaarenHara  BapHadMaHOCT, OHONCHYHATA CTPATCeris.
anoTalMoHHatTa cy0EKTHBHOCT M XETEPOreHHOCTTA Ha ChilecTBYBatinTe Al cHeremn.

OcoOCHO 3HAUYCHUE € OTACICHO HA CErMEHTALMATA HA KOJIMOCKONCKHTE Haxo/akH. Tosa ¢
CHINCCTRBEHO. Thil KATO KIWHWYHATA CTOHHOCT Ha e/1Ha Al cuctema He ce onpeie/s ¢IMHCTBCHO O
crocooHocTTa 1o jaa Kiacuuipa M300paKEHHETO, @ M 0T Bb3MOKHOCTTA JIa 1HOCOUH Kbie CC
HaMUpa 11003puTeanHata 30Ha. [1o TO3K HauuH JuTeparypHuat 0030p odocHoBaBa H3OOPa Ha
COMAHTHYHA CCrMEHTALHS KAaTO METO0JJOrHYHA OCHOBA Ha P'd'ip'd()()'l'I\‘Ll’l‘(l.

O630pbT pasriekia H HEOOXOAMMOCTTA OT KAUeCTBEHW. CTAHAAPTHINPAHI W HAICK THO
anoTupann 6a3n jganun. ToBa € KJIIOYOB acneKkT npu mMeanunneknte Al moaean. 1ol Karo
KAUEeCTBOTO M €IHOPOAHOCTTA HA AHOTALMMTE NPAKO BAMAAT BLPXY 00YHCHHCTO W BAIHIMPANCTO
HA AATOPHUTMHTE.

B oboOuenne, aureparypHusaT o030p He € camo onucareien. ol oueprasa
CHLUCCTBY BALMTE OFPAHHYEHHS W HEPELICHH TTPOGIEMH H JOTHUHO H3BEK/IA HCOOXOAMMOCTTA 01
Pa3padoTBAHETO HA OPUTMHAICH MO/IXO0/1 3a TMKCEIHA CCIMEHTAINS HA KOJHIOCKONCKH HANOKI.

4. issoau OT iMtepaTtypHua o63op

* (‘thC.\ICHH’d'I‘a KOJINMOCKONCKA JIMAarHOCTHKA OCTaBa 3aBUCHMA B 3HAYMUTC/IHA CTCHCH O OnTa
Ha u3clie/Baiimg 1 KaueCTBOTO Ha BU3ya/lHATA OLICHKA.

« CLIecTBYBa HEOOXOAMMOCT OT OOCKTHBH3HPAHE W CTAHAAPTU3UPAHE HA HHTCPHIPCTALNATA Ha
KOJIHOCKOTICKHTE M300PaKEeHHS.

* Meroaure Ha KOMITHOTBPHOTO 3pEHHEC U CEMAHTHYHATA CCIMCHTALLHS MPCOCTABAT Bb3MOKHOU]
30 JIOKAQIM3MPAHE HA KOHKPETHH NaToJIOrMYHKW HAXOJAKH, a HE CaMO 34 00ta I\'.’lil&.‘li(hlll\".lllll)l.

« KauecTBOTO Ha MEAMIMHCKaTa 0a3a 1aHHM W CKCIEPTHATA aHOTalus ¢ KpHTHuceH ¢akrop sa
najcxkanocTTa Ha Al Moaenure.

o [CIMHUYHO NPHAOKUMHAT H3KYCTBEH MHTEICKT CeBa J1a Ob/1e paspadOTBal Kato acHeTipat
HHCTPYMEHT. KOITO MOANOMAra jekaps. a He 3aMeCTBa KAMHUUHATA MY TIpeieHKa.

« Hainie ¢ HayuHa M OpakTHYECKa HEOOXOAMMOCT OT MOJE/IN. pazpadoTeHn BbHPXY
CTaHapTH3HPAHN KOJITTOCKOTICKH JlAHHU W OLICHEHH TIPH KOHTPOIMPAHA MCTO10:10T 1.
5. CTpyKTypa, marepuan u metoau

JIMCepTalMOHHHAT TPY/L € CTPYKTYPHPAH JIOFUYHO i 1TOCJIC/I0BATC.IHO B 174 crpannit
BICHOUBA CITHCHK HA M3MOA3BAHNTE CHKPAUEHHs. CeAeM OCHOBHK riasm, 41 Quiypu. 20 radimi



n ondamorpadgms ¢ waa 100 aureparypin witounnka. Bueeiaeuuero oOxsaua ¢rp. 810,
awreparypuust 0030p — crp. 11-75. nenra u 3aaaunre — ¢rp. 76, MarepHasbt H METOMTE — CIp.
72-82. coberpenute pesyaratn M obchKAaHeTo — crp. 83143, npunocure — crp. 143154,
ounoaunorpapusita — crp. 155-174.

[lenra e scHo (opmyaupana ¥ e onepannoHaIM3Mpana upes 1eT KOHKPETHH 5a1auii:
paspadoTBaHe Ha Al aaropuTbm: Ch3laBaHe Ha CTaHAAPTH3IMPAHA O@3a JAaHHN W AHOTALMONCH
NPOTOKO/I: anaau3 Ha (AKTOPUTE. BIMSACULM BBLPXY CErMEHTAIMOHHATA NPOH3BOIHTCIHOCT:
CPABHUTE/IHA OLEHKA C ONUCAHM B JIMTEPATYPATA CHCTEMMU: W ONPEAC/ISHE HA KJAMHMUHATA
MPHAOAHMOCT U MACTOTO HA U3KYCTBCHUS MHTCACKT B CHBPEMCHHATA KOANOCKOIMS .

HM3caneBaneTo M3M03Ba NPOCHEKTHBHO HATPYNAH KIAMHMYCH Matepuan ot 94 ke 1
Bh3pacT 18-64 roamuu, uscaeasann 8 YMBAJL .Ceera Mapuna — [aesen™ npes neproiaa 2022
2025 r. O1 Hero e w3rpajeHa ckcriepuMeHTaina Oasa. cbhabpiKama 355 KoANoCKONcK
nio0pakenua ¢ 625 eKCnepTHO OYEPTIHU NOJNIOHA. AHOTALMHTE €a CTPYKTYPHPA 110
viauguumpan npotokos. cbodpazen ¢ [FCPC tepMuHOIorusTa. a 3a ceManTninaTa cervenianis
¢ mnomssana apxurekrypa nnU-Net v2 ¢ Residual Encoder U-Net M.

Hposeaenyn ca 13 KOHTPOIMPAHN EKCHIEPHMEHTA, BKIKOUBALLH MHOTOKAACOBH W OHHAPHI
dGopmyanposku. oversampling. OTOMETPHUHN aYIMEHTAUNN 1 JOKAIHO WIPA3BAHE HA POk
HaxoAKK. PasiessineTo Ha JaHHUTE Ha HUBO KAMHUUEH NPErIe/L € METOM0A0MMUHO CHIIHA CTPatii.
Ibil - KATO  OrpaHdyvaBa  pucKa OT H3THYAHC HA  MHQOPMALMS  MCKIY  0OVuasallie i
BATHAALMOHIWTE 1o iHabopH.

6. Peaynratu u obcbKpgaHe

Pesyararure ca npeactaBeH CHCTEMATHUHO B ChOTBETCTBHE € MOCTABCHHUTE 3a/1aUi 1 i
IMOAKPCIHCHH € 'I'LI(P).'IHIIH. KPUBH U KQUCCTBCHH BHU3VATH3ALLMH, l’u'spa()m‘cnmn IFMOJICT ACMOHCTPHPaA
Hait-100po nNpeacTaBsHe NpH Hoa-HeratMBHUA KJac. 3a Koitto ¢ orueren ROC-AUC 0.908. r1okaro
Onnapunst moaen £202 nocrura ROC-AUC 0.767.

OT CBUICCTBEHO 3HAYEHUE € KOPEKTHATA MHTCPHPECTALMS HA HOJYUCHUTC Pe3y ITali.
,-\H'I'()p'h'l M pa‘il‘ile)i\’,ila B KOHTCRCTA Ha OIpaHuycCHis odem AAHHW. KIACOBMs IHCOA 1AL,
CHOKHOTO NPOCTPAHCTBEHO NPUNOKPUBAHE HA HAXOAKHTE M PA3AHUMATA MCKIY HPOTOKOIHIC
onerna  kuceanna u JlyrosoB paszrsop. He ce 1onyeka HEONpaBaano  pastiupssane 1
BAKOUCHUATA W3BBH PEATHO MOJYUCHHTE JIAHHMN.

OcodDeHo  NOJOKUTEAHO  oueHaBam  (aKra. uYe cHeTemara ¢ onpeicicHa  Kaio
H3CAC/IOBATCICKH  NIPOTOTHIT € JI0Ka3aHa KOHUCHTYA/AHA CTOMHOCT. @ He Karo roroBo il
CAMOCTOSITC/IHA KIAMHMYHA YIOTPeDa JMArHOCTHYHO CPEACTBO. TO3M NMOJAXOA CBUACTCICTRA 1
HAYUHA KOPEKTHOCT U A00p0 pazdmpate Ha rpaHuitnTe Ha HPHIOKHMOCT Ha paspadoTeHma Mo Ic.1.

7. A3Boam OT npoBeaeHOTo uscnegsaHe

. Pﬂ'ipl]ﬁ(\'l'clﬂl ¢ OpUruHaiHa Al cucTema 3a NUKCeIHA CCrMEHTALMA HA KOJOCKOTICKH HANOIKH.



« (Ub3naieHa e CTPYKTYpHpaHa 0asa JlaHHU OT KOJIOCKOTNCKH I'l'l()(’spzl'/l\'CHHﬂ C CKCHEepTHH
AHOTALMK. OPraHu3upaHu 1no _VHH(l)MlalilH HPOTOKOJI.

* HPUBC,‘IL‘H ¢ CHCTCMATHYCH dHajliu3 Ha (I)'LU\"I'OPH. BIVBSICULIM  BBbPXY CCIMCHTAMOHHAaTa

NPOU3IBOJINTCITHOCT.

. HU.‘I_\‘ICHI-l‘I‘C pe3yiTaTt nokKassart pas/indHa C(bCK'l'HBHOCT Ha MOJICJIMTC CHOpCl BH1a Hd
KOTOCKONCKATa HaXO/Ka U nocraBpeHara sajaya.

» M3cieapaseTo JICMOHCTPpUpA KOHUENTYa/lHaTa Bb3MOKHOCT Al 1a nojanomara JOKATHIHPAHCe o
HoHHTCPpHpeTauusaTa Ha KOJNMOCKONCKH W3MCHCHHS.

« Ha 1o3m eran pil'iPU(—)()'l‘Kd'l"d CJIC/IBa J1d Objie pasricikK/iana Karto Hi3CcACaoBarc/Jicki npororiiL
KOCTO € KOPCKTHO C'b()ﬁpi:l'iﬁil() ¢ obema w XAPAKTCPHUCTURHUTC Ha HATWYHHMA  KITHWHHYCH
vMarepual.

ki PL"&_\‘.’I'I‘G'I‘H'I'L‘ Ch3/laBaTtT OCHOBA 3a MoOcCjeABaAllO pasiiupsaBaHe Ha 0a3at1a JIAHHMW. HC3ABUCHMO

BAAM/IMPAHC 1 OLICHKA Ha KIIMHWYHaTa NpHIOKNUMOCT.

8. Hay4H” v HAYYHO-NIPU/IOXKHU NPUHOCHU
[lpuHocHTe  Ha  JAMCEPTALMOHHUA  TPYA ca  ACHO  (OPMYIMPAHKH M [IPOH3THYAI
HETOCPEACTBEHO OT NPOBEACHOTO n3cieapate. Te morar aa Gbaat 0000UICHN KAKTO Ce/1BA:
Hayunun npunocH:

* 30 bpBH NbT B bbarapus e paspadoTeHa W eKCHEPUMEHTAIHO H3C/Ie/aBana opurntaina Al
CHCTEMA 3a ITHKCEIHA CErMEHTALMS Ha KOJATOCKONCKH HANOJIKH.

2 PLI'%D(!G()'I'CII(I ¢ MCTO10JI0T MY HA paMKa 3a M3ITOJI3BAHEC HA CEMAHTHYHA CCIMCH Fatimst Npm asaing

Ha KOJMOCKOIICKH H'!OGP&IH\'CHI'M.

* O)HEHCHO € BJIUIHHETO HAa OCHOBHHU MCTOJ10/IOTMHYHH (|)£IK'I'OPH BLPXY HPOHUSBOJAHTCIHOCTTA Ha

Al mojena.
HayuHOo-npHI0KHH NPHHOCH:

* (b3jlancuHa e coOCTBEHA CTPYKTYpHpaHa 0asa JJaHHHW OT KOIIOCKOMNCKH lﬂl'i()ﬁpll)l\'l.‘llllil s

CKCMEPTHO AHOTUPAHH HAXOJIKH.
« Cp3naen ¢ YHUGUIMPaH aHOTaUHOHEH MPOTOKOJ, chodpasen ¢ [FCPC repmunonorisita.

® q)(\p\l_\ JMpaH ¢ peajinCTHHCH MO/1C 3a ObJICULO KIMHHYHO NPHIIOKCHHE Ha Al Karo AcHcTHpatit
MHCTPYMCHT B KOJMOCKOTCKaTa JAMArHoCTHKa.

. I)i!'il‘)ElG()'l'Kt\'l"d MMa NOTCHILKA 3a 1Moc/1e/IBallo pastuupaBate 1 HE3aBHCHMO BaTHIHPAHC.
IIpakTHKO-NPHIOKEH ACTIEKT:

« PaspaGoTkara ¢ 3asBeHa 3a nareHTha 3akpuiaa npe/ United States Patent and Trademark Office
noa Ne 63/991.571 o1 26.02.2026 1. .



9. Hay4yHa npoAyKUMUA U HAYKOMETPUUHU KPUTEPUU

I'lpecraBenara HayuHa npoayKumns Ha 1-p 'eopru [ lpan/mkes nokassa nocie108are ma i
TCMATHYHO CBbP3aHa HAYUYHOM3CIE0BATEACKA aKTHBHOCT. ChIIIACHO TIPECAOCTABCHATA aBTOPCK
ClIpaBKa JOKTOPAHTHT € NPeACTaBul 7 nyOoauKalum B NepHoIMUHK H31anus. peructpupann 8 Web
of Science w/uiam Scopus. ¢ aekaapupan o6t Impact Factor 5.4 1 SIR 1.686. kakto u yvuactie B

HATHCBAHCTO Ha JIBC I''1TaBH OT )"IC()IIHI\'( ~MUHUMATHO HHBA3ZHBHA THHEKOJIOTHYHA XHPYPIrusa™.

Cpent nyGumKanunTe, Mpsiko CBbP3aHM ¢ TeMaTHKaTta Ha JAUCCPTAMOHHMS TPyl Ci
Pa3padOTBAHCTO  HA  AHOTAUMOHEH NPOTOKOA 32 Al pasnosHaBaHe Ha  KOTHOCKONCKI
NAPAKTEPHCTHRI, H3cieBaHeTo Ha Al anann3 wa TpanchopMalonHaTa 30Ha Ha MaToUNATd
HiiKa 1 npuiokenneTo Ha Al B npestoneparisiata MRI oneHKa Ha CHAOMCTPHANCH KapitiHoAL.

Ocobeno 3naunma e nydaukanusta B Balkan Medical Journal: Prandzhev GD. Gortches
GAL Dimitrov DD. Miltchev RI, Tomov ST. Development of an Artificial Intelligence Algorithm
for Colposcopic Recognition of Cervical Features — Introduction of an Annotation Protocol. Balkan
Med J. 2025:42(4):373-375. Ts e nocoueHa B aBropckara cnpaska kato nyoaukaums 8 Web ol
Science Q1 ¢ 1F 2025 = 4.5 u B Scopus Q2 ¢be SIR 2025 = 0.746.

B npeacrasenara aBTopcka cripaBka ca otderenun 50 Toukn 1o nokasaren A npu
MUHUMAIHO M3McKyeMu S50 TouKH M 00110 82 ToukK 1o rpynara nokasarean [ npu siHinaiio
ninekyemu 30 Touku. ToBa NMOKa3Ba M3MBLIHEHUE U CHULCCTBCHO TIPEBUIIABAHEC HA H3HCKY CMIH
KOJIMYECTRCH KPUTEPUIA.

Karo n0nuaHuTened HopMaTHBeH KOHTEKCT, nyOaukyBanusT [IpaBuanuk 3a passurue na
akaJIeMuuHng eheraB Ha Meantmucku yuusepenter — [laesen nocousa 3a OHC Laokrop”
MHHHUMVYM 3 CTATUH, CBBbP3aHU € TEMATa Ha JAMCEPTALMATA, HOCCULH Hali-MaaKo 30 TOUKH 3a 1py1
nokasarean 1. a 3a npodecnonanun HanpasiaeHus 7.1, 7.3 u 7.4 — none ¢na cratus B HayHHo
wilanue. peepupato u uHaekeupano B Scopus u Web of Science, Kakto u caMoCTosTe/IHO 1l
ILPBO ABTOPCTBO NOHE B ¢Ha nydiamkaums.  cite  turnOsearch 12

B3 ocHoBa Ha npeacTaBeHaTa aBTOPCKA CHPABKA M KOIUUCCTBCHUTE NOKAZATCIM CUMTaN.
ge HAVUHATA NPOAYKIMS Ha A-p [IpaH/pkes OTroBaps Ha M3MCKBAHUATA 3a npuioousane Ha O
JJLOKTOP™ M JIEMOHCTPUPA HAYYHA AKTUBHOCT Ha/l MUHHMAIHO HCOOXOMMATa.

10. O6buw,a oueHka

JI-p I'copru Jlanunenos [1pan;KeB ce npeacTaBs Kato MAa4 CHEUHaIHCT ¢ J100pa KAHHITII
[OAr0TOBKA N0 aKymepeTrso U M’MHCKOJIOIHA U ACHO OHCPTAH HAVHCH IIpO(I)H.’I B o0jacTra Ha
MCIHIMHCKHA H3KYCTBCH MHTCIICKT. ChueraBaHeTo Ha KIMHHYECH ONHT. k)G_\"ICHI'IL‘ MO MUHHMAITHO
HHBA3MBHA ¥ POOOTH3MPAHA XUPYPIUs 1 HayuHa padoTa BLPXY Al B THHEKOJIOIHATA € CHIICCTBCHO

NPCIMMCTBO 3a pa'spa()o'l'ﬁam:'ro Ha UHTECPIAHCUHHUTTIIMHAPCH JIHCEPTALMOHCH TPV L.

JlucepranusTa nokazsa crocoOHOCT 3a CaMOCTOS TEAHO (POPMYITHPAHE HA HAYHCH TIPOOIICM.
Ch3/1aBale M CTPYKTYPUpAHE HAa MEJAMUMHCKA 0asa JlaHHu. pa3padoTBaHe Ha aHOTALHOHCH

»



IMPOTOKOL THIAHHPAHE HA KOHTPOJHUPAHHW CKCIEPUMCHTH, KOJAHYCCTBCHA OHCHKA HA PE3NVATATHTC 1
KPUTHYHO ONPC/ICIHE HA TPAHUUNMTC HA FIIMHAYHATA NPHIOKHMOCT.

CbINECTBCHO JOCTOMHCTBO HAa pyaa € (—)aJlaHCHpﬂI'IO'I‘O ChUCTABAHC HA TCXHOJIOIHYHO
MHOBATHBHOCT C KIHMHWYHA HACOYCHOCT. ABTOpBT HE NpeJIcTaBs M3KYCTBCHUA HMHTCICKT Kalo
CAMOCTOATCIACH 3aMCCTHTEC]I Ha JICKaps. a Kato NOTEHUHAJICH MHCTPYMCHT 34 no/inoMarate i
JAHATHOCTHYHHS TpoLec.

11. 3aknwouyeHue

[IpeacTaBeHuaT AUCEPTALIHOHEH TPYL € CAMOCTOSTEAHO. 3aBbPUICHO W HAYHHO 3HAUHNO
M3C/1C/IBAHE C OPHIMHAIHHW HAYUHH W HAYYHO-IPUAOKHU NPHHOCH. CTPYKTYpata. METOL010T HATA.
00CMBT Ha npose/cHaTa padorta, pesyararure, NyOAMKALMOHHATA AKTHBHOCT U opMyIHpannie
npuiock nokassar. ve J-p 'eopru Jlanunenos [lpavamkes npurexasa HCOOXOJAMMUTE HAYUHN
KOMIICTEHTHOCTH 3a rnpujoOuBate Ha oOpasoBareaHaTa u Hayuna crenen . Jlokrop™.

Ha ocnosanue na w3pbpiieHara ouenka aasam  [HOJIOKHUTEJIHA  OLEHKA  na
Jmceprainondns Tpya Ha a-p F'eopru Jlannenor [lpanakes na tema Mscro na M3kyCTBeHms
HHTEICKT B ChBPEMEHHATA KOATIOCKOINCKA JAMArHOCTHKA HA NPE/IPAKOBH HIMCHCHMS HA MATOMHATA
HiMiKa™ 1 vOEACHO NpenopbuBaM Ha YBAKAEMOTO HAYYHO SKYPH Jia npuchan na a-p | eoprn
Jlannenos Tlpanmwkes odpasoBaTesHaTa U HayuHa creneH .JIOKTop™ 1o Hayusa crennaiioci
SAKVUIIEPCTBO M FHHEKONOTHS ™.
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on the topic:

“The Role of Artificial Intelligence in Contemporary Colposcopic Diagnosis of
Precancerous Cervical Lesions™
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I'he dissertation thesis of Dr. Georgi Danailov Prandzhev is submitted for the acquisition
ol the educational and scientific degree “Doctor™ in Higher Education Area 7. “Healthcare and
Sports™. Professional Field 7.1. *Medicine™. Scientific Specialty “Obstetrics and Gynecology ™ at
Medical University — Pleven. The scientific supervisors are Corresponding Member Prof. Dr.

Slavcho Tomov Tomov. PhD. DSc. and Academician Dr. Grigor Angelov Gorehev. PhD. DSc.

The review has been prepared in accordance with the requirements of the Law on the
Development of the Academic Staft in the Republic of Bulgaria. its implementing regulations. and

&

the relevant internal regulations of Medical University — Pleven.
1. Personal and Professional Data of the Doctoral Candidate

Dr. Georgi Danailov Prandzhev was born on 20 June 1993 in Plovdiv. He graduated in
Medicine from Medical University — Plovdiv in 2018. His professional career in obstetrics and
gynecology began in 2019 at UMHAT “Deva Maria™ — Burgas. and since 2020 he has continued
at UMHATT “Sveta Marina — Pleven™. In December 2023, he acquired the specialty “Obstetrics and
Gynecology™ and currently works as a specialist physician at the same institution.

Since 3 December 2020, he has been an Assistant Professor in the Department of Obstetrics
and Gynecology at Medical University — Pleven. and since 8 November 2021 he has been a full-

time doctoral candidate in the doctoral program “Obstetrics and Gynecology ™.

His professional qualifications include training in minimally invasive gynecologic suroer
diagnostic and operative laparoscopy. diagnostic and operative hysteroscopy. and ultrasound
diagnostics in obstetrics and gynecology. He is certified to work with the da Vinci robotic surgical
system and has completed specialized training in colposcopy. diagnosis. and destructive treatment
of benign and precancerous lesions of the cervix. vagina. and vulva. His international educational
experience includes training and clinical practice under the Frasmus+ program in Spain.



His research activity has been consistently focused on the application of artificial
intelligence. digital technologies. and robotic surgery in gynecology. He participates in the
“IntelKAMat™ project. in the higher-education project BG-RRP-2.004-0003 as an R carly-carcer
rescarcher in the scientific group “Artificial Intelligence in Gynecology™. as well as in the Center
of Competence for Personalized Medicine. 3D and Telemedicine. Robotic and Minimally Invasive
Surgery. including its second phase under »sroject BG16RFPR002-1.014-0002.

His work has received national and international recognition: an award at EI'T Health i-
Days and third place at the European final in Vienna in 2022: first place in the Bevond Pre-
accelerator entrepreneurship program: Intel Al Innovators Award 2023: Intel Al Global Impact
Festival 2023 — Country Recognition Award for Bulgaria: and third place in the “Humanitarian
Iechnologies/Social Impact™ category at Startup Olé 2023 in Spain.

2. Relevance and Significance of the Research Problem

I'he dissertation thesis addresses an extremely relevant and socially significant problem
improving the objectivity. reproducibility, and diagnostic value of colposcopic examination in
precancerous cervical lesions. Despite advances in HPV-based screening and vaccination. the early
detection and accurate localization of suspicious lesions remain essential for effective cervical
cancer prevention.

I'he choice of artificial intelligence, and in particular computer vision and pixel-level
segmentation methods., represents a logical scientitic approach. The method aims not merely to
distinguish normal from abnormal images in a binary manner. but to spatially localize specific
colposcopic findings and enable visual explanation of the result.

[he topic is clearly interdisciplinary. combining obstetrics and gynecology. cancer
prevention. machine learning. medical image analysis. and software engineering. It is particularly
commendable that artificial intelligence is positioned as an assistive tool. with the physician
retaining the leading role in the final diagnostic decision. This dissertation is highly significant.

innovative, advanced, and timely.

3. Literature Review

The literature review covers a broad thematic scope and provides the necessary clinical and
technological framework for the study. It traces the historical development of colposcopy and
artificial intelligence. the limitations of conventional colposcopic assessment. and the evolution of
computer-assisted diagnostic systems.

The author systematically discusses classification. segmentation. multimodal. and hybrid
architectures for medical image analysis. An important element of the review is the critical
assessment of published results, including diagnostic thresholds. inter-observer variability. biopsy
strategy. annotation subjectivity. and the heterogeneity of existing Al systems.

Particular attention is paid to the segmentation of colposcopic findings. This is essential
because the clinical value of an Al system 1s determihed not only by its ability to classity an image.



but also by its ability to indicate where the suspicious area is located. Thus. the literature review
provides a rationale for selecting semantic segmentation as the methodological basis of the study .

The review also addresses the need for high-quality. standardized. and reliably annotated
datasets. This is a key issue in medical Al models. as the quality and consistency of annotations
directly affect algorithm training and validation.

In summary. the literature review is not merely descriptive. It identifies existing limitations
and unresolved problems and logically establishes the need to develop an original approach to
pixel-level segmentation of colposcopic findings.

4. Conclusions from the Literature Review

« Contemporary colposcopic diagnosis remains substantially dependent on  the
examiner’s experience and the quality of visual assessment.

* There is a need to objectify and standardize the interpretation of colposcopic images.

* Computer vision and semantic segmentation methods provide an opportunity (o
localize specific pathological findings rather than merely perform overall classification.

s The quality of the medical dataset and expert annotation is a critical factor in the
reliability of AT models.

* Clinically applicable artificial intelligence should be developed as an assistive tool
that supports the physician rather than replaces clinical judgment.

* There is a scientific and practical need for models developed on standardized
colposcopic data and evaluated using controlled methodology.

5. Structure, Materials and Methods

I'he dissertation thesis is logically and consistently structured in 174 pages and includes o
list of abbreviations, seven main chapters. 41 figures. 20 tables. and a bibliography containing more
than 100 references. The Introduction covers pp. 8-10. the Literature Review pp. 11-75. the aim
and objectives p. 76. Materials and Methods pp. 72-82. the original results and discussion pp. 83
143, the contributions pp. 143-154, and the bibliography pp. 155174,

[he aim is clearly formulated and operationalized through five specific objectives:
development of an Al algorithm: creation of a standardized database and annotation protocol:
analysis of factors affecting segmentation performance: comparative assessment against systems
described in the literature: and determination of the clinical applicability and role of artificial
intelligence in contemporary colposcopy.

I'he study uses prospectively collected clinical material from 94 women aged 1864 years.
examined at UMHAT “Sveta Marina — Pleven™ during the period 2022-2025. An experimental
database was constructed from this material. containing 355 colposcopic images with 625 expert-
delineated polygons. The annotations were structured according to a unified protocol consistent



with [FCPC terminology. while nnU-Net v2 with a Residual Encoder U-Net M architecture was
used for semantic segmentation.

A total of 13 controlled experiments were conducted. including multiclass and binary
formulations. oversampling. photometric augmentations. and local cropping of rare findings.
Splitting the data at the clinical-examination level is a methodological strength. as it limits the risk
of mformation leakage between the training and validation subsets.

6. Results and Discussion

I'he results are presented systematically in accordance with the stated objectives and arc
supported by tables. curves, and qualitative visualizations. The developed model demonstrated its
best performance for the iodine-negative class, with a reported ROC-AUC of 0.908. while the 11202
binary model achieved a ROC-AUC of 0.767.

I'he correct interpretation of the results is of particular importance. The author discusses
them in the context of the limited sample size. class imbalance, complex spatial overlap of findings.
and differences between acetic-acid and Lugol’s iodine protocols. The conclusions are not
unjustifiably extended beyond the actual data obtained.

I particularly commend the fact that the system is characterized as a research prototype with
demonstrated proof-of-concept value rather than as a diagnostic tool ready for autonomous clinical
use. This approach demonstrates scientific rigor and a sound understanding of the applicability
limits of the developed model.

7. Conclusions from the Study
» An original Al system for pixel-level segmentation of colposcopic findings has been
developed. '
« A structured database of colposcopic images with expert annotations organized
according to a unified protocol has been created.
« A systematic analysis of factors affecting segmentation performance has been
“conducted.
« The results demonstrate different model performance depending on the type of
colposcopic finding and the specific task.
« The study demonstrates the conceptual feasibility of Al-assisted localization and
interpretation of colposcopic abnormalities.
« At this stage. the development should be regarded as a research prototype. which is
appropriate considering the volume and characteristics of the available clinical material.
« The results provide a basis ‘or subsequent expansion of the database. independent
validation. and assessment of clinical applicability.



8. Scientific and Applied Scientific Contributions

The contributions of the dissertation thesis are clearly formulated and derive directly from
the research conducted. They may be summarized as follows:

Scientific Contributions:

* For the first time in Bulgaria. an original Al system for pixel-level seementation of
colposcopic findings has been developed and experimentally investigated.

* A methodological framework for the use of semantic segmentation in the analysis of’
colposcopic images has been developed.

* The influence of key methodological factors on Al model performance has been
assessed.

Applied Scientific Contributions:

* An original structured database of colposcopic images with expert-annotated tindings
has been created.

* A unified annotation protocol consistent with IFCPC terminology has been
developed.

* A realistic model for the future clinical application of Al as an assistive tool in
colposcopic diagnosis has been formulated.

* The development has potential for subsequent expansion and independent validation.

Practical and Applied Aspect:

* The development has been submitted for patent protection before the United States
Patent and Trademark Office under No. 63/991.571 dated 26 February 2026.

9. Seientific Output and Scientometric Criteria

I'he scientific output of Dr. Georgi Prandzhev demonstrates consistent and thematically
coherent research activity. According to the submitted author’s reference. the doctoral candidate
has presented 7 publications in periodicals indexed in Web of Science and/or Scopus. with a
declared total Impact Factor of 5.4 and SJR of 1.686, as well as participation in the authorship of
two chapters in the textbook “Minimally Invasive Gynecologic Surgery™,

Among the publications directly related to the topic of the dissertation are the development
of an annotation protocol for Al recognition of colposcopic features, the study of Al analysis of the
transformation zone of the uterine cervix. and the application of Al in preoperative MR assessment
of endometrial carcinoma.

Of particular significance is the publication in Balkan Medical Journal: Prandzhev GD.

Gortchev GA. Dimitrov DD. Miltchev RI. Tomov ST. Development of an Artificial Intelligence
Algorithm for Colposcopic Recognition of Cervical Features — Introduction of an Annotation



Protocol. Balkan Med J. 2025:42(4):373-375. In the author’s reference. it is listed as a Web of
Science Q1 publication with IF 2025 = 4.5 and a Scopus Q2 publication with SIR 2025 = (.746.

I'he submitted author’s reference reports 50 points under Indicator A. with a minimum
requirement of 50 points. and a total of 82 points under Group G indicators. with a minimum
requirement of 30 points. This demonstrates fulfillment of. and substantial exceedance of. the
required quantitative criterion.

As an additional regulatory context. the published Regulations for the Development of the
Academic Staff of Medical University — Pleven stipulate, for the educational and scientific degree
“Doctor™. a minimum of 3 articles related to the dissertation topic carrying at least 30 points under
Group G indicators. and for Professional Fields 7.1. 7.3 and 7.4 — at least one article in a scientific
journal indexed in Scopus and Web of Science. as well as sole or first authorship in at least one
publication.

Based on the submitted author’s reference and the quantitative indicators. 1 consider that
Dr. Prandzhev's scientific output meets the requirements for acquisition of the educational and
scientific degree “Doctor™ and demonstrates research activity exceeding the minimum required

level.

10, Overall Assessment

Dr. Georgi Danailov Prandzhev presents as a young specialist with solid clinical training in
obstetrics and gynecology and a clearly defined research profile in medical artificial intelligence.
I'he combination of clinical experience. training in minimally invasive and robotic surgery. and
research work on Al in gynecology represents a significant advantage in the development of an
interdisciplinary dissertation.

I'he dissertation demonstrates the ability to independently formulate a scientific problem.
create and structure a medical database. develop an annotation protocol. plan controlled
experiments. quantitatively evaluate results. and critically define the limits of clinical applicability.

A major strength of the work is the balanced combination of technological innovation and

clinical orientation. The author does not present artificial intelligence as an autonomous substitute

for the physician. but as a potential tool to support the diagnostic process.

11. Conclusion

I'he presented dissertation thesis is an independent. completed. and scientifically significant
study with original scientific and applied scientific contributions. The structure. methodology.
scope of the work. results. scientific output, and formulated contributions demonstrate that Dr.
Georgi Danailov Prandzhev possesses the scientific competencies required for the acquisition of
the educational and scientific degree “Doctor™.

Based on the assessment performed. I give a POSITIVE EVALUATION of the dissertation
thesis of Dr. Georgi Danailov Prandzhev entitled “The Role of Artificial Intelligence in



Contemporary Colposcopic Diagnosis of Precancerous Cervical Lesions™ and strongly recommend
that the esteemed scientific jury award Dr. Georgi Danailov Prandzhev the educational and

scientific degree “Doctor™ in the scientific specialty “Obstetrics and Gynecology™.
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