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1. AKTYaJIHOCT Ha pasrje:kIaHHs B JHCePTALHOHHHS TPYyd NpodjieM B HAay4HO H
HAYYHOINPHJI0ZKHO OTHOIIEHHE,

JMcepTallMOHHHUAT TPYI pasriek/ia akTyaleH HaydeH W HayYHOIPHJIOKEH Npoliem,
CBBbpP3aH C HAJEKIHOTO pa3rpaHHyYaBaHe Ha peajlHH YOBELIKH JIMIA, H300pa)KeHus c
pa3sMEHEHO JHIle M H3LIO TeHEepHpaHH ¢ M3KYCTBEH HWHTENIEKT JIHIla, YUATO 3HAYMMOCT
HApacTBa ¢ pa3BUTHETO Ha JH(Y3MOHHHUTE MOIEIH U CBbP3aHHUTE C TAX PHCKOBE 3a UH(poBaTa
HAEHTHYHOCT, OHOMETPUYHOTO Y/IOCTOBEpsABaHe M LIM¢pOBaTa KPHMHHAIHCTHKA.

Llenta e npoeKTHpaHe W OlIEHABAaHE Ha METOIM C BUCOKA TOYHOCT KAaTO M3CJIE/IBAHETO
MOC/NeN0BaTeIHO pa3BuMBa XMOpHAEH [ABYKJIACOB MOZEN, MHOTOMOTOYHA TPH-KIacoBa
apxuTekTypa, paMkara RED u obemnnenata RED-MS apxurtektypa. IlocTaBeHHTe 3anauu
00XBallaT TOYHOCTTA, Pa3rpaHHYaBaHETO HA Pa3/MYHH THIIOBE CHMHTETHYHH HU300paXKeHus,
YCTOHYHMBOCTTA MPH YMHIIJIEHO BHECEHH CMYLIEHHs B M300paxeHuATa, 0000L1aEMOCT KbM
HEIO3HaTH NMpH 00YYEHHETO MeHEPAaTUBHH MOJEIH, KOETO ONpEeesis TeMara KaTo akTyallHa
KaKTO B HAay4€H, TaKa M B MPAKTHYECKH aCTEKT.

2. CreneH Ha MoO3HaBaHe CHLCTOSIHHMETO HA MpodjaemMa M TBOPYeCKAa MHTepNpeTanus Ha
JHTepaTypHUSI MaTepHaJ

JIOKTOpPaHTBT AEMOHCTpHpa A00pO I03HABaHE HAa CHBPEMEHHOTO CBCTOSHHE HA
obnactra. AHanu3MpaHU ca FeHepPaTHBHHU MOJENH 3a CHHTe3 Ha nuna - GAN, 1udy3HoHHHU H
NaTeHTHO-AH(y3HOHHH MoaenH, VAE u TeXHHKH 3a pasMsHa Ha JMLA - KAKTO H OCHOBHHTE
HanpaBieHus 3a orkpuBaHe: CNN, Vision Transformers, xuOpuaHu ¥ MHOTONOTOYHH
apXMTEKTYPH, MPOCTPAHCTBEHH M YECTOTHH mNpu3HauH. OToeneHO € BHHMaHHE Ha aTakH H
3aIMTH MPH YMHILIEHO BHECEHH cMYILeHus B n3o0paxenusaTa, XAl noaxoaure, HabopuTe oT
JaHHH U OTPaHHYEHHUATAa Ha CTaHJapTHATa TOYHOCT KaTo €IHHCTBEH KPUTEPHH 3a OlleHKa.

JIutepaTypHuaT 0030p CIyKH 32 M3BEKAAHE Ha KOHKPETHH M3CJIEOBATENICKH
IpomycKH: 3arybara Ha popeH3nyHa uHpopmanus npu OunapHo ,real/fake™ knacupuumnpane;
HeoOXoaMMOCTTa OT KOMOHHHMpaHe Ha [JONBJIBAIIH MPOCTPAHCTBEHH, CEMAHTHYHH M
CNEKTPAIHH TMPH3HALM; OrpaHMyYeHaTa YCTOHYMBOCT KBbM BB3ACHCTBHA TNPH YMHUUIEHO
BHECCHU CMYIIEHHS B M300paskeHUsATa; ¥ HEOOXOAMMOCTTa OT TpOClIeaHMa OOSCHHMOCT.
Bbubnuorpadpusra chabpika 123 m3TOuHMKA M BKIKOYBA (yHAaMeHTaTHH pa3paboTKH M



aKTyanHM nyOaMKauuu, BKI0YKHTENHO 0T 2024-2025 r. Toa noka3sa JocTaTh4Ha LIMPOYHHA
Ha JIMTepaTypHaTa OCHOBA H aIEKBaTHO MO3HLIHOHHPaHEe HAa COOCTBEHUTE pa3pabOTKH.

3. CLOTBeTCTBHE HA n36paHaTa MCTOOHKA Ha H3CJI€ABaHe H IMocTaBeHaTa e H 3aJauu
HAa JTHCEPTAUHOHHHUSA TPYA ¢ MOCTUTHATHTE MPHHOCH

H3bpanara meToaMKa chbOTBETCTBA Ha LIETA M JJOrMKaTa Ha AMCEPTALIMOHHUSA TPy, Ts
ChbYeTaBa JIMTEPATYPEH M CPABHHUTENIEH aHAIW3, NMPOECKTHpaHe Ha HEBPOHHH apXHUTEKTYpPH,
EKCIIEPUMEHTAITHO 00yueHHe U OLIEHsABAHE, aBEPCAPHAIHO TECTBAHE M METOOH 3a 00ACHUM
WM. MeToaon0rHUHUAT AW3aiH CleJBa MOETAHO YCIOKHABaHE: OT ABYKJIAcOB XHOpH/EH
MoAen KbM TPH-KJIacOBa MHOTOMOTOYHA apXHTEKTypa, cied ToBa KkbM RED u Hakpas kuM
RED-MS. U3non3sanu ca pa3fensiHus Ha JaHHHUTE ¢ DalaHCHPAHO MPEACTABSIHE HA OTASTIHUTE
K1acoBe, (MKCMpaHH HayaJHH CTOHHOCTH, KOH(QHUIypHpYeMH eKCNepMMEHTH M Habop oT
METPUKH - TOYHOCT, Npeuns3HocT, npunomusue, F1, MCC, AUC-ROC, ARI u EF.

ExcriepyMeHTalHUTE pe3ylTaTH TMOAKPENAT OCHOBHUTE TBBLPACHHA: XUOPHIHHAT
mozen goctura 94.8% TOYHOCT M TNpeBB3XOXKIAa pasriexnaHuTe camocrosteaHu CNN
BAaPMAHTH; MHOIOMOTOYHHUSAT TPH-KJIACOB Mojen aoctura 93.7% obwa tounoct; npu RED ca
OTYETEeHH BUCOKH pedpepeHTHH pesynrtaTh 3a Xception 1 ResNet-50; a 3a RED-MS e otuerena
TouHoCT OT 98.14%. Hanuue e sicHa Bpb3Ka MeXkILy M3CIEA0BATENCKUTE BBIIPOCH, METOIUTE,
€KCINIePUMEHTHTE U JeKIapHpaHuTe NMPUHOCH. ABTOPBT KOPEKTHO MOCOYBA H IPAHHIINTE Ha
BAJTMAHOCT - CTATHYHH M300paskeHHs M OrpaHUYeH MOJIEN Ha 3arjaxa.

4. Hay4yHun /M HAYYHONPHJIOKHH NPHHOCH HA JINCEPTALHOHHMS TPY

AHAIM3BT HA 3aBEHUTE NPHHOCH [10Ka3Ba N3BECTHA IPAHYJIAPHOCT U TPHIIOKPHBAHE,
KOETO /aBa OCHOBaHHUE JeceTTe (OpMyJIHpaHu npuHoca 1a Obaat 00001eHH B MET Mo-ACHO
pa3rpaHHYeHH H apryMeHTHPaHH:

Hay4Ho-npu/jio:KHH NPpHHOCH

1. PazpaboteH e xuOpuaeH MeTOd 3a JABYKIAcOBO pasrpaHHYaBaHe Ha pPeaHH H
CHHTETHYHH HM300pakeHHs Ha YOBELIKHM JHMILlAa, KOMOMHMpall NpU3HALM, U3BICYEHH 4pe3
KOHBOJIIOLIHOHHA HEBPOHHA MpEa, ¢ MPU3HALM HAa HUBO MMKCEJ, KATO EKCIIEPUMEHTAJIHO €
YCTaHOBEHO MOBHIIABAHE HA TOYHOCTTA CIIPAMO CAMOCTOATENHOTO UM M3MOJI3BaHE.

2. PazpaboTeHa ¢ MHOromoTo4Ha TPHUKJIAcoBa apXMTEKTypa 3a pa3rpaHuyaBaHe Ha
pealHd u300pakeHHs, H300paKeHHs ¢ pa3MeHeHO JMle M M3Iuo  Al-reHepHpaHu
n300paxeHHs, KOATO 00eUHsABA POCTPAHCTBEHH M YECTOTHH MPHU3HALM YPE3 MEXAaHH3BM 3a
CJIMBAHE C BHUMaHHeE.

3. Paspaborena e pamkata RED 3a oueHsiBaHe M NMoBHILIABaHE HAa YCTOHYHBOCTTA H
00sICHUMOCTTA HA MOJICTIUTE 3a pasno3HaBaHe Ha Al-reHepupaHu nula Ype3 HHTErpHpaHe Ha
ajZBepcapHaHo 00y4eHue, OLIEHKa Ha yCTOHYMBOCTTAa ¥ METOIH 3a 00ACHEHHE Ha PeLIeHHATA.

4. Paspaborena ¢ obeaunena apxutekrypa RED-MS, unTerpupaiia MHOronoTo4Ho
TPUKJIAaCOBO paslo3HaBaHe, aJaBepcapuallHa yYCTOHYMBOCT M OOSCHUMOCT B €IMHHA
AapPXUTEKTYpHA U €KCIIEpUMEeHTA/IHa PaMKa.

IIpniosken npuHoc:

1. PaspaboreHa M ekcrnepumeHTanHO anpoOupaHa e codTyepHa peaau3alus Ha
MPe/UIOKEHUTE  MOJAENM M apXHMTEKTYpH,  OCHIypsBalla  KOH(HIYpPHPYEMOCT,
BB3MPOU3BOJANMOCT HA EKCNEPUMEHTHTE M BHU3YalM3allis Ha OCHOBAHHUATA 3a peIlIeHUsATa Ha
MO/IEJIUTE.

IlppHocuTe MMaT mnoOTEHUMaNn 3a TMPHJIOKEHHE MNpH UU(pPOBa KPUMHHAIHCTHKA,
MpOBEpKa Ha MEAUIHO ChAbPAKAHME M CHCTEMH 3a UH(poBa HACHTUYHOCT. CHIIEBPEMEHHO



OMX npenopbyal MpH OKOHYATETHOTO NPeJCTaBsHe Aa ce M0AYepTaBa ACHO rPaHMLIATa MEXIY
OpHIHHajHaTa apXMTEKTYPHa H METO/I0JIOTHYHA pa3padoTka Ha aBTopa.

S. Ilpeuenka Ha nyOJMKaUMHUTEe IO IHCEPTAUMOHHMS TpyA: Opoii, Xapakrtep Ha
H3JAHHMATA, B KOUTO €A OTHEYATAHH.

[To nucepraunoHHus Tpyd ca mpeacTaBeHW yeTHpu nmyOnukauuu. [TybGnukanuara ot
ICEST 2025 e unnexcupana B Scopus 1 Web of Science, a myonukauusta or COMSCI 2025
— B Scopus. Tperara nyOnukaums e npenacraBeHa Ha TechSys 2026 um e mocodeHa karo
npeacroswma 3a nyonukysane B MDPI Engineering Proceedings (SJR Q3) u nHaekcupane B
Scopus 1 Web of Science. UerBppraTa myonukauus e npuera 3a COMSCI 2026. TemaTtHuHO
nyOMUKAaLMKUTE NpPOCAEASABAT JIOTHYHO pPa3BUTHETO Ha JUCEpTalMaTa - OT XHOpHIHO
OTKpPHMBaHE, Ipe3 MHOTOMOTOYHA TPH-KJAcoBa apXWUTEKTypa, KbM YCTOHYMBOCT Cpelly
L[EIEHAaCOYEeHH aTakW, OOsSCHUMOCT Ha peuweHuATa M obOeauMHEHaTa MHOrONOTOYHA
apXHUTEKTYypa.

B mpenocraBeHHTE MaTepHanM HE ca MPEJACTaBEHH OT/AEIHH JAHHH 3a HE3aBHCHMH
UMTHpaHus Ha nyOnukauuurTe oT apyrH aBtopu. [lopamm ToBa He cienBa Ja ce MpaBH
KOJIMYECTBEH M3BOJ 3a HAYYHOTO OTpPaKEHHE 4Ype3 LHUTHPYEMOCT H3BBH IIPEACTaBEHaTa
ny0nuKalHOHHA anpolarms.

6. MHeHusl, TPeNnopPBKH H DeJIeKKH

JlucepTallmOHHMAT TPYA € CTPYKTYpPHpPaH MOCJIEI0BATENHO M MPEACTaBs 3HAYUTENECH
no obem TeopeTHUeH M eKcrepHMMeHTaleH Martepuan. Hapea ¢ monokuTenHUTE My CTpaHH
MoraT jJa ObIar HanpaBeHH HAKOW OellexkKKH, CBBbpP3aHH C H3IM0A3BaHaTa TEPMHHOJIOTHS,
€3HMKOBOTO OGhOpPMIIEHHE, MPEICTAaBIHETO HAa WJIOCTPAaTHBHUSA MaTepHal M 0)OPMAHETO Ha
MATEMATHYECKHUTE U3Pa3H.

B Texcra Ha peamma mecta ce M3MOA3BaT TEPMHHH M H3pa3H, KOWTO IpeACTaBIgBaT
OyKBaJIeH WJIM HEIOCTAThYHO aJaNTHPAH NPEBOA OT aHT/IMHCKH €3MK M 3aTPYAHABAT YETEHETO
W pa30HpaHeTO Ha H3N0KeHHeTo. TakuBa ca HampuMep ,KOMIUIEMEHTapHH (HOpeH3HYHH
CcUTHaIH", KoeTo OM MOTJIO 1a c€ 3aMEHH C ,,B3aHMHO JIOMBJIBALLHM CE MPHU3HAUHK ' ,,KOIaNcHpaT
pa3MsiHa Ha Jinle” - ¢ ,,00eAMHABAT U300pakKEHHATA C PA3MEHEHO JIHLE"; ,,(pOPEH3UUEH OUT"
- ¢ ,,aHaJIi3 3a YCTaHOBsBaHE Ha aBTEHTHYHOCTTA Ha H300paxeHuara™; ,,000011aeMOCTTa KbM
HEBUAAHH reHepatopu’ - ¢ ,,000011aeMOCT KbM TI€HEPATHBHM MOJE/IH, HEMO3HATH TIpH
00yueHHeTo*; KakTo M ,,aJiBepcapHaJHuTe neprypOauuu’ - ¢ no-pasdoupaeMoTo ,,yMHLULIEHO
BHECEHM CMYLIEHHA B H300paxeHusaTa”. Hapea ¢ TepMHHOIOTHYHHTE HETOYHOCTH CE Cpellar
M rpaMaTHYHHU ¥ CHHTAKTHYHH IPEIIKH, BIJIIOYMTENHO HENpaBHJIHA yrnoTpeba Ha MpeiuIosH,
HECHINIaCyBaHe MO POJA M YHCIO M HEECTeCTBEHH 3a OBIrapckus €3WK CHHTAKTHYHH
KOHCTPYKLUMH. YecToTaTa Ha T€3H HETOYHOCTH I0Ka3Ba HEOOXOAMMOCT OT LJIOCTHA €3HKOBa
H TEPMHHOJIOTHYHA pelaKLUs Ha Tpy/a.

HeoOxoauMo € ¥ mo-npeuu3Ho NpeACTaBsHe Ha 4acT OT WIIOCTPATHBHHA MaTepHall.

Ilpu ¢wur. 4 muncea no3oBaBaHe Ha W3TOUHHK, NMOpPAIH KOETO HE MOXKE €IHO3HA4YHO 1a ce
YCTaHOBH HEHHMAT mpousxoa. dur. 8 e mpeacraBeHa Ha aHTIMICKH €3HK, 0e3 ACHO 1a e
MOCOYEHO JaliM MPEACTaBIIsIBa aBTOpCKa pa3zpadoTKa, MM € 3aMMCTBaHa HJIM aJaliTHpaHa oT
NUTEpaTypeH H3TOYHHK. [IpenoppuHTENHO € TPOM3XOAbT Ha BCHYKH (uUrypu na Obae
HE/IByCMHCJIEHO 0003Ha4eH, BKJIFOYUTEIHO KOraTo Te ca pa3paboTeHH OT aBTopa.
Ha mecra ce cpemar u ¢opMyIHpOBKH, YHHTO CMHCBHI € TpyIaHO pazdupaem. Takbs npumep
Ha cTp. 18 e u3peuvenuero: ,,EMNMpUYHHTE I[VIaBH CJIEIBAT KOHTPOJIHPAHO YCIOKHSABAHE HA
MOCTaHOBKaTa, 0e3 cMecBaHe Ha HeChBMECTHMH IPOTOKOIHM B eiHa Tabiuua.” OT Hero He
CTaBa JIOCTAaTBYHO ACHO KAKBO KOHKPETHO Ce pa3dupa noj ,,KOHTPOIMPAHO YCIIOKHIBAHE Ha
MOCTaHOBKATa" M ,,cCMeCBaHe Ha HeChbBMECTHMH NMpoTokonu™. [TonoOHH KOHCTPYKLMH cIeaBa
na 6bpaat npeopMyIHMpaHH C [10-ICEH U eCTECTBEH HaydeH €3HK.

[To-chuiecTBeHa Oenexka Mozke J1a Ob/ie HallpaBeHa 110 OTHOILLIEHHE Ha MPEACTABSHETO
Ha METpPHKHTE M MareMmaTHdeckus amapar. Karo ,confusion matrix* (marpuua Ha



00bpKBaHHUATA) € MPEACTABEH MaTEMAaTHYECKH H3pa3 3a H3UMCIIABAHE HA MOKa3aTes, KOMTO 1o
CBOATA CBILHOCT HE MpeAcTaBisBa Marpuua Ha oOwpkBanuaTta (Qopm. 1.1). Ilpu
pasriekaaHara TPHUKIAcoBa 3aJaya MaTpHLATa Ha OOBPKBAaHHATA cjeqBa Ja IpPeACTaBs
CHOTHOIIEHHUETO MEXAY JEHCTBUTEIHUTE M MpeACKa3aHUTE KJIACOBE M JIa M03BOJIsSBA aHAIN3
Ha TPEIIKHTE MEKIY OTIAEIHUTE KaTeropud. Hamuue ca ¥ HETOYHOCTH NPH M3MHCBAHETO M
0o(hopMsAHETO HAa MATEMATHYECKHTE H3pa3H - CPEIIAT CE CHMBOIM O€3 SICHO MAaTeMaTHYeCKO
npeaHa3HauyeHHe, KaTo CaMOCTOSITEIHO IOCTAaBEHH TOYKH, [BE IOCJIEJOBATEIHH 3areTan H
Apyru HecboTBeTCTBHA (Hanp. popmynu 1.2, 1.3, 1.4 u ap.). Te3u HeTouHOCTH 3aTpyaHABAT
e/IH03HAYHOTO HHTEPIPETHPAHE HAa MATEMATHYECKHTE 3aBUCUMOCTH. CMECBAHETO HAa OCHOBHH
NoHATHs ¢ GOPMYJIH 3a OTAENHH I0Ka3aTeIH, 3a€IHO ¢ HETOUHOCTHTE MPH MaTEMaTHYECKOTO
MM TpelCTaBsiHe, Cb3/JaBa TEPMHHOJIOTHYHA M METOJOTOTHYHA HEACHOTa M HaMmaliBa
MPELU3HOCTTA NPH MPEJCTaBIHETO HAa METOL0JIOTHATA 3a OLlEHKa Ha pa3paboTeHUTEe MOJEIH.

[MTocouyenuTe GeTeKKH He 3acAraT caMO TEXHHUECKOTO 0(OpMIIeHHE, Thil KaTo 4acT OT
TAX 3aTPyJHABAT €IHO3HAYHOTO pazOMpaHe W HMHTEpIpPETHpaHe Ha H3JIOKEHHETO.
[MpenopsyBaM LANOCTHA €3MKOBA, TEPMHHOJOTMYHA MW TEXHHYECKa peJaKkUus Ha
QMCepTAlMOHHUS Tpy[d, BKIIOYBANla H3MOJ3BaHE Ha YTBbpAeHa ObArapcka HaydHa
TEPMHHOJIOI M, OTCTPaHsABaHe Ha paMaTHYHHUTE H CHHTAKTHYHHUTE HETOUYHOCTH, PELH3HpaHe
HA MaTeMaTHYECKMTE O3HAYEHHMA M GOPMYIH M €AHO3HA4YHO 0003HAyaBaHE Ha MPOM3X0Ja Ha
M3M0JI3BaHUA WIIOCTPAaTHBEH MaTepHall.

7. 3aka0ueHune

Hapen ¢ mocTurHatute pe3ynTard, AMCEpTAlHOHHHMAT TpPyA CbAbpXKa peauua
TEPMHHOJIOTHYHH, METOIOJIOTHYHH, TPAMAaTHYHH, CHHTAKTUYHH U peJaKUHOHHH HETOYHOCTH,
BKJIIOYHTENIHO HEJOCTAaThYHO MPELH3HO MPEACTaBSIHE Ha HAKOM METPHKH H MaTEMaTHYECKH
3aBMCHMOCTH, HEEIHO3HAYHO M3I10JI3BAHE HA OT/C/IHH MTOHATHSA, HETOYHOCTH MPH 0POPMAHETO
Ha ¢opMynH U (GUrypH, KaKTO H MHOKECTBO OyKBaIHO IMPEBENEHH OT aHIJIMACKH €3MK
TEPMHUHHM W KOHCTPYKLMH, KOUTO HA MECTA CBLIECTBEHO 3aTPY/HABAT YETEHETO M pa3OMpaHeTo
Ha HU3JI0KEHHETO.

TMocouenute 3adenexku He 00E3LUCHABAT MOTYUYEHHUTE PE3y/NTaTH, HO cieaBa Aa Obaart
OTYETEHH MPH IPUIOCTHATA OLIEHKA HAa KAYeCTBOTO M NPEUH3HOCTTa Ha NMPEACTAaBAHETO Ha
JQMcepTallHOHHUA TPY.

He3zaBucHMO OT HanpaBeHMTE OEJIeKKH, CUHTAM, 9€ AUCEPTALHOHHHUAT TP/l B CBOATA
IAJIOCT TOKa3Ba COCOOHOCT Ha JOKTOpaHTa jAa (OpMyJHpa H3CIEN0BaTEICKH 3aJayH, Aa
pa3paboTBa M EKCIIEPUMEHTATHO J1a OLEHABA NMOJAX0AH 3a TAXHOTO pellaBaHe, U Ja aHalu3upa
MOJTY4EHUTE pe3yITaTH.

JlucepTrallMOHHMS TpPyA OTroBaps Ha M3HCKBAHMATAa Ha 3aKOoHa 3a pa3BUTHE Ha
akajieMH4yHHs cheTaB Ha PenyOnuka bwarapus, Ha [IpaBHJIHHMKa 3a HETOBOTO NMPHIIOKEHHE,
KaKTO H Ha HpaBHJIHI/[Ka 3a YCIIOBHATA M pelda 3a l'lpI/II[06HBaHe Ha Hay4YHH CTCIICHH B
Texunuecku YHuBepeuteT - Codus. [Ipenopbysam Ha yBakaeMoTo Hay4Ho ypH 1a NpHCHAH
Ha Mmar. mHxK. [eopru SIlHeB Kotor oOpaszosaresHaTta M Hay4yHa cCTeleH ,JJOKTOpP“ B
npodecnonanno Hanpasaenue 5.3 , KomyHHKallMOHHA W KOMMIOTBPHA TEXHUKA™, JOKTOPCKa
nporpama ,,ABTOMAaTH3HPAHH CUCTEMH 3a 00paboTka Ha UH(OpPMaLHA U ynpaBieHHe" .

31.08.2026 . YieH Ha HAYYHOTO XKYpPH,
rp. Codus H3COTBHI CTAHOBHIIETO: v vnvnereneee e e e enenenens
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1. Relevance of the problem addressed in the dissertation from a scientific and applied-scientific
perspective

The dissertation addresses a current scientific and applied research problem: reliably
differentiating real human faces from face-swapped images and fully Al-generated faces. This problem
is becoming increasingly significant as diffusion models advance and the associated risks to digital
identity, biometric authentication, and digital forensics grow.

The aim of the dissertation is to design and evaluate high-accuracy methods. The research
progressively develops a hybrid binary classification model, a multi-stream three-class architecture, the
RED framework, and the integrated RED-MS architecture. The research tasks cover classification
accuracy, differentiation between various types of synthetic images, robustness against intentionally
introduced image perturbations, and generalization to generative models unseen during training. These
aspects make the topic highly relevant from both scientific and practical perspectives.

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

The doctoral candidate demonstrates a good understanding of the current state of the art in the
field. The dissertation analyses generative models for face synthesis—including GANs, diffusion and
latent diffusion models, VAEs, and face-swapping techniques—as well as the main detection approaches,
such as CNNs, Vision Transformers, hybrid and multi-stream architectures, and spatial and frequency-
domain features. It also covers attacks and defense mechanisms involving intentionally introduced image
perturbations, XAl approaches, datasets, and the limitations of using standard accuracy as the sole
evaluation criterion.

The literature review identifies specific research gaps: the loss of forensic information in binary
“real/fake” classification; the need to combine complementary spatial, semantic, and spectral features;
limited robustness against intentionally introduced image perturbations; and the need for traceable
explainability. The bibliography comprises 123 references and includes both fundamental works and



recent publications, including studies from 2024-2025. This demonstrates sufficient breadth of the
literature base and provides an adequate foundation for positioning the candidate’s own research
contributions.

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

The selected methodology is consistent with the dissertation's aim and overall logic. It combines
literature review and comparative analysis, neural architecture design, experimental training and
evaluation, adversarial testing, and explainable Al methods. The methodological design follows a
progressive increase in complexity: from a hybrid binary classification model to a multi-stream three-
class architecture, then to RED, and finally to RED-MS. The study uses data splits with balanced class
representation, fixed random seeds, configurable experiments, and a set of evaluation metrics, including
accuracy, precision, recall, Fl-score, MCC, AUC-ROC, ARI, and EF.

The experimental results support the main claims: the hybrid model achieves 94.8% accuracy and

outperforms the evaluated standalone CNN variants; the multi-stream three-class model achieves 93.7%
overall accuracy; RED reports strong baseline results for Xception and ResNet-50; and RED-MS
achieves 98.14% accuracy. The research questions, methods, experiments, and stated contributions are
clearly related. The author also appropriately identifies the scope and limitations of the study, including
its focus on static images and a limited threat model.

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

The analysis of the stated contributions reveals a certain degree of granularity and overlap, which
provides grounds for consolidating the ten contributions into five more clearly distinguished and
substantiated contributions:

Scientific and Applied Contributions

1. A hybrid method for binary classification of real and synthetic human face images has been
developed, combining features extracted by a convolutional neural network with pixel-level
features. Experimental results show improved accuracy compared with using either feature type
alone.

2. A multi-stream three-class architecture has been developed to distinguish between real images,
face-swapped images, and fully Al-generated images, combining spatial and frequency-domain
features through an attention-based fusion mechanism.

3. The RED framework has been developed to evaluate and improve the robustness and
explainability of models for detecting Al-generated faces by integrating adversarial training,
robustness assessment, and methods for explaining model decisions.

4. An integrated RED-MS architecture has been developed, combining multi-stream three-class
classification, adversarial robustness, and explainability within a unified architectural and
experimental framework.

Applied Contribution:
1. A software implementation of the proposed models and architectures has been developed and
experimentally validated, providing experiment configurability, reproducibility, and
visualization of the basis for model decisions.



The contributions have potential applications in digital forensics, media content verification, and
digital identity systems. At the same time, | would recommend that the final presentation clearly
distinguish between the author’s original architectural and methodological developments and the
integration, adaptation, and application of existing methods and technologies.

5. Assessment of the publications related to the dissertation: number and nature of the publications
in which they have appeared

Four publications related to the dissertation have been presented. The ICEST 2025 publication is
indexed in Scopus and Web of Science, while the COMSCI 2025 publication is indexed in Scopus. The
third publication was presented at TechSys 2026 and is indicated as forthcoming in MDPI Engineering
Proceedings (SJR Q3), with expected indexing in Scopus and Web of Science. The fourth publication
has been accepted for COMSCI 2026. Thematically, the publications follow the dissertation's logical
progression—from hybrid detection and a multi-stream three-class architecture to robustness against
targeted attacks, explainability of model decisions, and the integrated multi-stream architecture.

The materials provided do not contain separate evidence of independent citations of these
publications by other authors. Therefore, no quantitative conclusions regarding the scientific impact of
the publications based on citation metrics can be drawn beyond the presented publication record.

6. Opinions, recommendations, and remarks

The dissertation is structured coherently and presents a substantial body of theoretical and
experimental material. Alongside its positive aspects, several observations can be made regarding the
terminology used, the linguistic presentation, the presentation of illustrative material, and the formatting
of mathematical expressions.

In several places, the text uses terms and expressions that appear to be literal or insufficiently
adapted translations from English, which hinder the readability and comprehension of the exposition.
Examples include “complementary forensic signals,” which could be replaced with “mutually
complementary features™’; “collapse face swapping™ with “group face-swapped images”; “forensic audit”
with “analysis for determining image authenticity”; “generalization to unseen generators” with
“generalization to generative models not encountered during training”’; and “adversarial perturbations”
with the more comprehensible “intentionally introduced perturbations in images.” In addition to
terminological inaccuracies, grammatical and syntactic errors are also present, including incorrect use of
prepositions, lack of agreement in gender and number, and syntactic constructions that are unnatural in
Bulgarian. The frequency of these inaccuracies indicates the need for comprehensive linguistic and
terminological revision of the dissertation.

Some of the illustrative material also requires more precise presentation. Figure 4 does not include
a reference to its source, making it impossible to determine its origin unambiguously. Figure 8 is
presented in English, without a clear indication of whether it is the author’s own work or has been
reproduced or adapted from a literature source. It is recommended that the origin of all figures be
explicitly indicated, including cases where they have been created by the author.

Some formulations are also difficult to understand. One such example on page 18 is the sentence:
“The empirical chapters follow a controlled increase in the complexity of the experimental setup, without
mixing incompatible protocols in a single table.” It is not sufficiently clear what is specifically meant by
“controlled increase in the complexity of the experimental setup” and “mixing incompatible protocols.”
Such constructions should be reformulated in clearer, more natural academic language.

A more substantial concern relates to the presentation of the evaluation metrics and the
mathematical apparatus. A mathematical expression for calculating an indicator is presented as a
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“confusion matrix,” although by its nature it does not constitute a confusion matrix (Eq. 1.1). For the
three-class classification task considered in the dissertation, a confusion matrix should represent the
relationship between the actual and predicted classes and enable analysis of misclassifications across the
individual categories. There are also inaccuracies in the notation and formatting of mathematical
expressions, including symbols with no clear mathematical purpose, such as isolated full stops, two
consecutive commas, and other inconsistencies (e.g., Egs. 1.2, 1.3, 1.4, etc.). These inaccuracies hinder
the unambiguous interpretation of the mathematical relationships. The conflation of fundamental
concepts with formulas for individual metrics, together with inaccuracies in their mathematical
representation, creates terminological and methodological ambiguity and reduces the precision with
which the evaluation methodology for the developed models is presented.

The above observations concern more than the dissertation's technical formatting, since some
hinder unambiguous understanding and interpretation of the content. I recommend a comprehensive
linguistic, terminological, and technical revision of the dissertation, including the use of established
Bulgarian scientific terminology, correction of grammatical and syntactic inaccuracies, refinement of
mathematical notation and formulas, and explicit identification of the sources of the illustrative material
used.

7. Conclusion

Alongside the results achieved, the dissertation contains a number of terminological,
methodological, grammatical, syntactic, and editorial inaccuracies, including insufficiently precise
presentation of certain metrics and mathematical relationships, ambiguous use of some concepts,
inaccuracies in the formatting of formulas and figures, as well as numerous terms and constructions
literally translated from English, which in some places significantly hinder the readability and
comprehension of the text.

The above remarks do not diminish the value of the results obtained; however, they should be
taken into account in the overall assessment of the quality and precision of the dissertation’s presentation.

Despite these observations, I consider that the dissertation, as a whole, demonstrates the doctoral
candidate’s ability to formulate research problems, develop and experimentally evaluate approaches to
solving them, and analyze the results obtained.

The dissertation meets the requirements of the Development of Academic Staff in the Republic
of Bulgaria Act, the Regulations for its Implementation, and the Regulations on the Terms and
Procedures for Acquiring Academic Degrees at the Technical University of Sofia. I recommend that the
esteemed Scientific Jury award Eng. Georgi Yanev Kotov, M.Sc., the educational and scientific degree
“Doctor” (PhD) in Professional Field 5.3 “Communication and Computer Engineering”, Doctoral
Program “Automated Systems for Information Processing and Control”.

31 August 2026 Member of the Scientific Jury,
Sofia author of the opinton: ...

/ Assoc. Prof. Ivaylo Chenchev, PhD /



