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UneH Ha Hay4YHOTO Xypu: gou. A-p UHX. AHToHMA TaweBa

1. AKTyanHocT Ha pa3paboTBaHus B gUcCepTaLMOHHUA Tpya npobnem

TemaTta Ha gucepTauunaTa e B 6e3cNopHO akTyanHaTa obnacT 3a TbpCceHe Ha ePEeKTUBHN
N TOYHW METOAM 3a pa3rpaHu4aBaHe Ha peanHu ot M/-reHepupaHn unv MaHunynnpaHu
nzobpaxeHua, W no-cneyuanHo 4osellkn nuuya. dopmynupaHuTe Uen WU 3afayun
o6xBaLLaT B MbNHOTA KaKTO Hay4yHaTa, Taka v npunoxHaTa cTpaHa Ha npobnema.
M3cnegsaHeTo ce ¢hokycupa BbpXy M3cneaBaHe Ha CbLUECTBYBALOTO CbCTOAHWE Ha
npobnema u nocneaBaLlo NPoOeKTUpaHe Ha HEBPOHHM apxuTekTypu oT Buaa ResNet-18,
Xception, ResNet-50 u VIiT-B/16 ¢ PyTorch npu crpatuduumMpaHo pasgensHe Ha
AaHHWUTE; L=-orpaHndyeHa agBepcapuanHa oueHka npw nvned gocten ¢ FGSM (Fast
Gradient Sign Method) n PGD (Projected Gradient Descent) n ¢omHanHa ob6acHUMocCT
ypes Grad-CAM.

2. CteneH Ha no3HaBaHe CBbCTOAHMETO Ha npobnema W TBOpYecka
MHTepnpeTauus Ha NUTepaTypHUA MaTepuan.

AncepTaunoHHUAT Tpya € B 0bem oT 127 cTpaHuum 1 uutmpa obwo 123 nutepaTypHH
n3ToyHMka. MatouHnumTe ca gobpe nogbpaHun 1 BKNKOYBAT TakMBa ¢ OCHOBoMNonarawjara
TEOpPWSA, KaKTO W Hal-akTyanHuTe uicnegsaHua B obnacrtrta. Cuutam, 4e QOKTOPaHTLT €
HanpaBun o6CTOEH nperneg Ha CbCTOAHMETO Ha npobnema w 3agbnbodyeHaTa
WHTEepNpeTauus My Ha nuTepaTypaTa ca ganv ctabunHa 6asa 3a nocTuraHe Ha uenuTe
B HacToALlaTa AucepTaums.

3. CwborBeTcTBME Ha u3bpaHaTta MeToaMKa Ha U3cneaBaHe M NoOcTaBeHaTa uen v
3afjlaum Ha AMCepTaLMOHHMUA TPYA C NOCTUrHATUTE NPUHOCH.

N3bpaHaTta MeToguka Ha wu3cneaBaHe € B CbLOTBETCTBME C MOCTaBeHata uen wu
dopMynuMpaHUTe 3agadn Ha gucepTaumoHHus TpyA. MacnepoeaTenckMaT noaxoA
nocnefoBaTenHo NPEMMHaBa OT aHanM3 Ha CLBPEMEHHOTO CbCTOSHWE Ha npobnema
KbM paspaboTBaHe W eKCNnepuMeHTanHo UacneaBaHe Ha xmbpuaeH OBYKNAcoB monern,
MHOroONoTOYHA TPUKMAcoBa apxXUTEKTYpa U paMKa 3a yCcTon4MBa U 06ACHUMO OTKpUBaHe
(RED - Robust and Explainable Detection), kaTo oTaenHuTe etann ca MeTofoNorM4Ho
06Bbp3aHN C KOHKPETHUTE 3ada4ym Ha Tpyaa. OcobeHo ChLUECTBEHO € N3NON3BaHETO Ha
KOMOMHaUWs OT CEMaHTU4YHM, MNPOCTPAHCTBEHW W YECTOTHW MpU3HaUKW, Kakto u
BKMKOYBAHETO Ha afBepcapuanHo oby4yeHune, oLUeHka Ha yCTOMYMBOCTTa U CPpeacTBa 3a
o6acHUMOCT. Mo TO3U HAYMH MEeTOoAMKATa He Ce orpaHuyaBa eauHCTBEHO 40 NOCTUraHe
Ha BMCOKA TOYHOCT Ha Knacudukauus, a agpecupa v BaXKHU acnekTy KaTo yCTOMYNBOCTTa
N NPOCNEAUMOCTTA Ha B3ETUTE PELLUEHUS.

3aaBeHUTE HaYYHONPUMIOXHN U MPUNOXKHN NPUHOCKU NPON3TUYAT NPSKO OT NPOBEAEHUTE
n3cneaBaHus M ca agekBaTHO MOAKPEneHW oT nonydexHuTe pesyntatu. Kato ocobeHo



ybeautenHn cnepBa da ce OUEHAT XMOPUAHWAT nogxod 3a AByKNacoBa AeTekuus,
TpUMKnacoBaTta MHOrONOTOMHA apxuTekTypa C BHUMMaHue W WHTErpupaHeTo Ha
agBepcapwanHa ycTondmeocT u obsicHumocT B pamkaTta RED, kakTo 1 nocnegsalumsT um
meTogonoruyeH cuHTes B RED-MS (Robust and Explainable Detection - MHoronoToueH).

4. TlpuHOCHK Ha OMCepTaLMOHHUA Tpya

Mpuemam dopmynupanute B guceptaumaTta 10 npuHoca. bes ga ce HamansiBa TsxHa
CTOMHOCT, Bux npenopbyYana Kopekuus Ha TaxHaTa kaTteropusauusTta. [MpuHocuTe,
03HAYeHW KaTo ,Hay4YHW", MO CBOA XapaKTep ca No-CKOPO Hay4HO-MPUNOXKHW, T KaTo He
Ccb3faBaT HOBa TEOPWUSA WM HOB (PyHOAMEHTaNeH HayyYeH 3aKkoH. THAxHaTa HOBOCT € B
npeanaraHeTo, KOHCTPYMPaHETO, UHTEMPUPAHETO U EKCNEPUMEHTANHOTO AOKa3BaHE Ha
HOBW METOAW W apXUTEKTYPHU PELUEHWSA 33 KOHKPETEH Krac 3afjayv OT NpakTUYeCcKu
3Ha4MM HaydeH npobnem. lNpuHocn 5 1 6, CLOTBETHO METOAOMNOMMATa 3a CPaBHUTENEH
aHanu3 “ MeTpUKUTE WMmaT no-ChbLUECTBEH METOAONOrMYeH Xxapaktep W morat
ybeautenHo ga 6bvaart onpeaeneHn Kato Hay4Ho-npunoxHW. CoTyepHaTa peannaauus,
benchmark TtectoBeTe, preprocessing npouegypata u Grad-CAM WHCTpyMEHTUTE
npaBwWnHO NonagaT B KaTeropusaTa NPUNoXHU NPUHOCHK.

HayyHaTa 3Ha4MMOCT Ha NPUHOCUTE Ce M3pa3fBa B CUCTEMATU3VPAHETO U pPa3BUTUETO
Ha METOAM 3a AeTeKUWUA Ha CUHTETUYHM YOBELLKW Nuua Ypes obeanHaBaHe Ha pasnuyHn
TUNOBE MPU3HAUW W BbBEXAAHE Ha YCTOMYMBOCT M OBACHUMOCT KaTO CbBMECTHM
kputepun. OcobeHo NONoOXWUTENHO cneasa Aa Ce OUEHM Pa3BUTUETO OT €AWHUYEH
xmbpuaeH Mmogaen npes MHoronoToyHa apxutektypa u RED go nHterpupadata RED-MS
pamka. [pakTu4eckaTta 3Ha4MMocT e fobpe nogkpeneHa oT paspaboTeHaTa open-source
peanusaums, BbanpoussogumuTe benchmark npouegypw, cTaHgapTuavMpaHaTa
npegobpaboTka 1 MHCTPYMEHTUTE 3a eKCnepTeH npernea.

5. TpeueHka Ha nyBnukaumMTe No AUCEepTaLMOHHUA TPyA:

OCHOBHUTE NOCTMXEHUSA W pe3ynTaTy OT AUCEepTauMoHHMA TpyA ca nybnukysaHu B 4
Hay4HK cTaTum (1 camocToATenHa U 3 B CbaBTOPCTBO, KaToO AOKTOPaHTa € MbpBKu aBTop).
Hay4yHuTe cTaTum ca npefcTaBeHn Ha MeXAyHapoAHW KOHMepeHUUn n ca nydnvkysaHu
B pechepupaHn n nHaekcupann nanaHus (Scopus, WoS). He ca nssecTtHn uMtmpaHma Ha
nyénukaumumMTe KbM HaCTOALLUA MOMEHT.

6. MHeHMR, NpenopbKu U Benexku

[ucepTaunmoHHUAT TPYA NPeAcTaBNABa 3aBbpLUEHO HAy4YHO U3cneaBaHe No akTyaneH v
3Hauum npobnem, CBbp3aH C OTKPUBAHETO W pasrpaHM4yaBaHeTo Ha M3obpaxeHus Ha
YOBELLKM Nua, reHepmupaHn unum MoamduLmpaHmn ¢ M3KyCcTBeH nHTenekT. PaspaboTterHuTe
Moaenn U MeToAoNorM4YHN pamMKK ca NorMYyeckn CBbp3aHn C NocTaBeHaTa Luen v 3agayu,
KaTo ca nonyyeHn ybeawTenHW ekcnepuMeHTanHW pe3ynTaTi Mo OTHOLUEeHWe Ha
knacudukaumoHHaTa TOMHOCT W agBepcapuanHarta yctondmsocT. [NonoxurenHo crneasa
[a Ce OLEHM M npakTudeckata Haco4YeHoCT Ha paspaboTkaTa, u3paseHa B codTyepHa
peanusauus, Bb3npou3BoAMMU eKCepuMEHTanHn Npoueaypu 1 CpeacTea 3a ekcnepTeH
aHanus. NpuHoCcUTE ca CLLUECTBEHM M UMAT NoTeHuuan 3a pasBuTUe W NPakTUYecKo
npunoxeHne B obnactta Ha uudpoBaTa OpPeH3MKa W aBTOMaTU3MPaHOTO
pa3sno3HaBaHe Ha CMHTETUYHO CbAbpPXKaHuKE.

KaTto 3abenexku moraTt fa ce noco4yaT OrpaHM4YeHOTO EKCNEPUMEHTANHO NMOKPUTUE Ha
HSAKOM OT 3asiBEHUTE acnekTu Ha pa3paboTkaTa. [Mo-cneynanHo, KoNMYecTBEHATA OLEHKa
Ha obacHumocTTa WM cuctemaTtudHata OOD  (out-of-distribution) Banupaums 3a
obobLiaBaHe KbM HEBWXAAHW reHeEpaToOpK HE ca NpeacTaBeHn ¢ MbNHUA obemM YyncneHn



pesynTaTu, NnpeaBuaeH B MeTogonorusaTta. [lonbNHUTENHO, OLeHKaTa Ha NoTeHuuanHuTe
Aemorpadcku NPUCTpacTMa e uaeHTUuuumMpana kato 6baeLo HanpasneHne, Ho He e
peanu3vpaHa KaTo CUCTEMATUYEH eKCnepuMeHTaneH aHanua. Tean obCcToaTencTea He
HamansBaT CbLUECTBEHO CTOMHOCTTa Ha NOCTUrHaTUTE pe3ynTaTi, Ho crnefea ga 6vaat
OTYETEHN nNpU OPMyNUpPaHe Ha 3akM4YEHMATAa OTHOCHO YHWBEPCaNnHOCTTa,
obobaemocTtTa 1 6e3npucTpacTHOCTTa Ha NPEeANOXEHUTE METOAMN.

7. 3aknwyeHue

Cuutam, 4Ye npeacTaBeHMAT 3a peleHaupaHe aucepTauuoHeH Tpy[ oTroBapsa Ha
M3NCKBaHUATA Ha 3akoHa 3a pa3sBUTUMETO Ha akafjeMU4yHUs cbeTaB B penybnuvka
Bwnrapva n my gasam obLia NONOXUTENHA OLEHKa.

Mpegnaram Ha pJokTopaHTa Mar. uHX. leoprm KotoB pna 6bae npucbaeHa
obpasoBaTenHaTa W HayyHa cTeneH "gokTop" nNO HayyHaTa crneuuanHocT
,/ABTOMaTU3NpaHun cuctemm 3a obpaboTka Ha MHdopmauus u ynpasnenue” ot MNMH 5.3
KomyHMKaUmMoHHa U KOMMIOTbpPHA TEXHUKA.

Hara: 08.09.2026 . YneH Ha XypuTto: . ..
(aou. A-p vHX. AHTOHMA Tawesa)




OPINION

on a dissertation for the acquisition of the educational and scientific degree "Doctor"

Author of the dissertation: M.Sc. Eng. Geogri Yanev Kotov

Topic of the dissertation: ,Methods For Distinguishing And Recognising
Ai-Generated Human Face Images From Real Human Face Images*®

Member of the scientific jury: Assoc. Prof. Eng. Antoniya Tasheva, PhD

1. Relevance of the problem developed in the dissertation

The topic of the thesis lies within the undeniably topical field of research into effective and
accurate methods for distinguishing real images from those generated or manipulated by
Al, and in particular human faces. The stated goal and objectives comprehensively cover
both the scientific and applied aspects of the problem.

The research focuses on investigating the current state of the art and subsequently
designing neural architectures such as ResNet-18, Xception, ResNet-50 and ViT-B/16
using PyTorch with stratified data splitting; L«-constrained adversarial evaluation with full
access using FGSM (Fast Gradient Sign Method) and PGD (Projected Gradient Descent),
and final explainability via Grad-CAM.

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

The thesis comprises 127 pages and cites a total of 123 literature resources. The

resources are well selected and include both foundational theoretical works and the most

recent research in the field. | consider that the PhD candidate has conducted a

comprehensive review of the state of the art, and that his in-depth interpretation of the

literature has provided a solid foundation for achieving the objectives of this thesis.

3. Compliance of the chosen research methodology and the set goal and
objectives of the dissertation with the achieved contributions

The chosen research methodology is well aligned and logically consistent with the stated
goal and the objectives set out in the thesis. The research approach moves systematically
from an analysis of the current state of the problem to the development and experimental
investigation of a hybrid two-class model, a multi-threaded three-class architecture and a
framework for robust and explainable detection (RED), with the individual stages being
methodologically linked to the specific tasks of the thesis. Of particular significance is the
use of a combination of semantic, spatial and frequency features, as well as the
incorporation of adversarial training, robustness assessment and explainability tools. In
this way, the methodology is not limited solely to achieving high classification accuracy,
but also addresses important aspects such as the robustness and traceability of the
decisions made.

The stated scientific and applied contributions stem directly from the research conducted
and are adequately supported by the results obtained. Particularly convincing are the
hybrid approach to two-class detection, the three-class multi-threaded architecture with
attention, and the integration of adversarial robustness and explainability into the RED
framework, as well as their subsequent methodological synthesis in RED-MS (Robust
and Explainable Detection — multi-threaded).



4. Contributions of the dissertation work

| accept the 10 contributions set out in the thesis. Without detracting from their value, |
would recommend a revision of their categorization. The contributions labelled as
‘scientific’ are, by their very nature, more in the realm of applied science, as they do not
establish a new theory or a new fundamental scientific law. Their novelty lies in the
proposal, construction, integration and experimental validation of new methods and
architectural solutions for a specific class of problems within a scientifically significant
practical problem. Contributions 5 and 6 — namely, the methodology for comparative
analysis and the metrics — are of a more substantial methodological nature and can
convincingly be classified as applied scientific. The software implementation, benchmark
tests, pre-processing procedure and Grad-CAM tools correctly fall into the category of
applied contributions.

The scientific significance of the contributions lies in the systematization and development
of methods for detecting synthetic human faces by combining different types of features
and introducing robustness and interpretability as joint criteria. The development from a
single hybrid model, through a multi-threaded architecture and RED, to the integrated
RED-MS framework should be viewed particularly positively. The practical significance is
well supported by the developed open-source implementation, the reproducible
benchmark procedures, the standardized pre-processing and the expert review tools.

5. Assessment of dissertation publications

The main achievements and findings of the doctoral thesis have been published in four
research articles (one authored solely by the doctoral candidate and three co-authored,
with the doctoral candidate as the first author). The research articles have been presented
at international conferences and published in peer-reviewed and indexed journals
(Scopus, WoS). There are currently no known citations of these publications.

6. Opinions, recommendations and notes

This doctoral thesis constitutes a comprehensive piece of scientific research into a topical
and significant problem relating to the detection and classification of images of human
faces generated or modified using artificial intelligence. The models and methodological
frameworks developed are logically linked to the stated aim and objectives, and
convincing experimental results have been obtained in terms of classification accuracy
and adversarial robustness. The practical focus of the research, manifested in software
implementation, reproducible experimental procedures and tools for expert analysis,
should also be viewed positively. The contributions are substantial and have potential for
further development and practical application in the field of digital forensics and the
automated detection of synthetic content.

Among the points to note is the limited experimental coverage of some of the stated
aspects of the research. In particular, the quantitative assessment of explainability and
the systematic out-of-distribution (OOD) validation for generalization to unseen
generators are not presented with the full set of numerical results envisaged in the
methodology. Furthermore, the assessment of potential demographic biases has been
identified as a future direction but has not been carried out as a systematic experimental
analysis. These circumstances do not significantly diminish the value of the results
achieved, but should be taken into account when drawing conclusions regarding the
universality, generalisability and impartiality of the proposed methods.



7. Conclusion

| believe that the dissertation submitted for review meets the requirements of the Act on
the Development of the Academic Staff in the Republic of Bulgaria and | give it an overall
positive assessment. | propose that the doctoral student, M.Sc. Eng. Geogri Kotov be
awarded the educational and scientific degree "Doctor" in the scientific specialty
"Automated Information Processing and Management Systems" from the professional
field 5.3 Communication and Computer Engineering.

Date: 08.09.2026 Member of the Scientific Jury: . _..............
(Assoc. Prof. Eng. Antoniya Tasheva, PhD)




