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CTAHOBrIIUE
6pxy anceprallroHHt , rpya ra npr.rao6nnaHe ua o6pa:osarenua r.r HayqHa creneH

,)qorcrop"

Aarop ua ar.rcepraur{oHHufl Tpy/l

5. Texnnvecrr uayru

5.3. KouryrruxaunoHHa r{ KoMrrrcTbpHa rexur4r(a

Aerouaru:upauH cHcreMH :a o6pa6orra ua aHSoplraqur n
ynpaBneHHe

Mar. uHx, f eopru -f,nen Koroa

Telra ua gucepraulroHHr.r, Tpya

,,Meroau 3a pa3rpaHHqaBaHe H pa3rro3HaBarre Ha

n:o6paxeHnn Ha qoBeurKu JrHua reHepfipaun c

u3KycrBeH uHTe,reKT or u:o6paxeuufl Ha peaJrHn
qoseutxll n[ua"

aou. a-p lurx, llsa ,ro CnneoHon 9euuer,
ptxoBoaurerr Kareapa I,IT, BYTII9aen sa HafrHoro xyplr :

2. Crenes Ha [o3HaBaHe cBcroqHlrgro na npo6rema H TBopqecKa uHTepflperaqrrq Ha

rrrTepaT)?Huq IlaTepHan
,(orropaumr aeMoHcrprrpa go6po no:uaraHe Ha ctBpeMeHHoro cscrorHr{e Ha

o6lracrra. AHa.nu:npaun ca reHeparliBHrl MoAerH 3a cHHTe3 Ha nnqa - GAN, Allrfyrlrouuu u
lareuruo-guQyanoHHr.i MoAeJru, VAE u rexunru 3a pa3MrHa Ha rHrla - KaKTo r.r ocHoBHHTe

HanpaBreHaq 3a orKpr.rBaHe: CNN, Vision Transfomrers, xulpuaau H MHoronoro.rHu
apxlrrerrypH, npocrpaHcrBeHu H qecrorHu npH3HauH. Oraeleso e BHHMaHHe Ha araKH n
3aur rlr trpH yMr{unego BHeceHr.r cMyureHHrr e N:o6paxenllrra, XAJ noaxoAvre, Ha6opute or
AaHHH H orpaHrrqeHurra Ha craHAapruara roqHocr Karo earrHcrBeH xpurepufi 3a orreHKa.

Jlureparypnuar o6:op c.nyxr 3a H3Bex,qaHe Ha KoHr(perHH rr3cJreaoBareJrcxu
nponycKlr: :ary6ara na rfopen:rlvna uHQoplraqux npz 6uuapuo ,,reaVfake" xracuQrqupaHe;
ueo6xogttuocrra ot: rou6unupaHe Ha aonbJrBa[ru [pocrpaHcrBeHr.r, ceMaHTr{qHu ,r

c[eKrpaIHH npH3HatIH: orpaH qeHaTa ycro uNaocr ruNl suue ctgH, npH yMHUneHo
BHeceHI4 cMyuleHur n u:o6paxeux.ara; u ueo6xonuMocrra or npocneArlMa o6qcultMocr.
En6.nuorpaQuxra cb,['bpxa 123 arro.rHr.rxa H BKrrroqBa SyngaueuraaHr parpa6orxH u

o6racr Ha sucrue o6pa:oranre :

npo$ecuoualuo HaflpaBJreur.re :

,{orropcxa nporpaMa :

1. Arrya,rsocr Ha pa3rrerr(aaHrm B a[cepraurrouHu, rpya npo6,reu B Hayrrxo u
HayqHofipHro)t(Ho oTHorxeHr{e,

,{ucepraquouuurr rpy,q pa3rnexaa aKryzureH Hayr{eH u HayqHofipunoxeu npo6relr,
cBbp3aH c Haaex.luoro pa3rpaHr.rrraBane Ha peanHrr qoBeu]KH nuua, u:o6paNeunx c

pa3MeHeHo ruue H LI3urJIo reHepHpaHx c tj3KycTBeH UHTeJIeKT JIIrqa, qHrTo 3HaqrrMocr
HapacrBa c pa3Buruero ua guSy:nouuare Mo,qenH r.r cBr,p3aHr.rre c rrx pttcxoBe :a unQporara
HAeHrErrHocr, 6uo:uerpuuuoro yaocroBeprBaHe n uH0poBara Kpr.rNrHH,rJrucrHKa.

I-{elra e flpoeKTr.rpaue r,r oueHqBaHe Ha Meronr{ c BIrcoKa roqHocr Karo LI3cJIeaBaHero

[ocneAoBareJrHo pa3BHBa xr-r6pN4eu AByr(nacoB MoAeJr, MHoronoroqHa rpH-KracoBa
apxnTelcrypa, paMKara RED lr o6eanueuara RED-MS apxr.rreroypa. flocraaeHu're :aaa.rn
o6xsauar roqHocrra, pa3rpaHuqaBaHero Ha pa3nfiqHn rnnoBe crrHTeruqHu H3o6paxeHur,
ycrofivurocrra flpu ],rv{HlxneHo BgeceHr.r cMyureHHq a u:o6paxeuurra, obo6utaeuocr rsu
Heno3Haru npu o6yreuuero reHeparrrBHlr MoaeJru, Koero onpeaen, TeMara Karo aKTyanHa
xaKTo B HayqeH, TaKa H B npaKrHrtecKH acneKr.



aKTyaJrHr.l ny6rnKauuu, BKIro.rHTeJrHo oT 2024-2025 r. ToBa noKa3Ba AocTaft,r{Ha uupoqr{Ha
Ha nLrTepaTypHaTa ocHoBa H aae(BaTHo n03Ht.trroHHpaHe Ha co6cTBeHI{Te pa3pa6oTKr.r.

3. Ctorsercre[e na lr:6paHara MeroAlra Ha lt3c,'IeABaue u flocraBellara ueJr lI 3aAaqu
Ha aHcepTaulroHHnq Tpya c flocTurHaT[Te rrpfiuocu

I4e6paxara MeroAr{Ka c6orBercrBa Ha rleJrra H ,rorr{Kara Ha auceprarl}roHHHr rpyA. Ts
cT,rreTaBa irureparypeH r.{ cpaBHr.rTeneH aHaJII.r3, npoeKrHpaHe Ha HeBpoHHH apxr.rTercrypfi,
eKcnepuMeHTaJruo o6yveHrle Ir orreHf,BaHe, aaBepcaprrirnHo recrBaHe H Mero,[u ga o6.scsulr.r

I4I,1. MeroAoaorr,rr.t nr ,.uzailu c;re.qBa noerarrHo ycroxHrBaHe: or aByluracoB xr.r6pu4en
MoAeJr K6M Tprr-K;racoBa MHoronoroqHa apxureKrypa, creA ToBa xrtlr RED u HaKpafl KaM

RED-MS. H:norssaHu ca pa3AerrHr.rfl sa rassnre c 6aaaHcr{paHo npeacraBrrHe Ha orAeJrHrlre
K;racoBe, SuxcupaHu HaqaJrHu crofiuocru, roH$urypupyeuu eKcnepHMeHTu n ua6op or
Merpxxr4 - roqHocr, flpeua3Hocr, npunoMHrHe, Fl, MCC, AUC-ROC, ARI s EF.

Excnepuueura:rHnre pe3ynrarr.r noAxpenrlT ocHoBHr.rre rBbpAeHur: xx6pr.rauurr
Moaer aocrura 94.8% roqnocr u npeB63xox,[a pa3rrex,qaHlrre calrocr:orre,rsu CNN
BapuaHrr4; MHoronoro.rHurr rpr.r-KnacoB MoAen Aocrr{ra 93.lVo o6ua rotrHocr; npu RED ca

orqereHu nr-rcoxr.r pe$epeHrHx pe3ynrarx 3a Xception u ResNet-50; a :a RED-MS e orqereHa
rorrHocr ot 98.14oh. Haanue e ,cHa Bp63Ka MexAy H3cneAoBarencrnTe B6rrpoc]t, MeroAr{Te,
eKcnepr.rMeHTuTe H AeK,IapupaHr.rre nplrHoclt. Anroprr xopeKTHo flocorrBa H rpaHullure Ha

BaJrHAHocr - crarnrrHr.r u:o6paxeHur H orpaHr.rqeH MoAen Ha 3anJraxa.

4. Hayvulr u/N.ru uayvnonprr!'roxHH rrpuHocu Ha ar{ceprauuoHHlrq rpyA

Hayuuo-npx.noxHD nprlHocrl
l. Parpa6oren e xH6pHAeH Mero.q 3a AByKJracoBo pa3rpaHuqaBaHe Ha pearrHu u

cnHTerlrr{Hu u:o6paxeuux Ha qoBe[rKH rl.rua, xolr6uunpau nprr3Haqu, r.i3BneqeHra qpe3

KOHBOnTTIHOHHa HeBpOHHa Mpexa. C npH3HaUH Ha Hr.rBO nr{Kcer! KaTO eKCnepnMeHTilIHO e

ycTaHoBeHo noBHlllaBaHe Ha ToqHocTTa cnp.cMo caMocToqTeIEoTo LIM r.r3noJI3BaHe.

2. Paapa6orena e MHoroloroqHa rpuKnacoaa apx[rercrypa 3a pa3rpaHuqaBaHe Ha

peaauu u:o6paxeunr, nlo6paxeHH, c pa3MeHeno Jn qe u z:usro AI -ren epupa:r,vl

l.r:o6paNeuux, r<oxro o6e.qaussa npocrpaHcrBeHr.r u qecrorHr.r fip]r3Harru qpe3 Mexaur,r3bM 3a

CJIHBAHE C BHHMAHIIE.

3. Paspa6orena e paMxara RED ra oqeuxoaHe u noBr.rlraBaue Ha ycrofiuuBocrra r.r

o6.scnuuocrra Ha MoAenr.rre 3a pa3no3naBaHe na Al-reuepr.rpaun Ju4rla qpe uHrerp paHe Ha

aaBepcapuiulHo o6yueulre, oueHr(a Ha ycro vtrsocrra r., Meroarr:a o6scHeHHe Ha pelxeHlrrra.
4. Pa:pa6oreua e o6eAr.rHeHa apxxreKTypa RID-MS, HHrerpllpaua MHoronoroqHo

TpHKJIacoBo pa3no3HaBaHe, a,[BepcapuailHa ycro vuuocr u o6qcnr.ruocr B eauHHa
apxHTercrypHa r,r eKcneprrMeHTanHa paMKa.

Ilpn,roxex nprrHoc:
l. Pa:pa6orena H eKcnepHMeHraruo anpo6upana e corfryepua pearx3aur.rq Ha

npeAJroxeHlrre MoAeJrn n apxHTeroypn, ocrrryprBaura r<ou@urypupyelrocr,
Bt3npor.r3BoArrMocT Ha eKcnepr4MeHTHTe u Brj3yajlK3at\ux Ha ocHoBaH}.trTa 3a pe[IeHr.rrTa Ha

MO.U,eJrnTe.

flpnnocare r,rMar floreHurraJr 3a nprrJroxeHHe npr.r urlQpona KpuMuHaJrucruKa,
npoBepKa na ue4ufino cbAapxaHue H clrcreMr, :a ufi{posa HAeHTr.rqHocr. CrqeapemeHuo
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AHa,.rls6r Ha 3a.sBeHHTe npHHocu noKa3Ba tl3BecrHa rpaHynrpHocr H nprrnorpHBaHe,
Koero aaBa ocHoBaHHe aecerre $opMynr.rpaHu npuHoca Aa 6:sAa'r o6o6qeHn B ner no-rcHo
pa3fpaHr.rqeHr.r u apryMeHTr.rpaHr.r:



6nx npenoprva.n fiprr oKoHqareJrHoro npeacraBrHe Aa ce noaqepraBa ,cHo rpaHnqara MexAy
opHrHHaJrHara apxr.rrer(ypHa H MeroaoJrorHqHa pa:pa6orxa ua arropa.

5. Ilpeueuxa na ny6,ruxaqlrfiTe no a]rceprarluoHHnq rpyA: 6pofi, xaparrep na
U3AAHI{flT4, B KOI{TO CA OTTICTIATAHH.

flo alzcepraqnoHHr4q rpyA ca npeAcraBeHr.r uerr.rpu ny6ruxarluu. fly6lr.rxauuflra or
ICEST 2025 e HHAeKcHpaHa s Scopus ra Web of Science, a ny6ruxaqurra or COMSCI 2025

- a Scopus. Tperara ny6lNxaur.rr e rpeAcraBeHa na TechSys 2026 u e nocoqeHa Karo
npeacrorua sa ny6.nnxyuaHe g MDPI Engineering Proceedings (SJR Q3) 14 HHAeKcHpaHe B

Scopus u Web of Science. 9era'sprara ny6anxaqur e rpuera :a COMSCI 2026. Ter'aarr.{Ho
ny6raraqnure npocneArBar JroruqHo pa3BuTrrero Ha Ar.rceprarrurra - or xr.r6pugHo

orKp[Baue, rrpe3 MHoronoror{Ha rpu-KracoBa apxr.{TeKrypa, xrlr ycroiiuuBocr cpeuy
rleJreHacor{eur.r ataxa, o6.rcunMocr Ha peueHLrrra u o6eAuHexara MHoronoroqHa
apxHTerclypa.

B npegocraneHNre Marepr{ar.JrH He ca npeAcraBeHu orAeJrHH AaHHI 3a He3aBHcHMH

rluTr{paHr.r, ua ny6auxaqurre or ap}Tu asropu. flopaqu roBa r{e cJreABa Aa ce npaBlr

KOnHqeCTBeH U3BOA 3a Hayr{HOTO OTpaxeHHe qp93 UITTHpyeMOCT l'l3Bt'H npeACTaBeHaTa

ny6auxaquouua anpo6aqua.

6. MnenNn, flpenopr,Kn u belexru
,(ucepraquonnlrrr rpya e crpyrcrypupaH nocreaoBarerHo r.r npeAcraB, 3HaqHTeJIeH

no o6eu reoperHqeH H eKcnepuMeHTzrneH Marepuan. Hape4 c noJIoxHTeJIHure My crpaHu
Morar .qa 6r,4ar HanpareHv HuKon 6e:rexru, cB6p3aHH c H3noJr3Banara repMlrHoJlorutt,
e3r.r(oBoro oQopMneHrre, npeacraBqHero Ha HnKlcrparrlBHrlq Marepuan u oQoprnuHero Ha

MaTeMaTI4qeCKHTe U3pa3w.

B rexcra Ha pealrr-(a Mecra ce rr3noJr3Bar repMHHu tt u3pla3ll,, Korrro npeacraBJlsBar
6yxsa:reH r.tlrr-r HeAocrarbtrHo aAanrnpaH npeBoa or aHrlrIcru e3nK fi 3arpyAHqBar qereHero

u pas6rlpanero Ha u3lroxeHuero. Taxusa ca HanpuMep ,,KoMnJreMeurapHu rfopea:uuurz
cnrna.nn", xoero 6u Morno aa ce 3aMeHH c ,,B3anMHo AontJrBaurn ce npn:naqu"; ,,Konancupar
pa3M.qHa ua nurle" - c ,,o6ear,rHrBar uso6paxeur.rara c pa3MeHeHo nnue"; ,,(bopeH3HqeH oAltr"
- c ,,aHirJrH3 3a ycraHoBqBaHe Ha aBTeHrr,rrrHocrra ua Nso6paxeuutra";,,o6o6ulaeuocrra rrlt
HeBHArHrl reHepar:opu" - c ,,o6o6uaeMocr K6M rgHeparrlBHH MoAerM, Heno3Haru npn
o6yvenuero"; KaKro u ,,a,uBepcapfiiurxrrre nepryp6auuu" - c no-pas6upaeMoro ,,yMLIuneHo
BHeceHr.r cMyureHH, n Nso6paxeHnrra". Hape4 c repMHHoJrorHqHHTe Hero.rHocrH ce cpeuar
u rpaMaTHqHH r.r cr.rHTaKTr.rqHH rpeuKrl, BKJrloquTeJrHo HelpaBrurHa ynorpe6a Ha npeAno3ll,
HeclrnacyBar{e no poa r.r qucno n HeecrecrBeHu :a 6r,lrapcxrr e3HK cI{HTaKrIrqHH

KoHcrpyrul{}r. 9ecrorara Ha re3r.r HeroqHocrl no(a3Ba ueo6xoagl,rocr or rltJlocrua e3HKoBa

H TepMrrHonoruqHa pe,4aKrlr.r, Ha Tpyaa.
Heo6xo.qr.rrrro e H no-npellu3Ho fipeacraBrHe Ha qacr or HnrocrparHBHI-L Marepa,rn.

IIpu rfrzr. 4 flrncsa [o3oBaBaHe Ha rr3rorrHllr, nopaal Koero He Moxe eaHo3HaqHo aa ce

ycraHoBH nefinu.f,r npon3xoA. @ur. 8 e npeacraBeHa Ha asr,ruficxrl etNx, 6e: ,cHo Aa e
rocoqeHo aaJlx npeacTaBJrqBa aBTopcKa pa:pa6orra. HnH e 3auMcTBaHa LIJIH a,4arlTHpaHa OT

nureparypeH H3TorrHr.rK. flpenopr,vurenHo e npou3xoabr Ha BcH.IKH Srzrypa ga 6t1e
HeaBycMxcneHo o6osuaueu, BK;rroqrrreJrHo Koraro re ca pa:pa6orenn or aBTopa.

Ha lrecra ce cpeular r.r Qoprtryrapouxrl, .ruiiro cMHcl,Jr e rpyaHo pa36rrpaeu. Tarta nprauep
xa crp. l8 e H3perreHuero: ,,Elrnupllvuure rJraBH cneaBar KoHTporHpaHo ycJroxHrBaHe Ha

nocraHoBKara, 6es cl4ecgane Ha HecrBMecrrzMr.r fiporoKoJru B eAHa ra6n]Iua." O'r Hero se
craBa aocrarbqHo rcHo xaxBo KoHKperHo ce pa:6Npa floa ,,KoHTponr4paHo ycJroxHrBaHe Ha

noctaHosxara" H ,,cMecBaHe Ha HeclBMecruMu nporoKorlH". IIoAo6nu KoHcrpyltUllll cneABa

Aa 66Aar npeoopruryanpauE c no-rceH n ecrecrBeH HayqeH e3xK.

flo-cruecrgesa 6elexxa lroxe ga 6rge nanpaeeua rro orHorxeHne Ha npeacraBrHsro
Ha MerpltKzTe t MareMarr.rqecKn, aflapar. Karo ,,confusion matrix" (t'.ta'rpr'rua Ha

)



o6bpKBaHlrrra) e npeAcraBeH MareMarur.recKr.r r,r3pa3 3a u3rrr.rcnrBaHe Ha [ora3areJl, KoiiTo rlo
cBorra clurHocr He npe,[craBrrBa Marpxua ua o6r,pxnauurra (Sopr'r. l.t). Ilprz
pa3rnexaaHara rpr.rxracoBa 3aaaqa Marpuuara ua o6tpxnaHurra cJreABa aa npeacraB,
ctorHoureHuero MexAy AeficrBr.rrsrrHrlre u npe.qcKa3aHr.rre K;racoBe r.r Aa [o3Bo]rrBa aHarru3

Ha rpeurKl.ITe Mexay or.(enHLITe KareropHu. Haraue ca H HeroqHocru nplr LI3[HcBaHero H

oSopr',rxnero Ha MareMaruqecKuTe n3pa3v - cpeular ce cLIMBoltH 6e: qcHo MareMarnqecKo

npeaHa3HaqeHue, KaTo caMocTotTeJIHo uocTaBeHu TorIKV, ABe IrocJIeaoBaTeJIHIr 3aneTal.t tI

ApyrH HectorBercrnux (uanp. Qopruy:rr 1.2, 1.3,1.4 n 4p.). Tesu HeroqHocru 3arpyAHrBar
eaH03HaqHoro HHTepnpertjpaHe Ha MareMaruqecKI{Te 3aBIrcLIMocru. CLreceaHero Ha ocHoBHH

noHrrlu c QopMynH 3a oraeJIHH noKa3arenr{, 3aeaHo c HerorrHocrHTe rrpr.r MareMarr.rqecKoro

IrM npeACTaBqHe, CT,3AaBa TepMHHOrOrHqHa H MeToAOnOrHqHa HercHOTa I'I HaMaJIsBa

npeun3uocrra npH [pe,[craBqHero Ha MeroaoJrotvfl'ra 3a oueHKa Ha pa:pa6oreuure MoaeJr]r.

flocoqenute 6elexxu He 3acrrar caMo rexHaqecKoro oQoplr.neHue, lu raro vacr or
rrx 3aTpyaHrBaT eAHo3HaqHoro pa:6upaue fl uHTepnpeTlrpaHe Ha LI3JIoxeHueTo.

Ilpenoptvaanl urnocrHa e3HKoBa, TepMr.rnoJrornqHa ,r rexHHqecKa peaaxur,rr Ha

AucepraqnoHHu fl Tpy!,, Bx,'rrorlBarqa LI3nor3BaHe Ha yrBlpAeHa 6r,mapcra uayrua
TepMITHOJIOTI{Jr, OTCTpaHrBaHe Ha rpaMaTI.trIHLITe I{ CLIHTaKTIIqHI,ITe HeTOr{HOCT}r, flpeqI.r3LIpaHe

Ha MareMar!{qecxure o3HaqeH}u u rfopr'ry:ru u eaHo3HaqHo o6o:HaqasaHe Ha npou3xoaa Ha

I{3nOJr3BaH}t, IrnrcCTpaTLIBeH MaTepHaJI.

7. 3ar.nroqenue
Hape4 c nocrurHarrrre pe3ynrarn, ar.rceprarlnoHHr.r{T Tpya c6a6pxa peAlrua

TepMHHOTIOTI{qHrr, MeTOAOJTOTUqHH, rpaMarsqHH, Cr.rHTaKTIrrrHL H peAaK[UOHHI.I HeTOqHOCTlr,

BKIIOqITTeIHO HeAOCTaT'LI{HO [peqU3HO npeACTaBrHe Ha H.,IKOI{ MeTpI'IKIt L MaTeMaTI'IqeCKH

3aBr.rcnMocrh, HeeaH03Hat{Ho r.r3non3BaHe Ha oraeJrHu noHflT}.rrt HeroqHocrx rrpH otfopu-rnero
Ha $opvyau u Qnrypu, KaKTo H MHoxecrBo 6yxnaano npeBeaeHr.r or anrauficxs egux

repMHHn H KoHcrpyKulrr, Kor.rro Ha Mecra cluecrBeHo 3arpyaHEBar qereuero n paa6upauero
HA H3J]OXCHHETO.

flocoqeHure sa6erexrH ue o6esuenqsar flony.reHure pe3ynrarn, no cregna 4a 6r4ar
orqereHH IIpE rlrrocrHaTa oueHKa Ha KaqecrBoro H npeqH3HocrTa Ha npeAcTaBrHeTo Ha

ar{ceprauHoHHr], Tpya.
He:asucHnao or HanpaBeHHTe 6e:rexxu, cqr.rraM, rre ar.rcepraq oHHrrrr rpyA B cBorra

qrflocr noKa3Ba cnoco6uocT Ha aoKTopauTa 4a $opr'rynupa u3cJreaoBareJrcxu 3a4aqLt, ta
patpa6oraa 14 eKcnepuMeHrarrHo aa oqeHrBa noaxoan 3a rrxHoro peuaBaHe, u Aa aHarH3upa

nonyqeErTe pe3ynTaTrr.

.I{NcepraqNonnn, Tpya orroBaprr Ha H3lrcKBaHurra Ha 3axoHa sa pa3BuTrre Ha

aKa.qeMlrqHru ctcraB Ha Peny6rnra Errrapur, ua flparulHuxa 3a HeroBoro npr;roxeHue,
KaKTo u na flpasrlnnrlra 3a ycroBr.rrra n peaa 3a npugo6ltnaue Ha HayqHE creneHrl B

Texuuqecxu Ysnaepcurer - CoQux. flpenoprvnaM Ha yBo(aeMoro Hayrxo xypH,qa npEctAH
Ha Mar. uux. leoprx -flHen Koros o6pa:onaremrara r,r Ha)AHa crenen ,,4oxrop" r
npo{ecnoHa:uro HalpaBJreHr{e 5.3 ,,Kor'lyurxauuoHHa H KorunrcT'bpHa rexxnxa", aoxTopcKa
nporpaMa ,,Aerouaru:NpaHr.r cHcreMu 3a o6pa6orxa r.ra ttrSopnauur u ynpan,renue".

31.08.2026 r.
rp. Co$lrr

I{aes na Hayquoro xypa,
,-,3TOTBHJI CTAHOBUIUETO

/ aou. a-p usx. l4nafiro tleHqeg /
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OPINION

5.3. Communication and Computer Technology

Georgi Yanev Kotov, MSc,

"Methods for Distinguishing and Recognizing AI-
Dissertation title: Generated Human Face Images from Images of Real

Human Faces"

Assoc. Prof. Ivaylo Simeonov Chenchev, PhD, Eng.,

Member of the Scientific Jury: Head of the Department of Information Technologies,

Universitl of Telecommunications and Post

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 disse(ation analyses generative models lor 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, XAI 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

field of higher education:

professional field:

Doctoral Program:

Author of the dissertation:

5. Technical Sciences
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l. 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.



recent publications, including studies from 2024-2025. This demonstrates sufficient breadth of the
Iiterature 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 AI methods. The methodological design follows a

progressive increase in complexity: liom 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 ofevaluation metrics, including
accuracy, precision, recall, F I -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 ofthe stated contributions reveals a certain degree ofgranularity 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
l'eatures. Experimental results show improved accuracy compared with using either feature type
alone.

2. A multi-stream tkee-class architechrre has been developed to distinguish between real images,
face-swapped images, and fully AI-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:
I. 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.

2.
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The contributions have potential applications in digital forensics, media content verification, and
digitat identity systems. At the same time, I 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 ofthe publications related to the dissertation: number and nature ofthe 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-strearn 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 stnrctrred 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 "muhrally
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 pemrrbations"
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 ofthe 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 l8 is the sentence:
"The empirical chapters follow a controlled increase in the complexity ofthe 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 ofthe experimental setup" and "mixing incompatible protocols."
Sr.rch constructions should be reformulated in clearer, more natural academic language.

A more substantial concem relates to the presentation of the evaluation metrics and the
mathematical apparatus. A mathematical expression for calculating an indicator is presented as a

J



"confusron matrix," although by its nature it does not constitute a confusion matrix (Eq. l.l). 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., Eqs. 1.2, 1.3,1.4, etc.). These inaccuracies hinder
the unambiguons 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 arnbiguity and reduces the precision with
which the evaluation methodology for the developed models is presented.

The above observations concem 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 scientilic terminology, correction of grammatical and syntactic inaccuracies, refinement of
mathematical notation and formulas, and explicit identification ofthe sources of the illustrative material
used.

7. Conclusion

Alongside the results achieved, the dissertation contains a number of tenninological,
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
Iiterally 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 ofthe 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
ol- Bulgaria Act, the Regulations for its Implementation, and the Regulations on the Terms and
Procedures for Acquiring Academic Degrees at the Techrical 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 lnformation Processing and Contro[".

3l August 2026

Sofia
Member of the Scientific Jury,
author of the opinion: . ....... . . . .

/ Assoc. Prof. Ivaylo Chenchev, PhD /
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