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Bbpxy Ar{ceprarlrroHeH TpyA

sa upra4o6l{BaHe Ha o6pasoBarenHa I4 Ha} {Ha crerreH eeAoKTopt'

Anrop Ha AlrcepraulroHHu.,r rpy.{: rtaz.uH)tc, Eteouopu trIeoea lfeaHoeu

Teua Ha Ar{ceprarlr4oHHr{s rpyA: ,romdaneqeHo omKpun&Hq pqsnosHanaHe u
npocnednnaHe rua odexmu npu degnunomHu nem&menHu anapamu"

IIpoSecuoHiuruo HarpaBneHrre: 5.3 Rorwynur<aquoHHa a KoMnlombpHa
mexHuKa

Hayuna cnequilrrHocr Cucmeruu c u3Kycm6eH uHmeileKm

PeueHseHr: npofr. d-p uruuc. Euun trIeuHoe froHqeo

1. Axrya.nnocr Ha pa:padorBaHrrr B Ar{ceprarlrroHHr{fl rpya npo6reu B

HayqHo u HayqHo-[prrJroxHo oTHorrreHr{e

BrsN,roNHocrr,rre, Kor{To npeAocraB.rrr 6eguunorH}rre JrerareJrHr4 ailaparzl
(EnA) 3a orAiureqeHo na6.uro4eHtre u npeHoc Ha pa3HopoAHra ToBapr,r, cbtreraHo c

BrrcoKa MaHeBpeHocT Lr TpyAHa oTKprlBaeMocT fu rrpeBpbrrlaT B KJrrorroBa

TexHoJrorrlfl, c ruupoKo rrpr.rJro)KeHrre B rpaxAaHcKkr, BoeHHr,r r,r HayqHu o6nacru.
CrulerpeMeHHo HelpeK:bcHaToro pa3Br4Tr,re Ha ceH3opHr4Te rexHoJrorr4r4 3a

orA€Lleqeno cr6upaHe Ha AaHHlr, KoMyHhKarIr4HTe, o6pa6omutalaa roneMlr o6euu
[aHHt4 rr u3KycrBeHnfl, raHTeJreKT AaBar Bb3MoxHocr 3a HoBr,r SynrqraoHirirHocrr{ r{

pa3rnkrpflBaHe Ha o6racrure Ha npr{JroxeHue. Bcu.mo roBa BoA?r Ao yBenurraBaHe

Ha rexHr4m 6poit, Koero nopaxAa neo6xo.quMocr or peryJrr4paHe Ha r.rrxHoro
r{3rIoJI3BaHe U [OCTaBflHe Ha AOIbJIHI4TeJIHII I43I4CKBAHWfl, KbM CIICTeMI4Te IIM - 3a

TorrHocr, aBToHoMHHa pa6ora [p]r cJroxHH tr Ar{HaMurrHr,r cpeAr{ Lr BHcoKa

eHeprufiua e$exrraBHocr. flracepraqvornkrflT rpyA e HacoireH KbM H3cJreABaHe Ha

Bb3MOXHOCTVTe 3a npeoAon.flBaHe Ha [OCOqeHrrTe IIpeAr{3BrrKaTeJrCTBa ?r

orpaHpIqeHu.fl. Arryamrocma My ce cbcropr B npeAJroxeHr{Te u BaruplupauLr
MeroAI4 3a orKpr4BaHe, pa3[o3HaBaHe r4 [pocneArBaHe sa o6eru4, [pr4rro)KkrMkr

KaKTO npr4 aBTOHOMHaTa HaBl4farlrrfl, TAI(a I/I Bbpxy noJrr{aBaHa MyJrTrr CeH3OpHa

rH$oplraqux, r{3rroJr3BaHa B pa3nr{irHu rrpr{JroxeHr{f,, upu ocurypeHa BrrcoKa
TouHocr, HaAexAHocr rr eneprufiu a v v3qurc.[rrreJrHa e$exrunuocr.

2. Crenen Ha [o3HaBaHe cbcroflHrrero Ha npod.rema v rBopqecKa
rrHTepnp eTarlufl Ha JrrrTep aTyp Hrrf MaTep r{ aJr

,.{ucepraqfioHHrr.rrr rpyA e rrocBereH Ha aKTyuurHa reMarr{Ka, Korro
npeArronafa pa3rxnpeHo [por{BaHe Ha rexHoJrofuv 3a [onr{aBaHe Ha aaHlrt4,
MeroAH r4 zurropurMr{ 3a orKprrBaHe, pa3rro3HaBaHe r4 rrpocneA-rrBaHe sa o6erru.
I-{nrzpaHlrre 138 nr4TeparypHr,r r43roqHr.ruu, rocorreHr4 B 6ra6nuorpa$cxara
crlpaBKa cBr{AerencrBar 3a }r3BbprxeHrafl saArr6o.reH Kpr4TVrreH aHiurlr3 rl
3arro3HaBaHe cbc cueqr$raKara Ha Mareprrfra o6er:r Ha ArrceprarlrroHHlrx rpy4. Ha
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Ta3il 6aza e QopvrylrapaHa Ilenra Ha Ar{ceprarluoHHrr.rr rpyA u 3aAarrure 3a
I.I3trbJrHeHLre. Taopuecxara r4HTep[perar\\lfl Ha nureparwuvrfl Marepu€u,
[peAnoxeHl{Te apxl{TeKTypH, MeTOIr,r, [pOBeAeHr{Te kr3cJreABa[prs, vr non) reHlrTe
pe3yJlTarld IIoKa3Bar, qe AoKTopaHTKara [o3HaBa MHoro 4o6pe cbcrorHrrero Ha
npo6leua. Tosa t e uosnoJII,IJIo ycflerrrHo .(a H3rrbnHr.r locraBeHr,rre 3aAaqu v Aa
rroJrrrr4 3Haqr4Mr4 pe3ynTaTH.

3. CrorsercrBlre ua u:6paHara MeroAr{Ka Ha }r3cJreABaHe c rrocTaBeHara rleJr
I,I 3aAarru Ha ArrcepTarlr{oHHr.rq TpyA

Ilema Ha Ar,rcepraur,roHlu rpyA e Aa ce r43cneABar, rpeAnoxat v oueH.rrr
MeroAI4 3a orKpI,IBaHe, pa3rro3HaBaHe r4 [pocneAflBaHe na o6erru c r{3rron3BaHe Ha
AaHHI{, [on) {OHLI c 6esuurorHu JlerareJrHu ataparr.r, Korrro ocnrypf,Bar BucoKa
rorlHocr, HaAexAHocr pI e$exrunuocr. Irls6paHara r{3cneAoBarencKa MeroAonorn.rr
ce ocHoBaBa Ha TeopeTlrqeH aHaJrvr3, cpaBHHTeJrHa vr QyuxqnoHilrrHa orIeHKa,
MOAeJII{paHe, [paKTI4aIeCK]I eKcrrepr4MeHTr4 v alJaJrur3 Ha nonyqeHHTe pe3yJrrarr4.
Tosu KoMrIJIeKceH noAxoA [o3Bonxra 4o6pe o6ocsonau us6op Ha r4HcrpyMeHTr,r u
TexHuK[ 3a pelraBaHe Ha o[peAeneHr,rre r{3cneAoBareJrcKrr 3aI.aqkr.

B AllcepralltrflTa ca [peAnoxeHr4 HoBH MeroAv, MoAenv v cr{creMH}r
apxLITeKTypI4, Korrro AeMoHcrpupar uo4o6peHa roqHocr, cKopocr na o6pa6orrca,
eHeprnfiHa e$errrzBHocr 14 t43rlvcnrrreJrHa nporr3BoAzTeJrHocr. Tesu perueHr4s ca
[paKTI4qecKI4 peurn3rrpa}Ill Lr [pflnoxeHr4 KbM pa3nr4qHu pezlrrHr{ cueHapH}r,
eKcnepI4MeHTanHO [OTBbpAeHr,r v aHutu3vpalJu rro oTHorueHHe Ha TflXHaTa
e$errunnocr. Bcu.IKu re3l{ ycunr{, ca AoBenr,r Ao ycnerrrHoro peuaBaHe Ha
rlocraBeHure 3a.{avkr u Ao flocrrdraHero Ha o6ulara qen Ha H3cneABaHero.

4. Kparrca aHaJrrITrIqHa xaparcTepr{crnKa H orIeHKa Ha AocroBepHocrra Ha
MareplraJla, Bbpxy xofiro ce rpaArr rrp[Hocrrre Ha Ar,rceprarlrroHHr{fl TpyA

,{racepraql4oHHl,If,T Tpyr e s o6eN{ or 162 ctpaHprrl}r, Karo BKnrcqBa yBoA,
qerupl4 rJIaBrr 3a peluaBaHe Ha QopuynrapaHuTe ocHoBHLr 3apLaqu, ctrrrcbK Ha
ocHoBH?ITe npkIHocLI, crILIcbK ta ty6rruKarlzlrre no Ar4ceprarltrflTa [r pr3rron3BaHa

JII'ITeparypa. I{urr,rpaHr4 ca o6rqo 138 nzreparypHrr H3roqHHKa, Karo Bcr,rqKlr re ca
Ha rraruunrla. Pa6orara BKJrro.rsa o6qo I 5 rpuryp u u 28 ra6twgu.

B urpna uraBa Ha AucepralllroHHlrfl rpyl e HanpaBeH rrperneA Ha reKyrrloro
cbcroflHrle Ha 6esnlarorHl{Te JlerarenHr{ a\apartr, Ha TexHonorvHTe 3a
AI,IcraHIIuoHHo orKplrBaHe lr pa3no3HaBaHe Ha o6ercru, TexHrrre cneqn$rauuu
xapaKTepucT[Kkr, [peAkIMCTBa H CBbp3aHr.rTe C T.rrx [peAr,r3BrrKaTencTBa.

le$ranupana e ocHoBHara rlen v v3cne1oBarencKr4Te 3aAaqv Ha AuceprarlaroH;gikrfl
rPYA.

B rJIaBa BTopa e [pe.qcraBeH noqpo6eH rrperneA Ha rexHoJrorprkrre 3a
orKpI{BaHe ua o6exrll I43rIoJIsB aHu c BJIA, MeroAr.rre sa o6pa6orKa Ha [oJrfreHr{Te
AaHHI4 II amopI4TMrITe 3a pa3no3HaBaHe sa o6exrra. O6o6ureHr.r ca cbBpeMeHHrrre
TeHAeHIII{lt s o6flacrta vr e [oArrepraHa ueo6xo4nMocrra or pa3pa6orsaHe Ha
HOBr.r rroAxoAlr 14 MeToAr4.

B rpem rJIaBa ca onHcaHI4Te eralrrre Ha paspa6orKa Ha cr,rcreMara, ueituara
xapAyepHa u coQryepHa apxllreKrypa u rpoqecr4re Ha rrHrelprdpaHe Ha AaHHr,rre.
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Mero4xre u iuropl{TMplTe 3a orKpr4BaHe, pa3rro3HaBaHe u [pocneA{BaHe Ha
o6erru ca no46panu c orneA Ha w3ucKBaHyrflTa 3a BrrcoKa roqHocr, cKopocr,
eneprzfiua e$exrzBuocr u Lr3qtrcrlrreJrHa rrpou3BoAr,rrenHocr flpegnoxeHr,r ca:
crparerlll4 3a orlTrlMu3a\us, Ha Merogure 3a orKplrBaHe Ha MaJrKr.r o6eruu, sa
pa6ora B ArrHaMI,IrIHu ycnoBkrfl., 3a pa3[o3HaBaHe r4 rrpocneArBaHe na o6exrlr n
peaJIHo BpeMe; TexHLtKLI 3a orrrlrMn3ar\krfl ua o6yueHuero Ha MoAerrr4 B cr{creMara;
crpareruu 3a xapAyepHa n coQryepua o[Tr.rMyrca\Lrfl Ha cucreMara 3a rrocrrrraHe
Ha eHeprufina e$exrr,rBHocr.

rlerarpra rnaBa [peAcraBx sarvr1oreH eKcnepprMeHTulJreH aHiuru3, rrpu xofiro
cHcTeMaTa e TecTBaHa rlpv pa3nLrqlJkr crleHapilr4, 3a la ce orleHr4 v cpaBHrr
rIpoI43BoAI,IreJIHocrra Ha pa3nvuuur apxr{reKrypr,r 3a orxpuBaHe ua o6exru (YOLO,
SSD, Faster R-CNN. Oqenssa ce BJurrHr4ero Ha pa3nrar{Hu Saxropra Karo
BUCOqI4Ha Ha rIOJIera, brSJI Ha KaMepara, ocBereHocr Bbpxy roqHocrra Ha
orKpI4BaHe. B rnanara cblrlo raKa ce oqeH.rrBa [peAcraB{Hero Ha Mero,qr4Te [ppr
pa3nuqHl4 KJIacoBe o6erru (nperosrul cpeAcrBa, xopa, crpa4u), TflxHara cKopocr
Ha o6pa6orr<a v eser<tznuocr npu orKplrBaHe Ha M€urKr{ o6elcru.
ExcnepulteHTanHure pe3ynrarl{ [orBbpxAaBar HaAexAHocrra, rbBKaBocrra Lr

TOTTHOCT:Ia Ha llpunatalfl,Lrre MeroAr{ r.r paspa6oreHr{Te iuropr4TMH.

5. HayuHtl ulnstu HayrrHo-rpuJroxHrr rpr{Hocn Ha AuceprarlrroHHrrfl TpyA

B pe3yrlTar Ha npoBeAeHI{Te v3crre1BaHnfl, [onyqeHure pe3ynrarr{ ca
o6o6rqesll H [peAcraBeHpl Karo rrpr4Hocr,r clrcreMar:a3upaltr B Tpta Kareropprur:

Hayvun rplrHocrr:

1. flpe4noxeHa e MeroAoJlorr,r, 3a rrpoeKrrrpaHe r4 paspa6orBaHe Ha cr.rcreMa
3a AHcraHL{HoHHo orKpHBaHe, pa3rro3HaBaHe pr [pocneA.rrBaHe ua o6erru c
rr o Mo rrlTa H a 6 esur.rr orHr{ Jr erare JrH Lr ailap arv.

2. IlpegnoxeHa e KoHLIelryaJrHa apxkrreKTypa Ha cr{creMa, [poeKTnpaHa c
lpeAnoxeHara MeroAonorLrf,, cbcroqllla ce or xapAyepHr4 KoMrroHeHTr4 14

coQryeprul MoAynLI, ql4ero lrHrerpr4paHe ocxrpfiBa SyurquoHr4paHero Ha
cl{creMara cbruIacHo rIocraBeHHTe uen}r u OynKrIr{oHaJrHH tr3r{cKBaHus. ga
ToqHocr, rlpol,I3BoAurerlHocr, 6rp:o4eficrnue u pa6ora B peuurHo BpeMe r.r

eneprlrftHa e$erruBHocr.
3. flpe4noxeH e aAanrrlpaH zlJrroplrrMr{rreH MoAen 3a orKprdBaHe na o6exrz

clo6paseH cbc cnequSzuHure r,r3lrcKBaHnfl Ha [pvnoxeHrlero. Tofi laea
Bb3MoxHocr 3a onrlaMrr3auxs. 3a orKpr,rBaHe Ha Marrxz o6emu u paflota e
AI4HaMLIqHa CpeAa, KaKTO LI pa3no3HaBaHe II npocneA.f,BaHe na O6er<ru s
pearrHo BpeMe.

Hayvno-[prrJroxHlr [plrHocr{ :

l. flpe4noxeHo e I,I3[on3BaHe Ha xu6pu4en ancau6noB MeroA 3a orKpr{BaHe
na o6errn, xoftlo ocurypf,Ba nogo6p.rrBaHe Ha rorrHocrra rrpn orKpHBaHe Ha
o6exrz upra 6esuuJrorHl4 JlerareJrHkr ailaparv qpe3 KoM6zHrapaHe Ha MoAenrl
c pa3nr4qHx apxr4TeKTypr,r Ha HeBpoHHr{ MpexH.

2. lIpegnoNeHLI ca rexHHKH 3a orrrprMnga\prfl na o6yveHr{ero Ha MoAenH 3a
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OTA€uIeqeHO oTKpIIBaHe, pa3IIo3HaBaHe II [pOCneArBaHe Ha o6eKTlr flpu
6esnuuorHz JlerarerlHr{ anapurur c H3rroJr3BaHe Ha rpaHcQepuo o6yrenue,
o6orarxsaHe Ha AaHHlr u ylpaBneHlre Ha cKopocrra Ha o6yrenrae c
IoJILITTIKa Ha eAI{HCTBeH IIrrKbJr, KOr,rTO OcuryptrBar rrocTr{raHe Ha [o-Bt{coKa
TorlHocr H rpeAorBpar.rrBar npeKoMepHoro [pnc[oco6ssaHe Ha MoAen]rre.

3. flpe4noxeHa e MeroAoJIorH, 3a aHaJrkt3 Lr $nnrpaqufl Ha rpe[rKr{ [pr4
orKp[BaHero Ha o6exru or Bvr1a Qanuzno [oJroxuTeJrHrl, Qanurnno
orpllllareJlHlr, HerlpaBlrnHrr rnacu$uxar\uv qpe3 KoM6uuupaue na Grad-
CAM Br{3yarrn3arlufl, r,r crarLrcrulrecKrr anuil43 Ha tperxKr{Te.

4. Ilpe4noNeHa e MeroAonornfl 3a oqeHKa na ycrofiqvBocTra Ha MoAeJrr4Te 3a
orKpI{BaHe na o6errv npv 6eguurorHr4 JrerareJrHr.r afiaparvr npr,r 3aKpr,rBaHe
Ha o6ertz, Kof,To Mox(e Aa ce lr3rroJr3Ba 3a aAanrrlBHo o6yreHue u
nogo6pxnaHe Ha rrpor{3BoAr4TeJrHocrra B peiurHrr ycnoBrlr.

C upu.rroxen xapar$ep:

1. fle(|uuvpanvr ca KoHKperHI,I npenopbKz sa prs6op Ha MoAenvilapaMerpu 3a
orAilleqeHo orKpI{BaHe, pa3rro3HaBaHe 14 npocneAf,BaHe na o6erru rrppt
6esnurorHr,r nerareJrHr,r alaparr,r B AuHaMr{qHr,r cpeAn .

2. Ilpe4loxeHa e rrao4uQuqvrpaHa apxureKTypa 3a aHcaru6roeo AereKrupaHe
na o6erru fipvr 6esnI,uIorHLI JrerarenHu a[aparr c rr3[on3BaHe Ha YOLOv8
sa 6anaHc MexAy rorlHocr u vrrlvcilr4TeJrHa eSerrunuocr 3a rrpranoxeHlrfl B

peaJIHo BpeMe u na Faster R-CNN sa uo4o6pflBaHe Ha aHarrtr3a rrprr cnoxHr{
cUeHH, Kof,To no4o6prna rorrHocrra c Ao 7% clp.rrMo uail-gofipux
vlrl.uBn4yiureH MoAeJr.

3. Parpa6oreHa e eKcrIepI4MeHTuurHa paMKa 3a cpaBHrrreJreH a*aJrvg Ha MoAenr.r
3a orAilrleqeHo orKp[BaHe, pa3rro3HaBaHe r{ [pocneA{BaHe Ha o6ercrv ilpu
6egnulorgu JIerareJIHI,I a\aparv1 KoflTo Moxe La 6rle [r3rron3BaHa B

I,IHAyCTpHZLIIHIT I{ I'l3CneAOBaTenCKU Cpel.l{ 3a OrIeHKa Ha HOB}r apXr{TeKTypH
lr MoAenH.

4. IrlscreAsaHo e BIIt4.aHI4ero Ha BbHrrrHr.r Saxropz - arrraoc$epHr.r ycJroBr{{
(ArxA, MbrJra, HHcKa ocnereuocr), qacrrarrHo 3aKpr{BaHe Ha o6exru,
ycJIoBIl, Ha perl{crp}IpaHe na Hso6pa)KeHprfl, (nucouuna Ha rroJrer, brbJr Ha
3acHeMaHe) rtpxy rotlHocrra Ha orKprzBaHe r.r ilpocneA-rrBaHe ua o6erru npra
6eeuzrorHl4 nerareJlHu a\aparv c u3norr3BaHe na o6yreHr,r MoAeJrlr cbc
cbBpeMeHHr,r apxr4TeKTyp[ Ha HeBpoHHr,r Mpexr4.

flpueuavr rpl,IHocl{re, KaKro ca Sopl,rynvpanu or AoKTopaHTKara. Culrrau, ue
Te TOTIHO OTpa3.rIBar TIOCTHXeHI,If,Ta r4 B pe3ynTAT HA rrpOBeAeHr4Te U3crre IiBAH]/lfl, U
MOraT Aa HaMepflT [paKTr.rqecKo [punoxeHrre.

6. Ouenrca 3a crerleHTa Ha Jllrqnoro yqacrlle Ha AlrcepraHTa B rrprrHocrrre

flocrururarure pe3yJlTarlr or HanpaBeHrrre aHaJrur3yr 14 npoBeAeHr4Te
LI3cneABaHI4fl B ALIcepTaIIvroHHr4fl TPYA, ca npeAcraBeHr4 Ha HafrHu Sopylau vr B
cilkrca}Jvrfl, Karo ca 6utru peUeH3rIpaHIr or He3aBucr{Mr.r perleH3eHTr.r H ca rroJr}rql,rnn
seo6xoAuMara ny6nuvnocr u orIeHKr4 or HafrHara o6ulHocr. Ha raslt 6aza,
BHI4MareJIeH rtpoqur I4 aHaJrv3 Ha Auceprarlr4oHH]rfl rpyA, aurope$epara v Ha
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ly6nlarallvrure l)r, ruola Aa HarrpaB.rr 3aKJrloqeHrre, t{e r,r3cneABaur4flTa H rrpuHocl{Te
ca Hefino Jrr,rqHo Aeno.

7. Ilpeqeurca na uyd.rrrrKarlutrre rro Ar,rceprarlrroHHr.rfl TpyA

flo reMara Ha Al4cepralllroHHrrfl TpyA Mar. uHx. EleoHopa I{saHona e

rlpeAcraButa 4 ny6nnxaqvrtr: ABe B c[r4caHze ,,International Journal of Advances
in Computer Science and Technology", e4ua B crrucaHue ,,Journal SECURITY &
FUTURE" yt eAHa AoKJraABaHa Ha IX MexayHapoAHa Ha)n{Ha ronQepeHqux
,,INDUSTRY 4.0", Bcr,rrrKr,rre ca B rreprzoAa 2024-2025 roAuHa. Are or
ny6nuxaquvre ca caMocrorreJrHlr, ABe ca c eAr4H cbaBTop. Brs BcurrKraTe

uy6nuraqlrl4 AoKTopaHTKara e Ha rrbpBo Mqcro. Hsua sa6erssaHh r\r4TnpaHr4fl..
Haupanenure uy6rvKa\w [peBl{uaBar rr3r4cKyeMrrf, MrrHr{MyM ToqKr4 3nrroxeHr,r B

flpanuluara 3a ycnoBl{f,Ta u pela 3a npu4o6unalre Ha HayqHr.r crerreur,r B

TexuuqecKr4q yHuBepcvrer - Co$rax.

8. Llruonsnaue Ha pe3yJrrarure or AlrceprarlrroHHrrr rpyA B HayrrHara
rrpaKTrrKa

IIp e4noxeH I,ITe apxuTeKTyp 14, ailarrrktBHlr M oAeJrpr, M eroAo Jrorr4rr 3 a o rIeHKa Ha
ycrofiuznocrra Ha MoAeJILITe vnlJrroprrrMlr 3a orAaJrerreHo orKpr,rBaHe,
pa3rlo3HaBaHe I{ [pocneAf,BaHe ua o6exrIl rrpe3 6egunrorHr.r nerareJrHlr arrapartr,
Ce XapaKTepI{3I{paT C TeXHOJIOTLIqHa aAaIITIIBHOCT Pr Ca C BI4COKa CTeneH Ha
lpunoxzMocr B IurIpoK Kpbr or peiurHr4 ckrrya\r4u. Koru6zru4paHero Ha AaHHr.r or
pa3[I{r{Hr4 ceH3opu, anropuTMr4 3a Marrrr{HHo n gu6oxo o6y.reuvre vr e$exrnnua
o6pa6orra Ha uso6paxenua, ro3BoJr-rrBa cr4creMara Aa 6rle a1ail'rvpaHa 3a
pa3nI,ItIHn unarQopuv vt yciloBvrfl Ha pa6ora. Tosa fl, rrpaBpr rIeHeH rrHcrpyMeHT
KaKTo 3a I{HxeHepI,I, TaKa tr3augcreAoBareJrrr, Korrro rbpcrr cta6ulua I4 rbBKaBa
ocHoBa 3a [o-HaTaTbIrIHo pa3BrrTr{e v a[a\TupaHe.

9. Oqenna Ha cborBercrBrlero Ha anropeQepara c rr3rrcKBaHlafrTl 3a
II3[OTBflHeTO My, KaKTO m HA aAeKBaTHOCTTa Ha OTpa3flBaHe Ha OCHOBHIITe

rroJroxeH[fl v rrprrHocr{Te Ha AlrcepTarlHoHHuq rpyA

Ilpe4craneHvflr or Mar. rrHx. Eneouopa [IsaHoBa anropeQepar Ha

AIlcepraIIuoHHH.,I TpyA e n o6eu or 32 crpaHurlu u e oSopMeH B cborBercrBr.re c
pl3I4cKBaHLrflTa Ha flpaaznHplKa 3a ycJroBrrrrra 14 peila 3a rrpr{Ao6usaHe Ha Ha} {Hr4

cre[eHr B TY-Corpzx. Tofi rpeAcraBf, BrpHo cbAbpxaHr{ero, cbrqecrBeHrzre
crpaHll Ha rI3cneABaHvrsrra) [ocrr4rHarHTe reoperr.rlrHr4 rr [paKTlrqecKr{ pe3ynTaTr,r
r ge$unrapaHl4Te Ha)rqHH, HafrHo-npr{noxHu r,r npunoxHn npr4Hocr{, cbAbpxarrlz
ce B rIbJIHpIf, TeKcr Ha AzceprarlproH:avrfl rpya. flpe4cranen e u crrtrcbK Ha
ny6nuraqkrvrre rlo reMara*a lucepra\HflT4 KaKTo rr pe3roMe na aurtuficKr{ e3r,rK.

10. Mneurrfl, rrpeflopbKr{ u de.uexrcu

H.sN,IaM cbIuecrBeHLI ga6enexxu KbM Ar{ceprarrproHHr.u rpyA. Tofi e

oQoprraen crapareJrHo, KopeKTHo rrpeAcraB{ Ha) {Hrrre r43cnegLBa:nzrfi. vt

cBlrAerencrBa 3a 4o6pzre ro3HaHr4.f, Ha aBTopa e o6racrra. .{orropaurKara e

H3BbpIIruJIa 3HatIIrreJrHa pa6ora rro reMara Ha Ar4ceprallllf,Ta, KoflTo e AoBena Ao
y6egurenHl,I HafrHkr v HayqHo-rrpLrJroxHr,r pesynraryr. Teuara Ha Araceprarlu-f,Ta e
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B rIepcneKTpIBHa Haln{Ha oonacr u IIpeIIopbKa Mlr KbM Mar.prHx. Eleouopa
I4saHoea e Aa npoAbnxll cBof,Ta HayrrHa pa6ora u u3cne1Ba:akrfl. yt ila Hacotrr4
ycvnufl, KT)M BHeApf,BaHe Ha [peAJroxeHr,rTe MeToArr [r urJrfopr{TMr.r B [paKTr{KaTa, 3a
IIO CTr{raHe Ha rrp eKr{ rrpunoxHr4 p e3ynTaTrr.

11. 3axlrorreHr{e

Cne.q Karo ce 3arlo3Hax c rr4ceprarrr4oHHux rpyA, cquraM qe orroBapfl Ha
pI3HcKBaHVflTa sa 3arcona 3a pa3Br4Trre Ha aKaAeMlrrrHr.r, cbcraB n Peuy6nrnra
Ernrapux, flpaeurHl{Ka 3a HeroBoro rrpuJraraHe, KaKTo u Ha Ipanvnnkrna 3a
ycnoBI,I.rITa 14 pela 3a upu4o6znaue Ha Ha)rqHV creleHrr B TexHra.recxnq
yHHBepclrrer - CoQrza. florropanrKara e flpoBena zagrtr1orreHo H3cJreABaHe B

aKTyiuIHa u 3HarII,IMa o6racr u e [onfruna pe3ynraryr, Korrro cbAbpxar Ha;ytt:au,
Har{Ho-npI4noxHI,I u rrpHnoxHr.r IIprrHocH, orpa3eHrr B HalpaBeHr4Te H.ayl{Hr4

uy6nr,rraqun. Brs ocHoBa Ha rope[3JroxeHoro r,r npeAcraBeHuTe Marep]ranu AaBav.
TIoJIOXI4TeJIHa OIIeHKa Ha AUCepTarIr{OHHrrq rpyA r{ rrpeAnaraM Ha yBaxaeMrrTe
qreHoBe na Hayrrroro xypla la 6rile [prrcb4eHa o6pa:oBareJrHa rr HayrrHa
crerleH ,rAolctoptt ua uar. LIHx. E.neoHopa llnosa lfnauoua n upoSecroHaJrHo
HaIrpaBneHI,Ie 5.3 KorraynurarluoHHa vr KoMnrorbpHa TexHnKa rro Ha) {Ha
cleqrraJrHocr CncreMr4 c r,r3KycrBeH [rHTeJreKT.

10.06.2025 r.
rp.CoQna

Irlsrorsvr perleH3ktf,Ta: . . .

/upoQ. A-p r{Hx. Errrur froH.res /
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REVIEW
of a dissertation for the acquisition of an educational and scientific degree

,rDoctort'

Author of the dissertatton: M,Sc.Eng. Eleonora Ivova Ivunova

Title of the dissertation'. ,, Remote detection, recognition and tracking of objects

with anmanned aircraft"

Professional direction:5.-?. Communication and computer equipment

Scientifi c specialty: Systems with artijicial intelligence

Reviewer: ProJi, Emil lvanov lontchev, PhD

1. Relevance of the problem developed in the dissertation in scientific and
scientifi c-applied terms

The capabilities offered by unmanned aerial vehicles (UAVs) for remote
observation and the transport of diverse payloads, combined with high
maneuverability and low detectability, make them a key technology with wide
application in civilian, military and scientific domains. At the same time, the
continuous advancement of sensor technologies for remote data collection,
communications, big data processing and artificial intelligence enables new
functionalities and an expansion of application areas. A11 of this leads to an
increase in their number, which creates a need for the regulation of their use and
the imposition of additional requirements on their systems - such as accuracy,
autonomous operation in complex and dynamic environments and high energy
efficiency. This dissertation focuses on exploring ways to overcome the
aforementioned challenges and limitations. Its relevance lies in the proposed and
validated methods for object detection, recognition, and tracking, applicable both
in autonomous navigation and in processing multi-sensor information used in
various applications, ensuring high accuracy, reliability and both energy and
computational effi ciency.

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

The dissertation is dedicated to a current and relevant topic, which necessitates
an in-depth exploration of data acquisition technologies, as well as methods and
algorithms for object detection, recognition, and tracking. The 138 cited literature
sources listed in the bibliography testify to a thorough critical analysis and a solid
understanding ofthe subject matter ofthe dissertation. Based on this, the objective
of the disseftation and the tasks required to achieve it have been formulated. The
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creative interpretation of the literature, the proposed architectures and methods, the
conducted research and the obtained results demonstrate that the doctoral candidate
has a very good command of the state of the art in the field. This has enabled her to
successfully accomplish the set tasks and achieve significant results.

3. Correspondence of the chosen research methodology with the set goal and
tasks of the dissertation work

The objective of the dissertation is to investigate, propose, and evaluate
methods for object detection, recognition and tracking using data acquired by
unmanned aerial vehicles, ensuring high accuracy, reliability and efficiency. The
chosen research methodology is based on theoretical analysis, comparative and
functional evaluation, modeling, practical experiments and analysis of the obtained
results. This comprehensive approach enables a well-grounded selection of tools
and techniques for addressing the defined research tasks.

The dissertation proposes novel methods, models and system architectures
that demonstrate improved accuracy, processing speed, energy efficiency and
computational performance. These solutions have been practically implemented
and applied to various real-world scenarios, experimentally validated and analyzed
in terms of their effectiveness. All these efforts have led to the successful
resolution of the defined tasks and the achievement of the overall research
objective.

4. Brief analytical description of the nature and assessment of the credibility
of the material on which the contributions of the dissertation are based

The dissertation consists of 162 pages and includes an introduction, four
chapters dedicated to addressing the formulated core research tasks, a summary of
the main contributions, a list of publications related to the dissertation and a

bibliography. A total of 138 literature sources are cited, all of which are in Latin
script. The work includes 15 figures and 28 tables.

Chapter One provides an overview of the current state of unmanned aerial
vehicles, technologies for remote object detection and recognition, their specific
characteristics, advantages and associated challenges. The main objective and
research tasks of the disserlation are clearly dehned.

Chapter Two presents a comprehensive review of object detection
technologies used with UAVs, methods for processing the acquired data and
algorithms for object recognition. Contemporary trends in the field are summarized
and the need for the development ofnew approaches and methods is emphasized.

Chapter Three describes the development stages of the system, its hardware
and software architecture and data integration processes. Methods and algorithms
for object detection, recognition and tracking are selected with requirements for
high accuracy, speed, energy efficiency and computational performance. The
chapter proposes: optimization strategies for detecting small objects, operating in
dynamic environments, realtime object recognition and hacking; techniques for
optimizing model training; hardware and software optimization strategies to
achieve energy efficiency. 
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Chapter Four presents a thorough experimental analysis, in which the system
is tested under various scenarios to evaluate and compare the performance of
different object detection architectures (YOLO, SSD, Faster R-CNN). The
influence of different factors such as flight altitude, camera angle and lighting
conditions on detection accuracy is assessed. The chapter also evaluates the
performance of the methods across various object classes (vehicles, people,
buildings), their processing speed and effectiveness in detecting small objects. The
experimental results confirm the reliability, flexibility and accuracy of the applied
methods and developed algorithms.

5. Scientific and/or scientific-applied contributions ofthe dissertation work

As a result of the conducted research, the results have been summarized and
presented as contributions, systematically categorized into three groups:

Scientific contributions:

1. A methodology has been proposed for the design and development of a
system for remote object detection, recognition and tracking using unmanned aerial
vehicles.

2. A conceptual system architecfure has been developed, based on the
proposed methodology, consisting of hardware components and software modules
whose integration ensures system functionality in accordance with defined
objectives and functional requirements - accuracy, performance, real-time
operation and energy efficiency.

3. An adapted algorithmic model for object detection has been proposed,,

tailored to application-specific requirements. It enables optimization for detecting
small objects and operation in dynamic environments, as well as real-time object
recognition and tracking.

Scientific-applied contributions :

L A hybrid ensemble method for object detection has been proposed,
enhancing detection accuracy in UAV applications by combining models with
different newal network architectures.

2. Techniques have been developed to optimize the training of models for
remote object detection, recognition and tracking using transfer leaming, data
augmentation and one-cycle learning rate policy. These techniques contribute to
higher accuracy and prevent model overfitting.

3. A methodology has been proposed for analyzing and filtering detection
errors such as false positives, false negatives and misclassifications by combining
Grad-CAM visualizations with statistical error analysis.

4. A methodology has been proposed for evaluating the robustness ofobject
detection models in UAVs under obiect occlusion conditions, which can be used
for adaptive training and improving performance in real-world scenarios.

9



Applied Contributions :

1. Specific recofitmendations have been defined for the selection of models

and parameters for remote object detection, recognition and tracking in dynamic
environments using UAVs.

2. A modified ensemble detection architecture for UAVs has been proposed,

utilizing YOLOv8 to balance accuracy and computational efficiency for real-time
applications and Faster R-CNN to improve analysis in complex scenes. This
ensemble achieves up to 7o/o higher accuracy compared to the best-performing
individual model.

3. An experimental framework has been developed for comparative analysis

of models for remote object detection, recognition and tracking using UAVs. This
framework can be applied in both industrial and research settings to evaluate new
architectures and models.

4. The impact of external factors - such as weather conditions (rain, fog, low
light), partial occlusion of objects and image acquisition conditions (flight altitude,
camera angle) - has been investigated in relation to the accuracy of object detection

and tracking by UAVs using trained models with modern neural network
architectures.

I accept the contributions as formulated by the doctoral candidate. I believe
they accurately reflect her achievements resulting from the conducted research and

are likely to find practical application.

6. Evaluation of the degree of personal participation of the PhD student in
the contributions

The results achieved through the analyses and research presented in the

dissertation have been disseminated at scientific forums and in peer-reviewed
journals, having undergone evaluation by independent reviewers and received
appropriate visibility and recognition from the scientific community. Based on this,
as well as a careful review and analysis of the dissertation, the abstract and the

related publications, I conclude that the research and contributions are her own
original work.

7. Bvaluation of the publications on the dissertation

On the topic of the dissertation, M.Sc.Eng. Eleonora Ivanova has presented

four publications: two in the "International Journal of Advances in Computer
Science and Technology", one in the journal "Journal SECURITY & FUTURE"
and one presented at the IX International Scientific Conference 'INDUSTRY 4.0'.

All publications were issued during the period 2024-2025. Two of the publications
are single-authored and two are co-authored with one other collaborator. In all
publications, the doctoral candidate is listed as the first author. No citations have

been identified to date. The publications exceed the minimum required number of
points set forth in the Regulations for the Conditions and Procedures for Acquiring
Scientific Degrees at the Technical University of Sofia.
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8. Using the results ofthe dissertation work in scientific and social practice

The proposed architectures, adaptive models, methodology for evaluating

model robustness and algorithms for remote object detection, recognition and

tracking using unmanned aerial vehicles are characteri zed by technological

adaptability and a high degree of applicability across a wide range of real-world
scenarios. The integration of data from various sensors, combined with machine

and deep learning algorithms and efficient image processing techniques, allows the

system to be adapted for different platforms and operational conditions. This

makes it a valuable tool for both engineers and researchers seeking a robust and

flexible foundation for further development and adaptation.

9. Assessment of the compliance of the abstract with the requirements for its
preparation, as well as the adequacy of reflecting the main points and

contributions of the dissertation work

The abstract of the dissertation submitted by M.Sc.Eng. Eleonora Ivanova

consists of 32 pages and is formatted in accordance with the Regulations for the

Conditions and Procedures for Acquiring Scientific Degrees at the Technical

University of Sofia. It accurately reflects the content and essential aspects of the

research, the achieved theoretical and practical results, as well as the defined

scientific, applied-scientific and practical contributions contained in the full text of
the dissertation. A list of publications related to the dissertation topic is also

included, along with a summary in English.

10. Opinions, recommendations and notes

I have no significant remarks regarding the dissertation. It is carefully
structured, accurately presents the scientific research and demonstrates the author's

strong knowledge in the field. The doctoral candidate has carried out substantial

work on the dissertation topic, resulting in convincing scientific and applied-

scientific outcomes. The topic of the dissertation lies within a promising scientific
area and my recommendation to M.Sc.Eng. Eleonora Ivanova is to continue her

research efforts and to focus on the practical implementation of the proposed

methods and algorithms in order to achieve direct applied results.
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11. Conclusion

Having reviewed the dissertation, I consider that it meets the requirements of
the Law on the Development of the Academic Staff in the Republic of Bulgaria,

the Regulations for its implementation, as well as the Regulations on the

Conditions and Procedures for Acquiring Scientific Degrees at the Technical

University of Sofia. The doctoral candidate has conducted in-depth research in a
current and relevant field and has obtained results that include scientific, applied-

scientific, and practical contributions, as reflected in the related scientific
publications. Based on the above and the submitted materials, I give a positive

evaluation of the dissertation and recoflrmend to the esteemed mernbers of the

Scientific Jury that the educational and scientific degree 'Doctor' be awarded
to M.Sc.Eng. Eleonora Ivova lvanova in the professional field 5.3

Communication and Computer Engineering, in the scientific specialty Systems

with artifi cial intelligence.

Date: 10.06.2025 Reviewer:...
/Prof. Emil Iontchev, PhD/
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