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Anrop Ha Ar.{cepraur4oHHur rpyA: Mar.uux. E.neonopa }Inona [InaHosa

Teua ua Ar4ceprarruoHHr4, rpyA: ,,OrgareueHo orKpHBaHe, pa3rro3HaBaHe rr

trpocJreAflBaHe Ha o6exru npu 6ernulorHrr JrerareJruu anaparlr"

npo{ecrzou€rnHo HanpaBreHr4e: 5.3. Kouyru.rxarlrroHHa r{ KoMnK)TbpHa rexHr.rKa

HayqHa cnerIHiLrIHocr: rrCucreult c rr3xycrBeu IlHTereKT"

Peqes:eur: Aoq. A-p llux. fa.nq Becelunona flanflosa

1. Axrya,rHocr Ha pa:pa6ornaHrrq B Arrceprarl[oHHuq rpyq upo6JrreM B HayqHo r{

HayrrHo-[pu,'IoxHo orHolrreHHe. Creueu LI HIrBa Ha aKryaJrHocTTa Ha npo6lerua u
KoHKperHr{Te 3aAarru, parpa6oreurr B Arr cepraqlrrra

flucepraqraoHl4qr rpyA e rlocBereH Ha r,r3cneABaHe H oueHKa Ha MeroAH 3a orAaneqeHo

orKpI4BaHe, pa3[o3HaBaHe I4 npocneAf,BaHe Ha o6exru, Karo ce r,r3llon3Bar AaHHr4, [oJIyqeHH

or 6egnuloruu JIerareJIHI,I ar,aparr4 ripe3 r,r3non3BaHe Ha cbBpeMeHHLr rexHoJrorulr,

BKJrltOtlI4TeJ'I HO CeH3OpIl, [I3KyCTBeH LIHTeJIeKT vI aHan]1lTIIy.HY anropuTMlt. TeUafa Ha

AucepratluoHHu.fl TpyA e I43KJIloqr4TenHo aKTyiurHa, rrfi Karo pe3ynraruTe Mofar La lttrar
n3noJ'r3BaHH 3a Kaprotpasr'rpaHe, Ha6lroAeHlre H oxpaHa Ha rpaHr,rur4, MoHHTOpHHf Ha

oKoJIHaTa CpeAa, 3eMeAenHe [r ynpaBneHr4e Ha pecypcr4, crracHTenHH ollepauvu v yrpaBneHre
ua 6egcraufl. Hoeure aJIroplrrM14 :a o6pa6orxa Ha AaHHr4 npaBrr Bb3MoxHo pa3no3naBaHero Ha

Marrxr4 14 TpyAHo orKpr4BaeMtr o6ercru, KaKTo 14 rrporHo3r,rpaHe ua 6r,Aeuru ct6utun Bb3 ocHoBa Ha

trcTopHLIecKU AaHHH.

2. Creneu Ha rIo3HaBaHe cbcroflHllero Ha npo6.reua rr rBopqecKa HHTep[perarlrlq
Ha JrrrTepaTypH[q MaTepuar

IlureparypuvflT aHailkt3 Ha cT,BpeMeHHoro cr,crorHr4e Ha I43BT,purBaHI,ITe ofleparrr4r4 14

cr',6npaHero Ha AaHHH c 6e:nulorHr4 Jrerarerr*il atTaparv e HarrpaBeH sa lasata Ha 138

nHTeparypH}'l I43Tor{HHKa. I4sclegnaHr ca Ia [oAxoA]I 14 MeroAu 3a orAiueqeHo orKpHBaHe u
pa3rro3HaBaHa ua o6exrz u [pr4noxeHl4ero I,IM B pa3nur{Hn o6lacru.

AHa,rllstr Ha pelxeHu.flra e:a4r,r6oqeH H apryMeHTHpaH, Koero norBbpxAaBa orJrHarHure

[o3HaHI4q Ha aBTopa 3a cbBpeMeHHoro cbcrorHHe s o6racrra Ha pa3rnexra*ara reMargKa.

.{orcropaHrrcara noKa3Ba KaqecrBa H Bb3MoxHocru 3a oueHKa Ha ilocrl,IxeHrd flTa u
HepeueHl4re npo6leuu, Koero e BltAHo KaKTo npu $oprrrynupaHero Ha ueJrr4re A 3a1alMre Ha
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AUCepTaUHOHHH' TpyA, TaKa OT rrOCTr4rHaTHTe rlenH C aKrIeHT Ha peirlrHo npnnO)KnM14 peueHlu

H TEXHOJIOTT,I I{HO 
PA3BHTHE.

3. CrorsercrBlIe ua ur6paHara MeroAIrKa Ha H3cJreABaHe c nocraBeHara rleJr rr

3aAaqu Ha ArrcepTauuoHHuq TpyA

I-{enra Ha AHceprauHoHHHq rpyA e Aa ce l43cneABar, flpeAJroxar n oqeHrr MeroAH 3a

orKpHBaHe, pa3no3HaBaHe r.r [pocJreAqBaHe sa o6exrn c H3noJ]3BaHe AaHHH, noryqeHH c

6e:nuloruu JIerareJIHI4 aflaparv, Kor4To ocuryprBar BHcoKa roqHocr, HaAexAHocr Ir

eSexrunuocr. 3a nocruraHero Ha riBH rlen ca nocraBeHn 5 gaAaqu, cBbp3aHH c pa:pa6orraHe

Ha HHoBaTHBHa cucreMa 3a orAilneqeHo orKpr4BaHe H pa3rro3HaBaHe Ha o6ercru, Karo ce

uHTerpl4par pa3nuqHl,I TexHoJIorI4H sa ct6upaHe Ha AaHHH H HaBl,rtaquA, aHanv3vpaHe H

or-leHKa Ha npnnoxuMocrra Ha [peAnoxeHara cucreMa B pa3rHqHH o6lacru A Aa ce HanpaBu

BanHAauH, H OUeHKa Ha TtI3H Cr.rCTeMa.

Meroguxara e 4o6pe o6ocHosaHa H cr{HraM, qe B AuceprauHoHHur rpyA e Hiurr4ue

cborBercrBue MexAy uz5paaara MeroAoJroru, Ha H3cJIeABaHe H flocraBeHara uen H 3a1a'l'v,

3a KOeTO CBHAeTenCTBaT H [OCTI4THaTHTe TTpHHOCH r.l CTaTHCTHTTeCKOTO npeACTaBrHe A AHa,.A3

H a noJI ylr e H HTe eKcrr epH M eHTurJr H H pe3ynTaTH.

4. Kparra aHaJI[THqHa xaparcTepr.rcrrrxa Ha ecrecrBoro H oueHra Ha

AocroBepHocrra Ha MareplraJra, Bbpxy xoftro ce rpaAqr rrpHHocrrre Ha Arrceprau[oHHuq
TPYA

flucepraqr,roHHHsr rpyl e e o6eN,I or 162 crpaHHrIH, Karo BKJrroqBa yBoA, qerupr{ rJraBH,

cnt4cbK Ha ocHoBHHTe npHHocI{, cnr4cbK ua ny6rurcarlr4uTe [o Ardcepra\HflTa H H3noJI3BaHa

nHreparypa.

B rtbpBa ulaBa, opraHI43I,IpaHa s 7 qacru, e HanpaBeH nr4TeparypeH aHirnn3 Ha

cr,BpeMeHHoro cbcroqHue ua 6esnl4JIorHHTe JIeTaTenHH anaparH. Ha oasara Ha HanpaBeHr{Te

r43BoAH B Kpa, e geQuHIzpaHa ueJlra r,r ca $oprraynupaHr 3aAaqnre Ha Ar{ceprarrnoHHr.rfl rpyA.
Br,e nropa fJIaBa, optaHl43upaHa s 5 qacrv, ca pa3rnexaa cbuecrByBarrrlTe anroprzrMr4 lr

MeroAH 3a oratuler{eHo orKpHBaHe H pa3no3HaBaHe Ha o6erru, KaKTo }, TexHHKHTe H MeroAHTe 3a

o6pa6orrca Ha nso6paNeHur. HanpaBeHH ca reoperur{Hr4 H3cJreABaHHq Bbpxy MeroAH ot W
:a paspa6orBaHe Ha ct4creMa 3a HaBHraUus u uz6s,rBaHe Ha npeflrrcrBHr. flpeproxeHg ca

KpHTepHu 3a onrHM€ulHocr Ha MoAena. flpe4craneua e MeroAoJrorr4r 3a [punaraHe Ha

IIapanenHu H3qI4cJIHTeJIHH TexHonoruu Korro Ue ce H3rron3Ba 3a BHeApflBaHe Ha co$ryepHara
qacr Ha cilcreMara 3a nnaHupaue. flpe4craBeH e MareMarHqecKr4 MoAefl Ha ilnropgT.bM 3a

r,lo6arHo H JIoKzIflHo [naHl4paHe ABHxeHHero 3a rpyna uo6ulgu po6orH Ha ocHoBara Ha

ruo4raQraqupaHa HeBpoHHa Mpexa na Xon$r.rftng. flpegcraBeH e HoB orrrHMr.t3l{paH v
uogurfraqupaH MoAeJI 3a l{3rpaxAaHe Ha HeBpoHHa Kapra, rofiro Aa ce r43noJr3Ba B [pr4
Lt3CneABaHaqTa.

B rpera rJIaBa, opraHu3upaHa e 8 qacru, e npeAnoxeHa e MeroAoJrors, 3a npoeKTgpaHe
u pa:pa6orBaHe Ha cllcreMa 3a orAiuleqeHo orKpHBaHe, pa3no3HaBaHe H npocneAflBaHe Ha
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o6ercru npH 6erur.uorHlr JrerarenHr4 arapara. flpegnoNeHo e I43rIoJI3BaHe ua xu6pu.qen

aHcaNr6ros MeroA 3a orKpr4BaHe Ha o6exru c o6eAnHqsaHe Ha rrporHo3r4Te Ha ABa MoAena.

flpelloNeur4 ca rexHLrKH 3a orrrr,{Mr,r3arlus Ha o6yueuuero Ha MoAenr4 B cr4creMara c

r43rrorr3BaHe ua rpaHc$epuo o6yueune, o6orarrBaHe Ha AaHHr,t 14 yrrpaBneHue Ha cKopocrra Ha

o6yueulte c noJII4TI4Ka Ha elt4HcrBeH rlr,rKbn 3a ocurypgBaHe Ha Br4coKa roqHocr 14

e$ercruruocr u npeAorBparrBaHe Ha [peKoMepHo rrpucrroco6qsaHe Ha MoAeJrHTe. Creuua,rso

BHuMaHr,re e orAeneHo Ha r{HTerpauuflTaHa AaHHV or pirnuqHH ceH3opu. llpe4noxeun 3a crpareru}r

3a xapAyepHa u coQryepua orrrr,rMu3aua, Ha cucreMara 3a nocrr,rraHe Ha eHeprufiua e$exrunnocr.

frasa 4 e nocBereHa Ha uIaHI4paHe 14 rlpoBexAaHe Ha eKcneplrMeHTl,r 3a Banurr4paHe Ha

[peAnoxeHara MeroAonorufl v alnarv3 Ha [onyqeHr,rre or rsx pe3yJrraru. Hanpaueuo e cpaBHeHr4e Ha

npon3BoAurenHoc'rra Ha pa3nrrr{Hr4 apxrrrexTypx 3a orKpuBaHe sa YOLO, SSD, Faster R-CNN;

Ouenxa Ha wil4flHuero Ha pa3[I,IrIHrz Qaxropu Bbpxy roqHocrra Ha orKprzBaHe Ha o6exra: B[cor{r4Ha

Ha [oJIeTa, bf1,I Ha KaMepaTa, ocBeTeHocT; I,IscIeAgaHe ua e$exrunHocTTa Ha pa3J]I4qHr{ MeToAI4 3a

orKpr4BaHe Ha MaJrKr,r o6emlr; Auarua Ha MexAy rorrHocr r,r cxopocr ua o6pa6oroaHe Ha AaHHrz c

pa3J'IuqHI'ITe MeTOAl4; oUeUXa Ha [pOr'r3BOAlrTerIHOCTTa Ha MeTOAI4Te [pr4 pa3nUqHr'r KJracoBe o6exru

(naupurrrep, npeBo3HI{ cpeAcTBa, xopa, crpaAu);l4zctegeaHe Ha e$errnnnocrra Ha rpaHc$epuo

o6yueuue 3a a.4anraur4, Kt,M cflequSuvun clIeHaprlu c 6esn[rorurr rrerareJrHrr ailaparu; Orlesxa na

ycroiiuueocrra Ha MoAeJrr4Te rrpr4 p€BnurrHu arvrocSepun ycnoBlu v Har'v.tve Ha [ryM.

Cpe4 ocuonHllre npeAusBlrKarencrBa, HAeHTuSraqupauu [pr4 rrpoBeAeHr.ire HayqHr4 14

eKcrIepHMeHTaJIHV H3CneABaHlIfl Ce OTKpOSBaT HyXAaTa OT OUIe nO-BHCOKa TOr{HOCT [pr4

pa3[o3HaBaHe sa o6ercrv c HVcKa pe3onlollHq, aAa[Tt4BHocT KbM AHHaMrrqHo [IpoMeH.flxlr4 ce

cpeAl4, KaKTo ta ycroiluunocT npu rwfica Ha AocTaTbLrHo o6yvanaur.{ AaHHr.l. Cloxsocrra ua

rcoira6uHupaHero Ha MHoxecrBo H3rotIHI4UH Ha LaHHV B peanHo BpeMe cbulo [peAcraBJrflBa

TexH H qecKo I]peAH3B14 KaTeJrCTBO.

flucepraquoHHlrrr rpyA 3aBr,p[IBa cbc 3aKJr]oqeHue, $oplaynupaHe Ha rrpnHocr4 H

6r.r6ruorpa$cKa crrpaBKa.

5. Hayvnu uluttu HayqHorrpuJroxHrr rrprrHocrr Ha AuceprarluoHHllq rpyA
@opuynupauu ca 3 Hayr{HI,t,4 uay.ruo-npr4noxHr4 u 4 npu,roNHr,r [p]lHocr4, Ko]rro BKJrrorrBar:

HAYIIHI,I
- Ilpeg,roxeHa MeroAonorl,Iq 3a rrpoeKTr,rpaHe r,r pa3pa6orBaHe Ha cr,rcreMa 3a

orAaneqeHo orKpHBaHe, pa3[o3HaBaHe v [pocneAqBaHe Ha o6exru flplr
6egnlrroruu JlerareJrHu arraparv;

- Ilpe4loxeHa KoHlrerlryaJrHa apxuTeKrypa Ha cucreMa, rpoeKrupaHa c

rlpeAnoxeHara MeroAoJlon4g, cbcrorula ce or xapAyepHr.r KoMnoHeHTH 14

coSryepnu MoAynH;

- [pegloNeu aAa[rupaH anropurMlrqeH MoAen 3a orKpHBaHe Ha o6erru cflopeA
v3uctBaHrflra Ha KoHKperHo npnnoxeHpre (anrououH14 ApoHoBe, po6oru:upaHu
cHcreMH, BlIAeoHa6nrcAeHI4e, lIHTerI,IreHTHlr rpaHcrroprHr,r peureHr,rr).
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tr4snorssaHe Ha xu6pugeu aucau6roB MeroA 3a orKpr4BaHe Ha o6erru npu

6e:nulorHu JrerareJrHr4 ar,aparv upe: xolr6uHlrpaHe Ha MoAeJrH c pa3nr.{qHr4

apxr4reKTypr4 Ha HeBpoHHr4 Mpexu;

flpe4loxeHn ca rexHr,rKu 3a onrr.rMu3arlr4r ua o6yueHr4ero Ha MoAeJrr4 3a

orAiueqeHo orKpuBaHe, pa3rro3HaBaHe 14 [pocneArBaHe sa o6exru c H3[oJr3BaHe

Ha rpaHc$epno o6yuenue, o6orauBaHe Ha AaHHu r,r y[paBneHlre Ha cKopocrra Ha

o6yueuue c rroJrrzrr4Ka Ha eAr.IHcrBeH rlrrKbn;

flpegloNeHa e MeroAoJronr, 3a ararv3 n $urrpaqr,rr Ha rperuKx lpvt

orKpr4BaHero Ha o6ercru or Bla1a Sa,rruuno rroJloxureJrHr,r, $a,rururo
orpurlarenHlr, HenpaBunuu xlacu$rlKaryla upes xolr6uHupaHe ua Grad-CAM

BH3yaJrU3aUVfl V CTaTIjCThqeCKT.I AHa-J1I43 Ha rpeuKHTe;

Ilpe4roxeua e MeroAoJroru, 3a orIeHKa ua ycrofiuuBocrra Ha Mo,qeJrHTe 3a

orKpHBaHe Ha o6erru npu 6e:nulorHlr JrerareilHr afiaparu rrpu 3aKpuBaHe Ha

o6ercru.

tIPI{JIO)ItHI4
[eSuuupauu ca KoHKperHr4 npenopr,Ku 3a us6op Ha MoAen r4 rrapaMerpr4 3a

orAaner{eHo orKpr{BaHe, pa3[o3HaBaHe H npocneA{BaHe Ha o6erru flppt

6e:nulorsu JrerareJrHr,r aflaparrr B A[HaMr,rr{Hh cpe1la;

[pe4roNeua e rr,ro4uQurlr4paHa apxureKTypa 3a aHcaM6roso AereKrr4paHe Ha

o6ercrn npu 6e:nulorHu JIerareJIHI4 anaparu 3a rrprrnoxeHufl B peaJrHo BpeMe H 3a

nogo6preaHe c Ao 7%o na aHarv3a rrpu cnoxHr,t cLIeHr,r flprMo Haft-go6pnr

t4H4t4BilAyaJIeH MOAen;

Pa:pa6oreHa e eKc[epHMeHraJIHa paMKa 3a cpaBHHTeneH aHaJrH3 Ha MoAeJrr{ 3a

orAaneqeHo orKpuBaHe, pa3rro3HaBaHe h rrpocneAflBaHe Ha o6exrn rtpr4

6egnu,rorgu JlerarenHr4 ar'aparv, Korro Moxe Aa 6t4e u:nol3BaHa 3a oueHKa Ha

HOBH apxuTeKTypH lr MoAenu;

l4scregaaHo e BruqHnero Ha BbHrrrHu Qar<ropu - arrraocrfepHlr ycJroBr,rfl (AINA,

MbrJra, Hr{cKa ocoerenocr), qacrrrr{Ho 3aKpr.rBaHe ua o6ercru, ycJroBH.rr Ha

perHcrpr4paHe ua uso6pDKeHr,rq (oncovuua Ha noJrer, brbn Ha:acueuaHe) Bbpxy

TorlHocrra Ha orKpvBaHe H rlpocneAqBaHe sa o6erru npu 6e:nu,rorHH JrerareJrHr4

afiapatv c H3rroJr3BaHe Ha o6yveuu MoAenr4 cr,c cr,BpeMeHHH apxHTeKTyplr Ha

HeBpoHH14 Mpexu.

6. Oueuxa 3a crerleHTa Ha JIIrrIHoro yqacrrre Ha AucepraHTa B rrprrHocrrre

Cunrana, qe ttpuHocure B rIpeAcraBeHH, Mr4 3a peqeH3rrpaHe Ar4ceprarruoHeH rpyA ca

opl4fuHanHH a ca [peAI'lMHo JII4LIHO AenO Ha AOKTOpaHTa, rrOA pbKOBOACTBOTO Ha HefOBHre

Hayr{Hu pr,KoBoAHrerra npos. A-p t4Hx. MH,'reHa Jla:apona-M}irreBa ra npo$. A-p HHx. pyueH

Tprz$oHon.
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7. IlpeuenKa Ha nydrnrcaqnr.rre tto ArrceprarluoHur.rq rpyA: 6poft, xapaKTep Ha

II3AAHIIflTA, B KOIITO CA OTTIETIATAHII

Kt,u 4uceprar\uflTa e [punoxeH ctlr,rc1,K c HanpaBeHu 4 ty6turcat1uu, 2 or KoHTo ca

caMocTorTeJ'lH14.

fly6marcaqraure Ha Mar. r,rHx. EreoHopa I,IsaHosa orpa3rBar ocHoBHr,rre pe3ynraru 14

npuHocr{, ttonyqeHr4 rtpu u3rorBqHero Ha Ar,rcepraur4oHHr,rs rpyA. Koruqecrsoro H KaqecrBoro

Ha ny6luraql4l4Te orroBapqr Ha H3r4cKBaHero 3a npra4o6uaaue Ha o6pasoBareJrHa u Hayr{Ha

crefleH ,,4oKTop".

8. Ll:no"usnaHe Ha pe3yJlTarrrre or Arrceprarl[oHHflq rpyA B HayqHara rr corluaJrHara

rrpaKTrrKa

flpe4craneHara cr4creMa e flpunoxr.rMa B rxr.rpoK Kpbr or peanHu curyaqun - or
MoHuroprlHr Ha npupoAHara cpeAa [r yflpaBneHue Ha 3eMeAencKH leftHocra 4o geiluocru,

cBbp3aHI4 c Harlr4oHanHara cl,IrypHocr u peaKqvfl r,pv [prrpoAHr4 6eAcrsu.s. Ts troNe Aa6t1e
aAa[rl4paHa 3a pa3rI4LIHra nnarSopMr4 r.r ycnoBrfl Ha pa6ora. MogylHara ir crpyrrypa r.r

B'I,3MOXHOCTTa 3a pa6Ora C MynTUMOAaJlHl,r AaHHH ' [paBqT UeHeH ]rHCTpyMeHT 3a UHXeHepU

II t43CJ'teAOBaTeIH.

9. Ouenna Ha cr,orBercrBlrero ua anropeSepara c rr3rrcxBaHuqra 3a r{3rorBflHero
My, KaKTO Ir Ha aAeKBaTHOCTTa Ha OTpa3SBaHe Ha OCHOBHTTTe [OrO)I(eHr.rq I,I trprrHocrrTe

Ha AHCepTarIuoHHuq TpyA.

AeropeSepartr Ha Ar4cepraur.roHHu, rpyA e s o6el,r or 32 crp. r.r e oSoprraeu n

cborBercrBlze c h3l4cKBaHrrflTa Ha llpaaulur4Ka 3a ycnoBurra v pe1a:a npugo6rlBaHe Ha

HayqH14 cre[eHu e TY- CoQrar. Tofi orpa3rBa B{pHo cbAbpxaHr.rero, rrpoBeAeHr4re

H3CJIeABaHI,Ifl, TIOCTilfHaTHTe TeOpeTr,rr{HH 14 [paKTHqeCKU pe3ynTaTrz H rrpr4HocHTe,

ctAbpxalllH ce B []'rHH.s reKcr Ha AHCeprarluoHH14, rpyA. Horraepara ua Sranyprare, ra6,ruqnre
u Soprvry,rrare n anrope$epara cborBercrBar Ha re3u B Ar{ceprarlrzoHHns rpyA.

10. Mueuns, flpeflopbmn u 6e,rexxn

fluceprarlrzoHHnsr rpyA norca3Ba rolrM o6ena ugsl,pueHa HayqHo-r43creAoBarencKa

pa6ora I4 cBuAereJlcrBa 3a 4o6po rIo3HaBaHe Ha [peAMerHara o6lacr or AoKTopaHTKara,
Konro BoA.rrr 4o y6e4zrenHu pe3ynrarr.r.

OcseH ToBa no3HaBaM JIlIttHo Mar. !rHx. EneoHopa I4sauosa 14 Mora.qa or6elexa, r{e ry e

Ao6tp npo$ecuonanvcr, KoJIera, Ha Kororo Moxe Aa ce pzrqr4Ta, orJruqaBa c ce ynoppTocr H

xtc o pa6oraracL4 Karo yqeH rr H3cJreAoBaren.

HqN,{aN,{ cepuo3Hu sa6erexxu KbM npeAcraBeHrr{ MV sa perleH3upaHe Ar,rceprarrnoHeH
rPYA'

flo:sorrleaNa cI4 Aa npe[opbqaM Aa npoAbnxr4 rr3cJ]eABaH vflTacv B Ta3r4 rrepcneKTr4BHa
o6,racr, rcaro ny6lnKyBar crdtt4vt o peQeprapaHu B cBeroBHara Mpexa cilvrcaHyty^.
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I l. 3arclroqeHne c scHa noJIox[TeJrHa fiilil orplrllareJrHa oIIeHKa Ha

Ar.rcepTaqHoHHrrs TpyA.

Cre4 :anosHaBaHe c npeAcraBeHuTe AoKyMeHrH tr Ar{ceprarruoHHu, 'rpyA, KaKTo H

CT,Al,pxalIIHTe ce B HerO Hayr{HI,I, HayqHO-npHnOxHI,I I4 IIpHAOXHH npHHOCH, CqHTaM, qe Te Ca

B aKryanHa HayqHa o6nacr u rroKa3BaT c[oco6HocT 3a caMocrosTeJrHo peuaBaHe Ha

uHxeHepHH 3a4aqw.

llpegcraneHl4re MarepHiLIIlr or Mar. HHx. EreoHopa HsaHoea yAoBnerBopflBar BcHr{KH

Ll3l,tcKBaHHfl Ha 3arcoH 3a pa3BHTHero Ha aKaAeMHr{Hrd, cbcraB o Peny6luxa Brlrapnr,
flpanulHl.tx 3a HeroBoro npr.{JraraHe u flpanuruuK 3a ycnoBuflTa v pe1a sa npugo6uBaHe Ha

Hayr{HH crerreHu e TV-Cotpux.

Bcuqxo roBa MH AaBa ocHoBatue Aa AaM [oJroxrrreJrHa orIeHKa Ha Auceprar-luoHHrafl

rpyA H Aa [pelnoxa Ha yBaxaeMoro HayqHo xypu Aa npHcbAH o6pa:oeareJ]Hara H HayrlHa
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Field: 5.3. Communication and Computer Engineering

Scientific specialty: Artificial Intelligence Systems
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1. Relevance of the problem developed in the dissertation in scientific and
applied terms. Degree and levels of relevance of the problem and the specific
tasks developed in the dissertation

The dissertation is dedicated to the study and evaluation of methods for remote detection,

recognition and tracking of objects using data obtained from unmanned aerial vehicles using
modern technologies, including sensors, artificial intelligence and analytical algorithms. The

topic of the dissertation is extremely relevant, as the results can be used for mapping,

surveillance and border protection, environmental monitoring, agriculture and resource
management. rescue operations and disaster management. New data processing algorithms
make it possible to recognize small and difficult-to-detect objects, as well as predict future
events based on historical data..

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

The literature review is based on 138 sources and includes a thorough analysis of
approaches and methods for remote object detection and recognition across various application
domains. The analysis is in-depth and well-argued, reflecting the author's excellent knowledge
of the field. The doctoral candidate demonstrates the ability to assess achievements and
unresolved issues, as evident in the formulation of goals and tasks, with an emphasis on
practically applicable solutions and technological advancement.

3 compliance of the chosen research methodology with the set goal and
objectives of the dissertation

The aim of the dissertation is to investigate, propose and evaluate methods for detection,
recognition and tracking of objects using data obtained with unmanned aerial vehicles, which
provide high accuracy, reliability and efficiency. To achieve this goal, 5 tasks have been set,
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related to the development of an innovative system for remote detection and recognition of
objects, integrating various technologies for data collection and navigation, analyzing and

assessing the applicability of the proposed system in various areas and to validate and evaluate

this system.

The methodology is well-founded and I believe that in the dissertation there is a

correspondence between the chosen research methodology and the set goal and tasks, as

evidenced by the contributions achieved and the statistical presentation and analysis of the

experimental results obtained.

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

The dissertation consists of 162 pages, including an introduction, four chapters, a list of
contributions, publications, and references.

In the first chapter, organized in 7 parts, a literature analysis of the current state of
unmanned aerial vehicles is made. Based on the conclusions made at the end, the goal is defined

and the tasks of the dissertation are formulated.

In the second chapter, organized in 5 parts, the existing algorithms and methods for remote

detection and recognition of objects, as well as the techniques and methods for image

processing are considered. Theoretical research has been conducted on AI methods for
developing a navigation and obstacle avoidance system. Criteria for optimalify of the model

are proposed. A methodology for applying parallel computing technologies is presented, which
will be used to implement the software part of the planning system. A mathematical model of
an algorithm for global and local planning of movement for a group of mobile robots based on

a modified Hopfield neural network is presented. A new optimized and modified model for
building a neural map is presented, which will be used in the research.

In the third chapter, organized in 8 parts, a methodology is proposed for the design and

development of a system for remote detection, recognition and tracking of objects in unmanned

aerial vehicles. The use of a hybrid ensemble method for object detection by merging the
predictions of two models is proposed. Techniques for optimizing model training in the system

using transfer learning, data enrichment and learning rate control with a single-loop policy are

proposed to ensure high accuracy and efficiency and prevent overfitting of the models. Special
attention is paid to the integration of data from different sensors. Strategies for hardware and

software optirnization of the system to achieve energy efficiency are proposed.

Chapter 4 is devoted to planning and conducting experiments to validate the proposed
methodology and analyzing the results obtained from them. A comparison of the performance
of different detection architectures YOLO, SSD, Faster R-CNN is made; Assessment of the
influence of various factors on the accuracy of object detection: flight height, camera angle,
illurnination; Study of the effectiveness of various methods for detecting small objects;
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Analysis of the trade-off between accuracy and speed of data processing with different

methods; Assessment of the performance of methods for different classes of objects (e.g.,

vehicles, people, buildings); Study of the effectiveness of transfer learning for adaptation to

specific scenarios with unmanned aerial vehicles; Assessment of the robustness of models

under different atmospheric conditions and the presence of noise. Among the main challenges

identified in the conducted scientific and experimental studies, the need for even higher

accuracy in recognizing objects with low resolution, adaptability to dynamically changing

environments, as well as robustness in the absence of sufficient training data stands out. The

complexity of combining multiple data sources in real time also represents a technical

challenge.

The dissertation ends with a conclusion, formulation of contributions and a bibliography.

5. Scientific and Applied Contributions

Three scientific, four scientific-applied and four applied contributions have been

formulated, which include:

Scientific:

- Proposed methodology for design and development of a system for remote detection,

recognition and tracking of objects in unmanned aerial vehicles;

- Proposed conceptual architecture of a system designed with the proposed methodology,

consisting of hardware components and software modules;

- Proposed adapted algorithmic model for object detection according to the requirements

of a specific application (autonomous drones, robotic systems, video surveillance, intelligent
transporl solutions).

Scientific-Applied:

- Use of a hybrid ensemble method for object detection in unmanned aerial vehicles by

combining models with different neural network architectures;

- Techniques for optimizing the training of models for remote detection, recognition and

tracking of objects using transfer learning, data enrichment and learning rate control with a

single-loop policy are proposed;

- A methodology for analyzing and filtering errors in object detection such as false
positives, false negatives, and misclassifications is proposed by combining Grad-CAM
visualization and statistical error analysis;

A methodology for assessing the robustness of object detection models for unmanned
aerial vehicles to object occlusion is proposed.
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Applied

- Specific recommendations for selecting a model and parameters for remote detection,

recognition, and tracking of objects for unmanned aerial vehicles in dynamic environments are

defined;

- A modified architecture for ensemble detection of objects for unmanned aerial vehicles

is proposed for real-time applications and for improving the analysis in complex scenes by up

to 7oh compared to the best individual model;

- An experimental framework for comparative analysis of models for remote detection,

recognition, and tracking of objects for unmanned aerial vehicles is developed, which can be

used to evaluate new architectures and models;

- The influence of external factors - atmospheric conditions (rain, fog, low light), partial

occlusion of objects, image recording conditions (flight altitude, shooting angle) on the

accuracy of object detection and tracking in unmanned aerial vehicles using trained models

with modern neural network architectures - was studied.

6. Evaluation of the doctoral student's individual contribution

I believe that the contributions in the dissertation submitted to me for review are original
and are mainly the personal work of the doctoral student, under the guidance of his scientific
supervisors Prof. Dr. Eng. Milena Lazarova-Mitseva and Prof. Dr. Eng. Rumen Trifonov..

7. Assessment of publications on the dissertation: number, nature of the
publications in which they are published

A list of 4 publications is attached to the dissertation,2 of which are independent.

The publications of M. Eng. Eleonora Ivanova reflect the main results and contributions
obtained in the preparation of the dissertation. The quantity and quality ofthe publications meet

the requirement for acquiring the educational and scientific degree "doctor".

8. use of the Dissertation Results in Scientific and Social Practice

The presented system is applicable in a wide range of real-world situations - from
monitoring the natural environment and managing agricultural activities to activities related to
national security and responding to natural disasters. It can be adapted for different platforms
and operating conditions. Its modular structure and the ability to work with multimodal data

make it a valuable tool for engineers and researchers.

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

The abstract of the dissertation is 32 pages long and is designed in accordance with the
requirements of the Regulations on the conditions and procedure for acquiring scientific
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degrees at TU-Sofia. It faithfully reflects the content, the research conducted, the theoretical

and practical results achieved and the contributions contained in the full text of the dissertation.

The numbers of the figures, tables and formulas in the abstract correspond to those in the

dissertation.

10. Comments and Recommendations

The dissertation shows a large volume of scientific research work carried out and evidence

of good knowledge of the subject area by the doctoral student, which lead to convincing results.

In addition, I personally know M.Eng. Eleonora Ivanova and I can note that she is a good

professional, a colleague who can be relied on, distinguished by perseverance and enthusiasm

in her work as a scientist and researcher.

I have no serious objections to the dissertation submitted to me for review.

I would like to recommend that you continue your research in this promising area by

publishing articles in in internationally refereed journals.

11. Conclusion with a clear positive or negative assessment of the dissertation

After reviewing the submitted documents and the dissertation, as well as the scientific,
scientific-applied and applied contributions contained therein, I believe that they are in a

current scientific field and show the ability to independently solve engineering problems.

The materials submitted by M.Sc. Eng. Eleonora Ivanova satisfy all the requirements of
the Act on the Development of the Academic Staff in the Republic of Bulgaria, Regulations
fbr its implementation and Regulations on the terms and procedure for acquiring scientific
degrees at TU-Sofia

All this gives me reason to give a positive assessment of the dissertation and to propose to
the esteemed scientific jury to award the educational and scientific degree "doctor" to M.Sc.
Eng. Eleonora Ivova Ivanova in the field of higher education 5. Technical sciences,

Professional field: 5.3. Communication and computer technology, scientific specialty
"Artificial intelligence systems".
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