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CTAHOBHIqE
Ancepraq[oHeH rpy4 sa npu4o6uaaue ua o6pasoBarenHa H HayqHa

cTeneH ,,Aorrop"
op Ha AucepraquoHHr4n TpyA: Mar. nxx. Eneoxopa heoea l.leaxoea

Teua Ha AucepraquoHHr,rr rpyA: OrAaneqexo orxpt4BaHe, pa3no3HaBaHe x
npocreAtBane na o6erru npn 6eennnorHr rerarerHx anaparx

9ner ra HayqHoro n<ypu: npoS. A-p xHx. Orxnx Haxoe Haxoe

'I . Axryannocr
Teuara Ha Aucepraq[oHHr4c rpyA e cBrp3aHa c orAaregeHoro

orKpuBaHe, pa3no3HaBaHe I npocneAflBaHe Ha o6errn vpes 6eanrnorxu
flerarenHu anaparu (EnA), xaro oco6ex aKLleHr ce nocraBe Bl,pxy
hHTerpaquflTa Ha cbBpeMeHHu TexHonor[u - l43KycTBeH HHTefleKT,
KoMnrcTtpHo 3peH[e, Mynr]4ceH3opna o6pa6orra Ha AaHHU u aBToHoMHo
B3eMaHe Ha pelueHufl B peanHo BpeMe.

Arryanxocrra Ha AucepraquoHHr4c rpylq ce r43pa3flBa e aagun6ovenoro
h3cIeABaHe u aHanu3 Ha MeToAu u anropuTMu 3a oTKpuBaHe,
u4eHruQuxaqun I npocne4rBaHe xa o6erru or 5IA. lzl3nonsgaHu ca
cbBpeMeHHI noAxoAl4 KaTo cpaBHureneH aHan]13, MoAenupaHe, cuMynaqhf,
I eKcnephMeHTanHa BanuAaqh9.

Tpy4ur npeAnara r4HoBar[BHa apxurerrypa Ha chcreMa, cnoco6ra ga
onepupa e$errueno B peanHI ycnoBun. l4scnegeauu ca B'b3MoxHocru 3a
no4o6pnaaue Ha roi{Hocrra npu u4enru$utaqu+ xa o6erru, ycrofivueocr ua
aflrop[TMuTe cnpgMo lrJyMoBe I BbHtuHt4 cMyqeHug, KaKTo 14 HaquHH 3a
onrhM r43r4paHe Ha eHepronorpe6neHuero.

2. Crenen Ha no3HaBaHe cLcrorHlero xa npo6neua.
fleuoncrpnpaxo e sagtn6oveuo no3HaBaHe Ha cr,BpeMeHHoro

cLcroqHue Ha 3cfle.qBaHuqra a o6nacrra Ha orKpr,lBaHero, pa3no3HaBaHero

u npocneAflBaHero Ha o6erru 9pe3 uHTenureHTHr4 cr4creMu, t4HTerp[paHu B

6esnunorHu nerarefl Hu anaparu.
B nureparypnuR o6eop ca BKntoqeHu 138 uayvuu r43Tor{HuKa, Kol4ro

o6xeaqar ny6nuxaquu or yrBbp.qeHu HayqHu cnucaHul, MexqyHapoAHrl
xoxQepexqrr 14 aKaAeMuqHu naouorpa$uu. AHanusrr Ha nureparypara e
npoBeAeH KpuruqHo ,r cr4creMaruvHo, Koero no3BoflFBa ncno 4eSunupaue
Ha HayqHur npo6nena, Sopuynupaxe Ha Llenra u QopruynupoBKa Ha

u3cneAoBaTencKhTe 3aAaqu.

B AucepraquflTa ca qnrupaHu qer pr4 aBropcKr4 ny6nuraquu Ha

AorfiOpaHrKara, qpe3 KollTo qacT oT pe3yflTaTr4Te ca npeAcraBeHu npeA
HayqHara o6u1xocr.

1

vIr

ts



TBopqecKara [HTepnperaqxs Ha nureparypHt4F Marepuan HaMupa

[3p43 B flpeanoxeHxTe apxuTeKTypHr,,r Moaenu, [4eToAorroruqHu peuJeH[s 14

B HaquHa, no xoiTo AoKTopaHTKaTa u3rpax(4a u aanli.At/.pa cBorTa crcTeMa.

3. CLorBercrB[e Ha x36paHara MeroAt4Ka Ha [3cneAaaHe ]l
nocTaBeHaTa qen u 3aAaqx Ha ArcepTaq]loHHxg TpyA c nocT]rrHaThTe
np1,|Hocl,r.

Aucepraqt4oHHxgT TpyA npeAcraBg qqnocrHa MeroAonorus v

apxuTeKTypa 3a oTAaneqeHo oTKp BaHe, pa3no3HaBaHe u npocneA9BaHe Ha

ooeKru qpe3 6e3flunorHr4 flerarenHr4 anaparl4 (5fl4). TeMara e
no3ur-I4oHr4paHa B npeceqHaTa ToqKa Ha u3(ycTBeHl4, t{HTeIeKT,

KOMn€TbpHOTO 3peHue !4 aBTOHOMHUTe CUCTeMU 3a Ha6nOAeH[e, KaTO

[3CneABaHeTO AOnprHacg C 14HOBaTUBH14 nOAXOAI4 B Te3U AUHaMIqHO
pa38uBaulI ce ooflacTu.

l43cneAoBarenckara MeroAororuc e u3rpaAeHa Brpxy KoMnneKceH

no,qxoa, KoiTo BKroqBa:
- TeoperlqeH !{ cpaBH[TefleH aHafl[3 Ha cbu.lecrByBaqu MeroAr 3a

oopaoor(a Ha ceH3opHr4 14 sx3yanHx AaHHu,
- MoAenxpaHe [ [t4nreMeHTaL$49 Ha HoB]4 anropurMr4;
- npaKruqec(u ct4MyflaLlut4 u e(cnept{MeHTanHa Banl,lAaqug;
- Busyanuaaqus Ha pe3ynrarure ,{pe3 rpa$uKr u raofluLlr4.

B pauxrre Ha AxcepraquoHHoro r43cneABaHe ca npeAnoxeHx HoBu

MeroAr4, MoAent4 x apxureKrypHl, peueHut, (ot4To noKa3Bar noAo6peHa
To,rHocr, eHepruiHa u 3qucfl[TeflHa e+eKr[BHocT, KaKTo 14 no-Bl4co(a
ycrofrquBocr npt4 crloxHr4 cqeHapux. Paspa6orerara crcreMa e MoAynHa u

aAanTuBHa, c Br3MoxHocT 3a 3non3BaHe Ha MynT[iroAanHu AaHHU oT
pa3nxqHu ceHsoplil, KoeTo I npaBx npxrloxxMa B uupoK cneKTbp oT peanHu

c[TyaqIx.
flpoae4exure eKcnepuMeHru norBrpx(4aBar e+eKruBHocrra Ha

npeAnoxeHxTe peueHug KaKTo B KoHTpofll4paHa, TaKa x B peanHa cpeAa,
sxnoq[TenHo B yp6aHu3tapaHu repxropr4r4 c aucoKa creneH Ha Bx3yanHt4

cMyu.leHtaq. llonyvexure pe3ynrar[ ca KonuqecrBeHo oqeHeHu,

Bu3yanu3upaHu u aHaflH3upaHr, KaTo noTBbpMaBaT Ban!4AHocTTa Ha

npfinaraHaTa u3cneAoBaTencKa MeToAonofl4q u u3nb,lHeHueTo Ha

+opMynupaHure qenfi u 3aAaq[.
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4. np1,|Hoc]1

npeAnoxeH[Te MeroAu, anropurMr4 u noAxoAr4 npeAcraBrsBar xaKTo

HaArpaxAaHe Ha cru{ecTByBau{,l TexHororur, Taxa I BHeApgBaHe Ha HoBl4

apxlTeKn/pH14 14 +yHKr.I4oHaflHI peueHur. [lpoBeAeHuTe u3cneABaH]4t

BOArr AO AesUHUpaHe U e(CnepuMeHranHo norBrpxAeH[e Ha pa6oreu{u
cucTeM[, Kot4To cbqeTaBar B[coKa roqHocr Ha orKpuBaHe c eHepri4iHa
eQeKrnBHocr, rr3r.rucnurefl Ha onruMu3aqxs I peanHoBpeMeHHa oOpa6orKa.
[IpeAcraBeHlre pe3ynraru norBrpxAaBar HaAe)i(AHocrra Ha c[creMara u

AOKa3BaT npUnOXIMOCTTa ,1 B pa3HOO6pa3Hu peanHu yCnOBUr.

EucepraquFTa e crpyrfiypupaHa B yBoA, qerup[ ocHoBHu rnaBr,
3aKIpqeHt4e, cnucbK Ha npuHocuTe, ny6nu€qu Ha AoKTopaHTa u

6r46fluorpa+cKa cnpaBKa, BMoqBau.la 138 HayqH!,r r43ToqHI4Ka Ha nar}4Hl4qa.

O6qusr o6eu e 162 crpaxuqu, untocrpupaHu c 15 Surypu u 28 ra6nn1u,
n peAcTaBg r]lr4 Kon [qecTBeH u x cpaBHuTenH I aHanl,,3vt.

nlpBa rnasa npeAnara nperneA Ha aKTyanHoro crcroeHue Ha HayqHara
npooneMar Ka.

Bropa rnaea e nocBereHa Ha nperneA Ha cbBpeMeHHrre MeroAu 3a

o6pa6orKa Ha AaHHU 14 aflropurMr4 3a oOeKrHo pa3nosHaBaHe.

Tpera rnaBa AerainHo onucBa npoqeca Ha pa3paoorBaHe Ha cflcreMara

- xapAyepHa I co+TyepHa apx[TeKTypa, ,lHTerpaqx, Ha ceH3opHr,r AaHHr4,

xafio r npunaraHero Ha crpareTr[ 3a onrrMu3aqxfl c qen eHepruiHa u

t43qucnureIHa e+eKruBHocr. OcoOeHo BHUMaHI e e orAeneHo Ha

pa3no3HaBaHero Ha Marx[ ooeKru I paoora B ycfloBr4q Ha 3auyMeHa u

npoMeHfqa ce cpeAa.

t{erB}pra rnaBa npeAcraB, excnepuMeHTareH aHaru3, B KoiTo ce
oqeHeaa npeAcraBeHero Ha pa3nxqH apx reKrypu ga o6errHo or(puBaHe
(YOLO, SSD, Faster R-CNN) npu pa3Hoo6pa3Hu ycnoaus Ha pa6ora -
npoMeHn}lBa ocBereHocr, brbn u BrcortuHa Ha Ha6nloAeHt4e.

OopMynupaHure npuHocu ca ecHo pa3rpaHxqeHu, go6pe apryMeHrltpaHu
u noAxpeneHu c e(cnep[MeHTanHu AaHHu. Te Morar Aa 6tAar u3non3BaH
Karo ocHoBa 3a BHeApgBaHe B crBpeMeHHr uxQopr.raquoxxr,r A

KorryHlKaq[oHHx cr4creM]4, KaKTo u 3a pa3Bxr e Ha 6tAeu.lt4 Hay'{Ht4 H

npl4noxH 14 pa3pa6orKr4.



5. fly6nuraquu.
flo Auceprar{uoHHara reMa ca ny6nuryaauu o6uqo verupta HayqH]t

craruu, or Kor4To ABe ca aBTopcKl4 caMocroflrennu. Peaynrarure ca
npeAcTaBeHu Ha HaqnoHanHu u Mex4yHapoAHt4 xoxQepeHquu, KaKTo 14 B

MeXAyHapoAHx peqeH3upaH14 14 14HAeKcupaHu u3AaHue. Toea AaBa
ocHoBaHue Aa ce npueMe, qe nocTurHaTuTe HayqHu pe3yflTaru ca HaAnexHo

AoKyMeHTtapaHu u npeAcraBeHu npe4 HayqHara o6ulxocr.

6. Mxenna, npenopuKu u 6enexru.
C,{urair, qe AucepraLluoHH t4rr rpyA nocrura nocraBeHara qefl.

3a 6uAeu.lu npoeKrta 6ux npenopuqan Ha AoKTopaHTKara ga o6tpre
BHUMaHUe Ha nO-rOl{HO QOpuynUpaxe ua cnequSr4qHure repMuHn, Aa
ug6srea u3flr4rrJHr4 o6qcxeHuR Ha o6qousaecruu Sarru u 4a pa6oru aupxy
M 14 H 14 M 143t4pa HeTO Ha CTUrl 14CT14qH 14 U n paBon UCH U rpeuK]|.

llpenopuveana Bu3yanHoro oQopuneuue na Qurypu u rpaQnxu Aa 6tAe
no4o6peuo, 3a Aa orroBapf, Ha BucoKure craHAapru Ha Hayi{Hara
npe3eHTaquf,.

Hagnaana ce uHx. Eneoropa l4aaHoea rqa npoflbnxu cBoure
u3cneABaHur e o6nacrra.

Teuara Ha A[cepraqusra e aKTyanHa u nepcneKTuBHa, Karo

npenopbKaTa Mu e AoKTopaHTbT Aa Hacoqu ycunuBTa cu KbM peanHoTo

npunoxeHue Ha npeAfloxeHuTe MeToAl4 u anropurMl4, c qen nocTuraHe Ha

npaKTut{ecKh non3n h BHeAprBaHe.

7. 3arntoqeare

C.{hraM, qe npeAcraBeHuer .qr4cepraquoHeH TpyA orroBape Ha

r43r4cKBaHuf,Ta xa 3axoua 3a pa3Burue Ha aKaAeMt,tqHuf, cbcraB a Peny6nura
Eunrapun u oLleHKara Mn 3a Hero e HanbflHo nonoxnrenHa. flocruruarure
pe3ynraru Mta AaBar ocHoBaHue Aa npe4roxa Aa 6tAe npngo6ura
o6pasoearenHara ,t HayqHa creneH ,,AoKrop" or l,rHx. Eneoxopa heoea
l4eaxoea s o6nacr Ha Bucue o6pasoaaHue - 5. TexHu.lecKu HayK,t,

npoQecuoxanHo HanpaBneHue - 5.3 ,,KouyuuxaquoHHa u KoMntorlpHa
rexHuKa", AoKropcKa nporpaMa - ,,Cucreuu c r43KycrBeH vHrenfilr ". 
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STATEMENT
on a dissertation for the acquisition of the educational and scientific degree

"doctor"
Author of the dissertation: M.Eng. Eleonora lvova lvanova

Topic of the dissertalion: Remote detection, recognition and tracking of
obiects in unmanned aerial vehicles

l\4ember of the scientilic jury: Prof. Dr. Eng. Ognyan Nakov Nakov

1. Relevance of the problem

The topic of the dissertation is related to the remote detection, recognition
and tracking ol objects using unmanned aerial vehicles (UAVS), with particular
emphasis on the integration of modern technologies - artilicial intelligence,
computer vision, multisensor data processing and autonomous decision-
making in real time.

The relevance of the dissertation is expressed in the in-depth study and
analysis ol methods and algorithms for detection, identification and tracking of
objects by UAVS. Modern approaches such as comparative analysis, modeling,
simulation and experimental validation are used.

The work offers an innovative system architecture capable of operating
effectively in real conditions. Possibilities ior improving the accuracy of object
identification, the robustness of algorithms to noise and external interference,
as well as ways to optimize energy consumption are investigated.

2. Degree of knowledge.
A thorough knowledge of the current state of research in the field of

detection, recognition and tracking o, objects through intelligent systems
integrated into unmanned aerial vehicles has been demonstrated.

The literature review includes 138 scientific sources, which include
publications from established scientific journals, international conferences and
academic monographs. The analysis of the literature has been conducted
critically and systematically, which allows for a clear definition of the scientific
problem, formulation of the goal and formulation of the research tasks.

The dissertation cites four author's publications of the doctoral student,
through which part of the results are presented to the scientiJic community.

The creative interpretation of the literary malerial iinds expression in the
proposed architectural models, methodological solutions and in the way in
which the doctoral student builds and validates her system.
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3. Compliance ol the chosen research methodology and the set goal
and obiectives of the dissertation with the contributions achieved.
The dissedation presents a comprehensive methodology and architecture

for remote detection, recognition and tracking o{ objects using unmanned aerial

vehicles (UAVS). The topic is positioned at the intersection of artificial

intelligence, computer vision and autonomous surveillance systems, and the
research contributes with innovative approaches in these dynamically
developing areas.

The research methodology is buili on a complex approach, which includes:

- Theoretical and comparative analysis of existing methods and algorithms;
- Modeling and implementation oI new algorithms;
- Practical simulations and experimenlal validation;
- Statistical analysis and visualization of the results.

Within the framework of the dissertation research, new methods, models

and architectural solutions are proposed, which demonstrate improved

accuracy, energy and computational etficiency, as well as higher resilience in
complex scenarios. The developed system is modular and adaptable, with the
ability to use multimodal data from various sensors, which makes it applicable
in a wide range oI real-world situations.

ln conclusion, the dissertation not only offers innovative solutions with

scientific and applied value, but also demonstrates a systematic and well-

argued approach io the construction of intelligent, adaptive and highly efficient
autonomous surveillance systems using UAVS.

4. Contributions ol the dissertation work.

The dissertation presents a comprehensive methodology and architecture
for remote detection, recognition and tracking of objects using unmanned aerial
vehicles (UAVS). The topic is positioned at the intersection of artificial
intelligence, computer vision and autonomous surveillance systems, and the
research contributes with innovative approaches in these dynamically
developing areas.

The research methodology is built on a complex approach, which includes:
- Theoretical and comparative analysis oI existing methods for processing

sensory and visual data,
- Modeling and implementation of new algorithms;
- Practical simulations and experimental validation;
- Visualization ot the results through graphs and tables.
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Within the framework of the dissertation research, new methods, models
and architectural solutions are proposed, which show improved accuracy,
energy and computational efficiency, as well as higher resilience in complex
scenarios. The developed system is modular and adaptable, with the ability to
use multimodal data from various sensors, which makes it applicable in a wide
range of real-world situations.

The experiments conducted confirm the effectiveness of the proposed
solutions both in controlled and real environments, including urban areas with
a high degree of visual interference. The results obtained are quantitatively
evaluated, visualized and analyzed, conlirming the validity of the applied
research methodology and the fulfillment of the formulated goals and
objectives.

5. Assessment of dissertation publications.
A total of four scientific articles have been published on the dissertation

topic, two of which are independently authored. The results have been
presented at national and international conferences, as well as in international
peer-reviewed and indexed publications. This gives reason to assume that the
achieved scientific results have been duly documented and presented to the
scientific community.

6. Opinions, recommendations and notes.
I believe that the dissertation achieves the set goal.

For future projects, I would recommend that the doctoral student pay

attention to a more precise formulation of specilic terms, avoid unnecessary
explanations of well-known facts, and work on minimizing stylistic and spelling
errors"

I recommend that the visual layout of figures and graphs be improved to
meet the high standards oi scientific presentation.

I hope that Eng. Eleonora lvanova will continue her research in the field.
The topic of the dissertation is current and promising, and my

recommendation is that the doctoral student direct her eflorts to the real
application of the proposed methods and algorithms, in order to achieve
practical benefits and implementation.

7. Conclusion
I believe that the presented dissertation meets the requirements of the Act on
the Development of Academic Staff in the Republic of Bulgaria and my
assessment of it is completely positive. The achieved results give me reason^
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to propose that the educational and scientific degree "Doctor" be acquired by
Eng. Eleonora lvova lvanova in the field of higher education - 5. Technical
Sciences, professional field - 5.3 "Communication and
Engineering", doctoral program - "Artificial lntelligence

Date: 23.06.2025

Com

JURY MEMBER:
(Prof. Dr. Eng. Ognl,ff Nakov)
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