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CTAHOBUWLWE
Xy AMCepTaLMOHeH Tpy/ 3a npuaobusaHe Ha obpasoBaTtenHa U Hay4Ha
cTeneH ,A0KTop”

BT AETop Ha aucepTauuoHHUs Tpya: mar. uHX. EneoHopa UBoBa UBaHoBa

Tema Ha AucepTauynoHHUA TpyA: OtpaneyeHo OTKpUBaHe, pa3no3HaBaHe U
npocnensisaHe Ha obeKTH npu 0e3nNuMnNoTHU neTtaTenHu anapaTtu

UneH Ha Hay4YHOTO Xypu: npod. A-p nHx. OriaH HakoB HakoB

1. AKTyanHocT

Temata Ha AaucepTauMoOHHWA TPyA € CBbp3aHa C OTAANEYeHOoTo
OTKpUBaHe, pasno3HaBaHe U npocnegsBaHe Ha obekTn 4pe3 Oe3nNUNOTHU
netatenHun anapatu (BJIA), kato ocobeH akueHT ce nocTaBA BbPXY
WHTEerpauuaTa Ha CbBPEMEHHW TEeXHONMOrMW — WU3KYCTBEH WHTEnNeKT,
KOMMIOTbPHO 3peHue, mMynTuceHsopHa obpaboTka Ha AaHHU U aBTOHOMHO
B3EMaHe Ha pelleHus B peanHo BpeMe.

AKTyanHOCTTa Ha AUCepTauUOHHWA TPYyA ce u3passea B 3aabnboyeHoTo
uscneagsaHe W aHanuM3 Ha MeToAuM W anropuTMM  3a  OTKpPUBaHe,
noeHTudukauma u npocnegssaHe Ha obektu ot BJIA. W3nonssaHu ca
CbBPEMEHHN NOAXOAMN KaTo CpaBHUTENEH aHanus, MoAenupaHe, cumynauus
W eKcnepuMeHTanHa sanuaauus.

Tpya®eT npeanara MHOBaTUBHA apXWTEKTypa Ha cucTtema, cnocobHa aa
onepupa eeKTMBHO B peanHu ycnosusa. MacnegsaHn ca Bb3MOXHOCTM 3a
nogobpseaHe Ha TOMHOCTTa NpuU naeHTUdUKauns Ha o6eKkTn, YCTOMYUBOCT Ha
anropuTMuTE CrpsiMO LWYMOBE W BBHLUHW CMYLLUEHWUS, KaKTO M Ha4yMHW 3a
ONTUMU3NPaHe Ha eHepronoTpebneHueTo.

2. CteneH Ha no3HaBaHe CbLCTOAHUETO Ha npobnema.

[lemoHCTpupaHo e 3aabnbovyeHO no3HaBaHe Ha CbBPEMEHHOTO
CbCTOSIHME Ha u3cnefBaHusaTa B obnactra Ha OTKpMBaAHETO, pa3n03HABAHETO
N npocnegasBaHeTo Ha O06eKTU Ype3 UHTENMUIEHTHU CUCTEMU, UHTErpUpaHn B
©e3nunoTHN neTaTenHu anapary.

B nutepaTtypHua o63op ca BKnYeHU 138 HayyHW M3TOYHUKA, KOWUTO
obxsawiat nyénukaumm OT YTBBLPAEHU HAYYHU CNUCAHWUA, MEXOYHaPOAHU
KOH(PEepeHUMn M akageMuyHn MoHorpaduu. AHanu3bLT Ha nuTepaTtypaTta e
npoBeAeH KPUTUYHO U CUCTEMATUYHO, KOETO MO3BOMsBa ACHO AeduHMpaHe
Ha HayyHus npobnem, dopmynupaHe Ha uenta u ¢opMmynupoBka Ha
n3cnegoBaTenckuTe 3agadu.

B AaucepraumsaTa ca UMTUMPaHM 4YeTUPU aBTOPCKM nybnukauum Ha
AOKTOpaHTKaTa, Ype3 KOUTO 4acT OT pe3yntatute ca npeacrtaBeHu npes
Hay4yHaTa OOLHOCT.



TBopuyeckata WHTEpnpeTauuss Ha nuTepaTypHUs Marepuan Hamupa
U3pas B NPeAIOKEHUTE apXUTEKTYPHU MOoAENU, METOAONOMMYHU PELLEHUSA U
B HA4MHa, No KOWTO AOKTOpAHTKaTa usrpaxaia v Banvaupa ceosita cuctema.

3. CbhorBercTBME Ha wu3bpaHata MeTOAMKA HaA wu3cnegBaHe U
noctaBeHaTa uen U 3agayM Ha AucepTauUOHHUA TPyA C NOCTUTHaATUTE
NPUHOCM.

[ucepTaunoHHUAT Tpya nNpeactaBs  UANOCTHA  MeTogonorus wu
apxuTeKkTypa 3a oTganeyeHo OTKpMBaHe, pasno3HaBaHe u npocnegsiBaHe Ha
obektn 4pe3 OGe3nunotHu netatenHu anapatu (BJIA). Temara e
NO3NLMOHMPaAHA B MNpeceyHaTta TouYka HA WU3KYCTBEHUS  UHTENEeKT,
KOMMIOTBLPHOTO 3peHWe U aBTOHOMHUTE cUcTeMu 3a HabnwgeHwe, KaTto
nscnegBaHeTo [AONpUHAcs C MHOBATMBHM NOAXOAM B Te3n AUHAMUYHO
passuBaLly ce obnacrtu.

W3cnepoBartenckata MeTOAONOrUst € wusrpageHa BbpXy KOMMEKCEeH
noaxon, KOUTO BKIOYBA:

- TeopeTuyeH M cpaBHUTENEH aHanu3 Ha CbluecTByBalyM MeToaM 3a
obpaboTKka Ha CEH30PHU U BU3YanHU AaHHW,

- MogenupaHe n umMnnemMeHTauns Ha HOBWU anropuTMu;

- lMpakTuyeckn cumynaumm n ekcnepuMmeHTanHa sanugauus;

- Busyanusauus Ha pesyntatute ypes rpaduku n tabnuum.

B pamkute Ha AuMcepTauMOHHOTO u3cneABaHe ca NpeanoXeHn HOBU
MEeToAW, MOAENnn W apXUTEKTYPHWU peLleHUs, KOUTO nokassBaT nopobpeHa
TOYHOCT, €HepruiHa W W34YucnuTenHa egeKkTUBHOCT, KaKTO U MNo-BUCOKa
YCTOWYUBOCT NPU CNoXHU cueHapumn. PaspaboTteHara cuctema € MoaynHa u
ajanTuBHa, C Bb3MOXHOCT 3a W3MOM3BaHe Ha MyNTUMOZANHU AAHHWM OT
pasnuyHuN CeH30pK, KOETO A NpaBu NPUNOXNMa B LUMPOK CNEKTBP OT pearnHu
cuTyauum.

MpoBeaeHUTe eKcnepuMeHTU noTBbpPXKAAaBaT egeKTUBHOCTTa Ha
NpeanoXeHUTe peLLeHUs KaKTo B KOHTpONupaHa, Taka U B peanHa cpeaa,
BKMIOYUTENHO B ypbaHW3MpaHu TEpuTopuu C BUCOKA CTEMNEH Ha BU3yasHu
cMmyuwieHus. [lonyyeHuTe pesyntatu ca  KOMMYECTBEHO  OLEHEHWU,
BU3yanuanupaHu W aHanuaupaHu, Kato noTBbpXAaBaT BanWAHOCTTA Ha
npunaraHara uscnegosaTtenicka MEeTOAONIOMMS W U3NbIIHEHWETO  Ha
dopmynupaHuTe Lenu n sagayu.



4. [puHoCH

MpennoxeHute meToau, anropuTMU U MOAXOAN NPEACTaBNABAT KaKTo
HafArpaxaaHe Ha CbLUECTBYBALUWM TEXHONOTUW, Taka U BHeApsSBaHe Ha HOBU
apXUTEKTYPHU U YHKUMOHANHW pelueHus. [lpoBegeHuTe wu3cneaBaHus
BOAAT [0 AeduHUPaHE W eKCNepUMeHTanHo MNoTBbpXaeHue Ha paboTtelyu
CUCTEMU, KOWUTO CbYeTaBaT BUCOKA TOYHOCT Ha OTKPUBAHE C eHepruiHa
edEeKTUBHOCT, U34YUCNUTENHa ONTUMU3aLMUA U peanHoBpeMeHHa obpaboTka.
MpeacraBeHnTe pesynTtaTi NOTBbPXAABAT HAAEXAHOCTTAa Ha cucTemara u
[l0Ka3BaT NpUoXuMocTTa 1 B pasHooOpasHu pearnHu ycrosus.

AduceptaumsiTa € CTpyKTypupaHa B YBOZ, YeTUpUM OCHOBHWU T[naBw,
3aKMOYEeHNE, CMUCbK Ha npuHocUTe, nNybnukauuum Ha [OKTOpaHTa W
dubnuorpadcka cnpaeka, Bknoysaiia 138 Hay4dHU M3TOYHMKA HA NaTUHULA.
O6wumaT obem e 162 ctpanuum, unoctpupanu ¢ 15 curypu n 28 tabnuun,
npeacTaBsALLM KONMUYECTBEHU U CPAaBHUTENHN aHanusu.

MbpBa rnaea npegnara nperneq Ha akTyarnHOTO CbCTOSHME Ha Hay4yHaTa
npobnemarunka.

BTtopa rnaBa e nocBeTeHa Ha npernes Ha CbBPEMEHHWTE MeToau 3a
obpaboTka Ha AaHHU U anropuTMuK 3a 0OEKTHO pasno3HaBaHe.

TpeTa rmaBa geTannHo onucea npoueca Ha paspaboTBaHe Ha cucTtemara
— XapayepHa u codTyepHa apxuTekTypa, MHTerpauus Ha CEH30PHWU OaHHMW,
KakTO W npunaraHeTo Ha cTpaTerum 3a OnTMMU3auus C LUen eHepruHa wu
nsyucnutenHa edektnsHoct. OcobeHO BHUMaHME e OTAeneHo Ha
pasno3HaBaHETO Ha Mmarnku obektn u pabota B ycnoBus Ha 3allymeHa W
npomeHsLa ce cpeaa.

YetBbpTa rnaBa npeactaBs eKCNepuMEHTaneH aHanus, B KOWTO ce
OLUEHsABa NPeACTaBAHETO HAa PasfM4YyHU apXUTEKTypu 3a ODEeKTHO OTKpvBaHe
(YOLO, SSD, Faster R-CNN) npu pasHoobpasHu ycnosuss Ha paborta —
NPOMEHNNBA OCBETEHOCT, bIbN1 U BUCOYMHA Ha HabnaeHve.

dopMynupaHuTe NPUHOCKU Ca SICHO pasrpaHuyeHun, nobpe aprymeHTupaHu
W NOAKPENeHM C eKCnepumeHTanHu AaHHu. Te moraTt ga 6baaTt uanonsgaHu
KaTo OCHOBa 3a BHeApsiBaHEe B CbBPEMEHHU WHPOPMALMOHHU U
KOMYHUKALMOHHU CUCTEMM, KaKTO U 3a pasBuTUe Ha Obaelinm HayyHu u
NPUNOXHW paspaboTku.



5. MyGnukauuu.

Mo pguceptaunoHHata Tema ca nybnukyBaHu OOLLO 4YeTUpU Hay4yHU
cTaTuu, OT KOWTO ABe ca aBTOPCKM camocTosTenHu. Pesyntatute ca
npeacTaBeHn Ha HaUMOHaNHW U MeXayHapoAHW KOHMEepeHLUU, KakTo U B
MEeXOYHaApOAHW peLeH3upaHn W  WHAEeKCUMpaHu wusgaHua. ToeBa fasa
OCHOBaHuWe Aa ce npueme, Ye NOCTUrHaTUTE Hay4YyHW pes3ynTaTh ca HaanexHo
OOKYMEHTUPaHWU U NpeAcTaBeHu npes HayyHaTa obLHOCT.

6. MHeHusA, NnpenopbLKU U Benexku.

CuuTam, Ye gucepTauMoOHHUAT TPYA NocTura noctaseHarta uen.

3a 6bgewn npoektn Gux npenopbyan Ha OOKTOpaHTkata Aa obbpHe
BHUMaHWE Ha NO-TOMHO opMynvpaHe Ha cneuuduyHuTe TepMuUHWU, Aa
n3barea nanuWHM obsicHeHus Ha oblonssecTHn dakTn u ga pabotn BLPXY
MWHUMWU3NPAHETO HA CTUITUCTUYHU U NPABOMNUCHMN FPELLKA.

MpenopbyBam BU3yanHoTo odopMneHune Ha urypu u rpacduku aa 6svae
nogobpeHo, 3a pa oTroBaps Ha BUCOKUTE CTaHOapTUM Ha Hay4yHaTta
npeseHTaums.

Hagseam ce wuHX. EneoHopa MWBaHoBa pJda npoabmku cBowuTe
nscnensaHus B obnactra.

Temata Ha auceptaumsita € akTyanHa W nepcrnekTuBHa, KaTo
npenopbkata MW € AOKTOPaHTBLT Aa Haco4yM yCcunuaTa CU KbM peanHoTo
NPUNOXeHNe Ha npeanoXeHUuTe MeTOAM W anropuTMK, C Uen nocturaHe Ha
NpaKTU4eCKN NON3n N BHeApsiBaHe.

y 2 3aKknyeHue

CuntaMm, 4Ye npencTaBeHUAT AUcepTauUMoOHeH Tpyd oOTroBapsa Ha
N3NCKBAHUATA HA 3aKOHa 3a pasBUTUE Ha akageMUYHUsA cbeTae B Penybnuka
Bbnrapus u oueHkata My 3a Hero € HanbfIHO nonoxurenHa. [locTurHature
pe3ynTtatu MW f[aBaT OCHOBaHMe pAa npeanoxa ga 6bae npupobuta
obpasoBaTenHara U HayyYHa cTeneH ,40KTop” oT MHX. EneoHopa UBoBa
MBaHoBa B obnact Ha Buclwe obpasoBaHue - 5. TexHUYECKN Hayku,
npodecmoHanHo HanpasneHuwe - 5.3 ,KoOMyHuMKauumoHHa W KOMMKOTbpHA
TexXHuKa’, JOKTOopCKa nporpama - ,CucTtemMu C U3KyCTBEH MHTGH%T P

Hara: 23.06.2025 r. UNEH HAXYPUTO:
(npodb. a-p uHx. OrHgk/ Hakos.)



STATEMENT
on a dissertation for the acquisition of the educational and scientific degree
"doctor"”
Author of the dissertation: M.Eng. Eleonora Ivova Ivanova

Topic of the dissertation: Remote detection, recognition and tracking of
objects in unmanned aerial vehicles

Member of the scientific 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 of objects using unmanned aerial vehicles (UAVs), with particular
emphasis on the integration of modern technologies - artificial 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 of 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 for 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 of 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 scientific community.

The creative interpretation of the literary material finds expression in the
proposed architectural models, methodological solutions and in the way in
which the doctoral student builds and validates her system.



3. Compliance of the chosen research methodology and the set goal

and objectives of the dissertation with the contributions achieved.

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 of existing methods and algorithms;

- Modeling and implementation of new algorithms;

- Practical simulations and experimental 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 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.

In conclusion, the dissertation not only offers innovative solutions with
scientific and applied value, but also demonstrates a systematic and well-
argued approach to the construction of intelligent, adaptive and highly efficient
autonomous surveillance systems using UAVs.

4. Contributions of 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 of existing methods for processing
sensory and visual data,

- Modeling and implementation of new algorithms;

- Practical simulations and experimental validation;

- Visualization of the results through graphs and tables.



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, confirming the validity of the applied
research methodology and the fulfilment 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.

| believe that the dissertation achieves the set goal.

For future projects, | would recommend that the doctoral student pay
attention to a more precise formulation of specific terms, avoid unnecessary
explanations of well-known facts, and work on minimizing stylistic and spelling
errors.

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

| hope that Eng. Eleonora Ivanova 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 efforts to the real
application of the proposed methods and algorithms, in order to achieve
practical benefits and implementation.

7. Conclusion
| 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 Ivova Ivanova in the field of higher education - 5. Technical
Sciences, professional field - 5.3 "Communication and Comput@ér
Engineering", doctoral program - "Artificial Intelligence Syst%.ﬂ el

Date: 23.06.2025 JURY MEMBER:

(Prof. Dr. Eng. Og}ﬁﬁ Nakov)




