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o Bi,pxy AVCEPTALMOHEH TpyA 3a NpuaobyBaHe Ha obpa3oBaTenHa 1 HayyHa
NS cTeneH ,AoKTop”

ABTop Ha AucepTauMoHHUA Tpy4: Mmar. MHX. EneoHopa UBoBa UBaHoBa

Tema Ha AncepTtaumoHHUA TpyAa. OtpaneyeHo OTKpUBaHe, pa3no3HaBaHe U
npocrnensiBaHe Ha obekTu npu 6e3nNuNoTHU neTaTesnHu anapaTtu

UneH Ha Hay4yHOTO Xypu: npod. A-p uHX. Ctanumup Muxamnoe CaguHos

1. AKTyanHoCT Ha pa3paboTBaHUsi B AUCepPTaUMOHHUA TpyAa
npo6nem B Hay4YHO U HAYYHONPUINOXHO OTHOLLUEHMUe.

TemaTa 3a oTQane4YeHOTO OTKPUBaHe, pa3no3HaBaHe U npocneasiBaHe Ha
obekT npu 6eanunoTHM netatenHun anapatu (BJIA) e akTyanHa w
WHTepecHa. [punaraHeTo Ha Ha U3KYCTBEH WUHTENEKT, KOMMIOTbPHO 3peHue,
CEH30pHU TexHonorum (MHppadepBeHW, pafapHu, YNTpPasByKOBU) U
obpabotka Ha ronemu obeMu OaHHU  3HAYUTENHO  pas3wMpsiBa
Bb3MOXHOCTUTE Ha BJIA fa pgencrtBaTr aBTOHOMHO U B peanHo Bpeme B
CNOXHU N AUHaMUYHKU cpegu. NpeausBukaTencTBo 3a nscnegBaHe ce aBaBaT
npobnemute nNO OTHOLUEHWE Ha TOYHOCTTA, YCTOMYUBOCTTA MpU NOLUU
METEOPONOrM4YHU YCNOBUSA, eHepruiHata eeKTUBHOCT U UHTerpaumsita Ha
MynTUCEH30pHa UHdoOpMaLINS.

B Hay4HO-NMpUINOXHO OTHOLUEHWE B OUCEPTALMOHHUS TPyd Ca PeLueHu
MHOXECTBO 3ajauyu, CBbp3aHM C paspaboTka Ha MHOBATUBHA cUCTeMa,
UHTErpaumsi Ha TEeXHONOruMK, aHanm3 Ha NPUNOXMMOCT, NPeoaonsiBaHe Ha
TEXHUYECKM nMpeausBuKaTencTtea W Banuaauusi 4pe3  eKCnepuMeHTH.
M3nonsBaHu ca Hay4yHU MeTOOM, KaTO CPaBHUTENEH aHanus, mogenupaHe u
eKcnepumMeHTarnHo BanuaupaHe. B cTpykTypHO OTHOLUEHWE AUCEPTALMOHHUSA

TpyA ob6xBalla TeopeTUdeH npernen, apxXUTeKTypHU peLleHusi, anroputMu u
eKCrnepuMeHTanHu pesynraTtu.

2. CteneH Ha No3HaBaHe CBbCTOSIHUETO Ha Npobnema u TBopuYecka
UHTepnpeTauusa Ha nUTepaTypHUA MaTtepuan.

AucepTaunoHHUAT TPyA BKMKOYBA CbAbPXaHUE, CNUCbUM Ha durypu,
Tabnuuu, yesod, YeTupu rnaeu 3a pellaBaHe Ha GOpPMynUpPaHUTE OCHOBHU
3agayu, 3aknyeHune, CNUChK Ha OCHOBHUTE NPUHOCKU, aBTOPCKU NyBnukauum
no AucepTauuoHHUTE U3CreaBaHusi, CNUCBHK Ha M3Non3BaHa nurtepartypa,
KOATO cbabpxa 138 HayyHu wu3TOYHUKA. B guceprauuoHHWs Tpyn ca
UUTUpaHU n 4 nybnukauum Ha [AOKTOpaHTKaTa, 4Ype3 KOUTO MnonyyYeHuTte
pe3yntatmh ca CTaHanu [LOOCTOSAHME Ha HaydHaTta oOwHocT. Bcuyku
nuTepaTypHU U3TOYHULM ca noabpaHu Taka, Ye Aa oTpas3siBaT CbBPEMEHHUTE
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Hay4YHU OOCTUXEHUA B obnacTTa Ha TemaTtukaTa Ha AuMcepTaLUoOHHUS TpyAa.
LinTupanu ca ctatum OT aBTOPUTETHM HAy4HU CMUCAHUA, KOHDEpPEHLUUU U
KHUMM. M3BBLPLUEHUAT aHanuTuieH ob630p No3BonaABa Ha AOKTOPaHTBLT Aa
AedVHMPa KOPEKTHO LeNTa U OCHOBHUTE 3a4ayu 3a M3crefBaHe, KouTo TS
peluaBa yCneLwHo B OTAEeNHUTE rnasu.

3. CborBeTcTBMEe Ha wu3bpaHaTta MeToAMKA Ha wu3cnegBaHe U
nocraBeHaTa uen v 3aaydv Ha AMcepTaLUOHHUA TPyA C NOCTUrHATUTE
NPUHOCHU.

OducepTaumoHHusa Tpya npeanara usnocTHa MeTOAoNornsa U apxmTektypa
3a OTAanevyeHo OTKpUBaHe, pa3rno3HaBaHe U npocrneasBaHe Ha 0bekTu ypes
6e3nunotHu netatenHu anapatm (BJIA), koeTo npeacTaBnsiBa 3HAYUM
npuHOC B obnactra Ha CUCTEMUTE C WU3KYCTBEH WMHTENEKT U aBTOHOMHMU
nnatgopmu 3a HabnoaeHue.

MeTtogute 3a uscnegBaHe ca ob6ocobeHu OCHOBHO B OTAENHUTE rNnaBw,
KaTo CUMyNauMOHHU U €eKCnepuMeHTanHu, kato obxeawat MeToan WU
anropuTMM 3a OTKpUBaHeE, pa3no3HaBaHe W npocneasiBaHe Ha 0OEKTU Ha
Basata Ha AaHHM OT Be3NUOTHU NeTaTenHu anapaTu:

- CpaBHuTeneH aHanu3 u u3bop Ha MeToAN U anropuTMKU 3a OTKPUBaHe,
pasno3HaBaHe W npocnegseaHe Ha o00ekTM Ha ©Oaszata Ha LaHHM OT
0e3nunoTHU neTaTenHu anapaTy;

- MopgenupaHe ¥ UMNNEMEHTUpPaHe Ha nNpeanoXeHuTe MeToauTe W
anropuTMM 3a OTKpPUBAHE, pasno3HaBaHe U npocnegsisaHe Ha obekTn Ha
BazaTta Ha gaHHU OT Be3NUNOTHU NeTaTenHu anapaTu;

- Cratuctnyecko  npeactaBsHe UM aHanu3  Ha  nonyyvyeHuTe
eKCnepuMeHTanHu pesynTaTu.

[MpencraBeHaTa ekcnepuMeHTanHa apxuTekTypa € npunoXxnumMa B LUUMPOK
Kpbr OT peanHu cutyauuu — OT MOHWUTOPWUHI Ha npupogHata cpega U
ynpasneHMe Ha 3emMenenckn [AeWHOCTU [0 [OeWHOCTU, CBbP3aHu C
HauMoHanHaTa CUrypHoCT 1 peakuus npu npupoaHu 6eacreus. ToBa nokasea
HEe caMO HelHaTta TexHonorMyHa afanTUBHOCT, HO U couuarnHo-
MKOHOMMUYEcKaTa M 3Ha4UMOcCT.

WHTerpupaHuaT nogxon, KOWTO KOMOWHMPA CEH30PHU TEXHOMOruu,
anropuTMu 3a MaluHHO U Obn6oko obyyeHue U edekTuBHa obpaboTka Ha
n3obpaxeHus, nossonsea cucremarta ga 6bae aganTupaHa 3a pasnUyHU
nnatcopmn 1 ycnosmus Ha paboTta. [poBeaeHUTE eKCNEPUMEHTU C peanHu
AaHHU NOTBbpXKAaBaT HaOeXOHOCTTa M KakTO B OTKPUTKU, Taka U B rpafcku
Cpeau C BUCOKa CTEMNeH Ha BU3yanHU CMYLLEHUS.



MpennoXeHUTe anropuTMU U apXUTEKTYPHU PeLUeHUs UmaTt noTeHuuan
3a BHepsiBaHe He caMO B MHAYCTPWanHW U TbProBCKU CUCTEMU, HO U KaTo
ocHoBa 3a Obgewn HayyHu wuacnenBaHus. MopgynHata U CTpykTypa u
Bb3MOXHOCTTa 3a pabota ¢ MynTUMOAAnNHU [AaHHW S MpaBsAT LEHEeH
MHCTPYMEHT KakKTO 3a WHXEHepu, Taka M 3a U3cneaosatenu, Tbpceliu
cTtabunHa 1 roBkaBa OCHOBa 3a AOpas3BUTUE M aganTauus.

Mony4yeHuTe pesynTaTu ca aHanuaupaHu UM WUMCTPUPaHM C MHOTo
Tabnuum 7 curypu, KaTo noTBbPXAaBaT n3bpaHus
Hay4YHOM3CcneaoBaTENCKUA NOAX0A U TAXHATa NPUMOXUMOCT. B To31 cMUCHI
dopMynupaHaTta uen 4 3adadu Ha aucepTaumsita ca U3MbIHEHWU, KaTo B
CUHTE3MpaH BUA Te Ca U3NOXEHU B U3BOAUTE U 3aKINIOYEHUATA.

4. TpuHOCK Ha AucepTaLMOHHMUA TPyA.

Mpuemam copmynupaHuTe 1 geknapupaHu oT 4OKTOpaHTKaTa npuHOCU
N TEXHUA HAYYHO-NPUITOXEH U NMPUNOXEH XapakTtep. [NPUHOCHUTE MOMEHTU
MMaT 3HA4YMMOCT Ha HOBOCT B paarnexpgaHata npobnemaTtvka u ce sBsBaT
paswmnpeHue Ha cbliecTsyBalmnTe 3HaHus. OT nonyyeHuTe pesynratv Moxe
Aa Cce yCTaHOBW, Y€ HOBOCb3fafdeHuTe W  MoauuuupaHuTe MeToawu,
anropuTMn 1M NOAXOAM ca NOAXOAALM 3a npunaraHe U umaT ACHO U3paseH
noTteHumMan 3a peanHa ynorpeba B MHOXECTBO MPAKTUYECKU KOHTEKCTU, C
Bb3MOXHOCT 3a [JOopa3BuMBaHe CMNPAMO KOHKPETHUTE HYXAU Ha pasnuyHu
CEKTOPU U NPUSIOKEHUSA.

HanpaBeHuTe usBogu crieq Bcsika rnaea, CUHTE3UpaHUTE anropuTMu U
pa3paboTeHuTe NoaAxXoau, NPoLEeaYPU U EKCNEPUMEHTM, MoraT aa ce npuemart
KaTo NonesHu Npenopbku 3a BHeAPSIBaHE B CbBPEMEHHUTE KOMYHUKALIMOHHU
N MHPOPMALIMOHHU CUCTEMMU.

5. lMpeueHka Ha ny6nukauuuTe No AUCepTaLUOHHUS TPYA.

[Mlo Temata Ha aucepTauusaTa ca NpeacTaBeHW 4 HayyHu nydnukauum,
KaTo 2 OT TAX Ca caMOCToATenHwW. HayyHuTe ctatum ca npeacTtaBeHu U
nyonuKyBaHM B  HaUMOHANMHW U  MEXAYHapoL4HW  KOHEepeHuun u
MeXaOyHapoaHu pedepupaHn U uHOekcupaHu wusgaHua. B Tax  ca
nybnvkyBaHu 1 ca cTaHanu JOCTOsiHMe Ha HaydHaTa OOLUHOCT ronsma 4acT
OT pesynratute Ha MNPOBEAEHUTE EKCNepuMeHTW, npeacTtaBeHu B
avceprtauunaTa. Bcuyko ToBa MM [JaBa OCHOBaHWE [Oa 3asBs, 4Ye HayyHuTe
NOCTUXXEHUA Ha aBTopa ca nybnukyBaHW M ca CcTaHanu WU3BECTHU Ha
Hay4YHaTa 0BLHOCT.

6. MHeHus, NnpenopbKU U Benexku.



Cuutam, 4e aOucepTaUMOHHUAT TPyAd nNocTUra 3asBeHaTa uen, a
necvHMpaHMTe 3agaduM ca  W3NblHEeHW Ha [obpo HayyHO HWBO U
aucepTauusTa MMa 3aBbplleH xapaktep. Moxe 6u e nobpe B 6baelarta cu
paboTa, goKTopaHTKaTa fa npeuunsupa uMspassaBaHeTo U gedUHUPAHEeTOo Ha
cneunduyHK MOHATUS, KaKTO WM aa wu3bsarea HeHYy)XHU OBSCHeHuA Ha
obLLon3BECTHM (haKTK U Aa Ce CTPEMU Aa HE A0NyCcKa CTUMUCTUYHU 1 OpebHn
NPaBOMUCHM PELLKK, Taka CbLLO U Ka4YeCTBOTO Ha O(POpMIEHUETO PUTypuU U
rpadovkn ga € Ha BUCOKO HuBO. [lpenopbyBam uHX. E. VBaHoBa pa
npoab/lK1 HayyHoMU3CcrneaoBaTenckaTa cu pabora, CbBMECTHO C Konerute ot
TY Codua, kato nonyvyeHute pelynrtatm pna O6baat npeacrtaBeHn U
nyGnukyBaHu B MeXAyHapoAHW KOHMepeHUUn u B pedepupaHn cnucaHna c
Lmnakt” paktop (WoS) unu Scopus paHr.

7. 3akn4eHue € siCHa NOJIOXWUTEesIHAa UKW OTpULATeNHa oUueHKa Ha
AucepTauuoOHHUA TPpyA.
Cuntam, 4Ye npeacTtaBeHUAT gucepTauMoOHeH Tpyd OTroBapsa Ha
N3NCKBaAHUATA Ha 3aKkoHa 3a pa3BUTWE Ha akageMUdHUA cbeTae B Penybnuka
Bbnrapus 1 oueHKaTa MKW 3a HEro € HanbIHO NoroXuTenHa. NocTurHaturte
pe3yntatTh MU [JaBaT OCHOBaHWe pAa npeanoxa na 6bae npugobuta
obpasoBaTtenHarta W HaydHa cTeneH ,00KTOp” OT UHX. EneoHopa WUBoBa
MUBaHOBa

B oOnacT Ha Buclie obpasoBaHue - 5. TexXHUYEeCKN HayKu,
npodecuoHanHo HanpasneHue - 5.3 ,KOMyHWKaUMOHHA U KOMNIOTLPHa
TEXHUKA”,

AOKTOpCcKa nporpama - ,CUCTEMU C U3KYCTBEH UHTENEKT .

[aTta: 16.06.2025r. YNEH HA XXYPUTO:
(npodh. A-p uHx. CtaHumup CaguHos)



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

Topic of the dissertation: Remote detection, recognition and tracking
of objects with unmanned aircraft

Member of the scientific jury: Prof. eng. Stanimir Mihaylov Sadinov, PhD

1. Relevance of the problem developed in the dissertation in

scientific and applied terms.

The topic of remote detection, recognition and tracking of objects in
unmanned aerial vehicles (UAVs) is topical and interesting. The application of
artificial intelligence, computer vision, sensor technologies (infrared, radar,
ultrasonic) and processing of large volumes of data significantly expands the
capabilities of UAVs to operate autonomously and in real time in complex and
dynamic environments. The challenges for research are the problems of
accuracy, resilience in bad weather conditions, energy efficiency and
integration of multi-sensor information.

In scientific and applied terms, the dissertation work has solved numerous
tasks related to the development of an innovative system, integration of
technologies, feasibility analysis, overcoming technical challenges and
validation through experiments. Scientific methods such as comparative
analysis, modeling and experimental validation have been used. In structural
terms, the dissertation work covers a theoretical review, architectural solutions,
algorithms and experimental results.

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

The dissertation includes a table of contents, lists of figures, tables,
introduction, four chapters for solving the formulated main tasks, conclusion,
list of main contributions, author's publications on the dissertation research, list
of used literature, which contains 138 scientific sources. The dissertation also
cites 4 publications of the doctoral student, through which the obtained results
have become known to the scientific community. All literary sources are
selected so as to reflect modern scientific achievements in the field of the
dissertation topic. Articles from authoritative scientific journals, conferences
and books are cited. The analytical review performed allows the doctoral



student to correctly define the goal and main research tasks, which she
successfully solves in the individual chapters.

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

and objectives of the dissertation with the contributions achieved.

The dissertation proposes a comprehensive methodology and architecture
for remote detection, recognition and tracking of objects using unmanned aerial
vehicles (UAVs), which represents a significant contribution to the field of
artificial intelligence systems and autonomous surveillance platforms.

The research methods are mainly divided into separate chapters, such as
simulation and experimental, covering methods and algorithms for detection,
recognition and tracking of objects based on data from unmanned aerial
vehicles:

- Comparative analysis and selection of methods and algorithms for
detection, recognition and tracking of objects based on data from unmanned
aerial vehicles;

- Modeling and implementing the proposed methods and algorithms for
detection, recognition and tracking of objects based on data from unmanned
aerial vehicles;

- Statistical presentation and analysis of the obtained experimental results.

The presented experimental architecture is applicable in a wide range of
real-world situations — from environmental monitoring and agricultural
management to national security and disaster response activities. This
demonstrates not only its technological adaptability, but also its socio-
economic significance.

The integrated approach, which combines sensor technologies, machine
and deep learning algorithms, and efficient image processing, allows the
system to be adapted to different platforms and operating conditions.
Experiments with real data confirm its reliability in both open and urban
environments with high levels of visual interference.

The proposed algorithms and architectural solutions have the potential for
implementation not only in industrial and commercial systems, but also as a
basis for future scientific research. Its modular structure and the ability to work
with multimodal data make it a valuable tool for both engineers and researchers
seeking a stable and flexible basis for further development and adaptation.

The results obtained are analyzed and illustrated with many tables and
figures, confirming the chosen research approach and their applicability. In this
sense, the formulated goal and tasks of the dissertation have been fulfilled, as
they are presented in a synthesized form in the conclusions and inferences.



4. Contributions of the dissertation work.

| accept the contributions formulated and declared by the doctoral
student and their scientific-applied and applied nature. The contributions have
the significance of novelty in the considered issues and are an extension of
existing knowledge. From the results obtained, it can be established that the
newly created and modified methods, algorithms and approaches are suitable
for application and have a clearly expressed potential for real use in many
practical contexts, with the possibility of further development according to the
specific needs of different sectors and applications.

The conclusions drawn after each chapter, the synthesized algorithms and
the developed approaches, procedures and experiments can be accepted as
useful recommendations for implementation in modern communication and
information systems.

5. Assessment of dissertation publications.

On the topic of the dissertation, 4 scientific publications have been
presented, 2 of which are independent. The scientific articles have been
presented and published in national and international conferences and
international refereed and indexed publications. In them, a large part of the
results of the experiments conducted, presented in the dissertation, have been
published and have become known to the scientific community. All this gives
me reason to state that the author's scientific achievements have been
published and have become known to the scientific community.

6. Opinions, recommendations and notes.

| believe that the dissertation work achieves the stated goal, and the
defined tasks are fulfilled at a good scientific level and the dissertation has a
complete character. Perhaps it would be good in her future work for the doctoral
student to refine the expression and definition of specific concepts, as well as
to avoid unnecessary explanations of well-known facts and to strive to avoid
stylistic and minor spelling errors, as well as the quality of the layout of figures
and graphs to be at a high level. | recommend that Eng. E. lvanova continue
her research work, together with her colleagues from TU Sofia, and that the
results obtained be presented and published in international conferences and
in refereed journals with an “impact” factor (WoS) or Scopus rank.

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



| believe that the submitted dissertation meets the requirements of the Law on
the Development of the Academic Staff in the Republic of Bulgaria and my
assessment of it is completely positive. The achieved results give me reason
to propose that the educational and scientific degree "doctor" be acquired by
Eng. Eleonora Ivova lvanova

in the field of higher education - 5. Technical Sciences,
professional field - 5.3 "Communication and Computer Engineering",
doctoral program - "Artificial Intelligence Systems".

Date: 16.06.2025 JURY MEMBER:
(Prof. eng. Stanimir Sadinov, PhD)



