PEIEH3US

Bzapxy JMcepTalMOHeH Tpy 1 3a npuaoOuBaHe Ha 00pa3oBaTeNnHa U Hay4Ha CTeTeH ,,JOKTop®
ABTOp Ha AucepTalUUOHHUS Tpya: mar.uH:k. Eneonopa UBoBa HBanoBa
Tema Ha gucepTauMoOHHUA TPy ,,OTAANEYEHO OTKPHBaHe, pa3No3HaABaHe U
npocJjieAsiBaHe Ha 00eKTH NpH 0e3NUJIOTHH JIeTaTeJTHH anapaTn”

npodecroHanHo HanpasieHue: 5.3. KoMyHHKanHOHHA M KOMIIOTHPHA TEXHHKA
Hay4Ha CIEeUHaTIHOCT: ,,CHCTEeMH ¢ H3KYCTBEH HHTEIEKT

Peuensent: pom. a-p unxk. I'anst Becernnona IlaBiosa

1. AkTyasHocT Ha pa3paGoTBaHHUs B AHCEPTALHOHHHUS TPYA NPoGJeM B HAYYHO H
HaYYHO-NIPWJIOKHO OTHOmIeHHe. CTenmeH W HHBA HA aKTYaJqHOCTTAa Ha mpobjeMa u
KOHKPETHHTE 3a]a4H, pa3paboTeH! B AUcepTANHATA

JlucepTauMoHUAT TPYA € NOCBETEH Ha U3CJe[BaHe M OllEHKA Ha METOAM 3a OTAAJIeYeHO
OTKpMBaHe, pa3rno3HaBaHe W MPOCIesIBaHe Ha OOEKTH, KaTo Ce M3MOJ3BAT AaHHHM, TOJYYEHH
OT O€3MUJIOTHM JIETATEJIHM anapaTd 4Ype3 H3MOJN3BaHe Ha CHBPEMEHHM TEXHOJIOTHH,
BKJIFOYUTEJIHO  CEH30pH, U3KYCTBEH HHTCJICKT W AQHaAJIUTU4YHU AJITOPUTMH. TeMaTa Ha
AWCEePTALMOHHUS TPY/ € M3KIIFOYUTENHO aKTyalHa, Thi KaTo pe3y/iTaTHTe Morar ga Obaar
M3MOJI3BaHKM 3a Kaprorpadupane, HaGNIOJEHME M OXpaHa Ha TPAHULM, MOHHTOPMHT Ha
OKOJIHaTa cpejla, 3eME/Ie/INe U yNpaBJieHHe Ha PECYPCH, CIIACUTENHH ONepaliy U yrpaBjieHue
Ha OeACcTBUA. HoBuTe anroputmu 3a 06paboTka Ha JaHHH MPaBAT BB3MOXKHO pa3no3HaBaHETO Ha

MaJIKU U TPYAHO OTKPUBAEMHU O6eKTl/I, KaKTO U NMPOTrHO3UMpaHE Ha 6’1)[161111/] cbOUTHS Bb3 OCHOBA Ha
UCTOPHUYECCKH NAHHHU.

2. CreneH Ha No3HaBaHe CbCTOSIHHETO HA MpPo0JeMa U TBOPYECKA HHTEPINpeTALHSI
Ha JIATEpaTypPHHUS MaTepHaJl

JluTepaTypHUsT aHaIM3 HA CHBPEMEHHOTO ChCTOSHME HA M3BBPIUBAHMTE OMEPALMH U
CbOMpaHETO Ha JaHHu C GE3NMJIOTHM JIeTaTelHM anapaTd € HanpaBeH Ha Gaszata Ha 138
JIATEPATypHU U3TOYHMKA. M3ceiBaHy ca W MOAXOAM M METOJM 3a OTJAJIeUYeHO OTKPHBAHE U
pasnosHaBaHa Ha OOEKTH ¥ MPHUIIOKEHUETO UM B Pa3IMyHU 00JacTH.

AHaJIM3bT HA PELLEHUATA € 3abI60UEH U apryMEHTUPaH, KOETO NOTBBPIKAABA OTIAHYHUTE
O3HAaHMS HA aBTOPA 32 CbBPEMEHHOTO ChCTOSIHME B 00/ACTTa Ha pasriiexJaHaTa TeMaTHKa.
JlokTopaHTKarta Moka3Ba KadecTBa M BBH3MOXHOCTH 3a OLECHKA HAa  MOCTHKCHUATA M

HEpELIEHNTE NPOOJIEMHU, KOETO € BUHO KaKTO NpH (HOPMYIMPAHETO HA LIEUTE U 3a/a4nTe Ha



AUCEPTALlMOHHUA TPY A, TaKa OT MOCTUTHATUTE LICJIU C aKIIEHT Ha pEaJIHO NMPHUJIOKUMH PECILICHUA

U TEXHOJIOTMYHO pa3BUTHE.

3. CroTBeTCcTBHE HAa M30pPaHATA METOAMKA HA H3C/ieBaHe C MOCTABEHATA LeJ H
3224 HA JHCEPTALHOHHHSA TPYA

LleaTa Ha aucepTaLUMOHHMS TPy € Aa CE WU3CEABaT, MPEAIokKaT U OLUEHSAT METOAM 3a
OTKpUBAHE, paslO3HaBaHE W MpocjelsBaHe Ha OOEKTH C H3MOJ3BaHE JIaHHH, MOJYYEHH C
O€3NUJIOTHM JIEeTaTelHW anapaTtd, KOUTO OCUTYpsiIBAT BHUCOKAa TOYHOCT, HaJEXKIAHOCT U
e(heKTUBHOCT. 3a MOCTUraHETO Ha Ta3M LieJ ca MOCTAaBeHH S 3a/1auk, CBbP3aHH ¢ pa3paboTBaHe
Ha WHOBaTHBHA CUCTEMa 3a OTAAJEYEHO OTKPUBAHE W pa3No3HaBaHe Ha OOEKTH, KaTo ce
MHTErpupar pasjiM4yHd TEXHOJIOTMM 3a CbOMpaHEe Ha JaHHM W HaBUralMs, aHAJM3UpaHEe W
OLICHKA Ha MPUJIOKMMOCTTa Ha NPEUI0KEHaTa CUCTEMA B pa3IMuHM 00J1acTH U Jla ce HarpaBu
BaJIM/JaLMs U OLIEHKA Ha Ta3y CUCTEMA.

Meronukata € n10o6pe 060CHOBaHa M CUMTaM, Y€ B JAUCEPTALMOHHWS TPYA € HaJWLe
CHOTBETCTBME MEXK/Yy M30paHaTa METOJ0JIOTUS HA U3C/IeBaHE U NOCTaBeHaTa Liejl U 3a1a4M,
3a KOETO CBUETEJICTBAT W MIOCTUTHATUTE MPUHOCH U CTATUCTUUECKOTO MPEJICTABSHE U aHaAJIN3
Ha M0JIy4YEHUTE EKCIIEPUMEHTATHU pe3y/ITaTH.

4. KpaTka aHaJIMTHYHA XapaKTepPHCTHKA HAa €CTECTBOTO M OLEHKAa Ha
JI0CTOBEPHOCTTA HA MATEPHAJIA, BbPXY KOKHTO ce rpaisiT IPHHOCHTE HA IMCEPTANIMOHHHUS
TpyA

JlucepTaunOHHUAT TPYA € B 00eM OT 162 CTpaHHLM, KaTO BKJIIOUBA YBOJ, YETUPH TIIaBH,
CIUCHK Ha OCHOBHHUTE MPUHOCH, CIIUCHK HA MyOJAMKALMUTE MO JAUCEpTALMATA U M3II0J3BaHa
JuTEparypa.

B mbpea rnaBa, opranusuMpaHa B 7 uacTH, € HanpaBeH JIMTEpPaTypeH aHaAW3 Ha
CbBPEMEHHOTO ChCTOSIHME Ha OE3MUIIOTHUTE JieTaTeHu anapati. Ha 6a3ara Ha HanpaBeHuTe
M3BOJIM B Kpas e Ie(UHUpaHa uenta u ca GopMyIMpaHy 3a1a4unTe Ha JMCEPTALMOHHUS TPY L.

BbB BTOpa rnaea, opraHu3MpaHa B 5 4aCTH, Ca pasriieka ChiIeCTBYBAILHTE AICOPUTMH M
METOAH 3a OTAAJICYEHO OTKPUBAHE M pa3rno3HaBaHe Ha OGCKTI/I, KaKTO U TEXHUKUTE U METOJMUTE 3a
obpadoTka Ha u300pakenus. HampaBenu ca TeopeTHUHM M3C/eaBaHUs BPXY MeToau ot MU
3a paspaboTBaHe Ha CHUCTEMA 3a HaBUrallMs M M30srBaHe Ha mpensatcTeus. [TpeanoskeHnu ca
KPUTEPHH 3a ONTUMAJHOCT Ha Mojena. [IpeacTaBeHa e METOJ0JOrMs 3a MpujaraHe Ha
napanesH1 H34MCIIMTETHN TEXHOJIOTMHU KOATO LiE Ce M3M0/I3Ba 3a BHEApsiBaHe Ha coTyepHaTa
4acT Ha CMCTEMaTa 3a njaHupaHe. [IpeacTaBeH € MaTeMaTHUECKH MOJE] Ha airOpUTbM 3a
rJ100aHO W JIOKAHO TIaHMPaHe JIBM)KEHHETO 3a rpyna MOOMIHM poOOTH Ha OCHOBaTa Ha
MoaupuumMpana HeBpoHHA Mpexa Ha Xonduina. IlpeactaBen e HOB ONTUMMU3UPAH H
MOAM(HMUMPaH MOJEN 3a M3rpak/aHe Ha HEBPOHHA KapTa, KOMTO fa ce M3MO3Ba B npH
M3CJIeIBaHUATA.

B Tpera rnasa, opranusnpana B 8 yactu, e npeokeHa e MeTo000rUs 3a NPOEKTHpaHe
M pa3pabOTBaHe Ha CHCTEMa 3a OTHANCYEHO OTKPMBAHE, pa3No3HABaHE npocjejsiBaHe Ha



00EKTH npu OGe3NUWIOTHA JieTaTenHu amapartd. [IpeAnoXeHO € u3MoJi3BaHe Ha XUOpUIeH
aHcaM0JIOB METOJ 3a OTKpHBaHE Ha 00eKTH ¢ 0OeqMHSBAHE HA MPOTHO3WTE Ha JIBa Mojena.
HpeanomeHu ca TEXHHUMKH 3a ONTUMH3alMsa Ha O6yquI/ICTO Ha MOACIM B CUCTEMATa C
H3I10JI3BAHC Ha TpaHC(bepHO 06yquHe, oborarsBaHe Ha AJaHHHU W YNIPaBJICHUE Ha CKOPOCTTa Ha
O6yl{€HI/l€ C TMOJIMTMKa Ha C€AUWHCTBCH LMUKBJI 3a OCUTYpSBaHC Ha BHCOKA TOYHOCT H
e(eKTHBHOCT U Mpe0TBpaTsIBaHe Ha MPEKOMEpPHO NpUcnocobsBaHe Ha MoaenuTe. Creunanso
BHUMAaHHE € OT[EJIEHO Ha MHTerpauusaTa Ha JaHHU OT Pasu4yHU ceH3opu. [Ipemnoxenu 3a cTpareruu
3a xaplyepHa 1 coTyepHa ONTUMH3ALKs Ha CUCTeMaTa 3a IOCTUraHe Ha eHepruiiHa e(ek THBHOCT.

['naBa 4 e mocBeTeHa Ha IUIAaHMPAHE W TNPOBEXKJAAHE HAa EKCINEPUMEHTH 3a BaluAUpaHe Ha
npe/UlIokKeHaTa METOA0JIOTUS U aHAJIM3 Ha MOJTy4YeHUTe OT TAX pe3ynratd. HanpaBeHo e cpaBHeHue Ha
NPOU3BOAUTENHOCTTA Ha PANIMYHU ApXUTEKTypH 3a oTkpuBaHe Ha YOLO, SSD, Faster R-CNN;
OueHka Ha BAMAHUETO Ha Pa3IM4YHU (AaKTOPH BbPXY TOUYHOCTTA HA OTKPHBAHE HA OGEKTH: BHCOYMHA
Ha 110JIETa, bI'bJI HA KaMepaTa, OCBETEHOCT; M3cienBane Ha eeKTUBHOCTTA Ha pa3jiMuHM METOIM 3a
OTKpMBAHE Ha MajKM OOEKTH; AHAllU3 Ha MEXAYy TOYHOCT U CKOPOCT Ha 00paboTBaHEe Ha JaHHH C
pasznuunuTe MeTtoau; OLeHKa Ha MPOU3BOJUTETHOCTTA HA METOAUTE NMPHU Pa3IMYHH KJIacoBe 00eKTH
(Hanmpumep, NPeBO3HM CPEACTBA, Xopa, crpaam);MscrnensaHe Ha edekTHBHOCTTA Ha TpaHchepHO
o0y4eHue 3a agantauus KbM cnelGUIHN CUEHAPHH ¢ OE3MUIIOTHH JieTareHd anapaTtu; OLeHKa Ha
YCTOMYMBOCTTA HA MOJIENTUTE MPU PA3IUUHA aTMOC(HEPHH Y CIOBHS M HAJTMYME HA IIYM.

Cpen OCHOBHMTE NpEAM3BUKATENCTBA, MACHTUOULMPAHU MPU MPOBEACHUTE HAYUHU M
CKCNICPUMEHTAJIHU U3CJIEABAaHUA C€ OTKPOABAT HYy’KJara OT OLUE MO-BUCOKA TOYHOCT npu
pasnosHaBaHe Ha OOEKTH C HUCKA Pe30JIIOLHUS, aJaNTUBHOCT KbM AMHAMHYHO MPOMEHSLIN CE
CpeaM, KaKTO ¥ YCTOMUMBOCT MPHU JIMIICA HA AOCTaThb4HO oOyuaBaly gaHHW. CI0KHOCTTA Ha
KOMOMHMPAHETO Ha MHOYKECTBO M3TOYHMLM HA JAHHU B PEalHO BPEME CbILO MpPEACTaB/IiBa
TEXHHUUYECKO NMPEAU3BUKATENICTBO.

JlMcepTalMOHHUAT TPYJ 3aBbplUBa CbC 3aKJIIOyeHHe, (GopMysupaHe Ha MPUHOCH U
oubnuorpadceka cnpaska.

5. Hay4yHu W/MjId HAYYHONPHJIOKHH NIPHHOCH HA AHCEPTANMOHHHUS TPy

®opmyJiMpany ca 3 Hay4HH, 4 Hay4YHO-NPUIIOKHU U 4 IPHIOKHM TIPUHOCH, KOUTO BKITIOYBAT:
HAYYHU

- Ilpennoxxena MeTomoJOrvs 3a MpPOEKTHpaHe M pa3paboTBaHE Ha cUCTeMa 3a
OTJaJ€4YeHO OTKPUBAHE, paslO3HABaHE M MpOCNeNsIBaHE Ha OOEKTH IpH
0e3NUJI0THM NeTaTe/THU anaparu;

- [IlpensioxeHa KoHuenTyaqHa apXWUTEKTypa Ha CHCTeMa, MNPOEKTHpaHa ¢
NPEAJIOKEHaTa METOJO0JIOTHsA, CBhCTOAIIA CE OT XapAyepHH KOMIIOHEHTH U
co(pTyepHHU MOTYJIH;

- IlpennoxeH ajpantupan anropuTMHYEH MOJEN 33 OTKPMBAHE Ha OGEKTH CIIOpen
W3UCKBaHMATA HA KOHKPETHO MPUIIOKEHUE (aBTOHOMHH APOHOBE, POGOTH3UpaHH
CUCTEMH, BUACOHAOIIOICHHE, UHTEIUTEHTHU TPAHCTIOPTHH PELLEHHUS).

HAYYHO-ITPUJIOKHHA



M3nonszpaHe Ha XxuOpuaeH aHcaM0JOB METOJ 3a OTKpMBAHE Ha OOEKTH MpH
0e3MUJOTHU JIETATEIHW anapatd 4ype3 KOMOMHHMpaHE Ha MOJENU C pa3ivyHU
apXMTEKTYpPU Ha HEBPOHHU MPEXH;

[IpenyiokeHn ca TEXHUKM 3a ONTHMM3alMs Ha OOYYEHHMETO Ha MOJeIM 3a
OTJAJIEYEHO OTKPUBAHE, pa3lO3HABAHE U MpOC/esiBaHE HA OOEKTH C U3MOJ3BaHe
Ha TpaHcepHo oOyueHue, oboraTsBaHe Ha IaHHU U YIIpaBJIE€HHE Ha CKOPOCTTA Ha
00y4eHHMe C MOJIMTHKA HA €JUHCTBEH LUKDBJI;

[IperyioxkeHa € METOJONOrUsl 3a aHaau3 M (QUITpauus Ha Tpelikd Tpu
OTKpUBaHETO Ha OOEKTM OT BHAAa (alIMBO MOJIOKUTENHH, (anmmuBo
OTpMLIATENIHU, HENpaBWIHU Kiacudukauuu upe3 komOuHupaHe Ha Grad-CAM
BU3yaJIM3allis U CTATUCTUUECKU aHaIu3 Ha FPELIKUTE;

[Tpennoxxena e MeTOnONOrMs 3a OLEHKAa Ha YCTOMYMBOCTTA Ha MOJEIUTE 3a
OTKpHBaHe Ha 00eKTH npu Oe3NUJOTHM JIeTaTesIHU arnapatd Npu 3akpuBaHe Ha
00eKTH.

IPHUJIOKHU

Jlebrnupanu ca KOHKPETHM MpPENopbKU 3a M300p Ha MOJEN W mapameTpu 3a
OT/Jale4eHO OTKPUBAHE, pa3MO3HAaBaHE W MpociefsBaHe Ha OOEKTH MpU
0€3NUJIOTHU JIETaTENIHU arapaTi B AMHAMUYHH CPE/IH;

[Ipennoxxena e mMoauuLMpaHa apXUTEKTypa 3a aHCaMOJIOBO JETEKTHpaHe Ha
00€eKTH Mpu OE3NUIIOTHHU JIETATETHH anapaTy 3a NPUJIOKEHHsS B peaiHO BpEME U 3a
nogobpsBaHe ¢ 10 7% Ha aHanu3a NPU CJOXKHU CLEHM NpsIMO Hai-106pus
WHIUBH/lyaJleH MOJIENT;

PaspaboTeHa € ekcriepMMeHTalHa paMKa 3a CPaBHUTENIEH aHallu3 Ha MOJEH 3a
OT[1aJIeYe€HO OTKPUBAHE, pa3NO3HABAaHE M MpoCie/siBaHe Ha OOEKTH MpH
0€e3nUNO0THU JIETAaTE/IHU anapaTH, KOSTO MoXe Aa Obje U3MoJ3BaHa 3a OLEHKa Ha
HOBM apXUTEKTYPH U MOJEIIH;

M3scnensano e BAMAHUETO HA BBHUIHKM (PaKTOpH — aTMOCHEpPHHU YCIOBUS (IBKI,
MBI/, HHCKA OCBETEHOCT), YaCTHMYHO 3aKpHBaHE Ha OOEKTH, YCJIOBHMS Ha
peructpupane Ha W300paxeHus (BUCOUMHA Ha IMOJIET, bI'bjl Ha 3aCHEMaHe) BbpXY
TOYHOCTTA Ha OTKPUBAHE U MpOCiesIBaHe Ha 00EKTH NpH Oe3MUIOTHU JIETATEIHU
anmapaTv ¢ M3Mos3BaHe Ha O0y4YeHHM MOJENM CbC CBBPEMEHHH apXMTEKTYypU Ha
HEBPOHHU MPEXH.

6. OueHka 3a cTenenTa Ha JUYHOTO Y4JacTHE HA TUCEPTAHTA B IPUHOCHTE

CuuTam, 4e NpUHOCHTE B MPEACTABEHMS MM 3a PELCH3UpAHE JUCEPTALUOHEH TPy ca

OpPUTMHAJIHU U ca MPEAUMHO JIMYHO JIEJIO Ha JOKTOPaHTa, MoJ PhKOBOJACTBOTO HA HErOBUTE
Hay4HH PBKOBOAMTENN Npod. A-p ukX. Munena Jlazapoa-Muuesa u npod. a-p unx. Pymen

Tpudonos.



7. Ilpenenka Ha nyOJMKaUMUTEe MO JHCEPTALMOHHHA Tpya: Opoii, XapakTep Ha
U3JaHUSATA, B KOUTO €A OTHEYaTaHU

KbeM pucepraupsara € MpuioXeH COUCHK ¢ HamnpaBeHW 4 nyOsiukauuu, 2 OT KOUTO ca
CaMOCTOSITEJIHHU.

[Ty6nukauuure Ha mar. uHX. EneoHopa VBaHOBa OTpassiBaT OCHOBHMTE pe3yJTaTd M
MPUHOCH, MOJTYHYEHU NTPU U3FOTBSHETO HA JUCEPTALMOHHUS TpyA. KonnuecTBOTO M KauecTBOTO
Ha nyOJaMKaLMUTE OTrOBapsAT Ha U3UCKBAHETO 3a NpuaoOMBaHe Ha oOpa3oBaTesiHA U Hay4Ha
CTEINEH ,,IOKTOP®.

8. I3no.13BaHe Ha pe3yJITATHTE OT AUCEPTALIMOHHHUS TPYA B HAYYHATA H COI[HATHATA
NpaKTHKA

[IpencraBeHara cucrtema € MpPUIOXKKMMA B LIMPOK KPBI OT peaJIHd CUTyalMH — OT
MOHMTOPMHI Ha MPUPOJHATA CPela U YMpaBJEHUE Ha 3E€MENENICKU JeHHOCTH [0 AEHHOCTH,
CBbP3aHM C HAallMOHAJIHATAa CUTYPHOCT M peakLus NpH npupoaHu 6eactBus. Tsa Moxe na Obje
ajanTupaHa 3a pa3aM4HU MaaropmMu M ycjaoBus Ha pabota. MonynHaTa M CTPYKTypa W
BB3MOXKHOCTTA 3a paboTa ¢ MyJITUMOJAIHN JaHHU 5 MPaBAT LIEHEH HHCTPYMEHT 3a UHXKEHEpH
1 U3CIIeI0BaTeH.

9. Onenka Ha CLOTBETCTBHETO Ha aBTOpedepaTa ¢ H3MCKBAHUATA 32 H3rOTBSIHETO
MY, KAKTO M Ha aJIeKBATHOCTTA HA OTPa3siBaHe HA OCHOBHHUTE MOJIOJKEHHS M MPHHOCHTE
Ha JHCEPTAMOHHUS TPY.

ABTOpedepaTbT Ha AMCEPTALMOHHUA Tpyda € B obeM oT 32 crp. u e odopMeH B
CbOTBETCTBUE C M3MUCKBaHHWsATA Ha [IpaBuMiHKMKa 3a yclOBMSTA M pela 3a NMPUIOOWBAaHE Ha
Hayynu crenehn B TY- Codusa. Toit oTpa3sBa BSpHO ChIbP)KAHUETO, MNPOBEAEHUTE
M3CJIeBAHUS, TIOCTUTHATUTE TEOPETHMYHU M MPAKTUYECKU pE3YNTATH M IMPUHOCHTE,
ChIbPIKALM C€ B MbJIHUSA TEKCT Ha JUcepTallMOHHUS Tpy . Homepara Ha ¢urypure, Tabnuuute
u (hopmyuTe B aBTOpedepaTa ChOTBETCTBAT Ha TE3U B AUCEPTALIMOHHHUSA TPYL.

10. MHeHus1, NIpenopbKH U GeIeKKH

HycepTauOHHUAT TpyA MOKas3Ba rojisiM 00eM M3BbpLIEHA HAyYHO-W3CIE0BATENCKA
paboTa ¥ CBHAETENCTBA 3a 106PO MO3HABaHE Ha MpEAMETHaTa O6NAcT OT AOKTOPaHTKATa,
KOUTO BOJAT 10 YOEIMTETHU Pe3yITaTH.

OcBeH ToBa Mo3HaBaM JIMYHO Mar. uHxX. EneoHopa MBanoBa 1 Mora fja otOesnexa, ue T4 e
06 MPOGECHOHANKCT, KOJIera, Ha KOTOTO MOXeE Jia Ce Pa3vuTa, OT/IMYaBa C Ce YIOPHTOCT 1
XbC B paboTara CH KaTo y4YeH W U3CjIe0Barell.

Hsamam cepuosuy 3a0enexku KbM MPENCTABEHHS MU 3a peleH3UpaHe JMCepTaLMOHeH
TpyA.

[To3BossiBaM c1 a penopbyam 1a MpObIKH H3C/IeBAHUATA CH B Ta3H NEPCIEKTUBHA
obsacT, KaTo ny6aMKyBaT CTATHH B pepepupaHy B CBETOBHATA MpEKa CIIUCaHUS.



I1. 3akaoyenue ¢ $SICHA TMOJOKHTEJIHA MJIM OTPULUATENHA ONEHKA Ha
AUCepTALHOHHHSA TPYA.

Cnen 3amo3nHaBaHe € MpEJCTaBEHUTE JOKYMEHTH W AUCEPTALMOHHMUA TPy, KaKTO W
ChAbPIKAILMTE CE B HETO HayYHH, HAYYHO-NIPUJIOKHH U MPUJIOKHHU MPUHOCH, CUHUTaM, Y€ Te ca
B aKTyajHa Hay4yHa oOJacT M TOKa3BaT CMOCOOHOCT 3a CaMOCTOSTENIHO pelllaBaHe Ha
MH)KEHEPHU 3a/lauu.

[Ipencrasennre marepuanu ot mar. uHxK. EneoHopa MBaHoBa ya10BieTBOpsABAT BCHUKH
M3MCKBaHWsA Ha 3aKoH 3a Pa3BUTHETO Ha aKaJeMM4HUs CbcTaB B PenyGmuka Bbiarapwus,
[IpaBuiHuK 3a HEroBoTo npuarane v [IpaBUITHUK 3a yCIOBUSTA M pejia 3a MPUI00UBaHE Ha
Hay4HHU ctenieHd B TY—-Codus.

Beuuko ToBa MM J1aBa OCHOBaHHME Jla JaM MOJIOJKHTEJIHA OLIEHKA Ha JMCEPTAaLUOHHMS
TPYA W /12 Npe/uloXka Ha yBaKAEMOTO HAay4YHO JKypH Ja NpUChIM oOpa3oBaTe/HaTa U HayyHa
creneH ,,J0KTOp™ Ha Mar.MHX. EneoHopa HMBoBa MBaHoBa B o6sacTra Ha BHCILETO
obpasosanue 5. Texuuyeckn Hayku, [Ipodecronanto Hanpasienue: 5.3. KoMyHMKalMOHHA U
KOMMIOTbPHA TEXHHMKA, HAY4YHa CMIELUaTHOCT ,,CUCTEMH C U3KYCTBEH MHTENEKT .
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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 optimality 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 optimization 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,
illumination; Study of the effectiveness of various methods for detecting small objects;



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
transport 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.



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 7% 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

[ 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 of the 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
for 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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