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1. AxryajHocT Ha pa3pa0oTBaHusi B JAUCEPTALMOHHHMSA TPyA Ipod/jeM B
HAYYHO ¥ HAYYHO-TIPUJIOKHO OTHOLIIEHHE

BB3MOKHOCTUTE, KOUTO MPEJOCTaBAT OE3MUIOTHUTE JIETATEIHU arnapaTu
(BJIA) 3a oTHaneueHo HaOMIOACHNUE U MPEHOC HA Pa3HOPOIHU TOBApH, CHUYETAHO C
BHCOKa MAaHEBPEHOCT W TpyAHA OTKPUBAEMOCT T'M MPEBpHUIIAT B KIHOYOBA
TEXHOJIOTHS C IIMPOKO MPUJIOKEHHE B TPa)KTaHCKH, BOGHHU U HAyYHU 00JIaCTH.
CpIIeBpEeMEHHO HEMPEKHbCHATOTO pa3BUTHE HA CEH30PHUTE TEXHOJOTHU 3a
OTHAJIEYeHO ChOMpaHe Ha JaHHHU, KOMYHUKAIUUTE, 00paboTKaTa Ha rojieMu 00eMu
JAHHU U U3KYCTBEHMSI UHTEJIEKT 1aBaT Bb3MOXHOCT 32 HOBH (DYHKI[MOHATHOCTH U
pasImmpsiBaHe Ha 00JaCTUTE Ha MPHIOKEHHE. Bcuuko ToBa BOIM 10 yBEIMYaBaHe
Ha TEXHWAT Opoi, KOETO MopaxkJa HEOOXOAWMOCT OT PEryJIHMpaHe Ha TIXHOTO
U3IIOJI3BAHE U ITOCTaBSHE HA JOI'BJIHUTEIHU M3UCKBAHUS KbM CHCTEMHUTE UM - 32
TOYHOCT, aBTOHOMHHA paboTa MpU CIOKHH U JOWHAMUYHUA CpPEId U BHCOKA
CHEepruitHa eeKTUBHOCT. J(MCePTAIMOHHUAT TPY/ € HAaCOYeH KbM H3CIIeBaHE Ha
BB3MOKHOCTUTE 3a IIPEOJOJSIBAHE HAa IIOCOYEHUTE MPEIU3BUKATEICTBA U
OrpaHU4YEHUs. AKTyallHOCTTa MY C€ CBCTOM B MPEIIOKEHUTE W BaIUIUPAHU
METOIM 3a OTKPUBAHE, pPa3lO3HABAHE U MPOCIEAsBaHE Ha OOEKTH, MPUIIOKUMU
KaKTO IIpM aBTOHOMHATa HaBUTals, Taka U BBPXY MOJydyaBaHa MYJITH CEH30pHA
MH(OpMAaIMs, H3MOJI3BaHA B PA3IUYHU TPWIOKEHHS, IMPH OCHUTYpeHa BHUCOKA
TOYHOCT, HAAEKAHOCT U CHEPTUHA U U3UYHUCIIUTENIHA €PEKTUBHOCT.

2. CremeHn Ha mNO3HABaHe CbLCTOSIHMETO HA mMpodjeMa W TBOPYECKa
HHTepIpeTanus HA JIUTePATYPHHUS MaTepHaJ

JMcepTalMOHHUAT TpyHd € TIOCBETEH Ha AakTyaJlHa TeMaTHKa, KOSTO
Ipearoiiara pasiiipeHo MPOYYBaHE Ha TEXHOJIOTMHM 3a IOJy4aBaHE Ha JIaHHH,
METOAU U ANTOPUTMU 3a OTKPHUBAHE, Pa3lO3HABAHE W NPOCIEAsIBAHE Ha OOEKTH.
[Tutupanure 138 nuTepaTypHHM H3TOYHHUIIMA, IIOCOYEHH B Oumbmuorpadckara
CIpaBKa CBHJIETEICTBAT 3a W3BBPUICHUS 3aJbJ00YEH KPUTHYECH AaHAIW3 U
3aIll03HABAHE ChC clienu(uKaTa Ha MaTepusaTa 00EKT Ha [ucepTaluoHHus Tpya. Ha
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Ta3n Oasza € ¢opMmynqupaHa LeiTa Ha JUCEPTALMOHHUA TPyH M 3ajaduTe 3a
M3NbIHEHHe. TBopuyeckata HMHTEpHpeTands Ha JHTEPATYpHUS —Marepuar,
NPEATIOKEHUTE apXUTEKTypH, METOIH, NPOBEICHUTE U3CICABAHUSA U IOTyYEHHUTE
pe3ynTaTu MoKas3Batr, Y€ IOKTOPAHTKAaTa I03HaBa MHOTO J100pe CHCTOSHHUETO Ha
npobsema. ToBa 1 € MO3BONMIIO YCMEIIHO [a M3ITBIHN OCTABEHHUTE 3aa4u U JIa
TIOJTy4U 3HAYUMU PE3YIITaTH.

3. CboTBeTCTBHE HA n36paHaTa METOIUKA HA U3CJeJBaHe ¢ MOCTaBeHaTa 1eJl
M 3212491 HA TUCEPTALMOHHMUSI TPYA

Ilenra Ha nucepTalMOHUA TPYH € [a Ce W3CIIENBAT, MPENIOKAT U OLCHST
METOJM 32 OTKPUBAHE, Pa3llO3HABAHE U MPOCIeasIBaHe Ha OOEKTU C U3IIOJI3BAHE HA
JIaHHH, TIOJTyYEHH C OE3MMIIOTHH JIETATEIHH alapaTd, KOMTO OCHIypsBaT BHCOKA
TOYHOCT, HAJEKIHOCT U e(pekTuBHOCT. M30paHara u3cienoBaTencka MeTOIOIOTHS
CE OCHOBaBAa HA TEOPETHYEH aHAJIU3, CPABHUTEIHA W (DYHKIMOHAJIHA OLEHKA,
MOJIETIMPAHE, NMPAKTUYCCKH EKCIEPUMEHTH M aHAIHM3 Ha TOJYYEHHUTE pPEe3yITaTH.
To3n xomIuIeKcen moaxo/ mMo3BonsiBa 106pe 060CHOBaH W360p HA HHCTPYMEHTH H
TEXHUKH 3a PEIlIaBaHe Ha ONPEIEICHUTE U3CIICIOBATEIICKH 3aaUH.

B jauceprammATra ca NpeUIOKEHH HOBM METOOHM, MOMAEIH M CHCTEMHH
APXUTEKTYPH, KOUTO JEMOHCTPUpAT IOA00peHa TOYHOCT, CKOPOCT Ha 00paboTKa,
CHEpruiiHa e()eKTUBHOCT U M3UMCIUTEIHA IIPOU3BOAUTENHOCT. Te3H pelreHus ca
NPAaKTUYECKH DPEAM3UPaHU M MPUIOKEHM KbM DPA3IMYHU PEATHH CIIEHAPUH,
CKCIICPUMEHTAJIHO TOTBLPAEHU MU AaHATU3UPAHW [0 OTHOIIEHHME Ha TIXHATa
e(eKTUBHOCT. Beuyky Te3n yCWIHs ca JOBENM JO YCHEIHOTO pellaBaHe Ha
IIOCTAaBCHUTE 3aJ]a4M M 10 IIOCTUTAaHETO Ha O0IIaTa 1ejl Ha U3CIEABAHETO.

4. Kparka aHaqnTH4YHA XapaKTePHCTHKA M OUEHKA HA H0CTOBEPHOCTTA HA
MaTepHaJia, BbPXY KOMTO ce rpaJaT PUHOCHTE HA HCEPTAIMOHHHUS TPY/I

JlucepranronnuaT Tpya ¢ B o6eM orT 162 cTpaHMIM, KaTo BKIIOYBA YBOI,
YETHpH TJIAaBH 3a pellaBaHE Ha (POPMYyTUPAaHUTE OCHOBHHM 3aJayH, CIUCHK Ha
OCHOBHHUTE NPUHOCH, CIIUCHK Ha IyOIMKAIMUTE MO JUCEPTALUATA U U3IION3BaHA
matepatypa. [{utupanu ca o6mio 138 nurepaTypHH M3TOYHHUKA, KATO BCHYKH TE Ca
Ha JaTuHUIa. PaboTara BKiItouBa o6wio 15 ¢urypu u 28 Tabmunu.

B mbpBa rnaBa Ha QMCEPTALMOHHMS TPYJ € HANPABEH MpEries Ha TEeKyIOTO
CBCTOSIHHC Ha OE3NMJIOTHUTE JITATEHW anapaTd, Ha TEXHOJOTHUTE 3a
JUCTaHIIMOHHO OTKPHBAaHE U pas3lO3HaBaHE Ha OOEKTH, TEXHHTE CHEHU(DUYHU
XapaKTePUCTUKH, TPEAMMCTBA M CBBP3aHUTE C TIX [PEIU3BUKATEIICTBA.
JeduHupana € OCHOBHATA LN U U3CICIOBATENCKUTE 3aa4H HA JHCEPTALHOHHNIS
TpYyA.

B rnaBa BTOpa € mpeacraBeH MOApoOEH Iperiaen Ha TEXHOJIOTHHTE 3a
OTKpHMBaHe Ha 00ekTH u3non3Banu ¢ bJIA, meroqute 3a 06paboTKa Ha IIOTyIEHUTE
JaHHH ¥ aJITOPUTMHUTE 32 pasno3HaBaHe HA 00ekTH. O00O0IIEHH ca ChBPEMEHHUTE
TEHACHIMH B 00JiacTTa M € HojuepraHa HEOOXOAMMOCTTa OT pa3paboTBaHe Ha
HOBH IIOJAXOJW W METO/IH.

B Tpera rnaea ca onmcaHuTe eranuTe Ha paspaboTKa Ha CHCTEMaTa, HeifHarta
XapAyepHa U COYTyepHA apXUTEKTypa M MPOLECHTE Ha UHTETPUPAHE HA JAHHUTE.
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Meronute u anropuTMuTe 3a OTKpHBaHe, pasllO3HABAHE H IIPOCICISIBAHE HA
00ekTH ca MOAOpaHW C OrJe[ HA M3HCKBAHMATA 33 BUCOKA TOYHOCT, CKOPOCT,
CHEPrUiiHa e(EeKTUBHOCT M M3UMCIHTEIHA MPOU3BOJMTEIHOCT IIpeuioxkeHn ca:
CTPaTeruy 3a ONTHMHU3ALMSA Ha METOJUTE 3a OTKPHBAHE HA MajKd OOEKTH, 3a
pabora B JMHAMUYHU YCIIOBHS, 3@ PaslO3HABAHE M TIPOCICISIBAHE HA OOEKTH B
pCaTHO BpPEME; TEXHUKH 33 ONTUMU3AIMA Ha 00y4YEHUETO Ha MOJIEIU B CUCTEMATA;
CTpaTeruM 3a XapJyepHa U copTyepHa ONTUMH3AIMA HAa CHCTEMAaTa 3a MOCTHTaHe
Ha eHepruriHa e(eKTHBHOCT.

YeTBbpTa I71aBa NpEICTaBs 3a1bI00UCH eKCIIEPUMEHTANIEH aHAJN3, TIPH KOWTO
cucTteMara € TECTBaHA IIPU PA3MYHU CLEHAPUM, 33 Ja C€ OLCHH M CPaBHU
MPOU3BOJMUTETHOCTTA Ha PA3JINYHK apXUTEKTYPU 3a OTKpHBaHe Ha o0extr (YOLO,
SSD, Faster R-CNN. OreHsiBa ce BIMSHHETO HA pa3IMYHH dakTopu KaTo
BHCOYMHA Ha TIOJNETAa, BI'BJI HAa Kamepara, OCBETEHOCT BBPXY TOYHOCTTA Ha
OTKpuBaHe. B rnaBara cbIIo Taka Ce ONEHsBA MPEICTABIHETO HA METOMMTE IIPH
Pa3IMYHK KJIACOBE OOCKTH (MPEBO3HU CPEICTBA, XOPA, CIPAIH), TAXHATA CKOPOCT
Ha 00paboTka M e(QEeKTHBHOCT TIpM OTKPUBAHE HA MAaJKH OOEKTH.
EKCIIEpUMEHTAIHUTE Pe3yNTaTd IOTBLPKIABAT HANEKIHOCTTA, I'bBKABOCTTA U
TOYHOCTTA Ha NPUJIAraHUTE METOAM M Pa3pabOTEHHUTE arOPUTMH.

S. Hay4Hu u/niin HAYYHO-IIPHJIOKHH IPHHOCH HA JUCEPTALMOHHHAS TPY/

B pesyntar Ha mpoBeleHMTE H3CIEABAHMS, MOJIy4EHUTE PE3YITATH Ca
0000IIEeHN 1 NPEICTABEHH KaTO MPUHOCH CUCTEMATH3UPAHU B TPH KATETOPHHL:

Hay4ynu npunocu:

1. IlpennioxkeHa € METOJOIOTUS 3a NPOEKTHPAHE M pa3pabOTBAHE HA CHCTEMA
3a IMCTAaHUMOHHO OTKPHMBAaHE, PAa3lO3HABaHE M MPOCIEASBAHE HA OOEKTHU C
IIOMOIITa Ha OE3MHUIIOTHH JIETATEIIHH alaparw.

2. Ilpeanoxena € KOHIENTyalHa apXUTEKTypa HA CHCTEMA, NMPOCKTHPAHA C
NPEUIOKEHATa METOJOJIOTHs, ChCTOSIIA CE OT XapAyepHH KOMIIOHEHTH H
CO(TyepHH MOMYIIH, YHETO HHTETPUPAHE OCHTYpsiBa (DYHKIMOHHPAHETO Ha
CHUCTeMaTa CBITIACHO IIOCTABEHUTE LETH U (HYHKIMOHAIHH W3UCKBAHHUS 32
TOYHOCT, NPOU3BOJUTENHOCT, Obp30aciicTBUE U paboTa B peajHo BpeMe U
€HepruiiHa e(heKTUBHOCT.

3. IlpenyioxeH € ajanTHpaH aIrOPUTMHYEH MOJEN 3a OTKPUBAHE HA OOEKTH
ChOOpaseH ChC CHEHU(DUYHUTE U3MCKBAHMS HA NPHIOKEHHeTo. Tol naBa
BE3MOJKHOCT 32 ONTHMH3AlMs 32 OTKPHBaHE Ha MalKu OOEKTH M paboTa B
AMHAMUYHA Cpela, KaKTO M pa3lo3HaBaHE W IPOCIESIBAHE HA OOEKTH B
peaHo BpeMe.

Hay4yHo-npu/I0KHU IPHHOCH:

1. IlpennoxkeHo e m3non3BaHe Ha XUOPHAEH aHCAMOIIOB METOJ 3a OTKPHBAHE
Ha 00EKTH, KOHTO OCHUTypsiBa IT0J0OpPsABAHE HA TOYHOCTTA IPH OTKPHBAHE HA
00eKTH mpu 6E3MUIOTHH JIETATEIIHY AllapaTH Ype3 KOMOHHHPAHE HA MOJCIIH
C PAa3IMYHU APXUTEKTYPU HA HEBPOHHU MPEXKH.

2. TlpemnokeHH ca TEXHHMKH 3a ONTHMHU3AlUi Ha OOYYEHHETO HA MOJEIH 3a
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OTAAJICUYCHO OTKPHMBAHE, PA3lO3HABAHE M MPOCIEIsIBaHE Ha OOCKTH IIPH
O€3NMIOTHU JIETaTeNHH anapaTtd ¢ W3M0JI3BaHe Ha TpaHc(epHO oOydeHue,
oboraTsABaHe Ha JAaHHM M YIIpaBIEHHE HAa CKOPOCTTa Ha OOY4YEHHE C
MOJINTHKA Ha €IMHCTBEH LIUKBJI, KOUTO OCUTYPSIBAT ITOCTUTaHE Ha IT0-BUCOKA
TOYHOCT M NPEAOTBPATABAT IPEKOMEPHOTO MPHUCIIOCOOSIBAHE HA MOJIEIHUTE.

3. Ilpennoxena € METOJOJOTHS 3a aHATW3 W (DUITpALMs HA TPEIIKH IPU
OTKPUBAHETO Ha OOEKTH OT BUAa (AIMIKUBO IIOJIOKHUTEIHH, (DaIIIHBO
OTPHULIATEIHW, HENPABWIHH KIacupukanuu upe3 komOuHupane Ha Grad-
CAM Busyanusanus U CTaTUCTHYECKH aHAIM3 Ha FPEIIKUTE.

4. TlpennoxkeHa € METOIOJIOTHS 32 OILICHKA Ha YCTOMYMBOCTTA HAa MOJEIHTE 3a
OTKpUBaHE Ha OOEKTH IpH OE3NMWJIOTHHM JICTATEIHU amapard [PU 3aKpUBaHE
Ha OOEKTH, KOATO MOXE Ja Ce H3MO0J3Ba 3a AaJallTUBHO OOy4YeHHe U
10100psiBaHE Ha IIPOU3BOAUTEIHOCTTA B PEATHH YCIIOBHS.

C npuioxkeH xapakrep:

1. JledhuHupanu ca KOHKPETHHU TPENOPBKH 3a U300p Ha MOJIEN U MapaMeTpH 3a
OTAAJICUYCHO OTKPHMBAHE, PA3lO3HABAHE M IPOCIENsIBaHE Ha OOCKTH IpH
OE3NMUIIOTHM JICTATENIHH arapati B JUHAMHUYHH CPEIH.

2. Ilpennoxena e MoaudHULUpaHa apXUTEKTypa 3a aHCAaMOJIOBO JETEKTUPAHE
Ha 00eKTH IpH OE3NMUIOTHH JIeTaTeIHH arnapatu ¢ usnoiasBane Ha YOLOVS
3a DaJlaHC MEXY TOUHOCT U M3YMCIUTENHA e(EKTHBHOCT 3a NPUIOKEHUS B
peanno BpeMe u Ha Faster R-CNN 3a nonoOpsiBane Ha aHaauM3a P CIIOKHH
CLIEHH, KOATO TI0J00psBa TOYHOCTTa € 10 7% CHOpSAMO Hal-q00pHs
WHIVUBUIYaJICH MOJIEI.

3. PaspaboTeHa e eKCIIiepUMEHTAaIHA PaMKa 3a CPABHUTEJIEH aHAIN3 HA MOJIEIIH
3a OTHAJICYCHO OTKPUBAHE, Pa3llO3HABAaHE M MPOCIEASBAaHE Ha 00EKTH IpH
OE3NUJIOTHU JIETATEJHM amrapaTH, KOATO MOKE€ Ja ObIe M3M0J3BaHa B
UHIyCTPHAITHH U M3CIIEI0BATEICKH CPEIH 32 OLIEHKA Ha HOBH apXHTEKTYPH
U MOJIEJIH.

4. W3cnensano € BIUSHUETO Ha BBHINHM (DAKTOPH — aTMOC(EPHH yCIOBHS
(ABXA, MBIVIA, HUCKA OCBETEHOCT), YaCTMYHO 3aKPUBAHE Ha OOEKTH,
YCIIOBUSI Ha PETUCTPUpPAaHE HAa U300pakeHHs (BUCOYMHA HA IIOJIET, BI'bJ Ha
3aCHEMaHE) BbPXY TOUHOCTTA Ha OTKPHBAHE U MMPOCJIEAIBAHE HA OOEKTH IIPH
OE3MUIIOTHM JIETATENHU arapaTd C HM3MO0J3BaHE Ha OOYYEHH MOJENH ChC
ChbBPEMEHHU apXUTEKTYPH Ha HEBPOHHH MPEIKH.

IIpuemam npuHOCHTE, KaKTO ca GOPMYyIIHpaHH OT JOKTOpaHTKaTra. CYuTaMm, ue

T€ TOYHO OTpa3sABaT IMOCTHIKECHUATA M B PE3YITAT HA MPOBEACHUTE U3CIICABAHUS U
MOrar Jja HaMepsAT MPAKTUYECKO MPHUIOKEHHE.

6. OueHka 3a cTeNeHTa HA JIMYHOTO yJactue Ha JUCEePTAHTA B IPUHOCHUTE

[locTurHaTuTe pe3ynTaTd OT HANPABEHHUTE AHAIW3M M IIPOBEJICHHTE
M3CJICIBAHUS B JIUCEPTALMOHHUS TPYJ, Ca NPEACTaBEeHH Ha Hay4yHH HOPYMHU U B
CIIUCAHMs, KaTO ca OMIIM PELICH3UPAaHH OT HE3aBUCUMHM PELEH3EHTH U Ca TIOJY4HIN
HeoOXxoauMara IyOJIMYHOCT M OLEHKHM OT HaydHaTa o6mHocT. Ha Ta3u 6asa,
BHUMATEJICH MPOYUT M aHalIM3 Ha JUCEPTAlMOHHUS TPy, aBTopedepara U Ha
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MyOIMKalMKUTE M, MOTa Jia HallpaBs 3aKJII0YEHHE, Y& U3CIICABAHUATA U IPUHOCUTE
ca HEMHO JIMYHO JEJO0.

7. Ilpenenka Ha myGJHKAIMUTE MO AUCEPTANMOHHUS TPY/

IIo Temara Ha JAUCEpTALlMOHHMS TPYH Mar. HHK. Eneonopa lMBanoBa e
npencraBuwia 4 myONMKaIuHM: ABE B crucaHue ,International Journal of Advances
in Computer Science and Technology“, enna B cnimcanue ,,Journal SECURITY &
FUTURE® u enna noxmansana Ha IX MexayHapoaHa HaydyHa KOH(peEpeHIMs
»INDUSTRY 4.0, Bcuukure ca B mnepuoma 2024-2025 romuna. J[Be OT
IyOJIMKALMUTE Ca CAMOCTOSITENIHH, JBE Ca C €IWH ChaBTOp. BEHB BCHUKHTE
MyONMKalMU JOKTOpAaHTKaTa € Ha IbpBO MsicTo. Hsima 3abens3aHd LUTHPAHMS.
HamnpapeHuTe myOiaMkanuy NpeBUIIABAT H3UCKYEMHUS MUHUMYM TOYKHU 3aJI05KEHU B
[IpaBunnyuka 3a yclaoBHATAa M peAa 3a NpUIOOMBAaHE HA HAY4YHH CTEIIEHU B
Texuuueckus ynusepcuret - Codus.

8. M3noasBane Ha pe3yJTaTHTe OT JHCEPTANMOHHHS TPYX B HAy4HATa
NpaKTHKa

[IpennosxxeHuTe apXuTeKTypH, aIalTHBHA MOJEIH, METO0JIOI M 3a OL[EHKA Ha
YCTOMYMBOCTTa Ha MOJEIMTE U aAITOPUTMH 33 OTHAJICYCHO OTKPUBAHE,
pasno3HaBaHe W IPOCJIEAIBaHE Ha OOEKTH 4ype3 OE3NMUIIOTHU JICTATENIHU alapaTH,
Ce XapaKTepU3MpaT C TEXHOJOTMYHA aJaNTUBHOCT M Ca C BHUCOKA CTENEH Ha
NPUIOXKUMOCT B IIMPOK KPBI' OT peajlHu cuTyanud. KoMOMHUpaHeTo Ha JaHHM OT
Pa3INYHU CCH30PH, alOPUTMH 33 MAlIMHHO U ABJIOOKO 00ydeHHe U e(eKTHBHA
00paboTka Ha WH300pa’keHHs, IO3BOJISIBA CHCTEMATra Ja ObJe ajanTupaHa 3a
pasnuyHyu m1aTGopMH M YCIoBUS Ha pabora. ToBa s MpaBU LEHEH UHCTPYMEHT
KaKTO 32 MHXXCHEPH, TaKa U 3a U3CJIEI0BATENN, KOUTO ThPCAT CTAOMIHA U I'bBKaBa
OCHOBA 3a [T0-HATATBILIHO PAa3BUTHE U aJalITHPAHE.

9. Onenka Ha CHOTBETCTBHETO Ha aBTopedepara ¢ H3MCKBAHUATA 32
H3rOTBSIHETO MY, KAKTO M HA a/IeKBATHOCTTA Ha 0OTPa3siBaHe HA OCHOBHHTE
M0JIOKEHHsI ¥ IPHHOCHTE HA THCEPTANMOHHHSA TPY

IlpencraBennsar ot wmar. umk. Eneonopa IMBanoBa aBTopedepar Ha
JAUCCPTALMOHHMS TPY[ € B 00eM 0T 32 cTpaHuIM U € 0HOPMEH B CHOTBETCTBHE C
M3UCKBaHMUsATa Ha [IpaBuiiHNKa 3a yclIoBUsATa M pena 3a NMpUIOOMBaHE HA HAYYHH
crenean B TY-Codusa. Toil mpencraBs BAPHO CBHIBPKAHHUETO, CHILIECTBEHHUTE
CTpaHU Ha M3CICIABAHUATA, IOCTUTHATUTE TEOPETHYHHU M MPAKTHYCCKH PE3yIITaTH
1 Ie(pUHUPaHUTE HAYYHH, HAYYHO-IIPHIOKHHI U PHIOKHHU TIPUHOCH, ChIBPKAIIN
CC B ITBJIHUSA TEKCT Ha JuUcepTanvoHHUA TpyA. [lpeactaBeH € W CHHCHK Ha
IyOJIMKalMKUTE 110 TeMaTa Ha TUCEPTAIUATa, KAKTO M PE3IOME Ha aHIVIMICKU 3K,

10. Muenus, npenopbKU U GeJ1eKKH

Hamam cpiiecTBeHH 3a0eneXKd KbM TUCEPTAMOHHMS TpyA. Tou e
opopMEH  cTapaTenHO, KOPEKTHO MpEJICTaBsi HAYYHHTE M3CIEJBAHUSA U
CBH/ICTEICTBA 3a JOOpPHUTE MO3HAaHUS Ha aBTopa B oOnactra. JIOKTOpaHTKaTa €
M3BBPIIMIA 3HAYMTEIHA paboTa MO0 Temara Ha JUCEepTalusATa, KOATO € JA0BeNa 10

Y6CIIHT€JIHI/I Hay4YHH U HAYYHO-IIPWUJIIOKHHU PE3YJITATH. Temara Ha AUucepTanusiaTa €
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B TICPCIEKTHBHA Hay4YHa o00jacT M Ipernopbka MU KBM Mar.MHXK. EjeoHopa
MBanoBa € Oa NpOIBIDKU CBOSITA HayyHa paboTa WM U3CIIEABAHUA M Ja HACOYH
YCHJIUS KbM BHEIPSBAHE HA IIPEIIOKEHUTE METOIM U aITOPUTMH B MIPAaKTHKaTa, 3a
[TIOCTUI'aHE HA MPEKU MPUIIOKHU PE3yITaTH.

11. 3aki04yeHue

Cren Kato ce 3am0O3HAaX C JAUCEPTALMOHHUS TPYH, CYMTAM 4Ye OTroBapsi Ha
M3UCKBAHMATA Ha 3aKOHA 3a pa3BUTHE HA aKaJeMHYHHsS ChCTaB B PemyOimka
boarapus, IIpaBunHuka 3a HEroBOTO NHpHIIaraHe, KakTo W Ha IIpaBWiIHHKA 3a
YCIOBHATA M pella 3a NpUAOOMBAHE HA HAYYHH CTENEHH B TeXHUYECKHs
yauBepceurer - Codus. J[okTopaHTKaTa € mpoBenia 3aabJ00YEHO H3CIIEABAHE B
aKTyalHa M 3Ha4¥Ma OOJacT M € MOJy4usIa pe3yiTaTd, KOUTO ChABPKAT HAYUHH,
HAYYHO-IIPUIOXKHM U TIPUIOKHU TIPUHOCH, OTpPa3eHH B HANpPaBEHUTE HAYYHH
myOaukanuy. Bb3 0CHOBa Ha rOPEH3I0KEHOTO U MPEACTABEHUTE MATEPUAIIH JaBaM
TMOJIOKUTEIHA OLIEHKAa Ha JUCEPTALMOHHUS TPYA U MpeqiaraM Ha yBaKaeMHTE
uieHoBe Ha HayuHoTo Xypu na Oble mpuchAeHa o0pa3oBaTejHA M Hay4YHA
cTeneH ,,A0KTOp* Ha mar. uHK. Eneonopa UBoBa BaHoBa B mpodecroHa HO
Hanpapjienre 5.3 KoMyHUKallMOHHAa W KOMITIOTbPHAa TEXHHKa [0 HaydHa
crienanHocT CHCTEMH ¢ U3KYCTBEH UHTEJIEKT.

10.06.2025 r. WSTOTBHEN DETEHBILTEL . oo v s o5 s v s s s 00 55055
rp.Codus /mpod. n-p urx. Emun Monues /
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1. Relevance of the problem developed in the dissertation in scientific and
scientific-applied terms

The capabilities offered by unmanned aerial vehicles (UAVs) for remote
observation and the transport of diverse payloads, combined with high
maneuverability and low detectability, make them a key technology with wide
application in civilian, military and scientific domains. At the same time, the
continuous advancement of sensor technologies for remote data collection,
communications, big data processing and artificial intelligence enables new
functionalities and an expansion of application areas. All of this leads to an
increase in their number, which creates a need for the regulation of their use and
the imposition of additional requirements on their systems - such as accuracy,
autonomous operation in complex and dynamic environments and high energy
efficiency. This dissertation focuses on exploring ways to overcome the
aforementioned challenges and limitations. Its relevance lies in the proposed and
validated methods for object detection, recognition, and tracking, applicable both
in autonomous navigation and in processing multi-sensor information used in
various applications, ensuring high accuracy, reliability and both energy and
computational efficiency.

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

The dissertation is dedicated to a current and relevant topic, which necessitates
an in-depth exploration of data acquisition technologies, as well as methods and
algorithms for object detection, recognition, and tracking. The 138 cited literature
sources listed in the bibliography testify to a thorough critical analysis and a solid
understanding of the subject matter of the dissertation. Based on this, the objective
of the dissertation and the tasks required to achieve it have been formulated. The
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creative interpretation of the literature, the proposed architectures and methods, the
conducted research and the obtained results demonstrate that the doctoral candidate
has a very good command of the state of the art in the field. This has enabled her to
successfully accomplish the set tasks and achieve significant results.

3. Correspondence of the chosen research methodology with the set goal and
tasks of the dissertation work

The objective of the dissertation is to investigate, propose, and evaluate
methods for object detection, recognition and tracking using data acquired by
unmanned aerial vehicles, ensuring high accuracy, reliability and efficiency. The
chosen research methodology is based on theoretical analysis, comparative and
functional evaluation, modeling, practical experiments and analysis of the obtained
results. This comprehensive approach enables a well-grounded selection of tools
and techniques for addressing the defined research tasks.

The dissertation proposes novel methods, models and system architectures
that demonstrate improved accuracy, processing speed, energy efficiency and
computational performance. These solutions have been practically implemented
and applied to various real-world scenarios, experimentally validated and analyzed
in terms of their effectiveness. All these efforts have led to the successful
resolution of the defined tasks and the achievement of the overall research
objective.

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

The dissertation consists of 162 pages and includes an introduction, four
chapters dedicated to addressing the formulated core research tasks, a summary of
the main contributions, a list of publications related to the dissertation and a
bibliography. A total of 138 literature sources are cited, all of which are in Latin
script. The work includes 15 figures and 28 tables.

Chapter One provides an overview of the current state of unmanned aerial
vehicles, technologies for remote object detection and recognition, their specific
characteristics, advantages and associated challenges. The main objective and
research tasks of the dissertation are clearly defined.

Chapter Two presents a comprehensive review of object detection
technologies used with UAVs, methods for processing the acquired data and
algorithms for object recognition. Contemporary trends in the field are summarized
and the need for the development of new approaches and methods is emphasized.

Chapter Three describes the development stages of the system, its hardware
and software architecture and data integration processes. Methods and algorithms
for object detection, recognition and tracking are selected with requirements for
high accuracy, speed, energy efficiency and computational performance. The
chapter proposes: optimization strategies for detecting small objects, operating in
dynamic environments, real-time object recognition and tracking; techniques for
optimizing model training; hardware and software optimization strategies to
achieve energy efficiency.
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Chapter Four presents a thorough experimental analysis, in which the system
is tested under various scenarios to evaluate and compare the performance of
different object detection architectures (YOLO, SSD, Faster R-CNN). The
influence of different factors such as flight altitude, camera angle and lighting
conditions on detection accuracy is assessed. The chapter also evaluates the
performance of the methods across various object classes (vehicles, people,
buildings), their processing speed and effectiveness in detecting small objects. The
experimental results confirm the reliability, flexibility and accuracy of the applied
methods and developed algorithms.

S. Scientific and/or scientific-applied contributions of the dissertation work

As a result of the conducted research, the results have been summarized and
presented as contributions, systematically categorized into three groups:

Scientific contributions:

1. A methodology has been proposed for the design and development of a
system for remote object detection, recognition and tracking using unmanned aerial
vehicles.

2. A conceptual system architecture has been developed, based on the
proposed methodology, consisting of hardware components and software modules
whose integration ensures system functionality in accordance with defined
objectives and functional requirements - accuracy, performance, real-time
operation and energy efficiency.

3. An adapted algorithmic model for object detection has been proposed,
tailored to application-specific requirements. It enables optimization for detecting
small objects and operation in dynamic environments, as well as real-time object
recognition and tracking.

Scientific-applied contributions:

1. A hybrid ensemble method for object detection has been proposed,
enhancing detection accuracy in UAV applications by combining models with
different neural network architectures.

2. Techniques have been developed to optimize the training of models for
remote object detection, recognition and tracking using transfer learning, data
augmentation and one-cycle learning rate policy. These techniques contribute to
higher accuracy and prevent model overfitting.

3. A methodology has been proposed for analyzing and filtering detection
errors such as false positives, false negatives and misclassifications by combining
Grad-CAM visualizations with statistical error analysis.

4. A methodology has been proposed for evaluating the robustness of object
detection models in UAVs under object occlusion conditions, which can be used
for adaptive training and improving performance in real-world scenarios.



Applied Contributions:

1. Specific recommendations have been defined for the selection of models
and parameters for remote object detection, recognition and tracking in dynamic
environments using UAVs.

2. A modified ensemble detection architecture for UAVs has been proposed,
utilizing YOLOVS to balance accuracy and computational efficiency for real-time
applications and Faster R-CNN to improve analysis in complex scenes. This
ensemble achieves up to 7% higher accuracy compared to the best-performing
individual model.

3. An experimental framework has been developed for comparative analysis
of models for remote object detection, recognition and tracking using UAVs. This
framework can be applied in both industrial and research settings to evaluate new
architectures and models.

4. The impact of external factors - such as weather conditions (rain, fog, low
light), partial occlusion of objects and image acquisition conditions (flight altitude,
camera angle) - has been investigated in relation to the accuracy of object detection
and tracking by UAVs using trained models with modern neural network
architectures.

I accept the contributions as formulated by the doctoral candidate. I believe
they accurately reflect her achievements resulting from the conducted research and
are likely to find practical application.

6. Evaluation of the degree of personal participation of the PhD student in
the contributions

The results achieved through the analyses and research presented in the
dissertation have been disseminated at scientific forums and in peer-reviewed
journals, having undergone evaluation by independent reviewers and received
appropriate visibility and recognition from the scientific community. Based on this,
as well as a careful review and analysis of the dissertation, the abstract and the
related publications, I conclude that the research and contributions are her own
original work.

7. Evaluation of the publications on the dissertation

On the topic of the dissertation, M.Sc.Eng. Eleonora Ivanova has presented
four publications: two in the “International Journal of Advances in Computer
Science and Technology”, one in the journal “Journal SECURITY & FUTURE”
and one presented at the IX International Scientific Conference 'INDUSTRY 4.0'.
All publications were issued during the period 2024-2025. Two of the publications
are single-authored and two are co-authored with one other collaborator. In all
publications, the doctoral candidate is listed as the first author. No citations have
been identified to date. The publications exceed the minimum required number of
points set forth in the Regulations for the Conditions and Procedures for Acquiring
Scientific Degrees at the Technical University of Sofia.
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8. Using the results of the dissertation work in scientific and social practice

The proposed architectures, adaptive models, methodology for evaluating
model robustness and algorithms for remote object detection, recognition and
tracking using unmanned aerial vehicles are characterized by technological
adaptability and a high degree of applicability across a wide range of real-world
scenarios. The integration of data from various sensors, combined with machine
and deep learning algorithms and efficient image processing techniques, allows the
system to be adapted for different platforms and operational conditions. This
makes it a valuable tool for both engineers and researchers seeking a robust and
flexible foundation for further development and adaptation.

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

The abstract of the dissertation submitted by M.Sc.Eng. Eleonora Ivanova
consists of 32 pages and is formatted in accordance with the Regulations for the
Conditions and Procedures for Acquiring Scientific Degrees at the Technical
University of Sofia. It accurately reflects the content and essential aspects of the
research, the achieved theoretical and practical results, as well as the defined
scientific, applied-scientific and practical contributions contained in the full text of
the dissertation. A list of publications related to the dissertation topic is also
included, along with a summary in English.

10. Opinions, recommendations and notes

I have no significant remarks regarding the dissertation. It is carefully
structured, accurately presents the scientific research and demonstrates the author's
strong knowledge in the field. The doctoral candidate has carried out substantial
work on the dissertation topic, resulting in convincing scientific and applied-
scientific outcomes. The topic of the dissertation lies within a promising scientific
area and my recommendation to M.Sc.Eng. Eleonora Ivanova is to continue her
research efforts and to focus on the practical implementation of the proposed
methods and algorithms in order to achieve direct applied results.
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11. Conclusion

Having reviewed the dissertation, I consider that it meets the requirements of
the Law on the Development of the Academic Staff in the Republic of Bulgaria,
the Regulations for its implementation, as well as the Regulations on the
Conditions and Procedures for Acquiring Scientific Degrees at the Technical
University of Sofia. The doctoral candidate has conducted in-depth research in a
current and relevant field and has obtained results that include scientific, applied-
scientific, and practical contributions, as reflected in the related scientific
publications. Based on the above and the submitted materials, I give a positive
evaluation of the dissertation and recommend to the esteemed members of the
Scientific Jury that the educational and scientific degree 'Doctor' be awarded
to M.Sc.Eng. Eleonora Ivova Ivanova in the professional field 5.3
Communication and Computer Engineering, in the scientific specialty Systems
with artificial intelligence.

Date: 10.06.2025 Reviewer:.....oovviiiiiiiiinn.
/Prof. Emil Iontchev, PhD/
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