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1. AKTYaJIHOCT ¥ 3HAYMMOCT Ha pa3pad0oTBaHUs HAy4YeH MpodJiemM

[IpenocTaBeHUAT 3a CTAHOBMILE AMCEPTALMOHEH TPYJ pa3pabdoTBa H3KIIOYUTETHO
aKTyajieH Ipo0yieM B HayYHOIPHJIO)KHO OTHOLIEHHE, & UMEHHO MpodjieMa C OTKPUBAaHE U
pa3no3HaBaHE HA YAaCTUYHO BUIAMMU OOEKTH C BOEHHO MpeIHAa3HAYEHUE B ONTUYHU
M300pakeHMs C M3MOI3BaHE HA M3KYCTBEH MHTENEKT. TeMaTa e akTyaHa v B TIOCOKA Ha HAyYHO
U Hay4yHO - MPaKTHYECKO OTHOLIeHHE. JIOKTOPaHTBT M3I0JI3Ba HAW-ChbBPEMEHHU HAYMHHU 3a
pasno3HaBaHe Ha OOEKTM B ONTUYHM H300paK€HHUs, KOETO TMpeArnoiara Hy)XHATa
KBAJIM(UKAIMS U TPAKTUYECKU 3HAHHS, KOUTO TOM HECbMHEHO MPUTEXKaBA.

JIOKTOpaHTHT € HalpaBUJI IIUPOK JINTEPATYPEH 0030p 10 TeMaTHKaTa Ha JUcepTalusTa.
B cBosiTa nuteparypHa cpaBka Toi e nutupain 136 u3touHuka, 00xXBamiaiiy nepruo/ia OCHOBHO
ot 2006r. 1o 2025r., KaTo ca BKIIOUYEHHU U HIKOJIKO KJIACHYECKH MIPOU3BEIEHUS B 00JIaCTTa OT
1969 u 1989. HaunnbT Ha U3MI0’KEHNE, TEPMUHOJIOTUSATAa M1 HUBOTO Ha IIpe/ICTaBeHaTa 3alucKa
TOBOPSAT 32 MHOTO J00OpO MO3HaBaHe Ha po0seMaThkaTa. B aucepraiimoHHus Tpyl € HallpaBeH
MHOT0 JOOBp aHaJIN3 HAa HEOOXOAMMOCTTA 32 OTKPMBAHE U Pa3N03HaBaHE HAa YACTUYHO BUIUMU
O0EKTH C BOEGHHO npeAHa3HayeHue. IlocoueHn ca mnpeauMcTBaTa HAa pPAa3BUTHETO HA
M3KYCTBEHUS MHTENEKT U IBJIOOKO CTPYKTYpPUPAHOTO OOydyeHUE Ha MHOTOCIOWHU HEBPOHHU
MpEeXH, KOETO MpeAroyiara HOBM Bb3MOXKHOCTU 3a aBTOMaTu3MpaHa oOpaboTKa Ha ToJieMH
o0emu oT BU3yaiHa uHpopMmaiusi. BypHoTO pa3BuTHE Ha KOHBOJIIOIMOHHUTE HEBPOHHU MPEXKU
(CNN) u cBbp3aHHMTE C TAX APXUTEKTypH W METOOM Ha OOy4yeHMe, MOKa3BaT 3HAYMTEJIECH
HampeIbK IpU pELIaBaHETO Ha 3aJayd IO OTKPUBAaHE U pa3lO3HaBaHE Ha OOEKTH B
n3obpakenus. [lpunoxenneTo UM B crieriupuyHaTa 00JIacT MPU OTKPUBAHE HA U300PAKEHUS C
YacTUYHA BUIMMOCT IIPH OOEKTHU C BOEHHO MpeHa3HauYeHUeE € HeJJ0OCTaThbuHO U3cieiBaHo. ToBa
€ IpeIrocTaBKa 3a HalpaBeHaTa pa3padOTKa M M3CIEABAHUA, aJalTUPAaHU KbM BOEHHATa
o0JacT ¢ npuiaraHe Ha HEBPOHHU apXUTEKTYpPH, TPEHUPOBBbYHH CTpAaTErny U HA0OPH OT TaHHH,
ChOOpa3eHu ¢ 0COOCHOCTUTE Ha 3a/1a4ara.

Karo nonbiHuTeNeH MOTHB 3a pa3paboTKaTa Ha AUCEPTALIMOHHUS TPY/ € MpeACcTaBeHa
HE00X0MMOCTTa OT MOBMIIABAHE HA CTENEHTa HAa aBTOMATH3alUs U OOCKTHUBHOCT IpH
B3€MaHETO Ha pPElICHUs Ha TaKTUYECKO M OlepaTUBHO HUBO. Upe3 BHeApsSBaHE HA METOAM Ha
M3KYCTBEHHs MHTEJEKT B CHUCTEMHUTE 3a HaOJIOJeHHE W aHaJu3 ce e HaMalisiBaHE Ha



HATOBapBAaHETO BBPXY OIIEPATOPUTE, OTPAaHUYABAHE HA CYOCKTUBHUS (DAaKTOp U MOBHIIABAHE HA
CBOEBPEMEHHOCTTA U HA/ICXKTHOCTTA Ha MPEAOCTaBsIHATa HH(OpMAIHSL.

[InaHupaHeTo W ynpaBJICHHETO HAa BOCHHUTE OIEpalMy TPsOBa Jia ce OCHOBaBa Ha
TOYHA, HAACKIHA U CBOCBPCMCHHA I/IH(i)OpMaI_[I/Iﬂ, KOATO CC OCHUT'ypsBa OT aBTOMATHU3HWPAHU
cucTeMH, Oa3WpaHH Ha METOAM Ha W3KYCTBCHHS HWHTEIEKT M B YaCTHOCT JBJIOOKO
CTPYKTYpUPAHOTO 00y4YeHHE Ha MHOTOCIONHI HEBPOHHU MpexH. PaspaboTenara u u3cieaBana
OT JIOKTOpaHTa MPOrpaMHa CHCTEMa HAIThJIHO 00e3leyaBa W3MCKBAaHUSATA HAa ChBPEMCHHHTE
CHCTEMH 3a pa3y3HaBaHe, HaOJIIO/ICHHE U IIeJIeyKa3BaHe.

W3kimounTtenHo noope e hopMyiupaHa OCHOBHATA e Ha pa3padboTkaTa. MHOTo 100pe
ca pa3pabOTeHN MaTEeMaTHYECKUTE MOJICIU U aJTOPUTMH 32 OTKPUBAHE M Pa3llO3HABaHE Ha
YaCTUYHO BHJIUMH OOCKTH C BOCHHO TIpEJHA3HAYCHHUE B ONTHYHH H300paKEHUs, B
CBHOTBETCTBHUE C TIOCTABCHHUTE 33/1a4H.

Hay4nata HOBOCT B JMCEPTALIMOHHUS TPY CE€ 3aKJIF0YaBa B MPEIJIOKCHHS TOIXO/ 32
pasno3HaBaHE Ha YaCTHYHO 3aKpUTH BOCHHU 00EeKTH B OITHYHU 1/1306pa>KeH1/191 oT
CTPYKTYpUpaHa ClielMa3upana 0a3a OT JaHHU C WU3IOJI3BAaHE HA HEBPOHHH apXUTECKTYPH C
IBJIOOKO CTPYKTYpHpaHO oOyueHue. 3a 1eTa ca U3IbJIHEHH MHOKECTBO 33/1auu: 1) U3BBpILICH
€ aHaJIM3 Ha CHIIECTBYBAIIUTE TIOJIXO/IM 32 OTKPUBAHE U Pa3M03HABaHE HA OOCKTH B ONTUYHHU
M300paXeHUS C M3MO0JI3BaHe HAa HEBPOHHHU MPEXH; 2) CTPYKTYpUpaHa € CleIHraiu3upana 0asa
OT JIaHHU OT ONTHYHHU M300paKEHUSI HA BOCHHATA TEXHHUKA C YaCTHYHO 3aKpUBAHE HA OOCKTH;.
3) u3BbpILIEHA € OLIEHKAa Ha HA0Op OT CbBPEMEHHH NPEABAPUTEITHO O0YUEHN HEBPOHHU MPEXKHU
4ype3 Ch3AajeHara 0a3a OT JaHHU OT ONTHYHM HU300paKeHHsI Ha BOCHHA TEXHUKA; 4)
OCBILECTBEH € M300p HAa HEBPOHHA apXUTEKTypa Ha MHOTOCIIONHA HEBpPOHHA Mpexa; 5)
HEBPOHHA MPEXa 3a OTKpUBaHe, pa3l03HaBaHE U KiacH(pUKalKs Ha YaCTHYHO 3aKPUTH BOCHHH
O0OEKTH B ONTUYHH N300paKEHHS € TIPOCKTHPaHa, U3CIICABaHA U peallu3upaHa.

N30panuTe METOIMKM Ha H3CJICIBaHE W pPa3paboTKa HAIBJIHO CHOTBETCTBAT Ha
rocTaBeHara 1es 1 GOpMyIHMpaHUTE 33a]JauH 3 IIOCTUTAHETO K.

2. OHeHKa HA HAYYHUTE PE3yJITAaTH U IPUHOCUTE HA TUCCPTAIIMOHHUSA
TPYA.

HanpaBeHusT cucremaTuyeH JuTepaTypeH 0030p B II'bpBa IV1aBa Ha JUCEPTALIMOHHHUS
TPYA MMOKa3Ba MKUPOKO IMO3HABAHE HA TEMaTHKaTa Ha pa3paboTKara u criomara 3a 00orarsBaHe
Ha ChUIECTBYBAILIUTE 3HAHUS Ha OOIHOCTTA, 3aHUMAaBallla C€ C OTKPUBAHE U pa3lO3HAaBaHE Ha
00€KTH C YacTUYHA BUJIMMOCT B U300pakeHHs B 00J1aCTTa HA BOGHHOTO JIEJIO.

AHaJIN3BT HA AITOPUTMUTE M TMOAXOIUTE MpHU paboTa C MHOTOCIONHM HEBPOHHH
MpEeXH, U300pbT Ha aKTHBAIIMOHHA (YHKIMWS, MpaBHIHATA WHUIMAIM3AIUS Ha TerJaTa,
TEeXHUKUTE 3a peryjiapu3aius U Leaus MaTeMaTHYecKH amapaT ca MHOTO Jo0pa OCHOBa 3a
peanu3anysITa Ha HOBATOPCKHU MOIXOJ] IPH OTKPUBAHE M pa3llO3HABaHE HAa YACTUYHO 3aKPUTH
ONTUYHU M300paKeHUs.

ABTOPBT Ha MCEPTALMOHHUS TPY/I € HAIIPAaBUJI OCHOBHH €KCIIEPUMEHTH 110 OTHOIIICHHE
Ha: OLIEHKAa Ha TOYHOCTTAa Ha MpPEIBApUTEIIHO OOYYEHH HEBPOHHH MPEXH M TpaHcdep Ha
3HaHus. PesynraTute ca 0600meH U sSicHO ca (OpMYITUPaHU U3BOJINTE, JOKA3BAIIH MO-KbCHO
ne(pUHUpaHNUTE IPUHOCH.

HampaBeH e cpaBHUTENIEH aHAIN3 HA PE3YATAaTUTE OT €KCIIEPIMEHTHUTE B 3 eTara.

IlenTa Ha MHPBUS E€KCIIEPUMEHTAJIEH €Tal € Ja ce OILeHM Oa3oBaTa CIIOCOOHOCT Ha
pa3IMYHUTE apXUTEKTYpH Ja ce o0ydaBaT U 0000111aBaT BbPXY OpUTHHAIHATA, HE pa3llInpeHa
6a3a oT AaHHU Ha u300paxeHus. CpaBHUTEITHHUIT aHAIN3 HA PE3yATaTUTE B TUCEPTALIMOHHHUS
TPYA TOKa3Ba HapacTBaHE Ha TOYHOCTTA C YBEIMYaBaHE Ha apXUTEKTypHATa IIBJIOOYHHA IO
OIIpeJIeJIeH Tpar, cliejl KOeTo MoA0OpeHHeTo ce 3a0aBs U TI0pU HaMaJlsIBa.

OCHOBHHAT (OKYC MPH €KCIEPUMEHTUTE OT eTal 2 € OleHKaTa Ha CIOCOOHOCTTa Ha
apXUTEKTYpUTE Ja KIacCu(PUIUpPAT YaCTUYHO BUAMMHU O0EKTH IIPU HapacTBaHe Ha 00yvyaBalus
Habop, 1 0e3 BbBEXJaHE Ha JOMBIHUTEIHN (AKTOPH B OOYIEHUETO KAaTO YaCTHYHA BUIUMOCT
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Ha oOektute. Te3n pe3ynTaTH NEMOHCTPUPAT, Y€ yBEJIMYABAHETO Ha OOydaBalllUTE JaHHU
noo0psiBa Kiacu(UKaMOHHATA TOYHOCT MPU YaCTHYHA BUAMMOCT, HO HE € J0CTaThuHO (HE
npemuHana 90 %).

LlenTa HAa TPETUS EKCIIEPUMEHTAJICH €Tall € 1a C€ OLEHH CIIOCOOHOCTTA HA PA3INYHUTE
KOHBOJIFOL[MOHHM HEBPOHHM apXUTEKTYPH J1a KJIacCU(UIMPAT TOYHO YACTHUYHO BUAUMHU BOCHHU
00EKTH, KaTO O0Y4YEHHETO Ce MPOBEXKJA JUPEKTHO BBPXY KOJEKIHS OT CHUMKH HAa BOCHHHU
O0EKTH pa3lIMpeHa ¢ KOHTPOJIMPAaHA YacTUYHA OKIy3usa pocturama ao 50 %. Pesynrature
MOKa3BaT 3HAYMTEIHO MOJOOpPEHHE B TOYHOCTTA MpH KiIacu(UKalus HAa YaCTHYHO BUAUMHU
o0ekTH copsAMo mpeaxoxHute ertanud. HabmogaBa ce SCHO M3pa3eH MAaKCUMyM IIpU
apXHUTEKTYpH ChC CpeiHa Abia0ounHa (6 — 8 KOHBOJIOIMOHHM CJIOS), IPU KOUTO CE MOCTUTA
Hail-no0bp OanaHc MeXAy TOUHOCT U IbJIOOYMHA Ha MpeXaTa.

Kato pe3ynTar oT mpoBeneHHTE €KCIIEPUMEHTH € M30paHa M MpeICTaBeHa IETalIHO
apXUTEKTypaTa, KOSTO YAOBJIETBOPSABA BCHUYKM IIOCTABEHW KPUTEPHUM M IIOCTUTa
KJ1acu(pUKaMOHHA TOYHOCT Hax 95 % mpu MUHUMaJeH Opoil KOHBOJIIOIMOHHU CIIOEBE.

TexHukata 3a TpaHchep Ha 3HaHMS ce sBABa €(EeKTUBEH METOJ 3a aJalTHpaHe Ha
CBIIECTBYBAIlM MOJEIH KbM cCrHenn(puyHa 3a7ada 3a paslo3HaBaHE HA BOCHHU OOCKTH.
OOyueHneTo Ha HEBPOHHU MPEXH C apryMEHTUPAHU H300pa)KeHUs C YaCTUYHO 3aKPUTH
OOEKTH BOIM 1O CHIIECTBEHO MOBHIIABAHE HA TOYHOCTTA MPH KJIACUPHUIPAHE HA YACTHIHO
BUJIMIMU BOGHHU OOCKTH.

IIpuemam oTOessi3aHUTe TNPUHHOCHM TaKa, KAKTO ca MpeACTABeHH B
AUCEPTALMOHHHSA TPYA:

Hay4Ho-npu10:KkHU NpPHUHOCH:

1. OchbluecTBeH € aHAIUTHYEH 0030p Ha CHIIECTBYBALIUTE METOIU HAa M3KYCTBEHUS
MHTEJEKT 32 OTKpPUBAHE M pa3ll03HaBaHE Ha OOEKTHU B ONTUYHHU W300paKE€HUsI, BKIIFOUUTEIHO
TaKrBa Ha BOGHHA TEXHUKA, KAKTO M [IPU HAJIMYME HAa YAaCTUYHO 3aKpHBaHE HAa HAOJI0aBaHUTE
B KaJIbpa 00EKTH.

2. CtpykTypupaHa € chenuaiu3upada 06a3a OT JaHHM C ONTHYHU M300paKeHHs Ha
BOCHHA TE€XHMKA, BKJIIOYBAILA CLIEHU OT peaiHu OOMHU U TPEHHPOBBYHH YCIIOBUS, YACTHUYHO
3aKpUTH OOEKTH M HU300paKeHMs C MHOXKECTBO Ielu B Kaabpa. basara or naHHu e
npucrnocoOeHa 3a 00yueHue, TeCTBaHe U OL[EHKa Ha paboTaTa Ha HEBPOHHU MPEXH IIPU 3a1auu,
CBBP3aHU C Pa3MO3HaBaHE Ha N300paKeHUs C MPUIIOKEHUE BbB BOGHHATa 00J1acT.

3. UsBwppuieHa € cuUCTEeMaTHMYHa EKCIEpUMEHTAJHa OIlIEHKa Ha CbBPEMEHHU
MpeBapUTEIIHO 00YUE€HU N3BECTHU HEBPOHHU apXUTEKTYpH, BbPXY ClelMaIn3ipaHara 6a3a ot
JTAaHHH, Ype3 KOETO ca yCTAaHOBEHH TEXHUTE Bb3MOKHOCTU U OIPAaHUYEHHUS NPU pa3lo3HaBaHE
Ha BOGHHU 00EKTH, BKIFOUUTEITHO ITPH YCIIOBHSI HA YACTUYHO 3aKpUBAHE U MOBUIIIEHA CIICHUYHA
CJIOKHOCT.

4. TlpeanoxeH e mOIXO0J 3a OOydYeHHME Ha CHEIMAIM3UpaHa apXUTEKTypa Ha
MHOTOCJIOIfHA KOHBOJIIOLIMOHHA HEBPOHHAa MpeXa, MpeJHa3HAaueHa 3a OTKpPUBaHE U
pa3no3HaBaHE HA YAaCTUYHO BHUIMMHM OOEKTM C BOEHHO TIpeJHa3HAYeHHE B ONTHYHH
n3zo0paxenus. U30paHusT noaxon € ¢ pokyc BbpXy YCTOMYMBOCT MPHU YaCTUYHO 3aKpUBAHE,
CJIO’KeH (POH M HAIMYHME HAa MHOKECTBO O0EKTH, KOETO s OTIMYaBa OT CTAaHIAPTHUTE PEILICHUS,
OpPUEHTUPAHU KbM IIUBUIIHU MPUIIOKEHUS.

5. Ilpoextupana, peanuzupaHa U €KCIIEPUMEHTAIHO ONITUMU3MPaHa € KOHBOJIIOLIMOHHA
HEBPOHHA MpeXa B pa3BoiiHaTa nporpamua cpena Ha MATLAB, xosTo ce xapakrepusupa ¢
Mo-7100pa yCTOMYUBOCT MPH YaCTHYHO 3aKPUBAHE U MO-100pPO CHOTHOLIEHHE MEX]Ty TOYHOCT
Y U34YHUCIINTENHA €()eKTUBHOCT B CPAaBHEHHUE C U3CJIEIBAHUTE MPETPEHUPAHN APXUTEKTYPH.

6. IlpennoxeH € KackaJeH MOJeNl 3a CEMaHTHYHO (uiaTpupaHe, HpU KOMTO
MpeIBAPUTENIHO TPEHHpaHAa HEBPOHHA Mpeka H3IIBJIHSABA POJsATa HAa MbPBUYEH IOMEWHOB
bunThp, a cnenuaIM3upaHaTa HeBPOHHA MpeXKa OCBIIECTBSBA JeTalIHaTa Kiacu(ukanus Ha



BOCHHHUTE 00EKTU. MOJEenbT OCUTypsiBa pa3rpaHUYaBaHe Ha BOGHHU W IUBUIHH OOEKTH 0e3
HE00XOAMMOCT OT ITBJIHO MPEO0YyUYEeHUE Upe3 pa3mupeH Habop OT KIacoBe.

7. Pa3zpaboTeH e alropuThM 3a paszlo3HaBaHE HA JIOMBJIHUTEIHU KJIaCOBE Upe3 Beue
HAJIMYHU [pU3HALM, W3BJICUEHU OT I[PEABAPUTEIIHO TPEHHpAaHAa HEBPOHHA MpeXka.
ANrOopuTHBMBT H3MOJ3BAa CTATUCTUYECKH WHTEPBAIM W MPETEIVIEHO OLICHSIBAaHE B
IIPOCTPAHCTBOTO Ha IpHU3HALMTE, 0€3 Ja ce M3MEHs II'bpBOHAYajHaTa apXUTEKTypa U 0Oe3
MpoMsiHa Ha Opos Ha U3XOTHUTE KJIaCOBE Ha MpeKara.

8. VHTerpupan € anropuThbM 3a JIOKAJTM3UPaHU BOEHHH OOEKTH B M300pa’keHUs upes3
UMIUIEMEHTHpaHe Ha ,,[UTh3Tall" Mpo30pell, Mpu KOeTo pa3paboTeHaTa HEBPOHHA Mpexka ce
M3II0JI3BA KATO CHEIHATM3UPaH KIaCU(PUKATOP 32 OTKPUBAaHE M KJIACH(HUKAIMA HA YACTUYHO
3aKpPUTH OOCKTH.

9. U3BbpuieH € CpaBHUTEIEH aHAIU3 MEXAY I[peaoKeHaTa OINTHMHU3HMpaHa
KOHBOJIIOLIMOHHA HEBPOHHA MpEXa U MNPETPEHUPAHUTE H3BECTHU HEBPOHHU ApPXUTEKTYpH,
KOHTO eKCIIEpUMEHTAJHO TOTBBPXKJaBa MpeAuMMCTBaTa Ha NpelokKeHaTa HEBPOHHA
apXUTEKTypa U pa3pabOTeHUs KacKaJieH MOIXO0/ [0 OTHOIICHHE Ha TOYHOCT, yCTOMYHUBOCT MPU
HAJIMYHME Ha YACTUYHO 3aKpHBaHE HAa HAOII0AaBaHUTE 00EKTH M N3YMCIUTETHA e()EKTUBHOCT.

IIpu10XHM NPUHOCH B IMCEPTALUOHHUSA TPY

1. CtpykrypupaHnara cneuuanu3upaHa 06a3a OT JaHHM OT ONTUYHM M300pakeHUs Ha
BOCHHH 00EKTH, BKJIIOYBAIIIA CLIEHU ChC CII0KEH (POH, YACTUYHO 3aKpHUBAHE, pa3INYHUA MaIladu
Y HaJTM4Me Ha MHOYKECTBO OOCKTH B KaJbpa € aHOTUPaHa M MyO0IMKyBaHa 3a CBOOOIEH JOCTHIT
B matdopmara Kaggle ¢ nen na 6bae u3non3Bana 3a TecTBaHe HA HEBPOHHH MPEXH OT APYTU
M3CIIEI0BATENH.

2. Pa3zpaboren e codryepen mporoTun B pa3BoiiHaTa mporpamHa cpena MATLAB,
pean3upall MpeaaoKEeHUTE HEBPOHHA apXUTEKTypa U aJIrOPUTMH, KOHWTO MOXe aa Obae
BHEJPEH B CHCTEMHU 3a HAOIIOJEHWE U aBTOMATHU3MPAHO TMOJIOMAaraHe Ha peuieHusTa B
0e3MMUIIOTHH JICTATEIIHU araparty 3a paboTa B peaHo BpeMe.

3.Pa3paborenuTe mTpOrpaMHU aIrOPUTMU Ca peATM3UPaHd KaTo MOAYIHH U
pasumpseMu copTyepHH KOMIIOHEHTH, KOETO I03BOJISIBA TAXHOTO aJalTUPaHE KbM JAPYrd
3aJauu Mo o0paboTKa Ha M300pakeHus!, pa3lIMpsiBaHe KbM JONBIHUTEIHU KJIacoBe OOEKTH,
U3MOJI3BaHE Ha JPYTW THUIOBE CEH30pPHU JAHHU WIM HUHTErpalus CbhC ChIIECTBYBAIIU
MPOrPaMHU U XapAyepHU TIaT(HOopMH.

[Ipu3HaBaM H3JI0)KEHUTE MO-TOPE HAYYHO-TIPUIIOKHU U TMPHIOKHU TNPUHOCH KaTo
3acllyT'M Ha JOKTOPAHTa, Ch3/aJICHU B X0/la HAa JAUCEPTAlMOHHOTO u3cienBaHe. [lomyuenure
pe3yJiTaT! UMaT rojisiMa CTENeH Ha MPUIIOKUMOCT U MOKa3BaT 3HAYMMOCT Ha JIEKJIapUpPaHUTE
npuHocd. HampaBeH e MHOro oOCTOEH aHaJW3 Ha EKCIEePUMEHTATHH pe3yiaTaTh ¢
eKCIIepUMEHTaIHa OL[CHKA.

CwmsTaM, ye TMYHOTO YYaCTUE B IPUHOCUTE HA IUCEPTALUATA € JOCTAThUHO. 3aBEHUTE
MIPUHOCH ca Ipe/icTaBeHu B 5 myOnukanuu. Te o6xBamar nepruoa ot Bpeme — ot 2022 1o 2025r.
Beuuku ca B u3naHusa oT HaydHH KoHepeHuuu B bearapus. Hsma manHu 3a nutupanus.
Yetupu oT myOiIMKaMUTE ca CAMOCTOSITENHHU, a 1 € B ChaBTOPCTBO, KB/IETO JOKTOPAHTHT € Ha
II'BPBO MSCTO.

3. Kpurtuunm 0esie:xKu

HsiMaMm KpuUTHUHU OeNexKu.

4. 3aki1l0ueHue

l. JucepranusaTa mpaBu MHOTO 100po BreuaTieHue. Hamucana e crerHaro u scHo,
M3JI0’KEHUETO € JIOTUYECKH MOCieIoBaTeNHO. JIuTepaTypHaTa 0OCBEIOMEHOCT Ha JOKTOPAHTa ce
OCHOBaBa Ha HOBHU M Hail-HOBU U3TOYHMIIH.

2. MHOro JeTailliIHO M TMOCIEAOBATEIHO Ca MPEACTaBEHW BCHUYKU METOIH U
ITOPUTMU 32 00yueHHe Ha KOHBOJIIOLIMOHHU HEBPOHHHM MPEXU U TAXHOTO MPHUIIOKEHHE 3a



U3rpakJaHe Ha HEBPOHHA Mpeka 3a OTKpUBaHe, pa3lo3HaBaHe U Kiacu(uKaius Ha YaCTUIHO
3aKpUTH BOCHHU OOCKTH B ONITUYHU U300PaKECHHUS.

3. Ot Mos rneaHa Touka Ou OmiIo 10Ope NpPENCTaBSHETO Ha pPe3yiATaTUTe OT
HayyHaTa JCWHOCT Ja ce MyOJIMKYBAaT B U3/IaHUS C UMITAKT (DaKTOp WK B U3aHus, pehepupanu
B MexxayHapoaaute b/ Scopus u Web of Science.

CunraMm, ye 00eMbT U Ka4eCTBOTO Ha MPEICTaBEHUs qucepTannoneH Tpya (50 Toukn)
U TIpEACTAaBEHUTE IMYONUKAIMM MO TeMaThKara Ha auceprauuoHHus Tpyd (90 TOUKM)
yIOBJETBOpsiBAT HanmbjaHO M3uckBaHusATa Ha 3PACPB 3a nmpucwkxnane na OHC ,,JlokTop*
(TOKTOpPaHTHT MOKPHUBA MUHUMATHUTE U3UCKBaHU 3a puaoousane Ha OHC ,,mokTop* ciopes
[IpaBuiHKKa 3a ycloBHUSITA M pella 3a NMpUAOOMBaHE HAa HAy4yHU cTerneHH B HarmonamHus
BOGHEH yHUBepcHUTeT ,,Bacun JIeBcku™).

5. OueHkKa HA JUCEPTANUOHHUSA TPY

[Ipensiaram Ha Hay4HOTO XKypH Ja MPU3HAE AKTYAJIHOCTTA, IPUHOCUTE U PE3YJITATUTE
Ha MPEJCTAaBEeHUs JAUCEPTALMOHEH TPy U Ja mpuchau Ha mar. Jlrobomup EBrennes Manos
oOpa3oBarenHaTa W HaydyHa cTemneH ,Jloktop” B oOnact Ha Buciie oOpa3oBaHUE —
5.“TexHHYECKH HAyKd, NpodecuoHanHo HampaBieaue — 5.3. | KoMyHUKalmoHHa U
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1. Relevance and significance of the scientific problem being developed

The dissertation submitted for opinion develops an extremely topical problem in scientific
and applied terms, namely the problem of detecting and recognizing partially visible objects
with military purposes in optical images using artificial intelligence. The topic is also topical in
terms of scientific and scientific-practical terms. The doctoral student uses the most modern
methods for recognizing objects in optical images, which implies the necessary qualifications
and practical knowledge, which he undoubtedly possesses.

The doctoral student has made an extensive literature review on the topic of the
dissertation. In his literature review, he has cited 136 sources, covering the period mainly from
2006 to 2025, and several classic works in the field from 1969 and 1989 are also included. The
manner of presentation, terminology and the level of the presented note speak of a very good
knowledge of the issue. The dissertation has made a very good analysis of the need for detecting
and recognizing partially visible objects with military purposes. The advantages of the
development of artificial intelligence and the deeply structured training of multilayer neural
networks are indicated, which implies new opportunities for automated processing of large
volumes of visual information. The rapid development of convolutional neural networks (CNN)
and their associated architectures and training methods show significant progress in solving
tasks of detecting and recognizing objects in images. Their application in the specific area of
detecting images with partial visibility of objects with military purposes has been insufficiently
studied. This is a prerequisite for the development and research carried out, adapted to the
military field with the application of neural architectures, training strategies and data sets,
tailored to the specifics of the task.

As an additional motive for the development of the dissertation work, the need to increase
the degree of automation and objectivity in decision-making at the tactical and operational level
is presented. By implementing artificial intelligence methods in monitoring and analysis
systems, the aim is to reduce the burden on operators, limit the subjective factor, and increase
the timeliness and reliability of the information provided.

The planning and management of military operations must be based on accurate, reliable
and timely information, which is provided by automated systems based on artificial intelligence
methods and in particular the deep structured learning of multilayer neural networks. The
software system developed and researched by the doctoral student fully meets the requirements
of modern intelligence, surveillance and target designation systems.

The main goal of the development is formulated extremely well. The mathematical
models and algorithms for detecting and recognizing partially visible objects of military
purpose in optical images are very well developed, in accordance with the tasks set.

The scientific novelty of the dissertation work lies in the proposed approach for
recognizing partially hidden military objects in optical images from a structured specialized



database using neural architectures with deep structured learning. For this purpose, numerous
tasks have been completed: 1) an analysis of existing approaches for detecting and recognizing
objects in optical images using neural networks was performed; 2) a specialized database of
optical images of military equipment with partial occlusion of objects was structured;. 3) an
evaluation of a set of modern pre-trained neural networks was carried out using the created
database of optical images of military equipment; 4) a selection of neural architecture of a
multilayer neural network was made; 5) a neural network for detection, recognition and
classification of partially occluded military objects in optical images was designed, studied and
implemented.

The selected research and development methodologies fully correspond to the set goal
and the formulated tasks for its achievement.

2. Evaluation of the scientific results and contributions of the dissertation

work.

The systematic literature review in the first chapter of the dissertation demonstrates a
broad knowledge of the topic of the work and helps to enrich the existing knowledge of the
community dealing with the detection and recognition of objects with partial visibility in images
in the field of military affairs.

The analysis of algorithms and approaches when working with multilayer neural
networks, the choice of activation function, the correct initialization of weights, regularization
techniques and the entire mathematical apparatus are a very good basis for the implementation
of an innovative approach to the detection and recognition of partially obscured optical images.

The author of the dissertation has conducted basic experiments in terms of: assessing the
accuracy of pre-trained neural networks and knowledge transfer. The results are summarized
and the conclusions are clearly formulated, proving the contributions defined later.

A comparative analysis of the results of the experiments has been conducted in 3 stages.

The aim of the first experimental stage is to assess the basic ability of the different
architectures to train and generalize on the original, unexpanded image dataset. The
comparative analysis of the results in the dissertation work shows an increase in accuracy with
increasing architectural depth up to a certain threshold, after which the improvement slows
down and even decreases.

The main focus of the experiments in stage 2 is to assess the ability of the architectures
to classify partially visible objects as the training set increases, and without introducing
additional factors in the training such as partial visibility of the objects. These results
demonstrate that increasing the training data improves the classification accuracy under partial
visibility, but it is not enough (it does not exceed 90 %).

The aim of the third experimental stage is to assess the ability of different convolutional
neural architectures to accurately classify partially visible military objects, with training being
conducted directly on a collection of photographs of military objects extended with controlled
partial occlusion reaching up to 50%. The results show a significant improvement in the
accuracy of classification of partially visible objects compared to the previous stages. A clear
maximum is observed for architectures with medium depth (6 — 8 convolutional layers), in
which the best balance between accuracy and network depth is achieved.

As a result of the experiments, the architecture that satisfies all the set criteria and
achieves classification accuracy over 95% with a minimum number of convolutional layers has
been selected and presented in detail.

The knowledge transfer technique is an effective method for adapting existing models to
a specific task of military object recognition. Training neural networks with reasoned images
with partially obscured objects leads to a significant increase in accuracy in classifying partially
visible military objects.

I accept the noted contributions as presented in the dissertation:



Scientific and applied contributions:

1. An analytical review of existing artificial intelligence methods for detecting and
recognizing objects in optical images, including those of military equipment, as well as in the
presence of partial occlusion of the objects observed in the frame, was carried out.

2. A specialized database of optical images of military equipment was structured,
including scenes from real combat and training conditions, partially occluded objects and
images with multiple targets in the frame. The database is adapted for training, testing and
evaluating the performance of neural networks in tasks related to image recognition with
application in the military field.

3. A systematic experimental evaluation of modern pre-trained known neural
architectures was carried out on the specialized database, through which their capabilities and
limitations in recognizing military objects, including under conditions of partial occlusion and
increased scene complexity, were established.

4. An approach is proposed for training a specialized architecture of a multilayer
convolutional neural network, designed for detection and recognition of partially visible objects
of military purpose in optical images. The chosen approach focuses on resilience to partial
occlusion, complex background and the presence of multiple objects, which distinguishes it
from standard solutions oriented towards civilian applications.

5. A convolutional neural network was designed, implemented and experimentally
optimized in the MATLAB development environment, which is characterized by better
resilience to partial occlusion and a better ratio between accuracy and computational efficiency
compared to the studied pre-trained architectures.

6. A cascade model for semantic filtering is proposed, in which a pre-trained neural
network acts as a primary domain filter, and the specialized neural network performs the
detailed classification of military objects. The model provides differentiation between military
and civilian objects without the need for complete retraining through an expanded set of classes.

7. An algorithm for recognizing additional classes using already available features
extracted from a pre-trained neural network has been developed. The algorithm uses statistical
intervals and weighted scoring in the feature space, without changing the initial architecture
and without changing the number of output classes of the network.

8. An algorithm for localized military objects in images has been integrated by
implementing a “sliding” window, in which the developed neural network is used as a
specialized classifier for detecting and classifying partially obscured objects.

9. A comparative analysis has been performed between the proposed optimized
convolutional neural network and the pre-trained known neural architectures, which
experimentally confirms the advantages of the proposed neural architecture and the developed
cascade approach in terms of accuracy, robustness in the presence of partial obscuration of the
observed objects, and computational efficiency.

Applied contributions to the dissertation

1. The structured specialized database of optical images of military objects, including
scenes with complex backgrounds, partial occlusion, different scales and the presence of
multiple objects in the frame, has been annotated and published for free access on the Kaggle
platform in order to be used for testing neural networks by other researchers.

2. A software prototype has been developed in the MATLAB development environment,
implementing the proposed neural architecture and algorithms, which can be implemented in
surveillance systems and automated decision support in unmanned aerial vehicles for real-time
operation.



3. The developed software algorithms are implemented as modular and extensible
software components, which allows their adaptation to other image processing tasks, extension
to additional classes of objects, use of other types of sensor data or integration with existing
software and hardware platforms.

| recognize the above-mentioned scientific-applied and applied contributions as the merits
of the doctoral student, created in the course of the dissertation research. The results obtained
have a high degree of applicability and show the significance of the declared contributions. A
very thorough analysis of experimental results with experimental evaluation has been made.

| believe that personal participation in the contributions of the dissertation is sufficient.
The declared contributions are presented in 5 publications. They cover a period of time - from
2022 to 2025. All are in issues of scientific conferences in Bulgaria. There is no data on
citations. Four of the publications are independent, and 1 is co-authored, where the doctoral
student is in first place.

3. Critical remarks
| have no critical remarks.
4. Conclusion

1. The dissertation makes a very good impression. It is written concisely and clearly, the
presentation is logically consistent. The doctoral student's literary awareness is based on new
and latest sources.

2. All methods and algorithms for training convolutional neural networks and their
application for building a neural network for detecting, recognizing and classifying partially
obscured military objects in optical images are presented in very detailed and consistent
manner.

3. From my point of view, it would be good to present the results of scientific activity in
publications with an impact factor or in publications referenced in the international databases
Scopus and Web of Science.

| believe that the volume and quality of the presented dissertation work (50 points) and
the presented publications on the topic of the dissertation work (90 points) fully satisfy the
requirements of the Law on the Promotion of Scientific Research and Development of the
Republic of Bulgaria for awarding the ONS "Doctor" (the doctoral student meets the minimum
requirements for acquiring the ONS "Doctor" according to the Regulations on the Conditions
and Procedure for Acquiring Scientific Degrees at the National Military University "Vasil
Levski").

5. Evaluation of the dissertation work

| propose to the scientific jury to recognize the relevance, contributions and results of the
presented dissertation work and to award to Mag. Lyubomir Evgeniev Manov the educational
and scientific degree "Doctor" in the field of higher education - 5. "Technical Sciences,
Professional Field" - 5.3. "Communication and Computer Engineering", doctoral program
"Automated Information Processing and Management Systems".

04.04.2026. Signature:
Varna /Prof. Milena Karova, PhD/



