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1. AKTYyaJIHOCT M 3HAYMMOCT HA Pa3pad0TBaHUA HAy4eH NpodJieM

[Ipe3 mocnenHuWTe TOAMHU KOHBONIONMHMOHHUTE HEBpOHHH Mpexkun CNNs
(Convolutional Neural Networks) ce Hanmarat kato eeKTUBEH MOJIEI 3a pelllaBaHe Ha
3aa4M 1o KjIacuuiMpane Ha u3o0paxkeHus, OJarogapeHne Ha ClIOCOOHOCTTA CH J1a
U3BIMYAT aOCTPAKTHU U MepapXUIHH €IEMEHTH OT BU3yalIHUTE NaHHU. KaTo 0OCHOBEH
WHCTPYMEHT Ha KOMIIIOTBPHOTO 3pEHHE, TE€ MPEAOCTaBIT BB3MOXKHOCT 32
aBTOMAaTU3UPaAHO Kiacu(uULMpaHe Ha BOGHHU OOEKTH B pEeaTHO BPEME, OCUTYPSBAKU
Obp3a olleHKa Ha OOCTaHOBKAaTa, B3eMaHE HAa OOOCHOBAaHU TAKTUYECKH PEUICHUS U
MPEIU3HO U3ITbIHEHUE Ha PEHICHUATA B JUHAMUYHU YCIIOBUS C BUCOK PHUCK.
Bb3MoXkHOCTTA 32 TPaBUITHO UACHTU(PUIIUPAHE HA PA3JIMYHU KATETOPUU BOCHHU
cpelcTtBa, 0coOEHO B OOCTaHOBKA IMPU MYJITHJIOMEHH ONepaluud, KOUTO H3PUYHO
BKJIIOYBAT KaMy(Quax, CJI0KeH (OH, pa3Ma3BaHE M YaCTUYHA CKPUTOCT Ha IIETUTE,
OKa3Ba 3HAUYMTETHO BIIMSHHE BBPXY ChKpallaBaHeTO Ha IMKbiIa Habmonenue —
Opuentupane — Pemenue — JleiictBue OODA (Observe—Orient—Decide—Act). 3aToBa
IpUJiaraHuTe MOJENTH Ha HEBPOHHU MPEXH ce oOydaBaTr Ja pa3no3HaBaT LENH MPHU
YacTHYHA 3aKPUTOCT, CMECBaHe ¢ ()OHA, HUCHK KOHTPACT, MATbK pa3Mep U ABHKCHHE
Ha 1enTa. ToBa ce mocTura NocpeCTBOM NpUilaraHe Ha TEXHUKH, KaTo:
® MEXaHW3bM 32 BHHMAaHHUE, NPU KOSTO HEBPOHHATA MpEKa TUHAMUYHO CE
doxycupa BbpXY Hal-BaXKHHUTE YacCTH OT H300pPaKEHHETO, UTHOPUPANKHU
(GboHOBUS 1IYM;

¢ MHOTOMAma0HU  apXUTEKTYpH, KOUTO  aHAJIM3UpPAT  HU300paKEHUs
€IHOBPEMEHHO B pAa3IMYHU Mamabu, KaTo H3MOJ3BaT MHUPAMUIN OT
M300paKEHHS U XapaKTEPUCTHUKU;

® TCHEPATHUBHUTE MOJICIH 33 PEKOHCTPYKIIMS HA JTUTICBAIIM YaCTH, KOUTO 4Ype3
npechb3ZaBaHe Ha CKpUTaTa TEOMETpUs HaMalsIBaT TPEUIKUTE TpU
uAeHTU(UKAIMSI HA 00CKTa M MOBUIIIABAT YCTOMUMBOCTTA HA CUCTEMHUTE 3a
KOMIIOTBPHO 3pEHUE Aa pabOTAT B CJIOKHU, PEATHU CPENIU;

e jombiaBaHe Ha ngaHHu (Data augmentation) € TeXHHKa B KOMIIOTHPHOTO
3peHue, MpU KOSTO M3KYCTBEHO C€ CKPUBAT WJIHM OJIOKUPAT YACTH OT OOCKTH
B TPCHUPOBBUHUTE M300paKEHUS, 3a /1a C€ HAy4YH MOCIBT J1a Pa3no3HaBa
00eKTH AOPH KOraTo Te€ HE ca HAIMbJIHO BUANMH. B TO3u citydaii ce mpumarat
texHukute u3ps3pane (CutOut), ciayuaitHo ustpuBaHe (Random FErasing),
m3psizBaHe-cMecBane (Cut-Mix), Konupane-noctassine (Copy-Paste), ckpuii
u nothpcu (Hide-and-Seek) u cuntetnuna oxmnysus (Synth-Occlusion).

JlokazaTencTBo 3a 3HAUMMOCTTA Ha MpolJemMa 3a MPAaBUIIHO UIACHTU(DUIIUPAHE
Ha pa3IMYHU KATErOPUM YAaCTUYHO CKPUTH BOEHHU OOEKTH Ca MHOMXECTBOTO
myOJUKAIMK B IOCTIEAHUTE TOANHH, HIKOU OT KOUTO Ca:

1. Dobrzycki, A. D., & Bernardos, A. M. (2026). To fuse or not to fuse:

enhancing military operation object detection with multimodal late fusion
and color space optimization. Applied Intelligence, 56(4), 100.



2. Kumar, S., Asiamah, P., Jolaoso, O., & Esiowu, U. (2025). Enhancing image
classification with augmentation: data augmentation techniques for improved
image classification. arXiv preprint arXiv:2502.18691.

3. Ryu, S. E., & Chung, K. Y. (2021). Detection model of occluded object based
on YOLO using hard-example mining and augmentation policy optimization.
Applied Sciences, 11(15), 7093.

4. Sachenko, A., Derysh, B., Dubchak, L., Sachenko, S., & Chereshnyuk, O.
(2025). Real-time military vehicle classification via convolutional neural
networks. Proceedings of the Modern Data Science Technologies Doctoral
Consortium, 239-251.

5. Saleh, K., Szénési, S., & Vamossy, Z. (2021, January). Occlusion handling
in generic object detection: A review. In 2021 IEEE 19th World Symposium
on Applied Machine Intelligence and Informatics (SAMI) (pp. 000477-
000484). IEEE.

6. IlaBnoa M. (2020). Ob6pabomka Ha unghopmayus om O6e3HCUYHU CEH30PHU
MpedicU € U3NON36aHe HA KOHBOJIIOYUOHHU MPEXCU 3d OMKPUBAHE HA NOdiCap.
Huceprauus, Texauuecku yauBepcuteT — Codusi.

7. XpuctoB, A. H. (2025). Obobwasawu ceoiicmeéa Ha cloegeme 8
KOHBOMOYUOHHUmMe  HesponHu  mpexcu. Jucepranusa,  Coduiicku
yHuBepcureT ,,CB. Knument Oxpuacku®.

VYBenuuaBa ce U OposIT Ha MHOKECTBATa OT JIAaHHU C BOGHHU OOEKTH C OTBOPEH

JIOCTII:

1. Military objects in military environments, Mendeley Data, V1.
https://data.mendeley.com/datasets/rcxth67zkn/1 (Cbctou ce ot 7985
M300pakeHusl, pa3npeacsicHu B 4 kiaca)

2. Military Assets Dataset.
https://www.kaggle.com/datasets/rawsil 8/military-assets-dataset-12-
classes-yolo8-format. (Cbctom ce ot 26315 nzobpakeHus, pa3npeaeieHu B
12 xnaca B Yolo8 dopmar)

3. TriNet, https://www.kaggle.com/datasets/sudipchakrabarty/trinet
(MHuoxectBo ganuu BB popmaTt YOLO 3a BO€HHU, IOJTyBOCHHH U
HEBOCHHU CTPYKTYPH)

BbB BpB3Ka C TOPEU3I0KEHOTO, TEMATA HA JUCEPTAIIMOHHUS TPYH ,,OTKpUBaHE

U pa3ro3HaBaHE HA YACTMYHO BUAMMH OOCKTH C BOCHHO MpETHA3HAYCHUE B ONTHYHU
M300paKEHUs C U3IMOJI3BAaHE HAa M3KYCTBEH HMHTENEKT, pa3pabOTeH OT Mar. (pu3uk
Jlro6omup EBrenneB MaHoB, € 0cOOEHO akTya Ha v 3HAYMMA.

2. O01ma xapakTepUCTHKA M CTPYKTYPA HA TMCEPTAIMOHHUSA TPY/

JlucepTalMOHHUAT TPYZA € CTPYKTypUpaH B MPEAroBOp, YETHPHU IVIaBH, OOILIU
W3BOJMU U MPUHOCH, KAKTO U JIBE MPUIOKEHUs] B 00eM oT 34 cTtp. OCHOBHHUST TEKCT €
U3JI0keH Ha 123 ctpanunu u chabpxa 48 ¢purypu u 29 tadbnunu. bubnuorpadusra ce
CbCTOM OT 136 TUTEpaTypHU U €NEKTPOHHU UHPOPMATMOHHU U3TOYHMIIN HA JJATUHUIIA.
JlocTa OT TSIX HE ca HIUTHUPAHU B TEKCTA HA TUCEPTALUOHHUS TPYH, KATO U3TOUHUILIHM [ 1],


https://data.mendeley.com/datasets/rcxfh67zkn/1
https://www.kaggle.com/datasets/sudipchakrabarty/trinet

[43], [45], [56], [63], [66], [83], [84], [93], [98], u [123] (peueH3eHThT € MPOBEPUI
Hal-ctapuTe U3TOYHHIM OT 1943 . mo 1972 r, KakTO M IPOM3BOJIHA HU3BaJKa C
W3TOYHHIIM C HOMEPA, 3aBbPIIBAIIM HA 3.).

B mpenrosopa ca mocoueHH MOTHBHUTE 3a pa3pabOTBaHE HA JAUCEPTAIIMOHHUS
TPy, 0OOCHOBaHA € aKTyaJIHOCTTa Ha pa3miexaaHus mpooieM, AehrUHUpaHu ca 1enTa
U OCHOBHHMTE 3aJlayM B CHOTBETCTBHE C Temara Ha JUCEepTalusTa, OMHCAHU Cca
MPEeIMETHT U CPEACTBAaTa 3a MOCTUTaHEe HA 11eJITa, HAy4YHaTa HOBOCT U MpaKTUYecKara
MOJIE3HOCT Ha pa3paboTkara.

B mbpBa maBa, kodaTo € ¢ 0030peH Xapakrep, B obem oT 14 crpanHunu e
OCBILIECTBEH AaHAJIU3 HAa CHBPEMEHHOTO CBHCTOSHHME Ha ChIIECTBYBAIIUTE HAYyYHU
W3CIIC/IBaHUS, CBbP3aHU C OTKPUBAHETO M PA3MO3HABAHETO HA YACTUYHO BUJIMMU
00EKTH ¢ BOGHHO MpeAHa3HAuYCHUE B ONTHYHU H300pakeHus. B 0630pa ca BriIroueHH
68 uTepaTypHU U3TOUYHHIIM, PA3TIICKIAIIN: METOAM 3a OTKPUBAHE U Pa3lI03HABAHE HA
OOEKTH B ONTUYHU HM300paKEHUS; MPWIOKEHUS Ha IBJIOOKHM HEBPOHHU MPEXH,
aJpecupaniy npodieMu, CBbp3aHu C YaCTUYHA BUAMMOCT HAa OOEKTH; aHAIU3UpAaIIH
MOJIXO/IM 32 TpaHC(ep U MOBTOPHO U3IOJI3BAHE HA 3HAHMSL.

BbB BTOpa rnaBa (35 cTp.) ca NpenCTaBEeHH TEOPETUYHUTE OCHOBU U
MaTEMaTUYECKUTE MOJIEIM Ha MHOTIOCIOMHUTE HEBPOHHH MPEXU C JIBIOOKO
CTPYKTypupaHo oOyuyeHue. Pasrienanu ca apXurekTypara U NPUHIUINTE Ha paboTa
Ha CNNs, anropurMute 3a TAXHOTO 0Oy4YE€HHE U MPENOTBPATABAHE HAa MPEOOyUYEeHHUE,
KAaKTO M OCHOBHHTE I'pauBHHU cioeBe U u3BecTHU CNN apxurektypu. opmanusupan
€ MaTeMaTHYeCKH MoJied 3a KiIacHu(pHUKalus Ha 4YaCTUYHO BHUJAUMU OOEKTH Upe3
BBbBEX/1aHE Ha OMHapHa MacKa Ha BUIMMOCTTA U OTYUTAHE Ha HEITHOTO BIUSTHUE BBPXY
IPaBOTO pa3lpOoCTpaHEHHE Ha HMH(oOpMauusTa U OOPATHOTO PA3MPOCTPAHEHUE HA
rpeliKaTa B HEBpOHHATa Mpexa.

B Tpera rnaa (26 cTp.) IOKTOPaHTHT U30MPa MHOXKECTBO OT 2748 n300paxeHus
Ha BOCHHA TE€XHHKA, Pa3lpeAesieHd B OCEM Kilaca, KaTo M3BBPILIBA 2 €KCIIEPUMEHTA C
Tax B cpena MATLAB. [IbpBUAT eKCIIEPUMEHT OLIEHABA TOYHOCTTA ITPY PAa3MI0O3HABAHE
Ha BOCHHUTE OOEKTH OT TE€3HM OCEM KJjaca MocpeAcTBOM 19 mpeasapuTenHo oOydeHH
HEBPOHHM MpEXH, BKIIOYBAIIM KJIACUYECKH, MOAEPHHU IbJIOOKH, KaKTO H
ONTUMH3UPAHU U CTIEHUAIM3UPAHUA MOJIETTN KOHBOJIOLIMOHHU MpeXU. EKCiepuMeHTHT
OTUATA MaJIka CpeJHa JIOCTOBEPHOCT Ha OTKpUBaHE B pamkute Ha 54.56 % mnpu
EfficientNetBO no 73.64 % mnpu DenseNet201. Bropust excrnepuMeHT wu3cienBa
BJIMSHUETO Ha TEXHMKaTa 3a TpaHc(ep Ha 3HAHMS C JOMBIHUTEIHO OOydeHHE Ha
U3XOJISIIINTE CIOEBE Ha HIECT M30paHu Mojena ¢ pasnuyHa apxutektypa (AlexNet,
GoogLeNet, ResNet18, ResNet50, DarkNet19 u EfficientNetB0) upe3 moaxona 3a
no0apsiHe Ha TaHHU ¢ 4 BapuanTa Ha 50 % 3akpuBaHe u 4 BapuanTa Ha 25 % 3akpuBaHe
Ha 00ekTa. ExcriepuMeHThT MoKa3Ba MOBUILABAHE HA TOYHOCTTA Ha pa3lo3HaBaHe /10
95.60 % 3a EfficientNetB0.

B yeTBbpTa r1aBa B 06em OT 43 CcTp. TOKTOPAHTHT € U3BBPIIMI IPOCKTUPAHE,
CUCTEMATUYHO M3CJIeIBaHE U ONTUMU3ALIMS Ha clienuanu3upana mect-omokoBa CNN
apXUTEKTypa 3a pa3no3HaBaHE HAa YACTUYHO BUIMMU BOeHHU 00ekTu. [IpencraBenu ca
pe3yaTaTUTe OT TPU eKCIepuMEHTaIHu eTana Ha oOydyeHne Ha CNN-6 ¢ HapacTBaia
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CIIO)KHOCT Ha oOyuaBammurte JaHHH. HampaBeHO € cpaBHEHHE C peTpeHupaHara
EfficientNet-BO mpexa. MMmmemMeHTHpaHu ca aqTOpUTHM ,,JUTB3TAIll IPO30oper 3a
pa3no3HaBaHE Ha YAaCTUYHO CKPUTHU BOCHHHU OOEKTH M KaCKaJIeH MOJIE] 32 CEMAaHTHYHO
dbunTpupaHe u pa3no3HaBaHEe B CMECCHH CIICHU C IIMBUJIHA U BOGHHU OOCKTH.

B IIpunoxenue 1 ca mpencraBeHn W3XOAHU TEKCTOBH (PaillioBe U TEHEPUPAHH
dburypu ot paborara Ha npoektupanute MHorociornure CNNs. B Ilpunoxenue 2 ca
pasneyataHd OCHOBHUTE YacTH OT COPC-KOJOBETE Ha MPOrpaMHUTe, C KOUTO Ce
OCBIIECTBSIBA MOJICTUPAHETO, OOYUYEHUETO U TeCTBaHETO Ha MHOTrocHoiHuTe CNNs.

B nucepranusTa sicHo ca neuHUpaHu 11e1, OCHOBHU 3aJja4M, IPeAMET, 00XBaTa
Ha CpEeJICTBAaTa 3a MOCTUTAHE Ha IeJTa U METOAOJOTHUYHA OCHOBAa Ha MPOBEIECHOTO
uscnensane. Kato 1510 IucepTalMOHHUAT TPYJ € MOJHECEH B HAy4HO-U3IbprKaH
ctui. M3non3BaHa € MpaBUIHA HaydYHa TEPMHUHOJIOTHSI C M3BECTHA U3JIMIIIHA
JETAMTHOCT TI0 OTHOIIICHHWE Ha OOMOM3BECTHH (DAKTH M TEOPETHYHH KOHIICTIIIMU B
riasa 2.

Cuuram, ye TUCEPTAIMOHHUSAT TPY/l OTTOBAPS HAa U3UCKBAHUSATA 32 ChIABPKAHUE
1 001110 0hopMIICHUE HA Hay4yHa pa3paboTKa.

3. XapakTepucTHKA HA HAYYHUTE H HAYYHO-TIPUJIOKHUTE PHHOCH B
AucepTAMOHHUS TPYA. /locTOBEpHOCT HAa MaTepHaJia

[Ipuemam mpuHocure, GOpMyJIUpPaHH B IHUCEPTAIMOHHUS Tpya. Te morar aa
ObIaT KiacuuIMpanu, KakTo ClaeaBa:

Hayuno-npunoscnu npunocu:

1. AHanu3upaHu ca METOJIUTEe Ha M3KYCTBEHMS] MHTEJIEKT 3a OTKpUBAaHE H
pasno3HaBaHEe Ha YACTUYHO CKPUTH OOEKTH B ONITUYHU n300paxeHnus (I maBu
1 u2).

2. ExcnepuMEHTaJHO € OLEHEHa NPWIOKHUMOCTTa Ha 19 mnpenBapuTenHO
00ydYeH! KOHBOJIOIMOHHM HEBPOHHU MPEXKH, KATO EMIIMPUYHO € JOoKa3aHa
HUCKaTa TOYHOCT MPHU pa3no3HaBaHE HAa YaCTUYHO CKPUTH BOCHHH OOEKTH
(54.56 % npu EfficientNetB0). M3cnensano e BIUSHUETO Ha TEXHUKATA 3a
TpaHcep Ha 3HAHUS C JOMBIHUTEIHO 00yYEeHNE Ha U3XOIUIUTE CI0EBE Ha
mectT u30panu mojgena CNNs, kaTo € MOTBBPACHO IOBUIIABAHE Ha
TOYHOCTTA Ha pa3no3HaBane (95.60 % 3a EfficientNetB0) (§ 3.2 u § 3.3).

3. OntumusupaHa € crnernuanu3upana mect-6okoBa CNN apxuTektypa 3a
pasmo3HaBaHE HAa YACTUYHO BUIAMMHU BOEHHU OOEKTH, KOSITO MOKa3Ba TO-
100pO CHOTHOLIEHHE MEXJy TOYHOCT M H3UUCIUTENHA €()EKTHUBHOCT B
cpaBHenue ¢ EfficientNetB0 (§ 4.4 u (§ 4.5).

4. TlpunoxeHn ca KIACHYECKUTE 3a KOMIIOTBPHOTO 3pEHHUE, alrOpUTHM
,IUTB3ral mpo3open’ W KackaleH (MepapXuyeH) MOJAEN, ChCTOSI CE€ OT
OBPBUYEH JOMEHHOB (DUATHp W CHenuManu3upaH Kiacu(PHUKaTop, KOWUTO
OCHUTYpSIBAT JIOKATH3UPAHE HA BUAUMHUTE (parMEHTH OT CKPUTHS OOEKT M
BB3MOXKHOCT 32 pa3rpaHUyaBaHe HAa BOCHHU W UMBWIHM O0€KTH 0e3
HEOOXOUMOCT OT AOMBIHUTENHO MpeoOydYeHHe Ha Mpekara C YBEJIUYeH
Opoii kinacose (§ 4.7).



IIpunosrcnu npunocu:

1. Crpykrypupana e cienrajin3vpana 6aza oT JaHHU ¢ ONTUYHU U300paKEHUS
Ha BOEHHA TEXHUKA, BKJIIOYBAIA CIIEHU OT PEAJIHU OONHU U TPEHUPOBBHYHU
JNEUCTBUS, YACTUYHO 3aKPUTH OOCKTH C MpUJIaraHe Ha TEXHHKA U3PSA3BaHE,
KOSITO € MPUWJIOKMUMA 32 PEIIaBaHE Ha 3aJ1a4, CBbP3aHM C Pa3lIO3HABAHE HA
U300paKeHUs C IPUIIOKEHNE BB BOGHHATa 00J1aCT, C TOMOIITa Ha HEBPOHHU
mpexu (§ 3.3.1).

2. Pa3zpaborenu ca ckpunrtoBe B nporpamuara cpena MATLAB, monenupariu
mect-010koBa CNN apxuTekTypa, ajropuTbma ,IUTb3ramn mpo3open’ u
KackaaHus (MepapXuyeH) MoJie], MOJYJHOCTTa Ha KOWUTO TI03BOJISIBA
TAXHOTO aJanTUpaHe KbM JPYTH 3ajladyd 1o oOpaboTka Ha M300pa)keHus
(ITpunoxxenue 2).

4. OueHka HA HAYYHHUTE Pe3yJITATH M IPUHOCUTE HA IMCEPTALMOHHUSA
Tpya

Hay4HO-priIoKHUTE M NPUIIOKHUTE MPUHOCH HA JUCEPTALUMOHHUS TPYJ Ce
U3pa3sBaT B MpUJIAraHe Ha ChLIECTBYBALM HAYYHU METOIH, AITOPUTMU U CPEICTBA
KbM BE€Y€ CHUIECTBYBAlIM CTPaHU Ha MpoOjieMa 3a OTKpHUBAHE M pPa3NO3HABAHE HA
YaCTUYHO BUIUMHU OOEKTH B ONTHUYHU H300paKEHUS C U3MOJI3BAHE HA H3KYCTBEH
MHTEJIIEKT W TI0JyyaBaHe Ha NOTBbpAUTeNHM (aktu. Cren  ITOMBIHUTEIHO
npeuusupaHe U BepudULUpaHe ¢ €KCIIEPUMEHTAIHU JaHHU, Te OMxXxa MOIJM Ja ce
BHEJIPAT B IIPAKTUKATA.

PenieH3eHThT cunTa, 4e T€ OTroBapAT HaI'bJIHO HA M3MCKBAHMATA HA 3aKOHA 3a
pa3BUTHE HA aKaJieMUUHUs cbeTaB B PeryOnuka buiarapus u [IpaBuiiHrka 3a HEroBOTO
npunarasne. Ilpuemam, ye QopmynupaHuTe MO-rope MPUHOCH Ca H3IUIO JEJ0 Ha
JIOKTOPAHTA.

5. Onenka Ha myOJMKALMUTE 110 JUCEPTALMATA U ABTOPCTBOTO

KbM nucepTaliioHHUS TPY/ ca IPEACTaBeHH 5 MyOIuKalMK Ha OBJITaPCKU €3UK
B enHa kKoHpepeHuus ,Defense Technologies® ¢ MexayHapoaHO ydacTHe,
poBeXxaaHa exerongHo BbB Pakynrer ,,Aptunepus, [IBO u KUC* na HBY ,,B.
JleBcku* B mepuoma 2023 r. no 2025 r. EaAuH OT AOKIAaUTE € C €AUH ChaBTOp, A
OCTAaHAJIUTE ca caMocTosTeNHU. Tpu Aoknana, myonaukyBanu npe3 2023 r., 2024 r. u
2025 r., mpencTaBsIT IUTEPATYPHHUS 0030p KbM JAUCEPTAIMOHHUS TPY/, a IBA OT THX,
nyonukyBanu nipe3 2025 r, mpeAcTaBsAT pe3yiATaTUTE OT HAYYHWUTE M3CJICIBaHUS Ha
aBTOpAa.

Bcuuku OTroBapsT Ha ChABPKAHMETO HA JUCEPTALlMOHHHS TpPYH, HO CE€
3a0emns3BaT MHOXKECTBO MPABOINMCHUA U CTWJIMCTUYHU TPEIIKU, TOPU B 3arjiaBusiTa U
KIIOUYOBUTE JyMH Ha JAokianure. JlumcBa ampoOupaHe Ha TPUHOCUTE OT
JTUCEPTALIMOHHUS TPYA B MEKIYHAPOAHH MyOIUKALMU, PEUEH3UPAHU U UHAECKCUPAHU
B CBETOBHM 0a3u OT AaHHMW. JIumcBar gaHHM 3a HaJIWYUME Ha IJIarMaTcTBO B
nyOJMKAIIMOHHATa ACMHOCT Ha aBTOpa, BKIIOYUTEIHO B AUCEPTALMOHHUS TPYH U
yOJMKALIMUTE 110 HETO.



Cuntam, ye MyOIMKaIIMK ca aBTOPCKO JEJ0 Ha JOKTOPaHTa, MarucTbp (pusmk
JIro6omup EBrenne ManoB. bposT Ha peAcTaBeHUTE MO AUCEPTANUATA Ty OJIMKALIIH
YAOBJIETBOPSIBAT MUHUMAJIHUTE U3MCKBAaHUATA 32 MPUA00MBaHE HA 00pa3oBaTeIHa U
Hay4Ha CTEIIEH ,,IOKTOP ™ B CbOTBETCTBUE C HOPMATUBHUTE JOKYMEHTH.

6. JIHTepaTypHa O0CBECIOMECHOCT H KOMIICTCHTHOCT Ha JOKTOPaHTa

bubmuorpadusara B gucepralluoHHUS TPpyHa ,,OTKpUBaHE W pa3lO3HABaHE Ha
JaCTUYHO BHJIMMH OOCKTH C BOCHHO MpEIHA3HAUYECHHUE B ONTUYHU H300pAKCHUS C
M3M0JI3BaHE Ha U3KYCTBEH MHTEIEKT € B 00eM oT 136 U3TOYHMKA CaMO Ha aHTJIUHCKHU
e3MK B uHTepBasia oT 1943 r. 1o 2026 r. Camo 6 oT myOJUKAIMUTE ca OT MOCJICTHUTE
S roaunu, o eaHa ot 2022 r go 2025 r. u ase ot 2021 r. Hanuunu ca 3 MHTEpHET
anpeca ¢ HoMepa [80] — [82] cbc cTpanuiu chabpxkamu onucanus Ha MATLAB ¢
roauna 2026 r. [Ipuemam, ye ToBa € roJiuHaTa, IPE3 KOSITO TE Ca MOCETEHU, KAKTO CE
M3HUCKBA B CTaHJAAPTHUTE 3a IUTUPaHE HA UHTEpHET aapecu. Hail-ctapute nureparypHu
m3TouHuM oT 1943 r. [83], 1949 1. [45], 1958 1. [98], 1958 1. [56], 1969 1. [84], 1972
r.[1] u [66] HE ca HUTHPAHU B TEKCTA.

["opernoco4eHoTO MOBIUra BHIIPOCA, TOKOJKO aBTOPHT € HAIPaBUJI IbJIHOLICHEH
0030p 10 TeMaTUKaTa Ha AUCEPTAIMOHHUS TPYA U JaJu IPUA0OUTUTE OT HETO 3HAHUS
ca aKTyaJlHd, OTpa3siBalku MHOTOTO MyOJIMKAIMM MO BBIpOCAa Mpe3 MOCICAHUTE S5
TOJIUHU.

3abes3Ba ce JuIica Ha MOCie0BaTETHO IIPHIaraHe Ha €TaluTe Ha ThpCeHe Ha
JUTEpaTypa B eeKTpoHHU 0a3u ganHu (Harp. Web of Science, Scopus, ResearchGate
U JIp.) 4upe3 KIIOYOBH IyMH; TpEriie]] U H3KIIOYBaHE HAa H3TOYHUIIM, KOUTO HE
OTTOBapAT Ha TemaTa; W300p W IpUjaraHe Ha CTPOTH KPUTEPHUH 3a BKJIIOUBAHE U
W3KJIIOUYBAaHE Ha JIMTEPATYpHU H3TOUHUIIM, U KaTO TIOCIEACH eTam - (UHAIHO
OMpEeNeNITHE Ha JIUTEPATyYpHUTE HW3TOUHUIIM, KOUTO 1€ OBbJaT U3MOJ3BAaHU B
JTMCEePTAllMOHHUS TPYHA, MO0 M30paHU OT JAOKTOpaHTa KPUTEPUH U CHOTBETHUTE UM
ITOKa3aTeIIH.

Cuuram, 4e JTOKTOPAHTHT € MPUIAOOWJI 3HAHUS MO pasriexiaaHaTta OT HEro
TeMaTHKa, MO3HaBa CHITHOCTTA HAa MpoOIeMa, HO HE JIOCTAThYHO KPUTUYHO TMpuUsiara
CTAaHJAPTU3UPAHUS TIOAXOJ 3a TMPOBEXKJIAHE M JIOKJIQJBAaHE HAa CUCTEMAaTHUYHU
JUTEPATYPHU 0030PHU U aHAITU3H.

7. Ouenka 3a aBTopedepara

[IpencraBenusit aBropedepar € B 06em ot 43 ctp. Homepanusta Ha durypure,
TabnmunuTe W (QOopMyNHTE CHOTBETCTBA HA Ta3W B JUCEPTAMOHHUA TPYIL.
CTpykTypupaH € CBIIACHO IOCJIEIOBATETHOCTTa U JIOTMKATa Ha JHCEPTAllMOHHUS
Tpyn. Cuutam, 4e oTpassiBa B MBJIEH 00eM aBTOPCKOTO M3CJIECIBAHE U TMOJYYCHUTE
pe3ynTaTH.

8. Kpuruunu 0esie:xku

HNmam CICAHNTC KPUTUIHHA OCJIEKKHU U IMPEIIOPBHKHU 110 JUCCPTALMUOHHUSA TPYI:



3.1.

3.2.

3.3.

3.4.
3.5.

4.

. B yBOoaa nuricBa CTpyKTypa v KPaTKO ChIIbPKAHUE HA JUCEPTALMOHHHUS TPY,

a B 3aKJIFTOYCHHUECTO HE Ca I[erI/IHI/IpaHI/I HACOKH 34 IIO-HaTaThIIIHA pa60Ta.

. 'maBa 2 BKJIIOYBa OCTa M3JIMIIHUA OOSCHEHHS HA HU3BECTHU TEOPETUYHH

KOHIIEMIINH, KOUTO ca MPEKAJICHO MOIPOOHO pa3siCHEHHU, U3MOI3BANKN UJIEU
u purypu ot apyru aBTopH. JIUmncea cpaBHUTENEH aHAIN3 HA TUCEPTAHTA C
n300p Ha KPUTEPUU U CHOTBETHU IOKA3aTENIM, Ype3 KOHTO Ja Ce OTCEesT
OCHOBHUTE TEOPETUYHH MOJIOKEHUS U MATEMATUYECKU 3aBUCUMOCTH, KOUTO
Ce U3MOJ3BAT B U3CIIEABAHETO.

. Ha mecta B Tekcra ce cpeiaT HCIpPpAaBUJIHU TCPMHHH, O3HAYUCHUA HIIN

JIMTICBAT MOSICHEHUS 3 U3MOJI3BAHU CUMBOJIH:
Cpenata MATLAB e npencraBeHa kKaTo ,,MaTeMaThyecka“, a HE KaTo
MaTpu4Ha jadoparopus (ctp. 61).

CumMBOIBT 32 KOHBOMIIONHSA (*) € ommcad BBB popmyma (2.100) (ctp. 57),
HO ce u3noJizBa oiie B (2.39) (ctp. 36). CUMBOIBT 32 YMHOXKEHUE ,,X* IPU
pa3MepuTe Ha MAaTPULIUTE MHOT'O YECTO € U3MHCaH B KypcuB (2.97), (2.98)
u ap. (ctp. 57).

Oznauenuero A B (2.102) me e nepunupano mo-pano (ctp. 57).
O3zHauenuero ,arg” B (2.95) e e mosicieno (ctp. 57). B (4.3) nHe e
MOSICHEHO KaKBO € N, KakTo u cratuctukure Xy (ctp. 112).

B u3BosM ce U3MoiI3BaT TEPMUHU HA aHTJIMNCKH (M3BOJ 4, cTp. 58).
[IpenopruBaM Ha aBTOpa Ja Tperjeaa M KOPUTHpPA MATEMATHYCCKUTE
MOAENW 3a KiacUpUKAmWs Ha YaCTUYHO BHIAUMH OOCKTH dYpe3
MHOI'OCJIOMHA KOHBOJIIOIIMOHHA Mpexka (§ 2.5) u wuHTepBaleH
kiacudukanmonen nonxon (§ 4.7.2) mpeau myOIMKyBaHETO UM B
pedepupaHu U UHIEKCUPAHU CBETOBHU 0a3M OT JaHHHU.

W3non3Banu ca 2 pa3nuyHU HAUMHA 32 ITUTUPAHE HA PUTYPUTE — U3IHUCBAHE
B KypCUB Ha M3TOYHHMKA I10]] HAUMEHOBaHUETO Ha ¢urypata (dur. 2.1, 2.2,
2.9,2.12 — 2.14) u utupane B cpeanu ckodu (¢ur. 2.3 — 2.8 [86], dur. 2.11
[117]). IIpenopbuBam Ha aBTOpa Ja yE€AHAKBM HAauyMHA Ha LUTHUPAHE Ha
burypuTe Tpeau MPEAOCTaBIHETO HAa MaTEPHANHTE IO AWCEPTAIMOHHUS
tpya B HALIA/L.

W3non3BaH € cMeceH BapuaHT 3a IUTHPaHE Ha JINTePATypPHUTE U3TOYHUIIN B
TekcTa U Ombnuorpadusrta. [loBeuero m3roununm B OubOamorpadusara ca
3aIMCaHu KaTo ce n3noisBa ctuia APA, a B TeKCTa T€ ca IUTUPAHU B CPEHU
ckoow ,,[]“, karo e uznons3Ban ctuia Ha IEEE. B 6ubnuorpadusra npu APA
CTHWJIa, TOJAMHATA Ha U3J]JaBaHE CE 3allCBa B MAJIKU CKOOU CIie]] aBTOPUTE, a
npu [EEE, T4 € B kxpasd Ha quTupanus JOKyMeHT. JIuncBar natu, Ha KOUTO ca
nocteieHn enekrponHute aapecu. Crunosere APA, MLA u Chicago
M3MOJI3BAT KPBIIM CKOOU BBHB BUA (aBTOP, 1aTa, CTPAHUIIA) TIPU ITUTUPAHE B
TekcTa. B mutupanara 6ubnmorpadus TUNCBa KypCUB, KOWTO Ja OTIUYH
MMEHAa HAa KHWTYM W CIUCaHUS OT MMEHA Ha CTaTUM W TJIAaBH OT KHUTH.
[IpenopbruBaM Ha aBTOpa Ja Ce€ 3armo3Hae ¢ PbKOBOJCTBATA 3a IUTUPAHE B
APA crun (https://apastyle.apa.org/) u Ha IEEE (https://ieee-dataport.org/



https://apastyle.apa.org/
https://ieee-dataport.org/%20sites/default/files/analysis/27%20/IEEE%20Citation%20Guidelines.pdf

sites/default/files/analysis/27 /TEEE%?20Citation%20Guidelines.pdf), kato
OCHOBHH, U3TIOJI3BaHU B HAYUYHUTE U3CIICIBAHMUS.

6. OTKpHUTH Ca HECHOTBETCTBHUS B IIMTUPAHETO HA JIUTEpaTypara B TEKCTa Ha
TUCEPTAIIMOHHUS TPYI:

6.1. @ur. 2.3 — 2.8 ca ot kumrara [63] Khan, S., Rahmani, H., Shah, S. A. A.,
Bennamoun, M., Medioni, G., & Dickinson, S. (2018). A guide to
convolutional neural networks for computer vision. Springer Cham, DOI:
https://doi.org/10.1007/978-3-031-01821-3, a ca UUTHpaHU TIOA HOMEP
[86].

6.2. Iutupanero Ha Gpopmynu (2.44) u (2.45), kakTo 1 ab3aIbT Cle] TIX, HE
€ OT U3TOYHMK [13].

6.3. ®opmyna (2.46) u NMOSICHUTETHUAT ab3all cied Hes HE ca OT U3TOYHUK
[23]. B pproBoacTBoTO [23] ,,Dumoulin, V., & Visin, F. (2016). A guide
to convolution arithmetic for deep learning. arXiv preprint
arXiv:1603.07285.” nymara ,,perceptron‘‘ He ce ChAbpXKa.

6.4. UWszrounwumm [1], [43], [45], [56], [63], [66], [83], [84], [93], [98], u [123]
HE ca IUTHUPAHA B TEKCTA.

6.5. TopemocoueHnTe HECHOTBETCTBUS B LMTUPAHETO NOCTABAT BBIIPOCA,
JIOKOJIKO aBTOPBHT HAIBJIHO C€ € 3amo3Hajl ¢ BCUYKU 136 U3TOYHUIU B
oubnuorpacdusara. [IpenopryBaM Ja ce U3BBPIIN MPOBEPKA U KOPEKITUS
Ha IUTUPAHUITA B TEKCTA Ha JUCEPTALIUATA.

Te3u 3abenexku U MPENOPHKM HE OMAaJOBakaBaT IsUIOCTHATa paboTa Ha

JIOKTOpPAHTA.

9. JInyHU BHEYATIIEHHUS U APYTH BHIIPOCH, II0 KOMTO PEHEH3EHTHT CYMTA,
ye cjeABa 1a B3eMe OTHOLICHUE

Peuen3enTpT mno3HaBa Maructbp (usuk Jlrodomup EBrenneB MaHOB 0T
IOCTHIIBAHETO My Ha paboTa KaTro acCUCTEHT B KaTeapa ,,KOMMIOTbpHU CHUCTEMU U
TEXHOJIOTUU®, KBJETO C€ MpOsBSIBA KaTO OTTOBOPEH, JIOSJIEH, KOMYHHMKAaTHUBEH H
anantuBeH Kosiera. OCHOBHUTE My Hay4YHU MHTEpecH ca B oliacTra Ha ¢u3MKara, U
MO-KOHKPETHO B H3CJIEIBAHE HA paJualMoOHHUS (OH, 3a KOETO CBUJETEICTBAT
HETOBUTE MyOIMKaIlMHY, €IHA KOUTO € pedepupana u MHIAEKCUpaHa B Scopus.

JluceprallMOHHUAT TpyA W NyOIMKaUMUTE MO HEro JAEMOHCTpUpatr, 4e
JOKTOPAHTBHT yMEE YCHEIIHO J1a W3I0JI3BA METOAWUTE Ha W3KYyCTBEHUS HMHTEJIEKT U
ChbBPEMEHHU MPOTPaMHU MPOAYKTH B CBOSATA HAyYHO-U3CIIEOBATENICKA paboTa, KaKTO

N CaMOCTOATCIIHO J1a pflllaBa HAYYHO-TIPUIIOKHU HpO6J'IeMI/I Ha BUCOKO HAYYHO HHUBO.

10. 3akiaouenue

Ot6ena3aHuTe OT MEH KPUTUYHU OCNEKKM KbM JHCEPTAMOHHUS TPYyA He
HaMaJIsIBaT 00II0TO MOJIOKUTEIIHO BIIEUATIIEHUE OT MPEAJIOKEeHaTa HayyHa pa3padoTka.
[IpencraBeHUAT 3a pPEUEH3UPAHE NHCEPTALMOHEH TPYA € HAyYHO-IIPUIIOKHO


https://ieee-dataport.org/%20sites/default/files/analysis/27%20/IEEE%20Citation%20Guidelines.pdf
https://doi.org/10.1007/978-3-031-01821-3

W3CIICABAHE 110 aKTyaJeH MpoOseM ¢ SICHO M3pa3eHN HAYYHO-TPUIIOKHU U TIPHIOKHH
IMPUHOCH W TyONUKyBaHW pe3yiaTaTu. Jucepramusata U aBropedepaTbT KbM Hes
OTTOBapsT HAa M3UCKBAaHUATA 3a MPUIO0OMBaHE Ha O0Opa3oBaTeliHA M Hay4yHa CTEICH
,,JJOKTOp** Ha 3aKOHa 3a pa3BUTHE Ha aKaJeMUYHUs chbcTaB B PenmyOnuka bearapus u
[IpaBunHUKa 3a HeroBoTO Mpuiarane u [IpaBuiHuKa 3a 00y4eHHE U TPUIOOMBaHE HA
HayuHu crenenu B HBY ,,B. JleBcku®.

11. Ouenka Ha JUCEePTANMOHHMS TPYA

OueHsiBaM TMOJIOKUTEIIHO JIUCEPTAlMOHHUS Tpyd Ha TeMa ,,OTKpUBaHE U
pa3no3HaBaHE HAa YACTUYHO BUJIMMHU OOEKTH C BOEHHO NpPEIHA3HAYEHUE B ONTUYHU
M300pakeHUs ¢ M3MOJI3BaHE HA M3KYCTBEH MHTENIEKT M MpeajiaraM Ha yBaKaeMHTE
YJICHOBE Ha HAYYHOTO >KypPH Jla B3eMaT peIlieHUE 3a MPUCHKIAHE HAa MarucTbp (pu3mK
JIrobomup EBrenneB MaHoB Ha oOpas3oBarenHara M HayyHa CTENEH ,,JJOKTOpP™ 1O
JOKTOpCKa IporpaMa ,,ABTOMAaTU3UpaHU CUCTEMH 3a 00paboTka Ha MHPOpMaAIUs U
ynpasienue, OOmact Ha BucHIeTO oOpa3oBaHue: S. ,TeXHUUECKH HayKu“,
[Tpodecuonanno Hamnpasnenue 5.3. ,,KoMyHUKallMOHHA U KOMIIOThPHA TEXHUKA .

07.04.2026 1. Penensenr:

rp. lllymen /mpog. a.H. unxk. CaBoBa/
(3saHue, nodnuc, pamunus)
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1. Relevance and significance of the research problem under study

In recent years, convolutional neural networks (CNNs) have emerged as an
effective model for solving image classification tasks, thanks to their ability to extract
abstract and hierarchical features from visual data. As a key tool in computer vision,
they enable the automated classification of military targets in real time, facilitating
rapid situational assessment, informed tactical decision-making, and precise execution
of decisions in dynamic, high-risk environments.

The ability to correctly identify different categories of military assets, especially
in a multi-domain operations environment that explicitly involves camouflage,
complex backgrounds, blurring, and partial concealment of targets, has a significant
impact on shortening the Observe — Orient — Decide — Act (OODA). Therefore, the
neural network models used are trained to recognize targets even when they are
partially obscured, blended into the background, low-contrast, small in size, or in
motion. This is achieved by applying techniques such as:

e an attention mechanism in which the neural network dynamically focuses on

the most important parts of the image, ignoring background noise;

e multi-scale architectures that analyze images simultaneously at different
scales using image pyramids and features;

e generative models for reconstructing missing parts, which, by reconstructing
hidden geometry, reduce errors in object identification and enhance the
robustness of computer vision systems when operating in complex, real-
world environments;

e data augmentation technique in computer vision in which parts of objects in
training images are artificially hidden or obscured to teach the model to
recognize objects even when they are not fully visible. In this case, the
following techniques are applied: CutOut, Random Erasing, Cut-Mix, Copy-
Paste, Hide-and-Seek, and Synth-Occlusion.

The significance of the problem of correctly identifying different categories of
partially hidden military objects is demonstrated by the numerous publications in
recent years, some of which are:

1. Dobrzycki, A. D., & Bernardos, A. M. (2026). To fuse or not to fuse:

enhancing military operation object detection with multimodal late fusion
and color space optimization. Applied Intelligence, 56(4), 100.

2. Kumar, S., Asiamah, P., Jolaoso, O., & Esiowu, U. (2025). Enhancing image
classification with augmentation: data augmentation techniques for improved
image classification. arXiv preprint arXiv:2502.18691.

3. Ryu, S. E., & Chung, K. Y. (2021). Detection model of occluded object based
on YOLO using hard-example mining and augmentation policy optimization.
Applied Sciences, 11(15), 7093.

4. Sachenko, A., Derysh, B., Dubchak, L., Sachenko, S., & Chereshnyuk, O.
(2025). Real-time military vehicle classification via convolutional neural
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networks. Proceedings of the Modern Data Science Technologies Doctoral
Consortium, 239-251.

5. Saleh, K., Szénasi, S., & Vamossy, Z. (2021, January). Occlusion handling
in generic object detection: A review. In 2021 IEEE 19th World Symposium
on Applied Machine Intelligence and Informatics (SAMI) (pp. 000477-
000484). IEEE.

6. Pavlova, M. (2020). Processing of Information from Wireless Sensor
Networks Using Convolutional Neural Networks for Fire Detection.
Dissertation, Technical University of Sofia.

7. Hristov, A. N. (2025). Generalizing Properties of Layers in Convolutional
Neural Networks. Dissertation, Sofia University “St. Kliment Ohridski”.

The number of datasets containing military sites with open access is also
increasing:

1. Military objects in military environments, Mendeley Data, V1.
https://data.mendeley.com/datasets/rcxth67zkn/1 (It consists of 7985
images, divided into 4 classes)

2. Military Assets Dataset.
https://www.kaggle.com/datasets/rawsil 8/military-assets-dataset-12-
classes-yolo8-format. (It consists of 26,315 images, divided into 12 classes
in YOLOS format)

3. TriNet, https://www.kaggle.com/datasets/sudipchakrabarty/trinet (A large
dataset in YOLO format for military, paramilitary, and non-military
organizations)

In light of the above, the topic of the dissertation, “Detection and Recognition of
Partially Visible Military Objects in Optical Images Using Artificial Intelligence,”
authored by Lyubomir Evgeniev Manov, M.S. in Physics, is particularly timely and
significant.

2. General Characteristics and Structure of the Dissertation

The dissertation is structured into a preface, four chapters, general conclusions
and contributions, as well as two appendices totaling 34 pages. The main text spans
123 pages and contains 48 figures and 29 tables. The bibliography consists of 136
literary and electronic sources in Latin script. Many of them are not cited in the text of
the dissertation, such as sources [1], [43], [45], [56], [63], [66], [83], [84], [93], [98],
and [123] (The reviewer checked the oldest sources from 1943 to 1972, as well as a
random sample of sources with numbers ending in 3).

The preface outlines the rationale for the dissertation, justifies the relevance of
the problem under consideration, defines the objective and main tasks in accordance
with the dissertation topic, and describes the scope and methods for achieving the
objective, as well as the scientific novelty and practical utility of the study.

The first chapter, which is an overview spanning 14 pages, provides an analysis
of the current state of existing scientific research related to the detection and
recognition of partially visible military objects in optical images. The review includes
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68 references covering: methods for detecting and recognizing objects in optical
images; applications of deep neural networks addressing problems related to partial
object visibility; and analytical approaches for the transfer and reuse of knowledge.

Chapter 2 (35 pages) presents the theoretical foundations and mathematical
models of deep learning-based multilayer neural networks. The architecture and
operating principles of CNNs, the algorithms for their training and prevention of
overfitting, as well as the basic building blocks and well-known CNN architectures are
discussed. A mathematical model for classifying partially visible objects has been
formalized by introducing a binary visibility mask and accounting for its influence on
the forward propagation of information and the backpropagation of error in the neural
network.

In Chapter 3 (26 pages), the doctoral student selects a dataset of 2,748 images of
military equipment, categorized into eight classes, and conducts two experiments using
them in the MATLAB environment. The first experiment evaluates the accuracy of
recognizing military objects from these eight classes using 19 pre-trained neural
networks, including classical, modern deep, as well as optimized and specialized
convolutional network models. The experiment reports a low average detection rate
ranging from 54.56% for EfficientNetBO to 73.64% for DenseNet201. The second
experiment investigates the impact of the knowledge transfer technique with additional
training of the output layers on six selected models with different architectures
(AlexNet, GoogleNet, ResNet18, ResNet50, DarkNet19, and EfficientNetB0) using
the data augmentation approach with 4 variants of 50% object masking and 4 variants
of 25% object masking. The experiment shows an increase in recognition accuracy up
to 95.60% for. EfficientNetBO.

In the fourth chapter, spanning 43 pages, the doctoral candidate designed,
systematically investigated, and optimized a specialized six-layer CNN architecture for
the recognition of partially visible military objects. The results of three experimental
training stages of CNN-6 with increasing complexity of the training data are presented.
A comparison is made with the retrained EfficientNet-BO network. A "sliding window"
algorithm for recognizing partially occluded military objects and a cascade model for
semantic filtering and recognition in mixed scenes containing both civilian and military
objects have been implemented.

Appendix 1 presents the input text files and generated figures from the operation
of the designed multilayer CNNs. Appendix 2 contains the main sections of the source
code for the programs used to model, train, and test the CNNs multilayer.

The dissertation clearly defines its objective, main tasks, subject matter, the
scope of the methods used to achieve the objective, and the methodological framework
of the research. Overall, the dissertation is presented in a scientifically sound style.
Correct scientific terminology is used, though there is some unnecessary detail
regarding well-known facts and theoretical concepts in Chapter 2.

I believe that the dissertation meets the requirements for content and overall
structure of a scholarly work.
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3. Description of the scientific and applied scientific contributions in the
dissertation. Reliability of the material

I accept the contributions outlined in the dissertation. They can be classified as

follows:

Scientific and applied contributions:

l.

2.

Artificial intelligence methods for detecting and recognizing partially
occluded objects in optical images are analyzed (Chapters 1 and 2).

The applicability of 19 pre-trained convolutional neural networks was
experimentally evaluated, and their low accuracy in recognizing partially
occluded military objects was empirically demonstrated (54.56% for
EfficientNetB0). The impact of the knowledge transfer technique with
additional training of the output layers of six selected CNN models was
investigated, confirming an increase in recognition accuracy (95.60% for
EfficientNetBO0) (§ 3.2 and § 3.3).

. A specialized six-block CNN architecture for recognizing partially visible

military objects has been optimized, demonstrating a better balance between
accuracy and computational efficiency compared to EfficientNetBO (§ 4.4
and (§ 4.5).

The classic computer vision algorithms—the "moving window" algorithm
and the cascaded (hierarchical) model, consisting of a primary domain filter
and a specialized classifier, which ensure the localization of visible fragments
of the hidden object and the ability to distinguish between military and
civilian objects without the need for additional retraining of the network with
an increased number of classes (§ 4.7).

Applied contributions:

1.

A specialized database of optical images of military equipment has been
created, including scenes from actual combat and training operations,
partially occluded objects using image cropping techniques, which are
applicable to solving image recognition tasks with military applications,
using neural networks (§ 3.3.1).

Scripts have been developed in the MATLAB programming environment to
model a six-layer CNN architecture, the "sliding window" algorithm, and the
cascade (hierarchical) model; their modularity allows them to be adapted to
other image processing tasks (Appendix 2).

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

The scientific-applied and applied contributions of the dissertation are reflected
in the application of existing scientific methods, algorithms, and tools to existing
aspects of the problem of detecting and recognizing partially visible objects in optical
images using artificial intelligence and obtaining confirmatory evidence. After further
refinement and verification with experimental data, they could be implemented in

practice.

15



The reviewer considers that they fully meet the requirements of the Law on the
Development of Academic Staff in the Republic of Bulgaria and the Regulations for
its implementation. I agree that the contributions outlined above are entirely the work
of the doctoral candidate.

5. Evaluation of the publications related to the dissertation and authorship

The dissertation includes five publications in Bulgarian presented at the
"Defense Technologies" conference, an international event held annually at the Faculty
of Artillery, Air Defense, and C4I at the National Military University "V. Levski" from
2023 to 2025. One of the papers has a co-author, while the others are authored solely
by the candidate. Three papers, published in 2023, 2024, and 2025, present the
literature review for the dissertation, and two of them, published in 2025, present the
results of the scientific author’s research.

All of them correspond to the content of the dissertation, but there are numerous
spelling and stylistic errors, even in the titles and keywords of the papers. There is no
evidence that the contributions from the dissertation have been published in
international journals that are peer-reviewed and indexed in global databases. There is
no evidence of plagiarism in the author’s publications, including in the dissertation and
the publications based on it.

I consider these publications to be the original work of the doctoral candidate,
Lyubomir Evgeniev Manov, M.S. in Physics. The number of publications included in
the dissertation meets the minimum requirements for the award of the academic and
scientific degree of “Doctor” in accordance with the relevant regulations.

6. The doctoral student’s literary awareness and competence

The bibliography in the dissertation “Detection and Recognition of Partially
Visible Military Objects in Optical Images Using Artificial Intelligence” comprises
136 sources in English only, spanning the period from 1943 to 2026. Only 6 of the
publications are from the last 5 years, one each from 2022 to 2025, and two from 2021.
There are 3 web addresses numbered [80]—-[82] with pages containing descriptions of
MATLAB dated 2026. I assume this is the year in which they were accessed, as
required by the standards for citing web addresses. The oldest literature sources are
from 1943 [83], 1949 [45], 1958 [98], 1958 [56], 1969 [84], 1972 [1], and [66] are not
cited in the text.

This raises the question of whether the author has provided a comprehensive
review of the subject matter of the dissertation and whether the knowledge he has
acquired is up to date, taking into account the numerous publications on the subject
over the past five years.

There is a lack of consistent application of the steps involved in searching for
literature in electronic databases (e.g., Web of Science, Scopus, ResearchGate, etc.)
using keywords; reviewing and excluding sources that do not pertain to the topic;
selection and application of strict inclusion and exclusion criteria for literature sources;
and, as a final step, the final determination of the literature sources to be used in the
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dissertation, based on criteria selected by the doctoral candidate and their
corresponding metrics.

I believe that the doctoral student has acquired knowledge of the subject matter
under consideration and understands the nature of the problem, but does not apply the
standardized approach to conducting and reporting systematic literature reviews and
analyses with sufficient critical rigor.

7. Evaluation of the abstract

The submitted abstract is 43 pages long. The numbering of the figures, tables,
and formulas corresponds to that in the dissertation. It is structured in accordance with
the sequence and logic of the dissertation. I believe that it fully reflects the author’s
research and the results obtained.

8. Critical Comments

I have the following critical comments and recommendations regarding the
dissertation:

1. The introduction lacks a clear structure and a brief summary of the
dissertation, and the conclusion does not provide guidelines for further
research.

2. Chapter 2 contains a number of unnecessary explanations of well-known
theoretical concepts, which are explained in excessive detail using ideas and
figures from other authors. The dissertation lacks a comparative analysis by
the author, with a selection of criteria and corresponding indicators, through
which to identify the main theoretical propositions and mathematical
relationships used in the study.

3. In some places in the text, there are incorrect terms or labels, or explanations
for the symbols used are missing:

3.1. The MATLAB environment is described as a "mathematical" laboratory

rather than a "matrix" laboratory (p. 61).

3.2.  The convolution symbol (*) is defined in equation (2.100) (p. 57), but is
also used in (2.39) (p. 36). The multiplication symbol “x” in matrix
dimensions is very often written in italics (2.97), (2.98), etc. (p. 57).

3.3. The notation A in (2.102) has not been defined earlier (p. 57). The
notation “arg” in (2.95) has not been explained (p. 57). In (4.3), N is not
explained, nor are the statistics X« (p. 112).

3.4. The conclusions use terms in English (Conclusion 4, p. 58).

3.5. Irecommend that the author review and revise the mathematical models
for classifying partially visible objects using a multilayer convolutional
network (§ 2.5) and an interval classification approach (§ 4.7.2) before
publishing them in peer-reviewed and indexed international databases.

4. Two different methods were used to cite figures: writing the source in italics

below the figure title (Fig. 2.1, 2.2, 2.9, 2.12-2.14) and citing in square
brackets (Fig. 2.3-2.8 [86], Fig. 2.11 [117]). I recommend that the author
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6.1.

6.2.

6.3.

6.4.

6.5.

standardize the method of citing figures before submitting the dissertation
materials to NACID.

. A mixed approach is used for citing sources in the text and the bibliography.

Most sources in the bibliography are formatted using APA style, while in the
text they are cited in square brackets “[]” using IEEE style. In the APA-style
bibliography, the year of publication is listed in parentheses after the authors,
whereas in the IEEE-style bibliography, it appears at the end of the cited
document. The dates on which the web addresses were accessed are missing.
The APA, MLA, and Chicago styles use parentheses in the format (author,
date, page) for in-text citations. The cited bibliography lacks italics to
distinguish book and journal titles from article titles and book chapters. I
recommend that the author review the APA (https://apastyle.apa.org/) and
IEEE (https://ieee-dataport.org/ sites/default/files/analysis/27 /IEEE%
20Citation%20Guidelines.pdf) citation guides, as these are the primary ones
used in academic research.

. Inconsistencies were found in the citation of references within the text of the

dissertation:

Figs. 2.3-2.8 are from the book [63]Khan, S., Rahmani, H., Shah, S. A.
A., Bennamoun, M., Medioni, G., & Dickinson, S. (2018). A guide to
convolutional neural networks for computer vision. Springer Cham, DOI:
https://doi.org/10.1007/978-3-031-01821-3, but are cited under reference
number [86].

The citation of equations (2.44) and (2.45), as well as the paragraph
following them, is not from source [13].

Equation (2.46) and the explanatory paragraph following it are not from
source [23]. The term "perceptron" does not appear in the manual [23]
,Dumoulin, V., & Visin, F. (2016). A guide to convolution arithmetic for
deep learning. arXiv preprint arXiv:1603.07285.

References [1], [43], [45], [56], [63], [66], [83], [84], [93], [98], and [123]
are not cited in the text.

The aforementioned inconsistencies in the citations raise the question of
whether the author has thoroughly reviewed all 136 sources listed in the
bibliography. I recommend that the citations in the text of the dissertation
be reviewed and corrected.

These comments and recommendations do not detract from the doctoral

student’s

overall work.

9. Personal impressions and other issues on which the reviewer believes it
is necessary to comment

The reviewer has known Lyubomir Evgeniev Manov, M.S. in Physics, since he

began w

orking as an assistant in the Department of Computer Systems and

Technologies, where he has proven himself to be a responsible, loyal, communicative,

and adaptable colleague. His primary research interests lie in the field of physics,
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specifically in the study of background radiation, as evidenced by his publications, one
of which is indexed in Scopus.

The dissertation and the publications based on it demonstrate that the doctoral
candidate can successfully apply artificial intelligence methods and modern software
tools in his or her research work, as well as independently solve applied scientific
problems at a high academic level.

10. Conclusion

The critical comments I have noted regarding the dissertation do not diminish
the overall positive impression of the proposed research. The dissertation submitted for
review is a scientific and applied study on a topical issue with clearly defined scientific,
applied, and practical contributions and published results. The dissertation and its
abstract meet the requirements for the award of the academic and scientific degree of
“Doctor” as set forth in the Law on the Development of Academic Staff in the Republic
of Bulgaria, the Regulations for its Implementation, and the Regulations on Education
and the Awarding of Academic Degrees at the National Military University “V.
Levski.”

11. Evaluation of the dissertation

I give a positive evaluation of the dissertation titled “Detection and Recognition
of Partially Visible Military Objects in Optical Images Using Artificial Intelligence”
and propose that the esteemed members of the academic jury decide to award Master
of Physics Lyubomir Evgeniev Manov the academic and scientific degree of “Doctor”
in the doctoral program “Automated Information Processing and Control Systems,”
Field of science: 5. “Technical sciences”, Professional field of science: 5.3.
“Communication and Computer Equipment”.

07.04.2026 Rewier:
Shumen /Prof. Eng. n1.H. unxk. Savova, DSc/
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