CTAHOBHIIE

OT noA1. AoueHT A-p uixk. Kpacumup OrusiHoB CraBsiHOB
HAYaJIHUK Ha KaTenpa ,,KOMmoTbpHU CHCTEMH U TEXHOJOTHHU
®axynrer ,,Aprunepus, [IBO u KUC*,
Hauwnonanen Boenen Yuusepcurer ,,Bacun JleBcku®
Ha AucepTaunoHHus Tpyn Ha Jliro6omup EBrennes Manos
Ha TeMa
,OTKPUBAHE U PA3IIOSHABAHE HA YUACTUYHO BUJVMH OBEKTU C BOEHHO
IMPEAJHA3HAUYEHME B OITTUYHU N30BPAKEHUA C U3ITIOJI3BAHE HA
U3KYCTBEH UHTEJIEKT®,
npefcTaBeH 3a npuaoOuBaHe Ha 0Opa3oBaTeNHATA U HAYYHA CTEMEH ,,JOKTOP MO TOKTOPCKA
nporpama ,,ABTOMaTH3HPaHU CUCTEMH 3a 00paboTKa Ha MHPOPMALHS U yIpaBieHne

1. AKTYaJIHOCT ¥ 3HAYUMOCT Ha pa3padoTBaHHusl HAy4eH npolJemM

JlucepTaliMOHHUAT TPYJ €€ CbCTOU OT 175 cTpaHuiy, OT KOUTO OCHOBEH TeKCT — 140
ctp. bposT Ha purypure e 48, a GposiT Ha TabnuruTe € 29. BposAT Ha TUTEPATYPHUTE U3TOYHHULIN
e 136. KbM aucepTaumoHHus TPy ca BKJIIOYEHU U 2 MPWIOKEHUs ¢ 0011 o6eM oT 34 cTp.

IIpenBun CHBPEMEHHOTO pa3BUTHE HA pPA3JIMYHU TEXHOJOTMH HA U3KYCTBEHUS
UHTENEKT, W3MOJN3BAHETO Ha pa3iuYHU BHUJOBE CHCTEMH 32 B3€MaHe Ha peELIeHHE WU
NOATIOMAraHe B3€MaHETO Ha PelIeHHEe C M3KYCTBEHH HEBPOHHH MPEXH Oesieku 3HAUYUTEJIeH
pbcr. Hammumero Ha rojsiM puck oT 3ary0a Ha YOBELIKH JKUBOTH M CKBIIOCTPYBALIH
MHBECTHLIMOHHHU MPOEKTH 32 ChBPEMEHHH OTOPAHHWTENHU TEXHOJOTMH INpearoiara BCe I0-
BUCOKH U3UCKBAHUS 33 €(EKTHBHOCTTA M MPOU3BOJUTEHOCTTA Ha CUCTEMHTE 32 Pa3IO3HABAHE
Ha BOEHHHU 00EKTU MPU 3aCHEMAaHe B Pa3IMYHU aTMOC(epHH yCIOBHs 1 100pa MAaCKHMPOBKA Ha
00eKTHTE, KaTo Hai-u4ecTo Ce Ch3IAaBaT N300PaKEHUS ¢ HEOCTAThLH U JIUICA HA KOHKPETHH
JeTainy.

C BBBEXZAHETO M Pa3BUTHUETO Ha ABJIOOKO CTPYKTypUpaHO oOOyd4eHue,
KOHBOJIFOLIMIOHHUTE HEBPOHHU MPEKH U TEXHOJIOTUUTE HAa KOMIIOTHPHO 3pEHHE, PA3IUUYHUTE
CHCTEMM C TE€3M TEXHOJIOTMM IOBMIIABAT CTAHAAPTUTE MpPU KiacupuKauus, AETEKIHS U
cerMeHTauusi Ha 00eKkTH, OCOOEHO MPHUJIOKHMMH OIepaly MpU OTOpaHaTa Ha TAKTHYECKH U
CTpaTernyecku 0OEKTH OT BOGHEH HHTEPeC.

ITpobnemaTnkaTa Ha CUCTEMUTE 33 pa3y3HaBaHE C MPHIIOKEHUE HA U3KYCTBEH HHTEJIEKT
ce ompezness KaTo akTyaslHa U 3Ha4MMa 3a pasIiekAaHaTa B AUCEepPTaLlUsITa TeEMA.

Brnpekn 3HaunTenHust Opol MTHUpPAHW M3TOUHULM - 136, mo-mogpoOeH aHamu3 Ha
U3BBPIIEHOTO OT JOKTOPAHTA MPOYYBaHE HA CbBPEMEHHOTO ChCTOSIHME Ha MpoliemMa 1mocousa
caMo 8 LUTHPaHU pa3pabOTKH MO TeMaTa, KOUTO ca myOnukyBaHu B nepuoaa 2021 — 2025 r.
OcCHOBHMTE ILMTHUpPAaHM M3TOYHMLM oOxBammar mnepwoma 2010-2020 r., KakTO M MO-CTapu
nyOnnkaunu. ToBa n1aBa OCHOBaHUSA Jja Ce MPEATIONIOKH Ce, e JOKTOPAHTHT He Ce € ChoOpas3mi
B JIOCTaTh4HA CTEIEH C JOCTIKEHHATA HAa HayKaTa B 00JIaCTTa HA N3KYCTBEHUSI HHTEJIEKT CJIe]
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MMOJHOBABAHCTO HAa BOCHHHA KOH(I)J'II/IKT B VKpafIHa, KONTO npoabji’kaBa BCYC ITOBCUE OT 4
rOANHU, KaKTO U C MMOCJIICAHUTEC JOCTUKECHUS Ha TCXHOJIOTMHUTEC HAa U3KYCTBCHUS UHTCJICKT.

Temata Ha AUCEPTAUUOHHUA TpPpyAd CbOTBETCTBA C OCHOBHOTO CbHbABPIKAHHUEC Ha
pa3pa60TKaTa, KOATO ChbABPrKa HOBOCT IPU MPOCKTUPAHETO HA HECBPOHHA apXUTCKTYpPa C HICCT
KOHBOJIFOITMOHHHA OJIOKa OT CJIOEBE C noz[o6peHa TOYHOCT IIPpU pas3rO3HAaBaHC Ha YaCTUYHO
3aKpUTU BOCHHU 00€eKTH.

2. OIICHKa HAa HAYYHHUTE PE3YJATATH H IPHHOCUTEC HA TUCCPTALNOHHUS
TpyA.

OCHOBHUTE MOJyYeHU KPaliHU pe3yJITaTH OT H3CJIe0BaTeNIcKaTa paboTa Ha JOKTOPAHTA
BKJIIOYBAT NMPOEKTHPAHEe M CHMYyJALMOHHO TeCTBaHe Ha paboTaTa Ha M3KYCTBEHa HEBPOHHA
ApXUTEKTypa C LIECT KOHBOJIOLMOHHU OJIOKa OT CJIO€BE C HEBPOHHM 3a Pa3lO3HABAaHE Ha
YACTHYHO 3aKPUTH BOEHHH O0OEKTH, KOSATO CTPYKTYpa Ce XapakTepusupa ¢ mopodpeHa TOUHOCT
1 ObP301eiiCTBIE PU ONpeNeIeHH HUBA HA U3YHCIUTENIHA CIOXKHOCT.

B xona na uzcnenoaresnckara padota e pa3paboTeH 1 KacKaaeH MOJEN 38 CEMAaHTUYHO
dunTpupaHe Mo KaTeropuu 3a aHAJIW3 Ha pasIIMpeH Habop OT KJIacOBe, KOETO MOXE /a ce
MPUJIOKH MTPU TIOATIOMAraHe Ha Pa3rpaHuvaBaHETO HA BOGHHH OT LIUBHJIHU OOEKTH.

AHamUTUYHUAT 0030p HAa CHINECTBYBALIUTE METOAM Ha M3KYCTBEHHSI HHTEJNEKT,
NpenxoXaal] H3CIeBaHUATA IO Temara, OOMYaiiHO He Cce CBbp3Ba C MPUHOCH, a
eKCIIePUMEHTAIHATA OLIEHKA Ha ChbBPEMEHHH, MPEABAPUTENIHO OOYYEHH M3BECTHH HEBPOHHU
APXUTEKTYPH € C OrPaHNueHa HayYHO-MIPUIIOKHA TEXKECT, KOETO MOXKE J1a CIIyKH 32 OCHOBA Ha
Pa3IUYHM MO XapaKTep H3CIeIBAHMS.

W3BbpLICHUST CpPaBHUTENEH aHAJIM3 MEXKAy IMpenokeHata ONTHMH3MpaHa
KOHBOJIOLIIOHHA HEBPOHHA MpeXka M IMPEeTPEHHPAHNUTE W3BECTHU HEBPOHHHM ApPXUTEKTYpPH
NOTBbP)KAABa IMPEOMMCTBATA HA MNpPEJIOKEHATa HEBPOHHA apXUTEKTypa M pa3paboTeHus
KacCKaJleH MOJXO0/, HO TO3M BUJ U3BBPIICHU AEHHOCTH OOMYAITHO ca eTan MpU IMOCTUTaHETO Ha
OCHOBHH KpaiHU L€ 1 PE3yJITaTH.

Kato oboraTsiBane Ha ChINECTBYBALIM 3HAHUS OM MOTBJI [ja C€ ONMpPEnesH MPUHOCA HA
IOVCEPTALIMOHHUS TPY[, CBbP3aH CbC CTPYKTYPUPAHETO Ha CIEeLUATM3HpaHa 0a3a OT JaHHU C
ONTHYHM H300pa’keHNs HAa BOEHHA TEXHHUKA, BKJIIOYBALIA CLEHH OT peasHu OOHHU U
TPEHUPOBBYHHU YCJOBHUS, YACTHYHO 3aKPUTH OOEKTH M M300paKEHHsI C MHOXECTBO LIEJH B
kagabpa. Tasu 6asza ot maHHM OM MOTJIa Ja CIy>KU 3a 0OyueHHe, TeCTBaHe U OLIeHKa Ha paboTara
Ha HEBPOHHU MPEXHU NPHU 337a4H, CBbP3aHH C Pa3MO3HABAHE HA M300PaKeHUs C MPUIIOKEHNE
BBbB BOCHHATa 00JIACT.

3aaba0OUYeHNAT MPOYNT U AHAJIM3BT HA MOCTUTHATUTE PE3YJITATH B AUCEPTALMOHHHMS
TPy 3aIIMUTaBa IPUEMAHETO Ha CJIEAHNUTE HayYHO-IPUIIOKHH MPUHOCH:

e [Ipennoxken e momxon 3a oOOydeHHEe Ha CIELUATU3UpPAHa apXUTEKTypa Ha
MHOT'OCJIONHAa KOHBOJIIOLIMOHHA HEBPOHHA Mpe’ka, MPeAHa3HaueHa 32 OTKPUBAHE U
pasno3HaBaHe HAa YACTUYHO BHAMMHU OOEKTH C BOGHHO NpeIHa3HAYEHUE B ONTHYHH
N300pakeHusL.

e [IpoexTHpana, peanus3nupaHa 1 eKCIEPUMEHTATHO ONTHMU3HUPaHa € KOHBOJIFOL[OHHA
HEBPOHHAa Mpeka B pasBoiiHata mnporpamHa cpena Ha MATLAB, xosro ce
XapakTepu3upa ¢ mo-1odpa yCTOMYMBOCT NMPU YaCTHYHO 3aKPHBaHE M MO-I0OPO
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CbOTHOLIIEHHE MEKAYy TOYHOCT W H3YHMCIUTENHA €(DEKTHBHOCT B CpaBHEHHE C
U3CJIEIBAHUTE MPETPEHUPAHU APXUTEKTYPH.

e IlpemoskeH € KackaJeH MOIeN 3a CEMaHTUYHO (UITPUpaHe, TPH KOWUTO
NPEBAPUTENTHO TPEHHpPaHa HEBPOHHA Mpeka HW3IBbJHsSBA POJATA HA IIbPBUYEH
IOMEWHOB (UITBHp, Karo Crelual3upaHaTa HEBPOHHA MpEKa OCHIIECTBSBA
neraiinHata Kkiacuukaums Ha BOeHHUTEe O00ekTH. MOZenbT OCHUTypsiBa
pasrpaHMuYaBaHe HAa BOEHHH M LUBHJIHH OOeKTH 0€3 HEOOXOAMMOCT OT ITBJIHO
npeoOydeHue upe3 pasnupeH Habop OT KJIacoBe.

e PaspaOoreH € ajqropuThM 3a pa3lo3HABaHE HA MOIBJIHUTEHH KJACOBE YpPE3 Beve
HAJIMYHHU TIPU3HALIM, M3BJIEYEHH OT IMPEIBAPUTENHO TPEHHpPAHA HEBPOHHA MpeKa.
ANTOPUTBMBT H3MOJI3BA CTATUCTHYECKM MHTEPBANU U IPETETJIEHO OLIEHSBaHE B
MPOCTPAHCTBOTO Ha MPU3HALKTE, O€3 1a Ce U3MEHSI TbPBOHAYAIIHATA APXUTEKTYPa U
0e3 mpomsiHa Ha Oposi Ha U3XOIHUTE KJIACOBE Ha MPEXKaTa.

e HHTerpupaH € aropuThM 3a JIOKaJU3MPaHH BOSHHU OOEKTH B M300pakeHHUs 4upe3
UMIUIEMEHTUPAaHe Ha ,,TUIb3rall’ Mpo30peL], MpH KOEeTO pa3padoTeHaTa HEBPOHHA
Mpeka C€ H3IMOJI3Ba KaTO CHElHATN3HpaH KJIaCH(PHUKATOP 3a OTKPUBAHE WU
Kyacu(pUKaLUs Ha YaCTUYHO 3aKPUTH OOEKTH.

[lpuemam [nexnapupaHuTe B AUCEPTALIMOHHHS TPYA MPUIOKHH TPHHOCH KaTo
MOCTHDKEHHUST B TIPAKTHKATa, KOUTO OMXa MOIMJIM Ja MOMIOMOTHAT ObIEINy W3C/eIBaHus Ha
nogoOHa TeMaThka U KaTo 110 paboTaTa Ha M3CJIENOBATENN, U3IMOJ3BALIN CIIEHATU3UPAH
codTyep 3a paboTa ¢ TEXHOJOTHH HA W3KYCTBeHHs WHTENEKT. OmpenensiMm Karo aBTOPCKO
MOCTHIKEHHE HA TOKTOPAHTA CAEIHUTE MPHUIOKHU MPUHOCH!

e CtpykTypHupaHaTa crenuanuupaHa 0asa OT JaHHH OT ONTUYHU M300pa’KeHUs] Ha
BOEHHHM OOEKTH, BKJIFOYBAaIla CIEHH CbC CJIOKEH (POH, YaCTHYHO 3aKpPHBAHE,
pasnuuHu Mamabu W HajJu4he Ha MHOXKECTBO OOEKTH B Kaabpa € aHOTHpaHa H
nyOnukyBaHa 3a cBoOomeH nocten B miardopmara Kaggle ¢ uen na Obae
U3I0JI3BaHA 38 TECTBAHE HA HEBPOHHU MPEXH OT IPYTU H3CIEI0OBATEIH.

e Paszpaboren e codryepen mpororumn B pasBoiiHata mporpamua cpena MATLAB,
peanu3upall npenioKeHUTe HEBPOHHA apXUTEKTYpa M aJiTOPUTMH, KOWTO MOXKe J1a
Oble BHEAPEH B CHCTEMM 3a HaOJIFOJEHHE M aBTOMATH3HPAHO MOANOMAraHe Ha
pelueHusiTa B OE3MMJIOTHH JIETATEIHHU araparu 3a padoTa B PeajiHO BpeMe.

e PaszpaboreHure NPOrpaMHHM aJrOPUTMH Ca peaju3MpPaHd KaTO MOAYJIHU U
pasurupsieMu coTyepHH KOMITOHEHTH, KOETO MO3BOJISIBA TSIXHOTO aJalTHPaHEe KbM
ApyTH 3a1auu mo obpadoTka Ha M300pakeHUs, pa3IIUpPsBaHE KbM AOMBIHUTEIHU
KJIaCOBe OOEKTH, M3MOJI3BaHE HA [Py THIIOBE CEH30PHU JaHHH WIJIM HHTETPALHSI
ChC CBIIECTBY BALIM TPOTPAMHK U XapayepHH MIaTGOopMHu.

[TyOnukarmuTe Ha JOKTOpPAHTA 3acsiraT TeMara Ha MUCEPTALMOHHUS TPy, HO B IO

roJiiMara CH 4acT ca 0O30pHM M HE Ca HalMCaHU B CTPOT MOAPOOEH Hay4eH CTHII, ChIIIACHO
YTBbPIACHUTE OT MPAKTHKATA CTAHIAPTH.

3. Kputuunn OesiexKn

Ofmara XxapakTepuCTHKAa Ha AMCEPTALIMOHHUS TPYJ IO ONpenens KaTo JIOTHYECKH
IIOCJIEIOBATENIHO, TEOPETUYHO M CHCTEMATHYHO OIMCAHWE Ha NPENJIOKEHH peIleHHs Ha
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IpeaBapuTesHO AeUHUpaHH LeIH U 3aJa4H, KaKTO U MOAPOOHO OMHCAHME HA MPAKTHYECKA
peanu3auusi HA KOHKPETHH OPUTMHAIHU MMOIXOAN B CHMYJIALHOHHA €KCIIEPUMEHTAIHA Cpenia
3a paboTa ¢ U3KyCTBEH HHTEJIEKT.

Kato Hemocrarpiu mpu OQOPMICHHETO HA AMUCEPTALMOHHMAT TPyH MOraTr na ce
OCOYar:

e [IlpekaneHo pazgpoOeHaTra CTPyKTypa Ha OIKcCaTeiHaTa 4acT OT o030pa u
M3CJIEIBAHUSITA, KOETO HATOBAPBA YHUTATEIISL.

e B u3BecTHa CTereH U3JIULIHATA OOCTOSITEICTBEHOCT HA M3BOJUTE K'bM IJIABUTE HA
OMCepTaIMATa, KaKTO M HE3HAYUTENHH CTHJIMCTUYHH TPELIKH OT PeNaKIHOHEH
XapakTep.

e Hsikou OT M3BOOHUTE KBbM IJIABUTE HE Ca JOCTATHYHO SICHO, COUTO M KaTErOPUYHO
bopmyarpaHu.

e JlomycHaTH ca rojisiM Opoii rpaMaTUYHHU, TIPABOMMCHU M CTUJIOBH I'PEIIKH, KAKTO B
OCHOBHATa YacT Ha AMCEPTALMOHHUS TPyZ, Taka M B ONHCATEJHATa 4YacT Ha
NPUJIOKEHUATA U B Iy OJIMKALMUTE IO TEMATA.

ITyOnukariuTe Ha JOKTOPAHTA B XO/1a HA HETOBHUTE M3CJIEABAHMS 10 TEMATa ONPEnessiM
KaTo 0030pHU B MO-TOJIIMATa CHM 4acT (3 JOKjIaga OT O0IIO 5) KaTo B 3HAUMTENIHA CTEICH €
3aCThIIEH HAPATHBHUST XapaKTep Ha TEKCTa B Pa3JIMYHH [JIATOJIHH BpeMEHa, OIMHCBAIIl
o0wmon3BecTHU (PAaKTH M MOHATHSI OT O0JIACTTa HAa W3KYCTBEHHsI MHTENeKT. Hanuumero Ha
CTUJIMCTHYHM TPELIKH U JIUTICATA HA KOHKPETHH aBTOPCKU TEMATUYHO-(DOKYCHPAHU MTOIXOAU U
CTATHCTUYECKH PE3YJITATH, HA KOHKPETHH U OOOCHOBAHU M3BOIM IPU O0O30PHHUTE JAOKJIATH HE
JOMPHHACS 33 BHCOK HAy4YeH MHTEpec W ObAeriu LuTUpaHus Ha Tesu myOnukaunu. Huckoro
HHMBO Ha CAMOKPHTHYHOCT, KOETO Ce 3a0essi3Ba B YBOJHATA M B 3aKJIOUUTENIHATA 4acT HA
HAYyYHUTE JOKJIAgM CbIIO HE JONPUHACS 3a TIXHOTO nomyssipusupane llpu nBe oT
1y OJIMKAIIMUTE Ca OMKMCAHU M3CJEIBAHUS U PE3YJITATH, OMUCAHH B JUCEPTALUOHHUS TP, HO
KaTO IS0 BCHYKH MMy OJIMKALIUH 110 TUCEPTALUsITa Ca Ha OBJITAPCKU €3HK, B €1HA KOH(PEPEHLHS.
[TyOnukyBaHe Ha DOKJIAAU HAa OBIrapcKu €3UK B MEXIyHapoaHa KoH(pepeHuus: He Ou 10Beo
10 3HAYHMTENICH UHTEPEC 1 JOCTHIIHOCT Ha MOCTUIHATUTE PE3YJITATH B CBETOBHH 0a3y OT JaHHHU.
[IpenopbyBaM myONMKyBaHE Ha OCHOBHUTE DPE3yJITATH, CBBP3aHH C HAYYHO-TIPHIIOKHU H
NPUJIOKHY TIPUHOCH Ja O'bJIe B M3IaHHsI B CBETOBHU 0a3H OT JaHHH, KAKTO U B TAKUBA C UMITAKT
(bakTOp ¥ UMIAKT PaHT.

JlonycHature  cnmabocth  HE  OMajoBakaBaT  IIOCTUTHATUTE  pe3yJTaTH B
IUCEPTALIMOHHUS TPY .

4. 3axaro4yenue

OpI/IFI/IHaJ'IHI/ITe IIPUHOCHU HAa AOKTOpPAaHTa B HayKaTa, ONMCaAHU B HAYYHO-IIPUJIIOKHHUTE
pe3ylTaTtu, JOKa3BatT 4 TOH IpUuTECIKaBa SaI[’b.]'I6OLIeHI/I TCOPETUIHHN 3HAHUA 11O CIICLHUAJIHOCTTA
U CIIOCOOHOCTH 32 CAMOCTOSITESIHM HAay4HH u3cneaBaHust. 110 TO3n Ha4MH MUCEPTALIOHHUAT
TPYA OTroBapsi Ha M3UCKBaHUATAa Ha uji. 27 or lIpaBunHuka 3a mpuaraHe Ha 3aKOHA 3a
pa3BUTHE Ha aKaJeMHYHHs ChCTaB B PenyOnuka bbarapus.
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S. Onenka Ha AUCEPTALUMOHHHSA TPYA

Ha 6a3ara Ha 3aaba004eH aHau3, OLEHsABaM MOJIOKUTEIHO AUCEPTALMOHHUST TPY I Ha
Tema ,,OTKpUBaHe 1 pa3No3HABaHE HA YACTMYHO BUIUMH OOEKTH C BOGHHO NpeIHA3HAUYEHHE B
ONITHYHH M300pakeHMsI ¢ M3MOJI3BaHe HA U3KYyCTBEH MHTeNekT . Ilpennaram Ha yBakaemure
YJICHOBE HA HAYYHOTO JKypH JAa B3eMaT pelneHwue 3a npuchxinaHe Ha Jlrobomup EBrenues
ManoB Ha oOpaszoBaTenHaTa W HaydHa CTeNeH ,,JJOKTOP“ IO MJOKTOpCKa mporpama
,,/ABTOMaTH3upaHu cucTeMu 3a oOpaborka Ha uH(popmainust u ympasneHue”, OOnact Ha
BuciieTo obOpaszoBanue: 5. ,Texuuuecku Hayku™, I[lpodecuonanHo nampasneHue 5.3.
,, KOMyHUKAIIHOHHA U KOMITIOThPHA TEXHHUKA™.

07.05.2026 . UieH Ha )XypUTO:

rp. lllymen / moan. gou. n-p nwx. Kpacumup OrusinoB CiassiHOB /
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OPINION

by lieutenant colonel Associate Professor Dr. Eng. Krasimir Ognyanov Slavyanov
Head of the Department “Computer Systems and Technologies”,
Faculty “Artillery, Air Defense and CIS”,
National Military University “Vasil Levski”
of the dissertation work of Lyubomir Evgeniev Manov
on the topic
“DETECTION AND RECOGNITION OF PARTIALLY VISIBLE MILITARY OBJECTS
IN OPTICAL IMAGES USING ARTIFICIAL INTELLIGENCE”,
presented for the acquisition of the educational and scientific degree “Doctor” in the doctoral
program “Automated Systems for Information Processing and Control”

1. Relevance and significance of the scientific research problem

The dissertation consists of 175 pages, of which the main text is 140 pages. The number
of figures is 48, and the number of tables is 29. The number of referenced external sources is
136. The dissertation also includes 2 appendices with a total volume of 34 pages.

Given the modern development of various artificial intelligence technologies, the use of
various types of decision-making systems or decision-support systems with artificial neural
networks has seen significant growth. The presence of a high risk of loss of human lives and
costly investment projects for modern defense technologies implies increasingly higher
requirements for the effectiveness and productivity of military object recognition systems when
taking pictures in different atmospheric conditions and good camouflage of objects, most often
creates images with flaws and a lack of specific details.

With the introduction and development of deep learning, convolutional neural networks
and computer vision technologies, various systems with these technologies raise the standards
in object classification, detection and segmentation, especially applicable operations in the
defense of tactical and strategic objects of military interest.

The issue of intelligence systems with the application of artificial intelligence is defined
as relevant and significant for the topic considered in the dissertation.

Despite the significant number of cited sources - 136, a more detailed analysis of the
doctoral student's study of the current state of the problem indicates only 8 cited works on the
topic, which were published in the period 2021 - 2025. The main cited sources cover the period
2010-2020, as well as older publications. This gives reason to assume that the doctoral student
did not sufficiently take into account the achievements of science in the field of artificial
intelligence after the renewal of the military conflict in Ukraine, which has been going on for
more than 4 years, as well as the latest achievements in artificial intelligence technologies.

The topic of the dissertation corresponds to the main content of the work, which contains
a novelty in the design of a neural architecture with six convolutional blocks of layers with
improved accuracy in recognizing partially obscured military objects.
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2. Assessment of the scientific results and contributions of the

dissertation

The main results obtained from the doctoral student's research work include the design
and simulation testing of the performance of an artificial neural architecture with six
convolutional blocks of neural layers for the recognition of partially obscured military objects,
which structure is characterized by improved accuracy and speed at certain levels of
computational complexity.

In the course of the research work, a cascade model for semantic filtering by categories
was also developed for analyzing an expanded set of classes, which can be applied in helping
to distinguish military from civilian objects.

The analytical overview of existing artificial intelligence methods preceding research
on the topic is usually not associated with contributions, and the experimental evaluation of
modern pre-trained known neural architectures is of limited scientific and applied significance
and can serve as the basis for research of a different nature.

The comparative analysis performed between the proposed optimized convolutional
neural network and the pretrained known neural architectures confirms the advantages of the
proposed neural architecture and the developed cascade approach, but this type of performed
activities is usually a stage in achieving the main final goals and results.

The contribution of the dissertation work related to the structuring of a specialized
database with optical images of military equipment, including scenes from real combat and
training conditions, partially obscured objects and images with multiple targets in the frame,
could be defined as an enrichment of existing knowledge. This database could be used for
training, testing and evaluating the performance of neural networks in tasks related to image
recognition with application in the military field.

The in-depth reading and analysis of the results achieved in the dissertation work
supports the acceptance of the following scientific and applied contributions:

e An approach is proposed for training a specialized architecture of a multilayer
convolutional neural network designed for detecting and recognizing partially visible
military objects in optical images.

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

e A cascaded semantic filtering model is proposed, in which a pre-trained neural
network acts as a primary domain filter, while a 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.

e An algorithm has been developed for recognizing additional classes using existing
features extracted from a pre-trained neural network. 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.
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e 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.

Taccept the applied contributions declared in the dissertation as achievements in practice

that could support future research on a similar topic and in general the work of researchers using
specialized software for working with artificial intelligence technologies. I define the following
applied contributions as the doctoral student's authorial achievement:

e 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 to be used for testing neural networks by other
researchers.

e 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.

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

The doctoral student's publications concern the topic of the dissertation, but for the most

part are overviews and are not written in a strictly detailed scientific style, according to
standards established by practice.

3. Critical notes

The general characteristic of the dissertation work defines it as a logically consistent,
theoretical and systematic description of proposed solutions to previously defined goals and
tasks, as well as a detailed description of the practical implementation of specific original
approaches in a simulation experimental environment for working with artificial intelligence.

The following can be mentioned as disadvantages in the layout of the dissertation:

e The overly fragmented structure of the descriptive part of the review and research,
which burdens the reader.

e To a certain extent, the unnecessary detail of the conclusions to the chapters of the
dissertation, as well as minor stylistic errors of an editorial nature.

e Some of the conclusions to the chapters are not formulated clearly, concisely, and
categorically enough.

e Many grammatical, spelling and style errors were made, both in the main part of
the dissertation, as well as in the descriptive part of the appendices and in
publications on the topic.

I define the doctoral student's publications during his research on the topic as overviews
for the most part (3 reports out of a total of 5), with a significant presence of the narrative nature
of the text in different verb tenses, describing well-known facts and concepts from the field of
artificial intelligence. The presence of stylistic errors and the lack of specific authorial
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thematically focused approaches and statistical results, of specific and substantiated
conclusions in the overview reports does not contribute to high scientific interest and future
citations of these publications. The low level of self-criticism, which is noticeable in the
introductory and concluding parts of the scientific reports, also does not contribute to their
popularization. Two of the publications describe research and results described in the
dissertation work, but in general all publications on the dissertation are in Bulgarian, in one
conference. Publishing reports in Bulgarian at an international conference would not lead to
significant interest and accessibility of the achieved results in global databases. I recommend
publishing the main results related to applied science and applied contributions in issues in
global databases, as well as in those with an impact factor and impact rank.
The weaknesses admitted do not diminish the results achieved in the dissertation.

4. Conclusion

The original contributions of the doctoral student to science, described in the scientific
and applied results, prove that he possesses in-depth theoretical knowledge in the specialty and
abilities for independent scientific research. Thus, the dissertation work meets the requirements
of Art. 27 of the Regulations for the Implementation of the Law on the Development of the
Academic Staff in the Republic of Bulgaria.

5. Assessment of the dissertation work

Based on a thorough analysis, I positively assess the dissertation work on the topic
“Detection and recognition of partially visible military objects in optical images using artificial
intelligence”. I propose to the esteemed members of the scientific jury to decide to award
Lyubomir Evgeniev Manov the educational and scientific degree “doctor” in the doctoral
program “Automated Systems for Information Processing and Control”, Field of higher
education: 5. “Technical sciences”, Professional direction 5.3. “Communication and computer
Equipment”.

07.05.2026 Jury member:

Shumen /lieutenant colonel Assoc. Prof. Dr. Eng. Krasimir Slavyanov /
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