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Ha JucepTauroHHuA Tpya Ha JIrobomup EBrennes Manos

Ha TCMa ,,OTKpI/IBaHe H PA3l03HABAHC HA YaCTUYHO BUJIUMHU 00EKTH C BOGHHO
MNpCIHA3HAYCHNUEC B OIITUYIHHU I/I306pa)KeHI/I$I C M3II0JI3BAHC Ha U3KYCTBCH I/IHTeJ'IeKT”,

Ipe/icTaBeH 3a npugo0uBaHe Ha 0Opa3oBaTeHaTa U Hay4Ha CTeIeH ,,JOKTOp” B 001acT
Ha BuclIe oOpazoBanue 5. ,, TexHnuecku Hayku‘, mpoecroHamHo HarpasieHue 5.3.
,KOMyHHKallUOHHA ¥ KOMIIIOThpPHAa TEXHUKA®, 1O JOKTOpCKa Mporpama
,ABTOMaTU3UpPAHU CUCTEMH 3a 00paboTKa Ha HHGOPMAIIUS U yIIpaBiieHue”

1. AKTYaJIHOCT M 3HAYMMOCT HA pa3padoTBaHUs Hay4YeH MPo0JieM

Temara Ha TUCEPTALIMOHHUS TPYJ € U3KIIOUUTENHO aKTyajJHa B KOHTEKCTa Ha
CHBPEMEHHOTO Pa3BUTHE HA KOMIIIOTHPHOTO 3pPEHUE, W3KYCTBEHHUS HWHTEJCKT H
HEOOXOJIMMOCTTa OT CHBPEMEHHM METOAM 3a aBTOMATU3UPAHO pa3lO3HaBaHE Ha
00EKTH C BOEHHO TMpenHa3HaueHue. lIpe3 mocienHUTe TOAUHM HapacTBaT
W3UCKBAHUSATA KbM ChBPEMEHHUTE BOCHHU CHCTEMH 3a HAOJIIOJCHUE U CE€ TMOSABSBAT
OOCKTHBHU OTPAHMYCHUS HA TPAJAUIIMOHHUTE METOJU 3a 00paboTKa Ha ONTHYHU
n3o0paxxkenus. KOHBOJIOIIMOHHWTE HEBPOHHHM MpPEKU U CBBP3aHUTE C TAX
ApPXUTEKTYPH TIOCTABAT HOBU CTaHJAPTH B 33/1aUunTe MO KiIacUUKAaIMs, AETEKIUs U
CEerMEHTAIs Ha OOEKTH U BEYE CE PasriIekIaT KaTo BOJEII ITOIX0/1 B aBBTOMAaTUYHOTO
pa3lo3HaBaHE Ha IIeJIM, BKIIOYUTEITHO B OTOpaHUTENHUS CEKTOp. Pa3spaboTBaneTo Ha
MOJIEJIH, AJITOPUTMU U METOJIM 3a OTKPUBAHE W Pa3NO3HABAHE HA YACTUYHO BUIUMH
O0EKTHM C BOEHHO TIpPEeIHA3HAYCHHE B ONTUYHU HU300pakeHMs, Oa3upaHu Ha
MHOT'OCJIOWHM HEBPOHHU MPEXKH € MTPAaKTUUECKU 3HAaYMMa 3a/1aya.

Pesynrarute, noknaABaHU B AUCEPTAIUATA, Ca CJICACTBHUE OT HAMPABEHUTE OT
aBTOpa MPOYyYBaHUS Ha CHIIECTBYBAIU PECYPCH, POBEACHU aHAIN3U, EKCIIEPUMEHTH
u 0000IIeHHsT HA JOCThIIHA HUHQOpMaIMsi, HACOUYEHA KbM T[OBHUIIABAHE Ha
YCTOMYMBOCTTa HAa HEBPOHHU APXUTEKTYpH C ABJIOOKO CTPYKTYpUpPaHO OOyUEHHUE,
CIPSIMO HAJIMYMETO HA OKJIY3Us W HEJAOCTaThuHA BU3yaiaHaTa uHdopmanus. ToBa Mu
JlaBa OCHOBaHME Ja IMpuema, 4e MpodiieMaTHKaTa M3UCKBA pelllaBaHETO Ha HAy4YHO-
MPUJIOKHU U NPUIIOKHU 3a/1a4M C BUCOKA CTETEH HA aKTyaJHOCT.

2. O01ma xapakTepuCTUKA U CTPYKTYPa HA AUCEPTALUMOHHUS TPY/

[IpeacTaBeHusT MU 3a perieH3UpaHe AUCEPTAIMOHEH TPy € ¢ o0y o6eM ot 175
CTpaHMIIM, CTPYKTypUpaH B TMPEArOBOp, YETUPHU TJIABH, CIHCHK HA MPUHOCHUTE U
nyOnukanuuTe, Onommorpadus u aBe mpwiokeHus. Jucepranusira € WIOCTPOBaHA C
Tabnuuu, purypu, GopmMyiu u Auarpamu.



OcHoBHATa 1LIe71 HA TUCEPTAIMOHHMS TPYJ € Jla C€ MPOEKTHpa U ONTUMH3UPa
MHOTOCJIOMHA HEBPOHHA MPEXa € AbJIOOKO CTPYKTypUpPaHO OOyUEHHE 32 OTKpUBAHE U
pasno3HaBaHe HA YaCTMYHO BUJIUMH OOEKTH C BOCHHO MpEHA3HAYEHHUE B ONTUYHU
n3o0pakenus. ChoOpa3Ho Ta3u 1€ ca MOCTABeHU S5 3aJja4uM 32 HEHHOTO MOCTUTaHE.

PaboTara cienBa ymornuecka MocieqOBaTENHOCT: AedUHUpaHe Ha Mpobiema,
aHalli3 Ha ChHIIECTBYBAIlM pELICHUs, NeUHUPAHE HA XHUIOTE3H, MPOBEKIAHE Ha
eKCIIEPUMEHTH M MHTepIpeTanus Ha pe3ynratute. [lomoxuTenHa oleHka 3acioyxaBa
MOJIXOBT 3a CPaBHSABAHE HA PA3NTUYHU (DAMUIIMHM MOJEINH, KaKTO TIOMEXIY UM, TaKa U
COpAMO 4YOBEIIKaTa TOYHOCT. ToBa JaBa BB3MOXKHOCT Ja C€ OLEHH peajiHara
"yCTOMYMBOCT" Ha MOJEINUTE, a HE MPOCTO TSAXHATA KATErOPU3aLIMOHHA TOYHOCT.

N30panara MeToMKa Ha M3CJEIBaHE CHOTBETCTBA HA MOCTABEHUTE LIETH U CE€
OTJIMYaBa C Mo YepTaHa JJOTUYecKa MOCIIeJOBATEIIHOCT, MTO3BOJISBAILA U3ITBIHECHUETO
Ha MOCTaBEHUTE 3a/1a4H.

B IlbpBa rmnaBa aBTOpBT HpaBH 3aqbJI0OYEH U CUCTEMAaTHYEH 0030p Ha
CBhCTOSTHUETO U MPUJIOKEHUETO HA METOUTE HAa U3KYCTBEHMsI MHTEJIEKT 3a 00paboTKa
Ha ONTUYHU U300pakeHusl. AHAJIM3UPAHU Cca ChUIECTBYBAIU apXUTEKTYpH, METOAU U
HOJIXOJU 32 OTKPUBAHE U pa3lo3HaBaHE HAa 00EKTU B U300paKeHUsI U crielu(PUIHUTE
CMYULICHUs, XapaKTepHHU 3a BOeHHaTa cpefa. CrenuasHo BHUMAHUE € OTIEJIEHO Ha
MaTeMaTHYECKUTE MOJICIN Ha HEBPOHHU MPEKH, KaTo Cce MPOCeIsIBa €BOIIOUATA OT
KJIACMYECKUTE METOIU /0 CHBPEMEHHUTE KOHBOJIOIMOHHU CTPYKTYpH. ABTOPBHT
KPUTHUYHO OIEHSBA TMPEAUMCTBaTA W HEJOCTaThLUTE Ha ChHINECTBYBAIIUTE
aApXUTEKTYPH TP paboTa C YACTUYHO BUAUMHU OOEKTH, KOETO MYy MO3BOJISABA SICHO Ja
neduHupa n3caen0BaTeICKu HUIIY.

Bropa rnmaBa e mocBeTeHa Ha TEOPETUYHOTO OOOCHOBaBaHE Ha W30paHaTra
MeTofoJIorTusA. JIOKTOPaHTBT JAEMOHCTpUpa OTJIMYHA TOJArOTOBKAa B 0O0JacTra Ha
nudpoBata oOpaboTka Ha curHamu ©u uzoOpaxkenus. [lokazaHo € CBHBPEMEHHO
CbCTOSTHUE HA M3CIEABaHUATA B 00JACTTa HA KOMIIOTBPHOTO 3pEHUE, U3KYCTBEHUTE
HEBPOHHU MPEXH, MAUIMHHOTO OOy4YeHHE U IBJIOOKO CTPYKTYpPHPAHOTO OOydeHHE,
U3BEJICHU Ca MaTeMAaTUYECKUTE 3aBUCUMOCTH MPU KOHBOJIOLUATA U OOYUYEHHUETO Ha
xoHBoJroroHHN HeBpoHHU Mpexkn (CNN Learning). 3a perraBane Ha MOCTaBEHUTE
3aJ]a4uM Ce U3I0JI3Ba MHOI'OCIOWHA KOHBOJIIOLIMOHHA MpeXKa.

Tpera rnaBa pasriexaa OTKpHBaHE W pPa3MO3HABaHE HAa YaCTUYHO BHIUMHU
00EKTH C BOGHHO TMpeIHa3HauYeHNE B ONTHYHN N300paKeHHUs C TIOMOIITA Ha HEBPOHHU
mpexu. HampaBeH e cucreMaTndeH aHajan3 Ha paboTaTa Ha M3BECTHH MPEIBAPUTEITHO
OOy4eHU CHBPEMEHHH MHOTOCIOWHM HEBPOHHH MpPEXKH, HWMIUICMEHTHPAaHU B
MATLAB, npu pasno3HaBaHe M Kiacu(ukalus Ha BOCHHA TEXHUKA B ONTHUYHU
n300paxenus. V3BbpiieHn ca JBa EKCIEPUMEHTAa, KaTo pE3yJNTaTUTe MOKa3Bar
NOTEHIMala Ha TEXHUKaTa 3a TpaHcdep Ha 3HAHUS 32 aJanTHpaHEe Ha ChIIECTBYBAILU
MOJIEJIM KbM CHEIM(PUUHU BOCHHHU 33/JaYd U ca MPEAJIOKEHU HACOKU 3a OBACIIO
pa3BUTHE Ha CHEUMAIU3UPAHU ONTUMHU3UPAHU CTPYKTYpHU, KOUTO Ja MOA0OPAT
HAJAESKIHOCTTA U TOYHOCTTA MPH pa3lo3HaBaHE HA BOCHHU 0OEKTH B CJIOKHU YCIOBHSL.

B uerBbpTa TnaBa € 060cHOBaH M300pbHT Ha apxurektypara CNN-6, karo e
THPCEH KOMIIPOMHUC MEXJIY AbI00YMHAa Ha MpekaTa U CKOPOCT HAa HM3YHUCICHUITA.



[Ipemioxkenata cucremMa MOXKe Ja ObJe W3IMOJ3BaHA 3a 3aJa4yd MO OTKPHBAHE Ha
BOCHHHU OOCKTH Ype3 UMIUIEMECHTHPAHE Ha alITOPUTHM ,,ILTB3Talll TPO30pell’ U aHAIIN3
Ha JIOKAJIHUTEC aKTHBAIMK, 0€3 HEOOXOIUMOCT OT JOIBJIHUTEIHO OOYyYeHHE WU
U3I0JI3BaHE HA aHOTUPAHU OTPAHUYUTEIIHU paMKh. Pa3paGoTeHHAT KacKajeH MOJIEI
32 CEMaHTHYHO (WITpHpaHE TMPEACTABIsIBA MPAKTHUYCCKU IMPHIOKUM IOJIXOJ 3a
pasrpaHuvYaBaHe MEXIY ITUBUIHA U BOCHHH OOCKTH.

B 3axmrouenue moxke ma ce o000y, 4e MUCEePTAIMOHHHAT TPYI Mpeaiara
IIOCTEH 0OOCHOBAH IOJXOJ] 32 OTKPHBAHE W pa3llo3HABaHE HA YACTUYHO BHJIUMU
BOCHHHM OOEKTH B ONTHYHHU W300paxkeHus. [IpencTaBeHUTE apXUTEKTypH, METOJIU U
JITOPUTMH Ca MIPHIOKUMH B CUCTEMH 3a HAOJIIOJCHHE W TIOJIITOMaraHe Ha PEIICHUSATA
B oOnactra Ha oTOpaHaTa, KaKTO M 3a OBJCHIO pa3BUTHE HA HM3CICABAHUATA B Ta3d
HaCOKa.

3. XapakTepucTHKA HA HAYYHUTE U HAYYHO-NPUWIOKHUTE MPUHOCH B
AUCepTANMOHHNS TPYI. JlocTOBEepHOCT HA MaTepuaJia

B nuceprammonnus tpya ca popmynupanu obmo 12 npunoca, 9 ot Kouto
HAYYHO-TIPWJIOKHH U 3 TIPUIIOKHU MPUHOCA.

[Tpuemam hopmynupoBKaTa Ha HAYYHO-TIPUIIOKHUTE U MIPUIIOKHU TTPUHOCH.
Te morat na 0b1aT 0000IIEHHU 10 CIEAHUS HAUNH:

- HAyYHO-TIPWJIOKHU TIPUHOCH B JTUCEPTAIIMOHHUS TPY/T

I. OcepliecTBEH € aHAJIUTUYEH 0030p Ha ChIIECTBYBAIIUTE METOAU Ha
W3KYCTBEHHUS HWHTEJICKT 3a OTKPHWBAHE W pa3Mo3HAaBaHE Ha OOEKTH B ONTHYHU
N300paKCHUS, BKIFOUYNTEITHO TAKMBA HAa BOCHHA TEXHHMKA, KAKTO M NP HAIAYWE Ha
YaCTUYHO 3aKpUBaHE Ha HAOJIO1aBaHUTE B KaJbpa OOCKTH.

2. CtpykTypupaHa e crienpaiu3upana 6aza oT JaHHU C ONITUYHU U300paKEeHUS
Ha BOGHHA TEXHHWKa, BKIIFOUBAIIlA CIICHH OT peajHu OOMHHU U TPECHUPOBBYHU yCIIOBUS,
YACTUYHO 3aKPUTH OOCKTH U M300pa’KeHUsS C MHOXECTBO IIeJid B Kaabpa. bazara ot
JTAaHHU € Mpucrnoco0eHa 3a o0y4YeHne, TeCTBAHE U OIIEHKA Ha paboTaTta Ha HEBPOHHU
MpEXH TPU 33J1a4M, CBbP3aHU C pa3lo3HaBaHE HA M300paKEHUsS C MPHIOKEHUE BBHB
BOEHHAaTa 00JIacT.

3. 3BbpiieHa € cucTeMaTHYHAa EKCIEpPUMEHTAIHA OIleHKAa Ha ChBPEMEHHH
NpEABapUTEIIHO  OOYYEeHW  W3BECTHH  HEBPOHHHM  ApPXUTEKTYPH,  BBPXY
cnenuanu3vpanaTa 0a3a OT JaHHH, Ype3 KOSTO ca YCTAHOBEHU TEXHHUTE BH3MOKHOCTH
Y OTpaHUYCHHS MPU Pa3ll0O3HaBaHE HA BOCHHH OOCKTH, BKIIFOUUTEITHO MPH yCIIOBUS Ha
JaCTUYHO 3aKpHBAHE W MOBUIIICHA CIICHUYHA CIIOKHOCT.

4. TlpennoxkeH e mMoaxoa 3a oOy4YeHHE Ha CICIUaNIM3UpaHa apXUTEKTypa Ha
MHOTOCJIOHA KOHBOJIIOIIMOHHA HEBPOHHA MpeXa, NpeIHa3HauYeHa 3a OTKPUBAHE U
paslo3HaBaHE HAa YaCTUYHO BUJIMMHU OOEKTH C BOCHHO MpeHA3HAYEHWUE B ONTHUYHH
nu3zoopaxenus. M30panusar nmoaxon € ¢ (HOKyc BbPXY YCTOMYMBOCT MPH YAaCTHUYHO
3aKpHUBaHe, CJIOKEH (POH M HATUYHE HA MHOXECTBO OOEKTH, KOETO S OTIuYaBa OT
CTaHAPTHUTE PEIICHUS, OPUCHTUPAHU KbM IIUBWIIHU MTPUIIOKEHUS.

5. Tlpoektupana, peann3upana u ekcnepuMmeHTaHo ontumusupana € CNN B
pasBoiinata mporpamaa cpeaa Ha MATLAB, kosto ce xapakrepusupa ¢ mo-go0pa



YCTOMYMBOCT NPU YaCTUYHO 3aKPUBAHE U M10-100pO CHOTHOLIEHUE MEXYy TOUYHOCT U
U3YUCIINTENHA €(EKTUBHOCT B CpPAaBHEHUE C HU3CIEABAHUTE IPETPEHUPAHU
ApPXUTEKTYPH.

6. [IpennoxkeH e KackaJeH MOJEN 32 CEMAaHTUYHO (pUIATpUpaHe, MpU KOWUTO
IpeIBAapUTEIHO TPEHHpaHa HEBPOHHA MpeXKa MH3MIbBJHSABA pOJSITA Ha IMBbPBUYEH
JIOMEWHOB (DUIATHP, a CIeMaTu3MpaHaTa HEBPOHHA MpekKa OChILECTBSIBA JeTalIHATa
KiIacuduKalys Ha BOCHHUTE 00eKTH. MOJeIbT OCUTypsiBa pa3rpaHNdaBaHe HA BOCHHU
Y [IUBUJTHU 00CKTH, 0€3 HEOOXOAMMOCT OT ITBJIHO MTPEOO0yUCeHHE Ype3 pa3mupeH Habop
OT KJIaCOBE.

7. Pa3paboTeH € anropuThM 3a pa3lo3HaBaHE HA JOIBJIHUTEIHH KJIACOBE Ype3
BEYE HAIMYHU MPU3HALY, U3BJICUYECHU OT IPEIBAPUTEITHO TPEHUPaHAa HEBPOHHA MpEXa.
AJrOpUTHEMBT H3MOJI3Ba CTATUCTHMUYECKH HUHTEPBAIU M IPETETJIEHO OICHSIBAaHE B
IPOCTPAHCTBOTO Ha MpU3HAIUTE, O€3 Ja ce U3MEHs MbPBOHAYAIHATA ApPXUTEKTYpa U
0e3 npomsiHa Ha Oposl Ha U3XOJAHUTE KJIACOBE HAa MpErKara.

8. HMHrerpupan € aiaropurbM 3a JIOKaJU3UpaHE HAa BOEHHU OOEKTH B
U300paXKeHUsl 4Ype3 HUMIUIEMEHTHpaHe Ha ,,JUIb3rail Mpo3opeln’, Mpu KOEeTo
pa3zpaboTeHaTa HEBPOHHA MpPEKa Ce U3MO0J3Ba KaTO CIIELUAIN3UpPaH Kilacu(puKaTop 3a
OTKpUBaHE U KJIacU(PUKAIIs HA YACTUYHO 3aKPUTU OOEKTH.

9. U3BppHIeH € CpaBHUTENEH aHAIU3 MEXKIY IPEIIIoKeHaTa ONTHUMHU3UPAHA
CNN u npeTpeHnpannTe N3BECTHU HEBPOHHH apXUTEKTYpPU, KOUTO €KCIIEPUMEHTATTHO
NOTBBP)KJAaBa MPEAUMCTBATa Ha IMpEJIOKEHaTa HEBPOHHA apXHUTEKTypa U
pa3pabOTEeHUs KAacKaJeH IOJXO0J MO OTHOUIEHHWE Ha TOYHOCT, YCTOWYMBOCT MpHU
HaJIM4YME€ HAa YaCTUYHO 3aKpUBaHE Ha HAOJIOJaBaHUTE OOEKTH M HW3YUCIUTEIIHA
€(hEeKTUBHOCT.

- IPUJIO’KHU MIPUHOCH B IUCEPTALIMOHHUS TPY L

1. CtpykTypupanara crienyain3upana 0a3a OT JaHHU OT ONITUYHU U300paKeHUs
Ha BOEHHM OOEKTH, BKIIIOYBAILlA CLIEHU CBhC CIOXKEH (POH, YaCTUYHO 3aKpHUBaHe,
pa3ivyHu Mamadu M HaJu4yhe Ha MHOXKECTBO OOCKTHM B Kaabpa € aHOTHUpaHa U
nyOJIMKyBaHa 3a CBOOOICH A0CTHIT B tuiaTdopmara Kaggle ¢ nien na 6b/1e u3nosi3BaHa
3a TECTBaHE Ha HEBPOHHU MPEKU OT APYTU U3CIIET0BATEINH.

2. Pa3zpaboreH e codTyepeH MNpOTOTUIl B pa3BoWHATa MporpamMHa cpena
MATLAB, peanusupali npeaio)keHUTe HEBPOHHA apXUTEKTypa U allTOPUTMHU, KOWUTO
MOKe Ja Ob/ie BHEAPEH B CUCTEMH 32 HAOJIOJIEHUE U aBTOMATU3UPAHO MOANIOMAaraHe
Ha peIlIeHUATa B OE3MWIOTHU JIETATEIIHU anapaTy 3a padoTa B peajHO BpEME.

3. Pa3paGoTeHuTe NporpaMHU aJrOPUTMHU Ca PEATU3UPAHH KATO MOIYJIHU U
pasimpsieMd cCOPTyepHU KOMIIOHEHTH, KOETO IMO3BOJISIBA TAXHOTO aJalTUpaHe KbM
JIpYTH 3aadd 1Mo o0padOoTKa Ha M300paKEHHUs, pa3lIMpsBaHE KbM AOMBIHUTEIHU
KJIacOBE 00EKTH, U3MOJI3BaHE HA APYTU TUIOBE CEH30PHU JaHHHU WM UHTETPALUs ChC
CHILIECTBYBAILM IPOrPAMHU U XaplyepHU IIaTHOPMHU.

Ha ocHOBaHuE Ha MOCOYEHUTE MO-TOPE KOHCTATALUN MOKE Ja C€ TBBP/IH, Ue
U3XOJIHUTE JIaHHU, U3BBPLICHUS aHATU3 B AUCEPTAILIIOHHUS TPYA U MIPOBEICHU
eKCIIEPUMEHTH ce 0a3upaT Ha JOCTOBEPHU U aKTyaJIHU JaHHU.



4. OueHKa HA HAYYHHUTE Pe3yJITATH U MPHHOCUTE HA TUCEPTANMOHHUSA
TpYA

OmnpenensiMm Hay4YHO-TIPHJIOKHUTE TPUHOCH OCHOBHO Karo oOorarsBaiiu
MO3HAHMATA 32 CHIIECTBYBAIINTE HAMPABICHHS 32 PA3BUTHE, KAKTO W TOJydJaBaHE Ha
MOTBBPAUTEITHU (PAKTH 3a MPEIUMCTBATA HA MPEI0KEHATa HEBPOHHA apXUTEKTypa U
pa3pabOTeHUsT KAacKaJeH IOJX0J]] MO OTHOIICHHE Ha TOYHOCT, YCTOWYMBOCT TIPH
HAJIMYMEe HA YaCTUYHO 3aKpUBaHE Ha HAOJOMaBaHUTE OOCKTH M W3YUCIIUTEIIHA
e(eKTHUBHOCT.

[IpunoxHuTE NPUHOCH XapakTEepU3WpaM OCHOBHO KaTO Ch3JaBaHe Ha
CTpYKTypHpaHa 0a3a OT JaHHHW OT ONTHYHU H300paKCHHS Ha BOCHHU OOCKTH U
copTyepeH mpoTOTUI, KOWTO MOXE Ja C€ M3MOJ3Ba 3a CHUCTEMHU 3a HaOJIOJCHHE U
aBTOMATH3HMPAHO TMOJANOMAarane Ha pelieHUsITa B OS3MUIOTHU JICTATSIIHN anapary 3a
paboTa B peasHoO BpeMe.

[IpuHocuTe B [UCEpPTAIIMOHHUS TPY]I MOTAT Jla C€ UHTEPIPETUPAT, KAaTO HAYYHHU
000011IeHUsI, TOJTyYaBaHe Ha HOBU (DAKTH, PE3YNTaTH M TAXHOTO TPHIOKEHUE B
IpakTUKaTa. ABTOPCKOTO Y4YacTHE C€ XapakTepu3upa C BHCOKa CTENeH Ha
CaMOCTOSATEITHOCT, Hay4YHa 00OCHOBAHOCT M MOCJEAOBATEIIHOCT P PEIIaBaHETO Ha
MOCTaBEHUTE 3aJadl, KOETO T03BOJISIBA MNPUHOCHUTE Ja OBbJAT OILIEHEHH KaTo
OPUTHHAHH U 3HAYMMH KaKTO B HAYYHO-TIPIIIOKEH, TaKa M B TIPHIIOKCH ACTICKT.

5. OueHka Ha My0JIUKAIMUTE MO TUCEPTANUITA U AaBTOPCTBOTO

JIOKTOpaHTBT € MPEACTaBWI 5 HAYyYHU MyOJUKAIMK, KOUTO M3II0 MOKPUBAT
ChIBPKAHUETO HA IUCepTaIuaTa. BrieuaTieHune mpaBy y4acTHETO MY B MPECTHIKHATA
MeXIyHapoaHa Kondepenmus ,,Defense Technologies® (DefTech) npes 2023, 2024 u
2025 .

Yetrpu oT myOIMKAIMATE Ca CAMOCTOSITEITHU U €IHA € B ChaBTOPCTBO, KAaTO
MPUHOCHT Ha ac. MaHoB e Bojenl. OTpa3siBaT U3CieIBaHUs U Pe3yJITaTH, CBbP3aHH ChC
CHBPEMEHHH TEXHOJIOTHH C M3KYCTBEH MHTEJICKT 3a pa3llo3HaBaHEe Ha 00CKTH ¢ BOCHHO
MpeIHa3HAYeHUE B ONTHYHU M300paKeHHSI U ca TI0 TeMaTa Ha TUCEePTAIMOHHUS TPYI.
[IpencraBsiHeTo UM Ha KOH(MEPEHIIMU U HAYYHU (POPYMHU OCUTYPSBAT MyOJIMYHOCT HA
HAyYHHUTE PE3YJITATH U TAXHOTO MPU3HAHKUE OT podecroHaaHaTa ¥ Hay9Ha OOIIHOCT.
ToBa mokasBa, Y€ HW3CIEBAHETO € JOCTUTHAIO JO0 3HAHUETO Ha JPYrd Y4YeHU B
oOnacTTa.

6. JluTepaTtypHa 0CBeIOMEHOCT M KOMIIETEHTHOCT HA JIOKTOPAHTA
bubmorpadusara pximtouBa 136 u3ToUHMKA, IO-TOJIsSIMATa YacT OT KOWTO ca Ha

aHTJIMHACKY €3WK M ca MyOJWKyBaHM Tpe3 MOCIeHUTE roanHu. ToBa mokas3Ba, 4e ac.
MaHoB ciien HaydYHHUTE TOCTHXKEHHUS B 00JIacTTa Ha M3KYCTBEHHUSI MHTENEKT. Toii
CBOOOJTHO OIepupa C TSPMHUHH, BJIaralKH B TAX HE CaMO TEOPETUIHO pa3z0oupaHe, HO U
MPAKTUYECKHU ONUT. M310KEHUETO € MPEUU3HO, A U3BOAUTE Ca JJOTUYECKU U3 bPKAHU.
JloKTOpaHTHT MOKa3Ba 3aIbJI00YCHO M03HABaHE HA pa3riiekIaHara mpodieMarrnka. B
yBOJAa W JIATEPATypHUS 0030p ca IUTHPAHU KOPEKTHO, KAKTO W KPUTUYHO
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aHaJIM3UpPaHU OCHOBHHU TOCTM)KEHHUS B 00JIaCTTa Ha KOHBOJIIOLIMOHHUTE HEBPOHHU
MPEXH.

CrnenraliHo BHUMaHHKE € OTJIEJICHO Ha METO/IM 32 OTKpUBAHE U pa3lo3HaBaHE Ha
YaCTMYHO BUAMMU OOCKTH C BOCHHO MpEIHAa3HAYCHHE B ONTUYHU H300pakKeHUS C
U3MOJI3BaHe HAa M3KYCTBEH HWHTENEKT. ToBa JAEMOHCTpUpa, Y€ aBTOPBT € J00pe
3aIr03HaT KaKTO C KIIACHYECKUTE MOIX0/IU, TaKa U C Hali-HOBUTE CBETOBHU TEHICHITUH,
KOETO € HeOOXOAMMO YCIIOBHE 3a YCIEIIHA U3Cie10BaTeNcka pabora.

B 3axnirodenue cuntaM, 4e JOKTOPAHTHT MO3HABA JIETAHIIHO pasriekaHaTa
npo6sieMHa 001acT, TBOPUYECKH OLIEHSBA U U3II0JI3BA JIUTEPATYPHUTE U3TOUHUIIH.

7. Ouenka 3a aBTopedepara

[IpenocraBeHusT aBTopedepar € M3roTBEH ChIVIACHO BCHUYKH HM3UCKBaHUS Ha
3PACPB. Toit e ¢ obem ot 43 cTpaHulld, KOPEKTHO OTpassBa CTpPyKTypaTa Ha
JUCEepTAallMOHHUA TPYJ U J]aBa siCHA Mpe/icTaBa Ha padoTaTta 1 OCHOBHUTE MOMEHTHU OT
Hesl.

B navamoTo Ha aBTOpedepara ca MOCOYEHU OOEKTHT, MPEIMETHT, LEATa U
3aJlauyuTe Ha U3clieIBaHeTo. ExcriepuMeHTanHaTa 4acT € IpeicTaBeHa ¢ Heo0Xo1uMara
rpapuuHa  © TabiuyHa uWHGOpMalMs, WIOCTpUpalma epEeKTHUBHOCTTAa Ha
npemnokeHata CNN-6 apxurtektypa. M3moxkenm ca o0oOmaBamm W3BOAUA |
MPETEHIIMU Ha TUCEPTAHTA 32 HAYYHO-TIPHIIOKHU U TIPUIIOKHU TPUHOCH. CIIUCHKBT Ha
npUHOCHUTE € (OpMyIHpaH KOPEKTHO, KaTo Ce MpaBH pa3idKa MEXIy HaydyHa HOBOCT
U TIPaKTUYECKa TPUIT0KUMOCT.

[IpunokeHara crnpaBka 3a NyOJIMKAUMUTE MOTBBPXKAaBa HU3IIBIHEHHUETO Ha
MUHUMAaJIHUTE HAIIMOHATHU W3UCKBAHUSI.

ABTopedepaThT 1aBa MbJIHA U 0OCKTHBHA ITPE/ICTAaBA 32 OCHOBHUTE MOJIOKEHHUS,
CBIIHOCTTA, pE3yJATaTUTE, HAay4YHUTE MPUHOCH Ha JUCEPTALMOHHUSA TPYyHd U
HNOCTHKEHUSTA Ha KaHIUAATa.

8. Kpuruunu 0esexku

K®M nucepranoHHus TPy MoraT 1a ObJIaT OTIIPABEHH HIKOHM OCIIEKKH, KOUTO
ouepTaBaT HACOKM 3a Objela padora:

bu Owio moye3HO W3CIIEABAHETO Ja Ce pasliMpy U KbM T'CHepalu3alus Ha
MOJICJIUTE MPHU OKIIY3Us ¢ 00JIACTH C HeMpaBUIHa reoMeTprudHa Gopma (Cross-domain
occlusion), Thif KaTo B peaIHUSI CBAT OKJIY3HMATAa MOXE Jla M3IJIeKIa 10 MHOTO
pa3IMYHU HAYHHU.

B Obmemmu wu3cienBaHus MOXKE Ja CE€ CKCICPUMEHTHpPA C MYJITHMOJATHU
I0JTXO/TM, KOMOMHHPAIIHA ONTUYHA H300paKEHUS ¢ IPYTH U3TOYHHIIA HA TAaHHU KaTo
nbadounHuu Kaptu (depth maps) win nHdpadepBeHn H300pakeHus, 3a Jia ce Mo 00pu
OI1I¢ TTIOBEYE YCTOMYMBOCTTA, OCOOEHO MPHU TEKKU U AUPY3HU OKITY3UH.

9. J/Inunu BrieYaTJIeHUs M IPYTH BHIPOCH, 10 KOUTO PelleH3eHThT CUUTA,
ye cJieJBa /1a B3eMe OTHOIIeHne



He no3naBam nuuno acucteHT JlroOomup MaHOB, HO OT HPEJOCTABEHUTE MU
MaTepHalii, KaTo PeleH3eHT Ha TUCEPTAlMOHHUS TPYH CE BIXK/IA, Y€ JOKTOPAHTHT €
OTTOBOPEH W HU3KIIIOYUTENTHO Mpelnu3eH wu3cienoBaren. HeroBoro pasButHe mpe3
NOCJETHUTE TOJMHM I[IOKa3Ba U3pacTBaHE OT MAarucTbp MO (U3MKA KbM
BUCOKOKBAJM(HUIMPAH CHEIHMAINCT B 00JacTTa Ha aBTOMATH3HPAHUTE CHCTEMHU U
U3KYCTBEHUs HMHTENEeKT. Toi mpurexaBa pSAKOTO YyMEHHE Ja CchueTaBa
byHnaMeHTanHu (U3UYHU 3HAHUS C MOACPHU COPTYEPHU TEXHOJIOTHH.

[TpemopbruBaM Ha aBTOpA J1a MPOIBIDKU H3CIIEABAHUATA CH B TIOCOKa Ha Vision
Transformer Mmoienure, KOUTO 1O MHEHUETO HA HIKOHW aBTOPH CE€ CIPABSAT MO-100pe ¢
nudy3Ha OKITy3us U 1€ UMaT OrPOMEH MPUHOC 32 Isj1aTa 00JacT.

10. 3akarouenue

HucepranvoHHUAT Tpyx "OTKpHBaHE M PA3MO3HABAHE HA YAaCTUYHO BUIUMU
O0EKTH C BOEHHO MpEeAHA3HAUYE€HUWE B ONTUYHU M300pAKEHHUS C M3IOJ3BAHE Ha
U3KYCTBEH MHTEJIEKT"' Ha acCUCTEHT Maructep ¢usuk Jlrobomup EBrenueB MaHoB e
MaIadHO, OPUTMHAIHO U aKTYaIHO u3ciiefBaHe. To perraBa BaxkeH HayYHO-IIPHIIOKEH
npo6isieM B 00JacTTa Ha BOEHHUTE TEXHOJOTUU U KOMIIOTBPHOTO 3peHue. Chabpxka
OPUTMHAJIHU HAYYHO-IPUJIOKHU U TPUIIOKHU MPUHOCH, KOUTO oOOOrarsiBar
ChILIECTBYBAILIUTE MO3HAHUS B O0OJACTTa HA KOMMIOTBPHOTO 3peHue. [[OKTOpaHTBHT
MOKa3Ba 3a1bJ00YEHU TEOPETUYHM 3HAHHMS M CIOCOOHOCT 3a NPOBEXJAaHE Ha
CaMOCTOATENIHU HAyYHU U3CIIEIBAHUS.

JucepranusTa HalTbJIHO OTrOBapsl HA U3UCKBaHUATA Ha 3aKOHA 33 Pa3BUTHUETO
Ha aKaJeMU4YHUs cbcTaB B PenyOnuka bbarapus u npasuwnnuka Ha HBY , Bacun
Jlecku“. IlyOnmukamuuTe 1O TeMara Ha JUCEPTALMOHHUS TPYH HAJIXBBPIIAT
U3MCKyeMHusi MUHMMaJleH Opoil TOYKM 3a ToKazaTend oT rpyma [ chriacHo
[IpaBunHuka 3a mpwiaraHe Ha 3aKOHa 3a PAa3BUTHE Ha AKAJEMUYHHUS CHCTaB B
Penybnuka bowiarapus 3a mnpugoOuBaHe Ha oOpa3oBaTelHATa W Hay4dHa CTEIEH
,,JIOKTOP”” 3a Tpo(peCOHAITHO HarpaBiieHue 5.3.

11. OueHka Ha JUCEPTAUMOHHUS TPY/

IIpeaBun TOPEU3IOKEHOTO, [aBaM CBOSITA IOJIOXKUTEJIHA OLEHKAa 3a
JTUCEPTALIMOHHUS TPy W TMpeuiaraM Ha yBa)KaeMOTO HAy4YHO >KypH Ja MPUCHAU Ha
Jlrobomup EBrenueB MaHoB oOpa3oBaTelHaTa M Hay4yHa CTENEH ,,JOKTOP® MO
JIOKTOpPCKa TMporpama ,,ABTOMaTU3UpPAHU CUCTEMHU 3a o0OpaboTka Ha MHGOpMaLUs U
ynpasieHue B mpodecuoHaiHo Harpasiienue 5.3. KoMyHUKallMOHHA U KOMITIOThPHA
TEXHHUKA.

07.04.2026 r. Penenzenr:
rp. Bapua npod. a-p /TlerpoBa/
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1. Relevance and significance of the developed scientific problem

The topic of the dissertation is highly relevant in the context of the modern
development of computer vision, artificial intelligence, and the need for
contemporary methods for the automated recognition of military objects. In recent
years, the requirements for modern military surveillance systems have increased, and
objective limitations of traditional methods for processing optical images have
emerged. Convolutional neural networks and their associated architectures set new
standards in the tasks of object classification, detection, and segmentation, and are
already considered a leading approach in automatic target recognition, including in
the defense sector. The development of models, algorithms, and methods for the
detection and recognition of partially visible military objects in optical images, based
on multilayer neural networks, is a task of practical significance. The results reported
in the dissertation are a consequence of the author's research on existing resources,
conducted analyses, experiments, and generalizations of accessible information,
aimed at increasing the robustness of deep structured learning neural architectures
against the presence of occlusion and insufficient visual information. This gives me
grounds to accept that the subject matter requires the resolution of scientific-applied
and applied tasks with a high degree of relevance.

2. General characteristics and structure of the dissertation work
The dissertation presented to me for review has a total volume of 175 pages,
structured into a preface, four chapters, a list of contributions and publications, a



bibliography, and two appendices. The dissertation is illustrated with tables, figures,
formulas, and diagrams. The main goal of the dissertation work is to design and
optimize a multilayer neural network with deep structured learning for the detection
and recognition of partially visible military objects in optical images. In accordance
with this goal, 5 tasks are set for its achievement. The work follows a logical
sequence: defining the problem, analyzing existing solutions, defining hypotheses,
conducting experiments, and interpreting the results. The approach of comparing
different families of models, both among themselves and against human accuracy,
deserves a positive evaluation. This makes it possible to evaluate the real
"robustness™ of the models, and not just their categorization accuracy. The chosen
research methodology corresponds to the set goals and is distinguished by a
pronounced logical sequence, allowing the execution of the set tasks. In the First
Chapter, the author makes a thorough and systematic review of the state and
application of artificial intelligence methods for processing optical images. Existing
architectures, methods, and approaches for detecting and recognizing objects in
images, as well as the specific disturbances characteristic of the military
environment, are analyzed. Special attention is paid to the mathematical models of
neural networks, tracing the evolution from classical methods to modern
convolutional structures. The author critically evaluates the advantages and
disadvantages of existing architectures when working with partially visible objects,
which allows him to clearly define research niches. The Second Chapter is devoted
to the theoretical substantiation of the chosen methodology. The doctoral student
demonstrates excellent preparation in the field of digital signal and image processing.
The current state of research in the field of computer vision, artificial neural
networks, machine learning, and deep structured learning is shown; the mathematical
dependencies in the convolution and training of convolutional neural networks (CNN
Learning) are derived. It is proposed to use a multilayer convolutional network to
solve the set tasks. The Third Chapter discusses the detection and recognition of
partially visible military objects in optical images using neural networks. A
systematic analysis is made of the performance of known pre-trained modern
multilayer neural networks, implemented in MATLAB, in the recognition and
classification of military equipment in optical images. Two experiments were
conducted, and the results show the potential of the transfer learning technique for
adapting existing models to specific military tasks, and directions are proposed for
the future development of specialized optimized structures that will improve
reliability and accuracy in recognizing military objects in complex conditions. In the
Fourth Chapter, the choice of the CNN-6 architecture is justified, seeking a
compromise between network depth and calculation speed. The proposed system can
be used for tasks of detecting military objects by implementing a "sliding window"
algorithm and analyzing local activations, without the need for additional training or



the use of annotated bounding boxes. The developed cascade model for semantic
filtering represents a practically applicable approach for distinguishing between
civilian and military objects. In conclusion, it can be summarized that the dissertation
work offers a comprehensive, well-founded approach for the detection and
recognition of partially visible military objects in optical images. The presented
architectures, methods, and algorithms are applicable in surveillance and decision
support systems in the defense field, as well as for the future development of research
in this direction.

3. Characteristics of the scientific and scientific-applied contributions in the
dissertation work. Credibility of the material
A total of 12 contributions are formulated in the dissertation, 9 of which are
scientific-applied and 3 are applied contributions. | accept the formulation of the
scientific-applied and applied contributions. They can be summarized as follows:
- Scientific-applied contributions

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

2. A specialized database of optical images of military equipment has been
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 applications in the military field.

3. A systematic experimental evaluation of modern pre-trained known neural
architectures was performed on the specialized database, thereby establishing
their capabilities and limitations in recognizing military objects, including under
conditions of partial occlusion and increased scenic complexity.

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

5. A CNN 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 investigated pre-trained architectures.

6. A cascade model for semantic filtering is proposed, in which a pre-trained neural
network performs the role of a primary domain filter, and the specialized neural



network performs the detailed classification of military objects. The model
provides differentiation of military and civilian objects, without the need for full
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 was developed. The algorithm uses
statistical intervals and weighted evaluation in the feature space, without
changing the original architecture and without changing the number of output
classes of the network.

8. An algorithm for locating military objects in images has been integrated by
implementing a "sliding window", where the developed neural network is used as
a specialized classifier for detecting and classifying partially occluded objects.

9. A comparative analysis was performed between the proposed optimized CNN 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 occlusion of
the observed objects, and computational efficiency.

- Applied contributions

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, is annotated and published for
free access on the Kaggle platform to be used for testing neural networks by other
researchers.

2. A software prototype has been developed in the MATLAB development
environment, realizing 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, expansion to additional object classes, use of other types of sensor data, or
integration with existing software and hardware platforms. Based on the above
findings, it can be stated that the input data, the analysis performed in the
dissertation, and the experiments conducted are based on reliable and up-to-date
data.

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

| determine the scientific-applied contributions mainly as enriching the

knowledge of existing directions for development, as well as obtaining confirmatory

facts regarding the advantages of the proposed neural architecture and the developed

cascade approach in terms of accuracy, robustness in the presence of partial



occlusion of the observed objects, and computational efficiency. | characterize the
applied contributions mainly as the creation of a structured database of optical
images of military objects and a software prototype that can be used for surveillance
systems and automated decision support in unmanned aerial vehicles for real-time
operation. The contributions in the dissertation can be interpreted as scientific
generalizations, obtaining new facts, results, and their application in practice. The
author's participation is characterized by a high degree of independence, scientific
justification, and consistency in solving the set tasks, which allows the contributions
to be evaluated as original and significant both in scientific-applied and applied
aspects.

5. Evaluation of dissertation publications and authorship

The doctoral student has presented 5 scientific publications that completely
cover the content of the dissertation. His participation in the prestigious international
conference "Defense Technologies" (DefTech) in 2023, 2024, and 2025 makes an
impression. Four of the publications are independent and one is co-authored, with
Assistant Professor Manov's contribution being leading. They reflect research and
results related to modern artificial intelligence technologies for the recognition of
military objects in optical images and are on the topic of the dissertation. Their
presentation at conferences and scientific forums ensures the publicity of the
scientific results and their recognition by the professional and scientific community.
This shows that the research has reached the knowledge of other scientists in the
field.

6. Literary awareness and competence of the PhD student

The bibliography includes 136 sources, most of which are in English and were
published in recent years. This shows that Assistant Professor Lyubomir Manov
follows scientific achievements in the field of artificial intelligence. He operates
freely with terms, putting into them not only theoretical understanding but also
practical experience. The exposition is precise, and the conclusions are logically
sound. The doctoral student shows a deep knowledge of the considered issues. In the
introduction and literary review, major achievements in the field of convolutional
neural networks are correctly cited and critically analyzed. Special attention is paid
to methods for detecting and recognizing partially visible military objects in optical
images using artificial intelligence. This demonstrates that the author is well
acquainted with both classical approaches and the latest global trends, which is a
necessary condition for successful research work. In conclusion, I consider that the
doctoral student knows the considered problem area in detail, creatively evaluates,
and uses literary sources.



7. Evaluation of the dissertation’s abstract

The provided author's summary is prepared in accordance with all the
requirements of the Act on Development of the Academic Staff in the Republic of
Bulgaria. It has a volume of 43 pages, correctly reflects the structure of the
dissertation work, and gives a clear idea of the work and its main points. At the
beginning of the author's summary, the object, subject, goal, and tasks of the research
are specified. The experimental part is presented with the necessary graphic and
tabular information, illustrating the efficiency of the proposed CNN-6 architecture.
The generalizing conclusions and claims of the dissertator for scientific-applied and
applied contributions are presented. The list of contributions is correctly formulated,
distinguishing between scientific novelty and practical applicability. The attached
reference for the publications confirms the fulfillment of the minimum national
requirements. The author's summary gives a full and objective idea of the main
points, essence, results, scientific contributions of the dissertation work, and the
candidate's achievements.

8. Critical notes

Some remarks can be addressed to the dissertation work, which outline
directions for future work: It would be useful to extend the research to the
generalization of models under occlusion with regions of irregular geometric shape
(cross-domain occlusion), since in the real world occlusion can look in many
different ways. In future research, one could experiment with multimodal approaches
combining optical images with other data sources such as depth maps or infrared
Images, to further improve robustness, especially under heavy and diffuse
occlusions.

9. Personal impressions and other issues on which the reviewer considers it
necessary to take a position
| do not personally know Assistant Professor Lyubomir Evgeniev Manov, but
from the materials provided to me as a reviewer of the dissertation, it is evident that
the doctoral student is a responsible and extremely precise researcher. His
development in recent years shows growth from a Master of Physics to a highly
qualified specialist in the field of automated systems and artificial intelligence. He
possesses the rare skill to combine fundamental physical knowledge with modern
software technologies. | recommend that the author continue his research in the
direction of Vision Transformer models, which, according to some authors, cope
better with diffuse occlusion and will have a huge contribution to the entire field.

10. Conclusion



The dissertation work "Detection and recognition of partially visible military
objects in optical images using artificial intelligence™ by Assistant Professor
Lyubomir Evgeniev Manov, Master of Physics is a large-scale, original, and relevant
research. It solves an important scientific-applied problem in the field of military
technology and computer vision. It contains original scientific-applied and applied
contributions that enrich the existing knowledge in the field of computer vision. The
doctoral student demonstrates deep theoretical knowledge and the ability to conduct
independent scientific research. The dissertation fully meets the requirements of the
Act on Development of the Academic Staff in the Republic of Bulgaria and the
regulations of Vasil Levski National Military University. The publications on the
topic of the dissertation exceed the required minimum number of points for indicators
of group "G" according to the Regulations for the Implementation of the Act on
Development of the Academic Staff in the Republic of Bulgaria for acquiring the
educational and scientific degree of "Doctor" in the professional field 5.3.
Communication and computer engineering.

11. Evaluation of the dissertation work
In view of the above, | give my positive evaluation of the dissertation work
and propose to the esteemed scientific jury to award Lyubomir Evgeniev Manov the
educational and scientific degree of "Doctor" in the doctoral program “Automated
Systems for Information Processing and Control” in the professional field 5.3.
Communication and computer engineering.

07.04.2026 Reviewer:
Varna Prof. Dr. /Petrova/




