PEOEH3UA

Ot npo.a-p unx. Benera I[lanaiioroBa AnekcueBa, Texunuecku YHauepcurer-Bapaa
Ha JMcepTaioHeH Tpya Ha Baaguceaas Muikos I'enoB
Ha TeMa: ,JIHTerpupana HABUrallMOHHA CHCTEMA 32 yIpaBJieHHe HA 0e3NMMJIOTHH JIeTATeJTHH
anaparu ¢ M3M0J3BaHe HA U3KYCTBEH UHTEJIeKT
npeJcTaBeH 3a npuaoOrBaHe Ha 00pa3oBaTeIHa U HayyHa CTEIEeH ,,JJOKTOp”
0 IOKTOPCKA MporpamMa ,, ABTOMaTU3HpaHu CHCTeMH 3a 00paboTka Ha uHpOopManus u
yIpaBJiieHHe

1. AKTyaJ’[HOCT H 3HAYUMOCT Ha pa3p360TBaHI/Iﬂ Hay4€cH l'lpOﬁJ'leM

Temara e akTyasiHa,T.K. KAKTO ChbBpEMEHHATa BOWHA € Hepa3pUBHO CBbP3aHa C MOJI3BAHE
Ha Oe3nmoTHU nerarennu anapat (BJIA), Taka n HaOItOIeHNE HAa TIPOMEHH B TIPUPOIHU 00EKTH,
OelICTBUS, aBapUH WIH IEHOBO-€(EKTUBHU JIOTUCTUYHU PEIICHUS 33 JOCTABKU OT €KETHEBUETO
Morar u ce ocbinectBsiBat ¢ bJIA. IMeHHO 3aTOBa B MOCJIEIHUTE TOJUHU TEMaTa 3a yIpaBJICHHUE
Ha BJIA ¢ U e 06ekT Ha u3cneABaHus HA peanlia OBIrapcku U 4y>KIu aBTOPH, MpeAiarar ce u
wiateHn ¢upMeHn pemeHus. B Ta3um cdepa ce Hamokmxa HAkow perymaumu Ha EK kato
,Cpobmenne Ha EK 10 chBeTa u eBpoIelCKUs MapiaaMeHT OTHOCHO MPOTHBOJEHCTBHETO Ha
MTOTCHIIMATHY 3aIUIaXxy OT OC3MIIOTHH JISTATSIIHU armapaTu’, myoaukyBano Ha 18.10.2023r. A Ha
1-4.10.2024r. Ge opranu3upan ot AconuanusaTa Ha Obarapckara aBualnonHa naayctpus (BAIA)
1 ipoBejieH excnepteH ¢popym ot Inter Drone Expo ,,Air mobility solutions, innovation and safety”
B Codusi.

Hsikon npumMepn 3a CXOIHU pa3pabOTKH :

1.EBrenuit Xy6enoB, ['eopru CotupoB, 301 XyOeHoBa ,,be3NUIOTHHM aBUAIIMOHHU
CHUCTEMY C €JEMEHTH Ha U3KyCcTBeH uHTeleKkT B MuTepner cpema”, 2021, 7thISC Space,
Ecology,Safety, cc.121-126 ;

2. Tomop Kopurapos, ,,Tpanchopmupane Ha MOPCKUTE ONEpalUd C OE3MUIOTHH
JIeTaTeJIHYU arapaTu: TeKyIlo CbCTossHuE U Obem noreHuan®, Journal of the Union of Scientists
- Varna. Maritime Sciences Series, cc.13-23, ISSN1314-3379

3. Becenun [[3uBeB, Jlumutsp ['uHUEB, ,,KoHIeNINs 32 M3rpaXkaaHe, MOJI3BaHE U Pa3BUTHE
Ha (opMamuu OT OE3NMUJIOTHH JIETATeHM amapaTH 3a BOCHHU W TPAXKTAHCKU JIEHHOCTH
(u3non3BaHe U mpeumyiectsa)®, CUTYpHOCT u 0TOpaHa, 0p.2,2023, cc.227-246

4. Krestenitis, M.; Petropoulos, A.; Koulalis, I.; Stipanovic, L.; Palic, S.S.; loannidis, K.;
Vrochidis, S. Digitalization and Automation of Runway Inspection Using Unmanned Aerial
Vehicles. Sensors 2026, 26, 1100. https://doi.org/10.3390/s26041100

5. Demartis, A.; Giulio Tonolo, F.; Barchi, F.; Zanella, S.; Acquaviva, A. Analytical
Assessment of Pre-Trained Prompt-Based Multimodal Deep Learning Models for UAV-Based
Object Detection Supporting Environmental Crimes Monitoring. Geomatics 2026, 6, 14.
https://doi.org/10.3390/geomatics6010014

6. Alkhalifah, E.S.; Almalki, F.A. Developing an Intelligent Cellular Structure Design for
a UAV  Wireless Communication  Topology.  Axioms 2023, 12, 129.
https://doi.org/10.3390/axioms 12020129
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7. IInaropmata Dedrone by Axon 3a oTKkpHuBaHe, HACHTU(DUIIMPAHE U HEYTPAIU3UPAHE
Ha 3amiaxd OT Oe3nuiaoTHW JierarenHu amapatu  (https://kontrax.bg/resheniya/sigurnost-i-
otbrana/anti-dron-sistemi/)

8. EBponeiickusar mpoekt ,,SPADE’’no ,,Horizon Europe”2021-2027 ¢ 6romker 525000€
CTUMYJHMpa I0-MacoBoTO u3noi3BaHe Ha BJIA wm ycroitumBu gururanau yciayru ¢ UM B
MHTEJIUTEHTHO 3€MeJeNINe, TOPCKO CTOMAHCTBO, YKUBOTHOBBJCTBO HAa OTKPUTO, HAOIIO/IEHUE Ha
okouiHa cpepa.( https://spade-horizon.eu )

B To3u KOHTEKCT aBTOPBT € AepUHUpa Lie] Ha AUCEPTALIMOHHUS CH TPY/, KOATO OMbJIBA
CBIIIECTBYBAIIIUTE MPUIOKHU ACTIEKTH HA TemaTa. Temara Ha JuCepTallMOHHU TPYJ ChOTBETCTBA
Ha ChIIBPKAHUETO MY.

OcHOBHA TOJIOKHTENTHA CTpaHa HA TUCEPTAIMOHHHS TPy € pa3paboTeHaTa XuOpUIHA
MHTErpupaHa HaBUrauoHHa cuctema 3a BJIA, mpu KOSTO aHATUTUYHUAT AMHAMHUYEH MOJEN B
pamkara Ha KanmmanoBara uiitpamus ce 1ombjiBa WM 3aMeCTBa ¢ pEKYpEeHTHA HEBPOHHA MpeXa
C IbJITa KpaTKocpoyHa nameT. Ts e cumynupana B Matlab, 6a3upaiiku ce Ha myOmukanus ot 2021
3a moi00Ha cumynamus Ha BJIA cuctemu 3a BUPTyalTHO TECTBAHE HA PEIICHUS 33 aBBTOHOMHOCT U
CEH30pHHU MOJIEJIH, HO HE ca MOJI3BaHU JaHHU OT peayiHu nonetu Ha BJIA.

2. O01ma xapaKTepUCTHKA U CTPYKTYPA HA JUCEPTALMOHHUS TPY/

W36panaTta CTpyKTypa Ha TUCEPTAIMOHHHS TPYI, NMPEAJIOXKEeHaTa METOJIuKa, obeMa Ha
pasrieaHuTe JIMTepaTypHU U3TOUHUIM U 00eMbT Ha TEKCTa OTroBapsi Ha n3nuckBanusTa 3a 3SPAC.

Llenta wa aucepranuoHHUS Tpya € (QopMmynupaHa Kato ,,pa3paboTBaHe U
eKCIIepUMEHTallHa IPOBEpKAa Ha HMHTErpupaHa HaBuranuoHHa cuctema 3a BJIA mnpeau na e
HarpaBeH 0030p Ha ChUIECTBYBAIIUTE PELMICHHUS U TPo0IeMH, Ha CTP.9 OT AMCEPTAMOHHUS TPY/.
dopMynupaHu ca U KOHKPETHM 3a]1auu 3a IIOCTUTaHETo M.

N30panara Meronuka Ha H3CleABaHE YAaCTUYHO CHOTBETCTBA Ha IMOCTaBEHaTa LN U
dopmynupaHuTe 3aJadd  3a TMocTuraHero M. IM30paHara MeToauKa € CHMyJalUs B
Matlab/Simulink, kaTo ca wu3moJ3BaHU ,,CHHTETUYHH JaHHU' . JlUlcBa eKCIepUMEHTaIHA
IIpOBEpKa Ha MpeAokKeHaTa CUCTEMa, KakTo € (OpMYJIMpPaHO OT aBTOpa KaTo Lell.

JlucepTalluOHHUAT TPy € B obm o6em ot 202 ctpanuuu. CTpykTypHupaH € B 4 riaBu,
3aKJII0YEeHHE, U3I0JI3BaHa IuTepaTypa, MyOoIMKaluy Mo TeMara Ha AUCepTLuUATa, OOl CIIMCHK Ha
¢burypu u Tabauiy, NpuHOCHU U iBe npuioxkenus. Ceabpxa 34 ¢purypu u 22 tabnuuu (14 ot Tax
B TEKCTa). 3aKJIIOYEHHETO W H3BoAMTE ca B obem oT 1 ctp. DopMmynupaHu ca OT aBTOpa
MpETeHIMPAHN IPUHOCH 10 AMCEpPTAllMOHHUS TpyA. JIuTepaTypaTta He € HOMepHpaHa U IUTHpaHa
cbriacHo BJIC. [laneH € ciuchk Ha M3MOJI3BaHU CHKPALIEHMS, B 2 IPUIIOKEHUS Ca NIPEACTaBEHU
CpPaBHMUTEIHHM aHaIW3M, | Tabiuua ¢ mapamMeTpuTe Ha OOY4YMTETHHUS MOJAEN U (PparMeHTH OT
ckpuntose B Matlab.

B nbpBa riaasa ,,00630p Ha CbBPEMEHHHUTE TEXHOJIOTMH 32 UHTETPUPAHU H3BUTALIMOHHU
cucremu, bJIA u M1*“ B ob6em ot 61ctp., ¢ uutupanu 39 nurepaTypHu U3TOYHHKA, OCHOBHO Ca
nutupanu TpynoBete Ha (Mahmoud & Trilaksono, 2018) — 9 metH, ((Dasgupta, Shakib,&
Rahman, 2024), (Elmas, Elif Ece; Alkan, Mustafa, 2024), (ITorios, 2022 ) u (MBanoBa, 2022) - 1o
5 mpTu. Benuku gurypu, Tabaunu u GopMyau ca B3eTH OT JUTEpaTypHH U3TOYHMIIU, KOUTO ca
nocoueHu ot aBropa. Jluncea merona PRIZMA 3a nHayden 0030p Ha TUTepaTypHU U3TOYHMIIH, 32
Jla ce MpeleHn KakbB 00eM OT JTUTepaTypa U Mo KaKBU KPUTEPUHU € IIPETJie/iaH, 3a JAa ce BKIIoUaT
TOYHO MIOCOYEHUTE OT aBTOpa M3TOUHUIIM U J1a c€ MPeHeOperHar Ipyry aclekTy Ha IpoOIeMuTe B
n30OpaHara TeMaTtuka. HalnyHM ca TEKCTOBE, KOUTO TPETHpAT TEMHU U3BBH pazpaboTkara (Hamp.
Touka 1.1.2), 13TOUHUIUTE B MTOCTEIHUTE 5 TOANHU ca MPEACTaBeHH HeloCTaThuHO. JIumca sicen
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KPUTHYCH aHaJIM3 Ha aBTOpa Mo TeMaThkaTa. [ maBarta 3apppmBa ¢ 10 u3Bona, o6o6masarum 100pe
u3BecTHU (akTH 3a ynpasineHue Ha BJIA. M3BoxuTe ca HacodyeHH KbM HEOOXOIUMOCTTA OT
pobacTHU W/WIK alalTUBHA MEXaHU3MH 0€3 J]a € YTOUHOCHO KaK Te31 N3BO/IM Ca PEIEBAHTHH KbM
IpeACTaBeHaTa 3a IPUHOC B TUCEPTALIMOHHNUS TPY/] MHTETpUpaHa HaBUramoHHa cucteMa 3a bJIA,
ocobeHo mopaau (akra, ue B 3 U 4 ri1aBa He ce KOMEHTHpAT/IpeaaaraT/CuMyaupaT/cpaBHsABAT
,,OOACTHH W/MITN aTalITHBHU MEXaHU3MH .

Bropa rnasa ,,Anropurmu 3a U1 npu ynpasnenue na BJIA B 00eM ot 39 ctp., nurupaiuna
52 W3TOYHUWKA, MpEACTaBsl PEJICBAHTHHA HAa TEMaTHKaTa Ha IUCEPTALMOHHUS TPYA 0030p.
[IpencraBenn ca Monenu ¢ HEBPOHHU MpexH, ¢ KanmmanoBu ¢uitpu U XUOpUAHU MOJIETH H
TSAXHOTO NMPWIOKEHHE B HABUTAIMOHHHUTE (QHITPH 3a aAaNTHBHOCT M (QUITpUpaHE HA MIyM.
3aBbpiiBa ¢ 6 U3B0OJA, KOUTO ca B KOHTEKCTa Ha IPOOIEMUTE B pasriexkaaHaTa 00JacT.

Tpera rmaBa ,llpoexTpane Ha UWHTErpHpaHa HaBHTallMOHHA CHCTEMa B
Matlab/Simulink™ B 06em ot 21 cTp. nmpeacTaBsi HAyYHO-TPUIIOKHUS IIPUHOC 0 AUCEPTALUATA HA
JTOKTOPaHTa C MaTeMaTHYECKH MOJIeJI, Oa3upaH Ha ChUIECTBYBAIIM MOJEIH M UMIUIEMEHTAIUATA
My B Matlab/Simulink. Hanwuuero na ¢gparmentn ot ckpuntose (ctp.126,127,129,130,132) e
HETIOIXO/IAIIO 32 TUCEePTAlMOHEH TPY/. 3aBbpIBa ¢ 4 N3BOJA 32 KAYECTBOTO HA MPEIOKeHATa
cucTemMa.

YerBbpTa rJjaBa ,, EKCliepuMEHTalHO WH3CIeIBaHE Ha MPEAJIOKEHATa HEBPOHHO-
MOJICHJIEHA MHTETPUpaHa HaBUTAllMOHHA cucTemMa’™ B 00eM oT 21 cTp. mpeacrass 4 crieHapus 3a
TECTBaHE Ha IpeUIOKeHaTa B 3 IJlaBa CHCTEMa. 3aBbpIIBAa C TBBPACHUS 3a IMOm00ME Ha
IpeAyokKeHaTa CHUCTeMa C Jpyrd IyOnuKyBaHM Oe3 1a ca HpPeAOCTaBEeHH JIOKA3aTEeNICTBA —
CpPaBHEHHE Ha PE3YJTAaTH NPH PAaBHU JPYrH YCJIOBUS, KOMIUIEKCHH CPaBHHUTCIUTHU aHAIU3H,
0azupanu Ha M30paHU OT aBTOpAa KPUTEPUU U Jp.II. 3aBbpIIBA C 5 M3BOJA 3a PE3YJNTATUTE OT
CHMYJIMPAHUTE CLICHAPUH.

JlMcepTalmoOHHUAT TPYZ 3aBBpIIBa ChC 3aKIIOYCHUE, OOUIN W3BOAM OT JUCEPTAIIHOHHHS
TPYZ ¥ HACOKHU 3a ObJera paboTa.

IIpaBu BneuaT/ieHUe IPpeBeca HA 0030pa Ha/l MPe/IJI05KeHOTO U U3CJIeIBAHO OT ABTOPA.
W3cnenBanu ca pa3iuyHU CIIEHAPUM U PA3IMYHU MapaMeTpH, HO HE € MPEI0KEeH KOMIUIEKCEH
CpaBHUTEJICH aHAJIM3 Ha TIOJYYEHUTE pe3yiTaTu. JIumcBaT cpaBHEHUS ¢ TOAOOHH TIOAXOIU U SICHA
OLIEHKa KaKBO MpeIokKeHaTa OT aBTopa cucTeMa noo0psBa.

3. XapakTepHCTHKA HA HAYYHHTE M HAYYHO-TIPUJIOKHUTE IPUHOCH B IMCePTALMOHHUS
TpyA. JocToBepHOCT Ha MaTepuaJia
ITpuemam dopmynaupaHuTe OT JOKTOPAHTA MPUHOCH 32 HAYYHO-NMPUIIOKHU U MPUIIOKHH,
KaTo ru AeuHUpaM, KakTo clie/Ba:
Hay4Ho-npu/105KHM IPHHOCH:

e [Ipeanoxena e xuOpuaHa HaBUTallMOHHA cucTema 3a uHTerpupana INS/GNSS naBuranus Ha
BJIA, ipu kosATO mpouecHUsT (MPEexXoIHUAT) MOJIET B IPOrHO3HATa cThilka Ha KanmmaHoBata
cxema (predict—update) ce mapameTpusmpa upe3 peKypeHTHa HeBpoHHa Mpexa oT Tun LSTM,
a KOpEKIIMOHHATa CThIIKA Ce pealn3upa OT KOPEKIIMOHHUS MOy HAa QUITHpA.

IIpuiiokHU NPUHOCH:

e Pa3paboteH e cuMynanMOHEH MOJIEN Ha UHTerprpaHa HaBUTAllMOHHA CHUCTEMa, PEaTU3UpaH C
PEKypeHTHa HEBpOHHA Mpeka oT Tunl LSTM, KoiTo mogabpska mapajieliHu peaau3aluy Ha
MIPOILIECHUSI MOJIENI ChC CHIVIACYBAHU BXOJHO-U3XOJHU UHTepdeiicu, yHupHIMpaHa BpeMeBa
0a3a u ympaBiisieM U300p Ha MPOIIECEH MOJIEN.



HpI/I3HaBaM H3JI0OKCHUTC ITO-TOPC HAYUHO-IIPUJIOKHU W MTPHUJIOKHU ITPUHOCHU KaTO 3aCIIyIr'd Ha
JAOKTOpaHTa, Cb31aJICHU B X04a HA JUCCPTALUOHHOTO HU3CJICABAHC.

4. OneHka HAa HAYYHHUTE Pe3yJITATH U IPUHOCHTE HA JHCEPTALMOHHHUS TPYA
IIpuHocuTe Ha NOKTOpaHTa:
e OO0orarsBaT ChIIECTBYBAIY 3HAHUS
e C nocnenpaia 10padOTKa U TECTBaHE C €KCIIEPUMEHTAIHU JaHHU OMXa MOIJH J1a Obaar
IIPWIOKEHU B IIPAKTHKATA.
[Tpuemawm, ge popMynupaHUTE IO-rope NPUHOCH Ca U3LUIO JEJI0 Ha JOKTOPAHTA.

5. OueHka Ha NyOJMKANMUTE N0 JTUCEPTALMUATA U ABTOPCTBOTO

CwmsdrtaM, 4e TUYHOTO y4acTHe B IPUHOCUTE Ha TUCEPTALMATA OTTOBaps Ha U3UCKBAaHUATA HA
3PACPB, T.x. 3asBeHUTE NPUHOCH ca MpEeACTaBeHU ¢ 4 NyOnMKauuu Ha OBIrapcKu €3UK B
koH(pepeHnus B bbarapus ¢ MexayHapoOAHO y4acTHe U C pelieH3UpaHe Ha JOKIAJAUTe, KaTo 2 OT
myOukanuuTe ca 0063opHu. Equn mokman e myonukysan 2024r, a ocrananmute 3 — pe3 20251, Ha
€/IHa U Cchllla KoH(pepeHlus. Bcuuku oTroBapsT Ha ChABPKAHUETO HA JUCEPTAIUOHHUS TPYA.

ABTOPBT Ha JAMCEPTALMOHHUS TPYA € CaMOCTOSITEJICH aBTOP BbB BCHUKHU ITYOJHKAIMH, HO
JUIICaTa Ha YBEPEHOCT Ha aBTOpa Ja arpoOupa MPUHOCUTE, IPETCHIUPAHN B IUCEPTALIMOHHUS CH
TPYA B MEXIYHAPOAHH WHACKCUPAHU M3JaHHUS MOPaKIa ChbMHEHHE 32 YHUKATHOCTTA Ha HAKOH
acreKkTH Ha pa3pabotkara. [IpenocraBenure noknanu 3a miarnapuszbM ca B bl 6a3arta gannu, He
€ MPEeI0CTaBEHO JI0KA3aTEIICTBO 32 IUIATHapU3bM OT Pa3paOdOTKH Ha aHTIIMICKH €3HK, HO IpHeMaM
MpeIocTaBeHarTa AeKiapanus 3a OpUTMHATHOCT Ha MPUHOCUTE U IIIE .

CunraM, 4e 00EMBT W KAueCTBOTO Ha MPEACTABEHHUTE IMyOIMKAMKA IO TeMaTWKara Ha
JUCEePTAlMOHHUS TPYA YAOBIETBOpsABa HambiHO u3nckBanusta Ha 3PACPH 3a mpuckxiaane Ha
OHC ,,JIoxTop*.

6. JIureparypHa 0CBeIOMEHOCT U KOMIIETEHTHOCT HA IOKTOPAHTA

JIOKTOpaHTBT € HallpaBUJI IUTEpaTypeH 0030p Mo TeMaTUKaTa Ha JucepTrauusaTa. B cBosita
JTUTepaTypHa ClpaBKa ToW € nutupan 96 n3tounuka, oOxBamamny nepuoaa ot 1997r. go 2026r.
JIutepatypara He € HoMepupaHa u nuTupana csriaacHo bJIC. TpynHo ce mpocnensBa 1any BCUYKU
MIOCOYEHH H3TOYHMIIM ca IUTHPAaHU B TEKCTa Ha AucepranusaTa. V3mon3BaHuTe NaHHU 3a
MHEPILUOHHU ceH30pH ca oT u3cinensane ot 2012r., a GNSS/INS uHTerpaunoHHu METOU ca OT
2010r., koeTo e curHaj, 4e aBTOpbT HE € NOThPCUII Mo-akTyasiHa uHopmanus. [lomoBuHara ot
U3IOJI3BAHUTE M3TOYHHUIM (00110 camo 96) ca crapu - 48 3arnaBus ca B nepuoaa 1997-2020r,
KOETO MOBJUIa BhIIPOCa JJOKOJKO aBTOPBT € HalpaBUJ MMBJIHOLIEHEH 0030p MO TeMaTa U I0KOJIKO
NpUIOOUTHUTE OT HEro 3HaHMs ca akTyalaHu. Hemio moBeue, He € MOCOYEH METOABT 3a MOAOOp U
oTcaBaHe Ha m3TouHuuure (Hanpumep PRIZMA), koeto cpiio e ¢akrt, mopaxiail CbMHEHHE 3a
I'BJIHOTATa Ha HAIpaBEHUs 0030p M aKTyaJTHOCTTa Ha MOCOYEHUTE OT aBTOPA M3BOJU B IIbPBA U
BTOpA I'JlaBa Ha IMCEPTALUOHHUS TPY/I.

Cumnram, ye JOKTOpaHTa € MpUA00MII O3HAHUS MO pa3riekJaHaTa OT HEro TeMa U 03HaBa
CBIIHOCTTa Ha MpoOjemMa, HO BCE OIIe HE OIEHSIBA JIOCTATHYHO KPUTHYHO JUTEpaTypHHUS
MaTepual, He (opMyJIHpa CTerHaTO U KPUTHYHO U3BOJM OT MOJIOOHU ChBPEMEHHH pa3padOoTKU.

7. Ouenka 3a aBTopedepara
[TpencraBenust aBropedepar e B o0eM oT 48 ctp. Homepanusara Ha purypute u Tabaumnure
CbOTBETCTBA HAa Ta3W B JUCEpTaUMOHHUA TpyA. CTpyKTypHpaH € CBIVIACHO JIOTHKAara u



MOCJICHOBATCIIHOCTTA HA AUCCPTATUOHHUA TPY. C‘-II/ITaM, 4C OTpassaBa B ITbJICH o0em ABTOPCKOTO
HU3CJICABAHC U II03BOJIsIBA I[O6I/IBaHe Ha O4JIOCTHaA IMpeJACTaBa 3a IOJTYYCHHUTE PE3YyJITAaTH. JIuricea
KpaTKa aHOTalus Ha AHTJIMHMCKU €3HK.

8. Kpurnunm 6eJie:KKH 10 JMCEPTANMOHHUS TPYA

3a0eJIeKKH 110 ChIIMHATA HAa AUCCPTAINOHHHAA TPYI:

1.

)]

[Ty6nukanuuTe Ha aBTOpa ca caMmocCTosATeNHHM. Hsama myOnmukamust ¢ mpekus
pbKOBOIUTEN M ¢ KoHcynTaHTa. Hayunara pabora e edekTuBHAa B KOJIEKTUB, a
JOKTOPAaHTHT HE € MPEJIOCTAaBUII JJOKa3aTeicTBa 3a padbora B exun. [IpenmopruBam Ha
JOKTOpaHTa B ObJele Ja paboTu ¢ KOJerd, 3a Ja MOXKe Yepreidkud OT ONUTa UM Ja
[IOCTUTA M0-3HAYMMH HayYHU PE3YyITATH.

[TyOnukanuuTe Ha aBTOpa ca Ha eqHa KoHpepeHIMS B bbarapus ¢ MexayHapOIHO
yudactue B 2 nopeaHu roaunu. [IpenopbuBaM Ha aBTopa ja MyOIMKyBa Hay4YHUTE CU
JOCTHIKEHHS Ha MO-3HaYMMHU 32 HayyHaTa oOIHOCT OpPYMH, KaKTO U B pedepernpanu
u unjekcupanu crucanus ¢ IF u SJR.

O06embT Ha 0030pHATa YacT B IUCEPTALUOHHUAT TPY € U3IHILHO rojisaM. ['onsma yact
OT TpejacTaBeHaTta WHGOpMAIMs € W3JIHUIIHO MOAPOOHAa U MOXKE Ja Ce MPEICTaBU
3HAUUTENHO NoO-cTerHaro. llsulata mbpBa I1aBa HsMa MNPSKO OTHOLIEHHE KbM
pasriexgaHara TeMaTHka M Moxe nga ce cbkpatu o 20 crpanumu. OO0eMbT Ha
CBIIMHCKATa YacT Ha IUCEePTalMOHHUs TpyA € 42 cTp., KoeTo € 20% oT Hero.

O06embT Ha aUTEpaTypHUS 0030p € Ha TpaHHIlaTa Ha MPUEMIIUBOTO, KaTO MOJIOBUHATA
OT JUTEepaTypHUTE U3TOYHHIM ca cTapu. [IpenopruBam Ha aBTOpa Ja ce 3amo3Hae ¢
Metoaa PRIZMA u na ro npumara 3a Obaenty pa3paboTKH.

[IpencraBsHeTO HA MPEIIOKEHOTO OT aBTOPa € B 00eM Ha KPUTHUHUS MUHUMYM.
JIOKTOpaHTBT HE € OTKpPOWJI SICHO B TEKCTa Ha JUCEPTAlMOHHMS TPYyJ KaKBU ca
MPEJJIOKEHUTE OT HErO aCMEeKTH, KOUTO MPABST MpeUIoKeHaTa cucTeMa mo-100pa ot
ChlIECTBYBAIUTE TakuBa. He € M3BBpILIEHO CpaBHEHUE Ha peleHre 0e3 peiokeHaTa
CUCTEMA W CclieJl MPUJIaraHeTo W WM MEX]y Hed M MOAOOHM TakuBa 32 KOHKPETEH
cilyuail Ha yrotpeoa.

Jluncara Ha cpaBHEHMs C IpYT'H pa3pabOTKH, JMUIICAaTa HA JOCTAThYHO EKCIIEPUMEHTH,
JUIcaTa TECTBaHE C €KCIIEPUMEHTAIHU JaHHU MPaBsT pa3paboTKaTa HEJOBbPIICHA U
NopaXkJaT ChbMHEHHE 3a IOJ3UTE 3a HayyHaTa OOIIHOCT M BHAcSAT ChbMHEHHE B
HENOJKPENEHUTE C JOKa3aTelCcTBa TBBPIAEHUS Ha aBTOpa 3a IIPEeIMMCTBaTa Ha
MPEJI0KEHOTO.

N30panusaT HaYMH 3a IUTHpaHe Ha juteparypa He e no B/IC, yBennuaBa M3IUIIHO
obema Ha pa3paboTKaTa W MPaBH TPYIHO MPOCIECAIBAHETO /1Ay BCUYKHA TTOCOUYCHU B
oubnuorpaduaTa U3TOYHULIU Ca IUTHPAHH.

B u3BoauTe KbM OTHIEIHHUTE TJIaBU, KAKTO U B IMPUHOCUTE C€ HM3MOJI3BAaT TEPMHHH,
KOMTO HE C€ CpellaT B OCTaHajJaTa 4acT Ha Tekcra. Hampumep npereHnupana e
METO/I0JIOTHS 33 eKCIIEpUMEHTAJIHA OLIEHKA, HO B TEKCTa METO/I0JIOTHSI HE ce Tpe/yiara.
AHaJOrMYHO € NpEeTEeHANpaH JUarHOCTUYEH aHaIN3, a TaKbB Juncsa. Hemo noseue-
CTBIIKUTE Ha IMOJrOTOBKa/00y4eHne/TecTBane Ha Mozienia ¢ HM ca mpereHaupanu KaTo
oTnenHu npuHocH. IIpenmonaram, ye AOKTOPAHTBHT € MpHeEN Ja HE ce choOpa3u ¢
HAIPaBEHUTE NMPENOPHKU HAa HAYYHUS CU PHKOBOJUTEI/IIbPBUYHOTO HAYYHO 3BEHO IIPU
(dbopMynHupaHeTo Ha MPUHOCHUTE MO TUCEPTALIMOHHUS TPYJ, 3aTOBa MpEenopbyBaM Ja



00cHKAa GOPMYIMPOBKUTE B CIICABALIUTE CH HAYYHH MTyOJIMKALMU C KOJIETH, KOUTO 2
My IIOMOTHAT Jja IOCTUT'HE HYXHAaTa MPEeLU3HOCT B paboTara CH.

3abenexku KbM 0(hOPMIICHUETO Ha OOSICHUTENTHATA 3aliCKa!

e B mu3imoxeHHeTo Ha HIKOJIKO MECTa ca AonyCHaTu CTHJIMCTHYHU W CCMAHTHYHU TI'PCIIKH
(TbJIeH 4WIeH MPU HENPSKO JOMbIHEHHUE, ,,CYUCICHHE — PYCHU3bM, M3IOJI3BaH B OCTapsia
MIPEeBO/IHA JINTEPATypa MO HaBUTAIUs, BMECTO CbBPEMEHHUSI TEPMUH ,,U3YUCIICHUE™ U JIp.).
JlonycHatu ca u3pasu, KOUTO HE ca MOIXOSIIN 32 Hay4eH CTUJI Ha U3JI0KEHHUE.

Te3u 3a0eneKKu U MMPCIIOPHKU HC OMAJIOBAXKABaT LAJIOCTHATA pa60Ta Ha JOKTOpPAHTA.

9. J/InyHHU BrieyaTJeHuda " APYI'd BBIIPOCHU, ITO KOUTO PEHECH3CHTDHT CUUTA, Y€ CJ€ABa 1a
B3€Me€ OTHOLLICHHE

He no3naBam AOKTOpaHTa. 3aKII0UYCHUATA MU CE 633HpaT CAWHCTBCHO HA NIPCAOCTABCHUTC
AOKYMCHTH I10 KOHKYpCa.

10. 3akaouyeHue

TemaTa Ha qUCepPTaLIMOHHUSA TPYJ € aKTyallHa U € TIoJHeceHa nHTepecHo. Paborara nma
noctarpyeH obeM. [losyueHM ca HayyHO-IPUIOKHM M HPUIOKHU HPUHOCH OT 3HAYECHHUE 3a
TEOPUSTA U MPAKTHUKATa B KOMYHHKAIIMOHHATA M KOMITIOThPHA TEXHUKA.

HanpaBenure nyOnukanuum OT JOKTOpaHTa ca Jald BB3MOXKHOCT Ha Majlka 4acT OT
Hay4yHaTa OOMIHOCT Jia ce 3amo3Hae ¢ padoTaTa My, IPOBEICHUTE H3CIICABAHUS M TOTYYCHUTE
pe3yaTaru.

11. Onenka Ha IMCEPTANMOHHUSA TPY/

[IpenacraBennure pe3ynratu ca JOCTAThYHO 3HAYMMH 3a MPOLEAYypa 3a NMPUCHKIAHE HA
oOpa3oBaTenHa U Hay4yHa cTeneH ,,Jlokrop®. [IpencTaBeHusT qucepTallMoOHEH TPyJ OTTOBaps Ha
3PAC B Pboarapus.

[IpennaraM Ha HAYYHOTO XXYpH Jja IPU3HAE aKTyaJIHOCTTa, IPUHOCUTE U PE3YJITATUTE Ha
NIPEACTABEHUs] JHUCEpPTAllMOHEH Tpyd M JAa npuceam Ha Buaagucias Mwuiakos I'eHos
oOpa3oBaTenHaTa M Hay4Ha CTemeH ,,JJokTop” BoOsacT Ha Bucile oOpa3oBaHue — 5. TexHnuecku
HayKu, podecruoHaiHo HampasieHue — 5.3. KoMyHuKalmoHHa 1 KOMIIOThPHA TEXHUKA.

Hara: 16.02.2026 Peuensenr: .......

rp.Bapna (mpod.n-p urx. Benera Anexcuena)



REVIEW

from prof. Veneta Panayotova Aleksieva, PhD, Technical university of Varna
on a dissertation for obtaining the Degree Doctor of Philosophy of Vladislav Milkov Genoff
Dissertation Title: ,Integrated navigation system for controlling unmanned aerial vehicles
using artificial intelligence*
presented for the acquisition of the educational and scientific degree "Doctor of PhilosoRhy" in
the PhD program "Automated Information Processing and Management Systems"

1. Relevance and significance of the scientific problem being developed

The topic is relevant, because both modern warfare is inextricably linked to the use of
unmanned aerial vehicles (UAVs), and monitoring changes in natural sites, disasters, accidents or
cost-effective logistics solutions for everyday deliveries can and are carried out with UAVs. That
is why in recent years the topic of UAV control with Al has been the subject of research by a
number of Bulgarian and foreign authors, and paid company solutions are also offered. In this area,
some EC regulations have been imposed, such as the “Communication of the EC to the Council
and the European Parliament on countering potential threats from unmanned aerial vehicles”,
published on 18.10.2023. And on 1-4.10.2024. an expert forum was organized by the Bulgarian
Aviation Industry Association (BAIA) and held by Inter Drone Expo “Air mobility solutions,
innovation and safety” in Sofia. Some examples of similar developments:

1.EBrenmnii Xyb6enoB, ['eopru CotupoB, 30s XyOeHoBa ,,be3NMUIOTHU aBUAIIMOHHU
CHUCTEMY C €JIeMEHTHM Ha H3KycTBeH uHTelekT B Mutepuer cpema”, 2021, 7thISC Space,
Ecology,Safety, cc.121-126 ;

2. Tomop Kopurapos, ,, Tpanchopmupane Ha MOPCKUTE OINepalMu ¢ OC3MUIOTHH
JIETaTeJIHY anapaTH: TEKYIIo ChCTossHUE U Obaem notenuuan®, Journal of the Union of Scientists
- Varna. Maritime Sciences Series, cc.13-23, ISSN1314-3379

3. Becenun [I3uBeB, Jumutsp ['uHueB, ,,KoHuenus 3a u3rpaxaaHe, MoJi3BaHe U pa3BUTHE
Ha ¢(opManuu OT OE3NMWIOTHM JIeTaTeTHM amnapaTH 3a BOEHHH U TPAXKAAHCKU JIEHHOCTH
(u3non3BaHe U npeuMylinectsa)®, CurypHocT u otopana, 6p.2,2023, cc.227-246

4. Krestenitis, M.; Petropoulos, A.; Koulalis, I.; Stipanovic, I.; Palic, S.S.; loannidis, K.;
Vrochidis, S. Digitalization and Automation of Runway Inspection Using Unmanned Aerial
Vehicles. Sensors 2026, 26, 1100. https://doi.org/10.3390/s26041100

5. Demartis, A.; Giulio Tonolo, F.; Barchi, F.; Zanella, S.; Acquaviva, A. Analytical
Assessment of Pre-Trained Prompt-Based Multimodal Deep Learning Models for UAV-Based
Object Detection Supporting Environmental Crimes Monitoring. Geomatics 2026, 6, 14.
https://doi.org/10.3390/geomatics6010014

6. Alkhalifah, E.S.; Almalki, F.A. Developing an Intelligent Cellular Structure Design for
a UAV  Wireless Communication Topology.  Axioms 2023, 12, 129.
https://doi.org/10.3390/axioms12020129

7. The Dedrone by Axon platform for detecting, identifying and neutralizing drone threats
(https://kontrax.bg/resheniya/sigurnost-i-otbrana/anti-dron-sistemi/)

8. The European project "SPADE" under "Horizon Europe" 2021-2027 with a budget of
€525,000 stimulates the wider use of UAVs and sustainable digital services with Al in smart



https://doi.org/10.3390/s26041100
https://doi.org/10.3390/geomatics6010014
https://kontrax.bg/resheniya/sigurnost-i-otbrana/anti-dron-sistemi/

agriculture, forestry, outdoor animal husbandry, and environmental monitoring. ( https://spade-
horizon.eu )

In this context, the author has defined a goal of his dissertation work, which complements
the existing applied aspects of the topic. The topic of the dissertation work corresponds to its
content. The main positive side of the dissertation work is the developed hybrid integrated
navigation system for UAVs, in which the analytical dynamic model in the framework of Kalman
filtration is supplemented or replaced by a recurrent neural network with a long short-term
memory. It was simulated in Matlab, based on a 2021 publication on a similar simulation of UAV
systems for virtual testing of autonomy solutions and sensor models, but data from real UAV
flights were not used.

2. General characteristics and structure of the dissertation

The chosen structure of the dissertation, the proposed methodology, the volume of the
reviewed literature sources and the volume of the text meet the requirements for the ZRAS.

The goal of the dissertation is formulated as "development and experimental verification
of an integrated navigation system for UAVs before a review of existing solutions and problems
is made, on page 9 of the dissertation. Specific tasks for its achievement are also formulated.

The chosen research methodology partially corresponds to the set goal and the formulated
tasks for its achievement. The chosen methodology is a simulation in Matlab/Simulink, using
"synthetic data". There is no experimental verification of the proposed system, as formulated by
the author as a goal.

The dissertation has a total volume of 202 pages. It is structured in 4 chapters, conclusion,
used literature, publications on the topic of the dissertation, a general list of figures and tables,
contributions and two appendices. It contains 34 figures and 22 tables (14 of them in the text). The
conclusion and conclusions are 1 page long. The author formulates the claimed contributions to
the dissertation. The literature is not numbered and cited according to the Bulgarian Standards. A
list of abbreviations is given, and 2 appendices present comparative analyses, 1 table with the
parameters of the training model and fragments of scripts in Matlab.

In the first chapter "Overview of modern technologies for integrated navigation systems,
UAVs and AI" in a volume of 61 pages, with 39 cited literary sources, the works of (Mahmoud &
Trilaksono, 2018) are mainly cited - 9 times, ((Dasgupta, Shakib, & Rahman, 2024), (Elmas, Elif
Ece; Alkan, Mustafa, 2024), (Popov, 2022) and (Ivanova, 2022) - 5 times each. All figures, tables
and formulas are taken from literary sources indicated by the author. The PRIZMA method for a
scientific review of literary sources is missing in order to assess the volume of literature and by
what criteria it was reviewed, in order to include exactly the sources indicated by the author and
to ignore other aspects of the problems in the selected topic. There are texts that treat topics outside
the development (e.g. point 1.1.2), the sources in the last 5 years are insufficiently presented. There
is no clear critical analysis of the author on the topic. The chapter ends with 10 conclusions
summarizing well-known facts about UAV control. The conclusions are focused on the need for
robust and/or adaptive mechanisms without specifying how these conclusions are relevant to the
integrated navigation system for UAVs presented as a contribution in the dissertation, especially
due to the fact that chapters 3 and 4 do not comment/propose/simulate/compare “robust and/or
adaptive mechanisms”.

Chapter Two "Al Algorithms for UAV Control" in a volume of 39 pages, citing 52
sources, presents an overview relevant to the topic of the dissertation. Models with neural
networks, with Kalman filters and hybrid models and their application in navigation filters for
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adaptability and noise filtering are presented. It ends with 6 conclusions that are in the context of
the problems in the area under consideration.

The third chapter "Design of an integrated navigation system in Matlab/Simulink" in a
volume of 21 pages presents the scientific and applied contribution to the doctoral dissertation
with a mathematical model based on existing models and its implementation in Matlab/Simulink.
The presence of fragments of scripts (pp. 126,127,129,130,132) is inappropriate for a dissertation.
It ends with 4 conclusions about the quality of the proposed system.

The fourth chapter "Experimental study of the proposed neural-augmented integrated
navigation system" in a volume of 21 pages presents 4 scenarios for testing the system proposed
in chapter 3. It ends with statements about the similarity of the proposed system with other
published ones without providing evidence - comparison of results under equal other conditions,
complex comparative analyses based on criteria selected by the author, etc. It ends with 5
conclusions about the results of the simulated scenarios.

The dissertation ends with a conclusion, general conclusions from the dissertation, and
directions for future work.

The overview goes beyond what was proposed and researched by the author.

Different scenarios and different parameters have been studied, but no comprehensive
comparative analysis of the results has been proposed. There are no comparisons with similar
approaches and no clear assessment of what the author's proposed system improves.

3. Characteristics of the scientific and applied scientific contributions in the dissertation
work. Reliability of the material
I accept the contributions formulated by the doctoral student as scientifically applied and
applied, defining them as follows:
Scientific and applied contributions:

e A hybrid navigation system for integrated INS/GNSS navigation of UAVs is proposed, in
which the process (transition) model in the prediction step of the Kalman scheme (predict—
update) is parameterized by a recurrent neural network of the LSTM type, and the correction
step is implemented by the correction module of the filter.

Applied contributions:

A simulation model of an integrated navigation system has been developed,
implemented with a recurrent neural network of the LSTM type, which supports parallel
implementations of the process model with coordinated input-output interfaces, a unified time
base and a controllable choice of process model.

I acknowledge the above-mentioned scientific-applied and applied contributions as merits of
the doctoral student, created in the course of the dissertation research.

4. Evaluation of the scientific results and contributions of the dissertation work
The contributions of the doctoral student:
e Enrich existing knowledge
e With subsequent refinement and testing with experimental data, they could be applied in
practice.
I accept that the contributions formulated above are entirely the work of the doctoral student.

5. Evaluation of dissertation publications and authorship



I believe that the personal participation in the contributions of the dissertation meets the
requirements of the Bulgarian Law for awarding the Doctoral Degree, as the stated contributions
are presented with 4 publications in Bulgarian at a conference in Bulgaria with international
participation and with peer review of the reports, with 2 of the publications being reviews. One
report was published in 2024, and the remaining 3 — in 2025. at the same conference. All
correspond to the content of the dissertation.

The author of the dissertation is an independent author in all publications, but the author's lack
of confidence in approving the contributions claimed in his dissertation in international indexed
publications raises doubts about the uniqueness of some aspects of the work. The provided
plagiarism reports are in the Bulgarian database, no evidence of plagiarism from works in English
has been provided, but I accept the provided declaration of originality of the contributions and
will.

I believe that the volume and quality of the submitted publications on the topic of the
dissertation fully satisfy the requirements of the Bulgarian Law for awarding the Doctoral Degree.

6. Literary awareness and competence of the doctoral student

The doctoral student has conducted a literature review on the topic of the dissertation. In
his literature review, he cited 96 sources covering the period from 1997 to 2026. The literature is
not numbered and cited according to the Bulgarian Civil Code. It is difficult to track whether all
the cited sources are cited in the text of the dissertation. The data used for inertial sensors are from
a study from 2012, and GNSS/INS integration methods are from 2010, which is a signal that the
author has not sought more up-to-date information. Half of the sources used (only 96 in total) are
old - 48 titles are from the period 1997-2020, which raises the question of how much the author
has conducted a complete review on the topic and how much the knowledge he has acquired is up-
to-date. Moreover, the method for selecting and screening sources (for example, PRIZMA) is not
indicated, which is also a fact, raising doubts about the completeness of the review and the
relevance of the conclusions stated by the author in the first and second chapters of the dissertation.

I believe that the doctoral student has acquired knowledge of the topic he is considering
and knows the essence of the problem, but he still does not critically evaluate the literary material
enough, does not formulate concise and critical conclusions from such modern developments.

7. Evaluation of the abstract

The presented abstract is 48 pages long. The numbering of the figures and tables
corresponds to that in the dissertation. It is structured according to the logic and sequence of the
dissertation. I believe that it fully reflects the author's research and allows for a comprehensive
understanding of the results obtained. A short annotation in English is missing.

7. Ciritical notes on the dissertation

Notes on the substance of the dissertation:

1. The author's publications are independent. There is no publication with the
direct supervisor and the consultant. The scientific work is effective in a team, and the
doctoral student has not provided evidence of teamwork. I recommend that the doctoral
student work with colleagues in the future, so that he can draw on their experience to
achieve more significant scientific results.



2. The author's publications are at a conference in Bulgaria with international
participation in 2 consecutive years. | recommend that the author publish his scientific
achievements at more significant forums for the scientific community, as well as in
refereed and indexed journals with IF and SJR.

3. The volume of the overview part in the dissertation is unnecessarily large.
Much of the information presented is unnecessarily detailed and could be presented
much more concisely. The entire first chapter has no direct relation to the topic under
consideration and could be shortened to 20 pages. The volume of the main part of the
dissertation is 42 pages, which is 20% of it.

4. The volume of the literature review is on the border of acceptable, with half
of'the literature sources being old. I recommend that the author familiarize himself with
the PRIZMA method and apply it for future developments.

5. The presentation of what the author has proposed is in the critical minimum
volume.

6. The doctoral student has not clearly identified in the text of the dissertation
what aspects he has proposed that make the proposed system better than existing ones.
No comparison has been made of a solution without the proposed system and after its
implementation or between it and similar ones for a specific use case.

7. The lack of comparisons with other developments, the lack of sufficient
experiments, the lack of testing with experimental data make the development
incomplete and raise doubts about the benefits for the scientific community and cast
doubt on the author's unsupported claims about the advantages of what is proposed.

8. The chosen way of citing literature is not in accordance with the Bulgarian
Standards, unnecessarily increases the volume of the work and makes it difficult to
track whether all sources indicated in the bibliography have been cited.

9. In the conclusions to the individual chapters, as well as in the contributions,
terms are used that are not found in the rest of the text. For example, a methodology
for experimental evaluation is claimed, but no methodology is offered in the text.
Similarly, a diagnostic analysis is claimed, but there is none. Moreover, the steps of
preparation/training/testing the model with NM are claimed as separate contributions.
I assume that the doctoral student has agreed not to comply with the recommendations
made by his scientific supervisor/primary scientific unit when formulating the
contributions to the dissertation work, therefore I recommend that he discuss the
formulations in his next scientific publications with colleagues who will help him
achieve the necessary precision in his work.

Notes on the layout of the explanatory note:

In the presentation, stylistic and semantic errors are made in several places (full article
in indirect object, “cuncinenne” — a Russianism used in outdated translated literature on
navigation, instead of the modern term “usuncnenue”, etc.).

Expressions that are not suitable for a scientific style of presentation are allowed.

These remarks and recommendations do not belittle the overall work of the doctoral
student.



9. Personal impressions and other issues on which the reviewer believes he should take a
position

I do not know the doctoral candidate. My conclusions are based solely on the documents
provided in the competition.

10. Conclusion

The topic of the dissertation is relevant and presented in an interesting way. The work has
a sufficient volume. Scientific-applied and applied contributions of importance to the theory and
practice of communication and computer technology have been obtained.

The publications made by the doctoral student have given the opportunity to a small part
of the scientific community to become acquainted with his work, the research conducted and the
results obtained.

11. Evaluation of the dissertation work

The presented results are significant enough for a procedure for awarding the educational
and scientific degree "Doctor of Philosophy". The presented dissertation complies with Bulgarian
Law for awarding the Doctoral Degree.

I propose to the scientific jury to recognize the relevance, contributions and results of the
presented dissertation work and to award Vladislav Milkov Genoff the educational and scientific
degree "Doctor of Philosophy" in the field of higher education - 5.Technical sciences, professional
direction - 5.3. Communication and computer engineering.

16.02.2026 Reviewer: .......
Varna (prof. Veneta Aleksieva, PhD)



