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Pevensens: npog. o-p unxe. Exun Honves

l. Axryaamocr mua paspaborBanus B AHCEPTANMOHHHS TPy upodaem B
HAYYHO H HAYYHO-TIPHJIOKRHO OTHOIICHHE.,

B nocaemnoto necermnerie NPHIOKEHHeTO Ha OC3MMIOTHH NeTaTennn
anapartn (BJIA) 8 pazannamn CCKTOpH Ha MHIYCTPHATA ce pasiuupspa. TOBa BOH |
A0 yBeIHHaBaHe Ha TexHMa Opoil M HeoBXoaMMOCTTa OT Peryinpase Ha TAXHOTO
H3MOJ3BAHE 4YPe3 HOPMATHBHH AOKYMEHTH M IOBHIIABAHE HA H3HCKBAHUATA KBM
TCXHHTE CHCTEMH 33 HABHTALMS, NO3HIHOHHPAHE W OPHEHTAlMS NPH HATHTAHE |
Kanaue. Ipu noeevyero 6waemm PHIIOARCHHA OT/ICIIHATE €TaNM Ha moierta #a BJIA
lie ObaaT HATBIHO dBTOMaTH3HpaHHW. Takasa e ¥ uenTa Ha JUCEPTALMOHHUS TPy
- /1a € pa3paboTAT CPEACTBA H ANMTOPHTMH HA CHCTeMa 3a ABTOMATHYHO KallaHe Ha
BJIA, upe3 pammouecrorna 00paboTka M 11CEBA0 KOHMYHO ckanupane(I1KC) ¢
HaManeHa U3YHCINTENTHA CII0KHOCT.

Pewrennero ua nocrasenmre 3aJiavH, NONYYCHHUTE EKCMCPHMEHTATHH WM
CHMY/TALUHOHHH PE3yITaTH B HAYYHO, HaYHHO-NPHJIOKHO H NPUIIOKHO OTHOIIEHHE
NPHTEKABAT OE3CNOPHA AKTYATHOCT, JlOMbIHATENHO Z0Ka3aTeJICTBO 33 TOBA € H
FONEMHAT OPOil HAYYHH U NPAKTHYECKH pa3paboTkH B Tasu obnacr, nyonuKyBasu
NPE3 NOCACAHHTE HAKOJIKO I'OAHHH.

2. Crenes ma mno3saBane ChCTONHHETO Ha npodiaemMa W TBOpuecka

HHTEPNPETALUHA HA AMTEPATYPIHS MaTepHA.L.

3a paspaGorBane ua AUCEpTaNMATa NOKTOPAHTHT € [om3Ban obmo |77
AKTYaJlHH NHTEPaTYPHH M3TOYHHUM, OT KOWTo 176 Opos Ha narummua u | ua
KHpHIHUA. BenukuTe ca Brmoueny B AHCEPTALMATA H €4 UMTHPAHH KOPEKTHO.

B nbpsa raasa noktopantsr e HAMPaBHi 3adbIDOYEHO JIHTEPATYDHO
MPOYHBAHE Ha ChIIECTBYBALIHTE METOIH, CPECTBA U QITOPHUTMH 33 GBTOMATHYHO
kauane Ha bJIA. Tosa my e nossommo NPaBUIIHO /14 JehHMHUpa UEIHTE U 3a1auuTe
Ha JHCEPTAUHOHHMA TpyA. Hanpasemwte KpuTHgnm amanmam u W3Ce/BaHUs
TIOka3Bar, 4e aBTOPHT MO3HABA MHOIO A00pe ChCTOAHMETO Ha npodiema u ymee aa
MPAaBH AHATHTHYHH M KPHTHYHH MHTEPINPETANHH HA H3NOI3BAHHS JHTEepaTypen

Marepuan. Toga MY € MO3BOJIHIID YCICOIHO J1a M3ObJIHE NNOCTABEHUTE 34718494 ¥ oa
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MOTYHH PeIYATaTH CBC 3HAYMMM  HayyHw, HAy4HO-NDUIOKHH W MNPHIOKHH
MPHHOCH.

3. Cworsercrrme na H3bpanara Metoanka na H3CJIeIBaHe ¢ MOCTABEHATA 1e

H 3312490 HA ANCEPTANMOHANS TpyA.

M3bparara metommka Ha msciensane B IMCEPTALIHOHHMA TPyA € Ha Gasara Ha
3a1ba0049€H KPUTHYEH aHanu3 Ha CBUICCTBYBAIATE CHCTEMH 33 ABTOMATHYHO
Kanane Ha BJIA, paGoremm Ha PA3IHYCH NPHHINI, METOAHTE U cpeacTBara
Kacaciluu JoKaTH3HpaHe Ha UCIH 4YPe3 PaIHoYecTOTHA 0DpaboTka u cpejcTsara 3a
NOA0OPABAHE XAPAKTEPHCTHKHTE HA dasupauna anrenna pewietka (DAP),

3a nocTHrane Ha nocrasenmTe 3411270 Ca NPHIOKEHH NOAXOAAIH METOAHKH,
ATOPUTMH, CXCMHH PRUISHHS, GHAIN3 Ha noxyqenuTe pesyaratn. Hanpasena e
BepudUKauus Ha NPEUIOACHHTE DElIGHHA  Ypes3 CHMYIallHH H NOAXOAMIIH
CKCIICPUMCHTH BBPXY aBTOpPCKH paspaboTks ma Oazopa OpHEMHAa 4YacT Ha
CHCTCMATA 33 ABTOMATHYHO KallaHe HA BJIA, cuctema 3a aBromaTHumo cicaeHe Ha
BJIA ¢ ncesao koumumo CKanHpaHe # MOAUPHUMPaHH MEePHOIHYHN CTPYKTYpH.
HMa meiHO choTBerTcTBHE Ha H30paHata METOAMKa Ha M3C/Ie/IBaHe 1 NoCTaBeHara
1EJ1 H 3871891 Ha JIHCEPTALMOHHHA TPy,

4. Kpatka amanwruuna XAPAKTCPHCTHRA HA €CTECTBOTO M ONEHKE Ha
AOCTOBEPHOCTTA HA MaTepHaaa, BLPXY Ko#HTO ce TPANAT NPHHOCHTE Ha
ANCEPTALHOHHNS TPy,

HAucepraunonnnar tpys e paspaboten B obem ot 157 crpannum, Crpykrypara
MY CROTBETCTBA Ha Temata. OTACTHHTE TIaByH HMAT JOruMecKka oOBBP3aHOCT | ca
noOpe DanancHpann no obem. Pasnpenenenuero na MaTCpHAA € KakTo cieasa:
3drIaBHA CTPAHHIA; CHABPKAHNE ¥ YBOA: H3NOM3BAHN CBKPALUCHHS; NET INABK;
PHHOCH: CIHCHK ¢ NyOAHKAUNE KEM AMCEPTALHOHHNA TPYJL: YY4CTHS B NPOEKTH
BbB BpB3KAa C padoTaTa 1Mo AMCEPTANMOHHNA TPYA; OOCTHTHATH pe3ynTaTH M
NPENopBKH 3a Obema paboTa; CIHCHK HA M3NOI3BAHATA IuTEpartypa.

B nbpsa riasa e nanpasen THTEpaTypeH 0030p Ha METO/MTE W CpeACTBATA 34
ABTOMAaTHYHO Kamase wa BJIA, merommre 23a JOKAUTH3HPAHE Ha UETH Ypes
PaanouecToTHa odpabdoTka, cpejacTsa 3a NofoOpABaHe Ka4YeCTBEHHTE MOKA3ATEH
na (asupana anTeHna pemerka ¢ [TIKC 4Pe3 NEPHOAMYHH CTPYKTYPH.

Bes BTOpa rmasa e M3BLPIICH aHAmH3 W Ca JedHHHDAHH OCHOBHHTE
TEXHHYCCKH MMOKa3aTelnn M NapaMeTpH Ha Paguo KOMYHHKAIIHOHHA CHCTeMa 3a
ABTOMATHYHO Kauade Ha BJIA ¢ usnomssanme ma [IKC. Hanpasen e usop Ha
BAPHAHT HA CHCTEMATA M € ONPEACTEHO MAKCHMATHOTO paboTHO pa3scrosHme Ha
CHCTEMaTA.

B tpera raaga e NPOCKTHPAHA, pearH3HpaHa | W3CIeABaHa 6a30Ba npHeMHa
1acT Ha cucremata 3a IIKC no usGpauns apuast ot BTOpa rnasa. [lomyyenn ca
AMarpamMuTe Ha HacoueHo aejicrsue (JIHJI) na anTensara PeUIeTKa 3a pasaHyHuTe
ChCTOARMA HA nbua. [lpeanokenn ca paznuumy BapHaHTH 3a MOA0DpABaHe Ha
AMHAMHYHHA OOXBAT Ha XAPAKTEPHCTHKHTE Ha AHTCHHATA CHCTEMa ypes
MHKPOBBIHOBH NEPHOHYRH CTPYKTYPH.

B HCTBBPTA [71aBa e AUCKYTHPAH Tmoaxoa 3a ONpEACAHEe Ha BITIOBHTE
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koopaunath Ha BJIA ¢ ®AP n nceBao komnuHO CKaHHpaHe 4pe3 oOGpaborka Ha
MOLIHOCTTa Ha npHeTHA cHrHan. Misenenw ca MATEMAaTHYECKH 3aBHCHMOCTH,
KOHTO MO3BOIABAT AMPEKTHO ONpEACANHE HA BITOBHTE KOOpaMHATH Ha obekra,
Hpe3 u3MepenuTe momuoctH ot [TKC.

[feta rnasa e nocserema ma Pa3paboTBale Ha aNrOPHTMH 32 ABTOMATHUHO
Kanane Ha bJIA na Gasara ma npeanoxenus nojaxon. Te ca UMILUIEMEHTHPAHN B
PCATH3HpaHa CHCTEMA 33 ABTOMATHYHO Cle/ieHe | HABHTAIUSA.

Hoayuenure pesymratu or MIPOBEACHUTE EKCMNEPHMEHTH [IOTBbpKAaBAT
AOCTOBEPHOCTTAa HAa MATEPHANad H HANBIHO CHOTBETCTBAT Ha MOCTaBEHHTE B
AHCEPTALMATA 3884 M Ca Ael0 Ha JAOKTOpaHTa,

5. Hayunw w/uan HAYYHO-NIPHAOAHH HPHHOCH HA AHCEPTANHOHHUS TPy:
3asBeHMTE OT AMCepraHTa MPHHOCH Ca HAaYYHM, HAYYHO-NPHIOKHH W

NpHIOKHH, Te umar cnennure XapaKTEPHCTHKH: NPEIUIOKEHH ¢4 HOBH HOAXOAH 1

METOIH 3a m3CHeaBaHe, pa3paboTeHH ca HOBH H MOIH(UIOHPAEN CTPYKTYPH 1

CHCTCMH, QITOPHTMH 32 TAXHOTO yNpasienme | Hicaeasane. Ioayuenu n ca

AOKA3aHH HOBH H TIOTBBPAHTENHH haKkTH,

C nayuen xapaxrep ca:

1. Tpeanoxen e nomxoxn 3a ONPEIC/IAHE HAa BITIOBMTE KOOPAMHATH Ha BJIA
qpes DAP ¢ nceBao koumuHO CKaHMpaHe, C H3NOA3BAHE CaAMO Ha
MOILIHOCTTA Ha NPHETHA PATHOYECTOTeH curHan. OuerKaTa Ce H3BBPIIBA C
W3BEACHA  CHCTEMAa  IMHEHHM  ypasHEHMA m3nomiBamtm  I'aycosa
anpoxcumanus #Ha JHI w nocneasama JTHHEHHA alpoKCHMamMs Ha
H3MEPEHHTE MWIH CHMYNHDaHH pa3/iMKOBH AHATPAMH B JIOTAPHTMHYCH
mawad. Tlomysenure pesymratn ca AOKa3aHH C TECTOBO W3MepBaHe
H3CJICABAHE Ha TPELIKATA MPH MO3HUHOHUpPAHE,

2. Tpoextpanu, PCATHIHDAHH H H3CTICABAHH Ca MOAUDHKALNH B NEPHONAHYHH
CTPYKTYPH, € uel noAodpssaHe THHAMMYHHS OOXBaT Ha CHCTEMaTa 3a
asToMaTHIHO ciaenexe ¢ [MKC. [lokazauno e, ue 4pe3 TAX C€ YBEJIMYABA M
KOCHIHENTa HA YCHIBaHE HA AHTEHHTE.

C nayusno-npunomen Xapaxkrep ca:

1. PaspaBorena e meroauxa 3a ONpPEACIAHE HA BPH3KATA MEKIY BHCOMHHATA,
OT KOATO MOXE A2 33aM0YHE MPOUECHT 3a KalaHe Ha BJIA, vrena wa TH/] na
dHTCHATA M YyBCTBHTEAHOCTTA HA NPHEMHHKZ OT CHCTemata 3a
npusemsBane. Jlokazana e npakTHyeckara NPHIOAHMOCT HA MpeUTIoKeHaTa
METOAHKA.

2. Paspaboren e amropursm 3a aBTOMaTHYHO Kauane Ha BJIA, mnoazeam
paspaboreHns noaxon 3a ONPEJICIAHE HA BIIIOBATE KOOPJMHATH HA obeKTa,
Ha OCHOBaTa ma JMHEHHA anpokcHMamms Ha pasankosute JIHJ[ B
Joraput™MuycH mMamab. Toii e uscneasan CHMYIAUHOHHO CBC CHHTE3HpaH
NIPOTPaMEen KO/, KaTo € OLEHEHA TOYHOCTTa MY C OTHHTAHE BIHAHHETO Ha
CHCTEMATHYHATA TPEIKa HA CeH30pa M BAMSHHETO Ha ciy4qaiHaTa rpeika
0T wu3Mepsane. [lomywenure pesynratu JIOKa3BaT, Y€ MpPeIOKESHHS
ANTOPHTEM € CXOZAUl MPH BCHYKH M3CHCABAHH CIIy4aH, BBIPEKH
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MOIHOCTTA HA NMPHETHR CHIHAL.

3. Ha ocuoBara na NpCANOKEHHA NMOAXON 33 OLEHKa Ha BIUIOBHTE KOOpAUHATH
€ MPEITIOKEH aNTOPHTEM Ha CHCTeMa 3a crieaeHe a BJIA ¢ NICEBA0 KOHHYHO
CKaHUpaHe. 3a HenHTe Ha W3CAEIBAHETO MPOCKTHPAHa M peamH3upana
CHCTCMAa 33 aBTOMAaTH4YHO ClIeleHe. Paspaboren e nporpamen xon ua
&ITOPHThMA, KOHTO € HMIIEMEHTHpPaH B Hes. [peacraseny ca pesymrarn or
padoTara Ha cucTemara 3a CIC/ACHE, KOHTO JIOKa3BaT MPHIOKHMOCTTA Ha
MPCANOKCHAA TO/IXO/ K paspadoTeHus ATOPUTEM 3a clIecHe.

C npuaomen xapakrep ca:

L. Tlpemioskenn u ca AHUTH3NPAHH [ET BH3MOKHH BAPHAHTA 33 peann3anus Ha
CHCTEMa 33 aBTOMATHYHO Kamame #a BJIA B 3aBHCHMOCT  OT
PasNONOKEHHETO0 HA OpejaBamara u NpHEMHATa HaCT Ha CHCTEMarta.
Onpenencuu ca GynkunonanauTe H3ACKBAHHA H TEXHHYECKHTE NapameTpH
32 BCCKH €JIEMEHT OT CHCTeMaTa.

2. Ha ocHoBata Ha ACMHHPAHATE TEXHHYCCKH M3HCKBAHKS 1 pyBKImOHANHN
BBL3MOKHOCTH, C H3IBECTHH METOAHKH e MPOCKTHPaHA H peann3upana 6a3osa
NPHEMHA 4aCT Ha CHCTeMaTa 1o W3Gpanus BapHaHT.

3. Cumynaumonno u 9p€3 H3MCPBAaHE ca W3CACABAHH M CPaBHCHH
PATHAUHOHHHTE JMaIPaMHTe Ha  paznHyuu Bapuanti Ha @OAP ¢
MMIUIEMCHTHpaHH B Tax PBG wu EGB CTpysTypH. Haupasenure
H3CIC/BAHHS 10Ka3BaT, Y€ MpemIOKeHHTe Tomonorun Ha DAP ca
MOAXOMAINN 33 peann3upaHe H yBe/HYaBAHE HA AMHAMHYNHNS o0xBar Ha
CHCTCMaTa 3a aBTOMaTHYHO xauawe. OCBeH 3a ABTOMATHYHO Kanaxe c
fICEBA0 KOHHIHO KOHUYHO CKAHHpaHe, paspaboTeHuTe H H3caeapanu DAP
MOraT fna ce NpHIaraT B KOHBEHIHOHATHH OGe3RHYHM KOMYHHKAUHOHHMN
CHCTEMH,

4. Wscnensana u ouenena e CHCTEMATHYHATA IPeIKa NPH MO3MLHOHHPAHE C
H3NOI3BAHC Ha NOAXOAA 33 ONpeNensHE Ha BIIOBHTE KOOPIHHATH ¥
H3TOA3BAHEC HAa pasIaHYHH AHTCHHH CHCTEMIL. [Tonyuennre pesynrarn
NOKa3BaT, Ye NpeanoXeHHsT MOAX0a Ha AnpPOKCHMHPAHE W ONpeieTsHe Ha
BIrIIOBHTE KOOPAMHATH, MOKEe jaa ce pPealu3Npa HA NOPaKTHKA M HMma
HeoOxoaumara TouHoCT B npoueca Ha xauande Ha BJTA.
lpuemam  dopmynupannre or AOKTOpaHTa mnpuuocH. Cuuram, ye Te

[PABHIHO OTPA3ABAT MOCTHIHATOTO OT AOKTOPAaHTA B PE3yIITaT Ha NpOoBEACHHTE
H3CIICABAHHA U € HAMEPAT NPHIOKEHHS B NPAKTHKATA.

6. Ouenka 3a crenenTa ma AHIHOTO YHacTHe HA IHCEPTAHTA B IPHHOCHTE

Tlocrurnature pesynraru ca myOaukysann B 9 mayunu nyoIMKaumu B
CBABTOPCTBO CAMO C HAyYHWA PHKOBOJIMTEN, KATO B 0CeM OT THX € TIOCOYeH Ha
ITbPBO MACTO B aBTOPCKHS KOJICKTHB. HokropautsT uma yuacTe B NPORKT B
0OMOUl  HAZ JOKTOPAaHTH W HAUMOHAIHA nporpamMa  Mmamn  yuenn u
NOCTAOKTOpanTH — 2, BCHYKO TOBa JaBa OCHOBaHMe Aa Ce CHMTa, 4€ NPHHOCHTE
€a [ICI0 Ha NOKTOPAaHTa, NOX PHKOBOACTBOTO HA HEIOBHS Hay4eH PBKOBOINTEN
npod. 1-p Hons Maues.



7. Ilpenenka ua nySankanunte no AHCEPTAUHOHHNA TPYA:

[lo ancepranmonnns TPYA Ca HanpaseHH AeBET MyOAMKALMM, OceM B
ChaBTOPCTBO € PLKOBOAMTENN Ha AOKTOpaHTa W elHa camocTosTenHa. Eama
nyOaMKALHA € B chincanme Sensors, eana 8 Microwave Review, octananure ca ua
NPECTIKHATE HAYUHH KOH(EpeHUHNA ICEST(2019, 2021, 2022), TELECOM(2021
1 2022) n CIEES22. Benukre ca Ha aHrmiHcky e3nk. Ocem o nySmukamuuTe ca
HHACKCHpanH B Scopus u 8 |EEE Xplorer, a cratus [1] e ¢ HAYKOMETPHYHU
nokasarean IF 3.9, SIR 0.76, Q1.

Hanpasennre nySankanun HAITBIIHO OTpassBaT paspaGoTennte mpoliemu g
AMCEPTALHOHHUA TPYA H OOXBALIAT CHIICCTBEHA YacT OT AMCEPTAlHOHUHSA TPy,

8. HManomsame na PEIVITATHTE OT AMCEPTANMOHHNS TPYA B HayvuHata W
CONHATHATA NpakTuka. Haawuwe ua nocrursar NPAR HKOHOMHYECKH
eexT
Cnpaskara B Gasata gaunm na Scopus nokassa o HacTOSIIHA MOMEHT 6

UHTHPAHHS HA HAYYHH NyOJHKALMH KbMm Aucepraumsta. 3 Opos uuTHpanus 3a

»Automatic Landing of Unmanned Aerial Vehicles via Wireless Positioning

System with Pseudo-Conical Scanning” u 3 Gpos tiTapanna 3a |, Circularly

Polarized Phased Antenna Array with Pseudo-Conical Scanning with an

Application for UAVs Unmanned Landing®, xoeto nokassa taxuara spasmmoct 3a

HayuHata obmmoct B o6Gmacrra Ha PajHONpEaaBaTeHAaTa W PaJHONDPHEMHA

TeXHHKA.

Hanpaserure paspaGorkn 3a aBTOMaTHYHO KauaHe W cueneHe Ha BJIA,
M3NOA3BAI Pa3paboTeHHA MO/IXOA 34 ONpeAeAsHE HA BIIOBHTE KOOPIHHATH Ha
obekTa GHXa MOrIH 1a goBenaT o PEUTH3IHPAHE HA NPAK HKOHOMHYECKH edexT,
CBBP34H C HAMAIABAHE HA BPEMETO HA JOCTABKA HA ToBapu. Tosa ce noTewpxasa
OT TPEACTABCHHTE PC3YNTATH OT CHMYIALHH H TECTOBE BBPXY pa3spabotenute
CIIEMEHTH H CHCTEMH,

9. Omenka Ha CHLOTBETCTBHETO Ha aBTopedepaTa ¢ MHINCKBAHHNTA 3a
H3rOTBSIUETO MY, KAKTO M HA ATEKBATHOCTTA HA OTpa3siBaHe HA OCHOBHHTE
TOIORCHHSA H NPHHOCHTE HA JIHCePTAIMOHHIS TpyA.

ABtopedeparst Ha AHCCPTAUHOHRHSA TpyA € B 00eM oT 32 crpanumy u e
O(OPMEH B CHOTBETCTRBHUE C H3HCKBAHMATA Ha Ilpasununka 3a yenosasTa u peza 3a
MPHAOOMBAHE HA HAYYHH CTENCHH B TY-Codus. Toii npeacrass BAPHO
CLABPKAHHUETO, CHUIECTBEHHTE CTPAHH Ha H3CHICABAHMATA, NOCTUTHATHTE
TCOPETHYHH M NPAaKTHYECKH pe3ynTartH u AchuHMpaHATe Hayunm, HAY4IHO-
PIIOKRH W TIDUIOKHH NPHHOCH, CBLABPKAIM ce B OBAHHA TEKCT Ha
AuceprauHonHua Tpya. [Mpencrasen ¢ u crmenk Ha nybanKanMnTe HO TeMmata Ha
AHCEPTALAATA, YHacTHE B HAYYHO M3C/IEA0BATEICKH AOTOBOPH, KakTo W abCrpakT
Ha aHTUIHACKH €3UK.




10. Muenns, npenopsin, 3aderexicn
JIOKTOpanTET ce e CBOOpasun ¢ manpasenuTe OT Men NPenopeKH Ha
MPEABAPHTETHOTO OOCHK/GHE HA ANCEPTALHOMHMS TPyA.
Bce ome ce 3abensspar PEAAKUHOHAH nponycku. Hanpumep:
® Ha c1p.103 e manpaseno 0bobimenne Ha U3BOAM, KOHTO OTHACTH ce
noBTapaT B Touka 4.5  Mambiuenu UCIH, 3373348 M W3BOAH OT
HETBBPTA r1aBa” Ha c1p. 107;
® Ha ¢urypa 4.32 auncsa ommcanme KO Napamersp, ¢ KaKBa JHHHS e
IPE/ICTABEH;
® Ha onpeaencan mecra B Tekcra ca OCTaHamH HOMepa Ha (urypm,
KOHTO THTICBAT, HanpuMep c1p.18 - dur. 1.5, ctp.27 - ur. Ir.
HoxkropanTtsr e H3rpaaeH HayueH paboOTHHK, criocoben aa peInara 3anayn g
00/1CTTa Ha panMonpexaBaTenyata 1 panuonpuemHa Texauka. Jlokazatencrso 3a

UATHPaHuS B 21 HayuHH myGaMKaumM, BCHYKUTE B Scopus. Ipenopsasam My aa

11. 3akmoyenne

HoktopanTer e manpasun 3a0bLI00YEHO M3C/IEABAHE HA MOCTABEHHTE
NpodneMH, NPeanokul e | e PCATH3HpAT HA MPAKTHKA CIeMEHTHTe W
AITOPHTMHTE Ha CHCTEMa 3a crienede ma BJIA c NCEBAO KOHHYHO CKaHMpaHe.
[Mocturnarure mayyns, HAYTHO-TIPHIIONHH M MPHIOKHH NPHHOCH, OTpascHH B
AOCTATRYCH HA Opoii HaywHN MyGauKamkm, ca HATBLAHO JIOCTATHYHO OCHOBaHHE 3a
TOJIOAMTETHA OHEHKA HA AMCePTANHONHNS TPpYA. Bu3 ocHOBa Ha xosto
fpelularam Ha ypawaemoto Hayuwo xypm na NpHCHLAH obpasoBareiHaTa M
Hay4Ha CTeneH ,A0KTOP® ma mar. mux. Msaiizo Hauer &
npodecHonanto Hanpasnenue 5.3 Komysnkansonsa KOMIMIOTbPHA TEXHHKA TI0
HayqHa cneunansoct Paguonpenasarensa i PAIHONPHEMHA TEXHHKA.

14.11.2023 . M3roteun peuensusra:. _ s
rp.Codus /mipod. a-p urx. Emun Honwen /
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L. Relevance of the problem developed in the dissertation in scientific and
scientific-applied terms

Over the past decade, the use of unmanned aerial vehicles (UAVs) has
expanded across various sectors, leading to an increased need for regulations
through normative documents. This growth also necessitates enhanced
requirements for UAV navigation, positioning, and orientation systems during
takeoff and landing. In most future applications, the individual stages of UAV
flight will be fully automated. Such is the goal of this dissertation. to develop the
means and algorithms of an automatic UAV landing system utilizing radio
frequency processing and pseudo conical scanning(PCS) with reduced
computational complexity.

The solution of the set tasks, the obtained experimental and simulation
results in scientific, scientific-applied and applied terms have undeniable
relevance. Further evidence of this is the large number of scientific and practical
developments in this field published in the last few years,

2. Degree of knowledge of the state of the problem and creative
interpretation of the literary material

For the development the PhD student has used a total of 177 actual literature
sources, of which 176 in Latin script and 1 in Cyrillic. All of them are included in
the dissertation and are cited correctly.

In chapter one, the PhD student has conducted an in-depth literature survey
of existing methods, tools and algorithms for automatic UAV landing. This has
enabled him to correctly define the aims and objectives of the thesis. Critical
analysis and investigations undertaken illustrates the author’s excellent

-



understanding of the problem’s state and the ability to provide analytical and
critical interpretation of the literature used. This has allowed him to successfully
accomplish the set tasks and to obtain results with significant scientific, scientific-
applied and practical contributions.

3. Correspondence of the chosen research methodolory and the set goal and
tasks of the dissertation with the achieved contributions

The chosen research methodology in the dissertation is based on a thorough
critical analysis of the existing automatic landing systems for UAVs operating on
different principle, the methods and means concerning target localization by radio
frequency processing and the means for improving the characteristics of phased
array antenna (PAA),

Appropriate methodologies, algorithms, schematic solutions, analysis of the
obtained results are applied to achieve the set tasks. Verification of the proposed
solutions by simulations and appropriate experiments on the author's developments
of the base receiver part of the UAV automatic landing system, the UAV automatic
tracking system with pseudo conical scanning and modified periodic structures is
made, There is a full correspondence of the chosen research methodology and the
stated aim and tasks of the thesis.

4. Brief analytical description of the nature and assessment of the reliability
of the material on which the contributions of the dissertation are built

The dissertation is developed in a volume of 157 pages. Its structure
corresponds to the topic. The individual chapters have a logical coherence and are
well balanced in volume. The distribution of the material is as follows: title page;
table of  contents and introduction; abbreviations used; five chapters;
contributions; list of publications related to the dissertation work: participation in
projects related to the dissertation work: achieved results and recommendations for
future work; list of literature used.

Chapter one presents a literature review of methods and means for automatic
UAV landing, methods for target localization using radio frequency processing,
means for improving the quality performance of phased array antenna with PCS by
periodic structures.

In the second chapter, the main technical characteristics and parameters of a
radio communication system for automatic landing of UAVs using PAA are
analyzed and defined. The selection of the system variant is made and the
maximum working distance of the system is determined.

In the third chapter, a basic receiving part of the system for UAV is
designed, implemented and investigated according to the selected variant of the
second chapter. The directional action diagrams (DADs) of the antenna array for
different beam states are obtained, along with various proposals for improving the
dynamic range of antenna system characteristics through microwave periodic
structures.

Chapter four discusses an approach for determining the angular coordinates

of UAVs with PAA and pseudo conical scanning by processing the received signal
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power. Mathematical dependencies are derived that allow direct determination of
the angular coordinates of the object using the measured powers from the PCS.
Chapter five is devoted to the development of automatic UAV landing algorithms
based on the proposed approach. They are implemented in an realised automatic
tracking and navigation system.

The results obtained from the conducted experiments affirm the credibility of the
material and fully correspond to the tasks set in the dissertation and are the work of
the PhD student.

5. Scientific and / or scientific-applied contributions of the dissertation work

The contributions stated by the PhD student are scientific, scientific- applied
and applied. They have the following characteristics: new research approaches and
methods have been proposed, new and modified structures and systems have been
developed, algorithms for their management and research have been developed.
New and confirmatory facts have been obtained and proved.

Scientific contributions:

I.  An approach for determining the angular coordinates of UAVs by
PAA with pseudo conical scanning, using only the power of the received radio
frequency signal is proposed. The estimation is performed with a derived system of
linear equations using a Gaussian approximation of the DAD and a subsequent
linear approximation of the measured or simulated difference diagrams on a
logarithmic scale. The obtained results are validated through test measurements
and positioning error study.

2. Modifications in periodic structures are designed, implemented and
investigated in order to enhance the dynamic range of the automatic tracking
system with PCS. It has been proved that they lead to increase the gain factor of
the antennas.

Scientific-applied contributions:

l. A methodology has been developed to determine the relationship
between the altitude from which the UAV landing process can be initiated, the
angle of the antenna DAD and the receiver sensitivity of the landing system. The
practical applicability of the proposed methodology has been demonstrated.

2. An automatic UAV landing algorithm has been developed using the

random measurement error. The obtained results prove that the proposed algorithm
1s convergent in all the investigated cases, despite the influence of the systematic
and random error of the received signal power measurement.

3. Based on the proposed approach for estimating the angular
coordinates, an algorithm for a UAV tracking system with pseudo conical scanning
is proposed. For the purpose of the study, an automatic tracking system is designed
and implemented. The programming code of the algorithm has been developed and

implemented in it. Performance results of the tracking system are presented to
5



demonstrate the feasibility of the proposed approach and the developed tracking
algorithm.

Applied contributions:

I. Five possible implementations of an automatic UAV landing system
have been proposed and analyzed based on the location of the transmitting and
receiving paris of the system. The functional requirements and technical
parameters for each element of the system have been determined:;

2. On the basis of the defined technical requirements and functional
capabilities, a basic receiving part of the system has been designed and
implemented according to the selected variant using known methodologies.

3. The radiation patterns of different variants of PAA with PBG and
EGB structures implemented in them, were investigated and compared by
simulation and measurement. The investigations performed prove that the

pseudo conical scanning, the developed and investigated PAA can be applied in
conventional wireless communication systems,

4. The systematic positioning error is investigated and evaluated using
the angular coordinate estimation approach and using different antenna systems,
The results demonstrate that the proposed approach of approximating and
determining the angular coordinates can be implemented in practice and has the
required accuracy in the UAV landing process.

[ accept the contributions formulated by the PhD student. [ believe that they
accurately reflect what he has achieved as a result of the conducted research and
will find application in practice,

6. Assessment of the degree of personal participation of the PhD student in
the contributions

The achieved results have been published in 9 scientific publications co-
authored only with the supervisor, and in eight of them he is listed first in the
author collective. The PhD student has participated in a project to support PhD
students and the national program "Young Scientists and Postdocs - 2", All of this
provides ground to consider that the contributions are the work of the PhD student,
under the guidance of his scientific supervisor Prof. Dr. Ilia Tliev.

7. Evaluation of the publications on the dissertation

Nine publications have been made on the dissertation, eight co-authored
with the PhD supervisor and one independent. One publication is in the journal
Sensors, one in Microwave Review, the rest are in the prestigious scientific
conferences ICEST(2019, 2021, 2022), TELECOM(2021 and 2022) and
CIEES'22. All of them are in English. Eight of the publications are indexed in
Scopus and 1IEEE Xplorer, and paper [1] has a science metrics of IF 3.9, SIR 0.76,
Ql.

The publications fully reflect the problems developed in the dissertation and

cover an essential part of the dissertation.
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8. Using the results of the dissertation in scientific and social practice

The Scopus database reference shows 6 citations of scientific publications to
the dissertation so far. 3 citations for "Automatic Landing of Unmanned Aerial
Vehicles via Wireless Positioning System with Pseudo-Conical Scanning" and 3
citations for "Circularly Polarized Phased Antenna Array with Pseudo-Conical
Scanning with an Application for UAVs Unmanned Landing", which indicates
their significance for the scientific community in the field of radio transmissjon
and reception equipment.

9. Assessment of the compliance of the abstract with the requirements for its
preparation, as well as the adequacy of reflecting the main peints and
contributions of the dissertation

The abstract of the dissertation is 32 pages and is developed in accordance

with the requirements of the Regulations for the Conditions and Procedure for the
Acquisition of Scientific Degrees at TU-Sofia. It accurately presents the content,
the essential aspects of the research, the theoretical and practical results achieved
and the defined scientific, scientific-applied and applied contributions contained in
the full text of the dissertation. Additionally, a list of publications on the
dissertation topic, participation in scientific contracts, and an abstract in English is
also provided.

10. Opinions, recommendations and remarks

The doctoral student has taken into account the recommendations | made
during the preliminary discussion of the dissertation.

Editorial omissions are still noticeable. For example:

- A summary of conclusions is provided on page 103, which is partially
repeated in section 4.5 "Completed objectives, tasks and conclusions of the fourth
chapter” on page 107;

- Figure 4.32 lacks a description of which parameter is represented by each
line;

- In certain parts of the text there are figure numbers that are missing, e.g.
p-18 - Fig.1.5, p.27 - Fig.1d4.

The PhD student is an established researcher, capable of solving problems in
the field of radio transmission and reception equipment. This is evidenced not only
by the submitted dissertation, but also by the additional 7 articles and citations in
21 scientific publications, all in Scopus. I recommend him to continue his work in
his chosen scientific field.
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11. Conclusion

dissertation. On the basis of which T propose the esteemed scientific jury to
award the educational and scientific degree “Doctor” to MSc. Eng. Ivaylo
a Nachev in the professional field 5.3 Communication and computer
equipment in the scientific specialty Radio transmitting and receiving equipment.

Date: 14.11.2023 Reviewer:,
/Prof. Dr. Emil Tontchey/



