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PEINEH3USA
BBPXY JUCEPTALMOHEH TPY 3a MPUIOOHUBaHe Ha 0Opa3oBaTeIHa U Hay4yHa CTEIEH
»1OKTOP”.

ABTOp Ha aucepTanoHHus Tpya: Mar. unx. Codust CredanoBa Y3yHoBa

Tema Ha gucepTalMOHHHS TPYI: ,,CBPBXIIUPOKOJEHTOBU TEXHOJIOTUH 32 KOMYHHKa-
1Usl Ha Oop/a Ha JIeTaTeJTHUTE anapaTd U JIOKAJIKW3alus Ha LeIH B YCJIOBHS Ha CMYLICHHS
no npodecroHanHO HampasieHue: 5.5 Tpancnopr, kopaboljiaBaHe M aBHallMs, HaydHa
CIIELIMATHOCT ,,HaBHUramus, ynpasjieHue 1 eKCIIoaTalys Ha Bb3IyIIHUS TPAaHCIIOPT .

Peuenszent: mpod. artH. unxk. ['eopru CotupoB — MHCTHUTYT 3a KOCMHUUYECKH
u3cieaBaHus U TexHosoruu — bAH.

[IpencraBenara peueH3usi € Ha ocHoBaHue 3anoBea Ne OX-5.5-23 ot 26.06.2026 r. Ha Pekropa

Ha Texnuueckus ynuepcuteT-Codus 1 Ha pelleHre oT 3acejaHue Ha HaydHOTO *kypu, MPOBEJEHO Ha
06.07.2026 r.

1. AKTyasiHOCT Ha pa3paboTBaHus B AMCEPTAIHOHHUSA TPYA NMPod.ieM.

Temarta Ha AUcepTALIMOHHUS TPY/ € UHTEPECHA M aKTyaJlHa 3allloTO HEMPEKbCHATOTO
HapacTBaHe Ha KOJWYECTBOTO MHUJIOTHpyeMa | Oe3NwIoTHa aBWAIlMM  Hajara
HEOOXOIUMOCTTA J1a C€ ThPCAT HOBU METOIH, CPEICTBA U TEXHOJIOTHH 3a MoJo0psBaHe Ha
Ha/IeXKTHOCTTa, TOYHOCTTA U CUTYPHOCTTA Ha KOMYHUKAI[AOHHUTE CUCTEMHU B aBHAllUOHHA
cpeia U paiioJIOKAllMOHHATE CUCTEMH 3a OTKPUBAHE M CHIIPOBOXKIAHE HA MAJIOpPa3MEPHH U
TOYKOBH IIeJIU B ypOaHU3apaHa cpena. B Ta3u Bpb3ka 0COOEHO MEPCIEKTHBHH CE SBSBST
CbBpPEMEHHHUTE CBPbXIUPOKoIeHTOBH (CIIIJT) 6e3KUYHMN TEXHOJOTUHU, KOUTO C€ OTIUYaBaT
CBIIIECTBEHO OT KJIACHYECKUTE TECHOJEHTOBH KOMYHHKAIHOHHH W PaJHOJIOKALIMOHHU
CHUCTEMH IO TNPHHUUIHNTE Ha (opMUpaHEe Ha CHTHAJIUTE, METOIUTE 3a O00paboTka
TEXHUYECKATa peaTr3ausi.

2. [locTaBeHH eI M 3a12a4H.

OcHOBHa 1€l Ha OUCEPTALMOHHUS TPYyd € J1a Ce M3CJeIBaT Bb3MOXHOCTUTE 3a
npwioxenue Ha CIIJI TexHonoruu 3a 0e3xu4HU OOPIOBH KOMYyHHKAIIMH B rpakIaHCKaTa



aBUaIlds ¥ OTKPHBAHE U CHIIPOBOXK/IaHE HAa MAJOpPa3MEpHH LIEIH B yCIIOBUS Ha CMYILICHHUS.
3a/iaymTe, KOUTO CH € MOCTaBUIa JUCEPTaHTKaTa ca CIEeIHUTE:

1. AHanM3 Ha XapaKTEePUCTHKUTE, OOJacTUTe 3a NPHUIOKEHHE H METOAMTE 3a
obpabotka Ha CII1JI curnanu;

2. IIpoextupane Ha CIIIJI meyatHu aHTeHH 3a Oe3kKHM4HA OOpIOBa KOMYHHMKAlUs B
JIA u cumynanvoHHu u3cienBanust B Matlab cpema ¢ Ansys HFSS Bepudukauus B
pa3IMYHU YeCTOTHU JAUANa30Hu;

3. U3roTBsiHe Ha METOJMKA M €KCIIEPUMEHTAITHO U3CJIEIBaHE IIIyMOYCTOHYHBOCTTA Ha
OOpIOBHTE KOMYHHKAIIMOHHA CHCTEMH Ha peajieH camoseT npu Bb3jekcTeue Ha CIHIJI
CUTHAJIH;

4. Cunte3mpaHe OJlOKOBa cxema Ha pajapHa cucrema Ha 24 GHz u nposexmaHe
NPaKTHYECKH H3CIEIBaHUs Ha BB3MOXKHOCTHTe 3a mnpuioxenue Ha CIIJI curHamu 3a
OTKpHBaHe Ha MaJloOpa3MEpPHH IIeJIU B YCJIOBHs Ha ypOaHU3UpaHa cpena.

3. CTeneH Ha NO3HABAHE ChCTOSIHHETO HA MPOGJieMa H TBOPYECKA HHTePNpeTalus Ha

JUTEePATyPHHUSI MaTepHAJL.

HpernenH Ha CIMCHhKa Ha M3IOJI3BaHATa JIMTEpaTypa BKrodBama 146 3arnasus, OT
xouto 80 Ha JaTHMHMIA [OKa3Ba, Y€ aBTOpPKATa Ha QUCEpTalUsATa € A00pe 3amo3Hara C
KOHIIENITYaJIHH pa3pabOTKH OTHOCHO OCOOEHOCTHUTE U BB3MOXXHOCTHUTE 3a NMPHUIIOKECHUE Ha
CI1JT TexHOIOTHH 3a O€3)KMYHU OOpIOBH KOMYHHUKALIMK U OTKpHMBaAHE M ChIIPOBOXKIaHE HA
MaJIOpa3MepHH LeJId B ypOaHU3UpPHHA CpeJia.

4. ChoTBeTCTBHE HA M30pAaHATA METOHKA HA U3CJIeJBaHe H NOCTABEHATA el U
3224M HA JUCEPTANMOHHHUS TPYJ € MOCTHIHATHTE NPHHOCH.

OGexT Ha paspaboTkara ca Bb3MOXHOCTHTe 3a npunoxkenne Ha CIHILI
PaIMOKOMYHMKAILIMOHHHU M PAIMOJIOKAIIMOHHA CHTHAIIM M METOJIMTE 32 TAXHaTa 00paboTka.

3aciyra ¥ NpUHOC Ha aBTOpKara ca cb3ganeHuTe nportorunu Ha CIHLT meyatHH
aHTEHH 3a Oe3kuuHa 00poBa KOMyHUKALUsA B JIA ¥ TAXHUTE CUMYJIAIIMOHHH U3CIICABAaHHS
B Matlab cpena u Bepudukamus ¢ Ansys HFSS B pasnuuHu YECTOTHU [MaNa3OHM.
[IpeniokeHa € METOQWKa 3a EKCIHEepUMEHTAJHO H3CJIE[BaHe LIyMOYCTOWYMBOCTTA Ha
6OpIOBUTE KOMYHHMKALMOHHHA CHCTEMH Ha peajeH camoneT npu Bw3aedctBue Ha CIII
CUTHAJIH.

VcBoeHH ca Bb3MOXHOCTHTe 3a mpuioxkenue Ha CIIIJI curHanu 3a OTKpHBaHE Ha
MaJIOpa3MEpHH IIeJIH, B YCIIOBHSI Ha ypOaHU3UpaHa cpea.

OT ChIBp)KAaHHETO € BUAHO, Y€ B JMCEPTAlMOHHHSA TPYH Ca U3I0JI3YBaHH
ChBPEMEHHH METOIM 32 M3CJIECABAHE Ha CIIOXKHU PAJUOCIIEKTPOHHU CHCTEMH, METOMTE HA
CTaTHCTHYECKaTa TEeOpHS Ha KOMYHMKALlMOHHM M PaJUOJIOKAlMOHHU CHCTEMH H
YCTPOMCTBA, MaTeMaTHUecKa CTaTUCTHKA M MaTeMaTU4eCKO W MAIIMHHO MOJE/IMpaHe Ha
U3CJIeIBAHUTE MIPOLIECH.

OueHsBaM MOJOXKHUTEIHO METOIMYHUS TOIXO/ Ha JUCEpTaHTKaTa Y3yHOBa, 3aIl0OTO
TOM MO3BONSABA [ CE€ HATPYIAT 3HAHHWS W OMUT B ChbBMecTHOTO u3mnonsBaHe Ha CIIUI
pPaTMOKOMYHHMKAIIMOHHYU U PaJMOIOKALlMOHHN CHTHAIH.



5. KpaTka aHAJIMTHYHA XapaKTePHCTHKA HA €CTECTBOTO M OLIEHKA HA 1I0CTOBEPHO-
CTTa HAa MaTepHaJIa, BbPXY KOMTO ce rPaAsT IPHHOCHTE HA JHUCEPTALMOHHMS TPYA. -

[Ipuemam, 4e QUCEPTALUMOHHMAT TPyA € 100pe HalucaH, pasBUT € B YBOJ, TPH
pasjena W 3aKIOYeHHe W OTroBaps HA M3UCKBaHMATa Ha 3aKoHa 3a pa3BUTUE Ha
akageMu4Hus chbcraB B PemyOnmuka bwearapus u IlpaBuiHuka KbM HEro, Kakro U Ha
ITpaBunnuka Ha Texuuueckust yauBepceutet — Codus 3a 1ucepTanus 3a oOpasyBarenHaTa u
Hay4YHa CTeleH ,,/{okTop®.

B pasnen ITvpsu ce pasriiexia ChbBPeMEHHOTO CBhCTOSHHE Ha Ipo0Oiema, KaTo ca
anamusupany U knacuduimpanu CHIJT curnamu. OG0CHOBaHM ca TEXHUTE NPEIUMCTBA H
BB3MOKHH 00JIaCTH 3a M3MOJI3BaHe. 3a LeIUTe Ha U3CIeIBaHETO IUCEPTaHTKATa € IpoBesa
aHaIM3 Ha MaTteMarndeckute moaenu Ha conaupaiy CIHIJI curaany ¥ M3MCKBaHUATA KBM
TAX. AHATM3MPaHH ca MOJEM HAa PaJHMOJIOKAIMOHHM Lienu, npu m3monsBane Ha CIIJI
CHUTHAIA M METOJUTE MM 3a OTKpuBaHe W 00paboTka. OLiEHEHW ca W HEJOCTAaThLUTE Ha
pasrienaHuTe MeTou 3a 00paboTka Ha oTpaseHuTe CIILJI pannonokaliOHHN CUTHAIIH.

Pasnen Bmopu € TOCBeTeH Ha M3CJIEBaHE BH3MOKHOCTHTE 33 NPUIOKEHHE Ha
CBPBXIIMPOKOJIEHTOBU IMad aHTEHH 3a Oe3kuuHa OOpnoBa KOMYHHKAlWs B aBHALMATA.
JlucepTaHTKaTa € MpOoBeJia H3YUCIUTETHH POLelyPU U U300p Ha OCHOBHUTE MapaMeTpH Ha
MHKPOJIEHTOBA 1ay aHTeHa 3a 4ecTotd 5.8 GHz u 6.5 GHz. 3a nenite Ha U3CIEBAHETO Ca
pasriieflaHy AITOPUTMHYHUST mpouec W Matemaruueckuar monen 8 MATLAB cpena 3a
M3TpaKIaHe Ha MPABOBIbJIHA MUKPOJIEHTOBA May aHTeHA, OasupaHa Ha 3a[aJieHH BXOIHH
TEXHUYECKU NTapaMeTpH.

[Iposenenn ca cumynanuonHd usciensanus B MATLAB u 3D cumynanMoHHO
usciensane B copryepHara cpena Ansys HFSS cpena 3a orieHka Ha OCHOBHHM I10Ka3aTesln
KaTO KOe(HIMEHT Ha CTOsIIA BhJIHA, BXOJCH UMIIEJ]aHC, HACOUEHOCT U HACOYEHO JeHCTBHE,
e()eKTMBHOCT Ha M3TbYBaHE, KOeUIMEHT HA OTPKCHHE U JPYI'M BaOXHM MAapamMeTpu Ha
MPOEKTUPAHUTE AHTEHHU.

AHaIM3BT Ha pe3yJTaTHTe CJel] CUMYJal|sTa MOTBbpXK/iaBa MHOIO BUCOKa CTETICH
Ha cpotBercTBHe Mexay 3D HFSS cuMynanuuTte M aHaIMTHYHWS JHU3alH, peaau3upaH B
MATLAB. IlonydeHuTe pe3yJiTaTHTE IIOKa3BaT dYe, aHTEHaTa HMMa IIHPOK YECTOTCH
JManasoH B PaMKHTE Ha JIBETE ONpejeieHH PabOTHH 4YeCTOTH, J00pe e ChINacyBaHa,
edbeKTUBHA M MMa KOHTpOJIEpyeMa HacodeHocT. Ha 0asa mpoBeiieHMTE H3MEpBaHUs U
AHAIN3M € YTAHOBEHO, Ue M3MMTBAHATA aHTeHa e ChbBMecTHMa ¢ mpuioxumute ETSI 1 FCC
perynaTopHHU M3KMCKBaHHs 3a pabota B ISM o6xsara 5.8 GHz - 6.5 GHz.

CHHTE3MpaHa € OpUIMHAIHA METOAMKA 3a M3CJeIBaHe IIyMOYCTOMYMBOCTTa Ha
ocHoBHuTe BKC npu Bb3/1eiCTBHE ChC CBPBXIIUPOKOJICHTOBH U3/IbYBAHNS U € MPOBE/ICHO €
TecTBAaHE HA BB3IEHCTBHETO BBPXY CHCTEMHMTE Ha camoieT Boeing 737-200, Airbus A —
320. PesynraTuTe OT H3CIEIBAHETO MOKa3BaT, 4€ MAJIOMOLICH CBPBXIIMPOKOJICHTOB
mpenaBaTesl Moxe aa cmymiasa pammocuctemara Ha TCAS, ATC, ILS JIOKaJlai3epa H
TJIMCAJHUS KaHal Ha CaMOJIETUTE.



B pasmen Tpemu ca wu3cieqBaHH Bb3MOXKHOCTUTe 3a mnpuinoxenue Ha CIILI
PaaMOIOKAIIMOHHN CHTHAIMA 32 OTKPUBaHE M CHIIPOBOXIAHE Ha MallOpasMepHHU LEIH B
ycioBus Ha cMylieHus. Pasrinenanu ca ocodenocture Ha CIILJT pagronokanus, CUTHAIUTE
OT TOYKOBH MajopasMepHH Lenu. HampaBeH e aHaiu3 Ha TEXHHWTE XapaKTePUCTUKH,
OpearMCTBAa M HemocTaThlM. Pasrnenanu ca Bb3MOXKHOCTUTE 3a NPUIOKEHHE Ha
CBPBXIIMPOKOJIEHTOB pajiap MpHU OTKPUBAHE M CBIPOBOXKIAHE Ha TOYKOBH MalOpasMEepHHU
nend B ypOaHW3MpaHa cpeda M € OLEHEHO KayeCTBOTO Ha paJuOJIOKallMOHHATa
uHpopmanus.

OCHOBHUTE M3CJIENBAHMs B TO3M pa3/iell ce MPOBEACHU Ha Oa3aTa Ha CUHTE3HpaHaTa
omokoBa cxema Ha panap Ha 24 GHz 3a oTkpuBaHe W CBIPOBOXKIAHE Ha TOYKOBU H
MajiopasMepHH 1eid. [IpeiokeH e MeToj 3a monoOpsBaHe (opmara Ha H3TbYCHHS
(conmupamus) curHan 4pe3 HobaBsHe Ha KOpHrHpall uMmyic ¢ npuioxenue npu CIIIT
panap. JloxasaHo € 4e npu u3bopa Ha dopma Ha coHaupamy umiyicd Ha CIIJT paxap
Tpsi6Ba J1a C€ OTYMTA CIIEKTPATHUAT KOSHUIIMEHT Ha IOJIE3HO JEHCTBUE, KATO €IUH OT Hali-
BRXHUTE CHEPIUMHU MapaMeTpH.

3a nenuTe Ha u3clenBaHeTo 3a oOpaborkara Ha CIIJI curHamu auMcepTaHTKaTa €
CHHTE3HpalIa MMpeIBapUTETHNA ChITIaCyBaHU (DUIITPH, U3IPaAJIEHU HA HEJTMHEHHU BEPUTH BBB
BXOJIHHTE YCTPOWCTBA HAa PAJAMOIOKALIMOHHUTE ITPUEMHHIIH.

[pemtokena e mectHalicerouToBa cxema B cberaBa Ha CCJIIL ¢ npuioxeHue B
CBPBXIIMPOKOJIEHTOBH pagapu. ONUcaH € ¥ BapHaHT 3a TEXHUYECKA Pealn3allus, B KOUTO O
omnepaiysTa Ha U3BAXKIaHe, WM CpPaBHSIBaHE Ce U3BBPIIBA C IOMOIITA Ha HHU(POB CUTHAIEH
IpOLIECOP HJIM C IMOMOIITAa Ha MPOrpaMHpPyeMH OT IOTpeOHMTeNs MaTpulM, KOTO ca
00OCHOBaHHM TpEIMMCTBAaTa M HEJOCTATBHIIMTE HA BCEKH OT INPEIIOKEHHTE BapHaHTH.
CunTte3upanu ca 610koBa cxema Ha 3D Panap ¢ akTvBHA €I€KTpOHHA CKaHHMpAIa aHTEHA C
16 4ecTOTH M ca MPOBEJICHU Ca TEPEHHH €KCIIEPUMEHTH, KaTO Pe3yJTaTHTe ca CPaBHEHH C
npencTaBeH MOOWIIEH CBPBXIIIMPOKOIEHTOB pazap.

3a nomobpsiBane padorata Ha ALl B cnenuanu3upanus npouecop Ha pagap PXG-
CCW-JIpoH € cHMHTe3MpaH alrOPUTbM M € TpOBepeHa HeroBaTa pabOTOCIOCOOHOCT B
ycioBus Ha ['aycoB mrym.

[pemoxXeHUTe B TO3U paselNl yCTPOMCTBa JOKa3aHO MOA00PsBAT XapaKTEPUCTUKUTE
110 OTHOIIICHHE Pa3CTOSHHETO Ha OTKPUBAHE, TOUHOCTTA IIPU OIPEJENIsSHE Ha Pa3CTOSHHETO
MIPH pa3IM4HU PaOOTHU CLEHAPUH, CUMYJIMPAHHU 10 BpEME Ha EKCIIEPUMEHTA.

B kpas Ha BcekH pa3jen ca MpeACTaBEHU HalpaBEHUTE H3BOJIM, KOHUTO CIIOpE]
pelieH3eHTa MPAaBUJIHO OTPa3sBaT MOJyUYEHUTE PE3yJITaTH.

AHaM3bT Ha CHCTEMHATa pealu3alus W TNpHIOoKeHHsTa nokas3Ba, 4e CIIJI
TEXHOJIOTHH Cca MPUJIOXKUMHU B IIMPOK KPbI' aBUALTMOHHU U PAAUOJIOKAIMOHHH 3a]a4H.

6. Hay‘mu M HAYYHONPHUJIOKHHU NMPUHOCH HA TUCEPTALIUOHHUSA TPYA.

Karo 1510 mogkpensm GopMyJIMpaHUTe B TUCEPTALUOHHUS TPy IPUHOCH, KOUTO I10
MO€ MHEHHE 0000IIIEHO Ce 3aKITF0YaBaT B:



Hay4yHo NpHJIOKHH:

e Paspabotrena ® amnpoOupaHa € METOHOJIOTHS 32 IIPOBEpKa  Ha
IIyMOYCTOMYMBOCTTA Ha KPUTHYHM CaMOJETHH KOMYHHMKAlMOHHH H HaBHIaUMOHHH
cuctemu cpenry CLLT cmymenus;,

e PazpaboreH e MomubuuMpaH alroputsM 3a obpaboTka Ha orpasenu CIII
ummysicH, usnonssam HY ¢untsp Ha HalikyrcT, KOMTO ONTHMH3MPA MPOU3BOJUTETHOCTTA
Ha AL no-epexTBHO OT dunTpanus Ha Kanmas.

IpuaoxHu:

e IlpoBeneH € TECT BBPXY pealHH CaMOJIETH, KOWTO JO0Ka3Ba, Y€ CHLI
CHTHAIMTE MOTaT f[a NpHYMHAT HectabwiHoct B ILS cucremure w na 3ajeicTsar
npenynpexnaenus ,,ATC Fail®.

e IIpoexrtupanute antenu 3a 5,8 GHz m 6,5 GHz nemoHCTpHpar BHCOKa
e(eKTHBHOCT M CHJIHA KOpEJIAIUs MEeX/Ty CHMYyJIaluuTe U GU3HISCKUTE TECTOBE.

- o TIposenenute ¢ apoH PXG-XCW wuscnenBanus, J0Kas3Batr CIocoOHOCTTa Ha
CHHTE3UpaHAaTa pajapHa CHCTeMa 1a OTKPHBA IIeJH C pa3mep mno-Maiku oT 30 cM Ha HHCKa
BHUCOYMHA.

[TosydeHuTe B AMCEPTALMOHHUS TPYHA pe3yJTaTHTe Ca NPUIOKHMMH 3a OLCHKA Ha
eJIeKTPOMarHiTHaTa ChBMECTHMOCT, CHUTYPHOCTTAa Ha JIETUINATa H nmofoOpsiBaHe Ha
y4yeOHHTEe TPOTrpaMH IO aBHALMOHHO WHIKCHEPCTBO KaKToO OaKalaBbpCKH, TakKa H
MaruCThPCKU IPOrpaMu.

s Ouemca 34 CTENEHTA HAa JIMYHOTO yYacTHe Ha AACepTaAaHTa B MPpHHOCHTE.

[Ipuemam, Ye JUCEpPTAHTKATA € ydacTBala aKTUBHO B JEHHOCTHTE IO pa3pabOoTKHTE,
KOETO ce BHXJIa OT NyOJMKAlUWTe MO IMCEPTAlUATa, B TPH OT KOHUTO Ts € CAWHCTBCH
aBTOpP.

B o6pazosarento otHourenre Copusi Y3yHoBa € yCBOHMJIA METOMTE U CPECTBaTa 32
u3cnensane u npunoxkenne Ha CLIJI TexHonoruu 3a 6e3KuuHM OOPIOBH KOMYHHKALMH B
rpakJaHCKaTa aBhallsl ¥ OTKPUBAHE M CHIPOBOXKAAHE Ha MAlOpa3MEPHH LEIH B yCIIOBHA
Ha cMymeHus. OTIIMYHO ce € MPEeICTaBWIa U B IUIAaHYBAHWTE W3MUTH 110 MHIMBUIY ATHHUS
IUIaH OT JIOKTOpaHCKara IIporpama.

: 8. Ilpenenka Ha My0JIMKALMHATE MO JHCEPTALUHOHHHS TPY.

[ly6nuKauuuTe 10 aucepTanuaTa ca 4 Ha Opoi ¥ ca MPEeCTaBUTENHH 32 obxBara H.
B TsIX QMCEpPTAHTKATA € eIMHCTBEH aBTOP B TPH OT TAX M BCUYKH ITyONIMKAIMH Ca BKIIO4CHN
B peLeH3MpaHH M3IaHus ¥ Ha KoHQepenumuute ,, Texuuka. TexHONOrHy. ObpazoBaHue.
CuryprocT 2025” W Ha MeXIyHapolHa HaydHa KOH(EpeHIHs Ha BBBY ,I'eopru
Benkoscku 2025 r. ToBa € OCHOBaHME J1a C€ IIpHEME, Y€ Pe3yJITAaTUTE OT H3CJICABaHUATA
10 TMCEPTALMATA Ca MIO3HATH.

9. M3no,3BaHe HA Pe3yJITATHTE OT AMCEPATHHOHHHUS TPYA B HAYYHATA M COLHATHATA
NpaKkTHKA.

Ot aHaNM3a Ha IPUHOCKTE TI0 AUCEPTAMOHHUS TPy MOXeE Jla CE HallpaBu U3BOJ, 1€

JIMCEpPTaHTKaTa € peIla IOCTABEHUTE 3alavyd IO JucepTauusra W IOCTUTHATHTE
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pesynaratu uMar croiiHocT B obmactra Ha CIIJI  pagHOKOMyHMKAllMOHHHM U
PaJMONOKAIIMOHHM CHUTHAIM M MeTOJuTe 3a TaxHata oOpaborka. IlocTurHaroro B
JMcepTalMaTa NpeacTaBisBa noiesHa crenka 32 CBY KOMYHHKAIMOHHM TPUIIOKCHUS,
KaTO CaTeJUTHM KOMYHHKAllMM W BB3AYIIHM CHCTEMH, KBJACTO M3UCKBaHHATA 34
e(eKTUBHOCT ¥ HACOUEHOCT ca OT pelIaBalllo 3HaueHne

10. OueHka Ha ChbOTBETCTBHETO HA aBTopedepaTa ¢ H3MCKBAHUSATA 32 H3rOTBAHETO
MY, KAKTO M HA 2/IeKBATHOCTTA HA 0TPa3siBaHe HA OCHOBHHUTE I0JI0KEHUsI U IPHHOCHTE Ha
JAMCEepTALHOHHMS TPYI.

Ciiey1 BHUMATEIIEH TIPOYKT HA aBTopedepara IprueMam, 4e Toil 0TpassBa KOPEKTHO
BCUYKM 4YacTH Ha OHMCepTalysTa M JaBa IpelcTaBa 3a CBIIHOCTTA HAa ITPOBEICHHUTC
M3CIeBaHUs U nojydeHnuTe pesynratd. CriaseHd ca ¥ M3HCKBaHMATA 3a M3TOTBAHE Ha
aBTOpedepata B CBHOTBETCTBHE C OOpasella, MOCOYEH Ha calTa Ha Texnuueckus
Vuusepcuter, Codus B pasgen "Paspurve Ha AKaJEMUYHHA CBCTAB - PaboTHu
TOKYMEHTH".

11. MHeHus1, NPENOPBKH H OeJIeKKH.

I[To BpeMe Ha OOCHKIAHHATA M IpeIBapUTeIHaTa 3allMTa UMaxX HAKOIKO KPUTHHHN
OeleXKH M IPENopbKH, KOMTO Ca B3€TH O] BHUMAaHME B OKOHYATCIHMS BapHaHT Ha
McepTaLusTa.

Mnraiiky TipeABU] aKTyaJTHOCTTa U BHCOKaTa UHGOPMATUBHOCT Ha AUCEPTalMOHHHUS
TPy U TOJYyYEHUTE OPUTHHAIIHU Pe3yJNTaTH NPENopbhIBaM CHLIMAT 11a OBbae U3gageH KaTo
y4ebHO Tocobue B IOMONI Ha CTy[JCHTUTE M JOKTOPAaHTHTE OT Hay4Ha CIIELMATHOCT
,,-HaBHramnus, yrpasjeHUe ¥ eKCIUIOoaTalys Ha BB3y ITHUA TpaHCcIopT™.

12. 3akiouenue

[To mpesncTaBeHMss MaTepHal MOXE Ja ce ChIH, Ye HAYYHUTS M3CIECIBAHUA B
JECepPTALMATA Ca MPOBEICHU IPEIM3HO W KOPEKTHO, a HayYHOTO HUBO Ha IOJYICHHUTC
pe3yJITaTd € BHCOKO. JIMCepTAalMOHHMAT TPYA OTroBaps Ha HM3HCKBAHHMATA 3a 3PAC B
P.bearapus u III1 Ha 3PAC 3a H3MbJIHEHHE HAa JMCEPTALUOHCH TpyH 3a IoJiydyaBaHe Ha
obpa3oBaTesHa ¥ Hay4Ha cTeneH ,,JlokTop”.

BBB BPB3Ka C TOPEU3IIOKEHOTO, JaBaM IOJIOXKHUTEIHA OlEHKa Ha JUCEPTAIMOHHIA
tpyx Ha Codust Credpanopa Y3yHOBa U NpejaraM cbiiara, 1a Obne nzbpana 3a ”JloxkTop”
B o0nacT Ha BHcIIe obpazoBanue 5 ,, TeXHHUECKH HAYKH npodecroHalIHO HAIPaBJICHHUE
5.5 Tpancnopr, KopabomjiaBaHe | aBHalMA, Hay4Ha CICHHATHOCT ,,HaBuranus,
yIIpABIICHHE M EKCILIOATALMS Ha B3y IIHUS TPAHCIIOPT®,
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Reviewer: Prof. Georgi Sotirov, DSc — Space Research and Technology Institute
— Bulgarian Academy of Sciences

This review is submitted pursuant to Order No. OZ-5.5-23 of 26 June 2026 issued by the Rector

of the Technical University of Sofia and a decision taken at a meeting of the Scientific Jury
held on 6 July 2026.

1. Relevance of the problem addressed in the thesis.

The topic of the thesis is interesting and relevant because the continuous growth
in the number of manned and unmanned aircraft necessitates the search for new
methods, means and technologies to improve the reliability, accuracy and security
of communication systems in an aviation environment and of radar systems for
the detection and tracking of small and point targets in an urban environment. In
this regard, modern ultra-wideband (UWB) wireless technologies appear
particularly promising; they differ significantly from conventional narrowband
communication and radar systems in terms of signal formation principles,
processing methods and technical implementation.

2. Objectives and tasks.

The main objective of this thesis is to investigate the potential applications of
UWB technologies for wireless on-board communications in civil aviation and
for the detection and tracking of small targets in the presence of interference. The
tasks set by the author are as follows:

1. To analyse the characteristics, areas of application and methods for processing
UWRB signals;

2. To design UWB printed antennas for wireless airborne communication in
aircraft and to conduct simulation studies in the MATLAB environment with
Ansys HFSS verification across various frequency bands;



3. Development of a methodology and experimental investigation of the noise
immunity of airborne communication systems on an actual aircraft when exposed
to UWB signals;

4. Synthesis of a block diagram for a 24 GHz radar system and conducting
practical investigations into the potential applications of SHL signals for detecting
small targets in an urban environment.

3. Level of understanding of the state of the art and creative interpretation
of the literature.

A review of the bibliography, comprising 146 titles, 80 of which are in Latin
script, shows that the author of the thesis is well acquainted with conceptual
developments concerning the characteristics and potential applications of SSL
technologies for wireless on-board communications and the detection and
tracking of small targets in an urban environment.

4. Consistency between the chosen research methodology and the stated aim
and objectives of the thesis, and the contributions achieved.

The subject of this study is the potential applications of UWB radio-
communication and radar signals and the methods for their processing.

The author’s achievement and contribution lie in the prototypes of UWB printed
antennas developed for wireless on-board communication in aircraft, and their
simulation studies in the Matlab environment and verification using Ansys HFSS
across various frequency bands. A methodology is proposed for the experimental
investigation of the noise immunity of airborne communication systems on a real
aircraft when subjected to UWB signals.

The potential for applying UWB signals to detect small-sized targets in an urban
environment has been explored.

It is evident from the content that the thesis utilises modern methods for the study
of complex radio-electronic systems, the methods of statistical theory of
communication and radar systems and devices, mathematical statistics, and
mathematical and computational modelling of the processes under investigation.
I commend the methodological approach adopted by the doctoral candidate, Ms
Uzunova, as it enables the accumulation of knowledge and experience in the
combined use of SSB radio-communication and radar signals.

5. A brief analytical description of the nature and an assessment of the
reliability of the material on which the contributions of the thesis are based.

I consider that the thesis is well written, structured into an introduction, three
chapters and a conclusion, and complies with the requirements of the Law on the
Development of Academic Staff in the Republic of Bulgaria and its Regulations,
as well as the Regulations of the Technical University of Sofia for a thesis leading
to the academic and scientific degree of ‘Doctor’ .



Section One examines the current state of the problem, analysing and classifying
UWB signals. Their advantages and potential areas of application are
substantiated. For the purposes of the research, the doctoral candidate has
analysed the mathematical models of probing UWB signals and the requirements
placed upon them. Models of radar targets using UWB signals and the methods
for their detection and processing are analysed. The shortcomings of the methods
considered for processing reflected UWB radar signals are also assessed.

Section Two is devoted to investigating the potential applications of ultra-
wideband patch antennas for wireless on-board communication in aviation. The
PhD candidate carried out computational procedures and selected the main
parameters of a microstrip patch antenna for frequencies of 5.8 GHz and 6.5 GHz.
For the purposes of the study, the algorithmic process and mathematical model
were examined in the MATLAB environment for the design of a rectangular
microstrip patch antenna, based on specified input technical parameters.
Analysis of the results following the simulation confirms a very high degree of
agreement between the 3D HFSS simulations and the analytical design carried out
in MATLAB. The results obtained show that the antenna has a wide frequency
range within the two specified operating frequencies, is well-matched, is efficient
and has controllable directivity. Based on the measurements and analyses carried
out, it has been established that the tested antenna complies with the applicable
ETSI and FCC regulatory requirements for operation in the 5.8 GHz—6.5 GHz
ISM band.

An original methodology has been developed to investigate the noise immunity
of the main avionics systems when exposed to ultra-wideband emissions, and
testing has been carried out to assess the impact on the systems of a Boeing 737-
200 and an Airbus A320. The results of the study show that a low-power ultra-
wideband transmitter can interfere with the radio systems of the TCAS, ATC, ILS
localiser and glide path channel on aircraft.

Section Three examines the potential applications of ultra-wideband radar signals
for the detection and tracking of small targets in the presence of interference. The
characteristics of ultra-wideband radar and the signals from small point targets are
discussed. An analysis is carried out of their characteristics, advantages and
disadvantages. The potential for applying ultra-wideband radar in the detection
and tracking of small point targets in an urban environment is examined, and the
quality of the radar information is assessed.

The main research in this section was carried out on the basis of the synthesised
block diagram of a 24 GHz radar for the detection and tracking of point and small-
size targets. A method has been proposed for improving the shape of the
transmitted (probe) signal by adding a correction pulse, with applications in S-
band radar. It has been demonstrated that, when selecting the shape of probe
pulses for a phased-array radar, the spectral efficiency must be taken into account
as one of the most important energy parameters.



For the purposes of this research into the processing of ultra-wideband signals,
the author has synthesised preliminary matched filters, based on non-linear
circuits in the input stages of radar receivers.

A 16-bit circuit integrated into the signal processing unit is proposed for use in
ultra-wideband radars. A variant for technical implementation is also described,
in which the subtraction or comparison operation is performed using a digital
signal processor or user-programmable matrices; the advantages and
disadvantages of each of the proposed variants are justified. A block diagram of
a 3D radar with an active electronically scanned array operating at 16 frequencies
has been synthesised, and field experiments have been conducted, with the results
compared to those of a mobile ultra-wideband radar.

To improve the performance of the analogue-to-digital converter in the PXG-
CCW-Drone radar’s dedicated processor, an algorithm has been developed and
its performance tested under conditions of Gaussian noise.

The devices proposed in this section have been shown to improve performance in
terms of detection range and range-finding accuracy across various operational
scenarios simulated during the experiment.

At the end of each section, the conclusions drawn are presented, which, according
to the reviewer, accurately reflect the results obtained.

An analysis of the system implementation and applications shows that UWB
technologies are applicable to a wide range of aviation and radar tasks.

6. Scientific and applied scientific contributions of the thesis.

Overall, I endorse the contributions set out in the thesis, which, in my view, can
be summarized as follows:

Scientific and applied:

A methodology has been developed and validated for testing the noise
immunity of critical aircraft communication and navigation systems against SSR
interference;

* A modified algorithm has been developed for processing reflected SSR
pulses, utilizing a Nyquist low-pass filter, which optimises the performance of the
ADC more effectively than Kalman filtering.

Applied:

* Tests conducted on actual aircraft demonstrate that UWB signals can cause
instability in ILS systems and trigger "ATC Fail" warnings.

* The designed antennas for 5.8 GHz and 6.5 GHz demonstrate high efficiency
(97.7%) and a strong correlation between simulations and physical tests.

* Research conducted using the PXG-XCW drone demonstrates the ability of
the synthetic aperture radar system to detect targets smaller than 30 cm at low
altitude.

The results obtained in this thesis are applicable to the assessment of
electromagnetic compatibility, airport security and the improvement of aviation
engineering curricula at both undergraduate and postgraduate levels.




7. Assessment of the extent of the doctoral candidate’s personal contribution
to the research.

I accept that the doctoral candidate has actively participated in the research
activities, as evidenced by the publications related to the thesis, three of which
she is the sole author.

In terms of her academic development, Sofia Uzunova has mastered the methods
and tools for researching and applying UWB technologies for wireless on-board
communications in civil aviation and for the detection and tracking of small
targets in the presence of interference. She has also performed excellently in the
scheduled examinations under the individual study plan of the doctoral program.

8. Assessment of the publications related to the doctoral thesis.

There are four publications related to the thesis, which are representative of its
scope. The doctoral candidate is the sole author of three of them, and all
publications have been included in peer-reviewed journals and at the conferences
‘Engineering. Technologies. Education. Security 2025’ and at the international
scientific conference of the ‘Georgi Benkovski’ Military Academy in 2025. This
provides grounds for concluding that the results of the research for the thesis are
well-known.

9. Application of the findings of the doctoral thesis in academic and social
practice.

From the analysis of the contributions made in the thesis, it can be concluded that
the author has successfully addressed the research questions set out in the thesis
and that the results achieved are of value in the field of UWB radio-
communication and radar signals and the methods for their processing. The
achievements of the thesis represent a useful step forward for UHF
communication applications, such as satellite communications and airborne
systems, where requirements for efficiency and directivity are of crucial
importance

10. Assessment of the abstract’s compliance with the requirements for its
preparation, as well as the adequacy of its presentation of the main
arguments and contributions of the doctoral thesis.

Having read the abstract carefully, I consider that it accurately reflects all parts of
the thesis and provides an insight into the nature of the research conducted and
the results obtained. The requirements for the preparation of the abstract, in
accordance with the template provided on the website of the Technical University
of Sofia under the section ‘Academic Staff Development — Working Documents’,
have also been met.



11. Comments, recommendations and observations.

During the discussions and the preliminary defense, I made several critical
observations and recommendations, which have been taken into account in the
final version of the thesis.

Given the relevance and high informative value of the thesis and the original
results obtained, I recommend that it be published as a teaching aid to assist
undergraduates and PhD students in the academic discipline of ‘Navigation,
Management and Operation of Air Transport’.

12. Conclusion

Judging by the material presented, it can be concluded that the scientific research
in the thesis has been conducted with precision and rigor, and that the scientific
standard of the results obtained is high. The thesis meets the requirements of the
Higher Education Act in the Republic of Bulgaria and the Regulations for the
Implementation of the Higher Education Act for the completion of a thesis leading
to the award of the academic and scientific degree of ‘Doctor’.

In view of the above, I give a positive assessment of the doctoral thesis by Sofia
Stefanova Uzunova and propose that she be awarded the degree of ‘Doctor’ in the
field of higher education 5 ‘Technical Sciences’, professional area 5.5 Transport,
Shipping and Aviation, scientific specialization ‘Navigation, Management and
Operation of Air Transport’.

Reviewer:

24 August 2026 Prof. D.Sc. Eng. /Georgi Sotirov/
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