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JlucepTalMOHHUAT TPYA € 0OChIeH M HACcOYeH 3a 3ammrta oT Kartenpenus
CBBET Ha Katenpa ,,Bp3aymieH Tpancnopt kbM DakynTeT mo TpaHcmnopta Ha TY-
Codus Ha penoBHO 3acenanue, mposeaeHo Ha 16.06.2026 r..

[TyO6nuaHaTa 3ammTa Ha JUCEPTAIMOHHUS TPY/I 111e ce cbetou Ha 24.09.2026
r. ot 15:00 gaca B Kondepenrtnara 3ana na BUL na Texauueckn yHUBEPCUTET —
Codust Ha OTKPUTO 3acelaHue Ha HAYYHOTO KypH, OMpEAeNieHO Che 3amoBea No
0K-5.5-23/ 26.06.2026 r. Ha Pektopa Ha TY-Codus B cheTas:

1. ITpod. n-p Muxaun TonopoB — npeacenaresn

2. [Ipod. n.1.1. MBaiino [lanaueB — HayueH cekperap

3. [Ipod. n.1.1. 'eopru Cotupos

4. IIpod. n-p Mapun MapuHoB

5. Hom. 1-p XKuso Iletpos

PeniensenTn:
1. Ilpod. n.1.1. UBaitno [Tanauen

2. [Ipod. a.1.1. 'eopru Cotupos

Martepuanurte no 3anrara ca Ha pa3noJioKeHHE Ha MHTEPECYBAIIUTE CE B
kaHnenapusita Ha Gakynrer no Tpancnopta Ha TY-Codus, 610k 9, kadunetr No
9310.

JlucepTaHThT € PEAOBEH IOKTOPAHT KbM Kareapa ,,Bb3aynieH Tpancnopr'
Ha dakynrer o TpancnopTa . M3cneaBanusiTa mo AucepTairoHHaTa pa3padoTKa
ca HampaBeHM OT aBTOpa, Karo HIKOU OT TAX ca [MOJKPENEeHHu OT
HAyYHOU3CIIEIOBATEIICKU IPOEKTH.

Astop: mar. unxk. Copus Credanona Y3yHoBa

3arnaBue: CBPBXIIMPOKOJICHTOBU TEXHOJIOTHH 32 KOMyHUKaIUsl Ha Oopaa
Ha JICTATEJTHUTE arapaTtu U JIOKAJIW3aIvs Ha 11eJIU B YCJIOBUS HA CMYIIICHUS

Tupax: 30 Opos

Otneuarano B UIIK na Texuuuecku yausepcuteT — Codust



. OBIHA XAPAKTEPUCTUKA HA IUCEPTALIUOHHUSA TPY ]
AKTYaJTHOCTTA HA TEMAaTa ce oIpeeas oT:

1. TbpceHe Ha HOBH KOMYHMKAIMOHHH pelIeHUA B aBHALMATA:
BbBexxaanero Ha 6€3KUYHU OOPIOBU KOMYHHKAIIUH;

2. Jlokaqm3anuss Ha MaJjiopa3MepHM ueau: HapactBamata ymorpeba Ha
JTUCTAaHIIMOHHO ympaBisieMu JetarenHu cucremu (AYJIC/mpoHoBe) wusucksa
IPELU3HNA METOAM 32 TAXHOTO OTKPHUBAHE U CHIIPOBOK/IAHE;

3. Texnosioruynu npeausBuKareacTsa: HeoOxonmMocTra OT CUHTE3UpaHE
Ha e(EeKTUBHU METoAM 3a 00pabOTKa HAa CHUTHAIM C HAHOCEKYHJIHA
IPOBIKUTEIIHOCT;

4.JIunca Ha periiamenTauusi: B bearapus nurcea e1MHHA METO0JIOIMYHA
¥ 3aKOHOBa 0a3a 3a u3cieaBane Ha BiausiHueTo Ha CIIJI curnanu Bbpxy OopaoBure
CUCTEMU.

Len Ha AucepTanMOHHMA TPYA:

Jla ce n3cieBaT Bb3MOKHOCTUTE 3 IMTPUWIOKEHUE HA CBPBXUIMPOKOJIEHTOBU
TEXHOJIOTUH 3a Oe3xuuHu 0oproBu komyHukauuu (bbK) B rpaxxianckara aBuanus
Y OTKPHUBAHE U CHIIPOBOXK/IAHE HA MAJIOPA3MEPHH LIEJIN B YCIOBUS HA CMYLICHUS.

OcHoBHHM 32124K:

1. Jla ce u3BbpIIM aHAIU3 HAa XaPAKTEPUCTUKUTE, OOIACTUTE 3a MPUIIOKEHUE U
MeToauTe 3a 00paboTka Ha cBpbXIMpokosieHToBuTe curnanu (CHIJIC);

2. la ce mpoekTHpaT CBPBHXIIUPOKOJICHTOBU TEUYAaTHU AHTEHU 3a Oe3KMUIHA
o6opnoBa komyHukaiusi B JIA u cuMymanvoHHU W3cienBaHusi B cpena Matlab ¢
Bepudukamus B Ansys HFSS nipu pasnuunu yectoTHu auana3zonu;

3. Jla ce nmpeioxku METoIMKa U MPOBEJIE EKCIIEPUMEHTAITHO U3CJIeIBaHE BBPXY
peasieH caMoJIeT Ha ITyMOYCTOMYMBOCTTA Ha OOP0OBUTE KOMYHUKAIMOHHU CUCTEMHU
MIPU BB3/ICICTBHUE ChC CBPBXIIMPOKOJIECHTOBU CUTHAIIH;

4. Jla ce cuHTe3mnpa 0JI0KOBa cxema Ha pagapHa cucrtema 3a 24 GHz u mposenar
MPaKTUYECKU  U3CIEJABAHWS HA  BB3MOKHOCTUTE 3a NPWIOKEHHE  Ha
CBPBXIIMPOKOJIEHTOBU CUTHAJHU 33 OTKPMBAHE HAa MaJIOpa3MEpHU LI€NH, B YCIOBHUS

Ha CMYILICHUS.



Hay4yHa HOBOCT:

1. CunTe3upaHna e opuruHaina ,,MeToauka 3a mpoBepKa IyMOyCTOMYMBOCTTA
Ha OCHOBHUTE OOPJOBM KOMYHUKAIIMOHHM W HABUTAIMOHHW CUCTEMH IIpHU
Bb3eicTBre Ha CIJI curHanu®, KosiTo HE € ChIIECTBYBajla B pETJIaMEHTHPAILIATE
NOKyMeHTH B P. beirapus;

2. CuHTe3upaH € Moau(pUIIMpaH aNropuThM 32 00paboTKa Ha Mavyka OTpa3eHu
CKMU, xoiito ontumusupa padorara Ha ALIIT upe3 npenBapuTeneH HUICKOYECTOTEH
¢bunTbp Ha Halikyuct (BMecTo TpagunuonHaTta KanmanoBa guirpanus);

3. [lpennoxken e meTo 3a MojoOpsBaHe (opMara Ha COHIUPAIIUS UMITYJIC
ype3 J00aBsHE HA KOPHUTHpAll TMPaBOBI'BIEH HUMIYJIC, KOETO YyBelndaBa
cnektpaynaus KIIJ[ 1o 2 mbTr npu onpeaeneHy 4€CTOTHU CbOTHOLLICHHUS,

4. Pazpabotena e 16-OutoBa cxema 3a Mpe3nepUOAHO U3BAXIaHEe, U3rPaJeHa
ChC CyMaTopH, 3a ceyekuus Ha noaBvkHu 1enu B CIIJI papapu, npennaraimna
BHCOKa I'bBKABOCT M IMO-HHUCKa cioxHocT cupsimo FPGA (Field-Programmable
Gate Array - IIporpamMupyema JIoTH4ecKa MaTpHIia) peaar3aiunTe.

IIpakTH4YecKa NPUIOKUMOCT:

Pe3ynrtatute oT TpyJa HaMHUpaT MPUTIOKEHUE B:

1. OOyuenuero: BHenpsiBaHe B  JIUCHMIUIMHU  KaTo  ,,ABHUAIlMOHHU
KOMYHUKAlIHOHHU CUCTEMHU WU ,,ABHALlMOHHU PATAOJOKAIMOHHU CUCTEMHU " 3a
CTyAeHTH oT cnenraHocT ATT;

2. Texunueckata  ekcruioatanusi:  M3noim3BaHe Ha  pa3paboTeHara
TEXHOJIOTUYHA KapTa U MPOTOKOJIM MPU TEXHUYECKO 00cIy)BaHe Ha JIA 3a orjeHka
Ha €JIEKTPOMAarHUTHaTa CbBMECTUMOCT;

3. Curypnoctra: Pa3paborenara 6iokoBa cxema Ha 24 GHz pamap ¢
NPWIOKEHUE 3a 3alldTa Ha JIeTHIIA W KpUTHUYHA WHPPACTPYKTypa OT
Masopa3mepuu ToukoBH 1enu (C-UAS cuctemn).

Anpobauus: /ucepTallMOHHUAT TPy € JOKJIaJiBaH U 0OCHJIEH Ha KaTeapeH

ChbBeT Ha Karezpa “Bw3nymien tpancnopt” npu TY — Codus Ha 16.06.2026 r.



Ocnosnume pezyimamu u uoeu 6 OUcCepmayuama ca npeocmaseHu Ha:
« EkcnepuMenTanuu usnutBanus BbpXy peannu JIA (Boeing u Airbus) u
BaJIMIMpaHe Ha MPOEKTUPAHUTE aHTEHHU B cepTUUIpaHa Oe3exoBa KaMepa;
o XIII Mexynapoana Hayuna kondepenuus ,, [EXHUKA. TEXHOJIOT'UN.
OBPA30OBAHMUME. CUT'YPHOCT 2025%;
o lopnimna MexayHapogHa HayuyHa KoHgpepeHuus Ha BBBY [ T'eopru

beuxoscku 2025.

Iyoaukanuu:

1. Sofia Uzunova — “Integration of cognitive radio and ultra-wideband
technologies for intelligent self-adaptive wireless networks” subsequent publication
in a journal indexed in the Scopus database, ISSN 0974-0635. Date: 22.04.2026.
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CtpykTypa 1 00eM Ha IUCEPTANNOHHUSA TPY/

JlucepTalluOHHUAT TPy € B 00eM oT 163 cTpaHuIy, KaTo BKIIOYBA, CIIHUCHK
HAa U3MOJ3BAaHUTE CBKPAIICHHs, COUCHK Ha QUTYpUTE, CHOUCHK Ha
TaOJUITUTE,CITUCHK HA IPUIIOKEHUSITA, YBO, TPH pa3jelia, 3aKIII0ueHUE, CIIUCHK Ha
NPUHOCHUTE, CIUCHK HAa NYyOJIMKAUATE IO [AWCEepTaluiATa W H3I0J3BaHA
JauTepaTypa.

[utupanu ca 06110 146 mutepaTtypHu u3touHuIy, karo 80 ca Ha JTaTUHUIIA
1 56 Ha KMpWIUIA, a OCTAHAINTE ca MHTEPHET ajapecu. PaboTara BKIrOYBa 0010
75 ¢urypu, 23 TaOIUIIH.

Homepara Ha durypute, Tabiuuure U NPUIOKEHUATa B aBTOpedepara

CBbOTBCTCTBAT HA TC3U B AUCCPTAITUOHHUA TPYA.

CbabpxaHue HA JUCEPTAMOHHUSA TPYH
YBoa

Cepbxmmpokonenropure (UWB, CIIJI) cucremu mpeacTaBisiBaT
WHOBAaTHBHA O€3KMYHA TEXHOJIOTHSA, KOATO Tpejjiara pasjidueH TMOAXOJ B
CpaBHEHHE C TPAAULIUOHHUTE TECHOJEHTOBU CHUCTEMH. Ta3u TEXHOJIOTHS
OCUTYpsiBa BUCOKOCKOPOCTEH MPEHOC Ha JIaHHW, HUCKAa €HEpTruiiHa IUIbTHOCT U
YCTOMYMBOCT HA CMYIICHUS, KOETO 5 MPaBH MOIXO/IAIa 32 aBUALIMOHHU OOPI0BU
KOMYHHKAIIUH U JIOKAJIW3ALKs HA MAJIKU LEIH.

[Tpenu 2001 r. npunoxenusita Ha CILIJI TexHonorus ca Ouiiv orpaHUYCHU
OCHOBHO 110 BoeHHata cdepa. Ilocrenenno, ®enepanHara KOMHUCHUSA TIO
komyHukammu Ha CAIll (FCC - ®KK) pa3pemaBa ThproBckata ymorpeba Ha
yectoTHU o0xBatu 3a CHIJI. ®KK perynupa mznonzsaneto Ha yectotu 3a CIIJI
cuctemu B nuana3ona ot 3.1 GHz no 10.6 GHz, kaTo MuHMManHara mupuHa Ha

yectoTHaTa jieHra € 500 MHz.



PA3JIEJI I.
AHaJIN3 HA CBPBXIIUPOKOJIEHTOBUTE CUTHAJIM U METOUTE 32 TAXHATA
o0padoTKa.

1.2.  AxHanu3 v KiacupuKanus Ha CBPbXIIHPOKOJIEHTOBUTE CUTHAJIN.

M3nomsBar ce paznuunu  HauMmeHoBanus Ha  CIIJI  curnamm:
HECHHYCOWJIaJTHU, HEXapMOHWYHH, HECTAllMOHAPHHW, CHWTHaIuW O€3 HOCelIa,
MMITYJICHA, MOHOUMIIYJICHH, CBpBbX KpaTku ummyJsicu. [110, 111, 131] Mma u
pa3JIMYHU OINPEICICHHS 3a TOBA, KOM CUCTEMH Ca CBPBXIIMPOKOJICHTOBH. [8, 24,
70, 139]

CIJI curnanu ce nmoApa3aessaT Ha TP OCHOBHM Kjlaca CIOpe] HauWHA Ha
dbopmupane:

o [ILpBUAT KJIAC Ca XAOTUYHUTE CUTHAJIN, KOUTO CE OMUCBAT U AaHAIU3UPAT C
METOJMTE Ha CTaTUCTHYECKaTa 00paboTka. [44, 46, 110, 113, 127]

e BropusT Kjac ca CUrHajIu C HOCEIIA Y€CTOTa, KOUTO Ca MOAYJIUPAHHU ChC
CUTHAJIH, C IIMPUHA HA CIIEKThpa, OJIM3Ka 10 CTOMHOCTTA HAa HOCEIaTa YeCTOTa.

o TpeTusiT KjIac, U3MOI3BAIIM UMITYJICHA CUTHAIM 0€3 HOCEIlla 4ecToTa U
HENPEKbCHATO U3NIbuBaHe [44, 45, 48, 92, 94, 102, 108, 133] ca nHamepuin Hau-
IIUPOKO Pa3MpPOCTPAHCHUE.

Ha ¢wur.1.1 ca mnokazanu oOO0OIIEHWTE HW3MCKBAHMS 3a CIEKTpaJHATa

IUTBTHOCT Ha U3JIbUBAHE B LICIUS yeCcTOTEeH aAuana3oH cbriacHo ®KK na CAILI.

1 2 345 10 f[GHz]
@ur. 1.1. M3uckBanus 3a crieKTpaiHaTa INTBTHOCT Ha u3inbuBaHe 3a CLUJI curnanm.

[24]



KakTto ce Bk a ot purypara, pazpenieHara cnekrpaita mrbTHocT Ha CLIT

ycTpoiicTBa e B nuana3ona 3,1-10,6 GHz e - 41,3 dBm/MHz, unu 71,3 dB/MHz.

1.3. Omuenka odsacture Ha npusioxkenue na CLIJI curnanu.
Bmustauero na CHIJI cuctemu BbpXy aBUAIMOHHUTE KOMYHHMKAIIMOHHH
CUCTEMH B MOMCHTa HE € HAIIbJHO H3SCHEHO. Pa3iIMYHUTe TEXHHYECKH H
OTIEPAaTUBHH XaPAKTEPUCTUKH TPABSAT HEBH3MOKHO KaTeropusupanero Ha CIIIJI
TeXHOJOTHuA ¢ enaHo omnucanue. Pasmpocrpanenuero Ha CIIJI curnamzau
YCTPOHCTBA MOXKE€ Ja TPEAW3BHKAa BPEIHW CMYIICHUS B KPUTHYHH 32
aBHAIIMOHHATA OE301TaCHOCT OOPJIOBH CUCTEMH.
Oco0eHOTO MPUIIOKEHUE 111€ OTPEEs B KOsl 00JIaCT OT YECTOTHUS CTIEKTHP
uie pabotu CILJI ycTpoiticTBoO.
® ABUAIIMOHHU KOMYHUKAIUM - Be3:KUIHUTE PEIICHNS 32 KOMYHHKAIIUN Ha
Oopla Ha caMoJIeTUTe HaOMpaT CKOPOCT B a€pPOKOCMHUYECKaTa MHIYCTPHS C IeT
JTOMBJIHATETHO TOM00psiBaHe Ha OE30MMacCHOCTTAa HA TIOJETUTE, HaMallsiBaHE Ha
pa3XxoauTe MpU MPOU3BOACTBOTO Ha JIA M orpaHHYaBaHe Ha BB3ACHCTBHETO BHPXY
OKOJIHaTa cpeja.
eOTKpUBaHe U CHIPOBOXKIAHE HA MAJOPa3MepPHHU M TOYKOBHU IeJIH -
[IpoBexkgar ce CUMyJaTUBHM M3CJIACABAHHMS 3a TOBa, KaK Pa3IUYHUTE
MPOIBIDKATCTHOCTH HAa HMITYJICUTE BIMSAT BBPXY BpeMeBaTa Pe30IOINS,
choTHOIeHueTo curHaid-myMm — C/III (SNR) u cmocoGHOoCcTTa Ha cucrtemara jJa

npociacasaBa JMHAMWYHU ABUKCHHUS HAa MAJIOPAa3MCPHHU LCIIH.

1.4, AHanu3 HA MONMYJSIPHM MaTeMaTH4YeCKM MOJAeJN HA COHAMPALIU
CIIJI curnasmnm.

CrpliecTBYBa TOJIIMO pazHooOpasue oT MaremaTuyecku mojaenu Ha CLLII
CUTHAJIU, HO KbM BCUYKH TAX C€ MOCTABST CIEAHUTE TPU U3UCKBAHUS [24]:

e Ja HAMAT NOCTOsIHHA cheTaBdama (1.4), T.e

IS()f| =0 = 0 wmut |, s (t)dt = O; (1.4)



® J1a UMAaT KpaliHa NPOABJLKUTEIHOCT 1o BpeMme (1.5) — 1,
S(0)=0us(t—t,)=0,3at>1,; (1.5)
e J1a UMaT HEMPEKbCHAT XapaKTep 10 BpeMe, T.€. 1a ObaaT JudepeHIIupyeMH.
Haii-npocTu ca peajHuTe MOJEJM, KOUTO CE€ OIHKCBAT C pEaTHU
MaTteMaTtndecku QyHkIuu. Hali-00001eHOTO MaTeMaTHYECKO OIMCAaHUE Ha TaKMUBa
MOJIEJH €:

s (t)= A(t)cos(2xf t; +do), (1.7)

1.5. Ananu3 Ha npomenute B cTpykrypata Ha CLIJI curnanu ciaen
U3,IbYBaHe, PU Pa3NpocTPaHeHHe U IPpUeMaHe.

HanuuueTo Ha MOjen Ha CBPBIIMPOKOJEHTOB CUTHAI € caMO HayaloTo Ha
moznenupaneTo Ha CLLJI pagap, Tl KaTO TO3M CUTHAN NPETHPISIBA U3MEHEHUS IIPU
M3THUBAHETO OT aHTEHATa, MPU Pa3MpPOCTPAHCHUETO BBHB BB3IAYIIHA Cpeaa, MpHU
OTPa’KEHUETO OT OOEKTUTE U IPU MIPUEMAHETO OT IPUEMHATA aHTEHA B YCJIOBUS Ha
BB3/ICHCTBUE HA TACHBHU M aKTUBHU CMYIIEHUS, XapaKTEepHU 3a ypOaHHU3MpaHa

cpena. To Mmoxe na 6b1e uimocTpupano upes dur. 1.3.

MHoroeleMeHTHa
AHTCHa

{{A N

Wambupaten na SO 52(1)

CILIJT curnan I \]\

lo

N
/
/l/s (/)
( >
s4(1)

™M

[Ipuemumk

®ur. 1.3. U3meHeHUS HA COHAUpAalnsa CUTHAJI CJIICA U3JIbUBAHC, PASIIPOCTPAHCHUC U

otpazsiBane oT nenra npu CILJI pagapu. [cxema - aBTOpa]

1.6 AHaau3 HA MOJeJHM HA PAJANOJOKAIMOHHM 1eJIU, PU HU3MO0JI3BaHe

Ha CIIJI curnaJnam.
3a MaTeMaTHYeCKO OINHWCaHWe Ha PAJAHOJOKAIMOHHUTE OOCKTH |
paIMOJIOKAIMOHHUTE cucTeMu Tipu u3non3Bane Ha CIIJI curHanm Hail—yecto ce
M3I0JI3BaT MapaMETPUYHM M HemnapameTpuuHu Mmojenu [3]. Hali—usnon3BaHute

HCIIapaMCeTpuIHU MOJCIW Ha paavuoJIOKalMOHHHU 0Ocirn ca ,MHTCrpaja Ha
9



KOHBOJIIOUUATA ‘(B IUCKPETHUSI CIIy4ail - cyMaTra Ha KOHBOJIOLMSTA), MOACIIUTE C
W3UMCIISIBAHE HA YECTOTHUTE XapaKTEPUCTUKH, UM MIPEIABATEIIHUTE (PYHKIUU Ha

pasceiiBane. [8,103]

1.7. AHaym3 Ha MeTOAUTE 32 OTKPpUBaHe 1 00padoTka Ha CIILJI curnasm.

Enna ot ocnoBHuTe 3amauu npen CILIJI paaronokaius € TbpCeHETO Ha IBTUIIA

3a KBa3uOINTHMaJaHa 00pabOTKa, MO3BOJISABALIM P OTKPUBAHETO Ha OOEKTa /1a ce
MakcuMu3upa otHomeHneto curaan-myM — S/N. [78] B 3apaunre 3a pasno3HaBaHe
U UACHTU(DUKAIMSA Ha CHIPOBOXKIAAHUTE LEIH, MPOOJIEMBT 3a H3UMCIUTEIIHATA
e(peKTUBHOCT OCTaBa Ha 3a/I€H IUIaH, IPEIBU]l YCKOPEHOTO Pa3BUTHE HA LIMPPOBUTE

TCXHOJIOIT'NHU, KaTO HAa IIPCACH IIJIaH € ITIOCTaBCHA I/IHCI)OpMaI_[I/IOHHaTa ereKTI/IBHOCT.

[88]

10



PA3JEJ II.
I/I3CJ'IBHBaHe BB3MOKHOCTUTE 3a IIPUJIOKCHHUE HA
CBPBXIIUPOKOJCHTOBH NECYATHN aHTCHH 3a 0e3KNYHA 60pI[OBa

KOMYHHKAIIUA B aBHalludATA.

2.2. AHaIu3 U ouleHKa Ha OopaHuTe koMnTbHpHU cuctemu (BKC).
BbBexxnanero Ha OOpJOBU KOMITIOTPH B TpakJIaHCKaTa aBUAIMS IOJydYaBa
3HAYUTENICH UMITYJIC ¢ MHTerpamusaTa Ha cucremu ot tumna Fly-by-Wire. o to3m
HAaYuH C€ BbBEXKIA BB3MOKHOCT 32 aBTOMAaTUYHO KOMIICHCHUpAaHE Ha
HECTAOWJIHOCTH, TYpOYJICHIIMM U TPEIIKH OT CTpaHa Ha YOBEUIKUS (aKTop, KOETO
PEBOJIIOIIMOHU3MpPA ChBpEMEHHATa KOHIENIHUs 3a curypeH moiiet (AC 25-22)

("Introduction to Avionics Systems” — R. Collinson).

I
Foepine \ Actuator
Actuator Control
Electronics  Leading-edge
Flaps

®ur. 2.1. Pabora na Fly-by-Wire cucrema; [31]

2.3. IlpoekTnpane Ha neyatHu antenu Ha 5,8 GHz u 6,5 GHz 3a
oCHTrypsiBaHe Ha 00pPA0Ba KOMYHHKALMOHHA BPB3Ka C MOA00pPEHH MOKAa3aTe/ N
3a Ka4ecTBO.

Ha mpaktuka manen ¢ 12x12 enemenTa, u3pabOTeH KaTo MeYaTHA IJIATKA,
MI0Ka3a CKaHUPAHE Ha Jibua B pamkuTe Ha +45° npu 5,8 GHz n npuemnuBo HUBO
Ha CTPAHUYHUTE JIEHTH. Te31 aHTeHH Ce U3MO0JI3BAT U NIPHU CBPbXBUCOKH YECTOTH.

MUKpONEHTOBUTE aHTEHUM C€ HapuyaT oOule JIeNeHKU. 3npuBainara
JeneHKa MoXe Ja ObJie KBaJpaTHa, MpaBObI'bIHA, AUMNOIHA, KPbIJIa, €IUITHYHA,
TpubrbiiHa U T.H. Ha ¢ur.2.6. e nokazana MUKpOJIEHTOBA JIMHUS C J[Ba CJIOTA, C

mmpunaa W, Ha pa3ctosinue L - a) 1 kapTHA Ha eJCKTPUICCKUTE JIMHUH Ha TI0JICTO

—0):
11
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®ur.2.6. MuKpoJIcHTOBA JIUHMS C Ba CiI0Ta, ¢ mupuna W, Ha pascrosuue L - a);

f tle—w—r
3 t r

=

KapTuHa Ha eJIeKTpUYecKUTe JIMHIK Ha 1ojeto — 0):[11]
AHTEHUTE, U3MOJI3BAaHU B aBUALIUITA, TPsIOBa 1a ObJaT KOHCTPYUPAHU C OIJIE]T
Ha ornpejeieHu crnenuduKanyd, BKIIOYUTEIHO YCTOMYMBOCT Ha BUOpaluu,

TCMIICPATYPHU IIPOMCHHU U KOHTAKT C MCTAJIHU ITIOBBPXHOCTH.

2.4. N3uncauTe/IHA NPoUeAypPUd U U300p HA OCHOBHHMTE MapaMeTpu Ha
MHUKPOJICHTOBA Ne4YaTHAa aHTeHa 3a yecTtoT 5.8 GHz u 6.5 GHz.

Pazrienanu ca aqropuTMUYHHUST MPOILIEC U MATEMAaTUYECKHUAT MOJEN 3a
U3rpakJlaHe Ha MPaBOBbI'bJIHA MUKPOJICHTOBA May aHTeHa, 0a3upaHa Ha 3a/1aJIeHU
BXOJHU TEXHUYECKHU MapameTpu. Peanmuzanusara Ha MaTeMaTUYECKHUST MOJIEN €
m3roteeHa B MATLAB cpena, W3mon3Bar ce aHAIMUTHUYHU HU3Pa3d U YUCICHU
TEXHUKU MIPU ONPEIESITHE HA OCHOBHUTE €JIEKTPUUYECKH U T€OMETPUYHU CBOMCTBA
Ha aHTeHaTa. 3a/1aJICH ca JBe OCHOBHU paboTHU yecToTH - 5.8 GHz u 6.5 GHz,
KOETO peajlu3upa pasjiuKara MpU MPOEKTHUPAHE HAa aHTEHA MPU €IHOYECTOTHUS
Meton. M30opa Ha Te3W CTOMHOCTH € OOOCHOBAaH OT HEOOXOJUMOCTTa OT
CpaBHSIBAHE Ha AaHTEHM, MPOU3BEACHU 3a PA3JUYHU YECTOTHU JIMAMa30HU,
MOIXO/ISIIIHN 32 0€3)KUYHU U aBUAIIMOHHU TTPUIIOKEHUS.

3a peanuszupaHe Ha wuzuucieHusta € usnoisBaH MATLAB kon, koilto
aBTOMATH3MpPa U3YUCIISIBAHETO HA OCHOBHUTE MapaMEeTPH KaTO PE30HAHCHA YECTOTA,
BXOJICH UMIIE€JIAaHC U pa3MEpH Ha nayva.

IIpoexTpaHeTo W3MOJI3Ba JABOWHA CTpaTerusi - YHCJICHO CHUMYJIHpPaHE C
MATLAB u aHaJIMTHYHA TEXHMKA, MPEIBU IIETUTE Ha MPOEKTA, KOUTO U3UCKBAT
HaJIe’KHA ITbPBOHAYaIHA OLIEHKA, U MOTEHIMAJ 3a MO-HATATHIIHO Pa3BUTUE UPE3

PCAIMCTUYHU CUMYJIAllUU.
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PGSYJITaTI/ITC, IMMOJIY4CHH CJICH HIYUCIIUTCIIHUTC IMMpOoHCcAypH II0-Tope, ca

mokaszanu B tabiwuma 2.1.

Taoauna 2.1
IMapameTsp 5.8 GHz 6.5 GHz
Ao(BBB BB31IyX) 51.72 mm 46.15 mm
Ad (B m1aua) 36.27 mm 32.37 mm

2.5. Cumynauuonnu usciaeapanus B cpena MATLAB u ANSYS HFSS,
OlleHKA HA TOJIyYeHHUTE pe3yJITaTH, H300p HA MOAXOASII0 NMPUJIOKEHHE B
ABHALMOHHATA UHAYCTPUSA M OOI BU HA MPOEKTHPAHATA AHTEHA.

B u3cnenBaneTo ca BKIIOYEHH OCHOBHUTE (haKTOPH KaTo: KOS(UIIMEHT Ha
crosma BbiHa (VSWR), BXoaeH MMIIeTaHC, HACOYEHOCT M HACOUYCHO JCHCTBHE,
e¢(EeKTUBHOCT Ha W3TbUBAHE, KOCPHUIMEHT HA OTPAXKEHUE U JPYrH BaXKHU
napaMeTpH.

3a ABeTe YECTOTH BCEKHU MapaMeThp C€ aHAIU3UPa U OLICHSIBA HE3aBUCUMO.

OOeKT Ha W3CIIeIBAHETO Ca JBa BapHaHTa HAa aHTCHH, MPEJIHA3HAUYCHU 3a
pabota Ha yectotu oT 5.8 GHz u 6.5 GHz.

Koedpuument Ha orpaxenue |['(f)|

f[GHz)

5.8 GHz 6.5 GHz
@ur. 2.13 I'paduka Ha KoepULIHEHTA HA OTPAKEHHUE.

Koeduumentstr Ha orpaxenue |['(f)| - ®dur. 2.13 e ocHOBEH mMoKazaTel,
KOMTO MOKa3Ba KaKBa 4acT OT MOLIHOCTTA, U3IPATEHAa KbM aHTEHATa, CE OTpa3siBa
oOpaTHO KbM TE€Heparopa IOpaaud HECHOTBETCTBUETO MEXKAYy aHTEHaTa |

3axpaHBalaTa JMHHUS.
13



Koepunuent Ha crosima BbjaHa (VSWR)

12 - v v - 12

VWSR [dB]
VWSR [dB]

1[GHz) 1 [GHz)

5.8 GHz 6.5 GHz

@ur. 2.14. I'paduka Ha KoeUIIMEHTA HA CTOAIIA BhIHA

BaxxeHn unaukarop 3a 3aryouTe OT ChriacyBaHe MEXIy U3TOYHHUKA M aHTEHATA
e KCB (VSWR) — ®wur.2.14, kaTo CTOMHOCT MO-MAaJIKa OT 2 ce cuMTa 3a

3a10BOJIMTC/IHA.

Pesyararure ot rpagpuxure Ha MATLAB noka3Bar:
e B yecroTHusa nmana3oH otT 5.2 go 6.6 GHz, VSWR ocraBa nog 2,
KOETO Mperoiara 100bp MPEHOC Ha €HEPIHs C MAJIKO OTPAXKEHUS,
e ChOTBETHHAT pE3yJTAT 3a aHTEeHaTa, npoektupaHa 3a 6.5 GHz,
noka3Ba KCB mnog 2 B nuana3ona 5.8—7.3 GHz, kaTto onTumaiHara CTOMHOCT €
peructpupana npu 6.6 GHz.

Bxoaen umnenanc Rin(f)

250 250 — — — — — ~ — —

s [TenHa Gopmyna
— = Mpubausurensa dopwyna

i— Nunna dopuyna
\ = = NpuBnusurenia Gopuyna \

200

200

6 7 8 9 3 4 5 6

5 5 7
f[GHz) f[GHz)

5.8 GHz 6.5 GHz

@ur. 2.15. I'paduka Ha KoeuLIMEeHTa HA BXOTHUS UMIIEIaHC

Enun oT Hali-BaxxHUTE (PakTOpM MpU OLIEHKATa Ha CHIIIACYBAHETO, KOUTO
ompesieNsi ChOTHOIICHHETO TOK/HAMPEXEHWE Ha TodKaTa Ha 3axpaHBaHe, €

BXOAHUAT umnenanc — dur. 2.15.
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Thit KaTO HUMNEJAHCHT HA THIMYHA MHKPOJIeHTOBA JuHusA ¢ 50 (, To
Ta3M CTOMHOCT Ce MpueMa 3a ONTHMAJIHO ChIJIaCyBaHe.

E¢dexTuBHOCT HAa aHTEeHATa

T=14 I P [%)
T=1 I | [%]

s . . . " " i
2 3 4 5 8 7 8 9 3 8

1[GHz] o [GHz) ,

58 Gz 65 GHz
®ur. 2.16. I'paduka, mokaspaia eHeKTUBHOCTTA HA aHTEHATA
IIpoueHTHT HA MpeIaBaHATA MOILIIHOCT, KOSITO ICICTBUTEIIHO CE U3JIbYBA,
0e3 /1a ce TyOM KaTo TOIIMHA B IPOBOAHUIIATE WITH JUCICKTPHKA, € U3BECTEH KATO
epeKTUBHOCT Ha aHTeHata - @ur. 2.16. m e puUCKOB MapaMeThp INpHU
MIPOCKTUPAHETO HA aHTCHM 3a OE3)KMYHH CHCTEMHU.
EdexruBHOCTTA NOoCTHTa OKOJIO 94-95% 32 anTeHara, paboremnia Ha 5.8 GHz,
u goctura Mmakcumym ot 97.7% npu 5.9 GHz..
AHaJIM3 Ha pe3yJITaTUTE Cjiel CAHMYJIAlUUTE:
[TorBBpAEHAa € MHOrO BHCOKA CTENEH Ha ChOTBeTCTBHE Mexay HFSS

CUMYJIAMUTE U aHAIUTUYHUS AU3aiH, peanu3upad B MATLAB.

KoncTpykuusi 1 o011 BUI HA IPOCKTHPAHATA AHTEHA:

dur. 2.18 dur.2.19 ®ur. 2.20

15



@ur. 2.21 — a), 6) OnuTHA MOCTAHOBKA 32 TECTBAHE HA MMPOCKTHpPAHATA aHTEHA

AHteHara e go0pe ceriacyBana npu 5.8 GHz cwc S11 = - 26.2 dB, u 6,5
GHz cbc S11 =-25.1 dB; U3mepenoro MmakcumanHo ycuisase € 7.4 dBiu 6.9 dBi
cboTBeTHO; [lonsgpusanusara e nuHedHa. l3MepBaHusATa ca W3BBPIICHU B
cpotBeTcTBUE ¢ ETSI EN 300 440 u ETSI EN 302 502

3akioueHue 3a ceprudukanusa: Ha 0aza mpoBeneHuTe M3MEpBaHUS U
aHAJIM3U Ce 3aKJIK0YaBa, Y€ U3IMTBAHATA AHTEHA € ChbBMECTUMA C IPUIOKUMUTE
ETSI u FCC perynaropuu u3uckBanus 3a padota B ISM o6xsara 5.8 GHz - 6.5
GHz.

2.6. Meroguka 3a u3MmepBaHe mymoycroiiunBoctta Ha BKC mnpm
Bb3/CHCTBHE ChC CBPBXIIHPOKOJICHTOBH CUTHAJIM Ha 0opaa Ha JIA.

[Ipensiara ce MpOBEXIAHETO HAa €KCHEPUMEHTAIHO HM3CJIEABAHE, KOETO 3a
nocienHo e nposexaano npe3 2012 roxa. B CAILl ¢ myOnukyBanu pesynratu -
(Bux. Paznen 2.1).

Ha teputopusara na PenyOnuka bwiarapuss He € mpoBEXIaHO MOT0O0HO

W3CJIEIBaHE.

A (6)

o

(Cpe-
O é(a)

(2)

@ur. 2.23. Cxema Ha CBbp3BaHE Ha YCTPOICTBA, HEOOXOIMMHU 32 IPOBEKIAHE HA

eKCIIEpUMEHTa
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¢ (1) - CurnanrenepaTop Ha IIyMOBH CUTHAIIH;

¢ (2) — Kpaiino n3mepBaTeiIHO yCTPOUCTBO;

¢ (3) — lllymomep;

¢ (4) — CnexTpoaHaau3aTop;

o (5) — ®opma Ha curHana Bp(dy ekpaHa Ha CIICKTPOAHATIM3ATOPA;

o (6) — [IpuemonpenaBarena aHTeHa 3a 5.725-5.875 GHz./n u 6.489 —
6.524 GHz./n.

Pe3yararu ciex npoBexaaHe HA eKCIIEPUMEHTA:

[IpoBeneHO € TecTBaHE HA BB3ACUCTBHETO HA CBPBXIIUPOKOICHTOBUTE
aKTUBHM aHTEHW (TPOEKTHpaHWTE aHTeHU — 20p.) Ha yectoTta 5.8 GHz BBpXY
cuctemute Ha camojieT Boeing 737-200, Airbus A — 320, kaTo M3TOYHHKBT Ha
CILLI curnan e ¢ BpTpemHa 6atepust oT 9V u Bbrpenied yacoBuuk ot 10 MHz,
CBBP3aH C MPOEKTUPaHATa MMO-TOPE AaHTEHA, HACTPOCHA 32 YECTOTHUS JUANa30H Ha
pajno cucTeMara Ha caMoJieTa, KOSITO € oleHsiBaHa. CIEeKTPaIHUAT aHAIU3aTop U
aHTEHUTE ca MPOBEPEHU U Ca B ChOTBETCTBUE C Ipaduka 3a KanuOpupaHe.

eVVHF Voice Communication: PasroBopa ¢ HWHUIMHPAaH W OIAbpKAH
Mexy 0opaoBa VHF paauo cuctema Ha jetaTenHus anapat u npeHocumo VHF
paawo.

[lo Bpeme Ha pa3roBopa € HaAONIOJAABAaHO HE3HAYMTEIHO BIUSHUE HA
n3trouynnka Ha CIIJI curHam BbpXy KayecTBOTO Ha 3Byka Ha OoproBara
KOMYHUKAIIMOHHA CUCTEMA.

o |LS Localizer: Mectuust ILS nokanuzaropeH Mask B paiioHa Ha
JIETUIIETO HE € MPUXBAaHAT OT CAMOJIETa B MSICTOTO Ha MPOBEXK/IAHE HA TECTA.

NucTpymeHTrTe B KaOMHATa HE ca MoKa3anu HuKakBa mHpopmarus ot ILS
nokanu3aropa. HabmoaBanu ca HeraTUBHU €()eKTH - IPEMUTBAHE HA TUCIUIES U
HEYCTOWYMBA pabora Ha cucreMmara pU Bb3IECHUCTBUETO Ha
CBPBXIITUPOKOJIEHTOBUTE CUCTEMHU.

¢VVOR: Mectausar VOR wmasik B paiiona Ha [IMK e ycnemHo npuxBaHaT ot

CaMOJICTa Ha MsCTOTO Ha TECTA.
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NHcTpyMeHTHTEe B KaOMHATa ca IOKa3ajd ChOTBETHaTa HaBHUTAI[MOHHA
uHpopmaruss 3a nameHus pamuoMask. He ca nHabmogaBanu adekTd OT
BB3CHCTBUETO HA CBPBXIIUPOKOIECHTOBUTE CUTHAIY.

¢ ATC u TCAS: Nnmukatopuara nammna ,, ATC Fail* ma gucruteitaus nmanemn
B ITWJIOTCKaTa KabuHa ¢ cBeTHal, a Ha auciuies Ha TCAS ca m3de3Hanu OJIM3KO
Pa3MOJIOKEHUTE LIENIU MIPU BKJIIOYBAHE HA CBPBXIIUPOKOJICHTOBHS CUTHAI.

PbueH, HUCKOMOIIIEH CBPBXIITMPOKOJICHTOB IMpeiaBaTel MOXKE Ja CMYyIllaBa
pannocuctemata Ha TCAS, ATC, ILS nokamaiizepa W TIJIMCaJHUs KaHal Ha
camouietute. 3mepBaHeTo e npoBeaeHo Ha camolieT Boeing 737 - 200 nipu HuBa,
nocturamu — 41 dBm. Ilpu nmo-mankuTe jeTaTeHu arapaTtd UMa BEPOSTHOCT OT
Bb3HMKBAHE HA CMYIIEHHUS U IIPU O-HUCKU HUBA HAa MotHocTTa Ha CIIIJI curnasn.

HanpaBenu ca u neMOHCTpallMOHHM peaju3aliid Ha Oe3KMYHa CEH30pHa
mpexka (WSN), uncranupana B Airbus A-320. Pesynrature OT Ta3u TecToBa
matgpopma nomuepraBar noreHuuaia Ha UWB 3a u3non3eane Ha Oopna Ha

CaMOJICTa U Oo4YCpTaBaT IIPCACTOAINTC PCIICHUA HA OTYCTCHUTC Hp06HeMI/I.

@ur.2.31. be3xu4HHU perieHus 3a KOMyHUKalnu Ha 6opra Ha JIA u cBbp3aHOCT ¢

uHTepHeT — 5G, 6G.

CILJI xoMyHUKallMOHHA TEXHOJIOTHUS Ipejiara HIMpoK YeCTOTeH 00XBaT U
HellHaTa HEeNmpeKbCHATa E€BOJIIOIUS 4pe3 OOCAMHSBAHETO C JIPYTrd TEXHOJOTUHU
ofemiaBa Ja OTKIIOYM HOBU HampapieHUss B Objaemie. TexHOJOrHsITa C
yJATPAUIMPOKOJIEHTOB CHUTHajd € oOellaBaila peanu3alusi Ha BBTPEIIHO -

CaMOJICTHN KOMYHUKAIIUN.
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PA3ZJIET 1.

HM3ciaeaBane Bb3MOKHOCTHTE 32 NMPAJI0KCHUE HA

CBPBXIINPOKOJCHTOBUTEC PAAUOJIOKAIIUOHHA CUTHAJH 34 OTKPHUBAHE U

CHIIPOBOKIAHE HA MAJI0OPA3MePHH LieJIM B YCJI0BHUSI HA CMYIIIEHHS.

3.2 Cunre3 Ha 0JiokOBa cxema Ha pagap Ha 24 GHz 3a orkpuBaHe u

CBIIPOBOKAAHE HA TOYKOBH U MAJIOPA3MEPHHU LIECJIH.

CepbxmupokosnieaToBust (UWB — Ultra-Wideband) panap na uectora 24

GHz ¢ CbBpPpCMCHHA TCXHOJIOTHS, H3IIOJI3BaHa 3a OTKPHBAHC, IIPOCIICAABAHC H

Kkiacuduirpane Ha 00EKTH.

XapakTEepUCTUKHU IPU OTKPUBAHE HA MAJIOPAa3MEPHU U TOUKOBH LIECIIN:

Tao6aunma 3.1

‘ XapakTepucTuka

O0scHeHE

Jlaneunna Ha
OTKpPHUBaHe

3aBucu oT moutHoctTa U RCS (paguonokaninoHHO
ceyeHue) Ha ApoHa. OOMKHOBEHO 70 1—2 KM 3a MaJKH JPOHOBE.

MunumaieH pasmep Ha

BB3MokHO € 3acu4aHe Ha APOHOBEC C pa3Mep 1oa 30 CM,

JAPOH OnaroJjapeHre Ha BUCOKATa pa3/IeIuTelIHa CIIOCOOHOCT.
OTkpuBaHe NPU HUCKH [Moaxosir 3a OJIM3KO Pa3MONIOKEHHU TISIH, JISTSIIH Ha
BUCOYMHHU MaJIka BUCOYMHA — TPYHO OTKPHUBACMH C KJIIACHYECKHU PaTapH.

Pa0ora B ci10KHM
yca0BHs

HezaBucum ot BpPEMCTO B ACHOHOIIHETO 1 110 T'OJIIMa
CTCIICH YCTOﬁqHB Ha aTMOC(bepHH BIIWSAHUA.

Bn3mo:xHocT 3a 3D
MO3UIHOHUPAHE

[Ipu n3non3BaHe Ha HAKOJKO pajaapa Win (pazupaHu
MACUBHU WJIM aKTUBHU aHTEHHU PEILETKH.

[Tpunoxenus:

o 3alIMTa Ha JIETUIIA, €JIEKTPOLIEHTPAIHN, IPABUTEICTBEHU CTPaJu U APYTH

OTTOBOPHHU 30HH;

« Boennu u taktnuecku cucremu 3a [1BO;

o Cucremun 3a counter-UAS (cpemry BIIJIA u npoHoBe) — OTKpHUBaHe,

MNpoCIICAABAHC, HACOYBAHC Ha CpCACTBATa 34 YIIPABJIICHHC,

HEyTpaJli3alus;
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BnokoBa cxema Ha [lonnepoB pagap 3a ApoHOBe

Ocuyunatop
(VCO/PLL)

Yeunserten Ha
mowyHocT (PA)

,)) e

Ycunsaren

Ha cnab curian
(LNA)
Cwmecuren DuNTLP

AHTeHa 3a
npepasaxe

AHTeHa 3a
npepasaxe

C HUCKa

@unTbp C HUCKA HeCIOTR
vecrora (LPF) (LPF)
(ADC)

@uwr. 3.1. [IpumepHa 6110koBa cxema Ha pagap Ha 24 GHz, noxxoxsmia 3a qoriepos wim FMCW

(Frequency-Modulated Continuous Wave) paaap (cx. — Al)

3.3. Metoxa 3a mogodpsiBane ¢opmara Ha U3, Ib4YeH (COHAMPAL) UMITYJIC
B CBPBXIIUPOKOJIEHTOB pajaap.

B To3u monpasnen e mpenyiokeH MeToj 3a moaoOpsiBaHe Ha (opmaTa Ha
COHAMPAIINS UMITYJIC, C TIOMOIITa HA KOUTO ce U30sArBa HEAOCTaThKa, OMUCAaH I0-
rope. Crien npuiarane Ha MeTO/a Ce MOBHUIIaBa €pEeKTUBHOCTTA HA aHTEHATa U
HaMaJIsIBaT EHEPrUUHUTE 3aryOu.

Te3u 3aryOu TpsiOBa J1a ce OTYMTAT, KOTaTo C€ OICHSBAT CHEPTrUMHUTE
nokasatesid Ha cBpbxiupokosientoBara PJIC. 3a nenTa ce u3noss3Ba CriekTpajieH

KII 7, , kolTO € ocHoBHaTa 4yacT Ha KII/[ Ha mpenaBaTenHOTO yCTpOWCTBO Ha

panapa. To3u KIIJI onpenenst OTHOCUTENHATA YaCT OT €HEPrUsATa HA COHANPAIIUS
UMITYJIC, KOSTO TIOTIaia B paOOTHMSI TUAITa30H HAa YECTOTUTE HA aHTEHATa.

[lenTta e na ce npeasioku METOJ 3a NoJlyuyaBaHe Ha MaKCUMAaJIeH CIEKTpasieH
KOC(HIIMCHT 32 HSIKOW CPABHUTEITHO MPOCTH (POPMH HA OCHOBHHS Ml KOPUTHUPAIIINS
COHAMpAIIH uMITyJsich, Hamepwin npuioxenue B CILII PJIC.

He ce npuBexaat o6avye aHATUTHIHUTE U3Pa3u 3a J00pe mo3HaTtuTe GopMu Ha
BUJICOMMITYJICUTE Ml TEXHUTE CIIEKTPH. BCUYKHN YMCIICHU CTOMHOCTH ca IMOTYUYEHH 110

MCTOAAa HAa MAaTCMATHYCCKOTO MOACINPAHC.
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®ur. 3.3. I'paduuno pemenue 3a npaBobreied CKU ummysic npu 3aganena Af [84]

Karo nmpumep Ha ¢ur. 3.3. e mokazaHo OOIIOTO pelIeHHWE 3a HUMIYJC C

npaBobreiaHA hopMma ipu Af =2,5. OTOens3aHu ca eKCTPEMHHUTE CTOMHOCTH HA O,y

Ha ¢ur. 3.7. e nokazan kopurupat umityJc, GopMHpaH C TOMOIITAa HA OCHOBEH
¥ KOPHUTHPAIIl UMITYJIC C PaBObI'biHA (popma. ChIIO Taka € MOKa3aH U CHEKTH 3a

a=0,4 1 =3. N30paHo ONTUMATHO 3HAYEHUE - Opayopt = 0,71.

@ur.3.7. Kopurupan umirysc, opMHpaH ¢ TOMOIITa HA OCHOBEH M KOPUTHPAII UMITYJIC C

paBobrbiiHa opma. [84]
Ha ¢wur.3.8. ¢ mokazana 3aBUCMMOCTTa Ha HAW-TOJIEMHUTE CTOMHOCTH Ha

Nafopt OT TApaMeTpuTe @, B 3a Af =3.

®ur. 3.8. 3aBMCHMOCT Ha Haif-roJleMuTe CTOHHOCTH Ha Tafop; OT MapameTpute a, f3aAf =3.
[84]
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[Ipu cpaBHEHHETO HA MOIYYEHUTE CTOMHOCTH C aHAJIOTUYHU CTOWHOCTH MTPU
eHOTIOJIAPHU MMITYJICH CJIE/IBa, Y€ 3a CMETKa Ha Kopekius Ha (opmara Ha
umityica, crnektpanHus KIIJI moxe na Opae ChIIECTBEHO YBEIMYEH, ObOaue
e(eKTUBHOCTTAa OT YBEJIMYABAHETO € TOJKOBA MO-TOJsIMa, KOJIKOTO € IMO-MajKa

BequuuHara Af .

3.4 CuHTe3 Ha MpHEMO — NIpeJaBaTeIHA aHTeHa 3a 24 GHz.
Ha ¢wur.3.11 e moka3ana antenHa pemerka 10x10, nHactpoena Ha 23.225 -

24.325 GHz 3a mpocTpaHCTBEHA JOKAITHSI.

®ur.3.11. Antenna pemrerka ¢ 10x10 enemenTa, 3a MEXAYIPOCTPAHCTBEHA KOMYHHKAIIHS U
€KCIIEPMMEHTAIHO U3CIIEIBaHE HA paJapHa CUCTEMA.

[CHI/IMKa - CKCIICPUMCHTAJICH LHCHTBP, 0e3exoBa KaMepa]

OuneHka KaueCTBEHUTE NMOKA3aTeI HA AaHTEHATA cJe/l MPoBedeHaTa
CUMYJIALMA.

Crnen aHanu3 Ha TOMYYEHUTE Clie[ CUMyJanusITa rpa@uku, MoraT na ce
HAMPAaBSIT CIACIHUTE 3aKITIOUCHHUS:

1. [IepBuAT ctpanuded auct € mpu - 13 dB, HezaBucumo ot Opos Ha
enemeHTuTe. ToBa e Taka 3apajau HAIMYMETO Ha (yHKLIMATA Sin BbB (hopmyliarta 3a
dakTopa Ha MacuBa;

2. CTpaHUYHUTE JUCTH HaMajsBaT, aKO C€ HaMaJsIT YCWIBaHHUATa Ha
OTJCJIHUTE Ta4Y0BE, KAKTO ¥ HUBOTO MM HaMajsiBa MpU yBelIWdaBaHe Ha Opos Ha
€JIEMEHTHUTE, HO YBEJIMYaBAHETO Ha €IEMEHTUTE BOAU U JI0 YBEeJM4YaBaHe Ha Opos

Ha CTPAHUYHUTC JIMCTHU,
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3. llupunaTta Ha rIaBHUSA J'bY C€ CTECHSABA MpHU yBeIMYaBaHE Ha Oposi Ha
MaYyoBETE.

OT U3M0KEHOTO CJIE/IBA, Y€ AHTEHHATA PEIIETKA € ChBKYMHOCT OT aHTEHHHU
€JIEMEHTH, KOUTO CHhOpaHU 3aeIHO, 00pa3yBaT e(EeKTUBEH MOJIEN HA U3JILYBAHE C
€IMH OCHOBEH HACOYEH JIbY.

[IpenuMcTBO Ha TO3W THUIl aHTEHU €, Y€ OBP30 MOXKE Ja C€ MPEMUHE OT

PCKHUMHA U3JIbYBAHC KbM PCIKHUM Ha IIPHUCMAHC.

3.5. CuHTe3 HA MpeaABapUTe/IeH ChIJIACYBAH QUITHP 32 KOMIICHCALUSA
HA MaCHBHUTEe cMylneHus ¢ npuioxenue B CIILJI panap.

KoxepeHTHHTE pamapy U3MONA3BAT IOCIEAOBATEIHOCTH OT PAAUOUMITYJICH,
HayayHaTta (pa3a Ha KOMTO € MOCTOSTHHA UJT CE U3MEHS 10 ONPE/EIICH 3aKOH.

[Ipu oOpaboTkaTa Ha CUTHalla C€ M3IOJI3Ba MOCTOSIHCTBOTO Ha (pa3ara 3a
peanu3aiys Ha CHHXPOHHO JIETEKTUPaHe U ONTUMAaJIHA GuaTpanus. [71]

WNmiyncHaTa xapakTepucTuka Ha chriacyBanus Guntep CO - g(t), kosTO
OCHUTypsiIBA MAaKCHMAaJIHO OTHOIIEHWE CHUTHAJ/IIYM Ha H3XOJa Ha MNPUEMHUKA,
TpsiOBa Na OBbJE ChIVIaCyBaHA C HSIKAKbB EKBUBAJICHTEH CHUTHal X (t), U da

YAOBJIETBOPSIBA CIETHOTO YCIOBHUE:

9(t) = x,(tg — 1) = — [% L plw(e=to)] (3.5)

=% Sp(w)
KBJICTO:
- ty — BpeMe 3a HaOJIo/IeHre Ha CUTHAJIA.
CwrimacyBanusT puntsp, usrpaaen Ha HJIBII tpsOBa na ce cunTesnpa Taxa,
Yye HeropaTa HMITYJICHA XapaKTEPHCTHKA Ja OTroBaps Ha BEYE ITOCOYCHHUTE
HavyaJHA yclioBusa. Korato nMmyscHaTa XxapakTepucTHKa Ha 1ienTa € u3Becta, CD
MoO3Ke J1a ObJIe HacTpoeH Ha Hesl. [Ipu ToBa Omxa MOTIIM Ja ce pemiaT e JHOBPEMEHHO

M ABCTC 3aJla4M — 3a7adyaTa 110 OTKPHUBAHC U 3aJiavdaTa 110 Pa3nno3HaBaHC Ha LCINUTC.
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@ur. 3.15. O6u1 Bu Ha @wur. 3.16 CIILJT orpasen curnai. [98]

conaupain curxai. [98]

Ha ®wur.3.17. ¢ nokazaH nojgo0eH curHajia, ¢GopMuUpaH Ha H3Xo0Ja Ha
cbriaacyBanusi (Guithp, (C TPUBI'BIHUIM ca OOO3HAUYEHH MAKCUMYyMHUTE Ha

KOPEJIALMOHHUTE (DYHKIIVH )
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@ur. 3.17 CurHan Ha U3X0Jla Ha ChITIaCyBaHUS QUITHP, ChIIACYBaH ChC COHIUPALIHS

curnai. [98]

Ot nosydyenurte rpauku € BUAHO, Y€ CTOMHOCTUTE HA MAaKCUMYMUTE HE ca ce
POMEHUIIA 0COOEHO, U TIXHOTO MECTOIOJIOKEHKE IO BpeMeBaTa OC Ha MPaKTHKA €
IIOCTOSIHHO.

Te3nm pesynaraTy TMOKa3BaT, Y€ B Taka MPEIJIOKEHUIT IPEABAPUTEIICH
ChIJIACYBaH ChC COHAMpAIIMS CUTHAJI (PUATHP Ce€ MOJyyaBa KOMIIEHCHpaHE Ha
ITACUBHOTO CMyILleHHEe. [lo-HaTtaTpIHATE W3CiIEeNBaHUs IIOKA3BAT Y€ € HAIbJIHO

BBH3MOKHO TTOBHIIIABAHETO HA OTHOIIICHUETO CUTHAJ/TIyM ¢ 5-6 dB.
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3.6. CuHTe3 HA MIeCTHANICETOMTOBA CXeMa 32 NMpPe3NePuoIHO U3BAXKIAHE
B CHCTEMATA 32 CeJIeKUMsl HA MOABMKHM MaJjiopasmepnu uneau (CCIAMLI) B
CBPBXIINPOKOJEHTOB pagap, U3rpajieHa cbC CyMaTOpH.

B cxemara HsMa AENNUTENN U yCUIIBATENN HA HAIIPEKEHUE, Thil KATO BCUYKU
HaIlpeXXEHHs1 ca cbriacyBaHu. Bxopsmuar moxyn Ha ALl e koncTpympan B
ChOTBETCTBUE C TMPEHOPHYAHOTO B JOKyMeHTanuss Ha cboTBeTHUs AlLllL
[TporpamupanusaT yacoBHUK - 1CS525-01 paGoTu npu 3axpaHBaIio HampexeHue
3,3V, HETOBOTO BUCOKO HHMBO Ha U3XOHOTO HAMPEKEHHE (JJOTUYECKaTa €AUHUIIA)
e3,3-0,4=29V.

Cxemara ce CbCTOH OT:

eiporpamupyem yacoBHUK - |CS525-01 koiito renepupa yectora 3a ALIIL
LTC2203;

® KBapI[OB I'eHEPaATOp, KOWTO FeHEepUpa 4eCTOoTaTa Ha YaCOBHUKA,

e YCTUPH YeTUPU-OUTOBU Oposua - 74HC161, HeoOXoaumu 3a 3amvicBaHe Ha
uH(opmarusita B agpeca Ha mamerta oT ALIT;

® IByIIOPTOBA CTAaTW4YHA ACUHXPOHHA omneparnBHa nameT - 70VI389PF c
kamanuter 64K x 16 6ura;

e yeTHpHU YeTHpUOUTOBU cymaropa - CD54HC283;

e Tpu nHBepTopa - (4HCT140.

IIpunuun Ha padora Ha cxemara:

eCurnanpt Ha ¢aszoBus aetektop ce momaBa kbM AlLlll, kpmero ce
npeoOpa3yBa B 1udpona 16-6utoBa ayma, yectorara Ha cerumpane 3a ALII ce
reHepupa ot nporpamupyem yacoBHUK [CS525-01, koilTo nmpu BXOJIEH CUTHAI C
gyectotata 15, MHz OT KpHUCTAIHHMAT OCHMIIATOpP M YCTAaHOBEHA JIOTMYECKATA
€JMHUIIA Ha CbOTBETHUTE ITMHOBE.

e Ako uectoTara Ha kBapua ¢ 15 MHz u HeoOxoaumara n3xoiHa yectoTa € 3
MHz, HeoOxonmuMo € na ce MPWIOXKH HHUBOTO Ha JIOTUYECKATa €IUHUIA KbM
nuHoBe V2, R3, R1. (3a na ce onpenensT NMMHOBETE C€ M3MO0JI3Ba KOMITFOTHPHA
nporpama, cb3aZicHa OT MPOU3BOAUTENS HA YACOBHUKA).
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e3a ajpecupaHe Ha MMaMeTTa Ce M3UCKBAT YETHpU Oposya Ha yeTupu OuTa,
KOraT0 YacOBHHUKBT TE€HEpUpa 4YeCcToTaTa Ha JUCKPETH3alus, aApechT Ce
yBEIMYaBa M CHOTBETHO, KOraTo C€ Mpujara MNepuoj Ha NOBTOpeHuEe (KbM
BXOJIOBETE 3a reset), aapechT ce Hyaupa. [138]

e[lo agpeca, onpeneneH ot OposiunTe, Ce 3aIMUCBa IECTHAAECETONTOBA TyMa
ot ALIIL 3a na ce u3BbpIIN U3BAXKIAHETO, C IOMOLITA HA CYMaTOPH Ha AyMara OT
m3xona Ha AIIl u nmymara, 3amppkaHa OT maMeTrra Ha €AWH IIEPUOJ Ha
NOBTOPEHHE, € HEOOXOUMO Jla c€ MPEBbpPHE JyMaTa, 3aJbp)KaHa OT MaMeTTa, B
JOIIBIHUTENICH KO, [17]

¢3a /1a ce HalpaBu TOBA, IbPBO € HEOOXOUMO Ja TS Ja C€ UHBEPTUPA, KAaTO
ce u3noysBar Tputre uHBepropa - 74HCT140, cnex koeto KbM HUCKHS OUT Ha
cymatopa ce mnpuOaBs OUT 3a mpeHecsHe (carry bit) (BHCOKO JIOTHYECKO
HarnpexxeHue Ha Bxoja Cin Ha MITaJIIIUsL CyMaTop).

e ToBa /elicTBUE € aHAJIOTMYHO Ha noOaBsgHe Ha ABOWYHaA equHuia. [1o To3u
HauuH, Ha Bceku cymatop CD54HC283 mocrenBar yetnpu OUTa OT U3XO0JAa Ha
AIII u 3akbcHENUTE YeTHpU OWTa OT U3X0J1a Ha MAMETTTa, KOUTO C€ CyMHpaT, a

Ha M3X0/1a Ha CHCTEMAaTa Cce MoJIyyJaBa IeCTHaIeCeTOMTOBA pa3inKa B 1ymute. [17]

3.7. CuHTe3 HA ajJropurbM 3a 00pa00TKa HAa mNadyKa OTPa3eHH
CBPbXKPATKH UMILYJICH.

B Ta3m 4yact oT u3creABaHETO € CHHTE3UpPAH BapUaHT HAa MOAUUUMpaH
QITOPUTBM 32 M3MEpPBAaHE BPEME3aKbCHEHHETO Ha OTpa3eH OT Majopa3MepHa
(TOUKOBa) 1€ CUTHAJ, NPU M3MOJ3BaHE HAa CBpbXIIKUpokoieHToBa (CILLT)
nocyenoBaTeaHocT oT cBpbxkpaTku (CKW) connupanm ummnynicu. M3cneaBanero
€ MpPOABDKEHHWE Ha peaula MyOJMKAallMd TMOCBETEHH Ha BB3MOXKHOCTUTE 3a
HaMaJsiBaHe Oposi Ha ONepaluuTe NMPHU JUCKPETU3ALMsS HA OTPa3eHUs CUTHAI B
AIII n noBuiIaBane pazaenurenHaTa cnocoOHOCT Ha pagapa. [Ipu cuHTe3upaHeTo
Ha aimropuTbma me ce wusznomsBa CIIJI oTpazen curHan ¢ wu3BeCTHA -

,,kambaHooOpa3Ha‘“ ¢oopma Ha oOBUBAIIIATA.
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Enno or mpenusBukarencrtBata npu obOpaborkara Ha mnpuerute CKU
CUTHAJIM € HEOOXOJMMOCTTa OT OBbP30JAEHCTBAIIM M CKBIIM aHAJIOrO-IU(PPOBU
npeobpazoBarenu (ALIl) u romsim o6em OT pecypcu, KOETO MpaBu HEBBH3MOKHA
oOpaboTkaTa Ha oTpazeHure oT uenara CKU, decTto ¢ NPOABIKUTENIHOCT OT

HAKOJIKO ITMKOCCKYH/IU, B pCaIHO BPEMC.

3.8 U3cieaBaHe Ha CBPBLXIIMPOKOJEHTOB pajap 3a OTKPUBaHe M
CHIIPOBOKIAHE HA TOYKOBH H MAJIOPA3MEPHH IIeJIH.

[IpakT4YeCKUTE EKCIEPUMEHTATHU W3CJICABAHUS Ca IMPOBEJACHU CbC
CBPBXIIMPOKOJICHTOB pajiap € HemnpekbcHaTto u3nbuBaHe ,,PXG-XCW JlpoH* ¢
(da3upaHa aHTEHHA pelIeTKa 3a OTKPUBAHE U CHIPOBOXKIAHE HA MAJIOPA3MEPHU U

TOYKOBHU BB3AYITHU HUCKOJICTAIIU LCIIN:

Rk *

@ur. 3.31. 3D panap ¢ dha3upana aHTEeHHA pelIeTKa, IIOT-eKCTPAKTOP U UHAUKATOP 3a KPbroB

0030p

Iles Ha ekciepUMeHTA!

[locTurane Ha BHCOKa MPOU3BOJUTEIHOCT W TOYHOCT MPU MPELHU3HO
OTKPUBAHE U MPOCJEASBAHE HA MAJIOPa3MEPHU U TOYKOBH BB3YIIHU U HA3E€MHU
I[EJIM B TOJISIM JIMAIia30H Ha BHCOYMHA, BKIIOUUTEIHO MAJIKU U TPAHUYHO MAaJIKU
BHCOYMHM, U 3alUTa OT 3arjiyliaBaHe, OjarojapeHue Ha MpUIaraHeTo Ha HOBU

TCXHHNYCCKHU PCIICHUA.

®ur.3.35. PazoB kaHaT 32 00paboTKa HA €X0TO ¢ PpunThp Ha Halkywucr.
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®ur.3.39. Exo curnan, KOMTo ce moyy4ana cjell u3BaxkJaHe Ha (poHa OT MOJTy4YEeHOTO

€X0, CbOTBCTHO 3a (baSOBI/IH KaHaJl.

OcHoOBHaTa pas3iHvKa OT BTOPUYHHUTE pajapH € B TOBA, Y€ B KAa4ECTBOTO Ha
WU3TOYHUK HA OTPa3E€H CUTHAJI € YCTPOWCTBO, KOETO, 3a€IHO C M3IbUYEHUS CUTHAJ
oOpa3syBa ,,cJI0eH" curHai. To3u CI0KEH CUTHAJI € MHOTO OJIM3BK M0 CTPYKTYpa C
IIYMOIIO1I00€H CUTHAJI, KOUTO IIbK, OT CBOSI CTpaHa € HAI'bJIHO JETEPMUHUPAH 32

IIPUEMHOTO YCTPOUCTBO.

3.9 IIpoTokoJ, MeTOAMKA 32 MPOBEKIAHE HA eKCIIEPUMEHTA U
OIl€eHKA HA MOJyYeHHUTe pPe3yJITaTHu.
MeTtoauka 3a npoBekAaHe HA eKCIepUMEHTA:

Hacmpoiika:

1. mo3unMoHUpaHe Ha paJapHaTa CUCTeMa Ha CTa0MIIHA OCHOBA WJIH MPEBO3HO
CpPEICTBO;

2. kanuOpupaHe Ha aHTeHATa/MOyJIMTE (aKO TaKaBa Ce U3KMCKBA);

3. MpoBepKa Ha CHEKTpaiHus (POH — 3a OmpenelisiHe Ha IIyMOBaTa OCHOBA
(baseline).

Ilpogesicoane:

1. u3nUTaHe HA TECTOB APOH OT OMPEIEICHO MICTO U 3aJa/IcHa BUCOUMHA,;
3acnuaHe Ha RF akTtuBHOCT OT pagapa;
notBbpkaeHue oT EOQ/IR Buaeokamepa.
H3mepesane na:

1. pa3cTosiHuE Ha OTKPUBAHE;

2. BIJIOBA PE3OITIOINS;

3. 4UyBCTBUTETHOCT IIpu HUCHK RCS.
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3anuc Ha 6cCuUKU OAHHU: KOOPpOUHaAmu, cCKopocm, eucouuna, SNR.

B 3akiioueHue e HalpaBeHO CpaBHEHHE HA OCHOBHUTE XapaKTEPUCTUKU Ha
pazgap — HEMCKO IIPOM3BOJICTBO U pajiap OT TUNA ,,CBPBXIIUPOKOJICHTOB pajap 3a
OTKpHMBAHE U CHIIPOBOXK/IAHE HA HUCKOJIETSIIN MaJopa3MepHU (TOYKOBU) LIETU -
PXG-CCW-/IpoH - ontuteH 00paser] ¢ gzpadenu mooyiu, noOpooHO ORUCAHU 8
oucepmayuama u nyoOIUKYBAHU HA HAWU U MENCOYHAPOOHU hopymu (eusc

Cnucwvk ¢ nybaukauyuu no memama Ha oucepmayusama).

3akioueHne.

Cepbxumpokonenropure (Ultra-Wideband, UWB, CIIJI) cucremu
NpE/CTaBIsIBAT CHhBPEMEHHA O€3KWYHA TEXHOJOTHS, KOSITO C€ OTJINYaBa
CBIIIECTBEHO  OT  KJIACHMYECKUTE  TECHOJICHTOBU  KOMYHHUKAIlMOHHU U
PaaNOIOKAIIMOHHN CUCTEMH T10 TIPUHITUINTE Ha CUTHATHO ()OpPMHpPAHE, METOIUTE
32 00pabOTKa U TEXHUYECKaTa peaanu3alys.

AKTyaJTHOCTTa Ha U3CIIEIBAHETO C€ OMPEIETIs OT HApaCTBAIUTE NU3UCKBAHUS
KbM HaJIeKTHOCTTA, TOYHOCTTA M CUTYPHOCTTA Ha KOMyHUKAIIMOHHUTE CUCTEMU B
aBUAllMOHHA Cpela W PAJAMOJOKAIMOHHUTE CHCTEMH 3a OTKpPUBaHE U
CBIIPOBOXKIAHE HA MAJIOPA3MEPHU U TOYKOBH II€TTH B IIIyMOBa 00CTaHOBKA.

OOekT Ha WU3CIEABAHETO Ca BB3MOXKHOCTUTE 3a M3MOJ3BaHe Ha
CBPBXIITUPOKOJIEHTOBUTE PATUOKOMYHHUKAITMOHHU U PAJIMOJIOKAIIMOHHU CUCTEMH.
[IpenMeT Ha u3cleaBaHETO ca MeToAUTE 3a (opmupaHe u oO6padotka Ha CHIJI

CHUI'HAJIN.
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IIPUHOCH HA TOKTOPAHTA

mar. nak. Codust CredanoBa Y3yHoBa.

Hayuno - npunosxcnu:

1. Cp3paneHa e opurnHaIHa METO/IMKA 3a MPOBEPKA IIyMOYCTOHYUBOCTTA HA
OCHOBHUTE OOP/I0BY KOMYHUKALIMOHHY U HABUTAIIMOHHU CUCTEMU HA JIETATEIIHUTE
amapaTv, IpPH BB3JEUCTBHE CbC CBPBXIIUPOKOJIECHTOBA ILIYMOBH CHUTHAJIH,
CBIVIACHO JEHUCTBAILUTE CTaHAAPTH.

2. 3mon3Banu ca chBpeMeHHH mporpaMuu npoayktu - MATLAB u Ansys
HFSS 3a Bepudukanus Ha pe3ysiTaTuTe OT U3UUCICHUATA U CUMYJIALIMUTE.

3. [IpoBenieH € eKCepuMEHT, U3TOTBEHA € TEXHOJOTMYHA KapTa U MPOTOKOJ
3a OLICHKA HA MIOJIyYCHUTE PE3yJITaTu.

4. CuHTe3upaHU ca yCTPOIICTBa, B ChCTaBa Ha OJIOKOBA cXeéMa Ha KOXEPEHTEH
panap. PaborocnocoOHOCTTa MM € JOKa3aHa OT IMOJYyYEHHUTE Pe3yNTaTu Ciel
MIPOBEICHU EKCIIEPUMEHTH C MOJIE Ha MOOWIJIEH pajap.

Ipunoscnu:

1. JlurepaTypHara copaBKa W CHHTE3UpPAHUTE YCTPOMCTBA IO3BOJIABAT
aKTyaJlu3upaHe Ha yueOHUS MaTepual Mo peAua JUCIUILINHY.

2. IlomydeHuTe pe3ynaTaTH ca peajHO MPWIOKHUMH NpPU Ch3JaBAaHETO Ha
7a00paTOPHU YNPAKHEHUS 10 PA3IMYHU TEOPETUYHU JUCLUIUINHU.

3. CuHre3upaHaTa MeETOAMKA € OT OTBOPEH THUII M TMO3BOJSBA MO -
HATaThIIHU U3CJIEABAHNS B ABUALMOHHUTE KOMYHHUKALIUH.

4. TlocTurHaTuTe pe3yiATaTH M HAINPAaBEHUTE M3BOJU Ca MPUIOKUMHU 32
no00psiBaHe XapaKTePUCTHKUTE Ha paJapHUTE U KOMYHUKAIIMOHHU CHUCTEMH, C

MMPHUIIOKECHUEC Ha CBPBXIIUPOKOJICHTOBHU TCXHOJOI'MH.
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BJIATOJAPHOCTHA

N3ka3Bam CBOsITa UCKpPEHA MPU3HATEITHOCT U OJIar0IapHOCT HAa HAYYHUS CH
pBKOBOAMTEN Nou. A-p MHXK. Muxaun [letkoB JKensi30B 3a ThpIEHUETO, LICHHUTE
HaITbTCTBUS U MIPENIOPBKHU MPU ChBMECTHATA HU padoTa Mo JUCEepPTAIMATA.

brnaromaproct ksM oTaen HUC npu TY — Codus 3a 0ka3aHOTO ChACHCTBUE
Ipu TMOATOTOBKaTa Ha JAMCEpPTalMOHHUS TpyA mo mpoekT Ne 24211J10018-04
,,B TIOMOII] Ha JOKTOpaHTa* .

brnarogapst Ha konerure oT 6a3uTe 3a MOAPHKKA HA aBUAITMOHHA TEXHUKA 32
MOMOIITa, KOSATO MU Oellle OKa3aHa MpPH MPOBEXKIAHETO HA CKCIICPUMEHTATHUTE
W3CIIeIBaHUS U BEPUDUIIMPAHETO HA PE3YyJITATUTE.

Hckpeno Onarojmapss Ha NpEACTaBUTEIUTE Ha OHU3HECA 3a HACOKHUTE H
OKa3aHOTO CHJCHUCTBUE 3a MPOBEKIAHETO HA €KCIIEPUMEHTAITHUTE U3CIICIBAHNUS ChC
CrielUaiIv3upaHa TEXHUKA.

brnarogapHocTH U3ka3BaMm U Ha KOJIETUTE OT (PakyaTeTa Mo TPAHCIOPT, KOUTO

MC IIOAKPCIIAXa I10 BpCMC Ha pa3pa60TBaHeTo Ha AuccpranusTa.
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ANOTATION
Topic: "Ultra-Wideband Technologies for On-Board Aircraft
Communication and Target Localization under Interference Conditions"

Author: MSc. Eng. Sofia Stefanova Uzunova

The dissertation addresses the growing need for wireless airborne
communication (WAC) solutions in aviation and the increasing challenge of
localizing small-sized targets, such as Unmanned Aircraft Systems (UAS), which
require high-precision tracking methods. The primary objective of the study is to
explore the applications of Ultra-Wideband (UWB) technology for both civil
aviation communications and the detection/tracking of small targets under
interference conditions. To this end, UWB patch antennas for 5.8 GHz and 6.5 GHz
were designed using MATLAB and Ansys HFSS. Additionally, an experimental
methodology was developed to test the noise immunity of aircraft systems (such as
the Boeing 737 and Airbus A-320) when exposed to UWB signals. Finally, a 24
GHz radar system was synthesized for small target detection and the optimization of
UWB pulse shapes.

The research presents several original scientific and applied contributions:

A specialized methodology was synthesized to check the noise immunity of
critical aircraft communication and navigation systems against UWB interference,
filling a gap in existing Bulgarian regulations.

A modified algorithm for processing reflected UWB pulses was developed
using a Nyquist low-pass filter, which optimizes Analog-to-Digital Converter
(ADC) performance more effectively than traditional Kalman filtration.

Testing on real aircraft revealed that while VHF voice communication
remained largely unaffected, UWB signals could cause instability in ILS Localizer
systems and trigger "ATC Fail" warnings. The designed patch antennas
demonstrated high efficiency (up to 97.7%) and a strong correlation between
simulations and physical tests.

Radar studies focused on the PXG-XCW drone prototype, proving the
system's ability to detect targets smaller than 30 cm at low altitudes.

The results are applicable in technical maintenance for electromagnetic
compatibility assessments, airport security (C-UAS systems), and the modernization
of aviation engineering curricula for both Bachelor’s and Master’s degree programs.
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I. GENERAL CHARACTERISTICS OF THE DISSERTATION
The relevance of the topic is determined by:

1. Search for new communication solutions in aviation: The introduction
of wireless on-board systems.

2. Localization of small-sized targets: The growing use of remotely piloted
aircraft systems (RPAS/drones) requires precise methods for their detection and
tracking.

3. Technological challenges: The necessity of synthesizing effective
methods for processing signals with nanosecond duration.

4. Lack of regulation: Bulgaria lacks a unified methodological and legal
framework for researching the impact of UWB (Ultra-Wideband) signals on on-
board systems.

Goal of the dissertation:
To investigate the possibilities for applying ultra-wideband technologies

for wireless avionics communications (WAC) in civil aviation and for the

detection and tracking of small-scale targets under interference conditions.

Main tasks:
1. To perform an analysis of the characteristics, application areas, and

processing methods of ultra-wideband signals (UWBS).

2. To design ultra-wideband patch antennas for wireless onboard
communication in aircraft and conduct simulation studies in a Matlab
environment with verification in Ansys HFSS at different frequency ranges.

3. To propose a methodology and conduct an experimental study on a real
aircraft regarding the noise immunity of onboard communication systems when
exposed to ultra-wideband signals.

4. To synthesize a block diagram of a 24 GHz radar system and conduct
practical research on the application possibilities of ultra-wideband signals for

detecting small-scale targets under interference conditions.
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Scientific Novelty

1. An original "Methodology for testing the noise immunity of the main on-
board communication and navigation systems under the influence of UWB
signals” was synthesized, which did not previously exist in the regulatory
documents of the Republic of Bulgaria.

2. A modified algorithm for processing a packet of reflected ultra-short pulses
(USP) was synthesized, which optimizes ADC performance through a preliminary
Nyquist low-pass filter (instead of traditional Kalman filtration).

3. A method for improving the shape of the sounding pulse by adding a
corrective rectangular pulse is proposed, which increases spectral efficiency by
up to 2 times at certain frequency ratios.

4. A 16-bit inter-period subtraction scheme, built with adders, was developed
for moving target selection in UWB radars, offering high flexibility and lower
complexity compared to FPGA (Field-Programmable Gate Array)
implementations.

Practical Applicability

The results of the work find application in:

1. Education:  Implementation in disciplines such as "Awviation
Communication Systems” and "Aviation Radar Systems™" for students in the
"Aeronautical Engineering and Technology" (ATT) specialty.

2. Technical Operation: Use of the developed technological map and
protocols during aircraft maintenance for electromagnetic compatibility (EMC)
assessment.

3. Security: The developed block diagram of a 3D radar with AESA
technology is applicable for the protection of airports and critical infrastructure
from small-sized point targets (C-UAS systems).

Approbation: The dissertation was reported and discussed at the Department
Council of the "Air Transport" Department at the Technical University of Sofia
on June 16, 2026.



The main results and ideas of the dissertation were presented at:

« Experimental tests on real aircraft (Boeing and Airbus) and validation of
the designed antennas in a certified anechoic chamber.

« XIlI International Scientific Conference "TECHNIQUE.
TECHNOLOGIES. EDUCATION. SAFETY 2025".

« Annual International Scientific Conference of the "Georgi Benkovski™ Air
Force Academy 2025
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Structure and Volume of the Dissertation

The dissertation consists of 163 pages and includes a list of abbreviations
used, a list of figures, a list of tables, a list of appendices, an introduction, three
sections for solving the formulated main tasks, a conclusion, a list of main
contributions, a list of publications related to the dissertation, and a bibliography.

A total of 146 literary sources are cited, of which 80 are in Latin script and
56 in Cyrillic, with the remainder being internet addresses. The work includes a
total of 75 figures, 23 tables.

The numbering of figures, tables, and appendices in this abstract

corresponds to those in the dissertation itself.

Contents of the Dissertation
Introduction

Ultra-Wideband (UWB) systems represent an innovative wireless
technology that offers a different approach compared to traditional narrowband
systems. This technology provides high-speed data transmission, low power
density, and interference resistance, making it suitable for aviation on-board
communications and the localization of small targets.

Prior to 2001, UWB technology applications were primarily restricted to
the military sphere. Gradually, the U.S. Federal Communications Commission
(FCC) authorized the commercial use of frequency bands for UWB. The FCC
regulates the use of frequencies for UWB systems in the range from 3.1 GHz to
10.6 GHz, with a minimum bandwidth of 500 MHz.



SECTION I.
Analysis of Ultra-Wideband Signals and Methods for Their Processing

1.2. Analysis and Classification of Ultra-Wideband Signals

Various names are used for UWB signals: non-sinusoidal, non-harmonic,
non-stationary, carrier-free, pulsed, monopulse, and ultra-short pulses. [110, 111,
131] There are also different definitions regarding which systems are classified as
ultra-wideband.

UWB signals are subdivided into three main classes according to their
formation method: [8, 24, 70, 139]

e The first class includes chaotic signals, which are described and analyzed
using statistical processing methods. [44, 46, 110, 113, 127]

¢ The second class consists of signals with a carrier frequency modulated by
signals with a bandwidth close to the value of the carrier frequency.

eThe third class, utilizing carrier-free pulsed signals and continuous
radiation, has become the most widely used. [44, 45, 48, 92, 94, 102, 108, 133]

Fig. 1.1 shows the generalized requirements for spectral emission density

across the entire frequency range according to the U.S. FCC.

1 2 3 45 10 £ [GHz]
Fig. 1.1. Spectral emission density requirements for UWB signals. [24]

As seen from the figure, the authorized spectral density for UWB devices
in the 3.1-10.6 GHz range is -41.3 dBm/MHz, or 71.3 dB/MHz. appropriate



processing methods, the maximum amount of information can be extracted from

a single observation through them.

1.3. Assessment of the application areas of UWB signals.
The impact of UWB systems on aviation communication systems is

currently not fully understood. Various technical and operational characteristics
make it impossible to categorize UWB technology with a single description. The
proliferation of UWB signaling devices could cause harmful interference to on-
board systems critical to aviation safety.

The specific application will determine which area of the frequency spectrum
the UWB device will operate in.

e Aviation Communications: Wireless on-board communication solutions
are gaining momentum in the aerospace industry with the aim of further
improving flight safety, reducing aircraft manufacturing costs, and limiting
environmental impact.

e Detection and Tracking of Small-Sized and Point Targets: Simulation
studies are being conducted on how different pulse durations affect time
resolution, signal-to-noise ratio (SNR), and the system's ability to track dynamic

movements of small-sized targets.

1.4. Analysis of popular mathematical models of UWB sounding signals.
There is a wide variety of mathematical models for UWB signals, but the

following three requirements are placed on all of them: [24]

e To have no DC component (1.4), i.e.
IS()f| =0 = 0 or [+ s (t)dt = O; (1.4)

¢ To have a finite time duration (1.5) — Tang
s(0)=0and s (t—taa)=0, pert > tang; (1.5)

e To0 be continuous in time, i.e., they must be differentiable.



The simplest are real models, which are described by real mathematical
functions. The most generalized mathematical description of such models is:
s (t)= A(t)cos(2xf t; +do), (1.7)

1.5. Analysis of changes in the structure of UWB signals after emission,
during propagation, and reception.

The existence of a model for an ultra-wideband signal is only the beginning
of UWB radar modeling, as this signal undergoes changes during radiation from
the antenna, propagation in the air medium, reflection from objects, and reception
by the receiving antenna under the influence of passive and active interference

characteristic of an urban environment. This can be illustrated through Fig. 1.3
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Fig. 1.3. Changes in the sounding signal after emission, propagation, and reflection
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from the target in UWB radars. [diagram - by the author]

1.6. Analysis of radar target models using UWB signals.

Parametric and non-parametric models are most commonly used for the
mathematical description of radar objects and radar systems when using UWB
signals. [3] The most widely used non-parametric models of radar targets are the
“convolution integral™ (in the discrete case — the convolution sum), models
involving the calculation of frequency characteristics, or scattering transfer
functions. [8,103]

1.7. Analysis of methods for detection and processing of UWB signals.
One of the primary tasks in UWB radar is the search for ways of quasi-
optimal processing, which allow for the maximization of the signal-to-noise ratio

(S/N) during object detection. [78]In the tasks of recognition and identification of
9



tracked targets, the problem of computational efficiency remains in the
background, given the accelerated development of digital technologies, while

information efficiency is placed in the foreground. [88]

10



SECTION IlI.
Investigation of the possibilities for the application of ultra-wideband patch

antennas for wireless on-board communication in aviation.

2.2. Analysis and evaluation of on-board computer systems (BCS).

The introduction of on-board computers in civil aviation received a
significant boost with the integration of Fly-by-Wire systems. This introduces the
possibility for automatic compensation of instabilities, turbulence, and human
factor errors, which revolutionizes the modern concept of safe flight (AC_25-22)

("Introduction to Avionics Systems" — R. Collinson).

Electronics Leading-edge
ke Flaps

Fig. 2.1. Operation of a Fly-by-Wire system

2.3. Design of patch antennas at 5.8 GHz and 6.5 GHz to provide an
on-board communication link with improved quality indicators.

In practice, a 12x12 element panel, manufactured as a printed circuit board
(PCB), showed beam scanning within +45° at 5.8 GHz and an acceptable sideband
level. These antennas are also used at ultra-high frequencies.

Microstrip antennas are also called patch antennas. The radiating patch can
be square, rectangular, dipole, circular, elliptical, triangular, etc. Fig. 2.6 shows a
microstrip line with two slots, with width W, at a distance L — a) and a pattern of

electric field lines — b):

11
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Fig. 2.8. Microstrip line with two slots, with width W, at distance L - a); Electric field line
pattern — b) [11]

Antennas used in aviation must be designed with certain specifications in

mind, including resistance to vibrations, temperature changes, and contact with

metal surfaces.

2.4. Computational procedures and selection of basic parameters for a
microstrip patch antenna for frequencies 5.8 GHz and 6.5 GHz.

The algorithmic process and the mathematical model for constructing a
rectangular microstrip patch antenna based on specified input technical
parameters are examined. The implementation of the mathematical model was
developed in a MATLAB environment, utilizing analytical expressions and
numerical techniques to determine the basic electrical and geometric properties of
the antenna. Two primary operating frequencies—5.8 GHz and 6.5 GHz—are set,
which demonstrates the differences in antenna design compared to the single-
frequency method. The choice of these values is justified by the need to compare
antennas manufactured for different frequency ranges suitable for wireless and
aviation applications.

To perform the calculations, a MATLAB code was developed that
automates the calculation of basic parameters such as resonance frequency, input
impedance, and patch dimensions.

The design utilizes a dual strategy—numerical simulation with MATLAB
and analytical techniques—considering the project goals that require a reliable
initial assessment and the potential for further development through realistic
simulations. The results obtained from the computational procedures described
above are presented in Table 2.1

12



Table 2.1

The Pope's 5.8 GHz 6.5 GHz
AO(in the ascendant) 51.72 mm 46.15 mm
Ad (in the pace) 36.27 mm 32.37 mm

2.5. Simulation studies in MATLAB and ANSYS HFSS environment,
evaluation of the results, selection of suitable applications in the aviation
industry, and general appearance of the designed antenna.

The study includes key factors such as: voltage standing wave ratio
(VSWR), input impedance, directivity and directional action, radiation efficiency,
reflection coefficient, and other significant parameters.

For both frequencies, each parameter is analyzed and -evaluated
independently.

The object of the study consists of two antenna variants designed to operate
at frequencies of 5.8 GHz and 6.5 GHz.

Reflection coefficient |I'(f)]

“'(:,-u: §
5.8 GHz 6.5 GHz

Fig. 2.13 Graph of the reflection coefficient.

The reflection coefficient |I'(f)| — Fig. 2.13 is a key indicator that shows
what portion of the power sent to the antenna is reflected back to the generator

due to the mismatch between the antenna and the feed line.

13
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5.8 GHz 6.5 GHz

Fig. 2.14. Graph of the voltage standing wave ratio.

An important indicator of matching losses between the source and the
antenna is the VSWR (Voltage Standing Wave Ratio) — Fig. 2.14, where a value

of less than 2 is considered satisfactory.

The results from the MATLAB graphs show:

e In the frequency range from 5.2 to 6.6 GHz, the VSWR remains below 2,
which implies good energy transfer with few reflections;

¢ The corresponding result for the antenna designed for 6.5 GHz shows a

VSWR below 2 in the 5.8-7.3 GHz range, with the optimal value recorded at 6.6
GHez.

Input Impedance Rin(f).

f[GHz) 1[GHz)

1GHz]
5.8 GHz 6.5 GHz

Fig. 2.15. Graph of the input impedance coefficient

One of the most important factors in assessing the matching, which
determines the current/voltage ratio at the feed point, is the input impedance —

Fig. 2.15.
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Since the impedance of a typical microstrip line is 50 Q, this value is
accepted for optimal matching.

Antenna Efficiency

5.8 GHz 6.5 GHz

Fig. 2.16. Graph showing antenna efficiency

The percentage of the transmitted power that is actually radiated,
without being lost as heat in the conductors or dielectric, is known as antenna
efficiency — Fig. 2.16, and it is a risk parameter in the design of antennas for
wireless systems.

The efficiency reaches about 94-95% for the antenna operating at 5.8 GHz
and reaches a maximum of 97.7% at 5.9 GHz.

Analysis of the results after simulations:

A very high degree of correspondence between the HFSS simulations and
the analytical design implemented in MATLAB has been confirmed.

Design and general appearance of the designed antenna: Since the
impedance of a typical microstrip line is 50 €, this value is accepted for optimal
matching."

Construction and General View of the Designed Antenna:

Fig. 2.20

15



@ (b)
Fig. 2.21 —a), b) Experimental setup for testing the designed antenna.

The antenna is well-matched at 5.8 GHz with S11 = -26.2 dB, and at 6.5
GHz with S11 = -25.1 dB; the measured maximum gain is 7.4 dBi and 6.9 dBi,
respectively; the polarization is linear. Measurements were performed in
accordance with ETSI EN 300 440 and ETSI EN 302 502.

Certification Conclusion: Based on the conducted measurements and
analyses, it is concluded that the tested antenna is compliant with the applicable
ETSI and FCC regulatory requirements for operation in the 5.8 GHz - 6.5 GHz
ISM band.

2.6. Methodology for measuring the noise immunity of BCS under the
influence of ultra-wideband signals on board the aircratft.

The conduct of an experimental study is proposed, which was last carried
out in 2012 in the USA with published results (see Section 2.1).

No such study has been conducted on the territory of the Republic of

Bulgaria.

A (6)

E@": [y

Fig. 2.23. Connection diagram of devices required for conducting the experiment
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¢ (1) — Noise signal generator;

e (2) — Final measuring device;

¢ (3) — Sound level meter;

e (4) — Spectrum analyzer;

¢ (5) — Signal waveform on the spectrum analyzer screen;

¢ (6) — Transceiver antenna for 5.725-5.875 GHz and 6.489-6.524
GHz.

Results after conducting the experiment:

Testing was conducted on the impact of ultra-wideband active antennas (2
pcs. of the designed antennas) at a frequency of 5.8 GHz on the systems of Boeing
737-200 and Airbus A-320 aircraft. The UWB signal source was equipped with
an internal 9V battery and an internal 10 MHz clock, connected to the antenna
designed above, which was tuned to the frequency range of the aircraft radio
system being evaluated. The spectrum analyzer and the antennas were verified
and found to be in compliance with the calibration schedule.

¢ \VHF Voice Communication: A conversation was initiated and maintained
between the aircraft's on-board VHF radio system and a portable VHF radio.

During the conversation, negligible influence from the UWB signal source
on the sound quality of the on-board communication system was observed.

e ILS Localizer: The local ILS localizer beacon in the airport area was not
intercepted by the aircraft at the test site.

The cockpit instruments showed no information from the ILS localizer.
Negative effects were observed—display flickering and unstable operation of the
system under the influence of the ultra-wideband systems.

¢VOR: The local VOR beacon in the runway area was successfully
intercepted by the aircraft at the test site.

The cockpit instruments displayed the corresponding navigation information
for the given radio beacon. No effects from the influence of the ultra-wideband

signals were observed.
17



e ATC and TCAS: The "ATC Fail" indicator light on the cockpit display
panel illuminated, and nearby targets disappeared from the TCAS display when
the ultra-wideband signal was switched on.

A handheld, low-power ultra-wideband transmitter can interfere with the
radio systems of TCAS, ATC, the ILS localizer, and the glideslope channel of
aircraft,. The measurement was conducted on a Boeing 737-200 aircraft at levels
reaching —41 dBm. For smaller aircraft, there is a probability that interference
may occur even at lower UWB signal power levels.

Demonstration implementations of a wireless sensor network (WSN)
installed in an Airbus A-320 have also been conducted. The results from this test
platform highlight the potential of UWB for on-board aircraft use and outline the

upcoming solutions to the reported problems.

Fig. 2.31. Wireless solutions for on-board aircraft communications and internet connectivity —
5G, 6G.

UWB communication technology offers a wide frequency range, and its
continuous evolution through integration with other technologies promises to
unlock new directions in the future. Ultra-wideband signal technology is a

promising implementation for on-board aircraft communications.
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SECTION IlIlI.
Investigation of the possibilities for the application of ultra-wideband radar
signals for detection and tracking of small targets under interference

conditions.

3.2 Synthesis of a block diagram of a 24 GHz radar for detection and
tracking of point and small targets.

The Ultra-Wideband (UWB) radar at a frequency of 24 GHz is a modern
technology used for the detection, tracking, and classification of objects.
Characteristics for detecting small-scale and point targets:

Table 3.1

Characteristics Explanation

Depends on power and the RCS (Radar Cross Section) of the drone.

Detection Range -y nically up to 1-2 km for small drones

Minimum Drone Detection of drones smaller than 30 cm is possible, thanks to the high
Size resolution

Detection at Low  ||Suitable for close-range targets flying at low altitudes—difficult to detect
Altitudes with classical radars

85:?:1{3” o Independent of the time of day and largely resistant to atmospheric
PIe influences
Conditions
3D Positioning Possible through the use of multiple radars or phased passive or active
Capability antenna arrays
Applications:

« Protection of airports, power plants, government buildings, and other high-
security zones.

« Military and tactical Air Defense (AD) systems.

« Counter-UAS systems (against UAVs and drones) — detection, tracking,

guidance of control systems, and neutralization.
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Fig. 3.1. Sample block diagram of a 24 GHz radar, suitable for Doppler or FMCW
(Frequency-Modulated Continuous Wave) radar (diag. — Al)

3.3. Method for improving the shape of the radiated (sounding) pulse
in an ultra-wideband radar.

In this subsection, a method for improving the shape of the sounding pulse
is proposed, which helps avoid the disadvantage described above. After applying
the method, antenna efficiency increases, and energy losses are reduced.

These losses must be taken into account when evaluating the energy
performance of the ultra-wideband radar. For this purpose, spectral efficiency is
used, which constitutes the main part of the radar transmitter's efficiency. This
efficiency determines the relative portion of the sounding pulse energy that falls
within the antenna'’s operating frequency range.

The goal is to propose a method for obtaining the maximum spectral
coefficient for several relatively simple shapes of the primary and corrective
sounding pulses used in UWB radar systems.

However, analytical expressions for the well-known video pulse shapes and
their spectra are not provided. All numerical values were obtained through the

method of mathematical modeling.

Fig. 3.3. Graphical solution for a rectangular ultra-short pulse (USP) for a given Af

[84]
20



As an example, Fig. 3.3 shows the general solution for a rectangular pulse

at Af =2,5. The extreme values of 6, are marked.

Fig. 3.7 shows a corrected pulse formed using a main and a correcting

rectangular pulse. A spectrum for « =0,4 and8=3 is also shown. An optimal

value of Gy opt = 0,71 Was chosen.
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Fig. 3.7. Corrected pulse formed using a main and a correcting rectangular pulse. [84]

Fig. 3.8 shows the dependence of the peak (maximum) values of nasp: 0N

the parameters a,  for Af = 3.

Fig. 3.8. Dependence of the peak values of 7.5,,: On the parameters a, B for Af = 3 [84]

Comparing the obtained values with analogous values for unipolar pulses
shows that by correcting the pulse shape, the spectral efficiency can be
significantly increased, however, the effectiveness of this increase is greater as

the value of Af" decreases.

3.4 Synthesis of a 24 GHz Transceiver Antenna
Fig. 3.11 shows a 10x10 antenna array tuned to 23.225 - 24.325 GHz for

spatial localization.
21



Fig. 3.11. 10x10 element antenna array for inter-spatial communication and experimental
investigation of a radar system. [Photo - experimental center, anechoic chamber]

Evaluation of the antenna's quality indicators after the conducted
simulation.
After analyzing the graphs obtained from the simulation, the following

conclusions can be drawn:

1. The first side lobe is at -13 dB, regardless of the number of elements. This
IS due to the presence of the sine function in the array factor formula;

2. Side lobes decrease if the gain of the individual patches is reduced; their
level also decreases as the number of elements increases, but increasing the
number of elements also leads to an increase in the number of side lobes;

3. The main beam width narrows as the number of patches increases. From
the above, it follows that the antenna array is a set of antenna elements which,
when combined, form an effective radiation pattern with one main directional
beam. An advantage of this type of antenna is the ability to quickly switch from

transmit to receive mode.

3.5. Synthesis of a Pre-matched Filter for Passive Interference
Compensation with Application in UWB Radar.

Coherent radars use sequences of radio pulses, the initial phase of which is
either constant or varies according to a specific law.

In signal processing, phase consistency is utilized to implement

synchronous detection and optimal filtering. [71]

22



The impulse response of the matched filter (MF) - g(t), which ensures a maximum
signal-to-noise ratio at the receiver output, must be matched with an equivalent

signal Xe(t) and satisfy the following condition:

c U —
g(t) = X, (tO _ t) f o5 ((‘::/)) [iw(t—to)] (35)

where:
. t0 —signal observation time.

The matched filter built on NLVP must be synthesized such that its impulse
response meets the previously stated initial conditions. When the target's
impulse response is known, the MF can be tuned to it. In doing so, both tasks —

target detection and target recognition — could be solved simultaneously.
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Fig. 3.15. General view of Fig. 3.16 UWB reflected signal. [98]
a sounding signal. [98]
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Fig. 3.17 shows a similar signal formed at the output of the matched filter

(triangles denote the maximums of the correlation functions).
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Fig. 3.17. Signal at the output of the matched filter, matched with the sounding signal. [98]
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From the obtained graphs, it is evident that the peak values have not
changed significantly, and their location along the time axis is practically
constant.

These results show that the proposed pre-filter, matched with the probing
signal, achieves compensation for passive interference (clutter). Further research

indicates that it is entirely possible to increase the signal-to-noise ratio by 5-6 dB.

3.6. Synthesis of a sixteen-bit delay-line canceller (inter-period
subtraction) scheme in the Moving Target Selection (MTS) system for small
targets in an ultra-wideband radar, constructed using adders.

The circuit does not include voltage dividers or amplifiers, as all voltages
are matched. The ADC input module is designed according to the
recommendations in the respective ADC documentation. The programmable
clock - ICS525-01 operates at a 3.3V supply voltage; its high-level output voltage
(logic high) is 3.3 - 0.4 = 2.9V.

The circuit consists of:

 Programmable clock - 1CS525-01, which generates the frequency for the
LTC2203 ADC;

* Crystal oscillator, which generates the clock frequency; ¢ Four 4-bit
counters - 74HC161, required for writing data to the memory address from the
ADC;

« Dual-port static asynchronous RAM - 70VV9389PF with a capacity of 64K
x 16 bits;

* Four 4-bit adders - CD54HC283;

* Three inverters - 74HCT140.

Principle of operation of the circuit:

e The phase detector signal is fed to the ADC, where it is converted into a
16-bit digital word; the sampling frequency for the ADC is generated by an
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ICS525-01 programmable clock, using a 15 MHz input from a crystal oscillator

and logic high levels on the corresponding pins.

« If the crystal frequency is 15 MHz and the required output frequency is 3
MHz, a logic high level must be applied to pins V2, R3, and R1. (A manufacturer-
provided program is used to determine the pins).

« Memory addressing requires four 4-bit counters; the address increments
with the sampling frequency and is reset (cleared) when the repetition period is
applied to the reset inputs. [138]

« To perform subtraction between the current ADC word and the word stored
in memory from the previous period, the stored word must be converted into two's
complement. [17]

« This is achieved by first inverting it using 74HCT 140 inverters, then adding
a carry bit (logic high at the Cin input of the LSB adder).

« This process is analogous to adding a binary one. Thus, each CD54HC283
adder receives four bits from the ADC and four delayed bits from memory,

resulting in a 16-bit word difference at the system output. [17]

3.7. Synthesis of an algorithm for processing a packet of reflected ultra-
short pulses.

In this part of the research, a modified algorithm is synthesized for
measuring the time delay of a signal reflected from a small (point) target, using
an Ultra-Wideband (UWB) sequence of Ultra-Short (US) probing pulses. The
study continues a series of publications focused on reducing the number of
sampling operations in the ADC and increasing radar resolution. A UWB
reflected signal with a known 'bell-shaped' envelope is used for the algorithm
synthesis.

A major challenge in processing received US signals is the requirement for

high-speed, expensive Analog-to-Digital Converters (ADCs) and significant
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resources, which makes real-time processing of reflected pulses—often lasting

only a few picoseconds—impossible.

3.8. Investigation of an ultra-wideband radar for detection and
tracking of point and small-sized targets.

The practical experimental studies were conducted using the 'PXG-XCW
Drone' ultra-wideband continuous-wave radar with a phased antenna array for the

detection and tracking of small and point-like low-flying aerial targets:

Fig. 3.31. 3D radar with a phased antenna array, plot extractor, and plan position indicator
(PPI).

Experiment Objective:

Achieving high performance and accuracy in the precise detection and
tracking of small-scale and point-like aerial and ground targets across a wide
altitude range, including low and ultra-low altitudes, as well as anti-jamming

protection through the implementation of new technical solutions.

Fig. 3.35. Phase channel for echo processing with a Nyquist filter.
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Fig. 3.39. Echo signal obtained after background subtraction from the received echo for the

phase channel.

The primary difference from secondary radars is that the source of the

reflected signal is a device which, together with the transmitted signal, forms a

‘complex’ signal. This complex signal is very close in structure to a noise-like

signal, which, in turn, is fully deterministic for the receiving device.

3.9. Protocol, methodology for conducting the experiment, and

evaluation of the results obtained.

Experimental Methodology:
Setup:
1. Positioning the radar system on a stable platform or vehicle;
2. Calibration of the antenna/modules (if required);
3. Spectral background check - to determine the noise floor (baseline).

Execution:

1. Takeoff of a test drone from a specific location and set altitude;
2. Detection of RF activity by the radar;

3. Confirmation from an EO/IR video camera.

Measurement of:

1. Detection range;

2. Angular resolution;

3. Sensitivity at low RCS (Radar Cross Section).

Data recording: coordinates, speed, altitude, SNR.
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In conclusion, a comparison is made between the key characteristics of a
German-made radar and the 'PXG-CCW-Drone'-an ultra-wideband radar

prototype for detecting and tracking low-flying, small-scale (point) targets. Its
integrated modules are described in detail within this dissertation and have

been presented at national and international forums (see List of Publications).

Conclusion.
Ultra-Wideband (UWB) systems represent a modern wireless technology

that differs significantly from classic narrowband communication and radar
systems in signal formation principles, processing methods, and technical
implementation.

The relevance of the research is driven by increasing demands for
reliability, accuracy, and security of communication systems in aviation
environments and radar systems for detecting and tracking small-scale and point
targets in noisy conditions.

The object of the study is the potential for using ultra-wideband radio
communication and radar systems, while the subject of the study is the methods

for UWB signal formation and processing.
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CONTRIBUTIONS OF THE DOCTORAL STUDENT

Scientific-Applied Contributions:

1. An original methodology was developed for testing the noise immunity of
key onboard aircraft communication and navigation systems under UWB
noise signals, according to current standards.

2. MATLAB and Ansys HFSS were utilized for the verification of calculation
and simulation results.

3. An experiment was conducted, and a technological map and evaluation
protocol were established.

4. Devices were synthesized within a coherent radar block diagram, with their

performance proven through mobile radar experiments.
Applied Contributions:

1. The literature review and synthesized devices allow for curriculum updates
across multiple disciplines.

2. The results are practically applicable for creating laboratory exercises.

3. The open-type methodology facilitates further research in aviation
communications.

4. The findings are applicable for improving radar and communication system

characteristics via UWB technologies.
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ANOTATION
Topic: "Ultra-Wideband Technologies for On-Board Aircraft
Communication and Target Localization under Interference Conditions"

Author: MSc. Eng. Sofia Stefanova Uzunova

The dissertation addresses the growing need for wireless airborne
communication (WAC) solutions in aviation and the increasing challenge of
localizing small-sized targets, such as Unmanned Aircraft Systems (UAS), which
require high-precision tracking methods. The primary objective of the study is to
explore the applications of Ultra-Wideband (UWB) technology for both civil
aviation communications and the detection/tracking of small targets under
interference conditions. To this end, UWB patch antennas for 5.8 GHz and 6.5
GHz were designed using MATLAB and Ansys HFSS. Additionally, an
experimental methodology was developed to test the noise immunity of aircraft
systems (such as the Boeing 737 and Airbus A-320) when exposed to UWB
signals. Finally, a 24 GHz radar system was synthesized for small target detection
and the optimization of UWB pulse shapes.

The research presents several original scientific and applied contributions:

A specialized methodology was synthesized to check the noise immunity
of critical aircraft communication and navigation systems against UWB
interference, filling a gap in existing Bulgarian regulations.

A modified algorithm for processing reflected UWB pulses was developed
using a Nyquist low-pass filter, which optimizes Analog-to-Digital Converter
(ADC) performance more effectively than traditional Kalman filtration.

Testing on real aircraft revealed that while VHF voice communication
remained largely unaffected, UWB signals could cause instability in ILS
Localizer systems and trigger "ATC Fail" warnings. The designed patch antennas
demonstrated high efficiency (up to 97.7%) and a strong correlation between
simulations and physical tests.

Radar studies focused on the PXG-XCW drone prototype, proving the
system's ability to detect targets smaller than 30 cm at low altitudes.

The results are applicable in technical maintenance for electromagnetic
compatibility assessments, airport security (C-UAS systems), and the
modernization of aviation engineering curricula for both Bachelor’s and Master’s
degree programs.

31



	1 Автореферат_София_Узунова_BG
	2 Автореферат_София_Узунова_EN

