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HAJIIUPOKOCMYI'OBA CUCTEMA ITO3UIIIOHYBAHHA BE3
BUKOPHUCTAHHS YACOBOI CHHXPOHI3AIIIT

AkrtyanbHicts. ChOTOJICHHSI HE MOXKHA YSIBUTH 0€3 MIMPOKOT0 BHKOPHCTAHHS IO3UIIOHYBaHHS PYXOMHUX
00’exTiB. ['MobanbHI cCUCTEMH MO3HIIOHYBAaHHS YBIHIILTH MPAKTUIHO B yci chepr CydacHOTO XKHUTTSA. AJie
Il CHCTEMH TaKOK MArOTh CBOI HEAOINIKH, B TIEPITY Yepry Hee(eKTUBHICTh B YMOBaX HIUIBHOI 3a0yI0BH, B
NPUMILICHHSX, NIPY IIBUIKOMY IMEpeMilleHHI MpuiiMaviB Ta YyTIMBICTH IO HAaBMHCHHUX 3aBaj. Takox
HaOUTBII TIOMIMPEHI CHCTEMH IIO3UI[IOHYBaHHS NOTPEOYIOTh KOIITOBHOI YacoBOi CHHXPOHI3aIlii
HaWBHUIIOI SKOCTI ycix mepenaBanbHUX cucTeM. OKpiM 3arajJbHOBIIOMHX TPAIULIHHNX By3bKOCMYTOBHX
CHCTEM, aKTHBHO pPO3POOJIOIOTHCS 1 BBAKAIOTHCS NEPCIEKTHBHUMHU HAJIIMPOKOCMYTOBI CHUCTEMH
MO3UI[IOHYBaHHSI.

Meta podotu. Metorw po6otu € MoOyI0Ba e(hSKTHUBHOI Ta HE3AIEKHOI BiJl YaCOBOI CHHXPOHI3AIlli CHCTEMHU
MO3UIIOHYBaHHS, sIKa IPYHTYEThCS Ha KYTOBIH 3aJIe)KHOCTI 4acoBOi ()OPMU BUIPOMIHEHOI XBHIII JUIst
IMITYJIbCHUX HAJIIMPOKOCMYTOBHX aHTEH. BiICyTHiCTh MOTpeOM y >KOPCTKiM 4acoBiii CHHXpOHi3alii
0a3yeThcs Ha SIBHII 3MIiHH [iarpaMH CIPSMOBAHOCTI aHTEH BiJ YacCTOTH Ta, BIAMOBIIHO, 3MiHH 4acOBOi
¢opmu BunpomineHoi xBuii. Lli 3MiHM 3aIPONOHOBaHO BHSABISATH 3a JIONIOMOTOI0 INTYYHUX HEHPOHHUX
Mepex. B mamiii poboTi, Ha BiIMIHY BIiI TIONEpeNHIX, NPOMOHYETHCS BHPIMICHHS MPOoOIeMH
HEBU3HAYCHOCTI Yacy MPUXO.y iIMITYyTIbCY BiJ 0a30BOT cTaHIIII.

Marepiann Ta Meroman. EjekTporHaMiuyHa YacTHHA TMOCTABJICHOI 3a/1a4i PO3B’SI3YEThCS 32 JOMOMOTOI0 MPSIMOTO
YHCIIOBOIO METOAY MOJENoBaHHs y dacoBomy mpocropi (FDTD). Ile mo3Bosisie oTpumaTH TOYHI yacoBi (opMu
BUIPOMIHEHUX aHTEHaMH XBWJIb ITiJ] PI3HUMH KyTaMH NpH X 30yKeHHI HaJIKOPOTKUMH iMITyiibcaMu. Po3nizHaBaHHs
IMITYJIBCIB B TOYII IPUIOMY peali3yeThes MITyYHOI HEHPOHHOIO MEpPEXel0 B peallbHOMY 4Yaci 0e3 MomepeaHboi
CHEKTpaJIbHOT 0OPOOKH, 110 3a0e3Medye BUCOKY MIBUAKICTE pOOOTH CHCTEMH.

PesyabTaTn. [loOynmoBana Ta HaTpeHOBaHa HOBa INTy4YHAa HEHPOHHA MepeXxa, SKa Mae MOXIHUBICTh HaJiiHO
PO3Ii3HABATH MPHUHHATI IMITYJIbCH, HABITH SKIIO TOYHHMH Yac iX mpuxomy HeBimomuit. L[ mepexa mpoTecToBaHa Ha
MITyYHO 3aIIyMJICHUX NPUHHATHUX CHTHajax. 3HaWICHUI MOPOTOBHH piBEHb 3alTyMIIEHOCTI, MEPEBUILEHHS SKOTO
MPU3BOAUTL A0 CYTTEBUX NMOMHJIOK Y BUSHAYCHH1 KOOPJAUHAT IpUrMaya.

BucnoBku. CrcteMa NO3UIIIOHYBaHHS Ha IMITyJIbCHUX HAJANIMPOKOCMYTOBHX XBHIIIX OyJa IOKpalieHa 3a
PaxyHOK pO3IIMPEHOT0 HaBYaHHS, 10 J03BOJIsIE HA0araTo MEHIIE 3aJIeKaTH Bijl 4acy MPUXOLy IMITYJIbCY,
SKAH TEOPETHYHO MOy OyTH 10BUIbHMI. TakuM YMHOM MOKA3aHO, 110 3aIIPOIIOHOBAHA CHCTEMa MOXeE He
noTpe0yBaTH YacoBOI CHHXPOHI3aIlil NepemaBalbHUX 1 NpUAMaNbHUX HOpUCTpoiB. byma mnokaszana
CTaOUIBHICTH POOOTH CHCTEMHM TO3UI[IOHYBAaHHS 10 PiBHS CIIBBIAHOIIEHHS €HEprii CHTHANy 10 eHeprii
nrymy 20 nb. PesynpraTti po3mi3HaBaHHS MOXYTh OyTH MOKpAIleH] MIJIIXOM BHKOPHCTaHHS IPHHIIUIIOBO
PI3HUX YaCOBHX 3aJIS)KHOCTEH 30yIKYIOUNX IMITYJIbCHUX CHTHAJIIB JJIS1 KOXKHOI aHTEHH.

KJIIOYOBI CJIOBA: rimboka HeHpoHHa Mepexka, HaAIIMPOKOCMYTOBE II0JIe, CHCTEMa IO3UIIOHYyBaHHS, aHTEHA
tumny “Metenuk’”.
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BCTYII

CyuacHe XUTTSA HE MOXKHA YSBUTH 0e3 MIMPOKOTO BUKOPUCTAHHS IMO3UIIIOHYBaHHS PyXOMHX 00’ ekTiB. Taxi
CHCTEMH MOXHa TIpy0O TWOAUIMTH Ha MIo0aNbHI Ta JIOKAJbHI CHUCTEMH IIO3HMLIOHYBaHHA. Xod4a
3araJbHOBIJOMHMH CHCTEMaMHM € caMe TIJI00albHI CHCTeMH, Ui 0araThboX 3aBAaHb Taki CHCTEMHU
MO3UIIOHYBaHHs JyXe HeeekTHBHI. ICHye mina HU3Ka MPUHIMIIB, 3TiAHO SKMX MOXXHA BU3HAYaTH IOJIOKEHHS
00’€KTIB 3a JOMOMOrOK eIeKTPOMArHiTHUX XBWIb, Hanpukiai, time of arrival (TOA) — 3a yacom mpuxomy
curnany Tta time difference of arrival (TDOA) — 3a pi3uuuero y yaci npuxoxay curaainy. TOA meron 6a3yeTsest
Ha BUMIpPIOBaHHI Yacy 3aTPUMKH ITOIIMPEHHS PaJioCUTHATY MIX MO3HLIE0 3 BitoMumu koopanHatamu (Node) i
no3umiero 3 HeBimomMuMmu koopauHatamu (Tag). TDOA meTox BHKOPHCTOBYE PI3HHUINIO y Yaci NpUHHATTA
pamiocurnany Bim Node i Tag. Ane yci ckIamoBi cucTeMn TMOBHHHI OyTH CHHXPOHi30BaHi 10 dacy [1-4]. Okpim
3arajJbHOBIIOMUX TPAAWIIHHUX BY3bKOCMYTOBHX CHCTEM MO3HWI[IOHYBaHHS, AaKTUBHO pPO3POOIAIOTHCS
Hagmupokocmyrosi (HIIC) cuctemu mnosumionyBanHsA. Hampukian, cucTemMa BH3HAYCHHS KOOPIMHAT
nepexoxxkoro Ha mepexpecti [5]. s cucrema npamroe Binmosigao 10 TOA anroputmy. JlaT4uku po3MIIIyOThCS
Ha cBiTiodopax (Node), a KoopAnHATH Mepex0kux BU3HaYaroThes (Tag). Byiau npoBeaeHi ekCriepUMEHTH st
YCIIIIHOTO BU3HAYEHHS KOOPJAMHAT IIEPEX0XKUX 13 BHKOPUCTAHHAM pi3HOI KimbkocTi narumkiB (Node) i
nepexoxkux (Tag). Biacranb 10 HEpex0KOro BiJ KOHKPETHOTO BY3Jia OIIHIOETHCS METOJOM HaWMEHIIUX
kBagpatie (LSM). Opnnak, ciig 3a3HA4YWTH, [0 BCi IIi CHCTEMH IOTPEOYIOTh BHUCOKOSKICHOI YacOBOi
CUHXPOHi3aIlii.

B nomepennix Hamux pobotax [6-7] moOymoBaHa He3aJeKHA BiJ YacOBOI CHHXpPOHI3allii crcTeMa
MO3WIIOHYBaHHSA, sKa IPYHTYEThCS Ha KYTOBIM 3aJeKHOCTI YacoBOi (OpMU BHIIPOMIHEHOI XBWII JUIS
imoynecHnx HIIC anten. IlinrpyHTsSM OBOTO SBHINAa € 3arajbHOBIIOMa 3MiHA JiarpaMy HaIpsSMIICHOCTI
MepeBaXHOI OUTBIIOCTI aHTEH Bix 4YacToTW. TakuM YHHOM, I CHCTEMa BIHOCHTBCS 10 KJIAacy CHCTEM
posmizHaBaHHs M0 KyTy npuxoay xsuii — angle of arrival (AOA). 3anuinaersest TINBKYA PO3POOUTH TiIXiM, KU
OyB OWM YyTTUBUM [0 HaWMEHIIWX 3MiH y YacoBiii (opMi amMmmiTyam TpUHAHATOI XBWII UIA Pi3HHX KYTIB
npuiiomy. TakuMm miaxomoM Moke OyTH 3acTOCyBaHHS INTyYHHX HelpoHHuX Mmepex (LIIIHM) [8], ski MOXyTh
KJIacu(iKyBaTH CUTHAJIM HaBiTh IPU MaJMX 3MiHaxX IXHbOT 4acoBoi ¢opmu. Takox BapTo 3a3HauuTH, o [IIHM
MalTh anpoKCHMAlliiHI BJIACTHUBOCTI, SIKI JO3BOJSIOTH AJISI NMPOMDKHHMX 3HAu€Hb KYyTiB OUIBII TOYHO #Oro
PO3Mi3HATH 33 NPOMOPIIAHKM CIIBBIIHOIICHHAM AaMILUIITYJ Ha BHXOJaX MEpPEeXi, SKi BIAMOBINAIOTH TBOM
CYCIZIHIM IUCKPETHUM 3HA4YEHHSIM KyTaM NPUIOMY, MK SIKHMH 3HaXOJHMTHCS CIIPABXKHIH KyT NMPHUXOAY XBHIIL.
IcHye MOIHMBICTh BHKOPHUCTaTH Kopemsmidauid migxim [9-10] mis posmisHaBaHHS X CUTHATIB, SKHit
npocTimuii y 3actocyBanHi 3a IIIHM Ta He moTpebye 3HAYHMX BUTpAT 4acy IS TpeHyBaHHS Mepex. OnHak,
Kiacuikais CUTHAIIB I[IM METOJIOM IPOBOAMTECS 3HAYHO AOBIIE y mopiBHAHHI 3 [[THM.

Y paniii po0OOTI BHKOPHCTOBYIOTHCS aHTEHH THIY “MeTenuk” sK BHIPOMIHIOBAadYl IMITyJTBCHHUX
CJICKTPOMArHiTHUX mouiB. lle mOB’A3aHO i3 MPOCTOTOI0 BHUTOTOBIEHHS Ta BHCOKOIO €(EeKTHBHICTIO
sunpomintoBantst HIIC curHanis takum Tunom anten [11-12].

TonoBHOIO BimMiHHICTIO MK cucTeMOro mo3uilionyBanHsa Ha HIIC curHamax y mOpiBHSHHI 3 CHCTEMaMH
GPS [13], [14] € MOXIIHBICTh YHHUKHYTH TOCTPOI MOTPEOH y YacoBiii CHHXpoOHI3alii ycix npuctpoiB. OxHak, s
poboTH ITY4HOI HEHPOHHOT Mepexki MOTPIOHO BHKOHATH YMOBY JIOCTATHHO TOYHOIO TO3UIIOHYBaHHS
OTPUMAHOTO IMITyJbCy BiHOCHO BigmoBimHux BxoxiB IIIHM. Tomy MeToro Hamioi poOOTH € BHpILICHHS
npoOJsieMH po3Mi3HaBaHHs oTpuMaHux immyinbciB IIIHM y pi3Hi MOMeHTH yacy mpuOYTTs CHrHajiB Ha 11 BXin,
1110 JO3BOJIMTH CKopucTaTuch nepesaroto [ITHM y mBuakocTi 00pooku iHdopmaii.

MMOCTAHOBKA 3A1AY1

TonoBHi mapameTpu 3a1a4i MOAIOHI 10 ONMMCaHUX B momepenHix podorax [8-9]. Mu Maemo 1Bi aHTEHH
iy ‘“Merenuk” Ha Bincrani d = 50 M MiX HAMH, SKi BHIPOMIHIOIOTH IMITYJIECHE €JIEKTPOMATHITHE MOJIE.
Ilepma anTeHa BumpomiHioe iMmynbcu TpuaidicTio 0,2 Hc, apyra anteHa — 0,15 Hc BimmosimHo. ITpuitmau
peecTpye elneKTpudHe 1mone y E-TutomuHi nux 1BoX aHTeH. TpHBaCTh 3alKCy KOXHOTO CUTHAIy CTAHOBUTH 5,4
HC, 110 1 € HAIKUM YacoBUM BikHOM. Kpok dacoBoi mmckperuszanii — 0,01 Hc. s K0XHOT aHTEHHM YacoBi
3aJIe)KHOCTI BUIPOMIHEHHX €JIEKTPUIHUX IMITYJIBCIB MiJ] pi3HUMH KyTaMHu crioctepeskeHHs Bix 0 mo 90 rpaxycis 3
KpokoM B 1 rTpamyc Oymu npomoxenpoBaHi meromom FDTD. Li dacoBi 3amexHOCTI Oynu NaHUMH IS
TpeHyBaHHs IIMOOKOI mTy4YHOI HeipoHHOI Mepexi (IIIHM) 3i crpykryporo 540-1000-1000-1000-1000-1000-
182. Ins ycix HelipoHiB OyJia BUKOpHCTaHa (YHKIIS akTUBaLii y BUIIIAL rinepboniyHoro Tanrency. Ha Buxoni
ITHM nonmaTkoBOo OyB BUKOPUCTaHWH HOpMamizamiiHuii map SoftMax. 182 BUXIZHMX HEHPOHH BiIIOBINAIOTH
KyTaM BHUIIPOMIHIOBaHHS JUIsl epiuoi anTenu B Mexax 0-90 rpanycis i Kyram i npyroi aHteHu B Mexax 0-90
rpajayciB. MoxHa BiJI3BHAYUTH, IO 111 CHCTEMA MUTTEBO PO3ITI3HAE CUTHAIM BiJ 000X aHTEH OHOYACHO.
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OIuC N aAxoay

{06 BukMIOYNTH BIUTHB Ha po3mizHaBaHHS [IIHM dacy 3aTpuMKH Bif KOXKHOTO IIPUHHSATOTO CHTHAIY, OyII0
3aMpoOIIOHOBAHO PO3IMMPHUTH HAOip maHuX st HapdaHHA [ITHM. JIMBIsIYMCh Ha 9aCOBY 3aJICXKHICTh MPHHHATOTO
CUTHAITy IIiJ] IEBHUM KYTOM, TIpencTaBiicHy Ha Puc. 1 i mo3HaueHy OJaKUTHHUM KOJIBOPOM, MOKEMO MOOAdUTH,
mo ycs iHopMmaris mpo KyT MPHHOMY 30CepeKeHa Y MaJIeHbKOMY NPOMIXKKY Yacy MpaBopyd (TI03HAYEHO Ha
OmakuTHiIM ningani). HoBuit HaOip TpeHyBambHHX MAaHUX MICTHTh [UIS KOXKHOTO KyTa HE OJHY YacOBY
3aJIeXKHICTb, SIK B IONIepeIHIX poboTax, a Habip ii 3MileHUX Komil. Y HAIIOMY BUIAIKY 3 YACOBUM BiKHOM y 540
BIJUTIKIB MM MO>KeMO OoTpuMatu 286 KOmil LbOro CUTHaJy, 3MIIIEHNX Y Yaci, siKi B co0i HeCyTh yCl0 HEOOXiaHy
HaM iH(dopmaniro. Hanpukian, ojHa Taka Komis, MpojeMOHCTpoBaHa Ha Puc.]l — e 4epBoHa MyHKTUpHA JiHIS,
1110 BUAIJICHA YEPBOHMUMH BEPTHKAIBHUMU ITyHKTUPHUMU JIHISIMU.
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Puc. 1. Imoctpariis NpHHIMILY CTBOPEHHS MAaCUBY 3MIIIEHUX CHTHAIIIB
Fig. 1. Illustration of the principle of creating an array of shifted signals

VY pe3ynpTaTi MU OTPIMAEMO MacHB JaHUX 3 po3Mipamu 182x286x540. Ilepire 4rciao Ha3BH MacUBY BKa3ye
Ha KyTH NpUHOMY, Ipyre — Ha KiJbKICTh 3MIIIEHUX CUTHAMIB Ul KOXKHOTO KyTa 1 OCTAHHE — HA MOMEHTH 4acy B
MacuBi JaHuX. Bylo TpoBeaeHO TecTyBaHHS HAa YaCOBHX 3&JICKHOCTAX 3 PISHUMH PIBHSAMH aJUTHBHOTO
I'aycoBoro mymy. Hanpukian, Puc. 2 neMOHCTpY€E TUIIOBY 4acoBY 3aJIeXkHICTbh 3 piBHeM mymy 30 ab. Otpumani
4yacoBi ()OPMH BHIIPOMIHEHOTO MOJISI HOPMYIOThCS Ha MaKCHMallbHE 3Ha4yeHHs iMmysbcy. CIiBBiIHOIICHHS
curnan-mym (CCII) po3paxoBaHO OKpPeMO it KOKHOT 4acOBOi 3aJIe)KHOCTI CHUTHATIB BIJMOBIAHO J0 iXHIX
eHepriii. B pesynprati Ha Puc. 3 mpeacraBneHi ycepeaHeHi BiamoBimi rmbokoi IITHM mo ycix yacoBux
3MILIEHHSX [UIi KOXKHOTO I1HJIMBIIyalbHOrO KyTa Uil TepuIioi aHTEeHH, OCKUIBKM TECTyBaHHsS ITOBHHHO
BigOyBaTHcst aist ycix 286 uvacoBux 3cyBiB. Ha Puc. 4 npencraBieHuil HeycepeIHEHHWH pe3ylbTar, SIKUM
JIO3BOJISIE IPOCIHIIKYBATH, HACKUIBKU YCIIIIITHO PO3MI3HAETHCS KOXKEH OKPEMHIA YaCOBHI 3CYB AJIS 33J]aHOTO KyTa.
Ha ocsix BigkiIameHo: 9acoBi 3CYBH CUTHANTIB, KyTH BUIIPOMIHEHHS Ta PO3Mi3HaHI KyTH y Mexax 0-90 rpamyciB sk
KiHIeBuit pesynprar podorn IIHM. B ineansHOMy BHIasKy MU ITOBHHHI OTPUMATH IUIACKY IUIOLIMHY, aje MH

CHOCTepiFaCMO HEBEIIHKI BiZ[XI/IJ'IeHHH B MCKaX OJAHOIO IrpaadyCy AJisd MaJIux KYTiB.
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Puc. 2. TIpUKiIaj BXiJHOTO CHIHAIY 3 JOAAHUM LIYMOM J0 Puc. 3. YcepenHeHi 1o 4acoBHX 3CyBax po3IMi3HAHI KyTH JUIS
piBust CCI =30 1B nepmroi antenu 3 CCIL = 30 ab.

Fig. 2. An example of an input signal with added noise up to Fig. 3. Recognized angles averaged over time offsets for the
the SNR = 30 dB first antenna with SNR = 30 dB.
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Puc. 4. Po3mizHaHi KyTH U4 yciX YacOBHX 3CYBIB UL Pi3HUX KyTiB BUNpoMiHeHH: nepioi antenu 3 CCLI = 30 nb
Fig. 4. Recognized angles for all time shifts for different radiation angles of the first antenna with SNR = 30 dB

Ioni6ui pesynbraT anst npyroi antend i piBHA mymy y CCHI = 30 gb npencrasneni Ha Puc. 5 i Puc. 6.
Takox MOXKHa TIOMITHTH HEBENMKI BiIXWJICHHSA. Mali BiTXWJICHHS y YacTKaX TPamycCy MOSCHIOIOTHCS MaIUMHU
BiIIMIHHOCTSIMU HaBYQJILHOTO HA0OPY.
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Puc. 5. YcepenneHi mo yacoBux 3cyBax po3Mi3HaHI KyTH Puc. 6. Po3mizHaHi KyTH A7 yCiX YaCOBHX 3CYBIB LI Pi3HUX
qutst apyroi anrenn 3 CCLI = 30 nb KyTiB BUnpoMineHHs japyroi antenn 3 CCIL = 30 nb
Fig. 5. Recognized angles averaged over time shifts for Fig. 6. Recognized angles for all time shifts for different
the second antenna with SNR = 30 dB radiation angles of the second antenna with SNR = 30 dB

s mepeBipku crabinpHOCTI po3mizHaBaHH [ITHM B 6ib11 s>kOpeTKHMX yMOBaX 3allyMIICHOCTI, 301IbIIMMO
pierp amutuBHOrO Mmymy g0 CCII =20 ab, miciast 4oro BXiAHHWN CHUTHAJI HAOYBa€ XapaKTEPHOTO BHIJIALY,
HaBeneHoro Ha Puc. 7.
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Puc. 7. Ilpuknan BXiZHOTO cUTHAY 3 AoAaHuM trymoM o pias CCUHI = 20 nb
Fig. 7. An example of an input signal with added noise up to the SNR = 20 dB
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YcepenHeHi po3mizHaHi KyTH AJIst Tepiioi i apyroi aHteH 3 piBHeM mymy CCI = 20 a1b npencrasieno Ha
Puc. 8 i Puc. 10 BigmoBimHO, Ha SIKMX MU TEHEp MOXKEMO CIIOCTEpIraTH MOMMJIKOBO PO3Mi3HaHI KyTH 3i
3MILIIEHHSIM B O/IMH rpanyc. Lleil pe3ynbTrar € HacaiIKOM MEHII SIKICHOTO PO3Mi3HaBaHHs ISl KOXKHOT'O 3MILIEHHS
OKpeMo, 10 MmpoitrocTpoBaHo Ha Puc. 9 1 Puc. 11 mis o6ox anTen. Ha mux puCyHKax B JESKHAX BHIAJKAX
TIOMMJIKA B po3Mi3HaBaHHI KyTa mepeBuirye 90 rpamgyciB. Lle craeTbes ToMy, MO0 MH HAMara€eMoch OJHOYACHO
00poOHTH /IBa THIH AHWX BiJ IBOX OJHAKOBHX aHTEH, 30YIKCHHUX IMITyJIbCaMH OJHAKOBOI YacoBoi Gpopmu, ane
nemo pizHoi TpuBanocti. Tomy iHKomH [ITHM poOHTH MOMHIIKK HE TUTBKH Y BU3HAUEHHI KyTa TIEBHOI aHTEHH, a
it y xmacudikarii Homepa aHTeHH. Y Maif0yTHROMY IIFOTO MOKJIMBO YHUKHYTH, HAIIPUKJIIA, IUITXOM 30YIKCHHS
AQHTEHU CHTHAJIOM HE TUTBKH iHIIOT TPHBAJIOCTI, a I 1HIIOT 9acOBOI 3aJIE)KHOCTI.
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Puc. 8. Ycepenueni po3misHani Kyt Ay nepiuoi antenu 3 SNR =
20 nb.
Fig. 8. Average recognized angles for the first antenna with SNR
=20dB.
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Fig. 10. Average recognized angles for the second antenna
with SNR =20 dB.
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Fig. 9. Deviation for all time shifts for the first antenna with
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Fig. 11. Deviation for all time shifts for the second antenna
with SNR =20 dB.

Jami wa Puc. 12-16 npencraBieHi pe3yabTaTd 3 €KCTPEMaTbHO BUCOKHM aIUTUBHUM IIYMOM, JIe CHCTEMa
Bxke pobuth rpy6i mommiku. Lle Bigmosimae CCHI = 10 gb. V npoMy BUmagKy MU 0adyumo, IO CUCTEMa HE
3MaTHA BIIOPATHCS i3 pPO3Mi3HAHHAM. 3HAYHI BiIXWJICHHS Bil ICTHHHOTO KyTa € PE3yJbTaTOM ITOMHIKOBOTO

PO3Ii3HAHHS CHTHAIIIB Bifl O/THI€] aHTCHH.
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Enextpwvne none, B/m

3 4 b '

Yac, ne

Puc. 12. IIpukian BXiTHOTO CHTHANY 3 1oAaTKOBUM ImyMoM 3 SNR = 10 1b.
Fig. 12. An example of an input signal with additional noise with SNR = 10 dB.
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Fig. 13. Average recognized angles for the first antenna
with SNR =10 dB.
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Fig. 14. Deviation for all time shifts for the first antenna with
SNR =10 dB.
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Puc. 16. BigxuneHHs 1uist ycix 4acOBHX 3CYBIB JUIs Ipyrol
anrenu 3 SNR = 10 gb.
Fig. 16. Deviation for all time shifts for the second antenna
with SNR = 10 dB.

[Ipuxiag poboTH cucTeMHU MO3HMLIOHYBaHHS s crenudivanx BumaaxiB d = 50 M, kyt 1 = 45 rpanycis,
KyT 2 = 45 rpanycis npoimocrpoBanuii ast CCIL = 100 nb (BiacyTHicTs mymy) Ha Puc. 17 1 gas CCIL = 10 b

(excTpemManbHO BHCOKHH piBeHb mymy) Ha Puc. 18.

BaxxnuBo Big3HAYUTH, IO 3 CAMOTO TMOYATKY ISl JaHOL

MoJieNni 3akiajeHa MiHiMalbHa TOMIJIKAa BH3HadeHHS kyta y 0,5 rpamyciB. Came TOMy HaBuaHHS OyJo
peamizoBane aus Kpoky B 1 rpamyc. Otxe, Puc. 17. nemoHCTpye moOpi pe3ymnbTaTH Ui BUOpaHHX YMOB. Y
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Haowupoxocmyeosa cucmema nosuyionyeanus 6e3 8UKOPUCTIAHHA YACO80i CUHXPOHIZaYi

Bumnanky CCIII = 10 gb Gyia oOpana KOMOiHALIS KYTIiB 3 YCEpeAHEHUMH Pe3yJIbTaTaMH, i MU TYT 0aduMo JesiKi
BiIXWJICHHS Y BU3HAUCHHI MifICHOT MO3UII] mpuiiMaya, sSKi MOKXEMO BBKATH MPUHHATHUMH.
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X, BUICTaHB X, BiacTans
Puc. 17. Imroctpariis MOKJIMBOTO PO3TaIlyBaHHs MpUiMaya Puc. 18. ImocTpariis MOKJIMBOTO PO3TAIlyBaHHs pUiMada

st d =50 m, CCII=100 nb, kyra 1 = 45 rpaaycis, kyra2 = mius d = 50 m, CCIII=10 ub, kyra 1 = 45 rpanycis, kyra 2 =

45 rpanycis. 45 rpanycis.
Fig. 17. Illustration of a possible receiver location ford =50  Fig. 18. lllustration of a possible receiver location for d = 50
m, SNR =100 dB, angle 1 = 45 degrees, angle 2 = 45 m, SNR = 10 dB, angle 1 = 45 degrees, angle 2 = 45 degrees.
degrees.
BUCHOBOK

Cuctema NMO3MLIOHYBaHHS Ha IMITYJIbCHUX HAALIMPOKOCMYTOBHX XBWISIX Oyjia MOKpalieHa 3a paXyHOK

PO3IIMPEHOr0 HAaBYaHHSA, WO JO3BOJsIE Ha0araTo MeEHIIE 3alie)KaTH BiJ Yacy HPHUXOLY IMITYJbCY, SKHH
TEOPETUYHO MOXY OyTH MOBUIbHMH. TakuM YMHOM MOKa3aHO, LIO 3alpPOIIOHOBAaHa CHCTEMa MOXE HE
noTpe0yBaTH 4acoBOI CHHXPOHI3aIii meperaBalbHUX 1 MPUAMAaIbHAX HPUCTPOiB. byna moka3ana cTabiIpHICTE
pOOOTH CHCTEMH TMO3UIIIOHYBaHHSA IO DIBHA CHIBBIOHONIICHHS eHeprii curHamy no eseprii mymy 20 nab.
PesynpTaTi po3mizHaBaHHA MOXXYTh OYTH MOKpAINEHI IUIIXOM BHKOPHUCTAHHS IPHHLMUIIOBO Pi3HHX YaCOBHX
3aJIeKHOCTEN 30YKYIOUHNX IMITyIbCHUX CHTHAJIB JUIsl KOXKHOT aHTEHH.
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UWB POSITIONING SYSTEM WITHOUT THE USE OF TIME SYNCHRONIZATION
V. A. Plakhtii, O. M. Dumin, Y.S. Khodachok, O. A. Pryshchenko
V. N. Karazin Kharkiv National University, 4 Svobody sq., Kharkiv, 61022, Ukraine

Relevance. The present day cannot be imagined without the widespread use of positioning of moving objects.
Global positioning systems have entered almost all areas of modern life. However, these systems also have their
drawbacks, primarily inefficiency in dense buildings, indoors, with rapid movement of receivers, and sensitivity
to intentional interference. In addition, the most common positioning systems require costly time
synchronization of the highest quality of all transmission systems. In addition to the well-known traditional
narrowband systems, ultra-wideband positioning systems are being actively developed and are considered
promising.

Purpose of the work. The aim of this work is to build an efficient and time-synchronization-independent
positioning system based on the angular dependence of the radiated waveform for pulsed ultra-wideband
antennas. The absence of the need for rigid time synchronization is based on the phenomenon of changes in the
antenna pattern with frequency and, accordingly, changes in the time shape of the radiated wave. It is proposed
to detect these changes using artificial neural networks. In this paper, unlike the previous ones, we propose a
solution to the problem of uncertainty in the time of arrival of the pulse from the base station.

Materials and Methods. The electrodynamic part of the problem is solved using the direct numerical method of
time-domain modeling (FDTD). This makes it possible to obtain accurate time shapes of waves radiated by
antennas at different angles when they are excited by ultrashort pulses. The pulse recognition at the receiving
point is realized by an artificial neural network in real time without preliminary spectral analysis, which ensures
high system speed processing.

Results. A new artificial neural network has been built and trained that can reliably recognize received pulses,
even if the exact time of their arrival is unknown. This network was tested on artificially noisy received signals.
A threshold noise level was found, exceeding which leads to significant errors in determining the receiver's
coordinates.

Conclusions. The positioning system based on pulsed ultra-wideband waves has been improved by extended
training, which makes it much less dependent on the pulse arrival time, which can be theoretically arbitrary.
Thus, it is shown that the proposed system may not require time synchronization of transmitting and receiving
devices. The stability of the positioning system up to a signal-to-noise ratio of 20 dB was shown. The
recognition results can be improved by using fundamentally different time dependencies of the excitation pulse
signals for each antenna.

KEY WORDS: deep neural network, ultrawideband field, positioning system, Bow-Tie antenna
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