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AHHOTADUA

PagnonokannoHHbIE CUCTEMBI KIaCCHOUIUPYIOTCS TIO TUITY 30HAUPYIO-
LIero CUTHana, BKItovas HenpepbiBHble (CW), 4acTOTHO-MOAYJIMPOBaH-
Hele HenpepbiBHBIE (FMCW), cryneH4aTo-4acTOTHbIE HENpepbIBHbIC
(SFCW) u umnynbscHbIe pagapsl. BeiOOp curHaiia onpeesiseT apXuTeK-
TYPY CHUCTEMBI U METOJbl 00pPabOTKU OTPaKEHHBIX CUTHANIOB. B maHHOM
paboTe paccMaTpuBaeTCs MHOTOYACTOTHBIA PaIMOJIOKaToOp HeNpepbIB-
Hoii BosHbl (MFCW), OCHOBaHHBIH Ha MCIIOJIb30BaHUH HA0Opa AUCKPET-
HBIX YaCTOT JUTSl OLIEHKH JaJbHOCTH LeJIeH 1Mo (pa3oBbIM COOTHOIICHHSM
OTpaKeHHBIX curHanoB. Ilo cpaBHeHuio ¢ kmaccuueckumu CW- u
FMCW-nonxonamu, MFCW oGecrieqnBaeT MOBBIIICHHYIO HHPOPMATHB-
HOCTb IIPU YMEPEHHOI! CII0KHOCTH peaIU3aLUK U XOPOLIO HOAXOAUT JJIs
JKCIIEPUMEHTANBHBIX uccienoBannii. Peamm3zanms MFCW-pamgapa BbI-
MoJIHEeHa Ha 0a3e mporpaMmmHo-ompenensemMoro paauo (SDR) ¢ ucrnons-
3oBanueM cpensl GNU Radio u cnenuann3upoBaHHOW OMOIHOTEKH gr-
radar, mpeHa3HAYSHHOHN AT PaJHOJIOKAMOHHON 00pabOTKN CHI'HANOB.
WHcTpyMeHTapuii gr-radar mpegocTaBisieT TOTOBBIe OJOKH Uist popMu-
POBaHUS CUTHAJIOB, (ha30BOH 00pabOTKU M OILIEHKH AAIBHOCTH, YTO MO3-
BOJISIET peann30BaTh 00pabOTKy B pealIbHOM BPEMEHH U YCKOPSIET IPOTO-
TUIUPOBAHUE CUCTEMBI. IS TOBBIIEHHS OTHOIIEHHSI CUTHAJI/IIIYM B pa-
00Te MpUMeHseTCs corylacoBaHHas (GUIbTpanus, peajin3yeMasi B paMKax
UCIIOIb3YEMOT0 IPOrPaMMHOTO MHCTpYMeHTapus. Takoil moaxoxa obec-
neyrnBaeT P PEKTUBHOE OOHAPYKEHHE OTPAKCHHBIX CUTHAJIOB IIPH OTHO-
CHUTEJIHO HU3KUX BBIUUCIUTEIBHBIX 3aTPaTax, 4YTO OCOOEHHO BaXKHO IS
SDR-peanu3anuii paanoIoKainOHHBIX CUCTEM.

Kurouessie ciioBa: GNU Radio, USRP, pagap, MFCW, gr-radar.

BBenenue

CymiecTByeT 4 OCHOBHBIX KJIacCa palapoB B 3aBUCUMOCTHU OT THUIIA NIEpeiaBa-
€MBIX MMH CUTHAJIOB: HempepbIBHbIe BOMHBI (CW), 4aCTOTHO-MOyTUPOBaHHBIC
HenpepsiBHBIE BONHBI (FMCW), cTymeH4aTro-4acTOTHBIE HENpPEPHIBHBIE BOJHBI
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(SFCW) u ummynbscHble BOJIHBL. B pamkax maHHOH pa®OTBl MbI MCIOJIb30BAIN
MFCW curnan — pazaoBuinocts CW-curnanos. Ero rmaBHOe npeuMyIiecTBo me-
pen curHalamu CW mwm FMCW 3akmrogaercs B ToMm, uto MFCW no3Boinser of-
HOBPEMEHHO OTCIIEKMBATh HECKOJIBKO OOBEKTOB 3a CUET Pa3HBIX 4acToT. B kade-
CTBE MporpaMMHOI cpensl ucnonb3aBanu GNU Radio, mockonbky ona 6ojee 1o-
CTYIHA JJOBOJILHO ITMPOKOMY CETMEHTY 00111ecTBa U 0c0OeHHO nHkeHepaM. Kpome
toro, GNU Radio nerde n ru64e, mOCKOIBKY MO3BOJISIET HIMIIOPTHPOBATH OHOIHO-
teku depe3 Python. Taxxe cnemyer ormernuts, uro GNU Radio mpeanasHaueHo
1uist paboThl ¢ curHanamu SDR. OHUMU U3 BAKHEHIINX Y3JI0B PaJlapoB SIBISIFOTCS
¢uIbTpEl 1 0coOeHHO cornacyromuil GpubTp. OcHOBa UX pabOTHI 3aKII0YaeTCs B
TOM, YTO OTHPABJISIETCS] U3BECTHBII CUTHAJI, & OTPAXKEHHBIH CUT'HAJ MIPOBEPSETCS
Ha HaJM4ue OOIIMX 3JIEMEHTOB BBIXOAHOTO CHTHaja. DTOT (PUIBTP yIydIIaeT OT-
HOIIICHWE CUTHAI/IIYM 3a CUET yYMEHBIIEHHs CIEKTPaJbHOH IOJIOCHI IIyMa H,
KpOME TOTO, YMEHBIIAET LIYM B IOJIOCE MPOITyCKAaHUS BeWBJeTa 3a cyeT (HOopMbl
crekrpa BeiiBineTa. OH UMEET ONTHMAIBHYIO IPOU3BOIUTEIBLHOCTh U HU3KHUE BBI-
YHCIIUTENbHBIC 3aTPATHI.

MartepuaJibl U METOABI

Kak mbr yxe 3naem MFCW-pamap (Multi — “Frequency Continuous Wave-
form”) — ato pamap HempepbIBHOW BOJHBI, KOTOPBIH paboTaeT Ha HECKOJIBKUX Ya-
CTOTax Mepeavynd OJHOBPEMEHHO M MCIIOJIb3YET OOy 00pabOTKy cUrHajia Jist
9X0-CUTHAJIOB. DTOT THII pajiapa 0OBIYHO MCIOJIB3YET CIEKTPOrPAMMHBIN aHAIN3
MOJIYYCHHOTO 9XO-CHI'Hala M CMEIIHUBAET €ro B OCHOBHYIO TOJIOCY H, CJIeJ0Ba-
TEJILHO, CIIOCOOCH OOHAPYKMBATh U pa3peniaTh IBE [T C Pa3HBIMU CKOPOCTSIMH,
HO Ha OJIMHAKOBOM PaCCTOSHHUH.

Y

Puc. 1. Yacmommo-epemennoui epagux cuenara MFCW.
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B oTnnume oT TpaAMLIMOHHBIX allapaTHO-OPUEHTHPOBAHHBIX pealn3alui, B
JAaHHOW paboTe mpejyiaracTcs MPOrpaMMHBIA moaxo[ K peanu3ainuu MFCW-pa-
napa Ha ocHoBe onbmmoreku gr-radar cpexst GNU Radio. cnions3oBanue naHHOTO
MHCTPYMEHTapHsl pacCMaTPUBAECTCS KaK METO IPOrPaMMHOTO IIPOTOTUITHPOBAHHUS
PaAMOIOKallMOHHBIX CUCTEM C HcIoyib30BaHueM SDR.

Gr-radar npezacrapinsieT co00# OTKPBITHII MPOrpaMMHBINA MOy b THIIAa Out-0f-
Tree (OOT) mnsa cpenpt GNU-Radio, nmpegHazHaueHHBIA TSI TeHEPAK U 00pa-
OOTKH PaiuOJOKALMOHHBIX CUTHAJIOB B CHCTEMax MPOrPaMMHO-OIIPENEIIIEMOr0
paauo (SDR). [lanHbIi HHCTpYMEHTapui pa3padoTaH C IEIbl0 YCKOPSHHOTO Ipo-
TOTUIIMPOBAHUS PATUOJIOKAIIMOHHBIX CUCTEM M MPEAOCTaBiIsieT Habop Creruali-
3UPOBAHHBIX (YHKIHOHAIBHBIX OJOKOB, KOTOPBIE MOTYT OBITh MHTEIPUPOBAHbI B
notokoBeie cxeMsl (flowgraph) cpeapt GNU Radio.

bubmuoteka gr-radar BKIIIO4aeT MOAYJIH TS peaM3alliy Pa3iIMYHbIX 3TAroB 00-
paboTKK PaIHONIOKAIIMOHHBIX CUTHAJIOB, TAKUX KakK ()OPMHUPOBAHUE 30HAUPYIOMINX
CHTHAJIOB, IA(poBasi 00padOTKa MPHHUMAEMBIX CUTHAIIOB, aHAIM3 (a3oBoi HHGOP-
Malll¥, OLEHKA JATbHOCTH 10 LIENH, a TAKKE BU3yaAIN3alyis MOTyYeHHBIX TaHHBIX.

WuctpymenTapuii moctpoeH Ha MoaynsHOH apxutektype GNU Radio u mon-
JIep>KUBaeT MCIIONb30BaHUE OJIOKOB, PEATM30BAHHBIX Ha si3bikax Python u C++.
Ot0 obecrieunBaeT THOKOCTb MPH pa3pabOTKE PAIHOIOKAIMOHHBIX alTOPUTMOB U
ynpoiaer uHTerpanuto ¢ SDR-ycTpoiicTBamMy, TAKMMH KaK yCTPOWCTBA CEMENCTBA
USRP. Baxxnoit gacteio siBnsiercs sxotaitmep UHD, KOTOpPBIiT MO3BOJISIET CHHXPO-
HusupoBath notoku TX u RX, npuanmaembie ot USRP, mi1st obecnieuenus cra-
OubHOI (a30Boii CBSA3M pU 3MepeHusiX. biaronaps 3ToMy cTaHOBUTCSI BO3MOX-
HOM peanuzanusi 00padOTKU CUTHAJIOB B PEKHUME PEaIbHOTO BPEMEHHU.

OCHOBHBIMH NPEUMYIIIECTBAMH HCTIONB30BaHMs gr-radar sIBIISIOTCSI BO3ZMOXK-
HOCTBH OBICTPOTO MPOTOTUIMPOBAHUS PAJANOJIOKAMOHHBIX aJITOPUTMOB, MOJYJIb-
Has CTpyKTypa 00pabOTKH CUT'HAJIOB, COBMECTUMOCTH ¢ SDR-mardopmamu u oT-
KPBITBIA MCXOAHBIM KOJ, MO3BOJSIOMIMK HCCIENOBaTeNsIM MOAMGUIMPOBATh U
aJanTHPOBATh AITOPUTMBI IO/ KOHKpeTHbIe 3a1aun [1,2,3,4,5].

PesynbTarsl

Ha Puc.2 npezacraBnena peain3oBaHHasi CTPYKTYpa 00pabOTKH paiioIOKaIu-
onHoro curHana B cpene GNU Radio. B naHHO# KOHpUTypanuu HCIoIb3yHOTCs
(dyHKIMOHANBHBIE O10KK OnONMHOTEeKH gr-radar, KoTopble 00ecreunBaOT POpPMU-
pOBaHUE MHOTOYacTOTHOTO CUTHAJIA, ero 00padoTKy U MOCIEAYIOIIUI aHaIN3 OT-
paKCHHBIX CUTHAJIOB. [IpMeHEeHHEe JTaHHOTO HHCTPYMEHTAPHS TO3BOJIHIIO OCTPO-
UTbH TIOJIHBIN TPaKT 0OpabOTKM paJMOIOKAMOHHBIX JaHHBIX B paMKax Mporpam-
MHO-OIIPEEIISIEMON PalHOCHCTEMBI.
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Puc. 2. Kooa pacapa MFCW.

ITocne 3amycka pa3paGOTaHHON NMPOrpaMMHOM CXEMBbI BBINOJHSETCS 00pa-
00TKa NPUHIUMAEMBIX CUTHAIOB U (DOPMHUPOBAHUE BBIXOAHBIX JAHHBIX, OTPAXKAI0-
LIMX [apaMeTpsl 0OHapyskeHHbIX neiei. Ha Puc. 3 npeacraBieHsl pe3yabTaThl pa-
0OTEI CHUCTCMBI, ITOJIYYCHHBIC B IIPOICCCC BLIIIOJHCHUA ITPOTrpaMMBI. llaHHI)Ie pe-
3yNbTaThl IEMOHCTPUPYIOT BO3MOXKHOCTD MpakTHueckoil peanuzanun MFCW -pa-
AnoJoKaTopa ¢ ucroib3oBanuem cpeapl GNU Radio u 6ubnuoreku gr-radar.
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Puc. 3. Ilonyuennvie pesyivmamul.
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INVESTIGATION AND IMPLEMENTATION OF A MULTI-
FREQUENCY CONTINUOUS WAVE RADAR USING SDR
SYSTEMS IN AN OPEN-SOURCE ENVIRONMENT AND THE
PYTHON PROGRAMMING TOOLKIT

S. Hovhannisyan, E. Sivolenko
Russian Armenian University

ABSTRACT

Radar systems are classified according to the type of transmitted probing
signal, including continuous-wave (CW), frequency-modulated continu-
ous-wave (FMCW), stepped-frequency continuous-wave (SFCW), and
pulsed radars. The choice of signal determines the system architecture and
the methods used for processing the reflected signals. In this work, a
multi-frequency continuous-wave (MFCW) radar is considered, which is
based on the use of a set of discrete frequencies to estimate the target range
from the phase relationships of the reflected signals. Compared with con-
ventional CW and FMCW approaches, MFCW provides increased infor-
mational content with moderate implementation complexity and is well
suited for experimental studies. The implementation of the MFCW radar
is carried out using software-defined radio (SDR) based on the GNU Ra-
dio environment and the specialized gr-radar library designed for radar
signal processing. The gr-radar toolkit provides ready-made blocks for
signal generation, phase processing, and range estimation, enabling real-
time signal processing and accelerating system prototyping. To improve
the signal-to-noise ratio, matched filtering is applied within the utilized
software framework. This approach ensures efficient detection of re-
flected signals with relatively low computational cost, which is particu-
larly important for SDR-based radar implementations.

Keywords: GNU Radio, USRP, radar, MFCW, gr-radar.



