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OueHka BO3MOKHOCTH O0OHAPYKEHUSA

CBerIHI/IpOKOHOJIOCHI)IX CHUT'HAJIOB
“chemshv@bmstur
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Yepubimes C. JI.
MI'TY um. H.D. Bbaymana, Mocksa, Poccus

[IpoBeneHBI WCCIIEAOBAHUS, MO3BOJIIOIINAE OICHUTH BO3MOXKHOCTH OOHApPYKEHHS CBEPXIIHMPOKOIIO-
JIOCHBIX CHUTHAJIOB HEW3BECTHOW (POPMBI C MPUMEHEHUEM HX COTIACOBAHHOW (DMIBTPALUU 110 30HAU-
pyIolIeMy CUTHAIY C MOCIENyIOlIe depe3nepuoiHoi o6padoTkoil. Ha ocHOBe MMUTAITMOHHOTO MO-
JETUPOBAHUS JTOKA3aHO YJY4YIIEHHE OTHOLUEHHUS CUTHAJ — IIYyM IOCJie MPEBAPUTEIBLHOIO COrjaco-
BaHHOTO (DUIIBTpa, YTO yIydlIaeT paboTy ciexyromero 6joka. [onydeHO yBETUYEHUE 3TOTO OTHO-
meHust Ha 5 — 6 nb. MccnegoBanbl peanu3alid BO3MOXHBIX CHUTHAJIOB, TOKa3aHO CYIIECTBEHHOE
OuHIlleHHE UX OT InyMma. IIpuBeaeHsl XapakTepUCTUKU OOHAPYKEHUS B TaKOH cxeme, MPOUIUTIOCTPH-

POBAaHO HpI/I6J'II/I)KeHI/I€ JTOU XapaKTCPUCTHUKH K XapaKTCPUCTHUKEC OINITUMAJIBHOTO O6Hapy)KI/IT€J'I$[.

KnaioueBble cjioBa: CBEpXIIMPOKOIOJOCHBIM CHUTHAJ, COIJIacOBaHHas QuibTpanus, o0paboTka

CHUTHaJIa, XapaKTepPUCTHKA OOHAPYKEHUS

Ob6napyxenue cepxmupokonosocHsix (CLLIT) curnanos [1,2], oTpakeHHBIX OT paauo-
JIOKAIIMOHHBIX OOBEKTOB, COMPSHKEHO C TPYAHOCTSIMH, BbI3BAHHBIMH M3MEHEHHEM MX (OPMBI 110
CPaBHEHHUIO C 30HIUPYIOLUIUM CUTHaAJIOM. B pe3ynbrare He00X0oAMMO pemiath 3ajady oOHapyxe-
HUS CUTHAJIa HEM3BECTHOU (popMBI. J1st 3TOr0 OBLIIO IPEATIOKEHO [3] MPUMEHSTh CyOOITHMAITh-
HBIA OOHAPYXUTENb, COCTOSALINNA U3 OJHOTO SHEPreTUUYECKOTo U JABYX OOHapyXKHUTeeH ¢ uepes-
nepuoiHoi 06paboTkoi. OnHako B [4] ObLIO MOKa3aHO, YTO Il OOHAPYKEHUS TaKUX CUTHAJIOB
BBIFOJTHO TIPUMEHSITh MPEIBAPUTEIBHYIO COTIACOBAaHHYIO (PUIIBTPAIMIO OTPaKEHHOT'O CUTHAJA B
¢uIbTpe, COrIacOBaHHOM C 30HIUpYIOMUM curHasiioMm (C®P) ¢ mocnenyromeit yepe3nepruoHoi
KoppemsiuonHoil o6pabotkoit (UIIKO) (puc.1). HacTosimas cratbs mocBsiiieHa UCCIe0BaHUIO
BO3MOKHOCTEH TaKOT0 OOHAPYKEHHSI HA OCHOBE HMUTAITMOHHOTO MOJISITUPOBAHHS.

Co YIIKO

A 4

A 4

Puc.1. Ctpykrypa 0OHApYKHUTEIS
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Ha puc.2 npuseaen 3ouaupyromuii CLLUIT curnan, a Ha puc.3- BO3MOXKHBIA OTPaKEHHBIH,
KOTOpPBIN mpezacTaBisier coboit «mauky» CHIIT uMmynbcoB, OTpaKEHHBIX OT JIOKAIbHBIX HEOJI-
HOPOJHOCTEH PaTuOIOKAMOHHOTO OOBEKTa, JOMOJHEHHYIO MMIYJIbCAMHU, BBI3BAHHBIMHU TIepe-
OTPAKEHUSIMU MEXIY dTHMU HEOJHOPOAHOCTAMHU. B 11e7I0M OTpaskeHHBIN CUTHAT HeceT B cebe
nHGOpMaLMIO O JaIbHOCTHOM HOpTpeTe 00BbEKTa, Tak Kak reomerpuueckas mimHa CIHIT uwm-
IyJAbCa MHOTO MEHbIE JJIUHBI 00beKkTa. OHaKo anpuopHas MUH(opManus o0 3TOM MOPTpETE,

Kak IIpaBUJIO, OTCYTCTBYCT.
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Puc.2. CHIIT 30HAMpYIOLIMI CUTHAT Puc.3. CUIIT oTpaskeHHBIN cUrHal

B [4] 6but0 MOKa3zaHo, 4To mocie nmpoxoxkaeHuss CO CUTHAI COCTOMT U3 MOCIIEI0BATEI b-
HOCTH KOPPEIIMOHHBIX (GYHKIUN 30HaupYyIomiero curuana (puc.4). Eciu na Bxone C® curnani
MPUCYTCTBYET B CMECH C IITyMOM, TO Ha Beixoje CD oH «o4HIIaeTCs», XOTS U CIEPKHUT OCTATKU
1IymMa, TO €CTh OTHOIICHHE CUTHa/myM (C/mr) ymydmaercs. Ha puc.4 nmpuBeneHa peanuszanus
curHana Ha Beixoge C® B mpuCyTCTBUU IIyMa Ha Bxoje. [Ipu oTHOIeHUH ¢/11 Ha BXO/1€, PABHOM
npuMmepHo 6 ab, oTHomeHue ¢/ Ha Beixone CP cocraBuio g qaHHOW peanmusauuu 11,5 nb,

4TO TOBOPUT O XOPOLIEM «KOYHUIICHUN.

N/
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-

Puc.5. Uncterii curnan Ha Beixone CO Puc.6. Peanu3amus curnana ¢ nryMmom Ha Beixoae CO

Ha puc. 5 mokasan curnan Ha Bbixojae Broporo 0ioka — UIIKO mnsa ciaydas oTCyTCTBHA
IIymMa Ha BXOJIe, a Ha pUC.6 — peanu3anus CUrHajia Ha Beixoje Broporo 6moka — UIIKO B npu-

CYTCTBMH IIyMa Ha Bxoje. OTHomeHue /i1 coctaBuiio 9,7 nb.
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Puc.5. Curnan Ha BEIX0Jie 0JI0Ka Puc.6. Peanu3anus cursana Ha
YIIKO 6e3 mryma BbIxoJie O1oka UITKO B

MPUCYTCTBUH LIIyMa

Jlns cpaBHEHMsI Ha pucC.7 NPUBEAEHA pealu3allyds CUTHala Ha BBIXOJIE COINIACOBAHHOIO
¢bunpTpa I citydas, Koraa ¢popMa CUrHajia, H300pakeHHOTO Ha pHc.3 N3BECTHA, TO €CTh Ha BHI-
XO0JIe ONITUMAJILHOTO OOHapyxkutessa. OTHomeHne ¢/ Ha Bbixojae coctaBwio 11,2 nb, a ypoBHH

OOKOBBIX JICTICCTKOB, CCTCCTBCHHO, HMKC, YCM B IIPUBCACHHBIX BLIIIC IIPUMCpPAX.

10 r\/ t 10 II t
20 V 20
30 30
Puc.7 Peanuzanms curaajia Ha BBIXOJE Puc.8 Peanu3anus curxaia Ha BBIXOJIE
ONTUMAIIEHOTO OOHAPYKUTEIIS ommoka YITKO 6e3 CD

Ha puc.8 n3zobpakena peanusanus curaaia Ha Bbrxojie nmpoctoro 0ioka YITKO 6ex cormna-
COBaHHOTO (MIBTpa Ha BXOje. OTHOIICHUE C/III paBHO Bcero 3 ab, U4TO XyKe BCeX MPUBEICHHBIX
BBIIIIE CITy4YacB.

[IpoBeneHHBIN aHATN3 MOKA3BIBAET, YTO MPUMEHEHUE CXEMBbI, N300paxxeHHOW Ha puc.l,
MIPUBOJIUT K YBEJIIMYEHUIO OTHOIIEHUS ¢/ Ha BXoje 6moka UITKO na 5-6 b, 4to cymiecTBeHHO-

ro yJlydliaeT XapakTepUCTUKY OOHapyKEHUSI.
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Puc.9. Xapakrepuctuku oOHapyKeHUs

N

Ha puc.9 xpuBas 1-11s onTUManbHOTO OOHAPYXKUTENS, KpUBasi 2 — Ui OAMHOYHOTO 0JI0Ka
YIIKO, xpuBas 3 — mis cxemsl puc.l. BunHo, 4to B mocieHeM ciiyyae XxapakTepucTuka oOHa-
pYKEHUS, XOTb U XYK€, YEM Yy ONTUMAJIbHOTO OOHApYyKUTENsl, HO Mpubamxaercsa k Hell. OTme-
TUM, 9TO eciu BMecTo O0sioka UITKO mpuMeHHTh CyOONTUMAIIBHBIN 00HAPYKHUTEIh, TPEII0KCH-
HbI B [3], O1M30CTh XapaKkTepUCTUKU OOHApY)KEHHs K ONTHMaibHOW (kpuBas 1) Oyzaer emie

JTy4Ie.

CnMCOK uTepaTyphbl

1. Introduction to Ultra-Wideband Radar Systems / Edited by J. Taylor. CRC Press, 1995.

2. Aiello R., Batra A. Ultra Wideband Systems. Technologies and Applications. Elsevier Inc.,
2006. 344 p.

3. Ummopees U.41., Yepnsak B.C. OGHapyx)eHHe CBEPXIIHPOKOMOIOCHBIX CUTHAIOB, OTPAXKEH-
HBIX OT CIIOKHBIX Hener // Pamnorexnuka. 2008. Ne 4. C. 3-10.

4. Yepusiiep C.JI. [Ipumenenue cornacoBaHHON (GUIBTpaIMK Uit 00pabOTKU CBEPXIITHPOKO-
nosiocHbIX curHayioB // Hayka u o6pazoBanue. MI'TY um. H.D. Baymana. DnekTpoH. KypH.
2013. Ne 10. C. 315-324. DOI: 10.7463/1013.0623000

Hayka u o6pazosanune. MI'TY um. H.D. baymana 270



http://dx.doi.org/10.7463/1013.0623000

Science and Education of the Bauman MSTU,

SCience &Education 2014, no. 10, pp. 267-272.

DOI: 10.7463/1014.0729197
Of the Bauman MSTU Received: 07.10.2014

ISSN 1994-0448 © Bauman Moscow State Technical Unversity

Evaluation of the Possibility of Ultra-Wideband
Signals Detection

S.L. Chernyshev"”

*chemshv@bmsturu

'Bauman Moscow State Technical University, Moscow, Russia

Keywords: Ultra-Wideband signal, matched filtering, signal processing, detection characteristics

Investigations were carried out to assess the possibility for detecting the ultra-wideband
signals of unknown shape. Due to the fact that the geometrical length of the UWB signal is much
smaller than the length of target, filter is matched with the radiated signal rather than with the
signal reflected from the target, with subsequent treatment in a block in two periods. An output
signal of the matched filter and output signal of second unit were obtained on the basis of
simulation modeling. Signal/noise ratio at the output of the filter and at the output of the second
block were calculated. The signal at the the first filter output is a sequence of correlation
functions of a single signal. Improved signal-noise ratio after preliminary matched filter was
proved. This enables us to improve the performance of the next block. With the signal/noise ratio
at the input of the detector being equal to 6 dB, its increase by 5 - 6 dB was obtained. The
implementations of possible signals were investigated, and significant noise elimination was
shown. Signal at output of a single detector without first filter was obtained. Analysis results
have shown that such detector has a significantly poorer properties than the proposed one. The
paper gives detecting characteristics of the optimal detector of the known shape signal, detector
with the processing in two adjacent periods, and detector having proposed circuit. The optimal
detector has the best characteristics, the detector of the second type possesses the worst one,
while the characteristics of the proposed detector is close to that of the optimal detector.
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