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MU3MEPEHUE PACCTOAHUA OO YPOBHA MATEPUAIIA B PESEPBYAPE NMPU HANTMYUU
MELLAIOLLUUX OTPAXXEHUW OT Er0 AHA, NPEBbILWAIOLLUX MO MHTEHCUBHOCTU NONE3HbIN
CUrHAnN

[Mapuma B.C., barnartonss A.A.

Ps3anckas rocy1apCTB€HHasd paguOTCXHUYCCKas aKaJCMUsL

IIpy BBICOKOTOUHOM H3MEPEHUU JAIBHOCTH C MOMOLIBIO COBPEMEHHBIX PaJMOBOJIHOBBIX IAIBHOMEPOB C
HETpEephIBHBIM YacTOTHO-MOXYIMpOBaHHEIM (UM) u3imydeHHneM 10 OTpakarolled ITOBEpXHOCTH JKHIKUX Cpel B
3aMKHYTBIX 00beMax BO3HHUKAIOT clienn(pUUecKre 0COOEHHOCTH, KOTOPbIE 3aTPYAHSIOT pellieHne 3TOH 3a1adu. ITo
BBI3BAHO TEM, YTO HAPSAY C OTPAKEHUSAMH OT YPOBHS, JIBHOCTH O KOTOPOTO HEOOXOANMO H3MEPHTh, MOTYT
UMETh MECTO OTPaXCHHs OT JHA pe3epByapa. B pesymbrate curHan pasHocTHoH dactoTsl (CPY) Ha mHTEepBaie
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U3MEPSIEMOMY PacCTOSIHHIO, S;, Py — aMIuiuTya U (aza MEMIAIOUIero OTPaXKEHHs, BO3HUKAIOIIEr0 OT JHA
pesepByapa, 7, — 3aJepKKa CHTHajIa, COOTBETCTBYIONIAs PACCTOSHHMIO 10 AHA pe3epByapa.

W3MmepeHne madbHOCTH B COBPEMEHHBIX YpOBHEMepaX, Kak MpPaBHJIO, OCYIIECTBISIETCS B CHEKTPAIBHON
o0iacTu, A 4ero ONpenesieTcsl 9YacToTa, Ha KOTOPOH HaXOAWTCS MaKCHMaJbHAs CIEKTpPaIbHAs COCTAaBIISIONIAS
[1]. Ho u3MepAaTs JaibHOCTH MO0 MaKCHMYyMY CIIEKTpaibHOH cocraBisonieir CPY BO3MOXXHO TpH yCIIOBHH, €CIH
AMIUIMTYAbl MEUIAOIIUX 0Tpa>1<eH1/u71 HC MNPEBLIIIAIOT MO aMIUIUTYAC MOJE3HbINA CUTHAJI. O[lHaKO OTpaXCHHUA OT JHA
pe3epByapa, B KOTOPOM IPOU3BOJMTCS HM3MEPEHHE NaJbHOCTH JIO YPOBHS MaTepHana, MOTYT IPEBBILIATH I10
aAMIUIUTYy 1€ MOJIE3HBIN CUTr'HAJI, 4YTO MPUBOJUT K HEBO3MOXKHOCTU MNPSAMOTO M3MEPCHUA NAJIBHOCTU IO MAaKCUMYMY
CHEKTPAIbHOW COCTaBJIAIONIECH, TaK Kak OHAa OyleT COOTBETCTBOBATH OTPaKEHMIO OT aHA. K ToMy ke Hammune
MEMIAONINX OTPAKEHUH NMPHUBOJIUT K CYLIECTBEHHBIM MCK)KEHHSM CIIEKTPa IOJIE3HOTO CHUTHAJIA 32 CYET OOKOBBIX
JIETIECTKOB CIEKTpa MOMEXH, YTO MPUBOIUT K PE3KOMY YBEIHUYEHHIO MOTPEIIHOCTH W3MEPEHUS NalbHOCTH I
ANTOPUTMOB Ha OCHOBE KJIACCHYECKHUX METONOB CHEKTpanbHOro anammsza [2]. ITloaTomy s pemieHus JaHHOW
3a/1a4d 1es1ecoo0pa3Ho UCTIOI30BaTh ATOPUTMBI HA OCHOBE MAPaMETPHUIECKOTO CIIEKTPAIHFHOTO aHaji3a, KOTOpPBIe
MO3BOJISIFOT MTPEOI0JIEBATH PSI/T HETOCTATKOB KIIACCHYECKIX METOJIOB.

HccnenoBanne pasiuyHBIX  aJTOPUTMOB TMAapaMETPUUYECKOTO CIEeKTpaibHOro aHammza [2-3] (MmeToma
HauMeHbIMX KBagpatoB Ilponu, EV, MUSIC u nmp.) mnokazano, 4TO METOJ HauMEHBIIMX KBaapaTtoB IIpoHu
TpeOyeT MeHbIIE BBIYMCIMTENLHBIX 3aTpaT No cpaBHeHuto ¢ anroputMamu EV u MUSIC npu coxpaneHuu
COOTHONIECHUM MCXKIY MOIIHOCTAMU KOMIIOHEHT AHAJIU3UPYEMOI'0 IMpouecca, 4YTO HE BbINOJHACTCA JIid
anroputMoB EV u MUSIC. OnHako B TNCeBIOCHEKTpE CUTHANA, IMOJy4yaeMOro ¢ MOMOIbi0 Meroxaa IIponw,
MPUCYTCTBYET MHOXKECTBO JIOKHBIX CHEKTPAJIBHBIX COCTABIISIIONINX, KOTOPbIE MOTYT MPEBBIIIATh MOJE3HBIA CUTHAI
MO aMIUIUTYyJZle, YTO CYLIECTBEHHO  3aTPYAHSET AaHAIN3 IICEBJIOCHEKTPa JUIS HAXOXKAEHHS CIEKTPaIbHOMN
COCTaBJISIIOLIEH, COOTBETCTBYIOLIEH IOJIE3HOMY CUTHAITY (OCOOCHHO B PEXHMME, KOTja CUTHAJI, OTPayKeHHBIN OT JHA
pe3epByapa, IPEBHIIIACT 110 AMIUTUTYAE TTOJE3HbBI CHTHAI). ANTOPUTMBI, MTO3BOJIIOIINAE HAXOAUTh CIHEKTPAITBHYIO
COCTABIIONIYIO0 TIOJIE3HOTO CUTHAJIA B IICEBAOCIEKTPE, MOIYICHHOTO C MOMOIIBI0 MeTona IIpoHw, moirydaroTcs
JIOCTATOYHO CJIOKHBIMH ¥ TPEOYIOIINM UIS CBOSH pealn3alliy JOMOTHUTEIBHBIX BRIYHCIUTENBHBIX ONeparuii [3].

[IpeomoneTs CNOKHOCTH, BO3HHUKAIOIIME IIPH HCIONB30BAaHMKM MerTona [IpoHHW, MO3BONSET alIropuT™M
CHEKTPAIBHOTO aHAJIM3a, OCHOBAHHBIN Ha aHalu3e COOCTBEHHBIX 3HAYCHUH AaBTOKOPPEIIIMOHHONW MATPHUIIBI HMIIH
omHON W3 Matpunl AaHHbIX (anroput™m EV) [2]. KimtoueBoil omepammeld B 3TOM METOJE SBIACTCS pas3zeiiceHUE
HH(POPMALIUU, COACPIKAIICHCS B aBTOKOPPEIIAIMOHHONW MATPHUIIC MM MATPHIC TAHHBIX, HAa JBa BEKTOPHBIX
MOJIPOCTPAHCTBA — MOJNPOCTPAHCTBO CHTHAJNA WU TOANPOCTPAHCTBO IIyMa. B 3THX HOINPOCTPAHCTBAX MOXKHO
OTIPEJIETISITh Pa3iIMyHble (YHKIMU OT BEKTOPOB CHTHaja WM IIyMa JUIsl ITOJIy4eHHUsS! OLIEHOK YaCTOTHI, rpaduieckoe
NPE/ICTAaBICHHE KOTOPHIX UMEET OCTpPhIe NMKH Ha YacTOTaxX CHHYCOM] WM JAPYIHMX Y3KOIOJOCHBIX CHEKTPAIbHBIX
KOMITOHEHT. OJIHAKO 3TH OLEHKH HE SIBJIFOTCS] OLICHKAMH HCTHHHOW CIIEKTPAJIHON TJIOTHOCTH MOLIHOCTH, OCKOJIBKY
OHHU HE COXPAHAIOT MOIIHOCTh aHAIM3UPYEMOTO TIPOIIecca.

B Bapuante merona EV, koTopsiii Hcmonbp3yeTcst B TaHHOH padoTe, mpoleaypa OMeHKH YacTOTHI (JaTbHOCTH)
MPOU3BOMUTCA B MOAMPOCTPAHCTBE Imyma. BHadame QopMupyercs MaTpuila TaHHBIX W3 OTYETOB CHTHAJA
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rae k-HOpPMHUPYIOMIMI MHOMKHUTENb, 3aBUCAIIMI OT KOJMYECTBA BXOJHBIX OTYETOB CUrHana. Jlajee HaXOmuTCs
CHHTYIsIpHOE pasnokenne Matpuust ganusix D =USV ' [4], rae marpuua U umeer pasmep N/2+1xN/2 u
yrosnersopsier cootsowenno UU ' = I, matpuua ¥ — ksajpathas nopsiaka N/2 1 yI0BIETBOPSET COOTHOLICHHIO
vl =1,a S=diag(o,,...0y,,), tne ,2...20,,,20. Cronousl i,, ...,i,,, matpuus U seasorcs
JNIEBBIMM CHHTYJISIPHBIMA BekTopamu (Marpuupt D). Cronbusl V,,...,Vy,, MaTpuusl V SBIAIOTCS NPABBIMHA
CHHTYJISPHBIMU BEKTOPAMH. BeJUUUHBI 6; ABIAIOTCS CUHTYISPHBIMY uKciaMu. Ha clieyroleM mare mpou3BoaAUTCs
pa3OMeHre MpPaBbIX CHHTYJSIPHBIX BEKTOPOB V,,...,Vy,, Ha BEKTOpa MOANPOCTPAHCTBA CHTHANA M BEKTOpA
TNO/IIPOCTPAHCTBA IyMa, HCXOIsA M3 3aJaHHOTO MOpSIAKa MOJAENH p (PEKOMEHJAllMH, 1O BBIOOPY KOTOPOM

npusenensl [2]). Ilpu 3agaHHOM TOpsSAKE MOJENM, PAaBHOM p, BeKTopa V .sVy/, OyAyT OTHOCHTCS K

p+is

HOANPOCTPAHCTBY IIyMa W MM OyOyT COOTBETCTBOBAaTh CHHIYJSIPHBIE YHCIA O .., Oy/,. Hcnonesys

p+i>:
IMOJYYCHHBIC TaHHBIC, MCEBAOCIICKTP MOKHO ONPECACIIUTD CICAYIOINUM BbIPAKCHUCM [2]
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rae Sk(ja))zF(ﬁk), F- omeparop, peamusyroommii Boraucnenne BI®, @, =2m/N,, i=1,N,, N, -
KOJIMYECTBO OTCUETOB B CHUTHAJIE TIOCIIE NOOaBICHHUS HYJIEBBIX OTCUeTOB sl BhraucieHus bIID. Crenyer oTMeTUTH,
YTO XapaKTepUCTUKH anroputMa EV cymecTBeHHBIM 00pa3oM onpeAemstoTcs BUIOM BRIOpaHHON MaTPHUIIBI JAHHBIX.

AnroputM EV He nMeeT B ICeBIOCHEKTPE JIOKHBIX CIIEKTPAIBHBIX COCTABIISIOIINX, TPEBBIMIAIOIINX ITOJIC3HBINA
CUTHAJI 10 aMIUIUTyZAe (Ha MOAETBHBIX 33/adax IMpH OTHOIIEHWH CUTHaI-IyMm Oomnee 401b), a Ha IpakTUKE OHH
BO3HMKAIOT KpaiiHe penko. IloaToMy aHaimu3 ICEBIOCHEKTpa Uil HAXOXKICHUS CHEKTPaJbHOW COCTABISIOLICH,
COOTBeTCTByIOHJ,efI IMOJIC3BHOMY CUTHaAly, HE Tpe6y}oT 6OJ'II)H_II/IX JOTNOJIHUTCJIbHBIX BbIYHUCIUTECIIBHBIX 3aTpar.
AHanu3 ToKa3al BO3MOXKHOCTb YCIICHIHOTO HCIIOJIb30BaHHS STOr0 QJIrOpUTMa B PEXHME, KOrJa CHIHAa,
OTpPaXCHHBII OT JHA pe3epByapa MPEBBINIACT 10 AMIUIUTYIE NOJC3HBIH CHrHAJN. Takod peXuM H3MEpEHHS
pacCTOSHHS IO YPOBHS MaTepHaia XapakTepeH MPH MANBIX YIAJICHHAX €T0 OT JHA pe3epByapa.

B noxiane npuBeneHBI pe3yNbTaThl aHaM3a PEaTH30BaHHOTO alrOPUTMa U3MEPEHHUS YacTOTHI (ATBHOCTH) Ha
ocHOBe Metoma EV. PesynpraTel pacdeToB mpencTaBleHBl Ha puc.l B Buae rpadukoB (YHKIUH ITOTPEITHOCTH
HU3MEPeHUs TATBHOCTH OT PAcCTOSTHUS MEXKAY ITHOM pe3epByapa M ypoBHEM Mmarepuaia. J{ns cpaBHeHus Ha puc. 1
MIPEACTaBICHBI TpauKU pe3yabTaTOB PACUYETOB AJs aqropuTMoB Ha ocHOBe MeTonoB EV, Ilporm u BII® mpu
WCTIOIF30BaHUH CHUTHAJIOB, ITONYYEHHBIX C BbIXoJa mpHeMHuKa nampbHOMepa BAPC-352; paspaGoraHHOTO H
Beimyckaemoro  mpexmnpustueM OOO «Kontakt-1» (r. Ps3anp). YcnoBus, mpu KOTOPBIX HOJYYEHHI T'paduKH,
cnenyrouue: g anropuTMa M3MepeHHs JaTbHOCTH Ha ocHOBe Mertona EV mopsimokx monenu p=16, uHTepBanl
MEXIy CIIEKTPATLHBIMA COCTABJISIOIIMMHI COOTBETCTBYET Benmuune Ar = [mm ; Jlns anropurma Ha ocHoBe BITD
HHTEPBAT MEXKIY CIEKTPATbHBIMH COCTABJSIONIAMH COOTBETCTBYeT BemwumHe Ar = /mm; Jlns anroputMa Ha
ocHoBe MeToa [IpoHu mopsaok Moaenu paBeH p=384. KoimndecTBo OTCUETOB CUTHAJIA JJIs1 BCEX allTOPUTMOB N=256.

CpaBHHBasI COOTBETCTBYIOIIHE 3aBUCUMOCTH, NOJTyYEeHHBIE Ha puc.l s anroputMma Ha ocHoBe EV meroma u
anroputMa Ha ocHoBe BII®D, MoxHO caenaTe BBIBOJ O TOM, YTO alropuT™M Ha ocHoBe EV meroma umeer
MIPEUMYIIECTBO 10 CPaBHEHMIO C alroputMoM Ha ocHoBe BII®D, m oHO craHOBUTCS Oo0Jsiee CYIIECTBEHHBIM C
yAaJleHUEM YypOBHS Marepuana oT aHa. W3 puc.l BUAHO, YTO Ha yAalleHUH YpPOBHS MaTepuaia OT JHA Ha
paccrostaue Oosbiie 0.5 M, TPEUMYIIECTBO aaropuTMa Ha ocHoBe EV MeTona 1Mo CpaBHEHHIO C aJTOPUTMOM Ha
ocHoBe bII®D Bo3pacraer Oonee YeM Ha NOPANOK 3a cyeT Oosiee BBICOKOro paspemeHus. CpaBHHBas
COOTBETCTBYIOIIIUE 3aBHCHMOCTH, PUBEICHHBIC HA puc.l st anroputMma Ha ocHoBe EV Mmerona m anropurtma Ha
ocHoBe Mertoza IIpoHu, BuanM, 4To aropuT™ Ha ocHOBE MeToza [IpoHu He ycTynaeT alropuTMy Ha OCHOBE METOJIa
EV, a B HEKOTOpHIX CIydasX MPEBOCXOTUT €ro MO TOYHOCTHBIM XapaKTEepHCTHKaM. B ciydae ecim B KadecTBe
MaTpUIIBl JaHHBIX s Metona EV  mcnonp3oBaTe MOAHMUIPOBAHHYIO KOPPEIIIIUOHHYI0 MaTpHUIly [2], XapakTep
M3MEHEHHs MOTPEIIHOCTH IS allTOpUTMa Ha ocHOBe EV MeTosa mpakTH9ecKy COBIIAAaeT C XapakTepOM H3MEHEHHS
MOTPENIHOCTH JIsl AJITOPUTMAa Ha OCHOBE METOJa HauMeHbINuX kBajparoB I[Iponu. HeoOXomauMo OTMETHUTH, YTO
WCIOJIb30BaHNE METO/Ja HAMMEHbIINX KBanapatoB [IpoHw, mpeamosaraet Oomee xectkue Tpeboanus k CPU (B
YaCTHOCTH, HCOGXOHI/IMO YMCHBIIUTH YPOBCHDb napa314TH0171 aMHHHTyL{HOﬁ MOAYJIAIIUN U O6eCHe‘~II/ITb ITIOBBIIIICHHOC
OTHOILIEHHE CUTHAJI-IIIYM)



3A0 «ABTIKC CIN6» zuk@autex.spb.ru (812) 567-72-02

200F — - - -

150F - - - - -

I
SRR

P e o T
i"ﬂﬂj# [
| |

e e
i

e

[
———— me b 7“7\\7}7;7777F 777777777 = I -
o
IR HUTRINY A
A \‘u,‘u“‘uﬂ LI, Lo |
Lyt l\,“‘uu‘LJL | | ‘LH’L‘” [N
e e R L A e N e L R M TRy

-
(=3
=]

(3]
=]

I m,‘wmm\",”m,u\,mH
AR A Y
| 1 1Ll

Ny

! L

-

N
coo

(4]
=]
L
L
L
=
-

NnorpeLwHoOCTb U3MepeHnss, MM

-100

-150 B e e A T e et el A--------- [

|
l l
200 300 400 500 500
paccTosiHue mMexay AHOM U ypoBHeM maTepuana, um
3aBUCUMOCTU AJIS aJITOPUTMOB EV, ——TIIpony, ----- BII®
Puc.1. IlorpeniHocts U3MepeHNs JATBHOCTH TIPH HATMYMH MELIAIONIMX OTPAXKEHUH OT JTHa pe3epByapa.
JIutepatypa
1. TuxonoB B. N. OnrtumanesHBIH pueM curHaoB. — M.: Pamno u cBs3b, 1983.-320c.
2. Mapmn. — mi. C.JI. LludpoBoii ciekTpanbHEIA aHanu3 U ero npuwioxenus: [lep. ¢ aarm. — M.: Mup, 1990. —
584c.
3.ITapmuu B. C., E3epckuit B. B. Mcnons30BaHne anropuTMOB MapaMETPUUIECKOTO CIEKTPATLHOTO aHaIu3a
IIpU M3MEPEHMH JajJbHOCTU C IIOMOLIBIO PagUOJIOKALMOHHBIX JanbHOMepoB ¢ UM curnanom. Tpyner 7-
Mexaynapoanoit koHpepernuu T1. M.: PHTOP3C um. ITomoa, 2005. C.234-237.
4. lemmens Jx. BeraucnurensHas nuHeliHas anreopa. Teopust u npunoxenust. [lep. ¢ anrn. — M.: Mup, 2001.
—403c.

V'S
A 4

MEASUREMENT OF DISTANCE UP TO THE LEVEL OF THE MATERIAL IN THE TANK AT
PRESENCE OF PREVENTING REFLECTIONS FROM ITS BOTTOM, EXCEEDING ON INTENSITY
THE USEFUL SIGNAL
Parshin V., Bagdagyulyan A.
The Ryazan state radio engineering academy

At precision measurement of range with the help of modern radio wave range finders with continuous it is
frequency - modulated (FM) radiation up to a reflecting surface of liquid environments in the closed volumes there
are specific features which complicate the decision of this task. It is caused by that alongside with reflections from a
surface of a material, up to which it is necessary to measure range, reflections from a bottom of the tank and
elements of its design can take place. Measurement of range in modern level gauges, as a rule, is carried out in
spectral area for what frequency on which there is a maximal spectral component [1] is defined. But to measure
range on a maximum of a spectral component of a signal different frequencies (SDF) it is possible under condition
of if amplitudes of preventing reflections do not exceed a useful signal on amplitude. Besides presence of preventing
reflections results in essential distortions of a useful signal due to mutual influence of lateral petals of the spectrum
calculated on positive and negative frequencies that results in sharp increase in an error of measurement of range for
algorithms on the basis of classical methods of the spectral analysis [2]. Therefore for the decision of the given task
it is expedient to use algorithms on the basis of the parametrical spectral analysis which allow to overcome a number
of lacks of classical methods and, first of all, to increase the sanction on frequency and practically to exclude
influence of lateral petals.

In work various algorithms of the parametrical spectral analysis [2-3] are investigated: a method of the least
squares Prony EV, MUSIC, etc. Advantages and lacks of algorithms are marked. The opportunity of successful use
of algorithm EV in a mode when the signal reflected from a bottom of the tank exceeds a useful signal on amplitude
is shown. Such mode of measurement of distance up to a level of a material is characteristic at small its removals
from a bottom of the tank.

In the report results of the analysis of the realized algorithm of measurement of frequency are resulted on the
basis of method EV. Results of calculations are submitted as schedules of function of an error of measurement of
range from distance between a bottom of the tank and a level of a material. For comparison schedules of results of
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calculations for algorithms are submitted on the basis of methods EV, Prony and FFT, at use of the signals received
from an output of the receiver of a range finder the BARS - 352, developed and released by enterprise "Kontakt-1"
(Ryazan).

By the received results the following conclusions are made. The algorithm on basis EV of a method allows to
measure more precisely range in comparison with algorithm on basis FFT, and the prize becomes more essential
with removal of a level of a material from a bottom. On removal of a level of a material from a bottom on distance
than 0.5 m advantage of algorithm on basis EV of a method there are more in comparison with algorithm on basis
FFT grows more than by the order for the account of higher sanction. Comparison of algorithm on basis EV of a
method and algorithm on the basis of method Prony has shown, that the algorithm on the basis of method Prony
does not concede to algorithm on the basis of method EV. However use of algorithm on the basis of a method of the
least squares Prony assumes more rigid requirements to SDF (in particular, it is necessary to reduce a level of
parasitic peak modulation and to provide the raised attitude signal - noise).
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