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Pedepar — PaccmatpuBaeTcd MeTOJ KOMIEHCALMM IapasUTHBIX HM3KOYACTOTHBIX COCTABJIOIIMX B PasHOCTHOM curHaine YM-
panuoypoBHeMepa. [1oka3pIBaeTCst BO3MOKHOCTD HCIIOJIb30BaHUS alTOPHTMOB aTalITHBHON 00pabOTKU CHI'HAJIOB M MHOTOCKOPOCTHOH (DHIIBTpaLiH
JUIsl pELLIEHUs 3TOH 3anaqu.

BBenenue u mocraHoBka 3agayd. MeTonsl M IrOpUTMBI IHU(PPOBOH 00pPaOOTKM CHIHAJIOB HAXOMSAT
IIMPOKOE MPUMEHEHNE BO MHOTHX OOJIaCTAX HAYKW M TEXHUKH, B TOM YHCIIE W B 3a/a4ax paguojoKaruu. B maHHOM
JoKIane paccMmaTpuBaercss npumeHeHne anroputMoB [[OC B UM-pammoypoBHeMepe. [IpmHIMN padoOTBI Takoro
YpOBHEMEpa OCHOBAaH Ha OICHUBAHWU 3HAYCHHS NAIBHOCTH, HMCXOIM W3 HMH(OpMAmuu O 3HAYEHHH YaCTOTHI
pas3HocTHOTO curHana [1]. B melCTBUTENIEHOCTH CYIIECTBYIOT MeTIaromue (pakTopsl, KOTOPhIE 3HAYUTEITHPHO CHIUYKAIOT
TOYHOCTh OIIGHKH YacTOTHI JaHHOTO curHana. OJHMM W3 TakuX (PaKTOPOB SBISETCSA IMPHUCYTCTBHE B PAa3HOCTHOM
CUTHAJIC TApa3WUTHBIX HU3KOYACTOTHBIX COCTABIIAIOMINX, BBI3BAHHBIX OCTATOYHON HECOTIIACOBAHHOCTBHIO DIIEMEHTOB
CBY-Monymsa. DTH COCTaBISIONIME SIBISIIOTCSL aJANTHBHBIMH, M TIPH CTPOTOM COOJIOJCHUH JIMHEHHOIO 3aKOHa
n3MeneHus1 yactotsl JIUM-curnana [1] npencraBisioT co06oil cyMMy TapMOHHK, KPaTHBIX 9aCTOTE MOIYJISLMH 3TOTO
curHana (o0pryHO 50 ') mmoc mocTOSHHYIO BeIW4MHY. JlaHHOE SBJEHHE IOJYYWJIO Ha3BaHHWE MapasUTHOMN
ammumutynHod Monxymsiimu ([TAM). DkcrneprMeHTanbHBIC UCCICIOBAHUS ITOKA3alld, YTO HAWOOJbINCe BIHMSHUC HA
pe3yNbTaThl M3MEpeHHsl OKas3bIBaroT rapmMoHuku [TAM c 1-it mo 8-1o, pacnonoxennsie B mojoce ao 400 'm. B
3aBHCHMOCTH OT Pa3IMYHBIX (PaKTOpOB MOITHOCTH [TAM MOKeT KaK 3HAUHUTENFHO MPEBHIIIATh MOITHOCTH MOJIE3HOTO
curHana (B XyIIIeM Ciydae), TaKk W OBITh MEHbIEe ee. B ciydae, Korja CIEKTphI MOJIe3HOTO curHama u [IAM
pasHeceHbl B 9acTOTHOH oOnactu, [TAM M0XHO OTHHIBTPOBATH MPH IMOMOITH OOBIYHOTO (HIBTPA C MOCTOSHHBIMH
rmapaMeTpamHu, OZHAKO, €CIIH MX CHEeKTPHI MEePEKPBIBAIOTCS, 3TO CHENaTh He yaacTcs. TakuMm oOpa3oM, HEOOXOIMMO
PEIINTH 3a/1ady TMOBBIIICHUS COOTHOIICHHUS TOJIe3HbIN curHan / [IAM, ecinu u3BecTHO, uto [TAM mipencrasiser coboit
CyMMy TapMOHHK, kpaTHbIX 50 I'm B mosoce 1o 400 I'1y TuIrOC TIOCTOSIHHYIO COCTABIISIONIYIO, & TIOJIE3HBIA CHTHAI -
Y3KOTIOJIOCHBIH, 1 MOKET HaxoauThbes B oonactu ot 300 ' mo 10 kI' mpm wacTote muckperm3anuu 40 k1.

HcnoJsib30Banne MeTONOB aganTHBHOW ¢uiabTpanmn juiss komneHcamuu [TAM. OnauM u3 crocoOoB
pelIcHUsT TOCTABIICHHON  3ala4d  SBIICTCS  HWCIOJB30BAaHWE  aNaNTHBHOTO  KOMIIGHcatopa momex  [2].
OCHOBOIIONIATAIONIMM TIPUHIUIIOM PaOOTHl JAHHOTO YCTPOWCTBA CIIY>KUT TO, YTO HA BXOJ aJalTHBHOTO (QHIbTpa
MOCTYIACT 3TANOHHBIA CHUTHAJN, KOPPEIUPOBAHHEIA ¢ TIOMEXOW. DTOT CHTHAN (UIBTPYETCS U BBIYUTACTCS M3 CMECH
MTOJIE3HOTO CHTHAJa M MoMexH. B pesymbTaTte MCXOmHAas IMoMexa MOJABISETCS WIIM 3HAYMUTENBHO ocmabmsercs. s
pemeHns MPHUBEICHHOW BHIMIE 3aJaddl TPEAINoNIaraeTcs, YTO OOYYalolmIMM CHTHAJIIOM JUIS aJalTHBHOTO (HIBTpa
TOJDKEH CIYXHTh HerocpeacTBeHHo [TAM. [Toatomy HacTpoiika amantuBHOTO (uibTpa Ha [TAM BO3MOXHA JIMIIH B
cilydae, KOTJa CIeKTphI Toje3Horo curHasa u [TAM pa3sHeceHbl B YacTOTHOH 00JacTH. DTAOHHBIM CHTHAI
(dhopmupyeTcst Ha ocHOBe cBeneHuit 0 [IAM. AnpuopHo H3BeCTHO, uTo [IAM mpencTaBiseT co00l cyMMy rapMOHUK,
KpaTHBIX gactore Moxyssimud ( 50 I'm ). AMmunTyna u ¢as3a 3THX TapMOHHK HEHM3BECTHA TAaKKe, KaK W aMIUTUTYHa
MTOCTOSTHHOW cOCTaBIIsroIIeH. [10CKOIBKY H3BECTHO, YTO HAMOOIBIIICE MEIIAIOIIECE BO3CHCTBUEC OKA3hIBAIOT TICPBBIC §
rapMoHuK [TAM, To 3TalOHHBIA CHTHAN JOJDKEH MPEACTaBIATh co00l cymmy 8-mu rapMoHuK B mosoce 50 I'p — 400
't u moctossHHOW BenuuuHBL [IpUHIMI PabOTHI JAHHOTO YCTPOMCTBAa KOMIICHCAIMU CieAyromuil. OOydarormii
curHan (OpMHUPYETCsl MPH MMOMOINM HH3KOYacTOTHOro (opmupyromero ¢umibTpa. [locme oOydueHUs aganTHBHEIA
(WIBTP U3 CHUTHANA C ATAJOHHOTO UCTOYHHUKA 00pa3yeT CUTHAI, OJHM3KUIA K 00ydYaromeMy Mo KPUTCPUI0 MHHUMYyMa
cpenHekBaaparndeckor ommoOku [3]. KommeHcanmsi mpoucxXoauT cieaytomuM oopazoM. [Ipu manexo pa3HECEHHBIX
CIIEKTpax IMOJIe3HOTO curHayia u [IAM, U3 MCXOAHOTO cHUTHAJA IenecooOpa3Hee BBEIUUTATh 00yUYaIONIUi, TIOCKOIBKY
BBIXOJHOH CHTHAJI aJaNTHBHOTO (DHIIBTpa BBIUUCISIETCS C HEKOTOPOW OmuOKoi. Eciu dacToTa mMoje3HOro CUrHaia
npuOmIKaeTcss K auama3oHy dactor IIAM, pemaromiee yCTpOWCTBO BbIpadaThIBACT CHUTHAN, 3allperlaroniuit
JATBHEHITYI0 aNanTaliio, U OJHOBPEMEHHO NEPEKITIOYAIOIINil CHUTHANI Ha BXOJE BBIUMTAIONIETO YCTPOHCTBA C
oOyJaromero Ha BBIXOJHOH CUrHai amanTuBHOTO (uimbTpa. CaM aganTHBHBIA (QHIBTP B 3TO BpeMsl pabdOTaeT Kak
OOBIYHBIN (QUIBTP C TOCTOSHHBIMH TlapaMEeTpaMH, HACTPOCHHBIMH Ha [apaMeTpbl OOyYarollero CHUTHAJA.
MoenmupoBaHue MOKA3ao, YTO Ha OONBIINX PAaCCTOSIHUAX coOTHoIIeHue curaan / [IAM cocraBnser 4015, Ha MabIx
paccrosausx 20ab npu nepsoHauansHbix —201b.

Jns nanpHelnielr o0pabOTKU curHana OueHui HeoOxXoauMo cooTHomeHue curHan / [IAM He menee 4015,
MO3TOMY TpeOyeTCs YCOBEPIICHCTBOBAaHHE KOMIICHCHPYIOIIETo ycTpodcTBa. Ilpu paboTe ¢ MOAENBIO yCTpoicTBa
ObUTO  OOHApY)KEHO, 4YTO B Cllydae, KOrAa OOYYAIONIMA ¥ OTAJOHHBI CUTHAIBI TPEACTABIAIOT OO0
OTHOTAPMOHHYEKHE CUTHAJIBI, YCTPOHCTBO obecreunBaeT Tpedyemoe mogasneHue. [Ipu yBenmudaeHnn gyucia TapMOHUK
ommnOKa KOMIICHCAIIMK Bo3pacTaeT. B pesymbrare OBUIO NPUHATO pPEHICHHE YCIOXKHHUTH CTPYKTYPY YCTpOWCTBa
KOMIICHCAIINHX TaK, KaK TO IOKa3aHo Ha puc.|.

@2001, anekTpoHHas Bepcus nogrotossieHa 3A0 ABTIKC Cankr-lMeTtepbypr, http://www.autex.spb.ru
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Puc.1. CTpykTypHas cxema aJalTHBHOTO yCTPOHCTBA KomreHcanuu [TAM.

Ha pucynke: x[n] - BxoaHoii cursain, d1[n] + d8[n] — oOyuarouue curnansl, d[n] — cymmapHbIii 00ydarommii
curan, [1®1 + TIDY — Habop momocoBbiXx (GuiIbTpoB, el[n] + e8[n] — ommbku amanrammu, PY — pemaromee
ycTpoiictBo, Fs — curnan ot usmepuress 9actotbl, MDC — HCTOYHUK 3TAIOHHOTO CHTHAJA, Z[n] — dTaJIOHHBIN CUTHAJ,
A®D - anmantuBHBIE GwibTp, AA — aganTuBHBIN anroput™, yl[n] + y8[n] — BBIXOJHBIC CHTHAJBI ATANTHBHBIX
¢mIbTPOB, y[n] — cyMMapHBIH BBIXOJHOW CHrHajl HaOopa amanTWBHBIX QmIsTpoB, Ki — kirodeBas cxema, s[n] —

BBIXOJIHOM CUTHAJI YCTpOIiCTBa KoMIeHcauu, Z N 3anepxkka, o0yciosnennas [1®, Z N CyMMapHasi 3a/IepKKa,
obycnosyienHas [1® u AD.

B nanHOI cTpyKkType oOecrednBacTCsl pa3zieneHne rapMOHUK O0YYalOIIero CUrHajga M 3TaJOHHOTO CHTHAIA
npu noMomu Habopa monocoBeix GuiIbTpoB ( I1D1 — IIDE ) m o6paboTka KakAOHW W3 HUX B OTAEIBLHOCTH IPH
oMoy Habopa aganTHBHBIX (WIBTPOB. MonenMpoBaHHE MOKA3aJl0 XOPOIIME pe3ysbTaThl B ociabnenuun [TAM.
Otnomenne curnan / [IAM B nannowm ciyuae He Hike 40nb kak Ha OOJBIIMX, TAK M HA MAJIBIX PACCTOSHUSIX.

PaccmMoTpuMm mpuMep, Korja Ha BXOJA YCTPOWCTBa KOMIICHCAIIMM IIOCTYNAeT CMECh CHUTHajla OHEHHH,
COOTBETCTBYIOLIETO paccTostHuio 1.1M (vacrora 330 '), u [TAM (cm. puc. 2).

(] Z00 Eislel SO0 SO0 Eislsle] A1Z00 1400 1500

Puc.2. Cmech nonesHoro curaana u [IAM B ciydae IepeKphITHS WX CIIEKTPOB.
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Ha BeIXO/I€ yeTpolicTBa KOMIICHCAIINY TIOyJaeTCs CUTHAN, IPUBEACHHBIN Ha puc.3.

(8] Z0oo =00 500 =00 1000 1zZ00 1400 1600

Puc.3. Curnan Ha BBIXOJIE YCTPOHCTBA KOMIICHCAITHH.

Hcnonb3oBaHue MeTOJ0B MHOIOCKOPOCTHOWH  (MAbTpPalluM  y3KONOJOCHBIX mpoueccoB. B
paccMaTpuBaeMOM BBIIIE MeTone KoMmmeHcaruu [IAM [uis BEIIENeHUs €e TapMOHHK HCIIONB3YIOTCS  (HIIBTPHI,
KO3 (DHUIIUEHT Y3KOMOJIOCHOCTH KOTOPBIX HACTOJIBKO BBICOK, YTO, COTIACHO [4], IJIsl BHIMOJHEHUS JAHHBIX YCIOBHH,
HeoOxomum KUX-dmietp xax muaumym 3000-ro nopsaka. ITockonbky Takux GWIBTPOB B CTpYKType 16, TO 1uIst
paboTHl yCTpOWCTBa B peajbHOM MacmTade BPEeMEHH INPOM3BOAMTEIBHOCTH Ipolieccopa JOJDKHAa COCTaBUTH 1,92
MJIpA. OTEpaIii YMHOKXCHUSI—HAKOIUICHUS. B CEKYHIy, B TO BpeMs KaK pealbHas MPOU3BOIUTEIBHOCTh, HAIIPUMED,
nporeccopa ADSP-2181 — 33 muH. onepanuii B cekyHay. OJHUM U3 CIIOCOOOB PENICHUS JAHHOW MPOOIEMBI SBISCTCS
HCIIONIb30BaHHE METOJJOB MHOTOCKOpPOCTHOW (mibTpanuu [4]. CornacHo TaHHOMY MOAXOAY, Y3KOIOJIOCHBIH (QUIIBTp
NIPEACTABISIET COOOH CTPYKTYPY, COCTOSIIYIO M3 (PUIBTPOB-IEIMMAaTOPOB, COOCTBEHHO (opMupyIomero GuibTpa nu
(GUIBTPOB-HHTEPHOIATOPOB. DUIBTPHI-AEIMMATOPHl MOHIKAIOT YaCcTOTY AUCKPETH3alMH BXOMHOTO IIpoIiecca, Kak
OBl “pacTArmBas’ CHEKTP Y3KOIOJOCHOTO BXOJHOTO TMpollecca Ha BeCh IHAMA30H, OMPEACNseMbIi YacTOTOM
muckpernzanud.  JIis  o0paboTKM IMMPOKOIIOJIOCHOTO CHTHAJIAa HYyXKeH (OpMHPYIOMUN (UIBTP 3HAYUTEIHHO
MEHBIIIETO NOopsaKa. 3aTeM (QUIBTPHI-HHTEPIIOIATOPH BOCCTAHABIMBAIOT CHTHAJN. B JaHHOH CTPYKType IPUMEHSIOTCS
TaK)Xe METOIBI KBAaJPaTYPHOU NEMOIYIISAIIIH/MOIYJISIIAN, COOTBETCTBEHHO TEPEHOCSIINE CUTHAI B 00JIaCTh HIKHUX
YacTOT M BO3BpAILAIONINE €ro B IIEPBOHAYAIBHYIO IOJIOCY 4acToT. B paccmarpuBaeMoMm ciydae Ko3(h¢HUIUEHT
MIPOPEKUBAHUS/MHTEPIIONANNN V TIPUHAT paBHBIM 400. CnemoBaTelbHO, HOBas YacToTa AMCKpeTu3anuu pasHa 100
I'n. Iopsanok Gopmupyromero GpuibTpa B TaHHOM Cilydae He TpeBblmaet 16. OqHako QUIbTp-AenuMarop U GUiIbTp-
HMHTEPIOIATOP B 3TOM CIIydae HACTOJIBKO Y3KOIIOJIOCHBIE, YTO WX IMOPSIKM HE HAMHOTO MEHbIIE ITePBOHAYAIEHOTO
nopsiaka Qopmupytomero ¢uabTpa. IloaToMy HpHMeHsleTCss MHOTOCTYNEHYaTas cxema (QWIbTpa-ienuMaropa u

dunbrpa-naTepnomnstopa [4], ¢ kospduuuentamu V,; =5,V, =5,V, =4V, =4 . Tlopsaku GuibTpoB Ha Kaxoii

cTtyneHd He mpeBbimaroT 20. Vcmonb3oBaHuWe NapayUIeNbHOW CTPYKTYPBI MOCTPOCHHS (DHIBTPOB-ACIIUMATOPOB
MO3BOJISICT CHU3UTH 3aTpaThl Ha WX peanu3anuio ¢ 1 MiH.om/c g0 202 Teic.om./c. BerauciurenbHbIe 3aTpaThl Ha
pea3aIyio 0JHOTO MOJIOCOBOTO (GuibTpa coctaBsaT 1.203 muH.om/c. [l peanu3anuu BCel CTPYKTYpHI OTpeOyeTes
MPOU3BOIUTENLHOCTh 20 MiTH.om/c. TakuM o00pa3oM, HCIOJIB30BaHHWE METOJIOB MHOTOCKOPOCTHOH (DHIBTpAITUH
Y3KOIOJIOCHBIX MPOIECCOB NPUBOAUT K CHIDKCHHIO BBIYMCIHMTENBHBIX 3aTpar npuMepHo B 100 pa3 mo cpaBHEHHIO ¢
METO/IaMH KJIaCCUYeCKOH (pribTpanuu, He yXyaias Ipyu STOM TOYHOCTH KOMITCHCAIHUH.

BoiBoawbl. [{udpoBoe ycrpoiictBo kommneHcanmuu [TAM, TOCTpOGHHOE Ha OCHOBE METOAOB aJalTHBHON M
MHOTOCKOPOCTHOI (uibTpaiyu, padoras B peaJbHOM MaciuiTade BpPEMEHH, MO3BOJSET MOBBICUTH COOTHOIICHHE
none3nslit curHan / [IAM na 60 nb. Ilpu 5ToM mHoOBBIIaeTcsi TOYHOCTH M3MepeHus: UM-paanoypoBHeMepa Kak Ha
OOJIBINNX, TAK U HA MAJIBIX PACCTOSHHUSX.

Cnmcok auTeparypsl:
1.ITectpsixoB B.B. ®a3oBble pagnorexuuueckue cucteMsl .-M.: CoBerckoe paauo,1968.
2.Yuapoy b., Ctupu3 C. AnantuBHas 00paboTka CHTHAJIOB: Tiep. ¢ aHriL. — M.:Pamgmo u cBs3p, 1989.
3.ApantuBnsie GpuasTpsl: [lep. ¢ arrn. / [lox pen. K.@.H. Koysna u I[1.M. I'parTa. — M.: Mup, 1988.
4.Butszes B.B. [ludposas yacToTHas cenekiusa curaaioB. — M.: Paano u cBs3b, 1993.

<




3-a MexxayHapogHasa KoHdepeHuns DSPA-2000

THE COMPENSATION OF LOW-FREQUENCY STRAY AMPLITUDE MODULATION IN FM
RADIOLOCATION LEVEL-METER
Bolonin V.A., Vityazev V.V., Gusinsky L.S., Ivanov S.V.

“Contact-1"
390010, Ryazan, Shabulina,18.
Tel. (0912) 53-17-36, Fax 21-42-18.

Referat — It is considered the compensation method of low-frequency stray amplitude modulation in FM level-meter. Appears the
possibility of use the adaptive signal processing and multirate filtration algorithms for decision of this problem.

Introduction and statement of the problem. The methods and algorithms of digital signal processing find
broad using in many areas of science and technology, including in radiolocation problems. In givenned report is
considered using the DSP algorithms in FM level-meter, there are exists the disturbing factors, which vastly reduce
accuracy of frequency estimation of beatings signal. One of the such factors is a presence in beatings signal stray low-
frequency component, caused by remaining unbalance of OHF-module elements. These component are additive, and
at adherence of linear law of change the frequency LFM-signal present itself amount of harmonicas, multiple
frequency to inflexions of this signal (usually 50 Hz) plus constant value. This phenomena is called low-frequency
stray amplitude modulation ( LFSAM). When spectrums of useful signal and LFSAM are far off in frequency area,
LFSAM can be filtered by usual filter with constant parameters. If spectrums of this signals are overlayed, it is
impossible to use this filter. Thus, it is necessary to increase the useful signal / LFSAM attitude, if known that
LFSAM presents itself as amount of harmonicas, multiple 50 Hz in band before 400 Hz plus constant forming and
useful signal is narrow-band and can be placed in frequency band from 300 Hz to 10kHz. The sampling rate - 40 kHz.

Using the adaptive signal processing and multirate processing methods for LFSAM compensation. One
of the the ways of decision of supplieded problem is use the adaptive compensator of disturbing signals [1]. The main
principle of functioning the givenned device serves that on entering the adaptive filter enters the standart signal
correlated with disturbing signal. This signal is filtered and subtracted from mixture of useful and disturbing signals.
As a result, initial disturbing signal is suppressed or is vastly weakenned. For decision brought above problems is
expected that training signal for adaptive filter must serve directly to LESAM. So adjusting the adaptive filter on
LFSAM is possible only when spectrums of useful signal and LEFSAM are far off in frequency area. The standart
signal is formed on base of information about LFSAM that brought above. Thus, we know the frequencies of LFSAM
components, but we do not know their amplitudes and phases. Training signal is formed with the help of low-
frequency forming filter. After learning adaptive filter from signal with standart source forms the signal close to
training on criterion of minimum an average square of mistake. If spectrums of useful signal and LFSAM are far off in
the frequency band, as compensating signal more comfortable use training signal. If frequency of useful signal
approaches to range of frequencies to LFSAM, solving device works out the signal, prohibiting most further
adaptation, and simultaneously switching signal at the input subtracting devices with training on output signal of
adaptive filter. Adaptive filter itself in this time works as usual filter with constant parameters, adjusted on parameters
training signal. Modeling has shown that on greater distances a signal / LFSAM attitude forms 40dB, on small
distances 20dB under initial —20dB. For the further processing the signal of beating necessary a signal / LFSAM
attitude not less than 40dB so it is required the improvement compensating devices. So it is provided division of
harmonicas training signal and standart signal by set of bandpass filters and processing each of them separately by set
of adaptive filters. Modeling has shown the good results in weakening to LFSAM. The signal / LFSAM attitude in this
instance not below 40dB both on greater, and on small distances.

Use in structure of filters with high factor of narrowness brings about sharp increasing the computing
expenses on realization of device. These expenseses vastly exceed real capacity of processor. One of the the ways of
decision of givenned problem is use the methods of multirate signal processing [2]. According to givenned approach,
narrow-band filter presents itself structure, consisting of filters-decimators, strictly forming filter and filters-
interpolators. Decimation filters reduce the input sample rate. Thus, the spectrum of input signal is expanded on the
frequency band, defined by sample rate. For this broad-band signal needs filter vastly smaller order than for narrow-
band signal. Then, filters-interpolators restore the signal. In givenned structure are used also methods an quadrature
demodulation / modulation, accordingly carrying signal in area of lower frequencies and returning its in initial band of
frequencies. For reduction of filters-decimators and interpolators orders is used the multistage form of their building.
The computing expenses in this case fall from several milliards operation per second to several decades millions
operations per second.

Results. The digital device of LFSAM compensation, built on base of adaptive and multirate filtration
methods, working in real scale of time, allows to raise the useful signal / LFSAM attitude on 60 dB. Herewith
increases accuracy of FM level-meter measurement both on greater, and on small distances.
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