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PecdhepaTt. B ctaTtbe paccMOTpeH MeToq KoMMneHcauum agauTMBHOWM MOMEXM C KpaTHbIMU
rapMoHVKamMu, B OCHOBE KOTOPOro MeXuT crnoco® aganTMBHOMO MOAENUPOBaHUSA UCTOYHWMKA
nomexu. [lpeactaBneHa  CTpykTypa  YCTPOWCTBA C  UCMOMb30OBaHWEM  NpuHLMNAa
MHOrOCKOPOCTHON 06paboTKM CUrHANMOB.

BBeoeHMe M nocrtaHoBKa 3agaudun. PaccmaTtpuBaeTrcs cnefywoolwlas 3ajada: Heobxoaumo Ha
OCHOBE [JaHHbIX, MOJTydEeHHbIX Ha KOPOTKOM WHTepBane HabnogeHusi, cdopmMupoBaTb OOCTOBEPHOE
npeactaesneHne o6 namepsiemoM napametpe. OAHMM M3 M3BECTHbIX MOAKIACCOB 3TOW 3adayun sBrsieTcs
n3mepeHve napameTpa (YpoBHS, 4ANbHOCTU) NO 4acTOTE rapMOHMYECKOro CurHana. Takon noaxod NexuT
B OCHOBE OpraHu3auuu paguoganbHoMepa c 4acToTHoun Mmoaynsaumen (UM). MpuHumn ero pabotbl [1]
OCHOBaH Ha NpUMeHeHW HenpepbIBHOro 3oHaupytollero YM-curHana, yactota KOTOPOro U3MeEHSIeTC Mo
CUMMETPUYHOMY NNoobpasHOMy 3akoHY. [1pu OTpaXeHUn OT NOBEPXHOCTU, HAXOOSALLENCS HAa PacCTOSHUU
R, B yCTpOMCTBO BO3BpallaeTcs CurHan, 3agepXaHHbll Ha Bpems tg. 3agepkka OTpaKeHHOro curHana
NpuBOAUT K MPONOPLUMOHANbHOMY CMELLEHUIO BO BPEMEHU €ro MrHOBEHHOW 4acToTbl. 1o 3HayeHuto
pa3HOCTHOW YacTOThl (4acTOTbl BUEHUIN) MOXHO CyaNTb O AANbHOCTM A0 06ry4aemMon NOBEPXHOCTH.

Ha npakTtuke pelueHne 3agayvm OLEHKM YacToTbl OMEHUIA ¢ TpebyeMOon TOYHOCTbIO CTarkMBaeTCsl C
psgom npobriem. OgHon M3 TakMx npobrieM SABMsEeTCs HanuuMe B pa3HOCTHOM CUrHare KpoMe MOores3Hown
COCTaBMAOLWEN aganTMBHBIX nomex. Cpean Takmx NoMex, AEWCTBYIOLLIMX B U3MEPUTENbHOM YCTPOWCTBE,
Hanbonee MOLIHOM $SBMNSETCS agouTMBHaAs MNoMexa C  KpaTHbIMW  rapMoHMKamu, OOycrnoBrieHHas
HengeanbHon pas3Bsaskon CBY TpakToB npuemMHOM W nepegarlen vactern ycTponctea. AHanus
NPaKTUYECKNX AaHHbIX NO3BONUIT COPMYIMPOBATL CrieaytoLmne 0COOEHHOCTM TakoM NOMEXMU:

1. YacToTbl COCTaBNAKLWMX  MYNbTUFAPMOHUYECKOW MOMEXM KpaTHbl  4acToTe  MOBTOPEHMUS!
nrMnoobpasHoro 3akoHa moaynauMmn soHaupytowero YUM-curtana F;

2. OcHoBHas MOLLHOCTb MOMEXW cocpefoTodeHa B 06nacT HASKUX YacToT;

3. MOLLIHOCTb NMOMEeXU B HEKOTOPbIX CIyYasiX MOXXET NpeBbillaTh MOLHOCTb None3Horo curHana Ha 2045;

4 Bo3amoxHa cuTyauus, Korga CnekTp MOMe3HOro curHana M CnekTp MyNbTUrapMOHWMYECKOW MOMEXM
nepeKpbIBaloTCS.

B HacTosiwen paboTe paccmatpuBaeTcsi LnpoBon MeTon 00paboTkm curHana, no3BorisiioLLMiA OC-
nabutb MOLUHOCTb MOMEXM [0 YPOBHsi, AOCTAaTOMHOrO A1 OLEHKM YacTOoTbl MOSIE3HOrO curHana ¢
TpebyeMor TOYHOCTbIO.

PeweHune 3apauun. lNpepnaraembli MeToq 3akmoyvaeTcd B (POPMUPOBAHUM MOAENN MUCTOYHMKA
NMOMEXU U MCMONb30BaHWUM BbIXOAHOrO CUrHana 3Ton MoAenu Ang KoMneHcauun NoOMexm B U3MepseMoMm
curHane. [ins dpopmmpoBaHumM Mogeny UCTOYHMKA NOMEXU UCNONb3YeTCs afanTUBHbIN LMAPOBON PUNbTP.

Mpeacrasum nomexy P[nT] kak BbIXOAHOW CUrHam HEKOTOPOW HEeU3BEeCTHOW cuctemMbl W, BXOAHbIM
CUTHarnoM KOTOPOW CIY>XUT U3BECTHbIN 3TanoHHbIN curHan X[nT] (puc.1). 31oT Xe curHan (x[nT]) noctynaet
Ha Bxog aganTtuBHoro cunbtpa (A®P). lNMocne 3aBeplleHMs NpoLecca HAaCTPOMKU BbIXOAHOW curHan A®
y[nT] cTaHoBMTCA GnM3kMM (B cCpepHekBagpaTU4eckoM cmbicne) k curHany P[nT]. B atom cnyvae AP
sBnsieTca mogenoto cuctembl W [2].

CornacHo noctaHOBKe 3afa4v OCHOBHasi MOLLHOCTb MOMEXM COCpegoTodeHa Ha HM3KMX YacToTax,
noaTomy Ans nonydenuns obyvatowiero curHana dnT] gna A® moxeT 6biTb MCNOMBb30BaH HNU3KOYACTOTHbIN
Gunbtp (HYD), ocywiecTrswowmMiA BblaeneHme nepBbix M rapmMoHVK MOMeEXu B U3MepsieMoM curHane. B
3TOM cryyae nonesHbl curHan gormkeH ObiTb 3a nNpegenamMy uanasoHa 4acToT nomexu (usmepsiemas
0anbHOCTb A0MMKHA 6bITb JOCTATOYHO BenuKa).

Ms3BecTHO, uTOo Ana obecneyeHnss adpekTuBHOM paboTbl afanTMBHOMO UNbTPa ITaNOHHbLIN
curHan X[nT] pomkeH ObiITb koppenupoBaH € nomexou P[nT]. B pgaHHOM crniyyae Takow curHan
npeanaraetca  copmupoBaTb M3  CUMMETPUYHOrNO  MMMAOOGPA3HOro  MOAYNMPYIOWEro  curHana
nepegatoLlero yctponcrasa. AHanm3 nokasan, 4YTo B CMEKTpe 3TOro curHana, Takke Kak U B CnekTpe noMexmu
P[nT], cogepxaTtcsi cocTaBnsoWmne ¢ yactoTamu, KpaTHbIMu vactote F,, . Kpome Toro, 4to o4eHb BaXHO,
coBnagatoT dasbl 3TMX curHanoB. CnegyeT OTMETUTb, YTO NPOLIECC adanTaumMm He MOXET OCYLLEeCTBNATLCH
B TeYeHMe BCEero BpeMeHW (PYHKUMOHMPOBaHWS YCTPOWCTBA, T.K. MNP M3MEPEHUN MasnbixX OarnbHOCTEN
CMEeKTpbl MOME3HOro CuUrHana W MnoMexu nepekpbiBaTcs. [lpy nNpubnwkeHMn nonesHoro curHana K
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AvanasoHy 4acToT MOMeXW MpoLecC ajanTauuu MNpUoCTaHaBMMBAETCs U BbIXOAHOM CUrHam ¢ MOAENM
MOMEXM BblYMTAETCH U3 U3MEPSIEMOTrO CUrHana (pPexvm KoMneHcauum).

MpuHLMN paboTel anroputma cnegyowmi (puc.1):

1. TllpomnsBoaMTCA MOAENMPOBaHME WCTOYHMKA curHama (Npy  yCroBUW, YTO MONE3HbIW CUrHan
HaxoAMTCs Ha CpeaHMX UMK BbICOKMX YacToTax):
. Mpn nomowm HYD Bbigensaetcs obyyatowmn curHan dinT];
. OcywecTBnsietcs HacTponka A® Ha curHan d[nT];
. BbixogHon curHan HY® d[nT], ¢ yd4eTom 3apepxkun, 0OYyCrnoBreHHon dunbTpaumen,
BblYMTAETCH U3 BXOOQHOIO curHana ycrponcrtea nogaenenus U[nT];
2. Ecnu yactota nonesHoro curHana Fs npubnwkaeTtca K guana3oHy 4actoT curHana d[nT], To
BLIMOSHSATCA criegyolmne AencTBus:
» [lpouecc obyueHuns 3aBepLuaeTcs, napameTpbl AD 3anoMUHaTCS;
* W3 curHana U[nT] BbluuTaetcs He curHan d[nT], a curHan y[nT] (BbIXOAHOW CurHan
chOpMMPOBAHHON MOAENN UCTOYHMKA MOMEXN).

NMpuMeHeHMe MeToAa MHOFOCKOPOCTHOM unbTpauum AnNA yMeHblUeHUst 3aTpaT Ha
peanusaumio anroputMa. OCHOBHblE BbIYUCIIUTENbHbLIE 3aTpaTbl M 3aTpaTbl MaMSATU OaHHbIX AN
peanusaumu CTPYKTYypbl YCTPONCTBA NOAABMNEHUS aaaUTUBHON MYNbTUrapMOHUYECKON MOMEXn NpuxoaaTcs
Ha peanu3aumo HY4® n anroputma agantaumn.

BbluucnutensHble 3atpatel (V1) ¥ 3atpatbl namatM AaHHbiX (S) gns  peanu3auyun HYO
onpeensaTcs no popmynam:

V, = NF; (1)
S=N 2,

rae N — nopsgok ounbTtpa, Fs — yactota guckpeTtusaumn.
3HauyeHne nopsgka HY® onpegensieTca  ucxogs M3 3adaHHbIX  NapamMeTpoB  4acTOTHOW
n3buparenbHocTy [4]:

N =apBL(,.¢,) 3,

cl

2
roe a = - KoapduumeHT npamoyronbHocT AUX, B =—— - koapdULMUEHT Y3KONOMNOCHOCTM
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c2 cl cl

2
AYX, L(€,,€,)=——log(l0&,&,) - nokaszaTenb 4YacTOTHOW M3bMpaTENLHOCTH, (), , (), - YAaCTOThl Cpesa
3

Mnonockl NPOMyCKaHWst N 30HbI HEMPO3payHocTh, €,,&, - AoNyCTUMble HepaBHoMepHocTM AYX dunbTpa B
rnorioce NponyckaHusi U 3o0He Henpo3apadHocTu, W = 27¢7T , T — nep1oa AMCKPeTU3aLMm.

M3 (3) cneagyeT, 4TO 3HayeHve nopsigka uUbTpa HanNpsMyl 3aBUMCUT OT MoKasaTtens
y3KononocHoctTn. CoKpalleHue BbIMUCIIUTENbHBLIX 3aTpaT MOXeT OblTb [AOCTUTHYTO YMEHbLUEHUEM
3aBMCMMOCTU Mopsaka dunbTpa OT 3Toro nokasatens. OgHMM M3 Haubonee ahPEKTMBHBLIX MOAXOA0B K
peLleHnio 3Tor NpobneMbl SIBNSETCA MCMONb30BaHMe MEeTOAOB BTOPWMYHOWM AWCKpeTM3auuu (geuvmauumn)
npu obpaboTke curHana. KoadpuumneHT npopexnsaHua v onpeaensietca no dopmyne [4]:

V< i (4).
2a +1

Cnepncteuem geunmaummn (MpopexmBaHust) ABNSETCA NOHWKEHUE YacToThl AMCKPETM3aUmMmM B V pas.
Mpu aToM Nopsaok dopmupytoLero gunbtpa (OP) Takke ymeHbluaetcs B V pas:

_OBL(e,.¢,)
= ———————— (5).

Vv

Kpome Toro, onepauus ounbTpaumm BbINONHAETCS pexe B vV pas. Nocne obpaboTkm curHana Ha
MOHWXKEHHOW YacToTe (PUNbTP-MHTEPNONSATOP BOCCTAHABMNMBAET YacTOTy Ce4OBaHUSA OTCHETOB CUrHana.

[na ymeHblUeHUs 3aTpaT, CBSA3aHHbIX C peanu3auuen dunbtpa-geuumatopa (®) n dunbtpa-
nHtepnonaTopa (PU), MoxeT NpuMeHsieTbCA MHOrocTyneH4aTas oopmMa ux nocTpoenus [4].

3HauMTENbHbIN BBIUIPbIL B BbIYUCIIMTENBHOW CMOXHOCTU U 3aTpaTax NnamMsiTy OaHHbIX 4OCTUraeTcs
npy MCMONb30BaHNM METOOO0B MHOIMOCKOPOCTHOW 06paboTkM CUrHamoB Mpu peanusaumu  CTPYKTYpbl
agantuBHoro dunbtpa. Nopagok aganTmBHOro dunbTpa onpefensdeTcs paspelleHnem no 4vactore OF,
JocTaTouHbIM Ans 9dheKkTUBHOro BOCNpou3BeaeHus obyyarollero curHana:

N
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FS
e (6).
OoF

M3 npamon 3aBMCUMOCTM Nopsiika afanTUBHOrO ounbTpa OT 3HAYEHWS 4YacTOoTbl AUCKPETMU3aL MU
crnegyeT, YTO MOHWKEHWe 4acToTbl OAMCKPETU3auMu B V pa3 NpvMBEeAET K YMEHbLUEHUI0 B V pa3 nopsiaka
agantmeHoro ¢unbTpa. Kpome TOro, B 9TOoM Cnydae uTepaumm aganTUBHOIMO anropytma Takke 6yayT
BbINOMHATLCA B V pas pexe.

Ecnn B KayecTBe aganTuMBHOro anroputma wucnonbdyetca metogq MHK [2], TO Bbwmrpbiw B
BbIYMCIIUTENbHBIX 3aTpaTax COCTABUT YMCIIO, MPOMOPLMOHarbHOe V2. BbIMIpbill ApU WUCMOMb30BaHUM
meTtoga PHK [3] 6yneT npeactaBnatb cobOM YMCIO, NPONOPLMOHanbHoe V>, Bbinrpbllw B 3aTpatax namstm
OaHHbIX MNpU  UCMONb30BaHWMM MEPBOr0  MeToda COCTaBWUT 4MCMO, MponopunoHansHoe V , npu
NCMONb30BaHUM BTOPOrO METOAA — YNCIIO, MPONOpLMOHanbHoe V ° .

C yyeTOoM BCEro W3MOXEHHONO CTPYKTYpHasi CxeMa YCTPOWCTBA, peanuaylowero MeToa

nofdaBrneHns HM3KO4YacTOTHOW MOMEXM C KPaTHbIMW rapMOHUKaMu, NMPUHUMAaET BWA, NPeACTaBMEHHbIN Ha
puc.1.

N, O

MopgenupoBaHue paboTbl YCTPOMCTBA MOKasano, 4YTO OnucCaHHbll MeToa obecneuvBaet
adheKTMBHOE NOAaBEHNE NMOMEXN pacCMaTpMBaeMOro Buaa NpakTU4eckn Ha BcemM paboyvem guanasoHe
4YacTOT MOSIE3HOro CUrHamna ¢ BbICOKOM TOYHOCThLIO. B obLiem cnyvae Ha BbixOAe YCTPOMCTBA MOXeT BbiTb
OOCTUTHYTO COOTHOLLIEHWE MOLLHOCTEN NonesHoro curHana n nomexu ao 40 ab.
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THE ADAPTIVE METHOD OF CANCELLATION OF ADDITIVE INTERFERENCES IN DIGITAL
SYSTEMS OF RADIO-MEASUREMENT
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Abstract. The method of cancellation of additive interference with multiple harmonicas is
considered in this article. This method is based on the way of adaptive modeling of interference
source. The structure of device, using multirate signal processing methods is also presented in the
article.

Intoduction and statement of the problem. It is considered the problem: necessary to form the
realistically notion about measured parameter on the base of short data array. One of the known
subclasses of this problem is a measurement of this parameter (level, distance) on the frequency of
harmonic signal. The organization of radar level-meter with frequency modulation (FM) based on the such
approach. The principle of its work is founded on using FM-signal, which frequency changes on a
symmetric sawtooth law. At reflection from surface placed on the distance R, signal delayed on the time tg
returns to device. The delay of reflected signal brings about the proportional offset in the time of its instant
frequency. On the value of beatings frequency we can know about the distance to the investigated surface.
Practically, decision of problem of estimation of frequency of beating with requireded accuracy faces with
the problems. One of the such problems is the additive interferences presence in beatings signal. The most
powerful interference is additive interference with multiple harmonicas caused by nonideal uncoupling of
UHF tracts of receiving and sending parts of device. Given interference has following particularlies:

1. The frequencies of its components is proportional to repetition frequency of sawtooth law of
inflexion FM-signal Fm;

2. The main power of interference is concentrated in the field of low frequencies;

3. The power of interference can exceed the power of useful signal on 20dB;

4. It is possible the situation, when spectrum of useful signal and spectrum of interference is
overlayed.

Solution for the problem. Proposed method is concluded on the forming of the model of
interference source. The output signal of this model is used for compensation of interference in the
beatings signal. For forming the model of interference source is used the adaptive digital filter. Present the
interference P[nT] as output signal of certain unknown system W. The input signal of this system is the
known standard signal x[nT]. This signal is also input signal for the adaptive filter (AF). After termination of
adjustment process, the AF output signal y[nT] becomes close to signal P[nT] on the criterium of least
mean squares. In this case AF is a model of system W [1]. Because the basic part of the interference
power is concentrated on low frequencies area, for the forming of the training signal d[nT] for the AF can be
used low-frequency filter. This filter misses the first M harmonicas of the interference in measured signal. In
this case useful signal must be outside the range of frequencies of interference (measured distance must
be enough great). For ensuring the efficient functioning the adaptive filter standard signal x[nT] must be
correlated with interference P[nT]. In this instance such signal can be formed from symmetric sawtooth
modulate signal of sending device. According to analysis, spectrum of this signal contains the components
with frequencies, multiple Fm, as well as spectrum of interference P[nT]. Besides, it is coordinated the
phases of these signals. The process of adaptation can be not realized for the whole time of device
functioning, because on the small distances the spectrums of useful signal and interference are overlayed.
If useful signal approached to area of interference frequencies, then the process of adaptation paused and
output signal of interference model subtracted from measured signal (the mode of compensation).

The principle of functioning the algorithm is following:

1. It is produced the modeling of signal source (provided that useful signal inheres on average or
radio frequency):

» With the help of LFF stands out training signal d[nT];

» AF realizes the adjustment on the signal d[nT];

« Output signal of LFF d[nT], with provision for delays, caused by filtration, is subtracted from input
signal of cancellation device (U[nT]);

2. If frequency of useful signal F6 approaches to area of frequencies of signal d[nT], that are executed
the following actions:

* Process of education is terminated, AF parameters are rememberred;

» From signal U[nT] is subtracted not signal d[nT], but signal y[nT] (output signal of formed model of
interference source).
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Using the multirate signal filtration method to reduce the expenseses on the realization of
algorithm. The main computing and memory expenses account for realization LFF and adaptation
algorithms. The value of LFF order depends on factor of filter narrowness. The reducing of computing
expenses can be reached by reduction of dependency of filter order from this factor. One of the most
efficient approaches to decision of this problem is use the methods of decimation when processing the
signal. The decimation effect is reduction of sampling frequency on the factor of v. The order of forming
filter is also rediced on the factor of v. The operation of filtration algorithm is executed less on the factor of
v. After the signal processing on the reduced sample rate, filtr-interpolator restore the initial sample rate.
For reduction of expenses caused by filter-decimator and filter-interpolator, can be used the multistage form
of their building [2].

The significant advantage in expenseses is reached under using the multirate signal processing
methods if realize the adaptive filter structure. Order of adaptive filter depends on the frequency permit oF,

F,
which enough for efficient reproducing training signal: N, Dﬁ . Then, reducing the sampling frequency

on the factor of v brings to reducing the AF order on the factor of v. Besides in this case iterations of the
adaptive algorithm will also be executed less on the factor of v.

If as adaptive algorhythm is used least mean squares method (LMS) [1], that advantage in
computing expenseses will form number proportional Ve, Advantage when use the recursive least mean
squares method (RLS) [1] will present itself humber, proportional Ve, Advantage in expenseses of data
memory given under use of first method will form number proportional v, under use of second method -
number proportional Ve,

Modeling of functioning the device has shown that given method provide the efficient interference
cancellation on all range of frequencies of useful signal with pinpoint accuracy. In the output of the device
can be reached correlation of powers of useful signal and interference before 40 dB.
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