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Pechepatr - PaccmoTpeHbl BOMPOCHI BAUSHUA MeLlaloWmMX OTPaKEHUA Ha MNOrpeLlHoCTb
usamepeHus paccroaHusas YM  pganbHomepom. [lpeanoxeH anropuTtM  TOYHOMO  BbIMMCIEHMUS
paccTosHUS.

B pasnu4yHbIX cucTemax ynpaBrneHusl TEXHONOTMYeCKMMU npoueccaMm 4acto Heobxoganmo
N3MepsATb PacCTOSHUSE C MOTPELUHOCTbI0 HECKOMbKMX MUNNIMMETPOB. Takue 3agadv MOryT pellaTtbesi, B
YaCTHOCTW, C MOMOLLbI PaAMOBOMHOBbLIX OANlbHOMEPOB C HEMNpepbiBHbIM 4aCTOTHO-MOAYNMPOBaHHbLIM
n3ny4yeHMeM un onpegereHneM [AanbHOCTM MO Pa3HOCTU YacTOT Mexay MW3MydaemMbiM U OTPaKEHHbIM
curHanamu. B oTcytcTBMM nomex MHorme cnocobbl 06paboTkuM curHama pasHOCTHOM 4acToTbl (CurHan
B1eHunin) No3BONAT AOCTATOYHO TOYHO U3MEPSTb YacToTy BUEHUIA 1, COOTBETCTBEHHO, AOCTATOYHO TOYHO
N3MepsaTb fanbHOCTb. Ons nonydeHus Heo6xoaMMOM TOYHOCTU U3MEPEHUIN 4YacTo WMCMOMb3yeTCs BbICOKO-
NMHENHBIN NUNooBpasHbIN 3aKOH M3MEHEHUs YacToTbl U obpaboTka curHana B cnekTpanbHow obnactu. B
3TOM cny4yae OTUNbTPOBAHHbLIN cUrHan ueHun Ha Bxoae cxemMbl 06paboTkn curHana MoxeT ObiTb 3anucaH
B BUAe
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aesnaunnm 4acToThl, T, - nepuog moaynauun, t3 - paccTtoaHune ao Msmepﬂemoﬁ NOBEPXHOCTW.
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Mamepenne yactoTbl GueHun curdana S(t) B UM panbHoMepax MOBbILLEHHON TOYHOCTM
4acTo OcCyllecTBNsAeTcsa B cnektpanbHon o6nact. C Uenbilo SKOHOMWM  BbIMMCAMTENbHbLIX 3aTpar
onpenenexne crnektpa curdana 6uenun S(t) sbluvcnsietcs B gBa atana. B Hauane BbIMUCMSETCS CMEKTP
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mowroctn G, (U,), (u,=2-90 N I=0,1,...3, N - uucrno otcuetos curHana S(t), skniovas

Hynesble, fobaBnaemMble AN nyyllen MHTeprnonaumu) ¢ noMmowsko anroputma blMd®. 3atem, ¢ nomoulsio
anroputma OMN® c warom AU , onpeaenseMbiM TOYHOCTHIO M3MEPEHWIA, BLIYUCIIAIOTCS CreKTparibHble

|
cocrasrsiowme G(o;),(w;=2- n-N—;l =I,...m; Ny —uvcro otcuetos curvana S(t), onpegensiemoe

1
sennunHon AU ). Vickomaa yacTtota GueHu onpeaennutcd, Hanpumep, 4acToTOW, Ha KOTOPOM Haxoautcs
makcumym crektpa G(w) .
Ha npaktuke Ha BXOA NPUEMHMKa MOCTYMAtT HECKOSIbKO OTPaXKEHHbIX CUrHaroB, KOTOpble MOryT
CYLLECTBEHHO YBENMYMBaTbL MOTPELIHOCTb U3MepeHus aanbHocTu. Curdan 6uennin F(t) Ha Bxoge cxembl
06paboTkM CUrHanoB B 3TOM Crnyvyae MOXHO NpeacTaBuTb B BUAE
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rme t,, v S, - 3agepkka W amnOMTyaa CurHana, OTPaXEHHOr0 OT M — [0 MeLLalLero

oTpaxartens. Hanuuve meliaroLmx OTpaXKeHU NPUBOAUT K UCKaXXEHMI0 hOpMbl CNeKTpa N CyLLeCTBEHHOMY
CHUXEHMIO TOYHOCTU U3MEPEHUS JaNbHOCTMU.

B ToM cnyyae, korda CnekTpbl NMOMNE3HOro M MELLAlLWero CUrHanoB He paspeluarTcs no
yactoTe (4TO XapakTepHO Ans MeLalwlWmx OTPaKEHWN, BbI3BaHHbIX HEOOHOPOAHOCTSIMM  @HTEHHO-
BONHOBOAHOro Tpakta YM — ganbHOMepa), CnekTp curHana OGueHun ocTtaeTcsi ogHomodanbHbiM. OueHKy
YacToTbl curHana GueHui npegnaraeTcs NPOBOAUTL C MOMOLLbIO CNEKTparibHbIX MOMEHTOB [1, 2, 3].

YacTtoTa curHana bueHun onpegennTest Kak

m
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roe  F(U,) - rasubin nenectok crnektpa G(®), npoHOPMMPOBaHHbLIA TakuM 06pasoM, 4TO
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Mpu nckaxenun dopmbl cnektpa G(®) wnavepenHas cpeaHessBelleHHast yactota U, 6ypet

CMelleHHon. [Insa KomneHcauuMm OWwnbkM HeoOXOAMMO BbIMMCIUTL BTOPOM W TPETUA  LieHTpasbHble
crnekTpanbHble MOMEHTbI

=0 - 0)" F(g), k=23 .

i=I

N ow

i

.

HopMMpOBaHHbIit k03dhULMEHT acummeTpun 8 = XapaKTepusyeT UCKaXKEHNs CrekTpa
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G(w).

BenuunHa koadpduuveHTa & 3aBUCUT, B OCHOBHOM, OT pa3HOCa YacTOT MONIE3HOro U
MeLlaloLLero CUrHanoB, B MEHbLUe CTEMeHU OT 4ucna MeLLaWmMX OTPaKEHUN U COOTHOLLUEHUSA UX
amnnuTyn. KpuBasi nonpaBok Au =1f(), xpanswasca B namatn YM ganbHoMepa, UCMOMNb3OBaHa ANS
KoppeKLunn namepeHusi YactoTbl GueHun. PedynbtaTel MogenvMpoBaHua Ha OBM nokasanu, 4yto npu pasHoce
4YacTOT OCHOBHOMO CUrHana v MellawWmx Ha BenuuuHy, He npeBocxopgswyto 50-60 My (npyn aesuwauum
yacTtoTbl 250 My 1 nepuoae moaynALMu 5-107° CeK), 4TO XapakTepHo Ans HEeOOHOPOAHOCTEN B @HTEHHO-

BONTHOBOJHOM TpaKTe, UCMoNb3oBaHMe KpuBol nonpaBok AU No3BONMUMO Pes3Ko YMEHbLUUTb MOrPeLHOCTb
N3MepeHun.
B Tom cnyuyae, korga Meluawolme OTpaXeHMst OOCTaTOMHO XOpOLUO paspeLuakTcs Mo

yacToTe Apyr OT Apyra u OT MOJIE3HOro CUrHana, NPMMEHSIETCA X KOMMEeHcaums BO BpeMeHHon obnactu. C
nomoubto anroputmoB BMN® n AN nuetca cnekTp MOLWHOCTM curHana bueHui.

Tak Kak MEeCTOMOSIOXKEHNE MeLlalWmMX oTpaXKaTenen W3BEeCTHO, TO AO0CTaTO4MHO OnpeaenuTb
aMmnnuTygy, YactoTy 1 pasdy Kaxaoro Mellawllero curHana. AMnnutyaa v yacTtota onpegensiercs no
cnekTpy MoLLHoCcTU. dasy MOXHO onpeaenuTbs N0 MUHUMYMY OYHKLMK

N
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roe Sk (t) - OTCYEeTbl KOMNeHCUpyLiero curHana, L - uucno otcuetos Ha OOHOM nepuoae curHana

S, (t). Monaras Mmewatowme oTpaaTenu TOYEYHLIMW, KOMMEHCALMS OCYLIECTBISIETCS CREayoLLMM
obpaszom

K
S ()=F(t;)- Y S.(t;)i=12.N.
k=1
Pacuetbl n mopgenvpoBaHme Ha 3BM nokasanu, 4TO nModaBuTb MeELLAKLWMe OTPaKeHUs
MOXHO Ha BenuunHy 10-40 ob B 3aBMCUMMOCTM OT TOYHOCTW OMpenesieHMss YacToThbl, dhasbl U aMmnanTyabl
CWrHamnoB, COOTBETCTBYIOLLMX MELIAKOLLUMM OTPAKEHNSIM.
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The abstract — We consider the influence of interfering reflections on the error of frequency-
modulated microwave distance meter and offer an algorithm of the exact distance calculation.

Industrial control systems frequently require the measurement of the distances with an error
not exceeding a few millimeters. An RF measuring unit that radiates continuously frequency-modulated wave
and determines the distance from a difference between the radiated and reflected frequencies can
accomplish that. Highly linear sawtooth-like modulation law and frequency-domain signal processing provide
for the necessary measurement accuracy.

In practice, several reflected signals arrive to the receiver, significantly increasing the measurement
error. The presence of interfering reflections distorts the spectrum and considerably reduces the accuracy. If
the useful signal and interfering signals are not frequency-resolved, the spectrum of the pulsations remains
monomodal. We offer to estimate the frequency with the help of spectral moments. If a spectrum is distorted,
the measured average weighted frequency will be displaced. To compensate the error, we offer to calculate
the second and the third central spectral moments, as well as the normalized asymmetry factor,
characterizing the distortions of a spectrum. The magnitude of the asymmetry factor depends mainly upon
the separation of frequencies of the useful and interfering signals, and to a lesser degree upon the number of
interfering reflections and the ratio of their amplitudes. The curve of the corrections of the measured
frequency is used for correcting the measurements of the frequency of pulsations. Computer simulations
have shown that the use of the corrections curve allowed the sharp reduction of the measurement error
when the separation of frequencies of the main signal and interfering signals did not exceed 50-60 Hz.

When the interfering frequencies were sufficiently well-separated from one another and from the
main signal we employed the time-domain compensation.

Since the location of the interfering reflectors is known, we need only to determine the amplitude,
frequency and the phase of every interfering signal. The computer modeling showed that it is possible to
suppress the interfering frequencies by 10-40 dB, depending on the precision of the recovery of the
frequency, phase and amplitude of the signals corresponding to the interfering reflections.




