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Pedpepat - PaccmoTpeHbl Bonpochl uudpoBon peanusaumm YM ganbHOMepa C BECOBbIM
METOOOM  CIMaXMBaHWUA  OUCKPETHOM OWUBKM UM y4eTOM  HENMMHENHOCTU  MOAYNSALMOHHOM
xapaktepucTtukm CBY reHepaTtopa.

YacToTHbIn MeToa [1] 3akno4vaeTcda B M3MEPEHUM YacToTbl CuUrHama Ha BbIXoge cMecutens
NpuémHuka ganbHoMmepa (Has3blBAeMOro CUrHaroM PasHOCTHOWM YacTOTbl), MPOMNOPLMOHAIbHON M3MEPSIEMOW
JarnbHOCTUW, NMPX YaCcTOTHOW MOAYNALMM NepefaTynka n pacyéte paccTosaHMS Mo U3BecTHOM hopmyne.

Mpv 3TOM BO3HUKAET AMCKpeTHas owmnbka AR :
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roe: € - ckopocTb cBeta; AF = F .. — Fl,i, - AManasoH NepecTpoiiku YacToTbl nepeaatynka, a [, v

Fmin' COOTBETCTBEHHO, MaKcuMmalribHaa W MWHUMalnbHaa 4YacTtoTa WU3rydYeHusa. C YY4ETOM peanbHo

JOCTXKUMbIX 3HaveHnn AF  BenuuuMHa 9TOW OLWIMGKM MOXET OblTb [OCTAaTOMHO GOrMbLUON (OECATKM
caHTMMEeTpOB). [Mo3aToMy NS €€ yMeHbLUEHUS NCMOMb3YIOT Pas3fMyHble METOAbI CTITaXXUBaHMS.

B [2] npednoxeH MeTon BECOBOTO CrMaxuBaHusi owwnbku. WMavepsiemoe pacctosHue R
onpeensaeTcs Kak:
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roe a(t)- BecoBas yHKUWS; f; - MOMEHTbI Mepexofa CurHana pasHOCTHOW YacTOTbl Yepe3 HOMb (Hynw

curnana); [V - Konn4ecTBo Hyriel curHana pasHoCTHOM YacToThl Ha uHTepsane T, ;

T,,- WHTepBan
BecoBoun obpaboTtku (MBO) curHana pasHOCTHON YaCTOThI.

B [3,4] nokasaHO, 4YTO UCNONb30OBaHWE BECOBOr0 METOAA CrMaXWBaHWS YMeHbLUaeT OUCKPETHYHO
ownbky B 10-1000 pas npu [N > 6. KoHkpeTHOe 3HaueHVe BbIMMpbILLA 3aBUCUT OT BbIGPAHHON BECOBOV
dyHKUMN.

UucneHHoe MoAenupoBaHWe BECOBOro CriaXuBaHUs AWCKPETHOW OWMBKM Mnokasano, 4Yto npu
OTNUYMM MOAYNMpYoLer OyHKLMM OT 3aJaHHOM MOrpeLlHOCTb U3MEpPEeHNUs CyLLLeCTBEHHO Bo3pacTaeT. 370
BbI3BaHO W3MEHEHUEM TMOSIOXKEHNS HyrnewW CurHamna pa3HOCTHOW 4acTOTbl OTHOCUTENbHO ApYyr Apyra u
OTHOCUTENBHO MOMEHTOB Hadana u koHua NBO.

YMEHbLUNTL JaHHYI0 OLWMOKY MOXHO NYyTEM ydeTa HENMMHENHOCTU MOLYNSALMOHHON XapaKTepucTUKu
(MX) npn pacyeTe pacCTOsiHUA. YYET HENUHEWHOCTM 3aKrMyaeTCd B paBHOMEPHOW pacCTaHOBKE Hynewn
curHana pasHoCTHOM YactoTbl Ha MBO un koppekuumn camoro nHtepeana BecoBOW 00paboTKmM, OCHOBaHHOWM
Ha onpegeneHun HOBbIX MOJIOXKEHUW MOMEHTOB €ro Havana M KOHUa BHYTPYM COOTBETCTBYIOLLUX
paBHOMEPHbIX NEPUOAOB.

YuncrneHHoe MogenupoBaHMe YKas3aHHOW npouedypbl MokasbiBaeT, YTO TakMM 0Opa3oM MOXKHO
CHU3UTb BNUSIHME W3MEHEHUA HenuHerHoctn MX reHepatopa CBY npu Bo3genctBumM  pasnimyHbIX
Jectabunuanpyromx akTopos A0 NPUeMIEMbIX 3HAYEHUIA.

Peanuzauma onucaHHoM npouenypbl Npov3soamnack o pekomeHaaunsam, copMynmMpoBaHHbIM B
[3], c nomoLLblo cXeMbl, NOKa3aHHOW Ha puc 1.
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Cxema coOOepXuT aHamnoroBble y3nbl, opMUpylOLME U3Ny4yaeMmbll curHan (reHepaTop
nunoobpasHoro Hanpsbkennss (IMH), mopgynatop (M), npuémo-nepepatowmn mogynb (MMM CBY),
HanpaeneHHbin oTBeTBUTENDb (HO) M nepepatowlyto aHTEHHY), hopmMupylolme 4acToTHble MeTku (PYM)
Hayana u okoH4yaHua MBO curHana pas3HOCTHOM 4acToTbl, a TaKke Yy3nbl, obecneuymBarolme npueEmM,
npenBapuTenbHyl0 aHanoroBylo obpaboTky M Bbligayy Hynew curHana (MPUEMHYK0 aHTEHHy, ycunuTenb C
aBTOMaTMyecKkon perynupoBkon ycunenus (APY), cnegawmn dunetp (CP) M ycunuTtenb-orpaHuunTEnNb
(YO). Mukponpoueccop (MK) ocywectensaet uudposyto 06paboTky u Bbigady pesynbtata U3MEPEHUs Ha
MoAynb ynpasneHns u nankauumn (MY W) n 6nok nHrepdeinca RS-485.

Pabota npubopa pasbuta Ha ABa atana. Ha nepBom, COOTBETCTBYHOLLEM MOMOBUHE Mepuoaa
MOZynALMK, NPOU3BOAUTCH U3MEPEHME MOMEHTOB BpeMeHW, HeobxoaumbiX And pacyéTa pacCTOsHUS C
y4yétom HenuHenHoctTn MX. C aton uenbto B namsatbs MK 3anucbiBaloTCd 3HaA4YeHUS MOMEHTOB Mpuxona
HyMnen curHana pasHOCTHOM 4acToThbl, @ Takke 3HadeHMs MOMEHTOB Hadana u koHua MBO aToro curhana,
KOTOpble COOTBETCTBYIOT MOMEHTaM COBMaAeHWUs1 YacTOTbl U3ITy4eHUs] C OAHOW M3 ABYX 3TarOHHbIX YacToT,
3agaBaeMbiX C MOMOLLBI ANIMNEKTPUYECKNX PE3OHATOPOB UNN CTabWbHbIX FEeHEPaTOPOB, PACMONIOXEHHbIX B
®YM. C aton uenblo B Hayane nonyrnepuoga Moaynsiuum NPOUCXOAMT 3anyck LecTHaguaTupaspsigHoOro
BHyTpeHHero cyetdnka MK, a B KOHUe - ero octaHoB. B MOMeHTblI npuxoga Hynen curHana pasHOCTHOW
4YacTOTbl TEHepupyeTCs MpepbiBaHME U BbI3blBAETCA COOTBETCTBYHOLIAA nognporpamma obpaboTku, B
KOTOPOWN NPOUCXOAMUT COXPAHEHME 3HAYEHUS CYETUYMKA B suenke namaTn. Takum xe obpasom, HO Mo Apyromy
npepbIBaHWIO, COXPaHAITCS 3HaYEHNs MOMEHTOB BPEMEHU, COOTBETCTBYIOLLMX Hayany n okoH4aHuo MBO.

lMocne uamepeHnss HauMHaeTcs aTan pacyeTa pacctosiHusa. OH MOXeT npojorkaTtbCs B TevyeHue
HeCcKomnbknx nepuoaoB moaynsuun. NpeaBapuTenbHO HaxXOAATCS ABa KpaWHWX Hynsi curHana, OauvH u3
KOTOpPbIX HEMOCPEACTBEHHO MpefllecTByeT MOMeHTy Hauyana VBO, a pgpyron HaxoguTcs cpasy nocne
OKOHYaHWsi 3TOro WuHTepBana. 3atem onpegensietca obuwee uyucno Hynew, nonaswux B WBO, un
Npou3BOANTCS pacyeT CpedHero nepwoga cwurHamna pasHoCTHOW YacToTbl. C  nomowbi  opmyn
WHTEpPNonsaunM onpegenseTcs OTHOCUTENbHOE MOSIoXKeHMe MOMEHTOB Hayana u koHua WMBO BHyTpm
COOTBETCTBYIOLLMX MOSYyNepuodoB CurHamna pasHOCTHOW 4acToTbl. [lpy pacyéTe MOXHO MCMONb3oBaTb
NVHEVHYI0 UHTEPMONSAUMIO, HO MOAENMPOBaHME MOKa3blBaeT, YTO Mydllne pesynbTaTbl JaeT KBagpaTudHas.
[anee, ¢ ncnonb3oBaHMeM Ha4varbHOr0 OTHOCUTENBLHOrO NOSOXEHUs1 Hynen BHyTpu MBO ¢ warom, paBHbIM
paccyMTaHHOMY CpefHeMy nepuoay, paccTaBnslOTCA HOBblE MOMEHTbI NMPMXOAa HYMen curHamna pasHoCTHOM
4YacToTbl U N0 popmyne (2) NPoM3BOAUTCH BECOBOE CYMMMNPOBaHME.

[na yckopeHust BblYUCINEHUA 3apaHee pacCyYMTaHHble OTYETbl BECOBOW (DYHKUMM B OBYXGaANTHOM
dopmate xpaHaTca B namsatu MK. KonmyecTBo Takux OTYETOB onpedensieTcsl 3afaHHOM MOrpeLlHOCTbio
namepeHus. Agpec WCNONb3yeMoro B [aHHbIM  MOMEHT OTcYéTa onpefenseTcs OTHOCUTEMbHbLIM
NMornoXeHWem HOBOro MoMmeHTa npuxoga Hyna B WMBO. [locne HakonneHuwss 3Ha4YeHUMN OTCYETOB,
COOTBETCTBYIOLLMX BCEM HYMNSM CUrHama pa3HOCTHOW 4YacToTbl, No dopmyne (1) npousBogutcs nepecyet
MOMYYEHHOro 3HauYeHWs B paccTosHue. Tak Kak Bxodsuwiee B (1) 3HavyeHne AF  HeusBecTHO, TO npwu
HacTponke npubopa npou3BOOUTCS ero kKanubpoBka, Korga Mno ABYM 3apaHee 3afdaHHbIM 3Ha4YeHVsM
paccTosHUA OnpedensoTcs ABa MOCTOSHHbIX KO3MUUMEHTE, YUMTLIBAOWMNX peanbHoe 3HadeHne AF 1
MOMNoXeHWe Hyns LWKanbl AanbHOCTU.

C wvcnonb3oBaHMeM [aHHOro anroputma Obin co3gaH makeT UM panbHoOmMepa C BECOBbIM
CrMaXXuBaHMEM [OWCKPETHOW OLMOKM, Ha KOTOPOM MOJIyYEeHHas 3KCNepuMMEHTanbHbIM MyTeM OCHOBHas
MOrpeLLHOCTb N3MepPeHNs cocTaBnna 5 MmnnnmeTpos.
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Abstract — We consider the issues of the digital implementation of an FM level gauge with a
weight method of smoothing of a discrete error and accounting for the nonlinearity of a drive
characteristic of an UHF generator.

We consider an implementation of the digital processing of the measurements of an FM level gauge
with weight smoothing of a discrete error on the basis of the circuit containing the blocks of analogue
creation of a probing signal, of preliminary analogue processing of the received signal and of the digital
calculation of distance taking into account the nonlinearity of a drive characteristic of an UHF generator. The
weight processing of a difference frequency signal allows the reduction of the discrete error 10 - 1000 fold,
depending on the kind of the weight function,. However the improvement is sharply reduced in case of
nonlinear drive characteristic.

It is possible to reduce the negative influence of nonlinearity of a drive characteristic on the results of
measurement by computation. The accounting for nonlinearity consists in uniform arranging of a difference
frequency signal’s zeros in software and correcting the duration of an interval of weight processing (IWP),
based on definition of a relative position of the moments of its beginning and the end within the appropriate
periods of a difference frequency signal with the help of the interpolation formulas.

The operation of the instrument consists of two stages. During the first half of modulation period the
measurement of instants necessary for calculation of distance in view of nonlinearity is performed. The times
of arrival of zeros of a difference frequency signal and the moments of coincidence of frequency of a radiated
signal with any one of the two reference frequencies are written into the RAM. The determination of these
moments is performed with the help of the internal counter of the microprocessor on interrupts triggered by
the zeros of a signal and the frequency markers. On these interrupts the contents of the counter are saved in
RAM.

At the second stage, lasting for the several modulation periods, we find the two nearest
zeros outside the IWP, determine the total number of the zeros within this interval and calculate the average
value of period of a difference frequency signal. Then we determine the relative position of the beginning and
the end of IWP within the appropriate half cycles of a difference frequency signal. At this point we employ the
interpolation formulas. Next, taking into account the relative position of zeros inside the IWP, the computed
times of arrival of zeros are fixed and the weight accumulation is performed. The value thus obtained is used
to calculate the distance.




