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Pedepar — PaccmarpuBaercs cnocod ynanenusi (a3oBbIX CKauKOB M3 PasHOCTHOro curHaina YM-paguoypoBHemepa. [lokasbiBaercs
BO3MOKHOCTb MCIOJIb30BaHHsI METOAOB JIMHEHHOTO MPEACKa3aHUs Ul PEICHUsS 3TOH 3a1a4n.

BBenenue M moctaHoBka 3aaayd. OCHOBOMONIATAIOIIMM MNPHUHOMIOM paboTel UM-pammoypoBHeMepa
ABJIAETCSA OIICHKA 3HAUEHMs YPOBHS (NAJBPHOCTH) HAa OCHOBE HH(MOPMALMM, COIEp)KAIleHCs B T.H. Pa3sHOCTHOM
CUTHaJIe, WJIN CUTHAJle OueHui [1]. DTOT CHTHAN COMEP)KHUT KaK IOJIE3HYIO COCTABIIIONIYIO, TaK W P MEIIAIONTUX
cocraBisitomux. Ilode3Has cocTaBisiomas Ha BPEMEHHBIX OTpe3KaX, COOTBETCTBYIOIIMX MOJOBUHE Iepuoja
Monymsiun  JTUM-curHana, mpencraBisier co0O CHHYCOMAANbHBIN CHUTHAJ, HeCcymuil WHpOpMalnuio O 3HAYEHHH
YPOBHS (HaNBHOCTH) B CBOEH yacToTe. B 4mciioO Memaromux KOMIIOHEHT BXOIMT: 1) HHM3KOYAcTOTHAs TapasuTHAs
ammmatynHas moxpysinust (ITAM), 2) oTkimku oT Ipyrux (JIOKHBIX) Iieded, 3) IIyMOBbIE CHUTHaJbl HeOOJbLIOH
MOIIHOCTH. MeTton, mo3Boisronuii (akTHdecku ycrpaHuth BiausHue [TAM, pa3paboTaH Ha OCHOBE aJanTHBHOTO
KoMIleHcaTopa momex [2]. Jms pasgeneHHs OTKIMKOB BCEX NPHCYTCTBYIONIMX IIele€d W BBIIENCHUS MOJE3HOU
COCTaBIIAIOMIEH MOKHO HCIIOJIb30BaTh HA0Op MOJOCOBBIX (HIBTPOB, pPa3OMBAIOIINMX [AWANa30H YacToT,
COOTBETCTBYIOIIMH NHANa3oHy M3MEPEHHUsS ypOBHEMepa Ha HECKOJBKO YacTOTHBIX KaHanoB [3]. 3aTreM BbmIOMpaeTcs
KaHaJl, MOIIIHOCTh CHTHaJIa B KOTOPOM HanOOIbIIast, M OLIEHUBAETCS YaCTOTa 3TOTO CHI'HANA.

Pemennro 3amaun pasneneHus: 1elel MNpemnsTCTBYeT TO, YTO Pa3sHOCTHBIM CHUTHAJ HMMEET CYIIECTBEHHBIMN
HEJIOCTATOK: B HEM IPUCYTCTBYIOT CKaukd (ha3bl, COOTBETCTBYIOIIME MOMEHTaM IIEPEKIIOUCHUS MHI000pa3HOTO
MOJIYJIUPYIOIIETr0o CUTHaJIa ¢ MPSIMOTO Xo/1a Ha 00paTHBIA 1 Hao0opoT ( cM. puc.1).

T

] 100 150 200 25 =00 a0 <00

-

0O 0 o o

o m ok WM ON B D D

Puc.1. Curnan OueHHl ¢ MPUCYTCTBUEM B HEM CKadka (hasbl.

OTO NPUBOAWT K PACIIMPEHUIO M HECHMMETPHUYHOCTH CIIEKTpa CHTHAJa, YTO CHIDKACT TOYHOCTh OLICHKH
4acTOTHI 3TOro curHaiga. Ecim Takoil cHTHAN MOABEPTHYTH Y3KOIMO-TOCHOH (QHIBTpAlMH, TO B MOMEHTHI (Pa30BBIX
CKAa4YKOB BO3HHKHYT IPOBANbl AMIUIMTYABI CHTHaja ( B Xy[OIIEM Cilydae ITOYTH OO HYJIEeBOHl oTMeTKH ). Takum
00pa3oM, BO3HUKACT JOTIONHUTEIbHAS TTapa3uTHAS aMIUTUTYTHAsT MOIYJIALNS, TaKKe CHIIBHO BIUSIOMIAs HA TOYHOCTh
OILICHKM YaCTOTHI PA3HOCTHOTO cuTHana. CaMbIM TMPOCTHIM PEUICHHEM IaHHOW MpOOJIeMBI OBLTO OBl OICHUBATH
YacTOTy CHUTHajla Ha OTpe3Ke BPEMEHH, COOTBETCTBYIOLIEM IOJIOBHHE mepuofa moxyisiuuu JIUM-curnana.
HepnocTarok Takoro crmoco0a 3aKI09aeTcs B TOM, YTO Ha MaJbIX PACCTOSIHUSAX, COOTBETCTBYIOIINX HU3KHUM YaCTOTAM,
IIPU CPABHUTEIEHO HEOOIBIIOM YHCIIE TICPHUOOB CHI'HAJa Ha JAHHOM MHTEpBAJIC, TOUHOCTh OLICHKH YaCTOTHI CHIBHO
magaet. [IpobmemMy ckadkoB ()a3bl MOXKHO PEIINTH MPU TOMOIIM T.H. METOAa ‘‘CIIMBKK”, KOTJA IEPCKIIOYCHUC
MOAYJIHUPYIOLIEr0 CUTHAja MPOUCXOJUT B MOMEHT JIOCTHXKEHHsI Pa3HOCTHBIM CUTHajoM skctpemyma [4]. Ho nHa
TOYHOCTB JTOH OTEPAMi CHIIBHO BIUSET TO 0OCTOATEIBCTBO, YTO MOCTIE MPOXOKACHUS BXOAHBIX IeTIel pa3HOCTHBIN
CHUTHAJI IOJTy9aeT HEKOTOPBIN (a30BBIN CABUT.

Takum 00pa3oM, U TMOBBIIICHHAS TOYHOCTH W3MEPEHHs] YacTOTHI Pa3HOCTHOTO CHTHaja, HEOOXOIMMO C
ITOMOIIBIO IT(PPOBBIX METOIOB YCTPAHHUTH BIUSHHAE CKAUYKOB (pa3bl B 3TOM CHUTHAIE.

MeTton yaaneHHs CcKadkoB (a3bl M3 Pa3HOCTHOIO CHTHAJa Ha OCHOBe aJrOpUTMa JHHeiiHOro
npeackazanud. [IpennonoxuM, YTO H3MEHEHHE 4YacTOThl M3JIy4daeéMOTO CHTHajla Ha BPEMEHHOM OTpE3Ke,
COOTBETCTBYIOIEM IOJIOBUHE MEPHOAA MOAYIIALMH, SBISETCS CTPOrO JUHEHHBIM C alpHOPHO U3BECTHHIM 3HAUEHUEM
KPYTH3HBL. B 3TOM city4ae pa3HOCTHBIN CHTHAII 00J1a/laeT OCTOSIHCTBOM YacTOTHI, M U3 HETO MOXKHO BBIpE3aTh JIF000H
Y4YacTOK.
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Pewnts 3aga4y ynaneHus (pa3oBbIX CKAYKOB M3 PA3HOCTHOT'O CHUTHANIA MOXKET YCTPOHCTBO, OCHOBHO# 4acThiO
KOTOPOTO SBJISIETCS aAaNTUBHBINA MPeICcKa3bIBAIOINN GHUIBTP (CM. pHC.2).
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Puc.2. YerpoicTBO “CIIMBKHM” Pa3sHOCTHOTO CUTHajIa Ha OCHOBE (pHIIbTpa ¢ JIMHEHHBIM IPE/ICKa3aHNuEM.

Ha pucynke : A® —anantuBHbIi (uieTp, AA — amantuBHbBIN anroput™, CC —cxema cpaBHenus, PY —
pelaroniee yCTpoUCcTBO, X[n] — BXOMHOW CHUTHAN, y[n] — BBIXOJHOW CHTHAN aanTUBHOTO GuibTpa, e[n] — omudOka
MpeICKa3aHus, erop — MOPOrOBOE 3HAYCHUE OMIMOKH, S[n] — BBIXOAHOM CUTHAI YCTPOWCTRA.

[opsimok amanTuBHOTO QUIBTPa paBeH 2. B 3ToM ciydae mociie KpaTKOBPEMEHHOTO MEPEXOIHOTO Iporiecca
CHTHAJI Ha BBIXOJC aalTHBHOTO (rbTpa y[n] O1mM30K K mpenckaspiBaeMoMy curaaiy x[n] [2]. B MomeHT BpemeHn,
COOTBETCTBYIOIIMI CKauKy (ha3pl, TPOUCXOTUT paccoriiacoBaHue cuUTHaIOB X[n] u y[n]. 3HaueHue OIMMOKN
npejackazanus e[n] Bo3pacTaeT. DTO 3HaueHHe MocTymaeT Ha BXoxa cxeMbl cpaBHenus (CC), rae cpaBHHBAeTCS C
HEKOTOPBHIM TIOPOTOBBIM 3HAYCHHEM eTop. B ciydae mpeBBIICHHs 3TOTO 3HAYEHUS pemaromiee yctpoictBo (PY) maer
CHTHAJI Ha OCTAHOBKY IPEJCKA3aHMsI, W OJHOBPEMECHHO Ha 3allpelieHHe Iepefadd Ha BBIXOJ IAaHHOTO OTCUETa
BxOoJHOTO curHana. [locnennee 3HaueHue BhIxoqHOTO curHana A® (HazoBeM ero yl) coXxpaHsSeTcs U CpPaBHHBACTCS C
KQXIbIM BHOBb MNPHIICANIMM 3HAYEHHEM BXOJHOTO CHTHajda. Ecmu ommOKka MpEeBBIIACT MOPOrOBOC 3HAYCHUC —
oTCYeT OoTOpachIBacTCsA. Tak MPOJOIDKAeTCS IO TeX MOp, MOKa Pa3sHOCTh MEXAY yl M OYepeIHBIM TPHUIICIIIIM
OTCUYETOM BXOJHOI'O CUTHAja HE CTaHET MEHbIIE ernop. B 3ToM cilyuae pemiaromiee yCTpOUCTBO pa3pellaeT nepeaavy
JTAHHOT'O OTCYCTa HAa BBIXOJ U OJHOBPEMEHHO BHOBH pa3pelraeT MpeCKa3aHue BXOTHOTO cHrHaia. TakuMm oOpas3om,
Y3 MacCHBa BXOJHOTO CUTHANIA YIalIsIeTCs y4acTOK, coaepikammii ¢a3oBbiii ckauok. Ha puc.3 moka3aH CHTHANBHBIN
MacCHUB, TIOTYJArOIIHICS Ha BBIXOJIE YCTPOHCTBA “‘CIITMBKK, €CIT HA €r0 BXOJ[ TI0JaTh CUTHAJI, TIOKa3aHHbBIN Ha puc. 1.

PaboTa ycrpoiicTBa “cClIMBKH” B YCJOBHUSIX BJMSHHS IIYMOB. BEIIICONIICAHHOE YCTPOMCTBO YCIEITHO
paboTaeT B ciiydae, KOTJa BIUSHHE NTYMOB HE3HAUMTENbHO ( cOOTHOoNIeHWe curHan / myMm He meHee 60 nb). Ipu
0ojiee HU3KMX COOTHOIICHHSX HEOOXOJWMO YCOBEPIICHCTBOBAHHE METONa “‘CIMUBKK’. Bo-TepBBIX, HEOOXOIMMO
YMEHBIIUTh BIMSHUE IIYMOB Ha BXOAHOHM curHai. [[ns storo, mepen mojauedl Ha yCTPOWCTBO ‘‘CIIMBKH’, OH
MPOITyCKaeTcsl 4epe3 aJalTUBHOE YCTpOHcTBO moaaBiieHus momex [2]. OgHa U3 pa3HOBUAHOCTEHM YCTpoiicTBa
ITOJTABJICHUS ITOMEX M300pakeHa Ha puc.4.
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Puc.3. Curnan Ha BBIXOJIE YCTPOHCTBA “‘CITUBKA .
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Puc.4. AqanTuBHEIN IOTAaBUTEIL ITOMEX.

Ha pucynke: AD — amantuBHBIN GWIbTp, AA — aganTHBHEIA anroput™, d[n]+p[n] — mome3HsIi curHam +

myM, X[n] — BxomHo# curHan A®, y[n] — BeixomHo# curHan A®D, e[n] — ommbka amamTaim, AR 3a/1epiKKa,
obycnosiienHas AD.

BxomHo#t curHanm x[n] sBIsSeTCS KOPPEIUPOBAHHBIM C Toje3HbIM curHaioM d[n]. IIpum sToM Ha BBIXOAE
aIanTHBHOTO (MIbTpa B YCTAHOBUBIIEMCS pexuMme obOpasyercs curHan y[n], Omm3kuit k mosesHomy d[n] mo
KPUTEPHIO MHUHUMYMa CPCIHCKBAJPATHYCCKON OIMMOKK. B 3TOM curHaie BIMSHHE LOIYMOB M MOMEX 3HAYUTEIBHO
ocnalJieHO, U UMCHHO OH CHHMAeTCsS C BBIXOJa MOJAaBHTENsA MOMeX. B IaHHOM ciiydae B KayecTBe cUrHaia x[n]
HCTIONB3YETCS CUTHAJ C BBIXOJA MOWCKOBOI'O YCTPOWCTBA, MPEICTABISIONEro co0oi HabOp MOJIOCOBBIX (DHIIBTPOB,
pa30uBarONIEro JUAMa30H YacTOT IMOJIC3HOTO CHUTHAIA Ha KaHaibl [3], M pEIIaloniero yCTPOHCTBA, BHIOHPAIOIIETO
KaHaJ, MOIIHOCTh CHTHaJIa B KOTOpOM HambOonbimas. Ha BXom 3toro yctpoiictBa momaercs curHan d[n]+p[n].
[Momy4eHHBIN CUTHAN HE SBISETCS TOYHOW Komwmell curHana d[n], MOCKOJBEKY MMEIOT MECTO MPOBAIBI aMILTHTYIBI
CUTHaJla B MOMEHTHI ()a30BBIX CKAYKOB, O KOTOPBIX TOBOPIJIOCH BHIIIE. [109TOMY OH momaeTcss Ha BXOJA aZalTHBHOM
CUCTEMBI, IPUBOAIICH CUTHAT X[n] HA CBOEM BXOJe K CHTHAITY, Oim3koMy K d[n] Ha cBoeM BeIxone. MoenupoBaHue
M0Ka3aJio, 9YTO JAHHOE aJIaITHBHOE YCTPOHUCTBO 00eCTIeYnBaeT OCIa0IeHne IiryMa Ha cBoeM Bhixogie 10 20 —40 nb.

ITockoJIbKY TIONHOCTBIO YCTPAHWTH BIUSHWE IMyMOB HE YyAaeTCs, yCTPOHWCTBO ‘“‘crumBkm” ( puc.2 )
YCIIOXKHSETCs. BBoauTCsl 1Ba TTopora — HIDKHUH ernopl u BepxHUit ermop2. O61acTh 3HAYSHUI OMMOKHU TIpeaCcKa3aHs
paszaensiercs Ha 3 30HBI: 30HA JICHCTBUSA ITyMa — HUOKHsA 30HA ( e[n]< emopl ), 30Ha a30BBIX CKAYKOB — BEPXHSS 30HA
( e[n]> emop2 ), u 30Ha HeonpeaenaeHHocTH ( emopl<e[n]< emop2 ). Eciu 3HaueHWe OMMOKH MOMANACT B HIKHIOKO
30HY, OTCUETHl BXOJHOTO CHWTHAajJa IMEpelaroTcs Ha BBIXOA ycTpoiictBa. B »tm Momentsl A®D mpomonkaer
MpeICKa3bIBaTh 3HAYEHHUS BXOMHOTO CHTHama. [Ipy momaneHWH B BEPXHIOI 30HY IPOWCXOAWT BBIPE3aHHE M3
CUTHAJIFHOTO MacCHBAa YYacTKa CO CKaykoM (ha3bl MPU IOMOIIM METOJA, MPEICTaBICHHOTO Bhimie. Eciu 3HaYeHHE
OmMOKU TpeicKa3aHus TAKOBO, YTO W3 HIDKHEH 30HBI MPOMCXOINT TEPEMEIICHUE B 30HY HEONPEICICHHOCTH, TO Ha
BBIXOJI YCTPOWCTBA MEpeacTcs MPeICKa3aHHOe 3HAUCHUE y[n], a perieHue MpuHUMAaeTcs Ha clenyronleM miare. [lpu
HaMM4uK  (a30BOTO CKayka 3HAYCHHC OINMOKM TIEPEMECTUTCS B BEPXHIOID 30HY, MpPOIEcC TpeACKa3aHus
OCTaHABIMBAETCS, U MIPOUCXOIUT BBIPE3aHUE yUacTKa curHana x[n]. Eciu uMeeT MecTo CKkadoK OIMIMOKH, BRI3BAaHHBII
BIIMSIHUEM MIyMa, TO MPOM3OWIET BO3BpAIlleHHE B HIDKHIOIO 30HY, M B 3TOM CJIydae 3HA4eHHUS X[n]| mepemarorcs Ha
BBIXO/I.

BoiBoa. [{udpoBoe ycTpoiicTBO “CHIMBKM” Ha OCHOBE (PHIBTPA C JMHEHHBIM MPEICKA3aHWEM IT03BOJISIET
YCTPaHWTH BIMSHHE CKAuKOB (ha3bl pa3HOCTHOTO CHTHANA HAa TOYHOCTH OICHKH YacTOTHI 3TOTO CHTHAJA, YMEHBIIIAs
TIPU 3TOM MOTPEMIHOCTh u3MepeHus: YM-paaroypoBHemepa.
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Referat - It is considered the way of removing the phase jumps from beatings signal of FM level-meter. Appears the possibility of use
the methods of linear prediction for decision of this problem.

Introduction and statement of the problem. Background principle of working FM level-meter is
estimation of level on base of information, kept in signal of beatings. This signal contains as useful forming, so and
row disturbing component. Useful forming on temporary lengths, corresponding to half of period of inflexion LFM-
signal, presents itself harmonic signal, carrying information on importance of level in its frequency. In number
disturbing component enter: 1) low-frequency stray amplitude modulation (LFSAM), 2) responses from other (false)
whole, 3) noise signals to small power. The method, allowing practically avoid the influence to LFSAM, is
developped on base of adaptive compensator of disrurbing signals. For division of responses all being present whole
and separations useful forming possible use set of passband filters, splitting range of frequencies, corresponding to
range of level-meter measurements on several frequency channels [1]. Then the channel, power of signal in which
most, is chosed, and frequency of this signal is estimated. Decision of problem of division whole prevents that
beatings signal has essential defect: in it is present jump of phase, corresponding to moments of switching modulating
signal with direct move on inverse conversely. This brings about expansion and asymmetries of spectrum of signal
that reduces accuracy of estimation of frequency of this signal. Processing by narrow-band filter leads to collapses of
signal amplitude at moments of phase jumps.

Thereby, for increasing the accuracy of beatings signal frequency measurement, necessary by means of
digital methods to avoid the influence of phase jumps in this signal.

The method of removing the phase jumps from beatings signal on base of algorithm of linear
prediction. Solve problem of removing the phase jumps from beatings signal can device, which main part is adaptive
predicting filter [2]. After short transitional process a signal on output of the adaptive filter close to predicted signal.
At moment of time, corresponding to jump of phase, occurs the unbalance of these signals. Value of prediction
mistake increases. This value enters on the scheme of comparison , where is compared with some threshold value. In
the event of excess of this importance solving device gives the signal to stop of prediction, and simultaneously on
prohibition to send the input value to output. The last value of adaptive filter output signal is saved and compared with
each newly received by value of input signal. If mistake exceeds threshold value — output value is rejected. So lasts
until difference between saved value and the next input signal value does not become less threshold value. In this case
solving device allows the issue of output value and simultaneously newly allows the prediction of input signal.
Thereby, from array of input signal is deleted the area, containing phase jump.

Functioning the device in conditions of noise influence. The above-mentioned device successfully works
when influence of noises is small ( the signal / noise attitude not less than 60 dB). Under more low correlations
necessary improvement of this method. First, necessary to reduce the influence of noises on input signal. For this,
before presenting on the main device, it is missed through adaptive device of noise cancelling [2]. The input signal of
adaptive filter is correlated with useful signal. Adaptive filter is formed the output signal, close to useful signal on
criterion of minimum an average square of mistake. In this signal an influence of noises and disturbing signals vastly
weakened, and it send to the output. In this instance as input signal is used the signal from the output of the search
device, presenting itself set of bandpass filters, separating range of frequencies of useful signal on channels [1], and
solving devices, choosing channel, power of signal in which most. Modeling has shown that given adaptive device
provides the weakening of noise on its output before 20 - 40 dB.

Since completely avoid the influence of noises does not manage, device must be complicated. There are two
thresholds in it - lower threshold and upper threshold. The area of mistake values divides on 3 zones: zone of noise
action - lower zone, zone of phase jumps - upper zone , and zone of uncertainty. If value of mistake falls into lower
zone (less than lower threshold), we send the input signal to the output. In these moments adaptive filter continues to
predict values of input signal. At hit in upper zone (more than upper threshold) proceeds removing from signal array
of area with phase jump by method, presented above. If value of mistake such a that from lower zone occurs
displacement in zone of uncertainties then on leaving the device is sent predicted value. On the following step on
entry adaptive filter is given predicted it value, and decision is taken on this step exactly. At presence phase jump
value of mistake will move in upper zone, process of prediction stops, and occurs cutting the area of input signal. If
exists the jump of mistake, caused by influence of noise, that will occur return in lower zone, and in this case input
values are sent to the output.
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Results. The digital device on base of filter with linear prediction allows to avoid the influence of phase
jumps of beatings signal on frequency estimation accuracy of this signal, reducing at inaccuracy of FM level-meter
measurements.
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