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PasHoCTb ha3 curHanoB LUMPOKO WCMOfMb3yeTcs B KayecTBe MPOMEXYTOYHOro napameTtpa npu
npeobpasoBaHMN B KOL HEINEKTPUYECKUX BEIMYMH, NO3TOMYy pa3paboTke MeToaOoB M3MEpPEHUsT Pa3HOCTU
a3 ygenseTcs 3HauuTenbHoe BHMMaHue. M3BecTeH psin MeToooB npeobpasoBaHusa ¢asbl B KOA4 C
annapaTHOW peanusauuen anroputMa, HeOCTaTKOM KOTOpPbIX SIBASOTCA HeyAOBMNeTBOPUTENbHbIE Macco-
rabaputHble xapaktepucTuku. [lpeobpasoBatens dasbl B kog (MPK) wucnonbsyetca ans BBoAa
MHcpopmaumm B 3BM 1 npu MHOrokaHasibHOW annapaTHOW peanu3alyy C MOBbILEHHONW TOYHOCTLIO €ro
mMacca 1 rabapuTbl MPEBOCXOAAT Maccy 1 rabaputbl BbIYMCAUTENS.

OaHMM 13 nyTen pelleHust 3Tor Npobnembl SIBNSieTCA MporpaMmmHas peanu3auusa TOW UM MHON
YyacTu anropuTma npeobpas3oBaHus B BblYMCIIUTENE, MPU KOTOPOW yMeHbLUeHMEe annapaTHbIX 3aTtpat
OOCTUraeTcss 3a CYeT  MCMOMb30BaHUS  BbIMMCIUTENbHBIX  pecypcoB OBM. bBbicTpbii  pocT
NPOU3BOANTENBHOCTU BbIYUCIUTENBHBLIX CPEACTB MO3BOMSET BO3MOXUTb Ha HUX pelleHne Bce 6onee
LUMPOKOrO Kpyra 3ajady, B TOM uucne umcposor 06pabOTKM CUrHamoB, YTO MO3BOMSET cyUTaTb
nepcnekTUBHLIM paccMaTpMBaeMbll NOAXOL K MuHMaTiopusaumm annapatypbl. [lpumep 4dacTuyHowm
peanusauuMM AaHHOro noaxoaa onucaH B [1], B HacTosiwen paboTe paccmaTtpyBaeTcs AarnbHeinllee ero
pasBuTME C NepeHocoM Bcero anroputma obpaboTkm curHana B OBM. lNpu atom pasHoOCTb a3 He
n3mepseTcs annapaTHbIMKU cpeacTBamu, a Bbluncnsetcsa B 9BM no BbibopkaM BXOAHbIX CUrHArNoB.

M3BecTHble BbMMCNUTENbHBIE METOAbl M3MepeHuss pasHocTn a3 [2-4] obecneunBatoT
O[HO3Ha4yHOe npeobpasoBaHMe B npegenax 180 rpagycoB M MMEKT CYLECTBEHHYH MOrPELIHOCTb OT
BMMSHMSA BbICLUMX TApMOHMK CWUrHamoB, KOTOpas pes3ko BO3pacTaeT Ha rpaHuuax Avanas3oHa
OAHO3HaYHoCTK [2].

CyLLEeCTBEHHO YMEHbLUUTL OOBLEM BbIYMCIEHMI, pacWMpUTb AuanasoH OfHO3Ha4yHocTn go 360
rpagycoB M MOBLICUTb TOYHOCTb NMPeobpasoBaHUS MOXHO MPWU MCMOMb30BaHWM KOppensitopa B kayecTBe
n3mMepuTensi paccornacoBaHusa ¢as3oBon cnegsuien cucteMbl. PyHKUMM LNGPOBBIX Y3MOB creasiiemn
CUCTEMbl MOTYT BbiTb peanu3oBaHbl NPOrpaMMHO B BblYMCAMTENE, B pe3ynbTaTe Yero B annapaTtHoON YacTtu
MoK ocratotes nuwb BxoaHble ALM n cuctema PAMY. Cuctema DAY BhipabaTbiBaeT CUHXPOHHO C
OOHUM U3 BXOAHbIX CUrHamoB uMmnynbcbl 3anycka AU u Heobxoaumble npepbiBaHus IOBM. 3anpoc
npepbiBaHMs BblpabaTbiBaeTca C 3aJepXKoM OTHOCUTENbHO wMnynbca 3anycka AL Ha Bpems
npeobpasoBaHua ALM. Mo npepbiBaHMio 3BM cuutbiBaeT koAbl ¢ BbixogoB AL u ocyuiectsnsier umx
06paboTKy.

Bnok-cxema npouecca o6paboTkm nHdopmMaumm npueedeHa Ha puc.1. M3 6rok-cxembl BUOHO, YTO
OuUEeHKa HavanbHbiXx a3 AByX BXOAHbIX CUrHanoB MPOWM3BOAMTCA HE3aBWCMMO [ABYMS WOEHTUYHBIMU
NpOrpaMMHO-peann3oBaHHbIMK CReasAaLWMMM CUCTEMaMK, a 3aTEM Ha BbIXOAE BbIYUCIISETCS UX PasHOCTb.

B kaxgon cnepswen cucteme MNpPOU3BOAUTCHA MEPEMHOXEHME OTCYETOB BXOAHOrO curHamna Ha
COOTBETCTBYHOLLME OTCYETbI CCOPMMPOBAHHOINO CUCTEMOW CurHana oOpaTHOM CBHA3M, MOMNyYeHHbIe
Npov3BeAEeHNs] UHTErPUPYIOTCA HakannueawLwmum cymmaTopoM. lepemeHHas cocTaBnfawLas ¢ yaoBOEHHON
4YacTOTOW, BO3HMKaOLLAA NpyU NEPEMHOXEHMM OTCYETOB OBYX CUHYyCcOMAarnbHbIX CUrHanoOB, NogaBnsieTcs
npy WHTErpyupoBaHUM NpPOM3BEAEHMS1 3a BpeMs, KpaTHoe nepuody curHana. Kop paccornacoBaHus
cnepslen cuctembl, CHOPMMPOBAHHLIN Ha BbIXOAE MEPBOrO  HakannuBaloWero CcymMmaropa,
nponopLumMoHaneH pasHoCcTM pa3 BXOOHOro CUrHana u curHana obpartHow cBasu. Kop paccornacoBaHus
MHTEerpupyeTtcs ¢ koadduumeHToM K1 BTOPbIM HakanaMBawLWMM CyMMaTopoM, (hopMUpYIOLWMM Koa ¢hasbl
curHana obpaTHOM CBA3N, U U3MEHsiIeT 3HadeHue dasbl CUrHana obpaTHOM CBA3WM B CTOPOHY YMEHbLUEHUS
paccornacoBaHus. B ycTaHOBMBLUEMCS pexume Ko paccoriiacoBaHusi paBeH Hynt, ¢asa curHana
obGpaTHOW CBA3N paBHa hase BXOOQHOrO curHana.

dopmmpoBaHme curHana obpaTtHOM CBSA3M OCYLLECTBNSIETCA B ABa 3Tana. Ha nepsom dopmupyeTtcs
KOA4 MrHOBEHHOW hasbl CUrHama nyTeM CroXeHus koga dasbl curHana obpaTHOM CBA3M C KOAOM,
COOTBETCTBYHOLIMM i curHamna (rge - KpyroBasi yactota curHana, t - Bpemsi). C y4eToM LMKINYECKOro
XapakTepa BbIMMCIUTENLHOrO Mnpouecca 3To peanu3yetcs gobaeneHnem kopa [Nai/nli, roe Ny - kof,
COOTBETCTBYIOLLUMIA 2T, N - Yucno BbIBOPOK curHana 3a nepwog, i - Homep Bblbopkn. Ha BTOpom atane u3
3apaHee ccopmmupoBaHHOW Tabnuubl BbIOMPAOTCA 3HAYEHWS CUHYCa C aprymMeHTOM, paBHbIM Koady
MrHOBEHHOW a3kl curHana.

Peanusaums BbluMCNUTENBbHOrO anroputMa puc.1 no kKaxgomy OTcyeTy HeuenecoobpasHa,
NOCKOmMbKy TpebyeT 3HauMTenNbHbIX 3aTpaT BbIYUCIUTENBHBLIX PECYPCOB HE TOMbKO Ha caM anropuTM, HO U
Ha OoTpaboTKy MpepbiBaHUA, JOCTMraemasi nNpu 3TOM BbICOKasd 4acTOTa 3aMblkaHus cnesillen cUucTembl
SIBHO M30ObITOYMHA, @ YaCTOTHbIA AuanasoH, B KOTOPOM MoxeT pabotatb Takon [NOK orpaHuyeH ceepxy
NpoV3BOANTENBHOCTBIO BbIYUCIUTENBHbBIX CPEACTB.

@2002, anekTpoHHas Bepcus nogrotossieHa 3A0 ABTIKC Cankr-lMeTtepbypr, http://www.autex.spb.ru
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PacwunpeHne 4actoTHoro AuanasoHa [MPK moxeT OblTb AOCTUrHYTO NyTeM pasgeneHns BO
BPEMEHM MpPOLLECCOB MOMNMYYEHUS OTCYETOB BXOAHbLIX CWUrHaNoB W BbIMMCMEHMSI Pa3HOCTU MX a3 npu
ucnono3osaHum AU c 6ydepHon namaTteio. B atom cnyyae ObicTpogenctsytowwime AL oueHuBaroT
BbIOOPKM BXOOQHOrO CMrHana B TedeHue OHOro MM HECKOMbKUX NEPUOAOB U HaKannuBalT Ux B BydepHoMm
3anomuHaroleMm yctponctee. 1o OKOHYaHUM 3afaHHOrO MHTepBana HakonfeHHas WHdgopmaums no
npepbIBaHMIO NEPENUCbIBAETCA B BbIYMCNUTENb, KOTOPbLIN HauvHaeT ee obpabotky, a AL HauuHaroT
HakonmneHne o4vepedHoOM nadkum oTcyeToB. [lpouecc BblMMCNEHMS B 3TOM Cryyae oOTnMyaeTcs ot
NpMBEAEHHOro Ha puc.1 TeM, 4YTO BCE OTCYETbl BbIOOPKM YMHOXAKTCA Ha 3HayeHus curHana obpaTHOM
CBSA3M C (PMKCUPOBAHHBIM A5l AAaHHOM Mayky 3Ha4YeHMeM Kofda HavanbHOW dhasbl, KOTOPbIA YTOYHAETCS Mo
pesynbtatam ob6paboTkM BCcew Maykm OTCYETOB. YactoTa 3amblkaHus crnefswert cucTeMbl 30eCb He
CBSI3aHa C 4aCTOTOW BXOAHOIO CWrHana v onpegensercs Tpebyemolr Nornocor nponyckaHus CUCTEMbI U
UMELLNMNCS BbIYUCNUTENBHBIMU pecypcamu. YacToTHbIM AvanasoH Takoro [NOK onpenensieTca Tonbko
BbicTpoaencTanem npumeHsiemoix AL n 6ydepHon namaTu.

MorpewHocte MNM®K ¢ nporpammHON peanu3auuen anropytMa MMeeT onpefeneHHble OTNu4us,
00ycnoBneHHble TeM, YTO 34ecb 06pabaThiBalOTCS He HenpepbiBHbIE CUrHamnbl, @ UX BbIOOPKK, B3SITbie B
onpeeneHHble MOMEHTbI BpeMeHW. BenuurHa norpeLwHocTy onpeaenseTcs YNCroM n BelIBOPOK curHana u
yncriom k paspsagos AL u ymeHbllaeTca ¢ poCTOM 3TUX MapaMeTpoB. 3aBMCMMOCTW MakCUManbHOWN
BEMMYMHBI MOrPELUHOCTU OT YyKa3aHHbIX MapaMeTpoB MpMBEAEHbl Ha PUC.2, KOTOPbIM MOXeT ObiTb
ucnonb3oBaH Ans Bbldopa AU no 3agaHHOW norpelHocTn. BenvumHa norpelHocTM Ha pucyHke 2
npvBedeHa B MuHyTax pa3oBoro casura.

OpyruM MCTOYHMKOM MOrpPeLiHOCTN AMCKPETU3auMn SIBNSIETCA KOHEYHOCTb Lliara aprymeHTa npu
chopMumpoBaHuM Tabnuubl CUHyca M pas3psagHOCTM ero 3HadeHun. BrivaHue paspsgHOCTVM nNpeacTaBneHus
3HA4YEHM CUHYyca aHanormyHo BrusiHUIO paspagHoctn  AUM.  Cywecteytowme OBM  nossonsior
onepupoBatbh C 16-paspsgHbiMY YMcnamu, Kotopble obecneuvBaloT TOYHOCTb MPEACTaBfEeHUA CUHYCa,
JOCTaTOuHYl0 Angd Toro, Ytobbl npeHebpedb aTON cocTaBnsowen. [OUcKpeTHOCTb aprymeHTa B Tabnuvue
MOMHOCTBbIO MNEPEHOCUTCH B MOrpeLlHOCTb onpeadeneHus koda dasbl, T.e. SBMSIETCA MOrpeLlHOCTbIo
aunckpeTtumsauun.

HeobxoaumMo OTMETUTb, YTO BbilleNpUBEAEHHbIE COOTHOLLUEHMS NOMyYeHbl ANs naeanbHO YUCTbIX
CYHycouaanbHbIX BXOAHbIX CWUrHanoB. [1OCKOMbKYy B [OEWCTBUTENbHOCTU OTHOLUEHME CurHan/lym He
GEeCKOHEYHO, WyMbl Y MOMEXN MPUBOAAT K (OIIHOKTYaLMOHHBIM M3MEHEHUSIM OLEHKU pasHocTu ¢as. [Npu
POpMUPOBAHUN BLIXOAHOW MHopMaumm MNOPK drntokTyaumm crnaxmearoTcs n opMmupyeTcs ycpegHeHHas
OLUEeHKa BbIXOOHOrO koga. Hanmume nomex u criaxuBaHus (ycpegHeHus) npuBoauT K NMHeapusauuu
HennHerHocTn xapaktepuctukn [MOK, obycnoBneHHOM AWCKpeTusaumen, M YMEHbLUEHUIO BENTUYMHBbI
MOrpeLUHOCTN OT AMCKpeTU3aLmm (T.e. NOBLILLEHWIO pa3peLuaroLLen CnocoOHOCTH).

Opyrasa ocobeHHocTb norpewHocty MNMOK ¢ nporpammHon peanusaumen anropyutma obycnosneHa
crneumpuieckumMm BrMSHUEM BbICLLUMX rapMoOHUK curHana. B otnunume ot MN®K ¢ annapaTtHon peanunsauuven
a3oBOro AeTekTopa, B KOTOPbIX OWNOKa OT BAUSHWUS HEYETHbIX BbICLUMX FAPMOHUK CUrHarna BO3HUKaeT B
pesynbTate MNepeMHOXEHNss STUX FApMOHWK C COOTBETCTBYIOLLUMMW TFapMOHWKaMM 3akOHa W3MeEHEHUs
KoapbumLmeHTa nepefadm geTektopa BO BPEMEHMU, 30eCb BXOAHOMW CUrHan nepemMHoXaetcs C uaearnbHO
CUMHycouZanbHbIM CUrHamoM oOpaTHOM CBSA3M, MO3TOMY MCKIIOYEHO BIIMSIHUE BCEX BbICLUMX TFAPMOHMUK,
Kpome rapMoHUK C Homepamu nix1, rogei=1, 2, 3, .
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B pesynbtate KBaHTOBaHMS MpoucxoauT npeobpas3oBaHMe CrnekTpa WCXOOHOro CcurHama wu
BO3HMKHOBEHME KOMWWA CMeKTpa OKONO 4acToT, KPaTHbIX YacToTe KBaHTOBaHWs. [1py LUMPOKONOMOCHOM
BXOOHOM CUrHane npoMCXOAUT HarnoXeHWe OCHOBHOMO U penpoayLIMpPOBaHHbLIX CMEKTPOB U UCKaXeHue
OLeHKM napameTpoB nonesHoro curHana. MNpu n BblGopkax 3a nepuon rapMoOHVMKU CUrHama ¢ Homepamu
niz1, B Tom uncrnie (n-1)-a n (n+1)-a, npeobpasytoTca Ha YacToTy OCHOBHOM (MEpBOW) rapMOHMKX CUrHana.
BosHukatowasa ownbka n3meHsieTcss B (PyHKUMM CMHyca Nid M mmeeT aMnnuTydy, NpOnOpLMOHanbHY0
OTHOLLEHUI0 amMNNuTyabl BbICLLEN FAPMOHMKUM M3 3TOr0 psiga K amnnutyae OCHOBHOW. cnonb3oBaHue
nsbuparernbHbiX YCTPOUCTB ANs 3PPEKTUBHON PUNbTPaLMM BXOAHbIX CUrHaNoB B (Pa3on3MepuUTeribHbIX
cucTemMax HexenatenbHO BCReAcTBMe HeCcTabunbHOCTU (Pa30BbiX XapaKTePUCTUK TaKMX YCTPOWCTB,
noaTomy Ansa obecneveHnsi BbICOKOW TOYHOCTM M3MepeHusi TpebyeTca BbiCOKas CnekTparnbHasi YyuctoTa
BXOHbIX CUrHanoB (N0 MeHbLUEN Mepe Ha yKka3aHHbIX YacToTax).

Onsi ymMeHbLUeHMs MOrpewwHocTM Heobxoanumo yBenuuuTb 4YMcrno BbIBOPOK Ha nepvoge curHana.
OT0 MOXeT ObITb OOCTUIHYTO Mpu NpuMeHeHun Gonee GbicTpogenicTBytowmx ALIM. OpgHako obpaboTka
YBEMNWYEHHbIX MaccuMBOB WHGOpMauun notpebyeT Gonbliero BpeMeHW, YTO NpuMBEAET K MOHWKEHMIO
4YacTOTbl OBHOBNEHMS NHAOPMaLUN U YBENTUYEHWNIO AMHAMUYECKON MOrPELUHOCTH.

3akntodeHne. [lporpammHasa peanusaums [MOK paccmoTpeHHbIM Bbille o06pa3omM no3songet
CYLLLeCTBEHHO COKpaTWUTb annapaTtHble 3aTpaTtbl MpUM COXpPaHEHWM BbICOKOW TOYHOCTM npeobpasoBaHus
da3el B koA, a Takke obecneusmBaeT MoOMNb30BaTENO BO3MOXHOCTb MNPOrpaMMHONA NepeCcTPOMKU
napameTpos N®K, agantnpyst nocrnegHUn K USMEHEHNIO YCIOBUIA NPUMEHEHUS.
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DIGITAL SIGNAL PROCESSING IN PHASE DIFFERENCE DETERMINATION

Axenenko V., Axenenko D.

Central Scientific&Research Institute Elektropribor

The signal phase difference is widely used as an intermediate parameter when converting non-
electrical quantities into digit, therefore considerable attention has always been given to development of
phase difference measurement methods.

The paper deals with a method for conversion of signal phase difference to digit using software
implementation of conversion algorithm in the computer; as this takes place the hardware decreases at the
expense of the use of computer resources.

One of examples for the implementation of the given approach is described in [1], the present
paper considers its further development with transfer of the whole signal processing algorithm into the
computer. In this case the phase difference is not measured by the hardware, but is calculated in the
computer basing on input signal samples.

The well-known computational methods for phase difference measurement [2-4] provide single-
valued conversion within 180 degrees and have an essential error because of the influence of higher
harmonics of signals; this error sharply increases at the boundaries of the unambiguity range [2].

Using a correlator to measure phase tracking system mismatch, we can decrease considerably the
volume of calculations, extend the unambiguity range up to 360 degrees and increase the conversion
accuracy. Functions of tracking system digital units can be implemented by the software in the computer;
as a result only input AD converters and the phase-locked loop system remain in the converter’s hardware.

The estimation of phase angles of two input signals is independently provided by two identical
tracking systems with software implementation, and then their difference is calculated. In this case the
tracking system sampling rate does not depend on the input signal frequency and is determined by the
required system bandwidth and available computational resources. The frequency range of such a
converter is only limited by processing speed of used ADCs and buffer memory.

The converter error definition has specific differences due to the fact that processing is performed
not for continuous signals, but for their samples given at certain moments of time.

The error magnitude is determined by number n of signal samplings over its period and number k
of ADC resolution and decreases with the growth of these parameters. The dependences of maximum error
magnitude on the given parameters are cited; these parameters can be used to select ADC according to
the given error. Another source of a sampling error is an argument step finiteness when forming a table of
sine and digit capacity of its magnitudes. The effect of sine value representation capacity is similar to the
effect of ADC resolution. Available computers make it possible to handle with 16-bit numbers, which
provide the sine representation accuracy sufficient to ignore this component. The argument step in the
table is fully transferred into an error of phase difference estimation.

Another feature of the error is stipulated by specific effect of signal’s higher harmonics. Here the
effect of all higher harmonics is excluded, except harmonics with numbers nitl, where i=1, 2, 3... . ltis
shown that it is necessary to increase the number of samples per signal period for error decrease.
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