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BBE/JIEHUE

Pemrenre mmpokoro Kpyra 3aiad B CHCTEMax CBS3H, PalHOHABUTAIMH, PAJHOACTPOHOMHUH CTAJKHBACTCS C
HEOOXOIMMOCTBIO OIICHUBAHUS YaCTOTHI MPUHUMACMBIX CHI'HAJIOB, KOTOPas CBOAUTCS K KJIACCHYECKOW MTOCTAaHOBKE
[1,2] omeHmBaHHMS YacTOTBHI CHHYCOWABI, HCKak€HHOW OenpiM mymoM (BIII). Tlpu mpakTudeckod peanmsanuu
M3BECTHBIX ONTHUMAIBHBIX (WJIM OMU3KMX K ONTHUMAIBHBIM) anropuTMoB [1,2,3] B psme ciiydaeB IepBOOUYEPEIHOE
3HaueHHe MPUOOpeTaeT BEIYUCIUTENbHAS 3()(HEKTUBHOCTD.

Hanpumep, B padote [1] mpuBeaéH alropuTM OIEHKH YaCTOTHI KOMIUICKCHOW CHHYCOUIBI B OEJIOM IIyme,
peaM3yIOIuUil oNTUMAaNbHOE (B CPEIHEKBAAPATUYCCKOM CMBICIIC) B3BCUIMBAHHUE PAa3HOCTHO-(A30BOM CTAaTUCTHKH,
IOpHU 3TOM [OKa3aHO, YTO MpH «Xopomux» oTHommeHusx curHain/mmym (OCLI) momydeHHast oleHKa OnmM3Ka K
ONTUMAIFHONH. METO/ BBIYUCIICHHS OIICHKH YaCTOTHI, MPEUIOKEHHBIN B padoTe [1], MOXKHO XapaKTepHu30BaTh Kak

METOJ] OLEHKH [0 HOJHOM BBIGOPKE, IJIe /I BBIUMCICHHS TOUEUHOH OIEHKM YacToThl opmupyercs BekTop u3 N
UCXOIIHBIX PA3HOCTHO-(a30BBIX U3MEPEHUH, KOTOPBIH YMHOXKACTCS HA ONTHMH3MPOBAHHYIO BECOBYIO (DYHKIIHIO,
3aBucAIyIo oT pasmepa N BekTopa m3MepeHuii.

YacTto Ha mNpakTHKEe, OCOOCHHO B CIyyasX MOOWIBHBIX BCTPaMBAEMBIX H3MCPUTEINICH, OKa3bIBAacTCS HE
3¢ (GeKTUBHBIM HAKAIUTUBATh M XPaHUTH OOJBIION OO0BEM HAONIONCHUA IO TONYYEHHUS ITIEPBOTO pe3yibTara
OIICHUBAHMS, KOTJIa BO3MOXKHO TOCTPOUTH PEKYPPEHTHEINH anroputM oneHuBanus (PAQO), TpeOyromuii coxpaHeHue
JIMIIb HEOOJBIIOE YHCIIO MaPaMETPOB COCTOSHHMS, KOJHMYECTBO KOTOPHIX HE 3aBHCUT OT BPEMEHH HaOIOCHHS H,
COOTBETCTBEHHO, 00BEMa 00pabaThIBaeMBIX HCXOMHBIX AaHHBIX. Kpome Toro, PAO C mepBbIX MIaroB HaOIIOACHIS
JIOCTaBJISIET TEKYIIHE OLCHKN YaCTOThI, B COOTBETCTBHHU C KOTOPBIMH MOJKET OBITh IIOJCTPOCH MPUEMHBIN TPAKT, YTO
noTeHuaibHo nospoisier ynyumuts OCIII u, clienoBaTenbHO, yIy4dIIUTh Ka4eCTBO OILCHHBAHUS [0 CPABHEHHIO C
00paboTKOIt 110 TTOJTHOM BEIOOPKE, HCIIONIB3YIOMIEH TOT e 00bEM HAOIIOIEHUH.

MMOCTAHOBKA 3AJAYN

B nmanHOit paboTe cTaBUTCS 3a/avya CHHTE3a aJrOpUTMa OIICHUBAHMS YaCTOTHI KOMILICKCHOUN cuHycoumsl (1),

UCKaKEHHON KOMIUIEKCHBIM JUCKpeTHbIM BIIT Z, ,

x =A@z k=0,1,2,.. . (1)

B xadecTBe MCXOQHBIX JAHHBIX MPUHUMAIOTCS Pa3HOCTHO-(ha30BbIC U3MEPEHHsI, MOydYeHHbIC 1 curHaa (1)
1 uMeronme Buj (2)

W, = L% — L%, =0, +Im(z,)-1Im(z, ), k=12,.., (2)

e TocieHee MPUOIM3UTENEHOE PAaBEHCTBO MPAKTUYECKH BBIMOJMHIETCS MpU yMepeHHo Beicoknx OCHI [1].
TpeOyemblit anropuT™ OLICHUBAHMS OTJIMYACTCS IBYMS] OCHOBHBIMH CBOWCTBAMHU:

1) na xaxgom mare K HabmoneHms — pesynbraTroMm sBsieTcs OLeHKa 4actoTl Wy (W, ,..., W)

COBIAJAIONIAS, C OLEHKOM, IIpe/IoKeHHoM B paboTe [1], ans BeiGopku o6bema K ;

2) anroput™M He TpeOyeT MmaMsaTH JUIs XpaHeHWs NaHHBIX (1,2), 32 MCKIIOYEHHEM HECKOJIBKUX PETHCTPOB
COCTOSTHMSI, 9HCII0 KOTOPHIX HE 3aBHCHUT OT BpeMenu Habmonenus K .

IIpu Takoii mocTaHOBKe 3amadd NoiydeHHBIH PAQO, BO-TIepBBIX, HACIEIYET OT OIEHKU [1] BCE TOYHOCTHBIE
XapaKTePUCTUKA W ONTHUMAJIbHbIE CBOWCTBA, a, BO-BTOPBIX, NPEBOCXOAUT  BapwaHT [l] 3PQPeKTUBHOCTHIO
peanm3anuu (1o MaMsITH).

OCHOBHBIE PEKYPPEHTHBIE COOTHOIIEHUSA

Jlunelinas olleHKa 4acTOTHI, onpeacnéHHas B [1], MOXKeT ObITh TOKICCTBEHHO 3alliCaHa B BUAC OTIIMYHOM OT
[1], HO YyHOOHOM IUTS AaNBHEHIINX PEOOpa3OBAHUI

) K [(K+Dk-K*]
B Wl )= I Wy W=l G
k=1 nK
rre N =1 K(K+1)(K +2)- nopmupyrommii Muoxutens, sasucsmmit or pasmepa BbiGopku; W, -

napabonndeckasl BecoBass GyHKITHH, KOMIIEHCUpYIomas (B OTIAMYHE OT MPSAMOYTOIbHOU [3]) Hamu4me KOppesiun
MEXIy MMOCIIeIOBATEIbHBIMA H3MEPEHUAMH (2), 9TOo M 00yClaBIMBacT €€ ONTHMAaIbHOCTh B CMBICIIC B3BEIICHHOM
JIMHEMHON OLIEHKH METOI0M HaUMEHbBIINX KBaJApaTOB.

N3 onpenenenns (3) OMATh-TaKH TOXKISCTBEHHO HMEEM

A 1 & &
a)K(Vlla'-wV/K):n— (1+K)z k'V/i_z kz"//i zal(K)_az(K)’ “
K k=1 k=1

rAe BBCACHBI IBC HAKOMUTCIbHBIC ICPEMCHHBIC
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a(K)y=——— ZK: K-y &.a(K_l)JFL.
! K(K+2)k=1 "ok K+2 X
. ()
1 & K- 6K
a,(Ky=—>» k*- —_— —_— K=12,..
,(K) nKkZ:; V= K+o a,(K-D+ (K+1)(K+2) Y«

IlepemenHble cocTOSHUSA al(K), az(K), OTIMCHIBAEMBIE PEKYPPEHTHBIMU COOTHOIIEHUsIMHU (5), cozpepxat
BCIO HEOOXOMMMYIO IS OIleHKH (4) wHpopMaiuio, moyiyaeHHyr0 o K pa3HOCTHO-(a30BBIM H3MEPEHUSIM.
3ametnm, 4TO A BhIUMcieHHH (5) M HeoOXomuMo xpaHeHne cuérunka K, a HayambHBIE YCIOBHUS al(O), a, (0)
MOTYT OBITh IPOU3BOJIHHBIMH.

Crporo roeops, M IPaKTHIECKOH peaan3ald HEOOXOIMM €€ OJMH MapaMeTp COCTOSHUA 8, = ZXK_l,
COJIeprKaIlMi Mpeapayniee n3Mepenue ¢aspl, Torna mnoiydas Ha KakaoMm K -om mare n3mepenne Tekyei ¢asbl

ZXK BXOJIHOTO CHTHaJIa, MOKHO PEaTM30BBIBATh OICHKY (3) B BUE anTopuT™Ma, puBeneHHOro B Tabmume 1.
Tabnuna 1.

ITapaMeTphl COCTOSHHUS: { K,a,,a,, 8.2} , Unnumamsawus: K = 0; a, = £X,

Ilar 06paGoTKHU TeKyIero u3MepeHus X,

K=K+ w,=2X

52_1 a + 6 Wy a2:=K_1a2+ oK Wy
K~ +2K K+2 K+2 (K+1)(K+2)

ao = ZXK 5 al =

Texyiui pe3ynbTaT OleHUBAHUA @ = A, —a,

XAPAKTEPUCTHUKHA TOYHOCTHU
Tak kak oneHka (4) coBmamaeT Ha kKaxaoM mare K ¢ omenkoit (3) [UIS COOTBETCTBYIOMEro 06BEMA, TO H
moJrydeHHoe B pabote [1] BbeIpaXkeHHUe IS TUCTIEPCUH OIEHKH (3) 0cTaéTCsl CIIpaBeIJIMBBIM TSI OLIEHKH (4) U UMeeT

BU/I.
2 Wy 6
Oy () =var| = |= - ~, (6)
2 nK(K*-1)(2x)
rae 17 - OCII. I[IpuMeHuTEIbHO K pacCMaTpUBAEMOM TOCTAHOBKE 3aJa4l HAaHOOJBIINI IPAKTHYECKUH HHTEPEC
MPEJICTABJISIOT 3aBUCUMOCTH M3MCHCHHSI TOYHOCTH OLICHKH (4) OT BpeMEHH HAOIIOACHUS, KOTOPHIC MPHUBEICHBI Ha

puc.1.
Ha puc.1 m3o6paxkensr 3aBucumoctn CKO HOpMHpOBaHHOW OLIEHKH 4YacTOTHI OT o0beMa 00paboTaHHBIX

MaHHBIX Ui Tpéx BapuantoB Bosmoxkmbix OCII 7 =10dB,15dB,20dB. dns unrepnperammu B Tt
pe3ynbTaToB, MPHBEASHHBIX Ha pHC.l B JorapudMUYeckoM MaciTade, clegyeT YMHOXHTh MPHBEICHHbIE JaHHbIE

10" : : : :
o (1
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GfK Ha 4aCTOTY AUCKPETHU3alluH, BEIPDAKCHHYIO B FII.

Puc.1.

Jit  mpoBepku  pabOTOCHOCOOHOCTH — NPEUIOKEHHOTO  METoJa IPOBOJMIOCH €ro  CTaTUCTUYECKOE
MOJICTIMPOBaHNE, W €ro pe3yibTaThl MPAaKTHYECKH COBMAJAIOT C HPUBEJICHHBIMH Ha pHC.l. TEOpPETHYECKHMH
XapaKTEePUCTHKAMH.

B wacroTroMepax BEITyCKaeMbIX MPOMBIIUICHHOCTBIO JUIS OLIEHKH YacTOTHI TIPH B3BELIMBAHHH HCIOJB3YETCS
IPSIMOYTOJIEHOE OKHO, TPH 3TOM TOYHOCTH OLIGHMBAHUS Ha TEX )K€ pa3Mepax BBHIOOPKH B HECKOJIBKO pa3 MEHBIIE,
4YeM y paccMOTpeHHOro Metona [1] ¢ mapabonnieckiM B3BemUBaHueM (3).

3AK/IIOYEHUE

JUIi M3BECTHOTO METOA OICHMBAHMS YacTOTHl KOMIUIEKCHOI CHHYycOMIBI B O€lOM IIyMe IpPEIIORKEH
PEKYPPEHTHBIH aJITrOPUTM BBIYHCICHHUS OIICHKH, COXPAHSIOIINM ONTHMAalbHbIE CBOMCTBA HCXOAHOTO, HO HE
TpeOYIOIIMH HAKOIICHNS] U XPAHEHUS COBOKYITHOCTH OTCUETOB Pa3HOCTHO-()a30BBIX H3MEPEHHH.

ITpenno>xeHHBIH aNrOpPUTM MO3BOJISET MOJIYYaTh OLEHKY YacTOTHI B TEMIIC IOCTYIUIEHUS OTCYETOB Pa3HOCTH
(ha3 ¥ UCKITFOUUTB CPEJICTBA XPAHCHNUS JTaHHBIX U3 COCTaBAa N3MEPHUTEIIS.

Ha ocHOBe mpemIoxKEeHHOTo anroputMa pa3padoTaHbl CIoco0 W yCTPOWCTBO OLEHUBAHUS YacTOTHI
CHHYCOMJIAJBHBIX CHUTHAIOB [4], KOTOpble MOTYT OBITH JIETKO pealM30BaHbl B IPOMBINIICHHOM MaciuTtabe. B
YaCTHOCTH, TPH BHEJPEHHU TaHHOTO CHOCO0a B CTAHIAPTHHIE YAaCTOTOMEpPHI TOYHOCTH M3MEPEHHsS MMH YacTOTHI
MOXeT OBITH MOBBIIIEHA B HECKOJIBKO Pas3.
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SINUSOID SIGNAL RECURRENT FREQUENCY ESTIMATION
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Some communication, radionavigation and radioastronomy problems are related with received signal
frequency estimation. Often the problems are reduced to frequency estimation [1,2] of sinusoid signal damaged by
additive white Gaussian noise (AWGN). Top-priority significance has computational efficiency with practical
implementation of some known optimal or near optimal frequency estimation algorithms [1,2,3].

For example [1], it has been created cisoid (damaged by additive white Gaussian noise ) frequency estimation
algorithm. The frequency estimation algorithm has been realized by least square optimal weighing of phase-
difference statistic. It has been shown that discovered estimate is near optimal with moderate SNRs.

Kay’s suggested frequency estimation method [1] may be characterized as batch sample frequency estimation
method. Point frequency estimate is obtained as scalar product of N-dimensional phase-difference statistic vector
with optimal weighing function, that depends from vector dimension.

It’s not efficient to accumulate and keep some volume of signal’s samples before obtaining first initial point
frequency estimate, especially, for embedded estimator. There is necessity to create recurrent frequency estimation
algorithm or method for such case, when point frequency estimate may be obtained with small time independent (or
accordingly from data volume) state parameters.

The paper is devoted to recurrent frequency estimation algorithm creation for known, Kay’s suggested cisoid
frequency estimation method (with keeping optimality but without phase-difference data accumulation and
holding).

Cisoid frequency estimate may be received and improved (with created recurrent cisoid frequency estimation
method) on real time as new phase-difference data sample becomes available. Accumulation and holding means
may be excluded from the estimator.

The recurrent cisoid frequency estimation method has been tested by statistical simulation. The simulation test
results have been in close agreement with theoretical curve.

Most industrial cymometers are used rectangular window weighing function for frequency estimation.
Frequency estimation accuracy of such cymometers is several times less than suggested frequency estimation
method accuracy with paraboloidal weighing [1].
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Ssinusoid signal frequency estimation method and means based on suggested recurrent algorithm have been
created and patented [4]. The method and means ma be easy realized some industry manufacturers. In particular,
Some industrial cymometer frequency estimation accuracy may be more than one time improved with the patented
method implantation.
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