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PaccmatpuBaioTcsi 0CO0€HHOCTH aMILINTYTHO-YACTOTHOTO NOJABJIEHHS] KOPpPEIUPOBaH-
HBIX HErayCCOBBIX MOMeX Ha BBIXOJE JHUHEIHOr0 TPaKTa PEe30HAHCHBIX TPaBUTAILMOHHBIX
aHTEHH MPU KOTEePEHTHOU 00paboTke MH(popMauyu B pexume ObicTpoil puabTpauuu (fast

filtering).

BBenenne

OCHOBHBIM PEXHUMOM pPabOThl KPHOTEHHBIX Pe30-
HaHCHBIX TpaBHTAalHOHHBIX aHTeHH (PTA) sBasercs
pexxum ObicTpoit ¢uaprpanuu (fast filtering) [1, 2].
B 3ToM pekuMme ocCyllecTBJ/sieTCs KorepeHTHasi obpa-
00TKa Ha HU3KHX YacTOTaX MO aHaJOrOBOMY «Iaycco-
BOMY» MPOTOTHILY.

CrekTp y3KOMOJOCHOTO caydaiiHoro mporecca x(f)
Ha BbIXOfle JHHeHHoro Tpakta PIA orpaHuueH ys3-
KOH mosiocoil (wy F dw), dw K wy. Bocmosb3oBasiinch
KOMTIJIEKCHOM (DOpPMOH 3amucH MPOU3BOJbHBIX KBa3H-
rapMOHHUECKUX KoJteOaHu# [3, 4], MoxeM MpeacTaBUTh
CJlydaliHBIE Y3KOTIOJNOCHBIH TIporece x(f) B BHIeE

x(f) = Re [X(7) exp{jwot}]

rae x(t) — KOMIJIeKCHasi orubaroias, CreKkTp KOTopoH
cocpenoToueH B nosoce (—dw, dw).
[Tycts A =(0,1) — napamerp o6Hapyxenusi. Torna

() = X5(0) +7(t), 0<t<T,

rae S(t) u n(t) — KOMIIeKCHbIe OTHGAIOLIKE [0JI€3HOI0
Y3KOIOJIOCHOTO CHTHaMa S(f) W agiuTHBHON KBasurap-
MOHHYECKOH HerayccoBod nmomexu #n(f).

Ha npakTtuke wH(pOpMAaIHs 0 BEPOSITHOCTHBIX CBOK-
CTBaX KOPPEJHUPOBAHHBIX (OKpAIIeHHBIX) HErayCCoOBHIX
mymoB n(f) OOBIYHO OTPAaHUYMBAETCS TaKUMH J0-
CTYTMHBIMH JIJIsi HU3MepeHHsi XapaKTepUCTHKaMH, Kak
oflHOMepHasi MJIOTHOCTb BepositHoctH W, (n) u crek-
TpajbHasi MI0THOCTh N,(w). B ycmoBusix momoGHOM
arnpUOPHOM HEOTpeNeJeHHOCTH JJIsi 3allUThl Traycco-
Ba mnpueMHuKa [3] wucrnosb3ytorces [b, 6] ammauTym-
HO-U4aCTOTHBIH W YaCTOTHO-aMIJIUTYIHBIE aJrOPUTMbI
NOJIaBJE€HHsT KOPPEJHPOBAHHBIX HErayCCOBbIX LIYMOB.
Hawubonbiuiee pacrnpocTpaHeHre Ha MPAKTHKE MOJYUNJ
AMIJIUTYIHO-YACTOTHBIM aJITOPUTM, KOTOPBIH MpU Ie-
TEePMHHHUPOBAHHOM TMOJIE3HOM CHTHaJje Orpeessercs
cjenyoueil cxeMou:

BHII—0d—Cd, (1)

rie BHIT — Ge3biHepiHOHHBIN HeJMUHEHHbIH Npeobpa-
30BaTeJb C ONTHMAJbHOH MO KPUTEPUIO CHUTHAJ/IIYM
XapaKTepUCTUKOM
Lolx] = W, (x)/W,(x), —o0<x< o0,

OD u CO — obensOWMN U CONIACOBAHHBIN (DUIBTPHI
(mpu uvacroTHo-ammIuTyAHOM anroputme BHIT nome-
l[aeTcsl Ha BbIXOMe JHHelHoro nekoppessiropa — OPD).

Heo6xonumMas uH(opmaLrs o NoNe3HOM y3KOMOJI0C-
HOM cHrHajte s(f) W aIIWTHBHOH KBasWrapMoHHYe-
CKOU HerayccoBod nomexe 7(f) MoJHOCTbIO COMEPKHUTCS
B KBaJPaTypHbIX KOMIOHEHTaX

a(t) = Re ¥(t) = Aas(£) + an(?),
b(t) = ImF(t) = \bs(£) + ba(t),

0<1<T,
0<t<T,

rne as(t), bs(t) u ay(t),b,(t) — xKBampaTypHbie CO-
CTaBJSIONIME TIOJNE3HOTO CHUTHaja S(f) U agAuTHBHOU
nomexu #(f) COOTBETCTBEHHO.

B npennaraemoli paboTe paccMaTpPHBAIOTCS 0CO-
OEHHOCTH aMIIUTYIHO-UaCTOTHOTO TMOJABJIEHUsT KOp-
peJMPOBAHHBIX HErayccoBbiX WIYMOB 7(f) Ha BbIXOmIE
auHeiHoro tpakta PIA npu coBmecTHO# 006paboTke
peasM3allil KBaJpaTypPHBIX KOMMOHeHT a(t) u b(t).

IIn0THOCTD BEPOSAITHOCTH KBaApaTypHBIX
KOMIIOHEHT MPHU Y3KOMOJOCHOM HeraycCOBOM
nyme

[lycts Why(a, b;t) — coBmecTHast TJIOTHOCTb Be-
POSITHOCTH CJy4adHbix mnpoieccoB a(f) u b(f) B co-
CTOSTHMM \; mpH cranuoHapHoil momexe Wao(a, b;t) =
= Who(a, b). Torma npu oGHapyXKeHUH cJaabOro aeTep-
MHHHMPOBAHHOTO CHTHAJjIa UMeeM

Wai(a, b; 1) = Waola — as(1), b — bs(t)] =
~ Wyola,b)[1 + T(a,b;t)].
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3nech
W(a,b; ) == { as(Ol1la, b] + b(NTsla. ]}
1 8%0(&,[)) _ 0

F][avb] = %O(Q,b) aa %ln %O(Q’b),
1 oWt 9
FQ[av b] = ‘WQO(a, b) ob = b In ‘VQO(Q’ b)(2)

[Tpy BBIUKCIEHUH COBMECTHOH MJIOTHOCTHU BEPOSITHOCTH
Wao(a, b) Bocmosb3yeMcst BepPOSITHOCTHBIME CBOKCTBa-
MU orubaomedt r,(¢f) = |n(¢f)| w npuBeneHHOH K HH-
tepsany (0,27) dassl ¢,(t) = argn(t) y3konosocHoH
HerayccoBoil momexu n(t) [6]. [lpu takom momxome
COBMECTHAs TIOTHOCTb BEPOSITHOCTH CJy4alHBIX MPO-
eccos E,(t) = r2(t) u v,(f) B coBnagarolne MOMEHTHI
BPEMEHHU OTIPeNeIsieTCs] CJACNYIOINM BhIpaXKeHHeM:

Wep(E. ) = 5-Wo(E) ®

rne W,(E) — onHOMepHasi TJIOTHOCTb BepPOSITHO-
cti cayudaiHoro mnpouecca E,(f). W3 (3) npu 3a-

MeHe mepeMeHHbIX a,(t) = \/E,(t)cosp,(t), b,(t) =
=/ E,(t) sin p,(t) Haxonum

1
Wao(a, b) = 7—TWe(a2 +b%), —oco<ab<oco. (4)

[ToncranoBka (4) B (2) NpUBOTUT K CJEAyIOIIEMY pe-
3y/bTaTy:

T'ila,b] = 2aF[E], Tsla,b]=2b6F[E],

5
F[E]=£ane(E), E=d>+b% ®)

IIpubGamkeHue HerayccoBa Gejoro myma

Heob6xonnmMasi uHQOpMALUs 0 CUTHAJE U IIyMe B pe-
JKUMe OBICTPOH (DUJIBTPALMU CONEPIKUTCS B BEKTOPHOM
CJIy4allHOM TIpoliecce

w(t) = la(?) b(1)]".

[Ipu obHapyeHHH caabOTO TPABUTALMOHHOTO CHUTHA-
Ja B JHUCKPETHOM BpeMeHH 00pabOTKe IMOJBepraercs
BoiOOpKa [w(ty),...,w(ty)]. OnTUMaIbHBIH aJrOPUTM
(pemraroiiee nNpaBu/I0) 0OHAPYKEHHUS IeTePMHHHUPOBAH-
HOT'O TIOJIE3HOTO CHTHaJsa B MONOOHOH CHTyallUH OTpe-
NiesIsieTcs CJeNYIONUM BeIpaykeHHeM [3, 5, 6]

o Waylw(ty), . w(tm)|A = 1]
A=1:In Wopr[w (), - @) A= 0] >1Inc¢, (6)

rne Woy[w(t),...,w(iy)|A] — coBmectHass mnJoT-
HOCTb BEpOSITHOCTH 3JIEMEHTOB BBIGOPKH [wW(f)), ...

., w(ty)|A] B cocrostnun A = (0, 1), ¢ — noporosbiit
YPOBEHb, 3aBUCSIIUH OT BBIOPAHHOTO KPUTEpHsl Kaue-
CTBA.

B crarucruyeckoél paguotexHuke [7] paspabora-
Hbl pa3/UYHble METOIbl H3MepeHHUsi (OLleHUBAHHS) Of-
HOMepHOH TIoTHOCTH BepositHocTH W, (E). IlosTo-
My Ha MpaKTHKe COBMECTHAsl TJIOTHOCTb BEPOSITHOCTH

Wao(a,b) (4) caydaiiHeix mipoueccoB a,(f) u b,(t)
B COBMAJAIOII{e MOMEHTbI BPEMEHH MOMXKET CUMTAThCS
M3BeCTHOH. B To ke BpeMst mocTpoeHue HemapameTpH-
YeCKHX OIEHOK MHOTOMEPHBIX TJIOTHOCTEH BepOsiTHO-
CTH CTAJKHBAETCst ¢ OOJBIIMMH TPyAHOCTSIMU. [TosTOMYy
B JaJsibHellleM COBMeCTHasi MJIOTHOCTb BEPOSITHOCTH
Wopn () mpu M > 2 mpennosaraetcsi TOJHOCTbIO HEH3-
BECTHOM.

Jns mpeomoseHus MogoOHOM anpuoOpHON Heorpe-
NIeJIEHHOCTH Ha TMpaKTHKe 4YacTO HCMOJb3yeTcs MpH-
omxenve (Mofesb) HerayccoBa Oesioro imyma [6] —
clydalHOrO mpolecca ¢ He3aBUCHMbIMH 3HAYE€HHSIMH.
[Tpn takom monxoze

M
Woul@(t1), ..., @)X = 1] =[] Wolar, b ). (7)
k=1
13 (4), (6) u (7) npu obHApyKeHHUH C1abOT0 rpaBUTa-
[IMOHHOTO CHTHaJla HaXOAUM

M
A=1: ) W(ap, bes ty) > Inc. ®)
k=1
[TycTb

yi() =T1la(®),b®)] n () =Tsla®),b(n)]. (9)
Torna pematoriee npaBuso (8) MOXKHO TpPENCTaBHUTH
B BHIE

M
A=1: = [yi(t)as(te) + yo(te)bs(te)] > Inc.
k=1
Hns hopMupoBaHus peanusalyil CAyuyalHBIX MPOIEC-
coB y(t) u yo(t) (9) moxHo ucnosb3osarb BHII ¢ xa-
paktepuctukamu I'[a,b] u [sla, b], onpenensembivu
BhIpaxkeHuem (5).

Ha mnpakrtuke 3ameHa (anmpokcHMallksi) peasbHOro
KOPpPEJNMPOBAHHOTO BEKTOPHOTO CJAYUYAHHOro Mpolecca
w(f) HerayccoBbIM O€JibIM I[IYMOM C MHOTOMEPHOH
MJIOTHOCTBIO BepOsITHOCTH (7) o6ecrnedynBaeT HHKHIOW
TpaHUIly XapaKTePUCTHK OOHApYKeHHsl. 3HAUUTEJbHO-
ro yAyullleHHsl ToKasaTesed KauecTBa OGHapy»KeHHUs
MOXXHO JOCTHTHYTb, €CJIH 0 aHaJoruu co cxemoit (1)
IJIS COBMECTHOH 00pabGOTKH peann3aluil CaydaWHbIX
npotuieccoB yi(f) u yo(f) BOCMONB30BATHCS raycCOBOU
cxemoi 0OHapyKeHUsT 1eTePMUHHPOBAHHBIX BEKTOPHBIX
CHrHa/oB Ha (hOHE KOPPEJHPOBAHHBIX TayCCOBBIX IMO-
mex [3].

TayccoBa cxema 06paGoOTKHM BEKTOPHOr0 CUTHaJja

[Ipn o6HapyxeHUH C/1a0bIX TPABUTALHOHHBIX HM-
y/IbCOB B HENPEPbIBHOM BPeMeHH HUMeeM

y() =Au() +f(1), 0<t<T,
rie y(t) = [y1(t) yo(£)]T — BexTOpHBIH CayUaHHBI
npouece, MpeACTaBJASIIINE CMeChb aJJUTUBHON MOMeXHU
FO =[fi(®) ()] ¢ xoppensnmonHOil MaTpuLeH
Kii (1) Kio(7)

(10)
Koi (1) Koo(7)

K(r) = (fOf (147)) =
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¥ nosiesHoro curiana u(t) = [u;(t) us(¢)]7.
31ech
Kii(m) = ([:(t + 1) (7)),
li=yi({]A=0), il=12
ut)=(yr=1)=
= —las(i:(Of (1)) + bs () (7: (O F2(D)],
rie (-) — cuUMBOJIMUecKast (opMa 3alHCH orepaTopa
CTaTHCTHUECKOTO YCPeTHEeHHSI,
[Ipyt BBIYUC/IEHHH 3JIEMEHTOB KOPPEJSIIIHOHHOH MaT-

putsl (10) Bocrosbayemest TOHKOEH CTPYKTYpPO# cydaii-
HOU (hasel

(11)

P, (1) = pu(t) + 2mv(1)

ajIMTUBHON HerayccoBoi momexu n(t), ,(f) — pas-
PBIBHBIM CJydalHBIH TpolLecc, 3HaYeHHsT KOTOPOTro 3a-
kaoueHbl BHyTpu wuHTepBasia (0,27), wv(f) — cay-

yaiiHasi MOCJeN0BaTEeNbHOCTh OUMOJISIPHBIX MMITYJIbCOB
[1€JIOUYHUCIEHHBIMH BBICOTAMHU, OOYCJIOBJIEHHAST TT€PECKO-
KaMu (ckaukamu) dasel. [Ipy Takom moxxome

t
B(t) = AD, (1) + 9o, AB(1) = Jﬂn(t) dt
0
— Haber ¢asbl, 2,(f) = &/ () — neBHALHS YACTOTHI,

Qo — CiydaiiHasi BeJMUYKMHA, DABHOMEPHO pacrpesesieH-
Hast Ha uHTepBane (0,27). CremoBaresbHO,

an(t) = V/En(t) cos[AD,(f) + o],
b (1) = /En(1) sin[A®, (1) + po.

[Toncrasasiss atu hopmysibl B Bbipaxkenue (12), moce
yCpeIHeHHUs Mo HavyasbHOH (ase o MMeeM

K11 (7) = Koo (1),
Ko1 () = Kio(=7) = —Kj2(7),
Ki2(0) =0.
CrienoBaTesibHO,
(f2(1)) = K;;(0) = 2(EF?[E]|A = 0) = 0,

(h(Df(1)) =0;

ui(t) = —c?ag(t), uy=—0o2bg(t).

JLn1si rayccoBBIX TTOMeX MPH IeTePMUHHUPOBAHHOM I10-
JIE3HOM CHUTHaJIe OTITHMAJIbHBIH aJropuTM 00HAPYKEHHS
U aJrOPUTM ONTUMAJbHOH JHUHEHHONW (PUABTPALUU MO
KPUTEPHUIO CHUTHAJ/IIYM coBMafaioT. [loaTomy, YUuTHI-
Basi pe3ysbTaThl [3], OTHOCSIIMECS K OOHApPYKEHHIO
BEKTOPHBIX CHTHAJIOB Ha (DOHe KOPPeJHPOBAHHBIX Tayc-
COBBIX IIYMOB, HaXOAHWM ONTHMAaJbHYIO MO KPUTEPHIO
CHTHAJ/IIyM JUHEHHYI0 cxeMy 00paboTKH peasu3aiuil
cydailHBIX TIpolieccoB yi(f) U yo(f) ¢ moMoIIbIO KOp-
PeJISIIHOHHOTO TTPHEMHHKA

T o

2= [ Y (o dr

0 i=1

(12)

OmopHuble (BecoBble) curHanbl r1(f) u ro(f) sBASIOTCS
pellleHHeM CHCTeMbl JIMHEeHHBIX HHTEerpajibHbIX ypaB-
HEHUH

I 9

[Stie-nnmyar=s. wi-12

(13)

OrHolIeHHe CHTHAJ/IIYM Ha BBIXOJIE KOPPEJSIIHOHHOTO
npuemHuka (12) ompenessieTcsi CeqyIOMIMM BbipaxKe-
HueMm [3]:

T
o= | S wionya.
J:

i=1

BriBoabl

1. Tepexon x(t) — x(t) — a(t), b(t) B pexxume «fast
filtering» ocyurecTBssieTcss B mpolecce AUCKPeTH3AUN
maugeix [1, 2] mo cxeme

x(t) = ALIN—LHP—IAIT — w(t),

rie ATl — ananoro-uudpoBoil npeodpazoBaTeb,
[1® — undposoit nonocosoit guasrp, LHAIT — ung-
po-aHaJIoroBhIll IpeobpasoBaresb. Peanusaius BeKTOp-
Horo cayuaiinoro mporecca w(f) = [a(t) b(t)]T nHa
Boixoze LIAIT npu nepuuHOl 06padoTKe HH(pOPMALKH
HCMoMb3yeTest s (DOPMHUPOBAHUS TMapaMeTPUUecKok
(HemapamMeTpHUeCKOH) OLEHKH MJIOTHOCTH BEPOSITHOCTH
W,(E) kBanpara orubawowmeil E(t) = a’(t)+ b*(t) B co-
crossann A =0.

2. BeKTOpHBIH aJrOpuT™M aMIJIHTYIHO-UAaCTOTHOTO
TO/IaBJI€HHsI HErayCCOBBIX LIYMOB Ha BBbIXOJE JIMHEHHO-
ro tpaxkrta PI'A npu coBmecTHOI 06paboTKe KBanpaTyp-
HbIX KOMIOHEHT a(f) u b(t) ompenessieTcs: CaenyIOUIUM
BbIpaXKeHHEM

T
w(t) - y(t) > JyT(or(z) dt, (14)
0

e yo(t) = Ty ola(t),b(t)], r(t) = [n(t) n()]" —
BeCOBOI BekTOp-crosbel. XapaxkrepucTuku I'jqla,b]
1 BecoBble KO3(DMULUHEHTbl r|o(f) BBIUMCISIOTCS T10
dopmyam (5) u (13).

[Ipy 4acTOTHO-aMMIUTYAHOM TOAABJIEHUH KoOppe-
JVPOBAaHHBIX HEraycCoBBIX MOMeX Mo cxeme [D, 6]
O®-BHIT-C® ocyiectBisieTcst npeaBapuTebHast 1e-
KoppeJsisiiusg myma ¢ mnomoulbto jguHeiiHoro O®. Ha
npaktuke pasmeniende BHIT na Beixone OP cuuraercs
Helleslec000pa3HbIM [6], moaTOMy Takasi cxema B padoTe
He paccMaTpUBaeTcs.

3. BexTopHblil anropuTM o6paboTKH HHGMOPMAIMU
(14) MOoXHO HCTONB30BaTh AJISI OOHAPYKEHHST CabbIX
rPaBUTALUOHHBIX HMITYJbCOB C HEM3BECTHBIM MOMEH-
TOM BO3HHKHOBEHHS Ty MPHU (DUIbTPALIMOHHOM BapHaH-
Te rayccosa npuemHuka [3].

4. ByneMm mnpenmnoJarath, 4To MOJE3HBIH TpaBUTAIlH-
OHHBIH cHrHanM S(f) TOJHOCTBIO PACTOJNOXKeH Ha HWH-
tepajse Hadmonenus: (0,7), MIJIUTENBHOCTH KOTOPOTO
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3HAUHTEJbHO TpPEBBILIAET BPeMsi KOPPEJSLHH CTalHo-
HapHBIX W CTAllMOHAPHO-CBSI3AHHBIX MpoleccoB 7(f)
u ny(t). Torna, yuursiBas (13), umeem

2
> Kim(rm(t) = si(t), i=1,2.
m=1
B yactoTHO# 06/1acTH cUCTeMa JIMHEHHBIX MHTErpaJb-
HBIX ypaBHeHHWH THma cBepTKH (13) mepexomuT B cHCTe-
MY JIMHEHHBIX a/nrebpanueckux ypaBHEHHH THMA

2
> Kin(jw)im(t) = 4(jw), i=1,2,
m=1
e Kin(jw) ¢ Kin(r), in(jw) ¢ (), $n(iw) ©

S ().
B ycioBusix  anpuOpHOH  HeONpeaeJeHHOCTH
HEW3BECTHbIE B3aWMHBle 3JHEPreTHYeCKHe CIEeKTPhI

Kim(jw) 3aMeHsioTCSl HemapaMeTPHUECKHMH OHMeHKaMU
Kin(jw) [8].
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