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M3BecTHO, UTO 3agayun, cBs3aHHble ¢ UndpoBor 06paboTKOM CUrHanoB Ha ¢hoHe Momex, UMetoT
Hanbonee NpocTble peLleHnst, Korga noMexun npeacrasnsatoT cobon 6enbin wym [1-5].

Korga nomexu o6nagjaloT npoOCTPaHCTBEHHO-BPEMEHHbLIMU  KOPPEMSLMOHHBIMA  CBOMCTBaMU
OTNIMYHLIMM OT CBOWCTB 6ernoro Lwyma, TO OAHWM M3 METOA0B, NPUMEHSIEMbIX B 3TOM Criydae, sBnsieTcs
mMeToq obenstowero dunetpa (OB®P), cyTb KOTOPOro 3akniovaeTcs B npeasapuTenbHON Aekoppensauum
BXOOHbIX HabnogeHun [1-9]. Metog OB® 6bin npeanoxeH B pabotax [5,6]. [JanbHenwee ero passuTue
HaLLNo oTpaxeHue B paboTax [7-9]. [dpyrve noaxodbl K peleHnio 3agadv OeKOppensumMn OCHOBaHbl Ha
NCnonb3oBaHMM OOpaTHOM KOPPENSALUUOHHOM MaTpuubl BXOAHbIX HabnogeHun [1-4], anemeHTbl KOTOpOW
OOIKHbI  ObITb  NIMOO  M3BECTHbI, MO0 uX HeobXoAMMO npefBapuUTENbHO OueHUTb. [logobGHble
naeHTUMKaLMoHHbIEe NpoLeaypbl UMEKT OrpaHWYeHHOe MPUMEHEHUE B CryyasiX, Korga HaknagblBaloTCs
XKECTKMEe orpaHu4eHnsi Ha Bpemsi obpaboTtkn. Takum oOpa3om, M3BECTHble MeToAdbl NpeanonaratoT
CTaLMOHapHOCTb HabnwoaeHun 1 TpebyloT 3HaAUMTENbHbLIX BbIYUCNUTENbBHLIX 3aTpaTt, YTO 3aTpPyaHAEeT UxX
NPUMEHEHNE B peLLIeHUM NPaKkTU4eCKMX 3agau.

B peanbHbIXx ycrnoBusax nomexu obnagatoT HecTaluMOoHapHbIMU MNPOCTPAHCTBEHHO-BPEMEHHbLIMU
KOppernsunoHHbIMM CBOMCTBaMU, KOTOPbIE anpuopu HEN3BECTHbI, a Takke B npouecce HabnwaeHus mMoryTt
MEHATbCSA criydariHbiM obpasoM. B aTux cutyaumsax uenecoobpasHo NpMMeHATb afanTuMBHbIE npouenypbl
Aekoppensunv, unu BblbenmBaHus, BXogHblix HabmogeHwi. Noatomy npobnema co3gaHus OTHOCUTENbHO
NpocTbiX W 3dEKTMBHBLIX Mpouedyp aganTUBHOW OEeKOppensauum HecTaumoHapHbIX — Cry4YarHbIX
nocrnegoBaTenbHOCTeW M Mornen, paboTawwmux B pexunme OnmnsKoM K pexumy peanbHOro BpeMEeHW,
SABMSETCA BecbMa akTyanbHoW. PeweHne 3agayn ajanTMBHOM  JeKkoppenaumm  cnydanHbiX
nocrnegoBaTternibHOCTEN ObINIo paccMoTpeHo B paboTtax [11, 12]. B gaHHon paboTe npeanaraetcsi pelleHne
3a4a4v aganTMBHOW OeKoppensumm CriydanHbIX Nonen.
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MMycTb MMeeTCca NocnenoBaTenbHOCTL KaApoB M300paXkeHnn, unu crny4vanHelx nonen (CIT) {xij } k

=1,2,..., npeacTtaBnsowasa cobon QUCKPETHbIE OTCYETHI HA NPSIMOYTofibHON ceTke pasmepa MxN Q={ |, j; i

=1,M; j :I,_N}. KoppensiunoHHas dyHkumsa (Kd) R k(ﬁ,i) =M {XE(H)DXE(H‘Fi)} anpvopu
X.:

1
HEn3BeCTHa U MOXET MEHATbCHA CrydaHbiM 0Bpa3omM B 3aBMCUMOCTW OT koopauHar (i, j). EAMHCTBEHHbIM
orpaHnyeHnem gaensetcsa 1o, 4to CI1 oTHocaTcsa k knaccy CIT ¢ gpobHo-paunoHaneHbiM cnekTpoM. [ycTb

. .k y . .
OTCYETbI HabnoaeHwi {xi.} MocTynatT Mo npaBuily OBbI4HOW TEeneBU3NOHHOW pas3BépTku. TpebyeTcs

MOCTPOUTL adanTMBHOe NpeobpasoBaHue

k k
~=L{x.}, 1
2 =L{x;) (1)
Takoe, 4YTobbl 06ecnevmBanoch ycriosne
— - _ k _ k — -
R |, (u,)=M{z..(u), z..(u+1)}-o0, 2
/K ij ij
1]
ansa Bcex i, j [@ . JononHUTenbHbIM OrpaHnyeHnem ans npeobpasoBanus (1) sBnsieTca TpeboBaHMe

paboTbl B pexrMe 6nmn3koM K pexnmy peanbHOro BpeMeHN.
Kak n3BecTHO, gaHHasa 3ajada OTHOCUTCS K Kraccy HEKOPPEKTHbIX 3aday, M Ang eé pelleHust
MOXET MPUMEHEH MeTo TUXOHOBCKOW perynapusauun [9,14]. [Ona atoro, Hanpumep, BXOOHble

Kk

HaGnoaeHns MoryT ObiTb NpeacTaBneHbl B BUOE CYyMMbI X§=y-- + O Zilj(’ roe yllj( nocTynawowue Ha

1)
Bxog OB® HabniogeHus, lej( - HOpMarnbHbIA HEKOPPENMPOBAHHLIN FAyCCOBCKUA LLIYM, WUCKYCCTBEHHO

cKnagblBaeMbll C BXOAHbIM curHanoMm, ¢ - CKO nckyccTBeHHOro 6enoro Lwyma, 3HadeHme KOTOpOoro MoxeT
TaKke NoAcTpamBaTbCs afanTUBHO.
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MpeactaBum agantuBHoe npeobpasoBaHne (1) B BMAE NMHENHOW KOMOWMHaLMKM HabnogaeMbix
3Ha4YeHNN

z}(.: xi( > CIX%:_ Cm 3
i i 10U b.J
roe {cI}— 3NeMEeHTbl MaTpuLbl BECOBLIX KO3(pULMEHTOB; | - 06nacTb BECOBOrO CyMMMUPOBaHUS BONMN3n

HabnoaeHns zﬁ [ns BbINnonHeHus ycnosus (2) HeobxoAMMO MW3MEHATb 3HAYEHUs {CI} B (3) B

COOTBETCTBUN C M3MEHEHWsSMU MapameTpoB HabmogeHun. C 3TOM Uenbio BOCMONb3yeMCs CreayroLmMM
ncesgorpagneHTHeiM anroputmom [ 10 ]:

co mith e GD-€ @OQe,  (.9).

rae {p, m} — koopauHaTbl, nameHsowmecsa no obnactu I, $(0) - HekoTopas yHKUMS OT peanu3auum

rpagueHTa HKUMoHana kavectea J(C , T.e. 0Q(c =0J(c +1 ,roe 1 - OLUMOKa
pan YyHKL ( p’m) Q( p’m) ( p’m) p,m il p,m

HabnogeHuns. B kavectBe ¢(0) B maHHom paboTte BbibpaHa 3HakoBas dyHkuuMa Sign{*}, a B kayecTBe

J( cp m ) BblbpaH KBagpar YyHKLUUM KoBapuaumm, HabnogeHve KOTOpOW

b b

ki—mk~_.71.2
Q(c )= {z.. () [Z.. (u + 1)} ouennBaeTcs B ckonb3silieM okHe, rae D — obnacTb fekoppensuuy.
p,m D 1j 1

UncneHHoe  moaenupoBaHMe — NPEennioKEeHHbIX  aganTUBHbIX — anroputMOB  AeKoppensumm
OCYLLECTBNANOCL KaK Ansi MMUTMPOBAHHLIX, Tak U Ans peanbHbix Cl1. OcTaTouvHble KOppensunoHHbIe
CBSI3U EKOPPENNPOBAHHOIO NONS OLIEHMBANMNCh C MOMOLLbI0 HOopMbI M'MnbbepTa-LUmuara (HILW) [13].

CIT umuTnpoBanucb € NOMOLLLI0O MOAenen ¢ ApPOOHO-pauMoHanbHbIM CMEKTPOM, B YAaCTHOCTU C
MOMOLLIbI0 aBTOPErPECCMOHHON MOZENM MEPBOro nopsigka, a Takke C MOMOLLBLI aBTOPErpecCMOHHOM
MOZENM BTOPOro nopsiaka C KpaTHbIMU KOPHSIMU XapakKTEPUCTUYECKOrO ypaBHEHWsl. PasMepbl MCXOOHbIX
Kak MMUTUPOBaHHbIX, Tak U peanbHblx CI1 200200 nukcenos. NMpeacTtaBneHbl pesynbTaTbl 3aBUCUMOCTH
HIL ot 3HaveHus ép m(i,j), OT BENMYMHbI 06NacTK NporHo3a 1 obnacTu gekoppensumm, a Takke, ans

b
nMuTUpoBaHHbix Cl1, OT napameTpoB MoOZEenu, B YacTHOCTM OT NapaMeTpoB, ONpeaensoLmx
KoppensuuoHHble cBsasnm CI1. lNMpepctaenensl 3aBucumocTn HILL OT OTHOLWEHUSA [McnepcuMm BXOAHbIX
HabnogeHNn 1 gucnepcunm UCKYCCTBEHHOro 6enoro Lyma. JKCnepuMeHTanbHO YCTAHOBMEHO, YTO 3TO

7
OTHOLLIEHWE MOXET BbiTb 105 -10" .
Bo Bcex paccMOTpeHHbIXx cryydasx dopma obnactn pgekoppensuum  6bina  BbiOpaHa

NPSIMOYronbHOM, 06GNacTb MPOrHo3a Takke MMena MpsSIMOYronbHyto dopmy. 3HaveHus ép m(i,j) 6binu
b

orpaHunyeHbl CHM3y. HauanbHble 3HayeHWst MaTpuubl BECOBbIX  KO3(MUUMEHTOB  BbIOMpanuchb
O[MHAKOBbIMW BO BCEX CNy4yasiX, M Kak Mokasanu npoBeféHHble MWCCreaoBaHus, ux LenecoobpasHo
BblGupaTb HebonbLLMMN MO abCOMNOTHON BEMNYMHE.

MpoBenéHHbIN aHanM3 nornyyYeHHbIX pPe3ynbTaTOB YUCIIEHHOrO MOOENUPOBaHUSA NPeanoXeHHbIX
anropuMTMOB nokasarn, YTo Ka4eCcTBO AEeKOPPEenaLMM Kak ANnst UMUTUPOBAHHbLIX, TakK U ANs MHOTMX pearnbHbIX
CIl craHoBUTCA nMpueMneMbiM MpuU Ccreaylowux napameTpa anroputma gekoppensdumn: obnactb
OeKoppensauum nexuT B npegenax oT 7x7 otcyétoB oo 11x11 otcuéTtoB, obnactb mporHosa ot 3x3
OTCYETOB A0 77 OTCYETOB. [lofilydyeHHble TOYHOCTHbIE XapaKTePUCTUKU MPEeanoXeHHbIX anropuTMoB,
Nno3BoONAT caenatb BbIBOA O TOM, 4YTO CTaTUCTMYECKME CBOWCTBaA [OeKkoppenupoBaHHbix CIl
nNpnbnmxarTcya K CTaTUCTUYECKMM CBOMCTBaM 6enoro wyma.

lMoka3zaHo, YTO MpensiIoKEeHHbIe anropuTMbl MOryT ObiTb peanuM3oBaHbl B pexume 6nmn3koM K
pexXumy peanbHOro BpeMeHU, Npyu MMHMMarbHbIX annapaTypHbIX 3aTpaTtax.
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THE ALGORITHMS OF RANDOM FIELDS ADAPTIVE WHITENING WITH THE USE OF INCORRECT
TASKS DECISION REGULARIZATION METHOD
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It is known, that many tasks concerned with digital signals processing against a background of
obstacles, have the easiest solutions, when the obstacles are the white noise by nature.

If obstacles have spatially-timing correlative characteristics different from white noise’ properties,
then the method which is applied in that case, is the method of whitening filter (WF), the essence of which
is a preliminary decorrelation of incoming observations. Another ways of solution decorrelation problem are
based on the use of inverse correlative matrix of incoming observations, which elements need to be known,
or they have to be estimated preliminary. Such identification procedures have limited application, when rigid
limitations for processing time are applied. So known methods assume the stationarity of observations and
require considerable calculation expenditures, what's why, it is difficult to apply them for practical needs.

In real conditions the obstacles have non-stationary spatially-timing correlative characteristics,
which are known a priori, and they could be changed in time of correlation process at random. In these
cases it is appropriate to apply decorrelation adaptive procedures, in other words, to apply whitening of
incoming observations. That's why the problem of creation relatively simple and effective procedures of
random non-stationary successions and fields adaptive decorrelation, working in the mode similiar to the
real-time mode is much urgent.

In this work you can see the task solution of random fields adaptive decorrelation with the use of
incorrect tasks decision regularization. The adaptation of algorithms’ parameters for statistical properties of
observed field is made with the use of pseudogradient procedures.

In this work are investigated the dependencies of decorrelation quality from decorrelation
algorithms’ parameters and from parameters of random field (RF), which were imitated with the help of the
models with bilinear spectrum, in particular with the help of autoregressive model of first order, and with the
help of autoregressive model of second order with multiple roots of characteristic equation.

Traced analysis of obtained results from numerical modeling of suggested algorithms shows that
the quality of decorrelation both for imitated and for real RF becomes acceptable, when the parameters of
decorrelation algorithms are following: decorrelation field is in the bounds of 7x7 indications to 11x11
indications, the field of prognosis in the bounds of 3x3 indications to 7x7 indications. Obtained precision
characteristics of suggested algorithms allows to make a conclusion that statistical properties of
decorrelated RF tend to the statistical properties of white noise.

It was shown, that suggested algorithms could be realized in a mode similar to a real time mode
with minimal equipment expenditures.




