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OueHKka BEKTOpHbIX MapamMeTpoB CUrHanoB OOLIMHO SABMSIETCS  CEPbE3HOW  Npobnemon.
VMcnonb3oBaHne 6anecoBCKMX OLIEHOK W peLuatoLLmxX nNpaBui CONpsXKeHo ¢ 6oMbnM 06 bEMOM BbIYUCTIEHNI
W TPYOHO peanu3yemMo, eCnu MPUHATME peLUeHUA OODKHO MPOBOAUTCH B YCMOBUSIX XECTKOro aeduuuta
BpeMeHu. [na  yMeHblUeHusl TPyaoeMKOCTM nodobHbiXx 3agady B [1] pekoMeHAyeTcsi MCNofb30BaTb
WHBapWaHTHbIE CTAaTUCTMKN, HO OOHOBPEMEHHO OTMEYAETCH, UYTO «K COXareHuto, obLine MeToabl OTbICKaHUS
WHBapUWaHTHbIX U1 NPUONMKEHHO MHBAPMaHTHBIX CTAaTUCTMK He pa3paboTaHbl, a CyLEeCTBOBaHWE CTPOro
WHBapUaHTHbIX CTAaTUCTMK — [OBOJSIbHO peaKkoe siBrieHue». Takum obpa3om, B TEOpMM CTATUCTUYECKUX
peLleHnn OTMeYeH npober, 3anofiHeHNEe KOTOPOro Mo3BONMNO Obl YNPOCTUTHL pelleHne u obecneyvnTb
NPaKTUYECKYIO peanns3aLmio MHOTUX CIOXHbLIX 3a4a4y, B TOM YMCe U paccMaTpuBaeMon.

B ocHoBy npeacTtaBneHHOW 34eChb MOMbITKM PELLUEeHUs MNOCTaBMEHHOW 3afjayun MonoxeHa wuaes
yCTpaHeHusa uepoBckon uHdopMauun u3 HabnwogaemblXx AaHHbIX O Mellawuiem napamMeTpe U
coxpaHeHue uHdopmaumm o6 oueHvBaemoM. [locnegHee sBNSeTcs ycnosuem obecnevyeHus BbICOKOW
TOYHOCTM OLIEHMBAHUA.

Myctb N-MepHbIA BekTOp — cTonbey [AdaHHblX X = s(a)+ v AaBnseTcs CMecCbio
OeTepMUHMPOBAHHOW COCTaBMAoLLEN s(oc) M BEKTOpa UCKaXXeHWU V. BekTop mnckaxeHun nogynHsietcsa N —
MEPHOMY HOpMaribHOMY 3aKOHY pacrnpegenieHns BePOSiTHOCTEN C HYIEBbIM CPEOHUM U KOPPENSLMOHHOWN
matpuuei R . B [2] npeanoxeHo opToroHanbHoe pasnoxeHue, obecneunBaemMoe NUHEVHbIM
npeo6pasoBaHuem y = Cx C noMoLbio NXN - wmatpyupl C cTonGubl KOTOPOW  SIBMSIIOTCS
coBCTBEHHbIMU BEKTOPaMM TaK Ha3biBaeMON (PULLEPOBCKON UHPOPMALIMOHHON MaTpULbl S = E{ddH} , raoe

d=9dIn p(x;a)/a(x , E - cumBon matematnyeckoro oxuaanms. OCOGEHHOCTb Takoro pasfoXeHWst COCTOUT

B TOM, 4YTO, BO-NEPBbIX, AvaroHanuavpyetca uLLIEepoBCcKas WHMOPMALMOHHAs MaTpuua, BO-BTOPbLIX,
obecneuynBaeTcs KOHLEHTpaumsl uLIepoBCKON MHopMaLuum O napameTpe O/ B HavasbHbIX KOOpAMHaTax
BeKkTopa y .

Ons paguonokauMoHHOrO curHamna, 3aBucAllero OT ABYX MapamMeTpoB - 3adepxkn T U
AOMNNEePOBCKOro cMeLlieHns F, MOXHO NonyyuTs [Ba aHanormyHblx npeobpasoBaHus ¢ nomotubio matpuy, C,

H
n C,, cocTaBneHHbix COOTBETCTBEHHO W3 COOCTBEHHbIX BEKTOPOB MaTpuL ST=E{deT} "

S, = E{dFd? } HWXHUI MHAEKC NoKasbiBaeT, Mo KakoMy napameTpy npoBoauTcs anddepeHumnposaHue,

H
- CUMBOJT TpaHCMoHMpoBaHNA C OAHOBPEMEHHbLIM KOMIMJIEKCHbIM CONpsAXXeHUeM. Ons nony4vyeHus

He3aBucKUMOW OT F oueHKu 3adepku, HeobxoauMo U3 HabnoaaemblX OaHHbIX UCKMOYMTL OULLEPOBCKYHO
MHbopMaLMIO O [OOMNNMepoOBCKOM CMelleHuMn. [ns aToro ucrnonb3yetcs onucaHHas B [5] npoueaypa

O[IHOBPEMEHHO AuaroHanmsauum matpuy, S_ un S, .

Beenem BcrnomoratenbHyto mMatpuy Q =S_+S,.. Beibepem Takoe nuHeiiHoe npeobpasoBaHue c
rMoMolLLblo MaTpuLpl C, KOoTopoe 0GecneynT OfHOBPEMEHHYI AuaroHanusaumio Q u S co cregylowymu
TpeboBaHnsMN:

CcQC' =1, CS.C" =AY, (1)

)
anemeHTamm ),fr) > ﬂg) >...2 2,56), SIBMAOLMMUCS COGCTBEHHBIMM 3Ha4eHusiMn maTpuubl S . Ecnin
MOACTaBUTL onpeaeneHre MaTpuubl Q B NepBoe U3 3TUX PABEHCTB, NMOSYYNM:

I1=C(S,+S,)C" = A9 +CS,C", wm CS,CT =1- A", 2)

Otciopa crieyeT, YTO NPU BbINOIIHEHUM yKa3aHHbIX TpeboBaHWiA, Hapsay ¢ AuaroHanusauvein S_,

roe | — eavHnyHas guaroHanbHas matpuua, a AP AvaroHanbHas MaTpuua ¢ ynopsaoyYeHHbIMU

AvaroHanuaupyetcst U matpuua S, . Kpome Toro, Ansi Co6CTBEHHbIX 3HaYeHWit 060MX MaTpuL, cripaBeaimBo

©anekTpoHHas Bepcua nogrotosneHa 3A0 ABTIKC CaHkr-lNMetepbypr, http://www.autex.spb.ru




5-a9 MexpgyHapogHasi koHdepeHums «Lindppoeasa obpaboTka curHanos un ee npumeHeHne» DSPA-2003

1 o
COOTHOLLEeHne AVS{F) =1- /lgj ) M3 HEero MoxHo nonyynTb KpUTEpUN pasgeneHmna CUrHanbHOro nNnpoCcTpaHCcTBa
Ha noanpocTpaHCTBa, coaepXalne d)l/lLLIGpOBCKyI'O I/IH(bOpMaLI,MIO O Pa3finMyHbIX COCTaBIAKOLLMX BEKTOopa

napameTpoB.
B kavecTBe nnntoctpauum ncnonb3dosaH JIYM-curnan:
u(t) = wlt) E coslwyt + 218 7). 3)

roe BecoBas (pyHKUMS w(t) xapaktepusyeT dopmMmy ormbarowen, napameTp [)’ - BeIIMYUHY

n3MeHeHus YactoTel. AddekT [onnepa v 3agepKka CUrHana ydnTbiBaeTCq BBEAEHMEM COOTBETCTBYIOLLNX
napameTpoB Fu T :

u(t) = wlt) Ecos((w, — 2nF)(t —7 )+ 21B(t — 7))
B HopmupoBaHHOM 6e3pa3mepHOM BpeEMEHM CUrHan onpegeneH Ha otpeske [-0,5;0,5], ﬂ =16. Mpu

aTom 6asa curHana paeHa 16. BecoBas dyHKUMS BbiGpaHa Gnn3Koi K MPSMOYronbHOIA, HO 6e3 O -GyHKLMIA
Ha Kpasax npy anddepeHLMpoBaHMU - Kpas BeCOBOW (PYHKLMM (POPMUPOBANMNChL OTPE3KaMU CUHYCOUAbI.

DyHKUMA HeonpedeneHHOCTM curHana paccMmaTpmsanach cornacHo [3] B BUAE, BbIpaXXEHHOM 4vepes
KOMMNMEKCHYI0 ornbatoLLyio:

W, F)= [UQU(+1)e ™ dr

Mpaduyeckoe n3obpakeHne HOPMUPOBAHHOW (PYHKLUUKM HeonpedeneHHOCTU B KoopAuHaTax BpeMms-
YyacToTa noka3aHo Ha puc.1a. JleBad OCb COOTBETCTBYET 3anasfblBaHuio T, npaBad — OOMNIIEPOBCKOM
yactote F. [uanasoH n3MeHeHMs HOPMUPOBAHHbLIX OOMSEPOBCKMX 4YacToT oT -3 Ao 3. PasmepHoOCTb
curHana N=64. BugHo, 4To rpebeHb OyHKUMM HeonpedeneHHOCTM Crerka NoBepHYT OTHOCUTENbHO OCwU
YyacToT, cnefoBaTenbHO, NPU U3MEHEHUAX F MakcManbHoe 3Ha4YeHue BbIXOLHOro CUrHarma cornacoBaHHOro
unbTpa MOXET CMeLLaTbCs Ha HECKOMbKO AUCKPET OanbHOCTU.

1

100

a) 6)
Puc.1. ®yHkuun HeonpegeneHHoctn JIYM-curHana

duwepoBckasi MHOPMaLMOHHas MaTpula S_ B NPeanonoXxeHn paBHOMepPHOro pacnpeneneHus F

B BuAe MOBEPXHOCTU B TPEXMEPHOM MPOCTPAHCTBE MpedcTaBneHa Ha puc.2.a. Pa3mepHOCTb MaTpuubl
64x64. N3o0bpaxkeHne Ha puc.2.a UNICTPUpPYET, Kak duwepoBckas MHopMaLmsa o 3anasgbiBaHUM curHana
pacnpegeneHa («pa3masaHa») Mo 3nemMeHTam Matpuubl. Ha puc.2.6 nokasaHa Ta ke martpuua nocrne
AvaroHanu3aumun. BugHo, 4To BCcsA duweposckass MHPOPMAaLMA CKOHLEHTPUPOBaHa B HayarnbHOM yyacTke
avnaroHanu npeobpasoBaHHON MaTpULbI.

AHanormyHbIM 06pa3om BbIMSAAT U U306paxeHus matpuubl S .. MNocne 1cnonb3oBaHUs ykazaHHOM

BbilUe npoLeaypbl OAHOBPEMEHHON AuaroHanusauun nsobpaxerns matpuy, S 1 S, nokasaHbl Ha puc.3.a

n puc.3.6, cootBeTcTBEHHO. BugHo, 4TO BCA buepoBckas WHGopMauma kak o T, Tak m o F
CKOHLIEHTpMpOBaHa BAOMb OJHOW AwaroHanu. Kpome Toro, npm HOPMMPOBKE K €OUHWYHOMY 3HA4YeHuto
BMAHO, Ha KakuxX afemMeHTax Konu4ecTBo MHdopMauum o T npeobnagaeTt Haj KONMMYeCTBOM MHOpMaLum
o F. Ananu3 aToro pucyHka nos3BonsieT BblObpaTb NOAMNPOCTPAHCTBO C CYLEeCTBEHHbIM O6beMOM
UHpopMaLmm o F 1 UCKNoUMTb N3 curHana npoekuunio Ha Hero.
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Pvc.2. Mpachuueckoe n3obpaxeHne UCXoAHON MaTpuubl S_ (a) M nocne avaroHanuaaumm (6)
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a) 0)
Puc.3. Pe3ynbtaT 0gHOBPEMEHHOW AnaroHanmaaumm maTpuy, ST " SF

Odpekt oT Takom npouedypbl  unnwCTpupyet  puc.16. ¢ u3obpaxeHueMm  PyHKLUK
HeornpeaeneHHOCTN curHana nocne yaaneHusi ero KOMMNOHEHTOB, HecyLuXx ULLEPOBCKYD MHOpMaLMIO O
JonnepoBckom cMmelleHun cnektpa. CpaBHeHve ¢ puc.1a nossonsieT caenatb BbIBOA, YTO MoOchne
nogasneHns ULIEPOBCKNMA UHGopMaumm o F BRusiHME nocnegHero Ha (OYHKUMIO HeonpenereHHOCTH
npakTuyeckn ucyeano. LleHTpanbHbii rpebeHb (hyHKUMM HeonpeaeneHHOCTVM MOSMHOCTLI0 PacrofiokeH B
CTpPOKe, COOTBETCTBYHLLEN HyneBOMy 3HadyeHuMo F, Torga Kak ons UCXOQHOro curHamna oH pacrnonararcs

noa yrmom =84° k ocu F. Kpome TOro, Temepb OH MMEET MOCTOAHHLIA ypoBeHb. Takum o06pasom,
npeacTaBneHHbIM 30ecb MeTon (hopMMpPOBaHMA MHBApPUaHTHOW CTaTUCTUKM, MO3BONSAET OCYLEeCTBUTb
He3aBucumyto oT F oueHky Bpemenn npuxoaa NNYM-curHana.
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Let xe C" denote available data column vector X = S(T,F)+ Vv, where S(T,F) - linear FM signal
with delay T and Doppler frequency shift F. Additive noise vector v is a zero-mean Gaussian with diagonal
correlation matrix R, . The focus of this paper is on the T estimation based on invariant to F version of x.
To obtain the latter we have to suppress Fisher information concerning Doppler shift. Consider
S, = E{drdf} and S, = E{dng}, where d, = dIn p(x)/d7 d, =dIn p(x)/d7, d, =dIn p(x)/dF ,
the superscript 7 denotes complex conjugate matrix transpose. Matrices S, and S, can be interpreted as
the partial Fisher information matrices with respect T and F correspondingly. In [2] the eigenvalues and the
eigenvectors of an analogous matrix S ware used to concentrate Fisher information on diagonal elements
[2]. Diagonal form of S, reveals actual dimension of subspace in initial signal space, which contain the
most part of Fisher information about F. To provide invariant to F statistics one can obtain projection X onto
mentioned subspace and exclude it from X . The same we can conclude concerning S_. On the other hand,
diagonal form of S_ reveals actual dimension of subspace containing Fisher information about 7 . We have
to keep this information because it is connected with accuracy of the 7 estimator through CRB. To provide
both intentions simultaneously let us bring into use auxiliary matrix Q=S +S,. We need linear

transformation Cx that provides diagonal form both Q and S, [3]: CQC" =1, CSTCT =AY , where | is
the identity matrix of order N, A(T) is the diagonal matrix containing ordered eigenvalues of S :
).Y) > > > )»53). Note, that C provide diagonal S . too [3]:

I=C(S,+S,)C" =A9+CS,C", or CS,C" =1-A").

So we have lgf) =1—l§:). It gives us the criterion to divide the original signal space into two

orthogonal subspaces containing Fisher information about F and 7 , respectively.
Linear FM signal was used as illustration [4]:

s(t)=w(t) E cos((w, —21F)(t —7)+ 27B(t — 7))

with complex amplitude U(t): w(t)Eef[zﬂﬁ(t—r)z+2,TF(t—T)]_ Here w(t) is a smooth window function,
B =16. Fig.1.a shows it's normalized delay-Doppler ambiguity function; the number of samples is fixed to
N=64. Fig.2 displays original (a) and diagonal (6) forms of matrix S_. Fig.3 illustrates diagonal forms of S_,

S, and equation Aﬁf) =1—A§j). At last Fig.1 (6) shows normalized delay-Doppler ambiguity function for
invariant to F version of X after Doppler frequency Fisher information excluding. From Fig.1 we can see that

the ambiguity function of original signal is under = 84° to F axis, but the ambiguity function of invariant to F
version of signal is strictly parallel to F axis. So, subspace decomposition through Fisher information is a
means of decoupling T and F estimators from one another.




