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OBHAPYXXEHWUE MAJIOTABAPUTHBIX HASEMHbIX NOABUXKHbIX LIENEN
MPU NOMOLLIX BOPTOBOW PJIC C 5
NUCNONb3OBAHMEM NMPOCTPAHCTBEHHO-BPEMEHHOW AOANTUBHOU OBPABOTKH

OBHapyxxeHue Lernei ecTb OAHa U3 rMaBHbIX 3a4ay pagronokaumm, BkidatLas B cebs obHapyxeHne
KaK BO3AYLLUHbIX, TaK M Ha3eMHbIX Lenei. B oTnuune oT obHapyxeHWs BO3AYLLUHbIX Lenen, 3agava obHapyxe-
HWS Ha3eMHbIX Lienen npu nomowy 6optoseix PIIC crankuBaetcs ¢ Gonbwmnmn npobnemamu, CBA3aHHbIMM C
MomMexami, BO3HWKAIOLMMM MpU OTPaXeHU! 30HAMPYIOLLEro CUrHana O MOBEPXHOCTb 3eMmu. [puHUMaeMmbli
CUTHas COLEPXMUT Kak NOMEe3HYH COCTaBNAOLLYIO, OTPaXEHHYI0 OT Lienn, Tak 1 MOMEXY, OTPAKEHHYH OT 3eM-
nun. B HacTosiLee BpeMs CO3AaHbl anropuTMbl, NO3BONSOLLME 0BHAPYXMBATL NOABWXKHBIE HA3EMHbIE LNV Ha
(hoHe noacTUnatoLLei NOBEPXHOCTM 3eMMn. OTO 0OHAPYKEHNE OCHOBAHO Ha TOM, YTO CUrHan OT ABKXYLLENCs
Lienm cMeLLeH Ha YacToTy [onnepa
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Ecnn paguonokaunoHHast CTaHUMs HENOABWXKHA, TO ANS BbIAENEHWS NOME3HOro curHana 4oCTaToyHo
Mcnonb3oBaTh 00bIYHbIN AONNEPOBCKAN (OMNbTP BbICOKMX YacToT. Tak kak 6optoBas PJIC HaxoauTbes B ABU-
XEHUM OTHOCUTENbHO MOBEPXHOCTM, TO CUrHamM OT HENOABWKHOM 3eMnn Toxe OyaeT MMEeTb LONNEPOBCKMA
CABMr, KoTopbli 0BycrnosneH askeHnem PJIC oTHocuTenbHO 3emnun. CnekTp NpuHMMAaeMoro curHana B asu-

MyTaflbHO-L0MNNEePOBCKOM MIIOCKOCTU NOKa3aH Ha PUCYHOK 1.
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Puc. 1. CFIeKTp NPUHUMaEMOoro curdana B a3VIMyTaI'IbHO-,£I,OFII'Ie[ZJOBCKOI7I NJI0CKOCTU

CnekTp pacrnonaraetcs no AuaroHanu W MOZynMpyeTcs AuarpamMmon HanpaBneHHOCTU nepegatoLen
aHTEHHbI. [pUMEHEHNE MPOCTPAHCTBEHHON WK BPEeMEHHOW 0BpaboTki He MO3BOMMUT BbIAENUTL MONE3HbIN
curHan. MNpocTpaHcTBEHHO-BpeMeHHas 06paboTka MCNONb3yeT TOT (PaKT, YTO CMEKTP MOMEXU3AHUMAET Y3KYHO



Monocy B asuMyTarbHO-A0NNEepPOBCKON NNockocTU. Mo3TOMY NPOCTPAHCTBEHHO-BPEMEHHON «DUNLTP» UMEeT
y3KyI0 MONIOCY 3arpaxaeHisi, TeM caMbiM OTMIbTPOBLIBAS TOMBKO MOMEXY.

OcHoBononaratoLLM NPUHLMNOM BO BCEX CUCTEMAX MPOCTPAHCTBEHHO-BPEMEHHOM afanTuBHON obpa-
BOTKM SIBNSETCS MCTIONb30BAHNE HECKOMbKUX MPUEMHBIX aHTeHH. CUrHarbl, MPUHUMAEMbIE KaXaon aHTEHHOW,
afanT1BHO B3BELUMBAIOTCS C LiEMbo M3MEHEHUS HANPaBMEHNSs! YCUNEHMUS! aHTEHHbI B CTOPOHY MONIE3HOTO CUr-
Hamna 1 co3faHus Hyneil auarpamMmbl HanpaBleHHOCTY B CTOPOHY HeXenaTenbHbIX CUrHanoB 1 nomex. baso-
Basi CTPYKTYpa CUCTEM NPOCTPAHCTBEHHO-BPEMEHHON aaanTUBHO 06paboTKM NoKasaHa Ha pUCYHKe 2.
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Puc. 2. bazoBas CTpyKTypa cMCTEM MPOCTPAHCTBEHHO-BPEMEHHON afanTuBHO 06paboTku

3apaya obHapyKeHUs MOXET BbITb NpeaCTaBneHa B pamMkax npoBepku rmnotes (2),(3)
H,:x=d (2)
H,:x=ce(4, f,)+d (3)
roe X — noslyYeHHble AaHHble B COOTBETCTBUM C MtobOM runoTe3on, d - cymmapHas nomexa, € — SBnseTcs
NPOCTPaHCTBEHHO-BPEMEHHbBIM BEKTOPOM, MOAESbIO CUrHarna Lesn, KoTopbli BO3BPaLLAeTCs C onpeaeneHHo-
royrna 6, c onpegenexHon yactoror flonnepa f,, o ABNAETCA HEM3BECTHOWM KOMMMIEKCHOW aMNauTy oM Lie-
.

AHTEHHas peLLeTka COCTOUT U3 3KBUAMCTAHTHBIX 3NIEMEHTOB, NO3TOMY NPOCTPAHCTBEHHBINA 1 BPEMEH-
HOW BEKTOP MOXHO 3anucaTtb cregytowmm obpasom (4),(5),(6).
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roe et es NPeaCcTaBnsitoT BpEMEHHbIE W NPOCTPaHCTBEHHbIE BEKTOPA, COOTBETCTBEHHO.

B cbopmyne (6) ¢t v fi npeacTaBnstoT yron HabnogeHns 1 4onnepoBCkyto YacToTy, fr — yactota cnego-
BaHWS UMMYNbCOB, @ A - ANMHA BOMHbI. MPOCTPAHCTBEHHO-BPEMEHHO BEKTOP ByAeT HaXoauTLCS B COOTBET-
CTBUM C (hOPMYTION

e=e ®eg (7)

roe ® npefcTaBnseT nponsseaeHne KpoHekepa anst AByX BEKTOPOB.

[insi BOCTWXEHWS NPOBEPKM MMNOTE3 aAaNTUBHbIE anrOPUTMbl ONPEAENSIOT BECOBON BEKTOP.
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AZ‘WHX‘Z Z A (8)

HO
rae ()M — 9pMUTOBO CONPSKEHME AN BEKTOPOB/MATPUL, @ A B (8) SBNSIETCS NOPOroM, KOTOPbIN Onpeaensercs
YPOBHEM FOXHOII TPEBOTW.
OntumanbHbIM criysaem 06paboTkv Npu M3BECTHOM NOMEXe SBMSETCA METOA C KOBapWaLMOHHON MaT-
puuen nomex Rq. Torga Bektop BecoB W byaeT onpeaensTbes N0 U3BECTHON KOBapuaLMOHHON MaTpuue RqB
COOTBETCTBMM C 3aBUCUMMOCTbHO (9) [2].
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Ha npakTuke KoBapuaLMOHHas MaTpuLa NOMEeX He M3BECTHA W A0MKHa BbiTb OLeHeHa. B GonblunHcTBe
COBPEMEHHbIX anropuTMOB NPOCTPAHCTBEHHO-BPEMEHHON aaanTueHoi obpaboTku (10) [2] koBapualmoHHas

MaTtpuua oueHNBaETCA, UCNONb3YH 3IK3EMNNAPbI NPUHATOrO CUrHana
A . 1
Ro == XX =—XX" (10)
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A,ElaI'ITVIBHbIe BeCa ornpeaenarTca B COOTBETCTBUN C (*)OpMyJ'IOVI
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w=Rg € (11)

Mpu peanusauumn 3TOro NoAxoAa MOXHO CTOMNKHYTLCS C pALoM Npobnem — TpyaHOCTbL pacyeToB, Horb-
LIOE KOMMYeCTBO AaHHbIX, HE0BXoaUMbIX 4N (hOPMUPOBAHUS KOBapUALMOHHOM MaTpuLibl, HEOBHOPOAHOCTb
9TUX JaHHbIX. [ns pelweHns atux npobnem Bbinu paspaboTtaHbl YaCTUMHO aAanTUBHbIE anropUTMbI.

PaccMoTpuM oguH 13 NpUMEPOB YacTUYHO aganTueHoro anroputma — JDL (jointdomainlocalized — cos-
MeCTHas 06nacTb nokanusawuum) anroputM. JToT anropuTM oTobpaxaeT AaHHble B Yrio-40nnepoBCKor nnoc-
kocTu. Co3aaTenu anropUTMa nonararoT, YTO aHTEHHa NpeaCcTaBnseT coboi NUHENHbIN MacCHB SKBULUCTAHT-
HbIX AaT4uMKoB. icxods W3 aToro NpeanonoXeHuns, NPOCTPaHCTBEHHO-BPEMEHHbIE JaHHbIE NpeobpasyoTes B
yrno-4onnepoBCKyto 061acTb Npu NOMOLLM ABYXMEPHOTO AUCKPETHOro npeobpasosanus dypoe. Mpeobpa3so-
BaHWe B Yrno-4OonnepoBcKyld 06nacTb NOKanu3yeT LeMb 1 NOMEXY B HECKOMBbKUX YrMax U AONMepoBCKUX Ya-
CTOTax, 9TO CYLLECTBEHHO COKpaLLaeT KOMMYECTBO AaHHbIX, HEOBXOaUMbIX 4N (hOPMMPOBaHUS KoBapuaLu-
OHHOW MaTpULibl MOMEX M YMeHbLUAeT TPYAHOCTb BbIYUCIIEHNS.

PaccMoTpuM elle OauH BaXHbIA METOA MPOCTPAHCTBEHHO-BPEMEHHOM afanTuBHOM 0bpaboTtkn — D3
MeToA. JTOT anropuTM SIBNSIETCH HECTATUCTUYECKUM, TO eCTb BECOBOW BEKTOP MOXET ObiTb onpeaeneH 6e3
OLIEHKW KOBapWaLMoHHON MaTpuubl nomex. OcHoon D3 anroputma sBRseTcs TO, YTo yron HabniogeHns u
vactoty [onnepa onpefenseT HanpaBneHHbIA BEKTOP caBura ghasbl CUrHarbl Lenn OT OOHOM0 aHTEHHOTO
anemMeHTa/Mmnynbca K apyromy (6). Yron Habnogenns v vactota [lonnepa onpenensieT zs, (a3oBblit COBUI
OT OAHOTO HTEHHOTO drieMeHTa K ipyroMy W zi, CABUI ¢pasbl OT OAHOTO UMNynbca k Apyromy. Ecnm x; (n) ectb

CYMMapHbIii CUrHan Ha | anemeHTe N-ro UMMynbca, Torda X; (n)—zs‘l*x(m)(n)m xj(n)—zt‘l*xj(n +1)

LOMKHbI cofepxaTb TOMbKO MoMexu W Wymbl. D3 MeTOA yMEHbLUAET BEUYNHY 3TUX YNEHOB, TO €CTb MOLL-
HOCTb nomMex U LwymoB. OnpegeneHue BecoB w, onpegernenne matpuubl nomex A (13)[2] n onTuManbHbIX Be-
COB W SIBNAETCS CriedytoLen 3agadeit ontummsauum (12) [2].

o —arg_mex [|ufe,u, O kol A Aw ] (1
we Wt w, =1 "

roe onepatop T 1 * ABNSAOTCA TPAHCMOHUPOBAHUEM W COMPSKEHNEM COOTBETCTBEHHO; BEKTOP €s0.4-2(0) Npea-
cTaBnsieT cobomn nepsble J — 1 3NeMeHTOB NPOCTPAHCTBEHHOIO BEKTOPA ANWHOM J.

lMepBoe cnaraemoe OTOOpaXaeT BrMSHWE BECOBOrO BEKTOpPA Ha YCWUNEHWe B HanpaBfeHWW yrna
HabnoaeHns, B TO BPeMS Kak BTOPOe cnaraeMoe npeactaBnseT cobon 0CTaTOuHYH MOLYHOCTb MOMEXV npu
unbTPaLMN OOHUMI 1 TEMM Xe BECaMM.

Takum obpasom, onTumanbHble Beca D3 anroputma MakCUMU3MPYIOT PasHOCTb MEXy YCWUNEHUEM B
HabntogaemMoM  HanpaBeHn U OCTaTOYHOM MOLLHOCTBH noMex. KoaduumMeHT ks BbibpaH kak koMnpommuce
MexXay ycuneHuem v unbTtpaumen nomex [2]

Xo (0) - Zglxl(o) o X(J—2) (O) - Z;lX(J—l) (0)
A= Xo (1) - :Zslxl(l) ' ! X(J—Z) (1) _:Zle(Jl) (1) (1 3)
X (N =)=z % (N=1) - Xy_5(N=1)=z %, (N -1)

Wcnonb3ys meTog MHOxuTenei flarpaHxa (METOA HaxOXOEHWs YCMOBHOMO 3KCTpeMyma (YHKLMM)
MOXHO MOKa3aTb, YTO XenaeMblii BECOBOM BEKTOP €CTb COOCTBEHHbIN BEKTOP COOTBETCTBYHOLLMIA Makcmarb-
HOMY COBCTBEHHOMY 3HaueHnIo MaTpuLbl (J - 1)(J - 1) ao-2a0™y2— ATA*. BpemeHHo BECOBOI BEKTOP MOXHO
HaMTW aHanorm4Ho, n 0Bl BECOBON BeKTOp ByaeT onpeaensitbCs BoipaxeHuem (14) [2]
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roe ® npeacraenseT npousseneHns KpoHekepa, u fobaBneHHbIe Hynu NPeACTaBnsIoT NOTEPIO OAHON cTene-
HW cBOBO/bI B MPOCTPAHCTBE 1 BPEMEHM.

ObpaTuM BHUMaHKE Ha TO, YTO BECOBOW BEKTOP MonyyaeTcs 6e3 OLEeHKN KOoBapuaLMOHHON MaTpuupbl.
OT0 AaeT Haubornbluee NpeuMMyLecTBO U Hanbonblume HepgocTaTku. OTCYTCTBME OLEHKM KOBapWaLMOHHOW
MaTpuLbl NO3BONSET 1cnonb3oBaTh D3 anroputv B CUIbHO HEOAHOPOAHbIX cuTyauumsx. o ceoen npupoge
[i@HHbIA anropuT™M 3dhPeKTUBEH NPOTUB OUCKPETHBLIX MOMEX M HE TaK 3PGEKTUBEH NPOTUB OLHOPOLHOMN MO-
MeXxu. ITO NPOUCXOQMUT NOTOMY, YTO OH UTHOPUPYET BCE CTATUCTUYECKWE AaHHbIE.

lMpocTpaHCTBEHHO-BPEMeHHas afanTuBHas 0bpaboTka SBNSeTCs METOAOM ABYXMEPHON (hunbTpaLmm,
KoTOpasi N03BONAET (UNbTPOBATL NOMEXU. ATOT METOA UCMOSb3YET HECKOMbKO NPOCTPAHCTBEHHbIX KaHaoB B
(pa3npoBaHHOM aHTEHHOMN peLleTke W 30HAMPOBAHME MaykaMu KOTrePEHTHbIX UMMYIbLCOB U MPUEM CUrHana ¢
MOMOLLbIO paguoriokatopa Ans (opMUPOBaHUA BEKTOpa afdanTWBHbIX BecOB. B 3aBucuMmocTM OT meTofa
(hOpMUPOBAHUS BEKTOPA afanTuBHbIX BECOB, CUCTEMbI MPOCTPAHCTBEHHO-BPEMEHHOW aaanTuBHOM 06paboTku
noapasgensioT Ha CTaTUCTUYEeCKUe U HecTaTucTuyeckme. CTaTUCTUYECKUe MeTodbl ONpesensioT BEKTOp Be-
COB MpyW NOMOLLM KOBapUaLMOHHON MaTpuLbl, B HECTATUCTUYECKUX METOAax KOBapuaLMOHHas Matpuua He
Tpebyetca. CTaTuCTUYeCKne METOAbl XOPOLIO CMPaBRSKTCA C NOLABIEHUEM OOHOPOAHOM NOMEXMW, B CBOK
ovepefb HECTATUCTUYECKME XOPOLLO (UMLTPYIOT HEOAHOPOAHbIE. Takke CTOUT OTMETUTb, YTO MUHYCOM CTa-
TUCTUYECKUX METOLOB SBMSETCA BbICOKAS TPYAHOCTb BbIYUCAEHUIA, @ Takke BOMbLIOE KOMMYECTBO BXOAHbIX
AaHHbIX, HeobxoanMbIx Ang (POPMUPOBaHMSA KOBapUaLMOHHON MaTpuupl. [oaTomy Bbinn paspaboTaHbl Ya-
CTUYHO afanTUBHbIE anropUTMbl, NO3BOMAILME COKPATUTL KOMMYECTBO BbIYUCIIEHWA, @ Takke YMEHbLINTD
4ncrno HeobxoaMMbIX BbIBOPOK BXOAHOMO CurHana. Heobxoammo Takke 3amMeTUTb, YTO JaHHbIA anropuTM nos-
BONSIET HAXOAMUTb, TOMBbKO MOABWXHbIE Lenu. HenoaswkHble Lenu SBASOTCA Ang AaHHOro anroputMa He 3a-
METHbIMU, MOTOMY YTO UX CNEKTP B YrNO-AONSEPOBCKON NMOCKOCTI COBNALAET C NOMEXO.
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