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NMPUMEHEHHE METOJ 0B KOPPEJISLLUOHHOTO AHAJIM3A
AJ11 ABTOMATHYECKOHW OBPABOTKH p
CENCMHYECKHX MATEPHAJIOB

B. Ii. MBAHYEHKOB, A. M. KYBUIMHOB, B. A. ®UJIMHOBA
(Ipencrasiena cemunapoM JIBTA HUNS @)

- Onunoit n3 BaxKHeHMINX 3a7ay NPH HHTEPIPeTALMH CeHCMHYECKHX Ma-
TEPHAJIOB SIBASETCA IPOC/AEXKHBAHUE 3aluced KoJeOGaHHil, BHISBIBAEMBIX O]l-
HOH M TOH e BOJIHOH, OT ONHOH TOYKH DErHCTpauud K OPYroid. STOT 1po-
Hecc ecTb He UTO MHOE, KaK KOppeJasnuoHHas oO0paboTKa, ¥ 3[eCh B Kadyect-
Be KODDEJSALIHOHHOIO aHajJu3aTopa BLICTYNaeT 4esqoBeK. [lpuueM B 2TOM
cllyyae IIDOHM3BOJHUTCA NBOMHAsH KOppeaslus ceficMo3anuceil. ATo Koppessi-
MMS IIDH BBIJEJNEHHH ONpPeJe/eHHOR I'PYINL BOJH Ha OAHOI ceficMolJIenkKe,
BO-TIePBBIX, W Bble/JE€HHE U3 OCell CHH(A3HOCTH IO MHOTHM CedcMOorpaMmaM
‘Te€X, KOTOpHle COOTBETCTBYIOT ONPELENeHHBIM CTpaTHrpaduyecKHM IOpH-
30HTAaM, BO-BTOpbIX. Koppensnuss BoJH NpecraB/isieT oaHy u3 HauboJee
TPYALOEMKHX ONlepalHii, N03TOMY DPa3paboTKa aJrOpUTMOB aBTOMAaTHUCCKON
KOppe/NAllHH BOJIH IpPEACTaB/AseT OoJblIoH npakTHueckmii wuHrepec |[1].
Bosbmoii o6beM HHGOpPMAUMH, ColepiKalleics B CeHCMHYECKHX 3alUCiX,
Jaxe Ipu HCNOJNb30BaHHM MOIIHBEIX JDLIBM, sacraBiser uckath yrpoieH-
Hble NpHeMBl M GoJiee COBepIIeHHBIE TeXHHYECKHE MEeTOALI OCYILEeCTBJIeHHS
KOppeNsiUHMOHHOTO aHa/jaH3a. . o ' .

B npeamaraemoil craThe paccMaTpuBaercs paspaGOTAHHBIN HaMH all-
TOPHTM, MO3BOJISIOIIHE OCYILECTBJSATE ABTOMATHYECKYI0 KOPPEJISALHIO ceil-
CMHYECKHMX BOJIH H [0 JaHHBIM KOPPEeISILHOHHON 06paGOTKH IIPOU3BOAHUTD
NOCTPOEHHE CKATOTO CeIICMHYECKOro paspesa.

PaccMoTpenne HpPOH3BOIUTCS MJIST MaTePHAJIOB, NOJYUEHHBIX MeTOIOM
oTpaxeHHbX BoAH (MOB), xoTa pa3paboTaHHLIH aJrOpPuTM MOZeT OBITb
TaKXe HCIO0Jb30BaH AJs1 00paGOTKH JAHHBIX, HOJYYEHHBIX APYTHMH MeTo-
nLamu, Hanpumep, OI'T. » _

OrpenpHyro Tpaccy ceficMorpaMMbl Ha Beixone APY MoXHO mpejacTas-
JATh KaK CYMMY JBYX HE3aBHCHMBIX IIPOLECCOB: «CHTHaAbHOTO» Z (1), mpei-
CTaBJsoWEero cofol HajJoxeHHe OOJbIIOTO UYHCJAA HMIYJAbCOB ONMHAKOBOH
¢opmel, 1 myma N(¢) [2]. :

X(5) =Z(0)+N (1), (1)

rae Z(t)=2ZXa,S({—t,);
3

S (f) — bopma oTHEABHOTO HMMY./IbCA;
Qp— AMIUIHTY1A UMOYJIbCA;
f, ~— BpeMsa HpHXOIA.
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IMpu 3ToM misi COBOKYIHOCTH 3amHceH, TOJY4YeHHBIX B TOYKax mpuema
x1==0; X3, ..., Xy. Z(1) B TOuKe X 3anuueTcd Kak

Z(f,JC):gakslt—tk—Atk(x)]’ ‘ ' (2)

L

rie f,— BpeMs NpHxoaa k-il BoJIHBI B TOUKY npuema x;=0;

At, (x) — npupalieHde BpeMeH roforpaoB OTpPaxKeHHbIX BOJH.

Bpemena f,, corJacHo SKCIepHMEHTANbHBIM JaHHbIM [2], 00pasyioT
IIyacCoHOBCKuil npoiecc. Pazobbem N Tpacc ofHOH CefiCMOTpaMMbl Ha. He-
CKOJIbKO [OCTATOYHO IPOTSKEHHBIX YUaCTKOB /11 C BPEMEHHBIM HHTEpBa-
gom T, B npeienax. KOTophix Tpacchl Xi(t), x2(f), ..., xn(f) MOXKHO CyHTATbH
CTAlMOHAPHBIM CJIY4YalHbIM [IPOLECCOM.

Torma oueHKa B3auMHOH KODpPeJIALUOHHONH (DYHKHHH COCEAHHX Tpacc
MOKeT ObITb 3allucaHa ‘

T

Bxl,.r,(c)_—_é—lT | xl(t)-xg(wrc)d{. : (3)

—T

CyuHOCTb NPHHATOTO HAMH a/IrOPHTMa GYNET 3aKII04arbesd B CIAE1Yio-
uieM. B npouecce 06paBoTKH NPOH3BOANTCS TOMApHOe BHIUHC/IEHHE OLEHOK
GyHKuHi B3auMHOH Koppedauud By ., (7), Bu.r, (7), B, 1xN(r)

' XAV=—24,

Ipd COOTBETCTBYIOLIeH (QUALTPALNM Tpacc AJd NepBOro ydacrka ceHcMo-
rpaMMbr. B pasbHefillleM OCYIIECTBJASETCS ITOHCK NOJOKEHHS TJIaBHBIX MaK-
CHMYyMOB (PYHKLHM B3aHMHOH KOppEJAsLHH Tpacc Bxi,xj (t) ¥ onpeneneHue

wory

BpPEMEHHBIX C/IBHTOB 1., IpPH KOTOPBIX sz'xf (T) 1OCTHralT CBOEro 3KCT-

peMaJibHOro . 3HaYeHus. BplulC/ieHHBIe 3HAauYeHHsd T ABJIAIOTCA GLEHKOH
cpenHero casura Afc, — Mexay TpaccaMi JUis BLIGP@HHOTO YdacTKa /L

Attkjcp :T%—i‘i; (4)

£ — NOrpelIHOCTb BLIYHCAEHHSA CpeJHEero CIBHra Alrep. .

Kak nokasano B [2], HaxoXKIeHHE CPEJHEro CABUTa MeX1y TpaccaMH
10 MaKCHMyMy (YHKUHH B3aUMHOH KOPPEdsllHH sIBJAAETCS aCHMITOTHUYECCKH
ONTHMAJbHOM I1poledypoOil OLeHKH yKa3aHHoro casura. s moBblUeHAs HA-
JIeXKHOCTH BBLUHC/IEHHSI T, TIPH ONpe]e/eHnH (QYHKIUH B3aHMHON Koppe-
JSHH BBOAMTCS OrpaHHuYeHHe Ha H3MeHeHHe 3aJepXKKH T, onpeienacMoe
MAaKCIMaJbHBIM CABHTOM BOJIH Ha CeHCMorpamme:

|| <p. : (9)

Jlist 11epBOro yyacTka ceficMOrpaMMbl OCYLIECTBJ/SIETCS HarpabaeHHOe
CYyMMHpPOBaHHe TPacC B COOTBETCTBHH C BbIYHCJIEHHBIM 3HayeHueM T, T. €.
onpejesisieTcsi CyMMapHBI CHPHAam TIpH ONpe/ieJleHHbIX BPEMEHHDLIX CABH-

7
rax tTm*

F(t)—_—ﬁ x;(t+rﬁ,{). - (6)

i=1

3aTeM NPOU3BOMAMUTCS MOUCK MAKCHMAaJ/JbHBIX pa3pacTaHHii CyMMapHOTO
CHTHAJa TIPH HEKOTOPOM 3ajfaHHOM INOpOTe 7 M OIpelesNeHHe HX BpeMeH-
HBIX TOJNOXKEeHWH. YKazaHHas TMpollelypa NOBTOPSiETCS MJsI I0C/Ae1YIOHIHX
y44CTKOB ceficCMOTpaMMBl, H TIPOMU3BOAUTCS YBSI3KA II0JYYEHHBIX pPe3yJbTa-
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TOB B COOTBETCTBHH C HOMepoM yuacTka m. [lpu yBsiake oTaenbHBIX yuact-
KOB CYMMHDOBAaHHe TpacC A/1d KaXJIOr0 H3 HHX OCYLIECTBJAJETCS He Ha
BCEM BpeMeHHOM nHrepsase 7, a na unrepsane I'<<T. Ilpu stom T’ wmo-
’KeT BbIOUpPATLCS, HAlPUMED, H3 COOTHOMIEHHS :

T=T"+t,, (7)

rie ?,— BUIHMBIH NepHOI Ko1eOaHHH CeHCMHUYECKON BOJHDI.

Ykasauupiii KpuTepHil HCKJAIOUAET NMOTepH HHGOPMALHH TIPH NPOCTEKH-
BaHHUH BOJIH Ha KOHLAX Y4acCTKa.

ChenyeT OTMETHTb, UTO CPeAHHMIl CABHI MeX1y TpaccaMi, ompeielse-
MBI B HaleM cjayyae 10 (YHKIHSIM B3aHMHON KOPPeJSLHH, MOXKET 3aBH-
CETb OT HeCKOJbKHX HEH3BECTHbIX MapametpoB. Tak, mpH Manablx yraax
HAaK/JIOHA TOPH3OHTA OH OYyAeT orpeleasTh CTATHUECKYID H YCPeAHEHHYIO
KHHEeMaTHYeCKYIO 1onpasky. [locieiHee n03BossieT oCywecTsasTh 06paboT-
Ky ceficMo3anncn 6e3 npeiBapHTEIbHOIG BBO/JA CTATHUECKHX I KHUHEMaTH-

UeCKHX 1OIIPaBOK. )

ff? I‘\M

Xz1 "
X20 p'i'

Puc. 1. Yuactok o6pabatbiBaeMoil ceficMorpammbl

C uenabio onpenenenns 3QGHEKTHBHOCTH 1IPE/JIOKEHHOTO aJropilTMa
OblI0 TMpoBelleHo ero MccaeloBaHHe Ha JLIBM BOCM-4 no martepuanawm
Tomckoro reodsnueckoro Tpecra.

[Tpu nposepke anroputMa crasunach 3ajauya OUEHKH TOYHOCTH Olpe-
JeJEHHST CPEHETO CIBUTA Ty [0 TTaBHOMY MaKCHMYMY (MUHUMYMY) DYHK-
LMK B3aHMHOM KOppeaslHH CEeHCMOTPACC H OlpeaeeH s BO3MOAKHOCTH
NAJbHEHIIero HCro/Jb30BaHHSl Pe3yJabTAaTOB KOPPEsIHOHHOTO aHaAH3a A4
BbIJIe/I€HUsT PETYJSPHBIX BOJH IIYT€M HAIpPAaBJEHHOTO CyMMHUpOBaHHA (yM-
HOXKeHHUs) ceficMo3atiucell.

Has  obpaboTks  BbIOMpasiich  y4acTkn  ceiicMOrpamm PO IS
72-3-14 , BKaovaromne 8 Tpace, Ha KOTOPHIX [POCAEKHBAIACH rpynmna
KojieGaHHii, OTHOCAWHXC K onHOH BosHe (pic. 1). Ouudpoeka ceficmo-
Tpacc MpoOBOAHIACH C AHCKPETHOCTbIO oTcuetoB 1,67 mcek. B ta6ua. 1 nawb
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CTATHCTHYECKHE XaPAKTEPHCTHKH [/ BOCbMH CelCMOTpacc, BbiUHCAeHHbIE
Ha BOCM-4. , *

Hns ucciemoBaHus TpefsoXKeHHOro aaroputma Obliia paspaborana
nporpamma, 6/J0K-cXxeMa KOTOpoH npHBeAeHa Ha puc. 2. Ha puc. 3 npuse-
JleHbl (QYHKIMHM B3aMMHBIX KOppeJsilMid BOCbMH CEHCMOTPACC, BBIUHC/IEHHBIE
7ipu UHTepBane ycpenHenuss T, paBHom 0,83 cek. Ha 3ToM Xe pHCYHKe

Tataunpal

x; () ( m ' 52 5
x1(1) 0,308 0,014 0,121
x2(?) 0,276 0,0052 0,072
x3(t) 0,297 0,0069 0,083
x4(1) 0,313 0,0050 0,071
x5(¢) 0,304 0,0070 0,084
xg(2) 0,269 0,0029 0,054
x7(%) 0,265 0,0035 0,059
x5(1) 0,263 0,006t - 0,078

M — MaTeMaTHUeCKOe OXKUIAHHE, 02 — THCIePCUs;
0 — cpelHeKBaApPaTHUYHOE OTKJOHeHue.

noka3aH rpagHK AaBTOKOPpPeaAlUHOHHON GYHKUHH By, (1), H0J0KEHHE
rJJaBHOTO MaKCHMyMa KOTOPOH olpelensieT Hauajlo oTcueTa CpeiHHN CiBH-

TOB Ty . BblulC/eHHbie 3HAYEHUs Tm IJ5 YyUacTKa CefcMorpaMmbl I1pH-
BejeHbl B Taba. 2. CymMmapHbii curHad £ (f), noayueHHbIl IIpH CABHIaXx

BOJIH T, , NpHBedeHHLIX B Taba. 2, NokasaH Ha puc. 4. CpaBHeHHe 3HaUe-

HUH T H f, nodyueHnnx Ha DLIBM u npu u3MepeHHH Ha MHKpOCKOIe,

- TMoKas3ano- X XOpollee COoTJaacoBa-
Hue. B wmponecce o6paboTky ajro-
putMa OBLJ1O0 UCCAeJI0BaHO paspe-
lleHHe BOJH - [IPU HalPaBIEHHOM
YMHOXEHHH CeHCMHYECKHX 3anu-
ceil. B 3ToM cayuae onpejeseHue
fp TIPOU3BOIMIOCH TO TOJOXKEHHIO
MaKCHMaJ/JbHbIX 3HAueHHH CurHamla

PR ’\/\/\/\/\/"\/\z — - N .
W —~ G(O)= x,(t+=n). ~ (8)
MWV T i=1

SR AT~
i Ipadpux  dyuxkuun G(f) npu-

L3¢ A" npusesien Ha puc. 5. M3 cpaBHeHHs
_’__._-_Jo‘._-w_,_ -————=t  puc. 4 ¥ 5 BURHO, 4TO (popMa Ppe-
IyJasipHOIl  CeHCMHUECKOH  ‘BOJIHBEL
Puc. 3. Tpadux xoppensuuonnsix ¢yuxmuil.  IPH  HANPaBJE€HHOM  YMHOXEHHH
: 3anuceyl Tpacc CYLIeCTBEHHO HCKa-
KaeTcs, oqHAKO HaOJonaeTcs 3HAYHTEAbHO Jy4llee TIOAaBJeHHE BOJIH-NO-
MeX, yeM Inpu cymmupoBanuu. Ha SLIBM rtakxe Oblsa nposeneHa fpo-
BEPKa BO3MOMKHOCTH TIPUMEHEeHHsi MPHOAUKEHHBIX OLEHOK (QYUKIHH B3auM--
HBIX KOppeasiiuil ceficMoTpacc /s OcyllecTBleHHs (asoBOro MPOCIexKu-
BaHusi. Ilpu sToM BBIUHCAEHHe NPUGAHKEHHBIX OLEHOK ‘B3aWMHO KOppeJs-
OHOHHBIX (GYHKUHH TIPOU3BOINIOCH TI0 CAeAYIOUWHM BblpaXKeHHaM:

;)‘

in,.tj('f) ==

%:r maxl(O. (x40l ()
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Y]

in,xj("): | xi(£)—x;(t+7) | dt, (10)

¥y

1
T

Buiuncienne gynknuii (9), (10) Moxer O6biTh TaKxKe TPOCTO peasnso-
BaHO MpH ONTHYECKOH KOPPENsUHH A 3anuceis CeHCMOCHTHAJIOB HA TPaHC-
napast MeToA0M nepeMeHHON ILIOMaAH U  «UIHPOKOM Tpaccoity. Takwue

Fit}
?

t
(
|
(
]
|
|
(
K
'
v
|
|
1
L

Puc. 4. I'paduk cymmapioro curnana F(?)

MeTObl 3alHCH IHPOKO PACNpOCTPpaHEHBl MpH aHanorosoil 06padoTke cen-

o 1
cMHuecKoll nHpopMaIuH.. Bblunc/IeHHbIe 3HAUEHUs T 1O Bbipaxennio (9)
IJisi OHOro yuacTka CefiCMOrpaMMBl AaHBI B taba. 3. '

Tabaunua 2

Bux xapakrepusyemoii T m @ s il fo
G YHKIHH B CEeK B MCEK
T .
By ()= § %2 (1) (¢47) dt /
. i=1 j=2 083 | 4221 | 0605 | 0778 }0
. =9  j=3 , 083 | 4044 00203 | o472 |50
” =3 j=4 ' 0,83 45,76 0,316 0,562 3,34
i =4 =5 083 | 4679 | 0324 | 0569 | 1,67
. =5 j=6 . 083 | 4046 | 0147 | 0383 | 1,67
, =6 =7 . 1083 | 3537 | 0061 | 0247 11,67
. i=7 j=8 083 | 34,59 | 0157 | 0397 | 167
N -
G (=% (t2 <) - 10,53-10-4(0,77:10-8| 0,8.10—4 350,7

CpaBHeHHe pe3yJbTaToOB, TOJYYEHHBIX MPH BBIYHCJAECHHH KTOUHOI» M
NpUGJIUKEHHONH OLeHOX GYHKWHI B3aMMHBIX KOPPeNflHi, NOKa3alo Ha BO3-
MOXKHOCTb HX HCNONb30BaHHsl IPH aBTOMaTHYecKoll oOpaboTke ceicmuue-
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. CKHX jaHHbiX. Mcnoawnsosanue dbymkuuit (9), (10) npu KoppeasiHOHHOM
obpabotke naHHplx Ha JLIBM no3sossier cyuieCTBEHHO COKPAaTHTb 3aTpaThl
MawHHHOrO BpeMenu. OcyuiecTBaeHHe NPHOJNUKEHHON KOpPpeIsiliHd Takxe
OKa3blBAeTCsi MPEANOYTUTENbHBIM M HpH onTHdYeckoil o6paborke. Taxkuwm

1} (3]

Puc. 5. T'padur ¢pynxunn G(tj

06pa3oM, npoBeieHHble HCC/AEL0BAHNS N0 MaTepluadaM CellcMHUeCKOro 1po-
$unas 72 3 14 nokasaaum Xopouyw pa3pellaloyid CHocoBHOCT 1peano-
KEHHOTO aJrOPHTMa IF BO3MOXKHOCTb €ro HCIOJb30BAHIsI MPH MacCuBOLl
o6pabotke ceficMItuecKol HHOPMaALHIL, Caenyer oTMeTHTDL, 4TO npu odpa-

Tadoaniwa 3
Bun xapakrepusyewmoii LT n - _ _ij| tB
dhynxmm . lB CCK. i N TaloMcek
Rx_x(‘:) 7 T )
i -::T‘fmax [xi (8), xj(t+=)}dt
. =1 22 0,83 | 17331 | 6504 | 255 | 167
, i=2 j=3 083 | 163,24 | 4,057 2,014 | 5,01
, i=3 j=4 0,83 | 172,17 4,714 2,171 | 3,34
, i=4 j=5 083 | 173,17 | 5,693 2,386 | 1,67
\ {5 j=6 0,83 | 162,03 3,19 1,786 | 1,67
\ i=6  j=7 ‘ 0,83 | 146,17 1,916 1,384 | 1,67
, i-7 j=8 083 | 149,02 3 496 1,869 | 0
. N
F(f)= } A < ]y 2,254| 0,645 0,81 351,37
p v

GoTKe CeflcCMHUCKHX MAaTepHaNOB € CYLECTBeHHOI KPIBH3HOH rojorpada
$as no naHHOMY aNTOPHTMY L€J1€CO06Pa3HO OCYILIeCTBIAT npeaBapiiedb-
HOe BBCJCHHE B 3alICH PACUETHbIX KHHEMaTHUYeCKHX i CTATHYECKHX [1071pa-
BOK. BBeneHne .pacueTHbIX nompaBoK Mo3BojsieT B 3TOM cJydae IMOBBICHTb
HALGKHOCTL ONPEJETeHHs CPEIHET0 CABHTA [0 [0J0KEHHI0 MaKCHMYMa
GyHRUMI B3aHMHOH Koppeasuuy celicMoTpacc.
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