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C 1999 roma wa moayoctpoBe KaMuaTka TPOBOAUTCS M3YUEHHE TEOAKYCTHIECKONR IMUCCHH
HA PA3JUYHBIX CTAIUAX CeICMIIeCcKOoil aKTUBHOCTHU. PerucTpanus ocyecTBIgeTCs HellPePhIBHO
¢ gacTtoToii 48 k['1, 4TO CyIMecTBEHHO OCIOKHSCT Py IHYI0 00pabOTKY. AHAIN3 TE0aAKYCTHIECKO-
IO CUTHAJIA TIOKA3BIBAET, YTO OH COCTOUT U3 CEPUU PEJNAKCAIMOHHBIX KOJeGaHuil (MMITYJIbCOB) ¢
yaapubiM Bo30yxKienuneM, amiiutyaoi 0.1 — 1 Ila, ganrensnoctbio, He npesbimaroiieit 200 mc,
YACTOTHBIM 3AI0/IHEHUEM B eJUHUIBI U TIepBble JecaTku KI 1.

OtHO# 3 OCHOBHBIX 33189 0OPAOOTKU CUTHAJIOB TE€OAKYCTUIECKON SMUCCHH SABJISIETCA aBTO-
MaTHYECKOE BbIJIe/IEHUE U YaCTOTHO-BPEMEHHOM aHa/u3 UMILY/IbCOB. B nocjenue rojibl, HapsiLy
€ KJIACCUYECKUMH METOJaMU aHaJIM3a CUTHAJOB aKTHUBHO HCIOJIb30BAIUCH METOJbI pa3perKeH-
HOM anmmpOKCHMAIINH, TTOKA3aBINe CBOK T0CTATOUHYIO 3hdekTuBHOCTE [1].

B nmammnoit pabore mpe1IozKeH HOBBIH MOIX0 K OOHAPYKEHUIO UMITYJIHCOB T€0aKyCTHIECKOH
SMUCCHU, OCHOBAHHBIN HA aHAIN3€ PA3JI0KEHUs CUIHAJA, [IOCTPOEHHOTIO METO/IOM pa3pezKeHHOM
AITPOKCUMAITHH.

PaszperkenHass anmpoKCHMAIUs TPEANOIaraeT MOCTPOeHHe MOJEIN CUTHAJA, COMeprKaIiei
HAMMEHbIIIee YUCJ/I0 JJIEMEHTOB, T.€.

F(0) = X angn(t) + R

| Ry|| — min
|@mlly — min

Y

rie f(t) — ucciemyemplii CUTHAT, g, (t)— 1eMeHT (ATOM CJI0Bapst) caoBapsi

D= {gm(t)7 ||gm|| = 1}7

A~ KO PUIMEHTh pas3sioxkenust, N — KOJHIECTBO IJEMEHTOB pasJioxkeHus, Ry — ommoka
AIIPOKCUMAITHH, |||, — NMCeBOHOPMA, PaBHAs YNC/TYy HEHY/IEBBIX UI€HOB BEKTODA.

Kaxk mpaBmIo, MeTOIBI pa3peKeHHON allIPOKCUMAINE HCIIOIB3YIOTCS 1 PA3I0KEeHHs CUT-
HAJIOB 110 U30BITOYHBIM CJIOBAPSAM, HPEAOCTABJIsISI UCCIEI0BATE IO OOMIMPHBIN HHCTPYMEHTaAPUil
JUTST aHAJIN3a CTPYKTYPBI CUTHAJIA, HO, HATPYZKAs 3329y OOJIBINON BBIYHCJIUTETBLHON CJIOZKHO-
CTHIO, 9TO HE MO3BOJISET PEITUThH €€ 32 MOJTHHOMUAILHOE BPEMSI.

AJIropuTMBI TIpecaeI0BaHUs YMEHBINAIOT BBIYUCAUTENILHYIO CI0KHOCTH MOCTABICHHON 3a-
Jladu, OCYIECTB/Isist TOUCK 3(DPEKTUBHBIX, HO HE ONTHUMAJIBHBIX AMMPOKCAMAIAIA.

OIHEM U3 AJITOPUTMOB MPECIeTOBAHUS SBISETCS aJTOPUTM COIVIACOBAHHOTO IMpecsenoBa-
Hus, npemroxkerasrii Mallat S. VI Zhang Z. CyTh aJropurMa ¢BOIUTCA K HTEPATUBHOMY IIPOIEC-
Cy HMOWMCKA 3JIEMEHTOB CJI0BAPsl, MUHIMU3UPYIOMNX HA KAaKJIOM IIare OMMHUOKY allpPOKCHMAIUN
[2]:

Rf=f
Rnf = <Rnf> g'yn> G, + Rn+1f

— R™ ]
G, = arg grggng fr950]
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Buibop caoBaps DsiBjisiercs BazKHOR 3aj1a4€il, 0T KOTOPOR 3aBUCUT KAa4eCTBO JlaJibHeHIero ana-
auza. [Ipeabiaynue paboTsl nokazaim, 4To Handosiee 3PGHEKTUBHBIM CJI0OBAPEM JIJIS AIIITPOKCHU-
MAIMH TE€0AKYCTUIECKUX CHUTHAJIOB SIBJISIETCS CJIOBAapb bBepiiare, OCKOJIBKY UMITYIbCH bBepiare
06IaTAI0T CXOXKeil CTPYKTYPOIl ¢ MMIYJIbCAME Me0aKyCTUIeCKoi smuccnu [3].

B mpormecce ananuza 60IbIIOTO KOJHYECTBA PEATbHBIX JTAHHBIX METOJOM COTJIACOBAHHOTO
npecyeIoBaHus ObLI0 OOHAPYZKEHO, YTO Ha PA3JUUYHBIX YUYACTKAX CUTHAJIA UTEPATUBHBIN MPO-
[ECC PA3JIOYKEeHHs BejieT ce0s MO-pPa3HOMY: OIMHUOKa AIIPOKCUMAIUN CIIa1aeT Oy TUMO ObICTpee
Ha y49aCTKaX CUTr'HaJla, CoAepzKalllnuX OJMHOYHBIC UMITYJIbCHI.

Ha ocHoBe janHOIT 3aKOHOMEPHOCTH OBLIA MPEJJIOYKEHa WJlesT aITOPUTMA aBTOMATHIECKOTO
BBIJIeJIEHUS HMITYJIbCOB B CHTHAJIE C MCIOJTb30BAHUEM METOJIA COTJIACOBAHHOTO Mpecye0BaHus.

AJTOPUTM COCTOUT W3 YeTHIPEX ITANOB: (DOPMUPOBAHEE 00y IAIONIeH BEIOOPKHU, TOCTPOCHUE
peIraonuX MpaBuj, TpeJodpadoTKa TECTHUPYEMOrOo CUTHAJA, aHAJIN3 TEeCTUPYEMOTO CHTHAJA
CKOJIb34AIIINUM OKHOM.

PaccMmorpensl curnajibl, perucTpupyemMbie B pa3Hbie JHU, 1 chOpMUPOBAHA 00yUIaIoNas Bbi-
6opka, coctogmasd n3 1000 oobekToB K1acca “Vmmysnbe ects” n 1000 o6bexkToB Kacca “Mmmyib-
ca mer” (puc. 1). CirejtyeT OTMETUTH, YTO JIJIT HOCTPOEHUST BEIOOPKH MCIIOJIB30BAIUCH HAHbOIee
SIBHBIE OJMHOYHBIE WMITYJIbCHI, aMILTATY/Ia KOTOPBIX MPEeBbIMaIa aMILUIUTYIAY TIyMa He MeHee,
4eM B 3 pasa.
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Puc. 1. Obyuaromias Beibopka

CreayionuM 9TaloM sIBJIsieTCs MOUCK MIPABHUI /I OOHAPYKeHUsT HMIYJIbCOB. [Ipu3HakoBoe
IPOCTPAHCTBO JAHHOHN 331841 KIACCH(MUKAINT 00Pa30BAHO 3HATCHUSIMHI CIAIa OIMHOKH MeTOIa,
COTJIACOBAHHOTO TIPEC/ICIOBAHUS TIPU AMMPOKCUMAIMH YIACTKOB CUTHAJIA JIJINTETHHOCTHIO 8 MC
15 aromamu ciioBapsi BepJrare.

[Towck permanmux MpaBu OCYIIECTBIISIIICS TPEMS CIIOCODAM.

1. Ilocmpoenue depesa pewerudi.

Ha ocnoBe obyuaromeit Beibopku ¢ momombio dyukiuit Statistics Toolbox cpeapr MATLAB
OBLITIO TTOCTPOEHO JIEPEBO PEIeHNil, IpeICTaBIeHHOE Ha PHUC. 2.

1. I'panuya obaacmed.

Kak Bujino u3 puc. 1, rpaduku craja omumbok 06bekToB Kjacca “Vmiryiibe ectb” n 06bEeKTOB
kJjacca “Mmnynabca HET’ CrpyNIUPOBAaHBI B Pa3IUIHBIX 00JIACTSIX KOODJIMHATHOW ILJIOCKOCTH,
CJIe/I0BATENBHO, BO3MOYKHO TOCTPOUTH JIMHUIO, 9€TKO PA3TPAHUIUBAIONIYIO JaHHBIE 001aCTH, 1
KJIaccu(pUIUIPOBATH HEU3BECTHBIM 00BEKT 110 IOJIOKEHU0 I'padrKa, CIIa 1 OMINOKA OTHOCUTEIb-
HO TIOJIYYeHHO Junun (puc. 3).

1. Ilenmpw xaaccos.
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=} Classification tree viewer

File Tools Desktop Tree window Help ﬂ
Click to display: | lcertity * | Magnification: mv Prl
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Puc. 2. [lepeBo pemrennii

Ecim npeacraBuTh rpaduk crajga ommOKH KaxKI0ro 00beKTa 00y dalolei BHIOOPKH KaK IsSITHaA-
JIIATUMEPHYIO TOUYKY, TO JIjIsl KaxK 1010 u3 Muoxkects “Umiyiibe ecry” n “VMiysibca HET” MOXKHO
paccYnTaTh IMEHTPAJIbHBIN 3JIEMEHT, W KJACC HEM3BECTHOTO OObEKTa OIPeJe/dTh 110 CTEelNeHn
OJIM30CTH €10 TOYKHM B MSATHAANATHMEPHOM TTPOCTPAHCTBE K MEHTPATBHBIM 3J1eMeHTaM (puc. 3).

Pematonue npasuna Gblin nporecTupoBanbl Ha 5023 HemsBecTHbIX 0ObekTax (Tabs. 1).
Hanbonee achdpekTuBHBIM 110 MPOTIEHTY KOPPEKTHO ONPEIeJIeHHBIX 00heKTOB OKa3a/Ja0Ch TPaBU-
JIO, TIOJIYY€HHOE TPETBUM CIIOCOOOM.

Tabuna 1. Pe3ynbTaThl TeCTHPOBAHUST PEMIAIONIUX TPABUI

Tun oobekra | Beero | Kor-Bo [Ipoment
HEIPABUJILHO | IPABHIBHO
OTIPE/TEJIEHHBIX| OMPEIeTeHHBIX
00bEKTOB 00'bEKTOB

Jlepeso pewenuii (CART)

Nmmyabesr 3899 | 11 99,72%

IMlym 1124 |0 100%

I'panumna

Nmvmryabest 3899 |8 99,78%

Tym 1124 |0 100%

Llenmpwi kaaccos

Nmmysibenr 3899 | 6 99,85%

IMlym 1124 |0 100%

Jls mpoBepKu POOACTHOCTHU PEMIAONIAX TTPABI OBLIT MPOBEIEH CJICY IO SKCIIEPUMEHT.
BrLto orobpano 200 caabo 3anryMIeHHBIX UMITYJIBCOB, He BKJIIOYEHHBIX B 00YYAIONIY0 BBIOOPKY,

358



100

I O3 O LEHTE

= === paHHLE

COwmbea, %
g ]
—_

40 .
30
20
10

T2 3 4 5 B F 8 8 10 11 12 13 14 15
Homep uTepaluu

Puc. 3. I'panuna obacteit 1 MeHTPHI KJIACCOB

K KayKJIOMY U3 HUAX MOCJeOBATENbHO /IO TeX TOP, MTOKa aJTOPUTM He JaBaJjl JOXKHBIN pe3yIbTar,
npuOABIISLICS OB IIIyM BCe OOJIBINEi aMILTHTYIBI. JKCIEePUMEHT TOKA3aJI, YTO AJITOPUTM TAeT
JIOZKHBINl pe3y/ibTaT B CpeJHEM HPU COOTHOIIEHUU CUTHaJ — mrym, pasaom 3.4 /16. Ha puc. 4
npe/icTaBjieH rpaduK 3aBUCUMOCTH MPOIEHTa MPABUIBHOTO PACIO3HABAHUSA OT COOTHOIICHUS
curuan — myM (SNR).

Pazpaborannbiii aaroputm 0wt mporectupoBan Ha curnaje Jmunoit 10000 orcueros. Ilpe-
JI00paboTKa CUTHAJIA 3aK/II049a1aCh B HOPMUPOBAHUY, EHTPUPOBAHUN U (DUILTPAIUN B JUATIA-
3oHe 1-48 k['1. PuapTpanys MO3BOINIA OYHCTUTH CUTHAJT OT TEXHOT€HHBIX HABOJOK W MOMEX,
UMEIOITUX MECTO B PerucTpupyiomneM TpakTe. Ha BXoa aJroputMa HmoChLIATHCH YIACTKH, BbI-
pe3aHHbIe CKOJIB3SAMUM OKHOM JJIUTEJIHHOCTHIO 8 Mc. sl y4acTKOB, coepKaluX UMITYIbC,
YaCTOTHO-BPEMEHHOE Pa3JI0yKeHNEe COXPAaHIOCh. B pe3yjibrare ObLIU BBISB/ICHBI BCE UMITYJIbCHI,
NPUCYTCTBYIOIINE B CUTHATE, 33 HCKJIIOUEHHEM CHJIBHO 3allyMJIEHHBIX U HCKA’KeHHBIX (pHC. 5).
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Sparse approximation method in the analysis of acoustic emission
signal morphological features

Tristanov A.B.Y?, Marapulets Y.V.', Lucovencova O.0.', Afanasieva A.A.

U Institute of Cosmophysical Researches and Radio Wave Propagation FEB RAS, Russia
2 Kaliningrad State Technical University, Russia

Acoustic emission is the phenomenon of elastic wave radiation by an object under examination
during its nonlinear transformation. The purpose of the investigation of acoustic emission
signals is to obtain information on solid body restructuring. The acoustic emission signal
contains acoustic emission single pulse flow distorted by wave propagation channel and carries
information on dynamic restructuring in the object, a generation source. There is a significant
distortion of the original pulse, when it passes through the environment and receiving channel
of a recording device, a characteristic signal is recorded. During the activation of a plastic
process, many elementary sources are formed, that generate acoustic emission single pulses,
which, in their turn, blending and distorting additively, form the resulting signal registered by
receivers. It is important to detect the pulse morphological structure according to the data
recorded by a receiver. The authors suggest to apply the matching pursuit method providing
the sparse signal model. This method sequentially extracts functions, which minimize signal
approximation error, from the family of characteristic wave forms (dictionary). The basis of this
family is the dictionary, consisting of Berlage pulses, which form correlate with the signal most
accurately. The paper analyzes signals by the proposed method, specific classes of acoustic
emission pulses are distinguished, the behavior of approximation error is analyzed, and the
model for a signal is suggested.
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