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Fourier series are ideal for analysing periodic signals, but not suitable for acoustic

emission (AE) which is the transient phenomenon. There are two possible substitutes, the

windowed Fourier transform (WFT) and the wavelet transform. In this paper we motivate

the WFT and show how it can be used to give information about signals simultaneously in

the time domain and the frequency domain. Finally signals of excited steel pipe are

processed.
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3UREOHPDWLND� ]SUDFRYiQt� VLJQiO � ]DVDKXMH� VQDG� GR� YãHFK� WHFKQLFNêFK� RERU �� 3 HYRGHP� QD

þtVOLFRYê�WYDU�]tVNiPH�QRYp�PRåQRVWL��-H�PRåQp�RNDPåLW �UHDOL]RYDW�D�VQDGQR�Y\]NRXãHW�L�YHOPL

VORåLWê� DOJRULWPXV�� 6LWXDFH� MH� XOHKþHQD� GRVWXSQRVWt� YêNRQQêFK� VLJQiORYêFK� SURFHVRU �� NWHUêPL

O]H�SURYpVW�MDN�$�'�S HYRG��WDN� DGX�SRW HEQêFK�RSHUDFt�

$E\�E\OD�GRVDåHQD�FR�QHMY Wãt�SURSXVWQRVW�D�QHMNUDWãt�PUWYi�GRED��NG\�V\VWpP�QHP t�� MH� VWiOH

KODG� SR� ~þLQQêFK� DOJRULWPHFK�� ÒþHOHP� WRKRWR� S tVS YNX� MH� S LSRPHQRXW� D� VKUQRXW� PRåQRVWL

analýzy a redukce, které poskytuje klasická FFT spolu se sledovacím okénkem, tzv. WFT -

1. Úvod



windowed Fourier transform, pro zpracování signálu akustické emise. Jsou diskutovány hranice

SRXåLWHOQRVWL�

0HWRGD� DNXVWLFNp� HPLVH� �GiOH� $(�� MH� Y\XåtYiQD� ]HMPpQD� S L� WODNRYêFK� D� ]DW åRYDFtFK

]NRXãNiFK�� 9� PtVWHFK� V� PDWHULiORYêPL� YDGDPL� QHER� WUKOLQDPL� GRFKi]t� N� XYRO RYiQt

QDKURPDG Qp� SRWHQFLiOQt� HQHUJLH�� -HGQi� VH� R� S HFKRGRYê� G M�� 5R]UXFK� VH� ãt t� PDWHULiOHP

v�SRGRE � GLODWDþQt�� VP\NRYp� L� 5D\OHLJKRY\� YOQ\�� 9� WRPWR� SR DGt� S LFKi]HMt� SULPiUQt� þHOD

k�SLH]RHOHNWULFNpPX� VQtPDþL�� QHMYtFH� MH� SRXåtYiQ� UH]RQDQþQt� W\S�� 6QtPDþ � EêYi� YtFH� D� MVRX

UR]PtVW Q\� SRNXG�PRåQR� GR� SUDYLGHOQp� VtW � SRNUêYDMtFt� FHOê� VOHGRYDQê� REMHNW�� 7DN� MH�PRåQp

VWDQRYLW�PtVWD�]GURM ��1D�]iNODG �þHWQRVWL�S tFKRG �RG�NDåGpKR�]GURMH�D�FKDUDNWHULVWLN�P HQpKR

VLJQiOX��S tSDGQ �VWDUãtFK�P HQt�REMHNWX��O]H�SRVRXGLW�UL]LNR�]Y WãRYiQt�SRUXFK�Y�PDWHULiOX�

9 WãLQD� GRVXG� SRXåtYDQêFK� DSDUDWXU� QHSURYiGt� S tPp� GLJLWiOQt� ]SUDFRYiQt� VLJQiO �� PDMt

REYRGRYp� HãHQt�V�SHYQêPL�IXQNFHPL��0 t�PD[LPiOQt�DPSOLWXGX��GREX�RG�S HNURþHQt�SUDKX�GR

PD[LPiOQt�DPSOLWXG\��GREX�WUYiQt�NDåGp�XGiORVWL��SRþHW�S HNPLW ��SORFKX�VLJQiOX��DM��7HSUYH�W\WR

YHOLþLQ\� MVRX� GLJLWDOL]RYiQ\� D� XORåHQ\�� N� GDOãtPX� ]SUDFRYiQt�� $SDUDWXU\� QDYtF� ]MHGQRGXãXMt

ORNDOL]DFL� WtP�� åH� XYDåXMt� SRX]H� MHGQX� U\FKORVW� � ãt HQt�� WD� MH� XUþHQD� H[SHULPHQWiOQ � S tPR� QD

REMHNWX��9 WãLQRX�MGH�R�Ii]RYRX�U\FKORVW��5D\OHLJKRY\�YOQ\��3 L�YODVWQtP�P HQt�YãDN�Y]KOHGHP

N�SUDKRYpPX� VSRXãW Qt� DNWLYLW\� NDQiOX� VH� WDNp� VWiYi�� åH� QDVWDYHQRX� DPSOLWXGX� Q NG\� S HNURþt

þHOR� MLQp� YOQ\� �]GURM� MH� Y� EOt]NRVWL� VQtPDþH��� S tSDGQ � Rayleighova vlna chybí (zdroj je na

RSDþQpP�SRYUFKX���=GURML�MH�S LVRX]HQD�]NUHVOHQi�SRORKD�QHER�DNWLYLWD�

Neperiodický signál akustické emise )(tf  nelze analyzovat )RXULHURYRX� WUDQVIRUPDFt� S tPR�

7DWR�WUDQVIRUPDFH�MH�XUþHQD�S HGHYãtP�N�DQDOê]H�SHULRGLFNêFK�VLJQiO �D�WDN�MH�W HED�DQDO\]RYDQê

signál upravit. Je-li T � ãt ND� RNpQND�� SDN� SRPRFt� okénkové funkce analyzujeme pouze úsek

signálu v intervalu tTt ,− ��)XQNFL�RNpQND�GHILQXMPH�QDS ��QiVOHGRYQ �
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okrajových hodnot )(tf �QD�LQWHUYDOX�D�S LEOtåtPH�ML�SHULRGLFNp�IXQNFL��)7�V�RNpQNHP�O]H�YHOPL
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]MHGQRGXãHQ � S LURYQDW� N� SRVORXFKiQt� QDS �� KXGE\�� XFKR� YH� VSROXSUiFL� V� PR]NHP� RNpQN\

s�U ]QRX�ãt NRX�YQtPi�IUHNYHQFL�D�EDUYX�WyQ ��UR]OLãXMH��WUYiQt�WyQ �D��FHONRYê�U\WPXV�PHORGLH�

$E\�H[LVWRYDOD�)7�D�VNXWHþQ �NRQYHUJRYDOD�N�RULJLQiOX�� MH�QXWQRX�D�SRVWDþXMtFt�SRGPtQNRX��åH

)(tf  i )(τg jsou z prostoru )(2 RL , z vektorového prostoru kvadraticky integrabilních  funkcí

CRf →: ��NWHUê�MH�SRGPQRåLQRX�+LOEHUWRYD�SURVWRUX�� �9HNWRURYê�SURVWRU�S HGHYãtP�]QDPHQi�

åH� IXQNFH�QiVREHQi�NRQVWDQWRX� D� VRXþHW� GYRX� IXQNFt� OHåt� RS W� Y� WRPWR� SURVWRUX�� �.YDGUDWLFNi

LQWHJUDELOLWD�MH�WRWRåQi�V�H[LVWHQFt�NRQHþQp�QRUP\
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3UR�SRVRX]HQt�YODVWQRVWt�GDQêFK�YêE UHP�RNpQND�MH�YêVOHGNHP�:)7�VSHNWUiOQt�KXVWRWD�HQHUJLH
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)(ˆ ωtf ��-HãW �]PL PH�3DUFHYDORYX�URYQRVW��NWHUi�SRSLVXMH�V\PHWULL�:)7�Y þL�þDVX�D�IUHNYHQFL�

ýDVRY �IUHNYHQþQt�IXQNFL� )(ˆ uft O]H�]tVNDW�]�RULJLQiO �QHER�]�REUD] �
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,, ννω ωω fgufugf ttt ==   .

2G�þDVX� u ��NWHUêP�VH�SRVRXYiPH�Y�UiPFL�RNpQND�GR�PLQXORVWL��P åHPH��S HMtW�N�IUHNYHQFL�ν ,

která se pohybuje v rámci okénkového obrazu tg ,ˆω ��1D�]iNODG ��3DUFHYDORY\�URYQRVWL�O]H�GRVS W

N� REGRE � +HLVHQEHUJRYD� SULQFLSX� QHXUþLWRVWL�� )UHNYHQFL� QHO]H� QLNG\� P LW� RNDPåLW �

SRW HEXMHPH�DOHVSR �SHULRGX��ýDVRYi�ãt ND�RNpQND�T �D�IUHNYHQþQt�UR]VDK�RNpQND�Ω  jdou proti

VRE ��3URWR�VRXþLQ� TΩ �QHP åH�EêW�OLERYROQ �PDOê��DOH� CT ≥Ω , C  je kladná konstanta blízká

MHGQp� �QXWQRVW� MHGQp�SHULRG\���3 HVQRX�KRGQRWX�NRQVWDQW\�XUþXMH� WYDU�RNpQND�� 3UR�Gaussovské

RNpQNR��GLVWULEXFH�SRXåtYDQi�Y�NYDQWRYp�PHFKDQLFH��MH� π4/1≥ΩT ��9êE U�ãt N\�RNpQND�XUþXMH

G OLFt� þiUX�PH]L� UR]OLãHQtP�þDVX�D� IUHNYHQFH��7R�EXGH�SDWUQp�QD�S tNODGHFK�Y�GDOãtP�RGVWDYFL�

V�SRGVWDW �V�QDSURVWRX�MLVWRWRX�R�åiGQp�IUHNYHQFL�QHO]H� tFL��åH�MH�Y�VLJQiOX�REVDåHQD�

.�DQDOê]H�E\O�SRXåLW�MD]\N�Matlab a jeho signálový modul, kde je k dispozici funkce specgram ,

NWHUi� S tPR� SRVN\WXMH� KXVWRWX� HQHUJLH�
2

)(ˆ ωtf � SUR� Q NROLN� W\S � RNpQHN�� MH� PRåQp� VWDQRYLW

S HNU\Y�Y�þDVRYpP�SRVXYX�RNpQND�

'HWHNþQt� PRåQRVWL� :)7� GHPRQVWUXMPH� QD� SHULRGLFNpP� VLJQiOX�� NWHUê� MH� QDUXãHQê� GY PD

'LUDFRYVNêPL�LPSXOV\��REU��D��3HULRGLFNê�SU E K�MH�VXSHUSR]LFt�GYRX�KDUPRQLFNêFK�R�IUHNYHQFL

0,5 MHz a 1 0+]�� GpOND� SU E KX� MH� ���� Y]RUN �� Y]RUNRYDFt� U\FKORVW� �� PLO�� Y]RUN �VHF�

Obr. dcba ,,,1 � MVRX� JUDI\� þDVRY � IUHNYHQþQt� ]iYLVORVWL� S L� +DQQLQJRY � RNpQNX� ãLURNpP

512=T Y]RUN �� 128=T , 32=T  a 8=T �� .DåGp� RNpQNR� Pi� MLQp� HIHNWLYQt� SiVPR� UR]OLãHQt�

Pomocí okénka 128=T � VH� SRGD LOR� GRE H� UR]H]QDW� RE � VWiOH� S tWRPQp� ]iNODGQt� IUHNYHQFH

v�VLJQiOX��GYRMLFH�YRGRURYQêFK�SUXK �Y�REU��F���DYãDN�RNDPåLN\�YêVN\WX�LPSXOV ��VYLVOp�SUXK\�

QHMVRX�SUDNWLFN\�YLGLWHOQp��6LWXDFH�QD�REU��G�MH�SUiY �RSDþQi��Ò]Np�RNpQNR�YêERUQ �RGOLãLOR�RED

LPSXOV\�� QDRSDN� GYRMLFH� Qt]NêFK� IUHNYHQFt� VSOêYi� V� SR]DGtP�� 1D� SRVWXSQ � VH� P QtFt� ãt FH

3. 3 tNODG\



RNpQND� MH� SDWUQê� SULQFLS� QHXUþLWRVWL�� S L� RNpQNX� REVDKXMtFtP� FHOê� SU E K� PiPH� QHMMHPQ Mãt

IUHNYHQþQt� UR]OLãHQt�� MGH� YãDN� R� LQWHJUiOQt� VSHNWUXP� FHOpKR� SU E KX� D� ]FHOD� FK\Et� UR]OLãHQt

v�þDVH�� Ò]Np� RNpQNR� YêERUQ � RGlišilo oba impulsy, naopak dvojice nízkých frekvencí splývá

s pozadím.

'DOãt� NROHNFH� REUi]N � QD� REU��� S HGVWDYXMH� ]P HQê� VLJQiO� S L� H[SHULPHQWX� QD� WOXVWp� URX H

s�W HPL�S tFKRG\�YOQRYêFK�þHO��VLJQiO�REVDKXMH������Y]RUN �V�NURNHP���� QV��2S W�MVRX�Y�REU� 2

Y\NUHVOHQ\� þW\ L� SU E K\� RNDPåLWêFK� VSHNWHU� S L� ãt FH� T ����� ����� ���� ��� ýDVRY � IUHNYHQþQt

DQDOê]D�QHMOpSH�SRVWLKOD�YãHFKQD� þHOD�YOQ�S L�T ����7DWR� GHWHNFH� S tFKRG �YOQ� MH� VSROHKOLY Mãt

QHå� SURVWp� S HNURþHQt� QDVWDYHQpKR� SUDKX�� 'HWHNFH� MH� GRVWDWHþQ � QHFLWOLYi� MDN� QD� ]P QX

DPSOLWXG\� VLJQiOX�� WDN� QD� WYDURYp� IOXNWXDFH�� NH� NWHUêP� GRFKi]t� ]HMPpQD� Y� S tSDG � VOHGRYiQt

reálného zdroje v namáhaném materiálu.
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Obr.1  WFT analýza signálu: superpozice 2 harmonických s impulsními poruchami.
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9� þOiQNX� E\OR� SRSViQR� SRXåLWt� okénkové Fourierovy transformace (WFT) pro rozbor signálu

akustické emise. 6NDQRYDFt�RNpQNR��YH�NWHUpP�]tVNiYiPH�RNDPåLWp�VSHNWUXP��XPRå XMH�DQDOê]X

S HFKRGRYêFK� MHY �� 2SURWL� SUDKRYêP� GHWHNWRU P� MH� SUR� GLDJQRVWLFNp� ~þHO\� YêKRGQi� GHWHNFH

S tFKRGX�SULPiUQt�YOQ\�EH]�]iYLVORVWL�QD�DPSOLWXG ��VLJQiOX��ât ND�RNpQND�XUþXMH�GROQt�IUHNYHQFL

RNDPåLWpKR� IUHNYHQþQtKR� VSHNWUD�� )UHNYHQþQt� VSHNWUD� MVRX� OLQHiUQt�� UHVS�� ekvidistantní

u GLVNUHWL]RYDQpKR� VLJQiOX�� 7R� VH� SURMHYXMH� MDNR� QHGRVWDWHN� S L� ãLURNpP� RNQ �� 9HOPL� ~]Np

LPSXOV\� MVRX� SDN� QHRVWUp� Då� QHUR]H]QDWHOQp��7DWiå� QHRVWURVW� VH� SURMHYXMH� X� Qt]NêFK� IUHNYHQFt�

MHVWOLåH�MH�SR]RURYDFt�RNpQNR�S tOLã�~]Np�

:)7�MH�SRXåLWHOQi�SUR�DQDOê]X�D�UHGXNFL�VLJQiO �DNXVWLFNp��HPLVH��SURWRåH�SUDFRYQt�SiVPR�MH�SUR

ãLURNRSiVPRYp� VQtPDþH� Y� UR]PH]t� �� kHz – 1 0+]�� SUR� UH]RQDQþQt� SLH]RVQtPDþH� QHMYêãH

100 - 450 kHz.

3UiFH� SRSVDQi� Y� WRPWR� þOiQNX� E\OD� SRGSRURYiQD� *UDQWRYRX� DJHQWXURX� ýHVNp� UHSXEOLN\

SURVW HGQLFWYtP� JUDQWX� þ������������� �1RYp� PHWRG\� Y\KRGQRFRYiQt� VLJQiO � DNXVWLFNp� HPLVH�

a�XVNXWHþQ QD�Y�ÒVWDYX�I\]LNiOQtKR�LQåHQêUVWYt�)DNXOW\�DSOLNRYDQêFK�Y G�=iSDGRþHVNp�XQiverzity

v Plzni.
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