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ABSTRACT�

:H� UHSRUW� RQ� WKH� DFRXVWLF� HPLVVLRQ� VLJQDO� SURSDJDWLRQ�

DQG�PRGDO�DFRXVWLF�HPLVVLRQ��0$(��VRXUFH� ORFDWLRQ� LQ�

DOXPLQXP� KRQH\FRPE� FRUH� VDQGZLFK� VWUXFWXUHV�� $Q�

H[SHULPHQW�VWXG\�VXSSRUWHG�E\�PRGDO�DFRXVWLF�HPLVVLRQ�

PHWKRG�LV�SUHVHQWHG�WKDW�V\PPHWULF�DQG�DQWL�V\PPHWULF�

PRGH� RI�ZDYH� FDQ� EH� GHWHFWHG�� ORFDWLRQ�PHWKRG� EDVHG�

RQ� YLUWXDO� ZDYH� IURQW� LV� XVHG� WR� ORFDWH� WKH� DFRXVWLF�

HPLVVLRQ� VRXUFH�� $� OLQHDU� DUUD\� RI� VHQVRUV� UHFHLYH�

VLJQDOV� IURP� OHDG� EUHDN� DQG� ORZ� YHORFLW\� LPSDFW� $(�

VRXUFH�� IUHTXHQF\� UHVSRQVH� RI� VHQVHG� VLJQDO� DQG�ZDYH�

YHORFLW\� LQ� GLIIHUHQW� GLUHFWLRQV� DUH� REWDLQHG�

H[SHULPHQWDOO\��7KH�DWWHQXDWLRQ�QDWXUH�RI�GLIIHUHQW�ZDYH�

PRGH�LQ�WKH�VDQGZLFK�SDQHO�LV�PRQLWRUHG�E\�PHDVXULQJ�

WKH�VLJQDO�DPSOLWXGH�DW�GLIIHUHQW�GLVWDQFH�PHDVXUHG�IURP�

WKH�$(�VRXUFH��5HGXFH�WKH�QRLVH�LQIOXHQFH�IURP�DFRXVWLF�

HPLVVLRQ� VLJQDO� E\� ORZ�SDVV�ILOWHULQJ�� DQWL�V\PPHWULF�

ZDYH�LV�VHOHFWHG�LQ�WKH�OHDG�EHDN�DQG�ORZ�YHORFLW\�FDVH��

VHOI�DGDSWLYH� WKUHVKROG� YDOXH�PHWKRG� LV� XVHG� WR� HQVXUH�

WKH� DUULYDO� WLPH�� WKH� LPSDFW� ORFDWLRQ� LV� GHULYHG� E\� D�

PRGLILHG�YLUWXDO�ZDYH�IURQW�DOJRULWKP��

1 INTRODUCTION 

+RQH\FRPE� FRUH� VDQGZLFK� SDQHOV� ZLWK� PHWDO� DQG�

FRPSRVLWH� IDFH� VKHHWV� DUH� ZLGHO\� XVHG� LQ� DHURVSDFH�

VWUXFWXUHV�IRU�WKHLU�VSHFLILF�VWLIIQHVV�DQG�VWUHQJWK��$V�WKH�

LQFUHDVH� RI� KXPDQ� VSDFH� DFWLYLWLHV�� WKH� LQFUHDVLQJ�

VHULRXVQHVV�RI�VSDFH�GHEULV�HQYLURQPHQW�KDV�GHWHULRUDWHG��

WKH� WKUHDW� WR� RQ�RUELW� VSDFHFUDIW� LV� VHYHUH�� ,Q� RUGHU� WR�

UHDO�WLPH� PRQLWRULQJ� WKH� VSDFH� GHEULV� K\SHUYHORFLW\�

LPSDFWV�� DQ� RQERDUG� DFRXVWLF� HPLVVLRQ� V\VWHP� LV�

SUHVHQWHG�WR�ORFDWH�WKH�LPSDFW�SRVLWLRQ�>�@���

$FRXVWLF� HPLVVLRQ� WHFKQRORJ\� LV� GHVLJQHG� IRU�

PRQLWRULQJ�DFRXVWLF�HPLVVLRQ�SURGXFHG�ZLWKLQ�IDLOXUH�RU�

VWUHVV� DSSHDU� LQ�PDWHULDO��$(�ZDYHV� DUH� FROOHFWHG� DIWHU�

WKH\� KDYH� WUDYHOHG� WKURXJK� WKH� PDWHULDO�� $(� VRXUFH�

ORFDWLRQ� KDV� DURXVHG� ZLGH� FRQFHUQ�� FRQVHTXHQWO\�

YDULHWLHV� RI� ORFDWLRQ� PHWKRG� KDV� EHHQ� VWXGLHG>���@��

0RGDO� DFRXVWLF� HPLVVLRQ� LV� D� WHFKQRORJ\� WR� HVWDEOLVK�

UHODWLRQVKLS� EHWZHHQ� $(� ZDYH� DQG� VSHFLILF� SK\VLFDO�

SURFHVV� E\� XVLQJ�/DPE�ZDYH� WKHRU\� >�@�� LW¶V� DSSOLHG� D�

FRQYHQLHQW�PHWKRG�WR�WKH�DQDO\VLV�DQG�XQGHUVWDQGLQJ�WKH�

$(�ZDYH� LQ� FRPSRVLWH� ODPLQDWHV�� ,Q�RUGHU� WR� VROYH� WKH�

LVRWURSLF�PDWHULDO�ORFDWLRQ�SUREOHP��UHVHDUFKHUV�PHDVXUH�

WKH�ZDYH�YHORFLW\�RI�FHUWDLQ� IUHTXHQF\�DQG�ZDYH�PRGH�

ZLWK� WLPH�RI�IOLJKW� PHWKRG�� WKHQ� WKH� DOJRULWKP� RI� $(�

VRXUFH� ORFDWLRQ� FDQ� EH� REWDLQHG�� 6DOLKH� XVH� QRQOLQHDU�

HTXDWLRQV� ZLWK� WUDQVGXFHUV� DUUDQJHG� LQ� D� WULDQJXODWLRQ�

SRVLWLRQ��HVWDEOLVKHG�D�ORFDWLRQ�DOJRULWKP�RI�$(�PHWKRG�

>�@��7KH�VROXWLRQ�RI�WKH�DQJOHV�XVH�D�ZDYHOHW�WRRO�ZRXOG�

EH� REWDLQHG� E\� VROYLQJ� WKH� HTXDWLRQV�� $(� VRXUFH� FDQ�

DOVR� EH� ORFDWHG� >�@�� /LQHDU� DUUD\� IRU� GHWHFWLRQ� DQG�

ORFDWLRQ� WKH� GDPDJH�� ORZ� IUHTXHQFLHV� ILUVW� DQWL�

V\PPHWULF� PRGH� RI� /DPE� ZDYH� SURSDJDWLRQ� DUH�

VLPXODWHG�>�@��

$(� ZDYH� LQ� KRQH\FRPE� FRUH� FDQ� EH� UHJDUGHG� DV� D�

ODPLQDWH�SUREOHP�� WKH�ZD\�VROYH� ODPLQDWHV�DOVR�FDQ�EH�

UHIHUHQFHG�� ,Q� +&� SODWH� WKHUH� DOVR� H[LVW� YDULHWLHV� RI�

ZDYH�PRGHV�RI�/DPE�ZDYH��HDFK�PRGH�RI�/DPE�ZDYH�

KDYH� LWV� DWWHQXDWLRQ� DQG� GLVSHUVLRQ� ODZ�� 7R� ORFDWH� WKH�

$(� VRXUFH� RQ� +&� FRUH� VDQGZLFK�� OHDG� EUHDN� DQG� ORZ�

YHORFLW\�LPSDFW�$(�VRXUFH�KDV�EHHQ�XWLOL]HG�WR�VHOHFW�WKH�

SURSHU� PRGH� RI� ZDYH�� YLUWXDO� ZDYH� IURQW� DOJRULWKP� LV�

EHHQ�FRQGXFWHG��

2 EXPERIMENT 

,Q�WKH�SUHVHQW�ZRUN�DQ�DOXPLQXP�KRQH\FRPE�FRUH�PHWDO�

IDFH�VKHHW�VDQGZLFK�SDQHO�LV�XVHG��7KH�H[SHULPHQWDO�$(�

VRXUFH� LQFOXGH� OHDG� EUHDN� DQG� JODVV� SURMHFWLOH� LPSDFW�

UHVSHFWLYHO\�� WKH� WHVWLQJ� SDQHO� KDV� D� GLPHQVLRQ� RI�

����PPî����PPî����PP� WKLFNQHVV��7KH� IDFH� VKHHWV�

DUH� ���PP� WKLFN� DOXPLQXP� VKHHWV� ERQHG� ZLWK� ��PP�

WKLFN� DOXPLQXP� KRQH\FRPE� FRUH�� 7KLV� VKDSH� RI�

KRQH\FRPE� FRUH� VDQGZLFK� EHKDYHV� ORZ� G\QDPLF�

VWLIIQHVV� RQ� WKH� ZDYH� SURSDJDWLRQ� LQ� WKLV� SDQHO�� 7LPH�

DQG� IUHTXHQF\� UHVSRQVH� RI� $(� VLJQDO� LV� UHODWHG� WR� WKH�

WKLFNHU� VNLQ� WR� FRUH� UDWLR� DQG� WKH� DSSOLHG� ORDGLQJ��7KH�

GDPDJH�PDGH� E\� LPSDFW� ORDGLQJ� RQ� WKH� LQWHUIDFH� W\SH�

RQ�WKH�KRQH\FRPE�FRUH�VDQGZLFK�FDQ�EH�GLYLGHG�LQWR���

FDVHV��PLQRU�RU�PDMRU�GLPHQVLRQV�FUDWHULQJ�IRU�+&�IURQW�

IDFHVKHHW��LPSDFW�KROH�RQ�WKH�IURQW�IDFHVKHHW�ZLWK�EXOOHW�

VWRFN� LQ� WKH� KRQH\FRPE�� PLQRU� RU� PDMRU� GLPHQVLRQV�

KROH�IRU�+&�UHDU�IDFHVKHHW�DQG� LPSDFW�KROH�RQ� WKH�UHDU�

IDFHVKHHW�� *XLGHG� ZDYH� LQ� KRQH\FRPE� FRUH� VDQGZLFK�

KDV� WKH� GLIIHUHQW� IHDWXUH�� LQ� RUGHU� WR� VWXG\� WKH�

SURSDJDWLRQ�FKDUDFWHULVWLFV�RI�$(�VLJQDO� LQ�KRQH\FRPE�

FRUH�VDQGZLFK�� WKH�GLVSHUVLRQ�DQG�DWWHQXDWLRQ�RI�/DPE�

ZDYH� KDV� WR� EH� WDNHQ� LQWR� DFFRXQW�� (ODVWLF� DOXPLQXP�

OD\HUV� SOD\� D�PDMRU� UROH� LQ� SURSDJDWLRQ� FKDUDFWHULVWLFV��

YLVFRHODVWLF� HIIHFW� GXH� WR� WKH� DGKHVLYH� OD\HU� DQG�

LQKRPRJHQHRXV�G\QDPLF�VWUDLQ�DW�WKH�+&�FRUH�LQWHUIDFH�

VKRXOG�EH�VLPSOLILHG�LQ�WKH�WKHRUHWLFDO�VWXG\��6��DQG�$��

PRGH� RI� /DPE� ZDYHV� DUH� H[SHFWHG� ZLWK� WKHLU�

SHUWXUEDWLRQ�LQ�GLVSHUVLRQ�FKDUDFWHULVWLFV��
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,Q� RXU� UHVHDUFK�� WKH� KRQH\FRPE� FRUH� VDQGZLFK� LV�

FRQVLGHUHG�DV�DQ�DQLVRWURSLF�PDWHULDO��WKH�ZDYH�YHORFLW\�

RI� 6�� DQG� $�� PRGH� LV� D� IXQFWLRQ� RI� WKH� SURSDJDWLRQ�

GLUHFWLRQ� DQG� IUHTXHQF\� >�@�� 'XH� WR� WKH� PXOWLSOH�

VWUXFWXUH� DQG� SURGXFWLRQ� SURFHVV�� WKH� GLVSHUVLRQ�

FKDUDFWHULVWLFV� RI� +&� FRUH� VDQGZLFK� LV� GLIIHUHQW� IURP�

WKHRUHWLFDO�DQDO\VLV��ZDYH�YHORFLW\�RI�HDFK�PRGH�VKRXOG�

EH�FDOLEUDWHG�LQ�DGYDQFH��/HDG�EUHDN�DQG�DLU�JXQ�LPSDFW�

WHVWV� DUH� FRQGXFWHG�� �� EURDGEDQG� XOWUDVRQLF� VHQVRUV�

DUUD\� LV� VHWWOHG� LQ� ��� GLUHFWLRQV� IURP� �� GHJUHH� WR� ����

GHJUHH� LQ� VWHS� RI� ��� GHJUHH�� DV� LV� VKRZQ� LQ� )LJXUH� ���

H[FLWDWLRQ�VRXUFH�VWDQG�LQ�WKH�FHQWUH�RI�FLUFOH��7KH�SDQHO�

ZDV�NHSW�KDQJLQJ�WR�DYRLG�WRXFKLQJ�RQ�WKH�IORRU��,Q�OHDG�

EUHDN�H[SHULPHQW��D�SUH�DPSOLILHU�LV�XVHG�WR�DPSOLI\�WKH�

$(�VLJQDO�ZLWK� WKH�DPSOLILFDWLRQ� IDFWRU���G%�RU���G%��

WKH�ILUVW�VHQVRU�NHHSV����PP�GLVWDQFH�IURP�VRXUFH��VXFK�

WKDW� 6�� PRGH� DQG� $�� PRGH� /DPE� ZDYH� FRXOG� EH�

REYLRXVO\�REVHUYHG�DQG�GLVWLQJXLVKHG�LQ�WLPH�GRPDLQ��,Q�

DLU� JXQ� LPSDFW� FDVH�� JODVV� EXOOHWV� ZLWK� GLDPHWHU�

�����PP� DQG� TXDOLW\� ������J� DUH� ODXQFKHG� WR� LPSDFW�

WKH�SDQHO��DYHUDJH�LPSDFW�YHORFLW\�LV������P�V��

�

Figure 1 experimental setup of the measurement of the 
wave velocity 

3 ANALYSIS OF EXPERIMENTAL 
RESULTS 

/HDG� EUHDN� DQG� DLU� JXQ� LPSDFW� H[SHULPHQW� LQ� HYHU\�

GLUHFWLRQ� FRQGXFWHG� �� WLPHV�� H[FLWDWLRQV� DUH� UHSHWLWLYH�

ORDGLQJ� LQ� WKH� VDPH� SRLQW� VR� WKDW� DOO� WKH� $(� VLJQDOV�

DUULYH�WR�VHQVRUV�DW�WKH�VDPH�WLPH�DQG�KDYH�VLPLODU�ZDYH�

IRUP�� DYHUDJLQJ� WKH� UHSHDWLQJ� H[SHULPHQW� UHVXOWV�� 615�

RI� WKH� $(� VLJQDOV� FDQ� EH� VLJQLILFDQWO\� LQFUHDVHG��

)DFHVKHHW� RI� WKH� SDQHO� KDYH� SHUIRUDWLRQ� GDPDJH� DIWHU�

LPSDFW� DV� LV� VKRZQ� LQ� ILJ���� ZKHQ� IDFHVKHHW� EUHDN��

DPSOLWXGH� RI� V\PPHWULF�PRGH� �6��� LV� REYLRXVO\� ODUJHU�

WKDQ�WKH�RSSRVLWH�FDVH��6��PRGH�RI�$(�VLJQDO�LV�PDLQO\�

JHQHUDWHG�LQ�WKH�LQ�SODWH�ORDG��

)LJ����VKRZV�WKH� OHDG�EUHDN�VLJQDOV�REWDLQHG�E\� WKH�VL[�

UHFHLYHUV��6��DQG�$��PRGH�FDQ�EH�REYLRXVO\�REVHUYHG��

WKH�JURXS�YHORFLW\�RI�6��PRGH�LV�KLJKHU�WKDQ�WKDW�RI�6��

PRGH�� ZDYH� SDFNHWV� FRUUHVSRQGLQJ� WR� 6�� PRGH�

SURSDJDWH�IDVWHU�� WKLV� LV�VLPLODU� WR� WKH� ODZ�RI�DOXPLQXP�

SODWH� EXW� YHORFLWLHV� DUH� ORZHU� WKDQ� WKDW� LQ� SODWH� ZLWK�

IDFHVKHHW� VKDSH� EHFDXVH� RI� DGKHVLYH� DQG�

LQKRPRJHQHRXV�G\QDPLF�VWUDLQ�LQIOXHQFH��$PSOLWXGH�RI�

6�� PRGH� GHFD\� IDVW�� HYHQ� ORZHU� WKDQ� WKH� QRLVH� OHYHO�

ZKHQ� ���PP� DZD\� IURP� WKH� $(� VRXUFH�� E\� FRQWUDVW��

WKDW� RI� $�� PRGH� GHFD\V� PRUH� JHQWO\�� 7\SLFDOO\�

DPSOLWXGH� RI�$��PRGH� SDFNHW� LV� JUHDWHU� WKDQ� 6�� FDVH��

IRU� DQWL�V\PPHWULF� ZDYH� PRGH� FUHDWHV� EHQGLQJ�

WKURXJKRXW�WKH�HQWLUH�FURVV�VHFWLRQ�RI�SDQHO���

�

Figure 2 impact location on the facesheet 

�

Figure 2 AE signals inspired by lead break 

)LJ����VKRZV�DLU�JXQ�LPSDFW�$(�VLJQDO�RI�VL[�WUDQVGXFHUV��

LQ� WKLV� FDVH� 6�� PRGH� LV� PXFK� OHVV� WKDQ� $�� PRGH�

EHFDXVH� RI� ODFN� RI� LQQHU� ORDGLQJ� LQ� WKH� IDFHVKHHW��

$PSOLWXGH� RI� LPSDFW� VLJQDO� LV� PXFK� ODUJHU� WKDQ� OHDG�

EUHDN� VLJQDO�� %HFDXVH� RI� 6�� PRGH� RQ� WKH� SDQHO�

DWWHQXDWHG� TXLFNO\�� RQO\� $�� PRGH� ZDYH� LV� WDNHQ� LQWR�

DFFRXQW��

)LJXUH� �� VKRZV� WKH�ZDYHOHW� VSHFWUXP�RI�$(� VLJQDO� RQ�

KRQH\FRPE� FRUH� VDQGZLFK�� WZR� FHQWHU� IUHTXHQFLHV� RI�

RYHUDOO� $(� VLJQDO� LQ� �D�� UHSUHVHQW� WKDW� RI� 6�� DQG� $��

PRGH�� UHG� FXUYH� LV� ZDYHOHW� FRHIILFLHQW� ZKHQ� SHDN�

DPSOLWXGH� RI� $�� PRGH� DUULYDO�� WKH� DUULYDO� WLPH� RI� $��

PRGH�FDQ�EH�UHFRUG��$��PRGH�RI� OHDG�EUHDN�$(�VLJQDO�

NHHSV�LQ����N+]��6��PRGH�LQ�DERXW�����N+]�DQG�GHFD\�

IDVW� ZKHQ� SDWK� IURP� $(� VRXUFH� WR� UHFHLYHU� JHWWLQJ�

ORQJHU�� )UHTXHQF\� RI� ZDYHOHW� FRHIILFLHQW� RI� DLU� JXQ�

LPSDFW�$(� VLJQDO� DOVR� FHQWUH� LQ� ��� N+]�� HTXLYDOHQW� WR�

WKH�$��PRGH� IURP� OHDG� EUHDN� H[FLWDWLRQ� VRXUFH��ZDYH�

YHORFLW\�LV�DOVR�DW�DSSUR[LPDWHO\�WKH�VDPH�YDOXH��WKLV�LV�

DFFRUG�ZLWK� GLVSHUVLRQ� FKDUDFWHULVWLFV�� $��PRGH� LV� WKH�

RQO\�PRGH�LQ�DLU�JXQ�LPSDFW�$(�VLJQDO��:KHQ�DFRXVWLF�

HYHQW�DSSHDUV�LQ�KRQH\FRPE�FRUH�VDQGZLFK��D�ORZ�SDVV�

ILOWHU�LQ�ORZHU����N+]�FDQ�EH�LQWURGXFHG�IRU�JHWWLQJ�$��



PRGH�RI�ZDYH��EHFDXVH�6��PRGH�H[LVW�LQ�WKH�VLJQDO�PD\�

WULJJHU� WKH�VHQVLQJ�V\VWHP�ZKLFK�DIIHFW� WKH�DUULYDO�WLPH�

JHWWLQJ�LQ�WKH�ORFDWLRQ�PHWKRG��

�

Figure 4 AE signals inspired by air gun impact 

7KH�EHKDYLRU�RI�WKH�$(�VLJQDO�IUHTXHQF\�UHPDLQV�LQ�WKH�

UDQJH� DERXW� ��� N+]�ZKHQ� SURSDJDWLRQ� GLUHFWLRQV� YDU\��

H[FLWDWLRQ�VRXUFH�RI�HDFK�H[SHULPHQW�LV�UHSHDWDELOLW\��%\�

PHDVXULQJ�SHDN�DPSOLWXGH�RI�$��PRGH�RI�HDFK�FKDQQHOV��

WKDW�RI� VLJQDO�REWDLQHG�E\� UHFHLYHUV� LQ� OLQH�SORW� DJDLQVW�

GLUHFWLRQV�DV�VKRZQ�LQ�)LJ�����QDWXUH�RI�GHFD\�LQ�VLJQDO�

DPSOLWXGH� DV� DQ� H[SRQHQWLDO� IXQFWLRQ� RI� GLUHFWLRQ� DQG�

GLVWDQFH�DV�(T����WKDW�FDQ�EH�ZULWWHQ�DV������)LJ����VKRZV�

DWWHQXDWLRQ�FRHIILFLHQW�.�LQ�D�YDULHW\�RI�GLUHFWLRQ��ZKLFK�

YLEUDWH� DURXQG� �������� /RFDWLRQ�PHWKRG� KDV� WR� HQVXUH�

WKH� DPSOLWXGH� RI� VSHFLILF�PRGH� RI�$(� VLJQDO� LV� KLJKHU�

WKDQ�QRLVH�OHYHO�DIWHU�SURSDJDWLQJ�RQ�ERDUG��DWWHQXDWLRQ�

IXQFWLRQ� DIIHFW� WKH� WUDQVPLVVLRQ� FDSDFLW\� RI� $(� ZDYH��

ZKLFK� PHDQV� WKLV� PHWKRG� KDV� D� HIIHFWLYHO\� UDQJH� RI�

WUDQVGXFHUV� SODFHPHQW�� ,Q� ORZ� YHORFLW\� ORDGLQJ� FDVH�� D�

$�� PRGH� ZDYH� LV� XVHG� IRU� ORFDWH� $(� VRXUFH�� \HW� LQ�

K\SHUYHORFLW\� FDVH�� 6�� PRGH� ZLOO� KDYH� D� ODUJH� LQLWLDO�

DPSOLWXGH��6��PRGH�PD\EH�XVHG�LQ�ORFDWLRQ�SUREOHP�IRU�

LWV� PXFK� IDVWHU� YHORFLW\� ZKLFK� ZLOO� LPSURYH� WKH�

SRVLWLRQLQJ�DFFXUDF\��

� L �A?�ë�����������������������������������

�

�

�D��OHDG�EUHDN�

�

�E��DLU�JXQ�LPSDFW�

Figure 5 wavelet coefficient of overall signal and A0 
mode arrival time 

�

�

Figure 6 peak amplitude of linear sensors array in 
different directions 

�

Figure 7 .�RI�A0 mode attenuation function 

*URXS� YHORFLWLHV� RI� $�� PRGH� LQ� HDFK� GLUHFWLRQ� LV�

FDOFXODWHG� E\� ILWWLQJ� WKH� GLVWDQFH� DQG� DUULYDO� WLPH�ZLWK�

OHDVW�VTXDUH�PHWKRG�DQG�DYHUDJLQJ�ZLWK�UHSHDWHG�LPSDFW�

WHVW� RI� OHDG� EUHDN� DQG� DLU� JXQ� LPSDFWV�� FXELF� VSOLQH�

LQWHUSRODWLRQ� PHWKRG� LV� SURSRVHG� WR� ILWWLQJ� WKH�

H[SHULPHQWDO�YHORFLWLHV��WKDW�LQ�DOO�GLUHFWLRQV�LV�VKRZQ�LQ�

)LJ�����



�

Figure 8 group velocities in 50 kHz of A0 mode in all 
directions 

4 LOCATION METHOD 

,Q�RUGHU�WR�ORFDWH�WKH�$(�VRXUFH��DFFXUDWH�DUULYDO�WLPH�LV�

D�VLJQLILFDQW�SDUDPHWHU�LQ�FDOFXODWLRQ��$�����N+]�ORZ�

SDVV�ILOWHU�LV�XVHG�LQ�ORFDWLRQ�PHWKRG�ZLWK�$��PRGH�RI�

ZDYH��$�VHOI�DGDSWLYH�WKUHVKROG�YDOXH�PHWKRG�FDQ�DOVR�

UHGXFH� WKH�HUURU�RI�DUULYDO� WLPH�REWDLQLQJ��&ROOHFW� WKH�

QRLVH� VLJQDO� EHIRUH� VWDUWLQJ� RI� GDWD� DFTXLVLWLRQ��

DYHUDJLQJ�WKH�QRLVH�OHYHO�DQG�PXOWLSOH�E\�D� JDLQ�YDOXH�

WKDW�HIIHFWLYH� LQ�VSHFLILF��ZKHQ� WKH�VLJQDO� ILUVWO\�RYHU�

WKLV�YDOXH�FDQ�EH�UHFRJQL]HG�DV�$��PRGH�DUULYHG��

:LWK� WKH� $��P RGH� YHORFLWLHV� LQ�DOO � GLUHFWLRQV� DUH�

REWDLQHG��D�YLUWXDO�ZDYH�IURQW�PHWKRG� LV�XVHG�IRU�$(�

VRXUFH� ORFDWLRQ�� 6HYHUDO� UHFHLYHUV� DUH� SODFHG� RQ� WKH�

IDFHVKHHW��FRRUGLQDWHV�DUH�UHFRUG�DV��[L�\L��L ��1���LQLWLDO�

WLPH�RI�LPSDFW�LVP4��FDOFXODWLRQ�YDOXH�LV�P4
ñ ��YLUWXDO�ZDYH�

IURQW�FRXOG�EH�ZULWWHQ�DV�(T����

HÜ
ñ:à; L :P4 E PÜ;H R:à;������������������������

7KHUHIRUH�FDOFXODWLRQ�YDOXH�RI�LPSDFW�ORFDWLRQ�FDQ�

EH�HVWLPDWHG�DV�(TV�����

T4
ñ L TÜ E HÜ

ñ:à;E ?KO:à;�����������������������

U4
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LQWHUVHFWLRQV��UHFRUG�DV�kTÜÝ áUÜÝo:�á � Ð s®�;��ZLWK�WKH�

DYHUDJH�YDOXH�:TññáUññ;��(DFK�RI�WKH�LQWHUVHFWLRQV�FRUU�

HVSRQGLQJ�WR�D�WUDYHO�WLPH�PÜ��DV�WKH�P4
ñ �FRPLQJ�FORVHU�WR�

P4��DOO�LQWHUVHFWLRQV�ZLOO�DSSURDFKLQJ�WR�WKH�SRLQW�WKDW�

$(�H[FLWDWLRQ�DSSHDUV��&DOFXODWH�WKH�VWDQGDUG�GHYLDWLRQ�

RI�GLVWDQFH���P4
ñ �FDQ�EH�REWDLQHG�ZKHQ�WKH�VWDQGDUG�

GHYLDWLRQ�UHDFK�WKH�OHDVW�YDOXH�WKHQ�ZH�KDYH�WKH�$(�

VRXUFH�ORFDWLRQ��,Q�WKLV�PHWKRG�P4�PXVW�KDYH�D�FDOF�

XODWLQJ�UDQJH��WKDW�VDWLVI\�WKH�SRVVLEOH�H[WUHPXP�RI�

WUDYHOOLQJ�WLPH��$�RQH�GLPHQVLRQDO�IXQFWLRQ�RI�WLPH�ZLOO�

EH�VROYHG�IRU�REWDLQ�WKH�UHDO�WLPH�RI�$(�HYHQWV��

5 CONCLUSION 

,Q� RUGHU� WR� UHVHDUFK� WKH� ORFDWLRQ� PHWKRG� RQ� WKH�

KRQH\FRPE� FRUH� VDQGZLFK� IRU� WKH� GHYHORSPHQW� RI� RQ�

ERDUG� VHQVH� V\VWHP�� WKH�SURSDJDWLRQ� FKDUDFWHULVWLFV� DUH�

VWXGLHG� E\� OHDG� EUHDN� DQG� ORZ� YHORFLW\� LPSDFW�

H[SHULPHQW��6\PPHWULF�PRGH�DQG�DQWL�V\PPHWULF�PRGH�

ZDYH� DUH� H[WHQVLYHO\� H[LVWLQJ� LQ� WKH� $(� ZDYH��

DSSURSULDWH�PRGH�VKRXOG�EH�GHWHUPLQHG�IRU�WKH�ORFDWLRQ�

PHWKRG�� ,Q� RUGHU� WR� GHFLGH� WKH� PRGH� IRU� ORFDWLRQ�� WKH�

DWWHQXDWLRQ� IXQFWLRQ� LV� REWDLQHG� E\� OHDG� EUHDN� DQG� DLU�

JXQ�LPSDFW�H[SHULPHQW��DQG�LQ�WKLV�FDVH�$��PRGH�RI�$(�

ZDYH� RQ� +&� FRUH� VDQGZLFK� LV� VHOHFWHG�� ,Q� FDVH� RI�

GLVSHUVLRQ�RI� ODPLQDWHV��D�FHQWUDO� IUHTXHQF\� LV�GHWHFWHG�

IRU�JHWWLQJ�WKH�DUULYDO�WLPH��:DYH�YHORFLWLHV�IRU�ORFDWLRQ�

RI� DOO� GLUHFWLRQV� DUH� FDOFXODWHG� E\� YDULHWLHV� RI�

H[SHULPHQWDO� UHVXOWV�� $� ORZ�SDVV�ILOWHULQJ� LV� XVHG� IRU�

UHGXFH� WKH� LQIOXHQFH�RI�QRLVH�DQG�RWKHU�PRGH�RI�ZDYH��

DUULYDO�WLPH�FDQ�EH�JDLQ�E\�VHOI�DGDSWLYH�WKUHVKROG�YDOXH�

PHWKRG�� WKH�YLUWXDO�ZDYH�IURQW�DOJRULWKP�LV�HPSOR\�IRU�

$(�VRXUFH�ORFDWLRQ��
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