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SUMMARY
We present a least-squares method to estimate signals with a more realistic compared to the conventional
one, mathematical model of seismic record comprising random noise and an arbitrary number of coherent
noise wavetrains. Both kinds of noise are assumed to be stationary stochastic processes independent of
each other and the signal. The signal and coherent noise wavetrains bear individual trace-independent
waveforms, while their amplitudes and arrival times vary in space in any manner. Being uncorrelated in
space, the random noise is supposed to have identical to within a scale factor, the variance, spectral
functions on different traces. Under certain conditions, the method may be reduced to successively
subtracting all the coherent noise wavetrains followed by estimating the signal on the residual record. Both
procedures use optimum weighted stacking, with reference to the related arrival times. If the power of
random noise is rather stable in space, the method permits further simplification by substituting singular
value decomposition for optimum weighted stacking. The method is demonstrated with synthetic and field
data sets contaminated by severe coherent noise. Emphasis is put on the comparison of the method with f-
k filtering combined with straight stacking.
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+HUH� WKH� VLJQDO�FRPSRQHQW� LV�GHVFULEHG�E\� WKH� ILUVW� WHUP�RQ� WKH� ULJKW�KDQG�VLGH�RI�HTXDWLRQ� ����� ,W� LV�
DVVXPHG�WR�KDYH�DQ�LGHQWLFDO�ZDYHIRUP�V�W� RQ�HDFK�WUDFH��ZLWK�DUELWUDU\�WUDFH�GHSHQGHQW�DPSOLWXGHV� LD
DQG� WLPH�GHOD\V� � �LVW � 7KH� VHFRQG� WHUP� UHSUHVHQWV� D� VXSHUSRVLWLRQ�RI� FRKHUHQW� QRLVH�ZDYHWUDLQV�ZLWK�
LQGLYLGXDO�ZDYHIRUPV� � � /OWUO �������  � (DFK� RI� WKH�ZDYHWUDLQV�� DV�ZHOO� DV� WKH� VLJQDO�� EHDUV� DUELWUDU\�
WUDFH�GHSHQGHQW�DPSOLWXGHV�ELO�DQG�WLPH�GHOD\V� �U�LO� 5DQGRP�QRLVH�LV�H[SUHVVHG�E\�WKH�WKLUG�WHUP��,W�LV�VXSSRVHG�WR�EH�D�VWDWLRQDU\�]HUR�PHDQ�*DXVVLDQ�VWRFKDVWLF�SURFHVV�LQGHSHQGHQW�RI�ERWK�WKH�VLJQDO�DQG�
WKH� UDQGRP� QRLVH� RQ� DQ\� RWKHU� WUDFH�� ,W� KDV� LGHQWLFDO� WR� ZLWKLQ� D� VFDOH� IDFWRU�� WKH� YDULDQFH� �

L �DXWRFRUUHODWLRQV�RQ�GLIIHUHQW� WUDFHV�� ,Q� WXUQ��DOO� WKH�FRKHUHQW�QRLVH�ZDYHIRUPV�DUH�DOVR�DVVXPHG�WR�EH�VWDWLRQDU\�]HUR�PHDQ�*DXVVLDQ�VWRFKDVWLF�SURFHVVHV�LQGHSHQGHQW�RI�HDFK�RWKHU��WKH�VLJQDO�DQG�UDQGRP�QRLVH��'XH�WR�WKHVH�DVVXPSWLRQV��WKH�FURVV�VSHFWUXP�RI�WKH�HQWLUH�QRLVH�EHWZHHQ�FKDQQHOV�L DQG�M PD\�EH�H[SUHVVHG�DV��
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ZKHUH� � � � �OU5 DQG� � � � �Q5 DUH� WKH�SRZHU�VSHFWUD�RI� � �WUO DQG�DQ\� � �WQL � UHVSHFWLYHO\��DW�DQ�DQJXODU�
IUHTXHQF\� � ZKLOH� LM VLJQLILHV�WKH�.URQHFNHU�GHOWD��
*LYHQ�WKLV�PRGHO��OHW�XV�VWDWH�WKH�SUREOHP�WR�REWDLQ�WKH�EHVW�LQ�OHDVW�VTXDUHV�VHQVH�HVWLPDWH�RI�WKH�VLJQDO�VKDSH�� V�W��� :LWK� WKLV� SXUSRVH� LQ� PLQG�� ZH� UHSUHVHQW� WKH� VLJQDO� FRPSRQHQW� DV� IV�
ZKHUH � �� �^ � �� �̀ +11 LDLD V�V� H[S�����H[S I � WKH� VFDODU� V LV� WKH� )RXULHU� VSHFWUXP� RI� V�W��� DQG� WKH�
VXSHUVFULSW�+ GHQRWHV�FRPSOH[�FRQMXJDWH��+HUPLWLDQ��WUDQVSRVH���
7KHQ�WKH�OHDVW�VTXDUHV�HVWLPDWH�RI�V LV��+HOVWURP�������
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�WKH�WUDFHV��5 LV�WKH�PDWUL[�ZKRVH�HOHPHQWV�DUH�GHILQHG�E\�HTXDWLRQ���������VLJQLILHV�PDWUL[�LQYHUVH��DQG�WKH� VXSHUVFULSWHG� DVWHULVN� VWDQGV� IRU� FRPSOH[� FRQMXJDWLRQ�� )RU� VKRW�� KHUH� DQG� LQ� WKH� IROORZLQJ� WKH�IXQFWLRQDO�GHSHQGHQFH�RQ�IUHTXHQF\�LV�GURSSHG��
$IWHU�UHSUHVHQWLQJ�5 LQ�WKH�IRUP�
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� �����GLDJ 1 ' DUH� //u DQG� 11 u GLDJRQDO�PDWULFHV�� UHVSHFWLYHO\��ZH� FDQ� WDNH� DGYDQWDJH� RI�
WKH�PHWKRG�GHVFULEHG�E\�+RUQ�DQG�-RKQVRQ��������DQG�REWDLQ�
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,QHTXDOLWLHV� ���� LPSO\� WKDW�� ILUVW�� DQ\� FRKHUHQW� QRLVH� SUHYDLOV� VLJQLILFDQWO\� RYHU� UDQGRP� QRLVH� DW� WKH�RXWSXW�IURP�UHODWHG�RSWLPXP�ZHLJKWHG�VWDFNLQJ��7\DSNLQ�DQG�8UVLQ�������DQG��VHFRQG��DOO�WKH�YHFWRUV�
LJa DQG�WKH�YHFWRU� Ia DUH�DOPRVW�PXWXDOO\�RUWKRJRQDO��
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ZKHUH�K LV� WKH� VSHFWUDO� FKDUDFWHULVWLF�RI� WKH� OHDVW�VTXDUHV� VLJQDO� HVWLPDWRU��1RWH� WKDW� XQOLNH� WKH� VWULFW�VROXWLRQ�IURP�HTXDWLRQV�����DQG������WKLV�ILOWHU�LV�LQGHSHQGHQW�RI�WKH�VSHFWUD�RI�DOO�WKH�QRLVH�FRPSRQHQWV��
(TXDWLRQ�����DOORZV�XV�WR�VXLWDEO\�LQWHUSUHW�WKH�VHTXHQFH�RI�RSHUDWLRQV�QHHGHG�WR�LPSOHPHQW�WKLV�NLQG�RI�ILOWHULQJ��)LUVW��IRU�HDFK�RI�WKH�FRKHUHQW�QRLVH�ZDYHWUDLQV��WZR�RSHUDWLRQV�DUH�FDUULHG�RXU��QDPHO\��x RSWLPXP�ZHLJKWHG� VWDFNLQJ� �7\DSNLQ� DQG�8UVLQ� ������ RI� DOO� WKH� WUDFHV� LQ� RUGHU� WR� HVWLPDWH� WKH�ZDYHIRUP� RI� WKH� FRKHUHQW� QRLVH�� SULRU� WR� WKLV� RSHUDWLRQ�� WKH� UHODWHG� DUULYDO� WLPHV� VKRXOG� EH�FDQFHOOHG�RXW�WR�DOLJQ�WKH�FRKHUHQW�QRLVH�DQG�WR�UHPRYH�LWV�WLPH�GHOD\V���x VXEWUDFWLQJ� WKH� FRKHUHQW� QRLVH� HVWLPDWH� IURP� DOO� WKH� WUDFHV� ZLWK� UHJDUG� IRU� LWV� DUULYDO� WLPH��DPSOLWXGH��DQG�ZDYHIRUP��2QFH�WKH�HQWLUH�FRKHUHQW�QRLVH�KDV�EHHQ�UHPRYHG��RSWLPXP�ZHLJKWHG�VWDFNLQJ�RI�WKH�UHVLGXDO�UHFRUG�LV�SHUIRUPHG� WR� HVWLPDWH� WKH� VLJQDO� ZDYHIRUP�� $V� LQ� WKH� SUHYLRXV� FDVH�� WKH� UHODWHG� WLPH� VKLIWV� DUH�FDQFHOOHG�RXW�SULRU�WR�VWDFNLQJ��
7KH�HIIHFWLYHQHVV�RI�WKH�PHWKRG�GHYHORSHG�LV�KLJKO\�GHSHQGHQW�RQ�WKH�DFFXUDF\�RI�WKH�QHFHVVDU\�VLJQDO�DQG� QRLVH� SDUDPHWHU� GHWHUPLQDWLRQ��7KHUHIRUH�� IRU� WKH�PHWKRG� WR� EH� IHDVLEOH��ZH� SURSRVH� DOJRULWKPV�GHVFULEHG� LQ� �7\DSNLQ� DQG�8UVLQ� ������� ZKLFK� DUH� EDVHG� RQ� WKH� VDPH� UHFRUG�PRGHO��:KHQ� UDQGRP�QRLVH�LV�UDWKHU�VWDEOH�LQ�VSDFH��WKH�PHWKRG�SHUPLWV�IXUWKHU�VLPSOLILFDWLRQ�E\�WKH�VXEVWLWXWLRQ�RI�69'�IRU�RSWLPXP�ZHLJKWHG� VWDFNLQJ� �7\DSNLQ� DQG�8UVLQ� ������� ,Q� VXFK� D� FDVH�� ZLWK� WKH� UHFRUG� WUHDWHG� DV� D�UHFWDQJXODU�PDWUL[�IRUPHG�ZLWK�UHJDUG�IRU�WKH�FRUUHVSRQGLQJ�DUULYDO�WLPHV��DQ\�FRKHUHQW�QRLVH�FDQ�EH�HVWLPDWHG� DV� WKH� GRPLQDQW� WHUP� RI� WKH� 69'�� $IWHU� VXEWUDFWLQJ� WKH� HQWLUH� FRKHUHQW� QRLVH�� WKH� VLJQDO�ZDYHIRUP� LV� HVWLPDWHG� DV� WKH� OHIW� VLQJXODU�YHFWRU� DVVRFLDWHG�ZLWK� WKH�GRPLQDQW� VLQJXODU�YDOXH�RI� WKH�UHVLGXDO�UHFRUG��7KLV�WHFKQLTXH�ZDV�XVHG�WR�SURFHVV�V\QWKHWLF�GDWD�GHPRQVWUDWHG�EHORZ��
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�5()(5(1&(6�&DVVDQR�� (�� DQG� 5RFFD�� )�� >����@� 0XOWLFKDQQHO� OLQHDU� ILOWHUV� IRU� RSWLPDO� UHMHFWLRQ� RI� PXOWLSOH�UHIOHFWLRQV��*HRSK\VLFV���� �����������*RXQRQ��3�<���0DUV��-�,��DQG�*RQFDOYHV��'��>����@�:LGHEDQG�VSHFWUDO�PDWUL[�ILOWHULQJ����WK�0HHWLQJ��6(*��([SDQGHG�$EVWUDFWV������������+HOVWURP��&�:��>����@�6WDWLVWLFDO�7KHRU\�RI�6LJQDO�'HWHFWLRQ� 3HUJDPRQ�3UHVV��+RUQ��5�$��DQG�-RQKVRQ��&�5��>����@�0DWUL[�$QDO\VLV� &DPEULGJH�8QLYHUVLW\�3UHVV��.HODPLV��3�*��DQG�0LWFKHOO��$�5��>����@�6ODQW�VWDFN�SURFHVVLQJ��)LUVW�%UHDN�� ������������0DUFK��'�:��DQG�%DLOH\��$�'��>����@�$�UHYLHZ�RI�WKH�WZR�GLPHQVLRQDO�WUDQVIRUP�DQG�LWV�XVH�LQ�VHLVPLF�SURFHVVLQJ��)LUVW�%UHDN�� �����������6DFFKL��0�'��DQG�8OU\FK��7�-��>����@�+LJK�UHVROXWLRQ�YHORFLW\�JDWKHUV�DQG�RIIVHW�VSDFH�UHFRQVWUXFWLRQ��*HRSK\VLFV�����������������7\DSNLQ�� <X��� 0DUPDO\HYVN\\�� 1�� DQG� *RUQ\DN�� =�� >����@� 6XSSUHVVLRQ� RI� VRXUFH�JHQHUDWHG� QRLVH�XVLQJ�WKH�VLQJXODU�YDOXH�GHFRPSRVLWLRQ����WK�&RQIHUHQFH��($*(��([WHQGHG�$EVWUDFWV��'�����7\DSNLQ��<X��DQG�8UVLQ��%��>����@�2SWLPXP�VWDFNLQJ�RI�VHLVPLF�UHFRUG�ZLWK�LUUHJXODU�QRLVH��-RXUQDO�RI�*HRSK\VLFV�DQG�(QJLQHHULQJ��� ���������7\DSNLQ��<X���8UVLQ��%��� 5RJDQRY��<X�� DQG�1HNUDVRY�� ,�� >����@�2SWLPXP� VHLVPLF� VLJQDO� HVWLPDWLRQ�ZLWK� FRPSOLFDWHG� PRGHOV� RI� FRKHUHQW� DQG� UDQGRP� QRLVH�� ��WK� 0HHWLQJ�� 6(*�� ([SDQGHG� $EVWUDFWV�������������8OU\FK�� 7�-��� 6DFFKL�� 0�'�� DQG� *UDXO�� -�0�� >����@� 6LJQDO� DQG� QRLVH� VHSDUDWLRQ�� $UW� DQG� VFLHQFH��*HRSK\VLFV�����������������9UDELH��9�'���0DUV��-�,��DQG�/DFRXPH��-�/��>����@�0RGLILHG�VLQJXODU�YDOXH�GHFRPSRVLWLRQ�E\�PHDQV�RI�LQGHSHQGHQW�FRPSRQHQW�DQDO\VLV��6LJQDO�3URFHVVLQJ���� ���������=KX��:��� .HODPLV�� 3�*�� DQG� /LX�� 4�� >����@� $FTXLVLWLRQ�3URFHVVLQJ� �� /LQHDU� QRLVH� DWWHQXDWLRQ� XVLQJ�ORFDO�UDGLDO�WUDFH�PHGLDQ�ILOWHULQJ��7KH�/HDGLQJ�(GJH��������������



�7DEOH� ���&RUUHODWLRQ� FRHIILFLHQWV� RI� WKH� µSXUH¶� VLJQDO� ZLWK� LWV� HVWLPDWHV� E\� 69'�EDVHG� PHWKRG� �LQ�QXPHUDWRUV��DQG�E\�I�N�ILOWHULQJ�FRPELQHG�ZLWK�VWUDLJKW�VWDFNLQJ��LQ�GHQRPLQDWRUV����
5HODWLYH�GLSV�RI�FRKHUHQW�QRLVH��LQ�VDPSOH�LQWHUYDOV�SHU�WUDFH��5HODWLYH�DPSOLWXGHV�RI�FRKHUHQW�QRLVH� � �� �� �� ���

���� �������������� �������������� �������������� ���������� ��������������� �������������� �������������� �������������� ���������� ��������������� �������������� �������������� �������������� ���������� ��������������� �������������� �������������� �������������� ���������� ��������������� �������������� �������������� �������������� ���������� ����������������� �������������� �������������� �������������� ���������� ��������������

)LJXUH� ��� 6\QWKHWLF� GDWD� H[DPSOH�� �D��� �G��� �J�� µ3XUH¶� VLJQDO�� �E�� &RKHUHQW� QRLVH� ZLWK� D� UHODWLYH�DPSOLWXGH����DQG�GLS���VDPSOH�LQWHUYDO�SHU�WUDFH���F��6KRW�JDWKHU�FRQWDLQLQJ�VLJQDO��FRKHUHQW�QRLVH�DQG�UDQGRP�QRLVH��5HVXOW�REWDLQHG�DIWHU��H��VXEWUDFWLQJ�FRKHUHQW�QRLVH�E\�69'���I��DSSUR[LPDWLQJ�VLJQDO�E\�69'�� �K�� VXEWUDFWLQJ� FRKHUHQW� QRLVH� E\� I�N� ILOWHULQJ�� DQG� �L�� VWUDLJKW� VWDFNLQJ� RI� �K��PXOWLSOLHG� IRU� D�EHWWHU�YLVXDO�DQDO\VLV���

�)LJXUH� ��� 6LJQDO� �EODFN�� DQG� LWV� HVWLPDWHV� E\� WKH� 69'�EDVHG� PHWKRG� �EOXH�� DQG� E\� I�N� ILOWHULQJ�FRPELQHG�ZLWK�VWUDLJKW�VWDFNLQJ��UHG��IURP�)LJXUH����
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