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PHDVXUHPHQWV���7KLV�ZRUN�SUHVHQWV�DQ�DOJRULWKP�WR
GHWHUPLQH�FRUQHU�SRLQWV�LQ�DQ�LPDJH�HPSKDVLVLQJ�RQ
URERWLF�DSSOLFDWLRQV��7KH�DOJRULWKP�GRHV�QRW�XVH
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7KH\�FDQ�EH�XVHG�WR�ORFDWH��WR�PHDVXUH�VRPH
FKDUDFWHULVWLF�RI�REMHFWV�LQ�LPDJHV��RU�WR��WUDFN�WKH
PRYHPHQW�RI�REMHFWV���&RUQHU�SRLQWV�FDQ�EH�GHILQHG
DV�LQWHUHVWLQJ�FKDQJH�LQ�LPDJH�LQWHQVLW\���7KH�PHWKRG
VKRXOG�QRW�XVH�DQ\�JHRPHWULFDO�PRGHO�RI�REMHFWV��L�H�
LW�LV�D�ORZ�OHYHO�LPDJH�SURFHVVLQJ�7KH�QHFHVVDU\
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DVVXPSWLRQV�DERXW�WKH�VKDSH��LQ���'��DQG�WKH
FRQWLQXLW\�RI�LQWHQVLW\�FKDQJH�RI�D�VXUIDFH�

7KHUH�DUH�IDVW�DOJRULWKPV�WR�ILQG�WKH�FRUQHU�SRLQWV�RQ
WKH�ERXQGDU\�RI�REMHFWV���$�PHWKRG��0DOFROP�������
XVHV�WKH�WUDFH�RI�ERXQGDU\�RI�REMHFWV�DQG�ILQGV�WKH
FRUQHU�SRLQWV�LQ�WKHVH�WUDFHV���0DQ\�PHWKRGV�GLIIHU
RQO\�LQ�WKH�ZD\�WR�FDOFXODWH�WKH�JUDGLHQW�DORQJ�WKH
ERXQGDU\�WUDFHV�

7KH�GLIILFXOW\�FRQFHUQLQJ�WKLV�PHWKRG�LV�WKDW�LQ�RUGHU
WR�WUDFH�WKH�ERXQGDU\�RI�DQ�REMHFW�D�WKUHVKROG�PXVW�EH
VHOHFW�WR�GLVWLQJXLVK�WKH�REMHFW�IURP�LWV�EDFNJURXQG�
�7KLV�LV�HTXLYDOHQW�WR�WUDQVIRUPLQJ�D�JUH\VFDOH�LPDJH
WR�D�ELQDU\�LPDJH���7KH�WKUHVKROG�VHOHFWLRQ�LV
VHQVLWLYH�WR�WKH�DVVXPSWLRQ�DERXW�WKH�XQLIRUPLW\�RI�WKH
EDFNJURXQG���$QRWKHU�OLPLWDWLRQ�LV�WKDW�WKH�FRUQHU
SRLQWV�LQVLGH�DQ�REMHFW�FDQQRW�EH�GHWHUPLQHG�

7R�ILQG�FRUQHU�SRLQWV�ZKLFK�DUH�QRW�RQ�WKH�ERXQGDU\
RI�REMHFWV�WKH�ZKROH�LPDJH�PXVW�EH�VHDUFKHG���0DQ\

ZRUNV�KDYH�EHHQ�UHSRUWHG��+DUULV�DQG�6WHSKHQ�������
.LWFKHQ�DQG�5RVHQIHOG��������0HGLRQL�DQG
<DVXPRWR��������6LQJK�DQG�6KQHLHU����������0RVW
PHWKRGV�DUH�EDVHG�RQ�EULJKWQHVV�VSDWLDO�GHULYDWLYHV
ZKLFK�XVH�ILUVW�DQG�VHFRQG�GHULYDWLYHV���7KLV�FDQ
VHYHUH�WKH�SUREOHP�RI�QRLVH�LQ�WKH�LPDJH���7R�UHGXFH
WKH�HIIHFW�RI�QRLVH��WKH�LPDJH�RU�WKH�GHULYDWLYHV�FDQ�EH
VPRRWKHG�

7KH�DOJRULWKP

7KH�PHWKRG�SUHVHQWV�LQ�WKLV�ZRUN�GRHV�QRW�XVH�DQ\
LPDJH�EULJKWQHVV�VSDWLDO�GHULYDWLYHV���,QVWHDG��LW�XVHV�D
FRUUHODWLRQ�RI�SL[HOV�DQG�WKHLU�QHLERXUV���,PDJLQH�D
SL[HO�EHLQJ�FRQVLGHUHG�DV�D�FDQGLGDWH�WR�EH�D�FRUQHU
SRLQW���,W�LV�D�FHQWUH�RI�D�FLUFOH�ZKLFK�FRQWDLQV�LWV
QHLERXUV��7KH�EULJKWQHVV�RI�WKH�FHQWUH�LV�FRPSDUHG
ZLWK�RWKHU�SL[HOV�LQ�WKH�FLUFOH���7KLV�ZLOO�GHWHUPLQH�WKH
DUHD�ZKLFK�KDV�WKH�VDPH�EULJKWQHVV�DV�WKH�FHQWUH���7KH
UDWLR�RI�WKLV�DUHD�WR�WKH�FLUFOH�DUHD�FDQ�EH�XVHG�WR
GHWHUPLQH�FRUQHUV��WKH�VKDSH�RI�WKLV�DUHD�FDQ�DOVR�EH
XVHG����7KH�LGHD�FDQ�EH�XQGHUVWRRG�HDVLO\�IURP�DQ
H[DPSOH��ILJ�����

)LJXUH����7KH�PDVN�IRU�ILQGLQJ�D�FRUQHU�DW�GLIIHUHQW
VLWXDWLRQV�

)LJXUH���GHSLFWV�D�FLUFXODU�PDVN�DW�IRXU�GLIIHUHQW
VLWXDWLRQV��7KH�FHQWUH�RI�WKH�PDVN�LV�WKH�SRLQW�WKDW
EHLQJ�H[DPLQHG��$VVXPH�WKDW�WKH�REMHFW�LQ�DQ�LPDJH�LV
D�UHFWDQJOH���7KH�PDVN�DW�D��LV�DW�D�FRUQHU�RI�WKH



UHFWDQJOH��E��LV�DW�D�VLGH��F��LV�HLWKHU�FRPSOHWHO\�RQ�WKH
EDFNJURXQG�RU�LQVLGH�WKH�REMHFW�DQG�G��LV�QHDU�D
FRUQHU���%\�LQVSHFWLRQ�LW�LV�FOHDU�WKDW�LI�WKH�DUHD�RI�WKH
VDPH�EULJKWQHVV�LV�OHVV�WKDQ�KDOI�RI�WKH�PDVN�DUHD�WKHQ
WKH�FHQWUH�LV�SODFHG�RQ�RU�QHDU�D�FRQYH[�HGJH�RI�D
VXUIDFH���7KLV�LV�WKH�FDVH�IRU�D��DQG�G����$QRWKHU
REVHUYDWLRQ�LV�WKDW�WKH�ORFDO�PLQLPXP�RI�WKH�VDPH
EULJKWQHVV�DUHD�ZLOO�RFFXU�DW�WKH�FRUQHU�SRLQW
�FRPSDUH�D�DQG�G�����7KLV�LV�HVVHQWLDOO\�WKH�PHWKRG�LQ
6PLWK��������

7KH�GHWDLO�RI�WKH�DOJRULWKP�LV�DV�IROORZV���&RPSDULVRQ
RI�WKH�EULJKWQHVV�RI�WKH�FHQWUH�DQG�HDFK�SL[HO�LQ�WKH
PDVN�LV�GHILQHG�DV�D�IXQFWLRQ�

��

�����

�

�

������
¸
¹

·
¨
©

§ �
�

 W

U,U,

HUUF

&&

&&
���

ZKHUH�F�LV�WKH�UHVXOW�RI�FRPSDULVRQ���
�
U
&
�LV�WKH

SRVLWLRQ�RI�WKH�FHQWUH�� U
&
�LV�WKH�SRVLWLRQ�RI�RWKHU�SL[HO

LQ�WKH�PDVN��� ��
�
U,
&

�LV�WKH�EULJKWQHVV�RI�WKH�FHQWUH�

��U,
&

�LV�WKH�EULJKWQHVV�RI�DQ\�SL[HO��W�LV�WKH�EULJKWQHVV
GLIIHUHQFH�WKUHVKROG���7KLV�IXQFWLRQ�LV�GXH�WR�6PLWK
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SL[HO
V�EULJKWQHVV�WR�YDU\�VOLJKWO\�ZLWKRXW�KDYLQJ�D
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7KH�PDLQ�GLIIHUHQFH�EHWZHHQ�WKLV�ZRUN�DQG�6PLWK
V�LV
WKH�ZD\�LQ�ZKLFK�WKLV�VXP�KDV�EHHQ�PDGH���6PLWK
FRXQWV�DOO�WKH�SL[HO�ZLWKLQ�WKH�PDVN���7KLV�ZRUN
FRXQWV�RQO\�WKH�SL[HO�RQ�WKH�FLUFXPIHUHQFH�RI�WKH
PDVN���7KH�PDLQ�WKUXVW�LV�WKDW�LW�LV�IDVWHU�WR�XVH�WKH
FLUFXPIHUHQFH�WKDQ�WR�XVH�WKH�DUHD��LQ�WKLV�FDVH�� US�
DV�RSSRVHG�WR� �US �SL[HO�FRPSDULVRQ����7KH�UHDVRQ�LV
WKDW�LI�WKH�UDWLR�RI�WKH�DUHD�FDQ�EH�XVHG�WR�GHWHUPLQH
FRUQHU�SRLQWV�VR�LV�WKH�UDWLR�RI�WKH�DUF���7KH�RQO\
FRQFHUQ�LV�WKDW�XVLQJ�WKH�DUF�ZLOO�EH�PRUH�SURQH�WR�WKH
QRLVH�WKDQ�XVLQJ�WKH�DUHD���7KH�H[SHULPHQWDO�UHVXOWV
�LQ�WKH�QH[W�VHFWLRQ��VKRZ�WKLV�WR�EH�DFFHSWDEOH�

7KH�QH[W�VWHS�LV�WR�FRPSDUH�Q�ZLWK�D�WKUHVKROG�J
�JHRPHWULFDO�WKUHVKROG��ZKLFK�VKRXOG�EH�VHW�VPDOOHU
WKDQ�KDOI�RI�WKH�PD[LPXP�RI�SRVVLEOH�Q���,I��Q�LV�OHVV
WKDQ�J��WKLV�SL[HO�LV�FRXQWHG�DV�D�FDQGLGDWH�DQG��J�Q�LV
WKH�VWUHQJWK�RI�WKDW�FRUQHU�SRLQW�RWKHUZLVH�LV�]HUR���$Q
LPDJH�LV�FUHDWHG�ZLWK�HDFK�SL[HO�FRQWDLQV�WKH�VWUHQJWK
YDOXH�RI�D�FRUQHU�SRLQW���7KLV�LPDJH�LV�VHDUFKHG�IRU
ORFDO�PD[LPD��ZKLFK�LV�DERYH�]HUR��ZLWKLQ�D�ZLQGRZ
WKH�VDPH�VL]H�DV�WKH�PDVN�WR�UHSRUW�FRUQHU�SRLQWV��WKLV
LV�FDOOHG�QRQ�PD[LPXP�VXSSUHVVLRQ��

([SHULPHQWV

%HFDXVH�WKH�DOJRULWKP�LQ�WKLV�ZRUN�LV�D�GHULYDWLYH�RI
6PLWK
V�ZRUN��LW�ZRXOG�EH�LQWHUHVWLQJ�WR�FRPSDUH�WKH
VSHHG�DQG�DFFXUDF\�RI�WKH�UHSRUWHG�FRUQHU�SRLQWV�RI
WZR�DOJRULWKPV���%RWK�DOJRULWKPV�KDYH�QRW�\HW�EHHQ
UHSRUWHG�ZLWK�WKH�DFWXDO�ZRUNLQJ�DSSOLFDWLRQV
WKHUHIRUH�WR�HVWDEOLVK�D�EDVHOLQH��WKH�0DOFROP
V
DOJRULWKP��������LV�XVHG���0DOFROP
V�DOJRULWKP�KDV
EHHQ�XVHG�H[WHQVLYHO\�LQ�UHDO�URERWLF�DSSOLFDWLRQV�DV
UHSRUWHG�LQ��&KRQJVWLWYDWDQD�DQG�&RQNLH��������DQG
WKH�GHWDLO�RI�LWV�LPSOHPHQWDWLRQ�FDQ�EH�IRXQG�LQ
�&KRQJVWLWYDWQD��������

7KH�SDUDPHWHUV�XVHG�LQ�WKH�H[SHULPHQWV�DUH�DV
IROORZV��7KH�PDVN�LV�D���[���SL[HO�VTXDUH�ZLWK���SL[HOV
DGGHG�RQ�WKH�FHQWUH�RI�HDFK�HGJH���,W�LV�D�UHDVRQDEOH
DSSUR[LPDWH�RI�D�FLUFOH��7KH�GLIIHUHQFH�WKUHVKROG�W�LV
�����7KH�JHRPHWULFDO�WKUHVKROG��J�LV��������7KH�PDVN
KDV����SL[HOV�DV�LWV�FLUFXPIHUHQFH��(DFK�FDQ
FRQWULEXWH�PD[LPXP�YDOXH�RI�������+DOI�RI�WKH�VXP
ZLOO�EH�������*LYHQ�WKH�QRLVH�DOORZDQFH�RI����DQG�WKH
WKUHVKROG�ILJXUH�ZLOO�EH��������7HVW�LPDJHV�DUH�����[
����SL[HOV�[���ELWV������JUH\�OHYHOV��

$OO�WKUHH�DOJRULWKPV�ZHUH�WHVWHG�RQ�D�V\QWKHWLF�LPDJH
ZLWK�DGGHG�QRLVH��ILJXUH�����7KH�UHVXOW�LV�VKRZQ�LQ
WDEOH����0$� �0DOFROP��60� �6PLWK��&+� �WKLV
DOJRULWKP����)RU�WKH�VSHHG�UHVXOWV��DOO�WLPLQJV�DUH
QRUPDOLVHG�WR�0DOFROP
V�WLPH���7KH�UHVXOW�VKRZV�WKDW
WKLV�DOJRULWKP�LV�DERXW�����WLPHV�IDVWHU�WKDQ�6PLWK��QRW
PXFK�RI�D�VXUSULVH�DV�WKH�QXPEHU�RI�SL[HOV�LQ�WKH
PDVN�IRU�60�LV����DQG����IRU�&+��WKH�UDWLR�LV������� 
�������7KH�UHDVRQ�IRU�0$�WR�EH�PXFK�IDVWHU�WKDQ�60
DQG�&+�LV�WKDW�0$�VHDUFKHV�RQO\�WKH�SRLQW�RQ�WKH
ERXQGDU\�RI�REMHFWV�ZKLOH�60�DQG�&+�PXVW�VHDUFK�DOO
SRLQWV�LQ�WKH�LPDJH�
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WKH�RWKHU��WKH�V�G��VKRZ�UDGLXV�RI�GLVWDQFH�RI�WKH
PDWFKHV���WDEOH����

7R�WHVW�WKH�DVVXPSWLRQ�WKDW�XVLQJ�WKH�UDWLR�RI�WKH�DUF
ZLOO�JLYH�D�VLPLODU�UHVXOW�DV�XVLQJ�WKH�UDWLR�RI�WKH�DUHD�
ERWK�60�DQG�&+�DOJRULWKPV�DUH�WHVWHG�RQ�WZR�UHDO
LPDJHV��7KH�ILUVW�LPDJH�LV�D�IRUP�RI�JHRPHWULFDO�VKDSH
�ILJ�������7KH�VHFRQG�LPDJH�LV�D�QDWXUDO�VKDSH��ILJ�����
7KH�UHVXOWV�VKRZ�WKDW�&+�DOJRULWKP�LV�FRQVLVWHQWO\����
WLPHV�IDVWHU�WKDQ�60��7KH�PDWFKHG�UDWLR�LV�FRQVLGHUHG
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7KLV�ZRUN�SUHVHQWV�DQ�DOJRULWKP�WR�ILQG�FRUQHU�SRLQWV
ZKLFK�LV�QRW�EDVHG�RQ�VSDWLDO�GHULYDWLYH�RI�EULJKWQHVV�
,W�KDV�EHHQ�WHVWHG�RQ�UHDO�LPDJHV�DQG�LV�DV�DFFXUDWH�DV
LWV�SDUHQW
V�DOJRULWKP��6PLWK��EXW�LW�LV�IDVWHU��7KH
IXWXUH�ZRUN�ZLOO�EH�WR�SXW�DQ�HIIRUW�RQ�LPSURYLQJ�WKH
UREXVWQHVV�RI�WKLV�DOJRULWKP�DQG�WR�WHVW�LW�RQ�WKH�UHDO
URERWLF�DSSOLFDWLRQV�
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