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7KLV� SDSHU� GHVFULEHV� D� IDFH� UHFRJQLWLRQ� V\VWHP� EDVHG� RQ� D� UHFRJQLWLRQ�E\�V\QWKHVLV
DSSURDFK��*LYHQ�DQ�LPDJH�RI�DQ�XQNQRZQ�IDFH��WKH�SRVH�RI�WKH�IDFH�LV�ILUVW�HVWLPDWHG�E\
PDWFKLQJ�LW�WR�D��'�GHIRUPDEOH�IDFH�PRGHO�ZKLFK�FDQ�HQFRGH�VKDSH�DV�ZHOO�DV�WH[WXUH�
7KLV�PRGHO� LV� D� FRPSRVLWH� RI� WKUHH� VXE�PRGHOV�� HGJH�PRGHO�� FRORU� PRGHO� DQG� D� ZLUH
IUDPH�PRGHO�ZKLFK� MRLQWO\� GHVFULEH� WKH� VKDSH� RI� WKH� IDFH� DQG� YDULRXV� IDFLDO� IHDWXUHV�
$IWHU�HVWLPDWLQJ� WKH�SRVH�RI� WKH�XQNQRZQ� IDFH�� WKH� V\VWHP� V\QWKHVL]HV� IDFH� LPDJHV�RI
NQRZQ�VXEMHFWV�LQ�WKH�VDPH�SRVH�DV�WKH�XQNQRZQ�IDFH��$�OHDVW�VTXDUHV�SURFHGXUH�LV�XVHG
IRU�IDFH�V\QWKHVLV�WR�EHVW�DSSUR[LPDWH�WKH�OLJKWLQJ�LQ�WKH�XQNQRZQ�IDFH�LPDJH�LQ�WHUPV
RI�WKH�WUDLQLQJ�IDFH�LPDJHV��7KH�XQNQRZQ�IDFH�LV�ILQDOO\�FODVVLILHG�DV�WKH�VXEMHFW�ZKRVH
V\QWKHVL]HG� LPDJH� LV�PRVW� VLPLODU�� � 7KH� QRYHOW\� RI� WKLV�PHWKRG� OLHV� LQ� WKH� XVH� RI� WKH
FRPSRVLWH��'�GHIRUPDEOH�IDFH�PRGHO�IRU�IDFH�DQDO\VLV�WR�\LHOG�WKH��'�VKDSH�DQG�WH[WXUH
IDFH� UHSUHVHQWDWLRQ�� DQG� WKHUHE\� IDFLOLWDWH� IDFH� V\QWKHVLV� DQG� SRVH� LQYDULDQW� IDFH
UHFRJQLWLRQ��([SHULPHQWDO�UHVXOWV�VKRZ�WKDW� WKH�PHWKRG�LV�FDSDEOH�RI�GHWHUPLQLQJ�SRVH
DQG�UHFRJQL]LQJ�IDFHV�DFFXUDWHO\�RYHU�D�ZLGH�UDQJH�RI�SRVHV�DQG�ZLWK�YDU\LQJ�OLJKWLQJ
FRQGLWLRQV��5HFRJQLWLRQ�UDWHV�RI�������KDYH�EHHQ�DFKLHYHG�ZKLFK�LV�������KLJKHU�WKDQ
WKDW�RI�WKH�3&$�PHWKRG�LQ�D�FRPSDUDWLYH�HYDOXDWLRQ�

�� ,QWURGXFWLRQ

,Q� WKLV� SDSHU�� ZH� DGGUHVV� WKH� SUREOHP� RI� SRVH� LQYDULDQW� IDFH� UHFRJQLWLRQ�� 7KLV� LV� D
GLIILFXOW�SUREOHP�EHFDXVH�WKH�SRVH�RI�WKH�IDFH�JUHDWO\�DIIHFWV�KRZ�WKH�IDFH�DSSHDUV�LQ�DQ
LPDJH��2XU� V\VWHP� VHHNV� WR� UHFRJQL]H� IDFHV� RYHU� D�ZLGH� UDQJH� RI� SRVHV� XVLQJ� RQO\� D
VPDOO�QXPEHU�RI�WUDLQLQJ�LPDJHV�

,Q� WKH� OLWHUDWXUH�� IDFH� UHFRJQLWLRQ� PHWKRGV� FDQ� JHQHUDOO\� EH� FDWHJRUL]HG� LQWR� ���
JHRPHWULF� IHDWXUH�EDVHG�PHWKRGV� >�@�� � ���� VWDWLVWLFDO� DSSHDUDQFH�EDVHG� PHWKRGV� >���@�
DQG� ���� QHXUDO� QHWZRUN�EDVHG� PHWKRGV� >�@�� HWF�� 7KH� DERYH� PHWKRGV� KDYH� WKHLU� RZQ
PHULWV��EXW�WKH\�DUH�JHQHUDOO\��'�EDVHG�DQG�WKHUHIRUH�QRW�LQKHUHQWO\�SRVH�LQYDULDQW�

,Q�UHFHQW�\HDUV��PRUH�DWWHQWLRQ�KDV�EHHQ�IRFXVHG�RQ�SRVH�LQYDULDQW�IDFH�UHFRJQLWLRQ�
2QH�DSSURDFK�LV�WR�XVH�ORFDO�IHDWXUH�H[WUDFWRUV�ZLWK�FRQYROXWLRQ�QHXUDO�QHWZRUNV�>�@�RU
*DERU�ZDYHOHWV�ZLWK� WKH�G\QDPLF� OLQN� DUFKLWHFWXUH� >�@��$QRWKHU� DSSURDFK� LV� EDVHG� RQ
WKH�OLQHDU�REMHFW�FODVV�FRQFHSW�>�@�ZKHUH�D� OLQHDU�FRPELQDWLRQ�RI�D�QXPEHU�RI��'�IDFH
LPDJHV�LV�XVHG�WR�V\QWKHVL]H�QHZ�IDFH�LPDJHV�LQ�GLIIHUHQW�SRVHV���%RWK�DSSURDFKHV�FDQ
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DFKLHYH� VRPH�GHJUHH�RI�SRVH� LQYDULDQFH�EXW� WKH\�FDQQRW�KDQGOH� ODUJH�SRVH�GLIIHUHQFHV
ZKHUH�DSSHDUDQFH�FKDQJHV�VLJQLILFDQWO\�DQG�RFFOXVLRQV�RFFXU�LQ�SDUWV�RI�WKH�IDFH�

,Q�FRPSXWHU�JUDSKLFV��WKH�ZLUH�IUDPH�PRGHO��:)0��LV�FRPPRQO\�XVHG�WR�UHSUHVHQW
�'�REMHFWV� IRU�HIILFLHQW��'� LPDJH� UHQGHULQJ��7KH�:)0�KDV� DOVR�EHHQ�ZLGHO\� XVHG� WR
HQFRGH� DQG� V\QWKHVL]H� KXPDQ� IDFHV� LQ� PRGHO�EDVHG� FRGLQJ� IRU� ORZ� ELW�UDWH
FRPPXQLFDWLRQ�� :H� WKHUHIRUH� DGRSWHG� D� UHFRJQLWLRQ�E\�V\QWKHVLV� DSSURDFK� DQG
H[SORLWHG� WKH� XVH� RI� LPDJH� V\QWKHVLV� WHFKQLTXHV� IURP� FRPSXWHU� JUDSKLFV� DQG� PRGHO�
EDVHG� FRGLQJ� WR� DFKLHYH� SRVH� LQYDULDQW� IDFH� UHFRJQLWLRQ�� 8VLQJ� D� IHZ� WUDLQLQJ� IDFH
LPDJHV�RI�HDFK�VXEMHFW�LQ�GLIIHUHQW�SRVHV��WKH�V\VWHP��H[WUDFWV�D��'�IDFH�UHSUHVHQWDWLRQ
ZKLFK�HQFRGHV��'�VKDSH�DQG�WH[WXUH��8VLQJ�WKLV��'�UHSUHVHQWDWLRQ��WKH�V\VWHP�LV�DEOH�WR
V\QWKHVL]H��'�DSSHDUDQFHV�RI�D�IDFH�LQ�D�ZLGH�UDQJH�RI�SRVHV��7KH�V\QWKHVL]HG�LPDJHV
DUH�WKHQ�XVHG�IRU�UHFRJQLWLRQ�

,Q� WKLV� V\VWHP�� D� �'� IDFH�PRGHO� LV�PDWFKHG� WR� IDFH� LPDJHV��7KLV�PRGHO�PDWFKLQJ
SURFHVV�\LHOGV�HVWLPDWHV�RI� IDFH�SRVH�DQG�LV�XVHG�WR�VHW�XS� WKH��'� IDFH�UHSUHVHQWDWLRQV
GXULQJ� WUDLQLQJ�� � 7KH� IDFH� PRGHO� DFWV� DV� DQ� LPSRUWDQW� UHIHUHQFH� IRU� HVWDEOLVKLQJ
FRUUHVSRQGHQFHV� EHWZHHQ� IDFHV� LQ� GLIIHUHQW� LPDJHV�� 7KLV� PRGHO� LV� GHIRUPDEOH� WR
DFFRPPRGDWH� IDFHV� RI� GLIIHUHQW� VKDSHV�� 7KH� GHIRUPDWLRQ� IXQFWLRQV� DQG� WKH� PDWFKLQJ
SURFHVV�DUH�H[WHQVLRQV�RI�WKH�PHWKRG�XVHG�LQ�>�@�IRU�REMHFW�PDWFKLQJ�

,Q� WKH� IROORZLQJ��6HFWLRQ���GHVFULEHV� WKH��'�GHIRUPDEOH� IDFH�PRGHO�DQG�6HFWLRQ��
GHVFULEHV�WKH�IDFH�UHFRJQLWLRQ�SURFHGXUH��([SHULPHQWDO�UHVXOWV�DUH�SUHVHQWHG�LQ�6HFWLRQ
��DQG�6HFWLRQ���JLYHV�WKH�FRQFOXVLRQV�

�� �'�'HIRUPDEOH�)DFH�0RGHO

�����)DFH�0RGHO

$��'�GHIRUPDEOH�IDFH�PRGHO�LV�XVHG�IRU�PDWFKLQJ�DQ�LQSXW�IDFH�LPDJH��7KLV�PRGHO�LV�D
FRPSRVLWH� RI� WKUHH� VXE�PRGHOV�� HGJH� PRGHO�� FRORU� PRGHO� DQG� D� ZLUH� IUDPH� PRGHO
�)LJXUH�����7KH�HGJH�DQG�FRORU�PRGHOV�DUH�XVHG�IRU�PDWFKLQJ�ZKHUHDV�WKH�:)0�LV�XVHG
IRU�LPDJH�V\QWKHVLV�

7KH� HGJH�PRGHO� GHILQHV� WKH� RXWOLQHV� RI� WKH� IDFH� DV�ZHOO� DV� YDULRXV� IDFLDO� IHDWXUHV
VXFK�DV�WKH�H\HEURZV��H\HV��QRVH��PRXWK�DQG�HDUV��,Q�WKLV�PRGHO��HDFK�HGJH�LV�GHILQHG�E\
D� VHW� RI� �'� FRRUGLQDWHV� HTXDOO\� VSDFHG� DORQJ� WKH� HGJH�� 'XULQJ� PDWFKLQJ�� WKHVH� HGJH
SRLQWV�ZLOO�EH�LQIOXHQFHG�E\�DQ�HGJH�SRWHQWLDO�ILHOG�VR�WKDW�WKH�SRLQWV�WHQG�WR�DOLJQ�DORQJ
WKH�HGJHV�LQ�WKH�LPDJH��7KH�FRORU�PRGHO� LGHQWLILHV� IDFLDO� UHJLRQV�RI� ORZ� LQWHQVLW\��KLJK
LQWHQVLW\�RU�IDLUO\�KRPRJHQHRXV�OLS�FRORU��7KHVH�UHJLRQV�DUH�WKH�H\HEURZV��H\HV��QRVWULOV
RU�PRXWK��(DFK�UHJLRQ�LV�GHILQHG�E\�D�VHW�RI�SRLQWV�XQLIRUPO\�GLVWULEXWHG�LQ�WKH�UHJLRQ�
'XULQJ�PDWFKLQJ�� WKHVH�PRGHO� UHJLRQV�ZLOO� EH� DWWUDFWHG� WR� UHJLRQV� LQ� WKH� LQSXW� LPDJH
ZKLFK� KDYH� VLPLODU� LQWHQVLW\�FRORU� FKDUDFWHULVWLFV�� � 7KH� SRLQWV� GHILQLQJ� H\HEURZV� DQG
QRVWULOV� ZLOO� EH� DWWUDFWHG� WRZDUGV� UHJLRQV� RI� ORZ� LQWHQVLW\�� WKH� H\HV� WRZDUGV� UHJLRQV
HLWKHU� RI� ORZ� LQWHQVLW\� �IRU� LULV�� RU� KLJK� LQWHQVLW\� �IRU�ZKLWHV� RI� H\HV��� DQG� WKH�PRXWK
WRZDUGV�UHJLRQV�WKDW�H[KLELW�OLS�FRORU���,Q�WKH�:)0��WKH�IDFH�VXUIDFH�LV�GLYLGHG�LQWR����
WULDQJOHV�ZKLFK�DUH�GHILQHG�E\����YHUWLFHV��7KH�:)0�DSSUR[LPDWHV�WKH��'�VWUXFWXUH�RI
WKH�IDFH�DQG�FDQ�EH�XVHG�WR�V\QWKHVL]H�IDFH�LPDJHV�HIILFLHQWO\�DQG�DFFXUDWHO\�

'XULQJ�PRGHO�PDWFKLQJ�� WKH� IDFH�PRGHO� LV�SURMHFWHG�RQWR�D� IDFH� LPDJH� VR� WKDW� WKH
YDULRXV�IDFLDO�IHDWXUHV�DUH�DOLJQHG���7R�PDWFK�DFFXUDWHO\��WKH�PRGHO�XQGHUJRHV�FRPSOH[
ORFDO�GHIRUPDWLRQ�DV�ZHOO�DV�JHRPHWULF�ULJLG�ERG\�WUDQVIRUPDWLRQ���&RUUHVSRQGHQFHV�DUH
HVWDEOLVKHG�DPRQJ�WKH�WKUHH�PRGHOV��VR�WKDW�WKH\�DUH�LQWHJUDWHG�LQWR�RQH�FRPSRVLWH�IDFH
PRGHO�DQG�XQGHUJR�WKH�VDPH�FRPSOH[�GHIRUPDWLRQ�DQG�JHRPHWULF�WUDQVIRUPDWLRQ��$IWHU
PDWFKLQJ� LV� HVWDEOLVKHG� XVLQJ� WKH� HGJH� DQG� FRORU� PRGHOV�� WKH� :)0� FDQ� EH� UHDGLO\
DGDSWHG�WR�WKH�LPDJH�DQG�XVHG�IRU�V\QWKHVLV�
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)LJXUH�����'�'HIRUPDEOH�)DFH�0RGHO���D��(GJH�0RGHO��E��&RORU�0RGHO��F��:LUH�)UDPH
0RGHO����G��&RPSRVLWH�0RGHO�

�����&RPSOH[�'HIRUPDWLRQ

'LIIHUHQW� SHRSOH� KDYH� YDU\LQJ� IDFH� VKDSHV� DQG� IHDWXUHV�� &RPSOH[� GHIRUPDWLRQ� DOORZV
WKH� PRGHO� WR� KDQGOH� WKLV� VKDSH� YDULDWLRQ�� :H� XVH� D� PRGLILFDWLRQ� RI� WKH� GHIRUPDWLRQ
WUDQVIRUPDWLRQV� XVHG� LQ� >�@��ZKHUH� D� �'�GLVSODFHPHQW� ILHOG�ZDV� XVHG� WR� GHIRUP� D� �'
WHPSODWH�GHULYHG�IURP�D�KDQG�GUDZQ�VNHWFK�RI�WKH�REMHFW�VKDSH��+HUH��ZH�H[WHQG�WKLV�E\
XVLQJ�D��'�GLVSODFHPHQW�ILHOG�WR�GHIRUP�RXU��'�IDFH�PRGHO���7KH�GHIRUPDWLRQ�PDSSLQJ
XVHG�LV

�[�\�]��→��[�\�]������'[�[�\�]���'�\�[�\�]���'�]�[�\�]����������������������������������

ZKHUH�'[�[�\�]���'� \�[�\�]��DQG�'� ]�[�\�]��DUH�WKH�GLVSODFHPHQW�IXQFWLRQV�DORQJ�WKH�WKUHH
FRRUGLQDWHV�D[HV���7KH�VSDFH�RI�WKH�GLVSODFHPHQW�IXQFWLRQV�LV�VSDQQHG�E\�WKH�IROORZLQJ
RUWKRJRQDO�EDVHV�
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ZKHUH�O�P�Q� ���������������DQG�WKH�GLVSODFHPHQW�IXQFWLRQ�LV�JLYHQ�E\
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ZKHUH� λOPQ απ��O��P��Q��� � DUH� QRUPDOL]LQJ� FRQVWDQWV� DQG� α� LV� D� VFDOH� FRQVWDQW�� 7KH
GHIRUPDWLRQ�SDUDPHWHUV�DUH
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,Q� RXU� LPSOHPHQWDWLRQ�� ZH� VHW� /��0�� 1� WR� �� DV� D� JRRG� WUDGH�RII� EHWZHHQ� PDWFKLQJ
DFFXUDF\� DQG� FRPSXWDWLRQ�� � )LJXUH� �� VKRZV� VRPH� H[DPSOHV� RI� IDFHV� ZLWK� GLIIHUHQW
VKDSHV�LQ�WKH�IURQWDO�SRVH�WKDW�FDQ�EH�JHQHUDWHG�E\�YDU\LQJ�WKH�GHIRUPDWLRQ�SDUDPHWHUV�

)LJXUH�����&RPSOH[�'HIRUPDWLRQ�






�����*HRPHWULF�7UDQVIRUPDWLRQ

,Q� JHRPHWULF� WUDQVIRUPDWLRQ�� WKH� �'� PRGHO� LV� ILUVW� SURMHFWHG� RQWR� D� �'� YLHZ� SODQH�
7KHUHDIWHU�� WKH� �'� IDFH� WHPSODWH� XQGHUJRHV� VFDOLQJ� DQG� WUDQVODWLRQ�� $Q� RUWKRJUDSKLF
SURMHFWLRQ�LV�DVVXPHG�EHFDXVH�WKH�GLVWDQFH�EHWZHHQ�WKH�IDFH�DQG�WKH�FDPHUD�LV�JHQHUDOO\
ODUJH�� UHODWLYH� WR� WKH� VL]H�RI� WKH� IDFH�� �)LJXUH��� VKRZV� H[DPSOHV�RI� �'� IDFH� WHPSODWHV
JHQHUDWHG�IRU�GLIIHUHQW�YLHZV�

)LJXUH����9LHZ�3ODQH�3URMHFWLRQ�

7KH�SURMHFWLRQ�WR�WKH�YLHZ�SODQH�LV�JLYHQ�E\�WKH�WUDQVIRUPDWLRQ
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ZKHUH�θ�DQG�φ�DUH�WKH�VODQW�DQG�WLOW�DQJOHV�RI�WKH�IDFH��UHVSHFWLYHO\���7KHUHDIWHU��WKH�IDFH
LV�URWDWHG�LQ�SODQH�E\�UROO�DQJOH�γ��XVLQJ
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6XEVHTXHQWO\��VFDOLQJ�DQG�WUDQVODWLRQ�DUH�LQFRUSRUDWHG�E\
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ZKHUH�V� LV� WKH�VFDOH� IDFWRU�DQG�G[� ��G\� DUH� WKH�GLVSODFHPHQWV�DORQJ� WKH� WZR�YLHZ�SODQH
D[HV�

���)DFH�5HFRJQLWLRQ

�����2YHUYLHZ�RI�WUDLQLQJ�DQG�UHFRJQLWLRQ�SURFHGXUHV

'XULQJ�WUDLQLQJ��D�QXPEHU�RI�WUDLQLQJ�LPDJHV�RI�HDFK�VXEMHFW�LQ�GLIIHUHQW�RULHQWDWLRQV�LV
XVHG�WR�H[WUDFW�D��'�VKDSH�DQG�WH[WXUH�UHSUHVHQWDWLRQ�IRU�WKDW��VXEMHFW��7KH�VWDJHV�LQ�WKH
WUDLQLQJ�SURFHGXUH�DUH�����LPDJH�SUH�SURFHVVLQJ�DQG�PRGHO�PDWFKLQJ��DQG�����VHWWLQJ�XS
WKH��'�IDFH�UHSUHVHQWDWLRQ��7KHVH��'�UHSUHVHQWDWLRQV�DUH�FHQWUDO�WR�IDFH�UHFRJQLWLRQ�

$� JLYHQ� LPDJH� LQ� ZKLFK� D� IDFH� LV� WR� EH� UHFRJQL]HG� XQGHUJRHV� WKH� IROORZLQJ
SURFHVVLQJ� VWDJHV�� ���� LPDJH�SUH�SURFHVVLQJ�DQG�PRGHO�PDWFKLQJ�� ���� LPDJH� V\QWKHVLV�
DQG�����FODVVLILFDWLRQ� 7KH� ILUVW� VWDJH� LV� WKH� VDPH� DV� LQ� WKH� WUDLQLQJ�SURFHGXUH�� DQG� LV
XVHG� WR� HVWLPDWH� WKH� IDFH� SRVH�� 8VLQJ� WKLV� LQIRUPDWLRQ�� V\QWKHVL]HG� IDFHV� RI� NQRZQ
VXEMHFWV� LQ� WKH� HVWLPDWHG� SRVH� DUH� JHQHUDWHG� IURP� WKHLU� �'� IDFH� UHSUHVHQWDWLRQV�
&ODVVLILFDWLRQ�LV�EDVHG�RQ�VLPLODULW\�EHWZHHQ�WKHVH�V\QWKHVL]HG� IDFHV�DQG� WKH�XQNQRZQ
IDFH��7KH�UHVW�RI�WKLV�VHFWLRQ�GHVFULEHV�WKH�VWDJHV�LQ�PRUH�GHWDLO�






��� ,PDJH�3UH�SURFHVVLQJ�DQG�0RGHO�0DWFKLQJ

,PDJH� SUH�SURFHVVLQJ� LQYROYHV� VNLQ� FRORU� VHJPHQWDWLRQ� DQG� HGJH� H[WUDFWLRQ�� 7KH
VHJPHQWDWLRQ� XVHV� VLPSOH� WKUHVKROGLQJ� DQG� PRUSKRORJLFDO� RSHUDWLRQV�� � 8VLQJ� VLPLODU
WHFKQLTXHV�� UHJLRQV� RI� ORZ� LQWHQVLW\�� KLJK� LQWHQVLW\� DQG� OLS� FRORU� DUH� DOVR� H[WUDFWHG�
7KHVH�DUH�OLNHO\�UHJLRQV�IRU�WKH�H\HEURZV��H\HV��QRVWULOV�DQG�PRXWK�DQG�FDQ�EH�PDWFKHG
WR�VLPLODU�UHJLRQV�GHILQHG�LQ�WKH�FRORU�PRGHO��&DQQ\�HGJHV�DUH�H[WUDFWHG�ZLWKLQ�WKH�VNLQ
FRORXU�UHJLRQ��DQG�PRGHO�PDWFKLQJ�LV�FRQILQHG�WR�ZLWKLQ�WKLV�UHJLRQ�

'XULQJ� PRGHO� PDWFKLQJ�� WKH� �'� PRGHO� LV� WUDQVIRUPHG� VR� WKDW� LW� PDWFKHV� �DOLJQV�
ZLWK� WKH� IDFH� LQ� WKH� LQSXW� LPDJH�� � 7R� PHDVXUH� WKH� TXDOLW\� RI� PDWFKLQJ�� DQ� REMHFWLYH
IXQFWLRQ� LV� GHILQHG�� 7KLV� REMHFWLYH� IXQFWLRQ� FRQVLVWV� RI� WKUHH� ZHLJKWHG� WHUPV�� HGJH
HQHUJ\�� FRORU� HQHUJ\� DQG� GHIRUPDWLRQ� FRVW�� 7KH� HGJH� DQG� FRORU� HQHUJ\� GHVFULEH� WKH
TXDOLW\� RI�PDWFKLQJ� IRU� WKH� HGJH� DQG� FRORU� IHDWXUHV� UHVSHFWLYHO\�� DQG� WKH� GHIRUPDWLRQ
FRVW�SHQDOL]HV�PRGLILFDWLRQ�WR�WKH�VKDSH�RI�WKH�IDFH�PRGHO�

)RU�PDWFKLQJ�� � HGJH� DQG� FRORU�SRWHQWLDO� ILHOGV� DUH� GHILQHG� EDVHG� RQ� WKH� HGJH� DQG
FRORU�IHDWXUHV�RI�WKH�LQSXW�LPDJH��7KHVH�SRWHQWLDO�ILHOGV�DUH�XVHG�WR�H[HUW�IRUFHV�RQ�WKH
IDFH�PRGHO�DQG�LQIOXHQFH�LWV�WUDQVIRUPDWLRQ�SDUDPHWHUV�GXULQJ�PDWFKLQJ���7KH�PDWFKLQJ
LV� LPSOHPHQWDWHG� DV� DQ� LWHUDWLYH� VHDUFK� SURFHVV� ZKLFK� VHHNV� WR� ILQG� D� VHW� RI
WUDQVIRUPDWLRQ� SDUDPHWHUV� WKDW� PLQLPL]HV� WKH� REMHFWLYH� IXQFWLRQ�� $� PXOWLUHVROXWLRQ
DSSURDFK�LV�XVHG�WR�DFKLHYH�IDVW�FRQYHUJHQFH��)LJXUH���VKRZV�KRZ�WKH�WHPSODWH�FKDQJHV
DW�YDULRXV�LWHUDWLRQV�DV�LW�FRQYHUJHV�RQ�D�IDFH�LPDJH�

)LJXUH����0RGHO�0DWFKLQJ�DW�,WHUDWLRQV���������DQG����

��� �'�)DFH�5HSUHVHQWDWLRQ

)RU�HDFK�VXEMHFW��D�QXPEHU�RI�WUDLQLQJ�IDFH�LPDJHV�LQ�GLIIHUHQW�SRVHV�LV�XVHG�WR�GHULYH
WKH��'� IDFH� UHSUHVHQWDWLRQ�� �:H� ILUVW� SHUIRUP� WKH� WZR� VWDJHV� RI� LPDJH� SUH�SURFHVVLQJ
DQG�PRGHO�PDWFKLQJ�RQ�WKHVH�LPDJHV��'XULQJ�WKH�PDWFKLQJ�SURFHVV��WKH�HGJH�DQG�FRORU
VXE�PRGHOV� XQGHUJR� WUDQVIRUPDWLRQ� WR� DOLJQ� WKHPVHOYHV� ZLWK� WKH� IHDWXUHV� LQ� WKH� LQSXW
IDFH���6LQFH�WKH�:)0�LV�LQWHJUDWHG�ZLWK�WKH�HGJH�DQG�FRORU�VXE�PRGHOV��WKH�:)0�DOVR
XQGHUJRHV�WKH�VDPH�WUDQVIRUPDWLRQ���7KHUHIRUH��DIWHU�PDWFKLQJ��WKH�:)0�FDQ�EH�UHDGLO\
DGDSWHG�WR�WKH�LQSXW�IDFH�LPDJH��DV�LOOXVWUDWHG�LQ�)LJXUH���

)LJXUH����:LUH�)UDPH�0RGHO�$GDSWDWLRQ�$IWHU�0DWFKLQJ�

$IWHU�SHUIRUPLQJ�PRGHO�PDWFKLQJ�RQ�DOO�WKH�WUDLQLQJ�LPDJHV��WKH��'�IDFH�UHSUHVHQWDWLRQ
IRU� HDFK� VXEMHFW� LQ� WKH� GDWDEDVH� LV� HVWLPDWHG�� 7KHUH� DUH� WZR� DVSHFWV� WR� WKLV
UHSUHVHQWDWLRQ�� VKDSH� UHSUHVHQWDWLRQ� DQG� WH[WXUH� UHSUHVHQWDWLRQ�� � 7KH� VKDSH
UHSUHVHQWDWLRQ�IRU�D�VXEMHFW� LV�GHILQHG�E\�WKH�SRVLWLRQV�RI� WKH�:)0�YHUWLFHV� LQ� WKH��'
VSDFH�� ,W� LV� REWDLQHG� DV� D� ZHLJKWHG� DYHUDJH� RI� WKH� SRVLWLRQV� RI� WKHVH� YHUWLFHV� LQ� WKH
GHIRUPHG�:)0V�DIWHU�DGDSWLQJ�WR�WKH�WUDLQLQJ�LPDJHV�RI�WKH�VXEMHFW�






7KH� WH[WXUH� UHSUHVHQWDWLRQ�� RQ� WKH� RWKHU� KDQG�� LV� DQ� 1�GLPHQVLRQDO� YHFWRU� RI
OXPLQDQFH�YDOXHV�REWDLQHG�DW�1�SRLQWV�RQ� WKH��'� IDFH�PRGHO��7KHVH� OXPLQDQFH�YDOXHV
DUH�VDPSOHG�IURP�WKH�WUDLQLQJ�LPDJHV�DIWHU�WKH�PRGHO�PDWFKLQJ�SURFHVV��ZKLFK�VSHFLILHV
WKH� PRGHO� SRLQWV� WR� LPDJH� FRUUHVSRQGHQFHV�� /HW�1W

V� UHSUHVHQW� WKH� QXPEHU� RI� WUDLQLQJ
LPDJHV�RI�VXEMHFW�V�DQG�OHW�^�WL

V��L� ������������1W
V�����`�UHSUHVHQW�WKH�VHW�RI�WH[WXUH�YHFWRUV

IRU� WKH� VXEMHFW�� REWDLQHG� E\� VDPSOLQJ� WKH� OXPLQDQFH� YDOXHV� LQ� HDFK� RI� WKH� PDWFKHG
WUDLQLQJ�LPDJHV��$�PHDQ�WH[WXUH�YHFWRU�PV��IRU�VXEMHFW�V�LV�REWDLQHG�DV
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ZKHUH� V
MP � � LV� WKH� MWK� HOHPHQW� RI�PV�� V

MLW �

� LV� WKH� MWK� WH[WXUH� HOHPHQW� REWDLQHG� IURP� LWK

WUDLQLQJ�LPDJH��DQG� V
MLD �

�UHSUHVHQWV�WKH�SURMHFWHG�DUHD�RI�WKH�:)0�SODQH�LQ�ZKLFK�WKH�MWK

WH[WXUH� SRLQW� OLHV�� RQ� WKH� LWK� WUDLQLQJ� LPDJH�� � ,I� WKLV�:)0� SODQH� LV� KLGGHQ� LQ� WKH� LWK

WUDLQLQJ� LPDJH�� ZKLFK�PHDQV� WKDW� WKH� MWK� WH[WXUH� SRLQW� PXVW� EH� KLGGHQ�� V
MLD �

� LV� VHW� WR

]HUR�
7KH�YHFWRU�PV��UHSUHVHQWV�WKH�DYHUDJH�IDFH�WH[WXUH�IRU�VXEMHFW�V�XQGHU�GLIIHUHQW�SRVH

DQG� OLJKWLQJ� FRQGLWLRQV�� � $V� WKH� IDFH� WH[WXUH� DSSHDUDQFH� PD\� FKDQJH� GXH� WR� OLJKWLQJ
FRQGLWLRQV� DQG� OLJKWLQJ� JHRPHWU\�� DQ� DYHUDJH� UHSUHVHQWDWLRQ� ZRXOG� EH� XQDEOH� WR
FKDUDFWHUL]H� WKH� YDULDWLRQV� DGHTXDWHO\�� :H� WKHUHIRUH� XVH� D� VHW� RI� YHFWRUV� WR� HQFRGH

WH[WXUH�GHYLDWLRQV�IURP�WKH�DYHUDJH��7KLV�VHW�RI�YHFWRUV�IRU�VXEMHFW�V��^� V
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FDQ�XVH�WKHP�WR�FKDUDFWHUL]H�WKH�VXEVSDFH�RI�WH[WXUH�YDULDWLRQV�VHHQ�LQ�WKH�WUDLQLQJ�VHW�RI
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%\�YDU\LQJ�WKH�FRHIILFLHQWV�^�[L�`��ZH�FDQ�V\QWKHVL]H�PXOWLSOH�IDFH�LPDJHV�IRU�VXEMHFW�V�
VLPXODWLQJ�WKH�HIIHFWV�RI�YDU\LQJ�OLJKWLQJ�FRQGLWLRQV�DQG�JHRPHWU\��7KLV�LV�XVHIXO�GXULQJ
IDFH�PDWFKLQJ��ZKHUH�D� IDFH� LPDJH�QHHGV� WR�EH� V\QWKHVL]HG� IURP� WKH�GDWDEDVH��KDYLQJ
WKH� DSSUR[LPDWH� OLJKWLQJ� FKDUDFWHULVWLFV� DV� WKH� XQNQRZQ� IDFH� LPDJH�� 7KLV� VHUYHV� WR
GLVFRXQW�WKH�HIIHFWV�RI� OLJKWLQJ�ZKLOH�PDWFKLQJ��$�OHDVW�VTXDUHV�SURFHGXUH�LV�GHVFULEHG
LQ�6HFWLRQ�����WR�LQFRUSRUDWH�WKLV�LGHD�

$IWHU� REWDLQLQJ� WKH� �'� IDFH� UHSUHVHQWDWLRQ� RI� D� NQRZQ� VXEMHFW� IURP� KLV� WUDLQLQJ
LPDJHV��LPDJHV�RI�WKH�IDFH�FDQ�EH�V\QWKHVL]HG�LQ�GLIIHUHQW�SRVHV�E\�DSSO\LQJ�YLHZ�SODQH
SURMHFWLRQ��VFDOLQJ�DQG�WUDQVODWLRQ���)LJXUH���VKRZV�WKH�V\QWKHVL]HG�LPDJHV�JHQHUDWHG�DW
GLIIHUHQW�VODQW�DQJOHV��$V�ZH�KDYH�QRW�LQFOXGHG�WKH�QHFNV�DQG�VKRXOGHUV���WKH�ERXQGDULHV
RI�WKH�IDFHV�DUH�VKDUS��%XW�JHQHUDOO\��WKH�V\QWKHVL]HG�IDFHV�DUH�UHDOLVWLF�






)LJXUH����)DFH�6\QWKHVLV�ZLWK�'LIIHUHQW�3RVHV�

����)DFH�&ODVVLILFDWLRQ

*LYHQ� DQ� LPDJH� RI� DQ� XQNQRZQ� IDFH�� WKH� SRVH� LV� ILUVW� HVWLPDWHG� E\� PRGHO� PDWFKLQJ�
8VLQJ� WKH�HVWLPDWHG�SRVH�� WKH� WH[WXUH�SRLQWV� LQ� WKH��'� IDFH� UHSUHVHQWDWLRQ�RI� VXEMHFW� V
FDQ� EH� SURMHFWHG� RQWR� WKH� VDPH� SRVH� DV� WKH� XQNQRZQ� IDFH�� WKHUHE\� REWDLQLQJ� WKH
ORFDWLRQV�RI�ZKHUH� WKHVH� WH[WXUH�SRLQWV� VKRXOG� DSSHDU� LQ� WKH�XQNQRZQ� IDFH� LI� WKH� IDFH
EHORQJHG�WR�VXEMHFW�V���7KH�LQWHQVLW\�YDOXHV�DW�WKHVH�ORFDWLRQV�LQ�WKH�LPDJH�DUH�VDPSOHG

WR�REWDLQ�WKH�1�GLPHQVLRQDO�LQSXW�WH[WXUH�YHFWRU�FDOOHG� V\a ��)LUVWO\�� WKLV�YHFWRU�PD\�EH
GLIIHUHQW� IURP� WKH� WH[WXUH� YHFWRU� RI� WKH� XQNQRZQ� IDFH� GXH� WR� GLIIHUHQW� OLJKWLQJ
FRQGLWLRQV��6HFRQGO\��LI�WKH�XQNQRZQ�IDFH�GRHV�QRW�EHORQJ�WR�VXEMHFW�V��WKH�SURMHFWLRQ�RI
WKH�WH[WXUH�SRLQWV�ZLOO�EH�HUURQHRXV�EHFDXVH�RI�WKH�GLIIHUHQFHV�LQ�IDFH�VKDSH��DQG�KHQFH
FDXVH�WKH�WH[WXUH�YHFWRU�WR�EH�GLIIHUHQW��,W�LV�WKLV�HUURU�WKDW�QHHGV�WR�EH�XVHG�DV�D�PDWFK
PHDVXUH��ZKLOH�GLVFRXQWLQJ�HUURUV�GXH�WR�OLJKWLQJ�

$�OHDVW�VTXDUHV�VWUDWHJ\�LV�XVHG�IRU�WKLV�SXUSRVH��:H�ILUVW�REWDLQ�DQ�HUURU�PHDVXUH�IRU

UHSUHVHQWLQJ� WKH� LQSXW� WH[WXUH� V\a �� E\� WKH� WH[WXUH� VXEVSDFH� RI� VXEMHFW� V�� 7R� GR� WKLV�� D
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7KHQ�� WKH� YHFWRU� [V$ JHQHUDWHV� DOO� SRVVLEOH� OLJKWLQJ� YDULDWLRQV� FRQWDLQHG� LQ� WKH

VXEVSDFH� RI� VXEMHFW� V�� +HQFH� VROYLQJ� V$ [� � \� V�� LQ� WKH� OHDVW� VTXDUHV� VHQVH�� \LHOGV� D
V\QWKHVL]HG�IDFH�IRU�VXEMHFW�V��WKDW�PDWFKHV�WKH�OLJKWLQJ�FRQGLWLRQV�LQ�WKH�XQNQRZQ�IDFH
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,I� WKH� OLJKWLQJ� FRQGLWLRQV� DUH�ZHOO� DSSUR[LPDWHG�� WKLV� HUURU� PXVW� FRQWDLQ� D� VXEVWDQWLDO
FRPSRQHQW� WKDW� LV� UHODWHG� WR� WKH� LGHQWLW\�PLVPDWFK�RI�VXEMHFW� V�DQG� WKH�XQNQRZQ� IDFH�
7KH� OHDVW� VTXDUHV� SURFHGXUH� LV� UHSHDWHG� IRU� HYHU\� VXEMHFW� LQ� WKH� GDWDEDVH�� DQG� WKH
LGHQWLW\�RI� WKH�XQNQRZQ� IDFH� LV�DVVLJQHG� WR� WKH� VXEMHFW�ZLWK� WKH� VPDOOHVW� OHDVW� VTXDUHV
HUURU�






���([SHULPHQWDO�5HVXOWV

��� ,PDJH�'DWDEDVH

$� GDWDEDVH� RI� IDFH� LPDJHV� ZDV� DFTXLUHG� IRU� WUDLQLQJ� DQG� WHVWLQJ� WKH� IDFH� UHFRJQLWLRQ
V\VWHP��7KH�GDWDEDVH�FRQVLVWHG�RI����[����FRORU�LPDJHV�RI����VXEMHFWV��7KHVH�LPDJHV
ZHUH�GLYLGHG� LQWR���� VXEVHWV� DFFRUGLQJ� WR� LPDJLQJ� FRQGLWLRQV� �RULHQWDWLRQ�� OLJKWLQJ�RU
VL]H���7KH�H[HPSODU�LPDJHV�IURP�WKH�VXEVHWV�DUH�VKRZQ�LQ�)LJXUH����6RPH�RI�WKH�LPDJHV
LQ�WKH�GDWDEDVH�ZHUH�XVHG�IRU�WUDLQLQJ��2I�WKH�UHPDLQGHU����LPDJHV�RI�HDFK�VXEMHFW�IURP
HDFK�VXEVHW�ZDV�XVHG�IRU�WHVWLQJ��7KHUH�ZHUH�D�WRWDO�RI�����WHVW�LPDJHV�����VXEMHFWV�î���
VXEVHWV�î���LPDJHV�VXEMHFW�VXEVHW��

)LJXUH����([DPSOH�,PDJHV�RI�6XEVHWV�6KRZLQJ�3RVH�DQG�/LJKWLQJ�9DULDWLRQV

���� 3RVH�GHWHUPLQDWLRQ

7R�H[DPLQH�WKH�DFFXUDF\�RI�SRVH�GHWHUPLQDWLRQ��WKH�V\VWHP�ZDV�WHVWHG�RQ�D�QXPEHU�RI
IDFH�LPDJHV�RI�GLIIHUHQW�SHUVRQV�LQ�YDU\LQJ�RULHQWDWLRQV��)LJXUH����VKRZV�D�IHZ�H[DPSOH
LPDJHV� WR�ZKLFK� WKH�PRGHO�ZDV�PDWFKHG��7KH� UHVXOW� VKRZV� WKDW�RXU�PHWKRG� LV� DEOH� WR
PDWFK�WKH�PRGHO�WR�WKH�IDFH�DQG�GHWHUPLQH�WKH�RULHQWDWLRQ�DFFXUDWHO\�RYHU�D�ZLGH�UDQJH
RI�SRVHV��IURP�IURQWDO�WR�SURILOH�YLHZV���0RVW�RI�WKH�YLVLEOH�IDFLDO�IHDWXUHV��VXFK�DV�WKH
H\HEURZV�� H\HV�� QRVHV��PRXWKV� DQG� HDUV� DUH� DFFXUDWHO\� ORFDWHG� LQ� DOO� WKH� LPDJHV� DV� LV
HYLGHQW� IURP� WKH� VXSHULPSRVHG� PRGHO�� 7KH� PDWFKLQJ� LV� DOVR� WROHUDQW� WR� VFDOH� DQG
YDU\LQJ�LOOXPLQDWLRQ�

,W�LV�LQVLJKWIXO�WR�REWDLQ�DQ�REMHFWLYH�PHDVXUH�IRU�WKH�DFFXUDF\�RI�SRVH�GHWHUPLQDWLRQ�
$V� WKH� WUXH�SRVHV�RI� WKH� LQSXW� IDFHV�DUH�QRW�DYDLODEOH�� WKHVH�ZHUH�PDQXDOO\� HVWLPDWHG�
7KH��'�PRGHO�ZDV�XVHG�IRU�WKLV�SXUSRVH��)RU�HDFK�LPDJH��WKH�PRGHO�ZDV�URWDWHG�ZLWK�DQ
LQWHUDFWLYH� SURJUDP� �ZLWK� DQJXODU� UHVROXWLRQ� RI� �°��� VXFK� WKDW� WKH� RULHQWDWLRQ� RI� WKH
PRGHO� ZDV� YLVXDOO\� SHUFHLYHG� WR� EH� WKH� VDPH� DV� WKDW� RI� WKH� LQSXW� IDFH�� 7KH� ILQDO
RULHQWDWLRQ� RI� WKH� PRGHO� LV� XVHG� DV� WKH� WUXH� RULHQWDWLRQ� RI� WKH� LQSXW� IDFH� �VHH� WKLUG
FROXPQ�RI�)LJXUH����DQG� WKH�HUURU� LQ�RULHQWDWLRQ�HVWLPDWHV� LV�PHDVXUHG�ZLWK� UHVSHFW� WR
WKLV�� 7KH� DEVROXWH� HUURU� RI� SRVH� GHWHUPLQDWLRQ�� RQ� DYHUDJH�� ZDV� OHVV� WKDQ� �°�� ,Q�PRVW
FDVHV�� WKH�HUURU�ZDV�ZLWKLQ�±��°��)RU�SURILOH�RU�QHDU�SURILOH�SRVHV��VXFK�DV�LQ�WKH� WKLUG
LPDJH�LQ�)LJXUH����WKH�HUURU�LQ�WKH�VODQW�DQJOH�PD\�EH�ODUJH��+RZHYHU��DW�WKHVH�H[WUHPH
RULHQWDWLRQV��DSSHDUDQFH�FKDQJHV�GXH�WR�VODQW�DQJOH�YDULDWLRQ�LV�QRW�VLJQLILFDQW�






��� )DFH�5HFRJQLWLRQ

7R� H[DPLQH� WKH� IDFH� UHFRJQLWLRQ� SHUIRUPDQFH� RI� WKH� PHWKRG�� ILYH� H[SHULPHQWV� ZHUH
FRQGXFWHG�ZLWK� WKH�QXPEHU�RI� WUDLQLQJ� LPDJHV� IRU�HDFK�VXEMHFW� VHW� WR������������RU����
7KH� WHVW� VHW�RI����� LPDJHV�GLG�QRW� LQFOXGH� WKH� WUDLQLQJ� LPDJHV��5HVXOWV� DUH� VKRZQ� IRU
WKUHH�WHVWV�
7HVW�$��5HFRJQLWLRQ�E\�V\QWKHVLV�PHWKRG�DV�GHVFULEHG�LQ�WKLV�SDSHU�
7HVW�%��5HFRJQLWLRQ�E\�V\QWKHVLV�PHWKRG��ZKHUH�IDFH�V\QWKHVLV� LV�SHUIRUPHG�RQO\�ZLWK
WKH�PHDQ�YHFWRU�LQ�HTXDWLRQ������ZLWKRXW�XVLQJ�WKH�WH[WXUH�VXEVSDFH�
7HVW�&��5HFRJQLWLRQ�E\�3&$�PHWKRG�>�@��,Q�WKLV�WHVW��WKH�LQSXW�LPDJHV��ERWK�WUDLQLQJ�DQG
WHVWLQJ�� ZHUH� ILUVW� SUH�SURFHVVHG� E\� VNLQ� FRORU� VHJPHQWDWLRQ� WR� HVWLPDWH� WKH� FHQWURLGV
DQG�VL]HV�RI�WKH�IDFHV��%\�DSSURSULDWH�VFDOLQJ�DQG�WUDQVODWLRQ��WKH�IDFHV�ZHUH�QRUPDOL]HG
WR� WKH� VDPH� VFDOH� DQG� ORFDWLRQ�� 7KH� QRUPDOL]HG� � IDFHV� ZHUH� XVHG� WR� FRQVWUXFW� WKH
HLJHQIDFHV�� $� VLQJOH� HLJHQVSDFH� ZDV� FRQVWUXFWHG� IURP� DOO� WKH� WUDLQLQJ� LPDJHV�
&ODVVLILFDWLRQ�ZDV� EDVHG� RQ� WKH� QHDUHVW� QHLJKERU�PHWKRG� XVLQJ� WKH� 3&$� FRHIILFLHQWV�
7KHUH�ZDV�QR�GLPHQVLRQDOLW\�UHGXFWLRQ��DQG�DOO�3&$�FRHIILFLHQWV�ZHUH�XVHG�

7KH�UHVXOWV�RI� WKH�WKUHH�WHVWV�DUH�VKRZQ�LQ�7DEOH���� �7KH�UHFRJQLWLRQ�UDWHV� LPSURYH
ZLWK� LQFUHDVLQJ� QXPEHU� RI� WUDLQLQJ� LPDJHV� IRU� DOO� WKH� WKUHH� WHVWV�� :LWK� ��� WUDLQLQJ
LPDJHV�SHU�VXEMHFW��WKH�UHFRJQLWLRQ�UDWH�RI�WKH�UHFRJQLWLRQ�E\�V\QWKHVLV�PHWKRG��7HVW�$�
LV��������7KH�PHWKRG�SHUIRUPHG�FRQVLVWHQWO\�EHWWHU�WKDQ�WKH�3&$��HVSHFLDOO\�ZLWK�VPDOO
QXPEHU� RI� WUDLQLQJ� LPDJHV�� &RPSDULVRQ� RI� UHVXOWV� IURP� 7HVW� $� DQG� 7HVW� %� VKRZV
VLJQLILFDQW� LPSURYHPHQW�PDGH�ZLWK� WKH�XVH�RI� WH[WXUH�EDVLV�YHFWRUV� IRU� IDFH� V\QWKHVLV�
7KLV�LQGLFDWHV�WKDW�WKH�XVH�RI�EDVLV�YHFWRUV�PDNHV�EHWWHU�XVH�RI�DYDLODEOH�LQIRUPDWLRQ�LQ
WKH�WUDLQLQJ�LPDJHV�E\�HQFRGLQJ�WKH�WH[WXUH�YDULDWLRQV�LQ�WKHVH�LPDJHV�

)LJXUH����$FFXUDF\�RI�2ULHQWDWLRQ�(VWLPDWLRQ��7KH�ILUVW�FROXPQ�VKRZV�IDFHV�ZLWK�WKH
PDWFKHG�PRGHO�VXSHULPSRVHG���7KH�VHFRQG�FROXPQ�VKRZV�VLPXODWHG��'�IDFHV�LQ�WUXH
RULHQWDWLRQV��7KH�WKLUG�FROXPQ�VKRZV�WUXH�RULHQWDWLRQ�DQJOHV�DQG�RULHQWDWLRQ
HVWLPDWLRQ�HUURUV�LQ�SDUHQWKHVHV�

,QSXW�)DFH 6LPXODWHG
�'�0RGHO

7UXH�2ULHQWDWLRQV�LQ
'HJUHHV��DQG�SRVH
HVWLPDWLRQ�HUURUV�

VODQW������������
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���&RQFOXVLRQV

5HFHQW� ZRUNV� RQ� IDFH� UHFRJQLWLRQ� FRQVLGHU� WKH� GLIILFXOW� SUREOHP� RI� DFKLHYLQJ� SRVH
LQYDULDQFH� ZKHUH� DSSHDUDQFH� YDULDWLRQV� GXH� WR� SRVH� DUH� RIWHQ� PRUH� VLJQLILFDQW� WKDQ
YDULDWLRQV�GXH�WR�LGHQWLW\�

:H�KDYH�LPSOHPHQWHG�D�SRVH�LQYDULDQW�IDFH�UHFRJQLWLRQ�PHWKRG�XVLQJ�D�UHFRJQLWLRQ�
E\�V\QWKHVLV�DSSURDFK��,W��XVHV�D��'�GHIRUPDEOH�IDFH�PRGHO�ZKLFK�FRQVLVWV�RI�HGJH�DQG
FRORU� IHDWXUHV�DV�ZHOO�DV�D�ZLUH� IUDPH�PRGHO��%\�PDWFKLQJ� WKLV�PRGHO� WR� WUDLQLQJ� IDFH
LPDJHV�� ZH� ZHUH� DEOH� WR� FRQVWUXFW� �'� VKDSH� DQG� WH[WXUH� UHSUHVHQWDWLRQV� IRU� HDFK
VXEMHFW
V�IDFH��)RU�UHFRJQL]LQJ�DQ�XQNQRZQ�IDFH���'�DSSHDUDQFH�RI�IDFHV�RI�DOO�NQRZQ
VXEMHFWV�ZHUH�JHQHUDWHG�LQ�WKH�VDPH�SRVH�DV�WKH�XQNQRZQ�IDFH��ZKLOH�DSSUR[LPDWLQJ�WKH
OLJKWLQJ� FKDUDFWHULVWLFV� LQ� WKH� XQNQRZQ� IDFH� LPDJH� DV� EHVW� DV� SRVVLEOH�� &ODVVLILFDWLRQ
ZDV� WKHQ� EDVHG� RQ� WKH� VLPLODULWLHV� EHWZHHQ� WKHVH� V\QWKHVL]HG� IDFHV� DQG� WKH� XQNQRZQ
IDFH��7KH�QRYHOW\�RI� WKLV�PHWKRG� OLHV� LQ� WKH�XVH�RI� WKH��'�GHIRUPDEOH� IDFH�PRGHO� IRU
IDFH�DQDO\VLV�DQG�WKH��'�IDFH�UHSUHVHQWDWLRQ�VFKHPH�IRU�V\QWKHVLV�DQG�FODVVLILFDWLRQ�

([SHULPHQWDO� UHVXOWV� VKRZ�WKDW� WKH�PHWKRG��ZKLFK� LV� IXOO\�DXWRPDWLF��FDQ�DFKLHYH�D
KLJK� UHFRJQLWLRQ� UDWH��7KH�DGYDQWDJHV�RI� WKH�PHWKRG� LQFOXGH� LQYDULDQFH� WR� WUDQVODWLRQ�
VFDOH��RULHQWDWLRQ�DQG�OLJKWLQJ�FRQGLWLRQ��DQG�FDQ�ZRUN�ZLWK�D�VPDOO�QXPEHU�RI�WUDLQLQJ
LPDJHV��7KH�PRGHO�PDWFKLQJ�SURFHVV�LV�KRZHYHU�FRPSXWDWLRQDOO\�H[SHQVLYH��DQG�PDNHV
WKH�PHWKRG�XQVXLWDEOH�IRU�UHDO�WLPH�DSSOLFDWLRQV�
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