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$EVWUDFW����7KLV�SDSHU�SUHVHQWV�DQG�HYDOXDWHV�D�QHXUDO�QHWZRUN�PHWKRG�IRU�GHWHFWLQJ�KXPDQ�IDFHV�LQ�DUELWUDU\
JUD\�VFDOH� LPDJHV��6RPH�QRYHO� WHFKQLTXHV�DUH�XVHG� WR�IDFH� WKH�SUREOHPV�RI� WKH� LOOXPLQDWLRQ�FRQGLWLRQV�� WKH
IDFLDO�SHFXOLDULWLHV�DQG�URWDWLRQ�LQ�DUELWUDU\�LPDJHV�
���7KH�LOOXPLQDWLRQ�GLVWRUWLRQ�RI�WKH�IDFH�IHDWXUHV�LV�PLQLPL]HG�E\�VSOLWWLQJ�HDFK�FDQGLGDWH�UHFWDQJXODU�ZLQGRZ
LQWR� WZR� YHUWLFDO�� HTXDO�VL]H�� VXFFHVVLYH� DQG� QRQ�RYHUODSSLQJ� VXE�LPDJHV� DQG� E\� DSSO\LQJ� QRQ�OLQHDU
HTXDOL]DWLRQ� WR� HDFK�ZLQGRZ� LQGHSHQGHQWO\��$�PXOWLOD\HU� SHUFHSWRQ� QHXUDO� QHWZRUN� LV� XVHG� WR� GHWHFW� IDFHV
XQGHU� YDULRXV� IDFLDO� H[SUHVVLRQV�� VNLQ� FRORU�� SUHVHQFH� RI� JODVVHV��PXVWDFKH�� EHDUG� HWF�� 7KLV� SHUIRUPDQFH� LV
DFKLHYHG�E\�WUDLQLQJ�WKH�QHWZRUN�ZHLJKWV�XVLQJ�DQ�DGHTXDWH�VHW�RI�YDULRXV�IDFHV�XQGHU�D�ZLGH�UDQJH�RI� IDFH
OLQHDPHQWV��1HJDWLYH�H[DPSOHV�DUH�LQFOXGHG�LQ�WKH�WUDLQLQJ�VHW�E\�DGGLQJ�IDOVH�GHWHFWHG�IDFHV�LQ�D�VHW�RI�QRQ�
IDFH�LPDJHV�GXULQJ�WKH�WUDLQLQJ�SURFHVV��7KH�IDFH�RULHQWDWLRQ�LV�GHWHFWHG�E\�URWDWLQJ�WKH�LPDJH�LQ�D�VSHFLILHG
UDQJH�
���7KH� H[SHULPHQWV� ZHUH� FDUULHG� RXW� LQ� WKH� 2OLYHWWL�� <DOH� DQG� $FNHUPDQ
V� GDWDEDVHV�� 7KH� SURSRVHG� IDFH
GHWHFWLRQ�PHWKRG�JDYH��������GHWHFWLRQ�DFFXUDF\�LQ�D�VHW�RI������IURQWDO�YLHZ�IDFHV�

.H\�:RUGV�� ��)DFH� GHWHFWLRQ�� OLJKW� FRUUHFWLRQ��QHXUDO� QHWZRUNV�� QHXUDO� IDFH� GHWHFWRU�� IDFH� RULHQWDWLRQ�� ERRW�
VWUDS�PHWKRG�

�����,QWURGXFWLRQ
7KH� LPSRUWDQFH�RI� IDFH�SURFHVVLQJ� LQ�YLVXDO� VFHQHV
KDV� VWHDGLO\� LQFUHDVHG� RYHU� WKH� ODVW� GHFDGH�
&RPSXWHU�GHWHFWLRQ�DQG�DQDO\VLV�RI� WKH�KXPDQ�IDFH
FDQ� EH� XVHG� LQ� D� JUHDW� QXPEHU� RI� KXPDQ�PDFKLQH
FRPPXQLFDWLRQ� DSSOLFDWLRQV� VXFK� DV� YLVXDO� VSHHFK
UHFRJQLWLRQ�� LGHQWLILFDWLRQ� RI� DQ� DXWKRUL]HG� SHUVRQ�
UHFRJQLWLRQ�RI�IDFLDO�H[SUHVVLRQV��HWF�>���@��)DFHV�DUH
VLPLODUO\� VWUXFWXUHG� EXW� GLIIHUHQW� SHUVSHFWLYH
YDULDWLRQV�� URWDWLRQ� SRVLWLRQV�� EDFNJURXQG
HQYLURQPHQW� DQG� YDULRXV� OLJKWLQJ� FRQGLWLRQV� GLVWRUW
WKH�LPDJH��SURGXFLQJ�D�ZLGH�GLVWULEXWLRQ�RI�WKH�JUD\
VFDOH��DQG�WKH�VWDWLVWLFDO�WH[WXUH�EDVHG�IHDWXUHV�>���@�
7HPSODWH� PDWFKLQJ� DQG� JHRPHWULFDO� REMHFW
UHFRJQLWLRQ�PHWKRGV� WHQG� WR� IDLO� E\� GHWHFWLQJ� IDFHV
LQ�DUELWUDU\� OLJKWLQJ� >���@��$�FKDQJH� LQ� OLJKW� VRXUFH
GLVWULEXWLRQ�FDQ�FDVW�RU� UHPRYH�VLJQLILFDQW� VKDGRZV
IURP�D� SDUWLFXODU� IDFH�� DQG� LQ� GLIIHUHQW� EDFNJURXQG
FRQGLWLRQV�>��@�
�����$GYDQFH� WUDLQLQJ� PHWKRGV� KDYH� EHHQ� XVHG� WR
LQFRUSRUDWH�WKH�ZLGH�GLVWULEXWLRQ�RI�WKH�IURQWDO�YLHZ
RI� IDFH� SDWWHUQV� LQ� QHXUDO� QHWZRUN� NQRZOHGJH�
5HFHQWO\��5RZOH\�DW�DO��>���@�KDYH�VKRZQ�WKDW�QHXUDO
QHWZRUNV� FDQ� KDQGOH� ERWK� IDFLDO� SHFXOLDULWLHV� DQG

LOOXPLQDWLRQ� FRQGLWLRQV�� 7KH� IDFH� GDWDEDVH� FDQ� EH
DUWLILFLDOO\� HQODUJHG� VR� WKDW� D� PRUH� FRPSUHKHQVLYH
VDPSOH�LV�REWDLQHG��E\�URWDWLQJ�HDFK�IDFH�H[DPSOH�LQ
WKH� UDQJH�RI����GHJUHHV� >�@�� ,Q� WKLV�FDVH� WKH� QHXUDO
QHWZRUN� KDV� WKH� FDSDELOLW\� WR� GHWHFW� LPDJHV� XQGHU
YDULRXV� RULHQWDWLRQ� SRVLWLRQV� EXW� WKH� RULHQWDWLRQ
LQIRUPDWLRQ�KDV�EHHQ� LQFRUSRUDWHG� LQWR� WKH�QHWZRUN
NQRZOHGJH�� WKHUHIRUH� WKH� URWDWLRQ� DQJOH� FDQ� QRW� EH
UHDFKHG�LQ�WKLV�DSSURDFK�
�����$Q�HIILFLHQW�VROXWLRQ� WR� WKH�VHOHFWLRQ�SUREOHP�RI
WKH�QHJDWLYH�H[DPSOHV��QRQ�IDFH�LPDJHV��KDV�DOUHDG\
EHHQ� SUHVHQWHG� LQ� WKH� GLUHFWLRQ� RI� PLQLPL]LQJ� WKH
IDOVH� DFFHSWDQFH� HUURU� >�@�� 7KLV� WHFKQLTXH� UHGXFHV
WKH� QXPEHU� RI� IDOVHO\� UHFRJQL]HG� IDFHV� LQ� DUELWUDU\
LPDJHV��D�FULWLFDO�IDFWRU�IRU�GHYHORSLQJ�SUDFWLFDO�IDFH
UHFRJQL]HUV�
�����,Q� WKLV� SDSHU� ZH� SUHVHQW� DQG� HYDOXDWH� D� QRYHO
QHXUDO� QHWZRUN� PHWKRG� IRU� DFFXUDWH� GHWHFWLRQ� RI
IURQWDO�YLHZ�IDFHV�LQ�DUELWUDU\�JUD\�VFDOH�LPDJHV�
,QLWLDOO\�� PXOWLSOH� LPDJHV� DUH� FUHDWHG� IURP� WKH
FDQGLGDWH� LPDJH� E\� URWDWLRQ� LQ� D� VWHS� RI
DSSUR[LPDWHO\���GHJUHHV� DQG� VFDOLQJ�E\� D� IDFWRU� RI
�����7KH� )5V� DUH� GHWHFWHG� E\� VFDQQLQJ� HDFK� LPDJH
XVLQJ�ZLQGRZ�DQDO\VLV�LQ�DQ�RYHUODSSLQJ�EDVLV�RI���
SL[HOV��7KLV�WHFKQLTXH�LV�FRPSXWDWLRQDOO\�FRVWO\�EXW



LW� SHUPLWV� )5� GHWHFWLRQ� DW� DQ\� VL]H�� SRVLWLRQ� DQG
RULHQWDWLRQ�
�����,Q�HDFK�LPDJH�D�WZR�OHYHO�SURFHVV�LV�DSSOLHG��WKH
ZLQGRZ� QRUPDOL]DWLRQ� DQG� WKH� QHXUDO� QHWZRUN
FODVVLILFDWLRQ��6HYHUDO�LPDJH�ZLQGRZ�K\SRWKHVHV�DUH
JHQHUDWHG�DQG�FKDUDFWHUL]HG�DV�IDFH�UHJLRQV��)5V��
�����,Q� WKH� ZLQGRZ� QRUPDOL]DWLRQ� SURFHVV� HDFK� VXE�
LPDJH� LV� VSOLW� LQWR� WZR� YHUWLFDO�� HTXDO�VL]H�
VXFFHVVLYH� DQG� QRQ�RYHUODSSLQJ� VXE�LPDJHV�� (DFK
VXE�LPDJH�LV�QRUPDOL]HG�XVLQJ�DGYDQFH�LOOXPLQDWLRQ
ILOWHUV�� ,Q� WKLV� ILUVW�OHYHO�SURFHVV�� WKH�SURSRVHG� OLJKW
QRUPDOL]DWLRQ� PHWKRG� PLQLPL]HV� WKH� IHDWXUHV
GLVSHUVLRQ� RI� WKH� LOOXPLQDWLRQ� SKHQRPHQRQ� HYHQ� LQ
FDVHV�ZKHUH�D�VWURQJ�OLJKW�VRXUFH�LV�SRVLWLRQHG�QH[W

WR�D�KXPDQ�IDFH�
�����,Q� )LJXUH� �� QRQ�OLQHDU� LOOXPLQDWLRQ� GLVWRUWLRQ
DSSHDUV�LQ�D�IDFH�LPDJH�GXH�WR�WKH�SUHVHQFH�RI�D�OLJKW
VRXUFH�RQ�WKH�ULJKW�VLGH�RI�WKH�FDPHUD��7ZR�GLIIHUHQW
OLJKW� DQG� KLVWRJUDP� HTXDOL]DWLRQ� PHWKRGV� DUH
DSSOLHG� WR� WKH� VDPH� LPDJH�� ,Q� WKH� ILUVW� FDVH� OLJKW
FRUUHFWLRQ� DQG� KLVWRJUDP� HTXDOL]DWLRQ� DUH
VXFFHVVLYHO\�DSSOLHG�WR�WKH�RULJLQDO�LPDJH��DV�VKRZQ
LQ� WKH� ILUVW� WKUHH� LPDJHV�RI�)LJXUH���� ,Q� WKH� VHFRQG
FDVH� WKH�ILUVW� LPDJH� LV�GLYLGHG� LQWR� WZR� VXE�LPDJHV
DQG� DIWHU� WKDW� WKH� VDPH� WUDQVIRUPDWLRQV� DUH� DSSOLHG
WR�HDFK�LQGHSHQGHQW�VXE�LPDJH��DV�VKRZQ�LQ�WKH�ODVW
WKUHH�LPDJHV�RI�)LJXUH���
�����$�QHXUDO� QHWZRUN� FODVVLILHU� GHWHFWV� WKH� SUHVHQFH
RI� D� IDFH� IRU� HDFK� QRUPDOL]HG�ZLQGRZ�E\�PDSSLQJ
WKH� LQSXW� YHFWRU� VSDFH� LQWR� WKH� WZR�GLPHQVLRQDO
VSDFH� RI� WKH� RXWSXW� QHXURQV�� (DFK� RXWSXW� YDOXH
UHSUHVHQWV�WKH�EHOLHI� OHYHO�RI� WKH�QHXUDO�QHWZRUN�RQ
WKH� SUHVHQFH� RU� DEVHQFH� RI� D� IDFH�� 7KH� SURSRVHG

VWUXFWXUH� RI� WKH� PXOWLOD\HU� SHUFHSWURQ� QHXUDO
QHWZRUN�LQFUHDVHV�WKH�FRPSXWDWLRQDO�FRPSOH[LW\�EXW
LW� IDFHV� WKH� SUREOHP� RI� UHFRJQL]LQJ� GLIIHUHQW� IDFH
IHDWXUHV��VNLQ�FRORU��SUHVHQFH�RI�D�PRXVWDFKH��EHDUG�
JODVVHV��HWF��
�����([WHQVLYH� H[SHULPHQWV� KDYH� VKRZQ� WKDW� WKH� )5
DFFXUDF\� RI� WKH� QHXUDO� GHWHFWRU� LV� LPSURYHG
VLJQLILFDQWO\� LQ� FDVH� WKDW� WKH� WUDLQLQJ� GDWD� DUH
SUHSURFHVVLQJ� E\� XVLQJ� QRQ�OLQHDU� HTXDOL]HUV� RI
LOOXPLQDWLRQ�� 0RUHRYHU�� DGGLWLRQDO� LPSURYHPHQW� LV
DFKLHYHG� E\� SHUIRUPLQJ� RULHQWDWLRQ� FDOLEUDWLRQ� RI
WKH� WUDLQLQJ� IDFHV�� 7KH� SURSRVHG� PHWKRG� KDV� EHHQ
HYDOXDWHG� LQ� D� WHVW�EHG�RI������ IDFHV� �D� XQLILFDWLRQ
RI� WKH� 2OLYHWWL�� <DOH�� D� VXEVHW� RI� WKH� )(5(7
GDWDEDVH��DQG�D�FROOHFWLRQ�RI�IDFH�LPDJHV�IURP�%HUQ
8QLYHUVLW\��� 7KH� H[SHULPHQWV� KDYH� JLYHQ� D� PHDQ
IDFH�GHWHFWLRQ�UDWH�RI��������
�����7KH�UHVW�RI�WKLV�SDSHU�LV�RUJDQL]HG�DV�IROORZV��,Q
WKH�QH[W�VHFWLRQ�WKH�SURSRVHG�PHWKRG�LV�GHVFULEHG�LQ
GHWDLO�� 6HFWLRQ� �� SUHVHQWV� WKH� IDFH� LPDJH� GDWDEDVH
XVHG� IRU� WKH�HYDOXDWLRQ�RI� WKH�PHWKRG�� ,Q� VHFWLRQ��
WKH� H[SHULPHQWDO� UHVXOWV� DUH� JLYHQ� DQG� ILQDOO\� D
GLVFXVVLRQ�RQ� WKH�FXUUHQW�GLUHFWLRQV�RI�RXU� UHVHDUFK
FRQFOXGHV�WKLV�ZRUN�

�����)DFH�GHWHFWLRQ�PHWKRG
7KH� SURSRVHG� IDFH� GHWHFWLRQ� PHWKRG� FDQ� EH
VHSDUDWHG� LQWR� WKH� ZLQGRZ� QRUPDOL]DWLRQ� DQG� WKH
QHXUDO� QHWZRUN� FODVVLILFDWLRQ� SURFHVV�� DV� VKRZQ� LQ
WKH�IORZFKDUW�RI�)LJXUH���

��� 7KH�ZLQGRZ�QRUPDOL]DWLRQ�SURFHVV
7KH� DLP� RI� WKLV� SURFHVV� LV� WR� HOLPLQDWH� WKH
LOOXPLQDWLRQ� YDULDELOLW\� IRU� DOO� SRVVLEOH� IDFH
SRVLWLRQV� DQG� WR� DGMXVW� WKH� GLPHQVLRQDOLW\� RI� WKH
SURFHVVHG� GDWD� WR� WKH� QHXUDO� QHWZRUN� LQSXW� YHFWRU�
7KH�IROORZLQJ�LPDJH�WUDQVIRUPDWLRQV�DUH�SHUIRUPHG�
 � 5RWDWLRQ� RI� WKH� RULJLQDO� LPDJH� FUHDWHV�PXOWLSOH

LPDJHV�
 � 7KH� SURSRVHG� PHWKRG
V� FDSDELOLW\� RI� GHWHFWLQJ

IDFHV� RI� DQ\� VL]H� LV� DFKLHYHG� E\� UHGXFLQJ� HDFK
LPDJH�UHSHDWHGO\��,Q�RXU�H[SHULPHQWV�WKH�LPDJH
LV�GRZQVFDOHG�E\�D�IDFWRU�RI�����

 � 7KH� FDSDELOLW\� RI� GHWHFWLQJ� IDFHV� DQ\ZKHUH� LQ
WKH� LPDJH� LV� DFKLHYHG� E\� VFDQQLQJ� WKH� ZKROH
LPDJH� ZLWK� D� ��[���SL[HO� ZLQGRZ� LQ� DQ
RYHUODSSLQJ�PRGH�KDYLQJ�D�VWHS�RI���SL[HOV�

)LJ����([DPSOH�RI�OLJKW�DQG�KLVWRJUDP
HTXDOL]DWLRQ



)LJ������)ORZFKDUW�RI�WKH�)DFH�GHWHFWLRQ
PHWKRG
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(DFK� ��[���SL[HO� LPDJH� LV� WUDQVIRUPHG� E\
SHUIRUPLQJ� PDVNLQJ�� QRQ�OLQHDU� LOOXPLQDWLRQ� DQG
KLVWRJUDP�HTXDOL]DWLRQ�

������0DVNLQJ
$���[���SL[HO�PDVN�LV�XVHG�WR�HOLPLQDWH�VRPH�QHDU�
ERXQGDU\� SL[HOV� RI� HDFK� ZLQGRZ� SDWWHUQ�
(OLPLQDWLQJ� WKHVH� SL[HOV� HQVXUHV� WKDW� ZH� GRQ
W
ZURQJO\� HQFRGH� DQ\� XQZDQWHG� EDFNJURXQG� SL[HOV�
7KLV�PDVNLQJ�SURFHVV�DGMXVWV� WKH� LPDJH�GDWD� WR� WKH
GLPHQVLRQ�RI�WKH�QHXUDO�FODVVLILHU�LQSXW�YHFWRU�
�����)LUVW�ZH�FRQVWUXFW� WKH�RYDO�PDVN� �)LJXUH� ��� DQG
WKHQ� IRU� HDFK� LPDJH�ZH�PXOWLSO\� WKH�PDVN� DQG� WKH
ZLQGRZ�GDWD�WR�SURGXFH�WKH�ILQDO�PDVNHG�LPDJH�
�����6R� WKH� YDOXHV� WKDW� DUH� LQVLGH� WKH� RYDO� UHJLRQ
UHPDLQ� XQWRXFKHG� ZKLOH� WKH� UHVW� YDOXHV� DUH
HOLPLQDWHG�� 7KH� WRWDO� QXPEHU� RI� SURFHVVHG� SL[HOV
GHFUHDVHV�IURP�����WR�����

������/LJKW�&RUUHFWLRQ
7KH� DPRXQW� RI� OLJKW� VFDWWHUHG� WR� WKH� YLHZHU� RU
FDPHUD� IURP� HDFK� VHFWLRQ� LV� D� IXQFWLRQ� RI� WKH
RULHQWDWLRQ�RI�WKH�VXUIDFH�ZLWK�UHVSHFW�WR�WKH�VRXUFH
RI�OLJKW�DQG�WKH�YLHZHU��HYHQ�LI�WKH�VXUIDFH�PDWHULDO
DQG�ILQLVK�DUH�XQLIRUP��)RUWXQDWHO\��LQ�PRVW�RI�VXFK
VLWXDWLRQV�WKH�YDULDWLRQ�RI�EDFNJURXQG�EULJKWQHVV�LV�D
VPRRWK� DQG�ZHOO�EHKDYLQJ� IXQFWLRQ�RI� ORFDWLRQ� DQG
FDQ� EH� DSSUR[LPDWHG� E\� VLPSOH� IXQFWLRQV� VXFK� DV
SRO\QRPLDOV�
�����7KH� SURSRVHG� OLJKW� FRUUHFWLRQ� PHWKRG� UHGXFHV
KHDY\� VKDGRZV� FDXVHG� E\� H[WUHPH� OLJKWLQJ
FRQGLWLRQV�� ,Q�)LJXUH���ZH� VKRZ� WKDW� LW� LV� EHWWHU� WR

VSOLW� HDFK� ZLQGRZ� LQWR� WZR� YHUWLFDO�� HTXDO�VL]H�
VXFFHVVLYH� DQG� QRQ�RYHUODSSLQJ� VXE�LPDJHV� DQG
VXEWUDFW� D� EHVW�ILW� EULJKWQHVV� SODQH� IURP� HDFK
VHFWLRQ�� UDWKHU� WKDQ� VXEWUDFWLQJ� D� EULJKWQHVV� SODQH
IRU�WKH�ZKROH�XQPDVNHG�ZLQGRZ�
������:H� ILUVW� GLYLGH� WKH� ��[���SL[HO� LPDJH� LQWR� WZR
UHJLRQV�RI���[���SL[HOV�FRUUHVSRQGLQJ�WR�LWV�OHIW�DQG
ULJKW�KDOI�VHFWLRQ��)LJXUH�����%\�VHOHFWLQJ�WKH�SL[HOV
LQVLGH�RI�WKH�RYDO�PDVN��IRU�HDFK�RI�WKH�WZR�VHFWLRQV�
D� OLVW� RI� EULJKWQHVV� YDOXHV� DQG� ORFDWLRQV� FDQ� EH
DFTXLUHG�� 7KHVH� SL[HOV� DUH� XVHG� WR� SHUIRUP� OHDVW�
VTXDUHV� ILWWLQJ� WR� WKH� LOOXPLQDWLRQ� EDFNJURXQG
IXQFWLRQ�� 7KH� FRQVWUXFWHG� EHVW�ILW� EULJKWQHVV� SODQH
IRU�HDFK�VHFWLRQ��OHIW���ULJKW��LV�WKHQ�VXEWUDFWHG�IURP
WKH�XQPDVNHG�ZLQGRZ�SL[HOV�

������+LVWRJUDP�(TXDOL]DWLRQ
7KLV� QRUPDOL]DWLRQ� RSHUDWLRQ� H[SDQGV� WKH� UDQJH� RI
LQWHQVLWLHV�LQ�HDFK�VHFWLRQ�LQVLGH�WKH�RYDO�PDVN��7KLV
FRPSHQVDWHV� IRU� GLIIHUHQFHV� LQ� FDPHUD� UHVSRQVH
FXUYHV� DQG� LPSURYHV� FRQWUDVW� LQ� VRPH� FDVHV�� ,Q
)LJXUH���ZH�VKRZ�WKH�UHVXOW�RI�SHUIRUPLQJ�KLVWRJUDP
HTXDOL]DWLRQ�VHSDUDWHO\�LQ�HDFK�RI�WKH�WZR�VHFWLRQV�
�����+LVWRJUDP� HTXDOL]DWLRQ� LV� D� QRQ�OLQHDU� SURFHVV
UHDVVLJQLQJ�WKH�EULJKWQHVV�YDOXHV�RI�SL[HOV�EDVHG�RQ
WKH� LPDJH� KLVWRJUDP�� ,QGLYLGXDO� SL[HOV� UHWDLQ� WKHLU
EULJKWQHVV� RUGHU� �HDFK� SL[HO� UHPDLQ� EULJKWHU� RU
GDUNHU� WKDQ�RWKHU�SL[HOV��EXW� WKH�YDOXHV�DUH� VKLIWHG�
VR�WKDW�DQ�HTXDO�QXPEHU�RI�SL[HOV�KDYH�HDFK�SRVVLEOH
EULJKWQHVV�YDOXH��,Q�PDQ\�FDVHV��WKLV�VSUHDGV�RXW�WKH
YDOXHV� LQ� DUHDV� ZKHUH� GLIIHUHQW� UHJLRQV� PHHW�
VKRZLQJ� GHWDLOV� LQ� DUHDV� ZLWK� D� KLJK� EULJKWQHVV

)LJ������)HDWXUH�([WUDFWLRQ�3URFHVV



JUDGLHQW��7KH�SURFHVV�LV�TXLWH�VLPSOH�DQG�FRQVLVWV�RI
IRXU�VWHSV�
��� 7KH� UXQQLQJ� VXP� RI� WKH� KLVWRJUDP� YDOXHV� LV

HVWLPDWHG�
��� 7KH� VXP� DFTXLUHG� IURP� WKH� SUHYLRXV� VWHS� LV

QRUPDOL]HG�ZLWK�WKH�WRWDO�QXPEHU�RI�SL[HOV�
��� 7KH� QRUPDOL]HG� VXP� LV� PXOWLSOLHG� E\� WKH

PD[LPXP�JUD\�OHYHO�YDOXH�DQG�URXQGHG�
��� 7KH�RULJLQDO�JUD\�OHYHO�YDOXHV�DUH�PDSSHG�WR

WKH� UHVXOWV� IURP� 6WHS� �� XVLQJ� RQH�WR�RQH
FRUUHVSRQGHQFH

��� 7KH�1HXUDO�QHWZRUN�FODVVLILHU
,Q�WKH�VHFRQG�SURFHVV��IDFH�SUHVHQFH�LQ�HDFK�ZLQGRZ
LV�GHWHFWHG�E\�XVLQJ�D�WZR�OD\HU�SHUFHSWURQ�FODVVLILHU
ZLWK� ���� LQSXW� JUD\�VFDOH� YDOXHV�� ��� QRGHV� LQ� WKH
KLGGHQ� OD\HU� DQG� �� RXWSXW� QRGHV�� 7KH� 1HXUDO
1HWZRUN��11��FODVVLILHU�LV�WUDLQHG�WR�UHFRJQL]H�RQO\
WKH� OHIW� KDOI� RI�D� IDFH�� ,Q�RUGHU� WR�GHWHFW� WKH�ZKROH
IDFH�WKH�IROORZLQJ�WHFKQLTXH�LV�XVHG�
��� :H� FRQVWUXFW� WZR� 11
V� ZLWK� WKH� DERYH

VWUXFWXUH�� FRUUHVSRQGLQJ� WR� WKH� OHIW� DQG� ULJKW
KDOI�VHFWLRQ�RI�D�IDFH�

��� 7KH�11�IRU�WKH�ULJKW� VHFWLRQ�RI� WKH� LPDJH� LV
FRQVWUXFWHG� E\� PLUURULQJ� WKH� ZHLJKWV� RI� WKH
KLGGHQ�OD\HU�RI�WKH�QHXUDO�QHWZRUN�RI�WKH�OHIW
VHFWLRQ� WDNLQJ� LQWR� DFFRXQW� WKH� IDFW� WKDW� WKH
IURQWDO� YLHZ� RI� D� IDFH� LV� V\PPHWULF� �LQ� WKH
PDMRULW\�RI�FDVHV��

7KH�XQPDVNHG�SL[HOV�RI�HDFK�VHFWLRQ�RI�WKH�ZLQGRZ
DUH� SURFHVVHG� WKURXJK� WKH� FRUUHVSRQGLQJ� 11
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DFWLYDWLQJ�IRXU�RXWSXW�QRGHV�

������)DFH�'HWHFWLRQ�DOJRULWKP
)DFHV� DUH� GHWHFWHG� IRU� DOO� FDQGLGDWH� ZLQGRZV
VDWLVI\LQJ�RQH�RI�WKH�IROORZLQJ�FRQGLWLRQV�
��� %RWK� 11�RXWSXWV� DVVLJQHG� WR� WKH� IDFH

SUHVHQFH� KDYH� JUHDWHU� DFWLYDWLRQ� YDOXHV� WKDQ
WKH�RXWSXWV�FRUUHVSRQGLQJ�WR�WKH�DEVHQFH�RI�D
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7KHVH� IDFH� GHWHFWLRQ� FRQGLWLRQV� KDYH� EHHQ
UHDFKHG� H[SHULPHQWDOO\� DQG� VHHP� WR� ZRUN
VDWLVIDFWRULO\�� DV� LV�VKRZQ�IURP� WKH� H[SHULPHQWDO
UHVXOWV�SUHVHQWHG�LQ�WKLV�SDSHU�

������7UDLQLQJ�WKH�IDFH�GHWHFWLRQ�QHWZRUN
)RU� WUDLQLQJ� WKH� QHXUDO� QHWZRUN� WR� VHUYH� DV� DQ
DFFXUDWH� ILOWHU� D� ODUJH� QXPEHU� RI� IDFHV� DQG� QRQ�
IDFHV��L�H��QHDUO\������IDFH�H[DPSOHV�ZHUH�XVHG��7KH
H\HV��WLS�RI�QRVH��FRUQHUV�DQG�FHQWHU�RI�WKH�PRXWK�RI
HDFK� IDFH�ZHUH� ODEHOHG�PDQXDOO\�� 7KHVH� SRLQWV� DUH
XVHG� WR� ORFDWH� WKH� H[DFW� IDFH� SRVLWLRQ� DQG
VXEVHTXHQWO\� WR� QRUPDOL]H� HDFK� IDFH� WR� WKH� VDPH
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LPDJHV� IURP� D� VHW� RI� WH[WXUH� DQG� VFHQHU\
LPDJHV�

��� 7KH� QHXUDO� QHWZRUN� LV� WUDLQHG� WR� SURGXFH� WKH
GHVLUDEOH� RXWSXW� ���������� IRU� IDFH� LPDJHV�
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VFHQHU\� LPDJHV� ZHUH� XVHG� IRU� FROOHFWLQJ� QHJDWLYH
H[DPSOHV��7KH�SUHVHQFH�RI�WKHVH�H[DPSOHV�IRUFHV�WKH
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H[SHULPHQWV�� 7KHVH� LPDJHV� ZHUH� FROOHFWHG� IURP
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LQ� OLJKWLQJ� FRQGLWLRQV�� IDFLDO� H[SUHVVLRQV�� DQG
FRPSOH[� EDFNJURXQGV�� ,Q� WKH� IROORZLQJ�ZH� SUHVHQW
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7KH� H[SHULPHQWDO� UHVXOWV� KDYH� JLYHQ� D� PHDQ� IDFH
GHWHFWLRQ�UDWH�RI�������LQ�D�VHW�RI������ LPDJHV�IRU
WKH�SURSRVHG�QHXUDO�EDVHG�IDFH�GHWHFWLRQ�V\VWHP�
�����&XUUHQWO\� RXU� UHVHDUFK� LV� FRQFHQWUDWHG� LQ� D
QXPEHU� RI� V\VWHP� UHVWULFWLRQV�� 6SHFLILFDOO\�� WKH
SURSRVHG� PHWKRG� GHWHFWV� IDFHV� ORRNLQJ� RQWR� WKH
FDPHUD��*HRPHWULFDO�PRGHOV�FDQ�EH�XVHG�WR�LGHQWLI\
IDFHV� DW� GLIIHUHQW� KHDG� RULHQWDWLRQV�� $Q� REVWDFOH� WR
LQFRUSRUDWH� WKH� SURSRVHG� PHWKRG� LQ� SUDFWLFDO
V\VWHPV� LV� LWV� FRPSXWDWLRQDO� FRPSOH[LW\��$� VLPSOHU

IDFH�GHWHFWLRQ�PHWKRG�FDQ�EH�XVHG�WR�GHWHFW�UHJLRQV
RI� VXVSLFLRQ� �526�� DQG� WKHQ� WKH� SURSRVHG� PHWKRG
FDQ� EH� XVHG� ZLWKLQ� 526� UHJLRQV� IRU� ILQH�WXQLQJ�
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DFFHSWDQFH�UHJLRQV�
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