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$�PHWKRG�LV�SURSRVHG�WR�GHWHFW�D�KXPDQ�LULV�ORFDWLRQ�DQG�VL]H�LQ�
GLJLWDO� LPDJH�JLYHQ� VRPH�SRLQW� O\LQJ� LQVLGH� WKH�SXSLO��0HWKRG�LV�
EDVHG�RQ�FRQVWUXFWLRQ�RI�KLVWRJUDP�SURMHFWLRQV�RI�ORFDO�EULJKWQHVV�
JUDGLHQWV� DQG� LQWHUUHODWLQJ� ORFDO� PD[LPD� RI� WKHVH� KLVWRJUDPV� DV�
SUREDEOH� SRVLWLRQV� RI� SXSLO� DQG� LULV� ERUGHUV�� 0HWKRG� LV�
FKDUDFWHUL]HG� E\� ORZ� FDOFXODWLRQ� FRVW� DQG� KLJK� VWDELOLW\� DJDLQVW�
QRLVH��

.H\ZRUGV�� LULV� LGHQWLILFDWLRQ�� LPDJH� SURFHVVLQJ�� EULJKWQHVV�
JUDGLHQW��LPDJH�SURMHFWLRQ�
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5HFRJQLWLRQ� RI� KXPDQ� E\� LULV� LV� RQH� RI� WKH� PRVW� GHPDQGHG�
ELRPHWULF� WHFKQRORJLHV�� $OJRULWKP� RI� LULV� VL]H� DQG� SRVLWLRQ�
HVWLPDWLRQ� LV� DQ� HVVHQWLDO� SDUW� RI� LULV� UHJLVWUDWLRQ� V\VWHPV�� 6LQFH�
RXWHU� ERUGHUV� IRU� ERWK� SXSLO� DQG� LULV� FDQ� EH� DSSUR[LPDWHG� E\�
FLUFOHV�ZLWK�JRRG�SUHFLVLRQ��FLUFOH�GHWHFWLRQ�LV�D�FHQWUDO�HOHPHQW�RI�
DQ\�V\VWHP�RI�LULV�GHWHFWLRQ�LQ�LPDJH��7KHUH�DUH�SOHQW\�RI�PHWKRGV�
RI�FLUFOH��RU�FLUFXPIHUHQFH��GHWHFWLRQ�LPSOHPHQWHG�DQG�WHVWHG�IRU�
WKLV� WDVN�� GHWHFWLQJ� RI� PDVV� FHQWHU� RI� DQ� REMHFW� VHOHFWHG� E\�
WKUHVKROGLQJ� IXQFWLRQ� >�@��GHWHFWLRQ�RI�D�SRLQW�PRVW� UHPRWH� IURP�
ERUGHUV� RI� VXFK� VHOHFWHG� REMHFW� >�@�� PD[LPL]LQJ� RI� LQWHJUR�
GLIIHUHQWLDO� FLUFXODU� V\PPHWULF� RSHUDWRU� >�@�� JHQHUDOL]HG� >�@� DQG�
VSOLW� >�@� +RXJK� WUDQVIRUP�� +RXJK� WUDQVIRUP� XVLQJ� EULJKWQHVV�
JUDGLHQW� >�@�� EULJKWQHVV� JUDGLHQW� SURMHFWLRQ� PHWKRG� >�@�� SDLUHG�
JUDGLHQW� YHFWRUV� >��@�� FLUFXODU� VKRUWHVW� SDWK� FRQVWUXFWLRQ� >�@��
UHVWRULQJ� FHQWHUV� RI� FLUFOHV� SDVVLQJ� WKURXJK� UDQGRPO\� VHOHFWHG�
SRLQWV� >�@�� +RZHYHU�� VR� IDU� WKH� IDFW� ZDV� QRW� HPSOR\HG� WKDW� LULV�
ERUGHU�FRQWDLQV�WZR�FLUFOHV��SXSLO�LULV�DQG�LULV�VFOHUD�ERUGHUV��ZLWK�
LQWHUUHODWHG�SDUDPHWHUV��6\QFKURQRXV�GHWHFWLRQ�RI�WZR�FLUFOHV�ZLWK�
SDUDPHWHUV� VXEMHFW� WR� FHUWDLQ� PXWXDO� UHVWULFWLRQV�� LPSOLHG� E\�
QDWXUH� RI� LULV� DOORZV� VXEVWDQWLDOO\� HQKDQFH� DOJRULWKP�
FKDUDFWHULVWLFV� LQ� FRPSDULVRQ� ZLWK� VHDUFK� RI� VLQJOH� FLUFOH�� $�
SURSRVHG� DOJRULWKP� RI� LULV� ORFDWLRQ� LV� EDVHG� RQ� FRQVWUXFWLRQ� RI�
KLVWRJUDPV� �ORFDO� EULJKWQHVV� JUDGLHQW� FLUFXODU� SURMHFWLRQV�� DQG�
FRPSDULVRQV�RI�WKHLU�PD[LPD�DV�SRVVLEOH�SRVLWLRQV�RI�LULV�ERUGHUV���
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$V� LQ� PDMRULW\� RI� UHFRJQLWLRQ� WDVNV� WKH� SUREOHP� RI� LULV� ORFDWLRQ�
FDQ� EH� WUHDWHG� DV� D� SUREOHP�RI� VHOHFWLRQ�RI� EHVW� SRVLWLRQV� RI� WKH�
WZR�FLUFOHV�IURP�D�VHW�RI�DOWHUQDWLYHV��7KHVH�DOWHUQDWLYHV�DUH�JLYHQ�
E\� SRVLWLRQV� RI� PD[LPD� RI� FLUFXODU� SURMHFWLRQV� RI� EULJKWQHVV�
JUDGLHQW�� 7KHVH� SURMHFWLRQV� DUH� FRQVWUXFWHG� UHODWLYH� WR� DQ�
DSSUR[LPDWH�LULV�FHQWHU��DV�GHWHFWHG�LQ�>�@����

,QSXW� GDWD� IRU� WKH� DOJRULWKP� DUH�PRQRFKURPH� H\H� LPDJH� DQG� DQ�
DSSUR[LPDWH� SRVLWLRQ� RI� H\H� FHQWHU�� ,ULVHV� ZLWK� GLDPHWHU� QRW�
H[FHHGLQJ�LPDJH�VL]H�FDQ�EH�GHWHFWHG���
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SRLQW�DV�D�FRRUGLQDWH�RULJLQ�� � �7[ \ [ � LV�D�SRLQW�YHFWRU�� � �E [ �

LV� D� EULJKWQHVV� �LQWHQVLW\�� LQ� WKLV� SRLQW�� � � � �E �J [ [ � LV� D�

EULJKWQHVV�JUDGLHQW���

2QO\�SRLQWV�ZLWK�FHUWDLQ�JUDGLHQW�YDOXH�DQG�GLUHFWLRQ�FDQ�EHORQJ�
WR�LULV�ERUGHU��7KLV�VHW�LV�GHVFULEHG�E\�LQGLFDWRU�IXQFWLRQ���
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4XDOLW\�RI�FLUFOH�REWDLQHG�IRU�IRXU�JLYHQ�SRVLWLRQV�RI�ORFDO�PD[LPD�
�Q��P��X��Y��PD\�EH�HVWLPDWHG�DV�VXP�RI�SURMHFWLRQ�IXQFWLRQ�YDOXHV�
LQ�WKHVH�SRVLWLRQV���
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6R�� YDULRXV� K\SRWKHWLF� FLUFOHV� DUH� FRQVWUXFWHG� E\� D� PHWKRG� RI�
FLUFXODU�SURMHFWLRQV��7KH�FLUFOHV�FDQ�EH�K\SRWKHWLF�SXSLOV��LQGH[�3�
LV�XVHG�IXUWKHU��RU�LULVHV��LQGH[�,���&LUFOHV�FDQ�EH�GHILQHG�E\�WKHLU�
SDUDPHWHUV�� FHQWHU� SRVLWLRQ� DQG� UDGLXV�� � ��3 3UT � � � ��, ,UT �� ,I�

WZR�FLUFOHV�DUH�WKH�ERUGHUV�RI�DQ�LULV�WKH�IROORZLQJ�OLPLWDWLRQV�GXH�
WR�KXPDQ�LULV�QDWXUH�DUH�QHFHVVDULO\�WUXH���
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� 3, UUG �� ���/HQJWKV�RI�VHJPHQWV�EHWZHHQ�SXSLO�DQG�LULV�ERUGHUV�

FXW�E\�D� OLQH�SDVVLQJ� WKURXJK�SXSLO� DQG� LULV� FHQWHUV�GR�QRW�GLIIHU�
E\�PRUH�WKDQ�WZR�WLPHV���

)URP�DOO�SDLUV�RI�FLUFOHV� VDWLVI\LQJ� ������ WKH�RQH� LV� VHOHFWHG�ZLWK�
PD[LPXP�VXP�RI�TXDOLW\�YDOXHV���

7KXV�DOJRULWKP�LQ�ZKROH�FRQVLVWV�RI�IRXU�VWHSV���

��FDOFXODWLRQ�RI�ORFDO�JUDGLHQWV�LQ�LPDJH�

��EXLOGLQJ�FLUFXODU�SURMHFWLRQV��KLVWRJUDPV��IRU�IRXU�TXDGUDQWV�

��VHOHFWLQJ�ORFDO�PD[LPD�LQ�KLVWRJUDPV�

�� HQXPHUDWLRQ�RI�FLUFOH�FRPELQDWLRQV�VHDUFKLQJ�PRVW� OLNHO\��ZLWK�
ELJJHVW�TXDOLW\��SDLU���
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7KH� IROORZLQJ� GDWDEDVHV� IURP� SXEOLF� GRPDLQ� ZHUH� XVHG� IRU�
SHUIRUPLQJ� H[SHULPHQWDO� VWXG\�� 8%,5,6�
�KWWS���ZZZ�GL�XEL�SW�aKXJRPFS�GRF�XELULV�SGI� �� ����� LPDJHV���
&$6,$� ,ULV� ,PDJH� 'DWDEDVH� �KWWS���ZZZ�VLQRELRPHWULFV�FRP� ��
������ LPDJHV�� DQG� ,ULV� &KDOOHQJH� (YDOXDWLRQ�
�KWWS���LULV�QLVW�JRY�LFH�� �� ����� LPDJHV��� 6L]H� RI� WKHVH� LPDJHV� LV�
�������SL[HOV��LULV�UDGLL�YDU\�IURP����WR�����SL[HOV���

7HVWLQJ�PHWKRG��(\H�LPDJHV�ZHUH�UHYLHZHG�E\�KXPDQ�H[SHUW�ZKR�
LQGLFDWHG�SXSLO�DQG�LULV�ERUGHUV�LQ�HDFK�RI�WKHP��7KHVH�GDWD�ZHUH�
WKHQ� FRQVLGHUHG� DV� WUXH� DQG� ZHUH� XVHG� IRU� PHWKRG� YHULILFDWLRQ��
7KHQ� LPDJHV�ZHUH�SURFHVVHG�DXWRPDWLFDOO\��7KH�DSSUR[LPDWH�H\H�
FHQWHU�ZDV�GHWHFWHG�E\�PHWKRG�>�@��WKLV�SRLQW�UDUHO\�PDWFKHV�WUXH�
SXSLO�FHQWHU�RU�WUXH�LULV�FHQWHU��EXW�LV�DOZD\V�FORVH�WR�WKHP���:LWK�
WKH� KHOS� RI� PHWKRG� SURSRVHG� KHUH� SXSLO� DQG� LULV� ZHUH� GHWHFWHG��
7KHLU� SDUDPHWHUV�ZHUH� FRPSDUHG�ZLWK� WKRVH� LQGLFDWHG�E\� KXPDQ�
RSHUDWRU��7DEOH�EHORZ�JLYHV�QXPEHUV�RI�UXGH�HUURUV��GLIIHUHQFH�LQ�
DQ\� RQH� RI� FHQWHU� FRRUGLQDWHV� RU� UDGLL� H[FHHGV� ��� SL[HOV�� DQG�
PRGHUDWH� �GLIIHUHQFH� LQ� DQ\� RQH� RI� FHQWHU� FRRUGLQDWHV� RU� UDGLL�
H[FHHGV� �� SL[HOV�� HUURUV�� ,I� DOO� SDUDPHWHU� YDOXHV� GLIIHU� IURP� WUXH�
RQH�QRW�PRUH�WKDQ�E\�ILYH�SL[HOV��GHWHFWLRQ�LV�FRQVLGHUHG�FRUUHFW���
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([HFXWLRQ�RI�WKH�DOJRULWKP�WDNHV�QRW�PRUH�WKDQ������VHFRQG�LQ�3&�
ZLWK�3�,9��*+]�&38�IRU�DQ�LPDJH�RI��������SL[HOV��0DLQ�VKDUH�
RI�FDOFXODWLRQ�WLPH�LV�WDNHQ�E\�6REHO�JUDGLHQW�HVWLPDWLRQ���

3URSRVHG�PHWKRG�RI� LULV� ORFDWLRQ�PD\�EH�DSSOLHG� IRU�SUHOLPLQDU\�
GHWHUPLQDWLRQ� RI� SXSLO� �ZLWK� SUHFLVLRQ� XS� WR� �� SL[HOV�� DQG� LULV�
�ZLWK� SUHFLVLRQ� XS� WR� ��� SL[HOV�� SRVLWLRQV� LI� D� SRLQW� O\LQJ� LQVLGH�
SXSLO�LV�NQRZQ��0HWKRG�LV�XVHIXO�IRU�UHDO�WLPH�DSSOLFDWLRQV���

���/,7(5$785(�
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,:%56�������%HLMLQJ��&KLQD��%HLMLQJ�3UHVV��3�����������
��� /LSLQVNL� %�� ,ULV� 5HFRJQLWLRQ�� 'HWHFWLQJ� WKH� SXSLO� ���
KWWS���FQ[�RUJ�FRQWHQW�P������ODWHVW��
��� 'DXJPDQ� -�� +LJK� FRQILGHQFH� SHUVRQDO� LGHQWLILFDWLRQ� E\� UDSLG�
YLGHR� DQDO\VLV� RI� LULV� WH[WXUH� ��� 3URF�� ,(((� ,QWHUQDW�� &DUQDKDQ�
FRQI��RQ�VHFXULW\�WHFKQRORJ\��������3���������
��� :LOGHV� 5�3��� $VPXWK� -�&��� *UHHQ� *�/�� HW� DO�� $� V\VWHP� IRU�
DXWRPDWHG�LULV�UHFRJQLWLRQ����3URF��RI�WKH��QG�,(((�:RUNVKRS�RQ�
$SSOLFDWLRQV�RI�&RPSXWHU�9LVLRQ��������3�����������
��� 7��&�&KHQ�� .��/�&KXQJ� $Q� (IILFLHQW� 5DQGRPL]HG� $OJRULWKP�
IRU� 'HWHFWLQJ� &LUFOHV� ��� &RPSXWHU� 9LVLRQ� DQG� ,PDJH�
8QGHUVWDQGLQJ��������±�����������
��� %HQQ� '�(��� 1L[RQ� 0�6��� &DUWHU� -�1�� 5REXVW� H\H� FHQWUH�
H[WUDFWLRQ� XVLQJ� WKH�+RXJK�7UDQVIRUP� ��� 3URF�� �VW� ,QW�� &RQI�� RQ�
$XGLR��DQG�9LGHR�%DVHG�%LRPHWULF�3HUVRQ�$XWKHQWLFDWLRQ�������
���&�6XQ��6�3DOORWWLQR�&LUFXODU�6KRUWHVW�3DWK�LQ�,PDJHV� ���3DWWHUQ�
5HFRJQLWLRQ��9RO������1R����SS����������0DUFK������
���'DYLHV�(�5��$�KLJK�VSHHG�DOJRULWKP�IRU�FLUFXODU�REMHFW�ORFDWLRQ�
���3DWWHUQ�5HFRJQLWLRQ�/HWWHUV��������9����3�����������
���0DWYHHY�,�$��0HWKRG�RI�GHWHFWLRQ�RI�FLUFOH�ZLWK�NQRZQ�LQWHUQDO�
SRLQW�� ���7UDQVDFWLRQV�RI� ,QVWLWXWH�RI�6\VWHP�$QDO\VLV�RI�5$6�RQ�
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����$�$�5DG��.�)DH]��1�4DUDJR]ORX�)DVW�&LUFOH�'HWHFWLRQ�8VLQJ�
*UDGLHQW� 3DLU� 9HFWRUV� ��� 3URF�� 9,,WK� 'LJLWDO� ,PDJH� &RPSXWLQJ��
7HFKQLTXHV�DQG�$SSOLFDWLRQV��6XQ�&���7DOERW�+���2XUVHOLQ�6��DQG�
$GULDDQVHQ�7���(GV����������'HF��������6\GQH\��


