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:HUQHW���������DQG�:HUQHW�DQG�3OLQH���������EXW�KDV�WR�RSHUDWH�LQ�D�GLIIHUHQW�UHJLPHLQ�WHUPV�RI� WKH�VSHHG�DQG�QXPEHU�GHQVLW\�RI�REMHFWV�ZLWKLQ� WKH� ILHOG�RI�YLHZ�� ,Q� WKLVFDVH��WKH�GHEULV�LPDJHV�DOZD\V�HQWHU�WKH�ILHOG�RI�YLHZ�IURP�LWV�HGJH��FURVV�WKH�ILHOG�RIYLHZ� DW� DQ� DUELWUDU\� DQJOH�� DQG� H[LW� DW� D� GLIIHUHQW� HGJH�� 7KDW� LV�� QR� GHEULV� WUDFNVRULJLQDWH� DQG�RU� WHUPLQDWH� ZLWKLQ� WKH� ILHOG� RI� YLHZ�� DQG� EHFDXVH� RI� WKLV�� WKHUH� DUHVHYHUDO� H[WUD� VXEWOHWLHV� WR� EH� FRQVLGHUHG� ZKHQ� DGDSWLQJ� WKLV� PHWKRG� WR� WKH� FDVH� RIVSDFH�GHEULV�LGHQWLILFDWLRQ�7KH�SKLORVRSK\�EHKLQG�WKLV�SURJUDP�ZDV�WKHUHIRUH�WR�VRUW�WKURXJK�IUDPHV�HQWHULQJWKH�IURQW�HQG�RI�WKH�V\VWHP�DQG�GHWHFW�DQ\�GRWV�DPRQJVW�WKH�QRLVH�WKDW�DSSHDUHG�WR�EHPRYLQJ�LQ�D�UHJXODU�PDQQHU�DFURVV�WKH�)29�'HEULV�FRXOG�HQWHU�WKH�)29�DW�DQ\�SRLQW�LQ�WKH�IUDPH�VWUHDP�FRPLQJ�IURP�WKH�IURQWHQG��)RU�WKLV�UHDVRQ�WKH�PRVW�UHFHQW�1�IUDPHV�DUH�DQDO\VHG�LQ�D�PRYLQJ�EUDFNHW�IDVKLRQ�)LJXUH������� ,Q� WKH� IRUWKFRPLQJ�GLVFXVVLRQ�� IUDPHV� DQDO\VHG� LQ� RUGHU� LQ� WKH�PRYLQJEUDFNHW�ZLOO�EH�UHIHUUHG�WR�DV�³IUDPH��´��³IUDPH��´��HWF��7KH�QXPEHULQJ�UHIHUV�RQO\�WRWKH�SRVLWLRQ�ZLWKLQ�WKH�PRYLQJ�EUDFNHW��ZKLFK�ZLOO�EH�GLIIHUHQW�IURP�LWV�SRVLWLRQ�LQ�WKHHQWLUH�QLJKW¶V�VWUHDP�RI�GDWD�
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)LJXUH������'LDJUDP�LOOXVWUDWLQJ�WKH�PRYLQJ�EUDFNHW�SULQFLSOH�RI�IUDPH�DQDO\VLV�IRU�D���IUDPH�EUDFNHW�
'HEULV�ZRXOG�REYLRXVO\�HQWHU�WKH�)29�IURP�LWV�HGJH��PRYLQJ�IXUWKHU�IURP�WKH�HGJHZLWK� WLPH��)RU� WKLV� UHDVRQ� WKHUH� LV� QR�SRLQW� VHDUFKLQJ� WKH�PLGGOH� RI� IUDPH��� IRU� WKHEHJLQQLQJ�RI�D�SRVVLEOH�GHEULV�VWUHDP��5DWKHU��RQO\�DQ�³DFWLYH�ERUGHU´�VHQVLWLYH�WR�QHZ
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GHEULV�HQWHULQJ�WKH�)29�DURXQG�WKH�HGJH�RI� WKH� IUDPH�QHHG�EH�H[DPLQHG��VHH�)LJXUH��� DQG� )LJXUH� ������ 7KH� ZLGWK� RI� WKLV� ERUGHU� FRUUHVSRQGV� WR� WZLFH� WKH� PD[LPXPDSSDUHQW�DQJXODU�YHORFLW\�RI�GHEULV�H[SHFWHG��EHLQJ�WKH�GLDPHWHU�RI�D�FLUFXODU�³VHDUFKDUHD´�HPSOR\HG�LQ�IUDPH���WR�WU\�DQG�DVVRFLDWH�GRWV�ZLWKLQ�LW�WKHUH�WR�GRWV�LQ�IUDPH��ZLWKLQ�WKH�DFWLYH�ERUGHU�$� FDQGLGDWH� GHEULV� VWUHDP� VWDUWV� ZLWK� D� GRW� VHOHFWHG� LQ� WKLV� DFWLYH� ERUGHU� UHJLRQ�)LJXUH�������$�FLUFXODU�VHDUFK�DUHD�FHQWUHG�RQ�WKH�VDPH�[�\�SRVLWLRQ�RI�WKH�ILUVW�GRW�LVWKHQ�VFDQQHG�LQ�IUDPH���WR�SURGXFH�SDLUV�RI�GRWV�WKDW�PD\�RU�PD\�QRW�EH�WKH�ILUVW�WZRGRWV� RI� D� GHEULV� WUDFN� DFURVV� WKH� )29�� 7KH� VHDUFK� DUHD� LV� LQLWLDOO\� FLUFXODU�PRGLILFDWLRQV�WR�WKH�LQLWLDO�VKDSH�DUH�RXWOLQHG�ODWHU�RQ���LWV�UDGLXV�EHLQJ�WKH�PD[LPXPDSSDUHQW�DQJXODU�YHORFLW\�RI�VSDFH�GHEULV�WKH�VHDUFK�SURJUDP�ZLOO�EH�VHQVLWLYH�WR�$�IUDPH���GRW�ZLWKLQ�WKLV�UDGLXV��L�H��³QHDU´�WR�WKH�IUDPH���GRW��FRXOG�EH�WKH�QH[W�LQD�SRVVLEOH�GHEULV�WUDFN��,WV�IRFDO�SODQH�GLVSODFHPHQW�UHODWLYH�WR�WKH�ILUVW�GRW�LV�QRWHG�DQGXVHG�WR�H[WUDSRODWH�IRUZDUGV�LQWR�IUDPH���WR�FUHDWH�D�³SUHGLFWHG�SRVLWLRQ´��33���DQRWKHUVPDOO� VHDUFK�DUHD�ZLWK�D� UDGLXV�GHILQHG� WR�DFFRXQW� IRU� DQ\�RIIVHWV� LQ� WKH� FHQWURLGLQJDOJRULWKP�7KLV�33� LV� WKHQ�VFDQQHG� WR�GHWHUPLQH� LI� WKH� WKLUG� LQ� WKLV�SRVVLEOH�GHEULV� VWUHDP� LVSUHVHQW�� ,I� QRW�� WKH� VFDQ� UHWXUQV� WR� WKH� QH[W� GRW� LQ� WKH� VHDUFK� DUHD� LQ� IUDPH� �� DQGDQRWKHU� VWUHDP� LQWHUURJDWHG�� ,I� D� WKLUG� GRW� LV� SUHVHQW�� WKH� FKDQFHV� RI� LW� EHLQJ� D� UHDOGHEULV�WUDFN�DUH�PRUH�OLNHO\��DQRWKHU�33�SURGXFHG�DQG�D�IRXUWK�IUDPH�H[DPLQHG��DQG�VRRQ�UHFXUVLYHO\�XQWLO�WKH�GHVLUHG�DFFXUDF\�LV�UHDFKHG�7LPH
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)LJXUH������,OOXVWUDWLRQ�RI�WKH�EDVLV�EHKLQG�WKH�VHDUFK�DOJRULWKP��$�SDLU�RI�GRWV�DUH�H[WUDSRODWHG�LQWR�WZRRU�PRUH�IUDPHV�E\�FUHDWLQJ�SUHGLFWHG�SRVLWLRQV�LQ�WKRVH�IUDPHV��7KRVH�VPDOO�DUHDV�DUH�WKHQ�VFDQQHG�WRVHH�LI�DQ\�IXUWKHU�GRWV�H[LVW��,I�VR��WKH�SUREDELOLW\�RI�WKRVH�GRWV�EHLQJ�WKH�WUDFN�RI�D�UHDO�REMHFW�SDVVLQJWKURXJK�WKH�)29�LV�KLJK�
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��� 6HDUFK�$UHD�	�3UHGLFWHG�3RVLWLRQ�7KHRU\
����� 5HDVRQ�IRU�6HDUFK�$UHD

,W�LV�QRW�QHFHVVDU\�WR�SDLU�HYHU\�IUDPH���REMHFW�ZLWK�HYHU\�IUDPH���REMHFW��2ZLQJ�WRWKH�GHOLEHUDWHO\�VKRUW�IUDPH�LQWHUYDO��D�GHEULV�REMHFW�ZLOO�RQO\�KDYH�KDG�WLPH�WR�PRYHSDUWZD\�DFURVV�WKH�)29�EHWZHHQ�IUDPHV��)RU�D�JLYHQ�IUDPH�LQWHUYDO�WI DQG�PD[LPXPH[SHFWHG�WRSRFHQWULF�DQJXODU�YHORFLW\�ZPD[�� WKH�PD[LPXP�GLVWDQFH�5�PRYHG�DFURVVWKH�)29�EHWZHHQ� IUDPHV� WKHUHIRUH�GHILQHV�D�³VHDUFK� UDGLXV´��5V��EH\RQG�ZKLFK� LW� LVSRLQWOHVV� WR� PDNH� SDLUV�� )RU� WKLV� JHQHUDO� FDVH�� WKHUH� LV� WKHUHIRUH� D� FLUFXODU� ³VHDUFKDUHD´��$V���IRU�HYHU\�IUDPH���REMHFW�DURXQG�LWV�FRUUHVSRQGLQJ�SRLQW�LQ�IUDPH����)LJXUH����� 7KH� SLFWXUH� LV� QRW� DV� VLPSOH� DV� WKLV� LQ� SUDFWLFH� KRZHYHU�� IRU� UHDVRQV� JLYHQ� LQVHFWLRQ�������
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VHDUFK�DUHD
IUDPH���GRWIUDPH���GRWSRWHQWLDO�GHEULVWUDFNV

)LJXUH������,QWURGXFLQJ�WKH�FRQFHSW�RI�WKH�VHDUFK�DUHD�SODFHG�DURXQG�HDFK�IUDPH���GRW�DQDO\VHG��2QO\WKRVH�IUDPH���GRWV�ZLWKLQ�WKH�VHDUFK�DUHD�DUH�FRQVLGHUHG�IRU�SDLULQJ�
$V� WKH� VHDUFK� DUHD� UDGLL� DUH� GHILQHG� E\� WKH� PD[LPXP� DQJXODU� GLVSODFHPHQW� RI� WKHGHEULV�EHWZHHQ�IUDPHV��WKHQ�LI�1�GRWV�SHU�OLQH�DUH�UHTXLUHG�WR�PLQLPLVH�DPELJXLW\��WKHVHDUFK�DUHD�UDGLXV�LV�WKHUHIRUH�JLYHQ�E\�

� ��1/56 � �����
ZKHUH�/� �OHQJWK�RI�VLGH�RI�&&'�IUDPH��D�VTXDUH�&&'�ZLOO�EH�DVVXPHG�WKURXJKRXW��
����� 6HDUFK�3KLORVRSK\�	�&UHDWLRQ�2I�$FWLYH�%RUGHU

$V�LQWURGXFHG�LQ�VHFWLRQ������RQFH�WKH�REVHUYLQJ�UXQ�LV�XQGHU�ZD\��DQ\�QHZ�GHEULVREMHFW�HQWHULQJ�WKH�)29�ZLOO�HQWHU�DW� WKH�IUDPH�HGJH�DQG�PRYH�DZD\�IURP�WKDW�HGJHLQWR�WKH�IUDPH��7KLV�KLJKOLJKWV�WKH�UHJLRQ�DURXQG�WKH�HGJH�RI�WKH�IUDPH�DV�VHQVLWLYH�WRWKH�IRUPDWLRQ�RI�QHZ�GHEULV� WUDFNV��7KH�VKDSH�DQG�PD[LPXP�H[WHQW�RI� WKLV�VHQVLWLYHUHJLRQ� LQWR� WKH� IUDPH� FDQ� EH� REWDLQHG� E\� FRQVLGHULQJ� WKH� SDWK� RI� D� GHEULV� SDUWLFOHPRYLQJ�DW�PD[LPXP�FRQVLGHUHG�DQJXODU�YHORFLW\�� LQ�D�GLUHFWLRQ�SHUSHQGLFXODU� WR� WKHIUDPH� HGJH�� ,I� LQ� IUDPH��� LWV� LPDJH�ZDV� DQ� LQILQLWHVLPDO�GLVWDQFH�RXWVLGH� WKH� IUDPH�WKHQ� LQ� IUDPH��� LW�ZRXOG�EH� DW� D� GLVWDQFH�5V LQWR� WKH� IUDPH� DQG� E\� IUDPH���� DW� �5V�)LJXUH�������7KH�PD[LPXP�ZLGWK�RI�WKH�$FWLYH�%RUGHU�WKHQ�LV�5V��H[WHQGLQJ�LQWR�WKHIUDPH� DV� D� UHFWDQJXODU� ERUGHU� DURXQG� WKH� IUDPH� HGJH�� 7KLV� GHILQHV� WKH� PD[LPXPLQWUXVLRQ�UHJLRQ�D�QHZ�GHEULV�SDUWLFOH�FDQ�PDNH�LQWR�WKH�IUDPH��DQG�WKH�VHDUFK�IRU�DOOSRVVLEOH�QHZ�GHEULV�WUDFNV�PXVW�EH�FRQFHQWUDWHG�ZLWKLQ�WKH�DFWLYH�ERUGHU��7KLV�KDV�WKHEHQHILFLDO�HIIHFW�RI�UHGXFLQJ�WKH�QXPEHU�RI�LPDJH�REMHFWV�WR�PDNH�SDLUV�ZLWK�VLQFH�WKHFHQWUDO�UHPDLQGHU�RI�WKH�IUDPH�LV�QRW�XVHG�IRU�SDLU�SURGXFWLRQ�
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IUDPH���GRW
IUDPH���GRW

GHEULVWUDFN

DFWLYH�ERUGHUZLGWK

)LJXUH������3RVLWLRQLQJ�RI�IUDPH���VHDUFK�DUHD�DURXQG�WKH�IUDPH���GRW�DQG�LWV�UHODWLRQ�WR�WKH�DFWLYHERUGHU�
����� 6HDUFK�$UHD�*HRPHWU\,Q� WKH� FDVH� RI� WKH� SHUSHQGLFXODU� WUDYHOOLQJ� GHEULV� LQ� )LJXUH� ����� � WKH� RQO\� SODFHQHFHVVDU\�WR�ORRN�IRU�FDQGLGDWH�IUDPH���REMHFWV�WR�SDLU�ZLWK�WKH�IUDPH���REMHFW�ZRXOGEH�DW�WKH�H[DFW�SRLQW�D�GLVWDQFH��5V LQWR�WKH�IUDPH��LQ�OLQH�ZLWK�WKH�IUDPH���REMHFW��,QWKLV�FDVH�WKH�VHDUFK�DUHD�LV�QRW�D�FLUFOH�EXW�D�SRLQW�DW�D�VSHFLILF�VSRW�LQ�UHODWLRQ�WR�WKHIUDPH���REMHFW��7KH�QXPEHU�RI�IUDPH���REMHFWV�O\LQJ�ZLWKLQ�WKLV�VHDUFK�DUHD�ZRXOG�EHVPDOO��DQG�WKH�QXPEHU�RI�SDLUV�SURGXFHG�VPDOO�LQ�FRQVHTXHQFH�7KH� VHDUFK� DUHD� IRU� GHEULV�PRYLQJ� VORZHU� WKDQ� WKH�PD[LPXP� DQJXODU� YHORFLW\� LVPRUH� FRPSOH[� LQ� QDWXUH��&RQVLGHU� D� GHEULV� REMHFW� LQ� WKH� LPDJH� IUDPH�PRYLQJ� DW� DQDQJXODU�YHORFLW\�VXFK�WKDW�LW�PRYHV�D�GLVWDQFH�U���5V LQ�WI��DQG�LQ�IUDPH���LWV�LPDJH�LV�DGLVWDQFH�G���U�IURP�WKH�IUDPH�HGJH��,QLWLDOO\�RQH�ZRXOGQ¶W�NQRZ�LWV�DQJXODU�YHORFLW\��VRD�FLUFXODU�VHDUFK�DUHD�RI�UDGLXV�5V�LV�WHQWDWLYHO\�SXW�DURXQG�LWV�FRUUHVSRQGLQJ�SRVLWLRQLQ�IUDPH����DW�ILUVW��GDVKHG�FLUFOH�DURXQG�UHG�IUDPH���GRW�LQ�)LJXUH������
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³ZURQJGLUHFWLRQ´ ³WRRVORZ´ FRUUHFWVHDUFK�DUHD

)LJXUH������*HRPHWU\�RI�VHDUFK�DUHD�RQFH�JHRPHWULF�IDFWRUV�WDNH�HIIHFW�
$OO� IUDPH���REMHFWV� � O\LQJ�ZLWKLQ�5V�� EXW� WR� WKH� OHIW� RI� D� OLQH�SDUDOOHO� WR� WKH� HGJHUXQQLQJ� WKURXJK� WKH� IUDPH� �� SRVLWLRQ� FDQ¶W� EH� FDQGLGDWHV� IRU� SDLULQJ�� EHFDXVH� WKHLUFRQVLGHUDWLRQ�ZRXOG�LPSO\� WKDW� WKH�REMHFW�ZDV�PRYLQJ�RXW�RI� WKH�IUDPH��7KLV� LQ� WXUQLPSOLHV�WKDW�WKH�REMHFW�KDV�VSHQW�VRPH�WLPH�SUHYLRXV�WR�WKH�FXUUHQW�IUDPH�WUDYHUVLQJ�WKHILHOG�RI�YLHZ��DQG�VR�VKRXOG�KDYH�EHHQ�GHWHFWHG�HDUOLHU�RQ��7KHUHIRUH�LW�FDQQRW�EH�SDUWRI�D�QHZ�GHEULV� WUDFN� DQG� WKDW� ]RQH� FDQ� WKHUHIRUH�EH� LJQRUHG� �GRWWHG� ]RQH� LQ�)LJXUH�����$OO�IUDPH���REMHFWV�O\LQJ�ZLWKLQ�WKH�DUHD�GHOLQHDWHG�E\�WKH�ILUVW�SDUDOOHO��WKH�VHDUFKDUHD�ERXQGDU\��DQG�D�VHFRQG�OLQH�SDUDOOHO�WR�WKH�ILUVW�DQG�WKH�VDPH�GLVWDQFH�LQ�IURP�WKHHGJH� �VWULSHG� ]RQH� LQ� )LJXUH� ����� FDQQRW� EH� FRQVLGHUHG� IRU� SDLULQJ� HLWKHU�� 7KLV� LVEHFDXVH�WKHLU�LQFOXVLRQ�ZRXOG�LPSO\�WKDW�WKH\�ZRXOG�PRYH�D�GLVWDQFH�OHVV�WKDQ�G�LQ�WKHLQWHUYDO�WI DQG�ZRXOG�WKHUHIRUH�EH�SRVVLEOH�ILUVW��QRW�VHFRQG���GRWV�LQ�QHZ�GHEULV�WUDFNV�LI� GHEULV� REMHFWV� WKH\� DUH�� 7KHVH� REMHFWV� LQ� HIIHFW� DUH� PRYLQJ� ³WRR� VORZ´� WR� EHFRQVLGHUHG��7KH�RQO\�IUDPH���REMHFWV�ZRUWK\�RI�FRQVLGHUDWLRQ�WKHQ�OLH�LQ�WKH�UHPDLQLQJVHJPHQW�RI� WKH�FLUFXODU� VHDUFK�DUHD� �\HOORZ�VHJPHQW� LQ�)LJXUH������� LW� EHLQJ� WKH� UHDOVHDUFK�DUHD�IRU�WKLV�FDVH�$QRWKHU�ZD\�RI�GHWHUPLQLQJ� WKH� UHDO� VHDUFK� DUHD� LV� WR� WKLQN� WKDW�E\�GHILQLWLRQ� WKH
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IUDPH���REMHFW�DFFRPSDQ\LQJ�WKH�IUDPH���REMHFW��IRU�ZKLFK�WKH�VHDUFK�DUHD�KDV�EHHQFRQVWUXFWHG��PXVW�KDYH�EHHQ�RXWVLGH�WKH� IUDPH�GXULQJ�LQWHJUDWLRQ�RI� IUDPH����:LWKLQWKH� ERXQGV� RI� 5V�� WKH� VHJPHQW� RI� WKH� FLUFXODU� VHDUFK� DUHD� RXWVLGH� WKH� IUDPH� PXVWWKHUHIRUH�FRQWDLQ�DOO�SRVVLEOH�SRVLWLRQV�RI�WKH�REMHFW�LQ�IUDPH����7KH�DUHD�GHQRWLQJ�WKHRQO\� SODFHV� WKH� REMHFW� FDQ� EH� LQ� IUDPH� �� WKHUHIRUH� LV� WKDW� REWDLQHG� E\�PDSSLQJ� WKHIUDPH���DUHD�WKURXJK�WKH�IUDPH���SRVLWLRQ��JLYLQJ�WKH�VDPH�DUHD�GHVFULEHG�LQ�)LJXUH�����)LJXUH������

IUDPH���DUHD IUDPH���GRW IUDPH���DUHD
)LJXUH������0DSSLQJ�JHRPHWU\�RI�UDQJH�RI�SRVVLEOH�SRVLWLRQV�RI�SUHYLRXV�IUDPH¶V�GRW�SRVLWLRQ��WKURXJKIUDPH���GRW��LQWR�IUDPH���
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