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ZKHUH�IURP�.HSOHU¶V�HTXDWLRQ� P ��DQ � �����ZKHUH�Q� �JHRFHQWULF�PHDQ�PRWLRQ�RI�WKH�GHEULV��UDGLDQV�V�����D� �VHPLPDMRU�D[LVRI�WKH�GHEULV�RUELW��P���DQG�UH  �UDGLXV�RI�(DUWK��P��:LWK� VXFK� D� VPDOO� IUDFWLRQ� RI� WKH� RUELW� PRQLWRUHG�� WKH� RUELWDO� HFFHQWULFLW\ZRXOG� EH� SRRUO\� GHILQHG�� 7KH� DSSDUHQW� DQJXODU� YHORFLW\� FRXOG� EH� XVHG� DV� DQLQGLFDWRU� IRU� WKH� VHPLPDMRU� D[LV� LI� WKH� HFFHQWULFLW\� LV� DVVXPHG� WR� EH� ]HUR� IRUH[DPSOH��EXW�ZLWK� OLWWOH�NQRZOHGJH�RI� WKH�DFWXDO�HFFHQWULFLW\� WKH� HUURUV� LQGXFHGPLJKW�SURSDJDWH�DIWHU�D�IHZ�RUELWV�WR�UHQGHU�UHDFTXLVLWLRQ�RI�WKH�SDUWLFOH�XQOLNHO\�(FFHQWULFLW\�PLJKW�EH�JOHDQHG�IURP�UDWH�RI�FKDQJH�RI�ZWRS EXW�ZLWK�D�VKRUW�DUF�WKLVFKDQJH�ZRXOG�EH�YHU\�VPDOO�7KH�GHEULV�VKRXOG�WKHUHIRUH�EH�PRQLWRUHG�RYHU�DV�ODUJH�D�IUDFWLRQ�RI�LWV�RUELW�DVSUDFWLFDEOH� WR� LPSURYH�WKH�DFFXUDF\�RI� WKH�RUELWDO�HOHPHQWV�� ,Q�RUGHU� WR�DFKLHYHWKLV�DQ�LGHDO�RSWLFDO�VXUYH\�V\VWHP�FRXOG�EH�FRQFHLYHG�RI�DV�FRPSULVLQJ�D�JOREDOQHWZRUN�RI�VPDOO�VLWHV��HDFK�FRQWDLQLQJ�D�WHOHVFRSH�LQ�³VWDUH´�PRGH��FRQWLQXDOO\SRLQWLQJ�LQ�RQH�DOWD]LPXWK�GLUHFWLRQ��DQG�D�VPDOOHU�WUDFNLQJ�WHOHVFRSH��7KH�VWDUHVFRSH� DQG� LWV� DWWHQGDQW� FDPHUD� V\VWHP� DQG� VRIWZDUH� ZRXOG� PDNH� WKH� LQLWLDOGHWHFWLRQ�RI�GHEULV� LQ� UHDO�WLPH�DQG� LQVWUXFW� WKH�RQ�VLWH� WUDFNLQJ� VFRSH� WR�PDNHIXUWKHU�REVHUYDWLRQV��$�EDVLF�GHWHUPLQDWLRQ�RI�WKH�GHEULV�RUELW�FRXOG�EH�PDGH�DQGWKLV� FRXOG� EH� XVHG� WR� GHWHUPLQH� ZKLFK� VLWHV� LQ� WKH� QHWZRUN� ZRXOG� EH� IXUWKHUGRZQUDQJH�IURP�WKH�ILUVW��DQG�H[SHULHQFLQJ�DSSURSULDWH� LOOXPLQDWLRQ�FRQGLWLRQV�,I� WKH� VLWHV�ZHUH�FORVH� HQRXJK� WRJHWKHU�� HUURUV� FDXVHG�E\� DVVXPLQJ�]HUR�RUELWDOHFFHQWULFLW\�ZRXOG� VWLOO�EH� VPDOO��5RXJK�SRVLWLRQLQJ� LQIRUPDWLRQ�ZRXOG� WKHQ�EHWUDQVPLWWHG�LQ�UHDO�WLPH�WR�WKHVH�VLWHV��ZKLFK�FRXOG�WKHQ�UHDFTXLUH�WKH�GHEULV�DQG
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)LJXUH������,QVWDQWDQHRXV�WRSRFHQWULF�DQJXODU�YHORFLW\�DW�WKH�]HQLWK�IRU�D�FRSODQDU�HTXDWRULDOV\VWHP��L�H��RQH�LQ�ZKLFK�WKH�REVHUYHU�DQG�RUELW�ERWK�OLH�LQ�WKH�SODQH�RI�WKH�HTXDWRU��DQG�ZKHUHVLGHUHDO�WUDFNLQJ�LV�HLWKHU�RQ�RU�RII��7KH�GLS�QHDU��������NP�LV�GXH�WR�VWDWLRQDU\�PRWLRQ�DWJHRVWDWLRQDU\�KHLJKW��'LSV�DUH�QRQ�]HUR�GXH�WR�VDPSOLQJ�IUHTXHQF\�RI�JHQHUDWLQJ�FRGH�$V\PSWRWH�DW������´�VHF�RI�QRQ�WUDFNLQJ�FXUYH�LV�GXH�WR�QHDU�]HUR�JHRFHQWULF�YHORFLW\�DOORZLQJ(DUWK�URWDWLRQ�WR�GRPLQDWH�
��� 5HTXLUHPHQWV�RI�VXFK�D�GHWHFWLRQ�V\VWHP$�GHEULV�GHWHFWLRQ�V\VWHP�PXVW�EH�DEOH�WR�PHHW�WKH�IROORZLQJ�FULWHULD�x ,W� LV� GHVLUDEOH� IRU� WKH� DOJRULWKP� WR� RSHUDWH� TXLFNO\�ZLWKRXW� LJQRULQJ� YDOLGSDUWLFOH� WUDFNV�� 7KH� GHWHFWLRQ� DQG� RUELWDO� LGHQWLILFDWLRQ� RI� GHEULV� LQ� QHDUUHDO�WLPH�DOORZ�PRUH�WLPHO\�FROOLVLRQ�KD]DUG�DVVHVVPHQWV�WR�EH�PDGH�x ,W�PXVW�DOVR�PLQLPLVH�WKH�SRVVLELOLW\�RI�IDOVH�DODUPV�FDXVHG�E\�QRLVH�LQ�WKHV\VWHP��%\�QHFHVVLW\�RI�EHLQJ�DEOH� WR�GHWHFW� VPDOO�GHEULV� WKH� V\VWHP�PXVWSUREH�LQWR�ORZ�VLJQDO�WR�QRLVH�UDWLRV��615V��GXH�WR�WKHLU�DSSDUHQW�IDLQWQHVV�7KHVH�SRLQWV�DUH�GLVFXVVHG�LQ�PRUH�GHWDLO�LQ�WKH�IROORZLQJ�VXEVHFWLRQV�

����� 5HDO�7LPH�5HVSRQVH�WKURXJK�WKH�)29
7KH� V\VWHP� PXVW� EH� FDSDEOH� RI� UHFRJQLVLQJ� WKH� SUHVHQFH� RI� VSDFH� GHEULVZLWKLQ�LWV�)29�ZKLOH�WKH�GHEULV�LV�SDVVLQJ�WKURXJK�LW��,I�LW�KDV�VRPH�GRZQWLPH�IRUSURFHVVLQJ��LW�PXVW�NQRZ�DERXW�OLNHO\�GHWHFWLRQ�UDWHV���FRXOG�LQFXU�VRPH�LPSDFWRQ�GXW\�F\FOH��)RU�RXU�SXUSRVHV�ZH�FRQVLGHU�RQO\�GHWHFW�ZKLOH�LQ�)29�VFHQDULR�
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)LJXUH������'XUDWLRQ�RI�GHEULV�YLVLELOLW\�LQ�DQ�H[DPSOH�ò��ZLGH�ILHOG�IRU�]HQLWK�SRLQWLQJHTXDWRULDO�FRSODQDU�VFHQDULR��$V\PSWRWH�RI�QRQ�WUDFNLQJ�FXUYH�QHDU��������NP�GXH�WR�VWDWLRQDU\PRWLRQ�DURXQG�JHRVWDWLRQDU\�DOWLWXGH��ILQLWH�YDOXHV�FDXVHG�E\�VDPSOLQJ�IUHTXHQF\�RI�JHQHUDWLQJFRGH���$V\PSWRWH�RI�VDPH�FXUYH�DW��7IRY  ������V�GXH�WR�QHDU�]HUR�JHRFHQWULF�YHORFLW\�DOORZLQJ(DUWK�URWDWLRQ�WR�GRPLQDWH�7KH� SURJUDP� KDV� WR� SURFHVV� WKH� UDZ� LPDJHV� LQWR� D� IRUP� WKH� GHWHFWLRQDOJRULWKP� FDQ� XQGHUVWDQG�� WKHQ� SHUIRUP� WKH� GHEULV� GHWHFWLRQ� LWVHOI�� $Q\� GHEULVGHWHFWHG�PXVW�KDYH� LWV�RUELW� URXJKO\�FDOFXODWHG�� DQG� WKH� UHOHYDQW�GHWDLOV�ZULWWHQRXW� LQWR� D� ILOH� IRU� DQDO\VLV� ODWHU�� ,Q� WKH� ILHOG�� VXFK� D� V\VWHP� ZRXOG� DOVR� DOHUWUHOHYDQW�REVHUYDWRULHV�GRZQUDQJH�$OO� RI� WKLV� ³GXW\� F\FOH´� PXVW� EH� DFFRPSOLVKHG� LQ� D� WLPHVFDOH� WKDW� YDULHVDFFRUGLQJ� WR� RUELWDO� KHLJKW�� :LWK� UHIHUHQFH� WR� )LJXUH� ����� GXUDWLRQ� ZLWKLQ� DW\SLFDO� )29� IRU� D� W\SLFDO� RUELW�REVHUYHU� FRQILJXUDWLRQ� FDQ� EH� VXPPDULVHG� DVIROORZV� 2UELW�+HLJKW 'XUDWLRQ�QRQ�WUDFNLQJ�FDVH� 'XUDWLRQ�WUDFNLQJ�FDVH���������NP ���V OHVV������±��������NP �V�����PLQ OHVV!��������NP ��PLQ���KRXUV a���PLQ
7DEOH������6XPPDU\�RI�WLPHVFDOH�IRU�GXW\�F\FOH�,W�FDQ�EH�VHHQ�IURP�7DEOH���� DQG�)LJXUH���� WKDW�DOWKRXJK� WKHVH� ILJXUHV�DUHRQO\�IRU�D�VLPSOLILHG��'�FDVH��WKH\�JLYH�D�EDOOSDUN�HVWLPDWH�RI�WKH�WLPH�DYDLODEOH
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����� +LJKHVW�6HQVLWLYLW\ �3RVVLEOH���'ZHOO�7LPH
2QH� RI� WKH� ZD\V� RI� LQFUHDVLQJ� VHQVLWLYLW\�� DQG� WKHUHIRUH� WKH� VLJQDO�WR�QRLVHUDWLR��LV�WR�PLQLPLVH�WKH�H[SRVXUH��RU�³LQWHJUDWLRQ´��WLPH�IRU�HDFK�&&'�IUDPH�WREH�RQO\�DV� ORQJ�DV�QHFHVVDU\��$Q\� ORQJHU�ZRXOG�PHUHO\� LQFUHDVH� WKH�DPRXQW�RIVN\�QRLVH�HQWHULQJ�HDFK�SL[HO��7R�GR�WKDW�RQH�PXVW�PDWFK�WKH�LQWHJUDWLRQ�WLPH�WRWKH�³GZHOO�WLPH´��WKLV�EHLQJ�WKH�DPRXQW�RI�WLPH�D�GHEULV�SDUWLFOH� LPDJH�WDNHV�WRWUDYHUVH�D�SL[HO�DUHD�LQ�WKH�IRFDO�SODQH�RI�WKH�WHOHVFRSH�7KH� GZHOO� WLPH� WGZ LV� FOHDUO\� WKHUHIRUH� D� IXQFWLRQ� RI� WKH� GHEULV¶� WRSRFHQWULFDQJXODU�YHORFLW\�
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:LWK�UHIHUHQFH�WR�)LJXUH������D�IRFDO�OHQJWK�³I´�DQG�DQ�RIIVHW�DQJOH�³T´�JLYHVDQ�RIIVHW�GLVWDQFH�³S´�DW�WKH�IRFDO�SODQH��RI�S� �I��WDQ�T�� �����ZKHUH�S�LV�WKH�SODWH�VFDOH��XVXDOO\�TXRWHG�LQ�PLFURQ�DUFVHF��)RU�D�W\SLFDO��� LQFK���FP�� 6FKPLGW�&DVVHJUDLQ�� WKH� IRFDO� OHQJWK� LV� DERXW� ����PP�� +HQFH� WRGHWHUPLQH�WKH�SODWH�VFDOH� LQ�XQLWV�RI�PLFURQV�SHU�DUFVHFRQG��ZH� LQVHUW�YDOXHV�RII  �u��� �P��T  ���DUFVHFRQG� ������������WR�REWDLQ�
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�D� �E�)LJXUH������,OOXVWUDWLQJ�WKH�GLIIHUHQFH�WKDW�SDWK�RULHQWDWLRQ�PDNHV�ZLWK�GZHOO�WLPH�IRU��D��VTXDUHSL[HOV��DQG��E��UHFWDQJXODU�SL[HOV�
����� 'HWHUPLQDWLRQ�RI�2UELWDO�&KDUDFWHULVWLFV$V�WHVW�LPDJHV�ZHUH�WDNHQ�ZLWK�WKH�WHOHVFRSH�SRLQWLQJ�QHDU�WKH�]HQLWK�DQG�ZLWKVLGHUHDO� WUDFNLQJ� RQ�� WKH� HTXDWLRQV� E\� 'LFN� ������� DUH� DSSURSULDWH� DQG� DUHUHSURGXFHG�KHUH�ZLWK�DSSURSULDWH�FKDQJH�RI�QRWDWLRQ��7KH�RUELW� LV�DOVR�DVVXPHG
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WR� EH� FLUFXODU� DV� WKLV� PDNHV� GHWHUPLQDWLRQ� RI� RUELWDO� HOHPHQWV� HDVLHU� DQG� WKXVLQFUHDVHV�FRPSXWLQJ�VSHHG��7KLV�DOVR� LQWURGXFHV� LQDFFXUDFLHV� LI� WKH�DFWXDO� RUELWGHSDUWV�DSSUHFLDEO\� IURP�FLUFXODU��EXW� WKLV� LV� WKH�EHVW� WKDW�FDQ�EH�DFKLHYHG�ZLWKVXFK� D� VKRUW� REVHUYDWLRQ� DUF�� 7KH� RUELW� ZRXOG� EH� UHILQHG� E\� IXUWKHU� GHWHFWLRQVGRZQUDQJH�8VLQJ�WKH�IROORZLQJ�QRWDWLRQ�ZVW  �VLGHURVWDWLF�WRSRFHQWULF�DQJXODU�VSHHG��UDG�V�T  �DQJOH�RI�WUDMHFWRU\�UHODWLYH�WR�(DVW��1RUWK� �������UDG�REVHU

YHG

W  �ORFDO�PHDQ�VLGHUHDO�WLPH�RI�REVHUYDWLRQ)  �ORQJLWXGH�RI�REVHUYLQJ�VLWH��UDG�U� �JHRFHQWULF�GLVWDQFH�RI�REVHUYLQJ�VLWH��P�NQRZ
Q

P  �*UDYLWDWLRQDO�FRQVWDQW�IRU�WKH�(DUWK�������u���� 1�P��D� �VHPLPDMRU�D[LV��P�Q� �PHDQ�PRWLRQ��UDG�V�L� �RUELW�LQFOLQDWLRQ��UDG�N  �RUELWDO�ORQJLWXGH�RI�GHEULV�PHDVXUHG�IURP�: �UDG�:  �ORQJLWXGH�RI�DVFHQGLQJ�QRGH��UDG�WR�FDO
FXODWH

K� �KHLJKW�DW�]HQLWK��D���U���P�WKH�HTXDWLRQV
� �DUQDVW � Z ������

DQG Q� D�  �P ������DUH�FRPELQHG�WR�IRUP�D�FXELF�LQ��D�
�UDD VW

������  ZP�� � ������
ZKLFK� LV�FRPSXWDWLRQDOO\�PRUH�HIILFLHQW� WR� VROYH�QXPHULFDOO\�XVLQJ� DQ� LWHUDWLYHSURFHGXUH��1HZWRQ�5DSKVRQ��7KH�LQFOLQDWLRQ�LV�JLYHQ�E\�L� �FRV���FRV�) FRV�T�� ������ZKLOH�WKH�ORQJLWXGH�RI�WKH�DVFHQGLQJ�QRGH�LV�FDOFXODWHG�IURP�
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������� (IIHFWV�RI�(UURUV�RQ�'RZQUDQJH�3UHGLFWLRQV$IWHU�DQ�LQLWLDO�GHWHFWLRQ��WKH�REVHUYDEOHV�ZWRS DQG�T ZRXOG�EH�XVHG�WR�SUHGLFWWKH�SRVLWLRQ�RI� WKH�GHEULV� SDUWLFOH� DIWHU� D� WLPH� W�� FRUUHVSRQGLQJ� WR� D�GRZQUDQJHDQJOH� RI� D�� L�H�� WKH� JUHDW� FLUFOH� DUF� SURGXFHG� E\� WKH� PRYHPHQW� RI� WKH� GHEULVGXULQJ�WKH�WLPH�W�(UURUV� LQ� WKH� LQLWLDO� GHWHUPLQDWLRQ� RI�ZWRS DQG� T LQFUHDVH� ZLWK�D KRZHYHU�UHVXOWLQJ�LQ�DQ�RIIVHW�RI�WKH�GHEULV¶�WUXH�SRVLWLRQ�IURP�LWV�SUHGLFWHG�SRVLWLRQ�DW�DQ\WLPH��7KLV�ZRXOG�WKHUHIRUH�FDXVH�D�FRUUHVSRQGLQJ�RIIVHW�IURP�WKH�]HQLWK��']��IRUDQ� REVHUYHU� GLUHFWO\� EHORZ� WKH� SUHGLFWHG� SRVLWLRQ�� )ROORZLQJ� 'LFN� �������� WKHUHVXOWLQJ�RIIVHW�FDQ�EH�UHVROYHG�LQWR�RUWKRJRQDO�DORQJ�WUDFN��']L��DQG�FURVV�WUDFN�']M�� FRPSRQHQWV�� )LJXUH� ��� DQG� )LJXUH� ��� LOOXVWUDWH� WKH� GHULYDWLRQ� RI� WKHVHFRPSRQHQWV�VHSDUDWHO\�
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��� +HUVWPRQFHX[�&DPHUD�6\VWHP7KH� PDLQ� GULYHU� EHKLQG� WKH� VWUXFWXUH� RI� WKH� GHEULV� GHWHFWLRQ� DOJRULWKPVSHFLILHG� LQ� WKH� QH[W� FKDSWHU� ZDV� WKDW� LW� KDG� WR� SURFHVV� GDWD� IURP� WKH� FDPHUDV\VWHP� XVHG� DW� WKH� 6DWHOOLWH� /DVHU� 5DQJHU� �6/5�� RI� WKH� 5R\DO� *UHHQZLFK2EVHUYDWRU\��5*2��DW�+HUVWPRQFHX[�&LUFXPVWDQFHV� OHG� WR� WKH� FHVVDWLRQ� RI� FROODERUDWLRQ� ZLWK� WKH� 5*2� RQ� WKLVPDWWHU��E\�ZKLFK� WLPH� WKH�EDVLF� VWUXFWXUH�RI� WKH�SURJUDP�KDG�EHHQ� IUR]HQ��7KHSURJUDP� FDQ� EH� XVHG�ZLWK� &&'� LPDJHU\� IURP� DQ\� WHOHVFRSH� V\VWHP� KRZHYHU�SURYLGHG� VRPH� SURFHVVLQJ� LV� GRQH� WR� PLPLF� WKDW� ZKLFK� WKH� 5*2� FDPHUD� ZDVFRQILJXUHG�WR�GR��GHWDLOV�RI�ZKLFK�PD\�EH�IRXQG�LQ�FKDSWHU���7KH�IROORZLQJ�VXEVHFWLRQV�GHVFULEH�WKH�5*2�FDPHUD¶V�SURFHVVHV�WR� LOOXVWUDWHWKH� GHVLJQ� GULYHUV� IRU� WKH� PDLQ� VWUXFWXUH� RI� WKH� SURJUDP� IHDWXUHG� LQ� WKH� QH[WFKDSWHU�
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