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V� VLJKW��7KH� IDVWHQLQJ� SRLQWV�RI� WKH�WUDQVYHUVH� PHPEHU� DW� WKH� VFUHHG� FURVVEHDPV� KDYH�EHHQ� VHOHFWHG� LQ� VXFK� D� ZD\� WKDW� WKH� EHVW� UHDFWLRQ�IURP�WKH�FRQWUROOHU�LV�VHFXUHG�WR�LQVXUH�WKH�TXDOLW\�RI�WKH�DVSKDOW�OD\LQJ�WDVN��

:LWK� D� VZLWFKHG�RII� DXWRPDWLF� FRQWURO� V\VWHP��WKH� KHLJKW� DGMXVWPHQW� RI� WKH� VFUHHG� FDQ�EH� DFKLHYHG�E\�WKH�XVH�RI�WKH�PDQXDO�SXVK�EXWWRQ�FRQWURO��7KH�SURSRVHG�FRPSDFWLRQ�FRQWUROOHU�FRQVLVWV�RI�WKH�IROORZLQJ�IXQFWLRQDO�XQLWV���� WKH� VFUHHG� DFFHOHUDWLRQ� VHQVRU� ZLWK�DPSOLWXGH�PHWHU�$D�� YLEUDWLRQ�IUHTXHQF\�UHJXODWRU�5I7KLV� W\SH� RI� FRQWUROOHU�PD\�PRQLWRU� WKH� FRPSDFWLRQ�SURFHVV�ZLWK�UHVSHFW�WR�WKH�ILQDO�GHQVLW\�IDFWRU�RI�WKH�
DVSKDOW�PL[�GS DQG�SURGXFH�D�SHUPDQHQW�UHFRUG�RI��DOO�IDFWRUV�WKDW�LQIOXHQFH�SDYHPHQW�GHQVLW\��� 0DWHULDO�WKLFNQHVV�RI�EHIRUH�FRPSDFWLRQ�LV�� � � � �HHG KKKK S '��'� �� � �����
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ZKHUH��K� ± WKH� WKLFNQHVV� RI� DVSKDOW� OD\HU� ZLWKRXW�XQHYHQQHVV��
�'K� � WKH� WKLFNQHVV� RI� DVSKDOW� OD\HU� UHGXFHG� LQ�FRPSDFWLRQ�SURFHVV��
�H ± WKH�KHLJKW�RI�XQHYHQQHVV�DFFRUGLQJ�WR����DQG������
�'K�H� �� WKH� WKLFNQHVV� RI� DVSKDOW� OD\HU� UHGXFHG� LQ�FRPSDFWLRQ�SURFHVV�ZKHQ�XQHYHQQHVV�LV�SUHVHQW���7DNLQJ�LQWR�DFFRXQW�WKH�UHODWLRQVKLS�� � � �HHSS KK GGGG  � �����
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7KH�IRUPXOD������GHVFULEHV�WKH�GLVSODFHPHQW�RI�WKH� SDYHU� VFUHHG� WR� FRUUHFW� WKH� OD\LQJ� KHLJKW� ZLWK�UHVSHFW�WR�XQHYHQQHVV��)URP�(TXDWLRQV� ���� DQG� ���� ZH� FDQ� JHW� D� QHZ�IRUPXOD�IRU�IUHTXHQF\�RI�YLEUDWLRQV��
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7KH� RXWSXW� VLJQDO� 8I LV� XVHG� WR� FRQWURO� WKH�K\GUDXOLF� GULYH� V\VWHP� RI� DQ� H[FLWHU�� HTXLSSHG�ZLWK�YDULDEOH� GLVSODFHPHQW� K\GURVWDWLF� SXPS� DQG� IL[HG�GLVSODFHPHQW�PRWRU��DV�VKRZQ�LQ�)LJXUH�����)RU� K\GUDXOLF� GULYH� RI� XQEDODQFHG� YLEUDWLRQ�H[FLWHU� WKH� YROXPHWULF� IORZ� HTXDWLRQV� IRU� WKH�
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K\GURVWDWLF� SXPS� DQG� WKH� PRWRU� FDQ� EH� ZULWWHQ� DV�IROORZV��
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ZKHUH��4S ± YROXPHWULF�IORZ�UDWH�RI�WKH�SXPS��IS ± IUHTXHQF\�RI�WKH�SXPS�URWRU��9MS ± FDSDFLW\�RI�SXPS���&9S�±�FRHIILFLHQW�RI�SXPS�OHDNDJH���S ± SUHVVXUH���9� ± YROXPH�RI�RLO�EHWZHHQ�SXPS�DQG�PRWRU��% ± EXON�PRGXOXV�RI�WKH�K\GUDXOLF�RLO��4V ± YROXPHWULF�IORZ�UDWH�RI�WKH�PRWRU��IV ± IUHTXHQF\�RI�WKH�PRWRU�URWRU��9MV ± FDSDFLW\�RI�PRWRU��&9V�±�FRHIILFLHQW�RI�K\GUDXOLF�PRWRU�OHDNDJH���

)LJ�����7KH�YLEUDWLRQ�IUHTXHQF\�FRQWURO�V\VWHP��7KH� ZRUNLQJ� SUHVVXUH� S LQ� WKH� V\VWHP� FDQ� EH�FDOFXODWHG�IURP�IRUPXOD�EHORZ�
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ZKHUH��- ± PRWRU�DQG�H[FLWHU�PRPHQW�RI�LQHUWLD��DV ± FRHIILFLHQW�RI�PRWRU�YLVFRXV�IULFWLRQ��7DNLQJ�LQWR�DFFRXQW������������DQG������DQG�WKH�UHODWLRQ�4S  4V � ZH�REWDLQ�(TXDWLRQ����
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,I SDUDPHWHUV�RI�D�YLEUDWLRQ�FRPSDFWLRQ�SURFHVV�
DUH� FKDQJHG�ZLWK� UHVSHFW� WR� WKH�ZLGWK� RI� WKH� SDYLQJ�
OD\HU�� WKHQ� WKH� SUHFRPSDFWLQJ� GHYLFHV� VKRXOG� EH�
GLYLGHG�LQWR�VHFWLRQV�DQG�ZRUN�LQGLYLGXDOO\�EDVHG�RQ�
WKH�GLIIHUHQW�FRQGLWLRQV�HQFRXQWHUHG��7KH�IUHTXHQF\�RI�YLEUDWLRQ�LV�FKDQJHG�LQ�UHVSHFW�WR� KLJK� RI� XQHYHQQHVV� WUDQVIRUP� LQ� VLJQDO�8I�W� DQG�WKLV�VLJQDO�LV�XVHG�WR�FKDQJH�WKH�SXPS�FDSDFLW\�

� � � �W8.9W9 I3SS �� �MM � �����
ZKHUH�

9MS��±�FDSDFLW\�RI�SXPS� LQ�VWHDG\�±�VWDWH�FRQGLWLRQV��H  ����.S ± WKH�JDLQ�FRHIILFLHQW���,I� YROXPH� HODVWLFLW\� RI� RLO� LV� QHJOLJLEOH� WKH�(TXDWLRQ� ����� LV� YHU\� VLPSOH� DQG� WKLV� IDFW� LV� YHU\�LPSRUWDQW� IURP� WKH� SRLQW� RI� YLHZ�RI� WKH� VWUXFWXUH�RI�WKH�YLEUDWLRQ�IUHTXHQF\�UHJXODWRU��

)LJ�����%ORFN�GLDJUDP�RI�WKH�SURSRVHG�RQ�±�ERDUG�FRQWUROOHU�FUHDWHG�LQ�0$7/$%�6,08/,1.� SURJUDP��)LJXUH� �� VKRZV� WKH� IXQFWLRQDO� GLDJUDP� RI�FRQWUROOHU�XVHG�LQ�VLPXODWLRQV�RI�IUHTXHQF\�FRQWURO�LQ�WKH� FDVHV��ZKHQ� WKH�XQHYHQQHVV�KDV� WKH� IRUP�RI�KDOI�VLQXVRLG� DQG� WKH� UHJXODWRU� LV� FUHDWHG� ZLWKRXW�FRQVLGHULQJ�WKH�RLO�HODVWLFLW\�LQ�K\GUDXOLF�GULYH�RI�WKH�H[FLWHU�>�@��$FFRUGLQJ� WR� WKH� SURSRVHG� SURFHGXUH�� WKH�FRUUHFWLRQ�OD\HU�IRU�WKH�DVVXPHG�VKDSH�RI�XQHYHQQHVV�VKRXOG� KDYH� WKH� IRUP� ZKLFK� DOORZV� IRU� REWDLQLQJ�
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HYHQ� VXUIDFH� ZLWK� UHTXLUHG� FRPSDFWLRQ� UDWLR� DIWHU�FRPSDFWLRQ�� 7KH� ORQJLWXGLQDO� VHFWLRQ� RI� VXFK� DQ�DVSKDOW� PL[� OD\HU� LV� VKRZQ� DW� )LJXUH� ��� 3UHVHQWHG�XQHYHQQHVV�LV�XVHG�DV�D�LQSXW�WR�WKH�FRQWUROOHU�DQG�VR�

)LJ�����7KH�ORQJLWXGLQDO�VHFWLRQ�RI�FRUUHFWLRQ�OD\HU�EHIRUH�FRPSDFWLRQ��HIIHFWV�LQ�DGHTXDWH�FKDQJHV�RI�FRPSDFWLRQ�SDUDPHWHU�± YLEUDWLRQ� IUHTXHQF\� I� 7KLV� LV� VKRZQ� DW� )LJXUH� ���ZKHUH� ZH� FDQ� REVHUYH� WKDW� WKH� RXWSXW� IUHTXHQF\� RI�WKH� FRQWUROOHU� �� IROORZV� WKH� FDOFXODWHG� IUHTXHQF\�FKDUDFWHULVWLF� �� ZLWK� VXIILFLHQW� DFFXUDF\� IRU�FRUUHFWLRQ�FRPSDFWLRQ�SURFHVV��

)LJ������7KH�FRUUHFWLRQ�IUHTXHQF\�IRU�JLYHQ�XQHYHQQHVV�FRPSDFWLRQ����±�FDOFXODWHG��� ±�IURP�WKH�FRQWUROOHU��7KH� VLPXODWLRQ� UHVXOWV� VKRZ� WKDW� WKH�PDLQ�JRDO�RI� VXFK� SUHGLFWLYH� OHYHOLQJ� DQG� FRPSDFWLQJ� FRQWURO�V\VWHP� FRXOG� EH� UHDFKHG� HIIHFWLQJ� QRW� RQO\� DQ� HYHQ�EXW� DOVR� WKH� VDPH� FRPSDFWLRQ� UDWLR� RI� WKH� DVSKDOW�EDVH� OD\HU�ZKLFK�FRXOG�QRW�EH�FRUUHFWHG�GXULQJ�QH[W�FRPSDFWLRQ� SURFHVVHV� E\� XVH� W\SLFDO� VWDWLF� RU�DQG�YLEUDWLRQ� UROOHUV� WKXV� HIIHFWLQJ� TXDOLW\� RI� WKH� URDG�ZHDULQJ�FRXUVH��

���&21&/86,21��%DVH� RQ� WKH� GLVFXVVLRQ� SUHVHQWHG� DERYH�� LW� LV�SRVVLEOH� WR� FRUUHFW� WKH� TXDOLW\� RI� WKH� VXUIDFH� RI� DQ�DVSKDOW� OD\HU� ZLWK� WKH� XVH� RI� DQ� DXWRPDWHG� FRQWURO�V\VWHP� EDVHG� RQ� WKH� DVSKDOW� GHQVLW\� DQG� DVSKDOW�FRPSDFWLRQ� SDUDPHWHUV�� 7KH� SURSRVHG� SUHGLFWLYH�OHYHOLQJ� DQG� FRPSDFWLQJ� FRQWURO� V\VWHP� FRQVLVWV� RI�WZR� WUDQVGXFHUV� DQG� D� FRQWUROOHU� ZKLFK� DGMXVW� WKH�VFUHHG� FURVVEHDPV� RYHU� K\GUDXOLF� F\OLQGHUV��FRUUHFWLQJ� WKH� OD\LQJ� KHLJKW� DQG� WKH� FRPSDFWLRQ�FRQWUROOHU�ZLWK�PDLQ�IXQFWLRQDO�XQLWV��WKH�DFFHOHUDWLRQ�DPSOLWXGH�PHWHU�DQG�IUHTXHQF\�UHJXODWRU��,W� LV� DQWLFLSDWHG� WKDW� D� IXOO� VFDOH� GHVLJQ� DQG�GHYHORSPHQW� RI� WKH� SURSRVHG� FRQWUROOHU�ZLOO� OHDG� WR�FRPPHUFLDO� DSSOLFDWLRQV� RI� WKLV� FRQFHSW� RQ� WKH�H[LVWLQJ� DQG� IXWXUH� DVSKDOW� SDYHUV� XVHG� LQ� WKH� URDG�EXLOGLQJ�LQGXVWU\��� 5()(5(1&(6��>�@� &KHQJ�FKH� /L�� 7KRPDV� 5�+��� 2ORXID� $�$���'HYHORSPHQW� RI� DQ� $XWRPDWHG� 5HDO�7LPH�7UDFLQJ�6\VWHP�IRU�3DYHPHQW�&RPSDFWLRQ�� ���WK�,6$5&� 3URFHHGLQJV�� ������ ,0%L*6�� :DUVDZ��3RODQG�SS����±����>�@� &RPSDFWLRQ� DQG� 3DYLQJ�� 7KHRU\� DQG� 3UDFWLFH�'\QDSDF 3XEOLFDWLRQ�1R��+&��������(QJ���������>�@� .RVLDUD� $��� /DVHU� 3RVLWLRQLQJ� RI� 0RELOH�(DUWKPRYLQJ� 0DFKLQHV�� � 0DQLSXODWRUV�� 2II��5RDG� 0DFKLQHV� DQG� 9HKLFOHV� LQ� 7KHRU\� DQG�3UDFWLFH�� � 3URFHHGLQJV� RI� WKH� ,QWHUQDWLRQDO�&RQIHUHQFH�� :URFáDZ�� 3RODQG�� ����� SS�� ���±�������>�@�1LMERHU�/�:���3ODVWLFLW\�DV�D� IDFWRU�LQ�WKH�GHVLJQ�RI�GHQVH�ELWXPLQRXV�URDG�FDUSHWV��7RN\R��-DSDQ��������>�@� 7DWH\DPD� .��� 1DNDMLPD� 6��� )XML\DPD� 7��� 7KH�HYDOXDWLRQ� RI� JURXQG� SURSHUWLHV� DQG� LWV�DSSOLFDWLRQ�WR�WKH�DXWRPDWLF�FRQWURO�RI�YLEUDWRU\�VRLO� FRPSDFWRUV�� 3URFHHGLQJV�� ��WK� ,6$5&��,0%L*6��:DUVDZ��3RODQG��������SS������±������>�@� 'RUI� 5�&��� %LVKRS� 5�:��� 0RGHUQ� &RQWURO�6\VWHPV�� $GGLVRQ�:HVOH\� 3XEOLVKLQJ� &RPSDQ\��,QF��6HYHQWK�(GLWLRQ��������
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