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ZKLFK�UHVXOWV�LQ�D�QHJDWLYH�GHILQLWH�IRUP��7KLV�PHDQV� WKDW�WKHVWDWH� YDULDEOHV� DV\PSWRWLFDOO\� FRQYHUJH� WR� ]HUR� ZKHQDFFRPSOLVKLQJ�RI�WKH�FRQWURO�REMHFWLYH�7KH�FRQWURO�DFWLRQ�RI�(TQ�� ����� FDQQRW� EH� LPSOHPHQWHGIRU� D  �� �� 7R� DYRLG� WKLV� SUREOHP�� ZH� SURSRVH� WKH� XVH� RI� DORZHU�ERXQG�IRU�WKLV�YDULDEOH�LQ�WKH�ILUVW�WHUP�RI�������1RZ��LWLV�QHFHVVDU\�WR�YHULI\�WKDW�WKH�VWDELOLW\�FRQGLWLRQV�DUH�NHSW�%\�DGGLQJ�DQG�VXEWUDFWLQJ�WKH�WHUP� N U� �§©̈ ·¹̧TD�
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	,W� LV� LPPHGLDWHO\� FRQFOXGHG� WKDW� T FDQ� EH� ]HUR� RU� �NJND ��� � LQ�6��,I�WKH�FRQVWDQWV�DUH�FKRVHQ�FRUUHFWO\��WKHVHFRQG�HTXLOLEULXP�LV�RXWVLGH�WKH�QDWXUDO�ZRUN�LQWHUYDO�>�S�S@�$FFRUGLQJ� WR�/D� 6DOOH� WKHRUHP�� WKLV�PHDQV� WKDW� FRQWUROHUURU�VLJQDOV�FRQYHUJH�DV\PSWRWLFDOO\�WR�]HUR�$V�D�JHQHUDO�FRQFOXVLRQ�DQG��VLQFH�IRU�WKH�WKUHH�FDVHV�WKHHUURU� VLJQDOV� FRQYHUJH� DV\PSWRWLFDOO\� WR� ]HUR�� WKH� FRQWUROREMHFWLYH� LV� JXDUDQWHHG� IRU� WKH� FRQWUROOHU� ZLWK� ERXQGHG� ZFRQWURO�DFWLRQ�
&��,PSHGDQFH�&RQWURO,Q� RUGHU� WR�PDNH� WKH� URERW� DYRLG�REVWDFOHV��ZH�XVH� WKHFRQFHSW� RI� JHQHUDOL]HG� LPSHGDQFH� �0XW� HW� DO��� ������� 7KHLPSHGDQFH�IXQFWLRQ�LV�GHILQHG�E\�WKH�UHODWLRQVKLS)=[D � �� ����ZKHUH� [D LV� DQ� HUURU� WHUP� WKDW� ZLOO� GHILQH� WKH� RULHQWDWLRQFRUUHFWLRQ�DQG�) LV�WKH�PDJQLWXGH�RI�WKH�ILFWLWLRXV�IRUFH�)�7KH�GHVLUHG�LPSHGDQFH�IXQFWLRQ�LV�FRQVLGHUHG�DV.%V= � ZKHUH� %�� .� DUH� SRVLWLYH� FRQVWDQWV�� &RQVWDQW� %� UHSUHVHQWV� DGDPSLQJ� HIIHFW� DQG� .� D� VSULQJ� HIIHFW� LQ� WKH� LQWHUDFWLRQEHWZHHQ�WKH�PRELOH�URERW�DQG�WKH�REVWDFOH�%\�UHIHUULQJ�WR�)LJ�����LW�LV�FRQVLGHUHG��)UVLJQ[D � \ZKHUH� )U LV� WKH� FRPSRQHQW� RI� ) �ILFWLWLRXV� IRUFH��� ZKLFKSHUSHQGLFXODU� WR� WKH� GLUHFWLRQ� RI� URERW�PRYHPHQW�� 7KHQ�� WKHWUDQVIRUPDWLRQ
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LV� DSSOLHG�� ZKHUH� WKH� SRVLWLRQ� HUURU� LV� FG [[[ � a DQG� WKHQHZ�SRVLWLRQ�HUURU�LV� FUQ [[[ � a ZLWK�[U DV�WKH�QHZ�GHVLUHGSRVLWLRQ��DQG�[&© >[F \F MF@�WKH�YHFWRU�RI�&DUWHVLDQ�FRRUGLQDWHVRI�WKH�URERW��:KHQ�WKH�ILFWLWLRXV�IRUFH�LV�]HUR��[U [G��DQG�WKHREMHFWLYH�RI�WKH�PRWLRQ�FRQWURO�ORRS�LV�DFKLHYHG��PHDQLQJ�WKDWa[o � DV� foN DQG� WKH� SRVLWLRQ� HUURU� LV� FDOFXODWHGDV FU [[[ � a �7KH� &DUWHVLDQ�WR�SRODU� FRRUGLQDWH� WUDQVIRUPDWLRQ� LVSHUIRUPHG�WKURXJK � � � �� � � �> @
°°̄
°°®
­

� � �� ��� ��WDQ ��

F
G

FGFG
FGFG [[\\D \\[[H

MKD MKTK
ZKHUH DWDQ��LV�WKH�DUF�WDQJHQW�IXQFWLRQ�WKDW�FRYHUV�D��S UDQJHDQJOH�LQ�SRVLWLYH�DQG�QHJDWLYH�GLUHFWLRQV�



)RU� VRPH� REMHFW� FRQILJXUDWLRQV�� PHWKRGV� OLNH� WKH� RQHGHVFULEHG��ZKLFK�DUH�EDVHG�RQ�UHSXOVLRQ�IRUFHV��FDQ�GULYH�WKHURERW� WR� D� ORFDO�PLQLPXP�� WKXV� FRQILQLQJ� LW� LQWR� DQ� DUHD� IDUIURP�WKH�WDUJHW�SRVLWLRQ��$�SRVVLEOH�VROXWLRQ�LV�WR�FRPELQH�WKHFRQWUROOHU�ZLWK� D�*OREDO�3DWK�3ODQQLQJ��ZKLFK� LV� EH\RQG� WKHDLPV�RI�WKH�SUHVHQW�ZRUN�
9,��3,21((5���02%,/(�52%277KH� SURSRVHG� FRQWUROOHUV�ZHUH� WHVWHG� RQ� WKH� 3LRQHHU� �PRELOH�URERW��VHH�)LJ������,WV�PDLQ�IHDWXUHV�DUH��� 'LPHQVLRQV�DUH�/������P�[�:������P�[�+������P�� ,W� VXSSRUWV� ERWK�� IURQW� DQG� UHDU� VRQDU� DUUD\V�� HDFK�ZLWKHLJKW� WUDQVGXFHUV� IRU� REMHFW� GHWHFWLRQ� DQG� UDQJHLQIRUPDWLRQ�IRU�IHDWXUH�UHFRJQLWLRQ��DV�ZHOO�DV�QDYLJDWLRQDURXQG�REVWDFOHV��7KH� VRQDU�SRVLWLRQV� DUH� IL[HG� LQ� ERWKDUUD\V�� RQH� RQ� HDFK� VLGH�� DQG� VL[� IDFLQJ� RXWZDUG� DW� ��GHJUHH�LQWHUYDOV��WKXV�SURYLGLQJ�DOO�DURXQG�VHQVLQJ�ZKHQXVLQJ�ERWK�DUUD\V��� 7KH� GULYH� V\VWHP� RI� 3LRQHHU� �� XVHV� KLJK�VSHHG�� KLJKWRUTXH�� UHYHUVLEOH� '&� PRWRUV�� 7KLV� PRGHO� LV� DGLIIHUHQWLDO�GULYH� PRELOH� URERW� ZLWK� D� OLQHDU� DQGURWDWLRQDO� VSHHG�PD[LPXP� RI����P�VHF� DQG����� UDG�VHF�UHVSHFWLYHO\�

)LJXUH����0RELOH�URERW�3LRQHHU���
9,,��(;3(5,(1&(6,Q� WKH� IROORZLQJ� H[DPSOHV�� WKH� YDOXHV� XPD[ ���P�VHFDQG� ZPD[ ���UDG�VHF� KDYH� EHHQ� FKRVHQ� LQ� RUGHU� WR� VHOHFWGHVLJQ�SDUDPHWHUV� DQG� WR� DYRLG� VDWXUDWLRQ� RI� FRQWURO� DFWLRQV�7KH��SDUDPHWHUV�ZHUH�VHW�DW��J �����N �����U ������N �����7KHSDUDPHWHUV�YDOXH�RI�WKH�LPSHGDQFH�FRQWUROOHU�DUH�. ���1W�UDGDQG� % ���� 1W�VHF�UDG�� 7KH� WHVWV� ZHUH� PDGH� LQ� D� SDUWLDOO\VWUXFWXUHG� HQYLURQPHQW�� ZKHUH� WKH� REVWDFOHV� �FROXPQV� DQGZDOOV�� KDYH� GHILQLWH� JHRPHWULF� IRUPV� EXW� WKHLU� SRVLWLRQV� DUHDVVXPHG� WR� EH� XQNQRZQ�� 7KH� FRQWUROOHUV� JXLGH� WKH� PRELOHURERW� IURP� DQ� LQLWLDO� SRVLWLRQ� WR� D� WDUJHW� SRVLWLRQ� ZKLOHDYRLGLQJ� WKH�REVWDFOHV�RQ� LWV�ZD\��7KH� REVWDFOHV�DUH�GHWHFWHGE\�WKH�XOWUDVRQLF�VHQVRU�V\VWHP�)LJXUHV� �� DQG� �� VKRZ� WKH� WUDMHFWRU\� GHVFULEHG� E\� WKHPRELOH�URERW��IRU�D�FDVH�LQ�ZKLFK�DQ�REVWDFOH�DULVHV�RQ�LWV�IUHHWUDMHFWRU\�WRZDUGV�WKH�WDUJHW��,Q�WKHVH�ILJXUHV�� WKH�GDVKHG�OLQHGHVFULEHV� WKH� IUHH� VSDFH� WUDMHFWRU\� RI� WKH� PRELOH� URERW�� )RUWKHVH�H[DPSOHV��WKH�LPSHGDQFH�FRQWURO�ORRS�LV�DFWLYH�ZKHQ�WKHPRELOH�URERW�ILQGV�DQ�REVWDFOH�DW�OHVV�WKDQ��P��SRLQW�$��)LJXUHV���DQG���VKRZ�WKH�OLQHDU�DQG�DQJXODU�YHORFLWLHV�RIWKH�PRELOH�URERW�ZKHQ�DYRLGLQJ�REVWDFOHV�

$��0RWLRQ�&RQWURO�, � 3RVLWLRQLQJ�ZLWKRXW�SUHVFULEHGRULHQWDWLRQ��[G �����\G ����,Q� WKLV� FDVH�� WKH� PRWLRQ� FRQWURO� REMHFWLYH� GRHV� QRWLQFOXGH� WKH� ILQDO�RULHQWDWLRQ�RI� WKH�PRELOH�URERW��7KLV� FDQ�EHVHHQ� LQ� )LJ�� ��� ZKHUH� WKH� PRELOH� URERW� UHDFKHV� WKH� WDUJHWSRVLWLRQ� ZLWK� GLIIHUHQW� ILQDO� RULHQWDWLRQ� �IUHH� VSDFH� DQGREVWDFOH�DYRLGDQFH�SDWK��)LJ�� �� VKRZV� WKH� FRUUHVSRQGLQJ� OLQHDU� DQG� DQJXODUYHORFLWLHV�DORQJ�WKH�WUDMHFWRU\�DQG�WKH�DFWLRQ�RI�WKH�FRQWUROOHUWKDW�DYRLGV�VDWXUDWLRQ�RI�WKH�DFWXDWRUV���7KH�VDPH�ILJXUH�VKRZVWKH�YHORFLWLHV�ZKHQ�WKH�PRELOH�URERW�LV�DYRLGLQJ�REVWDFOHV�
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)LJXUH����/LQHDU�DQG�DQJXODU�YHORFLWLHV�RI�WKH�PRELOH�URERWZKHQ�DYRLGLQJ�REVWDFOHV�
%��0RWLRQ�&RQWURO�,, ��3RVLWLRQLQJ�ZLWK�SUHVFULEHGRULHQWDWLRQ��[G �����\G �����MMG ¤SL����

&RQWUDU\� WR� )LJ�� ��� LQ� WKLV� FDVH� WKH� PRWLRQ� REMHFWLYHLQFOXGHV�WKH�ILQDO�RULHQWDWLRQ�RI�PRELOH�URERW��7KLV�VLWXDWLRQ�LVVHHQ� LQ� WKH� )LJ�� ��ZKHUH� WKH�PRELOH� URERW� UHDFKHV� WKH� WDUJHWSRVLWLRQ�ZLWK� VDPH� ILQDO� RULHQWDWLRQ� �IUHH� VSDFH� DQG� REVWDFOHDYRLGDQFH�SDWK��)LJXUH� �� VKRZV� WKH� FRUUHVSRQGLQJ� OLQHDU� DQG� DQJXODUYHORFLWLHV�DORQJ� WKH�DERYH� WUDMHFWRU\� LQ� WKH�FRQVWUDLQHG�VSDFHZLWK�DQWL�VDWXUDWLRQ�FRQWUROOHU�
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)LJXUH����/LQHDU�DQG�DQJXODU�YHORFLWLHV�RI�WKH�PRELOH URERWZKHQ�DYRLGLQJ�REVWDFOHV�
&��0RWLRQ�&RQWURO�,,�6SHFLDO�&DVH��)ROORZLQJ�D�SDWK�7KLV� LV� D�SDUWLFXODU�FDVH�RI� �SRVLWLRQLQJ�ZLWK�SUHVFULEHGRULHQWDWLRQ���8QGHU�WKLV�FRQWURO�REMHFWLYH�ZH�IROORZ�D�VWUDWHJ\VLPLODU� WR� WKDW� SUHVHQWHG� LQ� �$LFDUGL� HW� DO��� ������� 7KH� �J!JRDO� IUDPH� GHILQLQJ� �[G�\G�MG�� LV� PRYHG� DORQJ� WKH� GHVLUHGWUDMHFWRU\��7KH�YHORFLW\�GU RI��J!�RQ�WKH�SDWK�LV�JLYHQ�E\

¸̧¹·¨̈©§ H��� H'�PD[GU
ZLWK�H!���DQG�'!��UHSUHVHQWLQJ�WKH�PD[LPXP�YHORFLW\�RI�JRDOIUDPH�RQ� WKH� SDWK��8QGHU� WKLV� VWUDWHJ\�� WKH� URERW� IROORZV� WKHPRYLQJ�JRDO��J!�RQ�WKH�SDWK�)LJXUH� �� VKRZV� WKH� WUDMHFWRU\� GHVFULEHG� E\� WKH� PRELOHURERW�ZKHQ� LW� IROORZ� D� SDWK�� 7KH� UHIHUHQFH� SDWK�� VHOHFWHG� DV\G DWDQ�[G��� LV�UHSUHVHQWHG�E\�D�VROLG�OLQH��)LJ�����VKRZV�WKHFRUUHVSRQGLQJ� OLQHDU� DQG� DQJXODU� YHORFLWLHV� ZKHQ� WKH� URERWQDYLJDWHV�DORQJ�WKH�SDWK�
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)LJXUH�����/LQHDU�DQG�DQJXODU�YHORFLWLHV�RI�WKH�PRELOH�URERWZKHQ�IROORZLQJ�D�SDWK�
9,,,��&21&/86,2167KLV� SDSHU� SUHVHQWV� D� VLPSOH� DQG� HIIHFWLYH� FORVHG� ORRSFRQWURO� ODZ� IRU� D� XQLF\FOH�OLNH� YHKLFOH�� FRPELQHG� ZLWK� DQHIIHFWLYH�FRQWURO�ODZ�IRU�REVWDFOH�DYRLGDQFH��)LUVW��WZR�FRQWUROREMHFWLYHV� DUH� FRQVLGHUHG�� SRVLWLRQLQJ�ZLWK� DQG�ZLWKRXW� ILQDORULHQWDWLRQ� RI� WKH� YHKLFOH�� 7KH� FRQWURO� V\VWHP� LV� VWUXFWXUHGEDVHG� RQ� WZR� ORRSV�� WKH� SRVLWLRQ� FRQWURO� ORRS� DQG� WKHLPSHGDQFH�FRQWURO�ORRS��,PSHGDQFH�LV�GHILQHG�DV�UHIHUUHG�WR�DILFWLWLRXV� IRUFH�� DV� D� IXQFWLRQ� RI� WKH� VHQVHG� GLVWDQFH� WR� DQ\REVWDFOH� LQ� WKH� YLFLQLW\� RI� WKH� URERW�� )LQDOO\�� WKH� FRQWUROREMHFWLYH� RI� SDWK� IROORZLQJ� ZDV� FRQVLGHUHG�� 7KH� FRQWUROOHUVNHHS�WKH�SRVLWLRQ�HUURU�H ZLWKLQ�DGPLVVLEOH�ERXQGV�LQ�RUGHU�WRDYRLG� VDWXUDWLRQ� RI� FRQWURO� DFWLRQV�� 7KH� FRQWURO� V\VWHP� LVSURYHQ�WR�JOREDOO\�DQG�DV\PSWRWLFDOO\�GULYH�WKH�FRQWURO�HUURUVWRZDUGV�]HUR��([SHULHQFHV�KDYH�EHHQ�FDUULHG�RXW�RQ�D�3LRQHHUPRELOH� URERW� LQ� RUGHU� WR� VKRZ� WKH� JRRG� SHUIRUPDQFHSURSHUWLHV�RI�WKH�SURSRVHG�FRQWURO�V\VWHP�

$&.12:/('*0(1767KH�ZRUN�ZDV�SDUWLDOO\�IXQGHG�E\�&21,&(7��$13&\7�DQG8�1�6�-�



5()(5(1&(6$LFDUGL�� 0��� *�� &DVDOLQR�� $�� %LFFKL� DQG� $�� %DOHVWULQR�¦&ORVHG� ORRS� VWHHULQJ� RI� XQLF\FOH�OLNH� YHKLFOHV� YLD/\DSXQRY� WHFKQLTXHV§�� ,(((� 5RERWLFV� 	� $XWRPDWLRQ0DJD]LQH� ���1R�������������������%RUHQVWHLQ� -�� ¦5HDO�WLPH� REVWDFOH� DYRLGDQFH� IRU� IDVW� PRELOHURERWV§� ,(((�7UDQV��6\VWHP��0DQ�	�&\EHUQ�������1R��������������������%RUHQVWHLQ�� -�� DQG� <�� .RUHQ�� ¦7KH� YHFWRU� ILHOG� KLVWRJUDP� �)DVW� REVWDFOH� DYRLGDQFH� IRU� PRELOH� URERWV§�� ,(((7UDQVDFWLRQV�RQ�5RERWLFV�DQG�$XWRPDWLRQ�� ���1R�������������������&DUHOOL�� 5��� +�� 6HFFKL� DQG� 9�� 0XW�� �������� ¦$OJRULWKPV� IRU6WDEOH� &RQWURO� RI� 0RELOH� 5RERWV� ZLWK� 2EVWDFOH$YRLGDQFH§�� /DWLQ� $PHULFDQ� $SSOLHG� 5HVHDUFK�� ���1R���������������������+RJDQ��1��¦,PSHGDQFH�FRQWURO�DQ� DSSURDFK� WR�PDQLSXODWRUV§3DUWV� ,� DQG� ,,�� $60(� -RXUQDO� RI� '\QDPLFV� 6\VWHPV�0HDVXUHPHQW�DQG�&RQWURO����������� �������.KDWLE�� 2�� ¦5HDO�WLPH� REVWDFOH� DYRLGDQFH� IRU� PDQLSXODWRUVDQG� PRELOH� URERWV§� 3URFHHGLQJV� ,(((�,&5$�� 6W�� /RXLV02�����������������.RUHQ� <�� DQG� -�� %RUHQVWHLQ�� ¦3RWHQWLDO� ILHOG� PHWKRGV� WKHLULQKHUHQW� OLPLWDWLRQV� IRU� PRELOH� URERWV� QDYLJDWLRQ§3URFHHGLQJV� ,(((�,&5$�� 6DFUDPHQWR� &$�� ����������������0XW�� 9��� 5�� &DUHOOL� DQG� %�� .XFKHQ�� ¦$GDSWLYH� LPSHGDQFHFRQWURO�IRU�URERWV�ZLWK�VHQVRULDO�IHHGEDFN§��;,,,�1DWLRQDO6\PSRVLXP� RI� $XWRPDWLF� &RQWURO� �� $$'(&$�� $UJHQWLQD�LQ�6SDQLVK�������������� �������1HZPDQ��:��6��DQG�1��+RJDQ��¦+LJK�VSHHG�URERW�FRQWURO�DQGREVWDFOH� DYRLGDQFH� XVLQJ� G\QDPLF� SRWHQWLDO� IXQFWLRQV§3URFHHGLQJV�,(((�,&5$��5DOHLJK�1&���������������6DJXpV��&���/��0RQWDQR�DQG�-��1HLUD��¦*XDUGHG�DQG�FRPSOLDQWPRWLRQV� XVLQJ� IRUFH� DQG� SUR[LPLW\� VHQVRUV§�� ,QWHUQDOUHSRUW�� 'HSDUWPHQW� RI� (OHFWULFDO� DQG� &RPSXWLQJ(QJLQHHULQJ��8QLYHUVLW\�RI�=DUDJR]D��6SDLQ��������6HFFKL�� +��� 9�� 0XW� DQG� 5�� &DUHOOL�� ¦,PSHGDQFH� FRQWURO� IRUPRELOH� URERWV� ZLWK� VHQVRULDO� IHHGEDFN§�� ;,9� 1DWLRQDO6\PSRVLXP� RI� $XWRPDWLF�&RQWURO� ¤� $$'(&$�� $UJHQWLQD�LQ�6SDQLVK���������������6HFFKL�� +�� ¦$XWRJXLGHG� YHKLFOHV� FRQWURO� ZLWK� VHQVRULDOIHHGEDFN§��0DVWHU�7KHVLV��LQ�6SDQLVK���6DQ�-XDQ�1DWLRQDO8QLYHUVLW\�)RXQGDWLRQ���$UJHQWLQD���������9LG\DVDJDU� 0�� 1RQOLQHDU� 6\VWHPV� $QDO\VLV�� VHFRQG� HGLWLRQ�3UHQWLFH�+DOO�,QW���������
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