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���,QWURGXFWLRQ
7KHUH� DUH� VLWXDWLRQV� GXULQJ� KHDY\� PDFKLQHV� RSHUDWLRQ� ZKHQ� SRVLWLRQFRQWURO�RI�LWV�HOHPHQWV�LPSURYHV�ZRUN�SUHFLVLRQ�DQG�HQKDQFHV�RSHUDWRU¶V�FRPIRUW�:H�FDQ�JLYH�DQ�H[DPSOH�RI�D�JUDGHU�EODGH�ZKLFK�LV�XVHG�IRU�GLWFK�FOHDQLQJ��:KHQWKH� JURXQG� DW� WKH� IRRW� RI� WKH� GLWFK� LV� XQHYHQ� WKH�PRWLRQV� RI� WKH�PDFKLQH� � DUHWUDQVPLWWHG�WR�WKH�EODGH�DQG�DV�D�UHVXOW�WKH�GLWFK�VXUIDFH�ZLOO�EH�XQHYHQ�WRR��7KHRSHUDWRU¶V�FDE�SRVLWLRQ�KDV�WR�EH�SUHFLVHO\�FRQWUROOHG�DV�ZHOO��,W�LV�XVXDOO\�VLWXDWHGTXLWH�KLJK�VR�WKDW�WKH�RSHUDWRU�FDQ�REVHUYH�WKH�PDFKLQH�ZRUN��:KHQ�WKH�PDFKLQHULGHV� RYHU� URXJK� WHUUDLQ� ORZ�IUHTXHQF\� KLJK�DPSOLWXGH� YLEUDWLRQV� RI� WKH� ZKROHPDFKLQH� DQG� WKH� FDE� DUH� SURGXFHG� >�@�� ,Q� VXFK� FRQGLWLRQV� RSHUDWRU¶VFRQFHQWUDWLRQ� DELOLWLHV� ZLOO� EH� YDVWO\� GHWHULRUDWHG�� ZKLFK� PD\� LPSDFW� RQ� ZRUNVDIHW\�

���'HVFULSWLRQ�RI�WKH�6\VWHP
7KH� DFWLYH� V\VWHPV� RI� SRVLWLRQ� FRQWURO� FRQVLVW� RI� WKUHH� VXE�V\VWHPV�� 7KHPHFKDQLFDO� VXE�V\VWHP� FRQQHFWV� WKH� IUDPH� ZLWK� WKH� DQDO\VHG� HOHPHQW� �L�H�� WKHEODGH��DQG�FRQVLVWV�RI�K\GUDXOLF�F\OLQGHUV�DUUDQJHG�LQ�VHULHV�DQG�SDVVLYH�OLQNV��7RHQVXUH�PD[LPDO�UHOLDELOLW\��HDFK�F\OLQGHU�VKRXOG�EH�VXSSOLHG�E\�D�VHSDUDWH�SXPS�7KH�SDVVLYH�OLQNV�DUH�WR�HOLPLQDWH�WKH�PRWLRQ�LQ�VHOHFWHG�'2)V�RI�WKH�H[DPLQHGHOHPHQW�ZLWK� UHVSHFW� WR� WKH� IUDPH�� 7KH�PHDVXULQJ� VXE�V\VWHP� LQFOXGHV� VHQVRUVZKLFK� WUDQVPLW� WKH� LQIRUPDWLRQ� DERXW� WKH�PRWLRQ� RI� WKH� IUDPH�� RI� WKH� DQDO\VHGHOHPHQW� DQG� WKH� F\OLQGHUV� WR� WKH� FRQWURO� VXE�V\VWHP�� 7KH� FRQWURO� VXE�V\VWHPUHFHLYHV� WKDW� LQIRUPDWLRQ�� SURFHVVHV� LW� DQG� VHQGV� WKH� LQIRUPDWLRQ� DERXW� WKHGHVLUHG�SLVWRQ�SRVLWLRQ�LQ�WKH�FRQWURO�YDOYH�7KH�PRVW�LQWULFDWH�PHFKDQLFDO�VXE�V\VWHP�FRQVLVWV�RI�VL[�F\OLQGHUV�OLQNLQJWKH�IUDPH�ZLWK�WKH�EODGH�E\�PHDQV�RI�VSKHULFDO�SDLUV��,Q�WKLV�FDVH�WKH�FRQWURO�RIF\OLQGHU�PRWLRQ�GHWHUPLQHV�WKH�EODGH�PRWLRQ�LQ�UHODWLRQ�WR�WKH�IUDPH�LQ�VL[�'2)V�,Q�SUDFWLFDO�DSSOLFDWLRQV�LW�LV�QRW�QHFHVVDU\�WR�FRQWURO�WKH�PRWLRQ�LQ�DOO� WKHVH�VL['2)V�� ,Q� WKH�FDVH�RI� VWUDLJKW�OLQH�PRWLRQ�RI� WKH�PDFKLQH�RYHU� URXJK� WHUUDLQ� WKHRSHUDWRUV� FDE� KDUGO\� URWDWHV� URXQG� WKH�YHUWLFDO� D[LV��:KHQ� WKH�PDFKLQH� WDNHV� D
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WXUQ�� VXFK� URWDWLRQ� LV� SUHVHQW� EXW� LW� LV� LPSUDFWLFDEOH� WR� WU\� WR� HOLPLQDWH� LW�� � 7RHQVXUH� WKH� VWDEOH� SRVLWLRQ� RI� WKH� EODGH� ZLWK� UHVSHFW� WR� WKH� GLWFK� VXUIDFH� � LW� LVVXIILFLHQW� WR� FRQWURO� WKH� PDFKLQH� PRWLRQ� IRU� WKUHH� '2)V�� 7KH� SDVVLYH� OLQNVSUHVHQW�LQ�WKH�PHFKDQLFDO�VXE�V\VWHP�HOLPLQDWH�WKH�EODGH�PRWLRQ�ZLWK�UHVSHFW�WRIUDPH� LQ� WKH� VHOHFWHG� '2)�� ZKLFK� DOORZV� WR� UHGXFH� WKH� QXPEHU� RI� DSSOLHG� �F\OLQGHUV�

��7KH�&RQGLWLRQ��RI�&\OLQGHU�&RQWURO
7KH� EDVLF� FRQGLWLRQ� IRU� F\OLQGHU� FRQWURO� LV� SURYLGHG� LQ� WKH� IROORZLQJIRUPXOD�� /HW� WKH� LQVWDQWDQHRXV� DQJXODU� YHORFLW\� RI� WKH� EODGH� EH� JLYHQ� E\� WKHYHFWRU� �)LJ�����ZKLOH�WKH�LQVWDQWDQHRXV�OLQHDU�YHORFLW\�RI�WKH�VHOHFWHG�SRLQW�6dzRELV�JLYHQ�E\�WKH�YHFWRU� ��%L LV�WKH�HQG�SRLQW�RI�WKH�YHFWRU� ZKLFK�KDV�LWV�RULJLQdY6

dU LDW� WKH� SRLQW�6� 7KH� LQVWDQWDQHRXV� YHORFLW\� RI� WKH� SRLQW�%L � FDQ� EH� REWDLQHGdY% LIURP�WKH�IXQGDPHQWDO�IRUPXOD�LQ�NLQHPDWLFV�� >�@�dY% L =dY6 + dzRE %dU L
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)LJ�����9HORFLW\�RI�WKH�F\OLQGHU
7KH� LQVWDQWDQHRXV� YHORFLW\� RI� WKH� SRLQW� $L � FDQ� EH� IRXQG� IURPdY$ LPHDVXUHPHQWV��$FFRUGLQJO\��ZH� FDQ� ILQG� �� WKH� LQVWDQWDQHRXV� YHORFLW\� RI�$L

dY$% LZLWK� UHVSHFW� WR� %L� � �� 7KH� � UDWH� � RI� SLVWRQ� URG� SXOORXW� LV� WKHdY$% L =dY$ L -dY%LSURMHFWLRQ�RI�WKH�YHORFLW\�YHFWRU� LQ�WKH�GLUHFWLRQ�RI��WKH�F\OLQGHU�dY$% L
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ZKHUH�� LV�WKH�XQLW�GLUHFWLRQDO�YHFWRU��dN L

:KHQ�WKH�DQDO\VHG�HOHPHQW�KDV �'2)V�ZKLOH�PRYLQJ�ZLWKM c (�� �� �� �� �� �)UHVSHFW� WR� WKH� IUDPH�� WKH� PHFKDQLFDO� VXE�V\VWHP� VKDOO� UHTXLUH� M F\OLQGHUV�� :HKDYH� WR� DVVXPH� WKHQ� M FRQGLWLRQV� WR� ILQG� � YHORFLW\� YHFWRU� FRPSRQHQWV��DQG� �dzRE (z[�z\�z]) dY6 (Y[� Y\� Y])

���5HVXOWV�RI�&RPSXWHU�6LPXODWLRQ
7KH�RSHUDWLRQ�RI�YDULRXV�SRVLWLRQ�FRQWURO�V\VWHPV�LQ�KHDY\�PDFKLQHV�ZDVPRGHOOHG�XVLQJ�:RUNLQJ�0RGHO��'�>�@��7KH�V\VWHP�VWDELOLVLQJ�WKH�EODGH�SRVLWLRQLQ�WKH�SODQH�;=�QRUPDO�WR�WKH�ORQJLWXGLQDO�D[LV�RI�WKH�PDFKLQH�< LV�SUHVHQWHG�LQ)LJ����

)LJ�����0RGHO�RI�PHFKDQLFDO�VXE�V\VWHP
,W� FRQVLVWV� RI� WKUHH� F\OLQGHUV� DQG� WZR� SDLUV� RI� SODWHV� FRQQHFWHG� WR� RQHDQRWKHU�� WR� WKH� IUDPH�DQG� WR� WKH� EODGH�E\�PHDQV� RI� VSKHULFDO� SDLUV�RQO\��7KHVHSODWHV� HOLPLQDWH� WKH� EODGH�PRWLRQ� DORQJ� WKH� ORQJLWXGLQDO� D[LV� RI� WKH�PDFKLQH�<DQG�URXQG�WKH�D[HV�; DQG�=� %HVLGHV��WKHVH�SODWHV�FDUU\�WKH�EHQGLQJ�ORDG��,Q�WKHFDVH� FRQVLGHUHG� KHUH� WKH� EODGH� KDV� WKUHH� '2)V� ZLWK� UHVSHFW� WR� WKH� IUDPH�� 7RHOLPLQDWH�LWV�PRWLRQ�LQ�WKH�SODQH�;=�ZH�KDYH�WR�FRQVLGHU�WKUHH�FRQGLWLRQV�� ��Y\ = �
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� ��)UDPH�PRWLRQ� LV� LPSOHPHQWHG� WKURXJK�D� VLPXODWRU��QRW� VKRZQ� LQY] = � z[ = �)LJ�����ZKLFK�FKDQJHV�WKH�IUDPH�SRVLWLRQ�LQ�WKH�SODQH�;=� 7KH�NLQHPDWLF�HIIHFW�RISRVLWLRQ� FRQWURO� LV�SUHVHQWHG� LQ�)LJ�� ���7KH� ORDG� SDWWHUQV� RI� WKUHH� F\OLQGHUV� DUHVKRZQ�LQ�)LJ�����IRU�WKH�EODGH�ZHLJKLQJ������NJ��

)LJ����)RUFHV�DFWLQJ�LQ�K\GUDXOLF�F\OLQGHUV)LJ����9HUWLFDO�YHORFLW\�RI�WKH�EODGH�DQG�IUDPH
$V�WKH�H[FLWDWLRQ�IUHTXHQF\�RI�WKH�VLPXODWRU�LQFUHDVHV��VRPH�XQIDYRXUDEOHSURFHVVHV�FDQ�EH�REVHUYHG��3RVLWLRQ�FRQWURO�EHFRPHV�OHVV�SUHFLVH�EHFDXVH�RI�WKHGHOD\� LQ� UHVSRQVH� �WLPH� FRQVWDQW�� RI� WKH� FRQWURO� VXE�V\VWHP�� 7KXV� SURGXFHGPRWLRQ�LQFUHDVHV�F\OLQGHU�ORDGLQJ��ZKLFK�UHVXOWV�LQ�KLJKHU�SRZHU�GHPDQG�IRU�WKHPHFKDQLFDO�VXE�V\VWHP�
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