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$%675$&7²� 7KLV� SDSHU� SUHVHQWV� WKH� VWXG\� RI� D� YHU\� VHYHUH�
SUREOHP� RFFXUULQJ� LQ� SRZHU� V\VWHPV�� L�H�� 6XEV\QFKURQRXV�
5HVRQDQFH��665���,Q�WRGD\¶V�WLPH�ZKHQ�WKH�HOHFWULFLW\�LV�WKH�OLIH�RQ�
HDUWK�DQG� WKH�TXDOLW\�RI�SRZHU�SURYLGHG�KDV�EHHQ� WKH�NH\�SRLQW�RI�
IRFXV��WKLV�VWXG\�JLYHV�D�ZD\�RI�LPSURYLQJ�WKLV�SRZHU�TXDOLW\��:KHQ�
WKH�WUDQVIHU�RI�SRZHU�LV�GRQH�IURP�RQH�SODFH�WR�DQRWKHU�WKURXJK�ORQJ�
WUDQVPLVVLRQ� OLQH�� WKHUH� LV� D� QHHG� IRU� VHULHV� FRPSHQVDWRUV�� 7KHVH�
VHULHV� FRPSHQVDWRUV� XQGHU� FHUWDLQ� FRQGLWLRQV� JLYH� ULVH� D� UHVRQDQW�
FXUUHQWV� FDXVLQJ� D� SKHQRPHQRQ� FDOOHG� 665�� ,Q� WKLV� VWXG\� WKLV�
SUREOHP� LV� PLWLJDWHG� XVLQJ� 83)&� LQ� WKH� WUDQVPLVVLRQ� OLQH�� 7KLV�
83)&�LV�IXUWKHU�HTXLSSHG�ZLWK�)X]]\�/RJLF�&RQWUROOHU��)/&��JLYLQJ�
WKH�EHWWHU�UHVXOWV��7KH�FRPSDUDWLYH�UHVXOWV�DUH�VKRZQ�LQ�WKH�VWXG\�WR�
SURYH�WKH�HIIHFWLYHQHVV�RI�GHVLJQHG�FRQWURO�VFKHPH��
�

.H\ZRUGV����6XEV\QFKURQRXV�5HVRQDQFH��665���8QLILHG�3RZHU�
)ORZ�&RQWUROOHU��83)&���)$&76��7RUVLRQDO�,QWHUDFWLRQ��)X]]\�ORJLF�
FRQWURO��

,�� ,1752'8&7,21�
7KH� SRZHU� V\VWHP� LV� ZRUNLQJ� DW� LWV� OLPLWV� EHFDXVH� RI� WKH�

LQFUHDVLQJ�GHPDQG�HVSHFLDOO\�LQ�WKH�GHYHORSLQJ�FRXQWULHV�VXFK�
DV�,QGLD�ZHUH�WKH�GHPDQG�IRU�HOHFWULFLW\�LV�LQFUHDVLQJ�H[WUHPHO\��
,Q� WRGD\¶V� ZRUOG� ZH� VHH� WKDW� WKHUH� LV� QHHG� IRU� D� UHOLDEOH��
HIILFLHQW�� VWDEOH�� DGHTXDWH� V\VWHP� IRU� JRRG� SRZHU� TXDOLW\�
EHFDXVH� RI� WKH� LQFUHDVH� LQ� VHQVLWLYH� LQGXVWULHV� VXFK� DV�
LQIRUPDWLRQ� WHFKQRORJ\�� WHOHFRPPXQLFDWLRQ�� HOHFWURQLFV�
LQGXVWULHV�� HWF�� WKXV� LQ� WKHVH� WLPHV� LW� LV� WKH� GXW\� RI� SRZHU�
HQJLQHHUV�WR�QRW�RQO\�IXOILOO�WKH�GHPDQG�EXW�DOVR�WR�SURYLGH�WKH�
SRZHU�RI�JRRG�TXDOLW\�DQG�UHOLDELOLW\��7KHVH�SUREOHPV�KHOS�XV�
XQGHUVWDQG�WKH�QHHG�RI�SRZHU�V\VWHP�VWDELOLW\�>�@�>�@��

)OH[LEOH� $&� 7UDQVPLVVLRQ� 6\VWHPV�� FRPPRQO\� NQRZQ� DV�
)$&76��ZKLFK�PDNH�WKH�XVH�RI�SRZHU�HOHFWURQLF�GHYLFHV�KDYH�
EHHQ�WUHQGLQJ�LQ�UHFHQW�WLPH�IRU�WKH�ZKROH�SXUSRVH�RI�VWDELOLW\�
DQG�FRQWURO�RI�HOHFWULFDO�SRZHU�V\VWHP�>�@��

$Q�,(((�&RPPLWWHH�5HSRUW��������GHILQHV�665�DV�IROORZV��
³6XE�6\QFKURQRXV�5HVRQDQFH�LV�D�FRQGLWLRQ�LQ�HOHFWULF�SRZHU�
V\VWHP�LQ�ZKLFK�WKH�HQHUJ\�LQ�HOHFWULFDO�V\VWHP�ZLWK�D�WXUELQH�
RI�D�JHQHUDWRU�DW�RQH�RU�PRUH�RI�WKH�IUHTXHQFLHV��QDWXUDO��RI�WKH�
FRPELQHG�V\VWHP�LV�EHORZ�WKH�V\QFKURQRXV�IUHTXHQF\�RI�WKH�
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V\VWHP�>�@��
7KH� 83)&� LV� YHUVDWLOH� DQG� RQH� RI� WKH� SRZHUIXO� )$&76�

HTXLSPHQW�DQG� LW� FDQ�EH�XVHG� WR� LPSURYH� WKH� VWDELOLW\��SRZHU�
TXDOLW\�RI�SRZHU�V\VWHP�DV�ZHOO�DV�LW�FDQ�EH�XVHG�WR�FRQWURO�WKH�
UHDFWLYH�DQG�UHDO�SRZHU�IORZ�LQ�WKH�G\QDPLF�V\VWHP��83)&�FDQ�
DFW�DV�D�G\QDPLF�GHYLFH�DV�ZHOO�DV�WKH�VWDWLF�GHYLFH�>�@��

$Q� ,(((� VHFRQG� EHQFKPDUN� 6LPXOLQN� PRGHO� LV� XVHG� WR�
DQDO\]H�WKH�665�SUREOHP�LQ�WKLV�SDSHU��7KH�83)&�LV�FRQQHFWHG�
WR�WKH�V\VWHP�DORQJ�ZLWK�)/�EDVHG�FRQWUROOHU�LQ�RUGHU�WR�PLWLJDWH�
WKH� 665� SUREOHP� IURP� WKH� V\VWHP�� 7KH� H[HFXWLRQ� RI� WKH�
SURSRVHG�VFKHPH�LV�YHULILHG�ZLWK�0$7/$%�6,08/,1.��
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,,��81,),('�32:(5�)/2:�&21752//(5��83)&��
7KH� YDULRXV� SDUDPHWHUV� ZKLFK� FDQ� EH� VLPXOWDQHRXVO\�

FRQWUROOHG� E\� 83)&� DUH� /LQH� LPSHGDQFH�� YROWDJH� DQG� SKDVH�
DQJOH�� WKXV�PDNLQJ� LW�PRVW�HIIHFWLYH�)$&76�GHYLFH�� ,W� LV� WKDW�
IDPLO\�RI�)$&76�GHYLFHV�ZKLFK�LV�XVHG�IRU�RSWLPDO�SRZHU�IORZ�
LQ� WKH� V\VWHP��7KH�83)&�ZKHQ�VHFWLRQDOL]HG�FRQVLVWV�RI� WZR�
GHYLFHV��6WDWLF�V\QFKURQRXV�FRPSHQVDWRU� �67$7&20��LV�RQH�
DQG� WKH� RWKHU� RQH� LV� VWDWLF� VHULHV� V\QFKURQRXV� FRPSHQVDWRU�
�666&��DV�VKRZQ�LQ�VFKHPDWLF�)LJ������7KHUH�LV�GF�FRPPRQ�OLQN�
DQG�GF�VWRUDJH�FDSDFLWRU�WKDW�FRQQHFWV�WKH�WZR�GHYLFHV�WRJHWKHU��
%HWZHHQ�WKH�WZR�DF�EUDQFKHV��WKH�GLUHFWLRQ�RI�UHDO�SRZHU�IORZ�
FDQ�EH�IURP�HLWKHU�FRQYHUWHU��(DFK�FRQYHUWHU�KDV�WKH�SURSHUW\�
RI�DEVRUELQJ�RU�GHOLYHULQJ�WKH�UHDFWLYH�SRZHU�LQGLYLGXDOO\�IURP�
WKH� DF� FRXSOLQJ� SRLQW� RI� WKH� OLQH�� 7KH� JDWLQJ� VLJQDOV� WR� WKH�
FRQYHUWHU� YDOYHV� DUH� SURYLGHG� E\� WKH� FRQWUROOHU� WR� JLYH� WKH�
UHTXLUHG� VHULHV� YROWDJHV�� 6KXQW� FXUUHQWV� DUH� GUDZQ�
VLPXOWDQHRXVO\�E\�LW��ZKLFK�DUH�QHFHVVDU\�WR�SURYLGH�WKH�VHULHV�
LQMHFWHG�YROWDJHV�UHTXLUHG��7KH�LQYHUWHU�UHTXLUHV�WKH�GF�YROWDJH�
ZLWK�WKH�UHJHQHUDWLYH�FDSDELOLW\�>�@��>�@��

83)&� SURYLGHV� WKH� G\QDPLF� FRPSHQVDWLRQ� UHVSRQVH� DQG�
UHDO�WLPH�WXUQ�RII�FRQWURO�RI�WUDQVPLVVLRQ�V\VWHPV��7KH�8QLILHG�
3RZHU�)ORZ�&RQWURO�FRQWDLQV�WZR�VZLWFKLQJ�FRQYHUWHUV�ZKLFK�
DUH�NQRZQ�WR�EH�YROWDJH�VRXUFHG�LQYHUWHUV��96&V��DQG�WKH\�XVH�
WK\ULVWRU� JDWLQJ� YDOYHV�� DV� GHPRQVWUDWHG� LQ� )LJ���� %RWK� WKH�
LQYHUWHUV�PDUNHG�DV��96&�´�DQG��96&���VKRZQ�LQ�WKH�)LJ�����
FDQ�ZRUN�RQ�D�GF�OLQN�SURYLGHG�ZLWK�D�FDSDFLWRU�ZKLFK�DFWV�DV�
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