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%URRNKDYHQ�1DWLRQDO�/DERUDWRU\
8SWRQ��1<��86$

$EVWUDFW

7KH� %URRNKDYHQ� ����0H9� OLQDF� VHUYHV� DV� WKH� LQMHFWRU
IRU� WKH� $*6� %RRVWHU�� DV� ZHOO� DV� GHOLYHULQJ� EHDP� WR� WKH
%LRPHGLFDO� ,VRWRSH� 5HVRXUFH� &HQWHU�� � 'XULQJ� WKH� SDVW� \HDU�
PDQ\�OLQDF�V\VWHPV�KDYH�EHHQ�XSJUDGHG�WR�DOORZ�RSHUDWLRQ�DW
����WLPHV�KLJKHU�DYHUDJH�FXUUHQW������P$����7KLV�ZDV�DFKLHYHG
E\� DQ� LQFUHDVH� LQ� UHS�UDWH� IURP� �� WR� ���� +]�� DQ� LQFUHDVH� LQ
EHDP�FXUUHQW� IURP����P$�WR����P$��DQG�D� VOLJKW� LQFUHDVH� LQ
SXOVH� ZLGWK� WR� a����PV�� � $GGLWLRQDO� XSJUDGHV� ZHUH� PDGH� WR
LPSURYH� UHOLDELOLW\� DQG� PRGHUQL]H� ROG� V\VWHPV�� � 7KLV� SDSHU
GHVFULEHV� � LPSURYHPHQWV� PDGH� LQ� WKH� ��� NH9� DQG� ���� NH9
EHDP�WUDQVSRUW������0H9�EHDP�WUDQVSRUW��UI�WUDQVPLVVLRQ�OLQH�
UI�SRZHU�VXSSOLHV��FRQWURO�V\VWHPV��DQG�LQVWUXPHQWDWLRQ�

,QWURGXFWLRQ

7KH�$*6�����0H9�OLQDF�DFFHOHUDWHV�+
�
�LRQV�IRU�LQMHFWLRQ

LQWR�WKH�$*6�%RRVWHU���7KH�OLQDF�RSHUDWHV�DW�D�����+]�UHS�UDWH�
DQG�VLQFH�WKH�%RRVWHU�WDNHV�RQO\���SXOVHV�HYHU\�a��VHFRQGV��DOO
UHPDLQLQJ�SXOVHV�DUH�VHQW�WR�WKH�%LRPHGLFDO�0HGLFDO�5HVRXUFH
&HQWHU� �%,5&��� � 7KLV� IDFLOLW\� SURGXFHV� UDGLRLVRWRSHV� IRU� WKH
SKDUPDFHXWLFDO�DQG�PHGLFDO�FRPPXQLW\��DV�ZHOO�DV�VXSSRUWLQJ
D� PHGLFDO� UHVHDUFK� SURJUDP�� � ,Q� RUGHU� WR� PHHW� LQFUHDVHG
GHPDQG�IRU�LVRWRSHV��ZH�KDYH�QHDUO\�FRPSOHWHG�DOO�SKDVHV�RI�D
SURJUDP�WR�XSJUDGH�WKH�DYHUDJH�FXUUHQW�RXW�RI� WKH�OLQDF�� �7KH
$*6�KDV� DOVR�EHQHILWHG� IURP� WKH� LPSURYHPHQWV�� VLQFH�KLJKHU
SHDN�FXUUHQW�RXW�RI� WKH� OLQDF� LPSURYHV�%RRVWHU� LQMHFWLRQ�� DQG
WKH� UHOLDELOLW\� RI� WKH� OLQDF� ZDV� LPSURYHG� WKURXJK
PRGHUQL]DWLRQ� RI� V\VWHPV�� � 0RVW� RI� WKH� LPSURYHPHQWV� ZHUH
IXQGHG�DV�SDUW�RI�WKH�%,5&�SURMHFW��WKURXJK�'2(�2+(5��EXW
SDUWV� KDYH� DOVR� EHHQ� VXSSRUWHG� WKURXJK� $*6� 'HSDUWPHQW
$FFHOHUDWRU� ,PSURYHPHQW� 3URMHFWV�� � $V� D� UHVXOW� RI� WKHVH
LPSURYHPHQWV�� WKH� DYHUDJH� FXUUHQW� RXW� RI� WKH� OLQDF� KDV
LQFUHDVHG�E\�D�IDFWRU�RI������ WR�����P$��� � �7DEOH���VKRZV� WKH
OLQDF� SHUIRUPDQFH� EHIRUH� DQG� DIWHU� WKH� XSJUDGH�� � 7KH
LPSURYHPHQWV�PDGH�WR�WKH�YDULRXV�VXEV\VWHPV�DUH�GHVFULEHG�LQ
WKH�IROORZLQJ�VHFWLRQV�

7DEOH��

��������������������%HIRUH�8SJUDGH $IWHU�8SJUDGH
+

�
�%HDP�&XUUHQW �� �����P$ ����������P$

5HSHWLWLRQ�5DWH ������+] �����������+]
%HDP�:LGWK� ����PV ����������PV
$YHUDJH�&XUUHQW��� �����P$ ����������P$

���NH9�%HDP�7UDQVSRUW�/LQH

7KH�EHDP� IURP� WKH�PDJQHWURQ� VXUIDFH�SODVPD�+�
� VRXUFH

LV� PDWFKHG� LQ� WR� WKH� 5)4� E\� WZR� SXOVHG� PDJQHWLF� VROHQRLG
OHQVHV���8QWLO�WKLV�\HDU���WKH�GLVWDQFH�EHWZHHQ�VRXUFH�DQG�5)4
ZDV� ���� P�� � 7KLV� OLQH� DOVR� LQFOXGHG� DQ� HPLWWDQFH� PHDVXULQJ
GHYLFH�DQG�D�IDVW�EHDP�FKRSSHU���%HFDXVH�IDVW�EHDP�FKRSSLQJ
LV�QRZ�GRQH�PXFK�PRUH�HIIHFWLYHO\� LQ� WKH� WUDQVSRUW� OLQH� DIWHU
WKH�5)4�� WKLV����NH9�FKRSSHU� �ER[�ZDV� UHPRYHG� WR� LPSURYH
�BBBBBBBBBBBBBBBBBBBBBBBBBBBB

:RUN�SHUIRUPHG�XQGHU�WKH�DXVSLFHV�RI�WKH�8�6��'HSW��RI�(QHUJ\�

WKH�PDWFKLQJ�LQ�WR�WKH�5)4���,Q�DGGLWLRQ��FDOFXODWLRQV�VKRZHG
WKDW�PDWFKLQJ� FRXOG� EH� IXUWKHU� LPSURYHG� LI� WKH� ILUVW� VROHQRLG
ZHUH� PRYHG� FORVHU� WR� WKH� VRXUFH�� DQG� WKH� VHFRQG� VROHQRLG
FORVHU� WR� WKH�5)4�� �:LWK� WKH�QHZ�GLVWDQFH�RI�����P�� WKH� ILUVW
VROHQRLG�PRYHG���FP�XSVWUHDP�DQG�WKH�VHFRQG�VROHQRLG�PRYHG
��FP�GRZQVWUHDP��WKH�WUDQVPLVVLRQ�WKURXJK�WKH�5)4�LPSURYHG
E\� a����� IURP� WKH� ������� UDQJH� WR� �������� GHSHQGLQJ� RQ
VRXUFH� RSHUDWLQJ� FRQGLWLRQV�� � 7KH� HPLWWDQFH� RI� WKH� EHDP� LQ
IURQW�RI�WKH�5)4�ZDV�UHGXFHG�E\�DERXW�a������7\SLFDO�FXUUHQW
RXW� RI� WKH� 5)4� LV� QRZ� ��� P$�� � � DQG� WKH� PD[LPXP� FXUUHQW
WKURXJK�WKH�5)4�ZDV����P$������WUDQVPLVVLRQ����,Q�RXU�FDVH�
WKH�¦WUDQVPLVVLRQ§� LV� WKH� UDWLR�RI�RXWSXW�FXUUHQW��PHDVXUHG���
FP�DIWHU�WKH�5)4��WR�LQSXW�FXUUHQW�PHDVXUHG����FP�EHIRUH�WKH
5)4���

����NH9�%HDP�7UDQVSRUW�/LQH

7KHUH� LV� D� ��P� WUDQVSRUW� OLQH� IURP� WKH�5)4� WR� OLQDF�� WR
DFFRPPRGDWH�D�SXOVHG�GLSROH�ZKHUH�SRODUL]HG�+�

�FRPHV�IURP
D�VHFRQG�EHDPOLQH��DQG�D�IDVW�EHDP�FKRSSHU�� �7KHUH�DUH�WKUHH
EXQFKHUV�DQG�����TXDGUXSROHV�LQ�WKLV�OLQH���7UDQVPLVVLRQ�LQ�WKLV
OLQH�ZDV�RQO\�a�����ZLWK�ORVVHV�HDUO\�LQ�WKH�OLQH�FDXVHG�E\�WKH
IDFW� WKDW� WKH� ILUVW� TXDGUXSROH� DIWHU� WKH� 5)4� ZDV� QRW� FORVH
HQRXJK�WR�FDWFK�WKH�EHDP�EHIRUH�LW�JRW� WRR�ODUJH�� � ,Q�RUGHU� WR
UHGXFH�WKH�EHDP�GLYHUJHQFH�TXLFNO\�FRPLQJ�RXW�RI�WKH�5)4��D
���� FP� DSHUWXUH�� ���� FP� ORQJ� SHUPDQHQW� PDJQHW� TXDGUXSROH
ZDV�SODFHG�LQ�WKH�HQGIODQJH�RI�WKH�5)4��RQO\�����FP�IURP�WKH
5)4� YDQH� WLS�� � ,Q� DGGLWLRQ�� WKLV� TXDGUXSROH� FDQ� EH� PRYHG
WUDQVYHUVHO\� ZKLOH� UXQQLQJ� EHDP�� YLD� PLFURPHWHU� DGMXVWPHQW
RXWVLGH�YDFXXP�� LQ�RUGHU� WR� VWHHU� WKH�EHDP�� �$�SLFWXUH�RI� WKH
5)4�HQGIODQJH�ZLWK�304�LV�VKRZQ�LQ�ILJXUH����

$GGLWLRQDO� FKDQJHV� LQ� WKH� OLQH� ZHUH� WR� PRYH� WKH� ILUVW
TXDGUXSROH� WULSOHW� �� FP� FORVHU� WR� WKH� 5)4�� DQG� WR� FRQYHUW� D
ILQDO� TXDGUXSOHW� �ZKLFK�KDG�EHHQ� UXQQLQJ� DV� D� WULSOHW��� LQWR� D
UHDO� WULSOHW�� �:H� DOVR� UHPRYHG� DOO�PDJQHWV� IURP� WKH� OLQH� DQG

)LJXUH����5)4�HQGIODQJH�ZLWK�SHUPDQHQW�PDJQHW�TXDGUXSROH�
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KDG�WKH��ILHOGV�SUHFLVHO\�PHDVXUHG�E\�WKH�5+,&�PDJQHW�JURXS�
�$OO� PDJQHWV� ZHUH� FDUHIXOO\� VXUYH\HG� ZKHQ� UHLQVWDOOHG�
SDUWLFXODUO\� WU\LQJ� WR� HOLPLQDWH� TXDGUXSROH� URWDWLRQV�� ZKLFK
OHDGV� WR� HPLWWDQFH� JURZWK� RI� WKH� EHDP�� � :LWK� WKHVH
LPSURYHPHQWV�� WKH� WUDQVPLVVLRQ� IURP� WKH� 5)4� WR� OLQDF� ZDV
LPSURYHG�WR�a������:H�EHOLHYH�WKDW�WKH�UHPDLQLQJ�ORVV�FRPHV
IURP�WKH����¦JULGV§���PDGH�RI�WKLQ�WXQJVWHQ�VWULSV��LQ�WKH�OLQH�
LQ�WKH�WKUHH�EXQFKHU�FDYLWLHV�
�� :LWK� WKLV�����KLJKHU�FXUUHQW� DW� WKH� OLQDF�HQWUDQFH�� � � WKH
OLQDF� WUDQVPLVVLRQ� UHPDLQHG� WKH� VDPH�� ZLWK� a���� EHLQJ
FDSWXUHG�LQ�WKH�ILUVW�WDQN���7KLV�DJUHHV�ZLWK�FDOFXODWLRQV�RI�WKH
OLQH��DQG�FRPHV�IURP�WKH�IDFW�WKDW�WKH�OLQH�LV�WRR�ORQJ�WR�PDWFK
ORQJLWXGLQDOO\� ZLWK� RQO\� WKUHH� EXQFKHUV�� � 7KH� FDOFXODWLRQV
VKRZ�WKDW�ZLWK�D�IRXUWK�EXQFKHU�WKH�FDSWXUH�LQWR�WKH�OLQDF�FRXOG
EH�!�����

����0H9�%HDP�7UDQVSRUW�/LQH

7KHUH� ZHUH� ERWK� YDFXXP�UHODWHG� DQG� EHDP� RSWLFV
LPSURYHPHQWV�LQ�WKH�WUDQVSRUW�OLQH�EHWZHHQ�WKH�HQG�RI�WKH�OLQDF
DQG�WKH�%,5&�WDUJHW�� �0RVW�RI� WKH�YDFXXP�FRPSRQHQWV� LQ� WKH
OLQH�ZHUH�UHSODFHG���2�ULQJV�ZHUH�HOLPLQDWHG��DQG�WKH�OLQH�QRZ
XVHV�DOO�FRQIODW�IODQJHV���$OXPLQXP�SLSH�ZDV�XVHG�LQ�PXFK�RI
WKH� OLQH� WR� PLQLPL]H� DFWLYDWLRQ�� � 3XPSLQJ� RI� WKH� OLQH� ZDV
LQFUHDVHG��ZLWK�QHZ�WXUER�SXPSV�DQG�LRQ�SXPSV���$SHUWXUHV�LQ
WKH�OLQH�ZHUH�LQFUHDVHG�ZKHUHYHU�SRVVLEOH��DQG�PRVW�RI�WKH�OLQH
KDV�HLWKHU����RU����GLDPHWHU�EHDPSLSH��

'HWDLOV�RI�WKH�RSWLFV�RI�WKH�OLQH�DUH�JLYHQ�LQ�DQRWKHU�SDSHU
DW�WKLV�&RQIHUHQFH�>�@�%ULHIO\��WKHUH�DUH�WZR�EHQGV�EHWZHHQ�WKH
OLQDF� DQG�%,5&� WDUJHW�� DQG� D� TXDGUXSROH�ZDV� DGGHG� WR�PDNH
WKHVH� EHQGV� DFKURPDWLF�� � )XUWKHU� GRZQVWUHDP�� WZR� RFWXSROHV
DQG�WZR�TXDGUXSROHV�ZHUH�DGGHG�LQ�RUGHU�WR�SURGXFH�D�XQLIRUP
FXUUHQW� GHQVLW\� RQ� WKH� %,5&� WDUJHWV�� WR� SUHYHQW� PHOWLQJ� RI
VRPH�WDUJHW�PDWHULDOV�DW�WKLV�LQFUHDVHG�EHDP�SRZHU���:KLOH�ZH
KDYH� EHHQ� DEOH� WR� SURGXFH� IODWWHQHG� EHDP� SURILOHV� RQ� DQ
XSVWUHDP� SURILOH� PRQLWRU�� SURJUHVV� RQ� SURGXFLQJ� D� IODW
GLVWULEXWLRQ� RQ� WDUJHW� KDV� EHHQ� VORZ�� GXH� WR� WKH� ORQJ
WXUQDURXQG�WLPH����GD\��RQ�SURILOH�PHDVXUHPHQWV�DW� WKH�WDUJHW
ORFDWLRQ��YLD�DFWLYDWLRQ�RI�IRLOV�DQG�FRXQWLQJ���

+LJK�3RZHU�7UDQVPLVVLRQ�/LQH

,Q�RUGHU�WR�LPSURYH�UHOLDELOLW\�DW� WKH�LQFUHDVHG�OLQDF�GXW\
IDFWRU��DOO�WKH�����FRD[LDO�WUDQVPLVVLRQ�OLQH�ZDV�UHSODFHG���8S
WR���0:�SHDN�SRZHU�LV�IHG�IURP�HDFK�RI� WKH�QLQH�UI�V\VWHPV�
WKURXJK�D���GE�SRZHU�VSOLW��DQG�LQWR�WZR�SRUWV�RQ�HDFK�RI� WKH
QLQH� DFFHOHUDWLQJ� FDYLWLHV�� D� WRWDO� RI� RYHU� ���� P� RI
WUDQVPLVVLRQ� OLQH� IRU� WKH� IXOO� OLQDF�� � � �2XU����\HDU�ROG�V\VWHP
KDG�GLVDGYDQWDJHV�RI�KDYLQJ�DOXPLQXP�LQQHU�FRQGXFWRU��VSULQJ
ULQJ� UI� FRQWDFWV�� DQG� ZDV� XQSUHVVXUL]HG�� � � 7KH� QHZ
WUDQVPLVVLRQ� OLQH� V\VWHP�ZDV�EXLOW� DQG� LQVWDOOHG�E\�'LHOHFWULF
&RUSRUDWLRQ���,W�KDV�D�FRSSHU�LQQHU�FRQGXFWRU�DQG�DQ�DOXPLQXP
DOOR\�RXWHU�FRQGXFWRU��LV�SUHVVXUL]HG�WR����SVL�ZLWK�GU\�DLU��DQG
WKH� FRQQHFWRUV� IRU� WKH� FHQWHU� FRQGXFWRU� DUH� (,$�W\SH� ILQJHU
FRQWDFWV�� � :H� UHSODFHG� WKH� IXOO� V\VWHP�� LQFOXGLQJ� WKH� �� GE
SRZHU� VSOLWWHUV�� ZDVWHU� ORDGV�� EUHDNDZD\� DQG� WHOHVFRSLQJ
VHFWLRQV�� DQG� UHIOHFWRPHWHUV�� � $� K\EULG� SKDVH� VKLIWHU�
�PHFKDQLFDOO\�YDULDEOH��ZDV� UHSODFHG�ZLWK�D� WUDQVPLVVLRQ� OLQH
VHFWLRQ�RI�RSWLPXP�OHQJWK�LQ�HDFK�V\VWHP�

7KH�UHPRYDO�RI� WKH�ROG� WUDQVPLVVLRQ� OLQH� WRRN�RQH�ZHHN�
DQG� � WKH� DFWXDO� LQVWDOODWLRQ� WLPH� IRU� WKH� QHZ� V\VWHP� ZDV
DSSUR[LPDWHO\� WKUHH� ZHHNV�� DOWKRXJK� WRWDO� WLPH� WR� IXOO\
FRPSOHWH�� WHVW�DQG�GHEXJ�ZDV� WKUHH�PRQWKV�� �7KH�QHZ�V\VWHP
KDV�RSHUDWHG�YHU\�UHOLDELOLW\���ZLWK�ORZ�LQVHUWLRQ�ORVV��YHU\�ORZ
SUREDELOLW\�RI�YROWDJH�EUHDNGRZQ��DQG�LPSURYHG�6�SDUDPHWHUV�

/LQDF�5)�3RZHU�6XSSOLHV

�����$QRGH�3RZHU�6XSSO\
7KH���0:�SRZHU�DPSOLILHUV�IRU�WKH�OLQDF�XVH�%XUOH�����

WULRGHV�� �$W� WKH�LQFUHDVHG�FXUUHQW�DQG�GXW\�IDFWRU�RI� WKH� OLQDF�
VRPH�RI�WKH����N9����$�������DQRGH�SRZHU�VXSSOLHV�ZRXOG�EH
UXQQLQJ�DW�WKHLU���$�OLPLW��D�FRQFHUQ�IRU�UHOLDELOLW\���,Q�DGGLWLRQ�
WKHVH�SRZHU� VXSSOLHV�� FRQVWUXFWHG� LQ������� DUH�RLO� ILOOHG�XQLWV
WKDW� DUH� RXWVLGH� WKH� OLQDF� EXLOGLQJ�� FRQQHFWHG� WR� FDSDFLWRU
EDQNV�E\�D� ORQJ�KLJK�YROWDJH� WUDQVPLVVLRQ� V\VWHP�� �6HUYLFLQJ
WKH�SRZHU� VXSSOLHV�FDQ�EH�D�SUREOHP�EHFDXVH�RI�ZHDWKHU�DQG
WKH� QHHG� IRU� D� FUDQH�� � $OVR�� WKH� SODFHPHQW� RI� WKH� SRZHU
VXSSOLHV� ZRXOG� QRW� PHHW� FXUUHQW� FRGH� UHTXLUHPHQWV� IRU� ILUH
SURWHFWLRQ�RU�RLO�FRQWDLQPHQW���,W�ZDV�IHOW�WKDW�ZLWK�WKH�SUHVHQW
WHFKQRORJ\�� D� GU\� W\SH� SRZHU� VXSSO\� FRXOG� EH� EXLOW�� DQG� LQ
RUGHU�WR�PHHW�DQ\�IXWXUH�UHTXLUHPHQWV��ZH�VHWWOHG�RQ�D����N9�
��$�VXSSO\�

:KLOH� VHYHUDO� YHQGRUV� RIIHUHG� KLJK� IUHTXHQF\� VZLWFKLQJ
VXSSOLHV��WKH�ILQDO�VHOHFWLRQ�ZDV�D�FRQYHQWLRQDO���SXOVH�SULPDU\
SKDVH�FRQWUROOHG�GU\� W\SH� WUDQVIRUPHU� UHFWLILHU� �75�� VHW�� EXLOW
E\� �8QLYHUVDO�9ROWURQLFV� �89&��� �7R� VDYH�PRQH\�� WKH� SRZHU
VXSSOLHV�ZHUH� KRXVHG� LQ� H[LVWLQJ� OLQDF� FDELQHWV� WKDW� IRUPHUO\
KRXVHG� WKH� FKDUJH� FRQWURO� DPSOLILHUV�� � 7KHVH� FDELQHWV� DUH
�[�[�� IHHW� DQG� DUH� IXOO\� FRPSDWLEOH� ZLWK� WKH� H[LVWLQJ� OLIWLQJ
IL[WXUHV��EXLOGLQJ�FUDQH��DQG�IORRU�VSDFH�UHTXLUHPHQWV�

7KH� KLJK� YROWDJH� VHFRQGDU\� FRLO� RI� WKH� WUDQVIRUPHU
SUHVHQWHG�WKH�JUHDWHVW�WHFKQLFDO�FKDOOHQJH���,Q�WKH�ILQDO�GHVLJQ�
HDFK� RI� �� VHFRQGDU\� FRLO� DVVHPEOLHV� ZDV� GLYLGHG� LQWR� WZR
LQGLYLGXDO�FRLOV��ORZHULQJ�WKH�OD\HU�WR�OD\HU�YROWDJH�E\�D�IDFWRU
RI� WZR�� � 7KH� FRLOV� ZHUH� WKHQ� ZRXQG�ZLWK� YHUWLFDO� VSDFHUV� WR
DOORZ�WKH�HSR[\�WR�IORZ�EHWZHHQ�HDFK�RI�WKH�OD\HUV���7KH�ILQDO�
FRPSOHWHG� ���� ZDWW� WUDQVIRUPHU� DVVHPEO\� LV� FRPSDFW�
PHDVXULQJ� ���
[�
[�
�� 1RQH� RI� WKH� WHPSHUDWXUHV� RQ� WKH
WUDQVIRUPHU�VHFRQGDU\�H[FHHGHG����&�DIWHU����KRXUV�UXQQLQJ�

7KH�SRZHU�VHFWLRQ� LV�D�VWUDLJKWIRUZDUG�VL[�SXOVH�SULPDU\
SKDVH� FRQWURO�� 7KH� YROWDJH� DQG� FXUUHQW� UHJXODWLQJ� ORRSV� DUH
FRPSHQVDWHG� IRU� WKH� FDSDFLWLYH� ORDG�� � 7KH� SRZHU� VXSSO\
FKDUJHV�WKH�FDSDFLWRU�EDQN�DW�D�FRQVWDQW�FXUUHQW��FXUUHQW�PRGH�
XQWLO�WKH�SUHVHW�YROWDJH�LV�UHDFKHG��YROWDJH�PRGH��

6HYHQ� SRZHU� VXSSOLHV� KDYH� EHHQ� GHOLYHUHG� WR� %1/� DQG
WHVWHG��ZLWK�WKH�UHPDLQGHU�GXH�VKRUWO\���7KH\�ZLOO�JR�RQOLQH�LQ
-DQXDU\�
���

�����$QRGH�3RZHU�6XSSO\
7KH�%XUOH������WHWURGH�LV�XVHG�LQ�WKH�GULYHU�VWDJH�RI� WKH

OLQDF�UI�V\VWHP���7KH�DQRGH�SRZHU�VXSSO\�LV�EHLQJ�XSJUDGHG�WR
LPSURYH� WKH� IHHGEDFN� FRQWURO�� HPSOR\LQJ� ERWK� FXUUHQW� DQG
YROWDJH�IHHGEDFN��DQG�UHSODFH�XQDYDLODEOH�6&5�FRQWUROOHUV�

3/&�&RQWUROV�IRU�5)�6\VWHPV
7KH� OLQDF� LV� PDGH� XS� RI� �� LGHQWLFDO� UI� VWDWLRQV�� (DFK

VWDWLRQ� KDV� VHYHUDO� VXEV\VWHPV�� LQFOXGLQJ� WKH� GULYHU�� ����
ILODPHQW� VXSSO\� DQG� FDYLW\�� ��� N9� VXSSO\�� FDSDFLWRU� EDQN�
PRGXODWRU�� DQG� ORFDO� FRQWURO� VWDWLRQ� �/&6��� � (DFK� RI� WKH
VXEV\VWHPV� KDV� LQGLYLGXDO� FRQWURO� EXFNHWV� IRU� $&� DQG� KLJK
YROWDJH�ORJLF���7KHVH�EXFNHWV�ZHUH�GHVLJQHG�DQG�EXLOW�LQ�����
DURXQG������77/�VHULHV�FRPSRQHQWV���5HSODFLQJ�WKHVH�FRQWURO
EXFNHWV�ZLWK�PRUH�PRGHUQ�FRPSRQHQWV� LV�D�QHFHVVLW\�EHFDXVH
PDQ\�RI�WKH�FRPSRQHQWV�DUH�QR�ORQJHU�DYDLODEOH��

:H� DUH� EHJLQQLQJ� WR� LPSOHPHQW� D� QHZ� FRQWURO� V\VWHP�
XWLOL]LQJ� SURJUDPPDEOH� ORJLFDO� FRQWUROOHUV� �3/&
V��� � ,W� LV
GHVLJQHG� IRU� IXOO\� LQGHSHQGHQW� RSHUDWLRQ� RI� HDFK� UI� V\VWHP�
IOH[LELOLW\�DQG�UHOLDELOLW\��$Q�$OOHQ�%UDGOH\������SURFHVVRU�ZDV
FKRVHQ�IRU�HDFK�/&6���$������HWKHUQHW�SURFHVVRU�ZDV�VHOHFWHG
IRU� WKH� FRQWURO� URRP�� � (DFK� RI� WKH� ����
V� FDQ� VFDQ� WKH
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VXEV\VWHPV�RI�D�V\VWHP��VFDQQHU�PRGH���RU�EH�VFDQQHG�E\� WKH
KRVW�LQ�WKH�FRQWURO�URRP��DGDSWRU�PRGH���

7KHUH� DUH� �� QHWZRUNV� WKDW� PDNH� WKH� EDFNERQH� RI� WKH
V\VWHP���7KH�ILUVW�QHWZRUN�LV�UHVSRQVLEOH�IRU�WKH�GDWD�FROOHFWLRQ
DQG� FRQWURO� RI� HDFK� VWDWLRQ�� � 7KH� ����� LQ� WKH� /&6� VFDQV� WKH
VXEV\VWHPV�RI�D�VWDWLRQ�� �7R�PLQLPL]H� WKH�ZLULQJ��HDFK�RI� WKH
VXEV\VWHPV�KDV�D�PLQLDWXUH�SURFHVVRU��$OOHQ�%UDGOH\�IOH[�,�2�
WKDW�PXOWLSOH[HV�WKH�GDWD�DW�����NEDXG�IRU� WKH������� �$�VLQJOH
WZLVWHG�SDLU�OLQNV�DOO�RI�WKH�VXEV\VWHPV�RI�D�PRG�WRJHWKHU���7KH
VXEV\VWHPV� DUH� FRQQHFWHG� WRJHWKHU� YLD� WKH� $OOHQ� %UDGOH\
5HPRWH�,�2�QHWZRUN���7KH�VHFRQG�DQG�WKLUG�QHWZRUNV�DUH�OLQNV
EHWZHHQ� HDFK� RI� WKH� V\VWHPV�� � 7KH� '+�� QHWZRUN� UXQV� DW� ��
NEDXG�DQG�LV�UHVSRQVLEOH�IRU�WKH�UHPRWH�PRQLWRULQJ�DQG�FRQWURO
RI� DOO� �� V\VWHPV�� � 7KH� $OOHQ� %UDGOH\� JUDSKLFDO� LQWHUIDFH
SURJUDP�� &RQWURO� 9LHZ�� LV� XVHG� WR� FRQWURO� WKH� VXSSOLHV�� � $Q
DGGLWLRQDO�UHPRWH�,�2�QHWZRUN�DOORZV�WKH������(�LQ�WKH�FRQWURO
URRP� WR� PRQLWRU� HDFK� PRG� DW� ���� NEDXG� IRU� IDVW� JOREDO
FRQWURO�� � )RU� H[DPSOH� WKH� ����� (� FDQ� WXUQ� RII� DOO� WKH� ��� N9
VXSSOLHV�DW�WKH�VDPH�WLPH�LI�QHHGHG�

/LQDF�&RQWUROV

7KLV�SDVW�\HDU�WKH�RULJLQDO����\HDU�ROG�/LQDF�FRQWURO�V\VWHP
ZDV� UHSODFHG�ZLWK� D�PRGHUQ�PRGXODU� V\VWHP� IXOO\� LQWHJUDWHG
LQWR� WKH� H[LVWLQJ� $*6� GLVWULEXWHG� FRQWURO� V\VWHP�� � 8QL[
ZRUNVWDWLRQV�SURYLGH�WKH�RSHUDWRU�LQWHUIDFH��DQG�DUH�QHWZRUNHG
XVLQJ�HWKHUQHW� WR� IURQW�HQG�FRPSXWHUV�ZKLFK�DUH� LPSOHPHQWHG
XVLQJ�90(EXV�FRPSRQHQWV���$�IURQW�HQG�FRPSXWHU�ORFDWHG�LQ
WKH� /LQDF� &RQWURO� 5RRP� VRXUFHV� IRXU� KLJK� VSHHG� VHULDO
FRPPXQLFDWLRQ� OLQNV� XVLQJ� WKH� 'DWDFRQ� ILHOG� EXV�� D
ORQJ�VWDQGLQJ� %1/� VWDQGDUG�� � $OWKRXJK� DQ� ROG� V\VWHP�
'DWDFRQ� LV� H[WUHPHO\� UREXVW� DQG� QRLVH� LPPXQH�� FDQ� RSHUDWH
RYHU������ IW��RI� FRD[LDO� FDEOH�� DQG� LV� UHODWLYHO\� LQH[SHQVLYH��
(DFK�'DWDFRQ�OLQN�FDQ�DGGUHVV�XS�WR�����GHYLFHV��GHOLYHULQJ�D
���ELW�FRPPDQG�DQG�DFFHSWLQJ�D����ELW�UHSO\���$OO�GHYLFHV�DUH
DFFHVVHG� IRU� HDFK� /LQDF� SXOVH� ����� +]��� DQG� LQ� SDUWLFXODU�
GHYLFH� VHWSRLQWV� DUH� UHZULWWHQ� IRU� HDFK� SXOVH�� WKXV� DQ\
VHTXHQFH�RI�GLIIHUHQW�/LQDF�FOLHQWV� �%RRVWHU��%,5&�� UHTXLULQJ
SRVVLEO\� GLIIHUHQW� VHWWLQJV� FDQ� EH� DFFRPPRGDWHG� �� D� IHDWXUH
WHUPHG� SXOVH�WR�SXOVH� PRGXODWLRQ� �330��� � 7KH� LQGLYLGXDO
GHYLFHV� DUH� LQWHUIDFHG� WR� WKH� 'DWDFRQ� OLQN� YLD� GXDO�FKDQQHO
FDUGV�KRXVHG�LQ�FUDWHV�DW����ORFDWLRQV�DORQJ�WKH�/LQDF���:H�DUH
FRQWUROOLQJ�DQG�RU�PRQLWRULQJ�RYHU�����GHYLFHV�

$W� WKH�KHDUW�RI� WKH�'DWDFRQ� ILHOG�EXV� V\VWHP� LV� WKH�90(�
'DWDFRQ� HQJLQH�� � 7KLV� GHYLFH� ZDV� GHYHORSHG� DW� %1/� XVLQJ
PRGHUQ� ILHOG� SURJUDPPDEOH� JDWH� DUUD\� �)3*$�� DQG� 5,6&
SURFHVVRU� WHFKQRORJ\�� �7KH�'DWDFRQ�HQJLQH� VXSSRUWV�PXOWLSOH
'DWDFRQ� FKDQQHOV� ZLWK� HDFK� 'DWDFRQ� FKDQQHO� FDSDEOH� RI
DGGUHVVLQJ� WKH� IXOO� 'DWDFRQ� DGGUHVV� VSDFH�� � 7KH� 'DWDFRQ
HQJLQH�KDV�DQ�RQ�ERDUG�WLPHOLQH�GHFRGHU�DQG�ORFDO�PHPRU\�VR
WKDW�DOO�'DWDFRQ�WUDQVDFWLRQV�FDQ�EH�SUHORDGHG�LQWR�WDEOHV��VHQW
RQ� SUHYLRXVO\� SURJUDPPHG� � WLPLQJ� HYHQWV�� DQG� GDWD� UHWXUQHG
DQG�VWRUHG��ZLWKRXW�LQWHUYHQWLRQ�E\�WKH�90(�SURFHVVRU���7KLV
KDV� UHVXOWHG� LQ� D� PDQ\� IROG� LQFUHDVH� LQ� GDWD� WKURXJKSXW
FRPSDUHG�WR�ROGHU�'DWDFRQ�LPSOHPHQWDWLRQV��

/LQDF�7LPLQJ�6\VWHP

7KHUH�DUH�WZR�DVSHFWV�RI�WKH�OLQDF�WLPLQJ�V\VWHP�ZKLFK�ZLOO
EH� XSJUDGHG� LQ� )<©���� � 7KH� ¦ORFDO§� WLPLQJ� V\VWHP� SURYLGHV
VSHFLDOL]HG� ¦IL[HG§� GHOD\V�� JHQHUDWHV� VHTXHQFHV� RI� WULJJHUV
UHTXLUHG� IRU� UI� V\VWHPV�� HWF��� DQG� FKHFNV� WR� PDNH� VXUH� WKDW
H[WHUQDO� WULJJHUV� FRPLQJ� LQ� WR� WKH� OLQDF� DUH� LQ� WKH� SURSHU
VHTXHQFH�� � ,W� ZLOO� DOORZ� XV� WR� WLPH� VKLIW� WKH� WULJJHULQJ� RI� UI
SRZHU�WR�LQGLYLGXDO�DFFHOHUDWLQJ�FDYLWLHV��DQG�ZLWK�GRZQVWUHDP
FDYLWLHV� WLPH�VKLIWHG�RXW�RI�EHDP�WLPH�ZH�FDQ�UXQ�DW�GLIIHUHQW

HQHUJLHV� RQ� D� SXOVH�WR�SXOVH� EDVLV�� � 7KLV� ORFDO� /LQDF� WLPLQJ
KDUGZDUH� ZLOO� FRQVLVW� RI� $OWHUD� 3/'� FKLSV� IRU� GHVLJQLQJ� WKH
ORJLF�FRQWUROV���$Q������PLFURFRQWUROOHU�FKLS�ZLOO�SURYLGH�WKH
SURFHVVLQJ�RI�GDWD� WR�DQG�IURP�WKH�3/'�FKLSV�� �$�5$0�FKLS
ZLOO� VWRUH� WKH� GDWD� IRU� HDFK� XVHU�� 7KH� PLFURFRQWUROOHU� ZLOO
FRQWURO�WKH�GDWD�IORZ���$�3&�ZLWK�FRQWURO�VRIWZDUH�ZLOO�SURYLGH
WKH�LQWHUIDFH�

$� VHFRQG� SDUW� RI� WKH� WLPLQJ� V\VWHP� SURYLGHV� H[WHUQDO
WULJJHU� VLJQDOV� �IURP� GRZQVWUHDP� DFFHOHUDWRUV�� WR� WKH� OLQDF
ORFDO� WLPLQJ�� DV� ZHOO� DV� WULJJHUV� WR� VRPH� VSHFLILF� OLQDF
KDUGZDUH�� �7KLV�QHZ�/LQDF� WLPLQJ� V\VWHP�ZLOO�EH�DQ�HQFRGHG
WLPHOLQH�XVLQJ�5+,&�JHQHUDWLRQ�90(�WLPLQJ�V\VWHP�PRGXOHV�
�:LWK�WKHVH�PRGXOHV�D�/LQDF�WLPHOLQH�FDQ�EH�EXLOW�ZLWKRXW�KDUG
ZLULQJ� RU� KDUG� FRGLQJ�� � 7KH� WLPHOLQH� FDQ� EH� FKDQJHG� E\
FRPPDQG� IURP�FRPSXWHUV� RQ� WKH� DFFHOHUDWRU� FRQWURO� QHWZRUN
DQG�RU� E\� FDEOH� FKDQJHV� EHWZHHQ� PRGXOHV� DW� WKH� JHQHUDWRU��
7KH� WLPHOLQH� JHQHUDWRU� ZLOO� EH� ORFDWHG� LQ� WKH� /LQDF� FRQWURO
URRP� DQG� WKH� HQFRGHG� WLPHOLQH� ZLOO� EH� GLVWULEXWHG� DORQJ� WKH
OLQDF� YLD� � ILEHU� RSWLF� FDEOHV�� � � 'HFRGHU�GHOD\� PRGXOHV�� IXOO\
SURJUDPPDEOH�WKURXJK�WKH�90(�SURFHVVRU��FRQQHFW�GLUHFWO\�WR
WKH� WLPHOLQH� DQG� SURYLGH� GHFRGHG� SXOVHV� IURP� HYHQWV�� RU� FDQ
SURYLGH�GHOD\HG�RXWSXWV�IURP�DQ�HYHQW�

,QVWUXPHQWDWLRQ

$� VWULSOLQH� SRVLWLRQ�PRQLWRU� ZDV� DGGHG� EHWZHHQ� WKH
EHQGV�WR�WKH�%,5&�WDUJHW��DW�D�KLJK�GLVSHUVLRQ�SRLQW�� WR�DOORZ
PRQLWRULQJ�RI�WKH�OLQDF�HQHUJ\���$V�VXJJHVWHG�E\�3��2VWURPRXY
�,15���D�GLDJQRVWLF�ZDV�DGGHG�DW� WKH�HQG�RI� OLQDF�FDYLWLHV���
DQG�����WR�DLG�LQ�WKH�VHWXS�RI�WKH�SKDVH�DQG�DPSOLWXGHV���7KLV�LV
D�VHULHV�RI�$O�SODWHV�RI�DSSURSULDWH�WKLFNQHVV��HDFK�HOHFWULFDOO\
LVRODWHG� DQG� RQ� ZKLFK� WKH� FXUUHQW� FDQ� EH� UHDG�� � � 6XFFHVVLYH
SODWHV�ZLOO�VWRS�SDUWLDOO\�DFFHOHUDWHG�SDUWLFOHV� IURP�VXFFHVVLYH
FDYLWLHV�� DOORZLQJ� RQH� WR� GR� SKDVH� DQG� DPSOLWXGH� VFDQV� IRU
FRDUVH� VHWXS� RI� WKH� WDQNV�� � )LQDOO\�� D� WKLUG� ZLUH� DW� ��R� ZDV
DGGHG�WR�WZR�6(0�XQLWV��JLYLQJ�EHDP�SURILOHV�LQ���SURMHFWLRQV
E\�VWHSSLQJ�WKURXJK�WKH�EHDP���:LWK�WKLV��ZH�DUH�DEOH�WR�JHW���
GLPHQVLRQDO� WRPRJUDSKLF� UHFRQVWUXFWLRQV� RI� WKH� EHDP
GLVWULEXWLRQ��DV�GHVFULEHG�LQ�>�@��

&RQFOXVLRQV

:LWK�LPSURYHPHQWV�LQ�EHDP�WUDQVSRUW�WKURXJK�WKH���
NH9�DQG�����NH9�OLQHV��ZH�FDQ�QRZ�RSHUDWH�DW� FXUUHQWV����
KLJKHU� WKDQ�SUHYLRXVO\�� � 7KH� DYHUDJH� FXUUHQW� RXW� RI� WKH� OLQDF
KDV� UHDFKHG� RXU� JRDO� RI� ���� P$�� DQG� VWLOO� KLJKHU� FXUUHQWV
VKRXOG� EH� SRVVLEOH�� �0RVW� RI� WKLV� SDVW� UXQQLQJ� SHULRG�ZDV� DW
UHGXFHG� EHDP� SXOVH� ZLGWK�� GXH� WR� %,5&� WDUJHW� OLPLWDWLRQV��
�7KH\� H[SHFW� WR� EH� DEOH� WR� UXQ� DW� IXOO� DYHUDJH� FXUUHQW� QH[W
\HDU��� �7KHUHIRUH��ZH� FDQ�QRW� \HW� VD\� LI� UHOLDELOLW\�ZLOO� VXIIHU
RYHU� ORQJ� SHULRGV� DW� ����P$�� EXW� VR� IDU� LQGLFDWLRQV� DUH� WKDW
WKHUH�LV�DQ�RYHUDOO�LPSURYHPHQW�LQ�OLQDF�UHOLDELOLW\�

$FNQRZOHGJPHQWV

:H� DFNQRZOHGJH� WKH� H[FHOOHQW� ZRUN� RQ� WKLV� SURMHFW� RI� WKH
HQWLUH� /LQDF� VWDII�� WKH� $*6� FRQWUROV� JURXS�� DQG� WKH� $*6
YDFXXP� JURXS�� :H� DOVR� WKDQN� WKH� 5+,&� PDJQHW� JURXS� IRU
WKHLU�DVVLVWDQFH�

5HIHUHQFHV

>�@� $�� .SRQRX�� HW� DO��� ¦$� QHZ� RSWLFDO� GHVLJQ� IRU� WKH� %1/
LVRWRSH�SURGXFWLRQ�WUDQVSRUW�OLQH§��WKHVH�SURFHHGLQJV�

>�@� '�� 5DSDULD�� HW� DO��� ¦&RPSDULVRQV� EHWZHHQ� PRGHOLQJ� DQG
PHDVXUHG�SHUIRUPDQFH�RI�WKH�%1/�OLQDF§��WKHVH�SURFHHGLQJV�
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