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$%675$&7� 7KH FRQWURO V\VWHP DQG WKH HQWLUH DUFKLWHFWXUH RI WKH +LJK 5HVROXWLRQ 6SHFWURJUDSK
�6$5*� IRU WKH ,WDOLDQ 1DWLRQDO 7HOHVFRSH �*DOLOHR� �71*� DUH KHUH GHVFULEHG� 7KH FRQFHSW RI 6$5*
LQVWUXPHQW FRQWUROV LV VLPLODU WR WKDW RI WKH RWKHU 71* LQVWUXPHQWV� LQ SDUWLFXODU WKH &&' GHWHFWRU
GULYLQJ DQG WKH LPDJH DFTXLVLWLRQ XVH WKH VDPH 71* VWDQGDUG ERDUGV DQG WKH VDPH VHOHFWHG EXV�
WKH 90(� 7KH OLQN EHWZHHQ WKH 6$5* 90( DQG WKH RWKHU WHOHVFRSH FRPSRQHQWV LV EDVHG RQ WKH
VDPH *$7( VRIWZDUH WKDW JXDUDQWHHV WKH FRPSDWLELOLW\ ZLWK WKH HQWLUH GLVWULEXWHG 71* VRIWZDUH� 7KH
FRQWURO RI WKH PRYLQJ SDUWV DV ZHOO DV WKH RWKHU SDUWV RI LQVWUXPHQW WKDW LV WKH ODPS FRQWUROOHU DQG
WKH WHPSHUDWXUH VHQVRUV� LV EDVHG RQ D FRPPHUFLDO FRQWUROOHU FRQQHFWHG WR WKH V\VWHP WKURXJK D VHULDO
OLQN� )XUWKHUPRUH D VSHFLDOL]HG VRIWZDUH UXQQLQJ RQ D 3& KDV EHHQ UHDOL]HG WR WHVW WKH URWDWLQJ WDEOHV
LQGHSHQGHQWO\ RI WKH 90( V\VWHP� 7HVW RI DFFXUDF\ DQG UHSHDWDELOLW\ RI WKH SRVLWLRQLQJ ZHUH GRQH DQG
VRPH UHVXOWV DUH SUHVHQWHG�

�� 6$5* 'HWHFWRUV DQG ,QVWUXPHQW &RQWURO $UFKLWHFWXUH

7KH 6$5* LQVWUXPHQW FRQWUROV XVH WKH VDPH DSSURDFK DGRSWHG IRU WKH RWKHU LQVWUXPHQWV
LQVWDOOHG DW WKH 71*� DV IRU H[DPSOH WKH 2SWLFDO ,PDJHU *DOLOHR �2,*�� 7KH &&'
GHWHFWRU GULYLQJ DQG WKH LPDJH DFTXLVLWLRQ XVH WKH VDPH 71* VWDQGDUG ERDUGV DQG WKH
VDPH VHOHFWHG EXV� WKH 90(� 7KH OLQN EHWZHHQ WKH 6$5* 90( DQG WKH RWKHU WHOHVFRSH
FRPSRQHQWV LV EDVHG RQ WKH VDPH *$7( VRIWZDUH WKDW JXDUDQWHHV WKH FRPSDWLELOLW\
ZLWK WKH HQWLUH GLVWULEXWHG 71* VRIWZDUH� ,Q nJXUH � LV VKRZQ WKH EORFN GLDJUDP RI WKH
HQWLUH V\VWHP�

$V FDQ EH GHULYHG IURP WKLV nJXUH WZR VHWV RI 90( ERDUGV �0DQXIDFWXUHG E\
$7(1,;� SURYLGH WKH OLQN WR WKH &&' FRQWUROOHU XVHG WR GULYH WKH VFLHQWLnF GHWHFWRU
DQG WR WKH FRQWUROOHU WKDW GULYHV WKH &&' RI WKH VOLW YLHZHU� 7KH WZR $7(1,; ERDUGV
XVH DOVR WKH 96% EXV WR PDQDJH HpFLHQWO\ WKH DYDLODEOH PHPRU\� $ VHULDO LQWHUIDFH
VWDQGDUG 56���� LV XVHG WR FRQWURO WKH HQWLUH 6$5* PHFKDQLFDO V\VWHP� 7KH FRQQHFWLRQ
EHWZHHQ WKH VHULDO SRUW RI WKH &38 DQG WKH VHULDO SRUW RI WKH YDULRXV FRQWUROOHUV RI WKH
LQVWUXPHQW LV PDGH E\ XVLQJ D VHULDO PXOWLSOH[HU �%$<7(&+� WKDW LV DEOH WR VZLWFK
WKH VHULDO FRPPXQLFDWLRQ WR IRXU GLmHUHQW VHULDO GHYLFHV� 7KHVH VHULDO GHYLFHV DUH WKH
FRQWUROOHUV�

�� 0RWRU &RQWUROOHU �
�� 0RWRU &RQWUROOHU �
�� /DPS &RQWUROOHU
�� 7HPSHUDWXUH 0RQLWRULQJ



)LJ� �� 6$5* GHWHFWRUV DQG LQVWUXPHQW FRQWURO DUFKLWHFWXUH�

�� ,QVWUXPHQW &RQWURO

7KH LQVWUXPHQW FRQWURO DUFKLWHFWXUH LV EDVHG HVVHQWLDOO\ RQ WKH 56���� VWDQGDUG FRPPX�
QLFDWLRQ SURWRFRO� :H VHOHFW WKH YDULRXV FRQWUROOHUV HTXLSSHG ZLWK WKH 56���� VWDQGDUG
LQWHUIDFH� 7KURXJK WKH VHULDO OLQN DQG WKH DVVRFLDWHG *$7( VRIWZDUH WDVN ZH DUH DEOH
WR GULYH WKH YDULRXV FRQWUROOHUV� :H XVH WKUHH PRWRU FRQWUROOHUV� D ODPS FRQWUROOHU DQG D
WHPSHUDWXUH PRQLWRULQJ� )LJXUH � VKRZV WKH YDULRXV PRYDEOH SDUWV� WKH ODPS FRQWUROOHU
DQG WKH WHPSHUDWXUH PRQLWRULQJ WKDW FRQVWLWXWH WKH HQWLUH FRQWURO V\VWHP�

$ PRWRU FRQWUROOHU HTXLSSHG ZLWK IRXU PRWRU GULYHUV LV DEOH WR FRQWURO�

�D� WKH &$/,%5$7,21 0,5525 6/,'( �&/6�

�D� WKH 35(6/,7 6/,'( �36�

�D� WKH /$03 6(/(&7,21 7$%/( �/67�

�D� WKH 6/,7 9,(:(5 6/,'( �696�

$ PRWRU FRQWUROOHU HTXLSSHG ZLWK RWKHU IRXU PRWRU GULYHUV LV DEOH WR FRQWURO�

�E� WKH ),/7(5 :+((/ �):�

�E� WKH 6/,7 :+((/ �6:�



)LJ� �� ,QVWUXPHQW FRQWURO DUFKLWHFWXUH�

�E� WKH *5,60 :+((/ �*:�

�E� WKH 75$16)(5 &2//,0$725 6/,'( �7&6�

$ PRWRU FRQWUROOHU HTXLSSHG ZLWK MXVW RQH PRWRU GULYHU LV GHGLFDWHG WR FRQWURO WKH
237,&$/ '(527$725 �2'��

7KH ODPS FRQWUROOHU LV DEOH WR SRZHU XS WKH WKUHH )ODW )LHOG ODPSV� WKH WZR FDOLEUD�
WLRQ ODPSV DQG D ODVHU /('� ZKLOH WKH WHPSHUDWXUH PRQLWRULQJ LV DEOH WR PHDVXUH WKH
WHPSHUDWXUH LQ � GLmHUHQW SODFHV RI WKH LQVWUXPHQW�

7R KDYH DQ LGHD RI KRZ WKH YDULRXV FRQWUROOHG SDUWV DUH FRQQHFWHG ZLWK WKH &(1�
75$/ &21752/ 81,7 FRQVWLWXWHG SK\VLFDOO\ E\ D 5$&. WKDW PRXQW WKH YDULRXV
FRQWUROOHUV LQ )LJXUH � DUH VKRZHG WKH FRQQHFWLRQV UHODWHG WR WKH FRQWURO RI WKH LQVWUX�
PHQW DQG WKRVH UHODWHG WR WKH GHWHFWRUV DUH VKRZHG LQ )LJXUH ��

�� 0RWRU &RQWUROOHU DQG 0RYHPHQWV

7KH VHOHFWHG PRWRU FRQWUROOHU WR GULYH DOO WKH PRYHPHQW RI WKH LQVWUXPHQW LV WKH '&�
��� PDQXIDFWXUHG E\ 2:,6� 7KH FRQWUROOHU LV DEOH WR GULYH � LQGHSHQGHQW D[HV� 7KH
FRPPDQGV FDQ EH VHQW E\ XVLQJ HLWKHU WKH NH\SDG � HLWKHU WKH VHULDO LQWHUIDFH VWDQGDUG



)LJ� �� 6$5* 0RWRU ODPSV DQG WHPSHUDWXUH PRQLWRULQJ HOHFWURQLFV FRQWUROOHU UDFN�

)LJ� �� 6$5* &&' HOHFWURQLFV FRQWUROOHU UDFN�



)LJ� �� 6$5* 2:,6 0RWRU FRQWUROOHU DQG WKH nOWHU ZKHHO EHIRUH WKH PRXQWLQJ RQ 6$5* �XSSHU
OHIW SDQHO� DQG GXULQJ WKH PRXQWLQJ LQVLGH WKH 6$5* �XSSHU ULJKW SDQHO��

56���� RU WKH ,((��� SDUDOOHO SRUW� 7KLV LV XVHIXO WR WHVW LPPHGLDWHO\ WKH UDWDWLQJ RU
OLQHDU PRYHPHQWV E\ XVLQJ WKH IXQFWLRQ DOORZHG E\ WKH NH\SDG� DV IRU H[DPSOH WKH ]HUR
VHDUFK� RU WKH JR DQG VWRS RI WKH PRYHPHQW� 7KH VHULDO LQWHUIDFH� DOORZV WR LPSOHPHQW DQ
HDV\ FRPXQLFDWLRQ OLQN ZLWK D 3&� DQG WKXV D WRWDO FRQWURO WKURXJK GHGLFDWHG VRIWZDUH
SURFHGXUHV� 7KLV ODVW LV YHU\ XVHIXO GXULQJ WKH GHEXJ DQG PDLQWHQDQFH RI WKH LQVWUXPHQW�
,QIDFW ZH FDQ VZLWFK WKH VHULDO OLQN IURP WKH 90( FUDWH WR WKH 3& DQG DYRLG WKH 71*
FRPSOH[ QHW� )LJXUH � VKRZV DQ H[DPSOH RI ZKHHO �WKH nOWHU ZKHHO��

7KH ZKHHO EHIRUH PRXQWLQJ WKH nOWHUV LV VKRZQ RQ WKH OHIW VLGH RI WKH SDQHO ZKLOH
WKH ZKHHO FRPSOHWHG ZLWK WKH nOWHU KROGHUV LV VKRZQ RQ WKH ULJKW VLGH RI WKH SDQHO� 7KH
ZKHHO LV PRXQWHG LQ DQ DSSURSULDWH ER[ DQG LQVHUWHG DORQJ WKH 6$5* RSWLFDO SDWK� 7R
QRWH WKH DELOLW\ WR UHPRYH HDFK VLQJOH ER[ IRU PHFKDQLFDO PDLQWHQDQFH�

�� 6RIWZDUH

7KH 56���� VHULDO VWDQGDUG LQWHUIDFH DOORZV XV WR GHYHORS D 9,68$/ %$6,& SURFHGXUH
UXQQLQJ RQ D 3& XQGHU:LQGRZV �� 2SHUDWLQJ 6\VWHP� 7KLV DSSURDFK LV VLPSOHU WKDQ WKH
FRPSOHWH V\VWHP WKDW XVH WKH 90( FUDWH DQG WKH *$7( VRIWZDUH� 7KH SURFHGXUH LV DEOH
WR SHUIRUP DOO WKH UHTXLUHG PHDVXUHPHQWV WR FKHFN WKH PHFKDQLFDO PRYHPHQWV UHOLDELOLW\�
)LJXUH � VKRZV KRZ WKH SURFHGXUH DIWHU WKH LQLWLDOL]DWLRQ SUHVHQWV VRPH ZLQGRZV WKDW



)LJ� �� 9LVXDO %DVLF SURFHGXUH �IRU :,1 ������ WR WHVW WKH ZKHHOV�

DOORZ YDULRXV XVHIXOO FRPPDQGV WR GULYH WKH PRWRU FRQWUROOHU�
7KURXJK WKLV SURFHGXUH LW LV SRVVLEOH WR LQLWLDOL]H WKH VHULDO SRUW� FRPSRVH DQG VHQG

WKH FRPPDQGV WR WKH '&��� PRWRU FRQWUROOHU DQG GLVSOD\ WKH WHOHPHWU\ GDWD� )XUWKHU�
PRUH ZH DUH DEOH WR FKDQJH VRPH SDUDPHWHUV RI HDFK FRQWUROOHG D[LV DQG H[HFXWH WKH
WHVWV� ,Q nJXUH � LV VKRZQ WKH XVHU LQWHUIDFH ZLWK DOO WKH SURFHGXUHV WR GULYH WKH '&����
PRWRU FRQWUROOHU DQG WR DOORZ WKH WHVWV RI WKH PRYHPHQWV DQG WKH PHDVXUHPHQWV RI WKH
SRVLWLRQV�

�� 7HVWV DQG 5HVXOWV

,Q RUGHU WR FKHFN WKH DFFXUDF\ RI WKH SRVLWRQ DQG WKHLU UHSHWHDELOW\ RYHU D FHUWDLQ
QXPEHU RI PRYHPHQWV ZH KDYH GRQH VRPH PHDVXUHPHQWV RQ DOO WKH URWDWRUV DQG WKH
OLQHDU DFWXDWRUV�

,Q nJXUH � WKH GHYLDWLRQ IURP WKH ]HUR SRVLWLRQ LV SORWWHG YHUVXV WKH QXPEHU RI
PHDVXUHPHQWV IRU D URWDWLQJ WDEOH WKDW PRYHV D �� 1 ORDG�

(DFK VLQJOH PHDVXUH LV REWDLQHG DV IROORZV�

D� PRYH WKH WDEOH WR WKH ]HUR UHIHUHQFH DQG FOHDU WKH LQFUHPHQW FRXQWHU�

E� PRYH WKH WDEOH WR D TXDUWHU RI WXUQ DQG PRYH EDFN WR ]HUR SRVLWLRQ�



)LJ� �� $OO DYDLODEOH SURFHGXUHV WR GULYH WKH 2:,6 '&���� PRWRU FRQWUROOHU DQG WHVW WKH ZKHHOV�

F� VDYH LQ D nOH WKH GLVSODFHPHQW �GHYLDWLRQ� UHVSHFW WR WKH ]HUR SRVLWLRQ�

$V FDQ EH VHHQ IURP WKH SORW WKH GHYLDWLRQ IURP WKH ]HUR SRVLWLRQ LV� RQ DYHUDJH� ���
LQFUHPHQWV FRUUHVSRQGLQJ WR ��� 7KH VWDQGDUG GHYLDWLRQ RI WKH GDWD FRPHV RXW WR EH
����� LQFUHPHQWV RU �����

5HIHUHQFHV

*UDWWRQ� 5�*�� &ODXGL� 5�8�� 5HEHVFKLQL� 0�� %RQDQQR� *�� %UXQR� 3�� &DOuL� $�� 6FXGHUL�
6�� &RVHQWLQR� 5�� 'HVLGHUD� 6� � ����� LQ 7KH +LJK 5HVROXWLRQ 6SHFWURJUDSK RI 71*�

D 6WDWXV 5HSRUW� 7HFKLFDO UHSRUW Q ���
*UDWWRQ� 5�*�� &ODXGL� 5�8�� 5HEHVFKLQL� 0�� 0DUWRUDQD� *�� )DULVDWR�*��%RQDQQR� *��

%UXQR� 3�� &DOuL� $�� 6FXGHUL� 6�� &RVHQWLQR� 5�� 'HVLGHUD� 6� � ����� LQ 7KH +LJK

5HVROXWLRQ 6SHFWURJUDSK RI 71*� 7KH SURFHHGLQJV RI WKLV FRQIHUHQFH�



)LJ� �� 'HYLDWLRQ IURP WKH ]HUR SRVLWLRQ SORWWHG YHUVXV WKH QXPEHU RI PHDVXUHPHQWV IRU D
URWDWLQJ WDEOH WKDW PRYHV D �� 1 ORDG� 7KH WDEOH LV LQ YHUWLFDO SRVLWLRQ�


