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� 7KHUH� DUH� NQRZQ� GLIIHUHQW� UDGLDWLRQ
PRQLWRULQJ�V\VWHPV�LQFOXGLQJ�WKH�RQHV��FRQ�
WUROOLQJ� WUDQVSRUWDWLRQ� RI� UDGLRDFWLYH� VXE�
VWDQFHV��$PRQJ�WKHP��WKH�UDGLDWLRQ�PRQLWRU
<DQWDU����3���5	'�&HQWHU��$VSHFW���'XEQD�
5XVVLDQ� )HGHUDWLRQ�� >�@� DQG� WKH� V\VWHP
PDGH� E\� 76,� ,QFRUSRUDWHG� >�@�� DUH� GLVWLQ�
JXLVKHG�E\�SRVVHVVLQJ�JRRG��WHFKQLFDO�FKDU�
DFWHULVWLFV��7KHVH�V\VWHPV�DUH�EDVHG�RQ�SODV�
WLF�DQG�DONDOL�KDOLGH�VFLQWLOODWRUV��3ODVWLF�VFLQ�
WLOODWRUV� KDYH� D� QXPEHU� RI� DGYDQWDJHV�� EXW
WKHLU�GLPHQVLRQV�DUH� ODUJH�GXH� WR� UDWKHU� ORZ
HIILFLHQF\� RI� JDPPD�UDGLDWLRQ� UHJLVWUDWLRQ�
$ONDOL� KDOLGH� VFLQWLOODWRUV� KDYH� VXIILFLHQWO\
KLJK� VFLQWLOODWLRQ� FKDUDFWHULVWLFV�� EXW� WKHLU
ORZ� VWDELOLW\� WR� VWULQJHQW� FOLPDWLF� FRQGLWLRQV
ZKLOH� ZRUNLQJ� LQ� WKH� V\VWHPV� RI� UDGLDWLRQ
PRQLWRULQJ� LV�D� VHULRXV�GLVDGYDQWDJH�� �7KXV�
IRU� RYHUFRPLQJ� WKH� PHQWLRQHG� GLIILFXOWLHV� LW
LV� QHFHVVDU\� WR� VHDUFK� IRU� QHZ� VFLQWLOODWRUV
ZLWKRXW�VXFK�GUDZEDFNV�
&G:2��FU\VWDOV�KDYH�DQ�HVVHQWLDO�DGYDQ�WDJH�RYHU�SODVWLF�DQG�DONDOL�KDOLGH�VFLQWLOOD�

WRUV� LQ� WKH� HIILFLHQF\� RI� LRQL]LQJ� UDGLDWLRQ

UHJLVWUDWLRQ�DW�ORZ�EDFNJURXQG�RI�WKHLU�RZQ
UDGLDWLRQ� >�@�� 0RUHRYHU�� WKH\� HIIHFWLYHO\
UHJLVWHU�WKHUPDO�DQG�IDVW�QHXWURQV�>�@��WKDW
FRQVLGHUDEO\� ZLGHQV� WHFKQLFDO� SRWHQWLDOLWLHV
RI�UDGLDWLRQ�GHWHFWLRQ��$�VLJQLILFDQW�IHDWXUH
RI� vG:2�� FU\VWDO� LV� WKH� IDFW� WKDW� LWV� OLJKWRXWSXW�ZHDNO\�GHSHQGV�RQ�DPELHQW�WHPSHUD�
WXUH� WKDW� SHUPLWV� WR� XVH� WKLV� FU\VWDO� ERWK
LQGRRUV�DQG�LQ�WKH�ILHOG���)RU�WKH�REWDLQLQJ
RI� ODUJH�VL]H� RSWLFDOO\� KRPRJHQHRXV�&G:2�FU\VWDOV� ZH� ZRUNHG� RXW� WKH� WHFKQRORJ\� >�@
ZKLFK�PDGH�LW�SRVVLEOH�WR�JURZ�WKH�FU\VWDOV
ZLWK�KLJK�VFLQWLOODWLRQ�FKDUDFWHULVWLFV��

7DNLQJ� LQWR� DFFRXQW� WKH� DERYH� VDLG� ZH
GHYHORSHG� DQG� PDQXIDFWXUHG� WKH� GHWHFWLRQ
XQLW� IRU� VPDOO�VL]H� PRQLWRU� RQ� WKH� EDVH� RI
&G:2��VFLQWLOODWRU�7KH� EORFN� GLDJUDP� RI� WKH� GHYHORSHG
PRQLWRU� RQ� WKH� EDVH� RI� &G:2�� FU\VWDO� LVVKRZQ�LQ�)LJ����7KH�H[WHUQDO�DSSHDUDQFH�RI
WKH�PRQLWRU�LV�VKRZQ�LQ�)LJ���

7KH�PRQLWRU�FRQVLVWV�RI�a�����PP�UDFN��
PRXQWHG�RQ�WKH�EDVH���ZLWK�WKH�GLPHQVLRQV
���²���²���� PP��� 7KH� XSSHU� SDUW� RI� WKH
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UDFN� KROGV� WKH� VFLQWLOODWLRQ� GHWHFWRU� ��
ZKLFK�FRQVLVWV�RI������ää�²�����PP�&G:2�FU\VWDO�� 5����� �+DPDPDWVX�� 307�� FKDUJH�
VHQVLWLYH� SUHDPSOLILHU� DQG� 307� KLJK�YROW�
DJH�SRZHU�VXSSO\��7KH�SRZHU�IRU�WKH�ZKROH
RI�WKH�V\VWHP�LV�SURYLGHG�E\������9�EDWWHU\
ORFDWHG�LQ�WKH�EDVH����7KH�FXUUHQW�FRQVXPS�
WLRQ� LV� QRW� KLJKHU� WKDQ� ��� Pk��0RUHRYHU�
WKH� EDVH� KROGV� WKH� VLJQDO� SURFHVVLQJ� XQLW
ZLWK� OLJKW� DQG� DXGLR� DODUP�� 7KH� DODUP� LV
DFWLYDWHG� LQ� WKH� FDVH� ZKHQ� D� UDGLDWLRQ
VRXUFH�RFFXUV�LQ�WKH�YLFLQLW\�RI�WKH�PRQLWRU�
7KH�GHVFULEHG�GHWHFWRU�ZRUNV�LQ�VSHFWURPHW�
ULF�PRGH�DQG�LGHQWLILHV�WKH�W\SH�RI�UDGLRQX�
FOLGH�IURP�LWV�HQHUJ\��

)LJ�� �� SUHVHQWV� WKH� HQHUJ\� VSHFWUXP� IURP
���KV�VRXUFH�ZLWK�WKH�HQHUJ\�UHVROXWLRQ�LQ�WKH
WRWDO�DEVRUSWLRQ�VSHFWUXP�HTXDO�WR��������

7KH� RSHUDWLRQ� RI� WKH� V\VWHP� LV� EDVHG� RQ
WKH�HVWLPDWLRQ�RI� WKH� VWDWLVWLFDO�SDUDPHWHUV
RI� WKH� QDWXUDO� UDGLDWLRQ� EDFNJURXQG� �WKH
FRXQWLQJ�UDWH�DQG�GLVSHUVLRQ��LQ�WKH�DEVHQFH
RI�WKH�FKHFNHG�REMHFW�LQ�WKH�FRQWUROOHG�VSDFH
ZLWK� VXEVHTXHQW� FRPSDULVRQ� RI� VXFK� SD�
UDPHWHUV� ZLWK� WKRVH� RI� WKH� UDGLDWLRQ� IURP
WKH�FKHFNHG�REMHFW��

7KH�GHWHFWLRQ�FDQ�EH�UHDOL]HG�XVLQJ�D��WKH
WRWDO� FRXQWLQJ� UDWH� RI� WKH� SXOVHV� H[FHHGLQJ
WKH� ORZ�OHYHO� WKUHVKROG�DQG�E�� WKH�FRXQWLQJ
UDWH�LQ�IRXU�HQHUJ\�ZLQGRZV����������������
���������������������������������NH9��7KLV
SHUPLWV� WR� LPSURYH� WKH� VHQVLWLYLW\� RI� WKH
V\VWHP�DW�WKH�GHWHFWLRQ�RI�UDGLDWLRQ�VRXUFHV
DQG� WR� HVWLPDWH� WKH� W\SH� RI� LVRWRSH��0RUH�
RYHU�� IRU� ��� �� ���� NH9� HQHUJ\� ZLQGRZ� D
VSHFLDO� SURFHGXUH� RI� WKH� VXEWUDFWLRQ� RI� WKH
FRXQWLQJ� UDWH� IURP� D� QHLJKERULQJ� FKDQQHO

PDNHV� LW� SRVVLEOH� WR� GHWHFW� QHXWURQV� DQG
ILVVLOH�QXFOHDU�PDWHULDOV�

�7DEOH���FRQWDLQV�WKH�FRPSDUDWLYH�WHFKQL�
FDO� FKDUDFWHULVWLFV� RI� WKH� SRUWDOV� PDQXIDF�
WXUHG�RQ�WKH�EDVH�RI�&G:2��R[LGH�VFLQWLOOD�WRU�DQG�SODVWLF�VFLQWLOODWRU��<DQWDU���3���

$V�IROORZV�IURP�WKH�SUHVHQWHG�WDEOH��WKH
PRQLWRU� EDVHG� RQ� &G:2��� VLQJOH� FU\VWDOSRVVHVVHV� KLJK� HIILFLHQF\� RI� JDPPD�UDGLD�
WLRQ�UHJLVWUDWLRQ��HVSHFLDOO\� LQ�WKH�UDQJH�RI
��� �� ���� NH9�� � 7KLV� SHUPLWV� WR� DFKLHYH� DQ
HVVHQWLDO� �a� WHQIROG�� LQFUHDVH� RI� WKH� HIIL�
FLHQF\�RI�WKH�GHWHFWLRQ�RI�WUDQVXUDQLF�UDGLD�
WLRQ�PDWHULDOV�
� � �7KXV�� WKH� UDGLDWLRQ� PRQLWRULQJ� V\VWHP
EDVHG� RQ� &G:2��� VLQJOH� FU\VWDO� LV� GHYHO�RSHG� DQG� PDQXIDFWXUHG�� 'XH� WR� LWV� VPDOO
GLPHQVLRQV�DQG�KLJK�VHQVLWLYLW\�VXFK�D�SRU�
WDO� FDQ� EH� XVHG� IRU� KLGGHQ� VXSHUYLVLRQ� RI
UDGLDWLRQ�VLWXDWLRQ��

)LJ���� $SSHDUDQFH� RI� WKH� UDGLDWLRQ� PRQLWRU�
LQJ�V\VWHP�EDVHG�RQ�&G:2��FU\VWDO�

)LJ���� ���&V� HQHUJ\� VSHFWUXP� PHDVXUHG� E\
&G:2��GHWHFWRU�

)LJ����%ORFN�GLDJUDP�RI�WKH�PRQLWRU�EDVHG
RQ� RI�&G:2�� VLQJOH� FU\VWDO���� Ü�KRXVLQJ���� Ü� VFLQWLOODWLRQ� GHWHFWRU�� �� Ü� KLJK�YROWDJH
SRZHU� VXSSO\����Ü�FKDUJH�VHQVLWLYH�SUHDPSOL�
ILHU�� �� Ü� EDVH�� �� Ü� EDWWHU\�� �� Ü� FKDUJLQJ
GHYLFH�� �� Ü� VLJQDO� SURFHVVLQJ� XQLW�� �� Ü� GLV�
SOD\�����Ü�OLJKW�DQG�DXGLR�DODUP�
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