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7KH�OLJKW�UHIOHFWLRQ�FRQGLWLRQV�QHDU�WKH�FU\VWDO�IULQJHV�DUH�NQRZQ�WR�GLIIHU�IURP�WKRVH

LQ� WKH� VDPSOH� PLGGOH� SDUW� GXH� WR� DGGLWLRQDO� UHIOHFWLRQV� IURP� WKH� EXWW� VXUIDFHV�� 6XFK
HIIHFWV�PD\� EH� LQVLJQLILFDQW� �DV�� IRU� H[DPSOH�� LQ�PRVW� VWDQGDUG� VSHFWURPHWULF� GHWHFWRUV�
EXW� PD\� EH� RI� LPSRUWDQFH� LQ� LPDJH� YLVXDOL]DWLRQ� V\VWHPV� �DV� JDPPD� FDPHUDV��� ,Q� WKLV
ZRUN�� WKH� OLJKW�\LHOG� LQKRPRJHQHLWLHV�QHDU� WKH� EXWW� VXUIDFHV�RI�JDPPD�FDPHUD�GHWHFWRUV
DUH� VWXGLHG�� 6HYHQ� W\SHV� RI� WKH� FU\VWDO� VXUIDFH� WUHDWPHQW� DQG� WKH� UHIOHFWLQJ� FRDWLQJ
PDWHULDOV�DUH�FRQVLGHUHG�
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7KH�XVH� RI� ODUJH�DUHD� VFLQWLOODWLRQ�GHWHF�
WRUV� LV� DPRQJ� WKH� PRVW� FRPPRQ� ZD\V� WR
YLVXDOL]H� LPDJHV� LQ� VFLHQWLILF� DQG� PHGLFDO
DSSOLFDWLRQ� ILHOGV� �63(&7� FDPHUDV�� >�@�� ,Q
VXFK� FDVHV�� WKH� RSWLPXP�GHWHFWRU� GHVLJQ� LV
GHILQHG� E\� WZR� PDLQ� IDFWRUV�� WKH� SK\VLFDO
KRPRJHQHLW\�RI�WKH�VFLQWLOODWLRQ�FU\VWDO�DQG
WKH� PLQLPL]DWLRQ� RI� IULQJH� HIIHFWV� DVVRFL�
DWHG� ZLWK� WKH� OLJKW� UHIOHFWLRQ� VSHFLILF� IHD�
WXUHV� DW� WKH� FU\VWDO� EXWWV�� 7KH� JHRPHWULF
FDXVHV� RI� VXFK� IULQJH� HIIHFWV� LV� LOOXVWUDWHG
LQ�)LJ�����,W�LV�VHHQ�WKDW�DW�WKH�FU\VWDO�EXWW�
D� IUDFWLRQ� RI� OLJKW� UHIOHFWHG� IURP� WKH� VLGH
VXUIDFH� PD\� UHWXUQ� WR� WKH� FU\VWDO� RU� OHDYH
LW�� 7KLV� HIIHFW� JLYHV� ULVH� WR� WKH� OLJKW� \LHOG
LQKRPRJHQHLW\� WKDW� PXVW� EH� PDQLIHVWHG� WR
WKH� JUHDWHVW� H[WHQW� QHDU� WKH� VLGH� EXWWV
�IULQJHV�� RI� WKH� VFLQWLOODWRU�� $W� WKH� VDPH
WLPH�� LW� LV� NQRZQ� >�Ü�@� WKDW� D� FHUWDLQ
URXJKQHVV�RI�WKH�VFLQWLOODWRU�VXUIDFH�DQG�RU

WKH� XVH� RI� YDULRXV� OLJKW�UHIOHFWLQJ� FRDWLQJV
PD\� LQIOXHQFH�FRQVLGHUDEO\�WKH� OLJKW�FROOHF�
WLRQ�FKDUDFWHU�LQ�WKH�FU\VWDO�
7KH� DLP� RI� WKLV� ZRUN� ZDV� WR� GHWHUPLQH

WKH�FDXVHV�RI� WKH� OLJKW�\LHOG� LQKRPRJHQHLW\
DW� WKH� FU\VWDO� EXWWV� DQG� WR� GHYHORS� WKH
IULQJH�HIIHFW�FRQWURO�PHWKRGV�IRU�ODUJH�DUHD
VFLQWLOODWRUV�� ,Q� SDUWLFXODU�� WKH� FDOFXODWLRQV
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)LJ����� 6FKHPH� RI� OLJKW� EHDP� UHIOHFWLRQ� DW� D
FU\VWDO�EXWW�
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DQG� H[SHULPHQWV� ZHUH� PDGH� XVLQJ� 1D,�7O�
VLQJOH� FU\VWDOV� EHLQJ� W\SLFDO� VFLQWLOODWRUV� LQ
WKH�GLDJQRVWLF�63(&7�V\VWHPV�

6LPXODWLRQ� RI� OLJKW� FROOHFWLRQ� FRQGLWLRQV
DW� WKH� FU\VWDO� EXWW�DQG�SRWHQWLDOLWLHV� RI� WKH
�IULQJH� HIIHFW�� FRQWURO�� 7KH� IULQJH� HIIHFWV
DUH�LQVLJQLILFDQW�DV�D�UXOH�LQ�EXON�VSHFWURPHW�
ULF�GHWHFWRUV��ZKHUH�WKH�FU\VWDO�KHLJKW�UDWLRQ
WR� LWV� WUDQVYHUVDO� GLPHQVLRQV� LV� �Ü���� +RZ�
HYHU�� LQ� WKH� LPDJH� YLVXDOL]LQJ� V\VWHPV
�63(&7���VXFK�HIIHFWV�PD\�EH�RI�D�VLJQLILFDQW
LPSRUWDQFH�� EHFDXVH� HYHQ� VPDOO� KRPRJHQHLW\
GHYLDWLRQV� VKRXOG� FRPSHQVDWH� WKH� HUURUV� LQ
WKH� VFLQWLOODWLRQ� IODVK� FRRUGLQDWH� UHFRQVWUXF�
WLRQ� XVLQJ� WKH� $QJHU� DOJRULWKP�� 7KXV�� WKH
VXSSUHVVLRQ� RI� IULQJH� HIIHFWV� E\� RSWLPL]LQJ
WKH�OLJKW�FROOHFWLRQ�FRQGLWLRQV�QHDU�WKH�FU\VWDO
EXWW� LV� RI� JUHDW� LPSRUWDQFH� DORQJ� ZLWK� WKH
HOHFWURQLF�PHWKRGV�RI�WKH�VLJQDO�FRUUHFWLRQ�
,Q� WKLV� ZRUN�� XQGHU� FRQVLGHUDWLRQ� DUH

VHYHQ� RSWLRQV� RI� WKH� FU\VWDO� VXUIDFH� WUHDW�
PHQW�DQG� WKH� OLJKW�UHIOHFWLQJ�FRDWLQJ�PDWH�
ULDO� VHOHFWLRQ� WKDW� LQIOXHQFH� VXEVWDQWLDOO\
WKH�OLJKW�FROOHFWLRQ��,Q�WKLV�FDVH��WKH�0RQWH�
&DUOR�VLPXODWLRQ�RI�WKH�OLJKW�FROOHFWLRQ�FRHI�
ILFLHQWV� DW� WKH� EXWWV� RI� D� VFLQWLOODWLRQ� FU\V�

)LJ�����/LJKW�UHIOHFWLRQ�VFKHPHV�IURP�EXWWV�DW�YDULRXV�WUHDWPHQWV�DQG�WKH�UHIOHFWRU�FRQILJXUDWLRQV�
�D�� FDVH� RI� D� PLUURU� VHPL�WUDQVSDUHQW� VXUIDFH�� �E�� UHIOHFWLRQ� WRZDUGV� WKH� FU\VWDO� YROXPH� IURP� D
PLUURU�FU\VWDO�VXUIDFH�ZLWK�D�WRWDOO\�UHIOHFWLQJ�VXUIDFH�FRDWLQJ���F��QR�UHIOHFWLRQ�IURP�WKH�EODFNHQHG
VXUIDFH� �EODFN� ERG\� DSSUR[LPDWLRQ��� �G�� FDVH� RI� WRWDOO\� UHIOHFWLQJ� FRDWLQJ� RXW� RI� FRQWDFW�ZLWK� WKH
FU\VWDO�VXUIDFH���H��FDVH�RI�D�URXJKHQHG�FU\VWDO�VXUIDFH�LQ�RSWLFDO�FRQWDFW�ZLWK�ZKLWH�UHIOHFWRU���I��J��FDVH
RI�URXJKHQHG�VXUIDFH�LQ�DEVHQFH�RI�DQ\�UHIOHFWRU��I��DQG�ZLWK�D�UHIOHFWRU�DW�WKH�FU\VWDO�VXUIDFH��J��

)LJ�����/LJKW�FROOHFWLRQ�FRHIILFLHQW�DV�D�IXQF�
WLRQ� RI� WKH� GLVWDQFH� IURP� WKH� FU\VWDO� EXWW
�SRLQW� ��� FP�� DW� YDULRXV� WUHDWPHQWV� RI� WKH
FU\VWDO� VXUIDFH�� ���� UHIOHFWLQJ�0J2� VKHOO�� ���
EODFN� UHIOHFWRU� RQ� WKH� FU\VWDO� EXWW�� ���� SRO�
LVKHG�UHIOHFWRU�IUHH�VXUIDFHV������SROLVKHG�VXU�
IDFHV�ZLWK�ZKLWH�UHIOHFWRU��7\YHF�������URXJK�
HQHG� UHIOHFWRU�IUHH� VXUIDFHV�� ���� URXJKHQHG
VXUIDFHV�ZLWK�ZKLWH�UHIOHFWRU��7\YHF�������WKH
FU\VWDO� VXUIDFH� FRDWHG� ZLWK� D� WUDQVSDUHQW
OLJKW�JXLGH�ZLWK�UHIUDFWLYH�LQGH[�����
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WDO� LV� D� YHU\� HIIHFWLYH� ZD\� WR� HVWLPDWH� WKH
IULQJH� HIIHFW� YDOXH�� 6XFK� FDOFXODWLRQV� KDYH
SURYLGHG�D�KLJK�HIILFLHQF\�DQG�UHOLDELOLW\�RI
WKH� IRUHFDVWLQJ�ERWK� IRU�KDOLGH� VFLQWLOODWRUV
>�������@� DQG� R[LGH� >����@� RQHV�� $V� D� UXOH�
KRZHYHU��VXFK�FDOFXODWLRQV�ZHUH�FDUULHG�RXW
IRU�VWDQGDUG�W\SH�GHWHFWRUV�>�������@�RU�ORQJ�
OHQJWK�RQHV�>����@��ZKLOH�WKHUH�DUH�RQO\�IHZ
ZRUNV�FRQFHUQLQJ�WKH�GHWHFWRUV�ZLWK�D�FU\V�
WDO� ODUJH� FURVV�VHFWLRQ�WKLFNQHVV� UDWLR�� ,Q
WKH� FDOFXODWLRQV�� XVHG� ZDV� WKH� 3$5$/�
/(/2*5$0� PRGHO� RI� &)ODVK� DOJRULWKP
SURYHG� WR� EH� UHOLDEOH� LQ� WKH� VLPXODWLRQ� RI
DONDOL� KDOLGH� VFLQWLOODWRUV� >�@�� 7KH� FDVHV� FRQ�
VLGHUHG�DUH�SUHVHQWHG�VFKHPDWLFDOO\�LQ�)LJ����
7KH�VLPXODWLRQ�UHVXOWV�DUH�VKRZQ�LQ�)LJ����

([SHULPHQWDO� GDWD� RQ� WKH� OLJKW� \LHOG
YDOXH� GLVWULEXWLRQ� DORQJ� D� ODUJH�DUHD� GHWHF�
WRU�VFUHHQ��,Q�H[SHULPHQWV��D�1D,�7O��FU\VWDO
RI����u���u����PP��VL]H�JOXHG�WR�D����PP
WKLFN�JODVV� OLJKW�JXLGH��6XFK�D� VDQGZLFK� LV
DQ� DQDORJXH� RI� D� GHWHFWRU� IRU� PHGLFDO
JDPPD�FDPHUD��7R�PHDVXUH�WKH�OLJKW�\LHOG�

D�+DPDPDWVX�5�����307�FRPELQHG�ZLWK�D
VSHFWUXP� DQDO\]HU� DQG� FROOLPDWHG� ZLWK� D
��&R�VRXUFH�FHQWHUHG�DW�WKH�VLGH�RSSRVLWH�WR
WKH�307��6FDQQLQJ�RI�WKH�VRXUFH�DQG�PHDV�
XULQJ� V\VWHP� DORQJ� WKH� FU\VWDO�OLJKW� JXLGH
DVVHPEO\� PDGH� LW� SRVVLEOH� WR� PHDVXUH� WKH
OLJKW�\LHOG�ERWK�DW�WKH�FHQWUDO�DQG�SHULSKHU\
DUHDV� RI� WKH� FU\VWDO�� ,Q� )LJ����� VKRZQ� DUH
WKH�H[SHULPHQWDO�GDWD�IRU�WZR�FDVHV�
,W� LV� WR� QRWH� WKDW� WR� SURYLGH� WKH� OLJKW

\LHOG� PHDVXUHPHQWV� LPPHGLDWHO\� DW� WKH� EXWW
RI� D� VFLQWLOODWLRQ� FU\VWDO�� WKH� OLJKW� JXLGH
VKRXOG�RYHUODS�WKH�FU\VWDO�DV�LV�VKRZQ�LQ�)LJ�
�� �OHIW��� 7KHUHIRUH�� WKH� H[SHULPHQWDO� GDWD
PXVW� LQFOXGH� D� FRQWULEXWLRQ� IURP� WKH� OLJKW
JXLGH� WKDW� VRPHZKDW� GHWHULRUDWHV� WKH� IULQJH
HIIHFW� PHDVXUHPHQW� DFFXUDF\� LPPHGLDWHO\� DW
WKH�FU\VWDO�EXWW��$W�WKH�VDPH�WLPH��WKH�OLJKW
FROOHFWLRQ� VLPXODWLRQ� IRU� VXFK� D� VDQGZLFK� LQ
WKH�FDVHV���DQG����)LJ�����VKRZV�WKDW�WKH�OLJKW
JXLGH�FRQWULEXWLRQ�WR�WKH�OLJKW�FROOHFWLRQ�FRHI�
ILFLHQW�GHFUHDVH� LV� VPDOO� ������� WR�������� WKH
VLJQDO� GURS� VKDSH� DW� WKH� FU\VWDO� EXWW� EHLQJ
WKH�VDPH��)LJ����SUHVHQWV�WKH�FDVH�RI�WKH�UH�
IOHFWLRQ�DW�5� ������DQG�WKDW�RI�WRWDO�DEVRUS�
WLRQ�RI�OLJKW�H[LWLQJ�WKURXJK�WKH�EXWW��5� ���
7KXV�� WKH� H[SHULPHQWDO� DQG� FDOFXODWHG

GDWD� KDYH� EHHQ� VKRZQ� WR� FRLQFLGH� UDWKHU
ZHOO��WKXV�FRQILUPLQJ�WKH�FRUUHFWQHVV�RI�WKH
PRGHO�DQG�SDUDPHWHUV�XVHG�WR�WKH�OLJKW�FRO�
OHFWLRQ� FDOFXODWLRQ��7KH� OLJKW� \LHOG� LQKRPR�
JHQHLW\� DW� WKH� FU\VWDO�EXWWV� FDQ�EH� UHGXFHG
E\� EODFNHQLQJ� RI� WKH� EXWW�� KRZHYHU�� WKH
WRWDO� QXPEHU� RI� UHJLVWHUHG� SKRWRQV� LV� UH�
GXFHG� LQ�WKLV�FDVH��7KH�VL]H� LQFUHDVH�RI�WKH
OLJKW�JXLGH�RYHUODSSLQJ�WKH�FU\VWDO�EXWW�SUR�
YLGHV� VRPH� FRPSHQVDWLRQ� RI� WKH� IULQJH� HI�
IHFWV�� ,W� LV� WR� QRWH� WKDW� LQ� WKLV� FDVH�� DQ
DGGLWLRQDO� SRVVLELOLW\� DULVHV� WR� FRQWURO� WKH
H[LWLQJ�OLJKW�GLVWULEXWLRQ�E\�D�VSHFLDO�WUHDW�
PHQW�RI�WKH�OLJKW�JXLGH�EXWW�

)LJ����� /LJKW� \LHOG� SURILOH� RYHU� WKH� GHWHFWRU
DUHD�� ���� WKH� VXUIDFH� WUHDWPHQW� DFFRUGLQJ� WR
FDOFXODWLRQ� �� �)LJ������ ���� WKDW� DFFRUGLQJ� WR
FDOFXODWLRQ����)LJ�����

)LJ�����7KH�OLJKW�JXLGH�DQG�IULQJH�307�RYHUODSSLQJ�RI�WKH�FU\VWDO�EXWW�DQG�WKH�FRQWULEXWLRQ�WKHUHRI
WR�WKH�OLJKW�\LHOG�GLVWULEXWLRQ�DW�WKH�EXWW�RI�D�ODUJH�DUHD�GHWHFWRU�
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WLRQ�'HWHFWRUV�IRU�0HGLFDO�$SSOLFDWLRQV��HG��E\
6�7DYHUQLHU�� $�*HNWLQ�� %�*ULQ\RY�� :�0RVHV�
6SULQJHU��1HZ�<RUN��������

� ���<X�$�7VLUOLQ��/LJKW�&ROOHFWLRQ�LQ�WKH�6FLQWLOOD�
WLRQ�&RXQWHUV��$WRPL]GDW��0RVFRZ� ������� >LQ
5XVVLDQ@��

� ���0�(�*OREXV��%�9�*ULQ\RY��,QRUJDQLF�6FLQWLOOD�
WRUV�� 1HZ� DQG� 7UDGLWLRQDO� 0DWHULDOV�� $NWD�
.KDUNLY��������>LQ�5XVVLDQ@�

� ���3�/HFRT�� $�$QQHQNRY�� $�*HNWLQ�� ,QRUJDQLF
6FLQWLOODWRUV� IRU� 'HWHFWRU� 6\VWHPV�� 6SULQJHU�
1HZ�<RUN��������

� ���9�3�*DYULO\XN�� (�/�9LQRJUDG�� %�9�*ULQ\RY�
)XQFWLRQDO�0DWHULDOV����������������

� ���&�&DUULHU��5�/HFRPWH��1XFO��,QVWU��0HWK��3K\V�
5HV��$������������������

� ���6�$�'HUHQ]R�� -�.�5LOHUV�� ,(((� 7UDQV��1XFO�
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