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$UWLFOH���� 
7RWDO�6XVSHQGHG�6ROLGV�0HDVXUHPHQW�-�

6ROL6HQVH� 

,QWURGXFWLRQ 

7RWDO� VXVSHQGHG� VROLGV� �766�� FRQFHQWUDWLRQV�� LQ� PDVV� SHU� YROXPH� XQLWV� VXFK� DV� PJ�/�� FDQ� EH� DQ� LPSRUWDQW� SHUIRUPDQFH�

SDUDPHWHU�IRU�PRQLWRULQJ�DSSOLFDWLRQV�VXFK�DV�LQGXVWULDO�SURFHVV�VWUHDPV�DQG�VOXGJHV�DW�ZDVWHZDWHU�WUHDWPHQW�SODQWV��6WDQGDUG�

PHWKRGV�RI�DQDO\VLQJ�VXVSHQGHG�VROLGV��H�J��(3$�������RU�,62��������UHTXLUH�WKH�XVH�RI�D�JUDYLPHWULF�SURFHGXUH��7KHVH�LQYROYH�

SDVVLQJ� WKH� VDPSOH� WKURXJK�D�JODVV� ILEUH� ILOWHU� DQG�GU\LQJ� WR�FRQVWDQW�ZHLJKW�� 7KLV� FDQ�JLYH�YHU\�DFFXUDWH� UHVXOWV� EXW� LV� WLPH�

FRQVXPLQJ�DQG�FDQQRW�EH�FDUULHG�RXW�RQOLQH��VR�LV�QRW�LGHDOO\�VXLWHG�WR�PHDVXULQJ�SURFHVV�VWUHDPV�ZKLFK�FDQ�FKDQJH�TXLFNO\�� 

)RU� DQ� RQOLQH� PHDVXUHPHQW� RI� 766� WR� EH� XVHIXO�� LW� VKRXOG� EH�� FRQWLQXRXV�� ORZ� FRVW�� KDYH� D� ORZ� FRVW� RI� RZQHUVKLS� DQG� EH�

FDOLEUDWDEOH�XVLQJ�JUDYLPHWULF�UHVXOWV�� 

6FDWWHUHG�/LJKW 

$Q�DSSURDFK�WKDW�LV�VXLWDEOH�IRU�RQOLQH�FRQWLQXRXV�PRQLWRULQJ��LV�WR�PHDVXUH�WKH�DPRXQW�RI�OLJKW�WKDW�LV�VFDWWHUHG�RU�WUDQVPLWWHG�

E\� WKH�VDPSOH��0HDVXULQJ�RSWLFDO�SURSHUWLHV�DOORZV� WKH�FRQWLQXRXV�PHDVXUHPHQW�DQG�UHSRUWLQJ�RI� WKH� OHYHO�RI� WRWDO�VXVSHQGHG�

VROLGV� LQ�D�VDPSOH��7KH�6ROL6HQVH��VHQVRU�IURP�3L�XVHV�VFDWWHUHG� OLJKW�IRU�PHDVXUHPHQWV��/LJKW� LV�VFDWWHUHG� LQ�DOO�GLUHFWLRQV�E\�

VROLGV� LQ� WKH� VDPSOH�� 7KH� SURSRUWLRQ� VFDWWHUHG� LQ� GLIIHUHQW� GLUHFWLRQV� LV� UHODWHG� WR� WKH� QDWXUH� RI� WKH� VROLGV� EHLQJ� PHDVXUHG��

QRWDEO\��WKH�SDUWLFOH�VL]H�RI�WKH�VROLG�KDV�D�ODUJH�HIIHFW�RQ�WKH�VFDWWHULQJ�EHKDYLRXU��6PDOO�SDUWLFOHV��������P�§�����WK�ZDYHOHQJWK�

RI�OLJKW��VFDWWHU�OLJKW�HTXDOO\�LQ�DOO�GLUHFWLRQV��PHGLXP�SDUWLFOHV��!�����P�§����WK�ZDYHOHQJWK�RI�OLJKW��VFDWWHU�OLJKW�PRUH�LQ�WKH�

IRUZDUG�GLUHFWLRQ��GXH�WR�DGGLWLYH�LQWHUIHUHQFH��DQG�ODUJH�SDUWLFOHV��!����P�§�ZDYHOHQJWK�RI�OLJKW��VFDWWHU�VLJQLILFDQWO\�PRUH�OLJKW�

EDFNZDUGV��7KH�VFDWWHU�EHKDYLRXU�ZLOO�DOVR�EH�DIIHFWHG�E\�WKH�FRORXU��DIIHFWLQJ�WKH�DEVRUSWLRQ�RI�WKH�LOOXPLQDWLQJ�OLJKW��UHIUDFWLYH�

LQGH[��DQG�SDUWLFOH�VKDSH��ZLWK�VSKHULFDO�VKDSHV�FDXVLQJ�PRUH�IRUZDUG�VFDWWHU�WKDQ�URG�DQG�FRLOHG�VKDSHV� 

6ROL6HQVH� 

7KH�6ROL6HQVH��PHDVXUHV�VXVSHQGHG�VROLGV�FRQFHQWUDWLRQV�E\�

PDNLQJ� D� EDFNVFDWWHU� PHDVXUHPHQW�� 7KH� VDPSOH� LV�

LOOXPLQDWHG�ZLWK�DQ����QP�ZDYHOHQJWK�/('�DQG�WKH�VFDWWHUHG�

OLJKW�LV�GHWHFWHG�E\�WZR�GHWHFWRUV�SRVLWLRQHG�DW�!�����WR�WKH�

LQFLGHQW�DQJOH�RI�WKH�LOOXPLQDWLQJ�OLJKW��7KH�PDMRU�DGYDQWDJH�

RI�PHDVXULQJ�EDFNVFDWWHU��FRPSDUHG�WR�RWKHU�SRVVLEOH�RSWLFDO�

PHDVXUHPHQWV�� LV� WKH� UHGXFHG� PHDVXUHPHQW� SDWK� OHQJWKV�

WKDW�DUH�QHHGHG��7KLV�LV�D�EHQHILW�EHFDXVH��ZKLOVW�WKH�DPRXQW�

RI� VFDWWHUHG� OLJKW� LQFUHDVHV� ZLWK� WKH� FRQFHQWUDWLRQ� RI�

VXVSHQGHG� VROLGV�� HYHQWXDOO\� DWWHQXDWLRQ� RI� WKH� OLJKW� VLJQDO�

VWDUWV� WR�GRPLQDWH�DQG�WKH�UHVSRQVH�IDLOV��7KLV�JLYHV�ULVH�WR�

WKH�FKDUDFWHULVWLF�RXWSXW�RI�D�VFDWWHUHG�OLJKW�GHWHFWRU�OLNH�WKDW�

VKRZQ� LQ� )LJXUH� ��� 7KH� VROLGV� FRQFHQWUDWLRQV� WKDW� WKH� SHDN�

RFFXUV� DW�� DQG� XOWLPDWHO\� WKH� VHQVRU� JRHV�

EOLQG�DW��DUH�UHODWHG�WR�WKH�SDWK�OHQJWK��7KH�

XVH� RI� EDFNVFDWWHU� GHWHFWRUV� WKDW� RIIHU� WKH�

VKRUWHVW� SRVVLEOH� SDWK� OHQJWKV� DOORZ� IRU� WKH�

SRVLWLRQ� RI� WKH� SHDN� UHVSRQVH� �WKH� SRLQW� DW�

ZKLFK�WKH�VHQVRU�JRHV�EOLQG��WR�RFFXU�DW�KLJK�

VROLGV� FRQFHQWUDWLRQV��7KH�XVH�RI�DQ����QP�

OLJKW� VRXUFH� LQ� WKH� 6ROL6HQVH�� UHGXFHV� WKH�

HIIHFW� RI� SDUWLFOH� FRORXU� RQ� PHDVXUHPHQWV�

FRPSDUHG�WR�WKH�XVH�RI�ZKLWH�RU�YLVLEOH�OLJKW�

VRXUFHV� 

7KH�6ROL6HQVH��LV�ILWWHG�ZLWK�WZR�EDFNVFDWWHU�

GHWHFWRUV�WR�PD[LPLVH�VHQVLWLYLW\�DQG�UDQJH��

7KHVH� GHWHFWRUV� DUH� ORFDWHG� DW� GLIIHUHQW�

GLVWDQFHV�IURP�WKH�HPLWWHU�DQG�DUH�NQRZQ�DV�

WKH� ORQJ� DQG� VKRUW� GHWHFWRUV�� VKRZQ� LQ� WKH�

VFKHPDWLF� GLDJUDP� LQ� )LJXUH� ��� 7KH� ORQJ�

GHWHFWRU�� ZLWK� D� ORQJHU� SDWK� OHQJWK�� RIIHUV�

WKH�EHWWHU�VHQVLWLYLW\�DQG�WKH�VKRUW�GHWHFWRU��

ZLWK�D�VKRUW�SDWK�OHQJWK��RIIHUV�D�ZLGHU�UDQJH��)LJXUH���VKRZV�

KRZ� WKH� GLIIHUHQW� GHWHFWRUV� UHVSRQG� ZKLOVW� PRQLWRULQJ� NDROLQ�

VDPSOHV� 

0HDVXUHPHQW�3URFHGXUH 

:KHQ� DQ� RSWLFDO� PHDVXUHPHQW� LV� PDGH� WR� GHWHUPLQH� WKH�

VXVSHQGHG� VROLGV� FRQFHQWUDWLRQ� RI� D� VDPSOH�� WKH� VLJQDO�)LJ����5HVSRQVH�RI�DQ�RSWLFDO�GHWHFWRU�WR�VFDWWHUHG�OLJKW 

)LJ����6FKHPDW�
LF�GLDJUDP�DQG�

SLFWXUH�RI�����
6ROL6HQVH��

SUREH 
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SURGXFHG� E\� WKH� GHWHFWRU� KDV� WZR� FRPSRQHQWV�� WKH� ILUVW� LV�

IURP�WKH�VFDWWHUHG�OLJKW�GXH�WR�WKH�SDUWLFOHV�LQ�WKH�ZDWHU�DQG�

WKH�VHFRQG��D�EDFNJURXQG�VLJQDO��7KH�EDFNJURXQG�VLJQDO�ZLOO�

LQFOXGH�DQ\�HOHFWULFDO�RIIVHWV�EXW�FDQ�DOVR�LQFOXGH�OLJKW�WKDW�LV�

QRW�GXH�WR�SDUWLFXODWH�VFDWWHU��VXFK�DV�DPELHQW� OLJKW�RU� OLJKW�

UHIOHFWHG�IURP�VXUIDFHV��,Q�VDPSOHV�ZLWK�D�KLJK�FRQFHQWUDWLRQ�

RI�SDUWLFOHV�WKH�EDFNJURXQG�LV�QHJOLJLEOH��EXW�DW�ORZ�OHYHOV�WKH�

EDFNJURXQG� VLJQDO� FDQ� EH� VLJQLILFDQW�� 7KH� HIIHFW� RI�

EDFNJURXQG� OLJKW�YDULDWLRQ�EHFRPHV�PRUH�VLJQLILFDQW� LI� WKHUH�

LV� D� GLIIHUHQFH� EHWZHHQ� WKH� EDFNJURXQG� OLJKW� ZKHQ� D�

FDOLEUDWLRQ�LV�PDGH�DQG�ZKHQ�D�PHDVXUHPHQW�LV�PDGH��:LWK�

WKH�6ROL6HQVH��� EDFNJURXQG� OLJKW� HIIHFWV� DUH� HOLPLQDWHG�GXH�

WR� WKH� XVH� RI� 3L¶V� LQQRYDWLYH� DQG� SDWHQWHG� PHDVXUHPHQW�

SURFHGXUH�� 7KLV� SURFHGXUH� LQYROYHV� WKH� VHQVRU� WDNLQJ�

PHDVXUHPHQWV� DW� GLIIHUHQW� HPLWWHG� OLJKW� OHYHOV� ������ OLJKW��

����OLJKW������OLJKW�DQG�����OLJKW��DQG�XVLQJ�WKH�JUDGLHQW�

EHWZHHQ� WKH� UHDGLQJV� WR� GHWHUPLQH� WKH� VDPSOH� VXVSHQGHG�

VROLGV� FRQFHQWUDWLRQ�� $V� WKH� UHDGLQJV� DUH� WDNHQ� LQ� UDSLG�

VXFFHVVLRQ�WKH�EDFNJURXQGV�FDQ�EH�DVVXPHG�WR�EH�LGHQWLFDO��

VR�WKH�JUDGLHQW�LV�QRW�DIIHFWHG�E\�WKH�EDFNJURXQG�OLJKW�OHYHO�� 

&DOLEUDWLRQ 

&DOLEUDWLRQ� RI� DQ\� RSWLFDO� GHYLFH� PHDVXULQJ� 766� VKRXOG� EH�

PDGH�E\� FRPSDULVRQ�ZLWK� UHVXOWV� RI� 766� WDNHQ�XVLQJ�HLWKHU�

(3$�������RU�,62������� 

7KH�PHDVXUHPHQW�SURFHGXUH�PHDQV�WKDW�D�µ�¶�PJ�/�VDPSOH�LV�

QRW�UHTXLUHG�IRU�FDOLEUDWLRQ��7KLV�HOLPLQDWHV�RQH�RI�WKH�ODUJHVW�

SRWHQWLDO� HUURUV� ZKHQ� FDOLEUDWLQJ� RSWLFDO� PHDVXUHPHQW�

LQVWUXPHQWV� DV� VXFK� D� VDPSOH� LV� GLIILFXOW� WR� REWDLQ��

SDUWLFXODUO\�RQ�VLWH��DQG�WKH�PHDVXUHPHQW�RI�VXFK�D�VDPSOH�

ZLOO�EH�VLJQLILFDQWO\�DIIHFWHG�E\�WKH�EDFNJURXQG�OLJKW�OHYHOV�� 

)RU� PDQ\� DSSOLFDWLRQV� RQO\� D� VLQJOH� FDOLEUDWLRQ� VDPSOH� LV�

QHHGHG��EXW� IRU� VDPSOHV�ZLWK�KLJK�VROLGV�FRQFHQWUDWLRQV� WKH�

GHWHFWRU� UHVSRQVH� PD\� EHFRPH� QRQ-OLQHDU� ZLWK� LQFUHDVLQJ�

VROLGV� FRQFHQWUDWLRQ�� 7R� RSWLPLVH� WKH� UHVXOWV� ZLWK� VXFK�

VDPSOHV��PXOWLSRLQW�FDOLEUDWLRQV��ZLWK�XS�WR���SRLQWV��FDQ�EH�

FDUULHG� RXW�� )RU� HDFK� FDOLEUDWLRQ� VDPSOH�� WKH� JUDGLHQW�

EHWZHHQ� WKH� VLJQDOV� PHDVXUHG� DW� GLIIHUHQW� OLJKW� OHYHOV� LV�

FDOFXODWHG��7KH�JUDGLHQWV�IRU�WKH�GLIIHUHQW�FDOLEUDWLRQ�VDPSOHV�

DUH�XVHG�WR�SURGXFH�D�FDOLEUDWLRQ�FXUYH�VXFK�DV�WKDW�VKRZQ�LQ�

)LJXUH��� 

7KH� XVH� RI� D� PXOWLSRLQW� FDOLEUDWLRQ� FXUYH� DOORZV� WKH�

6ROL6HQVH��WR�JLYH�D�OLQHDU�RXWSXW�RYHU�WKH�FDOLEUDWLRQ�UDQJH��

DV� VKRZQ� LQ� )LJXUH� ��� ZKLFK� VKRZV� WKH� UHDGLQJV� SURGXFHG�

ZLWK� D� YDULHW\� RI� NDROLQ� VDPSOHV�� ,W� LV� LPSRUWDQW� WR� REWDLQ�

JUDYLPHWULF� VDPSOHV� RYHU� WKH� WRWDO� UDQJH� RI� 766� WKDW� LV�

H[SHFWHG�WR�EH�VHHQ�LQ�DQ\�VDPSOH� 

,W� LV� LPSRUWDQW� WR� XQGHUVWDQG� WKDW� WKH� RSWLFDO� SURSHUWLHV� RI� D�

VDPSOH� RQ� DQ\� VLWH� FDQ� FKDQJH� RYHU� WLPH�� IRU� H[DPSOH� ZLWK�

FKDQJLQJ� VROLGV� VRXUFHV�� ZLWK� FKDQJLQJ� YROXPHV� �UDLQIDOO�

HYHQWV��� RU� LQ� DQ� LQGXVWULDO� VHWWLQJ�� FKDQJLQJ� SURGXFW�

PDQXIDFWXULQJ�� 2SWLFDO� PHDVXUHPHQWV� JLYH� D� VHFRQGDU\�

PHDVXUH� RI� 766� KDYLQJ� EHHQ� FDOLEUDWHG� DJDLQVW� WKH� VWDQGDUG�

JUDYLPHWULF� VDPSOLQJ� PHWKRGV� DQG� WKHUHIRUH� DUH� DQ�

DSSUR[LPDWLRQ�WR�WKH�DFWXDO�766�SUHVHQW�LQ�D�VDPSOH� 

&RQFOXVLRQ 

766� LV� D�PHDVXUH� RI� WKH�VROLGV� VXVSHQGHG� LQ� D� VDPSOH� DQG� LV�

GHWHUPLQHG� E\� VWDQGDUG�JUDYLPHWULF�PHWKRGV�� 7KHVH�PHWKRGV�

DUH�QRW�VXLWDEOH� IRU�FRQWLQXRXV�PRQLWRULQJ��7KH�EDFNVFDWWHU�RI�

OLJKW� SURYLGHV� D� VXLWDEOH� VXUURJDWH� DQG� FDQ� EH� FDOLEUDWHG�

DJDLQVW�JUDYLPHWULF�UHVXOWV�� 

7KH� 6ROL6HQVH�� IURP� 3L� LV� D� VXLWDEOH� GHYLFH� IRU� FRQWLQXRXVO\�

PHDVXULQJ�766�LQ�D�YDULHW\�RI�VHWWLQJV��,W¶V�SDWHQWHG�PHWKRG�RI�

WDNLQJ�PHDVXUHPHQWV�PHDQV�WKDW�LW�LV�D�SDUWLFXODUO\�XVHIXO�WRRO��

QHHGLQJ� QR� ]HUR�� FRPSHQVDWLQJ� IRU� EDFNJURXQG� OLJKW�� DQG�

KDYLQJ�DQ�H[WUHPHO\�ODUJH�G\QDPLF�UDQJH�� 

5HIHUHQFHV 
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)LJ����5HVSRQVH�RI�D�6ROL6HQVH��VHQVRU�WR�NDROLQ�VDPSOHV )LJ����)LYH-SRLQW�6ROL6HQVH��FDOLEUDWLRQ�JUDSK�IRU�NDROLQ 

)LJ����6ROL6HQVH��UHDGLQJV�IRU�D�UDQJH�RI�NDROLQ�VDPSOHV 


