
ZZZ�SURFHVVLQVWUXPHQWV�FR�XN 

$UWLFOH���� 
7XUE6HQVH��&DOLEUDWLRQ 

,QWURGXFWLRQ� 

7XUELGLW\�LV�FRPPRQO\�XVHG�DV�D�PHDVXUH�RI�ZDWHU�TXDOLW\��,W�LV�D�PHDVXUH�RI�WKH�OLJKW�VFDWWHULQJ�SURSHUWLHV�RI�WKH�ZDWHU�DQG�

JLYHV� DQ� LQGLFDWLRQ� RI� KRZ� FOHDQ� LW� LV�� ,W� FDQ� EH� XVHG� IRU� WKLV� SXUSRVH� EHFDXVH� WKH� VFDWWHULQJ� LV� FDXVHG� E\� WKH� SUHVHQFH� RI�

SDUWLFOHV� ZLWKLQ� WKH� ZDWHU�� 7KHVH� SDUWLFOHV� FDQ� LQFOXGH� LQRUJDQLF� VROLGV�� PLFURRUJDQLVPV�� VDQGV�� VRLOV�� FROORLGV� DQG� RUJDQLF�

PDWWHU��7KHUH� LV�DOVR�D�VPDOO�DPRXQW�RI�VFDWWHULQJ�DW�D�PROHFXODU� OHYHO��WKLV�PHDQV� LW� LV� LPSRVVLEOH�WR�JHW�D�UHDO�VDPSOH�ZLWK�

]HUR�WXUELGLW\��HYHQ�ZLWK�SHUIHFWO\�FOHDQ�ZDWHU� 

)DFWRUV�$IIHFWLQJ�7XUELGLW\ 

7KHUH�DUH�D�QXPEHU�RI�IDFWRUV�ZKLFK�DIIHFW�WXUELGLW\� 

· 3DUWLFOH� 6L]H� -� VPDOO� SDUWLFOHV� �������P� -��
����WK� ZDYHOHQJWK� RI� OLJKW�� VFDWWHU� OLJKW� LQ�
ODUJHO\�VLPLODU�DPRXQWV�LQ�DOO�GLUHFWLRQV��ZKHUHDV�
ODUJHU�SDUWLFOHV��!�����P�-����WK�ZDYHOHQJWK�RI�
OLJKW��VFDWWHU�PRUH�OLJKW�LQ�WKH�IRUZDUG�GLUHFWLRQ�
GXH� WR� DGGLWLYH� LQWHUIHUHQFH� EHWZHHQ� OLJKW�
VFDWWHUHG�IURP�GLIIHUHQW�SDUWV�RI��WKH�SDUWLFOH� 

· ,QFLGHQW� /LJKW� -� VPDOO� SDUWLFOHV� VFDWWHU� VKRUWHU�
ZDYHOHQJWKV� PRUH� WKDQ� ORQJHU� ZDYHOHQJWKV��
ZKHUHDV� ODUJHU� SDUWLFOHV� VFDWWHU� ORQJHU�
ZDYHOHQJWKV�PRUH�WKDQ�VKRUWHU�ZDYHOHQJWKV� 

· 3DUWLFOH� 6KDSH� -� VSKHULFDO� SDUWLFOHV�ZLOO� FDXVH�D�
KLJKHU� SURSRUWLRQ� RI� IRUZDUG� VFDWWHU� FRPSDUHG�
WR� EDFNZDUG� VFDWWHU� WKDQ� URG� VKDSHG� RU� FRLOHG�
SDUWLFOHV� 

· 3DUWLFOH� &RORXU� -� FRORXUHG� SDUWLFOHV� ZLOO� DEVRUE�
OLJKW�RI�SDUWLFXODU�ZDYHOHQJWKV�ZKLFK�FDQ�UHGXFH�
WKH�VL]H�RI�WKH�VLJQDO�UHDFKLQJ�WKH��GHWHFWRU� 

· 3DUWLFOH� 5HIUDFWLYH� ,QGH[� -� WKH� ELJJHU� WKH�
GLIIHUHQFH� LQ� UHIUDFWLYH� LQGH[� EHWZHHQ� WKH�
SDUWLFOH� PDWHULDO� DQG� WKH� ZDWHU�� WKH� PRUH�
VFDWWHULQJ�WKDW�ZLOO�RFFXU� 

· 3DUWLFOH�&RQFHQWUDWLRQ�-�VFDWWHULQJ�LQWHQVLILHV�DV�
WKH� FRQFHQWUDWLRQ� LQFUHDVHV�� 7KH� DPRXQW� RI�

VHFRQGDU\� VFDWWHULQJ� DQG� DGVRUSWLRQ� DOVR�
LQFUHDVHV��ZKLFK�HYHQWXDOO\�FDXVHV�D�UHGXFWLRQ�LQ�
VLJQDO� 

0HDVXULQJ�7XUELGLW\ 

+LVWRULFDOO\�WXUELGLW\�ZDV�PHDVXUHG�XVLQJ�YLVXDO�PHWKRGV��VXFK�

DV� WKH� -DFNVRQ� FDQGOH�� 7KLV�PHWKRG� LQYROYHG� D� FDQGOH� DQG� D�

JODVV�ERWWRPHG�WXEH��7KH�WXEH�ZDV�ILOOHG�ZLWK�VDPSOH�XQWLO�WKH�

LPDJH� RI� WKH� VDPSOH� IODPH� KDG� GLIIXVHG� LQWR� D� XQLIRUP� JORZ��

7KLV�ZDV�RQH�RI�WKH�ILUVW�PHWKRGV�WR�TXDQWLI\�WXUELGLW\�DQG�OHDG�

WR� WKH� GHILQLWLRQ� RI� WKH� -DFNVRQ� 7XUELGLW\� 8QLW� �-78��� 2WKHU�

YLVXDO�PHWKRGV�VXFK�DV�D�6HFFKL�GLVF�RU�D�WXUELGLW\�WXEH�VWLOO�VHH�

VRPH�XVH� 

0RGHUQ� LQVWUXPHQWV� PHDVXUH� WXUELGLW\� E\� LOOXPLQDWLQJ� WKH�

VDPSOH�ZLWK� D� OLJKW� DQG�PHDVXULQJ� WKH� OLJKW� VFDWWHUHG� E\� WKH�

VDPSOH� XVLQJ� D� SKRWRGHWHFWRU�� 7KH� PRUH� SDUWLFOHV� SUHVHQW� LQ�

WKH� VDPSOH�� WKH� KLJKHU� WKH� VFDWWHUHG� VLJQDO� WKDW� FDQ� EH�

GHWHFWHG��:KLOVW�DQ\�DQJOH�FDQ�EH�XVHG�IRU�PDNLQJ�WKH�VFDWWHU�

PHDVXUHPHQWV�� LQFOXGLQJ� ��� �ZKLFK� LV� WUDQVPLVVLRQ� VWUDLJKW�

WKURXJK� WKH� VDPSOH���� PDQ\� LQWHUQDWLRQDO� VWDQGDUGV� VXFK� DV�

,62������VSHFLI\�WKH�XVH�RI�QHSKHORPHWULF 

��,I�PHDVXULQJ�WUDQVPLVVLRQ��WKH�VLJQDO�ZLOO�UHGXFH�ZLWK� 

��LQFUHDVLQJ�SDUWLFOH�FRQFHQWUDWLRQ� 
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PHDVXUHPHQWV�IRU�WKH�TXDQWLWDWLYH�GHWHUPLQDWLRQ�RI�WXUELGLW\��

1HSKHORPHWU\�UHIHUV�WR�WKH�PHDVXUHPHQW�RI�VFDWWHUHG�OLJKW�DW�

DQ�DQJOH�RI������7KLV�DQJOH�LV�XVHG�DV�LW�LV�WKH�PRVW�VHQVLWLYH�

WR�VFDWWHU�DQG� LV�DSSOLFDEOH� IRU�DOO�SDUWLFOH� VL]HV�DQG�VKDSHV��

1HSKHORPHWULF� PHDVXUHPHQWV� DUH� WKH� RULJLQ� RI� WKH� PRVW�

FRPPRQO\�HQFRXQWHUHG�XQLW�XVHG�IRU�WXUELGLW\�PHDVXUHPHQW��

178��1HSKHORPHWULF�7XUELGLW\�8QLW��� 

7XUE6HQVH� 

7XUE6HQVH�� PHDVXUHV� WXUELGLW\�

E\� PDNLQJ� D� QHSKHORPHWULF�

PHDVXUHPHQW� 

7KH� VDPSOH� LV� LOOXPLQDWHG� ZLWK�

DQ� ���QP� /('� DQG� WKH�

VFDWWHUHG�OLJKW�LV�GHWHFWHG�DW�DQ�

DQJOH� RI� ���� XVLQJ� D�

SKRWRGLRGH� 

7KH� 7XUE6HQVH�� KDV� EHHQ�

FDUHIXOO\� GHVLJQHG� WR� JLYH� D�

KLJK� OHYHO� RI� SHUIRUPDQFH�� 7KLV�

LV� DFKLHYHG� E\� FROOLPDWLQJ� WKH�

/('� OLJKW� WKURXJK� D� WXEH�� WR�

UHGXFH� GLYHUJHQFH� RI� WKH� OLJKW�

ZLWKLQ� WKH� VDPSOH� DQG� XVLQJ� D�

VWHSSHG�SUREH�HQG�WR�VWRS� OLJKW�

WUDYHOOLQJ� GLUHFWO\� WR� WKH�

GHWHFWRU��7KH����QP�QHDU�LQIUD�

UHG� OLJKW�VRXUFH��DV�UHTXLUHG�E\�

,62� ������ PLQLPLVHV�

LQWHUIHUHQFH� IURP� VDPSOH�

FRORXU� 

:KHQ� D� WXUELGLW\�

PHDVXUHPHQW� LV� PDGH�� WKH�

VLJQDO� SURGXFHG� E\� WKH�

GHWHFWRU� LV� FRPSRVHG� RI� WKH�

VFDWWHUHG�OLJKW�GXH�WR�SDUWLFOHV�

LQ� WKH� ZDWHU� DQG� DOVR� DQ\�

EDFNJURXQG� OLJKW� SUHVHQW��

WRJHWKHU�ZLWK�DQ\�RIIVHWV�GXH�WR�

WKH� HOHFWURQLF� FRPSRQHQWV� XVHG�� (OHFWURQLF� IDFWRUV� WKDW� FDQ�

FRQWULEXWH�WR�WKH�GHWHFWHG�VLJQDO�LQFOXGH� 

· 'DUN�&XUUHQW�-�WKH�VLJQDO�WKDW�WKH�SKRWRGLRGH�
SURGXFHV�ZKHQ�QR�OLJKW�LV�SUHVHQW� 

· 9DULDWLRQ�LQ�/LJKW�6LJQDO�-�VXFK�DV�RFFXUV�GXH�WR�
WKH�WHPSHUDWXUH�GHSHQGHQFH�RI�WKH�OLJKW�RXWSXW�
RI�DQ�/('� 

· &RXSOHG�1RLVH�-�LQWHUIHUHQFH�GXH�WR�RWKHU��
FRPSRQHQWV�ZLWKLQ�D�VHQVRU��RU�H[WHUQDO�
HTXLSPHQW�FDXVLQJ�D�VLJQDO�WR�EH�SLFNHG�XS�E\�
WKH�GHWHFWRU�FLUFXLWU\� 

,Q�FOHDQ�ZDWHU��ZLWK�IHZ�SDUWLFOHV�SUHVHQW��WKH�VLJQDO�SURGXFHG�

E\� WKH� VFDWWHUHG� OLJKW� ZLOO� EH� ORZ�� ,I� EDFNJURXQG� OLJKW� LV�

SUHVHQW� ZKHQ� WKH� PHDVXUHPHQW� LV� PDGH�� WKLV� FDQ� EH� D�

VLJQLILFDQW�SDUW�RI�WKH�PHDVXUHG�VLJQDO� 

)LJXUH� �� LOOXVWUDWHV� WKLV�� VKRZLQJ� WKH� VL]H� RI� WKH� VLJQDOV�

SURGXFHG�ZKHQ� WDS�ZDWHU� LV� DQDO\VHG� LQ� V\VWHPV� ZLWK� DQG�

ZLWKRXW�EDFNJURXQG� OLJKW�SUHVHQW��7KLV�GLIIHUHQFH�FDQ� UHVXOW�

LQ�LQDFFXUDWH�UHVXOWV��$�FKDQJH�LQ�WKH�EDFNJURXQG�ZLOO�FDXVH�

WKH� PHDVXUHG� VLJQDO� WR� FKDQJH�� OHDGLQJ� WR� DQ� DSSDUHQW�

FKDQJH�LQ�WKH�WXUELGLW\�RI�D�VDPSOH��7KH�HIIHFW�RI�EDFNJURXQG�

FKDQJHV� EHFRPHV� HYHQ� PRUH� VLJQLILFDQW� LI� WKHUH� LV� D�

GLIIHUHQFH� EHWZHHQ� WKH� EDFNJURXQG� ZKHQ� WKH� VHQVRU� LV�

FDOLEUDWHG�DQG�ZKHQ�D�PHDVXUHPHQW�LV�PDGH� 

7KLV� LV� RQH� RI� WKH� UHDVRQV� ZK\� WKH� FDOLEUDWLRQ� RI� WXUELGLW\�

VHQVRUV�FDQ�EH�GLIILFXOW��0DQ\�FDOLEUDWLRQ�SURFHGXUHV�UHTXLUH�

D�PHDVXUHPHQW�WR�EH�PDGH�ZLWK�D� 
�
�178�VDPSOH���6XFK�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� 

��7KH�XQLW�178�LV�JHQHUDOO\�XVHG�IRU�WXUELGLW\�PHDVXUHPHQWV�EXW�VWULFWO\�RQO\�DSSOLHV�LI�D�WXQJVWHQ�OLJKW�VRXUFH�LV�XVHG��)RU�D� 

��QHDU�LQIUD-UHG�OLJKW�VRXUFH��IRUPD]LQ�QHSKHORPHWULF�XQLWV��)18��VKRXOG�VWULFWO\�EH�XVHG��7KH�WZR�XQLWV�DUH�DSSUR[LPDWHO\�WKH� 

��VDPH� 
��$�WUXH�������178�VDPSOH�LV�LPSRVVLEOH�WR�DFKLHYH��0ROHFXODU�VFDWWHULQJ�RI�ZDWHU�ZLOO�JLYH�D�WXUELGLW\�RI�DURXQG�������178� 

)LJ���—(IIHFW�RI�EDFNJURXQG�RQ�PHDVXUHG�VLJQDO�RI�WDS�ZDWHU� 

)LJ���—�,OOXVWUDWLRQ�RI�
3L¶V�7XUE6HQVH��SUREH� 

)LJ���—3L¶V�7XUE6HQVH��
SUREH� 

)LJ���—(IIHFW�RI�FKDQJLQJ�OLJKW�RXWSXW�DQG�WXUELGLW\�RQ�WKH���
GHWHFWHG�VLJQDO��7KH�WXUELGLW\�ZDV�IL[HG�ZKHQ�WKH�OLJKW�RXWSXW�
FKDQJHG�DQG�WKH�OLJKW�RXWSXW�ZDV�IL[HG�ZKHQ�WKH�WXUELGLW\�ZDV�

FKDQJHG� 
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7R� RYHUFRPH� WKHVH� SUREOHPV� WKH� 7XUE6HQVH�� XVHV� D� QHZ�

DSSURDFK� WR� PDNLQJ� WXUELGLW\� PHDVXUHPHQWV� WKDW� DOORZV� IRU�

VLPSOH�FDOLEUDWLRQ�DQG�JLYHV�VWDEOH�UHVXOWV��7KH�DSSURDFK�XVHG�

LV�WR�WDNH�PHDVXUHPHQWV�DW�GLIIHUHQW�OLJKW�OHYHOV��7KLV�FDQ�EH�

GRQH�DV�FKDQJLQJ� WKH� OLJKW� OHYHOV�KDV�D�VLPLODU�HIIHFW�RQ� WKH�

GHWHFWHG�VLJQDO� WR�FKDQJLQJ�WKH�WXUELGLW\�RI� WKH�VDPSOH��7KLV�

HIIHFW�LV�LOOXVWUDWHG�LQ�)LJXUH����ZKLFK�VKRZV�WKDW�FKDQJLQJ�WKH�

OLJKW� OHYHO� �IRU� D� IL[HG� WXUELGLW\� VDPSOH��KDV� WKH� VDPH�HIIHFW�

RQ�WKH�GHWHFWRU�VLJQDO�DV�FKDQJLQJ�WKH�WXUELGLW\�RI�WKH�VDPSOH�

�IRU�D�IL[HG� OLJKW� OHYHO���7KLV�PHDQV�WKDW�D�FDOLEUDWLRQ�FDQ�EH�

FDUULHG� RXW� XVLQJ� D� VLQJOH� VDPSOH� DQG� UHGXFLQJ� WKH� OLJKW�

RXWSXW� WR� FDOFXODWH� D� UHODWLRQVKLS� EHWZHHQ� WXUELGLW\� DQG�

GHWHFWHG�VLJQDO� 

&DOLEUDWLQJ�WKH�7XUE6HQVH� 

7R� FDUU\� RXW� D� FDOLEUDWLRQ� WKH� WXUELGLW\� RI� WKH� VDPSOH� LV�

PHDVXUHG�E\� WKH�GHWHFWRU� VLJQDO� WRJHWKHU�ZLWK� WKH� UHIHUHQFH�

VLJQDO�� ZKLFK� DFFXUDWHO\� PHDVXUHV� WKH� DPRXQW� RI� OLJKW�

HPLWWHG�� 7KH� OLJKW� VLJQDO� LV� WKHQ� UHGXFHG� WR� ����� ���� DQG�

����SRZHU��7KH�GHWHFWRU�DQG�UHIHUHQFH�VLJQDOV�DUH�PHDVXUHG�

DW�HDFK�RI�WKHVH�SRLQWV��7KHVH�SRLQWV�DUH�SORWWHG�DJDLQVW�HDFK�

RWKHU�� DV� VKRZQ� LQ� )LJXUH� ��� WR� DOORZ� WKH� JUDGLHQW� WR� EH�

FDOFXODWHG� 

%\�WDNLQJ�WKHVH�UHDGLQJV�LQ�TXLFN�VXFFHVVLRQ�WKH�EDFNJURXQGV�

FDQ� EH� DVVXPHG� WR� EH� LGHQWLFDO�� 7KLV�PHDQV� WKH� JUDGLHQW� LV�

LQGHSHQGHQW�RI�WKH�EDFNJURXQG�DQG�LV�VROHO\�GXH�WR�WXUELGLW\� 

$�VDPSOH�ZLWK�QR�WXUELGLW\�ZLOO�KDYH�QR�JUDGLHQW��UHJDUGOHVV�RI�

KRZ�PXFK�OLJKW�LV�VXSSOLHG�WR�WKH�V\VWHP��7KLV�JLYHV�D�IL[HG���

SRLQW� DQG� PHDQV� LW� LV� QRW� QHFHVVDU\� WR� PDNH� D� 
�
� 178�

PHDVXUHPHQW�� 7KH� UHODWLRQVKLS� EHWZHHQ� JUDGLHQW� DQG�

WXUELGLW\�� DV� LOOXVWUDWHG� LQ� )LJXUH� ��� FDQ� EH� HVWDEOLVKHG� DQG�

WKHQ�XVHG�WR�GHWHUPLQH�WKH�WXUELGLW\�RI�VDPSOHV� 

7R� PDNH� D� VDPSOH� PHDVXUHPHQW�� WKH� GHWHFWRU� VLJQDO� DQG�

UHIHUHQFH�VLJQDOV�DUH�UHFRUGHG�DW������OLJKW�SRZHU�����OLJKW�

SRZHU�� ���� OLJKW� SRZHU� DQG� ���� OLJKW� SRZHU�� 7KH� JUDGLHQW�

EHWZHHQ� WKHVH� SRLQWV� LV� WKHQ� XVHG� WR� JLYH� WKH� VDPSOH�

WXUELGLW\� 

$� IXUWKHU� EHQHILW� RI� XVLQJ� WKH� UHIHUHQFH� VLJQDO� ZLWKLQ� D�

PHDVXUHPHQW� LV� WKDW� LW� UHGXFHV� SUREOHPV� DVVRFLDWHG� ZLWK�

WHPSHUDWXUH� FKDQJHV�� VRPHWKLQJ� ZKLFK� FRPPRQO\� DIIHFWV�

RSWLFDO� PHDVXUHPHQWV�� 7KH� OLJKW� RXWSXW� LV� WKH� IDFWRU� WKDW�

FKDQJHV�PRVW�ZLWK�WHPSHUDWXUH�DQG�VXFK�FKDQJHV�ZLOO�EH 

SLFNHG�XS� LQ�ERWK� WKH�UHIHUHQFH�VLJQDO�DQG�GHWHFWRU� VLJQDO�

DQG�FDQFHOOHG�RXW� 

8VLQJ� D� FDOLEUDWLRQ� SURFHGXUH� ZLWK� D� VLQJOH� FDOLEUDWLRQ�

VDPSOH� DOORZV� WKH� 7XUE6HQVH�� WR� JLYH� DFFXUDWH� WXUELGLW\�

PHDVXUHPHQWV� DFURVV� D� ZLGH� UDQJH� RI� VDPSOHV�� 7KLV� LV�

LOOXVWUDWHG� E\� WKH� UHVXOWV� VKRZQ� LQ� )LJXUHV� �� DQG� �� WKDW�

VKRZ�WKH�FRPSDULVRQ�EHWZHHQ�WKH�WXUELGLW\�RI�D�VDPSOH�DQG�

WKH� WXUELGLW\�PHDVXUHG� XVLQJ� 7XUE6HQVH�� IRU� D� YDULHW\� RI�

VDPSOHV� 

)LJ���—&DOLEUDWLRQ�JUDSK�WR�GHWHUPLQH�WKH�JUDGLHQW�RI�D�
7XUE6HQVH��VHQVRU� 

)LJ���—5HODWLRQVKLS�EHWZHHQ�WKH�JUDGLHQW��GHWHFWHG�VLJQDO�
OLJKW�RXWSXW��DQG�WXUELGLW\� 

)LJ���—&RPSDULVRQ�EHWZHHQ�VDPSOH�WXUELGLW\�DQG�WXUELGLW\�
PHDVXUHG�ZLWK�7XUE6HQVH��ZLWK�ORZ�WXUELGLW\�VDPSOHV� 

)LJ���—&RPSDULVRQ�EHWZHHQ�VDPSOH�WXUELGLW\�DQG����������������
WXUELGLW\�PHDVXUHG�ZLWK�7XUE6HQVH��ZLWK�D�ZLGH����������������

UDQJH�RI�WXUELGLW\�VDPSOHV� 


