
VROXWLRQ�IRU�WUDFH�JDV�GHWHFWLRQ�DQG�DQDO\�
VLV�LQ�HQYLURQPHQWDO�RU�DWPRVSKHULF�PRQL�
WRULQJ��LQGXVWULDO�SURFHVV�FRQWURO�RU�PHGL�
FDO�GLDJQRVWLFV�ZRXOG�EH�RQH�WKDW�SURYLGHV�
D� VHQVLWLYH� DQG� VHOHFWLYH�� FRPSDFW� DQG�
UREXVW� PXOWLJDV� DQDO\]HU� ZLWK� ZLGH� G\�
QDPLF�UDQJH�DQG�IDVW�UHVSRQVH�WLPH�

2QH� VXFK� SURPLVLQJ� WHFKQRORJ\� LV� WKH�
SKRWRDFRXVWLF�LQIUDUHG�VSHFWURVFRS\��3$6��
PHWKRG�� ZKHUH� WKH� URWDWLRQDO� DQG� YLEUD�
WLRQDO�VWDWHV�RI�PROHFXOHV�DUH�H[FLWHG�ZLWK�
LQIUDUHG�OLJKW�SXOVHV��DQG�WKH�DEVRUEHG�HQ�
HUJ\�WUDQVODWHV�LQWR�NLQHWLF�HQHUJ\�SXOVHV��
ZKLFK�IRUP�DQ�DFRXVWLF�ZDYH� WKDW�FDQ�EH�
GHWHFWHG�ZLWK� D�PLFURSKRQH��� %HFDXVH� RI�
WKH� SKRWRDFRXVWLF� HIIHFWµV� GLUHFW� DEVRUS�
WLRQ�GHWHFWLRQ�PHWKRG��WKH�LQVWUXPHQW�GRHV�
QRW� UHTXLUH� ORQJ� DEVRUSWLRQ� SDWK� OHQJWKV��
DQG�WKH�EDFNJURXQG�GULIW�LV�YLUWXDOO\�]HUR��
7KLV� FRPHV� IURP� WKH� IDFW� WKDW�� ZKHQ� QR�
WDUJHW�PROHFXOHV� DUH�SUHVHQW�� QR� VLJQDO� LV�
GHWHFWHG����

7KH� SKRWRDFRXVWLF� HIIHFW� ZDV� GLVFRY�
HUHG�E\�$OH[DQGHU�*UDKDP�%HOO� LQ�������
EXW�WKH�VHQVLWLYLW\�RI�WKH�PHWKRG�ZDV�TXLWH�
OLPLWHG� E\� WKH� LQVHQVLWLYH� PLFURSKRQH�
WHFKQRORJ\� XQWLO� WKH� ODWH� ��WK� FHQWXU\��
1RZ�� WRGD\µV� VWDWH�RI�WKH� DUW� PLFURHOHF�
WURPHFKDQLFDO� V\VWHPV� �0(06�� IDEUL�
FDWHG�FDQWLOHYHU�PLFURSKRQHV�ZLWK�RSWLFDO�
ODVHU�UHDGRXW��)LJXUH����PDNH�LW�SRVVLEOH�WR�
DFKLHYH�RUGHUV�RI�PDJQLWXGH�HQKDQFHPHQW�
LQ� WKH� VHQVLWLYLW\�DQG� WKH�G\QDPLF� UDQJH��
FRPSDUHG�ZLWK�FRQGHQVHU�PLFURSKRQHV����

$GGLWLRQDOO\�� WKH� VLOLFRQ� FDQWLOHYHU� ZLWK�
�

QDO�VWUHVV�ZLWKRXW�VWUHWFKLQJ�RU�EUHDNLQJ��
7KDQNV�WR�UHFHQW�GHYHORSPHQWV�LQ�WHFK�

QRORJLHV�IRU�PLG�,5�OLJKW�VRXUFHV��FDQWLOH�
YHU�HQKDQFHG�3$6��&(�3$6�� LQVWUXPHQWV�
FDQ�QRZ�EH�UXQ�ZLWK�PRQRFKURPDWLF�DQG�

WXQDEOH�ZDYHOHQJWKV��EURDG�VSHFWUDO�VHOHF�
WLYLW\�DQG�KLJK�RXWSXW�SRZHUV� �)LJXUH�����
7KH�MRLQW�XVH�RI�WKHVH�WHFKQRORJLHV�EULQJV�
D� QHZ� OHYHO� RI� VHQVLWLYLW\� DQG� VHOHFWLYLW\�
ZLWK� EHORZ�SSE� �SDUWV� SHU� ELOOLRQ�� VHQ�
VLWLYLW\��� $� QXPEHU� RI� ODVHU� WHFKQRORJLHV�
QRZ� DYDLODEOH� RQ� WKH� PDUNHW� RIIHU� VSHF�

PLG�,5� VSHFWUDO� UDQJH�� TXDQWXP� FDVFDGH�

ODVHUV�� LQWHUEDQG� FDVFDGH� ODVHUV�� GLVWULE�
XWHG� IHHGEDFN� GLRGH� ODVHUV� DQG� RSWLFDO�
SDUDPHWULF�RVFLOODWRUV��232V���,Q�PDQ\�DV�
SHFWV��232�WHFKQRORJ\�LV�WKH�LGHDO�FKRLFH�
IRU�GULYLQJ�&(�3$6�LQVWUXPHQWV��7KH�232�
LV�D�QRQOLQHDU�RSWLFDO�GHYLFH�WKDW�GRZQFRQ�
YHUWV� WKH� ZDYHOHQJWK� IURP� D� SXPS� ODVHU�
LQWR�WZR�ORQJHU�ZDYHOHQJWKV�LQ�DQ�RSWLFDO�
UHVRQDWRU��

+LJK�PLG�,5�RXWSXW�SRZHU�IURP�DQ�RSWLFDO�SDUDPHWULF�RVFLOODWRU�WHDPV�XS�
ZLWK�QRYHO�FDQWLOHYHU�HQKDQFHG�SKRWRDFRXVWLF�PHDVXUHPHQW�WHFKQRORJ\�
WR�RIIHU�H[WUHPH�VHQVLWLYLW\�DQG�VHOHFWLYLW\�LQ�LQGXVWULDO�JDV�DQDO\VLV�DQG�PRQLWRULQJ�
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232�%DVHG
�6SHHGV�8S�*DV�$QDO\VLV

�FRXUWHV\�RI�&REROW�DQG�*DVHUD�

�6LOLFRQ�0(06�IDEULFDWHG�FDQWLOHYHU�SUHVVXUH�VHQVRU��



7KH� HPLVVLRQ� ZDYHOHQJWKV� GHSHQG� RQ�

FU\VWDO� �1/2��� DQG� WKH� DFFHVVLEOH� ZDYH�
OHQJWK� VSDQ� LV� XOWLPDWHO\� OLPLWHG�RQO\� E\�
WKH� WUDQVPLVVLRQ� ZLQGRZ� RI� WKH� 1/2��
7KLV� YHU\� EURDG� VSHFWUDO� VHOHFWLYLW\� DQG�
WXQLQJ� FDSDELOLW\� DUH� JHQHUDO� DGYDQWDJHV�
RI�232V�RYHU�RWKHU�PLG�,5�OLJKW�VRXUFHV��

RXWSXW�SRZHUV�DQG�IUHHO\�VHOHFWDEOH�ZDYH�
OHQJWKV�LQ�WKH������WR������P�UDQJH��7KLV�LV�
DQ�HVSHFLDOO\�LPSRUWDQW�UDQJH�IRU�VHQVLWLYH�
K\GURFDUERQ�GHWHFWLRQ��EHFDXVH�LW�HQFRP�
SDVVHV� VRPH� RI� WKH� VWURQJHVW� IXQGDPHQ�
WDO� PROHFXODU� WUDQVLWLRQV� RI� VHYHUDO� SRO�
OXWLYH� RU� SRLVRQRXV� LQGXVWULDO� FKHPLFDOV�
VXFK� DV�%7;��&

�
+

�
��&+

�
��+&1��+&O� DQG�

+)��7KLV�ZDYHOHQJWK�UHJLRQ�LV�QRW�UHDGLO\�
UHDFKDEOH� ZLWK� TXDQWXP� FDVFDGH� ODVHUV��
DQG� WKH�DYDLODEOH�SRZHU� OHYHOV�RI�GLVWULE�
XWHG� IHHGEDFN�GLRGH� ODVHUV� DQG� LQWHUEDQG�
FDVFDGH�ODVHUV�LQ�WKLV�UHJLRQ�DUH�RUGHUV�RI�
PDJQLWXGH�ORZHU�WKDQ�WKRVH�RI�232V�°�QRW�

�
RYHU��WKH�EURDG�WXQLQJ�FDSDELOLW\�RI�232V�
FRPSDUHG�ZLWK�RWKHU�PLG�,5�WHFKQRORJLHV�
DOORZV�IRU�EHWWHU�PXOWLJDV�GHWHFWLRQ�RI�VHY�
HUDO�FRPSRQHQWV�ZLWK�FRPPRQ�VLJQDO�SUR�
FHVVLQJ�DQG�FKHPRPHWULFV�
7KH�PDLQ�GUDZEDFN�WR�232�WHFKQRORJ\�

KDV� WUDGLWLRQDOO\� EHHQ� WKH� EXONLQHVV� DQG�
FRPSOH[LW\� RI� DYDLODEOH� VRXUFHV�� +RZ�
HYHU��UHFHQW�DGYDQFHV�LQ�232�GHVLJQV�DQG�
ODVHU� SDFNDJLQJ� WHFKQRORJ\� KDYH� HQDEO�
HG� WKH� GHYHORSPHQW� RI� D� FODVV� RI� 232�

VL]H��$Q�H[DPSOH�LV�WKH�&REROW�2GLQ�232��
ZKLFK�LV�EDVHG�RQ�D�SHULRGLFDOO\�SROHG�1/2�

HPLVVLRQ��)LJXUH�����7KH�232�LV�SXPSHG�
ZLWK�D�KLJK�UHSHWLWLRQ�UDWH������QP�ODVHU�
DQG�LV�UHVRQDQW�IRU�WKH�VLJQDO�ZDYHOHQJWK��
UHVXOWLQJ�LQ�XS�WR�����P:�RI�RXWSXW�SRZHU�
LQ�WKH�LGOHU�ZDYHOHQJWK��7KH�TXDVL�SKDVH�
PDWFKLQJ��430��FU\VWDO�FDQ�EH�HQJLQHHUHG�
IRU� HPLVVLRQ� DQ\ZKHUH� EHWZHHQ� �� DQG�
�� �P�� DQG� LW� FDQ� EH� WDLORUHG� IRU� QDUURZ�
EDQG� HPLVVLRQ� �DURXQG� �� QP��� 7KH� HPLV�
VLRQ� OLQH� FDQ� DOVR� EH� FRQWLQXRXVO\� WXQHG�
RYHU� ���QP��)LJXUH�����
%RWK�WKH�SXPS�ODVHU�DQG�WKH�232�UHVR�

QDWRU�DUH�DVVHPEOHG�LQWR�D�VLQJOH�KHUPHWL�
FDOO\�VHDOHG�SDFNDJH�XVLQJ�WKH�FRPSDQ\µV�
+7&XUH� WHFKQRORJ\� IRU� FRPSDFW�� UREXVW�
ODVHU� DVVHPEO\�� 7KH� DOO�LQWHJUDWHG� ODVHU�
KHDG�SDFNDJH�PHDVXUHV�RQO\����� ����
���PP�DQG� LV� LQVHQVLWLYH� WR�YDU\LQJ�DP�
ELHQW� FRQGLWLRQV� �H�J��� UHVLVWDQW� WR� ���J�

�6FKHPDWLFV�RI�D�PRGHUQ�FDQWLOHYHU�HQKDQFHG�SKRWRDFRXVWLF��&(�3$6��GHWHFWRU��

�6FKHPDWLFV�RI�VLJQDO�UHVRQDQW�232�EDVHG�RQ�D�TXDVL�SKDVH�PDWFKLQJ��430��QRQOLQHDU�RSWLFDO�

FU\VWDO�

�&RQWLQXRXV�VSHFWUDO�WXQLQJ�RI�WKH�&REROW�2GLQ�232�RYHU����QP�



VKRFNV� DQG� H[SRVXUH� WR� ��� WR� ��� �&�
F\FOLQJ���LPSURYLQJ�WKH�232�WHFKQRORJ\µV�
VL]H�� UHOLDELOLW\� DQG� HDVH� RI� XVH�� DQG� HQ�
DEOLQJ�LWV�LQWHJUDWLRQ�LQWR�FRPSDFW�LQVWUX�

�)LJXUH�����
7KH� QXPHURXV� SURPLVLQJ� DSSOLFDWLRQV�

IRU�WKH�FRPSDFW�232�&(�3$6�WHFKQRORJ\�
LQFOXGH�� IRU� LQVWDQFH�� WKH� HQYLURQPHQ�

WDO�PRQLWRULQJ�RI�PHWKDQH� �&+
�
��� HWKDQRO�

PRQLWRULQJ� IRU� DXWRPRWLYH� HYDSRUDWLYH�
PHDVXUHPHQW�� DQG� WKH� PXOWLFRPSRQHQW�
DQDO\VLV� RI�%7;� IRU� LQGXVWULDO� HPLVVLRQV�
PRQLWRULQJ� DQG� SURFHVV� FRQWURO�� ,Q� WKHVH�
DSSOLFDWLRQV��WKH�232�&(�3$6�WHFKQRORJ\�
KDV�JUHDW�SRWHQWLDO� WR�RYHUFRPH� WKH� OLPL�
WDWLRQV�LQ�VHQVLWLYLW\�DQG�VHOHFWLYLW\�RI�WKH�
ZHOO�DFFHSWHG�FRQYHQWLRQDO�)RXULHU� WUDQV�

IRUP�,5�VSHFWURVFRS\�
7KH� FDSDELOLW\� RI� WKH� 232�&(�3$6�

ZDV� GHPRQVWUDWHG� H[SHULPHQWDOO\� ZLWK�
WZR� GLIIHUHQW�232V�� RQH�ZLWK� D� ������ WR�
�����QP�ZDYHOHQJWK� UDQJH� ����P:�� DQG�
WKH�RWKHU�ZLWK�D������� WR������QP�UDQJH�
�����P:���7KHVH�232V�ZHUH�FRXSOHG�LQWR�
RQH� RI� *DVHUDµV� FRPPHUFLDOO\� DYDLODEOH�
3$���� SKRWRDFRXVWLF� GHWHFWRUV� IRU� ODVHU�
VRXUFHV��)LJXUH����

�� D� FRO�
OLPDWHG�EHDP�IURP�WKH�232�ZDV�GLUHFWHG�
WKURXJK�WKH�SKRWRDFRXVWLF�FHOO��SDWK�OHQJWK�
RI����PP��LQWR�DQ�RSWLFDO�SRZHU�PHWHU��7KH�
SXOVHG�HPLVVLRQ�IURP�WKH�232��UHSHWLWLRQ�
UDWH�RI����N+]��SXOVH�ZLGWK�RI���QV��SXOVH�
HQHUJ\� RI� �� �-� DQG� OLQHZLGWK� RI� ���� QP��
ZDV�PRGXODWHG�ZLWK�D�PHFKDQLFDO� WXQLQJ�
IRUN� FKRSSHU� RSHUDWLQJ� DW� D� IUHTXHQF\� RI�
����+]��7KH�JDV�VDPSOH�FRQWDLQHG����SSP�
RI�&+

�
�LQ�QLWURJHQ�DW�����PEDU�LQ�WKH�SKR�

WRDFRXVWLF�FHOO��7KH�JDV�VDPSOHµV�VSHFWUXP�
ZDV�FROOHFWHG�ZLWK�VWHSV�RI�����QP�DQG�DQ�
LQWHJUDWLRQ�WLPH�RI���V�SHU�VWHS��7KH�UHVXOW�
LQJ�VSHFWUXP�ZDV�FRPSDUHG�ZLWK�D�VLPX�
ODWHG�+,75$1�VSHFWUXP��)LJXUH�����DQG�D�
GHWHFWLRQ�OLPLW�ZDV�PHDVXUHG�WR�EH�����SSE�
�� �UPV����V�FKDQQHO�LQWHJUDWLRQ�WLPH��

,Q�WKH�VHFRQG�GHPRQVWUDWLRQ���WKH�VDPH�
232�ZDV�XVHG� WR�PHDVXUH�EHQ]HQH�� WROX�
HQH� DQG� WKUHH� [\OHQH� LVRPHUV� �QDPHO\��
R��� S�� DQG�P�;\OHQHV���7KH� VDPSOHV�ZHUH�
SURGXFHG� E\� HYDSRUDWLQJ� DQK\GURXV�
OLTXLG� VDPSOHV�� ZLWK� NQRZQ� UDWH�� LQWR�

DQG� FDSWXULQJ� D� VDPSOH� LQWR� WKH� SKRWR�

PHDVXUHG�VSHFWUD��)LJXUH����ZHUH�DQDO\]HG�
ZLWK�WKH�VFLHQFH�EDVHG�PHWKRG��VL[�UHVXOW�
LQJ� LQ� PXOWLFRPSRXQG� GHWHFWLRQ� OLPLWV�
�� UPV�� IRU� EHQ]HQH� ���� SSE�� WROXHQH�
���� SSE�� S�;\OHQH� ����� SSE�� R�;\OHQH�
����SSE�DQG�P�;\OHQH������SSE�

,Q� WKH� WKLUG� GHPRQVWUDWLRQ�� D� VHFRQG�
232� ZLWK� D� WXQLQJ� UDQJH� IURP� ����� WR�
����� QP�ZDV� VHW� XS� WR�PHDVXUH� HWKDQRO��
PHWKDQRO� DQG� PHWKDQH� ZLWK� WKH� 3$����
SKRWRDFRXVWLF� GHWHFWRU� �)LJXUH� ���� 7KH�
SXOVHG�232�XVHG�LQ�WKLV�H[SHULPHQW��UHS�
HWLWLRQ�UDWH�RI����N+]��SXOVH�ZLGWK�RI���QV��
OLQHZLGWK�RI� ����QP�DQG�RXWSXW� SRZHU�RI�
����P:��ZDV�HOHFWULFDOO\�DPSOLWXGH�PRG�
XODWHG�ZLWK�D�������SXOVH�UDWLR�°�L�H���FRQ�
VHFXWLYHO\�WXUQLQJ�WKH����N+]�SXOVH�WUDLQ�
RQ� DQG� RII� DW� D� IUHTXHQF\� RI� ���+]�� 7KH�
VDPSOH�JDV�FRPSRQHQWV�ZHUH�QLWURJHQ�GL�

PHDVXUHPHQW� SUHVVXUH� DW� WKH�SKRWRDFRXV�

*DV�6HQVLQJ

�&REROW�2GLQ�232��FRPSOHWH�V\VWHP�ZLWK�DOO�LQWHJUDWHG�ODVHU�KHDG�DQG�GULYHU�XQLW��

�7KH�232�EDVHG�&(�3$6�PHDVXUHPHQW�VHWXS��7KH�&REROW�2GLQ�232�LV�FRXSOHG�LQWR�*DVHUD·V�3$����

SKRWRDFRXVWLF�GHWHFWRU�

����SSP�RI�&+
�
�PHDVXUHG�ZLWK�232�&(�3$6��ZLWK�����SSE�GHWHFWLRQ�OLPLW�DW���V�LQWHJUDWLRQ�WLPH�



WLF� FHOO� ZDV� ����� PEDU�� 7KH� UHVSHFWLYH�
XQLYDULDWH� GHWHFWLRQ� OLPLWV� REWDLQHG� �DW�
� � UPV�� ZLWK� D� ��V� FKDQQHO� LQWHJUDWLRQ�
WLPH��ZHUH�DV� IROORZV�� IRU�(W2+������SSE��
IRU�0H2+�������SSE��DQG�IRU�&+

�
�����SSE��

WLPH�RI�WKH�V\VWHP�ZDV�DERXW����V��LQFOXG�
LQJ�WKH�DXWRPDWLF�JDV�H[FKDQJH�DQG�WKH�VLJ�
QDO�SURFHVVLQJ�IRU�D�UHGXFHG�WXQLQJ�UDQJH�

7KHVH� GHPRQVWUDWLRQV� VKRZ� WKDW� WKH�
FRPSDFW� GHVLJQ� DQG� KLJK� PLG�,5� RXWSXW�
SRZHU� IURP� WKH�232��FRPELQHG�ZLWK� WKH�
QRYHO� FDQWLOHYHU�HQKDQFHG� SKRWRDFRXVWLF�
PHDVXUHPHQW�WHFKQRORJ\��DOORZ�232�&(�
3$6�WHFKQRORJ\�WR�RIIHU�H[WUHPH�VHQVLWLY�
LW\� DQG� VHOHFWLYLW\� IRU� UHOLDEOH� LQGXVWULDO�
JDV�DQDO\VLV�DQG�PRQLWRULQJ��7KH�GHPRQ�
VWUDWHG�PXOWLJDV� GHWHFWLRQ�ZLWK� SSE�OHYHO�
SHUIRUPDQFH�LV�UHDFKDEOH�ZLWK�D�ZLGH�YDUL�
HW\�RI�JDV�FRPSRQHQWV�LQ�YDULRXV�DSSOLFD�
WLRQV��$QG�VWLOO��WKH�IXOO�PHDVXUHPHQW�V\V�

�)LJXUH� �����ZLWK� SRVVLELOLWLHV� IRU� IXUWKHU�
GRZQVFDOLQJ�RI�WKH�V\VWHP��XOWLPDWHO\�LQWR�
KDQGKHOG�VL]H�

6DXOL�6LQLVDOR�LV�FOLHQW�SDUWQHU�DW�*DVHUD�/WG��
LQ�7XUNX��)LQODQG��HPDLO��VDXOL�VLQLVDOR#

$%�LQ�6ROQD��6ZHGHQ��HPDLO��KDNDQ�NDUOVVRQ#
FREROW�VH�

���-��/L�HW�DO���������5HFHQW�SURJUHVV�RQ�LQIUD�
UHG�SKRWRDFRXVWLF�VSHFWURVFRS\�WHFKQLTXHV��
$SSO�6SHFWURVF�5HY��9RO������,VVXH����SS��
��������

�
OHYHU�HQKDQFHG�SKRWRDFRXVWLF�VSHFWURVFRS\��
9LE�6SHFWURVF��9RO������,VVXH����SS���������
GRL����������M�YLEVSHF������������

���5��/LQGOH\�HW�DO���������$�VHQVLWLYLW\�FRP�
SDULVRQ�RI�WKUHH�SKRWRDFRXVWLF�FHOOV�FRQWDLQ�
LQJ�D�VLQJOH�PLFURSKRQH��D�GLIIHUHQWLDO�GXDO�
PLFURSKRQH�RU�D�FDQWLOHYHU�SUHVVXUH�VHQVRU��
$SSO�3K\V�%��9RO������,VVXH����SS����������

���-��3HOWROD�HW�DO���������+LJK�VHQVLWLYLW\�WUDFH�
JDV�GHWHFWLRQ�E\�FDQWLOHYHU�HQKDQFHG�SKRWR�
DFRXVWLF�VSHFWURVFRS\�XVLQJ�D�PLG�LQIUDUHG�
FRQWLQXRXV�ZDYH�RSWLFDO�SDUDPHWULF�RVFLOOD�
WRU��2SW�([SUHVV��9RO������,VVXH����S���������
GRL����������2(����������

XSORDGV�DSSOLFDWLRQ�QRWHV�$SS1RWHB&+�B
232�3$���B���������SGI�

���&�%��+LUVFKPDQQ�HW�DO���������7UDFH�JDV�
GHWHFWLRQ�RI�EHQ]HQH��WROXHQH��S���P��DQG�R�
[\OHQH�ZLWK�D�FRPSDFW�PHDVXUHPHQW�V\VWHP�
XVLQJ�FDQWLOHYHU�HQKDQFHG�SKRWRDFRXVWLF�
VSHFWURVFRS\�DQG�RSWLFDO�SDUDPHWULF�RVFLOOD�
WRU��9LE�6SHFWURVF��9RO������SS�����������GRL��
��������M�YLEVSHF������������

�0HDVXUHG�VSHFWUD�RI�EHQ]HQH��WROXHQH��R���S��DQG�P�;\OHQH�

�232�&(�3$6�PHDVXUHPHQW�RI�(W2+��0H2+�DQG�&+
�
�

�3URWRW\SH�V\VWHP�GHVLJQ�IRU�DQ�232�

&(�3$6�JDV�DQDO\]HU�IURP�*DVHUD�


