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3RZHUHG�E\�(GLWRULDO�0DQDJHU��DQG�3URGX;LRQ�0DQDJHU��IURP�$ULHV�6\VWHPV�&RUSRUDWLRQ



5DQJH�([WHQVLRQ�IRU�(OHFWURPDJQHWLF�'HWHFWLRQ�RI�
6XEVHD�3RZHU�DQG�7HOHFRPPXQLFDWLRQ�&DEOHV�

7�6]\URZVNL��$�.KDQ��5�3HPEHUWRQ��6.�6KDUPD��<�6LQJK��5�3ROYDUD
6FKRRO�RI�0DULQH�6FLHQFH�DQG�(QJLQHHULQJ��3O\PRXWK�8QLYHUVLW\��3O\PRXWK��8.

�(PDLO� WV]\URZVNL#JPDLO�FRP�

$EVWUDFW²

6XEVHD� FDEOHV� SURWHFWLRQ� DIIRUGHG� E\� EXU\LQJ� D� FDEOH�
>EHQHDWK� WKH�VHD�EHG@�DOVR�PHDQV� WKDW� WKH�DYDLODEOH�PHWKRGV� IRU�
WKHLU�VXUYH\�DUH�GUDVWLFDOO\�UHGXFHG���)URP�WKH�H[LVWLQJ�PHWKRGV�
RQO\� HOHFWURPDJQHWLFV� �(0��GHWHFWLRQ� FDQ�SHQHWUDWH� WKH� VHD EHG�
DQG� SURYLGH� DQ� HIIHFWLYH� PHDQV� IRU� FDEOH� ORFDOL]DWLRQ� +RZHYHU�
(0 ZDYHV� DWWHQXDWH� IDVWHU� LQ� FRQGXFWLYH� PHGLD� VXFK� DV� VHD�
ZDWHU�� (0� ORFDOLVDWLRQ� LV� FRQVLGHUHG D� VKRUW� UDQJH� GHWHFWLRQ�
PHFKDQLVP� UHTXLULQJ WKH XVH� RI� DXWRQRPRXV� RU� UHPRWHO\�
RSHUDWHG� XQGHUZDWHU� SODWIRUPV� ,Q� WKLV� SDSHU� WKH� DXWKRUV�
LQYHVWLJDWH�WKH�UDQJH�RI�(0�GHWHFWLRQ�DQG�WHVW GHWHFWLRQ�GLVWDQFHV�
H[FHHGLQJ� RQH KXQGUHG�PHWUHV�� 7KH� (0� VLJQDO� ZDV� GHWHFWHG� DW
GLVWDQFHV�DURXQG ����P�LQ�VHD�ZDWHU�GXULQJ�WKH�WULDOV�FRQGXFWHG�
LQ�D�µUHDO¶�HQYLURQPHQW�DW�+RRH�/DNH�LQ�3O\PRXWK�

.H\ZRUGV²VXEVHD� FDEOHV�� XQGHUZDWHU� HOHFWURPDJQHWLFV��
VXUYH\LQJ�

,� ,1752'8&7,21�

6XEPDULQH FDEOHV� SOD\� DQ� LPSRUWDQW� UROH� LQ� VRFLDO� DQG�
HFRQRPLF� OLIH��&RQQHFWLRQV�PDGH�EHWZHHQ�FRQWLQHQWV�� LVODQGV��
DQG� RIIVKRUH� LQVWDOODWLRQV� UHTXLUH� FRQVWDQW� DWWHQWLRQ�� SHULRGLF�
PDLQWHQDQFH� DQG� UHSDLUV�� 7KH� PRVW� YXOQHUDEOH� DUH� ORFDWHG� LQ�
VKDOORZ�ZDWHU� DQG� DUH�RIWHQ�SURWHFWHG�E\� EXU\LQJ WKHP�XS� WR
VHYHUDO� PHWUHV� EHQHDWK� WKH� VHD� EHG�� 'HVSLWH� WKLV�� WKH\� DUH�
VXEMHFW�WR�EHLQJ�GLVSODFHG�E\�WKH�G\QDPLF�PDULQH�HQYLURQPHQW��

%XULHG�FDEOHV�DUH�GLIILFXOW� WR� ORFDOLVH DQG�VXUYH\��)URP�DOO�
WKH� SRVVLEOH� WHFKQLTXHV� RQO\� HOHFWURPDJQHWLF ILHOG �(0)��
PHWKRGV� FDQ� SHQHWUDWH� WKH� VHD EHG�ZLWKRXW� ORVV� RI� UHVROXWLRQ�
DQG�SURYLGH�D�UHOLDEOH�PHDQV�RI�ORFDOLVLQJ�WKLQ�FDEOHV >����@�

7KLV� SDSHU� FRQVLGHUV� H[WHQVLRQV� RI� (0� FDEOH¶V� GHWHFWLRQ��
7KH�PDLQ� FRQWULEXWLRQ�RI� WKH�SDSHU� LV� WR�GHPRQVWUDWH� WKDW� WKH�
ORZ SRZHU� (0� VLJQDOV� FDQ� EH� GHWHFWHG� DW� GLVWDQFHV� ZHOO�
H[FHHGLQJ�����P�WKURXJK�WKH�VHD�ZDWHU��$OO�H[SHULPHQWV�ZHUH�
FRQGXFWHG�LQ�VDOW�ZDWHU�DW�WKH�WLGDO�ODNH�FRQQHFWHG�WR�3O\PRXWK�
6RXQG��

7KH� SDSHU� LV� RUJDQL]HG� DV� IROORZV�� $IWHU� D� VKRUW�
SUHVHQWDWLRQ�RI�WKHRUHWLFDO�DVSHFWV��LW�GLVFXVVHV�KDUGZDUH�GHVLJQ�
DQG� LPSURYHPHQWV�� 7KH� VXEVHTXHQW� VHFWLRQ� FRQVLGHUV� QHZ�
DOJRULWKPV�IRU�FDEOH�GHWHFWLRQ��,W�DOVR�WHVWV�YDOLGLW\�RI�XVLQJ�IDVW�
DWWHQXDWLRQ� UDWHV� LQ� DOO� FDEOH� WUDFNLQJ� VLWXDWLRQV�� 7KH� ILQDO�
VHFWLRQ� RI� WKH� SDSHU� SUHVHQWV� UHVXOWV� RI� WKH� H[SHULPHQWV�
VKRZLQJ� WKDW� WKH� VXEPDULQH� FDEOH� FDQ� EH� GHWHFWHG� IURP� D�
GLVWDQFH�RI ����PHWUHV�

,,� (/(&7520$*1(7,&�),(/'�,1�&$%/(�'(7(&7,21

7KH�SULPDU\ DVSHFW�RI�EXULHG�FDEOH GHWHFWLRQ�LV�WKH�UHVSRQVH�
RI� WKH� VHQVLQJ�HOHPHQW� WR� WKH� ILHOGV�EHLQJ� VHQVHG� VXUURXQGLQJ�
WKH� XWLOLW\�� 0DJQHWLF� �0)�� DQG� HOHFWULF� �()�� ILHOGV� DURXQG� D�
VXEPDULQH� FDEOH� RULJLQDWH� IURP� WKH� HOHFWULF� FXUUHQWV� DQG�
FKDUJHV� ZKLFK� HLWKHU� H[LVW� LQ� WKH� FDEOH� RU� DUH� LQGXFHG� LQ� WKH�
VXUURXQGLQJ�ZDWHUV�� 7KHVH ILHOGV� DUH� GHVFULEHG E\�0D[ZHOO¶V�
HTXDWLRQV�>�@��

)RU�WKH�SXUSRVH�RI�VXEPDULQH�FDEOH�VXUYH\V��WKH�IUHTXHQF\�
RI�WKH�HOHFWULF FXUUHQW�ZLWKLQ�WKH�FDEOH�LV�RIWHQ�LQ� WKH�UDQJH�RI�
�� N+] WR � N+]�� 7KH� XVH� RI� WKHVH� ORZ� IUHTXHQFLHV� �/)�� LV�
PDLQO\� GHWHUPLQHG� E\� WKH� UHODWLRQ� EHWZHHQ� IUHTXHQF\� DQG�
DWWHQXDWLRQ�RI�WKH�(0)�LQ�VHD�ZDWHU��

,Q� WKH� /)� UDQJH� WKH�PHWKRGV� RI� TXDVL�VWDWLF� ILHOGV� FDQ� EH�
XVHG WR�GHVFULEH� WKH�GRPLQDWLQJ� FRPSRQHQW�RI� WKH�(0)��7KH�
TXDVL�VWDWLF� PHWKRG� ILUVW� GHULYHV� D� VWDWLF� 0)�� ZKLFK� LV�
SRVWHULRUO\� GHVFULEHG� DV� RVFLOODWLQJ� LQ� DPSOLWXGH� DW� WKH�
IUHTXHQF\� RI� WKH� VLQXVRLGDO� VRXUFH� FXUUHQW�� 7KH� VSDWLDO�
GLVWULEXWLRQ� RI� WKH� ILHOG� PDLQWDLQV� WKH� VDPH� VKDSH� EXW� LWV�
DPSOLWXGH�YDULHV�LQ�WLPH�ZLWK�WKH�VRXUFH��

7KH� (0)� KDV� WKUHH� FRPSRQHQWV DWWHQXDWLQJ� DW� GLIIHUHQW�
UDWHV� IXQFWLRQ�RI WKH�GLVWDQFH���� WR�WKH�(0)�VRXUFH��7KHVH DUH�
LGHQWLILHG�DV�WKH�³VWDWLF´�ሺͳ �ଷሻΤ WHUP��³LQGXFWLRQ´�ሺͳ �ଶሻΤ WHUP�
DQG� ³UDGLDWLRQ´� ሺͳ �ሻΤ WHUP�� ,Q� WKH� TXDVL�VWDWLF� PHWKRG� PRVW�
FRPPRQO\ XVHG�LQ�FDEOH�WUDFNLQJ��RQO\�WKH�ILUVW� WZR�WHUPV�DUH�
JURXSHG� WRJHWKHU� DQG� FRQVLGHUHG >�@� 7KHVH� WZR� FRPSRQHQWV�
ZLWK� GRPLQDWLQJ� VWDWLF� WHUP� SOD\� D� PDMRU� SDUW� LQ� PDJQHWLF�
GHWHFWLRQ�DQG�DUH�FRQVLGHUHG�WR�EH QHDU�ILHOG�PHWKRGV�>�@�

0DQ\� H[LVWLQJ� WRROV� UHO\� RQ� QHDU�ILHOG� DQDO\VLV�� 7KH�
DWWHQXDWLRQ� RI� WKH� (0� VLJQDO� LV� PRGHOHG� DV� DQ� H[SRQHQWLDOO\
GHFD\LQJ FXUYH ZLWK� DQ� DWWHQXDWLRQ� RI ሺͳ �ଷሻΤ �� 7KH� VLJQDO� LV�
VDPSOHG� DW� WZR� SRLQWV� LQ� VSDFH� DQG� WKH� UDWLR EHWZHHQ� WKH�
UHDGLQJV LV� FRPSDUHG� ZLWK WKH� GHFD\� UDWH�� 7KLV� DSSURDFK� WR�
HVWLPDWLRQ�LV�VKRZQ�LQ )LJXUH���

7KH�SUREOHP�ZLWK�WKLV�PHWKRG�LV�WKDW�LW�ZRUNV�RQO\�LQ�VPDOO�
YLFLQLW\�RI� WKH�FDEOH�� ,Q�PDQ\�FDVHV� WKH� HUURU� LQ�HVWLPDWLRQ� LV�
FODLPHG�WR�EH� � ���RI� WKH�GLVWDQFH��)RU�VKRUW�GLVWDQFHV� WKLV� LV�
UHDVRQDEOH��EXW�H[FHHGV�H[SHFWDWLRQV�IRU�GLVWDQFHV�JUHDWHU�WKDQ�
���PHWUHV�
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)LJXUH� � 7UDGLWLRQDO� DSSURDFK� RI� GLVWDQFH� HVWLPDWLRQ� EDVHG� RQ�
DWWHQXDWLRQ�FXUYH

7KH�H[SHULPHQWDO� UHVXOWV SUHVHQWHG� LQ� WKLV�SDSHU VKRZ�WKDW
WKH ͳ ଷΤݎ DWWHQXDWLRQ FRPSRQHQW�RI�WKH�(0) LV�QRW�WKH�RQO\�RQH�
ZKLFK� FDQ� EH� GHWHFWHG�� $IWHU� WKH� QHDU� ILHOG� DWWHQXDWHV� RWKHU�
FRPSRQHQWV�VWDUW�WR�SOD\�D�GRPLQDWLQJ�UROH� DOORZLQJ�GHWHFWLRQ�
RI�WKH�VLJQDO�DW�PXFK�IXUWKHU�UDQJHV�

,,,� 1(:�$3352$&+(6�72�&$%/(�75$&.,1*

/RFDOLVDWLRQ�DOJRULWKPV�UHTXLUH WKH (0) WR�EH�VDPSOHG�DV
KLJK� SUHFLVLRQ�� ORZ� QRLVH� GDWD�� 6DPSOH� SRLQWV� QHHG� WR� EH
FROOHFWHG� LQ� WKH� ILHOG� DORQJ�ZLWK� WKH SRVLWLRQ�RI� HDFK� VDPSOH�
&RPPHUFLDO� WRROV� UDUHO\�SURYLGH� WKH�SRVVLELOLW\� WR� LQFRUSRUDWH�
FXVWRP� DOJRULWKPV� 7R� RYHUFRPH� WKLV� OLPLWDWLRQ�� D� QHZ�� IXOO\�
GLJLWLVHG� GHVLJQ� ZLWK� UHFRUGLQJ� DQG� VWRUDJH� FDSDELOLWLHV� ZDV�
SURSRVHG�� 7KH SURWRW\SH� ZDV� ODWHU� FRPPHUFLDOLVHG� DV 6&7�
0&���DQG�6&7�6&���>�@�

7KH� VXEVHFWLRQ� $� IRFXVHV� RQ� LPSRUWDQW� DVSHFWV� RI� GDWD�
DFTXLVLWLRQ��)ROORZLQJ�SDUW�%�FRQVLGHUV VHQVRU�GHVLJQ�� ,W� WHVWV�
YDOLGLW\� RI� XVLQJ� KLJKO\� WXQQHG� DQG� H[SHQVLYH� IHUURPDJQHWLF�
FRLOV� DJDLQVW� ZHOO� GHVLJQHG� DLU� FRLOV�� )LQDOO\� VXEVHFWLRQ� &�
SUHVHQWV�UHVXOWV�RI�UHFHQW�H[SHULPHQWV�DQG�ZRUN�XQGHUWDNHQ�WR�
PRGHO� WKH� GLVWULEXWLRQ� RI� WKH� VLJQDOV� HPLWWHG� E\� VXEPDULQH�
FDEOHV��

$� +DUGZDUH�)RU�'DWD�$FTXLVLWLRQ

1HZ� VHQVLQJ� PHWKRGV� UHO\ RQ� KLJK� UHVROXWLRQ�� ORZ� QRLVH�
DFTXLVLWLRQ�V\VWHPV ZLWK�GLJLWDO�VLJQDO�SURFHVVLQJ�FRQQHFWHG�WR�
VHQVRUV�ZLWK�OLQHDU�FKDUDFWHULVWLFV��1HZ�DFTXLVLWLRQ�WRROV�ZHUH�
SURSRVHG�WR�LQFRUSRUDWH�WKHVH�IHDWXUHV�

7KH� FHQWUDO� SDUW� RI� WKH� V\VWHP� LV� DQ $QDORJXH WR� 'LJLWDO�
&RQYHUWHU �$'&� $'6����� >�@ ZLWK� ���ELW� UHVROXWLRQ�� +LJK�
UHVROXWLRQ�DOORZHG�IRU�QXPHULFDO�SUHFLVLRQ�RI�ͷȀʹଷଶ ZKHUH�ͷ LV�
D�UHIHUHQFH�YROWDJH RI���9 DQG�ʹଷଶ LV�WKH QXPEHU�RI�³]HUR�RQH´�
SRVVLELOLWLHV� DW� WKLV� UDQJH� ,W� PHDQV� WKDW� WKH� $'&� FDQ�
GLIIHUHQWLDWH�ZLWK�D�VWHS�RI�ͳǤʹ ���

7KH $'&�XVHG�DOORZV�VDPSOLQJ�DW� D� VSHHG�RI�� N+]��7KH�
VDPSOLQJ� UDWH� LV� LPSRUWDQW� LQ� DQDO\VLQJ� GLIIHUHQW� IUHTXHQFLHV��
$Q� LQFUHDVH� LQ� VDPSOLQJ� VSHHG� PD\� JLYH� EHWWHU� SURFHVVLQJ�
FDSDFLW\�DVVRFLDWHG�ZLWK�D ODUJH�QXPEHU�RI�HOHPHQWV��+RZHYHU��
WKH� KLJK� VDPSOLQJ� UDWH� FDUULHV� DOVR� XQZDQWHG� HIIHFWV��
$SSUR[LPDWHO\�RQH�ELW�RI�UHVROXWLRQ�LV�ORVW�IRU�HYHU\�GRXEOLQJ�
LQ�UDWH >�@�

)RU�WKH�SXUSRVH�RI�FDEOH�WUDFNLQJ�WKH�DFTXLVLWLRQ WRROV�ZHUH�
GHVLJQHG� WR� VDPSOH� WKH VLJQDO� LQ� WKH� UDQJH� IURP� ��� +]� WR� ��
N+]�� )URP� SUDFWLFDO� FRQVLGHUDWLRQV� WKLV� UDQJH� FRYHUV� DOO�
UHTXLUHPHQWV� ��� +]� DQG� ��� +]� DUH RIWHQ� XVHG� DV� D� WRQH
IUHTXHQF\� LQ� WKH� FDEOH� VWDWLRQ�� 0RVW� RI� H[LVWLQJ� VXEPDULQH�
FDEOH� V\VWHPV DUH�DEOH� WR� LQGXFH� WKH� WRQH�ZLWK�FDEOH� VWDWLRQ¶V�
3RZHU� )HHG� (TXLSPHQW� �3)(��� 2WKHU� RIWHQ� XVHG� IUHTXHQFLHV�
DUH�����+]�DQG�����+]� >�@ >�@

6HQVLWLYH� HTXLSPHQW� ZLWK� GLUHFWLRQDO� VHQVRUV DUH DEOH� WR�
GHWHFW�IUHTXHQFLHV�LQ�SDVVLYH�PRGH��)RU�LQDFWLYH�FDEOHV�FDQ�EH�
GHWHFWHG� ZLWK� UHVRQDWLQJ RVFLOODWLRQV� IURP� WKH� SRZHU� JULG� DW�
������+]�RU�UHVRQDQFH�IURP�UDGLR�IUHTXHQFLHV�DUH�GHWHFWDEOH�

%� 6HQVRUV

$� VHFRQG� YHU\� LPSRUWDQW� HOHPHQW� IRU� GHWHFWLRQ� UDQJH�
H[WHQVLRQ� LV� VHQVRU� GHVLJQ�� ,W RIWHQ� UHTXLUHV UHVROYLQJ�
FRQIOLFWLQJ LQWHUHVWV��

7KH FRLO� VL]H� DQG� QXPEHU� RI� WXUQV� SOD\ D� NH\� UROH� LQ� WKH�
FRLO¶V� VHQVLWLYLW\�� )RU� WKLV� UHDVRQ� DLU� VHDUFKLQJ� FRLOV� EHFRPH�
YHU\�ODUJH�DQG�GLIILFXOW� WR�XVH��7KH�PLQLDWXULVDWLRQ�SUREOHP� LV�
RIWHQ RYHUFRPH� E\� LQFRUSRUDWLQJ� D� IHUURPDJQHWLF� PDWHULDO� DV�
WKH�FRLO¶V�FRUH��7KH�FRUH�FRQFHQWUDWHV�WKH�PDJQHWLF�IOX[�LQVLGH�
WKH� FRLO�� 7KH� UHODWLYH� SHUPHDELOLW\� Ɋ୰ȀɊ଴ RI� PRGHUQ�
IHUURPDJQHWLF� PDWHULDOV� RIWHQ� H[FHHGV� WKH� UDWLR� RI� ͳͲହ DQG�
ODUJHO\�LQFUHDVHV�WKH�FRLO¶V�VHQVLWLYLW\�

$OWKRXJK� WKH� VHQVLWLYLW\� RI� WKH� FRLO� FDQ� EH� LQFUHDVHG�� D�
IHUURPDJQHWLF� FRUH� GRHV� QRW� DOZD\V� SURYLGH� WKH� EHVW�
FKDUDFWHULVWLFV� >��@�� )HUURPDJQHWLF� FRLOV ORVH� OLQHDULW\�� (YHQ�
WKH�EHVW�PDWHULDOV� LQWURGXFH�QRQOLQHDU� IDFWRUV� LQWR� WKH� WUDQVIHU�
IXQFWLRQ�ZKLFK�GHSHQG�RQ�WHPSHUDWXUH��IUHTXHQF\��IOX[�GHQVLW\��
HWF�� )HUURPDJQHWV� LQFUHDVH� WKH� PDJQHWLF� QRLVH� NQRZQ� DV� WKH�
%DUNKDXVHQ�QRLVH��KHQFH�GHFUHDVH�WKH�UHVROXWLRQ RI�WKH�VHQVRU��
$OWHULQJ� WKH� GLVWULEXWLRQ� RI� LQYHVWLJDWHG� 0)� UHVXOWV� LQ�
GLIILFXOWLHV�RI�GHVFULELQJ�XQGHUO\LQJ SKHQRPHQD��

)RU�WKH�UDQJH�H[WHQVLRQ�WKUHH�DLU�IODW�FRLOV��VKRZQ�LQ�)LJXUH�
���ZLWK D GLDPHWHU�RI����FP�DQG������WXUQV�ZHUH�SURSRVHG��

)LJXUH� � 7HVWLQJ� RI� WKUHH� D[LV� +HOL[� $LU� FRLO� ODWHU� XVHG� GXULQJ�
H[SHULPHQWV

7KH�FKRLVH�RI�WKH�KHOL[�DLU��+$��FRLO�DJDLQVW�KLJK�VHQVLWLYH��
WXQHG�IHUURPDJQHWLF�FRUH�FRLO��7&��ZDV�WHVWHG�LQ�D�ODERUDWRU\��
7KH�H[SHULPHQWDO�VHWXS�LQFOXGHG�D�GULYH�FRLO��,W�ZDV�D���PHWUH�
UDGLXV�FRLO�ZLWK�����WXUQV�FRLOHG�RQ�D�FLUFXODU��KDOI�FHQWLPHWUH�
KLJK� ZRRGHQ� IUDPH�� 7KH� IXQFWLRQ� JHQHUDWRU� LQGXFHG� D�

�����������������������������������������������������������������
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VLQXVRLGDO�$&�FXUUHQW�ZLWK�D�JLYHQ�IUHTXHQF\��7KH�FXUUHQW�ZDV�
PHDVXUHG� ZLWK� D� PXOWLPHWHU�� 7KH� PDJQHWLF� IOX[� Ԅ LQ� WKH�
PLGGOH� RI� WKH� GULYH� FRLO� ZDV� FDOFXODWHG� DV� Ԅ ൌ Ɋ଴� כ �Ȁ�
ZKHUH� Ɋ଴ ൌ ͲǤͲͲͲͲͲͳʹͷ͸͸͵͹Ͳ͸ ሾ�Ȁ�ሿ�� ZKHUH� � VWDQGV� IRU�
PHDVXUHG� FXUUHQW�� � ൌ ͳͲͲ LV� WKH� QXPEHU� RI� WXUQV� DQG� � ൌ
ͲǤͲͲͷ ሾ�ሿ LV�WKH�OHQJWK�RI�WKH�FRLO��

+$�DQG�7&�FRLOV�ZHUH�SODFHG�LQ�WKH�PLGGOH�RI�WKH�GULYH�FRLO�
DQG� WKH� SHDN�WR�SHDN� YROWDJH� RXWSXW� RI� WKH� VHQVRU� ZDV�
UHFRUGHG��

)LJXUH�� VKRZV�WKH�RXWSXW�RI�WKUHH�RYHUODSSLQJ�+$�FRLOV�VHW�
LQWR D WKUHH�D[LV�VHQVRU��'LDPHWHUV�RI�+$�GLIIHU�E\���PP�DQG�
���PP��7KHVH�GLIIHUHQFHV�H[SODLQ�ZK\�DOO�WKUHH�UHDGLQJV�VKRZ�
RXWSXW�RQ�GLIIHUHQW�OHYHOV�

)RU� FRPSDULVRQ RXWSXWV IURP WZR� VHSDUDWH�7&� FRLOV�ZHUH
PHDVXUHG� %RWK� 7&� FRLOV� ZHUH� PDQXIDFWXUHG� E\� WKH� VDPH�
FRPSDQ\�DQG�VKRXOG�JLYH�LGHQWLFDO�UHVXOWV��,W�FDQ�EH�QRWHG�WKDW�
7&�FRLOV�UHDFWHG�WR�WKH�VLJQDO�H[FHHGLQJ�WKH�OHYHO�QHFHVVDU\�IRU�
WKH�FRUH¶V�PDJQHWLVDWLRQ�

)LJXUH�� &RPSDULVRQ�RI�$LU�DQG�&RUH�FRLO�UHVSRQVH�IRU�GLIIHUHQW
VLJQDO�VWUHQJWK

7KH�RXWFRPH�RI�WKH�H[SHULPHQW�VKRZV�LPSRUWDQW�QRQOLQHDU�
FKDUDFWHULVWLFV�RI�WKH�7&�VHQVRUV��QRQOLQHDULWLHV�LQ�UHVSRQVH�WR�D�
ZHDN�0)��7KH�RXWSXW�RI�WKH�7&�FRLO LV�VLPLODU�WR�WKDW�RI�WKH�DLU�
FRLO��1RQOLQHDULWLHV� LQ�WKH�UHVSRQVH�FDQ�UHVXOW� LQ�XQSUHGLFWDEOH�
FRQVHTXHQFHV��

7KH�GHSWK�PHDVXUHPHQW�DOJRULWKP�XVHG�E\�DYDLODEOH�FDEOH�
WUDFNLQJ WRROV UHOLHV� RQ� H[WUDSRODWLRQ�RI� WKH� UHVSRQVH�GLVWDQFH�
IXQFWLRQ��7KH�SURILOH�LV�SURGXFHG�GXULQJ�WKH�RQ�ODQG�FDOLEUDWLRQ�
SURFHVV�DQG�LV�EXLOW�RQO\�XSRQ�D�VPDOO�UDQJH�RI�0)�GLIIHUHQFHV��
&KDQJLQJ�WKH�0)�FKDUDFWHULVWLFV� DSSO\LQJ�FDOLEUDWLRQ�GDWD�WR�D�
GLYHU¶V�VHDUFK��D�ZHDNHU�0)�RU�GLIIHUHQW�WHPSHUDWXUH�FDQ�UHVXOW�
LQ�LQFUHDVHG�HUURU��

)URP� DOO WKH� WHVWHG� VHQVRUV� WKH� DLU� FRLO� VKRZV� WKH� PRVW�
OLQHDU� UHVSRQVH� ZLWK� WKH� RXWSXW�� DW� OHDVW� DV� JRRG� DV� WKH�
H[SHQVLYH� SURSULHWDU\� FRLOV�� 7KH� OLQHDU� FKDUDFWHULVWLF� LV�
LPSRUWDQW� IRU� DSSOLFDWLRQ� RI� WKH� DOJRULWKPV� GHVFULEHG� LQ� ODWHU�
VHFWLRQ��

&� 0RGHOOLQJ�

7ULDQJXODWLRQ�DOJRULWKPV�XVHG�LQ�FRPPHUFLDO�FDEOH�WUDFNLQJ�
JLYHV�GLVWDQFH�HVWLPDWLRQ�EDVHG�RQ�UHDGLQJV¶�DPSOLWXGHV��,Q�DQ�
LGHDO VLWXDWLRQ�ZLWKRXW�QRLVH�DQG QRQOLQHDULWLHV�LQ�WKH�UHDGLQJV
WKH�VHWXS�VKRZQ�LQ )LJXUH�� FRXOG�JLYH�VDWLVIDFWRU\ UHDGLQJV�

)LJXUH�� 6LPSOLILHG���GLPHQVLRQDO�PRGHO�RI�WUDGLWLRQDO�HVWLPDWLRQ

)RU�GLVWDQFHV� ODUJHU�WKDQ�D IHZ�PHWUHV� WKH�QRLVH�LQFRUSRUDWHG�
LQWR� WKH� UHDGLQJV� UHVXOWV� LQ� ODUJH� HVWLPDWLRQ� HUURUV�� 7R� DYRLG�
WKLV� SUREOHP VHQVRUV� DUH� EXLOW� LQWR� ��GLPHQWLRQDO� VHWXSV�
VDPSOLQJ�HDFK�FRPSRQHQW�RI�WKH�0)�YHFWRU�DV�VKRZQ�LQ )LJXUH�
���

)LJXUH�� 7KUHH�D[LV�FRLOV�VHWXS

$�7ULDQJXODWLRQ� DOJRULWKP FDQ� EH� LPSURYHG� E\� EODFN�ER[�
PRGHOOLQJ�VXFK�DV�1HXUDO�1HWZRUNV��11��DELOLW\ WR�GHWHFW� WKH�
DQJOH�RI� WKH� LQFRPLQJ�VLJQDO >��@��7KH�DGYDQWDJH�RI�XVLQJ�DQ�
11� DSSURDFK� LV� WKDW� WKH\� OHDUQ� WR� OLQN� IHDWXUHV� RI� WKH� VLJQDO�
ZLWK� WKH� GLVWDQFH� WR� WKH DUUD\�� 7KH� SURFHGXUH� HOLPLQDWHV
UHTXLUHPHQWV�RI�SULRU�NQRZOHGJH�DERXW�SDUDPHWHUV�RI�WKH�VLJQDO
>��@�

11�WUDLQLQJ�GDWDVHWV�ZHUH�REWDLQHG�IURP VDPSOHV�WDNHQ�DW�D�
GLVWDQFH� EHWZHHQ� �� P� DQG� ��� P� WR� WKH� FDEOH�� 'LIIHUHQW� 11�
PRGHOV�ZHUH� WHVWHG� VKRZLQJ� GLIIHUHQW�SHUIRUPDQFHV��7KH�EHVW�
UHVXOWV� ZHUH� REWDLQHG� ZLWK� D� IHHG�IRUZDUG� EDFN� SURSDJDWLRQ�
PRGHO ZLWK� KRUL]RQWDO� FRLO� UHDGLQJV DV WKH� LQSXW DQG� WKH�
GLVWDQFH� WR� WKH� FDEOH� DV� WKH�RXWSXW��7KH�11�ZDV� WUDLQHG�ZLWK�
UHDO�VXUYH\�GDWD�RI�D�VXEPDULQH�FDEOH�ZLWK�D����+]�WRQH�

)LUVW��WKH�WUDLQLQJ�VHW�ZDV�XVHG�WR�EXLOG�DQ 11�PRGHO�DQG�WR�
FDOFXODWH�WKH�SDUDPHWHUV��)URP�WKH�DYDLODEOH� VXUYH\�GDWD� RQO\�
WKRVH�VDPSOHV ZLWKLQ����PHWUHV�RI�WKH�VRXUFH�ZHUH�FRQVLGHUHG��
7KLV�PDGH D�VHW�RI������GDWD�SRLQWV��2QH�TXDUWHU�RI�WKH�SRLQWV�
������ZHUH�FKRVHQ�UDQGRPO\�DQG�XVHG�WR�WUDLQ�WKH�11�PRGHO��
)URP�WKH�UHVW�RI�WKH�GDWD�SRLQWV������SRLQWV�ZHUH�FKRVHQ�WR�WHVW�
DQG�YDOLGDWH�WKH�ILW��

������������������������������������ͺͲ���

��
��
��

��
��
��

��
ȏ�

�
Ȑ

��������������Ȃ ��������������ȏ��Ȑ

��������������������������

��
��
��

��
��

��
���
��

��
	�
��
��

��
��
���
��

��
��

��
�

�
��

��

���������� ����������������������������

�����������������������	�����������

���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���



5HVXOWV� RI� WKH� PRGHOOLQJ� DUH VKRZQ� LQ )LJXUH� ��� 7KH�
YDOLGDWLRQ� WHVW� LV� VKRZQ�DV UHG�FURVV�PDUNHU� DQG� WUDLQLQJ�GDWD�
SRLQWV� DUH� VKRZQ� DV� EOXH� GRWV�� 7KH� YHUWLFDO� D[LV� RI� WKH� SORW
VKRZV WKH FRLO�UHDGLQJV��7KH�KRUL]RQWDO�D[LV�VKRZV�WKH GLVWDQFH�
EHWZHHQ�WKH�FDEOH�DQG WKH�VDPSOH�SRLQW��

)LJXUH�� 1HXUDO�1HWZRUN
V�+RUL]RQWDO�FRLO
V�RXWSXW�PRGHOOLQJ

,W�FDQ�EH�VHHQ�WKDW�WKH�PRGHO�RI�PDJQHWLF�UHDGLQJV�DW�ODUJHU�
GLVWDQFHV FRUUHVSRQGV� WR� WKH� FXELF� GHFD\� FXUYH� RI� 0)�
DWWHQXDWLRQ��$V�ZDV� H[SHFWHG� WKH� DPSOLWXGH� RI�0)�DWWHQXDWHV�
TXLFNO\�EXW�LW�FDQ�GLIIHUHQWLDWH�WKH�UHDGLQJV�LQ�D�UDQJH�RI�XS�WR�
��� P� $IWHU� WKH� UDQJH� RI� ��� P� WKH� FXUYH� RI� WKH� UHDGLQJV�
FKDQJHV LWV�SURSHUWLHV�H[KLELWLQJ�D�GLIIHUHQW�EHKDYLRXU��

7KH�11�PRGHOOLQJ� FDQ� EHWWHU� HVWLPDWH� DWWHQXDWLRQ� FXUYHV�
EXW� LV� LPSUDFWLFDO� LQ� UHDO� ZRUOG� VROXWLRQV�� ,W� UHTXLUHV� ZHOO�
IRUPHG�VDPSOHV�IRU�PRGHO�EXLOGLQJ��,Q WKH VXUYH\�VLWXDWLRQ� LW�LV�
RIWHQ� LPSRVVLEOH� WR� KDYH� D� VHFWLRQ� RI� FDEOH� ZKLFK� ZRXOG� EH�
ZHOO� SUHVHQWHG� IRU� EXLOGLQJ� WKH� PRGHO�� ,Q� DGGLWLRQ� WKH� 11�
PRGHO�LV�RQO\�YDOLG�ORFDO\�DQG�QRW�JXDUDQWHHG�LQ�GLIIHUHQW�FDEOH�
VHFLRQV� 7R� DYRLG� WKLV� SUREOHP� D�PRGHO�OHVV� VROXWLRQ VXFK� DV�
EDWFK�SDUWLFOH�ILOWHUV FDQ�EH�DGDSWHG�>��@�

,9� '(7(&7,21�5$1*(�7(67,1*

7KH�PRGHOOLQJ�RI�WKH�FDEOH¶V�VHQVLQJ�VKRZV�WKDW�WKH�XWLOLW\�
FDQ� EH� GHWHFWHG� IURP� D� GLVWDQFH RI PRUH� WKDQ� ��� P�� ,W� DOVR�
VKRZV�WKDW�WKH�DWWHQXDWLRQ�FXUYH�EHKDYHV�GLIIHUHQW�DIWHU�WKH�ILUVW�
VHFWLRQ��7KH�K\SRWKHVLV�WKDW�WKH�0)�VLJQDO�DWWHQXDWLRQ�IROORZV�
QHDU�ILHOG�DQG�IDU�ILHOG�GLVWULEXWLRQ�LV�WHVWHG�LQ�WKLV�VHFWLRQ�

$� ([SHULPHQW�GDWD

7KH� SUDFWLFDO� UDQJH� RI� FDEOH� WUDFNLQJ� ZDV� WHVWHG� GXULQJ�
H[SHULPHQWV� FRQGXFWHG� LQ� )HEUXDU\� ����� RQ� +RRH� /DNH� LQ�
3O\PRXWK�� )RU� WKH� H[SHULPHQWDO� SXUSRVH� D� ����P� FDEOH�ZDV�
ODLG� RQ� WKH� VHDEHG��2QH� HQG�RI� WKH� FDEOH�ZDV� FRQQHFWHG� WR� D�
WRQH�JHQHUDWRU�6&7�7*�� >�@ WKH�VHFRQG�HQG�ZDV�VXEPHUJHG�LQ�
WKH� VHD� ZDWHU�� 7KH� WRQH� ZDV� LQGXFHG� LQ� VXFK� D� ZD\� WKDW� WKH�
UHWXUQLQJ�SDWK�IRU�WKH�FXUUHQW�ZDV�WKURXJK�WKH�ZDWHU��

'LIIHUHQW� WRQH� IUHTXHQFLHV�ZHUH� WHVWHG�EXW� WKH�FXUUHQW�ZDV�
NHSW�DW ����$�ZLWK�WKH�YROWDJH�GURS�EHWZHHQ�WKH�WZR�HQGV�RI�WKH�
WHVWLQJ�FDEOH�ZLWKLQ ����9�

)LJXUH� � VKRZV� WKH� H[SHULPHQWDO� VHWXS� DQG� VXUYH\�
SODWIRUP¶V�SDWK�IRU�GLIIHUHQFHG�IUHTXHQFLHV�

)LJXUH�� ([SHULPHQWDO�VHWXS�ZLWK�WHVWLQJ�FDEOH�DQG�VDPSOHV�
FROOHFWHG�IRU�GLIIHUHQW�IUHTXHQFLHV

7KH� VHWXS�� ZDWHU¶V� GHSWK� DQG� GLPHQVLRQV� RI� WKH� ODNH�
DOORZHG�SHUIRUPLQJ�WKH�VXUYH\�IURP�DV�IDU�DV�����P�DZD\�IURP
WKH�FDEOH��7KH�VLJQDO�ZDV�GHWHFWHG�DW�DOO�RI�WKHVH�GLVWDQFHV��

7KH� UHDGLQJV�ZHUH� WDNHQ�ZLWK WKH FRPPHUFLDOLVHG� YHUVLRQ�
RI�VXUYH\ HTXLSPHQW 6&7�0&���>�@��7KH�DFTXLVLWLRQ�XQLW�ZDV�
FRQQHFWHG� WR� WKUHH D[LV� VHDUFKLQJ� FRLOV�� 7KH� UHDGLQJV� RI� WKH�
FRLOV� ZHUH� SORWWHG� LQ� UHDO� WLPH� DQG� UHFRUGHG� IRU� SRVW�
SURFHVVLQJ�

)RU�WKLV�SDUWLFXODU�VXUYH\ WKH�+$�FRLOV�GHVFULEHG�SUHYLRXVO\�
ZDV� XVHG� 7KH� D[LV� RI� KRUL]RQWDO� FRLO� �� ZDV� VHW� XS� LQ� WKH�
GLUHFWLRQ� SHUSHQGLFXODU� WR� WKH� FDEOH� OLQH��7KLV� GLUHFWLRQ JLYHV�
WKH� VWURQJHVW� UHDGLQJ� DERYH� WKH� FDEOH�� 7KH� D[LV� RI� KRUL]RQWDO�
FRLO���ZDV�LQ�WKH�VDPH�OLQH�DV�WKH�FDEOH�OLQH��JLYLQJ�QR�UHDGLQJ�
DERYH�WKH�FDEOH��7KH�YHUWLFDO�FRLO¶V�D[LV�JLYHV�KLJK�UHDGLQJV�DW
WKH�VLGH�RI�WKH�FDEOH�ZLWK�QXOO�UHDGLQJ�DW WKH�FURVVLQJ�SRLQW�

)LJXUH� � VKRZV� UHDGLQJV� RI� WKH� FRLO� JHQHUDWHG� ZKLOVW�
FURVVLQJ�WKH�FDEOH�ZLWK D ����+]�WRQH�

)LJXUH�� ([DPSOH�RI�UHDGLQJV�GXULQJ�FDEOH�FURVVLQJ���&URVVLQJ�
SDWK�IRU�IUHTXHQF\�����+]�

7KH� DPSOLWXGHV� VKRZ� D� FOHDU� SDWWHUQ� IRU� WKH� VLJQDO�
EHKDYLRXU�� 7KH� VLJQDO� LV� VWURQJHVW� DERYH� WKH� FDEOH� DQG�
DWWHQXDWHV IDVW�LQ�WKH�ILUVW�WHQ�PHWUHV�RQ�HLWKHU�VLGH�RI�WKH�XWLOLW\��
$IWHU� WKH� IDVW� DWWHQXDWLRQ� LQ� WKH� QHDU�ILHOG� DUHD�� WKH� VLJQDO�
JUDGXDOO\� DWWHQXDWHV� LQ� WKH� IXUWKHU� UDQJH�� 7KH� GLIIHUHQFH�
EHWZHHQ�+RUL]RQWDO�FRLO���DQG���DUH�VWLOO�YLVLEOH�DIWHU����P�RI�
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GLVWDQFH FRQILUPLQJ�SRVLWLYH�GHWHFWLRQ� 7KH�ZDWHU�GHSWK�DFURVV�
WKH�ODNH�ZDV�RQO\�����PHWUHV�DQG�FDQ�EH�QHJOHFWHG�

7R�IXUWKHU�WHVW�WKH�GLVWDQFH� WZR�VHWV�RI�UHDGLQJV�ZHUH�WDNHQ�
EHWZHHQ�����DQG�����PHWUHV�IURP�WKH�FDEOH��7KH�SODWIRUP�ZDV�
PRYLQJ�LQ�WKH�VXUYH\�GLUHFWLRQ SHUSHQGLFXODU�WR�WKH�FDEOH��)RU�
WKH�ILUVW�VHW�RI�UHDGLQJV��WKH�����$������+]�WRQH�ZDV�LQWURGXFHG�
WR�WKH�FDEOH��7KH�VHFRQG�VHW�RI�UHDGLQJV�ZDV�WDNHQ�ZLWKRXW�DQ\�
WRQH� LQ� WKH� FDEOH�� KHQFH� QR� VLJQDO� WR� UHDG� )LJXUH� � VKRZV�
VXPPDU\� VWDWLVWLFV� 7KH� SRVLWLYH� UHDGLQJV� ZHUH� WDNHQ� EH\RQG�
WKH� ����PHWUHV�� DOWKRXJK� WKH� WLGDO� QDWXUH� RI� WKH� ODNH� GLG� QRW�
DOORZ�WR�UHSHDW�UHDGLQJV�ZKLFK�DUH�QRW�UHSRUWHG�

)LJXUH�� &RPSDULVRQ�RI�RXWSXW�IRU�+RUL]RQWDO�FRLOV���DQG���DQG�
9HUWLFDO�FRLO�LQ�FDVH�RI�VLJQDO¶V�SUHVHQFH�DQG�DEVHQFH�WDNHQ�DW�WKH�
GLVWDQFH�EHWZHHQ�����DQG�����PHWUHV�IURP�WKH�FDEOH

7KH� UHDGLQJV� LQ� WKH� WZR� VHWV� VXJJHVW� WKH� VLJQDO� ZDV�
REVHUYHG� DW� WKH� WHVWHG� GLVWDQFHV� 7DEOH� � VXPPDULHV� WKH�
UHDGLQJV�IRU�DOO�FRLOV�

7DEOH�� 9DOXHV�RI�RXWSXWV�IRU�+RUL]RQWDO�FRLOV��DQG���DQG�
9HUWLFDO�FRLO�LQ�FDVH�RI�VLJQDO¶V�SUHVHQFH�DQG�DEVHQFH

���ɨɏ��� ���ɨɏ�����������ɩɏ��������ɩɏ������������ɏ��������ɏ�����
�������ɪɫŜɥɥɥɥɥɥ���ɩɫŜɥɥɥɥɥɥ��ɪɫŜɥɥɥɥɥɥ���ɩɫŜɥɥɥɥɥɥ��ɪɫŜɥɥɥɥɥɥ��ɩɫŜɥɥɥɥɥɥ
��������ɥŜɥɥɨɥɨɭ����ɥŜɥɥɥɨɰɨ���ɥŜɥɥɥɯɥɫ����ɥŜɥɥɥɮɰɫ���ɥŜɥɥɥɰɩɭ���ɥŜɥɥɥɨɩɪ
��������ɥŜɥɥɥɪɪɥ����ɥŜɥɥɥɨɩɨ���ɥŜɥɥɥɫɮɮ����ɥŜɥɥɥɫɯɯ���ɥŜɥɥɥɩɮɮ���ɥŜɥɥɥɥɬɭ
��������ɥŜɥɥɥɩɬɩ����ɥŜɥɥɥɥɩɥ���ɥŜɥɥɥɥɪɯ����ɥŜɥɥɥɥɮɬ���ɥŜɥɥɥɫɩɭ���ɥŜɥɥɥɥɩɮ
ɩɬʩ�����ɥŜɥɥɥɯɮɩ����ɥŜɥɥɥɥɯɰ���ɥŜɥɥɥɫɭɬ����ɥŜɥɥɥɪɯɭ���ɥŜɥɥɥɮɬɫ���ɥŜɥɥɥɥɯɬ
ɬɥʩ�����ɥŜɥɥɥɰɯɮ����ɥŜɥɥɥɨɭɬ���ɥŜɥɥɥɯɩɭ����ɥŜɥɥɥɭɫɬ���ɥŜɥɥɥɯɮɬ���ɥŜɥɥɥɨɨɭ
ɮɬʩ�����ɥŜɥɥɨɨɬɥ����ɥŜɥɥɥɩɯɭ���ɥŜɥɥɨɥɭɰ����ɥŜɥɥɨɩɮɬ���ɥŜɥɥɨɥɮɯ���ɥŜɥɥɥɨɭɰ
��������ɥŜɥɥɨɰɥɬ����ɥŜɥɥɥɫɬɥ���ɥŜɥɥɩɪɪɪ����ɥŜɥɥɨɫɩɰ���ɥŜɥɥɨɭɥɪ���ɥŜɥɥɥɩɪɥ

7KH�VLJQLILFDQFH�RI�WKH�GLIIHUHQFH�EHWZHHQ�WKH�UHDGLQJV�ZDV
WHVWHG� ZLWK� 0DQQ�:KLWQH\� VWDWLVWLF� 7DEOH� � VXPPDULHV�
REWDLQHG�YDOXHV�

7DEOH�� 9DOXHV�RI�VWDWLVWLFV�IRU�0DQQ�:KLWQH\�WHVW

�������������������������
����������������ɨś��Ş�����ʰ�ɭŜɩɮř��Ş����ʰ�ɪŜɭɭɪɬɮɩɭɨɰɮɬɯɰɫɪɬ�Şɨɥ
����������������ɩś��Ş�����ʰŞɥŜɨɰř��Ş����ʰ�ɥŜɯɫɰɮɪɯɥɩɯɯɥɯɩɰɪɮ
�����������������ś��Ş�����ʰ�ɭŜɫɫř��Ş����ʰ�ɨŜɨɯɪɯɪɥɥɬɮɯɯɩɭɯɩ�Şɨɥ

7KH�GLIIHUHQFH�RI�+RUL]RQWDO�FRLO���UHDGLQJV�WDNHQ�ZLWK�DQG�
ZLWKRXW� VLJQDO�DUH� VLJQLILFDQWO\�GLIIHUHQW��7KH� VDPH�DSSOLHV� WR�
WKH�UHDGLQJV�RI�9HUWLFDO�FRLO��7KHUH�LV�QR�VLJQLILFDQW�GLIIHUHQFH�
EHWZHHQ�WKH�UHDGLQJV�RI�+RUL]RQWDO�FRLO�� ZKLFK�ZDV�VLWXDWHG�LQ�
WKH�QXOO�GLUHFWLRQ�

([SHULPHQWV VKRZ�WKDW�D�ZHDN�VLJQDO�IURP�WKH�FDEOH�FDQ�EH�
UHDG�DW D�GLVWDQFH� DV� IDU� DV�����PHWUHV��&DUHIXO FRQVLGHUDWLRQ�

DERXW�WKH�HTXLSPHQW��DOJRULWKPV�DQG�VXUYH\�FRQILJXUDWLRQ�FDQ�
DOORZ�VXUYH\LQJ�VXEVHD�FDEOHV�LQ�VKDOORZ�ZDWHUV�

9� &21&/86,21

'HWHFWLQJ� VXEPDULQH�SRZHU� DQG� WHOHFRPPXQLFDWLRQ�FDEOHV
LV�DQ�LPSRUWDQW�EXW�GLIILFXOW�WDVN��([LVWLQJ�WRROV�DQG�DOJRULWKPV�
DOORZ�VXUYH\LQJ WKRVH�XWLOLWLHV�RQO\�IURP�VKRUW�GLVWDQFHV��RIWHQ�
HQJDJLQJ�GLYHUV�RU�UHPRWHO\�RSHUDWHG�YHKLFOHV�

&DUHIXO� FRQVLGHUDWLRQ� DERXW� VXUYH\� KDUGZDUH� DQG�
DOJRULWKPV�XVHG�DOORZV�H[WHQGLQJ�FDEOH�GHWHFWLRQ�UDQJHV�WR�WHQV�
RU�HYHQ�KXQGUHGV�RI�PHWUHV�

,Q� WKLV� UDQJH� RI� GHWHFWLRQ� VLJQDO� DWWHQXDWLRQ� QHHGV� WR� EH�
FRQVLGHUHG�DV�KHWHURJHQHRXV�IROORZLQJ�QHDU�ILHOG�DQG�IDU�ILHOG�
GLVWULEXWLRQV�

DOORZ�VXUYH\LQJ�VXEVHD�FDEOHV�LQ�VKDOORZ�ZDWHUV�

9,� )8785(�',5(&7,216

3UHVHQWHG� PHWKRGV� DUH� GHVLJQHG� WR� WUDFN� (0� VLJQDO� IURP�
WKH� WRQH� LQGXFHG� WR� WKH� VXEPDULQH� FDEOHV�� ,Q�PRVW� VLWXDWLRQV��
WRQH� LQMHFWLRQ� SURYLGHV� D� VWDEOH� VLJQDO� ZLWK� ZHOO�GHWHUPLQHG�
IUHTXHQF\��7KH�PHWKRG��KRZHYHU�� FDQ�GHWHFW�(0)�IURP�RWKHU�
VRXUFHV� VXFK� DV� SRZHU� FDEOHV� RU� VXEPDULQH� MRLQWV�� ,QLWLDO�
H[SHULPHQWV� LQ�SRZHU�FDEOHV�GHWHFWLRQ�VKRZ�WKDW�DOWKRXJK� WKH�
(0)�FDQ�EH�GHWHFWHG�� LWV�FKDUDFWHULVWLF� LV� QRW� VWDEOH�� VKRZLQJ�
IOXFWXDQFH�LQ�DPSOLWXGH�DFURVV�WKH�UDQJH�RI�IUHTXHQFLHV��0RUH�
H[SHULPHQWV� ZLWK� OLYH� SRZHU� FDEOHV� DQG� DURXQG� VXEPDULQH�
FRQQHFWLRQV�DUH�SODQQHG�WR�YDOLGDWH�WKH�SUHVHQWHG�DSSURDFK��

7KH�PHWKRG�VKRZV�SRVLWLYH�UHVXOWV�LQ�WKH������PHWUHV�UDQJH��
6KDOORZ�ZDWHU�VXUYH\�LV�RIWHQ�GHVLJQHG�WR�EH�FDUULHG�E\�D�VPDOO�
EDUJH� RU� VXUYH\� ERDW�� 'HHSHU� ZDWHUV� UHTXLUH� WKH XVH� RI�
XQGHUZDWHU� YHKLFOHV� DQG� SURYLGH� GLIIHUHQW� FKDOOHQJHV�� 7KH�
DXWKRUV� KDYH� GRQH� VRPH� ZRUN� LQ� WKH� LQWHJUDWLRQ� RI� (0)�
GHWHFWLRQ� ZLWK� D� VXUYH\� E\� DXWRQRPRXV� SODWIRUP�� 7KH�
H[WHQVLRQ�RI� WKLV�ZRUN�FDQ�JLYH�DSSOLFDWLRQ�RI�(0)�GHWHFWLRQ�
LQ�GHHSHU�ZDWHUV

9,,� 5()(5(1&(6

>�@� 7��6]\URZVNL��6��.��6KDUPD��5��6XWWRQ�DQG�*��$��
.HQQHG\���'HYHORSPHQWV�LQ�VXEVHD�SRZHU�DQG�
WHOHFRPPXQLFDWLRQ�FDEOHV�GHWHFWLRQ���3DUW���± 9LVXDO�DQG�
K\GURDFRXVWLF�WUDFNLQJ���8QGHUZDWHU�7HFKQRORJ\��YRO��
����QR�����SS���������������D��

>�@� 7��6]\URZVNL��6��.��6KDUPD��5��6XWWRQ�DQG�*��$��
.HQQHG\���'HYHORSPHQWV�LQ�VXEVHD�SRZHU�DQG�
WHOHFRPPXQLFDWLRQ�FDEOHV�GHWHFWLRQ���3DUW���±
(OHFWURPDJQHWLF�GHWHFWLRQ���8QGHUZDWHU�7HFKQRORJ\��YRO��
����QR�����SS���������������E��

>�@� 5��2OVHQ�DQG�3��:RQJ���&KDUDFWHULVWLFV�RI�ORZ�IUHTXHQF\�
HOHFWULF�DQG�PDJQHWLF�ILHOGV�LQ�WKH�YLFLQLW\�RI�HOHFWULF�
SRZHU�OLQHV���,(((�7UDQVDFWLRQV�RQ�3RZHU�'HOLYHU\��YRO��
���QR�����SS�������������������

>�@� -��=KRX�DQG�-��&KHQ���0D[LPXP�GLVWDQFH�HVWLPDWLRQ�RI�
IDU�ILHOG�PRGHO�IRU�XQGHUZDWHU�PDJQHWLF�ILHOG�
FRPPXQLFDWLRQ���LQ�����,(((��WK�$QQXDO�&RPSXWLQJ�DQG�
&RPPXQLFDWLRQ�:RUNVKRS�DQG�&RQIHUHQFH��&&:&���/DV�
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9HJDV��19��������

>�@� 6&7�VXEVHD�FDEOH�WUDFNLQJ�OWG��-XQH�������>2QOLQH@��
$YDLODEOH��KWWS���ZZZ�VXEVHDFDEOH�FR�XN�

>�@� 7H[DV�,QVWUXPHQWV���+LJK�5HVROXWLRQ�$QDORJ�WR�'LJLWDO�
&RQYHUWHU�+LJK�5HVROXWLRQௗ��)OH[LEOH�'LJLWDO�)LOWHUௗ��
$QDORJ�6XSSO\ௗ����6SHFLILFDWLRQ��������

>�@� 5��+��:DOGHQ���$QDORJ�WR�GLJLWDO�FRQYHUWHU�VXUYH\�DQG�
DQDO\VLV���,(((�-RXUQDO�RQ�6HOHFWHG�$UHDV�LQ�
&RPPXQLFDWLRQV��YRO������QR�����SS�����������������

>�@� �(OHFWURGLQJ�*HQHUDWRU�0RGHO��������7LQVOH\�
,QVWUXPHQWDWLRQ�/WG���������>2QOLQH@��$YDLODEOH��
KWWS���WLQVOH\�FR�XN�ZS�"SDJHBLG ������>$FFHVVHG����
2FWREHU�����@�

>�@� �&DEOH�DQG�3LSH�/RFDWRU�5DQJH���5DGLRGHWHFWLRQ�/WG��
������>2QOLQH@��$YDLODEOH��
KWWSV���ZZZ�UDGLRGHWHFWLRQ�FRP�HQ�
JE�SURGXFWV�SUHFLVLRQ�FDEOH�ORFDWRU�UDQJH��>$FFHVVHG����
2FWREH�����@�

>��@�6��7XPDQVNL���,QGXFWLRQ�FRLO�VHQVRUV²D�UHYLHZ���

0HDVXUHPHQW�6FLHQFH�DQG�7HFKQRORJ\��YRO������QR�����SS��
5���5����������

>��@�<��*HQJ�DQG�-��-XQJ���6RXQG�6RXUFH�/RFDOL]DWLRQ�6\VWHP�
IRU�5RERWLFV�DQG�,QGXVWULDO�$XWRPDWLF�&RQWURO�6\VWHPV�
%DVHG�RQ�1HXUDO�1HWZRUN���*R\DQJ�VL��.RUHD��6RXWK���
������

>��@�%��&ROQHW�DQG�-��'L�0DUWLQR���6RXUFH�ORFDOLVDWLRQ�ZLWK�
UHFXUUHQW�QHXUDO�QHWZRUNV���$WODQWD��*HRUJLD��86$��������

>��@�7��6]\URZVNL��6��.��6KDUPD��5��6XWWRQ�DQG�*��$��
.HQQHG\���6XEVHD�FDEOH�WUDFNLQJ�LQ�DQ�XQFHUWDLQ�
HQYLURQPHQW�XVLQJ�SDUWLFOH�ILOWHUV����-RXUQDO�RI�0DULQH�
(QJLQHHULQJ�	�7HFKQRORJ\��YRO������QR�����SS���������
������

���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���


