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,QWURGXFWLRQ
1RZDGD\V�SRO\XUHWKDQH�IRDP��38)��VRUEHQWV�DUH�ZLGHO\�XVHG�

IRU� SUHFRQFHQWUDWLRQ� RI� PHWDOV� IURP� ZDWHU�� 7KH� DGYDQWDJHV� RI�
WKLV� W\SH� RI� VRUEHQWV� DUH� KLJK� SUHFRQFHQWUDWLRQ� IDFWRUV� �XS� WR�
�������IROG���YHUVDWLOLW\��DYDLODELOLW\�DQG�ORZ�FRVW�>�@��0HWDOV�FDQ�
EH� VRUEHG� HLWKHU� DV� DFLGRFRPSOH[HV�� FKHODWHV� RU� LRQ� DVVRFLDWHV��
3UHFRQFHQWUDWLRQ�RI�PHWDOV�E\�VRUSWLRQ�RQ�38)�LV�FRPELQHG�ZLWK�
VXEVHTXHQW� GHWHUPLQDWLRQ� E\� DWRPLF�DEVRUSWLRQ� VSHFWURVFRS\�
�$$6��� DWRPLF�HPLVVLRQ� VSHFWURVFRS\�ZLWK� LQGXFWLYHO\� FRXSOHG�
SODVPD� �,&3� $(6��� SKRWRPHWU\� RU� GLIIXVH� UHIOHFWLRQ� VSHFWURV�
FRS\��'56���7KHUH�DUH�WZR�PDLQ�ZD\V�RI�VSHFWURVFRSLF�GHWHUPL�
QDWLRQ� RI� PHWDOV� ZLWK� SUHFRQFHQWUDWLRQ� RQ� 38)�VRUEHQWV�� 7KH�
ILUVW���VWDJH�ZD\�LQFOXGHV�VROLG�SKDVH�H[WUDFWLRQ�LQ�EDWFK�RU�G\�
QDPLF�PRGH��HOXWLRQ�RI�PHWDOV� IURP�VRUEHQW ZLWK�NHWRQHV�� ORZ�
PROHFXODU�DOFRKROV�RU�VWURQJ�DFLG�VROXWLRQV�DQG�GHWHUPLQDWLRQ�RI�
PHWDOV� LQ� HOXDWH� E\� ,&3�$(6�� IODPH� RU� QRQ�IODPH�$$6� >��� �@��
7KH� SRVVLELOLW\� RI� VLPXOWDQHRXV� PXOWLHOHPHQW� DQDO\VLV� E\� ,&3�
$(6�DOORZV�XVLQJ�38)�VRUEHQWV� IRU� WKH�JURXS�SUHFRQFHQWUDWLRQ�
RI� PHWDOV�� ,W� LV� YHU\� LPSRUWDQW� IRU� HFRORJLFDO� PRQLWRULQJ� RI�
QDWXUDO�DQG�ZDVWH�ZDWHU��7KLV�DSSURDFK�LV�FKDUDFWHUL]HG�E\�H[FHO�
OHQW�VHQVLWLYLW\�DQG�VHOHFWLYLW\��EXW�KLJK�FRVW�RI�DQDO\WLFDO�HTXLS�
PHQW� DQG� DQDO\VLV�� $QRWKHU� ��VWDJH� ZD\� LQFOXGHV� VROLG�SKDVH�

H[WUDFWLRQ� ZLWK� VXEVHFXHQW� GLUHFW� GHWHUPLQDWLRQ� RI� PHWDOV� RQ�
38)�VRUEHQW�E\�'56�>����@�� ,Q� WKLV�FDVH� WKH�FRVW�RI�HTXLSPHQW�
DQG� DQDO\VLV� LV� ORZ�� DQG� WKH� VHQVLWLYLW\� LV� VXIILFLHQW��0RUHRYHU�
WKH� DFFXUDF\� RI� ��VWDJH� WHFKQLTXH� LV� KLJKHU� DV� D� UXOH��+RZHYHU
WKH� SKRWRPHWULF� GHWHUPLQDWLRQ� RI� PHWDOV� KDV� WZR� HYLGHQW�
UHVWULFWLRQV�± ORZ�VHOHFWLYLW\�DQG�GHWHUPLQDWLRQ�RI�FRORUHG�FRP�
SRXQGV�RQO\��
7KXV��IRU�VROXWLRQ�RI�WKH�SUREOHPV�HQXPHUDWHG�DERYH�LW�LV�QHF�

HVVDU\� WR� HPSOR\� D� QRW� YHU\� H[SHQVLYH�PHWKRG�RI�PXOWLHOHPHQW�
VROLG� DQDO\VLV� ZLWK� VHQVLWLYLW\� FRPSDUDEOH� ZLWK� VHQVLWLYLW\� RI�
'56��7KH�DLP�RI�RXU�ZRUN�ZDV�WKH�VWXG\�RI�SULQFLSOH�IHDVLELOLW\�
RI� GLUHFW� GHWHUPLQDWLRQ� RI� PHWDOV� RQ� 38)�VRUEHQWV� E\� $&�DUF�
$(6��,URQ�DQG�FREDOW�ZHUH�FKRVHQ�DV�HOHPHQWV�EHLQJ�GHWHUPLQHG��
7KHVH�PHWDOV�ZHUH� H[WUDFWHG� IURP�ZDWHU� DV� FRORUHG� WKLRF\DQDWH�
DFLGRFRPSOH[HV��7KH�FKRLFH�RI�HOHPHQWV�DQG� OLJDQGV�ZDV�VWLSX�
ODWHG� ILUVW� RI� DOO� E\� WKH� SRVVLELOLW\� RI� WKH� UHVXOW� YHULILFDWLRQ� E\�
'56��)XUWKHUPRUH�ZH�KDYH�WULHG�WR�JHW�WKH�SUHOLPLQDU\�LQIRUPD�
WLRQ�DERXW�WKH�SRVVLELOLW\�RI�GLUHFW�$(�GHWHUPLQDWLRQ�RI�PHUFXU\�
DQG� OHDG� DV� FRPSOH[� FRPSRXQGV� ZLWK� GLWKL]RQH� RQ� 38)�
VRUEHQWV�� 7R� GHWHUPLQH� WKHVH� HOHPHQWV� E\� '56� LV� D� GLIILFXOW�
SUREOHP��7KDW� LV�ZK\�ZH�XVHG�;�UD\�IOXRUHVFHQFH�VSHFWURPHWU\�
�;5)��IRU�WHVW�RI�WKH�GHWHUPLQDWLRQ�UHVXOWV��

)LJ�� ��� 7KH� GHSHQGHQFH� RI� H[WUDFWLRQ�GH�
JUHH� RI� PHWDO� WKLRF\DQDWH� FRPSOH[HV� E\�
38)�IURP�DTXHRXV�VROXWLRQ�RQ�S+�YDOXH��

)LJ�� ��� 7KH� GHSHQGHQFH� RI� H[WUDFWLRQ� GH�
JUHH� RI� PHWDO� WKLRF\DQDWH� FRPSOH[HV� E\�
38)�RQ�OLJDQG�FRQFHQWUDWLRQ�LQ�VROXWLRQ��

)LJ�����7KH�LVRWKHUPV�RI�VRUSWLRQ�RI�PHWDO�
WKLRF\DQDWH� FRPSOH[HV� RQ� 38)� IURP�
DTXHRXV�VROXWLRQ��



)LJ�����7KH�W\SLFDO�FXUYH�RI�WKH�PHWDO�HYDSRUDWLRQ�IURP�D�FUD�
WHU�RI�ERWWRP�FDUERQ�HOHFWURGH��&R�RQ�38)��GLVWDQFH�EHWZHHQ�
ZRUNLQJ�HOHFWURGHV�± ��PP���

)LJ�����'\QDPLFV�RI�WKH�DQDO\WH�WUDQVIHU�WR�$&�DUF�SODVPD���
± SRURXV� 38)� SUHVVHG� LQ� FUDWHU� RI� FDUERQ� HOHFWURGH�� � ±
PHOWHG�38)�ZLWK�ORZ�SRURVLW\��� ± FDUERQL]HG�38)�UHPDLQV���

([SHULPHQWDO�

38)�VRUEHQW�SUHSDUDWLRQ�
$V� LW� LV�NQRZQ� WKH�VRUSWLRQ�RI�DFLGRFRPSOH[HV�RQ�38)�IURP�

DTXHRXV� VROXWLRQV�SURFHHGV�RQ�DQLRQ�H[FKDQJH�RU�FDWLRQ�FKHOD�
WLRQ�PHFKDQLVPV�>�@��7KH�ODVW�RQH�SUHYDLOV�LQ�FDVH�RI�S+!���7KH�
ILUVW� VWDJH�RI� FDWLRQ�FKHODWLRQ�PHFKDQLVP� LV�DGVRUSWLRQ�RI�DOND�
OLQH�PHWDO�LRQV�RQ�38)�VXUIDFH��7KHVH�LRQV�LQWHUDFW�ZLWK�IOH[LEOH�
VSLUDO� SRO\HWKHU� FKDLQV� RI� 38)�PDFURPROHFXOHV� DV�ZLWK� FURZQ�
HWKHUV��7KH�IOH[LELOLW\�RI�SRO\HVWHU�FKDLQV�LV�VXEVWDQWLDOO\�OHVV��$V�
D�UHVXOW�WKH�SRO\HWKHU�38)�VRUEV�PHWDO�DFLGRFRPSOH[HV�VXEVWDQ�
WLDOO\� EHWWHU� WKDQ� SRO\HVWHU� 38)� >�@�� )RU� VROLG�SKDVH� H[WUDFWLRQ�
ZH� XVHG� SRO\HWKHU� 38)�VRUEHQWV�� ,RQ�H[FKDQJH� PHFKDQLVP� RI�
WKH� VRUSWLRQ� GHILQHV� WKH� IHDWXUHV� RI� WHFKQLTXH� RI� WKH� VRUEHQW�
SXULILFDWLRQ�IRU�DQDO\VLV��
�� WUHDWPHQW�RI�38)�SHOOHWV�E\��0�+&O�GXULQJ���KRXU��
�� ZDVKLQJ�WKH�38)�SHOOHWV�E\�ZDWHU�XQWLO�S+�����
�� ZDVKLQJ�WKH�38)�SHOOHWV�E\�DFHWRQH��
�� DLU�GU\LQJ�WKH�38)�SHOOHWV��

6RUSWLRQ�RI�)H�DQG�&R�DFLGRFRPSOH[HV�
(DUOLHU� WKH�VRUSWLRQ�RI�WKLRF\DQDWH�FRPSOH[HV�RI�LURQ�DQG�FR�

EDOW� RQ� SRO\HWKHU� 38)�VRUEHQW� LQ� EDWFK� PRGH� ZDV� VWXGLHG� E\�

SKRWRPHWULF� PHWKRG� �)LJ�� ����� >��� �@�� 7KH� VRUSWLRQ� HIILFLHQF\�
GHSHQGV�RQ�WKH�QDWXUH�RI�FRPSOH[��WKH�FRPSRVLWLRQ�DQG�S+�YDOXH�
RI�ZRUNLQJ�VROXWLRQ��7KH�ODVW�IDFWRU�KDV�D�GHFLVLYH�PHDQLQJ��)RU�
MRLQW�VRUSWLRQ�WKH�RSWLPDO�S+�UDQJH�LV������)LJ������8QGHU�KLJKHU�
S+�YDOXHV� LQVROXEOH�PHWDO�K\GUR[LGHV�DUH� IRUPHG��8QGHU� ORZHU�
S+�YDOXHV�WKLRF\DQDWH�DQLRQV�DUH�DVVRFLDWHG�ZLWK�K\GURJHQ�LRQV��
$V� D� UHVXOW� WKH� VRUSWLRQ� HIILFLHQF\� GHFUHDVHV�� 7KH� UHDVRQDEOH�
FRQFHQWUDWLRQ� RI� WKLRF\DQDWH� DQLRQV� VKRXOG� H[FHHG� ���� PRO�O�
�)LJ�� ���� )RU� SUHOLPLQDU\� SXULILFDWLRQ� RI� .1&6� IURP� )H�
LPSXULWLHV�ZH�XVHG�WKH�IROORZLQJ�WHFKQLTXH��
�� DGGLWLRQ�RI����0�+�62� WR�ZDUP��0�.1&6�VROXWLRQ�XQ�

WLO�S+�����
�� VKDNLQJ� XS� WKH� VROXWLRQ� ZLWK� 38)� LQ� H[FHVV� ����� SHO�

OHWV�����PO��GXULQJ����PLQ��
�� UHPRYDO�RI�WKH�38)�SHOOHWV��

3XULILHG� 38)�SHOOHWV� ������� PJ�� ZHUH� XVHG�� 7KH� WHFKQLTXH� RI�
VRUSWLRQ� RI� )H� DQG� &R� WKLRF\DQDWH� DFLGRFRPSOH[HV� RQ� 38)�
VRUEHQW�LQ�EDWFK�PRGH�LQFOXGHV�WKH�IROORZLQJ�VWDJHV��
�� DGGLWLRQ�RI�)H�� �&R����DOLTXRW����������PJ��WR�WKH�DFLGL�

ILHG��0�.1&6�VROXWLRQ�����PO���
�� DGGLWLRQ�RI�ZDWHU�XQWLO����PO�WRWDO�YROXPH��
�� DGGLWLRQ�RI�38)�SHOOHW�DQG�UHPRYDO�RI�DLU�EXEEOHV�E\�VWLU�

ULQJ�URG�

)LJ�� ��� 7KH� JUDGXDWLRQ� JUDSKV� IRU� GLUHFW�$(�GHWUPLQDWLRQ� RI�
)H�RQ�38)��GLVWDQFH�EHWZHHQ�ZRUNLQJ�HOHFWURGHV�± ������DQG���
�������PP��HYDSRUDWLRQ�WLPH�± ��������������DQG��������V��

)LJ�����7KH�JUDGXDWLRQ�JUDSK�IRU�GLUHFW�$(�GHWUPLQDWLRQ�RI�&R�
RQ�38)� �GLVWDQFH�EHWZHHQ�ZRUNLQJ�HOHFWURGHV�± ��PP�� WLPH�
RI�SUHOLPLQDU\�HYDSRUDWLRQ�± ��V���



)LJ�� ��� 7KH� JUDGXDWLRQ� JUDSKV� IRU� GLUHFW�$(�GHWUPLQDWLRQ� RI�
+J�DQG�3E�RQ�38)��GLVWDQFH�EHWZHHQ�ZRUNLQJ�HOHFWURGHV�± ��
PP��WLPH�RI�SUHOLPLQDU\�HYDSRUDWLRQ�± ��V���

)LJ�����7KH�JUDGXDWLRQ�JUDSKV�IRU�GLUHFW�;5)�GHWUPLQDWLRQ�RI�
+J�DQG�3E�RQ�38)��H[SRVXUH�WLPH�± ���V���

�� VKDNLQJ�XS�WKH�VROXWLRQ�ZLWK�XVH RI�YLEUDWLRQDO�PL[HU�GXU�
LQJ����PLQ��

�� GU\LQJ�WKH�38)�SHOOHW��
6RUSWLRQ�RI�+J�DQG�3E�FRPSOH[HV�
7KH�VRUSWLRQ�RI�+J�DQG�3E�FRPSOH[HV�ZDV�UHDOL]HG�XQGHU�H[�

FHVV�RI�GLWKL]RQH�LQ�ZHDNO\�DONDOLQH�VROXWLRQ��7KH�UHDVRQDEOH�S+�
UDQJH�LV��������8QGHU�KLJKHU�S+�YDOXHV LQVROXEOH�PHWDO�K\GUR[�
LGHV�DUH�IRUPHG��8QGHU�ORZHU�S+�YDOXHV�GLWKL]RQH�PROHFXOHV�DUH�
SURWRQL]HG�� $V� D� UHVXOW� WKH� VRUSWLRQ� HIILFLHQF\� GHFUHDVHV�� 7KH�
WHFKQLTXH� RI� WKH� VRUSWLRQ� RI� +J� DQG� 3E� FRPSOH[HV� RQ� 38)�
VRUEHQW�LQ�EDWFK�PRGH�LQFOXGHV�WKH�IROORZLQJ�VWDJHV��
�� DGGLWLRQ� RI� DPPRQLXP�EXIIHU� WR�+J�� �3E���� DOLTXRW� ���

����PJ��XQWLO�S+�������
�� DGGLWLRQ�RI�����PO�����0�VROXWLRQ�RI�GLWKL]RQH�LQ�DFHWRQH��
�� DGGLWLRQ�RI�ZDWHU�XQWLO����PO�WRWDO�YROXPH��
�� DGGLWLRQ�RI�38)�SHOOHW�DQG�UHPRYDO�RI�DLU�EXEEOHV�E\�VWLU�

ULQJ�URG��
�� VKDNLQJ�XS�WKH�VROXWLRQ�ZLWK�XVH�RI�YLEUDWLRQDO�PL[HU�GXU�

LQJ���KRXU��
�� GU\LQJ�WKH�38)�SHOOHW��

'LUHFW�GHWHUPLQDWLRQ�RI�PHWDOV�
)RU� GLUHFW� $(�GHWHUPLQDWLRQ� RI� PHWDOV� ZH� XVHG� HOHFWURGHV�

PDGH� IURP� VSHFWUR�SXUH� FDUERQ�� $IWHU� PHWDO� SUHFRQFHQWUDWLRQ�
DQG�GU\LQJ�WKH 38)�SHOOHW�ZDV�SUHVVHG�LQWR�WKH�FUDWHU�RI�ERWWRP�
HOHFWURGH�� 7KH� FUDWHU� GHSWK�ZDV� a��PP��7KH� VDPSOH� H[FLWDWLRQ�
ZDV�IXOILOOHG�E\�$&�DUF�HOHFWULF�GLVFKDUJH�ZLWK�XVH�RI�XQLYHUVDO�
JHQHUDWRU� M=W�� �.D]DQ�� 5XVVLD��� 7KH� GLVFKDUJH� FXUUHQW� ZDV�����
��$��7KH�GLVWDQFH�EHWZHHQ�ZRUNLQJ�HOHFWURGHV�ZDV���DQG���PP��
$(�VSHFWUD� ZHUH� PHDVXUHG� E\� LPSURYHG� JUDWLQJ� VSHFWURPHWHU�
KLW�� �3HWHUEXUJ��5XVVLD��ZLWK�WKH�SKRWRHOHFWULF�GHWHFWRU�6ODYQD

�(NDWHULQEXUJ�� 5XVVLD��� ,W� LV� WKH� FKHDS� ORZ�HQG� GHWHFWRU� FRP�
SOHWHG� E\� GRPHVWLF� 6RQ\� &&'�PDWUL[� ZLWKRXW� FRROLQJ� V\VWHP��
7KH�HYDSRUDWLRQ�FXUYHV�ZHUH�PHDVXUHG�IRU�WKH�VWXG\�RI�G\QDPLFV�
RI�WKH�DQDO\WH�WUDQVIHU�IURP�FUDWHU�RI�ERWWRP�HOHFWURGH�FRQWDLQLQJ�
38)�VRUEHQW� WR� SODVPD� RI� $&�DUF� HOHFWULF� GLVFKDUJH�� 7KH� WRWDO�
WLPH� RI� HYDSRUDWLRQ� ZDV� ��PLQ�� 7KH� JUDGXDWLRQ� JUDSKV� IRU� WKH�
PHWDO� GHWHUPLQDWLRQ�ZHUH� SORWWHG�XQGHU� IROORZLQJ� H[SHULPHQWDO�
FRQGLWLRQV�� 7KH� WLPH� RI� SUHOLPLQDU\� HYDSRUDWLRQ�ZDV���� ��� DQG�
��� V�� 7KH� H[SRVXUH� WLPH� ZDV� �� V�� $QDO\WLFDO� $(�OLQHV� ± )H,�
��������� QP��� &R,� ��������� QP��� +J,� ��������� QP��� 3E,�
���������QP���%HIRUH�GHVWUXFWLRQ�RI� WKH�38)�SHOOHWV� LQ�HOHFWULF�
GLVFKDUJH� WKH� FRQWHQWV� RI� SUHFRQFHQWUDWHG� PHWDOV� ZHUH� GHWHU�
PLQHG�E\�'56�DQG�;5)��)RU�WKLV�DLP�ZH�XVHG�SKRWRUHIOHFWRPH�
WHU�6SHFWURWRQ �5XVVLD���ODEV ������)H����DQG������&R����QP��DQG�
VHTXHQWLDO�ZDYHOHQJWK�GLVSHUVLYH�;�UD\�IOXRUHVFHQFH�VSHFWURPH�
WHU� 6SHFWURVFDQ �3HWHUEXUJ�� 5XVVLD��� $QDO\WLFDO� ;�UD\� OLQHV� ±
)H.D ������� QP��� &R.D ������� QP��� +J/D ������� QP��� 3E/D
������� QP��� ;�UD\� VSHFWUD� ZHUH� H[FLWHG� E\� ORZ�SRZHU� VKDUS�
IRFXVHG�;�UD\�WXEH�ZLWK�&X�DQRGH��:RUNLQJ�SRWHQWLDO�± ���N9��

5HVXOWV�DQG�GLVFXVVLRQ�

)RU� WKH� VWXG\�RI�G\QDPLFV�RI� WKH�DQDO\WH� WUDQVIHU� IURP�FUDWHU�
RI�ERWWRP�FDUERQ�HOHFWURGH�FRQWDLQLQJ�38)�VRUEHQW�WR�SODVPD RI�
$&�DUF�HOHFWULF�GLVFKDUJH�WKH�FXUYHV�RI�VRUEDWH�HYDSRUDWLRQ�ZHUH�
PHDVXUHG��)LJ���������7KHVH�GDWD�DQG�WKH�UHVXOWV�RI�YLVXDO�REVHU�
YDWLRQ�LQGLFDWH�WKH�IROORZLQJ��7KH�SURFHVV�RI�VDPSOH�HYDSRUDWLRQ�
LQFOXGHV� WKUHH� VWDJHV� DW� OHDVW� �WKUHH� WLPH� UDQJHV� UHVSHFWLYHO\���
7KH�ILUVW�RQH�LV�QHJOLJLEOH�GHVWUXFWLRQ�RI�WKH�VRUEHQW�DV�D�UHVXOW�RI�
LQGLUHFW�WKHUPDO�DFWLRQ�RI�SODVPD��LQ�SDUWLFXODU��WKURXJK�WKH�VLGHV�

7DEOH���
7KH�UHVXOWV�RI�GLUHFW�$(�GHWHUPLQDWLRQ�RI�)H�DQG�&R�RQ�38)�VRUEHQW��Q ����S ��������

6\VWHP (OHPHQW &DGGHG��PJ�J &IRXQG��PJ�J 6U
6LQJOH�PHWDO )H ���� �����r ���� ����

&R ��� ����r ��� ����
)H���&R� ������ )H ���� ����r ��� ����

&R ���� �����r ���� ����
)H���&R� ������ )H ��� ����r ��� ����

&R ��� ����r ��� ����



7DEOH���
7KH�FRPSDULVRQ�RI�WKH�WHFKQLTXHV�RI�GLUHFW�GHWHUPLQDWLRQ�RI�)H�DQG�&R�RQ�38)�VRUEHQW�E\�'56�DQG�$&�DUF�$(6��SUHFRQFHQWUDWLRQ�
RI�PHWDOV�IURP�DTXHRXV�VROXWLRQ��9 ����������PO��P�38)� ����PJ���

0HWKRG '56 $&�DUF�$(6
(OHPHQW )H�,,,� &R�,,� )H�,,,� &R�,,�

5DQJH�RI�&0��PJ�PO �����±������������ ����±������������ ����±����������� ���±�����������
&3�PLQ��PJ�PO ����� �������� ����� �������� ���� �������� ���� �������

6U��PLQ ���� ���� ���� ����

RI� ERWWRP� FDUERQ� HOHFWURGH�� 7KLV� VWDJH� FRQWLQXHV� VHYHUDO� VHF�
RQGV��7KH�KHDW�RI�38)�RYHU�LWV�LJQLWLRQ�SRLQW�OHDGV�WR�LQWHQVLYH�
FKHPLFDO�FRPEXVWLRQ�LQ�DLU�DWPRVSKHUH��7KH�EULJKW�WRUFK�IRUPV��
,WV� GLDPHWHU� H[FHHGV� WKH� GLDPHWHU� RI� $&�DUF� KDOR� E\� VHYHUDO�
WLPHV��7KH�SRZHU�HMHFWLRQ�RI�WKH�DQDO\WH�WR�SODVPD�LV�FRQILUPHG�
E\�LQWHQVLYH�SHDN�RI�WKH�HYDSRUDWLRQ�FXUYH��7KH�DQDO\WLFDO�VLJQDO�
KDV� URXJKO\� ��IROG� YDOXH�� 7KLV� VWDJH� FRQWLQXHV� DERXW� WZHQW\�
VHFRQGV��7KH�ILQDO�VWDJH�LV�JUDGXDO�WUDQVIHU�RI�PHOWHG�DQG�FDUERQ�
L]HG� UHPDLQV�RI�38)�DQG� WKH� VRUEDWH� WR�SODVPD�FDXVHG�E\� WHP�
SHUDWXUH� JUDGLHQW�� 7KH� PHWDO� FRQFHQWUDWLRQ� LQ� SODVPD� DFKLHYHV�
FHUWDLQ� VWDWLRQDU\� OHYHO� WKDW� GRHV� QRW� SUDFWLFDOO\� FKDQJH� GXULQJ�
VHYHUDO� PLQXWHV� DW� OHDVW�� 1DWXUDOO\� WKLV� VLJQDO� OHYHO� GHFUHDVHV�
ZLWK�WKH�JURZWK�RI�WKH�GLVWDQFH�EHWZHHQ�ZRUNLQJ�HOHFWURGHV��
7KHUH�DUH� WZR�VHULRXV�SUREOHPV�SUHYHQWLQJ� WR�GLUHFW�GHWHUPL�

QDWLRQ� RI�PHWDOV� RQ� 38)��7KH� FKHPLFDO� FRPEXVWLRQ� RI� VRUEHQW�
UHVXOWV� LQ� XQVWDEOH� DQDO\WH� WUDQVIHU� WR� SODVPD� DQG� VXEVWDQWLDO�
IOXFWXDWLRQV� RI� WKH� DQDO\WLFDO� VLJQDO� UHVSHFWLYHO\�� 7KH� VHFRQG�
SUREOHP�LV�DQ�LQWHQVLYH�EDFNJURXQG�VLJQDO�LQ�WKH�VSHFWUXP�WKDW�LV�
GXH� WR� WKH�SUHVHQFH�RI�RUJDQLF�PDWUL[��7KHUHIRUH�FRPEXVWLRQ�RI�
WKH� VRUEHQW� LV� LQWROHUDEOH� GXULQJ� GLUHFW� $(�DQDO\VLV�� $(�
GHWHUPLQDWLRQ�RI�KLJKO\�YRODWLOH�HOHPHQWV��&G��+J��3E��HWF���DIWHU�
������ V� RI� SUHOLPLQDU\� HYDSRUDWLRQ� �DIWHU� WRUFK�GLVFRQWLQXDQFH��
LV� LPSRVVLEOH��7KH�RQO\�UHDVRQDEOH�WLPH�UDQJH�IRU�WKH�DQDO\WLFDO�
VLJQDO� PHDVXUHPHQW� LV� ���� VHFRQGV� XQWLO� WRUFK� IRUPDWLRQ�� 7KLV�
FRQFOXVLRQ� LV�FRQILUPHG�E\� WKH�H[SHULPHQWDO� UHVXOWV� �)LJ���������
,QGHHG� LW� ZDV� HVWDEOLVKHG� WKDW� WKH� VLJQDO� PHDVXUHPHQW GXULQJ�
WRUFK�IRUPDWLRQ���QG VWDJH��LV�UHDVRQDEOH�IRU�VHQVLWLYH�VHPLTXDQ�
WLWDWLYH�DQDO\VLV�RQO\��EHFDXVH�RI� WKH�UHODWLYH�VWDQGDUG�GHYLDWLRQ�
RI� WKH� DQDO\VLV� UHVXOWV� H[FHHGV���������$IWHU� WRUFK�GLVFRQWLQX�
DQFH� ��UG VWDJH�� WKLV� SDUDPHWHU� LV� HTXDO� WR� ��������8QWLO� WRUFK�
IRUPDWLRQ� ��VW VWDJH�� VU YDOXH� LV� OHVV� WKDQ����� WKDW� LV� TXLWH�DG�
PLVVLEOH�IRU�TXDQWLWDWLYH�DQDO\VLV��7KH�SKRWRJUDSKLF�UHJLVWUDWLRQ�
LV� LPSRVVLEOH� LQ� WKLV� FDVH� EHFDXVH� RI� WKH� H[SRVXUH� WLPH� LV� YHU\�
VPDOO�� )RU� WKLV� SUREOHP� WR�EH� VROYHG�ZH�XVHG� WKH�FKHDS�SKRWR�
HOHFWULF�GHWHFWRU��
7KH�UHVXOWV�RI�WHVW�RI�QHZ�WHFKQLTXH�DUH�VKRZQ�LQ�7DEOHV�������

7KH� OHVV�VHQVLWLYLW\�RI�RXU�WHFKQLTXH�LQ�FRPSDULVRQ�ZLWK�SKRWR�
PHWULF� PHWKRG� LV� SDUWLDOO\� FRPSHQVDWHG� E\� WKH� SRVVLELOLW\� RI�
VLPXOWDQHRXV�GHWHUPLQDWLRQ�RI�PHWDOV��7KH�UHVXOW�UHSURGXFLELOLW\�
IRU� LURQ� LV� ZRUVH� WKDQ� IRU� FREDOW�� $V� DSSHDUV� LW� GHDOV� ZLWK� WKH�
DIIHFW� RI� LURQ� FRQWDPLQDWLRQV�RQ� WKH� DQDO\VLV� UHVXOWV� LQ� VSLWH� RI�
SUHOLPLQDU\� SXULILFDWLRQ� RI� VRUEHQW�� UHDJHQWV�� IODVNV� DQG� FDUERQ�

HOHFWURGHV��7KH� WDEOH�ZLWK�UHVXOWV�RI�GLUHFW�$(�GHWHUPLQDWLRQ�RI�
LURQ� LQ� UHDO� VXEMHFWV� DUH� SUHVHQWHG� LQ� 7DEOH� ��� 7KH\� ZHUH� RE�
WDLQHG�E\�$&�DUF�$(6��'56�DQG�;5)��7KH�FRPSDULVRQ�RI�WKHVH�
GDWD� LQGLFDWHV� DQ� DGHTXDF\� RI� QHZ� WHFKQLTXH�� 7KH� JUDGXDWLRQ�
JUDSKV�IRU�GLUHFW�$(�GHWHUPLQDWLRQ�RI�PHUFXU\�DQG�OHDG�DV�FRP�
SOH[� FRPSRXQGV� ZLWK� GLWKL]RQH� RQ� 38)� DUH� VKRZQ� LQ� )LJ�� ���
3UHOLPLQDU\� GDWD� WKDW� ZHUH� REWDLQHG� ZLWKRXW� RSWLPL]DWLRQ� DUH�
TXLWH�VDWLVIDFWRU\��,W�LV�SDUWLDOO\�FRQILUPHG�E\�;5)�GDWD��)LJ������

&RQFOXVLRQV�

7KXV�$&�DUF�$(6�FDQ�EH�XVHG�IRU�GLUHFW�VLPXOWDQHRXV�GHWHU�
PLQDWLRQ�RI�PHWDOV� RQ�38)�VRUEHQWV��7KH� DYHUDJH� VHQVLWLYLW\� LV�
WHQV� RU� KXQGUHGV� RI� QJ�PO�� 7KH� SUHOLPLQDU\� HVWLPDWLRQV� VKRZ�
WKDW� WKH� XVH� RI�'&�DUF� HOHFWULF� GLVFKDUJH�� QRQ�GLIIUDFWLRQ� VSHF�
WURPHWHU�ZLWK�KLJK�WUDQVPLVVLRQ�DQG�SKRWRHOHFWULF�GHWHFWRUV�FRP�
SOHWHG� E\� ORZ�QRLVH� SURIHVVLRQDO� &&'�PDWUL[� ZLWK� FRROLQJ�
V\VWHP� FDQ� VXEVWDQWLDOO\� LQFUHDVH� WKH� GHWHUPLQDWLRQ� VHQVLWLYLW\��
)RU�HIILFLHQW�JURXS�SUHFRQFHQWUDWLRQ�RI�PHWDOV�RQ�38)�DQ�DSSOL�
FDWLRQ� RI� KHWHURSRO\DFLGV� RU� HWK\OHQHGLDPLQHWULDFHWLF� DFLG� LV�
UDWKHU� SHUVSHFWLYH�� 7KHVH� RUJDQLF� UHDJHQWV� DUH� XQLYHUVDO�� $QG�
FRUUHVSRQGLQJ� FRPSRXQGV� ZLWK� PHWDOV� KDYH� ORZ� GHQVLW\� RI�
FKDUJH� RQ� WKH� FRPSOH[�PROHFXOH�� ,W� LV� YHU\� LPSRUWDQW� IRU� HIIL�
FLHQW�VRUSWLRQ�RQ�38)�
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