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$OHNKLQ�9� $��2QH�GLPHQVLRQDO�0LFUR�2SWLFDO�(OHFWUR�0HFKDQLFDO�
6\VWHPV�DQG�7KHLU�$SSOLFDWLRQ�LQ�'HYLFHV�RI�GLVSOD\�DQG�5HJLVWUDWLRQ�
RI WKH�,QIRUPDWLRQ ����������������������������������������������������������������������

3ULQFLSOHV�RI�FRQVWUXFWLRQ�DQG�IXQFWLRQLQJ�RI�SURMHFWLYH�GLVSOD\V
DQG�SULQWHUV�ZLWK�RQH�GLPHQVLRQDO�02(06�RQ�D�EDVLV�HODVWRPHU�DQG
*/9�WHFKQRORJ\�DUH�FRQVLGHUHG�

$GDPRY�<X� )���6RPRY�2� $���6KHYFKHQNR�(� $��6\QFKURQL]DWLRQ�DQG�
&RQQHFWLYLW\�RI�6LJQDOV�LQ�6\VWHPV�2Q�&KLS��62&� �������������������������

7KH�UHVHDUFK�RI�FRPELQHG�ZRUN�RI�,3�EORFNV��LQ�62&��DQG�ORFDO
V\QFKURQL]DWLRQ�GHYLFHV�LQFOXGHG�LQ�WKHVH�EORFNV�RQ�KLJK�IUHTXHQFLHV
LV�FDUULHG�RXW�LQ�WKLV�DUWLFOH��7KH�UHFRPPHQGDWLRQV�RQ�V\QFKURQL]D�
WLRQ�VLJQDOV�VXSSO\�DW�DOO�62&�GHVLJQ�VWDJHV�DUH�JLYHQ��7KH�EDVLF�GL�
UHFWLRQV�RI�GHYHORSPHQW�RI�ORFDO�V\QFKURQL]DWLRQ�GHYLFHV�FLUFXLWU\�DUH
DOORFDWHG��7KH�EDVLF�HOHPHQWV�RI�,3�EORFNV�V\QFKURQL]DWLRQ�VXEV\V�
WHPV�DUH�GHVFULEHG��1HZ�SRVVLEOH�HIIHFWLYH�GHFLVLRQV�DQG�SUDFWLFDOO\
LPSOHPHQWHG�FLUFXLWV�DUH�VKRZQ�

.R]ORY�$� 9���7LNKRQRY�5� '��1HJDWLYH�6HQVLWLYLW\�%LSRODU�
0DJQHWRWUDQVLVWRU����������������������������������������������������������������������

%\�PHDQV�RI�GHYLVHV�LQVWUXPHQW�WHFKQRORJLFDO�VLPXODWLQJ�PRGH�
OLQJ�LV�H[SORUHG�ODWHUDO�ELSRODU�PDJQHWRWUDQVLVWRU��%07���IRUPHG�LQ
WKH�ZHOO�DW�WKH�RXWHUFRQQHFWHG�RI�VXEVWUDWH�ZLWK�WKH�ZHOO��6KRZQ�WKDW
LQ�WKH�RSWLPL]HG�VWUXFWXUH�%07�RFFXUV�D�VKDSLQJ�WKH�IORZV�RI�FDUULHUV
RI�FKDUJH�DQG�WKHLU�YROXPHWULF�UHFRPELQDWLRQ��ZKLFK�DUH�FKDQJHG�DW
WKH�LQIOXHQFH�RI�PDJQHWLF�ILHOG��2ULJLQ�FRQFHQWUDWLRQ�UHFRPELQDWLRQ
VHQVLWLYLW\�%07�JLYHV�D�PRWLYDWLRQ�D�PHFKDQLVP�RI�DULVLQJ�WZR�VLJQV
UHODWLYH�PDJQHWRVHQVLWLYLW\�RQ�WKH�FXUUHQW��&KRLFH�RI�SDUDPHWHUV�RI
VWUXFWXUH�DQG�VWDWH�RI�ZRUNLQJ�%07�LQ�DFFRUGDQFH�ZLWK�WKH�LQVWDOO
PHFKDQLVP�RI�VHQVLWLYLW\�DOORZV�UDLVH�UHODWLYH�VHQVLWLYLW\�RQ�WKH�FXUUHQW
EHIRUH����7Ü��

.UDYFKHQNR�,� 9���.RQRSOHY�%� *���5\QGLQ�(� $��6LPXODWLRQ
RI�7HPSHUDWXUH�'LVWULEXWLRQ�LQ�D�&RQYHFWLRQ�%DVHG�
0LFURDFFHOHURPHWHU ����������������������������������������������������������������� ��

$� PRGHO� RI� WHPSHUDWXUH� GLVWULEXWLRQ� LQ� D� FRQYHFWLRQ�EDVHG
PLFURDFFHOHURPHWHU�KDG�EHHQ�GHYHORSHG��,QIOXHQFH�RI�GLPHQVLRQV�RI
WKH�FDYLW\�DQG�WHPSHUDWXUH�RI�D�KHDWHU�RQ�OLQHDULW\�DQG�VHQVLWLYLW\�RI
PLFURDFFHOHURPHWHU�KDG�EHHQ�DQDO\]HG�

$ULVWRY�9� 9���.X\XPFK\DQ�$� 9���6RXYRURY�$� <X���,VKLNDZD�7���
,VR\DQ�$� $���7URXQL�.��7���6DUNLVLDQ�(��5HFRQVWUXFWLRQ
RI�)RXULHU�+RORJUDP�8VLQJ�D�=RQH�3ODWH�IRU�+DUG�[�5D\
5DGLDWLRQ���������������������������������������������������������������������������������

7KH�LPDJHV�RI�WKH�VLOLFRQ�WHVW�REMHFW�KDYH�EHHQ�VWXGLHG��$Q�LPDJH
IRU�LQ�OLQH�KRORJUDP�IRU�KDUG�;�UD\���Û���.H9��LV�SUHVHQWHG��7KH
WUDQVPLVVLRQ� RI� D� KRORJUDP� LPDJH� IRU� KDUG�;�UD\� UDGLDWLRQ� XVLQJ
)UHVQHO�SKDVH�]RQH�SODWH�KDV�EHHQ�LQYHVWLJDWHG��7KH�H[SHULPHQWDO�LQ�
YHVWLJDWLRQV�KDYH�EHHQ�FRQGXFWHG�RQ�WKH�VWDWLRQ�%/��;8��6SULQJ���

3DQILORY�<X� 9���6DPR\ORYLFK�0� ,���=LORYD�2� 6��2SDO�0DWUL[
6XUIDFH�:LWK�7KLQ�)LOP�&RDWLQJV�,QYHVWLJDWLRQ ������������������������������

7KLQ�ILOP�GHSRVLWLRQ�PHWKRGV�IRU�V\QWKHWLF�RSDO�VXEVWUDWH�DUH�DQ�
DO\VHG��9DFXXP�HYDSRUDWLRQ�DQG�LRQ�SODVPD�VSXWWHULQJ�DQG�LRQ�GH�
SRVLWLRQ� DUH� VHOHFWHG�� 0XOWL�VRXUFH� YDFXXP� WRRO� ZLWK� LRQ�EHDP
VRXUFH��PDJQHWURQ�VSXWWHULQJ�V\VWHP�DQG�DUF�HYDSRUDWRU�LV�ZRUNHG
RXW��2SDO�PDWUL[�VXUIDFH�ZLWK�WKLQ�ILOP�FRDWLQJV�WRSRJUDSK\�DQG�RQH±V
HOHFWULF�UHVLVWDQFH�DQG�ODVHU�EHDP�UHIOHFWLRQ�DUH�H[DPLQHG�

%LELVKNLQ�0� 6���=DEURGLQ�,� *���=XHY�6� <X���.O\XHQNRY�(� %���
3HVWRY�$� (���6DODVKFKHQNR�1� 1���&KHNKRQDGVNLK�'� 3���
&KNKDOR�1� ,��/DERUDWRU\�0HWKRGV�IRU�,QYHVWLJDWLRQ�RI�0XOWLOD\HU�
0LUURUV�LQ�([WUHPH�8OWUDYLROHW�DQG�6RIW�;�5D\�5HJLRQ ��������������������

7ZR�UHIOHFWRPHWHUV�LQ�,30�5$6�DUH�GHVFULEHG��2QH�HQDEOHV�LQ�
YHVWLJDWLRQ�RI�WKH�DQJXODU�DQG�VSHFWUDO�FKDUDFWHULVWLFV�RI�PLUURUV�ZLWK
DQ\�VKDSH�RI�D�UHIOHFWLQJ�VXUIDFH�LQ�WKH����Û���QP�VSHFWUDO�UDQJH��7KH
RWKHU��GHVLJQHG�HVSHFLDOO\�WR�VWXG\�WKH�LQIOXHQFH�RI�SRZHUIXO�(89
VRXUFHV�RQ�WKH�UHIOHFWLQJ�FKDUDFWHULVWLFV�RI�PXOWLOD\HU�PLUURUV�DQG�SUR�
YLGHV�D�UHVROXWLRQ�RI�WKH�UHIOHFWLRQ�FRHIILFLHQW�YDULDWLRQ�DW�D�OHYHO�RI
������

%DODEDQRY�'� (���1LNLWRY�6� $��,QYHVWLJDWLRQ�RI��'�PLFURPDJQHWLF�
6WUD\�)LHOGV�E\�&RPSXWHU�0DJQHWR�2SWLF�9LVXDOL]DWLRQ�0HWKRG ��������

7KH�QHZ�PHWKRG�IRU�GHILQLWLRQ�RI�VSDWLDO�GLVWULEXWLRQ�RI�PLFUR�
PDJQHWLH�VWUD\�ILHOGV�E\�FRPSXWHU�PDJQHWR�RSWLF�YLVXDOL]DWLRQ�LV�GH�
YHORSHG�DQG�DSSURYHG��7KH�IDFWRUV�GHILQLQJ�PDJQHWR�RSWLF�YLVXDOL]D�
WLRQ�V\VWHP�VHQVLWLYLW\�DUH�IRXQG�DQG�DQDO\]HG��7KH�DQDO\VLV�FRQVLGHUV
)DUDGD\�URWDWLRQ�DQJOH�DQG�WKH�RXW�RI�SODQH�PDJQHWLF�ILHOG��7KH�RS�
WLPDO�FRQGLWLRQV�IRU�UHJLVWUDWLRQ�DQG�REVHUYDWLRQ�RI�GRPDLQ�VWUXFWXUHV
LPDJHV�ZLWK�&&'�FDPHUD�DUH�GHILQHG��7KH�WKHRUHWLFDO�OLPLW�RI�)D�
UDGD\�URWDWLRQ�DQJOH�VHQVLWLYLW\�LV�IRXQG�
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