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$%675$&7

� 9DOLG�LGHQWLILFDWLRQ�RI �PLFURRUJDQLVPV�LV�D�YLWDO�LQIRUPDWLRQ�WR�HVWDEOLVK�FXOWXUH�FROOHFWLRQV��&XUUHQWO\��PROHFXODU�
DSSURDFK�EDVHG�RQ���6�U'1$�LV�ZLGHO\�XVHG�IRU�EDFWHULDO�LGHQWLILFDWLRQ��7KLV�DSSURDFK��LV�KRZHYHU��WLPH�FRQVXPLQJ�
DQG�H[SHQVLYH��0DWUL[�DVVLVWHG�ODVHU�GHVRUSWLRQ�LRQL]DWLRQ�WLPH�RI �IOLJKW�PDVV�VSHFWURPHWU\��0$/',�72)�06��DOORZV�
WKH�LGHQWLILFDWLRQ�RI �PLFURRUJDQLVPV�GLUHFWO\�IURP�FRORQLHV�DQG�LW�RQO\�WDNHV�VRPH�IHZ�PLQXWHV��7KH�LQWHUHVW�RI �WKLV�
VWXG\�ZDV�WR�LGHQWLI\�HQGRSK\WLF�EDFWHULD�DVVRFLDWHG�ZLWK�&XUFXPD�]HGRDULD�EDVHG�RQ�SURWHLQ�SURILOH�XVLQJ�0$/',�72)�
06�V\VWHP�DQG�FRPSDUH�ZLWK���6�U'1$�VHTXHQFH�UHVXOWV��(QGRSK\WLF�EDFWHULD�ZHUH�LVRODWHG�IURP�SDUW�RI �PHGLFLQDO�
SODQW�&��]HGRDULD�FROOHFWHG�IURP�%RJRU��:HVW�-DYD�,QGRQHVLD��7KH�LGHQWLILFDWLRQ�RI �VHOHFWHG�EDFWHULD�ZDV�SHUIRUPHG�E\�
SURWHLQ�SURILOH�XVLQJ�0$/',�72)�06��$�WRWDO�RI ����HQGRSK\WLF�EDFWHULD�IURP�&��]HGRDULD�SODQW��ZHUH�VHOHFWHG�IRU�
LGHQWLILFDWLRQ��7KH�UHVXOW�RI �0$/',�72)�06�DQDO\VLV�VKRZHG�WKDW�HOHYHQ�LVRODWHV����������ZHUH�FRUUHFWO\�LGHQWLILHG�
WR� WKH� VSHFLHV� OHYHO� DQG� ��� LVRODWHV� ��������� PDWFKHG� RQ� JHQXV� OHYHO� RI � PROHFXODU� DSSURDFK�� 7KHVH� UHVXOWV�
GHPRQVWUDWHV�WKDW�WKH�0$/',�72)�V\VWHP�LV�VXLWDEOH�DQG�IHDVLEOH�DSSURDFK�IRU�WKH�EDFWHULDO�LGHQWLILFDWLRQ��PDLQO\�IRU�
VFUHHQLQJ�DQG�JURXSLQJ�RI �ODUJH�QXPEHU�LVRODWHV��

� .H\ZRUGV��&XUFXPD�]HGRDULD��HQGRSK\WLF�EDFWHULD��LGHQWLILFDWLRQ��0$/',�72)�06

,1752'8&7,21

5DSLG�DQG�DFFXUDWH�LGHQWLILFDWLRQ�RI �EDFWHULDO�
LVRODWHV�KDV�FUXFLDO�UROH�LQ�WKH�FXOWXUH�FROOHFWLRQV��
6HYHUDO� PHWKRGV� RI � LGHQWLILFDWLRQ� KDYH� EHHQ�
GHYH ORSHG� � %DFWHU LD O � LGHQW L I LFD W LRQ� L V �
SUHGRPLQDQW O \ � EDVHG � RQ � SKHQRW\S LF� �
PRUSKRORJLFDO��*UDP�SRVLWLYH�DQG�QHJDWLYH��DQG�
ELRFKHPLFDO�SURSHUWLHV�WHVWLQJ�DQDO\VLV��+RZHYHU��
FODVVLILFDWLRQ�DQG�LGHQWLILFDWLRQ�E\�WKHVH�PHWKRGV�
FDQ� EH� GLIILFXOW� EHFDXVH� RI � YDULDWLRQV� LQ�
SKHQRW\SLF� FKDUDFWHULVWLFV�� WLPH�FRQVXPLQJ� DQG�
ODERULXV� �6HQJ� HW� DO�� ������ 5\FKHUW� HW� DO�� �������
6HYHUDO�\HDUV�DJR��PROHFXODU�LGHQWLILFDWLRQ�EDVHG�
RQ� QXFOHRWLGH� VHTXHQFLQJ� RI � ULERVRPDO� '1$�
�U'1$�� VHTXHQFH� DQDO\VLV� FRXOG� UHSODFH� WKH�
SKHQRW\SLF�� PRUSKRORJLFDO� DQG� ELRFKHPLFDO�
FKD U D F W H U L V W L F V � IR U � L G HQ W L I L F D W L RQ � R I �
PLFURRUJDQLVPV� WR� JHQXV� OHYHO� �5DMHQGKUDQ� 	�
*XQDVHNDUDQ� ������� 0ROHFXODU� DSSURDFK� EDVHG�

RQ� U'1$� � KDYH�ZLGHO\� EHHQ� XVHG� IRU�VHTXHQFH
LGHQWLILFDWLRQ�RI �SURFDU\RWLF�WD[D��7KH���6�U'1$�
VHTXHQFHV�KDV�FRQILUPHG�WKH�UHSUHVHQWDWLYHQHVV�
RI �WKH� �LQ�EDFWHULDO�SK\ORJHQ\��:RR�HW�DO��VHTXHQFH
�������+RZHYHU�WKLV�PHWKRG�LV�QRW�VXLWDEOH�IRU�D�
SUHOLPLQDU\� VFUHHQLQJ� DQG� JURXSLQJ� RI � ODUJH�
QXPEHUV�RI �LVRODWHV�LQ�HQYLURQPHQWDO�DQG�FOLQLFDO�
PLFURELRORJ\�ODERUDWRULHV�

$QDO\VLV� EDVHG� RQ� SURWHLQ� SURILOH� SUHVHQW� LQ�
EDFWHULDO� FHOOV� XVLQJ� 0DWUL[� $VVLVWHG� /DVHU�
'HVRUSWLRQ� ,RQL]DWLRQ� 7LPH� RI � )OLJKW� 0DVV�
6SHFWURPHWU\� �0$/',�72)� 06�� LV� EHFRPLQJ�
IHDVLEOH� DQG� SUHFLVH� IRU� EDFWHULDO� LGHQWLILFDWLRQ�
�%L]]LQL�HW�DO��������6DQWRV�HW�DO���������0$/',�
72)�06�DOORZV�UDSLG�LGHQWLILFDWLRQ�RI �EDFWHULD��
OHVV�H[SHQVLYH�RQ�RSHUDWLRQDO�FRVW��DFFXUDWH�DQG�
ORZ� VDPSOH� YROXPH� UHTXLUHPHQWV� FRPSDUHG� WR�
PROHFXODU�DSSURDFK��:XQVFKHO�HW�DO��������6LQJKDO�
HW�DO���������,W�FDQ�EH�SHUIRUPHG�DV�VRRQ�DV�FRORQLHV�
DUH�LVRODWHG�DQG�FDQ�EH�GRQH�MXVW�LQ�D�IHZ�PLQXWHV�
�(LJQHU�HW�DO��������6HQJ�HW�DO��������1HYLOOH�HW�DO��
������5\FKHUW�HW�DO��������-DPDO�HW�DO���������&RUUHVSRQGLQJ�DXWKRU��WULOLVW\��#JPDLO�FRP

%,27523,$ � � � ��� ����9RO��� �1R�� ����� ��� ��� '2,�����������EWE��������������

���



0$/',�72)� 06� DQDO\VLV� ZDV� GRQH� E\�
FRPSDULQJ� WKH� 0$/',�72)� 06� VSHFWUD� RU�
SURWHLQ� SURILOH� ´ILQJHUSULQWVµ� REWDLQHG� IURP�
EDFWHULDO�FHOOV�WR�D�OLEUDU\�IURP�SURWHRPLF�GDWDEDVH�
�0DUWLQ\� HW� DO�� ������ *XR� HW� DO�� ������� 3URWHLQ�
SURILOH�DUH�VLJQLILFDQWO\�GLIIHUHQW�IRU�HDFK�EDFWHULD�
DQG� LW�FRQWDLQ�FHUWDLQ�XQLTXH�PDVV�PDUNHU�HYHQ�
RYHU�WKH�VPDOO�PDVV�UDQJH�GHWHFWHG��(DFK�EDFWHULD�
VKRZV� VLJQDWXUH� FKDUDFWHULVWLF� SHDNV� WKDW� DUH�
GLVWLQFW� IRU� VSHFLHV� OHYHO� �&DLQ� HW� DO�� �������7KH�
LGHQWLILFDWLRQ� RI � PLFURRUJDQLVPV� E\� 0$/',�
72)�06�LV�EDVHG�RQ�WKH�GHWHFWLRQ�RI �PDVV�VLJQDOV�
IURP�ELRPDUNHUV�WKDW�DUH�VSHFLILF�DW�JHQXV��VSHFLHV�
RU�VXE�JURXS�OHYHO��)HUURQL�HW�DO��������%HQDJOL�HW�DO��
�������WKHUHIRUH�FKDQJHV�LQ�SURWHLQ�SURILOHV�ZRXOG�
EH�HDVLO\�LGHQWLILHG��7KH�SURWHLQ�SURILOH�IURP�HDFK�
EDFWHULD� FDQ� VHUYH� DV� XQLTXH� LQIRUPDWLRQ� IRU�
EDFWHULD�FKHPRWD[RQRPLF�PDUNHU��IRU�H[DPSOH�WR�
GLIIHUHQWLDWH� FORVHO\� UHODWHG� VSHFLHV�� DOVR� FRXOG�
HQULFKH�WKH�LQIRUPDWLRQ�FRQWDLQHG�LQ�SURFDU\RWLF�
SURWHLQ� VHTXHQFH� GDWDEDVHV�� .XGLUNLHQH� HW� DO��
������� UHSRUWHG� WKDW� 0$/',�72)� 06� ZDV�
VXFFHVIXOO\�XVHG� LQ� VXE�VSHFLHV� LGHQWLILFDWLRQ�RI �
6WUHSWRFRFFXV�HTXL�

8VLQJ� 0$/',�72)� 06�� URXWLQH� EDFWHULDO�
LGHQWLILFDWLRQ�FDQ�EH�REWDLQHG�PXFK�HDUOLHU�WKDQ�
LGHQWLILFDWLRQ� E\� PROHFXODU� DQG� FRQYHQWLRQDO�
PHWKRGV��7KHUHIRUH��WKLV�WHFKQLTXH�FDQ�EH�XVHG�DV�
TXDOLW\�FRQWURO�PDQDJHPHQW�RI �FXOWXUHV�GHSRVLWHG�
LQ�&XOWXUH�&ROOHFWLRQV��7KH�PDLQ�REMHFWLYH�RI �WKH�
VWXG\� ZDV� WR� HYDOXDWH� WKH� LGHQWLILFDWLRQ� RI�
HQGRSK\WLF� EDFWHULD� DVVRFLDWHG� ZLWK� &�� ]HGRDULD�
EDVHG�RQ�SURWHLQ�SURILOH�XVLQJ�0$/',�72)�06�
V\VWHP�FRPSDUHG�ZLWK�WKH�UHVXOWV�EDVHG�RQ���6�
U'1$�VHTXHQFH�IURP�SUHYLRXV�VWXG\��6XOLVWL\DQL�
HW�DO��������

0$7(5,$/6�$1'�0(7+2'6

%DFWHULDO�6WUDLQV

� $�WRWDO�RI ����HQGRSK\WLF�EDFWHULD�LVRODWHV�IURP�
%LRV\VWHPDWLF� DQG� &XOWXUH� &ROOHFWLRQV�
/DERUDWRU\�5HVHDUFK� &HQWHU� IRU� %LRORJ\�� /,3,��
ZDV� XVHG� WR� HYDOXDWH� WKH� 0$/',�72)� 06�
DQDO\VLV� ZHUH� UHFRYHUHG� IURP� SUHYLRXV� VWXG\�
�6XOLVWL\DQL� HW� DO�� ������� 7KH� LVRODWHV� ZHUH�

2SUHVHUYHG� LQ� ���� JO\FHURO� VWRFN� DW� ��� &�� 7KH�
EDFWHULD�ZHUH� JURZQ� XVLQJ�1XWULHQW�$JDU� �1$��
PHGLD��7KH�EDFWHULD�LVRODWHV�ZHUH�IURP�&��]HGRDULD�

�ZKLWH� WXUPHULF�� SODQWHG� LQ� �� DUHDV� LQ� %RJRU��
,QGRQHVLD��LQ�������7KH�SODQWV�PDWHULDOV�FROOHFWHG�
IURP� SULYDWH� JDUGHQ� LQ� %RMRQJ� *HGH� �%*���
H[SHULPHQW� JDUGHQ� RI � 5HVHDUFK� &HQWHU� IRU�
%LRORJ\�� ,QGRQHVLDQ� ,QVWLWXWH� RI � 6FLHQFHV��
&LELQRQJ��&%1��DQG�JDUGHQ�RI �PHGLFLQDO�SODQWV�
FROOHFWLRQ� RI � %LRSKDUPDFD� 5HVHDUFK� &HQWHU��
%RJRU� $JULFXOWXUDO� 8QLYHUVLW\�� 'UDPDJD�
�'50*���$OO�EDFWHULD�ZHUH�SUHYLRXVO\�LGHQWLILHG�
E\�PROHFXODU�LGHQWLILFDWLRQ�EDVHG�RQ���6�U 1$�'
VHTXHQFH��7KH�EDFWHULD�UHSUHVHQWHG����JHQHUD�DQG�
���VSHFLHV��6XOLVWL\DQL�HW�DO��������

3UHSDUDWLRQ�RI � DFWHULDO� HOO� [WUDFWV% & (

� %DFWHULDO�LVRODWHV�ZHUH�FXOWXUHG�IURP�JO\FHURO�
VWRFN� RQ� 1XWULHQW� $JDU� �1$�� DQG� LQFXEDWHG�
XQGHU� VWDQGDUG� FRQGLWLRQV� DW� ����� &� IRU� ���2

KRXUV�DQG�VXEFXOWXUHG�WZLFH�WR�HQVXUH�DOO�LVRODWHV�
ZHUH�LQ�WKH�VDPH�SK\VLRORJLFDO�VWDWH��&HOO�H[WUDFW�
ZDV�SUHSDUHG�E\�SLFNLQJ�D�VLQJOH�FRORQ\�RI �D�IUHVK�
FXOWXUH�DQG�VXVSHQGHG� LQ�����/�IRUPLF�DFLG�RI �
���� FRQFHQWUDWLRQ� DQG� WKHQ� PL[HG� XQWLO�
FRPSOHWH�VXVSHQVLRQ�LV�IRUPHG�E\�YRUWH[�� �7KH�
H[WUDFW�ZDV�VRQLFDWHG�IRU����PLQ�DQG�VSLQQHG�WR�
JHW�WKH�VXSHUQDWDQW��)LQDOO\��WKH�VXSHUQDWDQW�ZDV�
XVHG�IRU�0$/',�72)�DQDO\VLV�

0$/',�72)�$QDO\VLV

� 7KH�EDFWHULDO�FHOO�H[WUDFW�RI������/�ZDV�SODFHG�
LQ�GXSOLFDWHV�RQWR�D�VWHHO�WDUJHW�SODWH�DQG�DOORZHG�
WR� GU\� DW� URRP� WHPSHUDWXUH�� (DFK� VDPSOH� ZDV�
RYHUODLG� ZLWK� �� �/� PDWUL[� RI � ¡�F\DQR���
K\GUR[\FLQQDPLF� DFLG� �&+&$�� LQ� HWKDQRO� ��
DFHWRQLWULOH� �� ZDWHU� �� WULIOXRURDFHWLF� DFLG�� 7KH�
VDPSOH�DQG�PDWUL[�ZHUH�PL[HG�WKRURXJKO\�DQG�DLU�
GULHG�DW�URRP�WHPSHUDWXUH��0HDVXUHPHQWV�ZHUH�
WDNHQ� XVLQJ� D�0$/',�72)�06�$[LPD� V\VWHP�
�0LFURELRORJ\� /DERUDWRU\� RI � WKH� 0XOKRXVH�
+RVSLWDO��)UDQFH���7KH�ODVHU�IUHTXHQF\�ZDV����+]��
WKH� DFFHOHUDWLRQ� YROWDJH� ZDV� ��� N9�� DQG� WKH�
H[WUDFWLRQ�GHOD\�WLPH�ZDV�����QV��(DFK�VSHFWUXP�
UHVXOWHG� IURP� �� ODVHU� VKRWV� DW� ���� UDQGRP�
SRVLWLRQV� ZLWKLQ� PHDVXULQJ� VSRW�� 7KH� VSHFWUD�
ZHUH�UHFRUGHG�LQ�WKH�OLQHDU�SRVLWLYH�PRGH�ZLWKLQ�D�
PDVV�UDQJH�RI ���WR����N'D��$OO�PDVV�ILQJHUSULQWV�
ZHUH�DQDO\]HG�E\�WKH�6$5$0,6�VRIWZDUH��ZKLFK�
ILUVW�FRPSDUHV�WKHP�WR�WKH�VXSHUVSHFWUD�DQG�LQ�D�
VHFRQG� VWHS� WR� WKH� LQGLYLGXDO� VSHFWUD� RI � WKH�
GDWDEDVH�XVLQJ�$QDJQRV7HF�YHUVLRQ�������$[LPD�
V\VWHP�PDQXDO��

���

0$/',�72)�0DVV�6SHFWURPHWU\�IRU�LGHQWLILFDWLRQ�RI �HQGRSK\LWLF�EDFWHULD�²�6XOLVWL\DQL�DQG�/LVGL\DQWL



VXFK� DV� PRUSKRORJLF�� SKHQRW\SLF�� SK\VLRORJLF�
DQG�PROHFXODU�PHWKRGV��+RZHYHU��DV�PHQWLRQHG�
HDUOLHU�� WKHVH� PHWKRGV� DUH� QRW� VXLWDEOH� IRU� D�
SUHOLPLQDU\� VFUHHQLQJ� DQG� JURXSLQJ� RI � ODUJH�
QXPEHUV� RI � LVRODWHV� IURP� HQYLURQPHQWDO� DQG�
FOLQLFDO� VDPSOHV� DQG� DOVR�� IRU� FRQWUROOLQJ� WKH�
LGHQWLW\� DQG� SXULW\� RI � PLFURELDO� FXOWXUHV�
SUHVHUYHG� LQ� &XOWXUH�&ROOHFWLRQV�� 7R� RYHUFRPH�
WKHVH�SUREOHPV��WKH�SUHVHQW�VWXG\�HYDOXDWHG�WKH�
FDSDELOLW\� RI � 0$/',�72)� 06� IRU� VSHFLHV�
LGHQWLILFDWLRQ�RI �PLFURRUJDQLVPV�VXFK�DV�EDFWHULD�
LVRODWHV��9DOLGLW\�RI �0$/',�72)�06�UHVXOWV�ZDV�
FRPSDUHG� ZLWK� WKH� UHVXOWV� RI � PROHFXODU�
LGHQWLILFDWLRQ�EDVHG�RQ���6�U'1$�VHTXHQFHV�DV�D

&DOLEUDWLRQ�DQG�9DOLGDWLRQ�$QDO\VLV

� 7KH� LQVWUXPHQW�ZDV� FDOLEUDWHG� DQG� YDOLGDWHG�
XVLQJ�D�FRQWURO�VWUDLQ�RI �(VFKHULFKLD�FROL�.���,QD&&�
%��� 6HYHUDO� VWUDLQ� ZHUH� DOVR� XVHG� IRU� TXDOLW\�
FRQWURO� LQFOXGLQJ� RI� %DFLOOXV� VXEVWLOLV� ,QD&&� %���
3VHXGRPRQDV�DHUXJLQRVD�,QD&&�%��DQG�6WDSK\ORFRFFXV�
DXUHXV�,QD&&�%��

5(68/76�$1'�',6&866,21

� $FFXUDWH� LGHQWLILFDWLRQ� RI � EDFWHULD� FRXOG� EH�
REWDLQHG� IURP� VHYHUDO� LGHQWLILFDWLRQ� PHWKRGV��

)LJXUH��� 6SHFWUDO�SURILOHV�RI �WKUHH�LVRODWHV�.��SQHXPRQLDH�REWDLQHG�IURP�GLIIHUHQW�SDUW�RI �ZKLWH�WXUPHULF�SODQW��7KHVH�PDVV�
VLJQDOV�VSHFWUD���������������������������������������������������DQG�������P�]��DUH�VSHFLILF�WR�.��SQHXPRQLDH��
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UHIHUHQFH�PHWKRG��7KH�UHVXOWV�RI �0$/',�72)�
06� DQDO\VLV� DUH� LQGLFDWHG� LQ� SHUFHQWDJHV� RI �
VLPLODULW\�FRPSDUHG�WR�VSHFWUD�SURILOHV�RI �NQRZQ�
VWUDLQ� LQ� 6$5$0,6� 'DWD DVH� 6\VWHPE ��
6XSHUVSHFWUD� FRQWDLQ� FRPPRQ� SHDNV� WR�
GLIIHUHQW � VWUDLQV� RI � WKH� VDPH� VSHFLHV��LDWH
,QGLYLGXDO�VSHFWUD�FRUUHVSRQG �WR�WKH�VSHFWUD�RI �HG
HDFK� VWUDLQ� FXOWLYDWHG� XQGHU� VSHFLILF� FRQGLWLRQV��
7KH� PDQXIDFWXUHU� UHFRPPHQGV� YDOLGDWLRQ� RI �
VXSHUVSHFWUD� LGHQWLILFDWLRQV�ZLWK� WKH�FRQILGHQFH�
OHYHO�EHWZHHQ�������DQG��������$FFXUDF\�RI �WKH�
LGHQWLILFDWLRQ�VWURQJO\�UHOLHV�XSRQ�WKH�UREXVWQHVV�
RI � WKH� GDWDEDVH� DQG� WKH� FKRLFH� RI � UHIHUHQFH�
LVRODWHV�� 7KLV� LV� HVSHFLDOO\� LPSRUWDQW� ZKHQ� WKH�
JHQHUD� LQYROYLQJ� VSHFLHV� RI � HQYLURQPHQWDO� DQG�
FOLQLFDO� � �D�KLJK�JHQHWLF�GLYHUVLW\�VDPSOHV UHSUHVHQWV
�%HQDJOL� ������HW�DO� �
� 7KH�VSHFWUD�ZHUH�DQDO\VHG�LQ�D�PDVV�UDQJH�RI ���
WR� ��� N'D� DQG� WKLV� PDVV� UDQJH� UHSUHVHQWLQJ�
ULERVRPDO�SURWHLQV�ZHUH�REWDLQHG�IURP�EDFWHULDO�
H[WUDFW��7KHVH�SURWHLQV�DUH�QXPHURXV�LQ�WKH�FHOO�
DQG� DUH� SRVLWLYHO\� FKDUJHG�� )LJ�� �� VKRZV� WKH�
UHSUHVHQWDWLYH� UHVXOWV� RI � VSHFWUDO� SURILOHV� IURP�
.OHEVLHOOD� SQHXPRQLD� EDVHG� RQ� WKH� PDVV� VLJQDOV�
REWDLQHG��,VRODWHG�EDFWHULD�IURP�GLIIHUHQW�SDUW�RI �
SODQW� �UKL]RPH�� VWHP�� OHDYHV�� DQG� ORFDWLRQV�
�'DUPDJD� DQG� %RMRQJ�� VKRZHG� VLPLODU�
LGHQWLILFDWLRQ� GXH� WR� WKHLU� LGHQWLFDO� SURWHLQ�

SURILOHV� ZKLFK� ZHUH� LQGLFDWHG� E\� PDVV� VSHFWUD�
YDOXH�� 7KUHH� LVRODWHV� RI � .�� SQHXPRQLDH� LVRODWHG�
IURP�UKL]RPH��VWHP�DQG�OHDYHV�RI �&��]HGRDULD�SODQW�
VKRZHG�DOPRVW�WKH�VDPH�VSHFWUDO�SURILOHV��,W�KDG�
VHYHUDO�VSHFLILF�PDVV�VLJQDOV����������������������
����������������������������DQG�������P�]��(DFK�
PDVV�VLJQDO�LV�VSHFLILF�DW�VSHFLHV�DQG�IDPLO\�OHYHO��
0DVV� VLJQDO� RI � ������� ������� ������� ������� DQG�
������P�]�ZHUH�VSHFLILF�IRU�VSHFLHV� OHYHO��ZKLOH�
��������������������P�]�ZHUH�VSHFLILF�IRU�IDPLO\�
OHYHO��$FFRUGLQJ� WR� WKHVH� UHVXOWV�� LW� LV�FOHDU� WKDW�
HDFK�VSHFLHV�RI �EDFWHULD�KDV�VSHFLILF�PDVV�VSHFWUD��
DQG� FDQ� EH� XVHG� DV� D� WD[RQRPLF� PDUNHU�
LGHQWLILFDWLRQ��&RPSDUHG�ZLWK�WKH�GDWD�SUHVHQWHG�
LQ�7DEOH����WKHVH�PDVV�VLJQDOV�FRUUHVSRQG�WR�WKH�
VXSHUVSHFWUXP�GDWDEDVH�RI �.��SQHXPRQLDH�
� 7KH� LGHQWLILFDWLRQ� UHVXOWV� REWDLQHG� E\�
0$/',�72)� 06� DQG� ��6� U51$� JHQH�
VHTXHQFLQJ� VKRZQ�LQ�7DEOH����RI ����LVRODWHV�DUH�
)RUW\�WKUHH� ���� �� RI � WKH� ��� LVRODWHV� ��������
VKRZHG� WKH� LQWHSUHWDEOH� 0$/',�72)� 06�
VSHFWUD %\� VHTXHQFH� FRPSDULVRQ� DQDO\VLV����
0$/',�72)� 06� VSHFWUD� DOORZHG� JRRG�
LGHQWLILFDWLRQ� WR� WKH� VSHFLHV�� JHQXV� DQG� IDPLO\�
OHYHO � WRWDO� RI � ��� HQGRSK\WLF� EDFWHULD�� ZLWK� D
FRYHULQJ����JHQXV�DQG����VSHFLHV��$Q�DGGLWLRQDO�
���LVRODWHV���� ����� ZLWK�WKH�� JDYH�VLPLODU�UHVXOWV�
VHTXHQFLQJ�UHVXOWV�� FRUUHFWO\�LGHQWLILHG�WR�WKH�DQG�
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VSHFLHV�OHYHO�����LVRODWHV���� �����PDWFKHG�JHQXV��
OHYHO�RI �PROHFXODU�DSSURDFK��DQG�DPRQJ�WKHP���
LVRODWHV� ZHUH� LGHQWLILHG� WR� WKH� IDPLO\� OHYHO�� )RU�
WKUHH� LVRODWHV��'%�3����5%�3����5%�6�����0$/',�
72)�06�FRUUHFWO\�LGHQWLILHG�WR�WKH�IDPLO\�OHYHO��
ZKHUHDV� ��6� U 1$� VHTXHQFLQJ� JDYH� D� VSHFLHV�'
LGHQWLILFDWLRQ�� LQH� LVRODWHV� ��� ����� ZHUH� QRW�1 �
DFFXUDWHO\�LGHQWLILHG�DQG����LVRODWHV���� �����ZHUH��
UDWHG�DV� Q� � �QR LGHQWLILDEOH��7DEOH� �
� 7KLV�VWXG\�KDV�SURYHG�WKDW�0$/',�72)�06�LV�
XVHIXO�IRU�LGHQWLILFDWLRQ�RI �PLFURRUJDQLVPV�LQWR�
VSHFLHV�OHYHO�LQ�D�UHODWLYHO\�VKRUW�WLPH��2I �WKH����
LVRODWHV� DQDO\]HG�� ��� LVRODWHV� ��������� ZHUH�
LGHQWLILHG� DQG� ��� LVRODWHV� ��������� ZHUH� QRW�
LGHQWLILHG� ��7DEOH�����(OHYHQ�LVRODWHV����������RI �
���LVRODWHV�VKRZHG�JRRG�UHVXOW��FRQFRUGDQW�ZLWK�
WKH� ��6� U'1$� VHTXHQFLQJ� UHVXOW�� +RZHYHU��
WZHQW\�WKUHH� LVRODWHV� ��������� FRXOG� QRW� EH�
LGHQWLILHG�� 7KHVH� LQFOXGHG� ��� LVRODWHV� RI �
0LFUREDFWHULXP� JHQXV�� 0\FREDFWHULXP� FRVPHWLFXP��
0\FREDFWHULXP� VLPLDH�� $JUREDFWHULXP� ODUU\PRRUHL��
(UZLQLD�FKU\VDQWKHPL��;DQWKREDFWHU�IODYXV��(QWHUREDFWHU�
OXGZLJLL�� %RVHD� WKLRR[LGDQV�� 6WHQRWURSKRPRQDV�
PDOWRSKLOLD��0HWK\OREDFWHULXP�RUJDQRSKLOXP��3URYLGHQFLD�
YHUPLFROD�� 3KHQ\OREDFWHULXP� NRUHHQVH�� %DFLOOXV� VDIHQVLV��

5RVHRPRQDV� PXFRVD�� 5KL]RELXP� WDULPHQVH�� $PRQJ�
WKHP�����LVRODWHV�FRXOG�QRW�EH�LGHQWLILHG�GXH�WR�
WKH�DEVHQFH�RI �UHIHUHQFH�VSHFWUD�GDWDEDVH�
� 1RQ�LGHQWLILDEOH� LVRODWHV� IRU� 0$/',�72)�
ZDV�DV�D�UHVXOW�RI �DQ�LQFRPSOHWH�GDWDEDVH��DQG�FDQ�
EH� UHVROYHG� ZLWK� WKH� DGGLWLRQ� RI � DSSURSULDWH�
UHIHUHQFH��6XSSOHPHQWDWLRQ�RI �WKH�0$/',�72)�
GDWDEDVH��FDQ�UHGXFH�WKH�UDWH�RI �QRQ�LGHQWLILDEOH�
UHVXOWV��$PRQJ����LVRODWHV�RI �HQGRSK\WLF�EDFWHULD��
��� LVRODWHV� KDG� QR� UHIHUHQFH� VSHFWUD� GDWDEDVH�
�7DEOH�����&XUUHQWO\��D� WRWDO�RI �������UHIHUHQFHV�
VSHFWUD� DUH� FRQWDLQHG� LQ� 6$5$0,6� 'DWDEDVH�
6\VWHP��7KLV�LV�LQDGHTXDWH�WR�LGHQWLI\�LQGLJHQRXV�
PLFUREHV�WKDW�KDYH�EHHQ�DEXQGDQW�LQ�,QGRQHVLD��
0$/',�72)�06� OLEUDU\� FDQ�EH�HQULFKHG�ZLWK�
SURWHLQ�SURILOH�RI �VWUDLQ�RU�VSHFLHV�RI�LQGLJHQRXV�
PLFUREHV�IURP�,QGRQHVLD��DQG�ZLOO�EH�LPSRUWDQW�
IRU�IXWXUH�VWXGLHV�
� 0$/',�72)� 06� JHQHUDWHV� SURWHLQ� PDVV�
VSHFWUD� ZKLFK� FDQ� EH� XVHG� IRU� JURXSLQJ� DQG�
LGHQWLILFDWLRQ� RI � EDFWHULD�� 7KHVH� PDVV� VSHFWUD�
FRQWDLQ�PDLQO\�SHDNV�FRUUHVSRQGLQJ�WR�ULERVRPDO�
SURWHLQ�WKDW�DUH�LQ�DEXQGDQFH�LQ�WKH�EDFWHULDO�FHOO�
�5K\]KRY�	�)HQVHODX��������3URWHLQ�SURILOH�RI �
PDVV� VSHFWUD� ZLOO� KHOS� LQ� FKDUDFWHUL]LQJ� WKH�
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LQFRUUHFWO\� LGHQWLILHG�PLFUREHV�E\�FRPSDULQJ�LWV�
SURWHLQ�SURILOH�VSHFWUD� WR�WKRVH� LQ� WKH�UHIHUHQFH�
VSHFWUD� GDWDEDVH�� 7KHVH� VSHFWUD� FDQ� JHQHUDWH�
SDWWHUQV� WKDW�SURYLGH�XQELDVHG� LGHQWLILFDWLRQ�RI �
SDUWLFXODU� VSHFLHV� DQG� HYHQ� JHQRW\SHV� ZLWKLQ�
VSHFLHV��'DWD�SUHVHQWHG�LQ�7DEOH����VKRZV�WKDW���
LVRODWHV� ZHUH� LQFRUUHFWO\� LGHQWLILHG�� $V� VWDWHG�
HDUOLHU�� HDFK� VSHFLHV� RI � EDFWHULD� KDV� VSHFLILF�
SURWHLQ� SURILOH� PDVV� VSHFWUD�� WKHUHIRUH� WKH�
LGHQWLILFDWLRQ� UHVXOW� IURP� 0$/',�72)� 06�
VKRXOG�EH�VDPH�WR�WKH�LGHQWLILFDWLRQ�UHVXOW�RI ���6�
U'1$�� 7KH� UHVXOW� ZLOO� EH� LQFRUUHFW� ZKHQ�
H[SHULPHQWDO� IDFWRUV� RFFXU�� VXFK� DV� VDPSOH�
FRQWDPLQDWLRQ�DQG�RU�VDPSOH�SUHSDUDWLRQ�
� 0$/',�72)� 06� DQDO\VLV� LV� DIIHFWHG� E\�
VHYHUDO� H[SHULPHQWDO� IDFWRUV�� VXFK� DV� PDWUL[�
S UHSDUD W LRQ � � VSHF W U D O � U HSURGXF LE L O L W \� �
FRQWDPLQDQWV�� VDPSOH� SUHSDUDWLRQ�� PDVV� UDQJH�
DQG�PHDVXUHPHQW�DFFXUDF\�RQ�WKH�GDWDEDVH�VHDUFK�
�'HPLUHY� HW� DO�� �������$� WRWDO� RI � ��� LVRODWHV� RI �
0LFUREDFWHULXP� JHQXV� ZHUH� LQFRUHFWO\� LGHQWLILHG��
PLJKW�EH�GXH�WR�WKH�FRPSOH[�VWUXFWXUH�RI �WKHLU�FHOO�
ZDOOV�� 6SHFLILF� VDPSOH� H[WUDFWLRQ� SURFHGXUHV� WR�
EUHDNGRZQ� WKH� FHOO� ZDOO� DUH� UHTXLUHG� EHIRUH�
0$/',�72)� 06� DQDO\VLV�� 7KH� SURFHVV� RI �
VDPSOH�SUHSDUDWLRQ�IRU�LGHQWLILFDWLRQ�RI �PLFUREHV�
GHSHQGV�XSRQ�WKH�VRXUFH�RI �LVRODWHG�PLFUREH��RU�
RQ�FKHPLFDO�VWUXFWXUH�RI �WKH�FRQVWLWXHQWV�RI � LWV�
FHOO� ZDOO�� 'LIIHUHQW� JURXS� RI � PLFUREHV� KDV�
GLIIHUHQW�VDPSOH�SUHSDUDWLRQ��6LQJKDO�HW�DO���������
$ODWRRP� HW� DO�� ������� UHSRUWHG� WKDW� VDPSOH�
H[WUDFWLRQ�ZDV�QHHGHG�IRU�LGHQWLILFDWLRQ�RI �*UDP�
SRVLWLYH� EDFWHULD�� )XUWKHUPRUH�� WKH� ORZHU� VFRUH�
YDOXHV�� � PD\� EH� FDXVHG� E\� WKH� LQFRPSOHWH�
VHSDUDWLRQ�RI �SURWHLQ��7KH�SURWHLQ�LQWHUIHUHG�ZLWK�
WKH�VDPSOH�DQG�GLVUXSW�WKH�PDVV�VSHFWUXP��5HLFK�
HW� DO�� ������� *UDP�SRVLWLYH� EDFWHULD� OLNH�
0\FREDFWHULXP�VS���DOVR�UHTXLUH�VSHFLILF�H[WUDFWLRQ�
SURFHGXUH��7KH�H[WUDFWLRQ�ZDV�GRQH�E\�O\VHG��FHOOV�
LQ�ERLOLQJ�ZDWHU��IROORZHG�E\�HWKDQRO�SUHFLSLWDWLRQ�
RI �SURWHLQV��7KH�SUHFLSLWDWHG�SURWHLQV�ZHUH�GULHG��
UHVXVSHQGHG�LQ�����IRUPLF�DFLG�DQG�DFHWRQLWULOH��
DQG�DQDO\]HG�E\�0$/',�72)�06��9HUURNHQ�HW�DO��
������
� 7R� LQYHVWLJDWH� WKH� UHSURGXFLELOLW\� RI � WKH�
LQVWUXPHQW�GXULQJ�WKH�VWXG\ �ZH�LQFOXGHG�,QD&&��
VWUDLQV� LQ� HYHU\� DQDO\VLV� RI � LGHQWLILFDWLRQV� DV�
SRVLWLYH� FRQWUROV� DQG� UHIHUHQFH� LVRODWHV�� 7KH�
LQVWUXPHQWV� FRUUHFWO\� LGHQWLILHG� WKH� FRQWURO�
VWUDLQV��7KH�LQFRUUHFW� LGHQWLILFDWLRQ�E\�0$/',�
72)�06� ZDV� � WR� VDPSOH� SUHSDUDWLRQ�DWWULEXWHG
IDLOXUH�VXFK�DV� �VDPSOH�YROXPH�DQG� WKH�ODUJH DOVR��

DPRXQW� RI � PDWUL[� ZDV� QRW� VXIILFLHQW��
&RQVHTXHQWO\� WKH� VDPSOH� DQG� PDWUL[� ZHUH� QRW�
FRPSOHWHO\�PL[ � DQG� RQO\� D� IHZ� VPDOO� FU\VWDO�HG
ZHUH�REWDLQHG��$�VXIILFLHQW�QXPEHU�RI �EDFWHULDO�
FHOOV��W\SLFDOO\�a�� �FHOOV�SHU�ZHOO��DUH�UHTXLUHG�WR�

�

JHQHUDWH�GHWHFWDEOH�0$/',�72)�06�LRQ�VLJQDOV�
�&KLX�������
� /RKPDQ� HW�DO�� �������UHSRUWHG�WKDW�0$/',�
72)� V\VWHP� VXFFHVIXOO\� LGHQWLILHG� ���� LVRODWHV��
)XUWKHUPRUH� ������ RI � ������ ������ VDPSOHV�
LGHQWLILHG�E\�0$/',�72)�06�PDWFKHG�ZLWK�WKH�
LGHQWLILFDWLRQ� UHVXOWV� REWDLQHG� XVLQJ� RWKHU�
PHWKRGV��VWDQGDUG�DQG�KLJK�HQG�PLFURELRORJLFDO�
LGHQWLILFDWLRQ� PHWKRGV� LQFOXGLQJ� DXWRPDWHG�
E LRFKHPLFD O � DQD O \ VH V � DQG � PR OHFX O D U �
LGHQWLILFDWLRQ���5HLFK�HW�DO���������6WXG\�RI �*XR�HW�
DO���������LQIRUPHG�WKDW�XVLQJ�0$/',�72)�06�
IRU� ������ LVRODWHV�� ������ ��������� LVRODWHV�ZHUH�
DFFXUDWHO\� LGHQWLILHG�DW�WKH�JHQXV� OHYHO��DQG�����
���������LVRODWHV�DW�WKH�VSHFLHV�OHYHO��7KHHO�HW�DO��
������� UHSRUWHG� WKDW� IURP� ��� \HDVW� DQG� ���
&RU\QHEDFWHULXP� VSHFLHV� LVRODWHV�� ZHUH� REWDLQHG�
������DQG�������RI �\HDVW��DOVR�������DQG�������
RI � &RU\QHEDFWHULXP� LVRODWHV� ZHUH� FRUUHFWO\�
LGHQWLILHG� WR� WKH� JHQXV� DQG� VSHFLHV� OHYHOV��
UHVSHFWLYHO\��$V� FRPSDUHG� WR�RWKHU� VWXGLHV�� WKH�
UHVXOW�RI �WKLV�VWXG\�VKRZHG�VPDOO�SHUFHQWDJH�RI �
FRUUHFWO\� LGHQWLILHG� WR� WKH� JHQXV� DQG� VSHFLHV�
OHYHOV�� KRZHYHU� WKLV� PHWKRG� SURYLGH� UHOLDEOH�
UHVXOWV�� 7KHUHIRUH� 0$/',�72)� 06� FRXOG� EH�
XVHG�IRU�VFUHHQLQJ�DQG�JURXSLQJ�RI �ODUJH�QXPEHUV�
RI � EDFWHU L D O � L VR OD WHV� � 0LFURRUJ DQ LVP�
LGHQWLILFDWLRQ� E\� PDVV� VSHFWURPHWU\� LV� DOUHDG\�
FRQVLGHUHG� DV� D� UHYROXWLRQ� RI � EDFWHULRORJ\��
RIIHULQJ� PDQ\� DGYDQWDJHV� FRPSDUHG� ZLWK� WKH�
FRQYHQWLRQDO� ELRFKHPLFDO� LGHQWLILFDWLRQ� RI �
PLFURRUJDQLVPV�� :LWKLQ� WKH� QH[W� IHZ� \HDUV�
0$/',�72)�06� EDVHG� LGHQWLILFDWLRQ� RI �
PLFURRUJDQLVPV� ZLOO� UHSODFH� FRQYHQWLRQDO�
PHWKRGV�

&21&/86,21

� $PRQJ� WKH� ��� VHOHFWHG� LVRODWHV�� ��� LVRODWHV�
ZHUH� LGHQWLILHG�� (OHYHQ� LVRODWHV� ��������� WKDW�
ZHUH�WHVWHG�PDWFKHG�RQ�VSHFLHV�OHYHO�RI �PROHFXODU�
DSSURDFK��6SHFWUDO�DQDO\VLV�RI �PLFURELDO�GLYHUVLW\�
IURP� ,QGRQHVLD� LV� RQH� ZD\� WR� EXLOG� XS� WKH�
0$/',�72)�06�OLEUDU\�� URWHLQ�SURILOH�VSHFWUD�3
RI � HDFK� VSHFLHV� � EH� XVHG� DV� DWD[RQRPLF�FRXOG
PDUNHU��0$/',�72)�06�V\VWHPV�IRU�EDFWHULDO�
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LGHQWLILFDWLRQ� ZDV� JRRG� IRU� JURXSLQJ� ODUJH�
QXPEHU�RI �LVRODWHV��+RZHYHU�PROHFXODU�DQDO\VLV�
DOVR� PXVW� EH� GRQH� DV� D� VWDQGDUG� UHIHUHQFH��
&RPELQDWLRQ� RI �PROHFXODU� DQDO\VLV� DQG�SURWHLQ�
SURILOH� XVLQJ� 0$/',�72)� 06� VOLJKWO\�
DFFHOHUDWHG�WKH�EDFWHULDO�LGHQWLILFDWLRQ�

$&.12:/('*(0(176

� 7KLV� SURMHFW� ZDV� IXOO\� VXSSRUWHG� E\� ',3$�
7HPDWLN�������5HVHDUFK�&HQWHU�IRU�%LRORJ\�/,3,�
DQG�-67�-,&$��6SHFLDO�WKDQNV�WR�6XOLVWLDQL�DQG�DOO�
PHPEHUV� RI � WKH� %LRV\VWHPDWLF� /DERUDWRU\��
5HVHDUFK�&HQWHU�IRU�%LRORJ\��/,3,�

5()(5(1&(6

$ODWRRP�$$��&XQQLQJKDP�6$��,KGH�60��0DQGUHNDU�-��3DWHO�
5�� ������ &RPSDULVRQ� RI � GLUHFW� FRORQ\� PHWKRG�
YHUVXV�H[WUDFWLRQ�PHWKRG�IRU�LGHQWLILFDWLRQ�RI �JUDP�
SRVLWLYH� FRFFL� E\� XVH� RI � EUXNHU� ELRW\SHU� PDWUL[�
DVVLVWHG� ODVHU� GHVRUSWLRQ� LRQL]DWLRQ²WLPH� RI � IOLJKW�
PDVV�VSHFWURPHWU\��-�&OLQ�0LFURELRO����������������
GRL����������-&0���������

%HQDJOL�&��'HPDUWD�$��&DPLQDGD�$��=LHJOHU�'��3HWULQL�2��
7RROOD� 0�� ������ $� UDSLG� 0$/',�72)� 06�
LGHQWLILFDWLRQ� GDWDEDVH� DW� JHQRVSHFLHV� OHYHO� IRU�
FOLQLFDO�DQG�HQYLURQPHQWDO�$HURPRQDV�VWUDLQV��3/R6�
21(� ������H������� GRL�� ��������MRXUQDO�SRQH��
�������

%L]]LQL�$��-DWRQ�.��5RPR�'��%LOOH�-��3URG
KRP�*��*UHXE�*��
���� � � 0DW U L[ �D V V L V W HG � O D VH U � GHVRUS W LRQ �
LRQL]DWLRQ²WLPH�RI � IOLJKW�PDVV�VSHFWURPHWU\�DV�DQ�
DOWHUQDWLYH� WR� ��6� U51$� JHQH� VHTXHQFLQJ� IRU�
LGHQWLILFDWLRQ� RI � GLIILFXOW�WR�LGHQWLI\� EDFWHULDO�
VWUDLQV�� -� &OLQ� 0LFURE� ������������� GRL��
��������-&0���������

&DLQ�7&��/XEPDQ�'0��:HEHU�-U :-� ����� 'LIIHUHQWLDWLRQ�� � �
RI � EDFWHULD� XVLQJ� SURWHLQ� SURILOHV� IURP� PDWUL[�
DVVLVWHG� ODVHU� GHVRUSWLRQ�LRQL]DWLRQ� WLPH�RI�IOLJKW�
PDVV�VSHFWURPHWU\� 5DSLG�&RPPXQ�0DVV�6SHFWURP��
� �������������

&KLX� 7& � ���� � 5HYLHZ�� 5HFHQW� DGYDQFHV� LQ� EDFWHULD�� �
L G HQ W L I L F D W LRQ � E\ � PD W U L [ � D V V L V W HG � O D V H U �
GHVRUSWLRQ�LRQL]DWLRQ� PDVV� VSHFWURPHWU\� XVLQJ�
QDQRPDWHULDOV� DV� DIILQLW\� SUREHV � ,QW� -� 0RO� 6FL��
�� �������� �GRL� �� �����LMPV����������� � � �

'HPLUHY� 3$�� +R� <3�� 5\]KRY� 9�� HQVHODX� &�� ������)
0LFURRUJDQLVP�LGHQWLILFDWLRQ�E\�PDVV�VSHFWURPHWU\�
DQG� SURWHLQ� GDWDEDVH� VHDUFKHV�� $QDO� &KHP�
�� ������������

(LJQHU�8��+ROIHOGHU�0��2EHUGRUIHU�.��%HW]�:LOG�8��%HUWVFK�
'��)DKU�$0��������3HUIRUPDQFH�RI �D�PDWUL[�DVVLVWHG�

ODVHU� GHVRUSWLRQ� LRQL]DWLRQWLPH�RI�IOLJKW� PDVV�
VSHFWURPHWU\� V\VWHP� IRU� WKH� LGHQWLILFDWLRQ� RI �
EDFWHULDO� LVRODWHV� LQ�WKH�FOLQLFDO�URXWLQH� ODERUDWRU\��
&OLQ�/DE��� �������������

)HUURQL�$��6XDUH]�6��%HUHWWL�-/��'DXSKLQ�%��%LOOH�(��0H\HU�-��
« � �� 1DVVLI � ; � ���� � 5HDO�WLPH� LGHQWLILFDWLRQ� RI �
EDFWHULD� DQG� � VSHFLHV� LQ� SRVLWLYH� EORRG�&DQGLGD
FXOWXUH�EURWKV� E\�PDWUL[�DVVLVWHG� ODVHU� GHVRUSWLRQ�
LRQL]DWLRQ�WLPH� RI � IOLJKW� PDVV� VSHFWURPHWU\ � $P��
6RF�0LFURELRO��� ����������

*XR� /�� <H� /�� =KDR� 4�� 0D� <�� <DQJ� -�� /XR� < � ���� �� �
&RPSDUDWLYH� VWXG\� RI � 0$/',�72)� 06� DQG�
9,7(.��� LQ�EDFWHULD� LGHQWLILFDWLRQ � -�7KRUDF�'LV��
� � � � � � � � GR L � � � � � ���� M L V V Q � ��� �� � � � � � �
���� ���� �� ��� � �

-DPDO� :<�� $KPDG� 6�� .KDQ� =8�� 5RWLPL� 92 � ���� �� �
&RPSDUDWLYH�HYDOXDWLRQ�RI �WZR�PDWUL[�DVVLVWHG�ODVHU�
GHVRUSWLRQ�LRQL]DWLRQ� WLPH�RI�IOLJKW� PDVV�
VSHFWURPHWU\� �0$/',�72)�06�� V\VWHPV� IRU� WKH�
LGHQWLILFDWLRQ� RI � FOLQLFDOO\� VLJQLILFDQW� \HDVWV�
,QWHUQDWLRQDO � -�,QIHFW�'LV����������� ,QW� �

.XGLUNLHQH�(��:HONHU�0��.QXGVHQ�15��%RMHVHQ�$0��������
5DSLG�DQG�DFFXUDWH�LGHQWLILFDWLRQ�RI �6WUHSWRFRFFXV�
HTXL� VXEVSHFLHV� E\ 0$/',�72)�06�� 6\VW� $SSO��
0LFURELRO��� ����²����� �

/RKPDQQ�&��6DERX�0��0RXVVDRXL�:��3UpYRVW�*��'HODUEUH�-��
&DQGROIL�(�� �/HWVFKHU�%UXE�9 ���� �&RPSDULVRQ�« �� �
EHWZHHQ� WKH� %LIOH[� ,,,�%LRW\SHU� DQG� WKH� $[LPD�
6$5$0,6� V\VWHPV� IRU� \HDVW� LGHQWLILFDWLRQ� E\�
PDWUL[�DVVLVWHG�ODVHU�GHVRUSWLRQ�LRQL]DWLRQ²WLPH�RI �
IOLJKW� PDVV� VSHFWURPHWU\ � -� &OLQ� 0LFURELRO��
�� ���������� �

0DUWLQ\� '�� %XVVRQ� /�� :\ER� ,�� (O� +DM� 5$�� 'HGLVWH� $��
9DQGHQEHUJ�2 ����� �&RPSDULVRQ�RI �WKH�0LFURIOH[�� �
/7�DQG�9LWHN�06�V\VWHPV�IRU�URXWLQH�LGHQWLILFDWLRQ�
RI � EDFWHULD� E\� PDWUL[�DVVLVWHG� ODVHU� GHVRUSWLRQ�
LRQL]DWLRQ�WLPH�RI �IOLJKW�PDVV�VSHFWURPHWU\ �-�&OLQ��
0LFURELRO��� ����������� �

1HYLOOH�6$��/HFRUGLHU�$��=LRFKRV�+��&KDWHU�0-��*RVEHOO�,%��
0DOH\� 0:�� YDQ� +DO� 6- � ���� � 8WLOLW\� RI � PDWUL[�� �
DVVLVWHG� ODVHU�GHVRUSWLRQ� LRQL]DWLRQ� WLPH�RI � IOLJKW�
PDVV� VSHFWURPHWU\� IROORZLQJ� LQWURGXFWLRQ� IRU�
URXWLQH� ODERUDWRU\� EDFWHULDO� LGHQWLILFDWLRQ � -� &OLQ��
0LFURELRO��� ���������� �

5DMHQGKUDQ�3��*XQDVHNDUDQ ����� �0LFURELDO�SK\ORJHQ\�DQG�� �
GLYHUVLW\�� VPDOO� VXEXQLW� ULERVRPDO�51$� VHTXHQFH�
DQDO\VLV�DQG�EH\RQG �-�0LFURELRO�5HV���� ������� �� ��� �
GRL� �� �����M PLFUHV ���� �� ���� � � � � �

5HLFK�0��%RVVKDUG�33��6WDUN�0��%H\VHU�.��%RUJPDQQ�6 ��
���� � 6SHFLHV� LGHQWLILFDWLRQ� RI � EDFWHULD� DQG��
IXQJL� IURP� VROLG� DQG� OLTXLG� FXOWXUH� PHGLD� E\�

�0$/',� 72)� PDVV� VSHFWURPHWU\ � -� %DFWHULRO�
3DUDVLWRO� 6��������� � GRL�� �� �������������� 6��� � �
���

5K\]KRY� 9�� )HQVHODX� &�� ������ &KDUDFWHUL]DWLRQ� RI � WKH�
SURWHLQ� VXEVHW� GHVRUEHG� E\�0$/',� IURP�ZKROH�
EDFWHULDO�FHOOV��$QDO�&KHP��� �����������

���

0$/',�72)�0DVV�6SHFWURPHWU\�IRU�LGHQWLILFDWLRQ�RI �HQGRSK\LWLF�EDFWHULD�²�6XOLVWL\DQL�DQG�/LVGL\DQWL



5\FKHUW� - �� %XUQKDP� &$�� %\WKURZ� 0�� *DUQHU� 2%��
*LQRFFKLR�&&��-HQQHPDQQ�5��«�%UDQGD�-$� ������ �
0XOWLFHQWHU� HYDOXDWLRQ� RI � WKH� 9LWHN� 06� PDWUL[�
DVVLVWHG� ODVHU� GHVRUSWLRQ� LRQL]DWLRQ²WLPH� RI � IOLJKW�
PDVV� VSHFWURPHWU\� V\VWHP� IRU� LGHQWLILFDWLRQ� RI �
JUDP�SRVLWLYH� DHURELF EDFWHULD -� &OLQ� 0LFURELRO�� ��
�� �������� �GRL� �� �����-&0 ����������� � � � �

6DQWRV�)6��&D\R�5��6FKDQGHUW�/��*DOHV�$& ����� �(YDOXDWLRQ�� �
RI � 0$/',�72)� 06� LQ� WKH� PLFURELRORJ\�
ODERUDWRU\ �-�%UDV�3DWRO�0HG�/DE��� ������� ��� �

6HQJ�3��'UDQFRXUW�0��*RXULHW�)��/D�6FROD�%��)RXUQLHU�3��
5RODLQ�-0��5DRXOW�' ����� �2QJRLQJ�UHYROXWLRQ�LQ�� �
EDFWHULRORJ\�� URXWLQH� LGHQWLILFDWLRQ� RI � EDFWHULD� E\�
PDWUL[�DVVLVWHG�ODVHU�GHVRUSWLRQ�LRQL]DWLRQ�WLPH�RI�
IOLJKW�PDVV�VSHFWURPHWU\ �&OLQ�,QIHFW�'LV��� ������ ���
���

6LQJKDO�1��.XPDU�0��.DQDXMLD�3.��9LUGL�-6 ����� �0$/',�� �
72)�PDVV�VSHFWURPHWU\�� Q�HPHUJLQJ�WHFKQRORJ\�$
IRU� PLFURELDO� LGHQWLILFDWLRQ� DQG� GLDJQRVLV � )URQW��
0LFURELRO� ��������� � GRL�� �� �����IPLFE ����� � � ��
�����

6XOLVWL\DQL�75��/LVGL\DQWL�3��/HVWDUL�<��������3RSXODWLRQ�DQG�
GLYHUVLW\� RI � HQGRSK\WLF� EDFWHULD� DVVRFLDWHG� ZLWK�

PHGLFLQDO� SODQW� �� 0LFURELRO� ,QG�&XUFXPD� ]HGRDULD
� ��������GRL����������PL���������

7KHHO�(6��6FKPLWW�%+��+DOO�/��&XQQLQJKDP�6$��:DOFKDN�
5&��3DWHO�5��:HQJHQDFND�1/ ����� �)RUPLF�DFLG�� �
EDVHG� GLUHFW�� RQ�SODWH� WHVWLQJ� RI � \HDVW� DQG�
&RU\QHEDFWHULXP� VSHFLHV�E\�%UXNHU�ELRW\SHU�PDWUL[�
DVVLVWHG� ODVHU�GHVRUSWLRQ� LRQL]DWLRQ²WLPH�RI � IOLJKW�
PDVV�VSHFWURPHWU\ �-�&OLQ�0LFURE��� �������� ��� �

9HUURNHQ�$��-DQVVHQV�0��%HUKLQ�&��%RJDHUWV�3��+XDQJ�7'��
:DXWHUV� *�� *OXSF]\QVNL� < � ���� � (YDOXDWLRQ� RI �� �
PDWUL[�DVVLVWHG�ODVHU�GHVRUSWLRQ�LRQL]DWLRQ²WLPH�RI �
IOLJKW� PDVV� VSHFWURPHWU\� IRU� LGHQWLILFDWLRQ� RI �
1RFDUGLD� � ���� �VSHFLHV �-�&OLQ�0LFURELRO��� ��������

:RR�3&<��/DX�6.3��7HQJ�-//��7VH�+��<XHQ�.< ����� �7KHQ�� �
DQG�QRZ�� VH�RI ���6�U'1$�JHQH�VHTXHQFLQJ�IRU�8
EDFWHULDO� LGHQWLILFDWLRQ� DQG� GLVFRYHU\� RI � QRYHO�
EDFWHULD� LQ�FOLQLFDO�PLFURELRORJ\� ODERUDWRULHV �&OLQ��
0LFURELRO�,QIHFW��� ����������� �

:XQVFKHO� 6&�� -DUPDQ� .+�� 3HWHUVHQ� &(�� 9DOHQWLQH� 1%��
:DKO�./��6FKDXNL�'�� :KLWH�9( ����� �%DFWHULDO�«� � �
DQDO\VLV� E\�0$/',�72)�PDVV� VSHFWURPHWU\�� $Q�
LQWHU�ODERUDWRU\� FRPSDULVRQ�� -� $P� 6RF� 0DVV�
6SHFWURP� �������������� GRL�� RUJ���������M�MDVPV��
�����������
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