
������

)LQJHUSULQW�,PDJH�(QKDQFHPHQW�XVLQJ�)LOWHULQJ�7HFKQLTXHV�
�

6KORPR�*UHHQEHUJ��0D\HU�$ODGMHP��DQG�'DQLHO�.RJDQ��
�

(OHFWULFDO�DQG�&RPSXWHU�(QJLQHHULQJ�'HSDUWPHQW��
�%HQ�*XULRQ�8QLYHUVLW\�RI�WKH�1HJHY��%HHU�6KHYD��,VUDHO�

VKORPRJ#HH�EJX�DF�LO��DODGMHP#HH�EJX�DF�LO��NRJDQG#HH�EJX�DF�LO��
�

�

�
$EVWUDFW�([WUDFWLQJ�PLQXWLDH�IURP�ILQJHUSULQW�LPDJHV�LV�RQH�RI�WKH�PRVW�LPSRUWDQW�VWHSV�LQ�DXWRPDWLF�
ILQJHUSULQW� LGHQWLILFDWLRQ� DQG� FODVVLILFDWLRQ�� 0LQXWLDH� DUH� ORFDO� GLVFRQWLQXLWLHV� LQ� WKH� ILQJHUSULQW�
SDWWHUQ��PDLQO\� WHUPLQDWLRQV� DQG�ELIXUFDWLRQV��0RVW� RI� WKH�PLQXWLDH�GHWHFWLRQ�PHWKRGV� DUH�EDVHG�RQ�
LPDJH�ELQDUL]DWLRQ�ZKLOH�VRPH�RWKHU�H[WUDFW�WKH�PLQXWLDH�GLUHFWO\�IURP�JUD\�VFDOH�LPDJHV��,Q�WKLV�ZRUN�
ZH� FRPSDUH� WKHVH� WZR� DSSURDFKHV� DQG� SURSRVH� WZR� GLIIHUHQW� PHWKRGV� IRU� ILQJHUSULQW� ULGJH� LPDJH�
HQKDQFHPHQW�� 7KH� ILUVW� RQH� LV� FDUULHG� RXW� XVLQJ� ORFDO� KLVWRJUDP� HTXDOL]DWLRQ��:LHQHU� ILOWHULQJ�� DQG�
LPDJH� ELQDUL]DWLRQ�� 7KH� VHFRQG� PHWKRG� XVHV� D� XQLTXH� DQLVRWURSLF� ILOWHU� IRU� GLUHFW� JUD\VFDOH�
HQKDQFHPHQW��7KH� UHVXOWV� DFKLHYHG� DUH� FRPSDUHG�ZLWK� WKRVH� REWDLQHG� WKURXJK� VRPH�RWKHU�PHWKRGV��
%RWK�PHWKRGV� VKRZ� VRPH� LPSURYHPHQW� LQ� WKH�PLQXWLDH�GHWHFWLRQ�SURFHVV� LQ� WHUPV�RI� WLPH� UHTXLUHG�
DQG�HIILFLHQF\��
�
.H\ZRUGV�)LQJHUSULQW�LPDJH�HQKDQFHPHQW��PLQXWLDH��*DERU�ILOWHU��$QLVRWURSLF�ILOWHU��
�
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���,QWURGXFWLRQ�
)LQJHUSULQWV� DUH� WRGD\� WKH� ELRPHWULF� IHDWXUHV� PRVW� ZLGHO\� XVHG� IRU� SHUVRQDO� LGHQWLILFDWLRQ��

)LQJHUSULQW�UHFRJQLWLRQ�LV�RQH�RI�WKH�EDVLF�WDVNV�RI�WKH�,QWHJUDWHG�$XWRPDWHG�)LQJHUSULQW�,GHQWLILFDWLRQ�
6HUYLFH��,$),6��RI�WKH�PRVW�IDPRXV�SROLFH�DJHQFLHV�>�@��$�ILQJHUSULQW�SDWWHUQ�LV�FKDUDFWHUL]HG�E\�D�VHW�
RI�ULGJHOLQHV�WKDW�RIWHQ�IORZ�LQ�SDUDOOHO��EXW�LQWHUVHFW�DQG�WHUPLQDWH�DW�VRPH�SRLQWV��7KH�XQLTXHQHVV�RI�
D� ILQJHUSULQW� LV� GHWHUPLQHG� E\� WKH� ORFDO� ULGJH� FKDUDFWHULVWLFV� DQG� WKHLU� UHODWLRQVKLSV� >�@�>�@�� 0RVW�
DXWRPDWLF� V\VWHPV� IRU� ILQJHUSULQW� FRPSDULVRQ� DUH� EDVHG� RQ� PLQXWLDH� PDWFKLQJ� >�@�� 0LQXWLDH�
FKDUDFWHULVWLFV�DUH�ORFDO�GLVFRQWLQXLWLHV�LQ�WKH�ILQJHUSULQW�SDWWHUQ�DQG�UHSUHVHQW�WKH�WZR�PRVW�SURPLQHQW�
ORFDO� ULGJH�FKDUDFWHULVWLFV�� WHUPLQDWLRQV�DQG�ELIXUFDWLRQV��$�ULGJH� WHUPLQDWLRQ� LV�GHILQHG�DV� WKH�SRLQW�
ZKHUH� D� ULGJH� HQGV� DEUXSWO\��ZKLOH� ULGJH� ELIXUFDWLRQ� LV� GHILQHG� DV� WKH� SRLQW�ZKHUH� D� ULGJH� IRUNV� RU�
GLYHUJHV� LQWR� EUDQFK� ULGJHV� �)LJXUH� ����$� W\SLFDO� ILQJHUSULQW� LPDJH� FRQWDLQV� DERXW� �������PLQXWLDH�
>�@���

$Q� DXWRPDWLF� ILQJHUSULQW� LPDJH� PDWFKLQJ� SURFHVV�� ZKLFK� HQDEOHV� D� SHUVRQDO� LGHQWLILFDWLRQ��
VWURQJO\� GHSHQGV� RQ� FRPSDULVRQ� RI� WKH�0LQXWLDH� 3RLQWV� RI� ,QWHUHVW� �032,�� DQG� WKHLU� UHODWLRQVKLSV��
5HOLDEOH�DXWRPDWLF�H[WUDFWLRQ�RI�WKHVH�032,�LV�D�FULWLFDO�VWHS�LQ�ILQJHUSULQW�FODVVLILFDWLRQ��

7KH� SHUIRUPDQFH� RI� PLQXWLDH� H[WUDFWLRQ� DOJRULWKPV� UHOLHV� KHDYLO\� RQ� WKH� TXDOLW\� RI� WKH�
ILQJHUSULQW� LPDJHV� >�@�� 7KH� ULGJH� VWUXFWXUHV� LQ� SRRU�TXDOLW\� ILQJHUSULQW� LPDJHV� DUH� QRW� DOZD\V� ZHOO�
GHILQHG�DQG��KHQFH��FDQQRW�EH�FRUUHFWO\�GHWHFWHG��7KLV�PLJKW�UHVXOW�LQ�WKH�FUHDWLRQ�RI�VSXULRXV�PLQXWLDH�
DQG� WKH� LJQRULQJ� RI� JHQXLQH� PLQXWLDH�� 7KHUHIRUH� ODUJH� HUURUV� LQ� PLQXWLDH� ORFDOL]DWLRQ� PD\� EH�
LQWURGXFHG�>�@��([DPSOHV�RI�SRRU�TXDOLW\�ILQJHUSULQW�LPDJHV�DUH�VKRZQ�LQ�)LJXUH����,Q�RUGHU�WR�HQVXUH�
UREXVW�SHUIRUPDQFH�RI�D�PLQXWLDH�H[WUDFWLRQ�DOJRULWKP��DQ�HQKDQFHPHQW�DOJRULWKP��ZKLFK�FDQ�LPSURYH�
WKH�FODULW\�RI�WKH�ULGJH�VWUXFWXUHV��LV�QHFHVVDU\�>�@��>�@��
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0RVW�RI� WKH� ILQJHUSULQW� LPDJH�HQKDQFHPHQW�PHWKRGV�SURSRVHG� LQ� WKH� OLWHUDWXUH�DUH�DSSOLHG�WR�
ELQDU\� LPDJHV��ZKLOH�VRPH�RWKHUV�RSHUDWH�GLUHFWO\�RQ�JUD\�VFDOH�LPDJHV�>�@�>�@�>�@��&RQFHUQLQJ�WKHVH�
WZR�DSSURDFKHV��WKLV�ZRUN�SURSRVHV�WZR�PHWKRGV�IRU�ILQJHUSULQW�LPDJH�HQKDQFHPHQW��7KH�ILUVW�RQH�LV�
FDUULHG�RXW� XVLQJ� ORFDO�KLVWRJUDP�HTXDOL]DWLRQ��:LHQHU� ILOWHULQJ�� DQG� LPDJH�ELQDUL]DWLRQ��7KH�VHFRQG�
PHWKRG�XVHV�D�XQLTXH�DQLVRWURSLF�ILOWHU�IRU�GLUHFW�JUD\�VFDOH�HQKDQFHPHQW��

7KH� SDSHU� LV� RUJDQL]HG� DV� IROORZV�� 6HFWLRQ� �� DGGUHVVHV� WKH� PDLQ� VWHSV� RI� RXU� ELQDUL]DWLRQ�
DSSURDFK��6HFWLRQ�������7KHQ�ZH�SUHVHQW�VRPH�PRGLILFDWLRQV�WR�WKH�*DERU�EDVHG�WHFKQLTXH�LQWURGXFHG�
E\� +RQJ� >�@�� DQG� SURSRVH� D� IDVW� GLUHFW� JUD\�VFDOH� ILQJHUSULQW� HQKDQFHPHQW� DOJRULWKP� �6HFWLRQ� �����
EDVHG� RQ� D� XQLTXH� DQLVRWURSLF� ILOWHU�� 6HFWLRQ� �� SUHVHQWV� WKH� UHVXOWV� RI� D� FRPSDUDWLYH� VWXG\� RI� RXU�
DSSURDFKHV� DQG� WKH� PHWKRGV� GHVFULEHG� E\� 0DLR� >�@� DQG� +RQJ� >�@�� � )LQDOO\�� LQ� 6HFWLRQ� �� VRPH�
FRQFOXVLRQV�DUH�GUDZQ��6RPH�SUHOLPLQDU\�UHVXOWV�RI�RXU�ZRUN�ZHUH�SUHVHQWHG�E\�*UHHQEHUJ�>�@��7KLV�
SDSHU�FRQWDLQV�D�PRUH�WKRURXJK�DQDO\VLV�DQG�PRUH�FRPSOHWH�UHVXOWV��
�

���)LQJHUSULQW�(QKDQFHPHQW�
)LQJHUSULQW�HQKDQFHPHQW�FDQ�EH�FRQGXFWHG�RQ�HLWKHU�ELQDU\�ULGJH�LPDJHV�RU�JUD\�VFDOH�LPDJHV��

7KH�ELQDUL]DWLRQ�SURFHVV�PD\�FDXVH�ORVV�RI� LQIRUPDWLRQ�DERXW�WUXH�ULGJH�VWUXFWXUH�DQG�LW�KDV�LQKHUHQW�
OLPLWDWLRQV� >�@�� 'LIIHUHQW� WHFKQLTXHV� IRU� JUD\�OHYHO� ILQJHUSULQW� LPDJHV� HQKDQFHPHQW� KDYH� EHHQ�
SURSRVHG� >�@�� >�@� DVVXPLQJ� WKDW� WKH� ORFDO� ULGJH� IUHTXHQF\� DQG� RULHQWDWLRQ� FDQ�EH� UHOLDEO\� HVWLPDWHG��
+RZHYHU�� WKLV� DVVXPSWLRQ� LV� QRW� YDOLG� IRU� SRRU�TXDOLW\� ILQJHUSULQW� LPDJHV�� $OWKRXJK�� RWKHU�
GHFRPSRVLWLRQ�PHWKRGV� >�@�>�@�ZKLFK� DSSO\� D� EDQN�RI�*DERU� ILOWHUV� WR� WKH� LQSXW� ILQJHUSULQW� LPDJHV��
FDQ� REWDLQ� UHOLDEOH� RULHQWDWLRQ� HVWLPDWLRQ� HYHQ� IRU� FRUUXSWHG� LPDJHV�� WKH\� DUH� FRPSXWDWLRQDOO\�
H[SHQVLYH���
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6WHHUDEOH�ILOWHUV�DUH�D�FODVV�RI�ILOWHUV��LQ�ZKLFK�D�ILOWHU�RI�DUELWUDU\�RULHQWDWLRQ�LV�V\QWKHVL]HG�DV�
D� OLQHDU� FRPELQDWLRQ� RI� D� VHW� RI� ³EDVLV� ILOWHUV´� >�@�� � 6WHHUDEOH�VFDODEOH� NHUQHOV� URXJKO\� VKDSHG� OLNH�
*DERU� IXQFWLRQV�KDYH� WKH� DGYDQWDJH� WKDW� WKH\� FDQ�EH� VSHFLILHG� DQG� FRPSXWHG� HDVLO\� >��@��+RZHYHU��
FXUUHQW�VWHHUDELOLW\�DSSURDFKHV�VXIIHU�IURP�WKH�FRQVHTXHQFHV�RI�WKH�XQFHUWDLQW\�SULQFLSOH��DQG�LQ�RUGHU�
WR�DFKLHYH�D�KLJK�RULHQWDWLRQDO�UHVROXWLRQ�D�KXJH�QXPEHU�RI�EDVLV�ILOWHUV�PXVW�EH�XVHG�>��@���

+RQJ�>�@�SURSRVHG�D�IDVW�HQKDQFHPHQW�DOJRULWKP��ZKLFK�FDQ�DGDSWLYHO\�LPSURYH�WKH�FODULW\�RI�
ULGJH�DQG�YDOOH\�VWUXFWXUHV�RI� LQSXW�ILQJHUSULQW� LPDJHV�EDVHG�RQ�WKH�HVWLPDWHG�ORFDO� ULGJH�RULHQWDWLRQ�
DQG�IUHTXHQF\���

:H�SUHVHQW� VRPH� LPSURYHPHQW� WR� WKH�+RQJ� >�@�PHWKRG�E\�XVLQJ� D�XQLTXH� DQLVRWURSLF� ILOWHU��
DGDSWHG� WR� ILQJHUSULQW� LPDJHV�� ,QVWHDG� RI� XVLQJ� ERWK� ORFDO� ULGJH� RULHQWDWLRQ� DQG� ORFDO� IUHTXHQF\�
LQIRUPDWLRQ��RQO\�WKH�RULHQWDWLRQ�LQIRUPDWLRQ�LV�XVHG�LQ�RXU�DSSURDFK��

�2XU� SURSRVHG� DQLVRWURSLF� ILOWHU�� ZKLFK� HOLPLQDWHV� WKH� QHHG� WR� HVWLPDWH� ORFDO� IUHTXHQF\�
LQIRUPDWLRQ��FDQ�UHSODFH�WKH�*DERU�ILOWHU���

$OPDQVD�XVHG�GLIIXVLRQ�WHFKQLTXHV��ZKLFK�DUH�EDVHG�RQ�PXOWL�VFDOH�DQDO\VLV�FDOOHG�VFDOH�VSDFH�
UHSUHVHQWDWLRQ��DQG�DSSOLHG�DQ�LWHUDWLYH�SURFHVV�IRU�ORFDO�IHDWXUHV�HVWLPDWLRQ�>��@�>��@��$QRWKHU�NLQG�RI�
VWUXFWXUH�DGDSWLYH� DQLVRWURSLF� ILOWHULQJ� WHFKQLTXH� KDV� EHHQ� SURSRVHG� E\�<DQJ� >��@�� ,QVWHDG� RI� XVLQJ�
ORFDO� JUDGLHQWV� DV� D� PHDQV� RI� FRQWUROOLQJ� WKH� DQLVRWURSLVP� RI� ILOWHUV�� LW� XVHV� ERWK� D� ORFDO� LQWHQVLW\�
RULHQWDWLRQ�DQG�DQ�DQLVRWURSLF�PHDVXUH�WR�FRQWURO�WKH�VKDSH�RI�WKH�ILOWHU��

$OWKRXJK� WKH� ILOWHUV� SURSRVHG� E\�<DQJ� DQG�$OPDQVD� DUH� ERWK� VWUXFWXUH�DGDSWLYH� DQLVRWURSLF�
ILOWHUV�� WKH\� VWLOO� VLJQLILFDQWO\� GLIIHU�� :H� HPSOR\HG� <DQJ¶V� DQLVRWURSLF� ILOWHU�� ZKLFK� GRHV� QRW� XVH�
GLIIXVLRQ�WHFKQLTXHV��IRU�ILQJHUSULQW�HQKDQFHPHQW���

7KH�SURSRVHG�HQKDQFHPHQW�DOJRULWKP�LV�IDVWHU�DQG�HIILFLHQW�DV�ZHOO��
�
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����$�ELQDUL]DWLRQ�EDVHG�PHWKRG�
�,Q�VRPH�ELQDUL]DWLRQ�EDVHG�DSSURDFKHV�WKH�ELQDUL]DWLRQ�DQG�WKLQQLQJ�SURFHVV�DUH�SUHFHGHG�E\�

D�VPRRWKLQJ�RSHUDWLRQ��0RD\HU�>��@�XVHG�D�VPRRWKLQJ�RSHUDWLRQ�EDVHG�RQ�FRQYROXWLRQ�ZLWK�D�JDXVVLDQ�
�;�� SL[HOV� PDVN�� LQ� RUGHU� WR� UHJXODUL]H� WKH� VWDUWLQJ� LPDJH�� :H� SURSRVH� DQ� HQKDQFHPHQW� SURFHVV��
ZKLFK� FRPELQHV� ILOWHUV� DQG� QRLVH� UHGXFWLRQ� WHFKQLTXHV� IRU� SUH�� DQG� SRVW�SURFHVVLQJ� DV� ZHOO�� 7KH�
SURSRVHG� VFKHPH� LV� EDVHG� RQ� DGDSWLYH� KLVWRJUDP� HTXDOL]DWLRQ� IRU� FRQWUDVW� H[SDQVLRQ�� IROORZHG� E\�
:LHQHU� ILOWHULQJ� IRU� QRLVH� UHGXFWLRQ� >��@�� 7KH� ELQDUL]DWLRQ� SURFHVV� LV� DSSOLHG� XVLQJ� DQ� DGDSWLYH�
WKUHVKROG� EDVHG� RQ� WKH� ORFDO� LQWHQVLW\� PHDQ�� 7KHQ� D� WKLQQLQJ� SURFHVV� LV� FDUULHG� RXW� WKURXJK� WKH�
DOJRULWKP� SUHVHQWHG� E\� %DUXFK� >��@�� ZKLFK� SURYLGHV� JRRG� UHVXOWV� RQ� ILQJHUSULQWV�� )LQDOO\�
PRUSKRORJLFDO�ILOWHULQJ�LV�DSSOLHG�WR�HOLPLQDWH�DUWLIDFWV�LQ�QRLV\�UHJLRQV�DQG�WR�ILOO�VRPH�JDSV�LQ�YDOLG�
ULGJHOLQHV�� � 7KH� PDLQ� VWDJHV� RI� RXU� SURSRVHG� HQKDQFHPHQW� SURFHVV� FRQGXFWHG� RQ� ELQDU\� ULGJH�
ILQJHUSULQW�LPDJHV�DUH�VKRZQ�LQ�)LJXUH����
�

������&RQWUDVW�HQKDQFHPHQW�
+LVWRJUDP� HTXDOL]DWLRQ� GHILQHV� D� PDSSLQJ� RI� JUD\� OHYHOV� S� LQWR� JUD\� OHYHOV� T� VXFK� WKDW� WKH�

GLVWULEXWLRQ�RI� JUD\� OHYHOV� T� LV� XQLIRUP� >��@��7KLV�PDSSLQJ� VWUHWFKHV� FRQWUDVW� �H[SDQGV� WKH� UDQJH�RI�
JUD\�OHYHO��IRU�JUD\�OHYHOV�QHDU�KLVWRJUDP�PD[LPD��6LQFH�FRQWUDVW�LV�H[SDQGHG�IRU�PRVW�RI�WKH�LPDJH�
SL[HOV��WKH�WUDQVIRUPDWLRQ�LPSURYHV�WKH�GHWHFWDELOLW\�RI�PDQ\�LPDJH�IHDWXUHV��7KH�SUREDELOLW\�GHQVLW\�
IXQFWLRQ�RI�D�SL[HO�LQWHQVLW\�OHYHO� �U �LV�JLYHQ�E\���
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ZKHUH�� �� dd �U �� ����������� N �� �Q � LV� WKH�QXPEHU�RI�SL[HOV�DW� LQWHQVLW\� OHYHO� �U �DQG� Q � LV� WKH� WRWDO�

QXPEHU�RI�SL[HOV��7KH�KLVWRJUDP�LV�GHULYHG�E\�SORWWLQJ� �� �� US �DJDLQVW� �U ��$�QHZ�LQWHQVLW\� �V �RI�OHYHO�

N �LV�GHILQHG�DV��
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:H�DSSO\�WKH�KLVWRJUDP�HTXDOL]DWLRQ�ORFDOO\�E\�XVLQJ�ORFDO�ZLQGRZV�RI���[���SL[HOV��7KLV�UHVXOWV�LQ�
H[SDQGLQJ� WKH� FRQWUDVW� ORFDOO\�� DQG� FKDQJLQJ� WKH� LQWHQVLW\� RI� HDFK� SL[HO� DFFRUGLQJ� WR� LWV� ORFDO�
QHLJKERUKRRG����)LJXUH��E�SUHVHQWV�WKH�LPSURYHPHQW�LQ�LPDJH�FRQWUDVW�REWDLQHG�E\�DSSO\LQJ�WKH�ORFDO�
KLVWRJUDP�HTXDOL]DWLRQ���
�

������:LHQHU�ILOWHULQJ�QRLVH�UHGXFWLRQ��
:H�SURSRVH�XVLQJ�D�SL[HO�ZLVH�DGDSWLYH�:LHQHU�PHWKRG�IRU�QRLVH�UHGXFWLRQ��7KH�ILOWHU�LV�EDVHG�

RQ�ORFDO�VWDWLVWLFV�HVWLPDWHG�IURP�D�ORFDO�QHLJKERUKRRG�K �RI�VL]H��[��RI�HDFK�SL[HO��DQG�LV�JLYHQ�E\�WKH�

IROORZLQJ�HTXDWLRQ���

� �PV
VP ��� ������ ���

��
�� QQ,YQQZ ������

ZKHUH 
Y � LV� QRLVH� YDULDQFH�� P DQG� �V � DUH� ORFDO� PHDQ� DQG� YDULDQFH� DQG� ,� UHSUHVHQW� WKH� JUD\� OHYHO�

LQWHQVLW\�LQ� K��� � QQ ���)LJXUH��D�VKRZV�WKH�UHVXOW�RI�WKH�:LHQHU�ILOWHULQJ���
�
�
������%LQDUL]DWLRQ�DQG�WKLQQLQJ�

7KH� RSHUDWLRQ� WKDW� FRQYHUWV� D� JUD\�VFDOH� LPDJH� LQWR� D�ELQDU\� LPDJH� �)LJXUH��E�� LV� NQRZQ�DV�
ELQDUL]DWLRQ��:H� FDUULHG� RXW� WKH� ELQDUL]DWLRQ� SURFHVV� XVLQJ� DQ� DGDSWLYH� WKUHVKROGLQJ�� (DFK� SL[HO� LV�
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DVVLJQHG�D�QHZ�YDOXH����RU����DFFRUGLQJ�WR�WKH�LQWHQVLW\�PHDQ�LQ�D�ORFDO�QHLJKERUKRRG����[���SL[HOV���
DV�IROORZ��

®̄­ t RWKHUZLVH
0HDQ/RFDOQQ,QQ, �

� �
��� � ��

�����LI����� ��
�� �������

7KLQQHG� �RQH� SL[HO� WKLFNQHVV�� ULGJHOLQHV� DUH� REWDLQHG� XVLQJ� PRUSKRORJLFDO� WKLQQLQJ� RSHUDWLRQV� DV�
LQGLFDWHG�LQ�)LJXUH��D��
�

�������3RVW�SURFHVVLQJ�DQG�ELQDU\�ILOWHULQJ��
)LJXUH���VKRZV�WZR�W\SLFDO�NLQGV�RI�QRLVH��ZKLFK�FDQ�DSSHDU�LQ�D�WKLQQHG�ELQDU\�LPDJH��IDOVH�

ULGJHOLQH� FRQQHFWLRQV� DQG� JDSV� ZLWKLQ� D� WUXH� ULGJHOLQH�� )DOVH� ULGJHOLQH� FRQQHFWLRQV� DUH� DOPRVW�
SHUSHQGLFXODU� WR� WKH� ORFDO� ULGJH�GLUHFWLRQ��DQG�HPSLULFDOO\� IRXQG� WR�EH�RI� OHQJWK� OHVV� WKDQ����SL[HOV��
2XU� DOJRULWKP� DXWRPDWLFDOO\� UHPRYHV� OLQHV�ZLWK� VLPLODU� FKDUDFWHULVWLFV� �)LJXUH� ���� )LOOLQJ� WKH� VSDFH�
EHWZHHQ� HDFK� WZR� HQG�SRLQWV� WKDW� EHORQJ� WR� WKH� VDPH� ULGJH� GLUHFWLRQ� HOLPLQDWHV� JDSV� RI� XS� WR� ���
SL[HOV��ZLWKLQ�D�WUXH�FRQWLQXRXV�ULGJHOLQH��7KH�PD[LPXP�DOORZHG�JDS�LV�GHWHUPLQHG�HPSLULFDOO\�GXH�WR�
D�WUDGHRII�EHWZHHQ�IDOVH�ULGJHOLQHV�DQG�PLVVHG�GHWHFWLRQ�RI�WUXH�ORQJ�JDSV��
�

����'LUHFW�JUD\�VFDOH�HQKDQFHPHQW�DSSURDFKHV��
0DLR�DQG�0DOWRQL�>�@�SURSRVH�D� WHFKQLTXH��EDVHG�RQ�ULGJHOLQH�IROORZLQJ��ZKHUH� WKH�PLQXWLDH�

DUH� H[WUDFWHG� GLUHFWO\� IURP� JUD\�VFDOH� LPDJHV�� +RQJ� >�@� LQWURGXFHG� D� IDVW� ILQJHUSULQW� HQKDQFHPHQW�
DOJRULWKP�EDVHG�RQ�D�*DERU�ILOWHU��,Q�WKLV�VHFWLRQ�ZH�SURSRVH�D�GLUHFW�JUD\�VFDOH�HQKDQFHPHQW�PHWKRG��
ZKLFK� KDV� EHHQ� VLPXODWHG� E\� +RQJ� >�@�� )LUVW� ZH� VXJJHVW� VRPH� PRGLILFDWLRQV� RI� +RQJ¶V� RULJLQDO�
DOJRULWKP�� DQG� WKHQ� ZH� SURSRVH� D� IDVW� GLUHFW� JUD\�VFDOH� ILQJHUSULQW� HQKDQFHPHQW� EDVHG� RQ� DQ�
DQLVRWURSLF�ILOWHU��
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�
������$�PRGLILFDWLRQ�RI�WKH�*DERU�EDVHG�DOJRULWKP��

,Q�WKLV�VHFWLRQ�ZH�VXJJHVW�VRPH�LPSURYHPHQWV�WR�+RQJ¶V�>�@�*DERU�EDVHG�ILOWHULQJ�WHFKQLTXH��
7KH� PDLQ� VWHSV� RI� +RQJ¶V� DOJRULWKP� LQFOXGH� QRUPDOL]DWLRQ�� ORFDO� RULHQWDWLRQ� HVWLPDWLRQ�� ORFDO�
IUHTXHQF\�HVWLPDWLRQ�DQG�ILOWHULQJ��$�EDQN�RI�*DERU�ILOWHUV��ZKLFK�LV� WXQHG�WR� ORFDO� ULGJH�RULHQWDWLRQ�
DQG�ULGJH�IUHTXHQF\��LV�DSSOLHG�WR�WKH�ULGJH�DQG�YDOOH\�SL[HOV�LQ�WKH�QRUPDOL]HG�LQSXW�ILQJHUSULQW�LPDJH�
WR�REWDLQ�DQ�HQKDQFHG�ILQJHUSULQW� LPDJH��7KH�ILOWHUV�DUH�XVHG�DV�EDQGSDVV�ILOWHUV�WR�UHPRYH�WKH�QRLVH�
DQG� SUHVHUYH� WUXH� ULGJH�YDOOH\� VWUXFWXUHV��:H� LPSOHPHQWHG� WKLV� DOJRULWKP� IRU� FRPSDULVRQ� SXUSRVHV��
LQWURGXFLQJ�VRPH�PRGLILFDWLRQ���

)LUVW�� DQ� DOWHUQDWLYH� VFKHPH��EDVHG�RQ� ORFDO�JUDGLHQW�RSHUDWLRQV� >�@�� LV�XVHG� IRU�PRUH�SUHFLVH�
RULHQWDWLRQ�HVWLPDWLRQ��)LQH�WXQLQJ�RI�VRPH�SDUDPHWHUV�LQ�WKH�RULJLQDO�DOJRULWKP�UHVXOW�LQ�DQ�HIILFLHQW�

DQG�PRUH�UREXVW�DOJRULWKP��7KH�VHOHFWLRQ�RI� �

�G �DQG� �

�G �LQYROYHV�D�WUDGH�RII�EHWZHHQ�UREXVWQHVV�DQG�

VSXULRXV� ULGJHV��7KH�YDOXHV�RI� �

�G �DQG� �

�G �ZHUH�HTXDOO\�VHW� WR�����EDVHG�RQ�HPSLULFDO�GDWD�>�@��7KLV�

VHOHFWLRQ�JLYHV�WKH�VDPH�LPSRUWDQFH�ERWK�WR�ULGJH�GLUHFWLRQ�DQG�WR�WKH�GLUHFWLRQ�SHUSHQGLFXODU�WR�LW��,Q�
RUGHU�WR�GHFUHDVH�WKH�VWDQGDUG�GHYLDWLRQ�RI�WKH�*DXVVLDQ�HQYHORSH�LQ�WKH�GLUHFWLRQ�SHUSHQGLFXODU�WR�WKH�

ULGJH� GLUHFWLRQ� � �

�G �� ZH� VHW� WKRVH� YDOXHV� WR� ���� DQG� ����� UHVSHFWLYHO\�� 7KH� QHZ� SDUDPHWHU� VHWWLQJ�

FUHDWHV�OHVV�VSXULRXV�ULGJHV�DQG�PDNHV�WKH�ILOWHU�PRUH�UREXVW�WR�QRLVH��)RU�D�JLYHQ�UHVROXWLRQ��WKH�YDOXH�
RI� WKH�ULGJH�IUHTXHQF\�LQ�D� ORFDO�QHLJKERUKRRG�OLHV� LQ�D�FHUWDLQ� UDQJH�>�@��%\�FXWWLQJ�GRZQ�WKH�YDOLG�
IUHTXHQF\� UDQJH��ZH� DYRLG�ZURQJ� HVWLPDWLRQ� RI� WKH� IUHTXHQF\� LQ� EORFNV�ZKLFK� GR� QRW� IRUP� D�ZHOO�
GHILQHG�IUHTXHQF\��)LQDOO\�� IRU�EHWWHU�GHILQLWLRQ�RI� WKH�EORFN�FHQWHU�� LQ� WKH�ULGJH�IUHTXHQF\�DOJRULWKP�
ZH�GLYLGH�WKH�QRUPDOL]HG�LPDJH�LQWR�DQ�RGG�EORFN�RI�VL]H����[����LQVWHDG�RI����[�����
�
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������(QKDQFHPHQW�XVLQJ�D�XQLTXH�DQLVRWURSLF�ILOWHU�
,Q�WKLV�VHFWLRQ�ZH�SUHVHQW�D�QHZ�GLUHFW�JUD\�VFDOH�DSSURDFK�EDVHG�RQ�D�XQLTXH�DQLVRWURSLF�ILOWHU��

$� VWUXFWXUH�DGDSWLYH� DQLVRWURSLF� ILOWHULQJ� WHFKQLTXH� LV� SURSRVHG� E\� <DQJ� >��@� IRU� LPDJH� ILOWHULQJ��
,QVWHDG� RI� XVLQJ� ORFDO� JUDGLHQWV� DV� D�PHDQV�RI� FRQWUROOLQJ� WKH� DQLVRWURSLVP�RI� ILOWHUV�� LW� XVHV�ERWK� D�
ORFDO� LQWHQVLW\�RULHQWDWLRQ�DQG�DQ�DQLVRWURSLF�PHDVXUH�WR�FRQWURO�WKH�VKDSH�RI� WKH�ILOWHU��:H�PRGLILHG�
WKLV�DQLVRWURSLF�ILOWHU�E\�VKDSLQJ�WKH�ILOWHU�NHUQHO�DQG�DSSOLHG�LW�WR�ILQJHUSULQW�LPDJHV��7KH�EDVLF�LGHD�LV�
WKDW�WKH�ILOWHU�NHUQHO�LV�VKDSHG�RU�VFDOHG�DFFRUGLQJ�WR�ORFDO�IHDWXUHV�ZLWKLQ�D�JLYHQ�QHLJKERUKRRG��7KH�

ILOWHU�NHUQHO�DSSOLHG�DW�HDFK�SRLQW� �[ LV�GHILQHG�DV�IROORZV�>��@��
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ZKHUH Q� DQG� �Q �DUH�PXWXDOO\�QRUPDO�XQLW�YHFWRUV��DQG �Q� LV�SDUDOOHO�WR�WKH�ULGJH�GLUHFWLRQ��7KH�VKDSH�

RI�WKH�NHUQHO�LV�FRQWUROOHG�WKURXJK� �� �
�

� [V �DQG� �� 	




 [V � U �VDWLVI\�WKH�FRQGLWLRQ ���  [U �ZKHQ� U[ � ��

DQG� U � LV� WKH�PD[LPXP� VXSSRUW� UDGLXV��:H�PRGLILHG� WKH� RULJLQDO� ILOWHU� WR� D� EDQG�SDVV� ILOWHU� W\SH� LQ�
RUGHU�WR�DGDSW�LW�WR�ILQJHUSULQW�LPDJHV��7KH�SURSRVHG�DQLVRWURSLF�ILOWHU�KDV�WKH�IROORZLQJ�JHQHUDO�IRUP��
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ZKHUH� 9� DQG� 6� DUH� SDUDPHWHUV�� ZKLFK� PXVW� EH� DGMXVWHG� WR� D� VSHFLILF� DSSOLFDWLRQ�� $SSO\LQJ� D� �'�
)RXULHU�WUDQVIRUP�WR�HTXDWLRQ������ZH�REWDLQ�WKH�ILOWHU¶V�IUHTXHQF\�UHVSRQVH��
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ZKHUH�T � LV� WKH� ORFDO�SDWWHUQ�RULHQWDWLRQ�� U � LV� WKH�NHUQHO¶V�PD[LPDO�VXSSRUW� UDGLXV�DQG� 
 � VWDQGV� IRU�
FRQYROXWLRQ��:H�DGMXVWHG�WKH�ILOWHU�HPSLULFDOO\�E\�VHWWLQJ�WKH�ILOWHU�SDUDPHWHUV�WR� �� 9 �DQG� �� 6 ���
7KH� ILOWHU� IUHTXHQF\� UHVSRQVH� KDV� EDQGSDVV� ILOWHU� FKDUDFWHULVWLFV�� DQG� ZDV� IRXQG� WR� EH� HIIHFWLYH� LQ�
UHPRYLQJ� QRLVH��ZKLOH� SUHVHUYLQJ� WKH� ORFDO� ULGJH� IUHTXHQF\� RI� WKH� ILQJHUSULQW� LPDJH��7KH� IUHTXHQF\�
EDQGV�WUDQVIHUUHG�E\�WKH�ILOWHU�LQFOXGH�DOPRVW�DOO�W\SLFDO�ORFDO�ULGJH�IUHTXHQFLHV�WKDW�OLH�ZLWKLQ�D�FHUWDLQ�
UDQJH� IRU� D� JLYHQ� LPDJH� UHVROXWLRQ� >�@�� )LJXUH� �� VKRZV� D� FRPSDULVRQ� RI� LPSXOVH� DQG� IUHTXHQF\�
UHVSRQVHV�IRU� WKH�RULJLQDO�DQG�WKH�PRGLILHG�DQLVRWURSLF�ILOWHU��%RWK�ILOWHUV�KDYH�GLUHFWLRQDO�*DXVVLDQ�
OLNH�VKDSHG�NHUQHOV� LQ� WKH�VSDFH�GRPDLQ��+RZHYHU��LQ�WKH�IUHTXHQF\�GRPDLQ�WKH�RULJLQDO�ILOWHU�VKRZV�
ORZ�SDVV��RQH�SHDN�LQ�WKH�FHQWHU��ILOWHU�FKDUDFWHULVWLFV��ZKLOH�WKH�PRGLILHG�DQLVRWURSLF�ILOWHU�UHSUHVHQWV�
EDQGSDVV� ILOWHU� FKDUDFWHULVWLFV� �WZR� SHDNV� V\PPHWULFDOO\� ORFDWHG� DURXQG� WKH� FHQWHU��� $Q� DFFXUDWH�

HVWLPDWLRQ� RI� WKH� VSDFH� FRQVWDQWV� �� �

�
� [V � DQG� �� �

�
� [V � LQ� HTXDWLRQ� ���� LV� DFWXDOO\� ORFDO� IUHTXHQF\�

HVWLPDWLRQ��+RZHYHU��QR�DFFXUDWH�HVWLPDWLRQ�RI�WKHVH�FRQVWDQWV�LV�QHHGHG��:H�VHW�WKHP�HPSLULFDOO\�WR�

EH�DV�IROORZ�� ��� �

�
�  [V �DQG� ��� �

�
�  [V ��7KLV�VHWWLQJ�SURGXFHG�D�*DXVVLDQ�VKDSHG�NHUQHO�ILOWHU��ZLWK�

D�����UDWLR�EHWZHHQ�WKH�WZR�NHUQHO�D[HV���
:KHQ�D�ULGJHOLQH�HGJH�LV�HQFRXQWHUHG��WKH�NHUQHO�LV�GHIRUPHG�LQWR�DQ�HOOLSVH�ZLWK�D�PDMRU�D[LV�

DOLJQHG�SDUDOOHO�ZLWK�WKH�HGJH��)LJXUH�����7KHUHIRUH�VPRRWKLQJ�LV�SHUIRUPHG�DORQJ�EXW�QRW�DFURVV�WKH�
ULGJHOLQH�� 2XU� DSSURDFK� LV� TXLWH� VLPLODU� WR� WKH� *DERU�EDVHG� WHFKQLTXH�� DV� ERWK� DUH� XVLQJ� RULHQWHG�
ILOWHUV��%\�DSSO\LQJ�RXU�ILOWHU��RQO\�RULHQWDWLRQ�LQIRUPDWLRQ�LV�UHTXLUHG��,Q�RXU�HQKDQFHPHQW�DOJRULWKP�
ZH�UHSODFHG�WKH�*DERU�ILOWHU�XVHG�E\�+RQJ�>�@�ZLWK�WKH�SURSRVHG�DQLVRWURSLF�ILOWHU��ZKLFK�HOLPLQDWHV�
WKH� QHHG� WR� HVWLPDWH� ORFDO� IUHTXHQF\� LQIRUPDWLRQ�� 7KLV� PDNH� RXU� DOJRULWKP� IDVWHU� WKDQ� WKH� RQH�
SURSRVHG� E\� +RQJ�� 7KH� PDLQ� DGYDQWDJHV� RI� WKH� DQLVRWURSLF� ILOWHU� DUH� LWV� QRQGHSHQGHQFH� RQ� ULGJH�
IUHTXHQF\�DQG�LWV�UREXVWQHVV�DJDLQVW�QRLVH�DQG�GLVWRUWLRQV�LQ�WKH�ULGJH�IUHTXHQF\�LPDJH��

�
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���([SHULPHQWDO�5HVXOWV�
,Q�RUGHU�WR�TXDQWLWDWLYHO\�DVVHVV�WKH�SHUIRUPDQFH�RI�WKH�ILQJHUSULQW�HQKDQFHPHQW�DOJRULWKP�WKH�

IROORZLQJ�HUURU�FULWHULD�DUH�GHILQHG��
'URSSHG�PLQXWLDH��0LQXWLDH�WKDW�ZHUH�QRW�IRXQG�LQ�WKH�QHLJKERUKRRG�RI�WUXH�PLQXWLDH��
)DOVH�PLQXWLDH��0LQXWLDH�WKDW�ZHUH�IRXQG�LQ�WKH�UHJLRQ�QRW�FRQWDLQLQJ�WUXH�PLQXWLDH��
([FKDQJHG� PLQXWLDH�� 0LQXWLDH� GLIIHULQJ� IURP� WKH� WUXH� PLQXWLDH� W\SH� LQ� WKH� VDPH� LPDJH�
UHJLRQ��

�
����&RPSDULVRQ�RI�ELQDUL]DWLRQ�EDVHG�PHWKRGV�

+HUH�ZH�FRPSDUH�RXU�ELQDUL]DWLRQ�EDVHG�PHWKRG�ZLWK�VRPH�RWKHU�VLPLODU�WHFKQLTXHV��0DLR�>�@�
UHSRUWV� WKH� DYHUDJH� HUURU� SHUFHQWDJH� REWDLQHG� ZLWK� IRXU� GLIIHUHQW� VFKHPHV� �%�&�'�(�� EDVHG� RQ�
ELQDUL]DWLRQ�DQG�WKLQQLQJ��:H�UHIHU�WR�0DLR��>�@��)LJ������DQG�XVH�ILQJHUSULQWV�IURP�WKH�VDPH�VDPSOH�
VHW�LQ�RUGHU�WR�FRPSDUH�WKRVH�IRXU�VFKHPHV�WR�RXU�ELQDUL]DWLRQ�VFKHPH��QDPHG�)��VHH�6HFWLRQ�������7KH�
VDPSOHV� VHW� FRQVLVWV� RI� ��� ILQJHUSULQWV� WDNHQ� IURP� 1,67�� DQ� )%,� VDPSOH� DQG� WKURXJK� DQ� RSWR�
HOHFWURQLF� GHYLFH�� )LJXUH� ��� VKRZV� WKH� DYHUDJH� HUURU� SHUFHQWDJH� REWDLQHG� ZLWK� WKH� ILYH� GLIIHUHQW�
DSSURDFKHV��7KH� UHVXOWV�DUH� UHSRUWHG� LQ� WHUPV�RI�XQGHWHFWHG��GURSSHG���QRQ�H[LVWHQW��IDOVH���DQG�W\SH�
H[FKDQJHG��H[FKDQJHG��PLQXWLDH�>�@���
�
�
�
����&RPSDULVRQ�RI�GLUHFW�JUD\�VFDOH�PHWKRGV�

,Q� WKLV� VHFWLRQ�ZH� FRPSDUH� WKH� HQKDQFHPHQW� UHVXOWV� FRQGXFWHG�RQ�JUD\�VFDOH� LPDJHV�E\� IRXU�
GLIIHUHQW� PHWKRGV�� WKH� GLUHFW� JUD\�VFDOH� PLQLDWXUH� GHWHFWLRQ� �*�� XVHG� E\� 0DLR� >�@�� WKH� PRGLILHG�
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*DERU�EDVHG� ILOWHULQJ� �+�� �VHH� 6HFWLRQ� �������� WKH� SURSRVHG� DQLVRWURSLF� ILOWHU� �,�� DQG� WKH� RULJLQDO�
DQLVRWURSLF�ILOWHU��-���6HFWLRQ���������

)LJXUH����FRPSDUHV�WKH�DYHUDJH�HUURU�SHUFHQWDJH�REWDLQHG�E\�DSSO\LQJ�WKH�IRXU�GLIIHUHQW�ILOWHUV�
�*��+��,��-�� IRU� WKH�VDPH�VDPSOH�VHW�DV� LQ������7KH�DYHUDJH�HUURU�SHUFHQWDJH�LV�H[SUHVVHG�LQ� WHUPV�RI�
IDOVH��GURSSHG�DQG�H[FKDQJHG�PLQXWLDH����

)LJXUH� ��� VKRZV� HQKDQFHPHQW� UHVXOWV� REWDLQHG� IRU� SRRU�TXDOLW\� ILQJHUSULQW� LPDJHV�� ZKLFK�
FRQWDLQ� UHJLRQV� WKDW� GR� QRW� IRUP� D� ZHOO�GHILQHG� ORFDO� ULGJH� IUHTXHQF\�� 7KHVH� UHJLRQV� DUH� PRVWO\�
HQFRXQWHUHG� LQ� WKH� QHLJKERXUKRRG� RI� ILQJHUSULQW� LPDJH� VLQJXODU� SRLQWV�� FRUH� DQG� GHOWD� >�@�� 7KH�
HQKDQFHPHQW�ZDV�FDUULHG�RXW�ZLWK�WKH�*DERU�EDVHG�DOJRULWKP��6HFWLRQ���������DQG�ZLWK�WKH�DQLVRWURSLF�
ILOWHU� �6HFWLRQ� �������� %RWK� WKH� RULJLQDO� DQG� WKH� LPSURYHG� DQLVRWURSLF� ILOWHUV� RXWSHUIRUP� WKH�*DERU�
EDVHG�ILOWHUV�IRU�WKRVH�UHJLRQV�ZKLFK�FRQWDLQ�VLQJXODU�SRLQWV��

)LJXUH� ��� FRPSDUHV� WKH� HQKDQFHPHQW� UHVXOWV� REWDLQHG� E\� DSSO\LQJ� WKH� WZR� GLIIHUHQW� ILOWHU�
WHFKQLTXHV��WKH�DQLVRWURSLF�ILOWHU�DQG�WKH�*DERU�ILOWHU��WR�VRPH�ILQJHUSULQW�LPDJHV�IURP�WKH�VDPSOH�VHW��

)LJXUH����VKRZV� WKH�PLQXWLDH�H[WUDFWHG� IURP�VRPH� LQSXW� LPDJHV�DQG�IURP�WKH�FRUUHVSRQGLQJ�
ILOWHUHG�LPDJHV��,W�FDQ�EH�VHHQ�WKDW�WKH�XVH�RI�WKH�SURSRVHG�HQKDQFHPHQW�DOJRULWKP�UHVXOWV�LQ�D�EHWWHU�
PLQXWLDH�VHW�WKDW�LQ�WXUQ�ZLOO�OHDG�WR�LPSURYHPHQWV�LQ�PDWFKLQJ�SHUIRUPDQFH���

7DEOH���VKRZV�WKH�ZDOO�WLPH�IRU�GLIIHUHQW�VWDJHV�RI�WKH�*DERU�EDVHG�HQKDQFHPHQW�DOJRULWKP�>�@�
DQG� WKH� WRWDO� WLPH�RQ� D�3HQWLXP����0+]�3&��7KH� HQKDQFHPHQW� DOJRULWKP�EDVHG�RQ� WKH� DQLVRWURSLF�
ILOWHU�GRHV�QRW�UHTXLUH�WKH�HVWLPDWLRQ�RI�WKH�ORFDO�ULGJH�IUHTXHQF\�LQIRUPDWLRQ��7KHUHIRUH�LW�VDYHV�DERXW�
���RI�WKH�SURFHVVLQJ�HIIRUW�FRPSDUHG�WR�WKH�*DERU�EDVHG�HQKDQFHPHQW�DOJRULWKP��

�
�

�
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���6XPPDU\�DQG�&RQFOXVLRQV�
7KH�WHFKQLTXHV�EDVHG�RQ�GLUHFW�JUD\�VFDOH�HQKDQFHPHQW�SHUIRUP�EHWWHU�WKDQ�DSSURDFKHV�ZKLFK�

UHTXLUH� ELQDUL]DWLRQ� DQG� WKLQQLQJ� DV� LQWHUPHGLDWH� VWHSV�� 7KH� DYHUDJH� HUURU� SHUFHQWDJH�� LQ� WHUPV� RI�
GURSSHG��H[FKDQJHG�DQG�IDOVH�PLQXWLDH��DV�SURGXFHG�E\�RXU�ELQDUL]DWLRQ�DSSURDFK�)�� LV�FRQVLGHUDEO\�
ORZHU�WKDQ�WKH�HUURUV�SURGXFHG�E\�DSSURDFKHV�%��&�DQG�'�DQG�FRPSDUDEOH�WR�WKH�HUURUV�SURGXFHG�E\�
DSSURDFK� (�� � 7KH�PRGLILHG� *DERU� ILOWHU� +� SHUIRUPV� EHWWHU� WKDQ� WKH� RULJLQDO� VFKHPH� LQWURGXFHG� E\�
+RQJ�>�@��HVSHFLDOO\�IRU�SRRU�TXDOLW\�LPDJHV�ZLWK�FRUUXSWHG�ULGJHV�DQG�EORFNV�ZLWK�VLQJXODU�SRLQWV���

$OWKRXJK�WKH�DQLVRWURSLF�ILOWHU�KDV�EHHQ�DOUHDG\�DSSOLHG�WR�ILQJHUSULQWV�>��@��WR�WKH�EHVW�RI�RXU�
NQRZOHGJH� WKLV� LV� WKH� ILUVW� WLPH� WKDW� D� VWUXFWXUH�DGDSWLYH� DQLVRWURSLF� ILOWHU�� ZKLFK� GRHV� QRW� XVH� WKH�
GLIIXVLRQ�WHFKQLTXH��KDV�EHHQ�DSSOLHG�WR�ILQJHUSULQW�LPDJHV��,PSURYHPHQWV�ZHUH�PDGH�WR�WKH�RULJLQDO�
DQLVRWURSLF� ILOWHU� LQ� RUGHU� WR� DGMXVW� LW� WR� ILQJHUSULQW� LPDJHV�� 7KH� UHVXOWLQJ� ILOWHU� VKRZV� UREXVWQHVV�
DJDLQVW� QRLVH�� ZKLOH� UHVWRULQJ� WKH� WUXH� ULGJH�YDOOH\� RI� D� ILQJHUSULQW� LPDJH�� 7KH� SHUIRUPDQFH�
FRPSDULVRQ� VKRZV� WKDW� DQ�DQLVRWURSLF� ILOWHU�RXWSHUIRUPV� WKH�*DERU� ILOWHU� IRU�SRRU�TXDOLW\� ILQJHUSULQW�
LPDJHV��0RUHRYHU��DSSO\LQJ� WKH�SURSRVHG�DQLVRWURSLF�ILOWHU� WR�ILQJHUSULQW� LPDJHV�HOLPLQDWHV� WKH�QHHG�
IRU�DFFXUDWH�HVWLPDWLRQ�RI� ORFDO�IUHTXHQF\�LQIRUPDWLRQ��DV� LPSOHPHQWHG�E\�RWKHU�*DERU�EDVHG�ILOWHUV��
7KH�SURSRVHG�HQKDQFHPHQW�VFKHPH�LV�IDVWHU�DQG�HIILFLHQW�DV�ZHOO��
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5HIHUHQFHV�
��� 0DLR�� '�� 	� 0DOWRQL�� '�� ������� 'LUHFW� *UD\�6FDOH� 0LQXWLDH� 'HWHFWLRQ� ,Q� )LQJHUSULQWV�� ,Q��

,(((�7UDQV��3DWWHUQ�$QDO\VLV�DQG�0DFKLQH�,QWHOOLJHQFH�������������
��� �+RQJ�� /��� :DQ�� <�� 	� -DLQ�� $�� ������� )LQJHUSULQW� ,PDJH� (QKDQFHPHQW�� $OJRULWKP� DQG�

3HUIRUPDQFH�(YDOXDWLRQ��,Q��,(((�7UDQV��3DWWHUQ�$QDO\VLV�DQG�0DFKLQH�,QWHOOLJHQFH����������
�����

��� /HH��+�&��	��*DHQVVOHQ��5�(����������$GYDQFHG�LQ�)LQJHUSULQW�7HFKQRORJ\��1<��(OVHYLHU��
��� �+ROOLQJXP�� -�� ������� $XWRPDWHG� )LQJHUSULQW� $QDO\VLV� 2IIHUV� )DVW� 9HULILFDWLRQ�� ,Q�� 6HQVRU�

5HYLHZ�������������
��� �+RQJ�� /��� -DLQ�� $�.��� 3DQNDQWL�� 6�� 	� %ROOH�� 5�� ������� )LQJHUSULQW� (QKDQFHPHQW�� ,Q��3URF��

)LUVW�,(((�:$&9��6DUDVRWD��)OD������������
��� 2¶*RUPDQ��/��	�1LFNHUVRQ��-�9���������$Q�$SSURDFK�WR�)LQJHUSULQW�)LOWHU�'HVLJQ��,Q��3DWWHUQ�

5HFRJQLWLRQ��������������
��� 6KHUORFN�� '��� 0RQUR�� '�0�� 	� 0LOODUG�� .�� ������� )LQJHUSULQW� (QKDQFHPHQW� E\� 'LUHFWLRQDO�
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