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$XWRPDWLF�6HJPHQWDWLRQ�RI�7UDLQLQJ�6HW

IRU�)DFLDO�)HDWXUH�'HWHFWLRQ

+��'HPLUHO��7�-�:��&ODUNH�DQG�3�<�.��&KHXQJ

'HSDUWPHQW�RI�(OHFWULFDO�DQG�(OHFWURQLF�(QJLQHHULQJ
��,PSHULDO�&ROOHJH�RI�6FLHQFH��7HFKQRORJ\�DQG�0HGLFLQH

��([KLELWLRQ�5RDG��/RQGRQ�6:���%7��8.

$EVWUDFW

,Q� FRQYHQWLRQDO� � LPDJH�EDVHG� � IHDWXUH� GHWHFWLRQ� WLPH
FRQVXPLQJ� SUH�SURFHVVLQJ� VWHS� LV� UHTXLUHG� WR� PDQXDOO\
VHJPHQW� WKH� WUDLQLQJ� IHDWXUHV� IURP� XQVHJPHQWHG� IDFH
LPDJHV�� ,Q� WKLV� SDSHU�ZH� SUHVHQW� D� QRYHO�PHWKRG� RI� XVLQJ
DXWRPDWLFDOO\�VHJPHQWHG�IDFLDO��LPDJH�GDWD�IRU�IDFLDO�IHDWXUH
GHWHFWLRQ�� � $� TXDOLW\� PHDVXUH� LV� GHILQHG� WR� LGHQWLI\� WKRVH
LPDJH� GDWD� IURP� D� ODUJH� WUDLQLQJ� VHW� WKDW� DUH� EHWWHU� WR
GHVFULEH� WKH� IHDWXUH�� 7KH� EHVW� TXDOLW\� VXEVHW� LV� WKHQ
H[WUDFWHG� DQG� XVHG� WR� WUDLQ� WKH� IHDWXUH� GHWHFWRU�� 7KH
GHWHFWLRQ� SHUIRUPDQFH� REWDLQHG� � E\� DXWRPDWLFDOO\
VHJPHQWHG�GDWD�VHW��DIWHU�UHILQHPHQW�LV�DOPRVW�DV�KLJK�DV�WKDW
REWDLQHG� E\� IHDWXUH� GHWHFWRU� WUDLQHG� E\� D� PDQXDOO\
VHJPHQWHG�VHW�

���� ,QWURGXFWLRQ

$XWRPDWLF�GHWHFWLRQ�RI� IDFLDO� IHDWXUHV� LV� DQ� LPSRUWDQW� WDVN
LQ� IDFLDO� LPDJH� SURFHVVLQJ�� 2YHU� WKH� \HDUV�� YDULRXV
VWUDWHJLHV� KDYH� EHHQ� SURSRVHG�� 9LQFHQW��:DLWH� DQG�0\HUV
>�@�XVHG�PXOWLOD\HUHG�SHUFHSWURQV�DQG�PXOWL�UHVROXWLRQ�LGHD
WR� GHWHFW� IDFLDO� IHDWXUHV�� 'HIRUPDEOH� WHPSODWHV� E\� <XLOOH�
&RKHQ�DQG�+DOOLQDQ� >�@�� DV�ZHOO� DV�� HLJHQIHDWXUHV�� GHULYHG
IURP� 3ULQFLSDO� &RPSRQHQW� $QDO\VLV� �3&$�� WHFKQLTXH� E\
3HQWODQG��0RJKDGGDP�DQG�6WDUQHU�>�@��ZHUH�DOVR�SURSRVHG�
���7KHUH� DUH� WZR� PDLQ� DSSURDFKHV� IRU� IDFLDO� IHDWXUH
GHWHFWLRQ��2QH�PHWKRG�LV�WR�XVH�JHRPHWULFDO�LQIRUPDWLRQ�RI
IDFLDO� IHDWXUHV�� (DFK� IHDWXUH� LV� GHVFULEHG� DV� JHRPHWULFDO
VKDSHV�� IRU� H[DPSOH� H\H� SXSLO� LV� DQ� H[DFW� FLUFOH�� 7KLV
PHWKRG� FDQ� SURGXFH� JRRG� UHVXOWV�� EXW� LW� WDNHV� FRPSOHWH
UHGHVLJQ�IRU�GLIIHUHQW�IHDWXUHV��7KH�VHFRQG�PHWKRG�LV�LPDJH�
EDVHG� IHDWXUH� GHWHFWLRQ�� ZKHUH� D� W\SLFDO� VHW� RI� PDQXDOO\
VHJPHQWHG� LPDJHV� DUH� XVHG� WR� GHVFULEH� WKH� IDFLDO� IHDWXUHV�
,PDJH�EDVHG� IHDWXUH� GHWHFWLRQ� PHWKRG� � UHTXLUHV� FDUHIXO
VHOHFWLRQ� RI� WKH� W\SLFDO� IDFLDO� IHDWXUHV� DV� WKH� WUDLQLQJ� VHW�
7KH�VHOHFWLRQ��UHTXLUHV�KXPDQ�VXSHUYLVLRQ�DQG�WDNHV�D�ORW�RI
WLPH�� ,Q� WKLV� SDSHU�� ZH� SURSRVH� D� QRYHO� PHWKRG� RI
DXWRPDWLFDOO\�VHJPHQWLQJ�IDFLDO�LPDJH�SDWFKHV�WR�EH�XVHG�DV
WKH� WUDLQLQJ� VHW� IRU� WKH� IHDWXUH� GHWHFWLRQ�� :H� GHILQHG� D
TXDOLW\�PHDVXUH� � WR� LGHQWLI\� WKH� LPDJH� GDWD� IURP� D� � ODUJH
DXWRPDWLFDOO\� VHJPHQWHG� VHW� WKDW� DUH� EHVW� WR� GHVFULEH� WKH
IHDWXUH��6RPH�LPDJHV�LQ�WKLV�GDWD�VHW��DUH�ORZ�TXDOLW\�QRLV\
GDWD��L�H��PDMRU�GLVSODFHPHQW�RI�WKH�LQWHQGHG��IDFLDO�IHDWXUH
ZLWKLQ� WKH� LPDJH� ��� DQG� VRPH� RI� WKH� � LPDJHV� � DUH� KLJK
TXDOLW\�GDWD��L�H��WKH�FHQWHU�RI�WKH�LPDJH�LV�DOVR�WKH�FHQWHU�RI
WKH� LQWHQGHG�IHDWXUH��� �7KH�DXWRPDWLFDOO\� VHJPHQWHG� LPDJH
VHW���LV���FDOOHG���WKH��LQLWLDO��WUDLQLQJ��VHW���:H��LQWURGXFHG��D

UHILQHPHQW� � PHWKRG� EDVHG� RQ� WKH� TXDOLW\� PHDVXUH� RI� WKH
IHDWXUHV�RI� WKH� LQLWLDO� WUDLQLQJ�VHW��7KLV�PHWKRG�KHOSV�XV� WR
ILQG� D� VXEVHW� RI� WKH� LQLWLDO� WUDLQLQJ� VHW�� WKDW� FRQWDLQV� KLJK
TXDOLW\� GDWD�� 7KLV� VXEVHW� SURGXFHV� KLJK� GHWHFWLRQ
SHUIRUPDQFH�
���)HDWXUH�GHWHFWLRQ�SHUIRUPDQFH�GHSHQGV�RQ� WKH�TXDOLW\�RI
WKH� VHJPHQWHG� IDFLDO� IHDWXUHV�� ,Q�PDQXDO� VHJPHQWDWLRQ��ZH
XVH�KXPDQ�MXGJPHQW�RI�D�W\SLFDO�IHDWXUH��'HSHQGLQJ�RQ�WKH
MXGJPHQW� RI� GLIIHUHQW� LQGLYLGXDOV�� � GLIIHUHQW� WUDLQLQJ� VHWV
JLYLQJ� � GLIIHUHQW� GHWHFWLRQ� SHUIRUPDQFHV� DUH� REWDLQHG�� ,Q
RXU� PHWKRG� ZH� E\�SDVV� WKH� PDQXDO� VHJPHQWDWLRQ� DQG
HPSOR\� D� PHWKRG� IRU� DXWRPDWLF� VHJPHQWDWLRQ� RI� IHDWXUHV�
:H�RQO\�XVH�WKH�DYHUDJH�IDFH�REWDLQHG�E\�DGGLQJ�0�IURQWDO
IDFHV� GLYLGHG� E\� 0�� 7KH� DYHUDJH� IDFH� FRQWDLQV� HQRXJK
LQIRUPDWLRQ�IRU�XV�WR�GHFLGH�ZKLFK�FRPPRQ�YLVXDO�IHDWXUHV
H[LVW�DPRQJ�WKH�FRQWULEXWLQJ�IDFHV��DQG�ZKLFK�ORFDWLRQV�DUH
WKH�PRVW�OLNHO\�ORFDWLRQV�RI�WKHVH�IHDWXUHV���$YHUDJH�IDFH�LV
D� EOXUUHG� IDFH�OLNH� LPDJH�� 7KLV� LV� WKH� UHVXOW� RI� � � YDU\LQJ
H[SUHVVLRQV� �RSHQ�FORVHG� H\HV�� VPLOLQJ�QRW� VPLOLQJ��� IDFLDO
GHWDLOV��JODVVHV�QR�JODVVHV��DV�ZHOO�DV�VPDOO�VLGH�PRYHPHQWV
RI� WKH� LQGLYLGXDOV�� 7KH� DYHUDJH� IDFH� KDV� EOXUUHG� � IDFLDO
IHDWXUHV� �H\HV�� QRVH�� PRXWK� HWF���� � :H� FDOO� WKHVH� YLVXDO
IHDWXUHV� RQ� WKH� DYHUDJH� IDFH� DV� DYHUDJH� IHDWXUHV�� 7KH
H[LVWHQFH�RI��WKHVH�IHDWXUHV�DW�D�SDUWLFXODU�ORFDWLRQ�JLYHV�XV
DQ� LGHD� RI� WKH� VKDSH� DQG� WKH� SRVVLEOH� ORFDWLRQ� RI� WKDW
IHDWXUH�� )RU� H[DPSOH�� DQ� DYHUDJH� IHDWXUH� DW� ORFDWLRQ� �[�\�
VXJJHVWV� WKDW�� WKLV� ORFDWLRQ� � LV� WKH� PRVW� OLNHO\� ORFDWLRQ� RI
WKDW�IHDWXUH�LQ�DOO�WKH�IDFHV�FRQWULEXWLQJ�WR�WKH�DYHUDJH�IDFH�
���2QFH� ZH� JHW� DQ� DYHUDJH� IDFH� ZH� GHFLGH� ZKLFK� YLVXDO
IHDWXUHV� ZH� ZLOO� � XVH� � DQG� ZKHUH� WKHLU� ORFDWLRQV� DUH�� :H
DXWRPDWLFDOO\� VHJPHQW� LPDJHV� DW� WKRVH� ORFDWLRQV�� 6RPH� RI
WKH� VHJPHQWHG� LPDJHV� PD\� EH� QRZKHUH� FORVH� WR� D� IHDWXUH
ZKLFK�ZDV� WDUJHWHG��)RU� H[DPSOH�� HYHQ� LI�ZH�DUH� WU\LQJ� WR
PDNH�DQ�H\H�GHWHFWRU��VRPH�RI�WKH�LPDJHV�VHJPHQWHG�FDQ�EH
WKH� PLGGOH� RI� WKH� QRVH� LQ� VRPH� H[WUHPH� FDVHV�� 7KLV� LV
PRVWO\�EHFDXVH�RI�WKH�VLGH�PRYHPHQW�RI�WKH�LQGLYLGXDO�IDFH�
%XW�PDMRULW\�RI�WKH�VHJPHQWHG�GDWD�DUH�YHU\�FORVH�WR�EH�DQ
H\H�IHDWXUH�
���:KHQ� ZH� DXWRPDWLFDOO\� VHJPHQW� WKH� VHW� RI� LPDJHV
FRQWULEXWLQJ� WR� WKH� DYHUDJH� IHDWXUH��ZH� DSSO\� D� UHILQHPHQW
WHFKQLTXH� WR�REWDLQ� �D� VXEVHW�ZKLFK� LV�FRPSRVHG�RI�KLJKHU
TXDOLW\� IDFLDO� IHDWXUHV�� � 7KH� UHVW� RI� WKH� LPDJHV� DUH
GLVUHJDUGHG��6R��D�VXEVHW�RI�D�LQLWLDO�WUDLQLQJ�VHW�LV�REWDLQHG
IRU�EHWWHU�GHWHFWLRQ��,Q�RUGHU�WR�UHILQH�WKH�LQLWLDO�WUDLQLQJ�VHW
ZH�VLPSO\�XVH�DYHUDJH�WHPSODWH�REWDLQHG��E\��HQKDQFLQJ�WKH
JUD\� OHYHO� SL[HO� LQWHQVLW\� � RI� � DYHUDJH� IHDWXUH�� � � 7KLV
HQKDQFHPHQW� SURFHVV� WUDQVIRUPV� WKH� QRLV\� DYHUDJH� IHDWXUH
WR�D�WHPSODWH�ZKLFK�FDQ�EH�XVHG�DV�D�PRGHO�WR�UHSUHVHQW��WKH
VKDSH� LQIRUPDWLRQ�RI� WKH� �RI� WKH� LQWHQGHG� IHDWXUH��:H� �XVH

,QWHUQDWLRQDO�&RQIHUHQFH�RQ
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WKH� DYHUDJH� WHPSODWH� WR� � FDOFXODWH� PDWFKLQJ� GLVWDQFH
EHWZHHQ�WKH�WHPSODWH�DQG�HDFK�LPDJH�LQ��WKH�LQLWLDO��WUDLQLQJ
VHW��%HFDXVH� WKH�REWDLQHG� WHPSODWH� ORRNV� OLNH� WKH� LQWHQGHG
IHDWXUH� �L�H�� H\H��� LW� LV� YHU\� XVHIXO� IRU� URXJK� UHILQHPHQW� RI
WKH�LQLWLDO��WUDLQLQJ�VHW��)RU�HDFK�LPDJH�LQ�WKH�LQLWLDO�WUDLQLQJ
VHW�ZH���FDOFXODWH�WKH�PDWFKLQJ�GLVWDQFH�EHWZHHQ�WKH�LPDJH
DQG�WKH�DYHUDJH�WHPSODWH�RI�WKDW�IHDWXUH����7KH�LPDJHV��ZLWK
VPDOOHVW� � GLVWDQFH�YDOXHV� DUH� WKH�RQHV� WKH�PRVW� � VLPLODU� WR
WKH� DYHUDJH� WHPSODWH�� +HQFH� WKH\� DUH� KLJKHU� � TXDOLW\
IHDWXUHV����%\�WDNLQJ�ILUVW�0�� 0 1≤ ZKHUH�1�LV�WKH�QXPEHU
RI��DXWRPDWLFDOO\�VHJPHQWHG�LPDJHV��� LPDJHV�ZLWK�VPDOOHVW
PDWFKLQJ� GLVWDQFHV� ZH� JHW� WKH� EHVW� TXDOLW\� VXEVHW� RI� WKH
LQLWLDO�WUDLQLQJ�VHW��7KH�ODUJHU��WKH�LQLWLDO�WUDLQLQJ�VHW�LV�� WKH
PRUH� OLNHO\� WKDW� KLJKHU�TXDOLW\� LPDJHV� DUH� LQFOXGHG� LQ� WKLV
VHW�� 6R�� ODUJHU� LQLWLDO� WUDLQLQJ� VHW� SURGXFHV� � EHWWHU
SHUIRUPDQFH�
���2QFH�D� VXEVHW�RI�KLJKHU� �TXDOLW\� LPDJHV�DUH�REWDLQHG�ZH
XVH� HLJHQIHDWXUHV� WHFKQLTXH� >�@� IRU� IHDWXUH� GHWHFWLRQ�
(LJHQIHDWXUHV��WHFKQLTXH�LV�D�IHDVLEOH�ZD\�RI�3&$�LQ�IHDWXUH
GHWHFWLRQ� DQG� H[SODLQHG� LQ� VHFWLRQ� ��� 6HFWLRQ� �� � GHVFULEHV
DYHUDJH� IDFH� DQG� WKH� JHQHUDWLRQ� RI� WKH� LQLWLDO� WUDLQLQJ� VHW�
6HFWLRQ���H[SODLQV�WKH�UHILQHPHQW�RI�WKH�LQLWLDO�WUDLQLQJ�VHW�
6HFWLRQ���DQG���JLYHV�H[SHULPHQWDO�UHVXOWV�DQG�GLVFXVVLRQ�	
FRQFOXVLRQV�UHVSHFWLYHO\�

���� 3ULQFLSDO�&RPSRQHQW�$QDO\VLV��3&$�

3ULQFLSDO� &RPSRQHQW� $QDO\VLV� �3&$�� LV� D� WHFKQLTXH� RI
PDSSLQJ� KLJK� GLPHQVLRQDO� GDWD� RQWR� ORZHU� GLPHQVLRQDO
VSDFH��7KH�PDSSLQJ�GHSHQGV�RQ�WKH�VWDWLVWLFV�RI�WKH�WUDLQLQJ
VHW��3&$�LV�ZLGHO\�XVHG�LQ�VLJQDO�DQG�LPDJH�SURFHVVLQJ��7KH
WHFKQLTXH� LV�YHU\�SRSXODU� IRU� LPDJH�UHFRJQLWLRQ�>�@�� LPDJH
FRGLQJ� >�@� DQG� IHDWXUH� GHWHFWLRQ� >�@�� 7KH� XVH� RI� SULQFLSDO
FRPSRQHQWV� IRU� V\QWKHVL]LQJ� DQG� UHFRJQL]LQJ� LPDJHV� ZDV
ILUVW� VXJJHVWHG� E\� .LUE\� DQG� 6LURYLFK� >�@�� 7KH\� XVHG
SULQFLSDO� FRPSRQHQWV� � WR� UHSUHVHQW� SLFWXUH� RI� IDFHV�� 7XUN
DQG� 3HQWODQG� >�@� GHYHORSHG� � D� IHDVLEOH� 3&$� WHFKQLTXH� WR
UHFRJQL]H�IDFHV��HLJHQIDFHV�WHFKQLTXH��

�����&DOFXODWLRQ�RI�3ULQFLSDO�&RPSRQHQWV

�HLJHQIHDWXUHV�

/HW� � WKH� WUDLQLQJ� VHW� RI� IDFLDO� IHDWXUH� LPDJHV� EH� ,
�
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ZKHUH�0�LV�WKH�QXPEHU�RI�WKH�PDQXDOO\�VHJPHQWHG�IHDWXUHV
LQ�WKH�WUDLQLQJ�VHW��7KH�DYHUDJH�LPDJH�LV�FDOFXODWHG�DQG�D�VHW
RI�GLIIHUHQFH�LPDJHV�DUH�GHULYHG�E\�VXEWUDFWLQJ�WKH�DYHUDJH
LPDJH� IURP� HDFK� LPDJH� LQ� WKH� WUDLQLQJ� VHW�� 7KHQ� WKH
GLIIHUHQFH�LPDJHV�DUH�FRQYHUWHG��LQWR�VLQJOH�FROXPQ�YHFWRUV
E\� FRQFDWHQDWLQJ� FRQVHFXWLYH� URZV� RI� SL[HO� YDOXHV�� 7KH
DYHUDJH�IHDWXUH�LV�JLYHQ�E\
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6LQFH� WKH�QXPEHU�RI� LPDJHV� LQ� WKH� WUDLQLQJ�VHW� LV� OHVV� WKDQ
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���:KHQ�WKH�HLJHQYHFWRUV�DUH�REWDLQHG�IURP�WKH�WUDLQLQJ�VHW�
RWKHU�LPDJHV�RXWVLGH��WKH�VHW�FDQ�EH�UHSUHVHQWHG�DV�IROORZV�
7KH� QHZ� LPDJH� ,

QHZ�
� LV� WUDQVIRUPHG� LQWR� LWV� HLJHQYHFWRU
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GHVFULEHV� WKH� FRQWULEXWLRQ� RI� HDFK� HLJHQYHFWRU� LQ
UHSUHVHQWLQJ��WKH�QHZ�LPDJH�
���,Q� RXU� ZRUN� ZH� XVH� IDFLDO� IHDWXUHV� DV� WKH� WUDLQLQJ� VHW�
)ROORZLQJ� WKH� WHUPLQRORJ\� SUHVHQWHG� E\� 3HQWODQG�
0RJKDGGDP� DQG� 6WDUQHU� >�@� ZH� FDOO� WKH� HLJHQYHFWRUV
REWDLQHG�IURP�WKLV�VHW�DV�HLJHQIHDWXUHV��:KHQ�D�WUDLQLQJ�VHW
RI� 0� IHDWXUHV� DUH� XVHG� ZH� REWDLQ� 0��� QRQ]HUR
HLJHQIHDWXUHV��1RW����DOO����RI�����WKHVH������HLJHQIHDWXUHV�����DUH
QHHGHG���WR���UHSUHVHQW��WKH��IDFLDO��IHDWXUHV�>�@��7KH�ILUVW��0¶

�0¶ ≤0���HLJHQIHDWXUHV�ZLWK�KLJKHVW�DVVRFLDWHG�HLJHQYDOXHV
DUH�XVHG�WR�UHSUHVHQW�D�JLYHQ�LPDJH�

�����5HFRQVWUXFWLRQ�(UURU�IRU�)HDWXUH�'HWHFWLRQ

5HFRQVWUXFWLRQ� (UURU�� DOVR� NQRZQ� DV� UHVLGXDO� HUURU� DQG
'LVWDQFH�)URP�)HDWXUH�6SDFH��LV�D�YHU\�JRRG�LQGLFDWRU�IRU
IHDWXUH� GHWHFWLRQ�� 7KH� SL[HOV� ZKLFK� DUH� SRVLWLRQHG� DW� WKH
FHQWHU� RI� WKH� SRVVLEOH� VXELPDJHV� RI� WKH� IDFH� ZKLFK� FDQ
FRQWDLQ�WKH�IHDWXUH��DUH�PDSSHG�LQWR�HLJHQVSDFH��$IWHU�HDFK
SRVVLEOH�SL[HO� LV�SURFHVVHG�� WKH� UHFRQVWUXFWLRQ� HUURU�YDOXHV
DUH� DVVRFLDWHG� WR� HDFK� SL[HO�� 7KH� SL[HO� ZLWK� PLQLPXP
UHFRQVWUXFWLRQ� HUURU� LV� WKH� ORFDWLRQ� RI� WKH� IHDWXUH� WKDW
GHWHFWHG�
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���$YHUDJH�IDFH�SURYLGHV�XV�YDOXDEOH� LQIRUPDWLRQ�DERXW� WKH
GRPLQDQW� IHDWXUHV� RI� WKH� � IDFHV� FRQWULEXWLQJ� WR� LW�� )RU
H[DPSOH��LI�PRVW�RI�WKH�IDFHV�DUH�GDUN�DQG�IHZ�RI�WKH�IDFHV
DUH� OLJKW�� WKH� DYHUDJH� IDFH� LV� ERXQG� WR� EH� GDUN�� 6LPLODU
DUJXPHQW�DSSOLHV�WR�WKH�FRPPRQ�YLVXDO�IHDWXUHV�RI�WKH�IDFHV
LQ�WKH�FRQWULEXWLQJ�WR�WKH�DYHUDJH�IDFH��)RU�H[DPSOH�WKH�OHIW
H\HV�RI�WKH�IURQWDO�IDFHV�DUH�ERXQG�WR�EH�RQ�WKH�XSSHU�OHIW�RI
WKH� IDFH� LPDJHV�� $OWKRXJK� WKH� ORFDWLRQ� RI� � D� SDUWLFXODU
IHDWXUH� YDULHV� IURP� IDFH� WR� IDFH�� PRVW� RI� WKHP� FOXVWHUV
DURXQG� D� SDUWLFXODU� ORFDWLRQ�� 7KLV� ORFDWLRQ� FRUUHVSRQGV� WR
WKH�PHDQ�RI� WKH� ORFDWLRQV�RI� WKDW� SDUWLFXODU� � IHDWXUH� RI� WKH
IDFHV� LQ� WKH� JLYHQ� WUDLQLQJ� VHW�� 7KHUH� DUH� YDULDWLRQV� � LQ
H[SUHVVLRQV� �RSHQ�FORVHG� H\HV�� VPLOLQJ�QRW� VPLOLQJ��� IDFLDO
GHWDLOV� �JODVVHV�QR� JODVVHV��� IHDWXUH� VL]HV� DQG� VPDOO� VLGH
PRYHPHQW� FKDQJHV� RQ� WKH� IDFHV�� $V� D� UHVXOW� RI� WKHVH
YDULDWLRQV� WKH� DYHUDJH� IDFH� LV� D� EOXUUHG� IDFH�OLNH� LPDJH�
%HFDXVH� LW� ORRNV� OLNH� D� IDFH�� ZH� FDQ� LGHQWLI\� WKH� YLVXDO
IHDWXUHV� RI� WKH� DYHUDJH� IDFH�� 7KHVH� DUH� DYHUDJH� IHDWXUHV�
)LJXUH���VKRZV�VDPSOHV�RI�IURQWDO�IDFHV�DV�ZHOO�DV�DYHUDJH
IDFH�REWDLQHG�E\�XVLQJ�����IURQWDO�IDFHV�
���7KH�DYHUDJH�IHDWXUHV�JLYH�XV�VRPH�LGHD�DERXW�WKH�VKDSH�RI
WKH�FRPPRQ��IDFLDO�IHDWXUHV�RI�WKH�IURQWDO�IDFHV�FRQWULEXWLQJ
WR�WKH�DYHUDJH�IDFH��,Q�DGGLWLRQ��WKH�ORFDWLRQ�RI�WKLV�DYHUDJH
IHDWXUH� JLYHV� XV� VRPH� LGHD� DERXW� WKH� VWDWLVWLFDO� � PHDQ
ORFDWLRQ� � RI� WKH� FRUUHVSRQGLQJ� IHDWXUH� FRQWULEXWLQJ� WR� WKH
DYHUDJH�IHDWXUH�
���,QLWLDO� WUDLQLQJ� VHW� LV� VHJPHQWHG� DXWRPDWLFDOO\� EDVHG� RQ
WKH�ORFDWLRQ�REWDLQHG�IURP�WKH�DYHUDJH�IDFH��%HFDXVH� WKHUH
LV�RQO\�RQH� DYHUDJH� LPDJH�ZH�QHHG� WR� ILQG� WKH� ORFDWLRQ�RI
WKH� DYHUDJH� IHDWXUHV� RQO\� RQFH�� :KHQ� WKLV� ORFDWLRQ� LV
REWDLQHG� ZH� DXWRPDWLFDOO\� VHJPHQW� IHDWXUHV� IURP� DOO� WKH
IDFHV� FRQWULEXWLQJ� WR� WKH� DYHUDJH� IDFH� DW� WKDW� ORFDWLRQ�� %\
WKLV�ZD\�ZH�JHW� ORZ�TXDOLW\�QRLV\� IHDWXUHV� DV�ZHOO� DV�KLJK
TXDOLW\� IHDWXUHV��2XU� DSSURDFK� LV� WR� DXWRPDWLFDOO\� VHJPHQW
DV�PDQ\�IDFLDO�IHDWXUHV�DV�SRVVLEOH�� �,Q�WKH�QH[W�VHFWLRQ�ZH
LQWURGXFH� D� PHWKRG� RI� LVRODWLQJ� KLJK� TXDOLW\� LPDJHV� IURP
ORZ�TXDOLW\�LPDJHV�

���� ��5HILQHPHQW�RI�WKH�$XWRPDWLFDOO\

�������6HJPHQWHG�7UDLQLQJ�6HW

7KH�IHDWXUHV�REWDLQHG�IURP�DXWRPDWLF�VHJPHQWDWLRQ�FRQWDLQV
KLJK�DQG�ORZ�TXDOLW\�LPDJHV��7KH�DYHUDJH�RI�WKHVH�IHDWXUHV
FDQ� KDUGO\� EH� UHFRJQL]HG� DV� D� IHDWXUH�� %XW� DV� ZH� FDQ
LGHQWLI\� LW�RQ� WKH�DYHUDJH� IDFH�DV�D� IHDWXUH�� WKDW�PHDQV� WKH
PDMRULW\� RI� WKH� FRQWULEXWLQJ� LPDJHV� DUH� � KLJK� TXDOLW\
IHDWXUHV� GRPLQDWLQJ� WKH� ORZ� TXDOLW\� IHDWXUHV�� %HFDXVH� ZH
XVH�ODUJH�QXPEHU�RI�IDFHV�WKH��QRLVH��LQWURGXFHG�E\�WKH�ORZ
TXDOLW\� LPDJHV� FDQFHOV� HDFK� RWKHU� XS� WR� D� FHUWDLQ� GHJUHH�
%XW��VWLOO�WKH�DYHUDJH�IHDWXUH�LV�YHU\�EOXUUHG��)LJXUH���D���
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)LJXUH����7KH�VDPSOH�IDFHV��L�H��D��E��DUH��XVHG�WR�REWDLQ�WKH
DYHUDJH�IDFH���F��

�������������������������������������
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)LJXUH�����&RQWUDVW�VWUHWFKLQJ�WUDQVIRUPDWLRQ�IXQFWLRQ��E��LV
XVHG� WR� HQKDQFH� DYHUDJH� IHDWXUH� �D�� WR� REWDLQ� DYHUDJH
WHPSODWH��F��

���:H�SURSRVH� WR�XVH� WKH�DYHUDJH� IHDWXUH� WR�REWDLQ�DYHUDJH
WHPSODWH�� 7KH� DYHUDJH� WHPSODWH� LV� GHILQHG� WR� EH� HQKDQFHG
YHUVLRQ� RI� WKH� DYHUDJH� IHDWXUH� WKDW� � FRQWDLQV�PXFK� FOHDUHU
VKDSH�LQIRUPDWLRQ�WKDQ�WKH�DYHUDJH�IHDWXUH��7KH�TXDOLW\�RI�D
JLYHQ�LPDJH�LV�FDOFXODWHG�DV�WKH�PDWFKLQJ�GLVWDQFH�EHWZHHQ
WKLV�WHPSODWH�DQG�WKH�LPDJH��7KH�TXDOLW\�PHDVXUH�LV�XVHG�WR
LGHQWLI\�WKH�EHVW�TXDOLW\�IHDWXUHV�IURP�WKH�LQLWLDO�WUDLQLQJ�VHW�
$YHUDJH�IHDWXUH�GRHV�QRW�FRQWDLQ�HQRXJK�VKDSH�LQIRUPDWLRQ�
7KLV�LV�EHFDXVH�WKH�G\QDPLF�UDQJH�RI�WKH�JUD\�OHYHO�LQWHQVLW\
SL[HOV�RI�WKH�DYHUDJH�LPDJH�LV�YHU\�VPDOO��,I�ZH�LQFUHDVH�WKH
UDQJH�RI� WKLV�G\QDPLF� UDQJH��ZH�FDQ�REWDLQ�D�QHZ� LPDJH� �
DYHUDJH� WHPSODWH� �� FRQWDLQLQJ� HQRXJK� VKDSH� LQIRUPDWLRQ
GHVFULELQJ� WKH� IHDWXUH�� � 7KLV� LV� D� VWDQGDUG� LPDJH
HQKDQFHPHQW�PHWKRG��DOVR�NQRZQ�DV�FRQWUDVW�VWUHWFKLQJ�
���/HW�U�DQG�V�EH�WKH�JUD\�OHYHO�LQWHQVLW\�RI�SL[HOV�EHIRUH�DQG
DIWHU� FRQWUDVW� VWUHWFKLQJ�� )LJXUH� ��E�� VKRZV� WKH
WUDQVIRUPDWLRQ�IXQFWLRQ�ZH�KDYH�XVHG�IRU�FRQWUDVW�VWUHWFKLQJ
RI� WKH� DYHUDJH� IHDWXUH�� � U

�

� LV� WKH� PLQLPXP� DQG� U
�

� LV� WKH
PD[LPXP�LQWHQVLW\� OHYHO� LQ� WKH�DYHUDJH�IHDWXUH��V
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� �DQG� �V
�

DUH�WKH�DYHUDJH�PLQLPXP�DQG�DYHUDJH�PD[LPXP��JUD\�OHYHO
LQWHQVLW\� OHYHOV� RI� WKH� LPDJHV� FRQWULEXWLQJ� WR� WKH� DYHUDJH
IHDWXUH�UHVSHFWLYHO\��7KH�YDOXHV�RI�V
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ZKHUH� ,
L
� LV� WKH� L
WK� DXWRPDWLFDOO\� VHJPHQWHG� IHDWXUH� RI� WKH

LQLWLDO� WUDLQLQJ� VHW� DQG�0� LV� WKH� QXPEHU� RI� DXWRPDWLFDOO\
VHJPHQWHG�IHDWXUHV�
���*LYHQ� DYHUDJH� IHDWXUH� ZLWK� JUD\� OHYHO� LQWHQVLW\�� U�� WKH
FRQWUDVW� VWUHWFKHG� DYHUDJH� WHPSODWH� ZLWK� JUD\� OHYHO
LQWHQVLW\�� V�� FDQ� EH� FRPSXWHG� E\� DSSO\LQJ� WKH� SLHFH�ZLVH
WUDQVIRUPDWLRQ�IXQFWLRQ�VKRZQ�LQ�)LJXUH���E��WR�HYHU\�SL[HO�
7KH�IXQFWLRQ�LV�GHILQHG�E\
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$IWHU� REWDLQLQJ� WKH� DYHUDJH� WHPSODWH� �)LJXUH� ��F��� ZH
FRPSXWH� WKH� PDWFKLQJ� GLVWDQFH� EHWZHHQ� DYHUDJH� WHPSODWH
DQG�HDFK�IHDWXUH�LQ�WKH�WUDLQLQJ�VHW��7KH�PDWFKLQJ�GLVWDQFH
LV� GHILQHG� WR� EH� WKH� (XFOLGHDQ� GLVWDQFH� EHWZHHQ� WKH� JLYHQ
LPDJH� DQG� WKH� DYHUDJH� WHPSODWH��7KH�PDWFKLQJ� GLVWDQFH� LV
WKH�NH\�TXDOLW\�PHDVXUH�ZH�XVH� WR� LGHQWLI\� WKH�EHVW�TXDOLW\
LPDJHV� IURP� WKH� LQLWLDO� WUDLQLQJ� VHW�� 7KH� LPDJHV� ZLWK� WKH
ORZHVW�PDWFKLQJ� GLVWDQFH� LV� WKH� EHVW� TXDOLW\� LPDJH�� ZKHUH
WKH� LPDJH� ZLWK� WKH� KLJKHVW� GLVWDQFH� LV� WKH� ZRUVW� TXDOLW\
LPDJH��%HFDXVH� WKH� DYHUDJH� WHPSODWH� FRQWDLQV� VRPH� VKDSH
LQIRUPDWLRQ�RI� WKH� IHDWXUH�� WKH�PDWFKLQJ�GLVWDQFH�VKRZV�XV
KRZ� VLPLODU� WKH� DYHUDJH� WHPSODWH� DQG� WKH� RWKHU� � LPDJH
IHDWXUHV� DUH�� 2XU� DSSURDFK� LV� WR� REWDLQ� D� VXEVHW� ZLWK� WKH
ORZHVW� PDWFKLQJ� GLVWDQFHV� RI� WKH� LQLWLDO� WUDLQLQJ� � VHW�� 7KH
DYHUDJH�WHPSODWH�PD\�QRW�EH�WKH�EHVW�PRGHO�IRU�WKH�IHDWXUH
LW� UHSUHVHQWV��%XW�� EHFDXVH� LW� FRQWDLQV� DYHUDJH� LQIRUPDWLRQ
REWDLQHG�IURP�WKH�FRPSOHWH�VHW��WKH�PDWFKLQJ�GLVWDQFH�JLYHV
XV� VRPH� LGHD� DERXW� WKH� VLPLODULW\� RI� WKH� IHDWXUH� DQG� WKH
DYHUDJH� WHPSODWH�� :H� DUH� QRW� FODLPLQJ� WKDW� WKH� XVH� RI
DYHUDJH� WHPSODWH� � LV� WKH� EHVW�PHWKRG� � IRU� UHILQHPHQW�� 7KH
DGYDQWDJH�RI�WKLV�DYHUDJH�WHPSODWH�LV�WKDW�LW�GRHV�QRW�UHTXLUH
WR� EH� PDQXDOO\� GHVLJQHG�� � $� VLPSOH� LPDJH� HQKDQFHPHQW
PHWKRG�LV�HQRXJK�WR�JHW�DYHUDJH�WHPSODWH�IURP�WKH�DYHUDJH
IHDWXUH�

���� ([SHULPHQWDO�5HVXOWV

,Q�RXU� H[SHULPHQWV�ZH�KDYH� XVHG� � JUD\� VFDOH� IDFH� LPDJHV�
7KH� LPDJHV� KDYH� YDULHG� OLJKWLQJ�� IDFLDO� H[SUHVVLRQV� DQG
IDFLDO� GHWDLOV�� $OO� WKH� LPDJHV� ZHUH� WDNHQ� DJDLQVW� D� GDUN
KRPRJHQHRXV� EDFNJURXQG� ZLWK� WKH� VXEMHFWV� LQ� XSULJKW�
IURQWDO� SRVLWLRQ� �ZLWK� WROHUDQFH� IRU� VRPH� VLGH� PRYHPHQW��
7KH�VL]H�RI�HDFK�IDFH�LPDJH�LV�����[���SL[HOV�ZLWK�����JUD\
OHYHOV� SHU� SL[HO�� 7KH� VL]H� RI� WKH� OHIW� DQG� WKH� ULJKW� H\H
IHDWXUHV��ZKLFK�DUH�XVHG�LQ�RXW�H[SHULPHQWV���LV���[���
���,Q� WKH� H[SHULPHQWV� ZH� KDYH� XVHG� ���� IDFHV� IRU� WUDLQLQJ
DQG�����IDFHV��IRU�WKH�WHVWLQJ�RI�WKH�GHWHFWLRQ�SHUIRUPDQFH
RI� WKH� IHDWXUH� GHWHFWRUV�� 7KH� SHUIRUPDQFH� RI� WKH� IHDWXUH
GHWHFWRUV�KDYH�EHHQ� FDOFXODWHG� �E\�XVLQJ�FRUUHFW� GHWHFWLRQ
UDWH�>�@���7KH�FRUUHFW�GHWHFWLRQ�UDWH�LV�WKH��SHUFHQWDJH�RI�WKH
IUDFWLRQ� RI� WKH� WHVW� VHW� � LPDJHV� FRUUHFWO\� GHWHFWHG� ZLWK� D
WROHUDQFH�RI���SL[HOV�

���,Q� WKH� ILUVW� H[SHULPHQW� PDQXDOO\� VHJPHQWHG� OHIW� H\H
IHDWXUHV� DUH� XVHG� DV� WUDLQLQJ� VHW� DQG� WKHQ� WKH� FRUUHFW
GHWHFWLRQ� UDWH� ZDV� FDOFXODWHG� IRU� GLIIHUHQW� QXPEHU� RI
WUDLQLQJ� VHWV�� :H� KDYH� REVHUYHG� UDSLG� LQFUHDVH� LQ� WKH
GHWHFWLRQ� SHUIRUPDQFH� � ZKHQ� ZH� XVH� PDQXDOO\� VHJPHQWHG
IHDWXUHV� IURP� �� WR� ���� � 7KH� SHUIRUPDQFH� RI� WKH� IHDWXUH
GHWHFWRU�FKDQJHV�VOLJKWO\��ZLWK�PRUH�WUDLQLQJ�IHDWXUH��,W�ZDV
REVHUYHG�WKDW����IHDWXUHV�JLYHV�����DQG�����IHDWXUHV�JLYH
�����7KLV�LV�EHFDXVH�PRUH�RU�OHVV����IHDWXUHV�LV�HQRXJK�WR
UHSUHVHQW�D� OHIW�H\H� IHDWXUH��0RUH� �DGGHG� IHDWXUHV� LPSURYH
WKH�SHUIRUPDQFH�VOLJKWO\��%\�PDNLQJ�XVH�RI�WKLV�REVHUYDWLRQ
ZH�GHFLGHG�WR�KDYH����LPDJHV� LQ�RXU�VXEVHW�REWDLQHG�IURP
WKH� DXWRPDWLFDOO\� VHJPHQWHG� IHDWXUHV� � DIWHU
UHILQHPHQW�H[SODLQHG�LQ�6HFWLRQ�����6WDUWLQJ�IURP����LPDJHV
WR� ���� LPDJHV� ��� DXWRPDWLFDOO\� VHJPHQWHG� LQLWLDO� WUDLQLQJ
VHWV�ZHUH�XVHG�E\�DGGLQJ����QHZ�LPDJHV�WR�WKH�SUHYLRXV�VHW�
���,Q�WKH�ILUVW�LQLWLDO�WUDLQLQJ�VHW�RI�����LPDJHV�ZH�XVHG�DOO�VHW
DV� WKH� UHILQHG� VHW�� 7KH� VHFRQG� � VHW� FRQWDLQHG� ��� LPDJHV�
$IWHU� UHILQHPHQW� ��� UHILQHG� LPDJHV� ZHUH� VHOHFWHG� IRU� WKH
WUDLQLQJ�RI�WKH�IHDWXUH�GHWHFWLRQ���7KH�WKLUG�VHW�FRQWDLQHG���
LPDJHV�� DQG� DJDLQ� ��� LPDJHV� ZHUH� VHOHFWHG�� 7KLV� ZDV
UHSHDWHG�XQWLO� � ���� DXWRPDWLFDOO\� VHJPHQWHG� VHW�ZDV� XVHG�
7KH�SHUIRUPDQFH�RI�WKH�ILUVW�VHW�LV������ZKHUH�SHUIRUPDQFH
REWDLQHG� E\� WKH� UHILQHG� VXEVHW� � RI� ���� WUDLQLQJ� LPDJHV� LV
�����7KH�UHVXOWV�VXJJHVW�WKDW�DV�WKH�QXPEHU�RI�WKH�WUDLQLQJ
VHW� LQFUHDVHV�� SURYLGHG� WKH� UHILQHG� VHW� VWD\V� DW� WKH� IL[HG
QXPEHU�� WKH� SHUIRUPDQFH� LQFUHDVHV�� � 0HDQZKLOH� ZH� KDYH
DOVR� FDOFXODWHG� � WKH� SHUIRUPDQFH� RI� WKH� DXWRPDWLFDOO\
VHJPHQWHG� WUDLQLQJ� VHW� ZLWKRXW� UHILQHPHQW�� 7KH� UHVXOW� LV
GUDPDWLF��7KH�WUDLQLQJ�VHW�ZKLFK�LV�QRW��UHILQHG��VKRZV�YHU\
ORZ�SHUIRUPDQFH��ZKLFK�LV��EHWZHHQ�����DQG�������)LJXUH
��D��VKRZV�WKH�H[SHULPHQWDO�UHVXOWV�RI�WKH�ILUVW��H[SHULPHQW�
���,Q� WKH� VHFRQG� H[SHULPHQW� VDPH� DSSURDFK� KDYH� EHHQ
DSSOLHG�WR�WKH�ULJKW�H\H��$JDLQ�WKH�VXEVHW�RI�WKH�UHILQHG�VHW
LV�IL[HG�WR�����7KH�SHUIRUPDQFH�RI�WKH�UHILQHG�VHW�IURP�WKH
DXWRPDWLFDOO\� VHJPHQWHG� WUDLQLQJ� VHW� VWDUWV� IURP����� DQG
LQFUHDVHV�WR�������DV�ZH�LQFUHDVH�WKH�QXPEHU�RI�WKH�WUDLQLQJ
VHW� IURP� ��� WR� ����� 7KH� SHUIRUPDQFH� ZLWKRXW� UHILQHPHQW
VWD\V� EHWZHHQ� ��� WR� ����� )LJXUH� ��E�� VKRZV� WKH
H[SHULPHQWDO�UHVXOWV�RI�WKH�VHFRQG�H[SHULPHQW�
���7KH� H[SHULPHQWDO� UHVXOWV� VXJJHVW� WKDW� DV�ZH� LQFUHDVH� WKH
QXPEHU� RI� DXWRPDWLFDOO\� VHJPHQWHG� WUDLQLQJ� LPDJHV� WKH
SHUIRUPDQFH�REWDLQHG�E\�XVLQJ�WKH�UHILQHG�VXEVHW�LQFUHDVHV�
3HUIRUPDQFH� REWDLQHG� E\� RXU� PHWKRG� LV� YHU\� FORVH� WR� WKH
SHUIRUPDQFH� RI� WKH� PDQXDO� VHJPHQWDWLRQ�� )OXFWXDWLRQV� RQ
WKH�SHUIRUPDQFH�DUH�EHFDXVH���RI���WKH��UHILQHPHQW���SURFHVV�
7KH� XVH� RI� QRLV\� DYHUDJH� WHPSODWH� REWDLQHG� E\� D� VLPSOH
LPDJH�HQKDQFHPHQW�RSHUDWLRQ�LV�QRW�DFFXUDWH�HQRXJK��%XW�LW
SURYHV� WKDW� E\� XVLQJ� UHILQHPHQW� DSSURDFK� ZH� FDQ� HPSOR\
DXWRPDWLF� VHJPHQWDWLRQ� RI� IDFLDO� IHDWXUHV� WR� REWDLQ� KLJK
GHWHFWLRQ� SHUIRUPDQFH� � DOPRVW� DV� KLJK� DV� PDQXDO
VHJPHQWDWLRQ�
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)LJXUH�����3HUIRUPDQFH�RI�WKH�IHDWXUH�GHWHFWRUV�IRU�WKH�OHIW��D��DQG�WKH�ULJKW��E��H\HV�IRU�PDQXDO��DXWRPDWLF�ZLWK�UHILQHPHQW�
DQG�DXWRPDWLF�ZLWKRXW�UHILQHPHQW�

���'LVFXVVLRQ�DQG�&RQFOXVLRQV

,Q�WKLV�SDSHU�ZH�KDYH�LQWURGXFHG�D�QRYHO�PHWKRG�IRU�XVLQJ
DXWRPDWLFDOO\� VHJPHQWHG� LPDJHV� IRU� WKH� IDFLDO� IHDWXUH
GHWHFWLRQ��7KH�DXWRPDWLFDOO\� VHJPHQWHG� LPDJH�VHW�FRQWDLQV
KLJK� DQG� ORZ� TXDOLW\� IHDWXUH� LPDJHV�� 2XU� DSSURDFK� LV� WR
REWDLQ�D�VXEVHW�ZLWK�KLJK�TXDOLW\�LPDJHV��:H�SHUIRUP��WKLV
E\� LQWURGXFLQJ� D� UHILQHPHQW� PHWKRG�� 7KH� UHILQHPHQW
PHWKRG� LV� EDVHG� RQ� WKH� PDWFKLQJ� GLVWDQFHV� DVVRFLDWHG� � WR
HYHU\� LPDJH�� VKRZLQJ� KRZ� VLPLODU� WKH\� DUH� WR� WKH� DYHUDJH
WHPSODWH� ZKLFK� LV� D� URXJK� PRGHO� RI� WKH� LQWHQGHG� IHDWXUH�
:H�XVH� IL[HG�QXPEHU�RI� LPDJHV� IRU� WKH� UHILQHG� VXEVHW��$V
ZH�LQFUHDVH�WKH�QXPEHU�RI�DXWRPDWLFDOO\�VHJPHQWHG�LPDJHV�
ZH�LQFUHDVH�WKH�SRVVLELOLW\�RI�LQFOXGLQJ�KLJKHU�TXDOLW\�IDFLDO
IHDWXUHV� WR� EH� LQFOXGHG� LQ� WKH� LQLWLDO� WUDLQLQJ� VHW�� 7KDW� LV
ZK\��DV�ZH�LQFUHDVH�WKH�QXPEHU�RI�DXWRPDWLFDOO\�VHJPHQWHG
IHDWXUHV�� WKH� GHWHFWLRQ� SHUIRUPDQFH� REWDLQHG� IURP� WKH
UHILQHG�VXEVHW�LQFUHDVHV�
����7KH� UHILQHPHQW� PHWKRG� EDVLFDOO\� GHSHQGV� RQ� WKH
WHPSODWH�REWDLQHG�IURP�WKH�DYHUDJH�IHDWXUH��7KH�WHPSODWH�LV
QRLV\�� EHFDXVH� LW� GHSHQGV� RQ� WKH� DYHUDJH� IHDWXUH�� %XW�� LW
FRQWDLQV� DYHUDJH� LQIRUPDWLRQ� FRQWULEXWHG� IURP� DOO� RI� WKH
DXWRPDWLFDOO\� VHJPHQWHG� LPDJHV�� DQG� WKH� H[WHQW� RI� WKH
GLVVLPLODULW\�RI�WKH�DXWRPDWLFDOO\�VHJPHQWHG�IHDWXUHV�LV�YHU\
KLJK�� 6R�� WKH�PDWFKLQJ� GLVWDQFH� EHWZHHQ� WKH� WHPSODWH� DQG
HDFK�LPDJH�LV�JRRG�HQRXJK�IRU�XV�WR�VHOHFW��D�UHOLDEOH��KLJK
TXDOLW\�VXEVHW��:H�GR�QRW�FODLP�WKDW� WKH�PDWFKLQJ�GLVWDQFH
EHWZHHQ� WKH� DYHUDJH� WHPSODWH� DQG� WKH� JLYHQ� LPDJH� LV� WKH
EHVW� LQGLFDWRU� IRU� WKH� TXDOLW\�� $OWHUQDWLYH� UHILQHPHQW
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