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$EVWUDFW
0DQ\� ZDWHUPDUNLQJ� PHWKRGV� DUH� EDVHG� RQ� DGGLQJ
SVHXGR�UDQGRP� QRLVH� LQ� WKH� VSDWLDO� GRPDLQ�� ,Q
JHQHUDO�� WKH� UREXVWQHVV� RI� WKH� ZDWHUPDUN� LV
GHWHUPLQHG� E\� PHDVXULQJ� WKH� UHVLVWDQFH� WR� -3(*�
FRPSUHVVLRQ�� DGGLQJ� *DXVVLDQ� QRLVH� DQG� DSSO\LQJ
OLQHDU�ILOWHUV��8VLQJ�WKHVH�SURFHVVLQJ�WHFKQLTXHV�WKH
TXDOLW\� RI� WKH� LPDJH� PXVW� EH� DIIHFWHG� VLJQLILFDQWO\
EHIRUH� WKH� ZDWHUPDUN� LV� UHPRYHG�� ,Q� WKLV� SDSHU� D
PHWKRG� LV� SURSRVHG� WR� HVWLPDWH� D� SVHXGR�UDQGRP
VSUHDG� VSHFWUXP� ZDWHUPDUN� RQO\� IURP� WKH
ZDWHUPDUNHG� LPDJH�� ,I� WKLV� HVWLPDWHG�ZDWHUPDUN� LV
VXEWUDFWHG� IURP� WKH� ZDWHUPDUNHG� LPDJH�� WKH
ZDWHUPDUN� LV� UHPRYHG�ZLWKRXW�GLVWRUWLQJ� WKH� LPDJH
VLJQLILFDQWO\�

��� ,QWURGXFWLRQ
0DQ\� VSDWLDO� VSUHDG� VSHFWUXP� ZDWHUPDUNLQJ
PHWKRGV� DUH� SURSRVHG� LQ� OLWHUDWXUH>����@�� %DVLFDOO\�
WKHVH� PHWKRGV� DGG� D� SVHXGR�UDQGRP� SDWWHUQ� WR� DQ
LPDJH�LQ� WKH�VSDWLDO�GRPDLQ� WR�HPEHG�D�ZDWHUPDUN�
7KLV�ZDWHUPDUN�FDQ�EH�GHWHFWHG�E\�FRUUHODWLQJ�ZLWK
WKH�VDPH�SDWWHUQ�RU�E\�DSSO\LQJ�RWKHU�VWDWLVWLFV�WR�WKH
ZDWHUPDUNHG�LPDJH�
)RU�RXU� LQLWLDO� H[SHULPHQWV�ZH�XVH� WKH�EDVLF� VSUHDG
VSHFWUXP� LPSOHPHQWDWLRQ� RI� 6PLWK� DQG� &RPLVNH\
>�@�� 7KH\� XVH� D� 'LUHFW�6HTXHQFH� 6SUHDG� 6SHFWUXP
PHWKRG�� ZKLFK� GLYLGHV� WKH� LPDJH� ILUVW� LQWR� Q[Q
EORFNV� WR� VWRUH� D� VWULQJ� RI� ZDWHUPDUN� ELWV� LQ� DQ
LPDJH�� (DFK� Q[Q� EORFN� FRQWDLQV� RQH� RI� WKH
ZDWHUPDUN� ELWV�� $� PRGXODWLRQ� IXQFWLRQ�� D� FRQVWDQW
LQWHJUDO�YDOXHG�JDLQ�IDFWRU�*�PXOWLSOLHG�E\�D�SVHXGR�
UDQGRP� EORFN� RI� ELWV�� HLWKHU� ��� RU� ���� LV� DGGHG� WR
HDFK�LPDJH�EORFN��$�SRVLWLYH�JDLQ�IDFWRU�*�LV�XVHG�WR
HPEHG� ZDWHUPDUN� ELW� ³�´� LQ� DQ� LPDJH� EORFN�
RWKHUZLVH� D� QHJDWLYH� JDLQ� IDFWRU� *� LV� XVHG�� 7KH
ZDWHUPDUN� LV� UHFRYHUHG� E\� GHPRGXODWLQJ� ZLWK� WKH
PRGXODWLRQ�IXQFWLRQ�
0DQ\� YDULDQWV� RI� WKLV� DSSURDFK� H[LVW�� 2QO\� D� IHZ
ZLOO� EH�PHQWLRQHG�KHUH��%HQGHU�HW�DO� >�@�� DQG�3LWDV
DQG� .DVNDOLV� >�@� GHVFULEH� WZR� SUHFXUVRUV� RI� WKLV
ZDWHUPDUNLQJ�PHWKRG��ZKLFK�DGG�RQH�ZDWHUPDUN�ELW

WR�DQ� LPDJH��/DQJHODDU�HW�DO� >�@� H[WHQG� WKH�PHWKRG
GHVFULEHG�LQ�>�@�WR�VWRUH�PRUH�ZDWHUPDUN�ELWV�LQ�RQH
LPDJH� DQG� WR� ILQG� RSWLPDO� JDLQ� IDFWRUV� IRU� HDFK
SVHXGR�UDQGRP�EORFN��+DUWXQJ�DQG�*LURG�>�@�H[WHQG
PHWKRG� >�@� IRU� UHDO�WLPH� ZDWHUPDUNLQJ� RI� 03(*
YLGHR�
,Q�JHQHUDO��WKH�VWUHQJWK�RI�WKH�PHWKRG�LV�GHWHUPLQHG
E\� PHDVXULQJ� WKH� UHVLVWDQFH� WR� -3(*�FRPSUHVVLRQ
>��@��WR�DGGLQJ�*DXVVLDQ�QRLVH�DQG�WR�OLQHDU�ILOWHULQJ�
8VLQJ�WKHVH�SURFHVVLQJ�WHFKQLTXHV�WKH�TXDOLW\�RI�WKH
LPDJH� PXVW� EH� DIIHFWHG� VLJQLILFDQWO\� EHIRUH� WKH
ZDWHUPDUN� LV� UHPRYHG�� 7KH� TXHVWLRQ� LV� LI� ZH� FDQ
H[SUHVV� WKH� VWUHQJWK� RI� D� ZDWHUPDUN� LQ� WHUPV� RI
UHVLVWDQFH� DJDLQVW� -3(*� FRPSUHVVLRQ� RU� ILOWHULQJ�
2WKHU� DWWDFNLQJ� WHFKQLTXHV� VKRXOG� EH� LQYHVWLJDWHG
ZKLFK�XVH�LQIRUPDWLRQ�RI�WKH�LPDJH�FRQWHQWV�DQG�WKH
ZDWHUPDUN�LWVHOI�
,Q� WKLV� SDSHU� D�PHWKRG� LV� SURSRVHG� WR� HVWLPDWH� WKH
SVHXGR�UDQGRP�VSUHDG�VSHFWUXP�ZDWHUPDUN�IURP�WKH
ZDWHUPDUNHG� LPDJH� RQO\�� ,I� D� QHDUO\� SHUIHFW
HVWLPDWLRQ� RI� WKH� ZDWHUPDUN� FDQ� EH� IRXQG�� WKLV
HVWLPDWHG� ZDWHUPDUN� FDQ� EH� VXEWUDFWHG� IURP� WKH
ZDWHUPDUNHG� LPDJH�� ,Q� WKLV� ZD\� WKH� ZDWHUPDUN� LV
UHPRYHG�ZLWKRXW�DIIHFWLQJ�WKH�TXDOLW\�RI�WKH�LPDJH�
,Q� 6HFWLRQ� �� WKH� SURSHUWLHV� RI� VSUHDG� VSHFWUXP
ZDWHUPDUNV�DUH�GHVFULEHG��,Q�6HFWLRQ���D�FRUUHODWLRQ
DWWDFN� RQ� WKHVH� ZDWHUPDUNV� LV� GLVFXVVHG�� 7KH� QHZ
DWWDFN� LV� LQWURGXFHG� LQ� 6HFWLRQ� ��� ([SHULPHQWDO
UHVXOWV� RI� WKLV� DWWDFN� DUH� SUHVHQWHG� LQ� 6HFWLRQ� ��
)LQDOO\�FRQFOXVLRQV�DUH�GUDZQ�

��� �3URSHUWLHV�RI�6SUHDG�6SHFWUXP�
:DWHUPDUNV

,I�ZH�DSSO\�WKH�PHWKRG�RI�6PLWK�DQG�&RPLVNH\�WR�DQ
LPDJH� ,�� D� UDQGRP� SDWWHUQ� :� FRQVLVWLQJ� RI� WKH
FRQVWDQWV� �F� DQG� �F� LV� DGGHG� WR� REWDLQ� WKH
ZDWHUPDUNHG�LPDJH�,:� �,�:��ZKHUH�F� LV�D�SRVLWLYH
LQWHJHU� YDOXH�� 7KH� ZDWHUPDUN� HQHUJ\� UHVLGHV� LQ� DOO
IUHTXHQF\� EDQGV�� &RPSUHVVLRQ� DQG� RWKHU
GHJUDGDWLRQV�PD\�UHPRYH�VLJQDO�HQHUJ\�IURP�FHUWDLQ
SDUWV� RI� WKH� VSHFWUXP�� EXW� VLQFH� WKH� HQHUJ\� LV
GLVWULEXWHG� DOO� RYHU� WKH� VSHFWUXP�� VRPH� RI� WKH



ZDWHUPDUN� UHPDLQV�� 7KH� UDQGRP� SDWWHUQ� :� LV
XQFRUUHODWHG�ZLWK�LPDJH�,��EXW�FRUUHODWHG�ZLWK�,:�
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(YDOXDWLRQ� RI� (TXDWLRQ� �� IRU� W\SLFDO� LPDJHV� \LHOGV
WKDW� r� UDQJHV� IURP� ����� WR� ������ +RZHYHU�� LI� WKH
ZDWHUPDUNHG�LPDJHV�DUH�FRPSUHVVHG�XVLQJ�WKH�-3(*
DOJRULWKP� RU� GLVWRUWHG�� WKH� DSSUR[LPDWLRQ� LQ
(TXDWLRQ� �� GRHV� QRW� KROG�� ,QGHHG�� WKH� FRUUHODWLRQ
FRHIILFLHQWV� GHFUHDVH� E\� D� IDFWRU� ��� ZKLOH� WKH
YDULDQFH�RI� �,�:��QHDUO\�HTXDOV� WKH�YDULDQFH�RI� WKH
-3(*�FRPSUHVVHG�YHUVLRQ�RI��,�:��
,I� DQ� DUELWUDU\� UDQGRP� SDWWHUQ� :[� LV� XVHG�� WKH
FRUUHODWLRQ�FRHIILFLHQW�ZLOO�EH�YHU\�VPDOO�
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7KLV�KROGV�RQO\�LI�:�DQG�:[�DUH�RUWKRJRQDO�DQG�:[

LV� QRW� FRUUHODWHG�ZLWK� ,�� 7\SLFDO� YDOXHV� IRU� DQRWKHU
UDQGRP� ZDWHUPDUN� :[� DQG� ,:� DUH� D� IDFWRU� ��

�

VPDOOHU�

��� &RUUHODWLRQ�$WWDFN
$�VLPSOH�DWWDFN�ZRXOG�EH� WR� VHDUFK� IRU�DOO� SRVVLEOH
UDQGRP� SDWWHUQV� DQG� WDNH� WKH� RQH� ZLWK� WKH� KLJKHVW
FRUUHODWLRQ�YDOXH�DV�SRVVLEOH�ZDWHUPDUN�SDWWHUQ��7KLV
DSSURDFK�KDV�VHYHUDO�GLVDGYDQWDJHV��,Q�WKH�ILUVW�SODFH
WKH� VHDUFK� VSDFH� LV� KXJH�� (YHQ� LI� WKH� ZDWHUPDUN
VKRXOG�PHHW�WKH�UHTXLUHPHQW�WKDW�WKH�QXPEHU�RI��F¶V
DQG�WKH�QXPEHU�RI��F¶V�DUH�HTXDO��PRUH�WKDQ��[�����

SRVVLEOH� SDWWHUQV� KDYH� WR� EH� FKHFNHG� IRU� D� ��[��
SL[HO� ZDWHUPDUN�� $V� D� ILUVW� VWHS�� ZH� FDUULHG� RXW
H[SHULPHQWV�ZLWK� D� JHQHWLF� DOJRULWKP� WR� VHDUFK� WKH
UDQGRP� SDWWHUQ� ZLWK� WKH� KLJKHVW� FRUUHODWLRQ
FRHIILFLHQW�ZLWK�,:� �,�:��,Q�VRPH�FDVHV�WKH�JHQHWLF
DOJRULWKP� IRXQG� D� SDWWHUQ� ZLWK� D� UHODWLYH� KLJK
FRUUHODWLRQ� ������ZLWK� ,:� DQG�QR� FRUUHODWLRQ�ZLWK�:
��������7KLV�PHDQV� WKDW� WKH�SDWWHUQ� LV�DGDSWHG� WR� WKH
LPDJH�FRQWHQWV�DQG�QRW�WR�WKH�ZDWHUPDUN�
7R� DYRLG� WKDW� WKH� JHQHWLF� DOJRULWKP� ILQGV� UDQGRP
SDWWHUQV�ZLWK�KLJKHU�FRUUHODWLRQ�FRHIILFLHQWV�WKDQ�WKH
HPEHGGHG� ZDWHUPDUN� ZH� PXVW� DGDSW� RXU� ILWQHVV
IXQFWLRQ�� )URP� WKH� SURSHUWLHV� RI� VSUHDG� VSHFWUXP
ZDWHUPDUNV�ZH�NQRZ�WKH�IROORZLQJ�DERXW�:�

�� r�:��,:��³�>������������@
�� r�:��,�� ��

�� :�LV�SVHXGR�UDQGRP�DQG�KDV�D�IODW�VSHFWUXP

,I�WKH�LPDJH�LV�GLVWRUWHG�E\�FRPSUHVVLRQ��r�:��,:��LV
XQNQRZQ��7RR�PDQ\�SDWWHUQV�PHHW� WKH� UHTXLUHPHQW
r�:�� ,��  � ��� 7KH� DGGLWLRQDO� LQIRUPDWLRQ� WKDW� :� LV
UDQGRP�DQG�KDV�D�IODW�VSHFWUXP�LV�DOVR�QRW�HQRXJK�WR
FUHDWH�D�VXLWDEOH�ILWQHVV�IXQFWLRQ��,I�ZH�KDYH�VHYHUDO
GLIIHUHQW� LPDJHV� ZLWK� WKH� VDPH� ZDWHUPDUN� RQ� LW� WR
RXU� GLVSRVDO�� WKHUH� DUH� VRPH� SRVVLELOLWLHV� �H�J�
FROOXVLRQ�DWWDFNV���$�ILWQHVV�IXQFWLRQ�IRU�WKH�JHQHWLF
DOJRULWKP�GHSHQGHQW�RQ�DOO�LPDJHV�FDQ�EH�XVHG��RU�LI
WKHUH�DUH�HQRXJK� LPDJHV�� WKH�DYHUDJH�RI� WKH� LPDJHV
FDQ�EH� WDNHQ�DV�HVWLPDWLRQ�RI� WKH�ZDWHUPDUN��%XW� LI
GLIIHUHQW� ZDWHUPDUNV� DUH� XVHG� IRU� HDFK� LPDJH�� ZH
KDYH�WR�IROORZ�DQRWKHU�DSSURDFK�

��� �(VWLPDWLQJ�:DWHUPDUN�XVLQJ�
,PDJH�,QIRUPDWLRQ

,Q� JHQHUDO�� D� ZDWHUPDUN� FDQ� EH� UHJDUGHG� DV� D
SHUFHSWXDOO\� LQYLVLEOH� HQIRUFHG� GLVWRUWLRQ� LQ� WKH
LPDJH��,Q�PRVW�FDVHV��WKLV�GLVWRUWLRQ�LV�QRW�FRUUHODWHG
WR� WKH� LPDJH� FRQWHQWV�� ,I� ZH� FRXOG� DSSO\� D� QHDUO\
SHUIHFW�LPDJH�PRGHO�WR�WKH�ZDWHUPDUNHG�LPDJH�,:� 
,�:��ZH�FRXOG�SUHGLFW� WKH� LPDJH�FRQWHQW $, DQG�ILQG
EDFN� DQ� HVWLPDWH� RI� WKH� ZDWHUPDUN� $:  � ,:� � $, �
%HFDXVH� SHUIHFW� LPDJH� PRGHOV� DQG� SHUIHFW� QRLVH
ILOWHUV�GR�QRW�H[LVW�� $, ZLOO�EH�GLIIHUHQW�IURP�,�DQG� $:
ZLOO�EH�GLIIHUHQW�IURP�:��2XU�REMHFWLYH�LV�WR�VHSDUDWH
,:�  $, � $: � LQ� VXFK� D� ZD\� WKDW� WKH� ZDWHUPDUN� LV
WRWDOO\� UHPRYHG� IURP� $, � DQG� UHVLGHV� FRPSOHWHO\� LQ
$: ��7KLV�PHDQV� WKDW� LPDJH� FRQWHQWV�PD\� UHPDLQ� LQ
WKH�SUHGLFWHG�ZDWHUPDUN�

$�16+3�FDXVDO�$5�PRGHO�� OLQHDU� VPRRWKLQJ� ILOWHUV
��[��DQG��[����.XZDKDUD�ILOWHUV��VHYHUDO�VL]HV���QRQ�
OLQHDU� UHJLRQ� EDVHG� ILOWHUV� DQG� ILOWHUV� EDVHG� RQ
WKUHVKROGLQJ� LQ� WKH� '&7�GRPDLQ� DUH� WHVWHG� WR
VHSDUDWH� ,:� LQ� $, DQG� $: �� ,Q� VRPH� FDVHV�� WKH
ZDWHUPDUN� FDQ� EH� UHWULHYHG� IURP� ERWK� $, DQG� $: �
ZKLOH� $, � KDV� VWLOO� D� UHDVRQDEOH�TXDOLW\� DQG� $: � GRHV
QRW� FRQWDLQ� DQ\� LPDJH� LQIRUPDWLRQ�� ,Q� RWKHU� FDVHV
WKH� ZDWHUPDUN� FDQ� RQO\� EH� UHWULHYHG� IURP� $: �� EXW
WKH� TXDOLW\� RI� $, � LV� VLJQLILFDQWO\� DIIHFWHG� DQG� WKH
LPDJH�FRQWHQWV��HVSHFLDOO\�WKH�HGJHV��UHPDLQ�LQ� $: �

:H� VHOHFW� VRPH� FDQGLGDWHV� IURP� WKH� VHSDUDWLRQ
RSHUDWLRQV� WKDW� WRWDOO\� GHVWUR\� WKH�ZDWHUPDUN� LQ� $, �
r�:�� $, �� � ��� )URP� WKHVH� FDQGLGDWHV� ZH� VHOHFW� WKH
RSHUDWLRQ�WKDW�KDV�WKH�KLJKHVW�FRUUHODWLRQ�FRHIILFLHQW
r� $: ��:�� LQ� D� WHVW� VHW� RI� �� LPDJHV�� ,Q� 7DEOH� �� WKH
FRUUHODWLRQ� FRHIILFLHQWV� IRU� VHYHUDO� VHSDUDWLRQ
RSHUDWLRQV�DUH�OLVWHG��7KH��[��PHGLDQ�ILOWHU�WXUQV�RXW
WR� EH� WKH� EHVW� VHSDUDWLRQ� RSHUDWLRQ� DQG� LV� XVHG� IRU
WKH� URXJK� HVWLPDWLRQ� RI� $:  � ,:�PHG�[��,:��
+RZHYHU��FRUUHODWLRQ�FRHIILFLHQWV�r� $: ��:��EHWZHHQ
����� DQG� ����� DUH� VWLOO� WRR� ORZ� DQG� $: � PXVW� EH

���

���



UHILQHG� IXUWKHU� E\� XVLQJ� LQIRUPDWLRQ� DERXW� WKH
ZDWHUPDUN�SURSHUWLHV�

7DEOH��� &RUUHODWLRQ�FRHIILFLHQWV�r� $: ��:��XVLQJ�
GLIIHUHQW�VHSDUDWLRQ�RSHUDWLRQV�

6HSDUDWLRQ�2SHUDWLRQ r� $: ��:�
0LVF��1RLVH�5HGXFWLRQ�)LOWHUV ���������
$XWR�5HJUHVVLYH�0RGHO ���������

0HGLDQ��[� ���������

7KH�HVWLPDWH� $: �GRHV�VWLOO�FRQWDLQ�HGJH�LQIRUPDWLRQ�
7R�SURWHFW��WKH��HGJHV�LQ��,:��ZH��OLPLW��WKH��UDQJH��RI
$: IURP�>���������@�WR�>�����@�EHIRUH�ZH�VXEWUDFW� $:
IURP� ,:�� ,Q� )LJXUH� �� WKH� PRGXOXV� RI� WKH� )RXULHU
7UDQVIRUP�RI�WKH�WUXQFDWHG� $: �LV�SUHVHQWHG�

7KH� KRUL]RQWDO�� YHUWLFDO� DQG� GLDJRQDO� SDWWHUQV� LQ
)LJXUH��� FOHDUO\� LQGLFDWH� WKDW� VRPH�GRPLQDWLQJ� ORZ
IUHTXHQF\� FRPSRQHQWV� DUH� SUHVHQW� LQ� WKH� VSHFWUXP�
6LQFH� D� VSUHDG� VSHFWUXP� ZDWHUPDUN� VKRXOG� QRW
FRQWDLQ� VXFK� GRPLQDWLQJ� FRPSRQHQWV�� WKHVH� FRPH
FHUWDLQO\�IURP�WKH� LPDJH�FRQWHQWV��7R�UHPRYH� WKHVH
FRPSRQHQWV�D��[��OLQHDU�KLJK�SDVV�ILOWHU�LV�DSSOLHG�WR

WKH� QRQ�WUXQFDWHG� $: �� $IWHU� WKH� ILOWHUHG� $: � LV
WUXQFDWHG�WR�WKH�UDQJH�>����@�WKH�)RXULHU�VSHFWUXP�DV
SUHVHQWHG�LQ�)LJXUH���LV�REWDLQHG�
7KH� FRUUHODWLRQ� FRHIILFLHQWV� EHWZHHQ� WKH� KLJK� SDVV
ILOWHUHG� $: � DQG� :�� r� $: �� :��� LQFUHDVH� WR� YDOXHV
DURXQG�����

,I�WKH�VR�IRXQG�ZDWHUPDUN� $: �LV�VXEWUDFWHG�IURP�WKH
ZDWHUPDUNHG� LPDJH� ,:� WKH� ZDWHUPDUN� LV� QRW
FRPSOHWHO\�UHPRYHG��7KLV�LV�QRW�VXUSULVLQJ��VLQFH�ZH
DUH� QRW� DEOH� WR� SUHGLFW� WKH� ORZ� IUHTXHQF\
FRPSRQHQWV� RI� WKH� ZDWHUPDUN�� 7KHVH� FRPSRQHQWV
FDQ�EH�OHIW�LQ� $, �E\�WKH�PHGLDQ�ILOWHU�RU�DUH�GLVFDUGHG
GXULQJ� WKH� KLJK� SDVV� ILOWHULQJ� VWDJH� RI� $: �� 7R
FRPSHQVDWH� IRU� WKH� IDFW� WKDW�ZH� KDYH� RQO\� IRXQG� D
SDUW�RI�WKH�ZDWHUPDUN�� $: �PXVW�EH�DPSOLILHG�ZLWK�D
FHUWDLQ� JDLQ� IDFWRU� $�� 7KH� FRPSOHWH� VFKHPH� IRU
UHPRYLQJ�D�ZDWHUPDUN�LV�UHSUHVHQWHG�LQ�)LJXUH���

7KH� YDOXH� RI� $� LV� GHSHQGHQW� RQ� WKH� LPDJH� FRQWHQW
DQG� WKH� DPRXQW� RI� HQHUJ\� LQ� WKH� HPEHGGHG
ZDWHUPDUN�� ,I�$� LV� FKRVHQ� WRR� KLJK�� WKH�ZDWHUPDUN
LQYHUWV� DQG� FDQ� VWLOO� EH� UHWULHYHG� IURP� $, � E\
LQYHUWLQJ�WKH�LPDJH�EHIRUH�UHWULHYLQJ�WKH�ZDWHUPDUN�

7KH� YDOXH� $� LV� H[SHULPHQWDOO\� GHWHUPLQHG�� $
ZDWHUPDUN�LV�DGGHG�WR�DQ�LPDJH�XVLQJ�WKH�PHWKRG�RI
6PLWK� DQG�&RPLVNH\� >�@�� ��[��� SL[HOV� DUH� XVHG� WR
VWRUH� RQH� ELW� RI� ZDWHUPDUN� LQIRUPDWLRQ� DQG� WKH
ZDWHUPDUN� FDUULHU� FRQVLVWV� RI� WKH� LQWHJHUV� ^����`�
7KH� ZDWHUPDUN� UHPRYLQJ� VFKHPH� LV� DSSOLHG� WR� WKH
ZDWHUPDUNHG� LPDJH�ZLWK� VHYHUDO� YDOXHV� IRU�$�� 7KH
SHUFHQWDJH� ZDWHUPDUN� ELW� HUURUV� LV� SORWWHG� DV
IXQFWLRQ�RI�$�LQ�)LJXUH����,I�����ELW�HUURUV�DUH�PDGH�
WKH� ZDWHUPDUN� LV� UHPRYHG�� LI� ����� ELW� HUURUV� DUH
PDGH��WKH�ZDWHUPDUN�LV�WRWDOO\�LQYHUWHG�
$FFRUGLQJ�WR�)LJXUH���WKH�JDLQ�IDFWRU�$�VKRXOG�KDYH
D� YDOXH� EHWZHHQ� �� DQG� �� WR� UHPRYH� WKH�ZDWHUPDUN
IURP��WKLV�LPDJH�

)LJXUH�����3RZHU�GHQVLW\�VSHFWUXP�RI� $: >�����@�

)LJXUH�����6SHFWUXP�RI�KLJK�SDVV� $: �>�����@�
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)LJXUH�����&RPSOHWH�ZDWHUPDUN�UHPRYLQJ�VFKHPH�



��� ([SHULPHQWDO�5HVXOWV
:H� WHVWHG� WKH�ZDWHUPDUN� UHPRYLQJ� VFKHPH� �:56�
UHSUHVHQWHG� LQ� )LJXUH� �� RQ� D� VHW� RI� �� WUXH� FRORU
LPDJHV��,QIRUPDO�VXEMHFWLYH�WHVWV�ZHUH�SHUIRUPHG�WR
GHWHUPLQH� WKH� TXDOLW\� RI� WKH� LPDJHV�� 6RPH� LPDJHV
KDUGO\� FRQWDLQ� DQ\� WH[WXUHG� DUHDV� DQG� VKDUS� HGJHV�
VRPH� FRQWDLQ� PDQ\� VKDUS� HGJHV� DQG� PXFK� GHWDLO�
RWKHUV�FRQWDLQ�ERWK�VPRRWK�DQG�WH[WXUHG�DUHDV�

)LUVW��WKH�:56��$ �����LV�DSSOLHG�WR�WKH�PHWKRGV�RI
%HQGHU� HW� DO� >�@� DQG� 3LWDV� DQG� .DVNDOLV� >�@�� 7KH
ZDWHUPDUNV� LQ� WKH� �� WHVW� LPDJHV� DUH� DOO� UHPRYHG
ZLWKRXW� UHGXFLQJ� WKH� TXDOLW\� RI� WKH� LPDJHV
VLJQLILFDQWO\�
6XEVHTXHQWO\� WKH� :56� LV� DSSOLHG� WR� WKH
ZDWHUPDUNLQJ� PHWKRG� RI� 6PLWK� DQG� &RPLVNH\>�@�
7KH�ZDWHUPDUNV� DUH� DGGHG� XVLQJ�Q[Q� SL[HOV� SHU� ELW
DQG� D�JDLQ� IDFWRU�RI�*��ZKHUH�* ���RU���� ,I� KLJKHU
JDLQ� IDFWRUV� *� DUH� XVHG� WKH� ZDWHUPDUN� EHFRPHV
YLVLEOH��)RU� WKH�YDOXHV�Q ����������� DQG�* ���� WKH
ZDWHUPDUNV� FDQ� EH� UHPRYHG� ZLWKRXW� DIIHFWLQJ� WKH
TXDOLW\�VLJQLILFDQWO\��$Q�H[DPSOH�LV�JLYHQ�LQ�)LJXUHV
����DQG����)LJXUH���UHSUHVHQWV�D�ZDWHUPDUNHG�LPDJH
* ��� Q ���� 7R� UHPRYH� WKH� ZDWHUPDUN� FRPSOHWHO\
�DERXW�����ELW�HUURUV��XVLQJ�WKH�-3(*�FRPSUHVVLRQ
DOJRULWKP��ZH�KDYH�WR�XVH�D�TXDOLW\�IDFWRU�4 ����7KH
UHVXOW� RI� WKLV� FRPSUHVVLRQ� RSHUDWLRQ� LV� SUHVHQWHG� LQ
)LJXUH� ��� ,I� ZH� DSSO\� WKH� :56� WR� )LJXUH� ��� WKH
ZDWHUPDUN�LV�FRPSOHWHO\�UHPRYHG��!����ELW�HUURUV�
DQG�ZH�REWDLQ�WKH�LPDJH�ZKLFK�LV�VKRZQ�LQ�)LJXUH���
7KLV� LPDJH� KDUGO\� GLVWRUWHG�� ,I� WKH� EORFNVL]H� Q� LV
LQFUHDVHG� IXUWKHU� WR� ���� RU� ����� WKH� ZDWHUPDUN� LV
IXOO\� UHPRYHG� LQ� VPRRWK� LPDJHV�� EXW� RQO\� SDUWLDOO\
LQ�WH[WXUHG�LPDJHV�
)LQDOO\�� WKH� :56� LV� DSSOLHG� WR� WKH� PHWKRG� RI
/DQJHODDU�HW�DO�>�@��7KLV�PHWKRG�GHWHUPLQHV�WKH�JDLQ
IDFWRU� *� IRU� HDFK� ZDWHUPDUN� ELW� DXWRPDWLFDOO\�
7KHUHIRUH�RQO\� WKH�EORFNVL]H�Q�FDQ�EH�FKDQJHG��$OO
ZDWHUPDUNV�DGGHG�ZLWK�WKLV�PHWKRG�FDQ�EH�UHPRYHG
IRU�Q ���������)RU�Q ��������«�WKH�ZDWHUPDUNV�DUH
RQO\�SDUWLDOO\�UHPRYHG�

6RPH� PHWKRGV� �H�J�� >�@�� ILUVW� VXEWUDFW� WKH� RULJLQDO
LPDJH� IURP� WKH� ZDWHUPDUNHG� LPDJH� DQG� DSSO\� WKH
ZDWHUPDUN� UHWULHYDO� RSHUDWLRQ� RQ� WKLV� GLIIHUHQFH
LPDJH�� +RZHYHU�� WKH� :56� DOVR� UHPRYHV� WKH
ZDWHUPDUNV�LQ�WKLV�FDVH�

)LJXUH����:DWHUPDUN�UHPRYHG�E\�-3(*�&RPSU�

)LJXUH����:DWHUPDUN�UHPRYHG�E\�QHZ�:56�

2WKHU� PHWKRGV� XVLQJ� D� VLPLODU� DSSURDFK� DV� >�@� DUH
QRW� WHVWHG��EXW�ZH�H[SHFW� WKDW� WKHLU�ZDWHUPDUNV�ZLOO
EH�DIIHFWHG�LQ�WKH�VDPH�ZD\�DV�>�@��VLQFH�WKH\�XVH�WKH
VDPH�EDVLF�SULQFLSOH�
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)LJXUH�����%LW�HUURUV�DV�IXQFWLRQ�RI�JDLQ�IDFWRU�$�

)LJXUH����:DWHUPDUNHG�,PDJH�



��� &RQFOXVLRQV
,Q� WKLV� SDSHU� ZH� VKRZHG� WKDW� GHWHUPLQLQJ� WKH
UREXVWQHVV� RI� D� ZDWHUPDUN� E\� PHDVXULQJ� WKH
UHVLVWDQFH� WR� -3(*�FRPSUHVVLRQ�� DGGLQJ� *DXVVLDQ
QRLVH�DQG�DSSO\LQJ� OLQHDU� ILOWHUV� LV�QRW� VXIILFLHQW��$
VLPSOH�PHWKRG�ZDV�SURSRVHG�WR�UHPRYH�D�ZDWHUPDUN
ZLWKRXW� DIIHFWLQJ� WKH� LPDJH� TXDOLW\� VLJQLILFDQWO\�
7KH� H[LVWHQFH� RI� WKLV� UHPRYDO� WHFKQLTXH� KDV
FHUWDLQO\�LQIOXHQFH�RQ�WKH�QXPEHU�RI�ZDWHUPDUN�ELWV
ZKLFK�FDQ�EH�VWRUHG�SHU�LPDJH�LQ�D�UREXVW�ZD\�
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'DWD�+LGLQJ���3URFHHGLQJV�RI�WKH�63,(�����������6DQ
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6LJQDO� DQG� ,PDJH� 3URFHVVLQJ�� 1HRV� 0DUPDUDV�
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>�@� *�&�� /DQJHODDU�� -�&�$�� YDQ� GHU� /XEEH�� 5�/�
/DJHQGLMN�� ³5REXVW� /DEHOLQJ� 0HWKRGV� IRU� &RS\
3URWHFWLRQ� RI� ,PDJHV´�� 3URFHHGLQJV� RI� 6WRUDJH� DQG
5HWULHYDO�IRU�,PDJH�DQG�9LGHR�'DWDEDVHV�9��6DQ�-RVH
�&$���86$��)HEUXDU\�����

>�@� )��+DUWXQJ�DQG�%��*LURG���:DWHUPDUNLQJ�RI�03(*��
(QFRGHG�9LGHR�:LWKRXW�'HFRGLQJ�DQG�5H�HQFRGLQJ��
3URFHHGLQJV�0XOWLPHGLD�&RPSXWLQJ�DQG�1HWZRUNLQJ
�00&1������6DQ�-RVH��&$��86$��)HEUXDU\�����

>�@� 0��.XWWHU��)��-RUGDQ��)��%RVVHQ��³'LJLWDO�6LJQDWXUH�RI
&RORU� ,PDJHV� XVLQJ� $PSOLWXGH� 0RGXODWLRQ´�
3URFHHGLQJV� RI� 6WRUDJH� DQG�5HWULHYDO� IRU� ,PDJH� DQG
9LGHR�'DWDEDVHV�9�� 6DQ� -RVH� �&$��� 86$�� )HEUXDU\
����

>�@� 5�*�� YDQ� 6FK\QGHO�� $�=�� 7LUNHO�� &�)�� 2VERUQH� �� �$
'LJLWDO� :DWHUPDUN��� 3URFHHGLQJV� RI� WKH� ,(((
,QWHUQDWLRQDO� &RQIHUHQFH� RQ� ,PDJH� 3URFHVVLQJ�
YROXPH� ��� SDJHV� ������� $XVWLQ�� 7H[DV�� 86$�
1RYHPEHU�����

>�@� *�� 9R\DW]LV� DQG� ,�� 3LWDV�� ³$SSOLFDWLRQV� RI� 7RUDO
$XWRPRUSKLVPV� LQ� ,PDJH� :DWHUPDUNLQJ´�
3URFHHGLQJV� ,&,3����� ,(((� ,QWHUQDWLRQDO�&RQIHUHQFH
RQ� ,PDJH� 3URFHVVLQJ�� 9ROXPH� ,,� SS� ��������
/DXVDQQH��6ZLW]HUODQG��������6HSWHPEHU�����

>�@� 5�%�� :ROIJDQJ� DQG� (�� -�� 'HOS�� �$� :DWHUPDUN� IRU
'LJLWDO� ,PDJHV��� 3URFHHGLQJV� RI� WKH� ,(((
,QWHUQDWLRQDO� &RQIHUHQFH� RQ� ,PDJH� 3URFHVVLQJ�
9ROXPH� ,,,� SS�� ��������� /DXVDQQH�� 6ZLW]HUODQG�
6HSWHPEHU������������

>��@�:�%�� 3HQQHEDNHU�� -�/�� 0LWFKHOO� �� ³7KH� -3(*
6WLOO� ,PDJH� 'DWD� &RPSUHVVLRQ� 6WDQGDUG´�� 9DQ
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