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$EVWUDFW
'RFXPHQW� FRQWDLQLQJ� WH[W� DQG� JUDSKLFV

FRPSRQHQWV� DUH� XVXDOO\� DFTXLUHG� DV� ELQDU\� LPDJHV� IRU
FRPSXWHU� SURFHVVLQJ� SXUSRVHV�� 6DOW�DQG�SHSSHU� QRLVH� LV
D�SUHYDOHQW�DUWLIDFW�LQ�VXFK�LPDJHV��5HPRYLQJ�WKLV�QRLVH
XVXDOO\� UHTXLUHV� LWHUDWLYH� RU� PXOWLSOH�SDVV� SURFHVVLQJ�
VRPH� WHFKQLTXHV� HYHQ� FDXVH� GLVWRUWLRQV� LQ� GRFXPHQW
FRPSRQHQWV�� ,Q� WKLV� SDSHU�� ZH� SURSRVH� D� QRYHO�PHWKRG
EDVHG� RQ� WKH� N)LOO� DOJRULWKP� >�@>�@� WKDW� FDQ� EH
DFFRPSOLVKHG� LQ� VLQJOH�SDVV� VFDQ� RYHU� WKH� LPDJH�� 7KH
DOJRULWKP�LV�FDSDEOH�WR�UHPRYH�VLPXOWDQHRXVO\�ERWK�VDOW
QRLVH�DQG�SHSSHU�QRLVH�RI�DQ\�VL]HV�WKDW�DUH�VPDOOHU�WKDQ
WKH� VL]H� RI� GRFXPHQW� REMHFWV�� 5HVXOWV� RI� WKH� SURSRVHG
PHWKRG� DUH� JLYHQ� LQ� FRPSDULVRQ� ZLWK� WKH� ZHOO�NQRZQ
PRUSKRORJLFDO�RSHUDWLRQV�

���,QWURGXFWLRQ
7KH�ILUVW�VWHS� LQ�GRFXPHQW� LPDJH�DQDO\VLV� LV� WR

FDSWXUH� D� SDSHU� GRFXPHQW� LQWR� D� ELQDU\� LPDJH�� XVXDOO\
SHUIRUPHG� E\� RSWLFDO� VFDQQLQJ� DQG� E\� PHDQ� RI
WKUHVKROGLQJ� >�@�� 7KH� UHVXOWLQJ� LPDJH� FDQ� EH
FRQWDPLQDWHG� E\� VDOW�DQG�SHSSHU� QRLVH� GXULQJ� WKH
FRQYHUVLRQ� SURFHVV� DQG� DOVR� IURP� GLUWLQHVV� LQ� WKH
GRFXPHQW� LWVHOI�� 7KLV� DSSHDUV� DV� UDQGRPO\� GLVWULEXWHG
EODFN� GRWV� RQ� D� ZKLWH� EDFNJURXQG� DQG�ZKLWH� GRWV� RQ� D
EODFN�GRFXPHQW�FRPSRQHQW��(DFK�QRLVH�GRW�FDQ�EH�HLWKHU
DQ� LVRODWHG� SL[HO� RU� FRPSRVHG� RI� PRUH� WKDQ� RQH� SL[HO�
1RLVH� UHPRYDO� LV� D� YHU\� LPSRUWDQW� SUHSURFHVVLQJ� WR
IDFLOLWDWH�RWKHU�VXEVHTXHQW�RSHUDWLRQV��,VRODWHG�ZKLWH�DQG
EODFN� SL[HOV� FDQ� EH� HDVLO\� ORFDWHG� E\� SDVVLQJ� D� �� [� �
SL[HO� ZLQGRZ� RYHU� WKH� LPDJH�� ZKLOH� QRLVH� ODUJHU� WKDQ
RQH� SL[HO� XVXDOO\� UHTXLUHV� LWHUDWLYH� RU� PXOWLSOH�SDVV
SURFHVVLQJ�

7KH� WHFKQLTXHV� EDVHG� RQ� PDWKHPDWLFDO
PRUSKRORJ\� >�@� SHUIRUP� TXLWH� ZHOO� LQ� JHQHUDO� IRU
UHPRYLQJ� QRLVH� LQ� ELQDU\� LPDJHV�� ,Q� FDVH� RI� GRFXPHQW
LPDJHV�� KRZHYHU�� WKH\� PD\� VLJQLILFDQWO\� GDPDJH� WKH
VKDUSQHVV�RI�WKH�WH[W�DQG�JUDSKLFV�FRPSRQHQWV��7KH�N)LOO
DOJRULWKP�LV�GHVLJQHG�VSHFLILFDOO\� IRU�GRFXPHQW� LPDJHV�
EXW� KDV�PDQ\� UHVWULFWLRQV� LQ� UHDO� DSSOLFDWLRQV��$OO� WKHVH
DOJRULWKPV� DUH� DFKLHYHG� LQ� VHYHUDO� LWHUDWLRQV� RYHU� WKH
HQWLUH�LPDJH��,Q�WKLV�SDSHU��ZH�SUHVHQW�D�QRYHO�WHFKQLTXH
GHYHORSHG� IURP� WKH� N)LOO� DOJRULWKP� WKDW� FDQ� EH
DFFRPSOLVKHG�LQ�VLQJOH�SDVV�UDVWHU�VFDQ�RYHU�WKH�LPDJH�

���0DWKHPDWLFDO�PRUSKRORJ\
0DWKHPDWLFDO� PRUSKRORJ\� LV� D� PDWKHPDWLFV

SURFHVV� IRU� VWXG\LQJ� RI� LPDJH� VWUXFWXUH� E\� XVLQJ� D� 6HW
WKHRU\� >�@�� 0RVW� RI� LWV� RSHUDWLRQV�� XWLOL]HG� IRU� QRLVH
UHPRYDO�LQ�ELQDU\�LPDJHV��DUH�FRPSRVHG�IURP�WZR�EDVLF
RSHUDWLRQV��HURVLRQ� DQG�GLODWLRQ��7KH� HURVLRQ�RSHUDWLRQ�
GHQRWHG�E\�D�PDWKHPDWLFV�QRWDWLRQ����LV�WKH�UHGXFWLRQ�LQ
VL]H� RI�21� UHJLRQV��PRVW� VLPSO\� SHUIRUPHG� E\� SHHOLQJ
RII� D� VLQJOH� SL[HO� IURP� WKH� RXWHU� ERXQGDU\� RI� DOO� 21
UHJLRQV��'LODWLRQ� LV� WKH� RSSRVLWH� RSHUDWLRQ� DQG� GHQRWHG
E\� D�PDWKHPDWLFV� QRWDWLRQ� ��� ,Q� HDFK� GLODWLRQ� VWHS�� 21
YDOXH�OD\HU�DUH�DGGHG�WR�ERXQGDULHV�WR�LQFUHDVH�WKHLU�VL]H�
7R� LQFUHDVH� WKH� SHUIRUPDQFH� RI� WKH� PDWKHPDWLFDO
PRUSKRORJ\�� ZH� FRPELQHG� WKH� WZR� EDVLF� RSHUDWLRQV
WRJHWKHU��ERWK�DUH�FDOOHG�RSHQLQJ�DQG�FORVLQJ��2SHQLQJ�
FRPSRVHG�E\�RQH�RU�PRUH�LWHUDWLRQV�RI�HURVLRQ�IROORZHG
E\� WKH� VDPH� QXPEHU�RI� LWHUDWLRQV�RI�GLODWLRQ�� KDV� HIIHFW
RQO\� RQ� SHSSHU� QRLVH� �21�SL[HO� QRLVH��� 7KH
PRUSKRORJLFDO�GXDO�RI�RSHQLQJ� LV�FORVLQJ�� UHVXOWLQJ� MXVW
LQ� VDOW� QRLVH� �2))�SL[HO� QRLVH�� UHPRYDO�� )RU� GRFXPHQW
LPDJHV�ZKHUH�VDOW�DQG�SHSSHU�QRLVH�LV�SUHVHQW��D�FDVFDGH



RI� RSHQLQJ� DQG� FORVLQJ� RSHUDWLRQV� PD\� EH� QHFHVVDU\�
7KLV� LPSOLHV� WKDW� DW� OHDVW� IRXU� LWHUDWLRQV� RYHU� WKH� HQWLUH
LPDJH�DUH�UHTXLUHG�

���N)LOO�DOJRULWKP
7KH�N)LOO�DOJRULWKP�>�@>�@�LV�GHVLJQHG�WR�UHGXFH

VDOW�DQG�SHSSHU� QRLVH� ZKLOH� PDLQWDLQLQJ� UHDGDELOLW\�� ,W
WDNH� DGYDQWDJH� RI� WKH� NQRZQ� FKDUDFWHULVWLFV� RI� WKH� WH[W
DQG�JUDSKLFV�FRPSRQHQWV��,W�SHUIRUPV�E\�PRYLQJ�D�N�[�N
SL[HO�ZLQGRZ�RYHU�WKH�LPDJH�LQ�WKH�UDVWHU�VFDQ�GLUHFWLRQ�
7KH� ZLQGRZ� VL]H� �N�� VKRXOG� EH� VHOHFWHG� DSSURSULDWH� WR
WKH�NQRZQ� VL]H�RI�QRLVH� WR�EH� UHPRYHG��7KH�SURFHVV�RI
QRLVH� UHPRYDO� LV� E\� ILOOLQJ� WKH� FRUH�� DQ� LQVLGH� �N����

UHJLRQ��ZLWK�LWV�RSSRVLWH�YDOXH��7KH�GHFLVLRQ�ZKHWKHU�RU
QRW�WR�ILOO�UHTXLUHV�WKDW�DOO�FRUH�SL[HOV�PXVW�EH� WKH�VDPH
YDOXH� DQG� GHSHQGV� RQ� WKUHH� YDULDEOHV� GHWHUPLQHG� IURP
WKH� QHLJKERUKRRG�� WKH� VXUURXQGLQJ� ��N���� SL[HOV�� )RU� D
ILOO� YDOXH� HTXDO� WR� 21� �2))��� WKH� Q� YDULDEOH� LV� WKH
QXPEHU�RI�21��2))��SL[HOV��WKH�F�YDULDEOH�LV�WKH�QXPEHU
RI� FRQQHFWHG� JURXSV� RI� 21� �2))�� SL[HOV�� DQG� WKH� U
YDULDEOH� LV� WKH� QXPEHU� RI� FRUQHU� SL[HOV� WKDW� DUH� 21
�2))���)LOOLQJ�RFFXUV�ZKHQ�WKH�IROORZLQJ�FRQGLWLRQV�DUH
PHW�

���F� ����$1'�^��Q�!��N����25�>�Q� ��N����$1'��U� ���@�` ���

7KH�FRQGLWLRQV�RQ�Q�DQG�U�DUH�VHW�DV�IXQFWLRQV�RI
WKH� ZLQGRZ� VL]H� N�� 7KH� FRQGLWLRQ� F�  � �� HQVXUHV� WKDW
ILOOLQJ� GRHV� QRW� FKDQJH� FRQQHFWLYLW\�� L�H�� GRHV� QRW� MRLQ
WZR�LPDJH�REMHFWV�WRJHWKHU��RU�VHSDUDWH� WZR�SDUWV�RI� WKH
VDPH� FRQQHFWHG� REMHFW�� 1RLVH� UHGXFWLRQ� LV� SHUIRUPHG
LWHUDWLYHO\� RQ� WKH� LPDJH� XQWLO� QR� ILOOLQJ� RFFXUV�� (DFK
LWHUDWLRQ� FRQVLVWV� RI� WZR� VXELWHUDWLRQV�� RQH� SHUIRUPLQJ
21�ILOOV��DQG�WKH�RWKHU�2))�ILOOV�

���3URSRVHG�DOJRULWKP
0RVW� GRFXPHQW� LPDJH� SURFHVVLQJ� V\VWHPV

SHUIRUP�QRLVH�UHGXFWLRQ�E\�SDVVLQJ���[���SL[HO�ZLQGRZ
VL]H� DFURVV� WKH� LPDJH� WR� ORFDWH� LVRODWH� 21� DQG� 2))
SL[HO�� ,Q� )LJ�� ��� ZH� VKRZ� D� FRUH� UHJLRQ� DQG� QHLJKERU
SL[HOV� IRU� WKH� ZLQGRZ� VL]H� HTXDO� WR� �� [� �� DQG� �� [� �
UHVSHFWLYHO\�� &ORVHU� LQVSHFWLRQ� RI� PDQ\� UHDO� GRFXPHQW
LPDJHV��ZH�IRXQG�WKDW�VDOW�DQG�SHSSHU�QRLVH�FRPSRQHQWV
DUH� IUHTXHQWO\� ODUJHU� WKDQ� RQH� SL[HO�� ,Q� VXFK� FDVH�� WKH
ZLQGRZ�VL]H�ODUJHU�WKDQ���[���SL[HO�VKRXOG�EH�XVHG��DQG
WKH�N)LOO� DOJRULWKP�ZLOO� QHYHU� ILOO� WKH�QRLVH�FRPSRQHQWV
VPDOOHU� WKDQ� WKH� FRUH� VL]H�� )LJ�� �� GHPRQVWUDWHV� WKLV

SUREOHP� ZKHUH� DQ� LVRODWH� SL[HO� FDQQRW� EH� UHPRYHG� E\
XVLQJ�N� ����,Q�WKLV�H[DPSOH��WKH�N)LOO�DOJRULWKP�ZLOO�QRW
ILOO� WKH� FRUH� UHJLRQ� QHLWKHU� ZLWK� 21� RU� ZLWK� 2))�
EHFDXVH�DOO�FRUH�SL[HO�DUH�QRW�VDPH�YDOXH��7KHUHIRUH��ZH
SURSRVH� D�PRGLILFDWLRQ�RI� WKH�N)LOO� DOJRULWKP�DV� VKRZQ
LQ� )LJ�� ��� ,Q� WKLV� DOJRULWKP�� ZH� ILOO� WKH� FRUH� ZLWK� 2))
ZKHQ�WKH�PDMRULW\�RI�SL[HOV�DUH�21�DQG�WKH�HTXDWLRQ����
LV� YHULILHG� RU�ZKHQ� WKH�PDMRULW\� RI� SL[HOV� DUH�2))� DQG
WKH�HTXDWLRQ�����LV�QRW�YHULILHG��7KH�UHFLSURFDO�FRQGLWLRQV
DUH�DOVR�DSSOLHG�IRU�WKH�21�ILOOLQJ�
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)LJXUH�� 7KH�FRUH�UHJLRQ�DQG�WKH�QHLJKERUKRRG�IRU�WKH
ZLQGRZ�VL]H�RI�N�[�N�ZKHUH�N� ��DQG���LQ��D�
DQG��E��UHVSHFWLYHO\�
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$IWHU�)LOO

)LJXUH�� 7KH�LVRODWHG�SL[HO�FDQQRW�EH�UHPRYHG�E\�WKH
N),//�DOJRULWKP�ZLWK�N� ���RU�ODUJHU�



���([SHULPHQWDO�UHVXOWV
7KH� SURSRVHG� DOJRULWKP� ZDV� WHVWHG� RQ� WH[W

LPDJHV� LQ� FRPSDULVRQ� ZLWK� PRUSKRORJLFDO� ILOWHUV�� $Q
LOOXVWUDWLYH�UHVXOW� LV�JLYHQ� LQ�)LJ�����7KH�RULJLQDO� LPDJH�
VKRZQ� LQ�)LJ�� ��D��� LV� VFDQQHG�ZLWK� ����GSL� UHVROXWLRQ�
6DOW�DQG�SHSSHU� QRLVH� RI� GLIIHUHQW� VL]H� DQG� VKDSH� LV
DUWLILFLDOO\� LQWURGXFHG� LQ� )LJ�� ��E�� E\� XVLQJ� DQ� LPDJH
HGLWRU�� )LJ�� ��F�� DQG� �G�� LOOXVWUDWH� WKH� XVH� RI� PRUSKR�
ORJLFDO� ILOWHUV� ZLWK� �� [� �� VWUXFWXULQJ� HOHPHQW�� )LJ�� ��F�
VKRZV� WKH� UHVXOW� RI� RSHQLQJ� IROORZHG� E\� FORVLQJ� ZKLOH
)LJ�� ��G�� VKRZV� WKH� UHVXOW� RI� FORVLQJ� IROORZHG� E\
RSHQLQJ��,Q�ERWK�FDVHV��DOPRVW�QRLVH�FDQ�EH�UHPRYHG�EXW
WKH�FKDUDFWHU� VKDUSQHVV�KDV�EHHQ� VLJQLILFDQWO\�GLVWRUWHG�
)LJ�� ��H�� DQG� �I�� VKRZ� WKH� UHVXOWV� RI� WKH� RULJLQDO� N)LOO
DOJRULWKP�ZLWK�RQO\�VLQJOH�LWHUDWLRQ��ZKHQ�N�HTXDOV���DQG
��UHVSHFWLYHO\��)LQDOO\��)LJ����J��DQG��K��VKRZ�WKH�UHVXOWV

REWDLQHG� IURP� WKH� SURSRVHG� DOJRULWKP� ZLWK� WKH� VDPH
YDOXHV�RI�N����DQG���UHVSHFWLYHO\��&RPSDULQJ� WKH�UHVXOWV
LQ� WKH� ODVW� WZR� URZV�� LW� ZDV� FOHDU� WKDW� RXU� DOJRULWKP
RXWSHUIRUPV� WKH� RULJLQDO� N)LOO�� 2Q� WKH� RWKHU� KDQG�� WKH
ZLQGRZ� VL]H� XVHG� LQ� RXU� DOJRULWKP� LV� QRW� FULWLFDO�� ERWK
UHVXOWV� LQ� )LJ�� ��H�� DQG� �I�� DUH� TXLWH� VLPLODU�� ZLWK� WKH
H[FHSWLRQ� WKDW� IHZ� QRLVH� FRPSRQHQWV� VWLOO� QRW� UHPRYHG
ZLWK�N� ����LQ�)LJ����H���8VLQJ�N� ����LQ�)LJ����I���SURYLGHV
PRUH�SURPLVLQJ�UHVXOWV�LQ�JHQHUDO�

���&RQFOXVLRQ
:H� KDYH� SUHVHQWHG� D� QRYHO� DOJRULWKP� IRU

UHPRYLQJ�VDOW�DQG�SHSSHU�QRLVH� LQ� WH[W�JUDSKLFV� LPDJHV�
7KLV�DOJRULWKP�LV�IDVW�DQG�HIIHFWLYH��,W�FDQ�UHPRYH�QRLVH
RI� GLIIHUHQW� VL]H� DQG� VKDSH� ZKLOH� PDLQWDLQLQJ� WKH
VKDUSQHVV�RI�WKH�WH[W�DQG�JUDSKLFV�FRPSRQHQWV�
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