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7KH REMHFWLYH RI &RQWHQW�EDVHG LPDJH UHWULHYDO �&%,5� LQ PHGLFDO ILHOG LV WR SHUPLW UDGLRORJLVWV WR UHWULHYH LPDJHV RI VLPLODU

IHDWXUHV WKDW OHDG WR VLPLODU GLDJQRVLV DV WKH LQSXW LPDJH� 7KLV LV GLIIHUHQW IURP RWKHU ILHOGV ZKHUH WKH REMHFWLYH LV WR ILQG WKH

QHDUHVW LPDJHV IURP WKH VDPH FDWHJRU\ RU PDWFK D SDUW RI DQ LPDJH� 7KHUHIRUH� VXFK WHFKQLTXHV FDQQRW EH GLUHFWO\ DSSOLHG LQ

WKH PHGLFDO ILHOG� ,Q WKLV VWXG\� D PRGLILHG ZDYHOHW�EDVHG PDWFKLQJ WHFKQLTXH LV LQWURGXFHG WKDW LV PRUH UREXVW WR PRWLRQ�

QRLVH� DQG EULJKWQHVV FKDQJHV ZLWKLQ WKH LPDJH� $OVR� ZH SURSRVH D GHVFULSWLRQ�EDVHG WHFKQLTXH LQ ZKLFK D VHPDQWLF QHW LV

EXLOW LQ ZKLFK HDFK QRGH UHSUHVHQWV D VSHFLILF UHJLRQ DQG LWV VSDWLDO UHODWLRQ WR RWKHU UHJLRQV LQ WKH LPDJH� 7KLV VHPDQWLF QHW

FDQ EH FRQVLGHUHG DV D KLHUDUFKLFDO UHODWLRQVKLS WUHH ZLWK OLQNV EHWZHHQ WKH QRGHV LQ WKH VDPH OHYHO WR GHVFULEH WKH

JHRJUDSKLF UHODWLRQV EHWZHHQ WKHVH QRGHV� 1RGHV FRQWDLQ UHJLRQ�VSHFLILF IHDWXUHV VXFK DV WKH PRPHQWV RI UHJLRQ ERXQGDULHV

LQ DGGLWLRQ WR ORFDO WH[WXUDO IHDWXUHV� ,Q WKH PDWFKLQJ SKDVH� WKH VHPDQWLF QHW LV EXLOW IRU WKH LQSXW LPDJH WKHQ XVHG LQ WKH

PDWFKLQJ SURFHVV� 7KH PDWFKLQJ SURFHVV VWDUWV IURP WKH KLJKHVW OHYHO LQ WKH KLHUDUFKLFDO UHODWLRQVKLS WUHH IRU IDVW
FRQYHUJHQFH�

.H\ZRUGV� 'LJLWDO OLEUDULHV� FRQWHQW�EDVHG LPDJH UHWULHYDO� LPDJH FODVVLILFDWLRQ�

�� ,1752'8&7,21

,Q WKH SDVW IHZ \HDUV� WKH DUHD RI FRQWHQW�EDVHG LPDJH UHWULHYDO �&%,5� KDV UHFHLYHG DQ LQFUHDVLQJO\ KLJKHU LQWHUHVW IURP

PXOWLPHGLD GDWDEDVH UHVHDUFKHUV� 7KH WHFKQLTXHV RI WKLV DUHD SURYLGH D IOH[LEOH PHDQV RI VHDUFKLQJ D GLJLWDO LPDJH EDVHG RQ

WKH GHVFULSWLRQ RI WKH GHVLUHG LPDJH RU FODVV RI LPDJHV� 7KLV GHVFULSWLRQ PD\ WDNH VHYHUDO IRUPV VXFK DV FRPSDULVRQ WR D
UHIHUHQFH LPDJH RU HYHQ D VHW RI TXDOLWDWLYH IHDWXUHV UHSUHVHQWLQJ TXDQWLWDWLYH SLFWRULDO IHDWXUHV�

&%,5 KDV EHHQ GHYHORSHG DQG LPSOHPHQWHG LQWR VHYHUDO FRPPHUFLDOO\ DYDLODEOH PXOWLPHGLD GDWDEDVH V\VWHPV�

([DPSOHV RI VXFK V\VWHPV DUH WKH ,%0 4%,& V\VWHP �,%0 $OPDGHQ 5HVHDUFK &HQWHU�� WKH 9LUDJH 6\VWHP �9LUDJH� ,QF���
DQG 3KRWRERRN 6\VWHP �WKH 0,7 0HGLD /DE�� ,Q WKHVH V\VWHPV� D IHDWXUH YHFWRU LV JHQHUDWHG IRU HYHU\ LPDJH LQ WKH
GDWDEDVH� 7KLV IHDWXUH YHFWRU PXVW EH VPDOOHU WKDQ WKH RULJLQDO LPDJH� ,Q RUGHU WR UHWULHYH LPDJHV IURP WKH GDWDEDVH� WKH
IHDWXUH YHFWRU LV FDOFXODWHG IRU WKH LQSXW LPDJH DQG FRPSDUHG WR WKH SUHYLRXVO\ JHQHUDWHG IHDWXUH YHFWRUV WR GHWHUPLQH WKH
YHFWRUV PRVW VLPLODU WR WKH LQSXW YHFWRU� 7KH LPDJHV FRUUHVSRQGLQJ WR WKHVH YHFWRUV DUH VXEVHTXHQWO\ UHWULHYHG IURP WKH
LPDJH GDWDEDVH� +HQFH� D NH\ IDFWRU LQ WKH VXFFHVV RI D JLYHQ &%,5 V\VWHP LPSOHPHQWDWLRQ LV WKH VHOHFWLRQ RI WKH IHDWXUH
YHFWRU� 7KH PRVW IXQGDPHQWDO FULWHULD IRU WKLV VHOHFWLRQ LV WKH DELOLW\ WR SURYLGH D JRRG UHSUHVHQWDWLRQ RI WKH LPDJH ZKLOH
PDLQWDLQLQJ PLQLPXP VL]H DQG PLQLPXP FDOFXODWLRQ WLPH IRU YHFWRU JHQHUDWLRQ DQG PDWFKLQJ�

,Q WKLV SDSHU� ZH DGGUHVV WKH SUREOHP RI &%,5 DV DSSOLHG WR PHGLFDO LPDJLQJ� :H GHYHORS WZR &%,5 VWUDWHJLHV IRU
PHGLFDO LPDJHV WR EH LQWHJUDWHG ZLWK 3$&6 IRU UHWULHYLQJ WKH LPDJHV WKDW FRQWDLQ VLPLODU IHDWXUHV LQ FRPPRQ DQG OHDG WR
VDPH GLDJQRVLV DV WKH LQSXW LPDJH RU DW OHDVW VLPLODU GLDJQRVWLF IHDWXUHV� 2QFH WKH V\VWHP ILQGV WKH UHODWHG LPDJHV� WKH
UDGLRORJLFDO UHSRUWV DQG PHGLFDO UHFRUGV RI WKHVH LPDJHV DUH UHWULHYHG DQG SURYLGHG WR WKH UDGLRORJLVW� 7KLV SURSHUW\ DOORZV
UDGLRORJLVWV WR PDNH XVH RI SUHYLRXV FDVH GLDJQRVHV LQ RUGHU WR LQFUHDVH WKHLU GLDJQRVWLF DFFXUDF\� 7KH IHDWXUH LV DOVR
YDOXDEOH IRU WUDLQLQJ MXQLRU UDGLRORJLVWV�

� (�PDLO� \PN#LQWHUQHWHJ\SW�FRP

                                                                                                                                                                          

Medical Imaging 2001: Image Processing, Milan Sonka, Kenneth M. Hanson, Editors,
Proceedings of SPIE Vol. 4322 (2001) © 2001 SPIE · 1605-7422/01/$15.001046



7KH SDSHU LV GLYLGHG LQWR WKUHH SDUWV� 7KH ILUVW SDUW FRQWDLQV WKH SUREOHP GHILQLWLRQ� 7KH VHFRQG SDUW GHVFULEHV ZDYHOHW�

EDVHG &%,5 VWUDWHJ\ DQG KRZ LW FDQ EH PRGLILHG IRU XVH LQ PHGLFDO ILHOG� ,Q WKH WKLUG SDUW ZH SURSRVH D VXLWDEOH VWUDWHJ\

EDVHG RQ VHPDQWLF QHW� 7KH ODVW VHFWLRQ FRQWDLQV WKH UHVXOW DQG WKH FRQFOXVLRQV�

�� 352%/(0 '(),1,7,21

,Q WKH GHVLJQ RI D &%,5 V\VWHP IRU PHGLFDO ILHOG ZH DUH IDFHG ZLWK D QXPEHU RI XQLTXH FRQVWUDLQWV� 7KH IROORZLQJ LV WKH

GHILQLWLRQ DQG DQDO\VLV RI WKHVH FRQVWUDLQWV�

�� /RFDO YHUVXV *OREDO )HDWXUHV� 8VLQJ JOREDO SDUDPHWHUV VXFK DV FRORU KLVWRJUDP DQG WH[WXUH YDOXHV FDQQRW SURYLGH JRRG

UHVXOWV LQ PHGLFDO LPDJLQJ� 7KLV LV EHFDXVH LQ PHGLFDO LPDJHV WKH ORFDO WH[WXUH� VKDSH� DQG�RU EULJKWQHVV RI VRPH VPDOO

REMHFWV RU SDUWV PD\ KDYH D KLJK GLDJQRVWLF YDOXH
�
�

�� /DUJH QXPEHU RI GLIIHUHQW LPDJLQJ PRGDOLWLHV�PRGHV� 7KH VRXUFHV RI PHGLFDO LPDJHV DUH PDQ\� ([DPSOHV RI VXFK

VRXUFHV DUH GLDJQRVWLF XOWUDVRXQG� ;�UD\ FRPSXWHG WRPRJUDSK\ �&7�� PDJQHWLF UHVRQDQFH LPDJLQJ �05,�� GLJLWDO

VXEWUDFWLRQ DQJLRJUDSK\ �'6$�� SRVLWURQ HPLVVLRQ WRSRJUDSK\ �3(7�� PDJQHWLF VRXUFH LPDJLQJ �06,�� FRQYHQWLRQDO ;�
UD\� DQG FRPSXWHG UDGLRJUDSK\ �&5�

�
� 0RUHRYHU� ZLWKLQ HDFK PRGDOLW\� WKHUH DUH VHYHUDO PRGHV E\ ZKLFK WKH LPDJH LV

DFTXLUHG� (DFK PRGH GLIIHU VLJQLILFDQWO\ IURP WKH RWKHU PRGHV� H�J�� FRQWUDVW PRGHV LQ 05,� 'XH WR WKH ZLGH

GLIIHUHQFHV EHWZHHQ WKH SK\VLFV XQGHUO\LQJ WKHVH PRGDOLWLHV� ,W LV UDWKHU GLIILFXOW WR GHVLJQ &%,5 V\VWHP WKDW ZRUNV IRU

DOO PRGDOLWLHV XVLQJ WKH VLPSOH IHDWXUH YHFWRU DSSURDFK�

�� 8VHU LQWHUDFWLYLW\� 7KH V\VWHP PXVW DOORZ WKH XVHU WR GHWHUPLQH WKH SDUW�V� ZLWK KLJK GLDJQRVWLF YDOXH VLQFH QR

DXWRPDWLF V\VWHP KDV EHHQ DEOH WR GR WKDW VXFFHVVIXOO\�

�� +XJH VL]H RI LPDJH GDWDEDVH� 7KH WHFKQLTXH PXVW RIIHU IDVW SHUIRUPDQFH VLQFH D IXOO�VFDOH SLFWXUH DUFKLYLQJ DQG

FRPPXQLFDWLRQ V\VWHPV �)6�3$&6� RI D PLG�VL]H KRVSLWDO �DURXQG ������� EHGV� ZRXOG HDVLO\ UHTXLUH � 7%\WHV RI

GLJLWDO GDWD SHU \HDU LQ LWV LPDJH DUFKLYH RU OLEUDU\�

%DVHG RQ WKH FRQVWUDLQWV DERYH� ZH ZLOO DGGUHVV D SDUWLFXODU DVSHFW RI WKH SUREOHP DW KDQG GHILQHG DV EXLOGLQJ D &%,5

V\VWHP GHGLFDWHG IRU 05,� &7 DQG ;�UD\ LPDJHV� 7KLV V\VWHP PXVW GHDO ZLWK ORFDO IHDWXUHV RI WKH LPDJHV DQG DOORZ WKH XVHU

WR LQWHUDFWLYHO\ ORFDWH WKH UHJLRQV ZLWK KLJK GLDJQRVWLF YDOXHV� 7KH V\VWHP PDWFKLQJ VWUDWHJ\ PXVW EH IDVW DQG WKH H[WUDFWHG
IHDWXUHV PXVW EH VXLWDEOH IRU VWRUDJH LQ D GDWDEDVH�

�� :$9(/(7 %$6(' &%,5 6<67(0

&RPSDUHG WR +LVWRJUDP EDVHG &%,5 V\VWHPV� ZDYHOHW EDVHG &%,5 V\VWHPV DUH PRUH UHOLDEOH IRU PHGLFDO LPDJHV� ,Q

KLVWRJUDP EDVHG V\VWHPV� IHDWXUH YHFWRU QHJOHFWV ORFDWLRQ LQIRUPDWLRQ� 7KLV GUDZEDFN LQ KLVWRJUDP EDVHG V\VWHPV PD\ OHDG

WR FRQVLGHULQJ WZR LPDJHV WR EH YHU\ VLPLODU� HYHQ WKRXJK WKH\ UHSUHVHQW YHU\ GLIIHUHQW GLDJQRVWLF LQIRUPDWLRQ� 6LPLODU WR

KLVWRJUDP EDVHG V\VWHPV� *OREDO WH[WXUH EDVHG V\VWHPV DOVR QHJOHFW ORFDWLRQ LQIRUPDWLRQ� 2Q WKH RWKHU KDQG� EDVHG RQ WKH

QDWXUH RI WKH ZDYHOHW WUDQVIRUP� ZKLFK SUHVHUYHV WKH ORFDWLRQ LQIRUPDWLRQ� ZDYHOHW EDVHG &%,5 V\VWHPV FDQ EH FRQVLGHUHG
PRUH VXLWDEOH WR UHSUHVHQWLQJ PHGLFDO LPDJHV�
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6HDUFKLQJ WKH DYDLODEOH &%,5 OLWHUDWXUH� ZH REVHUYH D QXPEHU RI V\VWHPV WKDW VWDQG RXW IRU WKHLU XQLTXH IHDWXUHV�

([DPSOHV RI VXFK V\VWHPV DUH WKH V\VWHP LPSOHPHQWHG E\ WKH 8QLYHUVLW\ RI :DVKLQJWRQ IRU PXOWL�UHVROXWLRQ LPDJH

TXHU\LQJ
�
� DQG WKH V\VWHP GHYHORSHG DW 6WDQIRUG 8QLYHUVLW\ ZKLFK ZDV FDOOHG :%,,6 �:DYHOHW�%DVHG ,PDJH ,QGH[LQJ DQG

6HDUFKLQJ�
�
� %RWK V\VWHPV DUH FRQVLGHUHG ZDYHOHW�EDVHG &%,5 V\VWHPV� 7KH V\VWHP RI WKH 8QLYHUVLW\ RI :DVKLQJWRQ LV

EDVHG RQ +DDU ZDYHOHWV� ZKLOH 6WDQIRUG 8QLYHUVLW\ :%,,6 LV EDVHG RQ 'DXEHFKLHV ZDYHOHWV� %RWK V\VWHPV DUH GHVLJQHG IRU
JHQHUDO�SXUSRVH LPDJH LQGH[LQJ DQG VHDUFKLQJ� $V D UHVXOW� WKHLU SHUIRUPDQFH EHFRPHV YHU\ SRRU ZKHQ DSSOLHG RQ PHGLFDO

LPDJHV VLQFH WKH FRQVWUDLQWV LQ WKH SUREOHP GHILQLWLRQ VWDWHG DERYH DUH QRW SURSHUO\ DGGUHVVHG�

+HUH� ZH SURSRVH D ZDYHOHW�EDVHG V\VWHP WKDW LV PRUH VXLWDEOH IRU PHGLFDO &%,5 V\VWHPV� )LJXUH � VKRZV D EORFN

GLDJUDP RI WKLV V\VWHP� $V VKRZQ LQ WKLV GLDJUDP� WKH V\VWHP FRQVLVWV RI WKH IROORZLQJ FRPSRQHQWV� SUHSURFHVVLQJ� IHDWXUH

H[WUDFWLRQ� PDWFKLQJ� ILQDO VHOHFWLRQ� LQ DGGLWLRQ WR FRPSOHWH FDVH LPDJHV DQG PHGLFDO UHSRUW UHWULHYDO� (DFK RQH RI WKHVH

EORFNV ZLOO EH GHVFULEHG LQ PRUH GHWDLOV LQ WKH IROORZLQJ VXEVHFWLRQV�

��� 3UHSURFHVVLQJ

,Q RXU V\VWHP� ZH ZRUN ZLWK &7�05,�;�UD\ LPDJHV VWRUHG LQ 3$&6� 7KH VL]H RI WKH LPDJHV XVHG PD\ EH XS WR ����î����

ZLWK XS WR ���ELW JUD\ VFDOH� ,Q WKH ILUVW VWHS RI SUHSURFHVVLQJ� WKH LPDJHV DUH UH�VDPSOHG WR D VPDOOHU VL]H RI ���î��� XVLQJ

ELOLQHDU LQWHUSRODWLRQ� 7KH LQSXW LPDJH LV RYHUODLG ZLWK D JULG RI ��� î ��� SRLQWV� 7KH LQSXW LPDJH LV WKHQ VDPSOHG DW HDFK

JULG SRLQW WR GHWHUPLQH WKH SL[HO FRORU RI WKH RXWSXW LPDJH� :KHQ JULG SRLQW OLHV EHWZHHQ LQSXW SL[HO FHQWHUV� WKH FRORU YDOXH
RI WKH JULG SRLQW LV GHWHUPLQHG E\ OLQHDU LQWHUSRODWLRQ EHWZHHQ DGMDFHQW SL[HO JUD\ OHYHOV ERWK LQ WKH YHUWLFDO DQG KRUL]RQWDO

GLUHFWLRQV
�
� 7KH JUD\ OHYHOV DUH WKHQ UH�TXDQWL]HG WR KDYH XS WR ��� JUD\ OHYHOV �L�H�� ��ELW JUD\ VFDOH�� 7KHVH QRUPDOL]HG

YHUVLRQV RI WKH LPDJHV ZLOO EH XVHG RQO\ IRU EXLOGLQJ WKH FRUUHVSRQGLQJ IHDWXUH YHFWRUV DQG ZLOO QRW EH VWRUHG LQ WKH 3$&6�

'XH WR WKH KXJH VL]H RI WKH GDWDEDVH� WKH RULJLQDO LPDJHV DUH WKH RQO\ RQHV WKDW DUH VWRUHG LQ WKH DUFKLYLQJ V\VWHP LQ RUGHU WR

UHGXFH VWRUDJH VL]H� 0RUHRYHU� WKH QRUPDOL]HG LPDJHV FDQQRW UHSODFH WKH RULJLQDO LPDJHV LQ WKH GDWDEDVH VLQFH WKH ODWWHU PD\

KDYH EHWWHU UHVROXWLRQ DQG FRORU TXDOLW\ DQG FRQVHTXHQWO\ RI PRUH GLDJQRVWLF YDOXH�

,Q WKH VHFRQG VWHS� ZH DSSO\ QRLVH UHGXFWLRQ ILOWHULQJ RQ WKH TXHU\ LPDJHV� 6LQFH WKH GDWDEDVH LPDJHV DUH DOUHDG\ XVHG

IRU GLDJQRVLV� WKH\ DUH DVVXPHG WR EH RI KLJK TXDOLW\ DQG QR ILOWHULQJ LV QHHGHG IRU WKHP LQ JHQHUDO� 7KH GHQRLVLQJ SURFHVV LV

DSSOLHG ZKHQ WKH YDULDQFH LQ EDFNJURXQG UHJLRQ RI WKH TXHU\ LPDJH LV KLJKHU WKDQ D FHUWDLQ WKUHVKROG� $OO &7� 05, DQG ;�

UD\ LPDJHV KDYH D FRPPRQ DSSHDUDQFH RI D GDUN EDFNJURXQG ZLWK RQH RU PRUH VWUXFWXUHV RQ WRS RI LW� 7KH QRLVH DGGV HQHUJ\

WR WKH LPDJH VSHFLDOO\ WR WKH EDFNJURXQG� &RQVHTXHQWO\� WKLV HQHUJ\ FDXVHV D ELJJHU HUURU LQ WKH PDWFKLQJ VWDJH� $PRQJ WKH
GHQRLVLQJ WHFKQLTXHV� /RZ�SDVV ILOWHULQJ RU DYHUDJLQJ WHFKQLTXHV UHGXFH WKH VKDUSQHVV RI WKH ERXQGDULHV DQG HGJHV DQG

UHGLVWULEXWH WKHLU HQHUJ\� 0RUH FRPSOH[ GHQRLVLQJ WHFKQLTXHV VXFK DV :LHQHU ILOWHUV RU ZDYHOHW GHQRLVLQJ FDQQRW EH XVHG

GXH WR WKHLU UHODWLYHO\ KLJK FRPSXWDWLRQDO FRVW� ZKLFK VORZV GRZQ WKH VSHHG RI WKH HQWLUH SURFHGXUH� 7KHUHIRUH� D �î�

PHGLDQ ILOWHU KDV EHHQ VHOHFWHG DQG IRXQG WR EH VXIILFLHQW IRU WKLV DSSOLFDWLRQ� ,W LV PRUH UREXVW IRU ERXQGDU\ YDOXHV LQ WKH

DUHD XQGHU WKH PDVN DQG SHUIRUPV ZHOO LQ UHGXFLQJ WKH QRLVH HQHUJ\ HVSHFLDOO\ LQ WKH EDFNJURXQG DUHD�

2QH RI WKH DGYDQWDJHV RI ZDYHOHW WHFKQLTXHV RYHU RWKHU JOREDO FRORU LQGH[LQJ WHFKQLTXHV� VXFK DV JOREDO KLVWRJUDP

EDVHG WHFKQLTXHV DQG WH[WXUH�EDVHG WHFKQLTXHV� LV WKDW WKH IHDWXUH YHFWRU FRQWDLQV VSDWLDO LQIRUPDWLRQ JLYHQ WKDW LW LV D FRORU

OD\RXW LPDJH LQGH[LQJ V\VWHP� 7KLV IHDWXUH� KRZHYHU� PDNHV WKH PDWFKLQJ SURFHVV VHQVLWLYH WR WUDQVODWLRQDO PRWLRQ� 7KH

VSHFLDO QDWXUH RI 05,�&7 ;�UD\ LPDJHV� ZKLFK LV EODFN EDFNJURXQG ZLWK RQH RU PRUH JUD\ REMHFW� DOORZV XV WR GHVLJQ D

V\VWHP WKDW LV PRUH UREXVW DJDLQVW WUDQVODWLRQ� 7KH XVHU LV DOORZHG WR UH�DOLJQ WKH FHQWHU RI JUDYLW\ RI TXHU\ LPDJH� )LUVW ZH

FDOFXODWH WKH FHQWHU RI JUDYLW\ RI WKH LPDJH� ,I WKH FHQWHU RI JUDYLW\ LV QRW LGHQWLFDO WR WKH FHQWHU RI WKH LPDJH� LW LV VKLIWHG WR

WKH FHQWHU RI WKH LPDJH� DVVXPLQJ WKDW WKH LPDJH LV H[WHQGHG LQ DOO GLUHFWLRQV ZLWK GDUN EDFNJURXQG �QHDU ]HUR JUD\ VFDOH
YDOXH�� 7KLV RSHUDWLRQ PD\ WUXQFDWH SDUWV RI WKH REMHFWV VR WKH YDOXHV LQ HYHU\ UHPRYHG UDZ RU FROXPQ DUH FKHFNHG DQG LI

DQ\ YDOXH LV JUHDWHU WKDQ VSDWLDO WKUHVKROG WKH DOLJQPHQW SURFHVV LV VWRSSHG DQG D ZDUQLQJ PDVVDJH LV GLVSOD\HG� )LJXUH �

VKRZV DQ H[DPSOH RI XVLQJ WKH DOLJQPHQW FHQWHU RI JUDYLW\�

��� )HDWXUH ([WUDFWLRQ

$IWHU WKH LPDJH SDVVHV WKH SUHSURFHVVLQJ VWDJH� WKH TXHU\ LPDJH LV UHDG\ IRU JHQHUDWLQJ WKH IHDWXUH YHFWRU WKDW ZLOO EH XVHG

LQ WKH PDWFKLQJ SURFHVV� 7KLV YHFWRU LV JHQHUDWHG IURP WKH ZDYHOHW WUDQVIRUP RI WKH LPDJH� 7KH ��OD\HU 'DXEHFKLHV ZDYHOHW

WUDQVIRUP LV DSSOLHG WR WKH LPDJH
���
� 7KH RXWSXW RI WKH ZDYHOHW WUDQVIRUPDWLRQ LV D ���î��� PDWUL[� 7KH XSSHU�OHIW ��î��

VXE�PDWUL[ LV WKH ILIWK OD\HU LQ WKH 'DXEHFKLHV GLVFUHWH ZDYHOHW WUDQVIRUP� 7KLV ��î�� VXE�PDWUL[ FRQVLVWV RI IRXU �î� VXE�

PDWULFHV� 7KH IHDWXUH YHFWRU LV JHQHUDWHG LQ WZR SDUWV IURP WKHVH IRXU �î� VXE�PDWULFHV� 7KH ILUVW SDUW LV WKH �î� VXE�PDWUL[

LQ WKH XSSHU�OHIW FRUQHU RI WUDQVIRUPHG LPDJH WKDW FRQWDLQV WKH ORZ IUHTXHQF\ EDQGV UHSUHVHQWLQJ WKH FRORU OD\RXW RI WKH
LPDJH� 7KH VHFRQG SDUW LV WKH WKUHH �î� VXE�PDWULFHV QHDUE\ WKH �î� ORZ IUHTXHQF\ EDQG VXE�PDWUL[� 7KHVH WKUHH
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VXEPDWULFHV GR QRW UHSUHVHQW DOO LPDJH GHWDLOV� +RZHYHU� WKH\ FRQWDLQ VXIILFLHQW LQIRUPDWLRQ WR UHSUHVHQW LPSRUWDQW IHDWXUHV

ZLWKLQ WKH LPDJH� 'XH WR WKH VLPLODULW\ EHWZHHQ WKH LPDJHV IURP 05,� &7 DQG ;�UD\� WKH YDULDQFH RI WKH ORZ IUHTXHQF\ �î�

VXE�PDWUL[ �XSSHU�OHIW FRUQHU VXE�PDWUL[� KDV QR VLJQLILFDQFH LQ GLVWLQJXLVKLQJ EHWZHHQ WKHVH LPDJH W\SHV� 7KHUHIRUH� LW

FDQQRW EH XWLOL]HG LQ WKH PDWFKLQJ SURFHVV�

�D� �E�

)LJXUH �� ,OOXVWUDWLRQ RI WKH DOLJQPHQW SURFHGXUH� �D� RULJLQDO LPDJH� �E� UHIHUHQFH LPDJH�

��� 0DWFKLQJ 3URFHVV

7KH IHDWXUH YHFWRU IRU D V\VWHP VXFK DV :%,,6� ZKLFK LV D FRORU OD\RXW LQGH[LQJ V\VWHP� KDV WR FRQWDLQ VSDWLDO LQIRUPDWLRQ�
,Q SDUWLFXODU� WKH IHDWXUH YHFWRU FRQVLVWV RI WKUHH SDUWV� 7KH ILUVW SDUW LV WKH JOREDO IHDWXUHV� ZKLFK DUH WKH VWDQGDUG GHYLDWLRQV

RI WKH WKUHH FRORU�FKDQQHOV RI �î�î� ORZ IUHTXHQF\ EDQG VXE�PDWULFHV� 2Q WKH RWKHU KDQG� WKH VHFRQG DQG WKH WKLUG SDUWV DUH

WKH ZDYHOHW FRHIILFLHQWV RI WKH ��î�� VXE�PDWUL[ RI WKH FRORU FKDQQHO� *LYHQ WKH QDWXUH RI ZDYHOHWV� WKLV SDUW FRQWDLQV

LQIRUPDWLRQ DERXW VSDWLDO YDULDWLRQV� 7KH PDWFKLQJ VWHS RI :%,,6 V\VWHP JLYHV HTXDO ZHLJKWV IRU DOO ORFDWLRQV LQ WKH LPDJH�

,Q PHGLFDO LPDJHV� KRZHYHU� VPDOO REMHFWV RU LPDJH SDUWV PD\ KDYH KLJK GLDJQRVWLF YDOXHV� ,W LV QRW UHDVRQDEOH WR JLYH WKH

PDWFKLQJ HUURU LQ EDFNJURXQG SL[HOV D ZHLJKW WKDW LV HTXDO WR VXFK KLJK GLDJQRVWLF YDOXH REMHFW ZLWKLQ WKH LPDJH� 2Q WKH

RWKHU KDQG� DOO WKH SL[HOV RI WKH REMHFWV FDQQRW EH JLYHQ WKH VDPH ZHLJKW� 7KHUHIRUH� VRPH VPDOO SDUWV PD\ KDYH GLDJQRVWLF

YDOXH KLJKHU WKDQ DOO RWKHU SL[HOV� ,W LV YHU\ GLIILFXOW WR GHVLJQ DQ H[SHUW V\VWHP IRU DXWRPDWLF GHWHFWLRQ RI WKH LPSRUWDQFH RI

HDFK SDUW RI DQ LPDJH� 7KHUHIRUH� ZH DOORZHG XVHUV WR GHWHUPLQH WKUHH OHYHOV RI LPSRUWDQFH RI LPDJH UHJLRQV� )LUVW� WKH XVHU

VHOHFWV WKH GDWD UHJLRQV� 7KHQ� KH�VKH VHOHFWV VPDOOHU UHJLRQV LQVLGH WKH GDWD UHJLRQV ZLWK KLJKHU GLDJQRVWLF YDOXH� )LQDOO\�

KH�VKH VHOHFWV WKH PRVW LPSRUWDQW UHJLRQV� :H XVH WKHVH UHJLRQV WR JHQHUDWH D ZHLJKW IXQFWLRQ :�[�\� WKDW KROGV WKH ZHLJKW

RI HYHU\ SL[HO LQ WKH LPDJH WR EH XVHG GXULQJ WKH PDWFKLQJ VWHS� )URP WKH DYHUDJH RI WKLV ZHLJKW PDWUL[ ZH JHQHUDWH DQ �î�
PDWUL[ RU D ���GHVWLQDWLRQ YHFWRU� ,Q WKH PDWFKLQJ SKDVH� ZH FDOFXODWH WKH ZHLJKWHG (XFOLGHDQ GLVWDQFH EDVHG RQ WKH

IROORZLQJ HTXDWLRQ IRU WKH ILUVW SDUW RI WKH IHDWXUH YHFWRU FRQWDLQLQJ JUD\ OD\RXW LQIRUPDWLRQ DV D ILUVW HVWLPDWLRQ�

ZKHUH G�,�,¶� LV WKH GLVWDQFH EHWZHHQ LPDJH , DQG LPDJH ,© � : LV DQ �î� ZHLJKW PDWUL[ � '� � '�� '� � DQG '� DUH WKH IRXU
�î� VXE�PDWULFHV UHSUHVHQWLQJ WKH IHDWXUH YHFWRU� DQG WKH µ�¶ RSHUDWRU GHQRWHV FRPSRQHQW�ZLVH SURGXFW �

,Q WKH ILQDO PDWFKLQJ� ZH FDOFXODWH WKH GLVWDQFH GHSHQGLQJ RQ WKH VHFRQG SDUW RI WKH PDWFKLQJ YHFWRU� ZKLFK FRQWDLQV

GHWDLO LQIRUPDWLRQ� 7KHQ� ZH UHWULHYH �� LPDJHV ZLWK WKH VPDOOHVW ZHLJKW (XFOLGHDQ GLVWDQFH IURP WKH 3$&6 DQG UHVDPSOH

WKHP WR ���î��� DQG GLVSOD\ WKHP IRU WKH XVHU DQG DOORZ KLP�KHU WR PDNH WKH ILQDO GHFLVLRQ E\ VHOHFWLQJ WKH QHDUHVW LPDJH

WR WKH TXHU\ LPDJH� 7KH V\VWHP GLVSOD\V WKH VHOHFWHG LPDJHV LQ WKHLU DFWXDO VL]H DQG UHWULHYHV WKH GLDJQRVWLF UHSRUW RI WKHVH

LPDJHV IURP WKH 5,6� $OVR� WKH V\VWHP DOORZV WKH XVHU WR UHWULHYH DOO LPDJHV RI WKH VDPH H[DPLQDWLRQ DQG WKH SDWLHQW UHFRUG

IURP WKH 3,6�

� � ____� ��
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0RVW RI &%,5 VWUDWHJLHV VXFK DV KLVWRJUDP�EDVHG� ZDYHOHW�EDVHG� WH[WXUH�EDVHG� DQG FRORU PRGHO EDVHG WHFKQLTXHV DUH
EDVHG RQ WKH VLJQDO ILHOG RI YLHZ RU WKH VWDWLVWLFDO ILHOG RI YLHZ� 6LQFH PRUSKRORJLFDO ILHOG RI YLHZ PD\ EH PRUH VXLWDEOH IRU

VRPH DSSOLFDWLRQV HVSHFLDOO\ LQ WKH PHGLFDO ILHOG� VHPDQWLF GHVFULSWLRQ RI WKH REMHFWV LQ WKH LPDJH DQG WKH UHODWLRQV EHWZHHQ

WKHP FDQ SHUIRUP ZHOO LQ &%,5 V\VWHPV� :H FDQ IXOO\ GHVFULEH WKH GLIIHUHQW REMHFWV LQ DQ LPDJH E\ GHVFULELQJ WKHLU H[WHUQDO

ERXQGDULHV� WKHLU FRORU SDUDPHWHUV� DV ZHOO DV WKH UHODWLRQV EHWZHHQ WKHP� 7KH DOJRULWKP VWDUWV E\ JHQHUDWLQJ D VHPDQWLF WUHH

UHSUHVHQWDWLRQ RI DOO LPDJHV� 7KLV WUHH VWRUHV WKH UHODWLRQV EHWZHHQ DOO WKH SDUHQW DQG FKLOG UHJLRQV DQG WKH UHODWLRQV EHWZHHQ

WKH FKLOGUHQ UHJLRQV� 7KLV VHPDQWLF GHVFULSWLRQ FDQ EH XVHG ODWHU LQ WKH &%,5� 7KH NH\ IDFWRU KHUH LV KRZ WKLV VHPDQWLF

GHVFULSWLRQ FDQ EH JHQHUDWHG DQG IRUPHG LQ VXLWDEOH IRUP IRU PDWFKLQJ DQG VRUWLQJ LQ GDWDEDVH� ,Q WKLV VHFWLRQ ZH GHYHORS D

PRUSKRORJ\ EDVHG &%,5 V\VWHP IRU PHGLFDO LPDJHV� )LUVW WR H[SODLQ WKH LGHD RI VHPDQWLF GHVFULSWLRQ� ZH ZLOO JLYH DQ

H[DPSOH�

)LJXUH �� �D� WKH RULJLQDO LPDJH DQG �E� LV D VHPDQWLF QHW ZKLFK GHVFULEHV WKH PRUSKRORJLFDO UHODWLRQV EHWZHHQ WKH REMHFWV

DQG WKH VSHFLILF SDUDPHWHUV RI WKHP LQ WKH LPDJH�

$V VKRZQ LQ )LJ��� WKH LPDJH LV FRPSRVHG RI D UHJLRQ 5� WKDW LV WKH SDUHQW RI WZR UHJLRQV� 5� DQG 5�� 7KHVH DUH VHSDUDWH
UHJLRQV WKDW DUH QRW LQWHUVHFWHG� ,QVLGH UHJLRQ 5�� ZH ILQG 5� DQG 5� ZKLFK DUH VHSDUDWHG� :KLOH UHJLRQ 5� FRQWDLQV UHJLRQ

5�� 2XU V\VWHP IRU &%,5� ZKLFK EXLOGV DQG XVHV VHPDQWLF QHW� ZLOO EH GHVFULEHG LQ GHWDLOV LQ WKH IROORZLQJ VXEVHFWLRQV�

��� 3UHSURFHVVLQJ

)LUVW� EHIRUH WKH VHPDQWLF QHW EHLQJ JHQHUDWHG WKH LPDJH PXVW EH QRUPDOL]HG� 7KH LPDJH LV UHVDPSOHG WR EH ��� î ��� SL[HO

DQG WKH JUD\ OHYHO UH�TXDQWL]HG WR EH ��� JUD\ OHYHOV� 7KHUH LV QR QHHG IRU QRLVH UHPRYLQJ VWDJH VLQFH RXU VHJPHQWDWLRQ

WHFKQLTXH LV PRUH UREXVW IRU QRLVH DV ZH ZLOO GHVFULEH ODWHU� $OVR WKHUH LV QR QHHG IRU DOLJQPHQW WKH FHQWHU RI JUDYLW\ VLQFH

WKH PDWFKLQJ EDVHG RQ WKH VHPDQWLF QHW LV DIIHFWHG RQO\ E\ WKH UHODWLYH UHODWLRQ EHWZHHQ WKH REMHFWV� REMHFW VKDSH SURPSWHUV

DQG REMHFWV FRORU SDUDPHWHUV
�
�

��� 6HJPHQWDWLRQ

,Q RUGHU WR JHQHUDWH WKH VHPDQWLF QHW ZH PXVW KDYH WKH LPDJH VHJPHQWHG LQWR UHJLRQV� 7KHUH DUH VHYHUDO VHJPHQWDWLRQ
DOJRULWKPV VXLWDEOH KHUH� :H XVHG UHJLRQ�JURZLQJ WHFKQLTXHV EHFDXVH WKH\ DUH EHWWHU IRU VHJPHQWDWLRQ RI QRLV\ LPDJH

�
� ,Q

JHQHUDO� UHJLRQ�EDVHG VHJPHQWDWLRQ WHFKQLTXHV VSOLW WKH LQSXW LPDJH LQWR 1 UHJLRQV DFFRUGLQJ WR WKH IROORZLQJ HTXDWLRQ�
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+HUH� , LV WKH LQSXW LPDJH ZKLFK LV D ILQLWH VHW RI UHJLRQV 5�«�5Q �DQG HYHU\ UHJLRQ 5L PXVW VDWLVI\ WKH IROORZLQJ FULWHULD

ZKHUH +�5L� LV D ELQDU\ KRPRJHQHLW\ HYDOXDWLRQ RI WKH UHJLRQ 5L � ,Q RXU FDVH� ZH FRQVLGHU D UHJLRQ KRPRJHQHRXV LI WKH

FRORU GLVWDQFH EHWZHHQ DQ\ WZR�QHLJKERU SL[HOV LV OHVV WKDQ D VSDWLDO WKUHVKROG �ORFDO WKUHVKROG� DQG WKH FRORU GLVWDQFH

EHWZHHQ DQ\ SL[HO LQ WKH UHJLRQ DQG WKH PHDQ RI WKH UHJLRQ LV OHVV WKDQ DQRWKHU VSDWLDO WKUHVKROG �JOREDO WKUHVKROG�� 7KLV

GHILQLWLRQ FDQ EH IRUPHG DV IROORZV�

+HUH SL 	 SM DUH WZR QHLJKERU SL[HOV LQ WKH UHJLRQ� J�SL� LV WKH JUD\ OHYHO RI SL[HO SM DQG J)�5� WKH DYHUDJH JUD\ OHYHO RI WKH

UHJLRQ 5 ZKHUH�

+HUH 3, LV D SL[HO LQ UHJLRQ 5 DQG 1 LV QXPEHU RI SL[HO LQ WKH UHJLRQ� ,Q RUGHU WR VHJPHQW WKH LPDJH LQWR UHJLRQV ZH VWDUW

ZLWK WKH XSSHU OHIW SL[HO WR EH WKH ILUVW SL[HO LQ WKH UHJLRQ 5� WKLV UHJLRQ LV JURZLQJ LQ WKH QHLJKERU SL[HOV DV ORQJ DV WKH

KRPRJHQHLW\ FRQGLWLRQ LV VDWLVILHG� -XVW ZKHQ WKH JURZLQJ RI UHJLRQ 5� LV VWRSSHG� ZH FRQVLGHU WKH ILUVW SL[HO RXWVLGH WKH
UHJLRQ 5� ERXQGDU\ DV WKH ILUVW SL[HO LQ UHJLRQ 5� DQG WKXV� VWDUWLQJ UHJLRQ JURZLQJ IRU UHJLRQ 5� DQG VR RQ� 7KHVH SURFHGXUH

UXQ XQWLO HYHU\ SL[HO LQ WKH LPDJH LV DVVLJQHG WR UHJLRQ �:H PHUJH DQ\ WZR UHJLRQV LI WKH DEVROXWH YDOXH RI WKH GLIIHUHQFH

EHWZHHQ WKHLU DYHUDJH JUD\ YDOXHV LV OHVV WKDQ WKH VSDWLDO WKUHVKROG RU LI WKH VL]H RI DQ\ RI WKHP LV OHVV WKDQ D FHUWDLQ

WKUHVKROG
����

�

��� %XLOGLQJ 6HPDQWLF 1HW

%XLOGLQJ UHJLRQ KLHUDUFK\ LV WKH ILUVW VWHS LQ EXLOGLQJ RXU VHPDQWLF QHW� 7KH RXWSXW RI WKLV PRGXOH LV WKH UHJLRQ UHODWLRQ

KLHUDUFK\� 5HJLRQ UHODWLRQ KLHUDUFK\ FDQ EH IXOO\ GHVFULEHG LI WKH SDUHQW DQG WKH OHYHO RI HYHU\ UHJLRQ DUH GHWHUPLQHG� )LUVW�

ZH VHW WKH GDUN EDFNJURXQG DV WKH URRW UHJLRQ RI WKH KLHUDUFK\� 7KHQ� ZH VWDUW D ORRS WR DVVLJQ HYHU\ UHJLRQ LQ WKH LPDJH WR

LWV FRUUHFW ORFDWLRQ LQ WKH KLHUDUFK\� 7KH ORRS FRQWLQXHV RYHU DOO WKH VXFFHVVLYH OHYHOV DQG IRU HYHU\ UHJLRQ ZLWKLQ HYHU\

OHYHO� )RU HYHU\ UHJLRQ� WKH QHLJKERU UHJLRQ LV FKHFNHG� ,I WKH QHLJKERU UHJLRQ LV QRW DVVLJQHG WR D ORFDWLRQ LQ WKH KLHUDUFK\�

LW DVVLJQHG DV D FKLOG WR WKH FXUUHQW UHJLRQ� 2Q WKH FRQWUDU\� LI WKH QHLJKERU UHJLRQ LV DOUHDG\ DVVLJQHG WR D ORFDWLRQ� LW LV QRW
WKH SDUHQW RI WKH FXUUHQW UHJLRQ� DQG WKH SDUHQW RI WKLV UHJLRQ LV QRW WKH SDUHQW RI WKH FXUUHQW UHJLRQ RU WKH FXUUHQW UHJLRQ

LWVHOI� WKHQ WKLV UHJLRQ LV UHDVVLJQHG DV D FKLOG RI WKH FXUUHQW SDUHQW UHJLRQ
��
�

7KH IROORZLQJ H[DPSOH ZLOO FODULI\ WKH LGHD RI WKH DOJRULWKP �VHH )LJXUH ��� :H VWDUW ZLWK WKH 5� DV WKH URRW� )RU OHYHO

]HUR DQG UHJLRQ ]HUR WKH FXUUHQW UHJLRQ LV UHJLRQ ]HUR WKH QHLJKERU RI UHJLRQ ]HUR LV UHJLRQ 5� LV QRW DVVLJQHG WR ORFDWLRQ LQ

WKH KLHUDUFK\ WKHQ DVVLJQ LW DV D FKLOG IRU UHJLRQ ]HUR� ,Q OHYHO�� ZKHQ WKH FXUUHQW UHJLRQ LV 5� DQG WKH QHLJKERUV RI 5�DUH 5��

5�� 5�� 5�� DQG 5�� 5� LV DVVLJQHG WR D ORFDWLRQ DQG LW LV WKH FXUUHQW UHJLRQ SDUHQW� 5�� 5�� 5�� DQG 5� KDYH QRW EHHQ DVVLJQHG

\HW� WKHQ WKH\ EHFRPH DVVLJQHG DV FKLOGUHQ RI 5�� ,Q OHYHO �� ZKHQ WKH FXUUHQW UHJLRQ LV 5�� WKH QHLJKERU UHJLRQV DUH 5�� 5��

5�� DQG 5�� 5� LV QRW DVVLJQHG WKHQ LW EHFRPHV DVVLJQHG DV D FKLOG RI 5�� 5� LV DVVLJQHG WR ORFDWLRQ DQG LW LV WKH FXUUHQW UHJLRQ

SDUHQW� 5� DQG 5� DUH DVVLJQHG WR ORFDWLRQ DQG WKHLU SDUHQW LV WKH SDUHQW RI WKH FXUUHQW UHJLRQ �ZKLFK LV 5��� ,Q OHYHO�� ZKHQ

WKH FXUUHQW UHJLRQ LV 5�� WKH QHLJKERU UHJLRQV DUH 5�� 5�� 5�� DQG 5�� 5� LV DVVLJQHG WR ORFDWLRQ DQG LW LV WKH FXUUHQW UHJLRQ
SDUHQW� 5� DQG 5� DUH DVVLJQHG WR VRPH ORFDWLRQV DQG WKHLU SDUHQW LV WKH SDUHQW RI WKH FXUUHQW UHJLRQ �ZKLFK LV 5��� 5� LV

DVVLJQHG WR D ORFDWLRQ EXW LW LV QRW WKH FXUUHQW UHJLRQ SDUHQW DQG LWV SDUHQW LV QRW WKH FXUUHQW UHJLRQ SDUHQW DQG LW LV QRW D FKLOG
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RI WKH FXUUHQW UHJLRQ� 7KHQ� 5� LV DVVLJQHG WR HUURU ORFDWLRQ DQG LWV FXUUHQW ORFDWLRQ DV D FKLOG RI FXUUHQW UHJLRQ SDUHQW �ZKLFK

LV 5��
�����

�

)LJXUH �� ,OOXVWUDWLRQ RI WKH VWHSV RI WKH SURSRVHG DOJRULWKP�

��� 5HJLRQ GHVFULSWLRQ DQG LQWHU�OHYHO OLQNV
7KH VHFRQG VWHS LQ WKH EXLOGLQJ WKH VHPDQWLF QHW LV WR GHVFULEH WKH UHJLRQV RI HYHU\ QRGH DQG WKH UHODWLRQ EHWZHHQ WKH QRGHV

LQ WKH VDPH OHYHO� 7KH DYHUDJH JUD\ OHYHO LV XVHG WR GHVFULEH WKH UHJLRQ FRORU� 7KH UHJLRQ PRPHQWV PDWFK RXU QHHG IRU

GHVFULELQJ WKH UHJLRQ VKDSH PRUH WKDQ RWKHU UHJLRQ DQG ERXQGDU\ GHVFULSWRUV� VLQFH WKH PRPHQWV DUH WUDQVODWLRQ�� URWDWLRQ��

DQG VFDOH�LQYDULDQW� &RPSDUHG WR FKDLQ FRGH� VLJQDWXUH DQG VHJPHQW VHTXHQFH PRPHQWV DUH HDVLHU LQ IHDWXUH YHFWRU

FRQVWUXFWLRQ� VWRULQJ DQG PDWFKLQJ SURFHVV EHFDXVH PRPHQWV JLYH D IL[HG OHQJWK IHDWXUH YHFWRU RI VHYHQ HOHPHQWV IRU DUHD±

EDVHG PRPHQWV� IRXU HOHPHQWV IRU FRQWRXU VHTXHQFH PRPHQW� 0RPHQWV DOVR IDFLOLWDWH WKH PDWFKLQJ SURFHVV ZKLFK FDQ EH
EDVHG RQ SXUH (XFOLGHDQ GLVWDQFH RQO\ ZKLOH RWKHU GHVFULSWRUV UHTXLUH D FRPSOLFDWHG FRUUHODWLRQ SURFHVV� &RPSDUHG WR

)RXULHU GHVFULSWRUV� PRPHQWV DUH DOVR LQGHSHQGHQW IURP WKH VWDUWLQJ SRLQWV�
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��� 0DWFKLQJ
2QH RI WKH GLIILFXOWLHV RI UHSUHVHQWLQJ WKH VHPDQWLF QHW LQ WKH IHDWXUH YHFWRU LV WKDW LW LV RI YDULDEOH OHQJWK VLQFH WKH QXPEHU

RI UHJLRQV LV GLIIHUHQW IURP LPDJH WR DQRWKHU� $OVR� WKHUH LV D SUREOHP LQ VWRULQJ WKH VHPDQWLF QHW UHODWLRQV� ,W LV D JRRG LGHD

WR EXLOG D PDWFKLQJ SURFHVV EDVHG RQ PXOWL UHVROXWLRQ GHVFULSWLRQ DQG GLYLGH WKH IHDWXUH YHFWRU WR EH VXLWDEOH IRU PDWFKLQJ�

7KH ILUVW SDUW RI WKH IHDWXUH YHFWRU FRQVLVWV RI LPDJH ,'� QXPEHU RI QRGHV LQ ILUVW WKUHH OHYHOV� 7KH VHFRQG SDUW GHVFULEHV WKH
QRGHV RI OHYHO RQH DQG FRQVLVWV RI LPDJH ,'� REMHFWV ,' DQG D YHFWRU FRQWDLQV WKH REMHFW SDUDPHWHUV �DYHUDJH JUD\ OHYHOV DQG

PRPHQWV�� 7KH REMHFWV DUH DUUDQJHG EDVHG RQ LPDJH ,'� 7KH WKLUG DQG WKH IRUWK SDUWV FRQVLVW RI UHJLRQ ,'� REMHFW ,' DQG

REMHFW IHDWXUH YHFWRU IRU WKH REMHFWV LQ OHYHOV WZR DQG WKUHH�

7KH ILUVW FXW IURP WKH PDWFKLQJ SURFHVV LV EDVHG RQ WKH QXPEHU RI REMHFWV LQ OHYHO�� 7KH VHFRQG FXW LV EDVHG RQ WKH

IHDWXUHV RI WKHVH REMHFWV� 7KH WKLUG FXW LV EDVHG RQ WKH QXPEHU RI REMHFWV LQ OHYHO� DQG WKH IRXUWK FXW LV EDVHG RQ WKH IHDWXUHV

RI REMHFWV LQ OHYHO��

�� (9$/8$7,21 2) &%,5 3(5)250$1&(

2QH RI WKH SUREOHPV LQ &%,5 V\VWHP GHVLJQ LV KRZ WKH SHUIRUPDQFH RI WKH V\VWHP FDQ EH DVVHVVHG� 7KH DFFXUDF\ RI &%,5

V\VWHPV LV FRPPRQO\ HYDOXDWHG E\ WHVW�UXQQLQJ WKH V\VWHP RQ NQRZQ GDWD� 'LIIHUHQW TXHU\ LPDJHV DUH DSSOLHG WR WKH V\VWHP

DQG WKH RXWSXW LPDJHV DUH FKHFNHG� (YHQ WKRXJK WKLV LV VXIILFLHQW IRU SUHOLPLQDU\ WHVWLQJ� LW LV QRW DGHTXDWH WR SURYLGH DQ

RYHUDOO HYDOXDWLRQ IRU WZR UHDVRQV� 7KH ILUVW LV WKDW 6RPH &%,5 V\VWHPV JLYH JRRG UHVXOWV IRU VSHFLDO FDVHV RI GDWDEDVH

LPDJHV RU TXHU\ LPDJHV� 7KLV EHFRPHV PRUH FRPSOLFDWHG LI ZH NQRZ WKDW WKHUH LV FXUUHQWO\ QR VWDQGDUG GDWD VHW WKDW LV

GHVLJQHG IRU WHVWLQJ &%,5 V\VWHP DFFXUDF\� 7KH VHFRQG UHDVRQ LV WKDW WKH HYDOXDWLRQ RI RXWSXW LPDJHV PD\ QRW EH DFFXUDWH�

,W LV XVXDOO\ D GLIILFXOW WDVN WR GHWHUPLQH WKDW WKH RXWSXW LPDJHV DUH WKH PRVW VLPLODU LPDJHV LQ WKH GDWDEDVH IRU DQ\ JLYHQ

TXHU\ LPDJH DFFRUGLQJ WR KXPDQ DVVHVVPHQW�

,Q RXU FDVH� EHVLGHV WKH DERYH VLPSOH HYDOXDWLRQ� ZH DSSO\ DQ DGGLWLRQDO TXDQWLWDWLYH WHVW� :H VHOHFW VDPSOH LPDJHV

UHSUHVHQWLQJ PRVW RI FDVHV DQG FUHDWH D VPDOO GDWD VHW� 7KH GLVWDQFHV EHWZHHQ WKH TXHU\ LPDJHV DQG WKH RWKHU LPDJHV ZLWKLQ
WKH GDWD VHW DUH FDOFXODWHG� 'LIIHUHQW NLQGV RI GHJUDGDWLRQV DQG WUDQVIRUPDWLRQV ZLWK GLIIHUHQW GHJUHHV DUH DSSOLHG RQ WKH

TXHU\ LPDJHV WKHQ WKH GLVWDQFHV EHWZHHQ WKHP DQG GDWD VHW LPDJHV DUH UHFDOFXODWHG� 7KHVH UHVXOWV VKRZ WKH VHQVLWLYLW\ RI WKH

V\VWHP IRU WKH WUDQVIRUPDWLRQV DQG GHJUDGDWLRQV� $SSOLHG WUDQVIRUPDWLRQV LQFOXGH WUDQVODWLRQ� URWDWLRQ� DQG VFDOLQJ� 2Q WKH

RWKHU KDQG� WKH DSSOLHG GHJUDGDWLRQ VFKHPHV LQFOXGH DGGLQJ QRLVH DQG ORFDO ZKLWH VSRWV ZLWK GLIIHUHQW VL]HV UHSUHVHQWLQJ

VPDOO REMHFWV ZLWK KLJK GLDJQRVWLF YDOXHV� 5HVXOWV DUH FRPSDUHG ZLWK WKDW RI :%,,6 V\VWHP�

�� 5(68/76

&RPSDUHG WR :%,,6� WKH SURSRVHG ZDYHOHW�EDVHG DQG VHPDQWLF�EDVHG WHFKQLTXHV KDYH EHHQ IRXQG WR EH PRUH UREXVW DJDLQVW
WUDQVODWLRQ DQG QRLVH� 2Q WKH RWKHU KDQG� :%,,6 DQG WKH ZDYHOHW�EDVHG WHFKQLTXHV KDYH EHHQ GHPRQVWUDWHG WR EH VHQVLWLYH

IRU URWDWLRQ� HVSHFLDOO\ LI WKH URWDWLRQ DQJOH LV PRUH WKDQ �� GHJUHHV� 0HDQZKLOH� VHPDQWLF�EDVHG WHFKQLTXH KDV EHHQ VKRZQ

WR EH URWDWLRQ�� VFDOLQJ�� DQG WUDQVODWLRQ�LQVHQVLWLYH WHFKQLTXH� 7KH SURSRVHG ZDYHOHW�EDVHG DQG VHPDQWLF�EDVHG WHFKQLTXHV

GLVFULPLQDWH EHWZHHQ VLPLODU LPDJHV EDVHG RQ VPDOO REMHFWV� ZKLFK DUH GHWHUPLQHG E\ WKH XVHU WR EH RI KLJK GLDJQRVWLF

YDOXHV� )LJXUHV � DQG � UHSUHVHQW WZR VDPSOHV RI RXU WHVWLQJ SURFHVV� )LJXUH � VKRZV KRZ WKH SURSRVHG ZDYHOHW�EDVHG

WHFKQLTXH LV UREXVW WR WUDQVODWLRQ� )LJXUH � LOOXVWUDWHV WKH HIIHFW RI VPDOO REMHFW ZLWK KLJK GLDJQRVWLF YDOXH RQ WKH PDWFKLQJ�

,Q )LJXUH �� LPDJH �E� LV DQ LPDJH LQ WKH GDWD VHW DQG LPDJH �D� LV WKH WUDQVODWHG YHUVLRQ RI LPDJH �E�� ,Q RUGHU WR PHDVXUH WKH

HIIHFW RI WUDQVODWLRQ� ZH FRPSXWHG WKH GLVWDQFH �L�H�� WKH )UREHQLXV QRUP RI WKH GLIIHUHQFH LPDJH� EHWZHHQ LPDJHV �D� DQG �E�

XVLQJ WKH RXWSXWV IURP :%,,6 DQG WKH SURSRVHG ZDYHOHW�EDVHG WHFKQLTXH� 7KH GLVWDQFH LQ :,,%6 FDVH LV ����� XQLWV ZKLOH

LQ WKH SURSRVHG :DYHOHW�EDVHG FDVH WKH GLVWDQFH LV ]HUR�

,Q )LJXUH �� LPDJH �F� LV DQ LPDJH LQ WKH GDWD VHW DQG LPDJH �D� LV WKH LPDJH LQ �F� ZLWK D VXSHULPSRVHG VPDOO ZKLWH VSRW

UHSUHVHQWLQJ D VPDOO REMHFW ZLWK KLJK GLDJQRVWLF YDOXH� ,PDJH �E� LV WKH VDPH LPDJH DV LQ �D� DIWHU WKH XVHU GHWHUPLQHG WKH

UHJLRQ ZLWK KLJKHVW SULRULW\� ,PDJHV LQ �D� DQG �F� DUH VLPLODU LPDJHV EXW GR QRW OHDG WR WKH VDPH GLDJQRVLV� ,Q RUGHU WR

PHDVXUH KRZ WKH V\VWHP FDQ GLIIHUHQWLDWH EHWZHHQ WKHVH LPDJHV� ZH FDOFXODWH WKH GLVWDQFH EHWZHHQ LPDJH �D� DQG LPDJH �F�

DFFRUGLQJ WR :%,,6 DQG RXU ZDYHOHW�EDVHG WHFKQLTXH� 7KH GLVWDQFH LQ :,,%6 FDVH LV ��� XQLWV ZKLOH LQ RXU :DYHOHW�EDVHG

FDVH WKH GLVWDQFH LV ����� XQLWV ZKHQ WKH ZHLJKW LV VHOHFWHG WR EH ���

Proc. SPIE Vol. 4322 1053



�� &21&/86,216

$ &%,5 V\VWHP IRU PHGLFDO LPDJLQJ KDV EHHQ GHYHORSHG IRU XVH ZLWK 3$&6� 7ZR DSSURDFKHV EDVHG RQ WKH ZDYHOHW
WUDQVIRUP DQG VHPDQWLF QHW KDYH EHHQ LPSOHPHQWHG DQG VKRZQ WR EH XVHIXO IRU SUDFWLFDO LPSOHPHQWDWLRQ� )XWXUH ZRUN

LQFOXGHV TXDQWL]DWLRQ DQG FRGLQJ RI WKH ZDYHOHW FRHIILFLHQW WR LQWHJHU YDOXHV LQ RUGHU WR UHGXFH WKH WLPH UHTXLUHG IRU

FRPSXWDWLRQV� $OVR� H[WHQVLRQ RI WKLV ZRUN WR LQFOXGH XOWUDVRXQG LPDJLQJ DQG RWKHU PRGDOLWLHV VKRXOG EH DGGUHVVHG�

5()(5(1&(6

�� &� 5� 6K\X� &� (� %URGOH\� $� &� .DN� $� .RVDND� $� $LVHQ� DQG /� %URGHULFN� ³/RFDO YHUVXV JOREDO IHDWXUHV IRU

FRQWHQW�EDVHG LPDJH UHWULHYDO�´ 3URF� RI WKH ZRUNVKRS RQ &RQWHQW�%DVHG $FFHVV RI ,PDJH�9LGHR /LEUDU\� 6DQWD

%DUEDUD� &$� -XQH� ��� �����
�� 6�7� &� :RQJ� DQG '�$� 7MDQGUD� ³$ GLJLWDO OLEUDU\ IRU ELRPHGLFDO LPDJLQJ RQ WKH ,QWHUQHW�§ ,((( &RPPXQLFDWLRQ

0DJD]LQH� ��� QR� �� SS ������ -DQXDU\ �����

�� -�=� :DQJ� *� :LHGHUKROG� 2� )LUVFKHLQ� DQG 6�;� :HL� ³&RQWHQW�EDVHG LPDJH LQGH[LQJ DQG VHDUFKLQJ XVLQJ

'DXEHFKLHV¶ ZDYHOHWV�´ ,QWHU� -� 'LJLWDO /LEUDULHV� SS �������� �����

�� &�(� -DFREV� $� )LQNHOVWHLQ� '�+� 6DOHVLQ� ³)DVW PXOWLUHVDOXWLRQ LPDJH TXHU\LQJ�´ 3URF� RI 6,**$3+ �� � LQ FRPSXWHU

JUDSKLFV SURFHHGLQJV $QQXDO FRQIHUHQFH VHULHV� SS� �������� $XJDVW �����

�� 0� 6RQND� 9� +ODYDF� 5� %R\OH � ,PDJH SURFHVVLQJ � $QDO\VLV DQG PDFKLQH YLVLRQ� �
QG
HG�� 3:6� �����

�� ,QJULG 'DXEHFKLHV� 7HQ OHFWXUHV RQ :DYHOHWV� �%06�16) � UHJLRQ FRQIHUHQFH VHULHV LQ $SSOLHG 0DWKHPDWLFV� �����

�� 6�*� 0DOODW � ³$ WKHRU\ IRU PXOWLUHVDOXWLRQ VLJQDO 'HFRPSRVLWLRQ � WKH ZDYHOHW UHSUHVHQWDWLRQ�´ ,((( WUDQVDFWLRQ RQ

3DWWHUQ $QDO\VLV DQG 0DFKLQH ,QWHOOLJHQFH� ��� QR� ��� SS� �������� -XO\ �����

�� &��6� )XK� 6� :HQFKR� DQG .� (VVLJ� ³+LHUDUFKLFDO FRORU LPDJH UHJLRQ VHJPHQWDWLRQ IRU FRQWHQW�EDVHG LPDJH UHWULHYDO
V\VWHP�´ ,((( WUDQVDFWLRQ RQ ,PDJH 3URFHVVLQJ� �� QR� �� SS �������� -DQXDU\ �����

�� $� 7UHPHDX DQG 1� %RUHO� ³$ UHJLRQ JURZLQJ DQG PHUJLQJ DOJRULWKPV WR FRORU VHJPHQWDWLRQ�´ 3DWWHUQ 5HFRJQLWLRQ� ���

SS ���������� �����

��� -� )OXVVHU DQG 7� 6XN� ³3DWWHUQ UHFRJQLWLRQ E\ DIILQH PRPHQW LQYDULDQWV�´ 3DWWHUQ 5HFRJQLWLRQ� ��� SS �������� �����

��� 3�+� :LQVWRQ� $UWLILFLDO ,QWHOOLJHQFH� �
UG
HG�� $GGLVRQ ZHVOH\� �����

��� 7��3� 5HGLFK� 0� 6X]XNL� DQG 6� :HLQVWHLQ� ³'LVWULEXWHG REMHFW WHFKQRORJ\ IRU QHWZRUNLQJ�´ ,((( &RPPXQLFDWLRQ

0DJD]LQH� ��� QR� ��� SS� �������� 2FWREHU ����

��� +�6� 6WRQH� ³,PDJH OLEUDULHV DQG WKH LQWHUQHW´� ,((( &RPPXQLFDWLRQ 0DJD]LQH� ��� QR��� SS� ������� -DQ� �����

��� $� 3DHSFNH� 0�4� :DQJ %DOGRQDGR� &��&�.� &KDQJ� 6� &RXVLQV� DQG (� *DUFLD�0ROLQD� ³8VLQJ GLVWULEXWHG REMHFWV WR

EXLOG WKH 6WDQIRUG GLJLWDO OLEUDU\ LQIREXV�´ ,((( &RPSXWHU 0DJD]LQH� SS� ������ )HEUXDU\ �����

�D� �E�

)LJXUH �� ,OOXVWUDWLRQ RI SHUIRUPDQFH ZLWK WUDQVODWLRQ� �D� TXHU\ LPDJH �E� REWDLQHG PRVW VLPLODU LPDJH IURP WKH GDWD VHW�
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�D� �E�

�F�

)LJXUH �� �D� D TXHU\ LPDJH �E� D TXHU\ LPDJH DIWHU WKH XVHU GHWHUPLQHG WKH LPDJH
SDUW ZLWK KLJK GLDJQRVWLF YDOXH �F� PRVW VLPLODU LPDJH WR TXHU\ LPDJH LQ WKH GDWD VHW�
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