
1DYLJDWRU (FKR %DVHG ,Q�6OLFH 0RWLRQ $UWLIDFW 6XSSUHVVLRQ LQ

8OWUDVRXQG ,PDJHV %DVHG RQ 6\QWKHWLF $SHUWXUH
$EG (O�0RQHP (O�6KDUNDZ\� $ERX�%DNU 0� <RXVVHI� DQG <DVVHU 0� .DGDK

%LRPHGLFDO (QJLQHHULQJ 'HSDUWPHQW� &DLUR 8QLYHUVLW\� *L]D� (J\SW�

$%675$&7

:H SURSRVH WZR WHFKQLTXHV IRU UREXVW PRWLRQ DUWLIDFW VXSSUHVVLRQ LQ XOWUDVRXQG LPDJHV EDVHG RQ ZKDW LV FDOOHG �QDYLJDWRU

HFKRHV�� 7KH QDYLJDWRU HFKR DSSURDFK KDV EHHQ LQWURGXFHG DQG ZLGHO\ XVHG LQ WKH DUHD RI PDJQHWLF UHVRQDQFH LPDJLQJ

ZKHUH PRWLRQ LV GHWHFWHG DORQJ RQH RI WKH LPDJH GLUHFWLRQV EDVHG RQ VLPSOH UHJLVWUDWLRQ RI RQH�GLPHQVLRQDO SURMHFWLRQ RI

WKH LPDJH DVVXPLQJ ULJLG ERG\ PRWLRQ� ,Q XOWUDVRXQG LPDJLQJ� WKH VDPH FRQFHSW FDQ EH DSSOLHG WR FRUUHFW IRU VLPSOH VKLIWV
�H�J�� ZLWK OLQHDU DUUD\ SUREHV� RU URWDWLRQV �H�J�� ZLWK FRQYH[ DUUD\ SUREHV� DORQJ WKH ZLGWK DQG GHSWK GLUHFWLRQ� 7KH ILUVW

WHFKQLTXH DVVXPHV D ULJLG ERG\ PRWLRQ PRGHO� +HQFH� VLPSOH RQH�GLPHQVLRQDO WHPSODWH PDWFKLQJ FDQ EH XVHG WR REWDLQ WKH

PRWLRQ SDUDPHWHUV DV LQ PDJQHWLF UHVRQDQFH LPDJLQJ� $OWHUQDWLYHO\� WKH VHFRQG WHFKQLTXH FRQVLGHUV D PRUH JHQHUDO

VSDWLDOO\�YDULDQW PRWLRQ PRGHO� 7KH PRWLRQ SDUDPHWHUV RI WKLV PRGHO FDQ EH REWDLQHG WKURXJK ORFDOL]HG RSWLPL]DWLRQ RI DQ

LQIRUPDWLRQ WKHRUHWLF FULWHULRQ� 7KH PRWLRQ PRGHO SDUDPHWHUV DUH WKHQ HPSOR\HG LQ WKH UHFRQVWUXFWLRQ WKXV SURYLGLQJ LPDJHV

ZLWK VXEVWDQWLDOO\ UHGXFHG DUWLIDFWV� 7KH SURSRVHG PHWKRG ZDV LPSOHPHQWHG RQ DQ H[SHULPHQWDO XOWUDVRXQG V\VWHP LQ ZKLFK

HDFK OLQH LV REWDLQHG IURP ��� DFTXLVLWLRQV IURP LQWHUOHDYHG IUDPHV� 7KH PRWLRQ PRGHOV DUH FRPSDUHG DQG WKHLU SUDFWLFDO

LPSOHPHQWDWLRQ IRU FOLQLFDO V\VWHPV LV HYDOXDWHG�

.H\ZRUGV� 6\QWKHWLF $SHUWXUH� 0RWLRQ DUWLIDFW� 1DYLJDWRU HFKR� LQIRUPDWLRQ WKHRUHWLF LPDJH HQKDQFHPHQW�

�� ,1752'8&7,21

8OWUDVRXQG LPDJLQJ LV DPRQJ WKH PRVW YHUVDWLOH LPDJLQJ WHFKQRORJLHV DYDLODEOH WRGD\� 8WLOL]LQJ QRQ�LRQL]LQJ UDGLDWLRQ

DQG D YDULHW\ RI DSSOLFDWLRQV� LWV XVH KDV EHFRPH D URXWLQH LQ PHGLFLQH IRU GLDJQRVLV DQG IROORZ�XS RI SDWLHQWV� (YHQ WKRXJK

WKH EDVLF WKHRU\ RI %�PRGH LPDJLQJ KDV EHHQ HVWDEOLVKHG D ORQJ WLPH DJR� DGYDQFHV LQ LWV LPSOHPHQWDWLRQ WR SURYLGH KLJKHU

UHVROXWLRQ DUWLIDFW�IUHH LPDJHV DUH VWLOO D FODVVLFDO SDUW RI PHGLFDO LPDJLQJ UHVHDUFK XQWLO QRZ� $ PDMRU SDUW RI WKLV UHVHDUFK

LV GLUHFWHG WRZDUGV XOWUDVRXQG LPDJLQJ XVLQJ HOHFWURQLF DUUD\V� $V D JHQHUDO UXOH� WKH VSDWLDO UHVROXWLRQ RI XOWUDVRXQG
LPDJLQJ VFDOHV GLUHFWO\ ZLWK WKH DSHUWXUH VL]H LQ VXFK V\VWHPV� 7KDW LV� WKH QXPEHU RI DUUD\ HOHPHQWV XVHG WR FROOHFW WKH

XOWUDVRXQG HFKRHV LQFUHDVHV IRU DQ\ HOHPHQW VL]H� 7KLV LV D GLUHFW FRQVHTXHQFH IRU WKH IDFW WKDW WKH EHDP FDQ EH IRFXVVHG

EHWWHU DQG KHQFH WKH ODWHUDO UHVROXWLRQ EHFRPHV VXSHULRU ZKHQ WKH DSHUWXUH VL]H EHFRPHV ODUJHU� 3KDVHG DUUD\ V\VWHPV

UHSUHVHQW WKH RSWLPDO VFHQDULR ZKHUH DOO DUUD\ HOHPHQWV DUH XVHG LQ VLJQDO WUDQVPLVVLRQ DQG UHFHSWLRQ WR DFKLHYH KLJK LPDJH

TXDOLW\�

,Q ORZ�HQG XOWUDVRXQG LPDJLQJ V\VWHPV� KRZHYHU� RQO\ D VPDOO QXPEHU RI LQGHSHQGHQW FKDQQHOV LV XWLOL]HG WR FROOHFW

XOWUDVRXQG HFKRHV LQ RUGHU WR UHGXFH WKH V\VWHP FRPSOH[LW\ DQG FRQVHTXHQWO\ LWV FRVW� 7KLV KDV WKH HIIHFW RI GHJUDGLQJ WKH

LPDJH UHVROXWLRQ DQG OLPLWLQJ WKH GLDJQRVWLF YDOXH RI WKH RXWSXW LPDJHV� ,Q RUGHU WR VROYH WKLV SUREOHP� D WHFKQLTXH FDOOHG

V\QWKHWLF DSHUWXUH ZDV GHYHORSHG WR HQKDQFH WKH VSDWLDO UHVROXWLRQ HPSOR\LQJ WKH VDPH QXPEHU RI FKDQQHOV� 7KH EDVLF LGHD

RI WKLV WHFKQLTXH LV WR DFTXLUH WKH GHVLUHG DSHUWXUH WKURXJK PXOWLSOH DFTXLVLWLRQV ZKHUH VXFK DFTXLVLWLRQV DUH FRPELQHG WR

IRUP DQ HIIHFWLYH DSHUWXUH VL]H WKDW LV ODUJHU WKDQ WKH RULJLQDO� 7KH EDVLF LGHD RI WKLV WHFKQLTXH FDQ EH IXUWKHU JHQHUDOL]HG WR

LQFOXGH LQWHUODFHG DFTXLVLWLRQ DQG DYHUDJLQJ� 7KH\ DOO VKDUH WKH FRPPRQ IHDWXUH RI UHFRQVWUXFWLQJ WKH LPDJH IURP PXOWLSOH
DFTXLVLWLRQV�

6LQFH PXOWLSOH DFTXLVLWLRQV RI WKH VDPH VWUXFWXUHV PXVW EH GRQH DW GLIIHUHQW WLPHV� LW LV OLNHO\ WKDW WKH ILHOG RI YLHZ

XQGHUJRHV VRPH FKDQJHV LQ EHWZHHQ DFTXLVLWLRQV� 7KLV UHVXOWV LQ PRWLRQ DUWLIDFWV EHFDXVH WKH LPDJH ZDV DFTXLUHG IURP

DFTXLVLWLRQV WKDW GR QRW FRUUHVSRQG WR WKH VDPH ILHOG RI YLHZ� 6XFK PRWLRQ DUWLIDFWV FDQ EH UDWKHU VHYHUH DQG OLPLW WKH

GLDJQRVWLF YDOXH RI WKH UHFRQVWUXFWHG LPDJHV LQ PRVW FDVHV� +HQFH� D WHFKQLTXH WKDW FDQ UHFRQVWUXFW DUWLIDFW IUHH LPDJHV

XVLQJ PXOWLSOH DFTXLVLWLRQV ZRXOG EH YDOXDEOH WR HQKDQFH WKH FOLQLFDO XVH RI VXFK DSSURDFKHV�

,Q WKLV ZRUN� ZH DGGUHVV WKH SUREOHP RI UHFRQVWUXFWLQJ XOWUDVRXQG LPDJHV IURP PXOWLSOH DFTXLVLWLRQV� 7KLV SUREOHP

DSSOLHV WR V\QWKHWLF DSHUWXUH� LQWHUODFHG� DQG DYHUDJHG DFTXLVLWLRQ PRGHV� :H SURSRVH WZR WHFKQLTXHV WKDW FDQ EH XVHG WR

VROYH WKLV SUREOHP� 7KH ILUVW LV EDVHG RQ WKH D VLPLODU LGHD WR WKDW RI QDYLJDWRU HFKR PRWLRQ FRUUHFWLRQ LQ PDJQHWLF UHVRQDQFH

LPDJLQJ� ,Q WKLV WHFKQLTXH� D RQH�GLPHQVLRQDO SURMHFWLRQ RI WKH DFTXLUHG UDZ XOWUDVRXQG OLQHV EHIRUH LPDJH UHFRQVWUXFWLRQ�

7KH RQH�GLPHQVLRQDO IXQFWLRQV IURP FRQVHFXWLYH DFTXLVLWLRQV DUH UHJLVWHUHG WRJHWKHU WR REWDLQ DQ HVWLPDWH RI WKH ILHOG RI
YLHZ PRWLRQ LQ EHWZHHQ DFTXLVLWLRQV� +HQFH� WKLV WHFKQLTXH DVVXPHG ULJLG�ERG\ PRWLRQ PRGHO IRU WKH ILHOG RI YLHZ� 2Q WKH

RWKHU KDQG� WKH VHFRQG WHFKQLTXH UHOLHV RQ RSWLPL]LQJ D ORFDO LQIRUPDWLRQ WKHRUHWLF REMHFWLYH IXQFWLRQ GXULQJ WKH

             

Medical Imaging 2001: Ultrasonic Imaging and Signal Processing, Michael F. Insana, K. Kirk Shung,
Editors, Proceedings of SPIE Vol. 4325 (2001) © 2001 SPIE · 1605-7422/01/$15.00 445



UHFRQVWUXFWLRQ DV D IXQFWLRQ RI WKH PRWLRQ SDUDPHWHU� 7KLV HQDEOHV D PRUH JHQHUDO VSDWLDOO\ YDULDQW PRWLRQ PRGHO WR EH

FRQVLGHUHG� 7KH WZR WHFKQLTXHV ZHUH LPSOHPHQWHG DQG WKHLU SHUIRUPDQFH LV HYDOXDWHG DQG FRPSDUHG�

�� 8/75$6281' ,0$*,1* 86,1* (/(&7521,& $55$<6

,Q HOHFWURQLF DUUD\ LPDJLQJ� D IL[HG QXPEHU RI HOHPHQWV LV XVHG WR FRQVWUXFW ZLQGRZ� 7KLV ZLQGRZ LV VXEVHTXHQWO\ VKLIWHG LQ

VPDOO LQFUHPHQWV WKURXJK WKH UHVW RI WKH DUUD\ WUDQVGXFHU HOHPHQWV� (DFK ZLQGRZ LV XVHG IRU DFTXLULQJ DQ XOWUDVRXQG OLQH LQ

VSDFH ZLWK D VSHFLILF DSHUWXUH VL]H� 7KH DFTXLUHG OLQH GLUHFWLRQ LV GHWHUPLQHG E\ WKH SUHVHW GHOD\ YDOXHV XVHG� ,Q PRVW ORZ

FRVW VFDQQHUV WKHVH YDOXHV DUH IL[HG IRU HDFK IUDPH DQG FDQ QRW EH G\QDPLFDOO\ FKDQJHG ZKHQ WKH ZLQGRZ LV VKLIWHG RYHU WKH

DUUD\ HOHPHQWV� 7KLV LV EHFDXVH WKH EHDPIRUPLQJ SURFHVV LV PRVWO\ KDUGZLUHG DQG WKH VRIWZDUH FDSDELOLWLHV ZLWKLQ WKLV SDUW

DUH XVXDOO\ OLPLWHG� ,Q SDUWLFXODU� VRIWZDUH FKDQJHV WR WKH DFTXLVLWLRQ EHDPIRUPHU PD\ QRW EH SRVVLEOH H[FHSW EHWZHHQ

IUDPHV LQ ORZ�HQG XOWUDVRXQG V\VWHPV� $Q H[DPSOH RI VXFK SUREOHP DULVHV ZLWK WKRVH WHFKQLTXHV XVLQJ LQWHUODFHG

DFTXLVLWLRQ WR LQFUHDVH WKH IUDPH UDWH ZKLOH PDLQWDLQLQJ WKH VSDWLDO UHVROXWLRQ� $Q LOOXVWUDWLRQ RI VXFK WHFKQLTXHV LV VKRZQ LQ

)LJXUH �� 7KHVH WHFKQLTXHV UHFRQVWUXFW WKH LPDJH IUDPH IURP PXOWLSOH LQWHUODFHG ILHOG DFTXLVLWLRQV�
'HJUDGDWLRQV LQ WKH UHFRQVWUXFWHG LPDJH TXDOLW\ PD\ UHVXOW GXH WR PRWLRQ EHWZHHQ DFTXLVLWLRQV RI WKH LPDJHG

REMHFW� WLVVXH PRWLRQ� DQG�RU PRWLRQ RI WKH VFDQQLQJ SUREH� ,Q RUGHU WR FRPSHQVDWH IRU PRWLRQ DUWLIDFWV LQ JHQHUDO D VSDWLDOO\

YDULDQW JOREDO PRWLRQ PRGHO PXVW EH FRQVLGHUHG� 6XFK PRWLRQ PRGHOV FRPSHQVDWLRQ DUH FRPSXWDWLRQDOO\ H[SHQVLYH� DQG

PD\ QRW EH DSSOLFDEOH IRU RQ OLQH SURFHVVLQJ� 6LPSOHU PRWLRQ PRGHOV DUH FRQVLGHUHG IRU IDVWHU LPDJH UHFRQVWUXFWLRQ� ,Q

LQWHUODFHG LPDJLQJ WKH PRWLRQ RI WKH SUREH LV WKH PRVW GRPLQDQW DV LW FDXVHV D WRWDO VSDWLDO UHRULHQWDWLRQ RI WKH VFDQQLQJ

EHDP DQG DUH PRVW OLNHO\ WR RFFXU E\ WKH VRQRJUDSKHU� 2UJDQV PRWLRQ GRHV QRW KDYH VXFK HIIHFW HVSHFLDOO\ LI WKH IUDPH UDWH

LV VWLOO KLJK HQRXJK�

)LJXUH �� ,OOXVWUDWLRQ RI HOHFWURQLF DUUD\ LPDJLQJ LQ FDVH RI LQWHUODFHG DFTXLVLWLRQ�

�

�� 1$9,*$725 (&+2027,21 &255(&7,21

,Q PDJQHWLF UHVRQDQFH LPDJLQJ �05,�� WKH SURFHVV IRU DFTXLULQJ RQH LPDJH FDQ ODVW IRU D PLQXWH RU PRUH� $V D UHVXOW�

PRWLRQ DUWLIDFWV DUH FRPPRQO\ HQFRXQWHUHG GXULQJ ORQJ DFTXLVLWLRQ VHTXHQFHV DV D UHVXOW RI PRWLRQ RI WKH LPDJHG VXEMHFW

GXULQJ WKH GDWD FROOHFWLRQ SHULRG� ,Q RUGHU WR UHGXFH WKLV DUWLIDFW� D WHFKQLTXH FDOOHG QDYLJDWRU HFKR ZDV GHYHORSHG ZKHUHE\

D RQH�GLPHQVLRQDO SURMHFWLRQ RI WKH LPDJH LV FROOHFWHG ZLWK HDFK DFTXLVLWLRQ� 7KHVH QDYLJDWRU HFKRHV DUH UHJLVWHUHG WRJHWKHU

WR HVWLPDWH WKH WUDQVODWLRQDO PRWLRQ LQ EHWZHHQ DFTXLVLWLRQV� 6XFK HVWLPDWHV DUH VXEVHTXHQWO\ XWLOL]HG GXULQJ WKH

UHFRQVWUXFWLRQ SURFHVV WR FRPSHQVDWH IRU WKLV PRWLRQ DQG \LHOG LPDJHV ZLWK PXFK OHVV PRWLRQ DUWLIDFWV�

,Q XOWUDVRXQG LPDJLQJ� D VLPLODU WHFKQLTXH WR QDYLJDWRU HFKR PRWLRQ HVWLPDWLRQ FDQ EH GHYLVHG� (YHQ WKRXJK LW LV

QRW SRVVLEOH WR REWDLQ WKLV SURMHFWLRQ LQIRUPDWLRQ DV LQ 05,� WKH DFTXLUHG UDZ XOWUDVRXQG OLQHV FDQ EH XVHG WR REWDLQ WKLV
SURMHFWLRQ LQIRUPDWLRQ� 7KDW LV� WKH FRUUHFWLRQ ZLOO EH IUDPH�EDVHG DQG QRW OLQH�EDVHG OLNH LQ PDJQHWLF UHVRQDQFH LPDJLQJ�

+HQFH� WKH SUREOHP IRUPXODWLRQ LQ XOWUDVRXQG LPDJLQJ KDV VHYHUDO XQLTXH IHDWXUHV DV FRPSDUHG WR WKH RQH LQ 05,� )LUVW� WKH

QDYLJDWRU HFKR LQ XOWUDVRXQG LPDJLQJ LV YLUWXDO XQOLNH ZLWK 05, ZKHUH UHDO HFKR WKDW PD\ EH GLIIHUHQW IURP WKH LPDJH GDWD

LV FROOHFWHG� 6HFRQG� WKH PRWLRQ LQ XOWUDVRXQG LPDJLQJ DOPRVW H[FOXVLYHO\ KDSSHQV LQ WKH GLUHFWLRQ RI WKH SUREH HOHPHQWV�

7KDW LV� VLPSOH ODWHUDO VKLIW LQ OLQHDU DUUD\ LPDJLQJ DQG DQJXODU VKLIW LQ FRQYH[ DUUD\ LPDJLQJ� 7KLV UHGXFHV WKH FRPSOH[LW\
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RI WKH SUREOHP XQOLNH ZLWK 05, ZKHUH WKH VLPSOH WUDQVODWLRQDO PRWLRQ KDSSHQV LQ ERWK LPDJH GLUHFWLRQV LQ DGGLWLRQ WR WKH

SRVVLEOH URWDWLRQDO PRWLRQ ZLWKLQ WKH LPDJH SODQH� 7KHUHIRUH� HYHQ WKRXJK WKH FODVVLFDO QDYLJDWRU HFKR DSSURDFK LV OLPLWHG

WR VLPSOH VKLIW LQ RQH GLPHQVLRQ� WKLV GRHV QRW SRVH DQ\ OLPLWDWLRQV RQ LWV XVH LQ XOWUDVRXQG LPDJLQJ ZKHUH WKH DFWXDO PRWLRQ

IROORZV WKLV RQH�GLPHQVLRQDO PRWLRQ PRGHO FORVHO\�

$Q H[DPSOH RI WKLV DSSURDFK FDQ EH VHHQ LQ )LJXUH �� 7KLV ILJXUH VKRZV D VLPXODWHG LPDJH ZKHUH WKH DFTXLVLWLRQ
SUREH URWDWHV� 8QGHU WKH DVVXPSWLRQ RI VWDWLRQDU\ ILHOG RI YLHZ LQ EHWZHHQ DFTXLVLWLRQV� DQ REMHFW LQ WKH PLGGOH RI WKH ILHOG

RI YLHZ VKRZV D URWDWLRQDO PRWLRQ LQ EHWZHHQ IUDPHV� *LYHQ WKDW WKLV REMHFW DQG WKH ILHOG RI YLHZ VWUXFWXUHV DUH DVVXPHG

ULJLG EHWZHHQ IUDPHV� WKLV PRWLRQ DSSHDUV DV D VLPSOH VKLIW LQ WKH FRPSXWHG QDYLJDWRU HFKR LQ )LJXUH �� +HUH WKH KRUL]RQWDO

D[LV RI WKLV SURMHFWLRQ KDV XQLWV RI DQJOH� $Q LOOXVWUDWLRQ RI WKH HIIHFW RI SUREH PRWLRQ LV VKRZQ LQ )LJXUH ��

)LJXUH �� 5LJLG ERG\ PRWLRQ LQ WKH DQJXODU GLUHFWLRQ�

)LJXUH �� 7KH DQJXODU PRWLRQ LQ )LJXUH � FRUUHVSRQGV WR D VLPSOH OLQHDU VKLIW LQ WKH QDYLJDWRU HFKR�

,W LV FOHDU IURP WKLV LOOXVWUDWLRQ WKDW WKH WRWDO EHDP SRZHU LQ HLWKHU WKH UDGLDO RU WKH DQJXODU GLUHFWLRQV FDQ EH XVHG DV D JXLGH

IRU JURVV PRWLRQ GHWHFWLRQ� 7KH IROORZLQJ LV D PDWKHPDWLFDO IRUPXODWLRQ IRU WKH PRWLRQ GHWHFWLRQ DQG FRUUHFWLRQ SURFHVV�

&RQVLGHU ���������
��

IIII '�� U)U)U) ���

:KHUH ) LV WKH UHFRQVWUXFWHG LPDJH�
�

) LV WKH LPDJH ZKRVH OLQHV KDYH ]HUR LQLWLDO VKLIW LQ VSDFH�
�

) LV WKH LPDJH ZLWK

DQJXODU VKLIW LQ VSDFH �L�H� LQWHUODFHG OLQHV�� DQG U DQG 3 DUH WKH SRODU FRRUGLQDWHG� 7KH SURMHFWLRQV LQ WKH DQJXODU DQG UDGLDO

GLUHFWLRQV FDQ EH FDOFXODWHG IURP WKH IROORZLQJ HTXDWLRQV�
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$ FRUUHODWLRQ YHFWRU EHWZHHQ WKH DQJXODU DQG UDGLDO SRZHU YHFWRUV FDQ EH FRPSXWHG DV�
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)LJXUH �� ,OOXVWUDWLRQ RI SUREH PRYHPHQW WKDW FDQ OHDG WR PRWLRQ DUWLIDFWV
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'HSWK

'HSWKL

U

$QJOH

$QJOHL

LU3U3&RUU

L33&RUU III

���

7KH DQJXODU DQG UDGLDO PRWLRQ HVWLPDWHV DUH FRPSXWHG E\ ILQGLQJ WKH LQGH[ RI WKH PD[LPXP YDOXH LQ ERWK FRUUHODWLRQ

YHFWRUV� 7KH ILQDO FRUUHFWHG LPDJH FDQ VXEVHTXHQWO\ EH UHFRQVWUXFWHG JLYHQ WKH UHODWLYH PRWLRQ EHWZHHQ WKH WZR DFTXLVLWLRQV

XVLQJ VLPSOH LQWHUSRODWLRQ�

7R VXPPDUL]H� WKLV WHFKQLTXH FDQ EH XVHG WR HVWLPDWH PRWLRQ LQ ERWK WKH DQJXODU DQG UDGLDO GLUHFWLRQV HYHQ WKRXJK

WKH PRWLRQ LQ WKH UDGLDO GLUHFWLRQ LV QRW XVXDOO\ RI FRQFHUQ� ,W KDV WKH DGYDQWDJH RI EHLQJ VLPSOH DQG HDV\ WR FRPSXWH IRU

UHDO�WLPH UHFRQVWUXFWLRQ� 2Q WKH RWKHU KDQG� WKH ULJLG�ERG\ PRWLRQ PRGHO PD\ EH OLPLWLQJ LQ VRPH FDVHV ZKHUH PRWLRQ LV

VHYHUH�

�� ,1)250$7,21 7+(25(7,& &255(&7,21

$QRWKHU FODVV RI FRUUHFWLRQ WHFKQLTXH VROYHV WKH SUREOHP XVLQJ RSWLPL]DWLRQ WHFKQLTXHV� 7KH EDVLF LGHD LV WR IRUPXODWH DQ

REMHFWLYH IXQFWLRQ WKDW UHODWHV GLUHFWO\ WR WKH PRWLRQ SDUDPHWHUV DQG RSWLPL]H WKLV PHDVXUH �L�H�� PD[LPL]H RU PLQLPL]H

GHSHQGLQJ RQ WKH IRUPXODWLRQ� WR REWDLQ WKH PRWLRQ SDUDPHWHUV WKDW DUH PRVW OLNHO\ WR KDYH FDXVHG WKH SUHVHQW PRWLRQ�

+HQFH� WKH SHUIRUPDQFH RI WKLV FODVV RI WHFKQLTXHV LV KLJKO\ GHSHQGHQW RQ WKH FKRLFH RI WKH REMHFWLYH IXQFWLRQ�

$PRQJ WKH PRVW FRPPRQO\ XVHG REMHFWLYH IXQFWLRQ IRUPXODWLRQV IRU PRWLRQ VXSSUHVVLRQ LV WKH RQH EDVHG RQ

LQIRUPDWLRQ WKHRUHWLF FULWHULD� $ JRRG H[DPSOH RI WKLV FODVV LV WKH HQWURS\ IRFXVLQJ FULWHULRQ JLYHQ DV�

���

ZKHUH ,�[�\� UHSUHVHQWV WKH UHFRQVWUXFWHG LPDJH LQWHQVLW\� DQG ,PD[ LV WKH PD[LPXP LQWHQVLW\ ZLWKLQ WKH UHJLRQ RI LQWHUHVW
�52,�� 7KH UHFRQVWUXFWHG LPDJH LQWHQVLW\ YDULHV DFFRUGLQJ WR WKH HVWLPDWH RI WKH PRWLRQ� ,Q SDUWLFXODU� ZH VWDUW ZLWK DQ LQLWLDO

HVWLPDWH IRU WKH PRWLRQ DQG SHUIRUP WKH UHFRQVWUXFWLRQ DQG UHSHDW WKH SURFHGXUH ZLWK GLIIHUHQW HVWLPDWHV XQWLO WKH RSWLPDO

VKLIW YDOXH LV REWDLQHG� 7KH SURSHUW\ RI WKH HQWURS\ PHDVXUH LV LWV SUHIHUHQFH RI VLQJOH VWURQJ SHDNV RYHU WKH VDPH SHDN

HQHUJ\ GLVWULEXWHG RYHU D ODUJH DUHD� 6LQFH WKH PRWLRQ DUWLIDFW LWVHOI FDQ EH PRGHOHG DV EOXUULQJ� WKLV PHDVXUH LV YHU\

VHQVLWLYH WR PRWLRQ DUWLIDFWV DQG GHWHULRUDWHV UDSLGO\ ZLWK VOLJKW PRWLRQ� +HQFH� PLQLPL]DWLRQ RI WKH DERYH FULWHULRQ VKRXOG

SURYLGH DQ DFFXUDWH HVWLPDWH IRU WKH PRWLRQ SDUDPHWHU DQG FRQVHTXHQWO\ WKH VKDUSHVW UHFRQVWUXFWLRQ IRU DQ LPDJH�

6R� WKLV WHFKQLTXH LV DSSDUHQWO\ PRUH JHQHUDO DQG SURYLGHV FRUUHFWHG LPDJHV ZLWK D VHQVH RI RSWLPDOLW\ LQ WKH

SURFHGXUH� ,W FDQ EH DSSOLHG WR FRUUHFW GLIIHUHQW SDUWV RI WKH LPDJH LQGHSHQGHQWO\ DQG KHQFH VHHP WR EH PRUH VXLWHG LQ FDVHV

RI VHYHUH ZLWKLQ�IUDPH PRWLRQ� 1HYHUWKHOHVV� WKH WHFKQLTXH UHTXLUHV UHSHDWHG UHFRQVWUXFWLRQ RI WKH LPDJH UHJLRQV WR SHUIRUP

LWV LWHUDWLRQ� 7KLV FDQ EH SURKLELWLYHO\ VORZ LQ PDQ\ FDVHV� 7KH PHWKRG XVHG WR LPSOHPHQW WKLV WHFKQLTXH LV DV IROORZV�

�
���

ORJ
���

� PD[PD[

¦
�

»
¼

º
«
¬

ª
�� 

52,\[ ,

\[,

,

\[,
(

               Proc. SPIE Vol. 4325448



�� $ PDVN RI FHUWDLQ QXPEHU RI OLQHV �H�J�� �� OLQHV� LV VHOHFWHG� 7KH DQJXODU PRWLRQ LV DVVXPHG WR EH ZLWKLQ D FHUWDLQ

UDQJH �H�J�� IURP ±� WR � GHJUHHV� XVLQJ D SUH�VHOHFWHG VWHS �H�J�� ��� GHJUHHV��

�� 7KLV PDVN VFDQV WKH LPDJH VHTXHQWLDOO\ LV VWHSV RI KDOI WKH PDVN VL]H DQG WKH HQWURS\ IRFXVLQJ FULWHULRQ LV FDOFXODWHG IRU

HDFK VKLIW HVWLPDWH ZLWKLQ WKH DUHD RI WKH PDVN�

�� (VWLPDWHV RI PLQLPXP HQWURS\ DUH VHOHFWHG DV WKH PRGHO RI PRWLRQ RI WKH VFDQQHG OLQH�

�� (;3(5,0(17$/ 5(68/76

'DWD ZHUH FROOHFWHG IURP D 1HZ 6RQLFV H[SHULPHQWDO XOWUDVRXQG V\VWHP �,QWHUQDWLRQDO (OHFWURQLFV ± %LRPHGLFDO 'LYLVLRQ�

(J\SW� XVLQJ D ���HOHPHQW FRQYH[ DUUD\ WUDQVGXFHU RI ��� 0+] FHQWHU IUHTXHQF\� 7KH VFDQQLQJ PHWKRG LQYROYHG LQWHUODFLQJ

WZR IUDPHV RI GLIIHUHQW DSHUWXUHV WR IRUP D KLJKHU UHVROXWLRQ UHFRQVWUXFWLRQ� 7KH OLQH DFTXLVLWLRQ WLPH ZDV ��� PVHF DQG WKH
QXPEHU RI OLQHV LQ HDFK IUDPH ZDV ��� 7KH WZR DYDLODEOH DSHUWXUHV ZHUH VZDSSHG HDFK IUDPH WR FROOHFW ZKROH IUDPHV ZLWK

HDFK� $ VWDQGDUG %�PRGH LPDJLQJ SKDQWRP ZDV VFDQQHG XVLQJ WKLV V\VWHP E\ URWDWLQJ WKH SUREH� 7KH VHTXHQFH RI IUDPHV LV

FROOHFWHG DQG DQDO\]HG�

)LJXUH � LOOXVWUDWHV D %�PRGH VFDQ XVLQJ D VWDWLRQDU\ SUREH� 7KH LPDJH LV IUHH RI DUWLIDFWV� 2Q WKH RWKHU KDQG� ZLWK D

VLPSOH PRYHPHQW RI WKH SUREH� DUWLIDFWV VXFK DV WKH LPDJH LQ )LJXUH � DSSHDU� )LJXUH � VKRZV WKH FRUUHFWHG LPDJHV XVLQJ WKH
QDYLJDWRU HFKR DSSURDFK� ZKLOH WKH UHVXOWV IURP WKH HQWURS\ IRFXVLQJ DSSHDU LQ )LJXUH �� $V FDQ EH VHHQ LQ ERWK LPDJHV� WKH

EOXUULQJ LQVLGH WKH LPDJH KDV EHHQ UHGXFHG VLJQLILFDQWO\� 7KH UHVXOW IURP HQWURS\ IRFXVLQJ LV VOLJKWO\ EHWWHU HVSHFLDOO\ RQ WKH

VLGHV RI WKH LPDJH� 7KLV LV D GLUHFW FRQVHTXHQFH RI WKH VSDWLDOO\ YDULDQW PRWLRQ PRGHO XVHG� 7KH HVWLPDWHG DQJXODU VKLIWV

IURP ERWK WHFKQLTXHV DSSHDU LQ )LJXUH �� $V FDQ EH REVHUYHG� WKH HQWURS\ IRFXVLQJ HVWLPDWH YDU\ ZLWK HDFK LPDJH OLQH� 7KH

HVWLPDWH RI WKH QDYLJDWRU HFKR DSSURDFK DSSHDUV DV D FRQVWDQW OLQH EHFDXVH LW FDQ RQO\ ZRUN RQ JOREDO VKLIWV� $Q LOOXVWUDWLRQ

RI WKH QDYLJDWRU HFKRHV LV VKRZQ LQ )LJXUH ��� 7KH PHWKRG XVHG WR HVWLPDWH WKH VKLIW LV EDVHG RQ PHDVXULQJ WKH VORSH RI WKH

SKDVH FXUYH RI WKH UHVXOW RI GLYLGLQJ WKH )RXULHU WUDQVIRUP RI ERWK HFKRHV VKRZQ LQ )LJXUH ��� 7KLV DSSURDFK PD\ EH RI

PRUH FRPSXWDWLRQDO EXUGHQ EXW LW DOORZV WKH VKLIW WR EH HVWLPDWHG LQ D UDWKHU FRQWLQXRXV IDVKLRQ� 7KLV LV XQOLNH WKH VLPSOH

FRUUHODWLRQ� ZKLFK KDV D PDQGDWRU\ VWHS WKDW LV HTXDO WR WKH DQJXODU VSDFLQJ EHWZHHQ WKH DFTXLUHG OLQHV�

&RPSDULQJ WKH WZR WHFKQLTXHV� ZH FDQ VHH WKDW WKH FRPSXWDWLRQDO HIILFLHQF\ RI WKH QDYLJDWRU HFKR DSSURDFK LV

PXFK KLJKHU WKDQ HQWURS\ IRFXVLQJ� ,Q WKH PHDQ WLPH� WKH TXDOLW\ RI WKH UHVXOWV LV FRPSDUDEOH IURP ERWK WHFKQLTXHV� 7KH
QDYLJDWRU HFKR WHFKQLTXH XVLQJ VLPSOH FRUUHODWLRQ FDQ EH LPSOHPHQWHG ZLWK PLQLPDO H[WUD FRPSXWDWLRQDO HIIRUW IRU UHDO�WLPH

LPDJH UHFRQVWUXFWLRQ�

�� &21&/86,216

7ZR WHFKQLTXHV IRU PRWLRQ DUWLIDFW VXSSUHVVLRQ KDYH EHHQ LPSOHPHQWHG IRU XOWUDVRXQG LPDJH UHFRQVWUXFWLRQ IRP PXOWLSOH

DFTXLVLWLRQV� 7KH WHFKQLTXH EDVHG RQ QDYLJDWRU HFKR ZDV VKRZQ WR VXLWDEOH IRU UHDO�WLPH UHFRQVWUXFWLRQ ZKLOH SURYLGLQJ

FRPSDUDEOH UHVXOWV WR WKH HQWURS\ IRFXVLQJ PHWKRG� )XUWKHU ZRUN LV QHHGHG WR LPSOHPHQW WKH QHZ WHFKQLTXHV IRU GLIIHUHQW

FOLQLFDO DSSOLFDWLRQV�

$&.12:/('*(0(176

7KLV ZRUN LV SDUWLDOO\ VXSSRUWHG E\ WKH 5HVHDUFK DQG 'HYHORSPHQW GHSDUWPHQW DW ,QWHUQDWLRQDO (OHFWURQLFV � %LRPHGLFDO

GLYLVLRQ� � RI 2FWREHU &LW\� *L]D� (J\SW�

�� 5()(5(1&(6

�� 0� .DUDPDQ DQG %� 7DYOL� ³0RWLRQ (VWLPDWLRQ 8VLQJ 6HOHFWLYH 6LJQDO 5HGXQGDQF\ LQ VXEDSHUWXUH 3URFHVVLQJ�´ ,(((

���� ,QWHUQDWLRQDO 8OWUDVRQLFV 6\PSRVLXP� SS� �������� �����

�� +�6� %LOJH� 0� .DUDPDQ DQG 0� 2¶'RQQHOO� ³6\QWKHWLF $SHUWXUH ,PDJLQJ�´ ,((( ���� ,QWHUQDWLRQDO 8OWUDVRQLFV

6\PSRVLXP� SDJHV �������� �����

�� <L :DQJ� 5�&� *ULPP� -�3� )HOPOHH� 6�-� 5LHGHUHU DQG 5�/� (KPDQ� ³$OJRULWKPV IRU ([WUDFWLQJ 0RWLRQ ,QIRUPDWLRQ

IURP 1DYLJDWRU (FKRV´�0DJQHWLF 5HVRQDQFH LQ 0HGLFLQH� YRO� ��� SS� �������� �����

�� '� $WNLQVRQ� '�/�*� +LOO� 3�1�5� 6WR\OH� 3�(� 6XPPHUV� DQG 6�)� .HHYLO� ³$XWRPDWLF FRUUHFWLRQ RI PRWLRQ DUWLIDFWV LQ

PDJQHWLF UHVRQDQFH LPDJHV XVLQJ DQ HQWURS\ IRFXV FULWHULRQ�´ ,((( 7UDQV 0HG ,PDJLQJ� YRO���� QR� �� SS� ������� 'HF�

�����
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)LJXUH �� 2ULJLQDO SKDQWRP LPDJH ZLWKRXW PRWLRQ DUWLIDFWV�

)LJXUH �� ,PDJH ZLWK PRWLRQ DUWLIDFWV SUHVHQW
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)LJXUH �� ,PDJH FRUUHFWHG ZLWK 1DYLJDWRU HFKR DSSURDFK�

)LJXUH �� ,PDJH FRUUHFWHG XVLQJ HQWURS\ IRFXVVLQJ
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)LJXUH �� 0RWLRQ HVWLPDWHV XVLQJ QDYLJDWRU HFKR DQG HQWURS\ IRFXVVLQJ

)LJXUH ��� ,OOXVWUDWLRQ RI QDYLJDWRU HFKRHV IURP � FRQVHFXWLYH IUDPHV�

)LJXUH ��� 1DYLJDWRU HFKR PRWLRQ HVWLPDWLRQ IURP WKH )RXULHU�GRPDLQ OLQHDU SKDVH
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