
5HDO�WLPH UHWLQDO WUDFNLQJ IRU ODVHU WUHDWPHQW SODQQLQJ DQG

DGPLQLVWUDWLRQ

1DKHG +� 6RORXPD� $ERX�%DNU 0� <RXVVHI� <HKLD $� %DGU� DQG <DVVHU 0� .DGDK
�

%LRPHGLFDO (QJLQHHULQJ 'HSDUWPHQW DQG /DVHU ,QVWLWXWH� &DLUR 8QLYHUVLW\� *L]D� (J\SW

$%675$&7

:H SURSRVH D FRPSXWHUL]HG V\VWHP WR DFFXUDWHO\ SRLQW ODVHU WR WKH GLVHDVHG DUHDV ZLWKLQ WKH UHWLQD EDVHG RQ SUHGHWHUPLQHG

WUHDWPHQW SODQQLQJ� 7KH SURSRVHG V\VWHP FRQVLVWV RI D IXQGXV FDPHUD XVLQJ UHG�IUHH LOOXPLQDWLRQ PRGH LQWHUIDFHG WR D

FRPSXWHU WKDW DOORZV UHDO�WLPH FDSWXULQJ RI YLGHR LQSXW� 7KH ILUVW LPDJH DFTXLUHG LV XVHG DV WKH UHIHUHQFH LPDJH IRU

WUHDWPHQW SODQQLQJ� $ QHZ VHJPHQWDWLRQ WHFKQLTXH ZDV GHYHORSHG WR DFFXUDWHO\ GLVFHUQ WKH LPDJH IHDWXUHV XVLQJ GHIRUPDEOH

PRGHOV� $ JULG RI VHHG FRQWRXUV RYHU WKH ZKROH LPDJH LV LQLWLDWHG DQG DOORZHG WR GHIRUP E\ VSOLWWLQJ DQG�RU PHUJLQJ

DFFRUGLQJ WR SUHVHW FULWHULD XQWLO WKH ZKROH YHVVHO WUHH LV H[WUDFWHG� 7KLV SURFHGXUH H[WUDFWV WKH ZKROH DUHD RI VPDOO YHVVHOV

EXW RQO\ WKH ERXQGDULHV RI WKH ODUJH YHVVHOV� &RUUHODWLQJ WKH LPDJH ZLWK D RQH�GLPHQVLRQDO *DXVVLDQ ILOWHU LQ WZR

SHUSHQGLFXODU GLUHFWLRQV LV XVHG WR H[WUDFW WKH FRUH DUHDV RI VXFK YHVVHOV� )DVWHU VHJPHQWDWLRQ FDQ EH REWDLQHG IRU VXEVHTXHQW

LPDJHV E\ DXWRPDWLF UHJLVWUDWLRQ WR FRPSHQVDWH IRU H\H PRYHPHQW DQG VDFFDGHV� &RPSDULQJ WKH WZR VHWV RI ODQGPDUN SRLQWV

XVLQJ D OHDVW�VTXDUHV HUURU SURYLGH DQ RSWLPDO WUDQVIRUPDWLRQ EHWZHHQ WKH WZR SRLQW VHWV� 7KLV DOORZV IRU UHDO�WLPH ORFDWLRQ

GHWHUPLQDWLRQ DQG WUDFNLQJ RI WUHDWPHQW SRVLWLRQV�

.H\ZRUGV� UHWLQDO WUDFNLQJ� FRQWRXU GHWHFWLRQ� IHDWXUH H[WUDFWLRQ� LPDJH UHJLVWUDWLRQ

�� ,1752'8&7,21

/DVHU WHFKQRORJ\ KDV HYROYHG TXLFNO\ VLQFH WKH ILUVW SUDFWLFDO V\VWHP ZDV EXLOW LQ ����� )URP WKHQ RQ� ODVHU DSSOLFDWLRQV

H[SDQGHG WR LQFOXGH QXPHURXV LQGXVWULDO� PLOLWDU\ DQG PHGLFDO XVHV� :KHQ ODVHU LQWHUDFWV ZLWK ELRORJLFDO WLVVXHV� LW OHDGV WR

D YDULHW\ RI FKDQJHV WKDW PD\ LQFOXGH WLVVXH DEODWLRQ� SKRWRFRDJXODWLRQ DQG�RU SKRWRGLVUXSWLRQ� 7KHVH FKDQJHV FRXOG EH

XWLOL]HG LQ WKH WUHDWPHQW RI PDQ\ GLVRUGHUV LQ DOPRVW DOO EUDQFKHV RI PHGLFLQH� HVSHFLDOO\ LQ RSKWKDOPRORJ\� %HFDXVH ODVHU

FDQ EH DSSOLHG WR WKH SRVWHULRU DV ZHOO DV WKH DQWHULRU SDUWV RI WKH H\H� WKH UDQJH RI WUHDWPHQW DSSOLFDWLRQV RI

RSKWKDOPRORJLFDO GLVRUGHUV E\ ODVHUV KDV EHFRPH UDWKHU ZLGH� 7KLV LQFOXGHV WKH XVH RI WKH ODVHU WLVVXH SKRWRFRDJXODWLRQ LQ

WKH WUHDWPHQW RI UHWLQDO GHWDFKPHQW DQG IRU WKH WUHDWPHQW RI GLDEHWLF UHWLQRSDWK\�

'LDEHWLF UHWLQRSDWK\ UHVXOWLQJ IURP ORQJ WHUP GLDEHWHV PHOOLWXV LV RQH RI WKH FRPPRQ GLVHDVHV WKDW OHDG WR FKRURLGDO

QHRYDVFXODUL]DWLRQ �&19�� &19 LV FRQVLGHUHG DPRQJ WKH PRVW LPSRUWDQW EOLQGLQJ FRQGLWLRQV WRGD\� ,W GHFUHDVHV WKH DPRXQW
RI EORRG VXSSO\LQJ WKH UHWLQD HVSHFLDOO\ ZLWKLQ WKH FHQWUDO DUHD RI DFXWH YLVLRQ �� $ FRQVLGHUDEOH DPRXQW RI UHVHDUFK KDV EHHQ
GHYRWHG WR RYHUFRPH WKLV FRQGLWLRQ� $PRQJ WKH FXUUHQWO\ DYDLODEOH VROXWLRQV� ODVHUV FDQ EH XVHG LQ WKH WUHDWPHQW RI VXFK
GLVRUGHU E\ DLPLQJ DQ DSSURSULDWH DPRXQW RI ODVHU HQHUJ\ WR WKH DIIHFWHG DUHDV RI WKH UHWLQD LQ RUGHU WR SKRWRFRDJXODWH WKHVH
DUHDV� 7R DWWDLQ VDWLVIDFWRU\ UHVXOWV� WKH SK\VLFLDQ PXVW LGHQWLI\ WKH IXOO H[WHQW RI &19 DQG FDXWHUL]H LW FRPSOHWHO\ LQ RUGHU
WR VDYH WKH FHQWUDO YLVLRQ ���� 6HYHUDO WKRXVDQGV RI ODVHU VKRWV DUH UHTXLUHG DQG FDUH PXVW EH WDNHQ WR DYRLG UDGLDWLQJ WKH
PDFXOD �WKH DUHD RI DFXWH YLVLRQ�� RSWLF GLVN� UHWLQDO EORRG YHVVHOV RU WKH UHJLRQ EHWZHHQ WKH PDFXOD DQG WKH RSWLF GLVN
FRQWDLQLQJ WKH QHUYH ILEHUV WR WKH DUHD RI DFXWH YLVLRQ� )RU D VLQJOH H\H� WKLV SURFHGXUH UHTXLUHV XS WR VHYHUDO KRXUV WKDW DUH
XVXDOO\ GLYLGHG RYHU PDQ\ WUHDWPHQW VHVVLRQV ���

$OWKRXJK WKH WUHDWPHQW RI WKLV FRQGLWLRQ E\ ODVHU SKRWRFRDJXODWLRQ ZDV VKRZQ WR EH VXSHULRU WR WKH RWKHU DYDLODEOH
PHWKRGV� LW VXIIHUV IURP D QXPEHU RI VHULRXV SUREOHPV� 7KH FXUUHQW VXFFHVV UDWH RI WKLV SURFHGXUH LV EHORZ ��� IRU
HUDGLFDWLRQ RI &19 IROORZLQJ RQH WUHDWPHQW VHVVLRQ ZLWK D UHFXUUHQFH DQG�RU SHUVLVWHQFH UDWH RI DERXW ��� ���� 7KH ODWWHU
FRQGLWLRQ UHTXLUHV UHSHDWLQJ WKH WUHDWPHQW� (DFK WUHDWPHQW UHSHWLWLRQ LQ WXUQ KDV D ��� IDLOXUH UDWH� 0RUHRYHU� VHYHUDO

� (�PDLO� \PN#LQWHUQHWHJ\SW�FRP
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%HDP 6WHHULQJ 6HWXS

VWXGLHV LQGLFDWH WKDW LQFRPSOHWH WUHDWPHQW ZDV DVVRFLDWHG ZLWK SRRUHU SURJQRVLV WKDQ QR WUHDWPHQW
�
� &RQVHTXHQWO\� WKH QHHG

WR GHYHORS DQ DXWRPDWHG ODVHU V\VWHP WR WUHDW WKH ZKROH UHWLQD LQ RQH VHVVLRQ KDV EHFRPH D QHFHVVLW\�

,Q WKLV SDSHU� ZH SURSRVH D QHZ FRPSXWHUL]HG WUHDWPHQW SODQQLQJ V\VWHP IRU ODVHU WUHDWPHQW RI &19� 7KH QHZ V\VWHP

KDV WKH SRWHQWLDO WR LPSURYH WKH DFFXUDF\ RI WKH SURFHGXUH WKXV ORZHULQJ LWV IDLOXUH UDWH ZKLOH PDLQWDLQLQJ WKH VDPH

WUHDWPHQW WLPH� $ PDMRU SDUW RI WKLV V\VWHP LV WKH WUDFNLQJ WKH UHWLQD� 7KLV LV DFKLHYHG XVLQJ D FRPSXWHU�FRQWUROOHG V\VWHP
WKDW FDSWXUHV UHWLQDO LPDJHV IURP D IXQGXV FDPHUD� 1RYHO LPDJH SURFHVVLQJ URXWLQHV DUH DSSOLHG WR WKH UHWLQDO LPDJHV WR

GHWHUPLQH WKH SRVLWLRQV IRU ODVHU VKRWV RQ WKH UHWLQD� $ IDVW UHJLVWUDWLRQ SURFHGXUH LV XVHG WR XSGDWH WKHVH SRVLWLRQV LQ FDVH RI

H\H PRYHPHQW� 7KHVHV SRVLWLRQV FDQ EH IHG WR D EHDP VWHHULQJ DSSDUDWXV WKDW SUHFLVHO\ GLUHFWV WKH ODVHU EHDP DFFRUGLQJO\�

3DWLHQW¶V H\H

)LJXUH �� $ EORFN GLDJUDP IRU UHWLQDO WUDFNLQJ V\VWHP�

�� %$&.*5281' 2) 5(7,1$/ ,0$*( 6(*0(17$7,21

)RU WKH FRPSXWHU V\VWHP WR GHWHUPLQH WKH YDOLGLW\ RI D ODVHU VKRW SRVLWLRQ� LW PXVW EH DEOH WR LGHQWLI\ WKH ORFDWLRQV IRU
VHQVLWLYH SDUWV RI WKH UHWLQD LQ WKH DFTXLUHG LPDJHV� 7KLV LV DFKLHYHG XVLQJ LPDJH VHJPHQWDWLRQ� ,Q SDUWLFXODU� ZH QHHG WR

VHJPHQW WKH EORRG YHVVHO WUHH� RSWLF GLVF� PDFXOD DQG IRYHD WR HQVXUH WKDW WKHVH DUHDV ZLOO QRW EH KDUPHG GXULQJ ODVHU

WUHDWPHQW� ,Q WKH UHWLQDO LPDJHV DFTXLUHG IURP IXQGXV FDPHUD� WKH SUREOHP RI LQDFFXUDWH VHJPHQWDWLRQ UHVXOWV PDLQO\ DV D

UHVXOW RI QRQ�XQLIRUP LOOXPLQDWLRQ RI WKH EDFNJURXQG� 0RUHRYHU� WKH YDULDEOH GLVWDQFH RI GLIIHUHQW UHWLQDO DUHDV IURP WKH

FDPHUD FDXVHV IXUWKHU GHJUDGDWLRQ EHFDXVH RI WKH H[SHFWHG ORVV RI IRFXV LQ VRPH DUHDV� 7KHVH HIIHFWV FDXVH JUD\ OHYHO

YDULDWLRQV ZLWKLQ WKH VDPH LPDJH DQG JUD\ OHYHO GLIIHUHQFHV EHWZHHQ GLIIHUHQW LPDJHV� 7KLV UHVXOWV LQ VLJQLILFDQW

FRPSOLFDWLRQV LQ GHWHFWLQJ WKH EORRG YHVVHO WUHH DFFXUDWHO\
��
�

6HYHUDO VWXGLHV KDYH EHHQ FRQGXFWHG LQ WKH DUHD RI EORRG YHVVHO H[WUDFWLRQ IURP UHWLQDO LPDJHV DV ZHOO DV IURP RWKHU

PHGLFDO LPDJLQJ PRGDOLWLHV
�
� *HQHUDOO\ VSHDNLQJ� WKHVH VWXGLHV FDQ EH FODVVLILHG LQWR WZR PDLQ FDWHJRULHV� GHWHFWLRQ RI

EORRG YHVVHO ERXQGDULHV DQG H[WUDFWLRQ RI WKH FRUH RI WKH EORRG YHVVHO WUHH E\ WUDFLQJ YHVVHO FHQWHUV�
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7KH ILUVW FDWHJRU\ UHOLHV RQ GHWHFWLQJ YHVVHO HGJHV E\ VHYHUDO WHFKQLTXHV� $PRQJ WKRVH WHFKQLTXHV DUH WKH XVH RI

GLIIHUHQFH RSHUDWRUV DQG VLPSOH WKUHVKROGLQJ� HGJH GHWHFWLRQ EDVHG RQ VWDWLVWLFDO SDUDPHWHUV FDOFXODWHG IURP WKH LPDJH
�
� RU

HGJH GHWHFWLRQ E\ PRUSKRORJLFDO PHWKRGV
�����

� 0RUH UHFHQW VWXGLHV SHUIRUP FRQWRXU GHWHFWLRQ XVLQJ GHIRUPDEOH PRGHOV RU

VQDNHV
�����

� 7KH GHWHFWLRQ E\ GLIIHUHQFH RSHUDWRUV DQG VLPSOH WKUHVKROGLQJ KDV EHHQ VKRZQ WR EH XQUHOLDEOH GXH WR WKH

H[LVWHQFH RI VPDOO YHVVHOV WKDW DUH QRW ZHOO GHILQHG RU KDYLQJ SRRU HGJHV� $OVR� WKH GHWHFWLRQ XVLQJ LPDJH VWDWLVWLFV GRHV QRW
SHUIRUP ZHOO ZKHQ LOOXPLQDWLRQ LV QRQ�XQLIRUP FDXVLQJ YDULDWLRQV LQ WKH LQWHQVLW\ RI VRPH EORRG YHVVHOV FRPSDUHG WR WKH

LPDJH EDFNJURXQG� 2Q WKH RWKHU KDQG� PRUSKRORJLFDO PHWKRGV RIWHQ OHDG WR D SUREOHP RI RYHU VHJPHQWDLRQ� &RQWRXU

GHWHFWLRQ E\ GHIRUPDEOH PRGHOV KDV EHHQ VKRZQ WR SURYLGH PRUH DFFXUDWH UHVXOWV� 1HYHUWKHOHVV� LW UHTXLUHV PXFK ORQJHU

WLPH LQ DGGLWLRQ WR WKH QHHG IRU XVHU LQWHUDFWLRQ� 7KLV OLPLWV WR D ODUJH GHJUHH WKH SUDFWLFDOLW\ RI WKH WHFKQLTXH PDNLQJ LW

XQVXLWDEOH IRU UHDO�WLPH DSSOLFDWLRQV�

,Q WKH VHFRQG FDWHJRU\� WKH JRDO LV WR H[WUDFW WKH FRUH RI EORRG YHVVHOV� 0DWFKLQJ E\ WZR�GLPHQVLRQDO *DXVVLDQ ILOWHUV LV

DPRQJ WKH WHFKQLTXHV ZLWKLQ WKLV FDWHJRU\
��
� 7KLV DOJRULWKP UHTXLUHV D ODUJH QXPEHU RI FRPSXWDWLRQV ZKHQ WKH ILOWHU LV

DSSOLHG LQ WZHOYH GLIIHUHQW GLUHFWLRQV IRU EHVW SHUIRUPDQFH� $OVR� VWHHUDEOH ILOWHUV DUH XVHG LQ WKH GHWHFWLRQ RI WKH EORRG

YHVVHO FRUH
�����

� 7KLV W\SH RI ILOWHUV LV QRW DSSOLHG LQ PDQ\ GLUHFWLRQV� 5DWKHU� WKH\ DUH DSSOLHG LQ RQO\ WZR EDVLF GLUHFWLRQV

DQG WKH UHVXOW LV FDOFXODWHG LQ RWKHU GLUHFWLRQV IURP D FRPELQDWLRQ RI UHVXOWV IURP WKHVH WZR GLUHFWLRQV� 7KLV KDV WKH

DGYDQWDJH RI IDVW FRPSXWDWLRQ IRU D UHDVRQDEOH DFFXUDF\�

,Q RUGHU WR REWDLQ WKH EHVW UHVXOWV� ZH SURSRVH DQ DOJRULWKP WKDW H[WUDFWV WKH EORRG YHVVHO WUHH DFFXUDWHO\ LQ WZR VWHSV�
)LUVW� WKH ERXQGDULHV RI YHVVHOV DUH REWDLQHG DQG WKHQ WKH FRUH RI WKH ZLGH YHVVHOV LV GHWHUPLQHG� 2WKHU LPDJH IHDWXUHV DUH

VHJPHQWHG DOORZLQJ XV WR GHWHUPLQH WKH SRVLWLRQV IRU ODVHU VKRWV� 7KHVH SRVLWLRQV DUH XSGDWHG GXULQJ H\H PRYHPHQW E\

UHJLVWHULQJ WKH WZR VXFFHVVLYH IUDPHV WR JHW WKH QHZ FRRUGLQDWHV�

�� '$7$ $&48,6,7,21 6<67(0

$ EORFN GLDJUDP RI WKH GDWD DFTXLVLWLRQ V\VWHP LV SUHVHQWHG LQ )LJXUH �� 7KH UHWLQDO LPDJHV XVHG LQ WKLV ZRUN ZHUH

DFTXLUHG XVLQJ D 723&21 75&����$ IXQGXV FDPHUD� 7KLV FDPHUD KDV WKUHH GLIIHUHQW RSHUDWLQJ ILHOG RI YLHZ PRGHV RI ���

��� DQG �� GHJUHH� $OO LPDJHV FROOHFWHG IRU WKLV ZRUN ZHUH DFTXLUHG XVLQJ WKH �� GHJUHHV PRGH DQG ZLWK WKH UHG�IUHH

LOOXPLQDWLRQ PRGH�

$ 6RQ\ &KDUJH &RXSOHG 'HYLFH �&&'� YLGHR FDPHUD ZDV DWWDFKHG WR WKH H\HSLHFH RI WKH IXQGXV FDPHUD WR PDNH WKH

LPDJHV FROOHFWHG XVLQJ WKH IXQGXV FDPHUD DYDLODEOH LQ VWDQGDUG YLGHR IRUPDW� 7KH YLGHR RXWSXW IURP WKH &&' FDPHUD ZDV

LQWHUIDFHG WR D 0LFURQ 3& ���� 0+] SURFHVVRU� ���0E\WHV RI 5$0� WKURXJK D 0DWUR[ 0HWHRU YLGHR GLJLWL]HU FDUG� 7KH

UHWLQDO LPDJHV ZHUH FDSWXUHG WR WKH PHPRU\ RI WKH FRPSXWHU V\VWHP E\ PHDQV RI D VRIWZDUH SDFNDJH FDOOHG ,PDJH 1HW� 7KLV

SDFNDJH FDQ FDSWXUH HLWKHU LQGLYLGXDO IUDPHV RU UHDO WLPH YLGHR VHTXHQFHV� 7KH VL]H RI WKH IUDPH LV ���[��� SL[HOV RI HLWKHU

FRORUHG RU JUD\ OHYHO LPDJHV� 7KH LPDJHV ZHUH VDYHG RQ D KDUG GLVN IRU IXUWKHU SURFHVVLQJ� 7KH LPDJH XVHG LQ WKLV ZRUN

ZHUH JUD\ OHYHO LPDJHV LQ HLWKHU WKH QRUPDO FDVH �GDUNHU EORRG YHVVHOV RQ D EULJKW EDFNJURXQG� RU ZLWK WKH SDWLHQW LQMHFWHG

ZLWK WKH ,QGRF\DQLQH *UHHQ WKDW JLYHV LPDJHV ZLWK EULJKWHU EORRG YHVVHOV UHODWLYH WR D GDUNHU EDFNJURXQG�

�� 7+(25< $1' $/*25,7+06

���� 'HIRUPDEOH 0RGHOV

$ GHIRUPDEOH PRGHO LV DQ LWHUDWLYH SURFHVV LQ ZKLFK ZH LQLWLDO]H D FRQWRXU PRGHO FORVH WR WKH FRQWRXU RI LQWHUHVW� :H WU\

WR OHW WKLV FRQWRXU GHIRUP LQ VXFK D ZD\ WKDW LW FRQYHUJHV WR WKH WUXH FRQWRXU ZKHQ LW UHDFKHV LWV VWHDG\�VWDWH SRVLWLRQ� 7KLV LV

DFKLHYHG XVLQJ DQ LWHUDWLRQ WKDW PLQLPL]HV DQ HQHUJ\ IXQFWLRQDO WKDW WDNHV WKH IRUP�

0  6 �0LQWHUQDO �Y�V�� � 0H[WHUQDO�Y�V���� ���

ZKHUH Y�V� LV D SDUDPHWUL]HG FRQWRXU ZKLFK LV QRUPDOO\ UHSUHVHQWHG E\ D GLVFUHWH VHW RI SRLQWV RU VQD[HOV^Y��««YQ`�

0LQWHUQDO�Y�V�� LV WKH LQWHUQDO HQHUJ\ RI WKH FRQWRXU GXH WR WKH HODVWLF GHIRUPDWLRQ DQG EHQGLQJ RI WKH FRQWRXU� DQG 0H[WHUQDO�Y�V��

UHSUHVHQWV WKH HQHUJ\ GXH WR LPDJH IRUFHV VXFK DV OLQHV� HGJHV� WHUPLQDWLRQ RI OLQH VHJPHQWV DQG FRUQHUV
��
� 7KH VWHDG\�VWDWH

SRVLWLRQ RI WKH GHIRUPDEOH FRQWRXU LV WKH RQH LW WDNHV ZKHQ LWV HQHUJ\ LV DW PLQLPXP� 7KH FRQWRXU PRGHO LV GHIRUPHG XVLQJ

RQH RI PDQ\ DOJRULWKPV IRU VHDUFKLQJ WKH QHLJKERULQJ SRLQWV RI HDFK VQD[HO WR H[WUDFW WKH SRLQW RI WKH PLQLPXP HQHUJ\�

ZKLFK ZLOO WKHQ EHFRPH WKH QHZ VQD[HO
�����

�
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D� ,QLWLDO &RQWRXU E� &RQWRXU DIWHU RQH LWHUDWLRQ

F� &RQWRXU DIWHU �� LWHUDWLRQV G� &RQWRXU DIWHU ��� LWHUDWLRQV

)LJXUH �� ,OOXVWUDWLRQ RI FRQWRXU JURZWK

,Q DSSO\LQJ GHIRUPDEOH PRGHOV WR UHWLQDO LPDJHV WR GHWHFW WKH ERXQGHULHV RI WKH EORRG YHVVHO WUHH� WKH LQLWLDO FRQWRXU KDV

WR JURZ DQG FRQYHUJH WR WKH HGJHV RI WKH YHVVHO� 7KH FRQWRXU JURZWK FRXOG EH DFKLHYHG E\ LQWHUSRODWLQJ WKH SRLQWV RQ WKH

FRQWRXU� 'LIIHUHQW DXWKRUV XVHG GLIIHUHQW W\SHV RI LQWHUSRODWLRQ� )RU H[DPSOH� WKLV FDQ EH SHUIRUPHG E\ WDNLQJ WKH PLGGOH

SRLQW EHWZHHQ WZR SRLQWV
��
� RU XVLQJ VSDFH SDUWLWLRQLQJ HLWKHU WKURXJK PDUFKLQJ FXEHV RU WULDQJXODWLRQ

��
� 7KH ODWWHU JLYHV

PRUH VDWLVIDFWRU\ UHVXOWV EXW LW WDNHV PXFK ORQJHU WLPH
��
� $OVR� LQ RUGHU WR REWDLQ XVHIXO UHVXOWV� PDQ\ FRQVWUDLQWV DQG XVHU

LQWHUDFWLRQV ZHUH QHHGHG ZKLFK OLPLW WKH SUDFWLFDOLW\ RI WKH SURFHGXUH� +HUH� ZH WULHG WR PLQLPL]H WKH QXPEHU RI UHTXLUHG

FRPSXWDWLRQV DQG PDNLQJ WKH SURFHVV DV FORVH WR EHLQJ DXWRPDWLF DV SRVVLEOH DW WKH KLJKHVW DWWDLQDEOH DFFXUDF\� 6R� ZH

VWXGLHG WKH HIIHFW RI WKH LQWHUQDO HQHUJLHV DQG FRPSDUHG LW ZLWK WKH HIIHFW RI WKH H[WHUQDO HQHUJ\ �HGJH HQHUJ\ LQ WKLV FDVH� WR

PDNH VXUH WKDW WKH HIIHFW RI WKH H[WHUQDO HQHUJ\ ZLOO EH GRPLQDQW� 7KH LPDJH ZDV FRQYROYHG E\ D 6REHO RSHUDWRU LQ ERWK WKH

KRUL]RQWDO DQG YHUWLFDO GLUHFWLRQV� 7KH PDJQLWXGH RI WKH UHVXOW ZDV XVHG WR UHSUHVHQW WKH H[WHUQDO HQHUJ\ RI WKH FRQWRXU�

,QVWHDG RI VHOHFWLQJ D VLQJOH SRLQW KDYLQJ WKH PLQLPXP HQHUJ\ �L�H�� PD[LPXP HGJH YDOXH� IURP WKH QHLJKERUKRRG RI HDFK

VQD[HO� ZH VHDUFK DOO WKH QHLJKERULQJ SRLQWV RI HDFK VQD[HO DQG H[WUDFW DOO WKH SRLQWV KDYLQJ D YDOXH DERYH FHUWDLQ WKUHVKROG

DV QHZ SRLQWV RQ WKH FRQWRXU� 7KLV QRW RQO\ GHIRUPV WKH FRQWRXU EXW DOVR PDNHV LW JURZ� )LJXUH � VKRZV DQ H[DPSOH RI

DSSO\LQJ WKLV DOJRULWKP RQ D UHG�IUHH LPDJH LQ WKH QRUPDO FDVH� )LJXUH ��D SUHVHQWV WKH RULJLQDO LPDJH ZLWK WKH LQLWLDO

FRQWRXU DSSHDULQJ DV D VPDOO FLUFOH QHDU WR WKH HGJHV RI D EORRG YHVVHO� 7KH UHVW RI WKLV ILJXUH VKRZV WKH JURZWK RI WKH

FRQWRXU� )LJXUHV ��E�G VKRZ WKH FRQWRXU DIWHU �� ��� DQG ��� LWHUDWLRQV UHVSHFWLYHO\� )LJXUH � LOOXVWUDWHV WKDW LI ZH LQLWLDOL]H D

FRQWRXU DZD\ IURP D WUXH HGJH� LW ZLOO YDQLVK� 7KLV SURSHUW\ FRXOG EH XWLOL]HG LQ VHOHFWLYH GHWHFWLRQ RI VRPH ERQGDULHV DQG
QHJOHFWLQJ WKH RWKHUV� ,Q )LJXUH �� ZH LQLWLDOL]H WKH FRQWRXU DURXQG WKH HGJHV RI D SDWKRORJLF DUHD WR VHOHFWLYHO\ GHWHFW WKH

FRQWRXU ZLWKLQ WKLV DUHD�
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��D� WKH LQLWLDO FRQWRXU LV DZD\ IURP D WUXH ��E� 1R GHWHFWHG FRQWRXU

)LJXUH �� ,OOXVWUDWLRQ RI WKH HIIHFW RI SURSHU SODFHPHQW RI WKH LQLWLDO FRQWRXU

��D� ,QLWLDO FRQWRXU SODFHG QHDUHU WR D SDWKRORJ\ ��E� 7KH SDWKRORJLF DUHD LV GHWHUPLQHG

)LJXUH �� 6HOHFWLYLW\ RI FRQWRXU GHWHFWLRQ

���� 'HWHFWLRQ RI EORRG YHVVHO ERXQGDULHV

,QVWHDG RI PDQXDO LQLWLDOL]DWLRQ RI FRQWRXUV� WKH ZKROH LPDJH ZDV FRYHUHG DXWRPDWLFDOO\ ZLWK DQ LQLWLDO VHW RI VPDOO

FRQWRXUV FDOOHG VHHG FRQWRXUV �VHH )LJXUH ��
��
� 'XULQJ WKH FRQWRXU LWHUDWLRQ FRQYHUJHQFH DQG JURZWK� WKH VHHG FRQWRXUV WKDW

OLH ZLWKLQ WKH DUHDV RI SRRU HGJHV VKULQN XQWLO YDQLVKLQJ� 7KH RWKHUV ZLOO PHUJH DQG�RU VSOLW XQWLO UHFRYHULQJ D FRQWLQXRXV

GHVFULSWLRQ RI DOO HGJHV WKDW SDVV DERYH D FHUWDLQ WKUHVKROG� 7KLV WKUHVKROG FKDQJHV ZLWK HYHU\ LWHUDWLRQ WR DOORZ IRU IDVWHU

DQG PRUH DFFXUDWH FRQYHUJHQFH� 7KLV SURFHVV LV UHSHDWHG XQWLO QR FKDQJHV RFFXU GXULQJ D JLYHQ LWHUDWLRQ� 7KLV SURFHVV OHDGV

WR WKH FRPSOHWH GHWHFWLRQ RI DOO VPDOO YHVVHOV LQ DGGLWLRQ WR WKH ERXQGDULHV RI WKH ODUJHU RQHV�

���� &RUH )LQGLQJ $OJRULWKP

7KH LQWHQVLW\ YDOXHV DFURVV D EORRG YHVVHO DUH XVXDOO\ DVVXPHG WR KDYH D *DXVVLDQ GLVWULEXWLRQ� 2Q WKH RWKHU KDQG� WKH

VPDOO VHJPHQWV XVXDOO\ KDYH UHSHDWHG LQWHQVLW\ YDOXHV
��
� 6R� FRUUHODWLQJ WKH LPDJH ZLWK WZR�GLPHQVLRQDO ILOWHUV RI VXLWDEOH

VL]H �H�J�� ��[��� FRQVWUXFWHG IURP WZR RQH�GLPHQVLRQDO *DXVVLDQ ILOWHUV LQ WZR SHUSHQGLFXODU GLUHFWLRQV FDQ EH XWLOL]HG WR

PDWFK WKH VHJPHQWV DFURVV WKH EORRG YHVVHO
��
� 7KLV SURFHVV SURYLGHV UHDVRQDEOH UHVXOWV EXW LW UHTXLUHV D ODUJH QXPEHU RI

FRPSXWDWLRQV WR GHWHFW DOO YHVVHOV� ,Q SDUWLFXODU� WKH ILOWHU KDV WR EH DSSOLHG LQ �� GLIIHUHQW GLUHFWLRQV WR EH DEOH WR GHWHFW

YHVVHOV LQ DOO SRVVLEOH GLUHFWLRQV� ,Q WKLV ZRUN� VLQFH ZH GHWHFW WKH VPDOO YHVVHOV DQG WKH ERXQGDULHV RI WKH ZLGHU YHVVHOV DW DQ

HDUOLHU VWHS� ZH RQO\ QHHG WR REWDLQ WKH FRUH RI WKH ZLGH YHVVHOV� 7KHUHIRUH� ZH RQO\ KDYH WR FRUUHODWH WKH LPDJH ZLWK WZR

RQH�GLPHQVLRQDO *DXVVLDQ ILOWHU LQ WKH YHUWLFDO DQG WKH KRUL]RQWDO GLUHFWLRQV RQO\� 7KLV UHGXFHV WKH FRPSXWDWLRQDO

FRPSOH[LW\ RI WKH RULJLQDO WHFKQLTXH WR D JUHDW H[WHQW DQG PDNHV LW SUDFWLFDO IRU FOLQLFDO DSSOLFDWLRQV� )LJXUHV � DQG � VKRZ

WKH VHHG FRQWRXUV DQG WKH UHVXOW RI DSSO\LQJ WKLV WHFKQLTXH�
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���� 6HJPHQWLQJ WKH RSWLF GLVF

7KH RSWLF GLVF LV D ZHOO�GHOLQHDWHG REMHFW ZLWK SURSHUO\ GHILQHG VL]H DQG HGJHV
��
� 7KH QHUYH ILEHUV DQG EORRG YHVVHOV

HQWHU WKH UHWLQD WKURXJK WKH RSWLF GLVF� ,Q WKH JUD\ OHYHO UHWLQDO LPDJHV� LW DOZD\V DSSHDUV DV DQ QHDUO\ FLUFXODU VWUXFWXUH WKDW

LV EULJKWHU WKDQ WKH EDFNJURXQG RI WKH UHWLQD� :H PDQXDOO\ VHOHFWHG WKH FHQWUDO SRLQW RI WKH RSWLF GLVF DQG WDNLQJ D ZLQGRZ

DURXQG WKDW SRLQW� 7KH SRLQWV LQVLGH WKLV ZLQGRZ ZHUH WDNHQ WR EH WKH H[SHFWHG FHQWHUV RI WKH RSWLF GLVF� :H GHWHUPLQHG D
ODUJHU ZLQGRZ DURXQG WKH LQLWLDO SRLQW DQG WKH HGJH SRLQWV LQVLGH WKLV ZLQGRZ ZHUH FDOFXODWHG DQG DVVXPHG DV WKH H[SHFWHG

SRLQWV RQ WKH FLUFXPIHUHQFH RI WKH RSWLF GLVF� :H DSSOLHG WKH +RXJK WUDQVIRUP
��
� ZKLFK LV ZHOO NQRZQ DV D UREXVW PHWKRG

WR H[WUDFW FLUFXODU REMHFWV� WR GHWHFW WKH FHQWHU DQG WKH UDGLXV RI RSWLF GLVF� $ FLUFOH ZDV GUDZQ DURXQG WKH RSWLF GLVF DQG WKLV

FLUFOH ZDV ILOOHG WR GLVWLQJXLVK WKLV VWUXFWXUH�

���� 6HJPHQWLQJ WKH PDFXOD

7KH PDFXOD LV WKH DUHD RI DFXWH YLVLRQ ZLWKLQ WKH UHWLQD� ,W DSSHDUV DV WKH PRVW KRPRJHQHRXV DUHD QHDU WKH RSWLF GLVF� 7R

VHJPHQW WKH PDFXOD� ZH PDQXDOO\ VHOHFWHG D SRLQW LQ WKH IRYHD �WKH FHQWHU RI WKH PDFXOD�� WKHQ E\ D UHJLRQ�JURZLQJ

DOJRULWKP� WKH PDFXOD ZDV H[WUDFWHG DV WKH FRQQHFWHG UHJLRQ DURXQG WKH IRYHD KDYLQJ LQWHQVLWLHV QHDU WKH LQWHQVLW\ RI WKH

FHQWUDO SRLQW� 7KH UDGLXV RI WKLV UHJLRQ ZDV WDNHQ WR EH GRXEOH WKH VL]H RI WKH UDGLXV RI WKH RSWLF GLVF LQ WKH \�GLUHFWLRQ DQG

WKUHH WLPHV WKH VDPH UDGLXV LQ WKH [�GLUHFWLRQ
��
� )LJXUH � VKRZV WKH UHVXOW RI DSSO\LQJ VXFK SURFHVVHV�

���� (VWLPDWLQJ WKH ORFDWLRQV RI ODVHU VKRWV

$IWHU H[WUDFWLQJ DOO RI WKH VHQVLWLYH REMHFWV DERYH WKDW PXVW EH DYRLGHG GXULQJ ODVHU WUHDWPHQW� D ELQDU\ LPDJH ZDV
FRPSRVHG FRQWDLQLQJ WKHVH REMHFWV� 7KLV LPDJH ZDV GLODWHG E\ D VTXDUH VWUXFWXULQJ HOHPHQW RI GLPHQVLRQV �[� WR PDLQWDLQ D

VDIHW\ PDUJLQ DURXQG WKHVH VHQVLWLYH DUHDV� 7KH ORFDWLRQV RI VKRWV ZHUH GHWHUPLQHG DQG VSDFHG LQ WKH EDFNJURXQG� 7KHVH

ORFDWLRQV ZHUH VWRUHG LQ WKH GDWDEDVH RI WKH SDWLHQW DQG JHW XSGDWHG ZLWK HYHU\ VXFFHVVLYH LPDJH IUDPH
��
�

���� 5HDO WLPH PRYHPHQW WUDFNLQJ

6LQFH WKH VHJPHQWDWLRQ VWHS LV D UDWKHU WLPH FRQVXPLQJ WDVN� LW LV GLIILFXOW WR UHO\ RQ LW WR WUDFN IDVW H\H PRYHPHQWV

SDUWLFXODUO\ GXULQJ WKH ODVHU WUHDWPHQW VHVVLRQ� $OWHUQDWLYHO\� ZH XVHG VHJPHQWDWLRQ IRU RQO\ WKH ILUVW UHIHUHQFH UHWLQDO LPDJH

DQG WKHQ WKH VHJPHQWDWLRQ RI DQ\ VXEVHTXHQW IUDPH LV REWDLQHG WKURXJK D IDVW UHJLVWUDWLRQ VWHS� 7KDW LV� ZH WDNH DGYDQWDJH RI

WKH IDFW WKDW WKH H\H PRYHPHQWV DUH H[SHFWHG WR EH VOLJKW DQG SHUIRUP D VLPSOH UHJLVWUDWLRQ SURFHGXUH WR HVWLPDWH WKH PRWLRQ

SDUDPHWHUV� 2QFH WKHVH SDUDPHWHUV DUH REWDLQHG� WKH VHJPHQWDWLRQ RI WKH ILUVW IUDPH RQO\ QHHGV WR EH WUDQVIRUPHG XVLQJ WKHVH

SDUDPHWHUV WR FRPSXWH WKH VHJPHQWDWLRQ IRU WKH RWKHU IUDPH� 7KHUHIRUH� LPDJH UHJLVWUDWLRQ LV DQ LPSRUWDQW WDVN WKDW ZLOO EH

SHUIRUPHG LQ UHDO WLPH WR FRPSHQVDWH IRU H\H PRYHPHQWV DQG VDFFDGHV� :H XVHG WKH 6HTXHQWLDO 6LPLODULW\ 'HWHFWLRQ
$OJRULWKP �66'$� WR REWDLQ VLPLODU SRLQWV

��
� $V PHQWLRQHG DERYH� ZH H[WUDFWHG WKH RSWLF GLVF E\ GHWHUPLQLQJ LWV FHQWHU DQG

LWV UDGLXV DQG WKLV ZDV GRQH LQ WKH ILUVW IUDPH� 7KHQ ZH XVHG WKH FHQWHU RI WKH RSWLF GLVF DV D ODQGPDUN SRLQW� $QRWKHU

ODQGPDUN ZDV FKRVHQ PDQXDOO\ DW D ZLGH YHVVHO EUDQFK� $ ZLQGRZ ZDV WDNHQ DURXQG HYHU\ ODQGPDUN DQG WKHQ DQ HUURU

IXQFWLRQ LV FRPSXWHG IRU WKH IROORZLQJ LPDJH IUDPH� 7KLV HUURU IXQFWLRQV LV GHILQHG DV�

H�L�M�OQ�PQ�  ¨60
L�M
�OQ�PQ� �C6�L�M� � :�OQ�PQ��C: ¨� ���

ZKHUH WKH GLPHQVLRQ RI WKH ZLQGRZ :�OQ�PQ� LV 0[0� Q  ���������0
�
� C: LV WKH PHDQ JUD\ OHYHO YDOXH ZLWKLQ :� 6 LV WKH

VHDUFK UHJLRQ LQ WKH IROORZLQJ IUDPH FHQWHUHG DW L�M DQG 6 JLYHV WKH PHDQ JUD\ OHYHO YDOXH DW L�M
��
� 7KH DUUD\ FRQWDLQLQJ WKH

HUURU IXQFWLRQ ZDV VHDUFKHG IRU WKH SRLQW RI PLQLPXP YDOXH FRUUHVSRQGLQJ WR WKH FHQWHU SRLQW RI WKH ZLQGRZ� 7KLV SURFHVV

ZDV UHSHDWHG IRU WKH WZR ZLQGRZV� +HQFH� WRJHWKHU ZLWK WKH FHQWHU SRLQW RI WKH RSWLF GLVN� ZH QRZ KDYH D VHW RI WZR ODQGPDUN

SRLQWV ZLWKLQ HDFK LPDJH IUDPH� 7KH [ DQG \ FRRUGLQDWHV RI WKH FHQWHU RI JUDYLW\ RI WKHVH WZR SRLQWV ZHUH FDOFXODWHG LQ WKH WZR

VXFFHVVLYH IUDPHV WR GHULYH WKH VKLIWV LQ WKH [ DQG \ GLUHFWLRQV� 7KH URWDWLRQ LV FDOFXODWHG DV WKH GLIIHUHQFH EHWZHHQ WKH VORSHV

RI WKH OLQH FRQQHFWLQJ WKH WZR SRLQWV ZLWK UHVSHFW WR WKH KRUL]RQWDO D[LV LQ WKH WZR VXFFHVVLYH IUDPHV� 7KH ORFDWLRQV RI WKH

ODVHU VKRWV WKDW KDG EHHQ HVWLPDWHG IURP WKH ILUVW IUDPH ZHUH XSGDWHG WR WKHLU FRUUHVSRQGLQJ ORFDWLRQV LQ WKH VXFFHVVLYH IUDPH

EDVHG RQ WKLV VLPSOH WUDQVIRUPDWLRQ�
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)LJXUH ��D� 6HHG FRQWRXUV )LJXUH ��E� ([WUDFWHG EORRG YHVVHO

)LJXUH ��D� 2ULJLQDO LPDJH )LJXUH ��E� ([WUDFWHG EORRG YHVVHO WUHH

�� 5(68/76 $1' ',6&866,21

���� 5HVXOWV RI EORRG YHVVHO WUHH VHJPHQWDWLRQ

)LJXUH � VKRZV DQ H[DPSOH RI DSSO\LQJ WKH SURSRVHG DOJRULWKP RQ DQ ,QGRF\DQLQH *UHHQ LPDJH� ZKLFK DSSHDUV DV
EULJKW EORRG YHVVHOV LQ D GDUN EDFNJURXQG� $V FDQ EH REVHUYHG� WKH YHVVHOV DUH DFFXUDWHO\ H[WUDFWHG HYHQ ZKHQ WKH\ DUH

VPDOO DQG ZLWKRXW VXIILFLHQW FRQWUDVW� 7KLV LV EHFDXVH WKH XWLOL]HG WKUHVKROG FKDQJHV ORFDOO\ DFFRUGLQJ WR WKH PD[LPXP HGJH

YDOXH� 0RUHRYHU� WKLV DOJRULWKP LV FORVH WR EHLQJ DXWRPDWLF DQG LQYROYHV PLQLPDO XVHU LQWHUDFWLRQ� ,Q )LJXUH �� ZH SUHVHQW

DQRWKHU H[DPSOH RI DSSO\LQJ WKH VDPH DOJRULWKP RQ D QRUPDO FDVH LPDJH �L�H�� ZLWK QR LQMHFWHG G\H�� $V VKRZQ LQ WKLV

LPDJH� WKH EORRG YHVVHOV DSSHDU DV GDUN REMHFWV LQ D EULJKW EDFNJURXQG� %HFDXVH WKH LQWHQVLW\ GLVWULEXWLRQ DFURVV WKH EORRG

YHVVHOV LV DVVXPHG *DXVVLDQ� D *DXVVLDQ ILOWHU ZDV XVHG LQ PDWFKLQJ ODUJH YHVVHO FURVV VHFWLRQV� ,QVWHDG RI XVLQJ WZR�

GLPHQVLRQDO ILOWHUV LQ WZHOYH GLIIHUHQW GLUHFWLRQV� ZH XVHG RQO\ RQH�GLPHQVLRQDO ILOWHU LQ WZR SHUSHQGLFXODU GLUHFWLRQV WR

H[WUDFW WKH FRUH RI WKH ZLGH YHVVHOV� 7KLV UHGXFHV WKH WLPH DQG FRPSXWDWLRQ HIIRUW�
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���� 5HVXOWV RI 6HJPHQWLQJ WKH 2SWLF 'LVF DQG WKH 0DFXOD

7KH RSWLF GLVF LV D FLUFXODU VWUXFWXUH LQ WKH QRUPDO FDVH� +RZHYHU� LQ VRPH GLVHDVHG FDVHV� LWV VKDSH PD\ EH GHIRUPHG�

:H XVHG WKH +RXJK WUDQVIRUP WR GHWHFW WKH RSWLF GLVF DV D FLUFOH�VKDSHG VWUXFWXUH DQG XWLOL]HG D KLJKHU YDOXH WKDQ WKH RQH

HVWLPDWHG XVLQJ WKLV PHWKRG WR HQVXUH WKDW WKH RSWLF GLVF OLHV FRPSOHWHO\ LQVLGH WKH HVWLPDWHG FLUFOH� :H DVVXPHG WKDW LW LV
VXIILFLHQW WR H[WUDFW WKH RSWLF GLVF WKLV ZD\ EHFDXVH ZH GLODWH WKH H[WUDFWHG REMHFWV IRU VDIHW\� ([WUDFWLRQ RI QRQ�FLUFXODU

RSWLF GLVF ZLOO EH FRQVLGHUHG DV IXWXUH ZRUN�

7KH PDFXOD LV WKH PRVW VHQVLWLYH REMHFW WKDW PXVW EH DYRLGHG GXULQJ ODVHU WUHDWPHQW� &RQVHTXHQWO\� ZH QRW RQO\ LW ZDV

GHPDUFDWHG EXW DOVR LWV ERXQGV ZHUH HQODUJHG WR KDYH D GRXEOH WKH GLDPHWHU RI WKH RSWLF GLVF LQ WKH \�GLUHFWLRQ DQG WKUHH

WLPHV WKH VDPH GLVWDQFH LQ WKH [�GLUHFWLRQ� )LJXUH � VKRZV WKH UHVXOWV RI H[WUDFWLQJ WKH RSWLF GLVF DQG GHPDUFDWLQJ WKH

PDFXOD LQ WKH DERYH LPDJHV� 7KH HQODUJHPHQW RI WKH PDFXOD LV QRW VKRZQ LQ WKLV ILJXUH�

���� 5HVXOWV RI 7UDFNLQJ WKH 5HWLQD DQG /RFDWLRQ 8SGDWLQJ

7KH WUDFNLQJ DOJRULWKP FRQVLGHUHG KHUH LV EDVHG RQ LPDJH UHJLVWUDWLRQ� +HUH� ZH FRQVLGHU WKH UHWLQD WR PRYH DV D ULJLG

ERG\ �WKLV LV XVXDOO\ FORVH WR UHDOLW\ H[FHSW LQ FDVHV RI UHWLQDO WHDUV�� 'XULQJ LPDJH FDSWXULQJ� WKH SDWLHQW LV DVNHG WR IL[DWH

KLV H\H ZLWK UHVSHFW WR WKH FDPHUD LQ RUGHU WR JHW WKH VDPH VFDOH LQ DOO LPDJH IUDPHV� 6R� ZH DUH RQO\ LQWHUHVWHG LQ HVWLPDWLQJ

WKH VKLIW DQG DQJOH RI URWDWLRQ EHWZHHQ IUDPHV� 7KH DQJOH RI URWDWLRQ LV DOZD\V DURXQG DQG GRHV QRW XVXDOO\ H[FHHG �

GHJUHHV� 7KH UHVXOWDQW DQJOH RI URWDWLRQ DQG WKH HVWLPDWHG VKLIW DOZD\V FRPSHQVDWH IRU HDFK RWKHU� VR ZH FRXOG URWDWH WKH
ORFDWLRQV RI VKRWV DURXQG DQ\ SRLQW LQ WKH LPDJH SODQH� :H FDOFXODWH WKH VKLIW DW WKH FHQWHU RI JUDYLW\ RI WKH WZR ODQGPDUN

SRLQWV DQG URWDWHG WKH HVWLPDWHG SRVLWLRQV DURXQG LW� ,Q WKLV PHWKRG RI WUDFNLQJ� ZH QHHG WR VHOHFW WKH ODQGPDUNV PDQXDOO\�

%XW WKLV LV RQO\ LQ WKH ILUVW IUDPH DQG WKH SURFHVV SURFHHGV DXWRPDWLFDOO\ LQ WKH IROORZLQJ IUDPHV EHFDXVH WKH SRLQWV

HVWLPDWHG ZLWKLQ D IUDPH ZLOO EH XVHG WR HVWLPDWH WKH FRUUHVSRQGLQJ SRLQWV LQ WKH VXFFHVVLYH IUDPH� $ YDOLGDWLRQ DOJRULWKP

KDV WR EH LPSOHPHQWHG IRU WKLV DOJRULWKP WR PDNH VXUH RI WKH DFFXUDF\ RI WKH WUDQVIRUPDWLRQ� )LJXUH � DQG � VKRZ WKH UHVXOWV

RI WUDQVIRUPLQJ WKH SRVLWLRQV WR D IROORZLQJ IUDPH�

�� &21&/86,216

$ QHZ FRPSXWHUL]HG WHFKQLTXH IRU ODVHU WUHDWPHQW SODQQLQJ ZDV SURSRVHG� 7KH QHZ WHFKQLTXH SHUIRUPV IDVW
VHJPHQWDWLRQ RQ D UHIHUHQFH IUDPH DQG XVH IDVW UHJLVWUDWLRQ WR FRPSXWH WKH VHJPHQWHG LPDJHV RI WKH VHTXHQFH RI LPDJHV

DFTXLUHG GXULQJ WKH WUHDWPHQW� 7KLV HQDEOHV IDVW WUDFNLQJ RI UHWLQDO VWUXFWXUHV DQG HQVXUHV SURSHU DGPLQLVWUDWLRQ RI WKH

WUHDWPHQW LQ FDVH RI H\H PRYHPHQW� )XWXUH ZRUN LV QHHGHG WR UHVROYH VRPH RI WKH VSHFLDO FDVHV QRW DGGUHVVHG E\ WKLV

WHFKQLTXH VXFK DV QRQ�FLUFXODU RSWLF GLVN VKDSH�
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)LJXUH �� 'HPDUFDWLRQ RI WKH RSWLF GLVF DQG PDFXOD

)LJXUH ��D� 3RVLWLRQV RI VKRWV LQ D G\H LQMHFWHG LPDJH )LJXUH ��E� 7UDQVIRUPHG SRVLWLRQV LQ WKH QHZ IUDPH

)LJXUH ��D� 7KH SRVLWLRQV RI VKRWV LQ D QRUPDO LPDJH )LJXUH ��E� 7KH WUDQVIRUPHG SRVLWLRQV LQ WKH QHZ IUDPH
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$SSHQGL[ ,� 3VHXGR FRGH IRU WKH SURSRVHG VHJPHQWDWLRQ WHFKQLTXH

�� *HQHUDWH WKH VHHG FRQWRXU DUUD\

�� 6WUXFWXULQJ HOHPHQW  �[� DUUD\ RI RQH¶V

�� 6PRRWK WKH LPDJH

�� *HW WKH *UDGLHQW ,PDJH

�� 7K  PD[�*UDGLHQW LPDJH��WKUHVKROG

�� 6HW 1R&KDQJHV WR IDOVH DQG )LQDO &RQWRXU ,PDJH DUUD\ WR ]HURV

�� :+,/( 7KUHVKROG ! � '2

�� ZKLOH 1R&KDQJHV  )$/6( GR

�� WHPSRUDU\ &RQWRXU ,PDJH  &RQWRXU ,PDJH

��� 'LODWH WKH &RQWRXU ,PDJH E\ WKH 6WUXFWXULQJ HOHPHQW

��� &RQWRXU ,PDJH  &RQWRXU ,PDJH $1' ,PDJH *UDGLHQW ! 7K

��� ,I WHPSRUDU\ &RQWRXU ,PDJH  &RQWRXU ,PDJH 7KHQ 1R&KDQJHV  758(

��� (QG RI ZKLOH

��� *UDGLHQW ,PDJH  ]HURV ZKHUH &RQWRXU ,PDJH  �

��� )LQDO &RQWRXU ,PDJH  )LQDO &RQWRXU ,PDJH � &RQWRXU ,PDJH

��� 7KUHVKROG  7KUHVKROG��

��� 7K  PD[�*UDGLHQW ,PDJH��7KUHVKROG

��� (1' RI :+,/(

$SSHQGL[ ,,� ([DPSOH RI FRPSXWDWLRQDO UHTXLUHPHQWV RI VHJPHQWDWLRQ DOJRULWKP

$ 3HQWLXP ,,, ��� ZDV XVHG WR FRPSXWH WKH UHVXOWV XVLQJ WKH DOJRULWKP LQ $SSHQGL[ ,�

)RU WKH LPDJH VKRZQ LQ )LJXUH ��

x 7KH 7KUHVKROG LV VHW WR ����

x :LWK WKH ILUVW 7K YDOXH� 1R&KDQJHV LV VHW WR 758( DIWHU �� LWHUDWLRQV WDNLQJ ��� VHFRQGV�

x :LWK WKH VHFRQG 7K YDOXH� 1R&KDQJHV LV VHW WR 758( DIWHU �� LWHUDWLRQV WDNLQJ ��� VHFRQGV

x :LWK WKH WKLUG 7K YDOXH� QR FKDQJHV LV VHW WR 758( DIWHU � LWHUDWLRQV DQG LW WDNHV ��� VHFRQGV

7RWDO IHDWXUH VHJPHQWDWLRQ WLPH LV ��� VHFRQGV IRU UHIHUHQFH LPDJH�

)RU WKH LPDJH VKRZQ LQ )LJXUH ��

x 7KH WKUHVKROG LV VHW WR ����

x :LWK WKH ILUVW 7K YDOXH� 1R&KDQJHV LV VHW WR 758( DIWHU �� LWHUDWLRQV WDNLQJ ��� VHFRQGV

x :LWK WKH VHFRQG 7K YDOXH� 1R&KDQJHV LV VHW WR 758( DIWHU �� LWHUDWLRQV WDNLQJ ��� VHFRQGV

x :LWK WKH WKLUG 7K YDOXH� 1R&KDQJHV LV VHW WR 758( DIWHU � LWHUDWLRQV WDNLQJ ���� VHFRQGV

x :LWK WKH IRXUWK 7K YDOXH� 1R&KDQJHV LV VHW WR 758( DIWHU � LWHUDWLRQ WDNLQJ ���� VHFRQGV

7RWDO IHDWXUH VHJPHQWDWLRQ WLPH LV ��� VHFRQGV�
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5()(5(1&(6

�� 0DFXODU 'HJHQHUDWLRQ 6WXG\ *URXS� ³5HFXUUHQW FKRURLGDO QHRYDVFXODUL]DLRQ DIWHU DUJRQ ODVHU SKRWRFRDJXODWLRQ IRU
QHRYDVFXODU PDFXORSDWK\�´ $UFK� 2SKWKDOPRO�� ���� SS� �����������

�� 6�/� 7URNHO� ³/DVHUV LQ 2SKWKDOPRORJ\�´ 2SWLFV�3KRWRQLFV 1HZV� SS� ������ 2FW� �����

�� 1�0� %UHVVOHU� 6�%� %UHVVOHU� DQG (�6� *UDJRXGDV� ³&OLQFDO FKDUDFWHULVWLFV RI FKRURLGDO QHRYDVFXODU PHPEUDQHV�´

$UFK� 2SKWKDOPRO�� ���� SS� �������� �����

�� 3�1� 0RQDKDQ� .� $� *LWWHU� DQG *� &RKHQ� ³(YDOXDWLRQ RI 3HUVLVWHQFH RI 6XEUHWLQDO 1HRYDVFXODU 0HPEUDQHV

8VLQJ 'LJLWL]HG $QJLRJUDSKLF $QDO\VLV�´ 5HWLQD�-� 5HWLQDO� 9LWUHRXV 'LVHDVHV� ��� QR� �� SS� �������� �����

�� 6� )LQH� ³2EVHUYDWLRQV )ROORZLQJ /DVHU 7UHDWPHQW IRU &KRURLGDO 1HRYDVFXODUL]DWLRQ�´ $UFK� 2SKWKDOP�� ���� SS�

���������� �����

�� 7�0� &ODUN� :� 5� )UHHPDQ� DQG 0� +� *ROGEDXP� ³'LJLWDO 2YHUOD\ RI )ORXUHVFHLQ $QJLRJUDPV DQG )XQGXV
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���������

�� (� $QLUDP� +� $\GLQRJOX� DQG ,� &� *RNQDU� ³'HFLVLRQ %DVHG 'LUHFWLRQDO (GJH 'HWHFWRU�´ 6LJQDO 3URF�� ��� SS�
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��� )� 0H\HU DQG 6� %HXFKHU� ³0RUSKRORJLFDO 6HJPHQWDWLRQ�§ -� 9LVXDO &RPP� ,PDJ� 5HSUHVHQWDWLRQ� �� QR� �� SS� ���
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��� 5�0� +DUDOLFN� 6�5� 6WHUQEHUJ DQG ;� =KXDQJ� ³,PDJH $QDO\VLV 8VLQJ 0DWKHPDWLFDO 0RUSKRORJ\�´ ,((( 7UDQV�

3DWWHUQ $QDO� 0DFKLQH ,QWHOOLJHQFH� 3$0,��� QR� �� SS��������� �����
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�����
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&RPSXWHUV� &���� QR��� SS��������� �����

��� %� 3HOL� 5�$� $XJOLHUH DQG *�7� 7LPEHUODNH� ³)HDWXUH�%DVHG 5HJLVWUDWLRQ IRU 5HWLQDO ,PDJHV�´ ,((( 7UDQV� 0HG�
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%LRPHG� (QJ�� ��� QR� ��� SS� ���������� �����
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QR� �� SS� �������� �����

Proc. SPIE Vol. 4322 1321


	SPIE Proceedings
	MAIN MENU
	Conferences
	Search
	Close


