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$FNQRZOHGJHPHQWV

)LUVW DQG IRUHPRVW� , ZRXOG OLNH WR WKDQN 'U� -RQJKZDQ /HH DQG WKH HQWLUHW\ RI /HH /DE

IRU SURYLGLQJ PH ZLWK WKH RSSRUWXQLW\ WR ZRUN RQ WKLV SURMHFW� :LWK 'U� /HH¶V JXLGDQFH� ,¶YH

OHDUQHG PDQ\ LQYDOXDEOH OHVVRQV WKDW , ZLOO FDUU\ ZLWK PH� +H JDYH PH WKH IUHHGRP WR H[SORUH

DUHDV WKDW , OLNH� ZKLOH SXVKLQJ PH WR EHFRPH D EHWWHU HQJLQHHU� , ZRXOG DOVR OLNH WR WKDQN -LDUXL

1LH IRU KHU JXLGDQFH LQ WKH UHWLQDO GLVVHFWLRQ DQG H[SHULPHQWDWLRQ SDUWV RI WKLV SURMHFW� /DVWO\� ,

ZRXOG OLNH WR WKDQN %URZQ IRU DFFHSWLQJ PH LQWR LWV FRPPXQLW\ DQG SURYLGLQJ PH ZLWK WKH

HQYLURQPHQW�DQG�UHVRXUFHV�WKDW�ZLOO�KHOS�PH�IRU�WKH�UHVW�RI�P\�FDUHHU�
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$EVWUDFW

&XUUHQWO\� HOHFWURGH�EDVHG UHWLQDO LPSODQWV DUH VHYHUHO\ OLPLWHG LQ WKH UHVWRUDWLRQ RI YLVLRQ

ORVV� 7KHVH LPSODQWV DUH KLJKO\�LQYDVLYH� OLPLWHG LQ UHVROXWLRQ� DQG GHJUDGH LQ XWLOLW\ RYHUWLPH� $

QRYHO� PLQLPDOO\�LQYDVLYH UHWLQDO SURVWKHVLV LV EHLQJ GHYHORSHG WR RYHUFRPH VXFK OLPLWDWLRQV DQG

VWLPXODWH UHWLQDO QHXURQV WR UHVWRUH YLVLRQ LQ EOLQGQHVV� 7KLV V\VWHP XVHV JROG QDQRURGV �$X15V�

DQG QHDU�LQIUDUHG �1,5� OLJKW WR DFWLYDWH UHWLQDO QHXURQV E\ FDXVLQJ WHPSHUDWXUH FKDQJHV LQ WKH

QHXURQDO PHPEUDQHV� $ FXVWRP H[SHULPHQWDO VHWXS LQYROYLQJ D VFDQQLQJ ODVHU V\VWHP DQG D

IOXRUHVFHQFH LPDJLQJ V\VWHP ZLOO EH XVHG WR YDOLGDWH WKH SKRWRWKHUPDO DFWLYDWLRQ RI UHWLQDO

QHXURQV H[�YLYR EHIRUH PRYLQJ RQ WR LQ�YLYR LQYHVWLJDWLRQV� $Q LPSRUWDQW DLP LQ WKH H[�YLYR

YDOLGDWLRQ LV WR GHWHUPLQH WKH QXPEHU RI 5*&V DFWLYDWHG SHU XQLW WLPH E\ DQDO\]LQJ WKH LPDJHV

WDNHQ E\ WKH FDPHUD� 2XU LPDJLQJ V\VWHP FDSWXUHV a���� UHWLQDO QHXURQV� DQG LW LV YHU\

FKDOOHQJLQJ LI QRW LPSRVVLEOH� WR PDQXDOO\ LGHQWLI\ LQGLYLGXDO FHOOV DQG REWDLQ WKHLU WLPH WUDFHV�

HVSHFLDOO\ ZKHQ ZH KDYH WHQV RI UHWLQDO VDPSOHV DQG GDWD WR DQDO\]H� 7KLV WKHVLV IRFXVHV RQ

LPSOHPHQWLQJ YDULRXV LPDJH VHJPHQWDWLRQ DOJRULWKPV WKDW DXWRPDWLFDOO\ LGHQWLI\ LQGLYLGXDO FHOOV

IURP�D�JUD\VFDOH�IOXRUHVFHQFH�LPDJH�RI�D�UHWLQDO�H[SODQW�DQG�FRPSDULQJ�WKHLU�SHUIRUPDQFH�

�



,QWURGXFWLRQ

5HWLQLWLV 3LJPHQWRVD �53� LV DQ H\H GLVRUGHU WKDW RFFXUV IURP WKH GHJHQHUDWLRQ RI WKH

RXWHU OD\HU RI WKH UHWLQD� ZKLFK LV D PHPEUDQH WKDW LV KLJKO\ VHQVLWLYH WR OLJKW HQWHULQJ WKH H\H�

,W¶V D GLVRUGHU WKDW DIIHFWV DERXW � LQ HYHU\ ����������� SHRSOH� WUDQVODWLQJ WR DERXW �������

SHRSOH LQ WKH 8QLWHG 6WDWHV DQG DERXW ��� PLOOLRQ SHRSOH DURXQG WKH ZRUOG WKDW DUH DIIHFWHG E\

53��

'HVSLWH PDQ\ HIIRUWV LQ SODFH� QR RQH KDV GHYHORSHG D FXUH IRU WKH RXWHU UHWLQDO

GHJHQHUDWLRQ RI WKH UHWLQD� %HFDXVH RQO\ WKH RXWHU UHWLQDO OD\HU GHJHQHUDWHV� WKHUH LV SRWHQWLDO IRU

UHVWRUDWLRQ RI YLVLRQ XVLQJ WKH LQQHU OD\HUV RI WKH UHWLQD�� 7KHUH DUH YDULRXV HIIRUWV FXUUHQWO\ LQ

SODFH WR UHVWRUH YLVLRQ LQ 53 IURP RSWRJHQHWLFV� WR VWHP�FHOO WKHUDSLHV�� ,QRUJDQLF WHFKQRORJLHV

VXFK DV PLFURHOHFWURGH�EDVHG DQG SKRWRYROWDLFV DUH PDNLQJ VRPH SURJUHVV�� 1HZHU� RUJDQLF

WHFKQRORJLHV DUH DOVR EHLQJ GHYHORSHG VXFK DV XVLQJ FRQMXJDWHG SRO\PHUV DQG RUJDQLF

SKRWRVZLWFKHV�� +RZHYHU� FOLQLFDOO\� WKH FXUUHQW JROG VWDQGDUG UHPDLQV WR EH WKH HOHFWURGH�EDVHG

UHWLQDO�SURVWKHVLV�

7KH HOHFWURGH�EDVHG UHWLQDO SURVWKHWLF GHYLFH XVXDOO\ LQYROYHV D PLFURHOHFWURGH DUUD\�

VLJQDO SURFHVVLQJ� DQG D KHDG�PRXQWHG GHYLFH WR FROOHFW LQFRPLQJ OLJKW�� 6SHFLILFDOO\� WKH

PLFURHOHFWURGH DUUD\ FDQ EH SODFHG LQ WKH HSLUHWLQD� VXEUHWLQD� RU WKH VXSUDFKRURLGDO VSDFH�

7KURXJK HOHFWULFDO VWLPXODWLRQ RI WKH UHWLQD� WKH QHXURQDO PHPEUDQH GHSRODUL]HV DQG RSHQV XS

YDULRXV LRQ FKDQQHOV� OHDGLQJ WR DFWLRQ SRWHQWLDOV� 7KHVH DFWLRQ SRWHQWLDOV FDQ WKHQ WUDYHO WKURXJK

WKH RSWLF QHUYH WR WKH YLVXDO FRUWH[ IRU IXUWKHU YLVLRQ SURFHVVLQJ� DOORZLQJ IRU SHUFHSWLRQ LQ

KXPDQV� :KLOH WKH HOHFWURGH�EDVHG UHWLQDO SURVWKHWLF VHHPV OLNH D VRXQG VROXWLRQ� WKHUH DUH

YDULRXV�OLPLWDWLRQV�

�



7KHUH DUH JODULQJ GLVDGYDQWDJHV WKDW PDNH WKH HOHFWURGH�EDVHG UHWLQDO SURVWKHVLV OLPLWHG

LQ LWV DSSOLFDWLRQ� 2QH GLVDGYDQWDJH LV WKDW LW LV KLJKO\�LQYDVLYH� UHTXLULQJ D VXUJLFDO LPSODQWDWLRQ

RI WKH PLFURHOHFWURGH� $IWHU WKH LPSODQWDWLRQ� VWXGLHV KDYH VKRZQ WKDW RQO\ DIWHU � PRQWKV RI

LPSODQWDWLRQ� UHVLGXH UHVHPEOLQJ PDFURSKDJH�OLNH WLVVXH GHYHORSHG DURXQG ��� RI HOHFWURGHV�

ZKLFK GHJUDGHV WKH DELOLW\ WR GLVFKDUJH HOHFWULFDO LPSXOVHV LQWR WKH UHWLQD�� $GGLWLRQDOO\�

HOHFWULFDO LPSXOVHV FDQ FDXVH GDPDJH WR WKH UHWLQDO WLVVXH�� ,W LV EHOLHYHG WKDW D FKDUJH GHQVLW\ RI

OHVV WKDQ ������� �&�FPA� LV FRQVLGHUHG VDIH� %XW WKH VL]H RI WKH HOHFWURGHV WKDW DUH FDSDEOH RI

GLVFKDUJLQJ ZLWKLQ WKDW VDIHW\ OLPLW DUH UHODWLYHO\ ODUJH� ZKLFK OLPLWV WKH YLVXDO UHVROXWLRQ�� 7KH

HOHFWURGH�EDVHG UHWLQDO SURVWKHWLF DOVR KDV D IDFWRU LPSRVLQJ D IXQGDPHQWDO OLPLW LQ WKH YLVXDO

UHVROXWLRQ� HOHFWULFLW\ FDQ HDVLO\ VSUHDG ZLWKLQ WKH FRQGXFWLYH PHGLD LQ WKH UHWLQD� $W SUHVHQW� WKH

HOHFWURGH�EDVHG UHWLQDO SURVWKHWLF LV NQRZQ WR KDYH D UHVROXWLRQ RI DERXW ��� �P� ZKLOH D UHWLQDO

JDQJOLRQ FHOO LV NQRZQ WR KDYH D GLDPHWHU RI DERXW �� �P��� %HFDXVH RI WKH VSUHDGLQJ RI

HOHFWULFLW\� RQH HOHFWULFDO LPSXOVH FDQ VWLPXODWH PDQ\ QHLJKERULQJ QHXURQV� 2WKHU OLPLWDWLRQV RI

WKH HOHFWURGH�EDVHG VWLPXODWLRQ LQFOXGH WKH IL[HG QXPEHU RI VWLPXODWLRQ VLWHV DQG IL[HG SRVLWLRQ

RI WKH HOHFWURGH LWVHOI� 2QFH LPSODQWHG� LW EHFRPHV LPSRVVLEOH ZLWKRXW VXUJLFDO LQWHUYHQWLRQ WR

FKDQJH�WKH�SRVLWLRQ�RI�WKH�HOHFWURGH�DQG�WKH�DUHD�RI�WKH�UHWLQD�WKH�HOHFWURGH�VWLPXODWHV�

7KH RQO\ )'$ DSSURYHG UHWLQDO SURVWKHWLF GHYLFH LV WKH $UJXV ,, IURP 6HFRQG 6LJKW

0HGLFDO 3URGXFWV��� 7KH $UJXV ,, LV VKRZQ WR UHVWRUH D YLVXDO ILHOG RI �� GHJUHHV��� 7KH UHVWRUHG

YLVXDO DFXLW\ RI WKH $UJXV ,, LV �������� ZKLFK LV VWLOO ZRUVH WKDQ WKH YLVXDO DFXLW\ RI OHJDO

EOLQGQHVV�����������

%HFDXVH RI WKHVH LQKHUHQW OLPLWDWLRQV RI WKH HOHFWURGH�EDVHG UHWLQDO SURVWKHWLFV�

UHVHDUFKHUV KDYH VWDUWHG WR ORRN IRU PRUH PLQLPDOO\�LQYDVLYH� DFFXUDWH ZD\V WR VWLPXODWH UHWLQDO

QHXURQV� 2QH RI WKH DYHQXHV LQYROYHV XVLQJ LQIUDUHG �,5� OLJKW� $ERXW D GHFDGH DJR� UHVHDUFKHUV

�



IRXQG ,5 OLJKW WR VWLPXODWH DFWLRQ SRWHQWLDOV LQ YDULRXV SDUWV RI WKH QHUYRXV V\VWHP LQFOXGLQJ

SHULSKHUDO�� DQG FUDQLDO QHXURQV��� YHVWLEXODU KDLU FHOOV��� FRFKOHDU QHXURQV��� DQG WKH KHDUW��� ,5

VWLPXODWLRQ LV SRVHG WR EH D EHWWHU DOWHUQDWLYH WR HOHFWULFDO VWLPXODWLRQ� ,W FDQ EH UHPRWHO\

DFWLYDWHG��ZLWKRXW�DQ\�LPSODQWDWLRQ�UHTXLUHG�

,5 VWLPXODWLRQ FDXVHV WHPSHUDWXUH FKDQJHV LQ WKH QHXURQDO PHPEUDQH� RSHQLQJ

WHPSHUDWXUH�VHQVLWLYH LRQ FKDQQHOV �WUDQVLHQW UHFHSWRU SRWHQWLDO FDWLRQ FKDQQHO VXEFODVV 9 ��

7539�� RU JHQHUDWLQJ FDSDFLWLYH FXUUHQWV��� )RU WKLV W\SH RI FKDQJH WR RFFXU LQ WKH ELRORJLFDO

PHPEUDQHV� WKH ZDYHOHQJWK PXVW EH EHWZHHQ ��������� QP��� +RZHYHU WKHUH DUH WZR PDLQ

OLPLWDWLRQV WR XVLQJ WKLV ZDYHOHQJWK� KLJK KHDW DEVRUSWLRQ FRHIILFLHQW DQG OLPLWHG SHQHWUDWLRQ

GHSWK��� +DYLQJ D KLJK KHDW DEVRUSWLRQ FRHIILFLHQW OHDGV WR EXON KHDWLQJ� :LWK OLPLWHG SHQHWUDWLRQ

GHSWK��LW�LV�GLIILFXOW�IRU�WKH�ZDYHOHQJWK�WR�SHQHWUDWH�LQWR�WKH�WLVVXH�

7R RYHUFRPH VXFK OLPLWDWLRQV� QHDU�LQIUDUHG �1,5� OLJKW� ZLWK D ZDYHOHQJWK EHWZHHQ

������� QP� ZLOO EH DSSOLHG LQVWHDG� :LWKLQ WKLV UDQJH� WKH KHDW DEVRUSWLRQ FRHIILFLHQW LV ORZ

HQRXJK WR DYRLG EXON KHDWLQJ� DQG LV OHVV OLNHO\ WR GDPDJH ELRORJLFDO PHPEUDQHV� 2QH FDYHDW WR

WKLV ORZ KHDW DEVRUSWLRQ FRHIILFLHQW LV WKH GLIILFXOW\ WR LQGXFH HQRXJK KHDW WR LQFUHDVH WKH

WHPSHUDWXUH DQG FDXVH FRQIRUPDWLRQDO FKDQJHV LQ WKH QHXURQDO PHPEUDQHV WKDW ZLOO HYHQWXDOO\

WULJJHU DFWLRQ SRWHQWLDOV� 7R JHW RYHU WKLV EDUULHU� WKH 1,5 OLJKW ZLOO EH FRXSOHG ZLWK

JROG�QDQRURGV �$X15V�� 7KHVH $X15V ZLOO DEVRUE 1,5 OLJKW DQG WKURXJK ORFDOL]HG VXUIDFH

SODVPRQ�UHVRQDQFH��JHQHUDWLQJ�KHDW�DQG�WHPSHUDWXUH�FKDQJHV�UHTXLUHG���

1,5 OLJKW KDV DOUHDG\ VKRZQ WR KDYH WKH SRWHQWLDO WR DFKLHYH VLQJOH�FHOO UHVROXWLRQ� EXW

RQO\ LQ UDW KLSSRFDPSDO FXOWXUHV H[�YLYR��� 7R SXVK WKH ERXQGDULHV HYHQ IXUWKHU DQG YDOLGDWH

VLQJOH�FHOO UHVROXWLRQ LQ WKH UHWLQD� D FUXFLDO VWHS LV WR GHPRQVWUDWH D SDWWHUQHG VWLPXODWLRQ ZLWK

1,5�ODVHU�SXOVHV�

�



%\ FRPELQLQJ D VFDQQLQJ ODVHU V\VWHP DQG D IOXRUHVFHQFH PLFURVFRSH� ZH LOOXPLQDWHG

1,5 ODVHU SXOVHV DQG LPDJHG UHWLQDO JDQJOLRQ FHOO �5*&� DFWLYLW\ YLD LQWUDFHOOXODU &D��

FRQFHQWUDWLRQ FKDQJHV� RQ UHWLQDO H[SODQWV RI JHQHWLFDOO\�LQGXFHG EOLQG DQG JHQHWLFDOO\�HQFRGHG

&D�� LQGLFDWRU *&D03� PLFH� 7KLV H[SHULPHQW SURGXFHG D ODUJH QXPEHU RI LPDJHV DV

IOXRUHVFHQFH YLGHR GDWD� 6HYHQ GD\V EHIRUH UHWLQDO GLVVHFWLRQ IRU WKLV H[�YLYR H[SHULPHQW� PLFH

ZHUH�LQWUDYLWUHDOO\�LQMHFWHG�$X15V�

2QH RI WKH FXUUHQW FKDOOHQJHV LQ WKH GDWD DQDO\VLV RI WKHVH LPDJHV LV WR TXDQWLI\ KRZ

PDQ\ 5*&V DUH DFWLYDWHG� 2XU LPDJLQJ V\VWHP FDSWXUHV a���� UHWLQDO QHXURQV� DQG LW LV YHU\

FKDOOHQJLQJ LI QRW LPSRVVLEOH� WR PDQXDOO\ LGHQWLI\ LQGLYLGXDO FHOOV DQG REWDLQ WKHLU WLPH WUDFHV�

HVSHFLDOO\ ZKHQ ZH KDYH WHQV RI UHWLQDO VDPSOHV DQG VHYHUDO VWLPXODWLRQ SDUDPHWHUV SHU VDPSOH�

7KLV WKHVLV VSHFLILFDOO\ DLPV WR LPSOHPHQW VRIWZDUH WKDW DXWRPDWLFDOO\ LGHQWLILHV LQGLYLGXDO FHOOV

IURP D JUD\VFDOH *&D03 LPDJH RI D UHWLQDO H[SODQW� 7R DFKLHYH WKLV REMHFWLYH� , SUHSDUHG UHWLQDO

WLVVXH IURP PLFH� REWDLQHG *&D03 LPDJHV� LPSOHPHQWHG DQG DSSOLHG YDULRXV LPDJH

VHJPHQWDWLRQ�DOJRULWKPV�WR�WKH�*&D03�LPDJHV��DQG�FRPSDUHG�WKHLU�SHUIRUPDQFH�

��



0HWKRGV

(\H�5HWULHYDO

7KH SURFHVV RI H\H UHWULHYDO EHJLQV RQFH GHDWK KDV EHHQ FRQILUPHG DQG DGGLWLRQDO

PHDVXUHV� VXFK DV FHUYLFDO GLVORFDWLRQ� KDYH EHHQ FRPSOHWHG� 7KH PRXVH LV WKHQ SODFHG LQ DQ

RSHQ ]LS ORFN EDJ DQG FDUULHG WR WKH PLFURVFRSH� ZKHUH WKH GLVVHFWLRQ KDSSHQV� $IWHU WDNLQJ WKH

PRXVH RXW RI WKH EDJ� JHQWOH SUHVVXUH LV DSSOLHG WR VWDELOL]H WKH KHDG DQG WKH H\HOLGV DUH UHWUDFWHG

VR WKDW WKH H\HV EHJLQ SURWUXGLQJ RXW� ,Q HIIRUWV WR QRW GDPDJH WKH H\H� WKH IODW HGJHV RI WKH

IRUFHSV DUH DSSOLHG WR WKH VXSHULRU DQG LQIHULRU SDUWV RI WKH H\H� 6PDOO DPRXQWV RI SUHVVXUH DUH

FRQWLQXRXVO\ DSSOLHG YLD WKH IRUFHSV VR WKDW WKH H\H SURWUXGHV IXUWKHU RXW� 7KHQ� ZLWKRXW

GDPDJLQJ WKH H\H� WKH IRUFHSV DUH URWDWHG VR WKDW WKH WLSV HQWHU WKH RUELWDO VSDFH� 2QFH FRQILGHQW�

WKH IRUFHSV DUH XVHG WR JUDVS WKH H\H DQG JHQWO\ UHPRYH LW� $ VXFFHVVIXO UHPRYDO VKRXOG SURGXFH

DQ H\H DORQJ ZLWK VLJQLILFDQW UHVLGXDO WLVVXH� 7KH UHPRYHG H\H LV WKHQ SODFHG LQ WKH SHUIXVHG SHWUL

GLVK�

5HWLQDO�'LVVHFWLRQ

)LUVW� WKHUH VKRXOG QRW EH VLJQLILFDQW WLVVXH DWWDFKHG WR WKH SRVWHULRU RI WKH H\H� ,I VR� LW

PD\ QHHG WR EH UHPRYHG WR PLQLPL]H WKH ULVN RI HQWDQJOHPHQW ZLWK WKH UHWLQD� +RZHYHU�

UHWHQWLRQ RI VXUURXQGLQJ PXVFXODWXUH DLGV VLJQLILFDQWO\ LQ VWDELOL]LQJ WKH H\H ZKHQ GLVVHFWLQJ�

7KH H\H VKRXOG EH JHQWO\ SXQFWXUHG DW WKH LQWHUVHFWLRQ RI WKH FRUQHD DQG VFOHUD �FRUQHDO OLPEXV�

ZLWK WKH QHHGOH� DQJOHG VXFK WKDW WKH WLS SHQHWUDWHV WRZDUGV WKH FRUQHD� 2QH EODGH RI WKH

PLFUR�GLVVHFWRUV VKRXOG EH LQVHUWHG WKURXJK WKH SXQFWXUH� SURFHHGLQJ WR KHPLVHFW WKH UHWLQD� 7KH

WLSV�RI�WKH�EODGHV�VKRXOG�EH�GLUHFWHG�VOLJKWO\�WRZDUGV�WKH�VFOHUD�WR�UHGXFH�WKH�ULVN�RI�UHWLQDO�LQMXU\�

2QFH WKH KHPLVHFWLRQ LV FRPSOHWH� SUHVVXUH VKRXOG EH DSSOLHG ZLWK WKH VPRRWK HGJH IURP

RQH RI WKH FORVHG IRUFHSV� ZKLOH JUDVSLQJ DQG H[WUDFWLQJ WKH OHQV� 'XULQJ WKLV SDUW RI WKH

��



SURFHGXUH� LI WKH UHWLQD EHJLQV WR GHWDFK IURP WKH FRUQHD� WKH PLFUR�GLVVHFWRUV FRXOG EH XVHG WR

IUHH DQ\ UHVLGXDO DGKHVLRQV� ,I WKH UHWLQD UHPDLQV DWWDFKHG WR WKH OHQV� WKH VFOHUD VKRXOG EH FXW

LQWR D SHWDO SDWWHUQ E\ PDNLQJ IRXU SHUSHQGLFXODU FXWV� 7KLV ZLOO IUHH WKH UHWLQD DQG ZLOO DOORZ WKH

UHWLQD WR IODWWHQ� 3ODFLQJ WKH UHWLQD RQ ILOWHU SDSHU FDQ DLG LQ SHUIRUPLQJ WKHVH FXWV� 7KH VXUURXQG

DUHD�KDV�WR�EH�IUHH�IURP�GHEULV�EHIRUH�GHWDFKLQJ�WKH�UHWLQD�FRPSOHWHO\�

$IWHU WKH OHQV LV UHPRYHG� RQH WLS RI HDFK IRUFHS LV LQVHUWHG EHWZHHQ WKH UHWLQD DQG WKH

53(�VFOHUD� 7KH RWKHU WLS VKRXOG EH H[WHUQDO WR WKH VFOHUD� VXFK WKDW WKH VFOHUD FDQ EH JUDVSHG

JHQWO\ DQG SXOOHG DSDUW� ZLWKRXW WRXFKLQJ WKH UHWLQD� 7KLV WHDULQJ PRWLRQ PD\ QHHG WR EH UHSHDWHG

VHYHUDO WLPHV WR FRPSOHWHO\ IUHH WKH UHWLQD� ,I� IRU VRPH UHDVRQ� WKH UHWLQD UHPDLQV DWWDFKHG� LW FDQ

W\SLFDOO\ EH JHQWO\ EUXVKHG DZD\ XVLQJ D VPDOO SDLQW EUXVK� 7KHQ� WKH UHWLQD LV FXW ZLWK IRXU

SHUSHQGLFXODU�FXWV�VXFK�WKDW�WKH�UHWLQD�IDOOV�LQWR�D�IODW�IORZHU�VKDSHG�SHWDO�

7KH UHWLQD LV WUDQVIHUUHG JHQWO\ RQWR D VPDOO SLHFH RI ILOWHU SDSHU XVLQJ D SDLQW EUXVK� ,W

VKRXOG EH FHQWHUHG RQ WKH SDSHU� FDUHIXOO\ HQVXULQJ WKH SRVWHULRU VXUIDFH RI WKH UHWLQD LV DGKHULQJ

WR WKH ILOWHU SDSHU� 8VLQJ WKH IRUFHSV WR JUDVS WKH ILOWHU SDSHU� WKH UHWLQD LV JUDGXDOO\ HOHYDWHG RXW

RI WKH SHUIXVLRQ PHGLXP� 7KH PLFURVFRSH LV UHIRFXVHG DV WKH UHWLQD UHDFKHV WKH VXUIDFH� HQVXULQJ

WKDW LW LV DV IODW DV SRVVLEOH� ,I� IRU VRPH UHDVRQ� WKH UHWLQD GRHV DSSHDU WR EH IROGHG� WKH SDLQW

EUXVK FDQ EH XVHG WR JHQWO\ EUXVK WKH IROG VR WKDW LW EHFRPHV IODW DJDLQ� 7KH UHWLQD DQG ILOWHU

SDSHU VKRXOG UHPDLQ VDWXUDWHG ZLWK VROXWLRQ XQWLO WKH SHUIXVLRQ RI WKH LPDJLQJ ZHOO FDQ EH

LQLWLDWHG� 7KH ILOWHU SDSHU ZLWK WKH UHWLQD LV WKHQ SODFHG LQ WKH FHQWHU RI DQ LPDJLQJ ZHOO� �PP

EORWV RI VLOLFRQH DGKHVLYH LV DSSOLHG WR WKH VOLGH VXUURXQGLQJ WKH ILOWHU SDSHU� 7R VHFXUH WKH ILOWHU

SDSHU ZLWK WKH UHWLQD� D SLHFH RI PHVK ODUJH HQRXJK WR FRYHU WKH ILOWHU SDSHU LV FXW DQG HPEHGGHG

JHQWO\ RQ WRS� ,GHDOO\� WKHUH VKRXOG EH VRPH WHQVLRQ FUHDWHG DFURVV WKH PHVK ZKLOH VHFXULQJ WR

��



PLQLPL]H UHWLQDO PRYHPHQW� ZKLOH EHLQJ FDUHIXO QRW WR GDPDJH WKH UHWLQD� 7KHQ WKH LPDJLQJ ZHOO

VKRXOG�EH�ILOOHG�ZLWK�WKH�SHUIXVLRQ�VROXWLRQ�

)OXRUHVFHQFH�0LFURVFRS\

, XVHG WKH ODE�EXLOW IOXRUHVFHQFH PLFURVFRSH� 7KLV PLFURVFRSH FRQVLVWV RI D JDOYDQR

PLUURU VFDQQHU V\VWHP WKDW SURMHFWV ODVHU EHDPV RQWR WKH UHWLQDO H[SODQW WR VWLPXODWH UHWLQDO

QHXURQV ZLWK D GHVLUHG SDWWHUQ� 7KH ILUVW SDWWHUQ ZH WHVWHG KDV D VTXDUH VKDSH ZLWK D VL]H RI ���

�P�[������P�DQG�ZDV�SURMHFWHG�D�WRWDO�RI����WLPHV�HDFK�VHFRQG��L�H�����IUDPHV�VHFRQG��

��



5HVXOWV

5HWLQDO�'LVVHFWLRQ�DQG�,PDJLQJ

)LJXUH���SUHVHQWV�DQ�H[DPSOH�RI�D�GLVVHFWHG�UHWLQD�

)LJXUH����'LVVHFWHG�UHWLQD�LQ�LPDJLQJ�ZHOO��$IWHU�WKH�UHWLQD�LV�GLVVHFWHG�DQG�FXW�LQWR�D�SHWDO�VKDSH��LW�LV
SODFHG�LQVLGH�DQ�LPDJLQJ�ZHOO�IRU�IOXRUHVFHQFH�LPDJLQJ�

)LJXUH���SUHVHQWV�WKH�EDVHOLQH�IOXRUHVFHQFH�LPDJH�EHIRUH�LPDJH�SURFHVVLQJ��7KH�EULJKW�FLUFOHV

UHSUHVHQW�5*&V�YLD�WKH�JHQHWLFDOO\�LQGXFHG�JUHHQ�IOXRUHVFHQFH�SURWHLQV��L�H���*&D03��7KH�JRDO

RI�WKLV�WKHVLV�LV�WR�HYDOXDWH�YDULRXV�LPDJH�SURFHVVLQJ�DSSURDFKHV�WR�DXWRPDWLFDOO\�VHJPHQWLQJ

WKRVH�EULJKW�FHOOV��,W�VKRXOG�EH�QRWHG�WKDW�WKH�LPDJH�LV�D�EDVHOLQH�LPDJH�RI�FHOOV�ZLWKRXW�DQ\

QHXUDO�VWLPXODWLRQ�

��



)LJXUH����*UD\VFDOH�LPDJH�RI�WKH�UHWLQD��7KH�OLJKW�JUD\�VWUHDNV�VHHQ�LQ�WKH�XSSHU�DUHD�DUH�WKH�PHVK�XVHG
WR�KROG�WKH�UHWLQD�LQ�SODFH�

7R�EH�XVHG�DV�D�JURXQG�WUXWK�LQ�HYDOXDWLQJ�DXWRPDWLF�FHOO�VHJPHQWDWLRQ�DOJRULWKPV��,�PDQXDOO\

LGHQWLILHG�UHWLQDO�FHOOV�LQ�WKH�IOXRUHVFHQFH�LPDJH��)LJXUH�����$�WRWDO�RI�����FHOOV�KDYH�EHHQ

LGHQWLILHG�

)LJXUH����0DQXDO�LGHQWLILFDWLRQ�RI�UHWLQDO�FHOOV��7KH�UHG�FLUFOHV�UHSUHVHQW�DOO�WKH�UHWLQDO�FHOOV�LGHQWLILHG
PDQXDOO\�LQ�WKH�JUD\VFDOH�LPDJH�

��



,PDJH�6HJPHQWDWLRQ

7KH DLP RI P\ LPDJH VHJPHQWDWLRQ LV WR GLIIHUHQWLDWH UHWLQDO FHOOV IURP WKH EDFNJURXQG

QRLVH� ,Q JHQHUDO� WKHUH DUH YDULRXV LPDJH VHJPHQWDWLRQ WHFKQLTXHV WR VHJPHQW GLIIHUHQW SDUWV RI

WKH LPDJHV� ,Q WKLV WKHVLV� , WHVWHG D UDQJH RI WHFKQLTXHV� LQFOXGLQJ 2WVX¶V PHWKRG� ZDWHUVKHG

VHJPHQWDWLRQ��DQG�DGDSWLYH�WKUHVKROGLQJ�

2WVX¶V�0HWKRG

2WVX¶V PHWKRG LV DQ DOJRULWKP WKDW VHSDUDWHV D JUD\VFDOH LPDJH LQWR WZR VHSDUDWH FODVVHV�

IRUHJURXQG DQG EDFNJURXQG� E\ XVLQJ D VLQJOH LQWHQVLW\ WKUHVKROG WR RXWSXW D ELQDU\ LPDJH�

'XULQJ WUDGLWLRQDO LPDJH VHJPHQWDWLRQ� WKLV LQWHQVLW\ WKUHVKROG KDG WR EH PDQXDOO\ GHWHUPLQHG�

UHTXLULQJ D ORW RI WULDO DQG HUURU ZLWKRXW PXFK SUHFLVLRQ DQG DFFXUDF\� 2WVX¶V PHWKRG LV D

WHFKQLTXH�WR�DXWRPDWLFDOO\�GHWHUPLQH�WKLV�LQWHQVLW\�WKUHVKROG���

7KH DOJRULWKP ILUVW SURFHVVHV WKH LQSXW JUD\VFDOH LPDJH DQG RXWSXWV D KLVWRJUDP RI WKH

EULJKWQHVV RU LQWHQVLW\ RI DOO SL[HOV LQ WKH LPDJH� WKURXJK D SURFHVV FDOOHG KLVWRJUDP HTXDOL]DWLRQ�

,W WULHV WR LQFUHDVH WKH FRQWUDVW RI WKH SL[HOV E\ DGMXVWLQJ WKH LQWHQVLW\ RI HDFK SL[HO� ,WHUDWLQJ

WKURXJK HDFK SL[HO DQG WKUHVKROGLQJ YDOXH� LW FDOFXODWHV WKH VSUHDG RI SL[HO YDOXHV WKDW IDOO LQWR

HLWKHU WKH IRUHJURXQG RU EDFNJURXQG FODVVHV� 7KH JRDO LV WR GHWHUPLQH WKH VPDOOHVW YDULDQFH YDOXH

EHWZHHQ WKH IRUHJURXQG DQG EDFNJURXQG VSUHDGV� ZKLFK FDQ EH VHHQ DV WZR GLIIHUHQW SHDNV RQ WKH

KLVWRJUDP��� 2QFH LW FRPSXWHV WKH ILQDO WKUHVKROG YDOXH RI WKH LPDJH� WKH SL[HO YDOXHV JUHDWHU

WKDQ WKH WKUHVKROG EHFRPH ZKLWH� GHQRWLQJ WKH IRUHJURXQG FODVV� DQG WKRVH WKDW ORZHU WKDQ WKH

WKUHVKROG�EHFRPH�EODFN��GHQRWLQJ�WKH�EDFNJURXQG�FODVV�

��



, LPSOHPHQWHG 2WVX¶V PHWKRG DV D SDUW RI WKH JOREDO WKUHVKROGLQJ DOJRULWKP LQ 0DWODE DQG

DSSOLHG�LW�WR�WKH�IOXRUHVFHQFH�UHWLQD�LPDJH��)LJXUH����

)LJXUH����,PSOHPHQWDWLRQ�RI�RWVX¶V�PHWKRG��7KH�RXWSXW�RI�LPSOHPHQWLQJ�2WVX¶V�PHWKRG�LV�D�ELPRGDO�LPDJH
WKDW�VHJPHQWHG�IRUHJURXQG�DQG�EDFNJURXQG�REMHFWV�EDVHG�RQ�D�JOREDO�WKUHVKROGLQJ�YDOXH�

0DUNHU�&RQWUROOHG�:DWHUVKHG�6HJPHQWDWLRQ

,Q LPDJH SURFHVVLQJ� WKH ZDWHUVKHG VHJPHQWDWLRQ WHFKQLTXH LV EDVHG RQ WKH FRQFHSW WKDW

WKH LQWHQVLWLHV RI DQ LPDJH FDQ EH WKRXJKW RI DV D WRSRJUDSKLF PDS� DQG LV XVHG WR VHJPHQW

GLIIHUHQW REMHFWV ZLWKLQ WKH LPDJH� 7KH EULJKW DUHDV FDQ EH YLVXDOL]HG DV ³KLJK´ DOWLWXGHV DQG GDUN

DUHDV FDQ EH YLVXDOL]HG DV ³ORZ´ DOWLWXGHV� 7KH ZDWHUVKHG PHWKRG VHJPHQWV D JUD\VFDOH LPDJH

LQWR D WRSRJUDSKLF UHSUHVHQWDWLRQ EDVHG RQ WKUHH GLIIHUHQW IDFWRUV� PLQLPD SRLQWV� FDWFKPHQW

EDVLQV� DQG ZDWHUVKHG OLQHV� 7KH PDLQ GLVDGYDQWDJH RI WKH ZDWHUVKHG VHJPHQWDWLRQ LV WKDW LW LV

SURQH�WR�RYHU�VHJPHQWDWLRQ�EHFDXVH�RI�WKH�SRVVLELOLW\�RI�WKHUH�EHLQJ�PDQ\�ORFDO�PLQLPD���

��



$ ZD\ WR JHW RYHU WKH RYHU�VHJPHQWDWLRQ SUREOHP LV E\ ³PDUNLQJ´ WKH IRUHJURXQG

REMHFWV� ZKLFK DUH FRQQHFWHG UHJLRQV RI SL[HOV ZLWKLQ WKH IRUHJURXQG REMHFWV� DQG EDFNJURXQG

REMHFWV� ZKLFK DUH UHJLRQV RI SL[HOV QRW SDUW RI DQ\ REMHFW� 7KLV FDQ EH GRQH E\ WKH

PDUNHU�FRQWUROOHG ZDWHUVKHG WHFKQLTXH��� %HIRUH SHUIRUPLQJ WKH ZDWHUVKHG WUDQVIRUP RQ WKH

LPDJH� WKH GDUN UHJLRQV DUH VHJPHQWHG E\ XVLQJ D VHJPHQWDWLRQ IXQFWLRQ� 7KH SL[HOV ZLWKLQ WKH

UHJLRQV RI HDFK RI WKH REMHFWV LQ WKH LPDJH DUH LGHQWLILHG DV WKH IRUHJURXQG PDUNHUV� $Q\ SL[HOV

RXWVLGH RI WKH UHJLRQV RI WKH REMHFWV LQ WKH LPDJH DUH LGHQWLILHG DV EDFNJURXQG PDUNHUV� )LQDOO\�

RQH UXQV WKH ZDWHUVKHG WUDQVIRUP RQ WKH LPDJH ZLWK WKH PRGLILHG FKDQJHV� SURFHVVLQJ RQO\ WKH

UHJLRQDO�PLQLPD�IRXQG�DW�WKH�IRUHJURXQG�DQG�EDFNJURXQG�PDUNHU�ORFDWLRQV�

, LPSOHPHQWHG WKLV PDUNHU�FRQWUROOHG ZDWHUVKHG PHWKRG LQ 0DWODE DQG DSSOLHG LW WR WKH

IOXRUHVFHQFH�UHWLQD�LPDJH��)LJ����DQG�)LJ�����

)LJXUH����7KH�UHVXOW�RI�WKH�PDUNHU�FRQWUROOHG�ZDWHUVKHG�VHJPHQWDWLRQ�

��



)LJXUH����7KH�UHVXOW�RI�WKH�ZDWHUVKHG�VHJPHQWDWLRQ�VXSHULPSRVHG�RQ�WKH�RULJLQDO�JUD\VFDOH�LPDJH�

$GDSWLYH�7KUHVKROGLQJ

$GDSWLYH WKUHVKROGLQJ XVHV ORFDO ILUVW�RUGHU VWDWLVWLFV WR VHJPHQW D JUD\VFDOH LPDJH���

)LUVW�RUGHU VWDWLVWLFV� IURP SUREDELOLW\ WKHRU\� UHIHUV WR WKH PHDQ� )URP DQ LPDJH VHJPHQWDWLRQ

SHUVSHFWLYH� DGDSWLYH WKUHVKROGLQJ FRPSXWHV WKH ORFDO PHDQ LQWHQVLW\ YDOXH RI D RI D VSHFLILHG

QHLJKERUKRRG VL]H��� ,Q D UHODWHG IXQFWLRQ RI 0DWODE� WKH VHQVLWLYLW\ RI WKLV DGDSWLYH WKUHVKROGLQJ

FDQ EH FRQWUROOHG E\ DQ LQSXW WR WKH IXQFWLRQ� 7KH VHQVLWLYLW\ YDOXH FDQ EH VHW WR DQ DUELWUDU\

VFDODU YDOXH EHWZHHQ WKH UDQJH RI � DQG �� ZKHUH WKH KLJKHU WKH YDOXH� WKH PRUH SL[HOV LW GHQRWHV

WR�WKH�IRUHJURXQG��DQG�WKH�ORZHU�WKH�YDOXH��WKH�PRUH�SL[HOV�LW�GHQRWHV�WR�WKH�EDFNJURXQG�

, LPSOHPHQWHG WKLV PHWKRG� ZLWK D VHQVLWLYLW\ RI ���� DQG D QHLJKERUKRRG VL]H RI ��� WKDW

VSHFLILHV WKH VL]H RI WKH QHLJKERUKRRG DURXQG HDFK SL[HO XVHG IRU WKH ORFDO ILUVW�RUGHU VWDWLVWLFV�

��



7KHVH RSWLPDO YDOXHV ZHUH FKRVHQ DIWHU JRLQJ WKURXJK VHYHUDO WULDOV DQG HUURUV� 7KH IROORZLQJ

LPDJH�ZDV�WKH�EHVW�UHVXOW�REWDLQHG�IURP�WKH�YDULRXV�FRGH�SDUDPHWHUV�

)LJXUH����$GDSWLYH�WKUHVKROG�DSSOLHG�WR�JUD\VFDOH�LPDJH�

7KH DERYH PHWKRG FDQ LGHQWLI\ FHOOV� EXW LW LV KDUG WR GLVWLQJXLVK ZKDW LV D FHOO DQG ZKDW

LV MXVW EDFNJURXQG QRLVH� 6RPH RI WKH ZKLWH FLUFXODU VKDSHV DUH PHUJHG WRJHWKHU ZLWK RWKHU ZKLWH

FLUFXODU VKDSHV PDNLQJ LW KDUG WR LGHQWLI\ LQGLYLGXDO FHOOV VHSDUDWHO\� 7R VROYH WKLV SUREOHP� ,

LPSOHPHQWHG DQG DSSOLHG FRQWUDVW DGMXVWPHQW PHWKRGV SULRU WR WKH DGDSWLYH WKUHVKROGLQJ� 6LQFH

PXOWLSOH DOJRULWKPV H[LVW IRU LPDJH FRQWUDVW DGMXVWPHQW� , LPSOHPHQWHG DQG WHVWHG IRXU PHWKRGV�

LQWHQVLW\ HQKDQFHPHQW� KLVWRJUDP HTXDOL]DWLRQ� FRQWUDVW�OLPLWHG DGDSWLYH KLVWRJUDP HTXDOL]DWLRQ

�&/$+(�� DQG ORFDO ODSODFLDQ ILOWHULQJ� )LJXUH � VKRZV WKH UHVXOWV RI WKH YDULRXV LPDJH FRQWUDVW

DGMXVWPHQWV�

��



)LJXUH����&RQWUDVW�DGMXVWPHQW�PHWKRGV�DSSOLHG�RQ�WKH�JUD\VFDOH�LPDJH������������,QWHQVLW\�HQKDQFHPHQW��
����+LVWRJUDP�HTXDOL]DWLRQ������&RQWUDVW�OLPLWHG�DGDSWLYH�KLVWRJUDP�HTXDOL]DWLRQ������/RFDO�/DSODFLDQ

)LOWHULQJ�

��



7KHQ��WKH�DGDSWLYH�WKUHVKROG�PHWKRG�ZDV�DSSOLHG�WR�HDFK�UHVXOW�RI�FRQWUDVW�DGMXVWPHQW�

)LJXUH�����5HVXOWV�RI�FRQWUDVW�DGMXVWPHQW������������$GDSWLYH�WKUHVKROG�RQ�LQWHQVLW\�HQKDQFHPHQW�����
$GDSWLYH�WKUHVKROG�RQ�KLVWRJUDP�HTXDOL]DWLRQ������$GDSWLYH�WKUHVKROG�RQ�FRQWUDVW�OLPLWHG�DGDSWLYH

KLVWRJUDP�HTXDOL]DWLRQ������$GDSWLYH�WKUHVKROG�RQ�ORFDO�ODSODFLDQ�ILOWHULQJ�

��



'LVFXVVLRQ

$OO WKH LPDJH VHJPHQWDWLRQ UHVXOWV ERUH GLIIHUHQW UHVXOWV WR YDU\LQJ GHJUHHV RI VXFFHVV�

2XW RI DOO WKH UHVXOWV� WKH PDUNHU�FRQWUROOHG ZDWHUVKHG PHWKRG IDUHG RXW WR EH WKH EHWWHU

VHJPHQWDWLRQ�WHFKQLTXH�WR�XVH��DOWKRXJK�ZLWK�FHUWDLQ�OLPLWDWLRQV�

)LUVW� 2WVX¶V PHWKRG KDG SURGXFHG WKH UHVXOW WKDW ZDV WKH OHDVW HIIHFWLYH RI DOO WKH LPDJH

VHJPHQWDWLRQ WHFKQLTXHV� ,I FRPSDUHG WR WKH ��� FHOOV WKDW KDYH EHHQ PDQXDOO\ LGHQWLILHG LQ WKH

JUD\VFDOH LPDJH� WKHUH DUH ��� ZKLWH� FLUFXODU REMHFWV WKDW PD\ EH 5*&V� 7KLV QXPEHU LV YHU\

FORVH WR WKH QXPEHU RI PDQXDOO\ LGHQWLILHG FHOOV� EXW ZKHQ ORRNLQJ DW )LJXUH �� LW FDQ FOHDUO\ EH

VHHQ WKDW PDQ\ RI WKH IRUHJURXQG REMHFWV DUH QRW FHOOV� 7KH UHDVRQ IRU WKLV PD\ EH WKDW WKLV

PHWKRG WDNHV RQH WKUHVKROGLQJ YDOXH WR VHJPHQW WKH LPDJH REMHFWV LQWR IRUHJURXQG DQG

EDFNJURXQG� :KHQ ORRNLQJ DW WKH RULJLQDO JUD\VFDOH LPDJH� WKHUH DUH PDQ\ 5*&V WKDW FDQ EH

LGHQWLILHG E\ WKH QDNHG H\H ZLWK YDU\LQJ LQWHQVLWLHV �EULJKWQHVV�� 6HOHFWLQJ RQH WKUHVKROGLQJ

YDOXH IRU DOO SL[HOV PD\ QRW KHOS WKH DOJRULWKP HIIHFWLYHO\ LGHQWLI\ PRVW� LI QRW DOO� 5*&V ZLWK

YDU\LQJ LQWHQVLWLHV� ,Q )LJXUH �� WKH ILUVW REMHFW WKDW VWDQGV RXW LV WKH ODUJH ZKLWH VWUHDN� :KHQ

FRPSDUHG ZLWK WKH JUD\VFDOH LPDJH� WKLV FDQ EH VHHQ DV ZKHUH WKH PHVK UHVLGHG� EXW WKH

DOJRULWKP PLVWRRN WKH PHVK REMHFW DQG LQFOXGHG LW ZKHQ SURFHVVLQJ WKH JOREDO WKUHVKROGLQJ

YDOXH� ,Q UHWXUQ� LW HQGHG XS SODFLQJ WKH PHVK REMHFW LQ WKH IRUHJURXQG REMHFWV FODVV� :KLOH WKHUH

DUH VRPH FLUFXODU� ZKLWH REMHFWV WKDW PD\ UHSUHVHQW 5*&V� WKHUH DUH DOVR YHU\ ODUJH FLUFXODU�

ZKLWH REMHFWV WKDW DUH WRR ELJ WR GHILQLWHO\ FRQFOXGH DV 5*&V� 7KLV ODUJHU FLUFXODU� ZKLWH REMHFW

FDQ EH D JURXS RI 5*&V WKDW WKH DOJRULWKP LGHQWLILHG DV RQH ZKLWH REMHFW� $OO LQ DOO� WKH ���

IRUHJURXQG REMHFWV WKDW ZHUH FRXQWHG WKURXJK WKLV DOJRULWKP LV QRW DQ DFFXUDWH UHSUHVHQWDWLRQ RI

LGHQWLILHG�5*&V�

��



1H[W� WKH PDUNHU�FRQWUROOHG ZDWHU VHJPHQWDWLRQ KDG EHWWHU UHVXOWV WKDQ 2WVX¶V PHWKRG�

EXW DOVR FDPH ZLWK VRPH HUURUV� )LUVWO\� LW IDLOHG WR LGHQWLI\ DOO RI WKH 5*&V LQ WKH JUD\VFDOH

LPDJH YLVLEOH WR WKH H\H� :KHQ ORRNLQJ DW WKH FRPSDULVRQ �)LJ� ��� WKH DOJRULWKP ZDV DEOH WR

LGHQWLI\ ��� IRUHJURXQG REMHFWV DV FHOOV� )RU WKH PRVW SDUW� WKH DOJRULWKP VWD\HG WUXH WR WKH VKDSH

RI UHWLQDO FHOOV DV ZHOO� DOWKRXJK WKHUH DSSHDUV WR EH DERXW ����� PLQRU� LUUHJXODU ZKLWH UHJLRQV DV

VKRZQ LQ )LJXUH �� 7KH ZDWHUVKHG DOJRULWKP DOVR KDV OHVV RI D EOHHGLQJ HIIHFW FRPSDUHG WR 2WVX¶V

PHWKRG� 7KH DOJRULWKP GLG D JRRG MRE DW UHPRYLQJ WKH QRLVH LQ WKH LPDJH� EXW PD\ KDYH UHPRYHG

FHUWDLQ 5*&V DV ZHOO LQ WKH SURFHVV� WKLQNLQJ WKRVH 5*&V ZHUH QRLVH� /RRNLQJ DW WKH

VXSHULPSRVHG LPDJH �)LJ� ��� WKHUH FDQ EH VRPH FRPSDULVRQ GUDZQ EHWZHHQ WKH EULJKW DUHDV

UHSUHVHQWLQJ 5*&V LQ WKH RULJLQDO JUD\VFDOH LPDJH DQG WKH UHG UHJLRQV LGHQWLILHG E\ WKH

DOJRULWKP WKDW DUH VXSSRVHG WR UHSUHVHQW LGHQWLILHG 5*&V� ,W FDQ EH YLVXDOO\ VHHQ WKDW FHUWDLQ

5*&V RQ WKH JUD\VFDOH LPDJH KDYH QRW EHHQ LGHQWLILHG� 7KH VL]H RI WKH UHG UHJLRQV DOVR DSSHDU WR

EH VOLJKWO\ ODUJHU WKDQ WKH VL]H RI WKH 5*&V RQ WKH JUD\VFDOH LPDJH� 6R� HYHQ WKRXJK WKH

ZDWHUVKHG DOJRULWKP SURGXFHG D VPDOOHU QXPEHU RI IRUHJURXQG REMHFWV WKDQ 2WVX¶V PHWKRG� WKH

PRUSKRORJ\ DQG VL]H RI PRVW RI WKHP DUH YHU\ VLPLODU WR WKRVH RI 5*&V ZKHQ YLVXDOO\ LQVSHFWHG�

7KXV��WKLV�PHWKRG�DSSURSULDWHO\�LGHQWLILHG�FHOOV��EXW�RQO\�ZLWK�����DFFXUDF\�

:KHQ DSSO\LQJ WKH DGDSWLYH WKUHVKROG PHWKRG� , REWDLQHG ILYH GLIIHUHQW UHVXOWV� RQH

ZLWKRXW FRQWUDVW DGMXVWPHQW ILOWHUV DQG IRXU ZLWK YDULRXV FRQWUDVW DGMXVWPHQW ILOWHUV� 2XW RI WKH

ILYH UHVXOWV� WKH DGDSWLYH WKUHVKROG XVHG ZLWKRXW DQ\ FRQWUDVW DGMXVWPHQW ILOWHU �)LJ� �� REWDLQHG

WKH EHVW UHVXOW� 6WDUWLQJ ZLWK WKH UHVXOWV ZLWK FRQWUDVW DGMXVWPHQW ILOWHUV� ZKHQ FRPSDULQJ )LJXUHV

��������� ZLWK WKH RULJLQDO JUD\VFDOH LPDJH� LW FDQ EH VHHQ YLVXDOO\ WKDW WKHUH DUH PDQ\ ZKLWH

REMHFWV GHWHFWHG� PXFK VPDOOHU WKDQ WKH 5*&V RQ WKH JUD\VFDOH LPDJH� ,Q IDFW� WKH UHVXOWV JHW

SURJUHVVLYHO\ ZRUVH ZKHQ JRLQJ IURP )LJXUH ���� WR )LJXUH ����� 7KLV ZDV DQ XQH[SHFWHG UHVXOW�

��



(QKDQFLQJ WKH LPDJH FRQWUDVW SURGXFHV ZRUVH VHJPHQWDWLRQ� ,W VHHPV EHFDXVH� ZKHQ ORRNLQJ DW

FRQWUDVW DGMXVWPHQWV LQ )LJXUHV �������� HDFK VXEVHTXHQW FRQWUDVW DGMXVWPHQW LQWHQVLILHV WKH

JUD\VFDOH LPDJH PRUH WKDQ WKH SUHYLRXV� 6R� RQ WKH JUD\VFDOH LPDJH� DV WKH LQWHQVLW\ RI WKH ZKLWH

UHJLRQV LQFUHDVHV� WKH DGDSWLYH WKUHVKROG LV PRUH SURQH WR SLFNLQJ XS PRUH DQG PRUH QRLVH�

)LJXUH ��� XVHG ORFDO ODSODFLDQ ILOWHULQJ DQG GLG QRW KDYH DV PXFK FRQWUDVW DGMXVWPHQW�

,QWHUHVWLQJO\� ZKHQ ORRNLQJ DW )LJXUH ����� KDYLQJ DSSOLHG DGDSWLYH WKUHVKROGLQJ RQ WRS RI ORFDO

ODSODFLDQ ILOWHULQJ� SURGXFHG WKH ZRUVW UHVXOW RXW RI WKH IRXU� SLFNLQJ WKH PRVW QRLVH� 9LVXDOO\� IRU

DOO RI WKH UHVXOWV� LW ZDV GLIILFXOW WR GLVWLQJXLVK ZKHWKHU WKH ZKLWH REMHFWV DUH 5*&V RU QRLVH�

2QO\ )LJXUH � VHHPV WR KDYH WKH OHDVW QRLVH DQG WKH EHVW VL]H FRUUHODWLRQ EHWZHHQ WKH IRUHJURXQG

REMHFWV�DQG�WUXH�5*&V�

&RPSDULQJ )LJXUH � WR WKH RWKHU LPDJH VHJPHQWDWLRQ PHWKRGV XVHG� LW VHHPV WR KDYH

SURGXFHG EHWWHU UHVXOWV FRPSDUHG WR 2WVX¶V PHWKRG� EXW ZRUVH UHVXOWV FRPSDUHG WR WKH

PDUNHU�FRQWUROOHG ZDWHUVKHG PHWKRG� 8QOLNH 2WVX¶V PHWKRG� DGDSWLYH WKUHVKROGLQJ VHHPHG WR

VXFFHVVIXOO\ VHJPHQW WKH PHVK LQWR WKH EDFNJURXQG� $GDSWLYH WKUHVKROGLQJ ZDV DOVR PRUH VWDEOH

ZLWK WKH VHJPHQWDWLRQ RI WKH VL]H DQG VKDSH RI WKH ZKLWH REMHFWV� 7KH ZKLWH REMHFWV VHJPHQWHG

ZLWK 2WVX¶V PHWKRG KDG D ³VWUHDN�OLNH´ IHDWXUH WR WKHP� +RZHYHU� ZKHQ FRPSDUHG WR WKH

ZDWHUVKHG VHJPHQWDWLRQ� DGDSWLYH WKUHVKROG KDG PRUH ZKLWH REMHWV VHJPHQWHG� DV LW SLFNHG XS

PRUH QRLVH� 4XDQWLWDWLYHO\� WKH DGDSWLYH WKUHVKROG LGHQWLILHG DURXQG ��� IRUHJURXQG� ZKLWH

REMHFWV� ZKLFK LV D PXFK KLJKHU QXPEHU FRPSDUHG WR WKH WRWDO ��� 5*&V LGHQWLILHG PDQXDOO\

�)LJ� ��� +RZHYHU� LW LV KLJKO\ XQOLNHO\ WKDW DOO RI WKH ��� REMHFWV DUH 5*&V� ,W LV KDUG WR

GLVFULPLQDWH EHWZHHQ ZKLWH REMHFWV DV 5*&V YHUVXV QRLVH� :DWHUVKHG VHJPHQWDWLRQ ZDV PXFK

PRUH FRQWUROOHG LQ LWV ZKLWH REMHFW VHJPHQWDWLRQ� ZLWK UHVSHFW WR LWV ODFN RI QRLVH LW SLFNHG XS DQG

WKH�VL]H�DQG�VKDSH�RI�WKH�ZKLWH�REMHFWV�

��



7KH PDLQ GUDZEDFN RI WKH DGDSWLYH WKUHVKROGLQJ DOJRULWKP LV LW LV GLIILFXOW WR DVVHVV

ZKHWKHU WKH ZKLWH UHJLRQV DUH 5*&V RU QRLVH� 7KLV DOJRULWKP DOVR LGHQWLILHG ZKLWH UHJLRQV WKDW

EOHHG LQWR RWKHU ZKLWH UHJLRQV� MXVW OLNH 2WVX¶V PHWKRG� PDNLQJ LW GLIILFXOW WR VHJPHQW LQGLYLGXDO

5*&V VHSDUDWHO\� 7KH DGGHG LPDJH HQKDQFHPHQW VHHPHG WR DGG WR WKH QRLVH WKDW WKH DOJRULWKP

SLFNHG XS� ,QWHUHVWLQJO\� HYHQ ZLWK LGHQWLILFDWLRQ RI WKH QRLVH� WKH DOJRULWKP GLG PDQDJH WR

GLVUHJDUG�WKH�OLJKW�JUD\�VWUHDNV�VKRZQ�LQ�WKH�JUD\VFDOH�LPDJH�VLPLODU�WR�WKH�ZDWHUVKHG�PHWKRG�

7KH UHDVRQ ZK\ DGDSWLYH WKUHVKROGLQJ SURGXFHG ZRUVH UHVXOWV WKDQ WKH ZDWHUVKHG

VHJPHQWDWLRQ LV OLNHO\ EHFDXVH LW FDOFXODWHV D WKUHVKROGLQJ YDOXH IRU VPDOOHU UHJLRQV RI WKH LPDJH

DV RSSRVHG WR WKH HQWLUH LPDJH� 7KLV DOORZV WKH DOJRULWKP WR IRFXV RQ WKH WKUHVKROGLQJ YDOXH RI

HDFK RI WKH VPDOOHU UHJLRQV RQH DW D WLPH� PDNLQJ LW EHWWHU WKDQ WKH 2WVX¶V PHWKRG� +RZHYHU�

KDYLQJ D PXFK PRUH ORFDOL]HG VWUDWHJ\ WR VHJPHQW WKH LPDJH PD\ EH OHVV HIIHFWLYH WKDQ WKH

ZDWHUVKHG DOJRULWKP EHFDXVH WKH LQWHQVLWLHV RI WKH ZKLWH DUHDV RI WKH RULJLQDO JUD\VFDOH LPDJH

KDYH�YDULDWLRQV��)RU�HDFK�ORFDOL]HG�UHJLRQ��WKH�DOJRULWKP�PD\�KDYH�PLVWDNHQ�QRLVH�IRU�5*&V�

2YHUDOO� WKH PDUNHU�FRQWUROOHG ZDWHUVKHG VHJPHQWDWLRQ ZRUNHG WKH EHVW� LGHQWLI\LQJ ���

IRUHJURXQG REMHFWV DV FHOOV� WKH PRVW DPRQJ DOO WKH RWKHU DOJRULWKPV� 7KH PDUNHU�FRQWUROOHG

ZDWHUVKHG VHJPHQWDWLRQ VHHPHG WR ZRUN WKH EHVW EHFDXVH LW LV VKRZQ WR ZRUN EHVW ZLWK

VHJPHQWLQJ REMHFWV WKDW KDYH FORVHG FRQWRXUV��� ,Q WKH JUD\VFDOH LPDJH� WKH 5*&V KDYH GHILQLWH

ERXQGDULHV��DOEHLW�LUUHJXODU�ERXQGDULHV��WR�WKHP��PDNLQJ�WKLV�PHWKRG�LGHDO�IRU�VHJPHQWDWLRQ�

:KLOH WKH SUHVHQWHG UHVXOW LV SURPLVLQJ� WKHUH DUH FHUWDLQ ZD\V WKH DOJRULWKP FRXOG EH

UHILQHG� )URP WKH PDQXDO FRXQW RI ��� 5*&V� ��� REMHFWV WKDW WKH DOJRULWKP LGHQWLILHG LV RQO\

DERXW ���� 5HPLQGLQJ WKDW WKH PDMRU REMHFWLYH RI WKLV VRIWZDUH LV WR ILQG D ZD\ WR GLVWLQJXLVK

EHWZHHQ 5*&V DQG QRLVH� LQIRUPLQJ WKH DOJRULWKP RI D NQRZQ VL]H RI WKH 5*&V ZRXOG KHOS� 7KLV

��



ZD\� DQ\WKLQJ WKDW LV VPDOOHU WKDQ WKH UHDVRQDEOH VL]H RI 5*&V FDQ EH FRQVLGHUHG DV QRLVH DQG EH

GLVUHJDUGHG E\ WKH DOJRULWKP� 0XFK PRUH DGYDQFHG WHFKQLTXHV FDQ EH PHUJHG ZLWK WKH

ZDWHUVKHG VHJPHQWDWLRQ� VXFK DV ZDYHOHW WUDQVIRUPV��� PRUSKRORJLFDO GLODWLRQ DQG HURVLRQ� WR

LPSURYH�UHVXOWV�DV�ZHOO���

2QH ZHDNQHVV LQ WKLV WKHVLV LV WKH XVLQJ RQO\ RQH IOXRUHVFHQFH LPDJH WR WHVW WKH YDULRXV

LPDJH VHJPHQWDWLRQ PHWKRGV� ,I PXOWLSOH IOXRUHVFHQFH LPDJHV KDYH EHHQ WHVWHG ZLWK WKH VDPH

DOJRULWKPV� WKHUH LV D FKDQFH WKDW DQRWKHU PHWKRG PLJKW KDYH ZRUNHG EHWWHU WKDQ WKH ZDWHUVKHG

VHJPHQWDWLRQ PHWKRG� $QRWKHU ZHDNQHVV LQ WKLV WKHVLV LV WKDW WKH FRXQW XVHG IRU WKH JURXQG WUXWK

IOXRUHVFHQFH LPDJH UHPDLQV VXEMHFWLYH EHFDXVH LW XVHV WKH SHUVSHFWLYH RI RQH SHUVRQ� ,I DQRWKHU

SHUVRQ�DQDO\]HG�LW��WKH�FRXQW�IRU�WKH�JURXQG�WUXWK�FRXOG�KDYH�EHHQ�GLIIHUHQW�

7KLV WKHVLV DOVR FDOOV LQWR TXHVWLRQ WKH QXPEHU RI FHOOV WKDW KDYH WR EH LGHQWLILHG WR TXDOLI\

IRU WKH QH[W VWDJH RI WKH SURMHFW� +RZ PDQ\ FHOOV LGHQWLILHG DUH JRRG HQRXJK" 'RHV WKH DOJRULWKP

QHHG WR LGHQWLI\ HYHU\ VLQJOH FHOO LQ WKH IOXRUHVFHQFH LPDJH WR PRYH IRUZDUG" +RZ GRHV HDFK

DOJRULWKP FRPSDUH WR DQRWKHU" 7R PHDVXUH SHUIRUPDQFH RI DOJRULWKPV ZLWK HDFK RWKHU� D PHWULF

RI HYDOXDWLRQ FDOOHG WKH $UHD 8QGHU WKH &XUYH � 5HFHLYHU 2SHUDWLQJ &KDUDFWHULVWLFV �$8&�52&�

FXUYH�FDQ�EH�XVHG���

7KH EHQHILW RI XVLQJ DQ $8&�52& FXUYH LV WKDW LW REMHFWLYHO\ PHDVXUHV WKH SHUIRUPDQFHV

RI WKH DOJRULWKPV� 2QH RI WKH PDLQ GUDZEDFNV RI WKH DOJRULWKPV WHVWHG ZDV WKH XQFHUWDLQW\ LQ

VSRWWLQJ WKH GLIIHUHQFH EHWZHHQ 5*&V DQG QRLVH� ,QVWHDG RI JRLQJ E\ DQ DFFXUDF\ PHWULF� WKH WUXH

SRVLWLYH UDWH �735� DQG IDOVH SRVLWLYH UDWH �)35� FDQ EH FDOFXODWHG� ,Q WKH FDVH RI WKLV WKHVLV� WKH

WUXH SRVLWLYH UDWH LV WKH QXPEHU RI ZKLWH REMHFWV WKDW ZHUH FRUUHFWO\ LGHQWLILHG DV 5*&V RYHU WKH

WRWDO QXPEHU RI LGHQWLILHG REMHFWV� 7KH )35 LV WKH QXPEHU RI ZKLWH REMHFWV WKDW ZHUH LQFRUUHFWO\

��



VHJPHQWHG DV EDFNJURXQG QRLVH RYHU WKH WRWDO QXPEHU RI REMHFWV VHJPHQWHG DV EDFNJURXQG QRLVH�

7KH LGHDO FRQGLWLRQV ZH ZDQW LV D KLJK 735� EHFDXVH ZH ZDQW WR FRUUHFWO\ LGHQWLI\ DV PDQ\

5*&V DV SRVVLEOH� DQG D ORZ )35� EHFDXVH ZH ZDQW WR OLPLW WKH QXPEHU RI ZKLWH REMHFWV WKDW DUH

LQFRUUHFWO\ VHJPHQWHG DV EDFNJURXQG QRLVH� 7KH 52& FXUYH LV REWDLQHG E\ SORWWLQJ WKH 735 RQ

WKH \�D[LV DQG WKH )35 RQ WKH [�D[LV� :LWK WKLV FXUYH ZH FDQ ILQG D WKUHVKROG SRLQW WKDW DOORZV XV

WR PRUH REMHFWLYHO\ GHWHUPLQH WKH QXPEHU RI FHOOV WKDW DUH LGHQWLILHG E\ DQ DOJRULWKP� 6LQFH ZH

ZDQW WR DWWDLQ WKH KLJKHVW 735 DQG WKH ORZHVW )35 SRVVLEOH� ZH FDQ ORRN DW WKH $8& XQGHU WKH

52&�FXUYH�DQG�ILJXUH�RXW�IRU�ZKLFK�WKUHVKROG�SRLQW�UHVXOWV�LQ�WKH�ODUJHVW�DUHD���

&RQFOXVLRQ

7KHUH DUH WKUHH PDLQ OLPLWDWLRQV WR WKH FXUUHQW HOHFWURGH�EDVHG UHWLQDO SURVWKHVLV� WKH

LQYDVLYH QDWXUH RI WKH PLFURHOHFWURGH� UHVWULFWLRQV ZLWK ORFDWLRQ DQG VL]H� DQG UHVROXWLRQ RI

UHVWRUHG YLVLRQ� 7KH PLQLPDOO\�LQYDVLYH� SKRWRWKHUPDO UHWLQDO SURVWKHVLV V\VWHP KDV D SRWHQWLDO

WR RYHUFRPH WKHVH OLPLWDWLRQV� $Q HVVHQWLDO FRPSRQHQW RI WKLV V\VWHP LV WKH DFWLYDWLRQ RI PXOWLSOH

UHWLQDO QHXURQV DFFRUGLQJ WR DQ LQGXFHG VSDWLDO SDWWHUQ UHSUHVHQWLQJ H[WHUQDO YLVXDO VWLPXOL� 7R

DFKLHYH WKLV� D FUXFLDO VWHS LQYROYHV YDOLGDWLQJ H[�YLYR WKDW 5*&V DUH DFWLYDWHG DFFRUGLQJ WR WKH

SURMHFWHG SDWWHUQ RI ODVHU OLJKW� 7KLV UHTXLUHV D SURFHVV WR DXWRPDWLFDOO\ VHJPHQW WKH UHWLQDO

QHXURQV�LQ�IOXRUHVFHQFH�LPDJHV�WR�GHWHUPLQH�H[DFWO\�KRZ�5*&V�DUH�EHLQJ�DFWLYDWHG�

2XW RI DOO WKH LPDJH VHJPHQWDWLRQ WHFKQLTXHV WKDW ZHUH H[SHULPHQWHG ZLWK�

PDUNHU�FRQWUROOHG ZDWHUVKHG VHJPHQWDWLRQ ZRUNHG WKH EHVW DW LGHQWLI\LQJ UHJLRQV RI WKH LPDJH

ZKHUH WKHUH PD\ EH 5*&V� %XW WKH UHVXOW VKRZHG PDUJLQV RI LPSURYHPHQW� 7KH DOJRULWKP QHHGV

WR EH PXFK PRUH SUHFLVH LQ LGHQWLI\LQJ PRUH 5*&V WKDW UHVLGH LQ WKH JUD\VFDOH LPDJH� ZKLOH

VHJPHQWLQJ RXW WKH QRLVH DV ZHOO� 6R IDU LW RQO\ LGHQWLILHG ��� RI WKH WRWDO 5*&V LGHQWLILHG

��



PDQXDOO\ LQ WKH JUD\VFDOH LPDJH� 2Q WRS RI WKDW LW QHHGV WR SUHFLVHO\ GHILQH WKH DSSUR[LPDWH

VKDSH�RI�WKH�5*&�

7KHUH DUH PDQ\ DYHQXHV WR SXUVXH LQ WKH IXWXUH IURP WKLV SRLQW� ,PDJH VHJPHQWDWLRQ LV D

UDSLGO\ FKDQJLQJ ILHOG ZLWK PDQ\ QHZ PHWKRGV DQG DOJRULWKPV EHLQJ FRQVWDQWO\ GHYHORSHG�

7KHUH DUH DOVR PDQ\ H[LVWLQJ VHJPHQWDWLRQ WHFKQLTXHV WKDW KDYHQ¶W EHHQ H[SORUHG LQ WKLV WKHVLV�

.�PHDQV FOXVWHULQJ�� EDVHG LPDJH VHJPHQWDWLRQ� JUDSK�EDVHG VHJPHQWDWLRQ VXFK DV OD]\

VQDSSLQJ��� ELQDU\ LPDJH VHJPHQWDWLRQ XVLQJ IDVW PDUFKLQJ PHWKRG� DQG PDQ\ RWKHUV H[LVW WKDW

FDQ�UHILQH�RXU�UHVXOWV�HYHQ�IXUWKHU���

,Q RUGHU IRU WKLV $X15 HQKDQFHG� 1,5 VWLPXODWLQJ UHWLQDO SURVWKHVLV SURMHFW WR SURFHHG WR

WKH QH[W VWHSV IRU KXPDQ DSSOLFDWLRQ� LW LV LPSHUDWLYH WR GHYHORS LPDJH VHJPHQWDWLRQ VRIWZDUH WR

DXWRPDWLFDOO\ GHWHFW DQG VHJPHQW 5*&V IURP D ODUJH VHW RI H[�YLYR YDOLGDWLRQ GDWD� ,W ZLOO JLYH

FUXFLDO�HYLGHQFH�WKDW�SDWWHUQHG�ODVHU�VWLPXODWLRQ�FDQ�DFWLYDWH�PXOWLSOH�QHXURQV�LQ�WKH�UHWLQD�

��
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