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0HGLFDO XOWUDVRXQG H[DPV RIWHQ UHTXLUH WKDW XOWUDVRXQG WHFKQLFLDQV KROG WKH
WUDQVGXFHUV LQ DZNZDUG SRVLWLRQV IRU SURORQJHG SHULRGV RI WLPH� VRPHWLPHV H[�
HUWLQJ ODUJH IRUFHV� 1RW VXUSULVLQJO\� D QXPEHU RI VWXGLHV LQGLFDWH WKDW WKH\ VXoHU
IURP DQ XQXVXDOO\ KLJK LQFLGHQFH RI PXVFXORVNHOHWDO GLVRUGHUV �H�J� >�@��

0RWLYDWHG LQLWLDOO\ E\ WKH QHHG WR DOOHYLDWH WKHVH SUREOHPV DQG SUHVHQW D PRUH
HUJRQRPLF LQWHUIDFH WR WKH XOWUDVRXQG WHFKQLFLDQ� WKH DXWKRUV KDYH HPEDUNHG
XSRQ WKH GHYHORSPHQW RI D WHOHRSHUDWLRQ V\VWHP IRU PHGLFDO XOWUDVRXQG� 7KH
V\VWHP FRQVLVWV RI D PDVWHU KDQG FRQWUROOHU� D VODYH PDQLSXODWRU FDUU\LQJ WKH
XOWUDVRXQG SUREH� DQG D FRPSXWHU FRQWURO V\VWHP WKDW DOORZV WKH RSHUDWRU WR
UHPRWHO\ SRVLWLRQ WKH XOWUDVRXQG WUDQVGXFHU UHODWLYH WR WKH SDWLHQW
V ERG\� 7KH
SUREOHP FRQVLGHUHG pUVW DV D WHVW�EHG IRU URERW�DVVLVWHG XOWUDVRXQG ZDV WKDW RI
FDURWLG DUWHU\ H[DPLQDWLRQ� 7KLV H[DPLQDWLRQ LV FDUULHG RXW WR GHWHFW RFFOXVLYH
GLVHDVH LQ WKH OHIW DQG ULJKW FRPPRQ FDURWLG DUWHULHV � D PDMRU FDXVH RI VWURNHV�

$ URERW�DVVLVWHG XOWUDVRXQG H[DPLQDWLRQ V\VWHP ZRXOG SURYLGH RWKHU� QRW
RQO\ HUJRQRPLF� EHQHpWV� )RU LQVWDQFH� VLQFH WKH ORFDWLRQ RI WKH XOWUDVRXQG WUDQV�
GXFHU FDQ EH GHWHUPLQHG YLD WKH IRUZDUG NLQHPDWLFV RI WKH VODYH PDQLSXODWRU�
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WKUHH�GLPHQVLRQDO XOWUDVRXQG LPDJHV FDQ EH UHFRQVWUXFWHG IURP D VHULHV RI WZR�
GLPHQVLRQDO LPDJH VOLFHV >�@� 5HPRWH SUREH SRVLWLRQLQJ FRXOG DOVR EH XVHG LQ
WHOHUDGLRORJ\� $OWKRXJK D QXPEHU RI PHWKRGV IRU WUDQVPLWWLQJ XOWUDVRXQG LP�
DJHV KDYH EHHQ SURSRVHG LQ WKH OLWHUDWXUH >�@� QRQH DOORZ WKH UDGLRORJLVW WR YLHZ
DQG PDQLSXODWH WKH XOWUDVRXQG WUDQVGXFHU DW WKH UHPRWH VLWH� 7KH DELOLW\ WR SRVL�
WLRQ WKH XOWUDVRXQG WUDQVGXFHU LQ UHVSRQVH WR DFTXLUHG XOWUDVRXQG LPDJHV ZRXOG
DOVR EH RI EHQHpW WR LPDJH JXLGHG LQWHUYHQWLRQV �H�J�� SHUFXWDQHRXV SHULFDUGLDO
SXQFWXUH� DQG UHJLVWUDWLRQ ZLWK SDVW H[DPLQDWLRQ UHFRUGV RU LPDJHV REWDLQHG
ZLWK RWKHU LPDJLQJ PHWKRGV �H�J�� 05,��

7KLV SDSHU SUHVHQWV VLJQLpFDQW VWHSV WRZDUGV D URERW�DVVLVWHG XOWUDVRXQG H[�
DPLQDWLRQ V\VWHP� %DVHG RQ XOWUDVRXQG WUDQVGXFHU SRVLWLRQ DQG IRUFH PHDVXUH�
PHQWV WDNHQ GXULQJ FDURWLG DUWHU\ H[DPLQDWLRQV� D QRYHO IXOO\ FRXQWHUEDODQFHG
URERW VXLWDEOH IRU SODFLQJ WKH XOWUDVRXQG WUDQVGXFHU LQ FRQWDFW ZLWK D SDWLHQW
ZDV GHVLJQHG DQG LV SUHVHQWHG LQ 6HFWLRQ �� 7KH PRWLRQ RI WKH URERW DUP DQG
WKH KDQG FRQWUROOHU RI WKH SURSRVHG XOWUDVRXQG DUH EDVHG RQ PHDVXUHG SRVLWLRQV
DQG IRUFHV� DFTXLUHG XOWUDVRXQG LPDJHV� DQG�RU WDXJKW SRVLWLRQ DQG IRUFH WUDMHF�
WRULHV� 6HYHUDO PRGHV RI FRQWURO DUH GLVFXVVHG LQ 6HFWLRQ �� LQFOXGLQJ WKH FRQWURO
RI WKH WUDQVGXFHU XVLQJ XOWUDVRXQG LPDJH WUDFNLQJ� IRU ZKLFK WKH LPDJH -DFRELDQ
LV GHULYHG� 7KH IHDVLELOLW\ RI IHDWXUH WUDFNLQJ LQ XOWUDVRXQG LPDJHV LV GLVFXVVHG
LQ 6HFWLRQ �� ZKHUH LW LV VKRZQ WKDW D PRGLpHG FRUUHODWLRQ PHWKRG FDQ EH XVHG
WR WUDFN WKH FDURWLG DUWHU\ RYHU SHULRGV RI WLPH DV ORQJ DV WHQ VHFRQGV� 7KLV
ZLOO HQDEOH XVHUV RI WKH V\VWHP WR DSSO\ LPDJH VHUYRLQJ WHFKQLTXHV VXFK DV WKRVH
GHVFULEHG LQ >�@� DQG FDQ EH XVHG WR IROORZ DORQJ DQ DQDWRPLFDO IHDWXUH VXFK DV D
FDURWLG DUWHU\� RU WR NHHS D IHDWXUH� VXFK DV WKH WLS RI D QHHGOH� ZLWKLQ WKH LPDJH
SODQH�
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)LJ� �� $SSDUDWXV IRU IRUFH�WRUTXH�
SRVH H[SHULPHQW

7KH UDQJH RI XOWUDVRXQG SUREH PRWLRQV
DQG IRUFHV ZDV PHDVXUHG GXULQJ FDURWLG
DUWHU\ H[DPLQDWLRQV� 7KHVH LQYROYH GXSOH[
LPDJLQJ RI WKH GLVWDO HQG RI WKH FRPPRQ
FDURWLG DUWHU\ DQG WKH SUR[LPDO HQGV RI
WKH LQWHUQDO DQG H[WHUQDO FDURWLG DUWHULHV�
ERWK ORQJLWXGLQDOO\ DQG WUDQVYHUVHO\� IURP
WKH FODYLFOH WR WKH PDQGLEOH RQ ERWK WKH
OHIW DQG ULJKW VLGHV RI WKH QHFN�

$ �0+] XOWUDVRXQG WUDQVGXFHU XVHG
LQ WKH H[DPLQDWLRQ ZDV pWWHG ZLWK D -5�

IRUFH�WRUTXH VHQVRU DQG WKH PDJQHWLF pHOG
VHQVRU RI DQ $7& 7KH %LUG70 HOHFWUR�
PDJQHWLF SRVLWLRQ DQG RULHQWDWLRQ VHQVRU�
DV VKRZQ LQ )LJ� �� 7KH %LUG
V PDJQHWLF pHOG JHQHUDWRU ZDV SODFHG QHDU WKH SD�
WLHQW
V QHFN� 7KH XOWUDVRXQG WHFKQLFLDQ WKHQ FDUULHG RXW D FDURWLG DUWHU\ H[DPL�
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QDWLRQ RQ WKH SDWLHQW� KROGLQJ WKH IRUFH�WRUTXH VHQVRU LQVWHDG RI WKH XOWUDVRXQG
WUDQVGXFHU �)LJ� ���
0HWDOOLF REMHFWV LQ WKH SUR[LPLW\ RI PDJQHWLF VHQVRUV DUH NQRZQ WR FDXVH VLJ�

QLpFDQW PHDVXUHPHQW HUURUV� 7KHVH ZHUH TXDQWLpHG IRU RXU H[SHULPHQWDO VHWXS
E\ SODFLQJ WKH LQVWUXPHQWHG XOWUDVRXQG WUDQVGXFHUV LQ D QXPEHU RI NQRZQ ORFD�
WLRQV DQG UHDGLQJ WKH VHQVRU PHDVXUHPHQWV� $Q DYHUDJH HUURU RI OHVV WKDQ �� ZDV
IRXQG LQ RULHQWDWLRQ� DQG OHVV WKDQ ��� IRU WUDQVODWLRQ� 7KH PHDVXUHG PRWLRQ
UDQJH DQG WKH PD[LPXP IRUFHV HQFRXQWHUHG DUH WDEXODWHG LQ 7DEOHV � DQG ��
7KH XQFHUWDLQW\ LQ WUDQVODWLRQDO PRWLRQ UDQJH LV QRW RI VLJQLpFDQW FRQFHUQ� DV
WKH WUDQVODWLRQDO ZRUNVSDFH RI WKH URERW PXVW EH VLJQLpFDQWO\ ODUJHU WKDQ PHD�
VXUHG LQ RUGHU WR FRPIRUWDEO\ SODFH WKH XOWUDVRXQG SUREH DJDLQVW WKH SDWLHQW�
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VKRZQ� ZLWK WKH PHDVXUHG RULHQWDWLRQ GDWD� LQ
)LJ� �� 1RWH WKDW WKH WUDQVGXFHU PXVW EH DEOH
WR URWDWH E\ h��r DERXW LWV ORQJLWXGLQDO D[LV
HYHU\ZKHUH ZLWKLQ WKLV ULJKW HOOLSWLFDO FRQH LQ
RUGHU WR VFDQ WUDQVYHUVHO\ DQG ORQJLWXGLQDOO\�
'XULQJ WKHVH H[SHULPHQWV� WKH PD[LPXP

YHORFLWLHV UHFRUGHG� RI WKH RUGHU RI ��� P�V DQG
���r�V� RFFXUUHG GXULQJ D VZLWFK WR D GLoHUHQW VFDQQLQJ DUHD RU GXULQJ SUREH
UH�RULHQWDWLRQ� 7KH DYHUDJH YHORFLWLHV ZHUH YHU\ VPDOO� RI WKH RUGHU RI � PP�V
DQG �r�V�

7 UD QVOD WLR Q 5D QJ H $ QJ XOD U 5D QJ H

$ [ LV 7 UD QVOD WLR Q $ [ LV 5R WD WLR Q

[S � � � PP [S � � ��� � GH J

\S � � � PP \S �� � �� � GH J

]S � � � PP ]I �� � � �� �

7D E OH �� 3UR EH 0 R WLR Q (VWLPD WH

) R UF H 5D QJ H 7 R UT XH 5D QJ H

$ [ LV ) R UF H $ [ LV 7 R UT XH

[I � �� 1 [I � �� 1 P

\I � �� 1 \I � �� 1 P

]I � �� 1 ]I � �� 1 P

7D E OH �� 3UR EH ) R UF H (VWLPD WH

��� 5RERW GHVLJQ

$ URERW XVHG IRU XOWUDVRXQG SUREH SRVLWLRQLQJ PXVW EH VDIH XQGHU DQ\ FLUFXP�

VWDQFH� LQFOXGLQJ SRZHU IDLOXUH� DQG VKRXOG PRYH IDVW HQRXJK WR DOORZ WKH XO�

WUDVRXQG H[DPLQDWLRQ WR WDNH SODFH DW D SDFH FORVH WR WKDW DFKLHYHG E\ WKH

XQDVVLVWHG VRQRJUDSKHU� 7KHUHIRUH� WKH URERW VKRXOG EH OLJKW DQG RI OLPLWHG

IRUFH DELOLW\ WR DOORZ UHODWLYHO\ UDSLG SUREH PRWLRQ LQ D VDIH PDQQHU� 7KH URERW

MRLQWV VKRXOG EH EDFNGULYHDEOH VR WKDW WKH DUP FRXOG EH SXVKHG RXW RI WKH ZD\

LI QHFHVVDU\ DQG FRQWUROOHG HoHFWLYHO\ LQ IRUFH PRGH� ,Q DGGLWLRQ� WKH URERW

VKRXOG FRYHU WKH UHTXLUHG UDQJH RI PRWLRQV DQG IRUFHV GHVFULEHG DERYH� %H�

FDXVH RI WKH ODUJH RULHQWDWLRQ ZRUNVSDFH UHTXLUHG� WKH RULHQWDWLRQ DQG WUDQVOD�

WLRQ RI WKH SUREH WLS VKRXOG EH DSSUR[LPDWHO\ GHFRXSOHG� 2WKHUZLVH� WKH HQWLUH

URERW DUP KDV WR EH PRYHG LQ RUGHU WR DFFRPPRGDWH SUREH RULHQWDWLRQ FKDQJHV�
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)LJ� �� 3KRWRJUDSK RI
WKH XOWUDVRXQG URERW

7KLV LPSOLHV WKDW WKH DUP IRUFH FDSDELOLW\ KDV WR EH
LQFUHDVHG EH\RQG D VDIH OHYHO� RU WKDW WKH DUP KDV WR
EH VORZHG GRZQ EH\RQG DQ DFFHSWDEOH SHUIRUPDQFH
OHYHO� $ QXPEHU RI GHVLJQ RSWLRQV� VXFK DV WKH XVH RI D
VSKHULFDO ZULVW� ZHUH HOLPLQDWHG E\ WHVWLQJ ZKHWKHU WKH
UDQJH RI RULHQWDWLRQV LQ WKH HOOLSWLFDO FRQH ��� FRXOG EH
DWWDLQHG ZLWKRXW LQWHUIHUHQFH DQG ZLWK UHDVRQDEOH OLQN
OHQJWKV� 7KH RQO\ UHPRWH�FHQWHU ZULVW VWUXFWXUH WKDW
ZDV IRXQG WR VDWLVI\ WKH RULHQWDWLRQ UDQJH UHTXLUHPHQW
ZDV D URWDWLQJ SDUDOOHORJUDP OLQNDJH DV XVHG LQ WKH
/$56 URERW >�@� 7KH SDUDOOHORJUDP OLQNDJH XVHG LQ RXU
GHVLJQ GLoHUV EHFDXVH RI WKH QHHG WR FRXQWHUEDODQFH
WKH DUP�

7KH VROLG PRGHO RI WKH URERW LV VKRZQ LQ )LJ� �� DQG
D SKRWRJUDSK LV VKRZQ LQ )LJ� �� 7KH URERW LV SODFHG
DW WKH KHDG RI WKH EHG� ZLWK WKH ODEHOHG /()7� ):'
DQG '2:1 GLUHFWLRQV FRLQFLGLQJ ZLWK WKH [S� \S� DQG
]S D[HV RI )LJ� �� UHVSHFWLYHO\�

7KH URERW VXSSRUWV D SUREH DW WKH GLVWDO HQG RI D OLJKWZHLJKW� VWLo DUP WKDW
SURYLGHV FOHDUDQFH IRU WKH SDWLHQW
V KHDG� 7KH SUREH LV PRXQWHG RQ D EUHDNDZD\
PDJQHWLF FRXSOLQJ DQG LWV VSLQ PRWRU LV KRXVHG LQ D FRQH WKDW DWWDFKHV WR D
-5� IRUFH�WRUTXH VHQVRU� $ ULJLG GULYH WRZHU ZLWK DQ RoVHW PRWRU UROOV WKH SDU�
DOOHORJUDP OLQNDJH� 7ZR FDSVWDQ GULYHV ZLWK LQWHUVHFWLQJ D[HV PRYH WKH SUREH
XS�GRZQ DQG OHIW�ULJKW� DQG DUH PRXQWHG RQ D ORZ IULFWLRQ ������� 1�P� OLQHDU
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VWDJH WKDW FDQ PRYH WKH SUREH DORQJ WKH QHFN RI WKH SDWLHQW� (DFK FDSVWDQ LV
PRXQWHG RQ D VLQJOH FURVVHG�UROOHU EHDULQJ� DQG HDFK XVHV � PP GLDPHWHU FRDWHG�
DQQHDOHG� VWHHO FDEOH� SUH�ORDGHG ZLWK D WHQVLRQLQJ GHYLFH�

$[LV 7UDQV� 0RWRU )RUFH�7RUTXH
UDWLR # &XUUHQW

5ROO ������ 0D[RQ �� ����� 1 P # ���$
3LWFK ���� 0D[RQ �� ���� 1 P # ���$
&DSVWDQV ���� 0D[RQ �� ����� 1 P # �$
6SLQ ��� 0D[RQ �� ���� 1 P # �$

6WDJH ���� UDG
PP 0D[RQ �� �� 1e # ���$

3UREH )RUFH ����� 1ee

e VRIWZDUH OLPLWHG ee FRQpJXUDWLRQ GHSHQGHQW

7DEOH �� $FWXDWLRQ V\VWHP FKDUDFWHULVWLFV

&DSVWDQ GULYHV ZHUH
FKRVHQ RYHU WUDQVODWLRQDO
VWDJHV WR PD[LPL]H WKH
ZRUNVSDFH DQG PLQLPL]H
WKH LQHUWLD VHHQ DW WKH
SUREH� 1RWH WKDW PRVW RI
WKH WLPH� WKH SDUDOOHOR�
JUDP OLQNDJH LV UROOHG WR
RQH VLGH RU WKH RWKHU�
DQG WKHUHIRUH PRVW RI
WKH SUREH QRUPDO IRUFH LV
FRQWUROOHG E\ FDSVWDQ ��
ZKLFK KDV WKH OHDVW PDVV DQG WKHUHIRUH DOORZV IRU KLJKHU EDQGZLGWK IRUFH�FRQWURO�

7KH SDUDOOHORJUDP OLQNDJH ZDV FRQVWUXFWHG ZLWK FDUERQ�pEHU WXEHV DQG PDJ�
QHVLXP MRLQWV �WKH DUP LWVHOI ZHLJKV OHVV WKDQ ���NJ LQFOXGLQJ WKH XOWUDVRXQG
SUREH DQG LWV VSLQ PRWRU�� 7KUHH DGMXVWDEOH FRXQWHUZHLJKWV ZHUH XVHG WR IXOO\
EDODQFH WKH URERW� 7KH UROO DQG DUP FRXQWHUZHLJKWV SODFH WKH FHQWHU RI PDVV RI
WKH SDUDOOHORJUDP OLQNDJH DW D p[HG SRLQW RQ WKH OLQNDJH UROO D[LV� LQGHSHQGHQWO\
RI WKH XOWUDVRXQG WUDQVGXFHU RULHQWDWLRQ� %HFDXVH RI PHFKDQLFDO LQWHUIHUHQFH �H�J�
EHWZHHQ WKH DUP FRXQWHUZHLJKW DQG WKH FDSVWDQ�� WKH UROO D[LV KDG WR EH SODFHG
DERYH FDSVWDQ �� FUHDWLQJ DQ XQVWDEOH LQYHUWHG SHQGXOXP ZLWK WKH FHQWHU RI PDVV
DERYH WKH FDSVWDQ � D[LV� 7KLV FHQWHU RI PDVV RI WKLV SHQGXOXP ZDV PRYHG EHORZ
WKH FDSVWDQ � D[LV E\ D SHQGXOXP FRXQWHUZHLJKW�

$V VHHQ LQ )LJ� � �E���F�� WKH XOWUDVRXQG WUDQVGXFHU ZRUNVSDFH H[FHHGV WKH
VSHFLpHG UHTXLUHPHQWV VLJQLpFDQWO\�

� 7 HOHRSHU DWLRQ DQG 6KDU HG &RQWU RO

$ VLJQDO qRZ GLDJUDP DQG WKH SUHVHQW KDUGZDUH LPSOHPHQWDWLRQ IRU WKH WHOHRS�
HUDWLRQ V\VWHP DUH LOOXVWUDWHG LQ )LJ� �� 'XULQJ WKH XOWUDVRXQG H[DPLQDWLRQ� WKH
RSHUDWRU FRQWUROV WKH XOWUDVRXQG PDFKLQH DV XVXDO� EXW PRYHV D KDQG�FRQWUROOHU
RU MR\VWLFN LQVWHDG RI WKH XOWUDVRXQG SUREH�

'XULQJ WKH XOWUDVRXQG H[DPLQDWLRQ� WKH RSHUDWRU FRQWUROV WKH XOWUDVRXQG
PDFKLQH DV XVXDO� EXW PRYHV D KDQG�FRQWUROOHU RU MR\VWLFN LQVWHDG RI WKH XOWUD�
VRXQG SUREH� 6RPH RI FRQWURO PRGHV WKDW KDYH EHHQ WHVWHG RU DUH HQYLVDJHG DUH�
0DVWHU�VODYH PRGH ZLWKRXW IRUFH IHHGEDFN� ZLWK WKH XOWUDVRXQG WUDQVGXFHU
WUDFNLQJ D OLQHDU FRPELQDWLRQ RI IRUFH DQG YHORFLW\ RI WKH MR\VWLFN FRPPDQG� $
/RJLWHFK 0DJHOODQ >�@ KDV EHHQ XVHG DV D MR\VWLFN LQ WKLV PRGH DQG H[SHULPHQWDO
UHVXOWV DUH GHVFULEHG EHORZ�
0DVWHU�VODYH PRGH ZLWK IRUFH IHHGEDFN� DV GHVFULEHG LQ >�@� XVLQJ WKH KDQG�
FRQWUROOHU GHVFULEHG LQ >�@� )HDVLELOLW\ H[SHULPHQWV KDYH EHHQ FDUULHG RXW >�@�
6KDUHG RSHUDWRU�URERW FRQWUROOHU PRGH� LQ ZKLFK WKH WZR PRGHV VSHFLpHG
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DERYH PLJKW EH XVHG DORQJ VRPH RI WKH GHJUHHV RI IUHHGRP� EXW QRW RWKHUV� )RU
H[DPSOH� WKH SUREH IRUFH DORQJ LWV EHDP FHQWHU D[LV ]I FRXOG EH FRQWUROOHG RU
NHSW ZLWKLQ VDIH SUH�VSHFLpHG YDOXHV E\ WKH URERW FRQWUROOHU�
6KDUHG RSHUDWRU�URERW FRQWUROOHU�LPDJH SURFHVVRU FRQWURO� LQ ZKLFK YL�
VXDO VHUYRLQJ FDQ EH XVHG WR FRQWURO XS WR WKUHH GHJUHHV RI IUHHGRP � WKH WUDQV�
ODWLRQ DQG URWDWLRQ RI WKH XOWUDVRXQG WUDQVGXFHU LQ WKH SODQH RI WKH XOWUDVRXQG
EHDP� ZKLOH WKH RSHUDWRU DQG URERW FRQWUROOHU FRQWURO WKH RWKHU GHJUHHV RI IUHH�
GRP� 7KH LPDJH -DFRELDQ REWDLQHG EHORZ GHPRQVWUDWHV WKDW LQGHHG WKH WKUHH
GHJUHHV RI IUHHGRP LQ WKH XOWUDVRXQG LPDJH SODQH DUH FRQWUROODEOH� ZKLOH WKH DELO�
LW\ WR WUDFN IHDWXUHV LQ XOWUDVRXQG LPDJHV RYHU WHQV RI VHFRQGV ZLWK D PRGLpHG
LPDJH FRUUHODWLRQ WHFKQLTXH KDV DOVR EHHQ GHPRQVWUDWHG DQG LV VXPPDUL]HG LQ
6HFWLRQ ��

��� )RUFH�YHORFLW\ FRQWURO

%HFDXVH WKH URERW LV FRXQWHUEDODQFHG DQG YHORFLWLHV DUH VPDOO� WKH URERW G\QDP�
LFV VLPSOLI\ WR

0�v� c �v  � b -7 c ) ���

ZKHUH v � 5� GHQRWHV WKH URERW MRLQW YDULDEOHV� 0�v� � 5�d� LV WKH MRLQW VSDFH
PDVV PDWUL[� � � 5� GHQRWHV WKH FRQWURO WRUTXHV� - � 5�d� LV WKH -DFRELDQ
PDWUL[� DQG ) � 5� LV WKH IRUFH�PRPHQW H[HUWHG RQ WKH SDWLHQW�
7KH FRQWURO DSSURDFK LV LOOXVWUDWHG LQ )LJ� �� ,WV REMHFWLYH LV WR OHW D OLQHDU

FRPELQDWLRQ RI WKH XOWUDVRXQG SUREH YHORFLW\ DQG VFDOHG IRUFH WUDFN WKH 0DJHOODQ
MR\VWLFN FRPPDQG �GLVSODFHPHQW�� L�H�

B; �.I c )  &RPPDQG � ���

ZKHUH B; � 5� GHQRWHV WKH OLQHDU�DQJXODU YHORFLW\ RI WKH HQG�HoHFWRU DQG .I LV

D IRUFH VFDOLQJ PDWUL[� :KHQ LQ IUHH PRWLRQ ZKHUH )  �� WKH XOWUDVRXQG WUDQV�

GXFHU &DUWHVLDQ YHORFLW\ WUDFNV WKH FRPPDQG� ZKLOH LQ FRQWDFW PRWLRQ ZKHUH
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B; LV YHU\ VPDOO� WKH FRQWDFW IRUFH LV FRQWUROOHG E\ WKH FRPPDQG SURSRUWLRQDOO\�
7KHUH LV QR H[SOLFLW VZLWFKLQJ EHWZHHQ WKH FRQWDFW DQG IUHH PRWLRQ VWDWHV�
7KH MRLQW VSDFH FRQWURO ODZ LQ )LJ� � LV GHVLJQHG DV
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ZKHUH H  vG b v� WKH VXEVFULSW L
GHQRWHV WKH LWK HQWU\ RI D YHFWRU�
y ! � LV D FRQWURO SDUDPHWHU GHWHUPLQLQJ WKH FRPSOLDQFH RI WKH DUP� r LV D YHFWRU
RI VPDOO SRVLWLYH WKUHVKROG HOHPHQWV� DQG .V DQG ., DUH WZR SRVLWLYH�GHpQLWH
JDLQ PDWULFHV� & LV D pOWHU SDUDPHWHU� DQG 6e LV DQ LQWHJUDO WHUP ZLWK ORZHU DQG
XSSHU ERXQGV 6e DQG 6e� UHVSHFWLYHO\�
7KH FRQWURO ODZ ��� LPSOHPHQWV D MRLQW�VSDFH 3,' FRQWUROOHU ZLWK VDWXUDWHG

LQWHJUDO WHUPV DQG PDVV DQG DFFHOHUDWLRQ IHHGIRUZDUG� PRGLpHG E\ D ?UHVHW�
IXQFWLRQ t GHpQHG LQ ��� WKDW QHYHU DOORZV SRVLWLRQ HUURUV WR EH ODUJH� 8QGHU
QRUPDO RSHUDWLRQ� DEVROXWH MRLQW SRVLWLRQ HUURUV ZLOO EH OLPLWHG E\ rL� L�H� M �H�
t�L Mx rL� 6KRXOG WKH SDWLHQW RU WKH XOWUDVRXQG WHFKQLFLDQ DWWHPSW WR SXVK WKH
URERW RXW RI WKH ZD\� t EHFRPHV DFWLYH LQ VXFK D ZD\ WKDW WKH DEVROXWH SRVLWLRQ
HUURUV DUH VWLOO ERXQGHG E\ r� 6KRXOG WKH URERW UHWXUQ WR QRUPDO RSHUDWLRQ� LW
ZLOO VWD\ FORVH WR ZKHUH LW ZDV UHOHDVHG� ZLWK DQ HUURU GHWHUPLQHG E\ WKH VL]H RI
r� 1RWH WKDW WKH UHVHW IXQFWLRQ GRHV QRW UHTXLUH IRUFH VHQVRU LQSXW� 7KH QDWXUDO
ORZ VWLoQHVV RI WKH DUP DOORZV LW WR EH PRYHG DZD\ E\ SXVKLQJ RQ DQ\ SDUW RI
WKH DUP OLQNDJH� 7KH SURSRUWLRQDO DQG LQWHJUDO FRQWURO WHUPV DUH QRW DOORZHG WR
LQFUHDVH� DQG WKHUHIRUH ZLQG�XS HoHFWV �WKH URERW VZLQJLQJ ZKHQ WKH SDWLHQW
V
SXVK VXEVLGHV� GR QRW H[LVW�
7KH FRQWDFW IRUFH ) LV KDQGOHG LQ WZR ZD\V� )LUVW� LW LV WUHDWHG DV D GLVWXU�

EDQFH LQ WKH URERW G\QDPLFV DQG LV FRPSHQVDWHG E\ 6e� 6HFRQG� ) LV PHDVXUHG
E\ WKH IRUFH VHQVRU DQG LV XVHG WR DFKLHYH WKH FRQWURO REMHFWLYH ����

��� 9LVXDO 6HUYRLQJ DQG )HDWXUH 7UDFNLQJ

9LVXDO VHUYR�FRQWURO >�@ FRXOG EH XVHG WR FRQWURO PRWLRQ LQ WKH SODQH RI WKH XO�
WUDVRXQG EHDP� ,WV IHDVLELOLW\ FDQ EH GHWHUPLQHG E\ H[DPLQLQJ WKH XOWUDVRXQG
LPDJH -DFRELDQ -Y � ZKLFK UHODWHV GLoHUHQWLDO FKDQJHV LQ LPDJH IHDWXUHV WR GLI�
IHUHQWLDO FKDQJHV LQ WKH FRQpJXUDWLRQ RI WKH URERW >�@� /HW SL EH D IHDWXUH SRLQW
LQ WKH SODQH RI WKH XOWUDVRXQG EHDP ZLWK FRRUGLQDWHV > I[L�

I\L�
I]L@

7 LQ WKH
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SUREH�DWWDFKHG IUDPH� $VVXPLQJ DQ RUWKRJUDSKLF SURMHFWLRQ PRGHO ZLWK VFDOH
D IRU WKH XOWUDVRXQG LPDJH DQG WKDW SL UHPDLQV LQ WKH LPDJH SODQH� WKH FRRU�
GLQDWHV RI SL LQ WKH WZR�GLPHQVLRQDO XOWUDVRXQG LPDJH EHFRPH >�� XL� YL@
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ZKHUH I B; DUH WKH WUDQVODWLRQDO DQG DQJXODU HQG�HoHFWRU YHORFLWLHV LQ HQG�HoHFWRU
FRRUGLQDWHV� ,I VHYHUDO SRLQWV DUH FRQVLGHUHG LQ WKH LPDJH� VLPLODU SDLUV RI URZV
ZLOO EH DGGHG WR ���� 7KH UDQN RI WKH UHVXOWLQJ -DFRELDQ LV DW PRVW WKUHH� 7ZR
RU PRUH IHDWXUH SRLQWV QRQ�FROLQHDU ZLWK WKH RULJLQ ZLOO JHQHUDWH D -DFRELDQ RI
UDQN WKUHH� 7KXV� DV H[SHFWHG� ZLWK QRQ�WULYLDO XOWUDVRXQG LPDJHV� LW LV SRVVLEOH
WR FRQWURO WKH PRWLRQ RI WKH XOWUDVRXQG WUDQVGXFHU LQ LWV LPDJH SODQH�

� ( [SHU LPHQWDO 5HVXOWV

��� 7HOHRSHUDWLRQ &RQWURO
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)LJ� �� 7UDFNLQJ RI YHORFLW\ SOXV
VFDOHG IRUFH YV FRPPDQG LQ WKH
]S GLUHFWLRQ

7KH FRQWURO DSSURDFK SURSRVHG LQ 6HFWLRQ ���
ZDV LPSOHPHQWHG ZLWK WKH KDUGZDUH GHVFULEHG
LQ )LJ� �� )LJV� � DQG � GHPRQVWUDWH LWV HoHF�
WLYHQHVV� 7KH RSHUDWRU FRQWUROV WKH URERW LQ
YHUWLFDO PRWLRQ� 6FDOLQJ SDUDPHWHUV ZHUH VHW
VXFK WKDW WKH PD[LPXP ��� PP 0DJHOODQ MR\�
VWLFN PRWLRQ FRUUHVSRQGV WR D WUDQVGXFHU YH�
ORFLW\ RI ���� P�V DQG D IRUFH RI �� 1� $FWXDO
IRUFHV DUH OLPLWHG WR �� 1 E\ WKH URERW FDSD�
ELOLW\ DQG WR �� 1 E\ VRIWZDUH DQG KDUGZDUH�
)UHH PRWLRQ ZLWK YHORFLW\ WUDFNLQJ LV GLVSOD\HG
XQWLO DSSUR[LPDWHO\ W  ��V� ZKHQ WKH SUREH
FRQWDFWV D SHUVRQ
V IRUHDUP XQWLO W  ��V�
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)LJ� � LOOXVWUDWHV WKH H[FHOOHQW WUDFNLQJ EHWZHHQ WKH FRPPDQG DQG WKH OLQHDU
FRPELQDWLRQ RI YHORFLW\ DQG VFDOHG IRUFH� )LJ� � VKRZV H[FHOOHQW YHORFLW\ WUDFNLQJ
LQ IUHH PRWLRQ� EXW QRW LQ FRQWDFW PRWLRQ� )LJ� � GHPRQVWUDWHV H[FHOOHQW WUDFNLQJ
RI VFDOHG IRUFH LQ FRQWDFW PRWLRQ� ,W LV FOHDU WKDW WKH ERWK SRVLWLRQ DQG IRUFHV DUH
IROORZHG SUHFLVHO\ ZLWK DSSURSULDWH VZLWFKLQJ EHWZHHQ IUHH PRWLRQ DQG FRQWDFW�

6RPH RI WKH VDIHW\ IHDWXUHV EXLOW LQWR WKH FRQWUROOHU DQG URERW GHVLJQ ZHUH
DOVR VXFFHVVIXOO\ WHVWHG� 7KH URERW FRXOG EH HDVLO\ PRYHG DZD\ ZLWK D VLQJOH
KDQG� DQG ZRXOG UHPDLQ SXW LQ WKH SRVLWLRQ LQ ZKLFK LW ZDV OHIW E\ WKH RSHUDWRU�
7XUQLQJ WKH PRWRU FXUUHQW GULYHUV Ro OHIW WKH URERW LQ HTXLOLEULXP�

��� )HDWXUH 7UDFNLQJ LQ 8OWUDVRXQG ,PDJHV

0RWLRQ WUDFNLQJ RI D UHJLRQ RI LQWHUHVW LQ %�PRGH XOWUDVRXQG LPDJHV ZDV GHPRQ�
VWUDWHG EHIRUH �VHH� H�J�� >�@�� EXW ZLWK GLoHUHQW JRDOV� 2I SDUWLFXODU LQWHUHVW WR WKH
SUREOHP RI YLVXDO VHUYRLQJ DQG VKDUHG FRQWURO LV WKH DELOLW\ WR WUDFN LPDJHV RYHU
D ORQJ SHULRG RI WLPH� $ QRUPDOL]HG FURVV�FRUUHODWLRQ WHFKQLTXH ZDV PRGLpHG IRU
WKLV SXUSRVH DQG LV SUHVHQWHG KHUH�

�D� ,QLWLDO LPDJH�

�E� )LQDO LPDJH�

)LJ� ��� ,PDJHV RI WKH
FDURWLG DUWHU\ WDNHQ WHQ
VHFRQGV DSDUW�

9LGHR�LPDJHV IURP DQ XOWUDVRXQG H[DPLQDWLRQ
ZHUH REWDLQHG� 7\SLFDO WUDQVYHUVH VFDQV FOHDUO\
VKRZLQJ WKH FDURWLG DUWHU\ DUH VKRZQ LQ )LJ� ���
7KH YLGHR LPDJHV ZHUH GLJLWL]HG DQG SURFHVVHG XV�
LQJ D ��� 0+] 3HQWLXP ,, 3& ZLWK D 0DWUR[ 0H�
WHRU IUDPH�JUDEEHU�

,Q D QRUPDOL]HG FURVV�FRUUHODWLRQ WHFKQLTXH� D
VXE�EORFN RI WKH LPDJH �LQ WKLV FDVH� D ��� d ���
SL[HO DUHD FRQWDLQLQJ WKH FDURWLG DUWHU\� DFTXLUHG
DW WLPH WL LV VKLIWHG LQ LWV YLFLQLW\ ORRNLQJ IRU D
EHVW FRUUHODWHG PDWFK ZLWK D p[HG VXE�EORFN RI
WKH VDPH VL]H LQ D SULRU IUDPH WN� ,I N LV p[HG�
WKH EHVW FRUUHODWLRQ LV VRXJKW UHODWLYH WR D p[HG
RU UHIHUHQFH LPDJH� $SSO\LQJ WKH FURVV�FRUUHODWLRQ
PHWKRG LQ WKLV ZD\ OHDGV WR OLWWOH GULIW� EXW KLJK
VHQVLWLYLW\ WR LPDJH GHIRUPDWLRQ� ,I Lb N LV p[HG�
WKH EHVW FRUUHODWLRQ LV VRXJKW UHODWLYH WR DQ LPDJH
DFTXLUHG D p[HG WLPH RoVHW UHODWLYH WR WKH FXUUHQW
IUDPH� $SSO\LQJ WKH FURVV�FRUUHODWLRQ PHWKRG LQ
WKLV ZD\ OHDGV WR OLWWOH VHQVLWLYLW\ WR LPDJH GHIRU�
PDWLRQ� EXW WR VLJQLpFDQW GULIW� DV WKH VKLIW HVWL�
PDWH LV EHLQJ LQWHJUDWHG� $ PL[HG DSSURDFK ZDV
LPSOHPHQWHG WKDW VHHNV WKH EHVW FRUUHODWLRQ UHOD�
WLYH WR PXOWLSOH IUDPHV DW WLPHV WN� WNb�� WNb�� ����
WNb�Q � ZKHUH Q LV p[HG�

$VVXPLQJ RQO\ WUDQVODWLRQDO GLVSODFHPHQWV� LPDJH VXE�EORFNV RI ���d ��� RI
WKH FDURWLG DUWHU\ FRXOG EH WUDFNHG DW �� IUDPHV�VHFRQG PRVW RIWHQ LQ WKH UDQJH
RI � WR �� VHFRQGV� DQG IRU DV ORQJ DV �� VHFRQGV�
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� &RQFOXVLRQV

$ URERW�DVVLVWHG V\VWHP IRU SHUIRUPLQJ XOWUDVRXQG H[DPLQDWLRQV ZDV SURSRVHG
LQ WKLV SDSHU ZLWK WKH JRDO RI SURYLGLQJ D PRUH HUJRQRPLF LQWHUIDFH IRU VRQRJUD�
SKHUV� $ SURWRW\SH SUREOHP� WKDW RI FDURWLG DUWHU\ H[DPLQDWLRQ� ZDV FRQVLGHUHG�
$ QRYHO VDIH URERW ZLWK ODUJH ZRUNVSDFH ZDV GHVLJQHG DQG EXLOW DQG LWV FRQWURO
LQ YHORFLW\�IRUFH PRGH ZDV GHPRQVWUDWHG� 7KH IHDVLELOLW\ RI WUDFNLQJ XOWUDVRXQG
LPDJH EORFNV RYHU VLJQLpFDQW WLPH LQWHUYDOV ZDV DOVR GHPRQVWUDWHG� ,Q WKH LP�
PHGLDWH IXWXUH� WKH V\VWHP ZLOO EH XVHG WR H[SORUH WKH XVH RI RSHUDWRU�FRPSXWHU
VKDUHG FRQWURO RI WKH XOWUDVRXQG SUREH DQG XOWUDVRXQG LPDJH VHUYRLQJ� ,W LV
KRSHG WKDW RWKHU DSSOLFDWLRQV RI WKH V\VWHP� LQFOXGLQJ WKH DELOLW\ WR DFTXLUH ��'
LPDJHV DQG WR SHUIRUP SUHFLVH UHJLVWUDWLRQ ZLOO DOVR EH GHYHORSHG�

� $FNQRZOHGJPHQWV

'LVFXVVLRQV ZLWK 3URI� 'DYLG /RZH DQG 'U� 3DXO 7UHSDQLHU� KHOS ZLWK LPDJ�
LQJ IURP +HQU\ :RQJ� PDFKLQLQJ DQG URERW FRQVWUXFWLRQ E\ 'DYLG )OHWFKHU
DQG 3HWHU 9DXWRXU DUH JUDWHIXOO\ DFNQRZOHGJHG� 7KLV ZRUN LV VXSSRUWHG E\ WKH
&DQDGLDQ ,5,6 1HWZRUN RI &HQWUHV RI ([FHOOHQFH SURMHFW 6$/�
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