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,Q WKLV SDSHU� D QHZ DFWLYH QRLVH FRQWURO DOJRULWKP EDVHG RQ

D GHOD\OHVV VXEEDQG DGDSWLYH nOWHU DUFKLWHFWXUH LV SUHVHQWHG�

$OVR� DQ RQ�OLQH V\VWHP LGHQWLnFDWLRQ PHWKRG LPSOHPHQWHG

LQ WKH VXEEDQG VWUXFWXUH LV VXJJHVWHG� 7R LPSOHPHQW WKH

nOWHUHG�[ /06 DOJRULWKP LQ WKH VXEEDQG VWUXFWXUH� WKH VHF�

RQGDU\ SDWK WUDQVIHU IXQFWLRQ LV GHFRPSRVHG LQWR VHWV RI VXE�

EDQG IXQFWLRQV� 7KH WZR nOWHU RQ�OLQH PRGHOLQJ DOJRULWKP LV

WKHQ DSSOLHG WR HDFK VXEEDQG WR HVWLPDWH WKH VHFRQGDU\�SDWK

WUDQVIHU IXQFWLRQ LQ D GHFRPSRVHG IRUP� ,Q WKLV PDQQHU� WKH

FRPSXWDWLRQDO ORDG IRU WKH RQ�OLQH V\VWHP LGHQWLnFDWLRQ LV UH�

GXFHG E\ D IDFWRU � FRPSDUHG ZLWK WKH ZLGHEDQG DSSURDFK�

6LPXODWLRQ UHVXOWV DUH SUHVHQWHG WR VKRZ WKH HpFLHQF\ RI WKH

QHZ $1& DOJRULWKP DQG WKH SHUIRUPDQFH RI WKH RQ�OLQH V\V�

WHP LGHQWLnFDWLRQ VFKHPH�
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:LGHEDQG DFWLYH QRLVH FRQWURO �$1&� UHTXLUHV VHYHUDO KXQ�

GUHG WDSV WR UHDOL]H VLJQLnFDQW FDQFHOODWLRQ RI GLVWXUEDQFHV

>�@� ,Q DGGLWLRQ WR FRPSXWDWLRQDO FRPSOH[LW\� DGDSWLYH nOWHUV

ZLWK PDQ\ WDSV VXmHU IURP VORZ FRQYHUJHQFH� HVSHFLDOO\� LI

WKH HLJHQYDOXHV RI WKH XQGHUO\LQJ FRUUHODWLRQ PDWUL[ RI WKH

LQSXW VLJQDO DUH ZLGHO\ VSUHDG >�@�

5HFHQWO\� VXEEDQG WHFKQLTXHV KDYH EHHQ GHYHORSHG IRU

DGDSWLYH nOWHUV >�@ WR UHGXFH FRPSXWDWLRQDO FRPSOH[LW\ DQG

WR LPSURYH WKH FRQYHUJHQFH VSHHG RI WKH DOJRULWKP� +RZHYHU�

D GLVDGYDQWDJH RI VXFK D VXEEDQG DGDSWLYH nOWHU LV WKDW GHOD\

LV LQWURGXFHG LQWR WKH VLJQDO SDWK E\ YLUWXH RI WKH EDQGSDVV

nOWHUV XVHG WR GHULYH WKH VXEEDQG VLJQDOV� )RU DFWLYH QRLVH

FRQWURO� GHOD\ LV D IDFWRU WKDW VHULRXVO\ OLPLWV WKH EDQGZLGWK

RYHU ZKLFK JRRG FDQFHOODWLRQ FDQ EH DFKLHYHG� 7KH GHOD\OHVV

VXEEDQG DGDSWLYH nOWHU DUFKLWHFWXUH ZDV VXJJHVWHG E\0RUJDQ

>�@� LQ ZKLFK WKH DGDSWLYH ZHLJKWV DUH FRPSXWHG LQ VXEEDQGV�

EXW FROOHFWLYHO\ WUDQVIRUPHG LQWR DQ HTXLYDOHQW VHW RI ZLGH�

EDQG nOWHU FRHpFLHQWV� ,Q VXFK D ZD\� VLJQDO SDWK GHOD\ LV

DYRLGHG ZKLOH UHWDLQLQJ WKH FRPSXWDWLRQDO DQG FRQYHUJHQFH

VSHHG DGYDQWDJHV RI VXEEDQG SURFHVVLQJ� $Q DGGLWLRQDO EHQ�

HnW DFFUXHV WKURXJK D VLJQLnFDQW UHGXFWLRQ RI DOLDVLQJ HmHFWV�

)RU WKH DGDSWLYH nOWHU WR SURSHUO\ FRQYHUJH WR D GHVLUHG VR�

OXWLRQ LQ WKH SURFHVV RI DFWLYH QRLVH FRQWURO� LW LV QHFHVVDU\ WR

FRPSHQVDWH IRU WKH GLVWRUWLRQ FDXVHG E\ WKH VHFRQGDU\ SDWK�

7KHUHIRUH� D PRGLnHG YHUVLRQ RI WKH /06 DOJRULWKP� WKH

7KLV ZRUN LV VXSSRUWHG E\ WKH .RUHD

6FLHQFH DQG (QJLQHHULQJ )RXQGDWLRQ�

nOWHUHG�[ /06 �);/06� DOJRULWKP ZDV GHYHORSHG >�� �@�

,Q WKLV SDSHU� D QHZ DFWLYH QRLVH FRQWURO DOJRULWKP EDVHG
RQ D GHOD\OHVV VXEEDQG DGDSWLYH nOWHU DUFKLWHFWXUH >�@ LV SUH�
VHQWHG� 0RUJDQ VXJJHVWHG DQ $1& DOJRULWKP DGRSWLQJ WKH
GHOD\OHVV VXEEDQG VWUXFWXUH >�@� LQ ZKLFK WKH VHFRQGDU\ SDWK
GLVWRUWLRQ LV FRPSHQVDWHG E\ nOWHULQJ WKH UHIHUHQFH LQSXW ZLWK
DQ ZLGHEDQG nOWHU PRGHOLQJ WKH VHFRQGDU\ SDWK� ,Q WKH QHZ
$1& DOJRULWKP� WKH VHFRQGDU\ SDWK WUDQVIHU IXQFWLRQ LV GH�
FRPSRVHG LQWR VHWV RI VXEEDQG IXQFWLRQV WR LPSOHPHQW WKH
nOWHUHG�[ /06 DOJRULWKP� 7KH nOWHUHG UHIHUHQFH LQSXWV DUH
WKHQ JHQHUDWHG IRU HDFK VXEEDQG E\ XVLQJ nQLWH LPSXOVH UH�
VSRQVH �),5� nOWHUV WKDW PRGHO WKH VHFRQGDU\ SDWK WUDQVIHU
IXQFWLRQ FRUUHVSRQGLQJ WR HDFK RI VXEEDQG�

7KH VHFRQGDU\ SDWK FDQ EH HVWLPDWHG Rm�OLQH� SULRU WR RSHU�
DWLRQ RI WKH $1& V\VWHP� +RZHYHU� IRU VRPH DSSOLFDWLRQV WKH
VHFRQGDU\ SDWK PD\ EH WLPH�YDU\LQJ� ,Q WKDW FDVH LW LV GHVLU�
DEOH WR HVWLPDWH WKH VHFRQGDU\ SDWK RQ�OLQH ZKHQ WKH $1& LV
LQ RSHUDWLRQ� LQ RUGHU WR DVVXUH WKH VWDELOLW\ DQG FRQYHUJHQFH
RI WKH DGDSWLYH nOWHU� 7R LGHQWLI\ WKH LPSXOVH UHVSRQVH RI WKH
VHFRQGDU\ SDWK GXULQJ UHDO�WLPH RSHUDWLRQ� DQ RQ�OLQH V\VWHP
LGHQWLnFDWLRQ PHWKRG LPSOHPHQWHG LQ WKH VXEEDQG VWUXFWXUH
LV DOVR VXJJHVWHG LQ WKLV SDSHU� 6LQFH WKH VHFRQGDU\ SDWK
WUDQVIHU IXQFWLRQ LV DGDSWLYHO\ HVWLPDWHG IRU HDFK VXEEDQG�
WKH VWUXFWXUH SUHVHQWHG KHUH KDV EHQHnWV LQ FRPSXWDWLRQDO
FRPSOH[LW\� ,W LV VKRZQ WKDW WKH FRPSXWDWLRQDO ORDG UHTXLUHG
WR HVWLPDWH WKH VHFRQGDU\ SDWK WUDQVIHU IXQFWLRQ LQ RQ�OLQH LV
UHGXFHG E\ D IDFWRU � LQ WKH QHZ VWUXFWXUH FRPSDUHG ZLWK WKH
ZLGHEDQG DSSURDFK�

&RPSXWHU VLPXODWLRQV DUH SHUIRUPHG WR HYDOXDWH WKH Hp�
FLHQF\ RI WKH $1& DOJRULWKP DQG WKH RQ�OLQH V\VWHP LGHQWLn�
FDWLRQ VFKHPH SUHVHQWHG KHUH�
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7KH GHOD\OHVV VXEEDQG $1& DOJRULWKP >�@ DVVXPHV Rm�OLQH

PRGHOLQJ RI WKH VHFRQGDU\ SDWK� ,Q VRPH $1& SUREOHPV�

GXH WR FRQVWDQW FKDQJHV RI WKH VHFRQGDU\ SDWK� LW LV QHFHV�

VDU\ WR LGHQWLI\ WKH LPSXOVH UHVSRQVH RI WKH VHFRQGDU\ SDWK

GXULQJ WKH UHDO�WLPH RSHUDWLRQ LQ RUGHU WR DVVXUH WKH VWDELOLW\

DQG FRQYHUJHQFH RI WKH DGDSWLYH nOWHU� 7KH GHOD\OHVV VXEEDQG

$1& V\VWHP FRPELQHG ZLWK WKH RQ�OLQH V\VWHP LGHQWLnFDWLRQ

nOWHU LV SUHVHQWHG LQ )LJ� �� 7KH SRO\SKDVH ))7 WHFKQLTXH LV

RIWHQ HPSOR\HG WR JHQHUDWH VXEEDQG LQSXW VLJQDOV� 7KLV WHFK�

QLTXH UHDOL]HV 0 FRQWLJXRXV VLQJOH�VLGHEDQG EDQGSDVV nOWHUV

ZKRVH RXWSXWV DUH GRZQVDPSOHG E\ D IDFWRU '  0 � WR
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)LJ� �� 'HOD\OHVV VXEEDQG $1& V\VWHP FRPELQHG ZLWK WKH

RQ�OLQH V\VWHP LGHQWLnFDWLRQ nOWHU�

SURGXFH 0 FRPSOH[ VXEEDQG VLJQDOV� ,Q WKLV SDSHU� WKH �d

RYHUVDPSOHG SRO\SKDVH ))7 VXEEDQG nOWHULQJ WHFKQLTXH >�@

LV XWLOL]HG�

7KH EORFN 3 LQ )LJ� � UHSUHVHQWV WKH WUDQVIHU IXQFWLRQ

IURP WKH QRLVH VRXUFH WR WKH HUURU VHQVRU� DQG + GHQRWHV

WKH WUDQVIHU IXQFWLRQ IURP WKH DGDSWLYH nOWHU RXWSXW WR WKH

HUURU VHQVRU� /HW [�Q�� [�Q b ��� � � � � [�Q b 1 � ��� DQG

Z��Q��Z��Q�� � � � �Z1b��Q� UHSUHVHQW UHIHUHQFH LQSXW VDPSOHV

DQG WDS FRHpFLHQWV RI WKH 1WK RUGHU DGDSWLYH nOWHU DW WLPH

LQVWDQW Q� UHVSHFWLYHO\� $VVXPLQJ WKH VHFRQGDU\ SDWK WUDQV�

IHU IXQFWLRQ EHWZHHQ WKH nOWHU RXWSXW DQG WKH RXWSXW RI WKH

HUURU VHQVRU LV PRGHOHG DV DQ /WK RUGHU ),5 nOWHU� WKH HU�

URU VLJQDO H�Q� DQG WKH nOWHUHG UHIHUHQFH VLJQDO U�Q� FDQ EH

H[SUHVVHG DV

H�Q�  G�Q� �Z
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ZKHUH
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DQG

U�Q�  
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$V GHVFULEHG LQ >�@� WKH nOWHUHG UHIHUHQFH VLJQDO U�Q� DQG WKH
HUURU VLJQDO H�Q� DUH GHFRPSRVHG LQWR VHWV RI VXEEDQG VLJQDOV�
,Q HDFK VXEEDQG� WKH VLJQDOV DUH GHFLPDWHG E\ D IDFWRU RI '
DQG WKH VXEEDQG DGDSWLYH ZHLJKWV DUH FRPSXWHG E\ WKH FRP�
SOH[ QRUPDOL]HG /06 �1/06� DOJRULWKP >�@� 7KH DGDSWLYH

ZHLJKWV LQ HDFK VXEEDQG DUH WKHQ WUDQVIRUPHG LQWR IUHTXHQF\
GRPDLQ XVLQJ ')7� DSSURSULDWHO\ VWDFNHG� DQG LQYHUVH WUDQV�
IRUPHG WR REWDLQ WKH ZLGHEDQG nOWHU FRHpFLHQWV� )RU UHDO VLJ�
QDOV� WKH ZLGHEDQG nOWHU FRHpFLHQWV DUH UHDO DQG RQO\ KDOI RI
WKH VXEEDQGV QHHG WR EH SURFHVVHG� FRUUHVSRQGLQJ WR WKH SRV�
LWLYH IUHTXHQF\ FRPSRQHQWV RI WKH ZLGHEDQG nOWHU UHVSRQVH�
7KH RWKHU KDOI RI WKH UHVSRQVH LV IRUPHG LQ FRPSOH[ FRQMXJDWH
V\PPHWU\�
)RU 1 ZLGHEDQG DGDSWLYH ZHLJKWV� WKHUH DUH 1 ' DGDS�

WLYH ZHLJKWV IRU HDFK VXEEDQG� 7KH XSGDWH RI WKH VXEEDQG
DGDSWLYH nOWHU ZHLJKWV LV H[SUHVVHG IRU HDFK VXEEDQG DV
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UHFXUVLRQ LV HPSOR\HG WR HVWLPDWH WKH SRZHU RI WKH UHIHUHQFH
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U
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)RU RQ�OLQH LGHQWLnFDWLRQ RI WKH VHFRQGDU\ SDWK� WKH DS�
SURDFK SUHVHQWHG LQ >�@ LV XWLOL]HG� 'HnQH WKH FRHpFLHQW YHF�

WRUV RI WKH /WK RUGHU V\VWHP LGHQWLnFDWLRQ nOWHU DV
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+HUH� F�Q� UHSUHVHQWV DQ HVWLPDWH RI WKH SULPDU\ SDWK �3 LQ

)LJ� ��� DQG G�Q� UHSUHVHQWV DQ HVWLPDWH RI WKH VHFRQGDU\

SDWK �+ LQ )LJ� ��� 7KH ZHLJKW YHFWRUV F�Q� DQG G�Q� DUH

XSGDWHG WR PLQLPL]H WKH SRZHU RI WKH HUURU VLJQDO� GHnQHG DV
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7KH ZHLJKW YHFWRU FDQ EH XSGDWHG XVLQJ WKH 1/06 DOJRULWKP�
&RQVHTXHQWO\� D GXDO FKDQQHO YHUVLRQ RI WKH 1/06 XSGDWHV
IRU WKH V\VWHP LGHQWLnFDWLRQ nOWHU LV JLYHQ E\
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7KH nOWHUHG UHIHUHQFH VLJQDO LV REWDLQHG E\ nOWHULQJ WKH UHIHU�

HQFH VLJQDO E\ WKH VHFRQGDU\ SDWK WUDQVIHU IXQFWLRQ HVWLPDWH�

,QVWHDG RI JHQHUDWLQJ WKH nOWHUHG UHIHUHQFH VLJQDO WKURXJK nO�

WHULQJ RYHU WKH HQWLUH EDQG RI LQWHUHVW� WKH VHFRQGDU\ SDWK

WUDQVIHU IXQFWLRQ FDQ EH GHFRPSRVHG LQWR VHWV RI VXEEDQG

IXQFWLRQV�



 FFT & Frequency Stacking

Inverse   FFT

LMS

LMS

LMS

W H

H0

H1

HM/2

x0

x1

xM/2

e0

e1

eM/2

e(n)

d(n)

x(n) y(n) d(n)

r0

r1

rM/2

P
olyphase      F

F
T

P
olyphase      F

F
T

)LJ� �� 'HOD\OHVV VXEEDQG $1& V\VWHP ZLWK

VXEEDQG�GHFRPSRVHG VHFRQGDU\ SDWK WUDQVIHU IXQFWLRQ�

7KH nOWHUHG UHIHUHQFH VLJQDO LV WKHQ REWDLQHG IRU HDFK RI VXE�

EDQG ZLWK WKH VXEEDQG�GHFRPSRVHG WUDQVIHU IXQFWLRQV�

$ PDMRU DGYDQWDJH RI WKLV DSSURDFK LQKHULWV IURP WKH UH�

GXFWLRQ RI FRPSXWDWLRQDO FRPSOH[LW\� $VVXPLQJ WKDW WKH

VHFRQGDU\ SDWK WUDQVIHU IXQFWLRQ LV PRGHOHG DV DQ /WK RU�

GHU ),5 nOWHU� / PXOWLSOLFDWLRQV SHU VDPSOH DUH QRUPDOO\ UH�

TXLUHG WR FRPSHQVDWH IRU WKH GLVWRUWLRQ FDXVHG E\ WKH VHF�

RQGDU\ SDWK� +RZHYHU� ZLWK WKH VDPH WUDQVIHU IXQFWLRQ� WKH

QXPEHU RI PXOWLSOLFDWLRQV LV UHGXFHG GRZQ WR / 0 E\ GH�

FRPSRVLQJ WKH WUDQVIHU IXQFWLRQ LQWR 0 VXEEDQGV� 6XEEDQG

GHFRPSRVLWLRQ RI WKH VHFRQGDU\ SDWK WUDQVIHU IXQFWLRQ LV DF�

FRPSOLVKHG LQ UHYHUVH RUGHU RI WKH SURFHGXUH IRU REWDLQLQJ WKH

ZLGHEDQG nOWHU UHVSRQVH IURP WKH DGDSWLYH ZHLJKWV RI HDFK

VXEEDQG nOWHU� )LUVW� WKH / FRHpFLHQWV DUH WUDQVIRUPHG E\

/�SRLQW ))7
V WR REWDLQ/ IUHTXHQF\ FRPSRQHQWV� $VVXPLQJ

WKH FRHpFLHQWV DUH UHDO� RQO\ KDOI RI WKH 0 VXEEDQGV QHHG WR

EH SURFHVVHG� FRUUHVSRQGLQJ WR WKH SRVLWLYH IUHTXHQF\ FRP�

SRQHQWV RI WKH ZLGHEDQG VHFRQGDU\ SDWK WUDQVIHU IXQFWLRQ�

7KHUHIRUH� / � IUHTXHQF\ FRPSRQHQWV DUH DSSURSULDWHO\ GH�

FRPSRVHG LQWR HDFK RI0 � VXEEDQGV� )LQDOO\� WKH �/ 0 IUH�

TXHQF\ FRPSRQHQWV SHU HDFK VXEEDQG DUH WUDQVIRUPHG E\ DQ

LQYHUVH ))7 WR REWDLQ WKH �/ 0 FRHpFLHQWV RI WKH VXEEDQG�

GHFRPSRVHG WUDQVIHU IXQFWLRQV�

)LJ� � VKRZV WKH VWUXFWXUH RI WKH GHOD\OHVV VXEEDQG $1&

V\VWHP ZLWK VXEEDQG�GHFRPSRVHG VHFRQGDU\ SDWK WUDQVIHU

IXQFWLRQ� 8VLQJ WKH VWUXFWXUH SUHVHQWHG LQ )LJ� �� WKH VHF�

RQGDU\ SDWK UHVSRQVH FDQ EH DGDSWLYHO\ HVWLPDWHG LQ WKH

VXEEDQG VWUXFWXUH� UDWKHU WKDQ WKH ZLGHEDQG nOWHU VWUXFWXUH

VKRZQ LQ )LJ� �� )LJ� � VKRZV WKH VFKHPDWLF GLDJUDP RI WKH

GHOD\OHVV VXEEDQG $1& V\VWHP FRPSULVLQJ WKH RQ�OLQH V\VWHP

LGHQWLnFDWLRQ nOWHU LPSOHPHQWHG LQ HDFK VXEEDQG� 'HnQLQJ

WKH FRHpFLHQW YHFWRUV RI WKH V\VWHP LGHQWLnFDWLRQ nOWHU IRU

WKH PWK VXEEDQG DV FP�Q� DQG GP�Q�� WKH\ DUH XSGDWHG WR
PLQLPL]H WKH SRZHU RI WKH HUURU VLJQDO JLYHQ E\
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)LJ� �� 6FKHPDWLF GLDJUDP RI WKH GHOD\OHVV VXEEDQG $1&

V\VWHP FRPSULVLQJ WKH RQ�OLQH V\VWHP LGHQWLnFDWLRQ nOWHU LQ
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7DEOH � VXPPDUL]HV WKH QXPEHU RI PXOWLSOLFDWLRQV SHU LQ�

SXW VDPSOH IRU WKH RQ�OLQH LGHQWLnFDWLRQ� ,Q WKH ZLGHEDQG

VWUXFWXUH� �/ PXOWLSOLFDWLRQV DUH QHHGHG IRU WKH FRHpFLHQW

XSGDWH DQG DQRWKHU �/ PXOWLSOLFDWLRQV DUH UHTXLUHG WR FDOFX�

ODWH AH�Q� IRU RQ�OLQH V\VWHP LGHQWLnFDWLRQ� :KHQ WKH V\VWHP

LGHQWLnFDWLRQ nOWHU LV LPSOHPHQWHG LQ VXEEDQG DV VKRZQ LQ

)LJ� �� �1 0 PXOWLSOLFDWLRQV DUH QHHGHG WR FDOFXODWH A\P�Q��
�/ 0 PXOWLSOLFDWLRQV DUH QHHGHG IRU FRHpFLHQWV XSGDWH� DQG
��/ 0 PXOWLSOLFDWLRQV DUH QHHGHG IRU WKH nOWHU RXWSXW FRP�
SXWDWLRQ� )RU H[DPSOH� ZLWK 1  ��� IRU IXOO EDQG WDSV�
0  �� IRU VXEEDQGV DQG /  ��� IRU WKH ),5 nOWHU FRHI�

nFLHQWV IRU WKH VHFRQGDU\ SDWK LGHQWLnFDWLRQ� ���� PXOWLSOL�

FDWLRQV SHU LQSXW VDPSOH DUH QHHGHG IRU WKH ZLGHEDQG VWUXF�

WXUH� EXW RQO\ ��� PXOWLSOLFDWLRQV DUH QHHGHG IRU WKH VXEEDQG

VWUXFWXUH� 7KXV� LQ WKLV SDUWLFXODU FDVH WKH VXEEDQG DSSURDFK

UHGXFHV WKH FRPSXWDWLRQDO ORDG IRU WKH V\VWHP LGHQWLnFDWLRQ

E\ D IDFWRU ��

7DEOH �� &RPSXWDWLRQDO FRPSOH[LW\ FRPSDULVRQ IRU WKH

RQ�OLQH V\VWHP LGHQWLnFDWLRQ�

SURFHGXUH PXOWLSOLFDWLRQV

ZLGHEDQG FRQYROXWLRQ �/

FRHpFLHQW XSGDWH �/

VXEEDQG nOWHU RXWSXW �1 0

FRQYROXWLRQ �/ 0 e �

FRHpFLHQW XSGDWH �/ 0

�� 6,08/$7,21 5(68/76

)RU VLPXODWLRQV� DQ RQH�GLPHQVLRQDO GXFW ZLWK OHQJWK D  

���P ZDV DVVXPHG� $ SULPDU\ VRXUFH LV SRVLWLRQHG DW RQH

HQG RI WKH GXFW DQG WKH RWKHU HQG RI WKH GXFW LV FORVHG ZLWK

D ULJLG FDS�
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)LJ� �� &RQnJXUDWLRQ RI WKH VLPXODWLRQ HQYLURQPHQW�

7KH FRQWURO VRXUFH GULYHQ E\ WKH DGDSWLYH nOWHU LV ORFDWHG DW
WKH SRVLWLRQ ����D DQG WKH HUURU VHQVRU SURYLGLQJ WKH IHHGEDFN
HUURU VLJQDO LV ORFDWHG DW WKH SRVLWLRQ ����D DV VKRZQ LQ )LJ�
�� 7KH VDPSOLQJ IUHTXHQF\ ZDV ����+]�

7KH SULPDU\ SDWK DQG VHFRQGDU\ SDWK IUHTXHQF\ UHVSRQVHV
ZHUH FDOFXODWHG IURP WKH PRGDO PRGHO RI WKH VRXQG nHOG >�@�
7KH LPSXOVH UHVSRQVH HVWLPDWHV ZHUH WKHQ FRPSXWHG IURP
WKH IUHTXHQF\ UHVSRQVHV� 7KH SULPDU\ SDWK ZDV PRGHOHG DV
D ����WDS ),5 nOWHU DQG WKH VHFRQGDU\ SDWK ZDV PRGHOHG DV
D ����WDS ),5 nOWHU� 7KH UHIHUHQFH VLJQDO ZDV WDNHQ WR EH
ZKLWH QRLVH WKURXJK D EDQG SDVV nOWHU ZLWK D SDVVEDQG IURP
��� WR ���+]� 7KUHH KDUPRQLFV ����� ��� DQG ���+] � ZHUH
DGGHG WR WKH UHIHUHQFH VLJQDO�

:LWK WKH JHQHUDWHG ZLGHEDQG VLJQDO� WKH SHUIRUPDQFH RI
WKH SUHVHQWHG DOJRULWKP ZDV HYDOXDWHG� $V GHPRQVWUDWHG LQ
)LJ� �� DOPRVW WKH VDPH SHUIRUPDQFH FDQ EH REWDLQHG XVLQJ
WKH SURSRVHG DSSURDFK� ,W VKRXOG EH QRWHG WKDW WKH PLQRU
GLmHUHQFH EHWZHHQ WZR DSSURDFKHV REVHUYHG IURP )LJV� � LV
DFFRPSDQLHG E\ WKH GHFRPSRVLWLRQ HUURU JHQHUDWHG GXULQJ
WKH VXEEDQG GHFRPSRVLWLRQ�
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)LJ� �� �D� ,PSXOVH UHVSRQVHV RI WKH VHFRQGDU\ SDWK DQG �E�
HVWLPDWHG LPSXOVH UHVSRQVH RI WKH VHFRQGDU\ SDWK IRU WKH

VXEEDQG DSSURDFK VKRZQ LQ )LJ���

)LJ� � VKRZV WKH LPSXOVH UHVSRQVH RI WKH VHFRQGDU\ SDWK DQG
LWV HVWLPDWH XVLQJ WKH GHOD\OHVV VXEEDQG DSSURDFK GHVFULEHG
LQ )LJ� ��
5HVXOWV GHPRQVWUDWH WKDW WKH XVH RI WKH GHOD\OHVV VXEEDQG

DSSURDFK SURYLGHV D UHDVRQDEOH HVWLPDWH RI WKH WUXH LPSXOVH
UHVSRQVH� $OVR� LW ZDV REVHUYHG WKDW WKH FRQYHUJHQFH VSHHG
RI WKH PHWKRG SUHVHQWHG ZDV FRPSDUDEOH WR WKH ZLGHEDQG
DSSURDFK VKRZQ LQ )LJ ��

�� &21&/86,216

,Q WKLV SDSHU� D QHZ DFWLYH QRLVH FRQWURO DOJRULWKP EDVHG RQ D
GHOD\OHVV VXEEDQG DGDSWLYH nOWHU DUFKLWHFWXUH DQG DQ RQ�OLQH
V\VWHP LGHQWLnFDWLRQ PHWKRG LPSOHPHQWHG LQ WKH VXEEDQG
VWUXFWXUH ZHUH SUHVHQWHG�
,Q WKH QHZ $1& DOJRULWKP� WKH nOWHUHG�[ /06 DOJRULWKP

LV LPSOHPHQWHG LQ WKH VXEEDQG VWUXFWXUH ZLWK WKH VHFRQGDU\
SDWK WUDQVIHU IXQFWLRQ WKDW LV GHFRPSRVHG LQWR VHWV RI VXE�
EDQG IXQFWLRQV� 7KH VHFRQGDU\ SDWK WUDQVIHU IXQFWLRQ LV WKHQ
DGDSWLYHO\ HVWLPDWHG IRU HDFK VXEEDQG LQ GHFRPSRVHG IRUP�
VR WKDW WKH VWUXFWXUH SUHVHQWHG KHUH KDV EHQHnWV LQ FRPSX�
WDWLRQDO FRPSOH[LW\ WKDW LV UHGXFHG E\ D IDFWRU � FRPSDUHG
ZLWK WKH ZLGHEDQG DSSURDFK�
6LPXODWLRQ UHVXOWV ZHUH SUHVHQWHG WR FRQnUP WKH HpFLHQF\

RI WKH QHZ $1& DOJRULWKP DQG RQ�OLQH V\VWHP LGHQWLnFDWLRQ
VFKHPH SUHVHQWHG LQ WKLV SDSHU�

5()(5(1&(6

>�@ 3� $� 1HOVRQ DQG 6� -� (OOLRWW� $FWLYH &RQWURO RI 6RXQG�

$FDGHPLF 3UHVV� 1HZ <RUN� �����

>�@ %� :LGURZ DQG 6� '� 6WHDUQV� $GDSWLYH 6LJQDO 3URFHVV�

LQJ� 3UHQWLFH�+DOO� (QJOHZRRG &OLmV� 1-� �����

>�@ -� -� 6K\QN� ?)UHTXHQF\�GRPDLQ DQG PXOWLUDWH DGDSWLYH

nOWHULQJ�� ,((( 6LJQDO 3URFHVVLQJ 0DJ�� YRO� �� SS� ���

��� -DQ������

>�@ '� 5� 0RUJDQ DQG -� &� 7KL� ?$ GHOD\OHVV VXEEDQG DGDS�

WLYH nOWHU DUFKLWHFWXUH�� ,((( 7UDQVDFWLRQV RQ 6LJQDO

3URFHVVLQJ� YRO� ��� 1R� �� �����

>�@ -� &� %XUJHVV� ?$FWLYH DGDSWLYH VRXQG FRQWURO LQ D GXFW�

D FRPSXWHU VLPXODWLRQ�� -RXUQDO RI WKH $FRXVWLF 6RFLHW\

RI $PHULFD� ��� SS� �������� �����

>�@ '� 5� 0RUJDQ� ?$Q DQDO\VLV RI PXOWLSOH FRUUHDOWLRQ FDQ�

FHOODWLRQ ORRSV ZLWK D nOWHU LQ WKH DX[LOLDU\ SDWK�� ,(((

7UDQVDFWLRQV RQ $FRXVWLFV� 6SHHFK� 6LJQDO 3URFHVVLQJ�

$663���� SS� �������� �����

>�@ (� 5� )HUUDUD� -U�� ?)UHTXHQF\�GRPDLQ DGDSWLYH nOWHU�
LQJ�� LQ $GDSWLYH )LOWHUV� &� )� 1� &RZDQ DQG 3� 0�

*UDQW� (GV�� (QJOHZRRG &OLmV� 1-� 3UHQWLFH�+DOO� FK� ��

SS� �������� �����

>�@ 6� +D\NLQ� $GDSWLYH )LOWHU 7KHRU\� 3UHQWLFH�+DOO� (QJOH�

ZRRG FOLmV� 1-� ����

>�@ 6� '� 6RPPHUIHOGW� ?0XOWL�FKDQQHO DGDSWLYH FRQWURO RI

VWUXFWXUDO YLEUDWLRQ�� 1RLVH &RQWURO (QJLQHHULQJ -RXU�

QDO� �� SS� ������ �����


