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DQ DSSURSULDWH URXWLQH RI WKH RSHUDWLRQ RI WKH V\VWHP� 7KH V\VWHP DSSDUDWXV LV FRPSULVHG EDVLFDOO\ RI D

JDV UHOHDVHU� D PDVV VSHFWURPHWHU� DQG D VWDQGDUG KHOLXP VXSSO\� *DVHV LQ D VDPSOH DUH H[WUDFWHG E\

HYDSRUDWLQJ LW LQ WKH JDV UHOHDVHU DQG DUH SXULILHG E\ WZR WLWDQLXP JHWWHU SXPSV FRROHG E\ OLTXLG

QLWURJHQ WR GHFUHDVH EDFNJURXQG JDVHV� 7KH DPRXQW RI KHOLXP LV GHWHUPLQHG E\ DQDO\]LQJ WKH JDVHV

ZLWK WKH PDVV VSHFWURPHWHU LQ FXUUHQW PHDVXUHPHQW PRGH RU SXOVH FRXQWLQJ� 6HYHUDO VDPSOH

PHDVXUHPHQWV DUH FDUULHG RXW WR HVWLPDWH SHUIRUPDQFH RI WKLV DSSDUDWXV� 7KH DSSDUDWXV DQG WKH UHVXOWV

RI WKH SHUIRUPDQFH WHVWV DUH UHSRUWHG�
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7KH KHOLXP DWRPV PHDVXUHPHQW V\VWHP �+$06� ZDV GHYHORSHG WR PHDVXUH +H SURGXFWLRQ FURVV

VHFWLRQV IRU VHYHUDO NLQGV RI HOHPHQWV LQ RXU SUHYLRXV ZRUN>�@� 7KH FURVV VHFWLRQV DUH REWDLQHG E\

PHDVXULQJ WKH DPRXQW RI +H DWRPV GRZQ WR ���� LQ VROLGV>�� �@� 7KH SXUSRVH RI WKLV ZRUN LV WR DGYDQFH

WKH ORZHU KHOLXP PHDVXUHPHQW OLPLW RI WKH +$06 WR OHVV WKDQ ��� +H DWRPV LQ D VROLG� 7KH

LPSURYHPHQW LV IRU DSSO\LQJ WKLV V\VWHP WR D QHZ W\SH RI DUHD PRQLWRULQJ V\VWHP HPSOR\LQJ D +H JDV

DFFXPXODWLRQ PHWKRG� 7KH DPRXQW RI +H SURGXFHG LQ D GRVLPHWHU E\ QHXWURQ LUUDGLDWLRQ LV PHDVXUHG

ZLWK WKH DEVROXWHO\ FDOLEUDWHG PDVV VSHFWURPHWHU LQ WKH PHWKRG� 7KH DPRXQW RI +H LV LQ SURSRUWLRQ WR

QHXWURQ IOXHQFH DW WKH GRVLPHWHU SRVLWLRQ DQG LV LQGHSHQGHQW RI YDULDWLRQ LQ QHXWURQ IOX[� 7KH RQO\ +H

SURGXFWLRQ FURVV VHFWLRQ LV UHTXLUHG WR REWDLQ DEVROXWH YDOXHV RI QHXWURQ IOXHQFH�

7ZR LPSRUWDQW SRLQWV VKRXOG EH FRQVLGHUHG WR DGYDQFH WKH ORZHU OLPLW RI +H PHDVXUHPHQWV� 2QH LV

WR SURGXFH D KLJK TXDOLW\ YDFXXP LQ WKH V\VWHP FKDPEHUV WR GHFUHDVH WKH EDFNJURXQG JDV GXULQJ WKH

VDPSOH PHDVXUHPHQW� 7KH RWKHU LV WR GHWHFW D YHU\ VPDOO RXWSXW VLJQDO IURP WKH PDVV VSHFWURPHWHU� $

SXOVH FRXQWLQJ V\VWHP LV DSSOLHG WR DFKLHYH KLJK VHQVLWLYLW\ LQ KHOLXP PHDVXUHPHQWV� 7KLV SDSHU

SUHVHQWV WKH GHWDLO GHVFULSWLRQ RI DUFKLWHFWXUH RI WKH LPSURYHG +$06 DQG VHYHUDO UHVXOWV RI

SHUIRUPDQFH WHVWV�

�� $SSDUDWXV

$ EORFN GLDJUDP DQG D SKRWRJUDSK RI WKH +$06 DUH VKRZQ LQ )LJ�� DQG � UHVSHFWLYHO\� 7KH

+$06 LV FRPSRVHG RI WKUHH EORFNV� ZKLFK DUH D JDV UHOHDVHU� D PDVV VSHFWURPHWHU� DQG D VWDQGDUG +H

VXSSO\� 7KH PHDVXUHPHQW SURFHGXUH LV EULHIO\ GHVFULEHG� $ VROLG VDPSOH FRQWDLQLQJ +H LV VHW LQ WKH

IXUQDFH RI WKH JDV UHOHDVHU DQG LV HYDSRUDWHG� 7KH UHOHDVHG JDVHV DUH SXULILHG ZLWK D WUDS RI WKH JDV

UHOHDVHU DQG WKHQ DUH LQWURGXFHG LQWR WKH PDVV VSHFWURPHWHU WR PHDVXUH WKH DPRXQW RI +H LQ WKH VDPSOH�

7KH PDVV VSHFWURPHWHU KDV D TXDGUXSROH PDVV VSHFWURPHWHU �406�� D GLJLWDO HOHFWURPHWHU� D

PXOWLFKDQQHO DQDO\]HU DQG D SHUVRQDO FRPSXWHU WKDW FRQWUROV WKH 406 DQG VWRUHV GDWD IURP WKH GLJLWDO



HOHFWURPHWHU RU WKH PXOWLFKDQQHO DQDO\]HU� DQG DGGLWLRQDO LQIRUPDWLRQ� 7KH VHQVLWLYLW\ RI WKH +$06 WR

+H LV FDOLEUDWHG E\ PHDVXULQJ VWDQGDUG +H� 7KH VWDQGDUG +H LV SURGXFHG E\ XVLQJ WKH VWDQGDUG +H

VXSSO\�

���� 9DFXXP HYDFXDWLRQ

9DFXXP YHVVHOV RI WKH +$06 DUH UHGHVLJQHG WR GHFUHDVH EDFNJURXQG JDVHV DW WKH +H

PHDVXUHPHQW� :HOGLQJ DW WKH LQVLGH ZDOO DUH HPSOR\HG WR DVVHPEOH WKHLU SDUWV� 7KH LQVLGH ZDOO RI WKH

YHVVHOV DUH FOHDQHG E\ HPHU\ SROLVKLQJ DQG HOHFWULF SROLVKLQJ� 7KH WRWDO YROXPH RI WKH YHVVHOV LV

GHFUHDVHG DQG FRQGXFWDQFH IRU SXPSLQJ LV LQFUHDVHG� 7KH WKUHH EORFNV �WKH JDV UHOHDVHU� WKH 406� DQG

WKH VWDQGDUG +H VXSSO\� KDYH LQGLYLGXDO WXUER�PROHFXODU SXPSV WR NHHS WKHP DW WKH KLJK TXDOLW\

YDFXXP� 7KH 406 EORFN� HVSHFLDOO\� KDV WDQGHP MRLQWHG WXUER�PROHFXODU SXPSV DQG LV HYDFXDWHG WR
ORZHU WKDQ ���×��

��
3D� 7KH WDQGHP MRLQWHG SXPSV DOVR SXPS WKH JDV UHOHDVHU� 7ZR 7L�JHWWHU SXPSV

FRROHG E\ OLTXLG QLWURJHQ DUH DWWDFKHG WR WKH JDV UHOHDVHU DQG WKH 406 WR WUDS WKH EDFNJURXQG JDVHV

DQG SXULI\ WKH UHOHDVHG JDV� 9DOYHV HPSOR\HG LQ WKLV V\VWHP DUH PHWDO VHDO YDOYHV WR SUHYHQW +H

SHUPHDWLRQ�

���� *DV UHOHDVHU

7KH JDV UHOHDVHU �)LJ��� LV FRPSRVHG RI D IXUQDFH� D VDPSOH ORDGHU� DQG D WUDS� 7KH IXUQDFH LV D

GHYLFH IRU UHOHDVLQJ +H IURP WKH VROLG VDPSOH E\ YDSRUL]LQJ LW� 7KH IXUQDFH KDV D SDLU RI HOHFWURGHV

DQG D VKLHOG� $Q HYDSRUDWLQJ ERDW� WKDW LV KHDWHG HOHFWULFDOO\� LV ORFDWHG EHWZHHQ WKH HOHFWURGHV WKDW DUH

PDGH RI VWDLQOHVV VWHHO ���� 7KH PDWHULDO RI WKH HYDSRUDWLQJ ERDW LV VHOHFWHG IURP WXQJVWHQ�

PRO\EGHQXP� WDQWDOXP DQG JUDSKLWH DQG LV FKRVHQ DFFRUGLQJ WR PHOWLQJ SRLQW DQG FKHPLFDO

FKDUDFWHULVWLF RI WKH VDPSOH�

���� 0DVV VSHFWURPHWHU

7KH PDVV VSHFWURPHWHU LV FRPSRVHG RI D TXDGUXSROH�W\SH PDVV VSHFWURPHWHU �406�� D SHUVRQDO

FRPSXWHU� D GLJLWDO HOHFWURPHWHU� D PXOWLFKDQQHO DQDO\]HU� DQG D WUDS� 7KH 406 LV DGMXVWHG WR EH DEOH

WR PHDVXUH WKH PDVV IURP � WR � LQ DWRPLF PDVV XQLWV ZLWK WKH PDVV DQDO\]LQJ SRZHU RI

�����DPX���� YDOOH\��

7KH UHOHDVHG JDV LV LQWURGXFHG LQWR WKH 406 IURP WKH JDV UHOHDVHU DQG LV WKHQ DQDO\]HG� 7KH

RXWSXW FXUUHQW LV DPSOLILHG E\ D SXOVH FRXQWLQJ W\SH RI VHFRQGDU\ HOHFWURQ PXOWLSOLHU �JDLQ� PD[��[����

LQ WKH 406� DQG LV OHG WR WKH GLJLWDO HOHFWURPHWHU RU WKH PXOWLFKDQQHO DQDO\]HU� 7KH LPSURYHG +$06

RSHUDWHV LQ WKH FXUUHQW PHDVXUHPHQW PRGH RU WKH SXOVH FRXQWLQJ PRGH� 7KH SXOVH FRXQWLQJ ZLWK D

PXOWLFKDQQHO DQDO\]HU LV DSSOLHG WR PHDVXUH WKH YHU\ VPDOO DPRXQW RI +H RI OHVV WKDQ ����� 7KH

FRPSXWHU FRGH IRU WKHVH SURFHGXUHV FRQWUROV DQG FRPSXWHV WKH WLPLQJ IRU PHDVXUHPHQWV� 7KH SURFHVV

RI SURGXFLQJ WKH VWDQGDUG +H JDVHV DUH DOVR LQGLFDWHG E\ WKH FRGH ZKHQ ZH LQSXW WKH RSHUDWLQJ

FRQGLWLRQV�

���� 6WDQGDUG +H VXSSO\

)LJXUH � VKRZV D EORFN GLDJUDP RI WKH VWDQGDUG +H VXSSO\ SURGXFLQJ WKH VWDQGDUG +H ZKLFK LV

XVHG WR FDOLEUDWH WKH +$06 DEVROXWHO\� 7KH VWDQGDUG +H VXSSO\ FRPSULVHV IRXU YHVVHOV� WKH JODVV

VWDQGDUG YROXPH YHVVHO �9��� WKH VXE�VWDQGDUG YHVVHO �9��� WKH LQOHW YHVVHO �9��� DQG WKH GLOXWLRQ

YHVVHO �9�� DQG WKUHH DEVROXWH SUHVVXUH JDXJHV� 7KH IXUQDFH LV XVHG DV WKH ILIWK YHVVHO WR SURGXFH WKH
VWDQGDUG +H� VR LW LV FDOOHG 9�� 6WDQGDUG +H LQ WKH UDQJH RI �×��

�
WR �×��
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+H DWRPV FDQ EH

SURGXFHG ZLWK GLOXWLRQ PHWKRG�

�� 3HUIRUPDQFH
6HYHUDO NLQGV RI WHVWV ZHUH FDUULHG RXW WR GHWHUPLQH SHUIRUPDQFH RI WKH +$06 RQ KHOLXP

PHDVXUHPHQW� 7KH WHVWV ZHUH GRQH ERWK LQ WKH FXUUHQW PHDVXUHPHQW PRGH �!���� +H DWRPV� DQG LQ WKH

SXOVH FRXQWLQJ PRGH ������ +H DWRPV�� 7KH WHVWV DUH DV IROORZV�



&XUUHQW PHDVXUHPHQW PRGH

��� 6WDQGDUG +H JDV PHDVXUHPHQW ��×���� a�×���� +H DWRPV�

��� 0HDVXUHPHQW RI FKURPLXP VDPSOHV LUUDGLDWHG E\ QHXWURQ

7KH DPRXQW RI +H SURGXFHG LQ &U VDPSOHV E\ QHXWURQ LUUDGLDWLRQ LV PHDVXUHG ZLWK WKH LPSURYHG

+$06� 7KH PHDVXUHG UHVXOWV DUH FRPSDUHG ZLWK WKH FDOFXODWHG YDOXHV ZLWK -(1'/���� WR FRQILUP

UHOLDELOLW\ RI +H PHDVXUHPHQW ZLWK WKH LPSURYHG +$06�

3XOVH FRXQWLQJ PRGH
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$FWXDO ORZHU OLPLW RI KHOLXP PHDVXUHPHQW RI WKH LPSURYHG +$06 ZLOO EH GHWHUPLQHG E\ PHDVXULQJ

WKLV DOOR\ VDPSOH�

�� &RQFOXVLRQ

7KH UHVXOWV RI VWDQGDUG +H PHDVXUHPHQWV �WHVW � DQG �� ZLWK D UHJUHVVLRQ FXUYH DUH VKRZQ LQ )LJ��

DQG � UHVSHFWLYHO\� 7KH FXUYHV LQGLFDWH D JRRG OLQHDULW\� ,Q WKH WHVW �� WKH FDOFXODWHG YDOXHV ZLWK

-(1'/���� � &U�Q� α��&U�Q� Qα� � DUH IDLUO\ DJUHH ZLWK RXU PHDVXUHG UHVXOWV �7DEOH��� 7KHVH UHVXOWV

LQGLFDWH WKDW WKH +$06 KDV VHQVLWLYLW\ WR WKH DPRXQW RI +H EHWZHHQ ��� DQG ���� +H DWRPV� 7KH

FRQVWLWXHQWV RI WKH PHDVXUHG $O�&U DOOR\ VDPSOH DUH ZULWWHQ LQ 7DEOH �� 7KH UHVXOW RI WKH DOOR\

PHDVXUHPHQW �WHVW �� LV VKRZQ LQ 7DEOH �� 7KH YDOXH LQGLFDWH WKDW WKH EDFNJURXQG LV ���[��� +H DWRPV

RQ DFWXDO GRVLPHWHU VDPSOH PHDVXUHPHQWV� 7KLV EDFNJURXQG LV ORZ HQRXJK WR PHDVXUH D VDPSOH

FRQWDLQLQJ DURXQG ��� DWRPV RI +H�

7KH +$06 KDV GHYHORSHG DQG KDV DQ DQDO\]LQJ SRZHU IURP ��� WR ���� +H� ,W KDV D SRVVLEOH XVH

LQ QHXWURQ GRVLPHWU\ IURP DQ DUHD PRQLWRU WR UHDFWRU VXUYHLOODQFH�
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