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7HOHWV�9� $���1HJLQD�<X� 6���2UORY�$� $��0DQXIDFWXULQJ�
RI��'�0(06�E\�WKH�7KHUPRFRPSUHVVLRQ�:HOGLQJ ��������������������������

7KUHH�PRVW�XVHG�PHWKRGV�RI�WKH�WKHUPRFRPSUHVVLRQ�ZHOGLQJ�IRU
VLOLFRQ� ZDIHUV� DQG� RWKHU� PDWHOLDOV� DSSOLHG� LQ� �'�0(06� GHYLFHV
PDQXIDFWXULQJ�DUH�RYHUYLHZHG�

.DW\V�3� *���.DW\V�*� 3��/DVHU�3URMHFWLRQ�'LVSOD\ ������������������������

'HVWLQDWLRQ�� GHVLJQ� FRQFHSWV�� SRWHQWLDOLW\� DQG� NH\� IHDWXUHV� RI
SURMHFWLRQ� GLVSOD\V� ZLWK� WKH� PLFURRSWRHOHFWURPHFKDQLFDO�V\VWHPV
�02(06��DUH�GLVFXVVHG�

*RUORY�0� ,���$QGUHHY�$� 9��7KH�6HQVRU�LQ�*DXJHV�RI�'DPS�
,QVLGH�,&�3DFNDJHV ����������������������������������������������������������������� ��

,Q�DUWLFOH�WKH�WHFKQLTXH�RI�WKH�FRQWURO�RI�GDPS�LQVLGH�,&�SDFNDJHV
ZLWK�WKH�KHOS�RI�WKH�VHQVRU�LQ�JDXJHV��1HFHVVLW\�RI�WKH�FRQWURO�RI�PRLV�
WXUH�FRQWHQW�IRU�LPSURYHPHQW�RI�TXDOLW\�DQG�LV�VKRZQ�UHOLDELOLW\�RI�LV�
VXHG�SURGXFWLRQ��7KH�GHVLJQ�RI�WKH�JDXJH�RI�D�GHZ�SRLQW�VXSHUILFLDOO\�

(YO\XNKLQ�$� %���)DGHHYD�,� <X��0RGHOLQJ�RI�,PDJH�)RUPDWLRQ
LQ�6FDQQLQJ�1HDU�)LHOG�2SWLFDO�0LFURVFRS\�RI�WKH�&ROOHFWLRQ�
DQG�,OOXPLQDWLRQ�0RGHV ����������������������������������������������������������� ��

3XUSRVH�RI�WKH�LQYHVWLJDWLRQ�LV�WR�FRPSDUH�WKH�LPDJHV�RI�WKH�VDPH
VDPSOH�REWDLQHG�E\�QXPHULFDO�PRGHOLQJ�RI�VFDQQLQJ�QHDU�ILHOG�RSWL�
FDO�PLFURVFRS\�LQ�FROOHFWLRQ�DQG�LOOXPLQDWLRQ�FRQILJXUDWLRQV��7KHR�
UHWLFDO�GHVFULSWLRQ�LV�EDVHG�RQ�VHOI�FRQVLVWHQW�LQWHJUDO�HTXDWLRQV�IRU
WKH�HOHFWULF�ILHOG�LQ�WKH�V\VWHP��7KH�FDVHV�ZKHQ�WKH�QDQRVFDOH�REMHFWV
FDQ�EH�RQ�DQG�XQGHU�WKH�VDPSOH�VXUIDFH�DUH�FRQVLGHUHG��7KH�UHVXOWV
GHPRQVWUDWH�WKH�LQWHUDFWLRQ�EHWZHHQ�SUREH�DQG�WKH�VDPSOH�SOD\V�LP�
SRUWDQW�UROH�LQ�WKH�LPDJH�IRUPDWLRQ�SURFHVV�

5HPEH]D�6� ,���6YLVWRYD�7� 9���5HPEH]D�(� 6���0LODVKHFKNR�9� 9��
,QIOXHQFH�RI�3ODWLQ\P�'RSDQWV�RQ�WKH�3URSHUWLHV�RI�6Q2��
)LOPV�IRU�*DV�6HQVRUV �������������������������������������������������������������� ��

,QIOXHQFH�RI�SODWLQXP�GRSLQJ�RQ�WKH�HOHFWULFDO�SURSHUWLHV�LQ�WHP�
SHUDWXUH�UDQJH�RI����������Å&�LQ�WKLQ�JDV�VHQVLWLYH�ILOPV�6Q2��SUH�
SDUHG�E\�UHDFWLYH�VSXWWHULQJ�RI�WLQ�WDUJHW�KDV�EHHQ�LQYHVWLJDWHG��7KH
FKDQJHV�RI�FRQFHQWUDWLRQ�DQG�PRELOLW\�RI�FKDUJH�FDUULHUV�LQ�GHSHQG�
HQFH�RQ�SODWLQXP�FRQWHQW�IURP�����WR�����ZHLJKW�KDYH�EHHQ�VWXGLHG�
,W�ZDV�GHWHUPLQHG�WKDW�SODWLQXP�LQWURGXFWLRQ�KDV�OHG�WR�LQFUHDVH�RI
JDV� VHQVLWLYLW\�DQG� WR�GHFUHDVH�RI� WHPSHUDWXUH�RI�KLJKHU� VHQVLWLYLW\
6Q2��ILOPV�WRZDUGV�HWKDQRO�DQG�DFHWRQH�YDSRURXV�LQ�WKH�DLU�

7RGXD�3� $���%\NRY�9� $���9RON�&K��3���*RUQHY�(� 6���
=KHONREDHY�=K��HWF��6FLHQWLILF�DQG�7HFKQRORJLFDO�%DVHV�
RI�0HWURORJLFDO�6HFXULW\�RI�/HQJKW�'LPHQVLRQ�LQ�0LFURPHWHU�
DQG�1DQRPHWHU�5DQJHV�DQG�WKHLU�,QVWUXVLRQ�LQ�0LFURHOHFWURQLFV�
DQG�1DQRWHFKQRORJLFDOV ����������������������������������������������������������� ��

7KH�EDVHV�RI�PHWURORJLFDO�VHFXULW\�RI�WKH�GLPHQVLRQV�EDVHG�RQ�WKH
PHWKRGV�RU� VFDQQHU�SUREH�PLFURVFRS\�DQG� ODVHU� LQWHUIHURPHWHU�Û
SKDVHPHWHU�DUH�UHSUHVHQWHG��7KH�PHWKRGV�DQG�PHDQV�RI�UHSURGXFWLRQ
DQG�WUDQVPLVVLRQ�RI� WKH�XQLW�RI� OHQJWK�GLPHQVLRQ� LQ� WKH� LQGLFDWHG
UDQJH�ZLWK�DEVROXWH�ELQGLQJ�WR�WKH�VWDWH�SULPDU\�VWDQGDUG�RI�WKH�XQLW
RI�OHQJWK�Û�WKH�PHWHU�DUH�RIIHUHG��WKH�WHFKQRORJ\�LV�GHYHORSHG�DQG

WUHH�GLPHQVLRQDO�PLFUR�QDQRUHOLHI�RI�VXUIDFH�DUH�FUHDWHG�DQG�DOVR�WKH
DOJRULWKPV�DQG�WKH�SDFNDJH�RI�SURJUDPV�SHUPLWWLQJ�WR�UHDOL]H�WKH�DX�
WRPDWL]HG� WUHH�GLPHQVLRQDO� GLPHQVLRQ� RI� WKH� FRQGHQVHG� HQYLURX�
PHQWV�DUH�FUHDWHG�

7UXIDQRY�$� ,���%DWXULQ�$� 6���/HVKXNRY�0� <X���&KDGDHY�1� 1���
6KHVKLQ�(� 3��(PLVVLRQ�&KDUDFWHULVWLFV�RI�/LJKW�6RXUFHV�ZLWK�)LHOG�
(PLVVLRQ�&DWKRGH�0DGH�RI�&DUERQ�)LEHUV�%XQGOH ��������������������������

$W� SUHVHQW� WLPH� WKH� YDULRXV� DSSOLFDWLRQV� RI� WKH� ILHOG� HPLVVLRQ
FDWKRGHV�LQ�D�YDFXXP�GHYLFHV�DUH�VWURQJO\�LQYHVWLJDWHG��8WLOL]LQJ�WKH
ILHOG�HPLVVLRQ�FDWKRGH�SURYLGHV�GHYHORSLQJ�RI�WKH�QHZ�GHYLFHV�ZLWK
SURPLVLQJ�SDUDPHWHUV��7KLV�LV�WKH�IDFW��WKDW�ILHOG�HPLVVLRQ�FDWKRGHV
PDGH�RI�FDUERQ�PDWHULDOV�KDYH�JRRG�HPLVVLRQ�FXUUHQW�VWDELOLW\�XQGHU
FRQGLWLRQ�RI�VHDOHG�RII�HOHFWUR�YDFXXP�GHYLFHV��7KH�FRQVWUXFWLRQ�RI
WKH�FDWKRGROXPLQHVFHQW�OLJKW�VRXUFH�ZLWK�WKH�ILHOG�HPLVVLRQ�FDWKRGH
PDGH�RI�FDUERQ�ILEHUV�LV�GHVFULEHG��7KH�FKDUDFWHULVWLFV�RI�OLJKW�VRXUFHV
LV�DQDO\]HG��OW�LV�VKRZQ��WKDW�SRVVLEOH�DSSOLFDWLRQ�RI�WKH�OLJKW�VRXUFH
LV�ODUJH�YLGHR�VFUHHQ�DQG�ERDUGV�IRU�RXWGRRUV�XVLQJ��7KH�VLPSOH�FRQ�
WURO�V\VWHP�IRU�YLGHR�VFUHHQ�LV�GHVFULEHG�

6KLO\DHY�3� $���3DYORY�'� $���.KRNKORY�$� )��0HWKRGV
IRU�&DOFXODWLQJ�WKH�)UDFWDO�'LPHQVLRQ�RI�630�,PDJHV ��������������������

7KH�PRVW�SRSXODU�DOJRULWKPV�IRU�FDOFXODWLQJ�WKH�IUDFWDO�GLPHQVLRQ
RI�VFDQQLQJ�SUREH�PLFURVFRS\��630��LPDJHV�ZHUH�LQYHVWLJDWHG��7KH
DOJRULWKPV�ZHUH�DSSOLHG�WR�VLPXODWHG�VXUIDFHV�ZLWK�NQRZ�IUDFWDO�GL�
PHQVLRQ��7KH�SUHFLVLRQ�RI�WKH�DOJRULWKPV�ZDV�H[DPLQHG��7KH�PRVW
SUHFLVH�PHWKRGV�ZHUH�GHWHUPLQHG�

*DLNRYLFK�.� 3���'U\DNKOXVKLQ�9� )��6WXG\�RI�WKH�6WUXFWXUH�
RI�1HDU�)LHOGV�(PLVVLRQ�RI�D�6HPLFRQGXFWRU�/DVHU� ������������������������

5HVXOWV�RI�6120�PHDVXUHPHQWV�DQDO\VLV�RI�D�QHDU�ILHOG�VWUXFWXUH
RI� WKH� VHPLFRQGXFWRU� ODVHU� HPLVVLRQ� DUH� SUHVHQWHG�� 7KH� DFKLHYHG
KLJKHU�UHVROXWLRQ�PDNHV�LW�SRVVLEOH�WR�REVHUYH�WKLQ�LQKRPRJHQHLWLHV�RI
QHDU�ILHOG�ODVHU�HPLVVLRQ��ZKLFK�DUH�OLNHO\�UHODWHG�WR�QDQRVFDOH�LQKR�
PRJHQHLWLHV�RI�WKH�HPLWWLQJ�ODVHU�VXUIDFH��7KH�PLFURVFRSH�UHVROXWLRQ
LV�GHWHUPLQHG�E\�WKH�VL]H�RI�WKH�SUREH�DSHUWXUH��∼��Û����QP���ZKLFK
LV�PXFK�VPDOOHU�WKDQ�WKH�ZDYHOHQJWK�RI�OLJKW��,W�ZDV�SRVVLEOH�WR�GLVFHUQ
LQ�6120�ODVHU�HPLVVLRQ�LPDJHV�VPDOO��FRPSDUDEOH�WR�WKH�SUREH�VL]H�
LQKRPRJHQHLWLHV�RI�VWUXFWXUH��WKH�WUXH�IRUP�DQG�PDJQLWXGH�RI�ZKLFK
DUH�LQHYLWDEOH�VPRRWKHG�RYHU�WKH�VFDOH�RI�SUREH�WUDQVIHU�IXQFWLRQ��7R
UHWULHYH�WKH�WUXH�VWUXFWXUH�RI�QHDU�ILHOG�ODVHU�HPLVVLRQ��WKH�PHWKRG�RI
JHQHUDOL]HG�GLVFUHSDQF\�EDVHG�RQ�WKH�7LNKRQRY�V�WKHRU\�RI�LOO�SRVHG
SUREOHPV�ZDV�XVHG��7R�WHVW� WKLV�PHWKRG��QXPHULFDO�PRGHOOLQJ�KDV
EHHQ�FDUULHG�RXW�DQG�PHDVXUHPHQWV�UHVXOWV�KDYH�EHHQ�SURFHVVHG�WDN�
LQJ�LQWR�DFFRXQW�WKH�SUREH�WUDQVIHU�IXQFWLRQ�GHWHUPLQHG�IURP�WKH�WHVW
PHDVXUHPHQWV�ZLWK�WKH�HWFKHG�YDQDGLXP�ILOP��7KHQ��LPDJH�GHFRQ�
YROXWLRQ�PHWKRG�LV�DSSOLHG�WR�UHWULHYH�LPDJHV�RI�WKH�QHDU�ILHOG�HPLV�
VLRQ�RI�VHPLFRQGXFWRU�ODVHU�GLVWRUWHG�E\�WKH�LQVWUXPHQW�WUDQVIHU�IXQF�
WLRQ� LQIOXHQFH��8VLQJ� WKLV�DSSURDFK�� LQ� WKH�6120�PHDVXUHPHQWV
VPDOO���Û�����YDULDWLRQV�ZLWK�D�VSDWLDO�VL]H�RI�DERXW����QP�KDYH�EHHQ
GLVFHUQHG��7KH�IRUP�RI�WKHVH�LQKRPRJHQHLWLHV�ZDV�VLPLODU�ZLWK�WKH
IRUP�RI�WKH�ODVHU�HPLWWLQJ�VXUIDFH�UHOLHI�PHDVXUHG�VLPXOWDQHRXVO\�XV�
LQJ�DWRPLF�IRUFH�PLFURVFRSH�
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)RU�IRUHLJQ�VXEVFULEHUV�
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7KH�MRXUQDO�ERXJKW�VLQFH�QRYHPEHU������

(GLWRUãLQã&KLHI�3K��'��3HWU�3��0DOWVHY
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$GGUHVV�LV�����6WURP\QVN\�/DQH��0RVFRZ����������5XVVLD��7HO��)D[�������������ã�����

(ãPDLO��LW#QRYWH[�UX�� KWWS���ZZZ�PLFURV\VWHPV�UX


