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7KHUH� DUH� SUHVHQWHG� LQWHUPHGLDWH� WHVWLQJ� UHVXOWV� RI� ���

0+]� FRPSDFW� OLQDF� ZLFK� LV� EHLQJ� ZRUNHG� RXW� E\� /LQHDU

$FFHOHUDWRU� DQG� &\FORWURQ� 'LYLVLRQ� �13.� /876�� RI� WKH

(IUHPRY�,QVWLWXWH�IRU�DSSOLHG�SXUSRVHV��7HFKQLFDO�SDUDPHWHUV

RI�����0H9� LRQ�5)4�DUH� JLYHQ��5HVXOWV� RI�PHDVXUHPHQWV� RI

YDQH� YROWDJH�� EHDP� FXUUHQW� DQG� HQHUJ\� XQGHU� DFFHOHUDWRU©V

WHVWLQJ� DUH� GLVFXVVHG�� ,W� VXSSRVHG� D� QHZ� 5)4� RI� �� 0H9

RXWSXW�HQHUJ\�ZLOO�EH�PRXQWHG�DW�WKH�QHDUHVW�WLPH�

,QWURGXFWLRQ

'XULQJ� ODVW� \HDUV� /LQHDU� $FFHOHUDWRUV� DQG� &\FORWURQ

'LYLVLRQ�RI� WKH�(IUHPRY� ,QVWLWXWH� LV�ZRUNLQJ�RXW� FRPPHUFLDO

5)� LRQ� OLQDF� IRU� GLIIHUHQW� DSSOLFDWLRQV�>�@� 1RZ� KDG� ZRUNHG

RXW�� IDEULFDWHG� DQG� UHVHDUFKHG� LQMHFWLRQ©V� V\VWHP�� ����0+]

5)4�ZLWK�����0H9�RXWSXW�HQHUJ\��5I�V\VWHP�KDYLQJ�HQGRWURQ

%0�����DV�RXWSXW�FDVFDGH�RI�SRZHU©V�DPSOLILHU��7KHVH�EORFNV

ZHUH�PRXQWHG�DQG�LQVWDOODWLRQ�KDG�WDVWHG��%ULHI�GHVFULSWLRQ�RI

DFFHOHUDWRU©V�VWDQG�LV�JLYHQ�EHORZ�

,QMHFWLRQ©V�V\VWHP

,QMHFWRU�LQFOXGHV�IROORZLQJ�PDLQ�HOHPHQWV�

��636�ZLWK�3HQQLQJ�JHRPHWU\�RI�GLVFKDUJH�FKDPEHU��VRXUFH�LV

SODFHG�LQVLGH�RI�YDFXXP�YROXPH�

��%HQGLQJ�PDJQHW��ZLFK��KDV�GHPRXQWDEOH�SROHV�IDFH�WR�IRUP

EHDP�ZLWK�HQHUJ\�XS�WR����NH9�DQG�WR�VHSHUDWH�LPSXULWLHV�

��(OHFWURVWDWLFDO�V\VWHP�RI�IRFXVLQJ�DQG�SUHDFFHOHUDWLRQ�XS�WR

��� NH9�� WKDW� LQFOXGHV� FROOHFWLRQ� RI� HOOHFWURGHV�ZLWK� YDULDEOH

SRWHQWLDOV�

0HWDORK\GULGH� V\VWHP� RI� SXULILFDWLRQ� SURGXFHV

SUHOLPLQDU\� SXULILFDWLRQ� RI� K\GURJHQ�� 0DJQHWLF� ILHOG� RI

GLVFKDUJH� FKDPEHU� LV� IRUPHG� E\� SROHV� RI� EHQGLQJ� PDJQHW�

3HUPDQHQW� PDJQHWV� .&���� W\SH� FUHDWHG� DQ� LQGXFWLRQ� RI

PDJQHWLF� ILHOG� ZLFK� PXVW� EH� ����� 7HVOD� LI� +
�
� EHDP� LV

SURGXFHG��0DJQLWXGH�RI�FXUUHQW�DQG�TXDOLW\�RI�REWDLQHG�EHDP

GHSHQG� RQ� UHODWLRQ� RI� SDUWLDO� SUHVVXUHV� RI� K\GURJHQ� DQG

FHVLXP� LQ� D� VRXUFH��2SWLPL]DWLRQ� RI� WKLV� UHODWLRQ� DOORZHG� WR

REWDLQ�+��LRQ�FXUUHQW����P$�ZKHQ�GLVFKDUJH�FXUUHQW�ZDV����

$�DQG�GLVFKDUJH�YROWDJH�ZDV�����9��/HQJWK�RI�FXUUHQW�SXOVH�LV

����PLFURVHFRQGV��0D[LPDO� FXUUHQW� RI�+
�
� LRQ�ZDV� ����P$�

,QMHFWRU©V�YDFXXP�V\VWHP�KDV�WZR�WXUERPROHFXODU�SXPSV�DQG

VXSSRUWV�SUHVVXUH����
��
�7RU�QHDU� LQMHFWRU�RXWSXW��0HDVXULQJ

V\VWHP�DOORZV�WR�PHDVXUH�HPLWWDQFHV�LQ�;;©�DQG�<<©�SODQHV

DQG� GLVWULEXWLRQ� RI� FXUUHQW©V� GHQVLW\� LQ� EHDP� FURVV� VHFWLRQ�

5HVXOWV�RI�PHDVXUHPHQWV�RI�QRUPDOL]HG�HPLWWDQFHV�DUH�

$�� 5HJLPH� ZLWKRXW� FHVLXP�� , ��� P$�� (Q[ �����
��
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%�� 5HJLPH� ZLWK� DGGLWLRQ� RI� FHVLXP�� , ��� P$�� (Q[ ���
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UDGP��(Q\ ���
��
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$FFHOHUDWLQJ��VWUXFWXUH

$FFHOHUDWLQJ� VWUXFWXUH� � LV� IRXU�FKDPEHU©V�5)4� �� ,WV� FURVV

VHFWLRQ� LV� JLYHQ� RQ� ILJ���� *HRPHWULFDO� DQG� SK\VLFDO

SDUDPHWHUV� DUH� JLYHQ� LQ� WDEOH� �� �� )LUVW� VDPSOH� RI� 5)4� ZDV

IDEULFDWHG� IURP� DOXPLQLXP� � DOOR\� '����$Q� DFFXUDF\� RI

SURGXFLQJ� RI� YDQH� PRGXODWLRQ� LV� �������� PLFURQV�� ,QQHU

VXUIDFHV� RI� FDYLW\� � ZLOO� EH� FRYHUHG� E\� FRSSHU� XVLQJ

HOHFWURSODWLQJ��5HVRQDWRUV�WXQLQJ�LV�HIIHFWHG�LQ��D�VWHS�E\�VWHS

IDVKLRQ�ZLWK�KHOS�RI�IROORZLQJ�RSHUDWLRQV�

���ILHOG©V�V\PPHWUL]DWLRQ�RI�FDYLWLHV�TXDGUGQWV�

���WXQLQJ�RI�FRQQHFWLRQ©V�HOHPHQWV�

���FKHFN�RI�V\PPHWUL]DWLRQ�DQG�SURFHGXUH©V�UHSHDWLQJ�

���GHWHUPLQDWLRQ�RI�HOHFWURPDJQHWLFDO�D[H�RI�FDYLW\�

���� PHDVXULQJ�RI�ORQJLWXGLQDO�ILHOG©V�GLVWULEXWLRQ�

7DEOH����5)4�6SHFLILFDWLRQ�

$FFHOHUDWHG�SDUWLFOHV +
�
�RU�+

�

2SHUDWLQJ�IUHTXHQF\ ����0+]

,QSXW�LRQ�HQHUJ\ ���NH9

2XWSXW�LRQ�HQHUJ\ ����0H9

1XPEHU�RI�SHULRGV ���

9DQH�OHQJWK �����PP

7RWDO�OHQJWK �����PP

3XOVH�FXUUHQW XS�WR����P$

%HDP�7UDQVPLVVLRQ�DW����P$ ���

,QWHUYDQH�YROWDJH ��N9

)LQDO�VLQFKURQRXV�SKDVH ��
R

3KDVH�EHDP�OHQJWK ��
R

$YHUDJH�ERUH�UDGLXV ����PP

0LQLPDO�ERUH�UDGLXV ��PP

2XWSXW�QRUPDOL]HG�HPLWWDQFH ��
��
�UDGP

&DYLW\�5)�SRZHU��ZLWKRXW�EHDP� ����N:

4XDOLW\�IDFWRU��IRU�'��� ����

$V� UHVXOW� RI� UHSHDWLQJ� RI� WXQLQJ� F\FOH� UHVRQDQFH� IUHTXHQF\

������ 0+]� KDG� EHHQ� HVWDEOLVKHG�� 'LSROH� PRGHV� KDG

HLJHQIUHTXHQFLHV� ������� DQG� ������� 0+]� UHVSHFWLYHO\�

'LIIHUHQFHV� RI� PDJQHWLF� ILHOG©V� DPSOLWXGHV� LQ� FDYLW\©V

TXDGUGQWV�ZHUH�DERXW������LQFOLQDWLRQ�RI�HOHFWURPDJQHWLF�D[H

WR�JHRPHWULF�RQH�ZDV�OHVV�WKHQ����
R
��DQG�VPDOO�VKLIW�ILHOG©V�D[H

WRRN�SODFH�
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5)�V\VWHP

5)� SRZHU� V\VWHP� LQFOXGHV� IROORZLQJ� IXQGDPHQWDO� XQLWV�

PDVWHU� RVFLOODWRU�� SUHOLPLQDU\� FDVFDGH� RI� DPSOLILFDWLRQ� RI

SRZHU�� ILQDO� RQH�� SXOVH� VRXUFH� RI� DQRGH� VXSSO\�� VRXUFH

ILODPHQW� VXSSO\�� VRXUFH� RI� F\QFKURQL]LQJ� SXOVHV�� 2XWSXW

DPSOLILHU� LV� HQGRWURQ� W\SH� GHYLFH� %0������ ,W©V� RSHUDWLQJ

SDUDPHWHUV�DUH�JLYHQ�LQ�7DEOH���

7DEOH����%0�����VSHFLILFDWLRQV�

3XOVH�RXWSXW�SRZHU ����0:

3XOVH�OHQJWK ���PVHF

(IILFLHQF\�RI�DQRGH�FLUFXLWV ���

)UHTXHQFH©V�GLDSDVRQ ����������0+]

3XOVH�LQSXW�SRZHU ��N:

5HDOO\� ZH� XVHG� PRGH� ������ 0+]� ZLWK� SXOVH� OHQJWK

���������PVHF��2XWSXW� SRZHU� LV� ���� N:� LI� SXOVH� OHQJWK� ���

PVHF� DQG� RXWSXW� SRZHU� LV� ���� N:� LI� SXOVH� OHQJWK� ����PVHF�

$YHUDJH�SRZHU�UHPDLQV�FRQVWDQW�DQG�LW�LV�HTXDO�WR���N:�

7KUHH�RI�PRGXODWRUV�RI�PDVWHU�RVFLOODWRU��SUHOLPLQDU\�DQG

RXWSXW� DPSOLILHU©V� FDVFDGHV� DUH� IXOILOHG� DV� FLUFXLWV� ZLWK� IXOO

GLVFKDUJH�RI�DFFXPXODWLQJ�FRQGHQFHU�DQG�WKH\�DUH�KRRNHG�XS

WR� WKH� ORDG� YLD� SXOVHG� WUDQVIRUPHUV�� 5)� V\VWHP� KDYH� FRQWURO

V\VWHPV� RI� ILHOG©V� DPSOLWXGH� DQG� IUHTXHQF\��&RQWURO� V\VWHPV

FRPSHQVDWH�IDVW�DQG�VORZ�GHYLDWLRQV�RI�ILHOG©V�IUHTXHQF\�DQG

DPSOLWXGH��)RXU� RI�5)�SRZHU©V� OHDG�LQV� LQWR�5)4�FDYLW\� YLD

K\EULG�ULQJ�VXSSUHVV�VSXULRXV�GLSROH�PRGHV�

:RUNLQJ� WLPH� RI� 5)4� FDYLW\� XQGHU� KLJK� OHYHO� RI� SRZHU

ZDV�DERXW�����KRXUV��&DYLW\�DUH�VHUYHG�E\�VL[�SXPSV�+07�

����� W\SH� DQG�PDJQLWXGH� RI� SUHVVXUH� WKH\� DUH� PDLQWDLQHG� LV

��
��
�7RU��3RZHU©V� OHYHO� LQ� WKH�5)4�FDYLW\�ZDV�PHDVXUHG�YLD

EUDNH�UDGLDWLRQ©V�VSHFWUXP�RI�HOHFWURQV��7KH\�DUH�DSSHDUHG�DV

UHVXOW� ILHOG©V� DQG� VHFRQGDU\� HPLVVLRQ�� 5HVXOWV� RI

PHDVXUHPHQWV�DUH�UHSUHVHQWHG�RQ�ILJ�����7KHVH�PHDVXUHPHQWV

DOORZ� WR� HVWLPDWH� LQWHUYDQH� YROWDJH� WKDW� GHSHQGV� RQ� OHYHO� RI

5)�SRZHU�LQ�WKH�FDYLW\�����N9�YROWDJH�FRUUHVSRQGV�WR�����N:

RI�5)�SRZHU�

0HDVXUHPHQW�RI�SURWRQ©V�HQHUJ\

7LPH�RI�ZRUN�ZLWK�EHDP�ZDV�OLPLWHG����KRXUV����������P$

EHDP� ZDV� LQMHFWHG� LQWR� 5)4� FDYLW\� ZLWK� ��� NH9� HQHUJ\�

([SHULPHQWDO� SURFHGXUH� RI� SURWRQ� HQHUJ\©V� PHDVXUHPHQW� LV

EDVHG� RQ� JDPPD�UDGLDWLRQ©V�PRQLWRULQJ� RI� QXFOHDU� UHDFWLRQV

$O�S�J�6L�� $O�S�SJ�$O0J�� 6RXUFHV� &R���� ����� NH9��� &V����

�����NH9���0Q���������NH9���=Q���������NH9�DQG������NH9�

DQG�.���� OLQH� RI� QDWXUDO� QRLVH�ZHUH� XVHG� IRU� VSHFWURPHWHU©V

FDOLEUDWLRQ��7\SLFDO�VSHFWUXP�RI�J�UDGLDWLRQ�LV�UHSUHVHQWHG�RQ

ILJ�����(QHUJ\�RI�DFFHOHUDWHG�SURWRQV� LV�HVWLPDWHG�RQ� UHODWLRQ

RI�����NH9�DQG������NH9�SDUWLDO�J�SHDNV�

&DOFXODWLRQV�VKRZ�WKDW�EHDP�HQHUJ\�LV�QHDU�����0H9��5)4

FDYLW\�� WKDW� LV� GHVFULEHG�KHUH��ZDV� ILUVW� H[SHULPHQWDO� VDPSOH�

,W©V�VXUIDFH�ZDV�QRW�SROLVKHG�DQG�QRW�FRYHUHG�E\�FRSSHU��2Q

DFFRXQW� RI� SHULRGLFDO� 5)� EUHDN� GRZQV� DFFHOHUDWRU� ZRUNHG

XQVWDEOH� DQG� LQWHUYDQH� YROWDJH� GLG� QRW� DFKLHYH� QRPLQDO� RQH

ZLWK� WKH� EHDP� SUHVHQFH�� 7KHVH� IDFWRUV� DQG� LQLWLDO� VKLIW

EHWZHHQ� EHDP� DQG� UHVRQDWRU� D[HV� GLG� QRW� DOORZV� WR� REWDLQ

RXWSXW�FXUUHQW�LQ�SXOVH�PRUH�WKHQ����PLFURDPSHUV�

3HUVSHFWLYHV

1RZ�WKH�QHZ�5)4�FDYLW\�ZLWK�RXWSXW�HQHUJ\���0H9�KDG

EHHQ� IDEULFDWHG� IURP� $0*��� DOXPLQLXP� DOOR\�� 6XFK

DFFHOHUDWRU�PD\� EH� XVHG� IRU� H[SUHVV� DQDO\VLV� RI�PDWHULDOV�� ,W

PD\�EH� DQDO\VLV� RI� D� VHFRQGDU\� UDGLDWLRQ�� )RU� H[DPSOH�� J� RU

;�UD\� DQDO\VLV� RU� DQDO\VLV� RI� UDGLDWLRQ� GXH� WR� QHXWURQ

DFWLYDWLRQ�� 2WKHU� EORFNV� RI� PHDVXULQJ� FRPSOH[�� FDPHUD� RI

LQWHUDFWLRQV�DQG�PHDVXULQJ�DQG�SURFHVV�GDWD�V\VWHP�KDG�EHHQ

IDEULFDWHG� WRR��)RU�DFFHOHUDWLQJ�+
�
� LRQV� IURP���XS� WR��������

0H9�� �� 0H9� 5)4� OLQDF� PD\� EH� XVHG� DV� LQLWLDO� SDUW� RI

DFFHOHUDWRU��,W�LV�SURSRVHG�WR�DFFHOHUDWH�SDUWLFOHV�IURP���XS�WR

��������0H9�LQ�WKH�GULIW�WXEH�UHVRQDWRU��3URWRQV�DQG�GHXWHURQV

RI�VXFK�HQHUJLHV�FDQ�EH�XVHG�IRU�PHGLFDO� LVRWRSH�SURGXFWLRQ�

HOHPHQWDO� DQDO\VLV� RI� PDWHULDOV� DQG� RWKHU� VSHFLDO� SXUSRVHV�

8VXDOO\� $OYDUH]� VWUXFWXUH� LV� XVHG� DV� VHFRQG� VWDJH� RI

DFFHOHUDWRU��,QVWHDG�RI�$OYDUH]�13.�/876�SURSRVHV�VWUXFWXUH

ZLWK�FURVVHG�WUDQVYHUVDO�KROGHUV��&7+���WKDW�ZRUNV�RQ�S�PRGH

�VHH� ILJ�� ���� (OHFWURPDJQHWLF� ILHOG� GLVWULEXWLRQ� IRU� ZRUNLQJ

W\SH� RVFLOODWLRQ� LV� DFFRUGLQJ� WR� +�7(�� PRGH�� 6DPSOHV� RI

&7+�VWUXFWXUH�KDG�IDEULFDWHG��WXQHG�DQG�WHVWHG�LQ�WKH�(IUHPRY

,QVWLWXWH�>�@� 6WUXFWXUH� FRQVLVWV� IURP� VHSDUDWH� FHOOV�� HDFK� RI

WKHP�LQFOXGHV�EURDG�RXWHU�FLOLQGULFDO�ULQJ��,QVLGH�RI�ULQJV�GULIW

WXEHV�DUH�IDVWHQHG�RQ�PDVVLYH�KROGHUV��&HOOV�FDQ�UHYROYH�HDFK

UHODWLYHO\�RWKHUV�LQGHSHQGHQWO\�DURXQG�ORQJLWXGLQDO�D[H��&7+�

VWUXFWXUH� KDV� KLJK� PHFKDQLFDO� VWLIIQHVV�� PD\� KDYH� LQWHQVLYH

IRUFHG� FRROLQJ� DQG� QHHG� QRW� VSHFLDO� DUUDQJHPHQWV� IRU

DOLJQPHQW��,W©V�WHFKQRORJ\�RI�IDEULFDWLRQ�LV�FORVH�WR�WUDGLWLRQDO

WHFKQRORJ\�RI�ZDYHJXLGH�IDEULFDWLRQ

3HUVSHFWLYH�RI� LPSURYLQJ�RI�5)�V\VWHP�DUH�FRQVLGHUHG� LQ

SDSHU�73+���RI�/LQDF����FRQIHUHQFH�

&RQFOXVLRQ

$W�SUHVHQW�VHSDUDWH�XQLWV�RI���0H9�LQVWDOODWLRQ�KDYH�EHHQ

WHVWHG�� $W� WKH� QH[W� WLPH� D� WHVW� RI� ZKROH� LQVWDOODWLRQ� ZLOO� EH

SURGXFHG��7R�PDNH�D�FRPSDFW�FRPPHUFLDO�OLQDF��LW�LV�REYLRXV

WKDW�QHZ�LQMHFWRU�DQG�5)�V\VWHP�VKRXOG�EH�PDGH��7KHVH�XQLWV

DUH� ZRUNHG� RXW� QRZ�� ,QVWHDG� RI� HQGRWURQ� W\SH� %0����� ZH

ZLOO�XVH�GHYLFH�.,:,�DQG�FRPSDFW�SUHOLPLQDU\�DPSOLILHU�

5HIHUHQFHV

>�@� <X�9�$IDQDVLHY�� <X�3�9DNKUXVKLQ�� 0�)�9RURJXVKLQ�

<X�1�*DYULVK��9�$�.DVVLURY��9�,�.RURERY��9�*�0XGUROXERY�

<X�$�6YLVWXQRY�� $�3�6WURNDFK�� 0�$�&KHUQRJXERYVN\

'HYHORSPHQW� RI� :RUNLQJ� RQ� &UHDWLRQ� RI� 5)� ,RQ� /LQDF� IRU

$SSOLHG� 3XUSRVHV�� 3URFHHGLQJ� RI� ;,9� 1DWLRQDO� $FFHOHUDWRU

&RQIHUHQFH�� 3URWYLQR�� ������ RNW�������� 9RO���� S���� �LQ

5XVVLDQ��
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>�@� 6�$�0LQDHY�� <X�$�6YLVWXQRY�� 6�$�6LODHY� 0RGHOLQJ� DQG

7HVWLQJ� RI� $3)� &DYLW\� 5)� )LHOG�� 3URFHHGLQJV� RI� 6HFRQG

,QWHUQDWLRQDO� :RUNVKRS�� %'2����� -XO\����� 6W�3HWHUVEXUJ�

S�����

)LJ�����&URVV�VHFWLRQ�RI�5)4�FDYLW\�

)LJ�����(QHUJHWLFDO�VSHFWUXP�RI�EUDNH�UDGLDWLRQ�IRU���������

DQG������QRPLQDO�PHDQLQJ�RI�5)�SRZHU�

)LJ�� ��� (QHUJHWLFDO� J�VSHFWUXP� RI� QXFOHDU� UHDFWLRQV� E\

DFFHOHUDWHG�SURWRQV�

)LJ�����$FFHOHUDWLQJ�VWUXFWXUH�ZLWK�FURVVHG�WUDQVYHUVDO�KROGHUV�
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