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,Q� WKLV� DUWLFOH� ZH� SUHVHQW� WKH� GHVFULSWLRQ� RI� WKH
XQLYHUVDO� FRPSOH[� IRU� WKH� FXVWRP� H[DPLQDWLRQ�� 7KLV
FRPSOH[�QRW�RQO\�DOORZ�WR�H[DPLQH�WKH�VL]HV�DQG�IRUPV�RI
WKH� EDJJDJH� DQG� DOVR� H[DPLQH� WKH� FRPSRVLWLRQ� RI� WKH
VPXPJJOLQJ�� 7KH� SUREOHP� RI� WKH� IRXQGLQJ� WKH� FRQWUD�
EDQG�FDQ�EH�HIIHFWLYHO\�GHFLGHG�E\�PHDQV�RI�g�UDGLDWLRQ
IURP�WDUJHWV�LUUDGLDWHG�E\�SURWRQ�EHDP��,W�LV�VXSSRVHG�WR
VHW� LRQ� LQMHFWRU� XQGHU� SRWHQWLDO� RI� ³JURXQG´�� WKDW� ZLOO
VLPSOLI\�HVVHQWLDOO\�LW¶V�SRZHU�VXSSO\��7KH� WDUJHW� LV�VXS�
SRVHG� WR� EH� PRXQWHG� RQ� LQVXODWRU� LQVLGH� WKH� YDFXXP
FRQWDLQHU��7KH�FDVH�RI�WDUJHW�ZLOO�EH�FKDUJHG�XS�WR��09
YROWDJH� E\� PHDQV� RI� DQ� HOHFWURQ� EHDP� IURP� WKH� VPDOO�
VL]HG� 5)� OLQDF�� $� UHVLVWDQFH� GLYLGHU� FRQQHFWHG� WR� HOHF�
WURGHV�RI�LRQ�VRXUFH�RSWLFDO�V\VWHP�LV�PRXQWHG�LQVLGH�LQ�
VXODWRU�� $W� WKH� VDPH� WLPH�� DQ� HOHFWURQ� EHDP� GHIOHFWLRQ�
ZLWK� XVH� RI� PDJQHWLF� GHIOHFWRU�� WR� D� VSHFLDO� WDUJHW� SUR�
YLGHV� WKH� GHYLFH� RSHUDWLRQ� LQ� DQ� XVXDO� ;�UD\� UDGLDWRU
PRGH�

,QWURGXFWLRQ

;��UD\� UDGLDWLRQ�DUH�XVHG� IRU� WKH� FXVWRP�H[DPL�
QDWLRQ� QRZDGD\V�� ,W� DOORZV� WR� H[DPLQH� WKH� VL]HV� DQG
IRUPV�RI� HOHPHQWV�RI� � WKH�EDJJDJH��7KH�g�UD\V� IURP� WKH
WDUJHWV� � LUUDGLDWHG� � E\� SURWRQ� EHDP� VKRZV� WKH� FRPSRVL�
WLRQ� RI� VPXJJOLQJ� �H[SORVLYH� VXEVWDQFHV�� GUXJ��� 7KLV
XQLYHUVDO�FRPSOH[�KDYH� WKH�SUHIHUHQFHV�RI� WKH�ERWK� V\V�
WHPV�

��'(6,*1�2)�&203/(;

7KH��QHZ�VFKHPH�RI�LRQ�HOHFWURVWDWLF�DFFHOHUDWLRQ�GLIIHUV
IURP� WKH� VDPH� RWKHUV� >�@� DQG� KDQG� SULQFLSDO
DGYDQWDJHV�� D�� WKH� JURXQGLQJ� RI� WKH� LRQ� LQMHFWRU�� E�� WKH
WDUJHW�ZLWK�WKH�UHVLVW�GLYLVLRQ��LV�VLWXDWHG�LQ�YDFXXP�FDP�
HUD�� F�� WKH� WDUJHW� FKDUJLQJ� E\� WKH� DFFHOHUDWHG� HOHFWURQV
�)LJ�����7KLV�VFKHPH�WKH�UHYHDOV�WR�GLPLQLVK�WKH�VL]HV�RI
WKH� V\VWHP�SUHVHUYLQJ� WKH�PDLQ� TXDOLWLHV� RI� HOHFWURQ� DF�
FHOHUDWLRQ�� KLJK� WRWDO� HIILFLHQF\�� KLJK� PHGLXP� FXUUHQW�
%HVLGHV� WKH� GDQJHU� RI� UDGLRDFWLYH� LUUDGLDWLRQ� LV� GLPLQ�
LVKLQJ� D� FRQVLGHUDEOH� GHJUHH� DV� WKH� UHVXOW� RI� WKH� GLVDS�
SHDULQJ�WKH�FRURQD�GLVFKDUJH��7KH�H[WHQGLQJ�RI�WKH�IURQ�
WLHU�UHVRXUFHV�RI�WKH�DFFHOHUDWLRQ�LQ�YROWDJH�DUH�REWDLQLQJ
RI�WKH�SUHVHUYLQJ�WKH�VDPH�LQVXODWRUV�DV�LQ�³DWPRVSKHULF´
VFKHPH��WKDW�EULQJ� WKDW� WKH�PD[LPXP�SRWHQWLDO� LQFUHDVHV
LQ�FRQVLGHUDEOH�GHJUHH� LQ� WKLV�VFKHPH��$W� WKH� VDPH� WLPH

WKH�REWDLQLQJ�WKH�KLJK�SRWHQWLDO�LQ�WKLV�V\VWHP�LV�WKH�RUGL�
QDU\�SUREOHP�
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)LJXUH�����6FKHPH��RI�WKH�LRQ�HOHFWURVWDWLF�DFFHOHUDWLRQ���
�� OLQHDU�DFFHOHUDWRU�RI�HOHFWURQV������ IRFXVLQJ�PDJQHW����
GHIOHFWLQJ� PDJQHW�� �� �� VFDQQLQJ� V\VWHP�� �� �� WDUJHW�� �� �
FRQYH\HU�EHOW������ �� WDUJHW���� ��RSWLFDO� V\VWHP�RI� WKH� LRQ
DFFHOHUDWLRQ�������LRQ�LQMHFWRU�������LRQ�EHDP��'���EUHP�
VVWUDKOXQJ�GHWHFWRU��'�����g��UD\�GHWHFWRU�
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,Q� VWDWLF� � FRQGLWLRQV� WKH� V\VWHP� DFWV� LQ� WKH� IRO�
ORZLQJ� ZD\�� 7KH� HOHFWURQ� EHDP� DFFHOHUDWLQJ� LQ� VRPH
0H9�KLWV�WKH�WDUJHWV�DQG�FKDUJHV�LW��7KH�SRWHQWLDO�RI�WDU�
JHW� LV�EHLQJ� �GHWHUPLQHG�E\� WKH�YDOXH�RI� WKH�YROWDJH�GL�
YLGHUCV� UHVLVWDQFH� DQG� WKH� YROXPH� RI� � WKH� LRQ� LQMHFWRU¶V
FXUUHQW�� WKDW�GHWHUPLQLQJ�RI� LW¶V�HPLVVLRQ�� ,RQ�DFFHOHUDWH
LQVLGH�RSWLFDO�V\VWHP��IRUPHG�E\�HOHFWURGHV� LQ� WKH�GLUHF�
WLRQ�WR�WKH�FKDUJHG�QHJDWLYH�WDUJHW��)RUP�DQG�RYHUDOO�GL�
PHQVLRQ� ZDV� GHWHUPLQHG� LQ� FRQFRUGDQFH� ZLWK� IDPLOLDU
UHFRPPHQGDWLRQ�� (OHFWURQV� FRPH� WR� WKH� WDUJHW� ZLWK� YH�
ORFLW\�� FRQVLGHUDEO\� VPDOOHU� YHORFLW\� RI� LQMHFWLRQ�� � DV
VLQFH�EHFRPH�VORZHU�LQ�WDUJHW�ILHOG��DQG�WDUJHWCV�KHDW�QRW
PXFK��,Q�FDVH�RI��FKDUJLQJ�WDUJHW�E\�SXOVDU�EHDP�PD\�EH
XVHV� VFKHPH� ZLWK� FDSDFLWLYH� GLYLGHU� WKDW� ORFDWHG� DW� WKH
VDPH�YDFXXP�FKDPEHU�DQG�SURYLGLQJ�TXDVL�FRQVWDQW�SR�
WHQWLDO�RI�WKH�WDUJHW��WKRXJK�WKDW�LV� �QRW��QHFHVVDU\�LQ�WKH
SUHVHQFH�RI��SXOVHG�UHDFWLRQ�ZRUN�RI��WKH�LRQ�VRXUFH�

81,9(56$/�$&&(/(5$7,1*�&203/(;�)25�7+(�&86720
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3��$OIHURY���%��%RJGDQRYLWFK���$��1HVWHURYLWFK
6��2VWULNRY��$��3XFKNRY���6��6WHSDQRY��0(3K,��0RVFRZ��5XVVLD
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)RU�FKHFN�YDOLGLW\�RI�DVVXPSWLRQV��ZDV�VHW�D�H[�
SHULPHQW�� 6FKHPH� RI� WKH� H[SHULPHQW� DQG� H[SHULPHQWDO
VWDQG�GHPRQVWUDWHV�LQ�WKH�)LJ������7KH�FROOHFWRU�VHUYHV�DV
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)LJXUH�����6FKHPH�RI�H[SHULPHQWV�VWDQG���������SXPSV�
������WR�WKH�RVFLOORJUDSK��0��PDJQHW�

)LJXUH�����([SHULPHQWV�VWDQG�

D�WDUJHW��FKDUJHG�HOHFWURQV�EHDP�IURP�LQMHFWRU�WR����H9�
7KH� LRQ� EHDP� WKDW� IRUPLQJ� LQ� � WKH� F\OLQGHU� GLVFKDUJH
FKDPEHU�� HVWDEOLVKHG�RQ� WKH� HOHFWURQVC� SDWK� QHDU� FROOHF�
WRU�� DW� WKH� H[SHQVH� � LJQLWLRQ� RI� SODVPD�EHDP� GLVFKDUJH�
$ERXW�SUHVHQFH�WKH�DFFHOHUDWHG�LRQ�ZH�FDQ�VD\�YDULDWLRQ
VLJQDO� ZLWK� FROOHFWRU� ZKHQ� JDV� LQWURGXFWLRQ� LQ� SODVPD�
KHUH�DUH�KDG�EHHQ�JRWWHQ�IROORZLQJ�UHVXOWV��:KHQ�WKH�SR�
WHQWLDO� RI� HOHFWURQ� LQMHFWRU� LV� HTXDO� WR� ��� N9�� FXUUHQW
HOHFWURQ�EHDP�LV�HTXDO�WR���$�DQG�YDOXH�RI��LQGXFWLRQ�IR�
FXVLQJ�PDJQHWLF�ILHOG�LV������7��WKH�FROOHFWRU�FKDUJLQJ�XS
WR�SRWHQWLDO����N9��IRU����mV��WKH�LRQ�FXUUHQW�UHDFK�TXDQ�
WLW\� WR� ��� P$�� 2SHUDWLQJ� PRGH� RI� HOHFWURQ� RI� HOHFWURQ
LQMHFWRU���SXOVH��ZLWK�GXUDWLRQ�a�����mV�

)LQGLQJ�UHVXOWV�JLYH�EDVLV�IRU�IXOO�VFDOH�XVLQJ�WKH
SUHVHQW�DFFHOHUDWLRQ��7KH� LRQ� LQMHFWRU�ZDV�PDGH�RQ� � WKH
EDVLV�RI��PLFURZDYH�GLVFKDUJH�LQ�PDJQHWLF�ILHOG��)LJ����

)LJXUH�����,RQ�LQMHFWRU�

(OHFWURVWDWLF� V\VWHP� WKDW�ZDV�PDGH�DQG� WHVW�� KDYH� VHULHV
RI�HOHFWURGHV�IL[HG�RI�LQVXODWRUV��7KH�UHVLVWRUV�RI�GLYLVLRQ
ORFDWH�LQVLGH�RI�LQVXODWRU�DQG�PDNH�JDOYDQLF��MRLQLQJ�ZLWK
HOHFWURGHV��7KLV� V\VWHP�ZDV� VWRRG� WKH� VXFFHVVIXO� WHVW� LQ
YDFXXP��)LJ����� ,Q� WKH�FDSDFLW\�RI� WKH�KLJK�YROWDJH�VXS�
SO\LQJ�V\VWHP�ZH

)LJXUH� ���2SWLFDO� V\VWHP� RI� LRQ� DFFHOHUDWLQJ�ZLWK� UHVLV�
WDQFH�GLYLGHU��

SURSRVH� WR� XVH� WKH� HOHFWURQ� OLQDF� RQ� SRZHU� LQ� ����0H9
ZLWK� PLGGOH� FXUUHQW� ���� PLFURDPSHUH�� *HQHUDO� YLHZ
HOHFWURQ�OLQDF�SRLQW�DW�)LJ����3URVSHFWLYH�VL]H�WKLV�HTXLS�
PHQW��ZLWK�V\VWHP�IHHGLQJ�������P
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)LJXUH�����/LQHDU�HOHFWURQ�DFFHOHUDWRU�
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,Q�WKLV�DUWLFOH��ZH�SURSRVH��WKH�QHZ�VFKHPH�IRU
WKH�XQLYHUVDO�FXVWRP�H[DPLQDWLRQ�FRPSOH[��7KH�H[SHUL�
PHQWDO�VWDQG�ZDV�PDGH�DQG�WDVWHG�LQ�0(3K,�7KH�VLVHV�RI
V\VWHP�ZHUH�GHWHUPLQHG�������P
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>�@�<��<VRVHS��³'HWHFWLRQ�V\VWHP�SURRI�RI�SULQFLSOH�GH�
YLFH� XVLQJ� HOHFWURVWDWLF� DFFHOHUDWLRQ�� ,QWHUQDWLRQDO� OLQHDU
DFFHOHUDWRU�FRQIHUHQFH��*HQHYD��6ZLW]HUODQG��������9RO�
,��3����������
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