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7KH� HOHFWURQ� EHDP� LUUDGLDWLRQ� VWHULOL]DWLRQ� LV� SODFHG
ILUVW� DPRQJ� DOO� W\SHV� RI� PHGLFDO� LWHPV� VWHULOL]DWLRQ�� 7KH
TXDOLW\� RI� VWHULOL]DWLRQ� LV� GHWHUPLQHG� E\� YDOXH� RI� GRVH�
ZKLFK� LV� LQ� RQH
V� WXUQ� GHWHUPLQHG� E\� EHDP� FXUUHQW�
HOHFWURQ� HQHUJ\� DQG� EHDP� VFDQQLQJ� V\VWHP� SDUDPHWHUV�
7KHUHIRUH� WKHVH� SDUDPHWHUV� KDYH� WR� EH� FRQWUROOHG� GXULQJ
WKH� LUUDGLDWLRQ� SURFHVV�� 7KH� HTXLSPHQW� IRU� EHDP� FXUUHQW
DQG� HOHFWURQ� HQHUJ\� PRQLWRULQJ� DOORZV� WR� FRQWURO� EHDP
FXUUHQW��HOHFWURQ�HQHUJ\�VSHFWUXP�DQG�QRPLQDO�GHIOHFWLRQ
RI� HOHFWURQ� EHDP� ZKHQ� VFDQQLQJ� GXULQJ� WKH� LUUDGLDWLRQ
SURFHVV�HDFK�VFDQQLQJ�SHULRG�RU�� IRU�H[DPSOH�� HDFK� WHQWK
VFDQQLQJ� SHULRG� E\� UHTXHVW�� 7KH� HTXLSPHQW� FRQVLVWV� RI
LQGXFWLRQ�EHDP�FXUUHQW�VHQVRU�ZLWK�UHJLVWUDWLRQ�HTXLSPHQW
DQG� � WZR�JURXQGHG� HOHFWURQ� FROOHFWRUV��7KH� VLPSOLFLW\� RI
WKLV� HTXLSPHQW� DOORZV� WR� XVH� LW� IRU� LUUDGLDWLRQ� TXDOLW\
PRQLWRULQJ� SUDFWLFDOO\� LQ� DOO� HOHFWURQ� EHDP� LUUDGLDWLRQ
WHFKQRORJ\�SURFHVVHV�

��,1752'8&7,21

2QH� RI� ZLGH� XVHG� DQG� SHUVSHFWLYH� PHWKRGV� RI
VWHULOL]DWLRQ� RI� PHGLFDO� LWHPV� DQG� PDWHULDOV�� VXFK� DV
V\ULQJHV�� EORRG� WUDQVIXVLRQ� SDFNDJHV�� YDULRXV� HOHFWURGHV�
GUHVVLQJ� DQG� VXUJLFDO� SDFNDJHV�� LV� DFFHOHUDWHG� HOHFWURQ
EHDP�LUUDGLDWLRQ��7KH�TXDOLW\�RI�VWHULOL]DWLRQ�LV�GHWHUPLQHG
E\� WKH�GRVH� DEVRUEHG�E\� DOO� SDUWV� RI� VWHULOL]HG� REMHFW�� ,Q
RQH
V� WXUQ� WKH� GRVH� LV� GHWHUPLQHG� E\� EHDP� FXUUHQW� ,�
DFFHOHUDWHG�HOHFWURQ�HQHUJ\�:��HOHFWURQ�EHDP�VFDQQLQJ�RQ
WKH� REMHFW� VXUIDFH� DQG� WKH� SURGXFW� RI� WKLFNQHVV� t� DQG
GHQVLW\�r� RI� LUUDGLDWHG� REMHFW�� 7KH� HIIHFWLYH� YDOXH�tr� LV
FRQVWDQW� IRU� WKH� VDPH� REMHFWV� DW� FRQYH\RU� LUUDGLDWLRQ�
7KHUHIRUH� LW� LV� QHFHVVDU\� WR� FRQWURO� YDOXHV� :�� ,� DQG
QRUPDO�RSHUDWLRQ�RI�WKH�VFDQQLQJ�V\VWHP�

��021,725,1*�6&+(0(

����)DQ�VFDQQLQJ�EHDP�PRQLWRULQJ

7KH� DFFHOHUDWHG� HOHFWURQ� EHDP� VFDQQLQJ� V\VWHPV� DUH
XVHG� LQ�PRGHUQ� IDFLOLWLHV� IRU� FRPPHUFLDO� LUUDGLDWLRQ� >�@�
7KH� REMHFW� PRYHV� SHUSHQGLFXODU� WR� WKH� VFDQQLQJ� SODQH�
7KH�PRQLWRULQJ�VFKHPH��ZKLFK�PD\�EH�XVHG� LQ� IDQ�EHDP
VFDQQLQJ�LUUDGLDWLRQ��LV�VKRZQ�LQ�)LJ���

7KH�HOHFWURQ�EHDP��DFFHOHUDWHG�E\�/,1$&����LV�VKDSHG
WR�IDQ�EHDP�E\�VFDQQLQJ�V\VWHP����7KH�IDQ�EHDP�H[FLWHV
WKH� DOWHUQDWLQJ� PDJQHWLF� ILHOG� LQ� WKH� PDJQHWLF� FRUH� ��
VXUURXQGLQJ�WKH�HOHFWURQ�EHDP�DQG�FRUUHVSRQGLQJO\�WKH

)LJXUH����)DQ�VFDQQLQJ�EHDP�PRQLWRULQJ�

HOHFWURPRWLYH� IRUFH� LQ� WKH�ZLQGLQJ� �� RQ� WKH� FRUH� ��� 7KH
FRUH���DQG�ZLQGLQJ���DUH�SODFHG�LQWR�WKH�ERG\���ZLWK�WKH
VORW� ��� 7KH� HOHFWURPRWLYH� IRUFH� FUHDWHV� WKH� YROWDJH
SURSRUWLRQDO� WR� WKH� EHDP� FXUUHQW� ,� RQ� WKH� UHVLVWRU�� 7KLV
YROWDJH� LV� SDVVHV� WR� WKH� UHJLVWUDWLRQ� HTXLSPHQW� ���� DQG
DQDO\]HG�E\�FRPSXWHU��7KLV�LV�ZHOO�NQRZQ�LQGXFWLRQ�EHDP
FXUUHQW�VHQVRU�>�@�

7ZR� JURXQGHG� EHDP� FROOHFWRUV� �� DUH� SODFHG� LQ� WKH
VFDQQLQJ� V\VWHP�� 7KH� EHDP� SDVVHV� RXW� WKH� VFDQQLQJ
V\VWHP� DQG� LV� QRW� FROOHFWHG� E\� FROOHFWRUV� LQ� WKH� XVXDO
VFDQQLQJ� UHJLPH�� /HW¶V� LQFUHDVH� WKH� DPSOLWXGH� RI� VDZ�
WRRWKHG� PDJQHWLF� ILHOG� LQ� WKH� VFDQQLQJ� V\VWHP� DQG
FRUUHVSRQGLQJO\� LQFUHDVH� WKH�PD[LPXP� GHIOHFWLRQ� RI� WKH
EHDP� VR� DV� WR� FROOHFW� EHDP� E\� FROOHFWRU� DW� PD[LPXP
GHIOHFWLRQ�� ,I� PDJQHWLF� LQGXFWLRQ� RI� GHIOHFWLQJ� ILHOG
GHSHQGV�RQ�WLPH�DV�%�W�� WKDW� WKH�GHIOHFWLRQ�DQJOH�j�W�� IRU
HOHFWURQV� ZLWK� HQHUJ\�:� DQG� IRU� SROHV� VKDSH� VKRZQ� LQ
)LJ����GHSHQGV�RQ�WLPH�DV
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ZKHUH�H�LV�HOHFWURQ�FKDUJH��F�LV�OLJKW�YHORFLW\� ��
7KH� DFFHOHUDWHG� HOHFWURQ� EHDP� KDV� W\SLFDO� HQHUJ\

VSHFWUXP�VKRZQ�LQ�)LJ���
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)LJXUH����$FFHOHUDWHG�HOHFWURQ�EHDP�HQHUJ\�VSHFWUXP�

$W�FKDQJLQJ�%�W�� LQ�WLPH�WKH�HQHUJ\�:�W��RI�HOHFWURQV
JHWWLQJ�WR�WKH�FROOHFWRU�HGJH�LV�FKDQJHG�WRR�
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7KH� HOHFWURQV�ZLWK� HQHUJLHV�: : W� � � � DUH� FROOHFWHG

E\�FROOHFWRU�
7KXV�WKH�UHJLVWUDWLRQ�HTXLSPHQW�PHDVXUHV�WKH�FXUUHQW
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7KH�HQHUJ\�VSHFWUXP� LV�GHWHUPLQHG�E\�H[SUHVVLRQ� ���
DQG�IROORZLQJ�SDUDPHWULF�H[SUHVVLRQ
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7KXV� WKHUH� LV� WKH� SRVVLELOLW\� RI� WKH� PHDVXUHPHQW� RI
EHDP� FXUUHQW� ,�� EHDP� HQHUJ\� VSHFWUXP� -�:�� DQG� WKH
FRQWURO�RI�RSHUDWLRQ�UHJLPH�RI�WKH�VFDQQLQJ�V\VWHP�GXULQJ
HDFK�VFDQQLQJ�SHULRG�

����%HOW�VFDQQLQJ�EHDP�PRQLWRULQJ

7KH�EHOW�VFDQQLQJ�EHDP�PRQLWRULQJ�V\VWHP�LV�VKRZQ�LQ
)LJ���

7KH� FROOHFWRUV� �� DUH� SODFHG� EHWZHHQ� ILUVW� DQG� VHFRQG
EHQGLQJ� PDJQHWV�� 2Q� WKH� ZKROH� WKH� SROHV� RI� EHQGLQJ
PDJQHWV� KDYH� DUELWUDU\� SURILOH� DQG� WKH� GHSHQGHQFH� RI
HQHUJ\�:�W�� RI� HOHFWURQV� JHWWLQJ� WR� WKH� FROOHFWRU� HGJH� LV
GHWHUPLQHG�E\������ZKHUH�YDOXH�K�LV�FOHDU�IURP�)LJ����7KH
HQHUJ\�VSHFWUXP�PD\�EH�IRXQG�XVLQJ�H[SUHVVLRQ�����

)LJXUH����%HOW�VFDQQLQJ�EHDP�PRQLWRULQJ�
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7KH� EHDP� SDUDPHWHUV� PRQLWRULQJ� V\VWHP� ZDV
GHYHORSHG�IRU�PHGLFDO�LWHPV�LQGXVWU\�VWHULOL]DWLRQ�IDFLOLW\�
7KLV� IDFLOLW\� FRQVLVWV� RI� �� 0H9� VWDQGLQJ� ZDYH� HOHFWURQ
/,1$&�DQG� WKH�EHOW� EHDP�VFDQQLQJ� V\VWHP� DQDORJRXV� WR
RQH�VKRZQ�LQ�)LJ����7KH�DFFHOHUDWLQJ�VHFWLRQ��WKH�VFDQQLQJ
V\VWHP�ZLWK�KRUQ�DQG�WZR�EHQGLQJ�PDJQHWV�DQG�WKH�EHDP
SDUDPHWHUV� PRQLWRULQJ� V\VWHP� DUH� VKRZQ� LQ� )LJ���� 7KH
FDUGERDUG�ER[HV�ZLWK�PHGLFDO�LWHPV�DUH�PRYHG�E\�PHDQV
RI� UHFWLOLQHDU� FRQYH\RU� XQGHU� WKH� RXWSXW� IRLO� ZLQGRZ� RI
VFDQQLQJ�V\VWHP�KRUQ��7KH�ER[�VL]HV�DUH�����}��}���FP�
7KH�EHOW�VFDQQLQJ�EHDP�ZLGWK�LV����FP�

7KH�ZLUH�ZLQGLQJ� LV�ZLQGHG�XS�RQ� WKH�PDJQHWLF� FRUH
ZLWK� FURVV�VHFWLRQ� �[�� FP� DQG� LV� ORDGHG� E\� ��� 2KP
UHVLVWRU��7KH�YROWDJH�RQ� WKLV� UHVLVWRU� LV�8 N,��ZKHUH�N� 
�����Æ�¬�

7KH�DFFHOHUDWRU�RSHUDWHV�LQ�WKH�SXOVH�PRGH�ZLWK�EHDP
GXUDWLRQ� ����� mV� DQG� SXOVH� EHDP� FXUUHQW� , ���� $�� 7KH
YROWDJH� SXOVH� IRUP� FRLQFLGHV� ZLWK� HOHFWURQ� EHDP� SXOVH
IRUP�YHU\�ZHOO�LQ�FDVH�RI�D[LV�SDVV�RI�WKH�EHDP��7KH�SXOVH
YROWDJH� DPSOLWXGH� RQ� WKH� UHVLVWRU� FKDQJHV� LQ� WKH� UDQJH
IURP� �� WR� ������ 9� GXULQJ� EHDP� VFDQQLQJ� ZLWK� IXOO
FROOHFWLQJ�� 7KLV� SXOVH� YROWDJH� PD\� EH� ORRNHG� DW� WKH
RVFLOORVFRSH�LQ�FDVH�RI�QHHG�RU�LQ�WKH�RSHUDWLQJ�PRGH�LW�LV
SDVVHV� WR� WKH� UHJLVWUDWLRQ� HTXLSPHQW� DQG� DQDO\]HG� E\
FRPSXWHU�WR�JHW�WKH�EHDP�FXUUHQW�DQG�WKH�DYHUDJH�HOHFWURQ
HQHUJ\��7KH�EHDP�FXUUHQW��WKH�HOHFWURQ�HQHUJ\�DQG�NQRZQ
SXOVH� UHSHWLWLRQ� UDWH� DQG� FRQYH\RU� YHORFLW\� DOORZ� WR
FRQWURO� WKH� GRVH� DQG� WKXV� WR� FRQWURO� WKH� VWHULOL]DWLRQ
TXDOLW\�RI�HDFK�ER[�

7KH� FRQYH\RU� RSHUDWHV� LQ� WKH� FRQWLQXH� PRGH�� 7KH
VWHULOL]DWLRQ�TXDOLW\�PD\�EH�FRQWUROOHG�GXULQJ�DOO
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)LJXUH���)XOO�VFDOH�PRGHO�PRQLWRULQJ�V\VWHP�

VWHULOL]DWLRQ� WLPH� HDFK� VFDQQLQJ� KDOI�SHULRG� RU� PRUH
VHOGRP��)RU�H[DPSOH�WKH�VFDQQLQJ�DQJOH�IRU�PHDVXULQJ�RI
HOHFWURQ� HQHUJ\� LV� LQFUHDVHG�� ZKHQ� EHDP� LV� EHWZHHQ
ER[HV�� ,W� DOORZV� WR� FRQWURO� WKH� HOHFWURQ� HQHUJ\� ZLWKRXW
GHFUHDVLQJ� RI� LUUDGLDWLRQ� GRVH�� 7KH� EHDP� FXUUHQW� LV
PHDVXUHG�FRQWLQXRXVO\�

7KH� QXPEHU� DQG� WKH� GRVH� RI� HDFK� ER[� DQG� WKH
VWHULOL]DWLRQ� GDWH� PD\� EH� PDUNHG� RQ� WKH� ER[� VXUIDFH� E\
PHDQV� RI� ODVHU�PDUNHU� RU� EDU�FRGH�PDUNHU� FRXSOHG� ZLWK
WKH� FRQWURO� FRPSXWHU�� 7KH� FRPSXWHU� PD\� VWRUH� DQ
LQIRUPDWLRQ�RI�WKH�GRVH�JRW�E\�HDFK�ER[�DQG�JLYH�VLJQDOV
WR�RSHUDWRU�DERXW�GHIHFWLYH�VWHULOL]DWLRQ�

��&21&/86,21

7KH� GHVFULEHG� HTXLSPHQW� DOORZV� WR� KDYH� DFFHOHUDWHG
HOHFWURQ� EHDP� SDUDPHWHUV� PRQLWRULQJ� DQG� WKHUHIRUH� WKH
QHFHVVDU\�GRVH�PRQLWRULQJ�GXULQJ� WKH� LUUDGLDWLRQ�SURFHVV�
7KLV�PRQLWRULQJ�PD\� EH� FDUULHG� RXW� RQHV� RU� WZLFH� HYHU\

GD\��HYHU\�WHQWK�VFDQQLQJ�SHULRG�RU�HYHU\�VFDQQLQJ�SHULRG
E\�UHTXHVW�ZLWKRXW�LQWHUUXSWLRQ�RI�WKH�LUUDGLDWLRQ�SURFHVV�

��$&.12:/('*(0(176

7KH� DXWKRU� ZLVKHV� WR� WKDQN� 6�1�3XFKNRY� IRU� KHOS� LQ
PDQXIDFWXULQJ�DQG�WHVWLQJ�RI�WKH�FRUH�DQG�ZLQGLQJ�RI�IXOO�
VFDOH�PRGHO�PRQLWRULQJ�V\VWHP�

5()(5(1&(6

>�@� $�$�=DYDGWVHY�� (OHFWURQ� %HDP� 6FDQQLQJ� 6\VWHPV�
3URFHHGLQJ�RI�WKLV�FRQIHUHQFH�

>�@� 9�$�0RVNDORY��9�*�6KHVWDNRY� DQG�*�,�6HUJHHY��7KH
0HDVXUHPHQW�RI�&KDUJHG�3DUWLFOHV�%HDPV�3DUDPHWHUV�
0���$WRPL]GDW���������LQ�5XVVLDQ��
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