
��0HDVXULQJ�D�)HHGEDFN�/RRS�7UDQVIHU�)XQFWLRQ

7KH�FODVVLFDO�ZD\�WR�PHDVXUH�D�IHHGEDFN�ORRS�WUDQVIHU�IXQFWLRQ�LV�WR�EUHDN�WKH�ORRS�DW�
VRPH�SRLQW��WHUPLQDWH�WKH�LQSXW�ZLWK�WKH�RXWSXW�LPSHGDQFH��WHUPLQDWH�WKH�RXWSXW�ZLWK�WKH�
LQSXW�LPSHGDQFH��GULYH�D�VPDOO�$&�VLJQDO�LQWR�WKH�LQSXW�DQG�PHDVXUH�WKH�UDWLR�RI�WKH�
RXWSXW�WR�WKH�LQSXW���,Q�63,&(�DQDO\VLV��WKH�LQSXW�LV�IUHTXHQWO\�VHW�DW���YROW�DQG�WKH�RXWSXW�
YROWDJH�LV�WKHQ�SORWWHG�GLUHFWO\�DV�JDLQ�VLQFH�WKH�GHQRPLQDWRU�RI�WKH�UDWLR�KDV�D�FRQVWDQW�
YDOXH�RI�����,Q�UHDO�OLIH��WKLV�PHDVXUHPHQW�DSSURDFK�LV�YLUWXDOO\�LPSRVVLEOH�VLQFH�WKH�ORRS�
JDLQ�LV�XVXDOO\�YHU\�KLJK�DW�ORZ�IUHTXHQF\�DQG�LW�LV�GLIILFXOW�WR�NHHS�WKH�LQSXW�VWDEOH�
HQRXJK�WR�SUHYHQW�WKH�RXWSXW�IURP�VZLQJLQJ�ZLOGO\�IURP�OLPLW�WR�OLPLW��

� &ODVVLFDO�0HWKRG� 9HQDEOH�0HWKRG�

:H�DYRLG�WKLV�GLIILFXOW�PHDVXUHPHQW�VLWXDWLRQ�E\�ILQGLQJ�D�SODFH�ZKHUH�WKH�ORRS�LV�
FRQILQHG�WR�D�VLQJOH�SDWK��DOVR�D�UHTXLUHPHQW�LQ�WKH�FODVVLFDO�PHWKRG��DQG�D�SODFH�ZKHUH�
WKH�VLJQDO�FRPHV�IURP�D�ORZ�LPSHGDQFH�SRLQW�DQG�GULYHV�D�KLJK�LPSHGDQFH�SRLQW���7KLV�
LPSHGDQFH�FRQGLWLRQ�PLQLPL]HV�WKH�HUURU�FDXVHG�E\�QRW�SURSHUO\�WHUPLQDWLQJ�WKH�LQSXW�
DQG�RXWSXW���:H�WKHQ�LQVHUW�D�VPDOO�UHVLVWRU�LQWR�WKH�IHHGEDFN�ORRS��VPDOO�FRPSDUHG�WR�
WKH�LQSXW�LPSHGDQFH�RI�WKH�ORRS����)LQDOO\��ZH�FRQQHFW�D�IORDWLQJ�$&�VRXUFH��WKH�RXWSXW�
RI�D�WUDQVIRUPHU�RU�IORDWLQJ�RVFLOODWRU��DFURVV�WKH�QHZ�UHVLVWRU�DQG�GULYH�LW�ZLWK�D�
VLQXVRLGDO�YROWDJH�VRXUFH���7KLV�FRQYHUWV�WKH�UHVLVWRU�LQWR�D�IORDWLQJ�VLQXVRLGDO�HUURU�
YROWDJH�LQ�VHULHV�ZLWK�WKH�IHHGEDFN�ORRS���7KLV�YROWDJH�PRGXODWHV�WKH�RSHUDWLQJ�SRLQW�RI�
WKH�HQWLUH�FLUFXLW��
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2QFH�WKH�RSHUDWLQJ�SRLQW�LV�PRGXODWHG��LW�LV�HDV\�WR�PHDVXUH�WKH�YROWDJH�WR�JURXQG�IURP�
DQ\�SRLQW�LQ�WKH�FLUFXLW���7KH�GLIILFXOW�SDUW�LV�WKDW�WKH�RQO\�VLJQDO�WKDW�PDWWHUV�LV�WKH�YROWDJH�
DW�WKH�IUHTXHQF\�RI�WKH�LQMHFWHG�HUURU�YROWDJH��ZKLFK�PD\�EH�D�IHZ�PLOOLYROWV�LQ�WKH�
SUHVHQFH�RI�YROWV�RI�QRLVH���7KDW�LV�ZKHUH�RXU�VXSHULRU�)UHTXHQF\�5HVSRQVH�$QDO\]HU�
FRPHV�LQ���,W�XVHV�WUXH�)RXULHU�,QWHJUDO�DQDO\VLV��DV�RSSRVHG�WR�WKH�OHVV�DFFXUDWH�)DVW�
)RXULHU�7UDQVIRUP��WR�DFFXUDWHO\�PHDVXUH�DPSOLWXGH�DQG�SKDVH�RI�VPDOO�VLJQDOV�EXULHG�
LQ�ODUJH�DPRXQWV�RI�QRLVH���/RRS�JDLQ�LV�WKH�UDWLR�RI�WKH�YROWDJH�RXW�RI�WKH�FLUFXLW�WR�WKH�
YROWDJH�LQWR�WKH�FLUFXLW���7KH�DPSOLWXGH�RI�WKH�YDULRXV�YROWDJHV�YDULHV�ZLGHO\�ZLWK�
IUHTXHQF\��EXW�WKH�DEVROXWH�YDOXHV�DUH�QRW�LPSRUWDQW��RQO\�WKH�UDWLR�DQG�UHODWLYH�SKDVH�
DQJOH��

,Q�WKH�UDUH�FDVH�ZKHUH�WKH�LPSHGDQFH�UDWLR�RI�LQSXW�WR�RXWSXW�LV�QRW�VXIILFLHQWO\�KLJK��D�
FRUUHFWLRQ�IDFWRU�FDQ�EH�DSSOLHG�WR�WKH�GDWD�WR�FRUUHFW�IRU�WKH�LPSHGDQFH�FRQGLWLRQ��
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7KHUH�LV�DOVR�D�³GXDO´�RI�WKH�YROWDJH�LQMHFWLRQ�PHWKRG�WKDW�LV�XVHIXO�ZKHQ�WKH�LQSXW�
LPSHGDQFH�LV�PXFK�ORZHU�WKDQ�WKH�RXWSXW�LPSHGDQFH���7KLV�LQYROYHV�LQMHFWLQJ�D�FXUUHQW�
LQWR�WKH�ORRS�LQVWHDG�RI�D�YROWDJH�DQG�PHDVXULQJ�WKH�UDWLR�RI�WKH�FXUUHQWV�RQ�HLWKHU�VLGH�
RI�WKH�LQMHFWLRQ�SRLQW�LQVWHDG�RI�WKH�YROWDJH���7KHVH�WZR�WHVW�WHFKQLTXHV�DUH�VKRZQ�LQ�WKH�
ILJXUHV�EHORZ��DQG�WKH�FXUUHQW�LQMHFWLRQ�WHFKQLTXH�LV�XVHG�LQ�RQH�RI�WKH�LQMHFWLRQ�SRLQW�
H[DPSOHV��

9ROWDJH�0RGH�,QMHFWLRQ�
8VH�ZKHQ�=LQ�!!�=RXW�
*DLQ� �&+��&+��
7KLV�LV�WKH�QRUPDO�LQMHFWLRQ�PHWKRG�

&XUUHQW�0RGH�,QMHFWLRQ�
8VH�ZKHQ�=LQ����=RXW�
*DLQ� �&+��&+��
³'XDO´�RI�QRUPDO�PHWKRG�
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+HUH�LV�D�VWHS�E\�VWHS�GHVFULSWLRQ�RI�KRZ�WR�PHDVXUH�D�IHHGEDFN�ORRS�WUDQVIHU�IXQFWLRQ��

��� )LQG�D�SODFH�LQ�\RXU�FLUFXLW�ZKHUH�WKH�ORRS�LV�FRQILQHG�WR�D�VLQJOH�SDWK��FRPHV�IURP�D�
ORZ�LPSHGDQFH��DQG�GULYHV�D�KLJK�LPSHGDQFH���,Q�D�SRZHU�VXSSO\��WKH�PRVW�UHOLDEOH�
SODFH�WKDW�PHHWV�WKHVH�FULWHULD�LV�WKH�SRLQW�ZKHUH�WKH�UHVLVWRU�RU�QHWZRUN��ODEHOHG�=L

LQ�WKH�ILJXUH�EHORZ��FRQQHFWV�WR�WKH�RXWSXW�RI�WKH�SRZHU�VXSSO\��W\SLFDOO\�D�ODUJH�
YDOXH�HOHFWURO\WLF�FDSDFLWRU��

,QMHFWLRQ�LQ�WRS�RI�IHHGEDFN�VWULQJ����� ,QMHFWLRQ�EHWZHHQ�DPSOLILHU�DQG�PRGXODWRU��

,QMHFW�LQ�IHHGEDFN�RI�HUURU�DPSOLILHU�� ,QMHFWLRQ�LQ�FLUFXLWV�XVLQJ�7/�����
$OZD\V�DYDLODEOH�EXW�XVXDOO\�QRLVH� 0DNH�VXUH�LQMHFWLRQ�LQFOXGHV�ERWK�WKH�³IDVW��
VHQVLWLYH���$OVR�ZRUNV�RQ�FLUFXLWV�ZLWK� ORRS´�WKURXJK�WKH�GLRGH�DQG�WKH�³VORZ�ORRS´��
7/���¶V�DQG�RSWRFRXSOHUV�� WKURXJK�WKH�UHVLVWLYH�GLYLGHU�VWULQJ��
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&XUUHQW�LQMHFWLRQ�ZRUNV�LQ�PDQ\�GLIILFXOW�PHDVXUHPHQW�VLWXDWLRQV���7KLV�PHWKRG�
UHTXLUHV�WZR�FXUUHQW�ORRSV�DQG�WZR�FXUUHQW�SUREHV�EXW�QR�UHVLVWRU�LQVHUWHG�LQ�WKH�
FLUFXLW���*DLQ�LV�GHWHUPLQHG�E\�WKH�UDWLR�RI�WZR�FXUUHQWV�LQVWHDG�RI�WKH�UDWLR�RI�WZR�
YROWDJHV���$�KLJK�YDOXH�UHVLVWRU��W\SLFDOO\���N��LV�XVHG�WR�FRXSOH�WKH�RVFLOODWRU�RXWSXW�WR�
WKH�WHVW�SRLQW�EHWZHHQ�WKH�WZR�FXUUHQW�SUREHV���8VH�WKH�'&�RIIVHW�FDSDELOLW\�RI�WKH�
RVFLOODWRU�WR�ELDV�WKH�'&�OHYHO�WR�PDWFK�WKH�FRPPRQ�PRGH�YROWDJH�RI�WKH�HUURU�
DPSOLILHU��XVXDOO\�����YROWV��VR�WKH�'&�RSHUDWLQJ�SRLQW�RI�WKH�FLUFXLW�LV�QRW�GLVWXUEHG��

��� $W�WKH�LQMHFWLRQ�SRLQW��OLIW�WKH�UHVLVWRU�RU�QHWZRUN�RII�WKH�SULQWHG�FLUFXLW�ERDUG�DQG�
LQVHUW�D�ORZ�YDOXH�UHVLVWRU�EHWZHHQ�WKH�QHWZRUN�DQG�WKH�RXWSXW�EXV���7KH�SUHIHUUHG�
YDOXH�RI�WKLV�LQMHFWLRQ�UHVLVWRU�LV�����RKPV���/RZHU�UHVLVWDQFH�YDOXHV�FDQ�EH�XVHG��
HYHQ�GRZQ�WR���RKP��EXW�WKH�VLJQDO�OHYHOV�DQG�WKH�EDQGZLGWK�RI�WKH�LQMHFWLRQ�
WUDQVIRUPHU�PD\�VXIIHU���<RX�FDQ�MXGJH�WKH�HIIHFW�IRU�\RXUVHOI�E\�QRWLQJ�WKH�TXDOLW\�RI�
WKH�GDWD��HVSHFLDOO\�WKH�GDWD�DW�IUHTXHQFLHV�IDU�EHORZ�RU�DERYH�WKH�ORRS�FURVVRYHU�
IUHTXHQF\���2Q�IXWXUH�GHVLJQV��WKLQN�DERXW�GHVLJQLQJ�WKH�LQMHFWLRQ�UHVLVWRU�LQ�DV�D�
SHUPDQHQW�SDUW�RI�WKH�FLUFXLW���7KH�FRVW�LV�QHJOLJLEOH�DQG�LW�DOORZV�\RX�WR�SHUIRUP�D�
ORRS�IUHTXHQF\�UHVSRQVH�WHVW�DQ\�WLPH�\RX�ZDQW�WR��

��� 7KUHH�SRLQWV�DUH�QHFHVVDU\�WR�PHDVXUH�ORRS�JDLQ��WKH�WZR�VLGHV�RI�WKH�LQMHFWLRQ�
UHVLVWRU�DQG�VLJQDO�JURXQG���7KH�FRQQHFWLRQ�XVHG�WR�PHDVXUH�VLJQDO�JURXQG�VKRXOG�
SUHIHUDEO\�EH�YHU\�QHDU�WKH�JURXQG�RI�WKH�'&�UHIHUHQFH�YROWDJH��W\SLFDOO\�WKH�JURXQG�
SLQ�RI�WKH�3:0�FRQWURO�FKLS���,I�WKHVH�WKUHH�SRLQWV�DUH�QRW�DOO�DFFHVVLEOH�ZLWK�0LQL�
JUDEEHU�FOLSV��VROGHU�WHVW�SRLQWV�WR�WKH�FLUFXLW�DV�UHTXLUHG��

��� 8VLQJ�WKUHH�RI�WKH�%1&�%1&�FDEOHV�SURYLGHG��FRQQHFW�WKH�2VFLOODWRU��&KDQQHO����
DQG�&KDQQHO���RI�WKH�)UHTXHQF\�5HVSRQVH�$QDO\]HU�WR�WKH�FRUUHVSRQGLQJ�WKUHH�
%1&�FRQQHFWRUV�RQ�D�%RGH�%R[�LQMHFWLRQ�WUDQVIRUPHU��
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��� 8VLQJ�WKH�EODFN��EURZQ��DQG�UHG�%DQDQD�0LQL�JUDEEHU�FDEOHV�SURYLGHG��FRQQHFW�
HDFK�EDQDQD�SOXJ�HQG�WR�WKH�FRUUHVSRQGLQJO\�FRORUHG�EDQDQD�MDFN�RQ�WKH�VDPH�
%RGH�%R[�LQMHFWLRQ�WUDQVIRUPHU��

��� &RQQHFW�WKH�EODFN�0LQL�JUDEEHU�WR�VLJQDO�JURXQG�QHDU�WKH�JURXQG�RI�WKH�UHIHUHQFH�
YROWDJH���7KLV�SRLQW�PXVW�EH�ZLWKLQ�UDWHG�VLJQDO�JURXQG�WR�FKDVVLV�JURXQG�YROWDJH�RI�
\RXU�SDUWLFXODU�DQDO\]HU��

��� &RQQHFW�WKH�EURZQ�0LQL�JUDEEHU�WR�WKH�SRLQW�ZKHUH�WKH�LQMHFWLRQ�UHVLVWRU�WLHV�WR�WKH�
HUURU�DPSOLILHU�LQSXW�UHVLVWRU�RU�QHWZRUN���7KLV�YROWDJH�PXVW�EH�ZLWKLQ�UDWHG�LQSXW�WR�
VLJQDO�JURXQG�YROWDJH�RI�\RXU�SDUWLFXODU�DQDO\]HU��

��� &RQQHFW�WKH�UHG�0LQL�JUDEEHU�WR�WKH�SRLQW�ZKHUH�WKH�LQMHFWLRQ�UHVLVWRU�WLHV�WR�WKH�
SRZHU�VXSSO\�RXWSXW�EXV��RU�HTXLYDOHQW�SRLQW�LQ�\RXU�FLUFXLW����7KLV�YROWDJH�PXVW�EH�
ZLWKLQ�UDWHG�LQSXW�WR�VLJQDO�JURXQG�YROWDJH�RI�\RXU�SDUWLFXODU�DQDO\]HU��

/RRS�JDLQ�PHDVXUHPHQW�VHWXS�XVLQJ�D�9HQDEOH�DQDO\]HU�ZLWK�D�IORDWLQJ�RVFLOODWRU���1R�
WUDQVIRUPHU�LV�UHTXLUHG�LQ�WKLV�FDVH���6HSDUDWH�%1&�0LQLJUDEEHU�FDEOHV�DUH�XVHG�WR�LQMHFW�
DQG�PHDVXUH�WKH�ORRS�JDLQ�LQSXW�DQG�RXWSXW�YROWDJHV�

����������

���
Copyright (C) Venable Instruments 2019 All Rights Reserved



��� 7XUQ�\RXU�FLUFXLW�RQ�DQG�PDNH�VXUH�LW�LV�RSHUDWLQJ�SURSHUO\��

����$�KLJKO\�UHFRPPHQGHG�VWHS�LV�WR�FRQQHFW�D�WZR�FKDQQHO�RVFLOORVFRSH�WR�WKH�VDPH�
VLJQDOV�WKDW�&KDQQHO���DQG�&KDQQHO���DUH�FRQQHFWHG�WR���7KLV�ZLOO�DOORZ�\RX�WR�
PRQLWRU�WKH�DPRXQW�RI�VLJQDO�LQMHFWHG�LQWR�WKH�ORRS�DQG�GHWHUPLQH�LI�WKHUH�LV�DQ\�
FOLSSLQJ�RU�GLVWRUWLRQ�RI�WKH�VLQXVRLGDO�LQMHFWLRQ�VLJQDO���7KH�WKHRU\�EHKLQG�WKLV�
PHDVXUHPHQW�UHTXLUHV�WKDW�WKH�RXWSXW�EH�FRQWLQXRXVO\�DQG�OLQHDUO\�SURSRUWLRQDO�WR�
WKH�LQSXW���,I�WKLV�LV�QRW�WUXH��WKH�UHVXOWV�ZLOO�QRW�EH�YDOLG��

'LVWRUWHG�VLQH�ZDYH�LQGLFDWHV�RYHUGULYH�� 8QGLVWRUWHG�VLQH�ZDYH�LV�GHVLUHG��

����2SHQ�WKH�9HQDEOH�VRIWZDUH���6HW�WKH�YDULDEOHV�LQ�WKH�$QDO\]HU�&RQWURO�ZLQGRZ�DV�
GHVLUHG��

7\SLFDO�YDOXHV�DUH�IRU�����N+]�VZLWFKLQJ�IUHTXHQF\��

6WDUW�)UHTXHQF\� ���+]�
6WRS�)UHTXHQF\� ���N+]���������OHVV�WKDQ�\RXU�VZLWFKLQJ�IUHTXHQF\��
/RJ�6ZHHS� ���6WHSV�'HFDGH�
$&�9ROWV�2XW� ��9�ZLWK�%RGH�ER[�RU�����P9�ZLWK�D�IORDWLQJ�RVFLOODWRU�
'&�9ROWV�2XW� ��
:DYHIRUP� 6LQH�
2XWSXW�,PSHGDQFH� ���2KP�
,QWHJUDWLRQ� 7LPH�
,QWHJUDWLRQ�7LPH� ��6HF�
'HOD\�7LPH� ��6HF�
,QSXW�,PSHGDQFH� ��0RKP�
6HUYR� � 2II�
$&�2XW�6WHS�6L]H� ���G%�
0D[�$&�9ROWV�2XW� ���9ROWV�SHDN�
0D[�*DLQ�&KDQJH� 2II��XQFKHFNHG��
0D[�3KDVH�&KDQJH�2II��XQFKHFNHG��

&KDQQHO�5DWLR� &+��&+��
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����&OLFN�RQ�WKH�³7DNH�'DWD�DW�6WDUW�)UHT´�
EXWWRQ���7KHUH�VKRXOG�EH�
FRPPXQLFDWLRQ�ZLWK�WKH�DQDO\]HU��ZLWK�
WKH�GDWD�VKRZLQJ�XS�LQ�WKH�&RPPDQG�
'LVSOD\�WH[W�ER[���7KH�³*DLQ´�DQG�
³3KDVH´�ER[HV�LQ�WKH�5HDGLQJV�
ZLQGRZ�VKRXOG�UHDG�UHDVRQDEOH�
YDOXHV��

����,I�HYHU\WKLQJ�ORRNV�2.��FOLFN�WKH�³5XQ�
6ZHHS´�EXWWRQ��7KH�V\VWHP�ZLOO�
DXWRPDWLFDOO\�VZHHS�IURP�WKH�VWDUW�
IUHTXHQF\�WR�WKH�VWRS�IUHTXHQF\�DW�WKH�
VSHFLILHG�QXPEHU�RI�VWHSV�SHU�
GHFDGH��<RX�FDQ�VHH�WKH�GDWD�EHLQJ�
SUHVHQWHG�LQ�UHDO�WLPH����

�����7KH�GDWD�MXVW�WDNHQ�ZLOO�
DXWRPDWLFDOO\�EH�³VHOHFWHG´�DQG�
HDFK�GDWD�SRLQW�ZLOO�VKRZ�DV�D�EODFN�
GRW���%HORZ�WKH�JUDSK�DUH�WKH�GDWD�
VHW�SURSHUWLHV�IRU�WKH�VHOHFWHG�
JUDSK���<RX�FDQ�FKDQJH�WKH�UDWLR�RI�
RXWSXW�QRGH�QXPEHU�WR�LQSXW�QRGH�
QXPEHU��VFDOH�IDFWRU��OLQH�W\SH��OLQH�WKLFNQHVV�RU�FRORU�RI�HLWKHU�FXUYH���<RX�FDQ�DOVR�
HGLW�WKH�'DWD�7H[W�'HVFULSWLRQ��
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