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7KH� 6<6&$/� W\SH� UHVLVWLYLW\�PHWHUV� UDQJH� RI� ,5,6� ,167580(176 DUH� IXOO\� DXWRPDWLF�UHVLVWLYLW\�PHWHUV���WKH\�KDYH�EHHQ�GHVLJQHG�IRU�LQWHQVLYH�H[SORUDWLRQ�RI�WKH�JURXQG�WKDQNV�WR�'&�HOHFWULFDO�PHWKRGV��7KH\�DOORZ�WR�VWXG\�WKH�YDULDWLRQV�RI� WKH�UHVLVWLYLW\� LQ�UHJDUGV� WR� WKH�GHSWK��YHUWLFDO�HOHFWULFDO�VRXQGLQJ��WRJHWKHU�ZLWK�WKH�ODWHUDO�YDULDWLRQV�REVHUYHG�DORQJ�D�SURILOH��HOHFWULFDO�SURILOLQJ���7KH\�DOORZ�DOVR� WR�FRPSXWH� WKH�FKDUJHDELOLW\� �,QGXFHG�3RODULVDWLRQ��RI�WKH�JURXQG��
7KHLU� FRPSDFWQHVV� PDNH� WKHVH� HTXLSPHQWV� YHU\� HIILFLHQW� WR� FDUU\� RXW� LQWHQVLYH� ILHOG�PHDVXUHPHQWV��7KHVH�HTXLSPHQWV�KDYH�WZR�LQWHUQDO�EDWWHULHV��RQH�IRU�WKH�FLUFXLWU\�VXSSO\LQJ��DQG�WKH�RWKHU�IRU�WKH�JHQHUDWLRQ�RI�WKH�LQMHFWLRQ�FXUUHQW��DQG�FDQ�EH�DOVR�VXSSOLHG�E\�D����9�H[WHUQDO�EDWWHU\��FDU�EDWWHU\�W\SH��IRU�WKLV�IXQFWLRQ��7R�JHQHUDWH�WKH�FXUUHQW�LQWR�WKH�JURXQG��WKH�UHVLVWLYLW\�PHWHU�XVH�LWV�LQWHUQDO�FRQYHUWHU��ZKLFK�ZLOO�FRQYHUW�WKH����9�RI�WKH�EDWWHU\��LQWHUQDO�RU�H[WHUQDO��E\�D�JUHDWHU�YDOXH��
7KH�PHDVXUHPHQW�LV�PDGH�IXOO\�DXWRPDWLFDOO\�WKURXJK�WKH�FRQWURO�RI�D�PLFURSURFHVVRU�� $XWRPDWLF�VSRQWDQHRXV�SRODUL]DWLRQ��6S��FRUUHFWLRQ�� $XWRPDWLF�UDQJLQJ�� 'LJLWDO�VWDFNLQJ�IRU�VLJQDO�HQKDQFHPHQW�� (UURU�GLVSOD\�LQ�FDVH�RI�SURFHGXUH�WURXEOHV
$OO� WKH� SDUDPHWHUV� OLNH� LQWHQVLW\�� YROWDJH�� JHRPHWULFDO� SDUDPHWHUV�� VWDWLRQ� QXPEHU�«� DUH�VWRUHG�LQ�WKH�PHPRU\��$�VHULDO�OLQN�SHUPLWV�WR�WUDQVIHU�WKH�GDWD�WR�D�3&�IRU�GDWD�SURFHVVLQJ�DQG�LQWHUSUHWDWLRQ�
7KRVH�UHVLVWLYLW\�PHWHUV�FDQ�EH�UHPRWH�FRQWUROOHG�WKURXJK�WKH�VHULDO�OLQN��UHDGLQJ�RI�WKH�VWRUHG�PHDVXUHPHQW� SRLQWV�� FRQWURO� RI� WKH� ZKROH� IXQFWLRQV��� 7KH\� FDQ� EH� DOVR� FRQQHFWHG� WR� DQ�LQWHOOLJHQW� QRGHV� QHWZRUN� WR� EH� XVHG� DV� DQ� DXWRPDWLF� VZLWFKLQJ� V\VWHP� �0XOWL�(OHFWURGH�PRGH�� FI��$QQH[����
7KHVH� 6<6&$/� FRPELQH� WKH� SRZHU� VRXUFH�� WKH� WUDQVPLWWHU� DQG� WKH� UHFHLYHU� LQ� WKH� VDPH�KRXVLQJ��FI��,�������7KH\� DUH� VSHFLDOO\� GHVLJQHG� IRU� PHGLXP� GHSWK� H[SORUDWLRQ� DQG� FDQ� EH� XVHG� LQ� PDQ\� FLYLO�HQJLQHHULQJ� DQG� JURXQG� ZDWHU� SURMHFWV� WR� VROYH� SUREOHPV� VXFK� DV� GHSWK� WR� EHGURFN�GHWHUPLQDWLRQ�� ZHDWKHUHG� EHGURFN� DUHDV� ORFDOL]DWLRQ�� FOD\�JUDYHO� GHWHUPLQDWLRQ�� VKDOORZ�DTXLIHU�GHSWK�DQG�WKLFNQHVV�GHWHUPLQDWLRQ��VDOLQLW\�FRQWURO�DQG�SROOXWLRQ�PRQLWRULQJ�
7KH� UHVLVWLYLW\�PHWHUV� FRQFHUQHG�E\� WKLV�PDQXDO� DUH� WKH�6<6&$/�-XQLRU� �-U�� DQG�5��3OXV�
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)RU�WKHVH�UHVLVWLYLW\�PHWHUV��WKH�IXOO�FRQWURO�LV�PDGH�IURP�WKHLU�IURQW�SDQHO�
� $����NH\�IXQFWLRQ�DQG�QXPHULF�NH\SDG��7KH� IXQFWLRQ�NH\V�DUH�XVHG� IRU� VHWWLQJ� WKH�XQLW�XS�� VWDUWLQJ�DQG�VWRSSLQJ� WKH�PHDVXUHPHQW��PDQDJLQJ�WKH�LQWHUQDO�PHPRU\��7KH�QXPHULF�NH\V�DUH�XVHG�IRU� LQWURGXFLQJ�GDWD�VXFK�DV� WKH�VWDWLRQ�QXPEHUV��WKH�OHQJWKV�RI�WKH�OLQHV��HWF���� $�WZR�OLQH����FKDUDFWHUV�DOSKD�QXPHULF�/&'�GLVSOD\� $�WKUHH�SLQV�SOXJ��6(5,$/�/,1.��IRU�WKH�3&�FRPPXQLFDWLRQ�� 3OXJV� WR� FRQQHFW� WKH� HOHFWURGHV� �LQ� VWDQGDUG�PRGH��RU� IRU� WKH� UHPRWH� HOHFWURGHV� LQ�0XOWL�(OHFWURGH�PRGH��$�%�IRU�WKH�FXUUHQW�HOHFWURGHV��&��± 0�1�IRU�WKH�SRWHQWLDO�HOHFWURGHV��3�� $�FRQQHFWRU��5[��IRU�WKH�FKDUJH�RI�WKH�V\VWHP�EDWWHU\�� $�FRQQHFWRU��7[��IRU�WKH�FKDUJH�RI�WKH�WUDQVPLWWHU�EDWWHU\�� 7RZ�SOXJV�IRU�WKH�FRQQHFWLRQ�RI�DQ�H[WHUQDO�EDWWHU\�IRU�WKH�FXUUHQW�JHQHUDWLRQ��7[�� :DUQLQJ�OHG�IRU�WKH�7[�EDWWHU\

,������.(<%2$5'7KH� NH\ERDUG� RI� WKHVH� UHVLVWLYLW\�PHWHUV� IHDWXUHV� VRPH� NH\V� GHVLJQHG� WR� EH� XVHG� HLWKHU� LQ�QXPHULF�RU�LQ�IXQFWLRQ PRGH��1R�FRQIXVLRQ FDQ�EH�GRQH�EHWZHHQ�WKHVH�PRGHV��EHFDXVH�WKH�GHYLFH�NQRZV�SUHFLVHO\��DW�DQ\�VWHS�RI�WKH�XVH��LQ�ZKLFK�PRGH�LW�KDV�WR�VHW�LWVHOI�

7KHQ��WKH�UHVLVWLYLW\�PHWHUV�DUH�GULYHQ�E\�WKH�RSHUDWRU�WKURXJK�LQWHUDFWLYH�PHQXV��
1RWH�7KH�GHVFULSWLRQ�RI� WKHVH�NH\V� LV�UHODWLYH�WR�WKH�VWDQGDUG�PRGH��IRU�WKH�0XOWL�(OHFWURGH�PRGH��FI��$QQH[����
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7KH�IXQFWLRQ�NH\V�RI�WKH�NH\ERDUG�DOORZ�WR�VHOHFW�D�PHQX��WKH��83��DQG��'2:1��NH\V�SHUPLW�WR�VFUROO�XS�DQG�GRZQ�LQ�WKH�FXUUHQW�PHQX�DQG�WKH��(17(5��NH\�SHUPLWV�QRWDEO\�WR�VHOHFW�DQ�RSWLRQ�RI�WKH�PHQX�
oo 6RPH�RSHUDWLRQV�KDYH�WR�EH�FDUULHG�RXW�DW�WKH�EHJLQQLQJ�RI�D�VXUYH\�%$77� WR� FKHFN� WKH� YROWDJH�RI� WKH� V\VWHP�EDWWHU\��7KLV� RSHUDWLRQ� KDV� WR�EH� UHSHDWHG�IURP�WLPHV�WR�WLPHV02'(�� WR�VHOHFW�WKH�RSHUDWLQJ�PRGH��6WDQGDUG�RU�0XOWL�(OHFWURGH�6(7�83�� WR�VHOHFW�WKH�WLPLQJ�SDUDPHWHUV�DQG�WKH�UHFHSWLRQ�YROWDJH�GHVLUHG(��$55$<�� WR�VHOHFW�WKH�HOHFWURGH�FRQILJXUDWLRQ�WKDW�ZLOO�EH�XVHG��'LSROH�'LSROH������&21),*�� WR�VHOHFW�WKH�W\SH�RI�SDUDPHWHUV�WKDW�ZLOO�EH�GLVSOD\HG�GXULQJ�WKH�DFTXLVLWLRQ�021,725�� WR�YLVXDOL]H�WKH�OHYHO�RI�DPELHQW�QRLVH�
oo 7KH�IROORZLQJ�RSHUDWLRQV�KDYH�WR�EH�FDUULHG�RXW�DW�HDFK�QHZ�PHDVXUHPHQW�63$&,1*�� WR�LQWURGXFH�WKH�JHRPHWULFDO�SDUDPHWHUV��OLQH�OHQJWKV��VWDWLRQ�QXPEHU����67$57�� WR� VWDUW� WKH� LQMHFWLRQ�RI� FXUUHQW� �� LQWHQVLW\��YROWDJH� DQG�GLVSHUVLRQ�RI� UHDGLQJV�ZLOO�EH�GLVSOD\HG�DW�HDFK�QHZ�VWDFN6723�� WR�VWRS�WKH�LQMHFWLRQ�RI�FXUUHQW5(68/7�� WR� UHDG� WKH�DYHUDJH�YDOXHV�RI� WKH�SUHYLRXV�SDUDPHWHUV�� WKH�DSSDUHQW� UHVLVWLYLW\�DQG�HYHQWXDOO\�WKH�FKDUJHDELOLW\�0(025<�� WR�VWRUH�WKH�GDWD�LQWR�WKH�LQWHUQDO�PHPRU\
oo )RU�WKH�FRPPXQLFDWLRQ6(5,$/�/,1.��WR�WUDQVIHU�WKH�GDWD�DQG�WR�RSHUDWH�LQ�UHPRWH�FRQWURO�

,������6833/<,1*
o 7KH�6<6&$/� UHVLVWLYLW\�PHWHU�RZQV� WZR� LQWHUQDO�EDWWHULHV��ZKRVH� WKH�FKDUDFWHULVWLFV�DUH�WKH�IROORZLQJ�RQHV� ���9�± ��$K�� 2QH�EDWWHU\�LV�XVHG�WR�VXSSO\�WKH�HOHFWURQLFV��5[�FRQQHFWRU�IRU�WKH�UHFKDUJH��� 2QH�EDWWHU\�LV�XVHG�WR�VXSSO\�WKH�WUDQVPLWWHU��7[�FRQQHFWRU�IRU�WKH�UHFKDUJH�
1RWH� WKDW� WKH� LQWHUQDO� EDWWHULHV� KDYH� WR� EH� SHULRGLFDOO\� UHFKDUJHG� �RU� FKDQJHG� LI� QHFHVVDU\���HYHQ�LI�WKH\�KDYHQ¶W�EH�XVHG�GXULQJ�D�ORQJ�WLPH��7KH�EDWWHU\�FKDUJHUV�GHOLYHUHG�ZLWK�WKH�UHVLVWLYLW\�PHWHU�SHUPLW�WR�FKDUJH�VHDO�OHDG�DFLG����9�EDWWHULHV� XS� WR� ���$K�� 7KLV� FKDUJHU�PXVW� EH� VXSSOLHG� E\� ���� RU� ����9�± ���+]� �DQ� LQVLGH�VZLWFK� SHUPLWV� WKH� VHOHFWLRQ�� �� D� JUHHQ� OHG� OLJKWHG� RII� RQ� WKH� FKDUJHUV� ZLOO� QRWLI\� WKDW� WKH�EDWWHULHV�DUH�IXOO\�FKDUJHG�



�

oo /ithium pile:$�WHQ�\HDUV�ORQJ�OLIH�OLWKLXP�GU\�FHOO������9��ORFDWHG�RQ�WKH�&38�ERDUG�SUHYHQWV�IURP�ORRVLQJ�WKH�GDWD�NHSW�LQ�WKH�LQVWUXPHQW�PHPRU\�ZKHQ�WKH�EDWWHU\�LV�GLVFKDUJHG�RU�ZKHQ�WKH�LQVWUXPHQW�LV�QR�PRUH�VXSSOLHG��LQWHUQDO�EDWWHU\�WDNHQ�RXW�DQG�H[WHUQDO�EDWWHU\�QRW�FRQQHFWHG��
oo )RU�WKH�JHQHUDWLRQ�RI�FXUUHQW�8VH�RI�WKH�7[�LQWHUQDO�EDWWHU\�RU���H[WHUQDO����9�EDWWHU\��FDU�EDWWHU\�W\SH�
,Q�FDVH�RI�DQ�H[WHUQDO�EDWWHU\�LV�XVHG��LWV�YROWDJH�GRHVQ
W�KDYH�WR�RYHUFRPH����9��$ERYH�WKLV�YDOXH�� SHUPDQHQW� GDPDJH� FDQ� RFFXU� LQ� WKH� XQLW�� 7KH� LQVWUXPHQW� KDV� DQ� LQWHUQDO� SURWHFWLRQ�DJDLQVW�UHYHUVH�RI�H[WHUQDO�EDWWHU\�SRODULW\��VR�LQ�VXFK�D�FDVH��LW�ZRQ¶W�EH�VXSSOLHG�DQG�RQO\�WKH�H[WHUQDO�EDWWHU\�FDQ�EH�GDPDJHG�
,PSRUWDQW�QRWH�DERXW�WKH�7[�EDWWHU\�,QWHUQDO�EDWWHU\�DXWRQRP\ ���$K�ZLWK�����P$������9�LQMHFWHG���DERXW���K��RI�PHDVXUH([WHUQDO�EDWWHU\�DXWRQRP\ ����$K�ZLWK�����P$������9�LQMHFWHG���DERXW���K�RI�PHDVXUH$Q� LQWHQVLYH� XVH� RI� WKH� 6<6&$/� UHTXLUHV� VR� WKH� FRQQHFWLRQ� RI� DQ� H[WHUQDO� EDWWHU\� WR�VXSSO\�WKH�WUDQVPLWWHU�����������SOXJV�RI�7[��
7KH� FXUUHQW� LQMHFWLRQ� YDOXH� LV� HVWDEOLVKHG� E\� WKH� LQWURGXFWLRQ� RI� D� YROWDJH� YDOXH� WKH� XVHU�ZLVKHV� WR� UHFHLYH�� 7KH� LQMHFWLRQ� FXUUHQW� DQG� YROWDJH� YDOXHV� ZLOO� VR� JHW� GHWHUPLQHG�DXWRPDWLFDOO\�LQ�UHJDUGV�WR�WKDW�SDUDPHWHU��WKLV�KDV�WR�EH�FKRVHQ�LQ�WKH��6(7�83��IXQFWLRQ��
$YDLODEOH�FKRLFHV�RI�WKH�901 UDQJH�YDOXH��� © 6DYH�HQHUJ\ ª�PRGH ��EDWWHU\�VDYLQJ�PRGH ��9PQ�PLQLPXP� ���P9� ��� P9� ����P9� 0D[�9PQ�YDOXH
,PSRUWDQW�UHPDUN�7KH�© 6DYH�HQHUJ\ ª PRGH�ZLOO�SHUPLW�WR�JHW�D�JRRG�TXDOLW\�RI�PHDVXUHPHQW�LQ�PRVW�ILHOG�FRQILJXUDWLRQV�DQG�VDYH�LQ�WKH�VDPH�WLPH�WKH�WUDQVPLWWHU�EDWWHU\��+RZHYHU�� LQ� WKH� IROORZLQJ�FDVHV�� LW� FRXOG�EH� MXGLFLRXV� WR� VHOHFW� UDWKHU�D�9PQ�UDQJH�RI������P9��RU��0D[����� 8VH�RI�ODUJH�VSDFLQJ�EHWZHHQ�WKH�HOHFWURGHV����RU���PHWHUV�� 8VH�RI�DQ�DUUD\�ZKHUH�WKH�UHFHSWLRQ�YROWDJH�YDOXHV�GURS�TXLFNO\�ZLWK�WKH�LQFUHDVLQJ�RI�WKH�VSDFLQJ�EHWZHHQ�WKH�LQMHFWLRQ�DQG�UHFHSWLRQ�GLSROHV��FDVH�RI��WKH�GLSROH�GLSROH��� :LVK�RI�UHDFKLQJ�ODUJH�LQYHVWLJDWLRQ�GHSWK
7KLV�W\SH�RI�6<6&$/�KDV�DQ�DXWRPDWLF�SURFHVV�DERXW�WKH�UHFHSWLRQ�YROWDJH�PHDVXUHPHQW��,I�D�6S��VSRQWDQHRXV�SRODUL]DWLRQ��YDULDWLRQ�DSSHDUHG�EHWZHHQ�WKH�WZR�ILUVW�SXOVHV��D�JUHDWHU�YDOXH�IRU�WKH�LQMHFWLRQ�YROWDJH�ZLOO�EH�XVHG��



�

,,��6(7�83
,,����*(1(5$/�6(7�83
3URFHGXUH�WR�IROORZ�
o &RQQHFW�WKH�ZLUHV�DQG�HOHFWURGHV�IRU�FXUUHQW��$��%��DQG�SRWHQWLDO��0��1��DFFRUGLQJ�WR�WKH�HOHFWURGH�DUUD\�\RX FKRVH��FI��,,�����7U\� WR� JHW� D� JRRG� FRQWDFW� EHWZHHQ� WKH� HOHFWURGHV� DQG� WKH� JURXQG�� ,Q� SDUWLFXODU�� WKH��������������UHVLVWDQFH�RI�WKH�SRWHQWLDO�HOHFWURGH�FLUFXLW�VKRXOG�EH�OHVV�WKDQ����NRKP���o 6HW�WKH�XQLW�RQ�D�GU\�SODFH��LI�SRVVLEOH��3URWHFW�LW�DJDLQVW�WKH�GLUHFW�UDGLDWLRQ�RI�WKH�VXQ�LQ�FDVH�RI�KLJK�WHPSHUDWXUH���
o0DNH�VXUH�WKDW�WKH�LQWHUQDO�EDWWHULHV�DUH�LQ�JRRG�FRQGLWLRQ���
6ZLWFK� WKH� XQLW� 21�� D�PHVVDJH� VKRXOG� EH� DSSHDU� GXULQJ� D� ZKLOH� ©6<6&$/� -U� �9� ����D�ª�IROORZHG�E\���6HOHFW�)XQFWLRQ��
&KHFN� WKH� OHYHO� RI� WKH� LQWHUQDO� VXSSO\� E\� SUHVVLQJ� WKH� �%$77��NH\�� WKH� IROORZLQJ�PHVVDJH�DSSHDUV� 5[�EDWWHU\� �������9FDSDFLW\� �����
$�IXOO�FKDUJH�ZLOO�LQGLFDWH�������9�± �����$�QXOO�FKDUJH�ZLOO�LQGLFDWH�����9�± ���
3UHVV�DQ\�NH\�WR�FRPH�EDFN�WR�WKH��6HOHFW�)XQFWLRQ��PHVVDJH�
7KH�EDWWHU\�YROWDJH�RI�WKH�V\VWHP�LV�FRQWLQXRXVO\�WHVWHG�GXULQJ�WKH�LQMHFWLRQ�RI�FXUUHQW�
7KH� XQLW� ZRQ¶W� RSHUDWH� LI� WKH� YDOXH� LV� ORZHU� WKDQ� ����� 9� �� WKH� IROORZLQJ�PHVVDJH�ZLOO� EH�GLVSOD\HG�DIWHU�WKH��(17(5��NH\�KDV�EHHQ�SUHVVHG�



32:(5�)$,/('


+RZHYHU��LI�WKH�YROWDJH�GURSV�GRZQ������9�DIWHU�WKH�LQMHFWLRQ��WKH�IROORZLQJ�PHVVDJH�ZLOO�EH�GLVSOD\HG�HDFK�WLPH�WKH��67$57��NH\�ZLOO�EH�SUHVVHG��

/2:�%$7
%XW�WKH�LQVWUXPHQW�ZLOO�RSHUDWH�ZLWKRXW�DQ\�SUREOHP�DV�ORQJ�DV�WKH�OLPLW�YDOXH�LV�QRW�UHDFKHG��
1RWH��$ERXW� WKH� WUDQVPLWWHU� EDWWHU\� �7[��� D� OHG� ZLOO� ZDUQ� WKH� XVHU� RI� D� WRR� ORZ� YROWDJH��JUHHQ�UHG�ZLQNLQJ�LI�WKH�YDOXH�LV�EHWZHHQ����DQG���9�DQG�UHG�LI�WKH�YDOXH�LV�EHORZ���9��



�

,,����*(1(5$/�86(�2)�7+(�.(<%2$5'
7KH� XQLW� LV� GULYHQ� E\� WKH� RSHUDWRU�� WKURXJK� LQWHUDFWLYH� PHQXV�� ZKLFK� DUH� VHOHFWHG� E\� WKH�IXQFWLRQ�NH\V�RI� WKH� LQVWUXPHQW��7R� VHOHFW� D�JLYHQ� IXQFWLRQ�� ILUVW� SUHVV� WKH��)81&7�6723��NH\��DQG�WKHQ�WKH�IXQFWLRQ�NH\���%$77����63$&,1*����67$57������
7R�VFUROO�XS�DQG�GRZQ�LQ�WKH�PHQX��XVH�WKH��83��DQG��'2:1��NH\V��$�SURPSW��!� LQ�IURQW�RI�WKH�RSWLRQ�RI�WKH�PHQX�LQGLFDWHV�WKH�RSWLRQ�WKDW�ZLOO�EH�XVHG�LI�WKH��(17(5��NH\�LV�SUHVVHG�DW�WKLV�VWDJH�
,I� D� QXPHULF� YDOXH� LV� H[SHFWHG�� XVH� WKH� QXPHULF� NH\V� ������ ��������� ��������� �x��� WR� HQWHU� WKH�YDOXH�� ,Q� FDVH� RI� HUURU�� XVH� WKH� EDFNVSDFH� ��m��� NH\� WR� FRUUHFW� WKH�ZURQJ� GLJLW� LQWURGXFHG��:KHQ�WKH�YDOXH�KDV�EHHQ�FRUUHFWHG��XVH�WKH��(17(5��NH\�WR�YDOLGDWH�WKH�QHZ�YDOXH�GLVSOD\HG�:KHQ�D�QXPHULF�YDOXH�LV�H[SHFWHG�DW�WKH�FXUUHQW�VWDJH�RI�WKH�PHQX��LW�LV�QRW�SRVVLEOH�WR�HVFDSH�IURP�WKH�PHQX�DQG�JR�WR�DQRWKHU�IXQFWLRQ�
,W�LV�DOZD\V�SRVVLEOH�WR�VZLWFK�WKH�LQVWUXPHQW�RII�DW�DQ\�VWDJH�RI�WKH�RSHUDWLQJ�SURFHGXUH��7KH�GDWD� WKDW� KDYH� EHHQ� LQWURGXFHG� EHIRUH� WKH� LQVWUXPHQW� KDV� EHHQ� VZLWFKHG� RII� ZLOO� UHPDLQ�DYDLODEOH�DIWHU�WKH�LQVWUXPHQW�LV�VZLWFKHG�RQ�DJDLQ�

,,����&855(17�:$9()250�6(/(&7,21���02'(� )81&7,21�
7KH�YDULRXV�PRGHV�DYDLODEOH�LQ�WKH UHVLVWLYLW\�PHWHU�6<6&$/�6ZLWFK W\SH�DUH�WKH�IROORZLQJ�RQHV�
� 5KR�� 5KR�DQG�,3��� 0XOWL�(OHFWURGH��5KR5KR�DQG�,3
7KH�5KR�PRGH� DOORZV� WR� LQMHFW� DOWHUQDWLYHO\� LQWR� WKH� JURXQG� D� VXFFHVVLRQ� RI� SRVLWLYH� DQG�QHJDWLYH�FXUUHQW�SXOVHV��7KLV�PRGH�DOORZV�WR� LQMHFW�D�FXUUHQW�EHWZHHQ�WKH�$�%�HOHFWURGHV�� WR�PHDVXUH�D�SRWHQWLDO�EHWZHHQ�WKH�0�1�HOHFWURGHV�DQG�WR�FRPSXWH�WKXV�WKH�DSSDUHQW�UHVLVWLYLW\�
7KH 5KR�DQG�,3�PRGH�DOORZV�WR�LQMHFW�DOWHUQDWLYHO\�LQWR�WKH�JURXQG�D�VXFFHVVLRQ�RI�SRVLWLYH�DQG�QHJDWLYH�FXUUHQW�SXOVHV��ZLWK�FXW�RII�EHWZHHQ�HDFK�RI�WKHP��7KLV�PRGH�DOORZV�WR�LQMHFW�D�FXUUHQW�EHWZHHQ�WKH�$�%�HOHFWURGHV��WR�PHDVXUH�D�SRWHQWLDO�EHWZHHQ�WKH�0�1�HOHFWURGHV�DQG�WR�FRPSXWH�WKXV�WKH�DSSDUHQW�UHVLVWLYLW\�DQG�WKH�JOREDO�FKDUJHDELOLW\�
7KH 0XOWL�(OHFWURGH�PRGH KDV� WR� EH� VHOHFWHG� LI� \RX�ZLVK� WR�ZRUN� LQ� DXWRPDWLF� VZLWFKLQJ�PRGH�� ,Q� WKDW�PRGH�� WKH� IXQFWLRQ� NH\V�KDYH� GLIIHUHQW�PHQXV� WKDQ� IURP� WKH� SUHYLRXV�PRGHV��FDOOHG�VWDQGDUG�PRGH����SOHDVH�FI��DQQH[���IRU�IXUWKHU�LQIRUPDWLRQ�����



��

� 7KH�5KR�PRGH�KDV�WR�EH�VHOHFWHG�IRU�UHVLVWLYLW\�RQO\�PHDVXUHPHQWV��� 7KH�Rho and IP mode has to be selected for resistivity and IP measurements.

:DUQLQJ��:KHQ�\RX� VZDS�EHWZHHQ� WKH� VWDQGDUG�PRGH�DQG� WKH�0XOWL�(OHFWURGH�PRGH�� WKH� IROORZLQJ�PHVVDJH�ZLOO�EH�GLVSOD\HG��1HZ�PRGH�"��&/($5�0(0�&RQILUP�������!��6R��LW�ZLOO�EH�QHFHVVDU\�WR�GHOHWH�DOO�WKH�GDWD�VWRUHG�LQ�WKH�PHPRU\��6R��WDNH�FDUH�WR�WUDQVIHU�WKH�GDWD�EHIRUH�GRLQJ�WKLV�RSHUDWLRQ��&I��$QQH[�����

)LJXUH����&XUUHQW�ZDYHIRUP��5KR�PRGH���0XOWL�(OHFWURGH��5KR�PRGH���21���2))��21���2))�

)LJXUH����&XUUHQW�ZDYHIRUP��5KR�DQG�,3�PRGH���0XOWL�(OHFWURGH��5KR�DQG�,3�PRGH�������������21���21��
1RWH�7KH� IROORZLQJ� SDUDJUDSKV� DUH� UHIHUUHG� WR� WKH� VWDQGDUG� PRGHV�� $ERXW� WKH� 0XOWL�(OHFWURGH�PRGH��SOHDVH�UHIHU�WR�WKH�DQQH[����

21� 21�
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7LPH��PV�
7 77 7

,�

,

21�

21�

21�

�,�PD[

�,�PD[



��

,,����7,0,1*�3$5$0(7(56�6(/(&7,21 ��6(7�83��)81&7,21�
,Q�VWDQGDUG�PRGH��WZR�SURJUDPPLQJ�RSWLRQV�DUH�DYDLODEOH��

,,������35(6(7�7,0(6�237,21
5KR���5KR�DQG�,3�PRGHV�
,Q�WKDW�PHQX��LW�LV�SRVVLEOH�WR�VHOHFW�RQH�RI�WKH�SUHVHW�SXOVH�GXUDWLRQ�YDOXHV�ZKLFK�DUH������PV������PV�������PV�DQG������PV��XVH�WKH��83��DQG��'2:1��NH\V�WR�VHOHFW�DQG�WKH��(17(5��NH\� WR�FRQILUP�\RXU� FKRLFH���1RWH� WKDW� IRU� WKH�����PV�GXUDWLRQ��QR�,3�PHDVXUHPHQW�ZLOO�EH�PDGH�
,Q� SULQFLSOH�� WKH� ILQDO� UHVXOW� LV� LQGHSHQGHQW�RI� WKLV� GXUDWLRQ��+RZHYHU�� ORQJ�GXUDWLRQV�EHWWHU�HOLPLQDWH� HIIHFWV� GXH� WR� WUDQVLHQW� UHVSRQVHV�� VHWWLQJ� XS� RI� WKH� FXUUHQW�� LQGXFHG� SRODUL]DWLRQ�UHVSRQVHV�� HOHFWURPDJQHWLF� FRXSOLQJ� �HVSHFLDOO\� LQ� FDVH� RI� D� FRQGXFWLYH� JURXQG� DQG�RI� ORQJ�WUDQVPLWWLQJ� OLQHV��� 7KH� EHVW� TXDOLW\� RI� PHDVXUHPHQW� LV� REWDLQHG� ZLWK� WKH� ����� PV� WLPH��+RZHYHU��LI�D�SUHFLVLRQ�RI�D�IHZ�SHUFHQWV�LV�VXIILFLHQW��ZKLFK�LV�WKH�FDVH�LQ�PRVW�DSSOLFDWLRQV��WLPHV�RI������RU�����PV�FDQ�DOVR EH�XVHG��7KH�LQWHUHVW�RI�VKRUW�WLPHV�LV�WKH�ODUJH�QXPEHUV�RI�UHDGLQJV� WKDW� DUH� GLVSOD\HG��ZKLFK� OHDG� WR�TXLFNHU�PHDVXUHPHQWV�� ,W� LV� UHFRPPHQGHG�QRW� WR�FKDQJH�WKH�SXOVH�GXUDWLRQ�LQ�D�JLYHQ�VHW�RI�UHDGLQJV��LQ�RUGHU�WR�NHHS�WKH�PHDVXUHPHQWV�PRUH�KRPRJHQHRXV�
$IWHU� WKH� FKRLFH� RI� WKH� LQMHFWLRQ� FXUUHQW� WLPH�� WKH� QXPEHU� RI� VWDFNV� WR� GR� IRU� HDFK�PHDVXUHPHQW�KDV�WR�EH�VSHFLILHG�7KLV� RSWLRQ� SHUPLWV� WR�PDNH� DXWRPDWLF� DFTXLVLWLRQ� E\� RSWLPL]LQJ� TXDOLW\�� WLPH� DQG� EDWWHU\�DXWRQRP\��,W¶V�D�FULWHULRQ�RI�TXDOLW\�PHDVXUHPHQW��FI��$QQH[���

5DQJH������6WDFNV�PLQ����.H\�LQ�WKH�YDOXH�IRU�PLQLPXP�QXPEHU�RI�VWDFNV�DQG�SUHVV�WKH��(17(5��NH\�
5DQJH������6WDFNV�PD[�����.H\�LQ�WKH�YDOXH�IRU�PD[LPXP�QXPEHU�RI�VWDFNV�DQG�SUHVV�WKH��(17(5��NH\�
5DQJH������4�PD[��������.H\�LQ�WKH�YDOXH�IRU� WKH�PD[LPXP�VWDQGDUG�GHYLDWLRQ�RI� WKH�PHDVXUHPHQW�GHVLUHG�DQG�SUHVV��(17(5��
6HW�7;�SRZHU�IRU ���6DYH�HQHUJ\��PRGH6HOHFW�WKH�UHFHSWLRQ�YROWDJH�UDQJH�GHVLUHG�WKDQNV�WR�WKH��83��DQG��'2:1��NH\V��7KH�YDOXH�RI�WKH�LQMHFWHG�FXUUHQW�ZLOO�EH�HVWDEOLVKHG�DXWRPDWLFDOO\�LQ�UHJDUGV�WR�WKDW�SDUDPHWHU�



��

1RWH��7KH�5KR�DQG�,3 PRGH�DOORZV�WR�UHDOL]H�PRUH�DQ�LQGXFHG�SRODUL]DWLRQ�PHDVXUHPHQW��,3� ��WKH�3UHVHW�WLPHV�RSWLRQ�VHWV�WKH�,3�SDUDPHWHUV�WR�GHIDXOW�YDOXHV��FI��$QQH[�����
,,������352*5$00$%/(�7,0(6 237,21

�� 5KR�PRGH�
,Q�WKDW�PHQX��\RX¶OO�KDYH�WKH�SRVVLELOLW\�WR�FKRRVH�WKH�SXOVH�GXUDWLRQ�LQ�WKH�IROORZLQJ�UDQJH�

5DQJH����������7LPH��PV�� �����
,QWURGXFH�WKH�UHTXLUHG�YDOXH�DQG�WKHQ�SUHVV�WKH��(17(5��NH\�
<RX¶OO�KDYH�WKHQ�WR�VHOHFW�WKH�9B'/<�WLPH� ZKLFK�LV�WKH�WLPH�IURP�ZKLFK�VDPSOHV��VDPSOLQJ�UDWH����PV��ZLOO�EH�WDNHQ�LQWR�DFFRXQW�DIWHU�WKH�LQMHFWLRQ�EHJDQ��ERWK�IRU�LQWHQVLW\�DQG�YROWDJH�PHDVXUHPHQWV� 5DQJH���������9B'/<��PV�� �����
7DNLQJ� D� ORQJ� GHOD\� WLPH� ZLOO� SHUPLW� WR� EH� VXUH� WKDW� DOO� WUDQVLHQW� HIIHFWV� OLNH� ,3� DQG� (0�UHVSRQVHV� ZLOO� EH� YDQLVKHG� ZKHQ� VDPSOHV� IRU� SULPDU\� YROWDJH� ZLOO� EHJLQ� WR� EH� WDNHQ� LQWR�DFFRXQW��
7KHQ�� 5DQJH������6WDFNV�PLQ����.H\�LQ�WKH�YDOXH�IRU�PLQLPXP�QXPEHU�RI�VWDFNV�DQG�SUHVV�WKH��(17(5��NH\�

5DQJH������6WDFNV�PD[ ����.H\�LQ�WKH�YDOXH�IRU�PD[LPXP�QXPEHU�RI�VWDFNV�DQG�SUHVV�WKH��(17(5��NH\�
5DQJH������4��(�PD[��������.H\�LQ�WKH�YDOXH�IRU� WKH�PD[LPXP�VWDQGDUG�GHYLDWLRQ�RI� WKH�PHDVXUHPHQW�GHVLUHG�DQG�SUHVV��(17(5��
6HW�7;�SRZHU�IRU ���6DYH�HQHUJ\��PRGH

6HOHFW�WKH�UHFHSWLRQ�YROWDJH�UDQJH�GHVLUHG�WKDQNV�WR�WKH��83��DQG��'2:1��NH\V��7KH�YDOXH�RI�WKH�LQMHFWHG�FXUUHQW�ZLOO�EH�HVWDEOLVKHG�DXWRPDWLFDOO\�LQ�UHJDUGV�WR�WKDW�SDUDPHWHU�



��

�� 5KR�DQG�,3�PRGH�
,Q�WKDW�PHQX��\RX¶OO�KDYH�WKH�SRVVLELOLW\�WR�FKRRVH�WKH�SXOVH�GXUDWLRQ�LQ�WKH�IROORZLQJ�UDQJH�

5DQJH����������7LPH��PV�� �����,QWURGXFH�WKH�UHTXLUHG�YDOXH�DQG�WKHQ�SUHVV�WKH��(17(5��NH\�
<RX¶OO�KDYH�WKHQ�DFFHVV�WR�WKH�,3�SDUDPHWHUV��FI��$QQH[����
<RX¶OO�KDYH�WKHQ�WR�VHOHFW�WKH�9B'/<�WLPH��ZKLFK�LV�WKH�WLPH�IURP�ZKLFK�VDPSOHV��VDPSOLQJ�UDWH����PV��ZLOO�EH�WDNHQ�LQWR�DFFRXQW�DIWHU�WKH�LQMHFWLRQ�EHJDQ��ERWK�IRU�LQWHQVLW\�DQG�YROWDJH�PHDVXUHPHQWV�

5DQJH���������9B'/<��PV�� �����
7DNLQJ� D� ORQJ� GHOD\� WLPH� ZLOO� SHUPLW� WR� EH� VXUH� WKDW� DOO� WUDQVLHQW� HIIHFWV� OLNH� ,3� DQG� (0�UHVSRQVHV� ZLOO� EH� YDQLVKHG� ZKHQ� VDPSOHV� IRU� SULPDU\� YROWDJH� ZLOO� EHJLQ� WR� EH� WDNHQ� LQWR�DFFRXQW��
6HOHFW�WKH�0B'/<�SDUDPHWHU�WKDW�LV�WKH�WLPH�IURP�ZKLFK�WKH�VDPSOHV�LQ�YROWDJH�PHDVXUHPHQW��VDPSOLQJ����PV��ZLOO�EH�WDNHQ�LQWR�DFFRXQW�DIWHU�WKH�FXUUHQW�FXW RII�

5DQJH��������0B'/<��PV�� ����
7KHQ�HQWHU� WKH�ZLGWKV�RI� WKH� IRXU�SDUWLDO� ,3�ZLQGRZV�� WKLV�ZLOO�DOORZ�WR�FRPSXWH� WKH�JOREDO�DYHUDJH�FKDUJHDELOLW\��FI��$QQH[����

5DQJH��������7B0���PV�� ����
5DQJH�������7B0���PV�� ����
5DQJH�������7B0���PV�� ����
5DQJH�������7B0���PV�� �����

7KHQ�� 5DQJH������6WDFNV�PLQ����.H\�LQ�WKH�YDOXH�IRU�PLQLPXP�QXPEHU�RI�VWDFNV�DQG�SUHVV�WKH��(17(5��NH\�



��

5DQJH������6WDFNV�PD[�����.H\�LQ�WKH�YDOXH�IRU�PD[LPXP�QXPEHU�RI�VWDFNV�DQG�SUHVV�WKH��(17(5��NH\�
5DQJH������4��(�PD[��������.H\�LQ�WKH�YDOXH�IRU� WKH�PD[LPXP�VWDQGDUG�GHYLDWLRQ�RI� WKH�PHDVXUHPHQW�GHVLUHG�DQG�SUHVV��(17(5��
6HW�7;�SRZHU�IRU ���6DYH�HQHUJ\��PRGH

6HOHFW�WKH�UHFHSWLRQ�YROWDJH�UDQJH�GHVLUHG�WKDQNV�WR�WKH��83��DQG��'2:1��NH\V��7KH�YDOXH�RI�WKH�LQMHFWHG�FXUUHQW�ZLOO�EH�HVWDEOLVKHG�DXWRPDWLFDOO\�LQ�UHJDUGV�WR�WKDW�SDUDPHWHU�
7KH� IROORZLQJ� WDEOHV� VXP� XS� WKH� YDULRXV� RSHUDWLQJ� PRGHV� RI� WKH� 6<6&$/� 6ZLWFK W\SH�UHVLVWLYLW\�PHWHU��

6WDQGDUG�PRGH0($685,1*�7<3( $SSDUHQW�UHVLVWLYLW\�PHDVXUHPHQW� $SSDUHQW UHVLVWLYLW\�DQG�FKDUJHDELOLW\�PHDVXUHPHQW&855(17�:$9()250 21���21� 21���2))��21���2))02'(6(7�83 5KR� 5KR�DQG�,3
35(6(7�7,0(6 6HOHFW�7�DPRQJ����������������������������������������������PV� 6HOHFW�7�DPRQJ������������������������������������PV�9B'/<�DXWRPDWLFDOO\�GHWHUPLQHG�� 9B'/<��0B'/<��7B0L�DXWRPDWLFDOO\�GHWHUPLQHG���FI��$QQH[���IRU�WKH�,3�SDUDPHWHUV�352*5$00$%/(�7,0(6 7R�VSHFLI\����������������������������7��9B'/< 7R�VSHFLI\����������������������������7��9B'/<��0B'/<��7B0L
7DEOH����6WDQGDUG�PRGH��6HOHFWLRQ�RI�WKH�SDUDPHWHUV�WKDQNV�WR�WKH��02'(��DQG�����6(7�83��NH\V�



��

0XOWL�(OHFWURGH�PRGH0($685,1*�7<3( $SSDUHQW�UHVLVWLYLW\�PHDVXUHPHQW $SSDUHQW�UHVLVWLYLW\�DQG�FKDUJHDELOLW\�PHDVXUHPHQW&855(17�:$9()250 21���21� 21���2))��21���2))
02'(6(7�83 5KR� 5KR�DQG�,3�

6HOHFW�7�DPRQJ����������������������������������������������PV� 6HOHFW�7�DPRQJ�������������������������������������������������PV�35(6(7�7,0(6
9B'/<�DXWRPDWLFDOO\�GHWHUPLQHG 9B'/<��0B'/<��7B0L�DXWRPDWLFDOO\�GHWHUPLQHG��FI��$QQH[���IRU�WKH�,3�SDUDPHWHUV�

7DEOH����0XOWL�(OHFWURGH�PRGH���6HOHFWLRQ�RI�WKH�SDUDPHWHUV�WKDQNV�WR�WKH��02'(��DQG�����6(7�83��NH\V�

,,����(/(&752'(�$55$<�6(/(&7,21���(��$55$<��)81&7,21�
7KH� FRPPRQ� HOHFWURGH� DUUD\V� KDYH� EHHQ� LQWURGXFHG� LQWR� WKH� RSHUDWLQJ� SURJUDP� RI� WKH�LQVWUXPHQW�� VR� WKDW� DSSDUHQW� UHVLVWLYLW\� YDOXHV� FDQ� EH� GLUHFWO\� FRPSXWHG� E\� WKH� LQVWUXPHQW����7KHVH� HOHFWURGH� DUUD\V�� GHVFULEHG� LQ�$QQH[� ��� FDQ� EH� OLVWHG� RQ� WKH� GLVSOD\� E\ SUHVVLQJ� WKH��(�$55$<��NH\� DQG� WKH� �83�� DQG� �'2:1��NH\V��7KH� ORFDWLRQ�RI� WKH� HOHFWURGHV� IRU� HDFK�DUUD\�LV�GHVFULEHG�LQ�WDEOH���
7KH� VHOHFWLRQ� RI� DQ� HOHFWURGH� DUUD\� LV� GRQH� SODFLQJ� �!�� RQ� WKH� FRUUHVSRQGLQJ� OLQH� DQG�YDOLGDWLQJ�E\�WKH��(17(5��NH\��
,,����237,216�6(/(&7,21���&21),*��)81&7,21�
9DULRXV�RSWLRQV��ZKLFK�JHQHUDOO\�GRQ¶W�KDYH�WR�EH�PRGLILHG�IUHTXHQWO\��DUH�DYDLODEOH�WKURXJK�WKH��&21),*��NH\��
o 7\SH�RI�,3�YDOXHV��5DZ��WKH�WUXH�FKDUJHDELOLW\�YDOXHV�ZLOO�EH�GLVSOD\HG GXULQJ�WKH�PHDVXUHPHQW��JHQHUDOO\�XVHG�1RUPDOL]HG�� WKH�FKDUJHDELOLW\�YDOXHV� WKDW�ZLOO�EH�GLVSOD\HG�ZLOO�EH� UHIHUUHG� WR�D�VWDQGDUG�,3�GHFD\�FXUYH��VHH�$QQH[�����7KLV�W\SH�LV�QRW�DYDLODEOH�LQ�WKH��3URJUDPPDEOH�WLPHV��RSWLRQ��VR�QRW�LQ�WKH�0XOWL�(OHFWURGH PRGH�����7KH�WZR�W\SHV�RI�YDOXHV�ZLOO�EH�DEOH�WR�EH�GLVSOD\HG�DW�WKH�HQG�RI�WKH�PHDVXUHPHQW��WKDQNV�WR�WKH��5(68/7��RU�WKH��0(025<_5($'��IXQFWLRQV��FI��,,,������



��

o 7\SH�RI�UHDGLQJV�5XQQLQJ��WKH�YDOXHV�GLVSOD\HG�GXULQJ�WKH�PHDVXUHPHQW�ZLOO�EH�WKH�DYHUDJH�YDOXHV�RI�WKH�WKUHH�ODWHVW� FRQVHFXWLYH� SXOVHV�� $IWHU� KDYLQJ� VWRSSHG� WKH� DFTXLVLWLRQ�� WKH� DYHUDJH� YDOXH� RI� DOO�SUHYLRXVO\�GLVSOD\HG�UHDGLQJV�ZLOO�EH�FRPSXWHG��7KLV�RSWLRQ�SHUPLWV�WR�FRQWLQXRXVO\�PRQLWRU�WKH� QDWXUDO� RU� DUWLILFLDO� HOHFWULF� QRLVH� VXSHULPSRVHG� WR� WKH� DFWXDO� VLJQDO� WR� EH� PHDVXUHG��JHQHUDOO\�XVHG��������&XPXODWLYH��WKH�YDOXHV�GLVSOD\HG�GXULQJ�WKH�PHDVXUHPHQW�ZLOO�EH�WKH�DYHUDJH�YDOXHV�RI�DOO�WKH�SXOVHV�IURP�WKH�EHJLQQLQJ�RI�WKH�PHDVXUHPHQW��7KLV�RSWLRQ�SHUPLWV�WR�FKHFN�WKDW�WKH�DYHUDJH�YDOXH� FRQYHUJHV� WRZDUG� WKH� DFWXDO� VLJQDO� WR� EH�PHDVXUHG�� LI� WKH� QRLVH� RI� FRXUVH� LV� QRW� WRR�VWURQJ����
o 6LJQ�RI�YROWDJH�8QVLJQHG��WKH�SULPDU\�YROWDJH�ZLOO�EH�JLYHQ�DW�WKH�HQG�RI�WKH�PHDVXUHPHQW�LQ�DEVROXWH�YDOXH��ZKDWHYHU� WKH� SRODULW\� RI� WKH� 01� DFWXDO� YROWDJH� LV� FRPSDUHG� WR� WKDW� RI� WKH� $%� FXUUHQW��JHQHUDOO\�XVHG���6LJQHG��WKH�VLJQ�RI�WKH�YROWDJH�LQWHQVLW\�UDWLR��WKDW�LV�WR�VD\�RI��90�91��,$%��ZLOO�EH�DIIHFWHG�WR�WKH�YDOXH�RI�WKH�SULPDU\�YROWDJH�DQG�DOVR�WR�WKH�UHVLVWLYLW\�
o 7\SH�RI�JULG�XQLW�0HWULF��WKH�VSDFLQJV�ZLOO�KDYH�WR�EH�LQWURGXFHG�LQ�PHWHUV��WKH�DSSDUHQW�UHVLVWLYLW\�YDOXH�ZLOO�EH�FRPSXWHG�LQ�2KP�PHWHUV��JHQHUDOO\�XVHG��)RRW�� WKH� VSDFLQJV�ZLOO� KDYH� WR� EH� LQWURGXFHG� LQ� IHHW�� WKH� DSSDUHQW� UHVLVWLYLW\� YDOXH�ZLOO� EH�FRPSXWHG�LQ�2KP�PHWHUV��UHFDOO����IRRW� �������FP�



��

,,,��0($685(0(17
,,,����*(20(75,&$/�3$5$0(7(56�,1752'8&7,21���63$&,1*��)81&7,21�
$IWHU�WKH�VHOHFWLRQ�RI�WKH�HOHFWURGH�DUUD\�KDV�EHHQ�GRQH�ZLWK�WKH��(�$55$<��NH\��RQH�PXVW�LQWURGXFH�WKH�OHQJWKV�RI� WKH�OLQHV�VR�WKDW� WKH�LQVWUXPHQW�FDQ�FRPSXWH�WKH�DSSDUHQW�UHVLVWLYLW\�YDOXHV� DIWHU� WKH� PHDVXUHPHQW� KDV� EHHQ� WDNHQ�� $OVR�� VWDWLRQ� DQG� OLQH� QXPEHUV� FDQ� EH�LQWURGXFHG�
7KLV� RSHUDWLRQ� LV� SRVVLEOH� E\� SUHVVLQJ� WKH� �63$&,1*�� NH\� �� WKH� DVNHG� SDUDPHWHUV� DUH�PHQWLRQHG�IRU�HDFK�HOHFWURGH�DUUD\�ZLWK�WKHLU�GHILQLWLRQ�LQ�WDEOH���
7KH�QDPH�RI�WKH�SDUDPHWHU�WR�EH�LQWURGXFHG�LV�GLVSOD\HG�RQ�WKH�/&'��.H\�LQ�LWV�YDOXH�ZLWK�WKH�QXPHULF�NH\ERDUG��,Q�FDVH�D�ZURQJ�QXPEHU�LV�LQWURGXFHG��SUHVV�WKH�EDFNVSDFH�NH\���m���WKDW�ZLOO� FOHDU� WKH� ODVW� ILJXUH� GLVSOD\HG�� :KHQ� WKH� YDOXH� KDV� EHHQ� FRUUHFWO\� LQWURGXFHG�� SUHVV��(17(5��DQG�LQWURGXFH�WKH�YDOXH�RI�WKH�QH[W�SDUDPHWHU�
([DPSOH �6FKOXPEHUJHU�VRXQGLQJ��
$%��� �� (17(501��� �� (17(5/LQH� ��� (17(52SW�� ��� (17(5
1RWH�,Q�WKDW�FDVH��WKH�OLQH�QXPEHU�FDQ�EH�WKH�QXPEHU�RI�WKH�VRXQGLQJ��7KH�PD[LPXP�DOORZHG�YDOXH�LV�����
7KH� ILUVW� JHRPHWULFDO� SDUDPHWHU� GLVSOD\HG� LV� WKH� RQH� WKDW� FKDQJHV� PRVW� GXULQJ� VXFFHVVLYH�PHDVXUHPHQWV��WKH�SDUDPHWHUV�WKDW�GR�QRW�FKDQJH�IURP�RQH�PHDVXUHPHQW�WR�WKH�IROORZLQJ�RQH�GR�QRW�KDYH�WR�EH�UH�LQWURGXFHG��-XVW�SUHVV��(17(5��WR�FRQILUP�WKHLU�YDOXHV�
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ELECTRODE ARRAY GEOMETRICAL PARAMETERS

Dipole-Dipole XC XP D Line

Pole-Dipole XC XP D Line

Pole-Pole XC Li C Li P CP

Grad. RCTGL XP Line ± D AB/2

Schlum. VES AB/2 MN/2 Line Opt 1

Schlum. PRF X AB/2 MN/2 Line

Wenner VES AB/3 Line Opt 1 Opt 2

Wenner PRF X AB/3 Line Opt 1

Hole surf. Li X Li Y MN/2 Ref

Other K Opt 1 Opt 2 Opt 3

7DEOH����*HRPHWULFDO�SDUDPHWHUV�IRU�HDFK�HOHFWURGH�DUUD\
AB/2 : half-distance between A and B.
AB/3 : a third of the distance between A and B.
MN/2 : half-distance between M and N.
D : length of MN dipole. In Dipole-Dipole, common length of dipoles. In Grad. RCTGL, D 

can be positive or negative and sets the position of N (_D_ = _MN_).
X: : abscissa of the center of MN, the direction is AB and the origin is 0 an arbitrary point of 

AB line.
Line : float number allowing a distinction between two profiles during storage. In Grad. RCTGL, 

Line is the ordinate of potential electrodes. The origin 0 is the middle of AB (abscissa axis 
0x = AB line).

XC : abscissa of the nearest injection electrode from the MN dipole.
CP : distance from B to M for the Pole-Pole (electrodes A and N considered very far)
XP : - in Dipole-Dipole and Pole-Dipole, abscissa of the nearest receiving electrode, from the 

AB dipole.
- in Grad. RCTGL, abscissa of M receiving electrode, the origin 0 is the middle of AB and 
the abscissa axis 0x is the AB line.

Li C : float number allowing a distinction between different profiles of C (for Pole-Pole lateral).
Li P : float number allowing a distinction between different profiles of P (for Pole-Pole lateral).
Li X : float number in the X direction allowing to parameter the common point N of the potential 

dipoles M N and M' N.
Li Y : float number in the Y direction allowing to parameter the common point N of the potential 

dipoles M N and M' N.
Ref : the Hole surf. array uses two perpendicular dipoles ; Ref serves to distinguish between the 

dipoles during a storage. In Hole surf., the geometrical factor K is taken arbitrarily at 1000.
Opt 1 : float number (optional) defined by the operator as he wants.
Opt 2 : float number (optional) defined by the operator as he wants.
Opt 3 : float number (optional) defined by the operator as he wants.
K : geometrical factor
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5HPDUNV�
xx :KHQ�WKH�HOHFWURGH�DUUD\�LV�PRGLILHG��WKH�JHRPHWULFDO�SDUDPHWHUV�DUH�UH�LQLWLDOL]HG�WR�]HUR��,Q�WKDW�FDVH��LW�LV�QHFHVVDU\�WR�LQWURGXFH�DQHZ�DOO�WKHVH�SDUDPHWHUV��xx 7KH��PHWULF��UHPLQGV�WKDW�WKH�OHQJWK�VKRXOG�EH�LQWURGXFHG�LQ�PHWHUV���WKH��IRRW��LQGLFDWLRQ�UHPLQGV�WKDW�WKH�OHQJWK�VKRXOG�EH�LQWURGXFHG�LQ�IHHW��FI��,,,�����xx ,Q�WKH��2WKHU��DUUD\��WKH�RSHUDWRU�KDV�WR�LQWURGXFH�E\�KLPVHOI�WKH�JHRPHWULFDO�FRHIILFLHQW�RI�WKH�TXDGULSROH�KH�LV�XVLQJ��.� ������7KLV�RSWLRQ�FDQ�EH�XVHG�IRU�LQVWDQFH�LQ�FDVH�RI�GRZQKROH�PHDVXUHPHQWV�ZLWK�VKRUW�QRUPDO��VSDFLQJ����LQFKHV��.� �����P��RU�ORQJ�QRUPDO��VSDFLQJ����LQFKHV��.� ������P��DUUD\V��xx 7KH��2SW��SDUDPHWHUV�DUH�RSWLRQDO�SDUDPHWHUV�WKDW�WKH�RSHUDWRU�FDQ�GHILQH�DV�KH�ZDQWV�

,,,����*5281',1*�5(6,67$1&(�0($685(0(17���56�&+(&.� )81&7,21�
%HIRUH� WUDQVPLWWLQJ� WKH� FXUUHQW�� LW¶V� DGYLVDEOH� WR� FKHFN� WKDW� WKH� HOHFWURGHV� DUH� FRUUHFWO\�FRQQHFWHG� WR� WKH� LQVWUXPHQW�� 7KH� JURXQG� UHVLVWDQFH� RI� WKH� HOHFWURGHV� FDQ� EH� FKHFNHG� E\�SUHVVLQJ�WKH��56�&+(&.��NH\��WKH�PHDVXUHPHQW�LV�PDGH�EHWZHHQ�WKH�$�DQG�%�SOXJV�RI�WKH�6<6&$/�
7KH� YDOXH� ZLOO� EH� JLYHQ� LQ� NRKP� �LI� WKLV� RQH� LV� JUHDWHU� WKDQ� �� 0RKP� �HOHFWURGHV� QRW�FRQQHFWHG���WKH�6<6&$/�ZLOO�GLVSOD\�DQ�XQVWDEOH�YDOXH��5� �[[[�[[����
,W¶V�UHFRPPHQGHG�WR�RSHUDWH�ZLWK�WKH�ORZHVW�SRVVLEOH�YDOXHV�RI�JURXQG�UHVLVWDQFHV��ERWK�IRU�$��%�DQG�IRU�0��1�HOHFWURGHV��D�YDOXH�ORZHU�WKDQ���NRKP�LV�D�JRRG�YDOXH������NRKP VKRXOG�EH�FRQVLGHUHG�DV�D�YDOXH�WKDW�VKRXOGQ¶W�EH�H[FHHGHG����
3OHDVH� QRWH� WKDW� WKH� VSRQWDQHRXV� SRODUL]DWLRQ� �6S�� LV� DXWRPDWLFDOO\� FRPSHQVDWHG� GXULQJ� WKH�HDUWK�FLUFXLW�UHVLVWDQFH�PHDVXUHPHQW��



��

,,,����12,6(�021,725,1*���021,725��)81&7,21�
It is possible to check the level of noise between the receiver electrodes (M,N) before the 
measurement by pressing the �MONITOR� key. This option features a voltmeter function.   
The value of the voltage coming from the ground without the unit transmitting any signal will 
be displayed in mV. This allows to estimate the signal level of ambient noise and spontaneous 
polarization. 

9PQ� �����P9
By pressing the �ENTER� key, the relative value will be displayed, that is to say the 
difference between the observed voltage and the reference value:

9PQ� ����P9� 5(/
To come back to the absolute value, press �ENTER� again.

3UHVV�WKH��)81&7�6723��NH\�WR�FRPH�EDFN�WR�WKH��6HOHFW�)XQFWLRQ��PHVVDJH�

,,,����67$57�6723�2) 0($685(0(176�
The voltage of the system battery is automatically checked before a measurement ; in case this 
voltage is low, a displayed message will warn the operator (cf.II.1.).
For each operating modes, some displays are specific. The Multi-Electrode mode is 
described in the Annex 5.

,,,����� 5+2�02'(�
The unit generates the current between A-B electrodes and measures the voltage between M-
N electrodes in order to compute the apparent resistivity.

To start the injection of current press the �START� key: 

6S� ��+9� ����9�� � �:LWK� 6S��VSRQWDQHRXV�SRODUL]DWLRQ�YDOXH�PHDVXUHG�MXVW�EHIRUH�WKH�LQMHFWLRQ��LQ�P9+9��KLJK�YROWDJH�VXSSOLHG��9$%��± 7KH�GDVKHV�PHDQ�WKDW�WKH�ILUVW�SXOVHV�RI�FXUUHQW�DUH�EHLQJ�WUDQVPLWWHG��7KLV�PHVVDJH�LV�GLVSOD\HG�GXULQJ�WKUHH�SXOVHV��FI��,,,�������



��

'XULQJ�WKH�DFTXLVLWLRQ��DIWHU�WKH�ILUVW�WKUHH�SXOVHV��WKH�GLVSOD\�ZLOO�EH�
Y� �����������������������L� �����T� ����������������������������

:LWK� Y��PHDVXUHG�YROWDJH�EHWZHHQ�0�DQG�1��LQ�P9L��LQWHQVLW\�RI�WKH�WUDQVPLWWHG�FXUUHQW�EHWZHHQ�$�DQG�%��LQ�P$T�� VWDQGDUG�GHYLDWLRQ�RI� WKH�Y�L� UDWLR� WKDW� LV� WR� VD\�DOVR� WKH� VWDQGDUG�GHYLDWLRQ�RI� WKH�DSSDUHQW�UHVLVWLYLW\��LQ�����running number of stacks

The display will change, at each new pulse, with values of v and i, which can be slightly 
different, if there is some ambient noise in the field.

The current is injected until the stacks min (or the stack max) has been reached. The �FUNCT/STOP� key can be also used to stop the measurement at the end of the running half 
cycle (1 half cycle = 1xTIME).

$IWHU� DFTXLVLWLRQ�� WKH� UHVXOWV� RI� WKH� ODWHVW� PHDVXULQJ� SRLQW� FDQ� EH� YLVXDOL]HG� SUHVVLQJ� WKH��5(68/7��NH\�
9� ��������������� 6S� ��,� ������

:LWK� 9��DYHUDJH�YDOXH�RI�WKH�UHFHSWLRQ�YROWDJH�901��LQ�P9,��DYHUDJH�YDOXH�RI�WKH�WUDQVPLWWHG�FXUUHQW�,$%��LQ�P$6S��VSRQWDQHRXV�SRODUL]DWLRQ�YDOXH�PHDVXUHG�MXVW�EHIRUH�WKH�LQMHFWLRQ��LQ�P9
$QG�WR�KDYH�DFFHVV�GLUHFWO\�WR�WKH�UHVLVWLYLW\�YDOXH��SUHVV�WKH��(17(5��NH\�

5KR� �������4� ��:LWK� 5KR��DSSDUHQW�UHVLVWLYLW\�YDOXH�FRPSXWHG�IURP�WKH�SUHYLRXV�9�DQG�,�YDOXHV��LQ�2KP�P4��VWDQGDUG�GHYLDWLRQ�RI�WKH�UHVLVWLYLW\��TXDOLW\�IDFWRU���LQ��
,W�LV�WKHQ�SRVVLEOH�WR�FRPH�EDFN�WR�WKH�ILUVW�GLVSOD\�RI�WKH��5(68/7��IXQFWLRQ�E\�SUHVVLQJ�WKH��(17(5��NH\�DJDLQ�



��

,,,������5+2�$1'�,3�02'(
The unit generates the current between A-B electrodes and measures the voltage between M-
N electrodes in order to compute the apparent resistivity and the global chargeability (IP).

The changes relative to the previous mode are the following ones:

During the acquisition (after the three first pulses), the display will be:

Y� ����� L� �����P� ��� T� ������������������:LWK� Y��PHDVXUHG�YROWDJH�EHWZHHQ�0�DQG�1��LQ�P9L��LQWHQVLW\�RI�WKH�WUDQVPLWWHG�FXUUHQW�EHWZHHQ�$�DQG�%��LQ�P$
m: global chargeability, i.e. the weighted average of the partial chargeabilities, in 
mV/V (‰) T�� VWDQGDUG�GHYLDWLRQ�RI� WKH�Y�L� UDWLR� WKDW� LV� WR� VD\�DOVR� WKH� VWDQGDUG�GHYLDWLRQ�RI� WKH�DSSDUHQW�UHVLVWLYLW\��LQ�����running number of stacks

The current is injected until the stacks min (or the stack max) has been reached. The �FUNCT/STOP� key can be also used to stop the measurement at the end of the running half 
cycle (1 half cycle = 1xTIME).

$IWHU� DFTXLVLWLRQ�� WKH� UHVXOWV� RI� WKH� ODWHVW� PHDVXULQJ� SRLQW� FDQ� EH� YLVXDOL]HG� SUHVVLQJ� WKH��5(68/7��NH\�
9� ������������ 6S� ��,� ������

:LWK� 9��DYHUDJH�YDOXH�RI�WKH�UHFHSWLRQ�YROWDJH�901��LQ�P9,��DYHUDJH�YDOXH�RI�WKH�WUDQVPLWWHG�FXUUHQW�,$%��LQ�P$6S��VSRQWDQHRXV�SRODUL]DWLRQ�YDOXH�PHDVXUHG�MXVW�EHIRUH�WKH�LQMHFWLRQ��LQ�P9
$QG�� WR� KDYH� DFFHVV� GLUHFWO\� WR� WKH� UHVLVWLYLW\� DQG� FKDUJHDELOLW\� YDOXHV�� SUHVV� WKH� �(17(5��NH\�

5KR� �������4� ��� 0� �����
:LWK� 5KR��DSSDUHQW�UHVLVWLYLW\�YDOXH�FRPSXWHG�IURP�WKH�SUHYLRXV�9�DQG�,�YDOXHV��LQ�2KP�P

M: average value of the global chargeability, in mV/V (‰)4��VWDQGDUG�GHYLDWLRQ�RI�WKH�UHVLVWLYLW\��TXDOLW\�IDFWRU���LQ��
Once more �ENTER��key: 
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0�  �����������������������0�  �����0�  �����������������������0�  ����
With

Mi: average value of the partial chargeability �i�, in mV/V (‰)

Remark:
The number of partial chargeability windows used for the measurement depends on the 
current injection time, in the �Preset times� option (cf. Annex 2). 

It is then possible to come back to the first display of the RESULT function by pressing the �ENTER� key again.

General remarks:

xx If the voltage overcomes the limit value(due to a quick variation of Sp for example) , the �OVLD� message will be displayed during the measurement (instead of the running stacks 
number). In that case, the operator will have to increase the grounding resistance of the 
current electrodes or to decrease the length of MN.

x If the geometrical parameters have not been introduced before the measurement, the 
apparent resistivity can’t be computed and the �RO = ****� message will be then displayed. 
It is then possible to introduce the parameters (�SPACING� key) and read the value of 
resistivity (�RESULT� key) without having to make a new measurement.

Warning:
The DC-DC internal converter that permits to increase the voltage of the battery features a 
thermal circuit breaker that stops the injection of the current as soon as the temperature 
overcomes 90° C. Then, the displayed values of the voltage and of the current will be equal to 
zero. Please wait for the instrument to be cooled before going on with the measurements.

,,,������0($685(0(176�',63/$<6
Example: 
Rho mode: ON+, ON-
Injection Time: T 6WDFNV�PLQ���
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,,,����*(1(5$/�5(0$.6�$%287�7+(�',63/$<('�9$/8(6
'XULQJ�WKH�DFTXLVLWLRQ�xx In case the �Running values� option has been selected in the �CONFIG� function (cf. II.6.), 
the displayed values of the voltage and of the current intensity during the acquisition are: v 
and i instead of respectively V and I (used for �Cumulative values� option) to remind that they 
correspond to running values.

xx Those resisitivity-meters have an �intelligent initiative� during the measurement:
When the signal is greatly disturbed by noise, the message �NOISE OR ERROR TIME� is 
displayed, the current data are kept and the measuring process is tried again. This operation 
avoids bad quality measurements and permits to work without loosing too much time by 
keeping the running data. The instrument will go on measuring when the working conditions 
will be correct.

$IWHU�WKH�DFTXLVLWLRQ���,Q� FDVH� WKH� �1RUPDOL]HG� YDOXHV�� RSWLRQ� KDV� EHHQ� VHOHFWHG� LQ� WKH� �&21),*�� IXQFWLRQ�� WKH�GLVSOD\HG�YDOXHV�E\�WKH��5(68/7��IXQFWLRQ�DERXW�WKH�FKDUJHDELOLW\�ZLOO�EH��1��1L��LQVWHDG�RI�0��0L���5DZ�YDOXHV���WR�UHPLQG�WKDW�WKH\�FRUUHVSRQG�WR�QRUPDOL]HG�YDOXHV����7KH� WZR� W\SHV� FDQ� EH� GLVSOD\HG� IRU� D� PHDVXUHPHQW� ZLWK� WKH� �5(68/7�� RU� WKH��0(025<�5($'�� IXQFWLRQV� �LQ� FDVH� RI� VWRUHG� GDWD� UHDGLQJ�� RQO\� E\� VHOHFWLQJ� WKH�FRUUHVSRQGLQJ�RSWLRQ��,Q�FDVH�RI�GDWD�WUDQVIHU��RQH�PXVW�FDUH�WR�VHOHFW�WKH�GHVLUHG�RSWLRQ�EHIRUH�WKH�RSHUDWLRQ��

� � �
� � �

�901
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,9��86(�2)�7+(�,17(51$/�0(025<
The operations concerning the internal memory of the unit are controlled by the �MEMORY�
and �SERIAL LINK� keys. They are common to all the resistivity-meters SYSCAL Switch
type 
With the �MEMORY� key, it is possible to �STORE� a reading, to �READ� a reading 
previously stored and to �CLEAR� the internal memory. Use the �U3� and �DOWN� keys to 
scroll up and down in that menu and the �ENTER� key to validate (Figure 3 shows these 
various possibilities).

With the �SERIAL LINK� key, it is possible to transfer the data to a printer or a computer and 
to control the unit through a computer.

,9����'(6&5,37,21�
The instrument features a working area, a reading zone and a memory divided into 818 
storage areas.

In the working area, the operator can perform all the functions described in parts II and III.

,Q�WKH�UHDGLQJ�DUHD� LW�LV�SRVVLEOH�WR�UHDG�VRPH�GDWD�SUHYLRXVO\�VWRUHG��7KH�UHDGLQJ�RI�D�VWRUDJH�]RQH� GRHVQ
W� GHOHWH� WKH� SUHYLRXV� ZRUNLQJ� DUHD�� 6R� LW� LV� SRVVLEOH� WR� UHDG� D�PHPRUL]HG� GDWD�ZLWKRXW� ORRVLQJ�WKH�ZRUNLQJ�GDWD�DUHD��$FFRUGLQJO\��LW� LV� LPSRVVLEOH� WR�GHOHWH�RU�FKDQJH DQ\�YDOXH�IRU�D�VWRUHG�PHDVXUHPHQW�
Remark:
All the operations using the memory must be validated by pressing the �ENTER� key.

This memory structure is displayed in the figure 3:

)LJXUH����2SWLRQV�RI�WKH��0(025<�PHQX

0(025<

5($' &/($56725(
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)LJXUH����6WUXFWXUH�RI�WKH�LQWHUQDO�PHPRU\

,9����'$7$�6725$*(���0(025<��)81&7,21�
Select the �MEMORY|STORE� function by pressing �ENTER� key when the prompt �>� is in 
front of the �STORE� line.   
The display will be then:

RANGE 1/818
Store # 1

9��,��0�9B'/<0B'/<����

5HDGLQJ�LQGH[
9��,��0�9B'/<�0B'/<����

:25.,1*�$5($

5($',1*�$5($

6725$*(
6WRUDJH�LQGH[

5($',1*

6725$*(�$5($���
���
-����
-

,
,�� �

�
�
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The first line of the display reminds that the memory can accept a total of 818 readings. The 
second line indicates in which storage area the current set of data will be stored if the �ENTER� key is pressed (#1 in this example). In order to make easier the storage, this index is 
automatically incremented after each new storage ; however, it can be modified at any time, if 
required, by pressing the backspace key (�m�) and then by introducing the new number with 
the numeric keyboard and finally by pressing the �ENTER� key.

After the �ENTER� key has been pressed, the display will be:

DATA STORED IN # 1

This confirms that the data have been stored in area #1 of the memory. Each set of data stored 
includes the type of array used, the lengths of the lines, the voltage, the current, the 
spontaneous polarization, the standard deviation and the timing parameters (pulse duration, 
and V_DLY and eventually M_DLY and T_Mi – cf. Annex 2). 
The apparent resistivity and the global chargeability are not stored because they are easily re-
computable from the memorized parameters. 

Remarks: xx Trying to store a set of data in a memory zone already full (by changing the number during 
the �STORE� operation), involves such a display:

Clear previous data?
Yes: Enter   No: Change

Then the operator answers but let's note that the storage of measurements in this memory 
already full (by pressing the �ENTER� key) deletes the data set previously stored in this 
memory zone.

xx The microprocessor board of these types of resistivity-meter includes a ten years long life 
lithium battery. This battery saves the data in the memory when the internal battery is taken 
out of the instrument to be replaced.

,9����'$7$�5($',1*���0(025<��)81&7,21�
It is possible to display data which have been previously stored in the internal memory, 
through the �MEMORY|READ� function.

Press the �ENTER� key when the prompt �>� is in front of the �READ� line. The display will 
be:
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5$1*(������5HDG�����
Select the storage area you wish to read. This index is automatically incremented at the end of 
each reading ; however, it can be modified at any time, if required, by pressing the backspace 
key (�m�) and then by introducing the new number with the numeric keyboard and finally by 
pressing the �ENTER� key.

1RWH� that the index used in the �STORE� and �READ� procedures are completely 
independent.  

After the �ENTER� key has been pressed, all the information corresponding to the set of data 
recalled, can be visualized by successively pressing the �ENTER� key. The apparent 
resistivity and the global chargeability although not stored in the memory, are re-computed 
and displayed in the �READ� procedure.

If an attempt is made to read data in a memory area where no datum point has been stored, the 
message will be:

5HDG������QR�GDWD

,9����0(025<�(5$6,1* ��0(025<��)81&7,21�
The memory can be completely deleted by using the �MEMORY|CLEAR� function. Since 
this operation is irreversible (after clearing the memory, all data are definitively lost), it must 
be performed with care.   

Press the ENTER key when �>� is in front of �CLEAR�. The display will be then:

&OHDU�PHPRU\�"�����������������&RQILUP��������!������������
Press successively the �0�, �9�, �-� and �7� keys to clear the memory. Let's note that such an 
operation doesn't affect the working area that keeps its stored measurements.

To escape from the clearing procedure (when this clearing is not desired), press any key. 

,Q�VKRUW��DOO�WKH��0(025<��RSWLRQV�DUH�GHSLFWHG�LQ�ILJXUH���
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)LJXUH����2SHUDWLRQV�LQ�WKH��0(025<��PHQX

! 6WRUH5HDG 5HDG! &OHDU
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(17(5 (17(5
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,9����'$7$�75$16)(5���6(5,$/�/,1.� )81&7,21�
The data stored in the internal memory of the unit can be transferred to a PC through a RS232 
link. This function is controlled by the �SERIAL LINK� key. The options available in that 
menu are the following ones (use the �UP� and �DOWN� keys to scroll up and down):   �%$8'�5$7(����'803�+(;$����6(59(5��

)LJXUH��: Options of the �SERIAL LINK� menu

,9������%$8'�5$7(�237,21
7KH��BAUD RATE� option is used to set up the transmission speed of the data sent through 
the serial link. Select the transmission speed in the range [19200, 9600, 4800, 2400, 1200, 
600, 300 bauds] using the �UP� and �DOWN� keys and the �ENTER� key to validate. 

Please note that the other characteristics of the link are the standard ones: 
- format = 8 bits
- 1 stop bit
- no parity 
- ASCII characters
- XON/XOFF handshaking

����� %/2&.;21���;2))���� ���
�������

����
����

6(5,$/�/,1.

'803+(;$%$8'�5$7( 6(59(5
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,9������'803�+(;$�237,21
This option permits to transfer the data stored in the unit in a binary format, with the E-TX 
program (Dos program). This transmission toward a PC or a console is performed with the 
serial link cable (RS232 type) delivered with the instrument. Two choices are available:

- XON/XOFF transmission by XON/XOFF procedure,
- BLOCK transmission by data blocks.

,9������6(59(5�237,21
:LWK�WKH��6(59(5��RSWLRQ��WKH�6<6&$/�FDQ�EH�PDQDJHG�LQ�0XOWL�(OHFWURGH�PRGH�IURP�D�3&��7KH�&206<6�VRIWZDUH�KDV�WR�EH�XVHG�IRU�WKLV�W\SH�RI�RSHUDWLQJ��
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9��7(&+1,&$/�63(&,),&$7,216�
9����0($685(x $XWRPDWLF�VWDFNLQJ�SURFHVV��WR�LPSURYH�WKH�VLJQDO�QRLVH�UDWLRQ��DQG�GLVSOD\�RI�WKH�QXPEHU�RI�VWDFNVx0HDVXUH�RI�WKH�IROORZLQJ�SDUDPHWHUV��&XUUHQW� LQWHQVLW\� � 9ROWDJH� ± 6SRQWDQHRXV� SRODUL]DWLRQ� � 6WDQGDUG� GHYLDWLRQ� ± 3DUWLDO�FKDUJHDELOLWLHV��LI�5KR�DQG�,3 PRGH��x &RPSXWDWLRQ�RI�WKH�IROORZLQJ�SDUDPHWHUV��$SSDUHQW�UHVLVWLYLW\�± *OREDO�FKDUJHDELOLW\��LI�5KR DQG�,3�PRGH���x 7HVW�RI�WKH�LQWHUQDO�V\VWHP�EDWWHU\x0RQLWRU�RI�WKH�DPELHQW�QRLVH�EHIRUH�LQMHFWLRQx 'DWD�VWRUDJH�LQ� WKH�LQWHUQDO�PHPRU\��XS�WR�����PHDVXUHPHQWV�LQ�VWDQGDUG�PRGH���WKH�GDWD�VWRUHG�IRU�HDFK�PHDVXUHPHQW�DUH�
Station and line numbers - Electrode array - Lengths of lines – Spontaneous polarization -
Timing parameters - Voltage - Intensity - Partial chargeabilities �LI�5KR DQG� ,3�PRGH�� -
Standard deviation.

9����75$160,77(5x0D[LPXP�RXWSXW�YROWDJH������9��-XQLRU��� ����9��5��3OXV�x0D[LPXP�RXWSXW�FXUUHQW�������P$��-XQLRU��� �����P$��5��3OXV�x0D[LPXP�RXWSXW�SRZHU������:��-XQLRU��± ����:��5��3OXV�x &XUUHQW�ZDYHIRUP�5KR�0RGH��21���21�5KR�DQG ,3�0RGH��21���2))��21���2))x &XUUHQW��5HVROXWLRQ�����P$$FFXUDF\��0.3% typical, 1% maximum over the whole operating temperature range x A thermal circuit breaker stops the transmission when the internal temperature is too high

9����5(&(,9(5x ,QSXW�LPSHGDQFH�����0RKP�x ,QSXW�YROWDJH�UDQJH�����9�WR����9��Protection against overload��x Automatic compensation of the spontaneous polarization (Ps) with correction for linear drift 
up to 1 mV/sx 5HMHFWLRQ�ILOWHU����+]�DQG��� +]�x 9ROWDJH�5HVROXWLRQ�'XULQJ�WKH�PHDVXUHPHQW����9$IWHU�VWDFNLQJ����9$FFXUDF\�������W\SLFDO�����PD[�RYHU�WKH�ZKROH�WHPSHUDWXUH�UDQJH
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9����*(1(5$/
x Weather proof casex 'LPHQVLRQV�����[����[����FP�x:HLJKW����NJ��LQFOXGLQJ�LQWHUQDO�EDWWHULHV�x Temperature range�2SHUDWLQJ������&�WR�����&�6WRUDJH������&�WR�����&x 6XSSO\LQJ����9�EDWWHULHV��LQWHUQDO��RU�H[WHUQDO�IRU�WKH�WUDQVPLWWHU�
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$11(;����*(20(75,&$/�3$5$0(7(56�$1'�5(6,67,9,7<
7KH�PHWKRGV�WR�PHDVXUH�WKH�VXEVXUIDFH�UHVLVWLYLW\�E\�'&�FXUUHQW�LQMHFWLRQ�DUH�DOO�EDVHG�RQ�WKH�VDPH�SULQFLSOH�x A current (I) is sent in the ground through two electrodes (denoted A and B - electrodes 
connected to the transmitter part).x The current creates an equipotential distribution making it possible to measure a potential 
difference (I) between two other electrodes, denoted M and N - electrodes connected to the 
receiver part). x $Q�DSSDUHQW� UHVLVWLYLW\� LV� WKHQ�GHILQHG�E\��5KR� �.�9�, ZKHUH�.� �JHRPHWULF� IDFWRU��RQO\�GHSHQGV�RQ�WKH�JHRPHWULF�DUUD\�RI�WKH�HOHFWURGHV�LQ�WKH�ILHOG�DQG�LV�H[SUHVVHG�E\�
K = 2SS / |AM

-1

- AN
-1

- BM
-1

 + BN
-1

|

The various configurations only differ by the position of the electrodes with K assuming a 
more specific expression.

)ROORZLQJ�WKH�FKRVHQ�HOHFWURGH�DUUD\���(�$55$<��NH\���WR�FRPSXWH�WKH�.�IDFWRU��\RX¶OO�KDYH�WKHQ�VHYHUDO SDUDPHWHUV�WR�HQWHU���63$&,1*��NH\���FI��,,,����WDEOH���
1RWH��,Q� WKH� IROORZLQJ� SLFWXUHV�� WKH� ;� D[LV� LV� GHILQHG� DV� WKH� $%� D[LV�� WKH� <� D[LV� LV� GLUHFWO\�SHUSHQGLFXODU�WR�$%�
o 'LSROH�'LSROH

- XC: abscissa of the nearest current electrode from the MN dipole
- XP: abscissa of the nearest potential electrode from the AB dipole
- D: length of dipoles (current and potential): _'_� �_$%_� �_01_�� VKLIW�RI�WKH�DUUD\� /LQH��QXPEHU�DOORZLQJ�D�GLVWLQFWLRQ�EHWZHHQ�GLIIHUHQW�SURILOHV
By setting nD as the distance between the midpoints of AB and MN, we have:

K = S nD (n2 - 1)

$ % 0 1� ;;& ;3
' ' /LQH
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oo 3ROH�'LSROH

The current electrode A has to be placed sufficiently far to be able to ignore AM
-1 

and AN
-1�

- XC: abscissa of the nearest current electrode from the MN dipole
- XP: abscissa of the nearest potential electrode from the B electrode
- D: length of the potential dipole: |D| = |MN|  �� VKLIW�RI�WKH�DUUD\� /LQH��QXPEHU�DOORZLQJ�D�GLVWLQFWLRQ�EHWZHHQ�GLIIHUHQW�SURILOHV
.� ��S ���%0�� � %1���
oo 3ROH�3ROH
The A and N electrodes are placed sufficiently far from the B and M electrodes to be able to 

ignore (AM)
-1

, (AN)
-1

and (BN)
-1

.

- XC: abscissa of the nearest current electrode from the M electrode
- XP: abscissa of the nearest potential electrode from the B electrode
- D: distance between the electrodes: |D| = |BM| � VKLIW�RI�WKH�DUUD\� /LQH� QXPEHU�DOORZLQJ�D�GLVWLQFWLRQ�EHWZHHQ�GLIIHUHQW�VXUYH\�OLQHV�
.� ��S��%0���

% 0 1� ;;& ;3
$�f� /LQH

'

� ;$�f� 1�f�
;& ;3

% 0'
/LQH
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o *UDG��5&7*/��*UDGLHQW�UHFWDQJOH�

In this array, the A,B electrodes are fixed and the M,N electrodes are moved parallel to AB 
inside an area located in the central part of AB. This array serves to observe variations in 
resistivity on a surface for a relatively high investigation depth without the need to move the 
current electrodes.

� ;3�� DEVFLVVD�RI�0��WKH�RULJLQ���EHLQJ�WKH�PLGGOH�RI�$%�DQG�WKH�DEVFLVVD�D[LV��[�EHLQJ�WKH�$%�OLQH�� /LQH�� RUGLQDWH�of the potential electrodes
- rr D: length of the potential dipole
- AB/2: half distance of the current electrodes  

K = 2S / |AM
-1

- AN
-1

- BM
-1

+ BN
-1

|

AM = [(XP + a)
2

+ Line 
2

]½ A (-a, 0)

AN = [(XP + D + a)
2

+ Line
2

]½ B (+a, 0)

BM = [(XP - a)
2

+ Line
2

]½ M (XP, Line)

BN = [(XP + D - a)
2

+ Line
2

]½ N (XP + D, Line)

5HPDUN�7KH�WHUP�*UDGLHQW�LV�UHVHUYHG�IRU�WKH�FDVH�LQ�ZKLFK�WKH�LQYHVWLJDWLRQ�LV�RQO\�SHUIRUPHG�RQ�$%�OLQH�

oo 6FKOXP��9(6 �6FKOXPEHUJHU�VRXQGLQJ�

$ ;�
0 1

$%�� ;3

<

%$ ;0 �����������������1$%�� 01��

/LQH
'

%

/LQH



��

7KH�SRWHQWLDO�HOHFWURGHV�01�DUH�SODFHG�V\PPHWULFDOO\�DW�WKH�FHQWUH�RI�$%�DQG�WKH�RULJLQ���LV�WKHLU�FRPPRQ�PLG�SRLQW�
$W�HDFK�PHDVXUHPHQW��WKH�FXUUHQW�HOHFWURGHV��$�%��DUH�PRYHG�RI�$%���IURP���
� $%���� KDOI�GLVWDQFH�EHWZHHQ�WKH�FXUUHQW�HOHFWURGHV��01���� KDOI�GLVWDQFH�EHWZHHQ�WKH�SRWHQWLDO�HOHFWURGHV�� /LQH�� QXPEHU�DOORZLQJ�D�GLVWLQFWLRQ�EHWZHHQ�GLIIHUHQW�SURILOHV
.�WKHQ�DVVXPHV�D�VLPSOLILHG�H[SUHVVLRQ��
If AB/2 > MN/2: K = S (AM

-1

- AN
-1

) (symmetrical array) 

If AB/2 = a and MN/2 = b: K = S (a
2 

- b
2

) / 2b
In the case of the classical Schlumberger sounding, MN is small in comparison with AB and 

so K can be treated as S a
2 

/ b.

o Schlum. PRF �6FKOXPEHUJHU�SURILOH�

The electrodes keep constant relative positions (identical to those of Schlum. VES).

- X: abscissa of the centre of MN (Mid) (the direction being AB) 
- AB/2: half-distance between the current electrodes
- MN/2: half-distance between the potential electrodes� /LQH�� QXPEHU�DOORZLQJ�D�GLVWLQFWLRQ�EHWZHHQ�GLIIHUHQW�SURILOHV
.�LV�D�FRQVWDQW�RI�WKH�SURILOH�
K = S (a

2

- b
2

) / 2b (if AB/2 > MN/2)

o:HQQHU�9(6 �:HQQHU�VRXQGLQJ�
:HQQHU�VRXQGLQJ�LV�D�UHVWULFWLRQ�RI�WKH�6FKOXPEHUJHU�VRXQGLQJ��01� �$%��
- AB/3: a third of the distance between the current electrodes� /LQH�� QXPEHU�DOORZLQJ�D�GLVWLQFWLRQ�EHWZHHQ�GLIIHUHQW�SURILOHV�GXULQJ�VWRUDJH��
VR�.� ���S $%��

�
%$ ;0 � 1$%�� 01��;

/LQH
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o:HQQHU�35) �:HQQHU�SURILOH�
7KH�:HQQHU�SURILOH�LV�D�UHVWULFWLRQ�RI�WKH�6FKOXPEHUJHU�SURILOH��01� �$%��
- X: abscissa of the centre of MN (Mid) (the direction being AB) 
- AB/3: a third of the distance between the current electrodes.� /LQH�� QXPEHU�DOORZLQJ�D�GLVWLQFWLRQ�EHWZHHQ�GLIIHUHQW�SURILOHV�GXULQJ�VWRUDJH��
6R�.�UHPDLQV�FRQVWDQW�DOO�DORQJ�WKH�SURILOLQJ�D[LV�
o +ROH�VXUI� �0LVH�j�OD�PDVVH��
Array used to determine the directions of extensions of polarizable zones.
With electrode B lowered in a borehole and electrode A as a remote electrode, the potential is 
measured on two perpendicular dipoles with coordinates X and Y (0 being the borehole).

- Line X: number in the X axis direction allowing to parameter the common point N of the 
potential dipoles MN and M’N

- Line Y: number in the Y axis direction allowing to parameter the common point N of the 
potential dipoles MN and M’N  

- MN/2: half-distance between the potential electrodes 
- Ref.: this array uses two perpendicular potential dipoles (MN and M’N) ; this parameter 

serves to distinguish between these ones

,Q�WKLV�FRQILJXUDWLRQ�WKH�YDOXH�RI�.�LV�WDNHQ�DUELWUDULO\�DW������

$ ;
<

%
/LQH�;

/LQH�< 1
�

5HI�� ��
5HI�� ��

00¶
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$11(;����,3�3$5$0(7(56�$1'�&+$5*($%,/,7<
7KH�SDUWLDO�FKDUJHDELOLWLHV�PHDVXUHPHQWV��0L��DQG�WKH�ZHLJKWHG�DYHUDJH�JOREDO�FKDUJHDELOLW\�GHGXFHG� �0�� JLYH� XV� LQIRUPDWLRQ� UHJDUGLQJ� WKH� DELOLW\� RI� WKH� VRLO� WR� FKDUJH� LWVHOI� GXH� WR� D�FXUUHQW�IORZ�
7KH�SDUWLDO�FKDUJHDELOLW\�RI�WKH�ZLQGRZ��L��LV�PHDVXUHG�WKDQNV�WR�WKH�IROORZLQJ�IRUPXOD�
0L� �³³ 9GW���7B0L�901 ���7B0L
$QG�WKH�JOREDO�FKDUJHDELOLW\�LV�FRPSXWHG�WKDQNV�WR�WKH�IROORZLQJ�IRUPXOD�Q Q0� �¦¦ �0L�7B0L����¦¦ 7B0L ���L ���������������������������������L �
:LWK Q��QXPEHU�RI�,3�ZLQGRZV7B0L��ZLGWK�RI�WKH�SDUWLDO�FKDUJHDELOLW\�ZLQGRZ��L��
5HPDUN�7KH�0�DQG�0L�YDOXHV�DUH�H[SUHVVHG�LQ�P9�9��Å�
7KH�GLVFKDUJH�SKHQRPHQRQ REVHUYHG�GXULQJ�WKH�UHOD[DWLRQ�WLPH�FDQ�EH�GHVFULEHG�DFFRUGLQJ�WR�WKH�IROORZLQJ�FXUYH��

7LPH��PV�

901

9B'/<����������������������������������������������������������������0B'/<�7B0��7B0������7B0���������7B0�
&XUUHQW�LQMHFWLRQ�WLPH� 5HOD[DWLRQ�WLPH

0� 0�

0HDVXUHG�YROWDJH��P9�

0� 0�
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:LWK� WKLV� W\SH� RI� UHVLVWLYLW\�PHWHU�� XS� WR� �� ,3�ZLQGRZV� FDQ� EH� XVHG� WR� FRPSXWH� WKH� JOREDO�FKDUJHDELOLW\�
� &XUUHQW�LQMHFWLRQ�WLPHV �PV��DYDLODEOH��FI��,,����������� ������ �������3UHVHW�WLPHV��RSWLRQ>����� �����@���3URJUDPPDEOH�WLPHV��RSWLRQ
o ,Q� WKH� �3URJUDPPDEOH� WLPHV�� RSWLRQ�� WKH� QXPEHU� RI� ,3� ZLQGRZV� DYDLODEOH� IRU� WKH�PHDVXUHPHQW�LV�IL[HG�E\�WKH�RSHUDWRU�
o ,Q�WKH��3UHVHW�WLPHV��RSWLRQ�7KH�QXPEHU�RI� ,3�ZLQGRZV�DYDLODEOH� IRU� WKH�PHDVXUHPHQW� GHSHQGV�RQ� WKH�FXUUHQW� LQMHFWLRQ�WLPH �� WKH� SURJUDP� ZLOO� FKRRVH� DOVR� DXWRPDWLFDOO\� WKH� ,3� SDUDPHWHUV� �0B'/<�� 9B'/<��7B0L��WKDW�ZLOO�EH�XVHG�IRU�WKH�PHDVXUHPHQW��7KH�QH[W�WDEOH�JLYH�WKH�YDOXHV�LQ�PV�

3XOVH�GXUDWLRQ 7,0( ��� ��� ���� ����'HOD\�WLPH�EHIRUH�WKH�ILUVW�9�VDPSOH�PHDVXUHPHQW 9B'/< ��� ��� ��� ����
'HOD\�WLPH�EHIRUH�WKH�ILUVW�0�VDPSOH�PHDVXUHPHQW 0B'/< � ��� ��� ���
)LUVW�,3�ZLQGRZ�ZLGWK 7B0� � �� ��� ���6HFRQG ,3�ZLQGRZ�ZLGWK 7B0� � ��� ��� ���7KLUG�,3�ZLQGRZ�ZLGWK 7B0� � � ��� ���)RXUWK�,3�ZLQGRZ�ZLGWK 7B0� � � � ���

([DPSOH�
0RGH��5KR�DQG�,3�3XOVH�GXUDWLRQ�������PV��6(7�83��RSWLRQ���3UHVHW�WLPHV��,Q�WKLV�FRQILJXUDWLRQ����,3�ZLQGRZV�ZLOO�EH�XVHG�IRU WKH�PHDVXUHPHQW�7B0�  �����PV7B0�  �����PV7B0�  �����PV7B0�  �����PV
$W�WKH�HQG�RI�WKH�PHDVXUHPHQW��ZKHQ�WKH��5(68/7��NH\�LV�SUHVVHG��WKH�DYHUDJH�YDOXHV�RI�WKH�SDUWLDO�FKDUJHDELOLWLHV��0L��DQG�WKHLU�ZHLJKWHG�DYHUDJH��0��ZLOO�EH�GLVSOD\HG�
7KH�IRUPXOD�����JLYHV�
0� �����0��������0��������0��������0���������������������������
$ERXW�WKH�W\SH�RI�,3�YDOXHV��QRWH�WKDW�WKH�FKDQJLQJ��UDZ��5��� QRUPDOL]HG��1���FDQ�EH�GRQH�



��

DIWHU�WKH�DFTXLVLWLRQ��FI��,,�����
7KH� QRUPDOL]DWLRQ� DOORZV� WR� KRPRJHQL]H� WKH� GDWD� WKDW� KDYH� EHHQ� REWDLQHG� ZLWK� YDULRXV�LQMHFWLRQ�DQG�LQWHJUDWLRQ�WLPHV��7KLV�LV�PDGH�ZLWK�UHVSHFW�WR�D�VWDQGDUG�GHFD\�FXUYH��ZKLFK�LV�WKH�RQH�REWDLQHG�ZLWK�WKH�IROORZLQJ�SDUDPHWHUV�
3XOVH�GXUDWLRQ� �����PV�9B'/<� �����PV0B'/<� ����PV70��� ����PV70�� ����PV70�� ����PV70�� ����PV
7KH�FRHIILFLHQWV�WR�PXOWLSO\��DOORZLQJ�WR�JR�IURP�D�W\SH�WR�WKH�RWKHU�RQH��DUH�LQGLFDWHG�LQ�WKH�IROORZLQJ�WDEOH�

����PV �����PV �����PV5�� 1 1�� 5 5�� 1 1�� 5 5�� 1 1�� 50 ���� ���� ���� ���� � �0� ���� ���� ���� ���� ���� ����0� ���� ���� ���� ���� ���� ����0� ���� ���� ���� ����0� ���� ����

([DPSOH�
0RGH��5KR�DQG�,33XOVH�GXUDWLRQ������PV��6(7�83��RSWLRQ���3UHVHW�WLPHV����&21),*��RSWLRQ���5DZ�YDOXHV�
$IWHU�WKH�PHDVXUHPHQW��ZH�REWDLQ�0� ������P9�90�� ������P9�90�� ������P9�9�
6R��WKH�FRUUHVSRQGLQJ�QRUPDOL]HG�YDOXHV�ZLOO�EH�1� ������P9�91�� ������P9�91�� ������P9�9�
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$11(;����'$7$�75$16)(5
7KLV�DQQH[�GHVFULEHV�WKH�LQVWUXFWLRQV�WR�IROORZ�WR�WUDQVIHU�GDWD�WR�D�3&�
With this type of instrument, D� &'� 520� FRQWDLQLQJ� QRWDEO\� WKH� IROORZLQJ� VRIWZDUH� LV�VXSSOLHG��� (/(&75(�,,��IRU�WKH�FUHDWLRQ�RI�VHTXHQFHV�LQ�0XOWL�(OHFWURGH�PRGH��� 3526<6��IRU�GDWD�WUDQVIHU��SURFHVVLQJ�DQG�H[SRUW�LQ�VWDQGDUG�DQG�0XOWL�(OHFWURGH�PRGH��
7KH�VHULDO�OLQN�FDEOH�KDV�WR�EH�XVHG�WR�FRQQHFW�WKH�UHVLVWLYLW\�PHWHU�WR�D�3&��E\�LWV�VHULDO�SRUW��7KH�3526<6�SURJUDP�DOORZV�WR�WUDQVIHU�WKH�GDWD��LQ�VWDQGDUG�PRGH��IURP�D�UHVLVWLYLW\�PHWHU�WR�D�3&�HTXLSSHG�ZLWK�D�VHULDO�SRUW��,W�DOORZV�DOVR�WR�SURFHVV�WKH�GDWD�DQG�WR�H[SRUW�WKHP�ZLWK�YDULRXV�IRUPDWV�
7KH�3526<6�VRIWZDUH�LV�D�:LQGRZV����ELWV�EDVHG�YHUVLRQ��7KH�LQVWDOODWLRQ�KDV�WR�EH�PDGH�WKDQNV�WR�WKH�© 6<6&$/�8WLOLWLHV ª�&'�520�VXSSOLHG�ZLWK�WKH�V\VWHP�
3526<6�RZQV�DQ�LQWHJUDWHG�RQ�OLQH�KHOS�ILOH�WR�VXSSRUW�\RX�7KH�SURFHGXUH�WR�IROORZ�IRU�GDWD�GRZQORDGLQJ�LV�SUHFLVHO\�GHVFULEHG�LQ�WKLV�KHOS�ILOH�
The '803�+(;$ option allows to transfer the data in a binary format. The structure is the 
following one: 

COM: 8 bits, 1 stop bit, no parity, 19200 bauds.

HANDSHAKE: Xon/Xoff: data will be transferred under Xon/Xoff
Block: one structure will be transferred after receiving 0x07 end of 
transmit 0x04 

STRUCTURE: Short data1;
Short data2;
Float vp;
Float in;
Short m[4];
Short ps;
Short e;
Short nbr_cren;
Float g[4];
Short time;
Short vdly;
Short mdly;
Short tm[4];
Char mode;
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Char el_array

Data1: NO DATA 0
STORED DATA ffff

Data2: reserved

Vp: primary voltage (signed mV)

In: current (mA)
M(4): windows (1..4) IP parts per 10000

ps: self potential (mV)

e: standard deviation of Vp/In % in Tx-Rx mode

Nbr-cren: stack number

G(4): spacing parameters (m or ft)
see el_array

Time: duration (ms)

Vdly: delay time before Vp (ms)

Mdly: delay time before chargeability measurements (ms)

Tm[4]: width of chargeability windows (ms)

Mode: Rho mode 0
Rho and IP mode 3

El_array: DIPOLE_DIPOLE 0 xc,xp,d,li
POLE_DIPOLE 1 xc,xp,d,li
POLE_POLE 2 xc,lic,lip,spa
RECTANGLE 3 xp,li,d,ab/2
QP_VES 4 ab/2,mn/2,li,opt1
QP_PRF 5 x,ab/2,mn/2,li
W_VES 6 ab/3,li,opt1,opt2
W_PRF 7 x,ab/3,li,opt1
IP_BUR 8 r,lix,liy,mn/2
OTHER 9 k,opt1,opt2,opt3
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$11(;����680�83�2)�7+(�0$,1�,16758&7,21��67$1'$5'�02'(�
7KLV� DQQH[� GHVFULEHV� WKH� PDLQ� LQVWUXFWLRQV� RI� WKH� UHVLVWLYLW\�PHWHU� LQ� VWDQGDUG�PRGH� �5KR�PRGH�RU�5KR�DQG�,3�PRGH���7KH�GLVSOD\�DUH�UHODWLYH�WR�WKH�5KR�DQG�,3�PRGH�

OPERATIONS to perform before running the measurement

)81&7,21 .(< ',63/$< 5(0$5.6
System battery 
checking

BATT 5[�%DWWHU\� ������9����&DSDFLW\� ������������������ 6\VWHP�EDWWHU\�YROWDJH��9������� �QHZ�EDWWHU\��� �EDWWHU\�WR�EH�FKDUJHG
Current waveform 
selection

02'('2:1'2:1
5KR�PRGH�5KR�DQG�,3�PRGH0XOWL�(OHFWURGH

Choose the type of the operatingPRGH�
Timing parameters 
selection

6(7�83
(17(5

7LPLQJ�VHOHFWLRQ�3URJUDPPDEOH�WLPHV Selection of: 
T (preset or programmable), V_DLY, 
M_DLY, T_Mi6WDFNV901 UDQJH

Electrode array 
selection

(�$55$<'2:1'2:1'2:1'2:1'2:1'2:1'2:1'2:1'2:1

'LSROH�'LSROH3ROH�'LSROH3ROH�3ROH*UDG��5&7*/6FKOXP��9(66FKOXP��35):HQQHU�9(6:HQQHU�35)+ROH�6XUI�2WKHU

Choose the electrode array you wish to 
implement

&KRLFH�RI�WKH�GLVSOD\HG�YDOXHV�W\SHV
&21),*
(17(5(17(5(17(5

5HDGLQJV�5XQQLQJ Select the type of the values that will be 
displayed: reading, sign, unit, IP



��

OPERATIONS to perform at each measurement

)21&7,21 728&+( $)),&+$*( 5(0$548(6
Introduction of the 
geometrical
parameters

63$&,1*(17(5(17(5(17(5(17(5
�6&+/80�9(6�$%��� ���01��� ��/LQH� ��2SW�� ��

Introduce the length (meters or feet) and 
optional numbers to define and locate the 
survey

*URXQGLQJ�UHVLVWDQFH�FKHFNLQJ
56�&+(&. 5DE� ������NRKP *URXQGLQJ�UHVLVWDQFH�PHDVXUHG�EHWZHHQ�WKH�$�%�SOXJV�5DE� �[[[�[[�LI�5DE LV�XQVWDEOH1RLVH�PRQLWRULQJ 021,725 9PQ� �����P9 Checking of the ambient noise before 

running the measurement&XUUHQW�LQMHFWLRQ 67$57

6723

6S� ��+9� ����9����
Y� ���������L� ����P� ���������T� ��������
6HOHFW�)XQFWLRQ

6S��6SRQWDQHRXV�SRODUL]DWLRQ�+9� KLJK�YROWDJH�VXSSOLHG��9$%�Y��Y01 �P9�L��L$% �P$�P��FKDUJHDELOLW\��P9�9���T��VWDQGDUG�GHYLDWLRQ�RI�Y�L��Å����QXPEHU�RI�VWDFNV�UHDOL]HG5HVXOWV�GLVSOD\ 5(68/7
(17(5
(17(5

9� �����������63� ��,� �����
5KR� ������0� �����������4� ��
0�� ���� 0�� ����0�� ����

9��DYHUDJH�YDOXH�901 �P9�6S��6SRQWDQHRXV�SRODUL]DWLRQ�PHDVXUHG�EHIRUH�FXUUHQW�LQMHFWLRQ��P9�,��,$% �P$�5KR��DSSDUHQW�UHVLVWLYLW\��2KP�P�0��JOREDO�FKDUJHDELOLW\��P9�9�4��VWDQGDUG�GHYLDWLRQ�RI�5KR����0L��SDUWLDO�FKDUJHDELOLWLHV��P9�9�
'DWD�VWRUDJH 0(025<

(17(5�
0HPRU\��6WRUH
5DQJH������6WRUH����

'DWD�VWRUHG�LQ�WKH�PHPRU\�DUHD����
Index increases automatically unless a new 
number is introduced (max 818)

'DWD�UHDGLQJ 0(025<(17(5
(17(5

0HPRU\�5HDG
5DQJH������5HDG����

Display the set of data stored in area #50 
together with the configuration parameters 
(timing, e-array, mode)
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$11(;����08/7,�(/(&752'(�02'(
,��35(6(17$7,21�2)�7+(�08/7,�(/(&752'(�6<67(0
7KH�IXOO�V\VWHP�FRQWDLQV�WKH�IROORZLQJ�LWHPV�� ��UHVLVWLYLW\�PHWHU� �� LQWHUIDFH� FRPPXQLFDWLRQ� ER[� �5&0�� EHWZHHQ� WKH� UHVLVWLYLW\�PHWHU� DQG� WKH� LQWHOOLJHQW�QRGHV�QHWZRUN� �����9�&&�EDWWHU\�WR�VXSSO\�WKH�5&0�� ��UHIHUHQFH�PHWDOOLF�VWDNH�FRQQHFWHG�WR�WKH��56�&+(&.��SOXJ�RI�WKH�5&0��7KLV��WR�FKHFN�WKH�JURXQGLQJ�UHVLVWDQFH�RI�DOO�WKH�VWDNHV�RI�WKH�V\VWHP� 6HJPHQW� RI�PRQR�FRQGXFWRU� FDEOHV� WR� OLQN� HDFK� HOHFWURGH� RI� D� ER[� WR� D� VWDNH� �0XOWLQRGH�V\VWHP��RU�WR�FRQQHFW�HDFK�QRGH�WR�D�VWDNH��HOHFWURGHV�VWULQJ�V\VWHP�� ,QWHOOLJHQW�QRGHV��HDFK�RI�WKHP�KDYLQJ�D�VSHFLILF�LQWHUQDO�QXPEHU����WR������7ZR�W\SHV�RI�V\VWHP�DUH�DYDLODEOH�xx0XOWLQRGH ER[�����RXWSXWV�xx (OHFWURGHV�VWULQJ��Q�QRGHV HDFK�[�PHWHUV�� 0HWDOOLF�VWDNHV��HDFK�RI�WKHP�EHLQJ�FRQQHFWHG�WR�DQ�LQWHOOLJHQW�QRGH�RI�WKH�V\VWHP
+HUH�DUH�WKH�FRQQHFWLRQV�WR�GR�WR�UHDOL]H�DQ�DFTXLVLWLRQ�LQ�WKDW�DXWRPDWLF�PRGH��V\VWHP�RI�WKH�HOHFWURGH�VWULQJ�GHVFULEHG�LQ�WKDW�H[DPSOH���

�� �� �� �� �� �Q5&0

6<6&$/6HULDO�OLQN$�%�0�1

5V�&KHFN��9EDWWHU\



��

,,��$&&(6625,(6
,,����5&0�,17(5)$&(

7KLV�PRGXOH� LV� WKH�FRPPXQLFDWLRQ�LQWHUIDFH�EHWZHHQ�WKH�UHVLVWLYLW\�PHWHU�DQG�WKH�LQWHOOLJHQW�QRGHV�QHWZRUN��
6XSSO\LQJ�7KH�5&0�KDV�WR�EH�VXSSOLHG�E\�DQ�H[WHUQDO����9�&&�EDWWHU\��FRQQHFW�WKH���9�FDEOH�FRPLQJ�IURP�WKH�IURQW�SDQHO�RI�WKH�PRGXOH�WR�WKH�"�" DQG�"�" SOXJV�RI�WKH�EDWWHU\��2QFH�WKLV RSHUDWLRQ�KDV�EHHQ�PDGH��VZLWFK�RQ�WKH�5&0��D�VPDOO�OHG�ZLOO�OLJKW�RQ�LI�WKH�VXSSO\LQJ�LV�FRUUHFW���
1RWH�7KH�5&0�LV�SURWHFWHG�DJDLQVW�SRODULW\�LQYHUVLRQV�DQG�RYHUORDG��+RZHYHU�� LW¶V�VWURQJO\�UHFRPPHQGHG�WR�VXSSO\�LW�ZLWK�D����9�PD[LPXP�EDWWHU\�� LI�QRWWKH�IXVH�ZRXOG�EXUQ�DQG�ZRXOG�ULVN�WR�GDPDJH�RWKHU�FRPSRQHQWV���
&RQQHFWLRQV��� &RQQHFW�WKH�5&0�RQ�D����9�&&�EDWWHU\�WKDQNV�WR�WKH�DSSURSULDWH�FDEOH��UHG�ZLUH�RQ�WKH�"�"SOXJ�DQG�EODFN�ZLUH�RQ�WKH�"�" plug��� &RQQHFW� WKH�$��%��0��1�FDEOHV� WR� WKH�FRUUHVSRQGLQJ�SOXJV�RI� WKH�UHVLVWLYLW\�PHWHU�DQG� WKH�VHULDO�OLQN�56�����WR�WKH�"6HULDO�OLQN" connector��� &RQQHFW�D�FDEOH�ZLWK�D�PDOH�SOXJ�WR�WKH�"56�FKHFN" SOXJ�RI�WKH�5&0��7KLV�FDEOH�KDV�ILUVW�WR�EH� FRQQHFWHG� WR� D� PHWDOOLF� VWDNH� WKDW� ZLOO� EH� XVHG� DV� D� UHIHUHQFH� VWDNH� IRU� WKH� JURXQGLQJ�PHDVXUHPHQW�RI�DOO�WKH�VWDNHV�RI�WKH�V\VWHP�&RQQHFW� WKH� FDEOHV� RI� WKH� LQWHOOLJHQW� QRGHV� QHWZRUN� WR� WKH� FRQQHFWRUV� RI� WKH� 5&0�� 7KH�FRQQHFWRUV�DUH���E\���LGHQWLFDO��)RU�D�EHWWHU�TXDOLW\�RI�PHDVXUHPHQW��WKH�$%�DQG�01�OLQHV�DUH�LQGHHG�VHSDUDWHG��WKHUH¶V�D���SLQV�FRQQHFWRU��IRU�$�%��DQG�D���SLQV�FRQQHFWRU��IRU�0�1���7KH��5&0�FDQ�DOVR�EH�ORFDWHG�LQ�WKH�PLGGOH�RI�WKH�FRQILJXUDWLRQ�WKDQNV�WR�WKHVH�GRXEOH�FRQQHFWRUV��LQ� WKDW� FDVH�� \RX� KDYH� WR� EH� SDUWLFXODUO\� FDUHIXO� ZLWK� WKH� VHTXHQFH� RI� TXDGULSROHV� \RX�SURJUDPPHG���7KLV�5&0�RZQV�D�VPDOO�OHG�WR�ZDUQ�WKH�RSHUDWRU�RI�DQ�LQVXIILFLHQW�YROWDJH�RI�WKH�EDWWHU\����
)XVH��7KH�5&0�LV�HTXLSSHG�ZLWK�D�IXVH�KDYLQJ�WKH�IROORZLQJ�FKDUDFWHULVWLFV������9�± ��$�� 6L]H������� IDVW���WKLV�LV�D�VWDQGDUG�FRPSRQHQW�XVHG�LQ�PRVW�RI�WKH�HOHFWULFDO�DSSOLFDWLRQV��0RUHRYHU��D�VSDUH�IXVH�LV�DOVR�SUHVHQW�LQVLGH�:KHQ�WKH�IXVH�LV�EURNHQ��WKH�5&0�FDQ¶W�PRUH�FRPPXQLFDWH�ZLWK�WKH�UHVLVWLYLW\�PHWHU��DQG�WKH�ODPS�FDQ¶W�QR�PRUH�OLJKW�RQ��7KLV�FDQ�EH�GXH�WR�D�GDPDJHG�HOHFWURGH��7KH�IXVH�FDQ�DOVR�EH�GDPDJHG�E\�DQ�LQSXW�RYHUORDG�



��

&RQVXPSWLRQ�:LWK�D����9�EDWWHU\��WKH�FRQVXPSWLRQ�RI�WKH�5&0�LV�����P$�(DFK�HOHFWURGH�QRW�FRPPXWHG�FRQVXPHV���P$(DFK�HOHFWURGH�FRPPXWHG�FRQVXPHV����P$7KXV�D�IXOO�V\VWHP�ZLWK����HOHFWURGHV�ZLOO�FRQVXPH�������[�������[�� �����P$

,,����,1�7+(�),(/'�,03/(0(17$7,21
+HUH� DUH� WKH� YDULRXV� SRVVLEOH� FRQILJXUDWLRQ� WR� LPSOHPHQW� WKH� V\VWHP� LQ�0XOWL�(OHFWURGHPRGH��7KHVH�FRQILJXUDWLRQV�DUH�GHVFULEHG�ZLWKRXW�UHPRWH�HOHFWURGHV��
:DUQLQJ�:KDWHYHU�WKH�ORFDWLRQ�RI�WKH�5&0�LV��\RX¶OO�KDYH�WR�UHVSHFW�WKH�IROORZLQJ�UXOH��LPSOHPHQW�WKH�HOHFWURGHV�QHWZRUN�DOZD\V�LQ�WKH�VHQVH�RI�FRPPXWDWLRQ��HOHFWURGH�����WKH�ILUVW�HOHFWURGH�FRQQHFWHG�WR�WKH�5&0��DQG�VR�RQ«���

,,�������(OHFWURGHV�VWULQJ�V\VWHP

�� �� �� �� ��5&0

6<6&$/6HULDO�OLQN$�%�0�1

5V�&KHFN���9�EDWWHU\

�Q

�Q

5&0

6<6&$/

���9�EDWWHU\
�� �� �� �� ��

6HULDO�OLQN$�%�0�1

5V�&KHFN
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,,�������0XOWLQRGH�V\VWHP
7KH�0XOWLQRGH�V\VWHP�LV�D�ER[�ZLWK����LQWHUQDO�LQWHOOLJHQW�QRGHV�7KLV� WRRO� LV� SDUWLFXODUO\� SUDFWLFDO� IRU� WKH� ILHOG� FRQILJXUDWLRQ� ZKHUH� VPDOO� VSDFLQJ� DUH� XVHG�EHWZHHQ�WKH�HOHFWURGHV�����
$�0XOWLQRGH�ER[�RZQV���FRQQHFWRUV����LQSXW�FRQQHFWRUV�DQG���RXWSXW�FRQQHFWRUV�WR�FRQQHFW�WR�DQ�RWKHU�0XOWLQRGH�LQSXW��XS�WR����0XOWLQRGHV�FDQ�EH�FRQQHFWHG���(DFK�0XOWLQRGH�RZQV����LQWHOOLJHQW�QRGHV��7KXV��XS�WR����PHWDOOLF�VWDNHV�FDQ�EH�FRQQHFWHG�WR�HDFK�RI�WKHVH�ER[HV��WKDQNV�WR�PRQR�FRQGXFWRU�VWDQGDUG�FDEOHV���
+HUH�DUH�WKH�FRQQHFWLRQV�WR�PDNH�IRU�DQ�DFTXLVLWLRQ�DXWRPDWLF�0XOWL�(OHFWURGH V\VWHP�WKDQNV�WR�VHYHUDO�0XOWLQRGHV�

7KH�RWKHU�FRQILJXUDWLRQV�GHVFULEHG�ZLWK�WKH�HOHFWURGHV�VWULQJ�V\VWHP�FDQ�EH�DOVR�LPSOHPHQWHG�ZLWK�WKH�0XOWLQRGH�ER[�V\VWHP��

5&0
���9�EDWWHU\

$�%�0�1 6<6&$/

5V�&KHFN

6HULDO�OLQN
�P �� �Q�P��

5&0

6<6&$/6HULDO�OLQN$�%�0�1

5V�&KHFN���9�EDWWHU\
0XOWLQRGH��� 0XOWLQRGH��Q

���� ��� �P �P�� �S



��

3DUWLFXODU�FDVH �&RQILJXUDWLRQ�ZLWK�UHPRWH�HOHFWURGHV�
<RX�FDQ�XVH�VRPH�UHPRWH�HOHFWURGHV��OLQNLQJ�WKHP�GLUHFWO\�WR�WKH�FRUUHVSRQGLQJ�SOXJV��$��%��0�RU�1��RI�WKH�UHVLVWLYLW\�PHWHU�IURQW�SDQHO��)RU�H[DPSOH��LI��$��LV�D�UHPRWH�HOHFWURGH�IRU�D�VHTXHQFH�RI�TXDGULSROHV��VHW�D�UHPRWH�VWDNH�DQG�FRQQHFW� LW� GLUHFWO\� WR� WKH� �$�� SOXJ� RI� WKH� UHVLVWLYLW\�PHWHU�ZLWK� D� VWDQGDUG�PRQR�FRQGXFWRU�FDEOH�� ,Q� WKDW� FDVH�� WKLV� HOHFWURGH� ZRQ¶W� EH� DVVLJQHG� RI� D� QXPEHU� LQ� WKDW� VHTXHQFH� RI�PHDVXUHPHQW�
1RWH �(VWLPDWLRQ�RI�GXUDWLRQ�WLPH�UHDOL]HG�DFFRUGLQJ�WR�WKH�IROORZLQJ�VHW�XS�� 7LPH� ��V� 6WDFNV�PLQ  ��� 6WDFNV�PD[� ��
6R��WKH�DYHUDJH�GXUDWLRQ�E\�GDWD�SRLQW��EDVHG�RQ�D�YDOXH�RI���VWDFNV�E\�PHDVXUHPHQW������IL[HG�������VWDFNV���
��V��WLPH�����V��FRPPXWDWLRQ�� ���V
7KHQ��ZLWK�WKLV�VHW�XS��WKH�DFTXLVLWLRQ�RI�RQH�PHDVXULQJ�SRLQW�ZLOO�WDNH�DERXW���VHFRQGV�
([DPSOH�RI�D�PHDVXULQJ�VHTXHQFH�ZLWK�WKHLU�FRUUHVSRQGLQJ�DFTXLVLWLRQ�WLPH�6HTXHQFH�����'LSROH�GLSROH������HOHFWURGHV���PHWHUV�VSDFHG������PHDVXUHPHQWV������PLQXWHV6HTXHQFH�����'LSROH�GLSROH� �����HOHFWURGHV���PHWHUV� VSDFHG�SURJUDPPHG� LQ� UROO�DORQJ� �����PHDVXUHPHQWV������PLQXWHV



��

,,,��0(025<
,Q�WKH�0XOWL�(OHFWURGH PRGH��WKH�VWUXFWXUH�RI�WKH�PHPRU\�RI�WKH�UHVLVWLYLW\�PHWHU�LV�GLYLGHG�LQ�WZR�DUHDV��WKH�6(48(1&( DUHD�DQG�WKH�'$7$�),/( DUHD�
7KH�6(48(1&( DUHD�SHUPLWV�WR�VWRUH�VHTXHQFHV�LQ�WKH�UHVLVWLYLW\�PHWHU��7KHVH�ZLOO�EH�NHSW�LQ�PHPRU\�HYHQ�LI�WKH�RSHUDWRU�VHOHFW�QHZO\�D�VWDQGDUG�PRGH�DQG�VR�HUDVH�WKH�GDWD�RI�WKH�PHPRU\�
6(48(1&( DUHD�� ��VHTXHQFHV�PD[LPXP� �����TXDGULSROHV�PD[LPXP�SHU�VHTXHQFH� �����TXDGULSROHV�PD[LPXP�IRU�DOO�WKH�VWRUHG�VHTXHQFHV
7KH '$7$�),/( DUHD� SHUPLWV� WR� VWRUH� WKH�PHDVXUHPHQWV� LQWR� WKH�PHPRU\�RI� WKH�XQLW� LQ�GDWD�ILOHV��(DFK�GDWD� ILOH�FRQWDLQV� WKH� UHDGLQJV� �9�� ,��5KR� FRUUHVSRQGLQJ� WR�HDFK�TXDGULSROH�RI� WKH�VHTXHQFH�ZKLFK�KDV�EHHQ�VHOHFWHG�IRU�WKH�DFTXLVLWLRQ�
'$7$�),/( DUHD�� ���GDWD�ILOHV�PD[LPXP� �����UHDGLQJV�PD[LPXP�SHU�GDWD�ILOH� �����UHDGLQJV�PD[LPXP�IRU�DOO�WKH�VWRUHG�GDWD�ILOHV
:DUQLQJ��:KHQ� \RX� VZDS� EHWZHHQ� RQH� RI� WKH� VWDQGDUG� PRGH� DQG� WKH� 0XOWL�(OHFWURGH� PRGH�� WKH�IROORZLQJ�PHVVDJH�ZLOO�EH�GLVSOD\HG��1HZ�0RGH�"��&/($5�0(0�&RQILUP�������!��6R��LI�\RX�ZDQW�WR�FKDQJH�WKH�PRGH�W\SH��VWDQGDUG��� 0XOWL�(OHFWURGH���LW�ZLOO�EH�QHFHVVDU\�WR�GHOHWH�DOO�WKH�GDWD�VWRUHG�LQ�WKH�PHPRU\��6R��WDNH�FDUH�WR�WUDQVIHU�WKH�GDWD�EHIRUH�GRLQJ�WKLV�RSHUDWLRQ��FI��$QQH[�����



��

,9��)81&7,216
7KH�0XOWL�(OHFWURGH PRGH� KDV� WR� EH� VHOHFWHG� E\� WKH� �02'(�� NH\�� 7KLV� RSHUDWLQJ� PRGH�DOORZV�WR�WKH�UHVLVWLYLW\�PHWHU�WR�GULYH�DQ�HOHFWURGHV�QHWZRUN�DQG�WR�SHUIRUP�DXWRPDWLFDOO\�VHWV�RI�PHDVXUHPHQWV�
,Q�WKH�0XOWL�(OHFWURGH PRGH��VRPH�IXQFWLRQ�NH\V�RI�WKH�NH\SDG�KDYH�D�GLIIHUHQW�PHQX��EXW�DOO�RI�WKHP�NHHS�WKH�VDPH�QXPHULF�PHDQLQJ�

,9����7(50,12/2*<
7KLV� SDUDJUDSK� IHDWXUHV� D� EULHI� OLVW� RI� WHUPV� FRPPRQO\� XVHG� LQ� WKH� 0XOWL�(OHFWURGHDFTXLVLWLRQ�V\VWHP��DQG�XVHIXO�IRU�WKH�UHDGLQJ�RI�QH[W�SDUDJUDSKV�
48$'5,32/(��VHW�RI���HOHFWURGH�QXPEHUV�GHILQLQJ�D�VHW�RI�VWDNHV��$��%��0��1��6(48(1&(��VHW�RI�TXDGULSROHV��GHILQLQJ�WKH�RUGHU�RI PHDVXUHPHQWV��'$7$),/(��VHW�RI�PHDVXUHPHQWV�SHUIRUPHG�E\�XVLQJ�D�JLYHQ�VHTXHQFH�
([DPSOH�
6(48(1&(�),/(�� ',32/(�',32/(�����HOHFWURGHV�±Q�TXDGULSROHV�
(OHFWURGH $ % 0 14XDGULSROH�� � � � �4XDGULSROH�� � � � �4XDGULSROH�� � � � �4XDGULSROH � � � � �� � � � �4XDGULSROH�Q �� �� �� ��

'$7$�),/(�� ',32/(�',32/(�����HOHFWURGHV�� Q�TXDGULSROHV�
$ % 0 1 901��P9� ,$% �P$� 5KR��RKP�P� T����0HDV��� � � � � ����� ���� ���� �0HDV��� � � � � � � � �0HDV��� � � � � � � � �0HDV��� � � � � � � � �0HDV��� � � � � � � � �� � � � � � � � �0HDV��Q� �� �� �� �� ����� ���� ���� �



��

6R�IURP�HDFK�VHTXHQFH�RI�TXDGULSROHV��VHYHUDO�GDWD�ILOHV�FDQ�H[LVW�DQG�LQ�WKH�KHDGHU��RQO\�WKH��$UHD��DQG��/LQH��SDUDPHWHUV�FDQ�SHUPLW�WR�GLVWLQJXLVK�WKHP�

6(48(1&(��7,7/(��',3�',3(O�����4XDG�����

'$7$�),/(�����$UHD����� /LQH���
'$7$�),/(����$UHD��� � /LQH���
'$7$�),/(����$UHD����± /LQH���

6(48(1&(��7,7/(��32/(�',3(O�����4XDG�����

'$7$�),/(����$UHD����� /LQH���
'$7$�),/(����$UHD����� /LQH���
'$7$�),/(����$UHD����� /LQH���



��

,9����0(186�'(6&5,37,21
7KH�IROORZLQJ�WDEOH�VKRZV�WKH�YDULRXV�PHQXV�DYDLODEOH�LQ�WKH�0XOWL�(OHFWURGH PRGH��

.(< &255(6321',1*�)81&7,21�
%$77 3HUPLWV�WR�FKHFN�WKH�YROWDJH�YDOXH�RI WKH�LQWHUQDO�V\VWHP�EDWWHU\�

7KH�V\VWHP�EDWWHU\�LV�ORZHU�WKDQ������9�
7KH�V\VWHP�EDWWHU\�LV�ORZHU�WKDQ������9�

&21),* 3HUPLWV�WR�WUDQVIHU�D�VHTXHQFH�IURP�WKH�3&�WR�WKH�XQLW�WKDQNV�WR�WKH�(/(&75(�,,�VRIWZDUH�
7KLV�PHVVDJH� DSSHDUV�ZKHQ� �� VHTXHQFHV� DUH� DOUHDG\� VWRUHG� LQ� WKH�PHPRU\�RI�WKH�XQLW��
7KLV�PHVVDJH�DSSHDUV�ZKHQ�WKH�VHTXHQFH�WR�WUDQVIHU�LV�WRR�ORQJ�IRU�WKH�VL]H�RI�WKH�IUHH�VSDFH�PHPRU\�
'HOHWH� DOO� WKH� VHTXHQFHV� SUHYLRXVO\� VWRUHG� LQ� WKH� XQLW�� 7KLV�RSHUDWLRQ� ZLOO� GHOHWH� LQ� IDFW� WKH� ZKROH� PHPRU\� RI� WKH� V\VWHP��3URWHFWLRQ�FRGH��SUHVV�VXFFHVVLYHO\� "�","�","�","�"��
'XULQJ�WKH�DFTXLVLWLRQ�� WKH�GLVSOD\HG�GDWD�FDQ�EH�"UXQQLQJ�YDOXHV"RU�"FXPXODWLYH�YDOXHV" �FI��,,�����

(��$55$<

(17(5
3HUPLWV�WR�VHOHFW�WKH�TXDGULSROHV�VHTXHQFH�WKDW�ZLOO�EH�XVHG�IRU�WKH�PHDVXUHPHQW�
'LVSOD\V� WKH� WLWOH�� WKH� QXPEHU� RI� HOHFWURGHV�� WKH� QXPEHU� RI�TXDGULSROHV��IRU�WKH�VHOHFWHG�VHTXHQFH�

! /RDG�QHZ�6HTXHQFH
,QVXIILFLHQW�PHPRU\��������������������VHTXHQFHV�PD[
,QVXIILFLHQW�PHPRU\������������������2QO\�[�TXDG�IUHH

! 'HO�DOO�6HTXHQFHV
! 7\SH�RI�UHDGLQJV

5DQJH������6HOHFW�VHTXHQFH�����
7LWOH��',3�',3(O������ 4XDG����

/2:�%$7


32:(5�)$,/('





��

6(7�83
,QWURGXFH� WKH� PLQLPXP� QXPEHU� RI� VWDFNV� WR� GR� IRU� HDFK�PHDVXUHPHQW�RI�WKH�VHTXHQFH�

(17(5

(17(5

(17(5

(17(5

,QWURGXFH� WKH� PD[LPXP� QXPEHU� RI� VWDFNV� WR� GR� IRU� HDFK�PHDVXUHPHQW�RI�WKH�VHTXHQFH��7KH�PLQ�YDOXH�RI�WKH�UDQJH�EHLQJ�WKH�YDOXH�SUHYLRXVO\�VHOHFWHG��
,QWURGXFH�WKH�VWDQGDUG�GHYLDWLRQ�PD[LPDO�RI�5KR��RU 0���LQ����IRU�HDFK�PHDVXUHPHQW��ZKLOH�4��RU�(��VWLOOV�VXSHULRU�WR�WKLV�PD[�YDOXH��WKH�PHDVXUHPHQWV�ZLOO�JR�RQ�XS�WR�WKH�VWDFN�PD[��
$OORZV�WR�VHOHFW�WKH�FXUUHQW�LQMHFWLRQ�WLPH��LQ�PV�

3RVVLELOLW\�DW�WKLV�VWDJH�WR�VHOHFW�WKH�FXUUHQW�ZDYHIRUP��UHVLVWLYLW\�RU�,3��LQ�WKLV�DXWRPDWLF�PRGH��FI��,,�����
(17(5 3HUPLWV�WR�VSHFLI\�WKH�UHFHSWLRQ�YROWDJH�YDOXH�GHVLUHG��7KH�LQMHFWLRQ�FXUUHQW� DQG� YROWDJH� YDOXHV� ZLOO� EH� HVWDEOLVKHG� LQ� UHJDUGV� WR� WKDW�SDUDPHWHU��
56�&+(&.� $OORZV�WR�FKHFN�DXWRPDWLFDOO\�WKH�FRQQHFWLRQ�RI�HDFK�QRGH�ZLWK�LWV�PHWDOOLF� VWDNH� EHIRUH� UXQQLQJ� WKH� DFTXLVLWLRQ�� 7ZR� W\SHV� DUH�DYDLODEOH��"$XWRPDWLF" RU�"PDQXDO"���x "$XWRPDWLF" �"(17(5" key����HDFK�GLSROH�LV�DXWRPDWLFDOO\�WHVWHG��,I�VRPH�HOHFWURGHV�DUH�UHPRWH�HOHFWURGHV��GLVFRQQHFW�WKHP�IURP�WKH�SOXJV� RI� WKH� 6<6&$/� WKHQ� UHFRQQHFW� WKHP� DIWHU� WKH� 5V� &KHFN�SURFHVV�� ,I�WKH�HOHFWURGHV�DUH�FRUUHFWO\�FRQQHFWHG��WKH�UHVLVWDQFH�YDOXH�ZLOO�EH� VWDEOH �� WKH�XQLW�ZLOO� FKHFN� WKHQ�DXWRPDWLFDOO\� WKH UHVLVWDQFH�RI�WKH�QH[W�GLSROH��DQG�VR�RQ«� ,I�QRW��WKH�PHDVXUHPHQW�ZLOO�EH�XQVWDEOH ��RQH�KDYH�WKHQ�WR�FKHFN�WKH� FRQQHFWLRQ� RI� WKH� QRGHV� ZLWK� WKHLU� PHWDOOLF� VWDNH� �IRU� WKH�FRQFHUQHG�GLSROH��$V� VRRQ� DV� WKH� UHVLVWDQFH� PHDVXUHPHQW� EHFRPHV� VWDEOH�� WKH�PHDVXULQJ�SURFHVV�ZLOO�JR�RQ�DXWRPDWLFDOO\�WR�WKH�QH[W�GLSROH�x "0DQXDO" �"83" key����DOORZV�WR�VHOHFW�QXPEHUV�IRU�WKH�$�DQG�%�HOHFWURGHV��HQWHU�"0" and "0" and connect the remote electrodes to 

the plugs for a pole-pole sequence). 

5DQJH�������6WDFNV�PD[���
5DQJH�������4�(�PD[�������
7LPH�VHOHFWHG���!����
0RGH�5KR�PRGH�

5DQJH�������6WDFNV�PLQ���

6HW�7;�SRZHU�IRU ���6DYH�HQHUJ\��



��

021,725

3UHVV� (17(5 DQG� LQWURGXFH� WKH�QXPEHUV�IRU�$��%��0��1

$OORZV�WR�FKHFN�WKH�YDOXHV�RI�D�PHDVXUHPHQW�IRU�D�JLYHQ�TXDGULSROH��XVHIXO�EHIRUH�EHJLQQLQJ�WR�UXQ�WKH�FRPSOHWH�DFTXLVLWLRQ��
6HOHFW�D�TXDGULSROH�FKRRVLQJ���HOHFWURGH�QXPEHUV�
7KLV�DOORZV� WR�GLVSOD\� WKH�H[DFW�YDOXH�RI� WKH�UHVLVWDQFH�RI� WKH�$%�GLSROH�
3HUIRUPV�D�PHDVXUHPHQW�RQO\�IRU�WKH�TXDGULSROH�\RX�VHOHFWHG��
$W� WKLV� VWDJH�� "(17(5" DOORZV� WR� PRQLWRU� WKH� 6S� YDOXH� LQ� P9�EHWZHHQ�WKH�HOHFWURGHV�0�DQG�1��3OHDVH�QRWH�WKDW��LQ�WKLV�FDVH��WKH�$�DQG %�QXPEHUV�KDYH�QR�PHDQLQJ����
7KLV� RSHUDWLRQ� LV� LPSRUWDQW� WR� VHOHFW� FRUUHFWO\� WKH� RXWSXW�YROWDJH�� WKH� QXPEHU� RI� VWDFNV� DQG� WKH� SXOVH� GXUDWLRQ�� EHIRUH�UXQQLQJ�WKH�VHTXHQFH�RI�PHDVXUHPHQWV���

67$57

'2:1�
)81&7�6723

6WDUWV�WKH�DFTXLVLWLRQ�RI�WKH�VHTXHQFH�VHOHFWHG�LQ�"(��$55$<"��7KH�PHDVXUHPHQWV� DUH�DXWRPDWLFDOO\� VWRUHG� LQWR� WKH�PHPRU\�ZKLOH� WKH�DFTXLVLWLRQ�
%HIRUH� HDFK� PHDVXUHPHQW�� WKH� TXDGULSROH QXPEHU� LV� GLVSOD\HG�WRJHWKHU�ZLWK�WKH�YROWDJH�YDOXH�9$%�VXSSOLHG��+9���
7KLV� PHVVDJH� DSSHDUV� ZKHQ� WKH� 901 YDOXH� LV� KLJKHU� WKDQ� �� 9��+RZHYHU� WKH� PHDVXUHPHQW� FDQ� JR� RQ�� ,Q� WKDW� FDVH�� WKH�FRUUHVSRQGLQJ� VWRUHG� YDOXH� ZLOO� EH�� ��������� P9�� 7KHQ�� WKH�RSHUDWRU�ZLOO� KDYH� WR� FRQVLGHU� WKDW� WKH� UHVXOW� LV� QRW� UHOLDEOH�� VLQFH�LW¶V�GXH�WR�DQ�RYHUORDG��
7KLV�PHVVDJH�DSSHDUV�LI�D�VDWXUDWLRQ�SUREOHP�FRPHV�XS
7KH�YROWDJH�YDOXH�RI�WKH�EDWWHU\�RI�WKH�WUDQVPLWWHU�LV�WRR�ORZ��
7R�SDXVH�WKH�UXQQLQJ�VHTXHQFH�RI�PHDVXUHPHQW��3OHDVH�UHIHU�WR�WKH�IXQFWLRQV�UHODWLYH�WR�WKH�PHQX��3DXVH��DW�WKH�HQG�RI�WKLV�WDEOH���
$OORZV� WR� VWRS� WKH� DFTXLVLWLRQ� RI� WKH� VHOHFWHG� VHTXHQFH� RI�TXDGULSROHV�EHIRUH�LWV�HQG�

(17(5�$��%��0��1$��

! 56�&+(&.
!0($685(
!021,725

29/'

$��%��0��1����������+9� ����9� � �

7UDQVPLWWHU�/2:�%$7�
7UDQVPLWWHU�VWRSSHG



��

63$&,1*

)RU� HDFK� SDUDPHWHU�� HQWHU� WKH�QXPHULF� YDOXH� DQG� WKHQ� SUHVV�(17(5�WR�YDOLGDWH�

,QWURGXFWLRQ�RI�RSWLRQDO�SDUDPHWHUV�DOORZLQJ�WR�GHILQH�WKH�ORFDWLRQ�RI�HDFK�SURILOH�RI�PHDVXUHPHQW�
,W¶V� KLJKO\� UHFRPPHQGHG� WR� HQWHU� WKHVH� YDOXHV�� EHFDXVH� WKH\�ZLOO�SHUPLW�WR�GLVWLQJXLVK�HDVLO\�WKH�ORFDWLRQ�RI�HDFK�GDWD�ILOH��

5(68/7�

(17(5

(17(5
(17(5

��

7R�HGLW�WKH�UHVXOWV�RI�D�GDWD�ILOH�WR�VHOHFW�

$OO� WKH� FRPPHQWV� �WLWOH�� QXPEHU� RI� HOHFWURGHV�� QXPEHU� RI�PHDVXUHPHQWV� �QXPEHU� RI� TXDGULSROHV���� ORFDWLRQ�� 6S� �P9��� 901�P9��� ,$% �P$�� DQG� 5KR� �2KP�P�� ZLOO� EH� GLVSOD\HG� IRU� HDFK�UHDGLQJ��
,I� \RX� SHUIRUPHG� D� PHDVXUHPHQW� LQ� 5KR� DQG� ,3 PRGH�� WKH�FKDUJHDELOLWLHV��JOREDO�DQG�SDUWLDO��ZLOO�EH�DOVR�GLVSOD\HG�

0(025<�
(17(5

)HDWXUHV�WKH�OLVW�RI�GDWD�ILOHV�VWRUHG�LQ�WKH�PHPRU\�

$OORZV�WR�GHOHWH�WKH�ODWHVW�VWRUHG�ILOH�
$OORZV�WR�GHOHWH�DOO�WKH�ILOHV�RI�WKH�PHPRU\��7KLV�RSHUDWLRQ�KDV�WR�EH� FRQILUPHG� SUHVVLQJ� VXFFHVVLYHO\��"�","�","�","�"�� 7KH� VHTXHQFH�ILOHV�ZRQ¶W�EH�HUDVHG�RI�WKH�PHPRU\�ZLWK�WKLV�RSHUDWLRQ�

5DQJH������5HDG�GDWD�ILOH���
7LWOH��',3�',3(/� ����4XDG����
$5($���/,1(���
6S� ���
$��%��0��1��5KR� �����

! /,67
���GDWD�ILOHV�VWRUHG���PD[�
! 'HO��ODVW�'DWDILOH
! 'HO��DOO�'DWDILOHV

$5($���
/,1(���



��

6(5,$/ /,1.� $OORZV�WR�WUDQVIHU�WKH�ZKROH�GDWD�ILOHV�WRZDUGV�WKH�3&�
)81&7�6723 $OORZV�WR�VWRS�WKH�UXQQLQJ�DFTXLVLWLRQ�EHIRUH�LWV�HQG�

7+(�3$86(�)81&7,21
67$57�
3UHVV�'2:1�GXULQJ�D�ZKLOH
3$86(�! &RQWLQXH
3$86(�! ,QWHUUXSWLRQ�

(17(5
RU
83

7KH�VHTXHQFH�RI�PHDVXUHPHQW�LV�UXQQLQJ�
7KH�VHTXHQFH�RI�PHDVXUHPHQW�VWRSV��
7KLV�RSWLRQ�LV�XVHIXO�LI�\RX�QHHG�WR�FKDQJH�WKH�RXWSXW�YROWDJH�RU�WKH�VWDFN�QXPEHU�GXULQJ�WKH�PHDVXUHPHQW��3UHVV�"(17(5" DW�WKLV�VWDJH�WR�UHVXPH�WKH�VHTXHQFH�
7KLV�RSWLRQ�LV�XVHIXO�LI�\RX�QHHG�WR�VZLWFK�2))�WKH�XQLW��3UHVVLQJ�"(17(5" DW�WKLV�VWDJH�ZLOO�GLVSOD\�WKH�IROORZLQJ�PHVVDJH�
"Select Function/$67�),/(�127�(1'('"

$W�WKLV�VWDJH��\RX�KDYH�WKXV�WKH�SRVVLELOLW\�WR��� 6ZLWFK�RII�WKH�XQLW��LI�\RX�QHHG�WR�FKDQJH�WKH�EDWWHU\���VZLWFK�2))��7KH�SUHYLRXV�PHVVDJH�ZLOO�UHDSSHDU�RQFH�\RX�ZLOO�VZLWFK�LW�RQ���� &KDQJH�WKH�VHTXHQFH�RI�PHDVXUHPHQW��"(��$55$<" DQG�WKHQ�UXQ�WKH�DFTXLVLWLRQ�RI� WKLV� QHZ� VHTXHQFH�� 7KH� SUHYLRXV� PHVVDJH� ZLOO� UHDSSHDU� WKHQ�� DQG� YDOLGDWH�
"1R" E\�WKH�"83" NH\�� &KDQJH�WKH�TXDOLW\�FULWHULRQ��6WDFNV�PLQ��6WDFNV�PD[��T�PD[��DQG�YLVXDOL]H�WKH�LQMHFWLRQ�WLPH��6(7�83�DQG�WKHQ�UHVXPH�WKH�VDPH�VHTXHQFH��"67$57" ��"<(6"�� 9LVXDOL]H� WKH� SDUDPHWHUV� "$5($" DQG� "/,1("�� "63$&,1*" DQG� WKHQ� UHVXPH�WKH�VDPH�VHTXHQFH��"67$57" ��"<(6"�� 5HVXPH�WKH�VHTXHQFH��"67$57"��WKH�IROORZLQJ�PHVVDJH�ZLOO�EH�WKHQ�GLVSOD\HG��
"&RQWLQXH�ODVW�GDWD�ILOH<HV��(17(5���1R��83"

7KH�SURJUDP�ZLOO�UHVXPH�WKH�PHDVXUHPHQW�DW�WKH�TXDGULSROH�ZKHUH�WKH�DFTXLVLWLRQ�KDV�EHHQ�VWRSSHG�
7KH� SURJUDP�ZLOO� VWRS� GHILQLWLYHO\� WKH� VHTXHQFH� WKDW� KDV� EHHQ� SDXVHG��7KH�GDWD�WDNHQ�EHIRUH�WKH�SDXVH�ZLOO�EH�NHSW�LQ�WKH�PHPRU\��
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9��352&('85(
o &UHDWLRQ� DQG� WUDQVIHU� RI� D� VHTXHQFH� IURP� WKH� 3&� WR� WKH� UHVLVWLYLW\�PHWHU� �WKDQNV� WR� WKH�(/(&75(�,,�VRIWZDUH�o ,Q�WKH�ILHOG�PHDVXUHPHQWo 7UDQVIHU� RI� D� GDWD� ILOH� IURP� WKH� UHVLVWLYLW\�PHWHU� WR� WKH� 3&� �WKDQNV� WR� WKH� 3526<6�VRIWZDUH�o )URP�3526<6�VRIWZDUH��GDWD�SURFHVVLQJ�DQG�H[SRUW� IRU� LQWHUSUHWDWLRQ� �WR� VRIWZDUH�VXFK�5HV�GLQY�RU�5HV�GLQY�

9����&5($7,21�$1'�83/2$'�2)�$�6(48(1&(
)URP�(/(&75(�,, �o &UHDWH� D� VHTXHQFH� RI� PHDVXUHPHQW� ��1HZ�� EXWWRQ� RI� WKH� VHTXHQFH� DUHD� RI� WKH� PDVWHU�ZLQGRZ�o 8SORDG�WKDW�VHTXHQFH�LQ�WKH�6<6&$/���6HW�RI�VHTXHQFHV_8SORDG��PHQX��DQG�VHOHFW�RQ�WKH�6<6&$/��WKH��/RDG�QHZ�VHTXHQFH��RSWLRQ�RI�WKH��&21),*��PHQX�
3OHDVH�UHIHU�WR�WKH�RQ�OLQH�KHOS�ILOH�RI�(/(&75(�,,�VRIWZDUH�IRU�IXUWKHU�LQIRUPDWLRQ�

9����,1�7+(�),(/'�0($685(0(17
o 6ZLWFK�RQ�WKH�6<6&$/�o &KHFN�WKH�V\VWHP�EDWWHU\�FRQGLWLRQ���%$77� NH\�o 6HOHFW�D�VHTXHQFH�RI�TXDGULSROHV���(�$55$<� NH\�o ,QWURGXFH� WKH� "$UHD" DQG� "/LQH" parameters�� �63$&,1*� NH\� �WKRVH� SDUDPHWHUV�ZLOO� EH�SUHVHQW�LQ�WKH�UHVXOWV�ILOHV�DQG�ZLOO�SHUPLW�WR�ORFDWH�HDVLO\�\RXU�YDULRXV�PHDVXULQJ�SURILOHV��o &KHFN� WKH� FRQQHFWLRQV� RI� HDFK� QRGH�ZLWK� LWV�PHWDOOLF� VWDNH� DQG� WKH� FRUUHFW� RSHUDWLQJ�RI�HDFK�RI�WKHP���56�&+(&.� NH\�o 6HOHFW� WZR�TXDGULSROHV��RQH�ZLWK�D� ORZ�VSDFLQJ�EHWZHHQ�$%�DQG�01��DQG�WKH�RWKHU�RQH�ZLWK� D� ODUJH� VSDFLQJ�� LQ� RUGHU� WR� FKHFN� WKH� UHFHSWLRQ� VLJQDOV� OHYHOV�� WKDW� RSHUDWLRQ� LV� YHU\�LPSRUWDQW�IRU�WKH�GDWD�TXDOLW\���021,725� NH\�o <RX�FDQ�QRZ�PRGLI\� WKH�PHDVXUHPHQW� VHW�XS� �LQMHFWLRQ� WLPH�� VWDFNV��EHIRUH�UXQQLQJ� WKH�DFTXLVLWLRQ� DQG� DOVR� VHOHFW� WKH� UHFHSWLRQ� YROWDJH� YDOXH� GHVLUHG� �901��� WKDW� RSHUDWLRQ� LV�
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HVVHQWLDO�LQ�UHJDUGV�WR�WKH�ILHOG�SURGXFWLYLW\���6(7�83� NH\��o 5XQ�WKH�PHDVXUHPHQW���67$57� NH\�,Q�0XOWL�(OHFWURGH PRGH��WKH�GDWD�VWRUDJH�LV�PDGH�DXWRPDWLFDOO\�o $W�WKH�HQG�RI�WKH�PHDVXUHPHQW��RQH�FDQ�FKHFN�WKH�UHVLVWLYLW\�YDOXHV�REWDLQHG���5(68/7�NH\�

9����'$7$�75$16)(5
o )URP� 3526<6�� VHOHFW� WKH� "&RPPXQLFDWLRQ_'DWD� GRZQORDG|Syscal/ElrecT|Multi-
electrodes" RSWLRQ�DQG�IROORZ�WKH�LQVWUXFWLRQV�JLYHQ�E\�WKH�SURJUDP�
:DUQLQJ��7R�SHUIRUP�WKH� WUDQVIHU�RI�D�GDWD� ILOH� from the resistivity-meter�� LW¶V�QHFHVVDU\� WR�KDYH�RQ�WKH� 3&� WKH� FRUUHVSRQGLQJ� VHTXHQFH� ILOH� �"
�HOH" VWRUHG� LQ� WKH� "(/(&75(,,� �� 6\VFDO"GLUHFWRU\�ZKLOH�WKH�FUHDWLRQ�RI�WKH�VHTXHQFH���

9����'$7$�0$1$*,1*�)520�3526<6
7KH�3526<6�VRIWZDUH�DOORZV�WR�SURFHVV�WKH�GDWD�DQG�H[SRUW�WKHP�WR�YDULRXV�IRUPDWV�
)URP�3526<6�o 2QFH�WKH�GDWD�ILOH�LV�GLVSOD\HG�LQ�WKH�PDVWHU�ZLQGRZ��VHYHUDO�SURFHVVLQJ�FDQ�EH�SHUIRUPHG�o 7KHQ��IRU�D��'�GDWD�LQWHUSUHWDWLRQ��VHOHFW�WKH��)LOH_([SRUW�DQG�VDYH_5HV�GLQY���5HV�'LQY��PHQX�7KDW� H[SRUW� DOORZV� WR� FUHDWH� D� ILOH� ZLWK� WKH� 5(6�',19� IRUPDW� IRU� D� IXUWKHU� LQWHUSUHWDWLRQ��RWKHU�W\SHV�RI�H[SRUW�DUH�DYDLODEOH��
3OHDVH�UHIHU�WR�WKH�RQ�OLQH�KHOS�ILOH�RI�3526<6�VRIWZDUH�IRU�IXUWKHU�LQIRUPDWLRQ�
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$11(;����0$,1�(5525�0(66$*(6�7$%/(
0(66$*( ',$*1267,& 62/87,21

,QVXIILFLHQW�PHPRU\���VHTXHQFHV�PD[� ��VHTXHQFHV�DUH�DOUHDG\�VWRUHG�LQ�WKH�XQLW� 'HOHWH� VRPH� VHTXHQFHV� SUHYLRXVO\�VWRUHG�,QVXIILFLHQW�PHPRU\�2QO\����TXDG�IUHH 7KH�VHTXHQFH�\RX�DUH� WU\LQJ�WR� WUDQVIHU� LV�WRR� ORQJ� IRU� WKH� IUHH� VSDFH� LQ� WKH�UHVLVWLYLW\�PHWHU�PHPRU\�
'HOHWH� VRPH� VHTXHQFHV� SUHYLRXVO\�VWRUHG�

5� �[[[�[[© 8QVWDEOH�PHDVXUHPHQW�ª
7KH� JURXQGLQJ� UHVLVWDQFH� PHDVXUHG� LV�XQVWDEOH�7KH� PHDVXUHPHQW� LV� SHUIRUPHG�FRQWLQXRXVO\ �� DV� VRRQ� DV� WKH� UHVLVWDQFH�EHFRPHV� FRUUHFW�� WKH� PHDVXUHPHQW� JRHV�DXWRPDWLFDOO\�WR�WKH�QH[W�GLSROH��3UHVV�WKH��
"83" NH\�WR�JR�RQ�PDQXDOO\�WKH�SURFHVV�WR�WKH�QH[W�GLSROH�

&KHFN� WKH� FRQQHFWLRQ�RI� WKH�QRGHV�ZLWK�WKHLU�PHWDOOLF�VWDNH�RU�WU\�WR�LPSURYH�WKH�JURXQGLQJ�UHVLVWDQFH� LI� WKH�YDOXH�LV�KLJK��PRUH� WKDQ� ��� NRKP�� �SRXU� VRPH� VDOW�ZDWHU�LI�QHFHVVDU\�
/2:�%$7 7KH� V\VWHP� EDWWHU\� YROWDJH� GURSSHG�EHWZHHQ� ����� 9� DQG� ����� 9� GXULQJ� WKH�PHDVXUHPHQW��+RZHYHU�� WKH�PHDVXUHPHQW�FDQ�JR�RQ�

5HFKDUJH�WKH�LQWHUQDO�EDWWHU\��5[�



32:(5�)$,/('

 7KH� V\VWHP� EDWWHU\� YROWDJH� LV� ORZHU� WKDQ������9��,Q�WKDW�FDVH��QR�PRUH�PHDVXUHPHQW�ZLOO�EH�SHUIRUPHG�
5HFKDUJH�WKH�LQWHUQDO�EDWWHU\��5[�

75$160,77(5�67233(' 3UREOHP� RI� RYHU� OLPLW� GXULQJ� WKH�PHDVXUHPHQW�7KH�6<6&$/�VWRSV�WKHQ�DXWRPDWLFDOO\�
6HOHFW�LQ�WKH�"6(7�83" function, a lower 
reception voltage �9PQ� UDQJH�� RU� WU\� WR�LQFUHDVH� WKH� JURXQGLQJ� UHVLVWDQFHV� 5$DQG�5% LQ�RUGHU�WR�JHQHUDWH�OHVV�LQMHFWLRQ�FXUUHQW�

75$160,77(5�/2:�%$7 7KH� YROWDJH� RI� WKH� WUDQVPLWWHU� EDWWHU\� LV�WRR�ORZ� 5HFKDUJH� WKH� WUDQVPLWWHU� EDWWHU\� �7[�� RU�FRQQHFW�DQ�H[WHUQDO�EDWWHU\
52� �





7KH� DSSDUHQW� UHVLVWLYLW\� LV� QRW� FRPSXWHG�EHFDXVH� WKH� JHRPHWULFDO� SDUDPHWHUV� KDYH�QRW� EHHQ� LQWURGXFHG�RU�KDYH�EHHQ�FOHDUHG�DIWHU� WKH� RSHUDWRU� KDV� SUHVVHG� WKH� "(��$55$<" NH\
,QWURGXFH� WKH� JHRPHWULFDO� SDUDPHWHUV��3UHVV� WKH� "5(68/7" NH\� �� WKH� DSSDUHQW�UHVLVWLYLW\� LV� WKHQ� FRPSXWHG� ZLWK� WKH�YDOXHV� ,$% DQG� 901 RI� WKH� ODWHVW�PHDVXUHPHQW�
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0(66$*( ',$*1267,& 62/87,21
5HDG����1R�GDWD 1R�GDWD�KDYH�EHHQ�VWRUHG�LQ�WKH�XQLW�LQ�WKLV�VWRUDJH�]RQH)/2$7,1*�(;&(37,21 ,QWHUQDO�FRPSXWDWLRQ�SUREOHP 6ZLWFK�RII�DQG�RQ�WKH�6<6&$/

352%/(0 ',$*1267,& 62/87,21
0HDVXUHG�YDOXHV�RI�,$%DQG�901 DUH�YHU\�ZHDN 7KH�FXUUHQW�LV�QRW�SURSHUO\�GULYHQ�LQWR�WKH�JURXQG�DQG�VR�WKH�PHDVXUHPHQW�RI�901 LV�ZURQJ

&KHFN� WKH� RXWSXW� YROWDJH� ZLWK� D�YROWPHWHU� LQ� SDUDOOHO� ZLWK� WUDQVPLWWHU�SOXJV� �$�%�� EHIRUH� DQG� GXULQJ� WKH�LQMHFWLRQ�RI�FXUUHQW�&KHFN� WKH� FRQQHFWLRQV� DQG� WKH� EDWWHU\�FRQGLWLRQ0HDVXUHG�YDOXHV�RI�901DUH�QRW�VWDEOH 7KH� QDWXUDO� QRLVH� LV� VWURQJ� RU� WKH� VLJQDO�901 PHDVXUHG�LV�ZHDN 7U\� WR� GHFUHDVH� WKH� 5$ DQG� 5%UHVLVWDQFHV�RU�PDNH�PRUH�VWDFNV



��

0$,17(1$1&(
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,��7HVW�%R[
$�WHVW�ER[�FDQ�EH�VXSSOLHG�ZLWK�\RXU�V\VWHP�WR�FKHFN�WKH�FRUUHFW�RSHUDWLQJ�RI�\RXU�XQLW�LQ�FDVH�RI�GRXEWV�

7LPH�  ������PV6WDFNV�PLQ�  ��6WDFNV�PD[�  ��T�  ��
9DOXHV�JLYHQ�ZLWK�DQ�RXWSXW�YROWDJH�RI���9��
93� �+,*+,$% | �����P$ 6S� ��901 | ���P9 4� ��
93� �/2:,$% | �����P$ 6S� ��901 | ��P9 4� ��

5HVLVWLYLW\�PHWHU$%01
$ 0% 1
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,,��(3520�&+$1*,1*�± $872�,1,7
3OHDVH�IROORZ�WKHVH�LQVWUXFWLRQV�LI�\RX�QHHG�WR�FKDQJH�WKH�(3520�RI�\RXU�UHVLVWLYLW\�PHWHU�
:DUQLQJ�%HIRUH�WKLV�RSHUDWLRQ��WUDQVIHU�\RXU�GDWD�LQ�WKH�PHPRU\�WR�D�3&��RWKHUZLVH�WKH\�ZLOO�EH�ORVW��
6R�� 8QVFUHZ�WKH����VFUHZV�RI�WKH�IURQW�SDQHO�DQG�WDNH�WKHP�RXW� 7DNH�RXW�YHU\�FDUHIXOO\�WKH�IURQW�SDQHO�IURP�WKH�FDVLQJ� 6HW� WKH� IURQW�SDQHO�ZLWK�XSVLGH�RQ�WKH�WDEOH�DQG�XQVFUHZ�WKH���VFUHZV�KROGLQJ�WKH�LQWHUQDO�IUDPH�WR�WKH�IURQW�SDQHO�

� 5HVSHFW�WKH�SRVLWLRQV�RI�WKH�DERYH�ILJXUH��SXOO�XS�WKH�PHWDOOLF�IUDPH�LQ�RUGHU�WR�WXUQ�LW�RQ�WKH�ULJKW�VLGH��DQG�GLVFRQQHFW�WKH�NH\SDG FRQQHFWRU��6HH�QH[W�VFKHPH�

)URQW�SDQHO�GRZQVLGH

/HIW�VLGH

6FUHZV

5LJKW�VLGH

3OXJV�VLGH�RI�IURQW�SDQHO

/&'�ERDUG
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� 'LVFRQQHFW� WKH�FRQQHFWRU��&���VHH�QH[W�VFKHPH��IURP�WKH�ULJKW�VLGH�RI�WKH�/&'�ERDUG�DQG�ZDLW� IRU� DERXW� ��PLQXWHV� �WR� DOORZ� WKH� GLVFKDUJH� RI� WKH� OLWKLXP� FHOO�� EHIRUH� GRLQJ� WKH� QH[W�RSHUDWLRQ�� 7DNH�RXW�FDUHIXOO\�WKH�(3520�IURP�WKH�/&'�ERDUG�ZLWK�D�VPDOO�VFUHZGULYHU��7KHQ��VHW�WKH�QHZ�RQH�� WDNLQJ� FDUH� WR� UHVSHFW� WKH� FRQQHFWLRQ� VLGH�GHWHUPLQHG�E\� WKH�"  " shape. See QH[W�VFKHPH�

� &RQQHFW�QHZO\�WKH�FRQQHFWRU��&���� 2QFH�WKH�(3520�KDV�EHHQ�VHW��\RX�FDQ�FKHFN�WKH�FOHDQOLQHVV�RI�WKH�/&'�DQG�RI�WKH�IURQW�SDQHO� JODVV� EHIRUH� UH�DVVHPEOLQJ�� 7KHQ�� SXOO� XS� WKH� PHWDOOLF� IUDPH�� DVVHPEOH� WKH� NH\�SDG�FRQQHFWRU��DQG�VHW�DJDLQ�WKH�IUDPH�RQ�WKH�IURQW�SDQHO�ZLWK�WKH���VFUHZV��ZHOO�VFUHZHG��\RX�FDQ�DGG�DQ�XQVFUHZLQJ�SURGXFW���7DNH�FDUH�QRW�WR�VWXFN�DQ\�ZLUH��7KHQ��DVVHPEOH�WKH�IURQW�SDQHO�RQ�WKH�FDVH�ZLWK�WKH����VFUHZV����
� 6ZLWFK�RQ�WKH�XQLW���LW�KDV�WR�EH�UHLQLWLDOL]HG�7KH�IROORZLQJ�PHVVDJH�WKHQ�DSSHDUV�RQ�WKH�VFUHHQ�© )6 �����!! RU����!!��9 ª6HOHFW�WKHQ�WKH�YDOXH�FRUUHVSRQGLQJ�WR�\RXU�6<6&$/��IXOO�VFDOH�RI�WKH�LQSXW�UDQJH ����RU����9ROWV�
7KH�IROORZLQJ�PHVVDJH�WKHQ�DSSHDUV�RQ�WKH�VFUHHQ�© (QWHU�PHDVXUHG�YDOXH �9DE� ������ª7KLV� LV� D� VWDQGDUG� YDOXH�� )RU� DQ� KLJKHU� SUHFLVLRQ�� HQWHU� WKH� YDOXH� PHDVXUHG� E\� DYROWPHWHU�FRQQHFWHG�LQ�$%�7KHQ�SUHVV�WKH��(17(5��NH\��7KH�GLVSDO\�UHDFKV�WKHQ�WKH�© 6HOHFW�)XQFWLRQ ª�PHVVDJH��7KHQ�WKH�LQVWUXPHQW�LV�QRZ�UHDG\�WR�RSHUDWH�ZLWK�WKH�QHZ�YHUVLRQ�

(3520

/&'�ERDUG
&RQQHFWRU��&��

7KLV�VKDSH�" " KDV�WR�EH�SODFHG�RQ�WKLV�VLGH�
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,,,��6(5,$/�/,1.�&$%/(�:,5,1*
+HUH� LV� WKH�ZLULQJ�GLDJUDP�RI� WKH�VHULDO� OLQN 56����FDEOH�IRU� WKH�UHVLVWLYLW\�PHWHU�6<6&$/�6ZLWFK W\SH�

/LQNLQJ�SURFHGXUH���WR�%��WR�&��WR�$
&RQQHFWRUV�SLQV�GHILQLWLRQ�*1' ��*URXQG'65 ��'DWD�6HW�5HDG\5; ��5HFHLYH�GDWD7; ��7UDQVPLW�GDWD'75 ��'DWD�7HUPLQDO�5HDG\1�& ��8QXVHG�SLQ

1

2

3

4

5

6

7

8

9 N/C

(DCD)

(RX)

(TX)

(DTR)

(GND)

(DSR)

(RTS)

(CTS)

SUB D 9 connector  3 points connector

C (RX)
B (TX)

A (GND)

EEEE
EEEE
EEEE
EEEE
EEEE
EEEE
EEEE
EEEE
EEEE
EEEE
EEEE
EEEE
EEEE
EEEE
EEEE
EEEE
EEEE
EEEE
EEEE
EEEE
EEEE
EEEE

FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF

GGGG
GGGG
GGGG
GGGG
GGGG
GGGG
GGGG
GGGG
GGGG
GGGG
GGGG
GGGG
GGGG
GGGG
GGGG

Pièce moulée

HHH
HHH
HHH
HHH
HHH
HHH
HHH
HHH
HHH
HHH
HHH

IIII
IIII
IIII
IIII
IIII
IIII
IIII
IIII
IIII
IIII
IIII
IIII
IIII
IIII
IIII
IIII
IIII
IIII

3& 5(6,67,9,7<�0(7(5
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,9��,17(//,*(17�12'(6�180%(5,1*��VWUDSV�SRVLWLRQ�
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