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$UWLFOH���� 
&KORULQH�'LR[LGH�0HDVXUHPHQWV�-�$�

7HFKQRORJ\�5HYLHZ 

,QWURGXFWLRQ� 

:KHQ�GLVFXVVLQJ� WKH�GLVLQIHFWLRQ�RI�ZDWHU�� WKH�XVH�RI� FKORULQH� �K\SRFKORULWH��ZLOO�XVXDOO\�EH�RQH�RI� WKH� ILUVW� WRSLFV�GLVFXVVHG��

KRZHYHU� FKORULQH� GLR[LGH�� UDWKHU� WKDQ� VLPSO\� EHLQJ� DQ� DOWHUQDWLYH� WR� FKORULQH�� FDQ� EH� PRUH� VXLWDEOH� RU� HIIHFWLYH� IRU� PDQ\�

LQGXVWULHV�DQG�DSSOLFDWLRQV��7KLV� WHFKQRORJ\�UHYLHZ�ZLOO�H[DPLQH�WKH�SURSHUWLHV�DQG�XVHV�RI�FKORULQH�GLR[LGH�DQG�WKH�PHWKRGV�

WKDW�DUH�XVHG�WR�PHDVXUH�DQG�FRQWURO�LWV�FRQFHQWUDWLRQ�LQ�ZDWHU�� 

:KDW�LV�FKORULQH�GLR[LGH" 

&KORULQH� GLR[LGH� LV� D�

FRPSRXQG� ZLWK� WKH� IRUPXOD�

&O2��� ,W� DSSHDUV� DV� D�

\HOORZLVK-JUHHQ�JDV� DQG�GRHV�

QRW� K\GUROLVH� LQ� ZDWHU��

UHWDLQLQJ� LWV� VWUXFWXUH� DV� D�

GLVVROYHG� JDV� LQ� VROXWLRQ�� $�

SRZHUIXO� R[LGLVHU�� LW� ZDV� ILUVW�

VXJJHVWHG� DV� D� VWHULOLVLQJ�

DJHQW� DV� HDUO\� DV� ����� EXW�

ZDV�RQO\�XVHG�RQ�D�SODQW�VFDOH�DV�ODWH�DV�������� 

7KH�R[LGLVLQJ�SURSHUWLHV�RI�FKORULQH�GLR[LGH�PDNH�LW�XVHIXO�

IRU� GLVLQIHFWLRQ�� DQG� LW� KDV� VHYHUDO� DGYDQWDJHV� ZKHQ�

FRPSDUHG�WR�WKH�PRUH�WUDGLWLRQDO�FKORULQH��)RU�H[DPSOH��LW�

LV� PRUH� HIIHFWLYH� RQ� VSHFLILF� SDWKRJHQV� VXFK� DV�

/HJLRQHOOD��RU�*LDUGLD��� 

:KHQ� XVHG� SURSHUO\�� FKORULQH� GLR[LGH� SURGXFHV� OHVV�

KDUPIXO� E\-SURGXFWV� WKDQ� FKORULQH�� DQG� LWV� GLVLQIHFWLRQ�

DELOLW\� LV� QRW� LQIOXHQFHG� E\� S+�� ,WV� FKHPLFDO� SURSHUWLHV�

PHDQ� WKDW� LW� FDQ� EH� FRVW� HIIHFWLYH� EHFDXVH� ORZHU�

FRQFHQWUDWLRQV� DUH� QHHGHG� FRPSDUHG� WR� RWKHU�

GLVLQIHFWDQWV�� 

7KH�XVHV�RI�FKORULQH�GLR[LGH 

$OWKRXJK��KLVWRULFDOO\��FKORULQH�GLR[LGH�KDV�EHHQ�SHUFHLYHG�

DV�KD]DUGRXV�WR�KDQGOH��DQG�LQ�FRQFHQWUDWHG�DQG�JDVHRXV�

IRUPV�� LW� FHUWDLQO\� FDQ� EH��� PRGHUQ� RQ-VLWH� JHQHUDWLRQ�

WHFKQRORJ\�DOORZV�LW�WR�EH�XVHG�ZLWK�PRUH�FRQILGHQFH�DQG�

VDIHW\�WKDQ�HYHU�EHIRUH��DV�D�UHVXOW��FKORULQH�GLR[LGH�KDV�

IRXQG�LWV�SODFH�LQ�QXPHURXV�DSSOLFDWLRQV� 

· :DWHU� GLVLQIHFWLRQ� �VHZDJH�� LQGXVWULDO�

SURFHVVHV��FRROLQJ�WRZHUV��IRRGVWXIIV�HWF�� 

· %OHDFKLQJ�ZRRG��SXOS�DQG�SDSHU 

· %LRILOP� UHPRYDO� GXH� WR� LWV� DELOLW\� WR� SHQHWUDWH�

WKH�SRO\VDFFKDULGH�OD\HUV�RI�EDFWHULDO�FDSVXOHV 

· 2[LGLVLQJ�VROXEOH�LURQ�DQG�PDQJDQHVH��DOORZLQJ�IRU�

HDVLHU�UHPRYDO 

-XVW� OLNH� DOO� GLVLQIHFWLRQ� SURFHVVHV� WKDW� WDNH� SODFH� DW� D� SODQW�

VFDOH�� WKH� QHHG� WR� EDODQFH� SURSHU� GLVLQIHFWLRQ� DQG� FRVW�

HIIHFWLYHQHVV� PHDQV� WKDW� DFFXUDWH� DQG� UHOLDEOH� PHWKRGV� RI�

PHDVXULQJ�FKORULQH�GLR[LGH�LQ�ZDWHU�DUH�QHHGHG�� 

6HYHUDO�PHWKRGV�KDYH�EHHQ�GHYHORSHG�IRU�WKLV�SXUSRVH��EDVHG�

XSRQ�D�YDULHW\�RI�GLIIHUHQW�SULQFLSOHV��7KHVH�LQFOXGH� 

· ,RGRPHWULF�7LWUDWLRQ 

· 6SHFWURSKRWRPHWU\ 

· &RORXULPHWU\ 

· 0HPEUDQH�$PSHURPHWU\ 

,RGRPHWULF�7LWUDWLRQ 
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7KLV� PHWKRG� UHOLHV� XSRQ� &O2�� R[LGLVLQJ� LRGLQH� LRQV� WR�

LRGLQH�� ZKLFK� FDQ� WKHQ� EH� WLWUDWHG� ZLWK� VRGLXP�

WKLRVXOSKDWH��6RPH�UHODWLYHO\�VLPSOH�FDOFXODWLRQV�FDQ�WKHQ�

EH� SHUIRUPHG�� DQG� WKH� FRQFHQWUDWLRQ� RI� FKORULQH� GLR[LGH�

FDQ�EH�GHGXFHG�� 

$GYDQWDJHV� 

· $GMXVWLQJ� WKH� S+� DOORZV� WKH� XVHU� WR�

GLVWLQJXLVK� EHWZHHQ� &O�� �FKORULQH��� &O2��

�FKORULQH�GLR[LGH���&O2�
-��FKORULWH��DQG�&O2�

-�

�FKORUDWH��� 7KLV� PDNHV� WKH� LRGRPHWULF� PHWKRG�

LGHDO�IRU�PHDVXULQJ�GLIIHUHQW�FKORULQH�VSHFLHV��� 

'LVDGYDQWDJHV� 

· 7LWUDWLRQV� FDQ� EH� GLIILFXOW� DQG� WLPH�

FRQVXPLQJ� WR� SHUIRUP�� DQG�D�KLJKHU� OHYHO�RI�

WHFKQLFDO�VNLOO�LV�UHTXLUHG�WKDQ�IRU�RWKHU�PHWKRGV� 

· &KORULQH� GLR[LGH�� FKORULWH� DQG� K\SRFKORULWH�

DUH� QRW� HDVLO\� GLVWLQJXLVKHG�ZKLFK�FDQ�FDXVH�

SUREOHPV�LQ�VRPH�DSSOLFDWLRQV� 

· 6LJQLILFDQW�HUURUV�FDQ�DULVH�LI�PRUH�WKDQ�RQH�

VSHFLHV�LV�SUHVHQW� 

· $OWKRXJK� DYDLODEOH� DV� D� WHVW� NLW�� WKH�

LRGRPHWULF�PHWKRG�KDV�QRW�EHHQ�DGDSWHG�IRU�

RQOLQH�DQDO\VLV�� 

6SHFWURSKRWRPHWU\ 

7KLV� PHWKRG� LV� EDVHG� XSRQ� WKH� WUDQVPLVVLRQ� RI� OLJKW�� $�

VSHFLILF�ZDYHOHQJWK�RI�OLJKW��DURXQG����QP�LQ�WKH�FDVH�RI�

FKORULQH� GLR[LGH�� LV� SDVVHG� WKURXJK� D� FXYHWWH� FRQWDLQLQJ�

WKH�VDPSOH��DQG�WKH�WUDQVPLVVLRQ�DEVRUSWLRQ�LV�PHDVXUHG� 

7KH� KLJKHU� WKH� FRQFHQWUDWLRQ� RI� FKORULQH� GLR[LGH�� WKH�

ORZHU�WKH�OHYHO�RI�WUDQVPLVVLRQ��WKLV�IRUPV�WKH�EDVLV�RI�WKH�

PHDVXUHPHQW�� 

$GYDQWDJHV� 

· 7KLV� PHWKRG� LV� UHODWLYHO\� IUHH� RI�

LQWHUIHUHQFHV�FRPSDUHG�WR�LRGRPHWULF�WLWUDWLRQ� 

· 6SHFWURSKRWRPHWHUV� DUH� HDV\� WR� RSHUDWH��

DQG�WKHUH�LV�WKH�SRWHQWLDO�IRU�KLJK�DFFXUDF\� 

'LVDGYDQWDJHV� 

· 7KH� RYHUDOO� DFFXUDF\� LV� GHSHQGHQW� RQ� WKH�

SKRWRPHWHU�XVHG��ZLWK�KLJKHU�TXDOLW\�PRGHOV�FRVWLQJ�

WKRXVDQGV�RI�SRXQGV� 

· 7KHUH� LV� D� NQRZQ� LQWHUIHUHQFH� ZLWK� FKORULWH��

ZKLFK�FDQ�LQWURGXFH�VLJQLILFDQW�LQDFFXUDF\��� 

· 2QOLQH�VSHFWURSKRWRPHWHUV�H[LVW�EXW� WKH\�DUHQ¶W�

GHVLJQHG�ZLWK�FKORULQH�GLR[LGH�LQ�PLQG�� 

&RORXULPHWULF 

&RORXULPHWULF� DQDO\VLV� LV� EDVHG� RQ� WKH� UHDFWLRQ� EHWZHHQ� &O2��

DQG� D� G\H�� DQG� WKH� PHDVXUHPHQW� RI� WKH� DEVRUEDQFH� RI� D�

VSHFLILF�ZDYHOHQJWK�RI�OLJKW�DIWHU�WKLV�UHDFWLRQ�WDNHV�SODFH��7KH�

G\HV�WKDW�FDQ�EH�XVHG�LQFOXGH�1�1-GLHWK\O-S-SKHQ\OHQHGLDPLQH�

�'3'��� FKORURSKHQRO� UHG� �&35�� DQG� /LVVDPLQH� *UHHQ� �/*%���

(DFK�RI� WKHVH�G\HV�KDV� LWV�RZQ� OLPLWDWLRQV� �H�J�� WKH� FRORXU� RI�

WKH� '3'� FKDQJHV� RYHU� WLPH�� /*%� LV� WHPSHUDWXUH� GHSHQGHQW���

EXW�WKH\�DOVR�KDYH�WKHLU�RZQ�SRVLWLYH�FKDUDFWHULVWLFV� 

$GYDQWDJHV� 

· &RORXULPHWU\�KDV�KLJKHU�SRWHQWLDO�DFFXUDF\�WKDQ�

VSHFWURSKRWRPHWU\�ZKHQ�SHUIRUPHG�ZHOO����7KHVH�

NLQGV�RI� WHVWV�DUH�ZHOO�HVWDEOLVKHG�DQG�DUH� IDPLOLDU� WR�

PDQ\�WHFKQLFDO�DQG�VLWH�VWDII� 

· 2QOLQH� FRORXULPHWU\� SURGXFWV� DUH� UHDGLO\�

DYDLODEOH�IURP�D�YDULHW\�RI�PDQXIDFWXUHUV� 

'LVDGYDQWDJHV� 

· 7KH�ZRUNLQJ� UDQJH� RI� WKH� WHVW� LV� OLPLWHG� E\� WKH�

FRQFHQWUDWLRQ� RI� WKH� G\H�� ZKLFK� SODFHV�

SK\VLRFKHPLFDO�FRQVWUDLQWV�RQ�ZKDW�LV�SRVVLEOH���� 

· 7KH�SXULW\�RI�WKH�G\HV�FDQ�EH�D�SUREOHP��OHDGLQJ�

WR� LQDFFXUDFLHV��VRPH�VWXGLHV�UHSRUW�WKH�SXULW\�RI�WKH�

VDPH�G\H�UDQJLQJ�IURP�����WR������ 

· 6RPH� G\HV� DUH� QRW� ZHOO� VXLWHG� WR� UHDO� WLPH�

PHDVXUHPHQWV�GXH�WR�ORQJHU�UHDFWLRQ�WLPHV� 

· 2QOLQH� FRORXULPHWHUV� UHTXLUH� D� FRQWLQXDO� VXSSO\�

RI� UHDJHQWV�� ZKLFK� FDQ� EH� FRVWO\�� DQG� EORFNDJHV� LQ�

SLSHV�FDQ�EH�TXLWH�FRPPRQ�� 



ZZZ�SURFHVVLQVWUXPHQWV�FR�XN 

0HPEUDQH� EDVHG� DPSHURPHWULF� VHQVRUV�

�DYDLODEOH�IURP�3L� 

'HVLJQHG� VSHFLILFDOO\� ZLWK� RQOLQH� PHDVXUHPHQW� LQ� PLQG��

WKHVH� HOHFWURGH-EDVHG� VHQVRUV� XVH� D� VSHFLDOLVHG�

HOHFWURO\WH� KHOG�ZLWKLQ� D�PHPEUDQH� FDS�� WKLV�PHPEUDQH�

DOORZV� &O2�� WR� GLIIXVH� LQWR� WKH� HOHFWURO\WH�� ZKHUH� WKH�

IROORZLQJ�WDNHV�SODFH�DW�WKH�HOHFWURGHV� 

· &DWKRGH��&O2�����+�����H-�ї�&O-����+�2 

· $QRGH��&O-���$J�ї�$J&O���H� 

7KH� UHOHDVH� RI� HOHFWURQV� DW� RQH� HOHFWURGH� DQG� WKH�

DFFHSWDQFH�RI�HOHFWURQV�DW�WKH�RWKHU�FUHDWHV�D�FXUUHQW�IORZ�

EHWZHHQ� WKHP�� ZKLFK� IRUPV� WKH� EDVLV� RI� WKH�

PHDVXUHPHQW�� 

$GYDQWDJHV� 

· 7KH�PHPEUDQH�NHHSV�KDUPIXO�FRQWDPLQDQWV�

DZD\�IURP�WKH�HOHFWURGHV��SURWHFWLQJ�WKHP� 

· 7KHUH�LV�D�ORZ�GHSHQGHQFH�RQ�IORZ�UDWH� 

· 7KH� HOHFWURO\WH� LV� SUH-GHILQHG�� DQG� VR� WKH�

DEVHQFH� RI� FKORULQH� GLR[LGH� JLYHV� ]HUR�

FXUUHQW�� WKLV� DOORZV� IRU� D� RQH-SRLQW� FDOLEUDWLRQ�

PHWKRG� 

· 1R�UHDJHQWV�RU�FRPSOH[�WHVWLQJ�PHWKRGV�DUH�

UHTXLUHG�� PHDQLQJ� ORZ� RSHUDWLRQDO� FRVWV� RYHU�

WKH�OLIHWLPH�RI�WKH�VHQVRU�� 

· &RQWLQXDO� RSHUDWLRQ� PDNHV� WKHVH� VHQVRUV�

LGHDO�IRU�RQOLQH�PHDVXUHPHQW� 

'LVDGYDQWDJHV� 

· 6XUIDFWDQWV� DQG� GHWHUJHQWV� FDQ� DIIHFW� WKH�

PHPEUDQH�� DOORZLQJ� ZDWHU� WR� SDVV� LQWR� WKH�

HOHFWURO\WH�DQG�FDXVH�VLJQDO�GULIW�� 

· :DWHU�UHSHOOHQW�VXEVWDQFHV�VXFK�DV�PLQHUDO�

RLOV�FDQ�FORJ�WKH�PHPEUDQH�SRUHV��VR�FKORULQH�

GLR[LGH�FDQQRW�SDVV�LQWR�WKH�HOHFWURO\WH�FDXVLQJ�D�

PHDVXUHPHQW�HUURU� 

· 7KHUH�LV�D�NQRZQ�R]RQH�LQWHUIHUHQFH�� 

+RZ� GR� 3URFHVV� ,QVWUXPHQWV� DSSURDFK� WKH�

PHDVXUHPHQW�RI�FKORULQH�GLR[LGH" 

$OO� WKH� DSSURDFKHV� PHQWLRQHG� KDYH� WKHLU� RZQ� VWUHQJWKV� DQG�

ZHDNQHVVHV�DQG�VR�WKH�µLGHDO�PHWKRG¶�GHSHQGV�XSRQ�WKH�QHHG�

RI�WKH�HQG�XVHU� 

$V� D� ZDWHU� LQVWUXPHQWDWLRQ� DQG� FRQWURO� FRPSDQ\�� 3L� VHHV�

FKORULQH� GLR[LGH� EHLQJ� XVHG�PRVW� LQ� WKH� NLQGV� RI� DSSOLFDWLRQV�

WKDW�IDYRXU�FRQWLQXDO�RQOLQH�DQDO\VLV��DQG�VR�WKH�QDWXUDO�FKRLFH�

IRU�3URFHVV�,QVWUXPHQWV�LV�DPSHURPHWULF�VHQVRUV�� 

3L¶V�DPSHURPHWULF�'LR6HQVH�FKORULQH�GLR[LGH�DQDO\VHUV�DOORZ�IRU�

WKH� UHVSRQVLYH�� UHDO-WLPH� PHDVXUHPHQWV� RI� FKORULQH� GLR[LGH�

ZLWKRXW� WKH� FRPSOH[� PDLQWHQDQFH� DQG� UHDJHQWV� QHHGHG� E\�

RQOLQH� FRORXULPHWULF� V\VWHPV�� 7KHLU� UHDJHQWOHVV� RSHUDWLRQ� DOVR�

PHDQV�PXFK� ORZHU� WRWDO� OLIH�FRVWV��D� ODUJH�8.�XWLOLW\�FRPSDQ\�

ZKR� UHSODFHG� ���� FRORXULPHWULF� VHQVRUV� ZLWK� DPSHURPHWULF�

SUREHV�VDZ�VDYLQJV�RI�FORVH�WR�D�PLOOLRQ�SRXQGV�RYHU�D�WHQ�\HDU�

SHULRG� 

0HPEUDQH�EDVHG�DPSHURPHWULF�SUREHV�GRQ¶W�UHTXLUH� WKH�VWULFW�

IORZ�FRQWURO�UHTXLUHG�E\�QRQ-PHPEUDQH�V\VWHPV��ZKLFK�FDQ�EH�

GLIILFXOW� LQ� VRPH� DSSOLFDWLRQV� DQG� LQGXVWULHV�� 3URYLGHG� VRPH�

EDVLF� FRQGLWLRQV� DUH� PHW� �VXFK� DV� ODFN� RI� VXUIDFWDQWV� DQG�

GHWHUJHQWV� LQ� WKH� SURFHVV� VWUHDP��� PHPEUDQH� EDVHG� VHQVRUV�

DUH�VLPSOH�WR�LQVWDOO��FDOLEUDWH�DQG�PDLQWDLQ�� 
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