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Abstract: 

:LQG�IDUPV�DUH�JHQHUDOO\�ORFDWHG�IDU�DZD\�IURP�ORDG�FHQWHUV�DQG��WR�LQFUHDVH�WKH�SRZHU�IORZ��VHULHV�
FDSDFLWRUV�DUH�QRUPDOO\�LQVWDOOHG�WR�FRPSHQVDWH�WKH�WUDQVPLVVLRQ�OLQH�UHDFWDQFH��7KH�LQWHUDFWLRQ�RI�WKH�
VHULHV� FDSDFLWRU� ZLWK� WKH� ZLQG� V\VWHP� FDQ� FDXVH� XQGDPSHG� VXE�KDUPRQLF� �EHORZ� ��� +]� RU� ��+]�
V\VWHP�IUHTXHQF\��FXUUHQW�DQG�YROWDJH�RVFLOODWLRQV��ZKLFK�FDQ�FDXVH�VHULRXV�GDPDJH�WR�ZLQG�WXUELQH�
FRQWUROOHUV� DQG� DOVR� WR� FRQYHQWLRQDO� JHQHUDWRUV�� $� URXWLQH� VZLWFKLQJ� HYHQW� LQ� WKH� ;FHO� (QHUJ\�
WUDQVPLVVLRQ� V\VWHP� UHVXOWHG� LQ� VXVWDLQHG� RVFLOODWLRQV� EHWZHHQ� ZLQG� JHQHUDWRUV� DQG� WKH� V\VWHP�
FRQQHFWHG�WKURXJK�D�VHULHV�FRPSHQVDWHG�OLQH��7KLV�LV�WKH�PRWLYDWLRQ�EHKLQG�WKH�GHYHORSPHQW�RI�D�QHZ�
PLFURSURFHVVRU�EDVHG�VXE�KDUPRQLF�SURWHFWLRQ�UHOD\���

�

Key Words�� VXE�KDUPRQLF� RVFLOODWLRQV�� VHULHV� FRPSHQVDWHG� ZLQG� IDUPV�� VXE�KDUPRQLF� SURWHFWLRQ��
UHFXUVLYH�)RXULHU�WUDQVIRUP�

1. Introduction 
7KH� JRDO� RI� D� SRZHU� V\VWHP� LV� WR� SURYLGH� UHOLDEOH� SRZHU�� IURP� VRXUFHV� RI� JHQHUDWLRQ� WR� FXVWRPHU�
ORDGV�� ,Q�WKH�SURFHVV�RI�SURYLGLQJ�WKLV�SRZHU�� WKH�RSHUDWLRQ�RI� WKH�SRZHU�V\VWHP�FDQ�EH�DIIHFWHG�E\�
WKH� LQWHUDFWLRQ� RI� YDULRXV� FRPSRQHQWV� RI� WKH� SRZHU� V\VWHP� WKDW� FDQ� H[FLWH� QRQ�FKDUDFWHULVWLF� VXE�
KDUPRQLF�IUHTXHQF\��EHORZ���+]�RU���+]�V\VWHP�IUHTXHQF\��YROWDJHV�DQG�FXUUHQWV�>�@��7KLV�HIIHFW�LV�
SDUWLFXODUO\�SUHYDOHQW�RQ� WKH�SRZHU� V\VWHP�ZKHUH�ZLQG�JHQHUDWLRQ� IDUPV�� W\SLFDOO\� ORFDWHG� IDU�DZD\�
IURP�ORDG�FHQWHUV��DUH�RIWHQ�LQWHUFRQQHFWHG�ZLWK�WKH�UHVW�RI�WKH�SRZHU�JULG�YLD�WUDQVPLVVLRQ�OLQHV�ZLWK�
VHULHV� FDSDFLWRU� FRPSHQVDWLRQ� >���@�� 7KH� ZLQG� WXUELQH� PHFKDQLFDO� V\VWHP� LQWHUDFWLRQV� �WRZHU�WR�
EODGH�� FDQ� DOVR� JHQHUDWH� VXE�KDUPRQLFV�� ZKLFK� DUH� GHWULPHQWDO� WR� LQGXFWLRQ� JHQHUDWRUV� DQG�
WUDQVIRUPHUV��DQG�PD\�FDXVH�UHVRQDQFH�DW�WKH�SRLQW�RI�FRPPRQ�FRXSOLQJ�LQ�WKH�HOHFWULFDO�JULG�>�@���

7KH�GHVLUH� WR� KDYH� UHQHZDEOH�HQHUJ\� KDV� WULJJHUHG�D� WUHPHQGRXV�JURZWK� LQ� WKH� UHQHZDEOH�HQHUJ\�
PDUNHW� VHFWRU�� FRQVHTXHQWO\� WKH� QXPEHU� RI�ZLQG� IDUPV� LV� LQFUHDVLQJ� GUDPDWLFDOO\� WKURXJKRXW�1RUWK�
$PHULFD�� DQG� WKH� VDPH� WUHQG� LV� PDQLIHVWLQJ� DURXQG� WKH� ZRUOG�� 7KLV� VXE�V\QFKURQRXV� HIIHFW� WDNHV�
SODFH�ZKHQ�WKH�VRXUFHV�RI�VXE�KDUPRQLFV�H[FLWH�WKH�VXE�KDUPRQLF�IUHTXHQFLHV�RI�WKH�/�&�FLUFXLW��7KLV�
LQ�WXUQ�FDQ�DOVR�FDXVH�ORZ�IUHTXHQF\�PHFKDQLFDO�UHVRQDQW� IRUFHV�ZLWKLQ�WKH�URWRU�VKDIWV�RI�HOHFWULFDO�
JHQHUDWRUV��,I�LW�DOORZHG�WR�SHUVLVW��H[WUHPH�PHFKDQLFDO�GDPDJH�WR�WKHVH�JHQHUDWRU�VKDIWV�ZLOO�RFFXU���

�

1.1 System Event 
)LJXUH� �� VKRZV� D� VLQJOH� OLQH� GLDJUDP� RI� ;FHO� (QHUJ\¶V� ���� N9� V\VWHP� DURXQG� WKH� VXEVWDWLRQ�
FRQQHFWHG�WR�WKH�ZLQG�IDUP��D�VHULHV�FRPSHQVDWHG�OLQH�DQG�FRPEXVWLRQ�JHQHUDWRUV��7KH�ZLQG�IDUP�LV�
UHSUHVHQWHG�E\�D�VLQJOH�XQLW�LQ�WKH�GLDJUDP��

7KH�VZLWFKLQJ�RI�OLQH���VWDUWHG�E\�RSHQLQJ�EUHDNHUV���DQG���DW�WKH�UHPRWH�VXEVWDWLRQ��$IWHU�QHDUO\�VL[�
VHFRQGV��EUHDNHUV���DQG���RSHQHG�E\�SURWHFWLYH�UHOD\V��LQGLFDWLQJ�IDXOW�RQ�WKH�ORZ�VLGH�RI�FRPEXVWLRQ�
WXUELQH��� �&7��� WUDQVIRUPHU��$W� WKLV� WLPH��RQO\� RQH�JHQHUDWRU�&7��ZDV� LQ� VHUYLFH�DQG� WKH�ZLQG�ZDV�
JHQHUDWLQJ�DW�DERXW�����RI�WKH�LQVWDOOHG�FDSDFLW\���

CBrydon
© 2011 IEEE. Reprinted, with permission, from IEEE EPEC Conference 2011.
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)LJXUH����6\VWHP�RQH�OLQH�GLDJUDP�±�$OO�EUHDNHUV�ZHUH�FORVHG�H[FHSW�&7��EUHDNHU�DQG�%UHDNHU����

�

1.2 Event Analysis 
7KH�JHQHUDWRU�FXUUHQW�ZDYHIRUPV�FDSWXUHG�DUH�VKRZQ�LQ�)LJXUH����,QLWLDO�LQYHVWLJDWLRQ�RI�WKH�FDSWXUHG�
ZDYHIRUPV� LQGLFDWHG� WKH�SUHVHQFH�RI�'�&��DQG� ORZ� IUHTXHQFLHV� IURP��� WR����+]�� LQGLFDWLQJ�GLIIHUHQW�
RVFLOODWRU\� LQWHUDFWLRQV� EHWZHHQ�ZLQG�PDFKLQHV� DQG� WKH� V\VWHP��7KHVH� IUHTXHQFLHV�ZHUH� EHORZ� WKH�
VXE�V\QFKURQRXV�UHVRQDQFH�PRGH���IUHTXHQFLHV�RI�FRPEXVWLRQ�WXUELQH�JHQHUDWRU��&7V����

� �

)LJXUH����5HDO�HYHQW�FDSWXUH�RI�WKH�JHQHUDWRU�FXUUHQWV�ZLWK�ZLQG�IDUP�VXE�KDUPRQLF�LQWHUDFWLRQ��

7KLV� ZDV� WKH� PRWLYDWLRQ� IRU� GHVLJQLQJ� D� PLFURSURFHVVRU�EDVHG� VXE�KDUPRQLF� SURWHFWLRQ� VFKHPH� WR�
GHWHFW�DQG� LVRODWH� WKH�ZLQG�JHQHUDWLRQ� LQ� WKH�HYHQW�RI�VXVWDLQHG�VXE�KDUPRQLF�RVFLOODWLRQV��7KH�QHZ�
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GHYLFH�PRQLWRUV�V\VWHP�YROWDJHV�DQG�FXUUHQWV�RQ�WKH�SRZHU�V\VWHP�WKDW�PD\�EH�SUHVHQW�LQ�WKH��+]�WR�
��+]� IUHTXHQF\�ZLQGRZ�� 7KHUH� DUH� SURYLVLRQV� WR� VHW� WKH� VXE�KDUPRQLF� IUHTXHQF\� EDQGZLGWK� RU� WKH�
VSHFLILF� VXE�KDUPRQLF� IUHTXHQF\� FRPSRQHQWV� RI� WKH� FROOHFWHG� V\VWHP¶V� YROWDJHV� DQG� FXUUHQWV�� 7KH�
GHYLFH�FDQ�EH�SURJUDPPHG�WR�HLWKHU�GHWHFW�RQO\�WKH�VXE�KDUPRQLF�TXDQWLWLHV�RU�UHFRUG�WKHP�IRU�IXWXUH�
XVH�LQ�VLPXODWLRQV�� ,W�DQ�DOVR� LQLWLDWH�SURWHFWLYH�DFWLRQ�E\�FORVLQJ�RXWSXW�FRQWDFWV�WKDW�FDQ�EH�XVHG�WR�
VKXW� GRZQ� HTXLSPHQW� RU� WR� LQLWLDWH� FRUUHFWLYH� DFWLRQV� WR� SUHYHQW� GDPDJH�� 7KH� KLJK�OHYHO� KDUGZDUH�
DUFKLWHFWXUH�IRU�WKH�SURWHFWLRQ�VFKHPH�LV�GHVFULEHG�LQ�WKH�QH[W�VHFWLRQ��

2. Microprocessor-Based Hardware Architecture 
7KH�PLFURSURFHVVRU�EDVHG�GHYLFH�FDQ�DFFHSW�IRXU�VHWV�RI�WKUHH�SKDVH�FXUUHQWV�DQG�WZR�VHWV�RI�WKUHH�
SKDVH� YROWDJHV� IURP� LQVWUXPHQW� WUDQVIRUPHUV��7ZR�VHWV�RI� OHYHO� GHWHFWRUV� FDQ�EH�VHW� IRU� HDFK� LQSXW�
TXDQWLW\�WR�GHWHFW�VSHFLILF�IUHTXHQF\�FRPSRQHQWV�LQ�WKH���WR����+]�UDQJH��RU�WR�GHWHFW�DOO�IUHTXHQFLHV�
RYHU�WKLV�UDQJH��7KH�GHYLFH�DOVR�KDV�WKH�DELOLW\�WR�VXP�TXDQWLWLHV�IURP�WZR�FXUUHQW�WUDQVIRUPHUV�RQ�D�
ULQJ�RU�EUHDNHU�DQG�D�KDOI�EXV�DUUDQJHPHQW�WKDW�PLJKW�UHSUHVHQW�WKH�WRWDO�FXUUHQW�RQ�D�SDUWLFXODU� OLQH��
DQG� WKHQ� DSSO\� WKH� OHYHO� GHWHFWRUV� WR� WKHVH� VXPPDWHG� TXDQWLWLHV�� 7KH� GHYLFH� DOVR� KDV� WULJJHUHG�
UHFRUGLQJ�FDSDELOLW\�WR�DODUP�RU�WDNH�DFWLRQ�IRU�F\FOLFDO�VXE�KDUPRQLF�TXDQWLWLHV�WKDW�PD\�EH�RVFLOODWLQJ�
MXVW�EHORZ�WKH�WULSSLQJ�OHYHOV��7KH�LQWHQWLRQ�KHUH�LV�WR�FROOHFW�VXE�KDUPRQLF�GDWD�DV�LW�RFFXUV��HYHQ�LI�LW�
LV�RQ�WKH�YHUJH�RI�EHLQJ�D�SUREOHP��7KH�SLFNXS�OHYHOV�DQG�WLPH�GHOD\V�RI�WKH�GHWHFWRUV��DQG�UHVXOWLQJ�
DFWLRQ�� LV� IXOO\� XVHU� VHOHFWDEOH�� 7KH� GHYLFH� KDV� WKH� DELOLW\� WR� FROOHFW� DQG� VWRUH� IDXOW� DQG� KDUPRQLF�
YROWDJH�DQG�FXUUHQW�TXDQWLWLHV��7KH�GHYLFH�VDPSOHV�WKH�LQSXW�VLJQDOV�DW����VDPSOHV�SHU�F\FOH����+]�RU�
���+]� V\VWHP��� VR�ZLWK� LWV� DQWL�DOLDVLQJ� ILOWHULQJ�� XS� WR� WKH� ��WK� KDUPRQLF� LV� DYDLODEOH�� )ROORZLQJ� WKLV�
SURFHVV�� D� FRPSOHWH� V\QRSVLV� RI� SRZHU� V\VWHP�GDWD� LV� FROOHFWHG� IRU� IXUWKHU� VWXGLHV� E\� WKH�XVHU��$OO�
GHWHFWRU� DQG� HYHQW� RSHUDWLRQV� DUH� WLPH� WDJJHG� DQG� SUHVHQWHG� LQ� DQ� HYHQW� ORJ�� ,5,*�%� WLPH�
V\QFKURQL]DWLRQ� LV� SRVVLEOH� E\� FRQQHFWLQJ� WKLV� GHYLFH� WR� D� *36� FORFN�� $OO� LQIRUPDWLRQ� DQG� GDWD�
FROOHFWHG�FDQ�EH�UHWULHYHG�UHPRWHO\�YLD�WKH�ORFDO�DUHD�QHWZRUN��/$1��WKURXJK�(WKHUQHW�SRUWV��RU�ORFDOO\�
YLD�WKH�86%�SRUW�ORFDWHG�RQ�WKH�IURQW�RI�WKH�GHYLFH���

)LJXUH���VKRZV�WKH�EORFN�GLDJUDP�RI�WKH�PLFURSURFHVVRU�EDVHG�KDUGZDUH�DUFKLWHFWXUH�XVHG�WR�GHWHFW�
WKH�VXE�KDUPRQLF�RVFLOODWLRQV��
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)LJXUH����%ORFN�GLDJUDP�RI�WKH�PLFURSURFHVVRU�EDVHG�KDUGZDUH�DUFKLWHFWXUH�WR�GHWHFW�VXE�KDUPRQLF�
RVFLOODWLRQ��

3. Sub-Harmonic Detection Process 
7KH�DQDORJ�VLJQDOV�IURP�WKH�&7V�DQG�37V�DUH�IHG�WR�WKH�ORZ�SDVV�DQDORJ�ILOWHU�WR�HOLPLQDWH�DOLDVLQJ�
HIIHFWV��DQG�WKHQ�SDVVHG�WR�WKH�$�'�FRQYHUWRU�ZKHUH�WKH�VLJQDOV�DUH�FRQYHUWHG�WR�GLJLWDO�VDPSOHV�DW�D�
UDWH�RI������+]�����VDPSOHV�F\FOH���7KH�GLJLWDO�VDPSOHV�RI�HDFK�DQDORJ�FKDQQHO�DQG�WKH�GHULYHG�
YLUWXDO�FKDQQHOV�DUH�HYDOXDWHG�IRU�WKH�VXE�KDUPRQLF�IUHTXHQFLHV�IURP���+]�WR����+]�ZLWK�D�UHVROXWLRQ�



RI��+]��XVLQJ�5HFXUVLYH�)RXULHU�7UDQVIRUP��5)7���7KH�H[WUDFWHG�VXE�KDUPRQLF�VLJQDOV�SDVV�RQWR�WKH�
VXE�KDUPRQLF�GHWHFWLRQ�ORJLF�PRGXOH�IRU�FRPSDULVRQ��DQG�EDVHG�RQ�WKH�GHWHFWRU�OHYHO��WKH�RXWSXW�
FRQWDFWV�ZLOO�EH�DFWXDWHG�IRU�DODUP�DQG�RU�WULS�FRQGLWLRQV��7KH�VLPSOLILHG�SURFHVV�LV�LOOXVWUDWHG�LQ��
)LJXUH����

A/D
Conversion

Recursive
Fourier

Transform
(RFT)

Analog
Subharmonic 

Detection
Logic

Output
Contact

Analog 
Signals

From CTs/PTs
Trip/Alarm

Low Pass
Analog 
Filter

)LJXUH����,OOXVWUDWLRQ�RI�WKH�VXE�KDUPRQLF�GHWHFWLRQ�SURFHVV��

4. Principle of Sub-Harmonic Detection 
7KH�EDVLF�SULQFLSOH�XVHG�LQ�GHWHFWLQJ�WKH�SUHVHQFH�RI�WKH�VXE�KDUPRQLF�LV�WR�FRPSDUH�WKH�PDJQLWXGH�RI�
HDFK� VXE�KDUPRQLF� EHWZHHQ� WKH� )PLQ� DQG� )PD[� RI� WKH� XVHU�GHILQHG� IUHTXHQF\� UDQJH�� DQG� WKHQ�
FRPSDUH�LW�ZLWK�WKH�XVHU�GHILQHG��/VHW��PDJQLWXGH�WKUHVKROG�OHYHO�XVLQJ�WKH�IROORZLQJ�ORJLF���VHH�)LJXUH�
����

7ULS�RU�$ODUP�� �PD[��I���I���I���I���I���I���!�/VHW�
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)LJXUH����6XE�KDUPRQLF�GHWHFWLRQ�SULQFLSOH��

7KH� IXQFWLRQDO� ORJLF� GLDJUDP� FRUUHVSRQGLQJ� WR� WKH� DERYH� SULQFLSOH� LV� LOOXVWUDWHG� LQ� )LJXUH� ��� $V�
GHVFULEHG� LQ� WKH� ILJXUH�� WKHUH� DUH� WKUHH� OHYHO� GHWHFWRUV� DYDLODEOH� IRU� HDFK� YROWDJH�� FXUUHQW�� RU� YLUWXDO�
LQSXW���

7KH� QRPLQDO� VXE�KDUPRQLF� GHWHFWRU� FRPSDUHV� WKH� OHYHO� E\� HVWLPDWLQJ� WKH� UDWLR� RI� VXE�KDUPRQLF�
PDJQLWXGH� WR�WKH�QRPLQDO�&7�37�UDWLR��)RU�H[DPSOH�� LI� WKH�QRPLQDO�&7�UDWLR� LV��$�DQG�WKH�HVWLPDWHG�
VXE�KDUPRQLF�PDJQLWXGH�LV�����$�DW��+]��WKHQ�WKH�QRPLQDO�VXE�KDUPRQLF�OHYHO�LV�FRPSDUHG�DV�IROORZV��

I��+]����� ���������
������



6LPLODUO\�� WKH� IXQGDPHQWDO� VXE�KDUPRQLF�GHWHFWRU� ORJLF� LV�FRPSDUHG�ZLWK� UHVSHFW� WR� WKH� IXQGDPHQWDO�
YROWDJH�RU�FXUUHQW�TXDQWLWLHV��

7KH�7RWDO�6XE�+DUPRQLF�'LVWRUWLRQ��76+'��GHWHFWRU�FDOFXODWHV�WKH�GLVWRUWLRQ�OHYHO�DV�IROORZV��

76+'����� � �

1RWH��DV�VKRZQ�LQ�WKH�DERYH�HTXDWLRQ��WKDW�DOO�WKH�VXE�KDUPRQLF�PDJQLWXGHV�IURP��+]�WR����+]�ZLOO�EH�
WDNHQ�LQWR�FRQVLGHUDWLRQ�IRU�WKH�76+'�HYDOXDWLRQ��ZLWK�UHVSHFW�WR���+]�IXQGDPHQWDO�YROWDJH��FXUUHQW��
RU�YLUWXDO�GHULYHG�FKDQQHO��7KH�VDPH�GHILQLWLRQ�LV�DSSOLFDEOH�IRU�D���+]�V\VWHP��
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Detector
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Detector

OR V OR I Detector Trip / Alarm

)LJXUH� ��� )XQFWLRQDO� ORJLF� GLDJUDP� IRU� VXE�KDUPRQLF� GHWHFWLRQ� XVLQJ� YDULRXV� GHWHFWRUV� IRU� WULS�DODUP�
LQGLFDWLRQ��

5. Operations/Minute Detector 
7KHUH�DUH�RFFDVLRQV�ZKHQ�WKH�VWDWLVWLFDO�QDWXUH�RI�WKH�ZLQG�JHQHUDWLRQ�DQG�LWV�LQWHUDFWLRQV�ZLWK�WKH�UHVW�
RI�WKH�V\VWHP�PD\�SURGXFH�VXE�KDUPRQLF�RVFLOODWLRQV�DERYH�WKUHVKROG�VHW�OLPLW�IRU�D�OHVVHU�WLPH�SHULRG�
WKDQ�WKH�FRQILJXUHG�WLPH�GHOD\��DQG�ZLOO�QHYHU�EH�QRWLFHDEOH�E\�WKH�FRQYHQWLRQDO�GHWHFWRUV�PHQWLRQHG�
LQ� WKH�DERYH�VHFWLRQ��3HULRGLF�RFFXUUHQFH�RI� WKLV�HYHQW��HYHQ� WKRXJK� IRU�D�VKRUWHU�GXUDWLRQ� WKDQ� WKH�
FRQILJXUHG� WLPH��FDQ�FDXVH�GHWULPHQWDO�HIIHFWV�WR�WKH�SRZHU�V\VWHP�QHWZRUN�DQG�LWV�FRPSRQHQWV��7R�
FDSWXUH�VXFK�HYHQWV��D�VSHFLDO�RSHUDWLRQV�PLQXWH�GHWHFWRU� LV�GHVLJQHG��ZKLFK� IXQFWLRQV�DV�VKRZQ� LQ�
)LJXUH�����
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)LJXUH����6SHFLDO�RSHUDWLRQV�PLQXWH�GHWHFWRU�WR�FDSWXUH�SHULRGLF�HYHQWV�QRW�FDSWXUHG�E\�FRQYHQWLRQDO�
GHWHFWRUV��

,Q�WKH�DERYH�H[DPSOH��DQ�HYHQW�ZLWK����RSHUDWLRQV�SHU�PLQXWH�LV�GHSLFWHG��QRW�WR�VFDOH���7KH�WLPH�7DFW�
FRUUHVSRQGV� WR� WKH� DFWXDO� GXUDWLRQ� RI� WKH� VXE�KDUPRQLF� VLJQDO� ZKLFK� LV� DVVHUWHG�� 7KLV� HYHQW� LV� QRW�
FDSWXUHG�E\�WKH�FRQYHQWLRQDO�GHWHFWRUV�PHQWLRQHG�LQ�WKH�SUHYLRXV�VHFWLRQ��DV�WKH�SLFNXS�GHOD\�7� GHOD\�
KDV� QRW� EHHQ� H[FHHGHG�� VR� WKH� HYHQW� LV� QRW� QRWLFHDEOH��+RZHYHU�� ZLWK� WKH� VSHFLDO� GHWHFWRU�� WKH� ���
RSHUDWLRQV� �DVVHUWLRQ�DERYH�VHW� OLPLW��ZLOO�EH� LQWHUQDOO\�FRXQWHG�DQG�PRQLWRUHG�� ,I� WKH�VHW�RSHUDWLRQV�
SHU�PLQXWH�FRXQW�H[FHHGV�WKH�FDOFXODWHG�FRXQW��WKHQ�WKLV�VSHFLDO�GHWHFWRU�ZLOO� LVVXH�D�WULS�RU�DQ�DODUP��
DV�SHU�WKH�FRQILJXUDWLRQ��,Q�WKLV�ZD\��SHULRGLF�GLVWXUEDQFHV�ZLWK�GXUDWLRQV�VKRUWHU�WKDQ�WKH�FRQILJXUHG�
OLPLW�FDQ�EH�FDSWXUHG��

6. Results and Discussions 
6HYHUDO� WHVW� FDVHV� KDYH�EHHQ� FDUULHG� RXW� WR� YHULI\� WKH� VXE�KDUPRQLF� SURWHFWLRQ� WHFKQLTXH�� XVLQJ� DQ�
57'6�VLPXODWRU���

��� 1RPLQDO�VXE�KDUPRQLF�GHWHFWRU�

��� )XQGDPHQWDO�VXE�KDUPRQLF�GHWHFWRU�

��� 7RWDO�VXE�KDUPRQLF�GHWHFWRU�

��� 2SHUDWLRQV�PLQXWH�GHWHFWRU�

7KH�VHWWLQJV�VFUHHQ�VKRZQ�LQ�WKH�)LJXUH��� LV�XVHG�WR�VHW�WKH�YDULRXV�GHWHFWRU�OHYHOV��$V�H[SODLQHG�LQ�
WKH�SUHYLRXV�VHFWLRQ��HDFK�FXUUHQW��YROWDJH��RU�YLUWXDO�GHULYHG�FKDQQHO�FDQ�EH�FRQILJXUHG�WR�KDYH�WZR�
GHWHFWRUV��DQG�HDFK�FDQ�EH�XVHG�IRU�DQ�DODUP�DQG�RU�WULS�RXWSXW���



�

)LJXUH����6HWWLQJV�VFUHHQ�IRU�FRQILJXULQJ�YDULRXV�VXE�KDUPRQLF�GHWHFWRU�OHYHOV��

�

$V�VKRZQ� LQ�)LJXUHV��D��G�� WKH�QRPLQDO�� WKH�IXQGDPHQWDO�� WKH�76+'��DQG�WKH�RSHUDWLRQV�SHU�PLQXWH�
GHWHFWRUV� KDYH� EHHQ� YHULILHG� XVLQJ� VLPXODWHG� &2075$'(� ILOHV�� 7KHVH� ILOHV� DUH� WKHQ� SOD\HG� EDFN�
XVLQJ�WKH�57'6�VLPXODWRU��DQG�WKH�GHWHFWRUV�KDYH�RSHUDWHG�FRUUHFWO\��DV�SHU�WKHLU�FRQILJXUDWLRQV���

,Q�)LJXUH�����D�VHTXHQFH�RI�HYHQW�IRU�WKH�RSHUDWLRQV�SHU�PLQXWH�GHWHFWRU�LV�GHSLFWHG���

�

)LJXUH� ��D��� 1RPLQDO� VXE�KDUPRQLF� GHWHFWRU� ±� �+]� �;� D[LV� ±� WLPH� LQ� VHFRQGV��� �<� D[LV� ±� FXUUHQW� LQ�
DPSV���

�

)LJXUH���E���)XQGDPHQWDO�VXE�KDUPRQLF�GHWHFWRU�±����+]��;�D[LV�±�WLPH�LQ�VHFRQGV����<�D[LV�±�FXUUHQW�
LQ�DPSV���

�

�



�

)LJXUH���F���76+'�GHWHFWRU�±��+]��;�D[LV�±�WLPH�LQ�VHFRQGV����<�D[LV�±�FXUUHQW�LQ�DPSV���

�
)LJXUH���G���2SHUDWLRQ�PLQXWH�GHWHFWRU�±��+]�DQG���RSHUDWLRQV�PLQXWH��

)LJXUH����,QSXW�&2075$'(�ILOH�FXUUHQW�FKDQQHOV�IRU�WHVWLQJ�YDULRXV�VXE�KDUPRQLF�GHWHFWRUV��

�

�

)LJXUH�����2SHUDWLRQV�PLQXWH�HYHQW�ORJ�GLVSOD\��VKRZLQJ�WKH�WULS�DIWHU�GHWHFWLQJ���RSHUDWLRQV��

7. Conclusions 
7KH�QHZ�HYHQW�FDSWXUHG�DW�WKH�;FHO�(QHUJ\�XWLOLW\�OHDG�WR�WKH�GHYHORSPHQW�RI�D�PLFURSURFHVVRU�EDVHG�
VXE�KDUPRQLF�SURWHFWLRQ� WHFKQLTXH��:LWK� WKH� LQFUHDVHG�XVH�RI�ZLQG�JHQHUDWRUV� IHHGLQJ�+9�DQG�(+9�
XWLOLW\�QHWZRUNV�� LW� LV�QHFHVVDU\� WR�HQVXUH� WKDW� VXE�KDUPRQLF�RVFLOODWLRQV�DUH�PRQLWRUHG��DQG� WKDW� WKH�
HOHFWULFDO�JULG�LV�SURWHFWHG�IURP�DQ\�UHVXOWLQJ�GHWULPHQWDO�HIIHFWV��

�

�
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