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,YDQRY�$� $���0DOWVHY�3� 3��0LFURV\VWHPV�7HFKQRORJ\�DV�D�%DVH�RI�
6FLHQWLILFDO�DQG�7HFKQLFDO�3URJUHVV�LQ�$UPV�'HYHORSPHQW �����������������

7KH�TXHVWLRQV�RI�WKH�GHYHORSPHQW�RI�QHZ�DUPV�RQ�WKH�EDVH�RI�PL�
FURV\VWHPV�WHFKQRORJ\�DUH�FRQVLGHUHG�

9DVLOLHY�$� $��9HU\�/RZ�3RZHU�6HPLFRQGXFWRU�6HQVRUV�%DVHG�RQ�7KLQ�
'LHOHFWULF�0HPEUDQHV �����������������������������������������������������������������

,Q�WKLV�SDSHU��GLIIHUHQW�YDULDQW�RI�VHQVRU�WHFKQRORJ\��ZKLFK�HQDEOH
WKH�PDQXIDFWXULQJ�RI�VHPLFRQGXFWRU�DQG�WKHUPRFDWDO\WLF�VHQVRUV�RI
FRPEXVWLEOH�DQG�WR[LF�JDVHV�ZLWK�PLQLPXP�SRZHU�FRQVXPSWLRQ�DUH
FRQVLGHUHG��7KHVH�DUH�WHFKQRORJLHV�RI�WKLFN�ILOPV��IDEULFDWLRQ�RI�WKLQ
GLHOHFWULF�PHPEUDQHV�EDVHG�RQ�DOXPLQXP�R[LGH��7$)�Û�7KLQ�$OX�
PLQD�0HPEUDQHV��DQG�D�FRPELQDWLRQ�RI�VLOLFRQ�PLFURPDFKLQLQJ�ZLWK
WKH�GHSRVLWLRQ�RI�WKLFN�ILOP�VHQVLQJ�OD\HUV��7ZR�ODVW�PHWKRGV�DOORZ�XV
WR� IDEULFDWH� VHQVRUV� DSSOLFDEOH� LQ� SRFNHW� DQG� DXWRQRPRXV� LQVWUX�
PHQWV�

0RNHURY�9� *��+HWHURVWUXFWXUH�(OHFWURQLFV�DQG�1HZ�3URVSHFWV�RI�1D�
QRHOHFWURQLFV ����������������������������������������������������������������������������

6WDWH�RI�WKH�DUW�DQG�WKH�IXWXUH�SURVSHFWV�RI�SK\VLFV�DQG�WHFKQRORJ\
RI�VHPLFRQGXFWRU�QDQRKHWHURVWUXFWXUH��DV�ZHOO�DV�QDQRWHFKQRORJ\�RI
GHYLFH�IDEULFDWLRQ�RI�WKHLU�EDVLV�DUH�GLVFXVVHG�

.DUDJXVRY�9� ,��1DQRFU\RJHQLF�7HFKQRORJLHV��������������������������������
7KH�H[LVWLQJ�PLFURFU\RJHQLF� V\VWHPV�PXFK�PRUH�H[FHHG�HOHF�

WURQLF�XQLWV�RI�FRROLQJ�LQ�GLPHQVLRQV�DQG�PDVV��7KH\�KDYH�OHVV�UH�
VRXUFHV�DQG�UHOLDELOLW\��7KH�PRGHUQ�OHYHO�DOORZV�WR�H[HFXWH�FU\RJHQLF
DQG�HOHFWURQLF�V\VWHPV�E\�WKH�XQLWHG�QDQRWHFKQRORJLHV��$V�D�UHVXOW�WKH
FU\RJHQLF�V\VWHPV�FDQ�EH�SODFHG�ZLWKLQ�HOHFWURQLF�GHYLFHV��IRU�H[DP�
SOH��VXFK�DV�FKLSV�

'UDJXQRY�9� 3��1RQOLQHDU�'\QDPLF�0RGHO�RI�(ODVWLF�(OHPHQW�
IRU�006 ������������������������������������������������������������������������������� ��

,Q�WKLV�DUWLFOH��D�VWXG\�QRQOLQHDU�YLEUDWLRQV�RI�FLUFXODU��VTXDUH��WUL�
DQ�JXODU�DQG�KH[DJRQDO�GLDSKUDJPV�ZLWK�D�FODPSHG�HGJHV�LV�SUHVHQW�
HG��7KH�DQDO\WLFDO�HTXDWLRQV�ZKLFK�KHOS�WR�VLPXODWH�EHKDYLRU�RI�HODVWLF
HOHPHQWV� IRU�PLFURPHFKDQLFDO� V\VWHPV�DUH�REWDLQHG��7KH�G\QDPLF
DQDORJXH�RI�WKH�YRQ�.DUPDQ�HTXDWLRQV�LV�XVHG�WR�HVWDEOLVK�WKH�JRY�
HUQLQJ�HTXDWLRQV��WDNLQJ�LQWR�DFFRXQW�WKH�VWUHWFKLQJ�RI�WKH�PLG�SODQH
RI�WKH�SODWH�

.XOLFKLQ�<X� 1���.DPHQHY�2� 7���3HWURY�<X� 6��/DWHUDO�
'HIRUPDWLRQ�$PSOLWXGH�'LVWULEXWLRQ�5HFRQVWUXFWLRQ�E\�'LVWULEXWHG�
)LEHU 2SWLF�0HDVXULQJ�1HWZRUN������������������������������������������������� ��

*HQHUDO�SULQFLSOHV�RI�GLVWULEXWHG�ILEHU�RSWLF�PHDVXULQJ�QHWZRUN
RUJDQL]DWLRQ�DUH�SUHVHQWHG��7KH�ILEHU�RSWLF�PHDVXULQJ�QHWZRUN�IRU�ODW�
HUDO�GHIRUPDWLRQ�DPSOLWXGH�GLVWULEXWLRQ�UHFRQVWUXFWLRQ�LV�SUHVHQWHG�
7KH�GLVWULEXWHG�ILEHU�RSWLF�PHDVXULQJ�OLQH�LV�SUHVHQWHG�

9DJLQ�0� <X���.DU\DNLQ�$� $��(OHFWURFKHPLFDO�6HQVRUV�IRU�'LUHFW�
'HWHFWLRQ�RI�$IILQLW\�,QWHUDFWLRQV�%DVHG�RQ�WKH�6HOI�$VVHPEOHG�/D\HUV�
RI 6XUIDFWDQW�0ROHFXOHV ��������������������������������������������������������������

7KH�RSSRUWXQLW\�IRU�WKH�PROHFXODU�ELOD\HU�IRUPDWLRQ�RQWR�WKH�VR�
OLG�VXSSRUW�LV�SURSRVHG�GXH�WR�WKH�VHOI�DVVHPEOLQJ�RI�WKH�QRQLRQLF�VXU�
IDFWDQW�%ULM����PROHFXOHV�RQ�WKH�JROG�VXUIDFH��7KH�REWDLQHG�PHP�
EUDQHV�ZHUH�VWXGLHG�E\�HOHFWURFKHPLFDO�LPSHGDQFH�VSHFWURVFRS\��7KH
VWUXFWXUHV�KDYH�XQLIRUP�VWUXFWXUH�DQG�FRQWDLQHG�RQO\�D�PLQRU�QXPEHU
RI�GHIHFWV��7KH�OD\HU�FDSDFLWDQFH�FDOFXODWHG�IURP�LPSHGDQFH�VSHFWUD
ZDV�FORVH�WR�WKH�FDSDFLWDQFH�RI�WKH�OLSLG�ELOD\HUV�ZKLFK�VHSDUDWHV�WKH
WZR�DTXHRXV�VROXWLRQV�RI�HOHFWURO\WH��LQGLFDWLQJ�WKDW�WKH�VHOI�DVVHP�
EOLQJ�RI�%ULM����UHVXOWHG�LQ�IRUPDWLRQ�RI�LWV�ELOD\HU�RQ�WKH�JROG�HOHF�
WURGH�VXUIDFH��7KH�XQLIRUP�ELOD\HUV�RI�%ULM����RQ�JROG�VXSSRUW�DUH�VWD�
EOH��LQ�FRQWUDVW�WR�OLSLGV��ZKLFK�SURYLGH�WKH�RSSRUWXQLW\�RI�WKHLU�DS�
SOLFDWLRQ� IRU� DQDO\WLFDO� SXUSRVHV�� 7KH� VLPSOH� PHWKRGV� IRU� WKH
SUHSDULQJ�RI�GLUHFW�DIILQLW\�VHQVRUV�EDVHG�RQ�GHYHORSHG�%ULM����ELOD�
\HUV�DUH�SURSRVHG��)RU�'1$�VHQVRU�ZH�SURSRVH�WR�LPPRELOL]H�ROL�
JRQXFOHRWLGH�RQ�WKH�VXUIDFWDQW�ELOD\HU�VXUIDFH�E\�VSRQWDQHRXV�LQILO�
WUDWLRQ�RI�K\GURFDUERQ�FKDLQ�ERXQG�WR�ROLJRQXFOHRWLGH�LQWR�WKH�K\�
GURSKRELF�UHJLRQ�RI�VXUIDFWDQW�ELOD\HU��7KH�DGVRUSWLRQ�RI�DQWLERGLHV
RQ�ELOD\HU�VXUIDFH�KDV�UHVXOWHG�LQ�LPPXQRVHQVRU�GHYHORSPHQW��7KH
GLUHFW�GHWHFWLRQ�RI�DIILQLW\�LQWHUDFWLRQV�LQ�ERWK�FDVHV�KDV�EHHQ�LQYHV�
WLJDWHG�E\�LPSHGDQFH�VSHFWURVFRS\��7KH�DGGLWLRQ�RI�FRPSOHPHQW�LQWR
WKH�'1$�VHQVRU�V\VWHP�OHG�WR�WKH�GHFUHDVH�RI�UHDO�SDUW�RI�WKH�LP�
SHGDQFH��$W�WKH�FRQWUDU\�WKH�DGGLWLRQ�RI�VSHFLILF�DQWLJHQ�LQWR�WKH�LP�
PXQRVHQVRU�V\VWHP�OHG�WR�WKH�LQFUHDVH�RI�UHDO�SDUW�RI�WKH�LPSHGDQFH�
7KH�REWDLQHG�UHVXOWV�DUH�SURPLVLQJ�IRU�WKH�GHYHORSPHQW�RI�LPSHGL�
PHWULF�DIILQLW\�VHQVRUV�IRU�FOLQLFDO�RU�HQYLURQPHQWDO�DSSOLFDWLRQV�

.R]ORY�9� $���7HUHQW\HY�'� $��&RUUHFWLRQ�RI�WKH�)UHTXHQF\�
5HVSRQVH�RI�DQ�0ROHFXODU�(OHFWURQLF�5RWDU\�$FFHOHURPHWHU�ZLWKLQ�
WKH ,QIUD�/RZ�)UHTXHQFLHV�5HJLRQ ������������������������������������������������

%\�PLQRU�YDULDWLRQ�RI�JHRPHWULFDO�SDUDPHWHUV�RI� WKH�HOHFWURGH
V\VWHP�WKH�SUDFWLFDO�SUREOHP�RI�UHFHSWLRQ�RI�WKH�IODW�IUHTXHQF\�UH�
VSRQVH�RI�DQ�PROHFXODU�HOHFWURQLF�DQJXODU�DFFHOHURPHWHU�LQ�D�ZLGH
IUHTXHQF\�UDQJH�DQG�ZLWK�WKH�SUHVHW�DFFXUDF\�LV�VROYHG�
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7KH�MRXUQDO�ERXJKW�VLQFH�QRYHPEHU������
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