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Index Terms - analogue circuits, probabilistic analysis, 

analogue testing, filter design theory and applications, signal 
detection and estimation

,� ,1752'8&7,216WDWLVWLFDO� FLUFXLW� DQDO\VLV� DQG� YDULRXV� ³VLPXODWLRQ�EHIRUH�WHVW´� DSSURDFKHV�� ZKLFK� LQFOXGH� ³IDXOW� GLFWLRQDU\´�DQG� RWKHU� SDWWHUQ� PDWFKLQJ� WHFKQLTXHV�� FDQ� EH� XVHG� IRU�DQDORJXH� IDXOW�GHWHFWLRQ�DQG�GLDJQRVLV��7KH� FRPSXWDWLRQDO�FDSDELOLWLHV� RI� WRGD\¶V� FRPSXWHUV� DUH� UDSLGO\� DQG�LPSUHVVLYHO\� LQFUHDVLQJ� DQG� DUH�� WKXV�� RSHQLQJ� XS� QHZ�KRUL]RQV�WR�WKH�SUDFWLFDO�DSSOLFDWLRQ�RI�WKHVH�PHWKRGV�6WDWLVWLFDO� PHWKRGV� KDYH� EHHQ� SURSRVHG� IRU� DQDORJXH�FLUFXLW� GHVLJQ�� RSWLPL]DWLRQ�� IDXOW� GHWHFWLRQ� DQG� LQSXW�VWLPXOXV� GHWHUPLQDWLRQ� >���@�� )RU� WKH� VWDWLVWLFDO� FLUFXLW�DQDO\VLV� PXOWLSOH� FLUFXLW� VLPXODWLRQV� DUH� SHUIRUPHG� IRU�YDULRXV�QRPLQDO�DQG�IDXOW\�FLUFXLW�SDUDPHWHUV�XQGHU�FHUWDLQ�WROHUDQFH� ERXQGV� XVLQJ� FLUFXLW� DQDO\VLV� WRROV� EDVHG� RQ�FLUFXLW� VLPXODWRUV� �IRU� H[DPSOH� 63,&(��� 0RQWH�&DUOR�WHFKQLTXHV�DUH�DOVR�XWLOL]HG��7KH�HPHUJLQJ�³PHDVXUHPHQWV´�DUH�DQDO\]HG�XVLQJ�VWDWLVWLFDO�DQG�SUREDELOLVWLF�PDWKHPDWLFV��VR� WKDW� WKH� UHVXOWV� DUH� PRUH� UHDOLVWLF�� LQFOXGLQJ� SRVVLEOH�GHYLFH�YDULDWLRQV�,Q� WKLV� SDSHU� VWDWLVWLFDO� PXOWL�SDUDPHWHU� FLUFXLW�VLPXODWLRQ� DQG� SUREDELOLW\� PDWKHPDWLFV� DUH� XVHG� IRU� WKH�HVWLPDWLRQ� RI� IDXOW� GHWHFWDELOLW\� E\� GRXEOH� DQDORJXH�PHDVXUHPHQWV��)ROORZLQJ� WKH�SURSRVHG� WHFKQLTXH� WKH� IDXOW�GHWHFWDELOLW\� HVWLPDWLRQ� FDQ� EH� HIILFLHQWO\� DSSOLHG� IRU�GRXEOH�PHDVXUHPHQWV�UHVXOWLQJ�LQ�DQ�LQFUHDVHG�YDOXH��XS�WR�������� FRPSDUHG� WR� WKH� IDXOW� GHWHFWDELOLW\� DFKLHYHG� E\�VLQJOH� PHDVXUHPHQWV�� ZKLOH� FRPSXWDWLRQDO� WLPH� LV� RQO\�VOLJKWO\� LQFUHDVHG� E\� OHVV� WKDQ� ���� ,Q� WKH� IROORZLQJ�� WKH�WKHRUHWLFDO� DQDO\VLV� RI� WKH� SURSRVHG� FDOFXODWLRQ� RI� WKH�SUREDELOLW\� RI� IDXOW� GHWHFWLRQ� IRU� GRXEOH� DQDORJXH�PHDVXUHPHQWV� LV� GHVFULEHG�� 5HVXOWV� IURP� FXUUHQW�

PHDVXUHPHQWV� RQ� DQ� DQDORJXH� ILOWHU� FLUFXLW� DUH� WKHQ� JLYHQ�DQG�GLVFXVVHG.
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ZKHUH� 'N LV� WKH� PHDVXUH� RI� IDXOW� GHWHFWDELOLW\� IRU� WKH� N�PHDVXUHPHQW��7KH�KLJKHU�WKH�YDOXH�RI�'N��WKH�PRUH�HIILFLHQW�IDXOW�GHWHFWLRQ�XVLQJ�WKH�N�PHDVXUHPHQW�FDQ�EH�DFKLHYHG�7KH� HVWLPDWLRQ� RI� IDXOW� GHWHFWDELOLW\� IRU� GRXEOH�PHDVXUHPHQWV�� ZKLFK� LV� JHQHUDOO\� GLIIHUHQW� IURP� WKH� IDXOW�GHWHFWDELOLW\�RI�HDFK�VLQJOH�PHDVXUHPHQW��FDQ�EH�FDOFXODWHG�XVLQJ� D� SUREDELOLVWLF� DSSURDFK�� 7KH� LQLWLDO� LGHD� IRU� WKLV�DSSURDFK�KDV�EHHQ�EULHIO\�LQWURGXFHG�LQ�RXU�SUHYLRXV�ZRUN�>�@��/HW�;N EH�WKH�HYHQW� WKDW� WKH�N�PHDVXUHPHQW�FRQFOXGHV�WR VXFFHVVIXO� IDXOW� GHWHFWLRQ�� LQ� RWKHU� ZRUGV� WKDW� WKH� N�PHDVXUHPHQW� LQ� D� IDXOW\� FLUFXLW� GR� QRW� RYHUODS�ZLWK� WKH� N�PHDVXUHPHQW�LQ�WKH�QRQ�IDXOW\�FLUFXLW��,W�LV�REYLRXV�WKDW�WKH�SUREDELOLW\� RI� WKLV� HYHQW� HTXDOV� WR� WKH� PHDVXUH� RI� IDXOW�GHWHFWDELOLW\� IRU� WKH� N� PHDVXUHPHQW� FDOFXODWHG� DERYH��HTXDWLRQ�����L�H��3�;N�� �'N�7KH� IDXOW� GHWHFWDELOLW\� RI� GRXEOH� PHDVXUHPHQWV� N�DQG� O�FDQ�EH�H[SUHVVHG�DV� WKH�SUREDELOLW\�RI� WKH�HYHQW� WKDW�WKHVH� WZR� PHDVXUHPHQWV� WRJHWKHU� FRQFOXGH� WR� VXFFHVVIXO�IDXOW�GHWHFWLRQ��7KLV�PHDQV�WKDW WKH�GLVWULEXWLRQ�RI�HLWKHU�WKH�N� RU� WKH� O� PHDVXUHPHQW� LQ� D� IDXOW\� FLUFXLW� GR� QRW� RYHUODS�ZLWK� WKH� N� RU� WKH� O� PHDVXUHPHQW�� UHVSHFWLYHO\�� RI� WKH� QRQ�IDXOW\�FLUFXLW��7KLV�SUREDELOLW\�FDQ�EH�QRWHG�E\� � �N O3 ; ;� ��6LQFH� WKH� HYHQWV� ;N DQG� ;O DUH� FRQVLGHUHG� QRW� PXWXDOO\�



H[FOXVLYH�� WKH� IROORZLQJ� HTXDWLRQV� ���� DQG� ���� DUH� YDOLG�>��@� � � � � � � � �ONONON ;;3;3;3;;3 ��� � ���� � � �� �O ONON ;3 ;;3;;3 � ���
8VLQJ� HTXDWLRQ� ���� LQ� HTXDWLRQ� ����� WKH� IDXOW� GHWHFWDELOLW\�� �N O3 ; ;� EHFRPHV�� � � � � � � � � �OONONON ;3;;3;3;3;;3 �� � ���
ZKHUH� �� �N O3 ; ; LV� WKH� FRQGLWLRQDO� SUREDELOLW\� RI� WKH� ;NHYHQW�XQGHU�WKH�DVVXPSWLRQ�WKDW�WKH�;O HYHQW� LV� WUXH��DQG�LW�LV�WKH�RQO\�XQNQRZQ�FRHIILFLHQW�7KH�FDOFXODWLRQ�RI�WKLV�FRQGLWLRQDO�SUREDELOLW\�UHOLHV�RQ�WKH�FDOFXODWLRQ�RI�DQ�RYHUODSSLQJ�LQWHJUDO�VLPLODU�WR�WKH�RQH�UHIHUHQFHG� DERYH�� H[FHSW� WKDW� WKH� QRUPDO� SUREDELOLW\�GHQVLW\�IXQFWLRQ�RI�WKH�N�PHDVXUHPHQW�PXVW�EH�GHULYHG�RQO\�IURP�WKRVH�0RQWH�&DUOR�FDVHV�IRU�ZKLFK�WKH�O�PHDVXUHPHQW�FRQFOXGHV� WR� VXFFHVVIXO� IDXOW� GHWHFWLRQ� RU�� LQ� RWKHU�ZRUGV��WKH�;O HYHQW�LV�WUXH��7KLV�FRQGLWLRQ�PD\�UHGXFH�WKH�QXPEHU�RI� FDVHV� IRU� WKH� FDOFXODWLRQ� RI� WKH� QRUPDO� SUREDELOLW\�GHQVLW\� IXQFWLRQ� ZKHQ� WKH� 3�;O�� KDV� VPDOO� YDOXHV�� DQG�WKHUHIRUH�WKH�UHVXOWV�PD\�EHFRPH�LQDFFXUDWH�,W� LV�NQRZQ� WKDW� WKH�SUREDELOLW\� IXQFWLRQ�KDV� YDOXHV� LQ�WKH�UDQJH�IURP���WR���DQG�WKDW�� � � � � � OO ;3;3 ���
7KXV� ZKHQ� WKH� 3�;O�� KDV� VPDOO� YDOXHV� �������� WKH� � �O3 ;KDV� D� YDOXH� JUHDWHU� WKDQ� ���� DQG� YLFH� YHUVD�� 7KHUHIRUH��� �N O3 ; ;� VKRXOG DOVR� EH� H[SUHVVHG� DV� D� IXQFWLRQ� RI� WKH�� �N O3 ; ; �� LQ� RUGHU� WR� RYHUFRPH� WKH� SUREOHP� RI� WKH�UHGXFHG�QXPEHU�RI� FDVHV� IRU� WKH�FDOFXODWLRQ�RI� WKH�QRUPDO�SUREDELOLW\�GHQVLW\�IXQFWLRQ�RI�WKH�FRQGLWLRQDO�SUREDELOLW\�(TXDWLRQ� ���� LV� DOVR� YDOLG� IRU� WKH� � �N O; ;� HYHQW� DV�IROORZV� � � � � � ��� ONON ;;3;;3 ���
$FFRUGLQJ� WR�'H0RUJDQ� ORZ�DQG�HTXDWLRQ� ���� DERYH�� LW� LV�DOVR� � � � � � � � �OONONON ;3;;3;;3;;3  � � ���
&RPELQLQJ� HTXDWLRQV� ���� DQG� ����� LW� FDQ� EH� HDVLO\� SURYHG�WKDW� � � � � � �OONON ;3;;3;;3 �� � ���

,W� PXVW� EH� QRWLFHG� WKDW� LQ� WKH� DERYH� DQDO\VLV� IRU� WKH�FDOFXODWLRQ� RI� IDXOW� GHWHFWDELOLW\� RI� GRXEOH� PHDVXUHPHQWV�WKH� UROHV� RI� N� DQG� O� FDQ� EH� LQWHUFKDQJHG� UHVXOWLQJ� LQ� WKH�IROORZLQJ� WZR� DOWHUQDWLYH� HTXDWLRQV� IRU� WKH� FDOFXODWLRQ� RI�

� �N O3 ; ;� �� � � � � � � � � �NNOONON ;3;;3;3;3;;3 �� � ���� � � � � �NNOON ;3;;3;;3 �� � ����
,Q� RUGHU� WR� KDYH� PRUH� UHDOLVWLF� DQG� DFFXUDWH� UHVXOWV�� WKH�� �N O3 ; ;� PXVW� EH� UHWULHYHG� E\� WKH� FDOFXODWLRQ� RI� WKH�SURSHU�FRQGLWLRQDO�SUREDELOLW\�XVLQJ� WKH�PD[LPXP�QXPEHU�RI� VDPSOHV�� 7KXV�� WKH� QXPEHU� RI�0RQWH�&DUOR� FDVHV� XVHG�IRU� WKH�FDOFXODWLRQ�RI� WKH�FRQGLWLRQDO� SUREDELOLW\� LV� DOZD\V�JUHDWHU�RU�HTXDO�WR�V����7KH�ZRUVW�FDVH�ZRXOG�EH�WR�UHGXFH�WKH� QXPEHU� RI� 0RQWH�&DUOR� FDVHV� V� WR� RQH� KDOI�� LQ� WKH�H[WUHPHO\�UDUH�FDVH�ZKHUH��� � � � � � � � ���    ONON ;3;3;3;3 ����

7KH� SUREDELOLW\� � �N O3 ; ;� PXVW� EH� FDOFXODWHG� IRU�HDFK� IDXOW\� FDVH� DQG� IRU� HDFK� SDLU� RI� PHDVXUHPHQWV�� 7KH�VXP�RI�WKHVH�SUREDELOLWLHV�IRU�DOO�WKH�IDXOW\�FDVHV�GLYLGHG�E\�WKH� QXPEHU� RI� IDXOW\� FDVHV� F� LV� D� PHDVXUH� RI� WKH� IDXOW�GHWHFWDELOLW\�IRU�WKH�GRXEOH�PHDVXUHPHQWV�N�O�� �' 3 ; ;FNO
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7KH� KLJKHU� WKH� YDOXH� RI� 'NO�� WKH� PRUH� HIILFLHQW� IDXOW�GHWHFWLRQ�FDQ�EH�REWDLQHG�XVLQJ� WKH�N� DQG� O�PHDVXUHPHQWV�VLPXOWDQHRXVO\�� 7KH� FRPSXWDWLRQDO� WLPH� UHTXLUHG� IRU� WKH�FDOFXODWLRQ� RI� WKH� IDXOW� GHWHFWLRQ� SUREDELOLW\� LV� QHJOLJLEOH�FRPSDUHG�WR�WKH�FRPSXWDWLRQDO�WLPH�QHHGHG�IRU�WKH�PXOWLSOH�FLUFXLW� DQDO\VLV�� 7KH� PHWKRG� FDQ� EH� H[WHQGHG� WR� WKUHH� RU�PRUH� PHDVXUHPHQWV�� EXW� WKH� SUREDELOLVWLF� PDWKHPDWLFV�EHFRPHV�PXFK�PRUH�FRPSOLFDWHG��ZKLOH�WKH�UHVXOWV�DUH�RQO\�VOLJKWO\� LPSURYHG�� DV� LW� ZLOO� EH� GLVFXVVHG� LQ� WKH� QH[W�VHFWLRQ�
,,,� 5(68/76�$1'�',6&866,217KH�DERYH�GHVFULEHG�PHWKRG�KDV�EHHQ�DSSOLHG� IRU� WKH�FDOFXODWLRQ�RI�IDXOW�GHWHFWDELOLW\� LQ�VHYHUDO�FLUFXLWV�DQG�KDV�EHHQ� XVHG� IRU� WHVW� PHDVXUHPHQW� VHOHFWLRQ� DV� SUHVHQWHG� LQ�WKH�IROORZLQJ� 7KH�FRPPRQO\�XVHG�WKUHH�VWDJH�DFWLYH� ILOWHU�FLUFXLW��VKRZQ�LQ�ILJXUH����WULJJHUHG�E\�D�WULDQJXODU���9S�S���N+]� LQSXW� VLJQDO�� ZDV� VLPXODWHG�� &RPSRQHQW� SDUDPHWHUVZHUH�FRQVLGHUHG ZLWK�QRUPDO�GLVWULEXWLRQ�ZLWK��1 HTXDO� WR���� RI� WKHLU� QRPLQDO� YDOXHV�� ZKLOH� PRGHO� SDUDPHWHUV KDG�WKH�VDPH�GLVWULEXWLRQ�ZLWK��1 HTXDO�WR�����RI�WKHLU�QRPLQDO�YDOXHV�� 7KH� VHW� RI� IDXOWV� FRQVLVWV� RI� ��� KDUG� IDXOWV� �RSHQ�FLUFXLWV�DQG�VKRUW�FLUFXLWV���WKH�PHDVXUHPHQWV�XVHG�ZHUH�WKH�UPV�YDOXHV�RI� WKH�SRVLWLYH�SRZHU�VXSSO\�FXUUHQW�ZDYHIRUPDQG�WKH�YDOXHV�RI�WKH�ILUVW�ILYH�KDUPRQLFV�RI�LWV�VSHFWUXP�LQ�G%� VR� WKH� WRWDO� QXPEHU� RI� PHDVXUHPHQWV� ZDV� VL[�



)LJ����7KH�H[DPLQHG�WKUHH�VWDJH�DFWLYH�ILOWHU�FLUFXLW�RI�WKH�H[DP SOH�
&RPSRQHQW� SDUDPHWHUV� DUH� UHSUHVHQWHG�E\ WKH� UHVLVWRU�DQG� FDSDFLWRU� YDOXHV�� ZKLOH� PRGHO� SDUDPHWHUV� DUH�UHSUHVHQWHG� IRU� H[DPSOH� E\ WKH� EHWD� YDOXHV� RI WKHWUDQVLVWRUV LQFOXGHG� LQ� WKH� DQDO\WLFDO� RSDPS�PRGHO��$OO� RI�WKH� ��� KDUG� IDXOWV� DUH� DIIHFWLQJ� WKH� YDOXHV� RI� WKH� GLVFUHWH�FRPSRQHQWV�RI� WKH�FLUFXLW� 7KH�FLUFXLW�ZDV�VLPXODWHG�XVLQJ�WKH� 03&$3� VKHOO� SURJUDP� ZLWK� ���� VDPSOHV� SHU� 0RQWH�&DUOR� DQDO\VLV� DQG� WKH� DULWKPHWLF� PHDQ� DQG� VWDQGDUG�GHYLDWLRQ�PDWULFHV�ZHUH�REWDLQHG�7KH� IDXOW� GHWHFWLRQ� SUREDELOLWLHV� 'N RI� HDFK�PHDVXUHPHQW� XVLQJ� HTXDWLRQ� ���� DUH� VKRZQ� LQ� WDEOH� ,��0HDVXUHPHQW����WKH�UPV�YDOXH�RI�,36��JLYHV�WKH�KLJKHU�IDXOW�GHWHFWLRQ�SUREDELOLW\���������ZKLOH�PHDVXUHPHQW����WKH��VW�KDUPRQLF� RI� WKH� ,36 VSHFWUXP�� JLYHV� WKH� VPDOOHU� RQH���������

7$%/(�,)$8/7�'(7(&7,21�352%$%, /,7<�2)�6,1*/(�0($685(0(1762)�7+(�7+5((�67$*(�$&7,9(�),/7(5�&,5&8,7�(;$03/(
. � � � � � �'N ���� ���� ���� �� ���� ����

)ROORZLQJ� WKH� PHWKRG� GHVFULEHG� LQ� WKH� SUHYLRXV�VHFWLRQ�� WKH� SUREDELOLW\� RI� IDXOW� GHWHFWLRQ� 'NO IRU� DOO� WKH�SRVVLEOH� ��� SDLUV� RI� PHDVXUHPHQWV� ZHUH� FDOFXODWHG� DV�VKRZQ�LQ�WDEOH�,,��,W�PXVW�EH�QRWHG�WKDW� WKH�GHWHFWDELOLW\�RI�GRXEOH� PHDVXUHPHQWV� LV� DOZD\V� JUHDWHU� WKDQ� WKH�GHWHFWDELOLW\�RI HDFK FRUUHVSRQGLQJ VLQJOH�PHDVXUHPHQW��DV�H[SHFWHG��7KH�LPSURYHPHQW� LQ�GHWHFWDELOLW\ EHWZHHQ�'N RU�'O DQG� 'NO DUH� JLYHQ� LQ� WDEOH� ,, �URZV� �� DQG� ���� 7KLV

LPSURYHPHQW UDQJHV� IURP� ����� WR� ������� VKRZLQJ� D�UHPDUNDEOH� HQKDQFHPHQW� RQ� WKH� IDXOW� GHWHFWDELOLW\�� 7KH�GRXEOH� PHDVXUHPHQWV� ������ JLYHV� WKH� KLJKHVW� GHWHFWLRQ�SUREDELOLW\� ���������ZKLOH� WKH� GRXEOH�PHDVXUHPHQWV� ������JLYHV�WKH�ORZHVW��������7KH�DGGLWLRQDO�FRPSXWDWLRQDO� WLPH�UHTXLUHG IRU� WKH� FDOFXODWLRQ� RI� WKH� IDXOW� GHWHFWLRQ�SUREDELOLW\�XVLQJ WKH�SUHYLRXV�GHVFULEHG�HTXDWLRQV�WR FKHFN�WKH� GRXEOH� PHDVXUHPHQWV� LV� RQO\� DERXW� ��� RI� WKH� WLPH�UHTXLUHG�IRU�WKH�FLUFXLW�VLPXODWLRQV�8VLQJ�WKH�DERYH�UHVXOWV�IRU�WHVW�PHDVXUHPHQWV�VHOHFWLRQ�LW� LV� FOHDU� WKDW� LI� WKH� FLUFXLW� PXVW� EH� WHVWHG� E\� RQO\� RQH�PHDVXUHPHQW��WKHQ�WKH�UPV�,36 YDOXH�VKRXOG�EH�XVHG��ZKLFK�JLYHV� WKH� KLJKHVW� �������� IDXOW� GHWHFWLRQ� SUREDELOLW\��7HVWLQJ�WKH�FLUFXLW�ZLWK�GRXEOH�PHDVXUHPHQWV��WKH�WKLUG�DQG�IRUWK�KDUPRQLFV�RI�WKH�,36 VSHFWUXP��SDLU������PXVW�EH�XVHG��LQFUHDVLQJ� IDXOW� GHWHFWLRQ� SUREDELOLW\� WR� ������� 7KLV�SHUFHQWDJH� GLIIHUHQFH� ������� VHHPV� VPDOO� SURYLGHG� WKDW�IDXOW� GHWHFWDELOLW\� KDV� DOUHDG\� YHU\� KLJK� YDOXHV� �DOPRVW������� +RZHYHU� LWV� FRQWULEXWLRQ� LV� UDWKHU� YDOXDEOH�FRQVLGHULQJ� WKDW� LW� XVXDOO\� KHOSV� WR� GLVFULPLQDWH� WKH� PRVW�GLIILFXOW�WR�GHWHFW�IDXOW\�FDVHV�,Q�FDVH�ZKHUH�WKUHH�RU�PRUH�PHDVXUHPHQWV�ZHUH�XVHG��IDXOW�GHWHFWDELOLW\�LV�RQO\�VOLJKWO\�LPSURYHG�E\�DERXW�������DV� LW� ZDV� IRXQG� E\� VHSDUDWHO\� FKHFNLQJ� WKH� QXPEHU� RI�GHWHFWHG� IDXOWV� RYHU� WKH� ���� FDVHV� RI� WKH� 0RQWH�&DUOR�DQDO\VLV��7KXV�� WDNLQJ�DOVR� LQWR�DFFRXQW� WKH� LQFUHDVH� LQ� WKH�PDWKHPDWLFDO� DQG� FRPSXWDWLRQDO� FRPSOH[LW\� DQG� WKDW� IDXOW�GHWHFWDELOLW\�KDV�DOUHDG\�YHU\�KLJK�YDOXHV�� WKH�XVH�RI�PRUH�WKDQ�WZR�PHDVXUHPHQWV�EHFRPHV�LQHIILFLHQW.
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,9� &21&/86,2166WDWLVWLFDO� PXOWL�SDUDPHWHU� FLUFXLW� DQDO\VLV� DQG�SUREDELOLVWLF� PDWKHPDWLFV� KDV� EHHQ� HIILFLHQWO\� XWLOL]HG� IRU�WKH� HVWLPDWLRQ� RI� IDXOW� GHWHFWDELOLW\� RI� GRXEOH� DQDORJXH�PHDVXUHPHQWV� LQ� D� VLPXODWLRQ�EHIRUH�WHVW� DSSURDFK�� 	KH�DGGLWLRQDO�FRPSXWDWLRQDO�WLPH�LV�QHJOLJLEOH�FRPSDUHG�WR�WKH�FRPSXWDWLRQDO�WLPH�QHHGHG�IRU�WKH�PXOWLSOH�FLUFXLW�DQDO\VLV��ZKLOH�IDXOW�GHWHFWDELOLW\�LV�HQKDQFHG�XS�WR�������FRPSDUHG�WR� WKH� RQH� FDOFXODWHG� E\� VLQJOH� PHDVXUHPHQWV�� ,Q� FDVHV�ZKHUH� IDXOW� GHWHFWDELOLW\� KDV� DOUHDG\� YHU\� KLJK� YDOXHV�� WKH�EHQHILW�LV�QRW�IRFXVHG�RQ�WKH�LQFUHDVH�RI�LWV�YDOXH�EXW�RQ�WKH�IDFW� WKDW� WKH� DGGLWLRQDO� IDXOWV� WKDW� DUH� GLVWLQJXLVKHG� OD\�DPRQJ�WKH�PRVW�GLIILFXOW�WR�GHWHFW�IDXOW\�FDVHV��7KH�UHVXOWV�ZHUH�HIILFLHQWO\�XVHG�WR�VHOHFW�WKH�SDLU�RI�PHDVXUHPHQWV ZLWK�WKH�KLJKHVW�GHWHFWDELOLW\�DPRQJ�D�JLYHQ�VHW�RI�PHDVXUHPHQWV��7KH�ZRUN�FRXOG�DOVR�EH�XVHG�IRU�LQSXW�VWLPXOXV�VHOHFWLRQ��E\�DSSO\LQJ�WKH�GHVFULEHG�SURFHGXUH�IRU�YDULRXV� LQSXWV��7KH�PHWKRG� FRXOG� EH� H[WHQGHG� WR� WKUHH� RU�PRUH�PHDVXUHPHQWV�EXW�WKH�IDXOW�GHWHFWDELOLW\�HQKDQFHPHQW�VHHPV� WR� EH� LQVLJQLILFDQW� FRPSDUHG� WR� WKH� DGGLWLRQDO�PDWKHPDWLFDO�DQG�FRPSXWDWLRQDO�FRPSOH[LW\��
5()(5(1&(6>�@ 0LORU� /�� DQG� 9LVYDQDWKDQ� 9��� ³'HWHFWLRQ� RI� FDWDVWURSKLF� IDXOWV� LQ�DQDORJ�,QWHJUDWHG�&LUFXLWV´��,(((�7UDQVDFWLRQV�RQ�&$' ��YRO�����QR�����SS����������������>�@ (SVWHLQ� 5��� &]LJOHU� 0�� DQG� 0LOOHU� 6�5��� ´)DXOW� 'HWHFWLRQ� DQG�&ODVVLILFDWLRQ� LQ� /LQHDU� ,QWHJUDWHG� &LUFXLWV�� $Q� $SSOLFDWLRQ� RI�'LVFULPLQDWLRQ�$QDO\VLV�DQG�+\SRWKHVLV�7HVWLQJ´�� ,(((�7UDQVDFWLRQV�RQ�&$'�,&V�DQG�6\VWHPV ��YRO������QR�����SS����������������>�@ 3DQ�6�:��DQG�+X�<�+���³3<)6� � $�6WDWLVWLFDO�2SWLPL]DWLRQ�0HWKRG�IRU� ,QWHJUDWHG� &LUFXLW� <LHOG� (QKDQFHPHQW´�� ,(((� 7UDQVDFWLRQV� RQ�&$'�,&V�DQG�6\VWHPV ��YRO������QR�����SS����������������>�@ 'LUHFWRU� :��� )HOGPDQQ� 3�� DQG� .ULVKQD� .��� ³6W DWLVWLFDO� ,QWHJUDWHG�&LUFXLW�'HVLJQ´��,(((�-RXUQDO�RI�6ROLG �6WDWH�&LUFXLWV��YRO������QR�����SS����������������>�@ *LHOHQ� *��� :DQJ� =�� DQG� 6DQVHQ� :��� ³)DXOW� 'HWHFWLRQ� DQG� ,QSXW�6WLPXOXV�'HWHUPLQDWLRQ�IRU�WKH�7HVWLQJ�RI�$QDORJ�,QWHJUDWHG�&LUFXLWV�%DVHG� RQ� 3RZHU�6XSSO\� &XUUHQW� 0RQLWRULQJ´�� 3URFHHGLQJV� RI� WKH�,&&$'�����SS����������������>�@ 3DSDNRVWDV� '�.��� .RVPLGLV� 9�&�� DQG� +DW]RSRXORV� $�$��� ³$QDORJ�IDXOW� GHWHFWDELOLW\� EDVHG� RQ� VWDWLVWLFDO� FLUFXLW� DQDO\VLV´�� 3URFHHGLQJV�RI�WKH�,&(&6�����YRO�����SS������������������>�@ %HOO�,�0���6SLQNV�6�-���'DVLOYD�-�0���³6XSSO\�&XUUHQW�7HVW�RI�$QDORJ�DQG�0L[HG�6LJQDO�&LUFXLWV´��,((�3URF��&LUFXLWV�'HYLFHV�DQG�6\VWHPV ��9RO�������,VV�����SS���������������>�@ )RQW� -��� *LQDUG� -��� ,VHUQ� (��� 5RFD� 0��� 6HJXUD� -��� *DUFLD� (���³2VFLOODWLRQ�WHVW� WHFKQLTXH� IRU� &026� RSHUDWLRQDO� DPSOLILHUV� E\�PRQLWRULQJ� VXSSO\� FXUUHQW´�� $QDORJ� ,QWHJUDWHG� &LUFXLWV� DQG� 6LJQDO�3URFHVVLQJ��9RO�����,VV����SS���������������>�@ 6SLQNV�6��-���&KDON�&��'���%HOO�,��0��DQG�=ZROLQVNL�0���³*HQHUDWLRQ�DQG� 9HULILFDWLRQ� RI� 7HVWV� IRU� $QDORJ� &LUFXLWV� 6XEMHFW� WR� 3URFHVV�3DUDPHWHU� 'HYLDWLRQ´�� -RXUQDO� RI� (OHFWURQLF� 7HVWLQJ�� 7KHRU\� DQG�$SSOLFDWLRQV��YRO������SS��������������>��@ 3DSDNRVWDV� '�.�� DQG� +DW]RSRXORV� $�$��� ³(VWLPDWLRQ� RI� 6WDWLVWLFDO�9DULDEOHV� IRU� DQDORJXH� IDXOW� GHWHFWDELOLW\� HYDOXDWLRQ´�� ,((�3URFHHGLQJV� RI�&LUFXLWV�'HYLFHV� 6\VWHPV �� YRO�� ����� QR�� ��� SS�� ��������������>��@ 3DSRXOLV� $��� ³3UREDELOLW\� 5DQGRP� 9DULDEOHV� DQG� 6WRFKDVWLF�3URFHVVHV��0F*UDZ�+LOO�´�������


