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�
7KLV�7HVW�2SHUDWLRQV�3URFHGXUH��723��LV�D�JHQHUDO�RXWOLQH�RQ�WHVW�SURFHGXUHV�UHTXLUHG�WR�
GHWHUPLQH�WKH�HIIHFWV�RI�D�VSHFLILHG�+LJK�$OWLWXGH�(OHFWURPDJQHWLF�3XOVH��+(03��HQYLURQPHQW�
RQ�$UP\�DQG�RU�'HSDUWPHQW�RI�'HIHQVH��'R'��HTXLSPHQW���7KH�SXUSRVH�RI�WKHVH�WHVW�DQG�
DQDO\VLV�SURFHGXUHV�LV�WR�DVFHUWDLQ�WKH�GHJUHH�WR�ZKLFK�WKH�2SHUDWLRQDO�5HTXLUHPHQWV�'RFXPHQW�
�25'���&RQFHSW�RI�2SHUDWLRQ��&21236���&DSDELOLW\�'HYHORSPHQW�'RFXPHQW��&''���
&DSDELOLW\�3HUIRUPDQFH�'RFXPHQW��&3'���$UP\�5HJXODWLRQ��$5����������,QGHSHQGHQW�
(YDOXDWLRQ�3ODQ��,(3��,QGHSHQGHQW�$VVHVVPHQW�3ODQ��,$3��FULWHULD��DQG�86�$UP\�1XFOHDU�
+DUGHQLQJ�&ULWHULD��1+&��DUH�PHW���$UP\�PDWHULHO�FDQ�FRQVLVW�RI�FRPSOHWH�HQG�LWHPV��
VXEV\VWHPV��OLQH�UHSODFHDEOH�XQLWV��/58V���FRPSRQHQWV�RU�SLHFH�SDUWV�RI�PDMRU�V\VWHPV���$OO�
PDWHULHO�PXVW�EH�WHVWHG�DQG�DQDO\]HG�WR�LWV�1+&�ZLWK�UHVSHFW�WR�WKH�SHUIRUPDQFH�RI�DOO�LWV�
PLVVLRQ�HVVHQWLDO�IXQFWLRQV���5HDOLVWLF�KDUGZDUH��DQG�SUDFWLFDO�WHVW�FRQILJXUDWLRQV�DQG�VFHQDULRV�
PXVW�EH�WHVWHG�DQG�DQDO\]HG�LQ�RUGHU�WR�DFKLHYH�DQ�DFFXUDWH�DQG�FRPSOHWH�(OHFWURPDJQHWLF�3XOVH�
�(03��6XUYLYDELOLW\�7HVW�DQG�$VVHVVPHQW��67$����$OO�(03�67$V�PXVW�LQFOXGH�D�WKUHH�SKDVH�
DSSURDFK�LQ�RUGHU�WR�PHHW�WKH�UHTXLUHPHQWV�RI�'HSDUWPHQW�RI�'HIHQVH�'LUHFWLYH��'2''�����������
$5�������DQG�LWV�1+&���7R�HQVXUH�DOO�SHUVRQQHO�UHPDLQ�FRJQL]DQW�RI�WKH�VDIHW\�KD]DUGV�DVVRFLDWHG�
ZLWK�+(03�WHVWLQJ�SHUVRQQHO�DQG�V\VWHP�VDIHW\�SURFHGXUHV�VKRXOG�EH�REVHUYHG�LQ�DFFRUGDQFH�ZLWK�
0LOLWDU\�6WDQGDUG��0,/�67'�����'���$5����������'HSDUWPHQW�RI�WKH�$UP\��'$��3DPSKOHW��3DP��
��������DQG�'HSDUWPHQW�RI�'HIHQVH�,QVWUXFWLRQ��'2',�������������7KLV�723�DGKHUHV�WR�DQ�
LQWHJUDWHG�VHW�RI�WHVW�SULQFLSOHV�DQG�SURFHGXUHV�WKDW�ZLOO�UHVXOW�LQ�WLPHO\��UHOLDEOH��DQG�FRQVLVWHQW�
GDWD�IRU�+(03�VXUYLYDELOLW\�DVVHVVPHQW���7KLV�GRFXPHQW�LV�HQFRXUDJHG�IRU�XVH�E\�DOO�+(03�
VXUYLYDELOLW\�WHVWHUV��JRYHUQPHQW�DQG�FRQWUDFWRU��IRU�WHVW�SODQQLQJ��IRU�WHVW�FRQGXFWLQJ��DQG�IRU�
DFTXLULQJ�DQG�DQDO\]LQJ�GDWD�LQ�WHFKQLFDO�DQG�FXVWRPHU�WHVWV�LQ�DFFRUGDQFH�ZLWK��,$:��$5����
����'LUHFWRU�RI�2SHUDWLRQDO�7HVW�DQG�(YDOXDWLRQ��'27	(��(OHFWURPDJQHWLF�(QYLURQPHQWDO�
(IIHFWV��(���3ROLF\�0HPRUDQGXP��'HSXW\�&KLHI�RI�6WDII�IRU�2SHUDWLRQV��'&6236��3ROLF\�
0HPRUDQGXP��0,/�67'����&���DQG�D�/LIH�&\FOH�3URJUDP��+DUGQHVV�$VVXUDQFH����'HILQLWLRQV�
RI�WHUPV�DVVRFLDWHG�ZLWK�+(03�WHVWLQJ�DUH�SURYLGHG�LQ�$SSHQGL[�*���7KURXJKRXW�WKLV�GRFXPHQW��
WKH�WHUPV�7HVW�2IILFHU��72��DQG�3URMHFW�(QJLQHHU��3(��DUH�XVHG�LQWHUFKDQJHDEO\��
�
��� )$&,/,7,(6�$1'�,167580(17$7,21��
�
���� )DFLOLWLHV��
�
$FFHSWDEOH�+(03�WHVW�IDFLOLWLHV�FDQ�EH�FDWHJRUL]HG�DV�JHQHUDWLQJ�KRUL]RQWDOO\�SRODUL]HG�
HOHFWURPDJQHWLF�SXOVH�ZDYH�HDUO\�WLPH�HYHQW�HQYLURQPHQWV���7KH�+(03�WHVW�IDFLOLWLHV�ZLOO�
SUHIHUDEO\�EH�FHUWLILHG�WR�PHHW�0,/�67'�����%��E\�WKH�'HIHQVH�7KUHDW�5HGXFWLRQ�$JHQF\�
�'75$���DQG�RU�+(03�HDUO\�WLPH�ZDYHIRUPV�VKRXOG�EH�VFRUHG�DJDLQVW�WKH�0,/�67'�����%�
SDUDPHWHUV���7KH�+(03�VLPXODWRU�XVHV�D�GLSROH�DQWHQQD�FRQILJXUHG�LQ�D�KRUL]RQWDO�
FRQILJXUDWLRQ���+(03�UHTXLUHPHQWV�DUH�VKRZQ�LQ�7DEOH�����+RUL]RQWDO�SRODUL]HG�VLPXODWRUV�
VKRXOG�EH�XWLOL]HG�RQ�V\VWHPV�WKDW�FDQ�EH�FRQILJXUHG�LQ�D�ORZ�DOWLWXGH�RU�JURXQG�SRVLWLRQ�LQ�RUGHU�
WR�PD[LPL]H�FRXSOLQJ�PHFKDQLVP�WR�VPDOO�LWHPV�VXFK�DV�PLVVLOHV��VPDOO�DLUFUDIW�RU�WKRVH�
SRVVHVVLQJ�ODUJH�KRUL]RQWDO�FRXSOLQJ�SDWKV���2WKHU�H[DPSOHV�RI�WHVW�LWHPV�DUH�JURXQG�YHKLFOHV�RU�
ODXQFKHUV�WKDW�KDYH�FDEOLQJ�KDUQHVV�SDWKV�LQ�D�SDUDOOHO�WR�JURXQG�FRQILJXUDWLRQ���([DPSOHV�RI�
DFFHSWDEOH�+(03�IDFLOLWLHV�DUH�VKRZQ�LQ�7DEOH����

6XSHUVFULSW�QXPEHUV�FRUUHVSRQG�WR�$SSHQGL[�+��5HIHUHQFHV��
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�

ITEM REQUIREMENT 

+RUL]RQWDO�(OHFWURPDJQHWLF�3XOVH�6LPXODWRU�

7HVW�DUWLFOHV�ZLWK�FDEOHV�RU�SK\VLFDO�VWUXFWXUHV�
FRQILJXUHG�KRUL]RQWDOO\�UHTXLUH�(OHFWULF�)LHOG�
�(�)LHOG��DQG�0DJQHWLF�)LHOG��+�)LHOG��IURP�
���SHUFHQW�WR�����SHUFHQW�RI�WKH�0,/�67'�
����%�UHTXLUHPHQW��3XOVHU�VLPXODWRU�DQG�
DQWHQQD�LV�VKRZQ�LQ�)LJXUH����

�
�

7$%/(�����$&&(37$%/(�+(03�)$&,/,7,(6�
�

FACILITY TYPE LOCATION COMMENTS 
86�$UP\��
+RUL]RQWDO�
3RODUL]HG�'LSROH�
�+3'��,,�

+3'� 6XUYLYDELOLW\��
9XOQHUDELOLW\��DQG�
$VVHVVPHQW�'LUHFWRUDWH�
�69$'���:KLWH�6DQGV�
0LVVLOH�5DQJH�
�:605���10�

����0D[�(�)LHOG����N9�P��
����7HVW�$UHD���H[WHQVLYH�
VSDFH���WHVW�YROXPH�DW�ORZ�
(�)LHOG�OHYHOV��
����4XDGULSDUWLWH�
6WDQGDUGL]DWLRQ�$JUHHPHQW�
�467$*��������(GLWLRQ���
RU�0,/�67'�����%�V\VWHP�
OHYHO�OLPLWHG�ZDYHIRUP��

86�1DY\�±�+3'� +3'� 3DWX[HQW�5LYHU��0'�� ����0D[�(�)LHOG�±����N9�P��
����/LPLWHG�WHVWLQJ�YROXPH�
DW�KLJKHU�WHVWLQJ�OHYHOV��
����467$*������(GLWLRQ���
RU�0,/�67'�����%�
OLPLWHG�ZDYHIRUP��
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)LJXUH�����:605�+3'�,,�+(03�38/6(5�DQG�DQWHQQD��
�
�

���� ,QVWUXPHQWDWLRQ��
 
� D�� )RU�DOO�WHVW�IDFLOLWLHV��LW�LV�UHTXLUHG�WR�KDYH�DQ�DGHTXDWH�GDWD�DFTXLVLWLRQ�V\VWHP�WR�
UHFRUG��SURFHVV��DQG�VWRUH�GDWD���7KH�VKLHOGHG�URRP�PXVW�DWWHQXDWH�WUDQVLHQW�ILHOGV�LQ�
FRQIRUPDQFH�ZLWK�VWDQGDUGV�SURYLGLQJ�XQLIRUP��UHSHDWDEOH�PHDVXUHPHQW���,QVWUXPHQWDWLRQ�
XQFHUWDLQW\�DQG�H[DPSOHV�RI�DFFHSWDEOH�+(03�LQVWUXPHQWDWLRQ�DUH�DV�IROORZV��
�
�

'HYLFHV�IRU�0HDVXULQJ� 3HUPLVVLEOH�0HDVXUHPHQW�8QFHUWDLQW\�
+(03�(QYLURQPHQWDO�(�)LHOG� ��N9�P�RU�������ZKLFKHYHU�LV�JUHDWHU��
� �
+(03�(QYLURQPHQWDO�+�)LHOG� ��$PSHUH�WXUQV�PHWHU�RU�������ZKLFKHYHU�LV�

JUHDWHU��
� �
&XUUHQW� $PSHUHV������

�
�
�
�
�
�
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0HDVXUHPHQW�3DUDPHWHU� 3UHIHUUHG�'HYLFH� 0HDVXUHPHQW�$FFXUDF\�
&XUUHQW� &XUUHQW�SUREHV� �����
� � �
(�)LHOG� '�GRW�SUREH� �����
� � �
+�)LHOG� %�GRW�SUREH� �����
� � �
7HVW�VHWXS� 'LJLWDO�FDPHUD� !���PHJD�SL[HOV�
�
�
� E�� 7KH�GDWD�DFTXLVLWLRQ�V\VWHP�IRU�WKH�IUHH�ILHOG�WHVWV�VKRXOG�FRQVLVW�RI�WUDQVLHQW�GLJLWL]HUV�
ZLWK�DQ�RSHUDWLQJ�EDQGZLGWK�RI�����PHJDKHUW]��0+]���ZLWK�D���*LJD�VDPSOH�SHU�VHFRQG�
VDPSOLQJ�UDWH���)LEHU�RSWLF�GDWD�WUDQVPLVVLRQ�V\VWHPV�PXVW�EH�HTXDO�WR�WKH�RSHUDWLQJ�EDQGZLGWK�
RI�WKH�GLJLWL]HUV���$OO�XWLOL]HG�SUREHV�PXVW�EH�UHVSRQVLYH�WR�DW�OHDVW���JLJDKHUW]��*+]����)LJXUH���
VKRZV�D�W\SLFDO�GDWD�DFTXLVLWLRQ�V\VWHP��,Q�RUGHU�WR�VLPSOLI\�WKH�ILJXUH��)LJXUH���GHSLFWV�D�)HUULWH�
&DEOH�RI���PHWHUV�ORQJ��KRZHYHU��WKH�FDEOH�XVHG�FDQ�YDU\�LQ�OHQJWK�EXW�PD[LPXP�OHQJWK�LV���
PHWHUV���
�

�
�

)LJXUH�����'DWD�DFTXLVLWLRQ�V\VWHP��
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� F�� 0HDVXUHPHQWV�RI�HDFK�LOOXPLQDWLRQ�PXVW�EH�PRQLWRUHG�E\�D�%�GRW�SUREH��PHDVXUHV�WKH�
WLPH�UDWH�RI�FKDQJH�LQ�WKH�+�)LHOG��RU�'�GRW�SUREH��PHDVXUHV�WKH�WLPH�UDWH�RI�FKDQJH�LQ�WKH�(�
)LHOG��VR�WKDW�WKH�PDJQLWXGH�RI�WKH�(�)LHOG�DQG�SXOVH�VKDSH�LQIRUPDWLRQ�LV�REWDLQHG���7KLV�
LQIRUPDWLRQ�VKRXOG�EH�GLJLWL]HG��DQDO\]HG��DQG�VWRUHG�IRU�D�ODWHU�GHWDLOHG�DQDO\VLV�DQG�UHYLHZ��
�
� G�� $�FRPSXWHU�LV�XVHG�IRU�GDWD�UHFRUGLQJ�DQG�VLJQDO�SURFHVVLQJ���,W�DOORZV�WKH�VWRUDJH�RI�
ODUJH�DPRXQWV�RI�GDWD�DQG�WKH�DELOLW\�WR�SHUIRUP�VLJQDO�SURFHVVLQJ��VXFK�DV�)DVW�)RXULHU�
7UDQVIRUPV��))7V�����$OO�LQIRUPDWLRQ�FDQ�EH�VWRUHG�LQWR�D�GDWDEDVH�IRU�TXLFN�DFFHVV�DQG�IXUWKHU�
DQDO\VLV���)LQDOO\��WKH�SURFHVVHG�GDWD�FDQ�WKHQ�EH�XVHG�IRU�RWKHU�SKDVHV�RI�WKH�+(03�KDUGQHVV�
DVVXUDQFH�SURFHVV�DV�ZHOO�DV�LQSXW�LQWR�RWKHU�+(03�WHVW�SURJUDPV�DQG�OLIH�F\FOH�SURJUDPV��
�
� H�� $OO�WHVW�DQG�PHDVXUHPHQW�LQVWUXPHQWDWLRQ�LV�UHTXLUHG�WR�EH�FKDUDFWHUL]HG�DQG�
FDOLEUDWHG�WR�LQVXUH�DFFXUDWH�GDWD�DQG��DV�D�QHFHVVDU\�FRPSRQHQW�RI�WKH�GDWD�UHGXFWLRQ�SURFHVV��
�
���� +(03�3UH��3RVW�7HVW�,OOXPLQDWLRQV��
�
� D�� 7KH�IROORZLQJ�IRXU�FULWHULD�SDUDPHWHUV�DORQJ�ZLWK�WKH�6\VWHP�8QGHU�7HVW��687��
DOORZDEOH�GRZQ�WLPH�PXVW�EH�WKRURXJKO\�DQDO\]HG�WR�HQVXUH�WKDW�DFFHSWDEOH�IDFLOLWLHV�DQG�
DSSURSULDWH�LQVWUXPHQWDWLRQ�DUH�XWLOL]HG��
�
�
+(03�3DUDPHWHU� 8QLWV� 3DUDPHWHU�7ROHUDQFH�
(OHFWULF�)LHOG�±�(�)LHOG� 9ROWV�PHWHU� �����
� � �
0DJQHWLF�)LHOG�±�+�)LHOG� $PS�WXUQV�PHWHU� �����
� � �
5LVHWLPH� 1DQRVHFRQGV� �����
� � �
3XOVH�ZLGWK� 1DQRVHFRQGV� �����
� � �
687�DOORZDEOH�GRZQWLPH� 0LQXWHV� ���PLQXWH�
�
�
� E�� 3HUIRUPDQFH�FULWHULD�RI�WKH�WHVW�V\VWHP�LQFOXGH�DOORZDEOH�GRZQWLPH�DQG�UHFRYHU\�
SURFHGXUHV��RSHUDWH�WKURXJK�SHUIRUPDQFH��DFFHSWDEOH�GDPDJH�DQG�GHJUDGDWLRQ��UH�ERRW��WKH�
DYDLODELOLW\�RI�WKH�687��DQG�WLPH�UHTXLUHG�WR�LPSOHPHQW�UHSDLU�ZLWK��UHSODFHPHQW�SDUWV�IURP�WKH�
V\VWHP�VXSSRUW�SDFNDJH��
�
��� 5(48,5('�7(67�&21',7,216��
 
7KH�72�RU�3(�PXVW�HQVXUH�WKDW�WKH�+(03�WHVW�IDFLOLW\�XWLOL]HG�LV�DQ�DGHTXDWH�IDFLOLW\�WR�
DFFXUDWHO\�VLPXODWH�WKH�FULWHULD��WHVW�V\VWHP�UHVSRQVH��DQG�LV�DGHTXDWH�WR�WHVW�WKH�V\VWHP�LQ�D�
ILHOGHG�FRQILJXUDWLRQ���,W�LV�HPSKDVL]HG�WKDW�DYDLODEOH�IDFLOLWLHV�ZLOO�SURYLGH�RQO\�D�VLPXODWHG�
+(03�HQYLURQPHQW���7KHUHIRUH��LQ�DGGLWLRQ�WR�YDOLG�WHVW�GDWD��DGHTXDWH�DQDO\VLV�PXVW�EH�
SHUIRUPHG�WR�DFFRXQW�IRU�WKH�IDFLOLW\�GHILFLHQFLHV�DV�WKHDWHU�ZLGH�VXUURJDWH���)DFLOLW\�GHILFLHQFLHV�
PXVW�EH�NQRZQ��TXDQWLILHG��DQG�GRFXPHQWHG��
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���� 7HVW�3UHSDUDWLRQ��
�
�������6FRSH�RI�7HVWLQJ��
�
� D�� 7KH�+(03�V\VWHP�OHYHO�WHVWLQJ�FDQQRW�EHJLQ�ZLWKRXW�WKH�GHYHORSPHQW�DQG�DSSURYDO�RI�
D�GHWDLOHG�WHVW�SODQ���7KH�GHWDLOHG�WHVW�SODQ�PXVW�LQFOXGH�ZHOO�GHILQHG�REMHFWLYH�V��IRU�WKH�WHVW�DQG�
D�VHW�RI�FULWHULD�IRU�WKH�687���7KH�GHWDLOHG�WHVW�SODQ�VKRXOG�LQFOXGH��DPRQJ�RWKHU�WKLQJV���D�OLVWLQJ�
DQG�DVVHVVPHQW�RI�SULRU�+(03�WHVWLQJ��HVSHFLDOO\�WHVWLQJ�DW�WKH�/58�DQG�VXEV\VWHP�OHYHOV���D�
OLVWLQJ�DQG�VKRUW�GHVFULSWLRQ�RI�WKH�/58V�DQG�VXEV\VWHPV�ZKLFK�DUH�PLVVLRQ�FULWLFDO��GHOLQHDWH�
ZKDW�PHDVXUHPHQWV�DUH�QHHGHG��H[SODLQ�KRZ�WKH�UHTXLUHG�GDWD�DUH�WR�EH�PHDVXUHG��GHILQH�VSHFLDO�
WHVW�HTXLSPHQW�QHHGHG��DQG�GHVFULEH�KRZ�V\VWHP�UHVSRQVH�WR�+(03�LV�WR�EH�DVVHVVHG��
�
� E�� ,Q�RUGHU�WR�PD[LPL]H�WHVW�WLPH�DQG�UHVRXUFHV��L�H��PDQSRZHU��DQG�PRQH\��LW�LV�YHU\�
LPSRUWDQW�WKDW�DOO�GDWD�WKDW�DUH�JHQHUDWHG�IURP�+(03�WHVWLQJ�DQG�DQDO\VLV�DW�WKH�/58�VXEV\VWHP�
DQG�FRPSRQHQW�OHYHO��EH�FROOHFWHG�DQG�DVVHVVHG�SULRU�WR�WKH�FRPPHQFHPHQW�RI�V\VWHP�OHYHO�
WHVWLQJ���7KH�UDWLRQDOH�IRU�WKLV�VWHS�LV�WR�SURYLGH�VWUXFWXUH�WR�WKH�WHVW�SURJUDP�E\�LGHQWLI\LQJ�
ZKHWKHU�DQ\�SUREOHPV�VHHQ�DW�WKH�ORZHU�OHYHOV�RI�DVVHPEO\�PD\�EH�VLJQLILFDQW�DW�WKH�V\VWHP�
OHYHO��KHQFH��HIIRUWV�FDQ�EH�IRFXVHG�RQ�UHVROYLQJ�WKHVH�SUREOHPV���$Q\�GHILFLHQFLHV�GHWHUPLQHG�
GXULQJ�WHVWLQJ�DW�WKH�/58�VXEV\VWHP�OHYHO�FDQ�EH�DGGUHVVHG�GXULQJ�WKH�V\VWHP�OHYHO�WHVW���$OO�
DQRPDOLHV��XSVHWV��DQG�EXUQ�RXWV��KDUGZDUH�UHSODFHPHQW��ZLOO�EH�VFRUHG�DJDLQVW�WKH�687¶V�IDLOXUH�
GHILQLWLRQ�DQG�VFRULQJ�FULWHULD��)'�6&��DQG�ODEHOHG�,$:�WKH�687¶V�VHFXULW\�FODVVLILFDWLRQ�JXLGH��
�
� F�� ,GHQWLILFDWLRQ�RI�PLVVLRQ�FULWLFDO�IXQFWLRQV�DQG�WKH�KDUGZDUH�WKDW�SHUIRUP�VXFK�
IXQFWLRQV�0867�EH�LGHQWLILHG�SULRU�WR�WKH�VWDUW�RI�WKH�WHVW���7KLV�VHUYHV�WKH�SXUSRVH�RI�SURYLGLQJ�
WKH�UHTXLUHG�GDWD�IRU�WKH�REMHFWLYHV�DQG�VWUXFWXUH�RI�WKH�WHVW�SURJUDP���7KH�UHVXOWLQJ�+(03�WHVW�
FDQ�WKHQ�EH�VWUXFWXUHG�WR�SURYLGH�WKH�GDWD�WR�PHHW�WKRVH�REMHFWLYHV��
�
�������+(03�,OOXPLQDWLRQ�7HVWLQJ��
�
� D�� 7KLV�WHVW�ZLOO�EH�FRQGXFWHG�LQ�FRPSOLDQFH�ZLWK�DOO�UHOHYDQW�VLWH�6WDQGDUG�2SHUDWLQJ�
3URFHGXUHV��623V��IRU�WKH�VSHFLILF�WHVW�IDFLOLW\�XVHG���,Q�DGGLWLRQ��DQ\�VSHFLDO�VDIHW\�SURFHGXUHV�
WR�EH�IROORZHG�IRU�WKH�GXUDWLRQ�RI�WKH�WHVWLQJ�VKRXOG�EH�HVWDEOLVKHG���6HFXULW\�SURFHGXUHV�WR�EH�
IROORZHG�IRU�WKH�WHVWV�DUH�WR�EH�HVWDEOLVKHG�IURP�WKH�V\VWHP�6HFXULW\�&ODVVLILFDWLRQ�*XLGH��6&*���
�
� E�� 7KH�+(03�VLPXODWLRQ�IDFLOLW\�VKDOO�KDYH�D�PHDVXUHG�PDS�RI�WKH�SHDN�DPSOLWXGH�
ZDYHIRUP�RI�WKH�HOHFWURPDJQHWLF�ILHOG�DW�YDULRXV�ORFDWLRQV�ZLWKLQ�RU�DURXQG�WKH�WHVW�YROXPH�WR�
LQVXUH�WKDW�GHVLUHG�RXWSXW�FKDUDFWHULVWLFV�FDQ�EH�UHSURGXFHG�SULRU�WR�WKH�WHVW���7KH�RXWSXW�
FKDUDFWHULVWLFV�RI�WKH�IDFLOLW\�VKRXOG�QRW�YDU\�PRUH�WKDQ������IURP�ZKDW�LV�VSHFLILHG�E\�WKH�
FULWHULD���$�UHIHUHQFH�SHDN�(�)LHOG�PHDVXUHPHQW�LV�UHFRUGHG�WR�DVVXUH�WKDW�PDSSLQJ�GDWD�DQG�ILHOG�
GDWD�DUH�FRUUHODWHG��
�
� F�� $OO�FXUUHQW�SUREHV�DQG�ILEHU�RSWLFV�DUH�WR�EH�FKDUDFWHUL]HG�WR�LQVXUH�WKDW�WKLV�HTXLSPHQW�
LV�ZLWKLQ�VSHFLILHG�SHUIRUPDQFH�WROHUDQFHV���&KDUDFWHUL]DWLRQ�PXVW�EH�SHUIRUPHG�WR�HQVXUH�WKDW�
WKH�FRUUHFW�PHWULFV��H��J���(�)LHOG�OHYHOV��YROWDJHV��FXUUHQWV��HWF���DUH�EHLQJ�DFFXUDWHO\�PHDVXUHG�
DQG�WKDW�WKH�YDULDQFH�EHWZHHQ�SXOVHV�FDQ�EH�HVWDEOLVKHG�IRU�SRVW�WHVW�DQDO\VLV���7KLV�LQ�WXUQ�ZLOO�
EH�XVHG�WR�GHWHUPLQH�WKH�DFFXUDF\�RI�WKH�VLPXODWLRQ��
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� G�� $�OLVW�RI�FDEOH�KDUQHVV�PHDVXUHPHQWV�DQG�ZLUH�SLQ�FXUUHQW�PHDVXUHPHQW�WHVW�SRLQWV�
ZLOO�EH�GHYHORSHG�DQG�IRUZDUGHG�WR�WKH�IDFLOLW\�IRU�ODEHOLQJ�DQG�LQFOXGHG�LQ�WKH�ILQDO�WHVW�UHSRUW���
7KH�WHVW�SRLQWV�DUH�WR�EH�LGHQWLILHG�DQG�SULRULWL]HG���&DEOHV�DQG�ZLUHV�RQ�WKH�V\VWHP�DUH�WR�EH�
WDJJHG�DQG�D�WHVW�VHTXHQFH�IRU�WKHLU�PHDVXUHPHQW�HVWDEOLVKHG���7KH�LQIRUPDWLRQ�LV�WR�EH�UHFRUGHG�
RQ�WKH�IDFLOLW\�GDWD�IRUPV��
�
� H�� ,I�SULRU�WHVW�GDWD�IURP�/58�DQG�VXEV\VWHP�WHVWV�H[LVWV��WKHQ�WKHLU�UHVXOWV�VKRXOG�EH�
LQFRUSRUDWHG�DV�SDUW�RI�WKH�WHVW�SODQ�WR�LGHQWLI\�WKH�H[SHFWHG�FRXSOLQJ�OHYHOV���7KH�GDWD�ZLOO�WKHQ�
EH�FRPSDUHG���,Q�WKRVH�FDVHV�ZKHUH�WKHUH�LV�LQVXIILFLHQW�WHVW�GDWD�IURP�SULRU�SURJUDP�WHVWLQJ��D�
+(03�DQDO\WLFDO�PRGHO�SURYLGLQJ�SUH�WHVW�SUHGLFWLRQV�VKRXOG�EH�XVHG�DQG�WKH�UHVXOWV�SDVVHG�RQ�
WR�WKH�GDWD�FROOHFWRUV���7KH�QHFHVVLW\�RI�WKLV�VWHS�LV�WKUHHIROG��
�
� � ���� )RU�PRVW�V\VWHPV��LW�LV�QRW�IHDVLEOH��LQ�WHUPV�RI�FRVW��DQG�WLPH��WR�KDYH�DOO�PLVVLRQ�
FULWLFDO�WHVW�SRLQWV�PHDVXUHG�IRU�DOO�SRVVLEOH�RSHUDWLQJ�VWDWHV�RI�WKH�V\VWHP�XQGHU�WHVW���7KH�
GHYHORSPHQW�RI�D�PRGHO�VHUYHV�WR�SURYLGH�SUHGLFWDELOLW\�RI�WKH�+(03�FRXSOLQJ�SURFHVV�DQG�
JLYHV�WKH�DQDO\VW�D�PHWKRG�IRU�FRPSXWLQJ�WKH�WUDQVLHQW�SLQ�FXUUHQWV�DQG�YROWDJHV�RQ�FULWLFDO�WHVW�
SRLQWV�QRW�PHDVXUHG�LQ�WKH�V\VWHP�OHYHO�WHVW�SURJUDP���$Q�DVVHVVPHQW�IRU�WKHVH�FLUFXLWV�FDQ�WKHQ�
EH�SHUIRUPHG��
�
� � ���� $Q\�GHYLDWLRQV�EHWZHHQ�WKH�SUHGLFWHG�DQG�PHDVXUHG�UHVSRQVHV�DUH�LQGLFDWRUV�WKDW�
XQIRUHVHHQ�FRXSOLQJ�PHFKDQLVPV��XQNQRZQ�YDULDEOHV��QRQOLQHDULWLHV��DUH�SUHVHQW���7KLV�
LQIRUPDWLRQ�WKHQ�DOORZV�WKH�V\VWHP�FRQILJXUDWLRQ�WR�EH�YHULILHG�DQG�DLGV�LQ�WKH�UHILQHPHQW�RI�WKH�
+(03�FRXSOLQJ�PRGHO���7KH�QHZ�PRGHO�FDQ�WKHQ�EH�XVHG�DV�LQSXW�LQWR�RWKHU�SKDVHV�RI�WKH�
+(03�SURJUDP�IRU�WKDW�V\VWHP¶V�OLIHF\FOH��
�
� � ���� 7KH�SULRU�GDWD�RU�SUHGLFWLRQV�ZLOO�DOORZ�WKH�GDWD�FROOHFWRU�WR�UHGXFH�WHVW�WLPH�
H[SHQGHG�IRU�WXQLQJ�VHWWLQJV��WULJJHUV��DQG�ELDVHV�IRU�WKH�GDWD�FROOHFWLRQ�HTXLSPHQW��
�
� I�� 7HVW�FRQILJXUDWLRQV�DQG�RULHQWDWLRQV�PXVW�EH�LGHQWLILHG�IRU�HDFK�WHVW�OHYHO�GXULQJ�WKH�
SUHWHVW�DQDO\VLV���7KH�DSSUR[LPDWH�QXPEHU�RI�SXOVHV�SHU�FRQILJXUDWLRQ�DQG�RU�RULHQWDWLRQ�LV�
HVWLPDWHG�EDVHG�RQ�DYDLODEOH�GDWD�FKDQQHOV�DQG�QXPEHU�RI�WHVW�SRLQWV�WR�EH�PHDVXUHG���7KLV�DLGV�
LQ�WKH�VFKHGXOLQJ�RI�WHVW�WLPH�DW�D�IDFLOLW\��
�
� J�� 7KH�WHVW�RIILFHU�SURMHFW�HQJLQHHU��72�3(��PXVW�WKRURXJKO\�GRFXPHQW�DQG�DQDO\]H�WKH�
WHVW�KDUGZDUH�ZKLFK�LV�WR�EH�XWLOL]HG�GXULQJ�WKH�+(03�67$���7KLV�GRFXPHQWDWLRQ�LQFOXGHV�WKH�
WHVW�V\VWHP
V�PDWHULDO�FRPSRVLWLRQ��VKDSH��VL]H��PDVV��IDVWHQLQJ�VFKHPHV��VKLHOGLQJ�DQG�
DWWHQXDWLRQ�FKDUDFWHULVWLFV��(03�KDUGHQLQJ�FRQFHSWV��FRPSOHPHQWDU\�V\VWHP�FRQQHFWLRQV��DQG�
0LVVLRQ�(VVHQWLDO�)XQFWLRQV��0()V����7KH�72�ZLOO�LGHQWLI\�DQG�HVWDEOLVK�WKH�WHVW�V\VWHP�DQG�
SURSRVHG�V\VWHP�EDVHOLQH�FRQILJXUDWLRQ�ZLWK�WKLV�LQIRUPDWLRQ���7KLV�EDVHOLQH�ZLOO�EH�XWLOL]HG�IRU�
WKH�VXUYLYDELOLW\�DQDO\VLV�DV�ZHOO�DV�D�EDVLV�IRU�DQDO\VLV�RI�DOO�SURGXFW�LPSURYHPHQWV��(QJLQHHULQJ�
&KDQJH�3URSRVDOV��(&3V���DQG�FRQILJXUDWLRQ�FKDQJHV�WR�HQVXUH�WKDW�WKH�WHVW�V\VWHP�UHPDLQV�
+(03�VXUYLYDEOH�GXULQJ�SURGXFWLRQ��PDLQWHQDQFH��DQG�GHSOR\PHQW�WR�LQFOXGH�OLIH�F\FOH�
PRQLWRULQJ��
� �
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� K�� 7KH�72�3(�PXVW�DQDO\]H�DQG�GHWHUPLQH�WKH�WHVW�V\VWHP
V�SHUIRUPDQFH�ZLWK�D�GHWDLOHG�
SRVW�WHVW�DQDO\VLV���7KLV�SRVW�WHVW�DQDO\VLV�LQFOXGHV�WHVW�HQYLURQPHQWV�DQG�UHVXOWV�RI�WKH�SUH�WHVW�
DQDO\VLV��GRFXPHQWDWLRQ�DQG�GHWDLOHG�GHWHUPLQDWLRQ�RI�WKH�WHVW�V\VWHP
V�SHUIRUPDQFH��
GHWHUPLQDWLRQ�RI�DOO�VKRUWFRPLQJV�DQG�IDLOXUHV��DQG�GHWHUPLQDWLRQ�RI�REWDLQHG�HQYLURQPHQWDO�
HOHFWURPDJQHWLF�ILHOG�GDWD�DJDLQVW�WKH�$UP\�FULWHULD�LVVXHG�E\�WKH�8QLWHG�6WDWHV�$UP\�1XFOHDU�
DQG�&RPEDWLQJ�:HDSRQV�RI�0DVV�'HVWUXFWLRQ�$JHQF\��86$1&$����,Q�RUGHU�WR�HIIHFWLYHO\�
GHWHUPLQH�FULWHULD�FRPSOLDQFH��WKH�72�3(�PXVW�WKRURXJKO\�XQGHUVWDQG�WKH�VLPXODWLRQ�ILGHOLW\�RI�
WKH�WHVW�IDFLOLW\�DQG�LWV�GRFXPHQWDWLRQ�DQG�SURFHGXUHV�WR�DFFRXQW�IRU�ILGHOLW\�GHILFLHQFLHV���7KH�
UHVXOW�RI�WKH�SUH�WHVW�DQDO\VLV�LV�XVHG�WR�REWDLQ�D�KLJK�FRQILGHQFH�RI�FROOHFWLQJ�WKH�UHTXLUHG�
HYDOXDWLRQ�GDWD�IRU�WKH�687�SULRU�WR�WKH�VWDUW�RI�WHVWLQJ���$OO�WHVW�IDFLOLWLHV�KDYH�RQH�RU�PRUH�
SDUDPHWHU�GHILFLHQFLHV���7KHUHIRUH��WKHVH�GHILFLHQFLHV�PXVW�EH�ZHOO�XQGHUVWRRG��DQG�DQ�DQDO\VLV�
PXVW�EH�SHUIRUPHG�WR�HVWDEOLVK�WKH�HIIHFWV�RI�IDFLOLW\�GHILFLHQFLHV�RQ�WKH�UHVXOWV�RI�WKH�WHVW���7KH�
7HVW�2IILFHU�FDQ�DGHTXDWHO\�GHWHUPLQH�WKH�HOHFWURPDJQHWLF�ILGHOLW\�DJDLQVW�WKH�UHTXLUHG�$UP\�
FULWHULD�LVVXHG�E\�WKH�86$1&$�ZLWK�DQ�DQDO\VLV�RI�WKH�GHILFLHQFLHV�IDFWRUHG�LQWR�WKH�FROOHFWHG�
GDWD���,Q�RUGHU�WR�HIIHFWLYHO\�DQDO\]H�VXUYLYDELOLW\�RI�WKH�V\VWHP�FRQILJXUDWLRQ��WKH�72�3(�PXVW�
WKRURXJKO\�XQGHUVWDQG�WKH�GLIIHUHQFHV�EHWZHHQ�WKH�WHVW�V\VWHP�DQG�WKH�V\VWHP
V�SURGXFWLRQ�
FRQILJXUDWLRQ���7KHVH�GLIIHUHQFHV�VKRXOG�EH�DGGUHVVHG�LQ�WKH�V\VWHP�DVVHVVPHQW��
 
���� 7HVW�([HFXWLRQ��
�
�������3UHWHVW�$QDO\VLV�0RGHOLQJ�6XE�WKUHDW�7HVW�$VVHVVPHQWV��
�
� D�� %HIRUH�WKH�H[HFXWLRQ�RI�DQ\�+(03�WHVW�SURJUDP��D�SUHWHVW�DQDO\VLV�PXVW�EH�SHUIRUPHG���
'XULQJ�WKH�SUHWHVW�DQDO\VLV��WKH�72�3(�PXVW�WKRURXJKO\�H[DPLQH�WKH�687��H[WUDSRODWH�
HQJLQHHULQJ�FDOFXODWLRQV��DQG�HVWLPDWH�+(03�UHVSRQVHV�WR�GHWHUPLQH�ZKHUH�SRWHQWLDO�FRXSOLQJ�
DQG�VXUYLYDELOLW\�SUREOHPV�PD\�H[LVW���3UHGLFWLRQV�RI�(03�UHVXOWV�PD\�LQFOXGH�(0�PRGHOLQJ�
WHFKQLTXHV�DQG�VXE�WKUHDW�OHYHO�WHVW�HYDOXDWLRQV�ZKHUH�DSSURSULDWH���7KH�72�3(�PXVW�GHWHUPLQH�
DSSURSULDWH�WHVW�IDFLOLW\�FDSDELOLWLHV��FRVW��DQG�VFKHGXOH�WR�HQVXUH�WKDW�WKH�DSSURSULDWH�IDFLOLW\�LV�
XVHG��DGHTXDWH�GDWD�DFTXLVLWLRQ�LV�DYDLODEOH��DQG�WKH�UHTXLUHG�WHVW�FRQILJXUDWLRQV�RULHQWDWLRQV�DUH�
WHVWHG���6XE�WKUHDW�OHYHO�WHVW�DQG�DVVHVVPHQW�FDQ�EH�DQ�HIILFLHQW�ZD\�WR�UHGXFH�FRVW�E\�HOLPLQDWLQJ�
XQQHFHVVDU\�FRQILJXUDWLRQV�RULHQWDWLRQV�EHLQJ�SHUIRUPHG�LQ�WKH�WKUHDW�OHYHO�IDFLOLW\���,Q�RUGHU�WR�
SHUIRUP�DQ�DGHTXDWH�SUHWHVW�DQDO\VLV��WKH�72�QHHGV��LI�DYDLODEOH��DFFXUDWH�VFKHPDWLFV��SDUWV�OLVWV��
GHWDLOV�RI�GHOLEHUDWH�KDUGHQLQJ�PHWKRGV�KDUGZDUH��SUHYLRXV�WHVW�UHVXOWV��LQFOXGLQJ�DOO�SHUWLQHQW�
(0�PRGHOLQJ�VWXGLHV�DQG�DOO�VXE�WKUHDW�OHYHO�DVVHVVPHQWV��DQG�RU�DQDO\WLFDO�GDWD��PDWHULDO�
FRPSRVLWLRQ��ZLULQJ�GLDJUDPV��DQG�FDEOH�VKLHOGLQJ�VSHFLILFDWLRQV���%DVHG�RQ�WKH�SUHWHVW�DQDO\VLV�
�LQFOXGLQJ�PRGHOLQJ�VXE�WKUHDW�HYDOXDWLRQV��DQG�V\VWHP�LQVSHFWLRQ��WKH�72�FDQ�HVWDEOLVK�
IXQFWLRQDO�PRGHV�DQG�V\VWHP�FRQILJXUDWLRQV�ZKHUH�VLJQLILFDQW�GDWD�FDQ�EH�REWDLQHG�RQ�WKH�
H[SHFWHG�SHUIRUPDQFH�RI�WKH�WHVW�V\VWHP�IURP�WKH�WKUHDW�OHYHO�+(03�HQYLURQPHQW���7KH�SUHWHVW�
DQDO\VLV�VKRXOG�EH�WKH�GHWHUPLQDWLRQ�RI�VXVFHSWLELOLW\�RI�LQWHUIDFH�GHYLFHV�DFFHVVHG�E\�LQGLYLGXDO�
FRQGXFWRUV���,I�PRUH�GDWD�LV�QHFHVVDU\��D�EUHDNRXW�ER[�PD\�EH�XVHG�WR�VHSDUDWH�WKH�FRQGXFWRU�IRU�
LQGXFHG�FXUUHQW�PHDVXUHPHQWV���7KH�RULHQWDWLRQV�RI�WKH�687�LQ�UHVSHFW�WR�WKH�HOHFWURPDJQHWLF�
HQYLURQPHQW�VKRXOG�EH�LGHQWLILHG�DQG�VHW�XS�IRU�HDFK�WHVW�V\VWHP�LOOXPLQDWLRQ��
�
� E�� 7KH�687�ZLOO�RQO\�EH�VXEMHFWHG�WR�WKH�(DUO\�7LPH�(OHFWULF�)LHOG��(�)LHOG��:DYHIRUP�
�(���RI�0,/�67'V����&�DQG�����%�+(03�HQYLURQPHQWV���7KH�+(03�HQYLURQPHQW�KDV�WZR�
DGGLWLRQDO�(�)LHOG�:DYHIRUPV��(��IRU�0LG�7LPH�DQG�(��IRU�/DWH�7LPH���7KHVH�WZR�ZDYHIRUPV�
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DUH�QRW�EHLQJ�FRQVLGHUHG�LQ�WKLV�723�EHFDXVH�RI�WKHLU�OLPLWHG�DSSOLFDELOLW\�WR�WDFWLFDO�PRELOH�
V\VWHPV���7KHVH�ZDYHIRUPV�DUH�DSSOLFDEOH�IRU�V\VWHPV�FRQQHFWHG�E\�YHU\�ORQJ�FDEOHV��(���RU�WR�
V\VWHPV�FRQQHFWHG�WR�WKH�SRZHU�JULG�RU�FRPPXQLFDWLRQV�OLQHV��(�����7KHVH�ZDYHIRUPV�VKRXOG�EH�
YHULILHG�IRU�VWUDWHJLF��IL[HG�VLWH�ORFDWHG�PLOLWDU\�V\VWHPV��
�
�������3URMHFW�(QJLQHHULQJ�-XGJPHQW��
�
'XULQJ�WKH�HQWLUH�H[HFXWLRQ�RI�WKH�+(03�WHVW��WKH�72�3(�PXVW�XWLOL]H�SURMHFW�
HQJLQHHULQJ�PDQDJHPHQW�MXGJPHQW�WR�HIIHFWLYHO\�WHVW�DQG�DQDO\]H�WKH�GDWD�DQG�PDLQWDLQ�
VFKHGXOHV�DQG�FRVWV���(QJLQHHULQJ�MXGJPHQW�EHFRPHV�FULWLFDO�ZKHQ�VFKHGXOH�LPSDFWV�RFFXU�VXFK�
DV�IDFLOLW\�GRZQWLPH��LQFOHPHQW�ZHDWKHU��IDLOXUHV�DQG�RU�UH�SULRULWL]DWLRQ���8QGHU�VXFK�FRQGLWLRQV��
WKH�72�PXVW�GHWHUPLQH�WKH�SUREOHP��GHYLDWH�IURP�WKH�RULJLQDO�WHVW�SODQ��DQG�GHYLVH�DQ�DOWHUQDWH�
SODQ�RU�VHW�RI�SURFHGXUHV���7KH�72�3(�PXVW�DOVR�GHYLVH�ZRUN�DURXQGV�WKDW�PD[LPL]H�WKH�
FRPSOHWLRQ�RI�WHVWLQJ�DQG�PHHW�WKH�WHVW�REMHFWLYHV���$Q\�GHYLDWLRQV�IURP�WKH�WHVW�SODQ�VKDOO�EH�
UHFRUGHG�DQG�UHSRUWHG�LQ�WKH�WHVW�UHSRUW��
 
���� 7HVW�5HSRUWLQJ�DQG�/LIH�&\FOH�RI�6XUYLYDELOLW\�3URJUDPV��
 
� D�� 7KH�SURGXFWLRQ��RSHUDWLRQ��PDWXULW\��VWRUDJH��PDLQWHQDQFH��PRGLILFDWLRQ��DQG�DPELHQW�
HQYLURQPHQWV�PXVW�QRW�LQWURGXFH�XQDFFHSWDEOH�OHYHOV�RI�GHJUDGDWLRQ�LQWR�+(03�VXUYLYDELOLW\�RI�
D�V\VWHP�VFRUHG�DJDLQVW�WKH�FULWHULD���7R�HQVXUH�FRQWLQXHG�+(03�VXUYLYDELOLW\��D�/LIH�&\FOH�
1XFOHDU�6XUYLYDELOLW\��/&16��SURJUDP�PXVW�EH�HVWDEOLVKHG�,$:�WKH�1+&��$5��������
'2''���������DQG�WKH�'2',�������������7KH�EDVLF�SXUSRVHV�RI�WKH�/&16�SURJUDP�DUH�WR�
PRQLWRU�DOO�FKDQJHV�WR�WKH�EDVHOLQH�FRQILJXUDWLRQ�GXULQJ�SURGXFWLRQ�DQG�SURGXFW�LPSURYHPHQWV��
HQVXUH�WKDW�DQ�DFFHSWDEOH�KDUGQHVV�OHYHO�LV�SUHVHUYHG�GXULQJ�PDLQWHQDQFH�E\�XVLQJ�FHUWLILHG�VSDUH�
SDUWV�DQG�SURFHGXUHV��DQG�YHULI\LQJ�WKDW�WKH�KDUGQHVV�OHYHO�LV�QRW�GHJUDGHG�WR�DQ�XQDFFHSWDEOH�
OHYHO�GXULQJ�ILHOGLQJ��VWRUDJH��DQG�RSHUDWLQJ�LQ�WKH�VSHFLILHG�ZHDWKHU�HQYLURQPHQWV��
�
� E�� 7KH�SUH�H[SRVXUH�DQG�SRVW�H[SRVXUH�687�RSHUDWLRQ�GDWD�DQG�V\VWHP�FKHFN�GDWD��DORQJ�
ZLWK�WKH�HQYLURQPHQWDO�ZHDWKHU�H[SRVXUH�GDWD�DQG�VSHFLILFDWLRQ�UHTXLUHPHQWV��ZLOO�IRUP�WKH�EDVLV�
RI�WKH�DQDO\VLV�WR�DVVHVV�WKH�HIIHFWV�RI�WKH�+(03�HQYLURQPHQW�RQ�WKH�687�SHUIRUPDQFH�
FDSDELOLWLHV���7KLV�DVVHVVPHQW�ZLOO�HQDEOH�D�VXUYLYDELOLW\�HYDOXDWLRQ�WR�EH�SHUIRUPHG��
�
� F�� 7KH�UHFRUGHG�FXUUHQW�GDWD�ZLOO�EH�SURFHVVHG�WR�LQGLFDWH�SHDN�FXUUHQW��,DPSHUHV��DQG�
SULPDU\�GDPSHG�VLQXVRLGDO�IUHTXHQF\���,Q�WKH�HYHQW�RI�V\VWHP�XSVHW�RU�IDLOXUH��WKLV�IUHTXHQF\�
GDWD�FDQ�EH�XVHG�LQ�GHYHORSLQJ�FRUUHFWLYH�DFWLRQV���3HUWLQHQW�GDWD�UHVXOWV�DQG�LQIRUPDWLRQ�ZLOO�EH�
DUFKLYHG�LQWR�WKH�V\VWHP�RU�VXE�V\VWHP�SURJUDP�OLIH�F\FOH�GDWDEDVH�IRU�IXWXUH�HYDOXDWLRQV��
KDUGQHVV�DQG�VXVWDLQPHQW�DVVXUDQFH��DQG�VXUYHLOODQFH�WHVW�XSGDWHV��
�
�������6WDWLVWLFDO�DQG�(UURU�$QDO\VLV��
�
2WKHU�IRUPV�RI�DQDO\VLV�WKDW�VKRXOG�EH�FRQVLGHUHG�RU�SHUIRUPHG�RQ�WKH�WHVW�GDWD�DUH�VWDWLVWLFDO�DQG�
HUURU�DQDO\VLV���7KH�72�3(�VKRXOG�XVH�VWDWLVWLFDO�DQDO\VLV�WR�REWDLQ�WKH�FULWHULD�FRPSOLDQFH�
EHWZHHQ�DFWXDO�HOHFWURPDJQHWLF�HQYLURQPHQW�SDUDPHWHUV�DQG�WKH�UHTXLUHG�FULWHULD���$Q�HUURU�
DQDO\VLV�VKRXOG�EH�SHUIRUPHG�WR�DFFRXQW�IRU�DQG�HOLPLQDWH�VRXUFHV�RI�HUURU�SUHVHQW�LQ�WKH�UDZ�WHVW�
GDWD���3RVVLEOH�VRXUFHV�RI�HUURU�WKDW�VKRXOG�EH�H[DPLQHG�DUH��LQVWUXPHQWDWLRQ�DQG�GDWD�
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DFTXLVLWLRQ��KXPDQ�LQWHUSUHWDWLRQV��WHVW�VHWXS��SUREH��DQG�QXPHULFDO�GDWD�URXQG�RII���7KH�72�3(�
XWLOL]HV�WKLV�HUURU�DQDO\VLV�WR�KHOS�SUHGLFW�KRZ�DFFXUDWH�WKH�VLPXODWHG�WHVW�HQYLURQPHQW�ZDV�WR�WKH�
VSHFLILHG�$UP\�HQYLURQPHQW�LVVXHG�E\�WKH�86$1&$�WR�HQVXUH�WKDW�WKH�WHVW�V\VWHP�LV�VWUHVVHG�WR�
WKH�+(03�VXUYLYDELOLW\�FULWHULD�LQFOXGLQJ�WKH�SUHGLFWHG�HUURU��
�
�������7HVW�5HFRUG���5HSRUW�3URFHVV��
�
� D�� $IWHU�WKH�72�3(�KDV�FRPSOHWHG�DOO�WKH�WHVW�H[HFXWLRQ��GDWD�DQDO\VLV��DQG�VXUYLYDELOLW\�
DQDO\VLV��D�GHWDLOHG�WHVW�UHSRUW�RU�WHVW�UHFRUG�PXVW�EH�ZULWWHQ�,$:�WKH�86�$UP\�'HYHORSPHQWDO�
7HVW�&RPPDQG��'7&��3DP����������,W�LV�FULWLFDO�WKDW�DOO�UHTXLUHG�VWHSV�LQ�'7&�3DP������DUH�
IROORZHG���7KH�WHVW�UHFRUG���UHSRUW�PXVW�EH�FRPSOHWHG�DQG�VXEPLWWHG�WR�'7&�QRW�ODWHU�WKDQ��1/7��
WKH�WLPH�IUDPHV�VSHFLILHG�LQ�7DEOH�����RI�'7&�3DP������DIWHU�WKH�WHVW�FRPSOHWLRQ���7KH�
TXDOLILFDWLRQ�UHSRUW�IRU�SURJUDPV�RI�UHFRUG�PXVW�EH�DSSURYHG�E\�'7&�IRU�UHOHDVH���7HVW�5HFRUG���
5HSRUWV�VKRXOG�FRQWDLQ�WKH�IROORZLQJ�LQIRUPDWLRQ��
�
� � )RUHZRUG��
�
� � ,�� 6HFWLRQ�����([HFXWLYH�'LJHVW��
�
� � � �����6\VWHP�'HVFULSWLRQ��
� � � �����6XPPDU\��
� � � �����&RQFOXVLRQV��
� � � �����5HFRPPHQGDWLRQV��
�
� � ,,�� 6HFWLRQ�����6XEWHVWV���IRU�HDFK�WHVW�HQYLURQPHQW���
�
� � � �����1DPH�RI�6XEWHVW��
� � � �������2EMHFWLYHV��
� � � �������&ULWHULD�DQG�$QDO\VLV��
� � � �������7HVW�3URFHGXUH�DQG�)LQGLQJV��
�
� � ,,,�� 6HFWLRQ�����$SSHQGLFHV��
�
� � � $���7HVW�&ULWHULD��
� � � %���7HVW�'DWD��
� � � &���5HFRPPHQGDWLRQ�IRU�&ODVVLILFDWLRQ�RI�5LVN��
�
� E�� ,I�QR�DGGLWLRQDO�DSSHQGLFHV�DUH�UHTXLUHG�WR�DGHTXDWHO\�TXDQWLI\�WKH�WHVW�UHVXOWV�DQG�
ILQGLQJV��WKH�IROORZLQJ�DSSHQGLFHV�DUH�UHTXLUHG�WR�FORVH�WKH�WHVW�UHSRUW�DQG�ZLOO�EH�OHWWHUHG�
FRQVHFXWLYHO\��
�
� � � '���5HIHUHQFHV��
� � � (���$EEUHYLDWLRQV��
� � � )���'LVWULEXWLRQ�/LVW��
�
�
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��� 7(67�352&('85(6��
�
���� 7HVW�6\VWHP��
�
6XUYLYDELOLW\�RI�WKH�WHVW�V\VWHP�ZKHQ�H[SRVHG�WR�WKH�VLPXODWHG�+(03�HQYLURQPHQW�ZLOO�EH�
DQDO\]HG�E\��
�
� D�� 3HUIRUPLQJ�WKH�GHWDLOHG�SUHWHVW�DQDO\VLV��72�UHVSRQVLELOLW\��
�
� E�� &DOLEUDWLQJ�UHTXLUHG�GDWD�DFTXLVLWLRQ�V\VWHPV��'$6���IDFLOLW\�UHVSRQVLELOLW\��
�
� F�� (VWDEOLVKLQJ�WKH�SHUIRUPDQFH�DQG�RSHUDWLRQDO�EDVHOLQH�IRU�WKH�WHVW�V\VWHP�SULRU�WR�
WHVWLQJ��72�UHVSRQVLELOLW\��
�
� G�� 'HWHUPLQLQJ�HIIHFWV�E\�UHSHDWLQJ�WKH�SHUIRUPDQFH�DQG�RSHUDWLRQDO�EDVHOLQH�FKHFNV�RU�
DEEUHYLDWHG�FKHFNV�DIWHU�HDFK�LOOXPLQDWLRQ��72�UHVSRQVLELOLW\��
�
� H�� ,OOXPLQDWLQJ�WKH�WHVW�V\VWHP�LQ�WKH�SUH�VHOHFWHG�RULHQWDWLRQV��FRQILJXUDWLRQV��DQG�PRGHV�
DW�����������DQG�����WLPHV�LWV�(�)LHOG�FULWHULRQ�OHYHO�DV�GHILQHG�LQ�WKH�SUHWHVW�DQDO\VLV�SKDVH���:KHQ�
GHHPHG�DSSURSULDWH�DQG�DFKLHYDEOH�E\�WKH�72��RWKHU�OHYHOV�VXFK�DV������DQG�����WLPHV��,$:�
0,/�67'����&��ZLOO�EH�SHUIRUPHG���'HWHUPLQLQJ�DOO�XSVHWV��IDLOXUHV��GRZQWLPHV��PLVVLRQ�
SHUIRUPDQFH�LPSDFWV��DQG�FRUUHFWLYH�DFWLRQV��72�UHVSRQVLELOLW\��
�
� I�� $QDO\]LQJ�UHVSRQVH��72�UHVSRQVLELOLW\�DQG�FRUUHFWLQJ�WKH�HQYLURQPHQWDO�GDWD��IDFLOLW\�
UHVSRQVLELOLW\��
�
� J�� ,I�WKH�V\VWHP�FDQQRW�EH�WHVWHG�WR�DQ�DGHTXDWH�VLPXODWHG�HQYLURQPHQW�RU�H[FHHGV�WKH�
IDFLOLWLHV�SK\VLFDO�GLPHQVLRQ�WHVW�FDSDELOLW\��WKHQ�FXUUHQW�LQMHFWLQJ�H[WHUQDO�FRQQHFWLRQV�VKRXOG�EH�
XVHG�DW��;���;��DQG��;�WKH�EDVHOLQH�VLJQDOV�DQG�RU�GDPSHG�VLQXVRLGDO�ZDYHIRUPV�REWDLQHG�IURP�
FRQGXFWHG�VXVFHSWLELOLW\��&6������DQG�&6����LQ�0,/�67'V����(���DQG����&�UHIHUHQFHV��72�
UHVSRQVLELOLW\��
�
� K�� 5HFRUGLQJ�DQG�DQDO\]LQJ�V\VWHP�LQGXFHG�FXUUHQWV�LQ�ERWK�WKH�WLPH�DQG�IUHTXHQF\�
GRPDLQV��IDFLOLW\�UHVSRQVLELOLW\��
�
� L�� 7KH�72�3(�PXVW�HQVXUH�WKDW�DFFXUDWH��FRQVLVWHQW��DQG�GRFXPHQWHG�RSHUDWLRQDO�FKHFNV�
DUH�XWLOL]HG���0DQ\�RI�WKH�SUREOHPV�LQGXFHG�E\�WKH�LOOXPLQDWLRQ�ZLOO�EH�WUDQVLHQW�XSVHWV�DQG�ZLOO�
EH�FRUUHFWDEOH�E\�UHF\FOLQJ�SRZHU��
�
���� %DVHOLQH�6\VWHP�8QGHU�7HVW��
�
7KH�VXUYLYDELOLW\�RI�WKH�EDVHOLQH�V\VWHP�FRQILJXUDWLRQ�ZKHQ�H[SRVHG�WR�WKH�+(03�$UP\�FULWHULD�
LVVXHG�E\�WKH�86$1&$�ZLOO�EH�DQDO\]HG�E\��
�
� D�� $QDO\]LQJ�WKH�GLIIHUHQFHV�EHWZHHQ�WKH�WHVWV¶V�VLPXODWHG�HOHFWURPDJQHWLF�HQYLURQPHQW�
DQG�$UP\�FULWHULD�LVVXHG�E\�WKH�86$1&$��IDFLOLW\�UHVSRQVLELOLW\��
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� E�� $QDO\]LQJ�WKH�GLIIHUHQFHV�EHWZHHQ�WKH�687�EDVHOLQH�DQG�SURGXFWLRQ�FRQILJXUDWLRQV��
72�UHVSRQVLELOLW\��
�
� F�� 'HWHUPLQLQJ�WKH�UHVSRQVH�RI�WKH�687�FRQILJXUDWLRQ�DFFRUGLQJ�WR�WKH�V\VWHP�
SHUIRUPDQFH�UHTXLUHPHQWV��WR�LQFOXGH�DOORZDEOH�GRZQ�WLPH�DIWHU�LOOXPLQDWLRQ�WR�WKH�+(03�
HQYLURQPHQW��WR�WKH�$UP\�FULWHULD�LVVXHG�E\�WKH�86$1&$��72�UHVSRQVLELOLW\��
�
���� 7HVW�6HWXS��
�
3ULRU�WR�WHVWLQJ��WKH�FRPSOHWH�WHVW�V\VWHP�ZLOO�EH�DQDO\]HG�WR�HQVXUH�SURSHU�RSHUDWLRQ�DQG�
HVWDEOLVK�WKH�SHUIRUPDQFH�EDVHOLQH���$OO�SUREOHPV�LGHQWLILHG�ZLOO�EH�GRFXPHQWHG�DQG�FRUUHFWHG�LI�
GHWULPHQWDO�WR�WKH�+(03�WHVW�SURJUDP���7KH�WHVW�IDFLOLW\�ZLOO�SHUIRUP�FDOLEUDWLRQ�DQG�QRLVH�
PHDVXUHPHQWV�RQ�WKH�'$6�WR�HQVXUH�WKDW�DFFXUDWH�GDWD�DFTXLVLWLRQ�ZLOO�EH�DFKLHYHG��7KH�'$6�
XWLOL]HG�PXVW�DFFRXQW�IRU�DOO�LQWURGXFHG�HUURU�DQG�EH�DGHTXDWHO\�SURWHFWHG�DJDLQVW�(0�
LQWHUIHUHQFH���7KH�WHVW�V\VWHP�ZLOO�EH�SRVLWLRQHG�LQ�LWV�ILUVW�RULHQWDWLRQ�LQ�WKH�IDFLOLW\
V�WHVW�YROXPH�
EDVHG�XSRQ�IDFLOLW\�PDSSLQJ�GDWD���&XUUHQW�DQG�RU�YROWDJH�SUREHV�ZLOO�EH�SRVLWLRQHG�EDVHG�RQ�
LQIRUPDWLRQ�REWDLQHG�IURP�WKH�SUHWHVW�DQDO\VLV��EUHDNRXW�ER[HV�ZLOO�EH�LQVWDOOHG�LI�UHTXLUHG���7KH�
EDVHOLQH�RU�DEEUHYLDWHG�EDVHOLQH�FKHFNV�ZLOO�EH�SHUIRUPHG���7HVW�VHWXS�SKRWRJUDSKV�ZLOO�EH�WDNHQ���
7KHVH�SURFHGXUHV�ZLOO�EH�UHSHDWHG�IRU�HDFK�WHVW�RULHQWDWLRQ�DQG�FRQILJXUDWLRQ�DW�HDFK�WHVW�OHYHO��
�
���� 7HVW��
�
7KH�WHVW�V\VWHP�ZLOO�EH�LOOXPLQDWHG�E\�VLPXODWHG�+(03�ZDYHIRUPV���$IWHU�LOOXPLQDWLRQ��WKH�WHVW�
V\VWHP�ZLOO�EH�DQDO\]HG�WR�LGHQWLI\�DQG�TXDQWLI\�HIIHFWV�E\�XVLQJ�WKH�SUHWHVW�EDVHOLQH�FKHFNV�DQG�
GLDJQRVWLF�FKHFNV��LI�QHFHVVDU\���7HVW�SUREHV�ZLOO�EH�UHSRVLWLRQHG��LI�UHTXLUHG��DQG�WKH�WHVW�V\VWHP�
ZLOO�EH�LOOXPLQDWHG�DJDLQ���7KLV�SURFHGXUH�ZLOO�EH�LPSOHPHQWHG�XQWLO�VXIILFLHQW�GDWD�DUH�REWDLQHG�
IRU�DOO�IXQFWLRQDO�PRGHV�DQG�V\VWHP�FRQILJXUDWLRQV�RQ�DOO�FDEOHV�LGHQWLILHG�LQ�WKH�SUHWHVW�DQDO\VLV���
$W�WKH�FRPSOHWLRQ�RI�WKH�ILUVW�VXFFHVVIXO�WHVW�V\VWHP�RULHQWDWLRQ��WKH�V\VWHP
V�RULHQWDWLRQ�ZLOO�EH�
DOWHUHG�,$:�WKH�SUHWHVW�DQDO\VLV�DQG�WHVW�SODQ�XQOHVV�WKH�WHVW�UHVXOWV�GLFWDWH�GLIIHUHQWO\���2QFH�
DGHTXDWH�GDWD�DUH�REWDLQHG�IRU�WKH�LQLWLDO�WHVW�OHYHO��WKH�WHVW�OHYHO�ZLOO�EH�LQFUHPHQWHG�DV�VSHFLILHG�
LQ�SDUDJUDSK�����H���7KH�OHYHOV�VSHFLILHG�LQ�SDUDJUDSK�����FDQ�EH�DOWHUHG�EDVHG�RQ�HQJLQHHULQJ�
MXGJPHQWV�RI�WKH�UHVXOWV�HIIHFWV�RI�WKH�RQ�JRLQJ�WHVW���0XOWLSOH�LOOXPLQDWLRQV�RU�D�VXEVWDQWLDO�WHVW�
VDPSOH�VL]H�PXVW�EH�XWLOL]HG�WR�SURYLGH�VWDWLVWLFDO�FRQILGHQFH�LQ�WKH�+(03�VXUYLYDELOLW\�RI�WKH�
WHVW�V\VWHP���)DLOXUHV�DQG�VLJQLILFDQW�XSVHWV�ZLOO�EH�GLDJQRVHG�DV�WR�FDXVHV�DQG�LPSDFWV�RQ�WKH�
PLVVLRQ���5HVSRQVHV�DQG�HOHFWURPDJQHWLF�HQYLURQPHQWDO�GDWD�ZLOO�EH�SURFHVVHG��DQDO\]HG��DQG�
UHSRUWHG���$OO�SHUWLQHQW�GDWD�ZLOO�EH�DQDO\]HG���7KH�IRXU�FULWLFDO�WHVW�HOHFWURPDJQHWLF�
HQYLURQPHQWDO�SDUDPHWHUV��L�H��HOHFWULF�ILHOG�LQWHQVLW\��ULVH�WLPH��SXOVH�ZLGWK�DQG�SRODUL]DWLRQ��
ZLOO�EH�DQDO\]HG�DJDLQVW�WKH�$UP\�FULWHULD�LVVXHG�E\�WKH�86$1&$�WR�GHWHUPLQH�FULWHULD�
FRPSOLDQFH���7KHVH�FULWHULD�FRPSOLDQFHV�PXVW�EH�XWLOL]HG�LQ�FRUUHFWLQJ�LQGXFHG�DQG�SURMHFWHG�
UHVSRQVHV�WR�WKH�WHVW�V\VWHP�DQG�EDVHOLQH�FRQILJXUDWLRQ��UHVSHFWLYHO\��
�
��� '$7$�5(48,5('��
�
� D�� 'HWDLOHG�GHVFULSWLRQ�RI�WKH�PHWKRG�DQG�IDFLOLW\�IRU�SURGXFLQJ�WKH�+(03�HQYLURQPHQW�
WR�LQFOXGH�SKRWRJUDSKV�RI�WKH�WHVW�IDFLOLW\�VHWXS��VKRZLQJ�WHVW�V\VWHP�ORFDWLRQ�UHODWLYH�WR�WKH�
+(03�VRXUFH��
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� E�� &RPSOHWH�VHW�RI�SUHWHVW�PDSSLQJ�GDWD�RI�WKH�IDFLOLW\�ZLWK�WKH�(�)LHOG�H[SUHVVHG�LQ�
9ROWV�PHWHU���������ULVH�WLPH�DQG�SXOVH�ZLGWK�H[SUHVVHG�LQ�QDQRVHFRQGV���������IUHTXHQF\�
H[SUHVVHG�LQ�+HUW]���������DQG�+�)LHOG�DPSOLWXGH�H[SUHVVHG�LQ�$PS�WXUQV�PHWHU���������
�
� F�� 5HVXOWV�IURP�WKH�SUHWHVW�DQDO\VLV�WR�LQFOXGH�GDWD�IURP�WKH�FRQWUDFWRU
V�+(03�
WHVW�DQDO\VLV�SURJUDPV�DV�ZHOO�DV�RWKHU�VXFK�SURJUDPV�SHUIRUPHG�RQ�VLPLODU�PLOLWDU\�V\VWHPV��
�
� G�� 'HWDLOHG�GHVFULSWLRQ�RI�V\VWHP�SHUIRUPDQFH�DQG�RSHUDWLRQDO�FKHFNV�XWLOL]HG�WR�EDVHOLQH�
WKH�V\VWHP�DQG�GHWHUPLQH�LWV�SRVW�LOOXPLQDWLRQ�RSHUDWLRQDO�VWDWXV��
�
� H�� &RPSOHWH�OLVW�RI�DOO�HOHFWURQLF�SLHFH�SDUWV�XWLOL]HG�LQ�WKH�WHVW�V\VWHP�WR�VXSSRUW�(03�
SURWHFWLRQ��
�
� I�� &RPSOHWH�VHW�RI�HOHFWULFDO�VFKHPDWLFV�DQG�LQWHUFRQQHFW�GLDJUDPV��
�
� J�� 'HWDLOHG�GHVFULSWLRQ��VHULDO�QXPEHUV��DQG�GLPHQVLRQV�RI�HDFK�VXEV\VWHP�RI�WKH�WHVW�
V\VWHP��
�
� K�� 'HWDLOHG�GHVFULSWLRQ�RI�DOO�V\VWHP�FDEOHV�WR�LQFOXGH�W\SH��FRPSRVLWLRQ��DQG�GLPHQVLRQV��
�
� L�� 'HWDLOHG�GHVFULSWLRQ�RI�DOO�EDFNVKHOOV�DQG�FRQQHFWRUV�WR�LQFOXGH�DWWDFKPHQW�
PHWKRGRORJ\��W\SH��DQG�FRPSRVLWLRQ��
�
� M�� 'HWDLOHG�GHVFULSWLRQ�RI�WKH�JURXQGLQJ�VFKHPH�XWLOL]HG�RQ�WKH�WHVW�V\VWHP��
�
� N�� &RPSOHWH�OLVW�RI�VDIHW\�DQG�HQYLURQPHQWDO�FRQFHUQV��
�
� O�� 'HWDLOHG�GHVFULSWLRQ�RI�DOO�PLVVLRQ�HVVHQWLDO�IXQFWLRQV��
�
� P�� 'HWDLOHG�GHVFULSWLRQ�RI�DOO�GHOLEHUDWH�HOHFWURPDJQHWLF�KDUGHQLQJ�WHFKQLTXHV�KDUGZDUH�
WR�LQFOXGH�PDQXIDFWXUHU
V�VSHFLILFDWLRQV��
�
� Q�� 'HWDLOHG�GHVFULSWLRQ�RI�SUHWHVW�VHOHFWHG�V\VWHP�FRQILJXUDWLRQV��RULHQWDWLRQV��DQG�PRGHV�
XWLOL]HG�GXULQJ�WKH�WHVW��
�
� R�� 'HWDLOHG�GHVFULSWLRQ�DQG�GRFXPHQWDWLRQ�RI�DOO�LQVSHFWLRQV��GRZQWLPH��VHF�����������
SHUIRUPDQFH�DQG�RSHUDWLRQDO�FKHFNV��DQG�PDLQWHQDQFH�SURFHGXUHV��
�
� S�� 'HWDLOHG�GHVFULSWLRQ�RI�WKH�IDFLOLW\
V�GDWD�DFTXLVLWLRQ�V\VWHP�WR�LQFOXGH�SUREH�
FDOLEUDWLRQ�GDWD��QRLVH�PHDVXUHPHQWV��KDUGZDUH�DQG�VRIWZDUH��
�
� T�� 'HWDLOHG�GHVFULSWLRQ�RI�XWLOL]HG�FXUUHQW�DQG�YROWDJH�SUREHV��EUHDNRXW�ER[HV��%2%V��
DQG�SUREH�ORFDWLRQV�HPSOR\HG�RQ�WKH�WHVW�V\VWHP��
�
� U�� 5HVXOWV�RI�DOO�+(03�HQYLURQPHQW�DQG�WHVW�SRLQWV�PHDVXUHPHQWV�WR�LQFOXGH�UHDO�WLPH�
UHVSRQVH�DQG�))7V��
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� V�� 5HVXOWV�REWDLQHG�IURP�WKH�SUHWHVW�&XUUHQW�,QMHFWLRQ��&,��WHVWV��LI�UHTXLUHG�EDVHG�RQ�
IDFLOLW\�FDSDELOLWLHV�DQG�WHVW�V\VWHP�VL]H���
�
� W�� 'HWDLOHG�GHVFULSWLRQ�RI�WKH�PHWKRG�DQG�IDFLOLW\�SURGXFLQJ�WKH�&,V��LI�UHTXLUHG���
�
� X�� 'HWDLOHG�GHVFULSWLRQ�RI�UHFRYHU\�SURFHGXUHV�DQG�WLPH��
�
� Y�� 5HVXOWV�RI�DOO�HQHUJ\�FRXSOLQJ�DQG�SURWHFWLRQ�KDUGZDUH�DQDO\VLV�WR�LQFOXGH�'HVLJQ�
0DUJLQV��'0V���
 
��� 35(6(17$7,21�2)�'$7$��
�
���� 'DWD�$SSURSULDWLRQ�DQG�&RPSOLDQFH��
�
� D�� 5HVXOWV�IURP�WKH�SUHWHVW�DQDO\VLV��DQG�DOO�RWKHU�DSSOLFDEOH�+(03�VXUYLYDELOLW\�
SURJUDPV�ZLOO�EH�DQDO\]HG�DQG��ZKHQHYHU�SRVVLEOH��LQFRUSRUDWHG�LQWR�DOO�IDFHWV�RI�WKH�+(03�
67$�RQ�WKH�WHVW�V\VWHP���7KH�LQFRUSRUDWLRQ�RI�DOO�DYDLODEOH�DQDO\WLFDO�DQG�WHVW�GDWD�ZLOO�EH�XVHG�WR�
HQKDQFH�DQG�UHGXFH�WKH�RYHUDOO�VFRSH�RI�WKH�WHVW�SURJUDP��
�
� E�� 'DWD�IURP�IUHH�ILHOG�HQYLURQPHQW�PHDVXUHPHQWV�ZLOO�EH�XWLOL]HG�WR�GHILQH�WKH�WHVW�
HQYLURQPHQW�DQG�TXDQWLI\�WKH�GLIIHUHQFHV�EHWZHHQ�WKH�WHVW�DQG�FULWHULD�HQYLURQPHQWV���
'LIIHUHQFHV�JUHDWHU�WKDQ�ILIWHHQ�SHUFHQW�EHWZHHQ�WKH�FULWHULD�SDUDPHWHU�YDOXHV�DQG�WKH�VLPXODWHG�
SDUDPHWHU�YDOXHV�ZLOO�EH�DQDO\]HG�WR�GHWHUPLQH�WKH�HIIHFW�RQ�WKH�WHVW�UHVXOWV���3URFHGXUHV�DQG�
DQDO\VLV�XWLOL]HG�ZLOO�EH�FOHDUO\�GRFXPHQWHG��
�
� F�� 5HVXOWV�IURP�WKH�SUHWHVW�DQDO\VLV��V\VWHP�WHVW�DQG�SRVW�WHVW�GHWHUPLQDWLRQ�DQDO\VLV��DQG�
HQYLURQPHQW�FRPSOLDQFH�ZLOO�EH�LQWHJUDWHG�LQWR�DQ�DVVHVVPHQW�RI�WKH�VXUYLYDELOLW\�RI�WKH�WHVW�
V\VWHP
V�FRQILJXUDWLRQ�WR�WKH�WHVW�DQG�WKHQ�WKH�$UP\�FULWHULD�LVVXHG�E\�WKH�86$1&$���7KH�ILQDO�
DVVHVVPHQW�RI�WKH�WHVW�V\VWHP�PD\�VKRZ�GLIIHUHQW�GDPDJH�DQG�PLVVLRQ�LPSDFWV�WKDQ�WKH�WHVW�
UHVXOWV�GXH�WR�H[WUDSRODWLRQ�DQG�FRUUHFWLRQ�RI�HQYLURQPHQWDO�DQG�WHVW�GDWD�WR�DFFRXQW�IRU�
YDULDQFHV�DQG�GLIIHUHQFHV��
�
� G�� 7KH�$UP\�+(03�UHTXLUHPHQWV�LVVXHG�E\�WKH�86$1&$�DUH�XVXDOO\�GHULYHG�IURP�WKH�
IROORZLQJ�GRFXPHQWV��
�
� � ���� 467$*������(GLWLRQ�����1XFOHDU�6XUYLYDELOLW\�&ULWHULD�IRU�0LOLWDU\�(TXLSPHQW��
�
� � ���� 467$*������(GLWLRQ�������1XFOHDU�6XUYLYDELOLW\�&ULWHULD�IRU�&RPPXQLFDWLRQV�
(OHFWURQLFV�(TXLSPHQW��
�
� � ���� 0,/�67'�����%���+LJK�$OWLWXGH�(OHFWURPDJQHWLF�3XOVH��+(03��(QYLURQPHQW��
7KH�ILQDO�VXUYLYDELOLW\�DQDO\VLV�RI�WKH�EDVHOLQH�V\VWHP�FRQILJXUDWLRQ�WR�WKH�$UP\�UHTXLUHPHQWV�
LVVXHG�E\�WKH�86$1&$�ZLOO�XWLOL]H��LQFRUSRUDWH��DQG�LQWHJUDWH�WKH�GDWD�DQG�UHVXOWV�RI�WKH�WHVW�
V\VWHP�VXUYLYDELOLW\�GHWHUPLQDWLRQ�DQG�DQDO\VLV�RI�WKH�SURGXFWLRQ�FRQILJXUDWLRQ�GLIIHUHQFHV���
7KLV�ILQDO�VXUYLYDELOLW\�DVVHVVPHQW�RI�WKH�EDVHOLQH�FRQILJXUDWLRQ�PD\�VKRZ�UHVXOWV�GLIIHUHQW�WKDQ�
WKH�WHVW�V\VWHP�DQDO\VLV�GXH�WR�H[WUDSRODWLRQV�DQG�RU�FRUUHFWLRQV�IRU�FRQILJXUDWLRQ�GLIIHUHQFHV��
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���� 'DWD�5HGXFWLRQ��
�
� D�� $OO�UDZ�GDWD�FROOHFWHG�GXULQJ�+(03�VXUYLYDELOLW\�WHVWLQJ�PXVW�EH�SURFHVVHG�WR�UHPRYH�
GDWD�DFTXLVLWLRQ�HUURU�DQG�WR�GHILQH�VLPXODWLRQ�GHILFLHQFLHV���$OO�DQDO\WLFDO�SURFHGXUHV�DQG�
PHWKRGV�XWLOL]HG�WR�SURFHVV�WKHVH�UDZ�GDWD�PXVW�EH�GRFXPHQWHG�DORQJ�ZLWK�H[DPSOH�FDOFXODWLRQV�
LQ�³$SSHQGL[�%���7HVW�'DWD��RI�D�GHWDLOHG�WHVW�UHSRUW���7KH�HQWLUH�FROOHFWLRQ�RI�UDZ�GDWD�VKRXOG�
QRW�EH�SUHVHQWHG�LQ�WKH�WHVW�UHSRUW�EHFDXVH�RI�LWV�H[FHVVLYH�EXON���5HGXFHG�GDWD�WKDW�DUH�SHUWLQHQW�
WR�WKH�DQDO\VLV�DQG�VXSSRUW�WKH�GHWHUPLQDWLRQV�VKRXOG�EH�LQFOXGHG�LQ�WDEXODU�IRUP�LQ�WKH�PDLQ�
ERG\��
�
� E�� 7KH�GDWD�PXVW�GHPRQVWUDWH�WKDW�WKH�WHVW�KDUGZDUH�ZDV�DGHTXDWHO\�WHVWHG�WR�LWV�VSHFLILHG�
FULWHULD���7KH�+(03�HQYLURQPHQW�SDUDPHWHUV�ZLOO�WKHQ�EH�SURFHVVHG�DQG�FRPELQHG�ZLWK�WKH�
SUHWHVW�UHVXOWV��DORQJ�ZLWK�WKH�GDWD�DQDO\]HG��VR�WKDW�WKH�DFFXUDF\�RI�WKH�WHVW�FRQILJXUDWLRQ�FDQ�EH�
GHWHUPLQHG���$QDO\WLFDO�WHFKQLTXHV�VXFK�DV�36SLFH��FLUFXLW�DQG�ORJLF�VLPXODWLRQ�VRIWZDUH���
IUHTXHQF\�DQDO\VLV��DQG�FXUYH�ILWWLQJ�PXVW�EH�GLVFXVVHG�ZLWK�FRQVWUDLQWV�DQG�LQSXWV�WR�HQDEOH�WKH�
UHDGHU�WR�GHWHUPLQH�WKH�DGHTXDF\�RI�WKH�WHVWLQJ���$OO�DQDO\WLFDO�GDWD�UHGXFWLRQ�PHWKRGV�PXVW�EH�
LGHQWLILHG�DQG�SUHVHQWHG�LQ�$SSHQGL[�%�RI�WKH�WHVW�UHSRUW�DQG�PXVW�LQFOXGH�SHUWLQHQW�+(03�GDWD�
LQ�ERWK�WKH�IUHTXHQF\�DQG�WLPH�GRPDLQV��
�
� F�� 6WDWLVWLFDO�DQDO\VLV�VXFK�DV�FRPSXWLQJ�WKH�PHDQ��VWDQGDUG�GHYLDWLRQ��'0V��DQG�FULWHULD�
FRPSOLDQFH�SHUFHQWDJHV�VKRXOG�EH�SHUIRUPHG�RQ�DOO�+(03�VXUYLYDELOLW\�V\VWHP�WHVW�GDWD���7KH�
W\SH�DQG�TXDOLW\�RI�GDWD�ZLOO�GHWHUPLQH�WKH�VWDWLVWLFDO�PHWKRGV�WR�EH�HPSOR\HG��
�
���� 'DWD�3UHVHQWDWLRQ��
�
'DWD�PXVW�EH�SUHVHQWHG�LQ�D�FOHDU�DQG�FRQFLVH�PDQQHU��VR�WKH\�DUH�HDV\�WR�XQGHUVWDQG�DQG�VXSSRUW�
WKH�FRQFOXVLRQV�UHJDUGLQJ�WKH�+(03�VXUYLYDELOLW\�RI�WHVW�LWHP�V\VWHP�KDUGZDUH�DV�GHSLFWHG�LQ�
WKH�$SSHQGLFHV���7R�DFFRPSOLVK�WKLV��D�FRPELQDWLRQ�RI�FKDUWV��JUDSKV��GUDZLQJV��WDEOHV��DQG�
SKRWRJUDSKV�VKRXOG�EH�XWLOL]HG��
�
� D�� 7DEOHV�VKRXOG�EH�XWLOL]HG�WR�SUHVHQW�WKH�IROORZLQJ�GDWD��
�
� � ���� ,OOXPLQDWLRQ�WHVW�UHVXOWV�VXPPDU\��
�
� � ���� (TXLSPHQW�WHVW�PDWUL[��
�
� � ���� &ULWHULD�FRPSOLDQFH��
�
� � ���� 7HVW�SRLQW�UHGXFHG�GDWD��
�
� � ���� 6WDWLVWLFDO�DQDO\VLV��
�
� � ���� &ULWHULD�DQG�WHVW�VWDQGDUGV��
�
� � ���� 7HVW�FRPSDULVRQV��
�
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� E�� 3KRWRJUDSKV�VKRXOG�EH�XWLOL]HG�WR�SUHVHQW�WKH�IROORZLQJ�GDWD��
�
� � ���� 7HVW�FRQILJXUDWLRQV��RULHQWDWLRQV��DQG�VHW�XSV��
�
� � ���� 7HVW�IDFLOLW\
V�GDWD�DFTXLVLWLRQ�VHW�XS��
�
� � ���� /RFDWLRQV�RI�RWKHU�XWLOL]HG�PHDVXULQJ�GHYLFHV��
�
� � ���� 7HVW�IDFLOLW\�OD\RXW��
�
� � ���� 9LVLEOH�GDPDJH��
�
� F�� 'UDZLQJV�VKRXOG�EH�XWLOL]HG�ZKHQ�SKRWRJUDSK\�LV�QRW�DYDLODEOH�RU�LQDGHTXDWH�WR�
GLVSOD\�FULWLFDO�GDWD�VXSSRUWLQJ�WKH�UHVXOWV�DQG�RU�FRQFOXVLRQV��
�
� G�� &KDUWV�DQG�JUDSKV�VKRXOG�EH�XWLOL]HG�WR�SUHVHQW�WKH�IROORZLQJ�GDWD��
�
� � ���� 7HVW�VFKHGXOHV��
�
� � ���� &ULWHULD�FRPSOLDQFH��
�
� � ���� 3UHYLRXV�WHVW�FRPSDULVRQV��
�
� � ���� &RPSDULVRQV�RI�WHVW�SRLQW�GDWD�ZLWK�WKH�WHVW�LWHP�LQ�GLIIHUHQW�FRQILJXUDWLRQV��
RULHQWDWLRQV��RU�PRGHV��
�
� � ���� 7HVW�SURJUDP�VWDWXV��
�
�
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$33(1',;�$���(/(&7520$*1(7,&�(19,5210(17�$1'�())(&76��
�
$��� 7KH�HOHFWURPDJQHWLF�HQYLURQPHQW�SURGXFHG�E\�D�QXFOHDU�ZHDSRQ�FRQVLVWV�RI�WKH�LRQL]DWLRQ�
RI�WKH�DWPRVSKHUH�DQG�JHQHUDWLRQ�RI�DQ�(03���7KH�JDPPD�UD\V��QHXWURQV��EHWD�SDUWLFOHV��;�UD\V��
DQG�SRVLWLYH�LRQV�HPLWWHG�IURP�WKH�QXFOHDU�GHWRQDWLRQ�FDXVHV�HOHFWURQV�WR�EH�HMHFWHG�IURP�WKHLU�
SHUVSHFWLYH�DWRPV��WKXV�LRQL]LQJ�WKH�DWPRVSKHUH�LQ�WKH�EXUVW�YLFLQLW\���7KLV�LQFUHDVH�LQ�HOHFWURQ�
GHQVLW\�DWWHQXDWHV�RU�UHIUDFWV�DOO�HOHFWURPDJQHWLF�VLJQDOV�IURP�D�IHZ�VHFRQGV�WR�VHYHUDO�KRXUV�
GHSHQGLQJ�RQ�ZHDSRQ�\LHOG�DQG�KHLJKW�RI�EXUVW��+2%����5DGLR�FRPPXQLFDWLRQV�GHSHQG�RQ�
SURSDJDWLRQ�RI�WUDQVPLWWHG�ZDYHV�WKURXJK�WKH�DWPRVSKHUH���'HSHQGLQJ�RQ�WKH�VSHFLILF�IUHTXHQF\��
WKLV�SURSDJDWLRQ�RFFXUV�LQ�RQH�RI�WZR�SDWKV��JURXQG�RU�VN\�ZDYHV���/RZ�IUHTXHQFLHV�XWLOL]H�WKH�
JURXQG�ZDYH�SDWK��ZKLOH�WKH�KLJK�IUHTXHQF\�EDQG�XWLOL]HV�WKH�VN\�ZDYH�SDWK�ZKLFK�LV�UHIOHFWHG�
EDFN�WR�HDUWK�E\�WKH�LRQRVSKHUH���9HU\�+LJK�)UHTXHQF\��9+)��DQG�8OWUD�+LJK�)UHTXHQF\��8+)��
SHQHWUDWH�WKH�LRQRVSKHUH��WKHUHIRUH��DQ\�GLVWXUEDQFH�LQ�WKH�LRQRVSKHUH�GRHV�QRW�DIIHFW�
FRPPXQLFDWLRQV�LQ�WKHVH�IUHTXHQF\�EDQGV���6HH�7DEOH�$���IRU�IUHTXHQF\�EDQG�HIIHFWV�FDXVHG�E\�
DWPRVSKHUH�LRQL]DWLRQ��
�
�

7$%/(�$�����)5(48(1&<�%$1'�())(&76�&$86('�%<�
$70263+(5(�,21,=$7,21�

�

BAND FREQUENCY 
RANGE 

EFFECTS ON  
COMMUNICATIONS 

9HU\�/RZ�
)UHTXHQF\�
�9/)��

��±������NLORKHUW]�
�N+]��

/LPLWHG�HIIHFWV�

/RZ�
)UHTXHQF\�

�/)��

���±�������N+]� 'UDVWLF�UHGXFWLRQ�RI�VN\�
ZDYH�SDWK��EXW�QR�HIIHFWV�
RQ�JURXQG�ZDYH�SDWK�

0LGGOH�
)UHTXHQF\�
�0)��

����±��������N+]� 6DPH�DV�/)�

+LJK�
)UHTXHQF\�

�+)��

��±������0+]� &RQVLGHUDEOH�HIIHFWV�

9+)� ���±�������0+]� /LPLWHG�HIIHFWV��EXW�
SURSDJDWLRQ�HQKDQFHPHQW�
SRVVLEOH�

8+)�� ����±��������0+]� /LPLWHG�HIIHFWV�

5$'$5� �����±��������0+]� $WWHQXDWHG�DQG�UHIUDFWHG�
�
�
�
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$33(1',;�$���(/(&7520$*1(7,&�(19,5210(17�$1'�())(&76��
�

$��� $�QXFOHDU�GHWRQDWLRQ�GLVWULEXWHV�DSSUR[LPDWHO\�RQH�PLOOLRQWK�RI�LWV�HQHUJ\�LQ�WKH�IRUP�RI�DQ�
LQWHQVH�(03�ZLWK�D�IUHTXHQF\�FRQWHQW�RI�D�IHZ�KHUW]��+]��WR�VHYHUDO�KXQGUHG�0+]���7KH�DUHD�
DIIHFWHG�E\�(03�DQG�WKH�FKDUDFWHULVWLFV�RI�WKH�SXOVH��LV�D�IXQFWLRQ�RI�EXUVW�DOWLWXGH�DQG�ZHDSRQ�
GHVLJQ�DQG�\LHOG���7\SLFDO�(03�LQWHQVLW\�LV�LQ�WKH�RUGHU�RI�WHQV�RI�WKRXVDQGV�RI�YROWV�PHWHU���7KLV�
FRPSDUHV�ZLWK�WKH�RUGHU�RI�����YROWV�PHWHU�IRU�QHDUE\�UDGDUV�����YROWV�PHWHU�IRU�FRPPXQLFDWLRQ�
HTXLSPHQW��DQG������YROWV�PHWHU�IRU�W\SLFDO�PHWURSROLWDQ�DUHD�DPELHQW���7ZR�FKDUDFWHULVWLFV�RI�
(03�ZKLFK�UHVXOW�LQ�D�WKUHDW�WR�HOHFWULFDO�HTXLSPHQW�DUH�ILHOG�DPSOLWXGH�DQG�EURDG�IUHTXHQF\�
VSHFWUXP���7KHUH�DUH�WKUHH�EDVLF�PHFKDQLVPV�IRU�(0�FRXSOLQJ�WR�D�FRQGXFWLQJ�VWUXFWXUH��
HOHFWULFDO�LQGXFWLRQ��WKH�EDVLF�PHFKDQLVP�IRU�OLQHDU�FRQGXFWRUV��PDJQHWLF�LQGXFWLRQ��WKH�SULQFLSDO�
PHFKDQLVP�ZKHQ�WKH�FRQGXFWLQJ�VWUXFWXUH�IRUPV�D�FORVHG�ORRS��DQG�HDUWK�WUDQVIHU�LPSHGDQFH�IRU�
EXULHG�FRQGXFWRUV���'HYLFHV�ZKLFK�PD\�EH�VXVFHSWLEOH�WR�IXQFWLRQDO�GDPDJH�GXH�WR�HOHFWULFDO�
WUDQVLHQWV�LQFOXGH�DFWLYH�HOHFWURQLF�GHYLFHV��SDVVLYH�HOHFWURQLF�FRPSRQHQWV��VHPLFRQGXFWRU�
GHYLFHV��VTXLEV�DQG�S\URWHFKQLF�GHYLFHV��PHWHUV��DQG�SRZHU�FDEOHV���2SHUDWLRQDO�XSVHW�FDQ�EH�
H[SHFWHG�LQ�GLJLWDO�SURFHVVLQJ�V\VWHPV��PHPRU\�XQLWV��JXLGDQFH�V\VWHPV��DQG�SRZHU�GLVWULEXWLRQ�
V\VWHPV���'DPDJH�PHFKDQLVPV�LQFOXGH�GLHOHFWULF�EUHDNGRZQ��WKHUPDO�HIIHFWV�DQG�LQWHUFRQQHFWLRQ�
IDLOXUHV���7KH�WZR�(03�VLWXDWLRQV�ZKLFK�DUH�EDVHG�XSRQ�EXUVW�DOWLWXGH�DUH��(QGR�$WPRVSKHULF��
6RXUFH�5HJLRQ�(OHFWURPDJQHWLF�3XOVH��65(03��DQG��([R�$WPRVSKHULF��+LJK�$OWLWXGH�
(OHFWURPDJQHWLF�3XOVH��+(03���
�
$��� 7KH�ILUVW�(03�VLWXDWLRQ��65(03��RFFXUV�ZLWKLQ�WKH�DWPRVSKHUH�DW�DQ�DOWLWXGH�RI�OHVV�WKDQ�
���NP�DERYH�VHD�OHYHO��DQG�SRVVHVVHV�DQ�H[WUHPHO\�ODUJH�HOHFWULF�DQG�PDJQHWLF�ILHOG�RYHU�WKH�
EXUVW�YLFLQLW\���2I�SDUWLFXODU�FRQFHUQ�DUH�HYHQWV�DW�RU�ZLWKLQ���NP�RI�WKH�VXUIDFH���2QO\�ZLWKLQ�
WKHVH�OLPLWV�DUH�WDFWLFDO�VXUIDFH�V\VWHPV�FORVH�HQRXJK�WR�WKH�HYHQW�WR�KDYH�WKH�SRWHQWLDO�WR�EH�
DGYHUVHO\�DIIHFWHG�E\�65(03���65(03�LV�JHQHUDWHG�E\�FROOLVLRQV�EHWZHHQ�SKRWRQV�IURP�JDPPD�
UDGLDWLRQ�DQG�PROHFXOHV�RI�WKH�DWPRVSKHUH���7KHVH�KLJKO\�HQHUJHWLF�SKRWRQV�HMHFW�HOHFWURQV�IURP�
WKH�VXUURXQGLQJ�DLU�PROHFXOHV��SURGXFLQJ�LRQL]HG�DLU�PROHFXOHV���7KLV�LPPHQVH�VHSDUDWLRQ�RI�
FKDUJH�FUHDWHV�DQ�LQWHQVH�(�)LHOG�RI�VHYHUDO���������YROWV�PHWHU�DQG�D�ODUJH�DVVRFLDWHG�+�)LHOG�
RI�����DPSHUH�WXUQV�PHWHU���1LQHW\�SHUFHQW�RI�LWV�HQHUJ\�LV�FRQWDLQHG�LQ�WKH�����+]�WR����N+]�
UDQJH���6HH�)LJXUH�$���IRU�DQ�H[DPSOH�RI�WKH�65(03�ZDYHIRUP�DQG�)LJXUH�$���IRU�UHODWLYH�
HQHUJ\�YHUVXV�IUHTXHQF\�IRU�DQ�(QGR�$WPRVSKHULF�%XUVW��
�
$��� 7KH�VHFRQG�(03�VLWXDWLRQ��+(03��RFFXUV�DW�DQ�DOWLWXGH�JUHDWHU�WKDQ����NP�DERYH�VHD�
OHYHO��DQG�SRVVHVVHV�D�ODUJH�HOHFWULF�DQG�PDJQHWLF�ILHOG�RYHU�D�GLYHUVH�DUHD���7KLV�WUHPHQGRXV�DUHD�
RI�HIIHFWV�LV�WKH�UHDVRQ�+(03�LV�FRQVLGHUHG�PLOLWDULO\�VLJQLILFDQW�DQG�WKH�PRUH�GDPDJLQJ�RI�WKH�
WZR�(03�VLWXDWLRQV���7KH�+(03�LV�JHQHUDWHG�E\�JDPPD�SKRWRQV�EHLQJ�DEVRUEHG�E\�WKH�
DWPRVSKHULF�PROHFXOHV�DW�DOWLWXGHV�IURP����WR����NLORPHWHUV���7KLV�DEVRUSWLRQ�FDXVHV�HOHFWURQV�WR�
EH�GHIOHFWHG�E\�WKH�HDUWK
V�PDJQHWLF�ILHOG�LQWR�D�VSLUDO�SDWK�DERXW�WKH�ILHOG�OLQHV��FDXVLQJ�WKHP�WR�
UDGLDWH�HOHFWURPDJQHWLF�HQHUJ\���6HH�)LJXUH�$���IRU�IRUPDWLRQ�RI�+(03�DQG�)LJXUH�$���IRU�WKH�
GHWDLOHG�JHRPHWU\�RI�WKLV�SKHQRPHQRQ��
�
�
�
�
�
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�
�
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)LJXUH�$�����(QGR�$WPRVSKHULF�UHODWLYH�HQHUJ\�YHUVXV�IUHTXHQF\��

5 ns    

~10’s ns                      ~100’s µs        ~1 ms 
~1 ns 
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)LJXUH�$�����'HWDLOHG�JHRPHWU\�IRU�([R�$WPRVSKHULF�EXUVW��
�
�
$��� 7KH�ZDYHIRUP�DQG�IUHTXHQF\�FRQWHQW�RI�+(03�LV�GUDVWLFDOO\�GLIIHUHQW�IURP�LWV�65(03�
FRXQWHUSDUW���7KLV�HOHFWURQ�UDGLDWHG�HQHUJ\�FUHDWHV�D�ODUJH��GLYHUVH�(�)LHOG�LQ�WKH�UDQJH�RI�WHQV�RI�
NLORYROWV�PHWHU�DQG�DQ�DVVRFLDWHG�+�)LHOG�LQ�WKH�UDQJH�RI����WR�����DPSHUH�WXUQV�PHWHU���1LQHW\�
SHUFHQW�RI�LWV�HQHUJ\�LV�FRQWDLQHG�LQ�WKH�����N+]�WR����0+]�UDQJH���6HH�)LJXUH�$���IRU�DQ�
H[DPSOH�RI�WKH�+(03�ZDYHIRUP��DQG�)LJXUH�$���IRU�UHODWLYH�HQHUJ\�YHUVXV�IUHTXHQF\�IRU�DQ�
([R�$WPRVSKHULF�EXUVW��
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$��� 6HH�)LJXUH�$���IRU�DQ�H[DPSOH�RI�WKH�GLYHUVH�FRYHUDJH�LQ�DUHD�DQG�FRUUHVSRQGLQJ�JHQHUDO�
(�)LHOG�FRQWRXUV�E\�DQ�([R�$WPRVSKHULF�EXUVW��
�
�

�
�

)LJXUH�$�����*HQHUDWHG�(�)LHOG�FRQWRXUV�DW�WKH�(DUWK¶V�VXUIDFH�IURP�D�+(03��
�
�
$��� (03�WHVWLQJ�UHTXLUHV�WKH�XVH�RI�ERWK�H[SHULPHQWDO�DQG�DQDO\WLFDO�WHFKQLTXHV�WR�GHWHUPLQH�
WKH�UHVSRQVH�RI�V\VWHPV�DQG�FRPSRQHQWV�WR�WKH�(03���$GHTXDWH�WHVWLQJ�RI�D�V\VWHP�UHTXLUHV�
VLPXODWLRQ�RI�WKH�(03�HQYLURQPHQW�LQ�WHUPV�RI�DPSOLWXGH��WLPH�DQG�JHRPHWULFDO�HIIHFWV�RI�WKH�
HQWLUH�V\VWHP�XQGHU�VWXG\���'HWRQDWLRQ�DOWLWXGH��DQJOHV�RI�DUULYDO�DQG�SRODUL]DWLRQ�RI�WKH�ILHOG�
PXVW�EH�FRQVLGHUHG���)UHTXHQF\�GRPDLQ�FDOFXODWLRQV�PD\�EH�DSSOLHG�WR�GHWHUPLQH�FULWLFDO�
UHVRQDQW�IUHTXHQFLHV�LQKHUHQW�WR�WKH�WHVW�V\VWHP���&XUUHQW�LQMHFWLRQ�WHFKQLTXHV�PXVW�EH�XWLOL]HG�
IRU�GLVWULEXWHG�V\VWHPV�DV�DQ�LQWHJUDO�SDUW�RI�WKH�(03�WHVW���&XUUHQW�LQMHFWLRQ�LV�JUHDWO\�EHQHILFLDO�
LQ�WKH�FRQWH[W�RI�GHWHUPLQLQJ�VDIHW\�PDUJLQV�DQG��HQKDQFLQJ�DQG�YHULI\LQJ�+(03�VLPXODWRU�
UHVXOWV���%XW��FXUUHQW�LQMHFWLRQ�VKRXOG�QRW�EH�WKH�SULPDU\�PHDQV�RI�REWDLQLQJ�DFFXUDWH�+(03�
GDWD��
�
$��� $OVR��GHOLEHUDWH�KDUGHQLQJ�GHYLFHV�OLNH�WHUPLQDO�SURWHFWLRQ�GHYLFHV�PXVW�EH�DQDO\]HG��WHVWHG�
LI�QHFHVVDU\��WR�GHWHUPLQH�VDIHW\�PDUJLQV���/LNHZLVH��WKH�DWWHQXDWLRQ�DIIRUGHG�E\�HQFORVXUHV�PXVW�
EH�DQDO\]HG�VR�WKDW�LWV�HIIHFWV�RQ�WKH�VXUYLYDELOLW\�RI�WKH�HQFORVHG�HOHFWURQLFV�FDQ�EH�TXDQWLILHG��

�
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Draft Version 
�
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Project No. XXXX-XXX-XXXX�

�
DETAILED TEST PLAN 

 
FOR THE 

 
HIGH ALTITUDE ELECTROMAGNETIC PULSE (HEMP)  

 
QUALIFICATION TEST 

 
OF THE 

 
SYSTEM UNDER TEST (SUT) (EXAMPLE) 

 
 

6859,9$%,/,7<��98/1(5$%,/,7<��	�$66(660(17�',5(&725$7(��69$'��
*867$92�6,(55$�

8�6��$50<�:+,7(�6$1'6�0,66,/(�5$1*(�
:605��1(:�0(;,&2�������

 
DATE 

3UHSDUHG�IRU��
�
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$771���;;;;�
�
'LVWULEXWLRQ�RI�WKLV�GRFXPHQW�LV�OLPLWHG�WR�'HSDUWPHQW�RI�'HIHQVH��'2'��3URJUDP�DJHQFLHV�DQG�WR�'2'�FRQWUDFWRUV�RQO\��LQ�
DFFRUGDQFH�ZLWK�WKH�HQFORVHG�GLVWULEXWLRQ�OLVW���2WKHU�UHTXHVWV�IRU�WKLV�GRFXPHQW�ZLOO�EH�UHIHUUHG�WR�WKH�3URMHFW�2IILFH�
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6(&7,21�����,1752'8&7,21�

�����7(67�2%-(&7,9(�

'HWHUPLQH�WKH�DELOLW\�RI�WKH�WHVW�DUWLFOH�WR�VXUYLYH�H[SRVXUH�WR�WKH�+LJK�$OWLWXGH�(OHFWURPDJQHWLF�
3XOVH��+(03��HQYLURQPHQW��

�����7(67�&21&(37�

7KH�+(03�7HVW�LV�D�TXDOLILFDWLRQ�WHVW�RI�WKH�WHVW�DUWLFOH���7KH�WHVW�ZLOO�EH�FRQGXFWHG�DW�WKH�
+RUL]RQWDOO\�3RODUL]HG�'LSROH��+3'��7HVW�)DFLOLW\�DW�:KLWH�6DQGV�0LVVLOH�5DQJH��1HZ�0H[LFR���
7KH�GXUDWLRQ�RI�WKH�WHVW�LV�HVWLPDWHG�WR�EH�RQH�ZHHN���2QO\�WKH�(��FRPSRQHQW�RI�WKH�+(03�
ZDYHIRUP�ZLOO�EH�VLPXODWHG��

,Q�DGGLWLRQ�WR�TXDOLI\LQJ�WKH�WHVW�DUWLFOH��WKH�WHVW�UHVXOWV�ZLOO�EH�XVHG�WR�XSGDWH�WKH�OLIH�F\FOH�
QXFOHDU�VXUYLYDELOLW\�GDWDEDVH��GRFXPHQW�HQYLURQPHQWDO�WHVW�FRQGLWLRQV��DQG�GHILQH�WKH�V\VWHP�
FRQILJXUDWLRQ��

�����6<67(0�'(6&5,37,21�

�����81,48(�3(56211(/�5(48,5(0(176�

4XDOLILHG�SHUVRQQHO�ZLOO�SHUIRUP�WHVW�DUWLFOH�RSHUDWLRQ�DQG�PDLQWHQDQFH���7KH�687�WHDP�ZLOO�EH�
FRPSULVHG�RI�7HVW�&HQWHU�SHUVRQQHO�WKDW�DUH�UHVSRQVLEOH�IRU�WKH�RYHUDOO�WHVW�H[HFXWLRQ��V\VWHP�
RSHUDWLRQ��V\VWHP�PRQLWRULQJ��DQG�GDWD�DQDO\VLV���687�SHUVRQQHO�ZLOO�DOVR�DVVLVW�WKH�3URJUDP�
0DQDJHU�5HSUHVHQWDWLYHV�LQ�XQGHUVWDQGLQJ�DQ\�VSHFLILF�UHVXOWV�DQDO\VLV�RI�WKH�+(03�WHVW���7KH�
687�SHUVRQQHO�PD\�EH�FRPSULVHG�RI�7HVW�2IILFHUV��$QDO\VWV��'DWD�&ROOHFWRUV��'ULYHUV��$UWLOOHU\�
7HVWHUV��&RPPXQLFDWLRQ�7HFKV��HWF���7KH�+3'�SHUVRQQHO�DUH�UHVSRQVLEOH�IRU�RSHUDWLQJ�WKH�+3'�
IDFLOLW\��LQVWUXPHQWDWLRQ��DQG�GDWD�FROOHFWLRQ��

6(&7,21�����+(03�7(67�

�����2%-(&7,9(�

'HWHUPLQH�WKH�DELOLW\�RI�WKH�WHVW�DUWLFOH�WR�VXUYLYH�H[SRVXUH�WR�WKH�+LJK�$OWLWXGH�(OHFWURPDJQHWLF�
3XOVH��+(03��HQYLURQPHQW��

�����&5,7(5,$�

7KH�WHVW�DUWLFOH�ZLOO�RSHUDWH�DIWHU�EHLQJ�H[SRVHG�WR�WKH�(�FRPSRQHQW�RI�+(03�ZDYHIRUP�DV�
VSHFLILHG�LQ�0,/�67'�����%����7R�PDLQWDLQ�WKH�XQFODVVLILHG�VWDWXV�RI�WKLV�WHVW�SODQ��WKH�VSHFLILF�
SDUDPHWHUV�DUH�QRW�JLYHQ�LQ�WKLV�GRFXPHQW����

�������7KH�WHVW�DUWLFOH�ZLOO�EH�FRQVLGHUHG�WR�KDYH�VXUYLYHG�H[SRVXUH�WR�WKH�+(03�HQYLURQPHQW�LI�
LW�LV�H[SRVHG�WR�+(03�ZKLOH�SRZHUHG�XS�DQG�RSHUDWLQJ��DQG�LW�RSHUDWHV�WKURXJK�DQG�FRQWLQXHV�WR�
RSHUDWH�DIWHU�WKH�H[SRVXUH��

�������7KH�WHVW�DUWLFOH�ZLOO�EH�FRQVLGHUHG�WR�KDYH�VXUYLYHG�H[SRVXUH�WR�WKH�+(03�HQYLURQPHQW�LI�
LW�LV�H[SRVHG�WR�+(03�ZKLOH�SRZHUHG�XS�DQG�RSHUDWLQJ�DQG�FDQ�EH�PDGH�IXOO\�RSHUDWLRQDO�XVLQJ�
UHVHW�RU�SRZHU�XS�SURFHGXUHV�UHTXLULQJ�QR�PDLQWHQDQFH�RU�UHSODFHPHQW�RI�SDUWV��

�
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�����7(67�352&('85(6�

�������35,25�72�7(67�

���������+3'�RSHUDWLRQV�SHUVRQQHO�ZLOO�GHWHUPLQH�DQG�YHULI\�WKH�SRLQWV�LQ�WKH�WHVW�YROXPH�WKDW�
\LHOG�����DQG������RI�WKH�UHTXLUHG�+(03�HQYLURQPHQW�XVLQJ�(�)LHOG�DQG�+�)LHOG�VHQVRUV�DQG�
UHSHDWHG�ILULQJV�RI�WKH�+3'�SXOVHU��

���������687�SHUVRQQHO�ZLOO�DVVHPEOH�WKH�WHVW�DUWLFOH�DQG�YHULI\�WKDW�LW�RSHUDWHV�SURSHUO\�LQ�ERWK�
WKH�*URXQG�0RXQW�DQG�KLJK�PRELOLW\�PXOWL�SXUSRVH�ZKHHOHG�YHKLFOH��+00:9��0RXQW�
FRQILJXUDWLRQV���687�SHUVRQQHO�DUH�7HVW�&HQWHU�SHUVRQQHO�WKDW�DUH�UHVSRQVLEOH�IRU�WKH�RYHUDOO�WHVW�
H[HFXWLRQ��V\VWHP�RSHUDWLRQ��V\VWHP�PRQLWRULQJ��DQG�GDWD�DQDO\VLV���687�SHUVRQQHO�ZLOO�DOVR�
DVVLVW�WKH�3URJUDP�0DQDJHU�5HSUHVHQWDWLYHV�LQ�XQGHUVWDQGLQJ�DQ\�VSHFLILF�UHVXOWV�DQDO\VLV�RI�WKH�
+(03�WHVW��

�������'85,1*�7(67�

���������687�SHUVRQQHO�ZLOO�FRQILJXUH�WKH�WHVW�DUWLFOH�IRU�*URXQG�0RXQW�DQG�SRVLWLRQ�WKH�WHVW�
DUWLFOH�VXFK�WKDW�LWV�FHQWHU�LV�DW�WKH�SRLQW�LQ�WKH�WHVW�YROXPH�WKDW�\LHOGV�����RI�WKH�UHTXLUHG�+(03�
FULWHULD��

���������+3'�RSHUDWLRQV�SHUVRQQHO�ZLOO�SRVLWLRQ�WKH�ILHOG�VHQVRUV�DW�D�SRVLWLRQ�LQ�WKH�WHVW�YROXPH�
WR�DOORZ�FRQILUPDWLRQ�RQ�D�SXOVH�WR�SXOVH�EDVLV�WKDW�WKH�SURSHU�DPSOLWXGH�RI�WKH�WHVW�ILHOG�LV�EHLQJ�
SURGXFHG��

���������+3'�RSHUDWLRQV�SHUVRQQHO�ZLOO�DOVR�SODFH�FXUUHQW�SUREHV�IRU�GDWD�FROOHFWLRQ��GDWD�
DQDO\VLV���7KH�FXUUHQW�SUREHV�ZLOO�HDFK�EH�FRQQHFWHG�E\�FRD[LDO�FDEOH�WR�1DQRIDVW�XQLWV���7KH�
1DQRIDVW�XQLWV�ZLOO�HDFK�EH�FRQQHFWHG�E\�ILEHU�RSWLF�FDEOHV�WR�GLJLWL]HUV�KRXVHG�LQ�WKH�+3'�
&RQWURO�9DQ���7KH�GLJLWL]HUV�ZLOO�EH�FRQWUROOHG�E\�D�FRPSXWHU���$OO�LQVWUXPHQWDWLRQ�ZLOO�EH�
YHULILHG�WR�EH�RSHUDWLQJ�SURSHUO\��

���������7KH�WHVW�DUWLFOH�ZLOO�EH�SRVLWLRQHG�VXFK�WKDW�WKH�IURQW�LV�RULHQWHG�WRZDUG�WKH�+3'��

���������7KH�WHVW�DUWLFOH�ZLOO�EH�YHULILHG�WR�EH�RSHUDWLQJ�SURSHUO\��

���������$OO�SHUVRQQHO�ZLOO�EH�GLUHFWHG�WR�D�VDIH�DUHD��

���������7KH�+3'�SHUVRQQHO�ZLOO�ILUH�WKH�SXOVHU�DQG�FRQILUP�WKDW�WKH�SURSHU�ILHOG�OHYHO�ZDV�
JHQHUDWHG���+3'�SHUVRQQHO�ZLOO�SURFHVV�WKH�FXUUHQW�FXUYHV�FDSWXUHG�IURP�WKH�FXUUHQW�SUREHV�DQG�
FRQILUP�WKDW�DFFHSWDEOH�SORWV�KDYH�EHHQ�VWRUHG���687�SHUVRQQHO�ZLOO�YHULI\�WKDW�WKH�WHVW�DUWLFOH�KDV�
RSHUDWHG�WKURXJK�DQG�RU�VXUYLYHG�WKH�H[SRVXUH���([SRVXUHV�ZLOO�EH�UHSHDWHG�XQWLO�WKH�WHVW�ILHOG�
DFKLHYHV�WKH�DSSURSULDWH�DPSOLWXGH��FXUUHQW�SORWV�DUH�DFFHSWDEOH��DQG�WHVW�DUWLFOH�
RSHUDWLRQ�VXUYLYDO�LV�YHULILHG��

���������7KH�WHVW�DUWLFOH�ZLOO�EH�URWDWHG�FORFNZLVH�E\����GHJUHHV�DQG�WKH�SURFHVV�UHSHDWHG�XQWLO�
LOOXPLQDWLRQV�UHTXLUHG�IRU�GDWD�DFTXLVLWLRQ�KDYH�EHHQ�DFKLHYHG��

���������687�SHUVRQQHO�ZLOO�FRQILJXUH�WKH�WHVW�DUWLFOH�IRU�*URXQG�0RXQW�DQG�SRVLWLRQ�WKH�WHVW�
DUWLFOH�VXFK�WKDW�LWV�FHQWHU�LV�DW�WKH�SRLQW�LQ�WKH�WHVW�YROXPH�WKDW�\LHOGV������RI�WKH�UHTXLUHG�
+(03�FULWHULD�DQG�WKH�SURFHGXUHV�GHVFULEHG�LQ�SDUDJUDSKV���������WKURXJK���������UHSHDWHG�XQWLO�
DOO�IRXU�VLGHV�KDYH�EHHQ�H[SRVHG�WR������DQG������RI�FULWHULD�DQG�DOO�GDWD�FROOHFWHG��
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����������687�SHUVRQQHO�ZLOO�FRQILJXUH�WKH�WHVW�DUWLFOH�IRU�+00:9�0RXQW�DQG�SRVLWLRQ�WKH�WHVW�
DUWLFOH�VXFK�WKDW�LWV�FHQWHU�LV�DW�WKH�SRLQW�LQ�WKH�WHVW�YROXPH�WKDW�\LHOGV�����RI�WKH�UHTXLUHG�+(03�
FULWHULD�DQG�WKH�SURFHVV�GHVFULEHG�LQ�SDUDJUDSKV���������WKURXJK���������UHSHDWHG��

����������687�SHUVRQQHO�ZLOO�SRVLWLRQ�WKH�+00:9�0RXQW�FRQILJXUHG�WHVW�DUWLFOH�VXFK�WKDW�LWV�
FHQWHU�LV�DW�WKH�SRLQW�LQ�WKH�WHVW�YROXPH�WKDW�\LHOGV������DQG������RI�WKH�UHTXLUHG�+(03�FULWHULD�
DQG�WKH�SURFHGXUHV�GHVFULEHG�LQ�SDUDJUDSKV���������WKURXJK���������ZLOO�EH�UHSHDWHG�XQWLO�DOO�IRXU�
VLGHV�RI�WKH�+00:9�0RXQW�WHVW�DUWLFOH�KDYH�EHHQ�H[SRVHG�WR������DQG������RI�FULWHULD�DQG�
DOO�GDWD�FROOHFWHG��

����������:KHQ�DOO�UHTXLUHG�GDWD�KDYH�EHHQ�FROOHFWHG�DIWHU�LOOXPLQDWLRQ�WR�����������DQG������
RI�FULWHULD�LQ�ERWK�*URXQG�0RXQW�DQG�+00:9�0RXQW�FRQILJXUDWLRQV��DQG�DOO�GDWD�LV�UHFRUGHG��
WKH�WHVW�ZLOO�EH�FRPSOHWH��

����������,I�WKH�WHVW�DUWLFOH�EHFRPHV�LQRSHUDEOH�GXULQJ�WKH�WHVW��RQ�VLWH�WHVW�SHUVRQQHO�ZLOO�GLVFXVV�
WKH�VLWXDWLRQ�DQG�DVVHVV�ZKHWKHU�WR�UHSDLU�WKH�WHVW�DUWLFOH�DQG�FRQWLQXH�WKH�WHVW�RU�WR�WHUPLQDWH�WKH�
WHVW��

����������,I�GXULQJ�WKH�WHVW�D�VLWXDWLRQ�DULVHV�WKDW�UHTXLUHV�D�GHSDUWXUH�IURP�RU�DOWHUDWLRQ�WR�WKH�
SURFHGXUHV�VSHFLILHG�LQ�WKLV�SODQ��WKH�VLWXDWLRQ�ZLOO�EH�GLVFXVVHG�DQG�DOWHUQDWH�SURFHGXUHV�DJUHHG�
WR�DQG�GRFXPHQWHG�E\�RQ�VLWH�7HVW�&HQWHU�SHUVRQQHO��

�����'$7$�5(48,5('�

�������7HVW�HQJLQHHU�ORJV�ZLWK�7HVW�6KRW�1XPEHU��)DFLOLW\�6KRW�1XPEHU��'DWH��7LPH��WHVW�DUWLFOH�
&RQILJXUDWLRQ��L�H��*URXQG�0RXQW�RU�+00:9�0RXQW���WHVW�DUWLFOH�2ULHQWDWLRQ��)URQW��5RDG�
6LGH��5HDU��&XUE�6LGH���3HUFHQW�RI�&ULWHULD������RU��������DQG�&RPPHQWV���&RPPHQWV�ZLOO�
FRQWDLQ�D�GHVFULSWLRQ�RI�WKH�RSHUDWLQJ�FRQGLWLRQ�RI�WKH�WHVW�DUWLFOH�RU�SURFHGXUHV�WDNHQ�WR�UHWXUQ�WR�
DQ�RSHUDEOH�FRQGLWLRQ��

�������$W�OHDVW�RQH�VHW�HDFK�RI�WKH�DPSOLWXGH�YHUVXV�WLPH�SORWV�RU�GDWD�RI�WKH�FDOLEUDWLRQ�VKRWV�
PDGH�DW�WKH�����������DQG������FULWHULD�WHVW�ORFDWLRQV��

�������$PSOLWXGH�YHUVXV�WLPH�SORWV�RU�GDWD�RI�WKH�FXUUHQW�PHDVXUHG�E\�WKH�FXUUHQW�SUREHV�IRU�HDFK�
WHVW�DUWLFOH�FRQILJXUDWLRQ��FULWHULD�OHYHO�����������RU��������DQG�WHVW�DUWLFOH�RULHQWDWLRQ��

�������'LDJUDPV�RU�SKRWRJUDSKV�RI�WKH�WHVW�LWHP�DQG�WHVW�DUHD��

�����'$7$�$1$/<6,6�352&('85(�

7KH�FULWHULD�ZLOO�EH�PHW�LI�WKH�WHVW�DUWLFOH�RSHUDWHV�DQG�RU�VXUYLYHV������RI�WKH�+(03�ILHOG�LQ�DOO�
VSHFLILHG�RULHQWDWLRQV�DQG�FRQILJXUDWLRQV��

�

�

�

�

(1'�2)�6$03/(�7(67�3/$1��

�
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�

7$%/(�&�����7(67,1*�'2&80(17$7,21�(;$03/(�
�

7(67�&21'8&725��;;;;;;;� � � � � � � '$7(�����0D\�����
)$&,/,7<��+(03�)DFLOLW\�� � � � � � � 3$*(B�BB�2)�B��B�

Shot # and 
Item # 

Utilized 
Equipment 

Serial #s 

Test Level 
kV/m Test Orientation Test Mode 

Pretest and 
Post-test 
Results 

Test Points and 
Comments 

�����������������
�������

*(1(5,&�
0,66,/(���

6�1��������

Test Setup #1 

�VW�

�

7DQN�3DUDOOHO�WR�(�
)LHOG��

'LVWDQFH� ����0HWHUV�
*&93�RI�7DQN�

3RZHUHG�DQG�
2SHUDWLRQDO�

�
+XOO� �

7XUUHW����q��

�
SUH����2.�
SRVW�±�2.�

�����,QSXW�0XOWLSOH�
/LQNV��±�6HH�7HVW�
3RLQW�,QIRUPDWLRQ��

�
�����������������
������

�
6DPH�DV���$ERYH�

�
�VW�

�
6DPH�DV���$ERYH������

�
6DPH�DV���
$ERYH������

�
SUH����2.�
SRVW�±�2.�

�
6DPH�DV���$ERYH�
�

�
�����������������
�������

�
6DPH�DV���$ERYH�

�
�VW�

�
6DPH�DV���$ERYH������

�
6DPH�DV���
$ERYH������

�
SUH����2.��
SRVW�±�2.�

�
6DPH�DV���$ERYH�
�

�����������������
�������

�
6DPH�DV���$ERYH�
 

�
�VW�

�
6DPH�DV���$ERYH������

�
6DPH�DV���
$ERYH������

�
SUH����2.��
SRVW�±�2.�

�
6DPH�DV���$ERYH�
�

�����������������
�������

�
6DPH�DV���$ERYH�

�
�VW�

�
6DPH�DV���$ERYH������

�
6DPH�DV���
$ERYH��������

�
SUH����2.��
SRVW�±�2.�

�
6DPH�DV���$ERYH�
�

�����������������
�������

�
6DPH�DV���$ERYH�

�
�VW�

�
6DPH�DV���$ERYH������

�
6DPH�DV���
$ERYH��������

�
SUH����2.��
SRVW�±�2.�

�
6DPH�DV���$ERYH�
�

�����������������
�������

�
6DPH�DV���$ERYH�

�
�VW�

�
6DPH�DV���$ERYH������

�
6DPH�DV���
$ERYH��������

�
SUH����2.��
SRVW�±�2.�

�
6DPH�DV���$ERYH�
�

 
 General Comments: (�)LHOG� �(OHFWULF�)LHOG���
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7$%/(�&�����6$03/(�+(03�7(67�32,17�±�&855(17�352%(�,1)250$7,21�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

Link 
Name 

LINK 
S/N Input # Test Point 

ID Test Point Description 

$OSKD� ���� �� ','�� ','�-��
$OSKD� ���� �� ','�� ','�-��
$OSKD� ���� �� ','�� ','�-��
$OSKD� ���� �� +03�� +038�-��
$OSKD� ���� �� +03�� +038�-��
$OSKD� ���� �� +03�� +038�-��
$OSKD� ���� �� +03�� +038�-��
$OSKD� ���� �� +03;� +038�-���

� � � � �
%UDYR� ���� �� +3'(� +3'8�-���
%UDYR� ���� �� +3'%� +3'8�-���
%UDYR� ���� �� +3'�� +3'8�-��
%UDYR� ���� �� +3'�� +3'8�-��
%UDYR� ���� �� +3'�� +3'8�-��
%UDYR� ���� �� +3''� +3'8�-���
%UDYR� ���� �� +3'&� +3'8�-���
%UDYR� ���� �� +3'$� +3'8�-���

� � � � �
&KDUOLH� ���� �� +3'�� +3'8�-��
&KDUOLH� ���� �� +3'�� +3'8�-��
&KDUOLH� ���� �� +3'�� +3'8�-��
&KDUOLH� ���� �� +3'�� +3'8�-��
&KDUOLH� ���� �� )($�� )($�-��
&KDUOLH� ���� �� 7&8�� 7&8�-��
&KDUOLH� ���� �� '(&�� '(&8�-��
&KDUOLH� ���� �� '(&�� '(&8�-��

� � � � �
'HOWD� ���� �� $,0�� $,0�-��
'HOWD� ���� �� $,0�� $,0�-��
'HOWD� ���� �� $,0�� $,0�-��
'HOWD� ���� �� $,0�� $,0�-��
'HOWD� ���� �� $,0�� $,0�-��
'HOWD� ���� �� $,0�� $,0�-��
'HOWD� ���� �� 56��� 560��-��
'HOWD� ���� �� 56��� 560��-��
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�

)LJXUH�&�����*HQHULF�PLVVLOH�ODXQFKHU�+(03�WHVW�VHWXS��
�
�
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�
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)LJXUH�&������6DPSOH�SUREH�LQVWUXPHQWDWLRQ�+(03�WHVW�VHWXS��
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7$%/(�&�����6$03/(�&855(17�7(67�32,17�5('8&('�'$7$�
 
 

Test 
ID Orientation Shot# Peak I Res Freq Low Freq High Freq Bandwidth Q 

&(8��
SDUDOOHO���WXUUHW�

IURQW� ����� ��������� ����(���� ����(���� ����(���� ����(���� �������

56&��
SDUDOOHO���WXUUHW�

IURQW� ����� ��������� ����(���� ����(���� ����(���� ����(���� ��������

$,0��
SDUDOOHO���WXUUHW�

IURQW� ����� ��������� ����(���� ����(���� ����(���� ����(���� ��������

&'8��
SDUDOOHO���WXUUHW�

IURQW� ����� ��������� ����(���� ����(���� ����(���� ����(���� ��������

&,7��
SDUDOOHO���WXUUHW�

IURQW� ����� ��������� ����(���� ����(���� ����(���� ����(���� ��������

','��
SDUDOOHO���WXUUHW�

IURQW� ����� ��������� ����(���� ����(���� ����(���� ����(���� ��������

*&'��
SDUDOOHO���WXUUHW�

IURQW� ����� ��������� ����(���� ����(���� ����(���� ����(���� ��������

+3'��
SDUDOOHO���WXUUHW�

IURQW� ����� ��������� ����(���� ����(���� ����(���� ����(���� ��������

+3'(�
SDUDOOHO���WXUUHW�

IURQW� ����� ��������� ����(���� ����(���� ����(���� ����(���� ��������

$,0��
SDUDOOHO���WXUUHW�

IURQW� ����� ��������� ����(���� ����(���� ����(���� ������� ��������

','��
SDUDOOHO���WXUUHW�

IURQW� ����� ��������� ����(���� ����(���� ����(���� ����(���� ��������

+3'��
SDUDOOHO���WXUUHW�

IURQW� ����� ��������� ����(���� ����(���� ����(���� ����(���� ��������

+3'%�
SDUDOOHO���WXUUHW�

IURQW� ����� ��������� ����(���� ����(���� ����(���� ����(���� ��������

008��
SDUDOOHO���WXUUHW�

IURQW� ����� ��������� ����(���� ����(���� ����(���� ����(���� ��������

56&��
SDUDOOHO���WXUUHW�

IURQW� ����� �������� ����(���� ����(���� ����(���� ����(���� ��������

$,0��
SDUDOOHO���WXUUHW�

IURQW� ����� ��������� ����(���� ����(���� ����(���� ����(���� ��������

&'8��
SDUDOOHO���WXUUHW�

IURQW� ����� �������� ����(���� ����(���� ����(���� ����(���� ��������

&(8��
SDUDOOHO���WXUUHW�

IURQW� ����� ��������� ����(���� ����(���� ����(���� ����(���� ��������

','��
SDUDOOHO���WXUUHW�

IURQW� ����� ��������� ����(���� ����(���� ����(���� ����(���� ��������

)&(��
SDUDOOHO���WXUUHW�

IURQW� ����� �������� ����(���� ����(���� ����(���� ����(���� ��������
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�7KLV�SDJH�LV�LQWHQWLRQDOO\�EODQN���
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'��� 7R�IXUWKHU�XQGHUVWDQG�WKH�+(03�IDFLOLW\�DW�69$'��D�PDS�RI�WKH�HOHFWULF�ILHOG�ZLOO�EH�
LQFOXGHG�DV�ZHOO�DV�ZDYH�IRUPV�RI�WKH�SXOVHV�EHORZ���7KH�GLDJUDP�LQ�)LJXUH�'���GLVSOD\V�DQ�
RYHUYLHZ�RI�WKH�WHVW�EHG�DQG�WKH�HOHFWULF�ILHOG��9�P����7KH�PDSSLQJ�GDWD�VKRZV�WKH�HOHFWULF�ILHOG�
RQ�WKH�+3'�,,�WHVW�SDG�DQG�DOVR�D�SRLQW����PHWHUV�DZD\�IURP�WKH�HGJH�RI�WKH�SDG���7KH�FRORUHG�
GLDJUDP�VKRZV�WKH�(�)LHOG�SURSDJDWLQJ��
�
�

 
 

)LJXUH�'�����+3'�,,�WHVW�EHG�WRSVLGH�RYHUYLHZ� �
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�
'��� $�ILHOG�PDS�RI�WKH�HOHFWULF�ILHOG�ZDV�PHDVXUHG��WKH�ZDYHIRUPV�ZHUH�LGHQWLILHG�DQG�WKH�SHDN�
ILHOGV�ZHUH�UHFRUGHG�DQG�SODFHG�LQ�D�GDWDEDVH�IRU�PDQLSXODWLRQ�RI�GDWD�DQG�RU�FRQYHUVLRQV���7KH�
UHVXOWLQJ�)LJXUHV�'���DQG�'���GLVSOD\�WKH�HOHFWULF�ILHOG�SURSDJDWLRQ���7KH�HTXLSPHQW�XVHG�IRU�WKLV�
WHVW�LQFOXGHV�1DQRIDVW�DQG�2'6�WUDQVPLWWHUV��SUREHV��DQG�EDODQFHV���$�WUDQVPLWWHU��SUREH��DQG�
EDODQFH�DUH�SODFHG�DW�D�SRLQW�RQ�WKH�PDS�WR�PHDVXUH�WKH�ILHOG�VWUHQJWK�DW�WKDW�SRLQW���7KHQ�GDWD�
FROOHFWLRQ�SRLQWV�DUH�PRYHG�WR�DQRWKHU�SRLQW���7KLV�LV�UHSHDWHG�XQWLO�DOO�WKH�GHVLUHG�SRLQWV�DUH�
PHDVXUHG��
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3URYLGHG�LV�DQ�RYHUYLHZ�RI�WKH�GDWD�SURFHVVLQJ�WKDW�RFFXUV�LQ�+(03�WHVWLQJ�WR�IRUP�D�EDVLF�
NQRZOHGJH�IRXQGDWLRQ���,W�VKRXOG�EH�QRWHG�WKDW�WKLV�LV�QRW�DQ�LQ�GHSWK�SUHVHQWDWLRQ�DQG�WKDW�WKH�
SURFHGXUHV�XVHG�DQG�GDWD�DFFXUDF\�SURYLGHG�E\�WKH�LQVWUXPHQWDWLRQ�DUH�LQ�JHQHUDO�WKH�
UHVSRQVLELOLW\�RI�WKH�WHVW�IDFLOLW\���
�
(��� '$7$�0($685(0(176��
�
� D�� )RU�WHVWLQJ�DW�SXOVH�KLJK�IUHTXHQF\�IDFLOLWLHV�PRVW�VHQVRUV�DQG�GDWD�OLQNV�DUH�VHOI�
FDOLEUDWHG�E\�WKH�LQVWUXPHQWDWLRQ�VSHFLDOLVW���7KH�WUDFHDELOLW\�EDFN�WR�D�ODERUDWRU\�FDOLEUDWLRQ�LV�
WKURXJK�WKH�XVH�RI�D�QHWZRUN�DQDO\]HU�ZKLFK�KDV�FDOLEUDWLRQ�SHUIRUPHG�DW�WKH�IDFWRU\�RU�D�
VWDQGDUG�FDOLEUDWLRQ�ODERUDWRU\��
�
� E�� 6HQVRUV��
�
,Q�JHQHUDO�WKH�IDFLOLW\�FDOLEUDWLRQ�RI�VHQVRUV�LV�OLPLWHG�WR�WKH�RQHV�ZKLFK�PHDVXUH�YROWDJH�RU�
FXUUHQW��VHQVRUV�IRU�PHDVXULQJ�ILHOGV��HOHFWULF�RU�PDJQHWLF��RU�IRU�PHDVXULQJ�VXUIDFH�FXUUHQWV�DUH�
IDFWRU\�FDOLEUDWHG���7KH�FXUUHQW�SUREHV�DUH�DYDLODEOH�ZLWK�GLIIHUHQW�FXUUHQW�PHDVXULQJ�FDSDELOLWLHV�
DQG�GLIIHUHQW�WKURXJK�KROH�VL]HV��LQ�PRVW�FDVHV��H[FHSW�IRU�YHU\�VPDOO�YHU\�VSHFLILF�SUREHV��FODPS�
RQ�GHYLFHV�DUH�XVHG���$�VSHFLDO�DGDSWHU�LV�UHTXLUHG�IRU�HDFK�VL]H�SUREH�IRU�WKH�IDFLOLW\�FDOLEUDWLRQ�
WR�EH�SHUIRUPHG���7KH�SUREH�DGDSWHU��VHH�)LJXUH�(����DOORZV�IRU�WKH�SODFHPHQW�RI�WKH�SUREH�
DURXQG�WKH�FHQWHU�FRQGXFWRU�DQG�LQVLGH�WKH�H[WHUQDO�FRQGXFWRU���7KH�SUREH�LV�WKHQ�FRQQHFWHG�WR�D�
QHWZRUN�DQDO\]HU���7KH�QHWZRUN�DQDO\]HU�RXWSXW�IHHGV�ERWK�WKH�IRUFLQJ�IXQFWLRQ�DQG�WKH�UHIHUHQFH�
PHDVXUHPHQW�DQG�PHDVXUHV�WKH�YROWDJH�RXWSXW�RI�WKH�FXUUHQW�SUREH���7KLV�IRUFLQJ�IXQFWLRQ�LV�
GULYHQ�DFURVV�WKH�IUHTXHQF\�VSHFWUXP�IRU�ZKLFK�WKH�FXUUHQW�SUREH�LV�EHLQJ�FDOLEUDWHG���7KH�
FXUUHQW�SUREH�YROWDJH�RXWSXW�LV�GLYLGHG�E\�WKH�FXUUHQW�WKURXJK�WKH�IL[WXUH��WKH�FXUUHQW�WKURXJK�WKH�
IL[WXUH�LV�EDVHG�RQ�WKH�PHDVXUHG�UHIHUHQFH�YROWDJH�DQG�WKH�IL[HG�ORDG�LPSHGDQFH���7KH�UHVXOW�LV�
WKH�WUDQVIHU�IXQFWLRQ�RI�WKH�FXUUHQW�SUREH�YHUVXV�IUHTXHQF\�ZKLFK�LV�FDOOHG�WKH�SUREH�WUDQVIHU�
LPSHGDQFH�VLQFH�WKH�XQLWV�DUH�YROWV�DPSHUH���7KH�YROWDJH�SUREHV�DUH�FDOLEUDWHG�LQ�WKH�VDPH�
PDQQHU�ZLWK�WKH�H[FHSWLRQ�WKDW�WKH�WUDQVIHU�IXQFWLRQ�XQLWV�DUH�YROWV�YROW���([SHULHQFH�KDV�
LQGLFDWHG�WKDW�����PHDVXUHPHQWV�DFURVV�WKH�IUHTXHQF\�VSHFWUXP�WHQG�WR�EH�DGHTXDWH�IRU�
FDOLEUDWLRQ���7KLV�IUHTXHQF\�FDOLEUDWLRQ�LV�XVHG�DV�IROORZV���WKH�GDWD�SURGXFHG�E\�WKH�FXUUHQW�RU�
YROWDJH�SUREH�DUH�UHFRUGHG�RQ�IDVW�RVFLOORVFRSHV�DV�YROWDJHV�LQ�WKH�WLPH�GRPDLQ���7KH�UHFRUGHG�
GDWD�WKHQ�UHTXLUHV�FRUUHFWLRQ�IRU�WKH�SUREH�WUDQVIHU�IXQFWLRQ��IUHTXHQF\�UHVSRQVH��DQG�FRQYHUVLRQ�
WR�WKH�FRUUHFW�XQLWV�RI�PHDVXUH���7KLV�LV�DFFRPSOLVKHG�XVLQJ�FRQYROXWLRQ�LQ�WKH�WLPH�GRPDLQ��WKH�
SURFHVV�KRZHYHU�WDNHV�SODFH�LQ�WKH�IUHTXHQF\�GRPDLQ�VLQFH�LQ�WKH�IUHTXHQF\�GRPDLQ�FRQYROXWLRQ�
UHGXFHV�WR�VLPSOH�SRLQW�E\�SRLQW�GLYLVLRQ���7KH�SURFHVV�IRU�D�FXUUHQW�SUREH�LV�WKDW�WKH�UHFRUGHG�
WLPH�GRPDLQ�ZDYHIRUP�LV�FRQYHUWHG�WR�WKH�IUHTXHQF\�GRPDLQ�XVLQJ�))7���7KH�UHVXOWLQJ�
IUHTXHQF\�GDWD�DUH�WKHQ�GLYLGHG�RQ�D�SHU�IUHTXHQF\�EDVLV�E\�WKH�SUREH�WUDQVIHU�IXQFWLRQ�DW�WKDW�
IUHTXHQF\��LQWHUSRODWLRQ�EHWZHHQ�SUREH�FDOLEUDWLRQ�IUHTXHQF\�SRLQWV�LV�XVHG�WR�PDWFK�WKH�H[DFW�
IUHTXHQF\�UHVXOWLQJ�IURP�WKH�))7���2QFH�WKH�FRQYROXWLRQ�KDV�WDNHQ�SODFH�WKH�))7�LV�QRZ�
FRUUHFWHG�IRU�SUREH�UHVSRQVH�DQG�WKH�LQYHUVH�))7�UHVXOWV�LQ�WKH�FRUUHFWHG�WLPH�UHVSRQVH�ZLWK�WKH�
DSSURSULDWH�XQLWV��
�
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�

)LJXUH�(�����3UREH�DGDSWHU��
�
�
(��� ),%(5�237,&�'$7$�/,1.6��
�
,Q�JHQHUDO�WKH�IDFLOLW\�FDOLEUDWLRQ�RI�GDWD�OLQNV�LV�SHUIRUPHG�DV�PDWFKLQJ�SDLUV��L�H��WKH�RSWLFDO�
WUDQVPLWWHU�DQG�WKH�RSWLFDO�UHFHLYHU�DUH�PDWFKHG�LQWR�D�GDWD�OLQN���WKHVH�PDWFKHG�SDLUV�DUH�DOZD\V�
XVHG�WRJHWKHU�GXULQJ�GDWD�DFTXLVLWLRQ���7KH�'$7$�OLQNV�DUH�DYDLODEOH�IURP�VHYHUDO�PDQXIDFWXUHV�
RQH�RI�WKH�PRVW�FRPPRQ�LV�1$12�)$67���(*	*�27'��������7KH�OLQN�LV�FRQQHFWHG�WR�D�
QHWZRUN�DQDO\]HU���7KH�QHWZRUN�DQDO\]HU�RXWSXW�IHHGV�ERWK�WKH�IRUFLQJ�IXQFWLRQ�DQG�WKH�UHIHUHQFH�
PHDVXUHPHQW�DQG�PHDVXUHV�WKH�YROWDJH�RXWSXW�RI�WKH�OLQN���7KLV�IRUFLQJ�IXQFWLRQ�LV�GULYHQ�DFURVV�
WKH�IUHTXHQF\�VSHFWUXP�IRU�ZKLFK�WKH�OLQN�LV�EHLQJ�FDOLEUDWHG���7KH�OLQN�YROWDJH�RXWSXW�LV�GLYLGHG�
E\�WKH�PHDVXUHG�UHIHUHQFH�YROWDJH�DFURVV�WKH�IUHTXHQF\�UDQJH�EHLQJ�FDOLEUDWHG���7KH�UHVXOW�LV�WKH�
WUDQVIHU�IXQFWLRQ�RI�WKH�OLQN�YHUVXV�IUHTXHQF\�IRU�ZKLFK�WKH�XQLWV�DUH�YROWV�YROW���([SHULHQFH�KDV�
LQGLFDWHG�WKDW�����PHDVXUHPHQWV�DFURVV�WKH�IUHTXHQF\�VSHFWUXP�WHQG�WR�EH�DGHTXDWH�IRU�
FDOLEUDWLRQ���7KLV�IUHTXHQF\�FDOLEUDWLRQ�LV�XVHG�DV�IROORZV���WKH�GDWD�SURGXFHG�E\�WKH�VHQVRU�DUH�
LQSXW�WR�WKH�ILEHU�WUDQVPLWWHU�DQG�UHFHLYHG�E\�WKH�ILEHU�UHFHLYHU�DQG�WKH�UHFHLYHU�RXWSXW�YROWDJH�LV�
UHFRUGHG�RQ�IDVW�RVFLOORVFRSHV�DV�YROWDJHV�LQ�WKH�WLPH�GRPDLQ���7KH�UHFRUGHG�GDWD�WKHQ�UHTXLUHV�
FRUUHFWLRQ�IRU�WKH�OLQN�WUDQVIHU�IXQFWLRQ��IUHTXHQF\�UHVSRQVH����7KLV�LV�DFFRPSOLVKHG�XVLQJ�
FRQYROXWLRQ�LQ�WKH�WLPH�GRPDLQ��WKH�SURFHVV�KRZHYHU�WDNHV�SODFH�LQ�WKH�IUHTXHQF\�GRPDLQ�VLQFH�
LQ�WKH�IUHTXHQF\�GRPDLQ�FRQYROXWLRQ�UHGXFHV�WR�VLPSOH�SRLQW�E\�SRLQW�GLYLVLRQ���7KH�SURFHVV�IRU�
D�OLQN�LV�WKDW�WKH�UHFRUGHG�WLPH�GRPDLQ�ZDYHIRUP�LV�FRQYHUWHG�WR�WKH�IUHTXHQF\�GRPDLQ�XVLQJ�
))7���7KH�UHVXOWLQJ�IUHTXHQF\�GDWD�DUH�WKHQ�GLYLGHG�RQ�D�SHU�IUHTXHQF\�EDVLV�E\�WKH�OLQN�WUDQVIHU�
IXQFWLRQ�DW�WKDW�IUHTXHQF\��LQWHUSRODWLRQ�EHWZHHQ�SUREH�FDOLEUDWLRQ�IUHTXHQF\�SRLQWV�LV�XVHG�WR�
PDWFK�WKH�H[DFW�IUHTXHQF\�UHVXOWLQJ�IURP�WKH�))7���2QFH�WKH�FRQYROXWLRQ�KDV�WDNHQ�SODFH�WKH�
))7�LV�QRZ�FRUUHFWHG�IRU�WKH�OLQN�UHVSRQVH�DQG�WKH�LQYHUVH�))7�UHVXOWV�LQ�WKH�FRUUHFWHG�WLPH�
UHVSRQVH��
�
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�
(��� ),%(5��
�
7KH�ILEHU�LV�QRW�FDOLEUDWHG�YHUVXV�IUHTXHQF\�VLQFH�LW�SRVVHVVHV�QR�HOHPHQWV�ZKLFK�ZRXOG�UHVXOW�LQ�
D�FKDQJH�LQ�IUHTXHQF\�VSHFWUXP�WUDQVPLVVLRQ���0RVW�ILEHU�OLQNV�SURYLGH�IRU�D�VWDQGDUG�VLJQDO�
EHLQJ�WUDQVPLWWHG�RYHU�WKH�ILEHU�WR�YHULI\�LWV�DFFHSWDELOLW\���7KLV�PHDVXUHPHQW�EHLQJ�XQDFFHSWDEOH�
LQGLFDWHV�WZR�SRWHQWLDO�IDXOWV��WKH�ILUVW�LV�WKDW�WKH�HQGV�RI�WKH�ILEHU�DUH�GLUW\�DQG�WKH�VHFRQG�LV�WKDW�
WKH�ILEHU�LV�EURNHQ��
�
(��� '(021675$7,21�2)�0($685(0(17�&219(56,21��
�
$V�LQGLFDWHG�LQ�SDUDJUDSK�(����WKH�GDWD�VWDUWV�DV�D�UDZ�YROWDJH�PHDVXUHPHQW�UHFRUGHG�RQ�D�
GLJLWL]LQJ�RVFLOORVFRSH���7KLV�UDZ�GDWD�DUH�SURFHVVHG�WKURXJK�IUHTXHQF\�GRPDLQ�FRQYROXWLRQ�
XVLQJ�WKH�LQVWUXPHQWDWLRQ�IDFWRUV�LQGLFDWHG�LQ�SDUDJUDSK�(���LQWR�WKH�ILQDO�FRUUHFWHG�
PHDVXUHPHQW���)LJXUH�(���VKRZV�JUDSKLFDOO\�WKH�GUDPDWLF�FKDQJHV�WKDW�RFFXU�LQ�WKH�GDWD�DV�WKH�
XQLWV�DUH�FRQYHUWHG�DQG�WKH�IUHTXHQF\�UHVSRQVH�RI�WKH�LQVWUXPHQWDWLRQ�LV�DFFRXQWHG�IRU��
�

����(���� ����(���� ����(���� ����(���� ����(����

����

����

����

���

���

���

���

���

81
,7
6

7LPH

�5$:�'$7$�>9ROWV@
�&255(&7('�'$7$�>$PSV@

�
�

)LJXUH�(�����5DZ�GDWD�FRUUHFWLRQ��
�
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�
(��� '$7$�&$/&8/$7,216��
�
� D�� 7KH�GDWD�PDQLSXODWLRQ�DQG�FDOFXODWLRQV�DW�SXOVHG�KLJK�IUHTXHQF\�IDFLOLWLHV�DUH�XVXDOO\�
SHUIRUPHG�E\�WKH�IDFLOLW\�GDWD�VSHFLDOLVW���3URYLGHG�LV�D�EDVLF�RYHUYLHZ�RI�WKH�PHWKRGV�DQG�
UHVXOWV���7KH�SXUSRVH�RI�WKH�FDOFXODWLRQV�LV�WR�GHYHORS�D�VHW�RI�VFDODUV�RU�12506�ZKLFK�FDQ�EH�
XVHG�WR�GHVFULEH�WKH�FKDUDFWHULVWLFV�RI�WKH�LQGXFHG�VLJQDOV�DQG�SURYLGH�HQJLQHHULQJ�GDWD�IRU�XVH�LQ�
WKH�FRUUHFWLRQ�RI�GHILFLHQFLHV�LI�UHTXLUHG���3URYLGHG�LQ�7DEOH�(���DUH�H[DPSOHV�RI�WKH�6&$/$5�
TXDQWLWLHV�IRU�GDPSHG�VLQXVRLGV�DQG�)LJXUH�(���LV�WKH�)285,(5�WUDQVIRUP�IURP�ZKLFK�WKH\�
ZHUH�JHQHUDWHG��
�
�

7$%/(�(�����(;$03/(�2)�&$/&8/$7('�'$03('�6,1862,'�6&$/$5�9$/8(6�
�

Test 
point 

ID 
Orient Shot# Peak I 

(Amp) 
Resonant 

Frequency 
Lower 

Frequency 
Higher 

Frequency Bandwidth Alpha Q 

�� ��IURQW� ����� ������� ����(���� ����(���� ����(���� ����(���� ����(���� ������
�� ��IURQW� ����� ������� ����(���� ����(���� ����(���� ����(���� ����(���� ������
�� ��IURQW� ����� ������� ����(���� ����(���� ����(���� ����(���� ����(���� ������
�
�

��� ��� ��� ��� ����
�(���

�(���

�(���

�(���

�(��

�(��

�
�

$0
36

�+
]

)5(48(1&<�>+]@

�)285,(5�75$16)250�2)�&255(&7('��'$7$

�
�

)LJXUH�(�����,QGXFHG�FXUUHQW�)RXULHU�WUDQVIRUP��
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�
� E�� 7KH�YDOXHV�DUH�FDOFXODWHG�LQ�WKH�WLPH�GRPDLQ�UHSUHVHQWDWLRQ�RI�WKH�ZDYHIRUP�DV�
IROORZV���
�
� � ���� 7KH�UHVRQDQW�IUHTXHQF\��)R��LV�WKH�ILUVW�SROH�LQ�WKH�IUHTXHQF\�GRPDLQ�DIWHU�WKH�'&�
OHYHO�DQG�LV�GLVSOD\HG�RQ�WKH�JUDSK�DW�DERXW����(���

�
� � ���� 7KH�ORZ��)O��DQG�KLJK��)K��IUHTXHQFLHV�DUH�PHDVXUHG�DW�WKH���G%�GRZQ�SRLQWV�
IURP�WKH�SHDN��ZLWK�WKH�ORZ�IUHTXHQF\�EHLQJ�WR�WKH�OHIW�DQG�WKH�KLJK�IUHTXHQF\�EHLQJ�WR�WKH�ULJKW��
,I�QHFHVVDU\�WKH�VORSH�LV�XVHG�WR�FDOFXODWH�WKH���G%�SRLQW�RQ�VLJQDOV�FRQWDLQLQJ�PRUH�QRLVH��
�
� � ���� 7KH�EDQGZLGWK�LV�WKH�GLIIHUHQFH�EHWZHHQ�WKH�KLJK�DQG�ORZ�IUHTXHQF\��

�
� � ���� $OSKD��WKH�H[SRQHQWLDO�DWWHQXDWLRQ�UDWH��LV�FDOFXODWHG�E\���Į� �ʌ�)K�±�)O��
�
� � ���� 4��TXDOLW\�IDFWRU��LV�FDOFXODWHG�E\��4� ������ʌ�)R�BB�
� � � � � � � � ����ʌ�)K���)O��
�
� � ���� 'I���'DPSLQJ�IDFWRU��LV�FDOFXODWHG�E\���'I�� ��BB�BB�
� � � � � � � � � ������4�
�
(��� (;$03/(�7(&+1,&$/�$1$/<6,6� 
 
� D�� )URP�WKH�VFDODUV�SUHVHQWHG�LQ�7DEOH�(����ZKLFK�ZHUH�JHQHUDWHG�IURP�WKH�PHDVXUHG�
(03�LQGXFHG�FXUUHQW�WKH�IROORZLQJ�LV�NQRZQ���
�
� � ���� 7KH�LQGXFHG�FXUUHQW�LV�DW�D�IUHTXHQF\�RI�����0+]���
�
� � ���� 7KH�EDQGZLGWK�LV�DSSUR[LPDWHO\����0+]���
�
� � ���� 7KH�4�LV�ODUJH�DQG�WKH�GDPSLQJ�IDFWRU�LV�VPDOO�LQGLFDWLQJ�WKH�VLJQDO�LV�RYHU�
GDPSHG�DQG�ZLOO�GHFD\�TXLFNO\��DQG�
�
� � ���� 7KH�DPSOLWXGH�RI�WKH�LQGXFHG�FXUUHQW�ZDV������DPSV��
�
� E�� 7KHUHIRUH��LI�WKH�FRPSRQHQW�FRQQHFWHG�WR�WKLV�FDEOH�ZDV�H[SHULHQFLQJ�(03�LQGXFHG�
SUREOHPV��LW�FRXOG�PRVW�OLNHO\�EH�HOLPLQDWHG�E\�GHVLJQLQJ�D�VLPSOH�ORZ�SDVV�ILOWHU��RU�D�PRUH�
FRPSOLFDWHG�ILOWHU�EDVHG�RQ�WKH�FLUFXLW�VLJQDO�UHTXLUHPHQWV��ZLWK�DQ�XSSHU�FXWRII�IUHTXHQF\�RI�
����0+]�DQG�ZKLFK�LV�FDSDEOH�RI�FDUU\LQJ�WKH�QRUPDO�VLJQDO�FXUUHQWV�SOXV�DSSUR[LPDWHO\�
����DPSHUHV��
�
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$5� $UP\�5HJXODWLRQ�
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&''� &DSDELOLW\�'HYHORSPHQW�'RFXPHQW�
&,� &XUUHQW�,QMHFWLRQ�
&21236� &RQFHSW�RI�2SHUDWLRQV�
&3'� &DSDELOLW\�3HUIRUPDQFH�'RFXPHQW�
&6� FRQGXFWHG�VXVFHSWLELOLW\�
� �
'$6� GDWD�DFTXLVLWLRQ�V\VWHP�
'&6236� 'HSXW\�&KLHI�RI�6WDII�IRU�2SHUDWLRQV�
'I� GDPSLQJ�IDFWRU�
'0� 'HVLJQ�0DUJLQ�
'R'� 'HSDUWPHQW�RI�'HIHQVH�
'2''� 'HSDUWPHQW�RI�'HIHQVH�'LUHFWLYH�
'2',� 'HSDUWPHQW�RI�'HIHQVH�,QVWUXFWLRQ�
'27	(� 'LUHFWRU�RI�2SHUDWLRQDO�7HVW�DQG�(YDOXDWLRQ�
'7&� 86�$UP\�'HYHORSPHQWDO�7HVW�&RPPDQG�
'75$� 'HIHQVH�7KUHDW�5HGXFWLRQ�$JHQF\�
� �
(�� HOHFWURPDJQHWLF�HQYLURQPHQWDO�HIIHFWV�
(&3� (QJLQHHULQJ�&KDQJH�3URSRVDO�
(�)LHOG� HOHFWULF�ILHOG�
(03� HOHFWURPDJQHWLF�SXOVH�
� �
)'�6&� )DLOXUH�'HILQLWLRQ�6FRULQJ�&ULWHULD�
))7� )DVW�)RXULHU�7UDQVIRUP�
)R� UHVRQDQW�IUHTXHQF\�
� �
*+]� JLJDKHUW]�
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+(03� +LJK�$OWLWXGH�(OHFWURPDJQHWLF�3XOVH�
+)� KLJK�IUHTXHQF\�
+�)LHOG� PDJQHWLF�ILHOG�
+00:9� KLJK�PRELOLW\�PXOWL�SXUSRVH�ZKHHOHG�YHKLFOH�
+2%� KHLJKW�RI�EXUVW�
+3'� KRUL]RQWDO�SRODUL]HG�GLSROH�
+]� KHUW]�
� �
,$3� ,QGHSHQGHQW�$VVHVVPHQW�3ODQ�
,$:� LQ�DFFRUGDQFH�ZLWK�
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P� PHWHU�
P�� VTXDUH�PHWHU�
P$� PLOOLDPSHUH�
0()� 0LVVLRQ�(VVHQWLDO�)XQFWLRQV�
0)� PLGGOH�IUHTXHQF\�
0+]� PHJDKHUW]�
0,/�67'� 0LOLWDU\�6WDQGDUG�
PV� PLOOLVHFRQG�
� �
1+&� 1XFOHDU�+DUGHQLQJ�&ULWHULD�
1/7� QRW�ODWHU�WKDQ�
QV� QDQRVHFRQG�
� �
25'� 2SHUDWLRQDO�5HTXLUHPHQWV�'RFXPHQW�
� �
3$0� SDPSKOHW�
3(� 3URMHFW�(QJLQHHU�
30� 3URJUDP�0DQDJHU�
� �
4I� TXDOLW\�IDFWRU�
467$*� 4XDGULSDUWLWH�6WDQGDUGL]DWLRQ�$JUHHPHQW�
� �
V��VHF� VHFRQG�
6&*� VHFXULW\�FODVVLILFDWLRQ�JXLGH�
61� VHULDO�QXPEHU�
623� 6WDQGDUG�2SHUDWLQJ�3URFHGXUH�
65(03� 6RXUFH�5HJLRQ�(OHFWURPDJQHWLF�3XOVH�
67$� 6XUYLYDELOLW\�7HVW�DQG�$VVHVVPHQW�
687� 6\VWHP�8QGHU�7HVW�
69$'� 6XUYLYDELOLW\��9XOQHUDELOLW\��DQG�$VVHVVPHQW�'LUHFWRUDWH�
� �
72� 7HVW�2IILFHU�
723� 7HVW�2SHUDWLRQV�3URFHGXUH�
� �
ȝVHF� PLFURVHFRQG�
8+)� XOWUD�KLJK�IUHTXHQF\�
86$1&$� 86�$UP\�1XFOHDU�DQG�&RPEDWLQJ�:HDSRQV�RI�0DVV�'HVWUXFWLRQ�
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7HUP� 'HILQLWLRQ�
(OHFWURPDJQHWLF�
3XOVH�

$�EXUVW�RI�HOHFWURPDJQHWLF�UDGLDWLRQ�IURP�D�QXFOHDU�H[SORVLRQ�RU�D�
VXGGHQO\�IOXFWXDWLQJ�PDJQHWLF�ILHOG���7KH�UHVXOWLQJ�HOHFWULF�DQG�
PDJQHWLF�ILHOGV�FRXSOH�ZLWK�HOHFWULFDO�HOHFWURQLF�V\VWHPV�WR�SURGXFH�
SRWHQWLDOO\�GDPDJLQJ�FXUUHQW�DQG�YROWDJH�VXUJHV��

� �
6RXUFH�5HJLRQ�
(OHFWURPDJQHWLF�
3XOVH��65(03��

$�65(03�LV�SURGXFHG�E\�ORZ�DOWLWXGH�QXFOHDU�EXUVW��$Q�HIIHFWLYH�
QHW�YHUWLFDO�HOHFWURQ�FXUUHQW�LV�IRUPHG�E\�WKH�DV\PPHWULF�GHSRVLWLRQ�
RI�HOHFWURQV�LQ�WKH�DWPRVSKHUH�DQG�WKH�JURXQG��DQG�WKH�IRUPDWLRQ�
DQG�GHFD\�RI�WKLV�FXUUHQW�HPLWV�D�SXOVH�RI�HOHFWURPDJQHWLF�UDGLDWLRQ�
LQ�GLUHFWLRQV�SHUSHQGLFXODU�WR�WKH�FXUUHQW���7KH�DV\PPHWU\�IURP�D�
ORZ�DOWLWXGH�H[SORVLRQ�RFFXUV�EHFDXVH�VRPH�HOHFWURQV�HPLWWHG�
GRZQZDUG�DUH�WUDSSHG�LQ�WKH�XSSHU�PLOOLPHWHU�RI�WKH�(DUWK¶V�VXUIDFH�
ZKLOH�RWKHUV��PRYLQJ�XSZDUG�DQG�RXWZDUG��FDQ�WUDYHO�ORQJ�GLVWDQFHV�
LQ�WKH�DWPRVSKHUH��SURGXFLQJ�LRQL]DWLRQ�DQG�FKDUJH�VHSDUDWLRQ���$�
ZHDNHU�DV\PPHWU\�FDQ�H[LVW�IRU�KLJKHU�DOWLWXGH�H[SORVLRQV�GXH�WR�
WKH�GHQVLW\�JUDGLHQW�RI�WKH�DWPRVSKHUH��

� �
+LJK�DOWLWXGH�
(OHFWURPDJQHWLF�
3XOVH��+(03��

+(03�LV�SURGXFHG�ZKHQ�D�QXFOHDU�ZHDSRQ�LV�GHWRQDWHG�KLJK�DERYH�
WKH�(DUWK¶V�VXUIDFH��FUHDWLQJ�JDPPD�UDGLDWLRQ�WKDW�LQWHUDFWV�ZLWK�WKH�
DWPRVSKHUH�WR�FUHDWH�DQ�LQWHQVH�HOHFWURPDJQHWLF�HQHUJ\�ILHOG�WKDW�LV�
KDUPOHVV�WR�SHRSOH�DV�LW�UDGLDWHV�RXWZDUG�EXW�ZKLFK�FDQ�RYHUORDG�
FLUFXLWU\�ZLWK�HIIHFWV�VLPLODU�WR��EXW�FDXVLQJ�GDPDJH�PXFK�PRUH�
VZLIWO\�WKDQ�D�OLJKWQLQJ�VWULNH��

� �
9HUWLFDO�
(OHFWURPDJQHWLF�
3XOVH�

7KLV�LV�WKH�YHUWLFDO�FRPSRQHQW�RI�D�EXUVW�RI�HOHFWURPDJQHWLF�UDGLDWLRQ�
IURP�D�QXFOHDU�H[SORVLRQ�RU�D�VXGGHQO\�IOXFWXDWLQJ�PDJQHWLF�ILHOG���
7KH�UHVXOWLQJ�HOHFWULF�DQG�PDJQHWLF�ILHOGV�PD\�FRXSOH�ZLWK�
HOHFWULFDO�HOHFWURQLF�V\VWHPV�WR�SURGXFH�GDPDJLQJ�FXUUHQW�DQG�
YROWDJH�VXUJHV��

� �
+RUL]RQWDO�
(OHFWURPDJQHWLF�
3XOVH�

7KLV�LV�WKH�KRUL]RQWDO�FRPSRQHQW�RI�D�EXUVW�RI�HOHFWURPDJQHWLF�
UDGLDWLRQ�IURP�D�QXFOHDU�H[SORVLRQ�RU�D�VXGGHQO\�IOXFWXDWLQJ�
PDJQHWLF�ILHOG���7KH�UHVXOWLQJ�HOHFWULF�DQG�PDJQHWLF�ILHOGV�PD\�
FRXSOH�ZLWK�HOHFWULFDO�HOHFWURQLF�V\VWHPV�WR�SURGXFH�GDPDJLQJ�
FXUUHQW�DQG�YROWDJH�VXUJHV��
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�

��� '2''���������7KH�'HIHQVH�$FTXLVLWLRQ�6\VWHP�����0D\�������
�

��� 0,/�67'����'��'HSDUWPHQW�RI�'HIHQVH�6WDQGDUG�3UDFWLFH�IRU�6\VWHP�6DIHW\�����
)HEUXDU\�������
�

��� $5���������7KH�$UP\�6DIHW\�3URJUDP�����-XQH�������
�

��� '$�3DP���������7KH�$UP\�5DGLDWLRQ�6DIHW\�3URJUDP�����0DUFK�������
�

��� '2',����������3URWHFWLQJ�3HUVRQQHO�IURP�(OHFWURPDJQHWLF�)LHOGV�����$XJXVW�������
�

��� 0,/�67'����&��'HSDUWPHQW�RI�'HIHQVH�,QWHUIDFH�6WDQGDUG��(OHFWURPDJQHWLF�
(QYLURQPHQWDO�(IIHFWV�5HTXLUHPHQWV�IRU�6\VWHPV����'HFHPEHU�������
�

��� 0,/�67'�����%��+LJK�$OWLWXGH�(OHFWURPDJQHWLF�3XOVH��+(03��(QYLURQPHQW���������������
���'HFHPEHU������

�
��� 467$*������(GLWLRQ����1XFOHDU�6XUYLYDELOLW\�&ULWHULD�IRU�0LOLWDU\�(TXLSPHQW����������������

���-DQXDU\�������
�

����'2',����������&KHPLFDO��%LRORJLFDO��5DGLRORJLFDO��DQG�1XFOHDU��&%51��6XUYLYDELOLW\�
3ROLF\�����6HSWHPEHU�������
�

����'7&�3DPSKOHW�������'HYHORSPHQWDO�7HVW�*XLGH�����2FWREHU�������
�

����0,/�67'����(��'HSDUWPHQW�RI�'HIHQVH�,QWHUIDFH�6WDQGDUG��5HTXLUHPHQWV�IRU�WKH�
&RQWURO�RI�(OHFWURPDJQHWLF�,QWHUIHUHQFH�&KDUDFWHULVWLFV�RI�6XEV\VWHPV�DQG�(TXLSPHQW��
���$XJXVW�������
�

����467$*������(GLWLRQ����1XFOHDU�6XUYLYDELOLW\�&ULWHULD�IRU�&RPPXQLFDWLRQV�(OHFWURQLFV�
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�

D�� $5��������(QYLURQPHQWDO�4XDOLW\��(QYLURQPHQWDO�3URWHFWLRQ�DQG�(QKDQFHPHQW�������������
���'HFHPEHU�������

�
E�� $5��������(QYLURQPHQWDO�(IIHFWV�RI�$UP\�$FWLRQV�����-DQXDU\�������

�
F�� $5���������$UP\�6DIHW\�3URJUDP�����-DQXDU\�������
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)RUZDUG�FRPPHQWV��UHFRPPHQGHG�FKDQJHV�RU�DQ\�SHUWLQHQW�GDWD�ZKLFK�PD\�EH�RI�XVH�LQ�
LPSURYLQJ�WKLV�SXEOLFDWLRQ�WR�WKH�IROORZLQJ�DGGUHVV���5DQJH�,QIUDVWUXFWXUH�'LYLVLRQ
�&67(�70���86�$UP\�7HVW�DQG�(YDOXDWLRQ�&RPPDQG�������$EHUGHHQ�%RXOHYDUG��
$EHUGHHQ�3URYLQJ�*URXQG��0'��������������7HFKQLFDO�LQIRUPDWLRQ�PD\�EH�REWDLQHG�
IURP�WKH�SUHSDULQJ�DFWLYLW\��&RPPDQGHU��8�6��$UP\�:KLWH�6DQGV�0LVVLOH�5DQJH��$771��
7('7�:69��6XUYLYDELOLW\��9XOQHUDELOLW\�DQG�$VVHVVPHQW�'LUHFWRUDWH��86�$UP\�:KLWH�
6DQGV�0LVVLOH�5DQJH��10�������������$GGLWLRQDO�FRSLHV�FDQ�EH�UHTXHVWHG�WKURXJK�WKH�
IROORZLQJ�ZHEVLWH��KWWS���LWRSV�GWF�DUP\�PLO�5HTXHVW)RU'RFXPHQWV�DVS[��RU�WKURXJK�
WKH�'HIHQVH�7HFKQLFDO�,QIRUPDWLRQ�&HQWHU�������-RKQ�-��.LQJPDQ�5G���67(�������)RUW�
%HOYRLU��9$���������������7KLV�GRFXPHQW�LV�LGHQWLILHG�E\�WKH�DFFHVVLRQ�QXPEHU��$'�
1R���SULQWHG�RQ�WKH�ILUVW�SDJH��
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