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$EVWUDFW

%HIRUH WKH IOLJKW� WKH 3L[KDZN � V\VWHP ZDV LQVWDOOHG WR JDWKHU IOLJKW GDWD� VSHFLILFDOO\ ORRNLQJ IRU GDWD
DERXW EDWWHU\ GLVFKDUJH UDWH� IOLJKW WLPH� WHOHPHWU\� DQG DLUFUDIW YHORFLW\� 7KLV GDWD ZDV QHHGHG WR FDOFX�
ODWH YDULDEOHV VXFK DV PD[LPXP UDWH RI FOLPE� PD[LPXP UDQJH�HQGXUDQFH� DQG RWKHU YLWDO FDOFXODWLRQV
UHODWLYH WR RSWLPDO FUDIW SHUIRUPDQFH� 7KLV OHG WR VFUDSSLQJ WKH PDQXIDFWXUHU¶V SRZHU PRGXOH DQG UH�
SODFLQJ LW ZLWK VSHFLILF FRPSRQHQWV WKDW VXSSRUW WKH 3L[KDZN FRQWURO FDSDELOLWLHV� 7KDW V\VWHP ZRXOG
EHFRPH WKH SRZHUKRXVH OHDGLQJ XS WR WKH IOLJKW�

7KH GD\V OHDGLQJ WR WKH IOLJKW ZHUH TXLWH VLPSOH� 3UHOLPLQDU\ WHVWV RI WKH FRQWUROV WR PDNH VXUH
HYHU\WKLQJ ZDV UXQQLQJ SURSHUO\� %HFDXVH WKHVH SUHFDXWLRQDU\ PHDVXUHV ZHUH WDNHQ� WKH IOLJKW ZDV
YHU\ VXFFHVVIXO� 7KH 3L[KDZN V\VWHP ZDV DEOH WR UHFRUG WKH SURSHU GDWD QHHGHG� DQG WKLV GDWD ZDV
FRQYHUWHG LQWR D UHDGDEOH ILOH� 7KLV GDWD ZDV LQWHUSUHWHG DQG XVHG WR GUDIW FKDUWV DQG JUDSKV GLVSOD\LQJ
WKRVH FKRVHQ SDUDPHWHUV ZLWK UHVSHFW WR WKH SDVVLQJ WLPH�
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&RQWHQWV

$EVWUDFW L

� ,QWURGXFWLRQ �
��� 2YHUDOO � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� $ERXW WKH $/��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� $ERXW WKLV IOLJKW � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� 0HWKRGRORJ\ �
��� $VVHPEO\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� 6\VWHP &KHFNV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� 6DIHW\ 3URFHGXUHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� *HQHUDO )OLJKW ,QIRUPDWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� $W WKH $LUILHOG � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� 'DWD $QDO\VLV �
��� $FTXLVLWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� )OLJKW 'DWD � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� 5DWLRQDO � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� 5HVXOWV �
��� 1RWHZRUWK\ 'DWD � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� %HQHILFLDO 5HVXOWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� ,PSURYDEOH ,VVXHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� &RQFOXVLRQ ��

LL



�
,QWURGXFWLRQ

���� 2YHUDOO
7KH %RHLQJ ([SHULPHQWDO )OLJKW 3URMHFW LV D JURXS WKDW LV SDUW RI WKH 0DNH WR ,QQRYDWH SURJUDP DW ,RZD
6WDWH 8QLYHUVLW\� 7KH SURMHFW¶V PDLQ REMHFWLYH LV WR GHYHORS DQG WHVW QHZ SDUWV IRU DQ HOHFWULF DLUFUDIW�
7KLV PHDQW GHYHORSLQJ QHZ ZLQJV DQG WHVWLQJ WKHP XVLQJ FRPSXWDWLRQDO IOXLG G\QDPLFV RU D ZLQG WXQQHO
LQ SUHYLRXV VHPHVWHUV� 7KLV VHPHVWHU LW PHDQV GHYHORSLQJ D UHPRWH FRQWURO DLUFUDIW WR FROOHFW GDWD LQ
IOLJKW FRQGLWLRQV�

���� $ERXW WKH $/���

7KH $/��� LV D UHPRWH FRQWURO DLUFUDIW E\ )UHHZLQJ� ,W LV D ���� VFDOH RI WKH %RHLQJ ���� ,W LV �����
LQFKHV ORQJ DQG KDV D ZLQJVSDQ RI ����� LQFKHV� ,W LV SRZHUHG E\ WZR �6 ���������.Y LQUXQQHU PRWRUV
ZLWK D ���%ODGH (')� ,W DOVR IHDWXUHV D IXOO\ RSHUDWLRQDO /(' OLJKWLQJ V\VWHP DQG UHWUDFWDEOH ODQGLQJ
JHDU� OLNH DQ DFWXDO %RHLQJ ���� 7KH SURMHFW¶V YHUVLRQ RI WKH $/��� KDV VRPH PRGLILHG HOHFWURQLFV�
7KHVH LQFOXGH D 3L[KDZN V\VWHP WR WUDFN DQG UHFRUG GDWD IRU WKH DLUFUDIW� 7KH ZLULQJ ZDV DOVR PRGLILHG
WR DOORZ IRU WKH 3L[KDZN WR HYHQWXDOO\ WDNH DXWRPDWHG FRQWURO RYHU WKH DLUFUDIW�

���� $ERXW WKLV IOLJKW
7KH HIIHFWLYHQHVV RI WKH YROWDJH�EDVHG HVWLPDWLRQ ZLWK WKH ORDG FRPSHQVDWLRQ V\VWHP ZDV WHVWHG IRU
WKLV SDUWLFXODU IOLJKW WHVW� 7KH V\VWHP ZRUNV E\ PHDVXULQJ WKH YROWDJH DQG FXUUHQW OHDYLQJ WKH EDWWHU\�
:LWK WKDW UHDO�WLPH LQIRUPDWLRQ DQG SUHSURJUDPPHG YDOXHV� OLNH WKH QXPEHU RI FHOOV� HPSW\ YROWDJH�
DQG LQWHUQDO UHVLVWDQFH RI WKH EDWWHU\� WKH 3L[KDZN FDOFXODWHV D UHPDLQLQJ UHDO�WLPH SHUFHQWDJH RI WKH
EDWWHU\� 7KLV V\VWHP ZDV QHHGHG EHFDXVH WKH DLUFUDIW QHDUO\ FUDVKHG DIWHU QRW KDYLQJ D ZD\ WR H[SUHVV
ORZ EDWWHU\ LQGLFDWLRQ LQ WKH IOLJKW WHVW FRQGXFWHG ODVW VHPHVWHU� 7KLV V\VWHP WKHQ UHSRUWV WKH FRUUHFW
YDOXHV LQ D SRVW�IOLJKW ORJ IRU IXUWKHU UHYLHZ� 7KH DLUFUDIW ZDV WDNHQ WR D QHDUE\ DLUILHOG DQG DVVHPEOHG�
7KH GURQH SLORW ZDV EULHIHG RQ WKH FRQWUROV RI WKH DLUFUDIW� 7KH SODQH WRRN RII DQG ODQGHG DIWHU OHVV WKDQ
ILYH PLQXWHV RI IOLJKW WLPH� 7KH IOLJKW WHVW ZHQW ZLWKRXW DQ\ PDMRU LVVXHV�
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�
0HWKRGRORJ\

���� $VVHPEO\
7KH $/��� KDG WKUHH RYHUDOO SDUWV WKDW QHHGHG WR EH DVVHPEOHG� 7KHVH SDUWV ZHUH WKH IXVHODJH DQG
ERWK RI WKH ZLQJV�

�� (QVXUH WKDW WKHUH LV QR SRZHU UXQQLQJ WKURXJK WKH DLUFUDIW
�� ,QVHUW WKH FDUERQ ILEHU URG LQWR WKH GHVLJQDWHG KROH LQ WKH VLGH RI WKH DLUFUDIW ZKHUH WKH ZLQJ VKRXOG

JR
�� 7ZR SHRSOH KROG XS WKH IXVHODJH ZKLOH DQRWKHU SHUVRQ SOXJV LQ WKH HOHFWURQLFV

�D� 7KH WKUHH FRQQHFWRUV IRU WKH PRWRUV DUH FRQQHFWHG
�E� 7KH RYHUDOO HOHFWURQLFV FRQQHFWRU IRU WKH DLOHURQV DQG IODSV DUH FRQQHFWHG

�� 3RZHU DQG DUP WKH DLUFUDIW
�� &KHFN LI DOO V\VWHPV DUH RSHUDWLQJ DV LQWHQGHG

���� 6\VWHP &KHFNV
%HIRUH GHSDUWLQJ WKH XQLYHUVLW\� WKH DLUFUDIW ZDV FKHFNHG IRU LVVXHV WKURXJK SUH�IOLJKW WHVWV� 7KH DLUFUDIW
ZDV DUPHG� DQG WKH IROORZLQJ V\VWHPV ZHUH WHVWHG�

� )ODSV� 8WLOL]LQJ GLIIHUHQW QRWFKHV RI D VZLWFK RQ WKH FRQWUROOHU� HDFK RI WKH WKUHH OHYHOV RI IODSV
ZDV WHVWHG� 7KH IODSV RQ WKH DLUFUDIW¶V OHIW ZLQJV ZHUH VOXJJLVK GXH WR D IDXOW\ VHUYR PRWRU EXW
ZHUH RSHUDWLRQDO IRU WKH IOLJKW�

� $LOHURQV� 7KHVH ZHUH WHVWHG E\ SRLQWLQJ WKH FRQWUROOHU¶V ULJKW VWLFN WR WKH ULJKW DQG OHIW� %RWK
DLOHURQV UHVSRQGHG DV LQWHQGHG�

� 5XGGHU� 7KLV ZDV WHVWHG E\ SRLQWLQJ WKH OHIW VWLFN RI WKH FRQWUROOHU WR WKH ULJKW DQG OHIW� 7KH UXGGHU
UHVSRQGHG DV LQWHQGHG�

� /DQGLQJ *HDU 7RJJOH� 8VLQJ DQRWKHU VZLWFK RQ WKH FRQWUROOHU� WKH ODQGLQJ JHDU FRXOG EH EURXJKW
GRZQ RU UHWUDFWHG� 7KLV V\VWHP ZDV ZRUNLQJ DV LQWHQGHG�

� (QJLQH 7KUXVW� 7KLV ZDV WHVWHG E\ SRLQWLQJ WKH ULJKW VWLFN XS DQG GRZQ� %RWK RI WKH HQJLQHV
ZHUH RSHUDWLQJ DV LQWHQGHG�

� 9ROWDJH�%DVHG (VWLPDWLRQ V\VWHP� 7KLV ZDV WHVWHG E\ PRQLWRULQJ HOHFWULFDO FXUUHQW FKDQJHV
RQ WKH FRPSXWHU WKDW ZDV FRQQHFWHG WR WKH V\VWHPV RI WKH DLUFUDIW� 7KLV ZDV ZRUNLQJ DV LQWHQGHG�

� /LJKWLQJ� $OWKRXJK WKLV ZDV QRW LPSRUWDQW IRU WKLV IOLJKW� WKH ODQGLQJ� QDYLJDWLRQ� VWUREH� DQG
EHDFRQ OLJKWV ZHUH LQVSHFWHG WR YHULI\ SURSHU RSHUDWLRQ� 7KH HQWLUH OLJKWLQJ V\VWHP ZDV ZRUNLQJ
DV LQWHQGHG�

7KLV FKHFN ZDV GRQH RQFH DJDLQ XSRQ DUULYDO DW WKH DLUILHOG WR HQVXUH WKH SURSHU IXQFWLRQ RI DLUFUDIW
V\VWHPV SULRU WR IOLJKW�

�



���� 6DIHW\ 3URFHGXUHV �

���� 6DIHW\ 3URFHGXUHV
6DIHW\ ZDV WKH KLJKHVW SULRULW\ RI %RHLQJ ([SHULPHQWDO )OLJKW ZKHQ WHVWLQJ WKH DLUFUDIW� 3URSHU FRPPX�
QLFDWLRQ ZDV VRPHWKLQJ WKDW DOO RI WKH PHPEHUV SUDFWLFHG ZKHQ ZRUNLQJ LQ WKH ODE� :KHQ FRQQHFWLQJ
WKH EDWWHU\�

�� 7KH SHUVRQ FRQQHFWLQJ WKH EDWWHU\ DQQRXQFHV WKHLU LQWHQWLRQV WR RWKHU PHPEHUV

�D� ,I D SHUVRQ LV ZRUNLQJ RQ HOHFWURQLFV� WKH\ PXVW LPPHGLDWHO\ WHOO WKH SHUVRQ ZLWK WKH EDWWHU\
�E� ,I WKHUH LV DQ DJUHHPHQW� WKHQ DQ XQGHUVWDQGLQJ LV HVWDEOLVKHG WKDW WKH EDWWHU\ ZLOO EH FRQ�

QHFWHG

�� $OO KDQGV DUH RII RI WKH HOHFWURQLFV ZLWKLQ WKH DLUFUDIW ZKHQ WKH EDWWHU\ LV FRQQHFWHG
�� ,I DQ HOHFWURQLFV FRPSRQHQW LV RSHUDWLQJ GDQJHURXVO\ RU WKHUH DUH VLJQV RI RYHUKHDWLQJ� WKH EDW�

WHU\ LV LPPHGLDWH WR EH GLVFRQQHFWHG

7KHUH DUH DOVR VSHFLDO SURFHGXUHV IRU WHVWLQJ� )RU WKLV� PHPEHUV DUH WR XWLOL]H NH\ SKUDVHV�

�� 7KH RSHUDWRU DQQRXQFHV WKDW WKH\ ZLOO DUP WKH DLUFUDIW� 7KH RWKHU PHPEHUV UHSHDW WKH PHVVDJH
EDFN WR WKH RSHUDWRU DV D FRQILUPDWLRQ�

�� 7KH RSHUDWRU DQQRXQFHV HDFK V\VWHP WKH\ DUH WHVWLQJ ULJKW EHIRUH WHVWLQJ WKHP�

�D� 6SHFLDO SURFHGXUHV DUH QHHGHG IRU WHVWLQJ WKH HQJLQH DV PHPEHUV ZLOO QHHG WR KROG WKH
DLUFUDIW LQ SODFH ZKLOH WKH DLUFUDIW LV UXQQLQJ DW D KLJK USP UDWH�

�E� 6DIHW\ JODVVHV DUH UHTXLUHG IRU DOO PHPEHUV DURXQG WKH DLUFUDIW�
�F� 7KH RSHUDWRU DQQRXQFHV WKDW WKH VDIHW\ PRGH KDV EHHQ WXUQHG RII� 7KH RWKHU PHPEHUV

UHSHDW WKH PHVVDJH EDFN WR WKH RSHUDWRU DV D FRQILUPDWLRQ�
�G� :KHQ LQFUHDVLQJ WKUXVW� WKH RSHUDWRU DQQRXQFHV WKDW WKH\ DUH LQFUHDVLQJ WKUXVW WR WKHLU LQ�

WHQGHG OHYHO WKUXVW �IRU H[DPSOH� ´LQFUHDVLQJ WKUXVW WR �� SHUFHQW´�� 7KH RWKHU PHPEHUV
UHSHDW WKH PHVVDJH EDFN WR WKH RSHUDWRU DV D FRQILUPDWLRQ�

�H� :KHQ GHFUHDVLQJ WKUXVW WR �� WKH RSHUDWRU DQQRXQFHV WKDW WKH\ ZLOO NLOO WKH WKUXVW�
�I� 7KH PHPEHUV FDQQRW OHW JR RI WKH DLUFUDIW XQWLO WKH RSHUDWRU KDV DQQRXQFHG WKDW WKH VDIHW\

PRGH KDV EHHQ WXUQHG EDFN RQ�

�� 7KH RSHUDWRU DQQRXQFHV WKDW WKH\ ZLOO GLVDUP WKH DLUFUDIW� 2QFH WKH DLUFUDIW LV SURSHUO\ GLVDUPHG�
WKH EDWWHU\ PD\ EH UHPRYHG�

���� *HQHUDO )OLJKW ,QIRUPDWLRQ
)OLJKW 'DWH DQG 7LPH� $SULO �� ���� DW �����
)OLJKW 'XUDWLRQ� ��� PLQ
:HDWKHU &RQGLWLRQV� &OHDU DQG 6XQQ\
7HPSHUDWXUH� ��◦ )
:LQG� � PSK ���◦ 6(
9LVLELOLW\� �� PL

$LUILHOG� &HQWUDO ,RZD $HURPRGHOHUV $0$ ILHOG
'LVWDQFH IURP .'60 �&ODVV & $LUVSDFH�� �� PL
$LUVSDFH� &ODVV * XS WR ��� IW $*/� &ODVV ( DERYH
5HVWULFWLRQV� )OLJKW FHLOLQJ LV ��� IW GXH WR 3DUW ��� UHVWULFWLRQV
3LORW LQ &RPPDQG� 'HQQLV *RRGULFK� GURQH SLORW ZLWK SDUW ��� OLFHQVH DQG PHPEHUVKLS LQ &HQWUDO
,RZD $HURPRGHOHUV $0$ &OXE�



���� $W WKH $LUILHOG �

���� $W WKH $LUILHOG
7KH IROORZLQJ SURFHGXUH ZDV IROORZHG XSRQ DUULYDO DW WKH DLUILHOG�

�� 7KH DLUFUDIW ZDV DVVHPEOHG XVLQJ WKH DVVHPEO\ SURFHGXUH
�� 7KH EDWWHU\ ZDV SOXJJHG LQ� DQG WKH DLUFUDIW ZDV DUPHG
�� $OO DLUFUDIW V\VWHPV ZHUH WHVWHG WR HQVXUH WKDW WKH DLUFUDIW ZDV RSHUDWLRQDO SULRU WR IOLJKW
�� 7KH SLORW ZDV GHEULHIHG RQ WKH PDMRU FRQWUROV RI WKH DLUFUDIW
�� 7KH DLUFUDIW ZDV WDNHQ RXW WR WKH UXQZD\� DQG WKHUH ZDV D ILQDO FRPPXQLFDWLRQV FKHFN WR HQVXUH

WKDW WKH DLUFUDIW ZDV FRPPXQLFDWLQJ ZLWK WKH WHOHPHWU\ V\VWHP RQ WKH JURXQG
�� 2QFH FRPPXQLFDWLRQ ZDV FRQILUPHG� WKH VDIHW\ PRGH ZDV WXUQHG RII� DQG HYHU\RQH ZHQW WR WKH

HGJH RI WKH UXQZD\
�� $W ������ WKH DLUFUDIW WRRN RII VXFFHVVIXOO\
�� 7KH DLUFUDIW ZDV IORZQ DURXQG WKH DLUILHOG ZKLOH WKH SLORW SURYLGHG IHHGEDFN RQ WKH FRQWUROV
�� $W ������ WKH DLUFUDIW ODQGHG VXFFHVVIXOO\

��� 7KH VDIHW\ PRGH ZDV WXUQHG RQ� DQG WKH HOHFWURQLFV ZHUH GLVDUPHG LPPHGLDWHO\ DIWHU WKH DLUFUDIW
FDPH WR D VWRS

��� 7KH HOHFWURQLFV DQG H[WHULRU ZHUH FKHFNHG IRU GDPDJH
��� 7KH DLUFUDIW ZDV WDNHQ EDFN WR WKH DVVHPEO\ VWDWLRQ� ZKHUH WKH EDWWHU\ ZDV GLVFRQQHFWHG
��� 7KH DLUFUDIW ZDV GLVDVVHPEOHG ZKLOH WKH SLORW SURYLGHG ILQDO IHHGEDFN

captions



�
'DWD $QDO\VLV

���� $FTXLVLWLRQ
7KH 3L[KDZN DXWRPDWLFDOO\ FROOHFWV GDWD ZKLOH WXUQHG RQ� 7KLV GDWD FRQWDLQV HYHU\WKLQJ WKDW WKH 3L[�
KDZN LQWHUDFWV ZLWK� IURP YROWDJHV RI WKH EDWWHU\ WR FRPPDQGHG LQSXWV WR WKH XWLOL]DWLRQ RI FRPSXWLQJ
DQG PHPRU\ RQERDUG� $OO RI WKLV LV WKHQ DYDLODEOH LQ D 8/RJ ILOH� 7KLV ILOH ZDV WKHQ GHFRGHG XVLQJ
3ORW-XJJOHU� $OVR� LQ 3ORW-XJJOHU� D QHZ GDWD VHW ZDV FUHDWHG� 7KDW GDWD VHW ZDV WKH EDFNZDUG GLIIHU�
HQFH DSSUR[LPDWLRQ RI LQVWDQWDQHRXV PLOOLDPS�KRXU SHU VHFRQG ZKLOH SRZHUHG RQ� 7KH HQWLUH 8/RJ ILOH�
LQFOXGLQJ WKH QHZ GLVFKDUJH GDWD VHW� ZDV H[SRUWHG LQ D FRPPD�VHSDUDWHG YDOXHV�&69� IRUPDW� :LWK
WKLV &69 ILOH� D 0$7/$% VFULSW ZDV FUHDWHG WR SXOO GDWD RXW RI WKH &69 DQG JUDSK LW�

���� )OLJKW 'DWD

7KLV JUDSK VKRZV WKH IOLJKW DOWLWXGH DV D IXQFWLRQ RI WLPH VLQFH EDWWHU\ FRQQHFWLRQ� PHDVXUHG E\ WKH
RQERDUG *36 PRGXOH DQG XVLQJ WKH UXQZD\ DV D GDWXP� 7KH IOLJKW UHDFKHG D PD[LPXP DOWLWXGH RI
���IW DERYH WKH GDWXP DQG D PLQLPXP RI ��IW DERYH WKH GDWXP� $Q DYHUDJH DOWLWXGH RI ���IW ZDV

�
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���� )OLJKW 'DWD �

DFKLHYHG RYHU WKH ZLQGRZ RI ��� VHFRQGV WR ��� VHFRQGV VLQFH WKH V\VWHP ZDV RQ� ,Q DGGLWLRQ� WKLV
JUDSK ZDV XVHG WR FDOFXODWH WKH IOLJKW WLPH RI � PLQXWHV DQG �� VHFRQGV XVLQJ DQ DOWLWXGH RI DW OHDVW �IW
WR GHFODUH WKH VWDUW DQG HQG RI IO\LQJ�

7KLV JUDSK VKRZV WKH IOLJKW VSHHG DV D IXQFWLRQ RI WLPH VLQFH EDWWHU\ FRQQHFWLRQ� PHDVXUHG E\ WKH
RQERDUG *36 PRGXOH� 7KHUH LV QR DLUVSHHG GDWD IRU WKLV IOLJKW� 7KXV JURXQG VSHHG LV WKH RQO\ PHWULF
DYDLODEOH WR GLVFXVV� 7KH IOLJKW UHDFKHG D PD[LPXP RI ��PSK DQG D PLQLPXP RI ��PSK� )URP V\VWHP
WLPH RI �� VHFRQGV WR ��� VHFRQGV� WKH IOLJKW DYHUDJHG D VSHHG RI ��PSK�

Caption



���� )OLJKW 'DWD �

7KLV JUDSK VKRZV WKH WRWDO ORVW PLOOLDPS�KRXUV�P$+� YV� WLPH VLQFH EDWWHU\ FRQQHFWLRQ� 7KLV LV SULPDULO\
XVHIXO ZKHQ IXUWKHU SURFHVVLQJ LV FRPSOHWHG� $OWKRXJK� WKH EDWWHU\ GLG HQG ZLWK ���� P$+ GHSOHWHG
IURP WKH ���� P$+ UDWHG EDWWHU\�

7KLV LV D JUDSK RI PLOOLDPS�KRXUV SHU VHFRQG�P$+�V� EDWWHU\ FRQQHFWLRQ� 7KLV ZDV DFFRPSOLVKHG E\
XVLQJ WKH EDFNZDUG GLIIHUHQFH DSSUR[LPDWLRQ IRU WKH LQVWDQWDQHRXV GHULYDWLYH� )RU WKLV IOLJKW� WKH PHD�

caption

Captren

edequtron for ref



���� 5DWLRQDO �

VXUHG GLVFKDUJH UDWH ZDV DYHUDJHG DW �� P$+�V GXULQJ WKH WLPH LQWHUYDO RI ��� WR ��� VHFRQGV� 'XULQJ
WDNHRII� WKH PD[LPDO UDWH ZDV REVHUYHG DW �� P$+�V�

���� 5DWLRQDO
)RU PDQ\ RI WKH DYHUDJHV� ODUJH VHFWLRQV RI WKH IOLJKW ZHUH ZLWKKHOG IURP EHLQJ SURFHVVHG� WKLV LV GXH
WR WKH QDWXUH RI WKLV IOLJKW� 7KLV DLUFUDIW ZDV KDQG IORZQ E\ D SLORW ZKR KDV YHU\ OLWWOH H[SHULHQFH ZLWK WKLV
SDUWLFXODU DLUFUDIW� 'XH WR WKLV KDQG IO\LQJ DQG RWKHU FRPSRXQGLQJ UHDO�ZRUOG WHVW FRQGLWLRQV� WKH GDWD
LV QRW VWDEOH� $Q\ RI WKH ZLQGRZV XVHG IRU FDOFXODWLRQV ZHUH FKRVHQ WR PLQLPL]H WKH HIIHFWV RI WKHVH
LQFRQVLVWHQFLHV DQG UHPRYH DQ\ HIIHFWV IURP WDNHRII RU ODQGLQJ� 2I SDUWLFXODU QRWH ZRXOG EH WZR HYHQWV�
RQH RFFXUULQJ DURXQG WKH ����VHFRQG PDUN DQG WKH RWKHU RFFXUULQJ DURXQG WKH ����VHFRQG PDUN� 7KH
ILUVW ZDV ZKHQ WKH SLORW ORVW VLJKW RI WKH DLUFUDIW DV LW IOHZ LQ IURQW RI WKH VXQ� 7KLV HYHQW FDQ EH VHHQ
LQ WKH DOWLWXGH� GLVFKDUJH UDWH� DQG YHORFLW\ SORWV� )RU WKDW UHDVRQ� DQ\ DYHUDJLQJ ZDV GRQH RQFH WKH
VWHDG\�OHYHO IOLJKW ZDV UHDWWDLQHG� 7KH VHFRQG HYHQW ZDV ZKHQ WKH WKURWWOH VDIHW\ FXWRII ZDV WHPSRUDOO\
WXUQHG RQ� 7KLV HYHQW ZDV VKRUW HQRXJK WR RQO\ EH VHHQ LQ WKH GLVFKDUJH UDWH JUDSK�



�
5HVXOWV

7KH SULPDU\ JRDO RI WKLV IOLJKW ZDV WR YDOLGDWH WKH $/��� DV D WHVW SODWIRUP LQ DGGLWLRQ WR JDWKHULQJ
EDVHOLQH GDWD� ,Q WKLV UHJDUG� WKH IOLJKW ZDV D VXFFHVV� 7KHUH ZHUH D IHZ WKLQJV OHDUQHG IURP WKLV IOLJKW
DQG D IHZ EHQHILWV UHVRXUFHV FUHDWHG�

���� 1RWHZRUWK\ 'DWD
7LPH RI )OLJKW� � PLQXWHV �� VHFRQGV
$YHUDJH )OLJKW $OWLWXGH� ���IW
0D[LPDO )OLJKW $OWLWXGH� ���IW
$YHUDJH *URXQG 6SHHG� ��PSK
$YHUDJH %DWWHU\ 'LVFKDUJH 5DWH� �� P$+�V
3HUFHQWDJH 5HPDLQLQJ LQ %DWWHU\� ���

���� %HQHILFLDO 5HVXOWV
� )OLJKW WLPH YDOLGDWHG DW D PD[LPXP RI � PLQXWHV�
� $YHUDJH EDWWHU\ GUDLQ RI �� P$+�V GXULQJ VWHDG\ OHYHO IOLJKW ZDV REVHUYHG� 7KLV YDOXH ZLOO EH
IRXQGDWLRQDO WR DQ\ IXWXUH GDWD DQDO\VLV UHJDUGLQJ WKLV DLUFUDIW�

� $/��� ZLWK 3L[KDZN PDLQ HOHFWURQLF V\VWHP LV IOLJKW WHVWHG DQG YDOLGDWHG�
� $ SURFHGXUH IRU WUDQVODWLQJ 8/RJ ILOHV IURP WKH 3L[KDZN WR 0DWODE IRU JUDSKLQJ DQG GDWD SURFHVV�
LQJ ZDV FUHDWHG�

���� ,PSURYDEOH ,VVXHV
� 3LORW FRPSODLQHG RI D VWURQJ UROO OHIW HIIHFW ZKLOH IO\LQJ� &DXVH VXVSHFWHG WR EH D ZDUSHG ULJKW
ZLQJ�

� /DQGLQJ ZDV URXJK HQRXJK WR FDXVH VRPH GDPDJH WR WKH DLUFUDIW� 3URFHGXUH LV WR QRZ RQO\ ODQG
DW PD[LPDO IODSV�

� 3LWRW WXEH ZDV VHQG EDFN LQWR WKH DLUFUDIW GXULQJ WDNHRII� &DXVHG E\ SRRU PRXQWLQJ RI WKH SUREH�
1HZ �G SULQWHG EUDFNHW LV QRZ DIIL[HG WR WKH DLUFUDIW�

� )OLJKW WLPH LV VLJQLILFDQWO\ ORZHU WKDQ PDQXIDFWXUHU¶V OLVWHG IOLJKW WLPH RI WHQ PLQXWHV� &DXVH VXV�
SHFWHG WR EH WKH EDWWHU\¶V SRRU LQWHUQDO UHVLVWDQFH�

�

Put into
table



�
&RQFOXVLRQ

7KH SULPDU\ JRDO RI WKLV IOLJKW ZDV WR YDOLGDWH WKH $/��� DV D WHVW SODWIRUP DQG JDWKHU EDVHOLQH GDWD� ,Q
WKLV UHJDUG� WKH IOLJKW ZDV D VXFFHVV� )URP WKLV WHVW� WKH SURMHFW JURXS OHDUQHG D ORW DERXW WKH DLUFUDIW¶V
IOLJKW FKDUDFWHULVWLFV RQ WRS RI WKH EDWWHU\ GDWD� 7KH LVVXH WKDW WKH JURXS H[SHFWHG WR KDYH ZDV WKH
GHFUHDVHG IOLJKW WLPH GXH WR SUREOHPDWLF EDWWHULHV� 7KH SURMHFW IL[HG WKLV LVVXH E\ EX\LQJ QHZ EDWWHULHV
RI WKH VDPH VSHFLILFDWLRQV� :KLOH PRVW DVSHFWV RI WKH IOLJKW ZHQW DFFRUGLQJ WR SODQ� D IHZ XQH[SHFWHG
LVVXHV DUH FXUUHQWO\ EHLQJ IL[HG� 7KH JURXS ZDV XQDZDUH RI WKH ZDUSHG ZLQJ LVVXH XQWLO WKH GURQH SLORW
SRLQWHG LW RXW� 6LQFH LW ZRXOG EH GLIILFXOW WR ZDUS WKH ZLQJ EDFN LQWR SRVLWLRQ XVLQJ WUDGLWLRQDO PHWKRGV�
WKH SURMHFW LV EX\LQJ WZR QHZ ZLQJV WR UHSODFH WKH FXUUHQW ZLQJV� 6RPHWKLQJ WKDW ZDV QRW QRWLFHG XQWLO
WKH HQG RI WKH IOLJKW ZDV WKDW WKH SLWRW WXEH ZHQW LQVLGH WKH DLUFUDIW GXH WR SRRU PRXQWLQJ VWDQGDUGV� $
EUDFH PRXQW ZDV GHVLJQHG� DQG �' SULQWHG IRU WKH SLWRW WXEH WR UHPHG\ WKLV LVVXH� 7KLV ZLOO SUHYHQW LW
IURP JRLQJ LQVLGH WKH DLUFUDIW LQ IXWXUH WHVW IOLJKWV� /DVWO\� WKH DLUFUDIW ZDV GDPDJHG XSRQ ODQGLQJ GXH
WR WKH ORZ IODSV VHWWLQJV XVHG ZKHQ ODQGLQJ� 7KH DLUFUDIW ZDV UHSDLUHG D IHZ GD\V DIWHU WKH IOLJKW WHVW�
7KH SURMHFW SODQV WR XVH WKH QHZHU EDWWHULHV DQG WKH SLWRW WXEH PRXQW IRU IXWXUH IOLJKWV� 7KLV VKRXOG
LQFUHDVH IOLJKW WLPH WR DERXW �� PLQXWHV DQG NHHS WKH SLWRW WXEH LQ SODFH WR FROOHFW IXUWKHU GDWD� 'HVSLWH
WKHVH LVVXHV� WKH IOLJKW DFKLHYHG LWV JRDO RI WHVWLQJ WKH YROWDJH�EDVHG HVWLPDWLRQ V\VWHP� ZKLFK PDGH
WKLV IOLJKW WHVW VXFFHVVIXO�
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