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ABSTRACT 

$FWLYH�UHPRYDO�RI�ODUJH�VSDFH�GHEULV�KDV�EHHQ�LGHQWLILHG�

DV� D� NH\� DFWLYLW\� WR� FRQWURO� WKH� JURZWK� LQ� WKH� GHEULV�

SRSXODWLRQ� DQG� WR� OLPLW� WKH� ULVN� WR� DFWLYH� VDWHOOLWHV��

$VWULXP� LV� GHYHORSLQJ� WHFKQRORJLHV� WR� HQDEOH� VXFK� D�

PLVVLRQ��LQFOXGLQJ�D�KDUSRRQ�FDSWXUH�V\VWHP��

7KH�KDUSRRQ� LV�VLPSOH��FRPSDFW�DQG� OLJKWZHLJKW��6LQFH�

WKH� FDSWXUH� LV� IDVW� �W\SLFDOO\� ����V�� LW�LV � UHODWLYHO\�

LQVHQVLWLYH�WR�WKH�G\QDPLF�VWDWH�RI�WKH�WDUJHW�DQG�RUELWDO�

G\QDPLFV��VLPSOLI\LQJ�WKH�PLVVLRQ�GHVLJQ��

7KH� KDUSRRQ� V\VWHP� LV� GHVLJQHG� WR� DWWDFK� WR� WKH� WDUJHW�

ZKLOVW�DOVR�PLQLPLVLQJ�GDPDJH��7KH�KDUSRRQ�FRQVLVWV�RI�

D� VHW� RI� EDUEV� WR� UREXVWO\� KROG� WKH� WDUJHW�� D��FUXVKDEOH�

VHFWLRQ� WR�DEVRUE�H[FHVV� LPSDFW�HQHUJ\��DQG�D� WHWKHU� WR�

FRQQHFW�WR�WKH�FKDVHU�YHKLFOH��7KH�EDVHOLQH�ILULQJ�V\VWHP�

XVHV� FRPSUHVVHG� JDV�� DOWKRXJK� D� VLPSOHU� RQH�VKRW�

V\VWHP�KDV�DOVR�EHHQ�GHVLJQHG��

7R� XQGHUVWDQG� KRZ� D� KDUSRRQ� FRXOG� EH� DSSOLFDEOH� WR�

DFWLYH�GHEULV� UHPRYDO�DQ�RQ�JURXQG�SURWRW\SH�DQG� WHVW�

ULJ� KDV� EHHQ� GHYHORSHG� IRU� WULDOV� ZLWK� UHDO� VWUXFWXUDO�

HOHPHQWV� RI� VDWHOOLWHV� DQG� URFNHW� ERGLHV�� 7HVWLQJ� KDV�

GHPRQVWUDWHG� WKH� IHDVLELOLW\� RI� WKH� FRQFHSW� DQG� WKLV�

SDSHU�GHVFULEHV� WKH� UHVXOWV�DV�ZHOO� DV� WKH�QH[W� VWHSV��$�

QXPEHU� RI� GHVLJQ� YDULDQWV� DUH� DOVR� SURSRVHG� ZKLFK�

FRXOG�VLPSOLI\�WKH�V\VWHP�GHVLJQ�RI�DQ�$'5�PLVVLRQ��

1 INTRODUCTION 

$URXQG� ����� WRQV� RI� VSDFH� GHEULV� DUH� HVWLPDWHG� WR� EH�

RUELWLQJ� WKH� (DUWK� >�@�� LQFOXGLQJ� GHDG� VDWHOOLWHV�� URFNHW�

XSSHU� VWDJHV� DQG� ORVW� HTXLSPHQW�� 7KH\� UHSUHVHQW� D�

KD]DUG� WR�DQ\�RSHUDWLRQDO� VSDFHFUDIW�� DV�FROOLVLRQV�ZLWK�

GHEULV�FDQ�VHULRXVO\�LPSDLU�WKHLU�SHUIRUPDQFH�RU�� LQ�WKH�

H[WUHPH�� UHQGHU� WKHP� LQRSHUDWLYH�� (DFK� FROOLVLRQ� DOVR�

FUHDWHV�PRUH�GHEULV��LQFUHDVLQJ�WKH�SUREDELOLW\�RI�IXUWKHU�

FROOLVLRQV�>���@��7R�SHUPLW�UHOLDEOH�DFFHVV�WR�VSDFH�LQ�WKH�

IXWXUH���PHDVXUHV�FDQ�EH�HQYLVDJHG��

�� 5HGXFH� YXOQHUDELOLW\� WR� VPDOO� GHEULV�� L�H�� WKH�

PLOOLRQV�RI�XQWUDFNHG����FP��LWHPV�

�� $YRLG�JHQHUDWLQJ�QHZ�GHEULV�LQ�IXWXUH�PLVVLRQV�

�� 3UHYHQW�IXWXUH�FROOLVLRQV�E\�FROOLVLRQ�DYRLGDQFH�

PDQRHXYUHV�DQG�UHPRYLQJ�H[LVWLQJ�GHEULV�

(YHQ� LPSOHPHQWLQJ� ���� VXFFHVVIXO� SRVW�PLVVLRQ�

GLVSRVDO��30'��WKH�QXPEHU�RI�REMHFWV�ZLOO�VWLOO�LQFUHDVH�

>�@� DQG� WKHUHIRUH� LW� FRXOG�EH�QHFHVVDU\� WR� HQYLVDJH� WKH�

UHPRYDO� RI� H[LVWLQJ� REMHFWV�� DV� ZHOO� DV� GHYHORS� WKH�

FDSDELOLW\� WR� UHPRYH� IXWXUH� REMHFWV� ZKLFK� IDLO� WR�

SHUIRUP�D�VXFFHVVIXO�30'��

1$6$� DQG� (6$� VWXGLHV� >���@� KDYH� GHPRQVWUDWHG� WKDW�

UHPRYLQJ� WKH� ODUJH� GHEULV� REMHFWV� ZKLFK� DFW� DV�

µUHVHUYRLUV¶� KDV� WKH� ELJJHVW� HIIHFW� RQ� WKH� GHEULV�

SRSXODWLRQ�� 7\SLFDOO\� WKHVH� DUH� HLWKHU� VDWHOOLWHV� ZKLFK�

KDYH� IDLOHG� RU� HQGHG� WKHLU� PLVVLRQV�� RU� XSSHU� VWDJHV�

IURP�SDVW� ODXQFKHV��+RZHYHU� HDFK� WDUJHW� LV� LQGLYLGXDO��

ZLWK� D� ZLGH� UDQJH� RI� VKDSHV�� VL]HV� DQG� FRQILJXUDWLRQV��

7KHUHIRUH� LW� LV� QHFHVVDU\� WR� FRQVLGHU� D� YDULHW\� RI�

GLIIHUHQW� VROXWLRQV�� 7R� VXSSRUW� WKLV� ZRUN� $VWULXP� KDV�

EHHQ� GHYHORSLQJ� D� QXPEHU� RI� FRPSOHPHQWDU\�

WHFKQRORJLHV�ZKLFK�FRXOG�EH�XVHIXO�LQ�WKLV�HQGHDYRXU��

x 5RERWLF�DUP�FDSWXUH�DV�SDUW�RI�WKH�'/5�IXQGHG�

'(26�SURMHFW��EXLOGLQJ�RQ�(XURSH¶V�H[WHQVLYH�

H[SHUWLVH�LQ�WKLV�DUHD�>�@��

x $� QHW� FDSWXUH� V\VWHP� ZKLFK� KDV� EHHQ�

H[WHQVLYHO\�GHPRQVWUDWHG�LQ�]HUR�J�>�@�

x $� KDUSRRQ� V\VWHP� >�@�� GHVFULEHG� KHUH�� ZKLFK�

KDV�EHHQ�H[WHQVLYHO\�WHVWHG�RQ�WKH�JURXQG�

x 1DYLJDWLRQ� VHQVRUV� DQG� DOJRULWKPV� QHHGHG� WR�

UHOLDEO\�DQG�VDIHO\�LQWHUDFW�ZLWK�GHEULV�>�@�

7KH�KDUSRRQ�LV�EHLQJ�VWXGLHG�GXH�WR�WKHVH�NH\�IHDWXUHV��

x /RZ�PDVV�DQG�VL]H�OHDGLQJ�WR�WKH�SRVVLELOLW\�RI�

PDQ\�KDUSRRQV�RQ�D�VLQJOH�KRVW�VSDFHFUDIW�

x 5HODWLYH� VLPSOLFLW\� OHDGLQJ� WR� KLJK� UHOLDELOLW\��

ORZ�GHYHORSPHQW�ULVN�DQG�ORZ�FRVW�

x +LJK� ILULQJ� VSHHG� PHDQV� WKDW� LW�LV � FRPSDWLEOH�

ZLWK�REMHFWV�VSLQQLQJ�DW�IDVW�UDWHV�

x &RPSDWLEOH�ZLWK�VDWHOOLWHV�DQG�URFNHW�ERGLHV�

x (DV\� WR� WHVW� RQ� WKH� JURXQG� ZLWK� KLJKO\�

UHSUHVHQWDWLYH�WDUJHWV�

2 TYPICAL TARGET PROPERTIES 

7KH� ZLGH� YDULDELOLW\� LQ� WKH� W\SHV� RI� REMHFWV� PDNHV� LW�

GLIILFXOW� WR�GHILQH�D� µW\SLFDO¶� WDUJHW�DQG� WKHUHIRUH�D�NH\�

JRDO� RI� WKH� GHYHORSPHQW� LV� WR� GHVLJQ� D� VROXWLRQ�ZKLFK�

FDQ� EH� XVHG� RQ�PDQ\� GLIIHUHQW� W\SHV� RI� REMHFW�ZLWKRXW�

PRGLILFDWLRQ�� 7KLV� VLJQLILFDQWO\� UHGXFHV� FRVW� DQG� ULVN��

ZKLOVW� DOVR� HQDEOLQJ� PLVVLRQ� OHYHO� IOH[LELOLW\� LQ� WDUJHW�

VHOHFWLRQ��H�J��WKH�WDUJHW�FDQ�EH�VHOHFWHG�DIWHU�ODXQFK��

,W� KDV� EHHQ� VKRZQ� >�@� WKDW� WKH� PRVW� XVHIXO� WDUJHWV� IRU�

UHPRYDO� KDYH� KLJK� PDVV� DQG� FROOLVLRQ� SUREDELOLWLHV�

�03&���%HORZ������NP�DOWLWXGH�WKHVH�LQFOXGH�>�@��
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x 6/���5�%V��9RVWRN�VHFRQG�VWDJHV������P�GLD��[�

����P�OHQJWK�������NJ�GU\�PDVV��

x 6/���5�%V� �.RVPRV��0�VHFRQG� VWDJHV�� ����P�

GLD��[���P�OHQJWK�������NJ�GU\�PDVV��

x 6/����5�%V��=HQLW�VHFRQG�VWDJHV����P�GLD��[����

P�OHQJWK�������NJ�GU\�PDVV��

x $ULDQH���5�%V�������NJ�GU\�PDVV��

x &=�VHULHV�5�%V������±�����NJ�GU\�PDVV��

x +���5�%V�������NJ�GU\�PDVV��

x YDULRXV� 0HWHRU�VHULHV� DQG� &RVPRV� VSDFHFUDIW�

�PDVVHV�IURP������WR������NJ��

x VDWHOOLWHV� VXFK� DV� (QYLVDW� ������ NJ�� DQG� RWKHU�

HDUWK�REVHUYDWLRQ�VDWHOOLWHV�

2EYLRXVO\� LW��LV� QRW� SRVVLEOH� WR� LGHQWLI\� DQ\� SDUWLFXODU�

REMHFWV�ZKLFK�PLJKW�EH�GH�RUELWHG�ILUVW��EXW�VRPH�LQLWLDO�

FRQFOXVLRQV� FDQ� EH� GUDZQ� LQ� WHUPV� RI� WDUJHW�

FRQILJXUDWLRQ��PDVV��DQG�SRWHQWLDO�IRU�KDUSRRQ�FDSWXUH��

Satellites:  

x $SSHQGDJHV� VXFK� DV� WKH� VRODU� DUUD\� FDQ� EH�

WDUJHWHG�� 7\SLFDO� VRODU� DUUD\V� DUH� FRQVWUXFWHG�

IURP� &)53� VNLQV� DQG� DOXPLQLXP� KRQH\FRPE�

FRUHV��+RZHYHU�WKH\�DUH�QRW�QRUPDOO\�GHVLJQHG�

WR� WDNH� ORDGV� DQG� ZRXOG� EUHDN� DSDUW� XQGHU�

W\SLFDO�VDWHOOLWH�ORDGV�!��1��

x :DOOV� FDQ� EH� WDUJHWHG�� $FFHVV� SDQHOV� KDYH�

QRWKLQJ� PRXQWHG� RQ� WKHP�� ZKHUHDV� RWKHU�

SDQHOV� PD\� KDYH� HOHFWURQLFV� ER[HV�� SLSHZRUN�

DQG� KDUQHVVHV�� 7\SLFDO� ZDOOV� DUH� FRQVWUXFWHG�

IURP� DOXPLQLXP� VNLQV� DQG� DOXPLQLXP�

KRQH\FRPE� FRUHV�� XS� WR� ��PP�� 7KH\� DUH�

QRUPDOO\�FRYHUHG�ZLWK�0/,��

Rocket bodies / upper stages: 

x 7KH� PDLQ� HQJLQH� QR]]OH�V�� FDQ� EH� WDUJHWHG��

+RZHYHU�WKLV�LV�QRW�FRQVLGHUHG�IXUWKHU�EHFDXVH�

WKH�PHFKDQLFDO�VWDWH�DIWHU�ILULQJ�LV�JHQHUDOO\�QRW�

NQRZQ�DQG�LV�QRW�D�UHOLDEOH�ORDGLQJ�SRLQW��

x 7KH� SD\ORDG� DGDSWHU� FDQ� EH� WDUJHWHG�� 7KLV� LV�

W\SLFDOO\�D�PHWDOOLF�RU�&)53�FRQH��

x 7KH� LQWHU�VWDJHV� RU� PDLQ� WDQN� VKHOO� FDQ� EH�

WDUJHWHG� �LI�GHSUHVVXUL]HG� WR� D� VXIILFLHQWO\� ORZ�

OHYHO� WR� DYRLG� H[SORVLRQ��� 7\SLFDOO\� WKHVH� DUH�

�����PP� VROLG� ���������� VHULHV� DOXPLQLXP�

�SRVVLEO\� ZLWK� ORFDO� UHLQIRUFHPHQWV� RU�

VWULQJHUV���7KH�OHYHO�RI�SUHVVXUL]DWLRQ�ZKLFK�LV�

µVDIH¶� LV�QRW�NQRZQ�EXW� LQ� IDFW�FRXOG�EH�UDWKHU�

KLJK��L�H��D�VLJQLILFDQW�IUDFWLRQ�RI�WKH�RSHUDWLQJ�

SUHVVXUH�� EHFDXVH� RI� WKH� OHDN� EHIRUH� EXUVW�

FULWHULRQ�ZKLFK� LV� QRUPDOO\� DSSOLHG� WR� GHVLJQ��

+RZHYHU�LW�VKRXOG�DOVR�EH�VWDWHG�WKDW�QHDUO\�DOO�

GLVFDUGHG� URFNHW� ERGLHV� DUH� HLWKHU� SDVVLYDWHG��

VR�ROG�WKDW�WKH\�VKRXOG�KDYH�OHDNHG�E\�QRZ��RU�

GHSOHWHG� ZLWK� ORZ� UHVLGXDO� SUHVVXUH�� ,�H�� WKH�

PDMRULW\�RI�URFNHW�ERGLHV�VKRXOG�EH�SRVVLEOH�WR�

WDUJHW� ZLWK� D� KDUSRRQ�� 7KH� H[FHSWLRQ� LV�

UHFHQWO\�IDLOHG�URFNHWV�ZKLFK�KDYH�QRW�UHDFKHG�

WKH�GHVLUHG�RUELW�DQG�DUH�IXOO\�IXHOOHG��

0DVVHV�IRU�DOO�REMHFWV�DUH�XS�WR���WRQV��&RQVLGHULQJ�WKH�

G\QDPLF� SURSHUWLHV�� VRPH� FRQFOXVLRQV� FDQ� EH� GUDZQ�

IURP� SDVW� REVHUYDWLRQV� XVLQJ� IODVK� PHDVXUHPHQWV� DQG�

UDGDU�REVHUYDWLRQV�>���@��

x 5RFNHW�ERGLHV�GHFD\�RYHU�DERXW�����GD\V� WR�D�

IHZ� GHJUHHV�VHF� DERXW� D�S ULPDU\� D[LV�� $V� D�

VWDUWLQJ�SRLQW����V�FRXOG�EH�WDNHQ�DV�W\SLFDO��

x 6DWHOOLWHV�FDQ�H[KLELW�IDVWHU�VSLQ�UDWHV��W\SLFDOO\�

WHQV� RI� ��V��$V� D� VWDUWLQJ� SRLQW� ����V� FRXOG� EH�

WDNHQ� DV� W\SLFDO�� HQYHORSLQJ� PRVW� WDUJHWV��

'HFD\� LV� DOVR� VHHQ�� DOWKRXJK� DW� D� VORZHU� UDWH�

WKDQ�IRU�URFNHW�ERGLHV��

7KH� UHVXOWV� RI� WKH� WDUJHW� FKDUDFWHUL]DWLRQ� DUH� VKRZQ�

EHORZ�DQG�KDYH�EHHQ�XVHG�WR�LQLWLDWH�WKH�KDUSRRQ�GHVLJQ��

7DEOH����7DUJHW�SURSHUW\�HQYHORSHV�

6DWHOOLWHV� %R[�ZLWK�DSSHQGDJHV�

$O�$O�KRQH\FRPE�XS�WR���PP�

,QWHUQDO� HTXLSPHQW� RU� KRQH\FRPE��

SRVVLELOLW\�IRU�EODQN�DFFHVV�SDQHOV�

5RFNHW�ERGLHV� &\OLQGHU� ZLWK� GLDPHWHU� �����P� GLD�� RU�

SD\ORDG�DGDSWHU�

6ROLG�����������VHULHV�DOXPLQLXP�SODWH�

,QWHUQDO�VWULQJHUV�DQG�UHLQIRUFHPHQWV�

3RWHQWLDOO\�VRPH�UHVLGXDO�SUHVVXUL]DWLRQ�

6SLQ�UDWH� 8S� WR� ����VHF� LQ� D� SULQFLSDO� D[LV�� SRVVLEO\�

VORZ�URWDWLRQ�DERXW�RWKHUV�

0DVV� � �����NJ�

3 HARPOON SYSTEM DESIGN 

7KH� PLVVLRQ� FRQFHSW� VWDUWV� ZLWK� D� FKDVHU� VSDFHFUDIW�

ZKLFK�UHQGH]YRXV�ZLWK� WKH� WDUJHW�XVLQJ�DQ�DXWRQRPRXV�

JXLGDQFH� DQG� QDYLJDWLRQ� V\VWHP�� $IWHU� D�

FKDUDFWHUL]DWLRQ� SKDVH� WKH� FKDVHU� PRYHV� WR� D� FORVH�

GLVWDQFH� �QRPLQDOO\� ��P�� DQG� ILUHV� WKH� KDUSRRQ� LQWR� D�

SUHVHOHFWHG� DUHD�RI� WKH� WDUJHW¶V� VXUIDFH�� ,Q� WKH�EDVHOLQH�

FRQFHSW� WKH� KDUSRRQ� LV� DWWDFKHG� WR� WKH� FKDVHU� ZLWK� D�

WHWKHU� ZKLFK� DOORZV� WKH� FKDVHU� WR� DSSO\� IRUFHV� DQG�

WRUTXHV� WR� WKH� WDUJHW� VR� WKDW� LW��FDQ� EH� GH�WXPEOHG� �LI�

QHFHVVDU\��DQG�GH�RUELWHG� �HLWKHU�E\� WKH�FKDVHU�RU�E\�D�

VHFRQGDU\� µGHRUELW� SDFN¶��� 7KH� GH�RUELW� FDQ� HLWKHU� EH�

µKLJK� WKUXVW¶� �FRXOG� EH� DV� KLJK� DV� � ����1��� XVLQJ� D�

FKHPLFDO� SURSXOVLRQ� V\VWHP� RU� µORZ� WKUXVW¶� XVLQJ�

HOHFWULF� SURSXOVLRQ� RU� SDVVLYH� PHWKRGV�� H�J�� GUDJ�

DXJPHQWDWLRQ��

7KH� KDUSRRQ� V\VWHP� FRQVLVWV� RI� WKH� KDUSRRQ� LWVHOI�� D�

ILULQJ�V\VWHP��DQG�D�WHWKHU��7KH�KDUSRRQ�FRQVLVWV�RI��

x D�EDUEHG�WLS�WR�SUHYHQW�SXOO�RXW�DIWHU�LPSDFW�

x D�FUXVKDEOH��FRQWUROOLQJ�SHQHWUDWLRQ�GHSWK��

x D�VKDIW�WR�LQWHUIDFH�ZLWK�WKH�ILULQJ�V\VWHP�





4 TEST CAMPAIGN 

7KH�SXUSRVH�RI�WKH�KDUGZDUH�GHYHORSPHQW�LV�WR�UDLVH�WKH�

KDUSRRQ� 75/� WR� ��� ODERUDWRU\� WHVWLQJ�� DV� ZHOO� DV� WR�

XQGHUVWDQG� WKH� GHVLJQ� VHQVLWLYLW\� WR� GLIIHUHQW�PRGHV� RI�

RSHUDWLRQ��7KUHH�W\SHV�RI�WHVWLQJ�KDYH�EHHQ�SODQQHG��

Qualitative understanding : WKHVH� WHVWV� KDYH� EHHQ�
FDUULHG� RXW� XVLQJ� D��FRPPHUFLDO� VSHDU� JXQ� DQG� VHPL�

UHSUHVHQWDWLYH� KDUSRRQ� DJDLQVW� DOXPLQLXP�DOXPLQLXP�

KRQH\FRPE�VDQGZLFK�SDQHOV��7KH�JRDO�LV� WR�XQGHUVWDQG�

WKH� EHKDYLRXU� RI� WKH� LPSDFW� DQG� WKH� W\SH� RI� GDPDJH�

ZKLFK�LV�FUHDWHG��

Quantitative characterization : WKHVH� WHVWV� KDYH� EHHQ�
FDUULHG� RXW� ZLWK� D����FRPSUHVVHG� JDV� JXQ� DQG�

UHSUHVHQWDWLYH� KDUSRRQ�� 7KH� JRDO� LV� WR� SURYH� WKH�

IHDVLELOLW\� RQ� UHSUHVHQWDWLYH� WDUJHWV� DQG� XQGHUVWDQG� WKH�

SHUIRUPDQFH�VHQVLWLYLW\�WR�GHVLJQ�SDUDPHWHUV��3DUWLFXODU�

DVSHFWV�ZKLFK�KDYH�EHHQ�LQYHVWLJDWHG�DUH��

x 5HTXLUHG�SHQHWUDWLRQ�IRUFH�HQHUJ\�RI�SDQHOV�

x 3HUIRUPDQFH�RI�ILULQJ�V\VWHP�

x (IIHFWLYHQHVV� RQ� GLIIHUHQW� WDUJHWV� �SDUWLFXODUO\�

PDWHULDOV�DQG�FRQVWUXFWLRQ��

x (IIHFW�RI�LPSDFW�DQJOH��

x *HQHUDWLRQ�RI�GHEULV�

x (IIHFW�RI�WDUJHW�VDWHOOLWH�LQWHUQDO�HTXLSPHQW�DQG�

KHDW�SLSHV�RQ�SHQHWUDWLRQ�

x 7DUJHWLQJ�DFFXUDF\�DQG�UDQJH�

x 6WDELOLW\�RYHU�VKRUW�IOLJKW�UDQJH�

x (IIHFW�RI�WHWKHU�RQ�IOLJKW�

7KHVH�WHVWV�DOVR�VXSSRUW�WKH�GHYHORSPHQW�DQG�FRUUHODWLRQ�

RI� SHUIRUPDQFH� PRGHOOLQJ� ZKLFK� ZLOO� EH� XVHG� WR�

LPSURYH�WKH�GHVLJQ�DQG�UHGXFH�IXWXUH�ULVNV��

7R�VLPSOLI\�WKH�WHVWLQJ�LW�KDV�EHHQ�FDUULHG�RXW�LQ�DLU�DQG�

LQ� D� KRUL]RQWDO� FRQILJXUDWLRQ� ZKLFK� LPSOLHV� WKDW� WKH�

KDUSRRQ� IOLJKW� ZLOO� EH� DIIHFWHG� E\� ERWK� DHURG\QDPLF�

IRUFHV�DQG�JUDYLW\��7KHUHIRUH�DGGLWLRQDO�WHVWLQJ�KDV�EHHQ�

FDUULHG�RXW� WR�FKDUDFWHUL]H� WKHVH�HIIHFWV�DQG�HQVXUH� WKDW�

WKH�UHVXOWV�FDQ�EH�DSSOLHG�WR�WKH�LQ�RUELW�FRQILJXUDWLRQ��

�

)LJXUH�����P�KRUL]RQWDO�WHVW�FKDPEHU�

�

)LJXUH����&RPSUHVVHG�JDV�JXQ�

Full scale tests : WKH�DERYH� WHVWV�KDYH�EHHQ�FDUULHG�RXW�
RQ� D� VPDOO� IOLJKW� GLVWDQFH� RI� �P� VLQFH� WKH\� FHQWUH�

SULPDULO\�RQ�ODXQFK�DQG�LPSDFW�RI�WKH�KDUSRRQ��7KH�IXOO�

VFDOH� WHVWV� KDYH� EHHQ� GHVLJQHG� WR� LQYHVWLJDWH� WKH� IOLJKW�

SKDVH� PRUH� DFFXUDWHO\� RYHU� D����UDQJH� RI� ���P�

�FRUUHVSRQGLQJ�WR�WKH�HQYLVDJHG�ILULQJ�GLVWDQFH�LQ�RUELW���

DV� ZHOO� DV� GHYHORS� IXWXUH� YHULILFDWLRQ� PHWKRGV� ZKLFK�

ZRXOG� EH� XVHG� RQ� D� IOLJKW� PLVVLRQ� �LQFOXGLQJ�

LQVWUXPHQWDWLRQ� DQG�� LPSRUWDQWO\�� GHYHORS� DQG� YDOLGDWH�

VDIHW\� SURWRFROV��� )XUWKHUPRUH� WKH� WHVWV� KDYH� EHHQ�

FDUULHG� RXW� XVLQJ� ODUJH� WDUJHWV� ZKLFK� DUH� PRUH�

VWUXFWXUDOO\� UHSUHVHQWDWLYH�RI� WKH� W\SHV�RI� REMHFW�ZKLFK�

ZLOO�EH�HQFRXQWHUHG�LQ�D�PLVVLRQ��7KH�ILUVW�FODVV�RI�WDUJHW�

LV� D� ODUJH� DOXPLQLXP�DOXPLQLXP� KRQH\FRPE� VDQGZLFK�

SDQHO�VXVSHQGHG�LQ�D�IUHH�IUHH�FRQGLWLRQ�±�L�H��WKH�ZRUVW�

FDVH� IRU� GLVVLSDWLRQ� RI� WKH� KDUSRRQ� HQHUJ\� LQWR� SDQHO�

YLEUDWLRQ�� 7KH� VHFRQG� FODVV� RI� WDUJHW� DUH�

DOXPLQLXP�DOXPLQLXP� KRQH\FRPE� VDQGZLFK� SDQHOV�

PRXQWHG� RQWR� D��URWDWLQJ� WHVW� VWDQG�� 7KHVH� SDQHOV� DUH�

FODPSHG� DW� WKH� HGJHV� DQG� DUH� VWUXFWXUDOO\� PRUH�

UHSUHVHQWDWLYH�RI�D�UHDO�VSLQQLQJ�VDWHOOLWH�WDUJHW��

)RU�HDFK�WHVW�KLJK�VSHHG�YLGHR�IRRWDJH�ZDV�XVHG�DV� WKH�

SULPDU\� PHDVXUHPHQW� WRRO�� DORQJ� ZLWK� PHDVXULQJ� WKH�

IDLOXUH�EHKDYLRXU�RI�WKH�WDUJHWV�DQG�DQ\�GHEULV�JHQHUDWHG�

GXULQJ�WKH�LPSDFW��

5 TEST RESULTS 

5.1 Qualitative understanding 

,QLWLDO� WHVWLQJ�ZDV� SHUIRUPHG�ZLWK� D�I L[HG� ILULQJ� VSHHG�

DQG� DOXPLQLXP�DOXPLQLXP� KRQH\FRPE� SDQHOV�� 7KH�

UHVXOWV�VKRZHG��

x 7KH� KDUSRRQ� FDXVHV� RQO\� ORFDO� GDPDJH� LQ� WKH�

DOXPLQLXP� SDQHOV�� ZKLFK� DUH� QRW� GDPDJHG� LQ�

DQ\�RWKHU�ZD\��6WUXFWXUDO�IDLOXUH�LV�E\�FUXVKLQJ��

SHHOLQJ�DQG�VKHDULQJ�UDWKHU�WKDQ�SOXJJLQJ��

x 7KH� EDUEV� VXFFHVVIXOO\� GHSOR\HG� ZLWKRXW� WKH�

QHHG� IRU� DFWXDWLRQ� IRUFHV�� SDVVLYHO\� RSHQLQJ�





)RU� WKH� &)53� SDQHOV� D��FRQVLGHUDEOH� DPRXQW� RI� GHEULV�

ZDV�JHQHUDWHG�RQ�WKH�UHDU�VLGH�RI�WKH�SDQHO��2Q�WKH�IURQW�

VLGH��VSDFH�VLGH�RI�WKH�VDWHOOLWH��WKH�KRQH\FRPE�WHQGV�WR�

VXSSRUW� WKH� ODPLQDWH� DQG� SUHYHQW� IUDFWXULQJ�� 7KHUHIRUH�

RQO\� VPDOO� �W\SLFDOO\� ���PP�� VLQJOH� OD\HU� VKDUGV� RI�

&)53� DUH� JHQHUDWHG�� ��2Q� WKH� UHDU� VLGH�� KRZHYHU�� WKH�

ODPLQDWH� WHQGV� WR� VHSDUDWH� DZD\� IURP� WKH� KRQH\FRPE�

DQG�IUDFWXUH�DORQJ�WKH�OD\�XS�RI�WKH�&)53��RFFDVLRQDOO\�

JHQHUDWLQJ�ORQJ�������PP��VLQJOH�OD\HU�VKDUGV��

$� VHFRQG� VHW� RI� WHVWV� ZDV� SHUIRUPHG� RQ� &)53� SDQHOV�

FRYHUHG� ZLWK�0/,� RQ� WKH� IURQW� RI� WKH� SDQHO�� ZKLFK� LV�

DFWXDOO\� UHSUHVHQWDWLYH� RI� PRVW� UHDO� &)53� SDQHOV� LQ�

VSDFH��7KH�0/,� SDFN� FRQVLVWV� RI� ��.DSWRQ� RXWHU� OD\HU�

DQG���0\ODU� LQQHU� OD\HUV�ZLWK�'DFURQ�VSDFHUV�EHWZHHQ�

WKHP��7KLV�LV�D�UHDVRQDEO\�W\SLFDOO\�OD\XS�IRU�VSDFHFUDIW�

LQVXODWLRQ� �QRWH�� PDQ\� (6$� PLVVLRQV� ZLOO� KDYH� ���

OD\HUV�RI�0\ODU��KRZHYHU� WKLV�ZLOO�RQO\� LPSURYH�GHEULV�

FDSWXUH�� DQ\� UHVLVWDQFH� WR� WKH� KDUSRRQ� SHQHWUDWLRQ�ZLOO�

EH�PLQLPDO��� 7KH� HGJHV� RI� WKH�&)53� SDQHO� KDYH� EHHQ�

WDSHG�WR�UHSUHVHQW�D�ODUJH�DUHD�RI�0/,�FRYHULQJ�D�SDQHO��

7KH� UHVXOWLQJ� LPSDFWV� VKRZHG� DQ� DOPRVW� WRWDO�

HOLPLQDWLRQ� RI� WKH� GHEULV� JHQHUDWHG� RQ� WKH� IURQW� �VSDFH�

IDFLQJ�� IDFH� RI� WKH� SDQHO�� $� VLPLODU� DPRXQW� RI� GHEULV�

ZDV�VWLOO�JHQHUDWHG�RQ�WKH�IDFH�ZKLFK�ZRXOG�EH�LQWHUQDO�

WR�WKH�WDUJHW��

7KH� VLWXDWLRQ� IRU� WKH� VROLG� DOXPLQLXP� SODWH� ZDV�

FRPSOLFDWHG�GXH�WR�WKH�ORZHU�WKDQ�H[SHFWHG�SHUIRUPDQFH�

RI� WKH� VROHQRLG� YDOYH� ZKLFK� PHDQW� WKDW� WKH� PD[LPXP�

GHVLJQHG� ILULQJ� VSHHG� FRXOG�QRW� EH� UHDFKHG��7KHUH�ZDV�

LQVXIILFLHQW� HQHUJ\� WR� SHQHWUDWH� WKH� SODWHV� LQ� D� VLQJOH�

VKRW� DQG� WKHUHIRUH� PXOWLSOH� VKRWV� ZHUH� XVHG� WR�

GHPRQVWUDWH� IXOO� SHQHWUDWLRQ�� 7KLV� ZDV� DOVR� YHU\�

LQVWUXFWLYH�LQ�GHPRQVWUDWLQJ�WKH�SUHFLVLRQ�RI�WKH�KDUSRRQ�

VLQFH� LW�U HTXLUHG� WR� KLW� D��WDUJHWHG� VSRW� ZLWK� DFFXUDF\�

a�PP�DW��P�VHYHUDO�WLPHV��7KH�UHVXOWV�VKRZHG�WKDW�WKH�

KDUSRRQ� FDQ� SHQHWUDWH� VROLG� DOXPLQLXP� SODWHV��

UHSUHVHQWDWLYH�RI� UHDO� URFNHW�ERGLHV��ZLWKRXW�GDPDJH� WR�

WKH� KDUSRRQ� LWVHOI�� 7KH� GHPRQVWUDWLRQ� DOVR� FOHDUO\�

VKRZHG� WKH� SHHOLQJ� QDWXUH� RI� WKH� IUDFWXUH� DQG� WKH�

DEVHQFH�RI�REVHUYHG�GHEULV�RQ�HLWKHU�VLGH�RI�WKH�LPSDFW��

�

)LJXUH�����3HQHWUDWLRQ�RI�$O�$O�KRQH\FRPE��QRWH�EDUEV�

UHPRYHG�WR�VKRZ�SDQHO�IDLOXUH�PRGH��

�

)LJXUH�����3HQHWUDWLRQ�RI�&)53�$O�KRQH\FRPE�

�

)LJXUH�����3HQHWUDWLRQ�RI��PP�WKLFN�$O������SODWH�

�

)LJXUH� ���� 3HQHWUDWLRQ� RI� &)53�$O� KRQH\FRPE� ZLWK�

0/,�RQ�WKH�RXWHU�IDFH�

�

�



5.3 Full scale tests 

7ZR�W\SHV�RI�IXOO�VFDOH�WHVW�KDYH�EHHQ�FDUULHG�RXW�RYHU�D�

GLVWDQFH� RI� ��P�� 7KH� ILUVW� ZDV� D� VHW� RI� ILULQJV� LQWR� D�

ODUJH�DOXPLQLXP�DOXPLQLXP�KRQH\FRPE�SDQHO��)LJ������

IURP� WKH� 6WHYHQDJH� SURGXFWLRQ� OLQH�� 7KH� SDQHO� ZDV�

VXVSHQGHG�XVLQJ�HODVWLF�FRUG�VR�WKDW�LW�ZDV�HVVHQWLDOO\�LQ�

D�IUHH�IUHH�ERXQGDU\�FRQGLWLRQ��7KLV�WKHUHIRUH�VLPXODWHV�

D�WDUJHW�ZKLFK�LV�YHU\�OLJKWZHLJKW����NJ��DQG�LQ�]HUR�J�±�

L�H�� D�Y HU\� ZRUVH�FDVH� WDUJHW�� RIIHULQJ� RQO\� LQWULQVLF�

SDQHO�VWLIIQHVV�DV�D�UHVLVWDQFH�WR�LPSDFW��)XUWKHUPRUH�WKH�

IUHH�IUHH� FRQGLWLRQ� PHDQV� WKDW� WKH� PD[LPXP� HQHUJ\�

FRXOG� EH� GLVVLSDWHG� RQ� LPSDFW� E\� YLEUDWLRQDO�PRGHV� LQ�

WKH�SDQHO���

7KH�KDUSRRQ�ZDV�ILUHG�RYHU����WLPHV�LQWR�D�VLQJOH�SDQHO��

DV�VKRZQ�LQ�)LJ������2YHUDOO�WKH�WDUJHWLQJ�DFFXUDF\�ZDV�

D�UDGLXV�RI��FP���1���H[FOXGLQJ�D�IHZ�VKRWV�DW�GLIIHUHQW�

SUHVVXUHV�GXULQJ�VHW�XS�DQG�DOVR�WR�LQYHVWLJDWH�WKH�HIIHFW�

RI� SUHVVXUH� RQ� WDUJHWLQJ� KHLJKW�� 7KLV� ZDV� UDWKHU�

LPSUHVVLYH� JLYHQ� WKDW� QR� VSHFLDO� PHDVXUHV� ZHUH� WDNHQ�

LQWR� WKH� GHVLJQ� WR� HQVXUH� JRRG� DFFXUDF\� �H�J�� KLJK�

WROHUDQFHV���DQG�WKH�DFFXUDF\�RI�WKH�IOLJKW�V\VWHP�ZRXOG�

EH� H[SHFWHG� WR� EH� IDU� EHWWHU� WKDQ� WKLV� GHPRQVWUDWLRQ��

,QWHUHVWLQJO\� WKH� SDQHO� VKRZHG� H[FHOOHQW� VWUXFWXUDO�

LQWHJULW\� HYHQ� DIWHU� EHLQJ� VWUXFN� VR�PDQ\� WLPHV�ZKLFK�

OHDGV� WR� KLJK� FRQILGHQFH� WKDW� HYHQ� DIWHU� D��KDUSRRQ�

LPSDFW�� D� GHEULV� REMHFW� ZLOO� VWLOO� UHPDLQ� VWUXFWXUDOO\�

VRXQG� DQG� QRW� EUHDN� DSDUW� GXULQJ� VXEVHTXHQW� GH�

WXPEOLQJ�DQG�GH�RUELW�DFWLYLWLHV��7KH�UHSHDWDELOLW\�RI�WKH�

WDUJHWLQJ� DOVR� JDYH� JRRG� FRQILGHQFH� LQ� WKH� VDIHW\� RI�

ILULQJ� RYHU� WKLV� GLVWDQFH� DV� ZHOO� DV� WKH� DELOLW\� WR� SODFH�

YHU\� H[SHQVLYH� KLJK� VSHHG� FDPHUD� HTXLSPHQW� FORVH� WR�

WKH�LPSDFW�ZLWKRXW�ULVN��

7KH�LPSDFW�RI�WKH�KDUSRRQ�LQWR�D�QRQ�ULJLGO\�VXSSRUWHG�

SDQHO� DV� IRXQG� WR� EH� LGHQWLFDO� LQWR� ULJLGO\� VXSSRUWHG�

SDQHOV��7KLV�JLYHV�FRQILGHQFH�WKDW�WHVWLQJ�FDQ�EH�FDUULHG�

RXW�ZLWK�ULJLG�VDPSOHV�DQG� WKH�UHVXOWV�FDUULHG�RYHU� WR�D�

FDVH�PRUH�UHSUHVHQWDWLYH�RI�]HUR�J��

,Q� DOO� FDVHV� WKH� EHKDYLRXU� RI� WKH� LPSDFWV� DW� ��P� ZDV�

LGHQWLFDO�WR�WKH�VKRUWHU���P��GLVWDQFH�DQG�QR�VLJQLILFDQW�

ORVV�RI�VSHHG��GXH�WR�GUDJ��ZDV�IRXQG�RYHU�WKLV�GLVWDQFH��

7KLV� VKRZV� WKDW� LQ�YDFXXP� WHVWLQJ� LV� QRW� FULWLFDO� IRU�

IXWXUH� LWHUDWLRQV� RI� WKH� GHVLJQ�� 7KH� IOLJKW� SURILOH� ZDV�

VWLOO�DHURG\QDPLFDOO\�VWDEOH�DQG�WKH�RQO\�LVVXH�ZLWK�WKLV�

WHVW�ZDV�JUDYLW\�FDXVLQJ�WKH�IOLJKW�WR�EH�SDUDEROLF��,Q�WKH�

IXWXUH� D�Y HUWLFDO� WHVW� FRQILJXUDWLRQ� FRXOG� EH� XVHG��

DOWKRXJK�WKLV�ZRXOG�UHTXLUH�D�WRZHU�!��P��

$�VHFRQG�VHW�RI�WHVWV�KDV�EHHQ�FDUULHG�RXW�E\�ILULQJ�WKH�

KDUSRRQ� LQWR� SDQHOV� PRXQWHG� RQ� D� URWDWLQJ� DVVHPEO\��

VKRZQ�LQ�)LJ������7KLV�DOORZV� ODUJH�SDQHOV� WR�EH� WHVWHG�

ZLWK� LQWHUQDO� HTXLSPHQW� RU� PRUH� FRPSOLFDWHG�

FRQILJXUDWLRQV��H�J��ZH�FDQ�VLPXODWH�DSSHQGDJHV���6LQFH�

WKH� DVVHPEO\� LV�PRWRUL]HG�� EXW� ZLWK� D� VOLS� FOXWFK�� LW�LV �

SRVVLEOH� WR� VLPXODWH� FDSWXULQJ� REMHFWV� VSLQQLQJ� XS� WR�

��GHJ�V� DQG� DSSO\LQJ� D� GH�VSLQ� WRUTXH� ZLWKRXW�

LQWHUIHUHQFH� IURP� WKH� PRWRU�� ,QLWLDO� WHVWLQJ� KDV� EHHQ�

FDUULHG�RXW�RYHU�D�GLVWDQFH�RI���P��DJDLQ� VKRZLQJ� WKDW�

WKH� KDUSRRQ� EHKDYHV� H[DFWO\� DV� H[SHFWHG�� HYHQ� DW�

LQFLGHQFH�DQJOHV�XS�WR����GHJ��,Q�DGGLWLRQ�WKH�WHWKHU�KDV�

EHHQ�WHVWHG�DQG�ILOPHG�DW�KLJK�VSHHG��LQGLFDWLQJ�WKDW�WKH�

WHWKHU�GHSOR\V�FRUUHFWO\�DQG�GRHV�QRW�VLJQLILFDQWO\�DIIHFW�

WKH� IOLJKW�SDWK�RU�VWDELOLW\�RI� WKH�KDUSRRQ�� ,Q� WKH�IXWXUH�

WKH� VL]H� DQG� UHSUHVHQWDWLYHQHVV� RI� WKLV� IDFLOLW\� FRXOG�

DOORZ�XV�WR�VLPXODWH�WKH�FRPSOHWH�FDSWXUH�DQG�GH�WXPEOH�

SURFHVV��LQFOXGLQJ�YLVLRQ�EDVHG�UHODWLYH�QDYLJDWLRQ��

�

)LJXUH� ���� /LJKWZHLJKW� VLQJOH� SDQHO� VXVSHQGHG� ZLWK�

HODVWRPHU�FRUG�DQG�SHQHWUDWHG�PXOWLSOH�WLPHV�DW���P��

�

)LJXUH�����5RWDWLQJ�VDWHOOLWH�VLPXODWRU�

6 NEXT STEPS 

$� VLPSOH�� OLJKWZHLJKW� KDUSRRQ� V\VWHP� KDV� EHHQ�

GHVLJQHG� IRU� FDSWXULQJ� REMHFWV� XS� WR� �����NJ�� 7HVWLQJ�

KDV� JLYHQ� JRRG� FRQILGHQFH� LQ� PDQ\� DVSHFWV� RI� WKH�

KDUSRRQ�GHVLJQ��7KH�QH[W�VWHSV�VKRXOG�LQFOXGH��

x 5HSODFLQJ� WKH� YDOYH� LQ� WKH� ILULQJ� V\VWHP� WR�

DOORZ�WKH�KLJKHVW�GHVLJQ�HQHUJLHV�WR�EH�UHDFKHG�

DQG� WR� FRPSOHWH� WKH� WHVWLQJ� ZLWK� VROLG�

DOXPLQLXP�SODWHV�

x 0RGHOOLQJ� WKH� IOLJKW� SKDVH� DQG� DHURG\QDPLFV��

ZLWK�FRUUHODWLRQ�WR�WKH�WHVW�UHVXOWV�



x 0RGHOOLQJ� WKH� LPSDFW� DQG� SHQHWUDWLRQ�

EHKDYLRXU��ZLWK�FRUUHODWLRQ�WR�WKH�WHVW�UHVXOWV�

x ,PSURYLQJ� YDULRXV� DVSHFWV� RI� WKH� GHVLJQ��

EXLOGLQJ�RQ�WKH�OHVVRQV�OHDUQW�IURP�WKH�WHVWLQJ��

DQG�YDOLGDWLQJ�WKHP�ZLWK�WKH�WHVW�IDFLOLW\�

x ,PSURYLQJ� WKH� WROHUDQFH� FRQWURO� LQ� WKH�

PDQXIDFWXULQJ� WR� GHWHUPLQH� WKH� EHVW� DFFXUDF\�

ZKLFK�FDQ�EH�DFKLHYHG�

x 7HVWLQJ�WKH�HQG�WR�HQG�FDSWXUH�DQG�GH�WXPEOLQJ�

SURFHVV�

7KHVH� DFWLRQV�ZLOO� DOORZ� WKH� FRPSOHWH� IOLJKW� V\VWHP� WR�

EH� GHVLJQHG� ZLWK� IXOO� FRQILGHQFH� DQG� WKH� HQG�WR�HQG�

FDSWXUH� RI� D��UHDO� REMHFW� VLPXODWHG�ZLWK� KLJK� SUHFLVLRQ��

7KH� ILQDO� VWHSV� ZLOO� EH� WR� SURGXFH� DQ� HQJLQHHULQJ�

TXDOLILFDWLRQ�PRGHO�RI�WKH�IOLJKW�V\VWHP��DQG�WKHQ�EXLOG�

DQG�WHVW�LW��

6.1 Alternative Concepts 

7ZR�DGGLWLRQDO�FRQFHSWV�DUH�FXUUHQWO\�EHLQJ�SXUVXHG��

$OWKRXJK� WKH� RULJLQDO� FRQFHSW� ZDV� GHVLJQHG� IRU�

UHPRYLQJ�D�ODUJH�WDUJHW�ZLWK�FRQWUROOHG�UH�HQWU\�ZH�KDYH�

DOVR� GHPRQVWUDWHG� HIIHFWLYH� FDSWXUH� RI� OLJKWZHLJKW�

GHEULV�� 7KHUHIRUH� ZH� DUH� LQYHVWLJDWLQJ� WKH�

DFFRPPRGDWLRQ� RI� D��GHSOR\DEOH� SDVVLYH� GUDJ� GHYLFH�

RQWR�WKH�KDUSRRQ��DQG�QR�WHWKHU���

(OLPLQDWLQJ�WKH�QHHG�IRU�WKH�KRVW�ILULQJ�VSDFHFUDIW�WR�GH�

WXPEOH� DQG� GH�RUELW� WKH� GHEULV� ZRXOG� OHDG� WR� D� ODUJH�

VLPSOLILFDWLRQ��7KH�SRVVLELOLW\�WR�LPSOHPHQW�WKUXVWHUV�RQ�

WKH�KDUSRRQ�FRXOG�EH�YHU\�LQWHUHVWLQJ�IRU�VRPH�W\SHV�RI�

REMHFW��

7 CONCLUSIONS 

$�KDUSRRQ�FDSWXUH�V\VWHP�KDV�EHHQ�GHYHORSHG�IRU�VSDFH�

GHEULV� ZKLFK� VKRZV� JUHDW� SURPLVH� IRU� IXUWKHU�

GHYHORSPHQW�� 8VLQJ� LQWHUQDO� IXQGLQJ� D� JUHDW� GHDO� KDV�

DOUHDG\�EHHQ�OHDUQW�DERXW�WKH�KDUSRRQ�DQG��LQ�SDUWLFXODU��

PDQ\�NH\�DVSHFWV�KDYH�DOUHDG\�EHHQ�GHPRQVWUDWHG��

x 7KH� EDVLF� FRQFHSW� KDV� EHHQ� VKRZQ� WR� EH�

FDSDEOH�RI�SHQHWUDWLQJ�UHDO� VDWHOOLWH�SDQHOV�DQG�

VROLG�DOXPLQLXP�SODWHV�

x 5REXVWQHVV� WR� IRUFHV� W\SLFDO� RI� HQYLVDJHG� GH�

WXPEOLQJ� DQG� GH�RUELW� PHWKRGV� KDV� EHHQ�

GHPRQVWUDWHG�

x 7HVWLQJ� ZLWK� ERWK� VPDOO� DQG� ODUJH� REMHFWV�

GHPRQVWUDWHV� WKH�YHUVDWLOLW\�RI� WKH�PHWKRG�DQG�

DELOLW\� WR� VXFFHVVIXOO\� SHQHWUDWH� OLJKWZHLJKW�

REMHFWV� �aNJ�� ZLWK� YLUWXDOO\� QR� VXSSRUW� �L�H��

VLPLODU�WR�WKH�]HUR�J�HQYLURQPHQW��

x 7KH�HDVH�RI�WHVWLQJ�KDV�EHHQ�GHPRQVWUDWHG�ZLWK�

WKH�SRVVLELOLW\�WR�FRQGXFW�DV�PDQ\�DV����ILULQJV�

LQ�D�GD\�

x %\� PXOWLSOH� FDSWXUH� RI� D� VLQJOH� SDQHO�� WKH�

UREXVWQHVV� RI� WKH� VSDFHFUDIW� VWUXFWXUHV� WR�

SHQHWUDWLRQ� DQG� GH�RUELW� IRUFHV� KDV� EHHQ�

GHPRQVWUDWHG�

x 7KH� JHQHUDWLRQ� RI� DGGLWLRQDO� GHEULV� KDV� EHHQ�

VKRZQ�WR�EH�YHU\�ORZ�DQG�LQWHUQDO�WR�WKH�WDUJHW�

x 7KH�IOLJKW�G\QDPLFV�RYHU���P�KRUL]RQWDO�IOLJKW�

KDYH�EHHQ�VKRZQ�WR�EH�VWDEOH�DQG�UHSHDWDEOH�

x 7KH� DFFXUDF\� RYHU� ��P� KDV� DOUHDG\� EHHQ�

VKRZQ� WR� EH� �FP� UDGLXV� ZLWKRXW� DQ\� VSHFLILF�

GHVLJQ�

x &DSWXUH� RI� REMHFWV� VSLQQLQJ� XS� WR� �� GHJ�V� KDV�

EHHQ�GHPRQVWUDWHG�

x 0RGHOV� KDYH� EHHQ� GHYHORSHG�ZKLFK� DUH� EHLQJ�

FRUUHODWHG�ZLWK�WKH�WHVWLQJ�
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>�@� 0HW]�� 0�� �������� '/5� SHUVSHFWLYH� RQ� 6XVWDLQDEOH�

XVH� RI� 6SDFH�� &OHDQVSDFH� :RUNVKRS� RQ�$ FWLYH� 6SDFH�

'HEULV�5HPRYDO�

>�@� 5HHG�� -�� 	� 5HWDW�� ,�� �������� $VWULXP¶V� &DSWXUH�

7HFKQRORJLHV� XQGHU� 'HYHORSPHQW�� -� 5HHG� 	� ,� 5HWDW��

&OHDQVSDFH�:RUNVKRS�RQ�$FWLYH�6SDFH�'HEULV�5HPRYDO�

>�@� .DQDQL�� .�� 	� 0lGLJHU�� %�� �������� $FWLYH� 'HEULV�

5HPRYDO� *XLGDQFH�� 1DYLJDWLRQ� DQG� &RQWURO�

7HFKQRORJLHV�� &OHDQVSDFH� :RUNVKRS� RQ� $FWLYH� 6SDFH�

'HEULV�5HPRYDO�
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