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6XPPDU\�� 7KLV� SDSHU� SUHVHQWV� D� QHZ� RSWLFDO� V\VWHP�� ZKLFK� LV� DEOH� WR�
GHWHUPLQDWH�UDGLXV�DQG�SRVLWLRQ�LQ��'�REVHUYDWLRQ�VSDFH�RI�D�QXPEHU�RI�VSKHULFDO�
EXEEOHV�ZLWK� XVLQJ� WKH� RQO\� RQH�PRQROHQV� FDPHUD� V\VWHP�� 7KH� SULQFLSOH� RI� WKH�
V\VWHP�LV�EDVHG�RQ�DQDPRUSKRWLF�RSWLFDO�V\VWHP�DQG�DSSURSULDWH�GDWD�SURFHVVLQJ�
DOJRULWKP�� 7KH� SUHFLVLRQ� DQG� UHSHDWDELOLW\� RI� WKH� V\VWHP� ZHUH� WHVWHG� E\�
PHDVXUHPHQW�RI�D�JODVV�DQG�VWHHO�VSKHUH�PRXQWHG�RQ�[��\��]�PRYDEOH�VXSSRUW��7KH�
ILUVW�PHDVXUHPHQW� DQG� GDWD� SURFHVVLQJ� DUH� GHPRQVWUDWHG� LQ�PXOWLSKDVH� EXEEOH�
OLTXLG� V\VWHP�� :H� H[SHFW� WKH� SUHVHQWHG� V\VWHP� ZLOO� EH� DEOH� WR� EH� XVHG� IRU� WKH�
GHWHUPLQDWLRQ�RI�WKH�REMHFWV�YHORFLW\�DV�ZHOO�DV�GLPHQVLRQ�FKDQJH�LQ� WKH�FDVH�RI�
DSSOLFDWLRQ�RI�WLPH�UHVROYHG�SKRWRJUDSK\���

�
���,QWURGXFWLRQ�
'HWHUPLQDWLRQ�RI�EXEEOH�REMHFWV� LQ�VSDFH�LV�YHU\� LPSRUWDQW� LQ�PDQ\�WHFKQLFDO�RU�SURGXFWLRQ�
DSSOLFDWLRQV��2EVHUYDWLRQ�DQG�GHWHUPLQDWLRQ�RI�GLPHQVLRQ�DQG�SRVLWLRQ�RI� WKHVH�REMHFWV�FDQ�
DIIHFW�RU�EH�WKH�EDVHV�IRU�RSWLPL]DWLRQ�RI�WKH�WHFKQRORJLFDO�SURFHVVHV�OLNH�FKHPLFDO�UHDFWRUV��
ZKHUH� KRPRJHQHRXV� GLVWULEXWLRQ� RI� EXEEOHV� LV� RIWHQ� GHPDQGHG� LQ� PXOWLSKDVH� UHDFWLQJ�
V\VWHPV��2Q�WKH�RWKHU�KDQG��WKHUH�DUH�WHFKQRORJLHV�ZKHUH�WKH�SUHVHQFH�RI�PXOWLSKDVH�V\VWHP�
FDQ� LQGLFDWH� D� WHFKQRORJLFDO� SUREOHP�� IRU� H[DPSOH� LQ� K\GURG\QDPLF� V\VWHPV� RU� LQ� JODVV�
SURGXFWLRQ� LQGXVWU\�� %XEEOH� GLPHQVLRQ� DQG� GLVWULEXWLRQ� PHDVXUHPHQW� LV� LPSRUWDQW� IRU� WKH�
VWXGLHV�RI�HQYLURQPHQWDO�HQJLQHHULQJ�WRR���

'LIIHUHQW� H[SHULPHQWDO� V\VWHPV��ZKLFK�DOORZ�GHWHUPLQDWLRQ�RI� WKH�SRVLWLRQ�DQG� UDGLXV�RI�
WKH�EXEEOHV��KDYH�EHHQ�XQGHU�GHYHORSPHQW�VLQFH�WKH�����V��7KHUH�DUH�PDQ\�NLQGV�RI�FDPHUD�
V\VWHPV�XVHG� IRU�EXEEOH� SURSHUWLHV�PHDVXUHPHQW� �/HLIHU�HW� DO� �������$� ORW� RI� H[SHULPHQWDO�
PHWKRGV� DSSOLHG� WR� EXEEOH� SURSHUWLHV�PHDVXUHPHQW� LV� EDVHG� RQ� SDUWLFOH� LPDJH� YHORFLPHWU\�
�3,9��V\VWHPV� �+DVVDQ�������� �/LQGNHQ��0HU]NLUFK�������DQG�RWKHUV�� ,W� LV�QHFHVVDU\� WR�XVH�
6WHUHR�3,9�EDVHG�RQ�WZR�RU�PRUH�FDPHUD�DQG�ODVHU�V\VWHPV�IRU�LQ��'�VSDFH�PHDVXUHPHQW���

7KHUH�DUH�RWKHU�PRUH�VRSKLVWLFDWHG�V\VWHPV�VWLOO�LQ�GHYHORSPHQW��7KH�SURSHUWLHV�RI�EXEEOHV�
FDQ�EH�PHDVXUHG�ZLWK�LQWHUIHUHQFH�PHWKRG�DSSOLFDWLRQ��1LZD�HW�DO��������ODVHU�OLJKW�VFDWWHULQJ�
PHWKRG��*XHUUHUR�HW�DO�������RU�KRORJUDSKLF�PHWKRGV��3X�HW�DO���������3DQ��0HQJ��������7KH�
PDLQ�GLVDGYDQWDJH� RI� WKH� UHIHUUHG�PHWKRGV� LV� WKH� QHFHVVLW\�RI� XVLQJ� H[SHQVLYH� GHYLFHV� OLNH�
KLJK� VSHHG� RU� UHVROXWLRQ� FDPHUDV�� ODVHU� V\VWHPV� RU� VSHFLDO� H[SHULPHQWDO� FRQGLWLRQV�� ,W�
GHFUHDVHV�XVDJH�FRQYHQLHQFH�RI�WKHVH�PHWKRGV�IRU�LQGXVWULDO�DQG�QRQ�VFLHQWLILF�DSSOLFDWLRQV��
'XH�WR�WKLV�IDFW�QHZ�PHWKRGV�WR�GHWHUPLQH�EXEEOH�SURSHUWLHV�LQ��'�VSDFH�PHDVXUHG�ZLWK�RQO\�
RQH� FDPHUD� ZLWK� VLPSOH� LOOXPLQDWLRQ� V\VWHP� ZHUH� SUHVHQWHG� UHFHQWO\�� 7KHVH� PHWKRGV� DUH�
EDVHG� RQ� QXPHULFDO� FRPSXWDWLRQ� RI� SRVLWLRQ� GDWD� IURP� WHPSRUDO� �6]HOLVNL�� .DQJ� ������ RU�
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RSWLFDO�LQIRUPDWLRQ��2WHUR�HW�DO�������RI�WKH�FDSWXUHG�LPDJHV��7KH�PRVW�FRQYHQLHQW�PHWKRG�RI�
EXEEOH�PHDVXUHPHQW� IRU� LQGXVWULDO� DQG� WHFKQLFDO� SXUSRVHV� VHHPV� WR� EH� WKH� GHIRFXVLQJ� 3,9�
PHWKRG�SUHVHQWHG�E\� �:LOOHUW��*KDULE������� DQG�GHYHORSHG� WR� WKH�GLJLWDO�PHWKRG� �''3,9��
DSSOLHG� WR�EXEEO\� IORZV� �3HUHLUD�HW�DO�������� �-HRQ�HW�DO� �������7KLV�PHWKRG�XVHV�RQO\�RQH�
FDPHUD�OHQV�DQG�PDVN�ZLWK�WZR�RU�PRUH�DSHUWXUHV��7KH�VHQVRU�LV�RXW�RI�OHQV�IRFXVLQJ�SODQH��VR�
WKDW�HDFK�OLJKW�VRXUFH�JLYHV�WKH�VDPH�QXPEHU�RI�VSRWV�RQ�WKH�VHQVRU�DV�WKH�QXPEHU�RI�DSHUWXUHV�
XVHG����

7KLV�SDSHU�SUHVHQWV�D�QHZ�RSWLFDO�V\VWHP��ZKLFK�LV�DEOH�WR�GHWHUPLQDWH�UDGLXV�DQG�SRVLWLRQ�
RI�D�QXPEHU�RI�VSKHULFDO�EXEEOHV�LQ��'�REVHUYDWLRQ�VSDFH�XVLQJ�RQO\�RQH�PRQROHQV�FDPHUD�
V\VWHP��7KH�SULQFLSOH�RI�WKH�V\VWHP�LV�EDVHG�RQ�DQDPRUSKRWLF�RSWLFDO�V\VWHP�DQG�DSSURSULDWH�
GDWD�SURFHVVLQJ�DOJRULWKP��
�
�
���3ULQFLSOH�RI�WKH�PHWKRG�

�
)LJXUH���7KUHH�GLIIHUHQW�LQVWUXPHQW�VHW�XS�RI�GHYLVHG�V\VWHP��
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3UHVHQWHG�H[SHULPHQWDO�PHWKRG� �+RãHN������� LV�EDVHG�RQ�DQDPRUSKRWLF�RSWLFDO� V\VWHP�DQG�
NQRZQ� VKDSH� RI� WKH� PHDVXUHG� REMHFW�� $QDPRUSKRWLF� RSWLFDO� V\VWHP� LV� FKDUDFWHUL]HG� ZLWK�
DVWLJPDWLVP� ��GLIIHUHQW�PDJQLILFDWLRQ� LQ� GLIIHUHQW� SODQHV�DORQJ� WKH� RSWLFDO� D[LV��7KH� W\SLFDO�
UHSUHVHQWDWLYH� RI� WKH�DQDPRUSKRWLF� RSWLFDO� V\VWHP� LV� F\OLQGULFDO� OHQV��7KLV� V\VWHP� LPDJLQHV�
WKH�REMHFW�ZLWK�GLIIHUHQW�PDJQLILFDWLRQ�LQ�GLIIHUHQW�GLUHFWLRQV�SHUSHQGLFXODU�WR�WKH�RSWLFDO�D[LV��
'XH�WR�WKH�IDFW��WKDW�REMHFWV�PDJQLILFDWLRQ�LV�D�IXQFWLRQ�RI�WKH�REMHFW�GLVWDQFH�LW�LV�SRVVLEOH�WR�
XQDPELJXRXVO\�GHWHUPLQDWH�REMHFW�GLVWDQFH�IURP�WKH�UDWLR�RI�PDJQLILFDWLRQV�GLIIHUHQW�SODQHV�
RI� DQDPRUSKRWLF� V\VWHP� DQG� GLUHFWLRQ� WR� WKH� REMHFW�� )RU� WKH� LPDJH� PDJQLILFDWLRQV�
GHWHUPLQDWLRQ�LW�LV�QHFHVVDU\�WR�NQRZ�WKH�UDWLR�RI�GLPHQVLRQ�RI�RULJLQDO�REMHFW��7KLV�YDOXH�LV�
ZHOO� NQRZQ� IRU� WKH� VSKHULFDO� REMHFWV�� ZKHUH� WKH� UDWLR� RI� GLPHQVLRQV� LV� HTXDO� WR� �� LQ� DOO�
GLUHFWLRQV���
� 7KLV�H[SHULPHQWDO�PHWKRG�LV�DEOH�WR�EH�XVHG�IRU�WKH�PHDVXUHPHQW�RI�DOO�NLQGV�RI�VSKHULFDO�
REMHFWV��,W�FDQ�EH�EXEEOHV�LQ�OLTXLGV��GURSOHWV�LQ�JDVHV��GURSOHWV�RI�GLIIHUHQW�GHQVLW\�LQ�OLTXLGV�
RU� VROLG� VSKHUHV� LQ�JDVHV� RU� OLTXLGV��5HDO�PHDVXUHPHQW� FDQ�EH� UHDOL]HG�ZLWK� WKUHH� GLIIHUHQW�
NLQGV� RI� H[SHULPHQWDO� LQVWUXPHQWV�� ,W� FDQ� EH� XVHG� VSHFLDO� DQDPRUSKRWLF� OHQV� LQVWHDG� RI�
FRPPRQ�FDPHUD�OHQV��7KH�VHFRQG�SRVVLELOLW\�LV�WR�XVH�FRPPRQ�FDPHUD�OHQV�DQG�DQDPRUSKRWLF�
OHQV�SODFHG�WR�WKH�RSWLFDO�V\VWHP��7KH�WKLUG�NLQG�RI�VHW�XS�LV�WR�XVH�WKH�FRPPRQ�FDPHUD�OHQV�
DQG�D�F\OLQGULFDO�WXEH�XVHG�DV�DQ�DQDPRUSKRWLF�OHQV��$OO�WKUHH�NLQGV�RI�LQVWUXPHQW�VHW�XS�DUH�
VKRZQ�LQ�WKH�ILJXUH�����
� 7KLV� ODVW� PHQWLRQHG� VHW�XS� RI� WKH� GHYLVHG� PHWKRG� VHHPV� WR� EH� WKH� PRVW� SURILWDEOH�
DSSOLFDWLRQ�LQ�LQGXVWU\�GXH�WR�LWV�HDV\�LQVWDOODWLRQ��VLQFH�WKH�RI�PDMRULW\�RI�SLSHV�LQ�LQGXVWU\�
DUH� RI� F\OLQGULFDO� WXEH� VKDSH� DQG� SUHVHQWHG� PHWKRG� HPSOR\V� WKLV� WXEH� DV� D� SDUW� RI� VHW�XS��
2SWLFDO�VFKHPH�RI�WKLV�VHW�XS�LV�VKRZQ�LQ�WKH�ILJXUH����

�)LJXUH���2SWLFDO�VFKHPH�RI�WKH�GHYLVHG�V\VWHP�ZLWK�F\OLQGULFDO�WXEH�VHW�XS��
�
7KHUH�DUH�WZR�YLHZV�VKRZQ�RI�WKH�RSWLFDO�V\VWHP��7KH�XSSHU�RQH�LQ�WKH�SODLQ�FRQWDLQV�RSWLFDO�
D[LV�RI�WKH�V\VWHP��PDUNHG����DQG�SHUSHQGLFXODU�WR�WKH�F\OLQGULFDO�WXEH�D[LV��7KHUH�LV�VKRZQ�
WKH�SDUW�RI�WKH�WXEH�RQ�WKH�OHIW�DQG�FDPHUD�V\VWHP�UHSUHVHQWHG�ZLWK�PDLQ�SODQHV�RI�WKH�FDPHUD�
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OHQV�+� DQG�+�� DQG� LPDJH� SODQH� ,� RQ� WKH� ULJKW�� 7KH�PDLQ� UD\V� FRUUHVSRQGLQJ� WR� WKH� EXEEOH�
PDUJLQ� LQ� WKLV�SODQH�DUH�GHSLFWHG�ZLWK�EODFN� OLQHV��7KH�ERWWRP�SDUW�RI� WKH� ILJXUH�VKRZV� WKH�
PDLQ� UD\V� DORQJ� WKH� FHQWUDO� ±� EOXH� OLQH� LQ� WKH� SODQH� SHUSHQGLFXODU� WR� WKH� XSSHU� SDUW� SODQH��
PDUNHG�A��7KH�DQJOHV�RI�WKH�PDLQ�UD\V�DUH�GHWHUPLQHG�IURP�WKH�FDPHUD�FDSWXUHG�LPDJH�DQG�
SRVLWLRQ�RI�HDFK�UD\�RQ�WKH�WXEH�ZDOO�LV�FRPSXWHG�ZLWK�WKH�EDVLF�JHRPHWULFDO�RSWLFV��$QJOHV�
PDUNHG�Z� DUH�PHDVXUHG� IURP�RSWLFDO�D[LV��DQJOHV�PDUNHG�D� DUH�PHDVXUHG� IURP�QRUPDO�DQG�
DQJOHV�PDUNHG�G�DUH�PHDVXUHG�DURXQG�WXEH�FXUYDWXUH�FHQWURLG�&��'LVWDQFH�RI�LQWHUVHFWLRQV�RI�
WKH�PDLQ�UD\V�FDQ�EH�VROYHG�LQ�ERWK�SODQHV�E\�HTXDWLRQV��
� � � � � �� ;;++ED ��� � �� ����
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6SKHULFDO�REMHFWV�KDYH�FRQVWDQW� UDGLXV� LQ�DOO�GLUHFWLRQV�� VR� WKDW�ERWK� UDGLL�KDYH� WR�EH�HTXDO��
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&RRUGLQDWH� RULJLQ� RI� GHWHUPLQHG� VSKHUH� SRVLWLRQ� OLHV� LQ� WKH� LQWHUVHFWLRQ� RI� WKH� WXEH� LQQHU�
VXUIDFH�DQG�V\VWHP�RSWLFDO�D[LV�2���
� 7KH�F\OLQGULFDO�WXEH�VHUYHV�OLNH�D�PDJQLI\LQJ�JODVV�LQ�WKLV�VHW�XS�FRQILJXUDWLRQ�GXH�WR�WKH�
LQQHU�SDUW�RI�WKH�WXEH�O\LQJ�LQ�IURQW�RI�WKH�UHDU�IRFDO�SODQH�RI�WKH�WXEH��7KH�WXEH�LPDJLQHV�WKH�
EXEEOH�LQVLGH�WR�WKH�YLUWXDO�PDJQLILHG�LPDJH�DQG�WKLV�LPDJH�LV�REVHUYHG�ZLWK�FDPHUD�RSWLFV��
'LVWDQFH�RI�WKH�WXEH�IRFDO�SODQH�IURP�WKH�ILUVW�WXEH�ZDOO�FDQ�EH�GHWHUPLQHG�ZLWK��

� � �> @WQQUQQQQQUQ
WQQQQUUQQV � ����
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ZKHUH�Q � �DUH�UHIUDFWLYH�LQGH[HV��U � �DUH�FXUYDWXUH�UDGLL�DQG�W�LV�WXEH�ZDOO�WKLFNQHVV��7KLV�GLVWDQFH�
LV� DOZD\V� JUHDWHU� WKDQ� WXEH�GLDPHWHU� IRU� JODVV� WXEH� RI� DQ\�GLDPHWHU� ILOOHG�ZLWK�ZDWHU�� 7KLV�
FRQGLWLRQ�LV�IXOILOOHG�IRU�WKH�LQHUW�OLTXLG�UHIUDFWLYH�LQGH[�XS�WR������IRU����PP�WXEH�GLDPHWHU��
,W� PHDQV� WKLV� PHWKRG� LV� VXLWDEOH� IRU� DQ\� NLQG� RI� OLTXLG�� KLJK� UHIUDFWLYH� LQGH[HV� OLTXLGV� RU�
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PHOWHG�JODVVHV�LQFOXGHG��&\OLQGULFDO� WXEH�ILOOHG�ZLWK�D� OLTXLG�RI�UHIUDFWLYH� LQGH[�KLJKHU�WKHQ�
DLU�PDJQLILHV�EXEEOH�LPDJH�QRW�RQO\�LQ�RQH�SODQH��EXW�GXH�WR�WKH�UHIUDFWLYH�LQGH[HV�GLIIHUHQFH�
LQ� IURQW� RI� DQG� EHKLQG� WKH� WXEH� ZDOO� LQ� ERWK� SHUSHQGLFXODU� SODQHV�� ,W� FRQWULEXWHV� WR� EHWWHU�
UHVROXWLRQ�RI�WKH�PHDVXUHPHQW��
� 7KH�PDLQ� UHTXLUHPHQW� WR� WKH� FDPHUD� GHWHFWLRQ� V\VWHP� LV� WKH� DELOLW\� WR� HVWDEOLVK� EXEEOH�
LPDJH� PDUJLQV�� ,W� PHDQV� DOO� EXEEOH� LPDJH� KDV� WR� EH� VKDUS� HQRXJK� IRU� EXEEOH� PDUJLQV�
GHWHUPLQDWLRQ��(YHU\�RSWLFDO�V\VWHP�LV�DEOH�WR�LPDJLQH�VKDUSO\�RQO\�REMHFWV�OLHG�LQ�WKH�OLPLWHG�
GLVWDQFH�FDOOHG�GHSWK�RI�ILHOG��'HSWK�RI�ILHOG�LV�JLYHQ�E\��
� �

�
�

��
G'

'JG
� ' ��� �����

ZKHUH�'�LV�HQWUDQFH�SXSLO�GLDPHWHU��G � �LV�VL]H�RI�WKH�DFFHSWHG�XQVKDUSQHVV�LQ�WKH�REMHFW�VSDFH�
DQG� J� LV� WKH� REMHFW� GLVWDQFH�� ,W� LV� QHFHVVDU\� WR� VHW� WKH� REMHFW� ILHOG� RI� WKH� RSWLFDO� V\VWHP� WR�
FRQWDLQ�YLUWXDO�LPDJHV�RI�WKH�EXEEOH�LQ�ERWK�SHUSHQGLFXODU�SODQHV��
�
�
���6SKHULFDO�EXEEOHV�
,Q�JHQHUDO��EXEEOHV�DUH�SDUWV�RI�GLIIHUHQW�SKDVHV�LQ�OLTXLGV��7KH\�DUH�ORFDOL]HG�E\�VXUURXQGLQJ�
VXUIDFH��7KH� VKDSH�RI� WKLV� VXUIDFH� LQWHUIDFH� LV� IRUPHG�E\� VXUIDFH� WHQVLRQ� RI� WKH� VXUURXQGHG�
OLTXLG�WR�WKH�VSKHULFDO�VKDSH�LQ�VWDELOH�VWDJH��%XEEOHV�WHQG�WR�PRYH�GXH�WR�WKH�EXR\DQF\�IRUFH�
SUHVHQW� DQG� WKH� PRYLQJ� EXEEOH� LV� IRUPHG� QRW� RQO\� E\� VXUIDFH� WHQVLRQ�� EXW� E\� G\QDPLF�
SURSHUW\�RI�WKH�OLTXLG��YLVFRVLW\�HVSHFLDOO\���*UDFH������������DQG��&ULWI�HW�DO�������SURSRVHG�
WKH�EXEEOH�VKDSH�PDS�EDVHG�RQ�WKUHH�GLPHQVLRQOHVV�QXPEHUV��5H\QROGV��(|WYRV�DQG�0RUWRQ�
QXPEHU��5H\QROGV�QXPEHU�LV�GHILQHG��
�� P

UGY 5H ��� �����

ZKHUH�G�LV�EXEEOH�GLDPHWHU��P���Y�LV�EXEEOH�YHORFLW\��P�V ��� ���U�LV�OLTXLG�GHQVLW\��NJ�P � � ��DQG�P�
LV�OLTXLG�YLVFRVLW\��NJ�P ��� �V ��� ���(|WYRV�QXPEHU�LV�GHILQHG��

� V
U �GJ(R ' ��� �����

ZKHUH�J�LV�JUDYLWDWLRQDO�DFFHOHUDWLRQ��P�V � � ���'U�LV�GHQVLW\�GLIIHUHQFH�EHWZHHQ�JDV�DQG�OLTXLG�
DQG�V�LV�VXUIDFH�WHQVLRQ��1�P ��� ��RI�WKH�OLTXLG��0RUWRQ�QXPEHU�LV�GHILQHG��

�  !

"

VU
UP ' J0R ��� �����

7KH�YDOXH�RI�WKLV�QXPEHU�LV�LQGHSHQGHQW�RI�EXEEOH�GLPHQVLRQ��7KH�EXEEOH�VKDSH�PDS�EDVHG�
RQ�WKHVH�WKUHH�QXPEHUV�LV�LQ�WKH�ILJXUH����,W�VKRZV�WKH�EDVLF�VKDSHV�RI�WKH�EXEEOHV��,W�LV�VKRZQ�
WKDW�DOO�EXEEOHV�ZLWK�5H\QROGV�QXPEHU� OHVV� WKHQ���DUH� VSKHULFDO��7KLV�PDS�FDQ�EH�XVHG� IRU�
UHODWLYH�PD[LPDO�YHORFLW\�GHWHUPLQDWLRQ�RI�QRW�GHIRUPHG�EXEEOH��)RU�H[DPSOH� WKH�PD[LPDO�
YHORFLW\�RI�QRW�GHIRUPHG���PP�EXEEOH�LQ�ZDWHU�FRUUHVSRQGV�WR����PP�V���
� %XEEOH�ULVLQJ�YHORFLW\�LV�OLPLWHG�GXH�WR�WKH�OLTXLG�YLVFRVLW\�LQ�WKH�OLTXLG��7KH�ILQDO�YHORFLW\�
RI�ULVLQJ�EXEEOH�FDQ�EH�GH�GHGXFHG�IURP�WKH�&RPROHW¶V�GLDJUDP�VKRZQ�LQ�WKH�ILJXUH����
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�
)LJXUH���%XEEOH�VKDSH�PDS��
�

�
)LJXUH���&RPROHW¶V�GLDJUDP��
�
3DUDPHWHUV� 9 # � DQG� G # � DUH� QRW� GLUHFWO\� WKH� VSHHG� DQG� GLDPHWHU� RI� WKH� EXEEOH�� EXW� WKH\� DUH�
IXQFWLRQV�RI��

� $
%

¹̧
·

©̈
§ ' 9J9 &V

UV �DQG� GJG V
U' ' �� �����
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)URP� WKLV� GLDJUDP� LW� FDQ�EH�GHGXFHG� WKDW� DOO� EXEEOHV�ZLWK� D� GLDPHWHU� OHVV� WKHQ�����PP�
VKRXOG�EH�DOZD\V�VSKHULFDO�LQ�WKH�ZDWHU�RI�WHPSHUDWXUH�XQGHU����&��PD[LPDO�ULVLQJ�YHORFLW\�
LQFOXGLQJ�� 0RUHRYHU�� GLPHQVLRQ� RI� DOZD\V� VSKHULFDO� EXEEOH� LQFUHDVHV� IRU� WKH� OLTXLGV� ZLWK�
KLJKHU�YDOXH�RI�VXUIDFH�WHQVLRQ�RU�YLVFRVLW\��,W�PHDQV�WKHUH�LV�D�ZLGH�UDQJH�RI�EXEEOHV�VXLWDEOH�
IRU�WKH�GHYLVHG�PHDVXUHPHQW�LQVWUXPHQW�DSSOLFDWLRQ���

�
�

���0HDVXUHPHQW�
7KH�JRDO�RI�WKH�SUHVHQWHG�PHDVXUHPHQW�LV�WR�SHUIRUP�WKH�ILUVW�EXEEOH�SRVLWLRQ�DQG�GLPHQVLRQ�
PHDVXUHPHQW�� $� VSHFLDO� H[SHULPHQWDO� YHVVHO� ZDV� GHVLJQHG�� FRQVWUXFWHG� DQG� PRXQWHG� WR�
SUHVHQW�H[SHULPHQWDO�PHWKRG� WHVWLQJ��7KLV�H[SHULPHQWDO�ERWWOH� LV�XVLQJ� WKH�SDUW�RI� WKH�JODVV�
F\OLQGULFDO� WXEH� ILOOHG�ZLWK� GLVWLOOHG�ZDWHU� OLNH� DQ� DQDPRUSKRWLF� SDUW� RI� WKH� RSWLFDO� V\VWHP��
%XEEOH� LPDJLQDU\� LPDJH� LV� REVHUYHG� ZLWK� FDPHUD� HTXLSSHG� E\� FRPPRQ� OHQV�� 2SWLFDO�
SDUDPHWHUV� RI� WKLV� OHQV� KDG� WR� EH� SURYHQ�� ([SHULPHQWDO� YHVVHO� ZDV� GHVLJQ� WR� PLQLPL]H�
XQZDQWHG�LOOXPLQDWLRQ�RI�WKH�FDPHUD�SLFWXUHV�FDXVHG�E\�WRWDO�UHIOHFWLRQ�RQ�WKH�VSKHUHV�REMHFWV�
RI� PDLQ� LOOXPLQDWLRQ� VRXUFH� UD\V�� ,W� LV� SRVVLEOH� WR� XVH� GLUHFW� RU� VLGH�LQGLUHFW� LOOXPLQDWLRQ�
VFKHPH� RI� WKH� REVHUYHG� �'� VSDFH� WR�PLQLPL]H� UHIOHFWLRQV�� ([SHULPHQWDO� YHVVHO�ZDV� GHVLJQ�
OLNH�WRS�DQG�ERWWRP�RSHQ�LQ�RUGHU�LW�ZDV�SRVVLEOH�WR�ORFDWH�DQ\�NLQG�RI�VSKHULFDO�REMHFW�LQVLGH�
WKHUH��([SHULPHQWDO�YHVVHO�ZLWK�;<=�PRYDEOH�VXSSRUW�LV�VKRZQ�LQ�WKH�ILJXUH����

�)LJXUH���([SHULPHQWDO�YHVVHOV�ZLWK�;<=�PRYDEOH�VXSSRUW��
,Q�RUGHU�IRU�UHVXOWV�RI�WKLV�H[SHULPHQW�WR�EH�FRPSDUDEOH�ZLWK�WKH�XVHU�FRQGLWLRQV��WKH�JODVV�

WXEH�SDUW�XVHG�DV�D�F\OLQGULFDO�OHQV�PHQLVFXV�ZDV�PDGH�IURP�GUDZQ�JODVV�WXEH��7KLV�NLQG�RI�
WXEH�GRHV�QRW�KDYH�RSWLFDO�TXDOLW\�DQG�LW�GHFUHDVHV�H[SHULPHQW�SUHFLVLRQ��'XH�WR�WKLV�IDFW�WKH�
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UDGLXV�FXUYDWXUH�HUURU�RI�WKH�GUDZQ�WXEH�ZDV�PHDVXUHG�ZLWK��'�PHDVXUHPHQW�PDFKLQH�=HLVV��
*ODVV�WXEH�SURILOHV�VKRZQ�LQ�WKH�ILJXUH���ZHUH�PHDVXUHG�LQ�IRXU�VOLFHV�VHSDUDWHG�E\����PP��

�)LJXUH���0HDVXUHG�SURILOHV�RI�WKH�XVHG�GUDZQ�JODVV�WXEH��
�0D[LPDO�GLDPHWHU�HUURU�ZDV�PHDVXUHG�WR�������PP��:H�XVHG�WKH�ULJKW�VLGH�RI�WKH�JODVV�

WXEH�IRU�WKH�PHDVXUHPHQW�RQO\��ZKHUH�WKH�PD[LPDO�GLDPHWHU�GHYLDWLRQ�FRUUHVSRQGV�WR�������
PP��7KLV�YDOXH�OLPLWV�WKH�JOREDO�DFFXUDF\�RI�WKH�DSSOLFDWLRQ��

'XH� WR� WKLV� WHFKQLFDO� FRPSOLFDWLRQ� WKH� SUHFLVLRQ� DQG� UHSHDWDELOLW\� KDG� WR� EH� PHDVXUHG��
6SHFLDO�;��<��=��PRYDEOH�VXSSRUW�ZDV�XVHG�IRU�WKH�SUHFLVLRQ�DQG�UHSHDWDELOLW\�PHDVXUHPHQW�DV�
DQ�DX[LOLDU\�V\VWHP�RI�WKH�H[SHULPHQWDO�YHVVHO��7KH�SRVVLELOLW\�RI�DFFXUDF\�DQG�UHSHDWDELOLW\�
RI�WKH�V\VWHP�SRVLWLRQ�GHWHUPLQDWLRQV�ZDV�WHVWHG�E\�PHDVXUHPHQW�RI�D�JODVV�DQG�VWHHO�VSKHUH�
ZLWK� GLDPHWHUV� ����� PP� DQG� �� PP�� UHVSHFWLYHO\�� PRXQWHG� RQ� ;�� <�� =� PRYDEOH� VXSSRUW��
,PDJHV� RI� WKH� PHDVXUHG� YROXPH� ZLWK� VSKHULFDO� REMHFW� ZHUH� WDNHQ� ZLWK� GLIIHUHQW� FDPHUD�
V\VWHPV��:H� XVHG� %�:�&&'� FDPHUD�� DQG�2O\PSXV� (����� KLJK� UHVROXWLRQ� �0SL[� FDPHUD��
&DSWXUHG�LPDJHV�ZHUH�SURFHVVHG�ZLWK�VSHFLDO�DOJRULWKP�ZULWWHQ� LQ�0DWODE�IRU�GHWHUPLQDWLRQ�
;��<��=�SRVLWLRQ�SDUDPHWHUV�DQG�UDGLXV�RI�HDFK�VSKHULFDO�REMHFW��7KHVH�GDWD�ZHUH�FRPSDUHG�
ZLWK�WKH�RULJLQDOO\�DGMXVWHG�YDOXHV��

7KH� H[SHULPHQWDO� VHW�XS� ZDV� DUUDQJHG� DV� VKRZQ� LQ� WKH� ILJXUH� �F�� ([SHULPHQWV� VKRZ�
GLIIHUHQW� UHVROXWLRQ� FDSDELOLW\� LQ� GLIIHUHQW� GLUHFWLRQV�� )RU� WKH� H[SHULPHQWDO� RSWLFDO� VHW�XS��
H[WHUQDO�UDGLXV�RI�F\OLQGULFDO�JODVV�WXEH�5� �������PP�ZLWK�JODVV�WKLFNQHVV�W� �����PP��LPDJH�
GLVWDQFH� RI� WKH� FDPHUD� OHQV� ZDV� S��  � ����� PP� DQG� GLVWDQFH� 6�  � ���� PP� WKH� <� DQG� =�
PHDVXUHPHQW�UHSHDWDELOLW\�DQG�SUHFLVLRQ�ZDV���������PP�FORVH�WR�WKH�RSWLFDO�D[LV��)DU�IURP�
WKH�RSWLFDO�D[LV�WKH�UHSHDWDELOLW\�ZDV�GHWHUPLQHG�WR��������PP��EXW�DFFXUDF\�ZDV�DIIHFWHG�E\�
RIIVHW� XS� WR� �����PP�FDXVHG�E\� JODVV� WXEH� UDGLXV� HUURU��7KH�DFFXUDF\� LQ�;�D[LV� �DORQJ� WKH�
RSWLFDO�D[LV��ZDV�PXFK�ORZHU�DERXW��������PP��7KLV�YDOXH�LV�DIIHFWHG�ZLWK�WKH�HUURU�RI�VSKHUH�
PDUJLQ�PDQXDO�PHDVXUHPHQW�������SL[OH��7KH�PRVW�SUHFLVH�LV�GHWHUPLQDWLRQ�RI�WKH�UDGLXV�RI�
WKH� VSKHUH� ZLWK� HUURU� RQO\� �� ����� PP�� ,W� ZDV� ILQG� WKDW� FRPSXWHG� UDGLXV� YDOXH� LV� DERXW�
DSSUR[LPDWO\� ��� VPDOOHU� WKHQ� WKH� UHDO� YDOXH��([SHFWHG�PD[LPDO� UHVROXWLRQ� XQGHU� WKH� EHVW�
H[SHULPHQWDO�FRQGLWLRQ��RSWLFDO�JODVV�TXDOLW\��LV�WR�EH�HVWLPDWHG��'\��']� ������PP��'5� ������
PP�DQG�'[� �����PP��
� 2Q� WKH� EDVH� RI� WKHVH� UHVXOWV� EXEEO\� IORZ�PHDVXUHPHQW�ZDV� SHUIRUPHG��$� QHHGOH�ZLWK� D�
GLDPHWHU� RI� ����PP�ZDV� SODFHG� WR� WKH�;<=�PRYDEOH� VXSSRUW� LQVWHDG� RI� VSKHUH� RI� NQRZQ�
GLDPHWHU��7KH�QHHGOH�ZDV�FRQQHFWHG�ZLWK�WKH�SUHVVXUH�WDQN�DQG�WKH�DLU�IORZ�WR�WKH�QHHGOH�ZDV�
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FRQWUROOHG�E\�QHHGOH�YDOYH��$YHUDJH�DLU�IORZ�SUHVVXUH�ZDV�DSSUR[LPDWHO\����N3D��7KH�FDXVH�
RI� WKH� UHOHDVHG� EXEEOH� GLPHQVLRQ� LV�PDLQO\� IXQFWLRQ� RI� RXWSXW� GLDPHWHU� D� FDSLOODU\� WXEH� RI�
LQQHU� GLDPHWHU� ��PP� ZDV� SDVWHG� LQ� WKH� QHHGOH� WR� GHFUHDVHV� ULVLQJ� EXEEOH� GLPHQVLRQ��
1HYHUWKHOHVV�SURGXFHG�EXEEOHV�DUH�WRR�ELJ�WR�EH�VSKHULFDO�GXULQJ�DOO�WKH�EXEEOH�ULVLQJ�WLPH��
%XEEOH�SRVLWLRQ�DQG�UDGLXV�DFFXUDF\�GHWHUPLQDWLRQ�YHULILFDWLRQ�EDVHG�RQ�NQRZQ�;<=�QHHGOH�
SRVLWLRQ�LV�OLPLWHG�PDLQO\�E\�YDULDEOH�EXEEOH�ULVLQJ�WUDMHFWRU\�VKRZQ�LQ�WKH�ILJXUH����

�
)LJXUH���$HULDO�YLHZ�RQ�WKH�EXEEOH�ULVLQJ�WUDMHFWRU\�WRRN�ZLWK�H[SRVLWLRQ�WLPHV������V�±�OHIW�
DQG���V�ULJKW��
� ,W�PHDQV�EXEEOH�SRVLWLRQ�LV�LQ�DFFRUGDQFH�ZLWK�VHW�QHHGOH�SRVLWLRQ�ZKHQ�LW�LV�LQ�WKH�FRQWDFW�
RU�VKRUWO\�DIWHU�LW�UHOHDVHV�FDSLOODU\�WLS�RQO\���
� 6SKHULFDO� REMHFW� DUH� LPDJHG� DV� HOOLSVRLGDO� GXH� WR� WKH� DQDPRUSKRWLF� RSWLFDO� V\VWHP�� ,W� LV�
GHPRQVWUDWHG�LQ�WKH�LPDJHV�RI�JODVV�VSKHUH�SODFHG�DW�GLIIHUHQW�D[LDO�SRVLWLRQ�LQ�WKH�ILJXUH����

�
)LJXUH���,PDJHV�RI�JODVV�VSKHUH�LQVLGH�WKH�F\OLQGULFDO�JODVV�WXEH�ILOOHG�ZLWK�ZDWHU�DW�GLIIHUHQW�
D[LDO�GLVWDQFHV��$[LDO�SRVLWLRQ�GLIIHUHQFH�LV���PP��

)XQFWLRQDOLW\�RI�WKH�SUHVHQWHG�PHWKRG�LV�OLPLWHG�E\�GHSWK�RI�ILHOG�VKDUSQHVV��,W�FDQ�EH�VHW�WR�
EH�ODUJHU�WKHQ�REVHUYHG�YROXPH��DV�LW�LV�VKRZQ�LQ�WKH�ILJXUH����ZKHUH�VPDOO�VSKHULFDO�EXEEOHV�
RQ�WKH�ERWK�IURQW��FLUFOHV��DQG�UHDU��HOOLSVLV��JODVV�ZDOO�DUH�REVHUYHG��7UDQVYHUVH�GLPHQVLRQ�RI�
VKDUSO\�YLHZHG�YROXPH�LV�OLPLWHG�E\�RSWLFDO�DEHUUDWLRQ�RI�WKH�XVHG�RSWLFDO�V\VWHP��HVSHFLDOO\�
E\�F\OLQGULFDO� WXEH�� ,W� LV�GHPRQVWUDWHG� LQ� WKH�ILJXUH����ZKHUH�FRORUHG�VSUHDG�EXEEOHV�RQ�WKH�
UHDU�ZDOO�FDQQRW�EH�PHDVXUHG�\HW��7UDQVYHUVH�GLPHQVLRQ�RI�VKDUSO\�YLHZHG�YROXPH�QDUURZV�DV�
D�IXQFWLRQ�RI�REMHFW�SODQH�SRVLWLRQ�DORQJ�RSWLFDO�D[LV��DV�LW�LV�VKRZQ�LQ�WKH�ILJXUH�������
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�
)LJXUH���)LHOG�RI�GHSWK�LQ�WKH�LPDJH�LV�ODUJHU�WKHQ�YHVVHO�GHSWK�HTXDO�WR����PP��PXFK�PRUH�
WKHQ�JODVV�WXEH�GLDPHWHU�HTXDO�WR������PP���%RWK�EXEEOHV�DWWDFKHG�WR�WKH�IURQW��FLUFOHV��DQG�
UHDU��HOOLSVLV��JODVV�ZDOO�DUH�REVHUYHG��

�
)LJXUH� ��� ([SHULPHQWDO� GHWHUPLQHG� SRVLWLRQ� RI� FKRVHQ� ZDOO� DWWDFKHG� EXEEOHV�� 5HG� OLQHV�
LQGLFDWH�PDUJLQV�RI�VKDUSO\�YLHZHG�YROXPH��

%XEEOH�GLDPHWHU�ZDV�GHWHUPLQHG�WR�EH�DSSUR[LPDWHO\�����PP��EXW�ULVLQJ�EXEEOH�VKDSH�ZDV�
ILQG�RXW�WR�EH�HOOLSVRLGDO�GXULQJ�H[SHULPHQWV��7KLV�H[SHULPHQWDO�FRPSOLFDWLRQ�FDQ�EH�FDXVHG�
E\�ELVWDELOLW\�RI�EXEEOH�JHQHUDWLRQ�PHFKDQLVP�DV�LW�ZDV�REVHUYHG�E\��:X��*KDULE��������'XH�
WR�WKLV�IDFW��WKH�ULJKW�EXEEOH�SRVLWLRQ�FRUUHVSRQGV�WR�WKH�QHHGOH�VHW�SRVLWLRQ�ZLWK�VLPLODU�HUURU�
DV�IRU�WKH�SUHYLRXV�GHVFULEHG�PHDVXUHPHQW�XVHG�JODVV�DQG�VWHHO�VSKHUH�JOXHG�WR�QHHGOH�IL[HG�LQ�
;<=�PRYDEOH�VXSSRUW�ZDV�REVHUYHG�RQO\�LQ�WKH�FDVH�RI�EXEEOH�DWWDFKHG�WR�WKH�FDSLOODU\�MXVW�
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EHIRUH� LWV� UHOHDVHV�� 5DQGRP� VFUHHQV� LPDJHV� RI� VPDOO� VSKHULFDO� EXEEOHV� DWWDFKHG� WR� WKH�
H[SHULPHQWDO�YHVVHO�ZDOOV�ZHUH�SURFHVVHG�WRR��,WV�SRVLWLRQ�ZHOO�FRUUHVSRQGV�WR�WKH�SRVLWLRQ�RI�
IURQW�DQG�UHDU�JODVV�ZDOO�DQG�DYHUDJH�EXEEOH�GLDPHWHU�ZDV�GHWHUPLQHG�WR�����PP��LQ�WKLV�FDVH��
7HPSRUDO�LQFUHDVH�RI�EXEEOHV�GLDPHWHU�ZDV�REVHUYHG�IRU�WKH�VHULHV�RI�FRQVHFXWLYH�VQDSVKRWV�
WRR��DV�LW�LV�VKRZQ�LQ�WKH�ILJXUH�����

�
)LJXUH����'LPHQVLRQV�RI�FKRVHQ�ZDOO�DWWDFKHG�EXEEOHV�RI�VHULHV�VL[�FRQVHFXWLYH�LPDJHV��
�
�
���&RQFOXVLRQ�
7KH� ILUVW� PHDVXUHPHQW� DQG� GDWD� SURFHVVLQJ� DUH� GHPRQVWUDWHG� LQ� PXOWLSKDVH� EXEEOH�OLTXLG�
V\VWHP��%XEEOH�PHDVXUHPHQW�ZDV�DIIHFWHG�E\�EXEEOH�JHQHUDWLRQ�SUREOHP��ZKHUH� LQVWHDG�RI�
VSKHULFDO� HOOLSVRLGDO� EXEEOHV� ZHUH� SURGXFHG�� %XW� PHDVXUHPHQW� RI� EXEEOHV� DWWDFKHG� WR� WKH�
YHVVHO�ZDOOV�RU�PRYDEOH�FDSLOODU\�JLYHV�UHVROXWLRQ�VLPLODU�WR�PHDVXUHPHQW�RI�VROLG�JODVV�DQG�
VWHHO�VSKHUHV�PRXQWHG�WR�PRYDEOH�;<=�VXSSRUW��:H�H[SHFW�WKH�SUHVHQWHG�V\VWHP�ZLOO�EH�DEOH�
WR�EH�XVHG�IRU�WKH�GHWHUPLQDWLRQ�RI�WKH�VSKHULFDO�REMHFWV�YHORFLW\�DV�ZHOO�DV�GLPHQVLRQ�FKDQJH�
LQ�WKH�FDVH�RI�DSSOLFDWLRQ�RI�WLPH�UHVROYHG�SKRWRJUDSK\��
�
�
���$FNQRZOHGJPHQWV�
7KLV�ZRUN�ZDV�VXSSRUWHG�E\�JUDQG�&78���������
�
�
���5HIHUHQFHV�
&ULIW��5���*UDFH��-�5���:HEHU��0��(���������%XEEOH�GURSV�DQG�SDUWLFOHV��LQ��$FDGHPLF�3UHVV��

1HZ�<RUN��SS���������
&KDQWHSHUGUL[��*���6FKXOHU��$���������7ZR�3KDVH�)ORZV�ZLWK�)OXHQW�%��LQ��0DVWHULQJ�

,QGXVWULDO�&RGHV�DQG�3DUDOOHOLVP�5(32576��
KWWS���ZQ��HQVHHLKW�IU�KPI�WUDYDX[�&'�����WUDYDX[�RSWPIQ�PLFS�UHSRUWV�UHSRUWV�KWP��
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*UDFH��-��%���������6KDSHV�DQG�YHORFLWLHV�RI�EXEEOHV�ULVLQJ�LQ�LQILQLWH�OLTXLGV��LQ��7UDQV��,QW��
&KHP��(QJ�����������±������

*UDFH��-��%���������6KDSHV�DQG�YHORFLWLHV�RI�VLQJOH�GURSV�DQG�EXEEOHV�PRYLQJ�IUHHO\�WKURXJK�
LPPLVFLEOH�OLTXLGV��LQ��7UDQV��,QW��&KHP��(QJ�����������±�������

*XHUUHUR��-��$���0HQGR]D��6���0RUHQR��)���0IXQHV�*DOODQ]L��'���)HUQDQGH]�2UR]FR��6���������
3DUWLFOH�SRVLWLRQLQJ�IURP�&&'�LPDJHV��H[SHULPHQWV�DQG�FRPSDULVRQ�ZLWK�WKH�JHQHUDOL]HG�
/RUHQ]�0LH�WKHRU\��LQ��0HDV��6FL��7HFKQRO��������������

+DVVDQ��<��+�� �������0XOWLSKDVH� )ORZ�9LVXDOL]DWLRQ�8WLOL]LQJ� 3DUWLFOH� ,PDJH�9HORFLPHWU\�
�3,9���LQ��� (*) �,QW��:RUNVKRS�RQ�3,9��)XNXL��-DSDQ���

+RãHN��-���������0RQROHQV���'�,PDJLQLQJ�DQG�0HDVXUHPHQW�6\VWHP��LQ��:RUNVKRS����������
&]HFK�7HFKQLFDO�8QLYHUVLW\��3UDJXH��

-HRQ��'���3HUHLUD��)���*KDULE��0���������$SSOLFDWLRQ�RI�''3,9�WR�%XEEO\�)ORZ�0HDVXUHPHQW��
LQ���� + , � ,QWHUQDWLRQDO� V\PSRVLXP��$SSOLFDWLRQ� RI� /DVHU� 7HFKQLTXHV� WR�)OXLGV�0HFKDQLFV��
/LVERQ��3RUWXJDO��

/HLIHU�� ,��� GH� /HHXZ�� *��� &RKHQ�� /�� +�� ������� 2SWLFDO� 0HDVXUHPHQW� RI� %XEEOHV�� 6\VWHP�
'HVLJQ�DQG�$SSOLFDWLRQ��LQ��-RXUQDO�RI�$WPRVSKHULF�DQG�2FHDQ�7HFKQRORJ\��9RO�����1R����
SS�������������

/LQGNHQ��5���0HU]NLUFK��:�� �������$�QRYHO�3,9� WHFKQLTXH�IRU�PHDVXUHPHQW� LQ�PXOWL�SKDVH�
IORZV�DQG� LWV� DSSOLFDWLRQ� WR� WZR�SKDVH� EXEEO\� IORZV�� LQ��� + , � ,QWHUQDWLRQDO� 6\PSRVLXP�RQ�
3DUWLFOH�,PDJH�9HORFLPHWU\��*|WWLQJHQ��*HUPDQ\��

1LZD��<���.DPL\D��<���.DZDJXFKL��7���0DHGD��0�� �������%XEEOH�6L]LQJ�E\� ,QWHUIHURPHWULF�
/DVHU� ,PDJLQJ�� LQ�� �� + , � ,QWHUQDWLRQDO� 6\PSRVLXP� RQ� $SSOLFDWLRQ� RI� /DVHU� 7HFKQLTXH� WR�
)OXLG�0HFKDQLFV��/LVERQ��3RUWXJDO��

2WHUR��-���2WHUR��$���6DQFKH]��/�� ���������'�PRWLRQ�HVWLPDWLRQ�RI�EXEEOH�JDV�LQ�IOXLG�JODVV��
XVLQJ�DQ�RSWLFDO�IORZ�JUDGLHQW�WHFKQLTXH�H[WHQGHG�WR�D�WKLUG�GLPHQVLRQ��LQ���0DFKLQH�9LVLRQ�
DQG�$SSOLFDWLRQ��9RO�����SS����������

3DQ�� *��� 0HQJ�� +�� ������� 'LJLWDO� +RORJUDSKLF� 3,9� IRU� �'� IORZ� PHDVXUHPHQW�� LQ��
,0(&(������������1HZ�2UOHDQV��/RXLVLDQD��1RYHPEHU��������

3HUHLUD�� )���*KDULE��0���'DELUL��'��0RGDUUHVV��'�� �������'HIRFXVLQJ� GLJLWDO� SDUWLFOH� LPDJH�
YHORFLPHWU\��D���FRPSRQHQW���GLPHQVLRQDO�'3,9�PHDVXUHPHQW�WHFKQLTXH��$SSOLFDWLRQ�WR�
EXEEO\�IORZV��LQ��([S��)OXLGV�6���6����

3X�� <�� 6RQJ�� ;�� 0HQJ�� +�� ������� 2II�D[LV� KRORJUDSKLF� SDUWLFOH� LPDJH� FRORULPHWULF� IRU�
GLDJQRVLQJ�SDUWLFXODWH�IORZV��LQ��([SHULPHQW�LQ�)OXLGV��6����6����

6]HOLVNL��5���.DQJ��6��%���������5HFRYHULQJ��'�6KDSH�DQG�0RWLRQ�IURP�,PDJH�6WUHDPV�8VLQJ�
1RQ�/LQHDU� /HDVW� 6TXDUHV�� 'LJLWDO� (TXLSPHQW� &RUSRUDWLRQ�� &DPEULGJH� 5HVHDUFK� /DE��
&DPEULGJH��0HVVDFKXVHWWV��86$��

:LOOHUW��&��(���*KDULE��0���������7KUHH�GLPHQVLRQDO�SDUWLFOH�LPDJLQLQJ�ZLWK�D�VLQJOH�FDPHUD��
LQ��([S��)OXLGV��������������

:X�� 0��� *KDULE�� 0�� ������� 3DWK� LQVWDELOLWLHV� RI� DLU� EXEEOHV� ULVLQJ� LQ� FOHDQ� ZDWHU�� LQ��
KWWS���DU[LY�RUJ�36BFDFKH�SDWW�VRO�SGI��������������SGI�
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