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:HQGHOVWHLQ� ��;� �:��;�� ± D� QHZ� IXVLRQ� H[SHULPHQW� RI�
VWHOODUDWRU�W\SH�± KDV�EHHQ�VXFFHVVIXOO\�FRPPLVVLRQHG�LQ�������,WV�
VXSHUFRQGXFWLQJ�FRLO�V\VWHP�SURYLGHV�FRQWLQXRXV PDJQHWLF�ILHOG��
D� SUHUHTXLVLWH� IRU� SURYLQJ� WKH� VWHDG\� VWDWH� FDSDELOLW\� RI� WKLV�
RSWLPL]HG�VWHOODUDWRU��7KH�ILUVW�H[SHULPHQWDO�FDPSDLJQ >�@ VWDUWHG�
LQ�'HFHPEHU������DQG� ODVWHG� IRU� WKUHH�PRQWKV�� IHDWXULQJ�a�����
SODVPD� GLVFKDUJHV�� 7KH�PDLQ� SXUSRVH� RI� WKLV� FDPSDLJQ�ZDV� WKH�
LQWHJUDO� FRPPLVVLRQLQJ� RI� WKH� PDFKLQH� DQG� GLDJQRVWLFV�� ZKLFK�
ZDV�UHDFKHG�YHU\�ZHOO��7KH�/&)6�RI�WKH�SODVPD�ZDV�GHILQHG�E\���
SRORLGDO� XQFRROHG� JUDSKLWH� OLPLWHUV� DW� WKH� LQERDUG� VLGH� RI� WKH�
SODVPD�YHVVHO��VKDSHG�LQ�D�ZD\�WR�FRQIRUP�DORQJ�LWV�HQWLUH�OHQJWK�
WR� WKH� HGJH� SODVPD� IRU� WKH� VWDQGDUG� LRWD� FRQILJXUDWLRQ� DQG� WR�
UHFHLYH� WKH� IXOO� FRQYHFWLYH� KHDW� ORDG� IURP� WKH� SODVPD�� 7KH�
LQLWLDOO\� VHW� PD[LPXP� RI� �� 0-� �(&5� KHDWLQJ� SRZHU� SHU�
GLVFKDUJH� KDV� EHHQ� H[WHQGHG� WR� �� 0-� LQ� WKH� FRXUVH� RI� 23����
EHFDXVH� RI� ORZHU� WKDQ� H[SHFWHG� FRQYHFWLYH� KHDW� ORDGV� WR� WKH�
OLPLWHUV��7KLV�ZDV� FDXVHG�SDUWLDOO\� E\� VLJQLILFDQW� IUDFWLRQ�RI� WKH�
KHDWLQJ� SRZHU� EHLQJ� UDGLDWHG� DZD\� IURP� WKH� SODVPD� HGJH� DV�
FRQVHTXHQFH�RI�VWURQJ�ZDOO�RXWJDVVLQJ�

0RUH� WKDQ� ��� GLDJQRVWLF� V\VWHPV� KDYH� EHHQ� LQVWDOOHG >�@��
FRPPLVVLRQHG� DQG� DOPRVW� LQ� DOO� FDVHV� VXFFHVVIXOO\� RSHUDWHG�
GXULQJ�23�����DOORZLQJ�PDQ\�SK\VLFV� LQYHVWLJDWLRQV��7KLV�SDSHU�
JLYHV� DQ� RYHUYLHZ� RI WKH GLDJQRVWLFV� ZLWK� WKH� H[FHSWLRQ� RI� WKH�
QHXWURQ� FRXQWHUV >�@�� (&5+� VQLIIHU� SUREHV >�@� D� YHU\�
FRPSUHKHQVLYH� VHW� RI� PDJQHWLF� SUREHV >�@�� D� 'RSSOHU� DQG� D�
FRUUHODWLRQ� UHIOHFWRPHWHU� >�����@�� D� VLQJOH� OLQH� RI� VLJKW� �ORV�� =HII

PHDVXUHPHQW� DQG DQ� RYHUYLHZ� 89�9,6� VSHFWURPHWHU�� 6RPH�
GHWDLOV� RI� WKHLU� GHVLJQ �WKH� FDSDELOLW\� RI� ORQJ� SXOVH� SODVPD�
RSHUDWLRQ >����@� LV� HPSKDVL]HG LI� DYDLODEOH��� WKHLU� SHUIRUPDQFH�
DQG� H[DPSOH� UHVXOWV� IURP� 23���� DUH� SUHVHQWHG�� ,Q� DGGLWLRQ� WKH�
%D\HVLDQ� LQIHUHQFH� EDVHG� 0LQHUYD� IUDPHZRUN� XVHG� IRU� GDWD�
DQDO\VLV�RI�VHYHUDO�:��;�GLDJQRVWLFV LV�EULHIO\�GLVFXVVHG��
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$� 0HDVXUHPHQW�RI�PDJQHWLF�IOX[�VXUIDFHV

2QH� RI� WKH� RSWLPL]DWLRQ� FULWHULD� DW�:��;� LV� UHODWHG� WR� WKH�
H[LVWHQFH�RI�JRRG�FORVHG�DQG�QHVWHG�PDJQHWLF� IOX[�VXUIDFHV� LQ�D�
ZLGH� FRQILJXUDWLRQ� VSDFH�� ,Q� VWHOODUDWRU� OLNH� PDJQHWLF�
FRQILJXUDWLRQV� WKH� YHULILFDWLRQ� RI� WKH� H[LVWHQFH� DQG� TXDOLW\� RI�
PDJQHWLF� IOX[� VXUIDFHV� LV� SRVVLEOH� IRU� WKH� YDFXXP� FDVH� L�H��
ZLWKRXW�WKH�H[LVWHQFH�RI�D�SODVPD��7KH�GLDJQRVWLF�FRPSULVHV�WZR�
��P�ORQJ�YDFXXP�SOXJ�LQV�ZLWK�IOXRUHVFHQW�VZLYHOLQJ URGV�LQ�WKH�
SODVPD�YHVVHO� VHUYLQJ�D�SURELQJ�HOHFWURQ�EHDP�ZKRVH� WUDMHFWRU\�
LV� RSWLFDOO\� GHWHFWHG� LQVLGH� WKH� FRQILQHPHQW� DUHD� HLWKHU� GXH� WR�

LQWHUDFWLRQ�ZLWK� EDFNJURXQG� JDV� LQ� WKH� SODVPD� YHVVHO� RU� GXH� WR�
IOXRUHVFHQFH OLJKW�HPLVVLRQ�E\� WKH�HOHFWURQV�KLWWLQJ� WKH�URG��7KH�
PDQLSXODWRUV� FDQ� EH� UHWUDFWHG� LQ� WKH� SRUW� EHKLQG� ZDWHU� FRROHG�
VKXWWHUV�WR�VXVWDLQ�VWHDG\�VWDWH�SODVPD GLVFKDUJHV��

)LUVW�IOX[�VXUIDFH�PHDVXUHPHQWV�KDYH�EHHQ�SHUIRUPHG�IRU�WKH�
VWDQGDUG�23����PDJQHWLF�FRQILJXUDWLRQ�XS�WR�D�PDJQHWLF�ILHOG�RI�
����7��7KH�H[SHULPHQWV WKDW�KDYH�EHHQ�FRQGXFWHG�EHIRUH�WKH�ILUVW�
SODVPDV�FRQILUPHG�WKH�H[LVWHQFH�RI FORVHG�IOX[�VXUIDFHV IURP�WKH�
PDJQHWLF� D[LV� XS� WR� WKH� OLPLWHU�� ,Q� DGGLWLRQ� H[SHFWHG� LQWULQVLF�
PDJQHWLF�LVODQG�FKDLQ�DW�L Q�P ����LQVLGH�WKH�FRQILQHPHQW�UHJLRQ
KDV� EHHQ� GHWHFWHG� >��@��$V�PRGHOOHG� E\� ILQLWH� HOHPHQW� DQDO\VLV�
WKH�HOHFWURPDJQHWLF� IRUFHV�DUH�FDXVLQJ�DQ�HODVWLF�GHIRUPDWLRQ�RI�
WKH� QRQ�SODQDU� ILHOG� FRLOV� GHSHQGLQJ� RQ� WKH� ILHOG� VWUHQJWK�� WKXV�
LQIOXHQFLQJ�WKH�URWDWLRQDO�WUDQVIRUP�DQG�KHQFH�WKH�UDGLDO�SRVLWLRQ�
RI�WKDW�LVODQG�FKDLQ�DV�ZHOO��7KDW�UDGLDO�VKLIW�RI�WKH�LVODQGV�ZKLFK�
LV�RI�WKH�RUGHU�RI�D�IHZ�FP�KDV�EHHQ�GHWHFWHG�LQ�WKH�H[SHULPHQWV�

)XUWKHU� H[SHULPHQWV� ZHUH� GHGLFDWHG WR WKH� HVWLPDWLRQ� RI�
HUURU�ILHOGV��)RU�DQ�L Q�P ����FRQILJXUDWLRQ�DQG�DW�ORZ�PDJQHWLF�
ILHOG� RI� ���� 7� WKH� %�� )RXULHU� KDUPRQLF� HUURU� ILHOG� KDV� EHHQ�
GHULYHG�IURP�WKH�ILQLWH�ZLGWK�RI�D�QRQ�QDWXUDO�LVODQG�IRXQG�DW�WKLV�
UHVRQDQFH��7KH� LQLWLDO� DQDO\VLV� LV� LQGLFDWLQJ� WKDW� WKH� UHODWLYH� E��
HUURU�ILHOG�FRPSRQHQW�LV�RI�WKH�RUGHU�RI���[���� DQG�VHHPV�WR�EH�
FDXVHG� E\� WROHUDQFHV� LQ� WKH�PDQXIDFWXULQJ� DQG� DVVHPEO\� RI� WKH�
PDJQHWLF� ILHOG� FRLOV� )XUWKHU� HUURU� ILHOG� H[SHULPHQWV� �HVSHFLDOO\�
LQFOXGLQJ� WKH� PRVW� VHYHUH� ���� FRPSRQHQW�� ZLOO� EH� FRQGXFWHG�
EHIRUH�WKH�QH[W�RSHUDWLRQ�FDPSDLJQ��

%� 'LDJQRVWLFV�IRU�SODVPD�SURILOHV

$�PXOWL�SXOVH�1G�<$*�ODVHU�7KRPVRQ�VFDWWHULQJ�V\VWHP LV�
LQVWDOOHG� DW� :��;� DV� D� SRZHUIXO� GLDJQRVWLF� IRU� HOHFWURQ�
WHPSHUDWXUH�DQG�GHQVLW\�PHDVXUHPHQWV >��@ �IRU�PHDVXUHPHQW�RI�
7H SURILOHV�ZLWK� WKH�;,&6�GLDJQRVWLF�VHH�VHFWLRQ�'��� ,Q�23����D�
UHGXFHG� VHW� RI ��� ILEHU� EXQGOHV� ZDV� LQVWDOOHG� WR� FRYHU� D� KDOI�
SURILOH� RI� WKH� SODVPD� FURVV� VHFWLRQ�� DV� VKRZQ� LQ� ),*�� ��� 7KH�
RSWLFV� LV� SODFHG� LQ� D�ZDWHU� FRROHG� LPPHUVLRQ� WXEH� GHVLJQHG� IRU�
ORQJ� SXOVH� RSHUDWLRQ� ZLWK� D� YDFXXP� ZLQGRZ� SURWHFWHG� DJDLQVW�
FRDWLQJ� E\� D� ZDWHU� FRROHG� VKXWWHU�� ,QWHUIHUHQFH� ILOWHU� EDVHG�
SRO\FKURPDWRUV�DUH�XVHG�IRU�GHWHFWLRQ�RI�WKH�VFDWWHUHG�OLJKW��)DVW�
DQG� KLJK� G\QDPLF� UDQJH� $'&V� ��� *6�V�� ��� ELW�� GLJLWL]H� WKH�
VLJQDOV� IURP� 6L�DYDODQFKH� GLRGHV�� 7KH� 7KRPVRQ� VFDWWHULQJ�
V\VWHP� LV� RSWLPL]HG� WR� PHDVXUH� HOHFWURQ� WHPSHUDWXUHV� LQ� WKH�
UDQJH�RI����H9�WR����NH9�

$� VLQJOH� FKDQQHO� GLVSHUVLRQ� LQWHUIHURPHWHU KDV� EHHQ�
LQVWDOOHG�IRU�PHDVXUHPHQW�RI�WKH�OLQH�LQWHJUDWHG�GHQVLW\ >��@� ,W�LV�
EDVHG�RQ�D���:�&2� ODVHU�DQG�LWV�VHFRQG�KDUPRQLF�JHQHUDWHG�LQ�D�
$J*D6H� IUHTXHQF\� GRXEOLQJ� FU\VWDO�� %RWK� EHDPV� SDVV� WKH�
SODVPD� YHVVHO� WZLFH� EHLQJ� UHIOHFWHG E\� D� FRUQHU� FXEH� UHIOHFWRU�
ZKLFK�LV�ORFDWHG�RXWVLGH�WKH�YDFXXP�YHVVHO�DW�DQ�RSSRVLWH�SRUW��$�
VHSDUDWH�UHIHUHQFH�SDWK�LV�QRW�UHTXLUHG��$IWHU�IUHTXHQF\�GRXEOLQJ�
WKH� UHVLGXDO� ����� �P� EHDP� LV� IUHTXHQF\� GRXEOHG� LQ� D� VHFRQG�
$J*D6H� FU\VWDO�� WKH� SKDVH� VKLIW� RI� WKH� ��� �P� VLJQDOV� EHLQJ�
GHWHFWHG�� 'LVSHUVLRQ� LQWHUIHURPHWHUV� DUH� LQWULQVLFDOO\� LQVHQVLWLYH�
WR� YLEUDWLRQV� DORQJ� WKH� RSWLFDO� EHDP� SDWK�� RQO\� YLEUDWLRQV�
SHUSHQGLFXODU� WR� WKDW� SDWK� LQFUHDVH� WKH� SKDVH� QRLVH�� 7KH� SKDVH�

D� ,QYLWHG� SDSHU� SXEOLVKHG� DV� SDUW� RI� WKH� 3URFHHGLQJV� RI� WKH� ��VW 7RSLFDO�
&RQIHUHQFH� RQ� +LJK�7HPSHUDWXUH� 3ODVPD� 'LDJQRVWLFV� �+73'� ����� LQ�
0DGLVRQ��:LVFRQVLQ��86$�
E� $XWKRU�WR�ZKRP�FRUUHVSRQGHQFH�VKRXOG�EH�DGGUHVVHG��FDN#LSS�PSJ�GH
F� 0HPEHUV�RI�WKH�:��;�7HDP�DUH�OLVWHG�LQ 1XFO��)XVLRQ��� ��������������



PHDVXUHPHQW� XVHV� D� KHWHURG\QH� PRGXODWLRQ� VFKHPH� DSSO\LQJ� D�
SKRWRHODVWLF�=Q6H�PRGXODWRU��3(0��DW�D�PRGXODWLRQ�IUHTXHQF\�RI�
���N+]�ZKLFK�DOVR�GHWHUPLQHV�WKH�WHPSRUDO�UHVROXWLRQ��7KH�VLQJOH�
FKDQQHO� GLVSHUVLRQ LQWHUIHURPHWHU� VKDUHV� LWV� VLJKWOLQH� ZLWK� WKH�
1G�<$*�ODVHU�RI�WKH�7KRPVRQ�VFDWWHULQJ�V\VWHP��WKHUHIRUH�FURVV�
FDOLEUDWLRQ� RI� ERWK� V\VWHPV� FDQ� EH� SHUIRUPHG� HDVLO\�� 7KH�
GLDJQRVWLFV� ZHUH RSHUDWHG� URXWLQHO\� GXULQJ� WKH� ILUVW� RSHUDWLRQ�
FDPSDLJQ�� ),*�� � VKRZV� D� FRPSDULVRQ� RI� WKH� OLQH� LQWHJUDWHG�
GHQVLW\ PHDVXUHG� ZLWK� WKH� LQWHUIHURPHWHU� DQG� GHULYHG� IURP� WKH�
7KRPVRQ�VFDWWHULQJ�SURILOHV��

),*�� ��� � �&RORU� RQOLQH�� 0DLQ� FRPSRQHQWV� RI� WKH� 7KRPVRQ�
VFDWWHULQJ�V\VWHP�

),*����� �&RORU�RQOLQH��7LPH�WUDFH�RI� WKH� OLQH� LQWHJUDWHG�HOHFWURQ�
GHQVLW\�PHDVXUHG�ZLWK�WKH�LQWHUIHURPHWHU��EOXH OLQH��DQG�GHULYHG�
IURP�WKH�7KRPVRQ�VFDWWHULQJ�SURILOHV��UHG�GRWV���SXOVH�����������

),*������&RORU�RQOLQH��7H SURILOHV�IURP�(&(�RI�D�GLVFKDUJH�ZLWK�
(&5+�SRZHU�VWHSV����� 0:��EOXH������ 0:��JUHHQ��DQG �� PV�
DIWHU�WKH�WHUPLQDWLRQ�RI�WKH�KHDWLQJ��UHG���9HUWLFDO�EDUV�UHIOHFW�WKH�
DEVROXWH�FDOLEUDWLRQ�XQFHUWDLQWLHV�RI�WKH�LQGLYLGXDO�FKDQQHOV��

$Q� (OHFWURQ� &\FORWURQ� (PLVVLRQ GLDJQRVWLF �(&(� KDV�
EHHQ� RSHUDWHG� WKURXJKRXW� 23���� DV� WKH� PDLQ� WRRO� WR� VWXG\�
HOHFWURQ� KHDWLQJ� E\� (&5+� DQG� VXEVHTXHQW� HOHFWURQ� KHDW�
WUDQVSRUW�� ,W�PHDVXUHV� WKH��QG KDUPRQLF�;�PRGH�HPLVVLRQ� LQ� WKH�
IUHTXHQF\�EDQG�����*+]�WR�����*+]�DORQJ�D�VLJKWOLQH�GHILQHG�E\�
*DXVVLDQ�RSWLFV�ZLWK�D����FKDQQHO�KHWHURG\QH�UDGLRPHWHU�ORFDWHG�
RXWVLGH� WKH� WRUXV� KDOO� >��@� 0LFURZDYH� VWUD\� UDGLDWLRQ� UHVXOWLQJ�
IURP�QRQ�DEVRUEHG�(&5+�SRZHU�LV�FXW RXW�RI�WKH�VSHFWUXP�E\�D��

*+]� ZLGH� ZDYHJXLGH� %UDJJ� UHIOHFWLRQ� QRWFK� ILOWHU� ZLWK� GHSWK�
!���G%� VKRZLQJ� H[WUHPHO\� VWHHS� HGJHV� DQG� DQ� LQVHUWLRQ� ORVV RI�
RQO\���WR���G%�RXWVLGH�WKLV�IUHTXHQF\�EDQG�>��@� 7KH�UDGLRPHWHU�
LV� DEVROXWHO\� FDOLEUDWHG� E\� D� VHFRQG� LGHQWLFDO� *DXVVLDQ� RSWLFDO�
V\VWHP� EXLOW� DV� D� WZLQ� RXWVLGH� WKH� WRUXV� LQFOXGLQJ� LGHQWLFDO�
ZDYHJXLGH� FRPSRQHQWV�� PLFD� ZLQGRZ� DQG� D� JHRPHWULFDOO\�
LGHQWLFDO� WUDQVPLVVLRQ� OLQH�� KRZHYHU� ZLWK� D� KRW�FROG� FDOLEUDWLRQ�
VRXUFH�FKRSSLQJ�EHWZHHQ�/1� DQG� URRP� WHPSHUDWXUH� LQ� IURQW�RI�
LW��7KH�RYHUDOO�DEVROXWH�FDOLEUDWLRQ�HUURU�LV�a����ZLWK�RXWOLHUV�IRU�
LQGLYLGXDO�FKDQQHOV�UHVXOWLQJ�IURP�WKHLU�GHWHFWLRQ�VHQVLWLYLW\ �VHH�
H[DPSOH�LQ�),*������7H SURILOHV�DUH�GHULYHG�IURP�WKH�;��HPLVVLRQ�
VSHFWUD�WDNLQJ�LQWR�DFFRXQW�WKH�ILQLWH�RSWLFDO�WKLFNQHVV�YLD�WKH�UD\�
WUDFLQJ�FRGH�75$9,6�ZKLFK�LPSOLHV�D�IXOO\�UHODWLYLVWLF�PRGHO�RI�
(&� DEVRUSWLRQ� DQG� HPLVVLRQ�� )LUVW� FRPSDULVRQ� ZLWK� 7H SURILOHV�
REWDLQHG� IURP� 7KRPVRQ� VFDWWHULQJ� DQG� LPDJLQJ� ;�UD\�
VSHFWURVFRS\�\LHOGV JRRG�DJUHHPHQW�

&� 'LDJQRVWLFV� IRU� SODVPD� HGJH� DQG� LQ�YHVVHO�
FRPSRQHQWV

7KH� RYHUYLHZ YLGHR� GLDJQRVWLF� V\VWHP LV� PRXQWHG� LQ� WHQ�
WDQJHQWLDO�SRUWV�RI�:��;�JLYLQJ�D�JRRG�WRURLGDO�FRYHUDJH�>��@��$�
GHGLFDWHG� GRFNLQJ� PHFKDQLVP� DOORZV� IDVW� LQVHUWLRQ� RI� HDFK�
FKDQQHO� LQ� LWV� UHVSHFWLYH� SRUW� IURP� RXWVLGH� WKH� PDFKLQH��:DWHU�
FRROHG� IURQW� HQGV� ZLWK� D� SLQ� KROH� SURYLGH� VXIILFLHQW� SURWHFWLRQ�
IURP� WKH� KHDW� ORDG� DQG� FRDWLQJ� LQ� ORQJ� SXOVH� SODVPD� RSHUDWLRQ��
7KUHH� GLIIHUHQW� FDPHUD� W\SHV� DUH� XVHG� 7KH� VWDQGDUG� V\VWHP� IRU�
UHJXODU� PRQLWRULQJ� RI� PRVWO\� WKH� SODVPD� VKDSH�� VL]H� DQG� WKH�
UDGLDWLRQ�GLVWULEXWLRQ�LV�HTXLSSHG�ZLWK���(',&$0�FDPHUDV��a����
IUDPHV�V� #� ���0SL[HO��� 7KH� (',&$0� V\VWHP� IHDWXUHV� )3*$�
EDVHG� UHDO�WLPH� LPDJH� SURFHVVLQJ� DQG� HYHQW� GHWHFWLRQ�� WR� EH�
XWLOL]HG�LQ�WKH�IRUWKFRPLQJ�FDPSDLJQV�RI�:��;����3&2�3L[HO)O\�
FDPHUDV� ���� IUDPHV�V� #� ���� 0SL[HO�� DUH� XVHG� IRU� WKH� YDFXXP�
PDJQHWLF�IOX[�VXUIDFH�PHDVXUHPHQWV��DQG�RQH�WDQJHQWLDO�FKDQQHO�
LV� HTXLSSHG� ZLWK� DQ� LPDJH� JXLGH� DWWDFKHG� WR� D� IDVW� IUDPLQJ�
FDPHUD��3KRWURQ�6$�����NIUDPHV�V�#���0SL[HO��

),*�� ��� �&RORU� RQOLQH�� 6KRUW� H[SRVXUH� �a��� �V�� EDFNJURXQG�
FRUUHFWHG� WDQJHQWLDO� LPDJH�VKRZLQJ ILHOG� OLQH�DOLJQHG�VWUXFWXUHV��
&DOFXODWHG�YDFXXP�ILHOG�OLQHV�DUH�RYHU�SORWWHG�LQ�UHG�

7KH� (',&$0� V\VWHP� UHYHDOHG� WRURLGDO� RU� SRORLGDO�
DV\PPHWULHV�DV�ZHOO�DV�WKH�PRYHPHQW�RI�WKH�SODVPD�DV�UHDFWLRQ�WR�
FXUUHQWV�DSSOLHG�LQ�WULP�FRLOV LQGXFLQJ�����PDJQHWLF�ILHOG�HUURUV��
7DNLQJ� LPDJHV� DW� D� IUDPH� UDWH� JUHDWHU� WKDQ� D� IHZ� N+]�ZLWK� WKH�
3KRWURQ� FDPHUD�� ILODPHQWDU\� VWUXFWXUHV� DW� WKH�SODVPD� HGJH� KDYH�
EHHQ� GHWHFWHG�� XVXDOO\� DW� ODWHU� SKDVHV� RI� WKH� GLVFKDUJHV�
DFFRPSDQLHG� E\� VWURQJ� HGJH� UDGLDWLRQ� RU� LQ� FDVH� RI� LQWHQWLRQDO�
JDV�LQMHFWLRQ�XVHG�IRU�UDGLDWLYH�HGJH�FRROLQJ�H[SHULPHQWV��7KHVH�
VWUXFWXUHV� DUH� DOLJQHG� WR� WKH� PDJQHWLF� ILHOG� OLQHV� �),*�� ���� DUH�
H[WHQGHG� WRURLGDOO\� LQ� WKH� ZKROH� REVHUYDWLRQ� YROXPH� RI� WKH�
FDPHUD�� KDYLQJ� LQ� VRPH� FDVHV� D� OLIHWLPH� RI� D� IHZ�PLOOLVHFRQGV�
DQG�UHYHDOLQJ�SRORLGDO�URWDWLRQ�



7KH�QHXWUDO� JDV� GHQVLW\�PHDVXUHPHQW ZDV� SHUIRUPHG� E\�
ILYH� LQ�YHVVHO�SUHVVXUH�JDXJHV�RI� WKH�$6'(;�W\SH�>��@ DQG�RQH�
3HQQLQJ� JDXJH� >��@�� 7KH SUHVVXUH� JDXJHV ZHUH� SODFHG� DW� IURQW�
HQGV�RI�YDFXXP�SOXJ�LQV�DW�WKH�PLGSODQH�RXWERDUG�VLGH�LQ�DOO�ILYH�
VWHOODUDWRU�PRGXOHV� IRU� LQYHVWLJDWLRQV� RI� WKH� WRURLGDO� V\PPHWU\��
7KH� XVDJH� RI� WKH� YDFXXP� SOXJ�LQ� WHFKQLTXH� KDV� GLIIHUHQW�
DGYDQWDJHV�� WKH� SRVVLELOLW\� RI� UDSLG� FKDQJH� RI� WKH� PDQRPHWHU�
SRVLWLRQ��H[FKDQJH�IRU�UHSDLU DQG�RI�ZDWHU FRROLQJ�IRU�VWHDG\�VWDWH�
RSHUDWLRQ �WR� EH� LPSOHPHQWHG� IRU� WKH� QH[W� FDPSDLJQ�� 7KH�
PHDVXUHPHQW� UDQJH�VSDQV�DOPRVW� ILYH�RUGHUV�RI�PDJQLWXGH� IURP�
�î���� XS�WR��î���� PEDU��ZLWK�PD[LPXP�VDPSOLQJ�UDWH�RI���N+]�
,Q�),*��� D�VWURQJ�DV\PPHWU\�RI�WKH�QHXWUDO�JDV�SUHVVXUH�LV�VKRZQ�
LQ� D� GLVFKDUJH� WHUPLQDWHG� E\� WRR� KLJK� HGJH� UDGLDWLRQ�� 2QO\� LQ�
PRGXOH� �� WKH� JDV� SUHVVXUH� ULVHV� IURP� WKH� EHJLQQLQJ� RI� WKH�
GLVFKDUJH� UHDFKLQJ� D� KLJKO\� SHDNHG� YDOXH DQG� LV� LQ� VRPH� FDVHV�
DFFRPSDQLHG�E\�D�0$5)(�OLNH� UDGLDWLRQ�RQ� WKH� LQERDUG�VLGH�RI�
PRGXOH�� GHWHFWHG�E\�WKH�YLGHR�FDPHUDV >��@�

),*�� ��� �&RORU� RQOLQH�� 1HXWUDO� JDV� SUHVVXUH� LQ� IRXU� PDFKLQH�
PRGXOHV�LQ�D�GLVFKDUJH�WHUPLQDWHG�E\�VWURQJ�HGJH�UDGLDWLRQ��

6HYHUDO� FDPHUDV� IRU� REVHUYDWLRQ� RI� WKH� OLPLWHUV� DQG� WKH�
ZDOOV KDYH� EHHQ� LQVWDOOHG�� DPRQJ� WKHP� LQIUDUHG� FDPHUDV� WR�
PHDVXUH� WHPSHUDWXUH� GLVWULEXWLRQ� RQ� WKH� OLPLWHU� VXUIDFHV�� 7KUHH�
W\SHV�RI�FDPHUDV�KDYH�EHHQ�XVHG� 1,5�FDPHUDV��PHDVXULQJ�DW�����
ȝP��LQVWDOOHG�LQ�LPPHUVLRQ�WXEHV PHQWLRQHG�ODWHU�LQ�WKLV�FKDSWHU���
RQH�0:,5 FDPHUD��PHDVXULQJ�DW���� ȝP��YLHZLQJ�WKH�OLPLWHU�LQ�
PRGXOH� �� DQG� RQH� /:,5� FDPHUD� �PHDVXULQJ� DW� ������ ȝP��
YLHZLQJ� WKH� OLPLWHU� LQ� PRGXOH� ���� 7KH� GDWD� IURP� 1,5� FDPHUDV�
VXIIHUHG�IURP�SODVPD�HPLVVLRQ�QHDU�WKH�OLPLWHU�VXUIDFH��+RZHYHU�
0:,5 DQG� /:,5 FDPHUDV� GHOLYHUHG� YHU\� XVHIXO� GDWD�� ,Q� ),*��
��D� WHPSHUDWXUH�GLVWULEXWLRQ�RQ�WKH�OLPLWHU�LQ�PRGXOH���PHDVXUHG�
ZLWK�WKH�/:,5 FDPHUD�LV�VKRZQ��7KH�WRSRORJ\�RI�PDJQHWLF ILHOG�
OLQHV�LV�PRUH�FRPSOLFDWHG�WKDQ�LQ�WRNDPDNV�ZLWK�LWV��'�VWUXFWXUH�
RI� LQWHU�ZRYHQ� IOX[� WXEHV�� 7KLV� LV� UHIOHFWHG� LQ� WHPSHUDWXUH�
GLVWULEXWLRQ��ZKLFK�DOVR�VKRZV��'�FKDUDFWHULVWLFV��

),*����� �&RORU�RQOLQH���D�� ,QIUDUHG� LPDJH�RI� OLPLWHU� LQ�PRGXOH���
VKRZV�KHWHURJHQHRXV�WHPSHUDWXUH�GLVWULEXWLRQ�GXH�WR��'�VWUXFWXUH�
RI�WKH�VFUDSH�RII�OD\HU� �E��+HDW�IOX[�GHQVLW\�SURILOHV�FDOFXODWHG�DW�
WKUHH�WLOHV�RI�OLPLWHU�LQ�PRGXOH���

7KH� 0:,5 FDPHUD� VKDUHG� WKH� VDPH� ILHOG� RI� YLHZ� DW� WKH�
OLPLWHU� LQ�PRGXOH���ZLWK�D�YLVLEOH�FDPHUD >��@��7KH� OLPLWHU�ZDV�
VHHQ�ZLWK�KLJK�WHPSRUDO�UHVROXWLRQ��a����+]�LQ�WKH�,5�DQG�a����
+]� LQ� WKH� YLVLEOH�� DQG� VXE�PP� VSDWLDO� UHVROXWLRQ RQ� ILYH� RI� LWV�
QLQH� WLOHV�� 7KH� ILOWHUHG� YLVLEOH� FDPHUD� SURYLGHG� DEVROXWHO\�
FDOLEUDWHG� PHDVXUHPHQWV� RI� FDUERQ� DQG� K\GURJHQ� OLJKW�� DQG�

WKHUHIRUH�LQSXWV�WR�SDUWLFOH�EDODQFH�FDOFXODWLRQV�>��@��7KH�LQIUDUHG�
FDPHUD�ZDV�XVHG�WR�GHULYH�VSDFH�DQG�WLPH UHVROYHG�SRZHU�IOX[HV��
DV�ZHOO�DV�LQ�D�FDORULPHWHU�PRGH�WR�LQIHU�WRWDO�HQHUJ\�GHSRVLWHG�RQ�
WKH� OLPLWHU�� )URP� WKH� WKHUPRJUDSKLF� PHDVXUHPHQWV� RI� OLPLWHU�
WHPSHUDWXUHV� KHDW�IOX[�GHQVLW\�KDV EHHQ GHULYHG ZLWK�WKH�KHOS�RI�
WKH� 7+(2'25� FRGH� >��@�� )RU� D� W\SLFDO� GLVFKDUJH� RI� WKH� ILUVW�
FDPSDLJQ� ZLWK� � 0:� RI� LQMHFWHG� SRZHU�� WKHUH� LV� DERXW� ����
0:�P� KHDW� IOX[� QHDU� WKH� ZDWHUVKHG� �VHH ),*�� ��E���� 7KHVH�
YDOXHV� DUH� ORZHU� WKDQ� H[SHFWHG� GXH� WR� KLJK� IUDFWLRQ� RI� UDGLDWHG�
SRZHU�GXULQJ�WKH�RSHUDWLRQ ZKLFK�DOORZHG LQFUHDVLQJ WKH�OLPLW�RI�
KHDWLQJ�HQHUJ\�IURP���0-�WR���0- SHU�SODVPD�SXOVH�

),*�� � VKRZV� WZR� OLPLWHU� LPDJHV� WDNHQ� ZLWK� WKH� YLVLEOH�
FDPHUD LQ�PRGXOH����,Q�)LJ���D��D�FDUERQ�EORRP�HPLVVLRQ�IURP�D�
KRW� VSRW� GHIHFW� LV� VKRZQ�� DQG LQ� )LJ�� �E��PHDVXUHG� DEVROXWH�+D
HPLVVLRQ�DW�WKH�OLPLWHU�SURYLGLQJ�SDUWLFOH�IOX[HV LV�GHSLFWHG�

),*�� ��� �&RORU� RQOLQH�� �D��� ����QP�&,,,� OLJKW� VKRZLQJ� D� FDUERQ�
EORRP�REVHUYHG�IURP�D�KRW�VSRW�GHIHFW�RQ�WKH�OLPLWHU�LQ�PRGXOH��
�EODFN�OLQHV�LQGLFDWH�WKH�OLPLWHU�HGJHV�� �E���+Į OLJKW�DW�WKH�OLPLWHU�
GHWHFWHG�E\�WKH�VDPH�FDPHUD��GLVFKDUJH���������� DW���� PV���

)RU� WKH� REVHUYDWLRQ� RI� WKH� GLYHUWRU� UHJLRQ� �LQ� XSFRPLQJ�
RSHUDWLRQ� SKDVH�� DQG� WKH� OLPLWHU� LQ�23���� ��� LPPHUVLRQ� WXEHV
ZLWK� 1,5� DQG� YLVLEOH� FDPHUDV DUH� LQVWDOOHG�� (DFK� WXEH� LV�
HTXLSSHG�ZLWK�D�VHW�RI�WKUHH�FDPHUDV��WZR�RSHUDWLQJ�LQ�WKH�YLVLEOH�
VSHFWUDO�UDQJH�ZLWK�YDULRXV�LQWHUIHUHQFH�ILOWHUV��+D��&,,��DQG�&,,,�
DQG�RQH�1,5� FDPHUD�� 7KH� YLHZLQJ� DQJOH� RI� ���� WR� ����� DOORZV�
WKH�PRQLWRULQJ�RI�D�ZLGH�UDQJH�RI�WKH�SODVPD�YHVVHO�LQWHULRU ZLWK�
D� VSDWLDO� UHVROXWLRQ� RI� �� WR� �� PP�� 'XULQJ� WKH� ILUVW� RSHUDWLRQ�
SKDVH� 23���� WKH� YLVLEOH� UDGLDWLRQ� SDWWHUQV DW� WKH� OLPLWHUV� ZHUH�
GRPLQDWHG� E\� K\GURJHQ� DQG� FDUERQ� HPLVVLRQ�� ,Q� ),*�� � &,,,
HPLVVLRQ� LV� VKRZQ� UHYHDOLQJ� WKH� W\SLFDO� GRXEOH�VWULSH� VWUXFWXUH�
�FRPSDUH�WR�+D HPLVVLRQ�LQ�),*����E����

),*�� ��� &,,,� HPLVVLRQ� DW� OLPLWHU� LQ� PRGXOH� �� �GRXEOH�VWULSH�
VWUXFWXUH� DW� WRS� OHIW�� GHWHFWHG� ZLWK D� YLVLEOH FDPHUD� DQG� DQ�
LQWHUIHUHQFH�ILOWHU�DW�����r��QP��7KH�EULJKW�VSRW�DW�ERWWRP�ULJKW�LV�
GXH� WR� 1H,� HPLVVLRQ� IURP� QHRQ� LQMHFWHG� E\� WKH� KHOLXP� EHDP�
LQMHFWLRQ�V\VWHP�IRU�HGJH�FRROLQJ�H[SHULPHQWV��

7KH�,5�DQG�YLVLEOH�FDPHUDV�KDYH�EHHQ�FRPSOHPHQWHG�E\�DQ�
DEVROXWHO\� FDOLEUDWHG ILOWHUVFRSH� V\VWHP >��@ WR� REWDLQ�
VSHFWURVFRSLF�GDWD�RI�OLPLWHU�DQG�ILUVW�ZDOO�UHF\FOLQJ�DQG�LPSXULW\�
VRXUFHV��$�ILEHU�YLHZ�ZLWK�D�VSRW�VL]H�HQFRPSDVVLQJ�WKH�ZLGWK�RI�
WKH� OLPLWHU� ���� FP�� SURYLGHV� VLPXOWDQHRXV�PHDVXUHPHQWV� DW� WKH�
OLPLWHU� LQ� PRGXOH� �� RI� +H,�� +D�� +ȕ�� DQG� &,,� HPLVVLRQ� 7KHVH�
PHDVXUHPHQWV� KDYH� H[FHOOHQW� WHPSRUDO� UHVROXWLRQ� RI� ���
PLFURVHFRQGV�DQG�FRYHU�D� ODUJH�VXEVHW� �a�����RI� WKH�VDPH�DUHD�
DV�WKH�YLVLEOH�FDPHUD�YLHZV��)RXU�RWKHU�ILEHU�YLHZV�RI�WKH�LQERDUG�



DQG� RXWERDUG� ZDOO� GHWHFWHG DGGLWLRQDO� +�� +H,�� +H,,�� DQG� &
HPLVVLRQ��DV�ZHOO�DV YLVLEOH EUHPVVWUDKOXQJ DW�����QP��7KH�+H,,�
HPLVVLRQ�GHFD\��VKRZQ�LQ ),*�����ZDV�XVHG�WR�GHWHUPLQH� WKH�ĲS

�SDUWLFOH�FRQILQHPHQW�WLPH�LQFOXGLQJ�UHF\FOLQJ�HIIHFWV��IRU�KHOLXP�
IURP�D�VHULHV�RI�SHUWXUEDWLYH�KHOLXP�SXIIV� WKDW�ZHUH�GHVLJQHG� WR�
DVVHVV�FKDQJHV�LQ�SDUWLFOH�FRQILQHPHQW��7KH�UHVXOWLQJ�SKRWRQ�IOX[�
IURP� ERWK� WKH� YLVLEOH� FDPHUD� DQG� ILOWHUVFRSHV� FDQ� WKHQ� EH�
FRPSDUHG�WR�DQ�(0&��(,5(1(�V\QWKHWLF�GLDJQRVWLF�>��@�RXWSXW�
WR� LQIHU� ERWK� WKH� OLPLWHU� DQG� WKH� ZDOO� SDUWLFOH� IOX[�� ZKLFK� ZLOO�
XOWLPDWHO\�EH�XVHG�WR�LQIHU�D�FRPSOHWH�SDUWLFOH�EDODQFH���

),*����� �&RORU�RQOLQH��+H,,�HPLVVLRQ�GHWHFWHG�E\� WKH� ILOWHUVFRSH�
YLHZLQJ� WKH� OLPLWHU� LQ�PRGXOH���� ĲS
+H LV� GHULYHG� IURP� WKH� WLPH�
GHFD\�RI�WKH�HPLVVLRQ��UHG�OLQH� DIWHU�D�+H�SXII�DW�a����PV��

)RU�WKH�JDV�LQMHFWLRQ�RI�WKH�WKHUPDO�KHOLXP�EHDP WZR�ZDWHU�
FRROHG�YDFXXP�SOXJ�LQV FDSDEOH�RI VWHDG\�VWDWH�SODVPD�RSHUDWLRQ�
± RQH� IRU� WKH� XSSHU� DQG� RQH� IRU� WKH� ORZHU� SODVPD� HGJH ± KDYH�
EHHQ RSHUDWHG� GXULQJ� 23����� %RWK� ZHUH� HTXLSSHG�ZLWK� D� YDOYH
ER[�ZLWK�ILYH�LQGHSHQGHQW�IDVW�SLH]R�YDOYHV >��@ SRVLWLRQHG�RQO\�
IHZ�FP�RXWVLGH�RI�WKH�/&)6 �),*�������7KH�YHUVDWLOH�JDV�LQMHFWLRQ�
V\VWHP�KDV�EHHQ�XVHG�IRU�LQMHFWLRQ�RI�KHOLXP�IRU�PHDVXUHPHQW�RI�
ORFDO� HGJH� QH DQG� 7H SURILOHV� >��@ DQG� HIIHFWLYH� SDUWLFOH�
FRQILQHPHQW� WLPH� WS



+H >��@�� QHRQ� IRU� GHYHORSPHQW� RI� D�

FROOLVLRQDO� UDGLDWLYH� PRGHO� WR� H[WHQG� WKH� SDUDPHWHU� UDQJH� DQG�
DFFXUDF\� RI� WKH� GLDJQRVWLF� KHOLXP� EHDP� >�����@�� DUJRQ� IRU�
LPSXULW\� WUDQVSRUW� VWXGLHV� DV�ZHOO� DV�QLWURJHQ� IRU� UDGLDWLYH� HGJH�
FRROLQJ�� 3HUSHQGLFXODU� REVHUYDWLRQ� RI� WKH� JDV� HPLVVLRQ� DW� WKH�
XSSHU�SODVPD�HGJH�ZDV�GRQH�DORQJ���ORV� XVLQJ TXDUW]�ILEHUV�DQG�
DQ�LPDJLQJ�VSHFWURPHWHU�ZLWK�D�&&'�FDPHUD�>��@�

),*�������&RORU�RQOLQH��*HRPHWU\�RI�WKH�KHOLXP�EHDP�GLDJQRVWLF�
DW�WKH�XSSHU�SODVPD�HGJH��$GMXVWPHQW�RI�WKH���ORV�ZDV�VXSSRUWHG�
E\�WKH�VKRZQ (0&5�(,5(1(�VLPXODWLRQ�RI�+H,�HPLVVLRQ�DW�����
QP >��@��7KH�/&)6�LV�LQGLFDWHG�E\�WKH�GDVKHG�UHG�OLQH��

$� PXOWLSXUSRVH� PDQLSXODWRU ZLWK� D� IDVW� UHFLSURFDWLQJ�
SUREH KDV� EHHQ DVVHPEOHG� DW� WKH� RXWERDUG� VLGH� QHDU� WR� WKH�
HTXDWRULDO� SODQH�� 7ZR� SUREH� KHDGV ZHUH� DYDLODEOH�� D� FRPELQHG�
SUREH�PHDVXULQJ�WKH�HGJH�SODVPD�SURILOHV�RU�IOXFWXDWLRQV��DW�IL[HG�
SUREH�SRVLWLRQ��DV�ZHOO�DV�D� VDPSOH�VWDWLRQ� IRU�SODVPD�H[SRVXUH�
VWXGLHV RI� GLIIHUHQW� PDWHULDOV�� 7KH� SUREHV� HTXLSSHG� ZLWK� ZDWHU�
FRROLQJ� DUH� FDSDEOH� RI� VWHDG\� VWDWH� SODVPD� RSHUDWLRQ�� 7KH�
PDQLSXODWRU� LV�DEOH� WR�SOXQJH�DV� IDU�DV�����PP�LQWR� WKH� SODVPD�
YHVVHO�DQG�WKHUHE\�HDVLO\�WKURXJK�WKH�/&)6� 7KH�FRPELQHG�SUREH�
LQFOXGHV�WZR�PDJQHWLF�SLFN�XS�FRLO�DUUD\V��/DQJPXLU�SUREHV��DQG�
D� 0DFK� VHWXS�� 7KLV� DOORZV� PHDVXULQJ� DW� WKH� VDPH� WLPH� DQG�

ORFDWLRQ�� WKH� HGJH� UDGLDO� SURILOHV� RI� WKH� PDJQHWLF� ILHOGV�� WKH�
HOHFWURQ� WHPSHUDWXUH� DQG� GHQVLW\�� WKH� HOHFWULF� ILHOGV DQG� WKH�
SODVPD�IORZV >��@� 7KH�/DQJPXLU�SUREHV�DUH�RSHUDWHG�LQ�D�WULSOH�
SUREH�FRQILJXUDWLRQ�SURYLGLQJ KLJK�WHPSRUDO�UHVROXWLRQ�DQG�HDV\�
FDOFXODWLRQ� RI� WKH� WHPSHUDWXUH� DQG� GHQVLW\� 7KH� OLPLWHU�
/DQJPXLU� SUREHV FRPSULVH WZR� DUUD\V� ZLWK� ��� SUREHV� HDFK�
LQVWDOOHG� LQ� WZR� WLOHV� RI� WKH� OLPLWHU� LQ� PRGXOH� ��� 7KH� SUREHV
SURYLGHG GLIIHUHQW�PHDVXUHV DW���PV�WLPH�UHVROXWLRQ DW�WKH�OLPLWHU�
VXUIDFH��7KH\�PHDVXUHG� HLWKHU� WKH� IORDWLQJ�SRWHQWLDO� DQG� WKH� LRQ�
VDWXUDWLRQ� FXUUHQW� DW� FRQVWDQW ELDV� YROWDJH� RI� ����� 9� RU� KDYH�
VZHSW�WKH�YROWDJH�EHWZHHQ������9�DQG����9�IRU�PHDVXUHPHQW�RI�
QH DQG� 7H�� GHWHFWLQJ� YDOXHV� XS� WR� �î��

�� P�� DQG� ����� H9��
UHVSHFWLYHO\�� ),*�� �� VKRZV�D� UHVXOW� RI� SODVPD� HGJH� FRROLQJ�E\�
SXOVHG�1� SXIIV�WKURXJK�WKH�KHOLXP�EHDP�LQMHFWLRQ�V\VWHP�DW�WKH�
ORZHU�SODVPD�HGJH�LQ�PRGXOH����7KHUH�LV�D�FOHDU�FRUUHODWLRQ�RI�WKH�
LQMHFWLRQ WLPH� DQG� WKH� 7H YDOXHV� PHDVXUHG� ERWK� E\� WKH�
PDQLSXODWRU� SUREH� �DW� IL[HG SRVLWLRQ� LQ� WKLV� H[SHULPHQW�� LQ�
PRGXOH����DQG�E\�VRPH�SUREHV�DW� WKH� OLPLWHU� �PHDVXULQJ RXWVLGH�
RI�WKH�/&)6��LQ�PRGXOH��� 7KH�LQGLFDWHG�WLPH�GHOD\�RI�a���PV�LV�
DW�OHDVW�SDUWLDOO\�GXH�WR�WKH�RSHQLQJ�WLPH�RI�WKH�SLH]R�YDOYH�

),*�������&RORU RQOLQH� &RROLQJ�RI�WKH�SODVPD�HGJH�GHWHFWHG�ZLWK�
/DQJPXLU� SUREHV� DW� GLIIHUHQW� SRVLWLRQV� LQ� WKH� SODVPD� YHVVHO� DV�
UHDFWLRQ�RQ�1� LQMHFWLRQ�LQWR�WKH�HGJH�SODVPD�

'� 'LDJQRVWLFV�IRU�FRUH�LPSXULWLHV

7KH�LPDJLQJ�VSHFWURPHWHU�V\VWHPV�;�UD\�,PDJLQJ�&U\VWDO�
6SHFWURPHWHU �;,&6� >��������@� DQG�+LJK� 5HVROXWLRQ� ;�UD\�
,PDJLQJ�6SHFWURPHWHU �+5�;,6� >��@� SHUIRUP�FRPSOHPHQWDU\�
PHDVXUHPHQWV� RI WKH� VSHFWUDO� HPLVVLRQ�RI� VHOHFWHG� LPSXULWLHV� LQ�
GLIIHUHQW�FKDUJH�VWDWHV��\LHOGLQJ�UDGLDO�SURILOHV�RI�LRQ�DQG�HOHFWURQ�
WHPSHUDWXUH��SODVPD�IORZ�YHORFLW\��DQG�LPSXULW\�GHQVLWLHV�ZLWK�D�
WLPH� UHVROXWLRQ� RI� �� PV� %RWK� VSHFWURPHWHUV� KDYH� EHHQ�
FRPPLVVLRQHG�GXULQJ�23����

),*�� ��� �&RORU� RQOLQH�� �D�� +5�;,6� DQG� ;,&6� UDZ� LPDJHV� RI�
$U;9,,,� DQG� $U;9,,� HPLVVLRQ�� �E�� 0HDVXUHG� DQG� ILWWHG� ;,&6�
VSHFWUD�DORQJ�ORV�FURVVLQJ� WKH�SODVPD�DW� WKH� WRS�HGJH�� WKH�FHQWHU�
DQG�EHORZ�WKH�PDJQHWLF�D[LV��SORWV�WRS�WR�ERWWRP��UHVSHFWLYHO\��



,Q� WKRVH�VSHFWURPHWHUV��;�UD\V�HPLWWHG�IURP�WKH�SODVPD�DUH�
LPDJHG�YLD�D� VSKHULFDO�EHQW�FU\VWDO�RQWR�D��'�GHWHFWRU�XQLW�ZLWK�
HQHUJ\� UHVROXWLRQ� LQ�KRUL]RQWDO� DQG� VSDWLDO� UHVROXWLRQ� LQ�YHUWLFDO�
GLUHFWLRQ�� ),*�� ���D�� VKRZV� W\SLFDO� �'� LQWHQVLW\� SDWWHUQV� RI�
$U;9,,, �/D��� OLQHV�� DQG� $U;9,, �Z�[�\� DQG� ] OLQHV�� HPLVVLRQ�
DIWHU�LQMHFWLRQ�RI�WUDFH�DPRXQWV�RI�DUJRQ �Q$U�QH a�î��

����LQWR�WKH�
SODVPD��$�VSHFWUDO�ILW��JUHHQ�OLQH�LQ�),*�����E���RI�ORV�LQWHJUDWHG��
PHDVXUHG� VSHFWUD� �EOXH� OLQH� LQ� ),*�� ���E��� DQG� D� WRPRJUDSKLF�
LQYHUVLRQ�\LHOG SURILOHV�RI�DERYH�PHQWLRQHG�SODVPD�SDUDPHWHUV�DV�
VKRZQ� LQ� ),*�� ��� +HUH�� WHPSHUDWXUH� DQG� GHQVLW\� SURILOHV� KDYH�
EHHQ�LQIHUUHG�XVLQJ�DQ�HQWLUH�IRUZDUG�PRGHO�RI�WKH�;,&6�V\VWHP�
ZLWKLQ� WKH� 0LQHUYD� %D\HVLDQ� DQDO\VLV� IUDPHZRUN� >��@�� )LUVW
UHVXOWV�RI�WKH�HYROXWLRQ�RI�SODVPD�IORZ�YHORFLW\�SURILOHV�>��@�DQG�
DUJRQ LPSXULW\� WUDQVSRUW� VWXGLHV� >��@� XVLQJ� ;,&6� GDWD� DUH�
GLVFXVVHG�LQ�WKH�JLYHQ�UHIHUHQFHV�

),*�� ���� �&RORU� RQOLQH�� ,QIHUUHG� ORFDO� LRQ� DQG� HOHFWURQ�
WHPSHUDWXUH��WKLFN�VROLG�OLQHV��DV�ZHOO�DV�DUJRQ�GHQVLW\�SURILOHV�RI�
GLIIHUHQW�FKDUJH�VWDWHV��WKLFN�VROLG��GDVKHG�DQG�GDVK�GRWWHG�OLQHV��
LQFOXGLQJ� VDPSOHV� IURP� SRVWHULRU� SUREDELOLW\� GLVWULEXWLRQ� �WKLQ�
VROLG�OLQHV���ORV�LQWHJUDWHG�WHPSHUDWXUHV�DUH�VKRZQ�ZLWK�GRWV�

$V� RQH� RI� WKH� PDLQ� LPSXULW\� GLDJQRVWLFV�� WKH� +LJK�
(IILFLHQF\�;89�2YHUYLHZ�6SHFWURPHWHU �+(;26� >��������@
FRYHUV� WKH� 989�;89�ZDYHOHQJWK� UHJLRQ� EHWZHHQ� ���� DQG� ����
QP�� GLVWULEXWHG� RYHU� IRXU VSHFWUDO� FKDQQHOV�� ZLWK� KLJK� VSHFWUDO�
DQG� WHPSRUDO� �XS� WR������VSHFWUD�V�� UHVROXWLRQ DORQJ�WZR�DOPRVW�
LGHQWLFDO� ORV JRLQJ� WKURXJK� WKH�SODVPD� FHQWHU��7KH�PRVW� LQWHQVH�
UHVRQDQFH�OLQHV�RI�PHGLXP�LRQL]DWLRQ�VWDJHV�RI�H[SHFWHG�LQWULQVLF�
LPSXULWLHV�DV�ZHOO�DV� LQMHFWHG�WUDFHU�LPSXULWLHV��H�J��DUJRQ��QHRQ��
QLWURJHQ��HPLW�OLJKW�DW�ZDYHOHQJWKV�FRYHUHG�E\�+(;26�

),*�� �� VKRZV� RYHUYLHZ� VSHFWUD� RI� WKH ORZHVW HQHUJ\�
FKDQQHO� RI� +(;26� IRU� WKUHH� GLIIHUHQW� GLVFKDUJH� VFHQDULRV��
3RVLWLRQV RI� LGHQWLILHG� HPLVVLRQ� OLQHV� DUH� PDUNHG�� &OHDUO\�
LGHQWLILDEOH�DUH�R[\JHQ�DQG�FDUERQ�� OLQHV� LQ�DOO�FDVHV��DV�ZHOO�DV�
DUJRQ� OLQHV� IRU� WKH�GLVFKDUJH�ZLWK�DUJRQ�SUHILOO��$OO� VSHFWUD�DOVR�
FRQWDLQ�HPLVVLRQ�OLQHV�RI�IOXRULQH�DQG�FKORULQH��DQG�LQGLFDWLRQV�RI�
VXOSKXU��

7KH�3XOVH�+HLJKW�$QDO\VLV �3+$�� V\VWHP� >�����@� LV� XVHG�
IRU�LQYHVWLJDWLRQ�RI�VRIW�;�UD\�HPLVVLRQ�LQ�WKH�HQHUJ\�UDQJH�IURP�
����H9�WR����NH9��,W�FRQVLVWV�RI���HQHUJ\�FKDQQHOV�HTXLSSHG�ZLWK�
6LOLFRQ�'ULIW�'HWHFWRUV� �6''V��� (DFK�6''� LV� ILOWHUHG� E\� D� WKLQ�
IRLO� �%H� RU� 3RO\PHU�� DQG� DFFRPSDQLHG� E\� D� SXOVHG�UHVHW�
SUHDPSOLILHU� DQG� LQGLYLGXDO� SRZHU� VXSSO\� PRGXOH� LQ� RUGHU� WR�
DYRLG� HOHFWULF� LQWHUDFWLRQ� EHWZHHQ� GHWHFWLRQ� FKDQQHOV�� (DFK�
HQHUJ\� FKDQQHO� LV� HTXLSSHG�ZLWK� D� VHW� RI� FKDQJHDEOH� SLH]R�VOLWV�
�������PP��DQG�DGGLWLRQDO�H[FKDQJHDEOH�%H�IRLOV����������P��WR�
DVVXUH� DSSURSULDWH� IOX[� RI� ;�UD\V� XQGHU� GLIIHUHQW� GLVFKDUJH�

FRQGLWLRQV�� 7KH� PDLQ� SXUSRVH� RI� WKH� GLDJQRVWLF LV� WR� LGHQWLI\�
VSHFWUDO�OLQHV�HPLWWHG�E\�LPSXULWLHV�LQ�WKH�SODVPD�>��@�DV�ZHOO�DV�
HVWLPDWH� WKH� HOHFWURQ� WHPSHUDWXUH DQG� VXSUDWKHUPDO� HOHFWURQ�
GLVWULEXWLRQ� IURP� WKH� FRQWLQXXP� UDGLDWLRQ�� 'XULQJ� 23���� WKH�
3+$� V\VWHP� ZDV� ODXQFKHG� DQG� WHVWHG�� 7ZR� H[DPSOH� VSHFWUD�
GHWHFWHG�E\� WKH��VW HQHUJ\�FKDQQHO� �6''�ZLWK����P�DQG�����P�
%H�IRLO��DUH�SUHVHQWHG�LQ�),*�����

),*�������&RORU�RQOLQH��+(;26�VSHFWUD��VSHFWURPHWHU����RI�WKUHH�
GLIIHUHQW�GLVFKDUJH�VFHQDULRV��JUHHQ��QR�DUJRQ�SUHILOO��EOXH��ZLWK�
DUJRQ�SUHILOO��UHG��ZLWK�DUJRQ�SUHILOO�GXULQJ�UDGLDWLRQ�FROODSVH��

),*�� ���� �&RORU� RQOLQH�� ,QWHJUDWHG� VSHFWUD� IURP� WZR� GLVFKDUJHV�
ZLWK��EOXH��DQG�ZLWKRXW��UHG��DUJRQ�SUHILOO �VDPH�DV�LQ�),*������

7ZR� HQGRVFRSHV� ZLWK� KRUL]RQWDO� DQG� YHUWLFDO� ERORPHWHU
FDPHUDV� EDVHG� RQ PHWDO�UHVLVWLYH� GHWHFWRUV� KDYH EHHQ� RSHUDWHG�
GXULQJ� 23��� >�����@�� 6SHFLDO� HIIRUWV� KDYH� EHHQ� XQGHUWDNHQ� WR�
SUHSDUH� WKH� GLDJQRVWLF� IRU� VWHDG\� VWDWH� RSHUDWLRQ� RI�:��;�� 7KH�
DSHUWXUH� SODWHV� DQG� GHWHFWRU� KROGHUV� DUH� ZDWHU� FRROHG� DV�
SURWHFWLRQ IURP� WKHUPDO� RYHUKHDWLQJ DV� ZHOO� DV� WR� PLQLPL]H
WKHUPDO� GULIWV� RI� WKH� GHWHFWRU� RIIVHW�� 0HWDO PHVKHV� PRXQWHG� LQ�
IURQW� RI� WKH� GHWHFWRUV� LQ� DGGLWLRQ� WR� FHUDPLF� DEVRUEHU� OD\HUV�
FRDWHG�RQ� WKH� LQQHU� VLGH�RI� WKH�GHWHFWRU� HQFORVXUHV� VXSSUHVV� WKH�
(&� VWUD\� UDGLDWLRQ� LQ� WKH� GHWHFWRU� FKDPEHU E\� IDFWRU� RI� �����
3QHXPDWLFDOO\� GULYHQ� VKXWWHUV� SURWHFW� WKH� GHWHFWRUV� IURP�
FRQWDPLQDWLRQ�GXULQJ�PDFKLQH�FRQGLWLRQLQJ�DV�ZHOO�DV� IRU�RIIVHW�
PHDVXUHPHQWV� DQG� LQ�VLWX� FDOLEUDWLRQV� HYHQ� GXULQJ� ORQJ� SXOVH�
SODVPD�RSHUDWLRQ��

),*�� ���� �&RORU� RQOLQH�� 7RPRJUDSKLF� LQYHUVLRQ� RI� ERORPHWHU�
VLJQDOV�XVLQJ�*DXVVLDQ�3URFHVV�7RPRJUDSK\�>��@�



'XULQJ� 23����� QR� PLFURZDYH� LQWHUIHUHQFH� RQ� WKH� GHWHFWHG�
VLJQDOV�KDV�EHHQ�REVHUYHG��7RWDO�UDGLDWLYH�SRZHU�ORVVHV�IURP�WKH�
SODVPD�RI��������RI�WKH�KHDWLQJ�SRZHU��EHLQJ�YDULHG�LQ�GLIIHUHQW�
H[SHULPHQWV��KDYH�EHHQ�GHULYHG�IURP�WKH�VLJQDOV�RI�WKH�KRUL]RQWDO�
ERORPHWHU� FDPHUD�� ,Q� ),*�� �� UHFRQVWUXFWHG� �'� HPLVVLRQ� RI� D�
K\GURJHQ�SODVPD�ZLWK�D�VWURQJ�UDGLDWLRQ�]RQH�DW�WKH�RXWHU�UDGLDO�
UHJLRQ�LV�VKRZQ��7KH�WRPRJUDSKLF�UHFRQVWUXFWLRQ�ZDV GRQH�XVLQJ�
WKH�0LQHUYD�IUDPHZRUN�

(� 7KH�0LQHUYD�IUDPHZRUN

0LQHUYD� LV� D� JHQHULF� VRIWZDUH� IUDPHZRUN� IRU� %D\HVLDQ�
VFLHQWLILF�PRGHOLQJ DQG�GDWD�DQDO\VLV�>��@��,W�XVHV�WKH�FRQFHSW�RI�
%D\HVLDQ�JUDSKLFDO�PRGHOV�>��@�WR�IXOO\�GHVFULEH�IRUZDUG�PRGHOV��
VWDWLVWLFDO� DQG� V\VWHPDWLF� XQFHUWDLQWLHV�� UHJXODUL]LQJ� SULRUV� DQG�
WKHLU� GHSHQGHQFLHV� RQ� HDFK� RWKHU�� 6HYHUDO� KXQGUHG� PRGXOHV�
�QRGHV� LQ� WKH� JUDSKLFDO�PRGHOV�� KDYH� EHHQ�ZULWWHQ� IRU� GLIIHUHQW�
DVSHFWV�RI�SODVPD�PRGHOLQJ��VXFK�DV�UHSUHVHQWDWLRQ�RI�ILHOGV�� ORV�
LQWHJUDWLRQ�� SRZHU� FRLO� PRGHOLQJ�� %LRW�6DYDUW�� EUHPVVWUDKOXQJ��
QHXWUDO� EHDP� DWWHQXDWLRQ�SHQHWUDWLRQ�� HTXLOLEULXP�� �'��'� IOX[�
FRRUGLQDWH�WUDQVIRUPDWLRQV�HWF��$ERXW����GLDJQRVWLF�V\VWHPV�KDYH�
EHHQ� PRGHOHG LQ� GHWDLO� LQ� 0LQHUYD� ZKLFK� KDYH� EHHQ� XVHG� DQG�
WHVWHG� DW� -(7�� 0$67�� 7-�,,�� 7&9�� .67$5�� $6'(;� 8SJUDGH�
DQG� :��;�� 7KH� %D\HVLDQ� DSSURDFK� LQ� FRPELQDWLRQ� ZLWK� WKH�
0LQHUYD� DUFKLWHFWXUH� DOORZV� PXOWLSOH� GLDJQRVWLFV� WR� EH� HDVLO\�
FRPELQHG� WR� JLYH� HYLGHQFH� RQ� SK\VLFV� SDUDPHWHUV� �VXFK� DV� D�
GHQVLW\� SURILOH�� IURP� PXOWLSOH� GLDJQRVWLFV� MRLQWO\�� ZKLFK� FDQ�
VLJQLILFDQWO\�LQFUHDVH�WKH�DFFXUDF\�RI�UHFRQVWUXFWLRQV�>�����@��$W�
:��;� LW� LV� WKH� GHIDXOW� V\VWHP� IRU� PRGHOLQJ DQG� DQDO\]LQJ
GLDJQRVWLF� GDWD�� PDNLQJ� :��;� WKH� ILUVW� H[SHULPHQW� WKDW� KDV� D�
JHQHULF�PRGHOLQJ DQG�DQDO\VLV�IUDPHZRUN�LQ�SODFH��$Q�LPSRUWDQW�
DVSHFW� RI� WKH� IUDPHZRUN� LV� WKH� VHSDUDWLRQ� RI� PRGHOLQJ IURP�
LQIHUHQFH� DOJRULWKPV�� DQG� VR� DIWHU� D� PRGHO� KDV� EHHQ� FUHDWHG� D�
QXPEHU�RI�GLIIHUHQW�JHQHULF�LQIHUHQFH�VFKHPHV��VXFK�DV�OLQHDU�DQG�
QRQOLQHDU�RSWLPL]DWLRQ�WR�ILQG�WKH�0D[LPXP�D�3RVWHULRUL��0$3��
VROXWLRQ�� RU� 0DUNRY� &KDLQ� 0RQWH� &DUOR� �0&0&�� VFKHPHV� WR�
ILQG� IXOO� QRQ�*DXVVLDQ� HUURU� GLVWULEXWLRQV� FDQ� EH� DSSOLHG��
DOORZLQJ� WKH�SK\VLFLVW� WR�FRQFHQWUDWH�RQ� WKH�DFWXDO�PRGHO� UDWKHU�
WKDQ� KRZ� WR� LQIHU� SDUDPHWHUV� EDVHG� RQ� WKDW�PRGHO�� �0LQHUYD� LV�
DEOH WR�FDOO� OHJDF\�FRGHV �IRU�H[DPSOH�IRU��'�HTXLOLEULD�RU�(&(�
UD\�WUDFLQJ��DV�VHSDUDWH�VHUYLFHV�UXQQLQJ�RQ�D�YLUWXDO�FORXG�XVLQJ�
D�VHUYLFH�RULHQWHG�DUFKLWHFWXUH >�����@�

,,,��6800$5<

7KH�RSWLPL]HG�VXSHUFRQGXFWLQJ�VWHOODUDWRU�:HQGHOVWHLQ���;�
KDV� EHHQ� VXFFHVVIXOO\� FRPPLVVLRQHG� LQ� ������ 7KH� ILUVW�
H[SHULPHQWDO� FDPSDLJQ ZLWK� ILYH� XQFRROHG� JUDSKLWH� LQERDUG�
OLPLWHUV� GHILQLQJ� WKH� /&)6 KDV� EHHQ� FRQGXFWHG� EHWZHHQ�
'HFHPEHU� ����� DQG� 0DUFK� ����� DOORZLQJ� WKH� LQWHJUDO�
FRPPLVVLRQLQJ� RI� DOO� PDFKLQH� FRPSRQHQWV� DQG� LQVWDOOHG�
GLDJQRVWLFV��0RUH�WKDQ����GLDJQRVWLF�V\VWHPV�KDYH�EHHQ�SXW�LQWR�
RSHUDWLRQ�DQG�GHOLYHUHG�LQ�DOPRVW�DOO�FDVHV�UHOLDEOH�PHDVXUHPHQWV�
DOORZLQJ�PDQ\�SK\VLFV� LQYHVWLJDWLRQV� LQ�a�����GLVFKDUJHV�RI�XS�
WR� �� VHF�� OHQJWK� DQG� ZLWK� SODVPD� WHPSHUDWXUHV� DQG� GHQVLWLHV�
H[FHHGLQJ�SUHGLFWHG�YDOXHV�IURP�VLPXODWLRQV��

7KLV�ZRUN�KDV�EHHQ�FDUULHG�RXW�ZLWKLQ�WKH�IUDPHZRUN�RI�WKH�
(852IXVLRQ� &RQVRUWLXP� DQG� KDV� UHFHLYHG� IXQGLQJ� IURP� WKH�
(XUDWRP� UHVHDUFK� DQG� WUDLQLQJ� SURJUDPPH� ���������� XQGHU�
JUDQW�DJUHHPHQW�1R���������7KH� YLHZV�DQG�RSLQLRQV� H[SUHVVHG�
KHUHLQ� GR� QRW� QHFHVVDULO\� UHIOHFW� WKRVH� RI� WKH� (XURSHDQ�
&RPPLVVLRQ� 7KLV�ZRUN�ZDV�IXQGHG�LQ�SDUW�E\�WKH�'HSDUWPHQW�RI�
(QHUJ\� XQGHU� JUDQWV� '(�6&�������� 7KLV� VFLHQWLILF� ZRUN� ZDV�
DOVR�SDUWO\� VXSSRUWHG�E\�3ROLVK�0LQLVWU\�RI�6FLHQFH�DQG�+LJKHU�
(GXFDWLRQ� ZLWKLQ� WKH� IUDPHZRUN� RI� WKH� VFLHQWLILF� ILQDQFLDO�

UHVRXUFHV� LQ� WKH� \HDUV� ���� DQG� ����� DOORFDWHG� IRU� WKH�
UHDOL]DWLRQ�RI�WKH�LQWHUQDWLRQDO�FR�ILQDQFHG�SURMHFW�

,9��5()(5(1&(6�$1'�)227127(6

� 7��6XQQ�3HGHUVHQ�HW�DO���1XFO��)XVLRQ���� ��������������
� 5��.|QLJ�HW�DO���-RXUQDO�RI�,QVWUXPHQWDWLRQ���� �������
� %��:LHJHO HW�DO���5DGLDW��3URW��'RVLP������ �����������
� '��0RVHHY�HW�DO���$EVROXWH�FDOLEUDWLRQ�RI�VQLơHU�SUREHV�RQ
:HQGHOVWHLQ���;��VXEPLWWHG�WR�5HY��6FL��,QVWUXP���������
� 0��(QGOHU�HW�DO���)XVLRQ�(QJLQHHULQJ�DQG�'HVLJQ����� �����������
� 0��+LUVFK�HW�DO���-RXUQDO�RI�,QVWUXPHQWDWLRQ���� �������
� 7��:LQGLVFK�HW�DO���LQ���QG (36�&RQIHU��RQ�3ODVPD�3K\V����(� �������
� $��.UDHPHU�)OHFNHQ�HW�DO���5HY��6FL��,QVWUXP����� ��������������
� +��-��+DUWIXVV��5���.|QLJ�DQG�$��:HUQHU��3ODVPD�3K\V��&RQWURO��)XVLRQ�
��� 5�����������
�� 5��.|QLJ�HW�DO���5HY��6FL��,QVWUXP��������'�����������
�� 0��2WWH�HW�DO���3ODVPD�3K\V��&RQWURO��)XVLRQ���� ��������������
�� (��3DVFK�HW�DO���5HY��6FL��,QVWUXP���WKLV�FRQIHUHQFH �������
�� 3��.RUQHMHZ��+��7ULPLQR�0RUD�DQG�0��+LUVFK��6LQJOH�FKDQQHO�
LQWHUIHURPHWHU�IRU�WKH�VWHOODUDWRU�:HQGHOVWHLQ���;��WR�EH�SXEOLVKHG�
�� 0��+LUVFK�HW�DO����VW (36�&RQIHUHQFH�RQ�3ODVPD�'LDJQRVWLFV��)UDVFDWL�
�5RPH��,WDO\��������
�� '��:DJQHU�HW�DO�� -�,QIUDUHG�0LOOL�7HUDK]�:DYHV���� ���� �������
�� *��.RFVLV�HW�DO���)XVLRQ�(QJLQHHULQJ�DQG�'HVLJQ���±��� �����������
�� *��+DDV�DQG�+��6��%RVFK��9DFXXP������� �������
�� .��)OHVFK HW�DO���5HY��6FL��,QVWUXP���WKLV�FRQIHUHQFH��������
�� 8��:HQ]HO�HW�DO���2Q�WKH�QHXWUDO�GHQVLW\�LQ�WKH�:HQGHOVWHLQ��;�
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