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�
$EVWUDFW²0LFUR�(OHFWUR�0HFKDQLFDO� 6\VWHPV� �0(06��
WHFKQRORJLHV� GHPRQVWUDWH� WKH� SRWHQWLDO� IRU� DSSOLFDWLRQV� LQ� WKH�
ILHOG� RI� WLVVXH� HQJLQHHULQJ�� UHJHQHUDWLYH� PHGLFLQH�� DQG� OLIH�
VFLHQFHV�� �7KH�GHYHORSPHQW�RI�D� VXFFHVVIXO�PRGHO�ZRXOG�UHTXLUH�
LQYHVWLJDWLRQV�RI�WKH�WDUJHWHG�RUJDQ���&RPSXWHU�WRPRJUDSK\��&7��
DQG�PDJQHWLF�UHVRQDQFH�LPDJLQJ��05,��DOORZ�IRU�ELRPRGHOLQJ�RI�
WKH� WDUJHWHG� RUJDQ�� � 7KH� 'LJLWDO� 0LFUR�PLUURULQJ�
0LFURIDEULFDWLRQ�V\VWHP��'00��ZRXOG�XWLOL]H�LWV�G\QDPLF�PLFUR�
PLUURUV� WR� IDEULFDWH� WKH�GHYHORSHG� WLVVXH�FRQVWUXFW�DFFRUGLQJ� WR�
LWV� GHVLUH� GHVLJQ� DQG� FKDUDFWHULVWLFV�� � 7KH� '00� KDV� WKH�
FDSDELOLWLHV� WR� IDEULFDWH� PDQ\� DGYDQWDJHRXV� GHYLFHV�� DPRQJVW�
WKHP�� PLFURIOXLGLFV� V\VWHPV� KDYH� WKH� PRVW� WLVVXH� HQJLQHHULQJ��
UHJHQHUDWLYH�PHGLFLQH��DQG�OLIH�VFLHQFHV�DSSOLFDWLRQV�WR�GHYHORS�LQ�
YLWUR� WLVVXH� PRGHOV�� � 8QOLNH� PDQ\� PLFURIDEULFDWLRQ� WHFKQLTXHV�
DQG� RU� GHYLFHV� DYDLODEOH� WR� IDEULFDWH� WLVVXH� PRGHO�� WKLV� V\VWHP�
HOLPLQDWHV�WKH�QHHG�IRU�PDVN�E\�LQFRUSRUDWLQJ�D�G\QDPLF�PDVN�
OHVV�IDEULFDWLRQ�WHFKQLTXH����6LQFH�WKH�V\VWHP�FDQ�GHYHORS�PRGHOV�
RQ�D�PLFUR�VFDOH�OHYHO��WKLV�ZRXOG�PDNH�PDQ\�LQYHVWLJDWLRQ�PRUH�
HFRQRPLF�� UHTXLULQJ� OHVV� UHDJHQWV�� FHOOV�� DQG� DERYH� DOO�� LW� ZLOO�
DOORZ� IRU� FRQVLVWHQF\� LQ� H[SHULPHQWDO� DQDO\VLV� WR� GXH� OLPLWHG�
LQWHUDFWLRQV�ZLWK�WKH�HQG�XVHU����

,�� ,1752'8&7,21�
7LVVXH� (QJLQHHULQJ�� 5HJHQHUDWLYH� 0HGLFLQH�� DQG� /LIH�

6FLHQFHV� EULQJV� WRJHWKHU� WKH� PXOWLGLVFLSOLQDU\� ILHOG� RI�
HQJLQHHULQJ� DQG� LQWHJUDWHG� VFLHQFHV� WR� GHYHORS� PRGHOV� WKDW�
DLGHV� WKH� H[SORUDWLRQ�� JHQHUDWLRQ� RU� UHJHQHUDWLRQ� RI� RUJDQLF�
WLVVXHV� DQG� RUJDQV�� � � 0LFUR�(OHFWUR�0HFKDQLFDO� 6\VWHPV�
�0(06��ZHUH�ILUVW�LQWURGXFHG�RQ�FRQYHQWLRQDO�VHPLFRQGXFWRU�
PDWHULDOV�� ZKLFK� ZHUH� XVHG� WR� GHYHORS� LQWHJUDWHG� FLUFXLWV�
�,&V��� � 6LQFH� WKH� GHYHORSPHQW� RI� WKH� ILUVW� LQWHJUDWHG� FLUFXLW�
�,&��ZLWK�0(06� WHFKQRORJLHV��0(06�KDYH�EHHQ�XWLOL]HG� LQ�
PDQ\� RWKHU� ILHOGV� ZLWK� JUHDW� VXFFHVV�� � 7KLV� WHFKQRORJ\� LV�
H[SHQVLYH�DQG�KDV�PDQ\�OLPLWDWLRQV�>�@���
6FLHQWLVWV�DQG�UHVHDUFKHUV�DUH�FRQVWDQWO\�ZRUNLQJ�DURXQG�WKH�

FORFN�WR�GHYHORS�SKDUPDFHXWLFDOV�DQG�WLVVXH�UHSODFHPHQWV�WKDW�
ZRXOG�DOORZ�KXPDQV�WR� OLYH�ORQJHU� OLYHV�� �+RZHYHU��PDQ\�RI�
WKHVH� GHYHORSPHQWV� UHTXLUH� WUHPHQGRXV� LQYHVWLJDWLRQ� RQ� LWV�
DIIHFWV�RQ�KXPDQV���4XLWH�RIWHQ��WKH�XVH�RI�DQLPDO�DQG�KXPDQ�
PRGHOV� LV� OLPLWHG� E\� WKH� IHDVLELOLW\� RI� WHVWLQJ� SURWRFROV��
DYDLODELOLW\��DQG�HWKLFDO�DQ[LHWLHV�>�@���7KH�GHYHORSPHQW�RI�WKH�
G\QDPLF� GLJLWDO� PLFUR�PLUURULQJ� PLFURIDEULFDWLRQ� V\VWHP�
�'00��JLYHV�VFLHQWLVWV�WKH�FDSDELOLWLHV�WR�GHYHORS�PRGHOV�WKDW�
FDQ� EH� XWLOL]HG� WR� FKDUDFWHUL]H� QHZ� SKDUPDFHXWLFDO�� WLVVXH�
UHSODFHPHQWV��DQG�HYHQ�GHYHORS�PRGHOV�WR�VWXG\�IDWDO�GLVHDVH���
7KLV� SDSHU� LQYHVWLJDWHV� WKH� '00� FDSDELOLWLHV� WR� IDEULFDWH� D�
PLFURIOXLGLF�FRQVWUXFW� WKDW�KDV� WKH�FDSDELOLWLHV� WR�VXSSRUW�FHOO�
DWWDFKPHQW�DQG�SUROLIHUDWLRQ�ZLWKLQ�LWV�FKDQQHOV��

,,�� 0$7(5,$/6�$1'�0(7+2'6�
$�� 'LJLWDO�0LFUR�PLUURULQJ�0LFURIDEULFDWLRQ�6\VWHP��
7KLV� V\VWHP�FRQVLVWV�RI� WKUHH�PDMRU�FRPSRQHQWV�����GLJLWDO�

PLFUR�PLUURULQJ� SURMHFWLRQ� V\VWHP�� ��� SKRWROLWKRJUDSKLF�
VXEVWUDWH� DOLJQPHQW� V\VWHP�� DQG� ��� PDVN� PRGHOLQJ� V\VWHP���
7KH�PLFUR�PLUURULQJ�SURMHFWLRQ�V\VWHP�ZLOO�EH�FRQQHFWHG�WR�D�
FRPSXWHU�LQWHUIDFH��LQ�ZKLFK�WKH�FRPSXWHU�V\VWHP�ZLOO�DFWLYDWH�
DQG�GHDFWLYDWH� WKH� SURMHFWLRQ� RI� WKH�PDVN� RQWR� WKH� VXEVWUDWH���
7KH�SKRWROLWKRJUDSKLF�VXEVWUDWH�DOLJQPHQW�V\VWHP�FRQVLVWV�RI�D�
GLJLWDO�PLFURVFRSLF�GHYLFH�WKDW�ZLOO�DOORZ�IRU�DOLJQPHQW�RI�WKH�
VXEVWUDWH¶V� IHDWXUHV� WR� WKDW� RI� WKH� SURMHFWHG� PDVN� IURP� WKH�
PLFUR�PLUURULQJ� SURMHFWLRQ� V\VWHP�� � 7KH� PDVN� PRGHOLQJ�
V\VWHP�ZLOO�XWLOL]H�FRPSXWHU�DLGHG�GHVLJQ��&$'��WHFKQRORJLHV�
WR�GHVLJQ�PDVN�IRU�SURMHFWLRQ���)LJ����LOOXVWUDWHV�D�PRGHO�RI�WKH�
SURSRVHG� V\VWHP�� ZKHUH� WKH� XOWUDYLROHW� OLJKW� VRXUFH� LV�
SURMHFWHG� WKURXJK� D� VHULHV� RI� RSWLFDO� OHQV� RQWR� WKH� PLFUR�
PLUURULQJ� V\VWHP��ZKLFK�ZLOO� WKHQ� SURMHFW� WKH�PDVN� RQWR� WKH�
VXEVWUDWH��
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)LJ�����'LJLWDO�0LFUR�PLUURU�0LFURIDEULFDWLRQ�6\VWHP�

%�� )DEULFDWLRQ�3URWRFRO�
7KH�'00�XWLOL]HV�D� V\VWHPDWLF� OD\HU�E\� OD\HU�DSSURDFK� WR�

IDEULFDWH� WKUHH�GLPHQVLRQDO� PRGHOV� XVLQJ� SKRWRVHQVLWLYH� D�
SRO\PHU���7KH�GLJLWDO�PLFUR�PLUURULQJ�PLFURIDEULFDWLRQ�V\VWHP�
ZRXOG� SURMHFW� DQ� LPDJH� RI� WKH� GHVLUHG� OD\HU� RQWR� WKH�
SKRWRVHQVLWLYH� SRO\PHU�� RQFH� WKH� SRO\PHU� LV� H[SRVHG� WR� WKH�
89�SURMHFWLRQ��LW�ZRXOG�PDQLSXODWLRQ�WKH�PDWHULDO¶V�FKHPLFDO�
SURSHUWLHV�DQG�PLPLFV�WKH�SURMHFWHG�SDWWHUQ���3ULRU�WR�H[SRVLQJ�
WKH� ILUVW� OD\HU�� D� 3RO\GLPHWK\OVLOR[DQH� �3'06�� VXEVWUDWH� LV�
GHYHORSHG���7KLV�VXEVWUDWH�HQDEOHV�WKH�HQG�XVHU�WR�ILOO�WKH�VORW�
ZLWK�Q��P�RI�SKRWRVHQVLWLYH�SRO\PHU��ZKHUH�Q� UHSUHVHQWV� WKH�
GHSWK� RI� WKH� OD\HU�3'06� VORW�� � 7KH� 3'06� ZLWK� WKH�
SKRWRVHQVLWLYH�SRO\PHU�JRHV�WKURXJK�D�VRIW�EDNH�SURFHVV�SULRU�
WR� H[SRVXUH�� � $IWHU� H[SRVXUH�� LW� LV� EDNHG� RQFH� PRUH� WKHQ�
GHYHORSHG���$IWHU�WKH�GHYHORSLQJ�SKDVH��WKH�GHYHORS�OD\HU�ZLOO�
PDLQWDLQ�WKH�GHVLUHG�SDWWHUQ���7KLV�SURFHVV�LV�UHSHDWHG�XQWLO�WKH�
GHVLUH�DUFKLWHFWXUH�LV�IDEULFDWHG���%DNLQJ�DQG�GHYHORSLQJ�WLPH�
LV�SURYLGHG�E\�WKH�PDQXIDFWXUH�RI�WKH�SKRWRVHQVLWLYH�PDWHULDO���
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7KH� SKRWRVHQVLWLYH� PDWHULDO� XVHG� LQ� WKLV� SDSHU� LV� 68������
�0LFUR&+(0��86$��� )LJ�� �� VKRZV� WKH� GHVLJQ� RI� WKH� 3'06�
VXVEWUDWH��OHIW��DQG�WKH�VTXDUH�DUFKLWHFWXUH�GHVLJQ��ULJKW��XVHG�
IRU� WKH� IDEULFDWLRQ� RI� WKH� PLFURIOXLGLF� FRQVWUXFW� ZLWKLQ� WKH�
3'06�VORW��
�

�
)LJ������OHIW��3'06�6XEVWUDWH���ULJKW��VTXDUH�ZDYH�DUFKLWHFWXUH��

&�� &HOO�&XOWXUHV�
�)�� �RVWHREODVW�� FHOO� OLQH� �VRXUFH�� $7&&�� 0DQDVVDV�� 9$��

86$��ZHUH�VHHGHG�RQWR���FP��YHQWHG�IODVNV�DQG�LQFXEDWHG�����
KRXUV� DIWHU� WKH� FHOOV� ZHUH� VHHGHG�� WKH� FXOWXUH� PHGLXP� ZDV�
FKDQJHG�WR�UHPRYH�DQ\�GHDG�FHOOV�LQ�WKH�IODVN��FXOWXUH�PHGLXP�
ZDV� DOVR� FKDQJHG� HYHU\� ���� GD\V� XQWLO� IODVN� DUH� UHDG\� WR� EH�
KDUYHVWHG���&RQIOXHQW�IODVNV�ZHUH�KDUYHVWHG�DQG�FRXQWHG�XVLQJ�
KHPRF\WRPHWHU�� � � 7KH� +DUYHVWHG� FHOOV� ZHUH� VHHGHG� LQWR� WKH�
FKDQQHOV�RI�WKH�GHYHORS�PLFURIOXLGLF�FRQVWUXFW�DW�D�FHOO�GHQVLW\�
RI��[����FHOOV�PO�� �&XOWXUH�PHGLD�ZDV�FKDQJH�HYHU\�����GD\V�
DQG�DIWHU�HYHU\�FKDUDFWHUL]DWLRQ�SRLQW���7KLV�SDSHU�LQYHVWLJDWHV�
WZR� VDPSOH� W\SHV�� WKH� ILUVW� VDPSOHV� DUH� WKH� PLFURIOXLGLF�
FRQVWUXFW�ZLWKRXW�DQ\�VXUIDFH�WUHDWPHQW���7KH�VHFRQG�VDPSOHV�
LQYHVWLJDWHG� DUH� ZLWK� DLU� SODVPD� VXUIDFH� WUHDWPHQW�� � 3ODVPD�
WUHDWPHQW� LV� JOREDO� ZKHUH� GHYHORSHG� FKLSV� ZHUH� SODFH� LQWR�
3ODVPD�&OHDQHU�3'&���*��+DUULFN�3ODVPD��DQG�YDFXXPHG�IRU�
��� VHFRQGV� DQG� DLU� SODVPD�ZDV� DSSOLHG� IRU���� VHFRQGV�� �7KH�
UHVXOWV� RI� WKH� ELRORJLFDO� LQYHVWLJDWLRQV� FDQ� EH� YLHZHG� LQ�
VHFWLRQ�,,,��

,,,�� 5(68/76�$1'�',6&866,216�
$�� &HOO�,QWHUDFWLRQ�
,W� LV� LPSRUWDQW� WKDW� FHOOV� PDLQWDLQ� LQWHUDFWLRQ� ZLWKLQ� WKH�

PLFUR�FKDQQHOV��ZLWKRXW� WKH�FHOO±FHOO� LQWHUDFWLRQ��FHOOV�FDQQRW�
SUROLIHUDWH�DQG�GLIIHUHQWLDWH�LQWR�PDWXUH�FHOOV�WKDW�DUH�HVVHQWLDO�
IRU�IXQFWLRQDO�WLVVXHV���$�IOXRURPHWULF�LQGLFDWRU��$ODPDU�%OXH��
6HURWHF�� RI� FHOO� PHWDEROLF� DFWLYLW\� ZDV� XWLOL]HG� WR� GHWHUPLQH�
WKH�FHOO�SUROLIHUDWLRQ�ZLWKLQ�WKH�FKDQQHOV���&HOO�ODGHQ�VDPSOHV�
�ERWK� WUHDWHG� DQG� XQWUHDWHG�� ZHUH� UHPRYHG� IURP� WKH� FXOWXUH�
SODWHV�� ZDVKHG� WZLFH�� SODFHG� LQWR� D� QHZ� FXOWXUH� SODWH� ZKHUH�
���� �Y�Y�� DODPDU� EOXH� ZDV� DGGHG� WR� PLFUR� FKDQQHOV� DQG�
LQFXEDWHG� IRU� �� K�� 7KH� UHVXOWLQJ� VROXWLRQ�ZDV� UHPRYHG� IURP�
WKH� FXOWXUH� SODWH� DQG� SODFHG� LQWR� WKH� PLFURSODWH� UHDGHU�
�*(1LRV�� 7(&$1�� 1RUWK� &DUROLQH�� 86$�� ZKRVH� H[FLWDWLRQ�
DQG�HPLVVLRQ�ZDYHOHQJWKV�ZHUH�����DQG�����QP��UHVSHFWLYHO\��
7KLV�VWXG\�ZDV�FRQGXFWHG�RQ�GD\V�����������������DQG������7KH�
UHVXOWV�RI� WKLV� VWXG\� DUH� VKRZQ� LQ�)LJ����ZKHUH� WKH�XQWUHDWHG�
VDPSOHV�VKRZHG�QR�VLJQV�RI�FHOO�SUROLIHUDWLRQ�� �+RZHYHU�� WKH�
SODVPD� WUHDWHG� VDPSOHV� VKRZHG� D� OLQHDU� SURJUHVVLRQ� RI�
SUROLIHUDWLRQ� XS� WR� GD\� ��� � $IWHU� GD\� ��� WKLV� SURJUHVVLRQ�
VXEGXHG�� � 7KH� GHFOLQH� RI� SUROLIHUDWLRQ� RI� WKH� SODVPD� WUHDWHG�
VDPSOHV� RQ� GD\� �� LV� EHOLHYHG� WR� EH� GXH� WR� OLPLWHG� VSDFH� IRU�
FHOOV�WR�FRQWLQXH�WR�JURZ��

�
)LJ�����&HOO�SUROLIHUDWLRQ�RQ�WUHDWHG�DQG�XQWUHDWHG�PLFURIOXLGLF�FRQVWUXFWV�

%�� &\WRWR[LFLW\�$QDO\VLV�
0DUNHU*HQH70� /LYH�'HDG�� &\WR[LFLW\� $VVD\�.LW� ZDV� XVHG�

WR� DQDO\]H� WKH� F\WRWR[LFLW\� RI� WKH� VFDIIROGV�� 0DQXIDFWXUH¶V�
SURWRFROV� ZHUH� IROORZHG� WR� FUHDWH� WKH� ZRUNLQJ� OLYH�GHDG�
VROXWLRQ� IURP� WKH� SURSLGLXP� LRGLGH� �3,�� VROXWLRQ� DQG� WKH�
FDUER[\IOXRUHVFHLQ� GL�DFHWDWH� �&)'$�� VROXWLRQ�� 7KH�
FDUER[\IOXRUHVFHLQ�G\H�LV�UHWDLQHG�ZLWKLQ�OLYH�FHOOV��SURGXFLQJ�
D� JUHHQ� IOXRUHVFHQFH�� ZKLOH� FHOOV� ZLWK� GDPDJHG� PHPEUDQHV�
DOORZ� WKH� HQWUDQFH� RI� 3,�� ZKLFK� XQGHUJRHV� D� IOXRUHVFHQFH�
HQKDQFHPHQW� XSRQ� ELQGLQJ� WR� QXFOHLF� DFLGV� SURPRWLQJ� D� UHG�
IOXRUHVFHQFH�LQ�GHDG�FHOOV��4XDOLWDWLYH�GDWD�ZHUH�FROOHFWHG�RQ�
ERWK�PLFURIOXLGLF�FRQVWUXFWV�RQ�GD\V���DQG����DIWHU�FHOOV�ZHUH�
VHHGHG�� � )LJ�� �� ,OOXVWUDWHV� OLYH� �JUHHQ�� DQG� GHDG� �UHG�� FHOOV�
ZLWKLQ�WKH�PLFUR�FKDQQHOV�RI�WKH�FRQVWUXFW���$V�VHHQ�LQ�)LJ�����
WKHUH� DUH� PRUH� FHOOV� ZLWKLQ� WKH� SODVPD� WUHDWHG� FKDQQHOV� LQ�
FRPSDULVRQ�WR�WKH�XQWUHDWHG�FKDQQHOV��

�
)LJ�� ��/LYH�� 'HDG� &KDUDFWHUL]DWLRQ�� ,PDJHV� $�� DQG� $�� DUH� IOXRUHVFHQFH�
LPDJHV� RI� XQWUHDWHG� PLFURIOXLGLF� VDPSOHV� RQ� GD\V� �� DQG� ���� UHVSHFWLYHO\��
LPDJHV� %�� DQG� %�� DUH� IOXRUHVFHQFH� LPDJHV� RI� SODVPD� WUHDWHG� PLFURIOXLGLF�
VDPSOHV�RQ�GD\V���DQG�����UHVSHFWLYHO\�

,9�� &21&/86,216�
$FFRUGLQJ�WR�WKH�H[SHULPHQWDO�FKDUDFWHUL]DWLRQ�SUHVHQWHG�LQ�

WKLV�SDSHU��LW�LV�FOHDU�WKDW�WKH�'00�V\VWHP�KDV�WKH�FDSDELOLWLHV�
RI� GHYHORS� ELRORJLFDO� PLFURIOXLGLF� V\VWHP� WKDW� FDQ� SURPRWH�
FHOO� DWWDFKPHQW� DQG� SUROLIHUDWLRQ�� � 7KLV� SUHOLPLQDU\�
LQYHVWLJDWLRQ� JLYHV� ZD\� IRU� FRPSOH[� PLFUR�DUFKLWHFWXUDO�
GHVLJQ�IRU�ELRORJLFDO�DSSOLFDWLRQV��
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>�@� %�� +�� -R�� /�� 0�� 9DQ� /HUEHUJKH�� .�� 0�� 0RWVHJRRG�� DQG� '�� -�� %HHEH��

�7KUHH�GLPHQVLRQDO� PLFUR�FKDQQHO� IDEULFDWLRQ� LQ� SRO\GLPHWK\OVLOR[DQH�
�3'06��HODVWRPHU���-RXUQDO�RI�0LFURHOHFWURPHFKDQLFDO�6\VWHPV��YRO�����
SS���������0DU�������

>�@� /�� 6�� 3DUQHV�� $�� +�� 6XQ�� DQG� '�� -�� )UHHPDQ�� �&RUWLFRVWHURLG�
SKDUPDFRNLQHWLFV� LQ� WKH� LQQHU� HDU� IOXLGV�� $Q� DQLPDO� VWXG\� IROORZHG� E\�
FOLQLFDO�DSSOLFDWLRQ���/DU\QJRVFRSH��YRO�������SS��������-XO�������
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