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$EVWUDFW�

$V�D�VHQLRU�GHVLJQ�SURMHFW��WKH�JURXS�HOHFWHG�WR�GHYHORS�D�SLHFH�RI�NLQHWLF�DUW�LQ�WKH�IRUP�

RI�D�IXQFWLRQDO�FORFN��7KH�SURVSHFW�RI�LQVSLULQJ�XQGHUJUDGXDWH�HQJLQHHULQJ�VWXGHQWV�ZLWK�D�

P\VWLI\LQJ�GLVSOD\�LQ�WKH�8QLYHUVLW\�RI�9LUJLQLD�0HFKDQLFDO�DQG�$HURVSDFH�(QJLQHHULQJ�

%XLOGLQJ�LQLWLDOO\�PRWLYDWHG�WKH�JURXS��7KH�FORFN¶V�PHFKDWURQLF�GHVLJQ�LQFRUSRUDWHG�DVSHFWV�RI�

VRIWZDUH�HQJLQHHULQJ��HOHFWULFDO�HQJLQHHULQJ��DQG�PHFKDQLFDO�HQJLQHHULQJ��7KH�SURMHFW�DOVR�

FUHDWHG�RSSRUWXQLWLHV�WR�SUDFWLFH�SURWRW\SLQJ�VNLOOV��LQFOXGLQJ�SUREOHP�LGHQWLILFDWLRQ��

LQGXVWULDO�SDUWV�DFTXLVLWLRQ��FRPSXWHU�DLGHG�GHVLJQ��&$'����'�SULQWLQJ��DFU\OLF�ODVHU�FXWWLQJ��DQG�

LWHUDWLYH�GHVLJQ��7KH�JURXS¶V�ILQLVKHG�SURGXFW�LV�D�IRXU�GLJLW�GLJLWDO�FORFN�ZLWK�D�IHUURIOXLG�

RXWZDUG�GLVSOD\���

�

([HFXWLYH�6XPPDU\�

7KH�SURMHFW¶V�LQLWLDO�YLVLRQ�ZDV�WKH�XVH�RI�VHOHFWLYH�PDJQHW�DFWXDWLRQ�WKDW��ZKHQ�YLHZHG�

IURP�WKH�DXGLHQFH¶V�SHUVSHFWLYH��ZRXOG�FUHDWH�D�P\VWLI\LQJ�HIIHFW�ZKLOH�GLVSOD\LQJ�WKH�WLPH��7KLV�

LQLWLDO�YLVLRQ�WUDQVFHQGHG�LWHUDWLRQV�RI�GHVLJQ��$W�D�KLJK�OHYHO��LQLWLDO�SURWRW\SHV�LQFOXGHG�D�EODQN�

FHQWUDO�IDFH��(YHU\�VL[W\�VHFRQGV��EDOO�EHDULQJV�ZRXOG�GLVSHQVH�DFURVV�WKH�IDFH��6HOHFWLYH�

SRVLWLRQLQJ�RI�KLGGHQ�SHUPDQHQW�PDJQHWV�EHKLQG�WKH�IDFH�ZRXOG�JLYH�WKH�EHDULQJV�WKH�

DSSHDUDQFH�RI�IORDWLQJ�LQ�GLJLWDO�QXPHULF�DUUDQJHPHQWV�WKDW�ZRXOG�FROOHFWLYHO\�GLVSOD\�WKH�WLPH��

%DOO�EHDULQJ�UHODWHG�SURWRW\SLQJ�FXOPLQDWHG�ZLWK�D�V\VWHP�RI�VHUYR�PRWRU�SRZHUHG��OLQHDUO\�

PRYLQJ�SHUPDQHQW�PDJQHWV�EHKLQG�WKH�FHQWUDO�FORFN�IDFH�DQG�D�F\OLQGULFDO�GUXP�DQG�UHVHUYRLU�

WKDW�ZRXOG�DVFHQG�DQG�GHVFHQG�DFURVV�WKH�IURQW�RI�WKH�IDFH�WR�GLVSHQVH�EDOO�EHDULQJV��'XH�WR�WKH�

SURMHFW¶V�ILQDQFLDO�DQG�WLPH�FRQVWUDLQWV��WKH�WHDP�XOWLPDWHO\�IDYRUHG�D�IHUURIOXLG�FORFN�GLVSOD\��

��



ZKLFK�VLPSOLILHG�WKH�QHFHVVDU\�IXQFWLRQDO�FRPSRQHQWV�WR�PDJQHW�DFWXDWLRQ�DQG�IHUURIOXLG�

LQWHUDFWLRQ��7KH�PDJQHWLF�DFWXDWLRQ�V\VWHP�ZDV�SUHVHUYHG��DQG�WKH�WHDP�H[FKDQJHG�WKH�

EDOO�EHDULQJ�GLVSHQVHU¶V�FRPSOH[LWLHV�IRU�D�ZDWHUWLJKW�IHUURIOXLG�WDQN��([SHULPHQWDWLRQ�RI�

IHUURIOXLG¶V�FKHPLFDO�LQWHUDFWLRQV�ZLWK�ERWK�FDUULHU�IOXLGV�DQG�FRPSDUWPHQW�ZDOOV�IROORZHG�XQWLO�

SUH�PDQXIDFWXUHG�IHUURIOXLG�ILOOHG�JODVV�FRQWDLQHUV�ZHUH�DFTXLUHG���7KH�VFRSH�RI�SURWRW\SHV�ZDV�

OLPLWHG�WR�DQ�LQGLYLGXDO�FORFN�GLJLW�LQ�RUGHU�WR�DQDO\]H�SHUIRUPDQFH�DW�D�UHODWLYHO\�UDSLG�UDWH��

$IWHU�WKH�JURXS�ILQDOL]HG�D�VLQJOH�GLJLW�SURWRW\SH��DQG�XSRQ�LWV�DSSURYDO�E\�WKH�WHFKQLFDO�DGYLVRU��

WKH�SURWRW\SH�TXDGUXSOHG�LQ�VFDOH�LQ�RUGHU�WR�FRPSRVH�DQ�HQWLUH�IXQFWLRQDO�FORFN���

�

3URWRW\SLQJ�

,QLWLDO�3URSRVDO�

7KH�SURMHFW�JURXS�LQLWLDOO\�LQWHQGHG�WR�FRQVWUXFW�D�SLHFH�RI�NLQHWLF�DUW�WKDW�ZRXOG�GLVSOD\�

WLPH�E\�OHYLWDWLQJ�EDOO�EHDULQJV�LQ�QXPHULF�SDWWHUQV�WKURXJK�PDJQHWLVP��)HUURPDJQHWLF�EDOO�

EHDULQJV�ZRXOG�FDVFDGH�IURP�D�UHVHUYRLU�GRZQ�D�EODQN�ZDOO��RU�³FORFN�IDFH´��YLD�D�WUDS�GRRU�

PHFKDQLVP��DQG�HOHFWURPDJQHWV�KLGGHQ�EHKLQG�WKH�ZDOO�ZRXOG�VHOHFWLYHO\�DFWLYDWH�WR�DWWUDFW�WKH�

EHDULQJV�LQ�WKH�DLU�LQ�SDWWHUQV�RI�GLJLWDO�QXPEHUV��%DOO�EHDULQJV�WKDW�ZRXOG�IDOO�VXIILFLHQWO\�IDU�

IURP�DQ�DFWLYDWHG�PDJQHW�ZRXOG�FRQWLQXH�WR�IDOO�LQWR�D�KRSSHU�EHORZ�WKH�FORFN�IDFH��$IWHU�WKH�

GXUDWLRQ�RI�RQH�PLQXWH��DOO�PDJQHWV�ZRXOG�GHDFWLYDWH�DQG�DOO�SUHYLRXVO\�DWWUDFWHG�EHDULQJV�ZRXOG�

IDOO�LQWR�WKH�KRSSHU��$�UHVHWWLQJ�PHFKDQLVP��VXFK�DV�D�FRUNVFUHZ�RU�HVFDODWRU�W\SH�PDFKLQH��

ZRXOG�WKHQ�FDUU\�WKH�EDOO�EHDULQJV�IURP�WKH�KRSSHU�LQWR�WKH�UHVHUYRLU�WR�UHSHDW�WKH�SURFHGXUH�IRU�

WKH�QH[W�PLQXWH¶V�GLVSOD\��7KH�PDJQHW�DFWXDWLRQ�V\VWHP�VRRQ�VHWWOHG�DURXQG�WKH�WUDQVODWLRQ�RI�

SHUPDQHQW�PDJQHWV�UDWKHU�WKDQ�WKH�DFWLYDWLRQ�RI�HOHFWURPDJQHWV�WR�FRQVHUYH�HOHFWULFLW\���

��



3URWRW\SH���

2YHUYLHZ�

7KH�JURXS�GLYLGHG�WKH�FORFN�GHVLJQ�LQWR�WKUHH�EURDG�VHFWLRQV��$FWXDWLRQ��'LVSOD\��DQG�

(OHFWURQLFV��7KLV�SURWRW\SH�DVVHVVHG�WKH�IHDVLELOLW\�RI�WUDQVODWLRQ�RI�RQH�SHUPDQHQW�PDJQHW�YLD�D�

VHUYR�PRWRU�� �

$FWXDWLRQ�

7KH�LQLWLDO�SURWRW\SH�RI�WKH�DFWXDWLRQ�V\VWHP�LQYROYHG�FRQVWUXFWLQJ�D�SURRI�RI�FRQFHSW�

SURWRW\SH�RI�WKH�DFWXDWLRQ�RI�RQH�SHUPDQHQW�PDJQHW��/DVHU�FXW�DFU\OLF�FRPSRVHG�D�KROORZ�ER[�WR�

KRXVH�WKH�DFWXDWLRQ�V\VWHP��DV�VKRZQ�LQ�WKH�6ROLGZRUNV�PRGHO�LQ�)LJXUH����$�0*��6�VHUYR�

PRWRU�SRZHUHG�WKH�PRYHPHQW�RI�WKH�PDJQHW�YLD�OHYHU�DUP�DQG�JXLGLQJ�URG�FRQVWUXFWLRQV�ZKLFK�

ZHUH��'�SULQWHG�IURP�$%6�SODVWLF��WKH�VHUYR�PRWRU�VSXQ�D�OHYHU��ZKLFK�WUDQVODWHG�DQ�DUP�YLD�D�

SLQ�MRLQW��DV�VKRZQ�LQ�)LJXUH����$��'�SULQWHG�PDJQHW�KROGHU�VHFXUHG�WKH�SHUPDQHQW�PDJQHW��DQG�

WKH�JXLGH�URGV�FRQVWUDLQHG�WKH�PDJQHW�WR�OLQHDU�PRWLRQ��7KLV�VHUYR�PRWRU�DQG�OHYHU�DUP�

FRPELQDWLRQ�ZHUH�RULHQWHG�LQ�D�PDQQHU�WKDW�PD[LPL]HG�WKH�V\VWHP¶V�PHFKDQLFDO�DGYDQWDJH�ZKHQ�

WKH�PDJQHW�ZDV�LQ�LWV�IXUWKHVW�H[WHQGHG�SRVLWLRQ��6XFK�D�VROXWLRQ�PLWLJDWHG�WKH�FRQFHUQ�WKDW�WKH�

PDJQHWLF�DWWUDFWLRQ�EHWZHHQ�EDOO�EHDULQJV�DQG�SHUPDQHQW�PDJQHW�ZRXOG�RYHUSRZHU�WKH�IRUFH�RI�

WKH�PRWRU��

��



�

)LJXUH����6ROLGZRUNV�PRGHO�RI�VLQJOH�PDJQHW�DFWXDWLRQ�V\VWHP�

�

'LVSOD\�

,Q�RUGHU�WR�LVRODWH�FRPSRQHQWV��WKH�GLVSOD\�V\VWHP�IRU�WKH�LQLWLDO�SURWRW\SH�FRPSULVHG�RI�D�

VKHHW�RI�SDSHU�WDSHG�WR�WKH�IURQW�IDFH�RI�WKH�DFU\OLF�ER[��7R�DVVHVV�KRZ�ZHOO�WKH�EDOO�EHDULQJV�

FRXOG�EH�FDXJKW�E\�WKH�DFWXDWHG�PDJQHW��EHDULQJV�ZHUH�GURSSHG�E\�KDQG�DFURVV�WKH�SDSHU�IDFH�RI�

WKH�ER[��7KHVH�LQLWLDO�WHVWV�SURYHG�WKDW�PDJQHW�FRXOG�VXFFHVVIXOO\�FDWFK�WKH�EDOO�EHDULQJV��EXW�D�

FOXVWHU�RI�WKH�EDOO�EHDULQJV�EHFDPH�PDJQHWL]HG�DQG�EXQFKHG�XS�DURXQG�WKH�PDJQHW��ZKLFK�

GHFUHDVHG�WKH�UHVROXWLRQ�RI�WKH�VKDSH��DV�VKRZQ�LQ�)LJXUH����,Q�DQ�HIIRUW�WR�UHGXFH�WKLV�LVVXH��ó��

LQFK�DQG�ǩ�LQFK�DFU\OLF�VKHHWV�ZHUH�WHVWHG�DV�DOWHUQDWLYH�IURQW�IDFHV�LQ�RUGHU�WR�LQFUHDVH�WKH�

GLVWDQFH�EHWZHHQ�WKH�PDJQHW�DQG�WKH�EDOO�EHDULQJV��(YHQWXDOO\��ǩ�LQFK�DFU\OLF�ZDV�VHWWOHG�RQ�DV�

WKH�SUHIHUUHG�PDWHULDO�ERWK�IRU�DHVWKHWLFV�DQG�UHVROXWLRQ��EXW�LVVXHV�ZLWK�EXQFKLQJ�RI�WKH�EDOO�

EHDULQJV�SHUVLVWHG���

��



�

)LJXUH����([DPSOH�RI�EDOO�EHDULQJ�EXQFKLQJ�RQ�3URWRW\SH���

(OHFWURQLFV�

)RU�WKLV�LQLWLDO�SURWRW\SH��D�3DUDOOD[�3URSHOOHU�PLFURFRQWUROOHU�ZDV�XVHG�ZLWK�DQ�LQGLFDWRU�

/('��D������0+]�RVFLOODWLQJ�FU\VWDO��DQG�D����9�UHJXODWRU���7KH�VHUYR�PRWRUV�ZHUH�SRZHUHG�E\�D�

�9�H[WHUQDO�SRZHU�VRXUFH���7KLV�SRZHU�VRXUFH�DOVR�SRZHUHG�WKH�SURSHOOHU�FKLS�WKURXJK�WKH����9�

UHJXODWRU���7KH�PLFURFRQWUROOHU�VHQW�PRGXODWHG�SXOVHV�XVLQJ�WKH�FRXQWHU�FDSDELOLW\�RI�WKH�FKLS�WR�

YDU\�WKH�URWDWLRQ�RI�WKH�VHUYR�PRWRU��VKRZQ�LQ�)LJXUH���EHORZ���7KH�VHUYR�PRWRU�ZDV�VLPSO\�

PRYHG�IURP�RQH�SRVLWLRQ�WR�DQRWKHU�WR�PRYH�WKH�PDJQHW�EDFN�DQG�IRUWK��

�

)LJXUH����3DUDOOD[�6SLQ�PHWKRG�RI�PRYLQJ�VHUYR�PRWRU�ZLWK�FRXQWHU�

��



3URWRW\SH��D�

2YHUYLHZ�

%HFDXVH�WKH�WULDO�IRU�RQH�VHJPHQW�VHHPHG�SUDFWLFDO��WKH�JURXS�FRQVWUXFWHG�WKH�DFWXDWLRQ�

DVVHPEO\�IRU�DQ�HQWLUH�GLJLW�LQ�3URWRW\SH����$�KRXVLQJ�RI�UHODWLYHO\�GXUDEOH�ó�LQFK�WKLFN�DFU\OLF�

VXUURXQGHG�WKH�DVVHPEO\���

$FWXDWLRQ�

%HFDXVH�RI�WKH�VXFFHVV�RI�WKH�RQH�PDJQHW�DFWXDWLRQ�PHFKDQLVP��WKH�QH[W�LWHUDWLRQ�RI�WKLV�

FRPSRQHQW�RQO\�LQYROYHG�DXJPHQWLQJ�LWV�VFDOH�E\�D�IDFWRU�RI�VHYHQ�VXFK�WKDW�DQ�HQWLUH�QXPHULFDO�

GLJLW�FRXOG�DFWXDWH��$�ER[��FXW�IURP�ǩ�LQFK�DFU\OLF��KRXVHG�WKH�DVVHPEO\��DV�VKRZQ�LQ�)LJXUH����

6KRZQ�LQ�)LJXUH����WKH�FRQVWUXFWLRQ�RI�WKH�ER[�LQYROYHG�GRYHWDLO�GHVLJQV�DORQJ�WKH�HGJHV�RI�HDFK�

ZDOO��DOORZLQJ�LQWHUIHUHQFH�ILWV�WR�KROG�WKH�ZDOOV�WRJHWKHU���

�
)LJXUH����6ROLGZRUNV�PRGHO�RI�D�RQH�GLJLW�

DFWXDWLRQ�V\VWHP�

�
)LJXUH����3DUWLDOO\�DVVHPEOHG�RQH�GLJLW�

DFWXDWLRQ�V\VWHP�

��



7KH�SUR[LPLW\�RI�HDFK�PDJQHW�VXEDVVHPEO\�WR�RQH�DQRWKHU�SRVHG�D�VSDWLDO�FKDOOHQJH��'XH�

WR�VSDFH�FRQVWUDLQWV��D�VPDOOHU�5&�VHUYR�PRWRU�PRGHO�ZDV�FKRVHQ��WKH�0*����$OWHUQDWLQJ�WKH�

RULHQWDWLRQV�RI�WKH�VHUYR�PRWRU�DQG�OHYHU�DUP�LQ�HDFK�PDJQHW�VXEDVVHPEO\��DV�VKRZQ�LQ�)LJXUH����

DOORZHG�IRU�D�FRPSDFW�ILW��7KLV�VROXWLRQ�SURYLGHG�VXIILFLHQW�FOHDUDQFH�WR�OLPLW�LQWHUDFWLRQV�

EHWZHHQ�VXEDVVHPEOLHV�ZKLOH�PDLQWDLQLQJ�OLQHDU�PRWLRQ�RI�HDFK�PDJQHW�KROGHU���

'LVSOD\�

:LWK�WKH�PRGHUDWH�VXFFHVV�RI�WKH�GURSSLQJ�E\�KDQG�WHVWV�RI�3URWRW\SH����WKH�JURXS�

GHVLJQHG�D�SUHOLPLQDU\�GLVSHQVLQJ�PHFKDQLVP�WKDW�ZRXOG�PRXQW�DERYH�WKH�FORFN�IDFH��,QVSLUHG�

E\�D�UHYROYLQJ�GRRU��WKH�PHFKDQLVP�LQYROYHG�D�UHVHUYRLU�WKDW�ZRXOG�IHHG�LQWR�DQ�D[LDOO\�URWDWLQJ�

GUXP��ZKLFK�ZRXOG�GLVSHQVH�EDOO�EHDULQJV�DORQJ�WKH�SODQH�RI�WKH�FORFN�IDFH��DV�VKRZQ�LQ�)LJXUH�

����

�

)LJXUH����6ROLGZRUNV�PRGHO�RI�WRS�PRXQWHG�GLVSHQVLQJ�PHFKDQLVP�

7KH�FKRLFH�RI�D�URWDWLQJ�GUXP�UDWKHU�WKDQ�D�WUDS�GRRU�LQWHQGHG�WR�PLWLJDWH�SRWHQWLDO�

PDOIXQFWLRQLQJ�RI�WKH�GLVSHQVLQJ�PHFKDQLVP��WKH�JURXS�IHDUHG�WKDW�EDOO�EHDULQJV�FRXOG�FDWFK�DW�D�

WUDS�GRRU¶V�LQWHUIDFH�DQG�LQWHUIHUH�ZLWK�IXQFWLRQDOLW\��:LWK�WKLV�GHVLJQ��EDOO�EHDULQJV�ZRXOG�

��



VLPSO\�IDOO�IURP�DERYH�WKH�FORFN�IDFH��EXW�WKH�UHVROXWLRQ�SUREOHP�LGHQWLILHG�LQ�3URWRW\SH���

UHPDLQHG�XQDGGUHVVHG���

(OHFWURQLFV�

,Q�DGGLWLRQ�WR�WKH�SURSHOOHU�PLFURFRQWUROOHU�GLVFXVVHG�LQ�3URWRW\SH����3URWRW\SH���XWLOL]HG�

D����FKDQQHO�6HUYR�'ULYHU�FKLS�DV�VKRZQ�LQ�)LJXUH���EHORZ���7KLV�FKLS�XWLOL]HG�DQG�,�&�SURWRFRO�

ZKLFK�DOORZHG�WKH�3URSHOOHU�FKLS�WR�FRQWURO����VHUYR�PRWRUV�IURP�MXVW���RXWSXW�SLQV��

$GGLWLRQDOO\��XS�WR����RI�WKHVH�VHUYR�GULYHU�FKLSV�FRXOG�EH�FRQQHFWHG��DOORZLQJ�WKHVH���SLQV�WR�

FRQWURO�XS�WR�����VHUYR�PRWRUV�DW�RQFH���7KH�FKLS�XWLOL]HV����ELW�UHJLVWHUV�DOORZLQJ�IRU�DQ�

H[WUHPHO\�DFFXUDWH�UHVROXWLRQ�IRU�WKH�VHUYR�PRWRUV���7KLV�FKLS�PDGH�LW�SRVVLEOH�WR�HDVLO\�DQG�

DFFXUDWHO\�FRQWURO�DOO�VHUYR�PRWRUV�UHTXLUHG�WR�PDNH�WKH�FORFN�ZRUN��

���



�

)LJXUH����3URWRW\SH��D�&LUFXLW�'LDJUDP�

7KH�VHUYR�GULYHU�ZDV�JLYHQ�D�YDOXH�EHWZHHQ���DQG������WR�PRYH�WKH�PRWRUV�EDFN�DQG�

IRUWK���,Q�DGGLWLRQ��D�PDVN�ZDV�XVHG�IRU�HDFK�QXPEHU�IURP���WR���WR�GHWHUPLQH�ZKLFK�SDUW�RI�HDFK�

���



GLJLW�ZRXOG�EH�DFWXDWHG�IRUZDUG�WR�FUHDWH�HDFK�QXPEHU���$�VWDQGDUG�QXPEHULQJ�IRU�HDFK�SDUW�RI�

HDFK�GLJLW�ZDV�LPSOHPHQWHG�WR�PDNH�PRYLQJ�HDFK�PRWRU�HDVLHU�DV�VKRZQ�LQ�)LJXUH�����)RU�

H[DPSOH��WR�FUHDWH�WKH�QXPEHU���VHUYRV����������DQG���ZRXOG�EH�DFWXDWHG�IRUZDUG�ZKLOH�VHUYRV���

DQG���ZRXOG�EH�DFWXDWHG�EDFN���7KH�PDVN�IRU�WKH�QXPEHU���ZRXOG�EH����������������

�

)LJXUH����6WDQGDUG�'LJLW�6HJPHQW�1XPEHULQJ�

�

�

�

�

�

�

���



3URWRW\SH��E�

2YHUYLHZ�

'XH�WR�SRWHQWLDOO\�SRRU�UHVROXWLRQ��DV�LOOXVWUDWHG�LQ�SURWRW\SH��D��DQG�WKH�FRQVLGHUDWLRQ�WR�

XWLOL]H�WKH�UHVRXUFHV�PRVW�HIILFLHQWO\��WKH�WHDP�SURSRVHG�D�SDUDOOHO�WUDFN�RI�GHVLJQ��7KLV�GHVLJQ�QR�

ORQJHU�HPSOR\HG�PDJQHWV�WR�JDWKHU�EDOO�EHDULQJV�LQWR�D�FHUWDLQ�VKDSH��UDWKHU��VHYHQ�SUHFXW�KROHV�

ZRXOG�KRXVH�WKH�EDOO�EHDULQJV��7KH�DFWXDWLRQ�RI�PRWRUV�RQ�VHYHQ�UHFWDQJXODU�DFU\OLF�LQVHUWV�

FRQWUROOHG�WKH�FDSDELOLW\�WR�ILOO�WKH�KROHV��+HQFH��GLIIHUHQW�FRPELQDWLRQV�RI�VHJPHQW�KROHV�ZRXOG�

FROOHFW�EHDULQJV�LQ�WKH�DFFRUGLQJ�GLJLW�VKDSH��7KH�FRQWURO�PHFKDQLVP�DQG�DFWXDWLRQ�FRPSRQHQWV�

UHPDLQHG�URXJKO\�WKH�VDPH��\HW�PDQ\�RWKHU�DVSHFWV�ZHUH�XQLTXH�WR�WKLV�LWHUDWLRQ��

$FWXDWLRQ�

7KH�DFWXDWLRQ�V\VWHP�IRU�3URWRW\SH��E�UHPDLQHG�HVVHQWLDOO\�WKH�VDPH�DV�IRU�3URWRW\SH��D��

H[FHSW�DFU\OLF�LQVHUWV�ZHUH�SRVLWLRQHG�LQ�SODFH�RI�PDJQHWV��:LWK�WKLV�V\VWHP��ZKHQ�WKH�VHUYR�

PRWRUV�DFWXDWHG�IRUZDUG��WKH�DFU\OLF�LQVHUWV�ZHUH�IOXVK�ZLWK�WKH�IURQW�IDFH�RI�WKH�FORFN���

'LVSOD\�

7KH�GLVSOD\�V\VWHP�IRU�3URWRW\SH��E�ZDV�D�VLJQLILFDQW�FKDQJH�IURP�HDUOLHU�SURWRW\SHV��,Q�

RUGHU�WR�VROYH�LVVXHV�ZLWK�EDOO�EHDULQJ�FOXVWHULQJ�DURXQG�WKH�PDJQHWV��WKH�PDJQHWV�ZHUH�

GLVFDUGHG��DQG�WKH�GURSSLQJ�V\VWHP�ZDV�UHPRYHG�DV�ZHOO��7KLV�GHVLJQ�IHDWXUHG�DQ�DFU\OLF�IURQW�

IDFH�ZLWK���FXWRXWV�IRU�WKH�ORFDWLRQV�RI�HDFK�RI�WKH�GLJLW�VHJPHQWV��$V�PHQWLRQHG�SUHYLRXVO\��WKH�

LQVHUWV�IRU�WKHVH�VHJPHQWV�ZHUH�PRXQWHG�WR�WKH�KROGHUV�RQ�WKH�VHUYR�PRWRUV��DQG�ZRXOG�ILOO�LQ�WKH�

IURQW�IDFH�ZKHQ�D�GLJLW�VHJPHQW�ZDV�QRW�WR�EH�YLVLEOH��:KHQ�D�VHJPHQW�ZDV�LQWHQGHG�WR�EH�

YLVLEOH��WKH�LQVHUWV�ZRXOG�EH�SXOOHG�EDFN�MXVW�IDU�HQRXJK�WR�ILW�D�VLQJOH�OD\HU�RI�EDOO�EHDULQJV��7KH�

GLVSHQVLQJ�PHWKRG�IRU�WKLV�GHVLJQ�LQFOXGHG�D�WURXJK�DWWDFKHG�WR�D�FOHDU�IDFH�WKDW�ZDV�FRLQFLGHQW�

���



ZLWK�WKH�IURQW�IDFH�RI�WKH�FORFN��DV�VKRZQ�LQ�)LJXUHV���DQG�����:LWK�VRPH�DFU\OLF�LQVHUWV�SXOOHG�

EDFN��DV�WKH�FRYHU�ZDV�UDLVHG��EDOO�EHDULQJV�ZRXOG�IDOO�IURP�WKH�WURXJK�LQWR�WKH�VSDFHV�IRU�HDFK�RI�

WKH�GLJLW�VHJPHQWV��DQG�ZRXOG�ILOO�LQ�WKH�VKDSH�FUHDWLQJ�D�QXPEHU��6LQFH�WKH�LQVHUWV�ZHUH�IOXVK�

ZKHQ�LQ�WKHLU�IRUZDUG�SRVLWLRQ��QR�EDOO�EHDULQJV�ZRXOG�EH�DEOH�WR�ILOO�WKRVH�VSDFHV��VR�WKH�ILQDO�

VKDSH�ZRXOG�EH�WKDW�RI�WKH�GHVLUHG�GLJLW���

�

���������������������������������������� �

�������)LJXUH����/RZHUHG�FRYHU�SRVLWLRQ � ������������)LJXUH�����5DLVHG�FRYHU�SRVLWLRQ�

$GGLWLRQDOO\��WKLV�GHVLJQ�LQFOXGHG�D�UDFN�DQG�SLQLRQ�SRZHUHG�E\�D�'&�EUXVK�PRWRU�DV�

VKRZQ�LQ�)LJXUH����LQ�RUGHU�WR�UDLVH�DQG�ORZHU�WKH�FRYHU���

���



�

)LJXUH�����3URWRW\SH��E�ZLWK�UDFN�DQG�SLQLRQ�DQG�IXOO�DFWXDWLQJ�V\VWHP�PRXQWHG�

(OHFWURQLFV�

7KH�PDMRULW\�RI�WKH�HOHFWURQLFV�V\VWHP�IRU�WKLV�SURWRW\SH�UHPDLQHG�WKH�VDPH�DV�LQ�

3URWRW\SH��D��VLQFH�WKH�PHFKDQLVPV�RI�WKH�DFWXDWLQJ�V\VWHP�ZHUH�LGHQWLFDO��7KH�DGGLWLRQV�PDGH�

WR�WKH�HOHFWURQLFV�FHQWHUHG�DURXQG�WKH�UDFN�DQG�SLQLRQ��ZKLFK�ZDV�SRZHUHG�E\�D�'&�EUXVK�PRWRU��

7KLV�PRWRU�ZDV�FRQQHFWHG�WR�SLQV�RQ�WKH�3DUDOOD[�PLFURFRQWUROOHU�DQG�SRZHUHG�E\�SXOVH�ZLGWK�

PRGXODWLRQ��3:0��VR�WKDW�WKH�VSHHG�RI�WKH�FRYHU�FRXOG�EH�FRQWUROOHG�DV�LW�PRYHG�XS�DQG�GRZQ�

WKH�FORFN�IDFH��$GGLWLRQDOO\��WKLV�GHVLJQ�UHTXLUHG�WKH�PRWRU�WR�EH�DEOH�WR�VSLQ�LQ�ERWK�GLUHFWLRQV��

VR�DQ�+�EULGJH�ZDV�DGGHG�WR�WKH�V\VWHP�LQ�RUGHU�WR�DFKLHYH�WKLV�RXWFRPH��/DVWO\��LQ�RUGHU�WR�

FRQWURO�WKH�H[WHQW�WR�ZKLFK�WKH�FRYHU�WUDYHOHG��OLPLW�VZLWFKHV�ZHUH�DGGHG�WR�WKH�V\VWHP��VR�WKDW�

WKH�PRWRU�FRXOG�EH�VWRSSHG�RQFH�WKH�FRYHU�UHDFKHG�WKH�WRSPRVW�RU�ERWWRPPRVW�SRLQWV�RQ�WKH�

FORFN�IDFH���

�

���



3URWRW\SH���

2YHUYLHZ�

3URWRW\SH���ILQH�WXQHG�WKH�DFWXDWLQJ�V\VWHP���/LNH�3URWRW\SH����LW�LQFOXGHG�RQO\�RQH�

PDJQHW�VHJPHQW�RI�RQH�GLJLW��

$FWXDWLRQ�

7KH�WROHUDQFLQJ�EHWZHHQ�WKH�UDLOV�DQG�PDJQHW�KROGHU�ZDV�LPSURYHG�WR�DOORZ�IRU�WKH�

PDJQHW�KROGHU�WR�PRYH�PRUH�VPRRWKO\���,Q�DGGLWLRQ��D�QHZ��'�SULQWHG�PRWRU�PRXQW�ZDV�

GHVLJQHG�WR�VHFXUH�WKH�PRWRU�PRUH�VWHDGLO\���7KH�UDLOV�ZHUH�FRQQHFWHG�WR�WKH�DFU\OLF�EDFNSODWH�

ZLWK�DQ�DFU\OLF�ULQJ�DQG�D�VFUHZ�DOORZLQJ�IRU�HDV\�UHPRYDO�RI�WKH�UDLO�LQ�WKH�HYHQW�RI�IDLOXUH��

7KLV�SURWRW\SH�LV�VKRZQ�EHORZ�LQ�)LJXUH�����

�

)LJXUH�����3URWRW\SH���GHVLJQ�

���



�

3URWRW\SH���

2YHUYLHZ�

7HVWLQJ�LQ�3URWRW\SH��D�UHYHDOHG�WKDW�VLQFH�WKH�GLVSHQVLQJ�PHFKDQLVP�ZDV�PRXQWHG�RQ�

WRS�RI�WKH�GLJLW�ER[��JUDYLW\�ZRXOG�DGG�H[FHVVLYH�SRWHQWLDO�HQHUJ\�WR�WKH�EDOO�EHDULQJV�GXULQJ�

WKHLU�GHVFHQW�WR�WKH�GHVLUHG�PDJQHW�ORFDWLRQV��$V�D�UHVXOW��WKH�PDJQHWLF�IRUFH�ZDV�QRW�VWURQJ�

HQRXJK�WR�FDWFK�WKH�EDOO�EHDULQJV�ZLWK�KLJK�YHORFLW\��DQG�WKH�JURXS�GHVLJQHG�D�PRUH�DGHTXDWH�

GURSSLQJ�PHFKDQLVP�WR�DGGUHVV�WKLV�SUREOHP��0HDQZKLOH��WKH�DFWXDWLQJ�V\VWHP�DQG�WKH�GLJLW�ER[�

GHVLJQ�ERWK�LQFRUSRUDWHG�PLQRU�FKDQJHV�WR�DGMXVW�WR�WKH�QHZ�GURSSLQJ�PHFKDQLVP���

$FWXDWLRQ�

7KH�DGMXVWPHQWV�PDGH�WR�WKH�DFWXDWLRQ�V\VWHP�RQ�3URWRW\SH���ZHUH�PLQLPDO��VLQFH�WKH�

SULPDU\�JRDO�ZDV�WR�IL[�LVVXHV�ZLWK�WKH�EDOO�EHDULQJ�GLVSHQVLQJ�V\VWHP��7KH�PDMRU�FKDQJH�DW�WKLV�

SRLQW�FDPH�ZLWK�WKH�VL]H�RI�WKH�KRXVLQJ�IRU�WKH�FORFN�GLJLW��ZKLFK�KDG�WR�LQFUHDVH�LQ�VL]H�LQ�RUGHU�

WR�SURYLGH�VXIILFLHQW�YHUWLFDO�VSDFH�IRU�WKH�ZDONLQJ�ZKHHO�WR�EH�KLGGHQ�FRPSOHWHO\�ZKLOH�D�GLJLW�

ZDV�EHLQJ�GLVSOD\HG���

'LVSOD\�

7R�DGGUHVV�WKH�UHVROXWLRQ�SUREOHP�RI�WKH�EDOO�EHDULQJV�FOXPSLQJ�DJDLQVW�WKH�PDJQHWV�

ZKHQ�GLVSHQVHG�IURP�DERYH��WKH�JURXS�PRGLILHG�WKH�UHYROYLQJ�GUXP�GHVLJQ��1RZ��WKH�URWDWLQJ�

GUXP�ZRXOG�UROO�XS�DQG�GRZQ�WKH�FORFN�IDFH��7KH�UHVHUYRLU�DQG�³ZDONLQJ�ZKHHO´�ZRXOG�QRZ�

DVFHQG�DQG�GHVFHQG�WKH�ZDOO�VXFK�WKDW�EDOO�EHDULQJV�ZRXOG�EH�EH�SRVLWLRQHG�DJDLQVW�WKH�ZDOO�DW�

WKH�WDQJHQWLDO�SRLQW�RI�FRQWDFW�EHWZHHQ�WKH�ZDOO�DQG�GUXP��$�VKHOO�VXUURXQGLQJ�WKH�GUXP�ZRXOG�

HQVXUH�WKDW�WKH�EDOO�EHDULQJV�ZRXOG�RQO\�UHOHDVH�DW�WKLV�SRLQW�RI�WDQJHQF\��DV�VKRZQ�LQ�)LJXUH������

���



�

)LJXUH�����6SLQQLQJ�D�SUHOLPLQDU\�PRGHO�RI�WKH�UHVHUYRLU�GUXP�DVVHPEO\�

)LJXUH�����$VVHPEO\�RI�UHVHUYRLU�DQG�UHYROYLQJ�GUXP��

$�EUXVK�PRWRU��PRXQWHG�WR�WKH�ERWWRP�RI�WKH�DVVHPEO\��ZRXOG�GULYH�D�SLQLRQ��7KH�SLQLRQ�

ZRXOG�WUDQVPLW�SRZHU�WR�D�JHDU�WKDW�ZRXOG�ERWK�FOLPE�XS�D�YHUWLFDO�UDFN�DORQJ�WKH�VLGH�RI�WKH�

FORFN�IDFH�DQG�URWDWH�WKH�GUXP��7ZR�URWDWLRQDO�EHDULQJV��VKRZQ�RQ�WKH�OHIW�GLDJUDP�RI�)LJXUH�����

ZRXOG�FRQVWUDLQ�WKH�DVVHPEO\�DJDLQVW�WKH�FORFN�IDFH���

,GHDOO\��WKLV�SURWRW\SH�ZRXOG�SRVLWLRQ�EHDULQJV�LQ�KRUL]RQWDO�URZV�DORQJ�WKH�FORFN�IDFH��

WKHUHE\�RYHUFRPLQJ�SUHYLRXV�LVVXHV�LQYROYLQJ�UHVROXWLRQ��:KLOH�WKH�WLPH�ZRXOG�GLVSOD\�RQ�WKH�

FORFN�IDFH��WKH�UHVHUYRLU�GUXP�DVVHPEO\�ZRXOG�ZDLW�EHORZ�WKH�ZDOO��7KHQ��DIWHU�WKH�PLQXWH�

���



ZRXOG�H[SLUH��WKH�DFWXDWHG�PDJQHWV�ZRXOG�GLVHQJDJH��DQG�DOO�EDOO�EHDULQJV�ZRXOG�IDOO�LQWR�WKH�

UHVHUYRLU��7KH�EHDULQJV�ZRXOG�IHHG�LQWR�WKH�GUXP�DV�LW�ZRXOG�³ZDON´�XS�WKH�ZDOO�PXFK�OLNH�WKH�

SURFHVV�RI�ORDGLQJ�D�UHYROYHU��DQG�WKH�GUXP�ZRXOG�GLVSHQVH�WKH�EDOO�EHDULQJV�GXULQJ�WKH�

IROORZLQJ�GHVFHQW���

6XSSO\LQJ�DQ�DGHTXDWH�DPRXQW�RI�WRUTXH�WR�OLIW�WKH�DVVHPEO\�DQG�URWDWH�WKH�GUXP�XQGHU�

WKH�ZHLJKW�RI�$%6�SODVWLF�DQG�EDOO�EHDULQJV�SURYHG�WR�EH�D�SHUWLQHQW�LVVXH�IRU�WKLV�SURWRW\SH��

/RQJ�WHUP�IXQFWLRQDO�UHOLDELOLW\�ZRXOG�EH�LQ�MHRSDUG\�LI�WKH�PRWRU�ZHUH�WR�VWUXJJOH�DJDLQVW�WKH�

ZHLJKW�DQG�IULFWLRQ�RI�WKH�DVVHPEO\���

(OHFWURQLFV�

7KH�PDMRULW\�RI�WKH�HOHFWURQLFV�IRU�GULYLQJ�WKH�DFWXDWLQJ�V\VWHP�UHPDLQHG�WKH�VDPH�DV�LQ�

3URWRW\SHV��D�DQG����VLQFH�QR�FKDQJHV�ZHUH�PDGH�WR�DQ\�PHFKDQLVPV�LQ�WKH�DFWXDWLQJ�V\VWHP��

+RZHYHU��DV�ZLWK�3URWRW\SH��E��WKLV�GHVLJQ�UHTXLUHG�WKH�DGGLWLRQ�RI�D�'&�EUXVK�PRWRU�WR�GULYH�

WKH�SLQLRQ��DQG�WKXV�WKH�ZDONLQJ�ZKHHO��XS�WKH�FORFN�IDFH��7KLV�PRWRU�ZDV�FRQQHFWHG�WR�SLQV�RQ�

WKH�3DUDOOD[�PLFURFRQWUROOHU�DQG�FRQWUROOHG�ZLWK�3:0�VR�WKDW�WKH�VSHHG�RI�WKH�ZDONLQJ�ZKHHO�

FRXOG�EH�FRQWUROOHG�DV�LW�PRYHG�XS�DQG�GRZQ�WKH�FORFN�IDFH��$GGLWLRQDOO\��WKLV�GHVLJQ�UHTXLUHG�

WKH�PRWRU�WR�EH�DEOH�WR�VSLQ�LQ�ERWK�GLUHFWLRQV��VR�DQ�+�EULGJH�ZDV�DGGHG�WR�WKH�V\VWHP�LQ�RUGHU�

WR�DFKLHYH�WKLV�RXWFRPH��,Q�RUGHU�WR�FRQWURO�WKH�H[WHQW�WR�ZKLFK�WKH�ZKHHO�WUDYHOHG��OLPLW�VZLWFKHV�

ZDV�DGGHG�WR�WKH�WRS�DQG�ERWWRP�RI�WKH�FORFN�IDFH���:KHQ�WKH�VZLWFKHV�ZHUH�KLW��WKH�

PLFURFRQWUROOHU�ZRXOG�KDYH�WKH�PRWRU�VZLWFK�GLUHFWLRQV�RU�VLPSO\�VWRS�PRYLQJ���7KH�FLUFXLW�XVHG�

IRU�WKLV�SURWRW\SH�LV�VKRZQ�EHORZ�LQ�)LJXUH�����

���



�

)LJXUH�����3URWRW\SH���&LUFXLW�'LDJUDP�

�

�

�

�

�

���



3URWRW\SH���

2YHUYLHZ�

&RPSRQHQWV�RI�3URWRW\SH���ZHUH�ILQH�WXQHG��7KH�LQWHUIDFH�EHWZHHQ�WKH�GUXP�DQG�WKH�

UHVHUYRLU�ZHQW�WKURXJK�KHDY\�DQDO\VLV�DQG�UHGHVLJQV�XQWLO�IULFWLRQ�DQG�EDOO�EHDULQJ�LQWHUIHUHQFH�

ZHUH�PLQLPL]HG��$�ZRUP�JHDU�UHSODFHG�WKH�PRWRU�GULYHQ�SLQLRQ�LQ�RUGHU�WR�RSWLPL]H�SRZHU�

WUDQVPLVVLRQ��7KH�TXDGUDWXUH�HQFRGHU�RQ�WKH�ZRUP�JHDU¶V�PRWRU�FRXOG�WKHQ�VHQVH�ZKHQ�WKH�

PRWRU�VWUXJJOHG�DQG�FRXOG�WULJJHU�D�VWDOO�DYRLGDQFH�SURJUDP���

$FWXDWLRQ�

2QFH�DJDLQ��WKH�DFWXDWLRQ�V\VWHP�UHPDLQHG�PRVWO\�XQFKDQJHG�DW�WKLV�SRLQW��VLQFH�WKH�

PDMRU�GHVLJQ�FKDQJHV�FDPH�ZLWK�WKH�DGGLWLRQ�RI�WKH�ZRUP�JHDU�DQG�PRGLILFDWLRQV�WR�WKH�GHVLJQV�

RI�WKH�GUXP�DQG�UHVHUYRLU�� �

'LVSOD\�

7KLV�GHVLJQ�LWHUDWLRQ�LQYROYHG�UHSODFLQJ�D�SLQLRQ�ZLWK�D�ZRUP�JHDU��7KH�FKDQJH�

DGGUHVVHG�FRQFHUQ�UHJDUGLQJ�D�VXIILFLHQW�DQG�UHOLDEOH�DPRXQW�RI�WRUTXH�EHFDXVH�D�ZRUP�JHDU�

RIIHUHG�JUHDWHU�PHFKDQLFDO�DGYDQWDJH�LQ�WUDQVPLWWLQJ�SRZHU�IURP�WKH�PRWRU�WR�WKH�GULYHQ�JHDU��

ZKLFK�VWLOO�URWDWHG�WKH�GUXP�DQG�FOLPEHG�WKH�YHUWLFDO�UDFN��DV�VKRZQ�LQ�)LJXUH������

���



�

)LJXUH�����5HVHUYRLU�GUXP�DVVHPEO\�ZLWK�ZRUP�JHDU�

0HDQZKLOH��UDSLG�VXE�SURWRW\SLQJ�EHJDQ�WR�RSWLPL]H�WKH�LQWHUIDFH�EHWZHHQ�WKH�UHVHUYRLU�

DQG�WKH�GUXP��³6OLFHV´�RI�WKH�DVVHPEO\��FXW�IURP�DFU\OLF��RIIHUHG�D�VLPSOH�ZD\�WR�H[SHULPHQW��DV�

VKRZQ�LQ�)LJXUH�����,QWHUIHUHQFH�EHWZHHQ�WKH�EDOO�EHDULQJV�DQG�WKH�OLS�RI�WKH�GUXP¶V�VKHOO�DW�WKLV�

LQWHUIDFH�PRWLYDWHG�WKH�XQGHUWDNLQJ��DQG�LWHUDWLRQ�FRQWLQXHG�XQWLO�WKH�GUXP�FRXOG�URWDWH�ZLWK�

PLQLPDO�UHVLVWDQFH���

���



�

)LJXUH�����,WHUDWLRQ�RI�UHVHUYRLU�GUXP�VOLFH�

�

$V�VKRZQ��WZR�DGGLWLRQDO�EHDULQJV��ZKLFK�UROOHG�DJDLQVW�D�WUDQVSDUHQW�IURQW�SDQHO��

FRQVWUDLQHG�WKH�UHVHUYRLU�GUXP�DVVHPEO\�DJDLQVW�WKH�FORFN�IDFH��,QLWLDO�UHVXOWV�ZHUH�UHODWLYHO\�

VXFFHVVIXO��EDOO�EHDULQJV�ZRXOG�SRVLWLRQ�LQWR�UHODWLYHO\�FRQVLVWHQW�GLJLW�DUUDQJHPHQWV��+RZHYHU��

WKH�EHDULQJ�LQWHUIHUHQFH�DW�WKH�LQWHUIDFH�RI�WKH�UHVHUYRLU�DQG�GUXP�SHUVLVWHG��ZKLFK�HYHQWXDOO\�OHG�

WR�WKH�IDLOXUH�RI�WKH�PRWRU���

(OHFWURQLFV�

7KH�RQO\�DGGLWLRQ�IURP�3URWRW\SH���ZDV�WKH�XVH�RI�WKH�TXDGUDWXUH�HQFRGHU�RQ�WKH�'&�

EUXVK�PRWRU���6LQFH�WKH�EHDULQJV�FDXVHG�WKH�ZKHHO�WR�ELQG�DQG�WKH�PRWRU�WR�VWDOO��WKH�TXDGUDWXUH�

HQFRGHU�ZDV�XWLOL]HG�WR�RIIHU�IHHGEDFN�ZKHQ�WKH�PRWRU�VWDOOHG���7KLV�DOORZHG�WKH�PLFURFRQWUROOHU�

WR�UHYHUVH�WKH�PRWRU�ZKHQ�LW�VWDOOHG��JLYLQJ�LW�WKH�RSSRUWXQLW\�WR�GLVORGJH�WKH�EDOO�EHDULQJV�DQG�

ZRUN�LWV�ZD\�XS�WKH�FORFN�IDFH���7KLV�PHWKRG�ZRUNHG�IDLUO\�ZHOO��EXW�VLQFH�WKH�ZRUP�JHDU�ZRXOG�

���



VOLS�RQ�WKH�GULYLQJ�JHDU��WKH�PRWRU�ZRXOG�QRW�IXOO\�VWDOO�DQG�WKHUHIRUH�QRW�UHYHUVH�GLUHFWLRQ���7KLV�

FDXVHG�WKH�ZKHHO�WR�VWD\�LQ�WKH�VDPH�VSRW�DQG�FRQWLQXH�VOLSSLQJ�LQGHILQLWHO\��

3URWRW\SH��D�

2YHUYLHZ�

,Q�3URWRW\SH����WKH�VOLSSLQJ�RI�WKH�ZRUP�JHDU�DJDLQVW�WKH�UDFN�FDXVHG�QRW�RQO\�HQHUJ\�

LQHIILFLHQF\��EXW�DOVR�JUDGXDO�GDPDJH�WR�WKH�ZRUP�JHDU�PRWRU��7KH�EDOO�EHDULQJV�LQHIILFLHQWO\�

UHFROOHFWHG�LQ�WKH�UHVHUYRLU�DIWHU�WKH�PDJQHW�V\VWHP�GLVHQJDJHG��DQG�WKH�GLJLWV�GLVSOD\HG�E\�WKH�

EDOO�EHDULQJV�KDG�LQFRQVLVWHQW�DQG�ORZ�UHVROXWLRQ��+HQFH��WKH�JURXS�EHJDQ�WR�ILQG�DQRWKHU�

PHGLXP�WR�UHQGHU�WKH�GLJLW�GLVSOD\��7KH�JURXS�H[SORUHG�D�IHUURIOXLG�WDQN�DV�D�UHSODFHPHQW�IRU�WKH�

EDOO�EHDULQJ�ZDOO�� �

$FWXDWLRQ�

3DUW�RI�WKH�UDWLRQDOH�IRU�VZLWFKLQJ�WR�IHUURIOXLG�ZDV�WKDW�WKH�DFWXDWLQJ�V\VWHP�ZDV�DOUHDG\�

ZRUNLQJ�DV�GHVLUHG��DQG�WKH�IHUURIOXLG�FRXOG�EH�LQWHJUDWHG�ZLWKRXW�DGMXVWLQJ�WKH�DFWXDWLQJ�V\VWHP��

,Q�WKLV�LWHUDWLRQ��IHUURIOXLG�WDQNV�ZHUH�EXLOW�IURP�DFU\OLF�WR�ILW�WKH�VL]H�RI�WKH�DFWXDWLQJ�V\VWHP��VR�

PRVW�RI�WKH�DFWXDWLRQ�UHPDLQHG�WKH�VDPH��2QH�PDMRU�FKDQJH�ZDV�PDGH�LQ�RUGHU�WR�UHVHW�WKH�

IHUURIOXLG�WR�WKH�WRS�RI�WKH�WDQN�ZKHQ�D�GLJLW�ZDV�EHLQJ�FKDQJHG��6LQFH�WKH�V\VWHP�XVHG�JUDYLW\�WR�

KHOS�WKH�IHUURIOXLG�IORZ�SDVW�WKH�PDJQHWV�DQG�PDNH�WKH�GLJLW�VKDSH��LW�ZDV�FUXFLDO�WKDW�WKH�

IHUURIOXLG�PRYH�EDFN�WR�WKH�WRS�RI�WKH�WDQN�LQ�VRPH�ZD\��&RQVLGHUDWLRQ�ZDV�JLYHQ�WR�D�V\VWHP�

WKDW�ZRXOG�URWDWH�WKH�HQWLUH�GLJLW�RU�HQWLUH�FORFN�E\�����GHJUHHV��EXW�WKLV�UHTXLUHG�H[WUD�

LQIUDVWUXFWXUH�IRU�WKH�FORFN��,QVWHDG��WKLV�SURWRW\SH�XWLOL]HG�D�GHVLJQ�WKDW�ZRXOG�UDLVH�WKH�

IHUURIOXLG�E\�DFWXDWLQJ�WKH�PDJQHWV�IURP�WKH�ERWWRP�WR�WRS��,Q�RUGHU�WR�PDNH�WKLV�GHVLJQ�

IXQFWLRQDO��WKH�JDSV�EHWZHHQ�WKH�PDJQHWV�QHHGHG�WR�EH�YHU\�VPDOO�VR�WKDW�IHUURIOXLG�ZRXOG�QRW�

���



ORVH�DWWUDFWLRQ�DQG�IDOO�EDFN�GRZQ�EHWZHHQ�PDJQHWV��7KH�PDJQHW�KROGHUV�ZHUH�UHGHVLJQHG�WR�

EULQJ�WKH�YHUWLFDO�PDJQHWV�RQ�WKH�VLGH�RI�WKH�GHVLJQ�FORVHU�WR�WKH�FHQWHU��7KLV�DGMXVWPHQW�DOORZHG�

IRU�WKH�IHUURIOXLG�WR�UHVHW�EHWZHHQ�HDFK�GLJLW�FKDQJH�ZLWKRXW�DGGLQJ�DQ\�DGGLWLRQDO�LQIUDVWUXFWXUH�

WR�WKH�SURMHFW���

'LVSOD\�

%DVHG�RQ�WKH�GLIILFXOWLHV�ZLWK�WKH�ZDONLQJ�ZKHHO�GHVLJQ�DQG�WKH�EDOO�EHDULQJV�LQ�JHQHUDO��

WKH�GLVSOD\�IRU�3URWRW\SH��D�WRRN�D�GLIIHUHQW�URXWH�E\�XVLQJ�IHUURIOXLG�WR�LQWHUDFW�ZLWK�WKH�PDJQHWV�

DQG�GLVSOD\�WKH�GLJLWV��6LQFH�VRPH�RI�WKH�EXQFKLQJ�LVVXHV�VWHPPHG�IURP�WKH�IDFW�WKDW�WKH�EDOO�

EHDULQJV�ZHUH�UDWKHU�ODUJH��WKH�WHDP�DVVXPHG�WKDW�IHUURIOXLG�ZRXOG�PLWLJDWH�WKHVH�SUREOHPV�VLQFH�

HDFK�LURQ�SDUWLFOH�LV�YHU\�VPDOO��,Q�WKH�LQLWLDO�YHUVLRQ�RI�WKLV�SURWRW\SH��DFU\OLF�WDQNV�ZHUH�

FRQVWUXFWHG�ZLWK�D�ó�LQFK�FOHDU�IURQW�IDFH��D�ó�LQFK�IUDPH��DQG�D�ǩ�LQFK�RSDTXH�EDFN�IDFH��7KH�

GLPHQVLRQV�RI�WKH�WDQN�ZHUH�PDGH�WR�ILW�WKH�RXWOLQH�RI�WKH�DFWXDWLRQ�V\VWHP�IURP�3URWRW\SH����

$GGLWLRQDOO\��HDFK�WDQN�KDG�D������WDSSHG�KROH�LQ�WKH�VLGH�RI�WKH�IUDPH�VR�WKDW�WKH�WDQN�FRXOG�EH�

ILOOHG�ZLWK�WKH�VXVSHQVLRQ�VROXWLRQ�DQG�WKH�IHUURIOXLG��DQG�WKHQ�FRXOG�EH�VHDOHG�ZLWK�D�EROW��

,QLWLDOO\��WKH�IOXLG�LQ�WKH�WDQN�ZDV�D�PL[WXUH�RI�����LVRSURS\O�DOFRKRO�DQG�IHUURIOXLG��7KLV�

PL[WXUH�ZDV�HIIHFWLYH�DW�ILUVW��EXW�DIWHU�WKH�IOXLG�VDW�RYHUQLJKW��WKH�IHUURIOXLG�FRDJXODWHG��DV�VKRZQ�

LQ�)LJXUH�����DQG�LW�EHFDPH�LPPRELOH�HYHQ�LQ�WKH�SUHVHQFH�RI�D�PDJQHW���

���



�

)LJXUH�����7KH�FRDJXODWHG�IHUURIOXLG�LQVLGH�RI�WKH�DFU\OLF�WDQN�

%DVHG�RQ�UHVHDUFK�DERXW�IHUURIOXLG��ERWK�WKH�DFU\OLF�WDQN�DQG�WKH�LVRSURS\O�DOFRKRO�ZHUH�

IDFWRUV�OHDGLQJ�WR�WKLV�LVVXH��,Q�HIIRUWV�WR�IL[�WKLV�SUREOHP��D�QXPEHU�RI�GLIIHUHQW�VXVSHQVLRQ�

VROXWLRQV�ZHUH�WHVWHG��LQFOXGLQJ�D�KLJKHU�SHUFHQWDJH�DOFRKRO�DQG�YDULRXV�FRQFHQWUDWLRQV�RI�

VDOWZDWHU�VROXWLRQV��$GGLWLRQDOO\��PRVW�UHVHDUFK�SRLQWHG�WRZDUG�D�JODVV�FDVLQJ�DV�WKH�LGHDO�

FRQWDLQHU�IRU�WKH�IHUURIOXLG�PL[WXUH��VR�SUHPDGH�JODVV�ERWWOHV�DQG�WDQNV�ZHUH�WHVWHG��

8QIRUWXQDWHO\��GXH�WR�WLPH�FRQVWUDLQWV��WKH�RSWLPDO�VROXWLRQ�ZDV�QRW�IRXQG��DQG�QRQH�RI�WKH�WHVWHG�

IHUURIOXLG�VROXWLRQV�RU�FRQWDLQHUV�SHUIRUPHG�DV�GHVLUHG���

�

�

���



(OHFWURQLFV�

7KH�SULPDU\�FKDQJH�WR�WKH�HOHFWURQLFV�V\VWHP�LQYROYHG�WKH�UHPRYDO�RI�WKH�'&�EUXVK�

PRWRU�IURP�3URWRW\SH���DQG�WKH�DGGLWLRQ�RI�D�WKH�'6�����UHDO�WLPH�FORFN�FKLS��$OO�RI�WKH�

HOHFWURQLFV�XVHG�LQ�WKH�DFWXDWLQJ�V\VWHP�UHPDLQHG�WKH�VDPH��EXW�D�SURJUDP�ZDV�DGGHG�WR�DFWXDWH�

WKH�PDJQHWV�LQ�VHTXHQFH�IURP�ERWWRP�WR�WRS�VR�WKH�IHUURIOXLG�FRXOG�EH�UDLVHG�WR�WKH�WRS�RI�WKH�

WDQN�EHIRUH�WKH�QH[W�GLJLW�ZDV�DFWXDWHG��7KH�FORFN�FKLS�XVHV�6HULDO�3HULSKHUDO�,QWHUIDFH��63,��WR�

FRPPXQLFDWH�ZLWK�WKH�PLFURFRQWUROOHU���7KLV�FKLS�LQFOXGHV�D�WHPSHUDWXUH�FRPSHQVDWHG�FU\VWDO�

RVFLOODWRU�WR�NHHS�H[WUHPHO\�DFFXUDWH�WLPH���7KLV�EUHDNRXW�ERDUG�DOVR�LQFOXGHV�D�EDFN�XS�EDWWHU\��

HQVXULQJ�WKH�FKLS¶V�DFFXUDF\�HYHQ�ZKHQ�WHPSRUDULO\�GLVFRQQHFWHG�IURP�H[WHUQDO�SRZHU��

3URWRW\SH��E�

2YHUYLHZ�

7KH�FRQFHSW�RI�IHUURIOXLG�ZDV�SURPLVLQJ��EXW�WKH�JURXS�FRQWLQXHG�WR�H[SHULPHQW�ZLWK�EDOO�

EHDULQJV��5DWKHU�WKDQ�D�UHVHUYRLU�GUXP�DVVHPEO\��WKH�EDOO�EHDULQJV�ZRXOG�IDOO�DQG�FROOHFW�LQ�D�

KRUL]RQWDO�ILJXUH�HLJKW�VKDSHG�UHVHUYRLU��DV�VKRZQ�LQ�)LJXUH�����$Q�DGGLWLRQDO�DFWXDWLQJ�PRWRU�

ZRXOG�URWDWH�WKH�RULJLQDOO\�YHUWLFDO�FORFN�ER[�E\����GHJUHHV�DQG�OHW�WKH�PDJQHWV�FDWFK�WKH�EDOO�

EHDULQJV��7KHQ��E\�URWDWLQJ�WKH�FORFN�ER[�EDFN�XSZDUGV��WKH�GHVLUHG�GLJLW�ZRXOG�EH�SUHVHQWHG�WR�

WKH�DXGLHQFH��

$FWXDWLRQ�

7KH�DFWXDWLRQ�DVVHPEO\�ZDV�FRPSOHWHO\�SUHVHUYHG�IURP�3URWRW\SH�����

'LVSOD\�

7R�DYRLG�WKH�FRPSOH[LWLHV�RI�GLVSHQVLQJ�EDOO�EHDULQJV�WKURXJK�WKH�GUXP��WKH�XVH�RI�D�

VWDWLRQDU\�UHVHUYRLU�VHHPHG�UHODWLYHO\�VLPSOH��,QVWHDG�RI�WKH�FOLPELQJ�RI�D�³ZDONLQJ�ZKHHO´��WKH�

���



FORFN�IDFH�DQG�DFWXDWLRQ�DVVHPEO\�ZRXOG�SLYRW�E\����GHJUHHV�IURP�D�YHUWLFDO�GLVSOD\�SRVLWLRQ�WR�D�

KRUL]RQWDO�SRVLWLRQ��VWDFNHG�DERYH�WKH�VWDWLRQDU\�ILJXUH�HLJKW�UHVHUYRLU��DV�VKRZQ�LQ�)LJXUH�����$W�

WKLV�SRLQW��PDJQHWV�ZRXOG�FOLQJ�WR�WKH�DFWXDWHG�QXPHULF�SDWWHUQV�RI�WKH�FORFN�IDFH��DQG�WKH�FORFN�

ZRXOG�WKHQ�SLYRW�EDFN�WR�LWV�YHUWLFDO�SRVLWLRQ�WR�GLVSOD\�WKH�WLPH��$�ZLQFK��PRXQWHG�RQ�WKH�

JURXQG��ZRXOG�FRQWURO�WKH�UDWH�RI�WKH�ER[¶V�SLYRWLQJ�URWDWLRQ�YLD�D�FDEOH�IDVWHQHG�WR�WKH�EDFN�RI�

WKH�FORFN�ER[���

(OHFWURQLFV�

:KLOH�WKLV�FRQFHSW�QHYHU�PDWXUHG�SDVW�LQLWLDO�&$'�UHQGHUV�EHIRUH�WKH�JURXS�FRPPLWWHG�WR�

WKH�IHUURIOXLG�PRGHO��HOHFWURQLFV�ZRXOG�KDYH�EHHQ�LGHQWLFDO�WR�3URWRW\SH���IRU�DFWXDWLRQ��DQG�WKH�

SRZHU�RI�RQH�DGGLWLRQDO�VHUYR�PRWRU�ZRXOG�KDYH�VSXQ�D�ZLQFK�WR�UDLVH�DQG�ORZHU�WKH�SLYRWLQJ�

FORFN�ER[���

�

)LJXUH�����3URWRW\SH��E¶V�³)DFH�SODQWLQJ´�FORFN�FRQFHSW�

���



�

�

�

3URWRW\SH���

2YHUYLHZ�

7KH�IHUURIOXLG�GHVLJQ�LQ�SURWRW\SH��D�PHW�DOO�WKH�H[SHFWDWLRQV�IRU�WKH�PDJQHW�FORFN��DQG�

WKH�IHUURIOXLG�SURWRW\SH�ZDV�IDYRUHG�RYHU�WKH�SLYRWLQJ�FORFN�ER[�SURWRW\SH��)HUURIOXLG�FRQWDLQHU�

VHOHFWLRQ�EHFDPH�WKH�PDLQ�FRQFHUQ��(YHQWXDOO\��WKH�JURXS�SXUFKDVHG�SUHPDGH�IHUURIOXLG�ERWWOHV�

WR�HQVXUH�WKH�ORQJHYLW\�RI�WKH�FORFN�GHVLJQ��$IWHUZDUGV��ILQDO�FKDQJHV�WR�WKH�DVVHPEO\�WRRN�SODFH��

LQFOXGLQJ�RSWLPDO�PRWRU�VSDFLQJ��FORFN�HQFORVXUH��DQG�GXUDEOH�FLUFXLWU\��

$FWXDWLRQ��

7KH�DFWXDWLRQ�DVVHPEO\��VKRZQ�LQ�)LJXUH�����GHFUHDVHG�LQ�VL]H�E\�D�IDFWRU�RI�WZR�LQ�RUGHU�

WR�DFFRPPRGDWH�WKH�VL]H�RI�WKH�SUHIDEULFDWHG�IHUURIOXLG�FRQWDLQHUV��7KH�GLPHQVLRQV�RI�HDFK�

PDJQHW�ZHUH�URXJKO\���LQFK�E\�ó�LQFK��VR�WKH�RYHUDOO�GLPHQVLRQV�RI�HDFK�DFWXDWLQJ�GLJLW�ZHUH�

�����LQFKHV�E\�����LQFKHV��7KH�HPSOR\PHQW�RI�WKH�DOWHUQDWLQJ�VHUYR�PRWRU�VWUDWHJ\�HQVXUHG�WKDW�

WKH�DFWXDWLQJ�PRWRUV�ZRXOG�ILW�ZLWKLQ�WKH�RXWOLQH�RI�WKH�VPDOOHU�FORFN�IDFH��7KH�EDVLF�

PHFKDQLVPV��WKH�PRWRU��OHYHU�DUP��JXLGH�URGV��DQG�PDJQHW�KROGHU��IRU�HDFK�PDJQHW�ZHUH�OHIW�

XQFKDQJHG���

���



�

)LJXUH�����$FWXDWLRQ�DVVHPEO\�IRU�VFDOHG�GRZQ�GLJLW�

'LVSOD\�

7KH�SUHIDEULFDWHG�IHUURIOXLG�FRQWDLQHUV�FDXVHG�WKH�RXWZDUG�DSSHDUDQFH�RI�WKH�FORFN�WR�

FKDQJH�IURP�D�VLQJOH�IDFH�WR�IRXU�GLVWLQFW�FORFN�ZLQGRZV��RQH�IRU�WKH�IHUURIOXLG�RI�HDFK�GLJLW��

$GGLWLRQDOO\��/('�OLJKWV�ZHUH�LQFRUSRUDWHG�EHORZ�HDFK�FRQWDLQHU�DQG�EHKLQG�WKH�

VHPL�WUDQVSDUHQW�DFU\OLF�FORFN�FRORQ�WR�DXJPHQW�WKH�DHVWKHWLFDOO\�SOHDVLQJ�DSSHDUDQFH�RI�WKH�

FORFN���

�

�

���



(OHFWURQLFV�

$�3DUDOOD[��[���6HULDO�/&'�VFUHHQ��DORQJ�ZLWK�D�ILYH�SRVLWLRQ�MR\VWLFN�DQG�D�

WZR�SRVLWLRQ�VZLWFK�SURYLGHV�DQ�LQWHUIDFH�IRU�D�XVHU�WR�UHVHW�DQG�HGLW�WKH�WLPH�WKDW�WKH�FORFN�

ZRXOG�GLVSOD\��7KH�SRVLWLRQ�RI�WKH�WZR�SRVLWLRQ�VZLWFK�FRUUHVSRQGV�WR�WKH�GLVSOD\¶V�PRGH���

³QRUPDO´�DQG�³VHW�WLPH´��:KHQ�VZLWFKHG�WR�WKH�ODWWHU��WKH�/&'�GLVSOD\�VKRZV�WKH�FXUUHQW�

DFWXDWHG�WLPH��DQG�WKH�ILYH�SRVLWLRQ�VZLWFK�WKHQ�DOORZV�IRU�DGMXVWPHQW�RI�WKH�WLPH��$�UHWXUQ�WR�WKH�

³QRUPDO´�PRGH�EODFNV�RXW�WKH�/&'�GLVSOD\��DQG�WKH�IHUURIOXLG�FORFN�WKHQ�DGMXVWV�WR�WKH�QHZO\�VHW�

WLPH��

7KH�FORFN�ZDV�SRZHUHG�E\�D���9����$�SRZHU�VXSSO\�WKDW�ZDV�KRXVHG�LQVLGH�RI�WKH�ER[��

7KLV�SRZHU�VXSSO\�ZHQW�WR�IRXU�VHSDUDWH��$�IXVHV�FRUUHVSRQGLQJ�WR�HDFK�LQGLYLGXDO�GLJLW���7KHVH�

IXVHV�WKHQ�ZHQW�WR�IRXU�LQGLYLGXDO�YROWDJH�UHJXODWRUV�WR�GHFUHDVH�WKH�YROWDJH�WR��9�IRU�WKH�VHUYR�

PRWRUV��7KLV�WKHQ�ZHQW�WR�D�UHOD\��ZKLFK�LV�FRQWUROOHG�E\�WKH�PLFURFRQWUROOHU�WR�WXUQ�RQ�HDFK�

GLJLW¶V�VHUYRV�ZKHQ�WKH�WLPH�FKDQJHV���7KLV�SRZHU�VXSSO\�FLUFXLW�LV�VKRZQ�EHORZ�LQ�)LJXUH�����

7KHUH�DUH�IRXU�RI�WKHVH�FLUFXLWV�UXQQLQJ�LQ�SDUDOOHO��RQH�FRUUHVSRQGLQJ�WR�HDFK�GLJLW���$OVR��D�VWULS�

RI�5*%�/('V�ZDV�DGGHG�LQ�WKLV�SURWRW\SH���7KHVH�/('V�XWLOL]HG�D��9�VXSSO\�ZKLFK�ZDV�

UHJXODWHG�IURP�WKH�VDPH���9�SRZHU�VXSSO\��

���



��

)LJXUH�����3RZHU�VXSSO\�FLUFXLW�GLDJUDP�

$�SHUI�ERDUG�UHSODFHG�WKH�EUHDGERDUG�XWLOL]LQJ�D�3DUDOOD[�3URSHOOHU�0LQL�PLFURFRQWUROOHU��

7KH�3URSHOOHU�0LQL�PLFURFRQWUROOHU�LQFOXGHV�EXLOW�LQ����9�DQG��9�YROWDJH�UHJXODWRUV�LQ�DGGLWLRQ�

WR�D�EXLOW�LQ�((3520�FKLS��DOORZLQJ�IRU�D�VLPSOHU�ILQDO�FLUFXLW���7KH�SHUI�ERDUG�DOORZHG�DOO�

FLUFXLWU\�WR�EH�VROGHUHG�WRJHWKHU�LQ�D�FRPSDFW�DUUDQJHPHQW��7KLV�FLUFXLW�LV�VKRZQ�LQ�)LJXUH����

EHORZ��

���



�

)LJXUH�����)LQDO�SHUIERDUG�FLUFXLW�GLDJUDP�

7KH�ILQLVKHG�SURGXFW�RI�WKH�IHUURIOXLG�FORFN�KDV�D�GHQVH�ZRRG�KRXVLQJ��7KH�ZRRG�LV�ERWK�

GXUDEOH�DQG�DHVWKHWLFDOO\�FRPSOHPHQWLQJ��$�SDQHO�WR�ZKLFK�DOO�IRXU�DFWXDWLRQ�VXEDVVHPEOLHV�DUH�

PRXQWHG�VHUYHV�DV�DQ�LQWHUQDO�SDUWLWLRQ��DV�VKRZQ�LQ�)LJXUH�����,Q�IURQW�RI�LW��WKH�DFWXDWLRQ�

VXEDVVHPEOLHV�WUDQVODWH�PDJQHWV�EDFN�DQG�IRUWK��DQG�EHKLQG�LW�OLHV�PRVW�RI�WKH�SURGXFW¶V�

HOHFWULFDO�FRPSRQHQWV��LQFOXGLQJ�WKH�SHUI�ERDUG��UHOD\�IXVH�SDQHO����9����$�'&�SRZHU�VXSSO\��

YROWDJH�UHJXODWRUV��DQG�,�&�FKLS��1RW�VKRZQ�LQ�WKH�ILJXUH��WKH�SUHIDEULFDWHG�IHUURIOXLG�FRQWDLQHUV�

VLW�LQ�WKH�UHFWDQJXODU�FRPSDUWPHQWV�WR�WKH�IURQW�RI�WKH�IRUHPRVW�ZKLWH�VKHHWV���

���



� �

)LJXUH�����)LQDO�FORFN�GHVLJQ�DQG�KRXVLQJ��LQFOXGLQJ���GLJLWV��/&'�VFUHHQ��DQG�HOHFWURQLFV�

0DQXIDFWXULQJ�

'XH�WR�WKH�FRPSOH[�GHVLJQV�RI�FRPSRQHQWV�DQG�WKH�LPSHUDWLYH�IRU�DFFXUDF\��WKH�DGYDQFHG�

SDUW�RI�PDQXIDFWXULQJ�ZRUN�ZDV�XQGHUWDNHQ�E\�ODVHU�FXWWHUV�DQG��'�SULQWHUV��7KH�JURXS�XVHG�D�

+LWDFKL�GULOO�VWDQG�WR�SHUIRUP�PLQRU�FKDQJHV�WR�WKH�SDUWV��%DVLF�PDQXIDFWXULQJ�WRROV�LQFOXGH�

VFUHZV��QXWV��ILOH�WRRO��FULPSLQJ�WRRO�DQG�VXSHU�JOXH���

3/6�����/DVHU�&XWWHU��

)RU�WKLV�SURMHFW��WKH�3/6�����ODVHU�FXWWHU�IURP�8QLYHUVDO�/DVHU�6\VWHPV�ZDV�XVHG�IRU�DOO�

FXWWLQJ�RI�FDVW�DFU\OLF�SDUWV��ZKLFK�ZHUH�RI�HLWKHU�����¶¶�RU������¶¶�WKLFNQHVV��7KLV�DFFRXQWHG�IRU�

DOO�YHUVLRQV�RI�WKH�PRWRU�ER[��FRQQHFWLQJ�URGV�IRU�PDJQHW�KROGHUV��JHDUV�DQG�UDFNV��WKH�DFU\OLF�

FRQWDLQHU�IRU�IHUURIOXLG�DQG�FHUWDLQ�SDUWV�RI�WKH�ILQDO�FORFN�HQFORVXUH��:LWK�D�SDUW�GHVLJQHG�LQ�

6ROLGZRUNV���'�';)�ILOHV�ZHUH�H[SRUWHG�WR�&RUHO'UDZ��ZKLFK�ZRXOG�SURFHVV�WKH�ILOH�DQG�VHQG�WR�

WKH�ODVHU�FXWWHU��7KH�XVDJH�RI�WKH�ODVHU�FXWWHU�DOORZHG�HIILFLHQW�SURWRW\SLQJ�DQG�KHQFH�TXLFN�

LWHUDWLRQV��,Q�DGGLWLRQ��EHFDXVH�RI�WKH�IDFW�WKDW�DFU\OLF�SLHFHV�DUH�DEOH�WR�EH�WDSSHG��LW�H[SHGLWHG�

WKH�DVVHPEO\�SURFHVV���

���



7KH�ODVHU�FXWWHU�KDV�D�NHUI��VR�FXWWLQJ�RXW�DFU\OLF�SLHFHV�WKDW�VORW�LQWR�HDFK�RWKHU�SRVHV�D�

FKDOOHQJH�LQ�ILQGLQJ�WKH�ULJKW�ILW��$�WHVWLQJ�GHYLFH�FKHFNHG�WKH�VXLWDEOH�NHUI�YDOXH�LQ�RUGHU�WR�

FUHDWH�SUHVV�ILWV��7KH�GLIIHUHQW�NHUI�YDOXHV�FRUUHVSRQG�WR�GLIIHUHQW�SRO\JRQV��

�

)LJXUH�����/DVHU�FXWWHU�NHUI�WHVWLQJ�H[DPSOH�

:KHQ�WKH�XVHU�ZRXOG�ILQG�WKH�FRUUHFW�ILW�IRU�WKDW�SDUWLFXODU�SLHFH�RI�DFU\OLF��WKH\�FRXOG�

DGMXVW�WKH�NHUI�GLPHQVLRQ�ZLWKLQ�6ROLGZRUNV��

�

)LJXUH�����6ORW�RIIVHW�H[DPSOH�LQ�6ROLGZRUNV�

'LPHQVLRQ�X3ULQW��'�3ULQWHU��

7KH�'LPHQVLRQ�X3ULQW��'�3ULQWHU�ZDV�DOVR�ZLGHO\�XVHG�WR�SURGXFH�SDUWV�RI�FRPSOH[��'�

VKDSH�XVLQJ�$%6�SODVWLF��,W�XQGHUWRRN�DOO�WKH�MREV�WKDW�WKH�ODVHU�FXWWHU�ZDV�XQDEOH�WR�SHUIRUP��

���



LQFOXGLQJ�PRWRU�KROGHUV��GURSSLQJ�ER[�VKLHOG��HWF��,Q�6ROLGZRUNV��DQ�67/�ILOH�ZDV�H[SRUWHG�WR�

&DWDO\VW(;��ZKLFK�FRXOG�DGMXVW�WKH�GLPHQVLRQ�DQG�GHILQLWLRQ�RI�WKH�SDUW��1H[W��D�MRE�RUGHU�ZRXOG�

EH�VHQW�WR�WKH��'�SULQWHU��7KH�FDSDELOLW\�WR�SURGXFH��'�SDUWV�IDFLOLWDWHG�WKH�GHVLJQ�VLJQLILFDQWO\��

+RZHYHU��WKHUH�DUH�WZR�PDMRU�VKRUWFRPLQJV������WKH�SUHFLVH�QDWXUH�RI��'�SULQWLQJ�FRPHV�ZLWK�

FRVW�RI�ORQJ�ZRUNLQJ�WLPH��ZKLFK�EHFDPH�WKH�PDLQ�REVWDFOH�IRU�TXLFN�GHVLJQ�LWHUDWLRQV��

HVSHFLDOO\�ZKHQ�WKH�PDVV�SURGXFWLRQ�VWDUWHG�GXULQJ�WKH�ILQDO�SHULRG��DQG�����XVLQJ�$%6�DV�

SULQWLQJ�PDWHULDO�PDNHV�WKH�ILQLVKHG�SDUW�YXOQHUDEOH�WR�H[WHUQDO�VWUHVVHV��$QG�LW�DOVR�DGGHG�

GLIILFXOW\�WR�UHZRUNLQJ�UHVKDSLQJ���

3URJUDPPLQJ�

7KH�VHUYR�GULYHU�XVHG�LQ�WKH�SURMHFW�XWLOL]HG�VWDQGDUG�,�&�SURWRFRO���7ZR�SLQV��RQH�FORFN�

DQG�RQH�GDWD�OLQH��VHQW�LQIRUPDWLRQ�IURP�WKH�PLFURFRQWUROOHU�WR�WKH�VHUYR�GULYHU���7ZR�RI�WKHVH�

VHUYR�GULYHU�ERDUGV�ZHUH�XVHG�ZLWK�WZR�GLJLWV�FRQQHFWHG�WR�HDFK�RI�WKH�ERDUGV���(DFK�ERDUG�KDG�D�

XQLTXH�DGGUHVV�WR�EH�XVHG�E\�WKH�PLFURFRQWUROOHU���(DFK�GLJLW�ZDV�ODEHOHG�����ZLWK���

FRUUHVSRQGLQJ�WR�WKH�PLQXWHV�RQHV�GLJLW�DQG�ZLWKLQ�HDFK�GLJLW��HDFK�VHJPHQW�ZDV�QXPEHUHG�����

DV�GHVFULEHG�SUHYLRXVO\���,Q�RUGHU�WR�PRYH�D�VHJPHQW�RI�WKH�GLJLW��WKH�PLFURFRQWUROOHU�VLPSO\�

FKDQJHG�WKH�3:0�UHJLVWHU�LQ�WKH�VHUYR�GULYHU�IRU�WKDW�VHJPHQW���(DFK�VHJPHQW�RI�HDFK�GLJLW�KDG�

DQ�LQGLYLGXDOO\�FDOLEUDWHG�IRUZDUG�DQG�EDFN�YDOXH�XVHG�WR�PRYH�WKH�PDJQHW���7KHVH�YDOXHV�ZHUH�

VWRUHG�DV�DQ�DUUD\�LQ�WKH�GDWD�VHFWLRQ�RI�WKH�6SLQ�FRGH���:KHQ�WKH�VHUYRV�QHHGHG�WR�EH�PRYHG��WKH�

PLFURFRQWUROOHU�ZRXOG�ILUVW�WXUQ�RQ�WKH�UHOD\V�E\�FKDQJLQJ�WKH�RXWSXW�WR�WKH�UHOD\�SLQV�IURP�KLJK�

WR�ORZ��XVLQJ�LQYHUWHG�ORJLF��WKXV�FRQQHFWHG�WKH�FRPPRQ�WR�WKH�QRUPDOO\�RSHQ���$IWHU�WKH�VHUYRV�

KDG�EHHQ�DFWXDWHG��WKH�3URSHOOHU�FKLS�ZRXOG�WKHQ�UHWXUQ�WKRVH�SLQV�WR�D�ORZ�VWDWH�WR�GLVFRQQHFW�WKH�

SRZHU�IURP�WKH�VHUYRV��

���



,Q�RUGHU�WR�VHW�WKH�H[WHUQDO�FORFN�FKLS��WKH�PLFURFRQWUROOHU�ZRXOG�VHQG�E\WHV�RI�GDWD�

FRUUHVSRQGLQJ�WR�LQGLYLGXDO�UHJLVWHUV�ZLWKLQ�WKH�FKLS�WR�FKDQJH�LWHPV�VXFK�DV�WKH�PLQXWHV�RU�GD\�

RI�WKH�ZHHN���7KH�PLFURFRQWUROOHU�ZRXOG�FRQWLQXRXVO\�UHDG�WKHVH�UHJLVWHUV�DQG�FRPSDUH�WKHP�WR�

WKH�SUHYLRXV�YDOXHV���:KHQ�WKHVH�YDOXHV�FKDQJHG��LW�XSGDWHG�D�JOREDO�YDULDEOH�VLJQDOLQJ�WR�WKH�

VHUYR�PHWKRG�WKDW�WKH�WLPH�KDV�FKDQJHG�DQG�WKH�VHUYRV�QHHG�WR�PRYH�WR�FKDQJH�WKH�WLPH��

,Q�RUGHU�IRU�WKH�XVHU�WR�UHVHW�WKH�WLPH�WKH�FORFN�KDG�DQ�/&'�VFUHHQ�ZLWK�D�MR\VWLFN�DQG�

WZR�SRVLWLRQ�VZLWFK���:KHQ�WKH�XVHU�PRYHG�WKH�VZLWFK�WR�³6HW�7LPH´�PRGH��WKH�/&'�VFUHHQ�

ZRXOG�WXUQ�RQ�GLVSOD\LQJ�WKH�FXUUHQW�GDWH�DQG�WLPH�WKH�FORFN�LV�VHW�WR���7KH�XVHU�FRXOG�WKHQ�PRYH�

WKH�FXUVRU�OHIW�DQG�ULJKW�ZLWK�WKH�MR\VWLFN�WR�PRYH�IURP�GLJLW�WR�GLJLW���7KH\�FRXOG�DOVR�PRYH�WKH�

MR\VWLFN�XS�DQG�GRZQ�WR�FKDQJH�WKH�YDOXH�RI�WKDW�GLJLW���2QFH�WKH�XVHU�UHWXUQHG�WKH�VZLWFK�WR�

³1RUPDO´�PRGH��WKH�YDOXHV�WKH\�VHW�ZRXOG�EH�VHQW�WR�WKH�H[WHUQDO�FORFN�FKLS��DQG�WKH�FORFN�

ZRXOG�GLVSOD\�WKH�QHZ�WLPH��

7KH�IHUURIOXLG�FORFN�GLVSOD\�LQFRUSRUDWHG����LQGLYLGXDOO\�DGGUHVVDEOH�5*%�/('V���7KH�

3URSHOOHU�FKLS�XVHG�DVVHPEO\�FRGH�WR�VHQG�GDWD�FRUUHVSRQGLQJ�WR�HDFK�FRORU��UHG��JUHHQ��DQG�EOXH��

RI�HDFK�/('���7KLV�DOORZV�WKH�XVHU�WR�SUHSURJUDP�GLIIHUHQW�FRORUV�DQG�SDWWHUQV�WR�EH�GLVSOD\HG�RQ�

WKH�/('V�LQ�WKH�FORFN��

)XWXUH�:RUN�

7KHUH�DUH�D�QXPEHU�RI�ZD\V�WR�FRQWLQXH�WR�LPSURYH�XSRQ�WKLV�SURMHFW�JRLQJ�IRUZDUG��

6LQFH�WKH�FRQVWUXFWLRQ�RI�WKH�FDVH�IRU�WKH�FORFN�FDPH�WRJHWKHU�TXLFNO\�WRZDUG�WKH�HQG�RI�WKH�

SURMHFW��DOO�RI�WKDW�ZRUN�ZDV�GRQH�XVLQJ�PDQXDO�ZRRGVKRS�WRROV��$OWKRXJK�D�JRRG�ZRRGZRUNHU�

FDQ�DFKLHYH�D�GHFHQW�OHYHO�RI�SUHFLVLRQ�LQ�WKHLU�FXWV��WKLV�GHVLJQ�FRXOG�EH�LPSURYHG�E\�XVLQJ�D�

&RPSXWHU�1XPHULFDO�&RQWURO��&1&��URXWHU��8VLQJ�D�&1&�URXWHU��D��'�RU��'�GHVLJQ�FDQ�EH�

���



LPSRUWHG�GLUHFWO\�IURP�D�&$'�PRGHO��DQG�D�GULOO�ELW�FXWV�RXW�WKH�VKDSH�WKURXJK�OLQHDU�PRWLRQ�LQ���

D[HV��6LQFH�WKH�&1&�URXWHU�FDQ�PRYH�WR�YHU\�SUHFLVH�SRVLWLRQV��KLJKO\�LQWULFDWH�DQG�DFFXUDWH�

GHVLJQV�FDQ�EH�FUHDWHG��,PSURYLQJ�XSRQ�WKH�DHVWKHWLFV�RI�WKH�FXUUHQW�GHVLJQ�E\�FUHDWLQJ�D�QHZ�

GHVLJQ�WKDW�FDQ�EH�FXW�ZLWK�D�&1&�PDFKLQH�ZRXOG�EH�D�YDOXDEOH�FRQWLQXDWLRQ�RI�WKH�SURMHFW���

$GGLWLRQDOO\��WKH�ILQDO�GHVLJQ�RI�WKLV�FORFN�LQFOXGHG�SUHPDGH�IHUURIOXLG�ERWWOHV��ZKLFK�

UHTXLUHG�WKH�DFWXDWLQJ�V\VWHP�WR�EH�ILW�WR�WKH�VL]H�RI�WKRVH�ERWWOHV��ZKLFK�LQFOXGHG�D�GLIILFXOW�

UHGHVLJQ�SURFHVV�IRU�WKH�VHUYR�PRWRU�VHWXS�LQ�SDUWLFXODU��%DVHG�RQ�WKLV�GHVLJQ�UHTXLUHPHQW��WKH�

ILQDO�PRGHO�ZDV�VLJQLILFDQWO\�VPDOOHU�WKDQ�RULJLQDOO\�LQWHQGHG��,I�WKH�IHUURIOXLG�VROXWLRQ�FRXOG�EH�

SURSHUO\�PDGH�LQ�KRXVH��DQG�DSSURSULDWHO\�VL]HG�JODVV�WDQNV�FRXOG�EH�FRQVWUXFWHG��WKH�IHUURIOXLG�

GHVLJQ�FRXOG�EH�XVHG�WR�PDNH�D�FORFN�ZLWK�ODUJHU�GLJLWV�WKDW�ILW�WR�DQ�RSWLPDOO\�VL]HG�DFWXDWLQJ�

V\VWHP��0RUHRYHU��FXVWRPL]HG�FRQWDLQHUV�ZRXOG�KDYH�IODW�VXUIDFHV�DQG�GHVLUHG�WKLFNQHVV���

)LQDOO\��WKH�GHVLJQ�RI�PDJQHW�KROGHUV�DQG�WKHLU�LQWHUDFWLRQ�ZLWK�WKH�IHUURIOXLG�FRQWDLQHUV�

FRXOG�EH�SROLVKHG�VR�WKDW�WKH�HQWLUH�IURQW�IDFH�RI�HDFK�PDJQHW�ZRXOG�SXVK�DJDLQVW�WKH�EDFN�IDFH�RI�

HDFK�FRQWDLQHU��2QFH�WKH�FRQWDFW�LV�LPSURYHG��DOO�RI�WKH�IHUURIOXLG�ZLWKLQ�WKH�FRQWDLQHU�ZRXOG�EH�

LGHDOO\�XWLOL]HG�WR�UHQGHU�D�EHWWHU�UHVROXWLRQ���

�

&RQFOXVLRQ�

)RU�WKLV�SURMHFW��D�YDULHW\�RI�SURWRW\SHV�ZHUH�WHVWHG�DQG�LWHUDWHG��(DUO\�SURWRW\SHV�

LQYROYHG�UHILQLQJ�WKH�DFWXDWLRQ�V\VWHP�DQG�WHVWLQJ�PHWKRGV�RI�GLVSHQVLQJ�EDOO�EHDULQJV�DFURVV�WKH�

FORFN�IDFH��$OWKRXJK�WKH�EDOO�EHDULQJ�V\VWHP�ZDV�DEDQGRQHG�WRZDUGV�WKH�HQG�RI�WKH�VHPHVWHU�GXH�

WR�VORZ�SURJUHVV��WKH�DFWXDWLQJ�V\VWHP�UHPDLQHG�DQ�LQWHJUDO�SDUW�RI�WKH�SURMHFW�DV�WKH�GHVLJQ�

SLYRWHG�WR�XVH�IHUURIOXLG�LQVWHDG��

���



'XH�WR�GLIILFXOWLHV�ZLWK�FUHDWLQJ�IHUURIOXLG�WDQNV�LQ�KRXVH��SUHPDGH�IHUURIOXLG�ERWWOHV�ZHUH�

SXUFKDVHG�IRU�WKH�ILQDO�PRGHO��DQG�WKH�DFWXDWLQJ�V\VWHP�ZDV�VFDOHG�GRZQ�WR�ILW�WKH�ERWWOHV��7KLV�

SULPDULO\�LQYROYHG�PRGLILFDWLRQV�WR�WKH�OD\RXW�RI�WKH�VHUYR�PRWRUV��DV�ZHOO�DV�WKH�GHVLJQ�RI�WKH�

PDJQHW�KROGHUV�WKHPVHOYHV��:LWK�WKH�GHYHORSPHQW�RI�WKLV�ILQDO�GHVLJQ��IRXU�WRWDO�GLJLWV�KDG�WR�EH�

EXLOW��D�FDVH�IRU�WKH�FORFN�ZDV�GHVLJQHG�DQG�EXLOW��DQG�WKH�HOHFWURQLFV�V\VWHP�ZDV�VFDOHG�XS�WR�

LQFOXGH�D���9�SRZHU�VXSSO\��/('V��DQG�FXVWRP�PDGH�SHUI�ERDUGV���

7KRXJK�D�ODUJH�DPRXQW�RI�WHFKQLFDO�VXFFHVV�ZDV�DFKLHYHG�GXULQJ�WKLV�SURMHFW��LW�EHFDPH�

FOHDU�GXULQJ�WKH�FRXUVH�RI�WKH�VHPHVWHU�WKDW�WKH�VNLOOV�DFTXLUHG�ZHUH�HTXDOO\�DV�LPSRUWDQW�DV�WKH�

SURGXFW�LWVHOI��1RW�RQO\�ZHUH�KDUG�VNLOOV�DQG�NQRZOHGJH�GHYHORSHG��VXFK�DV�&$'�PRGHOLQJ��ODVHU�

FXWWLQJ���'�SULQWLQJ��DQG�JHQHUDO�XVH�RI�ZRUNVKRS�WRROV��EXW�VNLOOV�VXFK�DV�SURMHFW�PDQDJHPHQW��

LWHUDWLYH�GHVLJQ��DQG�LGHDWLRQ�ZHUH�HQKDQFHG�DV�ZHOO��7HDP�FROODERUDWLRQ�KDV�EHHQ�YDOXHG�GXULQJ�

WKH�ZKROH�SURFHVV��DQG�WKH�JURXS�KDV�OHDUQHG�WR�HQFRXQWHU�IDLOXUHV�ZLWK�D�SRVLWLYH�DWWLWXGH�DQG�

XQGHUVWRRG�WKH�HVVHQWLDO�WUDLWV�WKDW�D�TXDOLILHG�HQJLQHHULQJ�GHVLJQ�VKRXOG�KDYH��7KH�DWWULEXWHV�

JDLQHG�WKURXJK�WKH�SURMHFW�ZLOO�EHQHILW�WKH�IXWXUH�FDUHHU�RI�HYHU\�PHPEHU���

�

�

���


