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&KDSWHU��� $GYDQFHG�7HOHFRPPXQLFDWLRQV�DQG�6LJQDO�3URFHVVLQJ�
3URJUDP

$FDGHPLF�DQG�5HVHDUFK�6WDII

3URIHVVRU�-DH�6��/LP

9LVLWLQJ�6FLHQWLVWV�DQG�5HVHDUFK�$IILOLDWHV�

0��&DUORV�.HQQHG\

*UDGXDWH�6WXGHQWV

-RKQ�*��$SRVWRORSRXORV��'DYLG�0��%D\ORQ��5XEHQ�(��*DODU]D��5D\QDUG�2��+LQGV��(ULF�&��5HHG��/RQ�(��6XQ�
VKLQH��:DGH�:DQ

7HFKQLFDO�DQG�6XSSRUW�6WDII

&LQG\�/H%ODQF��&KULVWRSKHU�5��2¶'RQQHOO��'HQLVH�0��5RVVHWWL

��� ,QWURGXFWLRQ

7KH�SUHVHQW� WHOHYLVLRQ�V\VWHP�ZDV�GHVLJQHG�QHDUO\
���\HDUV�DJR��6LQFH�WKHQ��WKHUH�KDYH�EHHQ�VLJQLILFDQW
GHYHORSPHQWV� LQ� WHFKQRORJ\�� ZKLFK� DUH� KLJKO\� UHOH�
YDQW� WR� WKH� WHOHYLVLRQ� LQGXVWULHV�� )RU� H[DPSOH�
DGYDQFHV� LQ� WKH� YHU\�ODUJH�VFDOH�LQWHJUDWLRQ� �9/6,�
WHFKQRORJ\� DQG� VLJQDO� SURFHVVLQJ� WKHRULHV� PDNH� LW
IHDVLEOH� WR� LQFRUSRUDWH� IUDPH�VWRUH� PHPRU\� DQG
VRSKLVWLFDWHG�VLJQDO�SURFHVVLQJ�FDSDELOLWLHV�LQ�D�WHOH�
YLVLRQ�UHFHLYHU�DW�D�UHDVRQDEOH�FRVW��

7R� H[SORLW� WKLV� QHZ� WHFKQRORJ\� LQ� GHYHORSLQJ� IXWXUH
WHOHYLVLRQ� V\VWHPV�� WKH� $GYDQFHG� 7HOHYLVLRQ
5HVHDUFK�3URJUDP��$753��ZDV�HVWDEOLVKHG�DW�0,7�LQ
�����E\�D�FRQVRUWLXP�RI�8�6��FRPSDQLHV�

7KH�PDMRU�REMHFWLYHV�RI�$753�DUH�

�� 7R�GHYHORS�WKH�WKHRUHWLFDO�DQG�HPSLULFDO�EDVLV�
IRU�WKH�LPSURYHPHQW�RI�H[LVWLQJ�WHOHYLVLRQ�V\V�
WHPV��DV�ZHOO�DV�IRU�WKH�GHVLJQ�RI�IXWXUH�WHOHYL�
VLRQ�V\VWHPV�

�� 7R�HGXFDWH�VWXGHQWV�WKURXJK�WHOHYLVLRQ�UHODWHG�
UHVHDUFK�DQG�GHYHORSPHQW�DQG�WR�PRWLYDWH�
WKHP�WR�XQGHUWDNH�FDUHHUV�LQ�WHOHYLVLRQ�UHODWHG�
LQGXVWULHV�

�� 7R�IDFLOLWDWH�FRQWLQXLQJ�HGXFDWLRQ�RI�VFLHQWLVWV�
DQG�HQJLQHHUV�DOUHDG\�ZRUNLQJ�LQ�WKH�LQGXVWU\�

�� 7R�HVWDEOLVK�D�UHVRXUFH�FHQWHU�ZKHUH�SUREOHPV�
DQG�SURSRVDOV�FDQ�EH�EURXJKW�IRU�GLVFXVVLRQ�
DQG�GHWDLOHG�VWXG\�

�� 7R�WUDQVIHU�WKH�WHFKQRORJ\�GHYHORSHG�IURP�WKLV�
SURJUDP�WR�WKH�WHOHYLVLRQ�LQGXVWULHV�

7KH� UHVHDUFK� DUHDV� RI� WKLV� SURJUDP� IRFXVHG� RQ� D
QXPEHU�RI� LVVXHV�UHODWHG�WR�GLJLWDO�WHOHYLVLRQ�GHVLJQ�
$V� D� UHVXOW� RI� WKLV� HIIRUW�� VLJQLILFDQW� DGYDQFHV� KDYH
DOUHDG\�EHHQ�PDGH��DQG�WKHVH�DGYDQFHV�KDYH�EHHQ
LQFOXGHG�LQ�WKH�8�6��GLJLWDO�WHOHYLVLRQ�VWDQGDUG��6SH�
FLILFDOO\�� WKH� $753� JURXS� UHSUHVHQWHG�0,7� LQ� 0,7¶V
SDUWLFLSDWLRQ�LQ�WKH�*UDQG�$OOLDQFH��WKLV�DOOLDQFH�FRQ�
VLVWHG�RI�0,7��$7	7��=HQLWK�(OHFWURQLFV�&RUSRUDWLRQ�
*HQHUDO� ,QVWUXPHQW� &RUSRUDWLRQ�� 'DYLG� 6DUQRII
5HVHDUFK�&HQWHU��3KLOLSV�/DERUDWRULHV��DQG�7KRPVRQ
&RQVXPHU� (OHFWURQLFV�� 7KH� *UDQG� $OOLDQFH� GLJLWDO
WHOHYLVLRQ� V\VWHP� VHUYHG� DV� WKH� EDVLV� IRU� WKH� 8�6�
GLJLWDO�WHOHYLVLRQ��'79��VWDQGDUG��ZKLFK�ZDV�IRUPDOO\
DGRSWHG�E\�WKH�8�6��)HGHUDO�&RPPXQLFDWLRQV�&RP�
PLVVLRQ�

,Q� DGGLWLRQ� WR� UHVHDUFK� RQ� LVVXHV� UHODWHG� WR� WKH
GHVLJQ�RI�GLJLWDO�WHOHYLVLRQ�V\VWHP��RXU�UHVHDUFK�SUR�
JUDP�DOVR�LQFOXGHV�UHVHDUFK�RQ�����VLJQDO�SURFHVVLQJ
IRU� WHOHFRPPXQLFDWLRQV�DSSOLFDWLRQV�DQG� ����VSHHFK
HQKDQFHPHQW�

����� 3DWHQWV

/LP�� -�6�� ³0HWKRG� DQG� $SSDUDWXV� IRU� (QFRGLQJ�
'HFRGLQJ�� DQG� &RPSUHVVLRQ� RI� $XGLR�7\SH
'DWD�´�3DWHQW�������������$SULO����������

/LP�� -�6�� ³(QFRGLQJ��'HFRGLQJ�DQG�&RPSUHVVLRQ�RI
$XGLR�7\SH� 'DWD� 8VLQJ� 5HIHUHQFH� &RHIILFLHQWV
/RFDWHG�:LWKLQ� D� %DQG� RI� &RHIILFLHQWV�´� 3DWHQW
������������-XQH����������
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��� 6LJQDO�3URFHVVLQJ�IRU�6LJQDOV�ZLWK�
$UELWUDULO\�6KDSHG�5HJLRQV�RI�
6XSSRUW

6SRQVRUV

$GYDQFHG�7HOHFRPPXQLFDWLRQV�5HVHDUFK�3URJUDP
$7	7�)HOORZVKLS

3URMHFW�6WDII

-RKQ�*��$SRVWRORSRXORV

0DQ\� DSSOLFDWLRQV� WRGD\� DQG� LQ� WKH� QHDU� IXWXUH�ZLOO
HQWDLO� HIILFLHQW� SURFHVVLQJ� RI� PXOWLGLPHQVLRQDO� �0'�
VLJQDOV� ZLWK� DUELWUDULO\� VKDSHG� �QRQUHFWDQJXODU�
UHJLRQV�RI�VXSSRUW��)RU�H[DPSOH��PRVW�KLJK�OHYHO�UHS�
UHVHQWDWLRQV�RI�LPDJHV�RU�YLGHR�LQFRUSRUDWH��'�RU��'
PRGHOV� ZKLFK� GHFRPSRVH� WKH� VFHQH� LQWR� DUELWUDULO\
VKDSHG� REMHFWV� RU� UHJLRQV�� 0HGLFDO� LPDJLQJ� RIWHQ
UHVXOWV�LQ��'�RU��'�LPDJHU\�ZKHUH�WKH�UHOHYDQW�LQIRU�
PDWLRQ�LV�ORFDOL]HG�RYHU�DQ�DUELWUDULO\�VKDSHG�UHJLRQ�
)XUWKHUPRUH�� PDQ\� DUHDV� RI� VFLHQWLILF� UHVHDUFK
LQYROYH� SUREOHPV� GHILQHG� RYHU� DUELWUDULO\� VKDSHG
GRPDLQV�� +LJK� TXDOLW\� DQG� FRPSXWDWLRQDOO\� HIILFLHQW
SURFHVVLQJ� RI� WKHVH� DUELWUDULO\� VKDSHG� VLJQDOV� LV
LPSRUWDQW�IRU�WKH�VXFFHVV�RI�WKHVH�DSSOLFDWLRQV�

7UDQVIRUP�VXEEDQG� UHSUHVHQWDWLRQV� IRUP� D� EDVLF
EXLOGLQJ�EORFN�IRU�PDQ\�VLJQDO�SURFHVVLQJ�DOJRULWKPV
DQG�DSSOLFDWLRQV��0RVW�RI� WKH� HIIRUW� KDV� IRFXVHG�RQ
GHYHORSLQJ�UHSUHVHQWDWLRQV�IRU�LQILQLWH�OHQJWK�VLJQDOV�
ZLWK�VLPSOH�H[WHQVLRQV�WR�ILQLWH�OHQJWK��'�DQG�UHFWDQ�
JXODU� VXSSRUW� �'� VLJQDOV�� +RZHYHU�� WKH� LPSRUWDQW
SUREOHP� RI� UHSUHVHQWLQJ� �'� RU� JHQHUDO� 0'� VLJQDOV
ZLWK� DUELWUDULO\� VKDSHG� UHJLRQV� RI� VXSSRUW� KDV
UHFHLYHG�UHODWLYHO\�OLWWOH�DWWHQWLRQ��:H�KDYH�GHYHORSHG
D�QRYHO�IUDPHZRUN�IRU�FUHDWLQJ�FULWLFDOO\�VDPSOHG�SHU�
IHFW� UHFRQVWUXFWLRQ� WUDQVIRUP�VXEEDQG� UHSUHVHQWD�
WLRQV� IRU� GLVFUHWH� �'�� �'�� DQG� JHQHUDO� 0'� VLJQDOV
GHILQHG� RYHU� DUELWUDULO\� VKDSHG� UHJLRQV� RI� VXSSRUW�
2XU�PHWKRG�VHOHFWV�DQ�DSSURSULDWH�VXEVHW�RI�YHFWRUV
IURP�DQ��HDVLO\�REWDLQHG��EDVLV�IRU�D�ODUJHU��VXSHUVHW�
VLJQDO�VSDFH�LQ�RUGHU�WR�IRUP�D�EDVLV�IRU�WKH�DUELWUDULO\
VKDSHG� VLJQDO�� ,Q� SDUWLFXODU�� ZH� KDYH� GHYHORSHG� D
QXPEHU� RI� SURPLVLQJ� ZDYHOHW� UHSUHVHQWDWLRQV� IRU
DUELWUDU\�OHQJWK��'�VLJQDOV�DQG�DUELWUDULO\�VKDSHG��'�
0'� VLJQDOV� WKDW� SURYLGH� KLJK� SHUIRUPDQFH�ZLWK� ORZ
FRPSOH[LW\�

����� 3XEOLFDWLRQV

$SRVWRORSRXORV��-�$���DQG�-�6��/LP��³7UDQVIRUP�6XE�
EDQG�5HSUHVHQWDWLRQ� IRU� 6LJQDOV�ZLWK� $UELWUDULO\
6KDSHG� 5HJLRQV� RI� 6XSSRUW�´� 3URFHHGLQJV� RI
,&$663� ���� 0XQLFK�� *HUPDQ\�� $SULO� ������
������SS������������

��� 6RXUFH�0XOWLSOH[LQJ�IRU�9DULDEOH�%LW�
5DWH�9LGHR�ZLWK�3DUWLDO�RU�&RPSOHWH�
,QIRUPDWLRQ

6SRQVRU

$GYDQFHG�7HOHFRPPXQLFDWLRQV�5HVHDUFK�3URJUDP

3URMHFW�6WDII

'DYLG�0��%D\ORQ

9LGHR� FRPSUHVVLRQ� DOJRULWKPV� IRU� IL[HG� EDQGZLGWK
V\VWHPV�W\SLFDOO\�RSHUDWH�DW�IL[HG�WDUJHWHG�FRPSUHV�
VLRQ�UDWLRV��$�SUREOHP�ZLWK� IL[HG�ELW� UDWH�V\VWHPV� LV
WKDW� YLGHR� TXDOLW\� FDQ� YDU\� JUHDWO\� ZLWKLQ� DQ� LPDJH
DQG�DFURVV�DQ�LPDJH�VHTXHQFH��,Q�RUGHU�WR�DFKLHYH
PRUH�FRQVWDQW�TXDOLW\�YLGHR��YDULDEOH�ELW�UDWH�FRGLQJ
FDQ�EH�SHUIRUPHG��ZKHUH�ELW�DOORFDWLRQ�LV�DOORZHG�WR
YDU\�PRUH�ZLGHO\�DV�WKH�YLGHR�VWDWLVWLFV�FKDQJH�

$OWKRXJK�LW�PD\�EH�LQHIILFLHQW�WR�WUDQVPLW�D�VLQJOH�YDUL�
DEOH�UDWH�HQFRGHG�VRXUFH�RYHU�D�FRQVWDQW�UDWH�FKDQ�
QHO�� LW�EHFRPHV�PRUH�DSSURSULDWH� LI�VHYHUDO�YDULDEOH
UDWH� VRXUFHV� DUH� FRPELQHG� WR� VKDUH� D� JLYHQ� IL[HG
EDQGZLGWK�� ,Q� VRXUFH� PXOWLSOH[LQJ�� ELW�UDWH� IOXFWXD�
WLRQV�RI�HDFK�VRXUFH�DUH�HIIHFWLYHO\�DYHUDJHG��PDNLQJ
WKH�DJJUHJDWH�ELWVWUHDP�PRUH�VXLWDEOH�IRU�D�FRQVWDQW
UDWH� FKDQQHO�� $SSOLFDWLRQV� IRU� VRXUFH� PXOWLSOH[LQJ
LQFOXGH� YLGHR� WUDQVPLVVLRQ� RYHU� WHUUHVWULDO� RU� FDEOH
FKDQQHOV��ZKHUH�LW�PD\�EH�GHVLUDEOH�WR�WUDQVPLW�VHY�
HUDO�YLGHR�SURJUDPV�VLPXOWDQHRXVO\�RYHU�D�IL[HG�UDWH
FKDQQHO�

7UDGLWLRQDO�YLGHR�FRPSUHVVLRQ�DQG�YLGHR�PXOWLSOH[LQJ
V\VWHPV� IRU� EDQGZLGWK� OLPLWHG� FKDQQHOV� HPSOR\
FDXVDO�SURFHVVLQJ�RI� WKH� YLGHR�GDWD��7KLV� LV�QHFHV�
VDU\� IRU� GHOLYHU\� RI� UHDO�WLPH� YLGHR� SURJUDPV��+RZ�
HYHU��PDQ\�YLGHR�SURJUDPV�VXFK�DV�PRYLHV�DUH�SUH�
UHFRUGHG�DQG�FDQ�EH�SUH�SURFHVVHG�EHIRUH�SHUIRUP�
LQJ� WKH� DFWXDO� FRPSUHVVLRQ� DQG� PXOWLSOH[LQJ� IRU
WUDQVPLVVLRQ��%\�H[SORLWLQJ�LQIRUPDWLRQ�DERXW�HDFK�RI
WKH�HQWLUH� YLGHR�VHTXHQFHV�EHIRUH� WKH�FRPSUHVVLRQ
DQG�PXOWLSOH[LQJ�� EHWWHU� YLGHR� TXDOLW\� FDQ� EH� GHOLY�
HUHG�FRPSDUHG�WR�FDXVDO�FRPSUHVVLRQ�DQG�PXOWLSOH[�
LQJ� V\VWHPV�� 7KH� JRDO� RI� WKLV� UHVHDUFK� LV� WR
FKDUDFWHUL]H� ZKDW� JDLQV� LQ� YLGHR� TXDOLW\� FDQ� EH
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DFKLHYHG�E\�KDYLQJ�QRQFDXVDO�LQIRUPDWLRQ�DERXW�WKH
YLGHR�SURJUDPV�EHLQJ�FRPSUHVVHG�DQG�PXOWLSOH[HG�
7KLV�ZRUN�IRFXVHV�RQ�03(*���FRPSUHVVLRQ��DQG�LW�LV
DVVXPHG�WKDW�WKH�YLGHR�HQFRGHU�DQG�GHFRGHU�EXIIHU
VL]HV� DUH� FRQVWUDLQHG�� DQG� WKDW� WKH� WUDQVPLVVLRQ
GXUDWLRQ�IRU�D�YLGHR�SURJUDP�RYHU�D�EDQGZLGWK�OLPLWHG
FKDQQHO� LV�WKH�VDPH�DV�WKH�YLGHR�SURJUDP�GXUDWLRQ�
3UHOLPLQDU\� UHVXOWV� ZLWK� QRQFDXVDO� SURFHVVLQJ� RI� D
VLQJOH�YLGHR�SURJUDP�VKRZ�LPSURYHG�DQG�PRUH�FRQ�
VWDQW�YLGHR�TXDOLW\�FRPSDUHG�WR�FDXVDO�SURFHVVLQJ�

��� 6SHHFK�(QKDQFHPHQW

6SRQVRUV

*(0�)HOORZVKLS�
8�6��)HGHUDO�%XUHDX�RI�,QYHVWLJDWLRQ

3URMHFW�6WDII

5XEHQ�(��*DODU]D

7KH�SUREOHP�RI�HQKDQFLQJ�VSHHFK�GHJUDGHG�E\�DGGL�
WLYH� EDFNJURXQG� QRLVH� KDV� UHFHLYHG� FRQVLGHUDEOH
DWWHQWLRQ� RYHU� WKH� \HDUV�� 9DULRXV� WHFKQLTXHV� KDYH
EHHQ�GHYHORSHG�WR�VROYH�WKLV�SUREOHP��HDFK�FDSLWDOL]�
LQJ�RQ�VSHFLILF�FKDUDFWHULVWLFV�RU�FRQVWUDLQWV��7R�GDWH�
PRGHO� EDVHG� HQKDQFHPHQW� V\VWHPV� �HQKDQFHPHQW
V\VWHPV�EDVHG�RQ� SDUDPHWHU� HVWLPDWLRQ�� KDYH� SUR�
GXFHG� WKH� EHVW� UHVXOWV� LQ� UHFRQVWUXFWLQJ� VSHHFK
GHJUDGHG� E\� DGGLWLYH� QRLVH�� +RZHYHU�� WKHVH� WHFK�
QLTXHV� DUH� XOWLPDWHO\� OLPLWHG� E\� WKH�PRGHO� LQ�ZKLFK
WKH\�DUH�EDVHG�

,Q� JHQHUDO�� WKH� XQGHUO\LQJ� DVVXPSWLRQ� RI� DOO� PRGHO
EDVHG�DOJRULWKPV�IRU�HQKDQFLQJ�VSHHFK�LV�WKDW�HDFK
VSHHFK� VHJPHQW� LV� DVVXPHG� VWDWLRQDU\� IRU� D� IL[HG
ZLQGRZ��7KLV�DVVXPSWLRQ�LV�IDOVH��VLQFH�WKH�GXUDWLRQ
RI� VWDWLRQDULW\� YDULHV� IRU� GLIIHUHQW� FODVVHV� RI� VRXQGV
DQG�VSHDNHUV��$�YLDEOH�VROXWLRQ�LV�WR�ILQG�WKH�GHVLUHG
VWDWLRQDU\�UHJLRQV�EHIRUH�WKH�PRGHO�EDVHG�HQKDQFH�
PHQW�WDNHV�SODFH�

)ROORZLQJ� WKLV� WUDLQ� RI� WKRXJKW�� DQ� DOJRULWKP� ZDV
GHYHORSHG� IRU� WKH� VHJPHQWDWLRQ� RI� VSHHFK� LQWR
�QHDUO\�� VWDWLRQDU\� UHJLRQV� E\� PHDQV� RI� 0�EDQG
GHFRPSRVLWLRQ� DQG� DGDSWLYH� ZLQGRZLQJ�� 1RLVH
UHGXFWLRQ� LV� WKHQ� DFKLHYHG� E\� DSSO\LQJ� D� PRGLILHG
:LHQHU�ILOWHU�EDVHG�RQ�VHOHFWLYH�OLQHDU�SUHGLFWLRQ��WDN�
LQJ�LQWR�FRQVLGHUDWLRQ�WKH�ORFDO�VLJQDO�WR�QRLVH�UDWLR�RI
WKH�UHJLRQ�EHLQJ�HQKDQFHG��7KH�PDLQ�SXUSRVH�RI�WKLV
UHVHDUFK�LV�WR�VWXG\�DOWHUQDWLYHV�WR�LPSURYH�WKLV�WHFK�
QLTXH�DQG�PDNH�LW�PRUH�FRPSXWDWLRQDOO\�HIILFLHQW� IRU
UHDO��WLPH�DSSOLFDWLRQV�

��� 5HDO�7LPH�9LGHR�RQ�WKH�,QWHUQHW

6SRQVRUV

$GYDQFHG�7HOHFRPPXQLFDWLRQV�5HVHDUFK�3URJUDP
/XFHQW�7HFKQRORJLHV�)HOORZVKLS

3URMHFW�6WDII

5D\QDUG�2��+LQGV

7KH� ,QWHUQHW� KDV� EHFRPH� VXIILFLHQW� DW� WUDQVPLWWLQJ
GDWD�RYHU�SDFNHW�VZLWFKHG�QHWZRUNV��7KLV�LV�EHFDXVH
GDWD�KDV�QR�LQKHUHQW�GHOD\�FRQVWUDLQWV�DQG�FDQ�KDQ�
GOH�WKH�GHOD\�MLWWHU�WKDW�RFFXUV�GXH�WR�YDULDEOH�TXHX�
LQJ�GHOD\V�DFURVV�WKH�QHWZRUN�DV�ZHOO�DV�WKH�H[FHVV
GHOD\�WKDW�RFFXUV�IURP�UHWUDQVPLVVLRQ�RI�ORVW�SDFNHWV�
7KLV� UHVHDUFK� KDV� ORRNHG� DW� WUDQVPLWWLQJ� UHDO�WLPH
YLGHR� RYHU� WKLV� VDPH� QHWZRUN��5HDO�WLPH� YLGHR� FDQ
QRW� WROHUDWH� H[FHVVLYH� GHOD\�� 3DFNHWV� DUULYLQJ� DIWHU
WKHLU� VFKHGXOHG� SOD\EDFN� SRLQW� DW� WKH� UHFHLYHU� DUH
GLVFDUGHG��KRZHYHU��YLGHR�VHTXHQFHV�DUH�FDSDEOH�RI
WROHUDWLQJ� ORVV��%ORFN�EDVHG�YLGHR�FRGHUV�ZKLFK�UHO\
RQ� PRWLRQ� FRPSHQVDWHG� EORFN� SUHGLFWLRQ� IRU� PRUH
GDWD� FRPSUHVVLRQ� KDYH� EHHQ� XVHG� WR� FRGH� YLGHR
RYHU� QHWZRUNV�� :LWK� WKH� UHVXOWLQJ� SDFNHW� ORVV� WKDW
RFFXUV�RQ�FRQJHVWHG�QHWZRUNV��FRGLQJ�PRGH�VHOHF�
WLRQ�IRU�HDFK�PDFUREORFN�LV�VLJQLILFDQW�LQ�GHWHUPLQLQJ
WKH� RYHUDOO� GLVWRUWLRQ� RQ� WKH� GHFRGHG� YLGHR
VHTXHQFH��$�PHWKRGRORJ\�IRU�RSWLPDO�PRGH�VHOHFWLRQ
LQ� WKH� SUHVHQFH� RI� SRWHQWLDO� PDFUREORFN� ORVV� ZDV
GHYHORSHG�IRU�D�UHVWULFWHG�VHW�RI�YLGHR�FRGHUV��)RU�D
JLYHQ�FKDQQHO�HUDVXUH�GHVFULSWLRQ�DQG�HUURU�FRQFHDO�
PHQW� PHWKRG�� PDFUREORFN� PRGHV� DUH� VHOHFWHG� IRU
EORFN�EDVHG�YLGHR�FRGHUV�ZLWK�]HUR�PRWLRQ�FRPSHQ�
VDWLRQ� WR�PLQLPL]H� WKH�GLVWRUWLRQ� IRU� D�JLYHQ� ELW�UDWH
FRQVWUDLQW�� )XWXUH� UHVHDUFK�PXVW� EH� GRQH� WR� ILQG� D
VROXWLRQ�ZKHQ�PRWLRQ�FRPSHQVDWLRQ�LV�DOORZHG�

��� 'LJLWDO�3URFHVVLQJ�RI�8QGHUZDWHU�
,PDJHV

6SRQVRUV

$GYDQFHG�7HOHFRPPXQLFDWLRQV�5HVHDUFK�3URJUDP
&KDUOHV�6��'UDSHU�/DERUDWRU\
8�6��1DY\���2IILFH�RI�1DYDO�5HVHDUFK

1'6(*�*UDGXDWH�)HOORZVKLS

3URMHFW�6WDII

(ULF�&��5HHG

7KLV�SURMHFW� IRFXVHV� RQ�FRPSUHVVLRQ�RI�XQGHUZDWHU
LPDJHV� WDNHQ� IURP� DQ� XQPDQQHG� XQGHUVHD� YHKLFOH
�889��V\VWHP��7KH�FKDQQHO�WKDW�LV�DYDLODEOH�IRU�FRP�
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PXQLFDWLRQ�EHWZHHQ�D�889�V\VWHP�DQG� WKH� UHPRWH
ORFDWLRQ�PD\�VXSSRUW�D�ELW�UDWH�FDSDFLW\�DV�ORZ�DV���
NESV�� +RZHYHU�� WKH� YLGHR� VHTXHQFH� RI� XQGHUZDWHU
LPDJHV�PD\�KDYH�LQ�WKH�RUGHU�RI�D�IHZ�PLOOLRQ�SL[HOV�
VHF�DW�D� UHVROXWLRQ�RI���ELWV�SL[HO��7KHUHIRUH� WKH�ELW�
UDWH� UHGXFWLRQ� UHTXLUHG� IRU� YLGHR� WUDQVPLVVLRQ� RI
XQGHUZDWHU� LPDJHV� LV� E\� D� IDFWRU� RI� VHYHUDO� WKRX�
VDQG��7R�DFKLHYH�VXFK�D�KLJK�UDWH�RI�FRPSUHVVLRQ��D
YLGHR� FRPSUHVVLRQ� V\VWHP� PXVW� IXOO\� DGDSW� WR� WKH
FKDUDFWHULVWLFV�RI�XQGHUZDWHU�LPDJHV�

8QGHUZDWHU� LPDJHV� DUH� RIWHQ� EOXUUHG�DQG� KDYH� ORZ
FRQWUDVW�EHFDXVH�RI� ORZ� OLJKW� LOOXPLQDWLRQ��VFDWWHULQJ
RI�OLJKW��ZDWHU�WXUEXOHQFH��DQG�VHGLPHQWDWLRQ��,Q�DGGL�
WLRQ��VLQFH�D�889�V\VWHP�W\SLFDOO\�GRHV�QRW�PRYH�DW
D�YHU\�IDVW�VSHHG�UHODWLYH�WR�WKH�IUDPH�UDWH��WKH�FRUUH�
ODWLRQ�WKDW�H[LVWV�LQ�WKH�WHPSRUDO�GRPDLQ�LV�YHU\�KLJK�
:H� DUH� H[SORULQJ� PHWKRGV� WR� H[SORLW� WKH� WHPSRUDO
UHGXQGDQF\�� )RU� H[DPSOH��ZH� DUH� FRQVLGHULQJ� WHP�
SRUDO� VXEVDPSOLQJ� RI� WKH� VRXUFH� SULRU� WR� HQFRGLQJ
DQG� WKHQ� UHFRQVWUXFWLQJ� WKH� VNLSSHG� IUDPHV� DW� WKH
GHFRGHU�E\�PRWLRQ�FRPSHQVDWHG�WHPSRUDO�LQWHUSROD�
WLRQ�� :H� DUH� DOVR� FRQVLGHULQJ� JOREDO� SDUDPHWULF
PRWLRQ�PRGHOV�ZKLFK�UHTXLUH�QHJOLJLEOH�RYHUKHDG�EXW
KDYH�HQRXJK�GHJUHH�RI� IUHHGRP�WR�GHVFULEH�WKH��'
LPDJH� PRWLRQ� LQGXFHG� IURP� WKH� �'� PRWLRQ� RI� WKH
FDPHUD�DWWDFKHG�WR�WKH�889�

)XUWKHUPRUH��VLQFH�DQ�LPDJH�LV�IRUPHG�E\�UHFRUGLQJ
WKH�OLJKW�UHIOHFWHG�IURP�DQ�REMHFW�WKDW�LV�LOOXPLQDWHG�E\
D�OLJKW�VRXUFH�DWWDFKHG�WR�WKH�889��DQ�LPDJH�FDQ�EH
PRGHOHG�DV�D�SURGXFW�RI�LOOXPLQDWLRQ�DQG�UHIOHFWDQFH
FRPSRQHQWV�� 6LQFH� WKH� LOOXPLQDWLRQ� FRPSRQHQW� LV
DSSUR[LPDWHO\�VWDWLRQDU\�RYHU�ORQJ�SHULRGV�RI�WLPH��LW
PD\� UHSUHVHQW� UHGXQGDQW� LQIRUPDWLRQ� DQG� WKHUHIRUH
RQO\�QHHGV�WR�EH�WUDQVPLWWHG�RQFH�RYHU�ORQJ�SHULRGV
RI�WLPH�

7KH�JRDO�RI�WKLV�SURMHFW�LV�WR�FRPSUHVV�WKH�XQGHUZD�
WHU� LPDJHV� WR�D�ELW� UDWH�RI����NESV�ZKLOH�SUHVHUYLQJ
LPDJH� GHWDLO� DQG� RYHUDOO� YLGHR� TXDOLW\� IRU� D� KXPDQ
RSHUDWRU�WR�REVHUYH��7KLV�WHFKQRORJ\�PD\�KDYH�D�VLJ�
QLILFDQW� LPSDFW� RQ� D� YDULHW\� RI� IXWXUH� XQGHUZDWHU
DSSOLFDWLRQV�

����� �3XEOLFDWLRQ

5HHG� (��� DQG� -�6�� /LP�� �(IILFLHQW� &RGLQJ� RI� '&7
&RHIILFLHQWV�E\�-RLQW�3RVLWLRQ�GHSHQGHQW�(QFRG�
LQJ���3URFHHGLQJV�RI�,&$663�������

��� +'79�7UDQVPLVVLRQ�)RUPDW�
&RQYHUVLRQ�DQG�WKH�+'79�0LJUDWLRQ�
3DWK

6SRQVRUV

$GYDQFHG�7HOHFRPPXQLFDWLRQV�5HVHDUFK�3URJUDP

3URMHFW�6WDII

/RQ�(��6XQVKLQH

�7KH�FXUUHQW�SURSRVDO�IRU�WHUUHVWULDO�+'79�EURDGFDVW�
LQJ�DOORZV�IRU�VHYHUDO�SRVVLEOH�WUDQVPLVVLRQ�IRUPDWV�
%HFDXVH�SURGXFWLRQ�DQG�GLVSOD\�IRUPDWV�PD\�GLIIHU��LW
ZLOO� EH�QHFHVVDU\� WR� FRQYHUW� EHWZHHQ� IRUPDWV� LQ�DQ
HIIHFWLYH�ZD\��$�NH\�WR�WKLV�SURFHVV�LV�WKH�GH�LQWHUODF�
LQJ� SURFHVV�� 6LQFH� +'79� ZLOO� SUHVXPDEO\� PRYH
WRZDUG�SURJUHVVLYH�GLVSOD\�V\VWHPV��LW�ZLOO�EH�QHFHV�
VDU\�WR�GH�LQWHUODFH�QRQSURJUHVVLYH�VRXUFH�PDWHULDO�
7KH�UHVHDUFK�ZLOO�FRQVLGHU�WRSLFV�UHODWLQJ�WR�FRQYHU�
VLRQ� DPRQJ� WKH� VL[� IRUPDWV� EHLQJ� SURSRVHG� IRU� WKH
86�+'79�VWDQGDUG�

$V�+'79�HYROYHV��LW�LV�SRVVLEOH��DQG�OLNHO\��WKDW�PRUH
WUDQVPLVVLRQ� IRUPDWV� ZLOO� EH� DOORZHG�� )XUWKHUPRUH�
DGGLWLRQDO� EDQGZLGWK� PD\� EH� DOORFDWHG� IRU� VRPH
FKDQQHOV��WHUUHVWULDO�DQG�RU�FDEOH���7KLV�UHVHDUFK�ZLOO
FRQVLGHU�WKH�LVVXHV�UHODWHG�WR�WKH�PLJUDWLRQ�RI�+'79
WR� KLJKHU� UHVROXWLRQV�� %DFNZDUG� FRPSDWLELOLW\� DQG
LPDJH� FRPSUHVVLRQ� DQG� FRGLQJ� LVVXHV� ZLOO� EH
DGGUHVVHG�

��� 6WXG\�RQ�0LJUDWLRQ�WR�D�+LJKHU�
5HVROXWLRQ�'LJLWDO�7HOHYLVLRQ�
6\VWHP

6SRQVRUV

$GYDQFHG�7HOHFRPPXQLFDWLRQV�5HVHDUFK�3URJUDP

3URMHFW�6WDII

:DGH�:DQ

+LJK�GHILQLWLRQ�WHOHYLVLRQ�ZLOO�EHJLQ�EURDGFDVWLQJ�RYHU
WKH�QH[W�IHZ�\HDUV��7KH�QHHG�WR�EURDGFDVW�DW�KLJKHU
UHVROXWLRQV�WKDQ�WKRVH�FXUUHQWO\�DOORZHG�KDV�DOUHDG\
EHHQ� UHFRJQL]HG�� $� JHQHUDOO\� DFFHSWHG� UHVROXWLRQ
JRDO� IRU� WHUUHVWULDO� KLJK�GHILQLWLRQ� EURDGFDVWLQJ� LV
PRUH�WKDQ������OLQHV�ZLWK�SURJUHVVLYH�VFDQQLQJ�DW���
IUDPHV�SHU�VHFRQG�ZLWKLQ�RQH�VLQJOH���0+]�FKDQQHO�
&XUUHQW� WUDQVPLVVLRQ�DQG�FRPSUHVVLRQ�WHFKQRORJLHV
FDQQRW�VXSSRUW�VXFK�D�KLJK�YLGHR�UHVROXWLRQ�ZLWKLQ�D
��0+]�FKDQQHO��
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:H� DUH� FXUUHQWO\� LQYHVWLJDWLQJ� PHWKRGV� WR� GLVSOD\
YLGHR�DW� WKH�GHVLUHG�KLJKHU� UHVROXWLRQ� IRUPDWV�XVLQJ
YLGHR� HQKDQFHPHQW� ELWV�� 7KLV� DSSURDFK�ZRXOG� FRQ�
VLVW� RI� VHQGLQJ� WZR� VHWV� RI� LQIRUPDWLRQ� ZLWKLQ� WKH
EDQGZLGWK� DOORFDWHG� IRU� +'79� WUDQVPLVVLRQ�� 6WDQ�
GDUG�YLGHR�ELWV�ZRXOG�EH�WUDQVPLWWHG�DW�D�ORZHU�UHVR�
OXWLRQ� IRUPDW� WKDW� FXUUHQW� WHFKQRORJLHV� FDQ� VXSSRUW�
$Q�DGYDQFHG�+'79�UHFHLYHU�FRXOG�UHFHLYH�WKH�VWDQ�
GDUG�YLGHR�ELWV�DQG�WKHQ�FRQYHUW�WKH�YLGHR�WR�D�KLJKHU
UHVROXWLRQ� IRUPDW� ZLWK� WKH� DVVLVWDQFH� RI� WKH� YLGHR
HQKDQFHPHQW� ELWV�� 6WDQGDUG� +'79� UHFHLYHUV� FRXOG
LJQRUH�WKH�HQKDQFHPHQW�ELWV�DQG�GLVSOD\�YLGHR�DW�WKH
ORZHU�UHVROXWLRQ�IRUPDW��

7KLV� EDFNZDUG�FRPSDWLEOH�DSSURDFK� LV�KLJKO\� GHVLU�
DEOH�WRQRW�PDNH�VWDQGDUG�+'79�UHFHLYHUV�REVROHWH�
3UHYLRXV� UHVHDUFK� LQ�RXU� ODERUDWRU\�KDV�VKRZQ� WKDW
WKLV� DSSURDFK� LV� IHDVLEOH� IRU� WUDQVPLWWLQJ� ����� OLQH
LQWHUODFHG� VFDQQHG� LPDJHV� DW� ��� ILHOGV� SHU� VHFRQG
DQG�XVLQJ�WKH�HQKDQFHPHQW�ELWV�WR�DVVLVW�WKH�GHLQWHU�
ODFHU�SHUIRUPHG�DW�WKH�UHFHLYHU��:H�ZLOO�EH�LQYHVWLJDW�
LQJ� WKH� XVH� RI� GLIIHUHQW� WUDQVPLVVLRQ� IRUPDWV� WR
PLJUDWH� WRZDUG� KLJKHU� UHVROXWLRQ� IRUPDWV� XVLQJ� WKLV
HQKDQFHPHQW�GDWD�DSSURDFK��)RU�H[DPSOH��SURJUHV�
VLYHO\� VFDQQHG� YLGHR� PD\� EH� WUDQVPLWWHG� ZLWK� ���
OLQHV� DW� ��� IUDPHV� SHU� VHFRQG� DQG� WKHQ� VSDWLDOO\
XSVDPSOHG�DW�WKH�UHFHLYHU��7KLV�UHVHDUFK�ZLOO�DOORZ�XV
WR�GHWHUPLQH�WKH�EHVW�WUDQVPLVVLRQ�IRUPDW�DQG�VLJQDO
SURFHVVLQJ�VFKHPHV�IRU�RSWLPXP�SLFWXUH�TXDOLW\��
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