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3URI��-D\VKUHH�6XU\DZDQVKL
'HSDUWPHQW�RI�$UWLILFLDO�,QWHOOLJHQFH�	�'DWD�6FLHQFH�(QJLQHHULQJ

$MHHQN\D�'<�3DWLO�6FKRRO�RI�(QJLQHHULQJ��3XQH��,QGLD
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$EVWUDFW

$JULFXOWXUH� LV� WKH�PDLQVWD\� RI� WKH� ,QGLDQ� HFRQRP\� +RZHYHU��ZDWHU� LQVHFXULW\�� FOLPDWH� YDULDELOLW\� DQG�
GHJUDGDWLRQ� RI� VRLOV� DUH� WKH� FKDOOHQJHV� IDFHG� E\� IDUPHUV� ,QFUHDVLQJ� HQHUJ\� SULFHV� DQG� FURS� GLVHDVHV�
([LVWLQJ�VWXGLHV�VKRZ�WKDW $UWLILFLDO�,QWHOOLJHQFH��$,���WKH�,QWHUQHW�RI�7KLQJV��,R7���(GJH�$,� ,W�LV�EHOLHYHG�
WKDW�FRPSXWHU�YLVLRQ�DQG�VPDUW� LUULJDWLRQ�FRXOG�EH�DSSOLHG�WR�HQKDQFH�DJULFXOWXUDO�SURGXFWLRQ� 7KH\�DUH�
W\SLFDOO\�XVHG� IRU�GHFLVLRQ�PDNLQJ�DQG� UHVRXUFH�XVH��DOWKRXJK� WKH�XVH�RI� WKHP� LV QRW�DOZD\V� UHVWULFWHG�
LQGHSHQGHQWO\��UHO\�RQ�LQWHUQHW�FRQQHFWLRQ�RU�FORXG�FRPSXWLQJ� 6WLOO�EH�H[SHQVLYH�IRU�VPDOO�DQG�PHGLXP�
VL]HG�IDUPHUV� 7KLV�SDSHU�VXUYH\V�HLJKW�UHFHQW�VWXGLHV�IURP������WR�������GHULYHV�VHYHQ�UHVHDUFK�JDSV�IURP�
WKHP��DQG�SURSRVHV�D�FRQFHSWXDO��DIIRUGDEOH�SODWIRUP�WKDW�FRPELQHV�DQ�(63���PLFURFRQWUROOHU��VRLO�DQG�
HQYLURQPHQWDO�VHQVRUV��(GJH�$,�EDVHG�FURS�DQG�IHUWLOL]HU�UHFRPPHQGDWLRQ��FRPSXWHU�YLVLRQ�GHWHFWLRQ�RI�
FURS�GLVHDVHV��SHVWV�DQG�ZHHGV��VRODU�SRZHUHG�VPDUW�LUULJDWLRQ��DQG�D�PRELOH�DSSOLFDWLRQ�ZLWK�D�PXOWLOLQJXDO�
YRLFH� DVVLVWDQW��$Q� HYDOXDWLRQ� SODQ� LV� DOVR� JLYHQ��7KH� FRQWULEXWLRQ� LV� D� OLWHUDWXUH�JURXQGHG� GHVLJQ� DQG�
UHVHDUFK�DJHQGD��WKH�SODWIRUP�KDV�QRW�\HW�EHHQ�LPSOHPHQWHG�RU�HPSLULFDOO\�YDOLGDWHG�

.H\ZRUGV� � $UWLILFLDO� LQWHOOLJHQFH�� ,QWHUQHW� RI�7KLQJV�� (63���� (GJH�$,�� FRPSXWHU� YLVLRQ�� VPDUW� VRODU�
LUULJDWLRQ��SUHFLVLRQ�DJULFXOWXUH

,� ,1752'8&7,21

$JULFXOWXUH�LV�HVVHQWLDO�WR�WKH�,QGLDQ�HFRQRP\�EXW�IDFHV�FKDOOHQJHV�VXFK�DV�ZDWHU�VFDUFLW\��FOLPDWH�FKDQJH��
VRLO�GHJUDGDWLRQ��LQFUHDVLQJ HQHUJ\�FRVWV�DQG�FURS�GLVHDVHV��$,�DQG�,R7�WHFKQRORJLHV�FDQ�VXSSRUW�UHDO�WLPH�
PRQLWRULQJ��SUHGLFWLRQ�DQG�LQWHOOLJHQW�GHFLVLRQ�PDNLQJ�LQ�DJULFXOWXUH�>�@��>�@�
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,R7�VHQVRUV�VXFK�DV�VRLO�PRLVWXUH��S+��13.��WHPSHUDWXUH�DQG�KXPLGLW\�VHQVRUV�FDQ�FROOHFW�ILHOG�GDWD�IRU�
VRLO� DQDO\VLV�� FURS� VHOHFWLRQ�� IHUWLOL]HU� UHFRPPHQGDWLRQV� DQG� LUULJDWLRQ�PDQDJHPHQW� >�@�� >�@�� >�@�� 8VLQJ�
VPDUW�LUULJDWLRQ�V\VWHPV�EDVHG�RQ�,R7�DQG�HGJH� &RPSXWLQJ�FDQ�RSWLPLVH�ZDWHU�XVDJH��PLQLPLVH�ZDVWDJH�
DQG 0DNH�PRUH�SURPSW�GHFLVLRQV�DW�WKH�ORFDO OHYHO�>�����@�

$,�EDVHG�FRPSXWHU�YLVLRQ�DQG�(GJH�$,�FDQ�LGHQWLI\�FURS�LVVXHV��VXFK�DV�SHVW�LQIHVWDWLRQ��IURP�D�GLVWDQFH�
VFRXWLQJ�IURP�WKH�ILHOG�LPDJHV��DQG�WKXV�GLUHFW��UHDO�WLPH��VFRXWLQJ�IRU�GLVHDVHV�DQG�SHVWV� DQG�ORZ�ODWHQF\�
PRQLWRULQJ�>�@��+RZHYHU��FRVW��FRQQHFWLYLW\��7KH�QHHGV�IRU�HQHUJ\�DQG�FRPSOH[LW\�RI�V\VWHPV�FRQWLQXH�WR�
EH�FKDOOHQJHV� IRU�UHVRXUFH�OLPLWHG�IDUPHUV�>�@�

7KLV�SDSHU� WKXV� ORRNV� LQWR� WKH�VPDUW� DJULFXOWXUH� V\VWHP�XVLQJ�$,� FRQFHSW� WKDW� LQWHJUDWHV�(63���� ,R7�
VHQVRUV��(GJH�$,��FRPSXWHU$�PRELOH�DSS��VPDUW�VRODU�LUULJDWLRQ�DQG�YLVLRQ�LQWR�DQ� &RVW�HIIHFWLYH�DQG�YLDEOH�
SODWIRUP�

7KH� FRQFHSW� DLPV� WR� LPSURYH� IDUP�OHYHO� GHFLVLRQ�PDNLQJ�ZKLOH� FRQVHUYLQJ�ZDWHU�� HQHUJ\� DQG� RWKHU�
DJULFXOWXUDO�UHVRXUFHV�>�@±>�@�

7KH�SDSHU�PDNHV�WKUHH�FRQWULEXWLRQV��)LUVW��LW�UHYLHZV�HLJKW�VWXGLHV�SXEOLVKHG�EHWZHHQ������DQG������RQ�
$,�� ,R7��(GJH�$,� DQG� VPDUW� LUULJDWLRQ�� FRPSDULQJ� WKHLU�PHWKRGV�� ILQGLQJV� DQG� OLPLWDWLRQV� �6HFWLRQ� ,,,���
6HFRQG��LW�GHULYHV�VHYHQ�UHVHDUFK�JDSV�IURP�WKDW�FRPSDULVRQ��6HFWLRQ�,9���7KLUG��LW�SURSRVHV�D�FRQFHSWXDO�
IUDPHZRUN��DQ�LPSOHPHQWDWLRQ�URDGPDS�DQG�DQ�HYDOXDWLRQ�SODQ�WKDW�UHVSRQG�WR�WKRVH�JDSV��6HFWLRQV�9±;���
7KH�SDSHU�LV�D�OLWHUDWXUH�JURXQGHG�GHVLJQ�UDWKHU�WKDQ�DQ�LPSOHPHQWHG�RU�YDOLGDWHG�V\VWHP�

,,� 352%/(0�67$7(0(17�$1'�2%-(&7,9(6

$��3UREOHP�6WDWHPHQW

0DQ\�H[LVWLQJ� VPDUW� DJULFXOWXUH� V\VWHPV� DUH� FRVWO\�� GHSHQG�RQ� WKH� LQWHUQHW� DQG�FRPELQH�$,�� ,R7� DQG�
LUULJDWLRQ�RQO\�SDUWLDOO\��ZKLFK�OHDYHV�VPDOO�DQG�PHGLXP�VFDOH�IDUPHUV�XQGHUVHUYHG��7KLV SDSHU�WKHUHIRUH�
SURSRVHV� DQ� DIIRUGDEOH�$,�EDVHG� VPDUW� DJULFXOWXUH� V\VWHP� XVLQJ� (63���� ,R7�� (GJH�$,� DQG� VPDUW� VRODU�
LUULJDWLRQ�IRU�LQWHOOLJHQW�IDUPLQJ�

%��2EMHFWLYHV

�� 6WXG\�WKH�UROH�RI�$UWLILFLDO�,QWHOOLJHQFH��$,���,R7��(63���DQG�(GJH�$,�LQ�VPDUW�DJULFXOWXUH�

�� ([SORUH� WKH� XVH� RI� VRLO� PRLVWXUH�� S+�� 13.�� WHPSHUDWXUH� DQG� KXPLGLW\� VHQVRUV� IRU� UHDO�WLPH� IDUP�
PRQLWRULQJ�

�� 8QGHUVWDQG� WKH� FRQFHSW� RI� DQ�$,�EDVHG� VPDUW� VRODU� LUULJDWLRQ� V\VWHP� IRU� HIILFLHQW�ZDWHU� DQG� HQHUJ\�
PDQDJHPHQW�

�� ([DPLQH�$,�EDVHG�FURS�DQG�IHUWLOL]HU�UHFRPPHQGDWLRQV�XVLQJ�VRLO�DQG�HQYLURQPHQWDO�GDWD�

�� 6WXG\� FRPSXWHU�YLVLRQ� WHFKQLTXHV� IRU� HDUO\� GHWHFWLRQ� RI� FURS� GLVHDVHV�� SHVWV�� ZHHGV� DQG� QXWULHQW�
GHILFLHQFLHV�

�� 3URSRVH�DQ�DIIRUGDEOH��PRGXODU�VPDUW�IDUPLQJ�V\VWHP�ZLWK�D�PRELOH�DSSOLFDWLRQ�DQG�PXOWLOLQJXDO�YRLFH�
DVVLVWDQW�IRU�VPDOO�DQG�PHGLXP�VFDOH�IDUPHUV�
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,,,� 5(/$7('�:25.

(LJKW�VWXGLHV�SXEOLVKHG�EHWZHHQ������DQG������ZHUH�UHYLHZHG��7KH�HYROXWLRQ�RI�VPDUW�DJULFXOWXUH�FDQ�
EH� VXPPDULVHG� DV�� 7UDGLWLRQDO� )DUPLQJ�ĺ� ,R7�ĺ�$,�ĺ� (GJH�$,�ĺ� 6PDUW� 6RODU� ,UULJDWLRQ�� (DUOLHU�
DSSURDFKHV�IRFXVHG�RQ�VRLO�PRLVWXUH�PRQLWRULQJ�DQG�DXWRPDWHG�LUULJDWLRQ�XVLQJ�VHQVRUV�DQG�EDVLF�FRQWURO�
PHFKDQLVPV�>�@��>�@��)LJ����VKRZV�WKLV�SURJUHVVLRQ�DQG�7DEOH�,�VXPPDULVHV�WKH�UHYLHZHG�VWXGLHV�

$��$,�DQG�,R7�IRU�6RLO�$QDO\VLV�DQG�'HFLVLRQ�6XSSRUW

'DV�HW�DO��>�@�FRPELQH�(63���EDVHG�,R7�PRQLWRULQJ�ZLWK�$,�SRZHUHG�GHFLVLRQ�VXSSRUW��HQDEOLQJ�UHDO�
WLPH�PRQLWRULQJ�DQG�LQWHOOLJHQW�IDUPLQJ�GHFLVLRQV��WKH�V\VWHP�GHSHQGV�RQ�WKH�FORXG�DQG�LV�PRUH�FRPSOH[��
.KDOLT�HW�DO��>�@�UHYLHZ�$,��,R7��GHHS�OHDUQLQJ�DQG�H[SODLQDEOH�$,��;$,��DQG�UHSRUW�DFFXUDWH�FURS��IHUWLOL]HU��
VRLO�DQDO\VLV� DQG� LUULJDWLRQ� UHFRPPHQGDWLRQV�� EXW� VXFK� PRGHOV� QHHG� PRUH� FRPSXWDWLRQDO� UHVRXUFHV��
0XKDPPHG�HW�DO�� >�@� UHYLHZ�WKH�$UWLILFLDO� ,QWHOOLJHQFH�RI�7KLQJV� �$,R7��DQG�ILQG� WKDW� LW� LPSURYHV�FURS�
PRQLWRULQJ�� LUULJDWLRQ�� SHVW� GHWHFWLRQ� DQG� UHVRXUFH� PDQDJHPHQW�� ZLWK� OLPLWHG� UHDO�ZRUOG� GHSOR\PHQW��
LQWHURSHUDELOLW\�DQG�GDWD�SULYDF\�FKDOOHQJHV�

%��(GJH�$,�DQG�&RPSXWHU�9LVLRQ

&KXQJ�HW�DO��>�@�EXLOG�D�ORZ�FRVW�(GJH�$,�V\VWHP�ZLWK (63���&$0�DQG�5DVSEHUU\�3L���XVLQJ�<2/2Y�Q�
DQG�5HV1HW����RYHU�0477�DQG�+773�IRU�UHDO�WLPH�SHVW�DQG�GLVHDVH�GHWHFWLRQ�LQ�FKLOL�SHSSHU�ILHOGV��7KH\�
UHSRUW� D������ V� UHVSRQVH� WLPH�DQG� DSSUR[LPDWHO\����� ORZHU� FRPSXWDWLRQDO� FRVW��7KH� V\VWHP� LV�PDLQO\�
LPDJH�EDVHG� DQG� FKLOL�VSHFLILF�� DQG� LW� ODFNV� HQYLURQPHQWDO� VHQVRU� GDWD� DQG� PXOWL�FURS� WHVWLQJ�� (GJH�
SURFHVVLQJ�LV�DOVR�XVHG�IRU�LUULJDWLRQ��2EDLGHHQ�HW�DO��>�@�SUHVHQW�DQ�(7�EDVHG�VPDUW�LUULJDWLRQ�V\VWHP�XVLQJ�
/R5D�DQG�HGJH�FRPSXWLQJ�IRU�IDUPODQG�

)LJ�����(YROXWLRQ�RI�VPDUW�DJULFXOWXUH��IURP�WUDGLWLRQDO�IDUPLQJ�WR�HQHUJ\�DZDUH�VPDUW�VRODU�LUULJDWLRQ��ZLWK�
WKH�UHYLHZHG�VWXGLHV�WKDW�UHSUHVHQW�HDFK�VWHS�
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5HI� $XWKRU���<HDU 0HWKRGRORJ\ .H\�ILQGLQJ /LPLWDWLRQ
>�@ +��&KXQJ�HW�DO��

������
(63���&$0��
5DVSEHUU\�3L����,R7��
(GJH�$,��<2/2Y�Q��
5HV1HW�����0477��
+773

/RZ�FRVW�(GJH�$,�IRU�UHDO�
WLPH�SHVW�DQG�GLVHDVH�
GHWHFWLRQ�������V�UHVSRQVH�
WLPH��DERXW�����ORZHU�
FRPSXWDWLRQDO�FRVW

0DLQO\�LPDJH�EDVHG�DQG�
FKLOL�VSHFLILF��QR�
HQYLURQPHQWDO�VHQVRU�GDWD�
RU�PXOWL�FURS�WHVWLQJ

>�@ $��'DV�HW�DO��
������

(63���EDVHG�,R7�
PRQLWRULQJ�ZLWK�$,�
SRZHUHG�GHFLVLRQ�
VXSSRUW

$,�DQG�(63���HQDEOH�UHDO�
WLPH�PRQLWRULQJ�DQG�
LQWHOOLJHQW�IDUPLQJ�GHFLVLRQV

&ORXG�GHSHQGHQF\�DQG�
KLJKHU�V\VWHP�FRPSOH[LW\

>�@ 6��*XSWD�HW�DO��
������

,R7�EDVHG�DXWRPDWHG�
LUULJDWLRQ�ZLWK�
SUHGLFWLYH�DOJRULWKPV

5HGXFHG�ZDWHU�XVDJH��
LPSURYHG�ZDWHU�DQG�HQHUJ\�
HIILFLHQF\

$UGXLQR�EDVHG�V\VWHP��
OLPLWHG�$,�FDSDELOLWLHV

>�@ $��.KDOLT�HW�DO��
������

$,���,R7���GHHS�
OHDUQLQJ�� ([SODLQDEOH�
$,��;$,�

$FFXUDWH�FURS��IHUWLOL]HU��
VRLO�DQDO\VLV�DQG�LUULJDWLRQ�
UHFRPPHQGDWLRQV

5HTXLUHV�DGYDQFHG�$,�
PRGHOV�DQG�KLJKHU�
FRPSXWDWLRQDO�UHVRXUFHV

>�@ $��&LVVH�HW�DO��
������

6\VWHPDWLF�UHYLHZ�RI�
$,��,R7�DQG�$JULFXOWXUH�
����WHFKQRORJLHV

,PSURYH�SUHFLVLRQ�IDUPLQJ��
FURS�PRQLWRULQJ�DQG�
UHVRXUFH�PDQDJHPHQW

+LJK�FRVW��F\EHUVHFXULW\�
LVVXHV��OLPLWHG�DGRSWLRQ�LQ�
UHVRXUFH�OLPLWHG�DUHDV

>�@ '��0XKDPPHG�
HW�DO��������

$,R7�UHYLHZ�IRU�VPDUW�
DJULFXOWXUH

,PSURYHV�FURS�PRQLWRULQJ��
LUULJDWLRQ��SHVW�GHWHFWLRQ�DQG�
UHVRXUFH�PDQDJHPHQW

/LPLWHG�UHDO�ZRUOG�
GHSOR\PHQW��
LQWHURSHUDELOLW\�DQG�
SULYDF\�FKDOOHQJHV

>�@ <��*DPDO�HW�DO��
������

6XUYH\�RI�VPDUW�
LUULJDWLRQ�XVLQJ�,R7�DQG�
HQHUJ\�KDUYHVWLQJ

5HGXFHV�ZDWHU�ZDVWH��
VXSSRUWV�VXVWDLQDEOH�
DJULFXOWXUH

+LJK�VHQVRU�FRVW�DQG�
OLPLWHG�$,�LQWHJUDWLRQ

>�@ .��2EDLGHHQ�HW�
DO��������

,R7��:61�DQG�VPDUW�
LUULJDWLRQ�UHYLHZ

5HDO�WLPH�PRQLWRULQJ�
LPSURYHV�LUULJDWLRQ�
HIILFLHQF\

)RFXVHV�RQ�LUULJDWLRQ�
UDWKHU�WKDQ�FRPSOHWH�VPDUW�
IDUPLQJ

&��6PDUW�DQG�6RODU�3RZHUHG�,UULJDWLRQ

*XSWD�HW�DO��>�@�XVH�,R7�EDVHG�DXWRPDWHG�LUULJDWLRQ�ZLWK�SUHGLFWLYH�DOJRULWKPV�DQG�UHSRUW�UHGXFHG�ZDWHU�
XVH�DQG�LPSURYHG�ZDWHU�DQG�HQHUJ\�HIILFLHQF\��DOWKRXJK�WKH�$UGXLQR�EDVHG�V\VWHP�KDV�OLPLWHG�$,�FDSDELOLW\��
*DPDO�HW�DO��>�@�VXUYH\�VPDUW�LUULJDWLRQ�ZLWK�,R7�DQG�HQHUJ\�KDUYHVWLQJ�DQG�ILQG�WKDW�LW�UHGXFHV�ZDWHU�ZDVWH�
DQG�VXSSRUWV�VXVWDLQDELOLW\��EXW�QRWH�KLJK�VHQVRU�FRVW�DQG�OLPLWHG�$,�LQWHJUDWLRQ��2EDLGHHQ�HW�DO��>�@�UHYLHZ�
,R7�� ZLUHOHVV� VHQVRU� QHWZRUNV� DQG� VPDUW� LUULJDWLRQ�� DQG� FRQFOXGH� WKDW� UHDO�WLPH� PRQLWRULQJ� LPSURYHV�
LUULJDWLRQ�HIILFLHQF\��WKH�IRFXV�LV�RQ�LUULJDWLRQ�UDWKHU�WKDQ�FRPSOHWH�VPDUW�IDUPLQJ�
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'��5HVRXUFH�/LPLWHG�&RQWH[WV

&LVVH�HW�DO��>�@�V\VWHPDWLFDOO\�UHYLHZ�$,��,R7�DQG�$JULFXOWXUH�����WHFKQRORJLHV�DQG�ILQG�WKDW�WKH\�LPSURYH�
SUHFLVLRQ�IDUPLQJ��FURS�PRQLWRULQJ�DQG�UHVRXUFH�PDQDJHPHQW��7KH\�DOVR�UHSRUW�KLJK�LPSOHPHQWDWLRQ�FRVW��
F\EHUVHFXULW\�LVVXHV�DQG�OLPLWHG�DGRSWLRQ�LQ�UHVRXUFH�OLPLWHG�DUHDV�

,9� 5(6($5&+�*$36

5HDGLQJ�WKH�HLJKW�VWXGLHV�WRJHWKHU�VXUIDFHV�VHYHQ�JDSV�WKDW�PRWLYDWH�WKH�IUDPHZRUN�SURSRVHG�LQ�6HFWLRQ�
9�

*���+LJK�LPSOHPHQWDWLRQ�FRVW� 0DQ\�H[LVWLQJ�VPDUW�DJULFXOWXUH�V\VWHPV�DUH�H[SHQVLYH�WR�GHSOR\�>�@��
>�@�

*���,QWHUQHW�GHSHQGHQF\�0DQ\�V\VWHPV�UHO\�RQ�FORXG�SURFHVVLQJ�DQG�FRQWLQXRXV�FRQQHFWLYLW\�>�@�

*���+LJK�HQHUJ\�FRQVXPSWLRQ� 6RPH�VPDUW�DJULFXOWXUH�DSSOLFDWLRQV�FRQVXPH�FRQVLGHUDEOH�HQHUJ\�

*���/LPLWHG�LQWHJUDWLRQ� $,��,R7��(GJH�$,�DQG�VPDUW�VRODU� LUULJDWLRQ�DUH�UDUHO\�FRPELQHG�LQ�D�VLQJOH�
DIIRUGDEOH�V\VWHP�>�@��>�@��>�@�

*���6HQVRU�DQG�YLVLRQ�GDWD�DUH�QRW�FRPELQHG� (QYLURQPHQWDO�VHQVRU�GDWD�LV�VHOGRP�LQWHJUDWHG�ZLWK�
(GJH�$,�EDVHG�GLVHDVH�DQG�SHVW�GHWHFWLRQ�>�@�

*���/LPLWHG�WHVWLQJ� ([LVWLQJ�V\VWHPV�DUH�UDUHO\�WHVWHG�DFURVV�PXOWLSOH�FURSV�DQG�UHDO�ZRUOG�DJULFXOWXUDO�
HQYLURQPHQWV�>�@��>�@�

*���6PDOO�DQG�PHGLXP�VFDOH�IDUPHUV�$IIRUGDEOH�VROXWLRQV�IRU�WKHVH�IDUPHUV�DUH�ODFNLQJ�>�@�

0DLQ�JDS� QR�UHYLHZHG�VWXG\�FRPELQHV�$,��,R7��(GJH�$,��FRPSXWHU�YLVLRQ�DQG�VRODU�SRZHUHG�LUULJDWLRQ�
LQ�D�VLQJOH��DIIRUGDEOH��PRGXODU�V\VWHP�VXLWHG�WR�UHVRXUFH�OLPLWHG�IDUPV�

9� 352326('�)5$0(:25.

$��'HVLJQ�3ULQFLSOHV

7KH�IUDPHZRUN�UHVSRQGV�GLUHFWO\�WR�WKH�JDSV�LQ�6HFWLRQ�,9��ORZ�FRVW�KDUGZDUH��*���*����ORFDO�(GJH�$,�
SURFHVVLQJ� WKDW� NHHSV� ZRUNLQJ� RIIOLQH� �*���� VRODU� SRZHU� ZLWK� HQHUJ\�DZDUH� VFKHGXOLQJ� �*���� D� VLQJOH�
LQWHJUDWHG�SODWIRUP��*���*���DQG�PXOWL�FURS�HYDOXDWLRQ��*����)RXU�SULQFLSOHV�JXLGH�WKH�GHVLJQ�

� $IIRUGDEOH�DQG�PRGXODU� ORZ�FRVW�FRPSRQHQWV�VXFK�DV�WKH�(63���VR�WKDW�IDUPHUV�FDQ�DGRSW�SDUWV�RI�WKH�
V\VWHP�VWHS�E\�VWHS�

� (GJH�ILUVW� GDWD�LV�SURFHVVHG�ORFDOO\�IRU�IDVWHU�UHVSRQVH��ORZHU�ODWHQF\�DQG�RIIOLQH�RSHUDWLRQ�

� 6LWH�DSSURSULDWH� ZDWHULQJ�DFFRUGLQJ� WR� WKH� VSHFLILF�QHHGV�RI� HDFK� VLWH�� DQG )RUHFDVWV� IRU� WKH�ZHDWKHU��
EDWWHU\�DQG�DYDLODEOH�VRODU�HQHUJ\�

��)DUPHU�IULHQGO\� D�PRELOH DSSOLFDWLRQ�DQG�D�PXOWLOLQJXDO YRLFH�DVVLVWDQW�SURYLGH�DGYLFH� LQ� WKH�
IDUPHU
V�ODQJXDJH�



Ь«ĺīŪıôϙ͑ϠϙIŜŜŪôϙ͔ϙϼ�ôŕťôıæôŘϱièťĺæôŘϙ͑͏͕͑Ͻ ϼ�ŕôèĖÍīϙIŜŜŪôϙ͐ϽϙϙϙϙϙϙϙϙϙϙϙI��bϡϙ͒͐͒͘ϱ͓͕͐͗ϙϼiĲīĖĲôϽ

�V""ϱ͑͏͕͑ϱ͏͏͐͐͏ иϙ�i"FI«��X�F�ϙVi��b�[ϙi>ϙ"I«(��(ϙ"I��I�[Ib( иϙſſſϟæĤîîĤĺŪŘĲÍīϟĺŘČ иϙϙ͕͒͑

%��6\VWHP�$UFKLWHFWXUH

7KH� OD\HUV� LQ� WKH� SURSRVHG� V\VWHP� DUH� SUHVHQWHG� LQ�)LJ�� �� 6RLO�PRLVWXUH��$� FDPHUD� DQG� VHQVRUV� WKDW�
PHDVXUH� WKH�S+��13.�� WHPSHUDWXUH�DQG�KXPLGLW\� IHHG� LQ� DQ�(63���PLFURFRQWUROOHU��$Q�(GJH�$,� OD\HU�
\LHOGV�FURS�DQG IHUWLOLVHU�UHFRPPHQGDWLRQV�EDVHG�RQ�VRLO�DQG�HQYLURQPHQWDO�GDWD�DQG� DQG�DSSOLHV�FRPSXWHU�
YLVLRQ� LQ� WKH� HDUO\� GHWHFWLRQ� RI� FURS�GLVHDVHV� SHVWV��ZHHGV� DQG�QXWULHQW GHILFLHQFLHV� $� VPDUW�ZDWHULQJ�
V\VWHP�IRU�WKH�JDUGHQ�WKDW�XVHV�VRODU�HQHUJ\� $�VRODU�SDQHO�DQG�EDWWHU\�SRZHU�WKH�FRQWUROOHU�ZKLFK�FRQWUROV�
WKH�SXPS� $V�WKH�PRELOH�DSS�DQG�YRLFH�FRPPDQGV�DOHUW� DQG�GHYLFH� 7KH�UROH�RI�HDFK�WHFKQRORJ\�LV�JLYHQ�
LQ�7DEOH�,,�

)LJ�����3URSRVHG�OD\HUHG�DUFKLWHFWXUH��VHQVLQJ��(63����(GJH�$,��VRODU�LUULJDWLRQ�FRQWURO�DQG�IDUPHU�LQWHUIDFH�

7$%/(�,,
7(&+12/2*<�52/(6�,1�7+(�)5$0(:25.

7HFKQRORJ\ 5ROH�LQ�WKH�IUDPHZRUN
$UWLILFLDO�,QWHOOLJHQFH 'HFLVLRQV� IRU� LUULJDWLRQ�� FURS� UHFRPPHQGDWLRQ�� IHUWLOL]HU�

RSWLPL]DWLRQ�DQG�GLVHDVH�GHWHFWLRQ
,QWHUQHW�RI�7KLQJV 5HDO�WLPH�PRQLWRULQJ�RI�VRLO�PRLVWXUH��S+��13.��WHPSHUDWXUH�DQG�

KXPLGLW\
(GJH�$, /RFDO� SURFHVVLQJ� IRU� IDVWHU� UHVSRQVH�� ORZHU� ODWHQF\� DQG� RIIOLQH�

RSHUDWLRQ
&RPSXWHU�YLVLRQ 'HWHFWV�FURS�GLVHDVHV��SHVWV��ZHHGV�DQG�QXWULHQW�GHILFLHQFLHV
6PDUW�VRODU�LUULJDWLRQ ,UULJDWLRQ�EDVHG�RQ�VRLO�PRLVWXUH��ZHDWKHU��VRODU�HQHUJ\�DQG�EDWWHU\�

VWDWXV
3UHFLVLRQ�DJULFXOWXUH ,PSURYHV�\LHOG�ZKLOH�FRQVHUYLQJ�ZDWHU�DQG�HQHUJ\
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&��6HQVLQJ�DQG�'DWD�$FTXLVLWLRQ�/D\HU
7KH�VHQVLQJ�OD\HU�JLYHV�WKH�V\VWHP�LWV�SLFWXUH�RI�WKH�ILHOG��7KH�(63���LV�D�ORZ�FRVW�PLFURFRQWUROOHU�ZLWK�

EXLOW�LQ�ZLUHOHVV�FRQQHFWLYLW\��ZKLFK�PDNHV�LW�D�QDWXUDO�KXE�IRU�UHDGLQJ�VHYHUDO�VHQVRUV�DQG�SDVVLQJ�WKH�GDWD�
RQ�>�@��7DEOH�,,,�OLVWV�WKH�VHQVRUV�FRQVLGHUHG�LQ�WKLV�ZRUN�DQG�KRZ�HDFK�UHDGLQJ�LV�XVHG��7KH�VDPH�UHDGLQJV�
FDQ�EH�ORJJHG�RYHU�WLPH��VR�WKDW�WKH�(GJH�$,�OD\HU�VHHV�WUHQGV�UDWKHU�WKDQ�VLQJOH�YDOXHV��IRU�H[DPSOH�D�VORZ�
IDOO�LQ�VRLO�PRLVWXUH�RYHU�VHYHUDO�GD\V�
7$%/(�,,,
6(16256�$1'�7+(,5�86(

6HQVRU 3DUDPHWHU 8VH�LQ�WKH�V\VWHP
6RLO�PRLVWXUH :DWHU�FRQWHQW�RI�WKH�VRLO 7ULJJHUV�DQG�VWRSV�LUULJDWLRQ
S+ 6RLO�DFLGLW\�RU�DONDOLQLW\ &URS�VXLWDELOLW\��VRLO�FRQGLWLRQ
13. 1LWURJHQ��SKRVSKRUXV��SRWDVVLXP )HUWLOL]HU�UHFRPPHQGDWLRQ
7HPSHUDWXUH $LU���VRLO�WHPSHUDWXUH ,UULJDWLRQ�QHHG��GLVHDVH�ULVN
+XPLGLW\ $LU�PRLVWXUH ,UULJDWLRQ�QHHG��GLVHDVH�ULVN
&DPHUD &URS�DQG�OHDI�LPDJHV 'LVHDVH��SHVW�DQG�ZHHG�GHWHFWLRQ

'��(GJH�$,�0RGXOH

7KH�(GJH�$,�PRGXOH�KDV� WZR�EUDQFKHV�� VKRZQ� LQ�)LJ�����7KH� ILUVW�EUDQFK� WDNHV� WKH� VRLO� DQG�ZHDWKHU�
UHDGLQJV� DQG� SURGXFHV� FURS� DQG� IHUWLOL]HU� UHFRPPHQGDWLRQV� >�@�� >�@��7KH� VHFRQG� EUDQFK� DQDO\VHV� ILHOG�
LPDJHV�ZLWK�D�FRPSDFW�YLVLRQ�PRGHO�WR�ILQG�GLVHDVHV��SHVWV��ZHHGV�DQG�QXWULHQW�GHILFLHQFLHV��&KXQJ�HW�DO��
>�@�VKRZ�WKDW�D�ORZ�FRVW�FRPELQDWLRQ�RI�(63���&$0��5DVSEHUU\�3L����<2/2Y�Q�DQG�5HV1HW����FDQ�UXQ�
VXFK�GHWHFWLRQ�DW�WKH�HGJH�ZLWK�D������V�UHVSRQVH�WLPH��ZKLFK�LV�WKH�NLQG�RI�OLJKWZHLJKW�DSSURDFK�WKLV�ZRUN�
IROORZV��$�GHFLVLRQ�IXVLRQ�VWHS�WKHQ�FRPELQHV�ERWK�EUDQFKHV��VR�WKDW�D�GLVHDVH�DOHUW�FDQ�EH�MXGJHG�WRJHWKHU�
ZLWK�KXPLGLW\�DQG�WHPSHUDWXUH�UDWKHU�WKDQ�IURP�WKH�LPDJH�DORQH��*���

)LJ�����(GJH�$,�PRGXOH��D�VHQVRU�EUDQFK�IRU�UHFRPPHQGDWLRQV�DQG�DQ�LPDJH�EUDQFK IRU�GHWHFWLRQ��MRLQHG�
E\�GHFLVLRQ�IXVLRQ�
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5XQQLQJ�ERWK�EUDQFKHV� ORFDOO\�NHHSV� WKH� V\VWHP�ZRUNLQJ�ZKHQ� WKH� LQWHUQHW� LV� XQDYDLODEOH� �*����7KH�
PRGHOV�WKHPVHOYHV�DUH�QRW�IL[HG�E\�WKLV�SDSHU��WKH�GHVLJQ�RQO\�UHTXLUHV�WKDW�WKH\�DUH�VPDOO�HQRXJK�WR�UXQ�
RQ�ORZ�FRVW�HGJH�KDUGZDUH�DQG�WKDW�WKH\�FDQ�EH�XSGDWHG�ZKHQ�QHZ�ODEHOOHG�GDWD�EHFRPHV�DYDLODEOH�

(��6PDUW�6RODU�,UULJDWLRQ�&RQWUROOHU

7KH�LUULJDWLRQ�FRQWUROOHU�RSHQV�WKH�SXPS�UHOD\�RQO\�ZKHQ�WZR�FRQGLWLRQV�KROG��WKH�(GJH�$,�PRGXOH�MXGJHV�
WKDW� WKH�FURS�QHHGV�ZDWHU�� DQG� WKH�SRZHU�VXEV\VWHP�FDQ�VXSSO\� WKH�SXPS��)LJ������7KH�HQHUJ\�PRQLWRU�
UHSRUWV�WKH�HQHUJ\�WR�WKH�(63����VR�WKDW�WKH�FRQWUROOHU�FDQ�GHOD\�RU�UHGXFH�WKH�LUULJDWLRQ�F\FOH�ZKHQ�WKH�
HQHUJ\� OHYHO� LV� ORZ�� UDWKHU� WKDQ� FRQVXPLQJ� WKH� EDWWHU\� $� IHZ� H[DPSOH� UXOHV� DUH� VKRZQ� LQ� 7DEOH� ,9�
$GGUHVVLQJ� WKHVH� UHTXLUHPHQWV��XVLQJ�VRODU�SRZHU� LQ� WKLV�PDQQHU� WDFNOHV�ZLWK�HQHUJ\�FRQVXPSWLRQ�DQG�
UXQQLQJ�FRVW��*���*���DQG�IROORZV�WKH�HQHUJ\�KDUYHVWLQJ�DSSURDFKHV�VXUYH\HG�LQ�>�@�

)LJ�����6RODU�SRZHU�DQG�LUULJDWLRQ�VXEV\VWHP�ZLWK�DQ�HQHUJ\�PRQLWRU�UHSRUWLQJ�WR�WKH�(63���

7$%/(�,9

(;$03/(�(1(5*<�$:$5(�,55,*$7,21�58/(6

6RLO�PRLVWXUH (QHUJ\�DYDLODEOH $FWLRQ
$GHTXDWH $Q\ 1R�LUULJDWLRQ
/RZ +LJK ,UULJDWH�QRZ
/RZ 0HGLXP 6KRUWHU�F\FOH��UHFKHFN
/RZ /RZ 'HIHU��DOHUW�IDUPHU

)��0RELOH�$SSOLFDWLRQ�DQG�0XOWLOLQJXDO�9RLFH�$VVLVWDQW

0DQ\�VPDOO�DQG�PHGLXP�VL]H�IDUPHUV�ZRXOG�SUHIHU�WR�KDYH�UHFHLYHG LQIRUPDWLRQ�E\�PHDQV�RI�WKLFN�WH[W�LQ�
WKHLU�QDWLYH� WRQJXH� LQVWHDG�RI GDVKERDUGV� �*����7KH�PRELOH�DSSOLFDWLRQ� VKRZV�VRLO� UHDGLQJV� +LVWRU\�RI�
LUULJDWLRQ�� UHFRPPHQGDWLRQV� DQG� GLVHDVH� DOHUWV� $�PXOWLOLQJXDO� YRLFH� DVVLVWDQW� DOORZV� WKH� IDUPHU� WR� DVN�
TXHVWLRQV�DQG OLVWHQ�WR�UHVSRQVHV��VXFK�DV�WKH�FXUUHQW�VRLO�PRLVWXUH� 'HFLGLQJ�ZKHWKHU�RU�QRW�WR�LUULJDWH�RQ�
WKH�GD\� %HFDXVH�WKH�(GJH�$,�OD\HU�SURGXFHV IURP�WKH�ORFDO�DUHD��EDVLF�DGYLFH�FDQ�EH�SURYLGHG�GXULQJ� :KHQ�
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WKHUH�DUH�QHWZRUN�RXWDJHV��WKH�DSSOLFDWLRQ�ZLOO�V\QF�ZLWK�D�7KH�QXPEHU�RI�WLPHV�D�QHWZRUN�LV�EURNHQ� 2QFH�
WKH�FRQQHFWLYLW\�LV�UHVWRUHG��WKH�VHUYHU�ZLOO�EH�UHVWRUHG�

*��,UULJDWLRQ�'HFLVLRQ�:RUNIORZ

)LJ�� �� VKRZV� RQH� LUULJDWLRQ� F\FOH� 7KH�(63��� LV� XVHG� WR� UHDG� VRLO 9LWDO� LQIRUPDWLRQ� VXFK� DV�PRLVWXUH��
ZHDWKHU��VRODU�OHYHO�DQG�EDWWHU\�VWDWXV�DUH�DOO�DYDLODEOH�RQ�WKH�(GJH�$,� PRGHO�GHWHUPLQHV�ORFDOO\�WKH�QHHG�
IRU�LUULJDWLRQ� ,I�LW�LV��WKH�FRQWUROOHU�HQVXUHV�DQ�DGHTXDWH�VXSSO\�RI�VRODU�DQG�EDWWHU\�HQHUJ\�WR LQRSHUDEOH�
XQWLO�WKH�SXPS�LV�UXQ��WKHQ�WKH�F\FOH�LV�GHIHUUHG�

)LJ�����2QH�LUULJDWLRQ�F\FOH��VHQVLQJ��ORFDO�(GJH�$, GHFLVLRQ��HQHUJ\�FKHFN��SXPS�FRQWURO�DQG�QRWLILFDWLRQ�

9,� ,03/(0(17$7,21�52$'0$3

6LQFH�WKH�IUDPHZRUN�LV�D�GHVLJQ��)LJ����VHWV�RXW�WKH�VWDJHV�WKURXJK�ZKLFK�LW�FRXOG�EH�EXLOW�DQG�WHVWHG��
3KDVH����WKH�OLWHUDWXUH�VXUYH\�DQG�JDS�DQDO\VLV��LV�WKH�ZRUN�UHSRUWHG�LQ�WKLV�SDSHU��3KDVH���ZRXOG�DVVHPEOH�
D�SURWRW\SH�ZLWK�WKH�(63����WKH�VHQVRUV�LQ�7DEOH�,,,�DQG�D�VRODU�SRZHUHG�SXPS��3KDVH���ZRXOG�GHYHORS�DQG�
WHVW�WKH�UHFRPPHQGDWLRQ�DQG�YLVLRQ�PRGHOV�RQ�WKH�HGJH�KDUGZDUH��3KDVH���ZRXOG�LQWHJUDWH�WKH�PRGHOV�ZLWK�
WKH�LUULJDWLRQ�FRQWUROOHU��WKH�PRELOH�DSSOLFDWLRQ�DQG�WKH�YRLFH�DVVLVWDQW��3KDVH���ZRXOG�UXQ�ILHOG�WULDOV�DQG�
HYDOXDWH�WKH�V\VWHP�ZLWK�WKH�PHDVXUHV�LQ�7DEOH�9,�

)LJ�����3URSRVHG�LPSOHPHQWDWLRQ URDGPDS��3KDVH���LV�FRPSOHWH��ODWHU�SKDVHV�DUH�SODQQHG�
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9,,� &203$5$7,9(�$1$/<6,6

)LJ����FRPSDUHV�WKH�UHYLHZHG�VWXGLHV�ZLWK�WKH�SURSRVHG�IUDPHZRUN�RQ�VHYHQ�FDSDELOLWLHV�WDNHQ�IURP�7DEOH�
,��$,�DQDO\WLFV�� ,R7�VHQVLQJ��HGJH�SURFHVVLQJ��FRPSXWHU�YLVLRQ�� LUULJDWLRQ�FRQWURO�� VRODU�RU�HQHUJ\�DZDUH�
RSHUDWLRQ�� DQG� D� ORZ�FRVW� IRFXV��$� WLFN�PDUNV� D� FDSDELOLW\� WKH� VWXG\� FRYHUV�� DQG� D� WLOGH�PDUNV� SDUWLDO�
FRYHUDJH��7KH�PDUNLQJ�LV�TXDOLWDWLYH�DQG�EDVHG�RQO\�RQ�WKH�ILQGLQJV�DQG�OLPLWDWLRQV�VXPPDULVHG�LQ�7DEOH�,�

)LJ���� 4XDOLWDWLYH�FDSDELOLW\�FRYHUDJH�RI�WKH�UHYLHZHG�VWXGLHV�DQG�WKH�SURSRVHG�IUDPHZRUN��ض FRYHUHG��a�
SDUWLDO��EODQN�QRW�UHSRUWHG��

0RVW�VWXGLHV�FRYHU�,R7�VHQVLQJ�DQG�LUULJDWLRQ�ZHOO��DQG�VRPH�DGG�$,�DQDO\WLFV�>�@�� >�@�� >�@��2QO\�RQH�
UHYLHZHG�VWXG\�FRPELQHV�HGJH�SURFHVVLQJ�ZLWK�FRPSXWHU�YLVLRQ�>�@��DQG�LW�GRHV�QRW�FRQWURO�LUULJDWLRQ��2QO\�
RQH� WRXFKHV�HQHUJ\�KDUYHVWLQJ�>�@�� DQG� LW�KDV� OLPLWHG�$,� LQWHJUDWLRQ��1RQH�FRYHUV�HYHU\�FROXPQ��VR� WKH�
FRPELQDWLRQ�SURSRVHG�KHUH�LV�WKH�GLVWLQJXLVKLQJ�IHDWXUH�RI�WKH�IUDPHZRUN UDWKHU�WKDQ�DQ\�VLQJOH�FRPSRQHQW�

7DEOH�9�DQG�)LJ����UHODWH�HDFK�UHVHDUFK�JDS�WR�WKH�SDUW�RI�WKH�IUDPHZRUN�LQWHQGHG�WR�DGGUHVV�LW�

7$%/(�9
5(6($5&+�*$36�$1'�352326('�5(63216(

*DS 3URSRVHG�UHVSRQVH
*��+LJK�FRVW /RZ�FRVW�(63���EDVHG��PRGXODU�KDUGZDUH
*��,QWHUQHW�GHSHQGHQF\ (GJH�$,�ZLWK�ORFDO��RIIOLQH�RSHUDWLRQ
*��(QHUJ\�XVH 6RODU�SRZHU��HQHUJ\�DZDUH�LUULJDWLRQ�VFKHGXOLQJ
*��/LPLWHG�LQWHJUDWLRQ 2QH�SODWIRUP�IRU�$,��,R7��(GJH�$,�DQG�LUULJDWLRQ
*��'DWD�QRW�FRPELQHG 6HQVRU�GDWD�XVHG�DORQJVLGH�YLVLRQ�EDVHG�GHWHFWLRQ
*��/LPLWHG�WHVWLQJ 0XOWL�FURS��PXOWL�VLWH�HYDOXDWLRQ��6HFWLRQ�,;�
*��6PDOO�IDUPHUV 0RELOH�DSS�DQG�PXOWLOLQJXDO�YRLFH�DVVLVWDQW
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)LJ�����7KH�SURSRVHG�LV�GLYLGHG�LQWR�VHYHQ�FRPSRQHQWV�DQG�HDFK�RI�WKHVH�FRPSRQHQWV� LV�PDSSHG� WR�WKH�
VHYHQ�UHVHDUFK�JDSV� IUDPHZRUN�

9,,,� (7+,&$/�$1'�35$&7,&$/�&216,'(5$7,216

)DUP�GDWD�VXFK�DV�VRLO�FRQGLWLRQV��\LHOGV�DQG�ILHOG�LPDJHV SHULVKDEOH�JRRGV�DUH�SURGXFHG�6KRXOG�EH�NHSW�
ORFDOO\�ZKHUH�SHULVKDEOH�JRRGV�DUH�SURGXFHG�DQG�EHORQJV�WR�WKH�IDUPHU� IHDVLEOH��LI�WKH�FRQVHQW�RI�RWKHU�LV�
LQYROYHG� &\EHUVHFXULW\� DQG� SULYDF\� FRQFHUQV� DUH� UHSRUWHG� LQ� >�@�>�@� D� V\VWHP� WKDW� SURFHVVHV� SULYDF\�
FRQFHUQV� GDWD�DW�WKH�HGJH�H[SRVHV�OHVV�GDWD�WKDQ�RQH�WKDW�VHQGV�HYHU\WKLQJ WR�WKH�FORXG�

3UDFWLFDO�OLPLWV�LQFOXGH�WKH�FRVW�RI�WKH�VHQVRUV��DQG�WKHLU�FDOLEUDWLRQ�>�@� $FFHVV�WR�YDULDEOH�VXQOLJKW�DQG�
EDWWHU\��DQG�IDUPHUV
�GLJLWDO�OLWHUDF\ DQG�ODQJXDJH��6RLO�VHQVRUV�GULIW�DQG�QHHG�WR�EH�UHFDOLEUDWHG��DQG LI�WKH�
VHQVRU�LV�GDPDJHG�LW�ZLOO�LQSXW�LQFRUUHFW YDOXHV�LQWR�WKH�PRGHOV��VR 6KRXOG�EH�UDQJH�FKHFNHG�LQ�UHDGLQJV�
DQG�YDOXHV�WKDW�DUH�RXW�RI�UDQJH�VKRXOG�EH�UHMHFWHG� IODJJHG��6LQJOH�FURS�EDVHG�PRGHOV�PD\�QRW�JHQHUDOLVH�
>�@ VR�UHFRPPHQGDWLRQV�VKRXOG�EH�PDGH�DV�D�VXJJHVWLRQ��DQG�WKH )DUPHU��DW�GHFLVLRQ�SRLQW��

$QRWKHU�NH\�DVSHFW�RI�DIIRUGDELOLW\�LV�PDLQWHQDQFH� 7KH�PRGXODU�GHVLJQ�DOORZV�WKH�IDUPHU�WR�LQWURGXFH�VRLO�
VHQVLQJ�DQG�LUULJDWLRQ�FRQWURO�ILUVW�DQG�WKHQ�ODWHU�LQWURGXFH�YLVLRQ�DQG�WKH�YRLFH�DVVLVWDQW��PDNLQJ�WKLV�VSUHDG�
RXW�RYHU�WLPH� /RFDO� UHSDLU�DQG�VSDUHV�VKRXOG�EH�FRQVLGHUHG�DW�DQ�HDUO\�VWDJH�LQ� WKH�V\VWHP
V�GHVLJQ��DV�
V\VWHPV�WKDW�DUH�QRW�UHSDLUDEOH�LQ�WKH�ILHOG�DUH�OLNHO\�WR�EH�DEDQGRQHG�>�@�

,;� (9$/8$7,21�3/$1

%HFDXVH�WKH�V\VWHP�KDV�QRW�EHHQ�LPSOHPHQWHG��7DEOH�9,�VHWV�RXW� WKH�TXHVWLRQV�DQG�PHDVXUHV�D�IXWXUH�
VWXG\�ZRXOG�QHHG��(DFK�PHDVXUH� VKRXOG�EH�FRPSDUHG�ZLWK�D�EDVHOLQH� VXFK�DV� WLPHU�EDVHG� LUULJDWLRQ�RU�
H[SHUW�DGYLFH��DQG�UHVXOWV�VKRXOG�EH�UHSRUWHG�SHU�FURS�DQG�SHU�VLWH�UDWKHU�WKDQ�RQO\�DV�DQ�DYHUDJH�
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7$%/(�9,
352326('�(9$/8$7,21�3/$1
4XHVWLRQ 0HDVXUH
'RHV�LW�VDYH�ZDWHU" :DWHU�XVH�YV��WLPHU�EDVHG�LUULJDWLRQ
$UH�UHFRPPHQGDWLRQV�VRXQG" $JUHHPHQW�ZLWK�DJURQRPLVW�DGYLFH
,V�GHWHFWLRQ�DFFXUDWH�DQG�IDVW" 3UHFLVLRQ��UHFDOO��UHVSRQVH�WLPH�>�@
'RHV�LW�UXQ�RIIOLQH" )XQFWLRQ�GXULQJ�FRQQHFWLYLW\�ORVV
,V�LW�HQHUJ\�DXWRQRPRXV" 6RODU�EDWWHU\�XSWLPH�RYHU�GD\V
'RHV�LW�JHQHUDOLVH" 5HVXOWV�DFURVV�FURSV�DQG�VLWHV
,V�LW�DIIRUGDEOH�DQG�XVDEOH" &RVW��IDUPHU�XVDELOLW\�IHHGEDFN

7KH�VWXG\�VKRXOG�LQFOXGH�VHYHUDO�FURSV�DQG�PRUH�WKDQ�RQH�VHDVRQ��VLQFH�D�UHVXOW�REWDLQHG�RQ�RQH�FURS�LQ�
RQH�VHDVRQ�VD\V�OLWWOH�DERXW�RWKHUV��*����)DUPHU�IHHGEDFN�RQ�WKH�DSSOLFDWLRQ�DQG�YRLFH�DVVLVWDQW�VKRXOG�EH�
FROOHFWHG�LQ�WKH�ORFDO�ODQJXDJH��EHFDXVH�XVDELOLW\�LV�SDUW�RI�ZKHWKHU�WKH�V\VWHP�LV�DGRSWHG��*���

;� /,0,7$7,216�$1'�7+5($76�72�9$/,',7<

7KLV�SDSHU�KDV�WKUHH�PDLQ�OLPLWDWLRQV��)LUVW��LW�LV�D�OLWHUDWXUH�EDVHG�GHVLJQ��QR�SURWRW\SH�KDV�EHHQ�EXLOW��VR�
WKH�EHQHILWV�GHVFULEHG�DUH�H[SHFWHG�UDWKHU�WKDQ�PHDVXUHG��6HFRQG��WKH�UHYLHZ�FRYHUV�HLJKW�VWXGLHV��ZKLFK�LV�
HQRXJK� WR� LGHQWLI\� JDSV� EXW� QRW� WR� FODLP� WKDW� QR� RWKHU� ZRUN� FRPELQHV� WKHVH� WHFKQRORJLHV�� 7KLUG�� WKH�
FDSDELOLW\�FRPSDULVRQ�LQ�)LJ����LV�TXDOLWDWLYH�DQG�UHOLHV�RQ�KRZ�HDFK�VWXG\�LV�VXPPDULVHG�LQ�7DEOH�,��VR�
GLIIHUHQW�UHDGHUV�FRXOG�PDUN�D�IHZ�FHOOV�GLIIHUHQWO\�

$�IXUWKHU�WKUHDW�LV�WKDW�WKH�UHYLHZHG�V\VWHPV�ZHUH�EXLOW�IRU�GLIIHUHQW�FURSV��UHJLRQV�DQG�KDUGZDUH��VR�WKHLU�
UHVXOWV�DUH�QRW�GLUHFWO\�FRPSDUDEOH��7KH�IUDPHZRUN�WKHUHIRUH�WUHDWV�UHSRUWHG�ILJXUHV��VXFK�DV�WKH�UHVSRQVH�
WLPH�LQ�>�@��DV�LQGLFDWLRQV�RI�IHDVLELOLW\�UDWKHU�WKDQ�DV�WDUJHWV�

;,� &21&/86,21�$1'�)8785(�:25.

7KLV�SDSHU�VXUYH\HG�HLJKW�VWXGLHV�RQ�$,��,R7��(GJH�$,�DQG�VPDUW�LUULJDWLRQ��6PDUW�DJULFXOWXUH�KDV�HYROYHG�
IURP� VHQVLQJ� DQG� DXWRPDWHG� LUULJDWLRQ� WR�$,�EDVHG� DQDO\VLV� DQG�� PRUH� UHFHQWO\�� (GJH�$,�� \HW� H[LVWLQJ�
V\VWHPV�UHPDLQ�FRVWO\��FRQQHFWLYLW\�GHSHQGHQW�DQG�RQO\�SDUWO\�LQWHJUDWHG��7KH�PDMRU�JDSV�DUH�KLJK�FRVW��
LQWHUQHW�GHSHQGHQF\��OLPLWHG�LQWHJUDWLRQ�RI�$,�DQG�,R7��DQG�WKH�ODFN�RI�DIIRUGDEOH�VROXWLRQV�IRU�VPDOO�DQG�
PHGLXP�VFDOH�IDUPHUV��7KH�SURSRVHG�(63���EDVHG�IUDPHZRUN�ZLWK�(GJH�$,��FRPSXWHU�YLVLRQ�DQG�VPDUW�
VRODU�LUULJDWLRQ�UHVSRQGV�WR�WKHVH�JDSV�DQG�LV�RIIHUHG�DV�D�OLWHUDWXUH�JURXQGHG�GHVLJQ��QRW�D�YDOLGDWHG�V\VWHP�

)XWXUH�ZRUN�VKRXOG�IROORZ�WKH�URDGPDS�LQ�)LJ�����EXLOG�D�SURWRW\SH�IRU�RQH�RU�WZR�FURSV��HYDOXDWH�LW�ZLWK�
WKH� PHDVXUHV� LQ� 7DEOH� 9,�� DQG� WKHQ� WHVW� LW� DFURVV� FURSV� DQG� UHDO� IDUP� HQYLURQPHQWV� ZLWK� IDUPHUV¶�
SDUWLFLSDWLRQ�

5()(5(1&(6

>�@ +��&KXQJ��-��+��.LP��-��$KQ��<��&KXQJ��(��.LP��DQG�:��+HR��³5HVRXUFH�&RQVWUDLQHG�(GJH�$,�6ROXWLRQ�
IRU�5HDO�7LPH�3HVW�DQG�'LVHDVH�'HWHFWLRQ�LQ�&KLOL�3HSSHU�)LHOGV�´�$JULFXOWXUH��YRO������QR�����S�������
�����

>�@ $��'DV�HW�DO���³$,�'ULYHQ�6PDUW�$JULFXOWXUH��$Q�,QWHJUDWHG�$SSURDFK�IRU�6RLO�$QDO\VLV��,UULJDWLRQ�DQG�
&URS±)HUWLOL]HU�5HFRPPHQGDWLRQV�´�,(((�$FFHVV�������



Ь«ĺīŪıôϙ͑ϠϙIŜŜŪôϙ͔ϙϼ�ôŕťôıæôŘϱièťĺæôŘϙ͑͏͕͑Ͻ ϼ�ŕôèĖÍīϙIŜŜŪôϙ͐ϽϙϙϙϙϙϙϙϙϙϙϙI��bϡϙ͒͐͒͘ϱ͓͕͐͗ϙϼiĲīĖĲôϽ

�V""ϱ͑͏͕͑ϱ͏͏͐͐͏ иϙ�i"FI«��X�F�ϙVi��b�[ϙi>ϙ"I«(��(ϙ"I��I�[Ib( иϙſſſϟæĤîîĤĺŪŘĲÍīϟĺŘČ иϙϙ͒͒͒

>�@ $��.KDOLT� HW� DO��� ³$GYDQFLQJ�*OREDO�6PDUW�$JULFXOWXUH�ZLWK�$,� DQG� ,R7��$�6\VWHPDWLF�5HYLHZ�RI�
7HFKQRORJLHV��$SSOLFDWLRQV��DQG�&KDOOHQJHV�´�'LVFRYHU�&RPSXWLQJ��YRO�����������

>�@ .�� 2EDLGHHQ� HW� DO��� ³(7�%DVHG� 6PDUW� ,UULJDWLRQ� 6\VWHP� 8VLQJ� /R5D� DQG� (GJH� &RPSXWLQJ� IRU�
)DUPODQG�´�$JURQRP\��YRO������QR������������

>�@ $��&LVVH��2��'LDOOR��(��+��0��1GR\H��DQG�2��6HQH��³5HYLHZ�RI�6PDUW�$JULFXOWXUH�IRU�5HVRXUFH�/LPLWHG�
$UHDV� +LJKOLJKWLQJ� /LPLWV�� 2SSRUWXQLWLHV� DQG� .H\� &KDOOHQJHV� IRU� 6XVWDLQDEOH� ,R7� DQG�$,�%DVHG�
6ROXWLRQV�´�'LVFRYHU�&RPSXWLQJ��YRO�����������

>�@ 6��*XSWD�HW�DO�� ³,R7�%DVHG�$XWRPDWHG�,UULJDWLRQ�ZLWK�3UHGLFWLYH�$OJRULWKPV�´������
>�@ '��0XKDPPHG� HW� DO��� ³$UWLILFLDO� ,QWHOOLJHQFH� RI�7KLQJV� �$,R7�� LQ� 6PDUW�$JULFXOWXUH��$�5HYLHZ�´�

&RPSXW��(OHFWURQ��$JULF���YRO������������
>�@ <��*DPDO�HW�DO���³$�6XUYH\�RI�6PDUW�,UULJDWLRQ�6\VWHPV�8VLQJ�,R7�DQG�(QHUJ\�+DUYHVWLQJ�7HFKQLTXHV�´�

6HQVRUV��YRO������QR�����������
>�@ .��2EDLGHHQ�HW�DO���³6PDUW�,UULJDWLRQ�6\VWHPV�LQ�WKH�,R7�(UD��$�5HYLHZ�´�-��&OHDQ��3URG���YRO�������

�����


