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$EVWUDFW

/DWH�GLDJQRVLV�RU�LGHQWLILFDWLRQ�LV�WKH�FDXVH�IRU�WKH�VHYHUH�FRPSOLFDWLRQV�LQ�KHDUW�YDOYH�GLVHDVH��7KRXJK�
HFKRFDUGLRJUDSK\�UHYHDOV�YDOYH�VWUXFWXUH�DQG�IXQFWLRQ�TXLWH�ZHOO��YDOYH�DQDWRP\�LQWHUSUHWDWLRQ�DORQJ�ZLWK�
'RSSOHU�IORZ�DQG�FOLQLFDO�PHDVXUHPHQWV�ZRXOG�QHHG�H[SHUW�RSLQLRQ��,Q�WKLV�SDSHU��ZH�UHYLHZ�$,��0/��'/�
WHFKQRORJLHV�XVHG�IRU�YDOYH�GLVHDVH�GLDJQRVLV�IURP�HFKR�DQG�FDUGLDF�VFDQV��'LVFXVVLRQV�KDYH�JRQH�RQ�IURP�
YLHZ�UHFRJQLWLRQ DQG�YDOYH�VHJPHQWDWLRQ��WKURXJK�WKH�HVWLPDWLRQ�RI�VHYHULW\��DQDO\VLV�RI�'RSSOHU�YLGHR��
DQG�WKH�PHUJLQJ�RI�LPDJHV�ZLWK�FOLQLFLDQV
�UHSRUWV��0DLQ�LVVXHV�WKDW�UHFXU�DFURVV�WKH�VWXGLHV�DUH�OLPLWHG�
GDWDVHW�GLYHUVLW\��SHUIRUPDQFH� LQFRQVLVWHQF\�EHWZHHQ�KRVSLWDOV DQG�GHYLFHV�� FODVV� LPEDODQFH��SUHGLFWLRQ�
H[SODQDWLRQV�GLIILFXOW�WR�JUDVS��QDUURZ�GLVHDVH�VSHFWUXP�FRYHUHG��DQG�LQVXIILFLHQW�UHDO�ZRUOG�WHVWLQJ��:H�
SURSRVH�D�PXOWL�VWDJH�FRQFHSWXDO�PRGHO�WR�GLIIHUHQWLDWH�EHWZHHQ�QRUPDO�YDOYH��VWHQRVLV��DQG�UHJXUJLWDWLRQ�
DV ZHOO�DV�SURYLGH�FRQILGHQFH�OHYHO�LQ�DGGLWLRQ�WR�DQ�H[SODQDWLRQ�WKDW�FOLQLFLDQV�PD\�FRQVLGHU�

.H\ZRUGV� �� KHDUW� YDOYH� GLVHDVH�� HFKRFDUGLRJUDSK\�� 'RSSOHU� DQDO\VLV�� GHHS� OHDUQLQJ�� H[SODLQDEOH�$,��
PHGLFDO�LPDJLQJ��OLWHUDWXUH�VXUYH\�

,� ,1752'8&7,21

7KH�IXQFWLRQ�RI�KHDUW�YDOYHV�LV�WR�PDLQWDLQ�WKH�QRUPDO�GLUHFWLRQ�RI�EORRG�IORZ�DQG�D�GLVHDVH�RI�YDOYHV�LV�
OLNHO\�WR�FKDQJH�WKH�IORZ�DQG�FDXVH�VHYHUH�FRPSOLFDWLRQV��$�FRPPRQO\�PDGH�PHWKRG�WR�GLDJQRVH�FKDQJHV�
LQ�KHDUWV
�VWUXFWXUHV�DQG�IXQFWLRQV�LV�E\�KHDUW�LPDJLQJ�VXFK�DV�VRQRJUDPV��7KHVH�LPDJHV�FDQ�DVVLVW�FOLQLFLDQV�
LQ�GLDJQRVLQJ��IRU�H[DPSOH��VWHQRVLV��YDOYH�QDUURZLQJ��RU�UHJXUJLWDWLRQ��EDFNZDUG�IORZ�RI�EORRG�WKURXJK�D�
YDOYH���7KLV�GLDJQRVLV�LQYROYHV�H[DPLQLQJ�QRW�RQO\�WKH�YDOYH�VWUXFWXUH�EXW�DOVR�PHDVXULQJ�'RSSOHU�IORZ�
DQG�D�UDQJH�RI�RWKHU�FOLQLFDO�GDWD��7KLV�DFWLYLW\�LV�VR�VNLOO�EDVHG�WKDW�LW�UHTXLUHV�H[SHULHQFH�DQG�LV�SURQH�WR�
REVHUYHU�YDULDWLRQV��+HQFH��$,�DQG�'/�PHWKRGV�KDYH�IRXQG�JUHDW�DWWHQWLRQ�WR�QRW�RQO\�PDNH�WKH�UHDGLQJ�RI�
WKHVH�HFKR�VFDQV HDVLHU�IRU�GRFWRUV�EXW�DOVR�HQDEOH�FRQVLVWHQW�LQWHUSUHWDWLRQ�DQG�PRUH�VHQVLWLYH�VFUHHQLQJ�
>�@±>�@�

7KH�XVH�RI�DUWLILFLDO�LQWHOOLJHQFH��$,���PDFKLQH�OHDUQLQJ��0/���DQG�GHHS�OHDUQLQJ��'/��KDV�EHHQ�DGYDQFLQJ�
DQG�DOORZLQJ�IRU�WKH�FUHDWLRQ�RI�VPDUW�V\VWHPV�WKDW�FDQ�EH�XVHG�DV�D�ZD\�WR�LGHQWLI\�KHDUW�YDOYH�GLVHDVHV�



Ь«ĺīŪıôϙ͑ϠϙIŜŜŪôϙ͔ϙϼ�ôŕťôıæôŘϱièťĺæôŘϙ͑͏͕͑Ͻ ϼ�ŕôèĖÍīϙIŜŜŪôϙ͐ϽϙϙϙϙϙϙϙϙϙϙϙI��bϡϙ͒͐͒͘ϱ͓͕͐͗ϙϼiĲīĖĲôϽ

�V""ϱ͑͏͕͑ϱ͏͏͓͖͐и�i"FI«��X�F�ϙVi��b�[ϙi>ϙ"I«(��(ϙ"I��I�[Ib(ϙиϙſſſϟæĤîîĤĺŪŘĲÍīϟĺŘČ иϙϙ͔͓͐

DXWRPDWLFDOO\��WKXV�VXSSRUWLQJ�UDSLG�DQG�DFFXUDWH�FOLQLFDO�VFUHHQLQJ�>�@�>�@��,Q�WKLV�DUWLFOH��WKH�VWDWH�RI�$,�LQ�
WKH�ILHOG�LV�ORRNHG�DW��WKH�HIILFLHQF\�RI�HDFK�PHWKRG�LV�GLVFXVVHG��DQG�D�QXPEHU�RI�WKH�PRVW�FKDOOHQJLQJ�
UHVHDUFK�SUREOHPV�DUH�SRLQWHG�RXW��ZKLFK�DUH�GLYHUVLW\�RI�GDWDVHW�WR�EH�KDQGOHG��WKH�FDSDELOLW\�WR�JHQHUDOL]H�
WKH�WUDLQHG�V\VWHP��WKH�LQWHUSUHWDELOLW\�RI�UHVXOWV��DQG�SURYLQJ�WKH�UHOLDELOLW\�LQ�UHDO�ZRUOG�FRQGLWLRQV�

,,� 352%/(0�67$7(0(17�$1'�2%-(&7,9(6

+HDUW�YDOYH�GLVHDVHV�LPSDLU�FDUGLDF�DQG�FLUFXODWRU\�IXQFWLRQV��DQG�LQ�VXFK�D�VWDWH�� LI�GLDJQRVLV�LV� ODWH�RU�
PLVVHG�� OLIH� FDQ� HYHQ� EH� WKUHDWHQHG� GXH� WR� WKH� FRPSOLFDWLRQV� RI� WKH� SUREOHPV��$� FRPPRQ�PHWKRG� RI�
DVVHVVLQJ�WKLV�FRQGLWLRQ�LV�HFKRFDUGLRJUDSK\�ZKLFK�DOVR�VKRZV�D�JUHDW�QXPEHU�RI�RWKHU�WKLQJV�DQG�KHOSV�WKH�
SK\VLFLDQV�WR�VHH�YDOYH�QDUURZLQJ�FDOOHG�VWHQRVLV�DQG�WKH�VLWXDWLRQ�LQ�ZKLFK�EORRG�OHDNV�EDFNZDUG�WKURXJK�
D�YDOYH�

7KH�REMHFWLYHV�RI�WKLV�ZRUN�DUH�

�� 2QH�SDUW�LV�WKH�VWXG\�RI�$,��0/��'/�PHWKRGV�WKDW�FDQ�DXWRPDWLFDOO\�GHWHFW�KHDUW�YDOYH�GLVHDVHV�

�� 2QH�SDUW�LQFOXGHV�UHYLHZ�RI�HFKRFDUGLRJUDSKLF�DQG�FDUGLDF�LPDJHV�IRU�GHWHFWLQJ�FRPPRQ�W\SHV�RI�KHDUW�
YDOYH�GLVHDVHV�

�� 2QH�SDUW�UHODWHV�WR�LGHQWLI\LQJ�UHVHDUFK�LVVXHV�LQ�WKH�DUHDV�RI�GDWDVHW�GLYHUVLW\��PRGHO�JHQHUDOL]DWLRQ��
LQWHUSUHWDELOLW\��DQG�GHWHFWLRQ�RI�PXOWLSOH�GLVHDVHV�DW�WKH�VDPH�WLPH�

�� 7R�ORRN�LQWR�WKH�FULWLFDO�DVSHFWV�RI�H[SODLQDEOH�$,��H[WHUQDO�YDOLGDWLRQ��DQG�VDIH�FOLQLFDO�XVH�LQ�WKH�FDVH�
RI�DXWRPDWHG�KHDUW�YDOYH�GLVHDVH�GHWHFWLRQ�

,,,� 5(/(9$1&(�72�&855(17�7(&+12/2*<�75(1'6

$,� LV�EHLQJ�DSSOLHG� WKURXJK�PHGLFDO� LPDJLQJ�DV�D�PHDQV� IRU�GLVHDVH� VFUHHQLQJ�DQG�DVVLVWLQJ� LQ�FOLQLFDO�
GHFLVLRQ�PDNLQJ��(FKRFDUGLRJUDPV��IRU�H[DPSOH��LI�DXWRPDWHG�DQDO\VLV�LV�DYDLODEOH��PD\�DVVLVW�GRFWRUV�WR�
UHYLHZ�LPDJHV�PRUH�FRQVLVWHQWO\�DQG�DOVR�UHGXFH�WKH�EXUGHQ�RI�PDQXDO�ZRUN�LQYROYHG�WKDW�LV�QRUPDOO\�WKH�
PDMRU�WDVN�RI�LQWHUSUHWDWLRQ��:KHQ�FOLQLFLDQV�FDQ�HDVLO\�WUDFH�WKH�UDWLRQDOH�EHKLQG�D�SUHGLFWLRQ��LW�EHFRPHV�
D�EHWWHU�RQH��6R�H[SODLQDELOLW\�RI� WKH�PRGHO� VKRXOG�EH�ZHLJKHG�VLGH�E\�VLGH�ZLWK� LWV�DFFXUDF\��%HVLGHV��
WHVWLQJ�RQ�YDULHG�GDWDVHWV��PHDVXULQJ�SHUIRUPDQFH�LQ�GLIIHUHQW�KRVSLWDOV��DQG�WKH�XVH�RI�SUXGHQW�SUDFWLFHV�
ZLOO�DOVR�EH�D�SUHUHTXLVLWH�LQ�RUGHU�IRU�WKHVH�V\VWHPV�WR�EHFRPH�HVWDEOLVKHG�LQ�WKH�GDLO\�ZRUNIORZ�RI�WKH�
FOLQLFV

7KH�IDFW�WKDW�H[SODLQDEOH�$,�LV�WUHQGLQJ�YHU\�ZHOO�LQ�KHDOWKFDUH�LV�EHFDXVH�LW�HQDEOHV�FOLQLFLDQV�WR�XQGHUVWDQG�
DQG� TXHVWLRQ�PRGHO� SUHGLFWLRQV�� )RU� VDIH� DQG� HIIHFWLYH� XVH� RI� LQWHOOLJHQW� V\VWHPV� LQ� HYHU\GD\� FOLQLFDO�
SUDFWLFH��LW�LV�YHU\�QHFHVVDU\�WR�HQVXUH� WKH�PRGHO
V�5REXVWQHVV��XVH�RI�GLYHUVH�GDWDVHWV��WKH�SHUIRUPDQFH�
RXWVLGH�WKH�GHYHORSPHQW�KRVSLWDO�ZDV�YDOLGDWHG��DQG�D�UHVSRQVLEOH�$,�SROLF\�ZDV�IROORZHG�

,9� /,7(5$785(�6859(<

$��2YHUYLHZ�RI�$SSURDFKHV

&XUUHQW�WHFKQLTXHV�LQYROYH�ERWK�WUDGLWLRQDO�0/�PRGHOV WKDW�LQFRUSRUDWH�FOLQLFDO�PHDVXUHPHQWV�RU�LPDJH�
IHDWXUHV�H[WUDFWHG�YLD�YDULRXV�PHWKRGV�DQG�'/�PRGHOV�WKDW�GLUHFWO\�OHDUQ�IURP�HFKRFDUGLRJUDSKLF�IUDPHV�
DQG�'RSSOHU�YLGHRV��&11V�DUH�WKH�FRPPRQ�PRGHO�W\SHV�EHLQJ�VWXGLHG�LQ�LPDJH�DQDO\VLV�ZKLOH�YLGHR�EDVHG�
PRGHOV�KDYH�DWWUDFWHG�LQWHUHVW�IRU�WKH�GLDJQRVLV�RI�PXOWLSOH�LPDJHV�DQG�VHTXHQFHV�RI�LPDJHV��$XWRPDWLF�
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LGHQWLILFDWLRQ� RI� FDUGLDF� YLHZV�� VHJPHQWDWLRQ� DQG� GHWHFWLRQ� RI� YDOYHV�� VHYHULW\� HVWLPDWLRQ�� DQG� WKH�
LQWHJUDWLRQ� RI� PHGLFDO� LPDJHV� DQG� FOLQLFDO� GDWD� KDYH� DOVR� EHFRPH� FRPPRQ� WRSLFV� RI� UHVHDUFKHUV��
1HYHUWKHOHVV��WKHUH�DUH�VWLOO�OLPLWDWLRQV�LQ�WKHLU�SUDFWLFDO�DSSOLFDWLRQ�VXFK�DV�WKH�ODFN�RI�VXIILFLHQW�H[DPSOHV�
ZLWK�FOHDU�ODEHOV��GLIIHUHQFHV�LQ�VFDQQHUV�DQG�SURWRFROV�EHWZHHQ�LQVWLWXWLRQV��GLVHDVH�HQWLWLHV�WKDW�DUH�QRW�
ZHOO�UHSUHVHQWHG��DQG�PRGHO�GHFLVLRQV�WKDW�DUH�RIWHQ�KDUG�WR�ILJXUH�RXW�

+RZHYHU�� WKH� UHVXOWV� RI� D� V\VWHP� FDQ� EH� QHJDWLYHO\� LPSDFWHG� E\� WKH� VFDUFLW\� RI� JURXQG� WUXWK� GDWD�� WKH�
GLVVLPLODULW\�EHWZHHQ�GHYLFHV�XVHG�E\�WKH�GLIIHUHQW�KRVSLWDOV��WKH�ODFN�RI�WKH�PLQRULW\�JURXS�UHSUHVHQWDWLRQ��
WKH�DEVHQFH�RI�FOHDU�H[SODQDWLRQ�RI�D�PRGHO
V�GHFLVLRQ��DQG�WKH�ODFN�RI�UHDO�ZRUOG�WHVWLQJ�

%��5HYLHZ�RI�([LVWLQJ�:RUN

=KDQJ� HW� DO�� >�@� GHVLJQHG� D� WKUHH�OD\HUHG� GHHS�OHDUQLQJ� IUDPHZRUN� IRU� WKH�'RSSOHU� HFKRFDUGLRJUDSKLF�
YLGHRV�LQ�ZKLFK�D�VHTXHQFH�RI�WKUHH�WKLQJV�DUH�GRQH��FODVVLI\LQJ�YLHZV��GHWHFWLQJ�GLVHDVHV��DQG�PHDVXULQJ�
VHYHULW\�UHODWHG�LQGLFHV��7KH�DXWKRUV�WHVWHG�WKHLU�V\VWHP�LQ�D�UHDO�ZRUOG�FOLQLFDO�HQYLURQPHQW�E\�FROOHFWLQJ�
WKH�SDWLHQWV�ZKR�ZHUH�VXVSHFWHG�WR�KDYH�PLWUDO�VWHQRVLV�UHJXUJLWDWLRQ�DQG�DRUWLF�VWHQRVLV�UHJXUJLWDWLRQ�IRU�D�
ZKLOH��ZKLFK�PDNHV�D�YDOLG�H[WHUQDO�YDOLGDWLRQ��1HYHUWKHOHVV��WKH�DFFXUDF\�RI�WKH�DOJRULWKP�LV�FRQWLQJHQW�
RQ�WKH�TXDOLW\�RI�WKH�LPDJH�DQG�WKH�H[WHQW�RI�WKH�GDWDEDVH��ZKLFK�PHDQV�WKDW�LI�D�KRVSLWDO�GHFLGHV�WR�XVH�WKLV�
V\VWHP�WKH\�ZLOO�GHILQLWHO\�QHHG�WR�FDUU\�RXW�H[WHUQDO�YDOLGDWLRQ�

6DQMHHYL�HW�DO�>�@�H[DPLQHG�PDFKLQH�OHDUQLQJ�DSSURDFKHV�IRU�DQDO\VLV�RI�WUDQVWKRUDFLF�HFKRFDUGLRJUDPV��
FDWHJRUL]LQJ�WKHVH�WHFKQLTXHV�DV�YLHZ�FODVVLILFDWLRQ��LPDJH�TXDOLW\�DVVHVVPHQW��VHJPHQWDWLRQ��DQG�GLVHDVH�
GHWHFWLRQ�� HWF��� DQG� DOVR� HPSKDVL]HG� WKH� LPSRUWDQFH� RI� JHQHUDOL]LQJ� DQG� GHDOLQJ�ZLWK� UDUH�GLVHDVH� GDWD�
VFDUFLW\��4D\\XP�>�@��6HHWKDUDP�HW�DO��>�@�UHYLHZHG�$,�DSSOLFDWLRQV�LQ�HFKRFDUGLRJUDSK\�SLSHOLQHV��WKH\�
LGHQWLILHG�XVH�RI�$,�IRU�YLHZ�FODVVLILFDWLRQ�EHVLGHV�YDOYH�VHJPHQWDWLRQ��VHJPHQWDWLRQ�PHDVXUHPHQW��DQG�
GHFLVLRQ�VXSSRUW��9DOLGDWLRQ��H[SODLQDELOLW\��DQG�LQFRUSRUDWLRQ�LQ�ZRUNIORZ�DUH�WKH�PDLQ�SRLQWV�WKH\�ZHUH�
UDLVLQJ�DW�

%DPIRUG�HW�DO��>�@�PHQWLRQHG�RSSRUWXQLWLHV�IRU�$,�DLGHG�VFUHHQLQJ��ULVN�DQDO\VLV�DQG�PDQDJHPHQW�RI�KHDUW�
YDOYH�GLVHDVH�LQ�JHQHUDO��KLJKOLJKWLQJ�WKDW�SURVSHFWLYH�WULDOV�DUH�VWLOO�WKH�NH\��.H�HW�DO��>�@�GLVFXVVHG�WRSLFV�
OLNH�YDOYH�VHJPHQWDWLRQ��OHVLRQ�LGHQWLILFDWLRQ��DXWRPDWHG�VHYHULW\�JUDGLQJ��PXOWLPRGDO�ULVN�DVVHVVPHQW�DQG�
DOVR�SRLQWHG�RXW�GDWD�KDUPRQL]DWLRQ��H[SODLQDELOLW\��DQG�WUDQVODWLRQ�DV�WKH�ELJJHVW�KXUGOHV��$UVODQ�HW�DO��>�@�
VKRZHG�WKDW�GHHS�OHDUQLQJ�IRU�DRUWLF�VWHQRVLV�DQG�PLWUDO�UHJXUJLWDWLRQ�SRROHG�GLDJQRVWLF�SHUIRUPDQFH�RI�WKH�
V\VWHPDWLF� UHYLHZ� DQG� PHWD�DQDO\VLV� LV� TXLWH� SURPLVLQJ�� EXW� EHLQJ� D� FRQIHUHQFH� DEVWUDFW�� WKH� GLVHDVH�
VSHFLILF�UHVXOWV�PXVW�EH�FDXWLRXVO\�LQWHUSUHWHG�

7$%/( ,� /,7(5$785(�6859(<�0$75,;

5HI� 0HWKRGRORJ\ .H\�)LQGLQJV���/LPLWDWLRQV

>�@����� 'HHS�OHDUQLQJ�SLSHOLQH�ZLWK�D�YLHZ�WR�
DQDO\]H�WKH�'RSSOHU�HFKR��WKH�YLHZ�RI�WKH�
YLGHR�LPDJH�FODVVLILFDWLRQ��GLDJQRVLV�RI�WKH�
GLVHDVH��DQG�VHYHULW\�UHODWHG�PHDVXUHPHQWV�
DUH�FRYHUHG�LQ�WKUHH�FRQVHFXWLYH�VWDJHV�DW�
RQFH�

,W�FKHFNV�PLWUDO�DQG�DRUWLF�
VWHQRVLV�UHJXUJLWDWLRQ�ZLWK�D�UHDO�ZRUOG�WHVW�
VHW��,W�UHOLHV�RQ�WKH�TXDOLW\�RI�WKH�YLGHR�DQG�
GDWDVHW�FRYHUDJH�RI�WKH�GDWDEDVH�DQG�LW�QHHGV�
D�WKLUG�SDUW\�YDOLGDWLRQ�IURP�D�GLIIHUHQW�
KRVSLWDO�
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5HI� 0HWKRGRORJ\ .H\�)LQGLQJV���/LPLWDWLRQV

>�@����� $Q�H[KDXVWLYH�UHYLHZ�RI�WKH�XVH�RI�GHHS�
OHDUQLQJ�LQ�DQDO\VLV�RI�WUDQVWKRUDFLF�
HFKRFDUGLRJUDPV�

'HVFULEHV�YLHZ�FODVVLILFDWLRQ��VHJPHQWDWLRQ��
TXDOLW\��IXQFWLRQ�TXDQWLILFDWLRQ��GHWHFWLRQ��
,VVXHV�RI�JHQHUDOL]DWLRQ�DQG�WKH�DYDLODELOLW\�RI�
UDUH�GLVHDVH�GDWD�KDYH�EHHQ�SRLQWHG�RXW�

>�@����� 6XUYH\�RI�HFKRFDUGLRJUDSK\�ZRUNIORZV�
ZKHUH�$,�LV�DSSOLHG

7DONV�DERXW�FODVVLILFDWLRQ�RI�YLHZV��
VHJPHQWDWLRQ��PHDVXUHPHQWV��GHFLVLRQ�
VXSSRUW��7KH�DUHD�GLVFXVVHG�LV�TXLWH�ODUJH��WKH�
VXFFHVV�RI�PHWKRGV�GHSHQGV�RQ�WKH�WDVN�DQG�
VHWWLQJ�

>�@����� 6XUYH\�RI�SUHVHQW�DV�ZHOO�DV�IXWXUH�
GHYHORSPHQWV�RI�$,�LQ�HFKRFDUGLRJUDSK\

([DPLQHV�DXWRPDWHG�DQG�$,�DVVLVWHG�
ZRUNIORZV�DQG�KLJKOLJKWV�YDOLGDWLRQ��
H[SODLQDELOLW\��DQG�UHVSRQVLEOH�XVDJH�RI�WKHP�

>�@����� &XWWLQJ�HGJH�RYHUYLHZ�RI�$,�IRU�GLDJQRVLV�
DQG�WUHDWPHQW�RI�KHDUW�YDOYH�GLVHDVH

$,�IRU�GHWHFWLRQ��ULVN�DVVHVVPHQW��
PDQDJHPHQW��(YLGHQFH�IURP�UHYLHZV��
SURVSHFWLYH�YDOLGDWLRQ�QHHGHG�

>�@����� $,
V�UROH�LQ�WKH�HFKR�ZRUNIORZ�RI�YDOYXODU�
KHDUW�GLVHDVHV��$�FRPSUHKHQVLYH�RYHUYLHZ

,QYROYHV�VHJPHQWDWLRQ��UHFRJQLWLRQ�RI�OHVLRQ��
VHYHULW\�TXDQWLILFDWLRQ��DQG�ULVN�VWUDWLILFDWLRQ�
RI�PXOWLPRGDO�LQIRUPDWLRQ��'DWD�
KRPRJHQL]DWLRQ�DQG�LQWHUSUHWDELOLW\�DUH�PDMRU�
FKDOOHQJHV�\HW�WR�EH�VROYHG�

>�@����� 7KH�SDSHU�VXPPDUL]HV�ILQGLQJV�RI�GLIIHUHQW�
VWXGLHV�RQ�GHHS�OHDUQLQJ�IRU�
HFKRFDUGLRJUDSKLF�YDOYH�GLDJQRVLV

$�FRPELQDWLRQ�RI�WKH�GLIIHUHQW�GHHS�OHDUQLQJ�
DOJRULWKPV�LV�VKRZQ�WR�EH�WKH�EHVW�SHUIRUPLQJ�
RSWLRQ��$�VPDOO�VDPSOH�VL]H�DQG�KLJK�
YDULDELOLW\�LV�DOVR�LQGLFDWHG�ZKLFK�LV�PDLQO\�
GXH�WR�WKH�YDU\LQJ�GLVHDVH�W\SHV�

9� 5(6($5&+�*$3

7DNHQ�WRJHWKHU��WKH�UHYLHZHG�VWXGLHV�VKRZ�WKDW�LW�LV�SRVVLEOH�WR�DXWRPDWH�WKH�VFUHHQLQJ�RI�PRUH�WKDQ�RQH�
YDOYH�GLVRUGHU��EXW�DW�WKH�PRPHQW��H[WHUQDO�YDOLGDWLRQ�RQ�ODUJH�VFDOHV�LV�VWLOO�UHTXLUHG�>�@��,W�LV�LPSRUWDQW�IRU�
PRGHOV�WR�EH�WHVWHG�RQ�GDWD�IURP�HQYLURQPHQWV�RWKHU�WKDQ�WKRVH�XVHG�GXULQJ�GHYHORSPHQW��HVSHFLDOO\�DV�UDUH�
FRQGLWLRQV� DQG�GLIIHUHQFHV� EHWZHHQ�SDWLHQW� JURXSV�PLJKW� EH�PLVVLQJ� >�@�� 6HYHUDO� UHYLHZV� KLJKOLJKW� WKH�
QHFHVVLW\�RI�PDWFKLQJ�$,�WRROV�ZLWK�ZRUNIORZ�DQG�FOLQLFLDQV¶�QHHGV�DQG�HQVXULQJ�LWV�RXWSXW�DQG�UHDVRQLQJ�
DUH� HDV\� WR� XQGHUVWDQG� DQG� UHOLDEOH� >�@�� ,PSOHPHQWLQJ� UHVHDUFK� ILQGLQJV� LQWR� GDLO\�PHGLFDO� SUDFWLFHV� DW�
YDOYH�GLVHDVH�FOLQLFV�LV�RQH�SDUW�WKDW�UHPDLQV�XQGRQH�>�@��2Q�WRS�RI�DOO�WKDW��GDWD�VWDQGDUGL]DWLRQ��WKH�DELOLW\�
WR�LQWHUSUHW�WKH�UHVXOW��DQG�WKH�DGRSWLRQ RI�WKH�PHWKRG�LQ�D�FOLQLFDO�VHWWLQJ�DUH�PDMRU�KXUGOHV�VWLOO�LQ�WKH�ZD\�
>�@�

� 7KH�PDMRULW\�RI�$,�UHVHDUFK�SURMHFWV�DUH�DLPHG�DW�D�YDOYH�GLVHDVH�RQO\�

� 'HHS� OHDUQLQJ�PRGHOV� WKDW� DUH� IHG�ZLWK� D� UHVWULFWHG�QXPEHU�RI� LPDJHV� IURP�RQH�KRVSLWDO� FDQQRW�EH�
WUXVWHG�LQ D�GLIIHUHQW�KRVSLWDO�RU�ZLWK�D�FRPSOHWHO\�QHZ�HTXLSPHQW�VHW�XS�
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� )DFWRUV� OLNH� SLFWXUH� TXDOLW\�� XQEDODQFHG� FODVVHV�� DQG� ODFN� RI� WUDQVSDUHQF\� FRXOG� KLQGHU� WKH�PRGHO¶V�
SHUIRUPDQFH�RU�FOLQLFLDQV¶�WUXVW�

� 7KHUH� LV� D� JUHDW� GHPDQG� IRU� DQ� LQWHJUDWHG� V\VWHP� WKDW� VLPXOWDQHRXVO\� UHFRJQL]HV� PXOWLSOH� YDOYH�
FRQGLWLRQV��JLYHV�WKH�OHYHO�RI�FRQILGHQFH�DQG�WKH�FOLQLFLDQ�D�KDQG�LQVWHDG�RI�UHSODFLQJ�WKHP�

9,� 352326('�$3352$&+

%DVHG� RQ� WKH� FKDOOHQJHV� KLJKOLJKWHG� LQ� WKH� DFDGHPLF� OLWHUDWXUH�� D� PXOWL�VWDJH� FRQFHSWXDO� SLSHOLQH� LV�
GLVSOD\HG�LQ�7DEOH�,,��7KH�DSSURDFK�ZRXOG�ILUVW�UHO\�RQ�0/�RU�'/�PHWKRGV�WR�DQDO\]H�GDWD�REWDLQHG�IURP�
(FKRFDUGLRJUDPV� DQG� RWKHU� FDUGLDF� SURFHGXUHV�� WKHQ� LW� ZRXOG� JLYH� WR� WKH� XVHU� QRW� RQO\� WKH� GLDJQRVHG�
SUREOHP�FDWHJRU\�EXW�DOVR�WKH�PDFKLQH¶V�FHUWDLQW\�OHYHO�DQG�WKH�UDWLRQDOH�RI�WKH�GLDJQRVLV��7KLV�FRPELQDWLRQ�
RI�LQIRUPDWLRQ�DQG�MXVWLILFDWLRQ�LV�WR�VXSSRUW�WKH�GRFWRU�LQ�PDNLQJ�WKH�ILQDO�GHFLVLRQ�ZLWKRXW�WKH�PDFKLQH�
RYHUVWHSSLQJ�WKH�UROH�RI�GLDJQRVLV�

7$%/( ,,� 67$*(6�2)�7+(�352326('�6<67(0

1R� 6WDJH 'HVFULSWLRQ

� (FKR�LQSXW ,QSXW�GDWD�ZRXOG�FRQVLVW�RI�HFKRFDUGLRJUDP�LPDJHV��
'RSSOHU�FOLSV��DQG�KHDUW�VRXQG�RU�FOLQLFDO�GDWD��LI�DQ\��
ZKLFK�ZHUH�UHFRUGHG�

� 3UHSURFHVVLQJ )LUVW�VWHS�LV�WR�DVVHVV�WKH�TXDOLW\�RI�LPDJHV�DQG�LGHQWLI\�
WKH�YLHZ��WKHQ�WKH�V\VWHP�ZRXOG�DSSO\�WKH�ILOWHUV�WR�
UHGXFH�QRLVH�DQG�SHUIRUP�GDWD�SUHSURFHVVLQJ�LQ�D�ZD\�
VXLWDEOH�IRU�WKH�PRGHO�

� 9DOYH�ORFDOL]DWLRQ 1H[W��WKH�V\VWHP�ZLOO�GHWHFW�WKH�ORFDWLRQ�RI�WKH�YDOYH��
VHJPHQW��DQG�KLJKOLJKW�LPSRUWDQW�IUDPH�V��

� )HDWXUH�H[WUDFWLRQ 9DOYH¶V�VWUXFWXUH�UHODWHG�FKDUDFWHULVWLFV��PRYHPHQW�
G\QDPLFV��DQG�'RSSOHU�IORZ�YHORFLW\�FXUYHV��L�H���IORZ�
UDWH��IORZ�YROXPH��IORZ�WLPH��DUHD��YHORFLW\��YHORFLW\�
WLPH�LQWHJUDO��97,���IORZ�YROXPH�WLPH�SURGXFW�
�)ORZ97,��

� )HDWXUH�IXVLRQ &RPELQLQJ�GDWD�IURP�LPDJHV�ZLWK�FOLQLFDO�GDWD�

� 0/���'/�FODVVLILHU 8VLQJ�D�'HHS�&RQYROXWLRQDO�1HXUDO�1HWZRUN�RU�9LGHR�
PRGHO�IRU�YDOYH�GLVHDVH�SUHGLFWLRQ��QRUPDO��VWHQRVLV��RU�
UHJXUJLWDWLRQ��

� &RQILGHQFH�VFRUH 0DFKLQH�OHDUQV�IURP�WKH�PRGHO�DQG�WKHQ�LW�JLYHV�WKH�
SUREDELOLW\�

� ([SODLQDEOH�$, 7KH�PRGHO�FRXOG�SLQSRLQW�DUHDV�RU�IHDWXUHV�LQ�LQSXW�
ZKHUH�WKH�GHFLVLRQV�FDPH�IURP�

� 2XWSXW���GHFLVLRQ 7KH�UHVXOWV�LQFOXGH�WKH�SUHGLFWHG�GLDJQRVLV��WKH�PRGHO
V�
FRQILGHQFH�OHYHO��DQG�D�IODJ�UHFRPPHQGLQJ�WKDW�D�KXPDQ�
FOLQLFLDQ�VKRXOG�KDYH�D�ORRN�DW�WKH�UHVXOWV�
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,Q�WKH�ILUVW�VWHS�RI�WKH�V\VWHP��HFKRFDUGLRJUDP�LPDJHV�WRJHWKHU�ZLWK�'RSSOHU�DQG�DQ\�RWKHU�DYDLODEOH�KHDUW�
VRXQG�UHFRUGLQJV�RU�FOLQLFDO�GDWD�JR�WKURXJK�TXDOLW\�FRQWURO��1H[W��LPDJHV�DUH�JURXSHG�E\�YLHZ��QRLVH�LV�
FOHDQHG�RXW�ZLWK� WKH� KHOS� RI� DGYDQFHG�PHWKRGV�� DQG� WKH� EULJKWQHVV� OHYHOV� DUH�PDGH�XQLIRUP� DFURVV� DOO�
LPDJHV��7KH�PDFKLQH�ZLOO�LGHQWLI\�ZKLFK�YDOYH�LQ�WKH�KHDUW�KDV�EHHQ�VKRZQ�LQ�WKH�LPDJH�DQG�ZKDW�LV�LWV�
PRVW� LPSRUWDQW� SDUW� LQ� HDFK� LPDJH�� LQ� WLPH�VHTXHQWLDO� IUDPHV��7KHQ� WKH� IHDWXUHV� GHVFULELQJ� FKDQJHV� LQ�
VKDSH��PRYHPHQW��DV�ZHOO�DV�'RSSOHU�IORZ�ZLOO�EH�H[WUDFWHG��:KHQ�VXLWDEOH��IHDWXUHV�ZLOO�EH�FRPELQHG�ZLWK�
FOLQLFDO�GDWD��%DVHG�RQ�D�&11�RU�YLGHR�EDVHG�PRGHO�SUHGLFWLRQ��WKH�V\VWHP�ZLOO�FODVVLI\�WKH�LPDJH�LQWR�RQH�
RI�WKH�SODQQHG�FDWHJRULHV��QRUPDO��VWHQRVLV��UHJXUJLWDWLRQ��$SDUW�IURP�SURYLGLQJ�D�SUREDELOLW\�OHYHO�IRU�HDFK�
SUHGLFWLRQ��H[SODLQDEOH�D�$,�WHFKQLTXHV�KLJKOLJKW� WKH�SDUWV�RI�WKH�LPDJH�RU�WKH�IHDWXUHV��XSRQ�ZKLFK�WKH�
V\VWHP� LV� EDVLQJ� WKH� GHFLVLRQ�� 7KH� FDVHV� LQ� WKH� V\VWHP� WKDW� WKH� OHYHO� RI� FRQILGHQFH� LV� ORZ� ZLOO� EH�
DXWRPDWLFDOO\�UHIHUUHG�IRU�KXPDQ�UHYLHZ�E\�WKH�FOLQLFDO�WHDP�

9,,� &21&/86,21

$, DSSURDFKHV�FRXOG�SRWHQWLDOO\�DVVLVW�LQ�WKH�GHWHFWLRQ�RI�KHDUW�YDOYH�GLVHDVH�DQG�D�KHDUW�PRQLWRULQJ�V\VWHP�
WKDW�RSHUDWHV�DXWRPDWLFDOO\�ZDV�GHVFULEHG�E\�LQGLFDWLQJ�ZKDW�VXFK�V\VWHP�VKRXOG�EH��7KH�VRXUFHV�FRQVXOWHG�
LQFOXGH�GHHS�OHDUQLQJ�DQDO\VLV�RI� HFKRFDUGLRJUDPV��'RSSOHU�YLGHR� VFUHHQLQJ��$,�DVVLVWHG�DVVHVVPHQW�RI�
YDOYH�GLVRUGHUV��DQG�WKH�UHVHDUFK�WR�SUDFWLFH�WUDQVODWDELOLW\�LVVXHV��7KH�SRLQWV�UDLVHG�UHSHDWHGO\�DUH�OLPLWHG�
GDWDVHW� GLYHUVLW\�� SHUIRUPDQFH� YDULDELOLW\� EHWZHHQ� GLIIHUHQW� KRVSLWDOV�� WKH� DEVHQFH� RI� FOHDU� H[SODQDWLRQ��
QDUURZ� VSHFWUXP� RI� GLVHDVHV� FRYHUHG�� DQG� LQDGHTXDWH� UHDO�ZRUOG� WHVWLQJ��7KH� SURSRVHG�PXOWLIXQFWLRQDO�
V\VWHP�SURYLGHV�D�ZD\�RI�WKLQNLQJ�DERXW�UHVROYLQJ�WKHVH�LVVXHV��7R�FRQILUP�LW��WKH\�ZLOO�QHHG�WR�LPSOHPHQW�
WKH�V\VWHP��WHVW�LWV�UHVXOWV�FDUHIXOO\�RYHU�GLYHUVH�GDWD�VHWV��DQG�HQVXUH�LW�LQFOXGHV�SURSHU�H[WHUQDO�YDOLGDWLRQ��
XQFHUWDLQW\�PHDVXUHPHQW�DQG�SURIHVVLRQDO�UHYLHZ�
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>�@ =KDQJ�HW�DO���³$XWRPDWHG�DQDO\VLV�RI�'RSSOHU�HFKRFDUGLRJUDSKLF�YLGHRV�DV�D�VFUHHQLQJ�WRRO�IRU�YDOYXODU�
KHDUW�GLVHDVHV�´�-$&&��&DUGLRYDVFXODU�,PDJLQJ�������

>�@ *��6DQMHHYL��8��*RSDODNULVKQDQ��5��.��3DUWKLQDUXSRWKL�� DQG�7��0DGDWKLO�� ³'HHS� OHDUQLQJ� VXSSRUWHG�
HFKRFDUGLRJUDP�DQDO\VLV��$�FRPSUHKHQVLYH�UHYLHZ�´�$UWLI��,QWHOO��0HG���YRO�������$UW��QR���������������

>�@ 6��1��4D\\XP��³$�FRPSUHKHQVLYH�UHYLHZ�RI�DSSOLFDWLRQV�RI�DUWLILFLDO�LQWHOOLJHQFH�LQ�HFKRFDUGLRJUDSK\�´�
&XUU��3UREO��&DUGLRO���YRO������QR�����$UW��QR���������������

>�@ .��6HHWKDUDP�HW�DO���³%URDGHQLQJ�SHUVSHFWLYHV�RI�DUWLILFLDO�LQWHOOLJHQFH�LQ�HFKRFDUGLRJUDSK\�´�&DUGLRO��
7KHU���YRO������SS�����±����������

>�@ 3�� %DPIRUG�� $�� $EGHOUDKPDQ�� &�� -�� 0DONLQ�� 0�� 6�� &XQQLQJWRQ�� DQG� '�� -�� %ODFNPDQ�� ³$UWLILFLDO�
LQWHOOLJHQFH�LQ�KHDUW�YDOYH�GLVHDVH��'LDJQRVLV��LQQRYDWLRQ�DQG�WUHDWPHQW��$�VWDWH�RI�WKH�DUW�UHYLHZ�´�%U��
-��&DUGLRO��������

>�@ ;��.H�HW�DO���³$UWLILFLDO�LQWHOOLJHQFH�LQ�HFKRFDUGLRJUDSK\�IRU�YDOYXODU�KHDUW�GLVHDVH�´�7UHQGV�&DUGLRYDVF��
0HG��������

>�@ )��$UVODQ�HW�DO���³'HHS�OHDUQLQJ�IRU�HFKRFDUGLRJUDSKLF�LPDJLQJ�RI�YDOYXODU�KHDUW�GLVHDVHV��$�V\VWHPDWLF�
UHYLHZ�DQG�PHWD�DQDO\VLV�´�-��$P��&ROO��&DUGLRO���YRO������QR�����6XSSO��������


