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$EVWUDFW

7UDIILF�MDPV�EHFRPH�D�IUHTXHQW�LVVXH�LQ�UDSLGO\�JURZLQJ�FLWLHV��KRZHYHU��WKH�WLPH�IL[HG�OLJKWV�GR�QRW�DGMXVW�
SURSHUO\�WR�FKDQJLQJ�FDU�WUDIILF��,Q�WKLV�SDSHU��GLIIHUHQW�DSSURDFKHV�XVLQJ�WKH�IROORZLQJ�HOHPHQWV��DUWLILFLDO�
LQWHOOLJHQFH�� FRPSXWHU� YLVLRQ�� UHLQIRUFHPHQW� OHDUQLQJ�� GHHS� OHDUQLQJ�� DQG� ,QWHUQHW� RI�7KLQJV� KDYH� EHHQ�
GLVFXVVHG�LQ�WKH�ILHOG�RI�WUDIILF�FRQWURO��:LWK�WKHVH�PHWKRGV��WUDIILF�FDQ�EH�GHWHFWHG�DQG�DGMXVWHG�IRU�LQ�UHDO�
WLPH�� +RZHYHU�� WKHUH� DUH� VHYHUDO� LVVXHV� ZKLFK� VKRXOG� EH� UHVROYHG� LQ� WKH� IXWXUH�� VXFK� DV� EDG� ZHDWKHU�
FRQGLWLRQV��GLIIHUHQW�WUDIILF��KLJK�FRPSXWDWLRQDO�UHTXLUHPHQWV��DQG�RWKHUV�

.H\ZRUGV� $UWLILFLDO� LQWHOOLJHQFH�� WUDIILF� OLJKW� FRQWURO�� FRPSXWHU� YLVLRQ�� UHLQIRUFHPHQW� OHDUQLQJ�� GHHS�
UHLQIRUFHPHQW�OHDUQLQJ��,QWHUQHW�RI�7KLQJV��<2/2�

,QWURGXFWLRQ

7KH�LQWHUVHFWLRQV�LQ�XUEDQ�DUHDV�KDYH�WR�FRSH�ZLWK�WKH�WUDIILF�GHPDQG�WKDW�YDULHV�GHSHQGLQJ�RQ�WKH�WLPH�RI�
GD\�� WKH�RULHQWDWLRQ�RI� WKH�URDG��ZHDWKHU�FRQGLWLRQV�� LQFLGHQWV�� VSHFLDO�HYHQWV��DQG�DGMDFHQW� ODQG�XVH�� ,Q�
IL[HG�WLPH�FRQWURO��WKH�JUHHQ�WLPHV�DUH�VHW�LQ�DGYDQFH��ZKLFK�GRHV�QRW�DOORZ�WKH�V\VWHP�WR�UHDFW�DSSURSULDWHO\�
WR�DQ�XQH[SHFWHG�TXHXH�RU�XQGHUXVHG�ODQH��7KH�RXWFRPH�LV�H[FHVV�ZDLWLQJ��LQFUHDVHG�WLPH�LQ�PRWLRQ��IXHO�
ZDVWH��SROOXWLRQ��DQG�HPHUJHQF\�UHVSRQVH�GHOD\�

$UWLILFLDO�LQWHOOLJHQFH�WUDIILF�FRQWURO�KDV�WZR�UHODWHG�DELOLWLHV��7KH�ILUVW�RQH�LV�SHUFHSWLRQ�ZKHQ�WKH�FDPHUDV��
ORRS�GHWHFWRUV��UDGDUV��FRQQHFWHG�YHKLFOHV��DQG�,R7�GHYLFHV�HYDOXDWH�WKH�QXPEHU�RI�YHKLFOHV��TXHXH�OHQJWK��
VSHHG��RFFXSDQF\�UDWH��DQG�SHGHVWULDQV
�QHHG�IRU�FURVVLQJ��7KH�RWKHU�RQH�LV�WKH�GHFLVLRQ�ZKHQ�RSWLPL]DWLRQ��
PDFKLQH�OHDUQLQJ��RU�UHLQIRUFHPHQW�OHDUQLQJ�VHOHFWV�WKH�DSSURSULDWH�VLJQDO�SKDVH�DQG�JUHHQ�WLPHV�EDVHG�RQ�
WKH�HVWLPDWHG�VWDWHV��2EMHFW�GHWHFWRUV�OLNH�<2/2�SURYH�WKDW�YLVXDO�GHWHFWLRQ�LV�SRVVLEOH�LQ�UHDO�WLPH�PRGH��
ZKLOH� DGYDQFHG� DOJRULWKPV� HQKDQFH� WKH� WUDGH�RII� EHWZHHQ� WLPH� DQG� DFFXUDF\� �5HGPRQ� HW� DO��� ������
%RFKNRYVNL\�HW�DO����������5/�PHWKRGV�DOVR�FRQVLGHU�VLJQDO�FRQWURO�DV�D�GHFLVLRQ�PDNLQJ�WDVN�ZKHUH�WKH�
SROLF\�XVHV�WUDIILF�VWDWH��DFWLRQ��DQG�UHZDUG�DV�LQSXWV��:HL�HW�DO�������������D������E��

7KLV�ZRUN�LV�D� OLWHUDWXUH�VXUYH\�DQG�GRHV�QRW� LQWURGXFH�DQ\�QHZO\�GHYHORSHG�WUDIILF�FRQWUROOHU��GDWD�VHW��
PRGHO��H[SHULPHQW��RU�QXPHULFDO� UHVXOW��7KH�JRDO�RI� WKLV�SDSHU� LV� WR�GLVFXVV� WKH�NH\� WHFKQRORJ\�JURXSV��
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FRPSDUH�WHQ�VHOHFWHG�SDSHUV��DQG�OLVW�WKH�HQJLQHHULQJ�FKDOOHQJHV�WKDW�KDYH�WR�EH�RYHUFRPH�IRU�D�QHZ�DGDSWLYH�
WUDIILF�FRQWUROOHU�WR�EH�VDIH�DQG�XVHIXO�LQ�SUDFWLFH�

5HVHDUFK�4XHVWLRQV�DQG�2EMHFWLYHV

7KH�UHYLHZ�DLPV�DW�DGGUHVVLQJ�WKH�IROORZLQJ�TXHVWLRQV�

���+RZ�GR�WKH�$,�GULYHQ�V\VWHPV�SHUFHLYH�WKH�FXUUHQW�WUDIILF�VWDWH"

���:KDW� LV� WKH� XVH� RI� 5/�� '5/�� IHGHUDWHG OHDUQLQJ�� DQG� ODQJXDJH�PRGHO� UHDVRQLQJ� IRU� VLJQDO� DFWLRQ�
VHOHFWLRQ"

���,Q�ZKDW�ZD\�GRHV�,R7��HGJH�FORXG�FRPSXWLQJ��DQG�FRQQHFWHG�LQIUDVWUXFWXUH�KHOS�LQ�WUDIILF�PDQDJHPHQW"

��� :K\� DUH� WKH� OLPLWDWLRQV� VXFK� WKDW� VLPXODWLRQ�GULYHQ� VWUDWHJLHV� FDQQRW� EH� GLUHFWO\� DSSOLHG� WR� UHDO�
LQWHUVHFWLRQV"

7KH�REMHFWLYHV�DUH�WR�RXWOLQH�WKH�WUDIILF�FRQWURO�WDVN��SURYLGH�D�SUDFWLFDO�FODVVLILFDWLRQ�RI�WKH�DSSURDFKHV��
FRPSDUH� WKH� FKRVHQ� UHVHDUFK� ZLWKRXW� FUHDWLQJ� DQ� DUWLILFLDO� VHW� RI� SHUIRUPDQFH� PHWULFV�� GLIIHUHQWLDWH�
SHUFHSWLRQ�DQG�FRQWURO��DQG�SRLQW�RXW�IXWXUH�GLUHFWLRQV�IRU�DGDSWLYH�XUEDQ�WUDIILF�V\VWHPV�

,QWHOOLJHQW�7UDIILF�&RQWURO�3UREOHP

)URP�)L[HG�7LPLQJ�WR�$GDSWLYH�&RQWURO

7KH�WUDIILF�VLJQDO�FRQWUROOHU�FKRRVHV�D�SKDVH�DQG�GHFLGHV�RQ�KRZ�ORQJ�WKLV�SKDVH�VWD\V�DFWLYH��7KH� IL[HG�
WLPLQJ�LV�HDV\�DQG�VWUDLJKWIRUZDUG��EXW�LW�RSHUDWHV�XQGHU�KLVWRULFDO�DVVXPSWLRQV��$FWXDWHG�FRQWURO�LV�PRUH�
UHVSRQVLYH��DV�LW�XWLOL]HV�GHWHFWRUV��DQG�DGDSWLYH�FRQWURO�PDNHV�LWV�GHFLVLRQV�RQ�XSGDWHG�WLPLQJ�EDVLQJ�RQ�
FXUUHQW�REVHUYDWLRQV��$Q�$,�FRQWUROOHU�WDNHV�WKLV�RQH�VWHS�IXUWKHU�E\�OHDUQLQJ�UHODWLRQV�EHWZHHQ�WKH�FXUUHQW�
WUDIILF�VLWXDWLRQ�DQG�WKH�DFWLRQ�QHFHVVDU\�WR�DFKLHYH�WKH�GHVLUHG�REMHFWLYH�

0LQLPL]LQJ�WKH�GHOD\�ZRXOG�QRW�QHFHVVDULO\�JXDUDQWHH�SHGHVWULDQV�SURWHFWLRQ��JLYLQJ�SULRULW\�WR�HPHUJHQF\�
YHKLFOHV��RU�DYRLGLQJ�VWDUYDWLRQ�RI�D�ORZ�WUDIILF�DSSURDFK��7KHUHIRUH��WKH�UHZDUG�DQG�FRQVWUDLQWV�VKRXOG�EH�
RI�HTXDO�LPSRUWDQFH�WR�WKH�OHDUQLQJ�DOJRULWKP�LWVHOI�

7UDIILF�6WDWH�DQG�6HQVRUV

$�WUDIILF�VWDWH�PD\�EH�GHVFULEHG�EDVHG�RQ�PHDVXUHV� OLNH�YHKLFOH�FRXQWV�� ODQH�RFFXSDQF\��TXHXH� OHQJWKV��
ZDLWLQJ�WLPHV��VSHHGV��SKDVH�VWDWXV��WXUQV�DQG�WXUQLQJ�PRYHPHQWV��RU�PHVVDJHV�IURP�FRQQHFWHG�YHKLFOHV��
&DPHUDV�SURYLGH�H[WHQVLYH�FRYHUDJH�DQG�VHPDQWLF�VHQVLQJ��KRZHYHU��WKHLU�RSHUDWLRQ�PD\�EH�LPSDLUHG�E\�
RFFOXVLRQ��JODUH� UDLQ��IRJ��QLJKW�FRQGLWLRQV��FDPHUD�YLEUDWLRQV��RU�GHQVH�PL[HG�WUDIILF�

3HUFHSWLRQ�,V�1RW�&RPSOHWH�2SWLPL]DWLRQ

9HKLFOH� GHWHFWLRQ� DQG� FRXQWLQJ� PD\� EH� QHFHVVDU\� LQSXWV� EXW� DUH� QRW� VXIILFLHQW� IRU� WUDIILF� FRQWURO��$�
FRPSUHKHQVLYH� WUDIILF� V\VWHP� KDV� WR� WUDQVODWH� SHUFHSWLRQ� LQWR� D� VDIH� VLJQDO� SKDVH� WUDQVLWLRQ�� FRQIOLFW�
UHVROXWLRQ��PLQLPXP� JUHHQ� DQG� FOHDUDQFH� SHULRGV�� SURWHFWLRQ� RI� YXOQHUDEOH� URDG� XVHUV�� DQG�PLVVLQJ� RU�
HUURQHRXV�GDWD�KDQGOLQJ�
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0HWKRG�RI�5HYLHZ

$�IRFXVHG�QDUUDWLYH�UHYLHZ�ZDV�FDUULHG�RXW�XVLQJ�WHQ�UHOHYDQW�DUWLFOHV�IURP�WKH�OLWHUDWXUH�PDGH�DYDLODEOH�
GXULQJ� WKH� VHPLQDU� UHDGLQJV�� 7KHVH� FRQVLVW� RI� DUWLFOHV� RQ� UHDO�WLPH� REMHFW� GHWHFWLRQ�� 5/� IRU� D� VLQJOH�
LQWHUVHFWLRQ�� SUHVVXUH�EDVHG� FRQWURO�� FRRSHUDWLRQ� WKURXJK� JUDSKV��PRWLRQ�FHQWULF� '5/�� IHGHUDWHG�'5/��
VXUYH\� RI� FRRUGLQDWHG� 5/�� DQG� //0�EDVHG� FRQWUROOHU�� 6LQFH� WKH� DUWLFOHV� XVH� GLIIHUHQW� GDWDVHWV�� URDG�
QHWZRUNV�� VLPXODWRUV�� VHQVRUV�� UHZDUGV�� DQG� HYDOXDWLRQ� PHWULFV�� DQ\� DWWHPSW� WR� JHQHUDWH� DQ� DJJUHJDWH�
UDQNLQJ�VFRUH�ZDV�QRW�FRQVLGHUHG�

)LJXUH���EHORZ�LOOXVWUDWHV�WKH�PHWKRG�XVHG�LQ�WKH�UHYLHZ�

)LJXUH����)RFXVHG�OLWHUDWXUH�UHYLHZ�ZRUNIORZ�XVHG�LQ�WKLV�SDSHU�

&ODVVLILFDWLRQ�RI�([LVWLQJ�0HWKRGV

7KH�H[LVWLQJ�OLWHUDWXUH�FRXOG�EH�FODVVLILHG�LQWR�IRXU�LQWHUVHFWLQJ�FDWHJRULHV��DV�VKRZQ�LQ�)LJXUH���EHORZ�

)LJXUH����&ODVVLILFDWLRQ�RI�$,�EDVHG�WUDIILF�FRQWURO�DSSURDFKHV�E\�IXQFWLRQ�
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$,�	�,R7�7HFKQLTXHV�

&RPSXWHU�9LVLRQ�	�2EMHFW�'HWHFWLRQ

<2/2�GHWHFWV�REMHFWV�XVLQJ�D�VLQJOH�UHJUHVVLRQ�WKDW�FDOFXODWHV�WKH�ERXQGLQJ�ER[�FRRUGLQDWHV�DORQJ�ZLWK�
FODVV�SUREDELOLWLHV� IRU�DQ� LQSXW� LPDJH��5HGPRQ�HW�DO����������7KH� ODWHVW�PRGHO� LQ� WKLV� IDPLO\��<2/2Y���
VHHNV�WR�FUHDWH�D�EHWWHU�EDODQFH�EHWZHHQ�GHWHFWLRQ�DFFXUDF\�DQG�VSHHG�WKURXJK�DUFKLWHFWXUDO�DQG�WUDLQLQJ�
HQKDQFHPHQWV��%RFKNRYVNL\�HW�DO����������7KH�PRGHOV�FRXOG�EH�XVHG� LQ� WUDIILF�VXUYHLOODQFH�DSSOLFDWLRQV�
VXFK�DV�YHKLFOH�FRXQWLQJ��FODVV�HVWLPDWLRQ��ODQH�RFFXSDQF\��DQG�TXHXH�HVWLPDWLRQ��

$�GHWHFWRU�WUDLQHG�RQ�FOHDQ�GD\OLJKW�LPDJHV�FDQQRW�EH�H[SHFWHG�WR�DFKLHYH�WKH�VDPH�OHYHO�RI�SHUIRUPDQFH�
LQ�ORZ�OLJKW�FRQGLWLRQV��UDLQ\�ZHDWKHU��RU�GHQVH�,QGLDQ�WUDIILF�VFHQDULRV�ZKHUH�PRWRUF\FOHV��DXWR�ULFNVKDZV��
EXVHV��DXWRPRELOHV��SHGHVWULDQV��DQG�ODQH�HQFURDFKPHQWV�H[LVW��0RUHRYHU��WUDFNLQJ�LV�QHHGHG�WR�HVWLPDWH�
PRWLRQ�ZKLOH�DYRLGLQJ�FRXQWLQJ�WKH�VDPH�YHKLFOH�DJDLQ�DQG�DJDLQ�

5HLQIRUFHPHQW�/HDUQLQJ�DQG�'HHS�5HLQIRUFHPHQW�/HDUQLQJ

5/�WUHDWV�WUDIILF�PDQDJHPHQW�DV�LQWHUDFWLRQV�EHWZHHQ�DQ�DJHQW�DQG�LWV�HQYLURQPHQW�ZKHUH�WKH�DJHQW�VHHV�D�
WUDIILF�VWDWH��VHOHFWV�DQ�DFWLRQ�OLNH�SKDVHV�DQG�GXUDWLRQV��JHWV�D�UHZDUG��DQG�XSGDWHV�LWV�SROLF\��,QWHOOL/LJKW�
SURYLGHV�D�'5/�IUDPHZRUN�IRU�WUDIILF�OLJKW�PDQDJHPHQW�DW�DQ�LQWHUVHFWLRQ��:HL�HW�DO����������3UHVV/LJKW�
FRPELQHV�OHDUQLQJ�DQG�PD[�SUHVVXUH�FRQWURO�WKURXJK�WKH�XVH�RI�SUHVVXUH�EDVHG�GDWD�WR�FRQWURO�WUDIILF�OLJKWV�
�:HL�HW�DO�������E���,Q�D�UHFHQW�ZRUN�LQYROYLQJ�'41�DQG�''3*�PHWKRGV��WKH�HPHUJHQFH�RI�D�JUHHQ�ZDYH�
LV�GHVFULEHG�LQ�ERWK�VLQJOH�LQWHUVHFWLRQ�DQG�QHWZRUNHG�WUDIILF�VFHQDULRV��³'HHS�5HLQIRUFHPHQW�/HDUQLQJ�´�
������

$� UHZDUG� PLJKW� RSWLPL]H� WKURXJKSXW� ZLWKRXW� FRQVLGHULQJ� IDLUQHVV�� VDIHW\�� RU� SHGHVWULDQ� PDQDJHPHQW��
7UDLQLQJ�XVXDOO\�LQYROYHV�H[WHQVLYH�LQWHUDFWLRQV��KHQFH�VLPXODWLRQV�DUH�ZLGHO\�XVHG��7UDQVIHU�SUREOHPV�GXH�
WR� GLIIHUHQFHV� EHWZHHQ� VLPXODWHG� DQG� UHDO�OLIH� EHKDYLRU� RI� SROLFLHV� DULVH� ZLWKRXW� SURSHU� UHVWULFWLRQV��
FDOLEUDWLRQ��DQG�YDOLGDWLRQ�

1HWZRUN�/HYHO�YV��0RYHPHQW�%DVHG�&RQWURO

&R/LJKW�PDNHV�XVH�RI�JUDSK�DWWHQWLRQ�IRU�UHSUHVHQWDWLRQ�RI�WKH�SURFHVV�RI�FRPPXQLFDWLRQ�DQG�FRRUGLQDWLRQ�
EHWZHHQ�LQWHUVHFWLRQV��:HL�HW�DO�������D���0RYH/LJKW�LV�IRFXVHG�RQ�WKH�PRYHPHQWV�DQG�ODQH�EDVHG�FRQWURO�
DQG�LPSOHPHQWV�D�PRYHPHQW�EDVHG�'5/�DSSURDFK�IRU�YDULRXV�QHWZRUN�VL]HV��6KDR�HW�DO����������,W�UHOLHV�
XSRQ�SURPSWQHVV�RI�VWDWH�LQIRUPDWLRQ�DQG�RQ�WKH�UHSUHVHQWDWLRQ�RI�WKH�UHDO�ZRUOG�URDG�QHWZRUN�WKURXJK�WKH�
QHWZRUN�JUDSK��PRYHPHQW�SDWWHUQ��DQG�FRPPXQLFDWLRQ�

)HGHUDWHG�/HDUQLQJ�DQG�//0�%DVHG�&RQWURO

,Q�IHGHUDWHG�'5/��PXOWLSOH�WUDIILF�FRQWURO�HQYLURQPHQWV�FDQ�EH�XVHG�WR�WUDLQ�D�VKDUHG�DOJRULWKP�ZLWKRXW�
KDYLQJ�DOO�REVHUYDWLRQV�DYDLODEOH�LQ�D�VLQJOH�FHQWUDOL]HG�GDWD�VHW��/L�HW�DO���������VXJJHVW�IHGHUDWHG�332�IRU�
FURVV�GRPDLQ� WUDIILF�VLJQDO� FRQWURO� DQG� GLVFXVV� WKH� SUREOHP� RI� JHQHUDOL]DWLRQ� RI� PRGHOV� EHWZHHQ�
LQWHUVHFWLRQV��+HWHURJHQHLW\�LQ�GHPDQG��KDUGZDUH��VWDWH�VSDFH��DQG�FRPPXQLFDWLRQ�FDSDELOLWLHV�FDQ�SRVH�
FKDOOHQJHV�WR�GLVWULEXWHG�OHDUQLQJ�

,Q�7UDIILF�5���DQRWKHU�DSSURDFK�LV�LQYHVWLJDWHG�ZKHUH�D���ELOOLRQ�SDUDPHWHU�ODQJXDJH�PRGHO�JHWV�UHLQIRUFHG�
ZLWK�H[SHUW�NQRZOHGJH�LQ�D�VLPXODWHG�WUDIILF�HQYLURQPHQW��=RX�HW�DO����������,WV�UHDVRQLQJ�IRFXVHG�LQWHUIDFH�
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PLJKW�PDNH�WKH�V\VWHP�HDVLHU�WR�XQGHUVWDQG�DQG�DGDSW�WR�XQH[SHFWHG�VLWXDWLRQV��DOWKRXJK�FRPSXWDWLRQ�FRVWV��
ODWHQF\��YHULILFDWLRQ��DQG�VDIHW\�FRQFHUQV�DUH�VWLOO�LPSRUWDQW�LVVXHV�

,R7��(GJH��&ORXG��DQG�9�;

7KHUH�DUH�FDPHUDV�DQG�VHQVRUV�SURGXFLQJ�WKH�GDWD��HGJH�GHYLFHV�WKDW�FDQ�SURFHVV�YLGHRV�DQG�GR�LQIHUHQFH�
ZLWK� ORZ� ODWHQF\�� FORXG� V\VWHPV� FDQ� DJJUHJDWH� KLVWRULFDO� LQIRUPDWLRQ� DQG� GR� DQDO\WLFV�� DQG� 9�;�
FRPPXQLFDWLRQV�FDQ�VHQG�PHVVDJHV�IURP�WKH�YHKLFOHV�DQG� WKH� LQIUDVWUXFWXUH��%HLQJ�FRQQHFWHG�GRHV�QRW�
PHDQ�EHLQJ�VPDUW��GULIW�RI�VHQVRUV��GURSSHG�SDFNHWV��F\EHU�DWWDFNV��V\QFKURQL]DWLRQ�SUREOHPV��DQG�GHOD\HG�
FRPPDQGV�PD\�UHQGHU�DQ�RWKHUZLVH�FRUUHFW�DOJRULWKP�ZURQJ�

7DEOH��� )XQFWLRQDO�UROHV�LQ�DQ�$,�WUDIILF�FRQWURO�V\VWHP

7HFKQRORJ\ 3ULPDU\�UROH ,PSRUWDQW�OLPLWDWLRQ

&DPHUDV�DQG�
GHWHFWRUV

(VWLPDWH�YHKLFOH�FRXQW��FODVV��
TXHXH��DQG�PRYHPHQWV

2FFOXVLRQ��ZHDWKHU��OLJKWLQJ��SULYDF\��DQG�
FDOLEUDWLRQ�LQIOXHQFH�GDWD�TXDOLW\�

5/�'5/�FRQWUROOHU &KRRVH�DGDSWLYH�SKDVHV�RU�WLPLQJV 'LIILFXOW�WR�GHVLJQ�UHZDUGV��HQVXUH�VDIHW\��
DQG�DFKLHYH�VLPXODWLRQ�WR�UHDOLW\�WUDQVIHU�

*UDSK�QHWZRUN�PXO
WL�DJHQW�DSSURDFKHV

&RQWURO�QHLJKERULQJ�LQWHUVHFWLRQV 0RELOLW\�EHFRPHV�DQ�LVVXH�GXH�WR�
FRPPXQLFDWLRQ�DQG�PRGHO�FRPSOH[LWLHV�

)HGHUDWHG�/HDUQLQJ $OORZV�LPSURYHPHQW�RI�VKDUHG�
PRGHOV�ZLWKRXW�FHQWUDOL]LQJ�DOO�UDZ�
GDWD

1RQ�LGHQWLFDO�ORFDO�GDWD�DQG�XQUHOLDEOH�
FRQQHFWLYLW\�FRXOG�KLQGHU�WUDLQLQJ�

,R7��(GJH��DQG�
&ORXG

'DWD�DFTXLVLWLRQ��SURFHVVLQJ��
FRPPXQLFDWLRQ��VWRUDJH��DQG�
YLVXDOL]DWLRQ

'HSHQG�RQ�VHFXULW\��ODWHQF\��DYDLODELOLW\��
DQG�PDLQWHQDQFH�LVVXHV�

9�;�
&RPPXQLFDWLRQ

3URYLGH�LQIRUPDWLRQ�IRU�FRQQHFWHG�
YHKLFOHV�DQG�LQIUDVWUXFWXUH

'HSHQGV�RQ�WKH�SHQHWUDWLRQ�UDWH��
VWDQGDUGV��DQG�FRYHUDJH�

&RPSDULQJ�0HWKRGV�RI�&RQWURO

7DEOH���RIIHUV�D�FRPSDUDWLYH�RYHUYLHZ�WKDW� LV�SXUSRVHO\�ODFNLQJ�DQ�DFFXUDF\�PHWULF�GXH�WR� WKH�GLIIHULQJ�
RXWSXWV�XVHG�E\�REMHFW�GHWHFWLRQ��TXHXH�FRQWURO��QHWZRUN�FRRSHUDWLRQ��DQG�VXUYH\V�
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7DEOH��� 4XDOLWDWLYH�FRPSDULVRQ�RI�PDMRU�DSSURDFKHV

$SSURDFK 6WUHQJWKV 'HSOR\PHQW�FRQVLGHUDWLRQV

9LVLRQ�EDVHG�
PRQLWRULQJ

+LJK�TXDOLW\��QRQ�LQWUXVLYH�VHQVLQJ�
DQG�UH�XVH�RI�FDPHUD�LQIUDVWUXFWXUH

7DNHV�GHWHFWLRQ��WUDFNLQJ��SULYDF\�
VDIHJXDUGV�DQG�VHQVLQJ�EDFNXSV�LQWR�
DFFRXQW�

6LQJOH�DJHQW�
UHLQIRUFHPHQW�
OHDUQLQJ

/HDUQV�D�VWUDWHJ\�LQ�UHVSRQVH�WR�
FKDQJLQJ�GHPDQG�DW�RQH�
LQWHUVHFWLRQ

&RXOG�RYHUILW�WKH�VLPXODWLRQ�
HQYLURQPHQW�RU�UHZDUG�IXQFWLRQ�

0XOWL�DJHQW���
JUDSK�EDVHG�
UHLQIRUFHPHQW�
OHDUQLQJ

0RGHO�WKH�FRRSHUDWLRQ�DFURVV�D�
URDG�QHWZRUN

&RPSOH[LW\�RI�WUDLQLQJ�DQG�
FRPPXQLFDWLRQ�LQFUHDVHV�ZLWK�VL]H�

)HGHUDWHG�'5/ (QDEOHV�OHDUQLQJ�DFURVV�GRPDLQV�
XVLQJ�GHFHQWUDOL]HG�UDZ�GDWD

9DULHW\�RI�VHQVRUV�DQG�GLVWULEXWLRQV�DUH�
SRVVLEOH�DW�HDFK�VLWH�

//0�FRQWURO�
VXSSRUW

$OORZV�IRU�UHDVRQLQJ�ZLWK�H[SHUW�
KHOS

&RXOG�KDYH�LVVXHV�ZLWK�FRPSXWLQJ��
ODWHQF\��GHWHUPLQLVP��YHULILFDWLRQ��DQG�
VDIHW\�

:RUNIORZ�IRU�&RQFHSWXDO�6\VWHP�$UFKLWHFWXUH

7KH�ZRUNIORZ�IRU�WKH�FRQFHSWXDO�V\VWHP�DUFKLWHFWXUH��DV�LOOXVWUDWHG�LQ�)LJXUH����LV�EDVHG�RQ�WKH�JHQHUDOL]HG�
XQGHUVWDQGLQJ�RI�WKH�UHYLHZHG�OLWHUDWXUH��7KLV�LV�QRW�DQ�DUFKLWHFWXUDO�SURWRW\SH�SURSRVHG�LQ�WKLV�SDSHU��LW�LV�
D�FRQFHSWXDO�DUFKLWHFWXUH�
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)LJXUH� ��� &RQFHSWXDO� ZRUNIORZ� IRU� $,�DVVLVWHG� WUDIILF� FRQWURO� ZLWK� VDIHW\� FKHFNV� DQG� ORFDO� IDLO�VDIH�
RSHUDWLRQ�

/LWHUDWXUH�6XUYH\

7DEOH���VXPPDUL]HV�WKH�WHQ�VHOHFWHG�VWXGLHV��7KH�REVHUYDWLRQV�GHVFULEH�HDFK�SXEOLFDWLRQ¶V�PDLQ�FRQWULEXWLRQ�
WR WKLV�UHYLHZ��WKH\�GR�QRW�LPSO\�WKDW�DOO�ZRUNV�ZHUH�WHVWHG�RQ�WKH�VDPH�QHWZRUN�RU�FDQ�EH�UDQNHG�GLUHFWO\�

7DEOH��� &RPSDULVRQ�RI�WHQ�UHSUHVHQWDWLYH�VWXGLHV

6WXG\ 6WXG\�HPSKDVLV 0HWKRG 0DLQ�FRQWULEXWLRQ
/LPLWDWLRQ�UHOHYDQW�WR�
GHSOR\PHQW

5HGPRQ�HW�DO��
������

5HDO�WLPH�REMHFW�
GHWHFWLRQ

<2/2�VLQJOH�
QHWZRUN�GHWHFWRU

'HYHORSV�IDVW�HQG�WR�
HQG�YLVXDO�REMHFW�
GHWHFWLRQ

*HQHUDO�GHWHFWRU�EXW�
WUDIILF�FRXQWLQJ�DQG�
DGYHUVH�FRQGLWLRQ�WHVWLQJ�
QHHG�IXUWKHU�
GHYHORSPHQW�

%RFKNRYVNL\�
HW�DO��������

%DODQFH�EHWZHHQ�
VSHHG�DQG�
DFFXUDF\�LQ�
GHWHFWLRQ

<2/2Y� ,PSURYH�UHDO�WLPH�
YLVXDO�SHUFHSWLRQ�
DOWHUQDWLYHV

3HUIRUPDQFH�GHSHQGV�RQ�
FRPSXWLQJ�SODWIRUP��
FDPHUD�DQJOHV��ZHDWKHU�
FRQGLWLRQV��DQG�ORFDO�
WUDLQLQJ�GDWD�

:HL�HW�DO��
������

,QWHUVHFWLRQ�
LQWHOOLJHQW�FRQWURO

'HHS�
UHLQIRUFHPHQW�
OHDUQLQJ

/HDUQ�WUDIILF�OLJKW�
FRQWURO�WKURXJK�VWDWHV�
DQG�UHZDUGV

$VVXPSWLRQV�IRU�
HYDOXDWLRQ�DQG�UHZDUG�
GHVLJQ�DUH�QRW�DSSOLFDEOH�
WR�DOO�UHDO�MXQFWLRQV�
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6WXG\ 6WXG\�HPSKDVLV 0HWKRG 0DLQ�FRQWULEXWLRQ
/LPLWDWLRQ�UHOHYDQW�WR�
GHSOR\PHQW

:HL�HW�DO��
�����E�

$UWHULDO�
FRRUGLQDWLRQ�
XVLQJ�SUHVVXUH�
EDVHG�DSSURDFK

5/�ZLWK�PD[�
SUHVVXUH�FRQFHSW

&RXSOHV�WKH�OHDUQHG�
FRQWURO�ZLWK�D�WUDIILF�
WKHRU\�VLJQDO

5HOLHV�RQ�WKH�DFFXUDF\�RI�
ODQH�DQG�SUHVVXUH�
HVWLPDWHV�

:HL�HW�DO��
�����D�

&RRUGLQDWHG�
FRQWURO�RI�
PXOWLSOH�VLJQDOV

*UDSK�DWWHQWLRQ�
DQG�PXOWL�DJHQW�
5/

6LPXODWHV�
FRPPXQLFDWLRQ�
EHWZHHQ�DGMDFHQW�
LQWHUVHFWLRQV

,PSOHPHQWDWLRQ�LV�
LQIOXHQFHG�E\�QHWZRUN�
VFDOH��FRPPXQLFDWLRQ�
UHTXLUHPHQWV��DQG�
QHWZRUN�WRSRORJ\�
FKDQJHV�

6KDR�HW�DO��
������

0RYHPHQW�EDVHG�
DGDSWLYH�FRQWURO

/DQH�OHYHO�'5/�
EDVHG�RQ�
PRYHPHQW�
LQIRUPDWLRQ

&DSDEOH�RI�
UHSUHVHQWLQJ�WXUQLQJ
PRYHPHQWV�DW�VHYHUDO�
QHWZRUN�VFDOHV

1HHGV�WLPHO\�PRYHPHQW�
OHYHO�WUDIILF�GDWD�

³'HHS�
5HLQIRUFHPHQW�
/HDUQLQJ´�
������

$GDSWLYH�FRQWURO�
LQ�VLQJOH�DQG�JULG�
QHWZRUNV

'41�DQG�''3* $QDO\]HV�WKUHVKROG�
SROLFLHV�DQG�JUHHQ�
ZDYH�IRUPDWLRQ�LQ�
VLPXODWLRQV

7KH�ILQGLQJV�DUH�
VLPXODWLRQ�EDVHG�DQG�
GHSHQGHQW�RQ�
HQYLURQPHQW�
FRQILJXUDWLRQ�

/L�HW�DO�������� &URVV�GRPDLQ�
FROODERUDWLYH�
OHDUQLQJ

)HGHUDWHG�
332�'5/

&ROODERUDWHV�SROLF\�
OHDUQLQJ�LQ�GRPDLQV�
ZLWKRXW�FHQWUDOL]HG�DOO�
REVHUYDWLRQV

0XOWLSOLFLW\�RI�
KHWHURJHQHRXV�ORFDWLRQV�
DQG�FRPPXQLFDWLRQ�FDQ�
DIIHFW�LPSOHPHQWDWLRQ�

6DDGL�HW�DO��
������

&RRUGLQDWLRQ�
UHVHDUFK�DQG�
WD[RQRP\

6XUYH\�RQ�5/�
DQG�'5/

&ODVVLILHV�WHFKQLTXHV��
LVVXHV��DQG�GLUHFWLRQV�
LQ�LQWHOOLJHQW�OLJKWLQJ�
FRQWURO

0RUH�ZRUN�LV�QHHGHG�WR�
DGDSW�WKH�VXUYH\�UHVXOWV�
WR�SUDFWLFDO�HQJLQHHULQJ�

=RX�HW�DO��
������

7UDIILF�VLJQDO�
FRQWURO�E\�
UHDVRQLQJ

5HLQIRUFHG��%�
SDUDPHWHU�
ODQJXDJH�PRGHO

([SHUW�NQRZOHGJH��
UHDVRQLQJ��DQG�WUDIILF�
VLJQDO�FRQWURO�
OHDUQLQJ

&RPSXWDWLRQDO��ODWHQF\��
YHULILFDWLRQ��DQG�UHDO�
WLPH�VDIHW\�DUH�VWLOO�
XQUHVROYHG�SUREOHPV�

&RPSDUDWLYH�'LVFXVVLRQ

0HWKRGV�RSHUDWLQJ�ZLWK�RQH�LQWHUVHFWLRQ�DUH�HDVLHU�WR�H[SODLQ�DQG�HYDOXDWH��WKRXJK�WKH\�FDQ�FRQWULEXWH�WR�
WKH� IXUWKHU� GHYHORSPHQW� RI� FRQJHVWLRQ�� 1HWZRUN�OHYHO� DSSURDFKHV� LPSO\� LQWHUVHFWLRQ� FRRUGLQDWLRQ�
H[SOLFLWO\��\HW��WKH\�QHHG�PRUH�LQIRUPDWLRQ�DQG�OHDUQLQJ��5HZDUG�EDVHG�RQ�SUHVVXUH�SURYLGHV�WUDQVSRUWDWLRQ�
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UHODWHG�VHQVH�WR�WKH�SURFHVV�RI�UHLQIRUFHPHQW��ZKLOH�JUDSK�DWWHQWLRQ�GHWHUPLQHV�ZKLFK�LQWHUVHFWLRQV�VKRXOG�
FRRSHUDWH�LQ�WKH�FRPPXQLFDWLRQ��)ORZ�FRQWURO�WDNHV�LQWR�DFFRXQW�WKH�IORZ�RI�WXUQV��QRW�MXVW�WKH�QXPEHU�RI�
YHKLFOHV�

)HGHUDWHG�OHDUQLQJ�DQG�FRQWURO�XVLQJ�//0�DUH�WKH�DUHDV�SXVKLQJ�WKH�ERXQGDULHV�RI�UHVHDUFK��'HVSLWH�WKH�
IDFW� WKDW� IHGHUDWHG� OHDUQLQJ�FRXOG�FRQWULEXWH� WR�PRUH�FRRSHUDWLRQ� DQG�SULYDF\�� UDZ�GDWD�GHFHQWUDOL]DWLRQ�
FDQQRW�DGGUHVV�SUREOHPV�OLNH�PRGHO�SRLVRQLQJ��SULYDF\�OHDNV��RU�FRPPXQLFDWLRQ�LVVXHV��(YHQ�WKRXJK�//0�
EDVHG�GHFLVLRQ�PDNLQJ�PD\�UHVXOW�LQ�HDVLHU�H[SODQDWLRQV�RI�GHFLVLRQV��H[SODQDWLRQ�DFFXUDF\�LV�QR�VXEVWLWXWH�
IRU�VDIHW\�WHVWLQJ�LQ�WHUPV�RI�GHWHUPLQLVP��,Q�HLWKHU�FDVH��WKH�XVH�RI�D�WUDGLWLRQDO�VLJQDO�FRQWUROOHU�DQG�IDLO�
VDIH�DOJRULWKP�LV�HVVHQWLDO�

$�FRPSDULVRQ�RI�WKH�JLYHQ�LPSURYHPHQWV�H[SUHVVHG�DV�SHUFHQWDJHV�ZLWK�WKH�H[LVWLQJ�OLWHUDWXUH�ZRXOG�EH�
LQFRUUHFW�GXH�WR�WKH GLIIHUHQFH�LQ�VLPXODWRUV��WUDIILF�GHPDQGV��EDVHOLQH�PHWKRGV��WLPH�KRUL]RQV��UHZDUGV��
DQG�URDG�FRQILJXUDWLRQV�XVHG�E\�UHVHDUFKHUV�

3URSRVHG�(YDOXDWLRQ�)UDPHZRUN

7KH� PHWKRGV� GHVFULEHG� LQ� WKLV� SDSHU� VHUYH� WR� VROYH� GLIIHUHQW� SUREOHPV� DQG� WKXV� DUH� QRW� FRPSDUDEOH�
DFFRUGLQJ�WR�D�VLQJOH�PHDVXUH�RI�DFFXUDF\��%HORZ�ZH�SURYLGH�HYDOXDWLRQ�FULWHULD�ZKLFK�DUH�QRW�FODLPHG�WR�
EH�DSSOLHG�LQ�WKLV�SDSHU�

3URFHGXUH� IRU�&RPSDULVRQ��)RU� IXWXUH� VLPXODWLRQV�RI�DQ�DFWXDWHG�SUHVVXUH�PRGHO�DJDLQVW� WKH� IL[HG�WLPH�
PRGHO�DQG�WKH�$,�FRQWUROOHU��WKH�FRPSDULVRQ�FDQ�XVH�WKH�VDPH�JHRPHWU\�RI�WKH�URDG��GHPDQG�SDUDPHWHUV��
FRQWURO� VLJQDO� SROLFLHV�� DQG� DYDLODEOH� VHQVRUV
� LQIRUPDWLRQ��0XOWLSOH� VLPXODWLRQ� UXQV�ZLWK� WKH� UHFRUGHG�
UDQGRP� VHHG� DQG� VHSDUDWH� WHVWLQJ� GDWD� ZRXOG� FRQWULEXWH� WR� HVWLPDWLQJ WKH� YDULDQFH�� 7KH� SHUFHSWLRQ�
LQDFFXUDFLHV�VKRXOG�EH�LQFRUSRUDWHG�

,I�DQ\�ILHOG�WHVW�LV�GRQH��LW�ZLOO�KDYH�WR�EH�DXWKRUL]HG�E\�WKH�WUDIILF�DXWKRULW\��UXQ�LQ�VKDGRZ�PRGH��PRQLWRUHG�
E\�KXPDQV��DQG�ZLWK�DQ�DSSURYHG�EDFNXS�SODQ�
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'HSOR\PHQW�&KDOOHQJHV

8QPDQQHG�DQG�8QRUJDQL]HG�7UDIILF

,W�PD\�FRQWDLQ�PRWRUF\FOHV��EXVHV��DXWR�ULFNVKDZV��ELF\FOHV��SHGHVWULDQV��SDUNHG�FDUV��DQG�XQFRQYHQWLRQDO�
PDQHXYHUV�WR�FUHDWH�RFFOXVLRQ�DQG�PRWLRQV�WKDW�DUH�XQOLNHO\�WR�DSSHDU�LQ�WKH�EHQFKPDUN�GDWD�VHWV��7KXV��LW�
LV�QHFHVVDU\�WR�KDYH�ORFDO�WUDLQLQJ�DQG�FDOLEUDWLRQ�IRU�HDFK�LQWHUVHFWLRQ�

$GYHUVH�&RQGLWLRQV

:HDWKHU�FRQGLWLRQV�� LQFOXGLQJ�UDLQ��IRJ��OLJKWLQJ��DQG�DQ\�RWKHU�FRQGLWLRQ�WKDW�ZLOO�UHGXFH�YLVLELOLW\��FDQ�
UHGXFH�WKH�HIILFLHQF\�RI�WKH�PRGHO��6HQVRU\�IXVLRQ�FDQ�KHOS�EXW�LW�ZLOO�LQFUHDVH�WKH�SULFH�RI�WKH�V\VWHP�

7UDQVIHU�/HDUQLQJ

,W�LV�SRVVLEOH�IRU�DQ�5/�DJHQW�WR�WDNH�DFWLRQV�WKDW�DUH�ERWK�XQVDIH�DQG�LQHIILFLHQW��7KLV�PDNHV�WKH�GHSOR\PHQW�
RI�WKH�SROLF\�RQOLQH�DW�WKH�LQWHUVHFWLRQ�XQDFFHSWDEOH�

5HZDUG�'HVLJQ�DQG�)DLUQHVV

7KH ZRUVW�FDVH�ZDLW�WLPHV��SHGHVWULDQ�FURVVLQJV��DFFHVVLELOLW\��DQG�HPHUJHQF\�SULRULW\�VHUYLFHV�VKRXOG�EH�
PRGHOHG�H[SOLFLWO\��7KH�UHSRUWLQJ�VKRXOG�LQFOXGH�WKH�WDLO�GHOD\�DQG�ZRUVW�VHUYHG�SRSXODWLRQ��UDWKHU�WKDQ�
DYHUDJH�PHWULFV�

6FDODELOLW\��/DWHQF\��DQG�5HOLDELOLW\

,Q�WKH�FRQWH[W�RI�D� ODUJH�VFDOH�FRQWUROOHU� WKDW�QHHGV�WR�SURFHVV�PDQ\�YLGHR�VWUHDPV�DQG�SURGXFH�FRQWURO�
VLJQDOV�LQ�D�WLPHO\�IDVKLRQ��FHQWUDOL]HG�FRQWURO�PD\�EHFRPH�D�ERWWOHQHFN��ZKLOH�LQ�WKH�FRQWH[W�RI�GLVWULEXWHG�
FRQWURO��V\QFKURQL]DWLRQ�DQG�FRQVLVWHQF\�SUREOHPV�ZLOO�DULVH��7KH�VROXWLRQ�VKRXOG�WROHUDWH�DQ\�IDLOXUHV�RI�
FDPHUDV��QHWZRUN�FRQQHFWLRQV��PRGHO��DQG�FORXG�VHUYLFHV�

6HFXULW\��3ULYDF\��DQG�*RYHUQDQFH

7KH�YLGHR�VWUHDPV�DQG�WKH�FRQQHFWHG�YHKLFOH�GDWD�PD\�FRQWDLQ�SULYDWH�GDWD��$SSURSULDWH�DFFHVV FRQWUROV��
HQFU\SWLRQ��UHWHQWLRQ�SROLFLHV��ORJJLQJ��VHFXULW\�SDWFKLQJ��QHWZRUN�VHJPHQWDWLRQ�DUH�UHTXLUHG��$OO�FKDQJHV�
WR�WKH�PRGHOV�PXVW�EH�WUDFNHG�DQG�DSSURYHG��DQG�D�SURFHGXUH�IRU�UROOEDFN�DQG�LQYHVWLJDWLRQ�RI�LQFLGHQWV�
PXVW�EH�LQ�SODFH�

5HVHDUFK�*DS

7KH NH\�JDS� LQ� UHVHDUFK� LV� WKH�GLIIHUHQFH�EHWZHHQ�SRWHQWLDOO\�XVHIXO� VLPXODWLRQ�H[SHULPHQWV�DQG�DFWXDO�
WUDIILF�FRQWURO�V\VWHPV��7KH�FXUUHQW�EHQFKPDUNV�GR�QRW�WDNH�LQWR�DFFRXQW�WKH�PL[WXUH�RI�WUDIILF��FKDQJHV�LQ�
ZHDWKHU��DFFLGHQWV��IDLOXUHV�RI�VHQVRUV��GHPDQG�IRU�SHGHVWULDQV��SULRULW\�RI�HPHUJHQF\�YHKLFOHV��RU�PRGHO�
GULIWLQJ�

7KH�VHFRQG�JDS�LV�UHODWHG�WR�HQG�WR�HQG�HYDOXDWLRQ��-XVW�EHFDXVH�WKH�YHKLFOHV�FDQ�EH�GHWHFWHG�SURSHUO\�GRHV�
QRW�QHFHVVDULO\�PHDQ�WKH�IRUPDWLRQ�RI�TXHXH�LV�DGHTXDWH��DQG�WKH�GHFUHDVH�RI�GHOD\�DFKLHYHG�E\�VLPXODWLRQ�
GRHV�QRW�PHDQ�FRUUHFW�IXQFWLRQLQJ�RI�WKH�FDPHUD�EDVHG�GHWHFWLRQ�V\VWHP�LQ�WKH�UHDO�ZRUOG��(YHU\WKLQJ�IURP�
GHWHFWLQJ�DQG�HVWLPDWLQJ�VWDWH�WR�PDNLQJ�DFWLRQV�DQG�REVHUYLQJ�SHUIRUPDQFH�VKRXOG�EH�HYDOXDWHG�
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3UDFWLFDO�,PSOLFDWLRQV

)URP�WKH�SHUVSHFWLYH�RI�WUDIILF�PDQDJHPHQW�DJHQFLHV��$,�QHHGV�WR�EH�GHSOR\HG�DV�D�VXSHUYLVHG�GHFLVLRQ�
VXSSRUW�V\VWHP�LQLWLDOO\��SULRU�WR�DQ\�FRQWURO�EHLQJ�JUDQWHG�GLUHFWO\�WR�$,��7KH�PRVW�VXLWDEOH�FRQWUROOHU�LV�
OLNHO\�WKH�PRUH�VLPSOH�FRQWUROOHU�WKDW�UHPDLQV�LQWHUSUHWDEOH�DQG�VWDEOH�UDWKHU�WKDQ�WKH�RQH�WKDW�JLYHV�WKH�EHVW�
UHVXOWV�LQ�VLPXODWLRQ�

)URP�D�UHVHDUFKHU¶V�SRLQW�RI�YLHZ��UHSURGXFLELOLW\�FDOOV�IRU�FOHDUO\�VWDWLQJ�DOO�RI�WKH�IROORZLQJ�SDUDPHWHUV��
GHWHFWRU�UHDGLQJV��VLPXODWRU�YHUVLRQ��URDG�OD\RXW��WUDIILF�JHQHUDWLRQ��VLJQDO�SKDVHV��UHZDUG��VHHGV��EDVHOLQHV��
VDIHW\�FRQVWUDLQWV��DQG�WUDLQ�WHVW�VSOLW�

)XWXUH�6FRSH

$Q\� IXWXUH� UHVHDUFK� VKRXOG� FRQVLGHU� WKH� OLQN� EHWZHHQ� WKH� TXDOLW\� RI� REVHUYDWLRQ� DQG� WKH� VDIHW\� DQG�
IHDVLELOLW\�RI� VLJQDO� DFWLRQV��(YHU\� W\SH�RI� VHQVLQJ�KDV� WR�EH� FRPSDUHG�ZLWK� UHVSHFW� WR� WKH� LQVWDOODWLRQ��
FDOLEUDWLRQ��PDLQWHQDQFH�FRVW�DQG�SULYDF\�LVVXHV�

$QRWKHU�ZD\�WR�SURFHHG�LV�WKURXJK�WKH�FRQVWUDLQHG�OHDUQLQJ�JXLGHG�E\�WKH�WUDIILF�HQJLQHHULQJ�FULWHULD��7KH�
SURSRVHG� OHDUQLQJ�SURFHGXUH� FDQ� VXJJHVW� VRPH DFWLRQ��KRZHYHU�� WKLV� DFWLRQ�ZLOO� EH� WHVWHG� IRU� FRQIOLFWV��
FOHDUDQFH�WLPHV��SHGHVWULDQ�VHUYLFH��DQG�ZDLWLQJ�WLPH�OLPLW�E\�D�VHSDUDWH�VDIHW\�V\VWHP��7KH�VSHFLDO�KDQGOLQJ�
RI�HPHUJHQF\�YHKLFOHV�DQG�SXEOLF�WUDQVSRUW�VKRXOG�QRW�UHO\�RQ�WKH�DVVXPSWLRQ�WKDW�WKLV ZLOO�UHVXOW�IURP�WKH�
UHZDUG�EDVHG�VROHO\�RQ�DYHUDJH�GHOD\V�

,Q�WKH�ORQJ�UXQ��YDOLGDWLRQ�PXVW�DGGUHVV�GULIW�LQ�WKH�PRGHO��FRQWUROOHU�ZRUNORDG��PDLQWHQDQFH�FRVWV��DQG�
UHVWRUDWLRQ�IURP�IDLOXUH�

/LPLWDWLRQV�RI�7KLV�5HYLHZ

7KLV�SDSHU�LV�D�OLWHUDWXUH�UHYLHZ�RI�WHQ�VHOHFWHG�SDSHUV��QRW�D�V\VWHPDWLF�UHYLHZ�RU�D�PHWD�DQDO\VLV��6HYHUDO�
ZRUNV� DUH� SUHSULQWV� RU� VLPXODWLRQ� H[SHULPHQWV�� WKXV� WKHLU� ILQGLQJV� FDQQRW� EH� WUHDWHG� DV� LQGHSHQGHQW�
YDOLGDWLRQ��1R�QRYHO�WUDIILF�GDWDVHW��QR�KDUGZDUH�LPSOHPHQWDWLRQ��QR�WUDLQHG�PRGHO�DQG�QR�H[SHULPHQWDO�
SHUIRUPDQFH�UHVXOWV�KDYH�EHHQ�GHYHORSHG�LQ�WKH�FRXUVH�RI�WKLV�UHYLHZ�

&RQFOXVLRQ

,Q�WKLV�SDSHU��$,�EDVHG�WUDIILF�FRQWUROOLQJ�V\VWHPV�KDYH�EHHQ�FRQVLGHUHG�ZLWK�VSHFLDO�IRFXV�RQ�FRPSXWHU�
YLVLRQ�� UHLQIRUFHPHQW� OHDUQLQJ�� FRRUGLQDWLRQ� FRQWURO�� IHGHUDWHG� OHDUQLQJ�� ODQJXDJH�PRGHO� UHDVRQLQJ� DQG�
,QWHUQHW�RI�7KLQJV�LQIUDVWUXFWXUH��1HYHUWKHOHVV��DFFXUDWH�SHUFHSWLRQ��JRRG�UHZDUG�GHVLJQ��IDLUQHVV��ODWHQF\��
F\EHUVHFXULW\��IDLO�VDIHW\�DQG�YDOLGDWLRQ�UHPDLQ�FKDOOHQJLQJ�WDVNV��7KH�PDMRU�GLUHFWLRQ�RI�IXWXUH�UHVHDUFK�LV�
GHYHORSLQJ�DQ�HQG�WR�HQG�YDOLGDWHG�WUDIILF�FRQWUROOLQJ�V\VWHP�
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5HIHUHQFHV

�� %RFKNRYVNL\��$���:DQJ��&��<���	�/LDR��+��<��0�� ��������<2/2Y���2SWLPDO� VSHHG� DQG� DFFXUDF\� RI�
REMHFW�GHWHFWLRQ��DU;LY�SUHSULQW�DU;LY�������������KWWSV���DU[LY�RUJ�DEV�����������

�� 'HHS�UHLQIRUFHPHQW�OHDUQLQJ�IRU�WUDIILF�OLJKW�FRQWURO�LQ�LQWHOOLJHQW�WUDQVSRUWDWLRQ�V\VWHPV���������UHYLVHG�
�������DU;LY�SUHSULQW�DU;LY�������������KWWSV���DU[LY�RUJ�DEV�����������

�� /L��0���3DQ��;���/LX��&���HW�DO����������)HGHUDWHG�GHHS�UHLQIRUFHPHQW�OHDUQLQJ�EDVHG�XUEDQ�WUDIILF�VLJQDO�
RSWLPDO�FRQWURO��6FLHQWLILF�5HSRUWV������$UWLFOH��������KWWSV���GRL�RUJ���������V�����������������

�� 5HGPRQ��-���'LYYDOD��6���*LUVKLFN��5���	�)DUKDGL��$�� ��������<RX�RQO\� ORRN�RQFH��8QLILHG�� UHDO�WLPH�
REMHFW�GHWHFWLRQ��,Q�3URFHHGLQJV�RI�WKH�,(((�&RQIHUHQFH�RQ�&RPSXWHU�9LVLRQ�DQG�3DWWHUQ�5HFRJQLWLRQ�
�SS�����±������KWWSV���GRL�RUJ���������&935��������

�� 6DDGL��$���$EJKRXU��1���&KLED��=��� HW� DO�� ��������$� VXUYH\�RI� UHLQIRUFHPHQW� DQG�GHHS� UHLQIRUFHPHQW�
OHDUQLQJ� IRU� FRRUGLQDWLRQ� LQ� LQWHOOLJHQW� WUDIILF� OLJKW� FRQWURO�� -RXUQDO� RI� %LJ� 'DWD�� ���� $UWLFOH� ����
KWWSV���GRL�RUJ���������V����������������[

�� 6KDR�� -���=KHQJ��&���&KHQ��<���+XDQJ��<���	�=KDQJ��5�� ��������0RYH/LJKW��(QKDQFLQJ� WUDIILF� VLJQDO�
FRQWURO� WKURXJK� PRYHPHQW�FHQWULF� GHHS� UHLQIRUFHPHQW� OHDUQLQJ�� DU;LY� SUHSULQW� DU;LY�������������
KWWSV���DU[LY�RUJ�DEV�����������

�� :HL�� +��� =KHQJ�� *���<DR�� +��� 	� /L�� =�� �������� ,QWHOOL/LJKW��$� UHLQIRUFHPHQW� OHDUQLQJ� DSSURDFK� IRU�
LQWHOOLJHQW�WUDIILF�OLJKW�FRQWURO��,Q�3URFHHGLQJV�RI�WKH���WK�$&0�6,*.''�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�
.QRZOHGJH�'LVFRYHU\�DQG�'DWD�0LQLQJ��SS������±�������KWWSV���GRL�RUJ������������������������

�� :HL�� +��� HW� DO�� �����D��� &R/LJKW�� /HDUQLQJ� QHWZRUN�OHYHO� FRRSHUDWLRQ� IRU� WUDIILF� VLJQDO� FRQWURO�� ,Q�
3URFHHGLQJV�RI�WKH���WK�$&0�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�,QIRUPDWLRQ�DQG�.QRZOHGJH�0DQDJHPHQW�
�SS������±�������KWWSV���GRL�RUJ������������������������

�� :HL��+���HW�DO�������E���3UHVV/LJKW��/HDUQLQJ�PD[�SUHVVXUH�FRQWURO�WR�FRRUGLQDWH�WUDIILF�VLJQDOV�LQ�DUWHULDO�
QHWZRUN��,Q�3URFHHGLQJV�RI�WKH���WK�$&0�6,*.''�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�.QRZOHGJH�'LVFRYHU\�
DQG�'DWD�0LQLQJ��SS������±�������KWWSV���GRL�RUJ������������������������

���=RX��;���HW�DO����������7UDIILF�5���5HLQIRUFHG�//0V�EULQJ�KXPDQ�OLNH�UHDVRQLQJ�WR�WUDIILF�VLJQDO�FRQWURO�
V\VWHPV��DU;LY�SUHSULQW�DU;LY�������������$FFHSWHG�WR�$&/�������KWWSV���DU[LY�RUJ�DEV�����������


