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H[RVNHOHWRQV��LQWHUYHQWLRQDO�UDGLRORJ\��URERWLF�FDWKHWHUV��FRORQRVFRS\��DQG�KRPH�KHDOWK�FDUH�

7KLV�UHSRUW�RXWOLQHV�LPSRUWDQW�UHVHDUFK�GLUHFWLRQV�LQ�WKH�ILHOG�RI�&36�0HGLFDO�5RERWLFV���

:KDW�GR�ZH�NQRZ�DQG�GR�ZHOO�WRGD\"
7KH�PRVW�PDWXUH�&36�PHGLFDO�URERWLF�V\VWHPV�DUH�ORFDO�PDVWHU�VODYH�WHOHRSHUDWLRQ�URERWV�ZKHUH�
WKH�VXUJHRQ�DQG�SDWLHQW�DUH�LQ�WKH�VDPH�RSHUDWLQJ�URRP���)'$�DSSURYHG�V\VWHPV�IURP�FRPSDQLHV�
OLNH��,QWXLWLYH�6XUJLFDO��6XQQ\YDOH��&$��DQG�+DQVHQ�0HGLFDO��0RXQWDLQ�9LHZ��&$��XVH�WKLV�SDUDGLJP���
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$XWRQRPRXV�DQG�KXPDQ�PDFKLQH�FROODERUDWLYH�VXUJLFDO�URERWLFV�KDV�EHHQ�GHPRQVWUDWHG�LQ�VWDWLF�
VXUJLFDO�HQYLURQPHQWV��H�J���RUWKRSDHGLFV�DQG�QHXURVXUJHU\�DSSOLFDWLRQV���7KHVH�KDYH�WKH�DGYDQWDJH�RI�
RSHUDWLQJ�LQ�ZHOO�NQRZQ�HQYLURQPHQWV��ZKHUH�WKH�DQDWRP\�GRHV�QRW�GHIRUP�VLJQLILFDQWO\�

0HGLFDO�LPDJLQJ�WHFKQLTXHV�DUH�KLJKO\�PDWXUH�DQG�SURYLGH�H[FHOOHQW�VHQVLQJ�DQG�HQYLURQPHQW�PDSSLQJ�
WKDW�FDQ�EH�XVHG�ZLWK�URERWLFV�

1RQ�PHGLFDO�URERWLFV�KDYH�PDQ\�SURYHQ�WHFKQRORJLHV�WKDW�FRXOG�EH�KLJKO\�EHQHILFLDO�LQ�WKH�PHGLFDO�
UHDOP���)RU�H[DPSOH��SUHFLVH�UHSHWLWLYH�PRWLRQ��PLQLDWXUL]DWLRQ��DQG�QHXUDO�LQWHUIDFHV�DUH�DOO�DYDLODEOH�
URERWLFV�WHFKQLTXHV�WKDW�FRXOG�EH�EURXJKW�WR�EHDU�

:KDW�DUH�WKH��UHVHDUFK�FKDOOHQJHV�DQG�DSSURDFKHV"
0RGHOLQJ�LV�LPSRUWDQW�IRU�SODQQLQJ�DQG�H[HFXWLQJ�VDIH�HIIHFWLYH�WKHUDS\���6RIW�WLVVXH�PRGHOLQJ�IRU�
VXUJHU\���+XPDQ�EHKDYLRU�DQG�WKHUDS\�PRGHOLQJ�IRU�UHKDELOLWDWLRQ��0RGHOLQJ�ZKROH�SURFHGXUHV�IRU�VWDWHIXO�
URERW�DFWLRQ�DQG�KXPDQ�PDFKLQH�HUJRQRPLFV�

6HQVLQJ�DQG�DGDSWDWLRQ��UHDO�WLPH�HQYLURQPHQW�VHQVLQJ�LV�OLPLWHG�E\�QHHGV�IRU�VWHULOL]DELOLW\��
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SURFHGXUHV���0LQLDWXUL]HG��VWHULOL]DEOH�IRUFH��EORRG�R[\JHQDWLRQ���'�LPDJLQJ��DQG�URERW�JXLGHG�XOWUDVRXQG�
VHQVRUV�ZRXOG�LPSURYH�0,6�URERWLF�VXUJHU\�

1RYHO�DFWXDWLRQ�ZLOO�HQDEOH��IRU�H[DPSOH��PLQLDWXUL]HG�VXUJLFDO�PDQLSXODWRUV��LQWULQVLFDOO\�VDIH�KRPH�
KHDOWK�FDUH�V\VWHPV��RU�LQ�ERG\�URERWLFV�

:H�QHHG�EHWWHU�YDOLGDWLRQ�SODWIRUPV�WR�GHYHORS�DQG�FRPSDUH�V\VWHPV���2QH�H[DPSOH�LV�UHDOLVWLF�
SKDQWRPV�WKDW�DUH�VWDQGDUG�DQG�VKDUDEOH��VXFK�DV�D�UHDOLVWLF�&36�EHDWLQJ�KHDUW���6KDUHG�JURXQG�WUXWK���
UHIHUHQFH�GDWD�VHWV�SURYLGH�WKH�UDZ�PDWHULDO�IRU�QHZ�GDWD�GULYHQ�UHVHDUFK���$FFHVV�WR�VKDUHG��SRZHUIXO�
VLPXODWLRQ�SODWIRUPV��H�J���FRPSXWDWLRQ�LQWHQVLYH�FORXG�EDVHG�SK\VLFDO�PRGHOV��FRXOG�KHOS�YDOLGDWH�QHZ�
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&RPPRQ�EHQFKPDUNV�IRU�PHGLFDO�URERWLFV��ERWK�VXUJHRQ�DQG�URERW�SHUIRUPDQFH��LV�NH\�WR�YDOLGDWLQJ�
QHZ�WHFKQRORJLHV�

+XPDQ�URERW�LQWHUDFWLRQ�WHFKQRORJLHV�ZLWK�ULFK�KDSWLF��YLVXDO��YHUEDO��DQG�QHXUDO�LQWHUIDFHV�ZLOO�LPSURYH�
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+XPDQ�PDFKLQH�FROODERUDWLYH�FRQWURO�RI�WHOHRSHUDWLRQ�V\VWHPV�ZLOO�FRPELQH�KXPDQ�FDSDELOLWLHV�
�LQWHOOLJHQW��GH[WURXV��VDIH��DQG�URERWLF�RQHV��SUHFLVH��DEXQGDQW����$XJPHQWHG�UHDOLW\��KDSWLF��YLVXDO��
WHOHSUHVHQFH�ZLOO�LPSURYH�KXPDQ�SHUFHSWLRQ�RI�DQG�DFWLRQ�LQ�WKH�WUHDWPHQW�VSDFH�

3UHVHQWO\�WKHUH�DUH�QR�URERW�LQWHUDFWLRQ�SDUDGLJPV�WKDW�GLFWDWH�LQWHUDFWLRQ�EHWZHHQ�WKH�FDUH�WHDP��
WKH�URERW��DQG�WKH�SDWLHQW���+RZ�FDQ�LQIRUPDWLRQ�IORZ�WR�DOO�WKH�FDUHJLYHUV�LQ�WKH�URERWLF�25�ZKHQ�WKH�
URRP�LWVHOI�LV�DFWLQJ�DXWRQRPRXVO\"��+RZ�ZLOO�D�KRPH�KHDOWKFDUH�URERW�LQIRUP�WKH�SDWLHQW�DERXW�WKHLU�
FRRSHUDWLYH�UHKDELOLWDWLRQ�DFWLYLWLHV"

(GXFDWLRQDO�1HHGV
)LUVW�DQG�IRUHPRVW�FURVV�GLVFLSOLQDU\�WUDLQLQJ�DQG�FROODERUDWLRQ�DPRQJ�FOLQLFLDQV�DQG�HQJLQHHUV�LV�
FULWLFDO���7KLV�IRFXVHV�HQJLQHHULQJ�SURJUDPV�RQ�SRVLWLYH�WKHUDSHXWLF�RXWFRPHV��DQG�HQOLJKWHQV�PHGLFDO�
SURYLGHUV�ZLWK�QHZ�SRVVLELOLWLHV�LQ�GHOLYHULQJ�FDUH�

2SHQ�SODWIRUPV�IRU�WUDLQLQJ�DQG�H[SHULPHQWDWLRQ�ZLOO�TXLFNO\�EULQJ�QHRSK\WHV�XS�WR�WKH�VWDWH�RI�WKH�DUW���
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SUDFWLFHV�

+DUGZDUH�1HHGV
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VHQVLQJ�DQG�DFWXDWLRQ���7KUHH�HOHPHQWV�WRJHWKHU�ZRXOG�SURYLGH�D�QHZ�OHYHO�RI�LPPHUVLYH�URERWLF�
WHOHVXUJHU\��ULFK�IRUFH�DQG�WDFWLOH�VHQVLQJ�DW�WKH�HQG�HIIHFWRU��KLJKO\�GH[WURXV�PXOWL�GRI�HQG�HIIHFWRUV��DQG�
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5RERWLFV�LV�XQLTXH�LQ�LWV�V\VWHP�OHYHO�LQWHJUDWLRQ�RI�PDQ\�YDULHG�FRPSRQHQWV���,QFRUSRUDWLQJ�
KHWHURJHQHRXV�VHQVRUV��DFWXDWRUV��DQG�GHYLFHV�ZLWK�GLVWULEXWHG�FRPSXWDWLRQ�DQG�KXPDQ�LQWHUDFWLRQ�
UHTXLUHV�D�ZLGH�YDULHW\�RI�WHFKQRORJLHV�WR�ZRUN�WRJHWKHU�

)XWXUH�PHGLFDO�URERWLFV�UHVHDUFK�VKRXOG�XVH�DQG�FRQWULEXWH�RSHQ�VRXUFH�VRIWZDUH�WR�PLQLPL]H�
UHGXQGDQW�GHYHORSPHQW��DQG�OHYHUDJH�H[LVWLQJ�ZRUN���5RERW�2SHUDWLQJ�6\VWHP��526��LV�D�SRSXODU�DQG�
XVHIXO�RSHQ�VRXUFH�VRIWZDUH�IUDPHZRUN���6XUJLFDO�$VVLVWDQW�:RUNVWDWLRQ��6$:��LV�DOVR�RSHQ�VRXUFH�
SXUSRVHIXOO\�GHVLJQHG�IRU�VXUJLFDO�URERWLFV�

1RQ�SURSULHWDU\�GDWD�H[FKDQJH�VWDQGDUGV�VKRXOG�EH�PRUH�ZLGHO\�DGRSWHG�WR�HQVXUH�FRPSDWLELOLW\�
RI�GHYHORSHG�URERWV��6HYHUDO�DG�KRF�UHVHDUFK�VWDQGDUGV�IRU�URERWLF�V\VWHPV�LQWHJUDWLRQ�DUH�OLNHO\�
FDQGLGDWHV���2SHQ,*7/LQN�LV�D�GDWD�LQWHUIDFH�GHVLJQHG�IRU�LPDJH�JXLGHG�WKHUDS\��,QWHURSHUDEOH�
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SK\VLFDO�VWDWH��DQG�FRPSURPLVH�RI�D�URERW�FDQ�GR�LPPHGLDWH�KDUP�

$W�WKH�VDPH�WLPH��SK\VLFDO�SURSHUWLHV�RI�WKH�V\VWHP�JLYH�D�FRQYHQLHQW�PHWKRG�IRU�YDOLGDWLRQ�RI�URERW�
EHKDYLRU���3XUH�WHOHRSHUDWLRQ�V\VWHPV¶�RXWSXW�VKRXOG�QRW�H[FHHG�WKH�SHUIRUPDQFH�HQYHORSH�RI�WKH�KXPDQ�
RSHUDWRU��SURYLGLQJ�YDOLGDWLRQ�RI�LQWHQGHG�PRYHPHQW�FRPPDQGV���6LPLODUO\��D�UHKDELOLWDWLRQ�V\VWHP�VKRXOG�
QRW�DSSO\��PRUH�IRUFH�WR�D�SDWLHQW�WKDQ�WKH�SDWLHQW�FDQ�ZLWKVWDQG���$V�D�UHVXOW��SK\VLFDO�PRGHOV�RI�
V\VWHP�EHKDYLRU�ZLOO�SURYLGH�VDIHW\�FKHFNV��LQ�DGGLWLRQ�WR�RWKHU�SRWHQWLDO�EHQHILWV�PHQWLRQHG�DERYH��

0HWKRGV�IRU�YDOLGDWLQJ�&36�PHGLFDO�URERWLFV�PLJKW�LQFOXGH�IRUPDO�PHWKRGV��VXFK�DV�PRGHO�FKHFNLQJ�DQG�
GHGXFWLYH�YHULILFDWLRQ�WHFKQLTXHV��RU�WKURXJK�H[WHQVLYH�WHVWLQJ�

6DIHW\�YXOQHUDELOLW\�LQ�WKH�QHWZRUN�DQG�QHWZRUNHG�FRQWURO�ORRS�PXVW�EH�DGGUHVVHG��8QLTXH��&36�
URERWLFV�VSHFLILF�DWWDFNV�RQ�WKH�QHWZRUN�DQG�QHWZRUN�EDVHG�FRQWURO�ORRS�VXFK�DV�GHOD\LQJ��GURSSLQJ�
RU�VSRRILQJ�IHHGEDFN�PHVVDJHV�QHHG�WR�EH�DGGUHVVHG���$GGUHVVLQJ�WKHVH�DWWDFNV�ZLOO�UHO\�RQ�VHFXULW\�
PHFKDQLVPV�SURSRVHG�IRU�QHWZRUNHG�FRQWURO��ZKLOH�RWKHU�PHFKDQLVPV�ZLOO�EH�EDVHG�RQ�WKH�NQRZOHGJH�
DERXW�SK\VLFDO�FRQVWUDLQWV�DQG�G\QDPLFV�RI�WKH�V\VWHP��)RU�H[DPSOH��NQRZLQJ�WKH�DOORZHG�RSHUDWLQJ�
UHJLRQ�RI�WKH�UHPRWH�PDQLSXODWRU�ZLOO�DOORZ�IRU�TXLFN�GHWHFWLRQ�RI�VSRRIHG�IHHGEDFN�PHVVDJHV�
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0HGLFDO�URERWLFV�GHYHORSPHQW�LQ�WKH�IXWXUH�ZLOO�KDYH�WKH�IROORZLQJ�WKHPHV��LQFUHDVHG�DFFHVV�ZLWK�
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��<HDUV
6XUJHU\��PHGLFDO�LPDJLQJ�DXJPHQWV�VXUJHRQ¶V�YLHZ�RI�WKH�SDWLHQW���1RYHO��PLQLDWXUL]HG�URERWLF�V\VWHPV�
SURYLGH�IXOO\�LQVHUWDEOH�PDQLSXODWLRQ�DQG�YLVXDOL]DWLRQ�SODWIRUPV���0LQLDWXUL]HG�DUWLFXODWHG�DUPV�SURYLGH�
GH[WURXV�VLQJOH�SRUW�VXUJHU\�FDSDELOLWLHV�

5HKDELOLWDWLRQ��ILUVW�URERWV�LQ�WKH�KRPH�KHOS�SDWLHQWV�FRPSO\�ZLWK�UHKDE��PRQLWRU�SURJUHVV�WR�KHOS�ZLWK�
ILJXUH�GLDJQRVLV��UHFHLYH�XSGDWHV�IURP�SK\VLFLDQ���

3URVWKHVHV���SURVWKHWLF�GHYLFHV�ZLOO�PRYH�WRZDUGV�FORVHG�ORRS�FRQWURO��1RW�RQO\�ZLOO�EHWWHU�FRQWURO�
DOJRULWKPV�EH�LPSOHPHQWHG��ERWK�(0*�DQG�QHXUDO���((*��%&,��VSLQDO���EXW�VHQVRU\�IHHGEDFN�YLD�KDSWLFV�
DQG�WDUJHWHG�PXVFOH�UHLQQHUYDWLRQ�ZLOO�DOVR�SURYLGH�DQ�LPSRUWDQW�FRPSRQHQW�LQ�FRQWURO��

���<HDUV
6XUJHU\��LPPHUVLYH�WHOHSUHVHQFH�VXUJHU\�ZLWK�����GHJUHH�YLVXDOL]DWLRQ�RI�DQDWRP\���$XJPHQWHG�UHDOLW\�
RYHUOD\V�PHUJH�PHGLFDO�LPDJLQJ�ZLWK�YLVLRQ�WR�DXWRPDWLFDOO\�LGHQWLI\�DQDWRPLFDO�VWUXFWXUHV���6XUJLFDO�
ZRUNIORZ�KHXULVWLFV�DQG�SUH�RSHUDWLYH�SODQV�JXLGH�VXUJHRQV�WKURXJK�SURFHGXUHV�DQG�PLQLPL]H�PLVWDNHV��
3DUWLDO�DXWRPDWLRQ�KHOSV�ZLWK�SUHFLVH�GLVVHFWLRQ��VXWXULQJ��PDQLSXODWLRQ���7LVVXH�LQWHUDFWLRQ�PRGHOLQJ�
HVWLPDWHV�DQG�PLQLPL]HV�XQQHFHVVDU\�WLVVXH�GDPDJH�

3URVWKHVHV��3URJUHVV�WRZDUGV�RVWHRLQWHJUDWHG�SURVWKHWLF�LPSODQWV�

*HQHUDO�PHGLFDO��5RERWLF�GHYLFHV�WDNH�RYHU�PDQ\�PDQXDO�WDVNV��OLNH�EORRG�SUHVVXUH��EORRG�GUDZV��
LPPXQL]DWLRQV�

+RPH�KHDOWKFDUH���,Q�KRPH�WHOHSUHVHQFH�URERWV�SURYLGH�GRFWRU�KRXVHFDOO�FRQVXOWDWLRQ��DVVLVWDQFH�ZLWK�
KHDOWK\�EHKDYLRUV�DQG�OLIHVW\OH�FKRLFHV��ILUVW�UHVSRQGHU�FDSDELOLWLHV��DQG�DFW�DV�UHKDELOLWDWLRQ�SDUWQHU�

6HFXULW\��QHZ�QHWZRUN�VHFXULW\�IHDWXUHV�IRU�URERWLFV�XVH�RSHUDWRU�RU�WDVN�EHKDYLRU�VLJQDWXUHV�WR�LGHQWLI\�
LQWHQGHG�HUURQHRXV�DFWLRQ�

,PDJLQJ��VZDOORZDEOH��VWHHUDEOH�FDPHUDV���

����\HDUV�

6XUJHU\��KLJK�GHJUHH�RI�DXWRPDWLRQ�LQ�D�PRVWO\�URERWLF�25���,PDJLQJ��SODQQLQJ��DQG�DFWXDWLRQ�DUH�DOO�
KLJKO\�LQWHJUDWHG�DQG�URERW�DVVLVWHG�

3URVWKHVHV��F\ERUJV��GLUHFW�LQWHUIDFH�RI�QHXURQV�WR�PLFURFRQWUROOHUV���*URZLQJ�QHXURQV�RQ�FKLSV�
HPEHGGHG�LQ�VRPH�ELRFRPSDWLEOH�PDWHULDO�SURVWKHWLF�OLPE�
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