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3URGXFWLRQ PDFKLQHV�PDLQWHQDQFH�EDVHG�RQ�GLJLWDOL]DWLRQ

$��.��7XJHQJROG���5��1��9RORVKLQ���$��5��<XVXSRY���7��1��.UXJORYD�


��������'RQ�6WDWH�7HFKQLFDO�8QLYHUVLW\��5RVWRY�RQ�'RQ��5XVVLDQ�)HGHUDWLRQ
� 3ODWRY�6RXWK�5XVVLDQ�6WDWH�3RO\WHFKQLF�8QLYHUVLW\��13,���1RYRFKHUNDVVN��5XVVLDQ�)HGHUDWLRQ

� � �� � �� �

������� � �
�� �

,QWURGXFWLRQ� 'LJLWDO� GDWD� DQG� DQDO\WLFV� WUDQVIRUP� WKH� UROH� RI�

WKH�SURGXFWLRQ�HTXLSPHQW�PDLQWHQDQFH��$QDO\WLFDO�LQIRUPDWLRQ�

RI�VHQVRUV�SODFHG�RQ�WKH�SURGXFW�DOORZV�FRQWLQXRXV�PRQLWRULQJ�

RI� WKH�SURGXFWLRQ�PDFKLQHV�RSHUDWLRQ�DQG� WKHLU� WLPHO\�VHUYLF�

LQJ�� 7KXV�� GHIHFWV� LQ� WHFKQLFDO� HTXLSPHQW� DUH� LGHQWLILHG�� WKH�

DQDO\VLV�RI�ZKLFK�HQDEOHV� WR�GHYHORS�DOJRULWKPV� IRU�PRQLWRU�

LQJ�DQG�IRUHFDVWLQJ��DQG�WR�SUHYHQW�HTXLSPHQW�IURP�RYHUVKRRW�

LQJ�WKH�OLPLWV�RI�WKH�VDIH�RSHUDWLRQ�

0DWHULDOV�DQG�0HWKRGV� %DVLF�GLJLWDOL]DWLRQ�SULQFLSOHV�DQG�WKH�

GLJLWDO�LPDJHV�VWUXFWXUH�DUH�SUHVHQWHG��$�PDWKHPDWLFDO�PHWKRG�

LV� XVHG� WR� GHVFULEH� WKH� GLJLWDO� LPDJH� YHFWRU� DQG� WKH� FRQWURO�

V\VWHP�DOJRULWKP�

5HVHDUFK�5HVXOWV� 7KH�DFKLHYHPHQWV�RI�WKH�NQRZQ�V\VWHPV�RI�

PDLQWHQDQFH� DQG� GLJLWDOL]DWLRQ� RI� YDULRXV�PDFKLQHV� DUH� VXP�

PDUL]HG��7KH� DSSOLFDWLRQ�RI� D�G\QDPLF�GLJLWDO� LPDJH�PDGH� LW�

SRVVLEOH�WR�GHWHUPLQH�WKH�GHVLUHG�OHYHOV�RI�WKH�SURGXFWLRQ�IDFLO�

LWLHV� PDLQWHQDQFH� $Q� RSWLRQDO� YHUVLRQ� RI� PRQLWRULQJ� WKH�

HTXLSPHQW�VWDWH�ZLWKLQ� WKH�IUDPHZRUN�RI� WKH�SURGXFWLRQ�GLJL�

WDOL]DWLRQ�FRQFHSW� LV�VKRZQ�� ,W� LV�EDVHG�RQ� WKH�SURSRVHG�DOJR�

ULWKP�IRU�DQ�DXWRQRPRXV�FRQWURO�RI�WKH�SURFHVV�VWDWH�

'LVFXVVLRQ� DQG� &RQFOXVLRQV� 7KH� FRQVWUXFWLRQ� RI� PDFKLQH�

GLJLWDO� LPDJHV� LQ� DFFRUGDQFH� ZLWK� WKH�PDLQ� VWDJHV� RI� LWV� OLIH�

F\FOH�LV�GHVFULEHG��7KH�WDVN�RI�DXWRPDWHG�PDLQWHQDQFH�RI�PD�

FKLQH�WRROV�EDVHG�RQ�GLJLWDOL]DWLRQ�LV�FRQVLGHUHG�

.H\ZRUGV�� PRQLWRULQJ�� GLJLWDOL]DWLRQ�� DXWRQRPRXV� FRQWURO��
PDLQWHQDQFH��GLJLWDO�LPDJH�

7KH�UHVHDUFK�LV�GRQH�ZLWKLQ�WKH�IUDPH�RI�WKH�LQGHSHQGHQW�5	'�
(�PDLO��DNW�#\DQGH[�UX��U�YRORVKLQ����#JPDLO�FRP��VWKHGJHKRJ#LFORXG�FRP��NUXJORYDWDQ\D#UDPEOHU�UX
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7XJHQJROG�$��.�� HW�DO��3URGXFWLRQ�PDFKLQHV�PDLQWHQDQFH�EDVHG�RQ�GLJLWDOL]DWLRQ

)RU� FLWDWLRQ� $�.�� 7XJHQJROG�� HW� DO�� 3URGXFWLRQ� PDFKLQHV�
PDLQWHQDQFH�EDVHG�RQ�GLJLWDOL]DWLRQ��9HVWQLN�RI�'678��������
YRO������QR�����SS����±����KWWSV���GRL�RUJ��������������������
���������������

��
�

² ������² ���² � ��±����KWWSV���GRL�RUJ�����������
�������������������������

,QWURGXFWLRQ��$W� WKH� SUHVHQW� VWDJH� RI� GHYHORSPHQW� RI� HQJLQHHULQJ DQG� WHFKQRORJ\�� LVVXHV� RI� WKH� SURGXFWLRQ�
GLJLWDOL]DWLRQ�� LQ�SDUWLFXODU�� WKH� OLIH�F\FOH�PDQDJHPHQW�RI�SURGXFWLRQ PDFKLQHV�� WKH� LQGHSHQGHQW PDQDJHPHQW�RI� WKHLU�
RSHUDWLRQ�DQG�PDLQWHQDQFH��DUH�SDUWLFXODUO\�VHQVLWLYH� $FFRUGLQJ�WR�.��6FKZDE��+HDG�RI� WKH�:RUOG�(FRQRPLF�)RUXP��
GLJLWDO�GDWD�DQG�DQDO\WLFV�WUDQVIRUP�WKH�UROH�RI�VHUYLFLQJ >�@��:H�DUH�WDONLQJ�DERXW�WKH�DQDO\WLFDO�LQIRUPDWLRQ�RI�VHQVRUV�
SODFHG� RQ� WKH� SURGXFW�� ,W� KHOSV� WR� FRQGXFW FRQWLQXRXV�PRQLWRULQJ�� DQG� WR VWXG\� HTXLSPHQW� RSHUDWLRQ� DQG� LWV�PDLQWH�
QDQFH� 7KXV��GHIHFWV�LQ�WKH HTXLSPHQW�DUH�LGHQWLILHG��WKH�DQDO\VLV�RI�ZKLFK�HQDEOHV�WR�GHYHORS�PRQLWRULQJ�DOJRULWKPV��WR�
PDNH�IRUHFDVWV� DQG�WR�SUHYHQW�HTXLSPHQW�IURP�JRLQJ�EH\RQG�WKH�OLPLWV�RI�UHOLDEOH�RSHUDWLRQ��7KLV�DSSURDFK�JHQHUDOO\�
LPSURYHV�WKH�HIILFLHQF\�RI�SURGXFWLRQ�SURFHVVHV��'HVFULSWLRQ�RI�WKH�SURGXFW�RSHUDWLRQ�EDVHG�RQ�GLJLWDOL]DWLRQ�DOORZV�IRU�
WKH�FUHDWLRQ�RI GLJLWDO�WZLQV�RI�PDFKLQHV�IRU�YDULRXV�SXUSRVHV� LQFOXGHV�D�WHPSRUDO�LQIRU�
PDWLRQ�FRS\�RI�DQ�REMHFW��DUWLILFLDO� LQWHOOLJHQFH��LQIRUPDWLRQ�WHFKQRORJLHV��DQG�VRIWZDUH��$OO� WKHVH�FRPSRQHQWV�DUH�LQ�
YROYHG�LQ�WKH�FUHDWLRQ�DQG�VXSSRUW�RI�LQWHOOLJHQW�GLJLWDO PRGHOV��'0��RI�FRPSOH[�WHFKQLFDO�SURGXFWV�

3XEOLFDWLRQV�GHYRWHG�WR�WKLV� WRSLF�UHSUHVHQW�UHVHDUFK� LQ�WKH�ILHOG�RI�LQWHOOHFWXDO�PRQLWRULQJ�DQG�FRQWURO�RI� WKH�
WHFKQLFDO�FRQGLWLRQ�RI�PDFKLQHV�DQG�PDFKLQH�WRRO V\VWHPV >�±��@�

0HWDO�FXWWLQJ�PDFKLQHV� DUH� SURYLGHG�ZLWK�QHZ�SURSHUWLHV� WKDW� DOORZ� WKHP� WR�PHHW� WKH�JURZLQJ�GHPDQGV� IRU�
VSHHG�DQG�DFFXUDF\�RI�FXWWLQJ�� UHOLDELOLW\�DQG� VDIHW\�RI�RSHUDWLRQ� XQGHU� WKH FRQGLWLRQV�RI� IDVW�VSHHG SURFHVVHV��$V� LQ�
PHFKDWURQLFV�LQ�JHQHUDO��LQ�PDFKLQH�WRROV��D�QXPEHU�RI�RUJDQL]DWLRQDO�DQG�WHFKQRORJ\ SULQFLSOHV�UHODWHG�WR�GLJLWDOL]DWLRQ�
LV LPSOHPHQWHG��6RPH�RI�WKHP�DUH�OLVWHG�EHORZ�

2SHQQHVV�DQG�FRQWUROODELOLW\��$ PDFKLQH�LV�DQ�RSHQ��VHOI�FRQWUROOHG�V\VWHP�FRQQHFWHG�ZLWK�WKH�RXWGRRU HQYL�
URQPHQW��,QIRUPDWLRQ�RQ�WKH�VWDWH�RI WKH�HTXLSPHQW��WKH�RXWGRRU�HQYLURQPHQW�LV�XVHG�IRU�FRQWURO� DQG�WKH�REMHFW�EHKDYLRU�
LV�VLPXODWHG�

2ULJLQDOLW\� RI� SURSHUWLHV�RI� WKH� HQWLUH PDFKLQH� V\VWHP��7KH� FKDUDFWHULVWLF� RI� D� V\VWHP�REMHFW� H[WHQGV� IXUWKHU�
WKDQ D VXP�RI�IHDWXUHV RI�LWV�FRPSRQHQWV��7KH�V\VWHP�REWDLQV�SURSHUWLHV�WKDW�QRQH�RI�LWV�FRPSRQHQWV�SRVVHVVHV��,Q�RWKHU�
ZRUGV��WKH�IXQFWLRQV�RI�WKH�FRPSRQHQWV�FDQ�V\QWKHVL]H�QHZ�SURSHUWLHV�RI�WKH�V\VWHP�

6HOI�VXIILFLHQF\ RI�WKH�V\VWHP��7KH�V\VWHP�DQG�LWV�HOHPHQWV�FDQ�IXQFWLRQ�LQGHSHQGHQWO\�RI�H[WHUQDO�V\VWHPV�
,QWHOOLJHQW�PDQDJHPHQW��3URFHGXUHV�IRU�FRQWUROOLQJ�DQ�REMHFW��PDFKLQH��DUH�EDVHG�RQ�DQ�DQDO\VLV�RI�LWV�VWDWHV�

DQG�PDQXIDFWXULQJ VLWXDWLRQV�XVLQJ�LQIRUPDWLRQ�WHFKQRORJLHV�DQG�NQRZOHGJH�SURFHVVLQJ�PHFKDQLVPV�
,QIRUPDWLRQ�DQG�LQWHOOHFWXDO�VXSSRUW�RI�WKH�PDFKLQH�RSHUDWLRQ�LQFOXGHV�SURFHGXUHV�IRU�PDLQWHQDQFH�DQG�UHSDLU��

7KH�GHYHORSPHQW�RI�GLJLWDO�DXWRPDWHG�GLDJQRVWLF�DQG�FRQWURO�V\VWHPV�LQYROYHV�WKH�FUHDWLRQ�RI�VSHFLILF�VRIWZDUH�IRU�LQ�
IRUPDWLRQ�SURFHVVLQJ�LQWHJUDWHG�ZLWK�DQ�H[WHUQDO�QHWZRUN�FRPPXQLFDWLRQ�HQYLURQPHQW�

0DLQ�3DUW� ,Q�WKH�SUHVHQWHG�SDSHU��WKH�GLJLWDO�HPERGLPHQW�RI�DQ REMHFW�ZLOO�EH�FDOOHG�LWV�GLJLWDO�LPDJH��',��
7KH�PDFKLQH�',�FRUUHVSRQGV WR�YDULRXV�PHWKRGV�RI�FRQVWUXFWLQJ�GLJLWDO�PRGHOV��'LJLWDO�PRGHO���7KH�PRGHO VH�

OHFWLRQ LV�GHWHUPLQHG�E\�WKH�REMHFW�OLIH�F\FOH�VWDJH�± IURP�GHVLJQ�WR�GLVSRVDO��)LJ�����
�

)LJ���� 6WDJHV�RI�UHSUHVHQWDWLRQ�RI�PDFKLQH�GLJLWDO�LPDJHV�

$FFRUGLQJ�WR�WKH�QRWDWLRQ�RI�)LJ����DQG�FRQVLGHULQJ�WKH�VHTXHQFH�RI�WUDQVIRUPDWLRQV��DQ�RUGHUHG�VHW�RI�GLJLWDO�
PRGHOV�RI�WKH�PDFKLQH�VWDWH�GXULQJ WKH�OLIH�F\FOH�LV�DV�IROORZV�

'P  ��'L� 'V� 'S� 'V���

LQLWLDO 'L

VLWXDWLRQ 'V

SHUIHFWLRQLQJ 'S

GXULQJ�VXFFHHGLQJ�RSHUDWLRQDO�SHULRG�'V�
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$FFRUGLQJ�WR WKH�VWDQGDUG UXOHV�DQG�WHVW�PHWKRGV��WKH�ZRUN�RQ�FUHDWLQJ�'L LQFOXGHV�WKH�IRUPDWLRQ�RI�DQ�LQLWLDO�
GDWDEDVH�IRU�DVVHVVLQJ�WKH�PDFKLQH�TXDOLW\��7KHVH�LQFOXGH WKH�IROORZLQJ��SHUIRUPDQFH�DFFXUDF\�IDFWRUV��G\QDPLF�FKDUDF�
WHULVWLFV��WKHUPDO�GHIRUPDWLRQV��UHOLDELOLW\�UDWLQJ�HVWLPDWHV� 7KH�GDWDEDVH��'%��RI�WKH�LQLWLDO�VWDWH�RI�WKH�PDFKLQH�IRUPV�
WKH�EDVLV�RI�WKH�WHPSRUDO�PDFKLQH ', EXLOW�RQ�WKH�SULQFLSOHV�RI�WKH�H�0LQG�0DFKLQH��H�00��>������@�

,I�ZH�DUH�WDONLQJ�DERXW�WKH�PDFKLQH�LQ�XVH��LWV�VWDWH�LV�FRQVLGHUHG XQGHU SURFHVVLQJ�W\SLFDO�WHVW�SDUWV�RU�RQ�WHVW�
PRGHV�VXEMHFW�WR�WKH�WHFKQLFDO�UHTXLUHPHQWV�DQG�D�WHVW�SURJUDP��7KH�VWUXFWXUH�RI�WKH�PDFKLQH ', LQ�WKH�RSHUDWLRQ�SUR�
FHVVHV �'V���FRQVLGHULQJ WKH�H�00��LV�VKRZQ�LQ�)LJ�����

)LJ�����6WUXFWXUH�RI�PDFKLQH�G\QDPLF�',�DW�VHUYLFH�VWDJH��'V�

7KH�', VWDWH� VSHFLILFLW\� LV�GHWHUPLQHG�E\� WKH�DOWHUQDWLRQ�RI� WKH�RSHUDWLRQ��PDLQWHQDQFH� DQG� UHSDLU SURFHVVHV��
7KH ', LQWHOOLJHQFH�GHSHQGV�RQ�WKH�NQRZOHGJH�V\VWHP��.6��ORFDWHG�LQ�WKH�EORFNV�RI�WKH�PDFKLQH�WHPSRUDO�',�

6ROXWLRQV�EDVHG�RQ�WKH�HPEHGGHG�H[SHUW�V\VWHPV��(6��DQG�LQIRUPDWLRQ�REWDLQHG IURP�WKH�GLDJQRVWLF�DQG PRQL�
WRULQJ�XQLWV�DUH�V\QWKHVL]HG�LQ�WKH�PRGXOHV�IRU�FRQWUROOLQJ�WKH�PDFKLQH�WHFKQLFDO�VWDWH��7KH\�LGHQWLI\�WKH�PHDVXUHG�SD�
UDPHWHUV�RI�WKH�PDFKLQH��WKH�SURFHVV�DQG�LWV�UHVXOW��ZKLFK� HQDEOHV WR�GLDJQRVH�DQG�HYDOXDWH�WKH�VWDWH�RI�SURFHVVHV�DQG�
GHYLFHV� ,Q�WKLV�FDVH��D�VLWXDWLRQDO�DVVHVVPHQW�RI�WKH�V\VWHP�VWDWH��ZKLFK�LV�QHFHVVDU\�IRU�WKH�PDQDJHPHQW��DGHTXDWH�WR�
WKH�FXUUHQW�VLWXDWLRQ��LV�SHUIRUPHG��DQG�WKH�UHVXOWV�DUH�SUHGLFWHG��%DVHG�RQ�WKH�GHFLVLRQV�PDGH��FRQWURO�DFWLRQV�DUH�JHQHU�
DWHG�FRUUHVSRQGLQJ� WR� WKH�EORFN�DVVLJQPHQWV� &RQVLGHULQJ� WKH�KXJH�DPRXQWV�RI�VWRUHG�GDWD��RSWLPL]LQJ�DQDO\VLV� WHFK�
QLTXHV� FDQ� EH� XVHG� XQGHU� WKH V\VWHP� RSHUDWLRQ�² IRU� H[DPSOH�� RQOLQH� GLDJQRVWLFV� ZLWK� WKH� DLG� RI� 0HO�IUHTXHQF\�
FHSVWUDO�FRHIILFLHQWV�>��@�

$W�WKLV��LW�LV�LPSRUWDQW�WR�DSSO\�QRW�TXDQWLWDWLYH��EXW�TXDOLWDWLYH�DVVHVVPHQWV�DQG�FRQFHSWV�EDVHG�RQ�IX]]\�SUR�
FHGXUHV�RI SURFHVVLQJ��DFFXPXODWLQJ�DQG�DSSO\LQJ�NQRZOHGJH�DQG�PHWD�NQRZOHGJH��,W�LV�DGYLVDEOH�WR�XVH�WHPSRUDO�(6��
)LUVW��WKH\�ZRUN�LQ�UHDO�WLPH��6HFRQGO\��WUDLQLQJ�DQG�DGDSWDWLRQ�DOJRULWKPV�DUH�EXLOW�LQWR�VXFK�(6��DQG WKH\�DUH�DEOH�WR�
LPSURYH�WKH�SHUIRUPDQFH RI�WKH�PDFKLQH�VXEV\VWHPV�

8QGHU�WKH�LQWHOOLJHQW�FRQWURO�ZLWK�WKH�.6�XQLWV�GXULQJ�WKH�PDFKLQH�RSHUDWLRQ�SHULRG��FRPSOHWH�LQIRUPDWLRQ�RQ
WKH�',�VWDWH�FDQ�EH�UHSUHVHQWHG�DV�DQ�RUGHUHG�VHW��YHFWRU��RI�SRVVLEOH�VWDWHV�RI�WKH�PDFKLQH�V\VWHP�DQG�FRQWURO�

� � � �Z L Y ] X6 6 6 6 6 6 �

+HUH� � � � �Z L Y ] X6 6 6 6 6 DUH� UHVSHFWLYHO\�� VHWV RI� VWDWHV�RI� WKH�PDFKLQLQJ� SURFHVV�� WKH� WRRO�� WKH� WHFKQLFDO� VWDWH�RI� WKH�

PDFKLQH�FRPSRQHQWV�� WKH� VWDWH�RI� WKH�SURGXFW� �ZRUNSLHFH� � SDUW��DQG�FRQWURO��7KH�VHW�RI�DGPLVVLEOH�YHFWRUV� � 6 �� LV�

FDOOHG�WKH�DGPLVVLEOH�VHW�RI�',�VWDWHV� DQG ZH�GHQRWH LW�DV� 6 ��.6 V\QWKHVL]HV�VHWV�RI�WLPH�RUGHUHG�UHJXODWHG DFWLRQV��

8 8S � 7KH\�SURYLGH�WUDQVIRUPDWLRQ�RI�WKH�YHFWRU�RI�WKH�',�LQLWLDO�FRQGLWLRQ� 6 6
 IURP�D�K\SRWKHWLFDOO\�LGHQWL�

ILHG�DGPLVVLEOH�VHW�RI�VWDWHV�� 6 ��WR�WKH�VSHFLILHG�JRDO�VWDWH J6 6 ��7KLV�VHDUFK�LV�EDVHG�RQ�WKH�DQDO\VLV�RI�NQRZOHGJH�

DERXW�WKH�IXQFWLRQDOLW\�RI�D�VSHFLILF�PDFKLQH�WRRO�V\VWHP��$FWXDOO\� .6 VKRXOG�UHDOL]H 6 LQGLFDWLRQ�

6 6 J6 6 8 8 6 6


S �

ZKLFK� RXW�RI�WKH�VHW�RI�DGPLVVLEOH�FRQWUROV��8 ���ILQGV�VXFK�FRQWURO��8 8S ��WKDW�FRUUHVSRQGV�WR�WKH�RI�WKH�LQLWLDO�VWDWH�

YHFWRU�� 
6 6 ��DQG WR WKH�VSHFLILHG�JRDO�VWDWH � J6 6 ���,Q�WKLV�FDVH��8 8S FRQWURO�HQDEOHV�WKH�WUDQVLWLRQ�RI�WKH�PD�

FKLQH�IURP� 
6 6 VWDWH�WR� J6 6 VWDWH��7KH�PDQDJHPHQW�DSSDUDWXV �8 8S ��LV�EDVHG�RQ�WKH�IRUPDOLVPV�RI�IX]]\�DOJH�

02'8/(

���0DFKLQH VWDWH
PRQLWRULQJ

���2EVHUYDWLRQ DQG
&RQWURO .6

%/2&.6

���'LDJQRVLV

���0RQLWRULQJ

���0DFKLQH VWDWH
PDQDJHPHQW
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7XJHQJROG�$��.�� HW�DO��3URGXFWLRQ�PDFKLQHV�PDLQWHQDQFH�EDVHG�RQ�GLJLWDOL]DWLRQ

EUD�DQG�IX]]\�VHWV� 7KLV�DSSURDFK�DOORZV�IRU�WKH�IRUPXODWLRQ�RI�D�SODXVLEOH�K\SRWKHVLV�DERXW�WKH�RUJDQL]DWLRQ�RI�WKH�DS�
SURSULDWH�EHKDYLRU�RI�WKH�PDFKLQH�WRRO�V\VWHP��,Q�WKLV�FDVH��D�FRKHUHQW WUDQVLWLRQ�IURP�RQH�VWDWH�WR�DQRWKHU�LV�REVHUYHG��
DQG�DW�HDFK�WUDQVLWLRQ� LQIRUPDWLRQ�DERXW�FKDQJHV�LQ�WKH�PDFKLQH�', LV�JHQHUDWHG�>��@�

�6 6 ,�
38 �

+HUH�� 6 �
LV�',� VWDWH� DW� WKH�EHJLQQLQJ�RI� M�WK� WUDQVLWLRQ�� � 6 M

LV ',� VWDWH� REWDLQHG� DV� D� UHVXOW� RI� M�WK� WUDQVLWLRQ�� , M DUH

FKDQJHV�WR�EH�PDGH�LQ�WKH�GHVFULSWLRQV�RI�',�VWDWH REWDLQHG�DV�D�UHVXOW RI�M�WK�WUDQVLWLRQ� 8 S LV�FRQWURO�HQVXULQJ�WKH�WUDQ�

VLWLRQ�IURP� 6 � VWDWH�WR 6 M VWDWH�

7KH�FXUUHQW�VWDWH�� 6 M
��REWDLQHG�DV�D�UHVXOW�RI�WKH�M�WK WUDQVLWLRQ�LV�GHWHUPLQHG�E\�WKH�VWDWH RI�

� SURGXFW��ZRUNSLHFH � SDUW� � 6]M
��

� WRRO�VXEV\VWHPV�� 6LM
��

� REMHFW�� 6YM
��

7KDW�LV

� �6 6 6 6]M ]M LM YM �

0RGHOV�RI�WHFKQLFDO�FRQGLWLRQ�PDQDJHPHQW��EXLOW�RQ�WKLV�.6�EDVH��DUH�WKH�IUDPHZRUN�IRU�EXLOGLQJ�D�GLJLWDO�V\V�
WHP�IRU�DXWRQRPRXV�FRQWURO�RI�PDFKLQH�WRROV�

'HYHORSHUV�DQG�UHVHDUFKHUV�SD\�VHULRXV�DWWHQWLRQ�WR�WKH�DXWRPDWHG�PDLQWHQDQFH�RI�PDFKLQH�RSHUDELOLW\��HVSH�
FLDOO\� XQGHU WKH�FRQGLWLRQV�RI�FRPSXWHUL]DWLRQ�RI�SURGXFWLRQ�DQG�LPSURYHPHQW�RI�LQIRUPDWLRQ�VXSSRUW�>�@�

7KH�GLJLWDOL]DWLRQ�V\VWHPV�GHYHORSHG�IRU�WKH�WHFKQRORJLFDO�PDFKLQHV PDLQWHQDQFH�UHTXLUH�WKH�DSSOLFDWLRQ�RI�LQ�
WHJUDWHG�DQG�RU�UHPRWH�VRIWZDUH�DQG�KDUGZDUH�VXSSRUW�FRPSRQHQWV��7KHVH�V\VWHPV�DUH�FUHDWHG� WR�IXOILOO WKH� IROORZLQJ�
WDVNV�

� WR�REWDLQ�LQIRUPDWLRQ�RQ WKH�HTXLSPHQW�VWDWH�LQ�UHDO�WLPH�
� WR�IRUHFDVW�WKH�GHYHORSPHQW�RI�WKH�VWDWH�RI�YDULRXV�GHYLFHV�XQLWV��'�8��
� WR�JLYH�WKH�SHUVRQQHO�ZDUQLQJ�RI�HPHUJHQF\�DQG�RWKHU�GDQJHURXV HTXLSPHQW�FRQGLWLRQV�
� WR�FDUU\�RXW�VHOI�PDLQWHQDQFH�DQG�WURXEOHVKRRWLQJ�
� WR�FRQGXFW�PDLQWHQDQFH RU�XSGDWLQJ�RI WKH�FRQWURO�SURJUDPV�LQ�WKH�SURFHVV�RI�HTXLSPHQW�RSHUDWLRQ�

:LWKLQ� WKH� IUDPHZRUN�RI� WKH�H�00�FRQFHSW��DQ�DXWRPDWHG�DXWRQRPRXV�FRQWURO�RI� WKH� WHFKQLFDO�VWDWH�RI�PD�
FKLQH� WRROV� �$876��ZDV� FUHDWHG� >��@�� $876�PHDQV� LQGHSHQGHQW� DXWRPDWHG� FRQWURO�� 6SHFLDO� WRROV� DQG� LQIRUPDWLRQDO�
OLQNV�DOORZ�LW WR�DVVHVV�WKH�VWDWH�DQG�UROH�RI�WKH�PDFKLQH��%DVHG�RQ�WKHVH�HVWLPDWHV��WKH�$876�SURYLGHV�FHUWDLQ�VLJQDOV�RU
DFWV�RQ�D�VSHFLILF�PDFKLQH�GHYLFH�WR�PDLQWDLQ�RU�UHVWRUH�LWV�RSHUDELOLW\�

7KH�$876�IHDWXUHV�DUH�OLVWHG�EHORZ�
)LUVW��WKH�V\VWHP�VKRXOG�EH�HTXLSSHG�ZLWK�D�VXIILFLHQW�QXPEHU�RI�VHQVRUV�WKDW�WUDQVPLW�UHOLDEOH�LQIRUPDWLRQ�RQ�

WKH�VWDWXV�RI�XQLWV�DQG�GHYLFHV�
6HFRQGO\��ZKHQ�UHFRJQL]LQJ�WKH�REWDLQHG�GDWD�� LW� LV�QHFHVVDU\� WR�H[FOXGH�QRLVH�DQG� GHWHUPLQH WKH�SDUDPHWHUV�

LQIRUPDWLYHO\�GHVFULELQJ�WKH�VWDWH�RI�WKH�HTXLSPHQW�
7KLUGO\��WKH�IRUHFDVWLQJ�V\VWHPV�VKRXOG IOH[LEO\�DGMXVW�WKH�LQGLFDWRUV�LQ�UHDO�WLPH��IRFXVLQJ�RQ�WKH�LQIRUPDWLRQ�

REWDLQHG�IURP�WKH�GLDJQRVWLF�XQLW�
)RXUWKO\�� WKH� GHFLVLRQ� VKRXOG� LQFOXGH� WKH� SRVVLELOLW\� RI� UHGXFLQJ� WKH� ULVN� IURP� WKH�PDFKLQHU\� EUHDNGRZQ� RU�

ZHDU�UHGXFWLRQ�RI�WKH�HTXLSPHQW FRPSRQHQWV��DQG�LW�VKRXOG FRPSO\�ZLWK�WKH�VHOHFWHG�WUHDWPHQW�SURJUDP�ZLWK�PLQLPDO�
GHSDUWXUH IURP�WKH�RSWLPDO�SURFHVV�

,Q�YLHZ�RI�WKH�DERYH��WKH�VWUXFWXUH�RI�WKH�V\VWHP�DQG�WKH�DXWRQRPRXV�FRQWURO�RI�WKH�PDFKLQHV�WHFKQLFDO�VWDWH�LV
GHYHORSHG�>��@��7KH�DOJRULWKP�RI�WKH�VWDWH�PRQLWRULQJ�V\VWHP�LV�SUHVHQWHG�LQ�)LJ����
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)LJ�����)ORZFKDUW�RI�VWDWH�PRQLWRULQJ�V\VWHP��$876�

7KH�DOJRULWKP�SURYLGHV�WKH�IROORZLQJ�DFWLRQV�
�� ��� 6HDUFK� IRU� LQIRUPDWLRQ� RQ� WKH '�8 LQKHULWLQJ VWDWHV� �L�H��� DW� WKH� SUHFHGLQJ VWDJH� Q� � ��� LQ� WKH�

NQRZOHGJH�V\VWHP� DQG�EDVLQJ WKH�Q�VWDJH�VWDWHV�LQWR WKH�PRQLWRULQJ�XQLW '%�

���2EWDLQLQJ�FXUUHQW�RSHUDWLRQDO�GDWD�RI�GLDJQRVWLFV�RI�WKH�'�8�VWDWH DW Q VWDJH�
���&UHDWLRQ��FKDQJH��RI�WKH�FXUUHQW�LPDJH�RI�WKH '�8 VWDWH�LQ�WKH�ZRUNLQJ�PHPRU\�RI�WKH�NQRZOHGJH�V\VWHP�RI

Q ± .6Q VWDJH�RI�WKH�PDFKLQH�FRQGLWLRQ�PRQLWRULQJ�XQLW�
���'HWHUPLQDWLRQ�RI�WKH�(6�EHORQJLQJ�WR�WKH�.6 RI�WKH�PRQLWRULQJ�XQLW� DQG WHQGHQFLHV�RI�FKDQJHV�LQ�WKH�'�8�

VWDWH�
���&RPSDULVRQ�RI�WKH�REWDLQHG�VWDWH�HVWLPDWHV�ZLWK�WKH�SDUDPHWHUV�RI�WKH�IX]]\�ERXQGDULHV�RI�WKH�'�8�RSHUDELO�

LW\�VWDWH H[WUDFWHG�IURP�WKH�GDWDEDVH�
�� 3UHGLFWDEOH�DVVHVVPHQW�RI�WKH�SUHVHUYDWLRQ�RI�SHUPLVVLEOH�VWDWH�SDUDPHWHUV�ZLWKLQ�WKH�OLPLWV�RI�WKH '�, RSHUD�

ELOLW\�XQGHU�WKH�FRQGLWLRQ�RI�ZRUN�RQ�WKH�LQSXW�FRQWURO�SURJUDP�RI�WKH�&1&�GHYLFH�

VWDUW

\HV

\HV

\HV

QR

QR

QR

HQG
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7XJHQJROG�$��.�� HW�DO��3URGXFWLRQ�PDFKLQHV�PDLQWHQDQFH�EDVHG�RQ�GLJLWDOL]DWLRQ

���(VWLPDWLRQ� RI� WKH� DFFHVVLELOLW\ RI� IDLO�VDIHW\ XQGHU� WKH� FRQGLWLRQ� RI� FRUUHFWLRQ� RI� WKH� SURFHVVLQJ� SURJUDP
FRPSRQHQWV�

�� 'HFLVLRQ�PDNLQJ RQ�WKH�DFFHVVLELOLW\�RI�IDLO�VDIHW\�
���'HFLVLRQ�PDNLQJ�RQ�WHFKQLFDO�FRQGLWLRQ�PDQDJHPHQW�
����&RUUHFWLRQ�RI�WKH�'�,�VWDWH�ZLWKRXW�SURFHVVLQJ�LQWHUUXSW�
����3DUW SURFHVV VKXWGRZQ IRU�WKH�FRUUHFWLRQ��UHVWRUDWLRQ��RI�WKH�VWDWH�
����6HOHFWLRQ RI�WKH�RIIOLQH�PHDQV�WR�SUHYHQW��HOLPLQDWH��PDOIXQFWLRQ�RI�WKH�'�8�RU�H[WHUQDO�VHUYLFHV�
����&RQGXFWLQJ RII�OLQH VHUYLFLQJ�
����6XSSRUW�FDOO WR�WKH�H[WHUQDO�VHUYLFHV�IRU�WURXEOHVKRRWLQJ�RI�WKH�WHFKQLFDO�FRQGLWLRQ�
����'LDJQRVLV�DQG�DVVHVVPHQW�RI�WKH�'�,�VWDWXV�DIWHU�PDLQWHQDQFH�
����/RJJLQJ�DQG�LQSXW�RI�WKH�OLVW�RI�WKH�RSHUDWLRQV SHUIRUPHG�DQG�WKH�UHVXOWLQJ�DVVHVVPHQWV�RI�WKH�'�,�VWDWH�WR�
WKH�.6��$FFXPXODWLRQ�RI�H[SHULHQFH�LQ�DVVHVVLQJ�WKH�WHFKQLFDO�FRQGLWLRQ�DQG�DXWRQRPRXV�VWDWH� FRQWURO LQ�WKH�
.6�
,Q�WKLV�FDVH� WKH�GHFLVLRQ�PDNLQJ�DQG�DXWRQRPRXV�FRQWURO�RI�DFWLRQV�WR�PDLQWDLQ�ZRUNLQJ�FDSDFLW\�LV�PDGH�RQ�

WKH�EDVLV�RI�WKH�SUHVHQWHG�DSSURDFK�WR�WKH�GLJLWDOL]DWLRQ�RI�PDFKLQH�WRROV� DQG�WKLV�LV�WKH�NH\ IHDWXUH�RI�WKH�XQLW�IRU�PRQL�
WRULQJ�WKH�REMHFW�VWDWH�DQG�RI�WKH�DOJRULWKP�IRU�PRQLWRULQJ�WKH�$876�VWDWH�

&RQFOXVLRQ� 7KH�FRQVWUXFWLRQ�RI�PDFKLQH�GLJLWDO�LPDJHV�LQ�DFFRUGDQFH�ZLWK�WKH�PDLQ�VWDJHV�RI�LWV�OLIH�F\FOH LV�
SURSRVHG��7KH DXWRPDWHG�PDLQWHQDQFH� RI�PDFKLQH� WRROV� EDVHG� RQ� GLJLWDOL]DWLRQ� WKURXJK� WKH� FUHDWLRQ� RI DXWRQRPRXV�
WHFKQLFDO� FRQGLWLRQ�FRQWURO V\VWHPV� LV�FRQVLGHUHG� 7KHVH� V\VWHPV� WUDQVPLW� LQIRUPDWLRQ�RQ WKH�HTXLSPHQW� VWDWH� LQ� UHDO�
WLPH��VLJQDOL]H SXUSRVHIXOO\�DERXW�WKH�HTXLSPHQW�VWDWH� DQG�PDLQWDLQ��UHVWRUH��LWV�SHUIRUPDQFH�

5HIHUHQFHV�
�� 6FKZDE��.� &KHWYHUWD\D�SURP\VKOHQQD\D�UHYRO\XWVL\D� >7KH� IRXUWK� LQGXVWULDO� UHYROXWLRQ�@ 0RVFRZ��³(NV�

PR´������� ��� S���7RS�%XVLQHVV�$ZDUGV� �LQ�5XVVLDQ��
�� 7XJHQJROG�� $�.��� /\VHQNR� $�)��� 6WDWRYR\�� '�$�� 6LVWHPD� ]QDQL\� Y� YLGH� LQWHOOHNWXDO
QR\� HOHNWURQQR\�

WHNKQLFKHVNR\�GRNXPHQWDWVLL�GO\D�PQRJRRSHUDWVLRQQ\NK�VWDQNRY� >.QRZOHGJH�EDVHG�V\VWHP�E\�ZD\�RI�LQWHOOLJHQW�HOHF�
WURQLF� WHFKQLFDO� GRFXPHQWDWLRQ� IRU�PXOWL�RSHUDWLRQ�PDFKLQHV�@ 9HVWQLN 0DVKLQRVWURHQL\D�� ������ QR� ���� SS� ��±�� �LQ�
5XVVLDQ��

�� .HPHUDLW��5�&��1HZ�FHSVWUDO DSSURDFK�IRU�SURJQRVWLF�PDLQWHQDQFH�RI�F\FOH�PDFKLQHU\� 3URFHHGLQJV�RI�WKH�
,(((�6RXWKHDVW�&RQIHUHQFH�LQ�7DPSD� ������SS� ���±����

�� )LVKHU��&���%DLQHV��1�&� 0XOWL�VHQVRU�FRQGLWLRQ�PRQLWRULQJ�V\VWHPV�IRU�JDV�WXUELQHV� -RXUQDO�RI�&RQGLWLRQ�
0RQLWRULQJ� ������QR� ���SS� ��±���

�� 7XJHQJROG�� $�.��� 9RORVKLQ�� 5�1��� <XVKFKHQNR�� 6�9� 0RQLWRULQJ� VRVWR\DQL\D� PQRJRRSHUDWVLRQQ\NK�
VWDQNRY� QD� ED]H� NRQWVHSWVLL� H�0LQG0DFKLQH�� >0RQLWRULQJ� RI� PXOWLRSHUDWLRQDO� PDFKLQHV� EDVHG� RQ� WKH� FRQFHSW� RI� H�
0,1'�0$&+,1(�@ 9HVWQLN�RI�'678� ������YRO� ����QR� � ������SS� ��±�� �LQ 5XVVLDQ��

�� 7XJHQJROG��$�.���9RORVKLQ��5�1� *LENL\�PRQLWRULQJ�PHNKDWURQQ\NK�WHNKQRORJLFKHVNLNK�PDVKLQ�� >)OH[LEOH�
PRQLWRULQJ�RI�PHFKDWURQLF�WHFKQRORJLFDO�PDFKLQHV @ 9HVWQLN�RI�'678��������QR� ���SS� ��±�� �LQ�5XVVLDQ��

�� %\LQJWRQ��&�6���HW�DO���6KDIW�FRXSOLQJ�PRGHO�EDVHG�SURJQRVWLFV�HQKDQFHG�E\�YLEUDWLRQ�GLDJQRVWLFV� ,QVLJKW�
������YRO� ����SS� ���±�����1RQ�'HVWUXFWLYH�7HVWLQJ�DQG�&RQGLWLRQ�0RQLWRULQJ��

�� 7DQ��&��.�� ,UYLQJ��3���0ED��'� $�FRPSDUDWLYH�H[SHULPHQWDO�VWXG\�RQ�WKH�GLDJQRVWLF�DQG�SURJQRVWLF�FDSD�
ELOLWLHV�RI�DFRXVWLFV�HPLVVLRQ��YLEUDWLRQ�DQG�VSHFWURPHWULF�RLO�DQDO\VLV� IRU�VSXU�JHDUV� 0HFKDQLFDO�6\VWHPV�DQG�6LJQDO�
3URFHVVLQJ� ������QR������SS� ���±����

�� 7XJHQJROG��$�.���HW�DO� 0RQLWRULQJ�VRVWR\DQL\D�VWDQNRY�L�VWDQRFKQ\NK�VLVWHP� >0RQLWRULQJ�WKH�VWDWH�RI�PD�
FKLQHV�DQG�PDFKLQH�WRROV�@ 67,1� ������QR� ���SS� ��±�� �LQ�5XVVLDQ��

��� 7XJHQJROG��$�.���HW�DO��0RQLWRULQJ�DQG�&RQWURO�RI�7RROV�LQ�0XOWLIXQFWLRQDO�0DFKLQH�7RROV� 5XVVLDQ�(QJL�
QHHULQJ�5HVHDUFK� ������YRO� ����QR� ���SS� ���±����

��� 7XJHQJROG��$�.���HW�DO��0RQLWRULQJ�RI�0DFKLQH�7RROV� 5XVVLDQ�(QJLQHHULQJ�5HVHDUFK� ������YRO� ����QR����
SS� ���±����

��� 7XJHQJROG��$�.���,]\XPRY��$�,� 3ULQWVLS\�NRQWVHSWXDO
QRJR�SRGNKRGD�N�VR]GDQL\X�SRGVLVWHP\�©,16758�
0(17ª�Y�VPDUW�SDVSRUWH�PQRJRRSHUDWVLRQQRJR�VWDQND��>3ULQFLSOHV�RI�FRQFHSWXDO�DSSURDFK�WR�FUHDWLQJ�722/�VXEV\V�
WHP�IRU�PXOWLRSHUDWLRQ�PDFKLQH�VPDUW�SDVVSRUW�@ 9HVWQLN�RI�'678��������YRO� ����QR� ���SS� ��±�� �LQ�5XVVLDQ��

��� 7XJHQJROG�� $�.�� 6PDUW�3DVVSRUW� RWNU\WR\� PHNKDWURQQR\� WHNKQRORJLFKHVNR\� VLVWHP\�� .RQWHQW�� >6PDUW�
3DVVSRUW�RI�RSHQ�PHFKDWURQLF�WHFKQRORJ\�V\VWHP��&RQWHQW�@ 6DDUEUXFNHQ��/DPEHUW�$FDGHPLF�3XEOLVKLQJ������� �� S� �LQ�
5XVVLDQ��

��� 7VLIURYR\� GYR\QLN� �'LJLWDO� 7ZLQ�� >'LJLWDO� 7ZLQ�@� &$')(0� &,6�� $YDLODEOH� DW� KWWSV���ZZZ�FDGIHP�
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FLV�UX�SURGXFWV�DQV\V�V\VWHPV�GLJLWDO�WZLQ���DFFHVVHG������������ �LQ�5XVVLDQ��
��� 7XJHQJROG�� $�.��� HW� DO� 8SUDYOHQLH� WHNKQLFKHVNLP� VRVWR\DQLHP� VWDQNRY� >0DFKLQH� &RQGLWLRQ� 0DQDJH�

PHQW�@ 67,1��������QR� ���SS� �±�� �LQ�5XVVLDQ��
��� 7XJHQJROG��$�.��6PDUW�SDVSRUW�PHNKDWURQQRJR�WHNKQRORJLFKHVNRJR�RE

HNWD��.RQWVHSW� >6PDUW�3DVVSRUW�RI�

PHFKDWURQLF�SURGXFWLRQ�IDFLOLW\��&RQFHSW�@ 9HVWQLN�RI�'678� ������QR� ���SS� ��±�� �LQ�5XVVLDQ��

$XWKRUV�

7XJHQJROG��$QGUH\�.��
SURIHVVRU�RI�WKH�5RERWLFV�DQG�0HFKDWURQLFV�'HSDUWPHQW��
'RQ�6WDWH�7HFKQLFDO�8QLYHUVLW\�����*DJDULQ�VT���5RVWRY�
RQ�'RQ����������5)���'U�6FL���(QJ����SURIHVVRU�
25&,'��KWWS���RUFLG�RUJ��������������������
DNW�#\DQGH[�UX

9RORVKLQ��5RPDQ�1��
SRVWJUDGXDWH�VWXGHQW�RI�WKH�5RERWLFV�DQG�0HFKDWURQLFV�
'HSDUWPHQW��'RQ�6WDWH�7HFKQLFDO�8QLYHUVLW\�����*DJDULQ�
VT���5RVWRY�RQ�'RQ����������5)����
25&,'��KWWS���RUFLG�RUJ��������������������
U�YRORVKLQ����#JPDLO�FRP

<XVXVSRY��$OH[DQGHU�5��
JUDGXDWH�VWXGHQW�RI�WKH�5RERWLFV�DQG�0HFKDWURQLFV�'H�
SDUWPHQW��'RQ�6WDWH�7HFKQLFDO�8QLYHUVLW\�����*DJDULQ�VT���
5RVWRY�RQ�'RQ����������5)��
25&,'�� KWWS���RUFLG�RUJ�������������������;�
VWKHGJHKRJ#LFORXG�FRP

.UXJORYD��7DW\DQD�1��
SRVWGRFWRUDO�VWXGHQW�RI�WKH�$XWRPDWLRQ�DQG�5RERWL]DWLRQ�
RI�$JURLQGXVWULDO�&RPSOH[�DQG�%LRV\VWHPV�(QJLQHHULQJ�
'HSDUWPHQW��3ODWRY�6RXWK�5XVVLDQ�6WDWH�3RO\WHFKQLF�
8QLYHUVLW\��13,��������XO��3URVYHVKFKHQL\D��1RYRFKHU�
NDVVN��5RVWRY�5HJLRQ����������5)��
25&,'��KWWSV���RUFLG�RUJ��������������������
NUXJORYDWDQ\D#UDPEOHU�UX

5HFHLYHG�����������
6XEPLWWHG�����������
6FKHGXOHG�LQ�WKH�LVVXH�����������


