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7KH� 'XWFK� 0RWRUZD\� &RQWURO� 	� 6LJQDOOLQJ� 6\VWHP� �0&66� RULJLQDOO\�� QRZDGD\V� FDOOHG�
0RWRUZD\�7UDIILF�0DQDJHPHQW�V\VWHP�070���ZDV�SXW�LQ�RSHUDWLRQ�IRU�WKH�ILUVW�WLPH�DW�WKH�
HQG� RI� ����� RQ� D� UHODWLYHO\� VPDOO� VWUHWFK� RI� PRWRUZD\� ���� NP�� EHWZHHQ� 7KH� +DJXH� DQG�
5RWWHUGDP�� 7RGD\� WKLV� V\VWHP� FRYHUV� ���� �IURP� D� WRWDO� OHQJWKH� RI� DERXW� ����� NLORPHWHUV��
LQFOXGLQJ���WXQQHOV��$�WRWDO�RI�ILYH�FRQWURO�FHQWUHV�DUH�LQ�RSHUDWLRQ��7KH�SDSHU�GHVFULEHV�WKH�
RULJLQDO� V\VWHP�FRQFHSW�DQG�KRZ�� IURP�WKH�SUDFWLFDO�H[SHULHQFH�ZLWK� WKH� V\VWHP�� WKLV�EDVLF�
FRQFHSW�KDV�JUDGXDOO\�FKDQJHG�LQWR�WKH�V\VWHP�LW�LV�WRGD\��)LQDOO\�D�EULHI�RYHUYLHZ�RI�IXWXUH�
SODQV�LV�JLYHQ��

,QWURGXFWLRQ�

7KH�'XWFK�0RWRUZD\�&RQWURO�	�6LJQDOOLQJ�6\VWHP��0&66���070��ZDV�SXW� LQ�RSHUDWLRQ�IRU�
WKH�ILUVW�WLPH�DW�WKH�HQG�RI������RQ�D�UHODWLYHO\�VPDOO�VWUHWFK�RI�PRWRUZD\�����NP��EHWZHHQ�
7KH� +DJXH� DQG� 5RWWHUGDP�� 7KLV� V\VWHP� ZDV� FRQWUROOHG� IURP� D� FRQWURO� FHQWUH� ORFDWHG� QHDU�
'HOIW��7KH�LGHD�ZDV�WR�OHDUQ�HQRXJK�IURP�WKLV�SLORW�SURMHFW�WR�EH�DEOH�WR�LQVWDOO�WKLV�V\VWHP�RQ�
PDQ\�PRUH�NLORPHWUHV�RI�PRWRUZD\��

7KH�RULJLQDO�V\VWHP�KDG�WZR�PDLQ�IXQFWLRQV��

��� $�ODQH�FRQWURO�IDFLOLW\�RIIHULQJ�WRROV�WR�HQDEOH�URDG�ZRUNV�WR�EH�FDUULHG�RXW�PRUH�TXLFNO\�
DQG� HIILFLHQWO\� DQG� DOVR� JLYLQJ� WKH� SRVVLELOLW\� WR� WDNH� DGHTXDWH� PHDVXUHV� LQ� FDVH� RI�
DFFLGHQWV��

��� $Q�DXWRPDWLF�LQFLGHQW�GHWHFWLRQ�DQG��ZDUQLQJ�IXQFWLRQ��PHDQW�WR�REWDLQ�D�UHGXFWLRQ�RI�
WKH� QXPEHU� RI� �VHFRQGDU\�� DFFLGHQWV� EHFDXVH� RI� TXHXHV� DQG� RWKHU� GLVUXSWLRQV� RI� WKH�
WUDIILF�IORZ��

$�UHVHDUFK�IDFLOLW\�ZDV�EXLOW�LQWR�WKH�V\VWHP��LQ�RUGHU�WR�EH�DEOH�WR�PHDVXUH�WKH�HIIHFW�RI�WKH�
DERYH�PHQWLRQHG�IXQFWLRQV��EXW�DOVR�IRU�WKH�SXUSRVH�RI�WXQLQJ�WKH�YDULRXV�SDUDPHWHUV�XVHG��

$IWHU�KDOI�D�\HDU�RI�H[SHULPHQWLQJ�ZLWK�WKH�SLORW�V\VWHP�DW�'HOIW�WKH�V\VWHP�ZDV�FRQVLGHUHG�WR�
EH� VWDEOH�� VR� WKH� GHFLVLRQ� ZDV� WDNHQ� WR� LQVWDOO� LW� RQ� D� JUHDWHU� OHQJWK� RI� URDG�� 7KH� �'HOIW��
V\VWHP�ZDV�HQODUJHG�WR�DERXW����NLORPHWUHV��LQ������WKH�ZKROH�QRUWK�SDUW�RI�WKH�5RWWHUGDP�
ULQJ�URDG�ZDV�DOVR�FRYHUHG��$OVR�LQ�������D�VHFRQG�PRWRUZD\�FRQWURO�V\VWHP�ZDV�LQVWDOOHG�RQ�
SDUWV�RI� WKH�$��DQG�$���PRWRUZD\V�DURXQG�8WUHFKW� ��FRYHULQJ�DERXW����NLORPHWUHV�RI�URDG�
DQG�KDYLQJ�LWV�FRQWURO�FHQWUH�QHDU�WKH�FLW\�RI�8WUHFKW��
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)URP������WR������WKH�JURZWK� LQ�NLORPHWUHV�KDV�QRW�EHHQ�YHU\�VLJQLILFDQW��RQO\�VRPH�VPDOO�
VWUHWFKHV�KDYH�EHHQ�DGGHG�WR�WKHVH�ILUVW�WZR�V\VWHPV��OLNH�IRU�LQVWDQFH�D���NP��VWUHWFK�RI�URDG�
URXQG�WKH�6FKLSKRO�WXQQHO�RQ�WKH�$��PRWRUZD\���

$Q�HYDOXDWLRQ�VWXG\��FDUULHG�RXW�LQ������E\�WKH�'HOIW�7HFKQLFDO�8QLYHUVLW\��VKRZHG�DQ�RYHUDOO�
UHGXFWLRQ�RI�WKH�QXPEHU�RI�DFFLGHQWV�RI�������DQ�LQFUHDVH�RI�WUDIILF�WKURXJKSXW�GXULQJ�TXHXHV�
RI�������DQG�D�VPRRWKHU�PHUJLQJ�DW�WHPSRUDU\�ERWWOHQHFNV�GXULQJ�URDG�ZRUNV��

$W�WKH�HQG�RI�WKH�HLJKWLHV�� LW�EHFDPH�FOHDU�WKDW�D�V\VWHP�OLNH�WKLV�ZDV�UHDOO\�QHHGHG�WR�FRSH�
ZLWK�WKH�LQFUHDVLQJ�SUREOHPV�RI�FRQJHVWLRQ�RQ�WKH�PRWRUZD\V��HVSHFLDOO\�LQ�WKH�ZHVWHUQ�SDUW�
RI� WKH� 1HWKHUODQGV�� $W� WKH� VDPH� WLPH� VRPH� RWKHU� G\QDPLF� WUDIILF� PDQDJHPHQW� WRROV� ZHUH�
GHYHORSHG��WLGDO�IORZ��KLJK�RFFXSDQF\�ODQHV�HWF���WKDW�QHHGHG�D�PRWRUZD\�FRQWURO�V\VWHP�DV�D�
EDVLV��

$V� D� UHVXOW�� D� ORW� RI� EXLOGLQJ� DFWLYLWLHV� KDV� WDNHQ� SODFH� VLQFH� ����� DQG� DQ� DPELWLRXV�
FRQVWUXFWLRQ� SURJUDP� ZDV� FDUULHG� RXW�� 7KH� WRWDO� OHQJWK� RI� VLJQDOLVHG� PRWRUZD\� VHFWLRQV�
LQFUHDVHG� IURP� ���� WR� ���� NLORPHWUHV� �IURP� D� WRWDO� PRWRUZD\� OHQJWK� RI� DERXW� �����
NLORPHWUHV�� VHH� )LJXUH� ��� 6LJQDOLVHG� VHFWLRQV� RI� WKH� PRWRUZD\� QHWZRUN��� )RXU� QHZ� FRQWURO�
FHQWUHV�KDYH�EHHQ�EXLOW��

��� QHDU�9HO]HQ��FRYHULQJ�WKH�$PVWHUGDP�ULQJ�URDG�DQG�LWV�FRQQHFWLQJ�PRWRUZD\V�

��� QHDU� 8WUHFKW�� FRYHULQJ� WKH� FHQWUHU� RI� WKH� FRXQWU\�� DQG� FRPELQHG� ZLWK� WKH� 7UDIILF�
,QIRUPDWLRQ�&HQWUH�DQG�FRXQWU\ZLGH�PDQDJHPHQW�DFWLYLWLHV�

��� QHDU�*HOGURS��FRYHULQJ�WKH�VRXWK�RI�WKH�FRXQWU\�

��� QHDU�$UQKHP��FRYHULQJ�WKH�HDVW�DQG�QRUWK�RI�WKH�FRXQWU\�

$�ILIWK�FHQWUH�LV�EHLQJ�EXLOG�QHDU�5RWWHUGDP��,W�ZLOO�FRYHU�WKH�ZHVWHUQ�SDUW�RI�WKH�FRXQWU\�DQG�LW�
ZLOO�UHSODFH���RWKHU�PDQDJHPHQW�FHQWUHV�QRZ�LQ�RSHUDWLRQ�QHDU�WXQQHOV��

�

)LJXUH����6LJQDOLVHG�VHFWLRQV�RI�WKH�PRWRUZD\�QHWZRUN�

'XULQJ������WKH�FHQWUDO�KDUGZDUH��GDWLQJ�IURP�WKH�����
V��ZDV�UHSODFHG�E\�D�VPDOO�PRGHUQ�
FRPSXWHU�� :H� XVHG� WKLV� RSSRUWXQLW\� WR� WUDQVODWH� DOO� FHQWUDO� VRIWZDUH� WR� D� PRGHUQ� FRPSXWHU�
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ODQJXDJH��&���UXQQLQJ�RQ�D�PRGHUQ�RSHUDWLQJ�V\VWHP��8QL[���7KH�QXPEHU�RI�RXWVWDWLRQV�RQH�
FRQWURO� V\VWHP�FDQ�KDQGOH�ZDV� LQFUHDVHG� IURP�����WR������D�QHFHVVLW\�EHFDXVH�RI� WKH� UDSLG�
JURZWK�RI�WKH�YDULRXV�V\VWHPV��

,Q� WKH� IROORZLQJ� FKDSWHUV�� WKH� RULJLQDO� V\VWHP� FRQFHSW� ZLOO� ILUVW� EH� H[SODLQHG�� DIWHU� WKDW� WKLV�
DUWLFOH�ZLOO�IRFXV�RQ�KRZ��IURP�WKH�SUDFWLFDO�H[SHULHQFH�ZLWK�WKH�V\VWHP��WKLV�EDVLF�FRQFHSW�KDV�
JUDGXDOO\�FKDQJHG� LQWR� WKH�V\VWHP� LW� LV� WRGD\��)LQDOO\�WKH�SODQV�IRU�WKH�QHDUE\�IXWXUH�ZLOO�EH�
EULHIO\�GLVFXVVHG��

2QH� PDLQ� FRQFHUQ� RI� WKH� GHYHORSHUV� DQG� RZQHUV� RI� WKHVH� V\VWHPV� KDV� DOZD\V� EHHQ� WKH�
XQLIRUPLW\� RI� WKH� V\VWHPV�� $IWHU� ��� \HDUV� RI� XVH� ZH� KDYH� DOZD\V� EHHQ� DEOH� WR� HQVXUH� WKDW�
HYHU\� FRQWURO� FHQWUH� ZRUNV� H[DFWO\� WKH� VDPH�� DQG� HYHQ� WKDW� DOO� URDGVLGH� HTXLSPHQW� LQ� WKH�
ZKROH�FRXQWU\�ZRUNV�H[DFWO\�WKH�VDPH��

7KH�EDVLF�V\VWHP�FRQFHSW�

:KHQ�LQVWDOOLQJ�WKH�ILUVW�V\VWHPV��WKH�GLVWDQFH�EHWZHHQ�JDQWULHV�ZDV�DOWHUQDWHO\�����DQG������
PHWUHV�� 7KLV� ZDV� EDVHG� RQ� WKH� DVVXPSWLRQ� WKDW� D� ODQH� UHVHUYDWLRQ� VKRXOG� VWDUW� ZLWK� D�
FRPELQDWLRQ�RI�D�GHIOHFWLRQ�DUURZ�DQG�D�UHG�FURVV�RQ�WZR�JDQWULHV�WKDW�ZHUH�����PHWHUV�DSDUW��
,Q�SUDFWLFH�WKLV�SDWWHUQ�FRXOG�QRW�DOZD\V�EH�IROORZHG��HVSHFLDOO\�QHDU� LQWHUVHFWLRQV�ZKHUH�WKH�
PDWUL[� VLJQDOV� DUH� PRXQWHG� RQ� H[LVWLQJ� URXWH� LQGLFDWRU� JDQWULHV� ZKLFK� DUH� DW� PXFK� FORVHU�
GLVWDQFHV��'HWHFWRU�VWDWLRQV�ZHUH�RULJLQDOO\�SODFHG�DW�����PHWHU�LQWHUYDOV������PHWHUV�EHKLQG�D�
JDQWU\�DQG���ZKHUH�JDQWULHV�ZHUH������PHWHUV�DSDUW���DOVR�DW�����PHWHU�IURP�D�JDQWU\��0RVW�
PDWUL[� VLJQV� ZHUH� PRXQWHG� RQ� JDQWULHV�� DOWKRXJK� D� OLPLWHG� QXPEHU� RI� SRVW� PRXQWHG� VLJQV�
ZHUH�XVHG�DV�ZHOO��7KH�RULJLQDO�OD\�RXW�LV�VKRZQ�LQ�)LJXUH����,QLWLDO�DQG�FXUUHQW�OD\�RXW��

,QLWLDOO\
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)LJXUH����,QLWLDO�DQG�FXUUHQW�OD\�RXW�

7KH� VLJQV� XVHG� LQ� WKH� PDWUL[� VLJQDOV� ZHUH� RULJLQDOO\� ���� ���� ���� ���� ��� DQG� ��� NP�K�� D� UHG�
FURVV��GHIOHFWLRQ�DUURZV��OHIW�DQG�ULJKW��DQG�DQ�HQG�RI�OLPLWV�VLJQ��

$IWHU�VRPH�\HDUV�RI�SUDFWLFDO�H[SHULHQFH��WKH�LGHDV�RQ�JDQWU\��DQG�GHWHFWRU�VSDFLQJ�FKDQJHG�
GUDPDWLFDOO\��:H�IRXQG�RXW�WKDW�JDQWULHV�VKRXOG�EH�VSDFHG�DV�HYHQO\�DV�SRVVLEOH��DQG�WKDW�WKH�
LGHDO� GLVWDQFH� EHWZHHQ� JDQWULHV� ZDV� ���� WR� ���� PHWHUV�� $JDLQ�� QHDU� FDUULDJHZD\�VSOLWV� DQG�
LQWHUVHFWLRQV� GLVWDQFHV� DUH� VRPHWLPHV� ���� WR� ���� PHWHUV� EHFDXVH� RI� WKH� FRPELQDWLRQ� ZLWK�
GLUHFWLRQDO� VLJQLQJ�� ([SHULHQFH� ZLWK� WKH� $,'�PHFKDQLVP� OHDUQHG� WKDW� GHWHFWRUV� VKRXOG� EH�
SODFHG�GLUHFWO\�EHKLQG�D�JDQWU\��7KH�PHDQ�GLVWDQFH�EHWZHHQ�GHWHFWRU�VWDWLRQV�ZHQW�IURP�����
PHWHUV�WR�����WR�����PHWHUV�EHFDXVH�RI�JDQWU\�GLVWDQFHV��

3RVW�PRXQWHG� VLJQV� WXUQHG� RXW� WR� KDYH� VXFK� OLPLWHG� SRVVLELOLWLHV� WKDW� QRZDGD\V� WKH\� DUH�
KDUGO\�XVHG�DQ\�PRUH��
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*UDFHIXO�GHJUDGDWLRQ�DQG�VDIHW\�

:KHQ�EXLOGLQJ�WKH�070�ZH�FDUHIXOO\�GHVLJQHG�D�JUDFHIXO�GHJUDGDWLRQ�FRQFHSW��7KLV�PHDQV�LQ�
SUDFWLFH�WKDW�WKH�V\VWHP�ZLOO�ZRUN�RQ�LQ�D�VDIH�ZD\��HYHQ�LI�SDUWV�RI�WKH�V\VWHP�IDLO��'XULQJ�WKH�
���\HDUV�RI�RSHUDWLRQ�QR�VLJQLILFDQW�FKDQJHV�KDYH�WDNHQ�SODFH�UHJDUGLQJ�WKLV�FRQFHSW��

,I� WKH�FRQWDFW�ZLWK�DQ�RXWVWDWLRQ�LV� ORVW��EHFDXVH�RI�D�EUHDNGRZQ�RI�WKH�FHQWUDO�FRPSXWHU�RU�
EHFDXVH� RI� D� FRPPXQLFDWLRQV� IDLOXUH�� WKH� RXWVWDWLRQ� ZLOO� VZLWFK� WR� �ORFDO� PRGH��� ,Q� ORFDO�
PRGH�� LW�ZLOO� UHWDLQ� WKH� ODVW� VLJQV�FRPPDQGHG�E\� WKH�FHQWUDO�FRPSXWHU�DQG�DOVR�UXQ� LWV�RZQ�
ORFDO�$,'�SURJUDP��7KLV�FDQ�HYHQ�UHVXOW� LQ�PRUH�UHVWULFWLYH�VLJQV�� LI�D�TXHXH�VLWXDWLRQ�VKRXOG�
QHFHVVLWDWH�WKDW��

(YHU\� RXWVWDWLRQ� LV� FRQQHFWHG� WR� WZR� RU� WKUHH� GHWHFWRU�VWDWLRQV�� LQ� VXFK� D� ZD\� WKDW� WKH� ODVW�
GHWHFWRU�VWDWLRQ�LV�WKH�ILUVW�RQH�RI�WKH�GRZQVWUHDP�RXWVWDWLRQ��%\�SURYLGLQJ�WKLV��RYHUODS��ZH�
FDQ�HQVXUH�WKDW�ORFDO�$,'�VLJQV�UHVHPEOH�DV�PXFK�DV�SRVVLEOH�WKH�HIIHFW�RI�FHQWUDO�$,'�DQG���LI�
DQ�RXWVWDWLRQ�VKRXOG�IDLO���WKH�XSVWUHDP�RXWVWDWLRQ�ZLOO�VWLOO�KDYH�DOO�UHOHYDQW�GHWHFWRU�GDWD��

,Q�WKH�HYHQW�RI�D�SRZHU�IDLOXUH�DW�DQ�RXWVWDWLRQ��D�EDWWHU\�LV�XVHG�WR�FRQWLQXH�WKH�GLVSOD\�RI�WKH�
PDWUL[�VLJQV��RULJLQDOO\�RQO\�FURVVHV�DQG�DUURZV��WRGD\�DOO�VLJQV���$�VHFRQG�EDWWHU\� LV�XVHG�WR�
SUHVHUYH�WKH�LQIRUPDWLRQ�LQ�WKH�5$0�PHPRU\��

$OO�ODPSV�RI�DOO�VLJQV�DUH�FRQWLQXRXVO\�PRQLWRUHG��DOVR�ZKHQ�WKH\�DUH�QRW�XVHG���DV�ZHOO�DV�DOO�
GHWHFWRUV� LQ�WKH�V\VWHP��HYHU\�HUURU� LV� LPPHGLDWHO\�UHSRUWHG�WR�WKH�V\VWHP�RSHUDWRU��7KH�UHG�
FURVV�LV�IRUPHG�E\���ODPSV��HDFK�RI�WKHP�IRUPLQJ�D�FRPSOHWH�FURVV���VR�D�IDLOLQJ�ODPS�ZLOO�QRW�
FRQWRUW�WKH�SLFWXUH��$�IDLOLQJ�GHIOHFWLRQ�DUURZ�ZLOO�LPPHGLDWHO\�EH�UHSODFHG�E\�D�FURVV��

7ZR� FHQWUDO� FRPSXWHUV� DUH� XVHG�� WKH� VHFRQG� RQH� RQ� FROG� VWDQG�E\�� ,I� WKH� RSHUDWLRQDO�
FRPSXWHU�IDLOV�WKH�RWKHU�RQH�FDQ�EH�RSHUDWLRQDO�DIWHU�D�QXPEHU�RI�PLQXWHV��XVLQJ�WKH�VDPH�VHW�
RI�GDWD��

���
���

���
���

���
���

�

)LJXUH�����3ULQFLSOH�RI�ODQH�FORVXUH�ZLWK�$FWLRQ�YHKLFOH�

7KH�WUDIILF�PDQDJHPHQW�IXQFWLRQV�

7KH� ODQH� FRQWURO� IDFLOLW\� KDV� XQGHUJRQH� D� QXPEHU� RI� FKDQJHV� GXULQJ� WKH� \HDUV�� 7KH� PRVW�
LPSRUWDQW�FKDQJHV�ZHUH��

��� 6LQFH�WKH������PHWHU�JDQWU\�VSDFLQJ�GLVWDQFHV�KDYH�EHHQ�DEDQGRQHG��ODQH�FORVXUHV�FDQ�
VWDUW�RQ�HYHU\�JDQWU\�QRZ��

��� 7KH� XVH� RI� IODVKHUV� KDV� EHHQ� UHGXFHG� WR� WKH� PDWUL[� ZLWK� WKH� GHIOHFWLRQ� DUURZ� RQO\��
LQLWLDOO\�IODVKHUV�ZHUH�XVHG�RQ�HYHU\�PDWUL[�RI�WKH�JDQWU\�DW�ZKLFK�D�GHIOHFWLRQ�DUURZ�ZDV�
VKRZQ��DV�ZHOO�DV�URXQG�WKH�ILUVW����VLJQV��7KH�FXUUHQW�ODQH�FORVXUH�SDWWHUQ�LV�DV�GHSLFWHG�
LQ�ILJXUH����

��� :KHQ�WZR�RU�PRUH�ODQHV�KDYH�WR�EH�FORVHG��WKLV�LV�GRQH�LQ�VWDJHV��7KH�WLPH�EHWZHHQ���
VWDJHV�KDV�EHHQ�UHGXFHG�IURP���PLQXWHV�WR����VHFRQGV��
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)LJXUH�����/DQH�FORVXUH�DW�QLJKW�

��� 7KH� ILUVW� UHDO� EORFNDJH� RQ� WKH� URDG� �XVXDOO\� D� WUDLOHU� ZLWK� D� ELJ� IODVKLQJ� DUURZ�� ZDV�
RULJLQDOO\� SRVLWLRQHG� DW� DERXW� ���� PHWHUV� EHKLQG� WKH� ILUVW�� $IWHU� VRPH� H[SHULHQFH� WKLV�
GLVWDQFH� ZDV� UHGXFHG� WR� DERXW� ��� PHWHUV�� 7KH� SULQFLSOHV� RI� D� ODQH� FORVXUH� DV� H[FXWHG�
GXULQJ�URDG�ZRUNV�FDQ�EH�VHHQ�LQ�)LJXUH�����3ULQFLSOH�RI�ODQH�FORVXUH�ZLWK�$FWLRQ�YHKLFOH��
$Q�H[DPSOH�RI�D�ODQH�FORVXUH�LV�SLFWXUHG�LQ�WKH�SKRWR�RI�)LJXUH�����/DQH�FORVXUH�DW�QLJKW��

��� 7KH�V\VWHP�FRQWDLQV�D�PHFKDQLVP�WR�SUHGLFW�ZKHQ�TXHXHV�ZLOO�IRUP�LQ�FDVH�RI�DQ�DQWLFL�
SDWHG� FORVXUH� RI� D� QXPEHU� RI� ODQHV�� ,W� XVHV� KLVWRULFDO� IORZ� GDWD� LQ� RUGHU� WR� PDNH� WKLV�
SUHGLFWLRQ�� 7KLV� PHFKDQLVP� SURYHG� YHU\� VXFFHVVIXO� DQG� LV� XVHG� TXLWH� RIWHQ� ZKHQ�
PDLQWHQDQFH�ZRUN�LV�EHLQJ�SODQQHG��

7KH�$XWRPDWLF�,QFLGHQW�'HWHFWLRQ��$,'��PHFKDQLVP�KDV�XQGHUJRQH�D�ORW�RI�FKDQJHV�DV�ZHOO��
$JDLQ��WKH�PRVW�LPSRUWDQW�RQHV�DUH�ZRUWK�PHQWLRQLQJ��

��� ,QLWLDOO\�WZR�IDFLOLWLHV�ZHUH�SURYLGHG��2SHQ�/RRS�$,'��2/$���ZKHUH�WKH�V\VWHP�SURSRVHG�
D�VSHHG�ZDUQLQJ�DQG�DVNHG�SHUPLVVLRQ�IURP�WKH�RSHUDWRU��DQG�&ORVHG�/RRS�$,'��&/$���
'XULQJ�WKH�SLORW�SKDVH��WKH�ILUVW�KDOI�\HDU�RI�RSHUDWLRQ��ZH�QHHGHG�2/$�IRU�VRPH�WLPH�
ZKLOH�WKH�V\VWHP�VWLOO�KDG�WR�EH�WXQHG��6RRQ�DIWHUZDUGV��&/$�SURYHG�VXFK�D�VXFFHVV�WKDW�
WKH�2/$�SRVVLELOLW\�ZDV�UHPRYHG��$Q\ZD\�� LQ�ELJJHU�V\VWHPV�WKH�RSHUDWRU�FRXOG�QHYHU�
KDYH�KHOG�SDFH�ZLWK�WKH�QXPEHU�RI�SURSRVHG�FKDQJHV��

��� ,QLWLDOO\�� D� TXHXH�ZDUQLQJ� FRQVLVWHG� RI� VXFFHVVLYH� VSHHG�LQGLFDWLRQV� RI� ���� ��� DQG� ���
NP�K�� ZKLOH� DQ� HQG�RI�OLPLWV� V\PERO� ZDV� XVHG� WR� LQGLFDWH� WKH� �IUHH� DJDLQ�� VLWXDWLRQ��
7KH� ��� NP�K� SURYHG� WRR� VHYHUH�� ZKLOVW� WKH� HQG�RI�OLPLWV� ZDV� RIWHQ� LPPHGLDWHO\�
IROORZHG�E\�VSHHG�LQGLFDWLRQV�DJDLQ�LQ�FDVH�RI�VSHHG�GLVUXSWLRQV�RYHU�ORQJHU�VWUHWFKHV�RI�
URDG�� %RWK� WKH� ��� DQG� WKH� HQG�RI�OLPLWV� DUH� QR� ORQJHU� XVHG� IRU� $,'�� VR� TXHXH�ZDUQLQJ�
QRZ�RQO\�XVHV�D�������VHTXHQFH�WR�ZDUQ�RQFRPLQJ�WUDIILF�IRU�D�VWDQGLQJ�RU�VORZ�PRYLQJ�
TXHXH��

��� ,QLWLDOO\� WKH� $,'�PHFKDQLVP� XVHG� D� ���VHFRQG� LQWHUYDO� EHWZHHQ� WKH� FKDQJLQJ� RI� $,'�
VLJQV�� $W� WKH� PRPHQW� $,'� VLJQV� FDQ� FKDQJH� HYHU\� �� VHFRQGV� LI� WKH� WUDIILF� VLWXDWLRQ�
PDNHV�WKLV�QHFHVVDU\��

��� )RU�WKH�GHWHFWLRQ�RI�LQFLGHQW�VLWXDWLRQV�WKH�RULJLQDO�PHFKDQLVP�PDGH�XVH�RI�WKUHH�GLIIH�
UHQW�SDUDPHWHUV��7KH�ILUVW�ZDV�EDVHG�RQ�WKH�PHDQ�VSHHG��WKH�VHFRQG�RQ�WKH�PHDQ�IORZ�
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DQG�WKH�WKLUG�PHFKDQLVP�WRRN�ODQH�FKDQJHV�EHWZHHQ�WZR�DGMDFHQW�GHWHFWRU�VWDWLRQ�LQWR�
DFFRXQW�� $IWHU� D� ORW� RI� SUDFWLFH�� DQG� PDQ\� RII�OLQH� VWXGLHV� DV� ZHOO�� ZH� GHFLGHG� WR� XVH�
RQO\�WKH�PHDQ�VSHHG�DV�D�EDVLV�IRU�$,'��

2SHUDWLRQ�RI�WKH�V\VWHP�

,Q� WKLV� DUHD� WKH� ELJJHVW� FKDQJHV� KDYH� WDNHQ� SODFH�� 7KH�RULJLQDO� VHW�XS�FRQVLVWHG�RI�VHSDUDWH�
PRQRFKURPH� JUDSKLFDO� XVHU� LQWHUIDFHV� �*8,©V�� IRU� �� RSHUDWRUV� ��� V\VWHP�RSHUDWRU�� �� WUDIILF�
RSHUDWRUV��D�SROLFH�RSHUDWRU�DQG�D�*8,�IRU�WUDLQLQJ���2Q�HDFK�RI�WKHVH�*8,
V�PHDVXUHV�FRXOG�
EH� WDNHQ�� DQG� WKH� V\VWHP� FRPELQHG� WKHVH� PHDVXUHV�� ,Q�SUDFWLFH� WKH�PDLQ� WUDIILF�RSHUDWRU� �LQ�
+ROODQG�DQ�HPSOR\HH�RI�WKH�0LQLVWU\�RI�7UDQVSRUW��VRRQ�XVHG�WZR�RU�PRUH�RI�WKHVH�*8,
V�DW�WKH�
VDPH�WLPH��6LQFH������WKH�XVHU�LQWHUIDFH�KDV�FKDQJHG�FRQVLGHUDEO\��

�

�

)LJXUH�����7KH�FRQWURO�URRP�QHDU�8WUHFKW�

(YHU\�RSHUDWRU����RSHUDWRUV�FDQ�ZRUN�RQ�WKH�V\VWHP�VLPXOWDQHRXVO\�QRZ��XVHV�D�ZRUNVWDWLRQ�
ZLWK� WZR� ��� LQFK� /&'� FRORXU�VFUHHQV� QRZ�� 2Q� WKH� ILUVW� VFUHHQ� D� JUDSKLF� RYHUYLHZ� RI� WKH�
ZKROH�V\VWHP�FDQ�EH�VKRZQ��ZKLOH�WKH�VHFRQG�VFUHHQ�LV�XVHG�IRU�WKH�PHDVXUH�VHW�XS�SURFHVV�
DQG� WKH� SUHVHQWDWLRQ� RI� LQIRUPDWLRQ� DQG� DODUPV�� 2QH� RSHUDWRU� FDQ� ZRUN� RQ� PRUH� WKDQ� RQH�
PHDVXUH� VLPXOWDQHRXVO\�� LI� QHFHVVDU\�� )LJXUH� � ��� 7KH� FRQWURO� URRP� QHDU� 8WUHFKW� VKRZV� D�
PRGHUQ�FRQWURO�URRP�IRU�ERWK�PRWRUZD\�DQG�WXQQHO�FRQWURO��

$GGLWLRQ�RI�QHZ�IXQFWLRQV�

$IWHU�WKH�V\VWHP�KDG�EHHQ�XVHG�IRU�D�QXPEHU�RI�\HDUV��WKH�ZLVK�IRU�VRPH�QHZ�IXQFWLRQV�DURVH��
,Q� PDQ\� FDVHV� RXU� SROLF\� KDV� EHHQ�� DQG� LV�� WR� WU\� D� SURSRVHG� QHZ� IXQFWLRQ� LQ� RQH� RI� RXU�
FRQWURO�FHQWUHV�ZLWKRXW� LPPHGLDWHO\�FKDQJLQJ�WKH�FHQWUDO�VRIWZDUH�RI�WKH�V\VWHP��7KH�WUDIILF�
VPRRWKLQJ�DOJRULWKP�IRU� LQVWDQFH�ZDV�WHVWHG�E\�EXLOGLQJ�DQ�H[WHQVLRQ�WR�WKH�VRIWZDUH�RI�WKH�
ZRUNVWDWLRQ� WKDW� KDQGOHV� WKH� XVHU�LQWHUIDFH�� $� FKDQJH� ZLOO� RQO\� EH� LQFOXGHG� LQ� WKH� FHQWUDO�
VRIWZDUH�RI�DOO�FRQWURO�FHQWUHV�LI�WKH�RXWFRPH�RI�WKH�HYDOXDWLRQ�LV�IDYRXUDEOH��
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$Q�RYHUYLHZ�RI�VXFK�QHZ�IXQFWLRQV��

��� &RPELQDWLRQ�ZLWK�WXQQHO�V\VWHPV�
,Q������ZH�KDG�WR�LQVWDOO�WKH�0RWRUZD\�&RQWURO�6\VWHP�RQ�WKH�$PVWHUGDP�ULQJ�URDG��
7KLV�PRWRUZD\�FURVVHV�WKH�ULYHU�,-�YLD�D�WXQQHO��
6LQFH�LQ�PRWRUZD\�WXQQHOV�OLNH�WKHVH�D�ORW�RI�HTXLSPHQW�LV�XVHG�WKDW�LQIOXHQFHV�WUDIILF�DV�
ZHOO��LW�EHFDPH�QHFHVVDU\�WR�FRPELQH�WKH�WXQQHO�V\VWHP�DQG�WKH�PRWRUZD\�V\VWHP��7KH�
RSHUDWRU�LQWHUIDFH�ZDV�FKDQJHG�LQ�VXFK�D�ZD\�WKDW�DOO�HTXLSPHQW�LQIOXHQFLQJ�WKH�WUDIILF�
LV�G\QDPLFDOO\�VKRZQ�RQ�RQH�VFUHHQ��6LQFH�FRQWUD�IORZ�YLD�RQH�RI�WKH�WXQQHO�WXEHV�LV�
VRPHWLPHV�XVHG��VSHFLDO�VDIH�JXDUGV�DJDLQVW�FRQIOLFWLQJ�WUDIILF�PHDVXUHV�ZHUH�EXLOW�LQ�DV�
ZHOO��
$W�WKH�PRPHQW�DOO���ULYHU�FURVVLQJ�WXQQHOV�DUH�LQFRUSRUDWHG�LQ�WKH�070�V\VWHP��DOO�LQ�
WKH�VDPH�ZD\��

��� 7LGDO�IORZ�ODQHV�
2Q�WKH�$��PRWRUZD\��$PVWHUGDP�$PHUVIRRUW��D�VR�FDOOHG�WLGDO�IORZ��RU�FKDQJHDEOH�
ODQH��ORFDWHG�LQ�WKH�FHQWUDO�UHVHUYDWLRQ��LV�LQ�RSHUDWLRQ��,Q�WKH�PRUQLQJ�UXVK�KRXU�WKLV�
ODQH�LV�XVHG�LQ�WKH�GLUHFWLRQ�RI�$PVWHUGDP��RULJLQDOO\�IRU�FDUV�ZLWK���RU�PRUH�RFFXSDQWV�
RQO\��EXW�WKDW�KDV�EHHQ�FDQFHOOHG�DIWHU�SXEOLF�RSSRVLWLRQ��DQG�LQ�WKH�HYHQLQJ�UXVK�KRXU�
LQ�WKH�RSSRVLWH�GLUHFWLRQ��IRU�DOO�WUDIILF���6RPH�FKDQJHV�WR�WKH�070�ZHUH�QHFHVVDU\�WR�
PDNH�VXFK�XVH�SRVVLEOH��

��� )RJ�GHWHFWLRQ�DQG�¤ZDUQLQJ�
,Q������D�IRJ�GHWHFWLRQ�DQG��ZDUQLQJ�V\VWHP�ZDV�SODFHG�RQ�WKH�$���PRWRUZD\�
�5RWWHUGDP�$QWZHUS��QHDU�WKH�FLW\�RI�%UHGD��'XULQJ�WKH�ILUVW�\HDU��WKLV�V\VWHP�ZDV�D�
VWDQG�DORQH�DSSOLFDWLRQ��EXW�DW�WKH�HQG�RI������ZH�LQVWDOOHG�070�RQ�WKLV�URDG�DQG�KDG�
WR�FRPELQH�ERWK�V\VWHPV��

��� /RFDO�DFWLRQV�
6LQFH�PRWRUZD\V�LQ�+ROODQG�KDYH�EULGJHV�DQG�WXQQHOV�LQ�WKHP�LW�LV�VRPHWLPHV�QHFHVVDU\�
WR�VWRS�DOO�WUDIILF��)RU�LQVWDQFH�DIWHU�GHWHFWLRQ�RI�D�YHKLFOH�ZKLFK�LV�WRR�KLJK�WR�HQWHU�D�
WXQQHO��RU�ZKHQ�D�EULGJH�LV�JRLQJ�WR�EH�RSHQHG��,Q�VXFK�FDVHV�WKH�PRWRUZD\�FRQWURO�
V\VWHP�LV�XVHG�WR�JUDGXDOO\�VWRS�WKH�WUDIILF�E\�VKRZLQJ�D�GHFUHDVLQJ�VHTXHQFH�RI�VSHHG�
LQGLFDWLRQV�����������RU���������%XW�DV�LQ�VXFK�VLWXDWLRQV�DFWLRQV�KDYH�WR�EH�WDNHQ�YHU\�
TXLFNO\�DQG�UHOLDEO\��ZH�KDYH�FKRVHQ�WR�SHUIRUP�WKH�DFWLRQ�ORFDOO\�DQG�WR�LQIRUP�WKH�
FRQWURO�FHQWUH�RQO\�DIWHUZDUGV��7KH�VLJQV�UHVXOWLQJ�IURP�WKHVH�ORFDO�DFWLRQV�DUH�FRPELQHG�
�SHU�JDQWU\��ZLWK�VLJQV�WKDW�DUH�DOUHDG\�VKRZQ��7KH�VDPH�JRHV�IRU�WKH�UHPRYDO�RI�WKHVH�
ORFDO�PHDVXUHV��

��� 7UDIILF�VPRRWKLQJ�
,Q������D�WUDIILF�VPRRWKLQJ��'XWFK��+RPRJHQLVHUHQ��H[SHULPHQW�ZDV�FDUULHG�RXW�RQ�WKH�
$��PRWRUZD\��8WUHFKW�$PVWHUGDP���
7KH�LGHD�ZDV�WR�NHHS�WUDIILF�PRYLQJ�DV�ORQJ�DV�SRVVLEOH�E\�VKRZLQJ�VSHHG�LQGLFDWLRQV�RYHU�
UHODWLYHO\�ORQJ�VWUHWFKHV�RI�URDG�GXULQJ�SHULRGV�RI�KLJK�WUDIILF�IORZ��7KH�VSHHGV�XVHG�ZHUH�
���RU����NP�KU��DQG�WKH�PDLQ�SKLORVRSK\�ZDV�EDVHG�RQ�WKH�VXSSRVLWLRQ�WKDW�LI�VSHHG�
GLIIHUHQFHV�ZHUH�OHVV��WKH�SRVVLELOLW\�RI�TXHXH�IRUPLQJ�ZDV�OHVV�DV�ZHOO��7KH�HYDOXDWLRQ�
ZHUH�VRPHZKDW�GLVDSSRLQWLQJ��)RU�WKLV�UHDVRQ�LW�WRRN����\HDUV�IRU�DQ�RWKHU�H[SHULPHQW�WR�
VWDUW�Q�������

��� 8VH�RI�WKH�KDUG�VKRXOGHU�
7KH�PRWRUZD\�FRQWURO�V\VWHP�KDV�EHHQ�FKDQJHG�LQ�VXFK�D�ZD\�WKDW�LW�LV�SRVVLEOH�WR�XVH�
WKH�KDUG�VKRXOGHU�RQ�FHUWDLQ�URDGV�GXULQJ�D�SDUW�RI�WKH�GD\��6LQFH�WKUHH�\HDUV�WKLV�
PHDVXUH�LV�LQ�RSHUDWLRQ��'XH�WR�WKH�GLVFXVVLRQV�RQ�VDIHW\�LVVXHV��WKLV�PHDVXUH�LV�DOZD\V�
FRPELQHG�ZLWK�YLGHR�FDPHUD©V�FRYHULQJ�WKH�ZKROH�VHFWLRQ�DQG�VWULFW�SURFHGXUHV�GXULQJ�
VWDUWXS�DQG�FORVLQJ�GRZQ�RI�WKH�VR�FDOOHG�¦UXVK�KRXU�ODQHV§��

��� 0RQLWRULQJ�LQIRUPDWLRQ�
$�VPDOO�FKDQJH�RI�WKH�V\VWHP�VRIWZDUH�KDV�PDGH�LW�SRVVLEOH�WR��H[SRUW��WUDIILF�GDWD�OLNH�
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VSHHG�DQG�IORZ�WR�WKH�VR�FDOOHG�PRQLWRULQJ�V\VWHP��
7KH�PRQLWRULQJ�V\VWHP�LV�D�FHQWUDO�V\VWHP�ZKLFK�FROOHFWV�WUDIILF�GDWD��ERWK�G\QDPLF�DQG�
VWDWLF��IURP�DOO�RYHU�WKH�FRXQWU\��7KXV�WKLV�PRQLWRULQJ�V\VWHP�GRHV�QRW�QHHG�VHSDUDWH�
GDWD�FROOHFWLRQ�SRLQWV�RQ�PRWRUZD\V�ZKHUH�D�PRWRUZD\�FRQWURO�V\VWHP�LV�DOUHDG\�SUHVHQW��
)RU�UHVHDUFK�SXUSRVHV�D�VLPLODU�IDFLOLW\�KDV�EHHQ�EXLOW�LQ��ZKLFK�PDNHV�LW�SRVVLEOH�WR�H[�
SRUW�VRPH�GDWD��OLNH�VLJQV�VKRZQ��VSHHG��IORZ��IURP�WKH�V\VWHP�IRU�UHVHDUFK�SXUSRVHV��
7KH�GLIIHUHQFH�ZLWK�WKH��UHDO��UHVHDUFK�IDFLOLW\�LV�WKDW�WKLV�H[SRUW�IDFLOLW\�RQO\�SURYLGHV�
DJJUHJDWHG�VSHHGV�DQG�IORZV��ZKLOH�WKH�UHVHDUFK�V\VWHP�FDQ�JLYH�DOO�WKH�LQIRUPDWLRQ�RQ�
D�YHKLFOH�OHYHO��

&XUUHQW�GHYHORSPHQWV�

:LWK� WKH� QHZ� KDUG�� DQG� VRIWZDUH� DV� D� EDVLV� DQRWKHU� XSGDWH� RI� WKH� V\VWHP� LV� XQGHUZD\��
7RJHWKHU� ZLWK� WKH� UHJLRQDO� GLUHFWRUDWHV� RI� 5LMNVZDWHUVWDDW� DQ� OLVW� RI� WKH� ZLVKHV� IRU� VXFK� DQ�
XSGDWHG�V\VWHP�ZDV�PDGH��

7KH�PRVW�LPSRUWDQW�FKDQJHV�ZLOO�EH��

��� 7KH�PD[LPXP�QXPEHU�RI�ODQHV�ZLOO�LQFUHDVH�IURP���WR����

��� /RFDO� $,'� ZLOO� QRW� RQO\� RYHUULGH� FHQWUDO� $,'�� EXW� HYHQ� WDNH� DZD\� FHQWUDO� $,'� VLJQV� LI�
QHFHVVDU\��

��� $�FRPSOHWH�UHQHZDO�RI�DOO�UXOHV�DQG�WHVWV�XVHG�IRU�WKH�FDOFXODWLRQ�RI�WUDIILF�PHDVXUHV��

��� $Q�RSHUDWRU�ZLOO�EH�DEOH�WR��SUHSDUH��WUDIILF�PHDVXUHV�� WHVW� WKHP�LQ�DGYDQFH�DQG�WKXV�
SODFH�WKHP�PRUH�TXLFNO\�ZKHQ�QHFHVVDU\��

��� $�EHWWHU�IDFLOLW\�IRU�WKH�WHPSRUDU\�XVH�RI�WKH�KDUG�VKRXOGHU��

��� $�EHWWHU�PHFKDQLVP�IRU�WKH�FRRUGLQDWLRQ�EHWZHHQ�DGMRLQLQJ�FRQWURO�V\VWHPV��DQG�

��� $�FRPSOHWH�QHZ�XVHU�LQWHUIDFH��QRZ�WRWDOO\�LQ�D�JUDSKLFDO�IRUP��

)XWXUH�GHYHORSPHQWV�

,Q� 7KH� 1HWKHUODQGV� WKH� 7HVWFHQWUH� IRU� '\QDPLF� 7UDIILF� 0DQDJHPHQW� V\VWHPV� RI�
5LMNVZDWHUVWDDW�LV�VWLPXODWLQJ�WKH�SURJUHVV�RI�LQQRYDWLYH�WHOHPDWLF�SURMHFWV��7KH�ILQDO�REMHFWLYH�
LV�DQ�LQWHJUDWHG�WUDIILF�UHVHDUFK�ODERUDWRU\�WR�SURFHHG�DQG�WR�DFFHOHUDWH�WKH�
VWDWH�RI�WKH�DUW
�
LQ�'70�LQ�SUDFWLFH��([SHFWHG�DGYDQWDJHV�RI�VXFK�D�ODERUDWRU\�DUH��

��� WUDLQLQJ�LQ�WKH�EHKDYLRU�RI�WKH�V\VWHP�DQG�KRZ�WR�GHDO�ZLWK�H[FHSWLRQV��

��� UHGXFH�WKH�ULVN�DQG�FRVW�DVVRFLDWHG�ZLWK�GHSOR\PHQW��

��� IDFLOLWDWH�WKH�HYDOXDWLRQ�RI�WHFKQRORJLHV�DQG�DOORZ�IRU�WHFKQRORJ\�WUDQVIHU��

��� GHYHORS��WHVW��DQG�HYDOXDWH�QHZ�FRQFHSWV�DQG�WHFKQRORJLHV�

��� TXDQWLI\�WKH�RSHUDWLRQDO�EHQHILWV��VDIHW\��DQG�HQYLURQPHQWDO�LPSDFW�

7R� IDFLOLWDWH� WKHLU� GHYHORSPHQW� D� SURSHU� DUFKLWHFWXUH� PXVW� KDYH� EHHQ� GHFLGHG� EHWZHHQ�
SDUWQHUV� LQYROYHG�� 3DUWLFXODU� DWWHQWLRQ� VKRXOG� EH� SDLG� WR� WKH� LQWHUIDFHV� EHWZHHQ� WKH�
FRPSRQHQWV�DV�ZHOO�DV�WKH�GDWD�GHILQLWLRQV��,Q�)LJXUH�����7KH�FRPSRQHQWV�LQ�D�7UDIILF�5HVHDUFK�
/DERUDWRU\� DOO� SRVVLEOH� FRPSRQHQWV� LQ� D� WUDIILF� DQG� WUDQVSRUWDWLRQ� UHVHDUFK� ODERUDWRU\� DUH�
GHSLFWHG�� ,W� LV� LPSRUWDQW� WKDW� WKH� 
H[�DQWH
� PRGHOV� PDS� ZHOO� XSRQ� WKH� GLIIHUHQW� SDUWV� LQ� WKH�
FRQWURO� FHQWUH�� 0DUN� DOVR� WKDW� WKH� GHFLVLRQ� VXSSRUW� SDUWV� ZLOO� FRQWDLQ� PRGHOV� IRU� WKHLU� RZQ�
SUHGLFWLRQ�SXUSRVHV���

��� 5HIHUHQFH�&RQWURO�&HQWUH�
LV�D�FRS\�RI�WKH�WHFKQLFDO�FRPSRQHQWV�LQ�DQ�RSHUDWLRQDO�UHJLRQDO�WUDIILFPDQDJHPHQW��
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DQG�FRQWURO�FHQWUH��,W�LV�LPSRUWDQW�WR�UHFRJQL]H�WKDW�VRPH�OD\HUHG�VWUXFWXUH�VKRXOG�H[LVW�
DQG�WKDW�D�GHFLVLRQ�VXSSRUW�V\VWHP�LV�SDUW�RI�VXFK�D�FRQWURO�FHQWUH��
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)LJXUH�����7KH�FRPSRQHQWV�LQ�D�7UDIILF�5HVHDUFK�/DERUDWRU\�

��� 7HVW�&RQWURO�FHQWUH�
LV�DQ�DGG�RQ�RI�WKH�5HIHUHQFH�&RQWURO�FHQWUH��,W�LV�PHDQW�IRU�WHVWLQJ�H[LVWLQJ�DQG�QHZ�
GHYHORSPHQWV�DJDLQVW�WKH�IXQFWLRQDO�DQG�WHFKQLFDO�VSHFLILFDWLRQV�LQ�D�VR�FDOOHG�6LWH�
$FFHSWDQFH�7HVW��6$7���,Q�RUGHU�WR�GR�VR��D�VWLPXODWLRQ�XQLW�XQGHU�FRQWURO�RI�D�WHVWXQLW�
DFWLYDWHV�WKH�DSSURSULDWH�LQSXWV�RI�WKH�GHYLFH�V��XQGHU�WHVW��$�UHJLVWUDWLRQ�XQLW�UHFRUGV�
WKH�UHDFWLRQV�RI�WKH�V\VWHP�DQG��LQ�FDVH�RI�DQ\�PDOIXQFWLRQV��DOORZV�IRU�UHDVRQLQJ�DERXW�
WKH�UHDVRQV�DQG�VROXWLRQV��

��� 'XPP\�&RQWURO�FHQWUH�
LV�DQ�DGG�RQ�RI�WKH�7HVW�&RQWURO�FHQWUH��$�YHKLFOH�PRGHO�VLPXODWHV�WKH�UHDFWLRQ�RI�WKH�
PRGHOHG�URDG�XVHUV�RQ�WKH�DFWXDWRUV��7KHVH�UHDFWLRQV�DUH�IHG�LQWR�WKH�VWLPXODWLRQ�XQLW��
2WKHU�HOHPHQWV�LQ�WKH�PRGHO�DUH�WKH�URDG�QHWZRUN��URXWH�FKRLFH�EHKDYLRU��HWF��,W�LV�
SRVVLEOH�WR�GR�UHVHDUFK�RQ�H[LVWLQJ�VLWXDWLRQ�DQG�WR�WUDLQ�FDQGLGDWH�RSHUDWRUV�LQ�DQ�
UHDOLVWLF�EHKDYLQJ�HQYLURQPHQW��

��� 7UDIILF�5HVHDUFK�/DERUDWRU\�
LV�DQ�DGG�RQ�RI�WKH�'XPP\�&RQWURO�FHQWUH��,Q�D�QHDW�DUFKLWHFWXUH�LPSRUWDQW�SDUWV�RI�WKH�
PRGHOV�FDQ�EH�H[FKDQJHG��IRU�LQVWDQFH�WKH�
H[�DQWH
�YHKLFOH�PRGHOV�ZLWK�WKH�UHDO�WLPH�
YHKLFOH�PRGHOV�RU�WKH�GHFLVLRQ�VXSSRUW�XQLW�ZLWK�WKH�VFHQDULR�PRGHO�RU�WKH�FRQWURO�
PRGHOV�ZLWK�WKH�HTXLSPHQW�LQ�WKH�UHIHUHQFH�SDUW��%XW�WKLV�LV�VWLOO�IDU�IURP�UHDOL]DWLRQ��

7KH� GHYHORSPHQW� RI� D� 5HIHUHQFH��� 7HVW�� DQG� 'XPP\� &RQWURO� FHQWUH� LQWR� D� 7UDIILF� 5HVHDUFK�
/DERUDWRU\� LV� D� FRPSOH[� DQG� HYROXWLRQDU\� SURFHVV�� 6RPH� VLPLODU� GHYHORSPHQWV� KDYH� EHHQ�
UHFRJQL]HG�LQ�GLIIHUHQW�DUHD
V�OLNH�DLU�WUDIILF�JXLGDQFH��


