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���,QWURGXFWLRQ
,Q�K\GUDXOLF�GULYH�DQG�FRQWURO�V\VWHPV�RI�WKH�VHOI�SURSHOOHG�FUDQHV��EUDNLQJYDOYHV�DUH�XVHG�WR�ORZHU�WKH�ORDG��RU�ORDG�FDUU\LQJ�VWUXFWXUH��$�K\GUDXOLF�V\VWHPPXVW�EH�VXSSOLHG�ZLWK�WKH�HVVHQWLDO�SUHVVXUH�WR�XQORFN�PHFKDQLFDO�DQG�K\GUDXOLFORFNV� >�@�� $V� WKH� YHORFLW\� RI� WKH� ZRUNLQJ� PRWLRQ� LQFUHDVHV�� VXSSO\� SUHVVXUHLQFUHDVHV�� VR� WKDW� WKH� VXSSO\� HQHUJ\� ULVHV�� 7KHUH� DUH� GLIIHUHQW� VROXWLRQV� RI� WKHEUDNLQJ� YDOYHV�� IRU� H[DPSOH�ZLWK� WKH� ORDG� FRPSHQVDWLRQ� >���@�� 7KHVH� VROXWLRQVPDNH�YDOYH�FKDUDFWHULVWLFV�LQWHSHQGHQW�RI�ORDG�DQG�IORZ��7KLV�SDSHU�SUHVHQWV�WKHORZHULQJ�V\VWHP��ZKLFK�LV�EDVHG�RQ�WKH�RYHUIORZ�SURSRUWLRQDO�YDOYH�DSSOLHG�DV�DEUDNLQJ�YDOYH��)LJ�����7KH�RYHUIORZ�SURSRUWLRQDO�YDOYH�LV�SODFHG��ZKHUH�XVXDOO\�DEUDNLQJ� YDOYH� LV� LQVWDOOHG�� +\GUDXOLF� FRPPDQG� VLJQDOV� DUH� FKDQJHG� LQWRFRUUHVSRQGLQJ� HOHFWLFDO� VLJQDOV��$� IX]]\� ORJLF� FRQWUROOHU�ZDV� DSSOLHG� WR� FRQWUROWKH� SURSRUWLRQDO� YDOYH�� $PDWKHPDWLFDO�PRGHO�RI� WKH� V\VWHPKDV� EHHQ� EXLOW�� DQG� VLPXODWLRQUHVHDUFK�KDV�EHHQ�FDUULHG�RXW�

)LJ�����'LDJUDP�RI�WKH�K\GUDXOLF�V\VWHPFKDQJLQJ�WKH�DQJOH�RI�WKH�FUDQH�MLE���K\GUDXOLF�F\OLQGHU����SURSRUWLRQDORYHUIORZ�YDOYH����FRQWUROODEOHQRQ�UHWXUQ�YDOYH����QRQ�UHWXUQ�YDOYH���PDQLSXODWRU����YDOYH�FRQWUROOLQJVLJQDO����SXPS����SUHVVXUH�FRQYHUWHU���PLFURSURFHVVRU�V\VWHP
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���3UHVVXUH�&RQWURO�6\VWHP
7KH�SUHVHQWHG�K\GUDXOLF� V\VWHP�VKRZV� WKH� VWURQJO\�QRQ�OLQHDU� SURSHUWLHV�:KHQ�WKH�3,'�FRQWUROOHU�ZDV�DSSOLHG�� WKHUH�ZDV�D�GLIILFXOW\� WR�DFKLHYH�D� VWDEOHVWDWH��WKXV�WKH�IX]]\�ORJLF�FRQWUROOHU�KDV�EHHQ�DSSOLHG��)LJ�����7KH�SUHVVXUH�HUURUVLJQDO�� DQG� WKH� GLIIHUHQWLDO� FRHIILFLHQW� RI� WKLV� VLJQDO� ZHUH� XVHG� WR� FRQWURO� WKHV\VWHP�� 7KH� RXWSXW� VLJQDO� LV� D� FKDQJH� RI� WKH� HOHFWURPDJQHW� IRUFH� �FXUUHQWLQWHQVLW\�LQ�HOHFWURPDJQHW��LQ�WKH�SURSRUWLRQDO�YDOYH��

)LJ�����6WUXFWXUH�RI�WKH�SUHVVXUH�UHJXODWRU
7KH�FRQWUROOHU�ZRUNV�LQ�D�IHHGEDFN�ORRS��7KH�RXWSXW�VLJQDO�LV�SDVVHG�WR�WKHLQSXW� RI� WKH� FRQWUROOHU�� &DOFXODWHG� YDOXHV� RI� WKH� SUHVVXUH� HUURU� �HS��� DQG� WKHGLIIHUHQFH� EHWZHHQ� WKH� FXUUHQW� SUHVVXUH� YDOXH� DQG� WKH� SUHYLRXV� SUHVVXUH� YDOXH�GHS��DUH�WKH�PDLQ�GDWD�IRU�WKH�IX]]\�FRQWUROOHU��)X]]\�ORJLF�FRQWUROOHU�JHQHUDWHVWKH�RXWSXW�VLJQDO��ZKLFK�LV�DQ�LQFUHPHQW�RI�WKH�IRUFH�DFWLQJ�RQ�WKH�HOHFWURPDJQHWRI�WKH�YDOYH�7KH� IX]]\� UHJXODWRU� KDV� WKUHH� PRGXOHV�� IX]]LILFDWLRQ�� LQWHUIHUHQFH� DQGGHIX]]LILFDWLRQ� PRGXOH�� ,Q� WKH� IX]]LILFDWLRQ� PRGXOH� WKH� LQSXW� VLJQDOV� DUHQRUPDOL]HG�LQWR�UDQJH�>�����@��7KHQ�WKH�YDOXHV�RI�WKH�LQSXW�VLQJDOV�DUH�IX]]LILHG�XVLQJ� WKH� FKDUDFWHULVWLF� IXQFWLRQV�� ,Q� WKH� JLYHQ� V\VWHP� WKHUH� DUH� WULDQJXODUFKDUDFWHULVWLF�IXQFWLRQV�DSSOLHG�LQVLGH�WKH�UDQJH��DQG�WUDSH]RLGDO�QRQ�V\PPHWULFDORQHV�RQ�WKH�HGJHV�>�@��,Q� WKH� LQWHUIHUHQFH� PRGXOH� WKHUH� LV� D� UXOH� GDWDEDVH�� 2Q� WKH� EDVLV� RI� WKHDIILOLDWLRQ�UDWH�RI� WKH� LQSXW�YDOXHV� LQWR�FRUUHVSRQGLQJ�UDQJHV�� WKH�UXOHV�IURP� WKHGDWDEDVH� DUH� ODXQFKHG�� 7KH� SUHVVXUH� HUURU� VLJQDO� ZDV� GLYLGHG� LQWR� ILYH� IX]]\UDQJHV�� DQG� GLIIHUHQWLDO� FRHIILFLHQW� RI� WKH� SUHVVXUH� HUURU�ZDV� GLYLGHG� LQWR� WKUHHIX]]\� UDQJHV�� 7KH� UXOH� GDWDEDVH� FRQWDLQV� DYDLODEOH� RXWSXW� VLJQDOV� IRU� DOOFRPELQDWLRQV� RI� LQSXW� VLJQDOV�� VR� WKHUH� DUH� ILIWHHQ� UXOHV� LQ� WKLV� V\VWHP�� 7KHFRQFOXVLRQ�SURFHVV�DOORZV�WR�ODXQFK�XS�WR�IRXU�UXOHV�DW�RQH�WLPH��)RXU�DIILOLDWLRQUDWHV�GHWHUPLQH�WKH�RXWSXW�YDOXH�RI�WKH�LQWHUIHUHQFH�PRGXOH�
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7KH�ODVW�PRGXOH�RI�WKH�IX]]\�ORJLF�FRQWUROOHU�LV�D�GHIX]]LILFDWLRQ�PRGXOH��,WFDOFXODWHV�WKH�ILQDO�YDOXH�RI�WKH�RXWSXW�VLJQDO��7KH�³&HQWHU�RI�6XPV´�PHWKRG�ZDVDSSOLHG�WR�UHFHLYH�D�VKDUS�YDOXH�RI�WKH�VLJQDO�>�@��

)LJ�����&KDUDFWHULVWLF�IXQFWLRQV���D��SUHVVXUH�HUURU���E��GHULYDWLYH�RI�WKH�SUHVVXUH�HUURU���F��IRUFH�RI
WKH�HOHFWURPDJQHW

3UHVVXUH� HUURU� YDOXHV�ZHUH� GLYLGHG� LQWR� ILYH� LQWHUYDOV�� 7KH� UDQJHV� RI� WKHVLJQDO�DUH��1HJDWLYH�%LJ� �1%���1HJDWLYH�6PDOO� �16���=HUR� �=(���3RVLWLYH�6PDOO�36���DQG�3RVLWLYH�%LJ��3%���)LJ��D���,QWHUYDOV�KDYHQ¶W�JRW�WKH�VDPH�OHQJWK��WKH\DUH�FRQGHQVHG�QHDU� WKH�]HUR�YDOXH��9DOXHV�RI� WKH�GHULYDWLYH�SUHVVXUH�HUURU�ZHUHGLYLGHG� LQWR� WKUHH� LQWHUYDOV�� 1HJDWLYH� �1��� =HUR� �=��� DQG� 3RVLWLYH� �3�� �)LJ��E��)X]]LILFDWLRQ�RI� WKH�RXWSXW�YDOXH��HOHFWURPDJQHW�IRUFH��ZDV�FDUULHG�RXW�ZLWK� WKHXVH�RI�D�VLPLODU�PHWKRG��DV�WKH�SUHVVXUH�HUURU �)LJ��F��7KH� UXOH�GDWDEDVH� LV� VKRZQ�RQ� WKH�JUDSKLFDO�GLDJUDP�EHORZ� �)LJ�����7KLVGDWDEDVH�ZDV� DSSOLHG� IRU� WKH� IX]]\�FRQWUROOHU��)RU� H[DPSOH��1%� �1HJDWLYH�%LJ�YDOXH�RI� WKH�SUHVVXUH�HUURU�PHDQV� WKDW� WKH�SUHVVXUH�YDOXH� LV�FRQVLGHUDEO\�ELJJHUWKDQ� WKH�H[SHFWHG�VLJQDO�� DQG�3��3RVLWLYH��YDOXH�RI� WKH�GHULYDWLYH�SUHVVXUH�HUURUPHDQV� WKDW� WKH� VLJQDO� LV� ORZHU� WKDQ� LW� ZDV� GXULQJ� WKH� ODVW� PHDVXUHPHQW�� 7KHFRQFOXVLRQ�LV�WKDW�WKH�SUHVVXUH�LV�ELJJHU�WKDQ�LW�VKRXOG�EH��EXW�LW�JRHV�WRZDUGV�WKHFRUUHFW�YDOXH��$FWLYDWHG�UXOH�JHQHUDWHV�WKH�RXWSXW�VLJQDO�ZKLFK�KDV�WKH�YDOXH�RI�1HJDWLYH� 6PDOO� �16��� VR� WKH� FRQWURO� VLJQDO� LV� ORZHUHG�� 7KH� FRQFOXVLRQ� V\VWHPFRQVLVWV�RI�ILIWHHQ�UXOHV��7KH�UXOHV�JHQHUDWH�WKH�RXWSXW�VLJQDO�IRU�DOO�SUHVVXUH�HUURUDQG�GHULYDWH�SUHVVXUH�HUURU�FRPELQDWLRQV�
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)LJ�����5XOH�GDWDEDVH

���6XPPDU\
6LPXODWLRQ� UHVHDUFK� ZDV� FDUULHG� RXW� XVLQJ� WKH� VLPXODWLRQ� FRPSXWHUSURJUDPPH�ZULWWHQ�LQ�%RUODQG�'HOSKL������7KLV�SURJUDPPH�LQFOXGHV�D�PRGXOH�IRUVROYLQJ�WKH�V\VWHP�RI�GLIIHUHQWLDO�HTXDWLRQV��ZKLFK�GHVFULEH�WKH�K\GUDXOLF�V\VWHP�7KH�VHFRQG�PRGXOH�VLPXODWHV�IX]]\�ORJLF�FRQWUROOHU��,W�HYDOXDWHV�WKH�YDOXH�RI�WKHFRQWURO�VLJQDO��7KH� DSSOLFDWLRQ� RI� WKH� IX]]\� ORJLF� FRQWUROOHU� DOORZHG� WR� REWDLQ� RI� JRRGVWDWLF�DQG�G\QDPLF�FKDUDFWHULVWLFV�RI�WKH�V\VWHP�

5HIHUHQFHV�
�� /LVRZVNL�(��-��6WHFNL��.��6]HZF]\N��³/RDG�6HQVLQJ�&RXWHUEDODQFH�9DOYH�IRU�+RLVWLQJ�&RQWURO´�

6�(�(�5�*� 0RQDVK�8QLYHUVLW\��0HOERXUQH��$XVWUDOLD�������FR�DXWKRU�-��6WHFNL��.��6]HZF]\N��
�� /LVRZVNL� (��� ³6WDELOLW\� RI� D� +\GUDXOLF� &RXQWHUEDODQFLQJ� 6\VWHP� RI� D� +\GUDXOLF� :LQFK´�%XOOHWLQ�&0&0�9RO����0HOERXUQH��$XVWUDOLD������
�� /LVRZVNL� (�� ³.V]WDáWLRZDQLH� &KDUDNWHU\VW\N� +\GUDXOLF]Q\FK� ]DZRUyZ� KDPXM F\FK� XNáDGyZQDS GRZ\FK PDV]\Q�URERF]\FK´��0RQRJUDILD������.UDNyZ������
�� 3LHJDW� $�� ³0RGHORZDQLH� L� VWHURZDQLH� UR]P\WH´� $NDGHPLFND� 2ILF\QD� :\GDZQLF]D� (;,7

:DUV]DZD������
�� 9LUYDOR� 7�� .��� .RVNLQHQ� +�� ³)X]]\� ORJLF� FRQWUROOHU� IRU� K\GUDXOLFV� GULYHV´�� ��WK� $DFKHQ&ROORTXLXP�RI�)OXLG�3RZHU�7HFKQRORJ\��*HUPDQ\�����
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