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���,QWURGXFWLRQ
7KH�ZRUN�GHVFULEHG�EHORZ�KDV�EHHQ�FDUULHG� RXW� DW� WKH� VWDQG�PDGH� LQ� WKH,QVWLWXWH� RI� +HDY\� 0DFKLQHU\� (QJLQHHULQJ� RI� WKH� :DUVDZ� 8QLYHUVLW\� RI7HFKQRORJ\��%DVLF� HOHPHQWV�RI� WKH�K\GUDXOLF� VWDQG�DUH��D�YDULDEOH�GLVSODFHPHQWSXPS�� D� SURSRUWLRQDO� GLUHFWLRQDO� YDOYH� DQG� D� SURSRUWLRQDO� SUHVVXUH� YDOYH�� 7KHDERYH� HOHPHQWV� DUH� FRQWUROOHG� HOHFWURQLFDOO\�� %HVLGHV�� WKH� VWDQG� LQFOXGHV� WZRK\GUDXOLF� F\OLQGHUV� RSHUDWLQJ� LQ� EDFNZDUG� FRQILJXUDWLRQ� DQG� SUHVVXUH� VHQVRUV�SUHVVXUH�EHIRUH�WKH�SURSRUWLRQDO�GLUHFWLRQDO�YDOYH��EHIRUH�WKH�K\GUDXOLF�F\OLQGHUVDQG� EHIRUH� WKH� SURSRUWLRQDO� SUHVVXUH� YDOYH� LV�PHDVXUHG��� IORZ� �DIWHU� WKH� SXPS�DQG�VWURNH��RI�WKH�SLVWRQ���7KH�FRQWURO�V\VWHP�LQFOXGHV�3/&�60$57�,�2�PDGH�E\3(3�0RGXODU�&RPSXWHUV�DQG�3&�FRPPXQLFDWLQJ�ZLWK� WKH�FRQWUROOHU�YLD�56���OLQN�� 3&� VHUYHV� DV� D� GHYLFH� UHFRUGLQJ� WKH� UHVXOWV� RI� PHDVXUHPHQWV� DQG� DV� DSURFHVVLQJ�GHYLFH�

���6FRSH�RI�:RUN
7KH�ZRUN� LQ�TXHVWLRQ�ZDV�DLPHG�DW�FRQVWUXFWLQJ�D� UHJXODWRU�RI� WKH�SLVWRQVWURNH� LQ�WKH�K\GUDXOLF�F\OLQGHU��VWXG\LQJ�LWV�RSHUDWLRQ�XQGHU�GLIIHUHQW�YDOXHV�RIORDG�DQG�LWV�PRGLILFDWLRQ��WR�UHGXFH�HQHUJ\�ORVV�JHQHUDWHG�ZKHQ�FKRNLQJ�RLO�IORZWKURXJK�WKH�SURSRUWLRQDO�GLUHFWLRQDO�YDOYH��$W�WKH�HQG�RI�WKLV�VWDJH��3/&�XVDELOLW\IRU�VWXG\LQJ�DQG�FRQWUROOLQJ�K\GUDXOLF�HOHPHQWV�ZDV�DVVHVVHG��0RUHRYHU��EXLOGLQJD�PDWKHPDWLFDO�PRGHO�RI�WKH�V\VWHP�KDV�EHHQ�VWDUWHG�

���6WUXFWXUH�RI�&RQWURO�6\VWHP
:LWK� UHIHUHQFH� WR� WKH� DERYH�PHQWLRQHG� VWDQG�� WKH� SXUSRVH� RI� WKH� FRQWUROV\VWHP� LV� WR� JHQHUDWH� D� VLJQDO� FRQWUROOLQJ� WKH� SURSRUWLRQDO� GLUHFWLRQDO� YDOYH�GHSHQGLQJ�RQ�WKH�H[LVWLQJ�FRQWURO�GHYLDWLRQ��7KH�FRQWURO�GHYLDWLRQ�LV�WKH�UHVXOW�RI

��



WKH� GLIIHUHQFH�EHWZHHQ� UHDO� SLVWRQ� VWURNH� DQG� SUHVHW�SLVWRQ� VWURNH��2SHQLQJ� WKHGLUHFWLRQDO� YDOYH� UHVXOWV� LQ� WKH� SLVWRQ� PRYHPHQW� WRZDUGV� SUHVHW� SRVLWLRQ�� 7KHGLDJUDP�RI�WKH�FRQWURO�V\VWHP�RI�WKH�VWDQG�LV�VKRZQ�LQ�)LJ����
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)LJ�����7KH�GLDJUDP�RI�WKH�FRQWURO�V\VWHP
)LUVW��EDVLQJ�RQ�WKH�VWXG\��WKH�UHJXODWRU�SDUDPHWHUV�ZHUH�IRXQG��$IWHU�WKH\KDYH�EHHQ� DSSOLHG�� LW� WXUQHG�RXW� WKDW� WKH� UHJXODWRU�GLG�QRW�ZRUN�SURSHUO\��6R�� DPXOWLUHJXODWRU�ZDV�EXLOW�ZKLFK�FKDQJHV�SURSRUWLRQDO�JDLQ��GHSHQGLQJ�RQ�WKH�IORZUHDFKLQJ�WKH�GLUHFWLRQDO�YDOYH��0RYLQJ�SLVWRQ�ZDV�WKHQ�VXEMHFWHG�WR�ORDG��VLPLODUWR�WKDW�DSSOLHG�WR�D�K\GUDXOLF�F\OLQGHU�RI�DQ�H[FDYDWRU�EXFNHW�GXULQJ�H[FDYDWLRQSURFHVV��7KH� WDVN�RI� WKH� FRQWURO� V\VWHP�ZDV� WR� DFKLHYH� WKH� SUHVHW� VWURNH�RI� WKHK\GUDXOLF� F\OLQGHU�ZLWKLQ�SUHVHW� WLPH��DV�ZHOO� DV� WR� UHDFW� WR� WKH� H[FHVVLYH� IRUFHDFWLQJ� RQ� WKH� F\OLQGHU�� $Q� LPSRUWDQW� GLIILFXOW\� LQ� WKH� UHJXODWRU� RSHUDWLRQ� ZDVVWURQJ� LQWHUIHUHQFH� RI� WKH� PHDVXUHPHQW� VLJQDO� IURP� WKH� SLVWRQ� VWURNH� VHQVRU�,QIOXHQFH�RI�WKLV�LQWHUIHUHQFH�ZDV�PLQLPLVHG�ZLWK�WKH�DLG�RI�DSSURSULDWH�VRIWZDUH�7KH�FRQWURO�SURJUDP�KDV�EHHQ�HTXLSSHG�ZLWK�D�SURFHGXUH� ILOWHULQJ� WKH�VLJQDO� LQTXHVWLRQ�1H[W� VWHS� ZDV� WKH� PRGLILFDWLRQ� RI� WKH� FRQWURO� V\VWHP�� ,W� FRQVLVWHG� LQLQWURGXFLQJ�WR�WKH�SURJUDP�SURFHGXUHV�FRQWUROOLQJ�SXPS�IORZ��7KH�GLDJUDP�RI�WKHFRQWURO�V\VWHP�DIWHU�PRGLILFDWLRQ�LV�VKRZQ�LQ�)LJ����
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$IWHU�DSSO\LQJ� WKH�PRGLILFDWLRQ��FRPSDUDWLYH�FKDUDFWHULVWLFV�RI� WKH�SRZHUGHPDQG�DQG�WLPH�WR�UHDFK�WKH�SUHVHW�SRVLWLRQ�IRU�WZR�FRQWURO�V\VWHPV��EHIRUH�DQGDIWHU� PRGLILFDWLRQ�� ZHUH� PDGH�� 7KH� DSSOLHG� FKDQJHV� EURXJKW� DERXW� VXEVWDQWLDOUHGXFWLRQ� RI� WKH� HQHUJ\� ORVV� UHVXOWLQJ� IURP� FKRNLQJ� IORZ� GXULQJ� FORVLQJ� RI� WKHSURSRUWLRQDO�GLUHFWLRQDO�YDOYH�IRU�VPDOO�VWURNH�VSHHG�DQG�VKRUW�VWURNHV��)RU�ODUJHVSHHG� DQG� ORQJ� VWURNHV�� WKH� UHGXFWLRQ�RI� HQHUJ\� ORVV�ZDV� LQVLJQLILFDQW�� EHFDXVHWKH� WLPH� WR� UHDFK� WKH� SUHVHW� SRVLWLRQ� JRW� ORQJHU�� 7KH� PRGLILFDWLRQ� DQWLFLSDWHGVLJQLILFDQW� UHGXFWLRQ� RI� WKH� SXPS� IORZ�� )XUWKHU� ZRUN� DVVRFLDWHG� ZLWK� OLPLWLQJHQHUJ\�ORVV�GXULQJ�EUDNLQJ�VKRXOG�DVVXPH�FRQWLQXRXV�FKDQJH�RI�IORZ�

���(YDOXDWLRQ�RI�8VDELOLW\�RI�3/&�&RQWUROOHU
0DLQ� FULWHULD� DSSOLHG� ZKHQ� HYDOXDWLQJ� 3/&� DUH� PDLQWDLQLQJ� ZRUNLQJSDUDPHWHUV�VSHFLILHG�E\�WKH�PDQXIDFWXUHU�LQ�WKH�WHFKQLFDO�GRFXPHQWDWLRQ�DQG�WKHTXDOLW\� RI� WKH� XWLOLW\� VRIWZDUH�� $Q� LPSRUWDQW� HOHPHQW� LV� DOVR� WKH� SRVVLELOLW\� RIFRPPXQLFDWLQJ�ZLWK�RWKHU�GHYLFHV��H�J��D�3&�

���&RQVWUXFWLRQ�RI�0DWKHPDWLFDO�0RGHO�RI�WKH�6WDQG
7R�FRQVWUXFW�WKH�PDWKHPDWLFDO�PRGHO��D�VLPXODWLRQ�SURJUDP�9LV6LP��PDGHE\� 9LVXDO� 6ROXWLRQV�� ZDV� DSSOLHG�� 7KLV� SURJUDP� RSHUDWHV� LQ� :LQGRZVHQYLURQPHQW��,Q�WKH�9LV6LP�SURJUDP��WKH�PRGHO�RI�WKH�V\VWHP�LV�GHILQHG�XVLQJ�DEORFN�GLDJUDP��,W�LQFOXGHV�WKH�OLEUDU\�RI�EORFNV��UHSUHVHQWLQJ�YDULRXV�DULWKPHWLFDOIXQFWLRQV�� ORJLFDO� IXQFWLRQV�� LQWHJUDO� FDOFXOXV�� DV� ZHOO� DV� RSWLPLVDWLRQ� DQGDQLPDWLRQ� PHWKRGV�� 0DWKHPDWLFDO� GHVFULSWLRQ� RI� WKH� V\VWHP� LQFOXGHV� QRW� RQO\K\GUDXOLF� HOHPHQWV� EXW� DOVR� WKH� SDUW� RI� SURJUDP� FRQWUROOLQJ� WKH� VWDQG�� 7KLV� LVDVVRFLDWHG�ZLWK�WKH�SODQ�WR�VXEMHFW�WKH�PRGHO�WR�WKH�VDPH�VWXG\�WKDW�ZDV�DSSOLHGLQ� WKH� UHDO� VWDQG�� $� V\VWHP� IRU� SLVWRQ� VWURNH� FRQWURO� ZDV� GHVFULEHG� DQG� LW� LVSRVVLEOH�WR�LQWURGXFH�YDULDEOH�ORDG�LQWR�K\GUDXOLF�F\OLQGHU�V\VWHP�
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