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5HODWLRQV�EHWZHHQ�H[SHULPHQWDOO\�LQYHVWLJDWHG�K\GUDXOLF�GULYHV��PHDVXULQJLQVWUXPHQWDWLRQ�DQG�GDWD�SURFHVVLQJ�SURFHGXUHV�FDQ��EH�WUHDWHG�DV�VRPH�SUREOHPRI V\VWHPV�WKHRU\��,Q�WKH�VWUXFWXUH�RI�WKH�V\VWHP��LQYHVWLJDWHG�K\GUDXOLF�GULYH�	

PHDVXULQJ� V\VWHP�� WKHVH� UHODWLRQV� PDLQO\� UHIHU� WR� LQWHUDFWLRQV� LQ� WKH� IRUP� RIH[FKDQJH� SURFHVVHV� RI� PDVV�� PRPHQWXP�� HQHUJ\� DQG� LQIRUPDWLRQ�� 7KH\� DUHH[SUHVVHG� ZLWK� IRUPDO� GHVFULSWLRQ� RI� FRQQHFWLRQV� EHWZHHQ� HOHPHQWV� RI� WHVWHGK\GUDXOLF� GULYH� DQG� LQVWUXPHQWDWLRQ� ZKLFK� H[LVW� LQ� DVVXPHG� V\VWHP� PRGHO�6WUXFWXUDO�FKDUDFWHULVWLFV�RI� WKHVH�FRQQHFWLRQV�DUH�XVXDOO\�SUHVHQWHG�XVLQJ�EORFNVFKHPHV�� JUDSKV� RU� PDWULFHV� IRU� ZKLFK� WKH� UXOHV� RI� UHGXFWLRQV� DQG� HTXLYDOHQWWUDQVIRUPV� DUH� GHWHUPLQHG�� 7KH� ZRUN� RI� D� V\VWHP� LV� LQWURGXFHG� E\� DSSO\LQJWUDQVIHU� IXQFWLRQV�� IRU� LQVWDQFH�� 'LIIHUHQFHV� RI� TXDOLW\� EHWZHHQ� V\VWHPV� RI� WKHVDPH� FODVV� �ZLWK� VLPLODU� SURSHUWLHV�� FDQ� EH� QRWLFHG� LQ� WKH� W\SH� DQG� NLQG� RIUHODWLRQV�WKDW�FUHDWH�WKH�VWUXFWXUH�RI�WKH�V\VWHP��$�VRUW�RI�RSWLPL]DWLRQ�RI�FKRLFHWKH�PHDVXULQJ�V\VWHP�HOHPHQWV�LV�SRVVLEOH�LI�WKH�PHDVXULQJ�SURFHVV�LV�FRQVLGHUHGDV� D� VHTXHQFH� RI� RSHUDWLRQV� FDUULHG� RQ� DQ� H[SHULPHQWDO� REMHFW�� ([WHUQDOFRQGLWLRQV�� H[FLWDWLRQV� DQG� HQYLURQPHQWDO� LQWHUIHUHQFHV� DQG� VLPXOWDQHRXVO\SUREDEOH� IRUPV� RI� WKH� V\VWHP� GDPDJH� RU� FUDVK� �IRU� WKH� EHQHILW� RI� GLDJQRVWLFV�PXVW� EH� NQRZQ� WR� JLYH� DELOLW\� RI� VXLWDEOH� PRGHO� FRQVWUXFWLRQ�� &RPSXWHUVLPXODWLRQ�SHUIRUPHG�RQ�GLIIHUHQW�VWUXFWXUH�PRGHOV�RI�WKH�VDPH�K\GUDXOLF�GULYH�	
PHDVXULQJ�V\VWHP�SURYLGH�WKH�HIIHFWLYH�VROXWLRQ�RI�WKH�RSWLPL]DWLRQ�WDVN��7KH�0DWK&DG�SURJUDP�DQG�WKH�9LV6LP�	�$QDO\]H�SDFNDJH�KDYH�EHHQ�XVHGWR� VLPXODWH� ERWK� WKH� DQDO\]HG� H[HPSODU\� K\GUDXOLF� GULYH� V\VWHP� DQG� DOVRPHDVXULQJ� V\VWHP� WDNHQ� XQGHU� FRQVLGHUDWLRQ��7KH�EURDG� DQDO\VLV�RI� WKH� JHQHUDOIRUPXODWLRQ�RI�VXFK�D�ZKROH�V\VWHP�RSWLPL]DWLRQ�SUREOHP�KDV�EHHQ�LQWURGXFHG�LQ>�@��+HUH��WKH�PDLQ�JRDO�RI�WKLV�SDSHU�KDV�EHHQ�OLPLWHG�WR�WKH�SUHVHQWDWLRQ�RI�WKHFKRVHQ�PRGHOV� RI� VHQVRUV�� PRGHOV� RI� '$4� GHYLFHV� DQG� VRPH�'63� SURFHGXUHVXVHIXO�IRU�FRPSXWHU�VLPXODWLRQV��3DUWLFXODU�PRGHOV�DQG�VRPH�REWDLQHG�UHVXOWV�RIVLPXODWLRQV�FDQ�EH�LPSOHPHQWHG� LQ�WKH�GRPDLQ�RI�GLJLWDO�FRQWURO�DQG�DGDSWHG� WRGLDJQRVWLFV�VSHFLILF�GHPDQGV�
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���6LPXODWLRQ�RI��'$4�6\VWHP�IRU�D�+\GUDXOLF�'ULYH�6\VWHP��
$FFRUGLQJ� WR� WKH�DVVXPSWLRQ�� WKH�VHUYR�K\GUDXOLF�V\VWHP�VKRZQ�LQ�)LJ���VKRXOG� � SURYLGH� GLVSODFHPHQW� �� FRQWUROOHG� W\SH� H[FLWDWLRQ� RI� GULYHQ� ORDG� LQ� WKHIRUP� RI� KDUPRQLF� RVFLOODWLRQV�� &DWDORJXH� GDWD� RI� WKH� VHUYR� F\OLQGHU� V\VWHPLQYROYH� XVXDOO\� G\QDPLF� FKDUDFWHULVWLFV� OLNH�� DPSOLWXGH� DQG� SKDVH� IUHTXHQF\UHVSRQVH�� VWHS� IXQFWLRQ� UHVSRQVH� RI� HDFK� VXE�V\VWHP� HOHPHQW�� ZKLFK� FDQ� EHDSSOLHG� WR� FRQVWUXFWLRQ� RI� WKH� WUDQVIHU� IXQFWLRQ� WKDW� FRUUHVSRQGV� WR� OLQHDUL]HGPRGHO�RI��WKH�LQYHVWLJDWHG�K\GUDXOLF�GULYH��1H[W� VWHSV� DUH�� SULPDU\� DVVXPSWLRQV� DERXW� TXDQWLWLHV� WKDW� VKRXOG� EHPHDVXUHG�DQG�WKH�FKRLFH�RI�VHQVRU�W\SHV��7KHUH�KDYH�EHHQ�FKRVHQ�IRXU�TXDQWLWLHV�GLVSODFHPHQW�� DFFHOHUDWLRQ�� SUHVVXUH�� WHPSHUDWXUH� DQG� UHVSHFWLYHO\� IRXU� VHQVRUW\SHV�WR�PHDVXUH�WKHP�

)LJ�����6FKHPH�RI�VHUYR�K\GUDXOLF�GULYH�DQG�'$4�V\VWHP���DSSOLFDWLRQ�RI�9LV6LP�SDFNDJH
7KH�PRGHO�RI�OLQHDU�GLVSODFHPHQW�VHQVRU�RI�/9'7�W\SH�LV�VKRZQ�LQ�)LJ����7KH�LQIOXHQFH�RI�VHQVRU�VSHFLILF� WLPH�DQG�UDQJH�RI�QRQ�VHQVLWLYLW\�RQ�ILGHOLW\�RI
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GDWD�SURFHVVLQJ�FDQ�EH�DQDO\]HG�GXULQJ�VLPXODWLRQV��7KH�ZKLWH�QRLVH�JHQHUDWHG�WUHDWHG� DV� LQWHUIHUHQFH�� LV� DGGHG� WR� KDUPRQLF� VLJQDO� RQ� LQSXW� RI� WKH� PRGHO�)LOWHULQJ�IHDWXUHV�RI�WKH�WUDQVGXFHU�FDQ�EH�QRWLFHG�RQ�WKH�VFUHHQ�RI��3ORW��D�VLJQDOFRQVXPHU���� WKH�DWWHQXDWLRQ�RI�DPSOLWXGH��SKDVH�WUDQVLWLRQ�DQG�VPRRWKLQJ�RI� WKHVLJQDO��7KH�YDULDWLRQ�RI�WKH�RVFLOODWLRQ�IUHTXHQF\�DW�D�VLPXODWHG�JHQHUDWRU�HQDEOHVWKH�DQDO\VLV�RI� WKH�DSSOLFDWLRQ� UDQJH�RI� WKH�PRGHOOHG� WUDQVGXFHU�DV�D� VHQVRU� IRUG\QDPLF�PHDVXUHPHQWV��WDNLQJ�XQGHU�FRQVLGHUDWLRQ�VLJQDO�SURFHVVLQJ�SUHFLVLRQ �

)LJ�����6FKHPH�RI��WKH�GLVSODFHPHQW�VHQVRU�PRGHO�RI�/9'7�W\SH
*LYLQJ�VKRUW�FRPPHQWV�WR�WKH�QH[W�VFKHPHV�RQH�FDQ�SRLQW�WR�WKH�IDFW�WKDW�LQWKH�DFFHOHURPHWHU�PRGHO��WKH�SLH]RHOHFWULF�SURSHUWLHV�RI�PDWHULDO�KDV�EHHQ�OLPLWHGRQO\� WR� WKH� RQH� PDWHULDO� FRQVWDQW� DQG� WKH� PRGHO� RI� VHFRQG� GHJUHH� KDV� EHHQDGDSWHG�WR�WKH�GHVFULSWLRQ�RI�PDVV�PRWLRQ��7KH�LQWURGXFHG�PRGHO�LV�VLPSOH�EXW�DOOGDWD�UHTXLUHG�IRU�VLPXODWLRQ��VHQVLWLYLW\��UHVRQDQW�IUHTXHQF\�DQG�LQWHUQDO�GDPSLQJFRHIILFLHQW� FDQ� EH� GHWHUPLQHG� IURP� WKH� VWDQGDUG� SURWRFRO� DQG� DPSOLWXGH�SKDVH
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FKDUDFWHULVWLF� RI� WKH� DFFHOHURPHWHU�� 2QO\� LQWHUQDO� GDPSLQJ� FRHIILFLHQW� PXVW� EHHYDOXDWHG�RXW�RI�SUHYLRXVO\�JLYHQ�WHFKQLFDO�GDWD��´&RQQHFWLQJ´� ZKLWH� QRLVH� VLJQDO� IURP� JHQHUDWRU� WR� WKH� DFFHOHURPHWHUPRGHO� LQSXW� DQG� WKH� 3ORW� UHFRUGHU� WR� WKH� RXWSXW�� RQH� FDQ� REWDLQ� IUHTXHQF\UHVSRQVH� LQ� IRUP� RI� �%RGH� FKDUDFWHULVWLFV��7KH\� DUH� SUHVHQWHG� LQ� )LJ�� �� RQ� WKHULJKW�VLGH��7KH�XSSHU�RQH�FRUUHVSRQGV� WR�DQ�DPSOLWXGH�FKDUDFWHULVWLFV�XVHIXO� IRUFRPSDULVRQ�ZLWK�D�VWDQGDUG�SURWRFRO�RI�WKH�UHDO�DFFHOHURPHWHU�

)LJ�����6FKHPH�RI�SLH]RHOHFWULF�DFFHOHURPHWHU�VLPXODWLQJ�PRGHO

$Q�LQWURGXFHG�PRGHO�RI�SUHVVXUH�VHQVRU��)LJ����� LV�DVVXPHG�DV�RI�VWUDLQJDXJH�SLSH�W\SH�DQG�DPRQJ�LWV�SDUDPHWHUV��WKH�GDWD�RI�VWUDLQ�JDXJHV�DQG�IHDWXUHVRI�H[FLWDWLRQ�VXSSO\�DQG�GHPRGXODWRU�DUH�WDNHQ�XQGHU�FRQVLGHUDWLRQV�
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)LJ�����6FKHPH�RI�WKH�VLPXODWLQJ�PRGHO�RI�WKH�VWUDLQ�JDXJH�SUHVVXUH�WUDQVGXFHU

7KH�WHPSHUDWXUH�VHQVRU�PRGHO�LV�D�VLPSOH�RQH�RI�WKH�ILUVW�UDQJH�PRGHO�RI��WKH� WKHUPR�HOHFWULF� WUDQVGXFHU� ZLWK� WKLQ� FRQQHFWRUV�� ZLWKRXW� D� VFUHHQ� DQGFRPSOHWHO\� GUDZQ� LQ� OLTXLG��7KH�PRGHO� DQG� DOO� RI� SDUDPHWHUV� RI� WKH� WUDQVGXFHU�DVVXPHG�DV�NQRZQ��DUH�LQWURGXFHG�LQ�)LJ�����0RGHOV�RI� �GLIIHUHQW� W\SHV�VHQVRUV�PXVW�EH�DFFRPSDQLHG�E\�RWKHU�PRGHOVRI WUDQVGXFHUV� DSSOLHG� LQ� FODVVLF� FKDQQHOV� RI� '$4� V\VWHPV� OLNH� $�'� DQG� '�$FRQYHUWHUV��PXOWLSOH[HUV�DQG�WULJJHUV�>�@��7KLV�ZD\�WKH�FRPSOH[�VLPXODWLRQ�PRGHORI WKH�ZKROH�PHDVXULQJ�V\VWHP�FDQ�EH�DFFRPSOLVKHG�DQG�SUHSDUHG�WR�DQDO\VHV�RITXDOLW\�DQG�WHFKQLFDO�HIIHFWLYHQHVV�ERWK�ZLWK�WKH�PRGHO�RI�LQYHVWLJDWHG�K\GUDXOLFGULYH�V\VWHP�
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)LJ�����6FKHPH�RI�WKH�WHPSHUDWXUH�VHQVRU�VLPXODWLQJ��PRGHO

���&RQFOXVLRQV
7KH� SURSRVHG� FRQFHSW� RI� FRPSXWHU� DLGHG� FKRLFH� RI�PHDVXUHPHQW� V\VWHPLQVWUXPHQWV�IRU�FRQWURO�DQG�K\GUDXOLF�GULYH�GLDJQRVWLFV�DSSOLFDWLRQ�ZDV�SURYHG�WR

EH�SHUIRUPDEOH��XVLQJ�VRPH�VLPXODWLRQ�WUDQVGXFHU�PRGHOV�

5HIHUHQFHV
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