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ZKLFK� LV� D� V\VWHP� RI� WZR� HTXDWLRQV� ZLWK� WZR�XQNQRZQV� WKDW� FDQ� EH� VROYHG� EHIRUH� LPSOHPHQWLQJ�WKH�FRQWUROOHU��7KLV�VHW�JLYHQ�E\�(T��������FDQ�DOVR�EH�FRPSXWHG� RQ� OLQH� E\� XVLQJ� DQ� LWHUDWLYH� PHWKRG�� IRU�H[DPSOH�� WKH� *DXVV�6HLGHO� PHWKRG� �6WUDQJ�� �������EHFDXVH�WKH�YDOXH�IRU� ��QX LV�DOUHDG\�DYDLODEOH�DQG�LW�FDQ�EH�XVHG�DW�D�IXWXUH�WLPH�DV�WKH�ILUVW�YDOXH�IRU� QXWR�EHJLQ�WKH�LWHUDWLRQ�7KHQ�� WKH� YDOXHV� IRU� QX DQG� ��QX �� DWWDLQHG� WKURXJK�(T��������DUH�



7RPO7RHHX 7RPOHX
QQQ

QQ
����

�
�� ���

�
� 

 
�

����
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ZKHUH�(T�������UHSUHVHQWV�WKH� SURSRVHG�FRQWUROOHU �([SHULPHQWDO�VWXGLHV�ZHUH�FDUULHG�RXW�ZLWK�D�PRELOH�URERW� 3,211(5� �';� DYDLODEOH� DW� ,1$87�ODERUDWRULHV� WR� WHVW� WKH� SURSRVHG� FRQWUROOHU�SHUIRUPDQFH�� )LJ�� ��� GHSLFWV� WKH� 3LRQHHU� �';�VWUXFWXUH� DQG� WKH� ODERUDWRU\� IDFLOLWLHV� ZKHUH� WKH�H[SHULHQFHV�ZHUH�FDUULHG�RXW�

)LJXUH� ���� 3LRQHHU� �';� PRELOH� URERW� DQG� LWV�ODERUDWRU\�HQYLURQPHQW��7KH� UHIHUHQFH� WUDMHFWRU\� IRU� WKH� H[SHULPHQWV� ZDV� D�FLUFOH� RI� ���PP� UDGLXV�� 7KH� URERW� ZDV� SODFHG�LQLWLDOO\� DW� WKH� FHQWUH� RI� WKH� FLUFOH�� )LJV�� ��� DQG� ���VKRZ� WKH� WLPH�HYROXWLRQ� RI� FRRUGLQDWHV� [ DQG \ RI�WKH�PRELOH�URERW��)LJXUH����VKRZV�WKH�SDWK�IROORZHG�E\� WKH� PRELOH� URERW� RQ� WKH� \[ � SODQH�� 7KH�PD[LPXP�URERW�VSHHG�ZDV� VPP ���� ��
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5HDO 7UDMHFWRU\

'HVLUHG 7UDMHFWRU\

)LJ�� ����7UDMHFWRU\� IROORZHG� E\� WKH�PRELOH� URERW� LQ�WKH�[�\�SODQH)URP� )LJ�� ���� LW� FDQ� DOVR� EH� QRWLFHG� WKDW� WKH�GLIIHUHQFH� EHWZHHQ� WKH� WUDMHFWRU\� IROORZHG� E\� WKH�PRELOH� URERW� DQG� WKH� GHVLUHG� RQH� LV� RQO\� ��� PP��PD[LPXP�� ZKLFK� FRPSDUHG� ZLWK� WKH� GLVWDQFH�EHWZHHQ�ZKHHOV������PP���LW�WXUQV�WR�EH�YHU\�VPDOO��

VKRZLQJ� WKH� SUHFLVLRQ� RI� WKH� SURSRVHG� FRQWURO�VWUXFWXUH� &21&/86,2167KLV� SDSHU� KDV� SURSRVHG� D�PHWKRGRORJ\� WR� ILQG� WKH�FRQWURO� DFWLRQ� LQ� VXFK� D� ZD\� WKDW� WKH� V\VWHP� PD\�IROORZ� D� GHVLUHG� WUDMHFWRU\�� SURYLGHG� WKH� GHVLUHG�VWDWHV� DUH� UHDFKDEOH� E\� WKH� V\VWHP�� ,I� WKLV� ZHUH� QRW�WKH�FDVH��WKH�V\VWHP�ZLOO�ILQG�WKH�FRQWURO�DFWLRQV�WKDW�PD\� OHDG� LW� WR� WKH� FORVHVW� VWDWH� WR� WKH� GHVLUHG� RQH�ZLWKLQ�WKH�VHW�RI�UHDFKDEOH�VWDWHV��7KLV�PHWKRGRORJ\� LV� DSSOLFDEOH� WR� V\VWHPV� WKDW� FDQ�EH� DSSURDFKHG� WKURXJK� QXPHULFDO� PHWKRGV�� E\�LQWHUYHQLQJ� LQWR� WKH�PRGHO� VWUDLJKWIRUZDUGO\� IRU� WKH�JHQHUDWLRQ� RI� FRQWURO� DFWLRQV�� 7KLV� LV� DGYDQWDJHRXV�EHFDXVH� DQ\� GHFUHDVH� LQ� V\VWHP� XQFHUWDLQW\� ZLOO�PHDQ�DQ�LPSURYHPHQW�RQ�FRQWUROOHU�SHUIRUPDQFH��7KH� QHFHVVDU\� SUHFLVLRQ� RI� WKH� QXPHULFDO� PHWKRG�XVHG�KHUH� LV� VPDOOHU� WKDQ� WKDW� UHTXLUHG� WR� VLPXODWH� D�V\VWHP�� 7KLV� LV� VR� EHFDXVH�� ZKHQ� XVLQJ� VWDWH�IHHGEDFN� DW� HDFK� VDPSOLQJ� WLPH�� DQ\� VKLIW� EHWZHHQ�WKH� DSSUR[LPDWLRQ� DQG� WKH� UHDO� V\VWHP� FDQ� WKHQ� EH�FRUUHFWHG���7KH�DSSUR[LPDWLRQ�LV�XVHG�RQO\�WR�ILQG�WKH�EHVW�ZD\�WR�JR�IURP�WKH�FXUUHQW�VWDWH�WR�WKH�IROORZLQJ�RQH��DQG�QRW�WR�GXSOLFDWH�WKH�V\VWHP¶V�HYROXWLRQ���)XWXUH� ZRUN� ZLOO� HQWDLO� WKH� JHQHUDOL]DWLRQ� RI� WKLV�PHWKRGRORJ\�WR�WKH�FDVHV�ZKHUH�WKH�VWDWHV�FDQQRW�EH�PHDVXUHG� DQG�� FRQVHTXHQWO\�� REVHUYHUV� DUH� QHHGHG���6LPXODWLRQ� WHVWV� ZHUH� SHUIRUPHG�� RQ� V\VWHPV�ZKHUH�WKH�VWDWH�YDULDEOH�LV�WKH�GHULYDWLYH�RI�DQRWKHU�RQH��E\�XVLQJ� GHULYDWLYH� ILOWHUV�� 7KHVH� GHYLFHV� KDYH� JLYHQ�JRRG� UHVXOWV� ZKHQ� XVLQJ� WKH� 5XQJH�.XWWD�DSSUR[LPDWLRQ��$Q�DGGLWLRQDO�IXWXUH�ZRUN�LV�WR�ILQG�D�V\QWKHVLV� SURFHGXUH� WKDW� H[SOLFLWO\� DGGUHVV�TXHVWLRQV�RI�PRGHOOLQJ�HUURUV��
$&.12:/('*0(1767KLV�ZRUN�ZDV�SDUWLDOO\�IXQGHG�E\�WKH�&RQVHMR�1DFLRQDO�GH�,QYHVWLJDFLRQHV� &LHQWtILFDV� \� 7pFQLFDV� �&21,&(7� �1DWLRQDO�&RXQFLO�IRU�6FLHQWLILF�5HVHDUFK���$UJHQWLQD�5()(5(1&(6&DPSLRQ� *��� %DVWLQ� *��� G¶$QGUHD�1RYHO� %�� ��������6WUXFWXUDO� 3URSHUWLHV� DQG� &ODVLILFDWLRQ� RI� .LQHPDWLF�DQG� '\QDPLF� 0RGHOV� RI� :KHHOHG� 0RELOH� 5RERWV��,(((� 7UDQVDFWLRQ� RQ� 5RERWLFV� DQG� $XWRPDWLRQ�� YRO����1R����)HEUXDU\�������SDJHV�������&KHQ� 0�� $QG� &KLRX� )��������� 'DWD�%DVHG� 7UDFNLQJ�&RQWURO� IRU� 1RQPLQLPXQ�3KDVH� 6\VWHPV���������3URFHHGLQJ� RI� WKH� $PHULFDQ� &RQWURO� &RQIHUHQFH��6HDWOH��:DVKLQJWRQ��-XQH������)XMLPRWR� +��� +RUL� <RLFKL� DQG� .DZDPXUD� $WVXR�� ��������3HUIHFW� 7UDFNLQJ� &RQWURO� %DVHG� RQ� 0XOWLUDWH�)HHGIRUZDUG� ZLWK� *HQHUDOL]DG� 6DPSOLQJ� 3HULRGV��,(((�7UDQVDFWLRQV� RQ� ,QGXVWULDO�(OHFWURQLFV��9RO�����12����SS�����������-XQH������.LP�.� �������� 5HFHGLQJ� KRUL]RQ� WUDFNLQJ� FRQWURO� IRU�FRQVWUDLQHG� OLQHDU� FRQWLQXRXV� WLPH�YDU\LQJ� V\VWHPV��,((� 3URFHHGLQJV�� &RQWURO� 7KHRU\� DQG� $SSOLFDWLRQV�9ROXPH�� ����� ,VVXH�� ��� ,661�� ����������2QSDJH�V�����������0RUDUL�0�DQG�=DILULRX�(����������5REXVW�3URFHVV�&RQWURO�3UHQWLFH�+DOO�(QJOHZRRG�&OLIIV��1HZ�-HUVH\�������6WUDQJ� *�� �������� /LQHDU� $OJHEUD� DQG� ,WV� $SSOLFDWLRQV��$FDGHPLF�3UHVV��1HZ�<RUN�������


