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/2:�&267�81,9(56$/�02725�6(1625/(66�
3+$6(�$1*/(�'5,9(�6<67(0
%\�,YDQ�6NDOND��$QGU]HM�/DUD

5R]QRY�6\VWHP�$SSOLFDWLRQ�/DERUDWRU\

0RWRUROD��5R]QRY�SRG�5DGKRVWHP��&]HFK�5HSXEOLF

� ,1752'8&7,21

7KLV�DSSOLFDWLRQ�QRWH�GHVFULEHV�WKH�GHVLJQ�RI�D�ORZ�FRVW�SKDVH�DQJOH�PRWRU�FRQWURO�GULYH�V\VWHP�EDVHG
RQ�WKH�0&��+&��--��0&��+&���--��PLFURFRQWUROOHU�DQG�WKH�0$&�'&�VQXEEHUOHVV�WULDF��7KH�ORZ
FRVW�VLQJOH�SKDVH�SRZHU�ERDUG�LV�GHGLFDWHG�IRU�XQLYHUVDO�EUXVKHG�PRWRUV�RSHUDWLQJ�IURP������USP�WR
�������USP��7KLV�XQLYHUVDO�PRWRU�LV�WRGD\�WKH�PRVW�ZLGHO\�XVHG�PRWRU�LQ�KRPH�DSSOLDQFHV�VXFK�DV�
YDFXXP�FOHDQHUV��ZDVKHUV��KDQG�WRROV��DQG�IRRG�SURFHVVRUV��7KH�RSHUDWLRQDO�PRGH��ZKLFK�LV�XVHG�LQ
WKLV�DSSOLFDWLRQ�� LV� FORVHG� ORRS�DQG� UHJXODWHG�VSHHG��&RPSDUHG� WR� WKH�FRQYHQWLRQDO� VROXWLRQ�ZLWK�D
WDFKRPHWHU�RQ�WKH�VKDIW�RI�WKH�PRWRU��WKLV�DSSOLFDWLRQ�QRWH�GHVFULEHV�D�VROXWLRQ�ZLWKRXW�DQ\�WDFKRPHWHU�
7KH�VSHHG�VHQVLQJ�LV�SHUIRUPHG�LQGLUHFWO\�E\�WKH�PLFURFRQWUROOHU�PHDVXULQJ�WKH�PRWRU�FXUUHQW��7KH�NLQG
RI�PRWRU�DQG�LWV�GULYH�KDYH�D�KLJK�LPSDFW�RQ�PDQ\�KRPH�DSSOLDQFH�IHDWXUHV�OLNH��FRVW��VL]H��QRLVH�DQG
HIILFLHQF\��(OHFWURQLF�FRQWURO�LV�XVXDOO\�QHFHVVDU\�ZKHQ�YDULDEOH�VSHHG�RU�HQHUJ\�VDYLQJV�DUH�UHTXLUHG�

0LFURFRQWUROOHUV�RIIHU�WKH�DGYDQWDJHV�RI�ORZ�FRVW�DQG�DWWUDFWLYH�GHVLJQ��7KH\�FDQ�RSHUDWH�ZLWK�RQO\�IHZ
H[WHUQDO�FRPSRQHQWV�DQG�UHGXFH�WKH�HQHUJ\�FRQVXPSWLRQ�DV�ZHOO�DV�FRVW��7KLV�FLUFXLW�ZDV�GHVLJQHG�DV
D�YHU\�VLPSOH�VFKHPDWLF�XVLQJ�DOO�WKH�IHDWXUHV�RI�D�VLPSOH�PLFURFRQWUROOHU��7KH�PLFURFRQWUROOHU�DQG�WKLV
ERDUG�PD\�EH�XVHG�LQ�D�ZLGH�YDULHW\�RI�DSSOLFDWLRQV��

)LJXUH�������/RZ�&RVW�0RWRU�&RQWURO�3KDVH�$QJOH�%RDUG
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7KH�3KDVH�$QJOH�FRQWURO�WHFKQLTXH�LV�XVHG�WR�DGMXVW�WKH�YROWDJH�DSSOLHG�WR�WKH�PRWRU��UHIHU�WR�)LJXUH ���
$�SKDVH�VKLIW�RI�WKH�JDWH¶V�SXOVHV�DOORZV�WKH�HIIHFWLYH�YROWDJH��VHHQ�E\�WKH�PRWRU��WR�EH�YDULHG�

)LJXUH�������3KDVH�$QJOH�&RQWURO�WHFKQLTXH

$OO�WKH�UHTXLUHG�IXQFWLRQV�DUH�SHUIRUPHG�E\�MXVW�WZR�LQWHJUDWHG�FLUFXLWV�DQG�D�VPDOO�QXPEHU�RI�H[WHUQDO
FRPSRQHQWV��7KLV�DOORZV�D�YHU\�FRPSDFW�SULQWHG�FLUFXLW�ERDUG�GHVLJQ�DQG�D�YHU\�FRVW�HIIHFWLYH�VROXWLRQ�

7KLV� DSSOLFDWLRQ� QRWH� DOVR� H[SODLQV� KRZ� WR� GHVLJQ� WKH� VRIWZDUH� LPSOHPHQWDWLRQ� XVLQJ� DQ� +&��
PLFURFRQWUROOHU��6XFK�D�ORZ�FRVW�PLFURFRQWUROOHU�LV�SRZHUIXO�HQRXJK�WR�GR�WKH�ZKROH�MRE�QHFHVVDU\�IRU
GULYLQJ�D�FORVHG�ORRS�VHQVRUOHVV�SKDVH�DQJOH�V\VWHP�

� '(9,&(6

8QLYHUVDO�PRWRUV�DUH�VWLOO�XVHG�ZKHUH�EUXVKHV�DUH�DFFHSWHG�DQG�XQLYHUVDO�PRWRUV�GULYHQ�E\�WULDFV�DUH
XVHG�ZKHUH�D�ORZ�SULFH�LV�UHTXLUHG��7KLV�VHFWLRQ�FRQWDLQV�LQIRUPDWLRQ�DQG�GHVFULSWLRQV�DERXW�DOO�IHDWXUHV
RI�VXLWDEOH�PLFURFRQWUROOHUV�DQG�WULDFV�

0&��+&��--��0&��+&���--�

7KH���+&��--��LV�DQ�+&���EDVHG�0&8�GHVLJQHG�IRU�ORZ�FRVW�DSSOLFDWLRQV��*HQHUDO�IHDWXUHV�LQFOXGH
���N�E\WHV�RI�520������E\WHV�RI�5$0��D����ELW�WLPHU�LQFOXGLQJ�DQ�RXWSXW�FRPSDUH�DQG�DQ�LQSXW�FDSWXUH�
���JHQHUDO�SXUSRVH�,�2�SLQV��DQG�D�VLPSOH�VHULDO� LQSXW�RXWSXW��6,23��SRUW� LQ�D����SLQ�62,&�RU�D�',3
SDFNDJH��,Q�DGGLWLRQ�WKH�--��KDV�VSHFLILF�IHDWXUHV�LQFOXGLQJ�WZR�FRPSDUDWRUV�ZKLFK�FDQ�EH�FRPELQHG
ZLWK�WKH����ELW�SURJUDPPDEOH�WLPHU�WR�FUHDWH�D���FKDQQHO�VLQJOH�VORSH�$�'�FRQYHUWHU��,W�DOVR�LQFOXGHV�D
KLJK�FXUUHQW�VRXUFH�VLQN�SRUW�DQG�DQ�RQ�FKLS�WHPSHUDWXUH�PHDVXUHPHQW�GLRGH��7KH�KLJK�FXUUHQW�VRXUFH
SLQV�DUH�YHU\�LPSRUWDQW�IRU�WKLV�DSSOLFDWLRQ��7KH�--��KDV���SLQV�ZLWK����P$�VLQN�FDSDELOLW\�

7KH�0&��+&���--��KDV�WKH�VDPH�IHDWXUHV�EXW�UHSODFHV�WKH�520�ZLWK�D����N�(3520�DQG�LV�PRUH
VXLWDEOH�IRU�SURJUDP�GHYHORSPHQW�

7ULDF�0$&¶�)DPLO\

7KH�0$&��DQG�0$&�����VHULHV�DUH�VSHFLDOO\�GHVLJQHG�IRU�HIILFLHQW�PRWRU�GULYHV��7ULDFV�ZLWK�ORZ�HQRXJK
WULJJHU�FXUUHQW� IRU�GLUHFW�GULYH�E\�D�PLFURFRQWUROOHU��0$&�'6��0$&�6��0$&��6��XVXDOO\�KDYH�D� ORZ
GY�GW�FDSDELOLW\�DQG�PD\�QHHG�WR�EH�VQXEEHG��7KH�0$&��6�LV�WKH� ODUJHVW�VHQVLWLYH�JDWH�WULDF� LQ� WKH
PDUNHW�WRGD\��+LJK�GY�GW�GHYLFHV�VXFK�DV�WKH�0$&�'&��0$&��DQG�0$&���DUH�LGHDO�IRU�VQXEEHUOHVV
DSSOLFDWLRQV��7KH\�FDQ�WXUQ�RII�LQGXFWLYH�ORDGV�ZLWKRXW�D�VQXEEHU�WXUQ�RII�FLUFXLW��WKHUHE\�VDYLQJ�WKH�FRVW
DQG�VSDFH�RI�H[WUD�FRPSRQHQWV��7KH�0$&�'&1�WULDF�LV�GHVLJQHG�IRU�ORZ�FRVW��LQGXVWULDO�DQG�FRQVXPHU
DSSOLFDWLRQV�VXFK�DV�WHPSHUDWXUH��OLJKW�DQG�VSHHG�FRQWURO��7KH�PDLQ�SDUDPHWHUV�DUH�WKH�IROORZLQJ�

0RWRU�9ROWDJH

*DWH�6LJQDO

/LQH�9ROWDJH

/LQH
9ROWDJH

0RWRU
9ROWDJH

*DWH�6LJQDOW
G
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7DEOH�������(OHFWULFDO�FKDUDFWHULVWLFV�RI�WKH�0$&�'&1

� &,5&8,7

��� 'HVFULSWLRQ

,Q�)LJXUH ���D�VFKHPDWLF�RI�D�VHQVRUOHVV�SKDVH�DQJOH�PRWRU�FRQWURO�ERDUG�LV�VKRZQ��$V�FDQ�EH�VHHQ��WKH
SKDVH�DQJOH�GULYH�QHHGV�RQO\�WZR�LQWHJUDWHG�FLUFXLWV���WKH�PLFURFRQWUROOHU�DQG�RQH�RSHUDWLRQDO�DPSOLILHU�
7KH�VQXEEHUOHVV�WULDF�0$&�'&�LV�XVHG�DV�WKH�SRZHU�GHYLFH��7KLV�WULDF�KDV�D�YHU\�KLJK�GY�GW�LPPXQLW\
DQG�WKHUHIRUH�WKHUH�LV�QR�5&�FLUFXLW�DURXQG�WKH�WULDF��7KH�07��SLQ�RI�WKH�WULDF�LV�FRQQHFWHG�WR�9&&�DQG
WKH�*$7(�SLQ� GLUHFWO\� WR� WKH�PLFURFRQWUROOHU�� 7KH� WULDF¶V� WXUQ�RQ� OHYHO� RQ� SLQV�3$��3$�� LV� ��9��7KLV
FRQILJXUDWLRQ�ZDV�FKRVHQ�GXH�WR�WZR�UHDVRQV��7KH�ILUVW�LV�WKH�FXUUHQW�FDSDELOLW\�RI�WKH�SLQV�RI�SRUW�$��,Q
WKH�GDWD�VKHHW�LW�FDQ�EH�IRXQG�WKDW�WKH�VRXUFH�FDSDELOLW\�LV���P$�DQG�WKH�VLQN�FDSDELOLW\�LV����P$��2XU
FKRLFH�LV�WKH�VLQN�PRGH��7KH�VHFRQG�UHDVRQ�LV�GHWHUPLQHG�E\�WKH�WULDF��7KHUH�LV�D�FRPPRQ�ODZ�VWDWLQJ
WKDW�VQXEEHUOHVV�WULDFV�ZLWK�KLJK�GY�GW�LPPXQLW\�QHHG�D�KLJKHU�JDWH�WULJJHU�FXUUHQW�,*7��7KH�0$&�'&
W\SLFDOO\�QHHGV�DW�OHDVW����P$��LQ�WKH�FDVH�RI�QHJDWLYH�,*7���*�����)RU�DQ�RSHUDWLRQDO�PRGH�ZLWK�SRVLWLYH
,*7���*�����WKH�JDWH�WULJJHU�FXUUHQW�LV�PXFK�KLJKHU��2XU�FKRLFH�LV�*�����FRPPRQO\�FDOOHG�³�UG�TXDGUDQW
RSHUDWLRQ´��7KUHH�SLQV�3$��3$��DUH�FRQQHFWHG�WRJHWKHU�DQG�DUH�SRZHUIXO�HQRXJK�WR�FRYHU�WKH�DPRXQW
RI�FXUUHQW�QHHGHG�E\�WKH�JDWH�DQG�WR�WXUQ�RQ�WKH�WULDF�UHOLDEO\�

7KH�SRZHU�VXSSO\�LQFOXGHV�RQO\�D�IHZ�FRPSRQHQWV��'���'���5���&���&����7KH�RXWSXW�YROWDJH�LV���9�DQG
GHVSLWH�LWV�VLPSOLFLW\�LW�LV�DEOH�WR�VXSSO\�WKH�PLFURFRQWUROOHU��WKH�RSHUDWLRQDO�DPSOLILHU��WKH�H[WHUQDO�FRQWURO
SDQHO�DQG�DOVR�WKH�WULDF�

:$51,1*

7KLV�FLUFXLW�LV�SRZHUHG�GLUHFWO\�IURP�WKH�OLQH�DQG�FRQWDLQV�+,*+�92/7$*(6��'R�QRW�WRXFK�DQ\
SDUWV�RI� WKLV�ERDUG��:KHQ�ZRUNLQJ�ZLWK�VXFK�ERDUG��GR�QRW�FRQQHFW�DQ\�FRPSXWHU��VFRSH�RU
GHYHORSPHQW�V\VWHP��,Q�WKLV�FDVH�LW�LV�QHFHVVDU\�WR�XVH�DQ�LVRODWLRQ�WUDQVIRUPHU�

7KH�FLUFXLWU\�FRQQHFWHG�WR�SLQ�3%��LV�QHHGHG�IRU�WKH�DFTXLVLWLRQ�RI�D�V\QFKURQL]DWLRQ�VLJQDO��7KLV�VLJQDO
SURYLGHV�WKH�PRVW� LPSRUWDQW� LQIRUPDWLRQ�WR� WKH�PLFURFRQWUROOHU��ZKLFK� LV� WKH�]HUR�FURVVLQJ�RI� WKH� OLQH
YROWDJH��7KH�SRLQW�RI�WKH�]HUR�FURVVLQJ�LV�IXQGDPHQWDO�IRU�WKH�FDOFXODWLRQ�RI�DQ\�WULDF¶V�DFWLRQ��$OO�DFWLRQV
DQG�WKH�IXQFWLRQDOLW\�FRQFHUQLQJ�WKH�WULDF�DUH�FRQWUROOHG�E\�VRIWZDUH�DQG�ZLOO�EH�GLVFXVVHG�ODWHU�

%HFDXVH�WKLV�ERDUG�SURYLGHV�D�VHQVRUOHVV�FRQWURO�DOJRULWKP�WKHUH�DUH�VRPH�GHYLFHV�ZKLFK�DOORZ�WKH
PHDVXUHPHQW�RI�D�FXUUHQW��7KH�FXUUHQW�PHDVXUHPHQW�FRQVLVWV�RI�WKH�YROWDJH�GURS�UHVLVWRU�5��DQG�WKH
GLIIHUHQWLDO�DPSOLILHU�8�$��,Q�WKLV�SDUW�WKH�ORZ�YROWDJH�UDLO�WR�UDLO�RSHUDWLRQDO�DPSOLILHU�0&������LV�XVHG�
7KH�0&������LV�GHYLFH�ZLWK�UDLO�WR�UDLO�RSHUDWLRQ�RQ�ERWK�WKH�LQSXW�DQG�RXWSXW��7KH�RXWSXW�FDQ�VZLQJ
ZLWKLQ����P9�RI�HLWKHU�VXSSO\��6XFK�D�GHYLFH�PDNHV� LW�SRVVLEOH�WR�EXLOG�D�ORZ�FRVW�FLUFXLW� LQ�RUGHU�WR
DPSOLI\�WKH�VLJQDO�IURP�WKH�YROWDJH�GURS�UHVLVWRU��7KH�RQO\�HUURUV�H[LVW�IRU�YHU\�ORZ�FXUUHQWV�DQG�FDQ�EH
HOLPLQDWHG�E\�WKH�VRIWZDUH��7KH�DQDORJ�VLJQDO�IURP�WKH�RXWSXW�RI�WKH�DPSOLILHU�8�$�LV�FRQQHFWHG�WR�SLQ
3%��

3DUDPHWHU 9DOXH

3HDN�UHSHWLWLYH�UHYHUVH�YROWDJH�9550 ����9�0D[

506�FXUUHQW�,7�506� ��$�0D[

3HDN�2Q�VWDWH�YROWDJH��,70� ���$�SHDN��970 ����9�7\S

&RQWLQXRXV�JDWH�WULJJHU�FXUUHQW�,*7�07������*����,*7 ���P$�7\S

&ULWLFDO�UDWH�RI�ULVH�2II�VWDWH�YROWDJH�GY�GW �����9�mV�7\S
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)LJXUH�������/RZ�&RVW�0RWRU�&RQWURO�3KDVH�$QJOH�6HQVRUOHVV�'ULYH

7KH�VSHHG�FRPPDQG�FDQ�EH�VHW�H[WHUQDOO\�LQ�WKH�UDQJH�RI���9�WR�����9��$�VLPSOH�H[WHUQDO�FRQWURO�SDQHO
�UHIHU�WR�)LJXUH ����VKRXOG�EH�OLQNHG�ZLWK�WKH�SKDVH�DQJOH�SRZHU�VWDJH�ZKHQ�H[WHUQDO�FRPPDQGV�DUH
QHHGHG��7KH�OLPLWV�IRU�WKH�DQDORJ�VSHHG�FRPPDQG��PD[�����9��DUH�JLYHQ�E\�DQ�LQWHUQDO�$�'�FRQYHUWRU
OLPLWDWLRQ��7KH�FRQQHFWRUV�03��6SHHG��03��6WDUW�6WRS�DQG�03��*1'�DUH�SURYLGHG�RQ�ERDUG�

:$51,1*

%HFDXVH� RI� +,*+� 92/7$*(6�� WKH� FRQWURO� SDQHO� PXVW� EH� LVRODWHG� IURP� WKH� XVHU� XQGHU� DOO
SRVVLEOH�FLUFXPVWDQFHV�

)LJXUH�������([WHUQDO�&RQWURO�3DQHO

7KH�',3�VZLWFK�6:��DOORZV�DQ�RSWLRQ�RI�WKH�GULYH¶V�IXQFWLRQDOLW\�DQG�ZLOO�EH�GLVFXVVHG�ODWHU�7KHUH�DUH
QR�SXOOGRZQ�RU�SXOOXS�UHVLVWRUV�EHFDXVH�WKHVH�GHYLFHV�DUH�SURYLGHG�GLUHFWO\�RQ�WKH�FKLS��7KH�DSSURSULDWH
UHVLVWRUV�DUH�HQDEOHG�LQ�D�PDVN�RSWLRQ�UHJLVWHU�

��� 6\QFKURQL]DWLRQ

$V�LV�ZHOO�NQRZQ��WKH�SKDVH�DQJOH�GULYH�V\VWHP�QHHGV�WR�KDYH�LQIRUPDWLRQ�DERXW�WKH�OLQH�YROWDJH�DQG�LWV
]HUR�FURVVLQJ�SRLQWV��7KH�DSSURSULDWH�VLJQDO�LV�FRQQHFWHG�WR�SLQ�3%���2QO\�WZR�UHVLVWRUV�5���5���RQH

��������9

6723 23(1��67$57 9&&

5�
��N

5�
�N�

6:�

67$57�6723

�
9&&

�
63(('

�
*1'

�
67$57�6723
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FDSDFLWRU�&��DQG�D�GLRGH�'���DV�DQ�RYHUYROWDJH�SURWHFWLRQ��DUH�XVHG��'XH�WR�LWV�VLPSOLFLW\�DQG�LWV�ORZ
FRVW�VROXWLRQ��WKH�RXWSXW�VLJQDO�LV�QRW�D�UHDO�VTXDUH�ZDYH��,Q�)LJXUH ��WKH�UHODWLRQVKLS�EHWZHHQ�WKH�OLQH
YROWDJH�DQG�WKH�V\QFKURQL]DWLRQ�VLJQDO�FDQ�EH�VHHQ��7KH�SRVLWLYH�KDOI�SHULRG�DQG�WKH�QHJDWLYH�KDOI�SHULRG
DUH�QRW�LGHQWLFDO��7KLV�VLWXDWLRQ�FDXVHV�D�GLVWRUWLRQ�RI�WKH�PRWRU�FXUUHQW��8QGHU�WKLV�FRQGLWLRQ�WKH�SKDVH
DQJOH�GULYH�ZRUNV�EXW�WKH�WULDF�LV�RYHUORDGHG�GXULQJ�RQH�KDOI�SHULRG��)LJXUH ��DOVR�VKRZV�WKH�FXUUHQW�RI
WKH�PRWRU�LQFOXGLQJ�WKH�VRIWZDUH�DGMXVWPHQW��$�YHU\�ILQH�FRUUHFWLRQ�FDQ�EH�GRQH�E\�VRIWZDUH�WR�DYRLG
XQHTXDO�KDOI�SHULRGV�RI�WKH�FXUUHQW�

)LJXUH�������6\QFKURQL]DWLRQ�6LJQDO

� 6(1625/(66�$/*25,7+0

7KH�XQLYHUVDO�PRWRU�LV�D�VHULDO�H[FLWDWLRQ�PRWRU��7KHUHIRUH�WKH�PRWRU�WRUTXH�LV�SURSRUWLRQDO�WR�WKH�VTXDUH
RI�WKH�PRWRU�FXUUHQW�

7� �N�L� �(4������

7KH�HTXDWLRQV�IRU�WKH�XQLYHUVDO�PRWRU�GULYHQ�E\�D�WULDF�KDYH�WR�EH�VSOLW�LQWR�WZR�SKDVHV�

D��ZKLOH�WKH�WULDF�LV�RII

L� �� �(4������

E��ZKLOH�WKH�WULDF�LV�RQ

Y� �H���]�L �(4������

:KHUH

H  �EDFN�HOHFWURPRWLYH�IRUFH��EHPI��N�L�W

]  �PRWRU�LPSHGDQFH�U���M�/�w

w  �PDLQV�IUHTXHQF\

W  �PRWRU�VSHHG

N  �FRQVWDQW�GHSHQGHG�XSRQ�PRWRU�FKDUDFWHULVWLFV

U  �ZLQGLQJ�UHVLVWDQFH

Y� ��N�W���U��L���M�/�w�L �(4������

,QSXW�/LQH�9ROWDJH

6\QFKURQL]DWLRQ

0RWRU�&XUUHQW

�������PV ������PV

RQ�SLQ�3%�
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7KH�6DEHU70�DQDORJ�VLPXODWRU�ZDV�XVHG�LQ�RUGHU�WR�FDOFXODWH�DOO�QHFHVVDU\�HTXDWLRQV�DQG�UXQ�WKH�YLUWXDO
XQLYHUVDO�PRWRU�SKDVH�DQJOH�VHQVRUOHVV�GULYH�V\VWHP��)RU�D�PRGHO�RI�WKH�XQLYHUVDO�PRWRU�WKH�VWDQGDUG
PRGHO�IURP�WKH�OLEUDU\�ZDV�XVHG��GFBVUV�VLP���&XVWRPL]DWLRQ�ZDV�GRQH�DFFRUGLQJ�WR�WKH�SDUDPHWHUV�RI
D�����:�XQLYHUVDO�PRWRU�IURP�D�ZDVKLQJ�PDFKLQH��$OO�WKH�IROORZLQJ�UHVXOWV�DQG�ILJXUHV�DUH�WDNHQ�GLUHFWO\
IURP�WKH�VLPXODWLRQ��7KH�VFKHPDWLF�RI�WKH�VLPXODWLRQ�FLUFXLWU\�LV�VKRZQ�LQ�)LJXUH ���7KH�FLUFXLWU\�FRQVLVWV
RI�WKH�$&�SRZHU�VXSSO\��WKH�XQLYHUVDO�PRWRU��WKH�WULDF��WKH�ORDG��DQG�WKH�SXOVH�VRXUFH�

)LJXUH�������6FKHPDWLF�IRU�6LPXODWLRQ

)LJXUH�������6HW�RI�&XUUHQW�&XUYHV�IRU�'LIIHUHQW�WG�LQ�WKH�5DQJH�RI�����PV�������PV�DW������USP

dc_srs

j:500u
laa:120m

lff:30m

a1 s2 wrm

v amplitude:230*1.41

frequency:50

220

22n

angle_w

104

vel1

vel2

v

i
t0
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)LJXUH�������6HW�RI�&XUUHQW�&XUYHV�IRU�'LIIHUHQW�WG�LQ�WKH�5DQJH�RI�����PV�������PV�DW��������
USP

)LJXUH�������6HWV�RI�&XUUHQW�&XUYHV�IRU������������������������DQG��������USP

i
t0

i
t0
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)LJXUHV������DQG���VKRZ�VHWV�RI�WKH�FXUUHQWV�IRU�ILULQJ�GHOD\�WG��UHIHU�WR�)LJXUH ���LQ�WKH�UDQJH�RI�����PV
������PV�DW�GLIIHUHQW�VSHHGV��&HUWDLQ�VHWV�RI�WKH�FXUUHQW�DUH�JLYHQ�DW�D�FRQVWDQW�VSHHG��H�J��LQ�)LJXUH �
DW������USP��7KH�ILULQJ�GHOD\�WG�YDULHV�LQ�D�ZLGH�UDQJH�DQG�UHSUHVHQWV�WKH�YDU\LQJ�ORDG�

)URP�)LJXUHV������DQG���LW�FDQ�EH�DOVR�VHHQ�WKDW�WKH�FXUUHQW�LW���ZKLFK�LV�PHDVXUHG�DW�WKH�PDLQV�]HUR
FURVVLQJ�SRLQW��GHSHQGV�RQO\�XSRQ�WKH�VSHHG�H[FHSW�DW�WKH�ODUJHVW�ILULQJ�GHOD\�RI���PV��)LJXUH ���JLYHV
WKH�EHVW�H[SODQDWLRQ��)RU�VSHHGV�IDVWHU�WKDQ������USP�DQG�D�ILULQJ�GHOD\�OHVV�WKDQ�����PV��WKH�FXUUHQW
DW�WKH�PDLQV�]HUR�FURVVLQJ�SRLQW�LV�FRQVWDQW�DW�WKH�JLYHQ�VSHHG�IRU�D�ZLGH�YDULHW\�RI�ORDGV��)RU�VSHHGV
OHVV�WKDQ������USP�RU�D�ILULQJ�GHOD\�PRUH�WKDQ�����PV��D�FRUUHFWLRQ�QHHGV�WR�EH�GRQH��8QLWV�XVHG�IRU�WKH
VSHHG�DUH�UDGLDQV�SHU�VHFRQG��USV���7DEOH ��VKRZV�WKH�UHFDOFXODWLRQ�EHWZHHQ�UDGLDQV�SHU�VHFRQG��USV�
DQG�UHYROXWLRQV�SHU�PLQXWH��USP��

)LJXUH��������&XUUHQW�LW��DW�0DLQV�=HUR�&URVVLQJ�YHUVXV�)LULQJ�'HOD\�WG�IRU�9DULRXV�6SHHGV

)LJXUH��������&XUUHQW�LW��DW�0DLQ�=HUR�&URVVLQJ�9HUVXV�6SHHG�IRU�9DULRXV�)LULQJ�'HOD\V�WG

I is constant
t 0

Correction

Needed

Universal Motor

 (
A

)

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

 angle_w.angle_w1/dc(rps)
100.0 0.2k 0.3k 0.4k 0.5k 0.6k 0.7k 0.8k 0.9k 1.0k 1.1k

tran->pulse->td(v.v3)=0.002

tran->pulse->td(v.v3)=0.005

tran->pulse->td(v.v3)=0.008

(A)  : angle_w.angle_w1/dc(rps)

At_0.01(ia(dc_srs.dc_srs1))
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7KH�UHODWLRQVKLS�EHWZHHQ�WKH�VSHHG�DQG�WKH�FXUUHQW�LV�VKRZQ�LQ�)LJXUH ����7KLV�FKDUDFWHULVWLF�LV�XVHG�LQ
WKH�SURJUDP�DQG�LW�GHWHUPLQHV�WKDW�D�FHUWDLQ�FXUUHQW�FRUUHVSRQGV�WR�XQLTXH�VSHHG��,W�LV�YDOLG�IRU�WKH�UDQJH
RI�VSHHG�RI������WR��������USP�DQG�WG�OHVV�WKDQ�����PV��7KH�UHSUHVHQWDWLRQ�RI�WKH�FXUYH�IURP�)LJXUH ��
LV�H[SUHVVHG�LQ�WKH�WDEOH�DQG�LW�LV�LQFOXGHG�LQ�WKH�SURJUDP��7KH�FRUUHFWLRQ�IRU�WKH�VSHHG�OHVV�WKDQ�����
USP�DQG�WKH�ILULQJ�GHOD\�PRUH�WKDQ�����PV�LV�VKRZQ�LQ�)LJXUH ����7KH�UHSUHVHQWDWLRQ�RI�WKLV�FXUYH�LV
H[SUHVVHG�LQ�WKH�WDEOH�DQG�LW�LV�DOVR�LQFOXGHG�LQ�WKH�SURJUDP

��

)LJXUH��������&XUUHQW�LW��DW�0DLQV�=HUR�&URVVLQJ�YHUVXV�)LULQJ�'HOD\�DW������USP�DQG�
6XLWDEOH�&RUUHFWLRQ�&XUYH

� &21752/�$/*25,7+0

7KH�EDVLF�SULQFLSOH�RI�WKH�SKDVH�DQJOH�FRQWURO�DOJRULWKP�LV�YHU\�VLPSOH��PDWFK�WKH�ILULQJ�SXOVH�WLPH�RI�WKH
WULDF�LQ�UHODWLRQ�ZLWK�WKH�]HUR�FURVVLQJ�RI�WKH�OLQH�YROWDJH��$�SKDVH�VKLIW�RI�WKLV�ILULQJ�SXOVH�SURGXFHV�D
YDULDEOH�RXWSXW�YROWDJH�RQ�WKH�ORDG��$�VWUXFWXUH�ZLWK�WKUHH�LQWHUUXSWV�KDV�EHHQ�FKRVHQ�WR�DVVXUH�SURSHU
IXQFWLRQDOLW\�DQG�VRPH�DGGLWLRQDO�SHUIRUPDQFH�FDSDFLW\�RI�WKH�&38��

7DEOH�������5HFDOFXODWLRQ�USV���USP

USV USP

��� ����

��� ����

��� ����

��� ����

���� ������

Graph1

 (
A

)

-0.5

0.0

0.5

1.0

1.5

 tran->pulse->td(v.v3)(s)
0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.01

(0.0015, 1.3029)

(A)  : tran->pulse->td(v.v3)(s)

At_0.01(ia(dc_srs.dc_srs1))

(1.3029-At_0.01(ia(dc_srs.dc_srs1)))

Correction

Control
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)LJXUH ���VKRZV�D�VWDWH�GLDJUDP��7KH�VRIWZDUH�FRQVLVWV�RI�D�&RQWURO�EORFN�DQG�VRPH�VXEURXWLQHV�OLNH�
0$.(B=(52��0$.(B3,�� 5$03(� DQG� ,QWHUUXSW� 6HUYLFHV� 5RXWLQHV�� 7KH� &RQWURO� %ORFN� LV� LQ� IDFW� D
UHODWLYHO\� VKRUW� ORRS� ZKLFK�PDNHV� D� GHFLVLRQ� RQ� ZKLFK� VXEURXWLQHV� ZLOO� EH� FDOOHG�� 7KHUH� LV� DOVR� D
XQLYHUVDO�WLPLQJ�URXWLQH��ZKLFK�ZRUNV�ZLWK�WKH�+:�WLPHU�DQG�D�XQLTXH�UHJLVWHU�IRU�HYHU\�WLPHG�VXEURXWLQH�
7KH�WLPLQJ�URXWLQH�FDOFXODWHV�WKH�GLIIHUHQFH�EHWZHHQ�WKH�+:�WLPHU�DQG�D�SDUWLFXODU�UHJLVWHU�DQG��LQ�FDVH
RI�FRLQFLGHQFH�ZLWK� WKH�JLYHQ�QXPEHU� �WLPH� LQWHUYDO��� LW�FDOOV� WKH�DSSURSULDWH�VXEURXWLQHV��7KH�VDPH
SULQFLSOH�LV�XVHG�IRU�DOO�WLPH�FRQGLWLRQV�

)LJXUH��������3URJUDP�6WDWH�'LDJUDP

7KH�UHTXLUHPHQWV�RI�WKLV�VRIWZDUH�GLFWDWH�WKDW�LW�WDNHV�VRPH�RI�WKH�YDOXHV�IURP�WKH�$�'�FRQYHUWHU��VSHHG
FRPPDQG�DQG�FXUUHQW���SURFHVVHV�WKHP�DQG�JHQHUDWHV�WKH�SXOVHV�IRU�WKH�JDWH�RI�WKH�WULDF��7KH�GDWD�IORZ
GLDJUDP�LV�VKRZQ�LQ�)LJXUH ���

7KH�SURJUDP�GHDOV�ZLWK�WZR�WDEOHV���63(('B7$%�DQG�&255(&7,21��7KHVH�WDEOHV�FRQWDLQ�GDWD�ZKLFK
FRUUHVSRQG� WR� WKH� FXUYHV� IURP� )LJXUH ��� DQG� )LJXUH ���� 7KH� VSHHG� FRPPDQG� JRHV� WKURXJK� WKH
DFFHOHUDWLRQ�GHFHOHUDWLRQ�UDPS�DQG�WKH�63(('B7$%�WDEOH��$FFRUGLQJ�WR�WKH�VSHHG�DQG�WKH�ORDG�WKHUH
LV�D�FRUUHFWLRQ�SURFHVV�XVLQJ� WKH�&255(&7,21� WDEOH��7KH�VSHHG�FRPPDQG�DQG� WKH�DFWXDO�VSHHG�
ZKLFK�LV�UHSUHVHQWHG�E\�FXUUHQW�LW���DUH�EURXJKW�WR�WKH�3,�FRQWURO�DOJRULWKP��8VLQJ�WKH�RXWSXW�FRPSDUH
IHDWXUH�RI�WKH�PLFURFRQWUROOHU�WKH�SXOVHV�IRU�WKH�JDWH�RI�WKH�WULDF�DUH�JHQHUDWHG�

5(6(7

,QLWLDOL]DWLRQ

'(02�6ZLWFK'(02�6ZLWFK�21

386+�67$57

386+

'(02�&<&/(

=(52

576

7,0(�)25
7,0(

'(02�7$%/(
+DQGOHU

7(67�67$57
%XWWRQ

&RQWURO�%ORFN

0$.(B=(52 5$03(

0$.(B3,

'RQH

576

576

�2))

(1'�2)�&21752/�%/2&.

)25�3,
5$03(&5266,1*

5XQ�$SSOLFDWLRQ

+DQGOHU�RI�7DEOHV
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)LJXUH��������0DLQ�'DWD�)ORZ

$�',3�VZLWFK�ZLWK�WKUHH�FRQQHFWHG�VZLWFKHV��UHIHU�WR�)LJXUH ����LV�DYDLODEOH�RQ�WKH�ERDUG��7ZR�RI�WKHP
DUH�WHVWHG�E\�WKH�GLVFXVVHG�VRIWZDUH��³�´�DQG�³�´��DQG�RQH�LV�IUHH�IRU�FXVWRPHU�XVH��³�´���7KH�FRQWURO
EORFN�WHVWV�WKH�VZLWFK�QXPEHU�³�´��7KLV�VZLWFK�VHOHFWV�WKH�³'HPR�PRGH´�RU�WKH�³67$57�6723´�PRGH��,Q
WKH�'HPR�PRGH�WKH�GULYH�VWDUWV�DXWRPDWLFDOO\�DQG�UXQV�LQ�D�WKUHH�VWHS�HQGOHVV�ORRS��,Q�WKH�67$57�6723
PRGH�ERWK�WKH�H[WHUQDO�67$57�FRPPDQG�DQG�WKH�DQDORJ�H[WHUQDO�VSHHG�FRPPDQG�DUH�QHFHVVDU\�

)LJXUH��������',3�6ZLWFK�6:�

��� 0$.(B=(52�VXEURXWLQH

7KH�0$.(B=(52�VXEURXWLQH�LV�HQWHUHG�ZKHQ�WKH�]HUR�FURVVLQJ�RI�WKH�OLQH�YROWDJH�RFFXUV��,WV�PDLQ�MRE
LV�WR�SUHSDUH�WKH�QHZ�YDOXH�IRU�WKH�RXWSXW�FRPSDUH�LQWHUUXSW�VHUYLFH�URXWLQH��7KH�FDOFXODWLRQ�LV�EDVHG�RQ
WKH�KDOI�SHULRG�RI�WKH� OLQH�YROWDJH��6LQFH�WKLV�WLPH�LV�GLIIHUHQW� IRU����+]�DQG����+]�� WKHUH�LV�D�VZLWFK

&200B65

3URFHVV�6SHHG�FRPPDQG

3URFHVV�FXUUHQW
PHDVXUHPHQW

3URFHVV�63(('B7$%

3URFHVV�&255(&7,21

3URFHVV

3URFHVV

3URFHVV�DFFHOHUDWLRQ
GHFHOHUDWLRQ�5DPS

3,�VSHHG�FRQWUROOHU

WDEOH

WDEOH

2XWSXW�FRPSDUH

&200B67$%

&200B6

3,B5(6

5()B/�5()B+

&200B&25

$&7B65

$�'�FRQYHUWHU

3,B5(66SHHG$�'�FRQYHUWHU',3�VZLWFKHV

$&7B6

�

2
1

�
�

�
�

1RW�FRQQHFWHG
2))���67$57�6723�0RGH21���'HPR�&\FOH
2))������+]21������+]
$YDLODEOH
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QXPEHU�³�´�WR�GLVWLQJXLVK�EHWZHHQ�WKHVH�WZR�FDVHV��7KH�LQSXW�YDOXH�IRU�WKH�FDOFXODWLRQ�LV�DQ�RXWSXW�YDOXH
IURP�WKH�3,�FRQWUROOHU��7KH�UHFDOFXODWLRQ�LV�GRQH�DFFRUGLQJ�WR�WKH�SRVLWLRQ�RI�WKH�VZLWFK�QXPEHU�³�´�DQG
WKH�NQRZQ�VSHHG�RI�WKH�+:�WLPHU��7KH�VHFRQG�WDVN�RI�WKH�0$.(B=(52�VXEURXWLQH�LV�WR�VWDUW�WKH�$�'
FRQYHUWRU�� 7KH�$�'� FRQYHUWHU� LV� QHHGHG� IRU� WKH�PHDVXUHPHQW� RI� WKH� FXUUHQW� �SLQ� 3%��� DQG� IRU� WKH
67$57�6723�PRGH�ZKHQ�WKH�H[WHUQDO�DQDORJ�VSHHG�FRPPDQG��SLQ�3%���QHHGV�WR�EH�FRQYHUWHG��7KH
$�'� FRQYHUWHU� KDV� VHYHUDO� RSWLRQV� DQG� LW� LV� EDVHG� RQ� WKH� WZR� RQ�FKLS� YROWDJH� FRPSDUDWRUV� DQG� D
VHOHFWDEOH�FKDUJH�GLVFKDUJH�IXQFWLRQ��9ROWDJHV�DUH�UHVROYHG�E\�PHDVXULQJ�WKH�WLPH�LW�WDNHV�DQ�H[WHUQDO
FDSDFLWRU�WR�FKDUJH�XS�WR�WKH�OHYHO�RI�WKH�PHDVXUHG�XQNQRZQ�LQSXW�YROWDJH��7KH�H[WHUQDO�FDSDFLWRU�FDQ
EH�FDOFXODWHG�IURP�WKH�IROORZLQJ�H[SUHVVLRQ�

&(;7� ��1�[�,&+*�[�3�����9;�[�I26&�

:KHUH�

1  �1XPEHU�RI�FRXQWV�GXULQJ�FKDUJH�WLPH����

,&+*  �&KDUJH�FXUUHQW�����m$

3  �3UHVFDOHU�YDOXH��

9;  �0D[LPXP�LQSXW�YROWDJH�����9

I26&  �2VFLOODWRU�FORFN�IUHTXHQF\���0+]

&(;7� ������[����[��
���[�����������[��[����� ����Q)

)URP�VHYHUDO�ZRUNLQJ�PRGHV��RSWLRQ�PRGH���ZLWK�PDQXDO�FKDUJH�FRQWURO�DQG�DXWRPDWLF�GLVFKDUJH�ZDV
FKRVHQ��7KH�DQDORJ�VXEV\VWHP�FDQ�JHQHUDWH�VRPH�LQWHUUXSWV��$Q�DQDORJ�LQWHUUXSW�RFFXUV�ZKHQ�WKHUH�LV
D�PDWFK�LQ�WKH�LQSXW�FRQGLWLRQV�IRU�WKH�YROWDJH�FRPSDUDWRU��7KLV�DQDORJ�LQWHUUXSW�LV�XVHG�WR�PDNH�WKH
DFKLHYHPHQW�RI�WKH�UHVXOWV�HDV\�

��� 0$.(B3,�VXEURXWLQH

7KH�0$.(B3,�VXEURXWLQH�LV�HQWHUHG�ZKHQ�WKH�WLPH�FRQGLWLRQ�RFFXUUHG��,WV�PDLQ�MRE�LV�WKH�FDOFXODWLRQ�RI
WKH�3,�FRQWUROOHU��7KH�LQSXW�YDOXH�IRU�WKH�3,�FRQWUROOHU�LV�WKH�RXWSXW�YDOXH�IURP�WKH�WDEOH�63(('B7$%�
7KHUH�LV�D�QHHG�RI�FRUUHFWLRQ�LQ�FDVH�WKH�VSHHG�LV�VPDOOHU�WKDQ������USP�DQG�WKH�ILULQJ�GHOD\�ODUJHU�WKDQ
����PV��UHIHU�WR�)LJXUH ���DQG�)LJXUH ����

)RU�WKH�3,�FRQWUROOHU�WKH�ZHOO�NQRZQ�HTXDWLRQ�LV�XVHG�

9� �9=B����3B&2167�[��(���(=B�����,B&2167�[�(

:KHUH�

9  �$FWXDO�QHZ�YDOXH

9=B�  �9�LQ�ODVW�VWHS

3B&2167  �SURSRUWLRQDO�FRQVWDQW

(  �FRPPDQGBVSHHG���DFWXDOBVSHHG

(=B�  �(�LQ�ODVW�VWHS

,B&2167  �LQWHJUDWLRQ�FRQVWDQW�

7KH�RXWSXW�IURP�WKH�3,�FRQWUROOHU�LV�WKH�LQSXW�YDOXH�IRU�WKH�RXWSXW�FRPSDUH�LQWHUUXSW�VHUYLFH�VXEURXWLQH�

��� 5$03(�VXEURXWLQH

7KH�5$03(�VXEURXWLQH�LV�HQWHUHG�ZKHQ�D�WLPH�HYHQW�RFFXUUHG��7KLV�VXEURXWLQH� LQ�IDFW�FKDQJHV�WKH
VORSH�RI�WKH�FRPPDQG�VSHHG¶V�VLJQDO��7KH�VORSH�LV�WKH�VDPH�IRU�WKH�ULVLQJ�DQG�IDOOLQJ�HGJHV��7KH�VORSH
FDQ�EH�PRGLILHG�WKURXJK�D�FKDQJH�LQ�WKH�WLPH�LQWHUYDO�IRU�WKH�5$03(�VXEURXWLQH�

� ,17(558376

$V�ZDV�PHQWLRQHG�LQ�VHFWLRQ����WKUHH�LQWHUUXSWV�DUH�XVHG��UHIHU�WR�)LJXUH �����7KH�VLPSOHVW�LQWHUUXSW�LV
WKH�7LPHU�RYHUIORZ� LQWHUUXSW�� 7KH� DSSURSULDWH� VHUYLFH� URXWLQH� LV� WKH�7LPHU�RYHUIORZ� LQWHUUXSW� VHUYLFH
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URXWLQH��72,65��DQG�LW�SURGXFHV�D�UHDO�WLPH�FORFN�IRU�WKH�DSSOLFDWLRQ��7KH�$QDORJ�LQWHUUXSW�VHUYLFH�URXWLQH
�$1,65��UHDGV�DQG�VWRUHV�WKH�QHZ�YDOXHV�IURP�WKH�$�'�FRQYHUWRU��WKH�FXUUHQW�DQG�WKH�VSHHG�FRPPDQG��
7KH� 2XWSXW� FRPSDUH� LQWHUUXSW� VHUYLFH� URXWLQH� �2&,65�� JHQHUDWHV� WKH� SXOVHV� IRU� WKH� WULDF� �UHIHU� WR
)LJXUH ����

)LJXUH��������,QWHUUXSW�6HUYLFH�5RXWLQHV

)LJXUH��������7LPLQJ�RI�6:�6XEURXWLQHV

5XQ�$SSOLFDWLRQ
7,0(5�29(5)/2:
,17(55837

287387�&203$5(
,17(55837

$1$/2*
,17(55837

57,

57,

&ORFN�IRU�DSSOLFDWLRQ

0DNH�75,$&�SXOVH

$�'�FRQYHUVLRQ

57,

=HUR�&URVVLQJ3XOVHV�IRU

75,$&

=HUR�&URVVLQJ

2XWSXW�&RPSDUH

0$.(B3,

3UHSDUH�

2XWSXW�&RPSDUH
3UHSDUH

$�'�&RQYHUWHU

75,$&¶V�*DWH�6LJQDO

3XOVHV�IRU

75,$&

0$.(B=(52

LW��PHDVXUHPHQW 3RWLRPHWHU�PHDVXUHPHQW

,QSXW�/LQH�9ROWDJH
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