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'HVLJQ DQG $QDO\VLV RI D 3 LWFK $WWLWXGH &RQWU RO

6\VWHP IRU D 6LNRU VN\ 8+ ���$ % ODFNKDZN + HOLFRSWHU

$ S U LO � � � � � �

� , QWU RGXFWLRQ

,Q WKLV ODERUDWRU\ DVVLJQPHQW� ZH ZLOO GHVLJQ DQG DQDO\]H D SLWFK�DWWLWXGH FRQWURO V\VWHP IRU D 6LNRUVN\

8+���$ %ODFNKDZN &RPEDW $VVDXOW +HOLFRSWHU� 3OHDVH DQVZHU DOO RI WKH TXHVWLRQV LQ HDFK VHFWLRQ� DQG

LQFOXGH DOO RI \RXU SORWV LQ \RXU UHSRUW� 0$7/$% YHUVLRQ ��� �RU KLJKHU� ZLOO EH XVHG LQ WKLV ODE�

,W VKRXOG EH QRWHG WKDW WKH TXHVWLRQV ZKLFK DUH DVNHG EHORZ DUH TXHVWLRQV ZKLFK DQ\ FRQWURO V\VWHP

HQJLQHHU VKRXOG DVN � UHJDUGOHVV RI WKH SK\VLFDO V\VWHP ZKLFK WKH\ DUH FRQVLGHULQJ� ,Q WKLV VHQVH� WKH\ DUH

VWDQGDUG TXHVWLRQV�

� 6LNRU VN\ 8+ ���$ % ODFNKDZN /RQJLWXGLQDO '\QDPLFV

,Q WKLV VHFWLRQ� \RX ZLOO DQDO\]H WKH ORQJLWXGLQDO �IRUH�DIW�SLWFKLQJ� G\QDPLFV IRU D 6LNRUVN\ 8+���$ %ODFN�

KDZN� )RU VLPSOLFLW\� ZH FRQVLGHU D VLPSOLpHG OLQHDU PRGHO ZKLFK LV YDOLG QHDU KRYHU� 7KH KHOLFRSWHU LQSXW

�L�H� FRQWURO� LV FDOOHG WKH F\FOLF SLWFK FRQWURO DQG LV GHQRWHG E\ WKH V\PERO %OF
� 7KLV FRQWURO LV XVHG WR

FRQWURO WKH HoHFWLYH ?WLOW� RI WKH KHOLFRSWHU
V PDLQ URWRU� 7KLV LQGLUHFWO\ FRQWUROV SLWFKLQJ PRPHQWV DERXW

WKH KHOLFRSWHU
V FHQWHU RI JUDYLW\� WKH SLWFK DWWLWXGH� DQG WKH KHOLFRSWHU
V VSHHG�

7KH WUDQVIHU IXQFWLRQ IURP WKH F\FOLF FRQWURO �X  %
OF� PHDVXUHG LQ UDGLDQV� WR WKH SLWFK�DWWLWXGH �v�

PHDVXUHG LQ UDGLDQV� LV�
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7KLV WUDQVIHU IXQFWLRQ ZLOO EH UHIHUUHG WR DV WKH SODQW WUDQVIHU IXQFWLRQ� ,W ZLOO EH XVHG DV WKH EDVLV IRU

\RXU SLWFK DWWLWXGH FRQWURO V\VWHP GHVLJQ�

7KH WUDQVIHU IXQFWLRQ IURP WKH FRQWURO X  %O
F
�PHDVXUHG LQ UDGLDQV� WR WKH VSHHG B[ �PHDVXUHG LQ IW VHF�

LV JLYHQ E\�
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� 3 LWFK $WWLWXGH &RQWU RO 6\VWHP 'HVLJQ DQG $QDO\VLV

,Q WKLV VHFWLRQ� \RX ZLOO GHVLJQ D SLWFK DWWLWXGH FRQWURO V\VWHP IRU WKH %ODFNKDZN� :H ZDQW RXU FORVHG�ORRS

V\VWHP WR PHHW WKH IROORZLQJ VSHFLpFDWLRQV�

s ]HUR VWHDG\ VWDWH HUURU WR VWHS FRPPDQGV
s QR� RU PLQLPDO RYHUVKRRW LQ WKH RXWSXW �SLWFK DWWLWXGH� v�
s �� ULVH�WLPH RI DSSUR[LPDWHO\ ��� VHFRQGV

&RQWUROOHU GHVLJQ LV RIWHQ DQ LWHUDWLYH SURFHVV� )LUVW� D QRPLQDO GHVLJQ LV IRXQG� DQG WKHQ LW LV PRGLpHG

LQ RUGHU WR PHHW WKH GHVLJQ VSHFLpFDWLRQV� &RPLQJ XS ZLWK D JRRG QRPLQDO GHVLJQ FDQ WDNH WLPH DQG H[SH�

ULHQFH ZLWK WKH V\VWHP EHLQJ GHVLJQHG IRU� +RZHYHU� D JRRG XQGHUVWDQGLQJ RI WKH EDVLF DQDO\WLFDO WRROV DQG

FRQFHSWV FDQ KHOS JLYH PRUH LQVLJKW LQWR WKH SUREOHP� ,Q WKLV ODE� ZH ZLOO SURFHHG WKURXJK D V\VWHPDWLF ZD\

IRU GHVLJQLQJ RXU SLWFK�DWWLWXGH FRQWURO V\VWHP IRU WKH %ODFNKDZN KHOLFRSWHU V\VWHP�

7KH pUVW LVVXH LQ GHVLJQLQJ WKH FRQWUROOHU LV WR SLFN D VWUXFWXUH IRU LW� 7KLV FRQWURO V\VWHP GHVLJQ ZLOO EH

EDVHG RQ WKH EORFN GLDJUDP VKRZQ LQ )LJXUH �� 7KH VHULHV FRPSHQVDWRU� .� DQG WKH FRPPDQG SUH�pOWHU� : �

DUH DVVXPHG WR SRVVHVV WKH IROORZLQJ VWUXFWXUH�
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)LJXUH �� 9LVXDOL]DWLRQ RI 3LWFK $WWLWXGH &RQWURO 6\VWHP 7R %H 'HVLJQHG
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/HW XV H[DPLQH WKH SUHOLPLQDU\ GHVLJQ� ,I ZH VHW D  � DQG N  b�� DQG FDOFXODWH WKH RSHQ�ORRS V\VWHP�

/�V�  3 �V�.�V�� ���

ZH FDQ SORW WKH URRW�ORFXV DVVRFLDWHG ZLWK WKLV V\VWHP� ,W LV VKRZQ LQ )LJXUH ��

$Q DQDO\VLV RI WKH FORVHG�ORRS WUDQVIHU IXQFWLRQ ZLOO VKRZ WKDW LW KDV WZR GRPLQDQW �FRQMXJDWH�SDLU� SROHV�

DV VKRZQ LQ )LJXUH �� 7KXV� WKH FORVHG�ORRS V\VWHP PD\ EH DSSUR[LPDWHG E\ D VHFRQG�RUGHU V\VWHP� 7KH

JRDO LV WR GHVLJQ RXU FRQWUROOHU VXFK WKDW WKH GRPLQDQW FORVHG�ORRS SROHV DUH DW WKH ORFDWLRQV FRUUHVSRQGLQJ

WR RXU GHVLJQ VSHFLpFDWLRQV� 6HFRQG�RUGHU V\VWHPV DUH JUHDW� EHFDXVH ZH FDQ UHODWH RXU GHVLJQ VSHFLpFDWLRQV

WR WKH SROH�ORFDWLRQV� /HW
V GR WKLV�

�
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)LJXUH �� 3UHOLPLQDU\ 5RRW�/RFXV

�� :H ZLOO VHW WKH IROORZLQJ VSHFLpFDWLRQV IRU RXU QRPLQDO GHVLJQ�

s �� ULVH�WLPH RI W
U  ��� VHFRQGV

s RYHUVKRRW� 0S  ����

&DOFXODWH WKH �Q DQG t WKDW ZLOO PHHW WKHVH VSHFLpFDWLRQV IRU D VHFRQG�RUGHU V\VWHP� :KDW DUH WKH

WDUJHW FORVHG�ORRS SROHV"

�� 1RZ WKDW ZH NQRZ ZKHUH ZH ZDQW WR SODFH RXU GRPLQDQW FORVHG�ORRS SROHV� ZH FDQ GHVLJQ RXU FRQWUROOHU

WR GR MXVW WKLV� :H ZLOO WDNH DQ HPSLULFDO DSSURDFK WR WKH GHVLJQ� (VVHQWLDOO\� ZH KDYH WZR SDUDPHWHUV

WR VHOHFW� D DQG N� /HW
V VHH KRZ ZH FDQ VHOHFW WKHVH SDUDPHWHUV WR SODFH WKH FORVHG�ORRS SROHV RQ WKHLU

WDUJHW ORFDWLRQV�

)RU N  �� SORW WKH URRW�ORFXV IRU WKH V\VWHP IRU D  ���� ���� ���� ���� ��� RYHUODLG RQ WKH VDPH SORW�

&KDQJH WKH D[LV WR MXVW IRFXV RQ WKH VPDOO CORRS
 RQ WKH SORW� +LQW� 6VH WKH 0$7/$% FRPPDQG

D[LV�>�� � �� �@�� WR GR WKLV�

+RZ GRHV D DoHFW WKH CWUDMHFWRU\
 �RU ORFXV� RI WKH FORVHG�ORRS SROHV"

)URP DERYH� ZH NQRZ WKDW RXU WDUJHW FORVHG�ORRS SROHV DUH DSSUR[LPDWHO\ DW b�h M�� 6HOHFW D DQG N

VXFK WKDW WKH FORVHG�ORRS SROHV DUH DW WKHVH ORFDWLRQV� +LQW� 6HOHFW D �XS WR WZR GHFLPDO SODFHV ZLOO

GR� VXFK WKDW WKH ORFXV SDVVHV WKURXJK WKH WDUJHW SRLQW� WKHQ XVH WKH UORFpQG FRPPDQG WR pQG WKH N

WKDW ZLOO SXW WKH FORVHG�ORRS SROHV DW WKDW SRLQW�

�� :KDW DUH WKH SROHV DQG ]HURV RI \RXU GHVLJQHG FRPSHQVDWRU ."

�� 3ORW WKH IUHTXHQF\ UHVSRQVH RI \RXU FRPSHQVDWRU� .�

�� 8VH 0$7/$% WR FRQVWUXFW D URRW ORFXV IRU \RXU GHVLJQ� +LQW� 8VH WKH UORFXV FRPPDQG LQ 0$7/$%�

8VH FODVVLFDO URRW ORFXV UXOHV WR GLVFXVV WKH JHQHUDWHG SORW�

�� :KDW DUH WKH LPDJLQDU\ FURVVRYHUV RQ WKH URRW ORFXV" +LQW� 8VH WKH UORFpQG FRPPDQG LQ 0$7/$%�

�� 8VH 0$7/$% WR SORW WKH RSHQ ORRS IUHTXHQF\ UHVSRQVH�

�



�� :KDW LV WKH SKDVH FURVVRYHU IUHTXHQF\ �S�
DVVRFLDWHG ZLWK \RXU GHVLJQ� L�H� DW ZKDW IUHTXHQF\ �S� LV

� /�M�S�
�  b���h ��� GHJ" ���

�� 8VH 0$7/$% WR FRPSXWH N�  
�

M/�M�S�
�M
� :KDW LV WKH VLJQLpFDQFH RI N� DQG �S�

RQ WKH URRW ORFXV

SORWWHG DERYH"

��� :KDW LV WKH XQLW\ JDLQ FURVVRYHU IUHTXHQF\ DVVRFLDWHG ZLWK \RXU GHVLJQ� L�H� WKH ORZHVW IUHTXHQF\� �J �

VXFK WKDW

M/�M�J�M  ���GE�" ���

��� :KDW LV WKH SKDVH PDUJLQ 30 DVVRFLDWHG ZLWK \RXU FRQWURO V\VWHP GHVLJQ" 5HFDOO WKDW

30
G HI

 ��� � � /�M�J� GHJ� ���

:KDW LV WKH VLJQLpFDQFH RI WKH SKDVH PDUJLQ"

��� :KDW LV WKH GRZQZDUG JDLQ PDUJLQ� �*0" :KDW LV LWV SK\VLFDO VLJQLpFDQFH"

��� :KDW LV WKH XSZDUG JDLQ PDUJLQ� �*0" :KDW LV LWV SK\VLFDO VLJQLpFDQFH"

��� :KDW LQIRUPDWLRQ GRHV WKH PDUJLQ FRPPDQG LQ 0$7/$% SURYLGH" +RZ GR WKH UHVXOWV RI WKH PDUJLQ

FRPPDQG UHODWH WR ZKDW \RX KDYH FRPSXWHG DERYH"

��� 3ORW WKH VHQVLWLYLW\ IUHTXHQF\ UHVSRQVH� 5HFDOO WKDW

6
G HI
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��� 2YHU ZKDW IUHTXHQF\ UDQJH LV M6�M��M x ��� ���� GE�"
��� :KDW LV WKH WUDQVIHU IXQFWLRQ IURP U WR WKH WUDFNLQJ HUURU�

HW
G HI

 U b \" ����

3OHDVH QRWH WKDW LW LV QRW 6�

��� :K\ GRHVQ
W WKH VHQVLWLYLW\ GLUHFWO\ WHOO XV DERXW ORZ IUHTXHQF\ FRPPDQG IROORZLQJ" +LQW� 'R QRW

IRUJHW WKH GHpQLWLRQ RI WKH WUDFNLQJ HUURU DQG WKH HoHFW RI WKH SUH�pOWHU : �

��� :KDW LV WKH DSSUR[LPDWH VWHDG\ VWDWH RXWSXW ZKHQ WKH SLWFK DWWLWXGH UHIHUHQFH FRPPDQG LV U�W�  

VLQ �W" +LQW� <RX FDQ UHDG WKLV ULJKW Ro RI WKH ERGH SORW�

��� 3ORW WKH IUHTXHQF\ UHVSRQVH IRU WKH WUDQVIHU IXQFWLRQ IURP U WR WKH WUDFNLQJ HUURU� H
W �FRPSXWHG DERYH��

��� 6XSSRVH WKDW D UHIHUHQFH SLWFK DWWLWXGH FRPPDQG U�W�  $ VLQ��W� v� LV LVVXHG WR WKH FRQWURO V\VWHP�

)RU ZKDW � YDOXHV ZLOO WKH VWHDG\ VWDWH WUDFNLQJ HUURU HWVV VDWLVI\� MHWVV M � ��� $ "
��� :KDW LV WKH DSSUR[LPDWH VWHDG\ VWDWH WUDFNLQJ HUURU� HW

VV
� ZKHQ D UHIHUHQFH FRPPDQG U�W�  VLQ �W

LV LVVXHG WR WKH FRQWURO V\VWHP� ,V \RXU FRQWURO V\VWHP GHVLJQ LQWHQGHG WR RSHUDWH ZLWK D UHIHUHQFH

FRPPDQG U RI WKLV IUHTXHQF\" ([SODLQ�

��� :KDW LV WKH WUDQVIHU IXQFWLRQ IURP U WR WKH FRQWURO� X" 3ORW WKH IUHTXHQF\ UHVSRQVH IRU WKLV WUDQVIHU

IXQFWLRQ� 'LVFXVV KRZ UHIHUHQFH FRPPDQGV DUH DWWHQXDWHG LQ SURGXFLQJ WKH FRQWURO�

�



��� 3ORW WKH FRPSOHPHQWDU\ VHQVLWLYLW\ IUHTXHQF\ UHVSRQVH� 5HFDOO WKDW

7 �V�
G HI

 �b 6�V�� ����

��� 8VH 0$7/$% WR IRUP WKH WUDQVIHU IXQFWLRQ IURP U WR \� 3ORW WKH IUHTXHQF\ UHVSRQVH DVVRFLDWHG ZLWK

WKLV WUDQVIHU IXQFWLRQ� :KDW DUH WKH SROHV DQG ]HURV RI WKH WUDQVIHU�IXQFWLRQ IURP U WR \" ,I \RX

FDQFHO�RXW WKH SROHV ZLWK WKH ]HURV WKDW DUH FORVH WR WKHP� ZKDW DUH \RX OHIW ZLWK" 'RHV WKLV CUHGXFHG


V\VWHP FRUUHVSRQG ZLWK RXU DVVXPSWLRQ RI D SDLU RI GRPLQDQW SROHV" &RPSXWH RXU CWDUJHW
 WUDQVIHU

IXQFWLRQ�

/
WDUJHW�V�  

�

�V� �b M��V� � � M�
����

DQG SORW LWV IUHTXHQF\ UHVSRQVH RYHU WKH IUHTXHQF\ UHVSRQVH RI RXU FORVHG�ORRS V\VWHP DERYH� 'R WKH\

PDWFK FORVHO\"

��� 3ORW WKH RXWSXW UHVSRQVH WR D VWHS FRPPDQG RI �� GHJUHHV� :KDW LV WKH ULVH�WLPH DQG RYHU�VKRRW IRU

WKLV V\VWHP" +RZ FORVHO\ GR WKH\ PDWFK RXU GHVLJQ VSHFLpFDWLRQV" 1RWH� 2XU VLPSOLI\LQJ DVVXPSWLRQV

KDYH WDNHQ XV WKLV IDU� DW WKLV SRLQW� DGGLWLRQDO DQDO\VLV QHHGV WR EH GRQH LI WKH SHUIRUPDQFH QHHGV WR

EH LPSURYHG XSRQ IXUWKHU�

�


