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� (GXFDWLRQDO 8WLOLW\ RI (QYLURQPHQW ��

��� 2SHQ�/RRS 5HVSRQVH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
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� &RQFOXVLRQ DQG )XWXUH 'LUHFWLRQV ��

� $FNQRZOHGJHPHQWV ��



� $EVWU DFW

7KLV SDSHU GHVFULEHV WKH GHYHORSPHQW RI DQ LQWHUDFWLYH 0RGHOLQJ� 6LPXODWLRQ� $QLPDWLRQ� DQG 5HDO�

7LPH &RQWURO �0R6$57� KDUGZDUH�VRIWZDUH WHVWEHG IRU D VPDOO�VFDOH WLOW�ZLQJ URWRUFUDIW ZKLFK

LV EHLQJ GHYHORSHG DW $UL]RQD 6WDWH 8QLYHUVLW\� 7KH KDUGZDUH VHWXS LQFOXGHV D WHVW VWDQG ZKLFK

KDV EHHQ GHVLJQHG DQG EXLOW WR PRGHO WKH KRYHU�qLJKW PRGH RI WKH WLOW�ZLQJ YHKLFOH� 7KH VRIWZDUH

HQYLURQPHQW FRPELQHV WKH XVH RI UHDO�WLPH ��' DQLPDWLRQ� JUDSKLQJ� DQG FRQWURO ZLWK D qH[LEOH�

XVHU�IULHQGO\ LQWHUIDFH WR IDFLOLWDWH WKH PRGHOLQJ DQG FRQWURO V\VWHP GHVLJQ SURFHVV� 1RQOLQHDU DQG

OLQHDU PRGHOV RI WKH SLWFK�D[LV PRWLRQ RI WKH WHVW VWDQG DUH GHYHORSHG DQG LW LV VKRZQ KRZ WKH

0R6$57 VRIWZDUH HQYLURQPHQW� LQ FRQMXQFWLRQ ZLWK 0$7/$%� LV HPSOR\HG LQ WKH GHVLJQ RI WKH

FRQWUROOHU� 7KH SRWHQWLDO WR OLQN WKH VRIWZDUH DQG KDUGZDUH WR IRUP DQ LQWHJUDWHG DQG SRZHUIXO

WHVWEHG IRU FRQWURO V\VWHP GHYHORSPHQW LV GLVFXVVHG�
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� , QWU RGXFWLRQ

7LOW�:LQJ 5RWRUFUDIW 3URMHFW� 7KH +LJK�6SHHG $XWRQRPRXV 5RWRUFUDIW 9HKLFOH �+$59HH�

SURMHFW DW $UL]RQD 6WDWH 8QLYHUVLW\ LV DQ XQGHUJUDGXDWH UHVHDUFK SURMHFW� WKH SXUSRVH RI ZKLFK

LV WR GHVLJQ� EXLOG� DQG q\ D VPDOO�VFDOH WLOW�ZLQJ DLUFUDIW� 7KLV YHKLFOH� ZKHQ qRZQ VXFFHVVIXOO\�

ZLOO GHPRQVWUDWH WKH IHDVLELOLW\ RI WKH WLOW�ZLQJ FRQFHSW IRU VPDOO DLUFUDIW DSSOLFDWLRQV� $ WLOW�ZLQJ

DLUFUDIW KDV WKH DELOLW\ WR SHUIRUP KRYHU qLJKW OLNH D KHOLFRSWHU ZKLOH UHWDLQLQJ WKH KLJK�VSHHG FUXLVH

FDSDELOLWLHV RI D FRQYHQWLRQDO DLUSODQH� 7KLV FODVV RI DLUFUDIW DFFRPSOLVKHV WKLV IHDW WKURXJK WKH URWD�

WLRQ RI LWV ZLQJ IURP D SRVLWLRQ SHUSHQGLFXODU WR LWV IXVHODJH �IRU KRYHU qLJKW� WR D SRVLWLRQ SDUDOOHO

WR LWV IXVHODJH �IRU FUXLVH qLJKW�� 7KH FXUUHQW FRQpJXUDWLRQ RI WKH VWXGHQW GHVLJQHG +$59HH DLUFUDIW

LV DV VKRZQ LQ )LJXUH � EHORZ� IURP ZKLFK D FUXLVH�RQO\ YHUVLRQ RI WKH WLOW�ZLQJ YHKLFOH KDV EHHQ

EXLOW DQG qRZQ VXFFHVVIXOO\�

)LJXUH �� &XUUHQW +$59HH &RQpJXUDWLRQ

+RYHU 7HVW 6WDQG� $ KRYHU�RQO\ YHKLFOH DQG WHVWLQJ ULJ DUH EHLQJ GHYHORSHG IRU D KRYHU WHVWLQJ

SURJUDP� WKH SXUSRVH RI ZKLFK LV WR XQGHUVWDQG WKH G\QDPLFV RI WKH KRYHU qLJKW PRGH� ,W LV UHDOL]HG

WKDW LW ZLOO EH GLrFXOW WR FRQWURO WKH YHKLFOH GXULQJ KRYHU EHFDXVH RI D ODFN RI DHURG\QDPLF GDPSLQJ�

,Q DGGLWLRQ� WKH FRQYHUVLRQ SURFHVV ZLOO LQYROYH SUHFLVH FRQWURO RI VHYHUDO LQSXWV DW RQFH LQ RUGHU WR

SUHYHQW WKH DLUIRLO IURP ORVLQJ OLIW GXULQJ WKH ZLQJ URWDWLRQ SURFHVV� )RU WKHVH UHDVRQV� D FRPSXWHU

FRQWUROOHG VWDELOLW\ DXJPHQWDWLRQ V\VWHP LV EHLQJ GHYHORSHG WR DVVLVW WKH SLORW ZLWK FRQWURO RI WKH

YHKLFOH� 7R DVVLVW LQ WKH GHYHORSPHQW RI WKH VWDELOLW\ DXJPHQWDWLRQ V\VWHP� D WHVW VWDQG KDV EHHQ

GHVLJQHG DQG FRQVWUXFWHG WR PRGHO WKH G\QDPLFV RI KRYHU qLJKW� 7KH WHVW VWDQG LV D 7�VKDSHG

SODWIRUP ZKLFK DOORZV XS WR � GHJUHHV�RI�IUHHGRP �SLWFK� UROO� \DZ� DQG ]�D[LV WUDQVODWLRQ� DQG

���



ZKLFK XWLOL]HV WZR PDLQ HQJLQHV� D SLWFKIDQ� DQG DLOHURQV WR PRGHO DOO RI WKH FRQWURO LQSXWV RI WKH IXOO

YHKLFOH LQ KRYHU qLJKW� 5DWH J\URV �ZKLFK PHDVXUH DQJXODU YHORFLW\� DUH HPSOR\HG WR IHHG EDFN GDWD

RQ WKH PRWLRQ RI WKH WHVW VWDQG� $ WRS YLHZ RI WKH OD\RXW RI WKH WHVW VWDQG LV SURYLGHG LQ )LJXUH ��

)LJXUH �� 7RS 9LHZ RI +$59HH 7HVW 6WDQG

0R6$57 6RIWZDUH (QYLURQPHQW� $ VRIWZDUH HQYLURQPHQW KDV EHHQ GHYHORSHG IRU WKH WLOW�ZLQJ

WHVW VWDQG WR SURYLGH 0RGHOLQJ� 6LPXODWLRQ� $QLPDWLRQ DQG 5HDO�7LPH FRQWURO �0R6$57� RI WKH

WLOW�ZLQJ WHVW VWDQG� 7KLV HQYLURQPHQW LV D XVHIXO WRRO IRU VLPXODWLRQ RI PDWKHPDWLFDO PRGHOV� YLVX�

DOL]DWLRQ XVLQJ ��' JUDSKLFV� DQG FRQWUROOHU GHYHORSPHQW�

,QWHUDFWLYH +DUGZDUH�6RIWZDUH 7HVWEHG� 7KH 0R6$57 VRIWZDUH HQYLURQPHQW FDQ EH FRQ�

QHFWHG WR WKH KDUGZDUH WHVW VWDQG WKURXJK WKH XVH RI D GDWD DFTXLVLWLRQ ERDUG LQ RUGHU WR SURYLGH

UHDO�WLPH GDWD FROOHFWLRQ DQG FRQWURO� 7KLV LQWHUDFWLYH KDUGZDUH�VRIWZDUH WHVWEHG ZLOO EH XVHG IRU

WKH FKDUDFWHUL]DWLRQ RI WKH G\QDPLFV RI WKH WHVW VWDQG �ZKLFK PRGHOV WKH WLOW�ZLQJ YHKLFOH� DQG DV D

SURYLQJ JURXQG IRU WLOW�ZLQJ URWRUFUDIW FRQWURO V\VWHP GHYHORSPHQW�

� 0 DWKHPDWLFDO 0 RGHOV� 3 LWFK�$[LV 0 RWLRQ

7KLV VHFWLRQ GHVFULEHV WKH GHYHORSPHQW RI QRQ�OLQHDU DQG OLQHDU PDWKHPDWLFDO PRGHOV RI WKH SLWFK�

D[LV PRWLRQ RI WKH KDUGZDUH WHVW VWDQG� $ V\VWHP PRGHO LV D VHW RI HTXDWLRQV ZKLFK DGHTXDWHO\
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SUHGLFWV WKH EHKDYLRU RI D V\VWHP WR D VHW RI NQRZQ LQSXWV >�@� 7KH EHKDYLRU XQGHU FRQVLGHUDWLRQ LV

WKDW RI SLWFKLQJ PRWLRQ DQG WKH LQSXW LV WKH WKUXVW JHQHUDWHG E\ WKH SLWFKIDQ�

3K\VLFDO 0RGHO 'HVFULSWLRQ� 7KH WHVW VWDQG ZLOO EH UHSUHVHQWHG DV D WKUHH SRLQW�PDVV V\VWHP

ZKLFK URWDWHV DERXW D p[HG SRLQW IRU WKH GHYHORSPHQW RI WKH PDWKHPDWLFDO PRGHO� /LPLWLQJ WKH IRFXV

RI WKH LQLWLDO PRGHOLQJ WR WKDW RI WKH SLWFKLQJ PRWLRQ UHGXFHV WKH SUREOHP WR D ��GLPHQVLRQDO RQH�

WKXV VLPSOLI\LQJ WKH DQDO\VLV DQG DOORZLQJ WKH IRFXV WR EH RQ WKH XVH RI WKH 0R6$57 HQYLURQPHQW

LQ WKH GHVLJQ SURFHVV �VHH 6HFWLRQ ��� $ ��'2) PRGHO ZLOO EH GHYHORSHG ODWHU DQG LPSOHPHQWHG LQWR

WKH VRIWZDUH HQYLURQPHQW LQ WKH VDPH ZD\ WKLV SLWFK�RQO\ PRGHO KDV EHHQ�

7KH WKUHH SRLQW�PDVVHV UHSUHVHQW WKH JURVV GLVWULEXWLRQ RI PDVV RI WKH WHVW VWDQG� DV VKRZQ LQ

)LJXUH �� 7KH GHpQLWLRQV RI WKH YDULDEOHV LQ WKH pJXUH DUH JLYHQ LQ 7DEOH �� 7KH WUXVWV GXH WR

WKH SLWFKIDQ DQG PDLQ HQJLQHV DUH UHSUHVHQWHG E\ SRLQW IRUFHV DW WKH FHQWHU RI HDFK SURSHOOHU� 7KLV

UHSUHVHQWDWLRQ LV VLPSOH� EXW LW LV VXrFLHQW WR XQGHUVWDQG WKH G\QDPLFV RI WKH SLWFKLQJ PRWLRQ�

)LJXUH �� 7KUHH 3RLQW�0DVV 0RGHO

7DEOH �� 0RGHO 9DULDEOHV

7�  3LWFKIDQ 7KUXVW 7�  0DLQ (QJLQH 7KUXVW
J  ������ IW VHFb� v  3LWFK $QJOH
P�  0DVV RI 0DLQ (QJLQHV P�  0DVV RI 3 LWFKIDQ (QJLQH
P�  0DVV RI 3LWFKIDQ G]  ]E b$[LV 'LVWDQFH RI $OO 0DVVHV
G[�  [E b$[LV 'LVWDQFH RI P� G[�  [E b$[LV 'LVWDQFH RI P�

G[�  [E b$[LV 'LVWDQFH RI P�
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1RQOLQHDU 0DWKHPDWLFDO 0RGHO� 7KH PDWKHPDWLFDO PRGHO LV GHYHORSHG EHJLQQLQJ ZLWK WKH

URWDWLRQDO DQDORJ RI 1HZWRQ
V �QG ODZ� DV GHULYHG LQ DQ\ FODVVLFDO SK\VLFV WH[WERRN >�@� $SSOLFDWLRQ

WR WKH JLYHQ V\VWHP \LHOGV WKH IROORZLQJ HTXDWLRQ RI WKH QRQ�OLQHDU PRGHO� ZKHUH ,  0RPHQW RI
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9DOXHV ZHUH GHWHUPLQHG IRU WKH FRQVWDQWV LQ WKLV HTXDWLRQ EDVHG RQ WKH JHRPHWU\ DQG PDVV

GLVWULEXWLRQ RI WKH WHVW VWDQG� 'XH WR WKH IDFW WKDW WKH FHQWHU RI JUDYLW\ RI WKH VWDQG OLHV RQ WKH

]E�D[LV �ZKLFK SDVVHV WKURXJK WKH SRLQW RI URWDWLRQ� WKH FRV�v� WHUP EHFRPHV ]HUR� ,Q DGGLWLRQ� 7�

�PDLQ HQJLQH WKUXVW� LV VHW WR ]HUR EHFDXVH WKH SLWFKIDQ �7�� LV WKH SULPDU\ FRQWUROOLQJ LQSXW IRU WKH

SLWFK PRWLRQ RI WKH V\VWHP� 7KHVH VXEVWLWXWLRQV DQG VLPSOLpFDWLRQV UHVXOW LQ D QRQOLQHDU PRGHO RI

WKH IROORZLQJ IRUP�

�v b �� VLQ�v�  b���� 7� ���

/LQHDU 0DWKHPDWLFDO 0RGHO� 7KH PRGHO LV QRZ OLQHDUL]HG E\ XVLQJ WKH VPDOO DQJOH DSSUR[LPD�

WLRQ� VLQ�v� | v� 7KH OLQHDU PRGHO LV JLYHQ E\ WKH IROORZLQJ�

�v b �� v  b���� 7� ���

2SHQ�/RRS 7UDQVIHU )XQFWLRQ� 7DNLQJ WKH /DSODFH WUDQVIRUP RI WKH OLQHDU PRGHO \LHOGV WKH

RSHQ�ORRS WUDQVIHU IXQFWLRQ� UHIHUUHG WR DV WKH SODQW� 7KH SODQW LV WKH UHSUHVHQWDWLRQ RI WKH OLQHDU

PRGHO ZKLFK ZLOO EH XVHG WR GHYHORS WKH FRQWURO V\VWHP� ,W LV NQRZQ WKDW WKH SODQW LV XQVWDEOH

EHFDXVH LW SRVVHVVHV D SROH DW V ��� 6LPXODWLQJ WKH RSHQ�ORRS VWHS UHVSRQVH �6HFWLRQ �� YHULpHV WKLV

FRQFOXVLRQ�

3 �V�  
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� &RQWU ROOHU 'HYHORSPHQW

$W WKLV SRLQW� DQ DXWRPDWLF FRQWUROOHU LV GHYHORSHG ZKLFK ZLOO DUWLpFLDOO\ VWDELOL]H WKH V\VWHP� $Q

DXWRPDWLF FRQWUROOHU FRPSDUHV WKH DFWXDO SODQW RXWSXW ZLWK WKH GHVLUHG YDOXH DQG SURGXFHV D FRQWURO

VLJQDO ZKLFK ZLOO UHGXFH WKH GLoHUHQFH EHWZHHQ WKH DFWXDO DQG GHVLUHG �UHIHUUHG WR DV WKH HUURU� WR

]HUR RU D VPDOO DPRXQW >�@� 7KH JRDO RI WKLV PDWKHPDWLFDO GHVLJQ SURFHVV LV WR GHWHUPLQH D FRQWUROOHU

WUDQVIHU IXQFWLRQ �RU FRPELQDWLRQ RI 7)V� ZKLFK ZLOO SURGXFH WKH GHVLUHG WUDQVLHQW DQG VWHDG\�VWDWH

UHVSRQVH�

6HULHV &RPSHQVDWLRQ� 7KH GHVLJQ RI WKH FRQWUROOHU EHJLQV ZLWK WKH GHVLJQ RI D VHULHV FRPSHQVDWLRQ

FRQWUROOHU �LQ VHULHV ZLWK WKH SODQW�� 7KH IXQGDPHQWDO IRUP RI WKH FRQWUROOHU �.�� LV FKRVHQ WR EH

WKDW RI D EDVLF 3,' FRQWUROOHU ZLWK WKH DGGLWLRQ RI D �V��� WHUP LQ WKH QXPHUDWRU WR FDQFHO WKH SROH

DW V ��� DV VKRZQ LQ (TXDWLRQ ��

.��V�  
bN�V� D��V� ��

V
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8VH RI WKLV FRQWUROOHU \LHOGV D FORVHG�ORRS WUDQVIHU IXQFWLRQ RI WKH IROORZLQJ IRUP�

7)�  
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7KH SXUSRVH RI HPSOR\LQJ D FRQWURO V\VWHP LV WR PRGLI\ WKH V\VWHP VXFK WKDW WKH GHVLUHG WUDQVLHQW

DQG VWHDG\�VWDWH UHVSRQVH LV REWDLQHG� 8QLW VWHS UHVSRQVHV IRU YDULRXV GDPSLQJ UDWLRV �t� DUH JLYHQ

E\ 2JDWD >�@� +H VWDWHV WKDW D GDPSLQJ UDWLR EHWZHHQ ��� DQG ��� VKRXOG EH FKRVHQ WR DFKLHYH D

GHVLUDEOH WUDQVLHQW UHVSRQVH� )RU WKLV V\VWHP� t  ��� LV FKRVHQ IRU LWV TXLFN ULVH WLPH DQG PLQLPDO

RYHUVKRRW� $ GDPSLQJ UDWLR RI ��� FDQ EH DFKLHYHG E\ SODFLQJ WKH FORVHG�ORRS SROHV DW ��hM� 9DOXHV
RI �N� DQG �D� DUH VROYHG IRU VXFK WKDW WKLV FRQGLWLRQ LV VDWLVpHG� 7KH FKDUDFWHULVWLF HTXDWLRQ KDV WKH

IRUP RI (TXDWLRQ � IRU SROH SRVLWLRQV RI ��hM�

V� � �V� �  � ���

&RPSDULVRQ ZLWK WKH FKDUDFWHULVWLF HTXDWLRQ RI WKH V\VWHP UHVXOWV LQ �N� DQG �D� YDOXHV DV VKRZQ

EHORZ�
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N  ����� D  ����� ���

(TXDWLRQ � UHSUHVHQWV WKH IXQGDPHQWDO IRUP RI WKH FRQWUROOHU� EXW LV LQ LWVHOI LPSURSHU� ,Q RUGHU

WR PDNH WKH V\VWHP VWULFWO\ SURSHU� WKH IROORZLQJ WHUP LV LQFOXGHG LQ WKH FRQWUROOHU� 7KLV WHUP ZLOO

UHGXFH WKH HoHFWV RI KLJK�IUHTXHQF\ QRLVH DQG OLPLW WKH PDJQLWXGH RI WKH LQSXW WR WKH SODQW�

.VS�V�  
���

�V� ����
���

7KH FRPSOHWH VHULHV FRPSHQVDWLRQ FRQWUROOHU LV VKRZQ LQ WKH IROORZLQJ pJXUH RI WKH FORVHG�ORRS

FRQWURO EORFN GLDJUDP�

)LJXUH �� 6HULHV &RPSHQVDWLRQ &RQWURO %ORFN 'LDJUDP

)HHG�)RUZDUG &RPSHQVDWLRQ� 7KLV FRQWUROOHU ZLOO VWDELOL]H WR WKH UHIHUHQFH FRPPDQG �L�H��

QR VWHDG\�VWDWH HUURU�� EXW D YHU\ ODUJH RYHUVKRRW LV DOVR SUHVHQW �VHH GHWDLOV RI WKH VLPXODWLRQ LQ

6HFWLRQ ��� 7KLV RYHUVKRRW LV GXH WR WKH GHULYDWLYH FRQWURO DFWLRQ �VHH QXPHUDWRU RI (TXDWLRQ ��� $

IHHG�IRUZDUG FRQWUROOHU LV HPSOR\HG WR UHGXFH WKH RYHUVKRRW �(TXDWLRQ ���� 7KLV FRQWUROOHU LV FKRVHQ

EDVHG RQ WKH RXWSXW RI .� DW ODUJH IUHTXHQFLHV�

.��V�  
N�V� �������

�V� ����
����

7KH PRGLpHG FRQWURO EORFN GLDJUDP �ERWK VHULHV DQG IHHG�IRUZDUG FRPSHQVDWLRQ DQG QHJDWLYH

IHHGEDFN� LV VKRZQ LQ )LJXUH � XVLQJ WKH QRQOLQHDU PRGHO� 7KH OLQHDU FORVHG�ORRS V\VWHP LV REWDLQHG

E\ UHSODFLQJ WKH QRQOLQHDU PRGHO EORFNV ZLWK WKH EORFN UHSUHVHQWLQJ WKH SODQW�

7KH FORVHG�ORRS WUDQVIHU IXQFWLRQ IRU WKH QHZ EORFN GLDJUDP LV JLYHQ EHORZ� 7KH GHULYDWLYH WHUP

KDV EHHQ HOLPLQDWHG IURP WKH QXPHUDWRU DQG WKH RYHUVKRRW LV UHGXFHG WR D VPDOO DPRXQW� 6HFWLRQ �

H[SORUHV WKLV LQ PRUH GHWDLO�
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)LJXUH �� &RPSOHWH &RQWURO %ORFN 'LDJUDP

7)�  
����

V� � ��V� � ����V� � ����V� ����
����

� 0 R6$57 6RIWZDU H ( QYLU RQPHQW

7KLV VHFWLRQ GHVFULEHV WKH 0R6$57 VRIWZDUH HQYLURQPHQW IRU WKH WLOW�ZLQJ WHVW VWDQG� 7KH JHQHUDO

VWUXFWXUH RI WKH HQYLURQPHQW LV GLVFXVVHG� DV ZHOO DV WKH IXQFWLRQDOLW\ DQG FRQWHQW RI WKH LQGLYLGXDO

HQYLURQPHQW PRGXOHV�

$ 0R6$57 HQYLURQPHQW LV DQ LQWHUDFWLYH DSSOLFDWLRQ IRU VLPXODWLQJ DQG YLVXDOL]LQJ D YDULHW\ RI

FRPSOH[ V\VWHPV� 7KH 0R6$57 WHDP DW $68 KDV GHYHORSHG VHYHUDO V\VWHP�VSHFLpF HQYLURQPHQWV

>�@ >�@ >�@ >�@ >�@ >�@� XVLQJ VRIWZDUH ZKLFK RSHUDWHV RQ DQ\ 3&�FRPSDWLEOH FRPSXWHU UXQQLQJ 0LFURVRIW

:LQGRZV 
�� RU 17� )RU RSWLPXP SHUIRUPDQFH� D IDVW 3HQWLXP SURFHVVRU DQG �'�DFFHOHUDWHG YLGHR

FDUG LV UHFRPPHQGHG�

7KH 7LOW�:LQJ 7HVW 6WDQG 0R6$57 (QYLURQPHQW LV RUJDQL]HG DV IRXU FRUH PRGXOHV� 7KH 3UR�

JUDP ,QWHUIDFH 0RGXOH �3,0�� WKH 6LPXODWLRQ 0RGXOH �6,0�� WKH *UDSKLFDO $QLPDWLRQ 0RGXOH

�*$0�� DQG WKH +HOS�,QVWUXFW 0RGXOH �+,0�� (DFK RI WKHVH PRGXOHV LV GLVFXVVHG EHORZ�

��� 3 U RJU DP , QWHU IDFH 0 RGXOH �3 , 0 �

7KH 3URJUDP ,QWHUIDFH 0RGXOH �3,0� SURYLGHV DQ LQWHUIDFH EHWZHHQ D XVHU DQG WKH �7LOW�:LQJ

7HVW 6WDQG (QYLURQPHQW SURJUDP� :ULWWHQ LQ WKH 0LFURVRIW )RXQGDWLRQ &ODVVHV �0)&� IUDPHZRUN

RI 0LFURVRIW 9LVXDO &�� DQG VWDQGDUG :LQGRZV 
��� WKH HQYLURQPHQW SURYLGHV SXOO�GRZQ PHQXV

���



ZKLFK SHUPLW WKH XVHU WR VHOHFW PRGHOV� DOJRULWKPV� DQG SDUDPHWHUV� 7KH XVHU� IRU H[DPSOH� FDQ�

VHOHFW�HGLW D VLPXODWLRQ PRGHO �H�J� OLQHDU�QRQOLQHDU�� VHOHFW�HGLW WKH LQSXW VLJQDOV WR WKH VLPXODWLRQ

�H�J� VWHSV� VLQXVRLGV� HWF��� YLHZ�FKDQJH WKH VLPXODWLRQ SDUDPHWHUV� VDYH�ORDG WKH VLPXODWHG GDWD� RU

SRVW�SURFHVV WKH GDWD LQ 0$7/$%� 7KH DFWLYH FKLOG ZLQGRZ FRQWDLQV D EORFN�GLDJUDP UHSUHVHQWDWLRQ

RI WKH V\VWHP �VHH )LJXUH ��� 7KH XVHU PD\ HGLW SDUDPHWHUV DVVRFLDWHG ZLWK DQ\ RI WKH DYDLODEOH

FRPSRQHQWV VLPSO\ E\ FOLFNLQJ WKH PRXVH RQ WKH ER[� RU WKURXJK WKH PHQXV� &RPPRQ IXQFWLRQV DUH

DFFHVVLEOH WKURXJK WKH qRDWLQJ�GRFNLQJ WRRO EDU� ZKLFK KDV D 9&5�VW\OH FRQWURO SDQHO IRU FRQWUROOLQJ

WKH VLPXODWLRQ�

)LJXUH �� %ORFN�'LDJUDP 6\VWHP 5HSUHVHQWDWLRQ

��� 6LPXODWLRQ 0 RGXOH �6, 0 �

7KH VLPXODWLRQ HQJLQH XVHV D PDWUL[�DOJHEUD &�� FODVV WRROVHW VSHFLpFDOO\ GHYHORSHG IRU WKLV DSSOL�

FDWLRQ� ,W XWLOL]HV DQ LWHUDWLYH DOJRULWKP ZKLFK QXPHULFDOO\ VROYHV WKH RUGLQDU\ GLoHUHQWLDO HTXDWLRQV

GHVFULELQJ WKH V\VWHP DQG LV FDSDEOH RI VLPXODWLQJ D V\VWHP ZKLFK LV EDVHG RQ D YHU\ JHQHUDO EORFN

GLDJUDP VWUXFWXUH �)LJXUH ��� 7KH XVHU FDQ VSHFLI\ WKH XVH RI GLoHUHQW LQWHJUDWLRQ PHWKRGV� LQSXWV�

DQG RWKHU SDUDPHWHUV RI WKH V\VWHP� 7KH VLPXODWLRQ FDQ DFFHSW XVHU FKDQJHV LQ UHDO�WLPH� HYHQ DV

WKH VLPXODWLRQ LV SURJUHVVLQJ� 6HYHUDO LQWHJUDWLRQ PHWKRGV DUH VXSSRUWHG� LQFOXGLQJ EDVLF�(XOHU DQG

D �WK RUGHU 5XQJH�.XWWD� 0RUH FRPSOH[ VLPXODWLRQV PD\ EH GHYHORSHG DQG FDQ WDNH DGYDQWDJH RI

GLUHFW DFFHVV WR 0$7/$% ��� VFULSWV DQG WRROER[HV XVLQJ WKH 0$7/$% (QJLQH &RPPXQLFDWLRQ

/LQN�

���



��� *U DSKLFV�$QLPDWLRQ 0 RGXOH �*$0 �

7KH PDLQ SXUSRVH RI WKH *UDSKLFV�$QLPDWLRQ 0RGXOH �*$0� LV WR FUHDWH�PDQLSXODWH JUDSKLFV

DQG DQLPDWLRQV XVLQJ GDWD JHQHUDWHG E\ WKH VLPXODWLRQ PRGXOH� 'DWD� SORWV� DQG DQLPDWLRQV DUH

GLVSOD\HG ZLWKLQ FKLOG ZLQGRZV� 7KH DELOLW\ WR YLVXDOL]H WKH VLPXODWLRQ LV D NH\ IHDWXUH RI WKLV

HQYLURQPHQW� 6HYHUDO YLVXDO UHSUHVHQWDWLRQV RI WKH VLPXODWLRQ DUH DYDLODEOH WR WKH XVHU� LQFOXGLQJ�

UHDO�WLPH YDULDEOH GLVSOD\ ZLQGRZV� UHDO�WLPH JUDSKLQJ ZLQGRZV� DQG ��GLPHQVLRQDO DQLPDWLRQ ZLQ�

GRZV�

5HDO�7LPH *UDSKLQJ :LQGRZV� 7KLV ZLQGRZ VKRZV D FRQWLQXRXVO\ XSGDWHG OLVW RI WKH HVVHQWLDO

VWDWH YDULDEOHV RI WKH VLPXODWLRQ� $GGLWLRQDO LQIRUPDWLRQ LQFOXGLQJ WKH VLPXODWHG�WLPH�UHDO�WLPH

UDWLR DQG WKH QXPEHU RI GLVSOD\HG IUDPHV�SHU�VHFRQGV DUH DOVR GLVSOD\HG�

)LJXUH �� 7LOW�:LQJ 7HVW 6WDQG ��' $QLPDWLRQ :LQGRZ

��'LPHQVLRQDO $QLPDWLRQ :LQGRZV� 7KLV ZLQGRZ VKRZV DQ DQLPDWHG UHDO�WLPH ��GLPHQVLRQDO

JUDSKLF� 7KH REMHFW HOHPHQWV DUH UHSUHVHQWHG E\ WH[WXUH�PDSSHG OLJKW�VKDGHG SRO\JRQV� 7KH XVHU

����



PD\ VSHFLI\ D YLHZ�SRLQW DQG YLHZLQJ SHUVSHFWLYH LQ UHDO�WLPH� 7KLV YLHZ LV ULFK LQ GHWDLO DQG DOORZV

WKH YLHZHU WR TXLFNO\ GLVFHUQ WKH VSDWLDO UHODWLRQVKLSV RI WKH VLPXODWHG REMHFWV� 7KH DQLPDWLRQ LV

DFKLHYHG XVLQJ 'LUHFW��' >��@� 7KH HQYLURQPHQW XWLOL]HV 'LUHFW��' YHUVLRQ ��� ZKLFK LV VXSSRUWHG

RQ :LQGRZV 
�� DQG :LQGRZV 17� 'LUHFW��' RoHUV PDQ\ IHDWXUHV� VXFK DV DGYDQFHG UHQGHULQJ RS�

WLRQV �*RXUDXG VKDGLQJ DQG 3KRQJ VKDGLQJ >��@�� WH[WXUH PDSSLQJ� DQG D VWDQGDUG REMHFW�GHpQLWLRQ

pOH�IRUPDW� $ VFUHHQ VKRW RI WKH WLOW�ZLQJ WHVW VWDQG ��' DQLPDWLRQ ZLQGRZ LV JLYHQ LQ )LJXUH ��

��� + HOS�, QVWU XFW 0 RGXOH �+ , 0 �

7KLV PRGXOH DOORZV IRU WKH LQFOXVLRQ RI RQ�OLQH WXWRULDOV� ,W DOVR FRQWDLQV EDVLF KHOS LQIRUPDWLRQ IRU

XVLQJ WKH HQYLURQPHQW� :LWK WKH LQFOXVLRQ RI GLUHFW OLQNV WR +\SHUWH[W�0DUNXS /DQJXDJH �+70/�

IRUPDW GRFXPHQWV� XVHUV FDQ FDOO XS KHOS DQG LQIRUPDWLRQ GLUHFWO\ IURP WKH HQYLURQPHQW� 7KLV

DOORZV WKH FUHDWLRQ RI GHWDLOHG RQ�OLQH WXWRULDOV DQG SURMHFW JXLGHOLQHV�

� ( GXFDWLRQDO 8WLOLW\ RI ( QYLU RQPHQW

,Q WKLV VHFWLRQ� WKH XWLOLW\ RI WKH 7LOW�:LQJ 7HVW 6WDQG 0R6$57 (QYLURQPHQW LV GLVFXVVHG� 6SHFLp�

FDOO\� WKH XVHIXOQHVV RI WKH HQYLURQPHQW LQ WKH FRQWUROOHU GHVLJQ SURFHVV LV GHPRQVWUDWHG�

��� 2SHQ�/RRS 5HVSRQVH

7KH VWHS UHVSRQVH RI WKH QRQOLQHDU DQG OLQHDU PRGHOV ZDV VLPXODWHG LQ RUGHU WR H[SORUH WKH QDWXUDO

VWDELOLW\ RI WKH V\VWHP� )LJXUH � LOOXVWUDWHV VHYHUDO DVSHFWV RI WKH HQYLURQPHQW ZKLFK IDFLOLWDWH WKH

VLPXODWLRQ SURFHVV� 7KH JHQHUDO FRQWURO EORFN GLDJUDP �)LJXUH �� SURYLGHV HDV\ PRGLpFDWLRQ RI DQ\

V\VWHP SDUDPHWHUV �LQ WKH RSHQ�ORRS FDVH RQO\ WKH SODQW LV XVHG DQG WKH IHHGEDFN SDWKV DUH QRW

HPSOR\HG�� 7KH ��' DQLPDWLRQ ZLQGRZ SURYLGHV YLVXDOL]DWLRQ RI WKH UHVSRQVH RI WKH V\VWHP LQ UHDO�

WLPH� 'HWDLOV RI WKH VLPXODWLRQ� LQFOXGLQJ LQWHJUDWLRQ PHWKRG DQG VWHS VL]H� FDQ EH DGMXVWHG WKURXJK

GLDORJ ER[HV VXFK DV WKH RQH LQ )LJXUH �� )LQDOO\� WKH SLWFK�DQJOH LV SORWWHG YV� WLPH WR SURYLGH D

JUDSKLFDO UHSUHVHQWDWLRQ RI WKH LQVWDELOLW\ RI WKH RSHQ�ORRS V\VWHP�

7KH H[DPSOH LQ )LJXUH � LV IRU WKH OLQHDU PRGHO� DQG )LJXUH � LV D SORW RI WKH RSHQ�ORRS VWHS

UHVSRQVH RI ERWK WKH OLQHDU DQG QRQOLQHDU PRGHOV WRJHWKHU IRU FRPSDULVRQ SXUSRVHV�

����



)LJXUH �� 2SHQ�/RRS /LQHDU 6WHS 5HVSRQVH

7KLV SORW LOOXVWUDWHV YHU\ ZHOO WKH GLoHUHQFHV EHWZHHQ WKH OLQHDU DQG QRQOLQHDU PRGHOV� 7KH

UHVSRQVHV DUH YHU\ VLPLODU IRU VPDOO DQJOHV� EXW TXLFNO\ GLYHUJH RQFH WKH SLWFK DQJOH EHFRPHV ODUJH�

$OVR� WKH RVFLOODWRU\ QDWXUH RI WKH QRQOLQHDU UHVSRQVH LV QRW UHSUHVHQWHG LQ WKH OLQHDU PRGHO� %RWK

PRGHOV SUHGLFW DQ XQVWDEOH V\VWHP� ZKLFK LV YHULpHG E\ REVHUYDWLRQ RI WKH DFWXDO KDUGZDUH� 7KH

OLQHDU PRGHO LV D JRRG DSSUR[LPDWLRQ IRU VPDOO DQJOHV� EXW WKH QRQOLQHDU PRGHO LV FHUWDLQO\ EHWWHU RYHU

D ODUJH UDQJH RI SLWFK DQJOH� 7KH VRIWZDUH HQYLURQPHQW LV D XVHIXO WRRO IRU YLVXDOL]LQJ WKH GLoHUHQFHV

EHWZHHQ WKH OLQHDU DQG QRQOLQHDU PRGHOV EHFDXVH RQH FDQ VZLWFK EHWZHHQ WKHP DQG REVHUYH WKH
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)LJXUH ��� 2SHQ�/RRS %RGH 3ORWV

7KH IUHTXHQF\ UHVSRQVH FDQ DOVR EH H[SORUHG WKURXJK WKH XVH RI %RGH SORWV� 7KH %RGH SORWV IRU

WKH SODQW FDQ EH REWDLQHG XVLQJ WKH VRIWZDUH HQYLURQPHQW WKURXJK WKH XVH RI 0$7/$%
V FDSDELO�

LWLHV� *LYHQ LQ )LJXUH ��� WKH RSHQ�ORRS %RGH SORWV VKRZ WKDW WKH PDJQLWXGH LV | b� G% IRU ORZ

IUHTXHQFLHV DQG WKHQ GURSV Ro DERYH �  ��

��� &RQWU ROOHU 'HVLJQ

6LQFH WKH RSHQ�ORRS DQDO\VLV KDV VKRZQ WKH V\VWHP WR EH XQVWDEOH� LW LV QHFHVVDU\ WR GHVLJQ D FRQ�

WUROOHU WR VWDELOL]H WKH V\VWHP DQG SURYLGH WKH GHVLUHG WUDQVLHQW DQG VWHDG\�VWDWH UHVSRQVH� 7KH

FRQWURO V\VWHP ZDV ODLG RXW LQ GHWDLO LQ 6HFWLRQ �� DQG LQ WKLV VHFWLRQ WKH XWLOLW\ RI WKH 0R6$57

VRIWZDUH HQYLURQPHQW LQ WKH GHVLJQ SURFHVV LV GLVFXVVHG�

6HULHV &RQWUROOHU� $IWHU D VHULHV FRPSHQVDWRU ZDV GHYHORSHG ZLWK DSSURSULDWH �N� DQG �D� YDOXHV

�VHH 6HFWLRQ ��� WKH QHZ FORVHG�ORRS V\VWHP ZDV VLPXODWHG IRU ERWK WKH OLQHDU DQG QRQOLQHDU PRGHOV�

7KH VWHS UHVSRQVH FXUYHV ZHUH SORWWHG DQG DUH VKRZQ LQ )LJXUH ��� 7KLV JUDSK VKRZV WKDW WKH VHULHV

FRPSHQVDWLRQ GRHV LQGHHG VWDELOL]H WKH V\VWHP WR WKH LQSXW ��� GHJUHHV LQ WKLV FDVH�� EXW WKHUH LV

D ODUJH RYHUVKRRW DVVRFLDWHG ZLWK WKH UHVSRQVH� 7KLV LV D YHU\ XQGHVLUDEOH HoHFW ZKLFK FDQ EH VHHQ

TXLWH FOHDUO\ WKURXJK ��' DQLPDWLRQ RI WKH WHVW VWDQG�
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)LJXUH ��� /LQHDU�1RQOLQHDU 6HULHV &RPSHQVDWLRQ &ORVHG�/RRS 6WHS 5HVSRQVH

6HULHV�)HHG�)RUZDUG &RQWURO� $V DOUHDG\ PHQWLRQHG LQ 6HFWLRQ �� WKH RYHUVKRRW LV FDXVHG E\

WKH GHULYDWLYH DFWLRQ WHUP RI WKH VHULHV FRPSHQVDWRU� 7KH RYHUVKRRW LV HOLPLQDWHG WKURXJK WKH XVH

RI D IHHG�IRUZDUG FRPSHQVDWRU� ZKLFK FDQ HDVLO\ EH LQFRUSRUDWHG LQ WKH JHQHUDO EORFN GLDJUDP RI

WKH 0R6$57 HQYLURQPHQW �VHH )LJXUH ��� $ VLPXODWLRQ RI WKH V\VWHP LQFRUSRUDWLQJ VHULHV DQG IHHG�

IRUZDUG FRQWURO ZDV SHUIRUPHG DQG WKH RYHUVKRRW ZDV REVHUYHG WR EH UHGXFHG WR D YHU\ IDYRUDEOH

DPRXQW �VHH )LJXUH ����
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7KH DQLPDWLRQ SURYLGHV D JRRG YLVXDOL]DWLRQ RI WKH LPSURYHPHQW LQ WKH SHUIRUPDQFH ZKHQ WKH
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IHHG�IRUZDUG FRQWUROOHU LV DGGHG WR WKH V\VWHP� &KDQJHV VXFK DV WKLV FDQ EH LPSOHPHQWHG LQ WKH

HQYLURQPHQW TXLFNO\ VR WKDW WKH SRVLWLYH DQG QHJDWLYH TXDOLWLHV RI WKH FKDQJH FDQ EH DVFHUWDLQHG�

7KH DELOLW\ WR PDNH VXFK FKDQJHV DQG VHH WKH UHVXOWV �WKURXJK ERWK DQLPDWLRQ DQG JUDSKLQJ� ZLWKLQ

VHFRQGV PDNHV WKH 0R6$57 HQYLURQPHQW D SRZHUIXO FRQWURO V\VWHP GHVLJQ WRRO�

+LJK YV� /RZ *DLQ &RQWUROOHUV� )URP WKH SUHYLRXV WZR H[DPSOHV� WKH OLQHDU DQG QRQOLQHDU VWHS

UHVSRQVHV ZHUH SORWWHG DQG IRXQG WR FRUUHVSRQG YHU\ FORVHO\� $ JUDSK RI WKH HUURU EHWZHHQ WKH WZR

FXUYHV LQ JLYHQ LQ )LJXUH ���
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)LJXUH ��� (UURU %HWZHHQ /LQHDU DQG 1RQOLQHDU &ORVHG�/RRS 6WHS 5HVSRQVH IRU 2ULJLQDO 'HVLJQ

7KH PD[LPXP HUURU IRU D �� GHJUHH LQSXW LV ����� GHJUHHV� ZKLFK FRUUHVSRQGV WR ���� SHUFHQW

HUURU LQ WKH OLQHDU PRGHO� 7KLV HUURU VHHPV WR EH WRR VPDOO EDVHG RQ WKH IDFW WKDW WKH DSSUR[LPDWLRQ

VLQ�v� } v KDV ���� SHUFHQW HUURU DW v  �� GHJUHHV� 7KLV �PDVNLQJ� RI WKH QRQ�OLQHDULW\ LV GXH

WR WKH UHODWLYHO\ KLJK JDLQ RI WKH FRQWUROOHU� %\ FKRRVLQJ WR SODFH WKH FORVHG ORRS SROHV DW D ORFDWLRQ

FORVHU WR WKH RULJLQ� VD\ b���h ���M� WKH UHVSRQVH ZLOO EH VORZHU DQG WKH QRQ�OLQHDULW\ ZLOO EH PRUH
DSSDUHQW� ,Q RUGHU WR VLPXODWH WKLV QHZ ORZHU�EDQGZLGWK FRQWUROOHU LQ WKH 0R6$57 HQYLURQPHQW�

QHZ YDOXHV RI �N� DQG �D� DUH FDOFXODWHG WR EH�

N  ����� D  ������� ����

7KH QHZ FRQWURO V\VWHP KDV WKH VDPH IRUP DV WKH KLJKHU EDQGZLGWK YHUVLRQ� EXW ZLWK GLoHUHQW
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FRQVWDQWV� 7KLV QHZ V\VWHP LV HDVLO\ LQFRUSRUDWHG LQ WKH VRIWZDUH HQYLURQPHQW E\ DGMXVWLQJ WKH
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)LJXUH ��� &ORVHG�/RRS %RGH 3ORWV

7KH PD[LPXP HUURU LV ���� GHJUHHV� ZKLFK FRUUHVSRQGV WR ��� SHUFHQW HUURU� $ � SHUFHQW HUURU

DW �� GHJUHHV LQSXW LV D PXFK PRUH UHDVRQDEOH YDOXH EDVHG RQ WKH VLQ�v� | v DSSUR[LPDWLRQ�

$Q H[DPLQDWLRQ RI WKH %RGH SORWV RI WKH FORVHG�ORRS V\VWHP ZLOO HQOLJKWHQ WKH VLWXDWLRQ� 7KH

VRIWZDUH HQYLURQPHQW FDQ WDNH DGYDQWDJH RI 0$7/$%
V FDSDELOLWLHV WR SURGXFH WKH GHVLUHG %RGH

����



SORW �)LJXUH ���� 7KH PDJQLWXGH YV� IUHTXHQF\ SORW VKRZV WKDW WKH PDJQLWXGH GURSV Ro TXLFNO\ DW

KLJKHU IUHTXHQFLHV� EXW LV XQLW\ IRU ORZ IUHTXHQFLHV�

7KLV H[HUFLVH KDV VKRZQ WKDW WKH VLPXODWLRQV DSSHDU WR EH UXQQLQJ FRUUHFWO\� 7KH LQLWLDO FRQWUROOHU

ZKLFK ZDV GHVLJQHG KDV D KLJK UHODWLYH JDLQ DQG WKXV PDNHV WKH UHVSRQVH RI WKH QRQ�OLQHDU PRGHO

DSSHDU PRUH OLQHDU� 7KH VHFRQG FRQWUROOHU LV RI D ORZHU JDLQ ZKLFK UHYHDOV WKH QRQ�OLQHDULW\ ZKLFK

LV SUHVHQW LQ WKH QRQ�OLQHDU PRGHO� 7KH pUVW FRQWUROOHU LV PRUH GHVLUDEOH EHFDXVH LW \LHOGV D PXFK

IDVWHU VHWWOLQJ WLPH� KRZHYHU SUDFWLFDO OLPLWDWLRQV PD\ OLPLW WKH JDLQ RQ WKH FRQWUROOHU ZKLFK FDQ EH

XVHG LQ WKH DFWXDO V\VWHP�

� &RQFOXVLRQ DQG )XWXU H 'LU HFWLRQV

7KLV SDSHU KDV GLVFXVVHG WKH GHYHORSPHQW RI DQ LQWHUDFWLYH 0RGHOLQJ� 6LPXODWLRQ� $QLPDWLRQ� DQG

5HDO�7LPH FRQWURO �0R6$57� VRIWZDUH�KDUGZDUH WHVWEHG IRU D WLOW�ZLQJ URWRUFUDIW� 7KH GHYHORSPHQW

RI QRQOLQHDU DQG OLQHDU PRGHOV ZDV SUHVHQWHG DQG D FRQWURO V\VWHP ZDV VKRZQ ZKLFK HPSOR\V VHULHV

DQG IHHG�IRUZDUG FRQWURO LQ D FORVHG�ORRS V\VWHP WR DFKLHYH WKH GHVLUHG WUDQVLHQW DQG VWHDG\�VWDWH

UHVSRQVH� $ WLOW�ZLQJ WHVWVWDQG 0R6$57 VRIWZDUH HQYLURQPHQW ZDV GLVFXVVHG ZKLFK DOORZV UDSLG

VLPXODWLRQ DQG ��' YLVXDOL]DWLRQ RI WKH V\VWHP XVLQJ YDULRXV PRGHOV DQG FRQWURO V\VWHP YDULDWLRQV�

7KH XWLOLW\ RI WKLV VRIWZDUH HQYLURQPHQW LQ WKH FRQWURO V\VWHP GHVLJQ SURFHVV ZDV SUHVHQWHG ZLWK

VHYHUDO H[DPSOHV LOOXVWUDWLQJ YDULRXV DVSHFWV RI WKH HQYLURQPHQW�

7KH QH[W VWHS LQ WKH GHYHORSPHQW RI WKH KDUGZDUH�VRIWZDUH WHVWEHG LV WR OLQN WKH SK\VLFDO WHVW

VWDQG WR WKH VRIWZDUH HQYLURQPHQW VR WKDW UHDO�ZRUOG GDWD FDQ EH REWDLQHG DQG DQDO\]HG� 7KLV FDQ

EH DFKLHYHG WKURXJK WKH XVH RI D GDWD DFTXLVLWLRQ ERDUG WR WUDQVPLW GDWD IURP WKH UDWH J\URV RQ

ERDUG WKH WHVW VWDQG WR WKH FRPSXWHU DQG WR WUDQVPLW FRQWURO GDWD IURP WKH FRPSXWHU WR WKH HQJLQHV

DQG DLOHURQV RI WKH WHVW VWDQG�

2I FRXUVH� IRU WKH IXOO FRQWURO RI WKH WLOW�ZLQJ WHVW VWDQG� D FRQWURO V\VWHP ZKLFK LV EDVHG RQ

WKH ��'2) V\VWHP PXVW EH GHVLJQHG� 7KH pUVW VWHS LV WR GHYHORS D ��'2) PRGHO LQ D PDQQHU

VLPLODU WR WKDW XVHG WR GHYHORS WKH SLWFK�D[LV PRGHO SUHVHQWHG LQ WKLV SDSHU� 7KH WLOW�ZLQJ WHVW

VWDQG 0R6$57 HQYLURQPHQW FDQ WKHQ EH XWLOL]HG LQ WKH FRQWURO V\VWHP GHVLJQ SURFHVV DV VKRZQ IRU

WKH SLWFKLQJ PRWLRQ FDVH�

7KH KDUGZDUH�VRIWZDUH WHVWEHG ZKLFK LV EHLQJ GHYHORSHG ZLOO SURYLGH DQ LQWHUDFWLYH WRRO IRU WKH

GHYHORSPHQW RI D FRQWURO V\VWHP IRU WKH +LJK�6SHHG $XWRQRPRXV 5RWRUFUDIW 9HKLFOH �+$59HH��

����



7KLV WHVWEHG ZLOO EH LQYDOXDEOH GXH WR LWV DELOLW\ WR FROOHFW UHDO�ZRUOG GDWD IRU DQDO\VLV DV ZHOO DV WR

SURYLGH UHDO�WLPH FRQWURO RI WKH SK\VLFDO V\VWHP�

� $FNQRZOHGJHPHQWV

'U� 5RGULJXH]
V VXSSRUW RI PH DQG WKLV UHVHDUFK KDV EHHQ VLPSO\ DPD]LQJ� +LV DVVLVWDQFH GXULQJ

WKH FRQWUROOHU GHVLJQ SURFHVV ZDV FUXFLDO WR WKH VXFFHVV RI WKLV SURMHFW WKXV IDU� DQG , KDYH OHDUQHG

PXFK IURP KLV H[SHUWLVH LQ WKLV VXEMHFW� 5LFKDUG 0HW]JHU
V WHFKQLFDO DVVLVWDQFH ZLWK WKH VRIWZDUH

HQYLURQPHQW KDV EHHQ LQYDOXDEOH� , FDQ
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DQG P\ JUDWLWXGH JRHV RXW WR WKHP DOVR�
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