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6WDQIRUG 8QLYHUVLW\ $HURVSDFH 5RERWLFV /DERUDWRU\

6WDQIRUG� &DOLIRUQLD �����

� $EVWUDFW

5HFHQW UHVXOWV LQ PHUJLQJ &DUULHU�3KDVH 'LmHUHQWLDO
*36 �&'*36� VHQVLQJ ZLWK YLVLRQ�EDVHG VHQVLQJ WR
FRQWURO D VPDOO DXWRQRPRXV KHOLFRSWHU DUH SUHVHQWHG�
7KH KHOLFRSWHU LV D KHDYLO\ PRGLnHG \HW ORZ�FRVW NLW
KHOLFRSWHU WKDW LQFOXGHV D IXOO RQ�ERDUG &'*36 V\V�
WHP� VWHUHR YLGHR FDPHUDV� DQG VXpFLHQW FRPSXWD�
WLRQDO FDSDELOLWLHV WR SHUIRUP IXOO\ DXWRQRPRXV PLV�
VLRQV� 7KH GHPRQVWUDWLRQ PLVVLRQ SUHVHQWHG KHUH LV
D VHDUFK RI D nHOG WR nQG DQ REMHFW IROORZHG E\ WKH
WUDFNLQJ RI WKDW REMHFW �XVLQJ WKH YLVLRQ V\VWHP� DV
LW PRYHV DURXQG WKH nHOG� 7KH KHOLFRSWHU V\VWHP LV
GHVFULEHG DQG WKH SHUIRUPDQFH LQ DFFRPSOLVKLQJ WKH
WDVN LV SUHVHQWHG�

� ,QWURGXFWLRQ

7KH FRQWURO RI DXWRQRPRXV XQPDQQHG DHULDO YHKLFOHV
�8$9V� KDV EHFRPH D WRSLF RI FRQVLGHUDEOH LQWHUHVW
LQ UHFHQW \HDUV� 7KH DYDLODELOLW\ RI WKHVH YHKLFOHV ZLOO
HQDEOH WDVNV WR EH DFFRPSOLVKHG ZLWK JUHDWO\ UHGXFHG
OHYHOV RI SLORW ZRUNORDG �H�J� ZKHQ WHOHRSHUDWLRQ LV
XVHG� LQFOXGLQJ FRPSOHWH DXWRQRP\ LQ WKH H[HFXWLRQ
RI D PLVVLRQ� 3RVVLEOH DSSOLFDWLRQV LQFOXGH UHPRWH VXU�
YH\LQJ DQG DHULDO PDSSLQJ� SRZHU OLQH LQVSHFWLRQ� FURS
GXVWLQJ� nUH nJKWLQJ� DQG PRYLH nOPLQJ� ,Q RUGHU WR
DFFRPSOLVK WKHVH PLVVLRQV� KRZHYHU� SURJUHVV QHHGV WR
EH PDGH LQ WKH DUHDV RI QDYLJDWLRQ DQG SRVLWLRQ FRQ�

e$VVRFLDWH 3URIHVVRU� 'HSDUWPHQW RI $HURQDXWLFV DQG $VWUR�

QDXWLFV� URFN#VXQ�YDOOH\�6WDQIRUG�('8
\'RFWRUDO &DQGLGDWH� 'HSDUWPHQW RI $HURQDXWLFV DQG $V�

WURQDXWLFV� HZI#VXQ�YDOOH\�6WDQIRUG�('8
]'RFWRUDO &DQGLGDWH� 'HSDUWPHQW RI $HURQDXWLFV DQG $V�

WURQDXWLFV� KOM#VXQ�YDOOH\�6WDQIRUG�('8
['RFWRUDO &DQGLGDWH� 'HSDUWPHQW RI $HURQDXWLFV DQG $V�

WURQDXWLFV� OHPDVWHU#VXQ�YDOOH\�6WDQIRUG�('8
^'RFWRUDO &DQGLGDWH� 'HSDUWPHQW RI $HURQDXWLFV DQG $V�

WURQDXWLFV� ZRRGOH\#VXQ�YDOOH\�6WDQIRUG�('8

WURO� DWWLWXGH VHQVLQJ DQG VWDELOL]DWLRQ� VHQVLQJ RI WKH
VXUURXQGLQJ HQYLURQPHQW� DQG DXWRQRPRXV WDVN H[H�
FXWLRQ VWUDWHJLHV�
6LQFH ���� WKH 6WDQIRUG $HURVSDFH 5RERWLFV /DE�

RUDWRU\ �$5/� KDV EHHQ RSHUDWLQJ D VPDOO� IXOO\ DX�
WRQRPRXV KHOLFRSWHU� +800,1*%,5'� DV SDUW RI D
SURJUDP RI EDVLF UHVHDUFK WR GHYHORS WKHVH EDVLF FD�
SDELOLWLHV IRU DXWRQRPRXV RSHUDWLRQ RI 8$9V� 3UHYL�
RXV ZRUN LQ WKLV SURJUDP IRFXVHG RQ GHPRQVWUDWLQJ
WKH IHDVLELOLW\ RI XVLQJ &DUULHU�3KDVH 'LmHUHQWLDO *36
�&'*36� DV D VHQVRU IRU DWWLWXGH DQG SRVLWLRQ FRQ�
WURO DV ZHOO DV IRU QDYLJDWLRQ� 8VLQJ WKLV V\VWHP DORQH
�L�H� DV WKH RQO\ VHQVRU RQ ERDUG WKH KHOLFRSWHU�� DQ
DXWRQRPRXV FRQWURO V\VWHP ZDV LPSOHPHQWHG WKDW VWD�
ELOL]HG DQG FRQWUROOHG WKH KHOLFRSWHU ZLWK SHUIRUPDQFH
PDWFKLQJ RU H[FHHGLQJ WKDW RI DQ H[SHUW KXPDQ SLORW�
3UHFLVLRQ oLJKW ZDV H[SHULPHQWDOO\ GHPRQVWUDWHG E\
SHUIRUPLQJ DXWRQRPRXV KRYHU� DXWRPDWLF UHWULHYDO RI
D IHUURPDJQHWLF GLVN XVLQJ D PDJQHW�WHWKHU PDQLSXOD�
WRU� DQG DXWRQRPRXV ODQGLQJ WDVNV >�@� >�@�
:KLOH VLJQLnFDQW� WKH DXWRQRPRXV FDSDELOLWLHV RI

WKH KHOLFRSWHU GHPRQVWUDWHG SUHYLRXVO\ ZHUH OLPLWHG
WR PLVVLRQV WKDW FRXOG EH H[SUHVVHG HQWLUHO\ LQ D *36
IUDPH� 7KDW LV� FRPPDQGV WR o\ WUDMHFWRULHV� UHWULHYH
REMHFWV� RU ODQG ZHUH DOO SRVVLEOH RQO\ LI WKH ORFDWLRQ
RI WKH SDWKV� SRLQWV RU REMHFWV FRXOG EH H[SUHVVHG DV
*36 FRRUGLQDWHV �NQRZQ DSULRUL�� 0DQ\ WDVNV RI FXU�
UHQW DQG IXWXUH LQWHUHVW UHTXLUH� KRZHYHU� WKDW WKH KH�
OLFRSWHU EH DEOH WR VHQVH WKH SUHVHQFH RI REMHFWV�RI�
LQWHUHVW LQ WKH HQYLURQPHQW ZKRVH *36 FRRUGLQDWHV
DUH XQNQRZQ� $Q REYLRXV H[DPSOH LV D VHDUFK�WDVN LQ
ZKLFK WKH REMHFWLYH LV WR nQG DQG WKHQ WUDFN RU UHWULHYH
DQ REMHFW� $FFRPSOLVKLQJ WKHVH W\SHV RI WDVNV UHTXLUHV
WKDW WKH KHOLFRSWHU DOVR EH HTXLSSHG ZLWK VHQVLQJ V\V�
WHPV WKDW FDQ GHWHFW WKH SUHVHQFH RI WKH REMHFWV�RI�
LQWHUHVW�
'HVFULEHG EHORZ DUH WKH UHVXOWV RI FXUUHQW UHVHDUFK

DFWLYLWLHV LQ WKH 6WDQIRUG $5/ WKDW KDYH DGGUHVVHG

�



WKHVH LVVXHV� 7KLV UHVHDUFK KDV LQYROYHG WKH GHYHORS�
PHQW RI D VPDOO DXWRQRPRXV KHOLFRSWHU� +800,1*�
%,5'� DQG WKH GHPRQVWUDWLRQ RI LWV XVH LQ SHUIRUPLQJ
WDVNV WKDW FRPELQH ERWK YLVLRQ DQG *36 EDVHG FRQWURO
PRGHV�

� 5HODWHG 5HVHDUFK

6HYHUDO RWKHU UHVHDUFKHUV KDYH H[SORUHG WKH GHYHORS�
PHQW RI DXWRQRPRXV KHOLFRSWHUV� 7KH HDUOLHVW VXFFHVV�
IXO ZRUN ZDV LQ WKH HDUO\ ����
V E\ 0LFKLR 6XJHQR DW
WKH 7RN\R ,QVWLWXWH RI 7HFKQRORJ\ >�@ XVLQJ D <DPDKD
5��� KHOLFRSWHU� 7KH 7,7 KHOLFRSWHU XVHG J\URVFRSHV�
DFFHOHURPHWHUV� DQG D ODVHU DOWLPHWHU DV VHQVRUV DQG
LPSOHPHQWHG D IX]]\ ORJLF FRQWUROOHU� 7KH KHOLFRSWHU
ZDV DEOH WR XVH LPDJH JXLGDQFH WR nQG D ODQGLQJ VSRW
DQG ODQG RQ WKH VWDWLRQDU\ WDUJHW� 0RUH UHFHQW ZRUN
LQFOXGHV WKDW RI 6WDQIRUG� 0,7 DQG &08 DOO RI ZKRP
KDYH ZRQ WKH $VVRFLDWLRQ IRU 8QPDQQHG 9HKLFOH 6\V�
WHPV ,QWHUQDWLRQDO DHULDO URERWLFV FRPSHWLWLRQ� 6WDQ�
IRUG ZRQ LQ ���� XVLQJ D SUHFXUVRU WR WKH +800,1*�
%,5' KHOLFRSWHU GHVFULEHG LQ WKLV SDSHU WKDW oHZ D
SUHGHWHUPLQHG WUDMHFWRU\ DQG UHWULHYHG DQ REMHFW VXF�
FHVVIXOO\ IURP WKH JURXQG� 7KLV KHOLFRSWHU GHPRQ�
VWUDWHG WKH IHDVLELOLW\ RI XVLQJ &'*36 DV WKH RQO\
VHQVRU IRU ERWK DWWLWXGH VWDELOL]DWLRQ DQG QDYLJDWLRQ�
,Q ����� D WHDP IURP 0,7� %RVWRQ 8QLYHUVLW\� DQG
'UDSHU /DEV >�@ ZRQ ZLWK D KHOLFRSWHU WKDW XVHG DQ LQ�
HUWLDO QDYLJDWLRQ XQLW IRU DWWLWXGH DQG &DUULHU�3KDVH
'LmHUHQWLDO *36 �&'*36� IRU SRVLWLRQ� 7KLV 0,7
KHOLFRSWHU FDUULHG D FDPHUD RQERDUG DQG ZDV DEOH WR
PDS WKH ORFDWLRQ RI REMHFWV RQ WKH JURXQG� )LQDOO\�
&DUQHJLH0HOORQ 8QLYHUVLW\ ZRQ LQ ���� o\LQJ D <DPDKD
5��� >�@ WKDW PDSSHG DQG LGHQWLnHG JURXQG WDUJHWV�
,Q HDFK RI WKHVH FDVHV� WKH JURXQG WDUJHW ZDV VWDWLRQ�
DU\ WKURXJKRXW WKH KHOLFRSWHU oLJKW�

� +HOLFRSWHU 7HVWEHG

7KH +800,1*%,5' KHOLFRSWHU XVHG IRU WKHVH H[SHU�
LPHQWV LV D KHDYLO\ PRGLnHG 6FKOXWHU )XWXUD PRGHO KH�
OLFRSWHU �)LJXUH ��� ,W ZDV VHOHFWHG IRU LWV ORZ HPSW\
ZHLJKW� LWV ODUJH SD\ORDG FDSDFLW\ �RYHU �� SRXQGV��
DQG LWV �� PLQXWH HQGXUDQFH� 7KH PRGLnFDWLRQV LQ�
FOXGHG VWLmHQLQJ RI WKH VWUXFWXUH WR DFFRPPRGDWH WKH
PRXQWLQJ RI WKH YLGHR DQG HOHFWURQLF FRPSRQHQWV� DQG
WKH UHSODFHPHQW RI LWV VWDQGDUG WZR�KRUVHSRZHU VLQ�
JOH F\OLQGHU HQJLQH E\ D nYH�KRUVHSRZHU GXDO�F\OLQGHU
HQJLQH LQWHQGHG IRU XVH RQ PRGHO DLUSODQHV� 7KLV UH�
TXLUHG WKH GHVLJQ DQG FRQVWUXFWLRQ RI D QHZ HQJLQH
PRXQWLQJ SODWH DQG PRGLnFDWLRQ RI WKH SRZHU WUDQV�
PLVVLRQ GHYLFHV� 7KH )XWXUD LV HTXLSSHG ZLWK WZR
VWDELOL]DWLRQ GHYLFHV� ?+LOOHU SDGGOHV� DQG D PHFKDQ�

)LJXUH �� +800,1*%,5' +HOLFRSWHU

LFDO UDWH J\UR� 7KH ?+LOOHU SDGGOHV� DUH XVHG WR VORZ
WKH ODWHUDO DQG ORQJLWXGLQDO G\QDPLFV� 7KH UDWH J\UR
LV XVHG LQ D VLPSOH HOHFWULFDO IHHGEDFN ORRS WR VORZ
WKH \DZ G\QDPLFV� %RWK RI WKHVH GHYLFHV DUH VWDQGDUG
HTXLSPHQW IRU KHOLFRSWHUV RI WKLV VL]H� DQG DUH HVVHQWLDO
WR SHUPLW PDQXDO oLJKW RSHUDWLRQ�
7KH FRPSXWLQJ DQG VHQVLQJ FRPSRQHQWV RQERDUG

WKH +800,1*%,5' YHKLFOH LQFOXGH WZR *36 UHFHLYHUV�
� *36 DQWHQQDH� WZR YLGHR FDPHUDV� D ZLUHOHVV YLGHR
OLQN� D ZLUHOHVV HWKHUQHW OLQN� D ���� EDXG FRP OLQN� D
��� FODVV FRPSXWHU DQG WZR +&�� FRPSXWHUV� 7KH
VXSSRUWLQJ JURXQG VWDWLRQ LQFOXGHV D *36 DQWHQQD
DQG UHFHLYHU DQG D GXDO�3HQWLXP FRPSXWHU �IRU WKH
YLVLRQ GDWD SURFHVVLQJ��

� *36 6HQVLQJ 6\VWHP

7KH +800,1*%,5' KHOLFRSWHU XVHV WKH *OREDO 3R�
VLWLRQLQJ 6\VWHP �*36� DV LWV SULPDU\ VHQVRU� ERWK
IRU QDYLJDWLRQ DQG VWDELOL]DWLRQ� 7KLV LV D VDWHOOLWH�
EDVHG QDYLJDWLRQ V\VWHP ZKLFK RmHUV DEVROXWH SRVL�
WLRQLQJ LQ D ZRUOG�n[HG UHIHUHQFH IUDPH DQ\ZKHUH RQ
WKH JOREH� *36 RmHUV PDQ\ DGGLWLRQDO DGYDQWDJHV IRU
DQ DLUERUQH QDYLJDWLRQ V\VWHP� LQFOXGLQJ ��� LQWHJUD�
WLRQ RI DOO VHQVRUV LQWR D VLQJOH XQLW� ��� GULIW IUHH UDWH
LQIRUPDWLRQ� ��� QR PRYLQJ SDUWV� DQG ��� UHODWLYHO\
VPDOO VL]H DQG SRZHU FRQVXPSWLRQ�
7KH*36 WHFKQRORJ\ HPSOR\HG E\ WKH $5/ LV FDOOHG

&DUULHU�3KDVH 'LmHUHQWLDO *36 �&'*36� VLQFH LW XVHV
WKH FDUULHU VLJQDO UDWKHU WKDQ WKH *36 FRGH WR FRP�
SXWH SRVLWLRQ� 7KLV FDUULHU ZDYH KDV D ZDYHOHQJWK RI
�� FP DQG FDQ EH WUDFNHG YHU\ SUHFLVHO\� 7KH +80�
0,1*%,5' KHOLFRSWHU HPSOR\V DQ DOJRULWKP ZKLFK
H[DPLQHV WKH UDZ SKDVH PHDVXUHPHQWV WDNHQ DW WZR
QRQ�FROORFDWHG UHFHLYHUV DQG FRPSXWHV WKH UHODWLYH �GLI�
IHUHQWLDO� SRVLWLRQ EHWZHHQ WKHP LQ D ZRUOG�n[HG UHI�
HUHQFH IUDPH WR DQ DFFXUDF\ RI ��� FP�



7KH *36 UHFHLYHUV XVHG RQ +800,1*%,5' DUH
7ULPEOH 7$16 4XDGUH[ XQLWV� 7KHVH UHFHLYHUV DUH
ZHOO VXLWHG WR DWWLWXGH GHWHUPLQDWLRQ� VLQFH WKH\ FDQ
WDNH LQ PXOWLSOH[HG VLJQDOV IURP XS WR IRXU DQWHQQDV�
,Q DGGLWLRQ WKH 7$16 RXWSXWV UDZ SKDVH PHDVXUH�
PHQWV DW �� +]� ZKLFK LV IDVW HQRXJK IRU WKH VWDELOL]D�
WLRQ RI WKH KHOLFRSWHU G\QDPLFV�

��� $WWLWXGH 6HQVLQJ

7KH *36 DWWLWXGH VHQVRU FRQVLVWV RI D VLQJOH RQ�ERDUG
*36 UHFHLYHU DQG DQ DUUD\ RI IRXU DFWLYH *36 DQWHQ�
QDV� 7KHVH DQWHQQDV DUH DUUD\HG LQ DQ XSZDUG�IDFLQJ
GLDPRQG FRQnJXUDWLRQ MXVW EHORZ WKH PDLQ URWRU GLVN�
RQH �PDVWHU� DQWHQQD PRXQWHG RQ WKH WDLO ERRP� RQH
PRXQWHG RQ WKH IXVHODJH IRUZDUG RI WKH PDLQ URWRU
PDVW� DQG WZR ODWHUDO DQWHQQDV PRXQWHG RQ WRZHUV
DWWDFKHG WR WKH HOHFWURQLFV SD\ORDG SODWH� 7KLV SODFH�
PHQW LV LQWHQGHG WR PLQLPL]H RFFOXVLRQ RI WKH VDWHOOLWHV
E\ WKH KHOLFRSWHU DLUIUDPH� 6LQFH WKH URWRU EODGHV DUH
FRQVWUXFWHG RI ZRRG� KDYH D VPDOO FURVV VHFWLRQ �� FP�
ZKHQ FRPSDUHG WR WKH ZDYHOHQJWK EHLQJ FRQVLGHUHG
��� FP�� DQG DUH VSLQQLQJ UDSLGO\� WKHUH LV OLWWOH LQ�
WHUIHUHQFH DV D UHVXOW RI WKH DQWHQQDV EHLQJ EHORZ WKH
URWRU GLVN�
*36 VLJQDOV IURP WKH IRXU DQWHQQDV DUH PXOWLSOH[HG

LQWR WKH UHFHLYHU� 7KH UHFHLYHU WDNHV FDUULHU SKDVH
PHDVXUHPHQWV RI WKHVH VLJQDOV DQG RXWSXWV WKHVH UH�
VXOWV DW �� +] WR WKH RQ�ERDUG FRPSXWHU WKURXJK D
����� EDXG VHULDO FRPPXQLFDWLRQV OLQN� 7KH FRPSXWHU
WKHQ FRPSXWHV WKH GLmHUHQFH LQ SRVLWLRQ LQ ZRUOG�n[HG
FRRUGLQDWHV EHWZHHQ DOO IRXU DQWHQQDV RQ WKH KHOL�
FRSWHU� 6LQFH &'*36 GLmHUHQFH PHDVXUHPHQWV DUH
DFFXUDWH WR ��� FP� DQG WKH EDVHOLQHV EHWZHHQ DQWHQ�
QDV DUH DERXW � PHWHU� WKHVH DOJRULWKPV FDQ FRPSXWH
WKH KHOLFRSWHU DWWLWXGH WR DQ DFFXUDF\ RI ��� GHJUHHV�
$WWLWXGH UDWH PHDVXUHPHQWV DUH DFFXUDWH WR DERXW �
GHJUHH SHU VHFRQG�

��� 3RVLWLRQ 6HQVLQJ

7KH *36 SRVLWLRQ VHQVRU FRQVLVWV RI WZR SDUWV� 7KH
RQ�ERDUG VHFWLRQ LQFOXGHV D VHFRQG *36 UHFHLYHU DQG
WKH PDVWHU DQWHQQD� 7KLV UHFHLYHU FRPSXWHV *36
SKDVH PHDVXUHPHQWV DQG VHQGV WKHP GLUHFWO\ WR WKH
RQ�ERDUG FRPSXWHU� 7KH VHFRQG VHFWLRQ LV WKH *36
JURXQG UHIHUHQFH VWDWLRQ� ZKLFK LV FRPSRVHG RI D nIWK
*36 DQWHQQD ORFDWHG RQ WKH JURXQG �XVXDOO\ QHDU WKH
WDNH�Rm SRLQW� DQG D WKLUG *36 UHFHLYHU� *36 FDUULHU�
SKDVH PHDVXUHPHQWV DQG WLPLQJ LQIRUPDWLRQ LV VHQW
IURP WKLV *36 JURXQG VWDWLRQ WR WKH KHOLFRSWHU FRP�
SXWHU DW �� +] YLD D ���� EDXG ZLUHOHVV ��� 0+] PR�
GHP ZLWK DQ 56���� LQWHUIDFH� 7KH KHOLFRSWHU WKHQ
FRPSXWHV WKH GLmHUHQWLDO SRVLWLRQ EHWZHHQ WKH JURXQG

VWDWLRQ DQWHQQD DQG WKH PDVWHU DQWHQQD RQ WKH WDLO
ERRP� JLYLQJ D UHODWLYH SRVLWLRQ PHDVXUHPHQW DFFX�
UDWH WR ��� FP� 9HORFLW\ PHDVXUHPHQWV DUH DFFXUDWH
WR EHWWHU WKDQ �� FHQWLPHWHUV SHU VHFRQG�
,Q RUGHU WR PDNH WKLV SRVLWLRQ VHQVRU UREXVW WR

IDLOXUHV� VHYHUDO VWHSV ZHUH WDNHQ� )LUVW� WKH GLmHU�
HQWLDO *36 JURXQG UHIHUHQFH VWDWLRQ LV LQGHSHQGHQW
RI WKH FRPSXWHU SHUIRUPLQJ WKH YLVLRQ SURFHVVLQJ� VR
D FRPSXWHU IDLOXUH RQ WKH JURXQG ZLOO QRW DmHFW WKH
*36 QDYLJDWLRQ� 6HFRQG� DOO SURFHVVLQJ RI *36 GDWD
LV GRQH RQ�ERDUG WKH KHOLFRSWHU� PLQLPL]LQJ WKH QHHG
WR WUDQVIHU GDWD RYHU ZLUHOHVV OLQNV� 7KLUG� WKH SRVL�
WLRQ DQG DWWLWXGH DOJRULWKPV DUH LQGHSHQGHQW RI HDFK
RWKHU� ,I WKH *36 JURXQG VWDWLRQ DQG WKH KHOLFRSWHU
ZHUH WR ORVH FRQWDFW� WKH KHOLFRSWHU ZRXOG VWLOO EH DW�
WLWXGH VWDELOL]HG DQG LV WKXV HDVLO\ UHFRYHUDEOH�

� 9LVLRQ 6\VWHP

7KH +800,1*%,5' YLVLRQ V\VWHP FRQVLVWV RI D SDLU
RI GRZQZDUG SRLQWLQJ 6RQ\ ;&���� FRORU FDPHUDV PRXQWHG
RQ WKH IURQW RI WKH KHOLFRSWHU� 'XH WR WKH ZHLJKW FRQ�
VWUDLQWV RI WKH YHKLFOH� WKH YLVLRQ SURFHVVLQJ LV GRQH RQ
DQ Rm�ERDUG JURXQG VWDWLRQ FRPSXWHU� 7ZR ZLUHOHVV
YLGHR WUDQVPLWWHU XQLWV DUH XVHG WR VHQG WKH FRORU LP�
DJHV IURP WKH KHOLFRSWHU WR D GXDO 3HQWLXP FRPSXWHU�
$IWHU SURFHVVLQJ� WKH LQIRUPDWLRQ LV WHOHPHWHUHG EDFN
WR WKH RQ�ERDUG FRPSXWHU YLD D ZLUHOHVV (WKHUQHW OLQN�
7KH YLVLRQ SURFHVVLQJ LV SHUIRUPHG E\ D 7HOHRV

&RUS� �QRZ D GLYLVLRQ RI $XWRGHVN� $GYDQFHG 9L�
VLRQ 3ODWIRUP �$93� V\VWHP� 7KLV V\VWHP LV FDSDEOH
RI SHUIRUPLQJ <89 FRORU VHJPHQWDWLRQ DQG VLJQXP�
RI�/DSODFLDQ�RI�*DXVVLDQ �6/R*� nOWHULQJ DQG FRUUH�
ODWLRQ DW �� +]� 7KH FXUUHQW V\VWHP XVHV WKH FRORU
VHJPHQWDWLRQ DELOLW\ RI $93 WR LGHQWLI\ REMHFWV� 7KH
VHJPHQWHG 89 LPDJHV FRUUHVSRQG FORVHO\ WR UHG DQG
EOXH FRORU FRPSRQHQWV DQG WHVW REMHFWV RI WKHVH FRORUV
DUH XVHG LQ RUGHU WR VLPSOLI\ SURFHVVLQJ� 7KH FRORU
VHJPHQWHG LPDJHV DUH WKUHVKROGHG� DQG WKHQ REMHFWV
DUH GHnQHG �DV UHJLRQV RI D VSHFLnHG VL]H�� 7KH RSWL�
PDO WKUHVKROG YDOXHV YDU\ GXH WR WKH FXUUHQW OLJKWLQJ
FRQGLWLRQV� 7KH\ DUH VHOHFWHG E\ D KXPDQ RSHUDWRU�
QRW WKH YLVLRQ V\VWHP� DQG FDQ EH DGMXVWHG LQ UHDO
WLPH� 7KH $93 V\VWHP KDV EHHQ XVHG E\ D UHODWHG
SURMHFW WR SHUIRUP WH[WXUH�EDVHG PRVDLFNLQJ DQG RE�
MHFW WUDFNLQJ DQG WKHLU DOJRULWKPV DUH EHLQJ EURXJKW
LQWR WKLV SURMHFW >�@�
7KH FRORU EDVHG REMHFW LGHQWLnFDWLRQ LV SHUIRUPHG

RQ ERWK WKH OHIW DQG ULJKW FDPHUD LPDJHV� 7KH FRUUH�
VSRQGHQFH SUREOHP LV VROYHG E\ XVLQJ REMHFWV RI XQLTXH
FRORU� %\ RQO\ ORRNLQJ DW D VLQJOH UHG DQG D VLQJOH EOXH
REMHFW� LW LV VWUDLJKWIRUZDUG WR ORFDWH WKH SURMHFWLRQ RI
HDFK REMHFW LQ WKH WZR GLmHUHQW LPDJHV� :LWK WKH FR�
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)LJXUH �� 2XWHU /RRS

RUGLQDWHV RI WKH REMHFW LQ ERWK LPDJHV� EDVLF VWHUHR
WULDQJXODWLRQ LV XVHG WR FDOFXODWH WKH ORFDWLRQ RI WKH
REMHFW UHODWLYH WR WKH n[HG FDPHUD UHIHUHQFH IUDPH�
7KLV LQIRUPDWLRQ LV WKHQ VHQW WKURXJK WKH (WKHUQHW
OLQN WR WKH RQ�ERDUG oLJKW FRPSXWHU� ZKLFK WUDQVIRUPV
WKH REMHFW ORFDWLRQ LQWR WKH SURSHU KHOLFRSWHU UHIHUHQFH
IUDPH� 7KLV V\VWHP KDV DQ DFFXUDF\ RI DSSUR[LPDWHO\
� FP LQ UDQJH DQG � FP LQ ORFDWLRQ DW D UDQJH RI � P�
7KH REMHFW WUDFNLQJ DOJRULWKP UXQV DW �� +]�

� &RQWURO /RJLF

7ZR FRQWURO ORRSV FRPSULVH WKH FRQWURO V\VWHP IRU
WKH +800,1*%,5' KHOLFRSWHU �)LJXUHV � DQG �� $
KLJK�EDQGZLGWK LQQHU ORRS SURYLGHV DWWLWXGH VWDELOL]D�
WLRQ DQG YHKLFOH SRVLWLRQ FRQWURO EDVHG HQWLUHO\ RQ WKH
&'*36 V\VWHP� $ ORZ�EDQGZLGWK RXWHU ORRS SURYLGHV
SRVLWLRQ FRPPDQGV WR WKH LQQHU ORRS EDVHG RQ WKH YL�
VLRQ GDWD� ,Q LWV FXUUHQW IRUP� WKH PHUJHU RI WKHVH WZR
ORRSV LV DFFRPSOLVKHG E\ FRQYHUWLQJ WKH ORFDWLRQV RI
REMHFWV�RI�LQWHUHVW REVHUYHG E\ WKH YLVLRQ V\VWHP �L�H�
UHODWLYH WR WKH KHOLFRSWHU� LQWR JOREDO *36 FRRUGLQDWHV
WKDW FDQ EH SURFHVVHG E\ WKH LQQHU ORRS�
7KH IXQFWLRQ RI ?&RQWUROOHU �� LQGLFDWHG LQ )LJ�

XUH � LV WR UHJXODWH WKH KHOLFRSWHU DWWLWXGH� ,W JHQHU�
DWHV HmHFWLYH DLOHURQ� HOHYDWRU DQG UXGGHU FRPPDQGV
LQ UHVSRQVH WR HUURUV LQ WKH YHKLFOH WULP FRQGLWLRQ�
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7KH IXQFWLRQ RI ?&RQWUROOHU �� LQGLFDWHG LQ )LJ�
XUH � LV WR UHJXODWH WKH KHOLFRSWHU SRVLWLRQ� ,W JHQ�
HUDWHV HmHFWLYH DLOHURQ� HOHYDWRU� UXGGHU DQG FROOHFWLYH
FRPPDQGV LQ UHVSRQVH WR HUURUV LQ ZKHUH WKH YHKLFOH LV
FRPSDUHG ZLWK WKH SRVLWLRQ FRPPDQGV JHQHUDWHG E\
WKH 7UDMHFWRU\ *HQHUDWRU� 7KDW LV
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ZKHUH [� \ DQG ] DUH H[SUHVVHG LQ ERG\ FRRUGLQDWHV�
,Q WKHVH FRQWUROOHUV� .��V� DQG .��V� UHSUHVHQW D PD�
WUL[ RI FRQWUROOHU WUDQVIHU IXQFWLRQV� �1RWH WKDW UDWH
LQIRUPDWLRQ LV SURYLGHG E\ WKH &'*36 V\VWHP��
7KH 7UDMHFWRU\ *HQHUDWRU VKRZQ LQ )LJXUH � FUH�

DWHV SRVLWLRQ WLPH KLVWRU\ FRPPDQGV IRU WKH LQQHU ORRS
WR WUDFN� ,W KDV WZR EDVLF PRGHV RI RSHUDWLRQ� D *36�
EDVHG PRGH DQG D 9LVLRQ�EDVHG PRGH� ,Q *36�EDVHG
PRGH� WKH 7UDMHFWRU\ *HQHUDWRU
V IXQFWLRQ LV WR FUH�
DWH D WLPH KLVWRU\ RI �[� \� ]� WKH YHKLFOH LV H[SHFWHG WR
o\� 7\SLFDOO\� WKLV KDV EHHQ GRQH E\ SUHSURJUDPPLQJ
D VHULHV RI ZD\�SRLQWV FRQQHFWHG LQ WLPH E\ FRQVWDQW
YHORFLW\ WUDMHFWRULHV �RWKHU WUDMHFWRULHV� H�J� RSWLPDO�
FRXOG EH LPSOHPHQWHG DV ZHOO�� $Q H[DPSOH DSSOL�
FDWLRQ RI WKLV PRGH LV WKH SURJUDPPLQJ RI D SUHGH�
nQHG VHDUFK SDWWHUQ LQ *36 FRRUGLQDWHV� 7KH VHFRQG�
9LVLRQ�EDVHG� PRGH LV XVHG ZKHQ REMHFWV RU ORFDWLRQV
DUH EHLQJ WUDFNHG XVLQJ WKH YLVLRQ V\VWHP� ,Q WKLV
PRGH� WKH RXWSXW RI WKH 7UDMHFWRU\ *HQHUDWRU LV VLP�
SO\ WKH HUURU VLJQDO JHQHUDWHG E\ WKH ?9LVLRQ 6\VWHP�
VKRZQ LQ WKH 2XWHU /RRS EORFN GLDJUDP �)LJXUH ��� ,Q
WKH FXUUHQW LPSOHPHQWDWLRQ RI WKLV PRGH �DOVR VKRZQ
LQ )LJXUH ��� WKH UHODWLYH WDUJHW SRVLWLRQ HUURU LV FRQ�
YHUWHG LQWR *36 FRRUGLQDWHV E\ WKH )OLJKW &RPSXWHU�
7KLV DOORZV WKH IHHGEDFN ORRSV DFWLYH LQ WKH ,QQHU /RRS
&RQWURO WR EH WKH VDPH IRU ERWK PRGHV RI RSHUDWLRQ�

� 'HPRQVWUDWLRQ 7DVN

,Q RUGHU WR GHPRQVWUDWH WKH DELOLW\ RI WKH +800,1*�
%,5' KHOLFRSWHU WR SHUIRUP D WDVN WKDW LQYROYHG WKH
LQWHJUDWLRQ RI &'*36�EDVHG FRQWURO DQG YLVLRQ�EDVHG
FRQWURO� WKH WDVN LGHQWLnHG LQ )LJXUH � ZDV SHUIRUPHG�
,W FRQVLVWV RI WKUHH PDLQ VHJPHQWV� ,Q WKH nUVW� WKH
YHKLFOH LV FRPPDQGHG WR o\ D ?ODZQPRZHU� SDWWHUQ
RYHU WKH nHOG DV LW VHDUFKHV IRU WKH WDUJHW YHKLFOH� 7KLV
LV LQGLFDWHG DV WKH GDVKHG OLQH LQ WKH nJXUH EHWZHHQ
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)LJXUH �� 7KH 'HPRQVWUDWLRQ 7DVN

SRLQWV � DQG �� 'XULQJ WKLV nUVW SKDVH RI WKH oLJKW�
WKH YLVLRQ V\VWHP LV RQ EXW LV QRW SDUW RI WKH FRQ�
WURO V\VWHP� 5DWKHU� LI WKH WDUJHW YHKLFOH LV GHWHFWHG
�WKH YHKLFOH KDV DQ RUDQJH WDUJHW RQ LWV EDFN IRU WKLV
WHVW�� LWV SRVLWLRQ LV FRPSXWHG LQ *36 FRRUGLQDWHV DQG
VDYHG� $W WKH HQG RI WKH VHDUFK SKDVH� WKH KHOLFRSWHU
HQWHUV WKH VHFRQG SKDVH ZKHUH LW LV FRPPDQGHG WR o\
IURP SRLQW � WR WKH VWRUHG ORFDWLRQ RI WKH WDUJHW �SRLQW
��� 2QFH WKHUH� WKH FRQWURO V\VWHP VZLWFKHV PRGHV WR
FORVLQJ D YLVLRQ�EDVHG WUDFNLQJ ORRS WKDW FDXVHV WKH KH�
OLFRSWHU WR KRYHU GLUHFWO\ RYHU WKH WDUJHW YHKLFOH� 2QFH
LQ WKLV VWDWH� WKH WDUJHW YHKLFOH LV WKHQ GULYHQ DURXQG
WKH nHOG DQG WKH KHOLFRSWHU KROGV VWDWLRQ GLUHFWO\ RYHU
LW� 1RWH WKDW WKH FRQWURO ORRSV DFWLYH LQ WKLV WDVN ZHUH
SUHOLPLQDU\ DQG WKHUHIRUH RI UHODWLYHO\ ORZ EDQGZLGWK
FRPSDUHG WR ZKDW LV DFKLHYDEOH ZLWK WKLV V\VWHP�
7KH SHUIRUPDQFH DFKLHYHG LQ DFFRPSOLVKLQJ WKLV

WDVN LV SUHVHQWHG LQ )LJXUH �� ,W FOHDUO\ VKRZV WKH
DELOLW\ RI WKH KHOLFRSWHU WR WUDFN WKH WDUJHW YHKLFOH�

� &RQFOXVLRQV

7KH DELOLW\ WR PHUJH &'*36�EDVHG FRQWURO DQG YLVLRQ�
EDVHG FRQWURO WR FRQWURO D VPDOO KHOLFRSWHU KDV EHHQ
GHPRQVWUDWHG� )XUWKHU� WKH FDSDELOLWLHV HQDEOHG E\
WKLV LQWHJUDWLRQ KDYH EHHQ XVHG WR GHPRQVWUDWH D IXOO\
DXWRQRPRXV VHDUFK DQG WUDFNLQJ PLVVLRQ ZLWK WKH KH�
OLFRSWHU�
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