
%LRORJLFDOO\�,QVSLUHG 9LVXDO /DQGPDUN
/HDUQLQJ DQG 1DYLJDWLRQ IRU 0RELOH 5RERWV�

*LRYDQQL %LDQFR $OH[DQGHU =HOLQVN\

'HSW� RI (OHFWURQLFV IRU $XWRPDWLRQ 'HSW� RI 6\VWHPV (QJLQHHULQJ� 56,6(
8QLYHUVLW\ RI %UHVFLD 7KH $XVWUDOLDQ 1DWLRQDO 8QLYHUVLW\

9LD %UDQ]H ��� ,������ %UHVFLD &DQEHUUD� $&7 ����
,WDO\ $XVWUDOLD

ELDQFR#LQJ�XQLEV�LW DOH[#V\VHQJ�DQX�HGX�DX

$EVWUDFW

7KLV SDSHU SUHVHQWV D ELRORJLFDOO\�LQVSLUHG PHWKRG
IRU QDYLJDWLQJ XVLQJ YLVXDO ODQGPDUNV ZKLFK KDYH EHHQ
VHOI�VHOHFWHG ZLWKLQ QDWXUDO HQYLURQPHQWV� $ ODQGPDUN
LV D UHJLRQ RI WKH JUDEEHG LPDJH ZKLFK LV FKRVHQ DFFRUG�
LQJ WR LWV UHOLDELOLW\ PHDVXUHG WKURXJK D SKDVH �7XUQ
%DFN DQG /RRN � 7%/� WKDW PLPLFV WKH EHKDYLRU RI
VRPH VRFLDO LQVHFWV� )URP WKH VHOI�FKRVHQ ODQGPDUNV
VXLWDEOH QDYLJDWLRQ LQIRUPDWLRQ FDQ EH H[WUDFWHG IRO�
ORZLQJ D ZHOO NQRZQ PRGHO LQWURGXFHG LQ %LRORJ\ WR
H[SODLQ WKH EHH
V QDYLJDWLRQ EHKDYLRU� 7KH ODQGPDUN
VHOHFWLRQ SKDVH D�HFWV WKH FRQVHUYDWLYHQHVV RI WKH QDY�
LJDWLRQ YHFWRU �HOG WKXV DOORZLQJ XV WR H[SODLQ WKH QDY�
LJDWLRQ PRGHO LQ WHUPV RI D YLVXDO SRWHQWLDO IXQFWLRQ
ZKLFK GULYHV WKH QDYLJDWLRQ WR WKH JRDO� 7KH H[SHUL�
PHQWV KDYH EHHQ SHUIRUPHG XVLQJ D 1RPDG��� PRELOH
URERW HTXLSSHG ZLWK PRQRFXODU FRORU YLVLRQ�

� ,QWURGXFWLRQ

$QLPDOV� LQFOXGLQJ LQVHFWV� DUH SUR�FLHQW LQ QDYL�
JDWLQJ DQG� LQ JHQHUDO� VHYHUDO ELRORJLFDO DSSURDFKHV
WR VROYLQJ QDYLJDWLRQDO WDVNV VHHP WR EH SURPLVLQJ IRU
URERWLFV DSSOLFDWLRQV� ,Q %LRORJ\ WKH GL�HUHQW PHWK�
RGV RI QDYLJDWLQJ KDYH EHHQ FDWHJRUL]HG DV >��@� JXLG�
DQFH� SODFH UHFRJQLWLRQ � WULJJHUHG UHVSRQVH� WRSRORJLFDO
DQG PHWULF QDYLJDWLRQ�
$Q DJHQW SHUIRUPV JXLGDQFH ZKHQ LW UHVSRQGV WR

VWLPXOL� $Q LPSURYHPHQW RI WKLV EHKDYLRU EHLQJ WKH
VHOHFWLRQ RI DFWLRQV DV VRRQ DV D SODFH �RU DQ HQYLURQ�
PHQW� KDV EHHQ UHFRJQL]HG VR LQWURGXFLQJ WKH SODFH
UHFRJQLWLRQ � WULJJHUHG UHVSRQVH� 7KLV UHSUHVHQWV WKH

�7KLV UHVHDUFK ZDV SHUIRUPHG DW WKH $XVWUDOLDQ 1DWLRQDO

8QLYHUVLW\

EDVLF VWHS IRU WRSRORJLFDO QDYLJDWLRQ� ZKHUH SODFHV DUH
FRQQHFWHG E\ PHDQV RI TXDOLWDWLYH OLQNV DQG DFWLRQV�
7KH TXDQWLWDWLYH NQRZOHGJH RI WKRVH FRQQHFWLRQV JLYHV
ULVH WR WKH FRQFHSW RI PHWULF QDYLJDWLRQ� ,Q RUGHU WR
SHUIRUP VXFK WDVNV PDQ\ DQLPDOV XVXDOO\ GHDO ZLWK
LGHQWL�DEOH YLVXDO REMHFWV LQ WKH HQYLURQPHQW FDOOHG
ODQGPDUNV >��@�

7KH XVH RI ODQGPDUNV LQ URERWLFV LV ZHOO XQGHUVWRRG
>��@� 2QH RI WKH FUXFLDO SRLQW GHDOV ZLWK WKH QDWXUH RI
D ODQGPDUN >�@� ODQGPDUNV FDQ EH DUWL�FLDO RU QDWXUDO�
2I FRXUVH LW LV PXFK HDVLHU WR GHDO ZLWK DUWL�FLDO ODQG�
PDUNV LQVWHDG RI GHDOLQJ ZLWK QDWXUDO RQHV� EXW WKH
ODWWHU DUH PRUH DSSHDOLQJ EHFDXVH WKHLU XVH UHTXLUHV
QR HQJLQHHULQJ RI WKH HQYLURQPHQW� +RZHYHU� D JHQ�
HUDO PHWKRG IRU GHDOLQJ ZLWK QDWXUDO ODQGPDUNV VWLOO
UHPDLQV WR EH LQWURGXFHG� 7KH PDLQ SUREOHP OLHV LQ
WKH VHOHFWLRQ RI WKH PRVW VXLWDEOH ODQGPDUNV >��� ��@�

5HFHQWO\ LW KDV EHHQ GLVFRYHUHG WKDW ZDVSV DQG
EHHV SHUIRUP VSHFL�F �LJKWV GXULQJ WKH �UVW MRXUQH\V
WR D QHZ SODFH WR OHDUQ FRORU� VKDSH DQG GLVWDQFH RI
ODQGPDUNV� 7KRVH �LJKWV DUH WHUPHG 7XUQ %DFN DQG
/RRN �7%/� >�@� 2QFH WKH SODFH KDV EHHQ OHDUQW XVLQJ
ODQGPDUNV� LQVHFWV FDQ WKHQ DFFRPSOLVK QDYLJDWLRQ DF�
WLRQV DFFRUGLQJO\� &DUWZULJKW DQG &ROOHWW LQWURGXFHG
D PRGHO WR H[SODLQ WKH EHH
V EHKDYLRU ZKHQ VKH DS�
SURDFKHV SUH�OHDUQW SODFHV >�@� 7KLV DOJRULWKP FRXOG
EH VXLWDEO\ XVHG IRU URERWLFV DSSOLFDWLRQV WR GR YLVXDO
JXLGDQFH EXW LW QHHGV WR EH H[WHQGHG�

7KH DLP RI WKLV SDSHU LV WR LQWURGXFH D ELRORJLFDOO\�
LQVSLUHG YLVXDO JXLGDQFH PRGHO IRU WKH URERW KRPLQJ
SKDVH� 7KH QHZ V\VWHP FDQ GHDO ZLWK QDWXUDO ODQG�
PDUNV H[WUDFWHG IURP WKH HQYLURQPHQW E\ DGRSWLQJ D
7%/ SKDVH �VHFWLRQ ��� 8VLQJ WKHVH ODQGPDUNV DQ H[�
WHQVLRQ RI WKH &DUWZULJKW DQG &ROOHWW PRGHO SURYLGHV
XV ZLWK WKH QHFHVVDU\ QDYLJDWLRQ LQIRUPDWLRQ IRU YLVXDO
KRPLQJ �VHFWLRQ ��� )XUWKHUPRUH� ZH VKRZ WKDW 7%/



D�HFWV WKH FRQVHUYDWLYHQHVV RI WKH QDYLJDWLRQ YHFWRU
�HOG WKXV DOORZLQJ XV WR FRPSXWH D �XQLTXH� SRWHQWLDO
IXQFWLRQ ZKLFK GULYHV WKH ODQGPDUN QDYLJDWLRQ EHKDY�
LRU �VHFWLRQ ���

� /HDUQLQJ /DQGPDUNV

$ ODQGPDUN PXVW EH UHOLDEOH IRU DFFRPSOLVKLQJ QDY�
LJDWLRQ WDVNV� WKRVH ZKLFK DSSHDU WR EH DSSURSULDWH
IRU KXPDQ EHLQJV DUH QRW QHFHVVDULO\ DSSURSULDWH IRU
URERWV EHFDXVH RI WKH FRPSOHWHO\ GL�HUHQW VHQVRU DS�
SDUDWXV DQG PDWFKLQJ V\VWHPV >��@� ,I WKH PHDQLQJ
RI UHOLDELOLW\ FDQ EH HVWDEOLVKHG WKHQ WKH SUREOHP RI
VHOHFWLQJ ODQGPDUNV FDQ EH DXWRPDWLFDOO\ VROYHG�

7R H�HFWLYHO\ XVH YLVXDO ODQGPDUNV UHDO�WLPH SHUIRU�
PDQFH LV QHHGHG� WKLV FDQ OHDG WR WKH XVH RI GHGLFDWHG
KDUGZDUH� 7KH URERW 1RPDG��� �)LJXUH �� WKDW ZDV
XVHG WR DFFRPSOLVK WKH WHVWV XVHV WKH )XMLWVX 7UDFN�
LQJ &DUG �759� ZKLFK SHUIRUPV UHDO�WLPH WUDFNLQJ RI
IXOO FRORU WHPSODWHV DW D 176& IUDPH UDWH ���+]�� $
WHPSODWH LV D UHJLRQ RI WKH JUDEEHG LPDJH LGHQWL�HG
E\ WZR SDUDPHWHUV P[ DQG P\ UHSUHVHQWLQJ WKH VL]HV
DORQJ ; DQG < D[HV�

)LJXUH �� 7KH 1RPDG���

)RU HDFK WHPSODWH WKH )XMLWVX V\VWHP SHUIRUPV D
PDWFK LQ D VXE�DUHD RI WKH DFWXDO YLGHR IUDPH DGRSW�
LQJ WKH EORFN PDWFKLQJ PHWKRG� 7KLV LQWURGXFHV WKH
FRQFHSW RI FRUUHODWLRQ JLYHQ E\ WKH VXP RI WKH DEVR�
OXWH GL�HUHQFHV EHWZHHQ WKH YDOXHV RI WKH SL[HOV� 7R
WUDFN D WHPSODWH LW LV QHFHVVDU\ WR FDOFXODWH WKH FRU�
UHODWLRQ EHWZHHQ WKH WHPSODWH DQG D IUDPH QRW RQO\
DW RQH SRLQW RQ WKH IUDPH EXW DW D QXPEHU RI SRLQWV
ZLWKLQ D VHDUFKLQJ DUHD� 7KH VHDUFKLQJ DUHD LV FRP�
SRVHG RI ��� �� SRVLWLRQV LQ WKH IUDPH XVXDOO\ WDNHQ
DURXQG D VSHFL�F SRLQW� 7KH ZKROH VHW RI FRUUHODWLRQV
LV UHIHUUHG WR DV WKH FRUUHODWLRQ PDWUL[�
7KH PDWFKLQJ V\VWHP SURYLGHV DV DQ RXWSXW WKH FR�

RUGLQDWHV RI WKH SRVLWLRQ ZKLFK UHSUHVHQWV WKH JOREDO
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)LJXUH �� 9DULRXV H[DPSOHV RI FRUUHODWLRQ PDWUL[HV
DURXQG WKH WHPSODWHV �ER[ VKDSHG�

PLQLPXP LQ WKH FRUUHODWLRQ PDWUL[� 'L�HUHQW WHP�
SODWHV XVXDOO\ KDYH GL�HUHQW FRUUHODWLRQ PDWUL[HV �VHH
)LJXUH ��� 7KLV DSSURDFK VWURQJO\ UHVHPEOHV WKH
UHJLRQ�EDVHG RSWLFDO �RZ WHFKQLTXHV >��@� 7KHUH� WKH
�RZ LV GH�QHG DV WKH VKLIW WKDW \LHOGV WKH EHVW �W EH�
WZHHQ WKH LPDJH UHJLRQV DW GL�HUHQW WLPHV� %XW LQ
RUGHU WR VHOHFW WKH EHVW ODQGPDUNV RQO\ VWDWLF LPDJHV
DUH FRQVLGHUHG LQ RXU DSSURDFK�

0RUL HW DO� >��@ KDYH WDNHQ DGYDQWDJH RI WKH FRUUH�
ODWLRQ PDWUL[ WR JHQHUDWH DWWHQWLRQ WRNHQV IURP VFHQHV
E\ XVLQJ ZKDW WKH\ FDOOHG WKH YDOOH\ PHWKRG� ([WHQG�
LQJ WKH FRQFHSW ZH LQWURGXFH D PHDVXUH JLYHQ E\�

U  �� J

J�
���

ZKLFK IRU RXU ODQGPDUNV UHSUHVHQWV WKH UHOLDELOLW\ RI D
WHPSODWH ZKRVH JOREDO PLQLPXP LV J DQG ORFDO PLQL�
PXP LV J�� 7KH ODWWHU LV FRPSXWHG LQ D FLUFOH DURXQG
J� 7KHUHIRUH� ZH GH�QH UHOLDEOH ODQGPDUNV DV WHPSODWHV
ZKLFK DUH XQLTXHO\ LGHQWL�DEOH LQ D VHDUFK DUHD�

7KHUH DUH VHYHUDO GHJUHHV RI IUHHGRP LQ VHDUFKLQJ IRU
WKH EHVW ODQGPDUNV ZLWKLQ D YLGHR IUDPH EXW VRPH VLP�
SOL�FDWLRQV FDQ EH PDGH WR VSHHG XS WKH ZKROH VHDUFK
SURFHVV >�@� )RU H[DPSOH� RQO\ VTXDUHG WHPSODWHV FDQ
EH FRQVLGHUHG� WKXV P[  P\  P[\�



6R IDU� ZH XVH ODQGPDUNV WKDW KDYH EHHQ VWDWLFDOO\
VHOHFWHG IURP WKH JRDO LPDJH� :H IRXQG WKDW LW LV QHF�
HVVDU\ WR WHVW WKHP LQ UHDO VLWXDWLRQV LQ RUGHU WR YHULI\
ZKHWKHU WKH\ UHSUHVHQW JRRG JXLGHV IRU UHDO QDYLJDWLRQ
WDVNV�

7%/ KHOSV WR YHULI\ WKH XVHIXOQHVV RI ODQGPDUNV E\
WHVWLQJ ZKHWKHU GXULQJ WKH PRWLRQ WKH VWDWLFDOO\ FKR�
VHQ ODQGPDUNV VWLOO UHPDLQ UREXVWO\ LGHQWL�DEOH >�� �@�
7KURXJK D VHULHV RI VWHUHRW\SHG PRYHPHQWV VPDOO SHU�
WXUEDWLRQV �ORFDO OLJKWLQJ FRQGLWLRQV� FKDQJHV LQ FDP�
HUD KHDGLQJ� GL�HUHQW SHUVSHFWLYHV DQG VR RQ� FDQ LQ�
�XHQFH WKH UHOLDELOLW\ RI WKH VWDWLFDOO\ FKRVHQ ODQG�
PDUNV� )LJXUH � VKRZV WKH URERW PRYLQJ DZD\ IURP
WKH JRDO DQG WKH FDPHUD �DUURZV SRLQWLQJ WR WKH WRS�
LV FRQWLQXRXVO\ SRLQWLQJ WRZDUGV WKH JRDO�

)LJXUH �� 7KH 7%/ SKDVH

7KH URERW WULHV WR OHDUQ ZKLFK ODQGPDUNV FDQ EH
VXLWDEO\ XVHG LQ UHDO QDYLJDWLRQ WDVNV E\ VLPXODWLQJ
WKH FRQGLWLRQV WKH URERW ZLOO HQFRXQWHU DORQJ YDULRXV
SRVVLEOH SDWKV WR WKH JRDO�

$W WKH HQG RI WKH 7%/ SURFHVV RQO\ WKRVH ODQG�
PDUNV ZKRVH UHOLDELOLW\ UO LV DERYH D WKUHVKROG � DUH
FODVVL�HG DV VXLWDEOH IRU QDYLJDWLRQ WDVNV� 7KLV DOORZV
XV WR GHDO ZLWK UHOLDEOH ODQGPDUNV� 7%/ LV SHUIRUPHG
ZLWKLQ D UHJLRQ WZR PHWHUV ZLGH DQG WKUHH OHQJWK DQG
WDNHV DERXW �� VHFRQGV WR EH SHUIRUPHG� ,Q )LJXUH �
WZR SLFWXUHV WDNHQ E\ D 7%/ SKDVH H[SORLWHG E\ WKH
URERW DUH VKRZQ� 7KH QXPEHUV DVVRFLDWHG ZLWK HDFK
ODQGPDUN UHSUHVHQW UO DW GL�HUHQW WLPHV�

� 1DYLJDWLRQ IURP ODQGPDUNV

$IWHU UHOLDEOH ODQGPDUNV KDYH EHHQ FKRVHQ WKHQ
QDYLJDWLRQ LQIRUPDWLRQ FDQ EH H[WUDFWHG IURP WKHP�
7KH XQGHUO\LQJ ELRORJLFDO SULQFLSOH LV WKDW D UHDO PRYH�

)LJXUH �� 7ZR LPDJHV WDNHQ GXULQJ D 7%/ SKDVH

PHQW LV UHSUHVHQWHG E\ DQ DWWUDFWLRQ IRUFH� ,W LV SUR�
GXFHG E\ WDNLQJ LQWR DFFRXQW WKDW WKH DJHQW WULHV WR UH�
VWRUH WKH RULJLQDO SRVLWLRQ DQG VL]H RI HYHU\ ODQGPDUNV
>�@� 7KH &DUWZULJKW DQG &ROOHWW PRGHO WDNHV LQWR DF�
FRXQW RQO\ PRQR GLPHQVLRQDO LQIRUPDWLRQ WKHUHIRUH DQ
H[WHQVLRQ WR WKH UHDO �' LPDJHV LV QHFHVVDU\� 7ZR GLI�
IHUHQW NLQGV RI LQIRUPDWLRQ FDQ EH HDVLO\ FRPSXWHG LQ
UHDO WLPH� WKH DFWXDO GLVSODFHPHQW RI D ODQGPDUN IURP
LWV SRVLWLRQ YLHZHG IURP WKH JRDO SODFH DQG LWV SUHVHQW
VL]H�

/HW aGO WKH GL�HUHQFH EHWZHHQ WKH RULJLQDO DQG WKH
SUHVHQW SRVLWLRQ RI D ODQGPDUN O DQG:O D ZHLJKW JLYHQ
E\ WKH UDWLR

0[\

P[\

ZKHUH 0[\ LV WKH RULJLQDO PDJQL�FD�

WLRQ YDOXH� 7KH DWWUDFWLRQ VWUHQJWK JLYHQ E\ ODQGPDUN
O LV FRPSXWHG DV WKH IRUFH SURGXFHG E\�

aYO  aGO �:O ���

$OO WKH GDWD FRPLQJ IURP GL�HUHQW ODQGPDUNV PXVW
EH IXVHG WRJHWKHU DQG WKH DYHUDJLQJ E\ FRQ�GHQFH



SDUDGLJP LV DSSOLHG LQ RXU FRQWH[W >��� �@� 7KH LQ�
GLYLGXDO GDWD DUH ZHLJKWHG E\ LQWURGXFLQJ D VLJPRLG
IXQFWLRQ V�UO� UDQJLQJ IURP � WR �� 7KH FRQ�GHQFH
JLYHQ E\ WKH VLJPRLG IXQFWLRQ LV EDVHG RQ WKH DFWXDO
YDOXH RI WKH UHOLDELOLW\ IDFWRU UO� 7KH RYHUDOO QDYLJDWLRQ
YHFWRU FDQ EH WKXV FDOFXODWHG DV�

a9  >9[ 9\@  

/;
O �

aYO � V�UO�

/;
O �

V�UO�

���

ZKHUH / LV WKH QXPEHU RI ODQGPDUNV FKRVHQ DIWHU 7%/�
UO LV WKH UHOLDELOLW\ YDOXH RI ODQGPDUN O DQG aYO LV WKH
DWWUDFWLRQ IRUFH IHOW E\ ODQGPDUN O� /DVWO\� 9[ DQG 9\
UHSUHVHQW DQ HVWLPDWLRQ RI WKH GLVWDQFH �DORQJ [ DQG \
D[HV RI WKH HQYLURQPHQW� IURP WKH DFWXDO SRVLWLRQ WR

WKH JRDO SRVLWLRQ� 7KH YHFWRU a9 UHSUHVHQWV WKH QH[W
PRYHPHQW IURP WKH SUHVHQW URERW SRVLWLRQ�
)LJXUH � VXPPDUL]HV WKH VLWXDWLRQ ZKHUH WKH SLF�

WXUH UHSUHVHQWV D W\SLFDO IUDPH WDNHQ GXULQJ D QDYLJD�
WLRQ WHVW� ,Q SDUWLFXODU� WKH FLUFOH DW WKH ERWWRP�FHQWHU
UHSUHVHQWV WKH RYHUDOO DWWUDFWLRQ H[HUWHG E\ WKH JRDO�
$ERYH WKH FLUFOH WKH YDULDQFH RI WKDW DWWUDFWLRQ LV UH�
SRUWHG DQG XQGHU WKH FLUFOH WKH DWWUDFWLRQ YHFWRU LV
EURNHQ GRZQ LQWR D PDJQLWXGH DQG DQ DQJOH� ,Q WKH
FLUFOH RQ WKH ULJKW WKH VLQJOH DWWUDFWLRQ H[HUWHG E\ HDFK
ODQGPDUN LV GUDZQ� (DFK ODQGPDUN KDV D QXPEHU DV�
VRFLDWHG ZLWK LW JLYHQ E\ WKH YDOXH RI WKH VLJPRLG IXQF�
WLRQ DSSOLHG RQ LWV UHOLDELOLW\ PHDVXUH� 7KH DUURZV DW
WKH WRS�FHQWHU RI WKH �JXUH UHSUHVHQW WKH PRWLRQ FRP�
PDQGV JLYHQ WR WKH URERW� ,Q WKH UHFWDQJOH RQ WKH
OHIW WKH YLVXDO SRWHQWLDO �HOG SUR�OH ZKLFK KDV EHHQ
IROORZHG VR IDU LV GUDZQ�
,Q )LJXUH � WKH UHVXOWV RI D QDYLJDWLRQ H[SHULPHQW

DUH VKRZQ� 0RVW RI WKH QDYLJDWLRQ WULDOV UHDFK WKH
JRDO SRVLWLRQ ZLWKLQ DQ HUURU UDQJH RI �� FHQWLPHWHUV�
6RPH VWDUWLQJ SRLQWV� QDPHO\ WKRVH ODEHOHG �� � DQG �
DUH QRW DWWUDFWHG E\ WKH JRDO� 7KHVH IDLOXUHV FDQ EH
GHDOW ZLWK E\ LQWURGXFLQJ D SRWHQWLDO �HOG DURXQG WKH
JRDO SRVLWLRQ�

� 7KH YLVXDO SRWHQWLDO �HOG

7KH ZKROH VHW RI DWWUDFWLRQV IHOW E\ WKH URERW FDQ
EH PHDVXUHG E\ SODFLQJ WKH URERW LQ GL�HUHQW SRLQWV
RI DQ HQYLURQPHQW DUH UHSUHVHQWHG E\ D YHFWRU �HOG� DV
VKRZQ LQ )LJXUH ��
$ �HOG RI YHFWRUV a9 �T� LV GH�QHG DV D SRWHQWLDO �HOG

ZKHQ LW LV SURGXFHG E\ D GL�HUHQWLDEOH IXQFWLRQ 8
ZLWK�

)LJXUH �� $ IUDPH WDNHQ E\ D UHDO QDYLJDWLRQ YLGHR
�VHH WH[W RQ WKH OHIW�

a9 �T�  aU8�T� ���

ZKHUH T LV WKH DFWXDO FRQ�JXUDWLRQ RI WKH URERW >�@�
&ODVVLFDOO\� ERWK 8 DQG T DUH PDWKHPDWLFDOO\ VSHFL�
�HG DQG UHVHDUFKHUV �VHH� H�J� >�� �@� KDYH DGGUHVVHG
WKH SUREOHP RI FKRRVLQJ WKH EHVW FKRLFH IRU 8 JLYHQ D
VHW RI VHQVRUV DQG WKH HQYLURQPHQW� ,Q RXU FDVH� WKH
FRQ�JXUDWLRQ T RI WKH URERW GHSHQGV RQ WKH DFWXDO SR�
VLWLRQ RI WKH URERW� [� \ DQG �� 2XU DSSURDFK FRQVLVWV
RI FDOFXODWLQJ WKH VKDSH RI 8�T� DV D SRVWHULRU� VWDUWLQJ
IURP WKH YHFWRU �HOG 9 �T��

7R VLPSOLI\ WKH ZKROH SURFHVV RI GDWD FROOHFWLRQ D
�[HG � LV FRQVLGHUHG >�@� 7KLV PHDQV WKDW RQO\ WZR
GLPHQVLRQV �[ DQG \� DUH FRQVLGHUHG LQVWHDG RI WKUHH�
EXW WKH ZKROH DSSURDFK VWLOO UHPDLQ YDOLG�

7KHUHIRUH� IURP HTXDWLRQ � LW FDQ EH VWDWHG WKDW�

a9 �[� \�  >9[�[� \� 9\�[� \�@  

�
#8�[� \�

#[

#8�[� \�

#\

�

���

1RZ� LQ RUGHU WR VWDWH WKDW WKH YHFWRU �HOG FDQ
EH GHULYHG IURP D SRWHQWLDO IXQFWLRQ 8 D QHFHVVDU\
DQG VX�FLHQW FRQGLWLRQ LV WKDW WKH UHODWLRQ �&DXFK\�
5LHPDQQ� KROGV >��@�

#9[�[� \�

#\
 

#9\�[� \�

#[
���

,Q RWKHU WHUPV�
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)LJXUH �� 1DYLJDWLRQ H[SHULPHQWV

#9[�[� \�

#\
� #9\�[� \�

#[
 � ���

WKDW FDQ EH UHIHUUHG E\ ZLWK WKH WHUP FRQVHUYDWLYH�
QHVV�
,Q )LJXUH � WKH GHJUHH RI FRQVHUYDWLYHQHVV IRU HDFK

FRQVLGHUHG SRLQW LV SORWWHG� ODUJH DUHDV RI WKH ZKROH
HQYLURQPHQW KDYH #9[

#\
� #9\

#[
URXJKO\ HTXDO WR ��

)XUWKHUPRUH� ZKHQ WKH 7%/ WKUHVKROG DSSURDFKHV
� WKH FRQVHUYDWLYHQHVV RI WKH YHFWRU �HOG WHQGV WR EH�
FRPH UDSLGO\ � HYHU\ZKHUH >�@� 7KLV UHSUHVHQWV WKH
FRQGLWLRQ IRU FRPSXWLQJ WKH SRWHQWLDO IXQFWLRQ ZKLFK
GULYHV WKH QDYLJDWLRQ SURFHVV�
,I WKH YHFWRU �HOG LV FRQVHUYDWLYH WKHQ WKH FDOFX�

ODWLRQ RI WKH LQWHJUDO EHWZHHQ WZR SRLQWV LV SDWK�
LQGHSHQGHQW� 7KLV FDQ EH WDNHQ DGYDQWDJH IRU FRP�
SXWLQJ WKH SRWHQWLDO IXQFWLRQ E\ DOORZLQJ WKH JRDO SR�
VLWLRQ WR KDYH UHIHUHQFH SRLQW FR�RUGLQDWHV� %\ VHWWLQJ
� DV WKH YDOXH RI WKH SRWHQWLDO DW WKH JRDO� HYHU\ RWKHU
SRLQW LV WKXV UHIHUUHG WR LQ WHUPV RI SRWHQWLDO LQ UHI�
HUHQFH WR WKH JRDO SRVLWLRQ� :LWK D 7%/ WKUHVKROG RI
���� WKH SRWHQWLDO IXQFWLRQ LV UHSUHVHQWHG LQ )LJXUH ��
7KHUH DUH ODUJH DUHDV RI WKH HQYLURQPHQW IURP

ZKLFK WKH JRDO SRVLWLRQ FDQ EH UHDFKHG� 1HYHUWKH�
OHVV� VRPH VWDUWLQJ SRLQWV PLJKW OHDG WR ORFDO PLQLPD
ZKHUH WKH URERW FDQ EHFRPH WUDSSHG� 7KH VLWXDWLRQV
SUHVHQWHG LQ WKH SUHYLRXV VHFWLRQ FDQ EH FOHDUO\ LQWHU�
SUHWHG DV DWWUDFWLRQ JLYHQ E\ RWKHU PLQLPD WKDW UHSUH�
VHQW IDOVH JRDOV� ,Q >�@ DQG >�@ WZR GL�HUHQW DSSURDFKHV

21656

5234

2294

3742

238

5623

4899

1542

2774

95

193 207

134

405

17

196

72

1340

121

192

192

3362

909

5358

4431

4551

1076

4032 3450

1017

5733

13172

4717

5023

5702

655

1025

1155

6824

16777

5596

16863

15323

14001

1452612444

3503

7588

5228

8002

5210

9118

981

2263

2047

2240

2341

3768

12717

1853

4243

8675

5208

5934

6891

1225

13512

11857

7510

3006

2134

1307

2413

22001 1020 cm

CUPBOARD(h=210cm)

TABLE          (h=70cm)

60 cm

60 cm

GOAL POSITION

COLUMN

720 cm

)LJXUH �� $Q H[DPSOH RI D QDYLJDWLRQ �HOG� GLUHFWLRQV
DQG PRGXOHV �QXPEHUV�
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)LJXUH �� &RQVHUYDWLYHQHVV ZLWK � VHW DW ����� 7KH
JRDO SRVLWLRQ LV LQ ���� ����

WR GHDO ZLWK IDOVH JRDOV KDYH EHHQ WHVWHG� WKH XVH RI
D ELJJHU WKUHVKROG IRU 7%/ DQG WKH XVH RI WKH ZKROH
VQDSVKRW LQVWHDG RI ODQGPDUNV�

� &RQFOXGLQJ UHPDUNV

7KLV SDSHU KDV VKRZQ ELRORJLFDOO\�LQVSLUHG OHDUQLQJ
DQG QDYLJDWLRQ V\VWHPV EDVHG RQ QDWXUDO YLVXDO ODQG�
PDUNV� ,Q SDUWLFXODU WKH PHWKRG IRU VHOHFWLQJ ODQG�
PDUNV �7%/� FDQ D�HFW WKH FRQVHUYDWLYHQHVV RI WKH
QDYLJDWLRQ YHFWRU �HOG WKXV DOORZLQJ XV WR H[SODLQ WKH
QDYLJDWLRQ PHWKRG LQ WHUPV RI D SRWHQWLDO IXQFWLRQ� $
SDQRUDPLF �HOG RI YLHZ LV WKRXJKW WR EH QHFHVVDU\ WR
SURGXFH ZHOO�VKDSHG SRWHQWLDO EDVLQV ZKHUH WKH JRDO
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)LJXUH �� 3RWHQWLDO IXQFWLRQ� 7%/ WKUHVKROG VHW DW
����

LV WKH RQO\ JOREDO PLQLPXP� :RUN LQ WKLV GLUHFWLRQ LV
QHFHVVDU\�

7KH SUHVHQFH RI D QDYLJDWLRQ �HOG LV FRQVLGHUHG WR
EH LPSRUWDQW IRU IXUWKHU H[WHQGLQJ WKH PHWKRG� VXE�
JRDOV FDQ EH DXWRPDWLFDOO\ SODFHG DW WKH ERXQGDULHV
RI WKH EDVLQ RI DWWUDFWLRQ� 7KLV FDQ UHSUHVHQW WKH ED�
VLF VWHS IRU WRSRORJLFDO QDYLJDWLRQV� /DVWO\� KRZ WR
GHDO ZLWK REVWDFOHV HLWKHU VWDWLF RU G\QDPLF UHSUHVHQW
D PDQGDWRU\ GHYHORSPHQW IRU WKH PHWKRG�

$NQRZOHJPHQWV

7KLV UHVHDUFK ZRXOG QRW EH SRVVLEOH ZLWKRXW WKH
VXJJHVWLRQV DQG WKH H�RUWV RI 'U� <RVKLR 0DWVXPRWR�
'U� -RFKHQ =HLO� 'U� *RUGRQ &KHQJ� 0U� -RFKHQ
+HLQ]PDQQ DQG 3URI� 0�9� 6ULQLYDVDQ�
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ELRORJLFDOO\�LQVSLUHG YLVXDO KRPLQJ� ,Q 3URF� RI
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EHU �����
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OHDUQLQJ LQ EHHV� -� RI &RPS� 3K\VLRORJ\�
$���������^���� �����

>�@ 7�6� &ROOHWW DQG -� =HLO� )OLJKWV RI OHDUQLQJ� -� RI
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���� �����

>�@ 6� +DUPRQ� *� %LDQFKLQL� DQG %� 3LQ]� 6HQVRU
GDWD IXVLRQ WKURXJK D GLVWULEXWHG EODFNERDUG� ,Q
3URF� RI WKH ,((( ,QW� &RQI� RI 5RERWLFV DQG $X�
WRP�� SDJHV ����^����� 6DQ )UDQFLVFR �&DOLIRU�
QLD�� 0DUFK �����

>�@ 0� .KDWLE DQG 5� &KDWLOD� $Q H[WHQGHG SRWHQ�
WLDO �HOG DSSURDFK IRU PRELOH URERW VHQVRU�EDVHG
PRWLRQV� ,QWHOO� $XW� 6\VWHPV� �����^���� �����

>�@ 2� .KDWLE� 5HDO�WLPH REVWDFOH DYRLGDQFH IRU PD�
QLSXODWRUV DQG PRELOH URERWV� ,QW� -� RI 5RERWLFV
5HVHDUFK� �������^��� �����

>�@ -�&� /DWRPEH� 5RERW PRWLRQ SODQQLQJ� .OXZHU
$FDGHPLF 3XEOLVKHU� %RVWRQ�'RGUHFKW�/RQGRQ�
�����

>��@ -�-� /LWWOH DQG $� 9HUUL� $QDO\VLV RI GL�HUHQWLDO
DQG PDWFKLQJ PHWKRGV IRU RSWLFDO �RZ� ,Q 3URF�
RI WKH ,((( ZRUNVKRS RQ YLVXDO PRWLRQ� SDJHV
���^���� ,UYLQH� &$� �����

>��@ 7� 0RUL� <� 0DWVXPRWR� 7� 6KLEDWD� 0� ,QDED�
DQG +� ,QRXH� 7UDFNDEOH DWWHQWLRQ SRLQW JHQHU�
DWLRQ EDVHG RQ FODVVL�FDWLRQ RI FRUUHODWLRQ YDOXH
GLVWULEXWLRQ� ,Q -60( $QQXDO &RQI� RQ 5RERWLFV
DQG 0HFKDWURQLFV �52%20(& ���� SDJHV ����^
����� .DYDVDNL �-DSDQ�� �����

>��@ *� 6WUDQJ� ,QWURGXFWLRQ WR $SSOLHG 0DWKHPDWLFV�
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>��@ 6� 7KUXQ� $ %D\HVLDQ DSSURDFK WR ODQGPDUN
GLVFRYHU\ DQG DFWLYH SHUFHSWLRQ LQ PRELOH URERW
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>��@ 2� 7UXOOLHU� 6�,� :LHQHU� $� %HUWKR]� DQG -�$�
0H\HU� %LRORJLFDOO\ EDVHG DUWL�FLDO QDYLJDWLRQ
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