
�0RELOH�6HQVLQJ�IRU�0XOWLSXUSRVH�$SSOLFDWLRQV�LQ�7UDQVSRUWDWLRQ�

$UPVWURQJ�$ERDK
3K'�6WXGHQW
&LYLO�DQG�(QYLURQPHQWDO�(QJLQHHULQJ�'HSDUWPHQW
8QLYHUVLW\�RI�0LVVRXUL�&ROXPELD
(PDLO��DD�PY#XPV\VWHP�HGX

0LFKDHO�%RHGLQJ
6WXGHQW
&RPSXWHU�6FLHQFH�'HSDUWPHQW
8QLYHUVLW\�RI�0LVVRXUL�&ROXPELD
(PDLO� PLFKDHOERHGLQJ#PDLO�PLVVRXUL�HGX

<DZ�$GX�*\DPIL
$VVLVWDQW�3URIHVVRU
&LYLO�DQG�(QYLURQPHQWDO�(QJLQHHULQJ�'HSDUWPHQW
8QLYHUVLW\�RI�0LVVRXUL�&ROXPELD
(PDLO��DGXJ\DPIL\#PLVVRXUL�HGX

7KLV�SDSHU�LV�EHLQJ�VXEPLWWHG�WR�WKH�7UDQVSRUWDWLRQ 5HVHDUFK�%RDUG��75%��IRU�SUHVHQWDWLRQ�DW�WKH
���VW�$QQXDO�0HHWLQJ�DQG�SXEOLFDWLRQ�LQ�WKH�7UDQVSRUWDWLRQ 5HVHDUFK�5HFRUG�

:RUG�FRXQW� ������ZRUGV�WH[W������ILJXUHV� ������ ZRUGV

6XEPLVVLRQ�'DWH��$XJXVW��������

mailto:michaelboeding@mail.missouri.edu


$%675$&7
5RXWLQH DQG FRQVLVWHQW GDWD FROOHFWLRQ LV UHTXLUHG WR DGGUHVV FRQWHPSRUDU\ WUDQVSRUWDWLRQ LVVXHV�
7KH FRVW RI GDWD FROOHFWLRQ LQFUHDVHV VLJQLILFDQWO\ ZKHQ VRSKLVWLFDWHG PDFKLQHV DUH XVHG WR
FROOHFW GDWD� 'XH WR WKLV FRQVWUDLQW� 6WDWH 'HSDUWPHQWV RI 7UDQVSRUWDWLRQ VWUXJJOH WR FROOHFW
FRQVLVWHQW GDWD IRU DQDO\]LQJ DQG UHVROYLQJ WUDQVSRUWDWLRQ SUREOHPV LQ D WLPHO\ PDQQHU� 5HFHQW
DGYDQFHPHQWV LQ WKH VHQVRUV LQWHJUDWHG LQWR VPDUWSKRQHV KDYH UHVXOWHG LQ D PRUH DIIRUGDEOH
PHWKRG RI GDWD FROOHFWLRQ� 7KH SULPDU\ REMHFWLYH RI WKLV VWXG\ LV WR GHYHORS DQG LPSOHPHQW D
VPDUWSKRQH DSSOLFDWLRQ IRU GDWD FROOHFWLRQ� 7KH FXUUHQWO\ GHVLJQHG DSS FRQVLVWV RI WKUHH PDMRU
PRGXOHV� D IURQWHQG JUDSKLFDO XVHU LQWHUIDFH �*8,�� D VHQVRU PRGXOH� DQG D EDFNHQG PRGXOH�
:KLOH WKH IURQWHQG XVHU LQWHUIDFH HQDEOHV LQWHUDFWLRQ ZLWK WKH DSS� WKH VHQVRU PRGXOHV FROOHFW
UHOHYDQW GDWD VXFK DV YLGHR DQG DFFHOHURPHWHU UHDGLQJV ZKLOH WKH DSS LV LQ XVH� 7KH EDFNHQG� RQ
WKH RWKHU KDQG� LV PDGH XS RI ILUHEDVH VWRUDJH� ZKLFK LV XVHG WR VWRUH WKH JDWKHUHG GDWD� ,Q
FRPSDULVRQ WR RWKHU GHYHORSHG DSSV IRU FROOHFWLQJ SDYHPHQW LQIRUPDWLRQ� WKLV FXUUHQW DSS LV QRW
RYHUO\ UHOLDQW RQ WKH LQWHUQHW HQDEOLQJ WKH DSS WR EH XVHG LQ DUHDV RI UHVWULFWHG LQWHUQHW DFFHVV�
7KH GHYHORSHG DSSOLFDWLRQ ZDV HYDOXDWHG E\ FROOHFWLQJ GDWD RQ WKH L���: KLJKZD\ FRQQHFWLQJ
&ROXPELD� 0LVVRXUL� DQG .DQVDV &LW\� 0LVVRXUL� 7KH GDWD ZDV DQDO\]HG IRU D YDULHW\ RI SXUSRVHV�
LQFOXGLQJ FDOFXODWLQJ WKH ,QWHUQDWLRQDO 5RXJKQHVV ,QGH[ �,5,�� LGHQWLI\LQJ SDYHPHQW GLVWUHVVHV�
DQG XQGHUVWDQGLQJ GULYHU¶V EHKDYLRXU DQG HQYLURQPHQW � 7KH UHVXOWV RI WKH DSSOLFDWLRQ LQGLFDWH
WKDW�WKH�GDWD�FROOHFWHG�E\�WKH�DSS�LV�RI�KLJK�TXDOLW\�

,1752'8&7,21
7R DGGUHVV FRQWHPSRUDU\ WUDQVSRUWDWLRQ LVVXHV� PDVVLYH DPRXQWV RI GDWD PXVW EH FROOHFWHG� 7KH
FRVW RI FROOHFWLQJ WKHVH GDWD LV HQRUPRXV� DQG DV VXFK� OHVV FRVWO\ PHWKRGV RI GDWD FROOHFWLRQ LV
HPLQHQW� $PRQJ WKHVH LVVXHV DUH DQDO\]LQJ SDYHPHQW FRQGLWLRQV DQG XQGHUVWDQGLQJ GULYHUV

EHKDYLRU DQG HQYLURQPHQWV� )RU H[DPSOH� URDG VXUIDFH GDWD PXVW EH FROOHFWHG DQG DQDO\]HG RQ D
URXWLQH EDVLV WR HQVXUH SURSHU URDG PDLQWHQDQFH� 7KH ,QWHUQDWLRQDO 5RXJKQHVV ,QGH[ �,5,� LV RQH
RI WKH PHWULFV GHULYHG IURP WKLV GDWD � 7KH ,5, LQGH[HV WKH URDG VXUIDFH
V URXJKQHVV� 7KLV
SURYLGHV LQIRUPDWLRQ WR URDG PDLQWHQDQFH HQJLQHHUV DERXW ZKLFK URDGV UHTXLUH LPPHGLDWH
DWWHQWLRQ DQG ZKLFK RQHV GR QRW� &ROOHFWLQJ LQIRUPDWLRQ DERXW WKH SDYHPHQW
V VXUIDFH XVLQJ
VRSKLVWLFDWHG PDFKLQHV VXFK DV WKH $5$1 YDQ LV SURKLELWLYHO\ H[SHQVLYH� 7KLV FRPSOLFDWHV WKH
WDVN RI FROOHFWLQJ URDG VXUIDFH GDWD RQ D FRQVLVWHQW EDVLV E\ WKH YDULRXV VWDWH 'HSDUWPHQWV RI
7UDQVSRUWDWLRQ �'27�� )RU LQVWDQFH� WKH 9LUJLQLD 'HSDUWPHQW RI 7UDQVSRUWDWLRQ �9'27� VSHQGV
���� PLOOLRQ SHU \HDU FROOHFWLQJ LQIRUPDWLRQ DERXW WKH SDYHPHQW VXUIDFH XVLQJ KLJK�HQG
PDFKLQHV ���� /LNHZLVH� KLJKO\ VRSKLVWLFDWHG PDFKLQHV DUH XVHG WR FROOHFW GDWD IRU SDYHPHQW
GLVWUHVV DQDO\VLV� +RZHYHU� DGYDQFHPHQWV LQ FRQVXPHU�OHYHO WHFKQRORJLHV VXFK DV VPDUWSKRQHV
KDYH PDGH LW SRVVLEOH WR FROOHFW URDG VXUIDFH GDWD DW D ORZ FRVW IRU WKH SXUSRVH RI DQDO\]LQJ
SDYHPHQW�URXJKQHVV�DQG�GLVWUHVV�

6PDUWSKRQHV FRQWDLQ VHQVRUV VXFK DV DQ DFFHOHURPHWHU� ZKLFK GHWHFWV YLEUDWLRQV FDXVHG E\ D
PRYLQJ YHKLFOH� 7KHVH YLEUDWLRQV DUH XVHG DV D VXUURJDWH WR HVWLPDWH WKH URXJKQHVV RI WKH URDG�
1XPHURXV VWXGLHV KDYH EHHQ FRQGXFWHG WR HVWLPDWH WKH ,5, XVLQJ VPDUWSKRQH GDWD� DQG WKH
UHVXOWV DUH FRPSDUDEOH WR WKRVH REWDLQHG XVLQJ KLJK�HQG PDFKLQHV ZLWK DQ DFFHSWDEOH PDUJLQ RI
HUURU �������������



$GGLWLRQDOO\� XQGHUVWDQGLQJ WKH HQYLURQPHQW DURXQG YHKLFOHV LV D QHFHVVDU\ UHTXLUHPHQW LQ
DFKLHYLQJ D VDIHU GULYLQJ H[SHULHQFH� $GYDQFHPHQWV LQ VPDUWSKRQH FDPHUD WHFKQRORJ\ KDYH
UHVXOWHG LQ WKH SURGXFWLRQ RI KLJK�UHVROXWLRQ LPDJHV DQG YLGHRV� UHVXOWLQJ LQ D PRUH DIIRUGDEOH
PHWKRG RI FROOHFWLQJ QDWXUDOLVWLF GULYLQJ GDWD� :LWK WKH DLG RI FRPSXWHU YLVLRQ DQG GHHS OHDUQLQJ
WHFKQLTXHV WKHVH VPDUWSKRQH YLGHRV FDQ EH SURFHVVHG WR JDLQ D EHWWHU XQGHUVWDQGLQJ RI WKH
GULYHU
V�EHKDYLRU�DQG�VXUURXQGLQJV�

7KH VWXG\¶V DLP ZDV WR GHYHORS DQG LPSOHPHQW D PRELOH GDWD FROOHFWLRQ DSSOLFDWLRQ IRU FROOHFWLQJ
LQIRUPDWLRQ UHJDUGLQJ URDG VXUIDFHV� QDWXUDOLVWLF GULYLQJ HYHQWV HWF� 7KH SURWRW\SH ZDV GHYHORSHG
XVLQJ WKH IROORZLQJ WHFKQLTXHV� VSHFLILFDWLRQ RI WKH KDUGZDUH SODWIRUP� GHVLJQ RI WKH VRIWZDUH
LQWHUIDFH� GHVLJQ RI WKH VRIWZDUH VXE�FRPSRQHQWV� DQG GHYHORSPHQW RI WKH EDFNHQG VHUYLFH� 7KH
DSS ZDV FUHDWHG WR ZRUN ZLWK L26 GHYLFHV DQG WR GLUHFWO\ PHDVXUH WKH VSHHG RI PRYLQJ YHKLFOHV�
,Q FRPSDULVRQ WR SUHYLRXV VPDUWSKRQH GDWD FROOHFWLRQ DSSV� WKLV FXUUHQW DSS LV QRW RYHUO\ UHOLDQW
RQ WKH LQWHUQHW� 7KLV PHDQV WKDW GDWD FDQ EH JDWKHUHG DQG VWRUHG WHPSRUDULO\ LQ WKH DSS
V OLEUDU\
EHIRUH EHLQJ XSORDGHG WR WKH FORXG VHUYHU IRU VWRUDJH� 7KLV IHDWXUH HQDEOHV GDWD FROOHFWLRQ IURP
URDGZD\V LQ UHPRWH DUHDV ZKHUH D VWDEOH LQWHUQHW FRQQHFWLRQ LV QRW DYDLODEOH� )LQDOO\� WKH
GHYHORSHG DSS ZDV HYDOXDWHG RQ 0LVVRXUL
V ,QWHUVWDWH �� WR HYDOXDWH WKH DFFXUDF\ RI GDWD
FROOHFWHG�E\�WKH�DSS�

7KH UHVW RI WKH SDSHU LV GLYLGHG LQWR WKH IROORZLQJ VHFWLRQV� 7KH VHFRQG VHFWLRQ UHYLHZV UHOHYDQW
OLWHUDWXUH� 6HFWLRQ WKUHH FRQWDLQV LQIRUPDWLRQ DERXW WKH GHYHORSPHQW SURFHVV� LQFOXGLQJ WKH
GHVLJQ DSSURDFK� NH\ FRPSRQHQWV� DQG PRGXOXV� 7KH IRXUWK VHFWLRQ GLVFXVVHV WKH GDWD FROOHFWLRQ
SURFHVV DV LW UHODWHV WR WKH GHYHORSHG PRELOH DSSOLFDWLRQ� 6HFWLRQ ILYH VXPPDUL]HV WKH
TXDQWLWDWLYH ILQGLQJV IURP WKH FROOHFWLRQ RI ILHOG GDWD� )LQDOO\� 6HFWLRQ VL[ VXPPDUL]HV WKH
UHVHDUFK��UHVXOWV�WKH�ILQGLQJV��DQG�PDNHV�UHFRPPHQGDWLRQV IRU�IXWXUH�UHVHDUFK�LQ�VHFWLRQ�VHYHQ�

5(/$7('�678',(6
7KLV VHFWLRQ GLVFXVVHV VWXGLHV WKDW H[DPLQH WKH XVH RI VPDUWSKRQH GDWD WR VROYH
WUDQVSRUWDWLRQ�UHODWHG SUREOHPV� (DFK VWXG\ LV UHYLHZHG IRU LWV SXUSRVH� GDWD FROOHFWLRQ
WHFKQLTXH��DQG�PHWKRGRORJ\�

7KH WHFKQRORJ\ WR DFFXUDWHO\ DVVHVV SDYHPHQW URXJKQHVV ZLWK LQH[SHQVLYH VHQVRUV KDV LPSURYHG
JUHDWO\� $ SUREH�EDVHG PRQLWRULQJ V\VWHP IRU VOLSSHU\ DQG URXJK URDG VXUIDFHV ZDV GHYHORSHG E\
0'27 LQ ���� ���� 7KH YHKLFOH GDWD ZDV FROOHFWHG DQG WUDQVPLWWHG WR D EDFNHQG VHUYHU UXQQLQJ
RQ D 'URLG SODWIRUP�,W ZDV DWWDFKHG WR WKH ZLQGVKLHOG LQ WKH VDPH PDQQHU DV D QDYLJDWLRQ GHYLFH�
9DULRXV VHQVRUV LQ WKH YHKLFOH DQG RQ WKH SKRQH ZHUH XVHG WR FROOHFW GDWD� LQFOXGLQJ WKH SKRQH
V
WKUHH�D[LV DFFHOHURPHWHU� WKH H[WHUQDO URDG VXUIDFH WHPSHUDWXUH DQG KXPLGLW\� DQG WKH YHKLFOH
V
&RQWUROOHU $UHD 1HWZRUN � 'XULQJ D WZR�\HDU SHULRG� WKH V\VWHP ZDV LQVWDOOHG LQ WZR YHKLFOHV
GULYHQ E\ 0'27 SHUVRQQHO� 2YHU WKLUW\ WKRXVDQG PLOHV DQG PRUH WKDQ �� JLJDE\WHV RI GDWD ZHUH
FDSWXUHG� 7R UHSUHVHQW WKH SDYHPHQW
V VXUIDFH LUUHJXODULWLHV� WKH YHUWLFDO DFFHOHURPHWHU VLJQDO
V
YDULDWLRQ ZDV HPSOR\HG� 7KH DFFHOHURPHWHU
V VDPSOH UDWH LV ��� +]� 'DWD FROOHFWLRQ ZDV
IROORZHG E\ FDOLEUDWLRQ RI WKH DFFHOHURPHWHU UHDGLQJV XVLQJ D 3$6(5 V\VWHP FXUYH ILWWLQJ
DOJRULWKP WR WKH 3DYHPHQW 6XUIDFH (YDOXDWLRQ DQG 5DWLQJ �3$6(5� VFDOH� )XWXUH LWHUDWLRQV RI WKH
FXUYH�ILWWLQJ�DOJRULWKP�PD\�LQFRUSRUDWH�GDWD�IURP WKH�0'27
V�DQQXDO�3$6(5�UDWLQJ�VWXG\�



5HVHDUFKHUV DW $XEXUQ 8QLYHUVLW\ H[DPLQHG WKH XVH RI YHKLFOH�PRXQWHG VHQVRUV WR GHWHUPLQH WKH
FRQGLWLRQ RI WKH SDYHPHQW ���� 7KH VWXG\
V SULPDU\ REMHFWLYH ZDV WR FRPSXWH WKH ,5, WKURXJK WKH
XVH RI DXWRPRWLYH VHQVRUV� 7KH ,5, ZDV FDOFXODWHG XVLQJ LQIRUPDWLRQ JDWKHUHG IURP D YDULHW\ RI
YHKLFOH VHQVRUV� LQFOXGLQJ VXVSHQVLRQ GHIOHFWLRQ PHWHUV� DFFHOHURPHWHUV� DQG J\URVFRSHV� 2Q D
����PLOH �������PHWHU� ORQJ WHVW WUDFN� WKH 1DWLRQDO &HQWHU IRU $VSKDOW 7HFKQRORJ\ FRQGXFWHG
FRQWUROOHG VSHHG WHVWV �1&$7�� 7KH WRWDO QXPEHU RI YLEUDWLRQV LQ D SDUWLFXODU VHFWLRQ FDQ EH
GHWHUPLQHG E\ FDOFXODWLQJ WKH 5RRW 0HDQ 6TXDUH �506� RI D VLJQDO PHDVXUHPHQW �L�H�� YHUWLFDO
DFFHOHUDWLRQ� J\URVFRSHV� RU VXVSHQVLRQ GHIOHFWLRQ�� $FFHOHUDWLRQ LQFOXGHV D VHFWLRQ RQ 506
�5RRW 0HDQ 6TXDUHG� �6HFWLRQ ����� )ROORZLQJ WKDW� WKH DJJUHJDWHG YLEUDWLRQV ZHUH FRPSDUHG WR
WKH SDYHPHQW VHJPHQW
V DXWKHQWLF ,5,� 7KH URRW PHDQ VTXDUH RI YHUWLFDO DFFHOHUDWLRQV ZDV IRXQG
WR EH WKH PRVW DFFXUDWH UHSUHVHQWDWLRQ RI WKH DXWKHQWLF ,5,� ,W IROORZHG WKH VDPH JHQHUDO WUHQG DV
WKH ZHOO�NQRZQ ,5,� ZLWK WKH H[FHSWLRQ RI D IHZ H[SHFWHG PDJQLWXGH FKDQJHV� ,Q VXPPDU\� WKLV
VWXG\ HVWDEOLVKHG WKDW WKH PRVW SUDFWLFDO PHWKRG IRU FDOFXODWLQJ WKH ,5, LV WR XVH D URRW PHDQ
VTXDUH�DOJRULWKP�RQ�YHUWLFDO�DFFHOHUDWLRQ�UHDGLQJV�

,Q D SLORW VWXG\� )OLQWVFK HW DO� ��� TXDQWLILHG URDG ULGH TXDOLW\ DQG URXJKQHVV XVLQJ SURELQJ
YHKLFOHV� 2QFH DJDLQ� YHUWLFDO DFFHOHUDWLRQ GDWD ZDV XVHG WR HVWLPDWH YHKLFOH YLEUDWLRQ� $W WKH
9LUJLQLD 6PDUW 5RDG IDFLOLW\ LQ %ODFNVEXUJ� 9LUJLQLD� D VPRRWKQHVV SURILOH ZDV FUHDWHG XVLQJ DQ
LQHUWLDO�EDVHG ODVHU SURILOHU� DQG YHUWLFDO DFFHOHURPHWHU PHDVXUHPHQWV ZHUH WDNHQ XVLQJ DQ
LQVWUXPHQWHG FDU� 7KH IUHTXHQF\ RI WKH DFFHOHURPHWHU ZDV FKRVHQ WR EH �� KHUW]� $GGLWLRQDOO\�
*36 FRRUGLQDWHV ZHUH FROOHFWHG� $FFHOHUDWLRQ GDWD ZDV FROOHFWHG GXULQJ IRXU UXQV RQ WKH WHVW
WUDFN� 7KH VWXG\ GLVFRYHUHG WKDW DFFHOHUDWLRQ UXQV DUH KLJKO\ UHSURGXFLEOH� 7KH VPRRWKQHVV
SURILOH DQG DFFHOHUDWLRQ PHDVXUHPHQWV DUH KLJKO\ FRUUHODWHG� DV GHWHUPLQHG E\ WKH FRKHUHQFH
IXQFWLRQ�DQDO\VLV�

(OHRQRUD HW DO� ��� XVHG VPDUWSKRQH GDWD WR GHWHFW DQG DQDO\]H ULVN\ GULYLQJ EHKDYLRUV� 7KH VWXG\
H[DPLQHG FULWLFDO ULVN LQGLFDWRUV VXFK DV WKH QXPEHU RI DJJUHVVLYH GULYLQJ LQFLGHQWV DQG FHOO
SKRQH XVH ZKLOH GULYLQJ� 7KH VWXG\ JDWKHUHG GDWD RQ YHKLFOH VSHHG� GLVWDQFH WUDYHOHG�
DFFHOHUDWLRQV� WXUQLQJ PDQHXYHUV� EUDNLQJ HYHQWV� DQG FHOO SKRQH XVH� 7KH VWXG\
V ILQGLQJV
LQGLFDWH WKDW GLVWUDFWLRQ FDXVHG E\ VPDUWSKRQH XVH KDV D VLJQLILFDQW HIIHFW RQ WKH QXPEHU RI
VHYHUH HYHQWV RFFXUULQJ SHU NLORPHWHU DQG� FRQVHTXHQWO\� RQ WKH UHODWLYH FUDVK ULVN� $GGLWLRQDOO\�
VPDUWSKRQH VHQVRU GDWD FDQ EH XVHG WR DFFXUDWHO\ GHWHFW PRELOH SKRQH XVH ZKLOH GULYLQJ LQ PRUH
WKDQ�����RI�FDVHV�

'(6,*1�$3352$&+
7KH FXUUHQW DSS ZDV GHVLJQHG WR FROOHFW GDWD IURP WKH RQERDUG ,26 VHQVRUV DQG YLGHR IURP WKH
RQERDUG FDPHUD DQG WKHQ WUDQVIHU WKH GDWD WR D VHUYHU� 7KH FXUUHQW GHVLJQ LV PDGH XS RI WKUHH
PDMRU PRGXOHV� D IURQWHQG XVHU LQWHUIDFH PRGXOH� D VHQVRU PRGXOH� DQG D EDFNHQG PRGXOH�
)LJXUH���VKRZV�WKH�LQWHUDFWLRQV�DQG�LQIRUPDWLRQ�IORZ EHWZHHQ�WKHVH�PRGXOHV�



)LJXUH����)URQWHQG��DQG�EDFNHQG�PRGXOHV�RI�WKH�$SS

)URQWHQG�'HVLJQ
7KH XVHU LQWHUIDFH IRU WKLV DSS ZDV GHVLJQHG WR SURYLGH D VWUHDPOLQHG YLHZ WKDW H[SRVHG NH\
DVSHFWV RI WKH DSSOLFDWLRQ YLD D WDE EDU FRQWUROOHU� 7KLV HQDEOHV XV WR FRPSDUWPHQWDOL]H WKH
DSSOLFDWLRQ
V YDULRXV FULWLFDO FRPSRQHQWV LQWR GLVWLQFW YLHZV� $V LOOXVWUDWHG LQ )LJXUH �� WKH WDE
EDU FRQWDLQV D 9LGHR 7DE� DQ 8SORDGV 7DE� D /LEUDU\ 7DE� D *UDSK 7DE� DQG D 6HWWLQJV 7DE� 7KH
9LGHR 7DE HQDEOHV WKH FROOHFWLRQ RI YLGHR DQG VHQVRU GDWD� 7KH 8SORDGV 7DE HQDEOHV WKH XVHU WR
NHHS WUDFN RI WKH VWDWXV RI HDFK SDFNDJH JDWKHUHG LQ WKH 9LGHR 7DE� 7KH /LEUDU\ 7DE GLVSOD\V DOO
RI WKH SDFNDJHV WKDW KDYH EHHQ FROOHFWHG DQG DUH FXUUHQWO\ VWRUHG RQ WKH GHYLFH� 7KH *UDSK 7DE
GLVSOD\V D OLYH JUDSK RI WKH GHYLFH
V DFFHOHUDWLRQ LQ WKH ] GLUHFWLRQ DV PHDVXUHG E\ LWV VHQVRUV�
7KH 6HWWLQJV 7DE GLVSOD\V DOO RI WKH FXUUHQW VHWWLQJV DQG HQDEOHV WKHP WR EH PRGLILHG DV
QHFHVVDU\�



)LJXUH �� .H\ FRPSRQHQWV RI WKH DSS� �D� 9LGHR 7DE� �E� 8SORDG 7DE� �F� /LEUDU\ 7DE� �G� *UDSK
7DE��H��6HWWLQJV�7DE

%DFNHQG�'HVLJQ
7KH SULPDU\ IXQFWLRQ RI WKH EDFNHQG LV WR SURYLGH FRPSXWDWLRQDO UHVRXUFHV WKDW FDQ EH XVHG WR
DFFHOHUDWH IURQW�HQG XVHU TXHU\ UHVSRQVHV� 7KH DQDO\WLFV SHUIRUPHG RQ WKH IURQW HQG RI WKH
DSSOLFDWLRQ FDQ EH FRPSXWDWLRQDOO\ H[SHQVLYH� 7R HQDEOH VXFK VRSKLVWLFDWHG DQDO\WLFV RQ WKH IURQW
HQG RI WKH DSS� ZH EXLOW D VFDODEOH� FORXG�EDVHG EDFNHQG XVLQJ FXWWLQJ�HGJH ELJ GDWD DQDO\WLFV
WHFKQLTXHV� 7KH FXUUHQW VWXG\
V EDFNHQG LV SRZHUHG E\ *RRJOH )LUHEDVH� )LUHEDVH LV PDGH XS RI
VHYHUDO SDUWV� LQFOXGLQJ D 5HDOWLPH 'DWDEDVH� D &ORXG )LUHVWRUH� DQG &ORXG 6WRUDJH� 7KH )LUHEDVH
5HDOWLPH 'DWDEDVH LV D UHODWLRQDO GDWDEDVH PDQDJHPHQW V\VWHP WKDW UXQV LQ WKH FORXG� 7KH GDWD LV
VWRUHG LQ -621 IRUPDW DQG LV V\QFKURQL]HG ZLWK HDFK FRQQHFWHG FOLHQW LQ UHDO WLPH� 6LPLODUO\� WKH
&ORXG )LUHVWRUH� PDLQWDLQV GDWD FRQVLVWHQF\ DFURVV FOLHQW DSSOLFDWLRQV DQG HQDEOHV RIIOLQH VXSSRUW
IRU PRELOH DQG ZHE DSSOLFDWLRQV� &ORXG 6WRUDJH HQDEOHV PDVVLYH VFDODELOLW\ RI ILOH VWRUDJH� ,W
DOORZV XVHUV WR XSORDG DQG GRZQORDG ILOHV GLUHFWO\ WR DQG IURP WKH &ORXG 6WRUDJH �EXFNHW�� 7KH
GHYHORSHG DSSOLFDWLRQ VWRUHV DOO VHQVRU GDWD LQ D )LUHEDVH 5HDO�WLPH 'DWDEDVH DQG WKH YLGHRV LQ
&ORXG )LUHVWRUH� 7KH XVH RI ERWK WKH )LUHEDVH 5HDOWLPH 'DWDEDVH DQG &ORXG )LUHVWRUH HQVXUH WKDW
XSORDGHG GDWD DUH PDGH LQVWDQWO\ DFFHVVLEOH WR RWKHU DSS XVHUV� $GGLWLRQDOO\� WKH\ DOORZ PXOWLSOH
XVHUV WR VLPXOWDQHRXVO\ SXVK GDWD WR WKH FORXG VWRUDJH LQ UHDO�WLPH� )LQDOO\� WKH &ORXG )LUHVWRUH
FDFKHV GDWD WKDW \RXU DSS LV DFWLYHO\ XVLQJ� DOORZLQJ WKH DSS WR ZULWH� UHDG� OLVWHQ WR� DQG TXHU\
GDWD HYHQ ZKHQ WKH GHYLFH LV QRW FRQQHFWHG WR WKH LQWHUQHW� 7KH VWUXFWXUH RI WKH EDFNHQG UHDO�WLPH
GDWDEDVH�LV�VKRZQ�LQ�)LJXUH��D�



)LJXUH�����D��5HDO�WLPH�SRVWLQJ�RI�GDWD�FROOHFWHG� �E��6HQVRU�0RGXOH

6HQVRU�0RGXOH
7KH GHYHORSHG DSS OHYHUDJHV PXOWLSOH PRGXOHV WR DOORZ IRU VHQVRU FROOHFWLRQ� 7KHVH PRGXOHV
LQFOXGH &RUH0RWLRQ � &RUH/RFDWLRQ� DQG $9.LW DV VKRZQ LQ )LJXUH �E� 7KH &RUH0RWLRQ PRGXOH
FROOHFWV PRWLRQ DQG HQYLURQPHQWDO GDWD IURP WKH RQERDUG KDUGZDUH RI L26 GHYLFHV� LQFOXGLQJ
DFFHOHURPHWHUV DQG J\URVFRSHV� DV ZHOO DV WKH SHGRPHWHU� PDJQHWRPHWHU� DQG EDURPHWHU� 7KLV
IUDPHZRUN HQDEOHV WKH DFFHVV DQG XWLOL]DWLRQ RI GDWD JHQHUDWHG E\ WKH KDUGZDUH� 7KH
&RUH/RFDWLRQ GHWHUPLQHV WKH DOWLWXGH� RULHQWDWLRQ� DQG JHRJUDSKLFDO ORFDWLRQ RI D GHYLFH� DV ZHOO
DV LWV SRVLWLRQ LQ UHODWLRQ WR D QHDUE\ L%HDFRQ GHYLFH� 7KH IUDPHZRUN FROOHFWV GDWD E\ XWLOL]LQJ DOO
DYDLODEOH KDUGZDUH FRPSRQHQWV RQ WKH GHYLFH� LQFOXGLQJ EDURPHWHU� *36� :L�)L� PDJQHWRPHWHU�
DQG %OXHWRRWK� $OVR� WKH $9.LW SURYLGHV D KLJK�OHYHO LQWHUIDFH IRU YLGHR FRQWHQW SOD\EDFN� 7KHVH
YDULRXV PRGXOHV ZHUH XWLOL]HG LQ WKLV FXUUHQW DSS WR DFFHVV WKH GHYLFH PRWLRQ GDWD
�DFFHOHURPHWHUV�DQG�J\URVFRSHV���WKH�*36�ORFDWLRQ� DQG�WKH�YLGHR�GDWD�UHVSHFWLYHO\�

'$7$�&2//(&7,21�86,1*�7+(�528*+1(66�,1'(;�$1$/<=(5 $33
7KH WHVW IRU WKLV VWXG\ ZDV FRQGXFWHG RQ ,��� :HVW� ZKLFK FRQQHFWV &ROXPELD� 0LVVRXUL� DQG
.DQVDV &LW\� 0LVVRXUL� 7KH URDG VHJPHQW FRQVLGHUHG IRU WKLV WHVW ZDV DSSUR[LPDWHO\ �� PLOHV LQ
OHQJWK��7KH�VWXG\�DUHD�GHSLFWHG�LQ�)LJXUH���LV�WKH ORFDWLRQ�RI�WKH�GDWD�FROOHFWLRQ�



)LJXUH �� 7KH VWXG\ DUHD ZKHUH WKH DSS ZDV XVHG WR FROOHFW SDYHPHQW URXJKQHVV LQIRUPDWLRQ
�,����:�

7R FROOHFW GDWD ZLWK WKH DSS� WKH PRELOH SKRQH PXVW ILUVW EH PRXQWHG RQ WKH FDU
V ZLQGVFUHHQ �VHH
)LJXUH �E� WR UHFRUG WKH SDYHPHQW VXUIDFH DQG VRPH RWKHU SHUWLQHQW LQIRUPDWLRQ� 7KH YLGHR GDWD
ZDV VDPSOHG DW D IUDPH UDWH RI �� IUDPHV SHU VHFRQG� ZKHUHDV WKH DFFHOHURPHWHU DQG YHKLFOH
ORFDWLRQ GDWD ZHUH FROOHFWHG DW D IUDPH UDWH RI �� IUDPHV SHU VHFRQG� $V LOOXVWUDWHG LQ )LJXUH �D�
WKH�YHKLFOH�XVHG�WR�FROOHFW�GDWD�ZDV�D������1LVVDQ 6HQWUD�

)LJXUH �D DQG �E� D� ���� 1LVVDQ 6HQWUD YHKLFOH XVHG IRU WKH GDWD FROOHFWLRQ E� 7KH PRXQWLQJ
SRVLWLRQ�RI�WKH�VPDUWSKRQH�RQ�WKH�ZLQGVFUHHQ

$Q�,QWHUDFWLYH�8VHU�,QWHUIDFH�IRU�'DWD�4XHU\LQJ�XVLQJ 6WUHDPOLW
7KH DELOLW\ RI WKH DSS WR V\QF WKH QXPHURXV SLHFHV RI LQIRUPDWLRQ LW FROOHFWV LV FULWLFDO� ,Q RUGHU WR
DFKLHYH WKLV� WKH VWXG\ GHYHORSHG DQ LQWHUDFWLYH XVHU LQWHUIDFH IRU TXHU\LQJ FROOHFWHG GDWD XVLQJ



VWUHDPOLW� 6WUHDPOLW LV D IUHH DQG RSHQ�VRXUFH 3\WKRQ OLEUDU\ IRU ZHE DSSOLFDWLRQ GHYHORSPHQW�
6WUHDPOLW LV FRPSDWLEOH ZLWK D ZLGH YDULHW\ RI SRSXODU OLEUDULHV DQG IUDPHZRUNV� LQFOXGLQJ .HUDV�
2SHQ&9� 9HJD�/LWH� 3\WRUFK� 7HQVRUIORZ� DQG 3\WKRQ� 'XH WR WKLV OLEUDU\
V HDVH RI XVH DQG UDSLG
GHSOR\PHQW� WKH VWXG\ XVHG LW WR FUHDWH DQ LQWHUDFWLYH GDVKERDUG WKDW HQDEOHG HIIRUWOHVV GDWD
TXHU\LQJ�E\�WLPHVWDPS�

7KH GDVKERDUG KDV WKUHH PDMRU PHQXV� WKH KRPHSDJH� WKH GDWD TXHU\LQJ SDJH� DQG WKH GDWD
YLVXDOL]DWLRQ SDJH� 7KH GDWD TXHU\LQJ SDJH HQDEOHV XVHUV WR TXHU\ ERWK UDZ GDWD DQG VSHFLILF
YLGHR IUDPHV E\ WLPHVWDPS� 2Q WKH GDWD YLVXDOL]DWLRQ SDJH� XVHUV FDQ YLHZ FKDQJHV LQ
DFFHOHURPHWHU UHDGLQJV ZKLOH WKH YHKLFOH LV LQ PRWLRQ DV LOOXVWUDWHG LQ )LJXUH �� $FFHOHUDWLRQ
FKDQJHV ZHUH PLQLPDO DV WKH YHKLFOH FDPH WR D VWRS DW WKH WUDIILF OLJKW� $FFHOHURPHWHU UHDGLQJV
VKRZQ LQ )LJXUH � LQGLFDWH WKDW ZKHQ WKH YHKLFOH FKDQJHV ODQHV� D VSLNH LV REVHUYHG LQ WKH [ DQG \
GLUHFWLRQV EXW QRW LQ WKH ]� +RZHYHU� LI WKH YHKLFOH SDVVHV RYHU D SRWKROH� VSLNHV DUH VHHQ WR RFFXU
LQ DOO GLUHFWLRQV �[�\ DQG ]�� 7KLV KHOSV LQ GLIIHUHQWLDWLQJ EHWZHHQ D YHKLFOH PDNLQJ D ODQH FKDQJH
RU�QHJRWLDWLQJ�D�FXUYH�DQG�D�SDYHPHQW�LUUHJXODULW\�

)LJXUH����&KDQJHV�LQ�$FFHOHURPHWHU�UHDGLQJV�ZKLOH YHKLFOH�LQ�LQ�PRWLRQ

$VVHVVLQJ�WKH�$FFXUDF\�RI�WKH�$SS¶V�*36�FRRUGLQDWH 3RLQWV
7KH *36 FRRUGLQDWHV PXVW EH SUHFLVH LQ RUGHU WR V\QFKURQL]H WKH YLGHR DQG DFFHOHURPHWHU GDWD
IURP WKH DSS� 7KLV ZLOO DOORZ XV WR PDS SDYHPHQW GLVWUHVVHV LQ UHDO WLPH DW WKH H[DFW ORFDWLRQV
ZKHUH WKH\ RFFXUUHG� ,VVXHV DULVH ZKHQ *36 LQIRUPDWLRQ LV QRW DFFXUDWH� )LJXUH � VKRZV D
*RRJOH (DUWK YLHZ RI *36 FRRUGLQDWHV� 7KH *36 FRRUGLQDWHV DUH REVHUYHG WR EH VOLJKWO\ RII�
ZKLFK�PD\�DIIHFW�WKH�V\QFKURQL]DWLRQ�RI�WKH�FROOHFWHG GDWD�



)LJXUH����3ORW�RI�*36�FRRUGLQDWH�SRLQWV�SURYLGHG�E\ WKH�DSS

$33/,&$7,216�2)�'$7$�&2//(&7('�)520�7+(�$33
7KH DSS FROOHFWV D YDULHW\ RI GDWD� LQFOXGLQJ DFFHOHURPHWHU DQG J\URVFRSH UHDGLQJV� URDGZD\
YLGHR��DQG�*36�ORFDWLRQ�GDWD��7KLV�VHFWLRQ�GLVFXVVHV VRPH�RI�WKH�SRVVLEOH�XVHV�IRU�WKH�DSS
V�GDWD�

(VWLPDWLQJ�URDG�URXJKQHVV�LQGH[��,5,�
7KH DFFHOHURPHWHU� J\URVFRSH� DQG VSHHG GDWD FROOHFWHG E\ WKH DSS ZDV XVHG LQ D VWXG\ E\ $ERDK
DQG $GX�*\DPIL ��� WR IRUHFDVW ,5, YDOXHV IRU URDG VHJPHQWV� ,Q WKHLU VWXG\� WKH FROOHFWHG GDWD
ZDV IHG LQWR D GHHS OHDUQLQJ PRGHO GHYHORSHG WR IRUHFDVW WKH ,5, YDOXH RI URDG VHJPHQWV� 7KH
JURXQG WUXWK ,5, YDOXHV REWDLQHG IURP 0R'27
V $5$1 YLHZHU SRUWDO VHUYHG DV WKH PRGHO
V
GHSHQGHQW YDULDEOH ���� )LJXUH � GHSLFWV WKH $5$1 YLHZHU SRUWDO� 7KH SRUWDO LQFOXGHV WKUHH WDEV
IRU SDYHPHQW LQIRUPDWLRQ� &RQGLWLRQ� ,5,� DQG 5XW� (DFK WDE FRQWDLQV UHFRUGV VSDQQLQJ WKH \HDUV
���� WR ����� 7KH SRUWDO LQFOXGHV D VHDUFK ER[ IRU ORFDWLQJ URDGZD\V ZLWK UHOHYDQW SDYHPHQW
LQIRUPDWLRQ� 7R VHOHFW D VHFWLRQ RI D URDGZD\� WKH LQIRUPDWLRQ IRU WKH URDG VHFWLRQ
V 6WDUW ORJ
�%HJLQ ORJ� DQG (QG ORJ LV HQWHUHG LQ WKH VHDUFK ER[HV VKRZQ LQ )LJXUH �� 7KH LQGHSHQGHQW
YDULDEOHV� RQ WKH RWKHU KDQG� ZHUH DFFHOHURPHWHU GDWD� J\URVFRSH GDWD � DQG YHKLFOH VSHHG GDWD
IURP WKH $SS� $V D UHVXOW� WKH SHUIRUPDQFH RI WKH PRGHO ZDV XVHG WR HVWLPDWH WKH GDWD DFFXUDF\
FROOHFWHG E\ WKH $SS� 7KH GHYHORSHG PRGHO
V DYHUDJH URRW PHDQ VTXDUHG HUURU �$506(� ZDV
���� 7KLV PHDQV WKDW RXU SUHGLFWLRQV DUH ��� XQLWV RII WKH PDUN ZKHQ FRPSDUHG WR WKH DFWXDO ,5,
HVWLPDWHV SURYLGHG E\ URDG SURILOHUV� )XUWKHUPRUH� WKH URRW�PHDQ�VTXDUHG�HUURU �5063(� PHWULF
LQGLFDWHV WKDW WKH PRGHO
V SUHGLFWLRQV ZHUH DSSUR[LPDWHO\ ��� RII WDUJHW ,5, YDOXHV� $V
LOOXVWUDWHG LQ )LJXUH �D� WKH URDG FRQGLWLRQV
 WUHQGV DQG DPSOLWXGHV DUH FRUUHFWO\ PDWFKHG� $V



LOOXVWUDWHG LQ )LJXUH �E� WKHUH LV D OLQHDU UHODWLRQVKLS EHWZHHQ WKH WUXH DQG SUHGLFWHG ,5, YDOXHV�
7KH U�VTXDUHG YDOXH RI WKH OLQHDU SORW ZDV ����� 7KLV LQGLFDWHV WKDW WKH WUXH DQG SUHGLFWHG ,5,
YDOXHV�DUH�KLJKO\�FRUUHODWHG���$GGLWLRQDOO\��WKH�PRGHO
V U�VTXDUHG�YDOXH�ZDV������

)LJXUH����7KH�0R'27�$5$1�YLHZHU�SRUWDO ���

)LJ� �D DQG �E� 3URSRVHG 0RGHO 3HUIRUPDQFH� D�� $ 3ORW RI 7UXH ,5, YDOXHV DQG 3UHGLFWHG ,5,
YDOXHV�DQG�E���6FDWWHU�3ORW�RI�7UXH�,5,�YDOXHV�DJDLQVW 3UHGLFWHG�,5,�YDOXHV

3DYHPHQW�'LVWUHVV�'HWHFWLRQ
3DYHPHQW GLVWUHVVHV SRVH D SRWHQWLDO WKUHDW WR WKH VDIHW\ RI URDG XVHUV� $V D UHVXOW� GHWHFWLQJ
GLVWUHVVHV LQ D WLPHO\ PDQQHU LV UHJDUGHG DV RQH RI WKH PRVW LPSRUWDQW VWHSV LQ OLPLWLQJ IXUWKHU
GHJUDGDWLRQ RI SDYHPHQW VXUIDFHV� 7R PDNH WKH EHVW XVH RI ILQDQFLDO UHVRXUFHV� LW LV QHFHVVDU\ WR
DVVHVV WKH FRQGLWLRQ RI SDYHPHQW VXUIDFHV RQ D UHJXODU EDVLV DQG NHHS XS ZLWK PDLQWHQDQFH�
8VLQJ D SURSRVHG GHWHFWLRQ PRGHO E\ 0DQGDO HW DO� ����� YLGHR GDWD REWDLQHG IURP WKH DSS ZDV
XVHG WR GHWHFW SDYHPHQW GLVWUHVV� 0DQGDO HW DO� ���� GHYHORSHG D VLPSOLILHG V\VWHP IRU HYDOXDWLQJ



WKH VXUIDFH RI SDYHPHQWV WKURXJK WKH XVH RI GHHS OHDUQLQJ DOJRULWKPV� 7KH UHVHDUFKHUV OHDUQHG
WKH YLVXDO DQG WH[WXDO SDWWHUQV DVVRFLDWHG ZLWK WKH YDULRXV W\SHV RI GLVWUHVV XVLQJ WKUHH
VLQJOH�VWDJH REMHFW GHWHFWLRQ DOJRULWKPV� <2/2� &HQWHU1HW� DQG (IILFLHQW'HW� 7KH GHYHORSHG
PRGHOV ZHUH HYDOXDWHG IRU WKHLU SUHGLFWLYH DQG FDWHJRUL]LQJ DELOLWLHV� DQG WKH )� VFRUH ZDV
FDOFXODWHG XVLQJ VWDWLVWLFDO SUHFLVLRQ DQG UHFDOO YDOXHV� 2Q WZR WHVW GDWDVHWV UHOHDVHG E\ WKH ,(((
*OREDO 5RDG 'DPDJH 'HWHFWLRQ &KDOOHQJH� WKH WRS�SHUIRUPLQJ PRGHO DFKLHYHG )� VFRUHV RI ����
DQG ����� )LJXUH �� LOOXVWUDWHV LGHQWLILHG SDYHPHQW GLVWUHVVHV IURP YLGHR GDWD� 7KUHH SDYHPHQW
GLVWUHVVHV ZHUH LGHQWLILHG LQ WKLV ILJXUH� 7KHVH ZHUH GHVLJQDWHG DV '�� �UHG ERXQGLQJ ER[�� '��
�EOXH ERXQGLQJ ER[�� DQG '�� �JUHHQ ERXQGLQJ ER[�� UHVSHFWLYHO\� WR UHSUHVHQW ORQJLWXGLQDO
FUDFN��DOOLJDWRU�FUDFN��DQG�SRWKROH�

)LJXUH�����3DYHPHQW��GLVWUHVVHV�GHWHFWHG�IURP�YLGHR GDWD

1DWXUDOLVWLF�'ULYLQJ�6WXGLHV
1DWXUDOLVWLF GULYLQJ VWXGLHV �1'6� DUH FXWWLQJ�HGJH UHVHDUFK WHFKQLTXHV WKDW LQYROYH FRQWLQXRXVO\
UHFRUGLQJ GULYLQJ GDWD LQ UHDO�ZRUOG GULYLQJ FRQGLWLRQV XVLQJ DGYDQFHG LQVWUXPHQWDWLRQ� 1'6V
HQDEOH WKH DVVHVVPHQW RI GULYLQJ ULVNV WKDW ZRXOG RWKHUZLVH EH LPSRVVLEOH WR DVVHVV XVLQJ
WUDGLWLRQDO FUDVK GDWDEDVHV RU H[SHULPHQWDO PHWKRGV ����� 7KH 1'6 ILQGLQJV KDYH D VLJQLILFDQW
LPSDFW RQ SROLF\ PDNLQJ� VDIHW\ UHVHDUFK DQG GHYHORSPHQW RI VDIHW\ FRXQWHUPHDVXUHV� 7KH
GHYHORSHG DSSOLFDWLRQ LQ WKLV VWXG\ PDNHV XVH RI WZR FDPHUDV WR FROOHFW 1'6 GDWD� 2QH FDPHUD
PRQLWRUV WKH GULYHU
V HQYLURQPHQW RXWVLGH WKH YHKLFOH� ZKLOH WKH RWKHU LV XVHG WR UHFRUG WKH
GULYHU
V DFWLYLWLHV LQVLGH WKH YHKLFOH DV LOOXVWUDWHG LQ )LJXUH ��D DQG ��E� 7KH FROOHFWHG GDWD ZDV
DQDO\]HG WR EXLOG DQ /670 PRGHO IRU LGHQWLI\LQJ YDULRXV GULYLQJ PDQHXYHUV DV SDUW RI WKH



SURFHVV RI XQGHUVWDQGLQJ WKH GULYHU
V HQYLURQPHQW� 7KH GHYHORSHG PRGHO ZDV HYDOXDWHG XVLQJ
DFFXUDF\ DQG SUHFLVLRQ� 7KH EDVH PRGHO ZKLFK XVHG WKH VHQVRU GDWD DQG LPDJH GDWD KDG DQ
DFFXUDF\ RI ��� DQG SUHFLVLRQ RI ���� 7R HYDOXDWH WKH LQIOXHQFH RI XVLQJ LPDJH LQIRUPDWLRQ� WKH
VWXG\ FRQVWUXFWHG D VHFRQG PRGHO WKDW XVHG DQ DFFHOHURPHWHU DQG J\URVFRSH VHQVRU GDWD� 7KH
VHFRQG PRGHO KDG DQ DFFXUDF\ RI ��� DQG D SUHFLVLRQ RI ���� 7KH PRGHO
V FRQIXVLRQ PDWULFHV
DUH GHSLFWHG LQ )LJXUH ��� 7KH PRGHO
V RXWSXW LQGLFDWHV WKDW GDWD FROOHFWHG E\ WKH DSS LV RI
KLJK�TXDOLW\�

D�����������������������������������E
)LJXUH�����D�%DFN�FDPHUD�UHFRUGLQJ�DFWLYLWLHV�RXWVLGH WKH�YHKLFOH�E��)URQW�FDPHUD�UHFRUGLQJ
DFWLYLWLHV�LQVLGH�WKH�YHKLFOH

)LJXUH�����&RQIXVLRQ�0DWULFHV

&21&/86,21
7KLV VWXG\ GHYHORSHG DQG GHSOR\HG D ZRUNDEOH PRELOH DSSOLFDWLRQ IRU FROOHFWLQJ GDWD RQ URDG
VXUIDFH FRQGLWLRQV� 7KH DSS FROOHFWV GDWD DERXW WKH URDG VXUIDFH YLD LQ�EXLOW VPDUWSKRQH VHQVRUV�
7KH GDWD LV LQLWLDOO\ VWRUHG LQ WKH DSS
V OLEUDU\ DQG LV WKHQ XSORDGHG WR WKH FORXG VWRUDJH� 7KH



DSS
V VHWWLQJV DOORZ XVHUV WR FKDQJH WKH VDPSOLQJ IUHTXHQF\ DQG IUDPH UDWH GXULQJ GDWD
FROOHFWLRQ� $GGLWLRQDOO\� ZKLOH GULYLQJ� WKH DSS LV DEOH WR GLVSOD\ WKH DFFHOHURPHWHU UHDGLQJV RQ
WKH YLGHR WDE LQWHUIDFH� 7KH URDG URXJKQHVV DSSOLFDWLRQ ZDV GHYHORSHG XVLQJ D PRGXODU
DSSURDFK� 7KH GHVLJQ IUDPHZRUN RI WKLV DSS LV FRPSRVHG RI WKUHH PDMRU PRGXOHV� D IURQWHQG XVHU
LQWHUIDFH��8,��FRPSRQHQW��D�VHQVRU�FRPSRQHQW��DQG D�EDFNHQG�FRPSRQHQW�

7KH DSS
V IXQFWLRQDOLW\ ZDV HYDOXDWHG E\ FROOHFWLQJ GDWD RQ WKH URDG VXUIDFH RQ WKH ,��� :
KLJKZD\ FRQQHFWLQJ &ROXPELD� 0LVVRXUL DQG .DQVDV &LW\� 7KH FROOHFWHG GDWD ZDV XVHG WR EXLOG D
SUHGLFWLYH PRGHO IRU HVWLPDWLQJ ,5, YDOXHV XVLQJ D GHHS OHDUQLQJ DUFKLWHFWXUH� 7KH DFFXUDF\ RI
WKH PRGHO ZDV XVHG DV D SUR[\ IRU WKH TXDOLW\ RI GDWD FROOHFWHG E\ WKH DSS� $506(� 5�VTXDUHG�
DQG 5063( ZHUH XVHG DV PHWULFV IRU HYDOXDWLRQ� 7KH PRGHO SUHGLFWLRQV LQGLFDWH WKDW WKH
SUHGLFWHG ,5, YDOXHV IURP WKH VPDUWSKRQH GDWD DUH FRPSDUDEOH WR WKRVH HVWLPDWHG XVLQJ KLJK�HQG
PDFKLQHV VXFK DV WKH $5$1 YDQ� :KHQ WKH SUHGLFWHG ,5, YDOXHV ZHUH FRPSDUHG WR WKH JURXQG
WUXWK ,5, YDOXHV� D JRRGQHVV�RI�ILW YDOXH RI ���� ZDV REWDLQHG� 7KLV GHPRQVWUDWHV D KLJK GHJUHH
RI FRUUHODWLRQ EHWZHHQ WKHP� $OVR� WKH YLGHR LQIRUPDWLRQ IURP WKH DSS FDQ EH XVHG WR LGHQWLI\
SDYHPHQW�GLVWUHVVHV�

,Q D QXWVKHOO� ZKHQ WHVWHG� WKH GHYHORSHG PRELOH DSSOLFDWLRQ IRU FROOHFWLQJ URDG VXUIDFH
LQIRUPDWLRQ DQG HVWLPDWLQJ URDG VXUIDFH URXJKQHVV GHPRQVWUDWHG D KLJK GHJUHH RI SRWHQWLDO IRU
SURGXFLQJ�DFFXUDWH�DQG�UHOLDEOH�UHVXOWV�

/,0,7$7,216�$1'�5(&200(1'$7,216
7KH�GHYHORSHG�URXJKQHVV�DSS
V�IXWXUH�XSGDWHV�VKRXOG DGGUHVV�WKH�IROORZLQJ�OLPLWDWLRQV�

Ɣ 7KH ILUVW FRQVWUDLQW LV WKDW WKH DSS ZDV GHVLJQHG H[FOXVLYHO\ IRU WKH L26 RSHUDWLQJ V\VWHP�
*LYHQ WKH ODUJH QXPEHU RI $QGURLG XVHUV� WKH DSS
V QH[W XSGDWH VKRXOG LQFOXGH VXSSRUW
IRU�WKH�$QGURLG�RSHUDWLQJ�V\VWHP�

Ɣ $GGLWLRQDOO\� ZKHQ XVHG� WKH DSS GRHV QRW SURYLGH ,5, YDOXHV GLUHFWO\� )XWXUH XSGDWHV
VKRXOG LQFRUSRUDWH WKH GHYHORSHG GHHS OHDUQLQJ PRGHO LQWR WKH EDFNHQG� DOORZLQJ WKH DSS
WR�GLUHFWO\�SUHGLFW�WKH�,5,�YDOXH�RI�URDG�VHFWLRQV LQ�UHDO�WLPH�ZKLOH�LQ�XVH�

Ɣ $QRWKHU OLPLWDWLRQ REVHUYHG LV WKDW WKH *36 FRRUGLQDWHV DUH VOLJKWO\ RII DV VKRZQ LQ
)LJXUH����1H[W�XSGDWH�RI�WKH�DSS�ZLOO�KDYH�DQ�LPSURYHG *36�

$87+25�&2175,%87,21�67$7(0(17
(DFK RI WKH WKUHH DXWKRUV PDGH HTXDO FRQWULEXWLRQ WR� FRQGXFWLQJ H[SHULPHQWV� DQDO\VLV RI WKH
H[SHULPHQWDO�GDWD��DQG�ZULWLQJ�WKH�PDQXVFULSW�



5()(5(1&(6

�� 6DXHUZHLQ� 3� 0� DQG 6PLWK� %� /� ������� ,QYHVWLJDWLRQ RI WKH LPSOHPHQWDWLRQ RI D
SUREH�YHKLFOH EDVHG SDYHPHQW URXJKQHVV HVWLPDWLRQ V\VWHP� &HQWHU IRU 7UDQVSRUWDWLRQ 6WXGLHV
DW�8QLYHUVLW\�RI�9LUJLQLD�

�� $ERDK� $�� 	 $GX�*\DPIL� <� ������� 6PDUWSKRQH�%DVHG 3DYHPHQW 5RXJKQHVV (VWLPDWLRQ
8VLQJ 'HHS /HDUQLQJ ZLWK (QWLW\ (PEHGGLQJ� $GYDQFHV LQ 'DWD 6FLHQFH DQG $GDSWLYH
$QDO\VLV����������

�� $OHDGHODW� :�� HW DO� ������� (YDOXDWLRQ RI SDYHPHQW URXJKQHVV XVLQJ DQ DQGURLG�EDVHG
VPDUWSKRQH��-RXUQDO�RI�6WRPDWRORJ\�����������±���KWWSV���GRL�RUJ���������-3(2';��������

�� =HQJ� +�HW DO�������� )HDVLELOLW\ $VVHVVPHQW RI D VPDUWSKRQH�EDVHG DSSOLFDWLRQ WR
HVWLPDWH URDGV� URXJKQHVV� .6&( -� &LYLO (QJ������� ����±����� $YDLODEOH
DW�KWWSV���GRL�RUJ���������V�����������������

�� 5RELQVRQ� 5� ������� 6OLSSHU\ URDG GHWHFWLRQ DQG HYDOXDWLRQ� 7UDQVSRUWDWLRQ 5HVHDUFK ,QVWLWXWH
DW�WKH�8QLYHUVLW\�RI�0LFKLJDQ�

�� 'DZNLQ� -�� %HYO\� '�� 3RZHOO� %�� DQG %LVKRS� 5� ������� ,QYHVWLJDWLRQ RI SDYHPHQW
PDLQWHQDQFH�DSSOLFDWLRQV�RI�LQWHOOLGULYH�60��&76�3)6 5HSRUW�

�� )OLQWVFK� *� :�� 9DOHUL� 6�� .DWLFKD� 6� :�� GH /HRQ� (� '�� DQG 0HGLQD� $� ������� ³3UREH
YHKLFOHV XVHG WR PHDVXUH URDG ULGH TXDOLW\� 3LORW GHPRQVWUDWLRQ�´ -RXUQDO RI WKH 7UDQVSRUWDWLRQ
5HVHDUFK�%RDUG��1R��������:DVKLQJWRQ��'�&���SS�����±���� '2,������������������

�� 3DSDGLPLWULRX� (�� 7VHOHQWLV� '� ,�� 	 <DQQLV� *� ������� $QDO\VLV RI GULYLQJ EHKDYLRXU
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