
,QWHJUDWLRQ RI &RQWHQW %DVHG ,PDJH 5HWULHYDO 6\VWHP ZLWK 3$&6
$KPHG 0� *KDQHPD�E� 0� (PDG 0� 5DVP\D� DQG <DVVHU 0� .DGDKD

D%LRPHGLFDO (QJLQHHULQJ 'HSW�� &DLUR 8QLYHUVLW\� *L]D� (J\SW
E )DFXOW\ RI ,QIRUPDWLRQ 6\VWHPV� 6XH]�&DQDO 8QLYHUVLW\� ,VPDLOLD� (J\SW

$%675$&7

&RQWHQW�EDVHG LPDJH UHWULHYDO �&%,5� SURYLGHV D IOH[LEOH PHDQV RI VHDUFKLQJ D GLJLWDO LPDJH OLEUDU\ EDVHG RQ WKH

GHVFULSWLRQ RI WKH GHVLUHG LPDJH� ,Q WKLV SDSHU� ZH LQWHJUDWH &%,5� 5,6� DQG +,6 LQ 3$&6 WR DOORZ UHWULHYLQJ LPDJHV RI

VLPLODU IHDWXUHV� 2QFH WKH V\VWHP ILQGV WKH UHODWHG LPDJHV� WKH HPEHGGHG &%,5 UHWULHYHV WKH UDGLRORJLFDO UHSRUWV DQG

PHGLFDO UHFRUGV RI WKH RXWSXW LPDJHV� ZKLFK FDQ EH XVHG WR LQFUHDVH GLDJQRVWLF DFFXUDF\� 7KH &%,5 V\VWHP LV LPSOHPHQWHG

RQ D VHSDUDWH VHUYHU EDVHG RQ PXOWL�UHVROXWLRQ LPDJH PDWFKLQJ� 7R UHGXFH WKH UHWULHYDO ORDGLQJ RQ WKH VHUYHU DQG QHWZRUN

VKDQNV� D SURFHGXUH WR XVH FRSLHV RI LPDJHV WKDW DUH WHPSRUDULO\ ORFDWHG LQ VRPH ZRUNVWDWLRQV LQ WKH 3$&6 LV DSSOLHG� 7KHVH

FRSLHV DUH VWRUHG RQ D WHPSRUDU\ GDWDEDVH VSDFH FUHDWHG RQ WKH GLIIHUHQW ZRUNVWDWLRQV� $ QHZ LPDJH UHWULHYDO PDQDJHPHQW

VHUYHU FRQWDLQV LPDJH ,'V LQ WKH GDWDEDVH DQG WKH ,3 DGGUHVVHV RI WKH ZRUNVWDWLRQV FRQWDLQLQJ WHPSRUDU\ LPDJH FRSLHV� 'DWD

RQ WKH PDQDJHPHQW VHUYHU DUH FRQWLQXRXVO\ XSGDWHG ZLWK HDFK DGGLWLRQ RU UHWULHYDO RSHUDWLRQ� :KHQ D GLVSOD\ ZRUNVWDWLRQ

QHHGV D VSHFLILF LPDJH� LW VHQGV D UHTXHVW ZLWK WKH UHTXLUHG LPDJH ,' WR WKH PDQDJHPHQW VHUYHU� ZKLFK LQ WXUQ UHSOLHV ZLWK

WKH ,3 RI WKH ZRUNVWDWLRQ FRQWDLQLQJ WKH LQTXLUHG LPDJH ,'�

.H\ZRUGV� 3$&6� FRQWHQW EDVHG LPDJH UHWULHYDO� LPDJH FODVVLILFDWLRQ�

�� ,1752'8&7,21

&RPSDUHG WR WKH WLPH EHIRUH WKH ODVW IHZ GHFDGHV� WKH GHJUHH RI XQFHUWDLQW\ LQ PHGLFDO GLDJQRVLV KDV GUDPDWLFDOO\

GHFUHDVHG� 0HGLFDO LPDJLQJ SOD\V DQ HVVHQWLDO UXOH IRU LPSURYLQJ PHGLFDO GLDJQRVLV� 1RZ� SK\VLFLDQV KDYH DFFHVV WR D ODUJH

QXPEHU RI LPDJLQJ PRGDOLWLHV ZLWK XQLTXH GLDJQRVWLF FKDUDFWHULVWLFV IRU HDFK� 7KHVH PHGLFDO LPDJLQJ PRGDOLWLHV QRW RQO\

SURYLGH QRQ�LQYDVLYH GHVFULSWLRQ RI RUJDQV DQG DQDWRPLFDO FURVV VHFWLRQV� EXW DOVR WKH\ SURYLGH LQIRUPDWLRQ DERXW

SK\VLRORJLFDO VWDWXV� PHDVXULQJ EUDLQ IXQFWLRQDO DFWLYLWLHV DQG EORRG IORZ ZLWKLQ WKH KHDUW DQG WKH YHVVHOV�
$ JUHDW DPRXQW RI UHVHDUFK ZRUN KDV EHHQ GHYRWHG WR WKH GHYHORSPHQW RI GLIIHUHQW PHGLFDO LPDJLQJ PRGDOLWLHV� 7KH

UHVHDUFK DLPV WR LQFUHDVH LPDJH TXDOLW\� GHFUHDVH LPDJH UHFRQVWUXFWLRQ WLPH� LQFUHDVH WKH VDIHW\ RI WKH LPDJLQJ V\VWHPV� DQG

PDLQWDLQ WKH UHOLDELOLW\ DQG SRUWDELOLW\ RI LPDJLQJ PRGDOLWLHV� 0RUHRYHU� UHVHDUFK ZRUN LV JURZLQJ IDVW WR PD[LPL]H WKH

DPRXQW RI H[WUDFWHG GLDJQRVWLF LQIRUPDWLRQ IURP PHGLFDO LPDJHV ZLWK DSSOLFDWLRQV LQ GLDJQRVLV� FOLQLFDO UHVHDUFK� DQG

PHGLFDO HGXFDWLRQ� %DVHG RQ WKLV GLUHFWLRQ RI UHVHDUFK� V\VWHPV VXFK DV SLFWXUH DUFKLYLQJ DQG FRPPXQLFDWLRQ V\VWHPV

�3$&6�� KRVSLWDO LQIRUPDWLRQ V\VWHPV �+,6�� UDGLRORJ\ LQIRUPDWLRQ V\VWHPV �5,6�� SDWLHQW LQIRUPDWLRQ V\VWHPV �3,6��

WHOHPHGLFLQH� DQG WHOHUDGLRORJ\ KDYH EHHQ GHYHORSHG DQG PDWXUHG FRPPHUFLDOO\�

7KH DGYDQFHV LQ 3$&6 SHUIRUPDQFH DQG FDSDELOLWLHV GHSHQG RQ UHVHDUFK ZRUN LQ PDQ\ DUHDV WKDW LQFOXGH HOHFWURQLFV

DQG FRPSXWHU HQJLQHHULQJ ILHOGV� 0XOWLPHGLD GDWDEDVH LV RQH RI WKHVH ILHOGV VLQFH WKH DUFKLYLQJ V\VWHP LQ 3$&6 FDQ EH

ORRNHG DW DV D VXEVHW RI WKH FODVV RI PXOWLPHGLD GDWDEDVH V\VWHPV� ,Q WKH SDVW IHZ \HDUV� WKH DUHD RI FRQWHQW�EDVHG LPDJH

UHWULHYDO �&%,5� KDV UHFHLYHG DQ LQFUHDVLQJO\ KLJKHU LQWHUHVW IURP PXOWLPHGLD GDWDEDVH UHVHDUFKHUV� 7KH WHFKQLTXHV RI &%,5
SURYLGH IOH[LEOH PHDQV RI VHDUFKLQJ ZLWKLQ GLJLWDO LPDJHV EDVHG RQ WKH GHVFULSWLRQ RI D GHVLUHG LPDJH RU FODVV RI LPDJHV�

7KLV GHVFULSWLRQ FDQ WDNH PDQ\ IRUPV VXFK DV FRPSDULVRQ WR D UHIHUHQFH LPDJH RU HYHQ D VHW RI TXDOLWDWLYH IHDWXUHV

UHSUHVHQWLQJ TXDQWLWDWLYH SLFWRULDO IHDWXUHV�

&%,5 KDV EHHQ GHYHORSHG DQG LPSOHPHQWHG LQ VHYHUDO PXOWLPHGLD GDWDEDVH V\VWHPV VXFK DV WKH ,%0 4%,& V\VWHP�

GHYHORSHG DW WKH ,%0 $OPDGHQ 5HVHDUFK &HQWHU� WKH 9LUDJH 6\VWHP GHYHORSHG E\ 9LUDJH� ,QF�� DQG 3KRWRERRN 6\VWHP

GHYHORSHG E\ WKH 0,7 0HGLD /DE� ,Q WKHVH V\VWHPV� D IHDWXUH YHFWRU LV JHQHUDWHG IRU HYHU\ LPDJH LQ WKH GDWDEDVH� 7KLV

IHDWXUH YHFWRU PXVW EH VPDOOHU WKDQ WKH RULJLQDO LPDJH� ,Q RUGHU WR UHWULHYH LPDJHV IURP WKH GDWDEDVH� WKH IHDWXUH YHFWRU LV

FDOFXODWHG IRU WKH LQSXW LPDJH DQG FRPSDUHG WR SUHYLRXVO\ JHQHUDWHG IHDWXUH YHFWRUV WR GHWHUPLQH WKH YHFWRUV PXFK VLPLODU

WR WKH LQSXW YHFWRU IRU UHWULHYLQJ WKHLU LPDJHV IURP WKH LPDJH GDWDEDVH� 7KH NH\ IDFWRU LQ &%,5 V\VWHPV LV WKH VHOHFWLRQ RI

WKH IHDWXUH YHFWRU� ZKLFK SURYLGHV D JRRG UHSUHVHQWDWLRQ IRU WKH LPDJH LQ PLQLPXP VL]H DQG PLQLPXP FDOFXODWLRQ WLPH IRU

YHFWRU JHQHUDWLRQ DQG PDWFKLQJ� ,Q WKLV ZRUN� ZH LQWHJUDWH &%,5 IRU PHGLFDO LPDJHV ZLWK 3$&6� 5,6 DQG +,6� DQG SURYLGH

D QHZ GHVLJQ UHGXFH PHGLFDO LPDJHV UHWULHYLQJ WLPH XVLQJ FRSLHV RI LPDJHV WKDW DUH WHPSRUDOO\ ORFDWHG LQ VRPH ZRUNVWDWLRQV
LQ WKH 3$&6� 7KH 0HGLFDO &%,5 LV GHYHORSHG IRU UHWULHYLQJ WKH LPDJHV WKDW FRQWDLQ VLPLODU IHDWXUHV LQ FRPPRQ ZKLFK OHDG

WR VDPH GLDJQRVLV DV WKH LQSXW LPDJH RU DW OHDVW WKH VLPLODU GLDJQRVWLF IHDWXUHV� 2QFH WKH V\VWHP ILQGV WKH UHODWHG LPDJHV� WKH
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UDGLRORJLFDO UHSRUWV DQG PHGLFDO UHFRUGV RI WKHVH LPDJHV DUH UHWULHYHG DQG SURYLGHG WR WKH UDGLRORJLVW� 7KLV IHDWXUH DOORZV

UDGLRORJLVWV WR PDNH XVH RI SUHYLRXV FDVHV GLDJQRVHV LQ RUGHU WR LQFUHDVH KLV�KHU GLDJQRVWLF DFFXUDF\� 7KH IHDWXUH LV DOVR

YDOXDEOH IRU WUDLQLQJ MXQLRU UDGLRORJLVWV�

�� 0(',&$/ &%,5

,Q WKH GHVLJQ RI D &%,5 V\VWHP IRU PHGLFDO ILHOG ZH DUH IDFHG ZLWK D QXPEHU RI XQLTXH FRQVWUDLQWV� 7KH IROORZLQJ LV WKH

GHILQLWLRQ DQG DQDO\VLV RI WKHVH FRQVWUDLQWV�

�� /RFDO YHUVXV *OREDO )HDWXUHV� 8VLQJ JOREDO SDUDPHWHUV VXFK DV FRORU KLVWRJUDP DQG WH[WXUH YDOXHV FDQQRW SURYLGH JRRG

UHVXOWV LQ PHGLFDO LPDJLQJ� 7KLV LV EHFDXVH LQ PHGLFDO LPDJHV WKH ORFDO WH[WXUH� VKDSH� DQG�RU EULJKWQHVV RI VRPH VPDOO

REMHFWV RU SDUWV PD\ KDYH D KLJK GLDJQRVWLF YDOXH
�
�

�� /DUJH QXPEHU RI GLIIHUHQW LPDJLQJ PRGDOLWLHV�PRGHV� 7KH VRXUFHV RI PHGLFDO LPDJHV DUH PDQ\� ([DPSOHV RI VXFK

VRXUFHV DUH GLDJQRVWLF XOWUDVRXQG� ;�UD\ FRPSXWHG WRPRJUDSK\ �&7�� PDJQHWLF UHVRQDQFH LPDJLQJ �05,�� GLJLWDO

VXEWUDFWLRQ DQJLRJUDSK\ �'6$�� SRVLWURQ HPLVVLRQ WRSRJUDSK\ �3(7�� PDJQHWLF VRXUFH LPDJLQJ �06,�� FRQYHQWLRQDO ;�
UD\� DQG FRPSXWHG UDGLRJUDSK\ �&5�

�
� 0RUHRYHU� ZLWKLQ HDFK PRGDOLW\� WKHUH DUH VHYHUDO PRGHV E\ ZKLFK WKH LPDJH LV

DFTXLUHG� (DFK PRGH GLIIHU VLJQLILFDQWO\ IURP WKH RWKHU PRGHV� H�J�� FRQWUDVW PRGHV LQ 05,� 'XH WR WKH ZLGH

GLIIHUHQFHV EHWZHHQ WKH SK\VLFV XQGHUO\LQJ WKHVH PRGDOLWLHV� ,W LV UDWKHU GLIILFXOW WR GHVLJQ &%,5 V\VWHP WKDW ZRUNV IRU

DOO PRGDOLWLHV XVLQJ WKH VLPSOH IHDWXUH YHFWRU DSSURDFK�

�� 8VHU LQWHUDFWLYLW\� 7KH V\VWHP PXVW DOORZ WKH XVHU WR GHWHUPLQH WKH SDUW�V� ZLWK KLJK GLDJQRVWLF YDOXH VLQFH QR

DXWRPDWLF V\VWHP KDV EHHQ DEOH WR GR WKDW VXFFHVVIXOO\�

�� +XJH VL]H RI LPDJH GDWDEDVH� 7KH WHFKQLTXH PXVW RIIHU IDVW SHUIRUPDQFH VLQFH D IXOO�VFDOH SLFWXUH DUFKLYLQJ DQG

FRPPXQLFDWLRQ V\VWHPV �)6�3$&6� RI D PLG�VL]H KRVSLWDO �DURXQG ������� EHGV� ZRXOG HDVLO\ UHTXLUH � 7%\WHV RI

GLJLWDO GDWD SHU \HDU LQ LWV LPDJH DUFKLYH RU OLEUDU\�

%DVHG RQ WKH FRQVWUDLQWV DERYH� ZH ZLOO DGGUHVV D SDUWLFXODU DVSHFW RI WKH SUREOHP DW KDQG GHILQHG DV EXLOGLQJ D &%,5

V\VWHP GHGLFDWHG IRU 05,� &7 DQG ;�UD\ LPDJHV� 7KLV V\VWHP PXVW GHDO ZLWK ORFDO IHDWXUHV RI WKH LPDJHV DQG DOORZ WKH XVHU

WR LQWHUDFWLYHO\ ORFDWH WKH UHJLRQV ZLWK KLJK GLDJQRVWLF YDOXHV� 7KH V\VWHP PDWFKLQJ VWUDWHJ\ PXVW EH IDVW DQG WKH H[WUDFWHG
IHDWXUHV PXVW EH VXLWDEOH IRU VWRUDJH LQ D GDWDEDVH�

&RPSDUHG WR +LVWRJUDP EDVHG &%,5 V\VWHPV� ZDYHOHW EDVHG &%,5 V\VWHPV DUH PRUH UHOLDEOH IRU PHGLFDO LPDJHV� ,Q

KLVWRJUDP EDVHG V\VWHPV� IHDWXUH YHFWRU QHJOHFWV ORFDWLRQ LQIRUPDWLRQ� 7KLV GUDZEDFN LQ KLVWRJUDP EDVHG V\VWHPV PD\ OHDG

WR FRQVLGHULQJ WZR LPDJHV WR EH YHU\ VLPLODU� HYHQ WKRXJK WKH\ UHSUHVHQW YHU\ GLIIHUHQW GLDJQRVWLF LQIRUPDWLRQ� 6LPLODU WR

KLVWRJUDP EDVHG V\VWHPV� *OREDO WH[WXUH EDVHG V\VWHPV DOVR QHJOHFW ORFDWLRQ LQIRUPDWLRQ� 2Q WKH RWKHU KDQG� EDVHG RQ WKH

QDWXUH RI WKH ZDYHOHW WUDQVIRUP� ZKLFK SUHVHUYHV WKH ORFDWLRQ LQIRUPDWLRQ� ZDYHOHW EDVHG &%,5 V\VWHPV FDQ EH FRQVLGHUHG

PRUH VXLWDEOH WR UHSUHVHQWLQJ PHGLFDO LPDJHV
���
�

6HDUFKLQJ WKH DYDLODEOH &%,5 OLWHUDWXUH� ZH REVHUYH D QXPEHU RI V\VWHPV WKDW VWDQG RXW IRU WKHLU XQLTXH IHDWXUHV�

([DPSOHV RI VXFK V\VWHPV DUH WKH V\VWHP LPSOHPHQWHG E\ WKH 8QLYHUVLW\ RI :DVKLQJWRQ IRU PXOWL�UHVROXWLRQ LPDJH

TXHU\LQJ
�
� DQG WKH V\VWHP GHYHORSHG DW 6WDQIRUG 8QLYHUVLW\ ZKLFK ZDV FDOOHG :%,,6 �:DYHOHW�%DVHG ,PDJH ,QGH[LQJ DQG

6HDUFKLQJ�
�
� %RWK V\VWHPV DUH FRQVLGHUHG ZDYHOHW�EDVHG &%,5 V\VWHPV� 7KH V\VWHP RI WKH 8QLYHUVLW\ RI :DVKLQJWRQ LV

EDVHG RQ +DDU ZDYHOHWV� ZKLOH 6WDQIRUG 8QLYHUVLW\ :%,,6 LV EDVHG RQ 'DXEHFKLHV ZDYHOHWV� %RWK V\VWHPV DUH GHVLJQHG IRU

JHQHUDO�SXUSRVH LPDJH LQGH[LQJ DQG VHDUFKLQJ� 7KHUHIRUH� WKHLU SHUIRUPDQFH EHFRPHV YHU\ SRRU ZKHQ DSSOLHG RQ PHGLFDO

LPDJHV VLQFH WKH FRQVWUDLQWV LQ WKH SUREOHP GHILQLWLRQ VWDWHG DERYH DUH QRW SURSHUO\ DGGUHVVHG�

+HUH� ZH SURSRVH D ZDYHOHW�EDVHG V\VWHP WKDW LV PRUH VXLWDEOH IRU PHGLFDO &%,5 V\VWHPV� )LJXUH � VKRZV D EORFN

GLDJUDP RI WKLV V\VWHP� $V VKRZQ LQ WKLV GLDJUDP� WKH V\VWHP FRQVLVWV RI WKH IROORZLQJ FRPSRQHQWV� SUHSURFHVVLQJ� IHDWXUH

H[WUDFWLRQ� PDWFKLQJ� ILQDO VHOHFWLRQ� LQ DGGLWLRQ WR FRPSOHWH FDVH LPDJHV DQG PHGLFDO UHSRUW UHWULHYDO� (DFK RQH RI WKHVH

EORFNV ZLOO EH GHVFULEHG LQ PRUH GHWDLOV LQ WKH IROORZLQJ VXEVHFWLRQV�
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4XHU\

,PDJH

3UH�

SURFHVVLQJ

)HDWXUH

([WUDFWLRQ

8VHU

0DWFKLQJ )LQDO

6HOHFWLRQ

3$&6

)XOO H[DPLQDWLRQ DQG

PHGLFDO UHSRUWV

3UH VWRUHG

IHDWXUH

YHFWRUV

3,65,6

)LJXUH �� 6\VWHP EORFN GLDJUDP

��� 3UHSURFHVVLQJ

,Q RXU V\VWHP� ZH ZRUN ZLWK &7�05,�;�UD\ LPDJHV VWRUHG LQ 3$&6� 7KH VL]H RI WKH LPDJHV XVHG PD\ EH XS WR ����î����

ZLWK XS WR ���ELW JUD\ VFDOH� ,Q WKH ILUVW VWHS RI SUHSURFHVVLQJ� WKH LPDJHV DUH UH�VDPSOHG WR D VPDOOHU VL]H RI ���î��� XVLQJ

ELOLQHDU LQWHUSRODWLRQ� 7KH LQSXW LPDJH LV RYHUODLG ZLWK D JULG RI ��� î ��� SRLQWV� 7KH LQSXW LPDJH LV WKHQ VDPSOHG DW HDFK

JULG SRLQW WR GHWHUPLQH WKH SL[HO FRORU RI WKH RXWSXW LPDJH� :KHQ JULG SRLQW OLHV EHWZHHQ LQSXW SL[HO FHQWHUV� WKH FRORU YDOXH

RI WKH JULG SRLQW LV GHWHUPLQHG E\ OLQHDU LQWHUSRODWLRQ EHWZHHQ DGMDFHQW SL[HO JUD\ OHYHOV ERWK LQ WKH YHUWLFDO DQG KRUL]RQWDO

GLUHFWLRQV� 7KH JUD\ OHYHOV DUH WKHQ UH�TXDQWL]HG WR KDYH XS WR ��� JUD\ OHYHOV �L�H�� ��ELW JUD\ VFDOH�� 7KHVH QRUPDOL]HG

YHUVLRQV RI WKH LPDJHV ZLOO EH XVHG RQO\ IRU EXLOGLQJ WKH FRUUHVSRQGLQJ IHDWXUH YHFWRUV DQG ZLOO QRW EH VWRUHG LQ WKH 3$&6�

'XH WR WKH KXJH VL]H RI WKH GDWDEDVH� WKH RULJLQDO LPDJHV DUH WKH RQO\ RQHV WKDW DUH VWRUHG LQ WKH DUFKLYLQJ V\VWHP LQ RUGHU WR
UHGXFH VWRUDJH VL]H� 0RUHRYHU� WKH QRUPDOL]HG LPDJHV FDQQRW UHSODFH WKH RULJLQDO LPDJHV LQ WKH GDWDEDVH VLQFH WKH ODWWHU PD\

KDYH EHWWHU UHVROXWLRQ DQG FRORU TXDOLW\ DQG FRQVHTXHQWO\ RI PRUH GLDJQRVWLF YDOXH�

,Q WKH VHFRQG VWHS� ZH DSSO\ QRLVH UHGXFWLRQ ILOWHULQJ RQ WKH TXHU\ LPDJHV� 6LQFH WKH GDWDEDVH LPDJHV DUH DOUHDG\

XVHG IRU GLDJQRVLV� WKH\ DUH DVVXPHG WR EH RI KLJK TXDOLW\ DQG QR ILOWHULQJ LV QHHGHG IRU WKHP LQ JHQHUDO� 7KH GHQRLVLQJ

SURFHVV LV DSSOLHG ZKHQ WKH YDULDQFH LQ EDFNJURXQG UHJLRQ RI WKH TXHU\ LPDJH LV KLJKHU WKDQ D FHUWDLQ WKUHVKROG� $OO &7�

05, DQG ;�UD\ LPDJHV KDYH D FRPPRQ DSSHDUDQFH RI D GDUN EDFNJURXQG ZLWK RQH RU PRUH VWUXFWXUHV RQ WRS RI LW� 7KH QRLVH

DGGV HQHUJ\ WR WKH LPDJH VSHFLDOO\ WR WKH EDFNJURXQG� &RQVHTXHQWO\� WKLV HQHUJ\ FDXVHV D ELJJHU HUURU LQ WKH PDWFKLQJ VWDJH�

$PRQJ WKH GHQRLVLQJ WHFKQLTXHV� /RZ�SDVV ILOWHULQJ RU DYHUDJLQJ WHFKQLTXHV UHGXFH WKH VKDUSQHVV RI WKH ERXQGDULHV DQG

HGJHV LQ DGGLWLRQ WR UH�GLVWULEXWLRQ RI WKHLU HQHUJ\� 0RUH FRPSOH[ GHQRLVLQJ WHFKQLTXHV VXFK DV :LHQHU ILOWHUV RU ZDYHOHW

GHQRLVLQJ FDQQRW EH XVHG GXH WR WKHLU UHODWLYHO\ KLJK FRPSXWDWLRQDO FRVW� ZKLFK VORZV GRZQ WKH VSHHG RI WKH HQWLUH

SURFHGXUH� 7KHUHIRUH� D �î� PHGLDQ ILOWHU KDV EHHQ VHOHFWHG DQG IRXQG VXIILFLHQW IRU WKLV DSSOLFDWLRQ� ,W LV PRUH UREXVW IRU
ERXQGDU\ YDOXHV LQ WKH DUHD XQGHU WKH PDVN DQG SHUIRUPV ZHOO LQ UHGXFLQJ WKH QRLVH HQHUJ\ HVSHFLDOO\ LQ WKH EDFNJURXQG

DUHD�

2QH RI WKH DGYDQWDJHV RI ZDYHOHW WHFKQLTXHV RYHU RWKHU JOREDO FRORU LQGH[LQJ WHFKQLTXHV� VXFK DV JOREDO KLVWRJUDP

EDVHG WHFKQLTXHV DQG WH[WXUH�EDVHG WHFKQLTXHV� LV WKDW WKH IHDWXUH YHFWRU FRQWDLQV VSDWLDO LQIRUPDWLRQ JLYHQ WKDW LW LV D FRORU

OD\RXW LPDJH LQGH[LQJ V\VWHP� 7KLV IHDWXUH� KRZHYHU� PDNHV WKH PDWFKLQJ SURFHVV VHQVLWLYH WR WUDQVODWLRQDO PRWLRQ� 7KH

VSHFLDO QDWXUH RI 05,�&7 ;�UD\ LPDJHV� ZKLFK LV EODFN EDFNJURXQG ZLWK RQH RU PRUH JUD\ REMHFW� DOORZV XV WR GHVLJQ D

V\VWHP WKDW LV PRUH UREXVW DJDLQVW WUDQVODWLRQ� 7KH XVHU LV DOORZHG WR UH�DOLJQ WKH FHQWHU RI JUDYLW\ RI TXHU\ LPDJH� )LUVW ZH

FDOFXODWH WKH FHQWHU RI JUDYLW\ RI WKH LPDJH� ,I WKH FHQWHU RI JUDYLW\ LV QRW LGHQWLFDO WR WKH FHQWHU RI WKH LPDJH� LW LV VKLIWHG WR

WKH FHQWHU RI WKH LPDJH� DVVXPLQJ WKDW WKH LPDJH LV H[WHQGHG LQ DOO GLUHFWLRQV ZLWK GDUN EDFNJURXQG �QHDU ]HUR JUD\ VFDOH

YDOXH�� 7KLV RSHUDWLRQ PD\ WUXQFDWH SDUWV RI WKH REMHFWV VR WKH YDOXHV LQ HYHU\ UHPRYHG UDZ RU FROXPQ DUH FKHFNHG DQG LI

DQ\ YDOXH LV JUHDWHU WKDQ VSDWLDO WKUHVKROG WKH DOLJQPHQW SURFHVV LV VWRSSHG DQG D ZDUQLQJ PDVVDJH LV GLVSOD\HG�
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��� )HDWXUH H[WUDFWLRQ

$IWHU WKH LPDJH SDVVHV WKH SUHSURFHVVLQJ VWDJH� WKH TXHU\ LPDJH LV UHDG\ IRU JHQHUDWLQJ WKH IHDWXUH YHFWRU WKDW ZLOO EH XVHG

LQ WKH PDWFKLQJ SURFHVV� 7KLV YHFWRU LV JHQHUDWHG IURP WKH ZDYHOHW WUDQVIRUP RI WKH LPDJH� 7KH ��OD\HU 'DXEHFKLHV ZDYHOHW

WUDQVIRUP LV DSSOLHG WR WKH LPDJH� 7KH RXWSXW RI WKH ZDYHOHW WUDQVIRUPDWLRQ LV D ���î��� PDWUL[� 7KH XSSHU�OHIW ��î�� VXE�
PDWUL[ LV WKH ILIWK OD\HU LQ WKH 'DXEHFKLHV GLVFUHWH ZDYHOHW WUDQVIRUP

���
� 7KLV ��î�� VXE�PDWUL[ FRQVLVWV RI IRXU �î� VXE�

PDWULFHV� 7KH IHDWXUH YHFWRU LV JHQHUDWHG LQ WZR SDUWV IURP WKHVH IRXU �î� VXE�PDWULFHV� 7KH ILUVW SDUW LV WKH �î� VXE�PDWUL[

LQ WKH XSSHU�OHIW FRUQHU RI WUDQVIRUPHG LPDJH WKDW FRQWDLQV WKH ORZ IUHTXHQF\ EDQGV UHSUHVHQWLQJ WKH FRORU OD\RXW RI WKH

LPDJH� 7KH VHFRQG SDUW LV WKH WKUHH �î� VXE�PDWULFHV QHDUE\ WKH �î� ORZ IUHTXHQF\ EDQG VXE�PDWUL[� 7KHVH WKUHH VXE�

PDWULFHV GR QRW UHSUHVHQW DOO LPDJH GHWDLOV� +RZHYHU� WKH\ FRQWDLQ VXIILFLHQW LQIRUPDWLRQ WR UHSUHVHQW LPSRUWDQW IHDWXUHV

ZLWKLQ WKH LPDJH� 'XH WR WKH VLPLODULW\ EHWZHHQ WKH LPDJHV IURP 05,� &7 DQG ;�UD\� WKH YDULDQFH RI WKH ORZ IUHTXHQF\ �î�

VXE�PDWUL[ �XSSHU�OHIW FRUQHU VXE�PDWUL[� KDV QR VLJQLILFDQFH LQ GLVWLQJXLVKLQJ EHWZHHQ WKHVH LPDJH W\SHV� 7KHUHIRUH� LW

FDQQRW EH XWLOL]HG LQ WKH PDWFKLQJ SURFHVV
�
�

��� 0DWFKLQJ 3URFHVV

7KH IHDWXUH YHFWRU IRU D V\VWHP VXFK DV :%,,6� ZKLFK LV D FRORU OD\RXW LQGH[LQJ V\VWHP� KDV WR FRQWDLQ VSDWLDO LQIRUPDWLRQ�
,Q SDUWLFXODU� WKH IHDWXUH YHFWRU FRQVLVWV RI WKUHH SDUWV� 7KH ILUVW SDUW LV WKH JOREDO IHDWXUHV� ZKLFK DUH WKH VWDQGDUG GHYLDWLRQV

RI WKH WKUHH FRORU�FKDQQHOV RI �î�î� ORZ IUHTXHQF\ EDQG VXE�PDWULFHV� 2Q WKH RWKHU KDQG� WKH VHFRQG DQG WKH WKLUG SDUWV DUH

WKH ZDYHOHW FRHIILFLHQWV RI WKH ��î�� VXE�PDWUL[ RI WKH FRORU FKDQQHO� *LYHQ WKH QDWXUH RI ZDYHOHWV� WKLV SDUW FRQWDLQV

LQIRUPDWLRQ DERXW VSDWLDO YDULDWLRQV� 7KH PDWFKLQJ VWHS RI :%,,6 V\VWHP JLYHV HTXDO ZHLJKWV IRU DOO ORFDWLRQV LQ WKH LPDJH�

,Q PHGLFDO LPDJHV� KRZHYHU� VPDOO REMHFWV RU LPDJH SDUWV PD\ KDYH KLJK GLDJQRVWLF YDOXHV� ,W LV QRW UHDVRQDEOH WR JLYH WKH

PDWFKLQJ HUURU LQ EDFNJURXQG SL[HOV D ZHLJKW WKDW LV HTXDO WR VXFK KLJK GLDJQRVWLF YDOXH REMHFW ZLWKLQ WKH LPDJH� 2Q WKH

RWKHU KDQG� DOO WKH SL[HOV RI WKH REMHFWV FDQQRW EH JLYHQ WKH VDPH ZHLJKW� 7KHUHIRUH� VRPH VPDOO SDUWV PD\ KDYH GLDJQRVWLF

YDOXH KLJKHU WKDQ DOO RWKHU SL[HOV� ,W LV YHU\ GLIILFXOW WR GHVLJQ DQ H[SHUW V\VWHP IRU DXWRPDWLF GHWHFWLRQ RI WKH LPSRUWDQFH RI

HDFK SDUW RI DQ LPDJH� 7KHUHIRUH� ZH DOORZHG XVHUV WR GHWHUPLQH WKUHH OHYHOV RI LPSRUWDQFH RI LPDJH UHJLRQV� )LUVW� WKH XVHU

VHOHFWV WKH GDWD UHJLRQV� 7KHQ� KH�VKH VHOHFWV VPDOOHU UHJLRQV LQVLGH WKH GDWD UHJLRQV ZLWK KLJKHU GLDJQRVWLF YDOXH� )LQDOO\�

KH�VKH VHOHFWV WKH PRVW LPSRUWDQW UHJLRQV� :H XVH WKHVH UHJLRQV WR JHQHUDWH D ZHLJKW IXQFWLRQ :�[�\� WKDW KROGV WKH ZHLJKW
RI HYHU\ SL[HO LQ WKH LPDJH WR EH XVHG GXULQJ WKH PDWFKLQJ VWHS� )URP WKH DYHUDJH RI WKLV ZHLJKW PDWUL[ ZH JHQHUDWH DQ �î�

PDWUL[ RU D ���GHVWLQDWLRQ YHFWRU� ,Q WKH PDWFKLQJ SKDVH� ZH FDOFXODWH WKH ZHLJKWHG (XFOLGHDQ GLVWDQFH EDVHG RQ WKH

IROORZLQJ HTXDWLRQ IRU WKH ILUVW SDUW RI WKH IHDWXUH YHFWRU FRQWDLQLQJ JUD\ OD\RXW LQIRUPDWLRQ DV D ILUVW HVWLPDWLRQ�

ZKHUH G�,�,¶� LV WKH GLVWDQFH EHWZHHQ LPDJH , DQG LPDJH ,© � : LV DQ �î� ZHLJKW PDWUL[ � '� � '�� '� � DQG '� DUH WKH IRXU

�î� VXE�PDWULFHV UHSUHVHQWLQJ WKH IHDWXUH YHFWRU� DQG WKH µ�¶ RSHUDWRU GHQRWHV FRPSRQHQW�ZLVH SURGXFW �

,Q WKH ILQDO PDWFKLQJ� ZH FDOFXODWH WKH GLVWDQFH GHSHQGLQJ RQ WKH VHFRQG SDUW RI WKH PDWFKLQJ YHFWRU� ZKLFK FRQWDLQV

GHWDLO LQIRUPDWLRQ� 7KHQ� ZH UHWULHYH �� LPDJHV ZLWK WKH VPDOOHVW ZHLJKW (XFOLGHDQ GLVWDQFH IURP WKH 3$&6 DQG UHVDPSOH

WKHP WR ���î��� DQG GLVSOD\ WKHP IRU WKH XVHU DQG DOORZ KLP�KHU WR PDNH WKH ILQDO GHFLVLRQ E\ VHOHFWLQJ WKH QHDUHVW LPDJH

WR WKH TXHU\ LPDJH� 7KH V\VWHP GLVSOD\V WKH VHOHFWHG LPDJHV LQ WKHLU DFWXDO VL]H DQG UHWULHYHV WKH GLDJQRVWLF UHSRUW RI WKHVH

LPDJHV IURP WKH 5,6� ,Q DGGLWLRQ� WKH V\VWHP DOORZV WKH XVHU WR UHWULHYH DOO LPDJHV RI WKH VDPH H[DPLQDWLRQ DQG WKH SDWLHQW

UHFRUG IURP WKH 3,6�

�� ,17(*5$7,21:,7+ 3$&6

,Q WKLV VHFWLRQ� ZH SURYLGH D VWUDWHJ\ IRU WKH LQWHJUDWLRQ RI WKH SURSRVHG PHGLFDO &%,5 V\VWHP ZLWK D PHGLFDO LPDJH

OLEUDU\� )6�3$&6� WKH LQWHJUDWLRQ RI 3$&6� 5,6� DQG +,6� ZLWK ZRUOGZLGH ZHE FDSDELOLW\ FDQ EH FRQVLGHUHG DV D PHGLFDO

LPDJH OLEUDU\ RQ WKH ,QWHUQHW� 5HVHDUFKHUV SURYLGHG WZR SURWRW\SHV IRU WKH GHVLJQ RI PHGLFDO LPDJH OLEUDULHV EDVHG RQ

FHQWUDOL]HG GDWD UHSRVLWRU\ DQG GLVWULEXWHG REMHFW FRPSXWLQJ DUFKLWHFWXUH
�
� ,Q WKLV ZRUN� WKH SURSRVHG V\VWHP LV GHVLJQHG

EDVHG RQ FHQWUDOL]HG GDWD UHSRVLWRU\ PRGHO� )LJXUH � VKRZV WKH PDLQ EORFNV RI WKH V\VWHP�

+HUH� &%,5 V\VWHP VHUYHV WZR GLIIHUHQW NLQGV RI FOLHQWV
�
� 7KH ILUVW FODVV RI FOLHQWV UXQV RQ 3$&6 GLVSOD\ ZRUNVWDWLRQV�

7KLV FODVV RI FOLHQWV UHTXLUHV WKH V\VWHP WR LQFOXGH &%,5 SUHSURFHVVLQJ PRGXOH DQG IHDWXUHV H[WUDFWLRQ PRGXOH LQ RUGHU WR

UHGXFH WKH ORDG RQ &%,5 6HUYHU �IDW FOLHQW�� 7KH VHFRQG FODVV RI FOLHQWV UHTXLUH D V\VWHP GHVLJQ WKDW LV EDVHG RQ ZHE

WHFKQRORJ\ WR UHGXFH WKH GRZQORDG WLPH �WKLQ FOLHQW�� $ ZHE�EDVHG FOLHQW LV UHVSRQVLEOH RQO\ IRU VHQGLQJ WKH TXHU\ LPDJH
DQG UHJLRQ¶V SULRULW\ WR WKH ZHE VHUYHU DQG GLVSOD\V WKH &%,5 RXWSXW� 7KH SUHSURFHVVLQJ DQG WKH IHDWXUH H[WUDFWLRQ SURFHVVHV

� � ____� ��
�
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3$&6 LPDJH DUFKLYH

5HODWHG SDWLHQW GDWD

,PDJH SURFHVVLQJ
VHUYHU

:HE VHUYHU

&%,5 VHUYHU

&HQWUDOL]HG GDWD

UHSRVLWRU\

� � � � � � � �

0XOWLPHGLD

DSSOLFDWLRQ �

0XOWLPHGLD

DSSOLFDWLRQ �

0XOWLPHGLD

DSSOLFDWLRQ 1

LQ WKLV FDVH UXQ RQ WKH &%,5 VHUYHU� ,Q WKH QRUPDO FDVH� ZHE EURZVHUV UXQ RQ VPDOO ZRUNVWDWLRQV ZLWK D PD[LPXP RI ���

JUD\ OHYHOV� %HFDXVH RI WKH UHODWLYHO\ KLJKHU UHVROXWLRQ RI PHGLFDO LPDJHV �XS WR �� ELW�SL[HO�� WKH\ FDQQRW EH GLVSOD\HG LQ

WKHLU IXOO JUD\ VFDOH UHVROXWLRQ RQ WKHVH ZHE EURZVHUV� &RQVHTXHQWO\� WKH ZHE VHUYHU LV DOORZHG WR UHGXFH WKH FRORU

UHVROXWLRQ DQG WKH VL]H RI WKHVH LPDJHV WR EHFRPH PRUH VXLWDEOH IRU GRZQORDGLQJ DQG GLVSOD\LQJ RQ ZHE EURZVHUV� 7KH

FOLHQW SURJUDP LV LPSOHPHQWHG XVLQJ -$9$�

)LJXUH �� %DVLF EORFN GLDJUDP RI WKH V\VWHP�

�� ,0$*( 5(75,(9$/ 0$1(*0(17 6<67(0

,Q JHQHUDO� 3$&6 LV GHVLJQHG DV D FORVHG V\VWHP WKDW SURYLGHV VHUYLFHV IRU D OLPLWHG QXPEHU RI XVHUV� 6WDQGDUG 3$&6 LV

GHVLJQHG EDVHG RQ FHQWUDOL]HG GDWD UHSRVLWRU\ DUFKLWHFWXUH VLQFH PHGLFDO LPDJH GDWD DUH XVXDOO\ DUFKLYHG LQ D VLPJOH ODUJH

KLJK�SHUIRUPDQFH VHUYHU� 7KLV VHUYHU SURYLGHV DOO PHGLFDO LPDJH UHWULHYDO DQG VWRUDJH VHUYLFHV IRU GLIIHUHQW ZRUNVWDWLRQV�

:KHQ WKH QXPEHU RI XVHUV LQ 3$&6 RU WKH QXPEHU RI UHWULHYDO DQG VWRUDJH RSHUDWLRQV LQFUHDVH� WKH DUFKLYLQJ VHUYHU ZLOO EH

ORDGHG DQG EHFRPH D ERWWOHQHFN LQ WKH V\VWHP� (YHQ ZKHQ WKH DUFKLYLQJ VHUYHU XVHV KLJK SHUIRUPDQFH 5$,'� WKH LQFUHDVH LQ

GLVN RSHUDWLRQV DQG DPRXQW RI WUDQVIHUUHG GDWD ZLOO OLPLW WKH V\VWHP SHUIRUPDQFH GUDPDWLFDOO\� ,Q RUGHU WR VROYH WKLV

SUREOHP� ZH KDYH WZR DOWHUQDWLYHV� 7KH ILUVW LV WR LQFUHDVH WKH DUFKLYLQJ VHUYHU FDSDELOLW\ DQG SHUIRUPDQFH ZKLOH WKH VHFRQG

LV WR UHGXFH WKH QXPEHU RI GLVN RSHUDWLRQV GRQH RQ DUFKLYLQJ VHUYHU� ,QFUHDVLQJ WKH DUFKLYLQJ VHUYHU FDSDELOLW\ DQG
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SHUIRUPDQFH LV UDWKHU H[SDQVLYH DQG OLPLWHG E\ WKH PRVW UHFHQW GHYHORSPHQWV LQ KDUGZDUH HVSHFLDOO\ LQ WKH VHFRQGDU\

VWRUDJH� 2Q WKH RWKHU KDQG� UHGXFLQJ WKH QXPEHU RI GLVN RSHUDWLRQV GHSHQGV RQ 3$&6 VRIWZDUH GHVLJQ
����

�

,Q WKLV VHFWLRQ� ZH SURYLGH D VWUDWHJ\ IRU UHGXFLQJ WKH QXPEHU RI GLVN RSHUDWLRQV LQ WKH 3$&6 DUFKLYLQJ VHUYHU�

(YHU\ PHGLFDO LPDJH LQ 3$&6 PXVW EH VWRUHG LQ WKH DUFKLYLQJ VHUYHU� 7KDW LV� HYHU\ LPDJH PXVW EH ZULWWHQ DW OHDVW RQFH RQ

WKH VHUYHU¶V VHFRQGDU\ VWRUDJH DQG WKHUH LV QR ZD\ WR UHGXFH WKLV QXPEHU ZLWKRXW DIIHFWLQJ WKH LQWHJULW\ DQG UHOLDELOLW\ RI WKH
PHGLFDO LPDJH GDWD� 0HDQZKLOH� WKHUH LV QR UHVWULFWLRQ WR SUHYHQW WKH GLVSOD\ ZRUNVWDWLRQV IURP UHWULHYLQJ WKH PHGLFDO

LPDJH GDWD IURP RWKHU ZRUNVWDWLRQV KDYLQJ D FRS\ RI WKH UHTXHVWHG LQIRUPDWLRQ� 6HYHUDO FRSLHV RI LPDJHV DUH WHPSRUDULO\

VWRUHG LQ DFTXLVLWLRQ ZRUNVWDWLRQV RU PRGDOLWLHV ZRUNVWDWLRQV EHIRUH WKH LPDJHV DUH WUDQVIHUUHG WR WKH DUFKLYLQJ VHUYHU� 2WKHU

WHPSRUDU\ FRSLHV DUH FUHDWHG E\ GLVSOD\ ZRUNVWDWLRQV� 7KH SURSRVHG V\VWHP XVHV WKHVH WHPSRUDU\ FRSLHV RQ WKH GLVSOD\ DQG

DFTXLVLWLRQ ZRUNVWDWLRQV LQVWHDG RI UHWULHYLQJ WKHP IURP WKH 3$&6 PDLQ DUFKLYLQJ VHUYHU�

7KH WHFKQLTXH FDQ EH VXPPDUL]HG DV IROORZV� )LUVW� DIWHU DQ\ DFTXLVLWLRQ ZRUNVWDWLRQV WUDQVIHUV DQ LPDJH WR WKH

PDLQ DUFKLYLQJ VHUYHU� LW VHQGV LWV ,3 DQG WKH LPDJH ,' WR DQ H[WUD�DGGHG VHUYHU WKDW ZRUNV DV WKH LPDJH UHWULHYDO

PDQDJHPHQW VHUYHU �,506�� 7KHQ� ,506 VWRUHV LPDJH ,' DQG ZRUNVWDWLRQ ,3 LQ LWV GDWDEDVH� 6HFRQG� ZKHQ DQ\ GLVSOD\

ZRUNVWDWLRQ QHHGV WR UHWULHYH DQ LPDJH� LW VHQGV LPDJH ,' WR ,506� 7KH ,506 UHSOLHV E\ VHQGLQJ WKH ,3 RI WKH ZRUNVWDWLRQ

WKDW FRQWDLQV D WHPSRUDU\ FRS\ RI WKH UHTXHVWHG LPDJH� 6XEVHTXHQWO\� WKH GLVSOD\ ZRUNVWDWLRQ UHWULHYHV WKLV WHPSRUDU\ FRS\�

7KH LPDJH ,' DQG GLVSOD\ ZRUNVWDWLRQ ,3 DUH VWRUHG LQ ,506 GDWDEDVH VLQFH WKH GLVSOD\ ZRUNVWDWLRQ QRZ KDV D FRS\ RI WKH

LPDJH�
7KHUH DUH WKUHH LVVXHV QHHG WR EH FRQVLGHUHG ZKHQ WKHVH WHFKQLTXHV DUH GHVLJQHG� 7KH ILUVW LVVXH LV GHVLJQLQJ WKH

WHPSRUDU\ GDWDEDVH VSDFH RQ WKH GLIIHUHQW ZRUNVWDWLRQV� 7KH VHFRQG LV WKH ,506 GHVLJQ� ZKLOH WKH WKLUG LV WKH

FRPPXQLFDWLRQ SURWRFRO EHWZHHQ GLIIHUHQW ZRUNVWDWLRQV DQG ,506 DQG EHWZHHQ ZRUNVWDWLRQ WKHPVHOYHV�

���� 7HPSRUDU\ VSDFH GHVLJQ

7KH GHVLJQ FULWHULD IRU WKLV SDUW DUH�

�� 7KH GDWD VSDFH WKDW KROGV WKH WHPSRUDU\ FRSLHV PXVW EH PDQDJHG ZLWKRXW LQVWDOOLQJ VSHFLDO GDWDEDVH HQJLQH VSHFLDOO\

IRU WKLV SXUSRVH� ,W LV H[SDQVLYH WR LQVWDOO GDWDEDVH HQJLQHV RQ HYHU\ ZRUNVWDWLRQ EHVLGHV WKH IDFW WKDW WKH GDWDEDVH

HQJLQH UHGXFHV WKH SHUIRUPDQFH RI WKH ZRUNVWDWLRQV VLQFH WKH\ DUH QRW FRQILJXUHG WR EH DUFKLYLQJ VHUYHUV�

�� ,Q ZRUNVWDWLRQV� D VHFRQGDU\ VWRUDJH RI VXLWDEOH VL]H DQG ORFDWLRQ PXVW EH GHGLFDWHG IRU GDWD VSDFH�
�� 7HPSRUDU\ GDWD VSDFHV DUH ERXQGHG LQ VL]H DQG WKH\ ZLOO EHFRPH IXOO DW VRPH SRLQW� 7KHUHIRUH� D PHFKDQLVP PXVW EH

GHYLVHG WR UHSODFH ROG LPDJH GDWD E\ QHZ LPDJHV� /HDVW�UHFHQWO\ XVHG VWUDWHJ\ �/58� LV HPSOR\HG WR NHHS WKH PRVW

UHFHQWO\ XVHG LPDJHV DQG GHOHWH WKH OHDVW XVHG RQHV ZKRVH VSDFH ZLOO EH XVHG WR KROG QHZ GDWD�

�� ,PDJHV LQ WHPSRUDU\ GDWD VSDFH PXVW EH PDQDJHG WKURXJK D GDWDEDVH WDEOH WKDW FRQWDLQV LPDJH ,'� LPDJH ORFDWLRQ LQ

GDWD VSDFH� LPDJH VL]H� DQG ODVW DFFHVV WLPH ILHOG� ZKLFK LV XVHG E\ WKH /58 VWUDWHJ\�

�� 7KH GDWD LQ ,506 PXVW EH XSGDWHG ZLWK HYHU\ DGGLWLRQ DQG�RU GHOHWLRQ RSHUDWLRQ LQ WKH WHPSRUDU\ GDWD VSDFH�

���� ,506

7KH GHVLJQ RI WKLV SDUW PXVW DGKHUH WR WKH IROORZLQJ UHTXLUHPHQWV�

�� 7KH GDWDEDVH WDEOH RI ,506 PXVW UHIOHFW WKH FRQWHQWV RI DOO WHPSRUDU\ GDWD VSDFHV LQ DOO ZRUNVWDWLRQV WR PDLQWDLQ WKH

UHOLDELOLW\ RI WKH V\VWHP�
�� 0DQ\ LPDJHV PD\ KDYH PRUH WKDQ RQH WHPSRUDU\ FRS\ RQ VHYHUDO ZRUNVWDWLRQV� 7KHUHIRUH� IRU D VLQJOH LPDJH ,' WKHUH

PD\ EH PDQ\ ZRUNVWDWLRQ ,3 DGGUHVVHV� :KHQ WKHVH LPDJHV DUH UHTXHVWHG� WKH ,506 VKRXOG UHSO\ ZLWK WKH ,3 RI WKH

ZRUNVWDWLRQ WKDW JLYHV RSWLPDO �RU DW OHDVW QHDU RSWLPDO� VROXWLRQ DFFRUGLQJ WR WKH FRQGLWLRQV RI QHWZRUN WUDIILF DQG

ZRUNVWDWLRQ ORDG� )RU QHWZRUN WUDIILF� D JRRG �QHDU�RSWLPDO� VROXWLRQ FDQ EH REWDLQHG IURP D VWDWLF QHWZRUN PDS RI

ZRUNVWDWLRQ� VXE�QHW DQG GLIIHUHQW QHWZRUN GHYLFHV� 2SWLPDO VROXWLRQV FDQ RQO\ EH REWDLQHG IURP G\QDPLF QHWZRUN

WUDIILF PRQLWRULQJ�

,Q RXU V\VWHP� ZH GHVLJQ ,506 ZLWK D VROXWLRQ EDVHG RQ VWDWLF QHWZRUN PDS� 6LQFH WKH EHQHILW RI XVLQJ G\QDPLF PRQLWRULQJ

RYHU XVLQJ VWDWLF QHWZRUN PDS LV VPDOO FRPSDUHG ZLWK WKH FRPSOH[LW\ RI WKH G\QDPLF PRQLWRULQJ V\VWHP�

���� &RPPXQLFDWLRQ SURWRFRO

,Q WKH SURSRVHG V\VWHP� ZH GHDO ZLWK LQWHUDFWLQJ GLVWULEXWHG REMHFWV� 7KHUHIRUH� WKH V\VWHP PXVW EH EDVHG RQ GLVWULEXWHG

REMHFW WHFKQRORJ\ VXFK DV &RPPRQ 2EMHFWV 5HTXHVW %URNHU $UFKLWHFWXUH �&25%$� DQG 'LVWULEXWHG &RPSRQHQW 2EMHFW

0RGHO �'&20�� $QRWKHU WHFKQRORJ\ WKDW FDQ EH FRQVLGHUHG KHUH LV WKH -$9$ 5HPRWH 0HWKRG ,QYRFDWLRQ �50,�� 50,

WHFKQRORJ\ UXQV RQO\ ZLWK REMHFW LPSOHPHQWHG LQ -$9$�
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�� ,03/(0(17$7,21

7KH SURSRVHG PHGLFDO &%,5 DQG LPDJH UHWULHYDO PDQDJHPHQW V\VWHPV KDYH EHHQ VXFFHVVIXOO\ LPSOHPHQWHG LQ -$9$

SURJUDPPLQJ ODQJXDJH� ,Q RUGHU WR JDLQ WKH DGYDQWDJH RI LWV SODWIRUP LQGHSHQGHQFH� VHFXULW\� DQG ZHE SURJUDPPLQJ

IHDWXUH� 7KH -$9$ UHPRWH PHWKRG LQYRFDWLRQ ZDV XVHG IRU LPSOHPHQWLQJ GLVWULEXWHG REMHFW &%,5 V\VWHP DQG ,506 DUH

LQWHJUDWHG ZLWK D 3$&6 RI D ODUJH WHDFKLQJ KRVSLWDO EDVHG RQ DQ $70 QHWZRUN DQG 2UDFOH � GDWDEDVH VHUYHUV�

�� &21&/86,216

$ &%,5 V\VWHP LV LPSOHPHQWHG DQG LQWHJUDWHG ZLWK D 3$&6 V\VWHP� 7KH QHZ V\VWHP DOORZV WKH XVHU WR UHWULHYH WKH LPDJHV

PRVW VLPLODU WR D FHUWDLQ TXHU\ LPDJH LQ DQ HIILFLHQW PDQQHU DORQJ ZLWK WKHLU DVVRFLDWHG PHGLFDO UHSRUWV� 7KH SURSRVHG
V\VWHP KDV WKH SRWHQWLDO RI HQKDQFLQJ WKH GLDJQRVWLF DFFXUDF\ RI UDGLRJUDSKLF H[DPLQDWLRQV�

�� 5()(5(1&(6

�� &� 5� 6K\X� &� (� %URGOH\� $� &� .DN� $� .RVDND� $� $LVHQ� DQG /� %URGHULFN� ³/RFDO 9HUVXV *OREDO )HDWXUHV IRU

&RQWHQW�%DVHG ,PDJH 5HWULHYDO�§ 3URF� RI WKH ZRUNVKRS RQ &RQWHQW�%DVHG $FFHVV RI ,PDJH�9LGHR /LEUDU\� 6DQWD

%DUEDUD� &$� -XQH �����

�� 6�7�&� :RQJ� DQG '�$� 7MDQGUD� ³$ 'LJLWDO /LEUDU\ IRU %LRPHGLFDO ,PDJLQJ RQ WKH ,QWHUQHW�´ ,((( &RPPXQLFDWLRQ
0DJD]LQH� 9RO� ��� 1R��� SS ������ -DQXDU\ �����

�� -�=� :DQJ� *LR :LHGHUKROG� 2VFDU )LUVFKHLQ� DQG 6KD ;LQ :HL� ³&RQWHQW�EDVHG LPDJH LQGH[LQJ DQG VHDUFKLQJ XVLQJ

'DXEHFKLHV¶ ZDYHOHWV�´ ,QWHU� -� 'LJLWDO /LEUDULHV� SS� �������� �����

�� &�(� -DFREV� $�ILQNHOVWHLQ� '�+�6DOHVLQ� ³)DVW 0XOWLUHVDOXWLRQ LPDJH TXHU\LQJ�´ 3URF� RI 6,**$3+ �� � LQ FRPSXWHU

JUDSKLFV SURFHHGLQJV $QQXDO FRQIHUHQFH VHULHV� SS� �������� $XJXVW �����

�� 0� 6RQND� 9� +ODYDF� 5� %R\OH � ,PDJH SURFHVVLQJ � $QDO\VLV DQG PDFKLQH YLVLRQ� �
QG
HG�� 3:6� �����

�� ,� 'DXEHFKLHV� 7HQ OHFWXUHV RQ :DYHOHWV� �%06�16) � UHJLRQ FRQIHUHQFH VHULHV LQ $SSOLHG 0DWKHPDWLFV� �����

�� 6�*�0DOODW � ³$ WKHRU\ IRU PXWULUHVDOXWLRQ VLJQDO 'HFRPSRVLWLRQ � WKH ZDYHOHW UHSUHVHQWDWLRQ�´ ,((( WUDQVDFWLRQ RQ

SDWWHUQ DQDO\VLV DQG PDFKLQH LQWHOOLJHQFH� YRO� ��� QR� ��� SS� �������� -XO\ �����

�� 7��3� 5HGLFK� 0� 6X]XNL� DQG 6� :HLQVWHLQ� ´'LVWULEXWHG REMHFW WHFKQRORJ\ IRU QHWZRUNLQJ�´ ,((( FRPPXQLFDWLRQ

PDJD]LQH� YRO� �� QR �� SS �������� RFWREHU �����
�� +�6� 6WRQH� ³,PDJH OLEUDULHV RQ WKH LQWHUQHW�´ ,((( &RPPXQLFDWLRQ 0DJD]LQH� YRO� ��� QR��� SS� ������� -DQXDU\ �����

��� $� 3DHSFNH� 0�4� :DQJ %DOGRQDGR� &��&�.� &KDQJ� 6� &RXVLQV� DQG (� *DUFLD�0ROLQD� ³8VLQJ 'LVWULEXWHG REMHFWV WR

EXLOG WKH 6WDQIRUG GLJLWDO OLEUDU\ LQIREXV�´ ,((( FRPSXWHU PDJD]LQH� SS� ������ )HEUXDU\ �����
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