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$EVWUDFW� ��7KLV�SDSHU�GHVFULEHV�FRPSXWDWLRQDOO\�DQG�PDWHUL�
DOO\�LQH[SHQVLYH�PHWKRGV�IRU�SDQRUDPLF�YLGHR�LPDJLQJ��'LJL�
WDOO\� FRPELQLQJ� LPDJHV� IURP� DQ� DUUD\� RI� LQH[SHQVLYH� YLGHR
FDPHUDV�UHVXOWV�LQ�D�ZLGH�ILHOG�SDQRUDPLF�FDPHUD��IURP�LQH[�
SHQVLYH�RII�WKH�VKHOIKDUGZDUH��:H�SUHVHQW�PHWKRGV�WKDW�ERWK
FRUUHFW� OHQV� GLVWRUWLRQ� DQG� VHDPOHVVO\� PHUJH� LPDJHV� LQWR� D
SDQRUDPLF� YLGHR� LPDJH�� (OHFWURQLFDOO\� VHOHFWLQJ� D� UHJLRQ� RI
WKLV� UHVXOWV� LQ�D�UDSLGO\� VWHHUDEOH�³YLUWXDO�FDPHUD�´�%HFDXVH
WKH� FDPHUD� LV� IL[HG�ZLWK� UHVSHFW� WR� WKH� EDFNJURXQG�� VLPSOH
PRWLRQ� DQDO\VLV� FDQ� EH� XVHG� WR� WUDFN� REMHFWV� DQG� SHRSOH� RI
LQWHUHVW�� :H� SUHVHQW� PHWKRGV� RI� PRWLRQ� DQDO\VLV� DQG� DOJR�
ULWKPV�IRU�DXWRPDWLF�FDPHUD�FRQWURO�WKDW�PLPLF�WKH�DFWLRQV�RI
D� KXPDQ� RSHUDWRU�� XVLQJ� LQH[SHQVLYH� DQG� ZLGHO\� DYDLODEOH
KDUGZDUH�
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7HOHFRQIHUHQFLQJ�DQG�YLGHR�FDSWXUH�RI�HYHQWV�VXFK�DV�OHFWXUHV�DQG
PHHWLQJV�UHTXLUH�D�KXPDQ�RSHUDWRU�WR�RULHQW��]RRP��DQG�IRFXV�WKH
YLGHR�RU�PRWLRQ�SLFWXUH�FDPHUD��$XWRPDWLQJ�WKLV�WDVN�ZRXOG�KDYH
PDQ\�DSSOLFDWLRQV�LQ�EXVLQHVV��HGXFDWLRQ��DQG�HQWHUWDLQPHQW��7KLV
SDSHU�SUHVHQWV�)O\&DP��D�V\VWHP�WKDW�JHQHUDWHV�D�VHDPOHVV�SDQ�
RUDPLF�YLGHR�LPDJHV�IURP�PXOWLSOH�DGMDFHQW�FDPHUDV��7KH�QDPH
DOOXGHV� WR� WKH�FRPSRXQG�H\HV�RI� LQVHFWV� WKDW� IRUP�VRSKLVWLFDWHG
LPDJHV�IURP�DQ�DUUD\�RI�FKHDS�VHQVRUV��)O\&DP�FRPSRQHQW�FDP�
HUDV�DUH�PRXQWHG�RQ�D�ULJLG�VXEVWUDWH�VXFK�WKDW�HDFK�FDPHUD
V�ILHOG
RI� YLHZ� RYHUODSV� WKDW� RI� LWV� QHLJKERU�� 7KH� UHVXOWLQJ� LPDJHV� DUH
DOLJQHG� DQG� FRUUHFWHG� XVLQJ� GLJLWDO� ZDUSLQJ�� DQG� FRPELQHG� WR
IRUP�D�ODUJH�FRPSRVLWH�LPDJH��7KH�UHVXOW�LV�D�VHDPOHVV�KLJK�UHVR�
OXWLRQ� YLGHR� LPDJH� WKDW� FRPELQHV� WKH� YLHZV� RI� DOO� FDPHUDV�
%HFDXVH�FDPHUDV�DUH�PRXQWHG�LQ�IL[HG�SRVLWLRQV�UHODWLYH�WR�HDFK
RWKHU��WKH�VDPH�FRPSRVLWLRQ�IXQFWLRQ�FDQ�EH�XVHG�IRU�DOO�IUDPHV�
7KXV�WKH�LPDJH�FRPSRVLWLRQ�SDUDPHWHUV�QHHG�RQO\�EH�FDOFXODWHG
RQFH��DQG�WKH�DFWXDO�LPDJH�FRPSRVLWLRQ�FDQ�EH�GRQH�TXLFNO\�DQG
HIILFLHQWO\��HYHQ�DW�YLGHR�UDWHV�

%HFDXVH� D� )O\&DP� LV� IL[HG� ZLWK� UHVSHFW� WR� WKH� EDFNJURXQG�
VWUDLJKWIRUZDUG�PRWLRQ�DQDO\VLV�FDQ�GHWHFW�WKH�ORFDWLRQ�RI�SHRSOH
LQ�WKH�LPDJH��7KLV�FDQ�EH�XVHG�WR�HOHFWURQLFDOO\�³SDQ´�DQG�³]RRP´
D�³YLUWXDO�FDPHUD´�E\�FURSSLQJ�DQG�VFDOLQJ�WKH�SDQRUDPLF�LPDJH�
,Q�WKLV�V\VWHP��DQ�DSSURSULDWH�FDPHUD�YLHZ�FDQ�EH�DXWRPDWLFDOO\
GHWHUPLQHG�E\�ILQGLQJ�PRWLRQ�RI�KXPDQ�LPDJHV��7KXV�WKH�V\VWHP
FDQ�VHUYH�DV�DQ�DXWRPDWLF�FDPHUD�RSHUDWRU��E\�VWHHULQJ�D�UHDO�RU
YLUWXDO�FDPHUD�DW�WKH�PRVW�OLNHO\�VXEMHFWV��)RU�H[DPSOH��LQ�D�WHOH�
FRQIHUHQFH�� WKH� FDPHUD� FDQ� EH� DXWRPDWLFDOO\� VWHHUHG� WR� FDSWXUH
WKH� SHUVRQ� VSHDNLQJ�� $OVR�� LW� LV� SRVVLEOH� IRU� UHPRWH� YLHZHUV� WR
FRQWURO� WKHLU� RZQ� YLUWXDO� FDPHUDV�� IRU� H[DPSOH�� VRPHRQH� LQWHU�
HVWHG� LQ�D�SDUWLFXODU� IHDWXUH�RU� LPDJH�RQ�D�SURMHFWHG�VOLGH�FRXOG
]RRP�LQ�RQ�WKDW�IHDWXUH�ZKLOH�RWKHUV�VHH�WKH�HQWLUH�VOLGH�
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$���)O\&DP�&RQVWUXFWLRQ

7KH�SKLORVRSK\�EHKLQG�)O\&DP�ZDV� WR�DFKLHYH�FRPSXWDWLRQDOO\
UHDVRQDEOH�SDQRUDPLF�LPDJLQJ�ZLWK�D�PLQLPXP�RI�H[SHQVLYH�RU
VSHFLDO�SXUSRVH�HTXLSPHQW��7R�WKLV�HQG��D�)O\&DP�LV�FRPSRVHG�RI
LQH[SHQVLYH��� ������PLQLDWXUH�FRORU�YLGHR�ERDUG�FDPHUDV��)LJ�
XUH� �� VKRZV� D� )O\&DP� SURWRW\SH� FRQVWUXFWHG� IURP� ILYH� YLGHR
FDPHUDV��7KRXJK�FDPHUDV�DUH�PRXQWHG�DV�FORVH�WRJHWKHU�DV�SUDFWL�
FDO�� WKH\� GR� QRW� VKDUH� D� FRPPRQ� FHQWHU� RI� SURMHFWLRQ� �&23��
&DPHUDV�DUH�PRXQWHG�RQ�WKH�IDFHV�RI�DQ�RFWDJRQ����FP�ZLGH��WKXV
HDFK�FDPHUD�LV�DQJOHG�DW����GHJUHHV�WR�LWV�QHLJKERUV��$Q�RFWDJRQ
ZDV�FKRVHQ�SULPDULO\�IRU�VLPSOLFLW\�RI�FRQVWUXFWLRQ��PDQ\�RWKHU
JHRPHWULHV� DQG� FRQILJXUDWLRQV� DUH� SRVVLEOH� DQG� PLJKW� ZHOO
LPSURYH�RQ�WKH�FXUUHQW�GHVLJQ��,W�LV�QRW�QHFHVVDU\�WR�DOLJQ�RU�RSWL�
FDOO\�FDOLEUDWH� WKH�FDPHUDV�LQ�DQ\�ZD\��DV�ORQJ�DV� WKHLU�ILHOGV�RI
YLHZ�RYHUODS�VOLJKWO\��(DFK�FDPHUD�KDV�D��PP�OHQV�RIIHULQJ�D�QHDU
���GHJUHH�ILHOG�RI�YLHZ��WKXV�WKH�FRPSRQHQW�FDPHUD�LPDJHV�RYHU�
ODS� FRQVLGHUDEO\� �IRU� UHDVRQV� GHVFULEHG� ODWHU��� 7KH� VPDOO� IRFDO
OHQJWK� UHVXOWV� LQ� VXEVWDQWLDO� UDGLDO� GLVWRUWLRQ�� KRZHYHU� LW� DOVR
\LHOGV�D�ODUJH�GHSWK�RI�ILHOG�DQG�WKXV�DOO�REMHFWV�DUH�LQ�IRFXV�IURP
D�GLVWDQFH�RI�D�IHZ�FHQWLPHWHUV�WR�LQILQLW\��7KH�UHVXOWLQJ�)O\&DP
LV�OLJKWZHLJKW�DQG�FRPSDFW��WKRXJK�WKHUH�H[LVW�VPDOOHU�ERDUG�FDP�
HUDV�WKDW�FRXOG�EH�XVHG�IRU�DQ�HYHQ�PRUH�FRPSDFW�DUUD\��

%���3LHFHZLVH�LPDJH�VWLWFKLQJ

:H�XVH�D�SLHFHZLVH�SHUVSHFWLYH�ZDUSLQJ�RI�TXDGULODWHUDO�UHJLRQV
WR�ERWK�FRUUHFW�IRU�OHQV�GLVWRUWLRQ�DQG�WR�PDS�LPDJHV�IURP�DGMD�
FHQW�FDPHUDV�RQWR�D�FRPPRQ�LPDJH�SODQH�VR�WKH\�FDQ�EH�PHUJHG�
)LUVW�� D� QXPEHU� RI� LPDJH� UHJLVWUDWLRQ� SRLQWV� DUH� GHWHUPLQHG� E\

)LJXUH� ��� )O\&DP� YLGHRFDPHUD� DUUD\�� +HLJKW�  ��� FP
�����LQFKHV�



LPDJLQJ�D�VWUXFWXUHG�VFHQH�DQG�PDQXDOO\�LGHQWLI\LQJ�WKH�SRLQWV�LQ
WKH�GLIIHUHQW�FDPHUD� LPDJHV� WKDW�FRUUHVSRQG� WR�HDFK� UHJLVWUDWLRQ
SRLQW�LQ�WKH�VFHQH��,Q�SUDFWLFH��ZH�LPDJH�D�JULG�RI�VTXDUHV��DQG�XVH
WKH�FRUQHUV�DV�UHJLVWUDWLRQ�SRLQWV��7KH�IRXU�FRUQHUV�RI�HDFK�VTXDUH
IRUP�D�TXDGULODWHUDO�³SDWFK´�LQ�WKH�LPDJH�RI�HDFK�FDPHUD��(YHU\
LPDJH� SDWFK� LV� WKHQ�ZDUSHG� EDFN� WR� D� VTXDUH� DQG� WLOHG�ZLWK� LWV
QHLJKERUV�WR�IRUP�WKH�SDQRUDPLF�LPDJH��

%LOLQHDU� WUDQVIRUPDWLRQV� DUH� XVHG� WR� ZDUS� HDFK� TXDGULODWHUDO
SDWFK��(DFK�SDWFK�LV�PDSSHG�LQWR�D�VTXDUH�³WLOH´�LQ�WKH�SDQRUDPLF
LPDJH��*LYHQ�WKDW�WKH�WLOHV�DUH�VTXDUH�ZLWK�FRUQHUV�DW�NQRZQ�FRRU�
GLQDWHV��WKH�HTXDWLRQ�EHORZ�WUDQVIRUPV�WKH�FRRUGLQDWH�V\VWHP�X��Y
WR�WKH�ZDUSHG�FRRUGLQDWH�V\VWHP�[��\��

)RU�HDFK�SDWFK��WKH���XQNQRZQ�FRHIILFLHQWV�RI�WKH�WUDQVIRUPDWLRQ
PDWUL[� DUH� GHWHUPLQHG� E\� VROYLQJ� WKH� VLPXOWDQHRXV� HTXDWLRQV
JLYHQ�E\�WKH�WZR�FRRUGLQDWHV�RI�HDFK�RI�WKH�IRXU�FRUQHUV��7KH�IRXU
SRLQWV� LQ� HDFK� SDWFK� KDYH� �� VFDODU� YDOXHV� WR� VROYH� IRU� WKH� �
XQNQRZQ�SDUDPHWHUV�

7R�FDOFXODWH�D�SL[HO�YDOXH�LQ� WKH�ZDUSHG�FRRUGLQDWH�V\VWHP�[��\�
WKH�DERYH�HTXDWLRQ�LV�LQYHUWHG�E\�VROYLQJ�IRU�X��Y�LQ�WHUPV�RI�[� \
>�@��7KLV�DOORZV�IRU�ZKDW�LV�WHUPHG�³LQYHUVH�PDSSLQJ�´�)RU�HYHU\
SL[HO�LQ�WKH�ZDUSHG�FRRUGLQDWH�V\VWHP��WKH�FRUUHVSRQGLQJ�SL[HO�LQ
WKH�XQZDUSHG�V\VWHP�LV�IRXQG�DQG�LWV�YDOXH�LV�FRSLHG��%HFDXVH�WKH
ZDUSLQJ�LV�D�FRQWLQXRXV�IXQFWLRQ�UDWKHU�WKDQ�GLVFUHWH��WKH�UHYHUVH
PDSSLQJ�ZLOO�JHQHUDOO\�\LHOG�QRQ�LQWHJUDO�XQZDUSHG�FRRUGLQDWHV�
)RU�WKLV�UHDVRQ�� WKH�SL[HO�YDOXH�LV�FDOFXODWHG�IURP�LWV� LPPHGLDWH
QHLJKERUV� XVLQJ� ELOLQHDU� LQWHUSRODWLRQ�� %HFDXVH� WKH� QHFHVVDU\
ZDUSLQJ�LV�QHYHU�H[WUHPH�IRU�WKLV�DSSOLFDWLRQ��WKHUH�LV�QR�QHHG�IRU
DGGLWLRQDO� LQWHUSRODWLRQ� RU� ILOWHULQJ� WR� UHGXFH� DOLDVLQJ� HIIHFWV�
7KRXJK�WKLV�LV�VWUDLJKWIRUZDUG�WR�LPSOHPHQW��ZH�XVH�WKH�,QWHO�3HU�
IRUPDQFH�/LEUDU\�VXEURXWLQHV�DV�WKH\�DUH�WXQHG�IRU�KLJK�WKURXJK�
SXW�RQ�00;�SURFHVVRUV��

&���%RUGHU�SDWFK�FURVV�IDGLQJ

7KH� OXPLQDQFH� DFURVV� FDPHUDV� ZLOO� QRW� EH� HYHQ�� SULPDULO\
EHFDXVH� WKH� FRPSRQHQW� FDPHUDV� KDYH� ³DXWR�LULV´� IXQFWLRQV� WKDW
DGDSW�WKHLU�JDLQ�WR�PDWFK�WKH�DYDLODEOH�OLJKW��&RPSRQHQW�FDPHUDV
LPDJLQJ�D�VFHQH�ZLWK�YDULDEOH�OLJKWLQJ�ZLOO�WHQG�WR�KDYH�GLIIHUHQW
JDLQV��KHQFH�SDWFKHV�LPDJHG�E\�DGMDFHQW�FDPHUDV�ZLOO�KDYH�GLIIHU�
HQW�OXPLQDQFHV��7KXV�HYHQ�ZKHQ�WKH�SDQRUDPLF�LPDJH�LV�JHRPHW�
ULFDOO\� FRUUHFW�� VHDPV� ZLOO� EH� DSSDUHQW� IURP� WKH� EULJKWQHVV
GLIIHUHQFHV�DFURVV�FDPHUDV�>�@��:H�PLQLPL]H�WKLV�SUREOHP�E\�WKH
VLPSOH�PHDVXUH�RI�FURVV�IDGLQJ�HGJH�SDWFKHV��5HGXQGDQW�SDWFKHV
DW�DUH�XVHG�DW�WKH�HGJH�RI�HDFK�FDPHUD����WKDW�LV��DW�FDPHUD�ERUGHUV�
WKH� VDPH�SDWFK� LV� LPDJHG� IURP�HDFK�QHLJKERU� FDPHUD��%HFDXVH
WKHVH�SDWFKHV�DUH�WKHQ�FRUUHFWHG�WR�D�VTXDUH�RI�NQRZQ�JHRPHWU\�
WKH\�FDQ�EH�FRPELQHG�E\�FURVV�IDGLQJ�WKHP��7KH�SL[HO�YDOXH�LQ�D
SDWFK�LV�JLYHQ�E\�D�OLQHDU�FRPELQDWLRQ�RI�WKH�FRPSRQHQW�SDWFKHV�
VXFK�WKDW�SL[HOV�RQ�WKH�OHIW�FRPH�IURP�WKH�OHIW�FDPHUD��SL[HOV�RQ
WKH�ULJKW�FRPH�IURP�WKH�ULJKW�FDPHUD��DQG�SL[HOV�LQ�WKH�PLGGOH�DUH
D�OLQHDU�PL[WXUH�RI�WKH�WZR��7KLV�SURYHV�TXLWH�HIIHFWLYH�IRU�KLGLQJ

WKH�FDPHUD�VHDPV��WR�WKH�H[WHQW�WKDW�WKH\�FDQ�EH�GLIILFXOW�WR�GHWHFW
HYHQ�ZKHQ�WKH�REVHUYHU�NQRZV�ZKHUH�WR�ORRN��

'���)LQGLQJ�UHJLVWUDWLRQ�SRLQWV

7KH� SURFHVV� RI� ILQGLQJ� WKH� UHJLVWUDWLRQ� SRLQWV� LV� VRPHZKDW
WHGLRXV��WKH�SUHFLVH�FRRUGLQDWHV�RI�PDQ\�SRLQWV�PXVW�EH�UHFRUGHG
DFURVV�PXOWLSOH�LPDJHV��2Q�WKH�RWKHU�KDQG��WKLV�QHHG�RQO\�EH�GRQH
RQFH��)RU�D�UHJLVWUDWLRQ�LPDJH��ZH�XVHG�D�JULG�RI�VTXDUHV�SODFHG
DSSUR[LPDWHO\� RQH�PHWHU� IURP� WKH� )O\&DP�� (DFK� VTXDUH� LQ� WKH
JULG�EHFRPHV�D�ZDUSLQJ�SDWFK�DV�GHVFULEHG�DERYH��7R�IDFLOLWDWH�WKH
SURFHVV��ZH�SODFHG�WKH�)O\&DP�RQ�D�VORZO\�URWDWLQJ�SODWIRUP�DQG
UHFRUGHG� WKH� UHVXOWLQJ� UDZ�YLGHR��:H� UHFRUGHG�JULG�SRLQWV� IURP
RQH�FROXPQ�RI� WKH�JULG� IURP� WKH� ILUVW� IUDPH�� WKHQ� LGHQWLILHG� WKH
QXPEHU�RI� IUDPHV� WKDW�FRUUHVSRQGHG� WR� DQJXODU�GLVSODFHPHQW�RI
RQH� VTXDUH�� 5HFRUGLQJ� JULG� SRLQWV� IURP� WKH� VDPH� FROXPQ� IURP
IUDPHV�VSDFHG�UHJXODUO\�DW�WKLV�LQWHUYDO�JDYH�XV�ZLGH�ILHOG�UHJLV�
WUDWLRQ�GDWD�ZLWKRXW�WKH�HIIRUW�RI�FRQVWUXFWLQJ�D�ZLGH�ILHOG�UHJLV�
WUDWLRQ� LPDJH�� 7KH� ILQDO� SDWFK� JULG� LV� VKRZQ� LQ� )LJXUH� ��� QRW
FRXQWLQJ� RYHUODSSLQJ� ERUGHU� FROXPQV�� WKH� JULG� LV� ��;� ��� IRU� D
WRWDO�RI����SDWFKHV�LQ�WKH�ILQDO�LPDJH��7KLV�LV�VXIILFLHQW�WR�JLYH�D
JRRG�FRUUHFWLRQ�IRU�WKH�UDGLDO�OHQV�GLVWRUWLRQ��QRWH�KRZ�GLVWRUWHG
YHUWLFDO�IHDWXUHV�LQ�)LJXUH���DUH�VWUDLJKWHQHG�LQ�)LJXUH���

(���2SWLFDO�DQG�VWHUHR�LVVXHV

,Q� NHHSLQJ� ZLWK� RXU� ³EHWWHU�� IDVWHU�� FKHDSHU´� SKLORVRSK\�� QR
DWWHPSW�LV�PDGH�WR�DOLJQ�FRPSRQHQW�FDPHUDV�WR�D�FRPPRQ�FHQWHU
RI�SURMHFWLRQ��,Q�DQ\�FDVH��LW�LV�QRW�SUDFWLFDO�WR�DFKLHYH�D�FRPPRQ
&23�ZLWKRXW�HODERUDWHO\�DOLJQHG�PLUURUV�RU�RWKHU�RSWLFDO�DSSDUD�
WXV��7KXV�WKH�SDQRUDPLF�LPDJH�ZLOO�KDYH�LPSHUIHFWLRQV�GXH�WR�GLV�
SDULW\�EHWZHHQ� WKH� FDPHUDV��:H�PLQLPL]H� WKLV� LQ� VHYHUDO�ZD\V�
)LUVW�RI�DOO��WKHUH�LV�QR�GLVSDULW\�IRU�REMHFWV�QHDU�WKH�GLVWDQFH�RI�WKH
UHJLVWUDWLRQ� LPDJH��%HFDXVH� WKH�EDVHOLQH�GLVWDQFH�EHWZHHQ�FRP�
SRQHQW�FDPHUDV� LV�TXLWH� VPDOO��DQ�REMHFW�FDQ�PRYH� IDU� IURP� WKH
RSWLPDO�GLVWDQFH�ZLWKRXW�QRWLFHDEOH�GLVSDULW\��%OHQGLQJ�WKH�ERUGHU
SDWFKHV�UHGXFHV�WKH�GLVSDULW\�DUWLIDFWV�HYHQ�IXUWKHU��)RU�RXU�WHOH�
FRQIHUHQFLQJ�DSSOLFDWLRQ��VXEMHFWV�QHYHU�JHW�FORVH�HQRXJK�WR�WKH
)O\&DP� WKDW� GLVSDULW\� LV� QRWLFHDEOH�� 'LVWDQW� REMHFWV� DW� LQILQLW\
KDYH� D� VOLJKW�GLVSDULW\� �D� VPDOO�QXPEHU�RI�SL[HOV��� EXW� W\SLFDOO\
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WKHVH� DUH� VPRRWK� ZDOOV� VR� VXFK� DUWLIDFWV� DUH� LQYLVLEOH�� &XUUHQW
ZRUN�LV� WR�XVH� WKH�GLVSDULW\�³EXJ´�DV�D�IHDWXUH��E\�FDOFXODWLQJ�D
PHDVXUH�RI�GLVSDULW\�LW�LV�SRVVLEOH�WR�VHJPHQW�IRUHJURXQG��WHOHFRQ�
IHUHQFH�SDUWLFLSDQWV��IURP�WKH�EDFNJURXQG�>�@��

)���5HVROXWLRQ�DQG�FRPSXWDWLRQ�UHTXLUHPHQWV

2XU� )O\&DP� SURWRW\SH� RSHUDWHV� DW� ���� WKH� SRWHQWLDO� UHVROXWLRQ�
)RXU� YLGHR� VLJQDOV� IURP� WKH� FRPSRQHQW� FDPHUDV� DUH� FRPELQHG
XVLQJ� D�FRPPHUFLDOO\� DYDLODEOH�³TXDG�SURFHVVRU´� WKDW� WLOHV� HDFK
LPDJH� DW� ���� UHVROXWLRQ� LQWR� D� TXDGUDQW� RI� WKH� UHVXOWLQJ� LPDJH�
7KLV�PHDQV�WKDW�RQO\�RQH�YLGHR�FDUG�LV�QHFHVVDU\�ZKHQ�WKH�TXDG
SURFHVVRU� LV� XVHG�� $OVR�� WKH� UDZ� YLGHR� FDQ� EH� UHFRUGHG� LQ� RQH
VWUHDP�ZLWKRXW�V\QFKURQL]DWLRQ�LVVXHV��:H�KDYH�IRXQG�WKLV�XVHIXO
IRU�GHYHORSLQJ�WKH�WUDFNLQJ�DOJRULWKPV�RI�6HFWLRQ�,,,$��3DQRUDPLF
LPDJH�JHQHUDWLRQ�XVLQJ�����UHVROXWLRQ�LPDJHV�DQG�WKH�,QWHO�3HUIRU�
PDQFH� /LEUDU\� URXWLQHV� WDNHV� RQO\� ���� RI� WKH� &38� �RI� D� ���
0+]�3HQWLXP�,,�DW����ISV���WKXV�WKHUH�DUH�SOHQW\�RI�F\FOHV�OHIW�IRU
WKH� PRUH� VRSKLVWLFDWHG� LPDJH� SURFHVVLQJ� GHVFULEHG� LQ� WKH� QH[W
VHFWLRQ��(YHQ�XVLQJ�IXOO�UHVROXWLRQ�OHDYHV�����RI�WKH�&38�IUHH�IRU
RWKHU�WDVNV�
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�$Q�LPPHGLDWH�DSSOLFDWLRQ�RI�WKH�SDQRUDPLF�LPDJH�LV�WR�VHOHFW�D
QRUPDO�DVSHFW�³YLUWXDO´�YLHZ�E\�FURSSLQJ�WKH�ODUJH�LPDJH��9LUWXDO
FDPHUDV� FDQ� EH� SDQQHG�]RRPHG� YLUWXDOO\� LQVWDQWDQHRXVO\�� ZLWK
QRQH�RI�WKH�OLPLWDWLRQV�GXH�WR�PRYLQJ�D�SK\VLFDO�FDPHUD��,Q�DGGL�
WLRQ��DQ�XQOLPLWHG�QXPEHU�RI�GLIIHUHQW�YLHZV�DUH�DYDLODEOH�DW�DQ\
RQH� WLPH�� XQOLNH� D� SK\VLFDO� FDPHUD�� :H� KDYH� EXLOW� D� )O\&DP
VHUYHU� DSSOLFDWLRQ� WKDW� IXQFWLRQV� DV� D� YLUWXDO�ZHEFDP�� DOORZLQJ
HDFK� FOLHQW� WR� UHTXHVW� DQ� LQGLYLGXDO� YLHZ� IURP� WKH� SDQRUDPLF
LPDJH��)LJXUH���VKRZV�WKH�FOLHQW��D�QHZ�YLUWXDO�FDPHUD�LV�VWHHUHG
E\�FOLFNLQJ�RQ�WKH�SDQRUDPLF�LPDJH�RU�WKH�OHIW�ULJKW�DUURZV��FRQ�
WUROV��ZKLOH�WKH³�´���³�´�]RRP�FRQWUROV�KDYH�WKH�REYLRXV�IXQFWLRQ�
DOLW\��8QOLNH� RWKHU�ZHEFDPV� WKDW� XVH� D� VWHHUDEOH� FDPHUD�� HYHU\
FOLHQW�FDQ�FKRRVH�WKHLU�RZQ�XQLTXH�FRPELQDWLRQ�RI�SDQ��WLOW��DQG
]RRP�

$���9LUWXDO�FDPHUD�FRQWURO�XVLQJ�PRWLRQ�DQDO\VLV

7KRXJK�D�XVHU�FDQ�HDVLO\�VHOHFW�D�GHVLUHG�LPDJH��ZH�KRSH�WR�HOLP�
LQDWH�KXPDQ�LQSXW�HQWLUHO\�IRU�D�WUXO\�DXWRPDWLF�WHOHFRQIHUHQFLQJ
V\VWHP�� 7R� WKLV� HQG�� ZH� KDYH� LPSOHPHQWHG� D� VLPSOH� DXWRPDWLF
FDPHUD�FRQWURO�DOJRULWKP�WR�VHOHFW�DQ�DSSURSULDWH�YLUWXDO�FDPHUD
YLHZ�� %HFDXVH� WKH� )O\&DP� LV� IL[HG� ZLWK� UHVSHFW� WR� WKH� EDFN�
JURXQG��PRWLRQ�DQDO\VLV�GRHV�DQ�H[FHOOHQW�MRE�RI�GHWHFWLQJ�LQWHU�
HVWLQJ�IRUHJURXQG�REMHFWV��VXFK�DV�SHRSOH��0RWLRQ�LV�GHWHUPLQHG
E\�FRPSXWLQJ�WKH�DEVROXWH�YDOXH�RI�WKH�IUDPH�WR�IUDPH�SL[HO�GLI�

IHUHQFHV��7KLV�LV�WKUHVKROGHG�WR�UHPRYH�VPDOO�PRWLRQV�DQG�TXDQWL�
]DWLRQ� QRLVH�� 7KH� WRWDO� QXPEHU� RI� QRQ�]HUR� SL[HOV� LQ� WKH
WKUHVKROGHG� LPDJH� LV� D�JRRG�PHDVXUH� RI� WKH�PRWLRQ� LQ� WKH�)O\�
&DP¶V�ILHOG�RI�YLHZ��7KH�ILUVW�DQG�VHFRQG�VSDWLDO�PRPHQWV�RI�WKH
WKUHVKROGHG� GLIIHUHQFH� LPDJH� DUH� FDOFXODWHG�� 7KH� ILUVW� VSDWLDO
PRPHQW� LV� D� JRRG� HVWLPDWH� RI� WKH� FHQWURLG� RI� D�PRYLQJ� REMHFW�
ZKLOH�WKH�VHFRQG�VSDWLDO�PRPHQW�HVWLPDWHV�WKH�VSDWLDO�GLVWULEXWLRQ
RI�PRWLRQ�LQ�WKH�SDQRUDPLF�LPDJH�

6WUDLJKWIRUZDUG�KHXULVWLFV�FRQWURO�WKH�YLUWXDO�FDPHUD�EDVHG�RQ�WKH
PRWLRQ�DQDO\VLV��7KH�YLUWXDO�FDPHUD�LV�VHW�WR�IROORZ�WKH�ILUVW�VSD�
WLDO�PRPHQW�� WKDW� LV� WKH� FHQWHU� RI� DQ\�PRYLQJ� REMHFW�� 7KH� QHZ
LPDJH�FRRUGLQDWHV�[�DW�IUDPH�W�DUH�VHW�WR�D�IXQFWLRQ�RI�WKH�FRRUGL�
QDWHV�IRUP�WKH�SUHYLRXV�IUDPH�DQG�WKH�QHZ�HVWLPDWH�RI�WKH�PRWLRQ
FHQWURLG� DV�IROORZV�

7KH� SDUDPHWHU� VHUYHV� DV� ³LQHUWLD�´� LI� LW� LV� ODUJH� WKH
YLUWXDO�FDPHUD�ZLOO�PRYH�RQO\�VORZO\�WRZDUGV�WKH�PRWLRQ��$�PRG�
HUDWH�YDOXH�RI� �VHUYHV�ERWK�WR�PLPLF�WKH�G\QDPLFV�RI�D�SK\VLFDO
FDPHUD�DQG�WR�VPRRWK�MLWWHUV�GXH�WR�QRLVH�LQKHUHQW�LQ�WKH�PRWLRQ
DQDO\VLV��7KLV�XSGDWH�HTXDWLRQ�LV�VXEMHFW�WR�VHYHUDO�DG�KRF�FRQGL�
WLRQV�� ,I� WKH� VHFRQG�PRPHQW� LV� YHU\� ODUJH� LQ�PDJQLWXGH�� LW� LQGL�
FDWHV�PRUH�WKDQ�RQH�REMHFW�LV�PRYLQJ�VR�WKH�FDPHUD�ORFDWLRQ�LV�QRW
DOWHUHG�� 2QFH� WKH� FDPHUD� KDV� EHHQ� FKDQJHG�� D� WLPHU� LV� VWDUWHG�
7KH�HIIHFW�RI� WKLV� WLPHU� LV� WR�GLVFRXUDJH� ORQJ� VKRWV� RI� WKH� VDPH
VFHQH�� ZKLFK� DUH� YLVXDOO\� XQLQWHUHVWLQJ�� $V� WKH� WLPHU� YDOXH
LQFUHDVHV��WKH�PRWLRQ�FKDQJH�WKUHVKROG�LV�GHFUHDVHG��7KLV�FDQ�EH
GRQH�LQ�VXFK�D�ZD\�WKDW�WKH�PHDQ�RU�WKH�VWDWLVWLFDO�GLVWULEXWLRQ�RI
VKRW� OHQJWKV� PDWFKHV� VRPH� SUH�GHWHUPLQHG� RU� H[SHULPHQWDOO\
GHWHUPLQHG�SDUDPHWHUV��$QRWKHU�FDPHUD�FKDQJH�UHVHWV�WKH�WLPHU�
7KH�QHW�HIIHFW�LV�WR�HQFRXUDJH�KXPDQ�OLNH�FDPHUD�RSHUDWLRQ��)RU
H[DPSOH�� LI� WKH� YLUWXDO� FDPHUD� KDV� EHHQ� LPDJLQJ� D� SDUWLFXODU
VSHDNHU� IRU� VRPH� WLPH�� LW� EHFRPHV�PRUH� OLNHO\� WKDW� WKH� FDPHUD
ZLOO� FXW� DZD\� WR� FDSWXUH� D� OLVWHQHU� QRGGLQJ� LQ� DJUHHPHQW�� 7KLV
EHKDYLRU�DGGV�WR�WKH�UHDOLVP�DQG�LQWHUHVW�RI�WKH�YLGHR�DQG�PLPLFV
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WKH�SHUIRUPDQFH�RI�D�KXPDQ�RSHUDWRU��)LJXUH���VKRZV�RXU�DXWR�
PDWLF�FDPHUD�DSSOLFDWLRQ�UXQQLQJ�RQ�D�UHFRUGHG�YLGHR�VWUHDP�

,9��5(/$7('�:25.

7KHUH� KDV� EHHQ� FRQVLGHUDEOH� SULRU�ZRUN� RQ� FRPELQLQJ�PXOWLSOH
LPDJHV� LQWR�D�SDQRUDPLF� VFHQHV��HQRXJK� WKDW� OLPLWHG�VSDFH�SUH�
FOXGHV�D�IXOOHU�VHW�RI�UHIHUHQFHV��0DQ\�DSSURDFKHV�KDYH�EHHQ�WR
FRPSRVH�H[LVWLQJ�VWLOO�LPDJHV�LQWR�D�SDQRUDPD�WKDW�FDQ�EH�G\QDP�
LFDOO\� YLHZHG� >���@�� RU� E\� FRPSRVLWLQJ� VXFFHVVLYH� YLGHR� IUDPHV
LQWR� D� VWLOO� SDQRUDPD� >�@�� %HFDXVH� DOO� WKHVH� WHFKQLTXHV� LQYROYH
FRPSXWDWLRQDOO\� H[SHQVLYH� LPDJH� UHJLVWUDWLRQ� �WKDW� LV�� DOLJQLQJ
LPDJHV� ZLWK� XQNQRZQ� GLVSODFHPHQWV�� QRQH� RI� WKHVH� WHFKQLTXHV
FDQ�EH�GRQH�SUDFWLFDOO\�DW�YLGHR�UDWHV��,Q�FRQWUDVW��WKH�V\VWHP�SUH�
VHQWHG�KHUH�XVHV�FDPHUDV�ZLWK� IL[HG��NQRZQ�DOLJQPHQWV�� VR�GLV�
SODFHPHQWV�QHHG�QRW�EH�FDOFXODWHG�DW�DOO��

$�JURXS�DW�&ROXPELD�KDV�FUHDWHG�DQ�RPQLGLUHFWLRQDO�GLJLWDO�FDP�
HUD�XVLQJ�FXUYHG�PLUURUV�>�@��,Q�WKLV�V\VWHP��D�FRQYHQWLRQDO�FDP�
HUD�FDSWXUHV�WKH�LPDJH�UHIOHFWHG�IURP�D�SDUDEROLF�PLUURU��UHVXOWLQJ
LQ�D�KHPLVSKHULFDO�ILHOG�RI�YLHZ��'LJLWDOO\�SURFHVVLQJ�WKH�UHIOHFWHG
LPDJH� DOORZV� WKH� FRQVWUXFWLRQ� RI� GLVWRUWLRQ�IUHH� LPDJHV� IRU� DQ\
XVHU� VHOHFWHG� SRUWLRQ� RI� WKH� DFTXLUHG� RPQLGLUHFWLRQDO� LPDJH�
DOEHLW�DW�OLPLWHG�UHVROXWLRQ��7KH�GUDZEDFN�RI�WKLV�DSSURDFK�LV�WKDW
VXELPDJHV�H[WUDFWHG�IURP�WKH�KHPLVSKHULFDO�LPDJH�ZLOO�EH�OLPLWHG
LQ�UHVROXWLRQ�WR�D�VPDOO�IUDFWLRQ�RI�WKH�VLQJOH�FDPHUD��DQG�WKH�QHF�
HVVDU\� LPDJH� ZDUSLQJ� ZLOO� EH� H[WUHPH� WR� UHJHQHUDWH� XQZDUSHG
LPDJHV��,Q�FRQWUDVW��WKH�V\VWHP�SUHVHQWHG�KHUH�KDV�YLUWXDOO\�XQOLP�
LWHG�UHVROXWLRQ�DW�DOO�YLHZLQJ�DQJOHV��,I�PRUH�UHVROXWLRQ�LV�GHVLUHG�
WKH�V\VWHP�FDQ�EH�FRQILJXUHG�ZLWK�DGGLWLRQDO�FDPHUDV��$�JURXS�DW
81&� XVHV� ��� YLGHR� FDPHUDV� DUUDQJHG� LQ� WZR� KH[DJRQV�� DORQJ
ZLWK�D�PLUURU�DSSDUDWXV�WR�IRUP�D�FRPPRQ�&23��7KH�81&�JURXS
GHYLVHG� D� VLPLODU� DSSURDFK� WR� SDQRUDPLF� LPDJH� FRPSRVLWLRQ�
WKRXJK� XVLQJ� WKH� WH[WXUH� PDSSLQJ� KDUGZDUH� RI� D� 6*,� 2�� >�@�
$QRWKHU�JURXS�DW�&ROXPELD�KDV�WDNHQ�D�VLPLODU�DSSURDFK�XVLQJ�DQ

DUUD\� RI� ERDUG� FDPHUDV�� ,QVWHDG� RI� SLHFHZLVH� LPDJH�ZDUSLQJ�� D
WDEOH�ORRNXS�V\VWHP�GLUHFWO\�ZDUSV�HDFK�LPDJH�SL[HO�LQWR�WKH�FRP�
SRVLWH�SDQRUDPD�>�@��

7KHUH�LV�QR�VKRUWDJH�RI�SULRU�UHVHDUFK�LQ�SHUVRQ�WUDFNLQJ�V\VWHPV�
0DQ\�DUH�FRPPHUFLDOO\�DYDLODEOH��LQFOXGLQJ�RQHV�EXLOW�LQWR�VWHHU�
DEOH�FDPHUDV��6\VWHPV�EDVHG�RQ�VWHHUDEOH�FDPHUDV�PXVW�FRPSHQ�
VDWH�IRU�FDPHUD�PRWLRQ�DV�ZHOO�DV�WKH�HYHQW�ZKHQ�D�IDFH�JRHV�RXW
RI�YLHZ�RI�WKH�FDPHUD��7KLV�LV�PXFK�OHVV�RI�D�SUREOHP�IRU�D�SDQ�
RUDPLF�FDPHUD�ZLWK�D�PRWLRQOHVV�DQG�PXFK�ZLGHU�ILHOG�RI�YLHZ�
$W�OHDVW�RQH�V\VWHP�XVHV�D�SDQRUDPLF�LPDJH�IURP�D�KHPLVSKHULFDO
PLUURU�WR�SRLQW�D�VWHHUDEOH�FDPHUD�>�@��

$���)XWXUH�:RUN�

%HVLGHV� LQYHVWLJDWLQJ� RWKHU� FDPHUD� FRQILJXUDWLRQV� DQG� UHVROX�
WLRQV��ZH�DUH�DOVR�LQYHVWLJDWLQJ�WKH�XVH�VWHUHR�GLVSDULW\�WR�LPSURYH
SHUVRQ�WUDFNLQJ��:H�DUH�LQ�WKH�SURFHVV�RI�LQWHJUDWLQJ�D�IDFH�WUDFN�
LQJ� V\VWHP� GHYHORSHG� DW� +DUYDUG� 8QLYHUVLW\� ZLWK� )O\&DP� IRU
PRUH�UREXVW�DXWRPDWLF�FDPHUD�FRQWURO��7KH�+DUYDUG�V\VWHP�XVHV�D
FRPELQDWLRQ� RI� LPDJH� FXHV� DQG� DXGLR� VRXUFH� ORFDWLRQ� IURP� D
PLFURSKRQH�DUUD\�WR�VWHHU�D�FRQYHQWLRQDO�FDPHUD�>��@�

5()(5(1&(6

>�@ *��:ROEHUJ��'LJLWDO� ,PDJH�:DUSLQJ�� ,(((�&RPSXWHU�6RFL�
HW\��3UHVV������

>�@ $�� 0DMXPGHU�� HW� DO��� ³,PPHUVLYH� WHOHFRQIHUHQFLQJ�� D� QHZ
DOJRULWKP�WR�JHQHUDWH�VHDPOHVV�SDQRUDPLF�YLGHR�LPDJHU\�´�LQ
3URF��$&0�0XOWLPHGLD�����2UODQGR��)/��SS����������������

>�@ 5�� 6ZDPLQDWKDQ� DQG� 6�� 1D\DU�� ³1RQ�PHWULF� FDOLEUDWLRQ� RI
ZLGH�DQJOH� OHQVHV� DQG� SRO\FDPHUDV�´� LQ� 3URF�� &RPSXWHU
9LVLRQ�DQG�3DWWHUQ�5HFRJQLWLRQ��-XQH�����

>�@ 'DUUHOO��7���*RUGRQ��*���:RRGILOO��:���%DNHU��+���³$�PDJLF
PRUSKLQ� PLUURU�´� LQ� 6,**5$3+� 
��� 9LVXDO� 3URFHHGLQJV�
$&0�3UHVV�������

>�@ 6��&KHQ�DQG�/��:LOOLDPV��³9LHZ�LQWHUSRODWLRQ�IRU�LPDJH�V\Q�
WKHVLV�´� LQ� &RPSXWHU� *UDSKLFV� �6,**5$3+
����� SS�����
�����$XJXVW������

>�@ ,3,;��WKH�,QWHUDFWLYH�3LFWXUHV�&RUSRUDWLRQ��
KWWS���ZZZ�LSL[�FRP

>�@ 7HRGRVLR��/���DQG�%HQGHU��:���³6DOLHQW�9LGHR�6WLOOV��FRQWHQW
DQG�FRQWH[W�SUHVHUYHG�´�LQ�3URF��$&0�0XOWLPHGLD�����$QD�
KHLP��&$��SS�������������

>�@ 1D\DU�� 6��� ³&DWDGLRSWULF� RPQLGLUHFWLRQDO� FDPHUD�´� ,Q� 3URF�
RI�,(((�&RQIHUHQFH�RQ�&RPSXWHU�9LVLRQ�DQG�3DWWHUQ�5HFRJ�
QLWLRQ��&935���3HXUWR�5LFR��-XQH�����

>�@ +XDQJ��4���&XL���<��� DQG�6DPDUDVHNHUD��6���³&RQWHQW�EDVHG
DFWLYH�YLGHR�GDWD�DFTXLVLWLRQ�YLD�DXWRPDWHG�FDPHUDPHQ�´�LQ
3URF�� ,(((�,QWHUQDWLRQDO�&RQIHUHQFH�RQ� ,PDJH�3URFHVVLQJ
�,&,3��µ��

>��@ :DQJ�� &��� DQG� %UDQGVWHLQ�� 0��� ³$� K\EULG� UHDO�WLPH� IDFH
WUDFNLQJ�V\VWHP�´�LQ�3URF��,(((�,QWHUQDWLRQDO�&RQIHUHQFH�RQ
$FRXVWLFV�� 6SHHFK�� DQG� 6LJQDO� 3URFHVVLQJ� �,&$663�� 
���
,(((

)LJXUH����$XWRPDWLF�FDPHUD�VWHHULQJ�IURP�PRWLRQ�
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