
$�5HSRUW�RQ�6WHUHR�9LVLRQ

&KDSWHU��%DFNJURXQG



$�5HSRUW�RQ�6WHUHR�9LVLRQ

�

*RG�FUHDWHG�KXPDQ�EHLQJV�ZLWK�WZR�H\HV�DQG�RQH�QRVH��REYLRXVO\�WKHUH�DUH�WZR�KROHV�LQ�D�QRVH���)HZ�TXHVWLRQV�DURVH�LQ�PLQG��ZK\�DUH WKHUH�H[DFWO\�WZR�H\HV�IRU�KXPDQV�WR� VHH" ,V� WKHUH� DQ\�GLIIHUHQFH� EHWZHHQ�SHUVRQ�KDYLQJ�ERWK� H\HV� DQG�SHUVRQ�KDYLQJ�RQO\� RQH� H\H� ZRUNLQJ" 7KLV� ZDV� WKH� TXHVWLRQ� UDLVHG� GXULQJ� WKH� EHJLQQLQJ� RI� WKLV�SURMHFW�� 6R�� DQ� LGHD� WR� VWXG\� WKH� UHDVRQ� EHKLQG� WKH� SDLULQJ� RI� 9LVLRQ� 6\VWHP� ZDV�LQWURGXFHG��
,Q�RXU�WKLUG�\HDU�ZH�ZHUH�LQYROYHG�LQ�D�SURMHFW�HQWLWOHG�± �$*9�± $XWRQRPRXV�*XLGH�9HKLFOH��ZKLFK�ZDV�EDVHG�RQ�5RERWLFV��7KH�PDLQ�SXUSRVH�RI�WKH�SURMHFW�ZDV�WR�EXLOG�DQ� DXWRPDWHG� JXLGHG� YHKLFOH� WKDW� PHDQV� D� YHKLFOH� WKDW� FRXOG� WUDFH� LWV� SDWK�DXWRPDWLFDOO\�ZLWKRXW�DQ\�PDQXDO�FRQWURO��EXW�ZLWK�D�PDQXDO�FRQWURO�SURYLVLRQ�DV�DQ�DGGLWLRQDO� DWWULEXWH�� 7KH� SURMHFW� ZDV� D� VXFFHVV�� SDUWO\�� EHFDXVH� LW� FRXOG� WUDFH� D�SUHGHILQHG� EODFN� OLQH� DERYH� D� SODLQ� ZKLWH� EDFNJURXQG�� L�H��� RQO\� LQ� DQ� LGHDO�HQYLURQPHQW��)RU� WKH�YLVXDO�SXUSRVH��D�VLQJOH�FDPHUD�ZDV�XVHG�WR�GHWHFW�WKH�OLQH�IRU�WKH�YHKLFOH�WR�IROORZ��%XW�WKH�PDLQ�SUREOHP�RI�XVLQJ�D�VLQJOH�FDPHUD�ZDV�WR�DYRLG�WKH�YHKLFOH� IURP� FUDVK� LI� WKHUH� ZHUH� DQ\� NLQG� RI� REVWDFOHV� DKHDG�� 7KH� GLVWDQFH� RI� WKH�REMHFW� FRXOG� QRW� EH� FDOFXODWHG� IURP� D� VLQJOH� ��'LPHQVLRQDO� LPDJH� FDSWXUHG� E\� WKH�FDPHUD�� ,W� FRXOG� GHWHFW� REVWDFOHV� RQO\� WKURXJK� WKH� XVH� RI� D� SDLU� RI� VRQDU� ORFDWHG� LQ�IURQW�VXFK�WKDW�LW�ZRXOG�UHFHLYH�WKH�UHIOHFWHG�VRXQG�IURP�WKH�REVWDFOH�DQG�UHGLUHFW�LWV�SDWK��ZKLFK LV�YHU\�ZHDN�LQ�WKH�UHDO�V\VWHP�HQYLURQPHQW�
7KHUH�ZDV�D�SURSRVDO�RI�XVLQJ�WZR�FDPHUDV OLNH�KXPDQ�EHLQJV�WR�VROYH�WKH�SUREOHP��EXW�+RZ" 6R� IRU� WKH� SDUW� RI� )LQDO� \HDU� SURMHFW�ZH� WULHG� WR� VWXG\� WKH�PHFKDQLVP�RI�KXPDQ�EHLQJV�XVLQJ�WZR�H\HV�WR�FRPSXWH�WKH�IRUZDUG�GLVWDQFH��
%HLQJ�DQ�(QJLQHHULQJ�VWXGHQW��WKH�LQQHUPRVW�GHWDLO�RI�+XPDQ�9LVXDO V\VWHP��L�H��WKH�ELRORJLFDO� DVSHFWV��ZDV�QRW� FRQVLGHUHG� UDWKHU�DQ�DQDORJLFDO� VWXG\�RI�+XPDQ�9LVXDO�6\VWHP�ZLWK�&RPSXWHU�9LVLRQ�ZDV�LGHQWLILHG�LQ�WKH�VWXG\�
,I� ZH� WUDLQ� D�PDQ� WR� FDOFXODWH� WKH� SURGXFW� RI� WZR� YDOXHV� DQG� DVN� KLP� WR� GR� VR� E\�SURYLGLQJ� D� YDOXH �JUHDWHU� WKDQ� WZR�GLJLWV�� IRU� H[DPSOH� ����0XOWLSOLHG� E\� ������ KH�
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ZLOO�WDNH�VRPH�WLPH�DQG�JLYH�D�UHVXOW�DIWHU�IHZ�VHFRQGV��EXW�ZH�FDQW�VD\�WKDW�WKH�UHVXOW�LV� DFFXUDWH��%XW�QRZDGD\V�� VLQFH� WKHUH�DUH�FRPSXWHUV� WR�GR� WKHVH� WKLQJV��VDPH� WKLQJ�FDQ�EH�GRQH�E\�D�FRPSXWHU�LQ�OHVV�WKDQ�D�VHFRQG�ZLWK������DFFXUDF\��6R�FRPSXWHUV�DUH� UHDOO\� JRRG� HQRXJK� WR� IROORZ� LQVWUXFWLRQV�� ,I�ZH� WUDLQ� D�PDQ� WR� LGHQWLI\� REMHFWV�OLNH�7UHH��+RXVH��*UDVV��HWF�DQG�DVN�KLP�WR�GR�VR�E\�VKRZLQJ�VRPH�VFHQHU\��KH�ZLOO�LGHQWLI\� WKH� REMHFWV� ZLWKLQ� LW� DFFXUDWHO\� LQ� D� VHFRQG�� %XW� WUDLQLQJ� D� FRPSXWHU� WR�LGHQWLI\�REMHFW� LV�ILUVW�RI�DOO�D�QLJKWPDUH��$QG�HYHQ�DIWHU�WUDLQLQJ�LW�� WKHUH�LV�QR�VXFK�FRPSXWHU��WLOO�QRZ���ZKLFK FDQ�DFFXUDWHO\�LGHQWLI\�WKH�REMHFWV�E\�SURFHVVLQJ�LQ�D�VKRUW�WLPH��QRW�DW�OHDVW�D ZLGH�UDQJH�RI�FRPSOH[�REMHFWV��7KLV�GRHV�QRW�PHDQ�WKDW�FRPSXWHU�FDQQRW�UHDOO\�LGHQWLI\�DQ�REMHFW��EXW�WKHUH�LV�DOVR�FKDQFH�WKDW�WKH�UHVXOW�LV�LQFRUUHFW�
7KLV�VKRZV�WKDW�9LVLRQ�6\VWHP�LQ�FRQWH[W�RI�FRPSXWHU�LV�VWLOO�IDU�EHKLQG�DV�FRPSDUHG�WR�RWKHU�ILHOG��,Q�RWKHU�ILHOG��FRPSXWHUV�KDYH�DOUHDG\�RYHUWDNHQ�KXPDQ�EHLQJV���6R��ZH�WKRXJKW�RI�JLYLQJ�VRPH�HIIRUW�WR�FRQWULEXWH�LQ�WKH�ILHOG�RI�&RPSXWHU�9LVLRQ��7KHUH�DUH�GLIIHUHQW�DUHDV�LQ�WKH�ILHOG�RI�&RPSXWHU�9LVLRQ��%XW�LQ�DQDORJ\�WR�KXPDQ�SHUFHSWLRQ��WKH� FRQFHSW� RI� WZR�H\H YLVLRQ�� D� ILHOG� NQRZQ� DV� 6WHUHR�9LVLRQ� ZDV�ZKDW� ZH�ZHUH�LQWHQGHG�WR�GHDO�ZLWK�
7R�KDYH�DQ�LQQRYDWLRQ�LQ�WKH�ILHOG�RI�6WHUHR�9LVLRQ��WKH�UHVHDUFKHU�PXVW�KDYH�ZLGH DV�ZHOO� DV�GHSWK�NQRZOHGJH�RI� LW��6R�ZH�SODQQHG WR� ILQG�RXW�ZKDW�KDYH�EHHQ�GRQH� WLOO�QRZ�LQ�WKLV�ILHOG��7KLV�ZDV�DQ�HDV\�WDVN��EXW�QRW�D�FRPSOHWH�RQH��,I�QRW�HYHU\�GD\��WKHQ�LQ� HYHU\� PRQWK� WKHUH� DUH� SHRSOHV� GHYHORSLQJ� WKH� QHZ� DOJRULWKP� RI� VWHUHR�FRUUHVSRQGHQFH��RFFOXVLRQ�GHWHFWLRQ�DQG�UHFRYHULQJ�GHQVH�GHSWK�PDS��
)RU� WKH� ILUVW� VL[�PRQWKV��ZH� WULHG� WR� FROOHFW� DQG� EH� DFTXDLQWHG�ZLWK� VRPH� RI� WKHVH�DOJRULWKPV�� 5HDGLQJ� DQG� XQGHUVWDQGLQJ� ZKDWHYHU� RWKHU� ZULWHV� LV� UHDOO\� D� IXQ�� EXW�ZULWLQJ�LV�VRPHWKLQJ�YHU\�GLIILFXOW�IRU�UHDGHU��6R��ZH�VWDUWHG�WR�ZULWH�ZLWK�VRPHWKLQJ�
� :H�KDYH� WR�DFFHSW� WKDW�&RPSXWHU�KDV�RYHUWDNHQ�PRVW�RI� WKH�+XPDQ�%HLQJV�LQ�FRQWH[W�RI�GRLQJ�WKH�ZRUNV��$QG�WKLV�GRHV�QRW�PHDQ�WR�KXPLOLDWH�+XPDQ�%HLQJ��ZH�KDYH�QRW�IRUJRWWHQ�WKDW�+XPDQ�%HLQJV�KDYH�FUHDWHG�&RPSXWHU��
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IURP�WKH�EHJLQQLQJ��$W�WKH�HQG�RI�ILUVW�VL[�PRQWK��ZH�FDPH�XS�ZLWK�D�3DSHU�HQWLWOHG�³6WHUHR� 9LVLRQ�� $Q� ,QWURGXFWRU\� $SSURDFK´>��@�� $IWHU� KDYLQJ� NQRZOHGJH� RI� ZLGH�UDQJH�RI�VWHUHR�DOJRULWKP��ZH�FDPH�XS� LQ�GHFLVLRQ� WR� LPSOHPHQW�DQG�WHVW�RQH�RI� WKH�DOJRULWKP�GHVFULEHG��6R�ZH�FKRVH� WR� LPSOHPHQW�DQG� WHVW� WKH�&RRSHUDWLYH�$OJRULWKP�>��@�
)LQDOO\��DW� WKH�HQG�RI�RQH�\HDU� RI� UHVHDUFK�SURMHFW�HQWLWOHG�³6WHUHR�9LVLRQ´�ZH�FDPH�XS�ZLWK�HQRXJK�NQRZOHGJH�DQG�PDWHULDOV�ZKLFK�PLJKW�EH�FRQVLGHUHG�DV�WKH�ILUVW�VWHS�WRZDUGV� WKH� ILHOG� RI� 6WHUHR� 9LVLRQ� WKDW� LQFOXGHV� ILUVW� YHUVLRQ� RI� &RRSHUDWLYH�$OJRULWKP�IRU�6WHUHR�0DWFKLQJ�LPSOHPHQWHG�LQ�-DYD��



$�5HSRUW�RQ�6WHUHR�9LVLRQ

�

&KDSWHU��,QWURGXFWLRQ



$�5HSRUW�RQ�6WHUHR�9LVLRQ

�

����� 0DPPDOLDQ�9LVLRQ1DWXUH� KDV� JLYHQ� DQLPDOV� WKH� SK\VLFDO� DWWULEXWHV� QHFHVVDU\� IRU� VXUYLYDO�� 0DPPDOV�JHQHUDOO\�FRPH�HTXLSSHG�ZLWK�WZR�H\HV�LQ�IURQW�RI�WKHLU�ERG\�DQG�WKH�FRPSOH[�EUDLQ�ZKLFK�SURFHVV� WKH� LPDJHV� UHFHLYHG� IURP� WKH�H\HV� WR�DFTXLUH� LQIRUPDWLRQ�DERXW� WKHLU�VXUURXQGLQJ��*HQHUDOO\�WKHVH�SDLU�RI�H\HV�DUH ORFDWHG�HLWKHU�RQ�WKH�VLGH�RI�WKHLU�KHDG�RU�LQ�IURQW��
7KH�ILUVW�RQH�WKDW LV�ODWHUDO�SODFHPHQW�RI�WKH�H\HV�LV�HVVHQWLDO�WR�WKH�VXUYLYDO�RI�KXQWHG�DQLPDOV�RU�KHUELYRURXV�DQLPDOV��H�J���KRUVH��UDEELW��FRZ��DV�LW�DOORZ�WKHP�WR�LQFUHDVH�VLGH�RU�SHULSKHUDO�YLVLRQ��VHH�ILJ��������6LGH�YLVLRQ��LQFUHDVHG�E\�ODWHUDO�SODFHPHQW��LV�D� VHQVLWLYH� GHWHFWRU� IRU�PRWLRQ� RU�PRYHPHQW�� 3HULSKHUDO� YLVLRQ� DOORZV� FUHDWXUHV� WR�HIIHFWLYHO\� VFDQ� IRU� GDQJHU�� 7KH� UDEELW� PXVW� EH� FRQVWDQWO\� DZDUH� RI� LWV� QDWXUDO�HQHPLHV� ZKLOH� LW� HDWV� \RXU� JDUGHQ� JUHHQV�� $W� WKH� ILUVW� VLJQ� RI� GDQJHU�� SHULSKHUDO�

YLVLRQ�� WKH� PRWLRQ� GHWHFWRU� V\VWHP�� DOHUWV� WKH� UDEELW� WKDW� WKHUH� LV� GDQJHU�� 7KH�LPPHGLDWH�UHIOH[LYH�UHVSRQVH�LV�IRU�WKH�UDEELW�WR�UXQ��,Q�FDVH�RI�D�KRUVH��WKHLU�H\HV�DUH�SODFHG�RQ�HLWKHU�VLGH�RI�WKHLU�KHDG��ZKLFK�PDNHV�LW�SRVVLEOH�IRU�WKHP�WR�VHH�LQ�DOPRVW�HYHU\�GLUHFWLRQ�DW�RQFH�H[FHSW�GLUHFWO\�LQ�IURQW�RI�WKHLU�QRVH�DQG GLUHFWO\�EHKLQG�WKHLU�WDLO��)DVWHU� PRYLQJ� FDUQLYRURXV� KXQWHUV� GR� QRW� QHHG� DV� PXFK� SHULSKHUDO� YLVLRQ� DV� WKH�KXQWHG��,W�LV�PRUH�LPSRUWDQW�IRU�KXQWHUV�WR�ORFDWH�WKHLU�SUH\�DQG�DFFXUDWHO\�GHWHUPLQH�

ILJ�������/DWHUDO�SODFHPHQW�RI�H\H
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WKH� GLVWDQFH� IURP� WKHPVHOYHV� WR� WKDW� SUH\�� 7KHUHIRUH�� DQLPDOV� WKDW� KXQW� �H�J��FDUQLYRURXV� RU� PHDW� HDWLQJ� DQLPDOV�� H�J�� OLRQ�� FDW�� DV� ZHOO� DV� KXPDQV� KDYH� IURQWDO�SODFHPHQW�RI�WKH�WZR�H\HV�LQ�RUGHU�WR�GHWHUPLQH�WKH�H[DFW�ORFDWLRQ�RI�WKHLU�SUH\��7KH�KXQWHUV� VDFULILFH� WKH� ODUJH� SHULSKHUDO� PRWLRQ� GHWHFWLRQ� V\VWHP� DIIRUGHG� E\� VLGH�SODFHPHQW� RI� WKH� H\HV� LQ� IDYRU� RI� WKH� LQFUHGLEO\� DFFXUDWH� GHSWK� SHUFHSWLRQ� V\VWHP�FUHDWHG�E\�IURQWDO�SODFHPHQW�RI�WKH�H\HV���VHH�ILJ�������

����� +XPDQ�9LVLRQ,I� ZH� WDNH� D� ORRN� DURXQG� WKH� URRP� WKDW� ZH� DUH� LQ�� ZH� FDQ� QRWLFH� KRZ� WKH� YDULRXV�LPDJHV�DQG�FRORUV�WKDW�ZH�VHH�XSGDWH�FRQVWDQWO\�DV�ZH�WXUQ�RXU�KHDG�DQG�UH�GLUHFW�RXU�DWWHQWLRQ��$OWKRXJK� WKH� LPDJHV� DSSHDU� WR� EH� VHDPOHVV�� HDFK� EOHQGLQJ� LPSHUFHSWLEO\�LQWR� WKH� QH[W�� WKH\� DUH� LQ� UHDOLW\� EHLQJ� XSGDWHG� DOPRVW� FRQWLQXRXVO\� E\� WKH� YLVLRQ�DSSDUDWXV�RI�\RXU� H\HV�DQG�EUDLQ��7KH�VHDPOHVV�TXDOLW\� LQ� WKH� LPDJHV� WKDW�ZH�VHH� LV�SRVVLEOH�EHFDXVH�KXPDQ�YLVLRQ�XSGDWHV� LPDJHV�� LQFOXGLQJ� WKH�GHWDLOV� RI�PRWLRQ�DQG�FRORU��RQ�D�WLPH�VFDOH�VR�UDSLG�WKDW�D��EUHDN�LQ�WKH�DFWLRQ��LV�DOPRVW�QHYHU�SHUFHLYHG��7KH� UDQJH�RI�FRORU�� WKH�SHUFHSWLRQ�RI� VHDPOHVV�PRWLRQ�� WKH�FRQWUDVW� DQG� WKH�TXDOLW\��DORQJ�ZLWK�WKH�PLQXWH�GHWDLOV��WKDW�PRVW�SHRSOH�FDQ�SHUFHLYH�PDNH��UHDO�OLIH��LPDJHV�FOHDUHU� DQG�PRUH�GHWDLOHG� WKDQ�DQ\� WKLQJ� VHHQ�RQ�D� WHOHYLVLRQ�RU�PRYLH� VFUHHQ��7KH�HIILFLHQF\�DQG�FRPSOHWHQHVV�RI�RXU�H\HV�DQG�EUDLQ�LV�XQSDUDOOHOHG�LQ�FRPSDULVRQ�ZLWK�DQ\� SLHFH� RI� DSSDUDWXV� RU� LQVWUXPHQWDWLRQ� HYHU� LQYHQWHG�� :H� NQRZ� WKLV� DPD]LQJ�IXQFWLRQ�RI�WKH�H\HV�DQG�EUDLQ�DV�WKH�VHQVH�RI�YLVLRQ��

ILJ�������)URQWDO�SODFHPHQW�RI�H\H�
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9LVLRQ�LQ�KXPDQ�LV�D�FRPSOLFDWHG�SURFHVV�WKDW�UHTXLUHV�QXPHURXV�FRPSRQHQWV�RI�WKH�KXPDQ� H\H� DQG� EUDLQ� WR� ZRUN� WRJHWKHU�� 7KH� LQLWLDO� VWHS� RI� WKLV� IDVFLQDWLQJ� DQG�SRZHUIXO�VHQVH�LV�FDUULHG�RXW� LQ� WKH�UHWLQD�RI�WKH�H\H��6SHFLILFDOO\��WKH�SKRWRUHFHSWRU�QHXURQV� �FDOOHG� SKRWRUHFHSWRUV�� LQ� WKH� UHWLQD� FROOHFW� WKH� OLJKW� DQG� VHQG� VLJQDOV� WR� D�QHWZRUN�RI�QHXURQV�WKDW�WKHQ�JHQHUDWH�HOHFWULFDO�LPSXOVHV�WKDW�JRHV WR�WKH�EUDLQ��7KH�EUDLQ�WKHQ�SURFHVVHV�WKRVH�LPSXOVHV�DQG�JLYHV�LQIRUPDWLRQ�DERXW�ZKDW�ZH�DUH�VHHLQJ�

+XPDQ�EHLQJV�DV�PHQWLRQHG�HDUOLHU�JHQHUDOO\� FRPH�HTXLSSHG�ZLWK� WZR�H\HV� ORFDWHG�VLGH�E\�VLGH�LQ�WKH�IURQW�RI�WKHLU�KHDGV��7KH�FORVH�VLGH�E\�VLGH�SRVLWLRQLQJ�RI�HDFK�H\H�PDNHV�LW�SRVVLEOH�WR�WDNH�D�YLHZ�RI�WKH�VDPH�DUHD�IURP�D�VOLJKWO\�GLIIHUHQW�DQJOH��7KH�WZR�H\H�YLHZV�KDYH�SOHQW\�LQ�FRPPRQ��EXW�HDFK�H\H�SLFNV�XS�YLVXDO�LQIRUPDWLRQ�WKH�RWKHU�GRHVQ
W��

ILJ��������+XPDQ�H\H�XVLQJ�D�SDLU�RI�LPDJHV�WR�LQWHUSUHW�FRUUHFW�YLVLRQ��>���@

ILJ��������$QDWRP\�RI�KXPDQ�H\H
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(DFK�H\H�FDSWXUHV�LWV�RZQ�YLHZ�DQG�WKH�WZR�VHSDUDWH�LPDJHV�DUH�VHQW�RQ�WR�WKH�EUDLQ�IRU�SURFHVVLQJ��:KHQ�WKH�WZR�LPDJHV�DUULYH�VLPXOWDQHRXVO\�DW WKH�EDFN�RI�WKH�EUDLQ��WKH\�DUH�XQLWHG�LQWR�RQH�SLFWXUH��7KH�PLQG�FRPELQHV�WKH�WZR�LPDJHV�E\�PDWFKLQJ�XS�WKH�VLPLODULWLHV�DQG�DGGLQJ�LQ�WKH�VPDOO�GLIIHUHQFHV��7KH�VPDOO�GLIIHUHQFHV�EHWZHHQ�WKH�WZR� LPDJHV� DGG� XS� WR� D� ELJ� GLIIHUHQFH� LQ� WKH� ILQDO� SLFWXUH��7KH� FRPELQHG� LPDJH� LV�PRUH�WKDQ�WKH VXP�RI�LWV�SDUWV��,W�LV�D�WKUHH�GLPHQVLRQDO�VWHUHR�SLFWXUH�
����� &RPSXWHU�9LVLRQ
&RPSXWHU�9LVLRQ��ZKLFK�LV�ZLGHO\�NQRZQ�IRU�WKH�PDFKLQH�YLVLRQ� UHIHUV�WR�WKH�DELOLW\�RI�WKH�PDFKLQH�DORQJ�ZLWK�FRPSXWHU�WR�SHUFHLYH�WKH�YLVXDO�LQIRUPDWLRQ�DERXW�WKH��'�UHDO�ZRUOG�WKURXJK�WKH�XVH�RI�LPDJHV�FDSWXUHG�E\�FDPHUD��,W�LV�DOVR�VRPHWLPHV�NQRZQ�DV� ,PDJH�$QDO\VLV�� 6FHQH�$QDO\VLV� RU� ,PDJH�8QGHUVWDQGLQJ��7KRXJK�� D� SUHFLVH� DQG�DFFXUDWH�GHILQLWLRQ�RI�VXFK�D�PXOWL�IDFHWHG�GLVFLSOLQH�LV�KDUG�WR�PDNH��ZH�FDQ�IRFXV�RQ�VRPH�LPSRUW�LVVXHV�

x 7KH�SUREOHPV�RI�FRPSXWHU�YLVLRQ� 7KH�WDUJHW�SUREOHP�LV�FRPSXWLQJ�SURSHUWLHV�RI�WKH��'�ZRUOG�IURP�RQH�RU�PRUH�SDLU�RI�GLJLWDO�LPDJHV��7KH�SURSHUWLHV�WKDW�LQWHUHVW� XV� DUH� PDLQO\� JHRPHWULF� �IRU� LQVWDQFH�� VKDSH� DQG� SRVLWLRQ� RI� VROLG�REMHFWV��x 7KH�WRROV�RI�FRPSXWHU�9LVLRQ� $V�WKH�QDPH�VXJJHVWV��FRPSXWHU�YLVLRQ�LQYROYHV�FRPSXWHUV� LQWHUSUHWLQJ� LPDJHV�� 7KHUHIRUH�� WKH� WRROV� QHHGHG� E\� D� FRPSXWHU�YLVLRQ� V\VWHP� LQFOXGH�KDUGZDUH� IRU� DFTXLULQJ�DQG�VWRULQJ�GLJLWDO� LPDJHV� LQ�D�FRPSXWHU��SURFHVVLQJ�WKH�LPDJHV��DQG�FRPPXQLFDWLQJ�UHVXOWV�WR�XVHUV�WKURXJK�LQWHUIDFH�
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&KDSWHU��,PDJH�3URFHVVLQJ�)XQGDPHQWDOV
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,PDJH� SURFHVVLQJ� LV� D� JHQHUDO� WHUP� IRU� WKH� ZLGH� UDQJH� RI� WHFKQLTXHV� WKDW� H[LVW� IRU�PDQLSXODWLQJ� DQG� PRGLI\LQJ� LPDJHV� LQ� YDULRXV� ZD\V�� 3KRWRJUDSKHUV� DQG� SK\VLFLVWV�FDQ� SHUIRUP� FHUWDLQ� LPDJH� SURFHVVLQJ� RSHUDWLRQV� XVLQJ� FKHPLFDOV� RU� RSWLFDO�HTXLSPHQW�� KRZHYHU�� RXU� FRQFHUQ� LV� VROHO\� ZLWK� GLJLWDO� LPDJH� SURFHVVLQJ�� L�H��� WKDW�ZKLFK�LV�SHUIRUPHG�RQ�GLJLWDO�LPDJHV�XVLQJ�FRPSXWHUV�
$�'LJLWDO�LPDJH�LV�UHSUHVHQWHG�E\�D�QXPHULFDO�PDWUL[�(��ZLWK�1�QXPEHU�URZV�DQG�0�QXPEHU�RI�FROXPQV��(��L��M��GHQRWHV�WKH�LQWHQVLW\�OHYHO��LPDJH�EULJKWQHVV��DW�SL[HO��L��M���LWK URZ�DQG� MWK FROXPQ���DQG�HQFRGHV� WKH� LQWHQVLW\� UHFRUGHG�E\� WKH�SKRWR�VHQVRUV�RI�WKH�&&'�FDPHUD�FRQWULEXWLQJ�WR�WKDW�SL[HO��(��L��M��LV�DQ�LQWHJHU�LQ�WKH�UDQJH�>�����@�LQ�FDVH�RI�JUD\VFDOH�LPDJH�
'LJLWDO�LPDJLQJ�DFWXDOO\�SUHGDWHV�PRGHUQ�FRPSXWHU�WHFKQRORJ\��KRZHYHU��WUXH�GLJLWDO�LPDJH� SURFHVVLQJ� �',3�� ZDV� QRW� SRVVLEOH� XQWLO� WKH� DGYHQW� RI� ODUJH�VFDOH� GLJLWDO�FRPSXWLQJ�KDUGZDUH��1RZ��PRUH�WKDQ�WKUHH�GHFDGHV�ODWHU�DIWHU�LWV�HDUO\�PRWLYDWLRQ�LQ�WKH� 1$6$¶V� VSDFH� SURJUDP� ����¶V�� ',3� ILQV� DSSOLFDWLRQ� LQ� DUHDV� DV� GLYHUVH� DV�PHGLFLQH�� PLOLWDU\� UHFRQQDLVVDQFH� DQG� GHVNWRS� SXEOLVKLQJ�� 6RPH� H[DPSOHV� RI� ',3�PLJKW�EH� FRQWUDVW� HQKDQFHPHQW�� UHPRYDO�RI�PRWLRQ�EOXU�� LPDJH�ZDUSLQJ��HWF��7KHVH�SURFHVVLQJ�UHTXLUHV�VHYHUDO�EDVLF�DOJRULWKPV�WR�EH�LPSOHPHQWHG�LQ�GLJLWDO�LPDJH�WR�JHW�UHTXLUHG� UHVXOW�� 6RPH� RI� VXFK� DOJRULWKPV� QHFHVVDU\� IRU� VWHUHR� DOJRULWKP� WR� EH�H[SODLQHG�LQ�&KDSWHU���DUH�GLVFXVVHG�KHUH�
����� &RQYROXWLRQ�DQG�&RUUHODWLRQ
&RQYROXWLRQ�DQG�&RUUHODWLRQ�DUH�WKH�IXQGDPHQWDO�QHLJKERXUKRRG�RSHUDWLRQV�RI�LPDJH�SURFHVVLQJ��7KH\�DUH�OLQHDU�RSHUDWLRQV��7KH�FRPSXWDWLRQ�SHUIRUPHG�LQ�FRQYROXWLRQ�RU�FRUUHODWLRQ�KDV�WZR�PDLQ�DSSOLFDWLRQV��2QH�LV�WKH�ILOWHULQJ�RI�LPDJHV�± H�J��WR�VXSSUHVV�QRLVH�RU�HQKDQFH�HGJHV�WR�EH�H[SODLQHG�ODWHU��,Q�WKLV�FDVH��LW�LV�QRUPDO�WR�GHVFULEH�WKH�FDOFXODWLRQV�GRQH�DW�HDFK�SL[HO�DV�FRQYROXWLRQ��7KH�RWKHU�DSSOLFDWLRQ�LV�LQ�PHDVXULQJ�WKH�VLPLODULW\�RI�WZR�LPDJHV��7KLV�LV�XVHIXO�LQ�IHDWXUH�UHFRJQLWLRQ�DQG�LQ�UHJLVWUDWLRQ��
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ZKHUH� ZH� ZLVK� WR� SODFH� RQH� LPDJH� UHODWLYH� WR� DQRWKHU� DW� D� SRVLWLRQ� RI� PD[LPXP�VLPLODULW\�� ,Q� WKHVH� DSSOLFDWLRQV�� ZH� XVH� WKH� WHUP� FRUUHODWLRQ� WR� GHVFULEH� WKH�FDOFXODWLRQV�
����� &DOFXODWLQJ�D�&RQYROXWLRQ
,Q�FRQYROXWLRQ��WKH�FDOFXODWLRQ�SHUIRUPHG�DW�D�SL[HO�LV�D�ZHLJKWHG�VXP�RI�JUD\�OHYHOV�IURP� D� QHLJKERXUKRRG� VXUURXQGLQJ� D� SL[HO�� 7KH� QHLJKERXUKRRG� LQFOXGHV� WKH� SL[HO�XQGHU�FRQVLGHUDWLRQ��DQG�LW�LV�FXVWRPDU\�IRU�LW�WR�EH�GLVSRVHG�V\PPHWULFDOO\�DERXW�WKDW�SL[HO�� ,I� D�QHLJKERXUKRRG� LV�FHQWHUHG�RQ�D�SL[HO�� WKHQ� LW�PXVW�KDYH�RGG�GLPHQVLRQV��H�J�� �u��� �u��� HWF�� 7KH� QHLJKERXUKRRG� QHHG� QRW� EH� VTXDUH�� EXW� WKLV� LV� XVXDOO\� WKH�FDVH� DV�WKHUH�LV�UDUHO\�DQ\�UHDVRQ�WR�ELDV�WKH�FDOFXODWLRQV�LQ�WKH�[�RU�\�GLUHFWLRQ��*UD\�OHYHOV� WDNHQ� IURP� WKH�QHLJKERXUKRRG�DUH�ZHLJKWHG�E\�FRHIILFLHQWV� WKDW�FRPH� IURP�D�PDWUL[�RU�FRQYROXWLRQ�NHUQHO��'XULQJ�FRQYROXWLRQ��ZH�WDNH�HDFK�NHUQHO�FRHIILFLHQW�LQ�WXUQ�DQG�PXOWLSO\�LW�E\�D�YDOXH�IURP�WKH�QHLJKERXUKRRG�RI�WKH�LPDJH�O\LQJ�XQGHU�WKH�NHUQHO��:H�DSSO\�WKH�NHUQHO�WR�WKH�LPDJH�LQ�VXFK�D�ZD\�WKDW�WKH�YDOXH�DW�WKH�WRS�OHIW�FRUQHU� RI� WKH� NHUQHO� LV� PXOWLSOLHG� E\� WKH� YDOXH� DW� WKH� ERWWRP� ULJKW� FRUQHU� RI� WKH�QHLJKERXUKRRG��/HW�XV�GHQRWH�D��u��NHUQHO�E\�K�DQG�WKH�LPDJH�E\�I��WKHQ�WKH�HQWLUH�FDOFXODWLRQ�LV
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7KLV�VXPPDWLRQ�FDQ�EH�H[SUHVVHG�PRUH�FRQFLVHO\�DV¦¦� � ��u �

�
�
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)RU�([DPSOH�

)RU�WKH�NHUQHO�DQG�QHLJKERXUKRRG�VKRZQ�DERYH��WKH�UHVXOW�RI�FRQYROXWLRQ�LV �����������������������������������  u�u��u�u��u�u� \[J
+HQFH��WKH�JHQHUDOL]HG�HTXDWLRQ�RI�&RQYROXWLRQ�LV�¦ ¦� � ��u �

�
�
� ��������� Q

QN
P
PM N\M[INMK\[JZKHUH��Q��DQG�P��DUH�KDOYHV�RI�KHLJKW�Q�DQG�ZLGWK�P�RI�NHUQHO�UHVSHFWLYHO\��:KHUH�Q�DQG�P�DUH�ERWK�RGG��DQG�KHQFH�Q�� �IORRU��Q����DQG�P�� �IORRU��P�����>IORRU�IXQFWLRQ�RI�Q���LV�WKH�JUHDWHVW�LQWHJHU�YDOXH�WKDW�LV�OHVV�WKDQ�RU�HTXDO�WR�Q���@

����� &DOFXODWLQJ�D�FRUUHODWLRQ
$� &RUUHODWLRQ� LV� FRPSXWHG� LQ� DOPRVW� H[DFWO\� WKH� VDPH� ZD\ DV� D� FRQYROXWLRQ�� 7KH�FRPSXWDWLRQ�FDQ�EH�H[SUHVVHG�DV¦ ¦� � ��u �

�
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P
PM N\M[INMK\[J

ZKHUH� Q�� DQG�P��DUH�GHILQHG�DV�EHIRUH��7KLV�GLIIHUV� IURP� WKH�SUHYLRXV�RQH�RQO\� LQ�WKDW�NHUQHO�LQGLFHV�M��N�DUH�DGGHG�WR��UDWKHU�WKDQ�VXEWUDFWHG�IURP��SL[HO�FRRUGLQDWHV�[�DQG�\��7KLV�KDV�WKH�HIIHFW�RI�SDLULQJ�HDFK�NHUQHO�FRHIILFLHQW�ZLWK�WKH�LPDJH�SL[HO�WKDW�OLHV�GLUHFWO\�EHQHDWK�LW��&RUUHODWLRQ�LV�RIWHQ XVHG�LQ�DSSOLFDWLRQV�ZKHUH�LW�LV�QHFHVVDU\�WR�PHDVXUH�WKH�VLPLODULW\�EHWZHHQ�LPDJHV�RU�SDUWV�RI�LPDJHV��)RU�LQVWDQFH��ZH�PLJKW�QHHG�WR�ORFDWH�D�SDUWLFXODU�IHDWXUH�LQ�DQ�LPDJH��7KLV�FDQ�EH�GRQH�LI�ZH�FUHDWH�D�VPDOO�LPDJH� ZKLFK� DFWV� DV� D� PRGHO� RU� WHPSODWH� IRU� WKDW� IHDWXUH�� ,Q� VXFK� DSSOLFDWLRQ� WKH�

�� � ��� � ��� � �
)LJ��$��
��&RQYROXWLRQ�NHUQHO

�� �� ���� �� ���� �� ��
)LJ��7KH�LPDJH�QHLJKERXUKRRG
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NHUQHO�K� LV� UHSODFHG�E\� WKH� WHPSODWH� LPDJH��1RWH� WKDW� WKH� DERYH� HTXDWLRQ� LPSOLFLWO\�JLYHV�KLJKHU�YDOXHV� IRU� FRUUHODWLRQ� LQ�EULJKWHU�SDUWV�RI�DQ� LPDJH��ZKLFK�FDQ�PDNH� LW�GLIILFXOW� WR� LGHQWLI\� WKH� SRLQW� RI� PD[LPXP� VLPLODULW\�� ,W� LV� WKHUHIRUH� FXVWRPDU\� WR�QRUPDOL]H�J��[��\���2QH�ZD\�RI�GRLQJ�WKLV�LV�WR�GLYLGH�E\ WKH�VXP�RI�JUD\�OHYHOV�LQ�WKH�LPDJH�QHLJKERXUKRRG� L�H�
¦ ¦ �� c N M N\M[I \[J\[J ��� ������

&RUUHODWLRQ� ZRUNV� ZHOO� RQO\� LI� ZH� NQRZ� WKH� VL]H� DQG� RULHQWDWLRQ� RI� WKH� IHDWXUH RI�LQWHUHVW�� DQG� FDQ� GHVLJQ� DQ� DSSURSULDWH� WHPSODWH�� ,I� WKH� VL]H� DQG� RULHQWDWLRQ� RI� WKH�IHDWXUH� FDQ� YDU\��ZH�ZLOO� QHHG� WR� JHQHUDWH� D� UDQJH� RI� WHPSODWHV� DQG� FRUUHODWH� HDFK�ZLWK�WKH�LPDJH��DW�JUHDW�FRPSXWDWLRQDO�FRVW�
����� 1RLVH�LQ�DQ�,PDJH
$WWHQXDWLQJ� RU LGHDOO\ VXSSUHVVLQJ� LPDJH� QRLVH� LV� LPSRUWDQW� EHFDXVH� DQ\� FRPSXWHU�YLVLRQ�V\VWHP�EHJLQV�E\�SURFHVVLQJ�LQWHQVLW\�YDOXHV��7KXV�UHPRYDO�RI�VXFK�QRLVH�LV RI�LPSRUWDQFH�LQ�VWHUHR�YLVLRQ�DV�ZHOO�
,Q� FRPSXWHU� YLVLRQ�� QRLVH�PD\� UHIHU� WR� DQ\� HQWLW\�� LQ� LPDJHV�� GDWD� RU� LQWHUPHGLDWH�UHVXOWV� WKDW LV�QRW� LQWHUHVWLQJ�IRU� WKH�SXUSRVH�RI� WKH�PDLQ�FRPSXWDWLRQ��7KH�HIIHFW�RI�QRLVH�LV��HVVHQWLDOO\��WKDW�LPDJH�YDOXHV�DUH�QRW�WKRVH�H[SHFWHG��DV�WKHVH�DUH�FRUUXSWHG�GXULQJ�WKH�YDULRXV�VWDJHV�RI�LPDJH�DFTXLVLWLRQ��$V�D�FRQVHTXHQFH� WKH�SL[HO�YDOXHV�RI�WZR� LPDJHV� RI� WKH� VDPH� VFHQH� WDNHQ� E\� WKH� VDPH� FDPHUD� DQG� LQ� WKH� VDPH� OLJKW�FRQGLWLRQV�DUH�QHYHU�H[DFWO\� WKH�VDPH��6XFK�IOXFWXDWLRQV�ZLOO� LQWURGXFH�HUURUV� LQ� WKH�UHVXOWV�RI�FDOFXODWLRQV�EDVHG�RQ�SL[HO�YDOXHV��LW�LV�WKHUHIRUH�LPSRUWDQW�WR�HVWLPDWH�WKH�PDJQLWXGH�RI�WKH�QRLVH�
7KH�DPRXQW�RI�QRLVH�LQ�DQ�LPDJH�FDQ�EH�HVWLPDWHG�E\�PHDQV�RI�VQ��WKH�VWDQGDUG�GHYLDWLRQ�RI�WKH�UDQGRP�VLJQDO�Q��L��M���,W�LV�LPSRUWDQW�WR�NQRZ�KRZ�VWURQJ�LV�WKH�QRLVH�
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ZLWK�UHVSHFW�WR�WKH�LQWHUHVWLQJ�VLJQDO��7KLV�LV�VSHFLILHG�E\�WKH�VLJQDO�WR�QRLVH�UDWLR��RU�615�
Q
V615 VV 

ZKHUH� VV LV WKH�VWDQGDUG�GHYLDWLRQ�RI�WKH�VLJQDO��WKH�SL[HO�YDOXHV�,�L��M����7KH�615�LV�RIWHQ�H[SUHVVHG�LQ�GHFLEHO�
Q
VGE615 VV��ORJ�� 

:H� DVVXPH� WKDW� WKH� PDLQ LPDJH� QRLVH� LV� DGGLWLYH� DQG� UDQGRP�� WKDW� LV� VSXULRXV��UDQGRP�VLJQDO��Q��L��M���DGGHG�WR�WKH�WUXH�SL[HO�YDOXHV�,��L��M����������� MLQML,ML, � c
1RLVH�LV FDWHJRUL]HG�DFFRUGLQJ�WR�WKH�DPRXQW�DQG�ZD\�LW�LV�SUHVHQW�LQ�DQ�LPDJH� KHUH�ZH�ZLOO�JLYH�LQWURGXFWLRQ�RI�*DXVVLDQ�QRLVH�DQG�,PSXOVLYH�QRLVH�
7KH�*DXVVLDQ�QRLVH PRGHO�LV�RIWHQ�D�FRQYHQLHQW�DSSUR[LPDWLRQ�GLFWDWHG�E\�LJQRUDQFH��L�H��LI�ZH�GR�QRW�NQRZ�DQG�FDQQRW�HVWLPDWH�WKH�QRLVH�FKDUDFWHULVWLFV��ZH�WDNH�LW�WR�EH�*DXVVLDQ��,Q�WKH�DEVHQFH�RI�LQIRUPDWLRQ��RQH�RIWHQ�DVVXPHV�Q��L��M��WR�EH�PRGHOHG�E\�D�ZKLWH��*DXVVLDQ��]HUR�PHDQ�VWRFKDVWLF�SURFHVV��)RU�HDFK�ORFDWLRQ��L�� M��� WKLV�DPRXQWV�WR� WKLQNLQJ� RI� Q�L�� M�� DV� D� UDQGRP� YDULDEOH�� GLVWULEXWHG� DFFRUGLQJ� WR� D� ]HUR� PHDQ�*DXVVLDQ� GLVWULEXWLRQ� IXQFWLRQ� RI� IL[HG� VWDQGDUG� GHYLDWLRQ��ZKLFK� LV� DGGHG� WR� ,�L�� M��DQG�ZKRVH�YDOXHV�DUH�FRPSOHWHO\�LQGHSHQGHQW�RI�HDFK RWKHU�DQG�RI�WKH�LPDJH�LQ�ERWK�VSDFH�DQG�WLPH�
,PSXOVLYH�QRLVH��DOVR�NQRZQ�DV�VSRW�RU�SHDN�QRLVH��RFFXUV�XVXDOO\� LQ�DGGLWLRQ�WR� WKH�RQH�QRUPDOO\�LQWURGXFHG�E\�DFTXLVLWLRQ��,PSXOVLYH�QRLVH�DOWHUV�UDQGRP�SL[HOV��PDNLQJ�WKHLU� YDOXHV� YHU\� GLIIHUHQW� IURP� WKH� WUXH� YDOXHV� DQG� YHU\� RIWHQ� IURP� WKRVH� RI�QHLJKERULQJ�SL[HOV�WRR��,PSXOVLYH�QRLVH�DSSHDUV�LQ�WKH�LPDJH�DV�D�VSULQNOH�RI�GDUN�DQG�OLJKW�VSRWV��,W�FDQ�EH�FDXVHG�E\�WUDQVPLVVLRQ�HUURUV��IDXOW\�HOHPHQWV�LQ�WKH�&&'�DUUD\��
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RU�H[WHUQDO�QRLVH�FRUUXSWLQJ�WKH�DQDORJ�WR�GLJLWDO�FRQYHUVLRQ��6DOW�DQG�SHSSHU QRLVH�LV�D�PRGHO�DGRSWHG�IUHTXHQWO\�WR�VLPXODWH�LPSXOVLYH�QRLVH�LQ�V\QWKHWLF�LPDJHV�
����� 1RLVH�)LOWHULQJ
*LYHQ� DQ� LPDJH� ,� FRUUXSWHG� E\� QRLVH� Q�� DWWHQXDWH� Q DV� PXFK� DV� SRVVLEOH� �LGHDOO\��HOLPLQDWH�LW���$WWHQXDWLQJ�RU��LI�SRVVLEOH��VXSSUHVVLQJ�LPDJH�QRLVH�LV�LPSRUWDQW�DV�WKH�UHVXOW�RI�PRVW�FRPSXWDWLRQV�RQ�SL[HO�YDOXHV�PLJKW�EH�GLVWRUWHG�E\�QRLVH��$Q�LPSRUWDQW�H[DPSOH�LV�FRPSXWLQJ�LPDJH�GHULYDWLYHV��ZKLFK�LV�WKH�EDVLV�RI�PDQ\�DOJRULWKPV��DQ\�QRLVH�LQ�WKH�VLJQDO�FDQ�UHVXOW�LQ�VHULRXV�HUURUV�LQ�WKH�GHULYDWLYHV��$�FRPPRQ�WHFKQLTXH�IRU�QRLVH�VPRRWKLQJ�LV�OLQHDU�ILOWHULQJ��ZKLFK�FRQVLVWV�LQ�FRQYROYLQJ�WKH�LPDJH�ZLWK�D�FRQVWDQW�PDWUL[��FDOO�PDVN RU�NHUQHO��
$� OLQHDU� ILOWHU� UHSODFHV� WKH� YDOXH� ,� �L�� M�� ZLWK� D� ZHLJKWHG� VXP� RI� ,� YDOXHV� LQ� D�QHLJKERUKRRG�RI��L��M���WKH�ZHLJKWV�DUH�WKH�HQWULHV�RI�WKH�NHUQHO��7KH�HIIHFWV�RI�D�OLQHDU�ILOWHU� RQ� D� VLJQDO� FDQ� EH� EHWWHU� DSSUHFLDWHG� LQ� WKH� IUHTXHQF\� GRPDLQ�� 7KURXJK� WKH�FRQYROXWLRQ� WKHRUHP�� WKH�)RXULHU� WUDQVIRUP�RI� WKH�FRQYROXWLRQ�RI� ,� DQG�$� LV� VLPSO\�WKH� SURGXFW� RI� WKHLU� )RXULHU� WUDQVIRUPV� )�,�� DQG� )�$��� 7KHUHIRUH�� WKH� UHVXOW� RI�FRQYROYLQJ� D� VLJQDO� ZLWK� $� LV� WR� DWWHQXDWH� �RU� VXSSUHVV�� WKH� VLJQDO� IUHTXHQFLHV�FRUUHVSRQGLQJ�WR�ORZ��RU�]HUR��YDOXHV�RI�_)�$�_��VSHFWUXP�RI�WKH�ILOWHU�$��,I�DOO�HQWULHV�$�DUH�QRQ�QHJDWLYH��WKH�ILOWHUV�SHUIRUP DYHUDJH�VPRRWKLQJ��
7KH�PDLQ�SUREOHPV�RI�DYHUDJLQJ�ILOWHU�DUH��EOXU��SRRU�IHDWXUH�ORFDOL]DWLRQ��VHFRQGDU\�OREHV� LQ� WKH�IUHTXHQF\�GRPDLQ��DQG� LQFRPSOHWH�VXSSUHVVLRQ�RI�SHDN�QRLVH��*DXVVLDQ�ILOWHU��ZKLFK�LV�D�SDUWLFXODU�FDVH�RI�DYHUDJLQJ��LQ�ZKLFK�WKH�NHUQHO�LV�D���'�*DXVVLDQ��VROYH� WKH� WKLUG�RQH�� DV� WKH�)RXULHU� WUDQVIRUP�RI�D�*DXVVLDQ�KDV�QR�VHFRQGDU\� OREHV��7KH� ILUVW� WZR�SUREOHPV�DUH� WDFNOHG�HIILFLHQWO\�E\�QRQOLQHDU� ILOWHULQJ�� WKDW� LV� ILOWHULQJ�PHWKRGV�WKDW�FDQQRW�EH�PRGHOHG�E\�FRQYROXWLRQ�
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7KH�PHGLDQ�ILOWHU LV�D�XVHIXO�UHSUHVHQWDWLYH�RI�WKLV�FODVV��$�PHGLDQ�ILOWHU�MXVW�UHSODFHV�HDFK�SL[HO�YDOXH�,��L��M��ZLWK�WKH�PHGLDQ�RI WKH�YDOXHV�IRXQG�LQ�D�ORFDO�QHLJKERUKRRG�RI��L��M���$V�ZLWK�DYHUDJLQJ��WKH�ODUJHU�WKH�QHLJKERUKRRG� WKH�VPRRWKHU�WKH�UHVXOW�
����� (GJH�'HWHFWLRQ
(GJHV� FKDUDFWHUL]H� ERXQGDULHV� DQG� DUH� WKHUHIRUH� D� SUREOHP� RI� IXQGDPHQWDO�LPSRUWDQFH� LQ� LPDJH� SURFHVVLQJ�� (GJHV� LQ� LPDJHV� DUH� DUHDV� ZLWK� VWURQJ� LQWHQVLW\�FRQWUDVWV�± D� MXPS� LQ� LQWHQVLW\� IURP�RQH�SL[HO� WR� WKH�QH[W��(GJH�GHWHFWLQJ�DQ� LPDJH�VLJQLILFDQWO\� UHGXFHV� WKH� DPRXQW� RI� GDWD� DQG� ILOWHUV� RXW� XVHOHVV� LQIRUPDWLRQ�� ZKLOH�SUHVHUYLQJ� WKH� LPSRUWDQW� VWUXFWXUDO� SURSHUWLHV� LQ� DQ� LPDJH��7KHUH� DUH�PDQ\�ZD\V�WR�SHUIRUP�HGJH�GHWHFWLRQ��+RZHYHU��WKH�PDMRULW\�RI�GLIIHUHQW�PHWKRGV�PD\�EH�JURXSHG�LQWR�WZR�FDWHJRULHV��JUDGLHQW�DQG�/DSODFLDQ��
7KH�JUDGLHQW�PHWKRG�GHWHFWV�WKH�HGJHV�E\�ORRNLQJ�IRU�WKH�PD[LPXP�DQG�PLQLPXP�LQ�WKH� ILUVW� GHULYDWLYH� RI� WKH� LPDJH� ZKHUHDV� WKH� /DSODFLDQ� PHWKRG� VHDUFKHV� IRU� ]HUR�FURVVLQJV�LQ� WKH�VHFRQG�GHULYDWLYH�RI� WKH� LPDJH�WR� ILQG�HGJHV��$Q�HGJH�KDV� WKH�RQH�GLPHQVLRQDO�VKDSH�RI�D�UDPS�DQG�FDOFXODWLQJ�WKH�GHULYDWLYH�RI�WKH�LPDJH�FDQ�KLJKOLJKW�LWV�ORFDWLRQ��
6XSSRVH�ZH�KDYH�WKH�IROORZLQJ�VLJQDO��ZLWK�DQ�HGJH�VKRZQ�E\�WKH�MXPS�LQ�LQWHQVLW\�EHORZ�
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,I�ZH�WDNH�WKH�JUDGLHQW�RI�WKLV�VLJQDO��ZKLFK��LQ�RQH�GLPHQVLRQ��LV�MXVW�WKH�ILUVW�GHULYDWLYH�ZLWK�UHVSHFW�WR�W��ZH�JHW�WKH�IROORZLQJ��

&OHDUO\�� WKH� GHULYDWLYH� VKRZV� D� PD[LPXP� ORFDWHG� DW� WKH� FHQWHU� RI� WKH� HGJH� LQ� WKH�RULJLQDO� VLJQDO�� 7KLV� PHWKRG� RI� ORFDWLQJ� DQ� HGJH� LV� FKDUDFWHULVWLF� RI� WKH� ³JUDGLHQW�ILOWHU´�IDPLO\�RI�HGJH�GHWHFWLRQ�ILOWHUV�DQG�LQFOXGHV�WKH�6REHO�PHWKRG��$�SL[HO�ORFDWLRQ�LV�GHFODUHG�DQ�HGJH�ORFDWLRQ LI� WKH�YDOXH�RI� WKH�JUDGLHQW�H[FHHGV�VRPH�WKUHVKROG��$V�PHQWLRQHG� EHIRUH�� HGJHV� ZLOO� KDYH� KLJKHU� SL[HO� LQWHQVLW\� YDOXHV� WKDQ� WKRVH�VXUURXQGLQJ�LW��6R�RQFH�D�WKUHVKROG�LV�VHW��\RX�FDQ�FRPSDUH�WKH�JUDGLHQW�YDOXH�WR�WKH�WKUHVKROG�YDOXH�DQG�GHWHFW�DQ�HGJH�ZKHQHYHU�WKH�WKUHVKROG�LV�H[FHHGHG��)XUWKHUPRUH��ZKHQ�WKH�ILUVW�GHULYDWLYH�LV�DW�D�PD[LPXP��WKH�VHFRQG�GHULYDWLYH�LV�]HUR��$V�D�UHVXOW��DQRWKHU� DOWHUQDWLYH� WR� ILQGLQJ� WKH� ORFDWLRQ� RI� DQ� HGJH� LV� WR� ORFDWH� WKH� ]HURV� LQ� WKH�VHFRQG�GHULYDWLYH��7KLV�PHWKRG�LV�NQRZQ�DV�WKH�/DSODFLDQ�DQG�WKH�VHFRQG�GHULYDWLYH�RI�WKH�VLJQDO�LV�VKRZQ�EHORZ�

%DVHG� RQ� WKLV� RQH�GLPHQVLRQDO� DQDO\VLV�� WKH� WKHRU\� FDQ� EH� FDUULHG� RYHU� WR� WZR�GLPHQVLRQV�DV�ORQJ�DV�WKHUH�LV�DQ�DFFXUDWH�DSSUR[LPDWLRQ�WR�FDOFXODWH�WKH�GHULYDWLYH�RI�D� WZR�GLPHQVLRQDO� LPDJH�� 7KH� 6REHO� RSHUDWRU� SHUIRUPV� D� ��'� VSDWLDO� JUDGLHQW�
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PHDVXUHPHQW� RQ� DQ� LPDJH�� 7\SLFDOO\� LW� LV� XVHG� WR� ILQG� WKH� DSSUR[LPDWH� DEVROXWH�JUDGLHQW� PDJQLWXGH� DW� HDFK� SRLQW� LQ� DQ� LQSXW� JUD\VFDOH� LPDJH�� 7KH� 6REHO� HGJH�GHWHFWRU�XVHV�D�SDLU�RI��[��FRQYROXWLRQ�PDVNV��RQH�HVWLPDWLQJ�WKH�JUDGLHQW� LQ� WKH�[�GLUHFWLRQ��FROXPQV��DQG�WKH�RWKHU�HVWLPDWLQJ�WKH�JUDGLHQW�LQ�WKH�\�GLUHFWLRQ��URZV���$�FRQYROXWLRQ�PDVN�LV�XVXDOO\�PXFK�VPDOOHU�WKDQ�WKH�DFWXDO�LPDJH��$V�D�UHVXOW��WKH�PDVN�LV� VOLG� RYHU� WKH� LPDJH��PDQLSXODWLQJ� D� VTXDUH� RI� SL[HOV� DW� D� WLPH��7KH� DFWXDO�6REHO�PDVNV�DUH�VKRZQ�EHORZ��

7KH�PDJQLWXGH�RI�WKH�JUDGLHQW�LV�WKHQ�FDOFXODWHG XVLQJ�WKH�IRUPXOD��
�� *\*[* � 

$Q�DSSUR[LPDWH�PDJQLWXGH�FDQ�EH�FDOFXODWHG�XVLQJ�
*\*[* � 

7KH��[��/DSODFLDQ�XVHG�LV�D�FRQYROXWHG�PDVN�WR�DSSUR[LPDWH�WKH�VHFRQG�GHULYDWLYH��XQOLNH�WKH�6REHO�PHWKRG�ZKLFK�DSSUR[LPDWHV�WKH�JUDGLHQW��$QG�LQVWHDG�RI����[��6REHO�PDVNV��RQH�IRU�WKH�[�DQG�\�GLUHFWLRQ��/DSODFH�XVHV����[��PDVN�IRU�WKH��QG�GHULYDWLYH�LQ� ERWK� WKH� [� DQG� \� GLUHFWLRQV��+RZHYHU�� EHFDXVH� WKHVH�PDVNV� DUH� DSSUR[LPDWLQJ� D�VHFRQG� GHULYDWLYH�PHDVXUHPHQW� RQ� WKH� LPDJH�� WKH\� DUH� YHU\ VHQVLWLYH� WR� QRLVH�� 7KH�/DSODFLDQ�PDVN�LV�VKRZQ�EHORZ

�� � ��� � ��� � �
*[

� � �� � ��� �� ��
*\
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�� �� �� �� ���� �� �� �� ���� �� �� �� ���� �� �� �� ���� �� �� �� ��
,Q�JHQHUDO�WKH�HGJH�GHWHFWLRQ�FDQ�EH�VXPPDUL]HG�LQ�WKUHH�VWHSV�DV
L� 1RLVH� 6PRRWKLQJ� 6XSSUHVV� DV� PXFK� RI� WKH� LPDJH� QRLVH� DV� SRVVLEOH�� ZLWKRXW�GHVWUR\LQJ�WKH�WUXH�HGJHV��,Q�WKH�DEVHQFH�RI�VSHFLILF�LQIRUPDWLRQ��DVVXPH�WKH�QRLVH�ZKLWH�DQG�*DXVVLDQ�LL� (GJH�(QKDQFHPHQW� 'HVLJQ�D�ILOWHU�UHVSRQGLQJ�WR�HGJHV��WKDW�LV��WKH�ILOWHU¶V�RXWSXW�LV�ODUJH�DW�HGJH�SL[HOV�DQG�ORZ�HOVHZKHUH��VR�WKDW�HGJHV�FDQ�EH�ORFDWHG�DV�WKH�ORFDO�PD[LPD�LQ�WKH�ILOWHU¶V�RXWSXW�LLL� (GJH� /RFDOL]DWLRQ� 'HFLGH� ZKLFK� ORFDO�PD[LPD� LQ� WKH� ILOWHU¶V� RXWSXW� DUH� HGJHV�DQG�ZKLFK�DUH�MXVW�FDXVHG�E\�QRLVH��7KLV�LQYROYHV�D� 7KLQQLQJ�ZLGH�HGJHV�WR���SL[HO��QRQ�PD[LPXP�VXSSUHVVLRQ��E� (VWDEOLVKLQJ� WKH� PLQLPXP� YDOXH� WR� GHFODUH� D� ORFDO� PD[LPD� RI� DQ� HGJH��WKUHVKROGLQJ��
����� &DQQ\�(GJH�'HWHFWLRQ
7KH�&DQQ\�HGJH�GHWHFWLRQ�DOJRULWKP�LV�NQRZQ�WR�PDQ\�DV�WKH�RSWLPDO�HGJH�GHWHFWRU��&DQQ\
V�LQWHQWLRQV�ZHUH�WR�HQKDQFH�WKH�PDQ\�HGJH�GHWHFWRUV�DOUHDG\�RXW�DW�WKH�WLPH�KH�VWDUWHG�KLV�ZRUN��$�OLVW�RI�FULWHULD�WR�LPSURYH�FXUUHQW�PHWKRGV�RI�HGJH�GHWHFWLRQ�ZDV�LQFOXGHG�LQ�KLV�WKHRU\��7KH�ILUVW�DQG�PRVW�REYLRXV�LV�ORZ�HUURU�UDWH��,W�LV�LPSRUWDQW�WKDW�HGJHV� RFFXUULQJ� LQ� LPDJHV� VKRXOG�QRW�EH�PLVVHG�DQG� WKDW WKHUH�EH�12� UHVSRQVHV� WR�QRQ�HGJHV�� 7KH� VHFRQG� FULWHULRQ� LV� WKDW� WKH� HGJH� SRLQWV� EH� ZHOO� ORFDOL]HG�� ,Q� RWKHU�ZRUGV�� WKH�GLVWDQFH�EHWZHHQ� WKH�HGJH�SL[HOV�DV� IRXQG�E\� WKH�GHWHFWRU�DQG� WKH�DFWXDO�HGJH�LV�WR�EH�DW�D�PLQLPXP��$�WKLUG�FULWHULRQ�LV�WR�KDYH�RQO\�RQH�UHVSRQVH�WR�D�VLQJOH�
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HGJH�� 7KLV� ZDV� LPSOHPHQWHG� EHFDXVH� WKH� ILUVW� �� ZHUH� QRW� VXEVWDQWLDO� HQRXJK� WR�FRPSOHWHO\�HOLPLQDWH�WKH�SRVVLELOLW\�RI�PXOWLSOH�UHVSRQVHV�WR�DQ�HGJH�
%DVHG�RQ�WKHVH�FULWHULD��WKH�FDQQ\�HGJH�GHWHFWRU�ILUVW�VPRRWKHV�WKH�LPDJH�WR�HOLPLQDWH�DQG� QRLVH�� ,W� WKHQ� ILQGV� WKH� LPDJH� JUDGLHQW� WR� KLJKOLJKW� UHJLRQV� ZLWK� KLJK� VSDWLDO�GHULYDWLYHV��7KH� DOJRULWKP� WKHQ� WUDFNV� DORQJ� WKHVH� UHJLRQV�DQG�VXSSUHVVHV�DQ\�SL[HO�WKDW� LV�QRW�DW� WKH�PD[LPXP��QRQ�PD[LPXP�VXSSUHVVLRQ���7KH�JUDGLHQW� DUUD\� LV�QRZ�IXUWKHU� UHGXFHG�E\�K\VWHUHVLV��+\VWHUHVLV� LV�XVHG� WR� WUDFN�DORQJ� WKH�UHPDLQLQJ�SL[HOV�WKDW�KDYH�QRW�EHHQ�VXSSUHVVHG��+\VWHUHVLV�XVHV�WZR�WKUHVKROGV�DQG�LI�WKH�PDJQLWXGH�LV�EHORZ�WKH�ILUVW�WKUHVKROG��LW�LV�VHW�WR�]HUR��PDGH�D�QRQ�HGJH���,I�WKH�PDJQLWXGH�LV�DERYH�WKH� KLJK� WKUHVKROG�� LW� LV� PDGH� DQ� HGJH�� $QG� LI� WKH� PDJQLWXGH� LV� EHWZHHQ� WKH� ��WKUHVKROGV��WKHQ�LW�LV�VHW�WR�]HUR�XQOHVV�WKHUH�LV�D�SDWK�IURP�WKLV�SL[HO�WR�D�SL[HO�ZLWK�D�JUDGLHQW�DERYH�7���
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&KDSWHU��6WHUHR�9LVLRQ
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����� ,QWURGXFWLRQ
7KH�ZRUG�6WHUHR FDPH�IURP�WKH�*UHHN�ZRUG�VWHUHRV ZKLFK�PHDQV�ILUP�RU�VROLG��:LWK�6WHUHR�9LVLRQ�ZH�VHH�DQ�REMHFW�DV�VROLG�LQ�WKUHH�VSDWLDO�GLPHQVLRQV��ZLGWK��KHLJKW�DQG�GHSWK� RU� [�� \� DQG� ]�� ,W� LV� WKH� DGGHG� SHUFHSWLRQ� RI� WKH� GHSWK� GLPHQVLRQ� WKDW�PDNHV�6WHUHR�9LVLRQ�VR�ULFK�DQG�VSHFLDO��
6WHUHR�9LVLRQ�RU� VWHUHRVFRSLF�YLVLRQ�SUREDEO\�HYROYHG�DV�D�PHDQV�RI�VXUYLYDO��:LWK�6WHUHR�9LVLRQ��ZH�FDQ�VHH�ZKHUH�REMHFWV�DUH�LQ�UHODWLRQ�WR�RXU�RZQ�ERGLHV�ZLWK�PXFK�JUHDWHU�SUHFLVLRQ��HVSHFLDOO\�ZKHQ�WKRVH�REMHFWV�DUH�PRYLQJ�WRZDUG�RU�DZD\ IURP�XV�LQ� WKH�GHSWK�GLPHQVLRQ��:H�FDQ�VHH�D� OLWWOH�ELW�DURXQG�VROLG�REMHFWV�ZLWKRXW�PRYLQJ�RXU�KHDGV� DQG�ZH�FDQ� HYHQ�SHUFHLYH� DQG�PHDVXUH� �HPSW\��VSDFH�ZLWK�RXU�H\HV�DQG�EUDLQV�� 6RPH� RFFXSDWLRQV� WKDW� GHSHQG� KHDYLO\� RQ� 6WHUHR�9LVLRQ� DUH� &ULFNHW SOD\HU��:DLWHU��'ULYHU��$UFKLWHFW��6XUJHRQ��'HQWLVW�DQG�PDQ\�PRUH��:H�FDQ�LGHQWLI\�KRZ�WKH�XVH�RI� VWHUHR�YLVLRQ� WR�SHUFHLYH� WKH�GHSWK� DUH�XQNQRZLQJO\�EHLQJ�GRQH�HYHU\GD\�E\�XV��KHUH�DUH�MXVW�D�IHZ�H[DPSOHV�RI�JHQHUDO�DFWLRQV�WKDW�GHSHQG�RQ�6WHUHR�9LVLRQ��

x 7KURZLQJ��FDWFKLQJ�RU�KLWWLQJ�D�EDOO��x 'ULYLQJ�DQG�SDUNLQJ�D�FDU��x 3ODQQLQJ�DQG�EXLOGLQJ�D�WKUHH�GLPHQVLRQDO�REMHFW��x 7KUHDGLQJ�D�QHHGOH�DQG�VHZLQJ�x 5HDFKLQJ�RXW�WR�VKDNH�VRPHRQH
V�KDQG��x 3RXULQJ�LQWR�D�FRQWDLQHU��x 6WHSSLQJ�RII�D�VWHS�
7KH� GLIIHUHQW� SHUVSHFWLYHV� RI� RXU� WZR� H\HV� OHDG� WR� VOLJKW� UHODWLYH� GLVSODFHPHQWV� RI�REMHFWV��GLVSDULWLHV��LQ�WKH�WZR�PRQRFXODU�YLHZV�RI�VFHQH��7KH�KXPDQ�YLVXDO�V\VWHP�LV�DEOH�WR�

x 8VH�WKHVH�GLVSDULWLHV�IRU�GHSWK�HVWLPDWLRQ��
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x 0HUJH�ERWK�PRQRFXODU�YLHZV�LQWR�D�IXVHG�F\FORSHDQ�YLHZ�RI�WKH�VFHQH�
7KXV�� WKH� WHUP� 6WHUHR� 9LVLRQ� UHIHUV� WR� WKH� DELOLW\� WR� LQIHU� LQIRUPDWLRQ� RQ� WKH� �'�6WUXFWXUHV� DQG� WKH� GLVWDQFHV� RI� D� VFHQH� IURP� DW� OHDVW� WZR� LPDJHV� �/HIW� DQG� ULJKW���WDNHQ�IURP�GLIIHUHQW�YLHZSRLQWV��6WHUHR�9LVLRQ�XWLOL]HV�WKH�VOLJKWO\�GLIIHUHQW�YLHZV�RI�D�VFHQH��SURMHFWHG�RQ�WR�WKH�ULJKW�DQG�OHIW�LPDJHV��WR�UHFRYHU�GHSWK�LQIRUPDWLRQ��ZKLFK�LV�NQRZQ�DV�%LQRFXODU�6WHUHR�)XVLRQ��)URP�D�JHQHULF�SRLQW�RI�YLHZ��LQ�ERWK�KXPDQV�DQG�PDFKLQHV�� WKH�SUREOHP�UHGXFHV�WR�D�PDWFKLQJ�RI� WKH�WZR�YLHZV�� LQ�RUGHU WR�ILQG�WKH� GLVSODFHPHQW� �GLVSDULW\�� RI� FRUUHVSRQGLQJ� SDWWHUQV� RI� WKH� SURMHFWHG� LPDJHV��+HQFH�� D� 6WHUHR� V\VWHP� PXVW� VROYH� WZR� HVVHQWLDO� SUREOHPV� ± FRUUHVSRQGHQFH� DQG�UHFRQVWUXFWLRQ�ZKLFK�LV�H[SODLQHG�ODWHU�
����� $SSOLFDWLRQ
6WHUHR�9LVLRQ�RIIHUV�D�ZLGH�UDQJH�RI�DSSOLFDWLRQ��6RPH�RI�WKHP�DUH�DOUHDG\�NQRZQ�WR�EH� XVHG� LQ� SUDFWLFH�� $� IHZ� RI� WKHP� DUH� OLVWHG� EHORZ�ZLWK� DQ� LGHQWLILFDWLRQ� RI� KRZ�VWHUHR�YLVLRQ�FDQ�EH�LPSOHPHQWHG�WR�WKRVH�ILHOGV�

ILJ������ 6WHUHR�9LVLRQ�6\VWHP�XVHG�IRU�SHUIRUPDQFH�$QDO\VLV��>��@
����� $XWRQRPRXV�5RERWV�	�9HKLFOHV
�'�REMHFW�GHWHFWLRQ�� ORFDWLRQ� DQG�GHSWK�SHUFHSWLRQ� FDOFXODWHG� IURP� WKH� VWHUHRVFRSLF�YLHZ�RI�REMHFWV�E\�WKH�SDLU�RI�FDPHUDV�ORFDWHG�RQ�WKH�URERWLF�ERG\�FDQ�EH�XVHG�IRU�WKH�PRELOL]DWLRQ� RI� WKH� URERW� RU� URERWLF� YHKLFOH�� 7KH� FDOFXODWHG� UHVXOWV� IURP� WKH�
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VWHUHRVFRSLF�YLHZV�FDQ�EH�XVHG�WR�GHWHFW�DQG�DYRLG�WKH�REVWDFOHV�DQG�WDNH�D�VDIH�SDWK�RI�DFWLRQ��2QH�RI�VXFK�SURMHFW�PDNLQJ�XVH�RI�6WHUHR�9LVLRQ�LV�35$66,�SURMHFW�>��@��7KH�ILJXUH�VKRZQ�LQ� ILJ���� LV� WKH�V\VWHP�WKDW�ZDV�XVHG�IRU� WKH�WHVW�LQ�DQDO\]LQJ�WKH�SHUIRUPDQFH�RI�LW�
����� ,QGXVWULDO�,QVSHFWLRQ�DQG�4XDOLW\�&RQWURO
,QGXVWULDO� LQVSHFWLRQ� DQG� TXDOLW\� FRQWURO� GRQH� PDQXDOO\� GRHV� QRW� DOZD\V� JXDUDQWHH�FRUUHFWQHVV��,Q�WKLV�FRQGLWLRQ��ZKHUH�TXDOLW\�FRQWURO�LV�RI�FUXFLDO�PDWWHU��VWHUHR�YLVLRQ�V\VWHP� FDQ� EH� WKRXJKW� RI� DV� D� JRRG� FKRLFH� RI�PDFKLQH�� 6WHUHRVFRSLF� YLVLRQ� FDQ� EH�XVHG� WR� GHWHFW� WKH� FUDFNV�� GDPDJH�� XQXVXDOLW\� LQ� JRRGV�� UDZ�PDWHULDOV� RU� SURGXFWV��GXULQJ�PDQXIDFWXULQJ�SURFHVV�
����� 5RDG�PRQLWRULQJ�DQG�WUDIILF�OLJKW�V\VWHP
5RDG�PRQLWRULQJ�DQG�WUDIILF� OLJKW�PDQDJHPHQW�FDQ�EH�UHDOO\�G\QDPLF�UDWKHU�WKDQ�WKH�H[LVWLQJ� VWDWLF� DSSURDFK�� 7KH� VWDWLF� DSSURDFK� KHUH� UHIHUV� WR� WKH RQH� LQ� FRXQWU\� OLNH�1HSDO�DQG�RWKHU�VHYHUDO�FRXQWULHV��ZKHUH�WUDIILF�OLJKW�FKDQJHV�LWV�VWDWH�LQ�IL[HG�LQWHUYDO�RI�WLPH��WKHUHE\�PDNLQJ�WKH�YHKLFOH�VWDQG�DQG�ZDLW�HYHQ�WKRXJK�WKHUH�DUH�QR�YHKLFOHVRQ� WKH� RWKHU� VLGH�� 7KH� IUHTXHQF\� DQG� GXUDWLRQ� RI� WUDIILF� OLJKW� DOWHUDWLRQ� FDQ� EH�G\QDPLFDOO\� GHWHUPLQHG�E\� WKH� DPRXQW�RI� ORDG�RQ�HLWKHU� VLGH�RI� VWUHHW�XVLQJ�6WHUHR�9LVLRQ�
����� 0LOLWDU\�$SSOLFDWLRQ
:LWK� DQ LQWHQVLRQ� WR� WDUJHW� ZLWK� SUHFLVLRQ� KHDY\� ORVV� LQ� HQHP\� 	� IHZ� ORVVHV LQ�RIIHQGLQJ� VLGH� LV� NH\� WR� PLOLWDU\� DFWLRQV�� 8VH� RI� VWHUHRVFRSLF� YLHZV� WR� SUHFLVHO\�FDOFXODWHG� GHSWK�� GHWHFWHG� 	� ORFDWHG� HQHP\� WDUJHWV�� DXWRSLORW RU� UHPRWH� FRQWUROOHG�YHKLFOHV��DLU�VKLSV�FDQ�KDYH�ZLGH�XVH�RI�6WHUHR�9LVLRQ��,Q�VRPH�MRE�RI�PLOLWDU\��ZKLFK�LQFOXGHV�JUHDWHU� ULVN�RI� OLIH�VXFK�DV�GHWRQDWLRQ�RI�ERPE� LV�VWLOO�GRQH�PDQXDOO\��7KLV�
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FDQ�EH�LPSURYHG�E\�PDNLQJ�XVH�RI�UHPRWHO\�RSHUDWHG�RU�DXWRQRPRXV�YHKLFOH�ZKLFK�LV�DEOH�WR�SUHFLVHO\�SLFN�SDUWLFXODU�SRLQW�RI��'�ZRUOG�
����� %LR�0HGLFDO�(QJLQHHULQJ
7KH� 6WHUHR� )XVLRQ� RI� VWHUHRVFRSLF� YLHZV� FDQ� KHOS� H[SODLQ� WKH� SV\FKRSK\VLFDO� DQG�QHXURSK\VLRORJLFDO� GDWD�� ,Q� WKH� ILHOG� OLNH� KDLU� WUDQVSODQW�� WKH� RSHUDWLRQ� SURFHGXUH�UHTXLUHV� JUHDW� FDUH� DQG� DFFXUDF\�� 7KHUH� LV� D� ZLGHO\� XVHG� SURGXFW� ³0DQWLV� 6WHUHR�YLHZLQJ� V\VWHP´� SURGXFHG� E\� YLVLRQ� HQJLQHHULQJ� >��@� LV� XVHG� IRU� WKLV� SXUSRVH��$QRWKHU�SURGXFW�RI�VDPH�JURXS� LV�³/\Q[�(\HSLHFHOHVV�6WHUHR�0LFURVFRSH´�ZKLFK� LV�SURYLGLQJ�KLJKO\�VRSKLVWLFDWHG�SURGXFW�WR�PDNH�DQJLRSODVW\�KHDUW�VXUJHU\�D�VDIHU�DQG�OHVV�FRPSOLFDWHG�SURFHGXUH�
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&KDSWHU��6WHUHR�$OJRULWKP
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7KH�SULPDU\�REMHFWLYH�RI�6WHUHR�$OJRULWKP�LV�RI�FRXUVH�WR�HVWLPDWH�GHSWK�IURP�D�SDLU�RI� ��'LPHQVLRQDO� LPDJHV�� 7KH� QHHG� RI� D� SDLU� RI� �'� LPDJH� LV� WR� ILJXUH� RXW� WKH�GLVSODFHPHQW� RI� IHDWXUH� EHWZHHQ� WKH� LPDJHV�� ZKHQ� FDPHUD� LV� GLVSODFHG� �XVXDOO\�KRUL]RQWDOO\��� $� WHFKQLTXH� WR� FDOFXODWH� VXFK� GLVSDULW\� LV� NQRZQ� DV� 6WHUHR�&RUUHVSRQGHQFH��6HYHUDO� DSSURDFKHV�KDYH�EHHQ�XVHG�E\�GLIIHUHQW�SHRSOH� WR� ILQG�RXW�FRUUHVSRQGLQJ�PDWFK�DQG� LWV�GLVSODFHPHQW��:LWK� WKH�XVH�RI� WKLV�GLVSODFHPHQW�YDOXH��ZKLFK�LV�DOVR�FDOOHG�DV�'LVSDULW\� ZH�FDQ�UHFRYHU�GHSWK�RI�DQ�REMHFW�XVLQJ�DOJRULWKP�H[SODLQHG�LQ�VHFWLRQ������

ILJ�������$�6WHUHR 6\VWHP�FDSWXULQJ�WKH�LPDJH�IURP�WZR�KRUL]RQWDOO\�DOLJQHG�FDPHUD�WKDW�JLYHV�WKH�GHSWK�PDS�DV�DQ�RXWSXW��
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���� 6WHUHR�&RUUHVSRQGHQFH
$FFRUGLQJ�WR�0DUU�DQG�3RJJLR�>�@� WKUHH�VWHSV��6��DUH�UHTXLUHG�WR�VROYH�WKH�SUREOHP�RI�PHDVXULQJ�6WHUHR�'LVSDULW\�
>6��@$�SDUWLFXODU�ORFDWLRQ�RQ�D�VXUIDFH�LQ�WKH�VFHQH�PXVW�EH�VHOHFWHG�IURP�RQH�LPDJH�>6��@7KDW�VDPH�ORFDWLRQ�PXVW�EH�LGHQWLILHG�LQ�WKH�RWKHU�LPDJH��DQG�>6��@7KH�GLVSDULW\�LQ�WKH�WZR�FRUUHVSRQGLQJ�LPDJH�SRLQWV�PXVW�EH�PHDVXUHG�
,I� RQH� FRXOG� LGHQWLI\� D� ORFDWLRQ� EH\RQG� GRXEW� LQ� WKH� WZR� LPDJHV�� IRU� H[DPSOH� E\�LOOXPLQDWLQJ�LW�ZLWK�D�VSRW�RI�OLJKW��VWHSV�6��DQG�6��FRXOG�EH�DYRLGHG�DQG�WKH�SUREOHP�ZRXOG�EH�HDV\��,Q�SUDFWLFH�RQH�FDQQRW�GR� WKLV� �VHH� ILJ��������DQG�WKH�GLIILFXOW�SDUW�RI�WKH� FRPSXWDWLRQ� LV� VROYLQJ� WKH� FRUUHVSRQGHQFH� SUREOHP�� ,Q� RUGHU� WR� IRUPXODWH� WKH�FRUUHVSRQGHQFH�FRPSXWDWLRQ�SUHFLVHO\��WKH\�WULHG�WR�FRPSDUH�LWV�EDVLV�LQ�WKH�SK\VLFDO�ZRUOG�DQG�LGHQWLILHG�WZR FRQVWUDLQWV�&���WKH\�DUH
>&��@ $�JLYHQ�SRLQW�RQ�D�SK\VLFDO�VXUIDFH�KDV�D�XQLTXH�SRVLWLRQ� LQ�VSDFH�DW�DQ\�RQH�WLPH��	>&��@ 0DWWHU� LV� FRKHVLYH�� LW� LV� VHSDUDWHG� LQWR�REMHFWV�� DQG� WKH� VXUIDFHV�RI�REMHFWV�DUH�JHQHUDOO\�VPRRWK�FRPSDUHG�ZLWK�WKHLU�GLVWDQFH�IURP�WKH�YLHZHU�
7KHVH�FRQVWUDLQWV�DSSO\�WR�ORFDWLRQV�RQ�D�SK\VLFDO�VXUIDFH��7KHVH�SK\VLFDO�FRQVWUDLQWV�&�� DQG� &�� FDQ� QRZ� EH� WUDQVODWHG� LQWR� WZR� UXOHV�5�� IRU� KRZ� WKH� OHIW� DQG� ULJKW�GHVFULSWLRQV�DUH�FRPELQHG�
>5��@ 8QLTXHQHVV��(DFK�LWHP�IURP�HDFK�LPDJH�PD\�EH�DVVLJQHG�DW�PRVW�RQH�GLVSDULW\�YDOXH�� 7KLV� FRQGLWLRQ� UHOLHV� RQ� WKH� DVVXPSWLRQ� WKDW� DQ� LWHP� FRUUHVSRQGV� WR�VRPHWKLQJ�WKDW�KDV�D�SK\VLFDO�SRVLWLRQ�
>5��@ &RQWLQXLW\��'LVSDULW\� YDULHV� VPRRWKO\� DOPRVW� HYHU\ZKHUH�� 7KLV� FRQGLWLRQ� LV� D�FRQVHTXHQFH� RI� WKH� FRKHVLYHQHVV� RI� PDWWHU�� DQG� LW� VWDWHV� WKDW� RQO\� D� VPDOO�



$�5HSRUW�RQ�6WHUHR�9LVLRQ
IUDFWLRQ� RI� WKH� DUHD� RI� DQ� LPDJH� LV� FRPSRVHG� RI� ERXQGDULHV� WKDW� DUH�GLVFRQWLQXRXV�LQ�GHSWK�

,Q�SUDFWLFH��5��FDQQRW�EH�DSSOLHG�VLPSO\�WR�JUD\�OHYHO�SRLQWV�LQ�DQ�LPDJH��EHFDXVH��D�JUD\� OHYHO�SRLQW� LV� LQ�RQO\� LPSOLFLW� FRUUHVSRQGHQFH�ZLWK� D�SK\VLFDO� ORFDWLRQ�� ,W� LV� LQ�IDFW�LPSRVVLEOH�WR�HQVXUH�WKDW�D�JUD\�OHYHO�SRLQW�LQ�RQH�LPDJH�FRUUHVSRQGV�WR�H[DFWO\�WKH� VDPH� SK\VLFDO� SRVLWLRQ� DV� D� JUD\�OHYHO� SRLQW� LQ� WKH� RWKHU�� $� VKDUS� FKDQJH� LQ�LQWHQVLW\��KRZHYHU��XVXDOO\�FRUUHVSRQGV�WR�D�VXUIDFH�PDUNLQJ��DQG�WKHUHIRUH�GHILQHV�D�VLQJOH�SK\VLFDO�SRVLWLRQ�SUHFLVHO\��7KH�SRVLWLRQV�RI�VXFK�FKDQJHV�PD\�EH�GHWHFWHG�E\�ILQGLQJ� SHDNV� LQ� WKH� ILUVW� GHULYDWLYH� RI� LQWHQVLW\�� RU� ]HUR�FURVVLQJV� LQ� WKH� VHFRQG�GHULYDWLYH�
ILJ������ $PELJXLW\� LQ� WKH� FRUUHVSRQGHQFH�EHWZHHQ� WKH� WZR� UHWLQDO�SURMHFWLRQV�� ,Q� WKLV�ILJXUH��HDFK�RI�WKH�IRXU�SRLQWV�LQ�RQH�H\H¶V�YLHZ�FRXOG�PDWFK�DQ\�RI�WKH�IRXU�SURMHFWLRQV�LQ� WKH� RWKHU� H\H¶V� YLHZ�� 2I� WKH� ��� SRVVLEOH� PDWFKLQJ� RQO\� IRXU� DUH� FRUUHFW� �ILOOHG�FLUFOHV���ZKLOH�WKH�UHPDLQLQJ����DUH�³IDOVH�WDUJHWV´��RSHQ�FLUFOHV���,W�LV�DVVXPHG�KHUH�WKDW�WKH� WDUJHWV� �ILOOHG� VTXDUHV�� FRUUHVSRQGV� WR� ³PDWFKDEOH´� GHVFULSWLYH� HOHPHQWV� REWDLQHG�IURP� WKH� OHIW� DQG� ULJKW� LPDJHV�� :LWKRXW� IXUWKHU� FRQVWUDLQWV� EDVHG� RQ� JOREDO�FRQVLGHUDWLRQV��VXFK�DPELJXLWLHV�FDQQRW�EH�UHVROYHG��>�@

��
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���� &RQVWUDLQWV
7KH�LQKHUHQW�DPELJXLW\�RI�WKH�FRUUHVSRQGHQFH�SUREOHP�FDQ�DOVR�LQ�SUDFWLFDO�FDVHV�EH�UHGXFHG� XVLQJ� VRPH� RWKHU� FRQVWUDLQWV� WKDW� 0DUU� DQG� 3RJJLR� GLGQ¶W� LQFOXGH�� 7KHVH�FRQVWUDLQWV�KDYH�EHHQ�XVHG�E\�VRPH�RWKHU�VWHUHR�FRUUHVSRQGHQFH�DOJRULWKPV�SURSRVHG��,W� LV�QRW�QHFHVVDU\�WKDW�DOO�RI� WKHVH�FRQVWUDLQWV�KDYH�WR�EH�XVHG��GLIIHUHQW�DSSURDFKHV�XVH GLIIHUHQW�FRQVWUDLQWV��7KHVH�FRQVWUDLQWV�PD\�EURDGO\�FODVVLILHG�DV�WZR�W\SHV�
������ &RQVWUDLQWV� GXH� WR� JHRPHWU\� 	� SKRWRPHWU\� RI� LPDJH�FDSWXULQJ�SURFHVV�
x (SLSRODU�FRQVWUDLQW� 7KLV�VD\V�WKDW�WKH�FRUUHVSRQGLQJ�SRLQW�FDQ�RQO\�OLH�RQ�WKH�HSLSRODU�OLQH�LQ�WKH�VHFRQG�LPDJH���7KLV�UHGXFHV�WKH�SRWHQWLDO��'�VHDUFK�VSDFH�LQWR��'�
x 3KRWRPHWULF�FRPSDWLELOLW\�FRQVWUDLQW� 7KLV�VWDWHV�WKDW� LQWHQVLWLHV�RI�D�SRLQW� LQ�WKH�ILUVW�DQG�VHFRQG�LPDJHV�DUH�OLNHO\�WR�GLIIHU�RQO\�D�OLWWOH���7KH\�DUH�XQOLNHO\�WR�EH� H[DFWO\� WKH� VDPH� GXH� WR� WKH� PXWXDO� DQJOH� EHWZHHQ� WKH� OLJKW� VRXUFH�� VXUIDFH�QRUPDO�� DQG� YLHZHU� GLIIHULQJ�� EXW� WKH� GLIIHUHQFH�ZLOO� W\SLFDOO\� EH� VPDOO� DQG� WKH�YLHZV�ZLOO�QRW�GLIIHU�PXFK�� �3UDFWLFDOO\��WKLV�FRQVWUDLQW LV�YHU\�QDWXUDO� WR� LPDJH�FDSWXULQJ� FRQGLWLRQV�� �7KH� DGYDQWDJH� LV� WKDW� LQWHQVLWLHV� LQ� WKH� OHIW� LPDJH� FDQ�EH�WUDQVIRUPHG�LQWR�LQWHQVLWLHV�LQ�WKH�ULJKW�LPDJH�XVLQJ�YHU\�VLPSOH�WUDQVIRUPDWLRQV�
x *HRPHWULF�VLPLODULW\�FRQVWUDLQWV� 7KHVH�EXLOG�RQ�WKH�REVHUYDWLRQ�WKDW�JHRPHWULF�FKDUDFWHULVWLFV�RI� WKH� IHDWXUHV� IRXQG� LQ� WKH� ILUVW� DQG�VHFRQG� LPDJHV�GR�QRW�GLIIHU�PXFK��H�J���OHQJWK�RU�RULHQWDWLRQ�RI�WKH�OLQH�VHJPHQW��UHJLRQ��RU�FRQWRXU��
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������ &RQVWUDLQWV�H[SORLWLQJ�VRPH�FRPPRQ�SURSHUWLHV�RI�REMHFWVx )LJXUDO�GLVSDULW\�FRQVWUDLQW� 7KLV�VD\V�WKDW�FRUUHVSRQGLQJ�SRLQWV�VKRXOG�OLH�RQ�DQ�HGJH�HOHPHQW�LQ�ERWK�ULJKW�DQG�OHIW�LPDJHV��DV�ZHOO�DV�IXOILOOLQJ�WKH�FRQWLQXLW\�FRQVWUDLQW�
x )HDWXUH�FRPSDWLELOLW\�FRQVWUDLQW�� 7KLV�SODFHV D�UHVWULFWLRQ�RQ�SRVVLEOH�PDWFKHV�RQ�WKH�SK\VLFDO�RULJLQ�RI�PDWFKHG�SRLQWV���3RLQWV�FDQ�PDWFK�RQO\�LI�WKH\�KDYH�WKH�VDPH� SK\VLFDO� RULJLQ� ± IRU� H[DPSOH�� REMHFW� VXUIDFH� GLVFRQWLQXLW\�� ERUGHU� RI� D�VKDGRZ� FDVW� E\� VRPH� REMHFWV�� RFFOXGLQJ� ERXQGDU\� RU� VSHFXODULW\� ERXQGDU\���1RWLFH� WKDW�HGJHV� LQ�DQ� LPDJH�FDXVHG�E\�VSHFXODULW\�RU� VHOI�RFFOXVLRQ�FDQQRW�EH�XVHG� WR� VROYH� WKH� FRUUHVSRQGHQFH� SUREOHP�� DV� WKH\� PRYH� ZLWK� FKDQJLQJ�YLHZSRLQW�� �2Q� WKH� RWKHU� KDQG�� VHOI�RFFOXVLRQ� FDXVHG� E\� DEUXSW� GLVFRQWLQXLW\�RI�WKH�VXUIDFH�FDQ�EH�LGHQWLILHG��VHH�ILJ������

x 'LVSDULW\�/LPLW�&RQVWUDLQW��7KLV� RULJLQDWHV� IURP�SV\FKR�SK\VLFDO� H[SHULPHQWV�LQ� ZKLFK� LW� LV� GHPRQVWUDWHG� WKDW� WKH� KXPDQ� YLVLRQ� V\VWHP� FDQ� RQO\� IXVH� VWHUHR�LPDJHV�LI�WKH�GLVSDULW\�LV�VPDOOHU�WKDQ�VRPH�OLPLW��7KLV�FRQVWUDLQWV�WKH�OHQJWKV�RI�WKH�VHDUFK�LQ�DUWLILFLDO�PHWKRGV�WKDW�VHHN�FRUUHVSRQGHQFH�
x 0XWXDO� FRUUHVSRQGHQFH� FRQVWUDLQW�� 7KLV� KHOSV� WR� UXOH� RXW� SRLQWV� WKDW� GR� QRW�KDYH�D�FRUUHVSRQGLQJ�FRXQWHUSDUW�GXH�WR�RFFOXVLRQ��KLJKOLJKW�RU�QRLVH��$VVXPH�WKH�VHDUFK�VWDUWHG�IURP�WKH�OHIW�LPDJH�SRLQW�3/ DQG�D�FRUUHVSRQGLQJ�35 ZDV�IRXQG��,I�WKH�WDVN�LV�UHYHUVHG��DQG�D�VHDUFK�VWDUWLQJ�IURP�WKH�SRLQW�35 IDLOV�WR�ILQG�3/��WKHQ�WKH�PDWFK�LV�QRW�UHOLDEOH�DQG�VKRXOG�EH�UXOHG�RXW�

3RLQW�$
ILJ�������6HOI�RFFOXVLRQ�GXH�WR�DEUXSW�VXUIDFH�GLVFRQWLQXLW\�FDQ�EH�GHWHFWHG��>��@�
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���� $SSURDFK
7LOO� QRZ� GLIIHUHQW� UHVHDUFKHUV� KDYH� DOUHDG\� IRXQG� RXW� WKH� GLIIHUHQW� DSSURDFK� RI�&DOFXODWLQJ�6WHUHR�'LVSDULW\��$FFRUGLQJ�WR�RXU�UHVHDUFK��WKHVH�DSSURDFKHV�KDYH�EHHQ�LGHQWLILHG�DFFRUGLQJ�WR�WZR�EURDG�GLYLVLRQV��YL]��$UHD�%DVHG�DQG�)HDWXUH�%DVHG�
������ $UHD�%DVHG�$SSURDFK
$UHD�EDVHG� VWHUHR� DWWHPSWV� WR� GHWHUPLQH� WKH� FRUUHVSRQGHQFH� IRU� HYHU\� SL[HO��ZKLFK�UHVXOWV� LQ�D�GHQVH�GHSWK�PDS��&RUUHODWLRQ� LV� WKH�EDVLF�PHWKRG� WR� ILQG�FRUUHVSRQGLQJ�SL[HOV�
*LYHQ�DQ\� WZR�YLHZV�RI� WKH� VDPH�VFHQH� LW� FDQ�EH� VHHQ� WKDW�� DW� VRPH� LPDJH�VFDOH��D�GHJUHH�RI�VLPLODULW\�H[LVWV�EHWZHHQ�WKH�WZR�YLHZV��DQG�LQ�JHQHUDO��WKH�FRDUVHU�WKH�VFDOH�WKH�PRUH�VLPLODU�WKH�YLHZV�EHFRPH��7KHUH�DUH�WZR�SULPDU\�UHDVRQV�IRU�WKLV��WKH�ILUVW�LV�WKDW� D� IL[HG� GLVSDULW\� RI� SRVLWLRQ� RI� IL[HG� SRLQW� LQ� WZR� YLHZV� RI� WKH� VDPH� VFHQH��GHWHUPLQHG� E\� FDPHUD� DQG�ZRUOG� JHRPHWU\��KDV� D� SURSRUWLRQDWHO\� VPDOOHU� HIIHFW� DW�ODUJH� LPDJH� VFDOHV�� WKH� VHFRQG� LV� WKDW� DW� FRDUVHU� VFDOHV� WKHUH� LV� D� UHGXFWLRQ� LQ� WKH�TXDQWLW\�RI�YLVLEOH�IHDWXUHV�VXFK�WKDW�RQO\�PRUH�GRPLQDQW�IHDWXUHV�H[LVW��7KHVH�HIIHFWV�IRUP� WKH�EDVLV� IRU� FURVV�FRUUHODWLRQ� DUHD�EDVHG� VWHUHR�DOJRULWKPV�E\ WKH�H[SODQDWLRQ�ZKLFK� QRZ� IROORZV�� ,I� D� YLHZ� LV� VSHFLDOO\� TXDQWLVHG� LQWR� HYHU� VPDOOHU� VXE� UHJLRQV��HYHQWXDOO\�DQ\�JLYHQ�VXE�UHJLRQ�ZLOO�EHJLQ�WR�ORRN�PRUH�VLPLODU�WR�LWV�FRUUHVSRQGLQJ�VXE�UHJLRQ�LQ�WKH�RWKHU�YLHZ��7KXV��E\�TXDQWLVLQJ�D�YLHZ�LQWR�D�QXPEHU�RI�VXE�UHJLRQV�RU�EORFNV��RU�E\�FKDQJLQJ�WKH�VFDOH�RI�WKH�YLHZ�LQ�TXHVWLRQ��LW�LV�SRVVLEOH�WR�DSSO\�DQ�DUHD�EDVHG�VLPLODULW\�PHWULF�WR�ILQG�WKH�PRVW�OLNHO\�FRUUHVSRQGHQFH�EHWZHHQ�WKH�VDPH�UHJLRQV�IURP�WZR�GLIIHUHQW�YLHZV�
7KH� XVH� RI� DQ� DSSURSULDWH� VLPLODULW\� PHWULF� LV� IXQGDPHQWDO� WR� DUHD� EDVHG� VWHUHR�PHWKRGV�DV�D�PHDQV�RI�HQIRUFLQJ�ORFDO�ILJXUDO�FRQVLVWHQF\�DQG�D�VXUIDFH�VPRRWKQHVV�DVVXPSWLRQ�� 7KH� FRQFHSW� RI� D� FURVV�FRUUHODWLRQ� IXQFWLRQ� DQG� D� VHDUFK� VSDFH� LV� DOVR�LQWURGXFHG� ZLWK� WKH� XVH� RI� DUHD�EDVHG PHWKRGV�� 7KHRUHWLFDOO\� VLPLODULW\� PHWULFV�
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GHULYHG� IURP� SUREDELOLW\� GHQVLW\� IXQFWLRQV� RIIHU� WKH� EHVW� VROXWLRQ� DOWKRXJK�� LQ�SUDFWLFH�� DSSUR[LPDWLRQV� VXFK� DV� (XFOLGHDQ� GLVWDQFH� DQG� GRW� SURGXFW PHWULFV� KDYH�EHHQ�XVHG�EHFDXVH�RI�WKH�VLPSOLFLW\�RI�LPSOHPHQWDWLRQ�
,Q� WKHLU�PRVW� VLPSOLVWLF� IRUP� DUHD� EDVHG� DSSURDFKHV� LQYROYH� VXEGLYLGLQJ� WKH�ZKROH�YLHZ� LQWR� VXE� UHJLRQV� DQG� DSSO\LQJ� D�SKRWRPHWULF� VLPLODULW\�PHDVXUH� WR�DOO� UHJLRQV��7KH�DLP�RI� WKLV� W\SH�RI�DOJRULWKP�LV�XVXDOO\�WR�UHWXUQ�D�GHQVH�GHSWK�PDS��ZKHUHE\�D�GHSWK� HVWLPDWH� LV�PDGH� DW� HYHU\� SL[HO ZLWKLQ� WKH� VFHQH�� 7KLV� DSSURDFK� LV� JHQHUDOO\�RQO\� DSSOLFDEOH� WR� WKH� FODVV� RI� VWHUHR� SUREOHPV� ZKHUH� WKH� IROORZLQJ� FULWHULD� DUH�VDWLVILHG��

x 7KH�OLJKWLQJ�VRXUFH�PXVW�LGHDOO\�EH�D�SRLQW�VRXUFH�DW�LQILQLW\��x 7KH�VXUIDFHV�LQ�WKH�VFHQH�VKRXOG�LGHDOO\�EH�ODPEHUWLDQ��x 7KH�DPRXQW�RI�ILJXUDO�GLVVLPLODULW\�RU�GLVWRUWLRQ�EHWZHHQ�WKH�YLHZV�LV�VPDOO��
,Q� PDQ\� VLWXDWLRQV� ZKHUH� VWHUHR� KDV� DSSOLFDWLRQV� LGHDOL]HG� HQYLURQPHQWV� DQG� OLJKW�VRXUFHV�FDQQRW�EH�DVVXPHG��6LPSOLVWLF�JUD\�OHYHO�FRUUHODWLRQ�WHFKQLTXHV�VXIIHU�IURP�D�ODFN�RI�UREXVWQHVV�WR�OLJKWQLQJ�DUWLIDFWV��ZKLFK H[LVW�LQ�PDQ\�VLWXDWLRQV��
$UHD�EDVHG� VWHUHR� DWWHPSWV� WR� GHWHUPLQH� WKH� FRUUHVSRQGHQFH� IRU� HYHU\� SL[HO��ZKLFK�UHVXOWV� LQ�D�GHQVH�GHSWK�PDS��&RUUHODWLRQ� LV� WKH�EDVLF�PHWKRG� WR� ILQG�FRUUHVSRQGLQJ�SL[HOV��6HYHUDO�UHDO�WLPH�V\VWHPV�KDYH�EHHQ�GHYHORSHG�XVLQJ�FRUUHODWLRQ�EDVHG�VWHUHR��+RZHYHU�� FRUUHODWLRQ� DVVXPHV� WKDW� WKH� GHSWK� LV� HTXDO� IRU� DOO� SL[HOV� RI� D� FRUUHODWLRQ�ZLQGRZ��7KLV�DVVXPSWLRQ�LV�YLRODWHG�DW�GHSWK�GLVFRQWLQXLWLHV��7KH�UHVXOW�LV�WKDW�REMHFW�ERUGHUV�DUH�EOXUUHG�DQG�VPDOO�GHWDLOV�RU�REMHFWV�DUH�UHPRYHG��GHSHQGLQJ�RQ�WKH�VL]H�RI�WKH�FRUUHODWLRQ�ZLQGRZ��6PDOO�FRUUHODWLRQ�ZLQGRZV�UHGXFH�WKH�SUREOHP��EXW�LQFUHDVHWKH�LQIOXHQFH�RI�QRLVH�DQG�OHDG�WR�GHFUHDVH�RI�FRUUHFW�PDWFKHV�
6LPSOH� FRUUHODWLRQ� H[KLELWV� D� V\VWHPDWLF� HUURU�� L�H�� EOXUULQJ� RI� REMHFW� ERUGHUV��+RZHYHU�� WKH� DVVXPHG� ORFDWLRQ� RI� D� FRPSXWHG� GHSWK� GLVFRQWLQXLW\� LV� VWLOO� QHDU� �L�H��ZLWKLQ� WKH� VL]H� RI� WKH� FRUUHODWLRQ� ZLQGRZ�� WR� WKH� ORFDWLRQ� RI� WKH� UHDO� GHSWK�
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GLVFRQWLQXLW\��)XUWKHUPRUH�� FRUUHODWLRQ�KDV�SURYHQ� WR�EH� IDVW� HQRXJK� IRU� D� UHDO� WLPH�LPSOHPHQWDWLRQ� DQG� KDV� D� UHJXODU� VWUXFWXUH� ZLWK� IL[HG� H[HFXWLRQ� WLPH�� ZKLFK� LV�LQGHSHQGHQW�RI�WKH�VFHQH�FRQWHQWV�
7KH�SUREOHP�ZLWK�XVLQJ�D�VLQJOH�GHSWK�HVWLPDWH�WR�GHVFULEH�WKH�GHSWK�RYHU�D�ILQLWH�VXE�UHJLRQ� RI� WKH� LPDJH� LV� WKDW� WKLV� TXDQWLVDWLRQ� LQWURGXFHV� ORFDWLRQ� HUURUV�� $UHD� EDVHG�DSSURDFKHV� ZKLFK� KDYH� DWWHPSWHG� WR� DGGUHVV� WKLV� SUREOHP� DUH� RIWHQ� UHIHUUHG� WR� DV�ZLQGRZ� VKDSLQJ� WHFKQLTXHV��:KLOVW� WKH� ILHOG� RI� DSSOLFDWLRQ� IRU� WKHVH� WHFKQLTXHV� LV�VWLOO�IRU�HVWLPDWLQJ�GHQVH�GHSWK�PDSV��WKH�ORFDWLRQ�DFFXUDF\��ZKLFK�FDQ�EH�DFKLHYHG� LV�QRZ� QRW� OLPLWHG� E\� EORFN� TXDQWLVDWLRQ� HIIHFWV��+RZHYHU�� WKH� UHOLDQFH� RQ� OXPLQDQFH�FRQVLVWHQF\� LV�� LI� DQ\WKLQJ��PRUH� LPSRUWDQW� WR� WKH� VXFFHVV�RI� WKLV�FODVV�RI� UHOD[DWLRQ�DOJRULWKPV��
,Q� JHQHUDO�� H[LVWLQJ� DUHD� EDVHG� VWHUHR� WHFKQLTXHV� SURYLGH� GDWD�� ZKLFK LV� ORFDOO\�LQDFFXUDWH�GXH� WR� WKH� ODFN�RI�ILJXUDO�GHIRUPDWLRQ� LQYDULDQFH��$GGLWLRQDOO\��WKHLU� ODFN�RI�SKRWRPHWULF�LQYDULDQFH�UHVWULFWV�WKHLU�XVH�WR�SUREOHPV�ZKHUH�JUD\�OHYHO�FRQVLVWHQF\�H[LVWV� EHWZHHQ� YLHZV�� KRZHYHU�� LI� WKHVH� FRQVWUDLQWV� DUH� VDWLVILHG� WKH\� GR� GHOLYHU� D�PRUH�GHQVH�GHSWK�PDS�WKDQ�IHDWXUH�EDVHG�DSSURDFKHV�
������ )HDWXUH�%DVHG $SSURDFK
$OJRULWKPV�ZKLFK�SHUIRUP� VWHUHR�PDWFKLQJ�ZLWK�KLJK�OHYHO SDUDPHWHUL]DWLRQV� FDOOHG�LPDJH�IHDWXUHV�
0DQ\�DUHDV�RI�FRPSXWHU�YLVLRQ��VXFK�DV�VWHUHR��REMHFW�UHFRJQLWLRQ�DQG�REMHFW�WUDFNLQJ�H[SOLFLW�D�IHDWXUH�EDVHG DSSURDFK��7KH�GHILQLWLRQ�RI�D�IHDWXUH�LV�DUELWUDU\�DQG�WKH�RQO\�UHDO� JHQHUDOL]DWLRQ�� ZKLFK� FDQ� EH�PDGH� LV� WKDW� D� IHDWXUH�PXVW� EH� LQ� VRPH� VHQVH� D�XVHIXO� �UHOLDEO\� UHFRQVWUXFWDEOH�� SDUDPHWHUL]DWLRQ� RI� WKH� LPDJH�� ,Q� JHQHUDO� XVHIXO�IHDWXUHV� PXVW� KDYH� WKH� IROORZLQJ� SURSHUWLHV�� XQLTXHQHVV�� UHSHDWDELOLW\� DQG� SK\VLFDO�PHDQLQJ�� ,Q� WKH� FRQWH[W� RI� VWHUHR� WKH� DLP� RI� WKHVH� SURSHUWLHV� LV� WR� SURYLGH�XQDPELJXRXV�PDWFKHV�ZLWK�D�GHJUHH�RI�QRLVH�LPPXQLW\��6LQFH�VWHUHR�YLVLRQ�LQYROYHV�
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H[WUDFWLQJ� WKUHH�GLPHQVLRQDO GDWD� ��'�GDWD�� IURP� WKH� VFHQH�� WKH� IHDWXUHV��ZKLFK� DUH�XVHIXO�LQ�WKH�VWHUHR�VHQVH� DUH�IHDWXUHV��ZKLFK GHVFULEH�WKH�XQGHUO\LQJ��'�VWUXFWXUH�RI�WKH�VFHQH��,Q�WKH�PDLQ��DQG�SDUWLFXODUO\�LQ�PDQPDGH�HQYLURQPHQWV��WKH�XQGHUO\LQJ��'�VWUXFWXUH� LV� GHVFULEHG� E\� WKH� HGJHV� DQG� E\� HGJH� LQWHUVHFWLRQV� �RQH� GHILQLWLRQ� RI� D�FRUQHU���)RU�WKLV�UHDVRQ�PXFK�RI�WKH�IHDWXUH�EDVHG�VWHUHR�ZRUN�KDV�ILUVWO\�LQYROYHG�WKH�H[WUDFWLRQ�RI�KLJK�OHYHO HGJH�SULPLWLYHV��HGJHOV��DQG�LQ�VRPH�FDVHV�FRUQHUV��,Q�VRPH�FDVHV� WKH� H[WUDFWHG� HGJHOV�� ZKLFK� KDYH� EHHQ� REWDLQHG� XVLQJ� VRPHWKLQJ� VLPLODU� WR�&DQQ\�� DUH� OLQNHG� LQWR� KLJK�OHYHO GDWD� REMHFWV� FDOOHG� HGJH�VWULQJV�� VWHUHR�PDWFKLQJ�ZRXOG�WKHQ�SURFHHG�DW�WKH�HGJH�VWULQJ�OHYHO�
,Q�PDQ\� UHVSHFWV� IHDWXUH�EDVHG�DOJRULWKPV�KDYH�EHHQ�HVWDEOLVKHG�DV� WKH�PRVW� UREXVW�ZD\�WR�LPSOHPHQW�VWHUHR�YLVLRQ�DOJRULWKPV�IRU�WKH�FODVV�RI�SUREOHPV��7KH�DGYDQWDJHV�RIIHUHG� E\� XVLQJ� IHDWXUHV� DUH� WKDW� IHDWXUH� EDVHG� UHSUHVHQWDWLRQV� FRQWDLQ� GHVLUDEOH�VWDWLVWLFDO� SURSHUWLHV� DQG� SURYLGH� DOJRULWKPLF� IOH[LELOLW\� WR� WKH� SURJUDPPHU�� 7KH�IOH[LELOLW\� EHLQJ� WKDW� DOJRULWKPLF� FRQVWUDLQWV� FDQ� EH� DSSOLHG� H[SOLFLWO\� WR� WKH� GDWD�VWUXFWXUHV� UDWKHU� WKDQ� LPSOLFLWO\� DV� ZLWK� DUHD� EDVHG� FRUUHODWLRQ� WHFKQLTXHV�� ,Q�SDUWLFXODU� WKH� XVH� RI� HGJH�VWULQJ� EDVHG� UHSUHVHQWDWLRQV� KDV� OHG� WR� DOJRULWKPV��ZKLFKDUH�DV�ORFDOO\�DFFXUDWH�DV�WKH�SUHFLVLRQ�WR�ZKLFK�WKH�HGJHV�FDQ�EH�H[WUDFWHG��
6XPPDUL]LQJ�� LQ� FRPSDULVRQ� WR� DUHD� EDVHG� VWHUHR� DOJRULWKPV�� ZKLFK� DWWHPSW� WR�SURYLGH�GHQVH�GHSWK�GDWD�� HGJH�VWULQJ�EDVHG�VWHUHR�DOJRULWKPV�SURYLGH�VSDUVHU�GHSWK�GDWD� ZKLFK� LV� ORFDOO\� PRUH� DFFXUDWH� DQG� JOREDOO\� PRUH� UHOLDEOH� IRU� WKH� IROORZLQJ�UHDVRQV�
x (GJH�VWULQJ� EDVHG� DOJRULWKPV� GR� QRW� XVH� D� UHJLRQ� EDVHG� SODQDULW\� PRGHO� WR�GHVFULEH� WKH�ZRUOG�� WKH\� LQVWHDG�PRGHO� WKH�ZRUOG�DV�FRQVLVWLQJ�D� OLQNHG�HGJHV��D�PRUH� XVHIXO�PRGHO� IRU� ³GLIILFXOW´� VWHUHR� SUREOHPV�ZKHUH� WKH�ZRUOG�PRGHO�PXVW�LQFRUSRUDWH�VRPH�ILJXUDO�GHIRUPDWLRQ LQYDULDQFH�
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x (GJH�VWULQJ�EDVHG�DOJRULWKPV�H[SORLW�WKH�SURSHUWLHV�RI�HGJH�EDVHG�GDWD��ZKLFK�FDQEH� H[WUDFWHG� UHOLDEO\� IURP� WKH� VFHQH� LQ� D� ZD\� WKDW LV� LPPXQH� WR� QRLVH� DQG�LQYDULDQW�WR�OXPLQDQFH�YDULDWLRQV�EHWZHHQ�YLHZV�FDXVHG�E\�QRQ�LGHDO�OLJKWLQJ�
$UHD� EDVHG� DSSURDFKHV� GR� KDYH� VRPH� DGYDQWDJHV� ZKHQ� FRQVLGHULQJ� KDUGZDUH�SODWIRUPV� KRZHYHU�� DV� WKH� UHJXODU� GDWD� VWUXFWXUH� VLPSOLILHV� FRQVLGHUDEO\� WKH� FRQWURO�DQG�GDWD�IORZ�ZLWKLQ�WKH�DOJRULWKP��7KLV�KDV�UHFHQWO\�OHG�WR�DQ�DWWHPSW�WR�FRPELQH�WKH�FRQVWUDLQWV�HPERGLHG�LQ�HGJH�EDVHG WHFKQLTXHV�ZLWK�DQ�DUHD�EDVHG IRUPXODWLRQ�
���� 'HSWK�5HFRYHU\

5HIHU� WR� WKH� ILJ ����� DQG�DVVXPH� WKDW� WKH�FRUUHVSRQGHQFH� LV�HVWDEOLVKHG�EHWZHHQ� WKH�VWHUHR� LPDJH� SDLU�� /HW� WKH� GLVSDULW\� EHWZHHQ� WZR� FDPHUDV� DUH� �G�� 'LVSDULW\� LV� WKH�GLVWDQFH�RI�VHSDUDWLRQ�EHWZHHQ�WKH�OHIW�DQG�WKH�ULJKW�FDPHUD��,Q�WKH�DERYH�ILJXUH��WZR�VHSDUDWH� LPDJHV� RI� WKH� SRLQW� S�[�� \�� ]�� DUH� IRUPHG� DW� �[� �� G�� DQG� �[� ± G�� ORFDWLRQV�DORQJ�[�D[LV�
,I� � I� LV� WKH� IRFDO� OHQJWK�RI� WKH�SLQKROH� FDPHUD� V\VWHP�DQG�[O DQG�[U DUH� WKH� OHIW�DQG�ULJKW�FDPHUD�LPDJHV�UHVSHFWLYHO\��WKHQ

[� ��G [� ��G

�[��\��]�

[� ��[O [U [�D[LV

]�D[LV

2SWLFDO�FHQWUHILJ������7KH�6WHUHR�LPDJHV�DUH�IRUPHG�DW��[�G��DQG��[�G��ORFDWLRQV�DORQJ�[�D[LV�>�@
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=I IG[[O �� �� DQG� =I IG[[U �� ��
RU�

=I GI[[ OU � � �
:KLFK�JLYHV�

OU [[ GII= �� �
7KHUHIRUH��IRU�D�JLYHQ�ELQRFXODU�FDPHUD�PRGHO�ZLWK�NQRZQ�IRFDO�OHQJWK�DQG�GLVSDULW\�RI�FDPHUD�SDLU�� WKH�GHSWK�RI� WKH�REMHFW�FRXOG�EH� UHFRYHUHG�RQFH� WKH�FRUUHVSRQGHQFH�EHWZHHQ�WKH�OHIW�DQG�ULJKW�H\H�LPDJHV�DUH�VROYHG�
���� ,VVXHV�$QG�&KDOOHQJHV
6RPH�RI�WKH�LPSRUWDQW�LVVXHV�WKDW�FDQ�EH�UDLVHG�GXULQJ�WKH�VWXG\�DQG�LPSOHPHQWDWLRQ�RI�6WHUHR�9LVLRQ�DUH�GLVFXVVHG�EHORZ�
x 'LJLWDO� ,PDJH� 3URFHVVLQJ� DQG� XVH� RI� FRPSOH[� PDWKHPDWLFDO� IRUPXODH� LQ� WKH�DOJRULWKPV�UHTXLUHV�JUHDW�GHDO�RI�FRPSXWDWLRQ��WKXV�FRQVXPLQJ�PRUH�WLPH��8VH�RI�KDUGZDUH�ZLWK�KLJK�FDSDFLW\�LV�UHFRPPHQGHG�IRU�EHWWHU�SHUIRUPDQFH�
x ,GHQWLILFDWLRQ� RI� VXLWDEOH� DOJRULWKPV� WR� LPSOHPHQW� LV� D� FKDOOHQJLQJ� MRE�� ZKHUH�LVVXHV�RI�SHUIRUPDQFH��FRUUHFWQHVV��DQG�UHVWULFWLRQV�KDYH�WR�EH�FRQVLGHUHG�
x ,I� WZR� �RU� PRUH�� LPDJHV� DUH� DYDLODEOH�� WKHQ� WKH� WKUHH�GLPHQVLRQDO� SRLQW� FDQ� EH�REWDLQHG�DV�WKH�PDSSLQJ�RI�WKH�FRUUHVSRQGLQJ�SRLQWV�RI�WKH�WZR�LPDJHV��$�QXPEHU�RI�WKLQJV�DUH�QHHGHG�IRU�WKLV�R &RUUHVSRQGLQJ�LPDJH�SRLQWVR 5HODWLYH�SRVH�RI�WKH�FDPHUD�IRU�WKH�GLIIHUHQW�YLHZVR 5HODWLRQ�EHWZHHQ�WKH�LPDJH�SRLQWV�DQG�WKH�FRUUHVSRQGLQJ�OLQH�RI�VLJKW1RWH��KRZHYHU�WKDW�WKH�FDOFXODWLRQ�RI�GLVSDULW\�LV�QRW�DQ�HDV\�WDVN�WR�DWWDLQ�
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x 7KH� FRUUHFW� DQG� IDVW� HVWLPDWLRQ� RI� GLVSDULWLHV� LV� D� GLIILFXOW� SUREOHP�� %HVLGHV�GLVSDULWLHV�� YDULRXV� DGGLWLRQDO� LPDJH�YDULDWLRQV� RFFXU� EHWZHHQ� WKH� OHIW� DQG� ULJKW�YLHZ�RI�D� VFHQH��'LIIHUHQFHV�PLJKW�EH�FDXVHG�E\�RFFOXVLRQV�RI�REMHFWV�� VSHFXODU�UHIOHFWLRQV�� ZKLFK�PRYH� LQGHSHQGHQWO\� RI� WKH� VXUIDFHV� RI� REMHFWV�� VHQVRU� QRLVH��DQG�YDULRXV�RWKHU�FDXVHV�
x 7KH�UHODWLRQ�EHWZHHQ�DQ�LPDJH�SRLQW�DQG�LWV� OLQH�RI�VLJKW�LV�JLYHQ�E\�WKH�FDPHUD�PRGHO��H�J��SLQKROH�FDPHUD��DQG�WKH�FDOLEUDWLRQ�SDUDPHWHUV��7KHVH�SDUDPHWHUV�DUH�RIWHQ�FDOOHG�WKH�LQWULQVLF�FDPHUD�SDUDPHWHUV�ZKLOH�WKH SRVLWLRQ�DQG�RULHQWDWLRQ�RI�WKH�FDPHUD�DUH�LQ�JHQHUDO�FDOOHG�H[WULQVLF�SDUDPHWHUV��+RZ�FDQ�DOO�WKHVH�HOHPHQWV�FDQ� EH� UHWULHYHG� IURP� WKH� LPDJHV�� 7KH� NH\� IRU� WKLV� DUH� WKH� UHODWLRQV� EHWZHHQ�PXOWLSOH�YLHZV�ZKLFK�WHOO�XV�WKDW�FRUUHVSRQGLQJ�VHWV�RI�SRLQWV�PXVW�FRQWDLQ�VRPH�VWUXFWXUH� DQG� WKDW� WKLV� VWUXFWXUH� LV� UHODWHG� WR� WKH�SRVHV�DQG� WKH�FDOLEUDWLRQ�RI� WKH�FDPHUD��>��@
x $QRWKHU�W\SH�RI�SUREOHPV�LV�FDXVHG�ZKHQ�WKH�LPDJLQJ�SURFHVV�GRHV�QRW�VDWLVI\�WKH�FDPHUD�PRGHO� WKDW� LV�XVHG��6RPH�WLPHV�UDGLDO�GLVWRUWLRQ� LV�SUHVHQW� LQ� WKH� LPDJH��7KLV�PHDQV�WKDW�WKH�DVVXPSWLRQ�RI�D�SLQKROH�FDPHUD�LV�QRW�VDWLVILHG��,W�LV�KRZHYHU�SRVVLEOH� WR� H[WHQG� WKH� PRGHO� WR� WDNH� WKH� GLVWRUWLRQ� LQWR� DFFRXQW�� +RZHYHU��VRPHWLPHV�LPDJH�LV�PXFK�KDUGHU�WR�XVH�ZKHQ�LPSRUWDQW�SDUW�RI�WKH�VFHQH�LV�QRW�LQIRFXV��$QG�WKH�SUREOHP�EHFRPHV�PRUH�SURPLQHQW�ZKHQ�EORRPLQJ�LV�SUHVHQW��L�H��RYHUIORZ� RI� &&'�SL[HO� WR� WKH� ZKROH� FROXPQ��� 0RVW� RI� WKHVH� SUREOHPV� FDQ�KRZHYHU�EH�DYRLGHG�XQGHU�QRUPDO�LPDJLQJ�FLUFXPVWDQFH�
x ,PSOHPHQWDWLRQ�RI� VWHUHR�V\VWHP� LQ� WKH� UHDO� WLPH�V\VWHP�PXVW�FRQVLGHU�GLIIHUHQW�DIIHFWLQJ� IDFWRUV� OLNH� PRWLRQ� RI� WKH� VFHQH�� YDU\LQJ� OLJKW� LQWHQVLW\�� DSSHDUDQFH�FKDQJHV�RI�PRGHOV��FRPSOH[�QDWXUDO�REMHFWV��SUHVHQFH�RI�QRLVH��XQZDQWHG�IHDWXUH�WKDW�KLQGHUV�WKH�UHDO�RQH��HWF�
x 1RWH� WKDW� GLIIHUHQW� YLHZSRLQWV� DUH� QRW� WKH� RQO\� GHSWK� FXHV� WKDW� DUH� DYDLODEOH� LQ�LPDJHV�� 6KDGLQJ�� 6KDGRZV�� 6\PPHWU\��7H[WXUH� DQG� IRFXV� DOVR� JLYH� VRPH� KLQWV�DERXW�GHSWK�RU�ORFDO�JHRPHWU\��EXW�FRQVLGHULQJ�WKRVH�FXHV�DGG�DQ�H[WUD�RYHUKHDG�
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&KDSWHU��3URMHFW�'HVFULSWLRQ
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7KH� UHVXOW� RI� WKLV� SURMHFW� DIWHU� RQH� \HDU� RI� UHVHDUFK� ZDV� D� V\VWHP� EXLOW� RQ� MDYD�SODWIRUP� WKDW� LPSOHPHQWHG� RQH� RI� WKH� DUHD�EDVHG� VWHUHR�DOJRULWKP� WKDW�PDNH�XVH�RI�FRUUHODWLRQ�EDVHG�DSSURDFK�WR�ILQG�RXW�WKH�GLVSDULW\�PDS�E\�WDNLQJ�DQ�LQSXW�RI�WKH�VHW�RI� VWHUHR� LPDJHV��)RU� WKH� LPSOHPHQWDWLRQ�SDUW�� D�FRRSHUDWLYH�DOJRULWKP�SURSRVHG�E\�=LWQLF�DQG�.DQDGH�>��@�ZDV�XVHG��
���� 7KHRU\�RI�D�&RRSHUDWLYH�$OJRULWKP
=LWQLF�DQG�.DQDGH>��@�KDYH�SUHVHQWHG�D�VWHUHR�DOJRULWKP�IRU�REWDLQLQJ�GLVSDULW\�PDSV�ZLWK� RFFOXVLRQ� H[SOLFLWO\� GHWHFWHG�� 7R� SURGXFH� VPRRWK� DQG� GHWDLOHG� GLVSDULW\�PDSV��WZR�DVVXPSWLRQV�WKDW�ZHUH�RULJLQDOO\�SURSRVHG�E\�0DUU�DQG�3RJJLR�KDV�EHHQ�DGRSWHG��XQLTXHQHVV� DQG� FRQWLQXLW\�� 7KHVH� DVVXPSWLRQV� DUH� HQIRUFHG� ZLWKLQ� D� WKUHH�GLPHQVLRQDO�DUUD\�RI�PDWFK�YDOXHV�LQ�GLVSDULW\�VSDFH��(DFK�PDWFK�YDOXH�FRUUHVSRQGV�WR�D�SL[HO�LQ�DQ�LPDJH�DQG�D�GLVSDULW\�UHODWLYH�WR�DQRWKHU�LPDJH��$Q�LWHUDWLYH�DOJRULWKP�XSGDWHV� WKH� PDWFK� YDOXHV� E\� GLIIXVLQJ� VXSSRUW� DPRQJ� QHLJKERULQJ� YDOXHV� DQG�LQKLELWLQJ�RWKHUV�DORQJ�VLPLODU�OLQHV�RI�VLJKW��%\�DSSO\LQJ�WKH�XQLTXHQHVV�DVVXPSWLRQ��RFFOXGHG�UHJLRQV�FDQ�EH�H[SOLFLWO\�LGHQWLILHG�
7KH�&RRSHUDWLYH�$OJRULWKP�LV�VXPPDUL]HG�DV�x 3UHSDUH�D��'�DUUD\���U��F��G����U��F��IRU�HDFK�SL[HO�LQ�WKH�UHIHUHQFH�LPDJH�DQG�G�IRU�WKH�UDQJH�RI�GLVSDULW\�x 6HW� LQLWLDO� PDWFK� YDOXHV� /� XVLQJ D� IXQFWLRQ� RI� LPDJH� LQWHQVLWLHV�� VXFK� DV�QRUPDOL]HG�FRUUHODWLRQ�RU�VTXDUHG�GLIIHUHQFHV�x ,WHUDWLYHO\� XSGDWH�PDWFK� YDOXHV� /Q XVLQJ� HTXDWLRQ� JLYHQ� EHORZ�� XQWLO� WKH�PDWFK�YDOXHV�FRQYHUJH�/HW�<�U�� F�� G�� GHQRWH� WKH� VHW� RI� HOHPHQWV��ZKLFK RYHUODS� HOHPHQW� �U�� F�� G��ZKHQ�SURMHFWHG�WR�DQ�LPDJH��7KDW�LV��HDFK�HOHPHQW�LQ�<�U��F��G��SURMHFWV�WR�SL[HO��U��F��LQ�WKH� OHIW� LPDJH� RU� WR� WKH� SL[HO� �U�� F�G�� LQ� WKH� ULJKW� LPDJH��:LWK� WKH� XQLTXHQHVV�DVVXPSWLRQ��<�U��F��G��UHSUHVHQWV�WKH�LQKLELWLRQ�DUHD�WR�D�PDWFK�DW��U��F��G��
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GFUGFU Q
QQ GFU6 GFU6GFU/GFU/

7KH� H[SRQHQW�D FRQWUROV� WKH� DPRXQW� RI� LQKLELWLRQ� SHU� LWHUDWLRQ�� 7R� JXDUDQWHH� D�VLQJOH�HOHPHQW�ZLWKLQ�<�U��F��G��ZLOO�FRQYHUJH�WR����D PXVW�EH�JUHDWHU�WKDQ����+HUH�/��U��F��G��LV�FRPSXWHG�DV �������������� GFU,FU,GFU/ ULJKWOHIW � G:KHUH�� G LV� DQ� LPDJH VLPLODULW\� IXQFWLRQ� VXFK� DV� VTXDUHG� GLIIHUHQFHV� RU�QRUPDOL]HG�FRUUHODWLRQ�$QG��6Q�U��F��G��LV�WKH�DPRXQW�RI�ORFDO�VXSSRUW�IRU��U��F��G���L�H��WKH�VXP�RI�DOO�PDWFK�YDOXHV�ZLWKLQ�D��'�ORFDO�VXSSRUW�DUHD�x )RU�HDFK�SL[HO��U��F���ILQG�WKH�HOHPHQW��U��F��G��ZLWK�WKH�PD[LPXP�PDWFK�YDOXH��,I�WKH� PD[LPXP� PDWFK� YDOXH� LV� KLJKHU� WKDQ� D� WKUHVKROG�� RXWSXW� WKH� GLVSDULW\� G��RWKHUZLVH�FODVVLI\�LW�DV�RFFOXGHG�
���� ,PSOHPHQWDWLRQ�'HWDLOV
$OO� WKH� LPSOHPHQWDWLRQV RI� WKLV� DOJRULWKP� DUH� SDFNDJHG� XQGHU� WKH� SDFNDJH�HGX�NX�VWHUHR��0HWKRGV�IRU�FDOFXODWLQJ�WKH�/� YDOXHV�DQG�/Q YDOXHV�DUH�WKH�PHPEHU�RI�6WHUHR� FODVV� DQG� VXSSRUWLQJ� PHWKRGV� WR� PDQLSXODWH� WKH� SL[HO� GDWD� DUH� VWRUHG� LQ�LPDJH�G�&ODVV��
7KH�FODVV� LPDJH�G�PDNH�XVH�RI�DQRWKHU�SULYDWH�FODVV�SL['DWD��7KH�QHFHVVLW\�RI� WKLV�SULYDWH� FODVV� EHFRPH� SURPLQHQW� ZKHQ� LPDJH�G� FODVV� ZDQWV� WR� KDYH� FRQFXUUHQW�UHIHUHQFH� WR�PRUH� WKDQ�RQH�SL[HO�YDOXH�DW� D� WLPH�� WKDW� LV�GXULQJ�VXPPDWLRQ�RI�SL[HO�YDOXHV�DURXQG�WKH�ZLQGRZ�RI�FHUWDLQ�UDGLXV��7KXV�DGGLQJ�DQ�LQVWDQFH�RI�SULYDWH�FODVV�SL['DWD�ZLWKLQ� WKH� LPDJH�G�PDNHV� LW� VLPSOH��EXW�EHIRUH� WKDW�DOO� WKH�PRGLILFDWLRQ� LQ�SL[HO�YDOXH�RI�FODVV�LPDJH�G�KDV�WR�VXEVHTXHQWO\�PRGLI\�WKH�SL[HO�GDWD�RI�DQ�LQVWDQFH�
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RI� SL['DWD�� 7LOO� WKH� LPDJH�G� FODVV�� WKH� SL[HO� YDOXHV� DUH� DVVXPHG� WR� EH� VWRUHG� DQG�H[WUDFWHG�E\�LQGH[LQJ�DV�D�PXOWLGLPHQVLRQDO�DUUD\��EXW�ZKHQ�LW�FRPHV�WR�WKH�SL['DWD�FODVV��SL[HO�YDOXHV�DUH�VWRUHG�LQ�VLQJOH�GLPHQVLRQDO�PDQQHU��
&DOFXODWLQJ�/� 	�/Q YDOXHV�LV�MXVW�D�PDWWHU�RI�UXQQLQJ�WKH�ORRS�DFURVV�URZV��FROXPQV�DQG� GHSWK� OHYHO�� 8VH� RI� WKHVH� ORRSV� LV GLUHFWO\� PDSSHG� IURP� HDFK� VXPPDWLRQ� �¦��QRWDWLRQ�IRXQG�LQ�WKH�HTXDWLRQ�GHVFULEHG�LQ�VHFWLRQ������7KH�GLVSDULW\�YDOXHV�RI�HDFK�SL[HO� DOZD\V� OLH ZLWKLQ� WKH� GHSWK� LQWHUYDO� SURYLGHG� DQG� LW� LV� EHWWHU� LGHD� WR� VFDOH� LW�ZLWKLQ�D�VSHFLILHG�UDQJH��KHUH�ZH�KDYH�WDNHQ���ELW��L�H��IURP��������DQG�GLVSOD\��7KH�FRQILGHQFH� YDOXH� LV� WKH� YRWH� RI� HDFK� SL[HO�ZLWK� LWV� FRUUHVSRQGLQJ� SL[HO� WDNLQJ� LQWR�FRQVLGHUDWLRQ� WR� LWV�QHLJKERULQJ�SL[HOV�DQG� WKHVH�YDOXHV�DUH�JHQHUDOO\�YHU\�YHU\� OHVV�WKDQ���DIWHU�FRPSXWDWLRQ��+HQFH��WKHVH�YDOXHV�DUH�DOVR�WR�EH�VFDOHG�XS�WR�OLH�ZLWKLQ�WKH�JUD\VFDOH�OHYHO�DQG�D�FRQILGHQFH�YDOXH�OHVV�WKDQ�WKUHVKROG�YDOXH��KHUH����LV�DVVXPHG�WR�EH�WKUHVKROG��EXW�WKDW�PD\�YDU\�DFFRUGLQJ�WR�WKH�SURSHUWLHV�RI�LPDJH��DUH�DVVXPHG�WR�EH�RFFOXGHG��6R��WKH�RFFOXVLRQ�PDS�RQO\�QHHGV WR EH�GLVSOD\HG�LQ�D�ELQDU\�IRUPDW��L�H��WKH�SRLQWV�WKDW�DUH�RFFOXGHG�DUH�H[SUHVVHG�E\�D�EODFN�GRW�DQG�WKRVH�QRQ�RFFOXGHG�SRLQWV�DV�ZKLWH�
6LQFH�� MDYD� LV� WKH�SODWIRUP� IRU� LPSOHPHQWDWLRQ�RI� WKLV�DOJRULWKP��PRVW�RI� WKH� WKLQJV�QHFHVVDU\� IRU� *8,� GHYHORSPHQW� ZDV DOUHDG\� WKHUH�� 6R�� GHVLJQLQJ� RI� *8,� ZDV� WR�LQKHULW�WKRVH�FODVVHV�DQG�DGGLWLRQ�RI�H[WUD�IXQFWLRQDOLW\�RI�RXU�SDUWLFXODU�DSSOLFDWLRQ�WR�WKH�FODVVHV�ZKHUH�QHFHVVDU\��VWHUHR'HVNWRS� LV� WKH� WRSPRVW�FODVV� WKDW� LV� WKH�SDUHQW�RI�RXU� DSSOLFDWLRQ��ZKLFK LV� LQVWDQWLDWHG�GLUHFWO\� IURP�RXU�PDLQ�PHWKRG��6LQFH� WKHUH� LV�RQO\�RQH� LQVWDQFH�VWHUHR'HVNWRS�DW�D� WLPH�� WKHUH� LV�VWDWLF� LQVWDQFH�RI� WKH�FODVV�LWVHOI��6R�WKH�IDFWRU\�PHWKRG�RI�VWHUHR'HVNWRS�GRHV�QRW�FUHDWH�QHZ�REMHFW�ZKHQ�UHTXHVWHG��EXW�UHWXUQV�WKH�UHIHUHQFH�WR�DQ�ROG�REMHFW��7KXV�IURP�DQ\�RWKHU�FODVV��VLPSO\�LPSRUWLQJ�WKH� VWHUHR'HVNWRS� FODVV� JUDQWV� WKH� XVH� RI� DOUHDG\� EXLOW� GHVNWRS�� 7KH� DFFHVV� RI� WKLV�LQVWDQFH�LV�XVHIXO� LQ�FDVHV�ZKLOH�GLVSOD\LQJ�WKH�PHVVDJH�ER[��GLDORJ�ER[�RU�SURJUHVV�PRQLWRU�WKDW�DOZD\V�DVNV�IRU�WKH�SDUHQW�FODVV�RYHU�ZKLFK�WR�GLVSOD\��)LJ������VKRZV�DQ�LQVWDQFH�RI�GHVNWRS�IUDPH�EHLQJ�GLVSOD\HG�ZKLOH�LW�LV�SURFHVVLQJ�
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ILJ������ 6WHUHR�'HVNWRS�)UDPH
$OO�WKH�LQWHUQDO�IUDPHV�RI�WKH�VWHUHR�GHVNWRS�KDYH�WR�VKRZ�LPDJHV�LQ�RQH�ZD\�RU�RWKHU��7KXV�DQ�DEVWUDFW�FODVV�LPDJH3DQHO�FRQWDLQV�IHZ�LPSOHPHQWDWLRQV OLNH�JHW,PDJH���DQG�VHW,PDJH��� WKDW� UHWXUQV� RU� VHWV� WKH� LPDJH� LQ� WKDW� IUDPH��%XW� LQ� ORZHU� OHYHO�� WKH� VXE�FODVV�RI� LPDJH�SDQHO�ZKLFK�DUH� OHIW3DQHO�� UHVXOW3DQHO��	� � ULJKW3DQHO�KDYH� WKHLU�RZQ�IXQFWLRQDOLW\�VXFK�DV�HQDEOLQJ�RU�GLVDEOLQJ�RI�IUDPH�SURSHUWLHV��DFWLRQV�WR�SHUIRUP�RQ�PRXVH� HYHQW�� WKH� QHHG� RI�PHQX�V\VWHP�DQG� LWV� FRQWHQWV��7KXV� WKH� FODVV� OHIW3DQHO� LV�PDGH�VXFK� WKDW� LW�ZRUNV�RQ�PRXVH�HYHQW�VXFK�DV�PDUNLQJ�RI�FRUUHVSRQGLQJ�SRLQW� LQ�ULJKW� LPDJH�RI� WKH�VHOHFWHG SRLQW�DQG�UHVXOW3DQHO�JLYHV� LWV�RZQ�PHQX�IRU� WKH�XVHU�WR�VDYH�WKH�RXWSXW�LPDJH�
,I�WKHUH�LV�RQO\�IHZ�GDWD�WKDW�LV�UHTXLUHG�IRU�WKH�RSHUDWLRQ�RI�DQ\�DSSOLFDWLRQ��WKH�GDWD�DUH� VHQW� DV� D� SDUW� RI� DUJXPHQW�� %XW� LI� WKHUH� DUH�PRUH� WKDQ� WZR� RU� WKUHH� DUJXPHQWV��UDWKHU� WKDQ� JLYLQJ� D� OLVW� RU� DUJXPHQWV� VXFK� DV� QDPH� RI� OHIW� LPDJH�� QDPH� RI� ULJKW�LPDJH��QXPEHU�RI�LWHUDWLRQ�WR�PDNH��UDGLXV�RI�ZLQGRZ��HWF��ZH�GHFLGHG�WR�SXW�DOO�WKH�DUJXPHQWV� LQ� D�ELQDU\� ILOH� DQG�JLYH�D� VLQJOH�DUJXPHQW�� WKH�QDPH�RI� WKDW�ELQDU\� ILOH��7KXV�DIWHU�UHDGLQJ�WKH�JLYHQ�ILOH��DOO�WKH�UHTXLUHG�DUJXPHQWV�FDQ�EH�H[WUDFWHG�RXW��7KLV�
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H[WUDFWLRQ�LV�PDGH�SRVVLEOH�E\�WKH�XVH�RI�D�SDUVHU��ZKLFK ZLOO�DVVXPH�WKDW�DOO�WKH�GDWD�DUH�DUUDQJHG�LQ�D�VSHFLILHG�RUGHU�DQG�FRPSOHWH��6R��DIWHU�SDUVLQJ�WKH�GDWD�LW�UHWXUQV�WKH�GDWD�ZKHQHYHU�UHTXLUHG�E\�RWKHU�FODVVHV��
:KHQ�LW�FRPHV�WR�LPSOHPHQWDWLRQ�SDUW��LW�LV�DOZD\V�XQNQRZQ�WKDW�ZKHQ�WR�VWRS��$QG�WKLV� LV� � HDV\� IRU� XV�� ³6WRS� WKH�ZRUN�ZKHQ� WKH� HQG� RI� VHPHVWHU� DSSURDFKHV�ZLWK� WKH�PLQLPXP�JRDO�DFFRPSOLVKHG´��$QG�ZLWK�WKLV�PXFK�RI�LPSOHPHQWDWLRQ�ZH�DUH�DOPRVW�QHDU�WR�WKH�HQG�RI�RXU�VHPHVWHU�DQG�KDYH�IXOILOOHG�ZKDW�ZDV�GHFLGHG�HDUOLHU��$V�PRVW�RI�WKH�WLPH�IRU�WKLV�SURMHFW�ZDV�GHYRWHG�LQ�OHDUQLQJ��L�H��IURP�WKH�EHJLQQLQJ�RI�LPDJH�SURFHVVLQJ�WR�WKH�VWUDWHJLHV�RI�VWHUHR�YLVLRQ��:H�FRXOG�KDYH�GRQH�PRUH�WKDQ�ZKDW�ZDV�LPSOHPHQWHG�DQG�WKH�UDWLR�RI�DFTXLUHG�NQRZOHGJH�WR�RXWSXW�LV�TXLWH�KLJK��:H�EHOLHYH�WKDW�ZH�FDQ�XVH�WKLV NQRZOHGJH�DW�KLJKHU�OHYHO�RI�RXU�VWXGLHV�

/HIW�,PDJH 5LJKW�,PDJH 'LVSDULW\�0DS�%ULJKW�YDOXH�UHSUHVHQWV�QHDUQHVV�RI�REMHFW�ILJ�������6WHUHR�SDLU�LPDJH�RI�FRUULGRU�DQG�LWV�GHSWK�PDS�
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&KDSWHU��&RQFOXVLRQ�$QG�)XUWKHU�5HFRPPHQGDWLRQ
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5HVHDUFKHUV�KDYH�EHHQ�LQYHVWLJDWLQJ�PHWKRGV�WR�DFTXLUH��'�LQIRUPDWLRQ�IURP�REMHFWV�DQG�VFHQHV� IRU�PDQ\�\HDUV�� ,Q� WKH�SDVW� WKH�PDLQ�DSSOLFDWLRQV�ZHUH�YLVXDO� LQVSHFWLRQ�DQG�URERW�JXLGDQFH��1RZDGD\V�KRZHYHU�WKH�HPSKDVLV� LV�VKLIWLQJ��7KHUH�LV�PRUH�DQG�PRUH� GHPDQG� IRU� �'� PRGHOV� LQ� FRPSXWHU� JUDSKLFV�� YLUWXDO� UHDOLW\� DQG�FRPPXQLFDWLRQ��7KLV�UHVXOWV�LQ�D�FKDQJH�LQ�HPSKDVLV�IRU�WKH�UHTXLUHPHQWV��7KH�YLVXDO�TXDOLW\�EHFRPHV�RQH�RI� WKH�PDLQ�SRLQWV�RI�DWWHQWLRQ��7KHUHIRUH�QRW�RQO\�WKH�SRVLWLRQ�RI� D� VPDOO� QXPEHU� RI� SRLQWV� KDYH� WR� EH� PHDVXUHG� ZLWK� KLJK� DFFXUDF\�� EXW� WKH�JHRPHWU\� DQG� DSSHDUDQFH� RI� DOO� SRLQWV� RI� WKH� VXUIDFH� KDYH� WR� EH� PHDVXUHG�� 7KLV�UHTXLUHV�DQ�H[WHQVLYH�XVH�RI�6WHUHR�9LVLRQ�
6LQFH��WKH�SURMHFW�EDVLFDOO\�DLPHG�IRU�WKH�PHPEHU�WR�EH�HTXLSSHG�ZLWK�WKH�NQRZOHGJH�RI�&RPSXWHU�9LVLRQ�DQG�SDUWLFXODUO\�ZLWK�WKH�ILHOG�RI�6WHUHR�9LVLRQ��+HQFH��ZKDWHYHU�WDUJHWHG� DW� WKH� EHJLQQLQJ� RI� WKH� SURMHFW� ZDV� DFTXLUHG�� ,Q� DGGLWLRQ�� WKH� SURMHFW�PHPEHUV� KDYH� ZRUNHG� LQ� VXFK� D� ZD\� WKDW� WKH� GLIIHUHQWLDO� LQ� DSSURDFKHV� RI� VWHUHR�YLVLRQ�SURSRVHG�E\�GLIIHUHQW�PHPEHUV�KDYH�EHHQ�VXPPDUL]HG�KHUH�LQ� WKH�UHSRUW�DQG�LPSOHPHQWDWLRQ�RI�RQH�RI�VXFK�W\SH�LV�VXFFHVVIXOO\�GRQH��
)XUWKHU��WKLV�SURMHFW�PD\�EH�XVHG�IRU�WKH�DSSOLFDWLRQ�LQ�GLIIHUHQW�DUHDV�OLVWHG�LQ�VHFWLRQ�����ZLWK� D� IHZ�PRGLILFDWLRQV�� 6LQFH�� WKH� LPSOHPHQWDWLRQ� LV� GRQH� LQ� REMHFW� RULHQWHG�PDQQHU�� HDFK� FODVV� PD\� EH� UHXVHG� IRU� WKH� ODUJHU� V\VWHP� WKDW� PDNH� XVH� RI� 6WHUHR�9LVLRQ�
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$SSHQGLFHV
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$SSHQGL[�$�*ORVVDU\
��'LPHQVLRQDO D�V\VWHP�FRQVLGHULQJ�RQO\� WZR�IDFWRUV�� IRU�H[DPSOH�D�SLFWXUH�KDYLQJ�KRUL]RQWDO��[�FRRUGLQDWH��DQG�YHUWLFDO�\�FRRUGLQDWH��FRRUGLQDWH�V\VWHP�
&&'�&DPHUD &KDUJHG�&RXSOHG�'HYLFH�LV�D�FROOHFWLRQ�RI�WLQ\�OLJKW�VHQVLWLYH�GLRGHV��ZKLFK�FRQYHUW�SKRWRQV��OLJKW��LQWR�HOHFWURQV��HOHFWULFDO�FKDUJH���7KH�EULJKWHU�WKH�OLJKW�WKDW�KLWV� D� VLQJOH�GLRGH�� WKH�JUHDWHU� WKH�HOHFWULFDO�FKDUJH� WKDW�ZLOO�DFFXPXODWH�DW� WKDW�VLWH�
&RPSXWHU�9LVLRQ D�EUDQFK�RI�&RPSXWHU�6FLHQFH��ZKLFK LV�FDSDEOH�RI�SHUFHLYLQJ�WKH�LQIRUPDWLRQ� WKURXJK� WKH� YLVXDO� LQIRUPDWLRQ�� DOVR� NQRZQ� DV� LPDJH� DQDO\VLV�� VFHQH�DQDO\VLV��LPDJH�XQGHUVWDQGLQJ�
&RRSHUDWLYH�$OJRULWKP $�FRRSHUDWLYH�DSSURDFK�XVLQJ� WKH�GLVSDULW\�VSDFH� WR�XWLOL]H�WKH�WZR�DVVXPSWLRQV��XQLTXHQHVV�DQG�FRQWLQXLW\�RI�D�GLVSDULW\�PDS�
(GJH�HGJH�SRLQWV�� RU� VLPSO\� HGJHV�� DUH�SL[HOV� DW� RU� DURXQG�ZKLFK� WKH� LPDJH�YDOXHV�XQGHUJR�D�VKDUS�YDULDWLRQ�
(SLSROH VHH�(SLSRODU�*HRPHWU\�
(SLSRODU�/LQH VHH�(SLSRODU�*HRPHWU\�
(SLSRODU� *HRPHWU\� *LYHQ� D� VWHUHR� SDLU� RI� FDPHUDV�� DQ\� SRLQW� LQ� ��'� VSDFH�� 3��GHILQHV�D�SODQH���S3��JRLQJ�WKURXJK�3 DQG�WKH�FHQWHUV�RI�SURMHFWLRQ�RI�WKH�WZR�FDPHUDV��7KH� SODQH�S3 LV� FDOOHG� HSLSRODU� SODQH� DQG� WKH� OLQHV�ZKHUH�S3 LQWHUVHFWV� WKH� LPDJH�SODQHV�FRQMXJDWHG�HSLSRODU�OLQHV��7KH�LPDJH�LQ�RQH�FDPHUD�RI�WKH�SURMHFWLRQ�FHQWHU�RI�WKH�RWKHU�LV�FDOOHG�HSLSROH�
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,GHDO�(QYLURQPHQW D�VLWXDWLRQ�ZKLFK�GRHV�QRW�FRQWDLQ�H[WUD�IDFWRU�WKDW�PLJKW�DIIHFW�LQ�WKH�RSHUDWLRQ�RI�D�V\VWHP�
,QWHQVLW\�WKH�TXDQWLW\�RI�OLJKW�WKDW�FDQ�EH�GLVFXVVHG�LQ�WKH�SK\VLFV�VHQVH�RI�HQHUJ\�
3LQKROH�&DPHUD�7KH�FDPHUD¶V�DSHUWXUH�UHGXFHG�WR�D�SRLQW��FDOOHG�D�SLQKROH��VXFK�WKDW�RQO\� RQH� UD\� IURP� DQ\� JLYHQ� SRLQW� FDQ� HQWHU� WKH� FDPHUD�� DQG� FUHDWHV� D� RQH�WR�RQH�FRUUHVSRQGHQFH�EHWZHHQ�YLVLEOH�SRLQWV��UD\V��DQG�LPDJH�SRLQWV�
5RERW�PDFKLQH�DXWRPDWLFDOO\�FRPSOHWLQJ�D�PHFKDQLFDO�SURFHVV�
5RERWLFV DUW��VFLHQFH�DQG�VWXG\�RI�URERW�GHVLJQ�DQG�RSHUDWLRQ�
6HOI�2FFOXVLRQ 3RLQWV�ZLWK�QR�FRXQWHUSDUW�LQ�WKH�RWKHU�LPDJH�
6RQDU�V\VWHP�IRU�WKH�GHWHFWLRQ�RI�REMHFWV�E\�UHIOHFWHG�VRXQG�
6WHUHR�0DWFKLQJ *LYHQ�DQ�HOHPHQW�LQ�WKH�OHIW�LPDJH��ZH�VHDUFK�IRU�WKH�FRUUHVSRQGLQJ�HOHPHQW�LQ�WKH�ULJKW�LPDJH�
6WHUHR� &RUUHVSRQGHQFH &RQVLVWV� LQ� GHWHUPLQLQJ� ZKLFK� LWHP� LQ� OHIW� LPDJH�FRUUHVSRQGV�WR�WKH�LWHP�LQ�ULJKW�LPDJH�
9LVLRQ 7KH�DFW�RI�SHUFHLYLQJ�DQG�LQWHUSUHWLQJ�YLVXDO�LQIRUPDWLRQ�
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$SSHQGL[�%� 5HIHUHQFHV�	�%LEOLRJUDSK\
>��@ %LQVDQ�.KDGND�HW�DO�� ��������³6WHUHR�9LVLRQ��$Q�,QWURGXFWRU\�$SSURDFK´��)LUVW�1DWLRQDO�6WXGHQWV�&RQIHUHQFH�RQ�,7��1HSDO�&ROOHJH�RI�,QIRUPDWLRQ�7HFKQRORJ\�>��@ %��&KDQGD��'��'XWWD�0DMXPGHU��³'LJLWDO�,PDJH�3URFHVVLQJ�DQG�$QDO\VLV´��3+,��>��@ %�*�� %DWFKHORU� DQG� 3�)��:KHODQ� �������� ³0DFKLQH� YLVLRQ� V\VWHPV�� 3URYHUEV��SULQFLSOHV�� SUHMXGLFHV� DQG� SULRULWLHV´�� 3URFHHGLQJV� RI� WKH� 63,(� ± 7KH�,QWHUQDWLRQDO� 6RFLHW\� IRU� RSWLFDO� (QJLQHHULQJ�� YRO�� ����� ± 0DFKLQH� 9LVLRQ�$SSOLFDWLRQV��$UFKLWHFWXUHV��DQG�6\VWHPV�,QWHJUDWLRQ�,,,��%RVWRQ��86$���SS���������>��@ &�� /DZUHQFH� =LWQLF�� 7DNHR� .DQDGH� ������� �� ³� $� &RRSHUDWLYH� $OJRULWKP� IRU�6WHUHR�0DWFKLQJ�DQG�2FFOXVLRQ�'HWHFWLRQ´��&08�5,�75�������>��@ &D\�6��+RUVWPDQQ��*DU\�&RUQHOO��³&RUH�-DYD�9ROXPH�,�)XQGDPHQWDOV´��3HDUVRQ�(GXFDWLRQ�$VLD�>��@ &D\� 6�� +RUVWPDQQ�� *DU\� &RUQHOO�� ³&RUH� -DYD�9ROXPH� ,,�$GYDQFHG� )HDWXUHV´��3HDUVRQ�(GXFDWLRQ�$VLD�>��@ '��*HLJHU�HW�DO����������³2FFOXVLRQV�DQG�%LQRFXODU�6WHUHR�´�,QWHUQDWLRQDO�-RXUQDO�RI�&RPSXWHU�9LVLRQ��,-&9���9RO������SS����������>��@ '�� 0DUU�� 7�� 3RJJLR�������� ³&RRSHUDWLYH� &RPSXWDWLRQ� RI� 6WHUHR� 'LVSDULW\´��6FLHQFH��1HZ�6HULHV��9ROXPH������,VVXH�������SS���������>��@ '��0DUU��7��3RJJLR��������³$�7KHRU\�RI�+XPDQ�6WHUHR�9LVLRQ´��0DVVDFKXVHWWV�,QVWLWXWH�RI�7HFKQRORJ\�$,�/DE��$��,��0HPR�1R�������>���@ 'RQDOG�+HDUQ��0��3DXOLQH�%DNHU�� ³&RPSXWHU�*UDSKLFV� ± &�9HUVLRQ´�� 3HDUVRQ�(GXFDWLRQ�$VLD�>���@ )RUV\WK�DQG�3RQFH��³�&RPSXWHU�9LVLRQ��$�0RGHUQ�$SSURDFK´��3HDUVRQ�(GXFDWLRQ��&KDSWHU���>���@ +HUEHUW� 6FKLOGW�� ³7KH� &RPSOHWH� 5HIHUHQFH� -DYD70 �´�� 7DWD� 0F*UDZ� +LOO�(GLWLRQ�
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>���@ -DPHV�'��)ROH\� HW� DO��� ³&RPSXWHU�*UDSKLFV�3ULQFLSOHV� DQG�3UDFWLFH´��$GGLVRP�:HVOH\�>���@0��%HUWR]]L�HW�DO���³6WHUHR�9LVLRQ�6\VWHP�3HUIRUPDQFH�$QDO\VLV´��8QLYHUVLWj�GL�3DUPD�����$�,��������3DUPD��,WDO\��>���@0LODQ�6RQDND�HW� DO��� ³,PDJH�3URFHVVLQJ��$QDO\VLV�� DQG�0DFKLQH�9LVLRQ´��3:6�3XEOLVKLQJ�>���@ 1LFN�(IIRUG��³'LJLWDO� ,PDJH�3URFHVVLQJ� D�SUDFWLFDO� LQWURGXFWLRQ�XVLQJ�-DYD70´��3HDUVRQ�(GXFDWLRQ�$VLD�>���@ 3�� 1�� %HOKXPHXU� 	� '�� $�� 0XPIRUG�� ³$� ED\HVLDQ� WUHDWPHQW� RI� WKH� VWHUHR�FRUUHVSRQGHQFH�SUREOHP�XVLQJ�KDOI�RFFOXGHG�UHJLRQV�´�,Q�3URF��,(((�&RQI��2Q�&RPSXWHU�9LVLRQ�DQG�3DWWHUQ�5HFRJQLWLRQ�������>���@:LOOLDP�+RII�	�1DUHQGUD�$KXMD�� ³'HSWK�)URP�6WHUHR´��8QLYHUVLW\� RI� ,OOLQRLV��86$�>���@:LOOLDP�+RII�	�1DUHQGUD�$KXMD��³([WUDFWLQJ�6XUIDFHV�IURP�6WHUHR�,PDJHV��$Q�,QWHJUDWHG� $SSURDFK´�� &RRUGLQDWHG� 6FLHQFH� /DERUDWRU\�� 8QLYHUVLW\� RI� ,OOLQRLV��86$�>���@:LOOLDP� +RII� 	� 1DUHQGUD� $KXMD� �������� ³� 6XUIDFHV� )URP� 6WHUHR�� ,QWHJUDWLQJ�)HDWXUH� 0DWFKLQJ�� 'LVSDULW\� (VWLPDWLRQ�� DQG� &RQWRXU� 'HWHFWLRQ´�� ,(((�7UDQVDFWLRQ�RQ�SDWWHUQ�DQDO\VLV�DQG�PDFKLQH�LQWHOOLJHQFH��9RO�����1R�����SS����±���>���@ KWWS���D[RQ�SK\VLN�XQL�EUHPHQ�GH�UHVHDUFK�VWHUHR�SULQFLSOH�KWPO>���@ KWWS���ZZZ�YLVLRQ�G�FRP�VWHUHR�KWPO>���@ KWWS���ZZZ�YLVLRQHQJ�FRP�

http://www.visioneng.com/
http://www.vision3d.com/stereo.html
http://axon.physik.uni-bremen.de/research/stereo/principle.html
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