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$EVWUDFW�
:KHQ� XVLQJ� DQ� LPDJLQJ� V\VWHP� WR� PDNH� PHDVXUHPHQWV�� LW� LV�LPSRUWDQW� WR� FRUUHFW� IRU� OHQV� GLVWRUWLRQ�� $Q� LPDJH� RI� D� JULG� LV�FDSWXUHG�� DQG� SDUDERODV� DUH� ILWWHG� WR� HDFK� RI� WKH� JULGOLQHV�� 7KH�FXUYDWXUH�RI�WKH�SDUDERODV�LV�XVHG�WR�HVWLPDWH�WKH�UDGLDO�GLVWRUWLRQ�FRPSRQHQW��2QFH�WKLV�LV�UHPRYHG��WKH�LPDJH�FDQ�WKHQ�EH�FRUUHFWHG�IRU� SHUVSHFWLYH� GLVWRUWLRQ�� 7KH� DSSURDFK� SUHVHQWHG� LV� D� VLPSOH��GLUHFW� DSSURDFK� WKDW� SURYLGHV� DQ� DFFXUDWH� ILUVW� DSSUR[LPDWLRQ� WR�FKDUDFWHULVLQJ�WKH�GLVWRUWLRQ��
.H\ZRUGV� EDUUHO�GLVWRUWLRQ��FDPHUD�FDOLEUDWLRQ��OHDVW�VTXDUHV�ILW��VXE�SL[HO�ILWWLQJ��DVSHFW�UDWLR��SHUVSHFWLYH�GLVWRUWLRQ��
��� ,QWURGXFWLRQ�
,PDJH� SURFHVVLQJ� LV�ZLGHO\�XVHG� LQ�PHDVXUHPHQW� DSSOLFDWLRQV� WR�SURYLGH� UDSLG� QRQ�FRQWDFW� PHDVXUHPHQWV�� 7KH� DFFXUDF\� RI� WKH�UHVXOWV�REWDLQHG�GHSHQGV�QRW�RQO\�RQ�WKH�LPDJH�DQDO\VLV�DOJRULWKP��EXW� DOVR� WKH� TXDOLW\� RI� WKH� LPDJHV� REWDLQHG�� :KLOH� LPDJH�UHVROXWLRQ� LV� WKH� XOWLPDWH� OLPLWLQJ� IDFWRU� LQ� WHUPV� SUHFLVLRQ�� OHQV�GLVWRUWLRQ� FDQ� LQWURGXFH� VLJQLILFDQW� HUURUV�� 7KH� ILHOG� RI�SKRWRJUDPPHWU\�KDV�GHYHORSHG�WHFKQLTXHV�IRU�FKDUDFWHULVLQJ�DQG�FRPSHQVDWLQJ� IRU� DQ\� GLVWRUWLRQV� SUHVHQW�� HQDEOLQJ� DFFXUDWH�PHDVXUHPHQWV�WR�EH�PDGH��2QH� RI� WKH�PRVW� SUHYDOHQW� IRUPV� RI� OHQV� GLVWRUWLRQ� LV� EDUUHO�GLVWRUWLRQ�� ,W� UHVXOWV� IURP� WKH� OHQV� KDYLQJ� D� VOLJKWO\� KLJKHU�PDJQLILFDWLRQ�LQ�WKH�FHQWUH�RI�WKH�LPDJH�WKDQ�DW�WKH�SHULSKHU\��7KH�UHGXFWLRQ�LQ�PDJQLILFDWLRQ�DW�WKH�HGJH�FDXVHV�WKH�HGJHV�WR�VKULQN�DURXQG� WKH� FHQWUH�� JLYLQJ� WKH� FKDUDFWHULVWLF� EDUUHO� VKDSH� �VHH�)LJXUH� ���� %DUUHO� GLVWRUWLRQ� LV� SDUWLFXODUO\� QRWLFHDEOH� ZLWK� ERWK�ZLGH�DQJOH� OHQVHV� DQG� LQH[SHQVLYH� OHQVHV�� 6XFK� OHQVHV� DUH�FRPPRQO\� IRXQG� RQ�ZHE�FDPHUDV� EHFDXVH� WKH�ZLGH� DQJOH� JLYHV�EHWWHU� GHSWK� RI� ILHOG�� PDNLQJ� IRFXVVLQJ� OHVV� FULWLFDO�� RU� HYHQ�XQQHFHVVDU\�� $OWKRXJK� ZHE�FDPHUDV� DUH� QRW� QRUPDOO\� XVHG� LQ�PHDVXUHPHQW� DSSOLFDWLRQV�� WKH� GLVWRUWLRQ� FDQ� EH� REMHFWLRQDEOH��HVSHFLDOO\� LI� WKH�VFHQH�FRQWDLQV�VWUDLJKW�OLQHV��$V�D�UHVXOW�RI�WKHLU�ORZ�FRVW��ZHE�FDPHUDV�DUH�LQFUHDVLQJO\�EHLQJ�XVHG�LQ�URERWLFV�DQG�HYHQ� LPDJH� DQDO\VLV� DSSOLFDWLRQV� ZKHUH� WKH� HIIHFWV� RI� GLVWRUWLRQ�EHFRPH�HYHQ�PRUH�FULWLFDO��(YHQ�ZKHQ�KLJKHU�TXDOLW\�FDPHUDV�DQG�OHQVHV� DUH�XVHG�� WKH� FRQVWUDLQWV�RI� WKH� LPDJLQJ�HQYLURQPHQW�PD\�GLFWDWH� WKH� XVH� RI� ZLGH�DQJOH� OHQVHV� ZLWK� WKHLU� DVVRFLDWHG�GLVWRUWLRQV��
���� &DPHUD�&DOLEUDWLRQ�
7KH� SURFHGXUH� IRU� PRGHOOLQJ� WKH� LPDJLQJ� SURFHVVHV� DQG�FKDUDFWHULVLQJ�WKH�GLVWRUWLRQV�LQWURGXFHG�E\�DQ�LPDJLQJ�V\VWHP�LV�NQRZQ�DV�FDPHUD�FDOLEUDWLRQ��&ODUNH�DQG�)U\HU�>����@�UHYLHZ�WKH�KLVWRU\� RI� FDPHUD� FDOLEUDWLRQ�� LQ� SDUWLFXODU� ORRNLQJ� DW� WKH�GHYHORSPHQWV�LQ�FKDUDFWHULVLQJ�OHQV�GLVWRUWLRQ���,Q� FRPSXWHU� YLVLRQ�� WKH� DSSURDFK� RI� 7VDL� >����@� RU� VRPH�GHULYDWLRQ� LV� FRPPRQO\� XVHG�� 7KHVH� DSSURDFKHV� HVWLPDWH� WKH�SRVLWLRQ�DQG�RULHQWDWLRQ�RI�WKH�FDPHUD�UHODWLYH�WR�D�WDUJHW��DV�ZHOO�DV� HVWLPDWLQJ� WKH� OHQV� GLVWRUWLRQ� SDUDPHWHUV�� DQG� WKH� LQWULQVLF�LPDJLQJ� SDUDPHWHUV�� $� IXOO� FDPHUD� FDOLEUDWLRQ� UHTXLUHV� SXUSRVH�EXLOW� WKUHH�GLPHQVLRQDO� PRGHOV�� RU� PXOWLSOH� LPDJHV� RI� SODQDU�PRGHOV�WDNHQ�LQ�GLIIHUHQW�SRVHV�>+HLNNLOD�DQG�6LOYHQ������@��
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)LJXUH����$Q�LPDJH�ZLWK�VHYHUH�EDUUHO�GLVWRUWLRQ��7KH�JULG�UHJLRQ�PHDVXUHV�����P�[������P��DQG�LV�YLHZHG�ZLWK�D�ZLGH�DQJOH�OHQV�IURP�D�GLVWDQFH�RI�����P��1RWH�WKHUH�LV�DOVR�VLJQLILFDQW�DVSHFW�UDWLR�GLVWRUWLRQ��DQG�VRPH�SHUVSHFWLYH�GLVWRUWLRQ�SUHVHQW��

*HQHUDOO\�WKH�µWDUJHW¶�FRQVLVWV�RI�DQ�DUUD\�RI�VSRWV��D�JULG��RU�D�FKHFNHUERDUG� SDWWHUQ�� )URP� WKH� FRQVWUXFWLRQ� RI� WKH� WDUJHW�� WKH�UHODWLYH� SRVLWLRQV� RI� WKH� µWDUJHW¶� SRLQWV� DUH� ZHOO� NQRZQ�� 7KH�FRUUHVSRQGLQJ� SRLQWV� DUH� WKHQ� ORFDWHG�ZLWKLQ� WKH� LPDJH�� DQG� WKH�LPDJLQJ�PRGHO�LV�DGMXVWHG�WR�WU\�DQG�PDNH�WKH�WDUJHW�SRLQWV�PDWFK�WKHLU�PHDVXUHG�LPDJH�SRLQWV��7KH� NQRZQ� ORFDWLRQ� RI� PRGHO� HQDEOHV� WDUJHW� SRLQWV� WR� EH�PHDVXUHG�LQ��'�ZRUOG�FRRUGLQDWHV��7KLV�FRRUGLQDWH�V\VWHP�LV�XVHG�DV� WKH� IUDPH� RI� UHIHUHQFH��$� ULJLG� ERG\� WUDQVIRUPDWLRQ� �URWDWLRQ�DQG� WUDQVODWLRQ�� LV� DSSOLHG� WR� WKH� WDUJHW� SRLQWV�� 7KLV� XVHV� DQ�HVWLPDWH� RI� WKH� FDPHUD� SRVH� �SRVLWLRQ� DQG� RULHQWDWLRQ� LQ� ZRUOG�FRRUGLQDWHV�� WR� WUDQVIRUP� WKH� SRLQWV� LQWR� D� FDPHUD� FHQWUHG�FRRUGLQDWH�V\VWHP��7KHQ�D�SURMHFWLYH�WUDQVIRUPDWLRQ�LV�SHUIRUPHG��EDVHG�RQ�WKH�HVWLPDWHG�OHQV�IRFDO�OHQJWK��JLYLQJ��'�FRRUGLQDWHV�RQ�WKH� LPDJH� SODQH�� 1H[W�� WKHVH� DUH� DGMXVWHG� XVLQJ� WKH� GLVWRUWLRQ�PRGHO� WR� DFFRXQW� IRU�GLVWRUWLRQV� LQWURGXFHG�E\� WKH� OHQV��)LQDOO\��WKH� VHQVLQJ� HOHPHQW� VL]H� DQG� DVSHFW� UDWLR� DUH� XVHG� WR� GHWHUPLQH�ZKHUH� WKH�FRQWURO�SRLQWV�VKRXOG�DSSHDU� LQ�SL[HO�FRRUGLQDWHV��7KH�FRRUGLQDWHV� REWDLQHG� IURP� WKH� PRGHO� DUH� FRPSDUHG� ZLWK� WKH�FRRUGLQDWHV� PHDVXUHG� IURP� WKH� LPDJH�� JLYLQJ� DQ� HUURU�� 7KH�LPDJLQJ� SDUDPHWHUV� DUH� WKHQ� DGMXVWHG� WR� PLQLPLVH� WKH� HUURU��UHVXOWLQJ�LQ�D�IXOO�FKDUDFWHULVDWLRQ�RI�WKH�LPDJLQJ�PRGHO��7KH� FDPHUD� DQG� OHQV� PRGHO� LV� VXIILFLHQWO\� QRQ�OLQHDU� WR�SUHFOXGH�D�VLPSOH��GLUHFW�FDOFXODWLRQ�RI�DOO�RI�WKH�SDUDPHWHUV�RI�WKH�LPDJLQJ� PRGHO�� &RUUHFWLQJ� LPDJLQJ� V\VWHPV� IRU� OHQV� GLVWRUWLRQ�WKHUHIRUH� UHTXLUHV� DQ� LWHUDWLYH� DSSURDFK�� IRU� H[DPSOH� XVLQJ� WKH�/HYHQEHUJ�0DUTXDUGW� PHWKRG� RI� PLQLPLVLQJ� WKH� PHDQ� VTXDUHG�HUURU�>3UHVV�HW�DO�������@��2QH�FRPSOLFDWLRQ�RI�WKLV�DSSURDFK�LV�WKDW�IRU� FRQYHUJHQFH�� WKH� LQLWLDO� HVWLPDWHV� RI� WKH� PRGHO� SDUDPHWHUV�



PXVW�EH�UHDVRQDEO\�FORVH�WR�WKH�ILQDO�YDOXHV��7KLV�LV�SDUWLFXODUO\�VR�ZLWK�WKH��'�URWDWLRQ�DQG�SHUVSHFWLYH�WUDQVIRUPDWLRQ�SDUDPHWHUV��3ODQDU�REMHFWV�DUH�VLPSOHU�WR�FRQVWUXFW�DFFXUDWHO\�WKDQ�IXOO��'�REMHFWV��8QIRUWXQDWHO\��RQO\�NQRZLQJ� WKH� ORFDWLRQ�RI�SRLQWV�RQ�D�VLQJOH� SODQH� LV� LQVXIILFLHQW� WR� GHWHUPLQH� D� IXOO� LPDJLQJ� PRGHO�>6WXUP�DQG�0D\EDQN������@��7KHUHIRUH�LI�D�SODQDU�WDUJHW�LV�XVHG��VHYHUDO�LPDJHV�PXVW�EH�WDNHQ�RI�WKH�WDUJHW�LQ�D�YDULHW\�RI�SRVHV�WR�REWDLQ� IXOO� �'� LQIRUPDWLRQ��$OWHUQDWLYHO\�� D� UHGXFHG�PRGHO�ZLWK�RQH�RU�WZR�IUHH�SDUDPHWHUV�PD\�EH�REWDLQHG�IURP�D�VLQJOH�LPDJH��$�W\SLFDO��'�WDUJHW�FRQVLVWV�RI�D�JULG�RU�DUUD\�RI�GRWV��:LWK�D�JULG�WDUJHW��WKH�LQWHUVHFWLRQV�RI�WKH�JULGOLQHV�SURYLGH�WKH�FRQWURO�SRLQWV��$Q� DOWHUQDWH�� WKH� ³SOXPEOLQH´� PHWKRG�� JRHV� WKH� RWKHU� ZD\�DURXQG� DQG� LV� EDVHG� RQ� WKH� REVHUYDWLRQ� WKDW� VWUDLJKW� OLQHV� DUH�LQYDULDQW� XQGHU� D� SHUVSHFWLYH� �RU� SURMHFWLYH�� WUDQVIRUPDWLRQ��7KHUHIRUH� DQ\� GHYLDWLRQ� IURP� VWUDLJKWQHVV� PXVW� EH� GXH� WR� OHQV�GLVWRUWLRQ�>%URZQ��������)U\HU�HW�DO���������3DUN�DQG�+RQJ������@��,Q� WKHVH� DSSURDFKHV�� VHYHUDO� SRLQWV� DUH� WDNHQ� RQ� HDFK� OLQH�� DQG�XVHG�WR�HVWLPDWH�WKH�OHQV�GLVWRUWLRQ�SDUDPHWHUV��
��� $QDO\VLV�3URFHGXUH�

7KH� DSSURDFK� WDNHQ� LQ� WKLV� SDSHU� ZRUNV� IURP� WKH� OLQHV� RI� D�UHJXODU� VTXDUH� JULG�� (DFK� JULGOLQH� LV� GHWHFWHG�� DQG� D� SDUDEROD� LV�ILWWHG� WR� WKH� GHWHFWHG� SRLQWV��7KH� TXDGUDWLF� WHUP�RI� WKH� SDUDEROD�SURYLGHV�DQ�HVWLPDWH�RI� WKH�FXUYDWXUH��7KH�FHQWUH�RI�GLVWRUWLRQ�LV�IRXQG� E\� DQDO\VLQJ� KRZ� WKH� FXUYDWXUH� FKDQJHV� DFURVV� WKH� LPDJH��ERWK� YHUWLFDOO\� DQG� KRUL]RQWDOO\��� EDVHG� RQ� WKH� REVHUYDWLRQ� WKDW�DQ\�OLQH�WKURXJK�WKH�FHQWUH�RI�GLVWRUWLRQ�ZLOO�UHPDLQ�VWUDLJKW��1H[W�WKH� GLVWRUWLRQ� SDUDPHWHU� LV� GHWHUPLQHG� WKDW� ZLOO� WUDQVIRUP� WKH�PHDVXUHG� SDUDERODV� LQWR� VWUDLJKW� OLQHV�� )LQDOO\�� LI� QHFHVVDU\�� WKH�VWUDLJKW�JULGOLQHV�PD\�EH�DQDO\VHG�IRU�SHUVSHFWLYH�GLVWRUWLRQ��
���� *ULG�'HWHFWLRQ�
7KH�JULG�LV�DUUDQJHG�VXFK�WKDW�WKH�OLQHV�DUH�DSSUR[LPDWHO\�SDUDOOHO�ZLWK� WKH� HGJHV� RI� WKLV� LPDJH�� 7KLV� HQDEOHV� WKH� JULGOLQHV� WR� EH�HDVLO\�GHWHFWHG�DQG�SURFHVVHG�DXWRPDWLFDOO\��)LUVW�WKH�LPDJH�LV�SUHSURFHVVHG�WR�NHHS�RQO\�WKH�OLQH�IHDWXUHV��,W� LV�DVVXPHG�WKDW� WKH�JULG�FRQVLVWV�RI�GDUN�OLQHV�DJDLQVW�D�OLJKWHU�EDFNJURXQG��$��[��JUH\VFDOH�RSHQLQJ�ILOWHU�LV�XVHG�WR�UHPRYH�WKH�OLQH� IHDWXUHV��7KH�JULG�HGJHV�FDQ�WKHQ�EH�GHWHFWHG�E\�ILQGLQJ�WKH�ODUJHVW� OLJKW� REMHFW� LQ� WKH� FHQWUH� RI� WKH� LPDJH�� 7KLV� HIIHFWLYHO\�FUHDWHV� D� PDVN�� ZKLFK� LV� XVHG� WR� VXSSUHVV� WKH� LUUHOHYDQW�LQIRUPDWLRQ�RXWVLGH�WKH�JULG�UHJLRQ��VHH�)LJXUH���D�����7KH�JULG�UHJLRQ�LV�PDVNHG��DQG���[��DQG��[���ORFDO�PLQLPXP�ILOWHUV� DUH� XVHG� WR� GHWHFW� WKH� YHUWLFDO� DQG� KRUL]RQWDO� OLQHV�UHVSHFWLYHO\��7KH� ORFDO�PLQLPXP�ILOWHU�ZRUNV�E\�GHWHUPLQLQJ�WKH�PLQLPXP� SL[HO� YDOXH� ZLWKLQ� WKH� ZLQGRZ� FHQWUHG� RQ� WKH� SL[HO�EHLQJ� FRQVLGHUHG�� ,I� WKH� FHQWUH� SL[HO� KDV� WKH� VDPH� YDOXH� DV� WKH�PLQLPXP��WKHQ�LW�LV�FODVVLILHG�DV�D�ORFDO�PLQLPXP��6RPHWLPHV�WKH�GHWHFWHG�SL[HO� OLQHV�DUH�EURNHQ�RU�RIIVHW�DW� WKH�JULG� LQWHUVHFWLRQV��VR�D��[����RU���[��IRU�WKH�KRUL]RQWDO�OLQHV��PD[LPXP�ILOWHU�LV�XVHG�WR�OLQN�WKH�JULG�VHJPHQWV��VHH�)LJXUHV���E��DQG��F�����$Q\� VHJPHQWV� WKDW� GR� QRW� VSDQ� DW� OHDVW� KDOI� RI� WKH� LPDJH�YHUWLFDOO\� RU� KRUL]RQWDOO\� DUH� GLVFDUGHG� DV� QRLVH�� $� SDUDEROD� LV�ILWWHG� WR� WKH� GHWHFWHG� ORFDO�PLQLPD�DVVRFLDWHG�ZLWK� HDFK�JULGOLQH�UHJLRQ��XVLQJ�PLQLPXP�OHDVW�VTXDUHV��7KH�KRUL]RQWDO�JULGOLQHV�DUH�UHSUHVHQWHG�E\��

LLL F[E[D\ ++= � � ����
DQG�WKH�YHUWLFDO�JULGOLQHV�E\�

MMM F\E\D[ ++= � � ����
ZKHUH� L� DQG� M� DUH� WKH� JULGOLQH� LQGLFHV�� 7KH� ILWWHG� SDUDERODV� DUH�VKRZQ�VXSHULPSRVHG�RQ�WKH�RULJLQDO� LPDJH�LQ�)LJXUH���G���,W�KDV�EHHQ� IRXQG� WKDW� HYHQ� IRU� TXLWH� VHYHUH� GLVWRUWLRQ�� D� SDUDEROD�SURYLGHV�DQ�H[FHOOHQW�ILW�WR�WKH�GDWD��
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)LJXUH����6WHSV�LQ�JULGOLQH�GHWHFWLRQ���D��PDVN�IRU�VXSSUHVVLQJ�WKH�EDFNJURXQG���E��GHWHFWHG�YHUWLFDO�JULGOLQHV���F��GHWHFWHG�KRUL]RQWDO�JULGOLQHV���G��ILWWHG�SDUDERODV�RYHUODLG�RQ�RULJLQDO�LPDJH��

$OWKRXJK�WKH�JULGOLQHV�ZHUH�RQO\�GHWHFWHG�WR�WKH�QHDUHVW�SL[HO��WKH� ILWWHG� SDUDEROD� SURYLGHV� D� VXE�SL[HO� HVWLPDWH� RI� WKH� JULG�ORFDWLRQ��,I�KRZHYHU��WKH�JULGOLQH�LV�VWUDLJKW�DQG�ZHOO�DOLJQHG�ZLWK�WKH� HGJHV�RI� WKH� LPDJH�� WKH�SDUDPHWHULVHG�JULGOLQH�PD\�EH�RIIVHW�E\�XS� WR�KDOI�RI�D�SL[HO� IURP� LWV� WUXH�SRVLWLRQ��DQG� WKH�FXUYDWXUH�HVWLPDWH� FDQ� EH� ZLOGO\� LQFRUUHFW�� 7KLV� SUREOHP� LV� LOOXVWUDWHG� LQ�)LJXUH� ��� 7KH� HUURU� FDQ� EH� VLJQLILFDQWO\� LPSURYHG� E\� XVLQJ� WKH�SHUSHQGLFXODU�SL[HOV�DGMDFHQW�WR�WKH�GHWHFWHG�JULG�SL[HO�WR�HVWLPDWH�WKH�JULG�SRVLWLRQ�WR�VXE�SL[HO�DFFXUDF\��,I�S��LV�WKH�YDOXH�RI�WKH�ORFDO�PLQLPXP��DQG�S��DQG�S��DUH�WKH�SL[HO�YDOXHV�RQ�HLWKHU�VLGH��WKHQ�D�SDUDEROD�FDQ�EH�ILWWHG�WR�WKHVH�WKUHH� YDOXHV�� 7KH� ORFDO�PLQLPXP� RI� WKLV� SDUDEROD� LV� RIIVHW� IURP�WKH�FHQWUDO�PLQLPXP�SL[HO�E\�
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)LJXUH����7KH�HIIHFW�RI�ILWWLQJ�ZLWK�VXE�SL[HO�DFFXUDF\�ZKHQ�D�OLQH�LV�DOPRVW�DOLJQHG�ZLWK�WKH�JULG��7KH���UHSUHVHQW�WKH�SL[HO�DFFXUDF\�OLQHV��DQG�WKH�[�UHSUHVHQW�WKH�VXE�SL[HO�HVWLPDWHG�SRVLWLRQV��
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,W� VKRXOG� EH� HPSKDVLVHG� WKDW� LI� WKH� JULGOLQH� LV� QRW� DOPRVW�SHUIHFWO\� KRUL]RQWDO� �RU� YHUWLFDO��� RU� LW� KDV� VLJQLILFDQW� FXUYDWXUH��WKHQ�WKH�SL[HO�OHYHO�ILW�LV�YHU\�FORVH��+RZHYHU�VLQFH�WKH�VXE�SL[HO�ILW�GRHV�QRW�LQFXU�VLJQLILFDQW�FRPSXWDWLRQDO�FRVW��WKHUH�LV�QR�KDUP�LQ� XVLQJ� HTXDWLRQ� ���� WR� UHILQH� WKH� GHWHFWHG� JULG� SL[HO� SRVLWLRQV�EHIRUH�ILWWLQJ�WKH�JULG�SDUDERODV��
���� &HQWUH�/RFDWLRQ�
7KH�ILUVW�DSSUR[LPDWLRQ�RI�WKH�FHQWUH�RI�GLVWRUWLRQ�LV�WDNHQ�DV�WKH�FHQWUH�RI�WKH�JULG��7KLV�LV�HVWLPDWHG�DV�
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7KH�UHDVRQ�IRU�XVLQJ�WKLV�RIIVHW�LV�WKDW�WKH�LQWHUFHSWV��FL��DUH�XVHG�WR�HVWLPDWH�WKH�SRVLWLRQ�RI�WKH�JULGOLQHV��7KH�YDOXHV�DW�WKH�HGJH�RI�WKH�LPDJH��IURP�HTXDWLRQ������DUH�QRW�DV�VLJQLILFDQW�DV�WKH�YDOXHV�WKURXJK� WKH� FHQWUH� RI� FXUYDWXUH� �HVWLPDWHG� IURP� HTXDWLRQ� ������$GMXVWLQJ� WKH�RULJLQ� LQ� WKLV�ZD\�DOORZV�D�PRUH�DFFXUDWH�HVWLPDWH�RI�WKH�FHQWUH�RI�GLVWRUWLRQ��$VVXPLQJ� WKDW�SHUVSHFWLYH� DQG� UDGLDO� OHQV�GLVWRUWLRQ�DUHD� WKH�RQO\�FDXVHV�RI�GLVWRUWLRQ�SUHVHQW�LQ�WKH�LPDJH��WKH�OLQH�WKURXJK�WKH�FHQWUH�RI�GLVWRUWLRQ�VKRXOG�EH�VWUDLJKW��:LWK�UDGLDO�GLVWRUWLRQ��WKH�FXUYDWXUH�RI� WKH� OLQHV�ZLOO� LQFUHDVH�ZLWK�GLVWDQFH�IURP�WKH�FHQWUH�RI�GLVWRUWLRQ��7KH�D�FRHIILFLHQWV�UHSUHVHQW�WKH�FXUYDWXUH�DQG�WKH�F�FRHIILFLHQWV� QRZ� UHSUHVHQW� WKH� GLVWDQFHV� IURP� WKH� FHQWUH�� 7KH�UHODWLRQVKLS�EHWZHHQ�D�DQG�F� IRU�DOO�RI�WKH�SDUDERODV�LV�VKRZQ�LQ�)LJXUH����
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)LJXUH����/LQHDU�UHODWLRQVKLS�EHWZHHQ�FXUYDWXUH�DQG�RIIVHW��7KH�[�FRUUHVSRQG�WR�WKH�YHUWLFDO�JULGOLQHV��DQG�WKH�R�WR�WKH�KRUL]RQWDO��

$� VWUDLJKW� OLQH� LV� ILWWHG� WR� WKH� FXUYDWXUH�GDWD�� DQG� VROYHG� IRU�
�=LD ��JLYLQJ�\F�DQG� �=MD ��JLYLQJ�[F��7KH�RULJLQDO�SDUDERODV�DUH�DGMXVWHG� XVLQJ� HTXDWLRQ� ���� WR� PDNH� WKH� FHQWUH� RI� FXUYDWXUH�FRUUHVSRQG�WR�WKH�RULJLQ��

���� $VSHFW�5DWLR�
5DGLDO�GLVWRUWLRQ�LV�FLUFXODUO\�V\PPHWULF��VR�WKH�VORSHV�RI�WKH�WZR�OLQHV�LQ�)LJXUH���VKRXOG�EH�LGHQWLFDO��$Q\�GLIIHUHQFH�LQ�VORSH�FDQ�EH�DWWULEXWHG�WR�WKH�DVSHFW�UDWLR�RI�WKH�SL[HOV��(YHQ�ZLWK�QRPLQDOO\�VTXDUH� SL[HOV�� WKHUH� FDQ� EH� VRPH� DVSHFW� UDWLR� GLVWRUWLRQ� SUHVHQW�

>%DLOH\�� ����@�� ZKLFK� PXVW� EH� UHPRYHG� EHIRUH� FRUUHFWLQJ� IRU�UDGLDO�GLVWRUWLRQ��/HW�VL�EH�WKH�VORSH�RI�DL�YV�FL�DQG�VM�EH�WKH�VORSH�RI�DM�YV�FM��7KH�DVSHFW�UDWLR�LV�DSSUR[LPDWHO\�
ML VV$5 = �� ����

6FDOLQJ� WKH� [�D[LV� E\� WKLV� UDWLR� FRUUHFWV� IRU� WKH� DVSHFW� UDWLR�GLVWRUWLRQ��
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)LJXUH���VKRZV� WKH�GHWHFWHG�JULGOLQH�SDUDERODV�DIWHU�FHQWULQJ�DQG�FRUUHFWLQJ�IRU�DVSHFW�UDWLR�GLVWRUWLRQ��
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)LJXUH����*ULGOLQH�SDUDERODV�DIWHU�FRUUHFWLQJ�IRU�DVSHFW�UDWLR��
���� /HQV�'LVWRUWLRQ�

7KH�FXUYDWXUH�LQIRUPDWLRQ�LV�FRQWDLQHG�LQ�WKH�D�FRHIILFLHQWV�RI�WKH� SDUDERODV�� )URP� WKHVH�� ZH� DUH� DEOH� WR� HVWLPDWH� WKH� UDGLDO�GLVWRUWLRQ��8VLQJ�WKH�GLVWRUWLRQ�PRGHO��
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ZKHUH� UG� DQG� UX� DUH� WKH�GLVWDQFH� IURP� WKH�RULJLQ� LQ� WKH�GLVWRUWHG�DQG� XQGLVWRUWHG� LPDJHV� UHVSHFWLYHO\�� 6XEVWLWXWLQJ� WKH� SDUDEROD�GDWD� �HTXDWLRQ� ���� ZLWK� FRHIILFLHQWV� DGMXVWHG� DFFRUGLQJ� WR�HTXDWLRQV�����DQG������IRU�UG�IRU�HDFK�RI�WKH�JULGOLQHV�JLYHV�
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7KLV�HTXDWLRQ�DVVXPHV�VPDOO�RIIVHWV� IURP�WKH�FHQWUH�IRU�HDFK�SDUDEROD��VR�WKDW��
GX [[ ≈ � �����

DQG�WKDW�WKH�FRQWULEXWLRQ�RI�WKH�KLJKHU�SRZHUV�RI�[�DUH�QHJOLJLEOH��:KLOH� QRW� VWULFWO\� WUXH�� WKLV� ZLOO� VHOHFW� WKH� YDOXH� RI� κ � WKDW� LV�PD[LPDOO\� IODW� DW� WKH� WDQJHQW� DW� [ ��� 6LQFH� WKH� XQGLVWRUWHG�HTXDWLRQ�VKRXOG�EH�D�VWUDLJKW�OLQH��WKH�FRHIILFLHQW�RI�WKH�TXDGUDWLF�WHUP�LQ�HTXDWLRQ�����LV�VHW�WR����DQG�WKH�KLJKHU�RUGHU�WHUPV�LJQRUHG�DV�LQVLJQLILFDQW��6ROYLQJ�IRU�κ ��
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κ �ZDV� IRU�GHWHUPLQHG� IRU�HDFK�SDUDEROD��7KHVH�YDOXHV�ZHUH�DOO�VLPLODU��DSDUW�IURP�QRLVH��ZLWK�DQ�LQFUHDVH�ZLWK�WKH�GLVWDQFH�RI�WKH� SDUDEROD� IURP� WKH� FHQWUH� RI� GLVWRUWLRQ� �VHH� )LJXUH� ���� 7KH�RXWOLHUV�DSSDUHQW�IRU�VPDOO�RIIVHWV�UHVXOW�IURP�WKH�GLYLVLRQ�E\�F�LQ�HTXDWLRQ�������7KH�FXUYDWXUH�LQGLFDWHV�WKDW�WR�PRGHO�WKH�GLVWRUWLRQ�PRUH�DFFXUDWHO\��LW�ZLOO�EH�QHFHVVDU\�WR�XVH�KLJKHU�RUGHU�WHUPV�LQ�HTXDWLRQ������7R�REWDLQ�D�VLQJOH�YDOXH�RI�κ �D�ZHLJKWHG�DYHUDJH�RI�WKH�PHDVXUHG�YDOXHV�ZDV�WDNHQ��ZHLJKWHG�E\�WKH�F�YDOXHV��GLVWDQFH�IURP�RULJLQ��DIWHU�GLVFDUGLQJ�WKH�H[WUHPH�RXWOLHUV��7KLV�WUDQVIRUPV�WKH�SDUDERODV�WR�WKH�OLQHV���
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DQG�VLPLODUO\�IRU�WKH�YHUWLFDO�JULGOLQHV��

���� ���� ���� ���� � ��� ��� ��� ���
���

�

���

�

���

�
[���

��

2IIVHW

κ

�
)LJXUH����'LVWRUWLRQ�SDUDPHWHU�FDOFXODWHG�IURP�HDFK�JULGOLQH��
$W� WKLV� VWDJH�� WKHUH� LV� VXIILFLHQW� LQIRUPDWLRQ� WR� FKDUDFWHULVH�DQG�UHPRYH�WKH�OHQV�GLVWRUWLRQ�IURP�WKH�LPDJH��7KH�UHVXOWV�RI�VXFK�D� FRUUHFWLRQ� DUH� VKRZQ� LQ�)LJXUH����1RWH� WKDW� WKHUH� LV� VWLOO� VRPH�GHYLDWLRQ� IURP� OLQHDU� LQ� WKH� WRS� FRUQHUV� RI� WKH� LPDJH�� 7KLV� LV�EHFDXVH�VLPSOH�PRGHO�XVHG�KHUH� LV�XQDEOH� WR�FRPSOHWHO\�DFFRXQW�IRU�VXFK�VHYHUH�GLVWRUWLRQ��
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)LJXUH����5HVXOWV�RI�FRUUHFWLQJ�IRU�OHQV�GLVWRUWLRQ��%RWK�WKH�ZDUSHG�SDUDEROD��DQG�WKH�OLQHDU�DSSUR[LPDWLRQV�DUH�VKRZQ��

���� 3HUVSHFWLYH�'LVWRUWLRQ�
$� IXUWKHU� VWHS� DOORZV� D� �'� SHUVSHFWLYH� WUDQVIRUPDWLRQ� WR� EH�GHWHUPLQHG� IURP� WKH� JULGOLQHV�� :KLOH� WKLV� LV� LQVXIILFLHQW� WR�

FRPSOHWHO\� GHWHUPLQH� WKH� SRVLWLRQ� RI� WKH� FDPHUD� UHODWLYH� WR� WKH�WDUJHW�JULG�>6WXUP�DQG�0D\EDQN������@��LW�GRHV�JLYH�WKH�GLUHFWLRQ�WR� WKH� FDPHUD� �DQG�FRQVHTXHQWO\�� WKH�RULHQWDWLRQ�RI� WKH� FDPHUD���'HWHUPLQLQJ� WKH� GLVWDQFH� IURP� WKH� FDPHUD� UHTXLUHV� HLWKHU� �� �RU�PRUH�� WDUJHWV� DW� GLIIHUHQW� UDQJHV�� RU� NQRZOHGJH� RI� WKH� FDPHUD�IRFDO�OHQJWK�DQG�VHQVRU�VL]H���,Q�KRPRJHQRXV�FRRUGLQDWHV��D�SRLQW�3�DW� ��� \[ �LV�UHSUHVHQWHG�E\�WKH���HOHPHQW�FROXPQ�YHFWRU�
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$� �'� SHUVSHFWLYH� WUDQVIRUPDWLRQ� FDQ� WKH� EH� UHSUHVHQWHG� DV�PXOWLSO\LQJ�3� E\� D�+�� D� �[�� WUDQVIRUPDWLRQ�PDWUL[�� WR� JLYH� WKH�WUDQVIRUPHG�SRLQW� 3′ �DW� ��� \[ ′′ ��
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ZKHUH� N� LV� D� VFDOLQJ� IDFWRU� UHTXLUHG� WR� QRUPDOLVH� WKH� SRLQW��7KH�WUDQVIRUP� PDWUL[� +� KDV� RQO\� ZLWK� �� GHJUHHV� RI� IUHHGRP� VLQFH�VFDOLQJ�+�E\�D�FRQVWDQW�ZLOO�RQO\�FKDQJH� WKH�YDOXH�RI�N�EXW�ZLOO�OHDYH�WKH�WUDQVIRUPHG�SRLQW�XQFKDQJHG��$�OLQH�/�FDQ�EH�UHSUHVHQWHG�LQ�KRPRJHQRXV�FRRUGLQDWHV�DV�D�URZ�YHFWRU��
[ ]FEDFE\D[ =⇒=++ /� � �����

$�SRLQW�ZLOO�EH�RQ�D�OLQH�LI�
�=/3 � �����

(TXDWLRQV� ����� DQG� ����� FDQ� EH� FRPELQHG� WR� JLYH� WKH�WUDQVIRUPDWLRQ� RI� OLQHV� LQ� WKH� KRPRJHQRXV� FRRUGLQDWH� V\VWHP�>+DUWOH\�DQG�=LVVHUPDQ������@��
�−=′ /+/ � �����&RUUHFWLQJ�IRU�SHUVSHFWLYH�GLVWRUWLRQ�WUDQVIRUPV�WKH�KRUL]RQWDO�JULGOLQHV�IURP�HTXDWLRQ������DV�IROORZV��

[ ] [ ] �� ��� −− −==−=′ ++// LLLL GPL � �����
DQG�VLPLODUO\�IRU�WKH�YHUWLFDO�JULGOLQHV��

[ ] [ ] �� ��� −− −==−=′ ++// MMMM GPM � �����
7KH� XVH� RI� L� DQG� M� DV� WKH� WUDQVIRUPHG� OLQH� RIIVHWV� UHOLHV� RQ� WKH�DVVXPSWLRQ�WKDW�WKH�JULGOLQHV�DUH�HTXDOO\�VSDFHG��7KLV�ZLOO�EH�WKH�FDVH� LI� D� VTXDUH� JULG� LV� XVHG�� $� UHFWDQJXODU� JULG� DOVR� ZRUNV��EHFDXVH� WKHUH� LV� QR� UHTXLUHPHQW� WKDW� WKH� KRUL]RQWDO� DQG� YHUWLFDO�VSDFLQJ�EH�LGHQWLFDO��7KH�JULG�DVSHFW�UDWLR�ZLOO�EH�DEVRUEHG�ZLWKLQ�WKH�SHUVSHFWLYH�WUDQVIRUPDWLRQ��(DFK�JULGOLQH�SURYLGHV���HTXDWLRQV� LQ� WKH�FRHIILFLHQWV�RI�+����6R��ZLWK�D�WRWDO�RI�1�WRWDO�JULGOLQHV��ERWK�KRUL]RQWDO�DQG�YHUWLFDO���HTXDWLRQV������DQG������SURYLGH��1�HTXDWLRQV��+RZHYHU�VLQFH�WKH�HTXDWLRQ�RI�OLQH�KDV�RQO\���LQGHSHQGHQW�YDULDEOHV��VFDOLQJ�/�E\�D�FRQVWDQW�� N/�� UHSUHVHQWV� WKH� VDPH� OLQH� DV� /�� WKLV� UHGXFHV� WKH�QXPEHU�RI�LQGHSHQGHQW�HTXDWLRQV�WR��1��,I�WKH�FRHIILFLHQWV�RI�+���DUH�
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)LQGLQJ�D�QRQWULYLDO� VROXWLRQ� WR� WKLV�UHTXLUHV�GHWHUPLQLQJ�WKH�QXOOVSDFH�RI�WKH��1[��PDWUL[��7KLV�FDQ�EH�IRXQG�WKURXJK�VLQJXODU�YDOXH� GHFRPSRVLWLRQ�� DQG� VHOHFWLQJ� WKH� YHFWRU� FRUUHVSRQGLQJ� WR�WKH� VPDOOHVW� VLQJXODU� YDOXH� >3UHVV� HW� DO��� ����@�� 3HUIRUPLQJ� WKH�



VLQJXODU� YDOXH� GHFRPSRVLWLRQ� XVXDOO\� LQYROYHV� DQ� LWHUDWLYH�SURFHVV�� VR� DQ� DOWHUQDWLYH� DSSURDFK� LV� WR� VHW� RQH� RI� WKH�FRHIILFLHQWV�� DQG� VROYH� IRU� WKH� UHVW� XVLQJ� OHDVW� VTXDUHV�� ,I� WKH�SHUVSHFWLYH�GLVWRUWLRQ�LV�VPDOO��ZKLFK�ZLOO�EH�WKH�FDVH�LI�WKH�SODQH�FRQWDLQLQJ� WKH� �'� JULG� LV� DSSUR[LPDWHO\� SHUSHQGLFXODU� WR� WKH�FDPHUD��WKHQ�VHWWLQJ�K��WR���ZLOO�ZRUN��$OWHUQDWLYHO\��VLQFH�WKH�JULG�LV�DSSUR[LPDWHO\�DOLJQHG�ZLWK�WKH�D[HV��VHWWLQJ�HLWKHU�K��RU�K��WR���ZLOO�DOVR�ZRUN��
���� 5HVXOWV�DQG�'LVFXVVLRQ�
7KH� UHVXOWV� RI� VROYLQJ� HTXDWLRQ� ����� DQG� DSSO\LQJ� WKH� UHVXOWLQJ�SHUVSHFWLYH� WUDQVIRUPDWLRQ� WR� WKH� GDWD� LQ� )LJXUH� �� DUH� VKRZQ� LQ�)LJXUH� ��� 7KH� D[HV� DUH� VFDOHG� LQ� JULG� XQLWV� EHFDXVH� RI� WKH�FRRUGLQDWHV� XVHG� IRU� WKH� UHSUHVHQWDWLRQ� RI� /′ � LQ� HTXDWLRQV� �����DQG� ������0RVW� RI� WKH� GLVWRUWLRQ� KDV� EHHQ� UHPRYHG� WKURXJK� WKLV�SURFHVV��
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)LJXUH����$IWHU�FRUUHFWLQJ�IRU��'�SHUVSHFWLYH�GLVWRUWLRQ��7KH�LPDJH�D[HV�DUH�LQ�JULG�XQLWV��

7R�HYDOXDWH�WKH�SHUIRUPDQFH�RI�WKH�GLVWRUWLRQ�FKDUDFWHULVDWLRQ��WKH�LQWHUVHFWLRQV�RI�WKH�JULGOLQHV�LQ�WKH�RULJLQDO�LPDJH�DUH�ORFDWHG�E\� ILQGLQJ� WKH� LQWHUVHFWLRQV� RI� WKH� FRUUHVSRQGLQJ� KRUL]RQWDO� DQG�YHUWLFDO� SDUDERODV� IURP� HTXDWLRQV� ���� DQG� ����� 7KHVH� DUH� WKHQ�RIIVHW�E\�WKH�FHQWUH�RI�GLVWRUWLRQ��DQG�WKH�[�YDOXH�DGMXVWHG�IRU�WKH�DVSHFW� UDWLR�� (TXDWLRQ� ���� LV� WKHQ� XVHG� WR� FRUUHFW� IRU� OHQV�GLVWRUWLRQ��DQG�HTXDWLRQ������IRU�SHUVSHFWLYH�GLVWRUWLRQ��7KH�506�UHVLGXDO�RI�WKH�HUURU�EHWZHHQ�WKH�FRUUHFWHG�SRVLWLRQ�DQG�WKH�NQRZQ�JULG�FRRUGLQDWHV�LV�������JULG�XQLWV��DSSUR[LPDWHO\���SL[HO�LQ�WKH�RULJLQDO� LPDJH��� 6RPH� RI� WKLV� UHVLGXDO� ZLOO� UHVXOW� IURP�PHDVXUHPHQW�HUURU�DQG�XQFHUWDLQW\� LQ�ILWWLQJ� WKH�SDUDERODV� WR� WKH�JULGOLQHV� LQ� WKH� RULJLQDO� LPDJH�� EXW� PRVW� RI� LW� LV� IURP� WKH�OLPLWDWLRQV�RI�WKH�GLVWRUWLRQ�PRGHO�XVHG��:KLOH� WKH� GLUHFW� DSSURDFK� GHVFULEHG� LQ� WKLV� SDSHU� LV� DEOH� WR�PRGHO�PXFK�RI�WKH�GLVWRUWLRQ��WKH�UHVXOWV�PD\�EH�UHILQHG�IXUWKHU�E\�LQFRUSRUDWLQJ� DGGLWLRQDO� UDGLDO� DQG� WDQJHQWLDO� GLVWRUWLRQ� WHUPV��7KHVH� DGGLWLRQDO� WHUPV� FDQQRW� EH� FDOFXODWHG� GLUHFWO\� EHFDXVH� RI�WKH� QRQ�OLQHDU� QDWXUH� RI� WKH� PRGHO�� /HYHQEHUJ�0DUTXDUGW�PLQLPL]DWLRQ��XVLQJ�WKH�FDOFXODWHG�SDUDPHWHUV�DV�D�VWDUWLQJ�SRLQW��FRQYHUJHV�YHU\�TXLFNO\�EHFDXVH�WKH�LQLWLDO�HVWLPDWH�LV�FORVH�WR�WKH�ILQDO� UHVXOW��:LWK� WKH� DGGLWLRQ� RI� D� WDQJHQWLDO� FRPSRQHQW� DQG� D�VHFRQG� UDGLDO� GLVWRUWLRQ� FRPSRQHQW�� /HYHQEHUJ�0DUTXDUGW�PLQLPL]DWLRQ� FRQYHUJHG�ZLWK��� LWHUDWLRQV� WR� DQ�506�UHVLGXDO�RI������� JULG� XQLWV� �DSSUR[LPDWHO\� ���� SL[HO��� :KLOH� WKLV� LV� EHWWHU�WKDQ�WKH�GLUHFW�HVWLPDWH��LW�LQGLFDWHV�WKDW�WKH�RULJLQDO�HVWLPDWH�ZDV�YHU\�FORVH��7R� FRUUHFW� IRU� GLVWRUWLRQ� SUHVHQW� LQ� WKH� LPDJH�� WKH�PRGHO� LV�DSSOLHG� XVLQJ� WKH� UHYHUVH� SURFHGXUH� WR� WKH� DQDO\VLV� GHVFULEHG� LQ�VHFWLRQ����

)LUVW�� WKH� GHVLUHG� PDSSLQJ� EHWZHHQ� WKH� JULG� DQG� WKH� RXWSXW�LPDJH�LV�GHWHUPLQHG��7R�DOLJQ�WKH�JULG�ZLWK�WKH�SL[HO�FRRUGLQDWHV��WKLV�LV�VLPSO\�D�VFDOLQJ�DQG�DQ�RIIVHW��,I�D�UHFWDQJXODU�JULG�LV�XVHG��WKH�KRUL]RQWDO�DQG�YHUWLFDO�VFDOH�IDFWRUV�ZLOO�EH�GLIIHUHQW�WR�UHIOHFW�WKH�JULG�DVSHFW�UDWLR��)RU� HDFK� SL[HO� LQ� WKH� RXWSXW� LPDJH�� WKH� FRRUGLQDWHV� DUH�WUDQVIRUPHG�XVLQJ� LQYHUVH�RI� WKH�SHUVSHFWLYH�PDSSLQJ�GHILQHG� LQ�HTXDWLRQ�������7KH�UHTXLUHG�PDWUL[��+����LV�WKDW�FDOFXODWHG�GLUHFWO\�IURP� HTXDWLRQ� ������ 7KLV� FRUUHFWV� WKH� FRRUGLQDWHV� IRU� WKH�SHUVSHFWLYH�GLVWRUWLRQ�REVHUYHG�LQ�WKH�JULG��1H[W�� WKH� OHQV�GLVWRUWLRQ� LV�FRUUHFWHG�E\�DSSO\LQJ� WKH� LQYHUVH�RI�HTXDWLRQ�����WR�WKH�FRRUGLQDWHV��8QIRUWXQDWHO\��WKLV�SURYLGHV�WKH�WUDQVIRUPDWLRQ�IURP�GLVWRUWHG� WR�XQGLVWRUWHG�FRRUGLQDWHV��DQG�QRW�WKH�RWKHU�ZD\�DURXQG�DV�GHVLUHG��,I�HTXDWLRQ�����LV�UHSUHVHQWHG�WKH�RWKHU�ZD\�DURXQG��WKH�DQDO\VLV�SURFHGXUH�GHVFULEHG�LQ�VHFWLRQ�����GRHV�QRW�SURYLGH�D�FRQYHQLHQW�FORVHG�IRUP�VROXWLRQ��7R�RYHUFRPH�WKLV�SUREOHP��WKH�QRUPDOLVHG�PDJQLILFDWLRQ�IDFWRU�LV�FDOFXODWHG�DV�D�IXQFWLRQ�RI�XQGLVWRUWHG�FRRUGLQDWHV��
���

��� �
GX

G
XX UU

UU)U
κ+

==⇒ � �����
7KLV�PDSSLQJ�ZDV�DSSUR[LPDWHG�E\�D�ILIWK�RUGHU�SRO\QRPLDO��ZLWK�D� PD[LPXP� HUURU� RI� ��� RI� D� SL[HO� IRU� W\SLFDO� LPDJH� VL]HV�� ,I�KLJKHU�DFFXUDF\� LV�GHVLUHG��D�KLJKHU�RUGHU�DSSUR[LPDWLRQ�PD\�EH�XVHG��7KH�DSSUR[LPDWLRQ�HQDEOHG�WKH�FRUUHFWLRQ�WR�EH�PDGH��
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RU�LQ�WHUPV�RU�LPDJH�FRRUGLQDWHV��
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7KH� GLVWRUWHG� FRRUGLQDWHV� DUH� WKHQ� DGMXVWHG� IRU� DVSHFW� UDWLR��DQG�RIIVHW�E\�WKH�FHQWUH�RI�GLVWRUWLRQ�WR�JLYH�WKH�SL[HO�ORFDWLRQV�LQ�WKH� GLVWRUWHG� LPDJH�� )LQDOO\�� ELFXELF� LQWHUSRODWLRQ� LV� XVHG� WR�HVWLPDWH� WKH� SL[HO� YDOXH� LQ� WKH� XQGLVWRUWHG� LPDJH� IURP� WKH�QHLJKERXULQJ� SL[HOV� LQ� WKH� GLVWRUWHG� LPDJH�� 7KH� UHVXOWLQJ�FRUUHFWHG�LPDJH�LV�VKRZQ�LQ�)LJXUH����

�
)LJXUH����7KH�FRUUHFWHG�JULG�LPDJH��

6RPH�GLVWRUWLRQ�LV�VWLOO�DSSDUHQW�LQ�WKLV�LPDJH��SDUWLFXODUO\�LQ�WKH� FRUQHUV��)URP� WKH� FXUYDWXUH� LQ�)LJXUH���� WKH� VHOHFWLRQ�RI� WKH�DYHUDJH� YDOXH� IRU� κ � LPSOLHV� WKDW� WKH� GLVWRUWLRQ� ZLOO� EH� RYHU�FRUUHFWHG�LQ�WKH�FHQWUH��DQG�XQGHU�FRUUHFWHG�LQ�WKH�SHULSKHU\��7KLV�ZRXOG�EH�FRUUHFWHG�E\�XVLQJ�D�VHFRQG�RUGHU�WHUP�LQ�HTXDWLRQ������,I�WKH�GLVWRUWLRQ�LV�OHVV�VHYHUH�WKDQ�LQ�WKH�H[DPSOH�VKRZQ�KHUH��IHZHU� JULGOLQHV� FRXOG� EH� XVHG�� ,Q� IDFW�� D� VLQJOH� VTXDUH� RU�UHFWDQJXODU� WDUJHW�ZRXOG�VXIILFH�DV� WKH� WZR�SDLUV�RI�SDUDOOHO� OLQHV�ZRXOG�SURYLGH�VXIILFLHQW�GDWD�IRU�GHWHUPLQLQJ�DOO�RI�WKH�QHFHVVDU\�SDUDPHWHUV��
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