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(PDLO��'�*�%DLOH\#PDVVH\�DF�Q]�
$EVWUDFW�
&RORXU�LV�DQ�LPSRUWDQW�SDUDPHWHU�RI�IUXLW�IURP�ZKLFK�PXFK�LQIRUPDWLRQ�UHJDUGLQJ�WKH�TXDOLW\�RI�WKH�IUXLW�FDQ�EH�
JDWKHUHG��7KHUHIRUH�D�FRUUHFW�JUDGLQJ�RI�IUXLW�LQ�UHVHDUFK�LV�QHFHVVDU\��&RPPRQO\�RQO\�VPDOO�DUHDV�RI�DQ�REMHFW�DUH�SURFHVVHG�� DIWHU�ZKLFK� D� UDWKHU� FRDUVH� JUDGLQJ� LV� DSSOLHG��7KH� DLP�RI� WKLV� VWXG\� LV� WR� GHYHORS� D� ORZ�FRVW��
REMHFWLYH�WHFKQLTXH�WKDW�ZLOO�PHDVXUH�WKH�FRORXU�RI�OLPHV�DQG�WRPDWRHV��7KLV�V\VWHP�TXDQWLILHV�WKH�FRORXU�RI�DQ�
HQWLUH� REMHFW� XVLQJ� IRXU� LQGH[� QXPEHUV�� WKH� PHDQ�� VWDQGDUG� GHYLDWLRQ�� VNHZ� DQG� NXUWRVLV�� DOORZLQJ� DQ� HDV\�
FRPSDULVRQ�EHWZHHQ�GLIIHUHQW�REMHFWV�RU�RI�WKH�VDPH�REMHFW�DW�GLIIHUHQW�WLPHV��
.H\ZRUGV��&RORXU�FKDQJH��WRPDWR��OLPH��JUDGLQJ��LPDJH�SURFHVVLQJ�

�� ,QWURGXFWLRQ�
&RORXU� LV� DQ� LPSRUWDQW� FKDUDFWHULVWLF� RI� IUXLW� DQG�
YHJHWDEOHV�� &RQVXPHUV� SUHIHU� EULJKW� UHG� WRPDWRHV�RYHU�JUHHQ�RU�GDUN�UHG�WRPDWRHV�>����@��6LPLODUO\�WKHLU�
SUHIHUHQFH�LV�IRU�JUHHQ�OLPHV��UDWKHU�WKDQ�\HOORZ��VLQFH�
WKH� JUHHQ� FRORXU� LV� OLQNHG� WR� IUHVKQHVV� >�@�� 6LPLODU�
SDWWHUQV� FDQ� EH� IRXQG� ZLWK� PDQ\� RWKHU� IUXLWV� DQG�
YHJHWDEOHV��
&RORXU� SURYLGHV� PRUH� LQIRUPDWLRQ� WKDQ� MXVW� WKH�
PDUNHWDELOLW\� RI� WKH�SURGXFW�� 7KH� FRORXU�RI� D� WRPDWR�
KDV� D� GLUHFW� UHODWLRQ� ZLWK� WKH� ILUPQHVV� >�@��
)XUWKHUPRUH��WKH�UHG�FRORXU�JLYHV�D�FOHDU�LQGLFDWLRQ�RI�
WKH� DPRXQW� RI� O\FRSHQH� �D� FDURWHQRLG�� LQ� WKH� WRPDWR�
>���@�� /\FRSHQH� LV� EHOLHYHG� WR� KDYH� D� SUHYHQWLYH�HIIHFW�DJDLQVW�VHYHUDO�IRUPV�RI�FDQFHU�>����@��
7KH�LPSRUWDQFH�RI�WKH�FRORXU�RI�IUXLW�LV�FOHDU��\HW�WKHUH�
DUH� PDQ\� FRORXU� UHODWHG� TXHVWLRQV� VWLOO� XQDQVZHUHG��
7R�VROYH�VRPH�RI�WKHVH�TXHVWLRQV��PRUH�NQRZOHGJH�LV�
QHHGHG� DERXW� WKH� GHYHORSPHQW� RI� SLJPHQWV� VXFK� DV�
FKORURSK\OO�DQG�FDURWHQRLGV�DV�D�IXQFWLRQ�RI�WLPH���
,Q� FRORXU� UHVHDUFK� RQ� IUXLW� DQG� YHJHWDEOHV� LW� LV�
FRPPRQ� WR� FODVVLI\� WKH� FRORXU� RI� DQ� REMHFW� LQWR� D�
QXPEHU�RI�EDQGV��)RU�LQVWDQFH�D�FRORXU�VFRUH�KDV�EHHQ�
JLYHQ� IRU� OLPHV�E\�DVVLJQLQJ�D�YDOXH�RI���������������
RU������\HOORZ�>��@��7KH�QXPEHU�RI�EDQGV�XVHG�FDQ�
YDU\� VWURQJO\� IURP� IUXLW� WR� IUXLW�� 7RPDWR� JUDGLQJ�FKDUWV� IURP� DXFWLRQV� YDU\� IURP� �� EDQGV� LQ� WKH�86$�
>��@�WR�XS�WR����FODVVHV�LQ�,VUDHO�DQG�WKH�1HWKHUODQGV�
>���������@��7KH�PDMRULW\�RI�WKLV�JUDGLQJ�ZRUN�LV�GRQH�
E\� H[SHUW� SDQHOV� DQG� PD\� UHVXOW� LQ� HUURUV� >�@��
&RQVXPHUV� LQ� JHQHUDO� KDYH� GLIILFXOW\� GLVFULPLQDWLQJ�EHWZHHQ�DGMDFHQW�FRORXU�JUDGHV�LQ�WKH�PRVW�H[SDQGHG�
FRORXU�FKDUWV�>��@��
,Q� VRPH� FDVHV� D� VSHFWURPHWHU� LV� XVHG� ZLWK� ZKLFK� D�
QXPEHU�RI�SRLQWV�XSRQ�WKH�REMHFW�DUH�FRPSDUHG�>������
������@��7KH�GLVDGYDQWDJH�RI�WKLV�PHWKRG�LV�WKDW�RQO\�D�

VPDOO� QXPEHU� RI� SRLQWV� RQ� DQ� REMHFW� DUH� PHDVXUHG��
ZKLFK� FDQ� JLYH� D� PLVOHDGLQJ� UHSUHVHQWDWLRQ� RI� WKH�FRORXU��
7R� REWDLQ� D� PRUH� REMHFWLYH� PDQQHU� RI� JUDGLQJ� WKH�
HQWLUH� REMHFW�� DQ� DXWRPDWHG� JUDGLQJ� PHFKDQLVP� LV�
QHHGHG�� 5HVHDUFK� KDV� EHHQ� GRQH� DSSO\LQJ� VSHFWUDO�
LPDJH� DQDO\VLV�� ZLWK� YHU\� JRRG� UHVXOWV� >�����@�� 7KH�GLVDGYDQWDJH� RI� WKLV� PHWKRG� LV� WKDW� WKH� HTXLSPHQW�
LQYROYHG�LV�UHODWLYHO\�H[SHQVLYH���
7KH�DLP�RI�WKLV�UHVHDUFK�LV�WKHUHIRUH�WKH�GHYHORSPHQW�
RI� D� UHODWLYHO\� LQH[SHQVLYH�� DXWRPDWHG� PHWKRG� RI�
REMHFWLYHO\� JUDGLQJ� DQ� REMHFW� LQ� LWV� HQWLUHW\�� 7KLV�
UHVXOWV�LQ�D�VHW�RI�QXPEHUV�WKDW�GHVFULEH�WKH�PHDVXUHG�REMHFW� LQ� VXFK� D� ZD\� WKDW� DQ� HDV\� FRPSDULVRQ� LV�
SRVVLEOH� EHWZHHQ� REMHFWV�� RU� RI� D� VLQJOH� REMHFW� RYHU�
WLPH��7KH�PHWKRG� LV� WKHQ�XVHG� WR�TXDQWLI\� WKH�FRORXU�
FKDQJH� �µGHJUHHQLQJ¶�� RI� OLPHV� DQG� WRPDWRHV� RYHU�
WLPH���
7KLV�OHDGV�WR�WKH�IROORZLQJ�UHVHDUFK�TXHVWLRQV��
�� ,V� LW� SRVVLEOH� WR� IROORZ� WKH� GHJUHHQLQJ� RI� WKH�

FRPSOHWH� DUHD� RI� D� OLPH� RU� WRPDWR�� XVLQJ� D�
VWDQGDUG�YLGHR�FDPHUD"�

�� +RZ�FDQ�DQ�REMHFW�EH�FKDUDFWHULVHG�E\�D�VPDOO�VHW�
RI�QXPEHUV�WKDW�FDQ�EH�HDVLO\�FRPSDUHG"�

�� ,QVWUXPHQW�'HVLJQ��
���� ,PDJH�&DSWXUH�
7R�FDSWXUH�WKH�LPDJHV�RI�WKH�REMHFW��OLPH�RU�WRPDWR���
D�FKDUJH�FRXSOHG�GHYLFH��&&'��FDPHUD�LV�XVHG��6RQ\�
'):�6;����� UHVROXWLRQ� ���� [� ����� SL[HOV��� 7KH�FDPHUD� LV� OLQNHG� E\� ILUHZLUH� WR� D� 3&� RQ� ZKLFK� WKH�
SURFHVVLQJ�VRIWZDUH�LV�LQVWDOOHG���
7R�FDSWXUH�PRUH�WKDQ�MXVW�RQH�VLGH�RI�WKH�REMHFW�XVLQJ�
D� VLQJOH� FDPHUD�� D� WXUQWDEOH� LV� XVHG�� 7KH� REMHFW� LV�
SODFHG� ZLWKLQ� D� FXS�� WR� DOORZ� LW� WR� VWDQG� HUHFW�� 7KH�
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WXUQWDEOH� LV� GULYHQ� E\� D� VWHSSHU�PRWRU�� 7R� UHPRYH� D�
VWLFN�VOLS�HIIHFW�DW� ORZ�VSHHGV��ZKHUH�WKH�IUXLW�URWDWHV�DW�D�GLIIHUHQW�VSHHG�WR�WKDW�RI�WKH�FXS��WKH�LQVLGH�RI�WKH�
FXS�LV�OLQHG�ZLWK�UXEEHU��ZKLFK�KDV�D�KLJK�FRHIILFLHQW�
RI�IULFWLRQ���
,Q� WKH�FDVH�RI� WRPDWRHV�� WKH� LQVLGH�RI� WKH�FXS� LV�DOVR�
OLQHG�ZLWK�VRIW�WLVVXH��WR�SUHYHQW�WKH�HGJHV�RI�WKH�FXS�
IURP�GDPDJLQJ�WKH�WRPDWR��:KHQ�ZRUNLQJ�ZLWK�OLPHV�WKLV�SUHFDXWLRQ�LV�QRW�QHHGHG��VLQFH�WKH�ULQG�RI�D�OLPH�
LV�OHVV�VHQVLWLYH��
(OHYHQ� LPDJHV� DUH� FDSWXUHG� RYHU� RQH� FRPSOHWH�
URWDWLRQ�� ZKLFK� WDNHV� ��� VHFRQGV�� (DFK� DUHD� LV�
UHFRUGHG�VHYHUDO�WLPHV��DW�GLIIHUHQW�DQJOHV��EXW�LQ�RQH�
URWDWLRQ�WKH�ZKROH�REMHFW�LV�HTXDOO\�FRYHUHG��$SSO\LQJ�D�KLJKHU�URWDWLRQ�VSHHG�ZLOO�UH�LQWURGXFH�WKH�VWLFN�VOLS�
HIIHFW�� )XUWKHU� XVLQJ� IHZHU� LPDJHV� ZLOO� LQFUHDVH�
IOXFWXDWLRQV�LQ�WKH�RXWFRPH��
���� /LJKWLQJ�
(YHQ��FRQVLVWHQW�OLJKWLQJ�LV�HVVHQWLDO�WR�REWDLQ�LPDJHV�
RI�WKH�REMHFW�WKDW�DUH�RI�D�KLJK�HQRXJK�TXDOLW\��$�'&�
KDORJHQ� ODPS�DYRLGV�SUREOHPV�RI�PDLQV� IOLFNHU�� ,W� LV�
DOVR�VPDOO��HQDEOLQJ�D�FRPSDFW�FRQVWUXFWLRQ��
7R� REWDLQ� DFFXUDWH� PHDVXUHPHQWV� RI� WKH� FRORXU��VSHFXODU� UHIOHFWLRQV� IURP� WKH� VXUIDFH� RI� WKH� REMHFW�
PXVW�EH�DYRLGHG��7KLV�PD\�EH�DFKLHYHG�XVLQJ�LQGLUHFW��
GLIIXVH� LOOXPLQDWLRQ�� )RU� WKLV� SXUSRVH� WKH� KDORJHQ�
ODPS�LV�ILWWHG�LQWR�D�WXEH��$W����FP��EHORZ�WKH�EXOE�D�
FLUFXODU� SODWH� LV� ILWWHG� LQ� WKH�PLGGOH� RI� WKH� WXEH� �VHH�
)LJXUH�����7KLV�SUHYHQWV�WKH�GLUHFW�LOOXPLQDWLRQ�RI�WKH�REMHFW�� 7KH� LQVLGH� RI� WKH� WXEH� LV� EULJKW� ZKLWH�� WR�
VFDWWHU� WKH� OLJKW�DURXQG� WKH�GLVN��7KH�DUHD�EHORZ�DQG�
WKH� FXS� LWVHOI� DUH� DOVR� ZKLWH�� 7KLV� DOORZV� OLJKW� WR� EH�
VFDWWHUHG� EDFN� RQWR� WKH� REMHFW� WR� SURYLGH� UHODWLYHO\�
HYHQ�LQGLUHFW�OLJKWLQJ��
7KH� OLJKWLQJ� REWDLQHG� LV� JRRG�� EXW� DV� FDQ� EH� VHHQ� LQ�
)LJXUH� ��� WKHUH� LV� VWLOO� D� JUDGDWLRQ� LQ� WKH� ZKLWH�
EDFNJURXQG�� ZLWK� WKH� ORZHU� SDUW� RI� WKH� LPDJH�
UHFHLYLQJ�OHVV�OLJKW�WKDQ�WKH�XSSHU�SDUW��,PSURYLQJ�WKH�
OLJKW� IXUWKHU��E\� IRU� LQVWDQFH�E\�XVLQJ�D�ZKLWH� VSKHUH�
UDWKHU�WKDQ�D�F\OLQGHU��ZRXOG�LPSURYH�WKH�RXWFRPH��
$W�WKH�ERWWRP�RI�WKH�WXEH�D�ZLQGRZ�LV�FUHDWHG�WKURXJK�
ZKLFK�WKH�FDPHUD�REWDLQV�WKH�LPDJHV���
���� $OJRULWKP�
7R� SURFHVV� WKH� LPDJHV� WKH� SURJUDP� 9,36� �9LVXDO�
,PDJH�3URFHVVLQJ�6\VWHP��LV�XVHG�>��@���
:KHQ� FRQVLGHULQJ� WKH� FRORXU� FKDQJH� RI� OLPHV� DQG�
WRPDWRHV�� WKH\� ERWK� VWDUW� DV� JUHHQ� REMHFWV�� :KHUHDV�
WKH� WRPDWR� SURJUHVVHV� XQWLO� LW� LV� UHG�� WKH� OLPH� VWRSV�
FKDQJLQJ� µKDOIZD\¶�� ZKHQ� LW� LV� \HOORZ�� 7KLV� PHDQV�WKDW�D�VLPLODU�DOJRULWKP�FDQ�EH�XVHG�IRU�ERWK�FDVHV���
$OWKRXJK� WKH� KDORJHQ� ODPS� SHUIRUPV� ZHOO� ZLWK�
UHVSHFW� WR� LOOXPLQDWLRQ�� WKH�FRORXU� WHPSHUDWXUH�RI� WKH�
ODPS�GRHV�QRW�PDWFK�WKH�FDPHUD��$V�WKH�LQVLGH�RI�WKH�

WXEH� LV� ZKLWH�� WKLV� FDQ� EH� XVHG� DV� D� UHIHUHQFH� IRU�
FRORXU� FRUUHFWLRQ�� 7KH� EULJKWHVW� ���� RI� WKH� LPDJH�FRQWDLQV� RQO\� WKH� EDFNJURXQG�� VR� WKH� DYHUDJH� 5*%�
YDOXH�RI�WKHVH�SL[HOV�SURYLGHV�DQ�HVWLPDWH�RI�WKH�ZKLWH�
OHYHO�� 7KH� FRORXU� FRUUHFWLRQ� UHTXLUHV� WKDW� WKH�
EDFNJURXQG� SL[HOV� DUH� QRW� VDWXUDWHG� LQ� DQ\� RI� WKH�
FKDQQHOV�� DV� WKLV� ZRXOG� GLVWRUW� WKH� DYHUDJH� REWDLQHG��
7KH� EODFN� OHYHO� LV� HVWLPDWHG� HPSLULFDOO\�� $� OLQHDU�H[SDQVLRQ� LV�DSSOLHG� WR�HDFK�RI� WKH�5*%�FKDQQHOV� WR�
VHW� WKH� EODFN� OHYHO� WR� ��� DQG� WKH� ZKLWH� OHYHO� WR� �����
7KH�UHVXOW�RI�WKLV�LV�VKRZQ�LQ�)LJXUH�����

�
)LJXUH����$�VNHWFK�RI�WKH�PHDVXULQJ�GHYLFH��7KH�

VFDWWHU�GLVN�HQVXUHV�WKDW�RQO\�LQGLUHFW�OLJKWLQJ�UHDFKHV�
WKH�REMHFW��

�
)LJXUH����/HIW�EHIRUH�DQG�ULJKW�DIWHU�DSSO\LQJ�WKH�ZKLWH�EDODQFH�DQG�OLQHDU�H[SDQVLRQ���

7KH�QH[W�VWHS� LV� WR�GHWHUPLQH�ZKLFK�SL[HOV�EHORQJ� WR�
WKH� REMHFW� EHLQJ� LPDJHG�� 7KH� EOXH� FKDQQHO� VWD\V�
DSSUR[LPDWHO\�FRQVWDQW�GXULQJ�WKH�µGHJUHHQLQJ¶�DQG�LV�
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RI� D� VLPLODU� ORZ� OHYHO� IRU� ERWK� OLPHV� DQG� WRPDWRHV��
7KHUHIRUH� WKLV� FKDQQHO� FDQ� EH� XVHG� WR� DXWRPDWLFDOO\�GLVWLQJXLVK� EHWZHHQ� WKH� EDFNJURXQG� DQG� IRUHJURXQG��
7R� HQDEOH� D� JOREDO� WKUHVKROG� WR� EH� XVHG�� WKH� EOXH�
FKDQQHO�LV�QRUPDOLVHG�E\�GLYLGLQJ�E\�WKH�PD[LPXP�RI�
WKH� JUHHQ� DQG� UHG� FKDQQHOV�� )RU� OLPHV�� WKH� JUHHQ�
FKDQQHO�LV�UHODWLYHO\�XQLIRUP�DQG�FRQVLVWHQW��DOWKRXJK�
IRU� WRPDWRHV�� WKH� JUHHQ� LV� UHSODFHG� E\� UHG� DV� WKH�WRPDWR�ULSHQV��
)LQDOO\�� PRUSKRORJLFDO� ILOWHULQJ� �XVLQJ� ERWK� RSHQLQJ�
DQG� FORVLQJ�� UHPRYHV� VPDOO� LVRODWHG� DUHDV� WKDW� KDYH�
EHHQ�PLV�WKUHVKROGHG�WR�JLYH�D�FOHDU�VLOKRXHWWH�RI�WKH�
REMHFW��$�VPDOO�VDIHW\�PDUJLQ�LV�UHPRYHG�IURP�DURXQG�
WKH� HGJHV� RI� WKH�PDVN� WR� UHPRYH� WKH� SL[HOV� QHDU� WKH�ERXQGDU\� RI� WKH� REMHFW� ZKLFK� DUH� YLHZHG� DW� D� YHU\�
DFXWH�DQJOH��
3K\VLRORJLFDOO\�� WKH� JUHHQ� FKDQQHO� VWURQJO\� UHIOHFWV�
WKH�FKORURSK\OO�FRQWHQW�RI�WKH�REMHFW��ZKHUHDV�WKH�UHG�
FKDQQHO� LQGLFDWHV� WKH� \HOORZQHVV� �RU� FDURWHQRLG�
FRQWHQW�� RI� OLPHV�� RU� WKH� O\FRSHQH� FRQWHQW� RI�WRPDWRHV��'LYLGLQJ�WKH�UHG�E\�WKH�JUHHQ�JLYHV�D�XVDEOH�
QXPHULFDO�UDWLR���
� B B B 5HGSL[HO FRORXU LQGH[ � *UHHQ � ����
7DNLQJ� WKH� UDWLR� LQ� WKLV� ZD\� RYHUFRPHV� WKH� VPDOO�
XQHYHQQHVV� LQ� LOOXPLQDWLRQ�DV�ERWK� WKH�UHG�DQG�JUHHQ�
FKDQQHOV�ZLOO�EH�DIIHFWHG�HTXDOO\��
:KLOH�WKLV�LQGH[�LV�XVHIXO�IRU�OLPHV��ZKHUH�WKH�\HOORZ�
FRQWDLQV�D�VWURQJ�JUHHQ�FRPSRQHQW��ZLWK�WRPDWRHV��WKH�
JUHHQ�FRPSRQHQW�EHFRPHV�PXFK�OHVV�WKDQ�WKH�UHG��DQG�D� VPDOO� FKDQJH� LQ�FRORXU� UHVXOWV� LQ�D� ODUJH�FKDQJH�RI�
UDWLR��$�PRUH�XQLIRUP�FRORXU� LQGH[�PD\�EH�REWDLQHG�
IURP�HTXDWLRQ����
� B B B 5HG *UHHQSL[HO FRORXU LQGH[ � 5HG *UHHQ

�
 

�
� ����

$JDLQ� WKLV� LQGH[� LV� QRUPDOLVHG� DJDLQVW� YDULDWLRQV� LQ�
LOOXPLQDWLRQ�E\�WDNLQJ�D�UDWLR��7KLV�LQGH[�UDQJHV�IURP�
��� IRU� JUHHQ� SL[HOV�� WR� �� IRU� \HOORZ�� DQG� ��� IRU� UHG�
SL[HOV�� 7KH� FRORXU� LQGH[� YDOXHV� FDQ� EH� HDVLO\�
FRQYHUWHG�WR�D�SHUFHQWDJH�E\�DGGLQJ���DQG�VFDOLQJ��7R�
REWDLQ� WKH� LQGH[� RI� MXVW� WKH� REMHFW� SL[HOV�� WKH� FRORXU�LQGH[�LPDJH�LV�PDVNHG�WR�UHPRYH�WKH�EDFNJURXQG��
���� 'HULYHG�,QGH[�1XPEHUV�
2QFH� WKH� SL[HO� FRORXU� LQGH[� RI� WKH� REMHFW� LV� NQRZQ��WKLV� KDV� WR� EH� FDSWXUHG� LQ� D� VHW� RI� PHDQLQJIXO�
QXPEHUV��$�KLVWRJUDP�LV�REWDLQHG�RI�WKH�SL[HO�FRORXU�
LQGH[� YDOXHV� DFFXPXODWHG� RYHU� DOO� ��� LPDJHV�� VHH�
)LJXUH� ��� ,Q� WKLV� ZD\� WKH� KLVWRJUDP� UHSUHVHQWV� WKH�
FRPSOHWH� VXUIDFH� RI� WKH� REMHFW� DSDUW� IURP� D� VPDOO�
UHJLRQ�QHDU� WKH� VWHP�ZKLFK� LV� VLWWLQJ� LQ� WKH� FXS�� DQG�WKH� VPDOO� UHJLRQ� QHDU� WKH� WRS� WKDW� LV� DOZD\V� YLHZHG�
DFXWHO\��VHH�)LJXUH����7KLV�DUHD�LV�LQ�JHQHUDO�OHVV�WKDQ�
����RI�WKH�WRWDO�DUHD��

)URP� WKHVH� KLVWRJUDPV� IRXU� LQGH[� QXPEHUV� DUH�
JHQHUDWHG���� 0HDQ�� ��
�� 6WDQGDUG�GHYLDWLRQ�� ��
�� 6NHZ��6��
�� .XUWRVLV��.��

�
)LJXUH����7KH�KLVWRJUDP�RI�D�OLPH��3VHXGR�FRORXUV�

DUH�DSSOLHG�UHODWLYH�WR�WKH�FRORXU�RI�WKH�OLPH��
,W� KDV� EHHQ� IRXQG� WKDW� WKHVH� IRXU� LQGH[� QXPEHUV�
SURYLGH�D�JRRG�UHSUHVHQWDWLRQ�RI�WKH�FRORXU�DQG�FRORXU�GLVWULEXWLRQ��7KH�PHDQ�JLYHV�WKH�DYHUDJH�FRORXU�RI�WKH�
REMHFW��7KH�VWDQGDUG�GHYLDWLRQ�JLYHV�D�PHDVXUH�RI�WKH�
UDQJH�RYHU�ZKLFK�WKH�FRORXUV�DUH�IRXQG��7KH�VNHZQHVV�
GHVFULEHV� WKH� V\PPHWU\� LQ� WKH�GLVWULEXWLRQ�RI� FRORXU��
7KH� NXUWRVLV� LQGLFDWHV� WKH� XQLIRUPLW\� RI� WKH� FRORXU��
7KHVH� PDNH� LW� SRVVLEOH� WR� HDVLO\� FRPSDUH� GLIIHUHQW�REMHFWV��RU�WKH�VDPH�REMHFW�RYHU�WLPH��
'XH� WR� WKH� ODUJH� DPRXQW� RI� GDWD� SURGXFHG� ZKHQ�
PDNLQJ� WKH� PHDVXUHPHQWV� RYHU� D� ODUJH� QXPEHU� RI�
REMHFWV�DQG�RYHU�DQ�H[WHQGHG�WLPH��WKHUH�LV�QHHG�IRU�DQ�
DXWRPDWHG�SURFHVVLQJ�V\VWHP��7KLV�SURJUDP�LV�ZULWWHQ�
LQ� 9LVXDO� %DVLF� ([FHO� DQG� DOORZV� WKH� LQSXW� RI� ODUJH�TXDQWLWLHV� RI� GDWD� LQ� UDQGRP� RUGHU�� SURGXFLQJ� WKH�
VRUWHG�GDWD�LQ�D�QXPEHU�RI�FKDUWV��
�� ,QLWLDO�7HVWLQJ�
2QFH� WKH� DOJRULWKP� LV� ZRUNLQJ�� WKH� UHOLDELOLW\� RI� WKH�
HQWLUH�VHWXS�LV�HYDOXDWHG��)RU�WKLV�SXUSRVH�D�QXPEHU�RI�
WHVWV�DUH�SHUIRUPHG��
���� &RQVLVWHQF\�7HVWLQJ�
)LUVW� WKH� VWDELOLW\� RI� WKH� SURFHVV� LV� LQYHVWLJDWHG�
FDOFXODWLQJ� WKH� LQGH[� QXPEHUV� RYHU� D� ORQJ� SHULRG� ���
KRXU��� ,Q� WKLV� WLPH� ���� VHSDUDWH� PHDVXUHPHQWV� DUH�PDGH� RI� WKH� REMHFW�� GXULQJ� ZKLFK� WLPH� WKH� LQGH[�
QXPEHUV�VKRXOG�UHPDLQ�FRQVWDQW��
7KH� FKDQJHV� IRXQG� LQ� WKH� PHDVXUHPHQWV� RYHU� WKLV�
ORQJHU� SHULRG� DUH� VPDOO� DQG� IDOO� ZHOO� ZLWKLQ� WKH�
PDUJLQ� FRPSDUHG� WR� WKH� FRDUVHQHVV� RI� PDQXDO�
JUDGLQJ�� IRU�H[DPSOH�VHH�)LJXUH���IRU�D� OLPH��'XULQJ�WKH�RQH�KRXU�RI�PHDVXUHPHQW�WKH�LQGH[�QXPEHUV�VKRZ�
D�VWDEOH�RXWFRPH��7KH�IOXFWXDWLRQV�VWD\�ZLWKLQ�D�UDQJH�
RI�OHVV�WKDQ���������
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)LJXUH����)OXFWXDWLRQV�RI�WKH�DYHUDJH�FRORXU�LQGH[��
GXULQJ�WLPH��7KH�\�D[LV�LV�QRUPDOLVHG�EHWZHHQ���DQG�
������7KH�IOXFWXDWLRQ�VWD\V�ZLWKLQ�D�UDQJH�RI��������

7KH� RWKHU� LQGH[HV� VKRZHG� VLPLODU�� UHODWLYHO\� VPDOO�YDULDWLRQV�� DOWKRXJK� WKH� NXUWRVLV� ZDV� VHQVLWLYH� WR�
VPDOO� YDULDWLRQV� LQ� WKH� ORZ� DPSOLWXGH� WDLOV� RI� WKH�
KLVWRJUDP��
7KH�UHDVRQ�EHKLQG�WKH�VPDOO�IOXFWXDWLRQV�LV�QRW�NQRZQ�
IRU�FHUWDLQ��7KHUH�LV�D�VPDOO�VKDGRZ�EHWZHHQ�WKH�FXS�DQG� WKH� REMHFW� �YLVLEOH� LQ� )LJXUH� ��� DQG� WKLV� PD\�
LQWURGXFH� VRPH� XQFHUWDLQW\��:LWK� WKH� URWDWLRQ� RI� WKH�
WXUQWDEOH�� WKH� IUXLW�PD\� DOVR� EH�PRYLQJ� VOLJKWO\�ZLWK�
WKH� UHVXOW� WKDW� VOLJKWO\� GLIIHUHQW� VXUIDFHV� PD\� EH�
PHDVXUHG�HDFK�WLPH��
���� $PELHQW�/LJKWLQJ�
7KH� LQIOXHQFH� RI� DPELHQW� OLJKW� VRXUFHV�� VXFK� DV�
VXQOLJKW� FRPLQJ� LQ� WKH� ZLQGRZ�� RU� WKH� QRUPDO�
IOXRUHVFHQW� OLJKWV� LQ� WKH� ODERUDWRU\�� LV� GHWHUPLQHG��7KLV� LV� GRQH� E\� FRPSDULQJ� LQGH[� QXPEHUV� XQGHU�
GLIIHUHQW� OLJKW� FLUFXPVWDQFHV�� ZKLOH� XVLQJ� WKH� VDPH�
REMHFW��7DEOH���JLYHV�DQ�RYHUYLHZ�RI�WKH�HIIHFWV��

7DEOH����(IIHFWV�RI�DPELHQW�OLJKWLQJ�
7\SH�RI�OLJKW� 0HDQ� 6W��'HY��
'DUN� ������ ������
)OXRUHVFHQW� ������ �����
6XQOLJKW� ������ �����

7KH� HIIHFWV� RI� DPELHQW� OLJKWLQJ� DUH� QHJOLJLEOH�� DV�
H[SHFWHG�� GXH� WR� WKH� GHVLJQ� RI� WKH� PHDVXUHPHQW�
DSSDUDWXV��7KH�F\OLQGHU�SUHYHQWV�DQ\�VLJQLILFDQW�OHYHO�RI�DPELHQW�OLJKW� IURP�UHDFKLQJ�WKH�REMHFW��DSDUW�IURP�
OLJKW� FRPLQJ� LQ� YLD� WKH� YLHZLQJ� ZLQGRZ�� 7KH� ZKLWH�
EDODQFLQJ� SURFHGXUH� FRUUHFWV� IRU� WKH� OLWWOH� OLJKW� WKDW�
GRHV�FRPH�LQ��
�� 0HDVXUHPHQW�3HUIRUPDQFH�
���� 7HVW�6HWXS���
)LQDOO\�� D� VPDOO� QXPEHU� RI� IUXLW� ��� ±� ���� ZHUH�
PHDVXUHG��UHFRUGLQJ�WKHLU�FRORXU�FKDQJH�RYHU�WLPH��7R�
VSHHG�XS�WKH�GHJUHHQLQJ�SURFHVV��WKH�REMHFWV�DUH�NHSW�
DW����&���
7KH�WRPDWRHV�XVHG�DUH�VHOHFWHG�LQ�D�EURDG�VSHFWUXP�RI�
FRORXUV�� 2QH� ZDV� FORVH� WR� WKH� EUHDNHU� VWDJH� ������

FRORXUHG�� ZKHUHDV� RWKHUV� ZHUH� DOUHDG\� FORVH� WR� UHG�
�!����FRORXUHG��>��@��
7KH� OLPHV� XVHG� ZHUH� DSSUR[LPDWHO\� ���� JUHHQ�� EXW�
ZLWK�TXLWH�ODUJH�GLIIHUHQFHV�LQ�FRORXU�XQLIRUPLW\���
���� 5HVXOWV�
7KH� LQLWLDO� WHVW� ZLWK� D� VPDOO� QXPEHU� RI� WRPDWRHV�VKRZHG�WR�EH�YHU\�YDOXDEOH���
)LJXUHV� ���� VKRZ� WKH� HYROXWLRQ� RI� WKH� PHDVXUHG�
FRORXU�LQGH[�ZLWK�WLPH��7KH�PHDQ�FRORXU�LQGH[�FOHDUO\�
VKRZV� D� GHYHORSPHQW� VLPLODU� WR� WKDW� UHSRUWHG� LQ� WKH�
OLWHUDWXUH� >��� ��@��'XH� WR� WKH� SDUWLDO� FKDUDFWHU� RI� WKLV�LQLWLDO� WHVW�� WKH� FXUYH� GRHV� QRW� VKRZ� WKH� FRPSOHWH�
SURJUHVVLRQ�RI�FRORXU�FKDQJH��
7KH� VWDQGDUG� GHYLDWLRQ� LQFUHDVHV� VORZO\�� DIWHU�ZKLFK�
LW� VWD\V�FRQVWDQW�DW�D� UDWKHU�KLJK� OHYHO��7KLV� LV�GXH� WR�
WKH� UHODWLYHO\� ODUJH�� HYHQ� WDLOV� LQ� WKH�KLVWRJUDP��7KLV�
FOHDUO\� VKRZV� WKH� EHQHILWV� RI� WKH� NXUWRVLV�� VLQFH� WKLV�JLYHV� D� FOHDU� LQGLFDWLRQ� DERXW� WKH� µSHDNQHVV¶� RI� WKH�
KLVWRJUDP��
)RU� WKH� WRPDWR�PDUNHG�ZLWK� µ�¶� WKH�PHDVXUHPHQW� RI�
WKH� VNHZ� LV� GLIIHUHQW� IURP� WKH� RWKHUV�� 7KH� WRPDWR�
LQYROYHG� ZDV� LQLWLDOO\� YHU\� JUHHQ� �DOPRVW� EUHDNHU���
'XH�WR�WKH�JUHHQ�FRORXU��ZLWK�D�VPDOO�UHG�FRPSRQHQW��WKH� VNHZ� LV� QHJDWLYH�� ,Q� DOO� RWKHU� FDVHV� WKH� FRORXU� LV�
PRUH�XQLIRUP�RU�ZLWK�PRUH� UHG� WKDQ�JUHHQ�� UHVXOWLQJ�
LQ�D�VNHZ�FORVH�WR�]HUR�RU�SRVLWLYH�UHVSHFWLYHO\��

&RORXU�FKDQJH�UHFRUGHG�RYHU�WLPH
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)LJXUH����7KH�GHYHORSPHQW�RI�WKH�DYHUDJH�FRORXU�RI�
QLQH�WRPDWRHV�DV�WKH\�FKDQJH�RYHU�WLPH�DV�UHFRUGHG�E\�WKH�GHYHORSHG�PHDVXULQJ�GHYLFH���
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)LJXUH����7KH�GHYHORSPHQW�RI�WKH�VWDQGDUG�GHYLDWLRQ�
RI�QLQH�WRPDWRHV�DV�WKH�FRORXU�FKDQJHV�RYHU�WLPH��
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�
)LJXUH����7KH�GHYHORSPHQW�RI�WKH�VNHZ�RI�QLQH�
WRPDWRHV�DV�WKHLU�FRORXU�FKDQJHV�RYHU�WLPH��

&RORXU�FKDQJH�UHFRUGHG�RYHU�WLPH

�

��
��

��
��

���

���
���

���

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

7LPH��GG���PP�

.
XU
WR
VL
V

�
)LJXUH����7KH�GHYHORSPHQW�RI�WKH�NXUWRVLV�RI�QLQH�

WRPDWRHV�DV�WKHLU�FRORXU�FKDQJH�RYHU�WLPH��
,Q� VRPH� VLWXDWLRQV� WKH� VNHZ� DQG� NXUWRVLV� DUH� PRUH�GLIILFXOW� WR� LQWHUSUHW�� 6LQFH� WKH\� DUH� �UG� DQG� �WK� RUGHU�
PRPHQWV�� WKH\� WHQG� WR� EH� YHU\� VHQVLWLYH� WR� VPDOO�
IOXFWXDWLRQV�� 7KLV� PLJKW� REVFXUH� WKH� RXWFRPH� LQ�
FHUWDLQ� FDVHV�� ,Q� JHQHUDO� WKH� RXWFRPH� LV� JRRG�� VHH�
)LJXUHV���DQG����+RZHYHU� LQ� VRPH�FDVHV�DQ�RXWO\LQJ�NXUWRVLV� QXPEHU� LV� IRXQG�� DV� IRU� WKH� WRPDWR� PDUNHG�
ZLWK�D�µ�¶�LQ�)LJXUH���RQ�������IRU�LQVWDQFH��
:LWK�WKH� OLPHV�WKH�RXWFRPH�ZDV�OHVV�JRRG��6LQFH�WKH�
OLPHV� DUH� VWRUHG� XQGHU� QRUPDO� FRQGLWLRQV�� ZLWKRXW�
FRROLQJ�� WKH\� EHJDQ� GHK\GUDWLQJ�� 7KLV� FDXVHG� WKH�
OLPHV� WR� PDLQWDLQ� WKHLU� JUHHQ� FRORXU�� ZKLOH� WKH� ULQG�WXUQHG� KDUG�� 7KH� UHVXOWV� RXW� RI� WKLV� WHVW� ZKHUH�
WKHUHIRUH� OHVV� XVHIXO�� RWKHU� WKDQ� WR� REWDLQ� PRUH�
H[SHULHQFH�ZLWK�WKH�PHDVXULQJ�GHYLFH���
�� &RQFOXVLRQV�
&RPSDULQJ�WKH�RXWFRPH�ZLWK�WKH�XVH�RI�FRQWURO�FKDUWV��
WKHUH� LV� FHUWDLQO\� DQ� LPSURYHPHQW�� 7KH� QXPEHU� RI�
FODVVHV�LQWR�ZKLFK�IUXLW�PD\�EH�JUDGHG�ZDV�LQFUHDVHG�VLJQLILFDQWO\�� ZKLOH� PDLQWDLQLQJ� D� FRUUHFW�
FODVVLILFDWLRQ��
7KH� XVH� RI� WKH� IRXU� LQGH[� QXPEHUV�� PHDQ�� VWDQGDUG�
GHYLDWLRQ�� VNHZ� DQG� NXUWRVLV�� JDYH� D� FOHDU� LQGLFDWLRQ�
DERXW� WKH� FRORXU� GLVWULEXWLRQ� RI� WKH� REMHFW�� ,W� DOVR�
DOORZV� DQ� HDV\� FRPSDULVRQ� XVLQJ� WKH� DXWRPDWLF�JHQHUDWHG�JUDSKV�EHWZHHQ�GLIIHUHQW�REMHFWV���
7KH�UHODWLYHO\�VORZ�PHDVXUHPHQW�VSHHG�SUHFOXGHV�WKH�
XVH� RI� WKLV� SURWRW\SH� IURP� FRPPHUFLDO� DSSOLFDWLRQ��

+RZHYHU�� WKH� IRFXV� RI� WKLV� SURMHFW� LV� PRUH� RQ�
SURYLGLQJ� D� XVHIXO� UHVHDUFK� WRRO�� DQG� WKH� VORZ�PHDVXUHPHQW�VSHHG�LV�QRW�DV�LPSRUWDQW��
�� )XUWKHU�5HVHDUFK�
'XULQJ� WKLV� UHVHDUFK� LW� LV� GHPRQVWUDWHG� WKDW� WKH�
PHWKRG� GHVFULEHG� LV� XVHDEOH�� 7KHUHIRUH� WKLV� PHWKRG�
ZLOO� EH� DSSOLHG� LQ� IXUWKHU� UHVHDUFK� LQ� ZKLFK� WZR�
DVSHFWV�ZLOO�EH�LQYHVWLJDWHG��
�� 7KH� UHFRUGLQJ� RI� WKH� FRORXU� FKDQJH� QHHGV� WR� EH�FRPSDUHG� WR� PHDVXUHPHQWV� PDGH� XVLQJ� D�

VSHFWURPHWHU��
�� $� ODUJHU� VWXG\� ZLWK� PRUH� REMHFWV� VWRUHG� XQGHU�

GLIIHUHQW� WHPSHUDWXUH� UHJLPHV� WR� GHYHORS� NLQHWLF�
PRGHOV� WKDW� FDQ� EH� XVHG� WR� GHVFULEH� FRORXU�
FKDQJH� D� UDQJH� RI� FRQVWDQW� RU� YDU\LQJ� VWRUDJH�FRQGLWLRQV��

7KH�UHVXOWV�RI�WKLV�UHVHDUFK�ZLOO�EH�SUHVHQWHG�DW�D�ODWHU�
VWDJH��
�� $FNQRZOHGJHPHQWV�
,� ZRXOG� OLNH� WR� DFNQRZOHGJH�0DVVH\� 8QLYHUVLW\� IRU�
JLYLQJ� PH� WKH� SRVVLELOLW\� WR� OHDUQ� PXFK� GXULQJ� P\�LQWHUQVKLS���
�� 5HIHUHQFHV�
>�@� <�� (GDQ�� +�� 3DVWHUQDN�� ,�� 6KPXOHYLFK�� '��

5DFKPDQL�� '�� *XHGDOLD�� 6�� *ULQEHUJ�� DQG� (��
)DOOLN�� �&RORU� DQG� ILUPQHVV� FODVVLILFDWLRQ� RI�
IUHVK� PDUNHW� WRPDWRHV��� -RXUQDO� RI� )RRG�
6FLHQFHV�������������������������

>�@� *�� -DKQV�� +�0�� 1LHOVHQ�� DQG� :�� 3DXO��
�0HDVXULQJ� LPDJH� DQDO\VLV� DWWULEXWHV� DQG�
PRGHOOLQJ� IX]]\� FRQVXPHU� DVSHFWV� IRU� WRPDWR�
TXDOLW\� JUDGLQJ���&RPSXWHUV� DQG�(OHFWURQLFV� LQ�
$JULFXOWXUH�����������������������

>�@� (�� %RVTXH]�0ROLQD�� -�� 'RPtQJXH]�6REHUDQHV��/�-��3pUH]�)ORUHV��)��'tD[�GH�/HyQ�6iQFKH]��DQG�
-�� 9HUQRQ�&DUWHU�� �(IIHFW� RI� HGLEOH� FRDWLQJV� RQ�
VWRUDJH�OLIH�RI�0H[LFDQ�OLPHV��FLWUXV�DXUDQWLIROLD�
6ZLQJOH��+DUYHVWHG�LQ�WZR�GLIIHUHQW�SHULRGV���LQ�
;;9,� ,+&� �� &LWUXV�� 6XEWURSLFDO� DQG� 7URSLFDO�
)UXLW�&URSV�����������������������

>�@� $��%DWX�� �'HWHUPLQDWLRQ� RI� DFFHSWDEOH� ILUPQHVV�
DQG�FRORXU�YDOXHV�RI�WRPDWRHV���-RXUQDO�RI�)RRG�
(QJLQHHULQJ����������������������

>�@� 5�� $ULDV�� 7�� /HH�� /�� /RJHQGUD�� DQG� +�� -DQHV��
�&RUUHODWLRQ� RI� O\FRSHQH� PHDVXUHG� E\� +3/&�ZLWK� WKH�/�� D�� E� FRORU� UHDGLQJV�RI� D� K\GURSRQLF�
WRPDWR� DQG� WKH� UHODWLRQVKLS� RI� PDWXULW\� ZLWK�
FRORU� DQG� O\FRSHQH� FRQWHQW��� -RXUQDO� RI�
$JULFXOWXUDO� DQG� )RRG� &KHPLVWU\�� ���� �����
�������������

>�@� 6�� %UDQGW�� =�� 3pN�� e�� %DUQD��$�� /XJDVL�� DQG� /��+HO\HV�� �/\FRSHQH� FRQWHQW� DQG� FRORXU� RI�
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ULSHQLQJ� WRPDWRHV� DV� DIIHFWHG� E\� HQYLURQPHQWDO�
FRQGLWLRQV���-RXUQDO�RI�WKH�6FLHQFH�RI�)RRG�DQG�
$JULFXOWXUH����������������������

>�@� $��:ROG��+�-��5RVHQIHOG��.��+ROWH��+��%DXJHU¡G��
5�� %ORPKRII�� DQG�.�� +DIIQHU�� �&RORXU� RI� SRVW�
KDUYHVW� ULSHQHG� DQG� YLQH� ULSHQHG� WRPDWRHV�
�/\FRSHUVLFRQ� HVFXOHQWXP� 0LOO��� DV� UHODWHG� WR�
WRWDO� DQWLR[LGDQW� FDSDFLW\� DQG� FKHPLFDO�FRPSRVLWLRQ��� ,QWHUQDWLRQDO� -RXUQDO� RI� )RRG�
6FLHQFH�DQG�7HFKQRORJ\����������������������

>�@� 6�.�� &OLQWRQ�� 7�0�:�� %RLOHDX�� DQG� -�:��
(UGPDQ�� �(IIHFW� O\FRSHQH� RU� WRPDWR� SRZGHU�
XSRQ�SURVWDWH�FDQFHU��FRUUHVSRQGHQFH����-RXUQDO�
RI�WKH�1DWLRQDO�&DQFHU�,QVWLWXWH�������������������������

>�@� 3�+�� *DQQ� DQG� )�� .KDFKLN�� �7RPDWRHV� RU�
/\FRSHQH� YHUVXV� SURVWDWH� FDQFHU�� ,V� HYROXWLRQ�
$QWL� UHGXFWLRQLVW� �(GLWRULDO���� -RXUQDO� RI� WKH�
1DWLRQDO� &DQFHU� ,QVWLWXWH�� �������� ����������
��������

>��@� 1�,�� .ULQNV\� DQG� (�-�� -RKQVRQ�� �&DURWHQRLG�
DFWLRQV�DQG�WKHLU�UHODWLRQ�WR�KHDOWK�DQG�GLVHDVH���
0ROHFXODU� $VSHFWV� RI� 0HGLFLQH�� ���� ��������
��������

>��@� 7��3UDQDPRUQNLWK��-�$��+H\HV��DQG�$�-��0DZVRQ���(IIHFWV� RI� &$� DQG� DOWHUQDWLYH� SRVWKDUYHVW�
WUHDWPHQWV� RI� OLPH� �&LWUXV� ODWLIROLD� 7DQDND��
IUXLW��� LQ� ,QWHUQDWLRQDO� &RQWUROOHG� $WPRVSKHUH�
5HVHDUFK� &RQIHUHQFH�� 0LFKLJDQ� 6WDWH�
8QLYHUVLW\��86$���-XO\��������������

>��@� 8QLWHG�6WDWHV�'HSDUWPHQW�RI�$JULFXOWXUH��8QLWHG�
6WDWHV� VWDQGDUGV� IRU� JUDGHV� RI� IUHVK� WRPDWRHV��
������

>��@� 0�0�� /DQD�� 0RGHOOLQJ� TXDOLW\� RI� IUHVK�FXW�
WRPDWR� EDVHG� RQ� VWDJH� RI�PDWXULW\� DQG� VWRUDJH�
FRQGLWLRQV�� +RUWLFXOWXUDO� 3URGXFWLRQ� &KDLQV�
*URXS�� 3ODQW� 6FLHQFH�� 3K�'�� 7KHVLV��:DJHQLQJHQ��:DJHQLQJHQ�8QLYHUVLW\����������

>��@� $�� /RSH]� &DPHOR� DQG� 3�$�� *RPH]��
�&RPSDULVRQ� RI� FRORU� LQGLFHV� IRU� WRPDWR�ULSHQLQJ��� +RUWLFXOWXUD� %UDVLOHLUD�� ������� ����
������������

>��@� 5��*yPH]�� -��&RVWD��0��$PR��$��$OYDUUXL]��0��
3LFD]R�� DQG� -�� 3DUGR�� �3K\VLFRFKHPLFDO� DQG�
FRORULPHWULF� HYDOXDWLRQ� RI� ORFDO� YDULHWLHV� RI�
WRPDWR� JURZQ� LQ� 6(� 6SDLQ��� -RXUQDO� RI� WKH�
6FLHQFH�RI�)RRG�DQG�$JULFXOWXUH����������������
��������

>��@� *�� 3ROGHU�� *�:�$�0�� YDQ�GHU�+HLMGHQ�� DQG� ,�7��
<RXQJ�� �+\SHUVSHFWUDO� LPDJH� DQDO\VLV� IRU�
PHDVXULQJ�ULSHQHVV�RI�WRPDWRHV��� LQ������$6$(�
,QWHUQDWLRQDO� 0HHWLQJ�� 0LOZDXNHH�� :LVFRQVLQ���-XO\��������������

>��@� *�� 3ROGHU�� *�:�$�0�� YDQ�GHU�+HLMGHQ�� +��
YDQ�GHU�9RHW�� DQG� ,�7�� <RXQJ�� �0HDVXULQJ�
VXUIDFH�GLVWULEXWLRQ�RI�FDURWHQHV�DQG�FKORURSK\OO�
LQ�ULSHQLQJ�WRPDWRHV�XVLQJ�LPDJH�VSHFWURPHWU\���
3RVWKDUYHVW� %LRORJ\� DQG� 7HFKQRORJ\�� ���� ����������������

>��@� *�� 3ROGHU�� *�:�$�0�� YDQ�GHU�+HLMGHQ�� DQG� ,�7��
<RXQJ�� �7RPDWR� VRUWLQJ� XVLQJ� LQGHSHQGHQW�
FRPSRQHQW� DQDO\VLV� RQ� VSHFWUDO� LPDJHV��� 5HDO�
7LPH�,PDJLQJ���������������������

>��@� '�*�� %DLOH\� DQG� 5�0�� +RGJVRQ�� �9,36� �� D�
'LJLWDO� ,PDJH� 3URFHVVLQJ� $OJRULWKP�
'HYHORSPHQW� (QYLURQPHQW��� ,PDJH� DQG� 9LVLRQ�
&RPSXWLQJ���������������������

>��@� 0�/�$�7�0��+HUWRJ��-��/DPPHUW\Q��0��'HVPHW��
1�� 6FKHHUOLQFN�� DQG�%�0��1LFRODL�� �7KH� LPSDFW�RI�ELRORJLFDO�YDULDWLRQ�RQ�SRVWKDUYHVW�EHKDYLRXU�
RI� WRPDWR� IUXLW��� 3RVWKDUYHVW� %LRORJ\� DQG�
7HFKQRORJ\����������������������

>��@� )�� $UWHV�� (�� 6DQFKH]�� DQG� /�0�0�� 7LMVNHQV��
�4XDOLW\�DQG�VKHOI�OLIH�RI�WRPDWRHV�LPSURYHG�E\�
LQWHUPLWWHQW� ZDUPLQJ��� /HEHQVPLWWHO�
:LVVHQVFKDIW� XQG�7HFKQRORJLH�� ���� ��������
��������

�
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