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/YLY�3RO\WHFKQLF�1DWLRQDO�8QLYHUVLW\��
����6�%DQGHUD�6W���/YLY���������8NUDLQH

ROHJLY�PDLO#JPDLO�FRP

5HVHDUFK� 0HWKRGRORJ\�� 7KH� UHVHDUFK� LV� EDVHG� RQ� WKH� PHWKRGV� RI� WKHRU\�
RI� FRQWLQXRXV� DQG� GLJLWDO� UHJXODWLRQ� V\VWHPV�� WKHRULHV� RI� IHHGEDFN� V\VWHPV� DQG�
SDUDPHWULF�RSWLPL]DWLRQ�RI�DXWRPDWLF�V\VWHPV��)RU�SURYLQJ�WKH�¿�GHOLW\�RI�WKHRUHWLF�
UHVHDUFK�LPLWDWLRQ��PRGHOOLQJ�PHWKRGV�KDYH�EHHQ�XVHG��

5HVXOWV�� 7KH� FRPSDUDWLYH� TXDQWLWDWLYH� DQDO\VLV� RI� WKH� TXDOLW\� RI� UHJXODWLRQ�
DXWRPDWLRQ� V\VWHPV� IXQFWLRQLQJ� RQ� WKH� EDVLV� RI� GLIIHUHQW� VWUXFWXUH� GLVFUHWH� 3,'�
DOJRULWKPV��FDUULHG�RXW�LQ�WKH�FRXUVH�RI�UHVHDUFK��VKRZHG�WKDW�WKH�TXDOLW\�RI�WUDQVLWRU\�
SURFHVVHV� E\� WKHLU� LQWHJUDO� VTXDUH� DVVHVVPHQW� LQ� V\VWHPV�ZLWK� GLVFUHWH� UHJXODWRUV�
FRPSDUHG�ZLWK�FRQWLQXRXV�V\VWHP�JHWV� VOLJKWO\�ZRUVH��$W� WKH�VDPH� WLPH�� WKH�EHVW�
DSSUR[LPDWLRQ�LV�DFKLHYHG�DW�WKH�RSWLPDO�VWUXFWXUH�RI�GLJLWDO�FRQWUROOHU��7KH�XVH�RI�
GLVFUHWH�RSWLPDO�VWUXFWXUH�3,'�UHJXODWRU�DOORZV�WR�LPSURYH�VLJQL¿�FDQWO\�WKH�TXDOLW\�
RI�WKH�V\VWHP�FRPSDUHG�WR�WKH�VHULDO�GLVFUHWH�3,'�UHJXODWRU�

1RYHOW\��:LWK� WKH� DLP� RI� VROYLQJ� WKH� SUREOHP� RI� WKH� UDWLRQDO� FKRLFH� RI� WKH�
VWUXFWXUH�RI�GLVFUHWH�DOJRULWKPV�FKRRVLQJ�GLVFUHWL]DWLRQ�PHWKRGV�IURP�WKH�FRQGLWLRQ�
RI� PD[LPXP� DSSUR[LPDWLRQ� RI� FRPSOH[� IUHTXHQF\� FKDUDFWHULVWLFV� �&)&�� RI� WKH�
GLVFUHWH�DQDORJXH�WR�&)&�RI�FRQWLQXRXV�SURWRW\SH�KDV�EHHQ�VXJJHVWHG��,W�KDV�EHHQ�
VKRZQ� WKDW� WKH� RSWLPDO� LQ� WKLV� FDVH� GLVFUHWH�3,'�DOJRULWKP� FDQ� EH� SURYLGHG�ZLWK�
LQWHJUDO� FRPSRQHQW� GLVFUHWL]DWLRQ� E\� EDFNZDUG� (XOHU�� DQG� GHULYDWLYH� FRPSRQHQW�
GLVFUHWL]DWLRQ�E\�WUDSH]RLGDO�PHWKRG�

3UDFWLFDO� 6LJQL¿�FDQFH�� 7KH� VXJJHVWHG� PHWKRG� FDQ� EH� ZLGHO\� XVHG� LQ�
DXWRPDWL]DWLRQ�SUDFWLFH� IRU� FUHDWLQJ�KLJK�TXDOLW\� UHJXODWLRQ� V\VWHPV�ZLWK�GLVFUHWH�
3,'�DOJRULWKPV��DV� WKH�SURJUDP�UHDOL]DWLRQ�RI�GLVFUHWH� UHJXODWRU�RSWLPDO� VWUXFWXUH�
GRHV� QRW� LQYROYH� DQ\� GLI¿�FXOWLHV� DQG� GRHV� QRW� GHPDQG� DQ\� DGGLWLRQDO� HFRQRPLF�
H[SHQVHV�
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�� ��/XWVNLY

8NUDLQLDQ�$FDGHP\�RI�3ULQWLQJ��
�����3LG�+RORVNRP�6W���/YLY���������8NUDLQH

5HVHDUFK�0HWKRGRORJ\��7KH�PHWKRGRORJLFDO�EDVLV�RI� WKH�UHVHDUFK�FRQVLVWV�RI�
IX]]\�PRGHOV�DQG�V\VWHPV��7R�VROYH�WKH�SUREOHP��WKH�WKHRU\�RI�DXWRPDWLF�FRQWURO�KDV�
EHHQ�XVHG�WR�FRQVWUXFW�WKH�PRGHO�RI�WKH�V\VWHP�RI�DXWRPDWLF�FRQWURO��IX]]\�PRGHOV�
IRU�WKH�FRQVWUXFWLRQ�RI�D�IX]]\�3�UHJXODWRU�� WKH�6LPXOLQN�SDFNDJH�IRU�FRQVWUXFWLQJ�
D�VWUXFWXUDO�VFKHPH�RI�WKH�VLPXODWLRQ�PRGHO�RI�WKH�IX]]\�DXWRPDWLF�FRQWURO�V\VWHP��
FRQGXFWLQJ�WKH�VLPXODWLRQ��FRQVWUXFWLRQ�RI�VFKHGXOHV�RI�WUDQVLHQW�SURFHVVHV��FRQWURO�
DQG�GH¿�QLWLRQ�RI�WKH�TXDOLW\�RI�UHJXODWLRQ�DQG�SHUIRUPDQFH�RI�WKH�V\VWHP�

5HVXOWV�� ,Q� WKH� VWXG\�� WKH� VFKHPH�RI� WKH� GHQRUPDOL]DWLRQ�EORFN�QHFHVVDU\� IRU�
HQVXULQJ�WKH�FUHDWLRQ�RI�D�SK\VLFDO�UHJXODWRU\�HIIHFW�RQ�WKH�REMHFW�LQ�IX]]\�V\VWHPV�
WKDW�ZRUN�ZLWK�QRUPDOL]HG�IXQFWLRQV�DQG�QRUPDOL]HG�VLJQDOV�KDV�EHHQ��ZRUNHG�RXW��
7KH�VLPXODWLRQ�PRGHO�RI�WKH�V\VWHP�ZLWK�IX]]\�3�UHJXODWRU�KDV�EHHQ�ZRUNHG�RXW�DQG�
WKH�UHVXOWV�RI�WKH�VLPXODWLRQ�PRGHOLQJ��ZKLFK�KDYH�SURYHG�WKH�ZRUNLQJ�FDSDFLW\�DQG�
WKH� HI¿�FLHQF\�RI� WKH�ZRUNHG�RXW� EORFN�RI� GHQRUPDOL]DWLRQ�PDQDJHPHQW� DQG�KLJK�
TXDOLW\�RI�UHJXODWLRQ�KDYH�EHHQ�SUHVHQWHG�

1RYHOW\��6FLHQWL¿�F�QRYHOW\�RI�WKH�REWDLQHG�UHVXOWV�LV�WKDW�WKH�HODERUDWHG�VFKHPH�
DQG�WKH�GHWHUPLQHG�SDUDPHWHUV�RI�WKH�EORFN�RI�GHQRUPDOL]DWLRQ�SURYLGH�WKH�ZRUN�RI�
WKH�IX]]\�V\VWHP�IRU�GLIIHUHQW�PRGHV�RI�RSHUDWLRQ�RI�DXWRPDWLF�FRQWURO�V\VWHPV�

3UDFWLFDO� 6LJQL¿�FDQFH�� 7KH� VFKHPH� RI� WKH� GHQRUPDOL]DWLRQ� EORFN� DQG� WKH�
VLPXODWLRQ�PRGHO� RI� WKH� IX]]\� V\VWHP� LQ�0DWODE�SDFNDJH�KDYH�EHHQ�ZRUNHG�RXW��
6LPXOLQN�DOORZV�GHWHUPLQLQJ�WKH�RSWLPDO�SDUDPHWHUV�IRU�VHWWLQJ�XS�D�IX]]\�3�UHJXODWRU�
LQWHUDFWLYHO\��ZKLFK�LV�FRQYHQLHQW�IRU�SUDFWLFDO�DSSOLFDWLRQV�
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0���/XWVNLY��3���.XUND

8NUDLQLDQ�$FDGHP\�RI�3ULQWLQJ��
����3LG�+RORVNRP�6W���/YLY���������8NUDLQH

SHWLDPDQ#JPDLO�FRP

5HVHDUFK�0HWKRGRORJ\��7KH�PHWKRGRORJLFDO�EDVLV�RI�WKH�VWXG\�LV�D�VSDWLDO�WZR�
SDUDPHWHU�DXWR�W\SH�WRQH�UHSURGXFWLRQ��7R�VROYH�WKLV�SUREOHP��WKH�WKHRU\�RI�VFUHHQLQJ�
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IRU�PRGXODWLRQ�DQG�QHJDWLRQ�RI�LQN�À�RZV�XVLQJ�D�ELWPDS�SULQWLQJ�SODWH�LQ�WKH�SULQWLQJ�
V\VWHP�� WKH� WKHRU\� RI� JUDSKV� IRU� GHVFULELQJ� WKH� PRGXODWHG� À�RZV�� WKH� WKHRU\� RI�
HUURUV�IRU�GHWHUPLQLQJ�WKH�GHYLDWLRQ�RI�WKH�FKDUDFWHULVWLFV�RI�WRQH�UHSURGXFWLRQ�IURP�
OLQHDULW\��DQG�WKH�VLPXODWLRQ�PRGHOLQJ�IRU�FRQVWUXFWLQJ�D�VLPXODWLRQ�PRGHO�RI�WZR�
SDUDPHWHU�DXWR�W\SH�WRQH�UHSURGXFWLRQ�RI�VKRUW�SULQWLQJ�V\VWHPV��WKH�FRUUHFWLRQ�RI�
SURFHVVHV�RI�VFUHHQLQJ�DQG�SULQWLQJ�DQG�WKH�FRQVWUXFWLRQ�RI�FKDUDFWHULVWLFV�RI�DXWR�
W\SH�WRQH�UHSURGXFWLRQ�

5HVXOWV�� ,Q� WKH� FRQGXFWHG� UHVHDUFK�� WKH� PRGHO� RI� WZR�SDUDPHWHU� DXWR�W\SH�
UHSURGXFWLRQ�RI�LPDJHV�DQG�WKH�PHWKRG�RI�FRUUHFWLRQDO�V\QWKHVLV�KDYH�EHHQ�ZRUNHG�
RXW� DV� ZHOO� DV� FRPSHQVDWLQJ� IRU� WKH� QRQOLQHDULW\� RI� WKH� SURFHVVHV� RI� VFUHHQLQJ�
DQG� SULQWLQJ� LQ� D� VKRUW� SULQWLQJ� V\VWHP�ZLWK� D� UDVWHU� HOHPHQW� RI� D� VTXDUH� VKDSH��
7KH� VWUXFWXUDO� VFKHPH� RI� WKH� VLPXODWLRQ� PRGHO� RI� WZR�SDUDPHWHU� DXWR�W\SH� WRQH�
UHSURGXFWLRQ�IRU�D�VKRUW�SULQWLQJ�V\VWHP�KDV�EHHQ�GHYHORSHG��ZKLFK�VLPXOWDQHRXVO\�
FDOFXODWHV�WKH�WRQH�UHSURGXFWLRQ�FKDUDFWHULVWLFV�IRU�WKH�RULJLQDO�DQG�FRUUHFWHG�V\VWHP�
DQG�WKHLU�GHYLDWLRQ�IURP�QRQOLQHDULW\�

1RYHOW\��7KH�VFLHQWL¿�F�QRYHOW\�RI�WKH�REWDLQHG�UHVXOWV�LV�WKDW�WKH�HODERUDWHG�PRGHO�
RI�WZR�SDUDPHWHU�DXWR�W\SLFDO�WRQH�UHSURGXFWLRQ�SURYLGHV�DQ�DGHTXDWH�GHVFULSWLRQ�RI�
WRQH�UHSURGXFWLRQ�DQG�H[WHQGV� LWV�DSSOLFDWLRQ�DW� WKH�VWDJH�RI�SUHSDULQJ�LPDJHV�IRU�
SULQWLQJ�

3UDFWLFDO� 6LJQL¿�FDQFH�� 7KH� VLPXODWLRQ� PRGHO� RI� DXWRW\SH� WRQH� UHSURGXFWLRQ�
LQ� WKH�0DWODE�6LPXOLQN�DOORZV�GHWHUPLQLQJ� WKH�SDUDPHWHUV�RI� WKH�FRUUHFWLRQ� OHYHO�
LQWHUDFWLYHO\�� ZKLFK� SURYLGHV� WKH� UHTXLUHPHQWV� IRU� OLQHDULW\� UHSURGXFWLRQ� LQ� WKH�
FRUUHFWHG�SULQWLQJ�V\VWHPV�
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0��0��/XWVNLY��2��6��6LGLNL�

�8NUDLQLDQ�$FDGHP\�RI�3ULQWLQJ�
����3LG�+RORVNRP�6W���/YLY���������8NUDLQH�

VLGLNLROHJ#JPDLO�FRP

5HVHDUFK�0HWKRGRORJ\�� 7KH� PHWKRGRORJLFDO� EDVLV� RI� WKH� VWXG\� LV� WKH� DXWR�
W\SH�WRQH�WUDQVIHU�RI�LPDJHV��7R�VROYH�WKLV�SUREOHP��WKH�WKHRU\�RI�VFUHHQLQJ�IRU�WKH�
PRGXODWLRQ�RI�LQN�À�RZV�E\�D�UDVWHU�SULQWLQJ�IRUP�LQ�WKH�À�H[RJUDSKLF�SULQWLQJ�V\VWHP��
ZH�KDYH�XVHG�WKH�WKHRU\�RI�JUDSKV�IRU�GHVFULELQJ�WKH�VWUXFWXUH�DQG�G\H�À�RZV��DQG�
WKH�VLPXODWLRQ�PRGHOLQJ�IRU�FRQVWUXFWLQJ�DQ�LPLWDWLRQ�PRGHO�IRU�ELWPDS�LPDJHV�DQG�
SULQWLQJ��DQG�WKH�FDOFXODWLRQ�DQG�YLVXDOL]DWLRQ�RI�WKH�FKDUDFWHULVWLFV�RI�DXWR�W\SH�WRQH�
WUDQVIHU�DQG�WKHLU�GHYLDWLRQ�IURP�OLQHDULW\�
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5HVXOWV��,Q�WKH�FRQGXFWHG�UHVHDUFK��WKH�PRGHO�RI�DXWRW\SLF�WRQDO�WUDQVIHU�RI�UDVWHU�
LPDJHV�LQ�D�À�H[RJUDSKLF�SULQWLQJ�V\VWHP�RI�D�VXFFHVVLYH�VWUXFWXUH��H[SUHVVHG�LQ�WHUPV�
RI� WKH�DPRXQW�RI�SDLQW�SHU�XQLW�DUHD��KDV�EHHQ�ZRUNHG�RXW��7KH�VWUXFWXUDO�VFKHPH�
RI� WKH� VLPXODWLRQ�PRGHO� LQ� WKH�0DWODE� SDFNDJH�� 6LPXOLQN��ZKLFK� VLPXOWDQHRXVO\�
FDOFXODWHV�DQG�YLVXDOL]HV�WKH�FKDUDFWHULVWLFV�RI� WKH�WRQH�EDQGZLGWK�RI� LWV�GHYLDWLRQ�
IURP�WKH�OLQHDULW\��KDV�EHHQ�GHYHORSHG��7KH�UHVXOWV�RI�WKH�LPLWDWLRQ�PRGHOLQJ�LQ�WKH�
IRUP� RI� WRQH� UHSURGXFWLRQ� FKDUDFWHULVWLFV� ZKHQ� UHSURGXFLQJ� D� OLQHDU� UDVWHU� VFDOH�
KDYH�EHHQ�GHYHORSHG��,W�KDV�EHHQ�HVWDEOLVKHG�WKDW�WKH�PD[LPXP�GHYLDWLRQ�IURP�WKH�
OLQHDULW\�LV�RQ�WKH�DYHUDJH�UDQJH�DQG�LV����������ZKLFK�GRHV�QRW�PHHW�WKH�QRUPDWLYH�
UHTXLUHPHQWV�IRU�TXDOLW\�ERRN�SURGXFWV�

1RYHOW\�� 7KH� VFLHQWL¿�F� QRYHOW\� RI� WKH� REWDLQHG� UHVXOWV� LV� WKDW� WKH� PRGHO� RI�
DXWRW\SH�WRQH�WUDQVIHU�KDV�EHHQ�ZRUNHG�RXW��ZKLFK�SURYLGHV�DQ�DGHTXDWH�GHVFULSWLRQ�
RI�WRQH�DQG�DSSOLFDWLRQ�WR�WKH�SUHSDUDWLRQ�RI�LPDJHV�IRU�FDVWUDWLRQ�

3UDFWLFDO� 6LJQL¿�FDQFH��$� VLPXODWLRQ�PRGHO� RI� DXWRW\SH� WRQH� WUDQVIHUV� LQ� WKH�
0DWODE�SDFNDJH�KDV�EHHQ�ZRUNHG�RXW��6LPXOLQN�DOORZV�\RX�WR�FDOFXODWH�DQG�FRQVWUXFW�
WKH�FKDUDFWHULVWLFV�DQG�DQDO\]H�WKH�SURSHUWLHV�RI�WKH�À�H[RJUDSKLF�SULQWLQJ�V\VWHP�
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2�5�� ]PLURY\FK�

8NUDLQLDQ�$FDGHP\�RI�3ULQWLQJ�
����3LG�+RORVNRP�6W���/YLY���������8NUDLQH

ND]PROHK#JPDLO�FRP

5HVHDUFK� 0HWKRGRORJ\�� 7KH� H[SHULPHQWDO� PHWKRG� LQ� WKH� GHYHORSPHQW� DQG�
UHVHDUFKLQJ� RI� WKH� SK\VLFDO� PRGHO� RI� LQIRUPDWLRQ� FRQWUROOHG� GHYLFH� �,&'��� WKH�
DSSOLFDWLRQ� RI� WKH� PHWKRG� RI� VLPXODWLRQ� RI� LWV� ZRUN� RQ� D� FRPSXWHU� LQ� WKH� )%'�
�)XQFWLRQDO�%ORFN�'LDJUDP�� HGLWRU� XVLQJ� WKH� /2*2�� 6RIW� RPIRUW� SURJUDP� DQG�
PDWKHPDWLFDO�PRGHOLQJ��

5HVXOWV��$�ODERUDWRU\�VDPSOH�RI� ,&'�ODFTXHULQJ�PDFKLQH�KDV�EHHQ�GHYHORSHG�
EDVHG�RQ�WKH�XVLQJ�RI�SURJUDPPDEOH�ORJLF�FRQWUROOHUV��ZKLFK�DUH�SURGXFHG�VHULDOO\�
DQG� FRUUHVSRQG� WR� WKH� DFKLHYHPHQW� RI� QHHGHG� OHYHO� RI� VFLHQWL¿�F� DQG� WHFKQLFDO�
GHYHORSPHQWV��

1RYHOW\� 7KH�JHQHUDO�LVVXHV�RI�GHVLJQLQJ�WKH�,&'�RI�D�ODFTXHULQJ�PDFKLQH�RQ�WKH�
EDVLV�RI�SURJUDPPDEOH�ORJLF�FRQWUROOHUV��ZKLFK�PDNHV�PHDVXUHPHQWV�DQG�DGMXVWLQJ�
WKH�WHPSHUDWXUH�RI�GU\LQJ�ODFTXHU�SULQWV��HQVXUHV�WKH�IRUPDWLRQ�RI�SDFNHWV�RI�VKHHWV�
RI�D�FHUWDLQ�DPRXQW��ZKLFK�UHFRUGV�WKH�WRWDO�QXPEHU�RI�ODFTXHUHG�SULQWV�DQG�PHDVXUHV�
WKH�SURGXFWLYLW\��VSHHG��RI�/0�RSHUDWLRQV�LQ�XQLWV�RI�F\FOH�PLQ�
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3UDFWLFDO� 6LJQL¿�FDQFH� 7KH� XVH� RI� ,&'� IRU� LWV� ODFTXHULQJ� PDFKLQH� LQFUHDVH�
SURGXFWLYLW\�SHUIRUPDQFH�LV�UHGXFHG�E\�WKH�DGGLWLRQDO�WLPH�ZKLFK�UHTXLUHG�WR�FRXQW�
DQG� IRUP� SDFNHWV� RI� D� FHUWDLQ� DPRXQW� RI� ODFTXHUHG� SULQWV� E\� D� VLQJOH�ZRUNHU�� ,W�
LQFUHDVHV� WKH�DFFXUDF\�RI� WKH�FDOFXODWHG�� WKH�TXDOLW\�RI� ODFTXHULQJ�DQG� WKH�FXOWXUH�
RI�SURGXFWLRQ��7KH�UHVXOWV�RI�WKH�ZRUN�FDQ�EH�LPSOHPHQWHG�LQ�SULQWLQJ�HQWHUSULVHV�
ZKHQ�PRGHUQL]LQJ�ODFTXHULQJ�PDFKLQHV�DQG�LQ�WKH�HGXFDWLRQDO�SURFHVV�ZLWKLQ�RI�WKH�
GHYHORSPHQW�RI�VFLHQWL¿�F�DQG�WHFKQLFDO�VXSSRUW�RI�WKH�UHJLRQDO�FOXVWHU�©3XEOLVKLQJ�
DQG�3ULQWLQJª��
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�/YLY�3RO\WHFKQLF1DWLRQDO�8QLYHUVLW\�
����6�%DQGHUD�6W���/YLY���������8NUDLQH

�8NUDLQLDQ�$FDGHP\�RI�3ULQWLQJ��
����3LG�+RORVNRP�6W���/YLY���������8NUDLQH

URPDQ�PRGOD#XNU�QHW

5HVHDUFK� 0HWKRGRORJ\�� 'LIIHUHQW� PHWKRGV� RI� D� GLDJQRVWLFV� HOHFWURQLF�
LJQLWLRQ�V\VWHPV�RI�D�PRGHUQ�FDUV�KDYH�EHHQ�DQDO\]HG��,Q�GHYHORSLQJ�DQ�DOJRULWKP�
IRU� GLDJQRVWLFV� RI� WKH� LJQLWLRQ� V\VWHPV�� SULRULW\� LV� GHWHUPLQHG� E\� WKH� PHWKRG� RI�
FRUUHODWLRQ�DQDO\VLV�RI�WKH�VSHFWUDO�GHQVLW\�RI�WKH�SRZHU�RI�WKH�VLJQDOV�RI�WKH�SULPDU\�
FLUFOH��,QFRPLQJ�DQG�RXWJRLQJ�FRQWURO�GXULQJ�GLDJQRVWLFV�DQG�UHSDLU�RSHUDWLRQV�DUH�
DFFRPSDQLHG� E\� FRQWURO� RI� WKH� HQYLURQPHQWDO� FKDUDFWHULVWLFV� RI� WKH� DXWRPRWLYH�
HQJLQH�WR�DYRLG�KLGGHQ�GHIHFWV��'XH�WR� WKH�UHSOHQLVKPHQW�RI�GDWDEDVHV�RI�VSHFWUDO�
GHQVLW\�RI�VLJQDOV�RI�WKH�SULPDU\�FLUFOH�DQG�WKH�GLDJQRVHG�FDUV��WKH�GLDJQRVWLF�V\VWHP�
RI�HOHFWURQLF�LJQLWLRQ�V\VWHPV�RI�WKH�FDU�LV�DGDSWLYH�

5HVXOWV��7KH�DGDSWLYH�V\VWHP�RI�GLDJQRVLQJ�HOHFWURQLF�LJQLWLRQ�V\VWHPV�RI�FDUV�
KDV�EHHQ�VXJJHVWHG��DQG�WKH�DOJRULWKP�RI�IXQFWLRQLQJ�RI�WKH�FHQWUDO�SURFHVVRU�RI�VXFK�
D�V\VWHP�KDV�EHHQ�GHYHORSHG��ZKLFK�HQVXUHV�KLJK�UHOLDELOLW\�RI�WKH�LQVWDOODWLRQ�RI�WKH�
LJQLWLRQ�V\VWHP�SUREOHPV�DQG�UHGXFHV�WKH�WLPH�VSHQW�RQ�WKH�GLDJQRVWLF�SURFHVV�LQ�����
WLPHV�LQ�FRPSDULVRQ�ZLWK�WKH�WUDGLWLRQDO�PHWKRGV�

1RYHOW\��6FLHQWL¿�F�QRYHOW\�FRQVLVWV� LQ�WKH�HVWDEOLVKPHQW�RI�D�FHUWDLQ�VHTXHQFH�
RI�GLDJQRVWLF�SURFHGXUHV�DQG�UHSDLU�RSHUDWLRQV�WR�REWDLQ�D�UHOLDEOH�GLDJQRVLV�RI�WKH�
LJQLWLRQ�V\VWHP�RI�WKH�FDU�DW�D�PLQLPDO�FRVW�RI�WLPH�

3UDFWLFDO� 6LJQL¿�FDQFH�� 7KH� VXJJHVWHG� PHWKRGRORJ\� PD\� EH� XVHG� DW� VHUYLFH�
VWDWLRQV�IRU�WKH�GLDJQRVLV�DQG�UHSDLU�RI�HOHFWURQLF�LJQLWLRQ�V\VWHPV�RI�FDUV�
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0��,��9HUNKROD��8��3��3DQRY\N

8NUDLQLDQ�$FDGHP\�RI�3ULQWLQJ��
����3LG�+RORVNRP�6W���/YLY���������8NUDLQH

XOLDQDSDQRYXN#JPDLO�FRP

5HVHDUFK�0HWKRGRORJ\��7R�¿�QG�WKH�PDWKHPDWLFDO�PRGHO�RI�LQN�WUDQVIHU�RQ�WKH�
SULQWHG�PDWHULDO��WKH�JHQHUDO�VFLHQWL¿�F�PHWKRGV�KDYH�EHHQ�XVHG��DQDO\VLV��FRPSDULVRQ�
DQG�JHQHUDOL]DWLRQ��'XULQJ�WKH�IXO¿�OOPHQW�RI�WKH�VFLHQWL¿�F�ZRUN�LQ�GHWHUPLQLQJ�WKH�
PRGHO�RI�LQN�WUDQVIHU�RQ�SDSHU�ZH�KDYH�XVHG�PHWKRGV�RI�UHVHDUFK�DQG�GDWD�DQDO\VLV��
WKH�PHWKRG� RI� WKH� &KHE\VKLDQ� DSSUR[LPDWLRQ� E\� IXQFWLRQV�� OLQHDU� SURJUDPPLQJ��
FRUUHODWLRQ�UHJUHVVLRQ� DQDO\VLV��7KH� UHJUHVVLRQ� DQDO\VLV� RI� H[SHULPHQWDO� GDWD�ZDV�
SHUIRUPHG�XVLQJ�WKH�&XUYH([SHUW�VSHFLDOL]HG�SURJUDP�

5HVXOWV��7KH�DQDO\VLV�RI� WKH�H[LVWLQJ�PDWKHPDWLFDO�GHVFULSWLRQ�RI� LQN� WUDQVIHU�
RQ�WKH�SULQWHG�PDWHULDO�KDV�EHHQ�FDUULHG�RXW��7KH�QRQOLQHDU�GHSHQGHQFH�RI�WKH�LQN�
WUDQVIHU�FRHI¿�FLHQW�RQ�D�SDSHU� IURP� LWV� WKLFNQHVV�RQ�D� IRUP�KDV�EHHQ�HVWDEOLVKHG��
$Q�DOJRULWKP�IRU�WKH�&KHE\VKHY�DSSUR[LPDWLRQ�KDV�EHHQ�GHVFULEHG��$V�D�UHVXOW�RI�
H[SHULPHQWDO� GDWD� DSSUR[LPDWLRQ� D� PDWKHPDWLFDO� GHSHQGHQFH� RI� WKH� LQN� WUDQVIHU�
FRHI¿�FLHQW�IURP�D�IRUP�RQ�D�SDSHU�RQ�LWV�WKLFNQHVV�RQ�WKH�IRUP�KDV�EHHQ�REWDLQHG��
,W�KDV�EHHQ�GHWHUPLQHG�WKDW�LW�KDV�WKH�FKDUDFWHU�RI�WKH�IUDFWLRQDO�UDWLRQDO�IXQFWLRQ�RI�
WKH�VHFRQG�GHJUHH�

1RYHOW\��7KH�PHWKRG�RI�GHWHUPLQLQJ�WKH�GHSHQGHQFH�RI�WKH�LQN�WUDQVIHU�FRHI¿�FLHQW�
RQ�D�SULQWHG�PDWHULDO� IURP� LWV� WKLFNQHVV�RQ�D� IRUP�RU�DQ�RIIVHW� F\OLQGHU�KDV�EHHQ�
GHYHORSHG��7KH�VXJJHVWHG�DSSURDFK�FDQ�EH�XVHG�WR�REWDLQ�GHSHQGHQFLHV�RI�WKH�LQN�
WUDQVIHU�FRHI¿�FLHQWV�IRU�GLIIHUHQW�JUDGHV�RI�SDSHU�

3UDFWLFDO�6LJQL¿�FDQFH��7KH�REWDLQHG�PDWKHPDWLFDO�PRGHO�RI�WKH�GHSHQGHQFH�RI�
WKH�LQN�WUDQVIHU�FRHI¿�FLHQW�RQ�WKH�SULQWHG�PDWHULDO�IURP�LWV�WKLFNQHVV�RQ�WKH�IRUP�RU�
RIIVHW�F\OLQGHU�DGHTXDWHO\�UHÀ�HFWV�WKH�SURFHVV�RI�LQN�WUDQVIHU�DQG�LW�LV�FRQYHQLHQW�IRU�
WKH�FRQVWUXFWLRQ�RI�VLPXODWRUV�RI�LQN�SULQWLQJ�V\VWHPV�
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8NUDLQLDQ�$FDGHP\�RI�3ULQWLQJ
����3LG�+RORVNRP�6W���/YLY���������8NUDLQH

URVW\VODYDNRO\DGD#JPDLO�FRP��PHOQ\NRUHVW#JPDLO�FRP�

5HVHDUFK�0HWKRGRORJ\��$�JHQHUDO� VFLHQWL¿�F�PHWKRG�KDV�EHHQ�XVHG��ZKLFK� LV�
EDVHG�RQ�VWXG\LQJ�DQG�UHVHDUFKLQJ�WKH�SURSHUWLHV�RI�YDOXHV�RI�D�QXPHULFDO�PDWUL[��
WKHLU�SODFHPHQW�LQ�FHUWDLQ�DUHDV�RI�WKH�FRPSOH[�SODQH�

5HVXOWV��7KH�ORFDOL]DWLRQ�RI�FKDUDFWHULVWLF�URRWV�RI�UHJXODU�PDWUL[�SRO\QRPLDOV�
RQ�WKH�HOHPHQWV�RI�PDWUL[�±�FRHI¿�FLHQWV�RI�WKHVH�SRO\QRPLDOV�KDV�EHHQ�VWXGLHG��,Q�
FDVH�ZKHQ�WKH�PDWUL[�SRO\QRPLDO�GHFRPSRVHV�LQWR�D�SURGXFW�RI�OLQHDU�IDFWRUV��WKH�
ORFDOL]DWLRQ�RI�FKDUDFWHULVWLF�URRWV�LV�FRQVLGHUHG�DFFRUGLQJ�WR�WKH�PDWULFHV�WKDW�DUH�
LQFOXGHG�LQ�WKLV�GHFRPSRVLWLRQ�

1RYHOW\��7KH�SURSHUWLHV�RI�*HUVKRJRULQ�FLUFOHV�RI�D�QXPHULFDO�PDWUL[�KDYH�EHHQ�
DSSOLHG�WR�VWXG\�WKH�ORFDOL]DWLRQ�RI�WKH�FKDUDFWHULVWLF�URRWV�RI�D�SRO\QRPLDO�PDWUL[�
ZULWWHQ�LQ�WKH�IRUP�RI�D�PDWUL[�SRO\QRPLDO�

3UDFWLFDO�6LJQL¿�FDQFH��7KH�UHVXOWV�RI� WKH�UHVHDUFK�FDQ�EH�XVHG�LQ� WKH�DSSOLHG�
SUREOHPV�RI�OLQHDU�DOJHEUD�� LQ�SDUWLFXODU�WKH�WKHRU\�RI�PDWUL[�SRO\QRPLDOV�DQG�WKH�
WKHRU\�RI�VWDELOLW\�

8'&���������������������������������
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7��1HURGD��3��6KHSLWD

8NUDLQLDQ�$FDGHP\�RI�3ULQWLQJ
����3LG�+RORVNRP�6W���/YLY���������8NUDLQH

DNWBXDG#XNU�QHW

5HVHDUFK�0HWKRGRORJ\��7KH�PHWKRGRORJLFDO�EDVLV�RI�WKH�VWXG\�DUH�WKH�SULQFLSOHV�
RI�WKH�WKHRU\�RI�GHVLJQ�DQG�DSSOLHG�SURJUDPPLQJ��IRFXVLQJ�RQ�GHWHUPLQLQJ�WKH�PHDQV�
RI� GHYHORSLQJ� DQ� REMHFW�RULHQWHG� HGXFDWLRQDO� HQYLURQPHQW�� )RU� UHYLHZ� RI� UHFHQW�
UHVHDUFKHV� DQG� SXEOLFDWLRQV�� FRPPRQ� VFLHQWL¿�F�PHWKRGV� �� FRPSDULVRQ�� V\QWKHVLV��
DQDO\VLV�� V\QWKHVLV�� ZKLFK� PDGH� LW� SRVVLEOH� WR� GLVWLQJXLVK� WKH� PRVW� VLJQL¿�FDQW�
DFKLHYHPHQWV�LQ�WKH�GLUHFWLRQ�RI�XVLQJ�LQIRUPDWLRQ�DQG�FRPPXQLFDWLRQ�WHFKQRORJLHV�
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LQ�WKH�HGXFDWLRQDO�SURFHVV��KDYH�EHHQ�XVHG��7KXV��WKH�WKHRU\�RI�PDWKHPDWLFDO�PRGHOLQJ�
DQG� VHSDUDWH� VHFWLRQV� RI� WKH� WKHRU\� RI� JUDSKV� DUH� XVHG� WR� FUHDWH� DQ� LQIRUPDWLRQ�
PRGHO�RI�WKH�YLUWXDO�HQYLURQPHQW�RI�H[SHULPHQWDO�UHVHDUFK�DQG�WR�FRQVWUXFW�D�UH¿�QHG�
QRWDWLRQ�RI�WKH�WHFKQRORJLFDO�IRUPDW�RI�ZRUNÀ�RZV�

5HVXOWV�� ,Q� WKH� FRQGXFWHG� UHVHDUFK� WKH� GLUHFWLRQV� RI� IXUWKHU� LQIRUPDWL]DWLRQ�
RI� WKH� DFDGHPLF� SURFHVV� E\� PHDQV� RI� TXDOLWDWLYH� H[SDQVLRQ� RI� WKH� IXQFWLRQDO� RI�
FRPSXWHUL]HG� HGXFDWLRQDO� V\VWHPV� KDYH� EHHQ� JLYHQ�� 7KH� VHW� RI� LQWHUFRQQHFWHG�
PHWKRGV�RI�GHVLJQLQJ�RI�LQIRFRPPXQLFDWLRQ�WHFKQRORJ\�RI�H[SHULPHQWDO�UHVHDUFKHV�
XVLQJ�0DWODE�FRPSXWDWLRQDO�UHVRXUFHV�KDV�EHHQ�SUHVHQWHG��7KH�QHWZRUN�PHFKDQLVPV�
IRU� LQWHJUDWLQJ� WKH� DFFXPXODWHG� LQIRUPDWLRQ� RI� WKH� SURGXFWLRQ� SURFHVV� LQWR� WKH�
DFDGHPLF�EDVLV�RI�PHWKRGLFDO�PDWHULDOV�KDYH�EHHQ�GHWHUPLQHG�DQG�H[SDQGHG�

1RYHOW\��7KH�VFLHQWL¿�F�QRYHOW\�RI�WKH�UHVXOWV�REWDLQHG�LV�WR�GHYHORS�DQ�RULJLQDO�
PHWKRGRORJ\�IRU�GHVLJQLQJ�D�FOLHQW�VHUYHU�SODWIRUP�IRU�D�OHDUQLQJ�H[SHULPHQW�ZLWK�
DQ�RSHUDWLRQDO�DGGLWLRQ�WKH�UHVXOWV�RI�SURGXFWLRQ�WHOHPHWU\�WR�DGDSW� WKH�FRQWHQW�RI�
WKH� WUDLQLQJ�H[HUFLVHV�DQG�FRPSRQHQWV�RI� WKH�VXEMHFW�GRPDLQ�WR� WKH�VWDQGDUGV�DQG�
UHTXLUHPHQWV� RI� WKH� SUR¿�OH� LQGXVWU\��ZKLFK�ZLOO� LQFUHDVH� WKH� HI¿�FLHQF\� RI� YLUWXDO�
FRPSXWHU�HQYLURQPHQWV�IRU�WKH�LPSOHPHQWDWLRQ�RI�ODERUDWRU\�ZRUNV�

3UDFWLFDO� 6LJQL¿�FDQFH�� 7KH� LQWHJUDWLRQ� RI� LQIRUPDWLRQ� À�RZV� RI� D� SULQWLQJ�
FRUSRUDWLRQ�ZLWK�D�SURMHFWHG�HQYLURQPHQW� IRU� H[SHULPHQWDO� UHVHDUFK�RI� LQVWLWXWLRQ�
RI�KLJKHU�HGXFDWLRQ�ZLOO�LPSURYH�WKH�TXDOLW\�RI�SURIHVVLRQDO�WUDLQLQJ�RI�HQJLQHHULQJ�
DQG�WHFKQLFDO�ZRUNHUV��WHDFKLQJ�WKHP�RQ�H[DPSOHV�RI�UHDO�SURGXFWLRQ��$OVR��ZLWK�WKH�
GHYHORSPHQW�RI�WKH�-')�IRUPDW�DQG�H[SDQGLQJ�WKH�IXQFWLRQDOLW\�RI�WKH�LQIRUPDWLRQ�
SRUWDO� RI� WKH� RSHUDWLRQDO� SULQWLQJ� FHQWHUV�� WKH� LQIRUPDWLRQ�FRPPXQLFDWLQJ� YLUWXDO�
SODWIRUP�SUHVHQWHG�FDQ�VHUYH�IRU�WKH�GHSOR\PHQW�RI�LQWHUDFWLYH�VXSHUYLVRU�V\VWHPV�RI�
WKH�WHFKQRORJLFDO�SURFHVV�

8'&��������������
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8NUDLQLDQ�$FDGHP\�RI�3ULQWLQJ��
����3LG�+RORVNRP�6W���/YLY���������8NUDLQH�

HQLJPXV#XNU�QHW

5HVHDUFK�0HWKRGRORJ\��$SSOLFDWLRQ�SURJUDPPLQJ�PHWKRGV�DUH�XVHG� WR�GHVLJQ�
WKH� NHUQHO� RI� WKH� GHYHORSHG� IUDPHZRUN��)RU� UHYLHZLQJ� UHVHDUFKHV� DQG�SXEOLFDWLRQV�
ZH�KDYH�XVHG�WKH�PHWKRGV�RI�FRPSDULVRQ��JHQHUDOL]DWLRQ��DQG�DQDO\VLV��ZKLFK�PDGH�LW�
SRVVLEOH�WR�GHWHFW�GLIIHUHQFHV�LQ�WKH�VWUXFWXUH�RI�H[LVWLQJ�PHDQV�RI�JHQHUDWLQJ�LQWHUIDFHV�

5HVXOWV��7KH�VWXG\�SURYLGHV�DQ�RSSRUWXQLW\�IRU�WKH�TXDOLWDWLYH�GHVLJQ�RI�PXOWL�
XVHU�LQWHUIDFHV�E\�XVLQJ�D�VHW�RI�FRPSRQHQWV�RI�D�PRGXODU�VWUXFWXUH�LQFOXGHG�LQ�RQH�
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FRUH��7KH� SRVVLELOLWLHV� RI� LQWHJUDWLQJ� WKH� FRPELQDWLRQ� RI� WKH� GHVLJQHG� IUDPHZRUN�
ZLWK� WKH� FROOHFWLRQ� V\VWHP� RI� *8/3� SURMHFWV� DQG� WKH� IHDVLELOLW\� RI� XVLQJ� ORFDO�
YDULDEOHV�WKDW�FDQ�RYHUULGH�WKH�JOREDO�HQYLURQPHQW�SDUDPHWHUV�KDYH�EHHQ�GHWHUPLQHG�
DQG�H[SDQGHG�

1RYHOW\��7KH�VFLHQWL¿�F�QRYHOW\�RI�WKH�UHVXOWV�REWDLQHG�LV�WKH�GHYHORSPHQW�RI�D�
PHDQV�RI�DXWRPDWHG�JHQHUDWLRQ�RI�FDVFDGLQJ�VW\OH�VKHHWV�ZLWK�DXWRPDWLF�FKDQJH�RI�
SDUDPHWHUV�LQ�WKH�EORFN�RI�ORFDO�YDULDEOHV�ZKHQ�GHVLJQLQJ�D�PXOWL�XVHU�ZHE�LQWHUIDFH��
ZKLFK�ZLOO�LQFUHDVH�WKH�HIIHFWLYHQHVV�RI�GHYHORSLQJ�ZHE�LQWHUIDFHV��ERWK�XVLQJ�WKH�
V\VWHPV�RI�SURMHFW�DVVHPEO\�DQG�ZLWKRXW�WKHP�

3UDFWLFDO�6LJQL¿�FDQFH��&UHDWLQJ�D�PRGXODU�VWUXFWXUH�RI�D�SURMHFWHG�IUDPHZRUN�
ZLOO�LPSURYH�WKH�À�H[LELOLW\�RI�XVLQJ�D�VRIWZDUH�SURGXFW�E\�LVRODWLQJ�QDPHVSDFHV�IRU�
QRQ�LQWHUVHFWLQJ�PRGXOHV��$OVR��ZLWK�WKH�LQWHJUDWLRQ�RI�H[WHUQDO�FRPSLODWLRQ�V\VWHPV�
VXFK�DV�*8/3�SURMHFWV�WKH�SUHVHQWHG�IUDPHZRUN�FDQ�VHUYH�IRU�WKH�UDSLG�SUHSDUDWLRQ�
RI�WKH�XVHU�LQWHUIDFH�

8'&�����������������
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5�,��6WDNKLY��9�0��0DNV\PRY\FK��0�<X��6WDNKLY��2�2��,YDQLXN

/YLY�3ROLWHFKQLF�1DWLRQDO�8QLYHUVLW\��
����6��%DQGHUD�6W���/YLY��������8NUDLQH

H�PDLO��ULVWDNKLY#JPDLO�FRP

5HVHDUFK� 0HWKRGRORJ\�� 7KH� PHWKRGRORJLFDO� EDVLV� RI� WKH� UHVHDUFK� LV� DQ�
DQDO\VLV�RI�WKH�QXPEHU�RI�SHUVSHFWLYH�GLJLWDO�IUHTXHQF\�V\QWKHVL]HUV�GHYHORSPHQW��
WKHLU�FKDUDFWHULVWLFV�DQG�PDQXIDFWXULQJ�WHFKQRORJLHV��*HQHUDO�VFLHQWL¿�F�PHWKRGV�±�
FRPSDULVRQ��JHQHUDOL]DWLRQ��DQDO\VLV��ZKLFK�JDYH�WKH�RSSRUWXQLW\�WR�GLVWLQJXLVK�WKH�
PRVW�HVVHQWLDO�LQ�WKH�SULQFLSOHV�RI�FRQVWUXFWLQJ�HVWDEOLVKHG�IUHTXHQF\�V\QWKHVL]HUV�±�
KDYH�EHHQ�XVHG�WR�UHYHDO�WKH�VWDWH�RI�WKLV�WKHPH�GHYHORSPHQW�

5HVXOWV��7HFKQRORJLHV�RI�KLJK�IUHTXHQF\�')6�SURGXFWLRQ�KDYH�EHHQ�DQDO\]HG�LQ�
WKLV�UHVHDUFK�DQG�KLJK�IUHTXHQF\�VHPLFRQGXFWRUV�WHFKQRORJLHV�KDYH�EHHQ�VXJJHVWHG�
WR�XVH�� LQ�SDUWLFXODU��EDVHG�RQ�,Q3��6L*H�DQG�*D$V�� ,W�KDV�EHHQ�VKRZQ�WKDW� LQ� WKH�
GHYHORSPHQW�RI�SHUVSHFWLYH�'+6�FRQVLGHUDEOH�DWWHQWLRQ�VKRXOG�EH�SDLG�QRW� WR� WKH�
H[SDQVLRQ�RI�WKH�IUHTXHQF\�UDQJH��EXW�WR�WKH�GHHSHU�SURFHVVLQJ�RI�WKH�VFKHPH�DV�D�ZKROH��
7KH�PDLQ�WDVN�LV�WR�SURYLGH�TXDOLW\�LQGLFDWRUV�IRU�GLJLWDO�IUHTXHQF\�V\QWKHVL]HUV��,W�LV�
QHFHVVDU\�WR�XVH�DFWLYHO\�YDULRXV�PHWKRGV�RI�LQFUHDVLQJ�WKH�HI¿�FLHQF\�DOUHDG\�XVHG�
LQ�VWUXFWXUHV�RI�H[LVWLQJ�')6V��IRU�H[DPSOH��UDQGRPL]DWLRQ�RI�SDUDVLWLF�FRPSRQHQWV�
LQ�')6��SULQFLSOHV�RI�KLJK�SHUIRUPDQFH�SKDVH�DFFXPXODWRUV�FRQVWUXFWLRQ��QRGHV�IRU�
WKH�IRUPDWLRQ�RI�KDUPRQLF�VLJQDO�DQG�GLJLWDO�WR�DQDORJ�FRQYHUVLRQ��DQG�VR�RQ�
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1RYHOW\��7KH� VFLHQWL¿�F�QRYHOW\�RI� WKH�REWDLQHG� UHVXOWV� LV� WKDW� WKH�ZD\V�RI� WKH�
SHUVSHFWLYH�GLJLWDO�IUHTXHQF\�V\QWKHVL]HUV�GHYHORSPHQW�KDYH�EHHQ�UHVHDUFKHG�RQ�WKH�
EDVLV�RI�WKH�OLWHUDU\�VRXUFHV�DQDO\VLV�

3UDFWLFDO� 6LJQL¿�FDQFH��'LJLWDO� IUHTXHQF\� V\QWKHVL]HUV� DUH� IUHTXHQWO\� XVHG� LQ�
PRGHUQ� FRQWURO� V\VWHPV�� UDGLR� V\VWHPV�� VXFK� DV� FHOOXODU� FRPPXQLFDWLRQ� GHYLFHV��
SUHFLVLRQ�PHDVXULQJ�LQVWUXPHQWV��UDGDU�V\VWHPV�DQG�QDYLJDWLRQ��7KH�DFWXDO�PDWHULDO��
WKH�FRQFOXVLRQV�RI�WKH�DUWLFOH�FDQ�EH�XVHG�E\�GHYHORSHUV�WR�FUHDWH�SHUVSHFWLYH�GLJLWDO�
IUHTXHQF\�V\QWKHVL]HUV�
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5�0��0RGOD���9�0��%U\WNRYVN\L���$�*��3DYHOFKDN���2�0��6RURFK\QVN\L�

�/YLY�3RO\WHFKQLF1DWLRQDO�8QLYHUVLW\�
����6�%DQGHUD�6W���/YLY���������8NUDLQH�

�8NUDLQLDQ�$FDGHP\�RI�3ULQWLQJ��
����3LG�+RORVNRP�6W���/YLY���������8NUDLQH

URPDQ�PRGOD#XNU�QHW

5HVHDUFK�0HWKRGRORJ\� 7KH�VRIWZDUH�DQG�KDUGZDUH�SDFNDJHV�IRU�WKH�HOHFWURQLF�
FKLS�WXQLQJ�RI�WKH�LQWHUQDO�FRPEXVWLRQ�HQJLQH�FRQWURO�KDV�EHHQ�DQDO\]HG��$PRQJ�WKH�
PDQ\�FKDUDFWHULVWLFV�RI�WKH�HQJLQH�ZH�KDYH�VHOHFWHG�WKH�SDUDPHWHUV�WKDW�FKDUDFWHUL]H�
WKH�HQJLQH�SRZHU�� WKH�PRPHQW�RI�SRZHU�DQG�W�KH�IXHO�HI¿�FLHQF\�WR�GHWHUPLQH�WKH�
FRUUHFWLRQ�IDFWRUV�DW�WKH�FKLS�WXQLQJ�RI�WKH�HOHFWURQLF�FRQWURO�XQLW�RI�WKH�FDU�HQJLQH�

5HVXOWV� ,Q�WKLV�ZRUN�WKH�WHFKQLTXH�RI�FDUU\LQJ�RXW�RI�FKLS�WXQLQJ�RI�DQ�DXWRPRWLYH�
LQWHUQDO�FRPEXVWLRQ�HQJLQH�ZLWK�WKH�XVH�RI�LQGLFDWLYH�HI¿�FLHQF\�RI�WKH�HQJLQH�IURP�
WKH� FKDQJH� LQ� ORDG� DQG� URWDWLRQDO� VSHHG�RI� WKH� FUDQNVKDIW� RI� WKH� HQJLQH�KDV�EHHQ�
VXJJHVWHG��DV�ZHOO�DV�WKH�FRHI¿�FLHQW�RI�H[FHVV�DLU�IURP�WKH�PRPHQW�RI�HQJLQH�SRZHU�
DQG�IXHO�FRQVXPSWLRQ��

1RYHOW\�� 7KH� VFLHQWL¿�F� QRYHOW\� LV� LQ� WKH� QHZ� DSSURDFK� WR� WKH� FKLS� WXQLQJ�
RI� WKH� HOHFWURQLF� FRQWURO� XQLW� RI� WKH� LQWHUQDO� FRPEXVWLRQ� HQJLQH�RI� WKH� FDU��8VLQJ�
WKH� FKDUDFWHULVWLFV� RI� D� SDUWLFXODU� HQJLQH� UHGXFHV� WKH� WLPH� WR� REWDLQ� WKH� RSWLPDO�
SHUIRUPDQFH�RI�WKH�FKLS�WXQLQJ�RI�WKH�FDU�HQJLQH�

3UDFWLFDO�6LJQL¿�FDQFH� 7KH�VXJJHVWHG�PHWKRG�LV�XVHG�LQ�WKH�HGXFDWLRQDO�SURFHVV�
IRU� WKH� WUDLQLQJ� RI� FKLS�WXQLQJ� VSHFLDOLVWV� DW� WKH� 'HSDUWPHQW� RI� &RPSXWHUL]HG�
$XWRPDWLRQ�6\VWHPV�DW�WKH�/YLY�3RO\WHFKQLF�1DWLRQDO�8QLYHUVLW\��7KH�WHFKQLTXH�FDQ�
EH�XVHG�DW�PDLQWHQDQFH�VWDWLRQV�GXULQJ�WKH�UHSDLU�DQG�FKLS�WXQLQJ�RI�HOHFWURQLFV�RI�
WKH�FDU�HQJLQH�
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'(6,*1�2)�201,',5(&7,21$/�63($.(5�)25�$8720$7,21�2)�
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0�5��0HOQ\N��5��9\QDURY\FK��7��.YDVQ\WV\D��$�%��.HUQ\WVN\\

/YLY�3RO\WHFKQLF�1DWLRQDO�8QLYHUVLW\
����6��%DQGHUD�6W���/YLY��8NUDLQH�������

0HOQ\N05#JPDLO�FRP

5HVHDUFK�0HWKRGRORJ\��$�IDVW�)RXULHU�WUDQVIRUP�DQG�D�VRXQG�VLJQDO�DQDO\]HU�
ZLWK�D�EXLOW�LQ�VSHFWUXP�DQDO\]HU�KDYH�EHHQ�XVHG��ZKLFK�DOORZHG�WR�VWXG\�WKH�DFRXVWLF�
FKDUDFWHULVWLFV�RI�WKH�GHVLJQHG�RPQLGLUHFWLRQDO�VSHDNHU�

5HVXOWV��$Q�H[SHULPHQWDO�VWXG\�RI�WKH�DFRXVWLF�FKDUDFWHULVWLFV�RI�WKH�GHVLJQHG�
VRXQG� VRXUFH� XVLQJ� WKH� 6YDQ���$� VSHFWURDQDO\]HU� KDV� EHHQ� SHUIRUPHG�� ZKLFK�
FRQ¿�UPHG�WKDW�WKH�GHVLJQHG�VRXQG�VRXUFH�FDQ�EH�XVHG�WR�VWXG\�WKH�7����7���WLPH�RI�
UHYHUEHUDWLRQ��VRXQG�LQVXODWLRQ�DQG�DEVRUSWLRQ�FRHI¿�FLHQWV�RI�PDWHULDOV�

1RYHOW\��7KH�PHWKRG�RI�FRQGXFWLQJ�DFRXVWLF�PHDVXUHPHQWV�KDV�EHHQ�LPSURYHG�
E\�GHVLJQLQJ�D�UHPRWH�FRQWURO�IRU�WKH�RPQLGLUHFWLRQDO�VSHDNHU�ZKLFK�PDGH�SRVVLEOH�
WR�FDUU\�RXW�H[SHULPHQWV�E\�RQH�SHUVRQ��,W�UHTXLUHV�DW�OHDVW�WZR�SHRSOH�WR�FRQGXFW�
H[SHULPHQWV�ZLWK�QR�UHPRWH�FRQWURO�

3UDFWLFDO� 6LJQL¿�FDQFH��7KH� RPQLGLUHFWLRQDO� VSHDNHU�ZLWK� UHPRWH� FRQWURO� KDV�
EHHQ� GHVLJQHG� DQG� EXLOW�ZKLFK�PDGH� SRVVLEOH� WR�PHDVXUH� WKH� UHYHUEHUDWLRQ� WLPH��
VRXQG�LQVXODWLRQ�DQG�VRXQG�DEVRUSWLRQ�RI�PDWHULDOV�

8'&����������������������

'(6,*1�2)�7+(�:(%�,17(5)$&(�2)�7+(�5(9,(:(5�
2)�&21),'(17,$/�/,%5$5<�)81'6�

5��5��,YDVNLY

8NUDLQLDQ�$FDGHP\�RI�3ULQWLQJ�
����3LG�+RORVNRP�6W���/YLY���������8NUDLQH

LYDVNLYURPDQ����#JPDLO�FRP

5HVHDUFK�0HWKRGRORJ\��7KH�PHWKRGRORJLFDO�EDVLV�RI�WKH�VWXG\�LV�WKH�SULQFLSOHV�
RI� FRQVWUXFWLQJ� ZHE� LQWHUIDFHV� WR� GLVSOD\� W\SLFDO� FRQWHQW�� EDVHG� RQ� UHVHDUFK�
H[SHULHQFHV��LPSUHVVLRQV�WKDW�WKH�XVHU�JHWV�IURP�WKH�XVH�RI�WKH�LQWHUIDFH�

5HVXOWV��7KH�VWXG\�SURYLGHV�WKH�PHWKRGV�DQG�EDVLF�SULQFLSOHV�IRU�FRQVWUXFWLQJ�
D� JUDSKLFDO� XVHU� LQWHUIDFH� RI� WKH� :HE� FOLHQW� IRU� WKH� HOHFWURQLF� OLEUDU\� YLHZHU�
FRPSXWHUL]HG� OLEUDU\� LQIRUPDWLRQ� V\VWHP�� 7KH� VHW� RI� LQWHUFRQQHFWHG� PHWKRGV� RI�
GHVLJQLQJ�LQWHUIDFHV�RI�ZHE�FOLHQWV�KDV�EHHQ�SUHVHQWHG��7KH�FRQFHSWV�RI�8,�DQG�8;�
YLHZHU�OLEUDU\�UHVRXUFHV�KDYH�EHHQ�GH¿�QHG�DQG�H[SDQGHG�
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1RYHOW\��7KH� VFLHQWL¿�F� QRYHOW\� RI� WKH� REWDLQHG� UHVXOWV� LV� WKH� GHYHORSPHQW� RI�
WKH� RULJLQDO� PHWKRG� RI� GHVLJQLQJ� D� ZHE� FOLHQW� IRU� WKH� HOHFWURQLF� OLEUDU\� YLHZHU�
FRPSXWHU�OLEUDU\�V\VWHP��)XQGV�SURWHFWLRQ�IURP�XQODZIXO��XQOLFHQVHG�FRS\LQJ�KDV�
EHHQ�GHYHORSHG�

3UDFWLFDO�6LJQL¿�FDQFH��:H�KDYH�GHVLJQHG�DQG�H[SDQGHG� WKH�FDSDELOLWLHV�RI� WKH�
ZHE�FOLHQW�RI�WKH�H�OLEUDU\�EURZVHU�RI�WKH�FRPSXWHUL]HG�OLEUDU\�LQIRUPDWLRQ�V\VWHP��
7KH�ZHE�LQWHUIDFH�RI�WKH�VHDUFK�VXEV\VWHP�IRU�WKH�FRQWHQW�RI�WKH�SXEOLFDWLRQ��WKH�VHDUFK�
VXEV\VWHP�RQ�WKH�FRQWHQW�RI�WKH�SXEOLFDWLRQ��WKH�PRGH�RI�YLHZLQJ�WKH�FRQWHQW�IRU�SHRSOH�
ZLWK�FRORU�EOLQGQHVV��WKH�VXEV\VWHP�RI�OLVWHQLQJ�WR�DXGLR�ERRNV�KDYH�EHHQ�VXJJHVWHG�

8'&��������

352%/(0�2)�67$1'$5',=$7,21�2)�*5$'$7,21�5(352'8&7,21�
3$5$0(7(56�,1�7+(�%25'(5�$5($6�2)�721(�5$1*(�2)�5$67(5�

,0$*(6�,1�2))6(7�$872�7<3(�5(352'8&7,21

�9��%DUDQRYVNL\�

8NUDLQLDQ�$FDGHP\�RI�3ULQWLQJ�
����3LG�+RORVNRP�6W���/YLY���������8NUDLQH

LKEDU#XNU�QHW

5HVHDUFK�0HWKRGRORJ\�� 7KH� PHWKRGRORJLFDO� EDVLV� RI� WKH� VWXG\� LV� PDGH� E\�
WKH�DXWR�W\SH�WRQHU�UHSURGXFWLRQ�RI�LPDJHV�LQ�RIIVHW�DQG�RWKHU�W\SHV�RI�SULQWLQJ��7R�
VROYH�WKLV�SUREOHP��D�VHW�RI�1HJHEDXHU�HTXDWLRQV�XVHG�IRU�PRGHOLQJ�RI�FRORU�SULQWLQJ�
V\VWHPV�DQG�LQWHQGHG�IRU�WKH�SUHGLFWLRQ�RI�FRORU�RI�UDVWHU�LPDJHV�KDV�EHHQ�XVHG��WKH�
FRPSDUDWLYH� VWDWLVWLFDO� DQDO\VLV� RI� FRORU� DQG� VSDWLDO� FKDUDFWHULVWLFV� RI� SKRWRV� DQG�
GLJLWDO�SULQWLQJ�SODWHV�DQG�LPSULQWV�IURP�WKHP�KDV�EHHQ�GRQH��REWDLQHG�LQ�QRUPDOL]HG�
WHFKQRORJLFDO�FRQGLWLRQV�RQ�GLIIHUHQW�SULQWLQJ�HQWHUSULVHV��IRU�WKHLU�FRQIRUPLW\�WR�WKH�
VWDQGDUG�,62���������������

5HVXOWV��2Q�WKH�EDVLV�RI�WKHRUHWLFDO�DQG�H[SHULPHQWDO�UHVHDUFK��WKH�UHJXODWRU\�
UHTXLUHPHQWV� DQG� WROHUDQFHV� IRU� WKH� WDUJHW� SDUDPHWHU� FDOFXODWHG� ZLWKLQ� ERUGHU�
VHFWLRQV��XVLQJ�IRU�WKLV�WKH�YDOXH�RI�WKH�UDWLR�RI�WKH�FRORU�GLIIHUHQFH�LQ�WKH�LPSULQW�
(�WR�WKH�FRUUHVSRQGLQJ�FKDQJH�LQ�WKH�WRQH� 6�RQ�WKH�GLJLWDO�SKRWR�RU�SULQWLQJ�SODWH�

��J� � (� �� 6��7KH� UHTXLUHG�FRORU�YDOXHV�DUH�FDOFXODWHG�DFFRUGLQJ� WR� WKH� IRUPXOD�
&,(����LQ�WKH�DUHD�RI�OLJKW�WRQHV���EHWZHHQ�WKH�DUHD�RI�FOHDQ�SDSHU������DQG�WKH�DUHDV�
ZLWK�UDVWHU�HOHPHQWV�ZLWK�WRQH�YDOXHV�IURP���WR������DQG�LQ�WKH�DUHD�RI�VKDGRZV���
EHWZHHQ�WKH�DUHD�RI�WKH�GDVK��������DQG�WKH�DUHDV�ZLWK�UDVWHU�HOHPHQWV�ZLWK�WRQH�
YDOXHV�IURP����WR������,W�KDV�EHHQ�HVWDEOLVKHG�WKDW�LQ�RUGHU�WR�DFKLHYH�WKH�DFFHSWDEOH�
UHSURGXFWLRQ�TXDOLW\�RI�UDVWHU�LPDJHV��LW�LV�QHFHVVDU\�WKDW�WKH�QXPHULFDO�YDOXH�RI�WKH�
VWXGLHG�JUDGLHQW�SDUDPHWHU�VKRXOG�EH�ZLWKLQ�WKH�OLPLWV�RI�J� ������������UHJDUGOHVV�RI�
WKH�UDVWHU�OLQHV��W\SH�RI�SDSHU��HWF�
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1RYHOW\��$�QHZ�PHWKRG�KDV�EHHQ�VXJJHVWHG�WR�WKH�,62���������������VWDQGDUG�
IRU�FRQWUROOLQJ�WKH�WUDQVIHU�RI�JUDGDWLRQ�RI�UDVWHU�LPDJHV�LQ�WKH�ERUGHU�DUHDV�RI�OLJKW�
WLQWV�DQG�VKDGRZV�RI�UDVWHU�UHSURGXFWLRQ�LQ�RIIVHW�SULQWLQJ��EDVHG�RQ�WKH�QRUPDOL]DWLRQ�
RI� WKH�JUDGLHQW�SDUDPHWHU� LQ�ZKLFK� WKH� LQSXW�DQG�RXWSXW� LQGLFDWRUV�RI� WKH�SULQWLQJ�
SURFHVV�DUH�LQWHUFRQQHFWHG�DQG�KROLVWLF��

3UDFWLFDO�6LJQL¿�FDQFH��:H�KDYH�DFKLHYHG�WKH�QRUPDOL]DWLRQ�RI�WKH�SDUDPHWHUV�
RI� ,62� �������� XVHG� LQ� SURYLGLQJ� WKH� GRFXPHQWHG� FRPSOLDQFH� LQ� DVVHVVLQJ� WKH�
FRUUHFW�UHSURGXFWLRQ�RI�WKH�ERUGHU�DUHDV�RI�WKH�WRQH�UDQJH�RI�RIIVHW�SULQWLQJ��ZKLFK�
LV�FDUULHG�RXW�GXULQJ�WKH�VWDQGDUG�FRORULPHWULF�SURFHGXUH�IRU�SUR¿�OLQJ�WKH�SURFHVVHV�
RI�SULQWLQJ�SURGXFWLRQ�ZLWKRXW� WKH�XVH�RI�DGGLWLRQDO�PLFURPHWULF�RU� VSHFWURPHWULF�
PHDVXUHPHQWV�
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1�� �/\VD��/�6�6LNRUD�� �� ��6WUHSNR���%�� ��)HG\QD�

�8NUDLQLDQ�$FDGHP\�RI�3ULQWLQJ��
����3LG�+RORVNRP�6W���/YLY���������8NUDLQH

��/YLY�3RO\WHFKQLF�1DWLRQDO�8QLYHUVLW\�
����6�%DQGHUD�6W���/YLY���������8NUDLQH

O\VD�QDWDO\#JPDLO�FRP��IHG\QDERJGDQD#JPDLO�FRP

5HVHDUFK�0HWKRGRORJ\��7R�VROYH�WKH�SUREOHP��VXFK�PHWKRGV�KDYH�EHHQ�XVHG��
WKH� V\VWHP� DQDO\VLV� RI� WKH� FRQFHQWUDWRU� VWUXFWXUH�� UHPRWH� ODVHU� VHQVLQJ� WR� VHOHFW�
GDWD�RQ�WKH�OHYHO�RI�FRQFHQWUDWLRQ�RI�YDSRUV�LQ�WKH�GU\LQJ�SURFHVV��WKH�LQIRUPDWLRQ�
WHFKQRORJ\�IRU�SURFHVVLQJ�ODVHU�VLJQDOV�

5HVXOWV��$�VWUXFWXUDO�VFKHPH�KDV�EHHQ�GHYHORSHG�DQG�WKH�PHWKRG�RI�FRQWUROOLQJ�
WKH�FRQFHQWUDWLRQ�RI�YDSRUV�GXULQJ�WKH�GU\LQJ�RI�ERRN�EORFNV�KDV�EHHQ�VXEVWDQWLDWHG�
DQG�WKH�GHJUHH�RI�UHPRYDO�RI�PRLVWXUH�IURP�WKH�PDWHULDO�KDV�EHHQ�HVWLPDWHG�

1RYHOW\�� %DVHG� RQ� WKH� PHWKRG� RI� ODVHU� UHPRWH� VHQVLQJ�� WKH� EDVLF� FRQFHSWV�
RI� FUHDWLQJ� WKH� ODVHU� LQIRUPDWLRQ� PHDVXULQJ� V\VWHPV� IRU� GHWHUPLQLQJ� WKH� OHYHO�
RI� FRQFHQWUDWLRQ� RI� JOXH� FRPSRQHQWV� DQG�ZDWHU� YDSRU��ZKLFK� DUH� LVRODWHG� GXULQJ�
WKH� GU\LQJ� RI� ERRN� EORFNV�� KDYH� EHHQ� GHYHORSHG�� 7KH� LQIRUPDWLRQ� WHFKQRORJ\�
IRU�SURFHVVLQJ� ODVHU� VLJQDOV��ZKLFK�FDUU\� WKH� LQIRUPDWLRQ�DERXW� WKH�SDUDPHWHUV�RI�
FRQFHQWUDWLRQ�RI�UHDJHQWV�LQ�WKH�WHFKQRORJLFDO�HQYLURQPHQW�RI�WKH�GU\HU��LV�WKH�EDVLV�
IRU�WKH�FUHDWLRQ�RI�LQQRYDWLYH�WHFKQRORJLHV�LQ�WKH�SULQWLQJ�SUHVV�

3UDFWLFDO� 6LJQL¿�FDQFH�� 7KH� DUWLFOH� GHDOV� ZLWK� WKH� ODVHU� WHFKQRORJLHV� IRU�
FRQWUROOLQJ� WKH� FRQFHQWUDWLRQ� RI� KDUPIXO� VXEVWDQFHV� HYDSRUDWLRQ� GXULQJ� WKH� JOXH�
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GU\LQJ��ZKLFK�LV�WKH�EDVLV�IRU�WKH�DQDO\VLV�RI�WKH�UHJLPH�RI�WKHUPRG\QDPLF�H[FKDQJH�
ZLWK�WKH�DGKHVLYH�VWUXFWXUH�RI�WKH�ERRN�EORFN��7KLV�DOORZV�\RX�WR�FRQWURO�DQG�VHOHFW�
WKH�GU\LQJ�PRGH�PRUH�HIIHFWLYHO\��UHGXFH�WKH�GU\LQJ�WLPH�RI�WKH�EORFN�DQG�HQVXUH�
KLJKHU�SURGXFW�TXDOLW\�

8'&�������

/80,1(6&(1&(�2)�1$,�/$,
�
�&(�&5<67$//,1(�6<67(0

$��6��3XVKDN���<D��6��3XVKDN���9��9��9LVWRYVN\\���6��9��0\DJNRWD���
7��0��'HPNLY���$��6��9RORVKLQRYVNLL�

�8NUDLQLDQ�$FDGHP\�RI�3ULQWLQJ�
����3LJ�+RORVNRP�6W���/YLY���������8NUDLQH

DQGUL\�SXVKDN#JPDLO�FRP
�,YDQ�)UDQNR�1DWLRQDO�8QLYHUVLW\�RI�/YLY�

����.\U\OD�L�0HIRGL\D�6W����������/YLY��8NUDLQH�
�/YLY�6WDWH�$JUDULDQ�8QLYHUVLW\�

���9RORG\P\UD�9HO\NRJR�6W����������'XEO\DQ\��8NUDLQH

5HVHDUFK� 0HWKRGRORJ\�� /DQWKDQXP� KDOLGHV� DFWLYDWHG� E\� FHULXP� LRQV� DUH�
FKDUDFWHUL]HG�E\�VFLQWLOODWLRQ�SURSHUWLHV��DQG� WRGD\� WKH\�DUH� WKH�EDVLF�PDWHULDO� IRU�
WKH�PDQXIDFWXULQJ� RI� KLJK�HQHUJ\� UDGLDWLRQ� GHWHFWRUV��+RZHYHU�� VXFK� FU\VWDOV� DUH�
VWURQJO\�K\JURVFRSLF��ZKLFK�FRPSOLFDWHV�WKH�WHFKQRORJ\�RI�WKHLU�PDQXIDFWXULQJ��$V�
D�VROXWLRQ�WR�WKH�SUREOHP�RI�K\JURVFRSLFLW\�RI�VDPSOHV��LW�KDV�EHHQ�VXJJHVWHG�WR�XVH�
/D,

�
�&H�PLFURFU\VWDOV�HPEHGGHG�LQ�D�GLHOHFWULF�PDWUL[�
5HVXOWV�� 7KH� 6WRNEDUJHU�%ULGJPDQ� PHWKRG� REWDLQHG� D� FU\VWDOOLQH� V\VWHP�

EDVHG�RQ�/D,
�
�&H�PLFURFU\VWDOV�HPEHGGHG�LQ�WKH�1D,�PDWUL[��6SHFWUDO�OXPLQHVFHQW�

PHDVXUHPHQWV�RI�1D,�/D,
�
�&H�FU\VWDOOLQH�V\VWHP�XVLQJ�V\QFKURWURQ�UDGLDWLRQ�KDYH�

EHHQ�SHUIRUPHG��7KH�PHWKRG�RI� VFDQQLQJ� HOHFWURQ� VSHFWURVFRS\�GHWHFWHG�/D,
�
�&H�

PLFURFU\VWDOV�LQ�WKH�VL]H�RI������ P��LQODLG�LQ�WKH�1D,�PDWUL[�
1RYHOW\��7KH�VXUURJDWH�PHFKDQLVPV�RI�WKH�H[FLWDWLRQ�HQHUJ\�WUDQVIHU�WR�FHULXP�

FHQWHUV� IURP� WKH� 1D,� PDWUL[� DQG� /D,
�
� PLFURFU\VWDOV� KDYH� EHHQ� HVWDEOLVKHG�� 7KH�

VSHFWUDO�OXPLQHVFHQFH� SDUDPHWHUV� RI� WKH� /D,
�
�&H�PLFURFU\VWDOV� DUH� LGHQWLFDO�ZLWK�

WKHLU�EXON�DQDORJXHV�
3UDFWLFDO� 6LJQL¿�FDQFH�� ,QOD\LQJ� RI� WKH� /D,

�
�&H� PLFURFU\VWDOV� LQWR� D� QRQ�

K\JURVFRSLF�RU�OHVV�K\JURVFRSLF�FXELF�V\PPHWU\�PDWUL[�DOORZV�IRU�REWDLQLQJ�VDPSOHV�
RI�ODUJH�VL]HV�LQ�FRPSDULVRQ�ZLWK�VLQJOH�FU\VWDOV�/D,

�
�&H��,Q�WKLV�FDVH��WKH�VSHFWUDO�

OXPLQHVFHQW�SDUDPHWHUV�RI�WKH�FU\VWDOOLQH�V\VWHP�DUH�SUHVHUYHG�
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6HUKL\�3URNKRUHQNR������<DURVODY�.DY\Q����5RPDQ�3HWULY��

��/YLY�3RO\WHFKQLF�1DWLRQDO�8QLYHUVLW\��
����6��%DQGHUD�6W���/YLY���������8NUDLQH

��8QLYHUVLW\�RI�5]HV]RZ��&HQWHU�IRU�0LFURHOHFWURQLFV�DQG�1DQRWHFKQRORJ\
$OHMD�5HMWDQD���F���������5]HV]RZ��3RODQG

��8NUDLQLDQ�$FDGHP\�RI�3ULQWLQJ�
����3LG�+RORVNRP�6W���/YLY���������8NUDLQH

5HVHDUFK�0HWKRGRORJ\��7KHVH�PHDVXUHPHQWV�ZHUH�D�FRQWLQXDWLRQ�RI�WKH�SUHYLRXV�
VWXGLHV� PHQWLRQHG� LQ� WKH� UHOHYDQW� SDWHQW� DSSOLFDWLRQV� RI� WKH� 8UDO� 7HFKQRORJLFDO�
8QLYHUVLW\���WKH�³PHWDOOLF�YLVXDOL]DWLRQ�JULG´�>�@�RI�WKH�/YLY�3RO\WHFKQLF�1DWLRQDO�
8QLYHUVLW\� �� ³&HUDPLF� *ULG´� >�@� DQG� WKH� 5]HV]RZ� 8QLYHUVLW\� ³� DLUÀ�RZ� ³�� >�@�
FRQFHUQLQJ�WKH�H[SODQDWLRQ�RI�WKH�SURSDJDWLRQ�RI�WHPSHUDWXUH�LQ�WKH�À�RZ�RI�D�JDVHRXV�
FRRODQW��7KH�VWXG\�KDV�XVHG�D�PHWKRG�RI�LQIUDUHG�QRQ�GHVWUXFWLYH�WHVWLQJ��,5�+.���
7KH�HVVHQFH�ZDV�WKH�SUDFWLFDO�DQDO\VLV�QHFHVVDU\�WR�HOLPLQDWH�WKH�UHJLVWUDWLRQ�HUURUV�
WKDW�PD\�DULVH�GXH�WR�WKH�ODFN�RI�H[SHULHQFH�RI�WKH�RSHUDWRU�RI�WKH�GLDJQRVWLF�ODZ�RU�
WKH�GHYLDWLRQ�RI�WKH�SDUDPHWHUV�RI�WKH�À�RZ�FRQWURO�RI�WKH�FRRODQW�

5HVXOWV��$Q�DQDO\VLV�RI�WKH�HVWLPDWLRQ�RI�VXUIDFH�SDUDPHWHUV�IURP�WKH�SURFHVV�RI�
WKHLU�UHJLVWUDWLRQ�LQ�WKH�FRUUHODWLRQ�ZLWK�FKDQJHV�LQ�WKH�HQHUJ\�À�RZ��KHDW��EURXJKW�WR�
LW�E\�LW�ZDV�EURXJKW�XS�E\�EULQJLQJ�WKH�HQHUJ\�JUDGLHQWV�WR�WKH�VWXGLHG�VXUIDFH�

7KH�HI¿�FLHQF\�RI�XVLQJ�DV�D�VHQVRU��D�JULG��LQ�WKH�IRUP�RI��'���'���'�PRGHOV��LV�
VKRZQ�IRU�WKH�HVWLPDWLRQ�RI�HQHUJ\��LQ�WKH�IRUP�RI�KHDW�WUDQVIHU��DQG�VWHUHRJUDSKLF�
�GHWHUPLQDWLRQ�RI�WKH�GLUHFWLRQ�RI�WKH�HQHUJ\�FDUULHU�VWUHDP��DV�ZHOO�DV�WKH�DQJOH�RI�
FRQWDFW�ZLWK�WKH�LQYHVWLJDWHG�VXUIDFH��RI�WKH�SDUDPHWHUV�RI�WKH�KHDW�À�X[�RI�HQHUJ\�

1RYHOW\��7KH�DQDO\VLV�RI�WKH�VXUIDFH�FRQGLWLRQ�LQ�WKH�IRUP�RI�GHYLDWLRQ�RI�KHDW�
FRQGXFWLYLW\� E\� WKH�PHWKRG� RI� LQIUDUHG� QRQ�GHVWUXFWLYH� WHVWLQJ� �,5�+.�KDV� EHHQ�
GRQH��EDVHG�RQ� WKH�XVH�RI� WZR� WHFKQLTXHV��� WKHUPDO�DQG�À�DVK��7KH�HVVHQFH�RI� WKH�
PHWKRG��LQ�SDUWLFXODU�WKH�FRQWURO�RI�KLGGHQ�GHIHFWV��LV�WR�GHWHUPLQH�WKH�FRUUHVSRQGLQJ�
WKHUPRG\QDPLF� YDOXHV� RI� WKH� HQHUJ\� �WKHUPDO��¿�HOG� RI� WKH� VXUIDFH��ZKLFK� DOORZV�
GHIHFWV�WR�EH�GHWHFWHG�E\�HVWDEOLVKLQJ�FRQWUROOHG�YDOXHV�RI�SDUDPHWHUV��LQ�SDUWLFXODU�
WKH�HQHUJ\�GHQVLW\�RI�WKH�À�XFWXDWLQJ�À�RRG�EURXJKW�WR�WKH�VXUIDFH��WHPSHUDWXUH�DQG�
SUHVVXUH�LQ�WKH�FDVH�RI�JDV�À�RZ���VR�WKDW�WKH�WHVW�VDPSOH�GLG�QRW�FROODSVH�

3UDFWLFDO�6LJQL¿�FDQFH��7KH�SUDFWLFDO�YDOXH�LV�WR�LPSURYH�WKH�WKHUPDO�LPDJLQJ�
PHWKRG�IRU�HVWLPDWLQJ�GHIHFWV�RFFXUULQJ�LQ�WKH�VXUIDFH�OD\HU��ZKHUH�WKLV�DVVHVVPHQW�LV�
FDUULHG�RXW�E\�WKHUPDO�LPDJLQJ�GHYLDWLRQ��GHYLDWLRQ��RI�WKH�WKHUPDO�HQHUJ\�À�X[�IURP�
WKH�LQYHVWLJDWHG�OD\HU��ZKLFK�LV�DFFXPXODWHG�LQ�LW�DV�D�UHVXOW�RI�VXSSO\LQJ�WKH�HQHUJ\�
À�RZ�ZLWK�¿�[HG��FRQWUROOHG��SDUDPHWHUV�
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/YLY�3RO\WHFKQLF�1DWLRQDO�8QLYHUVLW\��
����%DQGHUD�6W���/YLY���������8NUDLQH

SRSDG\QUV#JPDLO�FRP��;;;

5HVHDUFK� 0HWKRGRORJ\�� 7KH� PHWKRGRORJ\� RI� WKLV� VWXG\� FRPELQHV� JHQHUDO�
VFLHQWL¿�F�PHWKRGV�VXFK�DV�DQDO\VLV��V\QWKHVLV��PRGHOOLQJ��V\VWHP�DQG�YLVXDO�PHWKRGV��
DV� ZHOO� DV� VSHFL¿�F� VFLHQWL¿�F� PHWKRGV�� QDPHO\�� RSWLPL]DWLRQ� PHWKRGV�� ¿�OWUDWLRQ�
PHWKRGV�DQG�WKH�PHWKRG�RI�H[SHUW�HYDOXDWLRQV�

7KH� XVH� RI� DOO� WKHVH�PHWKRGV� KDV� DOORZHG� UHYHDOLQJ� WKH� IROORZLQJ� DVSHFWV� RI�
VFLHQWL¿�F�UHVHDUFK��VXFK�DV�DQDO\VLV�RI�PHWULFV�RI�HYDOXDWLRQ�RI�VLJQDOV�DFFRUGLQJ�WR�
H[LVWLQJ�FULWHULD��DQDO\VLV�RI�RSWLPL]DWLRQ�PHWKRGV��V\QWKHVLV�RI�UHVHDUFK�PRGHO�DQG�
YLVXDOL]DWLRQ�RI�UHVHDUFK�UHVXOWV�

5HVXOWV�� ,Q� WKH�FRQGXFWHG� UHVHDUFK� WKH� IXQGDPHQWDO�SULQFLSOHV�RI�ZRUN�RI� WKH�
SURSRVHG�DOJRULWKPV�KDYH�EHHQ�DQDO\]HG��LQ�SDUWLFXODU��LW�KDV�EHHQ�HPSKDVL]HG�RQ�
WKHLU�DFWXDOO\�GLIIHUHQW�PHWKRGV�DQG�REMHFWV�RI�WKH�UHDFKHG�VLJQDO��VXESL[HO�RIIVHWV�
DQG� SKRWRSOHWK\VPRJUDSK\��� 7KH� RSWLPDO� PHWULFV� IRU� TXDOLWDWLYH� HVWLPDWLRQ� RI�
DOJRULWKPV�KDYH�EHHQ�GHWHUPLQHG��DQG�WKHLU�H[SHULPHQWDO�UHDOL]DWLRQ�KDV�EHHQ�FDUULHG�
RXW��7KH�FRPSXWDWLRQDOO\�HI¿�FLHQW�DOJRULWKPV�IRU�UHFHLYLQJ�EUHDWKLQJ�VLJQDOV�IURP�
WKH�YLGHR�VWUHDP�KDYH�EHHQ�LQLWLDOL]HG�DQG�HYDOXDWHG��7KH�REWDLQHG�UHVXOWV�KDYH�EHHQ�
ZRUNHG�RXW�DQG�WKH�FRUUHVSRQGLQJ�FRQFOXVLRQV�KDYH�EHHQ�PDGH�

1RYHOW\�� ,W� UHYHDOV� VFLHQWL¿�F� DQG� SUDFWLFDO� SRWHQWLDO�� VLQFH� VXFK�PHWKRGV� DQG�
DOJRULWKPV� KDYH� QR� DQDORJXHV�� EXW� WKH\� DUH� ZLGHO\� JDLQLQJ� SRSXODULW\� DEURDG��
+RZHYHU�� IRU� WKH� ¿�UVW� WLPH�� VXFK� D� ZLGH� UDQJH� RI� DOJRULWKPV� KDV� EHHQ� VWXGLHG�
VLPXOWDQHRXVO\�XQGHU�YDULRXV�PHDVXULQJ�FRQGLWLRQV�

3UDFWLFDO� 6LJQL¿�FDQFH�� 7KLV� ZRUN� LV� VLJQL¿�FDQW� EHFDXVH� UHOLDEOH�� UHPRWH�
PHDVXUHPHQW� RI� UHVSLUDWRU\� UDWH� LV� VWLOO� XQVDWLV¿�HG�ZLWK� WKH� QHHG� IRU� FOLQLFDO� DQG�
KRPH�FRQGLWLRQV��7KH�SURSRVHG�DOJRULWKPV�RSHUDWH�RQ� WKH�EDVLV�RI� WKH�FDPFRUGHU�
DQG�DUH�GHVLJQHG�WR�PHDVXUH�EUHDWKLQJ�LQGLFHV�ZLWKRXW�DQ\�FRQWDFW�ZLWK�WKH�ERG\��
,Q�DGGLWLRQ��WKH�FDPHUD�SURYLGHV�HDV\�DFFHVV�WR�PRWLRQ�LQIRUPDWLRQ�LQ�WKH�DQDO\]HG�
GDWDVHWV��ZKLFK�JUHDWO\� LPSURYHV� WKH�FODVVL¿�FDWLRQ�RI� WKH�EUHDWK�DW� WKH�VDPH�WLPH��
6HQVRU\�V\VWHP�SHUIRUPDQFH�ZDV�HYDOXDWHG�XVLQJ�GDWD�IURP�KHDOWK\�YROXQWHHUV��LQ�
ODERUDWRU\�FRQGLWLRQV��FRYHULQJ�D�ODUJH�QXPEHU�RI�FRPSOH[�PHDVXUHPHQW�VLWXDWLRQV��
7KH�REWDLQHG�WKHRUHWLFDO�DQG�H[SHULPHQWDO�UHVXOWV�FDQ�EH�XVHG�LQ�WKH�GHYHORSPHQW�RI�
KDUGZDUH�DQG�UHODWHG�VRIWZDUH�
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8NUDLQLDQ�$FDGHP\�RI�3ULQWLQJ�
����3LG�+RORVNRP�6W���/YLY���������8NUDLQH

�]DQNRQ#L�XD�

5HVHDUFK� 0HWKRGRORJ\�� 7KH� PHWKRGRORJLFDO� EDVLV� RI� WKH� UHVHDUFK� FRQVLVWV�
RI�PRGHUQ�PHWKRGV�RI�GLJLWDO� LPDJH�SURFHVVLQJ�EDVHG�RQ� WKH�GDWD�RI�FRORULPHWULF�
PHDVXUHPHQWV� RI� WKH� FRORXU� FKDUDFWHULVWLFV� RI� LPSULQWV�� PHWKRGV� RI� VWDWLVWLFDO�
SURFHVVLQJ�RI�H[SHULPHQWDO�GDWD�IRU�PHDVXULQJ�WKH�FRORXU�FKDUDFWHULVWLFV�RI�LPSULQWV�
XVLQJ�D�SDFNDJH�RI�VSHFLDO�SURJUDPV�IRU�FDOFXODWLRQV�

5HVXOWV��7KH�IHDWXUHV�RI�WKH�YDULRXV�PHFKDQLVPV�RI�WKH�UHSODFHPHQW�RI�WKH�FRORXU�
LQNV�E\�EODFN�LQ�WKH�SURFHVV�RI�FRORXU�VHSDUDWLRQ�RI�LPDJHV�KDYH�EHHQ�FRQVLGHUHG��
([SHULPHQWDO� FXUYHV� KDYH� EHHQ� FRQVWUXFWHG�� 7KH\� FKDUDFWHUL]H� WKH� PHWKRGV� RI�
JHQHUDWLQJ�WKH�EODFN�LQN�ZKHQ�SUHSDULQJ�LPDJHV�IRU�RIIVHW�SULQWLQJ�RQ�FRDWHG�SDSHU�
DFFRUGLQJ�WR�VWDQGDUG�,62���������ZLWK�(&,�SUR¿�OHV��7KH�IHDWXUHV�RI�WKH�UHSODFHPHQW�
RI�WKH�DFKURPDWLF�FRPSRQHQW�RI�WKH�WULDG�V\QWKHVLV�LQ�YDULRXV�WHFKQRORJLHV�RI�FRORXU�
VHSDUDWLRQ�KDYH�EHHQ�UHVHDUFKHG�

1RYHOW\�� 7KH� VFLHQWL¿�F� QRYHOW\� RI� WKH� REWDLQHG� UHVXOWV� LV� WKDW� WKH� DQDO\VLV� RI�
PHWKRGV�RI�JHQHUDWLQJ�WKH�FKDQQHO�RI�WKH�EODFN�LQN�LQ�WKH�LPSOHPHQWDWLRQ�RI�FRORXU�
VHSDUDWLRQ�RI�GLJLWDO�LPDJHV�KDV�EHHQ�GRQH��2Q�WKH�EDVLV�RI�H[SHULPHQWDO�VWXGLHV��WKH�
PHFKDQLVP�RI�FRQWURO�RI�WKH�EODFN�LQN�FKDQQHO�IRU�FRQYHUVLRQ�WR�WKH�&0<.�PRGHO�
KDV�EHHQ�FRQGXFWHG��7KH�DQDO\VLV�RI�PHWKRGV�RI�UHSODFHPHQW�RI�FRORXU�LQNV�LQ�EODFN��
ZKLFK�DUH�LQ�(&,�SUR¿�OHV��KDV�EHHQ�GRQH�

3UDFWLFDO�6LJQL¿�FDQFH��7KH�UHVHDUFK�KDV�EHHQ�FDUULHG�RXW�XVLQJ��,&&�¿�OHV�RI�
FRORXU�SUR¿�OHV�RI�SULQWLQJ�V\VWHPV�WKDW�PHHW�WKH�FRPPHUFLDO�DQG�VSHFLDO�RIIVHW�VWDQG�
DUGV�RI�,62����������7KH�DQDO\VLV�RI�UHVXOWV�DOORZV�SUDFWLWLRQHUV�WR�XVH�WKH�LQIRUPD�
WLRQ�SURYLGHG�ZKHQ�SUHSDULQJ�LPDJHV�IRU�SULQWLQJ�RQ�FRDWHG�SDSHU�


