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WDO�RQHV��UHODWHG�WR�WKH�UHGXFWLRQ�RI�JUHHQKRXVH�JDV�HPLVVLRQV��7KH�HQHUJ\�VHF�

WRU�LV�SHUKDSV�WKH�PDLQ�JOREDO�FRQWULEXWRU�WR�WKH�HPLVVLRQV�RI�WKHVH�JDVHV��,Q�WKH�

SUHVHQW�ZRUN��WKH�GHYHORSPHQW�RI�D�V\VWHP�EDVHG�RQ�,R7�DQG�&&�IRU�WKH�PRQL�

WRULQJ�RI�HQHUJ\�FRQVXPSWLRQ�DW�WKH�UHVLGHQWLDO�OHYHO�LV�GHVFULEHG��,W�LV�RUJDQL]HG�

DFFRUGLQJ� WR� WKH� WKUHH�WLHU�PRGHO��(GJH��3ODWIRUP�DQG�(QWHUSULVH��$W� WKH�(GJH�

OHYHO�� VRPH� LQQRYDWLRQV�DUH�SURSRVHG�� VXFK�DV� LQGLUHFW�HQHUJ\�VHQVLQJ�DQG� WKH�

FRQQHFWLRQ� RI� VHQVRUV� XVLQJ� WKH� HOHFWULFDO� QHWZRUN� IRU� GDWD� FRPPXQLFDWLRQ��
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1 Introduction 

7KH�HPLVVLRQ�RI�JUHHQKRXVH�JDVHV��*+*��LV�RQH�RI�WKH�JUHDW�FXUUHQW�SUREOHPV��GXH�WR�

LWV�FRQVHTXHQFHV�RQ�FOLPDWH�FKDQJH��$V�SDUW�RI�WKH�DFWLRQV�DJUHHG�E\�DOPRVW�DOO�FRXQ�

WULHV��LQYHQWRULHV�RI�WKHVH�HPLVVLRQV�DUH�PDGH�SHULRGLFDOO\������RI�*+*�HPLVVLRQV�LQ�

����� LQ� $UJHQWLQD� FRUUHVSRQGHG� WR� WKH� HQHUJ\� VHFWRU�� ���� SRLQWV� GXH� WR� UHVLGHQWLDO�

HOHFWULFLW\�FRQVXPSWLRQ�DQG�����E\�UHVLGHQWLDO�IXHO�EXUQLQJ�>�@��:LWK�VRPH�YDULDWLRQV��

WKLV�VLWXDWLRQ�LV�FRPPRQ�WR�GLIIHUHQW�FRXQWULHV��$URXQG�RQH�WKLUG�RI�WKH�HQHUJ\�LQ�WKH�

ZRUOG� LV� FRQVXPHG� LQ� ODUJH� SXEOLF� EXLOGLQJV�� DQG� LQ� VRPH�FRXQWULHV� WKH\� FRQWULEXWH�

DERXW� ���� RI� WKH� WRWDO� FRQVXPSWLRQ� >�@�� 6DYLQJ� HQHUJ\� QRW� RQO\� KDV� DQ� HFRQRPLF�

LPSDFW��EXW�DOVR�DQ�HQYLURQPHQWDO�RQH��DOWKRXJK�WKH�HFRQRPLF�VDYLQJ�FRXOG�EH��SURE�

DEO\�� WKH� PDLQ� PRWLYDWLRQ� WR� PDNH� PRUH� UDWLRQDO� FRQVXPSWLRQV�� ,Q� WKLV� VHQVH�� WKH�

IHHGEDFN�WKDW�XVHUV�UHFHLYH�DERXW�WKHLU�FRQVXPSWLRQ�LV�D�NH\�IDFWRU��

3HULRGLF�ELOOV� IRU� HOHFWULFLW\� DQG�JDV� FRQVXPSWLRQ� DOVR� VHUYH� DV� IHHGEDFN�� EXW� DUH�

QRW�DV�HIIHFWLYH�LQ�FDXVLQJ�FKDQJHV�LQ�FRQVXPSWLRQ�SDWWHUQV��>�@�SUHVHQWV�D�UHYLHZ�RI�

VHYHUDO� ZRUNV� DERXW� WKH� HIIHFWLYHQHVV� WKDW� IHHGEDFN� VFKHPHV� KDYH� RQ� FRQVXPSWLRQ�

SDWWHUQV�� ,W� FRXOG� EH� REVHUYHG� WKDW� WKDQNV� WR� WKH� IHHGEDFN�� FRQVXPSWLRQ� VDYLQJV� RI�

EHWZHHQ� ��� DQG� ���� ZHUH� SURGXFHG�� $OVR�� IHHGEDFN� ZRUNV� ZHOO� LI� WKH� IROORZLQJ�

FRQGLWLRQV�DUH�PHW��GHOLYHUHG�UHJXODUO\��SUHVHQWHG�SODLQO\�DQG�HQJDJLQJO\��WDLORUHG�WR�
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WKH� KRXVHKROGHU�� LQWHUDFWLYH� DQG� GLJLWDO�� FDSDEOH� RI� SURYLGLQJ� LQIRUPDWLRQ� E\� DSSOL�

DQFH��DFFRPSDQLHG�E\�DGYLFH�IRU�UHGXFLQJ�HOHFWULFLW\�XVH��DVVRFLDWHG�ZLWK�D�FKDOOHQJ�

LQJ�JRDO�IRU�HQHUJ\�FRQVHUYDWLRQ��,Q�>�@�D�UHYLHZ�RI�GLIIHUHQW�VFKHPHV�IRU�HQHUJ\�FRQ�

VXPSWLRQ�PRQLWRULQJ�LV�SUHVHQWHG��FODVVLI\LQJ�WKH�PHDVXUHPHQWV�DV�GLUHFW�DQG�LQGLUHFW��

,WV� HIIHFWLYHQHVV� LQ� SURGXFLQJ� HQHUJ\� VDYLQJV� LV� KLJKOLJKWHG� DQG� LW� LV� REVHUYHG� WKDW�

ZKHQ�WKH�FRVW�RI�HQHUJ\�LV�LPSRUWDQW��WKH�VDYLQJV�WHQG�WR�EH�JUHDWHU��

,Q�UHFHQW�\HDUV� WKHUH�KDV�EHHQ�D�JURZLQJ�GHYHORSPHQW�RI�DSSOLFDWLRQV�RULHQWHG�WR�

HQHUJ\� VDYLQJ�� EDVHG� RQ� WKH� ,QWHUQHW� RI� 7KLQJV� �,R7�� DQG� &ORXG� &RPSXWLQJ� �&&���

6RPH�SURSRVDOV�GHDO�ZLWK�WKH�DXWRPDWLRQ�RI�HQHUJ\�PDQDJHPHQW��DFFRUGLQJ�WR�PRGHOV�

WKDW� WU\� WR�VDYH�HQHUJ\�FRQVXPSWLRQ�DW� WKH�VDPH� WLPH�DV�SURYLGLQJ�ZHOO�EHLQJ� WR� WKH�

LQKDELWDQWV� RI� VR�FDOOHG� VPDUW� EXLOGLQJV� >�@� DQG� VPDUW� KRXVHV� >�@�� ZKLOH� RWKHUV� DUH�

RULHQWHG� WRZDUGV� SURYLGH� IHHGEDFN� WR� XVHUV�� VR� WKH\� FDQ�PDQDJH� VPDUWHU� WKHLU� FRQ�

VXPSWLRQ��

,R7�DLPV�WR�FRQQHFW�UHDO�ZRUOG�GHYLFHV��VHQVRUV�DQG�DFWXDWRUV��LQ�RUGHU�WR�JDWKHU�WKH�

JHQHUDWHG� LQIRUPDWLRQ�DQG�SURFHVV� LW� WR�SURGXFH�DFWLRQV�RQ� LW�� ,R7�GHYLFHV�JHQHUDOO\�

KDYH� OLWWOH� SURFHVVLQJ�SRZHU��&&�KDV�YLUWXDOO\�XQOLPLWHG� VWRUDJH� DQG�SURFHVVLQJ� FD�

SDFLW\��7KH�FRQMXQFWLRQ�RI�,R7�DQG�&&�DOORZV�WKH�GHYHORSPHQW�RI�FRPSOH[�VROXWLRQV��

ZLWK�HDVH�RI�DFFHVV�E\�XVHUV�WKURXJK�ZHE�LQWHUIDFHV�DQG���RU�PRELOH�DSSOLFDWLRQV��7KH�

PDLQ�FRPSDQLHV�WKDW�RIIHU�FORXG�VHUYLFHV�DUH�RULHQWHG�WR�WKH�ZRUOG�RI�,R7�>�@��VXFK�DV�

$PD]RQ��*RRJOH�DQG�0LFURVRIW��DOWKRXJK�LW� LV�DOVR�ZRUWK�PHQWLRQLQJ�RWKHUV�VXFK�DV�

0DWKZRUNV�>�@��ZKLFK�DOORZV�FRPELQLQJ�WKHLU�DQDO\WLFDO�WRROV�ZLWK�,R7��

7KLV�SDSHU�SUHVHQWV�D�V\VWHP�IRU�PRQLWRULQJ�UHVLGHQWLDO�HQHUJ\�FRQVXPSWLRQ��EDVHG�

RQ�D�QHWZRUN�RI�,R7�VHQVRUV�ZLWK�GLIIHUHQW�FRPPXQLFDWLRQ�DOWHUQDWLYHV�ZLWK�WKH�FORXG��

WKURXJK�D� ORFDO�JDWHZD\��ZKLFK�DOVR� LPSOHPHQWV�VRPH�EDVLF� IXQFWLRQV�� ,Q� WKH�FORXG��

GDWD� LV� SURFHVVHG� DQG� LQIRUPDWLRQ� DQG� DQDO\VLV� DUH� JHQHUDWHG� IRU� WKH� XVHU�� $Q� RXW�

VWDQGLQJ�IHDWXUH�RI�WKLV�SURMHFW�LV�WR�WDNH�DGYDQWDJH�RI�WKH�SRZHU�OLQHV�WR�FRQQHFW�WKH�

VHQVRUV� WR� WKH� ORFDO� JDWHZD\��ZKLFK� LPSOLHV� JUHDWHU� IOH[LELOLW\� IRU� WKHLU� LQVWDOODWLRQ��

7KH�FRPPXQLFDWLRQ�SURWRFRO�XVHG�EHWZHHQ�WKH�ORFDO�JDWHZD\�DQG�WKH�FORXG�LV�0477�

>�@��ZKLOH�LQ�WKH�SUR[LPLW\�QHWZRUN�FDQ�EH�XVHG�0477�ZLWK�WKRVH�GHYLFHV�WKDW�VXS�

SRUW�LW�RU�DQ�DG�KRF�SURWRFRO�IRU�WKH�PRVW�EDVLF�GHYLFHV��

2 Variables of Interest. Measurement Strategies 

,Q�WKH�FDVH�RI�HOHFWULFDO�HQHUJ\��WKH�YDULDEOHV�WR�EH�PHDVXUHG�IRU�D�GLUHFW�PHDVXUHPHQW�

>�@>�@�DUH�YROWDJH�DQG�FXUUHQW��7KH�DGYDQWDJH�RI�WKH�GLUHFW�VWUDWHJ\�LV�WKDW� LW�HQDEOHV�

DFFXUDWH� PHDVXUHPHQW� DQG� LV� VXLWDEOH� IRU� YDULDEOH� SRZHU� FRQVXPSWLRQ�� ,W� UHTXLUHV�

WDNLQJ�LQWR�DFFRXQW�HOHFWULFDO�VDIHW\�DVSHFWV��

$QRWKHU�SRVVLELOLW\�LV�WR�FDUU\�RXW�LQGLUHFW�PHDVXUHPHQWV��IRU�H[DPSOH�XVLQJ�DFRXV�

WLF��SLH]RHOHFWULF�R�OXPLQLF�VHQVRUV��DPRQJ�RWKHUV��7KHVH�W\SHV�RI�VHQVRUV�DOORZ�NQRZ�

LQJ� WKH�RQ�RU�RII� VWDWXV�RI�FHUWDLQ�GHYLFHV� IURP�QRLVH�RU�YLEUDWLRQV�� ,Q� WKHVH�FDVHV�D�

VWDQGDUG� SRZHU� RU� FRQVXPSWLRQ� VKRXOG� EH� FRQVLGHUHG� DQG� WKHQ� WKH� RSHUDWLQJ� WLPH�

VKRXOG�EH�PHDVXUHG��7KLV�VWUDWHJ\�ZRXOG�DOVR�EH�VXLWDEOH�IRU�QRQ�LQYDVLYHO\�PRQLWRU�

LQJ�ERLOHUV��JHQHUDWRUV��HQJLQHV��HWF��
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,Q�DGGLWLRQ�WR�HQHUJ\��LW�LV�DOVR�QHFHVVDU\�WR�VHQVH�RWKHU�YDULDEOHV��VXFK�DV�H[WHULRU�

DQG� LQWHULRU� WHPSHUDWXUH�� DPELHQW� KXPLGLW\�� OLJKW� LQWHQVLW\�� SUHVHQFH�RI�SHRSOH�� HWF���

ZKLFK� DOORZ�NQRZLQJ� WKH� FRQWH[W� LQ�ZKLFK� HQHUJ\� LV� EHLQJ� FRQVXPHG�� VR� WKDW�� DV� D�

UHVXOW�RI�DQ�DQDO\VLV��WKH�V\VWHP�FDQ�SURYLGH�VXJJHVWLRQV�WR�WKH�XVHU��DV�ZHOO�DV�VR�WKDW�

WKH�XVHU�FDQ�GHFLGH�EDVHG�RQ�JUHDWHU�TXDQWLW\�DQG�TXDOLW\�RI�LQIRUPDWLRQ��$V�DQ�H[DP�

SOH��WKDW� WKH�KHDWLQJ�LV�QRW�RQ�ZKHQ�WKH�PD[LPXP�FRPIRUW�WHPSHUDWXUH�KDV�EHHQ�H[�

FHHGHG��RU�ZKHQ�WKH�RXWVLGH�WHPSHUDWXUH�LV�DERYH�D�FHUWDLQ�PLQLPXP��

3 1HWZRUN�$UFKLWHFWXUH

,QGXVWULDO�,QWHUQHW�&RQVRUWLXP�GHILQHV�D�WKUHH�WLHU�PRGHO�IRU�WKH�,R7�DUFKLWHFWXUH�>��@��

(GJH��3ODWIRUP��DQG�(QWHUSULVH��(GJH�FROOHFWV�GDWD�IURP�GHYLFHV�WKURXJK�WKH�SUR[LPL�

W\�QHWZRUN��3ODWIRUP�UHFHLYHV��SURFHVVHV�DQG�IRUZDUGV�GDWD� IURP�(GJH� WR�(QWHUSULVH�

DQG�FRQWURO�FRPPDQGV�IURP�(QWHUSULVH�WR�(GJH��LW�FDQ�DOVR�RIIHU�VRPH�QRQ�GRPDLQ�

VSHFLILF� VHUYLFHV�� VXFK� DV� TXHULHV� DQG� DQDO\WLFV�� (QWHUSULVH� LPSOHPHQWV� GRPDLQ�

VSHFLILF�DSSOLFDWLRQV��GHFLVLRQ�VXSSRUW�V\VWHPV��DQG�SURYLGHV�LQWHUIDFHV�IRU�HQG�XVHUV��

LW�UHFHLYHV�GDWD�IURP�(GJH�DQG�3ODWIRUP�DQG�VHQGV�FRQWURO�FRPPDQGV�WR�3ODWIRUP�DQG�

(GJH��)LJ����VKRZV�D�VLPSOLILHG�VFKHPD�RI�WKH�V\VWHP�RYHU�WKH�WKUHH�WLHU�PRGHO��

Fig. 1.�6WUXFWXUH�RI�WKH�,R7���&&�V\VWHP�DFFRUGLQJ�WR�WKH�WKUHH�WLHU�DUFKLWHFWXUH��

)RU�WKLV�VWDJH��7KLQJ6SHDN���>�@�KDV�EHHQ�DGRSWHG�WR�LPSOHPHQW�FORXG�SURFHVVLQJ��

,W�SURYLGHV�DQ�,R7�DQDO\VLV�SODWIRUP�VHUYLFH�WKDW�DOORZV�WR�DGG��YLVXDOL]H�DQG�DQDO\]H�

OLYH�GDWD�VWUHDPV�LQ�WKH�FORXG��$GGLWLRQDOO\��LW�DOORZV�WR�ZULWH�DQG�H[HFXWH�0DWODE���

FRGH�WR�SHUIRUP�SUHSURFHVVLQJ��YLVXDOL]DWLRQ�DQG�DQDO\VLV��7KLQJ6SHDN�XVHV�FKDQQHOV�

WR�VWRUH�GDWD�VHQW�IURP�DSSOLFDWLRQV�RU�GHYLFHV��DQG�GDWD�FDQ�EH�UHDG�IURP�WKHVH�FKDQ�

QHOV�XVLQJ�+773�FDOOV�DQG�WKH�5(67�$3,��<RX�FDQ�DOVR�XVH�WKH�0477�VXEVFULSWLRQ�

PHWKRG�WR�UHFHLYH�PHVVDJHV�HYHU\�WLPH�WKH�FKDQQHO�LV�XSGDWHG��+RZHYHU��LW�ZRXOG�EH�

SRVVLEOH�LQ�WKH�IXWXUH�WR�UHSODFH�LW�ZLWK�DQRWKHU�VHUYLFH��HYHQ�RQH�GHYHORSHG�DG�KRF��

&RQQHFWLQJ�WKH�VHQVRUV�WR�WKH�ILHOG�JDWHZD\�DOORZV�DW�OHDVW�WZR�RSWLRQV��,Q�WKH�FDVH�

RI� VHQVRUV� DQG� VPDUW� GHYLFHV�� ZLWK� VXIILFLHQW� PHPRU\�� SURFHVVLQJ� DQG� QHWZRUNLQJ�

FDSDFLW\��WKH\�FDQ�EH�FRQQHFWHG�GLUHFWO\�YLD�WKH�ORFDO�ZLUHG�RU�ZLUHOHVV�QHWZRUN�DYDLO�

DEOH�RQ�VLWH��2Q�WKH�RWKHU�KDQG��IRU�VHQVRUV�DQG�GHYLFHV�ZLWK�OLPLWHG�SURFHVVLQJ�DQG�

FRPPXQLFDWLRQ� FDSDFLW\�� LW� ZRXOG� EH� SRVVLEOH� WR� LPSOHPHQW� DQ� 56����� QHWZRUN� DW�
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�����RU�������ELW�V��XVLQJ�WKH�HOHFWULFDO�FDEOLQJ�DV�WKH�SK\VLFDO�PHGLXP��7KLV�KDV�WKH�

DGYDQWDJH� WKDW� LW�GRHV�QRW� UHTXLUH�DGGLWLRQDO�FDEOLQJ�� VLPSOLI\LQJ� WKH�GHSOR\PHQW�RI�

WKH�GHYLFHV��

4 Conclusions and future works 

7KH�FRQMXQFWLRQ�RI�,R7�DQG�&&�LV�D�YDOXDEOH�WRRO�IRU�HQHUJ\�PRQLWRULQJ�DQG�FRQVHUYD�

WLRQ��%DVHG�RQ�D�FHUWDLQ�YDULHW\�RI�GDWD�FROOHFWHG�E\�WKH�VHQVRUV��DQG�WKH�SRVVLELOLW\�WR�

SURFHVV� D� ODUJH� TXDQWLW\� RI� WKHP� LQ� WKH� FORXG�� LW� LV� SRVVLEOH� WR� REWDLQ� RQOLQH� LQIRU�

PDWLRQ�DQG�DQDO\VLV��WR�VXSSRUW�GHFLVLRQ�PDNLQJ�DLPHG�DW�VDYLQJ�HQHUJ\��

)XWXUH�ZRUN�ZLOO�FRQWLQXH�ZLWK�WKH�DQDO\VLV�DQG�WHVWLQJ�RI�GLIIHUHQW�LQGLUHFW�PHDVXUH�

PHQW� VWUDWHJLHV�� DLPHG�DW� IDFLOLWDWLQJ� WKH�GHSOR\PHQW�RI� WKH� VHQVRUV�� DV�ZHOO� DV�SUR�

JUHVV� LQ� WKH� GHVLJQ� RI� DQ� DG�KRF� SODWIRUP� IRU� WKH� VWRUDJH�� SURFHVVLQJ�� DQDO\VLV� DQG�

YLVXDOL]DWLRQ�RI�LQIRUPDWLRQ��
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