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3URGXNVL�SHUWDQLDQ�GDODP�DUWL�OXDV�GLGHILQLVLNDQ�VHEDJDL�VXDWX�XVDKD�EXGLGD\D�
XQWXN�PHQJKDVLONDQ�EDKDQ�SDQJDQ� 6DODK�VDWX�IDNWRU�\DQJ�VDQJDW�EHUSHQJDUXK�WHUKDGDS�
SURGXNVL�SHUWDQLDQ�DGDODK�NRQGLVL� OLQJNXQJDQ�EXGLGD\D� .RQGLVL� OLQJNXQJDQ�VHSHUWL�
NHOHPEDEDQ��VXKX��LQWHQVLWDV�FDKD\D�GDQ�OHQJDV�WDQDK�PHUXSDNDQ�EHEHUDSD�IDNWRU�\DQJ�
VDQJDW�PHPSHQJDUXKL�NXDOLWDV�GDQ�NXDQWLWDV�SURGXNVL�SHUWDQLDQ� 3HQJJXQDDQ�&ORXG�
7HFKQRORJ\ GDSDW� PHPSHUPXGDK� SURVHV� SHQJHORODDQ� GDWD� PRQLWRULQJ NRQGLVL�
OLQJNXQJDQ� VHFDUD� UHDO� WLPH� 7XMXDQ� GDUL� SHQHOLWLDQ� LQL� DGDODK� PHUDQFDQJ� GDQ�
PHQJHYDOXDVL� NLQHUMD� VLVWHP� PRQLWRULQJ NRQGLVL� OLQJNXQJDQ� EHUEDVLV� &ORXG�
7HFKQRORJ\�

6LVWHP�PRQLWRULQJ NRQGLVL� OLQJNXQJDQ \DQJ�GLUDQFDQJ� WHUGLUL� GDUL� UDQJNDLDQ�
PLNURNRQWUROHU� :HPRV� '�� PLQL \DQJ� WHULQWHJUDVL GHQJDQ� VHQVRU� GLJLWDO VXKX� GDQ�
NHOHPEDEDQ� �6+7��� VHQVRU� LQWHQVLWDV� FDKD\D �76/�������� GDQ� VHQVRU� OHQJDV� WDQDK�
�:'�����6LVWHP�PRQLWRULQJ� LQL� GLKXEXQJNDQ�GHQJDQ�FORXG VHUYHU XQWXN�PHODNXNDQ�
SHQ\LPSDQDQ�GDWD�GDQ�SHPDQWDXDQ�NRQGLVL� OLQJNXQJDQ�VHFDUD� UHDO�WLPH��8ML�NLQHUMD�
GLODNXNDQ� GHQJDQ� PHQJDQDOLVLV� GDWD� KDVLO� SHQJDPDWDQ� NRQGLVL� OLQJNXQJDQ� VHFDUD�
NRQWLQ\X�GHQJDQ�GXD�VNHQDULR�\DLWX�6NHQDULR����PRQLWRULQJ NRQGLVL�OLQJNXQJDQ�GHQJDQ�
NRQWURO�LULJDVL�EHUEDVLV�ORJLND�)X]]\ GDQ�6NHQDULR���� PRQLWRULQJ NRQGLVL�OLQJNXQJDQ�
GHQJDQ� NRQWURO� LULJDVL� EHUEDVLV� IXQJVL� OLQLHU�� \DQJ� PHQJLQWHUSUHVWDVLNDQ� NRQGLVL�
OLQJNXQJDQ�PLNUR�SDGD�EXGLGD\D�WDQDPDQ�GDODP�*URZWK�&KDPEHU WHUNRQWURO�

+DVLO�XML�NLQHUMD�PRQLWRULQJ SDGD�6NHQDULR���PHQXQMXNNDQ�UHUDWD�QLODL�VXKX��
NHOHPEDEDQ�� LQWHQVLWDV�FDKD\D��GDQ�NDGDU� OHQJDV� UHODWLI�PDVLQJ�PDVLQJ�VHEHVDU������
�&����������������/8;��VDDW�JURZWK�OLJKW PHQ\DOD���GDQ������± ���������6HGDQJNDQ��
SDGD� VNHQDULR���PHQXQMXNNDQ� UHUDWD�QLODL� VXKX��NHOHPEDEDQ�� LQWHQVLWDV� FDKD\D��GDQ�
NDGDU�OHQJDV�UHODWLI�VHEHVDU�������&��������� ������/8;��VDDW�JURZWK�OLJKW PHQ\DOD���
GDQ������± ���������7HUGDSDW�GDWD�ORVV VHEHVDU��������SDGD�6NHQDULR���GDQ����� ��
SDGD� 6NHQDULR� �� +DVLO� XML� NHUMD� PHQXQMXNNDQ� EDKZD� UDQFDQJDQ� &ORXG� %DVHG�
0RQLWRULQJ�6\VWHP NRQGLVL� OLQJNXQJDQ�GDSDW�GLJXQDNDQ�XQWXN�SHQJDPDWDQ�NRQGLVL�
OLQJNXQJDQ�VHFDUD UHDO�WLPH GDQ�SRWHQVLDO�XQWXN�PHQGXNXQJ�SHUWDQLDQ�SUHVLVL�

.DWD�NXQFL��PRQLWRULQJ ��UHDO�WLPH��FORXG�EDVHG�WHFKQRORJL��LNOLP�PLNUR
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$JULFXOWXUDO�SURGXFWLRQ�LV�GHILQHG�DV�D�FXOWLYDWLRQ�HIIRUW�WR�SURGXFH�IRRG��2QH�
IDFWRU� WKDW� LV� YHU\� LQIOXHQWLDO� LQ� DJULFXOWXUDO� SURGXFWLRQ� LV� WKH� FRQGLWLRQ� RI� WKH�
FXOWLYDWLRQ�HQYLURQPHQW��(QYLURQPHQWDO�FRQGLWLRQV�VXFK�DV�KXPLGLW\��WHPSHUDWXUH��VXQ�
OLJKW�DQG�VRLO�PRLVWXUH�DUH�VRPH�IDFWRUV�WKDW�JUHDWO\�DIIHFW�WKH�TXDOLW\�DQG�TXDQWLW\�RI�
DJULFXOWXUDO� SURGXFWLRQ�� 7KH� REMHFWLYH RI� WKLV� VWXG\� LV� WR� GHVLJQ� DQG� HYDOXDWH� WKH�
SHUIRUPDQFH� RI� &ORXG� 7HFKQRORJ\�EDVHG� HQYLURQPHQWDO� FRQGLWLRQ� PRQLWRULQJ�
V\VWHPV��

7KH�GHVLJQHG�HQYLURQPHQWDO�FRQGLWLRQ�PRQLWRULQJ�V\VWHP�FRQVLVWV�RI�D�:HPRV�
'��PLQL�PLFURFRQWUROOHU� FLUFXLW� LQWHJUDWHG�ZLWK� D� GLJLWDO� WHPSHUDWXUH� DQG� KXPLGLW\�
�6+7��VHQVRU�� OLJKW� LQWHQVLW\�VHQVRU��76O������� DQG�D�VRLO�PRLVWXUH�VHQVRU��:'�����
7KLV�PRQLWRULQJ� V\VWHP� LV� FRQQHFWHG� WR� WKH� FORXG� VHUYHU� WR� VWRUH� GDWD� DQG�PRQLWRU�
HQYLURQPHQWDO�FRQGLWLRQV�LQ�UHDO�WLPH��3HUIRUPDQFH�WHVW�LV�FDUULHG�RXW�E\�DQDO\]LQJ�GDWD�
RQ�REVHUYDWLRQV�RI�HQYLURQPHQWDO�FRQGLWLRQV�FRQWLQXRXVO\�ZLWK�WZR�VFHQDULRV�QDPHO\�
6FHQDULR��� ��PRQLWRULQJ�HQYLURQPHQWDO�FRQGLWLRQV�ZLWK�)X]]\� ORJLF�EDVHG� LUULJDWLRQ�
FRQWURO DQG�6FHQDULR�����PRQLWRULQJ�HQYLURQPHQWDO�FRQGLWLRQV�ZLWK�LUULJDWLRQ�FRQWURO�
EDVHG�RQ� OLQHDU� IXQFWLRQV��ZKLFK� LQWHUSUHWV�PLFUR�HQYLURQPHQWDO� FRQGLWLRQV� LQ�SODQW�
FXOWLYDWLRQ�LQ�D�FRQWUROOHG�JURZWK�FKDPEHU�

7KH�PRQLWRULQJ�SHUIRUPDQFH�WHVW�UHVXOWV�LQ�6FHQDULR���VKRZV WKH�DYHUDJH�YDOXHV�
RI��������&�RI�WHPSHUDWXUH��������RI�KXPLGLW\��������/8;�RI�OLJKW�LQWHQVLW\��ZKHQ�WKH�
JURZWK�OLJKW�LV�RQ���DQG�UHODWLYH�VRLO�PRLVWXUH�UDQJLQJ�IURP������� ������� :KHUHDV�LQ�
6FHQDULR���VKRZV�WKH�DYHUDJH�YDOXHV RI�������&�RI�WHPSHUDWXUH��������RI�KXPLGLW\��
����� /8;� RI� OLJKW� LQWHQVLW\� �ZKHQ� WKH� JURZWK� OLJKWV� ZHUH RQ��� DQG� UHODWLYH� VRLO�
PRLVWXUH�UDQJLQJ�IURP������� ��������7KHUH�ZDV D�GDWD�ORVV�RI�������LQ�6FHQDULR���
DQG�������LQ�6FHQDULR����7KH�SHUIRUPDQFH WHVW�UHVXOWV�VKRZHG WKDW�WKH�GHVLJQ�RI�&ORXG�
%DVHG� 0RQLWRULQJ� 6\VWHP� HQYLURQPHQWDO� FRQGLWLRQV� FDQ� EH� XVHG� WR� REVHUYH�
HQYLURQPHQWDO�FRQGLWLRQV�LQ�UHDO�WLPH�DQG�WKH�SRWHQWLDO�WR�VXSSRUW�SUHFLVLRQ�DJULFXOWXUH�

.H\ZRUGV��PRQLWRULQJ ��UHDO�WLPH��FORXG�EDVHG�WHFKQRORJL���PLFURFOLPDWH
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