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3HUWDPEDQJDQ� QLNHO� ODWHULW� LGHQWLN� GHQJDQ� VLVWHP� SHUWDPEDQJDQ� WHUEXND�� GLPDQD� VLVWHP� WDPEDQJ� WHUEXND� DNDQ�
VHODOX� EHULQWHUDNVL� ODQJVXQJ GHQJDQ�NRQGLVL� LNOLP�\DQJ� VHODOX� EHUXEDK�� WHUXWDPD�SDGD� NRQGLVL� KXMDQ�� \DQJ� DNDQ�
PHQJKDVLONDQ�YROXPH�DLU�EDQ\DN�GL�DUHD�SHQDPEDQJDQ��WHQWXQ\D�DLU�\DQJ�EHUDGD�GL�DUHD�SHQDPEDQJDQ��DNDQ�ELVD�
PHQJKDPEDW� DNWLYLWDV� SHQDPEDQJDQ\D� GDQ� MXJD� ELVD� PHQLPEXONDQ� WHUMDGLQ\D� NHFHODODDQ� NHUMD�� 2OHK� NDUQD� LWX��
SHQWLQJ\D�XQWXN�PHPEXDW� VXDWX� UDQFDQJDQ� VLVWHP�GUDLQDVH� \DQJ� VHVXDL�GHQJDQ�NRQGLVL�DUHD��'LPDQD� UDQFDQJDQ�
GDUL� VLVWHP� GUDLQDVH� \DQJ� GLODNXNDQ�PHQJXQDNDQ�PHWRGH� RSHQ� VXPS�� GLPDQD�PHWRGH� LQL� WHUGLUL� GDUL� � EHEHUDSD�
EDJLDQ�VDOXUDQ�GDQ�NRODP�SHQJHQGDSDQ��'DUL�KDVLO�SHQHOLWLDQ�GDQ�SHUKLWXQJDQ��PDND�GLWHQWXNDQ�VXDWX�UDQFDQJDQ��
VLVWHP�GUDLQDVH�SDGD�IURQW�SHQDPEDQJDQ��GHQJDQ�SDQMDQJ�VDOXUDQ����������P��GHQJDQ�GHELW�SHQJDOLUDQ�4� �������
P���GHWLN��.RODP�SHQJHQGDSDQ�GHQJDQ�NDSDVLWDV�SHQDPSXQJDQ�9� ���������P���GHQJDQ�GHELW�DLU�VDOXUDQ��\DQJ�
PDVXN�NHGDODP�NRODP�4� ��������P���GHWLN�GDQ�OXDV�SHQDPSDQJ�NRODP�$� ���������P���'HQJDQ�GLWHPXNDQ\D�
DQJND� GDQ� UDQFDQJDQ� VLVWHP� GUDLQDVH� LQL�� GLKDUDSNDQ� GDSDW� PHQJXUDQJL� WHUMDGLQ\D� GHJUDGDVL� � WDQDK�� PHQFHJDK�
WHUMDGLQ\D�VHGLPHQWDVL�SDGD�DUHD�SDQWDL��PHQJXUDQJL�NHUXVDNDQ� OLQJNXQJDQ�GDQ�PHQFHJDK� WHUMDGLQ\D�NHFHODNDDQ�
DWDX�KDPEDWDQ�SDGD�VDDW�SURVHV�SHQDPEDQJDQ�

.DWD�NXQFL��DLU��GUDLQDVH��PHWRGH�RSHQ�VXPS��QLNHO�

$%675$&7

1LFNHO�ODWHULWH�PLQLQJ�LV�LGHQWLFDO�WR�WKH�RSHQ�PLQLQJ�V\VWHP��ZKHUH�WKH�RSHQ�SLW�PLQLQJ�V\VWHP�ZLOO�DOZD\V�LQWHUDFW�
GLUHFWO\�ZLWK�WKH�FKDQJLQJ�FOLPDWH�FRQGLWLRQV��HVSHFLDOO\�LQ�UDLQ\�FRQGLWLRQV��ZKLFK�ZLOO�SURGXFH�D�ODUJH�YROXPH�RI�
ZDWHU�LQ�WKH�PLQLQJ�DUHD��RI�FRXUVH�WKH�ZDWHU�LQ�WKH�PLQLQJ�DUHD��ZLOO�EH�DEOH�WR�LQKLELW�LWV�PLQLQJ�DFWLYLWLHV�DQG�FDQ�
DOVR� FDXVH� DFFLGHQWV�� 7KHUHIRUH�� LW� LV� LPSRUWDQW� WR�PDNH� D� GUDLQDJH� V\VWHP�GHVLJQ� WKDW� VXLWV� WKH� FRQGLWLRQ� RI� WKH�
DUHD�� :KHUH� WKH� GHVLJQ� RI� WKH� GUDLQDJH� V\VWHP LV� FDUULHG� RXW� XVLQJ� WKH� RSHQ� VXPS� PHWKRG�� ZKHUH� WKLV� PHWKRG�
FRQVLVWV�RI�VHYHUDO�SDUWV�RI�WKH�FKDQQHO�DQG�SUHFLSLWDWLRQ�SRQGV��)URP�WKH�UHVXOWV�RI�UHVHDUFK�DQG�FDOFXODWLRQ��LW�LV�
GHWHUPLQHG� D� GUDLQDJH� V\VWHP� GHVLJQ� RQ� WKH�PLQLQJ� IURQW�� ZLWK� D� FKDQQHO� OHQJWK� RI� ���������P��ZLWK� D� IORZLQJ�
GLVFKDUJH�4� �������P�� �� V��3UHFLSLWDWLRQ�SRRO�ZLWK� VKHOWHU�FDSDFLW\�9� ���������P���ZLWK�GLVFKDUJH�RI�FKDQQHO�
ZDWHU� HQWHULQJ� WKH� SRRO�4� � ������P�� �� V� DQG� WKH� DUHD� RI� WKH� FURVV�VHFWLRQ� RI� SRQG� $� � ��������P���:LWK� WKH�
GLVFRYHU\� RI� QXPEHUV� DQG� GHVLJQ� RI� WKLV� GUDLQDJH� V\VWHP�� LW� LV� H[SHFWHG� WR� UHGXFH� VRLO� GHJUDGDWLRQ�� SUHYHQW�
VHGLPHQWDWLRQ�LQ�FRDVWDO�DUHDV��UHGXFH�HQYLURQPHQWDO�GDPDJH�DQG�SUHYHQW�DFFLGHQWV�RU�REVWDFOHV�GXULQJ�WKH�PLQLQJ�
SURFHVV�

.H\ZRUG�� ZDWHU�� GUDLQDJH�� RSHQ� VXPS� PHWKRG�� QLFNHO

3(1'$+8/8$1

3DGD� DNWLYLWDV� GXQLD� SHUWDPEDQJDQ�� NRQGLVL� DUHD�
SHQDPEDQJDQ� DNDQ� VHODOX� PHQMDGL� SHUKDWLDQ�� GHPL�
PHQGXNXQJ� SURVHV� SHUFHSDWDQ� GDUL� SURGXNVL� GDUL�
SHQDPEDQJDQ�� WHUXWDPD�NRQGLVL� GDUL� GUDLQDVH� \DQJ�
DGD� GL� ZLOD\D� SHQDPEDQJDQ� PHQMDGL� VXDWX� IDNWRU�
\DQJ� VDQJDW� GLSHUKDWLNDQ� SHQJHORODDQ\D�� NDUQD�
GUDLQDVH� VHEDJDL� DUHD� XQWXN�PHQ\DOXUNDQ� DLU� \DQJ�
EHUDGD�GL�ORNDVL�SHUWDPEDQJDQ��6]F]HSLQVNL���������
.DUQD� YROXPH� DLU� \DQJ� EDQ\DN� GL� ORNDVL�
SHQDPEDQJDQ�� DNDQ� PHQMDGL� SHUPDVDODKDQ� \DQJ�
ELVD� PHQJKDPEDW� EHUMDODQ\D� SURVHV� SHQDPEDQJDQ��
EDLN� GDUL� SURVHV� SHQJDNXWDQ�� SHPERQJNDUDQ��

SURGXNVL� EDQMLU�� ORQJVRU� KLQJJD� NHFHODNDDQ� NHUMD��
�%DUJDZD�� �������2OHK� NDUQD� LWX�� GDODP�PHQJDWDVL�
DLU� \DQJ� DGD� GL� DUHD� SHQDPEDQJDQ�� KDUXV�
PHPSHUKDWLNDQ�EHEHUDSD�KDO��PXODL�GDUL�EDJDLPDQD�
SHUODNXDQ�GDODP�SHQFHQJDKDQ�DLU�\DQJ�DNDQ�PDVXN�
GDQ� MXJD� EDJDLPDQD� FDUD� PHQJHOXDUNDQ� DLU� \DQJ�
VXGDK�DGD�GL�DUHD�SHQDPEDQJDQ��)LUGDXV���������

3HUHQFDQDDQ� GDQ� SHUPRGHODQ� GUDLQDVH� \DQJ� DNDQ�
GLUHQFDQDNDQ�� KDUXV� PHPSHUKDWLNDQ� NRQGLVL� DUHD�
SHQDPEDQJDQ� GDQ� FXUDK� KXMDQ�� DJDU� GDODP�
PHQJDWDVL� DLU� \DQJ� EHUDGD� GL� DUHD� SHUWDPEDQJDQ�
ELVD� GL� DOLUNDQ� GHQJDQ� EDLN� GDQ� WLGDN� PHQMDGL�
SHUVRDODQ� SDGD� VDDW� SURVHV� SHQDPEDQJDQ��]KDR��
������� $GDSXQ� 0RWRGH� \DQJ� GLJXQDNDQ� GDODP�



SHQJHORODDQ� DLU� GL� DUHD� SHQDPEDQJDQ� DGDODK�
PHWRGH� VLVWHP� RSHQ� VXPS�� GLPDQD� PHWRGH� RSHQ�
VXPS DWDX� GL� NDWDNDQ� VHEDJDL� NRODP� WHUEXND��
GLPDQD� EHUWXMXDQ� XQWXN� PHQDPSXQJ� DLU� \DQJ�
PDVXN� GL� DUHD� SHQDPEDQJDQ�� GHQJDQ� PHWRGH� LQL��
ELVD�PHPEHULNDQ� SHUHQFDQDDQ�XQWXN�PHQJHOROD� DLU�
\DQJ�WHODK�GL�WDPSXQJ���6DLVPDQD���������

%HEHUDSD� KDO� \DQJ� GLSHUKDWLNDQ� XQWXN� PHQJHORODK�
DLU�\DQJ�DGD�GL�DUHD�SHQDPEDQJDQ��PXODL�GDUL�XNXUDQ�
GUDLQDVH�� NDUQD� GHQJDQ� PHPSHUKDWLNDQ� XNXUDQ�
GUDLQDVH��NLWD�ELVD�PHQJXNXU�EHUDSD�EDQ\DN�DLU�\DQJ�
ELVD� GL� DOLUNDQ� NHOXDU� GDUL� ORNDVL� SHQDPEDQJDQ� GDQ�
ELVD�PHQMDJD�DLU�WLGDN PHUHPEHV�NHOXDU�GDUL�GUDLQDVH�
\DQJ� VXGDK� GL� EXDW��1XJHUDKD�� ������� .HPXGLDQ�
PHPSHUKDWLNDQ� GDWD� FXUDK� KXMDQ� GDUL� �� � �� WDKXQ�
WHUDNKLU�XQWXN�PHQHQWXNDQ�PRGHO�GHVDLQ�GDUL�XNXUDQ�
GDQ� EHVDUDQ�NRODP�SHQDPSXQJDQ�\DQJ�DNDQ�GL� EXDW�
XQWXN� PHQDPSXQJ� DLU� \DQJ� PDVXN� GL�
SHQDPEDQJDQ��%DWXEDUD��������

3HQHOLWLDQ� LQL� EHUWXMXDQ� XQWXN� PHQGDSDWNDQ�
UDQFDQJDQ� WHNQLV� VLVWHP� GUDLQDVH� WDPEDQJ� \DQJ�
OD\DN� GDQ� DPDQ� JXQD� XQWXN�PHPEDQWX� NHODQFDUDQ�
GDUL� SURVHV� DNWLYLWDV� SHQDPEDQJDQ� VHKLQJJD�
SURGXNVL�GDUL�NHJLDWDQ�SHUWDPEDQJDQ�ELVD�PHQFDSDL�
WDUJHW� \DQJ� GLLQJLQNDQ� WDQSD� DGD� WHUMDGL� DPEDWDQ�
KLQJJD�NHFHODNDDQ�NHUMD�

0(72'(�3(1(/,7,$1

/RNDVL� SHQHOLWLDQ� WHUOHWDN� GL� 37�� 37�� 0LQHULQD�
%KDNWL� .DEXSDWHQ� +DOPDKHUD� 7LPXU� 3URYLQVL�
0DOXNX� 8WDUD�� 3HQHOLWLDQ� LQL�� GLDZDOL� GDUL� VWXGL�
OLWHUDWXU�\DLWX�PHPSHODMDUL� OLWHUDWXU�± OLWHUDWXU�\DQJ�
WHUNDLW� GHQJDQ� VLVWHP�GUDLQDVH� SDGD� SHUWDPEDQJDQ��
VHEDJDL� ODQGDVDQ� GDODP� PHODNXNDQ� SHQHOLWLDQ�
GLODSDQJDQ��

6HWHODK� PHODNXNDQ� VWXGL� OLWHUDWXU�� GLODQMXWNDQ�
GHQJDQ�PHODNXNDQ�SHQHOLWLDQ� ODSDQJDQ��3DGD�WDKDS�
LQL�� SHQHOLWL� PHODNXNDQ� REVHUYDVL� GDUL� NRQGLVL�
GLODSDQJDQ� VHKLQJJD� GLGDSDWNDQ� SHUPDVDODKDQ�
DNWXDO� DJDU� PHQGDSDWNDQ� VROXVL� \DQJ� WHSDW� EDJL�
SHUXVDKDDQ�

3HQJDPELODQ� GDWD� GLODNXNDQ� EHUGDVDUNDQ�
SHUPDVDODKDQ� \DQJ� DGD� SDGD� SHUXVDKDDQ��
SHQJDPELODQ�GDWD� LQL�GLEDJL�PHQMDGL�GDWD� VHNXQGHU�
GDQ� MXJD� SULPHU��.XPSXODQ� GDWD� \DQJ�GLGDSDW� GDUL�
ODSDQJDQ� �SULPHU�� WHUGLUL� GDUL� NHDGDDQ� JHQHVD��
JHRORJL� ORNDVL�SHQHOLWLDQ�GDQ�NRQGLVL�WDPEDQJ�VHUWD�
VLVWHP� GUDLQDVH� \DQJ� GLWHUDSNDQ� ROHK� SHUXVDKDDQ��
$GDSDXQ� GDWD� VHNXQGHU� \DQJ� GLDPELO� GL� OXDU�
SUXVDKDDQ�\DLWX�GDWD�FXUDK�KXMDQ���� WDKXQ� WHUDNKLU�
\DQJ�WHUMDGL�GL�GDHUDK�SHQDPEDQJDQ�VHUWD�GDWD�OXDV�
WDQJNDSDQ�KXMDQ��

3HQJRODKDQ�GDWD�GDQ�DQDOLVLV�GDWD�GLODNXNDQ�GHQJDQ�
GDWD�SULPHU�GDQ�GDWD� VHNXQGHU�GDUL�SHUXVDKDDQ�GDQ�
LQVWDQVL� SHPHULQWDK� WHUNDLW�� SHQJRODDQ� GDWD� GDSDW�
GLODNXNDQ� VHWHODK� GLSHUROHK� GDWD� SULPHU� GDL�
ODSDQJDQ� PDXSXQ� GDWD� VHNXQGHU�� .DUHQD�
SHQJHORODDQ� GDWD� WHUGLUL� GDUL� EHEHUDSD� YDULDEHO��
PDND� SHUKLWXQJDQ� GDUL� SHQJHORODDQ� GDWD� WHUVHEXW�
GLODNXNDQ� GHQJDQ� UXPXV� ± UXPXV� \DQJ� DGD� SDGD�
OXWHUDWXU�� 'DWD� GDUL� KDVLO� SHUKLWXQJDQ� WHUVHEXW�
NHPXGLDQ� GLDQDOLVLV� VHEDJDL� SHUHQFDQDDQ� VLVWHP�
GUDLQDVH� \DQJ� WHUGLUL� GDUL� LQWHQVLWDV� FXUDK� KXMDQ��
GDHUDK� WDQJNDSDQ� KXMDQ�� GHELW� DLU� OLPSDVDQ�
SHUPXNDDQ��NXDOLWDV�VDOXUDQ�\DQJ�GLUHQFDQDNDQ�GDQ�
NDSDVLWDV�VHWWOLQJ�SRQG��'DUL�DQDOLVLV� LQL�GLKDUDSNDQ�
PHQMDGL� EDKDQ� SHUWLPEDQJDQ� SHUXVDKDDQ� XQWXN�
PHQJDWDVL� PDVDODK� DLU� \DQJ� DGD� GL� GDODP� DUHD�
SHQDPEDQJDQ�QLNHO�EORN�*%�
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&XUDK�+XMDQ

6HWHODK� PHODNXNDQ� VXDWX� SHUKLWXQJDQ� LQWHQVLWDV� GDUL�
FXUDK� KXMDQ� GHQJDQ� PHQJJXQDNDQ� 0HWRGH� *XPEHO��
GHQJDQ�PHQJXQDNDQ�SHQHQWXDQ�FXUDK�KXMDQ� UHQFDQD��
GHQJDQ� PDVD� SHULRGH� XODQJ� ��� WDKXQ� EHUGDVDUNDQ�
XPXU� HNVSORLWDVL� WDPEDQJ�� %HVDU� FXUDK� KXMDQ�
PDNVLPXP� LQL� GLSDNDL� VHEDJDL� GDVDU� SHQHQWXDQ� GDUL�
SHUKLWXQJDQ�LQWHQVLWDV�FXUDK�KXMDQ��

'DUL� KDVLO� SHUKLWXQJDQ� GLGDSDWNDQ� LQWHQVLWDV� FXUDK�
KXMDQ� XQWXN� PDVLQJ� PDVLQJ� DUHD� SHQJDUXK� DGDODK�



GDHUDK� 3HQJDUXK� � $�  � ��������� PP�MDP�� GDHUDK�
3HQJDUXK� � %�  � ���������PP�MDP�� GDHUDK� 3HQJDUXK��
&�  � ��������� PP�MDP� GDQ� GDHUDK� 3HQJDUXK� � '�  �
���������PP�MDP�

'DHUDK�7DQJNDSDQ�+XMDQ��&DWKPHQW�$UHD�

3DGD� SHQHQWXDQ� EHVDUQ\D� OXDV� GDHUDK� WDQJNDSDQ�
KXMDQ� GL� ORNDVL� SHQDPEDQJDQ� EORN� *%�� GLODNXNDQ�
GHQJDQ�PHQJDQDOLVD�SHWD�WRSRJUDIL��'DUL�SHWD�WHUVHEXW�
GDSDW�GLWHQWXNDQ�OXDV�GDHUDK�WDQJNDSDQ�KXMDQ�GHQJDQ�
EDWDVDQ�EDWDVDQ� GDHUDK� WHUWLQJJL� GDQ� OHUHQJ�OHUHQJ�
EXNLW� GLPDQD� DLU� KXMDQ� DNDQ� PHQJDOLUL� PHQXMX� WLWLN�
NRQVHQWUDW� �VDOXUDQ� GDQ� VHWWOLQJ� SRQG��� &DUD� \DQJ�
GLJXQDNDQ� DGDODK� 7KLHVVHQ� 0HWKRGH�� 'DHUDK� \DQJ�
GLXNXU� FXNXS� OXDV�� PDND� XQWXN� NHPXGDKDQ� GDODP�
SHQJXNXUDQ� GDHUDK� WHUVHEXW� GLEDJL� DWDV� EDJLDQ�
EDJLDQ��

0DVLQJ�PDVLQJ� GDHUDK� SHPEDJLDQ� GLXNXU� VHEDQ\DN�
WLJD� NDOL� GDQ� GLDPELO� UDWD�UDWDQ\D�� XQWXN� GDHUDK�
SHQJDUXK� � $�  � �������� P��� GDHUDK� SHQJDUXK� � %�  �
���������P���GDHUDK SHQJDUXK��&� ���������P��GDQ�
GDHUDK�SHQJDUXK��'� ���������P��

'HELW�$LU�/LPSDVDQ�3HUPXNDDQ

'HELW�DLU�OLPSDVDQ�DGDODK�EHVDUQ\D�DLU�\DQJ�PHQJDOLU�
SDGD� SHUPXNDDQ� WDQDK� SHU� VDWXDQ� ZDNWX�� 8QWXN�
PHQJKLWXQJ� DWDX� PHQHQWXNDQ� EHVDUQ\D� GHELW� DLU�
OLPSDVDQ� SHUPXNDDQ� GDSDW� GLKLWXQJ� GHQJDQ�
PHQJJXQDNDQ� GDWD� FXUDK� KXMDQ�� LQWHQVLWDV� FXUDK�
KXMDQ��OXDV�GDHUDK�SHQJDUXK�GDQ�NRHILVLHQ�OLPSDVDQ��

6HWHODK�GLODNXNDQ�SHUKLWXQJDQ��PDND�GDSDW�GLNHWDKXL�
GHELW�DLU�OLPSDVDQ��4��SHUPXNDDQ�\DQJ�WHUGDSDW�SDGD�
PDVLQJ�PDVLQJ� GDHUDK� SHQJDUXK� �� GLPDQD� GDHUDK�
SHQJDUXK��$� �������P��GHWLN��GDHUDK�SHQJDUXK��%� �
������P��GHWLN��GDHUDK�SHQJDUXK��&� �������P��GHWLN��
GDHUDK�SHQJDUXK�'� �������P��GHWLN�

.DSDVLWDV�6DOXUDQ�<DQJ�'L�5HQFDQDNDQ

'DUL� KDVLO� SHUHQFDQDDQ� DOXU� GUDLQDVH� SDGD� EORN� *%�
DGD� �� DOXU� VDOXUDQ� \DQJ� GL� UHQFDQDNDQ� \DLWX� VDOXUDQ�
$��PDND�GDUL�KDVLO�SHUKLWXQJDQ�GLGDSDW�GHELW�DLU�\DQJ�
KDUXV� GLDOLUNDQ� SDGD� VDOXUDQ�$� DGDODK� VHEHVDU� ������
P��GHWLN�� 8QWXN� PHQJDWDVL� GHELW� DLU� WHUVHEXW�� PDND�
SDGD� VDOXUDQ� LQL� GLEXDW� EHQWXN� VDOXUDQ� WUDSHVLXP�
GHQJDQ� XNXUDQ� \DQJ� GLVHVXDLNDQ� GHQJDQ� GHELW� DLU�
OLPSDVDQ� \DQJ�PDVXN� SDGD� GDHUDK� WHUVHEXW��$GDSXQ�
GLPHQVL VDOXUDQ� \DQJ� GLUHQFDQDNDQ� VHVXDL� GHQJDQ�

KDVLO� SHUKLWXQJDQ�� GLGDSDW� XNXUDQ� GLPHQVL� XQWXN�
VDOXUDQ�$�VHEDJDL�EHULNXW�
� /HEDU�GDVDU�VDOXUDQ���E�  �������P
� 7LQJJL�VDOXUDQ� �K��  �������P
� 6XGXW�NHPLULQJDQ������Į�  ���Û
� &RWJ�Į�� �]�  ������K
� .HPLULQJDQ�VDOXUDQ��6�  ��������

 ������
� 7LQJJL�MDJDDQ������������Z�  ��������P

'DUL� KDVLO� SHUKLWXQJDQ� GLPHQVL� VDOXUDQ� DLU� PDND�
NHPDPSXDQ� VDOXUDQ� \DQJ� GLUHQFDQDNDQ� XQWXN�
PHQJDOLUNDQ� DLU� OLPSDVDQ� GDUL� WLDS�WLDS� GDHUDK�
SHQJDUXK�VXGDK�GDSDW�PHQJDOLUNDQ�DLU�OLPSDVDQ�\DQJ�
DGD�WHUVHEXW�

.DSDVLWDV� 6HWWOLQJ� 3RQG� �.RODP� 3HQJHQGDSDQ��
<DQJ�'L�5HQFDQDNDQ

.DSDVLWDV� VHWWOLQJ� SRQG� \DQJ� GLUHQFDQDNDQ� DGDODK�
GLPDQD� GLOLKDW� WHUOHELK� GDKXOX� EHVDUQ\D� � GHELW� DLU�
OLPSDVDQ� � \DQJ� PDVXN� SDGD� VDOXUDQ� \DQJ� DNDQ�
PHQXMX�NH�GDODP�VHWWOLQJ�SRQG��NRODP�SHQJHQGDSDQ�����
6HWWOLQJ� SRQG� �NRODP� SHQJHQGDSDQ�� \DQJ�
GLUHQFDQDNDQ�SDGD�GDHUDK�SHQHOLWLDQ�DGDODK�GXD�EXDK�
GLPDQD�WHODK�GLOLKDW�DWDX�GDUL�KDVLO�SHUKLWXQJDQ�GHELW�
DLU�OLPSDVDQ��SHUVHQ�SDGDWDQ�GDODP�DLU�EHUOXPSXU�GDQ�
ODPDQ\D�SHQJDOLUDQ� WLDS� KDUL� KXMDQQ\D� SDGD�PDVLQJ�
PDVLQJ�GDHUDK�SHQJDUXK�\DQJ�WHODK�DGD��

6HWWOLQJ� SRQG� \DQJ� GLUHQFDQDNDQ� SDGD� GDHUDK�
SHQDPEDQJDQ��ODPSLUDQ�����DGDODK�EHUEHQWXN�]LJ�]DJ�
GHQJDQ� KDVLO� SHUKLWXQJDQ� NDSDVLWDV� VHWWOLQJ� SRQG�
DGDODK�VHEDJDL�EHULNXW��
6HWWOLQJ�3RQG�
� 9ROXPH�NRODP���������������������9�  ���������P�
� 'HELW�DLU� �4�  �������P��GWN
� /XDV�SHQDPSDQJ�NRODP�����$�  ���������P�
� 3DQMDQJ�VLVL�NRODP �3�  �������P
� /HEDU�VLVL�NRODP �/�  ��P
� .HGDODPDQ�NRODP �G�  ���P
� /HEDU�WLDS�]RQD �/=�  ��������P

'HQJDQ�PHQJJXQDNDQ�EHQWXN�]LJ�]DJ�PDND�GDSDWODK�
GLNHWDKXL�NHFHSDWDQ�DOLUDQ�DLU�EHUOXPSXU�WLGDN�WHUODOX�
FHSDW�VHKLQJJD�OHELK�EDQ\DN�SDUWLNHO�SDUWLNHO�SDGDWDQ�
�OXPSXU�� GDSDWODK� GLHQGDSNDQ� SDGD� NRODP�
SHQJHQGDSDQ�VHEHOXP�DLU� OLPSDVDQ�WHUVHEXW�GLDOLUNDQ�
NHOXDU� WDPEDQJ�GDQ�GLEXDQJ�PHQXMX� NH� ODXW�� NDUHQD�
GDHUDK� SHQDPEDQJDQ� SDGD� 37�� 0LQHULQD� %KDNWL� 3��
*HH�DGDODK�EHUEHQWXN�SXODX�

.(6,038/$1

6LVWHP� GUDLQDVH� \DQJ� GLWHUDSNDQ� SDGD� ORNDVL�
SHQDPEDQJDQ� DGDODK� VLVWHP� GUDLQDVH� NRQYHQVLRQDO�
GHQJDQ�PHWRGH�RSHQ�VXPS��NHPXGLDQ�)DNWRU�IDNWRU�



\DQJ� PHPSHQJDUXKL� VLVWLP� GUDLQDVH� NRQYHQVLRQDO�
DGDODK� QWHQVLWDV� FXUDK� KXMDQ� UDWD�UDWD� SDGD� ORNDVL�
SHQDPEDQJDQ� 37�� 0LQHULQD� %KDNWL�� DGDODK�
���������PP�MDP�� �'DUL� KDVLO� SHUKLWXQJDQ� GHQJDQ�
PHQJJXQDNDQ� SHUVDPDDQ� UDVLRQDO� GLSHUROHK� GHELW�
DLU� OLPSDVDQ� SDGD� EORN� *%� DGDODK� VHEHVDU� ������
OLWHU��GHWLN�

6DODK� VDWX� IDNWRU� \DQJ� EHUSHQJDUXK� GDODP�
SHPEXDWDQ� VDOXUDQ� DGDODK� NHPLULQJDQ� VDOXUDQ��
.DUHQD� VHPDNLQ� EHVDU� NHPLULQJDQ� VDOXUDQ� PDND�
VHPDNLQ�EHVDU�GHELW�DLU�OLPSDVDQ�GLDOLUNDQ�VHKLQJJD�
XNXUDQ�GLPHQVL�VDOXUDQ�\DQJ�GLUHQFDQDNDQ�VHPDNLQ�
EHVDU�� EHJLWX� SXOD� VHEDOLNQ\D�� .HPXGLDQ� .RODP�
SHQJHQGDSDQ��VHWWOLQJ�SRQG��GLUHQFDQDNDQ�VHEDQ\DN�
�� EXDK� \DQJ� EHUEHQWXN� =LJ�=DJ� GHQJDQ� GLPHQVL�
NRODP�VHEDJDL�EHULNXW��

6HWWOLQJ�3RQG�,��OXDV�NRODP��$����������P��SDQMDQJ�
NRODP� �3�� ������� �P�� OHEDU�7LDS�=RQH� ������� �P��
/HEDU�6LVL�.RODP��/�����P��NHGDODPDQ�.RODP��G����
P�� .RODP� SHQJHQGDSDQ� �6HWWOLQJ� 3RQG�� LQL�
GLVHVXDLNDQ� GHQJDQ� EHEHUDSD� KDO� \DLWX�� GHELW� DLU�
EHUOXPSXU� \DQJ� PDVXN� NH� GDODP� NRODP�
SHQJHQGDSDQ�� SHUVHQ� SDGDWDQ� \DQJ� DNDQ�PDVXN� NH�
GDODP� DLU� EHUOXPSXU�� ODPDQ\D� SHQJDLUDQ� WLDS�
KDULQ\D�NH�GDODP�NRODP�SHQJHQGDSDQ��EHUGDVDUNDQ�
SHQHOLWLDQ� GL� ODSDQJDQ� UHQFDQD� VLVWHP� GUDLQDVH�
GLWLWLN� EHUDWNDQ� SDGD� DLU� SHUPXNDDQ� \DQJ� EHUDVDO�
GDUL�DLU�KXMDQ�

8&$3$1�7(5,0$�.$6,+

3HQXOLV� PHQJXFDSNDQ� WHULPD� NDVLK� NHSDGD� %DSDN�
,U��+��6XQ\RWR�� 6LWH�0DQDJHU�37��0LQHULQD�%KDNWL�
3XODX� *HH� ± %XOL�� %DSDN� ,U�� +�� .DUQD�� 'HSXW\�
0DQDJHU� 0LQLQJ� &RQWUDFWRU� 37�� 0LQHULQD� %KDNWL�
3XODX� *HH� ± %XOL�� %DSDN� ,U�� +DUL� :LERZR��
.RRUGLQDWRU� 3HQDPEDQJDQ� 6HNDOLJXV� 3HPELPELQJ�
GL� /DSDQJDQ��� DWDV� EDQWXDQ� GDODP� PHQJXPSXONDQ�
GDQ�PHQJDQDOLVLV�GDWD��VHUWD�NHVHGLDDQ�ZDNWX�XQWXN�
EHUGLVNXVL�

'$)7$5�3867$.$

$UPHOLD�� <��� $V\LN��0��� 6\DULIXGGLQ�� 	�:LMD\D��0��
�������� 3HUHQFDQDDQ� 8ODQJ� 'LPHQVL� 6XPS� 'DQ�
3RPSD� 3DGD� 6XPS� $� 'L� 3W�� %XDQD� (OWUD�� -XUQDO�
3HUWDPEDQJDQ��9RO�����1R����3DOHPEDQJ��8QLYHUVLWDV�
6ULZLMD\D�����������-3�9�,�����͘

%DWXEDUD��0��8���6DLVPDQD��8����������.DMLDQ�7HNQLV�
6LVWHP�3HQ\DOLUDQ�'DQ�3HQLULVDQ�7DPEDQJ�3LW� ��3W�
'DUPD� +HQZD� 6LWH� $VDP�$VDP�� -XUQDO� +LPDVDSWD��
9RO�� ��� 1R���� %DQMDUEDUX�� 8QLYHUVLWDV� /DPEXQJ�
0DQJNXUDW�� '2,��
KWWSV���GRL�RUJ����������MKV�Y�L�������

)LUGDXV��0��5���<XVXI��0�� GDQ�$EUR��0��$�� ��������
3HUHQFDQDDQ� 7HNQLV� 6LVWHP� 3HQ\DOLUDQ� 7DPEDQJ�
%LMLK� 1LNHO� 3LW� �� 3W�� 3ULPD� $EDGL� .DU\D�� 6LWH�
7DQJRID�� %XQJNX� 3HVLVLU�� .DEXSDWHQ� 0RURZDOL��
6XODZHVL�7HQJDK��-XUQDO�3HUWDPEDQJDQ��9RO�����1R����
3DOHPEDQJ�� 8QLYHUVLWDV� 6ULZLMD\D�� '2,��
KWWSV���GRL�RUJ����������MS�Y�L�������

1XJHUDKD�� 3�� �������� .DMLDQ� 7HNQLV� 6LVWHP�
3HQ\DOLUDQ� 7DPEDQJ� %DWXEDUD� 3DGD� 3LW� ��Q� 'DQ�
,QSLWGXPS� ��� 'L� 3W�� 3HUNDVD� ,QDNDNHUWD� 6LWH�
%HQJDORQ� .DEXSDWHQ� .XWDL� 7LPXU� 3URYLQVL�
.DOLPDQWDQ� 7LPXU��
5H7,,����$YDLODEOHDW���MRXUQDO�LWQ\�DF�LG�LQGH[�SKS�5
H7,,�DUWLFOH�YLHZ�����$FFHVVHG���'HFHPEHU������

5DPDGDQWR��0��� 6XGDUPRQR��'��� GDQ�$NLE�$EUR��$��
��������.DMLDQ�7HNQLV�6LVWHP�3HQ\DOLUDQ�3DGD�3KDVH�
��'L�3W��%XNLW�$VDP� �3HUVHUR��� 7EN�8QLW�3HODEXKDQ�
7DUDKDQ�� %DQGDU� /DPSXQJ�� -XUQDO� 3HUWDPEDQJDQ��
9RO����1R�����3DOHPEDQJ��8QLYHUVLWDV�6ULZLMD\D�

6DLVPDQD��8���5LVZDQ�� ��������.DMLDQ�7HNQLV� 6LVWHP�
3HQ\DOLUDQ�GDQ�3HQLULVDQ�7DPEDQJ3LW���37��'(:$��
7EN� 6LWH$VDP�DVDP.DEXSDWHQ� 7DQDK� /DXW�� 3URYLQVL�
.DOLPDQWDQ� 6HODWDQ�� 3URVLGLQJ� 6HPLQDU� 1DVLRQDO�
$SOLNDVL� 6DLQV� 	� 7HNQRORJL� �61$67��� <RJ\DNDUWD��
,QVWLWXW�6DLQV�	�7HNQRORJL�$.35,1'�

6NRXVHQ�� -��� =LSSHU�� &�(��� DW� DOO���������� 5HYLHZ� RI�
3DVVLYH�6\VWHPV� IRU�$FLG�0LQH�'UDLQDJH�7UHDWPHQW�
0LQH� :DWHU� (QYLURQ�� 9RO�� ���� -HUPDQ�� '2,��
��������V����������������

6]F]HSLQVNL�� -�� �������� 7KH� 6LJQLILFDQFH� RI�
*URXQGZDWHU�)ORZ�0RGHOLQJ�6WXG\�IRU�6LPXODWLRQ�RI�
2SHQFDVW� 0LQH� 'HZDWHULQJ� )ORRGLQJ�� DQG� WKH�
(QYLURQPHQWDO� ,PSDFW�� -RXUQDO� :DWHU� ���� ���
KWWSV���GRL�RUJ���������Z���������� 3RODQG�� ,QVWLWXWH�
RI�2SHQFDVW�0LQLQJ

=KDR��/���5HQ��7���	�:DQJ��1����������*URXQGZDWHU�
LPSDFW� RI� RSHQ� FXW� FRDO� PLQH� DQG� DQ� DVVHVVPHQW�
PHWKRGRORJ\�� $� FDVH� VWXG\� LQ� 16:�� ,QWHUQDWLRQDO�
-RXUQDO� RI� 0LQLQJ� 6FLHQFH� DQG� 7HFKQRORJ\�� ���� ���
���±����� GRL���������M�LMPVW�������������� $XVWUDOLD��
8QLYHUVLW\�RI�:ROORQJR�


