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3HQGLGLNDQ�PHUXSDNDQ�VDUDQD�DPSXK�XQWXN�PHQFHUGDVNDQ�NHKLGXSDQ�XPPDW�PDQXVLD�

GDQ�XQWXN�NHVHMDKWHUDDQQ\D��3HQGLGLNDQ�PHUXSDNDQ�VXDWX�FDUD�XQWXN�PHQFHUGDVNDQ�XPPDW�

PDQXVLD� XQWXN� PHZXMXGNDQ� FLWD�FLWD� \DQJ� PXOLD�� 'HQJDQ� SHQGLGLNDQ� GLKDUDSNDQ� XPPDW�

PDQXVLD� PHQMDGL� WHUGLGLN� XQWXN� NHVHMDKWHUDDQ� XPPDW� PDQXVLD� VHOXUXKQ\D�� 'HQJDQ�

SHQGLGLNDQ� EHUEDJDL� PDFDP� FLWD�FLWD� PXOLD� \DQJ� GLFLWD�FLWDNDQ� XQWXN� WHUZXMXG� GLPDVD�

GHSDQ��LQV\DDOODK�NHPXQJNLQDQ�XQWXN�PHZXMXGNDQQ\D�DNDQ�OHELK�EHVDU��'HQJDQ�SHQGLGLNDQ�

RWDN�RWDN�NRVRQJ�\DQJ�EHULVL�EHUEDJDL�PDFDP�KD\DODQ�WDN�EHUJXQD�ELVD�GLOXUXVNDQ�GHQJDQ�

PHQJLVLQ\D�GHQJDQ�KDO�KDO� \DQJ� OHELK�EHUPDQIDDW��3HQGLGLNDQ�DGDODK�VDUDQD�DPSXK�XQWXN�

PHQJJHVHU� QLODL�QLODL� QHJDWLI� PHQMDGL� QLODL�QLODL� SRVLWLI�� 'DQ� GHQJDQ� SHQGLGLNDQ� FLWD�FLWD�

PXOLD�DNDQ�OHELK�PXQJNLQ�XQWXN�GLUDLK�GDQ�GLWHUDSNDQ�GDODP�NHKLGXSDQ�

3HQGLGLNDQ� GDSDW� PHQLQJNDWNDQ� NXDOLWDV� VXPEHU� GD\D� PDQXVLD� DJDU� PDPSX�

EHUDGDSWDVL� GHQJDQ� NHPDMXDQ� WHNQRORJL�� 3HQGLGLNDQ� MXJD� EHUJXQD� XQWXN� PHQLQJNDWNDQ�

NHVDGDUDQ�PDQXVLD�XQWXN�PHPDQIDDWNDQ�WHNQRORJL GHQJDQ�EDLN��EHQDU�GDQ�ELMDN�

'DQ� GL� HUD� VDDW� LQL� \DQJ� WHNQRORJL� VXGDK� VHPDNLQ� FDQJJLK�� SHQGLGLNDQ� GL� ELGDQJ�

WHNQRORJL� LQL� MXJD� WDN�NDODK�SHQWLQJ��+DO�KDO�GDVDU�XQWXN�PHPSHODMDULQ\D�VHSDQMDQJ�XQWXN�

NHEDLNDQ��VDQJDW�SDQWDV�GDQ�VDQJDW�EDLN�XQWXN�GLSHODMDUL� 6DODK�VDWX�SHQGLGLNDQ�\DQJ�VDQJDW�

PHQGXNXQJ� NXDOLWDV� PDQXVLD� GL� ELGDQJ� WHNQRORJL� DGDODK� SHQGLGLNDQ� \DQJ� EHUDGD� SDGD�

SHUNXOLDKDQ GL� WHNQLN� HOHNWUR�� 7HNQLN� HOHNWUR� PHUXSDNDQ� VDODK� VDWX� MXUXVDQ� GLDQWDUD�

EHEHUDSD� SHQMXUXVDQ� GLGDODP� SHUNXOLDKDQ� GL� 1HJHUL� WHUFLQWD� ,QGRQHVLD� 5D\D� LQL�� -XUXVDQ�

7HNQLN�(OHNWUR�PHPSHODMDUL�EHEHUDSD�LOPX�WHUNDLW�WHNQRORJL��

6DODK� VDWX� 8QLYHUVLWDV� GL� ,QGRQHVLD� \DQJ� PHQ\HGLDNDQ� SHQMXUXVDQ� 7HNQLN� (OHNWUR�

GLGDODPQ\D� DGDODK� 8QLYHUVLWDV� 7UXQRMR\R� 0DGXUD�� -XUXVDQ� 7HNQLN� (OHNWUR� 8QLYHUVLWDV�

7UXQRMR\R�0DGXUD�PHQ\HGLDNDQ� SHPEHODMDUDQ� WHRUL� GDQ� SUDNWHN�� 3HPEHODMDUDQ� WHRUL�WHRUL�

OHELK� EDQ\DN� GLODNXNDQ� GL� GDODP� NHODV� SHUNXOLDKDQ� GHQJDQ� EHEHUDSD� SUDNWHN� XQWXN�

PHQHUDSNDQ�WHRUL�\DQJ�WHODK�GLSHODMDUL��1DPXQ�XQWXN�PHQHUDSNDQ�WHRUL�VHFDUD�PHQ\HOXUXK�

GDQ�OHELK�PHQGDODP�ELVD�GLODNXNDQ�SDGD�NHJLDWDQ�SUDNWLNXP��8QWXN�PHODNVDQDNDQ�NHJLDWDQ�

SUDNWLNXP�ELVD�GLODNXNDQ�GL�/DERUDWRULXP�GHQJDQ�EHUEDJDL�IDVLOLWDV�\DQJ�DGD� $GD�EHEHUDSD�

PDWD� NXOLDK� \DQJ�PHPEXWXKNDQ� SUDNWLNXP� XQWXN�PHPEDQWX�PDKDVLVZD� OHELK�PHPDKDPL�

PDWD NXOLDK�WHUVHEXW��3HUDQJNDW�SHPEHODMDUDQ�\DQJ�GLJXQDNDQ�GDODP�SUDNWLNXP�MXJD�VDQJDW�

PHPEDQWX�SHPDKDPDQ�PDKDVLVZD��PLVDOQ\D�SDGD�PDWD�NXOLDK�PLNURNRQWUROHU�
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8QWXN�PHPXGDKNDQ� PDKDVLVZD� XQWXN� PHQJLPSOHPHQWDVLNDQ�PDWHUL� \DQJ� GLSHODMDUL�

GLGDODP� NHODV� SHUNXOLDKDQ�� GLEXWXKNDQ� PDWDNXOLDK� SUDNWLNXP� PLNURNRQWUROHU�� 'L� GDODP�

PDWDNXOLDK� SUDNWLNXP�PLNURNRQWUROHU��PDKDVLVZD� ELVD�PHQJLPSOHPHQWDVLNDQ�PDWHUL� \DQJ�

GLSHODMDUL� GLGDODP� NHODV� SHUNXOLDKDQ� GHQJDQ�PHODNXNDQ� SUDNWLN� ODQJVXQJ� SDGD� DODW�PRGXO�

SUDNWLNXP��

'DODP�SUDNWLNXP�PLNURNRQWUROHU PHPHUOXNDQ�SHUDODWDQ�SUDNWLNXP�\DQJ� OHQJNDS�GDQ�

EDLN� VHUWD� PXGDK� GLSDKDPL� XQWXN� PHQLQJNDWNDQ� GD\D� SHPDKDPDQ� PDKDVLVZD� SDGD� PDWD�

NXOLDK� WHUVHEXW�� 1DPXQ� GL� /DERUDWRULXP� 7HNQLN� (OHNWUR� 8QLYHUVLWDV� 7UXQRMR\R� 0DGXUD��

NHJLDWDQ� SUDNWLNXP� PLNURNRQWUROHU EHOXP� RSWLPDO�� +DO� LQL� WHUMDGL� NDUHQD� SHUDODWDQ�

SUDNWLNXP�\DQJ�DGD��WLGDN�PXGDK�XQWXN�GLSHODMDUL�GDQ�GLSDKDPL��6DODK�VDWX�PDWHUL�SHODMDUDQ�

\DQJ� WLGDN� PXGDK� GLSHODMDUL� SULQVLS� NHUMDQ\D� DGDODK� \DQJ� WHUNDLW� GHQJDQ� DSOLNDVL�

PLNURNRQWUROHU�XQWXN�VLVWHP�SHQJDPDQDQ�GHQJDQ�PHQJJXQDNDQ�SDVVZRUG� 6HODLQ�GDULSDGD�

WLGDN�PXGDK�GLSHODMDUL�GDQ�GLSDKDPL��SHUDODWDQ�SUDNWLNXP�\DQJ�DGD�MXJD�WLGDN�PXGDK�XQWXN�

GLJXQDNDQ�NDUHQD�NRPSRQHQ�NRPSRQHQ�\DQJ�DGD�WLGDN�WHUVXVXQ�GDODP�EHQWXN�VDWX�NHVDWXDQ�

UDQJNDLDQ�\DQJ�XWXK�

%HUGDVDUNDQ� XUDLDQ� GL� DWDV�� PDND� SHUOX� GLUDQFDQJ�EDQJXQ� VHEXDK� SHQJHPEDQJDQ

PRGXO� SUDNWLNXP� XQWXN� PHQGXNXQJ� NHJLDWDQ� SUDNWLNXP� PLNURNRQWUROHU GL� /DERUDWRULXP�

7HNQLN�(OHNWUR�8QLYHUVLWDV�7UXQRMR\R�0DGXUD�\DQJ�OHQJNDS�GDQ�EDLN�VHUWD�PXGDK�GLSDKDPL�

WHUKXVXVQ\D� GL� ELGDQJ� DSOLNDVL� PLNURNRQWUROHU� XQWXN� SHQJDPDQDQ� VROHQRLG GRRU� ORFN

PHQJJXQDNDQ� SDVVZRUG�� 'HQJDQ� DGDQ\D SHQJHPEDQJDQ PRGXO� SUDNWLNXP� LQL� GLKDUDSNDQ�

QDQWLQ\D� GDSDW� PHPEDQWX� PDKDVLVZD� GDQ DVLVWHQ� SUDNWLNXP GDODP� PHODNVDQDNDQ� SURVHV�

SUDNWLNXP�PLNURNRQWUROHU VHFDUD�OHELK�HIHNWLI�GDQ�HILVLHQ�

0RGXO� SUDNWLNXP� WHUGLUL� GDUL� �� EORN� \DLWX� %ORN�0LNURNRQWUROHU� $7PHJD���	� /('�

2XWSXW�� %ORN� 7LPHU�� &RXQWHU 	� ,QWHUUXSW�� %ORN� .RPXQLNDVL� 86$57�	 %OXHWRRWK�� %ORN��

6LVWHP� 3HQJDPDQDQ� 0HQJJXQDNDQ� 3DVVZRUG GDQ� %ORN� 3HQJHQGDOL� 0RWRU� '&� 'HQJDQ�

DGDQ\D�EHUEDJDL�PDFDP�EORN�SUDNWLNXP�\DQJ�DGD��DNDQ�VDQJDW�EHUJXQD�XQWXN�PHPSHODMDUL�

WHQWDQJ�PLNURNRQWUROHU�OHELK�PHQGDODP�GDQ�PHQ\HOXUXK��1DPXQ�SDGD�WXOLVDQ�LQL�GLIRNXVNDQ�

KDQ\D�DNDQ�PHPEDKDV�%ORN�6LVWHP�3HQJDPDQDQ�0HQJJXQDNDQ�3DVVZRUG�

%ORN�6LVWHP�3HQJDPDQDQ�0HQJJXQDNDQ�3DVVZRUG PHUXSDNDQ�VODK�VDWX�EORN�GLDQWDUD�

NHOLPD�EORN�SUDNWLNXP�\DQJ�DGD�SDGD�PRGXO�SUDNWLNXP�PLNURNRQWUROHU��'LGDODPQ\D�DNDQ�

GLODNXNDQ� NHJLDWDQ� XQWXN� PHPSHODMDUL� DSOLNDVL� PLNURNRQWUROHU� $7PHJD� ��� XQWXN�

PHQDPSLONDQ� EHUEDJDL� PDFDP� RXWSXW NHOXDUDQ� SDGD� /&'� GHQJDQ� LQSXWDQ� PHQJJXQDNDQ�

NH\SDG�VHUWD�VLVWHP�SHQJDPDQDQ�VROHQRLG GRRU�ORFN PHQJJXQDNDQ�SDVVZRUG��'LGDODP�EORN�

LQL�DNDQ�GLSHODMDUL�FDUD�GDQ�WHNQLV�XQWXN�PHQHUDSNDQ�KDO�LWX��
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'LGDODP�EORN�LQL�GLODNXNDQ�SHQJRQWURODQ�EXND�WXWXS�VROHQRLG GRRU�ORFN ROHK�NH\SDG�

�[�� VHEDJDL� DODW� XQWXN� PHQJLQSXWNDQ� SDVVZRUG >�@��3DVVZRUG \DQJ� GLPDVXNNDQ� PHODOXL�

NH\SDG� DNDQ� GLWDPSLONDQ�PHQJJXQDNDQ� /&'�� 6HODLQ� XQWXN� PHQDPSLONDQ� SDVVZRUG \DQJ�

GLPDVXNNDQ��/&'�PHQDPSLONDQ�WHNV�QRWLILNDVL�WLDS�NHDGDDQ�>�@�

6ROHQRLG GRRU� ORFN �NXQFL�SLQWX� VROHQRLG� DGDODK�DODW� HOHNWURQLN� \DQJ�PHQJJXQDNDQ�

HOHNWURPDJQHWLN� VHEDJDL� SULQVLS� NHUMDQ\D�� .XQFL� SLQWX� VROHQRLG ELDVDQ\D� PHQJJXQDNDQ�

WHJDQJDQ�RSHUDVL����YROW��'DODP�NRQGLVL�QRUPDO�DODW�LQL�GDODP�NHDGDDQ�WHUWXWXS��PHQJXQFL�

SLQWX���VDDW�PHQHULPD�WHJDQJDQ����YROW�PDND�NXQFL�WHUEXND��0LNURNRQWUROHU�KDQ\D�PHPLOLNL�

WHJDQJDQ� RXWSXW VHEHVDU� �� YROW�� 2OHK� NDUHQDQ\D� 8QWXN� PHQJRQWURO� NXQFL� SLQWX� VROHQRLG

GHQJDQ�PHQJJJXQDNDQ�PLNURNRQWUROHU� GLSHUOXNDQ� DQWDUPXND� DWDX� UDQJNDLDQ� NRQWURO DWDX�

GULYHU�� 0DND� GLGDODP� VLVWHP� DGD� UDQJNDLDQ� UHOD\� �� YROW VHEDJDL� GULYHUQ\D�� 'HQJDQ�

PHQJJXQDNDQ� UHOD\� LQL� PDND� VROHQRLG GRRU� ORFN GDSDW� GLNHQGDOLNDQ� ROHK� PLNURNRQWUROHU�

$7PHJD���� >�@��'DQ�XQWXN�PHPXGDKNDQ�SURVHV� SHPDQWDXDQ��PHQJJXQDNDQ�/('� VHEDJDL�

LQGLNDWRU�GDODP�UDQJNDLDQ�LQL�>�@�

'DQ� XQWXN� SHULQJDWDQ� ELOD� SDVVZRUG \DQJ� GLPDVXNNDQ� VDODK�� GLJXQDNDQ� EX]]HU�

VHEDJDL� WDQGD� SHULQJDWDQ� 'DODP VLVWHP� \DQJ� GLEDQJXQ� LQL�� EX]]HU DNDQ� EHUEXQ\L� MLND�

SDVVZRUG \DQJ�GLPDVXNNDQ�PHODOXL�NH\SDG�LWX�WLGDN�VHVXDL�GHQJDQ�VHWWLQJDQ�DZDO�SDGD�VDDW�

SHPURJUDPDQ� GLODNXNDQ�� .HWLND� SDVVZRUG \DQJ� GLPDVXNNDQ� WLGDN� VHVXDL� PDND�

PLNURNRQWUROHU� DNDQ PHQJDWXU EX]]HU� XQWXN� EHUEXQ\L� VHEDJDL� WDQGD� SHULQJDWDQ� EDKZD�

SDVVZRUG \DQJ�GLPDVXNNDQ�EHOXP�VHVXDL�DOLDV�VDODK��8QWXN�ELVD�WHUODNVDQD�VXDWX�NHUMD�GDUL

EX]]HU WHUVHEXW�PDND�PHPHUOXNDQ�WHJDQJDQ�'&�VHEHVDU�� VDPSDL����YROW \DQJ�PDVXN�SDGD�

UDQJNDLDQ�EX]]HU�>�@

3ULQVLS�NHUMD�VLVWHP SHQJDPDQDQ�VROHQRLG GRRU�ORFN LQL�DGDODK�VHEDJDL�EHULNXW�

D� %ORN� LQSXWDQ�� EORN� LQSXW GLGDODP� VLVWHP� LQL� DGDODK� NH\SDG�� .H\SDG� EHUIXQJVL�

VHEDJDL� DODW�PDVXNDQ� EHUEDVLV� NDWD� NXQFL� DWDX� SDVVZRUG \DQJ� WHODK� GLSDVDQJ� SDGD� VLVWHP�

GDQ�WHODK GLKXEXQJNDQ�GHQJDQ�PLNURNRQWUROHU��

E� %ORN� SHPURVHVDQ�� PLNURNRQWUROHU� DNDQ� PHPSURVHV� PDVXNDQ� \DQJ� GLWHULPD� GDUL�

NH\SDG��0LNURNRQWUROHU�DNDQ�PHQJDWXU�VLVWHP�DJDU�VHVXDL�GHQJDQ�SURJUDP�\DQJ�WHODK�GLEXDW�

VHEHOXPQ\D��3URJUDP�\DQJ�GLEXDW�DGDODK��ELOD�SDVVZRUG \DQJ�GLPDVXNNDQ� LWX�EHQDU�PDND�

PLNURNRQWUROHU� DNDQ� PHQJLULPNDQ� VLQ\DO� NHSDGD� RXWSXW \DQJ� EHUXSD� UDQJNDLDQ� UHOD\��

VROHQRLG GRRU� ORFN GDQ� /&'�� %LOD� SDVVZRUG \DQJ� GLPDVXNNDQ� LWX VDODK PDND�

PLNURNRQWUROHU�DNDQ�PHQJLULPNDQ�VLQ\DO�NHSDGD�RXWSXW \DQJ�EHUXSD�UDQJNDLDQ %X]]HU GDQ�

/&'�
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F� %ORN� RXWSXWDQ�� GLGDODP� VLVWHP� LQL� EORN� RXWSXWDQ� WHUGLUL� GDUL UDQJNDLDQ /&'��

UDQJNDLDQ�UHOD\�\DQJ�WHUGLUL�GDUL�UHOD\�GDQ�VHEXDK�/('�EHUZDUQD�PHUDK��VROHQRLG GRRU�ORFN

GDQ�UDQJNDLDQ�EX]]HU��

'LGDODP� VLVWHP� LQL�� VROHQRLG EHUIXQJVL� VHEDJDL� DNWXDWRU \DQJ� DNDQ� PHPEXND� GDQ�

PHQXWXS�NXQFL�SLQWX��$JDU�GDSDW�EHUIXQJVL�VHSHUWL� LQL� VROHQRLG KDUXV�GLUDQJNDLNDQ GHQJDQ�

UDQJNDLDQ�EORN�UHOD\�\DQJ�WHUKXEXQJ�GHQJDQ�PLNURNRQWUROHU�DWPHJD����\DQJ�WHODK�GLLVL�ROHK�

SURJUDP \DQJ�GLEXWXKNDQ�\DQJ�EHUXSD�VLVWHP�NHDPDQDQ�PHQJJXQDNDQ SDVVZRUG��6ROHQRLG

DNDQ� PHQXWXS� GDQ� PHPEXND� NXQFL� VHVXDL� GHQJDQ� NRQGLVL� GDULSDGD� VZLWFK� UHOD\�� 6ZLWFK�

UHOD\� LQL� EHNHUMD� EHUGDVDUNDQ� NRQGLVL� GDULSDGD� VLQ\DO�PDVXNDQ� SDGD� UDQJNDLDQ� EORN� UHOD\�

DSDNDK�EHUQLODL�³KLJK´�DWDX�³ORZ´��6DDW�VLQ\DO�PDVXNDQ�EHUQLODL�³KLJK´�NXQFL�SLQWX�VROHQRLG

PHQXWXS�� GDQ� ELOD� VLQ\DO�PDVXNDQ�EHUQLODL� ³ORZ´� NXQFL� SLQWX� VROHQRLG PHPEXND� $GDSXQ�

NRQGLVL� DZDO� QLODL� VLQ\DO�PDVXNDQ�SDGD� EORN� UHOD\ DGDODK� ³KLJK´� DWDX�NRQGLVL� DZDO� NXQFL�

SLQWX VROHQRLG DGDODK�GDODP�NHDGDDQ WHUWXWXS�

/&'� EHUIXQJVL� VHEDJDL� SUR\HNWRU� \DLWX� PHQDPSLONDQ� QRWLILNDVL� GDUL� VHWLDS� NHDGDDQ�

\DQJ�PXQFXO� GDUL� VHEXDK� VLVWHP�� &RQWRK� ELOD� NH\SDG� GLWHNDQ� DQJND� WHUWHQWX�PDND� /&'�

DNDQ�PHQDPSLONDQ�DQJND�\DQJ�GLWHNDQ�LWX�EHJLWXSXQ�VHWHODK�SDVVZRUG GL�HQWHU�PDND�/&'�

DNDQ�PHQDPSLONDQ�NDOLPDW VHVXDL�GHQJDQ�SURJUDP�\DQJ�WHODK�GLDWXU�GLGDODPQ\D�

&DUD� NHUMD� VLVWHP� DGDODK�� NHWLND� SDVVZRUG \DQJ� GLPDVXNNDQ� EHQDU� PDND�

PLNURNRQWUROHU� DNDQ� PHQJLULPNDQ� GDWD� GDQ� PHQJRQWURO� XQWXN� PHQVZLWFK UHOD\� VHKLQJJD�

VROHQRLG GRRU�ORFN DNDQ� WHUEXND�GDQ�/&'�DNDQ�PHQDPSLONDQ�³3DVVZRUG�%HQDU´ GDQ�/('�

DNDQ� PHQ\DOD� VHEDJDL� WDQGD�LQGLNDWRU� \DQJ� PHQXQMXNNDQ EDKZD� DGD VLQ\DO� \DQJ� PDVXN�

NHSDGD�UHOD\�

.HWLND� SDVVZRUG \DQJ� GLPDVXNNDQ� VDODK� PDND� PLNURNRQWUROHU� DNDQ� PHQJDWXU� DJDU�

WLGDN� DGD� VLQ\DO� \DQJ� GLPDVXNNDQ� NHSDGD� UHOD\� VHKLQJJD� UHOD\� WHWDS� VHSHUWL� NHDGDDQ�

VHEHOXPQ\D�VHKLQJJD�VROHQRLG GRRU�ORFN WLGDN�DNDQ�WHUEXND�GDQ�/('�WLGDN�DNDQ�PHQ\DOD�

1DPXQ� PLNURNRQWUROHU� DNDQ� PHQJLULPNDQ� VLQ\DO� NHSDGD� EX]]HU� VHKLQJJD� EX]]HU DNDQ�

EHUEXQ\L�VHEDJDL�WDQGD�SHULQJDWDQ�EDKZD�SDVVZRUG \DQJ�GLPDVXNNDQ�VDODK�GDQ�/&'�DNDQ�

PHQDPSLONDQ�³3DVVZRUG�6DODK´

.HXQJJXODQ� GDUL� PRGXO� SUDNWLNXP� \DQJ� GLEDQJXQ� LQL� DGDODK� PXGDK� XQWXN�

GLRSHUDVLNDQ�GDQ�PXGDK�GLSHODMDUL�EDJL�SHPXOD��VHGDQJNDQ�NHNXUDQJDQQ\D�DGDODK�EDJL�\DQJ�

WHODK�H[SHUW PRGXO�SUDNWLNXP�LQL�WHUODOX�VHGHUKDQD�VHKLQJJD�SHUOX�XQWXN�GLNHPEDQJNDQ�ODJL�
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��� 5XPXVDQ�0DVDODK

%HUGDVDUNDQ� ODWDU� EHODNDQJ� GL� DWDV�� PDND� SRNRN� SHUPDVDODKDQ GDODP� SHQHOLWLDQ� LQL�

GDSDW�GLUXPXVNDQ�VHEDJDL�EHULNXW��

�� %DJDLPDQD�PHQJHPEDQJNDQ�PRGXO�SUDNWLNXP�PLNURNRQWUROHU�\DQJ�HIHNWLI�GDQ�HILVLHQ�

GDODP�PHPSHODMDUL�SULQVLS�GDVDU�PLNURNRQWUROHU�VHUWD�SHPURJUDPDQ�PLNURNRQWUROHU"

�� %DJDLPDQD�PHUDQFDQJ�GDQ�PHPEDQJXQ�VLVWHP�SHQJDPDQDQ�VROHQRLG�GRRU�ORFN EHUEDVLV�

SDVVZRUG \DQJ� WHULQWHJUDVL� GHQJDQ� PRGXO� SUDNWLNXP� PLNURNRQWUROHU�� VHKLQJJD� GDSDW�

PHPEHULNDQ�SHQJDODPDQ�SUDNWLV�GDODP�PHQJLPSOHPHQWDVLNDQ�NRQVHS�NHDPDQDQ�SDGD�

VLVWHP�PLNURNRQWUROHU"

�� %DJDLPDQD� PHQJHYDOXDVL� HIHNWLYLWDV� GDQ� HILVLHQVL� PRGXO� SUDNWLNXP� PLNURNRQWUROHU�

EHVHUWD� VLVWHP� SHQJDPDQDQ� VROHQRLG� GRRU� ORFN EHUEDVLV� SDVVZRUG \DQJ� WHODK�

GLNHPEDQJNDQ��PHODOXL�SHQJXMLDQ�GDQ�DQDOLVLV�NLQHUMD�XQWXN�PHPDVWLNDQ�EDKZD�WXMXDQ�

SHPEHODMDUDQ�WHUFDSDL�GDQ�VLVWHP�SHQJDPDQDQ�EHUIXQJVL�GHQJDQ�EDLN"�

��� 7XMXDQ�GDQ�0DQIDDW�

����� 7XMXDQ

%HUGDVDUNDQ� UXPXVDQ�PDVDODK�\DQJ� WHODK�GLVHEXWNDQ�VHEHOXPQ\D��PDND� WXMXDQ�

GDUL�SHQHOLWLDQ�LQL�DGDODK XQWXN�

�� 0HQJHPEDQJNDQ� PRGXO� SUDNWLNXP� PLNURNRQWUROHU� \DQJ� HIHNWLI� GDQ� HILVLHQ��

GHQJDQ� WXMXDQ� PHPEHULNDQ� SHQJDODPDQ� SUDNWLV� NHSDGD� PDKDVLVZD� GDODP�

PHPSHODMDUL�SULQVLS�GDVDU�PLNURNRQWUROHU�VHUWD�SHPURJUDPDQ�PLNURNRQWUROHU��+DO�

LQL� GLKDUDSNDQ� GDSDW� PHQLQJNDWNDQ� SHPDKDPDQ� GDQ� NHWHUDPSLODQ� PDKDVLVZD�

GDODP�PHQJJXQDNDQ�PLNURNRQWUROHU�XQWXN�PHQJHQGDOLNDQ�SHUDQJNDW�HOHNWURQLN�

�� 0HUDQFDQJ� GDQ� PHPEDQJXQ� VLVWHP� SHQJDPDQDQ� VROHQRLG� GRRU� ORFN EHUEDVLV�

SDVVZRUG \DQJ�WHULQWHJUDVL�GHQJDQ�PRGXO�SUDNWLNXP�PLNURNRQWUROHU��7XMXDQ�GDUL

KDO� LQL� DGDODK� XQWXN� PHQJDSOLNDVLNDQ� NRQVHS� NHDPDQDQ� SDGD� VLVWHP�

PLNURNRQWUROHU�VHFDUD�Q\DWD��VHKLQJJD�PDKDVLVZD�GDSDW�EHODMDU�WHQWDQJ�GHVDLQ�GDQ�

LPSOHPHQWDVL�VLVWHP�SHQJDPDQDQ�PHQJJXQDNDQ�PLNURNRQWUROHU�

�� 0HQJHYDOXDVL� HIHNWLYLWDV� GDQ� HILVLHQVL� PRGXO� SUDNWLNXP�PLNURNRQWUROHU� EHVHUWD�

VLVWHP� SHQJDPDQDQ� VROHQRLG� GRRU� ORFN EHUEDVLV� SDVVZRUG \DQJ� WHODK�

GLNHPEDQJNDQ��7XMXDQ�GDUL� HYDOXDVL� LQL� DGDODK�XQWXN�PHPDVWLNDQ�EDKZD�PRGXO�

SUDNWLNXP� GDQ� VLVWHP� SHQJDPDQDQ� GDSDW� PHPEHULNDQ� KDVLO� SHPEHODMDUDQ� \DQJ�

GLKDUDSNDQ�� VHUWD� EHUIXQJVL� GHQJDQ� EDLN� GDODP� PHPEHULNDQ� NHDPDQDQ� SDGD�

VROHQRLG�GRRU�ORFN�



�

����� 0DQIDDW

0DQIDDW� \DQJ� GLKDUDSNDQ� GDUL� SHUDQFDQJDQ VLVWHP� SHQJDPDQDQ� VROHQRLG� GRRU�

ORFN EHUEDVLV�SDVVZRUG SDGD�PRRGXO�SUDNWLNXP�PLNURNRQWUROHU LQL�DGDODK�

�� 0HPEHULNDQ� NHPXGDKDQ� EDJL PDKDVLVZD� XQWXN� PHQHUDSNDQ� PDWHUL� \DQJ�

GLSHODMDUL�SDGD�SUDNWLN�ODQJVXQJ�

�� 0HPEHULNDQ� DNVHV� EDJL�PDKDVLVZD�XQWXN�PHPSUDNWLNNDQ� ODQJVXQJ�PDWHUL� \DQJ�

GLSHODMDUL�GL�SHUNXOLDKDQ�

�� 0HQMDGL� IDVLOLWDV� XQWXN� EHODMDU� WHQWDQJ�PLNURNRQWUROHU� GDQ� \DQJ� WHUNDLW� GHQJDQ�

LWX�

�� 0HQMDGL� PRWLYDVL� EDJL� PDKDVLVZD� XQWXN� JLDW� EHODMDU� GDQ� EHODMDU� GHQJDQ� UDVD�

VHPDQJDW�GDQ�EDKDJLD�

��� %DWDVDQ�0DVDODK

$JDU� SHQHOLWLDQ� OHELK� WHUDUDK�� SHQXOLV�PHPDSDUNDQ� EHUEDJDL� KDO� \DQJ� DNDQ�PHQMDGL�

EDWDVDQ�PDVDODK�

�� 0RGXO�LQL�GLJXQDNDQ�XQWXN�3UDNWLNXP�0LNURNRQWUROHU�

�� 0RGXO� LQL� EHNHUMD� VHVXDL� GHQJDQ� PDWHUL� SUDNWLNXP� \DQJ� GLWHQWXNDQ� ROHK� NXULNXOXP�

7HNQLN�(OHNWUR�8QLYHUVLWDV�7UXQRMR\R�0DGXUD�

�� 0HWRGH� SHQJDPELODQ� NHSXWXVDQ� GDODP� VLVWHP� �PRGXO�� \DQJ� GLEDQJXQ� KDQ\D� VHSXWDU�

ORJLND�EHQDU�GDQ�VDODK�

��� 0HWRGRORJL�3HQXOLVDQ

$GD� �� ODQJNDK� XWDPD� GDODP� SURVHV� VNULSVL� \DQJ� GLJXQDNDQ� SHQXOLV� XQWXN�

PHQJRSWLPDONDQ� ZDNWX� SHQJHUMDDQ� VNULSVL�� <DLWX� �� 7DKDS� 3HUVLDSDQ�� 7DKDS� 3HUHQFDQDDQ��

7DKDS� 3HQJXPSXODQ�� 7DKDS� $QDOLVD� GDQ� 3HQJRODKDQ� 'DWD�� 7DKDS� .HOLPD� 3HPHFDKDQ�

0DVDODK�

����� 7DKDS�3HUVLDSDQ

7DKDS�SHUVLDSDQ�PHUXSDNDQ�UDQJNDLDQ�NHJLDWDQ�VHEHOXP�GLPXODLQ\D�SHUHQFDQDDQ��

3DGD�WDKDS�LQL��KDO�KDO�SHQWLQJ�GLVLDSNDQ�GDQ�GLUHQFDQDNDQ�DJDU�SHNHUMDDQ�GDQ�ZDNWX�

PHQMDGL� OHELK� HIHNWLI�� 7DKDS� SHUVLDSDQ� LQL� PHOLSXWL� NHJLDWDQ� VHEDJDL� EHULNXW��

0HQHQWXNDQ� MXGXO� VNULSVL��PHQ\XVXQ�SURSRVDO� VNULSVL��PHQHQWXNDQ�JDULV�EHVDU�NDU\D�

VNULSVL� GHQJDQ� PHODNXNDQ� SHQHOXVXUDQ� OLWHUDWXU� �VWXGL� SXVWDND��� GDQ� PHQHQWXNDQ�

NHEXWXKDQ� GDWD�� 3HUHQFDQDDQ� MDGZDO� SHPEXDWDQ� UDQFDQJDQ� VNULSVL� GL� DWDV� KDUXV�

GLODNXNDQ� GHQJDQ� FHUPDW� GDQ� WHOLWL� XQWXN� PHQJRSWLPDONDQ� WDKDS� DNXLVLVL�

�SHQJXPSXODQ��GDWD�



�

����� 7DKDS�3HUHQFDQDDQ

/DQJNDK� LQL� GLODNXNDQ� VHWHODK� SURSRVDO� GLVHWXMXL�� 'HQJDQ� NDWD� ODLQ�� VLVWHP�

GLUDQFDQJ� EHUGDVDUNDQ� ODQJNDK�ODQJNDK� SHUVLDSDQ� \DQJ� GLVXVXQ� GDODP� EHQWXN�

SHUDQFDQJDQ�DODW�GDQ�VLVWHP�VNULSVL��3DGD�WDKDS�LQL��DNDQ�GLEHULNDQ�JDPEDUDQ�WHQWDQJ�

SHUVLDSDQQ\D�

����� 3HQJXPSXODQ�'DWD

0HWRGH� SHQJXPSXODQ� GDWD� \DQJ� GLJXQDNDQ� DGDODK� VHEDJDL� EHULNXW�� 0HWRGH�

/LWHUDWXU�� \DLWX� PHQJXPSXONDQ�� PHQJLGHQWLILNDVL� GDQ� PHQJRODK� GDWD� WHUWXOLV� GDQ�

PHWRGH�NHUMD�\DQJ�GLJXQDNDQ��0HWRGH�2EVHUYDVL�GLODNXNDQ�XQWXN�PHQJHWDKXL�NHDGDDQ�

Q\DWD� GL� ODSDQJDQ�� VHEDJDL� SHUWLPEDQJDQ� GDODP� SHUHQFDQDDQ� GHVDLQ� VWUXNWXU��

3HQJXPSXODQ�GDWD�GDUL�KDVLO�SHQJXMLDQ�GHVDLQ�VLVWHP�GLODNXNDQ�VHWHODK�GHVDLQ�VLVWHP�

VHOHVDL�GLEXDW�

����� $QDOLVD�GDQ�3HQJRODKDQ�'DWD

$QDOLVD� GDQ� SHQJRODKDQ� GDWD� GLODNXNDQ� DWDV� GDVDU� GDWD� \DQJ� GLEXWXKNDQ��

NHPXGLDQ� XQWXN� PHQGDSDWNDQ� DQDOLVD� VROXVL� \DQJ� HIHNWLI� GDQ� WHSDW� VDVDUDQ�� PDND�

GLNHORPSRNNDQ�VHVXDL�GHQJDQ�LGHQWLILNDVL�WXMXDQ�PDVDODK�

����� 3HPHFDKDQ�0DVDODK

-LND� GLSHUROHK� KDVLO� DQDOLVD� GDQ� SHQJRODKDQ� GDWD�� PDND� GDSDW� GLODNXNDQ� WDKDS�

SUREOHP� VROYLQJ �SHPHFDKDQ� PDVDODK��� PHQJHWDKXL� VHMDXK� PDQD� NRQVWUXNVL� \DQJ�

VHEHQDUQ\D� GL� ODSDQJDQ� GDQ� GLSUR\HNVLNDQ� WHUKDGDS� NRQGLVL� \DQJ� VHEHQDUQ\D�

EHUGDVDUNDQ�DWXUDQ�\DQJ�WHODK�GLWHQWXNDQ�VHEHOXPQ\D�

��� 6LVWHPDWLND�3HQXOLVDQ

8QWXN� PHQGDSDWNDQ� JDPEDUDQ� VLQJNDW� PHQJHQDL� LVL� ODSRUDQ� WXJDV� DNKLU� GDQ�

PHPXGDKNDQ�SHPDKDPDQ�WHUKDGDS�SHQHOLWLDQ�\DQJ�GLODNXNDQ��ODSRUDQ�WXJDV�DNKLU�LQL�GLEDJL�

PHQMDGL�EHEHUDSD�EDE��DQWDUD�ODLQ�

D� %DE�,��3HQGDKXOXDQ��

%DE� LQL� WHUGLUL� GDUL� SHQGDKXOXDQ� \DQJ� PHQMHODVNDQ� ODWDU� EHODNDQJ� PDVDODK�� UXPXVDQ�

PDVDODK��WXMXDQ�GDQ�PDQIDDW�SHQHOLWLDQ��EDWDVDQ�SHQHOLWLDQ�GDQ�VLVWHPDWLND�SHQXOLVDQ�

E� %DE�,,��7HRUL�3HQXQMDQJ��

%DE� LQL� PHQMHODVNDQ� ODQGDVDQ� WHRUL� \DQJ� PHQGXNXQJ� WHRUL� WHUVHEXW� �WHRUL� SHQXQMDQJ�

VNULSVL��

F� %DE�,,,��3HUDQFDQJDQ�6LVWHP�



�

%DE� LQL� PHQFDNXS� DOXU� SHUDQFDQJDQ� VXDWX� VLVWHP� VDPSDL� DODW� GDQ� VLVWHP� GDSDW�

GLRSHUDVLNDQ�GDQ�GLJXQDNDQ�VHVXDL�GHQJDQ�SHULQWDK�

G� %DE�,9� +DVLO�'DQ�3HPEDKDVDQ�

%DE� LQL� PHQFDNXS� DQDOLVD� VLVWHP� GDODP� KDO� NHEXWXKDQ� SHUDQJNDW� NHUDV� GDQ� SHUDQJNDW�

OXQDN��7HUPDVXN�GLGDODPQ\D�SHPEDKDVDQ��LPSOHPHQWDVL�GDQ�SHQJXMLDQ�DODW�

H� %DE�9���3HQXWXS��

%DE�LQL�EHULVL�NHVLPSXODQ�GDQ�VDUDQ�\DQJ�WHUGDSDW�GDODP�VNULSVL�


