
'DUNR�7RGRURYL`�

8OWUD]YXaQL�VRQDU

'L]DMQLUDQ� MH� XOWUD]YXaQL� VRQDU�� 0LNURNRQWUROHU
3,&��)����NRQWUROL^H�DNWLYQL�VLVWHP�SUHGDMQLN�SUL�
MHPQLN� NRML� GHWHNWXMH� LVNOMXaLYR� WDODVH� NRML� QDNRQ
RGELMDQMD�RG�PHWH�X�SULMHPQLN�GROD]H�SRG�XJORP�RG
��R�� 6RIWYHU�QDSLVDQ� ]D�PLNURNRQWUROHU�SURVOH_XMH
SRGDWNH� UDaXQDUX�VD�NRMLP� MH�3,&��)���� WDNR_H
SRYH]DQ�L�X�NRPH�VH�L]YU^DYD�SRVHEDQ�SURJUDP�X
NRPH�VH�YU^H�SURUDaXQL�L�SUH]HQWXMX�UH]XOWDWL�PHUH�
QMD�XGDOMHQRVWL�PHWH��3RQD^DQMH�RYDNYRJ�VLVWHPD�X
PQRJRPH�]DYLVL�RG�VSROMD^QMLK�SDUDPHWDUD�NDR�^WR
VX�HQHUJLMD�HPLWRYDQRJ�WDODVD�L�JXELWDN�HQHUJLMH�LV�
WRJ�� ]DWLP� PDWHULMDO� L� UHIOHNVLYQD� VYRMVWYD� PHWH�
SUHGPHWD� aLML� VH� SRORCDM� X� RGQRVX� QD� VRQDU
RGUH_XMH�� NDR� L� RG�RNROQRJ� ^XPD� L�EXNH�SUL� VQL�
PDQMX��)XQNFLRQLVDQMH� RYDNYRJ�XUH_DMD� MH�� VWRJD�
QHSUHGYLGLYR�� SD� MH� FLOM� SURMHNWD� ELR� GL]DMQ� ^WR
EROMHJ�VLVWHPD�NRG�NRJD�`H�JUH^ND�SUL�RGUH_LYDQMX
VOLNH� SURVWRUD� RNR� XUH_DMD� ELWL� GR� ���� �JUDQLFD
JUH^NH�GR�NRMH�VH�GR^OR�QD�RVQRYX�VOLaQLK�SURMHNDWD
L]�OLWHUDWXUH���

8YRG
621$5��62XQG�1$YLJDWLRQ�DQG�5DQJLQJ���NDR

L�UDGDU��LPD�YHOLNX�SULPHQX�X�URERWLFL��QDYLJDFLML��GH�
WHNFLML�FLOMHYD��VQLPDQMX�UHOMHID�GQD�PRUD�L�MH]HUD�
-HGQD�RG�YHRPD�]DVWXSOMHQLK�SULPHQD�VRQDUD�X
URERWLFL�MHVWH�NDR�YL]XHOQL�VHQ]RU��3ULQFLS�IXQNFLRQ�
LVDQMD�VH�]DVQLYD�QD�SURVWLUDQMX�WDODVD�L]PH_X�PHWH
�RGUH_HQRJ�REMHNWD�LOL�XRS^WH�VUHGLQH�RNR�GHWHNWRUD�
L�SULMHPQLND��6RQDU�VH�PH_XWLP�IXQGDPHQWDOQR�UD]�
OLNXMH�RG�UDGDUD�SR�WRPH�^WR�VH�HQHUJLMD�SUHQRVL
SRPR`X�]YXND��GDNOH�SRPR`X�PHKDQLaNLK��D�QH
HOHNWURPDJQHWQLK�WDODVD��7D�aLQMHQLFD�GDOHNR�SRMHG�

QRVWDYOMXMH�L]UDGX�VHQ]RUD�NRG�NRMLK�MH�SUHFL]QRVW
VPDQMHQD�QD�UDaXQ�MHGQRVWDYQRVWL�L�SRMHIWLQMHQMD�VDPH
UHDOL]DFLMH��0H_XWLP��]QDaDMQX�SUHFL]QRVW�SRVWLCX�L
UHODWLYQR�MHGQRVWDYQL�VRQDUL�NRML�QLVX�IDEULaNL�SURL]�
YHGHQL��6D�RGDYQR�VYLPD�GRVWXSQLP�QDaLQLPD�GLJLWDOQH
REUDGH�VLJQDOD��VRQDUL�VX�SRVWDOL�PQRJR�SUHFL]QLML�
PRJX�VH�NRULVWLWL�X�PQRJR�OR^LMLP�XVORYLPD�RG
DQDORJQLK�XUH_DMD�L�LPDMX�PRJX`QRVW�VQLPDQMD�LQIRU�
PDFLMD�L�QMLKRYH�NDVQLMH�REUDGH��8�GLJLWDOQLP
XUH_DMLPD�PRJX�VH�SULPHQWL�DOJRULWPL�]D�ILOWULUDQMH
VLJQDOD�aLPH�VH�SRVWLCH�YH`D�UH]ROXFLMD�GHWHNFLMH�X
RNUXCHQMX�VD�YHOLNLP�^XPRP��WM��^WHWQRP�EXNRP�
6WRJD�MH�NRUL^`HQMH�GLJLWDOQLK�SURFHVRUD�]D�REUDGX
VLJQDOD�]DSUDYR�YHOLND�SUHGQRVW�NRMX�WUHED�PDNVL�
PDOQR�LVNRULVWLWL�

*HQHUDOQL�RSLV�VLVWHPD
3RVWRMH�GYH�YUVWH�VRQDUD��SDVLYQL�L�DNWLYQL��3DVL�

YQL�VLVWHPL�VH�]DVQLYDMX�QD�WRPH�GD�MH�VDPD�PHWD
HPLWHU�]YXaQLK�WDODVD�NRML�VH�SURVWLUX�GR�SULMHPQLND
L�QD�WDM�QDaLQ�VH��SR^WR�MH�EU]LQD�SURVWLUDQMD�DNXVWL�
aQLK�WDODVD�X�WRM�VUHGLQL�SR]QDWD��L]UDaXQDYD�XGDOMH�
QRVW�SRVPDWUDQRJ�REMHNWD��.RG�DNWLYQLK�VLVWHPD��X
SDUX�VH�QDOD]H�SUHGDMQLN�L�SULMHPQLN��3UHGDMQLN�HPL�
WXMH�]YXaQH�WDODVH�NRML�VH�RGELMDMX�R�SUHSUHNX�L�YUD�
`DMX�GR�SULMHPQLND��1D�RVQRYX�SR]QDWH�EU]LQH�]YXND
X�GDWRM�VUHGLQL��L]UDaXQDYD�VH�XGDOMHQRVW�REMHNWD�RG
SULMHPQLND�SR�IRUPXOL�

'�=����YV�WSURVWLUDQMD
JGHMH�YV� �����P�V�¬��EU]LQD�]YXND�X�YD]GXKX��D
WSURVWLUDQMD�[V] ¬�XNXSQR�YUHPH�SURVWLUDQMD�WDODVD�RG
SUHGDMQLND�L�QD]DG

3ULMHPQLFL�SUHPD�VYRMRM�NRQVWUXNFLML�PRJX�ELWL
RPQLGLUHNFLRQL��DNR�SRGMHGQDNR�SULPDMX�]YXaQH
WDODVH�L]�VYLK�XJORYD��LOL�PRJX�ELWL�WDNR�NRQVWUXLVDQL
GD�GHWHNWXMX�WDODVH�NRML�GROD]H�VDPR�SRG�RGUH_HQLP
XJORYLPD��2YL�GUXJL�VX�YHRPD�SRJRGQL�NDGD�MH�SR�

'DUNR�7RGRURYL`���������9ODVRWLQFH��9ODVLQVND
����XaHQLN����UD]UHGD�*LPQD]LMH�®6WHYDQ
-DNRYOMHYL`¯�X�9ODVRWLQFX
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WUHEQR�RGVWUDQLWL�^XP�NRML�GROD]L�L]�VYLK�SUDYDFD�L
GHWHNWRYDWL�WDODVH�NRML�GROD]H�VDPR�SRG�RGUH_HQLP
XJORP��2YR�VYRMVWYR�SULMHPQLND�MH�PDWHPDWLaNL�SUHG�
VWDYOMHQR�ORJDULWDPVNRP�IXQNFLMRP�NRMD�VH�QD]LYD
LQGHNV�XVPHUHQMD�',��GLUHFWLYLW\�LQGH[���3UHGDMQLN�L
SULMHPQLN�NRML�VX�NRUL^`HQL�SUL�JUDGQML�RYRJ�VLVWHPD
VSDGDMX�X�GUXJX�JUXSX�¬�XJDR�GHWHNFLMH�NRG�QMLK
L]QRVL�RNR���~��SURL]YR_Da�L�R]QDND�PRGHOD�VX�08�
5$7$����67�65�WUDQVGXFHUV��R�QMLKRYLP�NDUDNWHULVWL�
NDPD�`H�GHWDOMQLMH�ELWL�UHaHQR�NDVQLMH�X�WHNVWX��

'D�EL�GHWHNFLMD�ELOD�XVSH^QD�SRWUHEQR�MH�GD
NROLaLQD�HQHUJLMH�NRMD�VH�SULNXSL�RG�VWUDQH�SULMHP�
QLND�EXGH�YH`D�RG�QLYRD�̂ XPD�]D�RGUH_HQX�YUHGQRVW�
2GQRV�VLJQDOD�L�^XPD�X�ORJDULWDPVNRM�VNDOL��QD]LYD
VH�615��6LJQDO�WR�1RLVH�5DWLR���0LQLPDODQ�SRWUHEDQ
VLJQDO�]D�GHWHNFLMX��QD]LYD�VH�GRQMD�JUDQLFD�GHWHNFLMH
'7��'HWHFWLRQ�7UHVKROG����=QDaL��GD�EL�XRS^WH�GR^OR
GR�GHWHNFLMH�SRWUHEQR�MH�GD�EXGH�LVSXQMHQ�XVORY�GD
MH�615'7��*XELWDN�SUL�SUHQRVX�7/��7UDVPLVVLRQ
/RVV��SUHGVWDYOMD�JXELWDN�HQHUJLMH�VLJQDOD�QD�SXWX�RG
SUHGDMQLND�GR�SULMHPQLND��-R^�MHGDQ�ELWDQ�SDUDPHWDU
NRML�RGUH_XMH�XVSH^QRVW�GHWHNFLMH�VLJQDOD�MH�PR`
PHWH�76���7DUJHW�6WUHQJWK��NRML�SRND]XMH�VWHSHQ�UH�
IOHNVLMH�WDODVD�RG�PHWH��6WHSHQ�UHIOHNVLMH�]DYLVL�RG
PDWHULMDOD�RG�NRJD�MH�VDVWDYOMHQ�GHWHNWRYDQL�REMHNDW�
RG�QMHJRYRJ�REOLND��GD�OL�LPD�R^WUH�XJORYH�LOL�MH�EODJR
]DREOMHQ��L�RG�SRORCDMD�X�RGQRVX�QD�GHWHNWRU��,]
RYRJD�VOHGL�GD�VH�615�MHGQRJ�RYDNYRJ�VLVWHPD
PRCH�L]UDaXQDWL�QD�VOHGH`L�QDaLQ�

615� �6/�¬��7/���76�¬�1/���',�
JGH�MH��

6/�¬�QLYR�HQHUJLMH�HPLWRYDQRJ�WDODVD
',�¬�LQGHNV�XVPHUHQMD�

1/�¬�QLYR�EXNH
,]�SUHWKRGQRJ�VH�YLGL�GD�MHGDQ�RYDNDY�VLVWHP

]DYLVL�RG�PQRJR�SDUDPHWDUD�XVORYOMHQLK�VSROMD^QMRP
VUHGLQRP�L�GD�MH�IXQNFLRQLVDQMH�RYDNYRJ�XUH_DMD
QHSUHGYLGLYR��6WRJD�MH�FLOM�RYRJ�SURMHNWD�GD�VH�QD�
SUDYL�̂ WR�EROML�VLVWHP�NRG�NRJD�̀ H�JUH^ND�SUL�RGUH_L�
YDQMX�VOLNH�SURVWRUD�RNR�XUH_DMD�ELWL�GR������'R�RYH
RaHNLYDQH�JUH^NH�VH�GR^OR�QD�RVQRYX�VOLaQLK�SURMHND�
WD�NRG�NRMLK�VH�JUH^ND�NUHWDOD�X�RYLP�JUDQLFDPD�

$UKLWHNWXUD�SUHGORCHQRJ�VLVWHPD
2YDM�VLVWHP�VH�X�VX^WLQL�VDVWRML�RG�KDUGYHUVNRJ�L

VRIWYHUVNRJ�GHOD��+DUGYHUVNL�GHR�VLVWHPD�VH�VDVWRML
RG���RVQRYQD�GHOD��

��� URWLUDMX`H�SODWIRUPH��QD�NRMRM�VH�QDOD]H�SUH�
GDMQLN�L�SULMHPQLN�]DMHGQR�VD�^WDPSDQRP
SORaRP�QD�NRMRM�VH�QDOD]L�HOHNWURQLND�NRMD�LK
SRJRQL

��� VLVWHPD�NRML�VH�]DVQLYD�QD�3,&��)����PLN�
URNRQWUROHUX�NRML�MH�VD�MHGQH�VWUDQH�VSRMHQ�VD
SULMHPQLNRP�L�SUHGDMQLNRP��D�VD�GUXJH�VH
QDOD]L�NRPSMXWHU�QD�NRPH�VH�SULND]XMX�GREL�
MHQL�UH]XOWDWL

6RIWYHU�NRML�SRJRQL�RYDM�KDUGYHU�VH�WDNR_H�VDV�
WRML�L]�GYD�RVQRYQD�GHOD�

��� VRIWYHUD�NRML�VH�L]YU^DYD�QD�3,&�PLNURNRQ�
WUROHUX

��� VRIWYHUD�NRML�VH�L]YU^DYD�QD�UDaXQDUX
8�GDOMHP�WHNVWX�`H�ELWL�SRVHEQR�L]ORCHQ�L�REMD^�

QMHQ�VYDNL�RG�RYLK�GHORYD�VLVWHPD��NDR�L�SUREOHPL
NRML�VX�SUDWLOL�L]UDGX�VYDNRJ�RG�QMLK��%L`H�REMD^QMHQH�L
VWYDUL�QD�NRMH�SRVHEQR�WUHED�REUDWLWL�SDCQMX�SUL
L]ERUX�NRPSRQHQWL�
3UHGDMQLN�L�SULMHPQLN�085$7$���67�65

3DU�SULMHPQLND�L�SUHGDMQLND�NRML�VX�NRUL^`HQL�]D
RYDM�VLVWHP�QRVH�R]QDNX����67�65�8OWUDVRQLF�&H�
UDPLF�7UDQVGXFHUV��7R�VX�DNXVWLaQL�SULMHPQLN�L�SUH�
GDMQLN�NRML�UDGH�QD�SULQFLSX�SLH]RHOHNWULaQRJ�HIHNWD�
6DVWRMH�VH�RG�MHGQH�PHPEUDQH�L�NHUDPLaNRJ�SLH�
]RHOHWULaQRJ�HOHPHQWD�NRML�VH�QDOD]L�X�]DWYRUHQRP
PHWDOQRP�NX`L^WX�WDNR�GD�VH�PRJX�NRULVWLWL�X�VSR�
OMD^QMRM�VUHGLQL��,DNR�VX�SRWSXQR�]DWYRUHQL�QH�PRJX
VH�NRULVWLWL�SRG�YRGRP��

$PSOLWXGD�QDL]PHQLaQRJ�QDSRQD�NRMLP�VH�QD�
SDMD�SUHGDMQLN�L]QRVL�RG����9�GR����9�SUL�IUHNYHQ�
FLML�RG����N+]��3UHSRUXND�SURL]YR_DaD�MH�GD�VH

6OLND����%ORN�VKHPD�VLVWHPD

)LJXUH����%ORFN�VFKHPH�RI�WKH�V\VWHP
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SUHGDMQLN�QDSDMD�QDL]PHQLaQLP�QDSRQRP�DPSOLWXGH
RG����9��=D�JHQHULVDQMH�QDL]PHQLaQRJ�QDSRQD�PRCH
VH�NRULVWLWL�SRVHEQR�NROR��DOL�X�RYRP�VOXaDMX�VH
QDL]PHQLaQL�QDSRQ�RYH�IUHNYHQFLMH�PRCH�ODNR�JHQHU�
LVDWL�SRPR`X�3,&�PLNURNRQWUROHUD��^WR�]QDWQR
RODN^DYD�QH�VDPR�L]UDGX�XUH_DMD��YH`��̂ WR�MH�L�ELWQLMH�
PHUHQMH�YUHPHQD�RG�RGD^LOMDQMD�GR�SULMHPD�VLJQDOD�
2YR�MH�XUD_HQR�VRIWYHUVNLP�SXWHP�L�GHWDOMQLMH�̀ H�ELWL
REMD^QMHQR�X�GHOX�NRML�RSLVXMH�VRIWYHU�NRML�VH
L]YU^DYD�QD�3,&�X�

3ULMHPQLN�QHPD�VYRMH�SRVHEQR�QDSDMDQMH��SD
SR^WR�MH�GRELMHQL�L]OD]QL�VLJQDO�L]�SULMHPQLND�YHRPD
PDOL��DPSOLWXGD�MH�UHGD�YHOLaLQH���¬��9��SRWUHEQR�JD
MH�SRMDaDWL��]D�^WD�VH�PRUD�SUDYLWL�SRVHEQR�NROR�]D
SULMHP�VLJQDOD��(OHNWURQVNR�NROR�NRMH�VH�NRULVWL�]D
SULMHP�VLJQDOD�SUHGVWDYOMHQR�MH�QD�VKHPL��VOLND����

8�SUYRM�YHU]LML�RYRJ�NROD�NDR�RSHUDFLRQL�SRMDaD�
YDaL�VX�NRULa`HQL�/0�����0H_XWLP�RQL�VX�VH�SRND�

]DOL�YHRPD�QHSRJRGQLP�]D�RYX�DSOLNDFLMX�]DWR�^WR
LP�MH�VOHZ�UDWH�ELR�YHRPD�PDOL��=ERJ�RYDNR�PDORJ
VOHZ�UDWHD�/0����RSHUDFLRQL�SRMDaDYDaL�QLVX�PRJOL
GD�UDGH�VD�RYDNR�YLVRNLP�IUHNYHQFLMDPD�����.+]��
SD�VH�QD�L]OD]X�L]�NROD�GRELMDR�WHVWHUDVWL�VLJQDO
PQRJR�PDQMH�DPSOLWXGH�RG�RQH�NRMD�MH�SR�SURUDaXQX
WUHEDOR�GD�VH�GRELMH��,]JOHG�L]OD]QRJ�VLJQDOD�RYDNYRJ
NROD��VD�/0����SRMDaDYDaLPD��QD�RVFLORVNRSX�MH
SUHGVWDYOMHQ�QD�VOLFL����

3R^WR�MH�VOHZ�UDWH�YHRPD�ELWDQ�IDNWRU�SUL�RYDNR
YLVRNLP�IUHNYHQFLMDPD��QMHJRYR�]QDaHQMH�`H�ELWL
REMD^QMHQR�X�VOHGH`HP�SRJODYOMX�

6OHZ�UDWH
6OHZ�UDWH�VH�QDMSURVWLMH�PRCH�REMDVQLWL�NDR�EU]L�

QD�SURPHQH�QLYRD�QDSRQD��X�RYRP�NRQNUHWQRP�VOX�
aDMX�RG���QD���9���,]UDCDYD�VH�X�MHGLQLFDPD�9�V�L�L]
VDPH�MHGLQLFH�VH�PRCH�YLGHWL�GD�RQ�SUHGVWDYOMD
SURPHQX�QDSRQD�RG�QHNH�SRaHWQH��GRQMH�YUHGQRVWL
���9��GR�QHNH�PDNVLPDOQH�YUHGQRVWL�����9��X�RGUH�
_HQRP�YUHPHQVNRP�SHULRGX��2YDNYD�SURPHQD�MH
SULND]DQD�QD�VOLFL����D�QD�KRUL]RQWDOQRM�RVL�VH�PRCH
YLGHWL�NROLNR�MH�SURWHNOR�YUHPHQD��X�SV��GRN�VH�QDSRQ
QLMH�SURPHQLR��1D�GHVQRM�VWUDQL�VH�YLGH�SURPHQD
QLYRD�QDSRQD�L�SURWHNOR�YUHPH��8NROLNR�MH�WDM�SHULRG
PDQML��X]OD]QD�LYLFD�SURPHQH�QDSRQD�MH�VWUPLMD��^WR
]QDaL�GD�MH�L�VOHZ�UDWH�YH`L��

6OHZ�UDWH�VH�UDaXQD�SR�IRUPXOL�
6OHZ5DWH� ��π�I�8

3R^WR�LPDPR�GD�MH�QDL]PHQLaQL�L]OD]QL�QDSRQ�QD
NRPSDUDWRUX�DPSOLWXGH�RG���9�L�IUHNYHQFLMH����N+]

6OLND����3ULMHPQR�NROR
)LJXUH����5HFHLYLQJ�FLUFXLW

6OLND����,]JOHG�L]OD]QRJ�VLJQDOD�QD�SULMHPQRP�NROX�VD/0����RSHUDFLRQLP�SRMDaDYDaLPD
)LJXUH�����2XWSXW�VLJQDO�RQ�UHFHLYLQJ�FLUFXLW�

6OLND����6OHZ�UDWH
)LJXUH����6OHZ�UDWH
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VOHGL�GD�MH�PLQLPDOQL�VOHZ�UDWH�SRWUHEDQ�GD�EL�VH�QD�L]�
OD]X�GRELR�RaHNLYDQL�aHWYUWDVWL�VLJQDO�MHGQDN�������9�V�
3R^WR�/0����LPD�VOHZ�UDWH�RG�����9�V��MDVQR�VH�YLGL
GD�RYDM�RSHUDFLRQL�SRMDaDYDa�QH�PRCH�GD�UDGL�SUL
RYDNR�YHOLNLP�IUHNYHQFLMDPD��QRUPDODQ�VLJQDO�VH
GRELMD�WHN�VD�IUHNYHQFLMDPD�PDQMLP�LOL�MHGQDNLP
I� ���N+]���2SHUDFLRQL�SRMDaDYDa�NRML�]DGRYROMDYD
SRVWDYOMHQH�]DKWHYH�MH�7/&�����6OHZ�UDWH�RYRJ
SRMDaDYDaD�L]QRVL���9�V��8SRWUHERP�RYRJ�RSHUD�
FLRQRJ�SRMDaDYDaD�QD�L]OD]X�SULMHPQRJ�NROD�VH�GR�
ELMD�QDSRQ�RG��¬��9�SUL�IUHNYHQFLML�RG�I� ����N+]�
3,&��)���

'UXJL�GHR�KDUGYHUD�MH�RGYRMHQ�RG�URWLUDMX`H�SODW�
IRUPH�NDNR�EL�VH�VPDQMLOD�PDVD�SODWIRUPH��L�UDGL�ODN^H
SRNUHWOMLYRVWL�LVWH��2YDM�GHR�VLVWHPD�LPD���IXQNFLMH�

���GD�SULPD�QDUHGEH�NRMH�GROD]H�VD�UDaQDUD�L�GD
YUD`D�LQIRUPDFLMH�UDaXQDUX

���GD�QDSDMD�SUHGDMQLN�L�GD�SULPD�VLJQDO�NRML
GROD]L�VD�SULMHPQLND

���GD�NRQWUROL^H�VWHS�PRWRU�NRML�SRNUH`H�SODW�
IRUPX

.RPXQLNDFLMD�VD�UDaXQDURP
.RPXQLNDFLMD�VD�UDaXQDURP�VH�RGYLMD�SUHNR

56����SRUWD��1D�3,&�NRQWUROHUX�VH�QDOD]H�GYD�VSH�
FLMDOQD� SRUWD� ]D� NRPXQLNDFLMX� VD� HNVWHUQLP
XUH_DMLPD�L�WR�VX�7;�LOL�WUDQVPLW�SRUW�NRML�VH�QDOD]L
QD�SLQX�5&��L�5;�LOL�UHFHLYH�SRUW�NRML�VH�QDOD]L�QD
SLQX�5&���2YD�GYD�SRUWD�VH�SUHNR�0$;����NRQWURO�
HUD��NRML�MH�SRVUHGQLN�X�NRPXQLNDFLMD�UDaXQDUD�L�3,&�D�
YH]XMX�QD�UDaXQDU��VOLND�����
6RIWYHU

3,&��)����MH�PLNURNRQWUROHU�NRML�MH�]DVQRYDQ
QD�KDUYDUG�DUKLWHNWXUL�L�WR�MH�X�VX^WLQL�5,6&�SURFHVRU�
,PD����LQVWUXNFLMD�NRMH�VH�RGYLMDMX�X�MHGQRP�FLNOXVX�
RVLP�JUDQDQMD�SURJUDPD�]D�NRMD�VX�SRWUHEQD�GYD�FLN�
OXVD��2YR�MH�YHRPD�ELWQR�SUL�HYHQWXDOQRP�JHQHUL�
VDQMX�VLJQDOD�SRPR`X�RYRJ�PLNURSURFHVRUD��^WR�MH�X
RYRP�SURMHNWX�L�ELR�VOXaDM��0RCH�GD�UDGL�VD�HNVWHU�
QLP�RVFLODWRURP�L�GR�EU]LQH�RG����0+]��V�WLP�̂ WR�MH
SUL�UHDOL]DFLML�RYRJ�SURMHNWD�NRUL^`HQ�HNVWHUQL�RVFLOD�
WRU�QD���0+]��,QDaH��RYDM�SURFHVRU�SRVHGXMH����SLQD�
^WR�PX�GDMH�̂ LURN�RSVHJ�XSRWUHEH�L�NRG�YHRPD�VORCH�
QLK�SURMHNDWD�

-HGDQ�GHR�VRIWYHUD�NRML�VH�L]YU^DYD�QD�PLNURSUR�
FHVRUX�LPD�]DGDWDN�GD�JHQHUL^H�VLJQDO�RG����.+]
NRML�SRJRQL�]YXaQL�SUHGDMQLN�'HR�NRGD�NRML�MH
]DGXCHQ�]D�RYR�L]JOHGD�RYDNR�

REPEAT {
                XORWF RB,F  /* promena stanja
                NOP
                NOP
                NOP
                NOP
                NOP
                NOP
                NOP
                NOP
                NOP
                NOP
                NOP

                XORWF RB,F /* ponovo promena stanja na poluperiodi

                NOP
                NOP
                NOP
                NOP
                NOP
                NOP
                NOP
                NOP
                DECFSZ COUNT,F
                GOTO REPEAT /* 2 instrukcije
}

'UXJL�GHR�VRIWYHUD�LPD�]DGDWDN�GD�SULNXSOMD�SR�
GDWNH�VD�SULMHPQLND��GD�L]PHUL�YUHPH�RG�RGDVLOMDQMD
GR�SULMHPD�VLJQDOD�L�GD�]DWLP�WH�SRGDWNH��SUHNR

6OLND����6KHPD�KDUGYHUD�]DVQRYDQRJ�QD�3,&PLNURNRQWUROHUX
)LJXUH����+DUGZDUH�VHWXS

�����• ��3(71,A.(�69(6.(��� '(2��,



0$;����NRQWUROHUD��^DOMH�UDaXQDUX�QD�NRPH�VH�RE�
UD_XMX�SRGDFL��0$;����MH�VDPR�SUHWYDUDa�QDSRQD
RG���9��QD�NRMHP�UDGL�3,&��QD����9�SRWUHEQLK�]D�VH�
ULMVNL�SRUW��6YH�VH�SRQDYOMD�X�FLNOXVLPD��GRN�NRULVQLN
QH�GD�QDUHGEX�]D�SUHVWDQDN�UDGD�XUH_DMD��

6RIWYHU�NRML�VH�L]YU^DYD�QD�KRVW�UDaXQDUX�LVNOMX�
aLYR�]DYLVL�RG�SRWUHED�NRULVQLND�L�PRCH�VH�SR�CHOML
PHQMDWL��1MHJRYD�RVQRYQD�IXQNFLMD�MH�GD�SR�GDWRM
IRUPXOL�L]UDaXQD�XGDOMHQRVW�REMHNWD�QD�RVQRYX�SR�
GDWDND�NRMH�MH�GRELR�VD�3,&�PLNURNRQWUROHUD�

=DNOMXaDN
2YDM�XUH_DM�LPD�^LURNX�SULPHQX��D�VD�PLQLPDOL�

]DFLMRP�KDUGYHUD�PRCH�MH�QD`L�X�PQRJLP�REODVWLPD�
D�SUH�VYHJD�MH�SUHGYL_HQ�NDR�VHQ]RU�YL]LMH�]D�EXGX�
`HJ�URERWD��1MHJRYD�KDUGYHUVND�UHDOL]DFLMD�QLMH�ELOD
PRJX`D��]ERJ�WHKQLaNLK�SUREOHPD�NRMH�VPR�LPDOL�X
WRNX�L]UDGH��DOL�JOHGDQR�L]�VDGD^QMH�SHUVSHNWLYH�RYDM
XUH_DM�PRCH�GD�SUHWUSL�MR^�QL]�SREROM^DQMD�NDNR�EL
]DGRYROMLR�XVORYH�NRML�VX�]DGDWL�QD�SRaHWNX�UDGD�QD
SURMHNWX��-R^�XYHN�QLMH�WHVWLUDQR�QMHJRYR�SRQD^DQMH
SUL�GHWHNFLML�XGDOMHQRVWL�REMHNDWD�VD�R^WULP�LYLFDPD
LOL�QHSUDYLOQRJ�REOLND�NRG�NRMLK�MH�RGELMDQMH�WDODVD
YHRPD�QDSUHYLOQR�L�GLIX]QR��8�RYRP�UDGX�QDYHGHQH
VX�VYH�SRWH^NR`H�QD�NRMH�VPR�QDLOD]LOL�SUL�L]UDGL�SUR�
MHNWD��̂ WR�̀ H��QDGDP�VH��NRULVWLWL�]D�SREROM^DQMH�HYHQ�
WXDOQLK�VOLaQLK�SURMHNDWD��

'DUNR�7RGRURYL`

8OWUDVRQLF�621$5
$Q�XOWUDVRQLF�VRQDU�LV�GHVLJQHG�DQG�WHVWHG��0L�

FURFRQWUROOHU�3,&��)����FRQWUROV�WKH�WUDQVPLWWHU�UH�
FHLYHU�V\VWHP�WKDW�GHWHFWV�RQO\�ZDYHV�ZKLFK��DIWHU
WKH�UHIOHFWLRQ�IURP�WKH�WDUJHW��JR�EDFN�WR�WKH�UHFHLYHU
XQGHU�WKH�DQJOH�RI���R��$�VXLWDEOH�SURJUDP�ZULWWHQ
IRU�WKH�PLFURFRQWUROOHU�SDVVHV�WKH�GDWD�WR�WKH�FRP�
SXWHU��ZKLFK�LV�DOVR�FRQQHFWHG�WR�WKH�3,&��)����
ZKHUH�DQRWKHU�SURJUDP�LV�H[HFXWHG�LQ�RUGHU�WR�GR�WKH
FDOFXODWLRQV�DQG�SUHVHQW�WKH�UHVXOWV�RI�WKH�PHDVXUH�
PHQWV��

7KH�TXDOLW\�RI�VXFK�D�V\VWHP�PRVWO\�GHSHQGV�RQ
WKH�SDUDPHWHUV�IURP�WKH�RXWHU�VXUURXQGLQJ��WKH�HQ�
HUJ\�RI�WKH�HPLWWHG�ZDYH�DQG�LWV�WUDQVIHU�ORVV��WKH
PDWHULDO��DQG�LWV�LQGH[�RI�UHIOHFWLRQ��WKDW�WKH�WDUJHW�LV
PDGH�RI��DQG�RI�FRXUVH�WKH�OHYHO�RI�VXUURXQGLQJ
QRLVH��%HFDXVH�RI�WKLV��WKH�EHKDYLRU�RI�VXFK�D�V\VWHP
LV�XQSUHGLFWDEOH��VR�WKH�PDLQ�JRDO�RI�WKLV�SURMHFW�ZDV
WR�GHVLJQ�WKH�EHVW�V\VWHP�SRVVLEOH�ZKHUH�WKH�SUHGLF�
WLRQ�RI�HUURUV�LQ�GHWHUPLQLQJ�WKH�LPDJH�RI�WKH�VSDFH
DURXQG�WKH�VRQDU�LV�RQO\�XS�WR������WKUHVKROG�RI�HU�
URU�GHWHUPLQHG�IURP�VLPLODU�H[DPSOHV�PHQWLRQHG�LQ
WKH�UHIHUHQFH�DUWLFOHV��

=%251,.$�5$'29$����� 35,0(1-(1$�),=,.$�,�(/(.7521,.$��• �����


