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RESUMEN 

(O�SURFHVDPLHQWR�GH�LP£JHQHV�ELGLPHQVLRQDOHV�FURP£WLFDV�GH�EDMD�UHVROXFLµQ�VH�EDVD�HQ�SULQFLSLRV�
GH�UHSUHVHQWDFLµQ�PDWHP£WLFD�GH�FRRUGHQDGDV�HQ�XQ�SODQR�FDUWHVLDQR��GRQGH�VH�XVDQ�IXQFLRQHV�FRQ�
YDULDEOHV�GH�SRVLFLµQ� �[�H� \��SDUD�PRGHODU� OD� LQWHQVLGDG�GH� LOXPLQDFLµQ�GH�FDGD�SL[HO�HQ�EDVH�D� OD�
FRPELQDFLµQ�GH�FDGD�FRORU�SULPDULR��URMR��YHUGH�\�D]XO��5*%��SRU�VXV�VLJODV�HQ�LQJO«V���&DEH�PHQFLRQDU�
TXH�OD�UHVROXFLµQ�GHSHQGH�GH�PDQHUD�GLUHFWD�GH�OD�FDQWLGDG�GH�SL[HOHV�SURFHVDGRV��PRWLYR�SRU�HO�FXDO�
SDUD�OD�HMHFXFLµQ�GH�OD�SUHVHQWH�LQYHVWLJDFLµQ�VH�KDQ�XVDGR�LP£JHQHV�GH�SUXHED�GH�EDMD�UHVROXFLµQ��
FRQ�OD�ILQDOLGDG�GH�VHU�UHSUHVHQWDGDV�HQ�XQ�WDPD³R�GH����[����SL[HOHV�

(Q�HVWH�VHQWLGR��HO�SUHVHQWH�WUDEDMR�DEDUFD�HQ�XQ�SULQFLSLR��ORV�SURFHVRV�GH�FRQFHSWXDOL]DFLµQ�GHO�PRGHOR�
HOHFWUµQLFR�EDVDGR�HQ�XQ�DQ£OLVLV�ELEOLRJU£ILFR�GH�ODV�SODWDIRUPDV�GH�KDUGZDUH�OLEUH��SULQFLSDOPHQWH�GHO�
VLVWHPD�HPEHELGR�$UGXLQR�\�VXV�GLIHUHQWHV�HVFXGRV�R�HOHPHQWRV�FRPSOHPHQWDULRV���OXHJR�VH�HVWDEOHFH�
HO�SURFHVR�GH�UHSUHVHQWDFLµQ�PDWHP£WLFD�GH�FDGD�XQR�GH�ORV�SL[HOHV�GH�ODV�LP£JHQHV�VHOHFFLRQDGDV�
PHGLDQWH�ODV�HVFDODV�GH�LQWHQVLGDG�SDUD�FDGD�FRORU�SULPDULR��URMR��YHUGH�\�D]XO���PLVPDV�TXH�OXHJR�VRQ�
LQFRUSRUDGDV�HQ�OD�FRGLILFDFLµQ�GHO�VLVWHPD�HOHFWUµQLFR�EDMR�/HQJXDMH�&��ILQDOPHQWH�VH�UHSURGXFHQ�ODV�
LP£JHQHV�HQ�PDWULFHV�/HG�5*%��GRQGH�FDGD�SL[HO�HV�XQ�/HG����[����

Palabras clave: /HG�5*%��$UGXLQR��/HQJXDMH�&��&µGLJR�$ELHUWR

ABSTRACT

7KH� SURFHVVLQJ� RI� WZR�GLPHQVLRQDO� FKURPDWLF� LPDJHV� RI� ORZ� UHVROXWLRQ� LV� EDVHG� RQ� SULQFLSOHV� RI�
PDWKHPDWLFDO�UHSUHVHQWDWLRQ�RI�FRRUGLQDWHV�LQ�D�&DUWHVLDQ�SODQH��ZKHUH�IXQFWLRQV�ZLWK�SRVLWLRQ�YDULDEOHV�
�[�DQG�\��DUH�XVHG�WR�PRGHO�WKH�LOOXPLQDWLRQ�LQWHQVLW\�RI�HDFK�SL[HO��EDVHG�RQ�WKH�FRPELQDWLRQ�RI�HDFK�
SULPDU\�FRORU��UHG��JUHHQ�DQG�EOXH��5*%���,W�VKRXOG�EH�PHQWLRQHG�WKDW�WKH�UHVROXWLRQ�GHSHQGV�GLUHFWO\�
RQ� WKH�QXPEHU�RI�SL[HOV�SURFHVVHG��ZKLFK� LV�ZK\�� IRU� WKH�H[HFXWLRQ�RI� WKH�SUHVHQW� LQYHVWLJDWLRQ�� ORZ�
UHVROXWLRQ�WHVW�LPDJHV�KDYH�EHHQ�XVHG�LQ�RUGHU�WR�EH�UHSUHVHQWHG�LQ�D�VL]H�RI����[����SL[HOV�

,Q�WKLV�VHQVH��WKH�SUHVHQW�ZRUN�FRYHUV�LQLWLDOO\�WKH�SURFHVVHV�RI�FRQFHSWXDOL]DWLRQ�RI�WKH�HOHFWURQLF�PRGHO�
EDVHG�RQ�D�ELEOLRJUDSKLF�DQDO\VLV�RI�WKH�IUHH�KDUGZDUH�SODWIRUPV��PDLQO\�RI�WKH�$UGXLQR�HPEHGGHG�V\VWHP�
DQG�LWV�GLIIHUHQW�VKLHOGV�RU�FRPSOHPHQWDU\�HOHPHQWV��WKHQ�WKH�SURFHVV�RI�PDWKHPDWLFDO�UHSUHVHQWDWLRQ�RI�
HDFK�RI�WKH�SL[HOV�RI�WKH�LPDJHV�VHOHFWHG�E\�WKH�LQWHQVLW\�VFDOHV�IRU�HDFK�SULPDU\�FRORU��5HG��*UHHQ�DQG�
%OXH���ZKLFK�DUH�WKHQ�LQFRUSRUDWHG�LQWR�WKH�FRGLQJ�RI�WKH�HOHFWURQLF�V\VWHP�XQGHU�/DQJXDJH�&��)LQDOO\��
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WKH�LPDJHV�DUH�UHSURGXFHG�LQ�5*%�/HG�DUUD\V��ZKHUH�HDFK�SL[HO�LV�D�/HG����[����
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INTRODUCCIÓN

(O�GHVDUUROOR�GH� ORV� VLVWHPDV�HPEHELGRV�GH� YLVXDOL]DFLµQ�GH� LP£JHQHV�KD�HYROXFLRQDGR�HQ� IRUPDV�PX\�
GLYHUVDV�� SULQFLSDOPHQWH� HQ� HO� £UHD� GH� SXEOLFLGDG� \� SURSDJDQGD� FRQ� SDQHOHV� HOHFWUµQLFRV� GH� JUDQGHV�
GLPHQVLRQHV��FX\R�FRPSRQHQWH�IXQGDPHQWDO�VRQ�/HGV�5*%�\�FRQWURODGRUHV�SURJUDPDEOHV�GH�FµGLJR�IXHQWH�
QR�OLEUH�R�FRP¼QPHQWH�OODPDGRV�KDUGZDUH�\�VRIWZDUH�SULYDWLYR��

(O�OLPLWDQWH�GHO�DFFHVR�DO�FµGLJR�IXHQWH�GH�ORV�FRQWURODGRUHV�SULYDWLYRV�KD�PRWLYDGR�OD�SUHVHQWH�LQYHVWLJDFLµQ�
DSOLFDGD�� FRQ� HO� DI£Q� GH� FUHDU� XQ� VLVWHPD� GH� YLVXDOL]DFLµQ� �'� FRQ� EDVH� D� PRGHORV� PDWHP£WLFRV� GH�
SURFHVDPLHQWR�GH�LP£JHQHV�ELGLPHQVLRQDOHV��EDMR�HO�SDUDGLJPD�GH�OLEHUWDG�GHO�FµGLJR�\�HO�KDUGZDUH��TXH�
SRU�OR�JHQHUDO�HV�FRQRFLGR�FRPR�RSHQ�VRXUFH��*LEE��������

(Q�XQ�LQLFLR�VH�HVWDEOHFLHURQ�ORV�IXQGDPHQWRV�WHµULFR�FLHQW¯ʀFRV�GHO�SURFHVDPLHQWR�GH�LP£JHQHV�ELGLPHQVLRQDO��
HV�FRQ�HO�XVR�GH� W«FQLFDV�GH� LQYHVWLJDFLµQ�GRFXPHQWDO��SDUD�HQWHQGHU� OD�DFWXDOLGDG�GH� ORV�VLVWHPDV�GH�
YLVXDOL]DFLµQ�� KHUUDPLHQWDV� GH� GHVDUUROOR� RSHQ� VRXUFH�� SURJUDPDFLµQ� GH� VLVWHPDV� PLFURHOHFWUµQLFRV� \�
PDQHMR�GH�HOHPHQWRV�GH�UHSUHVHQWDFLµQ�/('�HQ�IRUPDWR�5*%��(VWD�SDUWH�GHO�SURFHVR�LQYHVWLJDWLYR�SHUPLWLµ�
GHWHUPLQDU�TXH�HQ�HO�PHUFDGR�H[LVWHQ�GLIHUHQWHV�SURSXHVWDV��PDUFDV�\� WDPD³RV��SHUR�FRQ�XQ�DOWR�FRVWR�
HFRQµPLFR�\�GH�QXOLGDG�HQ�FXDQWR�DO�DFFHVR�DO�DOJRULWPR�\�FµGLJR�IXHQWH��%HOWU£Q��������

$� FRQWLQXDFLµQ�� VH� HVWDEOHFLµ� XQ� DOJRULWPR� FRQ� HO� DI£Q� GH� SURFHVDU� ODV� LP£JHQHV� GH� EDMD� UHVROXFLµQ��
FRQGHQVDGR�HQ�XQ�ʁXMRJUDPD�GH�SURFHVRV�SDUD�OXHJR�VHU�FRGLʀFDGR�HQ�/HQJXDMH�&��0X³R]��������EDMR�
HO�,'(�SURSLR�GH�$UGXLQR��3DQ�\�=KX���������(Q�EDVH�DO�DOJRULWPR�VH�GLVH³µ�XQ�GLDJUDPD�GH�FRPSRQHQWHV�
GHO�FRQWURODGRU�HOHFWUµQLFR��&RPR�SXQWR�ʀQDO�VH�FRQVWUX\µ�HO�FLUFXLWR�HOHFWUµQLFR�TXH�LQFOX\H�VRODPHQWH�HO�
DVSHFWR�GH�YLVXDOL]DFLµQ�GH�ODV�LP£JHQHV�HQ�ORV�SDQHOHV�/HG�5*%��<DPDQRRU�\�<DPDQRRU���������TXH�HV�HO�
REMHWLYR�SULQFLSDO�GH�OD�LQYHVWLJDFLµQ

FUNDAMENTACIÓN TÉCNICA

Visión humana y visión artificial

/D�YLVLµQ�GHO�VHU�KXPDQR�GLVSRQH�GH�XQD�H[WUDRUGLQDULD�FDSDFLGDG�VHQVRULDO�TXH�SXHGH�VHU�VLPXODGD�SRU�
HOHPHQWRV�HOHFWUµQLFRV�\�FRPSXWDFLRQDOHV�DFWXDOHV��SHUR�QR�SXHGH�VHU�LJXDODGD�SRU�ORV�HTXLSRV�GH�YLVLµQ�
DUWLʀFLDO��.UHPHUV��%DUDDV��\�0DUVKDOO���������/D�SULQFLSDO�GLIHUHQFLD�UDGLFD�HQ�OD�WRPD�\�SURFHVDPLHQWR�GH�
ODV�LP£JHQHV�\D�TXH�HO�VHU�KXPDQR�OR�UHDOL]D�GH�IRUPD�DQ£ORJD�\�HO�PXQGR�FRPSXWDFLRQDO�HQ�FDPELR�HV�HQ�
IRUPD�GLJLWDO��(VWR�UHSHUFXWH�LQGXGDEOHPHQWH�HQ�OD�FDOLGDG��UHVROXFLµQ�HQ�SL[HOHV��GH�ODV�LP£JHQHV���7LDQ��
HW��DO�������

8QD�LPDJHQ�FURP£WLFD�SRU�OR�JHQHUDO�SXHGH�VHU�UHSUHVHQWDGD�SRU�WUHV�IXQFLRQHV�HVHQFLDOHV�GH�GRV�YDULDEOHV��
IU�[�\���IJ�[�\���IE�[�\���TXH�H[SUHVDU¯DQ�OD�LQWHQVLGDG�GH�LOXPLQDFLµQ�GH�XQ�SXQWR�FRRUGHQDGR��SL[HO���(VWDV�
IXQFLRQHV�UHSUHVHQWDU¯DQ�ORV�FRORUHV�FURP£WLFRV�SULPDULRV�URMR��5���YHUGH��*��\�D]XO��%���2]FHOLN��HW��DO����������
(O�WDPD³R�GH�XQD�LPDJHQ�GLJLWDO�URQGD�SRU�ORV���PHJDS¯[HOHV�HQ�SURPHGLR��TXH�UHSUHVHQWD�XQD�FDQWLGDG�
LPSRUWDQWH�GH�LQIRUPDFLµQ�D�VHU�SURFHVDGD��(Q�OD�DFWXDOLGDG�H[LVWHQ�SRWHQWHV�HTXLSRV�\�VLVWHPDV�SDUD�HO�
SURFHVDPLHQWR�PDWHP£WLFR�GH�HVWDV�IXQFLRQHV��SHUR�UHTXLHUHQ�XQ�DOWR�FRPSRQHQWH�FRPSXWDFLRQDO� OR�TXH�
LQGXGDEOHPHQWH�UHSUHVHQWD�XQ�HOHYDGR�FRVWR�HFRQµPLFR��DGHP£V�GH�VHU�VROXFLRQHV�SULYDWLYDV�FHUUDGDV�TXH�
GLʀFXOWDQ�HO�GHVDUUROOR�GH�OD�LQYHVWLJDFLµQ�HQ�HVWH�FDPSR�

'HVGH�XQ�SXQWR�GH�YLVWD�ʀVLROµJLFR��HO�RMR�GHO�VHU�KXPDQR�HV�XQ�VLVWHPD�TXH�UHFUHD�OD�UHDOLGDG�PHGLDQWH�HO�
SURFHVDPLHQWR�GH�OD�LQIRUPDFLµQ�TXH�UHFLEH�GHO�HQWRUQR��HQ�IRUPD�GH�KDFHV�GH�OX]�TXH�VH�UHʁHMDQ�HQ�WRGRV�
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ORV�REMHWRV�GH�OD�QDWXUDOH]D��/D�OX]�DO�DWUDYHVDU�HO�FULVWDOLQR�GHO�RMR�VH�SUR\HFWD�HQ�OD�UHWLQD��IRUPDQGR�XQD�
LPDJHQ�LQYHUWLGD�GHO�REMHWR��OXHJR�HVWD�HV�HQYLDGD�DO�FHUHEUR�SRU�PHGLR�GHO�QHUYLR�µSWLFR��GRQGH�HV�JLUDGD�\�
SUHVHQWDGD�GH�IRUPD�FRUUHFWD��(VWH�SURFHVR�GH�UHFUHDFLµQ�GH�OD�LPDJHQ�GH�XQ�REMHWR�VH�DSUHFLD�HQ�OD�ʀJXUD�
����0HVD�\�5LYHUR�������

Figura 1.�)XQFLRQDPLHQWR�GHO�RMR�KXPDQR
Fuente: $XULFK���������

8Q�FRQWURODGRU� HOHFWUµQLFR�GH�SURFHVDPLHQWR�GLJLWDO� GH� VH³DOHV�� HPXOD�HO� FRPSRUWDPLHQWR� ʀVLROµJLFR�GH�
XQ�VHQWLGR�GHO�VHU�KXPDQR��SDUD�HVWH�FDVR�HQ�HVSHF¯ʀFR��OD�UHFUHDFLµQ�GH�ODV�LP£JHQHV�GHO�HQWRUQR��VRQ�D�
WUDY«V�GHO�PDQHMR�GH�VH³DOHV�WUDQVPLWLGDV�HQ�IRUPD�GH�OX]��(Q�HVWH�VHQWLGR��XQ�VLVWHPD�GH�SURFHVDPLHQWR�
SHUPLWH�FDSWXUDU�ODV�VH³DOHV�GH�XQ�VHQVRU�DQ£ORJR�TXH�WUDQVIRUPD�OD�LQWHQVLGDG�R�FRORU�HQ�QLYHOHV�GH�YROWDMH�
SDUD�OXHJR�VHU�HQYLDGRV�DO�FRQYHUVRU�DQ£ORJR�GLJLWDO��&$'��SRU�VXV�VLJODV�HQ�LQJO«V���FRQ�ORV�GDWRV�GLJLWDOHV�
OD�XQLGDG�FHQWUDO�GH�SURFHVR�LQWHQWD�UHFUHDU�OD�LPDJHQ�HQ�EDVH�D�VX�FDSDFLGDG�\�OD�FDQWLGDG�GH�LQIRUPDFLµQ��
OXHJR�GHO� WUDWDPLHQWR�VRQ�HQYLDGDV� ODV�VH³DOHV�GH� UHVSXHVWD�DO�FRQYHUVRU�GLJLWDO�DQ£ORJR� �'$&��SRU�VXV�
VLJODV�HQ� LQJO«V��\�ʀQDOPHQWH�D� ORV�DFWXDGRUHV�TXH�HQ�HVWH�FDVR�HV�XQ�VLVWHPD�GH�YLVXDOL]DFLµQ�/HG��(O�
SURFHVR�DUWLʀFLDO�GH�SURFHVDPLHQWR�GLJLWDO�GH�OD�LPDJHQ�GH�XQ�REMHWR�VH�DSUHFLD�HQ�OD�ʀJXUD�����0DUNRYL �\�
%URGHUVHQ�������

 

Figura 2.�)XQFLRQDPLHQWR�GH�XQ�SURFHVDGRU�GLJLWDO�GH�VH³DOHV
Fuente:�8UELQD���������
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Sistema embebido Arduino

(O�VLVWHPD�PLFURHOHFWUµQLFR�$UGXLQR�HV�XQ�FRQMXQWR�GH�KDUGZDUH�\�VRIWZDUH� OLEUH��EDVDGR�SULQFLSDOPHQWH�
HQ�PLFURFRQWURODGRUHV�$70(/��GLVH³DGR�FRQ�HO� REMHWLYR�GH� IDFLOLWDU� OD�FRQVWUXFFLµQ�GH�SURWRWLSRV�D�QLYHO�
DFDG«PLFR� \�SURIHVLRQDO�� \D�TXH� VX�SUHVHQWDFLµQ� I¯VLFD� HV� XQD�SODFD�TXH� UHTXLHUH�SRFR�FDEOHDGR�SDUD�
FRPXQLFDUVH�FRQ�HQWUDGDV� �VHQVRUHV�� \� VDOLGDV� �DFWXDGRUHV���'LFKD� IDFLOLGDG�KD�SHUPLWLGR�TXH�PLOHV�GH�
SUR\HFWRV� H� LQLFLDWLYDV� DOUHGHGRU� GHO� PXQGR� VH� GHVDUUROOHQ�� HQ� FDPSRV� GH� OD� HGXFDFLµQ�� OD� FLHQFLD�� OD�
SXEOLFLGDG��OD�UREµWLFD��HQWUH�PXFKDV�P£V��5XVVHOO��������

$UGXLQR� FRPR� SODWDIRUPD� HOHFWUµQLFD� GH� GHVDUUROOR� HV� GH� PX\� EDMR� FRVWR� HQ� FRPSDUDFLµQ� FRQ� RWURV�
FRQWURODGRUHV�SURJUDPDEOHV�FRPR�3DUDOOD[�%DVLF�6WDPS��3KLGJHWV��5DVSEHUU\�SL��0LFURFKLS��$GHP£V�YDOH�
GHVWDFDU�OD�GLYHUVLGDG�GH�PRGHORV�FRQ�P¼OWLSOHV�FDSDFLGDGHV�\�IXQFLRQDOLGDGHV��SRU�VX�SXHVWR�WRGR�EDMR�
XQ�PLVPD� SODFD�� 6X� HQWRUQR� GH� SURJUDPDFLµQ� VH� EDVD� HQ� ELEOLRWHFDV� \� OLEUHU¯DV� GH� OHQJXDMH�&� \�&����
GHQRPLQDGR�HQWRUQR�LQWHJUDGR�GHVDUUROOR�$UGXLQR��,'(��SRU�VXV�VLJODV�HQ�LQJO«V���3XUGXP��������

(O� OLFHQFLDPLHQWR�GH� ODV�JX¯DV�GH�PDQHMR�GHO�VLVWHPD�$UGXLQR�HV�GHO� WLSR�DELHUWD��HQ�HVSHF¯ʀFR�SRVHH� OD�
OLFHQFLD�&UHDWLYH�&RPPRQV�$WWULEXWLRQ�6KDUH$OLNH�����OLFHQVH��&&�%<�6$��� OD�FXDO�HVWDEOHFH�OD�OLEHUWDG�GH�
FRPSDUWLU� OD�LQIRUPDFLµQ�HQ�FXDOTXLHU�PHGLR�R�IRUPDWR��DGHP£V�GH�OD�OLEHUWDG�GH�DGDSWDFLµQ�GHO�PDWHULDO�
SDUD�FXDOTXLHU�SURSµVLWR�LQFOXVLYH�GH�WLSR�FRPHUFLDO��FDUDFWHU¯VWLFDV�TXH�VRQ�LGµQHDV�SDUD�HO�GHVDUUROOR�GH�
OD�SUHVHQWH�LQYHVWLJDFLµQ�

Figura 3.�&UHDWLYH�&RPPRQV�$WWULEXWLRQ�6KDUH$OLNH�����OLFHQVH
Fuente:�&UHDWLYH�&RPPRQV���������

(O�GHVDUUROOR�GH�OD�JUDQ�YDULHGDG�GH�SODFDV�$UGXLQR�KD�VLGR�H[SRQHQFLDO�HQ�ORV�¼OWLPRV�D³RV��FDGD�YHUVLµQ�
HV�FUHDGD�FRQ�HO�REMHWLYR�GH�GRWDU� IXQFLRQHV�P£V�SRWHQWHV�D� ORV�SURFHVRV�HQ�TXH�VH� LQWHJUHQ�KDUGZDUH�
SURJUDPDEOH���(Q�OD�FDWHJRU¯D�GH�ODV�SODFDV�$UGXLQR�86%��OD�YHUVLµQ�$UGXLQR�812�HV�OD�P£V�DFWXDOL]DGD�HQ�
UHODFLµQ�D�VXV�DQWHULRUHV�HQWUHJDV��WDOHV�FRPR��$UGXLQR�'XHPLODQRYH��$UGXLQR�'LHFLPLOD��HQWUH�RWUDV��'LFKR�
$UGXLQR�812�HV�GH�WDPD³R�SHTXH³R�������FP�[�����FP���SHUR�GH�JUDQ�SRWHQFLDO��FDSD]�GH�XVDU�VXV�SLQHV�
FRPR�HQWUDGD�R�VDOLGD�GH�VH³DOHV�����SLQHV�SDUD�OD�HQWUDGD�\�VDOLGD�GH�VH³DOHV�GLJLWDOHV���HQWUH�ORV�FXDOHV���
SXHGHQ�VHU�XWLOL]DGRV�FRPR�VDOLGD�3:0�\���SLQHV�SDUD�HO�HQY¯R�\�WUDQVPLVLµQ�GH�GDWRV�HQ�VHULH����SLQHV�SDUD�
OD�HQWUDGD�GH�VH³DO�DQDOµJLFD��GH�PDQHUD�TXH�HV�I£FLO�FRQHFWDU�XQD�JUDQ�YDULHGDG�GH�VHQVRUHV�\�DFWXDGRUHV�
D�VXV�SLQHV�SDUD�FRQHFWDUVH�FRQ�HO�H[WHULRU���m$UGXLQR���+RPH}�������
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$FRUGH�D�OR�GHVFULWR�HQ�OD�S£JLQD�RʀFLDO�GH�$UGXLQR��VH�SUHVHQWD�XQ�UHVXPHQ�GH�ODV�FDUDFWHU¯VWLFDV�GH�OD�
SODFD�$UGXLQR�812�

Tabla 1.�&DUDFWHU¯VWLFDV�$UGXLQR�8QR

Característica Descripción

0LFURFRQWURODGRU $WPHJD���
7HQVLµQ�GH�RSHUDFLµQ �9

7HQVLµQ�GH�HQWUDGD�UHFRPHQGDGD� ��ȷ����9
3LQHV�GLJLWDOHV�GH�(�6 ���GH�ORV�FXDOHV���SURYHHQ�VDOLGDV�3:0�
3LQHV�GH�HQWUDGD�DQDOµ-
JLFRV �

&RUULHQWH�'&�SRU�SLQ�(�6 ���P$
&RUULHQWH�'&�SDUD�SLQ ����9����P$
0HPRULD�)ODVK ���N%��GH�ORV�FXDOHV�����N%�XVDGRV�SDUD�ERRWORDGHU�
65$0 ��N%
((3520 ��N%
)UHFXHQFLD�GH�UHORM ���0+]

Fuente:��m$UGXLQR���+RPH}�������

Figura 4.�3ODFD�$UGXLQR�812
Fuente:�%DQ]L�\�6KLORK���������

(Q�LJXDO�VHQWLGR�VH�DQDOL]µ�SDUD�HO�GHVDUUROOR�GH�OD�LQYHVWLJDFLµQ�HO�PRGHOR�$UGXLQR������HVWD�SODFD�FRQWLHQH�
ODV�SUHVWDFLRQHV�QHFHVDULDV�SDUD�HMHFXWDU�WDUHDV�TXH�UHTXLHUHQ�XQ�QLYHO�DOWR�GH�SURFHVDPLHQWR�FRQ�PD\RU�
UDSLGH]�
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Figura 5.�3ODFD�$UGXLQR�812
Fuente: $UGXLQR���+RPH��������

(VWD�YHUVLµQ�GH�$UGXLQR��PDQWLHQH�HO�PRGHOR�GHO�$UGXLQR�XQR�FRPR�VH�SXHGH�DSUHFLDU�HQ�OD�)LJXUD����SHUR�
FRQ�PHMRUHV�FDUDFWHU¯VWLFDV�GH�KDUGZDUH�ODV�FXDOHV�VH�GHWDOODQ�HQ�OD�7DEOD���

Tabla 2. (VSHFLILFDFLRQHV�W«FQLFDV�GH�$UGXLQR����

Característica Descripción

0LFURFRQWURODGRU ,QWHO�&XULH
7HQVLµQ�GH�IXQFLRQDPLHQWR ���9��(���6�WROHUDQWH�D��9�
9ROWDMH�GH�HQWUDGD��UHFRPHQGDGR� ����9
3LQHV�GH�(���6�GLJLWDOHV ����GH�ORV�FXDOHV���SURSRUFLRQDQ�VDOLGD�3:0�
3LQHV�GH�(���6�GLJLWDOHV�GH�3:0 �
&ODYLMDV�GH�HQWUDGD�DQDOµJLFD �
&RUULHQWH�'&�SRU�3LQ�(���6 ���P$
0HPRULD�ʁDVK ����N%
65$0 ���N%
9HORFLGDG�GH�UHORM ���0+]
/('B%8,/7,1 ��
&DUDFWHU¯VWLFDV�(VSHFLDOHV %OXHWRRWK�/(��DFHOHUµPHWUR���JLURVFRSLR�GH���HMHV

Fuente: $UGXLQR���+RPH��������

8Q�PRGHOR�TXH�LJXDO�VH�HPSOHµ�HQ�OD�LQYHVWLJDFLµQ�HV�HO�$UGXLQR�0HJD��TXH�HV�XQD�SODFD�TXH�WLHQH�WRGR�OR�
QHFHVDULR�SDUD�VRSRUWDU�OD�SURJUDPDFLµQ�FDSD]�GH�UHDOL]DU�PXFKDV�WDUHDV�SRU�VX�FDQWLGDG�GH�SHULI«ULFRV�GH�
HQWUDGD�\�VDOLGD��EDVDGR�HQ�PLFURFRQWURODGRU�$WPHJD������HO�FXDO�VH�SXHGH�DSUHFLDU�HQ�OD�)LJXUD���
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Figura 6. 3ODFD�$UGXLQR�0(*$
Fuente:��m$UGXLQR���+RPH}�������

/DV� HVSHFLʀFDFLRQHV� W«FQLFDV� TXH� SRVHH� $UGXLQR�0HJD� ����� OR� FRQYLHUWHQ� HQ� XQ� GLVSRVLWLYR� HVWDEOH� \�
UREXVWR�TXH� VRSRUWD� XQ� XVR�SURORQJDGR�HQ� OD� HMHFXFLµQ�GH� WDUHDV�TXH� UHTXLHUHQ� XQ� QLYHO�PRGHUDGR�GH�
SURFHVDPLHQWR��GLFKDV�HVSHFLʀFDFLRQHV�VH�GHWDOODQ�HQ�OD�7DEOD���

Tabla 3:�(VSHFLILFDFLRQHV�W«FQLFDV�GH�$UGXLQR�0HJD

Característica Descripción

0LFURFRQWURODGRU $7PHJD����
7HQVLµQ�GH�IXQFLRQDPLHQWR �9
9ROWDMH�GH�HQWUDGD��UHFRPHQGDGR� ����9
3LQHV�GH�(���6�GLJLWDOHV ����GH�ORV�FXDOHV����SURSRUFLRQDQ�VDOLGD�GH�3:0�
&ODYLMDV�GH�HQWUDGD�DQDOµJLFD GLHFLV«LV
&RUULHQWH�'&�SRU�3LQ�(���6 ���P$
&RUULHQWH�'&�SDUD����9�3LQ ���P$
0HPRULD�ʁDVK ����.%�GH�ORV�FXDOHV���.%�XWLOL]DGRV�SRU�HO�ERRWORDGHU
65$0 ��.%
((3520 ��.%
9HORFLGDG�GH�UHORM ��b0+]

Fuente:$UGXLQR���+RPH��������

¿Qué es un Led RGB?

8Q� /HG� HV� XQ� GLRGR� TXH� HPLWH� OX]� FXDQGR� HV� HOHFWULʀFDGR� SRU� XQD� FRUULHQWH� SHTXH³D�� SRU� OR� JHQHUDO�
FRPSXHVWR�SRU�XQD�VHULH�GH�FDSDV�GH�PDWHULDOHV�VHPLFRQGXFWRUHV�b/D�HʀFLHQFLD�GHO�/HG�VH�PLGH�SRU� OD�
FDQWLGDG�GH�HOHFWULFLGDG�TXH�HV�FRQYHUWLGD�GLUHFWDPHQWH�HQ�SDUW¯FXODV�GH�OX]��IRWRQHV���TXH��HQ�FRPSDUDFLµQ�
FRQ�RWUDV�IXHQWHV�GH�OX]��OD�PD\RU�SDUWH�GH�OD�HOHFWULFLGDG�VH�FRQYLHUWH�HQ�FDORU�\�XQ�SRUFHQWDMH�UHODWLYDPHQWH�
EDMR�HQ�OX]��HMHPSOR�GH�HOOR�VRQ�ODV�O£PSDUDV�LQFDQGHVFHQWHV��/DVDQFH�\�3RSSH��������
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Figura 7.�(OHPHQWRV�GH�XQ�/HG
Fuente:�0RQWHUR��������

8Q�/HG�5*%�HV�OD�FRPELQDFLµQ�GH���GLRGRV�OHGV�QRUPDOHV�GH�FRORUHV�URMR��YHUGH�\�D]XO��FRPSULPLGRV�HQ�
XQ� VROR�� /D�PH]FOD� GH� HVWRV� WUHV� FRORUHV� SULPDULRV� SHUPLWH� REWHQHU� FXDOTXLHU� FRORU� GHQWUR� GHO� HVSHFWUR�
HOHFWURPDJQ«WLFR�YLVLEOH��([LVWHQ�GRV�WLSRV��HO�£QRGR�FRP¼Q�\�F£WRGR�FRP¼Q��GRQGH�OD�¼QLFD�GLIHUHQFLD�HV�OD�
IRUPD�GH�FRQH[LµQ�GH�DOLPHQWDFLµQ��9ROWDMH�SRVLWLYR��\�WLHUUD��9ROWDMH�FHUR���SRU�VXSXHVWR�H[LVWH�YDULHGDG�GH�
HQFDSVXODGRV��LQWHQVLGDG�\�WDPD³R�

Figura 8.�&RQH[LµQ�\�HVTXHPD�GH�XQ�/HG�5*%
Fuente: &DOGHUµQ�0���������
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Matriz de Leds RGB

8QD�PDWUL]�GH�/HGV�5*%�HV�XQ�FRQMXQWR�GH�/HGV�5*%�GLVSXHVWRV�HQ�ʀODV�\�FROXPQDV�D�PRGR�GH�SXQWRV�HQ�
XQ�SODQR�FDUWHVLDQR��HVWD�GLVSRVLFLµQ�HV�FRQ�HO�REMHWLYR�GH�PLQLPL]DU�HO�Q¼PHUR�GH�SXQWRV�GH�FRQH[LµQ�\�
FRQWURO��SRU�OR�TXH�JHQHUDO�HVWRV�SDQHOHV�VRQ�PDQHMDGRV�SRU�W«FQLFDV�GH�PXOWLSOH[DFLµQ�HQ�HO�WLHPSR�FRQ�HO�
XVR�GH�HOHPHQWRV�HOHFWUµQLFRV�OODPDGRV�UHJLVWURV�GH�GHVSOD]DPLHQWR�

(V�LPSRUWDQWH�UHVDOWDU�TXH�D�PD\RU�Q¼PHUR�GH�/HGV�PD\RU�HV�OD�UHVROXFLµQ�GH�ODV�LP£JHQHV�TXH�VH�SXHGHQ�
UHSUHVHQWDU�� (O�PRGHOR� HPSOHDGR� SDUD� OD� SUHVHQWH� LQYHVWLJDFLµQ� HV� HO�PRGHOR� ��[���5*%� /('�0$75,;�
3$1(/�GH���PLO¯PHWURV�SRU�SL[HO����/HG�HTXLYDOH�D���SL[HO���GH�OD�LQGXVWULD�$GDIUXLW���$GDIUXLW�,QGXVWULHV�������

Figura 9. 0DWUL]�/HG�5*%���[��
Fuente:�$GDIUXLW�,QGXVWULHV��������

(VWD�PDWUL]�RIUHFH�XQD�OLEUHU¯D�OLEUH�TXH�KDFH�SRVLEOH�VX�LQWHUFRQH[LµQ�FRQ�HO�VLVWHPD�$UGXLQR��WLHQH�XQ�WRWDO�
GH������/HGV�5*%�TXH�VLJQLʀFD�XQ�LJXDO�Q¼PHUR�GH�SL[HOHV�D�VHU�UHSUHVHQWDGRV��8Q�WDPD³R�GH�VRSRUWH�
I¯VLFR�GH���SXOJDGDV�TXH�UHTXLHUH�GH����SLQHV�GLJLWDOHV����ELWV�SDUD�ORV�GDWRV�\���ELWV�SDUD�HO�FRQWURO��\�XQ�
VXPLQLVWUR�GH�HQHUJ¯D�HO«FWULFD�GH���YROWLRV�\�KDVWD���DPSHULRV�GH�FRUULHQWH�FRQWLQXD��(O�HVSDFLR�GH�PHPRULD�
QHFHVDULR�TXH�VH�GHEH�GLVSRQHU�HV�GH������E\WHV�GH�5$0�SDUD�DOPDFHQDU�XQD�LPDJHQ�HQ�FRORU�GH����ELWV�
GH�UHVROXFLµQ�

DISEÑO DEL CONTROLADOR ELECTRÓNICO

(O�REMHWLYR�SULQFLSDO�GH�OD�SUHVHQWH�LQYHVWLJDFLµQ�HV�OD�UHSUHVHQWDFLµQ�GH�LP£JHQHV�GH�EDMD�UHVROXFLµQ�HQ�
XQ�SDQHO�/HG�5*%��0DWUL]�GH���[���SL[HOHV���SRU�OR�TXH�VH�KD�GLVH³DGR�XQ�FRQWURODGRU�TXH�SHUPLWH�FXPSOLU�
HVWD�IXQFLµQ��MXQWR�D�RWUDV�IXQFLRQDOLGDGHV�SDUD�IXWXUDV�DSOLFDFLRQHV�H�LQYHVWLJDFLRQHV��/RV�HOHPHQWRV�TXH�
VH�KDQ�FRQVLGHUDGR�VRQ�ORV�VLJXLHQWHV�

$OPDFHQDPLHQWR�\�DFFHVR�D�DUFKLYRV��(O�FRQWURODGRU�SHUPLWH�DOPDFHQDU�ORV�DUFKLYRV�GH�LPDJHQ�HQ�
XQ�PµGXOR�PHPRULD�H[WHUQD��6'�SRU�HMHPSOR��\�SURYHH�ORV�P«WRGRV�SDUD�HO�DFFHVR�\�OHFWXUD�GH�OD�
LQIRUPDFLµQ�GH�ODV�LP£JHQHV�

$GPLQLVWUDFLµQ�GHO�FRQWURODGRU��(VWD�SDUWH�GHO�FRQWURODGRU�HV�OD�FRPXQLFDFLµQ�FRQ�HO�XVXDULR��\D�TXH�
SHUPLWH�XWLOL]DU�WRGDV�ODV�IXQFLRQHV�TXH�GD�HO�FRQWURODGRU��HV�GHFLU�� OD�DGPLQLVWUDFLµQ�GH�DUFKLYRV��
SURFHVDU�LP£JHQHV��\�GDU�SDVR�D�OD�YLVXDOL]DFLµQ�
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9LVXDOL]DFLµQ�GH�LP£JHQHV��(O�FRQWURODGRU�SHUPLWH�OD�WUDQVPLVLµQ�GH�OD�LQIRUPDFLµQ�GH�ODV�LP£JHQHV�
SURFHVDGDV�GHVGH�OD�XQLGDG�FHQWUDO�KDFLD�ORV�SHULI«ULFRV�GH�VDOLGD��TXH�SDUD�HVWH�FDVR�HV�OD�PDWUL]�
/HG�5*%�

(VWDV�FDUDFWHU¯VWLFDV�VRQ�FRQVLGHUDGDV�FRPR�UHTXHULPLHQWRV�IXQFLRQDOHV�GHO�PRGHOR�HOHFWUµQLFR�SURJUDPDEOH��
PLVPRV�TXH�FRQVWLWX\HQ�ORV�FRPSRQHQWHV�GHO�VLVWHPD�GH�YLVXDOL]DFLµQ�HQ�PDWULFHV�/HG�5*%��HO�GHWDOOH�VH�
PXHVWUD�HQ�OD�VLJXLHQWH�ʀJXUD��

Figura 10.�'LDJUDPD�GH�FRPSRQHQWHV
Fuente:�(ODERUDFLµQ�SURSLD

(O�GLVH³R�SURSXHVWR�FRQWLHQH�ORV�VLJXLHQWHV�FRPSRQHQWHV�

A. Almacenamiento de archivos:�FRPSRQHQWH�GHVWLQDGR�D�FRQWHQHU�ODV�LP£JHQHV�GH�EDMD�UHVROXFLµQ�
TXH�D�SRVWHULRU�VHU£Q�SURFHVDGRV�SRU�HO�FRQWURODGRU�SURJUDPDEOH��VLVWHPD�$UGXLQR��

B. Acceso a imágenes:�HOHPHQWR�TXH�SRVLELOLWD� ORV�PHFDQLVPRV�GH�FRPXQLFDFLµQ�FRQ�HO�VLVWHPD�GH�
DUFKLYRV�GHO�FRPSRQHQWH�GH�DOPDFHQDPLHQWR�GH�DUFKLYRV��SDUD�VX�SRVWHULRU�PDQLSXODFLµQ�SRU�HO�UHVWR�
GH�FRPSRQHQWHV��

C. Procesador de imágenes:�HV�HO�FRPSRQHQWH�SULQFLSDO�GHO�FRQWURODGRU�HOHFWUµQLFR��VX�IXQFLµQ�SULQFLSDO�
HV�HO�SURFHVDPLHQWR�GH�FDGD�XQR�GH�ORV�SL[HOHV�GH�ODV�LP£JHQHV�DOPDFHQDGDV��SDUD�OXHJR�OD�LQIRUPDFLµQ�
UHVXOWDQWH�VHU�HQYLDGD�D� ORV�HOHPHQWRV�GH�YLVXDOL]DFLµQ��PDWUL]���[�����HQ�XQ� IRUPDWR�TXH�SHUPLWD� OD�
LQWHUSUHWDFLµQ�GH�XQ�/HG�5*%�SRU�SL[HO��FRQ�OD�FRPELQDFLµQ�SUHFLVD�GH�FDGD�QLYHO�GH�LQWHQVLGDG�GH�FDGD�
FRORU�SULPDULR�

D. Presentador:� FRPSXHVWR�SULQFLSDOPHQWH�SRU� OD�PDWUL]�GH�/HG�5*%�\� ORV�GLIHUHQWHV�FRPSRQHQWHV�
HOHFWUµQLFRV�TXH�SHUPLWHQ�OD�PXOWLSOH[DFLµQ�HQ�HO�WLHPSR��UHJLVWURV�GH�GHVSOD]DPLHQWR��GH�ODV�VH³DOHV�
GH�FRQWURO�\�GDWRV�SURYHQLHQWHV�GHO�SURFHVDGRU�FHQWUDO�

E.  Tablero de control:�FRPSRQHQWH�TXH�SHUPLWH�OD�DGPLQLVWUDFLµQ�GH�ORV�GHP£V�HOHPHQWRV��SULQFLSDOPHQWH�
HQ�DFWLYLGDGHV�GH�VHOHFFLµQ�\�DSHUWXUD�GH�ORV�DUFKLYRV�GH�LP£JHQHV�
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MODELO DE DESPLIEGUE

(O�PRGHOR�GH�GHVSOLHJXH�GHO�VLVWHPD�GH�YLVXDOL]DFLµQ�/HG�5*%�VH�EDVD�SULQFLSDOPHQWH�HQ�HOHPHQWRV�GH�
KDUGZDUH�\�VRIWZDUH�FRQ�FDUDFWHU¯VWLFDV�RSHQ�VRXUFH��HQ�HVWH�FDVR�HVSHF¯ʀFR�OD�SODWDIRUPD�$UGXLQR��FRQ�HO�
REMHWLYR�GH�EULQGDU�XQD�DOWHUQDWLYD�D�ODV�RSFLRQHV�SULYDWLYDV�H[LVWHQWHV�HQ�HO�PHUFDGR��

(Q�OD�VLJXLHQWH�ʀJXUD�VH�REVHUYD�HO�PRGHOR�GH�GHVSOLHJXH�SURSXHVWR�

 

Figura 11. 0RGHOR�GH�GHVSOLHJXH

(O�GHWDOOH�GH�ORV�HOHPHQWRV�GHO�PRGHOR�GH�GHVSOLHJXH�VH�ORV�GHʀQH�GH�OD�VLJXLHQWH�IRUPD�

A. Computador: SHUPLWH� OD�FDUJD�GH� LP£JHQHV�DO� FRPSRQHQWH�GH�DOPDFHQDPLHQWR� \� ODV�DFWLYLGDGHV�GH�
DGPLQLVWUDFLµQ�GHO�VLVWHPD�

B. Sistema Arduino:�HV�HO�FHUHEUR�DUWLʀFLDO�GH�WRGR�HO�PRGHOR�HOHFWUµQLFR��GRQGH�VH�DORMDQ�ODV�VXEUXWLQDV�
GH�SURJUDPDFLµQ�SUHFRQFHELGDV�SDUD� OD�HMHFXFLµQ�GH� WDUHDV�GH�SURFHVDPLHQWR��DSHUWXUD�GH� LP£JHQHV�\�
PDQHMR�GH�OD�FRPXQLFDFLµQ�FRQ�ODV�PDWULFHV�GH�YLVXDOL]DFLµQ�5*%�

C. Panel Led RGB: HV�HOHPHQWR�GH�VDOLGD�GH�OD�UHSUHVHQWDFLµQ�GH�ODV�LP£JHQHV�GH�EDMD�UHVROXFLµQ�SURFHVDGDV��
SDUD�HVWH�FDVR�HQ�HVSHF¯ʀFR�HV�XQD�PDWUL]�/HG�5*%�FRQ�XQD�GHQVLGDG����[����SL[HOHV�

ALGORITMO DEL PROCESO DE VISUALIZACIÓN

(O�DOJRULWPR�LQLFLD�FRQ�OD�FDUJD�GH�LP£JHQHV�D�WUDY«V�GH�OD�FUHDFLµQ�GH�XQD�LQVWDQFLD�TXH�FRQWHQJD�WRGD�
OD�LQIRUPDFLµQ�VREH�OD�LPDJHQ��SDUD�HVWH�FDVR�HQ�HVSHF¯ʀFR�HVWR�VLJQLʀFD�UHVHUYDU�XQ�HVSDFLR�HQ�PHPRULD�
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WHPSRUDO�SDUD�DOPDFHQDU�HVWD�LQIRUPDFLµQ��$�SDVR�VHJXLGR�VH�SURFHGH�D�REWHQHU�OD�FRPELQDFLµQ�5*%�GH�
FDGD�SL[HO��GH�OD�LPDJHQ��HQ�RWUDV�SDODEUDV�OD�LQWHQVLGDG�GH�FDGD�FRORU�SULPDULR��URMR��YHUGH�\�D]XO���

(O�SURFHVR�HQ�OD�SODWDIRUPD�-DYD�1HW%HDQV�VH�PXHVWUD�HQ�OD�ʀJXUD�VLJXLHQWH�

Figura 12.�([WUDFWR�GH�FµGLJR��3URFHVR�GH�REWHQFLµQ�GH�OD�FRPELQDFLµQ�5*%
Fuente:�(ODERUDFLµQ�SURSLD

(O� UHVXOWDGR� GHO� SURFHVR� FRQWLHQH� ORV� YDORUHV� GH� FDGD� FRORU� HQ� XQ� IRUPDWR� GH� �� ELWV� HQ� UHSUHVHQWDFLµQ�
GHFLPDO��3DUD�HQYLDU�HVWD�LQIRUPDFLµQ�DO�FRQWURODGRU�HOHFWUµQLFR�VH�GHEH�HVFDODU�D�OD�UHVROXFLµQ�O¯PLWH�GH�ODV�
IXQFLRQHV�FRGLʀFDGDV�HQ�HO�VLVWHPD�$UGXLQR��TXH�SRU�OR�JHQHUDO�VRQ�D������\���ELWV�GH�SURIXQGLGDG�

Figura 13. ([WUDFWR�GH�FµGLJR��6DOLGD�GHO�SURFHVR�GH�REWHQFLµQ�GH�OD�FRPELQDFLµQ�5*%
Fuente:�(ODERUDFLµQ�SURSLD

)LQDOPHQWH�� HO�SURFHVR�GH�YLVXDOL]DFLµQ�GH�XQD� LPDJHQ�GH�EDMD� UHVROXFLµQ�HQ�HO�SDQHO�5*%�GH����[����
SL[HOHV��VH�EDVD�HQ�HO�SULQFLSLR�GH�PXOWLSOH[DFLµQ�HQ�HO�WLHPSR��GRQGH�VH�HQFLHQGH�O¯QHD��SRU�O¯QHD�GH�SL[HOHV�
����D�OD�YH]���

(O�IRUPDWR�GH�HPLVLµQ�GH�GDWRV�TXH�VH�KD�SURSXHVWR�HV�GH�OD�VLJXLHQWH�IRUPD��ȼ�5�*�%�;�<Ƚ��HQ�OD�FXDO�
��UHSUHVHQWD�HO�YDORU�GH�LQWHQVLGDG�SDUD�HO�FRORU�URMR�VHJXLGR�GHO�VHSDUDGRU�ȼ5Ƚ����UHSUHVHQWD�HO�YDORU�GH�
LQWHQVLGDG�SDUD�HO�FRORU�YHUGH�VHJXLGR�GHO�VHSDUDGRU�ȼ*Ƚ��HO���UHSUHVHQWD�HO�YDORU�GH�LQWHQVLGDG�SDUD�HO�FRORU�
D]XO�VHJXLGR�GHO�VHSDUDGRU�ȼ%Ƚ��HO���UHSUHVHQWD�OD�FRRUGHQDGD�KRUL]RQWDO�VHJXLGR�GHO�VHSDUDGRU�ȼ;Ƚ��HO���
UHSUHVHQWD�OD�FRRUGHQDGD�YHUWLFDO�VHJXLGR�GHO�VHSDUDGRU�ȼ<��

(VWH�SURFHVR�VH�PXHVWUD�HQ�HO�VLJXLHQWH�GLDJUDPD�GH�ʁXMR�
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Figura 14.�)OXMRJUDPD�GHO�SURFHVR�GH�YLVXDOL]DFLµQ

INTERFAZ DE CONTROL

3DUD�OD�RSHUDWLYLGDG�GH�ORV�FRQWUROHV�VH�FUHµ�XQD�DSOLFDFLµQ�GHVDUUROODGD�HQ�3\WKRQ��FRQ�EDVH�D�OD�VHFXHQFLD�
GH�OD�IXQFLµQ�1HZ,PDJH���TXH�WUDEDMD�QHWDPHQWH�FRQ�FRPXQLFDFLµQ�VHULDO�56�����GLFKD�LQWHUID]�VH�PXHVWUD�
HQ�OD�ʀJXUD�����

Figura 15.�)OXMRJUDPD�GHO�SURFHVR�GH�YLVXDOL]DFLµQ
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RESULTADOS

/RV� UHVXOWDGRV�GH� OD� SUHVHQWH� LQYHVWLJDFLµQ� VH� HQJOREDQ� HQ� OD� REWHQFLµQ�GHO�PRGHOR� \� SURFHVR�SDUD� OD�
UHSUHVHQWDFLµQ�GH�XQD�LPDJHQ�HQ�EDMD�UHVROXFLµQ��WRPDQGR�HQ�FXHQWD�TXH�VH�PDQHMµ�LP£JHQHV�GH������
SL[HOHV�����[������VL�HVWR�VH�FRPSDUD�FRQ�XQD�IRWRJUDI¯D�DFWXDO�FX\D�UHVROXFLµQ�HVW£�HQ�HO�RUGHQ�ORV�PHJDS¯[HOHV�
�PLOORQHV�GH�SL[HOHV���

(O�SULQFLSLR�GH�REWHQFLµQ�GH�OD�LQWHQVLGDG�GH�FDGD�FRORU�SULPDULR�SRU�SL[HO�VH�ORJUµ�VDWLVIDFWRULDPHQWH�FRQ�
XQD�SURIXQGLGDG���ELWV��HVWR�VLJQLʀFD�XQD�HVFDOD�GH���D�����SRU�FDGD�FRORU��SRU�VXSXHVWR�HVWR�HV�D¼Q�PX\�
EDMR�VL�VH�FRPSDUD�FRQ�OD�SURIXQGLGDG�FRQ�OD�TXH�HO�RMR�KXPDQR�WUDEDMD����PLOOµQ�GH�WRQDOLGDGHV���+DGKD]\�
$���������SHUR�HV�XQ�LQLFLR�DOHQWDGRU�SDUD�UHSUHVHQWDU�XQD�JUDQ�JDPD�GH�FRORUHV�GHULYDGRV�

(Q�HVWH�VHQWLGR�VH�GLVH³µ�XQ�PRGHOR�HOHFWUµQLFR� IXQFLRQDO��TXH�SHUPLWH�HO�FRQWURO�GHO�SURFHVDPLHQWR�GH�
LP£JHQHV� HQ� EDVH� OD� FRQVWUXFFLµQ� XQD� PDWUL]� ELGLPHQVLRQDO� GH� SL[HOHV�� GRQGH� FDGD� SL[HO� FRQWLHQH� OD�
LQIRUPDFLµQ�GH�OD�LQWHQVLGDG�GH�FDGD�FRORU�SULPDULR��URMR��YHUGH�\�D]XO��DGHP£V�GH�OD�SRVLFLµQ�KRUL]RQWDO�\�
YHUWLFDO��OD�LQWHUDFFLµQ�DOFDQ]DGD�HQWH�KDUGZDUH�\�VRIWZDUH�VH�REVHUYD�HQ�OD�)LJXUD����

Figura 16.�,QWHUDFFLµQ�HQWUH�KDUGZDUH�\�VRIWZDUH�

(O�SULQFLSLR�SDUD� OD�RSWLPL]DFLµQ�GH� ODV�FRQH[LRQHV�I¯VLFDV�HOHFWUµQLFDV�IXH� OD�PXOWLSOH[DFLµQ�HQ�HO� WLHPSR�
SDUD�HO�EDUULGR�GH�HQFHQGLGR�\�DSDJDGR�GH�ORV�/HGV��ʀOD�SRU�ʀOD�GH�SL[HOHV�GH�OD�LPDJHQ�D�XQD�IUHFXHQFLD�
TXH�HO�RMR�GHO�VHU�KXPDQR�QR�GHWHFWH�GLFKR�HQFHQGLGR�\�DSDJDGR�

(Q� ODV� VLJXLHQWHV� ʀJXUDV� VH� SXHGH� REVHUYDU� ORV� UHVXOWDGRV� GH� OD� UHSUHVHQWDFLµQ� GH� LP£JHQHV� GH� EDMD�
UHVROXFLµQ�WRPDGDV�FRPR�HMHPSOR�
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Figura 17.�5HSUHVHQWDFLµQ�GHO�ORJR�38&(

Figura 18.�5HSUHVHQWDFLµQ�GHO�ORJR�$UGXLQR

Figura 19.�5HSUHVHQWDFLµQ�GHO�ORJR�)ODVK
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CONCLUSIONES

8QD�YH]�TXH�VH�KD�ʀQDOL]DGR�ODV�HWDSDV�GHO�PRGHODGR�HOHFWUµQLFR�EDMR�KHUUDPLHQWDV�OLEUHV�GHO�SURFHVR�GH�
YLVXDOL]DFLµQ�GH�LP£JHQHV�VH�SXHGHQ�HQXQFLDU�ODV�VLJXLHQWHV�FRQFOXVLRQHV�

/DV� LQGXVWULDV� \� HPSUHVDV� LQYLHUWHQ� JUDQGHV� FDQWLGDGHV� GH� GLQHUR� R� UHFXUVRV� SDUD� FUHDU� DOJRULWPRV��
KDUGZDUH�\�FµGLJR�IXHQWH��TXH�VRQ�LQVXPRV�SDUD�FUHDU�DSOLFDFLRQHV�GH�YLVXDOL]DFLµQ�D�JUDQ�HVFDOD��HVWRV�
GHVDUUROORV�VRQ�SURWHJLGRV�FRQ�SDWHQWHV�\�OLFHQFLDV�GH�XVR�SULYDWLYDV��(VWR�PRWLYµ�HO�GHVDUUROOR�GH�OD�SUHVHQWH�
LQYHVWLJDFLµQ��FX\R�REMHWLYR�SULQFLSDO�HV�GDU�HO�SXQWR�GH�SDUWLGD�SDUD�OD�FRQVWUXFFLµQ�GH�XQD�VROXFLµQ�GH�
YLVXDOL]DFLµQ�5*%�EDMR�ORV�SDUDGLJPDV�RSHQ�VRXUFH�WDQWR�HQ�KDUGZDUH�FRPR�HQ�VRIWZDUH��DOFDQ]DQGR�GHQWUR�
GH�HVWR�OD�FRQVWUXFFLµQ�GHO�FµGLJR�IXHQWH�EDMR�/HQJXDMH�&�\�FRPR�SODWDIRUPD�GH�KDUGZDUH�$UGXLQR��FRQ�OD�
IXQFLRQDOLGDG�GH�VHU�XQ�FµGLJR�UHFLFODEOH�

/D�REWHQFLµQ�GH�OD�LQWHQVLGDG�GH�ORV�FRORUHV�SULPDULRV�VH�ORJUµ�D�XQ�QLYHO�GH�SURIXQGLGDG�GH���ELWV��SHUR�DO�
PRPHQWR�GH�VHU�SURFHVDGRV�HQ�HO�VLVWHPD�HPEHELGR�$UGXLQR�OR�P£[LPR�TXH�VH�ORJUµ�IXH���ELWV��SRU�OR�TXH�
VH�SLHUGH�XQ�UDQJR� LPSRUWDQWH�GH�PDWLFHV��(Q� IXWXURV�GHVDUUROORV�VHU¯D� LPSRUWDQWH�DO�PHQRV� OOHJDU�D�XQD�
SURIXQGLGDG�GH����ELWV�SRU�FRORU�FRQ�OD�PHMRUD�GH�OD�FRGLʀFDFLµQ�HQ�OHQJXDMHV�&�R�HO�XVR�GH�P£V�DWULEXWRV�
GH�ODV�OLEUHU¯DV�TXH�FRQIRUPDQ�OD�ELEOLRWHFD�2SHQ&9���&KXQJ�%��������

/D�HOHFFLµQ�GH�FRQMXJDU� ORV�GLVSRVLWLYRV�TXH�LQWHUYLHQHQ�HQ�HO�FRQWURODGRU�FRQ�FRPXQLFDFLµQ�63,��GH�VXV�
VLJODV�HQ�LQJO«V��6HULDO�3HULSKHUDO�,QWHUIDFH��HV�GHELGR�D�OD�HʀFLHQFLD�TXH�EULQGD�DO�FRPXQLFDU�FRQ�YDULRV�
PµGXORV�GH� IRUPD�VLPXOW£QHD��VLQ� LPSHGLU� OD� WUDQVIHUHQFLD�GH� LQIRUPDFLµQ�DO�PµGXOR�GH�DOPDFHQDPLHQWR�
�0LFUR�6'���FRPR�WDPEL«Q�SDUD�FRPXQLFDUVH�FRQ�ORV�VLVWHPDV�$UGXLQR�PDHVWURV�\�HVFODYR�

/DV� LP£JHQHV� GH� EDMD� UHVROXFLµQ� RFXSDQ�PHQRU� SRGHU� FRPSXWDFLRQDO�� GHELGR� D� OD�PHQRU� FDQWLGDG� GH�
LQIRUPDFLµQ�TXH�VH�GHEH�SURFHVDU��SDUD�HVWH�FDVR�HQ�HVSHF¯ʀFR�VRQ������SL[HOHV�FRQ�XQD�SURIXQGLGDG�GH�
��ELWV�SRU�FDGD�FRORU�SULPDULR��URMR��YHUGH�\�D]XO���HVWR�HV�SRU�FDGD�LPDJHQ�TXH�VH�GHVHH�UHSUHVHQWDU�HQ�HO�
SDQHO�GH�/HGV��(VWD�FRQFOXVLµQ�VLJQLʀFD�TXH�VL�HQ�XQ�IXWXUR�VH�GHVHD�UHFUHDU�LP£JHQHV�GH�PD\R�WDPD³R�\�
SURIXQGLGDG�GH�FRORU�VH�GHEH�XVDU�XQ�SURFHVDGRU�PLFURHOHFWUµQLFR�P£V�DYDQ]DGR��RWUD�YDULDQWH�GH�$UGXLQR���
R�HQ�VX�GHIHFWR�GLVWULEXLU�HO�SURFHVDPLHQWR�HQ�UHGHV�GH�FRQWURODGRUHV�

REFERENCIAS BIBLIOGRÁFICAS
$GDIUXLW�,QGXVWULHV������������[���5*%�/('�0DWUL[�3DQHO����PP�3LWFK��5HFXSHUDGR����GH�PDU]R�GH�������D�

SDUWLU�GH�KWWSV���ZZZ�DGDIUXLW�FRP�SURGXFW����
$UGXLQR���+RPH����������5HFXSHUDGR���GH�DEULO�GH�������D�SDUWLU�GH�KWWSV���ZZZ�DUGXLQR�FF�
$XULFK��SL[HOVPDUW�$��IXHU�QHXH�0���������VHSWLHPEUH�����Ɂ�2MRV�\�YLVLµQ�_�JDIDV\YLVLRQ�FRP��5HFXSHUDGR����

GH�PDU]R�GH�������D�SDUWLU�GH�KWWSV���ZZZ�JDIDV\YLVLRQ�FRP�RMRV�\�YLVLRQ�
%DQ]L�� 0��� \� 6KLORK�� 0�� �������� *HWWLQJ� 6WDUWHG� ZLWK� $UGXLQR�� 7KH� 2SHQ� 6RXUFH� (OHFWURQLFV� 3URWRW\SLQJ�

3ODWIRUP��0DNHU�0HGLD��,QF�
%HOWU£Q��)��)����������(O�FRS\ULJKW�HQ�FXHVWLµQ��'L£ORJRV�VREUH�OD�SURSLHGDG�LQWHOHFWXDO��8QLYHUVLGDG�GH�'HXVWR�
%LPER��$���(G������������,PDJH�$QDO\VLV�DQG�3URFHVVLQJ���WK�,QWHUQDWLRQDO�&RQIHUHQFH��,&,$3Ⱥ����)ORUHQFH��

,WDO\��6HSWHPEHU��������������3URFHHGLQJV��9ROXPH�,,��%HUOLQ�+HLGHOEHUJ��6SULQJHU�9HUODJ��5HFXSHUDGR�
D�SDUWLU�GH���ZZZ�VSULQJHU�FRP�XV�ERRN��������������

&DOGHUµQ�0����������3LQWHUHVW��5HFXSHUDGR����GH�PDU]R�GH�������D�SDUWLU�GH�KWWSV���ZZZ�SLQWHUHVW�FRP�P[�
SLQ��������������������

&KXQJ�%����������3UR�3URFHVVLQJ�IRU�,PDJHV�DQG�&RPSXWHU�9LVLRQ�ZLWK�2SHQ&9���6ROXWLRQV�IRU�0HGLD�$UWLVWV�
DQG�&UHDWLYH�&RGHUV�_�%U\DQ�:&�&KXQJ�_�6SULQJHU��5HFXSHUDGR���GH�DEULO�GH�������D�SDUWLU�GH�KWWSV���
ZZZ�VSULQJHU�FRP�XV�ERRN��������������

&UHDWLYH�&RPPRQV�ȸ�$WWULEXWLRQ�6KDUH$OLNH�����8QSRUWHG�ȸ�&&�%<�6$�������V�bI����5HFXSHUDGR���GH�PDU]R�
GH�������D�SDUWLU�GH�KWWSV���FUHDWLYHFRPPRQV�RUJ�OLFHQVHV�E\�VD�����

*LEE��$�� ��������%XLOGLQJ�2SHQ�6RXUFH�+DUGZDUH��',<�0DQXIDFWXULQJ� IRU�+DFNHUV�DQG�0DNHUV��$GGLVRQ�
:HVOH\�3URIHVVLRQDO�

+DGKD]\��$GDP�����������&X£OHV�VRQ�ORV�O¯PLWHV�GH�OD�YLVLµQ�KXPDQD"�5HFXSHUDGR����GH�PDU]R�GH�������D�
SDUWLU�GH�KWWS���ZZZ�EEF�FRP�PXQGR�QRWLFLDV���������������BYHUWBIXWBYLVLRQBOLPLWHVBOS
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.UHPHUV�� -��� %DUDDV�� 5�� &��� \� 0DUVKDOO�� 1�� -�� �(GV���� �������� +XPDQ� &RORU� 9LVLRQ�� 6SULQJHU� ,QWHUQDWLRQDO�
3XEOLVKLQJ��5HFXSHUDGR�D�SDUWLU�GH���ZZZ�VSULQJHU�FRP�OD�ERRN��������������

/DVDQFH�� &�� -��0��� \� 3RSSH�� $�� �������� 7KHUPDO�0DQDJHPHQW� IRU� /('� $SSOLFDWLRQV�� 6SULQJHU� 6FLHQFH� \�
%XVLQHVV�0HGLD�

0DUNRYL฀��'���\�%URGHUVHQ��5��:����������'63�$UFKLWHFWXUH�'HVLJQ�(VVHQWLDOV��6SULQJHU�86��5HFXSHUDGR�D�
SDUWLU�GH���ZZZ�VSULQJHU�FRP�XV�ERRN��������������

0HVD��5��5���\�5LYHUR��3��7�� ���������SWLFD�SDUD�HO�FLUXMDQR�IDFR�UHIUDFWLYR��0RQRJUDI¯DV�6(&2,5��(OVHYLHU�
(VSD³D�

0RQWHUR��$��&����������(OHFWUµQLFD��(GLWH[�
0X³R]��9��-��(����������$SUHQGLHQGR�D�SURJUDPDU�SDVR�D�SDVR�FRQ�&��9LFHQWH�-DYLHU�(VODYD�0X³R]�
2]FHOLN��=���7DVWLPXU��&���.DUDNRVH��0���\�$NLQ��(����������$�YLVLRQ�EDVHG�WUDIILF�OLJKW�GHWHFWLRQ�DQG�UHFRJQLWLRQ�

DSSURDFK� IRU� LQWHOOLJHQW� YHKLFOHV�� (Q� ����� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� &RPSXWHU� 6FLHQFH� DQG�
(QJLQHHULQJ��8%0.���SS������������KWWSV���GRL�RUJ���������8%0.�������������

3DFR���������&RSDURPDQ��/HG�5*%��5HFXSHUDGR�D�SDUWLU�GH�KWWS���FRSDURPDQ�EORJVSRW�FRP���������OHG�
UJE�KWPO

3DQ��7���\�=KX��<����������'HVLJQLQJ�(PEHGGHG�6\VWHPV�ZLWK�$UGXLQR��$�)XQGDPHQWDO�7HFKQRORJ\�IRU�0DNHUV��
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