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6H�VXHOH�GHFLU�TXH�ODV�FRVDV�QR�VH�GHPXHVWUDQ�FRQ�SDODEUDV�VLQR�FRQ�KHFKRV��
HVR� HV� DOJR� TXH� PH� KDEpLV� FRQILUPDGR� GXUDQWH� WRGRV� HVWRV� DxRV� PHGLDQWH�
YXHVWUR� DSR\R�� JUDFLDV� GH� FRUD]yQ� D� WRGDV� ODV� SHUVRQDV� TXH� PH� KDQ�
DFRPSDxDGR��6LHPSUH�KDEpLV�HVWDGR�DKt��HQ�ORV�PRPHQWRV�EXHQRV�\�VREUH�WRGR�
FXDQGR�PiV�RV�QHFHVLWDED��HQ�ORV�LQVWDQWHV�HQ�ORV�TXH�VH�FDPLQD�D�OD�GHULYD��HQ�
DTXHOORV�PRPHQWRV�HQ�ORV�TXH�FUHpLV�HQ�Pt�LQFOXVR�FXiQGR�QL�\R�PLVPR�OR�KDJR��
HQ�ODV�VLWXDFLRQHV�HQ�ODV�TXH�FDLJR�\�YXHVWUD�PDQR�PH�OHYDQWD��+HPRV�YHQFLGR�
MXQWRV�D�WRGRV�ORV�REVWiFXORV��D�ORV�LPSUHYLVWRV��D�OD�DQVLHGDG�H�LQFOXVR�D�XQD�
SDQGHPLD�PXQGLDO��\�OR�PHMRU�HV�TXH�VHJXLPRV�OXFKDQGR��ULHQGR�\�HQFLPD�VRPRV�
PiV�IXHUWHV��\�QR��QR�KDEOR�VROR�GH�ORV�TXH�VLJXHQ�D�PL�ODGR��LQFOX\R�WDPELpQ�D�
ODV�SHUVRQDV�TXH�\D�QR�HVWiQ��SHUR�VLHPSUH�IRUPDUiQ�SDUWH�GH�Pt��*UDFLDV��

4XLHUR�PRVWUDU�PL� DJUDGHFLPLHQWR� D�PL� GLUHFWRU� \� WXWRU� GH� WHVLV� GRQ�(GXDUGR�
&DVLODUL�3pUH]�� HO� SULQFLSDO� ³FXOSDEOH´� GH�TXH�HVWH� WUDEDMR� VH� KD\D�HODERUDGR��
'XUDQWH�WRGRV�HVWRV�DxRV��GH�SULQFLSLR�D�ILQ��PH�KD�DSR\DGR�\�GHPRVWUDGR�VX�
SURIHVLRQDOLGDG��JHQHURVLGDG��LOXVLyQ�\�JDQDV�GH�WUDEDMDU��*UDFLDV�SRU�OD�LQILQLWD�
SDFLHQFLD�TXH�KDV�WHQLGR�FRQPLJR��WRGRV�WXV�FRQVHMRV�\�SRU�KDEHUPH�DQLPDGR�
HQ�WRGR�PRPHQWR�D�DYDQ]DU�\�ILQDOL]DU�HVWD�WHVLV��7DPELpQ�TXLHUR�KDFHU�PHQFLyQ�
HVSHFLDO�D�GRQ�-RVp�0DQXHO�&DQR�*DUFtD��JUDFLDV�SRU�WX�FRODERUDFLyQ�\�D\XGD�
VLHPSUH� TXH� OR� KH� QHFHVLWDGR�� -DPiV� RV� SRGUp� H[SUHVDU� WRGD� PL� JUDWLWXG� \�
DGPLUDFLyQ��

*UDFLDV�D�PL�IDPLOLD�SRU�VLHPSUH�HVWDU�DKt�\�FRQILDU�HQ�Pt��SRU�GDUPH�iQLPRV�\�
FDULxR�HQ�WRGR�PRPHQWR��SRU�VHU�PL�DSR\R��*UDFLDV�SRU�UHFRUGDUPH�GyQGH�HVWi�
HVD�IXHU]D�\�HVD�FDOPD�TXH�D�YHFHV�SLHUGR�\�ROYLGR��VLQ�YRVRWURV�HVWR�QR�KDEUtD�
VLGR�SRVLEOH��

*UDFLDV�WDPELpQ�D�WRGRV�PLV�DPLJRV�\�DPLJDV��SRU�FUHHU�HQ�Pt��SRU�D\XGDUPH�D�
GHVFRQHFWDU��SRU�ODV�ULVDV��SRU�ODV�FKDUODV�ILORVyILFDV�\�WDPELpQ�SRU�ODV�DEVXUGDV��
SRU�KDFHUPH�VHQWLU�DFRPSDxDGR�HQ�WRGR�PRPHQWR��(VWH�WUDEDMR�WDPELpQ�WLHQH�
XQ�SRFR�GH�FDGD�XQR�GH�YRVRWURV��

7DPELpQ�DJUDGHFHU�GH�QXHYR�D�PL�IDPLOLD�\�DPLJRV�SRU�KDEHU�SDUWLFLSDGR�HQ�PLV�
³ORFRV´� H[SHULPHQWRV� UHSLWLHQGR� HO� PLVPR� PRYLPLHQWR� LQILQLGDG� GH� YHFHV� H�
LQFOXVR�WLUiQGRRV�SRUTXH�QHFHVLWDED�FDtGDV��80$)DOO�H[LVWH�JUDFLDV�D�YRVRWURV��

3RU�~OWLPR��TXLHUR�DJUDGHFHU�DO�'HSDUWDPHQWR�GH�7HFQRORJtD�\�D�OD�8QLYHUVLGDG�
GH�0iODJD�SRU�OD�RSRUWXQLGDG�GH�UHDOL]DU�HVWH�WUDEDMR�\�KDEHU�SRGLGR�SDUWLFLSDU�
HQ� pO�� $Vt� PLVPR�� D� ORV� GLIHUHQWHV� RUJDQLVPRV� TXH� KDQ� ILQDQFLDGR� SDUWH� GHO�
SUR\HFWR�GHO�TXH�KD�IRUPDGR�SDUWH�HVWH�WUDEDMR��ORV�)RQGRV�)('(5��FRQ�EHFD�
80$���)('(5-$�������OD�-XQWD�GH�$QGDOXFtD��EHFD�3$,',�3���57�������\�OD�
8QLYHUVLGDG�GH�0iODJD��&DPSXV�GH�([FHOHQFLD�,QWHUQDFLRQDO�$QGDOXFtD�7HFK��
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/DV�FDtGDV�VRQ�OD�VHJXQGD�FDXVD�PXQGLDO�GH�PXHUWH�SRU�OHVLRQHV�DFFLGHQWDOHV�

R�QR�LQWHQFLRQDOHV�VHJ~Q�OD�2UJDQL]DFLyQ�0XQGLDO�GH�OD�6DOXG��(Q�HVWH�FRQWH[WR��

FDEH�GHVWDFDU�TXH�ODV�SHUVRQDV�PD\RUHV�GH����DxRV�WLHQHQ�XQ�PD\RU�ULHVJR�GH�

VXIULU� HVWH� WLSR� GH� DFFLGHQWHV�� (VWRV� GDWRV�� XQLGRV� DO� HQYHMHFLPLHQWR� GH� OD�

SREODFLyQ�� FRQYLHUWHQ� ODV� FDtGDV� HQ� XQR� GH� ORV�PD\RUHV� SUREOHPDV� GH� VDOXG�

S~EOLFD�DFWXDOHV��SRU�WDQWR��UHVXOWD�GH�YLWDO�LPSRUWDQFLD�HQFRQWUDU�VROXFLRQHV�TXH�

D\XGHQ�D�SDOLDU� ORV�JUDYHV�SUREOHPDV�RULJLQDGRV�SRU� HVWDV��(O� DYDQFH�GH� ORV�

GLVSRVLWLYRV�³YHVWLEOHV´�\�VX�LQFRUSRUDFLyQ�HQ�QXHVWUR�GtD�D�GtD�FRQYLHUWH�D�HVWD�

WHFQRORJtD�HQ�XQD�VROXFLyQ�LQWHUHVDQWH�SDUD�DSOLFDUOD�DO�iPELWR�GH�HVWXGLR�GH�ODV�

FDtGDV�� (Q� HO� SUHVHQWH� WUDEDMR� VH� UHDOL]D� XQ� HVWXGLR� \� DQiOLVLV� GH� VLVWHPDV�

YHVWLEOHV� GH� GHWHFFLyQ� GH� FDtGDV�� GHVFULELHQGR� ODV� GLIHUHQWHV� FRQWULEXFLRQHV�

FLHQWtILFDV� DSRUWDGDV� D� HVWH� FDPSR� GH� PDQHUD� WHPiWLFD� \� FURQROyJLFD�� (Q�

FRQFUHWR��VH�H[SRQH�HQ�SULPHU�OXJDU�OD�FUHDFLyQ�GH�XQ�UHSRVLWRULR�S~EOLFR��TXH�

LQFOX\H�PRYLPLHQWRV�GH�OD�YLGD�FRWLGLDQD�\�FDtGDV��FRQ�HO�REMHWLYR�GH�SURYHHU�D�OD�

FRPXQLGDG� FLHQWtILFD� GH� XQD� KHUUDPLHQWD� FRQ� OD� TXH� SRGHU� DQDOL]DU�

VLVWHPiWLFDPHQWH�GLIHUHQWHV�DVSHFWRV�\�WpFQLFDV�UHODFLRQDGRV�FRQ�OD�GHWHFFLyQ��

3RVWHULRUPHQWH��GHELGR�D�OD�DSDULFLyQ�GH�GLIHUHQWHV�UHSRVLWRULRV�HQ�OD�OLWHUDWXUD��

VH�UHYLVDQ�HVWDV�EDVHV�GH�GDWRV�\�VH�LQYHVWLJDQ�ORV�SUREOHPDV�RULJLQDGRV�SRU�OD�

KHWHURJHQHLGDG�H[LVWHQWH� \� OD� LQH[LVWHQFLD� GH�XQD�QRUPDOL]DFLyQ�D� OD�KRUD�GH�

FUHDU�HVWH�WLSR�GH�datasets��&RQVHFXWLYDPHQWH��VH�DQDOL]DQ�\�HYDO~DQ�GLIHUHQWHV�

SURFHGLPLHQWRV� GH�GHWHFFLyQ�GH� FDtGDV�GH�PHQRU� D�PD\RU� FRPSOHMLGDG�� WDOHV�

FRPR�DOJRULWPRV�GH�GHWHFFLyQ�GH�FDtGDV�EDVDGRV�HQ�XPEUDOHV��DOJRULWPRV�GH�

DSUHQGL]DMH� DXWRPiWLFR�� WDQWR� GH� DSUHQGL]DMH� VXSHUYLVDGR� �FRQVLGHUDQGR� ODV�

HVWUDWHJLDV�PiV�FRPXQHV�GH�machine learning��FRPR�GHWHFWRUHV�GH�DQRPDOtDV��

DVt� FRPR� WpFQLFDV� GH� DSUHQGL]DMH� SURIXQGR� FRPR� ODV� UHGHV� QHXURQDOHV�



FRQYROXFLRQDOHV�� GHPRVWUDQGR� TXH� H[LVWHQ� DUTXLWHFWXUDV� GH� FODVLILFDFLyQ� TXH�

SURSRUFLRQDQ� XQ� JUDQ� UHQGLPLHQWR� D� OD� KRUD� GH� GLVFHUQLU� HQWUH� FDtGDV� \�

PRYLPLHQWRV�FRWLGLDQRV��$VLPLVPR��VH�HVWXGLD�HO�HIHFWR�TXH�SURYRFD�OD�SRVLFLyQ�

\�Q~PHUR�GH�VHQVRUHV�XWLOL]DGRV��ORV�HVWDGtVWLFRV�XWLOL]DGRV�FRPR�FDUDFWHUtVWLFDV�

GH� HQWUDGD� GH� ORV� DOJRULWPRV� X� RWURV� IDFWRUHV� FRPR� ORV� UDVJRV� ItVLFRV� GH� ORV�

VXMHWRV�TXH�SDUWLFLSDQ�HQ�ORV�UHSRVLWRULRV��OD�IUHFXHQFLD�GH�PXHVWUHR�R�OD�WLSRORJtD�

GH�ORV�PRYLPLHQWRV�TXH�VH�XWLOL]DQ�D�OD�KRUD�GH�HQWUHQDU�\�WHVWHDU�ORV�DOJRULWPRV��

DVt�FRPR�ODV�SUHVWDFLRQHV�REWHQLGDV�DO�HQWUHQDU�\� WHVWHDU�FRQ�EDVHV�GH�GDWRV�

FUX]DGDV�� HVWR� HV�� FRQ� WUD]DV� GH� PRYLPLHQWRV� SURYHQLHQWHV� GH� UHSRVLWRULRV�

GLIHUHQWHV�
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)DOOV� DUH� WKH� ZRUOG
V� VHFRQG� SULQFLSDO� FDXVH� RI� GHDWK� IURP� DFFLGHQWDO� RU�

XQLQWHQWLRQDO�LQMXULHV�DFFRUGLQJ�WR�WKH�:RUOG�+HDOWK�2UJDQL]DWLRQ��,Q�WKLV�FRQWH[W��

LW�VKRXOG�EH�QRWHG�WKDW�SHRSOH�RYHU����KDYH�D�JUHDWHU�ULVN�RI�VXIIHULQJ�WKLV�W\SH�RI�

DFFLGHQW��7KHVH�GDWD��WRJHWKHU�ZLWK�WKH�DJLQJ�RI�WKH�SRSXODWLRQ��PDNH�IDOOV�RQH�RI�

WKH�JUHDWHVW�FXUUHQW�SXEOLF�KHDOWK�SUREOHPV��WKHUHIRUH��LW�LV�IXQGDPHQWDOO\�WR�ILQG�

VROXWLRQV� WKDW� KHOS� UHOLHYH� WKH� VHULRXV� SUREOHPV� FDXVHG� E\� WKHP�� 7KH�

DGYDQFHPHQW�RI�ZHDUDEOH�GHYLFHV�DQG�WKHLU�LQFRUSRUDWLRQ�LQWR�RXU�GDLO\�OLYHV�WXUQV�

WKLV�WHFKQRORJ\�LQWR�DQ�LQWHUHVWLQJ�VROXWLRQ�WR�DSSO\�WR�WKH�ILHOG�RI�UHVHDUFK�RI�IDOOV��

,Q� WKH�SUHVHQW�ZRUN�D�VWXG\�DQG�DQDO\VLV�RI�ZHDUDEOH� IDOO�GHWHFWLRQ�V\VWHPV� LV�

FDUULHG�RXW��GHVFULELQJ�WKH�GLIIHUHQW�VFLHQWLILF�FRQWULEXWLRQV�PDGH�WR�WKLV�ILHOG�LQ�D�

WKHPDWLF� DQG� FKURQRORJLFDO� ZD\�� 6SHFLILFDOO\�� ILUVWO\�� WKH� FUHDWLRQ� RI� D� SXEOLF�

UHSRVLWRU\�LV�H[SRVHG��ZKLFK�LQFOXGHV�PRYHPHQWV�RI�GDLO\�OLIH�DQG�IDOOV��ZLWK�WKH�

JRDO�RI�SURYLGLQJ�WKH�VFLHQWLILF�FRPPXQLW\�ZLWK�D�WRRO�ZLWK�ZKLFK�WR�V\VWHPDWLFDOO\�

DQDO\VH�GLIIHUHQW�DVSHFWV�DQG�WHFKQLTXHV�UHODWHG�WR�WKH�GHWHFWLRQ��6XEVHTXHQWO\��

GXH�WR�WKH�DSSHDUDQFH�RI�GLIIHUHQW�UHSRVLWRULHV�LQ�WKH�OLWHUDWXUH��WKHVH�GDWDEDVHV�

DUH� UHYLHZHG��DQG� WKH�SUREOHPV�FDXVHG�E\� WKH�H[LVWLQJ�KHWHURJHQHLW\�DQG� WKH�

ODFN� RI� VWDQGDUGL]DWLRQ� ZKHQ� FUHDWLQJ� WKLV� W\SH� RI� GDWDVHWV� DUH� LQYHVWLJDWHG��

&RQVHFXWLYHO\��GLIIHUHQW� IDOO�GHWHFWLRQ�SURFHGXUHV�DUH�H[DPLQHG�DQG�HYDOXDWHG�

IURP� ORZHU� WR� KLJKHU� FRPSOH[LW\�� VXFK� DV� WKUHVKROG�EDVHG� IDOO� GHWHFWLRQ�

DOJRULWKPV��PDFKLQH�OHDUQLQJ�DOJRULWKPV��ERWK�VXSHUYLVHG�OHDUQLQJ��FRQVLGHULQJ�

WKH�PRVW�FRPPRQ�PDFKLQH�OHDUQLQJ�VWUDWHJLHV��DQG�GHWHFWRUV��RI�DQRPDOLHV��DV�

ZHOO�DV�GHHS�OHDUQLQJ�WHFKQLTXHV�VXFK�DV�FRQYROXWLRQDO�QHXUDO�QHWZRUNV��VKRZLQJ�



WKDW�WKHUH�DUH�FODVVLILFDWLRQ�DUFKLWHFWXUHV�WKDW�SURYLGH�JUHDW�SHUIRUPDQFH�ZKHQ�LW�

FRPHV�WR�GLVFHUQLQJ�EHWZHHQ�IDOOV�DQG�DFWLYLWLHV�RI�GDLO\�OLYLQJ��/LNHZLVH��WKH�HIIHFW�
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���À�����ͳǤ�����������×��
$FWXDOPHQWH��OD�SREODFLyQ�PXQGLDO��\�HQ�HVSHFLDO��HQ�ORV�SDtVHV�GH�GHVDUUROOR��YLYH�XQ�

HYLGHQWH�SURFHVR�GH�HQYHMHFLPLHQWR��OD�HVSHUDQ]D�GH�YLGD�DXPHQWD�\�OD�WDVD�GH�QDWDOLGDG�

GLVPLQX\H��6HJ~Q�DOJXQRV�HVWXGLRV��VH�SURQRVWLFD�TXH�HQWUH�ORV�DxRV�������\�������OD�

SREODFLyQ�HQ�HO�PXQGR�FRQ�XQD�HGDG�VXSHULRU�D����DxRV�SDVDUi�GH�VHU�����PLOORQHV�D�

������PLOORQHV�GH�SHUVRQDV��OR�TXH�HQ�WpUPLQRV�SRUFHQWXDOHV�VXSRQGUi�WUDQVLWDU�GHVGH�

XQ�����D�XQ�����GHO� WRWDO�GH� ORV�KDELWDQWHV�GH� OD�7LHUUD� >�@��(VWH�FDPELR�VRFLDO�HVWi�

GDQGR�OXJDU�D�XQD�VHULH�GH�GHVDItRV�D�ORV�TXH�VH�GHEH�KDFHU�IUHQWH�SDUD�FRQVHJXLU�XQ�

DXPHQWR�HQ�OD�FDOLGDG�GH�YLGD�GH�ORV�FLXGDGDQRV�GH�PD\RU�HGDG��(O�SUHVHQWH�HVWXGLR�VH�

FHQWUD�HQ�XQR�GH� ORV�PD\RUHV�SUREOHPDV�GH� OD� VDOXG�S~EOLFD�D� OD�TXH� VH�HQIUHQWD� OD�

VRFLHGDG��ODV�FDtGDV��

/DV�FDtGDV��GHILQLGDV�SRU� OD�2UJDQL]DFLyQ�0XQGLDO�GH� OD�6DOXG� �206��FRPR�³VXFHVRV�

LQYROXQWDULRV�TXH�KDFHQ�SHUGHU�HO�HTXLOLEULR�\�GDU�FRQ�HO�FXHUSR�HQ�HO�VXHOR�R�HQ�RWUD�

VXSHUILFLH� ILUPH� TXH� OR� GHWHQJD´� >�@�� VH� HQFXHQWUDQ� HVWXGLDGDV� \� FDWDORJDGDV� HQ� HO�

GRFXPHQWR�³&ODVLILFDFLyQ�,QWHUQDFLRQDO�GH�(QIHUPHGDGHV´��,&'���UHGDFWDGR�SRU�OD�SURSLD�

206�FRQ�HO�SURSyVLWR�GH�HVWDEOHFHU�XQD�VLVWHPDWL]DFLyQ�\�FRGLILFDFLyQ�GH�HQIHUPHGDGHV��

&RQFUHWDPHQWH��HQ� OD� YHUVLyQ�DFWXDOPHQWH�HQ�XVR� �,&'����� ODV� FDtGDV�VH�HQFXHQWUDQ�

FRGLILFDGDV�FRPR�:���:���GHQWUR�GHO�DSDUWDGR�³&DXVDV�H[WHUQDV�GH�PRUELOLGDG´�>���@��

6XIULU�XQD�FDtGD�SXHGH�RFDVLRQDU�FRQVHFXHQFLDV�OHYHV�FRPR�KHPDWRPDV�R�FRQWXVLRQHV��

SHUR� WDPELpQ� SXHGH� GHULYDU� HQ� VLWXDFLRQHV�PiV� JUDYHV� \� SHOLJURVDV� FRPR� IUDFWXUDV��

GHVyUGHQHV�SVLFROyJLFRV��R�HQ�HO�SHRU�GH�ORV�FDVRV��OD�PXHUWH�

/D�206�DGYLHUWH�TXH�ODV�FDtGDV�VRQ�OD�VHJXQGD�FDXVD�PXQGLDO�GH�PXHUWH�SRU�OHVLRQHV�

DFFLGHQWDOHV�R�QR�LQWHQFLRQDOHV�>�@��&DGD�DxR�VH�SURGXFHQ�DOUHGHGRU�GH������PLOORQHV�GH�

FDtGDV�FX\D�JUDYHGDG�UHTXLHUH�DWHQFLyQ�PpGLFD��6H�HVWLPD�TXH�DQXDOPHQWH�IDOOHFHQ�HQ�

WRGR�HO�PXQGR�XQDV���������SHUVRQDV�FRPR�FRQVHFXHQFLD�GH�FDtGDV�>���@��8Q�KHFKR�
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PiV�TXH�SUREDGR�HV�TXH�VRQ� ODV�SHUVRQDV�PD\RUHV�GH����DxRV� ODV�PiV�SURFOLYHV�D�

SDGHFHU�HVWH�WLSR�GH�DFFLGHQWHV��$SUR[LPDGDPHQWH�HO��������GH�SHUVRQDV�GH�PiV�GH�

���DxRV�VXIUH�DOJXQD�FDtGD�FDGD�DxR��DXPHQWDQGR�GLFKR�SRUFHQWDMH�FRQ�OD�HGDG��SXHV�

VH�FRQYLHUWH�HQ��������SDUD�SHUVRQDV�GH�PiV�GH����>�@��$VLPLVPR��DSDUWH�GH�HVWH�JUXSR�

HWDULR�� H[LVWHQ� FROHFWLYRV� GH� ULHVJR�� TXH� HVWiQ� H[SXHVWRV� D� VXIULU� FDtGDV� GXUDQWH� VX�

WLHPSR� ODERUDO�R�GH�RFLR��FLFOLVWDV��PRQWDxHURV��ERPEHURV��DQWHQLVWDV��HWF���\�SDUD� ORV�

TXH�SXHGH�UHVXOWDU�GH�JUDQ�LQWHUpV�XQD�WHFQRORJtD�TXH�DIURQWH�HVWH�SUREOHPD��

(Q�HVWH�FRQWH[WR��UHVXOWD�GH�YLWDO�LPSRUWDQFLD�OD�UDSLGH]�FRQ�TXH�XQD�SHUVRQD�DFFLGHQWDGD�

WUDV�XQD�FDtGD�HV�VRFRUULGD��SXHV�OD�SRVLEOH�GHPRUD�HQ�OD�DVLVWHQFLD�HVWi�IXHUWHPHQWH�

FRUUHODFLRQDGD� FRQ� ODV� VHFXHODV� ItVLFDV� SURYRFDGDV�SRU� HO� DFFLGHQWH� R� LQFOXVR� FRQ� OD�

SUREDELOLGDG�GH�VREUHYLYLU�>�@��(Q�HO�JUXSR�GH�ODV�SHUVRQDV�PD\RUHV��HVWD�FLUFXQVWDQFLD�

SXHGH� DJUDYDU� HO� SUREOHPD� GH� ODV� FDtGDV� \D� TXH� XQD� HOHYDGD� SURSRUFLyQ� GH� HVWRV�

FLXGDGDQRV�YLYHQ�VRORV��GH�IRUPD�TXH��VL�RFXUUH�XQ�DFFLGHQWH��SXHGH�UHVXOWDU�GLItFLO�DOHUWDU�

D�XQ�FXLGDGRU��XQ�IDPLOLDU��SHUVRQDO�VDQLWDULR��HWF���SDUD�TXH�OH�EULQGH�D\XGD��

$GHPiV�GH�ODV�OHVLRQHV�ItVLFDV��ODV�FDtGDV�VRQ�XQD�IXHQWH�LPSRUWDQWH�GH�WHPRU�\�SpUGLGD�

GH�LQGHSHQGHQFLD�HQ�ODV�SHUVRQDV�PD\RUHV��'H�KHFKR��H[LVWH�XQ�VtQGURPH�HVSHFtILFR�

SDUD�SHUVRQDV�PD\RUHV�GHQRPLQDGR�6tQGURPH�GH�7HPRU�D�&DHUVH��67$&��R�HQ�LQJOpV�

Fear Of Fall��)2)��syndrome�TXH�VH�GHILQH�SRU�HO�FRQMXQWR�GH�VtQWRPDV�TXH�H[SHULPHQWD�

XQD�SHUVRQD��TXH�QRUPDOPHQWH�\D�KD�H[SHULPHQWDGR�XQ�DFFLGHQWH��SRU�HO�PLHGR�D�YROYHU�

D�FDHU�>�@��$Vt��HV�IUHFXHQWH�TXH��WUDV�VXIULU�XQD�FDtGD��LQFOXVR�OHYH���XQ�SDFLHQWH�SXHGD�

VXIULU�XQD�GLVPLQXFLyQ�GH�VX�FRQILDQ]D�\�FRQ�HOOR�XQD�UHGXFFLyQ�GH�OD�PRYLOLGDG�HQ�VX�GtD�

D�GtD��SURYRFDQGR��FRQ�HO�WUDQVFXUVR�GHO�WLHPSR��XQD�SpUGLGD�GH�VX�FDSDFLGDG�IXQFLRQDO��

PD\RU� GHSHQGHQFLD� GH� WHUFHURV�� LQJUHVRV� KRVSLWDODULRV�� DQVLHGDG�� QHXURWLFLVPR�

�LQHVWDELOLGDG�HPRFLRQDO��H�LQFOXVR�HO�IDOOHFLPLHQWR�>��@��

(VWH�PLHGR�D�ODV�FDtGDV�UHSHUFXWH�HQ�OD�SURSLD�UHFXUUHQFLD�GH�FDtGDV��VHJ~Q�HVWXGLRV��

FRPR�SRU�HMHPSOR�H[SOLFD�0DVXG�HW�DO��HQ�>�@��ODV�SHUVRQDV�TXH�KDQ�VXIULGR�XQD�SULPHUD�

FDtGD� WLHQHQ�XQD�SUREDELOLGDG�PD\RU�GHO�����GH�YROYHU�D�H[SHULPHQWDU�GH�QXHYR�XQD�

VHJXQGD�FDtGD�GXUDQWH�HO�DxR�LQPHGLDWDPHQWH�SRVWHULRU�DO�SHUFDQFH��

7RGRV�HVWRV�GDWRV�LQGLFDQ�TXH�HV�SULRULWDULR�HQFRQWUDU�VROXFLRQHV�\�OOHYDUODV�D�FDER�SDUD�

SDOLDU�ORV�JUDYHV�SUREOHPDV�GHULYDGRV�GH�ODV�FDtGDV�TXH�DIHFWDQ�D�OD�VRFLHGDG��(Q�HVWH�

HQWRUQR�VRFLRFXOWXUDO��QR�SRGHPRV�ROYLGDU�TXH�OD�WHFQRORJtD�IRUPD�SDUWH�GH�OD�YLGD�GH�ORV�

VHUHV�KXPDQRV�\�TXH�XQ�JUDQ�Q~PHUR�GH�GLVSRVLWLYRV�QRV�DFRPSDxDQ�HQ�QXHVWUR�GtD�D�

GtD�IDFLOLWDQGR�JUDQ�FDQWLGDG�GH�WDUHDV��DGHPiV�GH�SHUPLWLU�OD�UHFRSLODFLyQ�GH�LQILQLGDG�
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GH�LQIRUPDFLyQ�\�OD�SRVLELOLGDG�GH�SHUPDQHFHU�FRPXQLFDGRV�VLQ�LPSRUWDU�OD�GLVWDQFLD��6X�

XWLOL]DFLyQ�SXHGH�VHU�XQD�VROXFLyQ�LQWHUHVDQWH�HQ�HO�FDPSR�GH�HVWXGLR�GH�ODV�FDtGDV��

ͳǤͳǤ�����������������

/D�XWLOL]DFLyQ�GH�OD�WHFQRORJtD�HQ�HVWH�iPELWR�GH�HVWXGLR�HV�XQ�UHFXUVR�LQWHUHVDQWH�SDUD�

WUDWDU�GH�UHGXFLU�ORV�SHOLJURV�DVRFLDGRV�D�ODV�FDtGDV��$XQTXH�HVWDV�VROXFLRQHV�QR�HYLWDQ�

ODV� SURSLDV� FDtGDV�� OOHYDQ� D� FDER� XQD� ODERU� TXH� DSRUWD� LQIRUPDFLyQ�PX\� LPSRUWDQWH��

GHWHFWDU�GH� IRUPD�DXWRPiWLFD� OD�FDtGD�GH�XQD�SHUVRQD��DOHUWDQGR�GHO�VXFHVR�RFXUULGR�

LQPHGLDWDPHQWH�\�DJLOL]DQGR�HO�WLHPSR�GH�UHVSXHVWD�SDUD�DX[LOLDU�D�OD�SHUVRQD�DIHFWDGD���

(Q�OD�DFWXDOLGDG�H[LVWHQ�GLVWLQWRV�VLVWHPDV�TXH�SUHWHQGHQ�VHUYLU�GH�D\XGD�SDUD�GLVPLQXLU�

ODV�FRQVHFXHQFLDV�GH�ODV�FDtGDV��VRQ�FRQRFLGRV�FRPR�VLVWHPDV�GH�GHWHFFLyQ�GH�FDtGDV�

R�)'6��Fall detection Systems���(Q�HVWH�VHQWLGR��HVWD�WHVLV�QR�HQWUD�D�DQDOL]DU�DTXHOORV�

VLVWHPDV�IRFDOL]DGRV�HQ�OD�SURSLD�SUHYHQFLyQ�R�DQiOLVLV�GHO�ULHVJR�GH�FDtGDV��VREUH�HVH�

WHPD��YpDVH��SRU�HMHPSOR�OD�UHYLVLyQ�GH�HVWXGLRV�SUHVHQWDGD�HQ�>��@���

/RV� )'6�� TXH� VH� SXHGHQ� FRQWHPSODU� FRPR� XQ� FDVR�PX\� HVSHFtILFR� GH� VLVWHPDV� GH�

UHFRQRFLPLHQWR� GH� DFWLYLGDGHV� R� +$5� �Human Activity Recognition�� systems�� VH� KDQ�

YHQLGR�FODVLILFDQGR�WUDGLFLRQDOPHQWH�HQ�GRV�JUDQGHV�JUXSRV��SRU�XQ�ODGR��VH�HQFXHQWUDQ�

ORV� VLVWHPDV� VHQVLEOHV� DO� FRQWH[WR� �context-aware system�� \� SRU� RWUR� ORV� VLVWHPDV�

YHVWLEOHV��wearable systems��>��@��

(O�SULPHU�JUXSR��ORV�VLVWHPDV�VHQVLEOHV�DO�FRQWH[WR��VH�EDVDQ�HQ�OD�XWLOL]DFLyQ�GH�XQD�UHG�

GH�VHQVRUHV�DPELHQWDOHV�ORFDOL]DGRV�HQ�HO�HQWRUQR�R�OXJDU�FRQFUHWR�GRQGH�VH�HQFRQWUDUi�

HO�SDFLHQWH��(Q�HVWH�HVWXGLR�QR�VH�XWLOL]DUi�HVWH�WLSR�GH�VLVWHPD�GHELGR�D�VXV�GHVYHQWDMDV��

HQWUH�ODV�TXH�VH�LQFOX\HQ��VX�DOWR�FRVWH�GH�LQVWDODFLyQ�\�PDQWHQLPLHQWR��VX�OLPLWDFLyQ�HQ�

FXDQWR� D� OD� ]RQD� GRQGH� HO� XVXDULR� SXHGH� VHU� PRQLWRUL]DGR�� OD� DOWD� SUREDELOLGDG� GH�

LQWHUIHUHQFLD�GH�IDFWRUHV�H[WHUQRV�FRPR�OX]��UXLGRV�\�OD�VHQVDFLyQ�SRU�SDUWH�GHO�SDFLHQWH�

GH� YXOQHUDELOLGDG� GH� VX� SULYDFLGDG� D� FDXVD� GH� OD� XWLOL]DFLyQ� GH� HOHPHQWRV� FRPR�

PLFUyIRQRV�R�FiPDUDV��

3RU�VX�SDUWH��ORV�VLVWHPDV�YHVWLEOHV�DSURYHFKDQ�VHQVRUHV�TXH�VH�LQWHJUDQ�FRQ�IDFLOLGDG�

HQ� OD� YHVWLPHQWD� R� LQGXPHQWDULD� GHO� SDFLHQWH�� GLFKRV� VHQVRUHV� VROR� PRQLWRUL]DQ�

QRUPDOPHQWH� PDJQLWXGHV� OLJDGDV� DO� PRYLPLHQWR� GHO� XVXDULR� FRPR� VX� DFHOHUDFLyQ� \�

YHORFLGDG� DQJXODU�� (VWH� WLSR� GH� VLVWHPDV� SUHVHQWD� DOJXQDV� YHQWDMDV� VREUH� ORV�

DQWHULRUPHQWH� FLWDGRV� \D� TXH� HOLPLQDQ� OD� UHVWULFFLyQ� HQ� FXDQWR� D� OD� ]RQD� GH�
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PRQLWRUL]DFLyQ� SXHV� DKRUD� ORV� VHQVRUHV� DFRPSDxDQ� VLHPSUH� DO� SDFLHQWH�� DGHPiV��

UHVXOWDQ�PHQRV�LQWUXVLYR�\�PiV�HFRQyPLFRV�\�UREXVWRV�IUHQWH�D�DOWHUDFLRQHV�SRU�IDFWRUHV�

DOWHUQRV��2WUD�YHQWDMD�HV�TXH�HQ�JUDQ�SDUWH�GH�HVWH�WLSR�GH�VLVWHPDV�VH�XWLOL]D�FRPR�EDVH�

R�QRGR�FHQWUDO�XQ�smartphone��HOHPHQWR�TXH�HQ�OD�DFWXDOLGDG�OD�PD\RUtD�GH�ODV�SHUVRQDV�

SRVHHQ��3RU�HMHPSOR��HQ������DOUHGHGRU�GHO�����GH�SHUVRQDV�PD\RUHV�GH����DxRV�HQ�

(VWDGRV�8QLGRV�\D�WHQtDQ�\�XWLOL]DEDQ�GLDULDPHQWH�HO�WHOpIRQR�PyYLO�PLHQWUDV�TXH�HO�����

SRVHtD�XQ�smartphone >��@��&DGD�DxR�HVWRV�SRUFHQWDMHV�WLHQGHQ�D�LQFUHPHQWDUVH��6HJ~Q�

VH�SUHGLFH�HQ�>��@�D�SDUWLU�GH�ORV�GDWRV�GH�>�����@�OD�SREODFLyQ�PD\RU�GH����DxRV�HQ�ORV�

SDtVHV�RFFLGHQWDOHV�XWLOL]DUi�PyYLO�SUiFWLFDPHQWH�HQ�VX� WRWDOLGDG�HQ� ORV�SUy[LPRV�GLH]�

DxRV���

&RPR� FRQVHFXHQFLD�� XQ� Q~PHUR� QR� GHVGHxDEOH� GH� ORV� HVWXGLRV� GLVSRQLEOHV� HQ� OD�

OLWHUDWXUD�XWLOL]DQ�HO�smartphone�FRPR�~QLFR�HOHPHQWR�GHO�VLVWHPD�GHWHFWRU�GH�FDtGDV��

WUDEDMDQGR� SRU� WDQWR� FRPR� VHQVRU�� QRGR� GH� SURFHVDPLHQWR� GH� GDWRV� \� VLVWHPD� GH�

FRPXQLFDFLyQ�>��������@��6LQ�HPEDUJR�DOJXQRV�WUDEDMRV�>��±��@�KDQ�GHPRVWUDGR�TXH�OD�

SRVLFLyQ� GHO� VHQVRU� TXH� PRQLWRUL]D� ORV� PRYLPLHQWRV� GHO� VXMHWR� HV� FUXFLDO� HQ� ODV�

SUHVWDFLRQHV�GHO�VLVWHPD�GH�GHWHFFLyQ�GH�FDtGDV��(Q�HVH�VHQWLGR��OD�SRVLFLyQ�QDWXUDO�GH�

XQ� smartphone� QR� UHVXOWD� VHU� PX\� DFRQVHMDEOH�� SXHV� KDELWXDOPHQWH� �VL� QR� HV�

WUDQVSRUWDGR�HQ�XQ�EROVR��VH�HQFXHQWUD�XELFDGR�HQ�XQ�EROVLOOR��MXQWR�DO�PXVOR��OXJDU�TXH�

SUHVHQWD�XQ�SUREOHPD�DxDGLGR��\D�TXH�VX�UHQGLPLHQWR�GHSHQGHUi�GH�VX�KROJXUD�\�SRU�

WDQWR�GH�OD�OLEHUWDG�GH�PRYLPLHQWR�GHO�WHOpIRQR�GHQWUR�GHO�SURSLR�EROVLOOR��3DUD�FDUDFWHUL]DU�

OD�PRYLOLGDG� GH� XQD� SHUVRQD�� VH� VXHOH� UHFRPHQGDU� DMXVWDU� DO� FXHUSR� DO� GLVSRVLWLYR� \�

XELFDUOR�HQ�SRVLFLRQHV�PiV�FHUFDQDV�DO�FHQWUR�GH�JUDYHGDG�GHO�FXHUSR�KXPDQR��FRPR�HO�

SHFKR� R� OD� FLQWXUD� >�����@�� VLQ� HPEDUJR�� HVWRV� QR� VRQ� OXJDUHV� QHFHVDULDPHQWH�

HUJRQyPLFRV�SDUD�FRORFDU�XQ�smartphone��SRU�OR�TXH�VH�VXJLHUH�HPSOHDU�VHQVRUHV�GH�XQ�

WDPDxR� UHGXFLGR� TXH� VH� LQFRUSRUHQ� D� OD� YHVWLPHQWD� GHO� SDFLHQWH�� (Q� HVWH� iPELWR� GH�

DFWXDFLyQ�� SRVHHQ� WDPELpQ� XQ� LQWHUpV� FUHFLHQWH� DTXHOORV� VLVWHPDV� )'6� EDVDGRV� HQ�

GLVSRVLWLYRV�wearables� FRPHUFLDOHV��PX\�HQ�SDUWLFXODU� ORV�TXH�DSURYHFKDQ� ORV� UHORMHV�

LQWHOLJHQWHV�R�VPDUWZDWFKHV��FDGD�YH]�PiV�H[WHQGLGRV�HQWUH�OD�SREODFLyQ�>��@��'H�KHFKR��

DOJXQRV�UHORMHV��FRPR�HO�$SSOH�:DWFK����\D�LQFRUSRUDQ�GH�IiEULFD�VLVWHPDV�GH�GHWHFFLyQ�

\�DOHUWD�DQWH�FDtGDV��DXQTXH�QR�HVSHFLILFDQ�ORV�DOJRULWPRV�HPSOHDGRV�QL�KDQ�UHSRUWDGR�

FODUDPHQWH�VX�ILDELOLGDG���

+R\�HQ�GtD�H[LVWH�JUDQ�YDULHGDG�GH�PRWDV�VHQVRUDV�TXH�SXHGHQ�VHU�XWLOL]DGDV�SDUD�HVWH�

FRPHWLGR��'LFKRV�GLVSRVLWLYRV�LQFRUSRUDQ�DFHOHUyPHWURV��JLUyVFRSRV�\�PDJQHWyPHWURV��
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DGHPiV�GH�LQFOXLU�FRPXQLFDFLyQ�LQDOiPEULFD�GH�FRUWR�DOFDQFH��%OXHWRRWK��=LJ%HH��HWF���

TXH�SXHGH�DSURYHFKDUVH�SDUD�HQYLDU�OD�LQIRUPDFLyQ�D�GLVSRVLWLYRV�FRQ�PD\RU�FDSDFLGDG�

GH�SURFHVDGR�FRPR�SRU�HMHPSOR�XQ�smartphone��(VWD�FRPELQDFLyQ�GH�GLVSRVLWLYRV�GD�

OXJDU�D�UHGHV�GH�iUHD�FRUSRUDO�PXOWLVHQVRU��FRQRFLGDV�HQ�LQJOpV�FRPR�Multisensor Body 

Area Networks��%$1V���$FWXDOPHQWH�HVWH�WLSR�GH�VLVWHPDV�HVWi�HQ�DXJH��SUXHED�GH�HOOR�

HV�HO�DXPHQWR�GH�HVWXGLRV�HQ�HVWH�iPELWR�GH�OD�OLWHUDWXUD��KDELpQGRVH�SXEOLFDGR�GLYHUVRV�

WUDEDMRV�TXH�HYDO~DQ�ODV�SUHVWDFLRQHV�GH�XQ�VLVWHPD�GH�FODVLILFDFLyQ�GH�DFWLYLGDGHV�GH�

OD�YLGD�GLDULD��$'/�R�Activities of Daily Living��\�R�GHWHFFLyQ�GH�FDtGDV�DO�XWLOL]DU�YDULRV�

VHQVRUHV� LQHUFLDOHV� XELFDGRV� HQ� GLIHUHQWHV� SDUWHV� GHO� FXHUSR� >�����±��@�� 3DUD� HVWH�

SURSyVLWR� HV� QHFHVDULR� HYDOXDU� VLVWHPiWLFDPHQWH� ORV� DOJRULWPRV� GH� FODVLILFDFLyQ��

UHSLWLHQGR�GLIHUHQWHV�SUXHEDV��YDULDQGR�ODV�WpFQLFDV�GH�GHWHFFLyQ�\�OD�SDUDPHWUL]DFLyQ�GH�

ORV�DOJRULWPRV��(V�SRU�HOOR�SRU�OR�TXH��HQ�OD�PD\RU�SDUWH�GH�ORV�WUDEDMRV�H[LVWHQWHV�HQ�OD�

OLWHUDWXUD�� VH� FUHDQ� UHSRVLWRULRV� �SXEOLFDGRV� R� QR�� FRQ� ODV�PHGLGDV� UHFRJLGDV� SRU� ORV�

VHQVRUHV�LQHUFLDOHV�DO�UHDOL]DU�GLIHUHQWHV�PRYLPLHQWRV��

&RQVHJXLU�PRQLWRUL]DU�XQD�FDtGD�UHDO�HV�XQD�WDUHD�GLItFLO��6H�HVWLPD�TXH�VHUtD�QHFHVDULR�

PRQLWRUL]DU�HQWUH�VHWHQWD�PLO�\�FLHQ�PLO�GtDV�OD�DFWLYLGDG�GH�SHUVRQDV�PD\RUHV�GH����DxRV�

SDUD� FDSWXUDU� XQDV� ���� FDtGDV� UHDOHV� >��@�� 3RU� HVWD� UD]yQ�� HO� SURFHGLPLHQWR� KDELWXDO�

OOHYDGR� D� FDER� HQ� OD� OLWHUDWXUD� HV� PRQLWRUL]DU� D� XQD� VHULH� GH� VXMHWRV�� FRP~QPHQWH�

SHUVRQDV�MyYHQHV�\�HQ�EXHQ�HVWDGR�GH�VDOXG��TXH�UHDOL]DQ�VLVWHPiWLFDPHQWH�\�VLJXLHQGR�

XQ� SODQ� SUHGHILQLGR�PRYLPLHQWRV� FRPXQHV� \� RWURV� HQ� ORV� TXH� VLPXODQ� FDHUVH�� (VWRV�

PRYLPLHQWRV� VXHOHQ� LQFOXLU� WDQWR� GLIHUHQWHV� DFWLYLGDGHV� WtSLFDV� GH� OD� YLGD� GLDULD� FRPR�

FDPLQDU��DJDFKDUVH��VHQWDUVH�R�OHYDQWDUVH�GH�XQD�VLOOD�R�XQD�FDPD��FRPR�OD�HPXODFLyQ�

GH�GLVWLQWRV�WLSRV�GH�FDtGDV��KDELWXDOPHQWH�VREUH�XQD�VXSHUILFLH�SURWHFWRUD�FRQ�HO�ILQ�GH�

HYLWDU� SRVLEOHV� OHVLRQHV���$�SHVDU�GH� OD�GLILFXOWDG� FRPHQWDGD�GH�JUDEDU� FDtGDV� UHDOHV�

VXIULGDV�SRU�SHUVRQDV�PD\RUHV��WDPELpQ�H[LVWHQ�HVWXGLRV�HQ�ORV�TXH�VH�KD�PRQLWRUL]DGR�

HO�GtD�D�GtD�GH�SHUVRQDV�DQFLDQDV�FRQ�HO�SURSyVLWR�GH�REWHQHU�OD�PD\RU�FDQWLGDG�GH�GDWRV�

HQ�HVFHQDULRV�\�VLWXDFLRQHV�UHDOHV�>��±��@��

(Q�JUDQ�SDUWH�GH� ORV�HVWXGLRV� LQFOXLGRV�HQ� OD� OLWHUDWXUD�� ORV�DXWRUHV�QR�SXEOLFDQ�HVWRV�

UHSRVLWRULRV�GH�PRYLPLHQWRV��OR�TXH�LPSLGH�TXH�RWURV�LQYHVWLJDGRUHV�SXHGDQ�XWLOL]DUORV�

SDUD�HVWXGLDU��DQDOL]DU�\�YDOLGDU�RWUDV�WpFQLFDV�GH�GHWHFFLyQ�GH�FDtGDV��$VLPLVPR��VH�KD�

GHWHFWDGR�TXH�QR�H[LVWH�XQD�SDXWD�D�VHJXLU�SDUD�FUHDU�HVWRV�datasets�� SRU� OR�TXH�VH�

PDQLILHVWD�XQD�JUDQ�KHWHURJHQHLGDG�HQWUH�HOORV�� WDQWR�SRU� OD� WLSRORJtD�GH�PRYLPLHQWRV�
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TXH�LQFRUSRUDQ��FRPR�SRU�ODV�FDUDFWHUtVWLFDV�GH�ORV�VHQVRUHV�FRQ�ORV�TXH�VH�KDQ�UHFRJLGR�

ORV�GDWRV��

3RU�RWUR� ODGR��HQ�FXDQWR�D� ODV� WpFQLFDV�XWLOL]DGDV�HQ� OD� OLWHUDWXUD�SDUD� OD�GHWHFFLyQ�GH�

FDtGDV� HQ� )'6� YHVWLEOHV�� SXHGHQ� KDOODUVH� GLIHUHQWHV� PHWRGRORJtDV� HQ� HVWH� WLSR� GH�

VLVWHPDV�� /DV� WpFQLFDV�PiV� VHQFLOODV� VH� IXQGDPHQWDQ� HQ� OD� XWLOL]DFLyQ� GH� DOJRULWPRV�

EDVDGRV�HQ�XPEUDOHV��)XQGDPHQWDOPHQWH�HVWDV�HVWUDWHJLDV�DVXPHQ� OD�RFXUUHQFLD�GH�

FDtGDV�VL�XQR�R�YDULRV�SDUiPHWURV�GHULYDGRV�GH�ODV�PHGLGDV�GH�ORV�VHQVRUHV�LQHUFLDOHV�

H[FHGH�XQ�GHWHUPLQDGR�YDORU��(VWH�WLSR�GH�DOJRULWPRV�VXHOHQ�SUHVHQWDU�SUREOHPDV�D�OD�

KRUD�GH�FODVLILFDU�$'/�FRQ�DOWRV�QLYHOHV�GH�DJLWDFLyQ��FRPR�SXHGHQ�VHU�XQ�PRYLPLHQWR�

GHSRUWLYR�WDO�FRPR�VDOWDU�R�FRUUHU�>��±��@��

2WUR�SURFHGLPLHQWR�HPSOHDGR�HQ�HVWH�iPELWR�HV� OD�XWLOL]DFLyQ�GH�WpFQLFDV�GH�machine 

learning�R�DSUHQGL]DMH�DXWRPiWLFR��(VWH�WLSR�GH�PpWRGRV�UHFRQRFH�SDWURQHV�D�SDUWLU�GH�

VHU� HQWUHQDGRV� FRQ� GDWRV�� SHUPLWLHQGR� FUHDU� PRGHORV� FDSDFHV� GH� FODVLILFDU� QXHYD�

LQIRUPDFLyQ� TXH� VH� OH� HQWUHJXH�� 6HJ~Q� GLYHUVRV� HVWXGLRV�� ORV� UHVXOWDGRV� GH� HVRV�

FODVLILFDGRUHV� VXHOHQ� VXSHUDU� FODUDPHQWH� D� ORV� REWHQLGRV� SRU� DOJRULWPRV� EDVDGRV� HQ�

XPEUDOHV� >��@�� 'HQWUR� GH� HVWH� JUXSR� GH� WpFQLFDV�� VH� HQFXHQWUDQ� ORV� DOJRULWPRV� GH�

DSUHQGL]DMH� VXSHUYLVDGR�� ORV� FXDOHV� UHTXLHUHQ� VHU� HQWUHQDGRV� FRQ� WRGRV� ORV� WLSRV� GH�

GDWRV�TXH�VH�GHVHD�FODVLILFDU��HQ�HO�FDVR�GH�HVWH�HVWXGLR�$'/�\�FDtGDV��\D�TXH�XQ�)'6�

SXHGH�FRPSUHQGHUVH�FRPR�XQ�VLVWHPD�GH�FODVLILFDFLyQ�ELQDULR���+D\�QXPHURVRV�HVWXGLRV�

TXH�XWLOL]DQ�HVWH�WLSR�GH�DOJRULWPRV�SDUD�OD�GHWHFFLyQ�GH�FDtGDV��YpDQVH�SRU�HMHPSOR�ODV�

UHIHUHQFLDV�HQ�>�����±��@���2WUDV�WpFQLFDV�GH�DSUHQGL]DMH�DXWRPiWLFR�LQWHUHVDQWHV�HQ�HO�

iPELWR�GH� OD�GHWHFFLyQ�GH�FDtGDV�VRQ� ORV�DOJRULWPRV�GH�GHWHFFLyQ�GH�DQRPDOtDV�R�GH�

FODVH�~QLFD��$�GLIHUHQFLD�GH�OR�TXH�RFXUUH�FRQ�ORV�PpWRGRV�GH�DSUHQGL]DMH�VXSHUYLVDGR�

HVWH�WLSR�GH�DOJRULWPRV�VROR�HV�HQWUHQDGR�FRQ�XQ�WLSR�GH�GDWR��GH�IRUPD�TXH��XQD�YH]�

FRQILJXUDGRV�� DTXHOORV� GDWRV� TXH� GLYHUMDQ� VXVWDQFLDOPHQWH� GH� ORV� XVDGRV� GXUDQWH�

DSUHQGL]DMH�VRQ�FODVLILFDGRV�FRPR�DQRPDOtDV��(VWD�FODVH�GH�DOJRULWPR�SXHGH�SUHVHQWDU�

YHQWDMDV� HQ� HO� FDPSR� GH� OD� GHWHFFLyQ� GH� FDtGDV�� \D� TXH� HYLWDUtDQ� OD� QHFHVLGDG� GH�

PRQLWRUL]DU�FDtGDV��ILQJLGDV�R�UHDOHV��SDUD�HQWUHQDU�HO�VLVWHPD��SXHV�VROR�QHFHVLWDUtDQ�

HQWUHQDU�FRQ�PRYLPLHQWRV�GH� WLSR�$'/� �PXFKR�PiV� IiFLOHV�GH�FDSWXUDU�� LQFOXVR�HQWUH�

SHUVRQDV�PD\RUHV���(Q�OD�OLWHUDWXUD�SXHGHQ�HQFRQWUDUVH�HVWXGLRV�TXH�XWLOL]DQ�HVWD�FODVH�

GH�DOJRULWPRV�SDUD�GHWHFWDU�FDtGDV�>�����@��

$VLPLVPR�� WDPELpQ�H[LVWHQ�RWURV�PpWRGRV�GH�FODVLILFDFLyQ�PiV�FRPSOHMRV�EDVDGRV�HQ�

DSUHQGL]DMH�SURIXQGR��(VWDV�WpFQLFDV��DO�FRQWUDULR�GH�OR�TXH�RFXUUH�FRQ�ORV�DOJRULWPRV�GH�
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DSUHQGL]DMH� FOiVLFR�� SHUPLWHQ� H[WUDHU� DXWRPiWLFDPHQWH� ODV� FDUDFWHUtVWLFDV� TXH�

UHSUHVHQWDQ� ORV� GDWRV� GH� ODV� SURSLDV� VHxDOHV� REWHQLGDV� SRU� ORV� VHQVRUHV� LQHUFLDOHV��

([LVWHQ�WDPELpQ�YDULRV�HVWXGLRV�HQ�OD�OLWHUDWXUD�TXH�KDFHQ�XVR�GH�HVWH�WLSR�GH�PpWRGRV��

FRQVLJXLHQGR�PX\�EXHQDV�SUHVWDFLRQHV�DO�GLVFHUQLU�HQWUH�FDtGDV�\�$'/�>��±��@��

(Q�OD�OLWHUDWXUD�WDPELpQ�VH�KDQ�HPSOHDGR�RWUDV�WpFQLFDV�SDUD�OD�GHWHFFLyQ�GH�FDtGDV�FRPR�

HO�SURFHVDPLHQWR�GH�HYHQWRV�FRPSOHMRV��&RPSOH[�(YHQW�3URFHVVLQJ�±�&(3���HQ�HO�iPELWR�

GH�ORV�)'6�FRQRFLGR�QRUPDOPHQWH�FRPR�³sensor fusion´��(VWRV�VH�DSR\DQ�HQ�VLVWHPDV�

TXH�WRPDQ�ODV�GHFLVLRQHV�EDViQGRVH�HQ�GDWRV�GH�GLVSRVLWLYRV�GH�PHGLGD�GLYHUVRV�FRPR�

VHQVRUHV�GH�DFHOHUDFLyQ��JLUyVFRSRV��VHQVRUHV�GH�PRQLWRUL]DFLyQ�GH�IUHFXHQFLD�FDUGLDFD�

R�HOHFWURFDUGLRJUDPD��(&*���SUHVLyQ�VDQJXtQHD��WHPSHUDWXUD�GHO�FXHUSR��VDWXUDFLyQ�GH�

R[tJHQR�HQ�VDQJUH��HQWUH�RWURV��(VWH� WLSR�GH�VLVWHPDV�DQDOL]DQ�XQD�JUDQ�FDQWLGDG�GH�

LQIRUPDFLyQ� YDULDGD� TXH� SXHGH� VHU� XWLOL]DGD� LQFOXVR� SDUD� DQWLFLSDUVH� D� XQD� FDtGD� R�

GHWHFWDU�SRVLEOHV�DQRPDOtDV�\�SUREOHPDV�GHO�SDFLHQWH��DGHPiV�GH�PHMRUDU�OD�ILDELOLGDG�

GH�ORV�VLVWHPDV�>�����@��(VWH�WLSR�GH�VLVWHPDV�TXHGD�IXHUD�GHO�iPELWR�GH�HVWXGLR�GH�HVWD�

WHVLV��

(Q�HO� SUHVHQWH� WUDEDMR� VH� OOHYD� D� FDER�HO� HVWXGLR� \� DQiOLVLV� GH� VLVWHPDV� YHVWLEOHV� GH�

GHWHFFLyQ�GH�FDtGDV��/D�HVWUXFWXUD�GH�HVWH�GRFXPHQWR�YLHQH�IXQGDPHQWDGD�D�WUDYpV�GH�

XQ�FRQMXQWR�GH�WUDEDMRV�\D�SXEOLFDGRV�R�HQYLDGRV�D�UHYLVWDV�LQGH[DGDV�HQ�HO�-&5��Journal 

Citation Reports��\��HQ�DOJ~Q�FDVR��D�XQ�FRQJUHVR� LQWHUQDFLRQDO��/D� WHPiWLFD�GH�HVWRV�

WUDEDMRV�VH�HQFXHQWUD�IXHUWHPHQWH�UHODFLRQDGD��GH�PDQHUD�TXH�OD�XQLyQ�GH�WRGRV�HOORV��

MXQWR�D�RWURV�HVWXGLRV�\�UHVXOWDGRV�QR�SXEOLFDGRV��HQWHQGHPRV�TXH�FRQIRUPD�XQ�FRUSXV�

GH�LQYHVWLJDFLyQ�FRKHUHQWH��(VWD�PHPRULD��SRU�HQGH��VH�SUHVHQWD�FRPR�XQ�GRFXPHQWR�

FRPSOHWR�\�FRKHVLRQDGR�TXH�GHVFULEH�D�SDUWLU�GHO�PLVPR�KLOR�FRQGXFWRU� ODV�GLIHUHQWHV�

FRQWULEXFLRQHV�DSRUWDGDV�DO�iPELWR�GH�HVWXGLR�GH�OD�GHWHFFLyQ�GH�FDtGDV�FRQ�GLVSRVLWLYRV�

YHVWLEOHV��/D�FRQILJXUDFLyQ�GHO�GRFXPHQWR�HV�OD�VLJXLHQWH���

(Q�SULPHU�OXJDU��HQ�OD�VHFFLyQ�DFWXDO��VH�KD�UHDOL]DGR�XQD�LQWURGXFFLyQ�GRQGH�VH�SUHVHQWD�

OD�SUREOHPiWLFD�H[LVWHQWH�� ORV�PRWLYRV�TXH� LPSXOVDQ�D�UHDOL]DU�HO� WUDEDMR��DVt�FRPR�XQ�

HVER]R� GHO� HVWDGR� GH� OD� FXHVWLyQ� \�� SRU� ~OWLPR�� XQD� GHVFULSFLyQ� GH� OD� HVWUXFWXUD� GHO�

GRFXPHQWR���

3RVWHULRUPHQWH��VH�LQFOX\H�XQD�VHULH�GH�VHFFLRQHV�R�FDStWXORV�TXH�GHVFULEHQ�\�UHVXPHQ��

HQ� HVSDxRO�� FDGD� XQD� GH� ODV� SXEOLFDFLRQHV� TXH� FRQIRUPDQ� HO� Q~FOHR� FHQWUDO� GH� HVWH�

WUDEDMR��7UDV�HVWRV�UHV~PHQHV��VH�LQFOX\H�XQ�DSDUWDGR�R�VHFFLyQ�ILQDO�GRQGH�VH�UH~QHQ�

ODV� FRQFOXVLRQHV� ILQDOHV�GH� ORV� UHVXOWDGRV�JOREDOHV�GHO� SUHVHQWH� WUDEDMR��6LJXLHQGR�HO�
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PLVPR�RUGHQ�GH�ORV�UHV~PHQHV��HQ�HO�$SpQGLFH�$�VH�LQFOX\H�DO�ILQDO�XQD�FRSLD�GH�HVWDV�

SXEOLFDFLRQHV��REYLDPHQWH�HQ�LQJOpV���'HO�PLVPR�PRGR��HQ�DSpQGLFHV�VXEVLJXLHQWHV�VH�

DGMXQWDQ� DOJXQRV� HVWXGLRV� \� UHVXOWDGRV� FRPSOHPHQWDULRV� �UHGDFWDGRV� WDPELpQ� HQ�

HVSDxRO���UHODFLRQDGRV�FRQ�HO�SURSyVLWR�GH�HVWH�WUDEDMR�SHUR�TXH�QR�KDQ�VLGR�SXEOLFDGRV�

WRGDYtD���

/RV�FDStWXORV�VH�DUWLFXODQ�\�VXFHGHQ�WHPiWLFDPHQWH�D�SDUWLU�GH�XQ�GLVFXUVR�FLHQWtILFR�TXH�

SRU�XQ�ODGR�UHVSRQGH�D�OD�OyJLFD�FURQROyJLFD�GH�ODV�SXEOLFDFLRQHV��\�GH�OD�SURSLD�ODERU�

GRFWRUDO���\�SRU�RWUR��YD�LQFUHPHQWDQGR�OD�FRPSOHMLGDG�GH�ORV�DOJRULWPRV�DQDOL]DGRV��$Vt��

HQ� SULPHU� OXJDU�� VH� H[SRQH� OD� FUHDFLyQ� \� GHVDUUROOR� GH� XQ� UHSRVLWRULR� SURSLR� GH�

PRYLPLHQWRV� \� FDtGDV� FRQ� HO� REMHWLYR� GH� SURSRUFLRQDU� D� OD� FRPXQLGDG� FLHQWtILFD� XQD�

UHFRSLODFLyQ� GH� GDWRV� SDUD� SRGHU� DQDOL]DU� VLVWHPiWLFDPHQWH� GLIHUHQWHV� WpFQLFDV� GH�

GHWHFFLyQ�GH�FDtGDV��$�SDUWLU�GHO�UHSRVLWRULR�FRQVHJXLGR��HO�GRFXPHQWR�FRQWLQ~D�FRQ�XQ�

FDStWXOR�TXH�LQFOX\H�XQD�VHULH�GH�HVWXGLRV�TXH�SUHWHQGHQ�DQDOL]DU�\�HYDOXDU�OD�SRVLFLyQ�

ySWLPD�GH�ORV�VHQVRUHV�LQHUFLDOHV�HQ�HO�FXHUSR�KXPDQR��DVt�FRPR��OD�XWLOLGDG�GH�FRPELQDU�

VHQVRUHV� XELFDGRV� HQ� GLIHUHQWHV� XELFDFLRQHV�� 6HJXLGDPHQWH�� GHELGR� D� OD� SURJUHVLYD�

DSDULFLyQ�GH� UHSRVLWRULRV�GH�PRYLPLHQWRV�HQ�HVWRV�~OWLPRV�FLQFR�DxRV��VH� UHDOL]D�XQD�

VHULH�GH�WUDEDMRV�GRQGH�VH�UHYLVDQ�ORV�GLIHUHQWHV�datasets��LQYHVWLJDQGR�ORV�SUREOHPDV�

GHULYDGRV� GH� OD� DOWD� KHWHURJHQHLGDG� H[LVWHQWH� HQWUH� ORV� PLVPRV� \� FRQVWDWDQGR� OD�

DXVHQFLD� GH� XQD� QRUPDOL]DFLyQ� D� OD� KRUD� GH� FUHDU� HVWH� WLSR� GH� UHSRVLWRULRV��

3RVWHULRUPHQWH�VH�DQDOL]DQ�GLIHUHQWHV�WpFQLFDV�GH�GHWHFFLyQ�GH�FDtGDV�FRQ�DOJXQRV�GH�

ORV� UHSRVLWRULRV� GLVSRQLEOHV�� KDFLHQGR� XVR� GH� DOJRULWPRV� EDVDGRV� HQ� XPEUDOHV� \�

DOJRULWPRV� GH� DSUHQGL]DMH� DXWRPiWLFR�� WDQWR� GH� DSUHQGL]DMH� VXSHUYLVDGR� FRPR� GH�

GHWHFFLyQ� GH� DQRPDOtDV�� DVt� FRPR� DSUHQGL]DMH� SURIXQGR�� HQ� FRQFUHWR� GH� UHGHV�

QHXURQDOHV�FRQYROXFLRQDOHV��$GHPiV��VH�DQDOL]D�OD�LQIOXHQFLD�HQ�ODV�SUHVWDFLRQHV�GH�ORV�

VLVWHPDV� GH� GHWHFFLyQ� GH� FDtGDV� GH� ODV� FDUDFWHUtVWLFDV� XWLOL]DGDV� SDUD� GHVFULELU� ORV�

PRYLPLHQWRV��DVt�FRPR�ORV�UDVJRV�LQWUtQVHFRV�GH�ORV�VXMHWRV��OD�IUHFXHQFLD�GH�PXHVWUHR�

\�OD�WLSRORJtD�GH�ORV�PRYLPLHQWRV�TXH�VH�XWLOL]DQ�HQ�HO�SURFHVR�GH�HQWUHQDPLHQWR�\�WHVWHR��

&DEH�GHVWDFDU�TXH��HQ�FDVL�OD�WRWDOLGDG�GH�OD�ELEOLRJUDItD�UHODFLRQDGD��ODV�HYDOXDFLRQHV�\�

DQiOLVLV�VH�EDVDQ�VLPSOHPHQWH�HQ�HO�HVWXGLR�GH�ODV�GLIHUHQWHV�PHGLDV�GH�ODV�PDJQLWXGHV�

TXH�VH�REWLHQHQ��VLQ�FRPSUREDU�VX�VLJQLILFDFLyQ�HVWDGtVWLFD��HV�GHFLU��VLQ�YHULILFDU�TXH�

HVDV�YDULDFLRQHV�HQ�ODV�PHGLDV�VRQ�UHDOPHQWH�VLJQLILFDWLYDV�HQWUH�Vt��([LVWH�DOJ~Q�HVWXGLR�

GRQGH�Vt�VH�FRPSUXHED�OD�VLJQLILFDFLyQ�HVWDGtVWLFD�GH�ORV�UHVXOWDGRV��FRPR�SRU�HMHPSOR�

>��@�� HQ� HO� TXH� UHDOL]D� XQ� DQiOLVLV� YDORU�S� SDUD� DQDOL]DU� VL� OD� PXHVWUD� LQIOX\H� HQ� OD�
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YDORUDFLyQ� GHO� PpWRGR� GH� GHWHFFLyQ�� (Q� HVWH� WUDEDMR� VH� FRPSUXHED� OD� VLJQLILFDFLyQ�

HVWDGtVWLFD�D�WUDYpV�GH�WpFQLFDV�HVSHFtILFDV�FRPR�HO�DQiOLVLV�GH�YDULDQ]D��$129$��� OR�

FXDO�FRQVWLWX\H�RWUD�GH�ODV�DSRUWDFLRQHV�UHOHYDQWHV��

ͳǤʹǤ����������������������������������������������������

$�FRQWLQXDFLyQ��VH�H[SRQHQ�ORV�SULQFLSDOHV�REMHWLYRV�\�FRQWULEXFLRQHV�GH�HVWD�WHVLV��

x� &UHDU� \� GHVDUUROODU� GH� XQ� UHSRVLWRULR� GH� PRYLPLHQWRV� \� FDtGDV� D� SDUWLU� GH� XQ�

VLVWHPD�GH�GHWHFFLyQ�GH�FDtGDV�PXOWLVHQVRU�YHVWLEOH�TXH�SXHGD�VHU�HPSOHDGR�SRU�

OD�FRPXQLGDG�FLHQWtILFD�SDUD�FRPSDUDU�ODV�WpFQLFDV�\�DOJRULWPRV�GH�GHWHFFLyQ�GH�

FDtGDV��

x� (VWXGLDU�HO�HIHFWR�GH�OD�SRVLFLyQ�GH�ORV�VHQVRUHV�XWLOL]DGRV�HQ�OD�FDUDFWHUL]DFLyQ�

GH�PRYLPLHQWRV� HQ� XQ� VLVWHPD�GH� GHWHFFLyQ� GH� FDtGDV� YHVWLEOH�� DVt� FRPR�� ODV�

SRVLEOHV�YHQWDMDV�GH�FRPELQDU�ORV�UHVXOWDGRV�GH�GLIHUHQWHV�VHQVRUHV�XWLOL]DQGR�XQ�

UHSRVLWRULR�GH�PRYLPLHQWRV�\�FDtGDV�SURSLR�\�KDFLHQGR�XVR�GH�GLIHUHQWHV�WLSRV�GH�

DOJRULWPRV� GH� GHWHFFLyQ� GH� FDtGDV� EDVDGRV� HQ� XPEUDOHV� \� GH� DSUHQGL]DMH�

VXSHUYLVDGR��

x� ,QFRUSRUDFLyQ�GHO�DQiOLVLV�GH�YDULDQ]D��$129$��FRPR�WpFQLFD�SDUD�GHWHUPLQDU�OD�

VLJQLILFDFLyQ� HVWDGtVWLFD� H[LVWHQWH� HQWUH� ORV� UHVXOWDGRV� GH� ORV� GLIHUHQWHV�

H[SHULPHQWRV��SURFHGLPLHQWR�TXH�KDELWXDOPHQWH�QR�VH�FRQVLGHUD�HQ�ORV�HVWXGLRV�

VREUH�)'6���

x� (VWXGLDU� \� DQDOL]DU� datasets� H[LVWHQWHV� HQ� OD� OLWHUDWXUD�� H[DPLQDQGR� GLVWLQWRV�

IDFWRUHV�� FRPR� ODV� FDUDFWHUtVWLFDV� GH� ORV� VXMHWRV� H[SHULPHQWDOHV�� HVFHQDULRV�

XWLOL]DGRV�� SDUWLFXODULGDGHV� GH� ORV� PRYLPLHQWRV� FRPR� OD� FDQWLGDG�� GXUDFLyQ� R�

WLSRORJtD��Q~PHUR��SURSLHGDGHV�\�SRVLFLyQ�GH�ORV�VHQVRUHV�XWLOL]DGRV��DVt�FRPR��

ODV�FDUDFWHUtVWLFDV�EiVLFDV�GH�DFHOHURPHWUtD�GH�ORV�GLIHUHQWHV�UHSRVLWRULRV��

x� 'HPRVWUDU�OD�JUDQ�KHWHURJHQHLGDG�H[LVWHQWH�HQWUH�ORV�UHSRVLWRULRV�GH�PRYLPLHQWRV�

\�OD�DXVHQFLD�GH�XQDV�QRUPDV�TXH�GHILQDQ�HO�SURFHGLPLHQWR�TXH�GHEH�OOHYDUVH�D�

FDER�SDUD�GHILQLU�ORV�EDQFRV�GH�SUXHEDV�H[SHULPHQWDOHV�\�MXVWLILFDU�VL�HV�OHJtWLPR�

H[WUDSRODU�ODV�PpWULFDV�GH�FDOLGDG�REWHQLGDV�DO�XWLOL]DU�XQD�GHWHUPLQDGD�WpFQLFD�GH�

GHWHFFLyQ�GH�FDtGDV�XVDQGR�XQ�UHSRVLWRULR�FRQFUHWR�D�RWURV�HVFHQDULRV��

x� $QDOL]DU� HO� HIHFWR� GH� ODV� FDUDFWHUtVWLFDV� VHOHFFLRQDGDV� FRPR� HQWUDGD� GH� ORV�

DOJRULWPRV�machine learning�HQ�HO�UHQGLPLHQWR�GHO�VLVWHPD�GH�FODVLILFDFLyQ��
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x� ([DPLQDU�HO�FRPSRUWDPLHQWR�GH�ORV�VLVWHPDV�\�WpFQLFDV�GH�GHWHFFLyQ�GH�FDtGDV�DO�

XWLOL]DU�FRPR�HQWUHQDPLHQWR�GDWRV�GH�XQ�UHSRVLWRULR�\�WHVWHDU�FRQ�ORV�PRYLPLHQWRV�

GH�RWUR�dataset��cross-datasets���

x� (VWXGLDU�HO�HIHFWR�TXH�WLHQHQ� ODV�FDUDFWHUtVWLFDV� LQWUtQVHFDV� �HGDG��DOWXUD��SHVR��

,0&��VH[R��GH�ORV�VXMHWRV�H[SHULPHQWDOHV��TXH�UHDOL]DQ�ORV�PRYLPLHQWRV�LQFOXLGRV�

HQ�ORV�UHSRVLWRULRV��VREUH�ODV�SUHVWDFLRQHV�GH�XQ�VLVWHPD�GH�GHWHFFLyQ�GH�FDtGDV��

DVt�FRPR�VREUH�ODV�SURSLDV�SURSLHGDGHV�GH�DFHOHURPHWUtD�GH�ORV�PRYLPLHQWRV��

x� (VWXGLDU� OD�FRQGXFWD�GH� ORV�FODVLILFDGRUHV�GH�FODVH�~QLFD�DO�VHU�DSOLFDGRV�HQ�HO�

FDPSR�GH�OD�GHWHFFLyQ�GH�FDtGDV���LQYHVWLJDQGR�ORV�SRVLEOHV�EHQHILFLRV�GH�XWLOL]DU�

ensemble learning�HQ�OD�FODVLILFDFLyQ��

x� (YDOXDU�OD�DSOLFDFLyQ�GH�VLVWHPDV�GH�DSUHQGL]DMH�SURIXQGR�FRPR�UHGHV�QHXURQDOHV�

FRQYROXFLRQDOHV�DO�iPELWR�GH�OD�GHWHFFLyQ�GH�FDtGDV��

x� (VWXGLDU� HO� LPSDFWR�GH� OD� IUHFXHQFLD�GH�PXHVWUHR�HQ�HO� FRPSRUWDPLHQWR�GH�XQ�

VLVWHPD�GH�GHWHFFLyQ�GH�FDtGDV��

x� ,QYHVWLJDU�HO�FRPSRUWDPLHQWR�GH�XQ�VLVWHPD�GH�GHWHFFLyQ�GH�FDtGDV�EDVDGR�HQ�

XQD� UHG� QHXURQDO� FRQYROXFLRQDO� FXDQGR� VH� UHDOL]D� XQ� WHVWHR� FUX]DGR� GH�

UHSRVLWRULRV��

��

�

�

�



�

���
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$� SHVDU� GHO� DXJH� H[LVWHQWH� HQ� OD� LQYHVWLJDFLyQ� GH� VLVWHPDV� GH� GHWHFFLyQ� GH�

FDtGDV�� DFWXDOPHQWH�� QR� H[LVWH� XQ� SURFHGLPLHQWR� FLHQWtILFR� HVWDQGDUL]DGR� TXH�

GHILQD�OD�PHWRGRORJtD�TXH�VH�GHEH�XWLOL]DU�SDUD�HYDOXDU�HVWH�WLSR�GH�VLVWHPDV���

(Q�FRQFUHWR��XQR�GH�ORV�IDFWRUHV�PiV�UHOHYDQWHV�HV�OD�DXVHQFLD�GH�XQ�UHSRVLWRULR�

GH� PRYLPLHQWRV� GH� UHIHUHQFLD� XQLYHUVDOPHQWH� DFHSWDGR� SRU� OD� FRPXQLGDG�

FLHQWtILFD�TXH�SXHGD�VHU�HPSOHDGR�SDUD�FRPSDUDU�ODV�WpFQLFDV�\�DOJRULWPRV�GH�

GHWHFFLyQ�GH�FDtGDV��(Q�HVWH�VHQWLGR��OD�PD\RUtD�GH�ORV�DXWRUHV��DO�PHQRV�KDVWD�

KDFH�SRFR�WLHPSR��SURSRQtDQ�HQ�VXV�WUDEDMRV�QXHYDV�WpFQLFDV�GH�GHWHFFLyQ�GH�

FDtGDV�\�XWLOL]DEDQ�VXV�SURSLDV�PXHVWUDV� �SRVWHULRUPHQWH�QR�SXEOLFDGDV��SDUD�

HYDOXDU�HO�UHQGLPLHQWR�GH�VXV�SURSXHVWDV��+DVWD�IHFKDV�UHODWLYDPHQWH�UHFLHQWHV�

HQ� SRFRV� FDVRV� VH� UHSOLFDEDQ� ORV� H[SHULPHQWRV� XWLOL]DQGR�PXHVWUDV� GH� RWURV�

HVWXGLRV��

/DV�PXHVWUDV�JHQHUDGDV�HQ� ODV�EDVHV�GH�GDWRV�HPSOHDGDV�HQ�HVWXGLRV�VREUH�

)'6�WDPSRFR�VHJXtDQ�XQ�SDWUyQ�HVWDQGDUL]DGR�SDUD�ORV�H[SHULPHQWRV��SRU�WDQWR��

HQ�FDGD�WUDEDMR�VH�XWLOL]DEDQ�VHQVRUHV�SDUD�PRQLWRUL]DU�D�ORV�VXMHWRV�FRQ�XQDV�

FDUDFWHUtVWLFDV� GHWHUPLQDGDV�� KHXUtVWLFDPHQWH� HOHJLGDV�� $VLPLVPR�� OD�
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ORFDOL]DFLyQ�GH�ORV�VHQVRUHV�GH�PRYLOLGDG��QRUPDOPHQWH�LQHUFLDOHV��HUD�GLVWLQWD�

HQ� FDGD� HVWXGLR�� HO� Q~PHUR� \� WLSRORJtD� GH� ORV� PRYLPLHQWRV� HUD� GLIHUHQWH��

,JXDOPHQWH�� ORV� UDVJRV� GH� ORV� VXMHWRV� �DOWXUD�� SHVR�� HGDG�� HWF��� YDULDEDQ�

DUELWUDULDPHQWH�HQWUH�ORV�HVWXGLRV��

(Q�FRQVHFXHQFLD��FDGD�HVWXGLR�VH�YDOLGDED�HQ�XQDV�FRQGLFLRQHV�GLIHUHQWHV�\��

SRU�FRQVLJXLHQWH��ORV�UHVXOWDGRV�QR�SRGtDQ�VHU�FRPSDUDGRV��

(O� REMHWLYR� GH� HVWD� VHFFLyQ� HV� SUHVHQWDU� HO� UHSRVLWRULR� GH� DFFHVR� S~EOLFR�

GHQRPLQDGR� 80$)DOO� TXH� IXH� GLVHxDGR� SDUD� SURSRUFLRQDU� D� OD� FRPXQLGDG�

FLHQWtILFD�XQ�FRQMXQWR�GH�PRYLPLHQWRV�\�FDtGDV�VLPXODGDV�TXH�SXHGD�VHU�XWLOL]DGR�

SDUD�HVWXGLDU�HO�UHQGLPLHQWR�GH�VXV�WpFQLFDV�\�VLVWHPDV�GH�GHWHFFLyQ�GH�FDtGDV��

80$)DOO� IXH� XQD� EDVH� GH� GDWRV� SLRQHUD�� WUDWiQGRVH� GH� XQR� GH� ORV� SULPHURV�

UHSRVLWRULRV� GH� PRYLPLHQWRV� TXH� LQFOXtD� WUD]DV� REWHQLGDV� D� SDUWLU� GH� OD�

PRQLWRUL]DFLyQ�GH�YDULRV�VHQVRUHV�LQHUFLDOHV�XELFDGRV�HQ�GLIHUHQWHV�SRVLFLRQHV�

GHO�FXHUSR�GH�ORV�VXMHWRV�SDUWLFLSDQWHV��DVt�FRPR��XQD�DPSOLD�YDULHGDG�GH�WLSRV�

GH�PRYLPLHQWRV��EiVLFRV��GHSRUWLYRV��GLVWLQWDV�FODVHV�GH�FDtGDV��HWF����DGHPiV�

GH�FRQWHQHU�LQIRUPDFLyQ�VREUH�ODV�FDUDFWHUtVWLFDV�GH�ORV�XVXDULRV�\�ORV�VHQVRUHV��

$FWXDOPHQWH� SXHGH� FRQVLGHUDUVH� FRPR� FLHUWR� UHIHUHQWH� HQ� HVWH� iPELWR� GH�

HVWXGLR��'H�DFXHUGR�FRQ�WUHV�GH� ODV�SULQFLSDOHV�EDVHV�ELEOLRJUiILFDV�HO�DUWtFXOR�

GRQGH�VH�GHVFULEH�HO� UHSRVLWRULR� �YHU� >��@���KD�VLGR�FLWDGR�DO�PHQRV����YHFHV�

VHJ~Q�*RRJOH�6FKRODU�>��@�����YHFHV�EDViQGRVH�HQ�ODV�PpWULFDV�GH�6FRSXV�>��@�

\����HQ�IXQFLyQ�GH�ORV�GDWRV�GH�:HE�RI�6FLHQFH�>��@��$VLPLVPR��H[LVWHQ�RWURV�

WUDEDMRV� HQ� OD� OLWHUDWXUD� TXH� UHIHUHQFLDQ� GLUHFWDPHQWH� HO� OXJDU�ZHE�� )LJVKDUH��

GRQGH�HVWi�DORMDGR�HO�UHSRVLWRULR��/DV�HVWDGtVWLFDV�GH�HVWD�SiJLQD�LQGLFDQ�TXH�OD�

ZHE�GH�EDVH�GH�GDWRV�KD�VLGR�YLVLWDGD�KDVWD�DKRUD��������YHFHV�\�HO�UHSRVLWRULR�

GHVFDUJDGR�HQ�������RFDVLRQHV�>��@��

ʹǤʹǤ����������×�����������������������

(O�VLVWHPD�VH�FRPSRQH�GH�XQ�smartphone� LQWHUFRQHFWDGR�PHGLDQWH�%OXHWRRWK�

FRQ� FXDWUR� PRWDV� VHQVRUDV� XELFDGDV� HQ� GLIHUHQWHV� SDUWHV� GHO� FXHUSR� GH� ORV�

VXMHWRV�H[SHULPHQWDOHV��(O�FRQMXQWR�SUHVHQWD�XQD�WLSRORJtD�GH�HVWUHOOD��HQ�OD�FXDO��

HO�smartphone�DFW~D�FRPR�QRGR�FHQWUDO��7DQWR�HO�smartphone�FRPR�ODV�PRWDV�

VHQVRUDV�FDSWXUDQ�SHULyGLFDPHQWH�ODV�PHGLGDV�GH�ORV�VHQVRUHV�GH�PRYLPLHQWR��

(O� smartphone� GLVSRQH� GH� XQ� DFHOHUyPHWUR�� ODV� PRWDV� VHQVRUDV� GH� XQ�
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DFHOHUyPHWUR�� XQ� JLUyVFRSR� \� XQ� PDJQHWyPHWUR�� WRGR� HOORV� WULD[LDOHV�� /D�

LQIRUPDFLyQ� HV� UHFLELGD� \� JXDUGDGD� SRU� HO� GLVSRVLWLYR� PyYLO� JUDFLDV� D� XQD�

DSOLFDFLyQ�GLVHxDGD�FRQ�HVH�SURSyVLWR��$GHPiV�GH�OD�LQIRUPDFLyQ�UHFRJLGD�SRU�

ORV� VHQVRUHV�� VH� DGMXQWD� LQIRUPDFLyQ� GH� FDGD� H[SHULPHQWR�� DVt� FRPR� ODV�

FDUDFWHUtVWLFDV� GH� ORV� GLVSRVLWLYRV� XWLOL]DGRV� \� GH� ORV� VXMHWRV� TXH� UHDOL]DQ� ODV�

SUXHEDV��(O�REMHWLYR�GH�HVWH�VLVWHPD�HV�SHUPLWLU�UHFRSLODU�WUD]DV�GH�PRYLPLHQWRV�

SDUD�FUHDU�XQ�UHSRVLWRULR��GH�PDQHUD�TXH�GLFKRV�GDWRV�SXHGDQ�VHU�DQDOL]DGRV�

SRVWHULRUPHQWH�GH�PDQHUD�VLVWHPiWLFD�\�offline�

'H� HVWD� PDQHUD�� HVWH� UHSRVLWRULR� DEUH� OD� SRVLELOLGDG� GH� QXHYRV� FDPSRV� GH�

HVWXGLR� HQ� HO� iPELWR� GH� ORV� )'6�� /DV� PXHVWUDV� SXHGHQ� VHU� LQYHVWLJDGDV�

VLVWHPiWLFDPHQWH�FRQ�GLIHUHQWHV�ILQHV��FRPR�HO�DQiOLVLV�GHO�FRPSRUWDPLHQWR�GHO�

UHQGLPLHQWR� GHO� VLVWHPD� GHWHFWRU� VHJ~Q� OD� XELFDFLyQ� GH� ORV� VHQVRUHV�� GH� ODV�

FDUDFWHUtVWLFDV�LQWUtQVHFDV�GH�ORV�SURSLRV�VHQVRUHV�R�GH�ORV�UDVJRV�GH�ORV�VXMHWRV�

H[SHULPHQWDOHV��HQWUH�RWURV��

ʹǤ͵Ǥ����������×�������������������������������������	����

8Q�FRQMXQWR�GH�VXMHWRV�H[SHULPHQWDOHV� UHDOL]D�VLVWHPiWLFDPHQWH�XQD�VHULH�GH�

PRYLPLHQWRV� �$'/� \� FDtGDV� VLPXODGDV��� HIHFWXDGRV� HQ� XQ� HQWRUQR� GRPpVWLFR�

PLHQWUDV�SRUWDQ�HO�VLVWHPD�GHVFULWR�HQ�OD�VHFFLyQ�DQWHULRU��(Q�XQD�SULPHUD�YHUVLyQ�

GHO� UHSRVLWRULR�� HO� UDQJR� GH� HGDG� GH� ODV� SHUVRQDV� SDUWLFLSDQWHV� VH� HQFXHQWUD�

HQWUH����\����DxRV��VLHQGR�OD�PHGLD�GH�HGDG�GH������DxRV��/D�VLPXODFLyQ�GH�ODV�

FDtGDV��HIHFWXDGDV�HQ�XQ�FROFKyQ�DPRUWLJXDGRU��VRODPHQWH�IXH�UHDOL]DGD�SRU�ORV�

VXMHWRV�PHQRUHV�GH����DxRV��SRU�UD]RQHV�GH�VHJXULGDG��

/DV�PRWDV�VHQVRUDV�VH�XELFDURQ�HQ�GLIHUHQWHV�SDUWHV�GHO�FXHUSR�GH�ORV�VXMHWRV�

FRQ�EDQGDV�HOiVWLFDV��FRQFUHWDPHQWH��HQ�OD�PXxHFD��SHFKR��FLQWXUD�\�WRELOOR��(O�

smartphone�VH�FRORFD�HQ�XQ�EROVLOOR�GHO�SDQWDOyQ��D�OD�DOWXUD�GHO�PXVOR���

/RV� PRYLPLHQWRV� IXHURQ� JXDUGDGRV� HQ� ILFKHURV� HQ� IRUPDWR� &69� �Comma 

Separated Values���GH�PDQHUD�TXH�SRVWHULRUPHQWH�IXHUDQ�IiFLOPHQWH�DFFHVLEOHV�

\�SURFHVDEOHV�GHVGH�RWURV�HQWRUQRV��FRPR�0DWODE���
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&RPR�HUD�GH�HVSHUDU��HO�SDWUyQ�PiV�UHOHYDQWH�D�OD�KRUD�GH�LGHQWLILFDU�XQD�FDtGD�

PHGLDQWH�OD�LQIRUPDFLyQ�PRQLWRUL]DGD�SRU�XQ�DFHOHUyPHWUR�HV�OD�H[LVWHQFLD�GH�XQ�

SLFR�SURYRFDGR�SRU�HO�LPSDFWR�GHO�VXMHWR�FRQWUD�HO�VXHOR��3RU�HVH�PRWLYR��HQ�HVWH�

HVWXGLR�VH�H[DPLQD�GH�PDQHUD�EiVLFD�OD�HYROXFLyQ�GHO�YDORU�Pi[LPR�\�PtQLPR�

GHO�PyGXOR�GH�OD�DFHOHUDFLyQ�HQ�GLIHUHQWHV�WLSRV�GH�$'/�\�FDtGDV�GHSHQGLHQGR�

GH� OD� XELFDFLyQ� GHO� VHQVRU�� /RV� UHVXOWDGRV� SRQHQ� GH� PDQLILHVWR� OD� GLILFXOWDG�

H[LVWHQWH�D�OD�KRUD�GH�FODVLILFDU�HQWUH�$'/�\�FDtGDV�DSOLFDQGR�VLPSOHPHQWH�XQD�

SROtWLFD� EDVDGD� HQ� XPEUDOHV� \D� TXH� VH� HQFXHQWUDQ� DFWLYLGDGHV� FRPR� ODV�

GHSRUWLYDV�TXH�WDPELpQ�GDQ�OXJDU�D�SLFRV�GH�DFHOHUDFLyQ�TXH�SXHGHQ�FRQIXQGLUVH�

IiFLOPHQWH�FRQ�ORV�SURYRFDGRV�DO�VXIULU�XQD�FDtGD��$Vt�PLVPR��FLHUWDV�XELFDFLRQHV�

FRPR�OD�PXxHFD�R�HO�WRELOOR�SDUHFHQ�QR�VHU�UHFRPHQGDEOHV�SDUD�FDUDFWHUL]DU�ORV�

PRYLPLHQWRV�� \D� TXH� DO� HQFRQWUDUVH� HQ� ODV� H[WUHPLGDGHV� VH� SURGXFHQ�

PRYLPLHQWRV�PiV�EUXVFRV�QR�UHODFLRQDGRV�FRQ�HO�UHVWR�GHO�FXHUSR�TXH�SXHGHQ�

FRQIXQGLUVH�FRQ�FDtGDV��

ʹǤͷǤ��������������

(VWH� WUDEDMR�SUHVHQWD�80$)DOO��XQ�UHSRVLWRULR�GH�PRYLPLHQWRV��$'/�\�FDtGDV��

TXH�DO�FRQWUDULR�GH�OD�PD\RUtD�GH�ORV�UHSRVLWRULRV�H[LVWHQWHV�HQ�OD�OLWHUDWXUD�SDUD�

FDGD�PRYLPLHQWR�LQFOX\H�ODV�WUD]DV�GH�PiV�GH�XQ�VHQVRU��HQ�FRQFUHWR�VH�XWLOL]DQ�

FLQFR�GLVSRVLWLYRV�XELFDGRV�HQ�GLIHUHQWHV�SDUWHV�GHO�FXHUSR�GH� ORV�VXMHWRV�� ORV�

FXDOHV�PLGHQ�OD�DFHOHUDFLyQ��YHORFLGDG�DQJXODU�\�OD�IXHU]D�GHO�FDPSR�PDJQpWLFR��

$GHPiV��FRQWLHQH�LQIRUPDFLyQ�GH�ODV�SHUVRQDV�TXH�UHDOL]DQ�HO�PRYLPLHQWR�\�ODV�

FDUDFWHUtVWLFDV� GH� ORV� GLVSRVLWLYRV� XWLOL]DGRV�� (O� REMHWLYR� HV� TXH� SXHGD� VHU�

HPSOHDGR�SDUD�DQDOL]DU�VLVWHPiWLFDPHQWH�WpFQLFDV�GH�GHWHFFLyQ�GH�FDtGDV��DVt�

FRPR�HO�FRPSRUWDPLHQWR�GH�HVWDV�GHSHQGLHQGR�GH�GLIHUHQWHV�IDFWRUHV�FRPR�OD�

XELFDFLyQ�GH� ORV�VHQVRUHV�� UDVJRV�GH� ORV�VXMHWRV��HWF��+D�VLGR�SXEOLFDGR�\�VH�

HQFXHQWUD�DELHUWR�DO�S~EOLFR�SDUD�VX�XWLOL]DFLyQ�HQ�HO� UHSRVLWRULR�online�DELHUWR�

)LJVKDUH�>��@�

�
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Resumen del artículo ȏͷͺȐ:  

Casilari Pérez, E.; Santoyo-Ramón, J.A.; Cano-García, J.M. Analysis of a smartphone-
based architecture with multiple mobility sensors for fall detection. PLoS One 2016, 11, 
1–17. 
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(Q�ORV�~OWLPRV�DxRV��HO�DXJH�GH�ORV�WHOpIRQRV�LQWHOLJHQWHV�MXQWR�D�VX�FDSDFLGDG�

GH�FRPXQLFDFLyQ�\�FRPSXWDFLyQ��DVt�FRPR� OD�SRVLELOLGDG�GH�PHGLU�SDUiPHWURV�

ItVLFRV�JUDFLDV�D�ORV�VHQVRUHV�TXH�LQFRUSRUDQ�KD�SURYRFDGR�TXH�VH�GHVDUUROOH�XQ�

JUDQ�Q~PHUR�GH�LQYHVWLJDFLRQHV�UHODFLRQDGDV�FRQ�OD�GHWHFFLyQ�GH�FDtGDV��HQ�ODV�

FXDOHV�ODV�VROXFLRQHV�SURSXHVWDV�KDFHQ�XVR�GH�XQ�smartphone�FRPR�HOHPHQWR�

SULQFLSDO��(Q�HVWRV�VLVWHPDV�� OD�XELFDFLyQ�GH� ORV� VHQVRUHV�HQ�HO� FXHUSR�GH� OD�

SHUVRQD�TXH�HV�PRQLWRUL]DGD�SXHGH�UHVXOWDU�VHU�XQ�IDFWRU�FUXFLDO�HQ�OD�FDSDFLGDG�

GHO�VLVWHPD�SDUD�FDUDFWHUL]DU�ORV�PRYLPLHQWRV��SRU�OR�TXH�HO�XVR�GHO�smartphone�

FRPR�~QLFR�HOHPHQWR�GH�PHGLGD�SXHGH�SUHVHQWDU�GHVYHQWDMDV�GHELGR�D�TXH�OD�

SRVLFLyQ�PiV�DGHFXDGD�SDUD�OD�GHWHFFLyQ�GH�FDtGDV�SXHGH�GLIHULU�GH�OD�SRVLFLyQ�

QDWXUDO�GH�WUDQVSRUWH�GH�XQ�WHOpIRQR�PyYLO��

3RU� HVWH�PRWLYR�� HVWH� WUDEDMR� SUHVHQWD� XQ� VLVWHPD�KtEULGR� TXH� DSURYHFKD� ODV�

YHQWDMDV�GHO�smartphone�\��D�VX�YH]��VH� LQWHUFRQHFWD�FRQ�XQD�VHULH�GH�PRWDV�

VHQVRUDV�H[WHUQDV�TXH�SXHGHQ�VHU�FRORFDGDV�HQ�GLIHUHQWHV�SDUWHV�GHO�FXHUSR��



&DStWXOR����(YDOXDFLyQ�GH�OD�SRVLFLyQ�ySWLPD�GHO�VHQVRU�\�GH�OD�XWLOLGDG�GH�FRPELQDU�VHQVRUHV�

���

/D�LQIRUPDFLyQ�REWHQLGD�FRQ�HVWD�DUTXLWHFWXUD��PHGLDQWH�XQ�HQWRUQR�GH�SUXHED�

FRQ� GLIHUHQWHV� VXMHWRV� H[SHULPHQWDOHV� TXH� OOHYDQ� D� FDER� XQD� VHULH� GH�

PRYLPLHQWRV� SUHGHILQLGRV�� HV� DQDOL]DGD� FRQ� GHWDOOH� FRQ� HO� ILQ� GH� HYDOXDU� HO�

FRPSRUWDPLHQWR�GH�XQ�VLVWHPD�GH�GHWHFFLyQ�GH�FDtGDV�EDVDGR�HQ�XPEUDOHV��(O�

DQiOLVLV�EXVFD�HQFRQWUDU�HO�Q~PHUR�GH�VHQVRUHV�\�VXV�SRVLFLRQHV�HQ�HO�FXHUSR�

GH� ORV� VXMHWRV� TXH� RSWLPL]DQ� HO� UHQGLPLHQWR� D� OD� KRUD� GH� FODVLILFDU� ORV�

PRYLPLHQWRV�� DVt� FRPR�� HVWDEOHFHU� FXiO� HV� HO� SDSHO� PiV� FRQYHQLHQWH� GHO�

smartphone�HQ�HVWH�WLSR�GH�HVFHQDULRV��

͵ǤͳǤʹǤ����������À��

͵ǤͳǤʹǤͳǤ����������������	����

3DUD� HVWH� WUDEDMR� VH� XWLOL]DQ� ORV� GDWRV� UHFRSLODGRV� HQ� HO� UHSRVLWRULR� 80$)DOO�

�GHVFULWR�HQ�OD�SXEOLFDFLyQ�DQWHULRUPHQWH�UHVXPLGD�>��@���(O�UHSRVLWRULR�FRQWLHQH�

PRYLPLHQWRV� HIHFWXDGRV� SRU� XQ� JUXSR� GH� VXMHWRV� H[SHULPHQWDOHV� TXH�

VLVWHPiWLFDPHQWH� HMHFXWDURQ� XQD� VHULH� GH� $'/� \� FDtGDV� VLPXODGDV�

SUHHVWDEOHFLGDV���

&RPR�\D�VH�FRPHQWy��HO�VLVWHPD�GHVDUUROODGR�SDUD�FUHDU�HO�dataset�VH�FRPSRQH�

GH�XQ�smartphone��TXH�HMHUFH�HO�URO�GH�QRGR�FHQWUDO�HQ�XQD�WRSRORJtD�%OXHWRRWK�

HQ� HVWUHOOD�� DO� FXDO� VH� LQWHUFRQHFWDQ� FXDWUR� PRWDV�� FDGD� XQD� GRWDGD� GH� XQD�

XQLGDG�GH�PHGLFLyQ�LQHUFLDO�R�,08��Inertial Measurement Unit���(O�smartphone�VH�

XELFD�HQ�HO�EROVLOOR�GHO�SDQWDOyQ�\�ODV�PRWDV�HQ�OD�PXxHFD��WRELOOR��SHFKR�\�FLQWXUD�

GH� ORV� VXMHWRV� H[SHULPHQWDOHV�� /RV� GLVSRVLWLYRV� PRQLWRUL]DQ� ODV� PDJQLWXGHV�

PHGLGDV�SRU�HO�DFHOHUyPHWUR��JLUyVFRSR�\�PDJQHWyPHWUR��WRGRV�HOORV�WULD[LDOHV��

SURSRUFLRQDGRV�SRU�OD�,08��

͵ǤͳǤʹǤʹǤ����������������������×�������À������������������������

(Q�HVWH�HVWXGLR�VH�FRPSDUDQ�FXDWUR�DOJRULWPRV�EiVLFRV�GH�GHWHFFLyQ�GH�FDtGDV�

EDVDGRV� HQ� XPEUDOHV�� &RQ� HVWD� VROXFLyQ�� SDUWLHQGR� GH� XQD� GHWHUPLQDGD�

FDUDFWHUtVWLFD� GH� ODV� PXHVWUDV�� HO� DOJRULWPR� FRPSDUD� XQD� R� YDULDV� GH� ODV�

PDJQLWXGHV� LQHUFLDOHV�PHGLGDV� FRQ� YDORUHV�XPEUDOHV�SUHGHILQLGRV�TXH�� DO� VHU�

VREUHSDVDGRV��SRU�HQFLPD�R�SRU�GHEDMR���SRGUiQ�LQGLFDU�DO�SURFHVR�GH�GHWHFFLyQ�

VL� VH� FRQVLGHUD� XQD� FDtGD� R� XQD� $'/�� (Q� HVWH� HVWXGLR�� WRGRV� ORV� DOJRULWPRV�

FRQVLGHUDGRV� VH� VXVWHQWDQ� HQ� OD� LQIRUPDFLyQ� SURSRUFLRQDGD� SRU� ORV�



&DStWXOR����(YDOXDFLyQ�GH�OD�SRVLFLyQ�ySWLPD�GHO�VHQVRU�\�GH�OD�XWLOLGDG�GH�FRPELQDU�VHQVRUHV�
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DFHOHUyPHWURV��(VWH�WLSR�GH�DOJRULWPRV�VH�IXQGDPHQWD�HQ�HO�KHFKR�GH�TXH��HQ�

XQD�FDtGD��QRUPDOPHQWH�VH�SURGXFHQ�ODV�VLJXLHQWHV�IDVHV��XQD�FDtGD�OLEUH�LQLFLDO�

�GXUDQWH�OD�FXDO�VH�GHVSORPD�OD�PHGLGD�GHO�DFHOHUyPHWUR���HO�JROSHR�GHO�FXHUSR�

GH�OD�SHUVRQD�VREUH�HO�VXHOR�R�OD�VXSHUILFLH��TXH�RULJLQD�XQ�IXHUWH�DXPHQWR�GHO�

PyGXOR�GH�OD�DFHOHUDFLyQ�HQ�XQ�FRUWR�SHULRGR�GH�WLHPSR�\��SRVWHULRUPHQWH��XQD�

IDVH��PX\�YDULDEOH�\�GLItFLO�GH�VLPXODU�FRQ�UHDOLVPR�HQ�XQ�ODERUDWRULR��HQ�HO�TXH�

HO�FXHUSR�SHUPDQHFH�KHULGR�R�LQFRQVFLHQWH�VREUH�HO�VXHOR��FRQ�HVFDVD�PRYLOLGDG���

/D�SULQFLSDO�YHQWDMD�GH�HVWH�WLSR�GH�DOJRULWPRV��IUHQWH�D�ORV�TXH�VRQ�DQDOL]DGRV�

SRU� RWURV� WUDEDMRV� SRVWHULRUHV� HQ� HVWD� WHVLV�� UDGLFD� HQ� VX� EDMR� FRVWH�

FRPSXWDFLRQDO� \� VLPSOLFLGDG�� OR� TXH� SXHGH� IDFLOLWDU� VX� LPSOHPHQWDFLyQ� HQ�

GLVSRVLWLYRV�YHVWLEOHV�GH�HVFDVDV�FDSDFLGDGHV�GH�FRPSXWDFLyQ�\�PHPRULD��

/RV�DOJRULWPRV�FRQVLGHUDGRV�HQ�HVWH�WUDEDMR�VRQ��

ͻ� 0RQLWRUL]DFLyQ�GH�XPEUDO�EiVLFR��VLPSOHPHQWH�VH�FRPSUXHED�VL�HO�PyGXOR�

GH�OD�DFHOHUDFLyQ��609��VXSHUD�XQ�XPEUDO�Pi[LPR�HQ�DOJ~Q�PRPHQWR�SDUD�

GHFLGLU�VL�VH�SURGXFH�R�QR�OD�FDtGD��

ͻ� iFall��DOJRULWPR�SURSXHVWR�SRU�6SRVDUR�HQ�>��@��&RPSUXHED�VL�HO�PyGXOR�GH�

OD�DFHOHUDFLyQ�SDVD�VXFHVLYDPHQWH��HQ�XQ�WLHPSR�PHQRU�GH�OR�TXH�PDUFD�

FLHUWD� YHQWDQD�GH� WLHPSR�െݐ�ௐಷೌ െ��� SRU�XQD�EDMDGD� �FDtGD� OLEUH�� \� XQD�
VXELGD�EUXVFD��JROSH���3RU�WDQWR��KDFH�XVR�GH�XQ�XPEUDO�LQIHULRU��ܵܯ ௨ܸሻ�\�
XQ�XPEUDO�VXSHULRU��ܵܯ ܸሻ��

ͻ� Fall Index� �DOJRULWPR� SURSXHVWR� SRU� <RVKLGD� HQ� >��@��� $O� LJXDO� TXH� HO�

DOJRULWPR�iFall��WLHQH�HQ�FXHQWD�OD�H[LVWHQFLD�GH�XQD�IDVH�GH�GLVPLQXFLyQ�GHO�

PyGXOR�GH�OD�DFHOHUDFLyQ�\�SRVWHULRUPHQWH�XQ�SLFR�SURYRFDGR�SRU�XQ�JROSH��

DXQTXH��HQ�OXJDU�GH�XWLOL]DU�GLFKR�PyGXOR�FRPR�SDUiPHWUR�GH�REVHUYDFLyQ��

HPSOHD� HO� PyGXOR� GH� OD� GLIHUHQFLD� GH� DFHOHUDFLyQ� HQWUH� PXHVWUDV�

FRQVHFXWLYDV�\��SRU�HQGH��XWLOL]D�XQ�~QLFR�YDORU�XPEUDO��

ͻ� PerFallD��DOJRULWPR�SURSXHVWR�SRU�'DL�HQ�>��@���FRQVLGHUD�TXH�H[LVWH�FDtGD�

VL�HO�PyGXOR�GH�OD�DFHOHUDFLyQ��609��\�OD�DFHOHUDFLyQ�HQ�OD�GLUHFFLyQ�YHUWLFDO�

DEVROXWD��ܣ௩���HQ�XQ�LQWHUYDOR�VXSHUDQ�FLHUWRV�XPEUDOHV��



&DStWXOR����(YDOXDFLyQ�GH�OD�SRVLFLyQ�ySWLPD�GHO�VHQVRU�\�GH�OD�XWLOLGDG�GH�FRPELQDU�VHQVRUHV�

���
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/RV�GDWRV�FRQWHQLGRV�HQ�HO� UHSRVLWRULR�80$)DOO�VH�DQDOL]DQ�VLVWHPiWLFDPHQWH�

FRQ� ORV� DOJRULWPRV� DQWHULRUPHQWH� PHQFLRQDGRV� \� VH� REWLHQHQ� XQD� VHULH� GH�

PpWULFDV�GH�FDOLGDG��3DUD�FDGD�XQR�GH�ORV�DOJRULWPRV�VH�UHDOL]D�XQ�EDUULGR�GHO�

YDORU�GH�ORV�XPEUDOHV�VHOHFFLRQDGRV��

x� 3DUD�HO�DOJRULWPR�GH�XPEUDO�EiVLFR�VH�UHDOL]D�XQ�EDUULGR�GHO�~QLFR�XPEUDO�

XWLOL]DGR�HQ�HO�SURFHVR��HO�XPEUDO�Pi[LPR�GH�OD�DFHOHUDFLyQ��்ܸܵܯ ���
x� (O�DOJRULWPR� L)DOO�SRVHH�GRV�XPEUDOHV��HO� XPEUDO� VXSHULRU�H� LQIHULRU�GHO�

PyGXOR� GH� OD� DFHOHUDFLyQ�� (Q� HVWH� FDVR�� SDUD� FDOFXODU� ODV�PpWULFDV� GH�

FDOLGDG�VH�UHDOL]D�XQ�EDUULGR�GHO�XPEUDO�VXSHULRU��ܵܯ ௨ܸ���PLHQWUDV�TXH�VH�
PDQWLHQH�ILMR�HO�XPEUDO�LQIHULRU��ܵܯ ܸ���HQ�FRQFUHWR�VH�XWLOL]D�XQ�YDORU�GH�
����J�� PDJQLWXG� VHOHFFLRQDGD� WUDV� GLIHUHQWHV� SUXHEDV� LQLFLDOHV� FRQ� HO�

SURSyVLWR�GH�PD[LPL]DU�ODV�SUHVWDFLRQHV�GHO�VLVWHPD��

x� (Q� FXDQWR�DO� DOJRULWPR�)DOO� ,QGH[�� FRPR�\D� VH� FRPHQWy�DQWHULRUPHQWH��

VRODPHQWH�KDFH�XVR�GH�XQ�~QLFR�XPEUDO��ሺܫܨ���SRU�WDQWR��ODV�PpWULFDV�GH�
FDOLGDG�VH�REWLHQHQ�D�SDUWLU�GH�XQ�EDUULGR�GH�ORV�YDORUHV�GH�pVWH��

x� 3RU�~OWLPR��HQ�HO�FDVR�GHO�DOJRULWPR�3HU)DOO,'��VH�GLVSRQH�GH�GRV�XPEUDOHV�

GLIHUHQWHV��SRU�XQ�ODGR��HO�XPEUDO�VXSHULRU�GHO�PyGXOR�GH�OD�DFHOHUDFLyQ�

்ܸܯܵ� ��\�SRU�RWUR�HO�XPEUDO�VXSHULRU�GH�OD�DFHOHUDFLyQ�YHUWLFDO�DEVROXWD�
்ܸܣ� ሻ��(Q�HVWH�FDVR��FRPR�DPEDV�PDJQLWXGHV�VH�HQFXHQWUDQ�OLJDGDV��OD�
H[SHULHQFLD�VH�UHDOL]D�KDFLHQGR�XQ�EDUULGR�GHO�XPEUDO�VXSHULRU�GHO�PyGXOR�

GH�OD�DFHOHUDFLyQ��HO�YDORU�HOHJLGR�SDUD�HO�XPEUDO�VXSHULRU�GH�OD�DFHOHUDFLyQ�

DEVROXWD�VHUi�XQ�����GHO�YDORU�VHOHFFLRQDGR�SDUD�HO�RWUR�XPEUDO��$O�LJXDO�

TXH�HQ�HO�FDVR�GH�L)DOO��HVWH�YDORU�VH�VHOHFFLRQD�WUDV�XQD�VHULH�GH�SUXHEDV�

LQLFLDOHV�FRQ�OD�LQWHQFLyQ�GH�PD[LPL]DU�HO�UHQGLPLHQWR�GHO�DOJRULWPR��

/DV�PpWULFDV�GH�FDOLGDG�XWLOL]DGDV�VRQ�WUHV�FDUDFWHUtVWLFDV�PX\�FRPXQHV�HQ�OD�

HYDOXDFLyQ�GH�VLVWHPDV�GH�FODVLILFDFLyQ�ELQDULD��HVTXHPD�HQ�HO�TXH�VH�SXHGHQ�

HQJOREDU�ORV�)'6���

ͻ� 6HQVLELOLGDG� �ܵ݁��� GHILQLGD� FRPR� OD� UHODFLyQ� HQWUH� HO� Q~PHUR� GH� FDtGDV�
LGHQWLILFDGDV�FRUUHFWDPHQWH��³YHUGDGHURV�SRVLWLYRV´��\�HO�Q~PHUR�GH�FDtGDV�

WRWDO�HQ�HO�UHSRVLWRULR�HPSOHDGR��
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���

ͻ� (VSHFLILFLGDG� ��ܵ�� GHILQLGD� FRPR� OD� UHODFLyQ� HQWUH� $'/� LGHQWLILFDGRV�
FRUUHFWDPHQWH��³YHUGDGHURV�QHJDWLYRV´��\�HO�Q~PHUR�WRWDO�GH�$'/�UHDOPHQWH�

HMHFXWDGDV��

ͻ� ÈUHD� EDMR� OD� FXUYD� �$8&��� (VWH� SDUiPHWUR� VH� FDOFXOD� D� SDUWLU� GH� OD�

FDUDFWHUtVWLFD�GH�RSHUDWLYD�GHO�UHFHSWRU�R�FXUYD�52&��Receiver Operating 

Characteristic��� TXH� VH� REWLHQH� WUD]DQGR� Se� IUHQWH� D� OD� WDVD� GH� IDOVRV�

SRVLWLYRV��ͳെ ���SDUD�ORV�GLIHUHQWHV�YDORUHV�GHO�XPEUDO�GH�GLVFULPLQDFLyQ�ܵ
&RPR� OD� VHQVLELOLGDG� \� OD� HVSHFLILFLGDG� VH� HQFXHQWUDQ� IXHUWHPHQWH� OLJDGDV�

�PHGLDQWH� XQD� FRUUHODFLyQ� LQYHUVD�� \� FRQ� HO� iQLPR� GH� GHILQLU� XQD�PpWULFD� GH�

FDOLGDG�JOREDO�GHO�VLVWHPD��VH�HPSOHD�OD�PHGLD�JHRPpWULFD�GH�OD�VHQVLELOLGDG�\�

HVSHFLILFLGDG�� TXH�XQLILFD�HQ�XQ� VROR� YDORU� OD� LQIRUPDFLyQ�DSRUWDGD�GH�DPERV�

SDUiPHWURV��

$�OD�KRUD�GH�DQDOL]DU�OD�LPSRUWDQFLD�GH�OD�SRVLFLyQ�GH�ORV�VHQVRUHV�FRUSRUDOHV�VH�

KDFH�XVR�GH� IRUPD�VHOHFWLYD�GH� ORV�GDWRV�GH� ORV�VHQVRUHV�GH�PDQHUD�TXH�VH�

FRPSUXHEDQ�WRGDV�ODV�FRPELQDFLRQHV�SRVLEOHV��(Q�HO�VLVWHPD�VH�XWLOL]DQ�FLQFR�

VHQVRUHV��SRU� OR�TXH�VH�FRPSUXHEDQ�XQ� WRWDO�GH�ʹହ െ ͳ ൌ ͵ͳ� FRPELQDFLRQHV���

3DUD�FDGD�FRPELQDFLyQ�DQDOL]DGD�\�FDGD�H[SHULPHQWR�SUREDGR��VH�LGHQWLILFD�XQD�

FDtGD� VROR� VL� WRGRV� ORV� VHQVRUHV� FRQVLGHUDGRV� FODVLILFDQ� LQGLYLGXDOPHQWH� OD�

DFWLYLGDG� FRPR� RFXUUHQFLD� GH� FDtGD�� HV� GHFLU�� VL� OD� DSOLFDFLyQ� GHO� DOJRULWPR�

FRUUHVSRQGLHQWH�D� ODV�VHxDOHV�FDSWDGDV�SRU� WRGRV� ORV�VHQVRUHV�FRQWHPSODGRV�

SURGXFH�XQ�SRVLWLYR��

͵ǤͳǤ͵Ǥ��������������

7UDV�HO�DQiOLVLV�OOHYDGR�D�FDER�VH�FRQFOX\H�TXH��

ͻ� 8Q�PD\RU�Q~PHUR�GH�VHQVRUHV�HQ�HO�VLVWHPD�QR�VH�WUDGXFH�HQ�XQD�PHMRUD�

GHO�UHQGLPLHQWR�GHO�VLVWHPD��

ͻ� /RV�PHMRUHV�UHVXOWDGRV�YLHQHQ�GDGRV�SRU�HO�VHQVRU�XELFDGR�HQ�OD�PXxHFD��

&RPR�VH�WUDWD�GH�XQD�SRVLFLyQ�FRQ�DOWD�SUREDELOLGDG�GH�VXIULU�PRYLPLHQWRV�

EUXVFRV�� VH� GHGXFH� TXH� FRPELQDUOD� FRQ� VHQVRUHV� FRPR� HO� SHFKR� R� OD�

FLQWXUD� SXHGH� VHU� IDYRUDEOH�� \D� TXH� HVWRV� GRV� WDPELpQ� SURSRUFLRQDQ�

EXHQRV�UHVXOWDGRV��
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���

ͻ� /D�XWLOL]DFLyQ�GHO�smartphone�SDUD� OD�GHWHFFLyQ�GH�FDtGDV�QR�SDUHFH�VHU�

DFRQVHMDEOH�� \D� TXH� OD� XELFDFLyQ� QDWXUDO� GH� HVWH� WLSR� GH� GLVSRVLWLYR� �XQ�

EROVLOOR���SDUHFH�QR�VHU�OD�PHMRU�RSFLyQ�SDUD�FDUDFWHUL]DU�PRYLPLHQWRV��6LQ�

HPEDUJR�� OD� FDSDFLGDG� GH� FRPXQLFDFLyQ� \� SURFHVDPLHQWR�� DVt� FRPR� OD�

SRVLELOLGDG�GH�LQIRUPDU�VREUH�OD�SRVLFLyQ�PHGLDQWH�*36��Global Positioning 

System)��OR�FRQYLHUWHQ�HQ�XQ�GLVSRVLWLYR�PX\�LQWHUHVDQWH�SDUD�VHU�XWLOL]DGR�

FRPR�QRGR�GH�LQWHUFRQH[LyQ�FRQ�VHQVRUHV�FRUSRUDOHV�\�SDUD�WUDQVPLWLU�ODV�

FRUUHVSRQGLHQWHV�DODUPDV�

ͻ� (Q�FXDQWR�D�ORV�DOJRULWPRV��Fall Index�\�XPEUDO�EiVLFR�SDUHFHQ�VXSHUDU�ODV�

SUHVWDFLRQHV�GH�ORV�RWURV�DOJRULWPRV�HVWXGLDGRV��PerFallD�H�iFall��SRU�OR�TXH�

OD�PD\RU�FRPSOHMLGDG�GH�HVWRV�GRV�~OWLPRV�QR�YLHQH�DFRPSDxDGD�GH�XQD�

PHMRUD�VLJQLILFDWLYD�GHO�UHQGLPLHQWR�D�OD�KRUD�GH�FODVLILFDU��

ͻ� (O�WLSR�GH�PRYLPLHQWRV�FRQWHQLGRV�HQ�HO�UHSRVLWRULR�GH�HVWXGLR�UHSHUFXWH�GH�

IRUPD�VLJQLILFDWLYD�HQ�HO� UHQGLPLHQWR�GHO� VLVWHPD�DO�XWLOL]DU�DOJRULWPRV�GH�

GHWHFFLyQ�EDVDGRV�HQ�XPEUDOHV��/RV�PRYLPLHQWRV�GH�WLSR�GHSRUWLYR�X�RWUDV�

DFWLYLGDGHV� FRQ� PRYLPLHQWRV� DJLWDGRV� VRQ� IiFLOPHQWH� FRQIXQGLGRV� FRQ�

FDtGDV��

ͻ� 6H� FRQFOX\H� TXH� ORV� DOJRULWPRV� GH� GHWHFFLyQ� GH� FDtGDV� EDVDGRV� HQ�

XPEUDOHV� QR� VRQ� OR� VXILFLHQWHPHQWH� UREXVWRV� SDUD� VHU� XWLOL]DGRV� HQ� XQ�

VLVWHPD�GH�GHWHFFLyQ�GH�FDtGDV�ILDEOH��\D�TXH�SDUD�HVSHFLILFLGDGHV�GH�DO�

PHQRV������VRODPHQWH�VH�FRQVLJXHQ�VHQVLELOLGDGHV�FHUFDQDV�DO�����HQ�

DTXHOODV�SUXHEDV�GRQGH�H[LVWHQ�$'/�GH�WLSRORJtD�GHSRUWLYD��6LQ�HPEDUJR��

HQ�HVFHQDULRV�GRQGH�VH�HVSHUD�TXH�QR�VH�SURGX]FDQ�PRYLPLHQWRV�GH�HVWH�

WLSR� R� VLPLODU�� HO� UHQGLPLHQWR� GHO� VLVWHPD� DXPHQWD� FRQVLGHUDEOHPHQWH�

DOFDQ]DQGR� YDORUHV� VXSHULRUHV� DO� ���� GH� PHGLD� JHRPpWULFD� GH� OD�

VHQVLELOLGDG�\�HVSHFLILFLGDG��

� �
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Resumen del artículo ȏʹȐ:  

Santoyo-Ramón, J.; Casilari Pérez, E.; Cano-García, J. Analysis of a Smartphone-Based 
Architecture with Multiple Mobility Sensors for Fall Detection with Supervised 
Learning. Sensors 2018, 18, 1155. 
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7DO� \� FRPR�VH�PHQFLRQy�HQ�HO� DSDUWDGR�DQWHULRU�� OD� LPSODQWDFLyQ�GHO� WHOpIRQR�

PyYLO�HQ� OD�YLGD�GLDULD�GH� OD�VRFLHGDG�� MXQWR�D�VX�FDSDFLGDG�GH�FRPXQLFDFLyQ��

FRPSXWDFLyQ�\�PHGLFLyQ�GH�SDUiPHWURV�ItVLFRV�OR�KD�FRQYHUWLGR�HQ�HO�HOHPHQWR�

EDVH�GH�GLIHUHQWHV�HVWXGLRV�UHODFLRQDGRV�FRQ�OD�GHWHFFLyQ�GH�FDtGDV��(VWH�KHFKR�

PRWLYD�HO�SUHVHQWH�DUWtFXOR��HQ�HO�FXDO�VH�HVWXGLD�HO�PLVPR� UHSRVLWRULR�KtEULGR�

PXOWLVHQVRU�TXH�HQ�ODV�VHFFLRQHV�DQWHULRUHV��80$)DOO�>��@���FRQ�OD�LQWHQFLyQ�GH�

DQDOL]DU�HO�FRPSRUWDPLHQWR�GH�ODV�SUHVWDFLRQHV�GH�XQ�VLVWHPD�GH�GHWHFFLyQ�GH�

FDtGDV�FXDQGR�VH�FRPELQD�HO�XVR�GH�VHQVRUHV�XELFDGRV�HQ�GLIHUHQWHV�SRVLFLRQHV�

HQ� HO� FXHUSR� GH� ORV� VXMHWRV� H[SHULPHQWDOHV�� HVWD� YH]� XWLOL]DQGR� DOJRULWPRV�

DXWRPiWLFRV�GH�DSUHQGL]DMH�VXSHUYLVDGR��$VLPLVPR��SUHFHGHQWHPHQWH�VH�UHDOL]D�

XQ�HVWXGLR�VREUH�ODV�³FDUDFWHUtVWLFDV´�R�³DWULEXWRV´��features���GHULYDGRV�D�SDUWLU�

GH�ODV�PHGLGDV�LQHUFLDOHV�GH�ORV�PRYLPLHQWRV��TXH�VH�XWLOL]DQ�FRPR�HQWUDGD�SDUD�

ORV� DOJRULWPRV�� FRQ� HO� SURSyVLWR� GH� GHWHUPLQDU� FXiOHV� GHILQHQ� PHMRU� ORV�

PRYLPLHQWRV� \� UHVXOWDQ�� SRU� WDQWR�� PiV� DGHFXDGDV� SDUD� RSWLPL]DU� ODV�

SUHVWDFLRQHV�GHO�VLVWHPD�GH�GHWHFFLyQ�GH�FDtGDV��

͵ǤʹǤʹǤ����������À��

͵ǤʹǤʹǤͳǤ����������������	����

$O� LJXDO� TXH� HQ� OD� VHFFLyQ� DQWHULRU� SDUD� HO� DQiOLVLV� VLVWHPiWLFR� GHO� VLVWHPD�

GHWHFWRU�GH�FDtGDV�VH�XWLOL]D�HO�UHSRVLWRULR�GH�PRYLPLHQWRV�80$)DOO��HO�FXDO�IXH�

FUHDGR�SDUD�HVWRV�ILQHV�GH�HVWXGLR�\�VH�HQFXHQWUD�DELHUWR�DO�S~EOLFR�HQ�LQWHUQHW��

&RPR�\D�VH�FRPHQWy�HQ�HO�UHVXPHQ�GHO�DUWtFXOR�DQWHULRU��GHELGR�D�TXH�ODV�WUD]DV�

GH� ORV�PRYLPLHQWRV� LQFOX\HQ�PHGLGDV�GH�GLIHUHQWHV�VHQVRUHV�SRVLFLRQDGRV�HQ�

FLQFR� XELFDFLRQHV� GLVWLQWDV� GHO� FXHUSR� GH� ORV� VXMHWRV� H[SHULPHQWDOHV�� HO�



&DStWXOR����(YDOXDFLyQ�GH�OD�SRVLFLyQ�ySWLPD�GHO�VHQVRU�\�GH�OD�XWLOLGDG�GH�FRPELQDU�VHQVRUHV�

���

UHSRVLWRULR�UHVXOWD� LGHDO�SDUD�HO�HVWXGLR��\D�TXH�SHUPLWH�FRPSUREDU�KDVWD�ʹହ െ
ͳ ൌ ͵ͳ� FRPELQDFLRQHV� GLIHUHQWHV� GH� VHQVRUHV�� &RPR� SDUWLFXODULGDG�� FDEH�

UHVHxDU�TXH�HQ�HVWH�DUWtFXOR�VH�XWLOL]D�XQD�YHUVLyQ�DFWXDOL]DGD�GHO�UHSRVLWRULR��HQ�

OD�FXDO�VH�DxDGLHURQ�QXHYRV�WLSRV�GH�PRYLPLHQWRV�FRPR�DSODXGLU��VXELU�ORV�EUD]RV�

R� VLPXODU� HO� SURFHVR� GH� FRQWHVWDU� D� XQD� OODPDGD� FRQ� HO� PyYLO�� DVt� FRPR� OD�

SDUWLFLSDFLyQ�GH���QXHYRV�VXMHWRV�H[SHULPHQWDOHV�PD\RUHV�GH����DxRV� �KDVWD�

FRQIRUPDU�XQ�WRWDO�GH����YROXQWDULRV���

͵ǤʹǤʹǤʹǤ���������������������������������������������������

(O�SUHVHQWH�HVWXGLR�KDFH�XVR�GH�DOJRULWPRV�GH�DSUHQGL]DMH�VXSHUYLVDGR��(VWH�

WLSR�GH�DOJRULWPR�SUHFLVD�GH�XQD� IDVH�GH�HQWUHQDPLHQWR�VXSHUYLVDGR�DQWHV�GH�

SRGHU�VHU�XWLOL]DGR�SDUD�FODVLILFDU�PXHVWUDV�GH�SUXHED��(VWH�HQWUHQDPLHQWR�VH�

FRQVLJXH�SURSRUFLRQDQGR�DO�DOJRULWPR�XQD�VHULH�GH�FDUDFWHUtVWLFDV��HVWDGtVWLFRV�

TXH� FDUDFWHUL]DQ� ORV� PRYLPLHQWRV�� TXH� VRQ� H[WUDtGRV� GH� ODV� PXHVWUDV� GH�

HQWUHQDPLHQWR��XQ�VXEFRQMXQWR�GHO�UHSRVLWRULR�HPSOHDGR��MXQWR�FRQ�OD�GHFLVLyQ�

UHDO��$'/�R�FDtGD��TXH�GHEHUtD�JHQHUDU�HO�GHWHFWRU�FXDQGR�VRQ�DOLPHQWDGRV�FRQ�

GLFKDV� HQWUDGDV�� 8QD� YH]� HQWUHQDGR�� HO� DOJRULWPR� FRQVWUX\H� XQ� PRGHOR�

PDWHPiWLFR�TXH�VH�SXHGH�XWLOL]DU�SDUD�FODVLILFDU�RWURV�PRYLPLHQWRV�HQ�OD�OODPDGD�

IDVH�GH�SUXHED��TXH�VH�UHDOL]D�FRQ�ORV�PRYLPLHQWRV�GHO�UHSRVLWRULR�QR�XWLOL]DGRV�

HQ�OD�IDVH�GH�HQWUHQDPLHQWR���

(Q�HVWH�FDVR�VH�XWLOL]DQ�FXDWUR�GH�ORV�DOJRULWPRV�GH�DSUHQGL]DMH�VXSHUYLVDGR�PiV�

XWLOL]DGRV�HQ�OD�OLWHUDWXUD��Support Vector Machine��690���k-Nearest Neighbors�

�N11���Naïve Bayes��1%��\�iUEROHV�GH�GHFLVLyQ�R�Decision Trees��'7���(Q�HVWH�

DQiOLVLV�VH�XWLOL]DQ�XQRV�KLSHUSDUiPHWURV�ILMRV�SDUD�FDGD�XQR�GH�ORV�DOJRULWPRV��

6XSSRUW�9HFWRU�0DFKLQH��690�� .HUQHO�/LQHDO�

N�1HDUHVW�1HLJKERUV��N11��
. ��
7LSR�GH�GLVWDQFLD� �(XFOLGHDQ�

1DwYH�%D\HV��1%�� 'LVWULEXFLyQ�QRUPDO�JDXVVLDQD�

'HFLVLRQ�7UHH��'7��
1��Pi[LPR�GH�FDWHJRUtDV� ����
1��Pi[LPR�GH�GLYLVLRQHV� ���

7DEOD� ����� 5HVXPHQ� GH� ORV� DOJRULWPRV� GH� DSUHQGL]DMH� VXSHUYLVDGR� XWLOL]DGRV� MXQWR� D� ORV� KLSHUSDUiPHWURV�
HPSOHDGRV��
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͵ǤʹǤʹǤ͵Ǥ���������×�������������À�������

8QR�GH�ORV�DVSHFWRV�FODYHV�HQ�HO�FDPSR�GH�ORV�DOJRULWPRV�machine learning�HV�

OD� VHOHFFLyQ� DGHFXDGD� GH� ODV� FDUDFWHUtVWLFDV� GH� HQWUDGD� XWLOL]DGDV� SRU� ORV�

DOJRULWPRV��(Q�HVWH�FDVR�VH�SURSRQHQ�VHLV�HVWDGtVWLFRV�FRPSXWDGRV�D�SDUWLU�GH�

ODV� VHxDOHV� GH� DFHOHURPHWUtD� GH� ORV� PRYLPLHQWRV� FDSWDGDV� SRU� ORV� VHQVRUHV�

WUDQVSRUWDEOHV��7RGRV�HOORV�VRQ�FDOFXODGRV�GHQWUR�GH�XQD�YHQWDQD�GH�WLHPSR�ILMD�

�GH�����V��XELFDGD�HQ�OD�VHFFLyQ�R�VHJPHQWR�GH�VHxDO�GH�FDGD�PXHVWUD��$'/�R�

FDtGD��TXH�LQFOX\H�OD�PD\RU�GLIHUHQFLD�GH�DFHOHUDFLyQ�H[LVWHQWH�D�OR�ODUJR�GH�WRGR�

HO�PRYLPLHQWR��

1RPEUH� 'HVFULSFLyQߤ�ௌெ� 0HGLD�GHO�PyGXOR�GH�OD�DFHOHUDFLyQ��'HVFULEH�OD�PHGLD�GHO�QLYHO�GH�PRYLPLHQWR�
R�DJLWDFLyQ�GHO�FXHUSRܣ��ఠሺೌೣሻ� 0i[LPD�YDULDFLyQ�GH�ODV�FRPSRQHQWHV�GH�OD�DFHOHUDFLyQ��3HUPLWH�LGHQWLILFDU�OD�
SUHVHQFLD�GH�XQ�FDPELR�EUXVFR�HQ�HO�PyGXOR�GH�OD�DFHOHUDFLyQߪ�ௌெ� 'HVYLDFLyQ�HVWiQGDU�GHO�PyGXOR�GH�OD�DFHOHUDFLyQ��'HVFULEH�OD�YDULDELOLGDG�GHO�
PyGXOR�GH�OD�DFHOHUDFLyQߤ��ఏ� 0HGLD�GHO�iQJXOR�GH�URWDFLyQ��$SRUWD�LQIRUPDFLyQ�VREUH�ORV�FDPELRV�GH�
RULHQWDFLyQ�GHO�FXHUSR�GHO�VXMHWRߤ��ௌெሺሻ� 0HGLD�GH�OD�GLIHUHQFLD�GHO�PyGXOR�GH�OD�DFHOHUDFLyQ�HQWUH�GRV�PXHVWUDV�
FRQVHFXWLYDV��&DUDFWHUL]D�OD�YDULDFLyQ�H[LVWHQWH�HQ�HO�PyGXOR�GH�OD�DFHOHUDFLyQ�
HQWUH�GRV�PXHVWUDV�FRQVHFXWLYDV��

�ߤ 0HGLD�GH�OD�FRPSRQHQWH�GH�OD�DFHOHUDFLyQ�SDUDOHOD�DO�SODQR�GHO�VXHOR��$SRUWD�
LQIRUPDFLyQ�VREUH�ORV�FDPELRV�GH�SHUSHQGLFXODULGDG�GHO�FXHUSR�GHO�VXMHWR�
UHVSHFWR�DO�VXHOR��

7DEOD������&DUDFWHUtVWLFDV�GH�HQWUDGD�XVDGDV�SDUD�FDUDFWHUL]DU�ORV�PRYLPLHQWRV�HQ�HO�SUHVHQWH�HVWXGLR��

3DUD�HO� FDVR�GHO�HVWDGtVWLFR�GH� OD�PHGLD�GH� OD� FRPSRQHQWH�GH� OD�DFHOHUDFLyQ�

SDUDOHOD�DO�SODQR�GHO�VXHOR��ߤ��GHEH�DGYHUWLUVH�TXH�VH�KD�WHQLGR�HQ�FXHQWD�OD�
GLVSRVLFLyQ�GH�ORV�HMHV�GH�ORV�VHQVRUHV��YHU�)LJXUD������HQ�HO�testbed��HQ�OR�TXH�

VH�KD�FRQVLGHUDGR�OD�SRVLFLyQ�GH�UHIHUHQFLD�R�LQLFLDO��HVWR�HV��HO�VXMHWR�GH�SLH�HQ�

SRVLFLyQ�YHUWLFDO�\�HUJXLGD��WDO�\�FRPR�VH�PXHVWUD�HQ�OD�)LJXUD������



&DStWXOR����(YDOXDFLyQ�GH�OD�SRVLFLyQ�ySWLPD�GHO�VHQVRU�\�GH�OD�XWLOLGDG�GH�FRPELQDU�VHQVRUHV�

���

�

)LJXUD������5HSUHVHQWDFLyQ�GHO�VLVWHPD�GH�UHIHUHQFLD�HVSDFLDO�GH�ORV�GLVSRVLWLYRV�GH�GHWHFFLyQ�HPSOHDGRV�HQ�HO�
UHSRVLWRULR�80$)DOO��ORV�GLVSRVLWLYRV�HVWiQ�ILUPHPHQWH�XQLGRV�DO�FXHUSR�GH�ORV�VXMHWRV�SDUD�JDUDQWL]DU�TXH�HO�

VLVWHPD�GH�UHIHUHQFLD�QR�FDPELH�GXUDQWH�ORV�H[SHULPHQWRV����D��6HQVRU7DJ��E��6PDUWSKRQH��

�

)LJXUD������(MHPSOR�GH�OD�GLVWULEXFLyQ�GH�ORV�VHQVRUHV�XWLOL]DGRV�SRU�XQ�VXMHWR�H[SHULPHQWDO�HQ�HO�UHSRVLWRULR�
80$)DOO��/D�IOHFKD�YHUGH�LQGLFD�OD�SRVLFLyQ�GHO�VPDUWSKRQH��/DV�IOHFKDV�URMDV�FRUUHVSRQGHQ�D�ORV�PyGXORV�

6HQVRU7DJ��TXH�VH�XQHQ�DO�FXHUSR�GHO�XVXDULR�PHGLDQWH�EDQGDV�HOiVWLFDV��

͵ǤʹǤʹǤͶǤ���������×��������������

'HO�PLVPR�PRGR�TXH�HQ�HO�DUWtFXOR�SUHFHGHQWH�VH�DQDOL]DQ�VLVWHPiWLFDPHQWH�ORV�

PRYLPLHQWRV�SUHVHQWHV�HQ�HO�UHSRVLWRULR�80$)DOO�FRQVLJXLpQGRVH�GH�HVWH�PRGR�

XQD� VHULH� GH� PpWULFDV� GH� FDOLGDG� �VHQVLELOLGDG�� HVSHFLILFLGDG� \� OD� PHGLD�

JHRPpWULFD�GH�OD�VHQVLELOLGDG�\�OD�HVSHFLILFLGDG��TXH�SURSRUFLRQDQ�LQIRUPDFLyQ�

VREUH�HO�FRPSRUWDPLHQWR�GHO�VLVWHPD��$SDUWH�GH�FRPSDUDU�ORV�UHVXOWDGRV�GH�ORV�

FXDWUR�DOJRULWPRV�machine learning�VHOHFFLRQDGRV��HO�REMHWLYR�SULQFLSDO�GH�HVWH�

HVWXGLR�HV��SRU�XQ�ODGR��FRQRFHU�HO�LPSDFWR�HQ�ODV�SUHVWDFLRQHV�GHO�VLVWHPD�GH�

GHWHFFLyQ�GH�FDtGDV�UHVSHFWR�D�ODV�FDUDFWHUtVWLFDV�GH�HQWUDGD�VHOHFFLRQDGDV�SDUD�
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ORV�DOJRULWPRV��\�SRU�RWUR��FRPR�HQ�HO�DUWtFXOR�DQWHULRU��DYHULJXDU�FyPR�DIHFWD�HO�

Q~PHUR�\�SRVLFLyQ�GH�ORV�VHQVRUHV�DO�VLVWHPD���

3DUD�HO�SUHVHQWH�HVWXGLR�VH�XWLOL]D�XQ�GLVHxR�IDFWRULDO�ʹ��GRQGH�݇�HV�HO�Q~PHUR�
GH� SRVLEOHV� IDFWRUHV� TXH� SXHGHQ� DIHFWDU� HQ� HO� SURFHVR� GH� GHWHFFLyQ�

�FDUDFWHUtVWLFDV�GH�HQWUDGD�R�SRVLFLRQHV�GH�ORV�VHQVRUHV���

3DUD�GHWHUPLQDU�OD�VLJQLILFDFLyQ�HVWDGtVWLFD�H[LVWHQWH�HQWUH�ORV�UHVXOWDGRV�GH�ORV�

H[SHULPHQWRV� �DOJR�TXH�KDELWXDOPHQWH�QR�VH� FRQVLGHUD�HQ� ORV�HVWXGLRV� VREUH�

)'6��VH�XWLOL]DQ�DQiOLVLV�GH�YDULDQ]D��$129$���HQ�FRQFUHWR�GHO�WLSR�IDFWRULDO��8QD�

SUXHED� $129$� SRVLELOLWD� GHFLGLU� VL� ODV� PHGLDV� GH� GRV� R� PiV� SREODFLRQHV�

GLIHUHQWHV� GLILHUHQ� VLJQLILFDWLYDPHQWH�� GH� HVWH� PRGR�� SHUPLWH� FRPSUREDU� VL�

GLIHUHQWHV�WUDWDPLHQWRV�HQ�XQ�H[SHULPHQWR�SURYRFDQ�GLIHUHQFLDV�VLJQLILFDWLYDV�HQ�

ORV�UHVXOWDGRV�ILQDOHV�\��HQ�FRQVHFXHQFLD��HYDOXDU�OD�LPSRUWDQFLD�GH�ORV�GLIHUHQWHV�

IDFWRUHV�TXH�SXHGHQ�DOWHUDU�HO�IXQFLRQDPLHQWR�GHO�GHWHFWRU�GH�FDtGDV��$VLPLVPR��

HO�YDORU�GHO�HUURU�SURSRUFLRQDGR�SRU�HO�$129$��HV�GHFLU��HO�HIHFWR�SURYRFDGR�SRU�

IDFWRUHV�GLIHUHQWHV�D�ORV�HVWXGLDGRV�>��@�SHUPLWH�LQIHULU�OD�UREXVWH]�GHO�VLVWHPD��

SRU�XQ�ODGR��DQWH�OD�YDULDELOLGDG�LQWURGXFLGD�SRU�HO�SURSLR�FODVLILFDGRU�XWLOL]DGR�\�

SRU�RWUR�DQWH�FDXVDV�H[WHUQDV�FRPR�SRU�HMHPSOR�OD�FRPSRVLFLyQ�GH�ORV�datasets�

HVWXGLDGRV�R�ODV�FDUDFWHUtVWLFDV�LQKHUHQWHV�GH�ORV�XVXDULRV��DOWXUD��SHVR��HGDG��

HWF����

͵ǤʹǤ͵Ǥ���������������������������

7UDV�OD�UHDOL]DFLyQ�GH�ODV�GLIHUHQWHV�SUXHEDV�\�HO�DQiOLVLV�GH� ORV�UHVXOWDGRV�VH�

OOHJD� D� XQD� VHULH� GH� FRQFOXVLRQHV� TXH� VH� UHVXPHQ�D� FRQWLQXDFLyQ� SDUD� FDGD�

HVWXGLR��

͵ǤʹǤ͵ǤͳǤ���������������������×�������������À������������������ȋ��������Ȍ��

(Q� SULPHU� OXJDU�� VH� LQYHVWLJD� TXp� FRPELQDFLyQ� GH� FDUDFWHUtVWLFDV� GH� HQWUDGD�

PD[LPL]D�ODV�SUHVWDFLRQHV�GH�ORV�DOJRULWPRV��3DUD�FDGD�VHW�GH�FDUDFWHUtVWLFDV�ODV�

VHQVLELOLGDGHV� \� HVSHFLILFLGDGHV� JOREDOHV� VH� FDOFXODQ� FRPR� OD� PHGLD� GH� ODV�

PpWULFDV�UHVXOWDQWHV�GH�XWLOL]DU�WRGDV�ODV�FRPELQDFLRQHV�SRVLEOHV�GH�VHQVRUHV��

FDGD� XQR� XELFDGR� HQ� XQ� OXJDU� GLIHUHQWH� GHO� FXHUSR� GH� ORV� VXMHWRV�� /DV�

FRQFOXVLRQHV�REWHQLGDV�VRQ�ODV�VLJXLHQWHV��
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ͻ� /D�XWLOL]DFLyQ�GH�XQ�Q~PHUR�PD\RU�GH�FDUDFWHUtVWLFDV�GH�HQWUDGD��\�FRQ�HOOR��

XQ� DXPHQWR� GH� OD� FRPSOHMLGDG� GH� ORV� PRGHORV� GH� ORV� VLVWHPDV� GH�

FODVLILFDFLyQ�� QR� VH� FRUUHVSRQGH� FRQ� XQD� PHMRUD� HQ� HO� UHQGLPLHQWR� GHO�

VLVWHPD�GH�GHWHFFLyQ�GH�FDtGDV��'H�KHFKR��D�YHFHV�� OD�XWLOL]DFLyQ�GH�XQ�

PD\RU�Q~PHUR�GH�FDUDFWHUtVWLFDV�GH�HQWUDGD�GHWHULRUD�FRQVLGHUDEOHPHQWH�

ODV�SUHVWDFLRQHV��(VWD�VLWXDFLyQ�VH�SXHGH�MXVWLILFDU�HQ�HO�KHFKR�GH�TXH�ODV�

features�TXH�SURSRUFLRQDQ�LQIRUPDFLyQ�PHQRV�UHOHYDQWH�SXHGHQ�LQWURGXFLU�

UXLGR�SHUMXGLFLDO�DO�VLVWHPD��

ͻ� /D� HOHFFLyQ� GH� XQD� FRPELQDFLyQ� GH� FDUDFWHUtVWLFDV� GH� HQWUDGD� ySWLPD�

GHSHQGH� IXHUWHPHQWH� GHO� DOJRULWPR� XWLOL]DGR�� 6LQ� HPEDUJR�� VH� REVHUYDQ�

DOJXQRV�SDWURQHV�TXH�VH�UHSLWHQ��

�� /RV� HVWDGtVWLFRV� TXH� FRQ� PD\RU� IUHFXHQFLD� SURSRUFLRQDQ� PHMRUHV�

SUHVWDFLRQHV�\�FX\R�SRUFHQWDMH�GH�FRQWULEXFLyQ�HQ�HO�UHVXOWDGR�ILQDO�HV�

PD\RU�VRQ��

�� /D�GHVYLDFLyQ�HVWiQGDU�GHO�PyGXOR�GH�OD�DFHOHUDFLyQ��ߪௌெ���
�� /D�PHGLD�GH�OD�FRPSRQHQWH�GH�OD�DFHOHUDFLyQ�SDUDOHOD�DO�SODQR�

GHO�VXHOR��ߤ���
�� /D� Pi[LPD� YDULDFLyQ� GH� ODV� FRPSRQHQWHV� GH� OD� DFHOHUDFLyQ�

����௪ሺೌೣሻܣ�
�� 3RU� HO� FRQWUDULR�� VH� GHWHFWD� TXH� HO� HVWDGtVWLFR� �ௌெߤ SDUHFH� QR�

DSRUWDU� LQIRUPDFLyQ� VXILFLHQWHPHQWH� UHOHYDQWH� DO� VLVWHPD� GH�

GHWHFFLyQ��

ͻ� 3RU� RWUR� ODGR�� HO� $129$� UHDOL]DGR�PXHVWUD� TXH� H[LVWHQ� FLHUWRV� IDFWRUHV�

GLIHUHQWHV�D�ORV�HVWXGLDGRV�TXH�DIHFWDQ�HQ�OD�YDULDELOLGDG�GH�ORV�UHVXOWDGRV��

(O�DOJRULWPR�TXH�SDUHFH�VHU�PiV�UREXVWR�IUHQWH�D�HVWRV�IDFWRUHV�HV�690��

SRU�HO�FRQWUDULR��N11�SDUHFH�VHU�HO�PiV�VHQVLEOH��

$OJRULWPRV� ,QWHUYDOR�GH�FRQILDQ]D�GHO�YDORU�PHGLR�GH�ඥࢋࡿ  �ࡿ
690� >�������������@�

N�11� >�������������@�

1DwYH�%D\HV� >�������������@�

'HFLVLRQ�7UHH� >�������������@�

7DEOD������,QWHUYDORV�GH�FRQILDQ]D�REWHQLGRV�SDUD�FDGD�XQR�GH�ORV�DOJRULWPRV�GH�DSUHQGL]DMH�VXSHUYLVDGR�HQ�HO�
DQiOLVLV�$129$�SDUD�HO�YDORU�PHGLR�GH�ඥࢋࡿ  ���XWLOL]DQGR�WRGDV�ODV�SRVLEOHV�FRPELQDFLRQHV�GH�VHQVRUHVࡿ
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1DwYH�%D\HV� �� ������ �ضض ������� �ضض ������ �ضض ������� �� ������ �ضض ������� �������
'HFLVLRQ�7UHHV� �ضض ������ �ضض ������ �ضض ������� �� ������ �� ������ �ضض ������� �������

7DEOD������5HVXPHQ�GH�ORV�UHVXOWDGRV�GHO�DQiOLVLV�$129$��6H�LQFOX\H�HO�SRUFHQWDMH�GH�FRQWULEXFLyQ�D�OD�PHGLD�
JOREDO�GHO�H[SHULPHQWR�GH�ODV�FDUDFWHUtVWLFDV�GH�HQWUDGD��DVt�FRPR�HO�SRUFHQWDMH�GH�HUURU�REWHQLGR��(O�VtPEROR�
��ضض� LQGLFD� VL� OD� FDUDFWHUtVWLFD� FRUUHVSRQGLHQWH� HVWi� LQFOXLGD� R� QR� HQ� OD� FRPELQDFLyQ� TXH� ORJUD� XQ� PHMRU�
UHQGLPLHQWR�HVWDGtVWLFDPHQWH�VLJQLILFDWLYR��

͵ǤʹǤ͵ǤʹǤ���������������������×�����������×�������������×���������������������

����������×�������À����

(Q�HVWH�VHJXQGR�HVWXGLR�VH�HYDO~D�OD�LPSRUWDQFLD�GH�OD�SRVLFLyQ�GH�ORV�VHQVRUHV�

GH�PRYLPLHQWR�D�OD�KRUD�GH�GLIHUHQFLDU�HQWUH�XQD�FDtGD�\�XQ�$'/��DVt�FRPR�VL�OD�

FRPELQDFLyQ� GH� YDULRV� VHQVRUHV� PHMRUD� ODV� SUHVWDFLRQHV� GHO� VLVWHPD�� (VWH�

DQiOLVLV� VH� YXHOYH� D� UHDOL]DU� FRQ� FDGD� XQR� GH� ORV� DOJRULWPRV� GH� DSUHQGL]DMH�

VXSHUYLVDGR�� /DV� FDUDFWHUtVWLFDV� GH� HQWUDGD� TXH� VH� WLHQH� HQ� FXHQWD� HQ� FDGD�

DOJRULWPR� VRQ� DTXHOODV� TXH� SUHVHQWDURQ� XQDV� PHMRUHV� SUHVWDFLRQHV� HQ� HO�

DSDUWDGR�DQWHULRU��

&RPR� HQ� HO� HVWXGLR� GHO� DSDUWDGR� ���� FRQ� DOJRULWPRV� EDVDGRV� HQ� XPEUDOHV��

FXDQGR�VH�HPSOHD�PiV�GH�XQ�VHQVRU��D�OD�KRUD�GH�JHQHUDU�OD�FODVLILFDFLyQ�ELQDULD��

VH�DSOLFD�HO�RSHUDGRU�OyJLFR�µ$1'¶��HV�GHFLU��VH�VXSRQH�TXH�KD�RFXUULGR�XQD�FDtGD�

VROR�VL�HV�GHWHFWDGD�VLPXOWiQHDPHQWH�SRU�HO�DOJRULWPR�HQ�WRGDV�ODV�SRVLFLRQHV�

FRQVLGHUDGDV��

/DV�FRQFOXVLRQHV�H[WUDtGDV�VH�UHVXPHQ�D�FRQWLQXDFLyQ��

x� /D�ORFDOL]DFLyQ�GH�ORV�VHQVRUHV�HQ�HO�FXHUSR�GH�ORV�VXMHWRV�WLHQH�XQ�HIHFWR�

FUXFLDO�HQ�ODV�SUHVWDFLRQHV�GHO�VLVWHPD�GH�GHWHFFLyQ�GH�FDtGDV��

x� /DV�SRVLFLRQHV�FRQ�ORV�TXH�VH�FRQVLJXHQ�PHMRUHV�UHVXOWDGRV�VRQ�HO�SHFKR�

\�OD�FLQWXUD��DPEDV�SRVLFLRQHV�FHUFDQDV�DO�FHQWUR�GH�JUDYHGDG�GHO�FXHUSR�

KXPDQR��

x� (O�WRELOOR�HV�OD�XELFDFLyQ�TXH�SDUHFH�FDUDFWHUL]DU�SHRU�OD�PRYLOLGDG�GH�ORV�

VXMHWRV�� HV� OD� SRVLFLyQ� TXH�� GH� IRUPD� QRWDEOH�� SHRUHV� UHVXOWDGRV�

SURSRUFLRQD��

x� (O� EROVLOOR�GHO�SDQWDOyQ�QR�SDUHFH�VHU�XQD�SRVLFLyQ� UHFRPHQGDEOH�SDUD�

XELFDU� VHQVRUHV� GH� PRYLPLHQWRV�� $GHPiV� GH� TXH� ORV� UHVXOWDGRV� VRQ�
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���

SHRUHV�TXH�ORV�REWHQLGRV�SRU�RWUDV�SRVLFLRQHV�FRPR�OD�FLQWXUD�R�HO�SHFKR��

OD� YDULDELOLGDG� GH� ODV� FDUDFWHUtVWLFDV� GHO� EROVLOOR� �KROJXUD�� WDPDxR��

SRVLFLyQ��HWF���SXHGH�SURYRFDU�XQ�LPSDFWR�QHJDWLYR�D�OD�KRUD�GH�FODVLILFDU��

3RU� WDQWR�� HO� FRPSRUWDPLHQWR� GH�HVWD� SRVLFLyQ�REOLJD� D� UHFRQVLGHUDU� HO�

SDSHO�GHO�smartphone�FRPR�VHQVRU��

x� (Q�HO� FDVR�GH� ORV� WHOpIRQRV� LQWHOLJHQWHV� HPSOHDGRV� HQ�HVWH� HVWXGLR�� OD�

IUHFXHQFLD�GH�PXHVWUHR�GH�VX�VHQVRU�GH�DFHOHUDFLyQ�IXH�VXSHULRU�D�OD�GH�

ODV�PRWDV�GHO�VHQVRU������+]�IUHQWH�D����+]���SRU�OR�TXH�SXHGH�GHGXFLUVH�

TXH�XQD�IUHFXHQFLD�GH�PXHVWUHR�PiV�DOWD�QR�VH�FRUUHODFLRQD�FRQ�XQ�PHMRU�

GHVHPSHxR�� (VWH� WHPD� VHUi� WUDWDGR� HVSHFtILFDPHQWH� \� FRQ� PD\RU�

GHWHQLPLHQWR�HQ�XQ�DUWtFXOR�SRVWHULRU��

x� /D� FRPELQDFLyQ� VLPXOWiQHD� GH� GRV� R� PiV� VHQVRUHV� HQ� QLQJ~Q� FDVR�

DXPHQWD� HO� UHQGLPLHQWR� GHO� VLVWHPD�� HV� GHFLU�� OD� SRVLELOLGDG� GH�

LQFUHPHQWDU�OD�HVSHFLILFLGDG�QR�FRPSHQVD�OD�SpUGLGD�GH�VHQVLELOLGDG��3RU�

WDQWR��HO�DXPHQWR�GH�OD�FRPSOHMLGDG�GH�OD�UHG�GH�VHQVRUHV�FRUSRUDOHV��TXH�

DIHFWD� QHJDWLYDPHQWH�D� VX�HUJRQRPtD� \� FRVWR�� QR�HVWi� OLJDGR� FRQ�XQD�

PD\RU�HILFLHQFLD�D�OD�KRUD�GH�FODVLILFDU���

x� 8QD�DUTXLWHFWXUD�GH�VHQVRU�~QLFR��FRQ�XQ�DFHOHUyPHWUR�XQLGR�DO�SHFKR��

SDUHFH�VHU�VXILFLHQWH�SDUD�PD[LPL]DU�OD�HIHFWLYLGDG�GHO�VLVWHPD��(O�XVR�GH�

XQ�VHJXQGR�VHQVRU�
GH�UHVSDOGR
�HQ�OD�FLQWXUD�QR�GHJUDGD�HO�UHQGLPLHQWR�

PLHQWUDV�TXH�SRGUtD�D\XGDU�D�HYLWDU�IDOVRV�SRVLWLYRV�HQ�FDVR�GH�FXDOTXLHU�

DQRPDOtD�TXH�VXIUD�HO�GLVSRVLWLYR�HQ�HO�SHFKR��

x� 6L�VH�FRPSDUDQ�ORV�UHVXOWDGRV�REWHQLGRV�SRU�HO�VHQVRU�GH�FLQWXUD��XWLOL]DGR�

FRPR�VHQVRU�~QLFR��FRQ�ORV�GLIHUHQWHV�DOJRULWPRV��VH�SXHGH�FRQFOXLU�TXH�

ODV�PHMRUHV� SUHVWDFLRQHV� VH� FRQVLJXHQ� FRQ� HO� DOJRULWPR�690��(Q� HVWH�

SXQWR��QR�REVWDQWH��FDEH�GHFLU�TXH�H[LVWH�VXSHUSRVLFLyQ�HQ�ORV�LQWHUYDORV�

GH� FRQILDQ]D� REWHQLGRV� SDUD� ORV� FXDWUR� DOJRULWPRV� HVWXGLDGRV�� 3DUD� HO�

FDVR�GH�OD�690��HO�LQWHUYDOR�GH�FRQILDQ]D�GH�OD�PpWULFD�GH�UHQGLPLHQWR�VH�

HQFXHQWUD�HQ�HO�LQWHUYDOR�>�����������@�FRQ�XQ�YDORU�PHGLR�GH���������

OR� TXH� LPSOLFD� YDORUHV� PHGLRV� PtQLPRV� SDUD� OD� HVSHFLILFLGDG� \� OD�

VHQVLELOLGDG� VXSHULRUHV� DO� ������� $GHPiV�� 690� HV� HO� DOJRULWPR� TXH�

SURGXFH� HO�PHQRU� HUURU� ��������� SDUD� HO� DQiOLVLV� $129$��(VWH�PHQRU�

HUURU�UHGXFH�HO�SRVLEOH�LPSDFWR�GH�RWURV�SRVLEOHV�IDFWRUHV�TXH�QR�VH�KDQ�

FRQVLGHUDGR� �SRU� HMHPSOR�� GLIHUHQFLDV� HQ� ORV� SDWURQHV� GH� PRYLOLGDG� R�
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FDUDFWHUtVWLFDV� ItVLFDV� GHO� VXMHWR��� (Q� FXDOTXLHU� FDVR�� HO� LPSDFWR� GH� OD�

YDULDELOLGDG�HQWUH�ORV�UDVJRV�GH�ORV�VXMHWRV�VHUi�DQDOL]DGR�HQ�XQ�HVWXGLR�

SRVWHULRU��

x� /DV� SUHVWDFLRQHV� REWHQLGDV� HQ� SRVLFLRQHV� FRPR� HO� SHFKR� \� OD� FLQWXUD�

GHPXHVWUDQ� TXH� ORV� FXDWUR� DOJRULWPRV� GH� DSUHQGL]DMH� VXSHUYLVDGR�

XWLOL]DGRV� VRQ� XQD� RSFLyQ� LQWHUHVDQWH� HQ� HO� FDPSR� GH� OD� GHWHFFLyQ� GH�

FDtGDV�� (Q� WRGRV� HOORV� VH� FRQVLJXHQ� PHGLDV� JHRPpWULFDV� GH� OD�

VHQVLELOLGDG� \� HVSHFLILFLGDG� VXSHULRUHV� DO� ����� YDORU� PX\� VXSHULRU� DO�

REWHQLGR� FRQ� ORV� DOJRULWPRV� EDVDGRV� HQ� XPEUDOHV� HVWXGLDGRV� HQ� HO�

DUWtFXOR�DQWHULRU�� VLHQGR�GHVWDFDEOH�HO�KHFKR�GH�TXH��HQ�HVWH�FDVR�� ORV�

DOJRULWPRV�Vt�FODVLILFDQ�FRUUHFWDPHQWH�PRYLPLHQWRV�PiV�EUXVFRV�FRPR�ORV�

GHSRUWLYRV�� WLSRORJtD� FRQ� OD� TXH� H[LVWtD� SUREOHPDV� FRQ� ORV� DOJRULWPRV�

EDVDGRV�HQ�XPEUDOHV���

� �
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� %ROVLOOR� 3HFKR� &LQWXUD� 0XxHFD� 7RELOOR� ඥࢋࡿ  �ࡿ
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WUDEDMD� FDGD� VHQVRU� SRU� VHSDUDGR� \� OD� FRPELQDFLyQ� GH� VHQVRUHV� TXH� PHMRU� UHVXOWDGRV� DOFDQ]D� FRQ� FDGD�
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7DO� \� FRPR� VH� KD� FRPHQWDGR� UHLWHUDGDPHQWH� HQ� ORV� FDStWXORV� DQWHULRUHV�� ORV�

UHSRVLWRULRV�GH�PRYLPLHQWRV�JHQHUDGRV�SRU�VXMHWRV�H[SHULPHQWDOHV�FRQVWLWX\HQ�

OD�EDVH�PiV�KDELWXDO�SDUD�HO� HVWXGLR�GH�VLVWHPDV�\� WpFQLFDV�GH� GHWHFFLyQ�GH�

FDtGDV�� SHUPLWLHQGR� OD� UHDOL]DFLyQ� GH� HYDOXDFLRQHV� \� DQiOLVLV� VLVWHPiWLFRV� GH�

SROtWLFDV�GH�GHWHFFLyQ��6LQ�HPEDUJR��QR�H[LVWH�XQ�PDUFR�GH�WUDEDMR�HVWDQGDUL]DGR�

HQ�HVWH� FDPSR�GH�HVWXGLR��(VWH�KHFKR�VH� UHIOHMD� FODUDPHQWH� �DO�PHQRV�HQ� OD�

IHFKD�GH�SXEOLFDFLyQ�GHO�DUWtFXOR��HQ�������HQ� OD�DXVHQFLD�GH�XQ�FRQMXQWR�GH�

GDWRV�GH�PRYLPLHQWRV�HPSOHDGR�PDVLYDPHQWH�SRU�OD�FRPXQLGDG�LQYHVWLJDGRUD�

SDUD�FRPSDUDU�ODV�SUHVWDFLRQHV�GH�ODV�GLIHUHQWHV�SURSXHVWDV�HQ�OD�OLWHUDWXUD��'H�

KHFKR��HQ�OD�PD\RU�SDUWH�GH�ORV�HVWXGLRV�SXEOLFDGRV�KDVWD�DTXHO�PRPHQWR��ORV�

DXWRUHV�YDOLGDEDQ�VXV�WUDEDMRV�XWLOL]DQGR�VX�SURSLR�EDQFR�GH�SUXHEDV��GHILQLHQGR�

HOORV�PLVPRV� ORV� WLSRV�GH�PRYLPLHQWRV� �$'/�\� FDtGDV��� \�XWLOL]DQGR�VX�SURSLR�

JUXSR�GH�VXMHWRV�H[SHULPHQWDOHV��$VLPLVPR��HVWRV�GDWRV�H[SHULPHQWDOHV�VREUH�

ORV�TXH�VH�DSR\DEDQ�ORV�HVWXGLRV�QR�VROtDQ�SXEOLFDUVH�GH�IRUPD�DELHUWD��7RGDV�
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���

HVWDV� FLUFXQVWDQFLDV� GLILFXOWDQ� OD� UHSURGXFLELOLGDG� GH� ODV� SUXHEDV� \� OD�

FRPSDUDFLyQ�FUX]DGD�GH�ODV�WpFQLFDV�XWLOL]DGDV��

6LQ�HPEDUJR��HO�FUHFLHQWH�LQWHUpV�FLHQWtILFR�SRU�ORV�VLVWHPDV�)'6��SURSLFLDGR�SRU�

HO� DXJH� GH� ORV� GLVSRVLWLYRV� YHVWLEOHV�� HO� HQYHMHFLPLHQWR� GH� OD� SREODFLyQ� \� OD�

SUREOHPiWLFD� TXH� FRQOOHYDQ� ODV� FDtGDV� HQ� HO� iPELWR� GH� OD� VDOXG�� KD� YHQLGR�

SURYRFDQGR�OD�DSDULFLyQ�GH�GLIHUHQWHV�\�VXFHVLYRV�UHSRVLWRULRV�GH�PRYLPLHQWRV�

S~EOLFRV�GHVWLQDGRV�D�RIUHFHU�XQ�PDUFR�HYDOXDWLYR�TXH�UHVXHOYD�ORV�SUREOHPDV�

DQWHULRUPHQWH�PHQFLRQDGRV���

(Q� HVWH� DUWtFXOR� VH� UHYLVDURQ� \� HYDOXDURQ� XQD� VHULH� GH� EDVHV� GH� GDWRV� TXH�

FRQWLHQHQ�PHGLFLRQHV�GH�$'/�\�FDtGDV�VLPXODGDV��WHQLHQGR�HQ�FXHQWD�P~OWLSOHV�

IDFWRUHV� TXH� LQWHUYLHQHQ� HQ� OD� GHILQLFLyQ� GH� HVWRV�� (O� REMHWLYR� HUD� SRQHU� GH�

PDQLILHVWR� OD� DOWD� KHWHURJHQHLGDG� H[LVWHQWH� HQWUH� ORV� FRQMXQWRV� GH� GDWRV� \� OD�

QHFHVLGDG�GH�QRUPDOL]DU�\�FDWHJRUL]DU�DOJXQRV�DVSHFWRV�SDUD�SHUPLWLU�TXH� ODV�

HYDOXDFLRQHV�GH�ORV�VLVWHPDV�GH�FDtGDV�VHDQ�FRPSDUDEOHV�HQWUH�HOORV��

ͶǤͳǤʹǤ����������À������ï������������������×�����������������������������

�����������

/D�E~VTXHGD�GH�UHSRVLWRULRV�S~EOLFRV�VH�OOHYy�D�FDER�D�WUDYpV�GH�XQD�H[SORUDFLyQ�

VLVWHPiWLFD� GH� ODV� SULQFLSDOHV� IXHQWHV� GH� UHFXUVRV� FLHQWtILFRV� �,(((�([SORUHU��

6FRSXV��2YLG�63�DQG�&RFKUDQH�OLEUDU\��\�FRPSOHPHQWDGD�FRQ�DGPLQLVWUDGRUHV�

GH�UHIHUHQFLDV�DFDGpPLFDV�FRPR�0HQGHOH\�R�*RRJOH�6FKRODU��/D�H[SORUDFLyQ�VH�

EDVy�SULQFLSDOPHQWH�HQ�E~VTXHGDV�GH�FDGHQDV�GH�WH[WR�HQ�HO�WtWXOR��UHVXPHQ�\�

SDODEUDV�FODYH�GH�ORV�DUWtFXORV��VH�OLPLWD�VRODPHQWH�D�SXEOLFDFLRQHV�HQ�LQJOpV���

/RV� WpUPLQRV� GH� E~VTXHGD� IXHURQ� ³fall detection´� FRPELQDGR� FRQ� ³dataset´��

³repository´�R�³database´���

(Q�HVWH�HVWXGLR�VRODPHQWH�VH�DQDOL]DURQ�UHSRVLWRULRV�GH�PRYLPLHQWRV�FUHDGRV�D�

SDUWLU�GH�VLVWHPDV�YHVWLEOHV�TXH�FRQWHQJDQ�FDtGDV�DGHPiV�GH�$'/��/D�E~VTXHGD�

GH�HVWH�HVWXGLR�VH�FRPSOHWy�HQ�DEULO�GH�������

(O�IRUPDWR�GH�ODV�EDVHV�GH�GDWRV�HQFRQWUDGDV�HV�GLYHUVR��GHVGH�DUFKLYRV�&69�

�WH[WR�SODQR�VHSDUDGR�SRU�FRPDV��D�EDVHV�GH�GDWRV�64/�R�DUFKLYRV�GH�0DWODE��

7DPELpQ�H[LVWH�GLYHUVLGDG�D�OD�KRUD�GH�RUJDQL]DU�ORV�GDWRV��HQ�RFDVLRQHV�WRGD�OD�

LQIRUPDFLyQ�HV�FRQWHQLGD�HQ�XQ�~QLFR�DUFKLYR��HQ�RWUDV� ORV� UHSRVLWRULRV�HVWiQ�
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IRUPDGRV� SRU� XQD� ODUJD� OLVWD� GH� DUFKLYRV�� FDGD� XQR� FRUUHVSRQGLHQWH� D� XQ�

PRYLPLHQWR�FRQFUHWR�HMHFXWDGR�SRU�XQ�VXMHWR��

ͶǤͳǤ͵Ǥ����������������������������������������������������������������

7RGRV� ORV� UHSRVLWRULRV� KDQ� VLGR� JHQHUDGRV� SRU� XQ� JUXSR� GH� VXMHWRV�

H[SHULPHQWDOHV� TXH� SDUWLFLSDQ� YROXQWDULDPHQWH�� $O� DQDOL]DU� DOJXQRV� UDVJRV� \�

FDUDFWHUtVWLFDV�GH�ODV�SHUVRQDV�SDUWLFLSDQWHV�HQ�FDGD�EDVH�GH�GDWRV�VH�REVHUYD�

OD�KHWHURJHQHLGDG�H[LVWHQWH��/RV�SDUiPHWURV�HVWXGLDGRV�VRQ��Q~PHUR�GH�VXMHWRV��

GLVWULEXFLyQ�SRU�JpQHUR��HGDG��SHVR�\�DOWXUD��$�FRQWLQXDFLyQ��VH�UHVXPH�DOJXQDV�

GH�ODV�FRQFOXVLRQHV�DOFDQ]DGDV��

ͻ� ([LVWH� XQ� SDWUyQ� TXH� VH� UHSLWH� HQ� WRGRV� ORV� UHSRVLWRULRV�� HO� JUXSR� GH�

YROXQWDULRV�VH�FRPSRQH�SULQFLSDOPHQWH�GH�DGXOWRV�MyYHQHV��FRQ�XQD�PHGLD�

SRU� GHEDMR� GH� ORV� ��� DxRV�� (Q� ORV� FDVRV� GRQGH� SDUWLFLSDQ� SHUVRQDV�

PD\RUHV�GH����DxRV�� HVWRV� QR� VLPXODQ� FDtGDV� \� VRODPHQWH� VH� OLPLWDQ� D�

HMHFXWDU� $'/�� SDUD� ODV� TXH� QR� H[LVWHQ� ULHVJRV� GH� SRVLEOHV� OHVLRQHV��

$VLPLVPR��HQ�WRGRV�ORV�datasets�VH�LQGLFD�TXH�ORV�VXMHWRV�VH�HQFXHQWUDQ�HQ�

EXHQ� HVWDGR� GH� VDOXG� \� QR� FRPHQWDQ� TXH� QLQJXQR� GH� ORV� SDUWLFLSDQWHV�

SUHVHQWH�DOJXQD�SDWRORJtD�TXH�SXHGD�DIHFWDU�D�VXV�PRYLPLHQWRV��

ͻ� (Q����GH�ORV����UHSRVLWRULRV�HO�Q~PHUR�GH�SDUWLFLSDQWHV�KRPEUHV�HV�VXSHULRU�

DO�GH�PXMHUHV��

ͻ� /RV�UDQJRV�GH�SHVR�\�DOWXUD�H[LVWHQWHV�HQ�FDGD�XQR�GH�ORV�UHSRVLWRULRV�VRQ�

PX\�YDULDGRV��$GHPiV��ODV�GHVYLDFLRQHV�GH�DOWXUD�\�SHVR�GHQWUR�GHO�PLVPR�

UHSRVLWRULR� WDPELpQ� VRQ� VLJQLILFDWLYDV�� HQ� DOJXQRV� FDVRV� VXSHUDQGR�

GHVYLDFLRQHV�GH����FP�\����NJ�UHVSHFWLYDPHQWH��

ͻ� $�SHVDU�GH�TXH�OD�PD\RUtD�GH�ORV�UHSRVLWRULRV�LQFOX\HQ�LQIRUPDFLyQ�VREUH�

ORV� UDVJRV� GH� ORV� VXMHWRV� H[SHULPHQWDOHV� �VH[R�� DOWXUD�� SHVR��� HVWRV� QR�

VXHOHQ�HPSOHDUVH�HQ�OD�HYDOXDFLyQ�GH�ORV�VLVWHPDV�GH�GHWHFFLyQ�GH�FDtGDV�

SDUD�GLVFULPLQDU�PXHVWUDV��(Q�XQ�HVWXGLR�SRVWHULRU��KDUHPRV�XVR�GH�GLFKRV�

GDWRV�SDUD� LQYHVWLJDU� OD� LQIOXHQFLD�GH�HVWRV�SDUiPHWURV�HQ�HO�SURFHVR�GH�

GHWHFFLyQ��

3RU�RWUR�ODGR��RWUR�DVSHFWR�DQDOL]DGR�VRQ�ODV�FRQGLFLRQHV�\�HO�HVFHQDULR�GRQGH�

ORV�YROXQWDULRV�GHVDUUROODQ�ORV�PRYLPLHQWRV��
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ͻ� (Q� OD�PD\RUtD�GH� ORV� UHSRVLWRULRV� ����GH����� ORV�PRYLPLHQWRV� UHDOL]DGRV�

HVWiQ�SUHGHILQLGRV�\�VH�VLJXHQ�XQD�VHULH�GH�SDXWDV��

ͻ� (Q� OD� PD\RUtD� GH� ORV� UHSRVLWRULRV� ORV� PRYLPLHQWRV� VH� HIHFW~DQ� HQ�

HVFHQDULRV� ³FRQWURODGRV´� FRPR� JLPQDVLRV�� ODERUDWRULRV� R� HQWRUQRV�

GRPpVWLFRV��

ͻ� (Q� OD�PD\RUtD� GH� ORV� FDVRV� ODV� FDtGDV� VH� VLPXODQ� VREUH� XQD� VXSHUILFLH�

SURWHFWRUD��FROFKRQHWDV�R�HOHPHQWRV�VLPLODUHV���

ͶǤͳǤͶǤ��ï����ǡ�������×�����������À���������������������

/DV�FRQFOXVLRQHV�REWHQLGDV�HQ�HVWD�VHFFLyQ�VRQ�ODV�VLJXLHQWHV��

ͻ� /D�GXUDFLyQ�GH� ODV� WUD]DV�GH� ORV�PRYLPLHQWRV�HV�PX\�KHWHURJpQHD�HQWUH�

UHSRVLWRULRV�\�HQ�DOJXQRV�FDVRV�LQFOXVR�HQWUH�PRYLPLHQWRV�GH�XQD�PLVPD�

EDVH�GH�GDWRV��

ͻ� $Vt�PLVPR��H[LVWH�XQD�JUDQ�GLYHUVLGDG�HQ�FXDQWR�HO�Q~PHUR�GH�PXHVWUDV�

FRQWHQLGDV�HQ�FDGD�UHSRVLWRULR��HQFRQWUDQGR�FDVRV�GRQGH�QR�VH�OOHJD�D�OD�

FHQWHQD�GH�PXHVWUDV�\�RWURV�GRQGH�VH�VXSHUDQ�ODV��������PXHVWUDV��

ͻ� 3RU�RWUR�ODGR��WDPELpQ�VH�REVHUYD�XQD�JUDQ�GLIHUHQFLD�GH�WLSRV�GH�$'/�\�

FDtGDV��(Q�DOJXQRV�FDVRV�ORV�UHSRVLWRULRV�VRODPHQWH�FRQWLHQHQ�$'/�FX\R�

JUDGR�GH�PRYLOLGDG�R�DJLWDFLyQ�HV�EDMR��FDPLQDU�OHQWR��VHQWDUVH�R�WXPEDUVH��

\�RWURV�LQFOX\HQ�PRYLPLHQWRV�GRQGH�VH�UHTXLHUH�XQ�PD\RU�HVIXHU]R�ItVLFR�

FRPR�VDOWDU�R�FRUUHU��$Vt��D�OD�KRUD�GH�HYDOXDU�ODV�GHFLVLRQHV�GH�XQ�VLVWHPD�

GH�GHWHFFLyQ�GH�FDtGDV�ORV�UHVXOWDGRV�GH�XQ�UHSRVLWRULR�\�RWUR�QR�SXHGHQ�

VHU�FRPSDUDEOHV��\D�TXH�OD�FODVLILFDFLyQ�GH�ORV�PRYLPLHQWRV�GHO�UHSRVLWRULR�

TXH� FRQWLHQH� PXHVWUDV� GH� DFFLRQHV� GH� WLSR� $'/� PiV� EUXVFDV� R� TXH�

LPSOLTXHQ�PRYLPLHQWRV�PiV�HQpUJLFRV�VHUi�PiV�FRPSOHMD��

ͻ� 6H� SURSRQH� FDWHJRUL]DU� ODV� $'/� HQ� WUHV� JUDQGHV� JUXSRV� JHQpULFRV�

DWHQGLHQGR�D�VX�JUDGR�GH�PRYLOLGDG��'H�HVWD�IRUPD�D�OD�KRUD�GH�HYDOXDU�XQ�

VLVWHPD�GH�GHWHFFLyQ�GH�FDtGDV�VH�SXHGH�FDUDFWHUL]DU�GH�XQD�PDQHUD�PiV�

FRQFUHWD�HO�HVFHQDULR�HQ�HO�TXH�KD�VLGR�SUREDGR��/D�FODVLILFDFLyQ�SURSXHVWD�

VHUtD�OD�VLJXLHQWH��

�� 0RYLPLHQWRV�EiVLFRV��5HTXLHUHQ�XQ�HVIXHU]R�ItVLFR�PtQLPR��VHQWDUVH��

WXPEDUVH��HWF���
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�� 0RYLPLHQWRV� HVWiQGDU�� DFWLYLGDGHV� GH� OD� YLGD� GLDULD� TXH� UHTXLHUHQ�

FLHUWR� HVIXHU]R� ItVLFR� R� XQD� PRYLOLGDG� PD\RU� �FDPLQDU�� DJDFKDUVH��

VXELU�HVFDOHUDV���

�� 0RYLPLHQWRV� GHSRUWLYRV�� $TXHOODV� DFWLYLGDGHV� GH� DVSHFWR� PiV�

GHSRUWLYR��VDOWDU��FRUUHU��HWF���\�XQD�PD\RU�H[LJHQFLD�ItVLFD��

�� 0RYLPLHQWRV� FHUFDQRV� D� XQD� FDtGD�� &RUUHVSRQGH� D� WURSLH]RV� R�

SHUGLGDV�GHO�HTXLOLEULR�HQ�ORV�TXH�QR�H[LVWH�XQD�FDtGD�SRUTXH�HO�VXMHWR�

ORJUD��PHGLDQWH�PRYLPLHQWRV�FRPSHQVDWRULRV��UHKDFHU�VX�SRVLFLyQ�VLQ�

FDHU�� 1R� REVWDQWH�� VRQ� SRFDV� ODV� EDVHV� GDWRV� TXH� LQFOX\HQ�

PRYLPLHQWRV�TXH�VLPXODQ�HVWD�WLSRORJtD�

ͶǤͳǤͷǤ��ï����ǡ���������À���������������×������������������

8Q�VLVWHPD�GH�GHWHFFLyQ�GH�FDtGDV�YHVWLEOH�HVWi�IRUPDGR�SRU�VHQVRUHV�TXH�VRQ�

WUDQVSRUWDGRV� HQ� HO� FXHUSR� SDUD� FDUDFWHUL]DU� ORV� PRYLPLHQWRV� TXH� HO� VXMHWR�

UHDOL]D�� 6LQ� HPEDUJR�� QR� H[LVWH� XQD� SDXWD� FRP~Q� HQ� FXHQWR� DO� Q~PHUR��

FDUDFWHUtVWLFDV�\�SRVLFLyQ�GH� ORV�VHQVRUHV��'HO�HVWXGLR�GH� ORV� UHSRVLWRULRV��HQ�

HVWH�iPELWR��VH�FRQFOX\H�TXH��

ͻ� (Q�ORV�UHSRVLWRULRV�HVWXGLDGRV��OD�PD\RUtD�GH�ORV�VLVWHPDV�HVWi�FRPSXHVWR�

SRU� XQ� ~QLFR� VHQVRU�� VXHOH� VHU� XQ� DFHOHUyPHWUR�� TXH� HV� XELFDGR�

QRUPDOPHQWH�HQ�XQD�SRVLFLyQ� ILMD�FRQFUHWD��(Q�DOJXQRV�FDVRV�VH� LQFOX\H�

PiV� GH� XQD� SRVLFLyQ� GH� PHGLFLyQ�� DVt� FRPR�� RWURV� WLSRV� GH� VHQVRUHV�

�JLUyVFRSRV�R�PDJQHWyPHWURV��TXH�WUDEDMDQ�MXQWR�DO�DFHOHUyPHWUR��

ͻ� (Q���GH�ORV����UHSRVLWRULRV�VH�XWLOL]D�XQ�VLVWHPD�IRUPDGR�~QLFDPHQWH�SRU�

XQ�smartphone�TXH�WUDEDMD�FRPR�VHQVRU��

ͻ� (Q�FXDQWR�D�ODV�FDUDFWHUtVWLFDV�GH�ORV�VHQVRUHV��WDVDV�GH�PXHVWUHR��UDQJRV�

GH�PHGLGDV��UHVROXFLyQ��XWLOL]DGRV�WDPELpQ�VH�GHWHFWD�XQD�JUDQ�YDULDELOLGDG��

'LFKRV� GDWRV� QR� VLHPSUH� HVWiQ� UHSRUWDGRV� GLUHFWDPHQWH� HQ� OD� EDVH� GH�

GDWRV�GH�PRYLPLHQWRV��VLQ�HPEDUJR��SXHGH�H[WUDHUVH�GH�OD�GRFXPHQWDFLyQ�

R�HO�PRGHOR�GH�ORV�VHQVRUHV��

ͻ� (Q� DOJXQRV� FDVRV� GRQGH� VH� XWLOL]D� XQ� smartphone� FRPR� VHQVRU� VH�

HQFXHQWUDQ�UDQJRV�GHO�DFHOHUyPHWUR�PX\�EDMRV��േʹ�݃���YDORU�VXILFLHQWH�SDUD�
UHFRQRFHU� OD� RULHQWDFLyQ� GH� OD� SDQWDOOD�� SHUR� SRVLEOHPHQWH� GHPDVLDGR�

HVFDVR�SDUD�FDUDFWHUL]DU�PRYLPLHQWRV�\�FDtGDV��
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ͻ� (O� LQWHUYDOR�GH� IUHFXHQFLD�GH�PXHVWUHR�HQ�HO� TXH� WUDEDMDQ� ORV� GLIHUHQWHV�

VHQVRUHV� WDPELpQ� HV� YDULDGR�� (Q� DUWtFXORV� SRVWHULRUHV� VH� HVWXGLD� OD�

LQIOXHQFLD� GH� HVWH� SDUiPHWUR� HQ� HO� FRPSRUWDPLHQWR� GHO� VLVWHPD� GH�

GHWHFFLyQ��

ͶǤͳǤǤ������������� ������������À������������������ ��������������À����� ����

�������������

3RU� ~OWLPR�� HQ� HVWH� HVWXGLR� VH� FRPSDUD� HVWDGtVWLFDPHQWH� GLIHUHQWHV�

FDUDFWHUtVWLFDV� GH� ODV� PXHVWUDV� H[LVWHQWHV� HQ� FDGD� UHSRVLWRULR�� 6H� FRQVLGHUD�

~QLFDPHQWH�ODV�PHGLGDV�WRPDGDV�SRU�HO�DFHOHUyPHWUR�WULD[LDO��VHQVRU�FRP~Q�HQ�

WRGRV�ORV�datasets��XELFDGR�HQ�OD�SRVLFLyQ�PiV�UHSHWLGD��OD�FLQWXUD�R�HO�PXVOR��HQ�

FDVR�HQ�HO�TXH�QR�H[LVWD�VHQVRU�HQ�OD�FLQWXUD��

'H� QXHYR�� VH� FRPSUXHED� XQD� DOWD� YDULDELOLGDG� HQWUH� ORV� UHSRVLWRULRV� HQ� ORV�

SDUiPHWURV�HVWXGLDGRV��

ͻ� 7DO�\�FRPR�VH�LQGLFDED�DQWHULRUPHQWH�HO�UDQJR�GH�ORV�VHQVRUHV�HV�XQ�IDFWRU�

TXH� SXHGH� OLPLWDU� OD� FDUDFWHUL]DFLyQ� GH� ORV� PRYLPLHQWRV�� WDO� \� FRPR�

GHPXHVWUDQ� ORV� UHVXOWDGRV� ORV� YDORUHV� GH� DFHOHUDFLyQ� VXSHUDQ� HQ� JUDQ�

PHGLGD�HO�UDQJR�GH�േʹ�݃�TXH�SUHVHQWDQ�DOJXQRV�GH�ORV�VHQVRUHV�XWLOL]DGRV��
(Q�HO�FDVR�GH�ODV�PXHVWUDV�REWHQLGDV�SRU�HVWRV�VHQVRUHV�GH�UDQJR�EDMR�VH�

REVHUYD� TXH� GLFKDV� PHGLGDV� VH� VDWXUDQ�� \D� TXH� H[LVWH� XQD� DOWD�

FRQFHQWUDFLyQ�GH�PHGLGDV�FRQ�GLFKR�YDORU��

ͻ� &RPR�\D�VH�FRPSUREy�HQ�FDStWXORV�DQWHULRUHV��VH�GHWHFWD�TXH�H[LVWH�XQD�

JUDQ� GLILFXOWDG� SDUD� GLVFULPLQDU� HQWUH� $'/� \� FDtGDV� FXDQGR� VH� DSOLFDQ�

VLPSOHPHQWH�GHFLVLRQHV�EDVDGDV�HQ�XPEUDOHV�GH�PDJQLWXGHV�EiVLFRV��(VWD�

GLILFXOWDG�DXPHQWD�FXDQGR�HO�VHQVRU�SRVHH�XQ�UDQJR�PX\�OLPLWDGR��

ͻ� 3RU�RWUR�ODGR��\�FRPR�FDEtD�HVSHUDU��FXDQGR�ODV�$'/�VRQ�RUJDQL]DGDV�SRU�

WLSRORJtDV�GH�PRYLPLHQWRV��PRYLPLHQWRV�EiVLFRV��PRYLPLHQWRV�HVWiQGDU�\�

PRYLPLHQWRV�GHSRUWLYRV��VH�FRPSUXHED�TXH�ORV�PRYLPLHQWRV�EiVLFRV�VRQ�

PiV� IiFLOPHQWH� UHFRQRFLEOHV� UHVSHFWR� ODV� FDtGDV� \� TXH� ORV�PRYLPLHQWRV�

GHSRUWLYRV�SRVHHQ�YDORUHV�SDUD�HO�Pi[LPR�GHO�PyGXOR�GH� OD�DFHOHUDFLyQ�

PX\� VLPLODU� D� ODV� FDtGDV�� VXSHUDQGR�� HQ� DOJXQRV� FDVRV�� ORV� YDORUHV�

REWHQLGRV�SRU�ODV�FDtGDV���
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ͻ� (VWRV�UHVXOWDGRV�HYLGHQFLDQ�OD�QHFHVLGDG�GH�SDUWLFXODUL]DU�HO�DQiOLVLV�GH�

FXDOTXLHU�VLVWHPD�GH�GHWHFFLyQ�GH�FDtGDV�HQ�IXQFLyQ�GH�OD�QDWXUDOH]D�GH�

ODV�$'/�FRQ�ODV�TXH�VH�KD�YDOLGDGR�HO�SURFHVR�GH�GHWHFFLyQ��

ͶǤʹǤ��������� ���� ��������� ��� ��������������� ��� ����

�������������
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ͶǤʹǤͳǤ�����������×��

7UDV� HO� HVWXGLR� GHO� DUWtFXOR� SUHYLDPHQWH� UHVXPLGR�� \D� VH� KL]R� SDWHQWH� OD�

KHWHURJHQHLGDG� H[LVWHQWH� HQWUH� ORV� UHSRVLWRULRV� GH� PRYLPLHQWRV� TXH� VH�

HQFXHQWUDQ�SXEOLFDGRV�HQ�OD�OLWHUDWXUD��&RPR�FRQWLQXDFLyQ�GHO�WUDEDMR�H[SXHVWR�

SUHYLDPHQWH� VH� OOHYD� D� FDER� XQD� QXHYD� LQYHVWLJDFLyQ�� HO� SURSyVLWR� HV� GREOH��

DFWXDOL]DU�OD�UHYLVLyQ�GH�ORV�datasets�H[LVWHQWHV��LQFOX\HQGR�ODV�QXHYDV�EDVHV�GH�

GDWRV�TXH�KDEtDQ�LGR�DSDUHFLHQGR�GHVGH�������\�SURIXQGL]DU�HQ�OD�FRPSDUDFLyQ�

HQWUH� ORV� UHSRVLWRULRV� GLVSRQLEOHV�� SDUD� HYLGHQFLDU�� PHGLDQWH� XQ� DQiOLVLV� PiV�

FRPSOHMR��TXH�LQFRUSRUD�QXHYRV�HVWDGtVWLFRV��OD�QRWDEOH�KHWHURJHQHLGDG�HQWUH�ORV�

PLVPRV��

ͶǤʹǤʹǤ�������×�����������×�������������������ï�������

7DO� \� FRPR� \D� VH� FRPHQWy� DQWHULRUPHQWH� SDUD� GHVDUUROODU� DUTXLWHFWXUDV� GH�

GHWHFFLyQ� DXWRPiWLFD� GH� FDtGDV� HV� QHFHVDULR� OD� H[LVWHQFLD� \� XWLOL]DFLyQ� GH�

UHSRVLWRULRV�GH�PRYLPLHQWRV� ILDEOHV�TXH�SXHGDQ�VHU�XWLOL]DGRV�SDUD�HYDOXDU� OD�

FDSDFLGDG�GHO�VLVWHPD�HQ�GLVFHUQLU�HQWUH�$'/�\�FDtGDV���

$�GLIHUHQFLD�GH� ORV�SULPHURV�HVWXGLRV�VREUH�)'6��TXH�JHQHUDEDQ� VXV�SURSLRV�

UHSRVLWRULRV��TXH�QR�HUDQ�SRVWHULRUPHQWH�SXEOLFDGRV���HO�XVR�GH�HVWRV�datasets�

S~EOLFRV� SDUD� OD� HYDOXDFLyQ� GH� ORV� VLVWHPDV� GH� GHWHFFLyQ� GH� FDtGDV� VH� HVWi�

FRQYLUWLHQGR� FDGD� YH]� PiV� HQ� XQD� KHUUDPLHQWD� KDELWXDO� HQ� OD� OLWHUDWXUD�� 1R�

REVWDQWH��HQ�OD�PD\RUtD�GH�ORV�HVWXGLRV�VRODPHQWH�VH�XWLOL]DQ�XQR�R�GRV�GH�HVWRV�
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datasets��&RPR�FRQVHFXHQFLD��ODV�FRQFOXVLRQHV�GH�OD�PD\RUtD�GH�ORV�WUDEDMRV�VH�

EDVDQ�HQ�ORV�UHVXOWDGRV�REWHQLGRV�FXDQGR�VH�XWLOL]DQ�XQ�FRQMXQWR�GH�PXHVWUDV�

PX\� SDUWLFXODU�� SRU� OR� FXDO�� GDGD� OD� JUDQ� GLYHUVLGDG� H[LVWHQWH� HQWUH� ORV�

UHSRVLWRULRV�� HV� SRVLEOH� FXHVWLRQDU� VL� ODV� FRQFOXVLRQHV� REWHQLGDV� FRQ� XQ�

GHWHUPLQDGR�FRQMXQWR�GH�GDWRV�SXHGHQ�H[WUDSRODUVH�D�RWURV�HVFHQDULRV��GLVWLQWRV�

VXMHWRV��GLIHUHQWHV�PRYLPLHQWRV��RWURV�VHQVRUHV��HWF����

(VWH�DUWtFXOR�DQDOL]D�VLVWHPiWLFDPHQWH�XQD�VHULH�GH�HVWDGtVWLFRV��XWLOL]DGRV�SDUD�

FDUDFWHUL]DU� ORV� PRYLPLHQWRV�� FRQ� OD� ILQDOLGDG� GH� FRPSUHQGHU� ODV� GLIHUHQFLDV�

SUHVHQWHV�HQWUH�ORV�UHSRVLWRULRV�GHVWLQDGRV�D�OD�HYDOXDFLyQ�GH�)'6��

3DUD� TXH� OD� FRPSDUDFLyQ� VHD� OR�PiV� MXVWD� SRVLEOH�� WUDV� UHYLVDU� \� WDEXODU� ODV�

FDUDFWHUtVWLFDV� EiVLFDV� GH� ORV� datasets� GLVSRQLEOHV�� VH� KDQ� VHOHFFLRQDGR�

DTXHOORV�UHSRVLWRULRV�TXH�SRVHHQ�PHGLGDV�GH�VHQVRUHV�LQHUFLDOHV�HQ�SRVLFLRQHV�

LGpQWLFDV��HQ�FRQFUHWR��HO�HVWXGLR�VH�FHQWUD�HQ�OD�SRVLFLyQ�GH�OD�FLQWXUD��\D�TXH�

VHJ~Q� YDULRV� WUDEDMRV� HV� XQD� GH� ODV� SRVLFLRQHV� PiV� DFRQVHMDEOHV� SDUD�

FDUDFWHUL]DU�OD�PRYLOLGDG�GH�ODV�SHUVRQDV�GDGR�TXH�VH�HQFXHQWUD�FHUFD�GHO�FHQWUR�

GH�JUDYHGDG�GHO�FXHUSR�KXPDQR�\�SURSRUFLRQD�XQD�PHMRU�HUJRQRPtD�D�OD�KRUD�

GH�XELFDU�XQ�VHQVRU�GH�PDQHUD�ILMD�>�����@��3RU�RWUD�SDUWH��FRPR�HO�~QLFR�IDFWRU�

FRP~Q�GH�WRGRV�ORV�UHSRVLWRULRV�HV�TXH�LQFOX\HQ�ODV�PHGLGDV�GH�XQ�DFHOHUyPHWUR�

WULD[LDO��VROR�VH�FRQVLGHUDQ�ODV�VHxDOHV�GH�DFHOHURPHWUtD��

ͶǤʹǤ͵Ǥ��������×�������������À�������

/DV� FDUDFWHUtVWLFDV� R� HVWDGtVWLFRV� XWLOL]DGRV� HQ� HVWH� HVWXGLR� VH� EDVDQ�

SULQFLSDOPHQWH�HQ�HO�KHFKR�GH�TXH�HQ�HO�PRPHQWR�GH�SURGXFLUVH�XQD�FDtGD�HO�

FXHUSR� H[SHULPHQWD� YDULDV� IDVHV� LQHUFLDOHV� �WDO� \� FRPR� VH� PHQFLRQy� HQ� XQ�

FDStWXOR�DQWHULRU���(Q�SULPHU�OXJDU��OD�SHUVRQD�DFFLGHQWDGD�VXIUH�XQD�FDtGD�OLEUH�

\� SRVWHULRUPHQWH� XQ� FKRTXH� FRQWUD� XQD� VXSHUILFLH� GH� LPSDFWR�� OR� TXH� VH�

FRUUHVSRQGH� FRQ� XQ� GHVFHQVR� EUXVFR� GH� ODV� FRPSRQHQWHV� GH� DFHOHUDFLyQ�

VHJXLGR�GH�XQ�IXHUWH�SLFR�GH�DFHOHUDFLyQ�UHVSHFWLYDPHQWH��

3DUD�OD�REWHQFLyQ�GH�ODV�FDUDFWHUtVWLFDV��SDUD�FDGD�PRYLPLHQWR�HMHFXWDGR�SRU�ORV�

VXMHWRV�H[SHULPHQWDOHV�� D�HIHFWRV�GH� FDOFXODU� ORV�HVWDGtVWLFRV� GH� ODV�PHGLGDV�

LQHUFLDOHV��VH�FRQVLGHUD�VRODPHQWH�XQD�YHQWDQD�GH�WLHPSR�FHQWUDGD�HQ�HO�SXQWR�

GRQGH�VH�GHWHFWD�OD�Pi[LPD�YDULDFLyQ�GH�ORV�FRPSRQHQWHV�GH�DFHOHUDFLyQ��/RV�

HVWDGtVWLFRV� DQDOL]DGRV� �TXH� DPSOtDQ� HQ� VHLV� QXHYDV� FDUDFWHUtVWLFDV� ODV�
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HPSOHDGDV� HQ� HO� DUWtFXOR� FRPHQWDGR� HQ� HO� DSDUWDGR� ����� VH� SUHVHQWDQ� D�

FRQWLQXDFLyQ��

1RPEUH� 'HVFULSFLyQߤ�ௌெ� 0HGLD�GHO�PyGXOR�GH�OD�DFHOHUDFLyQ��'HVFULEH�OD�PHGLD�GHO�QLYHO�GH�PRYLPLHQWR�
R�DJLWDFLyQ�GHO�FXHUSRܣ��ఠሺೌೣሻ� 0i[LPD�YDULDFLyQ�GH�ODV�FRPSRQHQWHV�GH�OD�DFHOHUDFLyQ��3HUPLWH�LGHQWLILFDU�OD�
SUHVHQFLD�GH�XQ�FDPELR�EUXVFR�HQ�HO�PyGXOR�GH�OD�DFHOHUDFLyQߪ�ௌெ� 'HVYLDFLyQ�HVWiQGDU�GHO�PyGXOR�GH�OD�DFHOHUDFLyQ��'HVFULEH�OD�YDULDELOLGDG�GHO�
PyGXOR�GH�OD�DFHOHUDFLyQߤ��ఏ� 0HGLD�GHO�iQJXOR�GH�URWDFLyQ��$SRUWD�LQIRUPDFLyQ�VREUH�ORV�FDPELRV�GH�
RULHQWDFLyQ�GHO�FXHUSR�GHO�VXMHWRߤ��ௌெሺሻ� 0HGLD�GH�OD�GLIHUHQFLD�GHO�PyGXOR�GH�OD�DFHOHUDFLyQ�HQWUH�GRV�PXHVWUDV�
FRQVHFXWLYDV��&DUDFWHUL]D�OD�YDULDFLyQ�H[LVWHQWH�HQ�HO�PyGXOR�GH�OD�DFHOHUDFLyQ�
HQWUH�GRV�PXHVWUDV�FRQVHFXWLYDV��

�ߤ 0HGLD�GH�OD�FRPSRQHQWH�GH�OD�DFHOHUDFLyQ�SDUDOHOD�DO�SODQR�GHO�VXHOR��$SRUWD�
LQIRUPDFLyQ�VREUH�ORV�FDPELRV�GH�SHUSHQGLFXODULGDG�GHO�FXHUSR�GHO�VXMHWR�
UHVSHFWR�DO�VXHOR��ܵܯ ܸ௫� 3LFR�Pi[LPR�GH�DFHOHUDFLyQ��&DUDFWHUL]D�OD�YLROHQFLD�GHO�LPSDFWR�HQ�HO�
PRYLPLHQWR��ܵܯ ܸ � 9DORU�PtQLPR�GH�OD�DFHOHUDFLyQ��5HSUHVHQWD�OD�IDVH�GH�FDtGD�OLEUHߛ��ௌெ � $VLPHWUtD�GHO�PyGXOR�GH�OD�DFHOHUDFLyQ��'HVFULEH�OD�VLPHWUtD�GH�OD�GLVWULEXFLyQ�
GH�OD�DFHOHUDFLyQ��ܵܣܯ� ÈUHD�GH�PDJQLWXG�GH�OD�VHxDO��(VWLPD�OD�DFWLYLGDG�ItVLFD�GHO�PRYLPLHQWRܧ��� (QHUJtD�GH�OD�VHxDO��&DUDFWHUL]D�ORV�PRYLPLHQWRV�EUXVFRVߤ��ோ � 0HGLD�GH�OD�IXQFLyQ�DXWRFRUUHODFLyQ��$SRUWD�LQIRUPDFLyQ�VREUH�PRYLPLHQWRV�
LQHVSHUDGRV��

7DEOD����������&DUDFWHUtVWLFDV�GH�HQWUDGD�XVDGDV�SDUD�FDUDFWHUL]DU�ORV�PRYLPLHQWRV�HQ�HO�SUHVHQWH�HVWXGLR��7RGRV�
ORV�HVWDGtVWLFRV�VH�FDOFXODURQ�D�SDUWLU�GH�ODV�VHxDOHV�GH�DFHOHURPHWUtD�PHGLGDV�HQ�XQ�VHQVRU�HQ�OD�FLQWXUD��

ͶǤʹǤͶǤ����������×�����������×��������������������

3DUD�HO�HVWXGLR�GH�ODV�FDUDFWHUtVWLFDV�VH�XWLOL]DQ�GRV�WpFQLFDV��SRU�XQ�ODGR��SDUD�

FDSWDU�YLVXDOPHQWH�OD�GLVWULEXFLyQ�GH�ORV�HVWDGtVWLFRV��VH�HPSOHDQ�GLDJUDPDV�GH�

FDMDV�R�JUiILFRV�boxplots�\�SRU�RWUR��WHVWV�GH�FRPSDUDFLyQ�P~OWLSOH��GHVDUUROODGRV�

D� SDUWLU� GH� ORV� UHVXOWDGRV� REWHQLGRV� SRU� DQiOLVLV� $129$� DO� FRPSDUDU� ORV�

GLIHUHQWHV�UHSRVLWRULRV��/DV�SUXHEDV�VH�UHSLWHQ�FRQ�GRV�WDPDxRV�GH�YHQWDQD�GH�

REVHUYDFLyQ�GLIHUHQWHV������V�\���V���/DV�FRQFOXVLRQHV�VRQ�ODV�PLVPDV�SDUD�ORV�

GRV�WDPDxRV�GH�YHQWDQD�GH�REVHUYDFLyQ�HQ�WRGDV�ODV�H[SHULHQFLDV��
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ͶǤʹǤͶǤͳǤ����������×����������À����������

/RV� SULPHURV� UHVXOWDGRV� PXHVWUDQ� XQ� JUDGR� DOWR� GH� YDULDELOLGDG� HQWUH� ORV�

HVWDGtVWLFRV� GH� ODV� WUD]DV� GH� ORV� GLIHUHQWHV� UHSRVLWRULRV� �LQWHU�YDULDELOLGDG�� H�

LQFOXVR�HQWUH�ODV�WUD]DV�GH�XQ�PLVPR�UHSRVLWRULR��LQWUD�YDULDELOLGDG���

ͶǤʹǤͶǤʹǤ����������×���������������������������������

/D�YDULDELOLGDG�HVWDGtVWLFD�H[LVWHQWH�HQWUH�ORV�$'/�GH�XQ�PLVPR�UHSRVLWRULR��LQWUD�

YDULDELOLGDG���UHVXOWDQWH�HQ�OD�H[SHULHQFLD�DQWHULRU��SXHGH�YHUVH�MXVWLILFDGD�SRU�OD�

SUHVHQFLD�GH�XQ�DOWR�Q~PHUR�GH�PRYLPLHQWRV�GLIHUHQWHV��$XQTXH�WRGRV�HOORV�VRQ�

HWLTXHWDGRV� FRPR� $'/�� HO� HVIXHU]R� ItVLFR� QHFHVDULR� SDUD� OOHYDU� D� FDER� VX�

HMHFXFLyQ�SXHGH�VHU�PX\�GLVWLQWR��

3DUD�PLQLPL]DU�ORV�HIHFWRV�GH�HVWD�KHWHURJHQHLGDG�HQ�ORV�$'/�SRU�HVWH�PRWLYR��

VH�SURSRQH�YROYHU� D� UHDOL]DU� HO� HVWXGLR�� SHUR� WHQLHQGR�HQ� FXHQWD� OD�H[LJHQFLD�

ItVLFD�GH�ORV�PRYLPLHQWRV��7DO�\�FRPR�\D�VH�SURSXVR�HQ�HO�DUWtFXOR�GH�OD�VHFFLyQ�

����� VH� GLYLGHQ� ORV� PRYLPLHQWRV� HQ� YDULRV� JUXSRV�� PRYLPLHQWRV� EiVLFRV��

PRYLPLHQWRV�HVWiQGDU��PRYLPLHQWRV�GHSRUWLYRV�\�PRYLPLHQWRV�FHUFDQRV�D�XQD�

FDtGD��

/RV�UHVXOWDGRV�GH�HVWD�H[SHULHQFLD�VHxDODQ�TXH�D�SHVDU�GH�OD�FDWHJRUL]DFLyQ�GH�

ORV�PRYLPLHQWRV�VLJXH�H[LVWLHQGR�XQD�DOWD�YDULDELOLGDG�GH�ORV�FRQMXQWRV�GH�GDWRV�

FXDQGR�VH�FRPSDUDQ�ORV�UHSRVLWRULRV��3DUD�ORV�FXDWUR�WLSRV�GH�PRYLPLHQWR�\�SDUD�

WRGDV�ODV�PpWULFDV��OD�PHGLD�GH�ODV�FDUDFWHUtVWLFDV�HVWDGtVWLFDV�GH�FDGD�FRQMXQWR�

GH�GDWRV�HV�VLJQLILFDWLYDPHQWH�GLIHUHQWH�GH� OD�FDOFXODGD�SDUD��DO�PHQRV��RWURV�

GRV�FRQMXQWRV�GH�GDWRV��

ͶǤʹǤͶǤ͵Ǥ����������×������������������À������������������ǣ���������

3DUD� WUDWDU� GH� UHGXFLU� D~Q�PiV� OD� SRVLEOH� KHWHURJHQHLGDG� SUHVHQWH� HQWUH� ODV�

PXHVWUDV�FRPSDUDGDV��VH�UHGXFH�HO�HVWXGLR�D�XQ�WLSR�FRQFUHWR�GH�PRYLPLHQWR��

FDPLQDU��6H�KD�HOHJLGR�HVWD�$'/�SRU� WUDWDUVH�GH�XQ�PRYLPLHQWR�FRWLGLDQR�HQ�

HVFHQDULRV� UHDOHV� \� SRUTXH� VH� HQFXHQWUD� GLVSRQLEOH� HQ� OD� PD\RUtD� GH� ORV�

UHSRVLWRULRV��

(O�DQiOLVLV�YXHOYH�D�FRQILUPDU�TXH�H[LVWH�XQD�JUDQ�YDULDELOLGDG�HVWDGtVWLFD�HQWUH�

ORV�PRYLPLHQWRV�GH�ODV�GLIHUHQWHV�EDVHV�GH�GDWRV�� LQFOXVR�VLHQGR�GH�OD�PLVPD�
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FODVH�� 6RODPHQWH� HQ� �� GH� ODV� ��� FDUDFWHUtVWLFDV�� ௌெߪ ǡܣ௪ೌೣ � \� ܯܵ ܸ௫�OD�
PHGLD� QR� SXHGH� FRQVLGHUDUVH� VLJQLILFDWLYDPHQWH� GLIHUHQWHV� GH� ODV� FDOFXODGDV�

SDUD�ODV�RWUDV�EDVHV�GH�GDWRV��

ͶǤʹǤͶǤͶǤ�������������������������������������������������������Ó����

&RQ�HO�ILQ�GH�YHULILFDU�TXH�ORV�UHVXOWDGRV�DQWHULRUHV�VH�UHSLWHQ�FRQ�ODV�PHGLGDV�

GH�RWURV�VHQVRUHV�XELFDGRV�HQ�RWUDV�SDUWHV�GHO�FXHUSR�GH�ORV�VXMHWRV��VH�UHDOL]D�

XQ�DQiOLVLV�FRQ� ORV�GDWRV�GHO� VHQVRU�GH� OD�PXxHFD��SRVLFLyQ�PX\�XWLOL]DGD�HQ�

PXFKRV�HVWXGLRV�JUDFLDV�D�VX�HUJRQRPtD��D�SHVDU�GH�TXH�DO�HQFRQWUDUVH�HQ�XQD�

H[WUHPLGDG� GLILFXOWD� OD� FDUDFWHUL]DFLyQ� GHO� FXHUSR� FRPSOHWR� GH� ORV� VXMHWRV� �DO�

PHQRV��D�HIHFWRV�GH�GHWHFWDU�SRVLEOHV�FDtGDV����

6H� UHSLWHQ� ODV�PLVPDV�SUXHEDV� UHDOL]DGDV�DQWHULRUPHQWH�� SHUR�D� SDUWLU� GH� ORV�

GDWRV�REWHQLGRV�FRQ�HO�VHQVRU�XELFDGR�HQ�OD�PXxHFD��7DO�\�FRPR�VH�HVSHUDED�

ORV�UHVXOWDGRV�SUHVHQWDQ�LQFOXVR�XQD�PD\RU�KHWHURJHQHLGDG�TXH�ORV�REWHQLGRV�

FRQ�HO�VHQVRU�GH�OD�FLQWXUD��

ͶǤʹǤͷǤ��������������

7UDV�HO� DQiOLVLV� GH� ORV� UHVXOWDGRV�GH�HVWH� HVWXGLR� VH�PXHVWUD� TXH�H[LVWH� XQD�

GLIHUHQFLD� HVWDGtVWLFDPHQWH� VLJQLILFDWLYD� GH� ODV� PHGLDV� SDUD� FDVL� WRGRV� ORV�

FRQMXQWRV� GH� GDWRV� \� FDUDFWHUtVWLFDV� FXDQGR� VH� FRPSDUDQ� ORV� GLIHUHQWHV�

UHSRVLWRULRV�GH�PRYLPLHQWRV���

(VWD�YDULDELOLGDG�GH�ORV�GDWRV�SRGUtD�HVWDU�MXVWLILFDGD�SRU�OD�FRPSOHMD�LQWHUDFFLyQ�

GH� XQ� DPSOLR� FRQMXQWR� GH� IDFWRUHV�� OD� WLSRORJtD� \� HO� Q~PHUR� GH� DFWLYLGDGHV�

LQFOXLGDV�HQ�HO�GLVHxR�GHO�dataset��OD�PHWRGRORJtD�DSOLFDGD�D�OD�KRUD�GH�HMHFXWDU�

ORV� PRYLPLHQWRV� SUHGHILQLGRV�� ORV� UDVJRV� LQWUtQVHFRV� GH� ORV� VXMHWRV�

H[SHULPHQWDOHV� SDUWLFLSDQWHV�� DVt� FRPR� ODV� FDUDFWHUtVWLFDV� WpFQLFDV� �SRVLEOH�

VHVJRV�R�HUURUHV�HQ�ODV�PHGLGDV��HWF���\�OD�HUJRQRPtD�GH�ORV�VHQVRUHV���

&RPR�FRQFOXVLyQ�ILQDO��HO�HVWXGLR�SRQH�GH�PDQLILHVWR�OD�DXVHQFLD�GH�XQ�QRUPDV�

R�UHJODV�TXH�GHILQDQ�HO�SURFHGLPLHQWR�TXH�GHEH�OOHYDUVH�D�FDER�SDUD�GHILQLU�ORV�

EDQFRV� GH� SUXHEDV� H[SHULPHQWDOHV� HQ� ORV� TXH� VH� JHQHUDQ� ORV� FRQMXQWRV� GH�

GDWRV��$Vt��ORV�WUDEDMRV�GH�OD�OLWHUDWXUD�TXH�HYDO~DQ�ODV�SUHVWDFLRQHV�GH�VLVWHPDV�

GH� GHWHFFLyQ� GH� FDtGDV� VLQ� WHQHU� HQ� FXHQWD� GLIHUHQWHV� UHSRVLWRULRV�� HVWiQ�

LJQRUDQGR�VL�VX�VLVWHPD�IXQFLRQD�FRQ�HO�PLVPR�UHQGLPLHQWR�FXDQGR�VH�XWLOL]DQ�
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RWURV�FRQMXQWRV�GH�GDWRV�\��SRU�WDQWR��VL�HV�OHJtWLPR�H[WUDSRODU�GLFKDV�PpWULFDV�

GH�FDOLGDG�D�RWURV�HVFHQDULRV��SDUD�FRPSDUDUODV�FRQ�RWUDV�WpFQLFDV�GH�GHWHFFLyQ�

GH�FDtGDV�TXH�KDQ�VLGR�HYDOXDGDV�FRQ�RWURV�PRYLPLHQWRV���

ͶǤ͵Ǥ���������� ���� ����������machine learning� ���� ���� �������

��������������������������������

Resumen del artículo ȏȐ:  
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ͶǤ͵ǤͳǤ�����������×��

(Q�ORV�UHV~PHQHV�SUHVHQWDGRV�HQ�ODV�VHFFLRQHV�DQWHULRUHV�VH�KD�FRPHQWDGR�OD�

KHWHURJHQHLGDG�GH�ORV�UHSRVLWRULRV�GH�PRYLPLHQWRV�GLVSRQLEOHV�S~EOLFDPHQWH�HQ�

OD� OLWHUDWXUD��DVt�PLVPR��VH�KD�HVWXGLDGR� OD� LQIOXHQFLD�GH� ODV�FDUDFWHUtVWLFDV�GH�

HQWUDGD�GH�ORV�DOJRULWPRV�machine learning HQ�ODV�SUHVWDFLRQHV�GHO�VLVWHPD�GH�

GHWHFFLyQ�GH�FDtGDV��(VWH�HVWXGLR��HQ�SULPHU� OXJDU��YXHOYH�D�DQDOL]DU�HO�HIHFWR�

TXH�SURGXFH�OD�XWLOL]DFLyQ�GH�GHWHUPLQDGDV�FDUDFWHUtVWLFDV�GH�HQWUDGD��features��

\�VH�H[SORUD� OD�SRVLELOLGDG�GH�H[WUDSRODU�HO�DSUHQGL]DMH�FRQVHJXLGR�FRQ�FLHUWD�

EDVH�GH�GDWRV�FXDQGR�VH�WHVWHD�FRQ�RWUD��8QD�GH�ODV�PD\RUHV�FRQWULEXFLRQHV�GHO�

WUDEDMR� VH� FHQWUD� HQ� HPSOHDU� HO� DQiOLVLV� $129$� HQ� OD� HYDOXDFLyQ� GH� ODV�

SUHVWDFLRQHV�GH�OD�features��

ͶǤ͵ǤʹǤ����������×���������������������������

6H� XWLOL]D� OD� PLVPD� PHWRGRORJtD� TXH� OD� XWLOL]DGD� HQ� HVWXGLRV� DQWHULRUHV�� XQ�

VLVWHPD�GH�GHWHFFLyQ�GH�FDtGDV�HV�HYDOXDGR�VLVWHPiWLFDPHQWH�D�SDUWLU�GH� ORV�

GDWRV�FRQWHQLGRV�HQ�UHSRVLWRULRV�GH�PRYLPLHQWRV�TXH�LQFOX\HQ�DFWLYLGDGHV�GH�OD�

YLGD�GLDULD�\�FDtGDV��(Q�HVWH�FDVR��HO�VLVWHPD�XWLOL]D�FRPR�DOJRULWPR�GH�GHWHFFLyQ�

HO�DOJRULWPR�GH�DSUHQGL]DMH�VXSHUYLVDGR�690��/RV�GDWRV�HVWXGLDGRV�VRODPHQWH�

SURYLHQHQ�GH�VHQVRUHV�XELFDGRV�HQ�OD�FLQWXUD�GH�ORV�VXMHWRV��
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7DO� \� FRPR� VH� KD� FRPHQWDGR� HQ� DSDUWDGRV� DQWHULRUHV�� ORV� DOJRULWPRV� GH�

DSUHQGL]DMH�VXSHUYLVDGR�UHTXLHUHQ�GH�XQ�SURFHVR�GH�DSUHQGL]DMH�D�SDUWLU�GH�XQD�

VHULH�GH�PXHVWUDV�GH�HQWUHQDPLHQWR�MXQWR�D�VX�UHVSHFWLYD�³HWLTXHWD´�R�GHFLVLyQ�

FODVLILFDWRULD�D�WRPDU��$'/�R�FDtGD���3RVWHULRUPHQWH�HO�DOJRULWPR�FUHD�XQ�PRGHOR�

PDWHPiWLFR�TXH�SXHGH�VHU�HPSOHDGR�SDUD�FODVLILFDU�PXHVWUDV�GLIHUHQWHV�D�ODV�GH�

HQWUHQDPLHQWR�TXH�VH�DQDOL]DQ�FRPR�FRQMXQWR�GH�WHVW��

&RPR� VH�PHQFLRQy� \� FRPR� FRUUHVSRQGH� HQ� XQ�PpWRGR� GH�machine learning�

VXSHUYLVDGR��ORV�GDWRV�GH�HQWUDGD�R�features�TXH�RSHUDQ�FRPR�HQWUDGDV�HQ�HVWH�

WLSR� GH� DOJRULWPRV� VRQ� HVWDGtVWLFRV� TXH� FDUDFWHUL]DQ� ORV�PRYLPLHQWRV� TXH� VH�

TXLHUHQ� FODVLILFDU��(Q�HVWH� HVWXGLR�� HQ� FRQFUHWR�� VH� XWLOL]DQ� ODV� FDUDFWHUtVWLFDV�

GHVFULWDV�HQ�OD�VHFFLyQ�����\�HQ�OD�WDEOD�TXH�VLJXH��/D�IRUPD�GH�FDOFXODU�GLFKRV�

YDORUHV�DGRSWD�HO�PLVPR�SURFHGLPLHQWR�TXH�VH�XWLOL]DED�HQ�GLFKD�VHFFLyQ��(Q�ODV�

WUD]DV�GH�DFHOHURPHWUtD�GHO�PRYLPLHQWR�VH�ORFDOL]D�OD�YHQWDQD�GH�WDPDxRݐ�௪ ൌ

ͲǤͷݏ��GRQGH�ODV�FRPSRQHQWHV�GH�OD�DFHOHUDFLyQ�VXIUHQ�XQD�PD\RU�YDULDFLyQ�\�VH�
FDOFXODQ�ORV�HVWDGtVWLFRV�GH�ORV�GDWRV�FRQWHQLGRV�HQ�GLFKD�YHQWDQD���

1RPEUH� 'HVFULSFLyQߤ�ௌெ� 0HGLD�GHO�PyGXOR�GH�OD�DFHOHUDFLyQ��'HVFULEH�OD�PHGLD�GHO�QLYHO�GH�PRYLPLHQWR�
R�DJLWDFLyQ�GHO�FXHUSRܣ��ఠሺೌೣሻ� 0i[LPD�YDULDFLyQ�GH�ODV�FRPSRQHQWHV�GH�OD�DFHOHUDFLyQ��3HUPLWH�LGHQWLILFDU�OD�
SUHVHQFLD�GH�XQ�FDPELR�EUXVFR�HQ�HO�PyGXOR�GH�OD�DFHOHUDFLyQߪ�ௌெ� 'HVYLDFLyQ�HVWiQGDU�GHO�PyGXOR�GH�OD�DFHOHUDFLyQ��'HVFULEH�OD�YDULDELOLGDG�GHO�
PyGXOR�GH�OD�DFHOHUDFLyQߤ��ఏ� 0HGLD�GHO�iQJXOR�GH�URWDFLyQ��$SRUWD�LQIRUPDFLyQ�VREUH�ORV�FDPELRV�GH�
RULHQWDFLyQ�GHO�FXHUSR�GHO�VXMHWRߤ��ௌெሺሻ� 0HGLD�GH�OD�GLIHUHQFLD�GHO�PyGXOR�GH�OD�DFHOHUDFLyQ�HQWUH�GRV�PXHVWUDV�
FRQVHFXWLYDV��&DUDFWHUL]D�OD�YDULDFLyQ�H[LVWHQWH�HQ�HO�PyGXOR�GH�OD�DFHOHUDFLyQ�
HQWUH�GRV�PXHVWUDV�FRQVHFXWLYDV��

�ߤ 0HGLD�GH�OD�FRPSRQHQWH�GH�OD�DFHOHUDFLyQ�SDUDOHOD�DO�SODQR�GHO�VXHOR��$SRUWD�
LQIRUPDFLyQ�VREUH�ORV�FDPELRV�GH�SHUSHQGLFXODULGDG�GHO�FXHUSR�GHO�VXMHWR�
UHVSHFWR�DO�VXHOR��

7DEOD������&DUDFWHUtVWLFDV�GH�HQWUDGD�XVDGDV�SDUD�FDUDFWHUL]DU�ORV�PRYLPLHQWRV�HQ�HO�SUHVHQWH�HVWXGLR��

&RPR� HQ� HVWXGLRV� DQWHULRUHV�� YROYHUi� D� XWLOL]DUVH� OD� PHGLD� JHRPpWULFD� GH� OD�

VHQVLELOLGDG� �ܵ݁�� \� HVSHFLILFLGDG� ��ܵ� GHO� VLVWHPD� FRPR� PpWULFD� JOREDO� SDUD�
FDUDFWHUL]DU� OD� FDOLGDG� GHO� VLVWHPD� GH� GHWHFFLyQ�� 'H� HVWD� IRUPD� VH� WUDWD� GH�

XQLILFDU� HQ� XQ� ~QLFR� SDUiPHWUR� DPEDV� PpWULFDV�� ODV� FXDOHV�� FRPR� VH� GLMR��

SUHVHQWDQ�XQD�FRUUHODFLyQ�QHJDWLYD�HQWUH�HOODV��
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(Q�HVWH�WUDEDMR�VH�VHOHFFLRQD�HO�DOJRULWPR�690�FRPR�Q~FOHR�GH�FODVLILFDFLyQ�GHO�

)'6��(VWH�DOJRULWPR�HV�XQR�GH� ORV�PpWRGRV�GH�DSUHQGL]DMH� VXSHUYLVDGR�PiV�

XWLOL]DGRV� HQ� HO� FDPSR� GH� ORV� VLVWHPDV� GH� GHWHFFLyQ� GH� FDtGDV� \� HVWXGLRV�

DQWHULRUHV�KDQ�GHPRVWUDGR�TXH�HO�UHQGLPLHQWR�GH�HVWH�DOJRULWPR�VXHOH�GDU�OXJDU�

D� PHMRUHV� SUHVWDFLRQHV� TXH� RWUDV� WpFQLFDV� GH� FODVLILFDFLyQ� GH� DSUHQGL]DMH�

VXSHUYLVDGR�\�GH�WpFQLFDV�EDVDGDV�HQ�XPEUDOHV�>�����@��

ͶǤ͵Ǥ͵Ǥ��������������

ͶǤ͵Ǥ͵ǤͳǤ��������������������������������������������������À���������������������

�����������������������������

(Q� HVWH� HVWXGLR� VH� HYDO~D� HQ� SULPHU� OXJDU� FXiOHV� GH� ODV� FDUDFWHUtVWLFDV� GH�

HQWUDGD�XWLOL]DGDV�SHUPLWHQ�TXH�HO�DOJRULWPR�690�ORJUH�HO�PHMRU�UHQGLPLHQWR�DO�

GLVFHUQLU�FDtGDV�GH�$'/��3DUD�HOOR��VH�OOHYD�D�FDER�XQ�GLVHxR�IDFWRULDO�ʹ��GRQGH�݇� FRUUHVSRQGH� DO� Q~PHUR� GH� IDFWRUHV� SRVLEOHV� �HVWDGtVWLFD� GH� HQWUDGD�
VHOHFFLRQDGD��TXH�SXHGHQ�LQIOXLU�HQ�HO�SURFHVR�GH�GHWHFFLyQ��$�VX�YH]�VH�OOHYD�D�

FDER� XQ� DQiOLVLV� GH� WLSR� $129$� SDUD� LQVSHFFLRQDU� OD� UHSUHVHQWDWLYLGDG�

HVWDGtVWLFD�GH�ORV�GLIHUHQWHV�UHVXOWDGRV��/D�SUXHED�$129$�SHUPLWH�GHWHUPLQDU�

VL�GLIHUHQWHV�WUDWDPLHQWRV�HQ�XQ�H[SHULPHQWR�SURYRFDQ�GLIHUHQFLDV�VLJQLILFDWLYDV�

HQ� ORV� UHVXOWDGRV� ILQDOHV� \�� HQ� FRQVHFXHQFLD�� HYDOXDU� OD� LPSRUWDQFLD� GH� ORV�

GLIHUHQWHV�IDFWRUHV�TXH�SXHGHQ�DOWHUDU�HO�IXQFLRQDPLHQWR�GHO�GHWHFWRU�GH�FDtGDV��

$� SDUWLU� GHO� $129$� IDFWRULDO� VH� REWLHQH� HO� HIHFWR� UHODWLYR� TXH� SURGXFH� OD�

XWLOL]DFLyQ� GH� FDGD� FDUDFWHUtVWLFD�� DVt� FRPR�� OD� FRPELQDFLyQ� GH� GLFKDV�

FDUDFWHUtVWLFDV�D�OD�PHGLD�JOREDO�GH�OD�PpWULFD�GH�FDOLGDG�GHO�VLVWHPD�FXDQGR�HV�

XWLOL]DGR�FRQ�FDGD�UHSRVLWRULR��

/RV� UHVXOWDGRV� FRQFOX\HQ� TXH� OD� FDUDFWHUtVWLFD� ��ఠሺೌೣሻܣ OD� FXDO� DSRUWD�
LQIRUPDFLyQ� VREUH� FDPELRV� EUXVFRV� GH� DFHOHUDFLyQ�� HV� HO� SDUiPHWUR� TXH�

SUHVHQWD�XQ�PD\RU�HIHFWR�SRVLWLYR�HQ�HO�VLVWHPD�GH�GHWHFFLyQ�GH�FDtGDV�FXDQGR�

HV�XWLOL]DGR�FRQ�FXDOTXLHUD�GH�ORV�UHSRVLWRULRV�HVWXGLDGRV��3RU�RWUR�ODGRߤ����TXH�
GHVFULEH� FDPELRV� HQ� OD� SHUSHQGLFXODULGDG� GHO� VXMHWR�� WDPELpQ� SDUHFH� LQIOXLU�

QRWDEOHPHQWH� HQ� ODV� SUHVWDFLRQHV� GHO� SURFHVR� GH� FODVLILFDFLyQ�� $VLPLVPR�� OD�

XWLOL]DFLyQ� GH� DPEDV� FRQMXQWDPHQWH� WDPELpQ� DSRUWD� XQ� HIHFWR� SRVLWLYR� HQ� ODV�

SUHVWDFLRQHV��3RU�~OWLPRߤ��ௌெ�� OD�PHGLD�GHO�PyGXOR�GH�OD�DFHOHUDFLyQ��DXQTXH�
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QR� SUHVHQWD� XQ� IXHUWH� HIHFWR� GLUHFWR� HQ� OD�PpWULFD� GH� FDOLGDG� GHO� VLVWHPD�� Vt�

SDUHFH�LQIOXLU�SRVLWLYDPHQWH�FXDQGR�VH�FRPELQD�FRQ�ODV�PpWULFDV�PHQFLRQDGDV�

DQWHULRUPHQWH��

(VWDV�FRQFOXVLRQHV�FRQFXHUGDQ�FRQ�XQ�HVWXGLR�SUHYLR�>��@�TXH�SUHVHQWDPRV�HQ�

HO�;;,,,�6LPSRVLXP�1DFLRQDO�GH�OD�8QLyQ�&LHQWtILFD�,QWHUQDFLRQDO�GH�5DGLR��856,�

������� \� FRQ� RWUR� HVWXGLR� QR� SXEOLFDGR� \� TXH� RIUHFHPRV� tQWHJUDPHQWH� �HQ�

FDVWHOODQR�� HQ� HO� $SpQGLFH� %� GH� HVWD�PHPRULD�� (Q� HVWH� WUDEDMR�� DGHPiV�� VH�

DQDOL]DED� XQ� Q~PHUR� PD\RU� GH� FDUDFWHUtVWLFDV� �LQFRUSRUDQGR� D� WDO� HIHFWR� GH�

VHOHFFLyQ� GH� features� R� µIHQRWLSDGR¶� GH� VHULHV� WHPSRUDOHV� PHGLDQWH� OD�

KHUUDPLHQWD�VRIWZDUH�GH�0DWODE�hctsa���

ͶǤ͵Ǥ͵ǤʹǤ���������×���������������������������×���������������������������������

�����������������������������������������������������������������

3RU� RWUR� ODGR�� XQD� YH]� FRQRFLGDV� ODV� FDUDFWHUtVWLFDV� GH� HQWUDGD� PiV�

UHSUHVHQWDWLYDV��VH�KDFH�XVR�GH�HOODV�\�VH�HYDO~D�OD�HILFDFLD�GH�GHWHFFLyQ�GH�XQ�

VLVWHPD�HQWUHQDGR�FRQ�XQD�EDVH�GH�GDWRV�SDUWLFXODU�FXDQGR�VH�SUXHED�FRQ�ODV�

PXHVWUDV� GH� RWUR� UHSRVLWRULR�� /DV� FDUDFWHUtVWLFDV� GH� HQWUDGD� XWLOL]DGDV� VRQߤ�ௌெ ǡܣఠሺೌೣሻ�\ߤ���
/RV�UHVXOWDGRV�GHPXHVWUDQ�TXH�ORV�GDWRV�XWLOL]DGRV�FRPR�HQWUHQDPLHQWR�VRQ�XQ�

HOHPHQWR� TXH� DIHFWD� VLJQLILFDWLYDPHQWH� HQ� ODV� SUHVWDFLRQHV� GHO� SURFHVR� GH�

GHWHFFLyQ�GH�FDtGDV��/RV�PHMRUHV� UHVXOWDGRV�VH�FRQVLJXHQ�FXDQGR�VH�XWLOL]DQ�

PXHVWUDV�GHO�PLVPR�UHSRVLWRULR�SDUD�HQWUHQDU�\�WHVWHDU��6LQ�HPEDUJR��WDPELpQ�

VH� FRPSUXHED� TXH� H[LVWHQ� RFDVLRQHV� GRQGH� VH� FRQVLJXHQ� PX\� EXHQRV�

UHVXOWDGRV�D�SHVDU�GH�XWLOL]DU�PXHVWUDV�GH�GLIHUHQWHV�EDVHV�GH�GDWRV��FRPR�HV�HO�

FDVR�HQ�HO�TXH�VH�HQWUHQD�FRQ�HO�UHSRVLWRULR�(UFL\HV��FUHDGR�SRU�g]GHPLU�HW�DO��

>��@��\�VH�WHVWHD�FRQ�80$)DOO��FRQVLJXLHQGR�PpWULFDV�GH�FDOLGDG�VXSHULRUHV�DO�

�����YDORU�TXH�QR�HV�VLJQLILFDWLYDPHQWH�GLIHUHQWH�D�FXDQGR�VH�XWLOL]DQ�GDWRV�GH�

80$)DOO�SDUD�HQWUHQDU�\�WHVWHDU��

3RU� RWUR� ODGR�� WDPELpQ� VH� REWLHQH� HO� UHVXOWDGR� FRQWUDULR�� OD� DSDULFLyQ� GH�

FRPELQDFLRQHV�TXH�GHWHULRUDQ� ODV�SUHVWDFLRQHV�GHO�VLVWHPD�VLJQLILFDWLYDPHQWH��

FRPR�HV�HO�FDVR�GH�HQWUHQDU�FRQ�GDWRV�GH�OD�EDVH�GH�GDWRV�6LV)DOO��FUHDGR�SRU�

6XFHUTXLD� HW� DO�� >��@�� \� HQWUHQDU� FRQ� FXDOTXLHUD� GH� ORV� RWURV� GRV� UHSRVLWRULRV�
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DQDOL]DGRV��&LUFXQVWDQFLD�TXH� FRLQFLGH� FRQ� ODV� FRQFOXVLRQHV�GH� REWHQLGDV�HQ�

RWUR�WUDEDMR�SUHYLR�>��@��

(VWH�HPSHRUDPLHQWR�GH� OD�HILFDFLD�GH� ORV�FODVLILFDGRUHV��GHWHFWDGR�FXDQGR�VH�

HYDO~DQ� FRQ� OD� WpFQLFD� GH� datasets� FUX]DGRV� �cross-datasets��� SUHVHQWD� XQ�

HVFHQDULR� H[SORUDGR� SRU� HVFDVRV� HVWXGLRV�� TXH� SDUHFH� DSXQWDU� D� FLHUWR�

VREUHDSUHQGL]DMH�GH�ORV�PpWRGRV�GH�FODVLILFDFLyQ��TXH�FRQGXFH�D�HUURUHV�DOWRV�

FXDQGR�ORV�HVSDFLRV�PXHVWUDOHV�HPSOHDGRV�SDUD�OD�HYDOXDFLyQ�VH�FRUUHVSRQGHQ�

FRQ� HQWRUQRV� GLIHUHQWHV� D� ORV� XVDGRV� SDUD� JHQHUDU� ODV� PXHVWUDV� GH�

HQWUHQDPLHQWR���

(Q�HO�$SpQGLFH�(�VH�LQFOX\H�XQ�WUDEDMR�DXQ�QR�SXEOLFDGR�GRQGH�VH�UHDOL]D�RWUR�

WHVWHR�FUX]DGR�GH�UHSRVLWRULRV�PiV�H[WHQVR�\�HQ�HO�TXH�VH�KDFH�XVR�GH�WpFQLFDV�

GH� GHWHFFLyQ� GH� FDtGDV� PiV� FRPSOHMDV� EDVDGDV� HQ� UHGHV� QHXURQDOHV�

FRQYROXFLRQDOHV��(VWH�WUDEDMR�VH�YLQFXOD�D�OD�SXEOLFDFLyQ�DGMXQWD�HQ�HO�$SpQGLFH�

$�� 3XEOLFDFLRQHV�� FRQFUHWDPHQWH� HQ� OD� VHFFLyQ� $����� (YDOXDFLyQ� GHO� WHVWHR�

FUX]DGR�GH� UHSRVLWRULRV�HQ�VLVWHPDV�YHVWLEOHV�GH�GHWHFFLyQ�GH�FDtGDV�� OD�FXDO�

VHUi� HQYLDGD� DO� FRQJUHVR� LQWHUQDFLRQDO� PErvasive Technologies Related to 

Assistive Environments (3(75$��������

�
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(Q�ORV�FDStWXORV�DQWHULRUHV�\D�VH�KD�KHFKR�SDWHQWH�HO�HIHFWR�TXH�SXHGHQ�SURYRFDU�

HQ� ODV�SUHVWDFLRQHV�GH� ORV�VLVWHPDV�GH�GHWHFFLyQ�GH�FDtGDV� IDFWRUHV�FRPR� OD�

SRVLFLyQ�GH�ORV�VHQVRUHV�R�OD�WLSRORJtD�GH�ORV�PRYLPLHQWRV�HVWXGLDGRV��(Q�HVWH�

HVWXGLR�VH�DQDOL]D�OD�LQIOXHQFLD�TXH�WLHQHQ�ODV�FDUDFWHUtVWLFDV�GH�ORV�VXMHWRV�TXH�

UHDOL]DQ�ODV�DFWLYLGDGHV��DVt�FRPR�ORV�IDFWRUHV�PHQFLRQDGRV�DQWHULRUPHQWH�HQ�OD�

FDUDFWHUL]DFLyQ� HVWDGtVWLFD� GH� ORV� PRYLPLHQWRV�� (O� REMHWLYR� SULQFLSDO� HV�

GHWHUPLQDU�DTXHOORV�SDUiPHWURV�TXH�RIUH]FDQ�XQD�FDUDFWHUL]DFLyQ�GHWDOODGD�GH�

ODV�PXHVWUDV�GH�PRYLOLGDG�\��GH�HVWH�PRGR��RIUH]FDQ�XQD�GLVFULPLQDFLyQ�PiV�

HILFLHQWH�HQWUH�FDtGDV�\�$'/��
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ͷǤͳǤʹǤ����������À��

ͷǤͳǤʹǤͳǤ�����������������������

(Q�HVWH�WUDEDMR�VH�XWLOL]DQ�ODV�PXHVWUDV�GHO�UHSRVLWRULR�80$)DOO�>��@��GHVFULWR�HQ�

HO� &DStWXOR� ���&RPR� \D� VH� FRPHQWy�� ODV� WUD]DV� GH� HVWH� UHSRVLWRULR� FRQWLHQHQ�

LQIRUPDFLyQ�GH� OD�DFHOHUDFLyQ�GH� FLQFR�XELFDFLRQHV�GHO� FXHUSR�GH� ORV� VXMHWRV�

�PXVOR��SHFKR��FLQWXUD��PXxHFD�\�WRELOOR���6H�UHFXHUGD�TXH�HQ�HO�GHVDUUROOR�GH�

HVWD� EDVH� GH� GDWRV� SDUWLFLSDURQ� ��� VXMHWRV� H[SHULPHQWDOHV� FX\D� HGDG� VH�

HQFRQWUDED�HQ�HO�LQWHUYDOR�GH����D����DxRV��VLHQGR�OD�PHGLD������DxRV��(O�dataset�

LQFOX\H� GRFH� WLSRV� GLIHUHQWHV� GH� $'/� \� WUHV� WLSRV� GH� FDtGDV�� WRGRV� HVWRV�

PRYLPLHQWRV��H[FHSWR�ODV�FDtGDV��ODV�FXDOHV�QR�IXHURQ�HMHFXWDGDV�SRU�ORV�VXMHWRV�

PD\RUHV�GH����DxRV�� IXHURQ�UHSHWLGRV�DO�PHQRV� WUHV�YHFHV�SRU�FDGD�SHUVRQD�

SDUWLFLSDQWH��

ͷǤͳǤʹǤʹǤ������À������������������

3DUD� OD� FDUDFWHUL]DFLyQ� GH� ORV� PRYLPLHQWRV� VH� HPSOHDQ� ORV� VLJXLHQWHV�

HVWDGtVWLFRV��

x� (O�PyGXOR�Pi[LPR�GH�OD�DFHOHUDFLyQ��ܵܯ ܸ௫��
x� (O�PyGXOR�PtQLPR�GH�OD�DFHOHUDFLyQ��ܵܯ ܸ��
x� /D�Pi[LPD�GHVYLDFLyQ�GHO�PyGXOR�GH�OD�DFHOHUDFLyQ��ܵܯ ௗܸሺ௫ሻ��
x� (O�Pi[LPR�YDORU�PHGLR�GHO�PyGXOR�GH�DFHOHUDFLyQ�GHQWUR�GH�XQD�YHQWDQD�

GH�WLHPSR��ܸܵܯതതതതതത௫��
x� (O� YDORU� PHGLR� GHO� iQJXOR� GH� URWDFLyQ� Pi[LPR� GHQWUR� GH� XQ� VHJXQGR�

���ҧ௫ߠ�
x� (O� YDORU� Pi[LPR� GH� OD� PHGLD� GHO� PyGXOR� GH� OD� DFHOHUDFLyQ� GH� ODV�

FRPSRQHQWHV�QR�SHUSHQGLFXODUHV�DO�VXHOR��ܸܵܯതതതതതതேೌೣ��
ͷǤͳǤʹǤ͵Ǥ��������������������

(Q�SULPHU�OXJDU��VH�KDFH�XVR�GHO�PpWRGR�JUiILFR�FRQRFLGR�FRPR�GLDJUDPDV�GH�

FDMDV�� (VWH� WLSR� GH� UHSUHVHQWDFLyQ� SHUPLWH� DQDOL]DU� GH� PDQHUD� YLVXDO� OD�

GLVWULEXFLyQ�HVWDGtVWLFD�GH� ORV�YDORUHV�GH� ORV�SDUiPHWURV�HVWXGLDGRV��FXDUWLOHV��

SHUFHQWLOHV�� YDORUHV� PHGLRV� \� DQyPDORV��� 0HGLDQWH� HVWD� WpFQLFD� VH� HVWXGLDQ�

WRGRV� ORV� PRYLPLHQWRV� GH� PDQHUD� FRQMXQWD� �SDUD� FDGD� XELFDFLyQ� GH� ORV�
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VHQVRUHV���3RVWHULRUPHQWH��SDUD�FRQILUPDU�OD�LPSRUWDQFLD�GH�OD�WLSRORJtD�GH�ORV�

PRYLPLHQWRV�HQ�OD�YDULDELOLGDG�GHO�FRPSRUWDPLHQWR�GH�OD�DFHOHUDFLyQ��VH�DQDOL]DQ�

ORV� PRYLPLHQWRV� DJUXSiQGRORV� VHJ~Q� HO� JUDGR� GH� PRYLOLGDG� �HVWH� WLSR� GH�

FODVLILFDFLyQ�\D�IXH�SURSXHVWR�HQ�HO�&DStWXOR�����

3RU�RWUR� ODGR��VH� LQYHVWLJD� OD�UHSHUFXVLyQ�GH� ODV�FDUDFWHUtVWLFDV�GH� ORV�VXMHWRV�

H[SHULPHQWDOHV� HQ� ORV� HVWDGtVWLFRV� VHOHFFLRQDGRV� SDUD� FDUDFWHUL]DU� ORV�

PRYLPLHQWRV��(VWH�WLSR�GH�HVWXGLR�IXH�SLRQHUR�HQ�HO�PRPHQWR�GH�VX�UHDOL]DFLyQ��

\D�TXH��DXQTXH�PXFKRV�UHSRVLWRULRV�FRQWHQtDQ�LQIRUPDFLyQ�GH�ORV�VXMHWRV��QXQFD�

VH�KDEtD�H[DPLQDGR�HO�HIHFWR�TXH�JHQHUDEDQ�GLFKRV�UDVJRV�HQ�ODV�SURSLHGDGHV�

GH�ODV�WUD]DV�GH�PRYLOLGDG��3DUD�HVWH�WLSR�GH�H[SHULHQFLD�VH�OOHYDQ�D�FDER�XQD�

VHULH�GH�DQiOLVLV�GH�YDULDQ]D�GH�XQD�VROD�YtD��one-way�$129$���GH�HVWH�PRGR�

VH� HVWXGLD� VL� H[LVWHQ� GLIHUHQFLDV� HVWDGtVWLFDPHQWH� VLJQLILFDWLYDV� FXDQGR� OD�

SREODFLyQ�H[SHULPHQWDO� VH�GLYLGH�HQ�GRV�JUXSRV�DWHQGLHQGR�D�VX� VH[R��HGDG��

DOWXUD�R�SHVR��

ͷǤͳǤ͵Ǥ���������������������������

7RGRV�ORV�UHVXOWDGRV�LOXVWUDQ�OD�GLILFXOWDG�H[LVWHQWH�SDUD�GLVFULPLQDU�HQWUH�FDtGDV�

\� $'/� VL� VH� FRQVLGHUD� VLPSOHPHQWH� XQD� SROtWLFD� EDVDGD� HQ� XPEUDOHV�� /RV�

GLDJUDPDV� GH� FDMD� LQFOXVR� GHPXHVWUDQ� TXH� FLHUWDV� DFWLYLGDGHV� ItVLFDV� FRPR�

VDOWDU�R�FRUUHU�SURYRFDQ�YDORUHV�GH�OD�DFHOHUDFLyQ�VXSHULRUHV�D� ORV�SURGXFLGRV�

FXDQGR�WLHQH�OXJDU�XQD�FDtGD��

(Q�HO�PRPHQWR�HQ�HO�TXH�ORV�PRYLPLHQWRV�GH�OD�YLGD�GLDULD�VRQ�DJUXSDGRV�HQ�WUHV�

FRQMXQWRV�DWHQGLHQGR�D�VX�JUDGR�GH�PRYLOLGDG��PRYLPLHQWRV�EiVLFRV��HVWiQGDU�\�

GHSRUWLYRV��� VH� REVHUYD� TXH� H[LVWHQ� GLYHUJHQFLDV� VLJQLILFDWLYDV� HQWUH� ORV�

HVWDGtVWLFRV�GH�GLFKDV�SDUWLFLRQHV��3RU�HMHPSOR��ODV�FDtGDV�SRGUtDQ�GLVWLQJXLUVH�

IiFLOPHQWH� UHVSHFWR� OD�PD\RUtD�GH�$'/�FDWDORJDGDV�FRPR�EiVLFDV�\�HVWiQGDU�

HVWDEOHFLHQGR� XQ� YDORU� XPEUDO�� 3RU� HO� FRQWUDULR�� OD� GLVFULPLQDFLyQ� EDVDGD� HQ�

XPEUDOHV� SDUD� ODV� DFWLYLGDGHV� GHSRUWLYDV� VHUtD� LQHILFD]�� 3RU� OR� WDQWR�� VH�

FRQVLGHUD�TXH�OD�FDWDORJDFLyQ�HOHPHQWDO�SURSXHVWD�SXHGH�D\XGDU�D�HVWDEOHFHU�

XQ�PDUFR�GH�HYDOXDFLyQ�D�OD�KRUD�GH�HVWXGLDU�ODV�SUHVWDFLRQHV�GH�XQ�GHWHUPLQDGR�

VLVWHPD�GH�GHWHFFLyQ�GH�FDtGDV��$Vt��VL�HO�VLVWHPD�HVWi�GHVWLQDGR�D�VHU�XWLOL]DGR�

SRU� SHUVRQDV� PD\RUHV� FRQ� DOJ~Q� WLSR� GH� SUREOHPD� GH� PRYLOLGDG�� GHEHUi�

SDUDPHWUL]DUVH�\�SUREDUVH�SDUD�RSWLPL]DU�VXV�SUHVWDFLRQHV�D�OD�KRUD�GH�GLVWLQJXLU�
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XQD�FDtGD�UHVSHFWR�GH�PRYLPLHQWRV�GH�OD�YLGD�GLDULD�EiVLFRV��3RU�HO�FRQWUDULR��VL�

HO� VLVWHPD� VH� SUHYp� TXH� VHD� HPSOHDGR� SRU� SHUVRQDV� VDQDV� FRQ� SDWURQHV� GH�

PRYLOLGDG� PiV� FRPSOHMRV� �DQFLDQRV� PiV� DFWLYRV�� FLFOLVWDV�� PRQWDxLVWDV��

DQWHQLVWDV�� ERPEHURV�� HWF��� HO� VLVWHPD� GHEH� VHU� FRQILJXUDQGR�� WHQLHQGR� HQ�

FXHQWD�PRYLPLHQWRV�GH�PD\RU�LQWHQVLGDG�\�DFWLYLGDGHV�GHSRUWLYDV��

$Vt�PLVPR��HVWD�H[SHULHQFLD�WDPELpQ�KD�FRQILUPDGR�TXH�FLHUWDV�XELFDFLRQHV��HQ�

HVSHFLDO�� HO� WRELOOR�� QR� VRQ� UHFRPHQGDEOHV� SDUD� OD� PRQLWRUL]DFLyQ� GH� OD�

DFHOHUDFLyQ�� \D� TXH� OD� LQIRUPDFLyQ� SURSRUFLRQDGD� QR� FDUDFWHUL]D� ILHOPHQWH� OD�

PRYLOLGDG� GHO� FXHUSR� GHO� VXMHWR��2WUDV� SRVLFLRQHV�PiV� FHUFDQDV� HO� FHQWUR� GH�

JUDYHGDG� GHO� FXHUSR� KXPDQR�� FRPR� HO� SHFKR� R� OD� FLQWXUD� QR� SUHVHQWD� HVWRV�

SUREOHPDV��(VWRV�KHFKRV�FRQFXHUGDQ�FRQ�ORV�UHVXOWDGRV�GH�ORV�FDStWXORV�SUHYLRV��

3RU� ~OWLPR�� HQ� FXDQWR� D� ORV� HIHFWRV� SURGXFLGRV� SRU� ODV� FDUDFWHUtVWLFDV� GH� ORV�

VXMHWRV� H[SHULPHQWDOHV�� VH� HQFXHQWUDQ� GLIHUHQFLDV� HVWDGtVWLFDPHQWH�

VLJQLILFDWLYDV� VRODPHQWH� HQ� FDVRV� PX\� SDUWLFXODUHV�� (O� PiV� OODPDWLYR� VH�

HYLGHQFLD� FRQ�HO� HVWDGtVWLFR�ܸܵܯ�� GRQGH�SDUHFH�TXH�HO� VH[R�� OD� HGDG�\� OD�
DOWXUD��TXH�VH�FRUUHODFLRQD�FRQ�HO�VH[R��SXHGH�GHWHUPLQDU��HQ�FLHUWD�PHGLGD��HO�

SDWUyQ�GH�DFHOHUDFLyQ�GH�ORV�PRYLPLHQWRV�EiVLFRV��(Q�FRQVHFXHQFLD��QR�VH�GHEH�

GHVFDUWDU�GLFKR�HIHFWR�HQ�HO�UHQGLPLHQWR�GHO�VLVWHPD��3RU�HVWD�UD]yQ�D�OD�KRUD�GH�

FUHDU� ODV�EDVHV�GH�GDWRV�VH�GHEHQ�VHOHFFLRQDU� ORV�VXMHWRV�GH� OD�PDQHUD�PiV�

KHWHURJpQHD� SRVLEOH� SDUD� TXH� QLQJ~Q� VHFWRU� GH� OD� SREODFLyQ� VH� HQFXHQWUH�

VXEUHSUHVHQWDGR��

3RU� RWUR� ODGR�� VH� DUJXPHQWD� TXH� HVWDV� GLIHUHQFLDV� WDPELpQ� SRGUtDQ� HVWDU�

MXVWLILFDGDV�SRU�OD�SUHVHQFLD�GH�REVHUYDFLRQHV�DWtSLFDV�HQ�HO�FRQMXQWR�GH�GDWRV�

�SURYRFDGDV�SRU�XQ�FRPSRUWDPLHQWR�PX\�SDUWLFXODU�GH�XQ�GHWHUPLQDGR�VXMHWR���

3RU�WDQWR��VH�VXJLHUH�TXH�HVWH�HVWXGLR�GHEH�DPSOLDUVH�HQ�WUDEDMRV�SRVWHULRUHV�

FRQVLGHUDQGR�RWURV�UHSRVLWRULRV��WDO�\�FRPR�VH�KDFH�HQ�OD�VLJXLHQWH�VHFFLyQ��

� �
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7DO�\�FRPR�VH�KD�H[SOLFDGR�\�FRPSUREDGR�D�OR�ODUJR�GH�HVWH�WUDEDMR��OD�XWLOL]DFLyQ�

GH�DOJRULWPRV�GH�DSUHQGL]DMH�VXSHUYLVDGR�HQ�VLVWHPDV�YHVWLEOHV�GH�GHWHFFLyQ�GH�

FDtGDV�� XWLOL]DQGR� ODV� VHxDOHV� FDSWDGDV� SRU� ORV� VHQVRUHV� LQHUFLDOHV�� VRQ� XQD�

RSFLyQ� TXH� DSRUWD� PX\� EXHQDV� SUHVWDFLRQHV�� 6LQ� HPEDUJR�� GHELGR� D� ODV�

GLILFXOWDGHV�GH�HQWUHQDU�\�SUREDU�HVWH�WLSR�GH�GHWHFWRUHV�HQ�HVFHQDULRV�UHDOLVWDV��

ORV�VLVWHPDV�VXHOHQ�SUREDUVH�D�SDUWLU�GH�FRQMXQWRV�SUHGHILQLGRV�GH�PRYLPLHQWRV�

�$'/�\�FDtGDV�HPXODGDV��HMHFXWDGRV�SRU�VXMHWRV�YROXQWDULRV��(Q�JUDQ�SDUWH�GH�OD�

OLWHUDWXUD��VH�XWLOL]DQ�PXHVWUDV�GH�ORV�PLVPRV�VXMHWRV�H[SHULPHQWDOHV�WDQWR�SDUD�

HQWUHQDU�FRPR�SDUD�WHVWHDU��

(Q�HO�SUHVHQWH�WUDEDMR�VH�LQYHVWLJD�HO�HIHFWR�TXH�VH�SURGXFH�HQ�OD�FDOLGDG�GH�OD�

FODVLILFDFLyQ�GHO�VLVWHPD�GH�GHWHFFLyQ�GH�FDtGDV�DO�HQWUHQDU�GLIHUHQWHV�DOJRULWPRV�

GH� DSUHQGL]DMH� VXSHUYLVDGR� FRQ� PXHVWUDV� HMHFXWDGDV� SRU� VXMHWRV� TXH� WLHQHQ�

UDVJRV�ItVLFRV��DOWXUD��SHVR��HGDG��tQGLFH�GH�PDVD�FRUSRUDO�\�VH[R��GLIHUHQWHV�D�

ODV�GH�ORV�XVXDULRV�TXH�UHDOL]DQ�ORV�PRYLPLHQWRV�HQ�OD�IDVH�GH�WHVWHR��

ͷǤʹǤʹǤ���������×������������������������×��

ͷǤʹǤʹǤͳǤ��������×������������������

(Q�HVWH�HVWXGLR�VH�YXHOYH�D�KDFHU�XVR�GH�GLIHUHQWHV�UHSRVLWRULRV�GH�PRYLPLHQWRV�

�$'/�\�FDtGDV��S~EOLFDPHQWH�DFFHVLEOHV�SRU�,QWHUQHW���

3DUD�GHILQLU�XQ�PDUFR�GH�HYDOXDFLyQ�FRP~Q��VH�VHOHFFLRQDQ�ORV�GDWRV�UHFRJLGRV�

SRU� VHQVRUHV� XELFDGRV� HQ� OD� FLQWXUD�� SRVLFLyQ� TXH� HQ� GLIHUHQWHV� DUWtFXORV� VH�

DFRQVHMD�GHELGR�D�HQFRQWUDUVH�FHUFD�GHO�FHQWUR�GH�JUDYHGDG�GHO�FXHUSR�KXPDQR�
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\�TXH�HQ�VHFFLRQHV�DQWHULRUHV�VH�FRPSUREy�TXH�FRQVHJXtD�EXHQRV�UHVXOWDGRV��

$GHPiV��VH�GHVFDUWDQ�DTXHOORV�UHSRVLWRULRV�TXH�QR�FRQWLHQHQ�LQIRUPDFLyQ�VREUH�

ODV�FDUDFWHUtVWLFDV�GH�ORV�VXMHWRV�H[SHULPHQWDOHV�\�DTXHOORV�FRQ�PHQRV�GH�����

PXHVWUDV�GH�PRYLPLHQWRV��SRU�RIUHFHU�HVFDVDV�SRVLELOLGDGHV�D�OD�KRUD�GH�GLYLGLU�

ORV� VXMHWRV� SRU� FDUDFWHUtVWLFDV� PDQWHQLHQGR� XQ� Q~PHUR� UHSUHVHQWDWLYR� GH�

PXHVWUDV� WDQWR�SDUD�HYDOXDFLyQ�FRPR�SDUD�HQWUHQDPLHQWR���7UDV�DSOLFDU�HVWRV�

FULWHULRV��VH�VHOHFFLRQDQ�FLQFR�UHSRVLWRULRV��'2)'$�>��@��(UFL\HV�>��@��6LVIDOO�>��@��

80$)DOO�>��@�\�83�)DOO�>��@���

ͷǤʹǤʹǤʹǤ��������×������������������������������×��

(Q�HVWH�HVWXGLR�VH�VHOHFFLRQDQ���DOJRULWPRV�GH�DSUHQGL]DMH�VXSHUYLVDGR�PX\�

XWLOL]DGRV�HQ� OD� OLWHUDWXUD�� /DV�SUXHEDV� FRQ�HOORV� �LPSOHPHQWDGRV�HQ� VFULSW� GH�

ELEOLRWHFDV�GH�machine learning�GH�0DWODE���DGHPiV��VH�UHSHWLUiQ�SDUD�GLIHUHQWHV�

SRVLELOLGDGHV�GH�KLSHUSDUDPHWUL]DFLyQ���

ͻ� Support Vector Machine��690���FRQVLGHUiQGRVH�FRPR�kernels�DOWHUQDWLYRV�

SDUD�WUDQVIRUPDU�ORV�GDWRV�HO�WLSR�OLQHDO��F~ELFR��FXDGUiWLFR�\�JDXVVLDQR��

ͻ� k-Nearest Neighbors� �N�11��� XWLOL]DQGR� FXDWUR� IRUPDV� GLIHUHQWHV� SDUD�

FDOFXODU� OD� GLVWDQFLD� �(XFOLGHD�� 0LQNRZVNL�� &KHE\FKHY� \� FRVHQR�� \� WUHV�

YDORUHV�DOWHUQDWLYRV��������\�����GHO�Q~PHUR�GH�YHFLQRV��k���

ͻ� 1DwYH� %D\HV� �1%��� VH� SUXHED� WHQLHQGR� HQ� FXHQWD� GRV� SRVLEOHV�

SURFHGLPLHQWRV� SDUD� DSUR[LPDU� OD� GLVWULEXFLyQ� GH� ORV� GDWRV� GH� HQWUDGD��

IXQFLyQ�*DXVVLDQD�\�.'(��Kernel Density Estimation����

ͻ� Decision Tree� �'7��� 6H� FRQWHPSOD� VX� HYDOXDFLyQ� PHGLDQWH� GRV� WLSRV�

GLIHUHQWHV� GH� HVWUXFWXUDV�� SRU� XQ� ODGR�� HO� WLSR� coarse� HQ� HO� TXH� VROR� VH�

SHUPLWHQ� KDVWD� �� GLYLVLRQHV�� \�� SRU� RWUR� ODGR�� HO� WLSR� fine�� TXH� OLPLWD� ODV�

GLYLVLRQHV�KDVWD�XQ�Pi[LPR�GH������

3RU�WDQWR��HO�DQiOLVLV�VH�UHDOL]D�FRQ�XQ�WRWDO�GH����YDULDQWHV�GH�DOJRULWPRV��FXDWUR�

SDUD�690��GRFH�SDUD�.11��GRV�SDUD�1%�\�GRV�SDUD�'7���

ͷǤʹǤʹǤ͵Ǥ��������×�������������À������������������

(Q� HVWH� HVWXGLR� VH� XWLOL]DQ� FRPR� FDUDFWHUtVWLFDV� GH� HQWUDGD�� WRGDV� ODV�

FRPHQWDGDV�HQ�HO�DSDUWDGR������DTXt�VH�GHQRPLQDQ�FRPR�GH�³HOHFFLyQ�SURSLD´���

ODV�FXDOHV�IXHURQ�VHOHFFLRQDGDV�WUDV�XQ�DQiOLVLV�GH�OD�OLWHUDWXUD�\D�TXH�GHILQHQ�
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SURSLHGDGHV� GLQiPLFDV� GHO� FXHUSR� KXPDQR�� ,JXDOPHQWH�� ORV� DOJRULWPRV� VH�

SUREDURQ� FRQ� ODV� ��� FDUDFWHUtVWLFDV� TXH� UHVXOWDURQ� VHU�PiV� UHSUHVHQWDWLYDV� \�

IXHURQ� H[WUDtGDV� SRU� HO� SDTXHWH� GH�0$7/$%� hctsa� �Highly comparative time-

series analysis��� (VWH� VRIWZDUH� SURYHH� XQD� KHUUDPLHQWD� TXH� DQDOL]D�PLOHV� GH�

FDUDFWHUtVWLFDV�GH�VHULHV�GH�WLHPSR�SDUD�DJUXSDU�\�H[WUDHU�ODV�PiV�VLJQLILFDWLYDV�

FRQ� HO� REMHWR� GH� SURSRUFLRQDU� XQD� UHSUHVHQWDFLyQ� SDUVLPRQLRVD� �³GH� EDMD�

GLPHQVLyQ´��GH�ORV�GDWRV��3DUD�XQ�HVWXGLR�PiV�GHWDOODGR�GH�OD�H[WUDFFLyQ�GH�HVWDV�

FDUDFWHUtVWLFDV�� YpDVH� HO� H[WHQVR� DQiOLVLV� FRPSOHPHQWDULR� SUHVHQWDGR� HQ� HO�

$SpQGLFH�%��

/RV�HVWDGtVWLFRV� GH�HOHFFLyQ�SURSLD� VH� FDOFXODQ�D� SDUWLU� GH� OD� LQIRUPDFLyQ�GHO�

DFHOHUyPHWUR�FRPSUHQGLGD�HQ�OD�YHQWDQD�GH�WLHPSRݐ�௪ ൌ ��FHQWUDGD�DOUHGHGRUݏ�ʹ
GHO�YDORU�Pi[LPR�GH�DFHOHUDFLyQ�GHO�PRYLPLHQWR�GH�FDGD�WUD]D��HV�GHFLU��HQ�HO�

LQWHUYDOR� GRQGH�� FDVR� GH� FRUUHVSRQGHUVH� HO�PRYLPLHQWR� FRQ� XQD� FDtGD�� FDEH�

VLWXDU�HO�LPSDFWR�FRQWUD�HO�VXHOR���

3RU�RWUR�ODGR��FRQ�LQGHSHQGHQFLD�GHO�VHW�GH�FDUDFWHUtVWLFDV�HPSOHDGR��ORV�GDWRV�

GH�HQWUDGD�VRQ�HVWDQGDUL]DGRV�XVDQGR�XQD�QRUPDOL]DFLyQ�GH�WLSR�z-score��

ͷǤʹǤʹǤͶǤ��±������������������

'HO� PLVPR� PRGR� TXH� HQ� ORV� HVWXGLRV� DQWHULRUHV� VH� XWLOL]D� FRPR� PpWULFD� GH�

FDOLGDG�JOREDO�OD�PHGLD�JHRPpWULFD�GH�OD�VHQVLELOLGDG�\�OD�HVSHFLILFLGDG��ඥܵ݁  ��ܵ
/D� VHQVLELOLGDG� �ܵ݁ሻ� GHILQH� OD� SURSRUFLyQ� GH� FDtGDV� TXH� VRQ� LGHQWLILFDGDV�
FRUUHFWDPHQWH� \� OD� HVSHFLILFLGDG� �Sp�� OD� IUDFFLyQ� GH� PRYLPLHQWRV� $'/�

FODVLILFDGRV�DGHFXDGDPHQWH���

ͷǤʹǤ͵Ǥ������������

6H�HYDO~D�HO�LPSDFWR�TXH�WLHQHQ�ORV�UDVJRV�ItVLFRV�GH�ORV�VXMHWRV�HQ�OD�FDSDFLGDG�

GH�FODVLILFDFLyQ�GH�ORV�DOJRULWPRV�GH�DSUHQGL]DMH�VXSHUYLVDGR��/RV�UHVXOWDGRV�VH�

GHVFULEHQ�HQ�ORV�VLJXLHQWHV�DSDUWDGRV��

ͷǤʹǤ͵ǤͳǤ�����������������������������×��������������������������������������

(Q� SULPHU� OXJDU�� VH� HYDO~DQ� ODV� SUHVWDFLRQHV� GH� ORV� GLIHUHQWHV� DOJRULWPRV� GH�

DSUHQGL]DMH�VXSHUYLVDGR�\�VXV�GLIHUHQWHV�FRQILJXUDFLRQHV�FRQ�VXEFRQMXQWRV�GH�

HQWUHQDPLHQWR� \� SUXHEDV� TXH� FRQWLHQHQ� PXHVWUDV� GH� WRGRV� ORV� WLSRV� GH�
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PRYLPLHQWRV�\�VXMHWRV��(O�REMHWLYR�HV�HVWDEOHFHU�XQD�SUXHED�GH�UHIHUHQFLD�SDUD�

XQ� FDVR� LGHDO� R� HTXLOLEUDGR� �HQ� HO� TXH� ORV� VXMHWRV� TXH� SDUWLFLSDQ� HQ� HO�

HQWUHQDPLHQWR�\�OD�HYDOXDFLyQ�VRQ�ORV�PLVPRV���

(Q�HVWD�SUXHED�VH�HPSOHD�YDOLGDFLyQ�FUX]DGD��HQ�FRQFUHWR���fold��VLJXLHQGR�OD�

UHJOD�WtSLFD��������HV�GHFLU��VH�XWLOL]D�HO�����GH�ODV�PXHVWUDV�SDUD�HQWUHQDU�\�HO�

UHVWR�SDUD�WHVWHDU�HQ�FDGD�LWHUDFLyQ��

7UDV� XQ� DQiOLVLV� GH� ORV� UHVXOWDGRV� VH� GHWHFWD� FLHUWD� SUHGLVSRVLFLyQ� D� TXH� HO�

DOJRULWPR�690�\�VXV�GLIHUHQWHV�FRQILJXUDFLRQHV��\�.11�HQ�PHQRU�PHGLGD��GHQ�

OXJDU�D�XQDV�SUHVWDFLRQHV�VXSHULRUHV�DO�UHVWR�GH�DOJRULWPRV��'HO�PLVPR�PRGR��

ODV� ��� FDUDFWHUtVWLFDV� GH� SURSLD� VHOHFFLyQ� �ODV� FXDOHV� WLHQHQ� XQD� FODUD�

LQWHUSUHWDFLyQ�ItVLFD��SURGXFHQ�XQ�PHMRU�FRPSRUWDPLHQWR�HQ�HO�VLVWHPD�TXH�ODV�

HVWDGtVWLFDV�REWHQLGDV�PHGLDQWH�OD�SUXHED�PDVLYD�GH�HVWDGtVWLFDV��hctsa���

3RU� ~OWLPR�� GH� HVWH� DQiOLVLV� PDVLYR� FRQ� FLQFR� datasets�� VH� FRQFOX\H� TXH� ORV�

DOJRULWPRV� GH� DSUHQGL]DMH� VXSHUYLVDGR� VRQ� FDSDFHV� GH� GDU� OXJDU� D� XQDV�

SUHVWDFLRQHV�DFHSWDEOHV��HQ�DOJXQRV�FDVRV�VXSHUDQGR�PHGLDV�JHRPpWULFDV�GH�

OD�VHQVLELOLGDG�\�OD�HVSHFLILFLGDG�VXSHULRU�DO������

ͷǤʹǤ͵ǤʹǤ�����������������������������×����������������������������������

(Q�HVWH�FDVR�� VH� UHSLWH� OD�PHWRGRORJtD�GHO�DQiOLVLV�DQWHULRU�SHUR�HVWD� YH]� ORV�

VXEFRQMXQWRV�GH�GDWRV�VH�GLYLGHQ�HQ� IXQFLyQ�GH�XQ� UDVJR�SHUVRQDO�HVSHFtILFR�

�HGDG��DOWXUD��SHVR�R�tQGLFH�GH�PDVD�FRUSRUDO���$Vt��ODV�PXHVWUDV�JHQHUDGDV�SRU�

FLHUWR�VXMHWR�H[SHULPHQWDO�VRODPHQWH�HVWDUiQ�LQFOXLGDV�HQ�XQD�GH�ODV�SDUWLFLRQHV�

�HQWUHQDPLHQWR� R� WHVW��� 3DUD� ILQHV� FRPSDUDWLYRV� �\� EXVFDQGR� DQDOL]DU� VL� ODV�

SRVLEOHV�GLYHUJHQFLDV�GH�UHVXOWDGRV�QR�WLHQHQ�UHODFLyQ�FRQ�HO�FULWHULR�GH�GLYLVLyQ���

WDPELpQ�VH�OOHYD�D�FDER�XQD�SUXHED�GH�ORV�FODVLILFDGRUHV�HQ�OD�TXH�ORV�XVXDULRV�

VH�UHSDUWHQ�GH�PDQHUD�DOHDWRULD�HQWUH�ORV�GRV�VXEFRQMXQWRV��

(O� REMHWLYR� GH� HVWH� HVWXGLR� HV� GHWHUPLQDU� VL� H[LVWHQ� GLIHUHQFLDV� HQWUH� ORV�

UHVXOWDGRV�GH�OD�SUXHED�GRQGH�VH�XWLOL]DED�XQD�GLVWULEXFLyQ�HTXLOLEUDGD��SUXHED�

GH�UHIHUHQFLD�REWHQLGD�HQ�HO�DSDUWDGR�DQWHULRU��\�HO�UHVWR�GH�ODV�GLVWULEXFLRQHV��

'H�ORV�UHVXOWDGRV�VH�FROLJH�TXH��

ͻ� 6H�REVHUYD�FLHUWD� WHQGHQFLD�D�TXH�HQWUHQDU�HO�VLVWHPD�FRQ� LQGLYLGXRV�GH�

PD\RU� DOWXUD� \� SHVR� \� WHVWHDU� FRQ� VXMHWRV�PiV� EDMRV� \� GH�PHQRU� SHVR�
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JHQHUD�PHMRUHV�UHVXOWDGRV�TXH�FXDQGR�VH�UHDOL]D�HO�SURFHVR�FRQWUDULR��(VWD�

VLWXDFLyQ�SXHGH�H[SOLFDUVH�SRU�HO�KHFKR�GH�TXH�ORV�VXMHWRV�GH�PD\RU�DOWXUD�

\�SHVR�SURYRFDQ�SDWURQHV�GH�PRYLOLGDG�PiV�UHFRQRFLEOHV��

ͻ� (O�tQGLFH�GH�PDVD�FRUSRUDO��FRPR�FULWHULR�GLYLVRULR�GH�ORV�VXMHWRV��QR�SDUHFH�

LQIOXLU�VLJQLILFDWLYDPHQWH�HQ�ODV�SUHVWDFLRQHV�GHO�VLVWHPD��

ͻ� /DV�SUXHEDV�GRQGH�VH�HVWXGLD�OD�HGDG�VH�YHQ�OLPLWDGDV�SRU�HO�KHFKR�GH�TXH�

HQ�OD�PD\RUtD�GH�ORV�UHSRVLWRULRV�QR�H[LVWHQ�VXMHWRV�H[SHULPHQWDOHV�HGDG�

VXSHULRU�D����R�HVWRV�QR�VLPXODQ�FDtGDV��6LQ�HPEDUJR��FRQ�HO�UHSRVLWRULR�

6LVIDOO�VH�SXHGH�UHDOL]DU�XQ�DQiOLVLV�SUHOLPLQDU��6H�REVHUYD�TXH�FXDQGR�VH�

HQWUHQD�FRQ�SHUVRQDV�MyYHQHV�\�HO�WHVW�VH�HIHFW~D�FRQ�PXHVWUDV�REWHQLGDV�

GH�ORV�PRYLPLHQWRV�GH�SHUVRQDV�PD\RUHV�GH�HVD�HGDG�VH�SXHGH�FRQVHJXLU�

HVSHFLILFLGDGHV�DOWDV�SHUR�OD�VHQVLELOLGDG�HV�EDMD�����������(VWH�UHVXOWDGR�

SRGUtD� HYLGHQFLDU� HO� KHFKR� GH� TXH� ODV� FDtGDV� HQ� ODV� SHUVRQDV�PD\RUHV�

VLJXHQ�SDWURQHV�GH�PRYLOLGDG�GLIHUHQWHV�TXH�ODV�VXIULGDV�SRU�SHUVRQDV�PiV�

MyYHQHV�� (VWRV� UHVXOWDGRV� SUHOLPLQDUHV� SXHGHQ� FXHVWLRQDU� OD� XWLOLGDG� GH�

HYDOXDU�VLVWHPDV�GH�GHWHFFLyQ�GH�FDtGDV�FRQ�EDVHV�GH�GDWRV�JHQHUDGDV�D�

SDUWLU� GH�FDtGDV�PHGLGDV�D�SDUWLU� GH�XQ�JUXSR�GH�YROXQWDULRV� FRPSXHVWR�

tQWHJUDPHQWH�SRU�SHUVRQDV�MyYHQHV��

ͻ� /D�GLYLVLyQ�SRU�VH[R�QR�SDUHFH�DIHFWDU�VLJQLILFDWLYDPHQWH�HQ�OD�FDOLGDG�GH�

FODVLILFDFLyQ�GHO�VLVWHPD��(O�~QLFR�SDWUyQ�GHVWDFDEOH�HV�TXH��HQ�FXDWUR�GH�

ORV�UHSRVLWRULRV�XWLOL]DGRV��HO�HQWUHQDPLHQWR�FRQ�KRPEUHV�SDUHFH�GDU�OXJDU�

D�PpWULFDV�GH�FDOLGDG�OLJHUDPHQWH�PiV�DOWDV�TXH�ODV�REWHQLGDV�FXDQGR�HO�

FODVLILFDGRU�HV�HQWUHQDGR�SRU�PXHVWUDV�HMHFXWDGDV�SRU�PXMHUHV��(VWH�KHFKR�

SXHGH�HVWDU� OLJDGR�D� OD�FRUUHODFLyQ�TXH� WLHQH�HO�JpQHUR�FRQ�HO� SHVR�\� OD�

DOWXUD��

ͻ� (Q�UHVXPHQ��ODV�FDUDFWHUtVWLFDV�ItVLFDV��H[FHSWXDQGR�HO�FULWHULR�GH�OD�HGDG��

SDUHFHQ� QR� VHU� XQ� IDFWRU� FUXFLDO� TXH� SHUWXUEHQ� VLJQLILFDWLYDPHQWH� ODV�

SUHVWDFLRQHV� GH� ORV� GHWHFWRUHV� GH� FDtGDV� \� SRU� WDQWR� QR� SXHGHQ�

FRQVLGHUDUVH�XQ�HOHPHQWR�FODYH�D�OD�KRUD�GH�FDUDFWHUL]DU�ORV�PRYLPLHQWRV���

ͷǤʹǤ͵Ǥ͵Ǥ������������ ��� ���� ����������×�� ������� ��� ��� ����������� ��� ����

������������

3DUD�ILQDOL]DU�HVWH�HVWXGLR��HQ�HVWH�~OWLPR�H[SHULPHQWR�VH�HYDO~D�HO�VLVWHPD�GH�

GHWHFFLyQ� FXDQGR� VH� HPSOHDQ� GLVWLQWRV� WLSRV� GH� PRYLPLHQWR� HQ� OD� IDVH� GH�
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HQWUHQDPLHQWR� \� WHVWHR�� /RV� PRYLPLHQWRV� VH� GLYLGHQ� HQ� ODV� VXEFDWHJRUtDV�

GHSHQGLHQGR� GH� VX� JUDGR� GH� HVIXHU]R� ItVLFR�� TXH� \D� VH� SURSXVLHURQ� HQ� HO�

DSDUWDGR������

ͻ� 0RYLPLHQWRV�EiVLFRV��$FFLRQHV�FRWLGLDQDV�TXH�UHTXLHUHQ�XQ�EDMR�HVIXHU]R�

ItVLFR��DFRVWDUVH��VHQWDUVH��OODPDU�SRU�WHOpIRQR��HWF����

ͻ� 0RYLPLHQWRV� HVWiQGDU�� $FFLRQHV� FRWLGLDQDV� TXH� UHTXLHUHQ� GH� XQ� JUDGR�

PD\RU�GH�PRYLOLGDG��FDPLQDU��VXELU�HVFDOHUDV��UHFRJHU�DOJR�GHO�VXHOR��HWF����

ͻ� 0RYLPLHQWRV�GHSRUWLYRV�WDOHV�FRPR�FRUUHU��VDOWDU��WURWDU��

ͻ� 0RYLPLHQWRV�FHUFDQRV�D�XQD�FDtGD��$FFLRQHV�HQ�ODV�TXH�HO�VXMHWR�SLHUGH�HO�

HTXLOLEULR�\�WURSLH]D��SHUR�QR�OOHJD�D�FDHU��

$� OD� KRUD� GH� HYDOXDU�� XQD� VXEFDWHJRUtD� HV� H[FOXLGD� GH� OD� SDUWLFLyQ� GH�

HQWUHQDPLHQWR� \� HV� XWLOL]DGD� H[FOXVLYDPHQWH� SDUD� WHVWHDU�� 7DQWR� HQ� HO�

HQWUHQDPLHQWR�FRPR�HQ�HO�WHVWHR�VH�LQFOX\HQ�WDPELpQ�FDtGDV��HQ�XQD�SURSRUFLyQ�

�������

/RV� UHVXOWDGRV�PXHVWUDQ�TXH� OD� WLSRORJtD� GH� ORV�PRYLPLHQWRV� XWLOL]DGRV� FRPR�

HQWUHQDPLHQWR�WLHQH�XQD�JUDQ�LQIOXHQFLD�HQ�ODV�SUHVWDFLRQHV�GHO�VLVWHPD��PXFKR�

PD\RU�� HQ� WRGR� FDVR�� TXH� ODV� FDUDFWHUtVWLFDV� GH� ORV� XVXDULRV� HPSOHDGRV� HQ�

DPERV�FRQMXQWRV��HQWUHQDPLHQWR�\�WHVW�����

(Q�HO�FDVR�GH�ORV�PRYLPLHQWRV�EiVLFRV��WLHQGHQ�D�VHU�UHFRQRFLGRV�FRUUHFWDPHQWH�

SRU�HO�FODVLILFDGRU��D�SHVDU�GH�QR�KDEHUOR�XWLOL]DGR�HQ�OD�IDVH�GH�HQWUHQDPLHQWR��

SRU�OR�TXH�HO�UHQGLPLHQWR�GHO�VLVWHPD�QR�YDUtD�VLJQLILFDWLYDPHQWH��

6LQ�HPEDUJR��QR�HQWUHQDU�FRQ�PRYLPLHQWRV�FRQ�XQ�PD\RU�JUDGR�GH�PRYLOLGDG�

FRPR�ORV�GHSRUWLYRV��SURYRFDQ�XQ�GUiVWLFR�HPSHRUDPLHQWR�GHO�UHQGLPLHQWR�GHO�

VLVWHPD�D�OD�KRUD�GH�FODVLILFDUORV��\D�TXH�HQ�OD�FODVLILFDFLyQ�VRQ�FRQIXQGLGRV�FRQ�

FDtGDV��GDQGR�OXJDU�D�XQD�EUXVFD�GHJUDGDFLyQ�GH�OD�HVSHFLILFLGDG��HQ�DOJXQRV�

FDVRV�EDMD�D�YDORUHV�GHO������3RU�WDQWR��HVWDV�FRQFOXVLRQHV�DSXQWDQ�D�OD�JUDQ�

GLILFXOWDG�H[LVWHQWH�SDUD�GLVFHUQLU�HQWUH�FDtGDV�\�PRYLPLHQWRV�GH�DOWD�LQWHQVLGDG�

FXDQGR�HO�VLVWHPD�QR�HV�HQWUHQDGR�FRQ�HVWH�WLSR�GH�PRYLPLHQWRV�� �



�

���
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Classification Algorithms for Wearable Fall Sensors. Biosensors 2021, 11, 284. 

�������������������������������������������×����������±�������ǤͻǤ 

ǤͳǤ�����������×��

7DO� \� FRPR� VH� KD� SURFHGLGR� HQ� ORV� DQiOLVLV� GH� ORV� DSDUWDGRV� DQWHULRUHV�� OD�

PHWRGRORJtD�TXH�VH�VXHOH�OOHYDU�D�FDER�SDUD�HYDOXDU�XQ�VLVWHPD�GH�GHWHFFLyQ�GH�

FDtGDV�HV�HVWXGLDU�OD�FDSDFLGDG�GH�FODVLILFDFLyQ�GH�OD�DUTXLWHFWXUD�D�SDUWLU�GH�OD�

XWLOL]DFLyQ�GH�UHSRVLWRULRV�GH�PRYLPLHQWRV��

8QR�GH�ORV�KHFKRV�PiV�GLVFXWLGR�GH�HVWH�SURFHGLPLHQWR�HV�OD�YDOLGH]�GH�HPSOHDU��

HQ�HVWH�WLSR�GH�EDVH�GH�GDWRV��FDtGDV�VLPXODGDV�SRU�YROXQWDULRV�MyYHQHV�HQ�OXJDU�

GH� FDtGDV� UHDOHV� GH� DGXOWRV�PD\RUHV� �HO� S~EOLFR� SULQFLSDO� GH� ORV�)'6���&DEH�

GHVWDFDU�TXH�TXHGD�IXHUD�GHO�REMHWLYR�GH�HVWH�HVWXGLR�GLVFXWLU�OD�YDOLGH]�GH�HVWH�

SURFHGLPLHQWR��6LQ�HPEDUJR��OD�FRPELQDFLyQ�GH�HVWD�FLUFXQVWDQFLD�\�OD�GLILFXOWDG�

LQKHUHQWH� GH� HQWUHQDU� HO� VLVWHPD� FRQ� FDtGDV� UHDOHV� �\� PiV� D~Q� FDtGDV� GH�

SHUVRQDV�PD\RUHV�� LPSXOVD� OD� UHDOL]DFLyQ�GH�HVWH� WUDEDMR�FRQ�HO�SURSyVLWR�GH�

HVWXGLDU�XQD�DOWHUQDWLYD�TXH�QR� UHTXLHUD�GHO�XVR�GH�HVWH� WLSR�GH�PRYLPLHQWRV�

³ILQJLGRV´��(Q�SDUWLFXODU��HO�DQiOLVLV�VH�FHQWUD�HQ�HYDOXDU�OD�HILFDFLD�TXH�SUHVHQWDQ�

ORV� DOJRULWPRV� GH� GHWHFFLyQ� GH� DQRPDOtDV� R� one-class� HQ� HO� iPELWR� GH� OD�

GHWHFFLyQ�GH�FDtGDV��
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/RV� DOJRULWPRV� GH� GHWHFFLyQ� GH� DQRPDOtDV� R� FODVLILFDGRUHV� 2&&� �one-class�

classifiers�� FRQIRUPDQ� XQ� WLSR� GH� DOJRULWPR� GH� DSUHQGL]DMH� VXSHUYLVDGR� TXH�

SDUWLHQGR�GH�XQ�FRQMXQWR�GH�GDWRV�GH�XQD�GHWHUPLQDGD�FODVH��~QLFD��HV�FDSD]�

GH�UHDOL]DU�XQD�FODVLILFDFLyQ�ELQDULD�FXDQGR�VH�OH�LQWURGXFHQ�QXHYRV�GDWRV��/RV�

FODVLILFDGRUHV�2&&�SRVHHQ�OD�FDSDFLGDG�GH�GLVWLQJXLU�HQWUH�GDWRV�GHO�PLVPR�WLSR�

�EiVLFR�R�FRP~Q��HQ�HVWH�FDVR�$'/��FRQ�HO�TXH�KD�VLGR�HQWUHQDGR�UHVSHFWR�GH�

RWURV�GLIHUHQWHV��D�ORV�TXH�GHWHFWDUi�FRPR�DQRPDOtDV�R�PXHVWUDV�outliers��/RV�

2&&�HVWiQ�HVSHFLDOPHQWH� LQGLFDGRV�HQ� VLWXDFLRQHV�GRQGH� VH�GHVHD�GHWHFWDU�

HOHPHQWRV�R�SDWURQHV�PX\�SRFR� IUHFXHQWHV�D�SDUWLU� GH�XQD�PXHVWUD�TXH�VROR�

FXHQWD� FRQ� HOHPHQWRV� GH� XQ� WLSR� FRP~Q�� 6X� SULQFLSDO� YHQWDMD� HV� TXH� VX�

HQWUHQDPLHQWR�QR�H[LJH�FRQWDU�FRQ�SDWURQHV�GH�HVD�FODVH�DQyPDOD��QRUPDOPHQWH�

GLItFLOHV�GH�REWHQHU��\�SXHGHQ�TXHGDU�FRQILJXUDGRV�D�SDUWLU�GH�XQ�VXEFRQMXQWR�GH�

SDWURQHV�TXH�VROR�LQFOX\HQ�PXHVWUDV�GH�HOHPHQWRV�R�HYHQWRV�FRPXQHV��'XUDQWH�

OD�IDVH�GH�WHVW�R�GH�IXQFLRQDPLHQWR��HVDV�DQRPDOtDV�VH�GHWHFWDUiQ�D�SDUWLU�GH�OD�

SRVLEOH� GLYHUJHQFLD� �QRUPDOPHQWH� ILMDGD� SRU� FLHUWR� SDUiPHWUR� XPEUDO�� FRQ�

UHVSHFWR� D� ORV� SDWURQHV� GH� HQWUHQDPLHQWR� R� GH� XQ� PRGHOR� GHULYDGR� GH� ORV�

PLVPRV��

(Q�HVWH�DUWtFXOR�VH�HYDO~DQ�ORV�FLQFR�DOJRULWPRV�GH�GHWHFFLyQ�GH�DQRPDOtDV��PX\�

XWLOL]DGRV� HQ� HO� iPELWR� GH� ODV� DSOLFDFLRQHV� GH� machine learning�� FXDQGR� VH�

DSOLFDQ�D�GHWHFWDU�FDtGDV�D�SDUWLU�GH�XQ�FRQMXQWR�GH�$'/�\�FDtGDV�GH�UHSRVLWRULRV�

S~EOLFRV��(VWRV�DOJRULWPRV�\�VXV�FRUUHVSRQGLHQWHV�KLSHUSDUiPHWURV�VRQ�ORV�TXH�

VH�LQGLFDQ�HQ�OD�7DEOD������

� �
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1RPEUH�GHO�$OJRULWPR� +LSHUSDUiPHWURV� 9DORUHV�

$XWRHQFRGHU�

1��QHXURQDV�FDSD�RFXOWD� ��������������

)XQFLyQ�GH�WUDQVIHUHQFLD�GHO�
FRGLILFDGRU�\�GHFRGLILFDGRU�

/RJLVWLF�6LJPRLG�݂ሺݖሻ ൌ ͳ
ͳ  ݁ି௭�

1��Pi[LPR�GH�HSRFK� �����

&RHILFLHQWH�SDUD�HO�UHJXODGRU�GH�
SHVR�HQ�OD�IXQFLyQ�FRVWH� ������

)XQFLyQ�GH�SpUGLGD�

(UURU�FXDGUiWLFR�PHGLR�
DMXVWDGR�SDUD�HQWUHQDU�XQ�
FRGLILFDGRU�DXWRPiWLFR�

GLVSHUVR�

0RGHORV�GH�0H]FOD�
*DXVVLDQD��*00��

7LSR�GH�FRYDULDQ]D� 'LDJRQDO�

1��GH�FRPSRQHQWHV� �����\���

3DU]HQ�3UREDELOLVWLF�
1HXUDO�1HWZRUNV�

�3311��
)XQFLyQ�9HQWDQD� ݂ሺݔሻ ൌ ݁௫ିଵ�

2QH�&ODVV�.�1HDUHVW�
1HLJKERXU��2&�.11��

7LSR�GH�GLVWDQFLD� (XFOLGHDQ��0LQNRZVNL��
&KHE\FKHY��&RVLQH�

1��GH�YHFLQRV� ����������

2QH�&ODVV�6XSSRUW�
9HFWRU�0DFKLQH��2&�

690��
.HUQHO� /LQHDU��FXELF��TXDGUDWLF��

PHGLXP�JDXVVLDQ�

7DEOD� ����� 7DEOD� UHVXPHQ� GH� ORV� DOJRULWPRV� RQH�FODVV� XWLOL]DGRV� HQ� HO� SUHVHQWH� HVWXGLR� MXQWR� FRQ� ORV�
KLSHUSDUiPHWURV�XWLOL]DGRV�

ǤʹǤʹǤ��������×�������������À�������

$O�LJXDO�TXH�HQ�ORV�HVWXGLRV�SUHYLRV��D�OD�KRUD�GH�FDUDFWHUL]DU�ORV�PRYLPLHQWRV�

FRQ� HVWDGtVWLFRV� TXH� DOLPHQWHQ� ORV� 2&&�� VH� XWLOL]DQ� ORV� GRV� VHWV� GH�

FDUDFWHUtVWLFDV�GHVFULWRV�HQ�HO�DSDUWDGR������SRU�XQ�ODGR��GRFH�FDUDFWHUtVWLFDV�FRQ�

FODUR�VLJQLILFDGR�ItVLFR��TXH�GHQRPLQDPRV�³HOHFFLyQ�SURSLD´���VHOHFFLRQDGDV�WUDV�

XQ�DQiOLVLV�GH�OD�OLWHUDWXUD��ODV�FXDOHV�GHILQHQ�SURSLHGDGHV�GLQiPLFDV�GHO�FXHUSR�

KXPDQR��SRU�RWUR�ODGR��HO�VHW�GH�FDUDFWHUtVWLFDV�H[WUDtGR�PHGLDQWH�SUXHED�PDVLYD�

GH�HVWDGtVWLFDV�D�WUDYpV�GHO�IHQRWLSDGR�SURSRUFLRQDGR�SRU�OD�KHUUDPLHQWD�hctsa 

GH�0DWODE��highly comparative time-series analysis���

(Q�HO�FDVR�GHO�FRQMXQWR�GH�FDUDFWHUtVWLFDV�GH�HOHFFLyQ�SURSLD�SDUD�FDGD�PXHVWUD�

VH�FDOFXODQ�ODV�FDUDFWHUtVWLFDV�VREUH�XQD�YHQWDQDݐ�௪ ൌ ���FHQWUDGD�HQ�HO�YDORUݏ�ʹ
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GH�Pi[LPD�DPSOLWXG�GHO�PyGXOR�GH�DFHOHUDFLyQ�GHO�PRYLPLHQWR��ܵܯ ெܸ௫ሻ��WpFQLFD�
\D� HPSOHDGD� HQ� DOJ~Q� WUDEDMR� DQWHULRU�� 6H� XWLOL]DQ� ODV� GRV� FRPELQDFLRQHV� GH�

FDUDFWHUtVWLFDV�GH�HVWH�WLSR�TXH�UHVXOWDURQ�VHU�PiV�DFRQVHMDEOHV�HQ�HO�HVWXGLR�

UHDOL]DGR� HQ� HO� DSDUWDGR� ������� 8QD� VH� FRPSRQH� GH� ODV� GRFH� FDUDFWHUtVWLFDV�

ܯ��ܵߤ��ௌெሺሻߤ��ఏߤ��ௌெߪ��ఠሺೌೣሻܣ��ௌெߤ� ெܸ௫����ܵܯ ெܸߛ��ௌெ��ܵߤ�\�ܧ��ܣܯோ��
\�OD�RWUD�GH�VLHWH�GH�HOODV��ܣఠሺೌೣሻߪ��ௌெߤ��ఏߤ������ܵܯ ெܸ௫ߛ��ௌெ�\ܧ����
(Q�HO�FDVR�GHO�VHW�GH�FDUDFWHUtVWLFDV�H[WUDtGDV�PHGLDQWH�OD�KHUUDPLHQWD�hctsa��VH�

XWLOL]DQ� ODV����FDUDFWHUtVWLFDV�TXH� UHVXOWDURQ�PiV� UHSUHVHQWDWLYDV�DO�GLYLGLU� ODV�

PLVPDV� HQ� ��� FO~VWHUHV� TXH� DJUXSDQ� DTXHOODV� FDUDFWHUtVWLFDV� FRQ�

FRPSRUWDPLHQWRV�VLPLODUHV�FXDQGR�VH�DQDOL]DED�HO�UHSRVLWRULR�6LV)DOO��XQR�GH�ORV�

PiV�HPSOHDGRV�SRU�OD�OLWHUDWXUD���

ǤʹǤ͵Ǥ��������×������������������

$O�LJXDO�TXH�HQ�ORV�FDStWXORV�SUHOLPLQDUHV��SDUD�HYDOXDU�HO�VLVWHPD�VH�YXHOYH�D�

XWLOL]DU�GLIHUHQWHV�UHSRVLWRULRV�GH�PRYLPLHQWRV�DFFHVLEOHV�SRU� ,QWHUQHW��(Q�HVWH�

FDVR�VH�XWLOL]DQ�ORV�VLJXLHQWHV�QXHYH�datasets��'/5�>��@��'2)'$�>��@��(UFL\HV�

>��@��)DOO$OO'�>��@�� ,08)'�>��@��.)DOO� >��@��6LV)DOO� >��@��80$)DOO� >��@�\�83�)DOO�

>��@��$VLPLVPR��VH�KDFH�XVR�GH�ORV�GDWRV�UHFRJLGRV�SRU�HO�VHQVRU�XELFDGR�HQ�OD�

FLQWXUD��SRU� OD�PLVPD� UD]yQ�TXH�HQ� ODV�VHFFLRQHV�DQWHULRUHV��HV�XQD�SRVLFLyQ�

DFRQVHMDEOH�SDUD�FDUDFWHUL]DU�HO�PRYLPLHQWR�GH�XQD�SHUVRQD�\D�TXH�VH�HQFXHQWUD�

FHUFDQR�DO�FHQWUR�GH�JUDYHGDG��

ǤʹǤͶǤ�����������������������������×���

&RQ�HO�SURSyVLWR�GH�HYDOXDU�HO�FRPSRUWDPLHQWR�GH�ORV�DOJRULWPRV�GH�GHWHFFLyQ�

GH�DQRPDOtDV�D� OD�KRUD�GH�VHU�XWLOL]DGRV�SDUD� OD�GHWHFFLyQ�GH�FDtGDV��HQ�HVWH�

HVWXGLR��VH�UHDOL]DQ�WUHV�SUXHEDV��

3RU� XQ� ODGR�� VH� UHDOL]D� XQD� HYDOXDFLyQ� GHO� VLVWHPD� XWLOL]DQGR� OD� WpFQLFD� GH�

YDOLGDFLyQ� FUX]DGD� k-fold� �HQ� FRQFUHWR� FRQ� ݇ ൌ ͷሻ� FXDQGR� VH� UHSDUWHQ� ODV�

PXHVWUDV� GH� HQWUHQDPLHQWR� \� HVWXGLR� GH�PDQHUD� HTXLWDWLYD� �fair��� HVWR� HV�� VH�

LQWHQWD�TXH�HQ�FDGD�SDUWLFLyQ�H[LVWD�XQ�Q~PHUR�VLPLODU�GH�PXHVWUDV�GHO�PLVPR�

WLSR� �GHSRUWLYDV�� DFWLYLGDGHV� EiVLFDV�� HWF��� \� GH� WRGRV� ORV� XVXDULRV�� &RQ� HVWD�

SUXHED� VH� SUHWHQGH� VLPXODU� XQ� HVFHQDULR� LGHDO�� GRQGH� HO� VLVWHPD� KD� VLGR�

HQWUHQDGR�FRQ�PXHVWUDV�GHO�PLVPR�WLSR�TXH�ODV�TXH�VH�HPSOHDUiQ�HQ�OD�IDVH�GH�
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WHVW� \� GH� ORV� PLVPRV� VXMHWRV� TXH� SRVWHULRUPHQWH� XWLOL]DQ� HO� VLVWHPD�� /RV�

UHVXOWDGRV�DVt�REWHQLGRV�IXQFLRQDUiQ�FRPR�GDWRV�GH�UHIHUHQFLD��(Q�HVWD�SUXHED�

VH�UHDOL]D�XQ�EDUULGR�GHO�SDUiPHWUR�XWLOL]DGR�FRPR�XPEUDO�HQ�FDGD�DOJRULWPR�SDUD�

GHWHFWDU�VL�XQD�PXHVWUD�HV�DQRPDOtD�R�QR��

3RU�RWUR�ODGR��VH�SUHWHQGH�HVWXGLDU�OD�FRQGXFWD�TXH�SUHVHQWD�HO�VLVWHPD�DO�WHVWHDU�

FRQ�DFWLYLGDGHV�$'/�FX\D�WLSRORJtD�GLILHUH�GH� ORV�PRYLPLHQWRV�FRQ� ORV�TXH�KD�

VLGR� HQWUHQDGR�� 3DUD� HOOR�� VH� UHSDUWHQ� ORV� PRYLPLHQWRV� SUHVHQWHV� HQ� FDGD�

UHSRVLWRULR� SRU� FDWHJRUtDV�� GHSHQGLHQGR� GHO� HVIXHU]R� ItVLFR� TXH� UHTXLHUH� VX�

HMHFXFLyQ� �GH� QXHYR�� GLVWLQJXLHQGR� HQWUH� PRYLPLHQWRV� EiVLFRV�� HVWiQGDU��

GHSRUWLYRV� \� FHUFDQRV� D� FDtGDV��� WDO� \� FRPR� \D� VH� SURSXVR� HQ� DSDUWDGRV�

DQWHULRUHV�� 3RVWHULRUPHQWH� VH� WHVWHD� FDGD� FDWHJRUtD� MXQWR� D� WRGDV� ODV� FDtGDV�

HQWUHQDQGR�FRQ�HO�UHVWR�GH�ORV�PRYLPLHQWRV�GH�OD�YLGD�GLDULD��$'/���(O�YDORU�GH�

ORV�XPEUDOHV�TXH�VH�XWLOL]DQ�HQ�HVWD�H[SHULHQFLD�VRQ�ORV�TXH�REWXYLHURQ�PHMRUHV�

UHVXOWDGRV�HQ�OD�SUXHED�GH�UHIHUHQFLD��

3RU�~OWLPR��VH�DQDOL]DQ�ORV�EHQHILFLRV�GH�XWLOL]DU�ensemble learning��PpWRGR�TXH�

FRPELQD� YDULRV� UHVXOWDGRV�GH�GLIHUHQWHV� FODVLILFDGRUHV�SDUD� WRPDU� OD� GHFLVLyQ�

ILQDO�GH�FODVLILFDFLyQ���

ǤʹǤͷǤ��±������������������

&RPR�PpWULFD�GH�FDOLGDG�JOREDO�YXHOYH�D�XWLOL]DUVH� OD�PHGLD�JHRPpWULFD�GH� OD�

VHQVLELOLGDG� \� HVSHFLILFLGDG�GHO� VLVWHPD�� \D� TXH�XQLILFD� HQ�XQ� VROR� SDUiPHWUR�

DPEDV�PpWULFDV�FDSDFHV��SRU�VX�SDUWH��GH�GHVFULELU�OD�FDSDFLGDG�GHO�VLVWHPD�SDUD�

GHWHFWDU�FDtGDV�\�HYLWDU�IDOVDV�DODUPDV��UHVSHFWLYDPHQWH��

$Vt�PLVPR��HQ�OD�SUXHED�GH�UHIHUHQFLD�R�HTXLOLEUDGD��DO�UHDOL]DUVH�HO�EDUULGR�GH�

XPEUDOHV�HV�SRVLEOH�REWHQHU�WDPELpQ�HO�iUHD�EDMR�OD�FXUYD�52&��FRQRFLGD�FRPR�

$8&� �Area Under Curve�� XQD� PD\RU� iUHD� EDMR� OD� FXUYD� LQGLFDUi� XQD� PD\RU�

FHUFDQtD��DO�FRPSRUWDPLHQWR�GH�XQ�GHWHFWRU�LGHDO��TXH�SUHVHQWD�XQD�$8&�LJXDO�D�

����

3RU�RWUR�ODGR��SDUD�PHGLU�OD�HVWDELOLGDG�GHO�VLVWHPD�UHVSHFWR�DO�YDORU�GHO�XPEUDO��

VH� KD� JHQHUDGR� XQD� PpWULFD� GHQRPLQDGD� Threshold sensivity� TXH� PLGH� OD�

SHQGLHQWH�H[LVWHQWH�HQ�HO�SXQWR�GH�PD\RU�PHGLD�JHRPpWULFD�GH�OD�VHQVLELOLGDG�\�

OD�HVSHFLILFLGDG�GH�OD�FXUYD�UHVXOWDQWH�GH�UHSUHVHQWDU�GLFKD�PpWULFD�UHVSHFWR�HO�
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YDORU�GHO�XPEUDO��8Q�YDORU� FHUFDQR�D�FHUR� LQGLFDUi�XQD�JUDQ�HVWDELOLGDG��(VWH�

DVSHFWR�HV�QRUPDOPHQWH�REYLDGR�HQ�OD�OLWHUDWXUD�VREUH�FDtGDV��\�HQ�HO�HPSOHR�HQ�

JHQHUDO� GH� ORV� GHWHFWRUHV� GH� FODVH� ~QLFD��� VLQ� HPEDUJR�� UHVXOWD� GH� JUDQ�

UHOHYDQFLD� SUiFWLFD� SDUD� HYDOXDU� OD� UREXVWH]� GH� HVWRV� FODVLILFDGRUHV� GH� FODVH�

~QLFD���

/RV� UHVXOWDGRV� REWHQLGRV� HQ� HVWD� PpWULFD� QR� HVWiQ� SUHVHQWHV� HQ� HO� DUWtFXOR�

SXEOLFDGR��SRU�UD]RQHV�GH�H[WHQVLyQ��\�VH�SUHVHQWDQ�HQ�HO�UHSRVLWRULR�TXH�KD�VLGR�

FUHDGR�FRQ�HO�REMHWLYR�GH�VHU�XWLOL]DGR�FRPR�DQH[R�GH�HVWD�WHVLV�>��@���

Ǥ͵Ǥ������������

Ǥ͵ǤͳǤ��������������������

(Q�SULPHU�OXJDU��FDEH�GHVWDFDU�TXH�HO�VLVWHPD�SURSRUFLRQD�YDORUHV�GH�OD�PHGLD�

JHRPpWULFD�GH�OD�VHQVLELOLGDG�\�OD�HVSHFLILFLGDG�VXSHULRUHV�GHO�����FRQ�WRGRV�ORV�

UHSRVLWRULRV��H�LQFOXVR�VXSHUD�HQ�OD�PD\RUtD�GH�HOORV�HO������KDFLHQGR�XVR�GH�

DOJXQR�GH�ORV�DOJRULWPRV�H�KLSHUSDUiPHWURV�DQDOL]DGRV��

3RU�RWUR�ODGR��H[DPLQDQGR�ORV�UHVXOWDGRV��VH�SXHGH�GHWHFWDU�XQ�SDWUyQ�FRP~Q��

ODV�FDUDFWHUtVWLFDV�GH�HQWUDGD�TXH�SDUHFH�GDU�OXJDU�D�XQ�PHMRU�UHQGLPLHQWR�GHO�

VLVWHPD�VRQ�ODV�SHUWHQHFLHQWHV�D�OD�FRPELQDFLyQ�GH�FDUDFWHUtVWLFDV�GH�HOHFFLyQ�

SURSLD��GRQGH�VH�KDQ�VHOHFFLRQDGR�ODV�VLHWH�features�TXH�VH�GHWHUPLQDURQ�PiV�

UHOHYDQWHV��(VWH�KHFKR�VH�SRQH�GH�PDQLILHVWR�SULQFLSDOPHQWH�FRQ�ORV�DOJRULWPRV�

DXWRHQFRGHU��*00� \�2&�.11��6LQ� HPEDUJR�� HO� FRPSRUWDPLHQWR� UHVXOWD�PiV�

HYLGHQWH�FRQ�.11��HVWH�KHFKR�SXHGH�HVWDU�IXHUWHPHQWH�UHODFLRQDGR�FRQ�TXH�HVWH�

DOJRULWPR� HV� EDVWDQWH� VHQVLEOH� D� ODV� FDUDFWHUtVWLFDV� LUUHOHYDQWHV�� ODV� FXDOHV�

SURYRFDQ�XQ� UXLGR� LPSRUWDQWH�D� OD�KRUD�GH�FODVLILFDU��SRU� OR�TXH�DO� UHGXFLU� ODV�

FDUDFWHUtVWLFDV�TXH�PHQRV�LQIRUPDFLyQ�DSRUWD�SDUHFH�LQIOXLU�SRVLWLYDPHQWH��

$VLPLVPR��VH�REVHUYD�TXH�GHSHQGLHQGR�GHO�UHSRVLWRULR�HVWXGLDGR�ORV�DOJRULWPRV�

TXH� FRQVLJXHQ� XQ�PHMRU� UHQGLPLHQWR� GHO� VLVWHPD� YDUtDQ��1R� REVWDQWH�� SXHGH�

DILUPDUVH�TXH�H[LVWH�XQD�WHQGHQFLD�D�TXH�HO�DOJRULWPR�2&�.11�VHD�HO�DOJRULWPR�

TXH� PHMRUHV� PpWULFDV� DSRUWD� �FRQ� �� GH� ORV� �� UHSRVLWRULRV� HVWXGLDGRV���

FRQVWDWiQGRVH�TXH�DGHPiV�OD�XWLOL]DFLyQ�GH�GLVWDQFLD�WLSR�FRVHQR�IDYRUH]FD�HVWH�

UHQGLPLHQWR��$GHPiV��OD�GHVYLDFLyQ�WtSLFD�H[LVWHQWH�HQWUH�ODV�GLIHUHQWHV�SUXHEDV�

k-fold� FRQ� HVWH� WLSR� GH� DOJRULWPR� VXHOH� VHU� EDMD�� FHUFDQD� DO� ���� (O� VHJXQGR�
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DOJRULWPR�2&&�TXH��HQ�PHGLD��PHMRU�VH�FRPSRUWD�HV�HO�2&�690��HO�FXDO�UHVXOWD�

VHU�HO�FODVLILFDGRU�FRQ�PHMRUHV�UHVXOWDGRV�SDUD�ORV�WUHV�UHSRVLWRULRV�UHVWDQWHV��

*00�� DXWRHQFRGHU� \� HVSHFLDOPHQWH� 3311� VRQ� ORV� DOJRULWPRV� TXH� SHRUHV�

SUHVWDFLRQHV� FRQVLJXHQ�� FRQ� PHGLDV� JHRPpWULFDV� GH� OD� VHQVLELOLGDG� \�

HVSHFLILFLGDG��HQ�DOJ~Q�UHSRVLWRULR��SRU�GHEDMR�GH�������DGHPiV�GH�XQD�PD\RU�

LQHVWDELOLGDG�\�YDULDELOLGDG�� WDQWR�HQ� OD�GHVYLDFLyQ�REWHQLGD�HQ�HO���)ROG�FRPR�

HQWUH�datasets��

(VWRV�UHVXOWDGRV�WDPELpQ�SRQHQ�HQ�HYLGHQFLD�OD�LPSRUWDQFLD�GH�OD�HOHFFLyQ�GH�XQ�

YDORU� XPEUDO� SHUVRQDOL]DGR� \� DGHFXDGR� GHSHQGLHQGR� GH� ODV� SURSLHGDGHV�

LQKHUHQWHV� GH� ODV� PXHVWUDV�� (O� YDORU� GHO� XPEUDO� FRQ� HO� TXH� VH� REWLHQHQ� ORV�

PHMRUHV�UHQGLPLHQWRV�YDUtD�VXVWDQFLDOPHQWH�GH�XQRV�UHSRVLWRULRV�D�RWURV��

Ǥ͵ǤʹǤ�����������������������������������À�����������������������������

���������������������������������������������������������������

$O�LJXDO�TXH�RFXUUtD�HQ�OD�SUXHED�DQWHULRU�VH�REVHUYD�TXH�OD�FRPELQDFLyQ�FRQ�ODV�

VLHWH�FDUDFWHUtVWLFDV�GHO�VHW�GH�FDUDFWHUtVWLFDV�GH�HOHFFLyQ�SURSLD�SURSRUFLRQD�HQ�

OD�PD\RUtD�GH� ORV�FDVRV�PHMRUHV� UHVXOWDGRV�TXH� ODV�RWUDV�GRV�FRPELQDFLRQHV�

HVWXGLDGDV�� (Q� HO� FDVR� GH� ODV� FDUDFWHUtVWLFDV� GHO� WLSR� hctsa� H[LVWH� XQD� JUDQ�

GHJUDGDFLyQ�GH� ORV� UHVXOWDGRV��QR�FRQVLJXLHQGR�REWHQHU�YDORUHV�VXSHULRUHV�DO�

����HQ�OD�PD\RUtD�GH�ORV�FDVRV��

7DPELpQ�YXHOYH�D�UHSHWLUVH�TXH�HO�DOJRULWPR�.11�SDUHFH�VHU�HO�PiV�HILFLHQWH�HQ�

HVWH�H[SHULPHQWR��HV�HO�DOJRULWPR�TXH�HQ�OD�PD\RUtD�GH�ORV�FDVRV�DUURMD�PHMRUHV�

UHQGLPLHQWRV��HQ�FRQFUHWR�FXDQGR�VH�XWLOL]D�FRPR�WLSR�GH�GLVWDQFLD�HO�FRVHQR��

(Q�FXDQWR�DO�KHFKR�GH�HQWUHQDU�FRQ�XQD�VHULH�GH�FDWHJRUtDV�GH�PRYLPLHQWRV�\�

WHVWHDU� RWUR� WLSR� GLIHUHQWH� VH� SURGXFH� XQD� GHJUDGDFLyQ� GH� OD� FDOLGDG� GH�

FODVLILFDFLyQ��(VWH�KHFKR�VH�LQWHQVLILFD�HQ�DTXHOORV�UHSRVLWRULRV�TXH�LQFOX\HQ�XQ�

Q~PHUR�PD\RU�GH�PRYLPLHQWRV�GLIHUHQWHV�FRPR�SXHGH�VHU�6LV)DOO�R�80$)DOO��

(Q�FXDQWR�D�ODV�GLIHUHQFLDV�GH�UHQGLPLHQWR�SURYRFDGDV�FRPR�FRQVHFXHQFLD�GH�

WHVWHDU�GLIHUHQWHV�FDWHJRUtDV�GH�PRYLPLHQWRV��VH�GHWHFWDQ�YDULDV�FRQGXFWDV��

ͻ� (O� FRQMXQWR� TXH� SUHVHQWD� PD\RUHV� SUREOHPDV� HV� DTXHO� TXH� DJUXSD� ORV�

PRYLPLHQWRV�GHSRUWLYRV��$Vt��JUDQ�SDUWH�GH�ODV�SUXHEDV�HQ�ODV�TXH�VH�WHVWHD�

FRQ�HVWH�WLSR�GH�FDWHJRUtD��VLQ�LQFOXLU�PXHVWUDV�GH�OD�PLVPD�HQ�ORV�SDWURQHV�
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GHO�HQWUHQDPLHQWR��OD�PpWULFD�GH�FDOLGDG�VH�HQFXHQWUD�HQWUH�����\�YDORUHV�

LQFOXVR�PHQRUHV�DO�������

ͻ� �2WUD�FRPELQDFLyQ�TXH�SURYRFD�TXH�HO�VLVWHPD�VH�GHJUDGH�VH�GD�FXDQGR�

ORV�PRYLPLHQWRV�EiVLFRV�VRQ�HPSOHDGRV�VRODPHQWH�HQ�OD�IDVH�GH�WHVW�GH�

ORV�2&&�\�QR�VH�HQWUHQD�FRQ�HOORV��$O�WUDWDUVH�GH�ORV�PRYLPLHQWRV�PHQRV�

HQpUJLFRV�� OD� DXVHQFLD� GH� HVWRV� HQ� HO� HQWUHQDPLHQWR� SURYRFD� TXH� VHDQ�

GHWHFWDGRV�FRPR�DQRPDOtDV�\�FRQ�HOOR�OD�DSDULFLyQ�GH�XQ�Q~PHUR�PD\RU�GH�

IDOVDV�DODUPDV��

ͻ� 3RU�HO�FRQWUDULR��ORV�PRYLPLHQWRV�LQFOXLGRV�HQ�HO�WLSR�PRYLPLHQWRV�HVWiQGDU�

SDUHFHQ�VHU�HO� WLSR�GH�PXHVWUDV�TXH�PHQRV� LQIOX\H�HQ� OD�HIHFWLYLGDG�GHO�

VLVWHPD��(VWH� KHFKR�SDUHFH� GHEHUVH� D� TXH�� DO� HQFRQWUDUVH� HQ�XQ� SXQWR�

LQWHUPHGLR�GH� LQWHQVLGDG��HQWUHQDU�FRQ�PRYLPLHQWRV�GH�PHQRU� LQWHQVLGDG�

�PRYLPLHQWRV�EiVLFRV��\�GH�PD\RU�LQWHQVLGDG��GHSRUWLYRV��GD�LQIRUPDFLyQ�

VXILFLHQWH�DO�VLVWHPD�SDUD�QR�FRQVLGHUDUORV�DQRPDOtDV��

ͻ� (Q� FXDQWR� D� ODV� SUXHEDV� HQ� ORV� TXH� VH� WHVWHD� \� QR� VH� HQWUHQD� FRQ�

PRYLPLHQWRV� FODVLILFDGRV� FRPR� FHUFDQRV� D� FDtGDV� �UHSRUWDGRV� HQ� HO�

UHSRVLWRULR�TXH�KD�VLGR�FUHDGR�FRPR�DQH[R�GH�HVWD� WHVLV� >��@�\�QR�HQ�HO�

DUWtFXOR���SUHVHQWHV�HQ�VROR�DOJXQRV�GH�ORV�UHSRVLWRULRV��(UFL\HV��)DOO$OO'�H�

,08)'��� VH�REVHUYD�XQD�JUDQ�GLILFXOWDG��HQ� OD�PD\RUtD�GH� ORV�FDVRV�SRU�

SDUWH�GHO�VLVWHPD�SDUD�GLIHUHQFLDUORV�GH�ODV�FDtGDV��FRPR�FRQVHFXHQFLD�GH�

TXH�QR�H[LVWHQ�RWURV�PRYLPLHQWRV�VLPLODUHV�HQ�QLQJXQR�GH�ORV�RWURV�JUXSRV�

FRQ�ORV�TXH�VH�HQWUHQD���

ͻ� (Q�OR�TXH�VH�UHILHUH�DO�WLSR�GH�PRYLPLHQWR�TXH�LQFOX\H�PXHVWUDV�REWHQLGDV�

GHQWUR�GH�XQ�YHKtFXOR�HQ�PRYLPLHQWR��YpDVH�HO�DQH[R�>��@���VROR�SUHVHQWH�

HQ� )DOO$OO,'�� VH� REVHUYD� TXH� HO� VLVWHPD� REWLHQH� DOWRV� UHQGLPLHQWRV��

VXSHUDQGR�LQFOXVR�DO�UHQGLPLHQWR�REWHQLGR�HQ�OD�SUXHED�GH�UHIHUHQFLD����

)ROG� ±� )DLU��� 3DUHFH� TXH� OD� DFHOHUDFLyQ� YLQFXODGD� DO� SURSLR� YHKtFXOR� QR�

DIHFWD�GH�PDQHUD�FRQVLGHUDEOH�HQ�OD�FODVLILFDFLyQ�\�OD�XWLOL]DFLyQ�GHO�UHVWR�

GH�WLSRV�GH�PRYLPLHQWRV�HV�VXILFLHQWH�SDUD�QR�FRQVLGHUDUOR�DQRPDOtDV��
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Ǥ͵Ǥ͵Ǥ��������������������������ensemble learning�

/RV�PpWRGRV�GH�Ensemble learning�VRQ�HVWUDWHJLDV�GH�FRPELQDFLyQ�GH�PRGHORV�

GH� machine learning� SDUD� PHMRUDU� FDSDFLGDG� GH� FODVLILFDFLyQ� \� FRPR�

FRQVHFXHQFLD�VXV�SUHVWDFLRQHV��

(Q�HVWD�SUXHED�VH�HYDO~D�VL�VX�XWLOL]DFLyQ�PHMRUD�ORV�UHVXOWDGRV�REWHQLGRV�HQ�OD�

SUXHED� HTXLOLEUDGR� R� UHIHUHQFLD�� (Q� FRQFUHWR�� VH� FDOFXOD� OD� GHFLVLyQ� GH�

FODVLILFDFLyQ� FXDQGR� VH� DSOLFD� XQD� YRWDFLyQ� SRU� PD\RUtD� VLPSOH� GH� WUHV�

FODVLILFDGRUHV�� /RV� WUHV� FODVLILFDGRUHV� HOHJLGRV� SDUD� FDGD� UHSRVLWRULR� VHUiQ�

DTXHOORV� DOJRULWPRV�� MXQWR� FRQ� ORV� KLSHUSDUiPHWURV� FRUUHVSRQGLHQWHV�� TXH�

SURSRUFLRQDURQ�PHMRUHV� UHVXOWDGRV� �HQ� DOJXQRV� FDVRV� ORV�PHMRUHV� DOJRULWPRV�

LQFOX\HQ�GRV�LQVWDQFLDV�GHO�PLVPRV�2&&��SHUR�FRQ�KLSHUSDUiPHWURV�GLVWLQWRV���

(Q� HO� DSpQGLFH� &� VH� UHSRUWDQ� UHVXOWDGRV� VLPLODUHV� FXDQGR� VH� IXHU]D� TXH� OD�

YRWDFLyQ�VH�SURGX]FD�FRQ�WUHV�2&&�GLVWLQWRV��GH�ORV�FLQFR�SUREDGRV��TXH�DUURMDQ�

PHMRUHV�UHVXOWDGRV��DVt�PLVPR��HQ�HVWH�DSpQGLFH�VH�DSOLFDQ�ODV�PLVPDV�WpFQLFDV�

\�PHWRGRORJtD�FRQ�DOJRULWPRV�GH�DSUHQGL]DMH�VXSHUYLVDGR�GH�PiV�GH�XQD�FODVH��

/DV� FRQFOXVLRQHV� VRQ� TXH� HO� XVR� GH� HVWD� WpFQLFD� PHMRUD� HO� UHQGLPLHQWR� GHO�

VLVWHPD�HQ�VHLV�GH�ORV�QXHYH�FRQMXQWRV�GH�GDWRV�DQDOL]DGRV��HQ�YDULRV�FDVRV�VH�

DOFDQ]D� XQ� YDORU� GH� ඥܵ݁  �ܵ FHUFDQR� D� ������� 0LHQWUDV� TXH� FRQ� XQ� VROR�
UHSRVLWRULR��'/5��OD�DSOLFDFLyQ�GH�OD�WpFQLFD�GH�YRWDFLyQ�UHGXFH�OD�HIHFWLYLGDG�GHO�

SURFHVR�GH�FODVLILFDFLyQ�ELQDULD��

� �
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Resumen del artículo ȏʹȐ:  

Santoyo-Ramón, J.A.; Casilari-Pérez, E.; Cano-García, J.M. A Study of the Influence of 
the Sensor Sampling Frequency on the Performance of Wearable Fall Detectors. 

Pendiente de ser enviado a la revista Measurements. 
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7DO�\�FRPR�VH�KD�H[SXHVWR�D�OR�ODUJR�GH�HVWH�WUDEDMR��HQ�HO�iPELWR�GH�ORV�VLVWHPDV�

YHVWLEOHV� GH� GHWHFFLyQ� GH� FDtGDV� H[LVWH� XQD� DOWD� KHWHURJHQHLGDG� HQ� ODV�

FDUDFWHUtVWLFDV� GH� ORV� VHQVRUHV� XWLOL]DGRV� SDUD� OD� PRQLWRUL]DFLyQ� GH� ORV�

PRYLPLHQWRV�GH�ORV�VXMHWRV��(VWH�KHFKR�SXHGH�VXVFLWDU� LQWHUURJDQWHV�VREUH�VX�

ILDELOLGDG�\�FRPSRUWDPLHQWR�HQ�GLVWLQWRV�HVFHQDULRV��(V�SRU�HOOR��SRU� OR�TXH�HO�

HVWXGLR� GHO� FRPSRUWDPLHQWR� GHO� UHQGLPLHQWR� GHO� VLVWHPD� UHVSHFWR� GLFKDV�

FDUDFWHUtVWLFDV�VH�FRQYLHUWH�HQ�XQ�FDPSR�GH�LQWHUpV�FLHQWtILFR��

(Q� HO� FDVR� GH� HVWH� WUDEDMR�� OD� FDUDFWHUtVWLFD� HQ� OD� TXH� VH� KD� HQIRFDGR� HV� OD�

IUHFXHQFLD�GH�PXHVWUHR��(Q�OD�ELEOLRJUDItD�HO�UDQJR�GH�IUHFXHQFLDV�GH�PXHVWUHR�

XWLOL]DGR� HQ� VLVWHPDV� GH� GHWHFFLyQ� GH� FDtGDV� HV� DPSOLR�� RVFLODQGR� GHVGH�

UHSRVLWRULRV� TXH� VH� OLPLWDQ� D� XQD� IUHFXHQFLD� GH� PXHVWUHR� GH� �� +]�� FRPR� HO�

dataset�*UD]�87�2/�>��@��D�RWURV��FRPR�)DOO$OO'�>��@��GRQGH�VH�HPSOHDQ�WDVDV�

VXSHULRUHV�D�����+]��(O�REMHWLYR�GH�HVWH�HVWXGLR�HV�DQDOL]DU�OD�FRQGXFWD�GH�XQ�

VLVWHPD�GH�GHWHFFLyQ�GH�FDtGDV�EDVDGR�HQ�DSUHQGL]DMH�SURIXQGR�UHVSHFWR�D�OD�

IUHFXHQFLD�GH�PXHVWUHR�XWLOL]DGD�SRU�ORV�DFHOHUyPHWURV��
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���

ǤʹǤ����������À��

ǤʹǤͳǤ��������×������������������

'HO�PLVPR�PRGR�TXH�HQ�ORV�FDStWXORV�SUHFHGHQWHV��OD�HYDOXDFLyQ�GHO�VLVWHPD�VH�

YXHOYH� D� OOHYDU� D� FDER� PHGLDQWH� OD� XWLOL]DFLyQ� GH� GLIHUHQWHV� UHSRVLWRULRV� GH�

PRYLPLHQWRV�DFFHVLEOHV�SRU�,QWHUQHW��

(Q� HVWH� FDVR� VH� HOLJHQ� ORV� VLJXLHQWHV� UHSRVLWRULRV� \� FX\DV� FDUDFWHUtVWLFDV� VH�

UHVXPHQ�HQ�OD�VLJXLHQWH�WDEOD��

Repositorio Ref. Número de 
acelerómetros Posiciones de los acelerómetros Frecuencia de 

muestreo (Hz) 
AnkFall� >��@� �� 7RELOOR� ���
Cogent 
Labs� >��@� �� 3HFKR��PXVOR� ����

DOFDA� >��@� �� &LQWXUD� ���

Erciyes� >��@� ��
3HFKR��FDEH]D��WRELOOR�GHUHFKR��
PXVOR�GHUHFKR��PXxHFD�GHUHFKD��

FLQWXUD�
���

FallAllD� >��@� �� &LQWXUD� ����

IMUFD� >��@� ��
3HFKR��FDEH]D��WRELOOR�L]TXLHUGR��
PXVOR�L]TXLHUGR��WRELOOR�GHUHFKR��

PXVOR�GHUHFKR��FLQWXUD�
����

KFall� >��@� �� &LQWXUD� ����
MobiAct� >��@� �� %ROVLOOR�GHO�SDQWDOyQ� ���
SisFall� >��@� �� &LQWXUD� ����

tFall� >��@� �� %ROVR�GH�PDQR�\�EROVLOOR� ���
TST� >��@� �� 0XxHFD�GHUHFKD��FLQWXUD� ����

UMAFall� >��@� �� 7RELOOR��SHFKR��EROVLOOR�GHO�
SDQWDOyQ��FLQWXUD��PXxHFD� ����\����

UP-Fall� >��@� �� 7RELOOR��FXHOOR��PXVOR�GHUHFKR��
FLQWXUD��PXxHFD� ������

7DEOD������5HVXPHQ�GH�OD�IUHFXHQFLD�GH�PXHVWUHR�\�XELFDFLRQHV�GH�ORV�DFHOHUyPHWURV�FRUUHVSRQGLHQWHV�D�ORV�
UHSRVLWRULRV�GH�PRYLPLHQWRV�XWLOL]DGRV�HQ�HO�SUHVHQWH�HVWXGLR��

ǤʹǤʹǤ������������������������������������������������������������������

���������

(VWH� HVWXGLR� VH� EDVD�HQ� OD� HYDOXDFLyQ�GH� ODV� SUHVWDFLRQHV�GH�XQ� VLVWHPD�GH�

GHWHFFLyQ� GH� FDtGDV� D� SDUWLU� GH� ORV� GDWRV� GH� ORV� UHSRVLWRULRV� FRPHQWDGRV�

DQWHULRUPHQWH��'LFKR�DQiOLVLV�VH�UHSLWH�SDUD�FDGD�UHSRVLWRULR�XWLOL]DQGR�GLIHUHQWHV�

IUHFXHQFLDV�GH�PXHVWUHR��&RQ�HVH�REMHWLYR��VH�UHDOL]D�XQ�EDUULGR�GH�IUHFXHQFLDV��

OOHYDQGR�D�FDER�XQ�GLH]PDGR�GH� ORV�GDWRV��/RV�UHVXOWDGRV� ILQDOHV�VH�DJUXSDQ�

DWHQGLHQGR�D�ODV�SRVLFLRQHV�GH�ORV�VHQVRUHV��
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���

3DUD� FRQILUPDU� OD� UHOHYDQFLD� GH� ORV� FRPSRQHQWHV� GH� EDMD� IUHFXHQFLD� HQ� OD�

FDUDFWHUL]DFLyQ� GH� ODV� DFWLYLGDGHV�� VH� UHSLWH� HO� H[SHULPHQWR� XWLOL]DQGR� ODV�

PXHVWUDV�VLQ�VXEPXHVWUHDU�SHUR�ILOWUDGDV�SUHYLDPHQWH�SRU�XQ�ILOWUR�SDVR�EDMR��6H�

UHSLWH� OD� H[SHULHQFLD� FRQ� YDULDV� IUHFXHQFLDV� GH� FRUWH� ���� ��� \� ��� +]��� $O�

LPSOHPHQWDU�HO�ILOWUR��OD�IUHFXHQFLD�GH�FRUWH�VHOHFFLRQDGD�GHEH�VHU�PHQRU�TXH�OD�

PLWDG�GH�OD�IUHFXHQFLD�GH�PXHVWUHR��IV��SDUD�TXH�VLHPSUH�VH�FXPSOD�HO�WHRUHPD�

GH�1\TXLVW��

$Vt�PLVPR��VH�HIHFW~D�XQ�HVWXGLR�GHO�HVSHFWUR�GH�SRWHQFLD�GH�OD�DFHOHUDFLyQ�GH�

ORV�PRYLPLHQWRV�GH�FDGD�UHSRVLWRULR��

ǤʹǤ͵Ǥ������������×�����������������������������������

(Q� HVWH� FDStWXOR�� FRPR� Q~FOHR� GH� OD� GHWHFFLyQ� GH� FDtGDV� VH� XWLOL]DQ� UHGHV�

QHXURQDOHV� FRQYROXFLRQDOHV� R� &11� �Convolutional Neural Networks��� (VWDV�

FRQVWLWX\HQ�XQ�WLSR�GH�UHG�QHXURQDO�DUWLILFLDO�FRQ�DSUHQGL]DMH�VXSHUYLVDGR�FX\R�

IXQFLRQDPLHQWR�HV�VLPLODU�DO�FyUWH[�YLVXDO�KXPDQR��/D�SULQFLSDO�YHQWDMD�GH� ODV�

UHGHV�QHXURQDOHV�FRQYROXFLRQDOHV� UHVSHFWR� ODV� UHGHV�QHXURQDOHV�DUWLILFLDOHV�R�

$11� �Artificial Neural Networks�� FOiVLFDV� HV� OD� UHGXFFLyQ� GHO� Q~PHUR� GH�

SDUiPHWURV�\�FRQ�HOOR�VX�FRPSOHMLGDG�>��@�\��VREUH�WRGR��VX�FDSDFLGDG�GH�WRPDU�

GLUHFWDPHQWH� ODV�VHxDOHV�D�FODVLILFDU�\�DSUHQGHU�DXWyQRPDPHQWH� �PHGLDQWH� OR�

TXH�VH�FRQRFH�FRPR�DSUHQGL]DMH�SURIXQGR�R�deep leerning��ODV�FDUDFWHUtVWLFDV�

TXH�SHUPLWHQ�LGHQWLILFDU�ODV�FODVHV�HQ�ODV�TXH�VH�GLYLGHQ�ORV�SDWURQHV��HYLWDQGR�

GH� HVWH� PRGR� OD� VHOHFFLyQ� DUELWUDULD� GH� FDUDFWHUtVWLFDV� GH� HQWUDGD� GH� RWURV�

PpWRGRV�GH�machine learning�VXSHUYLVDGR��

/D� FRQILJXUDFLyQ� GH� ORV� KLSHUSDUiPHWURV� GH� OD� UHG� FRQYROXFLRQDO� KD� VLGR�

VHOHFFLRQDGD�WUDV�XQ�DQiOLVLV��R�grid search)�H[KDXVWLYR�SUHYLR��QR�SXEOLFDGR�\�

TXH� SUHVHQWDPRV� tQWHJUDPHQWH� �HQ� FDVWHOODQR�� HQ� HO� $SpQGLFH� '� GH� HVWD�

PHPRULD��

3DUD� FDGD�PXHVWUD� VH� LQWURGXFHQ� FRPR�HQWUDGD� GH� OD�&11� ORV� GDWRV�� FRQ� OD�

IUHFXHQFLD� GH� PXHVWUHR� FRUUHVSRQGLHQWH� �FRQVHJXLGD� VL� HV� SUHFLVR� PHGLDQWH�

GLH]PDGR��� GH� ORV� WUHV� HMHV� GHO� DFHOHUyPHWUR� FRQWHQLGRV� HQ� XQD� YHQWDQD� GH�

WLHPSR�GH�WUHV�VHJXQGRV�DOUHGHGRU�GHO�SLFR�GH�Pi[LPD�DFHOHUDFLyQ��HV�GHFLU������

V� DQWHV� \� GHVSXpV� GHO� LQVWDQWH� GRQGH�� SDUD� FDGD�PRYLPLHQWR� R� PXHVWUD�� VH�

HQFXHQWUD�HO�YDORU�Pi[LPR�GHO�PyGXOR�GH�OD�DFHOHUDFLyQ���



&DStWXOR� ��� (YDOXDFLyQ� GH� VLVWHPDV� GH� DSUHQGL]DMH� SURIXQGR�� $QiOLVLV� GH� OD� IUHFXHQFLD� GH�
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���

&DEH�GHVWDFDU��TXH�D�OR�ODUJR�GH�OD�WHVLV�VH�KD�KHFKR�XVR�GH�GLIHUHQWHV�WDPDxRV�

GH� YHQWDQDV� WHPSRUDOHV�� HO� PRWLYR� GH� HVWD� YDULDELOLGDG� VH� GHEH� D� TXH� VH�

FRPHQ]y�SUREDQGR�YHQWDQDV�PiV�SHTXHxDV��\D�TXH�VH�WRPy�FRPR�UHIHUHQFLD�OD�

EDVH� LQLFLDO� GH� 80$)DOO� \� OD� GXUDFLyQ� HVWLPDGD� GH� XQD� FDtGD� WtSLFD���

SRVWHULRUPHQWH� VH� WHQGLy� D� DXPHQWDU� HO� WDPDxR� GH� HVWDV� YHQWDV� SRU�

UHFRPHQGDFLRQHV�GH�OD�OLWHUDWXUD�\�SDUD�HYLWDU�TXH�DOJXQDV�FDtGDV�PiV�ODUJDV�GH�

RWUDV� EDVHV� GH� GDWRV� SXGLHUDQ� TXHGDU� VLQ� FDUDFWHUL]DU� FRUUHFWDPHQWH�� 1R�

REVWDQWH�� WUDV� ODV� SUXHEDV� UHDOL]DGDV� OD� HOHFFLyQ� GH� HVWD� YHQWDQD� �GHQWUR� GH�

YDORUHV� HQ� HO� UDQJR� HPSOHDGR�� QR� SDUHFH� WHQHU� JUDQ� UHSHUFXVLyQ� VREUH� ORV�

UHVXOWDGRV�R�VREUH�ODV�FRQFOXVLRQHV�DOFDQ]DGDV��(Q�HVH�VHQWLGR�FDEH�SHQVDU�TXH�

SDUD�HO�FyPSXWR�GH�ODV�FDUDFWHUtVWLFDV�GH�HQWUDGD�HOHJLGDV�R�GH�OD�FODVLILFDFLyQ�

TXH� UHDOL]DQ� ORV� DOJRULWPRV� GH� DSUHQGL]DMH� SURIXQGR� FRPR� ODV� UHGHV�

FRQYROXFLRQDOHV�HO�WRPDU�DOJXQDV�PXHVWUDV�GH�PiV��DOHMDGDV�GHO�µHSLFHQWUR¶�GH�

OD�FDtGD��OD�IDVH�GH�FDtGD�OLEUH�\�HO�LPSDFWR��QR�UHVXOWD�HVSHFLDOPHQWH�UHOHYDQWH���

ǤʹǤͶǤ��±�����������������

$O� LJXDO� TXH� HQ� ORV� HVWXGLRV� GH� ORV� FDStWXORV� DQWHULRUHV� VH� XWLOL]D� OD� PHGLD�

JHRPpWULFD�GH�OD�VHQVLELOLGDG�\�OD�HVSHFLILFLGDG�FRPR�PpWULFD�SDUD�HYDOXDU� ODV�

SUHVWDFLRQHV�GHO�VLVWHPD�FODVLILFDGRU��

3DUD� YDOLGDU� ORV�PRGHORV� JHQHUDGRV� VH� KDFH� XVR� GH� OD� WpFQLFD� GH� YDOLGDFLyQ�

FUX]DGD�k-fold��HVSHFtILFDPHQWH�VH�UHDOL]D�XQ�DQiOLVLV�5-fold��&DGD�UHSRVLWRULR�KD�

VLGR� GLYLGLGR� HQ� FLQFR� SDUWLFLRQHV�� HQ� ODV� FXDOHV� H[LVWH� DSUR[LPDGDPHQWH� HO�

PLVPR� Q~PHUR� GH� PXHVWUDV� GH� ORV� GLIHUHQWHV� PRYLPLHQWRV� \� HQ� ODV� TXH� VH�

LQFOX\HQ� HMHPSORV� GH� WRGRV� \� FDGD� XQR� GH� ORV� VXMHWRV� SDUWLFLSDQWHV��'H� HVWD�

PDQHUD��VH�XWLOL]D�XQ�����GH�ODV�PXHVWUDV�SDUD�HQWUHQDU�DO�VLVWHPD��XQ�����SDUD�

HO� SURFHVR� GH� YDOLGDFLyQ� �FRPR� WpFQLFD� SDUD� HYLWDU� HO� overfitting� R� VREUH�

HQWUHQDPLHQWR��\�XQ�����SDUD�WHVWHDU��3DUD�FRQRFHU�OD�YDULDFLyQ�H[LVWHQWH�HQWUH�

ORV�UHVXOWDGRV�WDPELpQ�VH�HVWXGLD�HO�FRPSRUWDPLHQWR�GH�OD�GHVYLDFLyQ�HVWiQGDU�

GH�OD�PpWULFD�GH�FDOLGDG��

Ǥ͵Ǥ������������

/RV� UHVXOWDGRV� GHULYDGRV� GH� HVWH� WUDEDMR� SHUPLWHQ� REWHQHU� ODV� VLJXLHQWHV�

FRQFOXVLRQHV��(Q�SULPHU�OXJDU��VH�REVHUYD�XQD�WHQGHQFLD�D�TXH�HO�UHQGLPLHQWR�
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���

GHO� FODVLILFDGRU� QHXURQDO� SURIXQGR� FRPLHQFH� D� HPSHRUDU� GH� IRUPD� GUiVWLFD� D�

SDUWLU�GH�IUHFXHQFLDV�GH�PXHVWUHR�LQIHULRUHV�D���+]��3RU�RWUR�ODGR��XQ�DXPHQWR�

GH�OD�IUHFXHQFLD�GH�PXHVWUHR�D�SDUWLU�GH����+]�QR�PHMRUD�VLJQLILFDWLYDPHQWH�OD�

PpWULFD� GH� FDOLGDG� GHO� VLVWHPD�� 3RU� WDQWR�� ORV� UHVXOWDGRV� GHPXHVWUDQ� TXH� OD�

XWLOL]DFLyQ� GH� IUHFXHQFLDV� GH� PXHVWUHR� DOUHGHGRU� GH� �� +]� HV� VXILFLHQWH� SDUD�

SURSRUFLRQDU�PHGLDV�JHRPpWULFDV�GH�OD�VHQVLELOLGDG�\�OD�HVSHFLILFLGDG�FHUFDQRV�

DO�����HQ�OD�PD\RUtD�GH�ORV�FDVRV�H�LQFOXVR�VXSHULRUHV�GHO�����SDUD�PXFKRV�GH�

ORV�UHSRVLWRULRV�DQDOL]DGRV��

$GHPiV��HVWRV�GDWRV�QRV�SHUPLWHQ�REVHUYDU�FyPR�GHWHUPLQDGDV�XELFDFLRQHV�GHO�

DFHOHUyPHWUR�SURSRUFLRQDQ�PHMRUHV�UHQGLPLHQWRV�GHO�VLVWHPD�GH�GHWHFFLyQ��DVt�

FRPR� XQD� PD\RU� HVWDELOLGDG� HQ� ORV� UHVXOWDGRV�� (Q� HVH� VHQWLGR�� GHVWDFD� OD�

SRVLFLyQ�GHO�SHFKR�\�OD�FLQWXUD��ORV�FXDOHV�FRQVLJXHQ�UHVXOWDGRV�PX\�FHUFDQRV�DO�

����� HQ� JUDQ� SDUWH� GH� ODV� SUXHEDV�� (VWRV� UHVXOWDGRV� FRLQFLGHQ� FRQ� ODV�

FRQFOXVLRQHV�GH�RWURV�WUDEDMRV�DQWHULRUHV��FRPR�ORV�FRUUHVSRQGLHQWHV�DO�&DStWXOR�

���

(Q�FXDQWR�D� OD�GHVYLDFLyQ�HVWiQGDU� �FRPR� LQGLFDWLYR�GH� OD�YDULDELOLGDG��GH� ODV�

SUHVWDFLRQHV� DOFDQ]DGDV� SRU� HO� PRGHOR� QHXURQDO�� HVWD� WLHQGH� D� DXPHQWDU� DO�

XWLOL]DU� IUHFXHQFLDV� LQIHULRUHV� D� ���+]�� $xDGLGDPHQWH�� ORV� UHVXOWDGRV� SDUHFHQ�

LQGLFDU� TXH�� HQ� FLHUWRV� FDVRV�� XWLOL]DU� IUHFXHQFLDV� VXSHULRUHV� D� XQRV� ��� +]�

SXHGHQ�LQIOXLU�QHJDWLYDPHQWH�HQ�HO�VLVWHPD��KHFKR�SUREDEOHPHQWH�UHODFLRQDGR�HO�

DXPHQWR�GH�OD�GLPHQVLyQ�GH�OD�HQWUDGD�GH�OD�UHG��OR�TXH�SURYRFD�TXH�DOFDQ]DU�

UHVXOWDGRV� VLPLODUHV�� ORV� ILOWURV� FRQYROXFLRQDOHV� GHEHUtDQ� VHU� PD\RUHV� \� PiV�

FRPSOHMRV��

$O�LJXDO�TXH�RFXUUtD�FRQ�OD�PHGLD�JHRPpWULFD�GH�OD�VHQVLELOLGDG�\�OD�HVSHFLILFLGDG��

OD� XWLOL]DFLyQ� GHO� DFHOHUyPHWUR� HQ� SHFKR� \� FLQWXUD� GD� OXJDU� D� UHVXOWDGRV�PiV�

HVWDEOHV��GHVWDFDQGR�OD�FLQWXUD��FX\D�GHVYLDFLyQ�HV�PX\�FHUFDQD�D�YDORUHV�QXORV�

HQ�JUDQ�SDUWH�GH�ORV�FDVRV��

(Q�FXDQWR�D�OD�H[SHULHQFLD�HQ�OD�TXH�VH�UHDOL]D�XQ�ILOWUDGR�D�ODV�VHxDOHV�TXH�VH�

LQWURGXFHQ� HQ� OD� UHG� QHXURQDO� PHGLDQWH� XQ� ILOWUR� SDVR� EDMR�� VH� REVHUYD� TXH�

VRODPHQWH�HQ�PX\�SRFRV�FDVRV�\�SDUD�OD�IUHFXHQFLD�GH�FRUWH�PiV�EDMD����+]���HO�

SURFHVR�GH�ILOWUDGR�SURYRFD�FLHUWD�GHJUDGDFLyQ�GH�OD�PpWULFD�GH�FDOLGDG��3RU�HO�

FRQWUDULR��SDUD�OD�PD\RUtD�GH�ORV�UHSRVLWRULRV�\�SRVLFLRQHV��OD�&11�VH�FRPSRUWD�

PHMRU� DO� ILOWUDU� ORV� GDWRV� SRU� XQ� SDVR� EDMR� UHVSHFWR� D� OD� XWLOL]DFLyQ� GH� ODV�
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���

IUHFXHQFLDV�RULJLQDOHV��(VWH�IHQyPHQR�SRGUtD�H[SOLFDUVH�SRU� OD�HOLPLQDFLyQ�GHO�

UXLGR�GH�DOWD�IUHFXHQFLD�TXH�GLILFXOWD�HO�SURFHVR�GH�DSUHQGL]DMH�GH�OD�&11��

3RU�RWUD�SDUWH��HO�HVWXGLR�GH�HVSHFWUR�GH�IUHFXHQFLD�GHPXHVWUD�TXH�PiV�GHO�����

GH� OD�SRWHQFLD�HQ� ODV�$'/�\�PiV�GHO���������GH�SRWHQFLD�HQ� ODV� FDtGDV�VH�

HQFXHQWUDQ�HQ�FRPSRQHQWHV�GH���D�����+]��&RQYLUWLpQGRVH�UHVSHFWLYDPHQWH�HQ�

SRUFHQWDMHV�GH�����\�����VL� OD�EDQGD�GH�HVWXGLR�VXEH�KDVWD� ORV� ��+]��(VWH�

KHFKR� MXVWLILFD�TXH� ORV�HVWXGLRV�FRQ� IUHFXHQFLDV�GH�PXHVWUHR�EDMDV�REWHQJDQ�

UHQGLPLHQWRV�PX\�DFHSWDEOHV��

(VWRV�UHVXOWDGRV�SXHGHQ�WUDGXFLUVH�HQ�XQD�PD\RU�VLPSOLILFDFLyQ�GH�ORV�VLVWHPDV�

GH�GHWHFFLyQ�GH�FDtGDV�\�FRQ�HOOR�HQ�XQD�GLVPLQXFLyQ�GH�HQHUJtD�FRQVXPLGD�\�

FRVWH�� \D� TXH� ORV� UHTXHULPLHQWRV� WpFQLFRV� GH� ORV� DFHOHUyPHWURV� HQ� FXDQWR� D�

IUHFXHQFLD�GH�PXHVWUHR�VRQ�PtQLPRV��$Vt�PLVPR��OD�XWLOL]DFLyQ�GH�IUHFXHQFLDV�GH�

PXHVWUHR�EDMDV�WDPELpQ�VLPSOLILFD�OD�FDUJD�FRPSXWDFLRQDO�GH�ORV�DOJRULWPRV�GH�

GHWHFFLyQ�GH�FDtGDV�GDGR�TXH�HO�YROXPHQ�GH�OD�VHxDO�D�SURFHVDU��HQ�HVWH�FDVR��

HO� Q~PHUR� GH� PXHVWUDV� GHQWUR� GH� OD� YHQWDQD� GH� WLHPSR� GH� REVHUYDFLyQ�� HV�

PHQRU��

�

� �



�

���
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8QD�YH]�GHWHFWDGR�HO�JUDYH�SUREOHPD�TXH�RULJLQDQ� ODV�FDtGDV�D� OD�VRFLHGDG�\�

REVHUYDU�FyPR�OD�VLWXDFLyQ�HPSHRUD�DxR�WUDV�DxR�GHELGR�DO�HQYHMHFLPLHQWR�GH�OD�

SREODFLyQ��VH�HPSUHQGH�OD�UHDOL]DFLyQ�GH�OD�SUHVHQWH�WHVLV��(Q�HVWH�WUDEDMR�VH�KD�

HODERUDGR�HO�HVWXGLR�\�DQiOLVLV�GH�VLVWHPDV�YHVWLEOHV�GH�GHWHFFLyQ�DXWRPiWLFD�GH�

FDtGDV�� FDSDFHV� GH� GLVFULPLQDU� HVWRV� DFFLGHQWHV� IUHQWH� D� PRYLPLHQWRV�

FRQYHQFLRQDOHV� R� $'/� �Activities of Daily Living��� /DV� DSRUWDFLRQHV� HQ� HVWH�

iPELWR�KDQ�VLGR�GLYHUVDV��HQOD]iQGRVH�SURJUHVLYD�\�WHPiWLFDPHQWH�PHGLDQWH�HO�

PLVPR�KLOR�FRQGXFWRU�\�GH�PDQHUD�FURQROyJLFD��

(Q�XQ�SULPHU�OXJDU�VH�KD�GHVDUUROODGR�XQ�UHSRVLWRULR�GH�PRYLPLHQWRV�FRQRFLGR�

FRPR� 80$)DOO�� (O� REMHWLYR� GH� VX� FUHDFLyQ� IXH� SURSRUFLRQDU� D� OD� FRPXQLGDG�

FLHQWtILFD�XQ�FRQMXQWR�GH�GDWRV�SDUD�SRGHU�DQDOL]DU�VLVWHPiWLFDPHQWH�GLVWLQWDV�

WpFQLFDV�\�VLVWHPDV�GH�GHWHFFLyQ�GH�FDtGDV��(VWD�EDVH�GH�GDWRV�UHVXOWy�SLRQHUD�

HQ�HO�PRPHQWR�GH�VX�FUHDFLyQ��\D�TXH��D�GLIHUHQFLD�GH�RWURV�datasets�H[LVWHQWHV�

HQ� DTXHO� PRPHQWR�� LQFOXtD� WUD]DV� GH� $'/� \� FDtGDV� REWHQLGDV� PHGLDQWH� OD�

PRQLWRUL]DFLyQ�VLPXOWiQHD�GH�YDULRV�VHQVRUHV�XELFDGRV�HQ�GLIHUHQWHV�SDUWHV�GHO�

FXHUSR�GH� ORV� VXMHWRV� SDUWLFLSDQWHV�� DVt�PLVPR�� OD� WLSRORJtD� \� YDULHGDG�GH� ORV�

PRYLPLHQWRV�HUD�DPSOLD�\�D�VX�YH]�DGMXQWDED��DGHPiV��LQIRUPDFLyQ�GH�ORV�UDVJRV�

\�FDUDFWHUtVWLFDV�LQWUtQVHFDV�GH�ORV�VXMHWRV�\�ORV�VHQVRUHV�LQHUFLDOHV�XWLOL]DGRV��(O�

UHSRVLWRULR�IXH�SXEOLFDGR�\�VH�HQFXHQWUD�DFFHVLEOH�DO�S~EOLFR�SDUD�VX�XVR��+D�VLGR�

XWLOL]DGR�HQ�GLYHUVDV�FRQWULEXFLRQHV�FLHQWtILFDV��

3RVWHULRUPHQWH�� KDFLHQGR� XVR� GHO� UHSRVLWRULR� GHVFULWR� DQWHULRUPHQWH�� VH� KDQ�

UHDOL]DGR�GLIHUHQWHV�HVWXGLRV�FRQ�HO�SURSyVLWR�GH�FRQRFHU�HO�HIHFWR�TXH�SURYRFD�
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HQ�HO�SURFHVR�GH�FODVLILFDFLyQ�IDFWRUHV�FRPR�OD�XELFDFLyQ�GH�ORV�VHQVRUHV�HQ�HO�

FXHUSR�GH�ORV�VXMHWRV�R�OD�FRPELQDFLyQ�GH�YDULRV�VHQVRUHV��3DUD�HVWDV�SUXHEDV�

VH�XWLOL]DQ�GRV�GH�ORV�PpWRGRV�PiV�XWLOL]DGRV�HQ�HVWH�FDPSR�SDUD�OD�GHWHFFLyQ�

GH�FDtGDV��DOJRULWPRV�EDVDGRV�HQ�XPEUDOHV�\�DOJRULWPRV�GH�machine learning�GH�

DSUHQGL]DMH�VXSHUYLVDGR��(Q�DPERV�HVWXGLRV�ODV�FRQFOXVLRQHV�VRQ�VLPLODUHV��OD�

XWLOL]DFLyQ� GH� XQ� PD\RU� Q~PHUR� GH� SXQWRV� GH� VHQVRUL]DFLyQ� QR� DSDUHMD� XQD�

PHMRUD� GH� ODV� SUHVWDFLRQHV� GHO� VLVWHPD��$O�PLVPR� WLHPSR� VH� FRPSUXHED� TXH�

H[LVWHQ� XELFDFLRQHV� GHO� FXHUSR� KXPDQR� GRQGH� ORV� VHQVRUHV� FRQVLJXHQ�

FDUDFWHUL]DU� GH�PHMRU�PRGR�$'/� \� FDtGDV�� VLHQGR� GHVWDFDEOHV� OD� FLQWXUD� \� HO�

SHFKR�� DPERV� SXQWRV� FHUFDQRV� DO� FHQWUR� GH� JUDYHGDG� GH� XQD� SHUVRQD��2WUD�

FRQFOXVLyQ� GHVWDFDEOH� HV� TXH� OD� XWLOL]DFLyQ� GHO� smartphone�� FX\D� XELFDFLyQ�

QDWXUDO�HV�HO�EROVLOOR�GHO�SDQWDOyQ�R�XQ�EROVR��QR�HV�DFRQVHMDEOH�SDUD�GHWHFWDU�

FDtGDV�� SUiFWLFD� TXH� HVWDED� WRPDQGR� JUDQ� UHOHYDQFLD� GHELGR� DO� DXJH� GH� ORV�

WHOpIRQRV� LQWHOLJHQWHV�� 6LQ� HPEDUJR�� VX� FDSDFLGDG� GH� SURFHVDPLHQWR� \�

FRPXQLFDFLyQ�OR�FRQYLHUWHQ�HQ�XQ�GLVSRVLWLYR�LQWHUHVDQWH�SDUD�VHU�XWLOL]DGR�FRPR�

QRGR�GH�LQWHUFRQH[LyQ�FRQ�ORV�VHQVRUHV�FRUSRUDOHV��

(Q�FXDQWR�D�ODV�SUHVWDFLRQHV�GH�ORV�DOJRULWPRV��VH�FRQFOX\H�TXH�ORV�DOJRULWPRV�

EDVDGRV�HQ�XPEUDOHV�SUHVHQWDQ�SUREOHPDV�D�OD�KRUD�GH�GLVFHUQLU�HQWUH�FDtGDV�\�

PRYLPLHQWRV�FRQ�JUDQ�DJLWDFLyQ�FRPR�ORV�PRYLPLHQWRV�GHSRUWLYRV��OR�TXH�QR�ORV�

KDFH�VXILFLHQWHPHQWH� UREXVWRV�SDUD�HVFHQDULRV�GRQGH�H[LVWD� OD�SRVLELOLGDG�GH�

TXH�H[LVWDQ�PRYLPLHQWRV�EUXVFRV��3RU�RWUR�ODGR��ORV�DOJRULWPRV�GH�DSUHQGL]DMH�

VXSHUYLVDGR�Vt�SUHVHQWDQ�PHGLDV�JHRPpWULFDV�GH�OD�VHQVLELOLGDG�\�HVSHFLILFLGDG�

DFHSWDEOHV�� VXSHULRUHV� D� ������ &RPR� QRYHGDG� HQ� HVWH� WLSR� GH� DQiOLVLV�

LQFRUSRUDPRV�OD�FRPSUREDFLyQ�GH�OD�VLJQLILFDFLyQ�HVWDGtVWLFD�GH�ORV�UHVXOWDGRV�

PHGLDQWH� DQiOLVLV� GH� YDULDQ]D� �$129$���PHWRGRORJtD� SRFR� XWLOL]DGD� KDVWD� HO�

PRPHQWR�HQ�OD�ELEOLRJUDItD�UHODFLRQDGD��GRQGH�EDVDQ�ODV�HYDOXDFLRQHV�\�DQiOLVLV�

VLPSOHPHQWH� HQ� HO� HVWXGLR� GH� ODV� GLIHUHQWHV� PHGLDV� GH� ODV� PDJQLWXGHV�� VLQ�

YHULILFDU�VL�ODV�YDULDFLRQHV�VRQ�UHDOPHQWH�VLJQLILFDWLYDV�HQWUH�Vt��

$VLPLVPR�� WDPELpQ� VH� UHDOL]D� XQ� HVWXGLR� SUHOLPLQDU� �HO� FXDO� HV� DPSOLDGR�

SRVWHULRUPHQWH�HQ�HO�WUDEDMR�LQFOXLGR�HQ�HO�DSpQGLFH�%���VREUH�HO�LPSDFWR�GH�OD�

VHOHFFLyQ� GH� ORV� HVWDGtVWLFRV� XWLOL]DGRV� FRPR� HQWUDGD� GH� ORV� DOJRULWPRV� GH�

DSUHQGL]DMH� VXSHUYLVDGR�� FRQ� HO� REMHWLYR� GH� HQFRQWUDU� FXiOHV� GH� HOORV�

FDUDFWHUL]DQ�PHMRU� ORV�PRYLPLHQWRV�\��SRU�HQGH�� LQFUHPHQWDQ� ODV�SUHVWDFLRQHV�
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GHO�VLVWHPD��(Q�SULPHU�OXJDU��VH�GHGXFH�TXH�OD�XWLOL]DFLyQ�GH�XQ�PD\RU�Q~PHUR�

GH�FDUDFWHUtVWLFDV�GH�HQWUDGD�QR�VH�WUDGXFH�QHFHVDULDPHQWH�HQ�XQD�PHMRUD�GH�

ODV�SUHVWDFLRQHV��DO�FRQWUDULR��OD�XWLOL]DFLyQ�GH�FDUDFWHUtVWLFDV�LQQHFHVDULDV�SXHGH�

GLILFXOWDU� HO� DSUHQGL]DMH� GHO� VLVWHPD� DO� LQWURGXFLU� UXLGR� HQ� HO� PRGHOR�� /RV�

HVWDGtVWLFRV�TXH�SDUHFHQ�DSRUWDU�PiV�LQIRUPDFLyQ�D�OD�KRUD�GH�FODVLILFDU�$'/�\�

FDtGDV� VRQ� HQ� SULPHU� OXJDU� �ఠሺೌೣሻܣ� TXH� SURSRUFLRQD� LQIRUPDFLyQ� VREUH�
FDPELRV�EUXVFRV�GH�DFHOHUDFLyQ����GHVFULEH�FDPELRV�HQ�OD�SHUSHQGLFXODULGDGߤ�
GHO�VXMHWR�\��SRU�~OWLPRߤ��ௌெ�� OD�PHGLD�GHO�PyGXOR�GH�OD�DFHOHUDFLyQ��YpDVH�HO�
FDStWXOR� �� SDUD� XQD� GHILQLFLyQ� IRUPDO� GH� HVWDV� FDUDFWHUtVWLFDV��� $GHPiV�� HO�

HPSOHR�FRPELQDGR�GH�HVWRV�HVWDGtVWLFRV�LQIOX\H�SRVLWLYDPHQWH�HQ�OD�HILFDFLD�GHO�

FODVLILFDGRU�� ,JXDOPHQWH�� VH� FRPSUXHED� TXH� OD� XWLOL]DFLyQ� GH� ORV� HVWDGtVWLFRV�

UHODFLRQDGRV�FRQ�ODV�SURSLHGDGHV�GLQiPLFDV�GHO�FXHUSR�KXPDQR�VHOHFFLRQDGRV�

HQ�HVWH�HVWXGLR�SURGXFH�XQ�PHMRU�FRPSRUWDPLHQWR�GHO�VLVWHPD�TXH�HO�XWLOL]DU�XQD�

KHUUDPLHQWD� GH� HOHFFLyQ� GH� features� SRU� DQiOLVLV� PDVLYR� GH� HVWDGtVWLFRV�

DUELWUDULRV��HQ�SDUWLFXODU�OD�ELEOLRWHFD�hctsa, GHVDUUROODGD�HQ�0DWODE���

3RU�RWUD�SDUWH��JUDFLDV�D�OD�SDXODWLQD�DSDULFLyQ�GH�UHSRVLWRULRV�GH�PRYLPLHQWRV�

GXUDQWH� HVWRV� ~OWLPRV� FLQFR� DxRV� LGHDGRV� SDUD� OD� HYDOXDFLyQ� FRPSDUDWLYD�

�benchmarking���VH� OOHYD�D�FDER�XQD�VHULH�GH�WUDEDMRV�GRQGH�VH�UHYLVDQ�HVWDV�

EDVHV�GH�GDWRV��(Q�HVWH�iPELWR��VH�GHWHFWD�XQD�DPSOLD�KHWHURJHQHLGDG��GHVGH�

HO�Q~PHUR�GH�VXMHWRV�SDUWLFLSDQWHV�\�VXV�UDVJRV�ItVLFRV��HGDG��DOWXUD��SHVR��,0&���

R� OD�FDQWLGDG��WLSRORJtD�\�GXUDFLyQ�GH�ORV�PRYLPLHQWRV�TXH�FRQWLHQH��KDVWD� ODV�

FDUDFWHUtVWLFDV� R� XELFDFLyQ� GH� ORV� VHQVRUHV� XWLOL]DGRV�� OR� TXH� YHULILFD� OD�

LQH[LVWHQFLD� SUiFWLFD� GH� XQ� SURFHVR� QRUPDOL]DGRU� R�� DO� PHQRV�� XQDV�

UHFRPHQGDFLRQHV�� D� OD� KRUD� GH� FUHDU� HVWH� WLSR� GH� UHSRVLWRULRV�� 3RU� WDQWR�� VH�

FRQFOX\H� TXH� ORV� WUDEDMRV� GH� OD� OLWHUDWXUD� TXH� HYDO~DQ� ODV� SUHVWDFLRQHV� GH�

VLVWHPDV� GH� GHWHFFLyQ� GH� FDtGDV� VLQ� WHQHU� HQ� FXHQWD� GLIHUHQWHV� UHSRVLWRULRV��

HVWiQ� LJQRUDQGR� VL� UHDOPHQWH� VX� VLVWHPD� IXQFLRQD� FRQ� HO�PLVPR� UHQGLPLHQWR�

FXDQGR� VH� XWLOL]DQ� RWURV� GDWRV� \�� SRU� WDQWR�� VL� HV� OHJtWLPR� H[WUDSRODU� GLFKDV�

PpWULFDV�D�RWURV�HVFHQDULRV��

6HJXLGDPHQWH�VH�KDQ�DQDOL]DGR�ODV�SUHVWDFLRQHV�DO�XWLOL]DU�GLYHUVRV�DOJRULWPRV�

GH� DSUHQGL]DMH� VXSHUYLVDGR�� DVt� FRPR�� GLVWLQWDV� FRPELQDFLRQHV� GH�

KLSHUSDUiPHWURV�� 6H� YXHOYHQ� D� REWHQHU� SUHVWDFLRQHV� PX\� LQWHUHVDQWHV�� HQ�

DOJXQRV�FDVRV�VXSHUDQGR�PHGLDV�JHRPpWULFDV�GH�VHQVLELOLGDG�\�HVSHFLILFLGDG�
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VXSHULRUHV� D� ������$GHPiV�� VH� GHWHFWD� TXH� HO� FRQRFLGR� DOJRULWPR�690�\�� HQ�

PHQRU�PHGLGD��HO� WDPELpQ�SRSXODU�.11��SUHVHQWDQ�XQ�UHQGLPLHQWR�VXSHULRU�DO�

UHVWR�GH�DOJRULWPRV�SUREDGRV��

7DPELpQ�VH�DQDOL]D�OD�LQIOXHQFLD�HQ�ODV�SUHVWDFLRQHV�GHO�VLVWHPD�GH�GHWHFFLyQ�GH�

FDtGDV�GH�ORV�UDVJRV�ItVLFRV�GH�ORV�VXMHWRV�SDUWLFLSDQWHV�HQ�ORV�UHSRVLWRULRV��(O�

HVWXGLR� DFDED� GHWHUPLQDQGR� TXH� ODV� FDUDFWHUtVWLFDV� ItVLFDV�� H[FHSWXDQGR� HO�

FULWHULR� GH� OD� HGDG�� SDUHFHQ� QR� VHU� XQ� IDFWRU� FUXFLDO� TXH� SHUWXUEH�

VLJQLILFDWLYDPHQWH�ODV�SUHVWDFLRQHV�GHO�VLVWHPD��3RU�RWUR�ODGR��VH�HYDO~D�WDPELpQ�

OD�LQIOXHQFLD�GH�OD�QDWXUDOH]D�GH�ORV�PRYLPLHQWRV�FRQ�ORV�TXH�VH�FRQILJXUDQ�ORV�

FODVLILFDGRUHV��FRPSUREiQGRVH�TXH�HVWH�HV�XQ�IDFWRU�PXFKR�PiV�LPSRUWDQWH�TXH�

ORV� UDVJRV�GH� ORV�VXMHWRV��(Q�HVH�VHQWLGR��VH�GHPXHVWUD�TXH�QR�HQWUHQDU�FRQ�

PRYLPLHQWRV�FRQ�XQ�JUDGR�DOWR�GH�PRYLOLGDG��FRPR�ODV�DFWLYLGDGHV�GHSRUWLYDV��

SURYRFD�XQ�GUiVWLFR�HPSHRUDPLHQWR�GHO� UHQGLPLHQWR�GHO� VLVWHPD�D� OD�KRUD�GH�

LQWHQWDU�FODVLILFDUORV��SXHV�VRQ�IiFLOPHQWH�FRQIXQGLGRV�FRQ�FDtGDV���

3RU�RWUD�SDUWH�� XQR�GH� ORV�KHFKRV�PiV�GLVFXWLGRV�HQ� OD�PHWRGRORJtD�XWLOL]DGD�

IUHFXHQWHPHQWH�HQ�HO�iPELWR�GH�OD�GHWHFFLyQ�GH�FDtGDV�HV�OD�YDOLGH]�GH�HPSOHDU�

HQ�ORV�DQiOLVLV�\�HYDOXDFLRQHV�GH�ODV�WpFQLFDV�GH�FODVLILFDFLyQ�FDtGDV�VLPXODGDV�

SRU�YROXQWDULRV�MyYHQHV�\�VDQRV��(V�SRU�HOOR�SRU�OR�TXH�VH�HVWXGLD�OD�XWLOL]DFLyQ�

GH�FODVLILFDGRUHV�GH�FODVH�~QLFD��ORV�FXDOHV�VRODPHQWH�WLHQHQ�TXH�VHU�HQWUHQDGRV�

FRQ�$'/��/RV�UHVXOWDGRV�VRQ�EDVWDQWH�SURPHWHGRUHV��VXSHUDQGR�HQ�RFDVLRQHV�

HO� ����� GH� PHGLD� JHRPpWULFD� GH� OD� VHQVLELOLGDG� \� OD� HVSHFLILFLGDG�� VLHQGR�

GHVWDFDGR�HO�DOJRULWPR�2&�.11��VHJXLGR�GH�2&�690��$�OD�KRUD�GH�DQDOL]DU�HO�

LPSDFWR� GH� ODV� FDWHJRUtDV� GH� PRYLPLHQWRV� H[LVWHQWHV� HQ� OD� IDVH� GH�

HQWUHQDPLHQWR��YXHOYH�D�RFXUULU�XQ�FDVR�VLPLODU�DO�FRPHQWDGR�FRQ�ORV�DOJRULWPRV�

GH�DSUHQGL]DMH� VXSHUYLVDGR��HO� VLVWHPD�SUHVHQWD�VHULRV�SUREOHPDV�FXDQGR�VH�

LQWHQWD�FODVLILFDU�PRYLPLHQWRV�GHSRUWLYRV�FXDQGR�QR�VH�KD�HQWUHQDGR�FRQ�HOORV��

\D�TXH�VRQ�GHWHFWDGRV�FRPR�DQRPDOtDV�\�SRU�WDQWR�HUUyQHDPHQWH�LGHQWLILFDGRV�

FRQ�FDtGDV��7DPELpQ�RFXUUH�DOJR�SDUHFLGR�VL�QR�VH�HQWUHQD�FRQ�PRYLPLHQWRV�GH�

EDMD�LQWHQVLGDG�R�PRYLPLHQWRV�EiVLFRV��HVWRV�VRQ�GHWHFWDGRV�FRPR�DQRPDOtDV��

(Q�HVWD�OtQHD��XQ�HVWXGLR�SUHOLPLQDU��DPSOLDGR�HQ�HO�DSpQGLFH�&��LQGLFD�TXH�OD�

XWLOL]DFLyQ� GH� WpFQLFDV� VLPSOHV� GH� ensemble learning� �R� DSUHQGL]DMH� SRU�

FRQMXQWRV��VXHOH�PHMRUDU�HO�UHQGLPLHQWR�GH�ORV�VLVWHPDV�PHGLDQWH�HO�DJUHJDGR�
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�SRU� HMHPSOR�� SRU� YRWDFLyQ� �R� voting��� GH� ODV� GHFLVLRQHV� GH� FODVLILFDGRUHV�

LQGLYLGXDOHV��

3RU�~OWLPR��VH�DQDOL]DQ�\�HYDO~DQ�PRGHORV�GH�GHWHFFLyQ�GH�FDtGDV�EDVDGRV�HQ�

UHGHV� QHXURQDOHV� FRQYROXFLRQDOHV�� (VWRV� PpWRGRV� GH� FODVLILFDFLyQ� PiV�

FRPSOHMRV� SHUPLWHQ� H[WUDHU� DXWRPiWLFDPHQWH� ODV� FDUDFWHUtVWLFDV� TXH�

FDUDFWHUL]DQ�D�ORV�PRYLPLHQWRV��VLQ�QHFHVLGDG�GH�HOHJLU�\�FRPSXWDU�SUHYLDPHQWH�

XQ�FRQMXQWR�GH�HVWDGtVWLFRV�R�features��FRQ�ODV�TXH�FDUDFWHUL]DU�HO�PRYLPLHQWR��

/RV� UHVXOWDGRV�GH� OD�PHGLD� JHRPpWULFD� GH� OD� VHQVLELOLGDG� \� HVSHFLILFLGDG� VRQ�

VXSHULRUHV�HQ�OD�PD\RUtD�GH�ORV�FDVRV�D�������VLHQGR�SRU�WDQWR�PHMRUHV�TXH�ORV�

GHO�UHVWR�GH�WpFQLFDV�HVWXGLDGDV��(PSOHDQGR�HVWDV�UHGHV��VH�H[DPLQD�DGHPiV�

OD�LQIOXHQFLD�TXH�WLHQH�OD�IUHFXHQFLD�GH�PXHVWUHR�HQ�OD�FDOLGDG�GH�OD�FODVLILFDFLyQ��

FRQFOX\HQGR�TXH�GLFKR�IDFWRU�QR�HV�FUXFLDO�VL�HO�UDQJR�XWLOL]DGR�HV�VXSHULRU�D���

+]�� $Vt�� HVWRV� UHVXOWDGRV� SXHGHQ� MXVWLILFDU� XQD� PD\RU� VLPSOLILFDFLyQ� GH� ORV�

VLVWHPDV�GH�GHWHFFLyQ�\�FRQ�HOOR�D�XQD�GLVPLQXFLyQ�GH�ORV�FRVWHV��FRPSOHMLGDG�\�

FRQVXPR�GH� ORV�GHWHFWRUHV�YHVWLEOHV��XQ�DVSHFWR� LPSRUWDQWH�VL�SHQVDPRV�TXH�

HVWRV� QRUPDOPHQWH� VH� LPSOHPHQWDUiQ� PHGLDQWH� GLVSRVLWLYRV� GH� FDSDFLGDGHV�

�EDWHUtD��SRWHQFLD�GH�FyPSXWR��HWF���PX\�OLPLWDGDV��

3DUD�ILQDOL]DU��HQ�HO�DSpQGLFH�(��VH�HVWXGLD�HO�FRPSRUWDPLHQWR�GH�ORV�VLVWHPDV�

GH�GHWHFFLyQ�GH�FDtGDV�EDVDGRV�HQ�UHGHV�QHXURQDOHV�FRQYROXFLRQDOHV�FXDQGR�

VH� UHDOL]D� XQ� HQWUHQDPLHQWR� \� WHVWHR� FUX]DGR� GH� UHSRVLWRULRV�� /RV� UHVXOWDGRV�

GHPXHVWUDQ�TXH�HQWUHQDU�\�WHVWHDU�FRQ�UHSRVLWRULRV�GLIHUHQWHV�SXHGH�GHJUDGDU�

GH�PDQHUD� VLJQLILFDWLYD� ODV� SUHVWDFLRQHV� GHO� VLVWHPD� GH� GHWHFFLyQ� GH� FDtGDV��

$VLPLVPR��VH�FRPSUXHED�TXH�OD�SHUVRQDOL]DFLyQ�GHO�PRGHOR��DxDGLHQGR�QXHYRV�

PRYLPLHQWRV� D� OD� KRUD� GH� HQWUHQDU�� SXHGH� WUDGXFLUVH� HQ� XQD� JUDQ� PHMRUD��

SULQFLSDOPHQWH�VL�GLFKRV�PRYLPLHQWRV�VRQ�FDtGDV��6LQ�HPEDUJR��GHEH�SURFHGHUVH�

FRQ� FDXWHOD� FXDQGR� ORV� PRYLPLHQWRV� DxDGLGRV� VRQ� VRODPHQWH� $'/� TXH�

FRPSDUWHQ� VLPLOLWXGHV� FRQ� ORV�PRYLPLHQWRV� HWLTXHWDGRV� FRPR� FDtGDV�� \D� TXH�

SXHGH�GLILFXOWDU�DO�PRGHOR�D�OD�KRUD�GH�FODVLILFDU�\�SURYRFDU�XQD�GLVPLQXFLyQ�GH�

VX�UHQGLPLHQWR��(VWRV�UHVXOWDGRV�SDUHFHQ�DSXQWDU�D�FLHUWR�VREUH�DSUHQGL]DMH�GH�

ORV� FODVLILFDGRUHV�HQ� UHODFLyQ�FRQ� OD� WLSRORJtD�GH�PRYLPLHQWRV� �$'/�\� FDtGDV��

XWLOL]DGRV��OR�TXH�SRQH�GH�UHOLHYH�OD�QHFHVLGDG�GH�HYDOXDU�FXDOTXLHU�FODVLILFDGRU�

FRQ�EDVHV�GH�GDWRV�PX\�DPSOLDV�\��D�VHU�SRVLEOH��FRQ�PRYLPLHQWRV�UHDOHV�GH�ORV�

XVXDULRV�REMHWLYR��OD�JHQWH�PD\RU���
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$�SHVDU�GH�ORV�JUDQGHV�DYDQFHV�FLHQWtILFRV�TXH�VH�KDQ�SURGXFLGR�HQ�ORV�~OWLPRV�

DxRV�HQ�HO�iPELWR�GH�OD�GHWHFFLyQ�GH�FDtGDV�VLJXH�H[LVWLHQGR�XQ�DPSOLR�DEDQLFR�

GH�WDUHDV�TXH�LQYHVWLJDU�\�UHVROYHU��$Vt�PLVPR��HO�SURJUHVR�REWHQLGR�KDVWD�DKRUD�

JHQHUD�QXHYDV�LGHDV�\�SRVLEOHV�OtQHDV�GH�WUDEDMR��$�FRQWLQXDFLyQ��VH�SUHVHQWDQ�

DOJXQDV�ODV�SRVLELOLGDGHV�GH�HVWXGLR�TXH�SXHGHQ�VHU�REMHWR�GH�LQWHUpV��

(Q�XQ�SULPHU�OXJDU��D�OR�ODUJR�GH�HVWD�WHVLV�VH�KD�GHPRVWUDGR�OD�H[LVWHQFLD�GH�

XQD�JUDQ�KHWHURJHQHLGDG�HQ�ORV�UHSRVLWRULRV�GH�FDtGDV��WDQWR�HQ�OD�WLSRORJtD�GH�

PRYLPLHQWRV�TXH�FRPSRQHQ�ODV�EDVHV�GH�GDWRV��FRPR�ODV�FDUDFWHUtVWLFDV�GH�ORV�

VHQVRUHV�XWLOL]DGRV�KDVWD�HQ�ORV�UDVJRV�ItVLFRV�GH�ORV�VXMHWRV�SDUWLFLSDQWHV��HV�

SRU�HOOR��TXH�VH�SURSRQH�OD�FUHDFLyQ�GH�XQD�QRUPDWLYD�TXH�SHUPLWD�RULJLQDU�XQ�

PDUFR�GH�WUDEDMR�HVWDQGDUL]DGR�\�GHILQD�OD�PHWRGRORJtD�TXH�GHEH�OOHYDUVH�D�FDER�

D�OD�KRUD�GH�UHDOL]DU�HVWH�WLSR�GH�UHSRVLWRULRV��'H�HVWH�PRGR��OD�HYDOXDFLyQ�GH�ORV�

VLVWHPDV�GH�GHWHFFLyQ�GH�FDtGDV�FXDQGR�XWLOL]DQ�HVWH�WLSR�GH�datasets�SRGUiQ�

VHU� OHJtWLPDPHQWH� FRPSDUDEOHV� HQWUH� Vt�� DO� FRQWUDULR� GH� OR� TXH� RFXUUH�

DFWXDOPHQWH��

$VLPLVPR��SRU�RWUR�ODGR��VHUtD�GH�YLWDO�LQWHUpV�OD�FUHDFLyQ�GH�UHSRVLWRULRV�PDVLYRV�

FRQ�PRYLPLHQWRV�GH�OD�YLGD�GLDULD�\�FDtGDV�UHDOHV�GH�SHUVRQDV�PD\RUHV��$�SHVDU�

GH�TXH�H[LVWHQ�UHSRVLWRULRV�TXH�RIUHFHQ�PHGLGDV�LQHUFLDOHV�GH�FDtGDV�UHDOHV�GH�

SHUVRQDV�PD\RUHV�FRPR�)$56((,1*� >��@�� KDVWD� OD� IHFKD�HO� Q~PHUR� HV�PX\�

HVFDVR��\�FRQ�PX\�SRFDV�PXHVWUDV�GLVSRQLEOHV���/RV�UHSRVLWRULRV�XWLOL]DGRV�HQ�

HVWH�HVWXGLR��\�HO�PD\RU�SRUFHQWDMH�GH�ORV�UHSRVLWRULRV�H[LVWHQWHV�KR\�HQ�GtD�HQ�

OD� OLWHUDWXUD� PRQLWRUL]DQ� PRYLPLHQWRV� SUHGHILQLGRV� \� FDtGDV� VLPXODGDV�� HVWDV�

DGHPiV�VRQ�UHDOL]DGDV�QRUPDOPHQWH�VREUH�XQD�VXSHUILFLH�SURWHFWRUD�SDUD�HYLWDU�

SRVLEOHV� OHVLRQHV�� $VLPLVPR�� HVWRV� PRYLPLHQWRV� VXHOHQ� UHDOL]DUORV� SHUVRQDV�

MyYHQHV�\�VDQDV��7RGRV�HVWRV�IDFWRUHV�SXHGHQ�SURYRFDU�GLIHUHQFLDV�UHOHYDQWHV�

HQWUH�ODV�H[SHULHQFLDV�VLPXODGDV�\�ORV�DFFLGHQWHV�TXH�VXFHGHQ�HQ�XQ�HVFHQDULR�

UHDO�\�FRQ�SHUVRQDV�GH�DYDQ]DGD�HGDG��WDO�\�FRPR�VH�GLVFXWH�HQ�DOJXQRV�WUDEDMRV�

FRPR�>�����@��/D�HYROXFLyQ�GH�ORV�GLVSRVLWLYRV�YHVWLEOHV�SHUPLWH�OD�LQWHJUDFLyQ�GH�

VHQVRUHV� HQ� OD� YHVWLPHQWD� \� FRPSOHPHQWRV� VLQ� TXH� RFDVLRQH� QLQJ~Q� WLSR� GH�

FDUJD�R�PROHVWLD��SRU�OR�TXH�SRGUtD�UHFRSLODUVH�XQD�JUDQ�FDQWLGDG�GH�LQIRUPDFLyQ�
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GH�PDQHUD� QR� LQWUXVLYD� VL� VH� GHVDUUROODVH� DOJ~Q� SUR\HFWR� LQWHUGLVFLSOLQDU� FRQ�

FHQWURV�VDQLWDULRV�R�UHVLGHQFLDV�GH�DQFLDQRV��

6LQ�HPEDUJR��D�SHVDU�GH�ORJUDU�PRQLWRUL]DU�ODUJRV�SHULRGRV�GH�WLHPSR��WDO�\�FRPR�

\D� VH� FRPHQWy� DO� FRPLHQ]R� GH� OD� WHVLV�� ORJUDU�PRQLWRUL]DU� XQD� FDtGD� UHDO� HV�

FRPSOLFDGR��VH�FDOFXOD�TXH�VHUtD�QHFHVDULR�PRQLWRUL]DU�HQWUH�VHWHQWD�PLO�\�FLHQ�

PLO�GtDV�OD�DFWLYLGDG�GH�SHUVRQDV�PD\RUHV�GH����DxRV�SDUD�FDSWXUDU�XQDV�����

FDtGDV�UHDOHV�>��@��([LVWH�XQD�DOWHUQDWLYD�TXH�SXHGH�VHU�XWLOL]DGD�FRPR�VROXFLyQ�

LQWHUPHGLD�HQWUH�OD�VLPXODFLyQ�GH�PRYLPLHQWRV�\�FDtGDV�SRU�SHUVRQDV�MyYHQHV�\�

VDQDV�\�OD�PRQLWRUL]DFLyQ�GH�SHUVRQDV�PD\RUHV�HQ�HQWRUQRV�UHDOHV��VH�WUDWD�GH�

OD�XWLOL]DFLyQ�GH�VLPXODGRUHV�GH�HGDG��HVWH�WLSR�GH�VLVWHPD�SHUPLWH�OD�SRVLELOLGDG�

TXH�SHUVRQDV�MyYHQHV�\�VDQDV�SXHGDQ�H[SHULPHQWDU�OLPLWDFLRQHV�WtSLFDV�GH�ODV�

SHUVRQDV�DQFLDQDV��WDQWR�ItVLFDV�FRPR�FRJQLWLYDV��FRPR�SXHGH�VHU�UHVWULFFLyQ�GHO�

FDPSR�YLVXDO��VRUGHUD�GH�DOWD�IUHFXHQFLD��ULJLGH]�DUWLFXODU��SpUGLGD�GH�OD�IXHU]D��

UHGXFFLyQ� GH� OD� FRRUGLQDFLyQ� HQWUH� RWUDV� GLILFXOWDGHV�� (Q� OD� OLWHUDWXUD� H[LVWHQ�

DOJXQRV� WUDEDMRV� >��±��@� TXH� \D� KDQ� HPSOHDGR� HVWH� WLSR� GH� VLVWHPDV� \�

GHPXHVWUDQ�FyPR�VX�XWLOL]DFLyQ�SXHGH�HPXODU�GH�XQD�PDQHUD�EDVWDQWH�ILHO�ORV�

HIHFWRV�GHO�HQYHMHFLPLHQWR�\�DOJXQDV�SDWRORJtDV��

(Q�FXDQWR�D�ODV�WpFQLFDV�GH�FODVLILFDFLyQ�XWLOL]DGDV�SDUD�OD�GHWHFFLyQ�GH�FDtGDV�

WDPELpQ�H[LVWHQ�RWUDV�DOWHUQDWLYDV�TXH�QR�KDQ�VLGR�SUREDGDV�HQ�HVWH�WUDEDMR��SRU�

HMHPSOR��VHUtD�LQWHUHVDQWH�HO�HPSOHR�GH�RWURV�WLSRV�GH�PpWRGRV�GH�DSUHQGL]DMH�

SURIXQGR�FRPR�ODV�UHGHV�QHXURQDOHV�UHFXUUHQWHV��(VWH�WLSR�GH�UHG��\D�HPSOHDGD�

FRQ�p[LWR�HQ�DOJ~Q�WUDEDMR�VREUH�GHWHFWRUHV�GH�FDtGDV��SHUPLWH�DQDOL]DU�VHULHV�

WHPSRUDOHV��$O�FRQWUDULR�TXH�RWUDV�FODVHV�GH�UHG�QHXURQDO��ODV�UHFXUUHQWHV�SRVHHQ�

PHPRULD��SRU�WDQWR��OD�LQIRUPDFLyQ�GHO�SDVDGR�HV�~WLO�SDUD�OD�UHG�\�OH�RWRUJD�OD�

FDSDFLGDG�GH�LQWHQWDU�SUHGHFLU�TXp�YD�D�RFXUULU�SRVWHULRUPHQWH��'H�HVWH�PRGR��

HVWH�WLSR�GH�WpFQLFD�SRGUtD�VHU�LQWHUHVDQWH�SDUD�GDU�XQ�SDVR�PiV�HQ�OD�E~VTXHGD�

GH�VROXFLRQHV�SDUD�HVWH�SUREOHPD�GH�VDOXG�PXQGLDO��QR�VROR�GHWHFWDU� OD�FDtGD�

VLQR�LQWHQWDU�DQWLFLSDUVH�D�HOOD��5HODFLRQDGR�FRQ�HVWD�FDSDFLGDG�GH�DQWLFLSDFLyQ�

GH�ODV�FDtGDV��WDPELpQ�UHVXOWD�DWUDFWLYR�HO�HVWXGLR�GH�OD�GHWHFFLyQ�GH�PRYLPLHQWRV�

TXH�SXHGHQ�GHVHPERFDU�D�XQD�FDtGD��PDUHRV��GHVPD\RV��WURSLH]RV��HWF�����WDO�\�

FRPR�SURSRQH�/XQD�3HUHMyQ�HW�DO�HQ�>��@�\�OD�XWLOL]DFLyQ�GH�VLVWHPDV�TXH�SURWHMDQ�

GH�GLFKDV�FDtGDV�FRPR�VLVWHPDV�EDVDGRV�HQ�airbags�>��±��@��

� �
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80$)DOO��$�0XOWLVHQVRU�'DWDVHW�IRU�WKH�5HVHDUFK�RQ�
$XWRPDWLF�)DOO�'HWHFWLRQ��

$EVWUDFW�

7KH� SURJUHVV� LQ� WKH� ILHOG� RI� LQHUWLDO� VHQVRU� WHFKQRORJ\� DQG� WKH� ZLGHVSUHDG�

SRSXODULW\�RI�SHUVRQDO�HOHFWURQLFV�VXFK�DV�VPDUWZDWFKHV�RU�VPDUWSKRQHV�KDYH�

SURPSWHG�WKH�UHVHDUFK�RQ�ZHDUDEOH�)DOO�'HWHFWLRQ�6\VWHPV��)'6V���,Q�VSLWH�RI�

WKH�H[WHQVLYH� OLWHUDWXUH�RQ�)'6V��DQ�RSHQ� LVVXH� LV� WKH�GHILQLWLRQ�RI�D�FRPPRQ�

IUDPHZRUN� WKDW� DOORZV� D� PHWKRGLFDO� DQG� DJUHHG� HYDOXDWLRQ� RI� IDOO� GHWHFWLRQ�

SROLFLHV��,Q�WKLV�UHJDUG��D�NH\�DVSHFW�LV�WKH�ODFN�RI�D�SXEOLF�UHSRVLWRU\�RI�PRYHPHQW�

GDWDVHWV� WKDW�FDQ�EH�HPSOR\HG�E\� WKH� UHVHDUFKHUV�DV�D�FRPPRQ� UHIHUHQFH� WR�

FRPSDUH�DQG�DVVHVV�WKHLU�SURSRVDOV��

7KLV� ZRUN� GHVFULEHV� 80$)DOO�� D� QHZ� GDWDVHW� RI� PRYHPHQW� WUDFHV� DFTXLUHG�

WKURXJK�WKH�V\VWHPDWLF�HPXODWLRQ�RI�D�VHW�RI�SUHGHILQHG�$'/V��$FWLYLWLHV�RI�'DLO\�

/LIH��DQG� IDOOV�� ,Q�RSSRVLWLRQ� WR�RWKHU�H[LVWLQJ�GDWDEDVHV� IRU� )'6V��ZKLFK�RQO\�

LQFOXGH�WKH�VLJQDOV�FDSWXUHG�E\�RQH�RU�WZR�VHQVLQJ�SRLQWV��WKH�WHVWEHG�GHSOR\HG�

IRU�WKH�JHQHUDWLRQ�RI�80$)DOO�GDWDVHW�LQFRUSRUDWHG�ILYH�ZHDUDEOH�VHQVLQJ�SRLQWV��

ZKLFK�ZHUH� ORFDWHG�RQ� ILYH�GLIIHUHQW�SRLQWV�RI� WKH�ERG\�RI� WKH�SDUWLFLSDQWV� WKDW�

GHYHORSHG� WKH� PRYHPHQWV�� $V� D� FRQVHTXHQFH�� WKH� REWDLQHG� GDWD� RIIHU� DQ�

LQWHUHVWLQJ� WRRO� WR� LQYHVWLJDWH� WKH� LPSRUWDQFH� RI� WKH� VHQVRU� SODFHPHQW� IRU� WKH�

HIIHFWLYHQHVV�RI�WKH�GHWHFWLRQ�GHFLVLRQ�LQ�)'6V��
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$QDO\VLV�RI�D�6PDUWSKRQH�%DVHG�$UFKLWHFWXUH�ZLWK�
0XOWLSOH�0RELOLW\�6HQVRUV�IRU�)DOO�'HWHFWLRQ��

$EVWUDFW�

'XULQJ�WKH�ODVW�\HDUV��PDQ\�UHVHDUFK�HIIRUWV�KDYH�EHHQ�GHYRWHG�WR�WKH�GHILQLWLRQ�

RI� )DOO� 'HWHFWLRQ� 6\VWHPV� �)'6V�� WKDW� EHQHILW� IURP� WKH� LQKHUHQW� FRPSXWLQJ��

FRPPXQLFDWLRQ�DQG�VHQVLQJ�FDSDELOLWLHV�RI�VPDUWSKRQHV��+RZHYHU��HPSOR\LQJ�D�

VPDUWSKRQH� DV� WKH� XQLTXH� VHQVRU� LQ� D� )'6� DSSOLFDWLRQ� HQWDLOV� VHYHUDO�

GLVDGYDQWDJHV�DV� ORQJ�DV�DQ�DFFXUDWH�FKDUDFWHUL]DWLRQ�RI� WKH�SDWLHQW
V�PRELOLW\�

PD\�IRUFH�WR�WUDQVSRUW�WKLV�SHUVRQDO�GHYLFH�RQ�DQ�XQQDWXUDO�SRVLWLRQ��7KLV�SDSHU�

SUHVHQWV�D�VPDUWSKRQH�EDVHG�DUFKLWHFWXUH� IRU� WKH�DXWRPDWLF�GHWHFWLRQ�RI� IDOOV��

7KH�V\VWHP�LQFRUSRUDWHV�D�VHW�RI�VPDOO�VHQVLQJ�PRWHV�WKDW�FDQ�FRPPXQLFDWH�ZLWK�

WKH�VPDUWSKRQH�WR�KHOS�LQ�WKH�IDOO�GHWHFWLRQ�GHFLVLRQ��7KH�GHSOR\HG�DUFKLWHFWXUH�

LV� V\VWHPDWLFDOO\� HYDOXDWHG� LQ� D� WHVWEHG� ZLWK� H[SHULPHQWDO� XVHUV� LQ� RUGHU� WR�

GHWHUPLQH� WKH� QXPEHU� DQG� SRVLWLRQV� RI� WKH� VHQVRUV� WKDW� RSWLPL]H� WKH�

HIIHFWLYHQHVV�RI�WKH�)'6��DV�ZHOO�DV�WR�DVVHVV�WKH�PRVW�FRQYHQLHQW�UROH�RI�WKH�

VPDUWSKRQH�LQ�WKH�DUFKLWHFWXUH��
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https://doi.org/10.3390/s18041155 
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$QDO\VLV�RI�D�6PDUWSKRQH�%DVHG�$UFKLWHFWXUH�ZLWK�
0XOWLSOH�0RELOLW\�6HQVRUV�IRU�)DOO�'HWHFWLRQ�ZLWK�

6XSHUYLVHG�/HDUQLQJ��

$EVWUDFW�

7KLV�SDSHU�GHVFULEHV�D�ZHDUDEOH�)DOO�'HWHFWLRQ�6\VWHP��)'6��EDVHG�RQ�D�ERG\�

DUHD� QHWZRUN� FRQVLVWLQJ� RI� IRXU� QRGHV� SURYLGHG� ZLWK� LQHUWLDO� VHQVRUV� DQG�

%OXHWRRWK�ZLUHOHVV�LQWHUIDFHV��7KH�VLJQDOV�FDSWXUHG�E\�WKH�QRGHV�DUH�VHQW�WR�D�

VPDUWSKRQH�ZKLFK�VLPXOWDQHRXVO\�DFWV�DV�DQRWKHU�VHQVLQJ�SRLQW�� ,Q�FRQWUDVW�WR�

PDQ\�)'6V�SURSRVHG�E\�WKH�OLWHUDWXUH��ZKLFK�RQO\�FRQVLGHU�D�VLQJOH�VHQVRU���WKH�

PXOWLVHQVRU\�QDWXUH�RI� WKH�SURWRW\SH� LV�XWLOL]HG� WR� LQYHVWLJDWH� WKH� LPSDFW�RI� WKH�

QXPEHU�DQG�WKH�SRVLWLRQV�RI�WKH�VHQVRUV�RQ�WKH�HIIHFWLYHQHVV�RI�WKH�SURGXFWLRQ�RI�

WKH�IDOO�GHWHFWLRQ�GHFLVLRQ��,Q�SDUWLFXODU��WKH�VWXG\�DVVHVVHV�WKH�FDSDELOLW\�RI�IRXU�

SRSXODU�PDFKLQH�OHDUQLQJ�DOJRULWKPV�WR�GLVFULPLQDWH�WKH�G\QDPLFV�RI�WKH�$FWLYLWLHV�

RI�'DLO\�/LYLQJ��$'/V��DQG�IDOOV�JHQHUDWHG�E\�D�VHW�RI�H[SHULPHQWDO�VXEMHFWV��ZKHQ�

WKH� FRPELQHG� XVH� RI� WKH� VHQVRUV� ORFDWHG� RQ� GLIIHUHQW� SDUWV� RI� WKH� ERG\� LV�

FRQVLGHUHG�� 3ULRU� WR� WKLV�� WKH� HOHFWLRQ� RI� WKH� VWDWLVWLFV� WKDW� RSWLPL]H� WKH�

FKDUDFWHUL]DWLRQ�RI� WKH�DFFHOHUDWLRQ�VLJQDOV�DQG�WKH�HIILFDF\�RI� WKH�)'6�LV�DOVR�

LQYHVWLJDWHG�� $V� DQRWKHU� LPSRUWDQW� PHWKRGRORJLFDO� QRYHOW\� LQ� WKLV� ILHOG�� WKH�

VWDWLVWLFDO�VLJQLILFDQFH�RI�DOO�WKH�UHVXOWV��DQ�DVSHFW�ZKLFK�LV�XVXDOO\�QHJOHFWHG�E\�

RWKHU�ZRUNV��LV�YDOLGDWHG�E\�DQ�DQDO\VLV�RI�YDULDQFH��$129$���

�
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$QDO\VLV�RI�3XEOLF�'DWDVHWV�IRU�:HDUDEOH�)DOO�
'HWHFWLRQ�6\VWHPV��

$EVWUDFW�

'XH� WR� WKH� ERRP� RI� ZLUHOHVV� KDQGKHOG� GHYLFHV� VXFK� DV� VPDUWZDWFKHV� DQG�

VPDUWSKRQHV��ZHDUDEOH�)DOO�'HWHFWLRQ�6\VWHPV� �)'6V��KDYH�EHFRPH�D�PDMRU�

IRFXV� RI� DWWHQWLRQ� DPRQJ� WKH� UHVHDUFK� FRPPXQLW\� GXULQJ� WKH� ODVW� \HDUV�� 7KH�

HIIHFWLYHQHVV�RI�D�ZHDUDEOH�)'6�PXVW�EH�FRQWUDVWHG�DJDLQVW�D�ZLGH�YDULHW\�RI�

PHDVXUHPHQWV�REWDLQHG�IURP�LQHUWLDO�VHQVRUV�GXULQJ�WKH�RFFXUUHQFH�RI�IDOOV�DQG�

$FWLYLWLHV�RI�'DLO\�/LYLQJ��$'/V���,Q�WKLV�UHJDUG��WKH�DFFHVV�WR�SXEOLF�GDWDEDVHV�

FRQVWLWXWHV� WKH�EDVLV� IRU� DQ�RSHQ�DQG� V\VWHPDWLF� DVVHVVPHQW� RI� IDOO� GHWHFWLRQ�

WHFKQLTXHV�� 7KLV� SDSHU� UHYLHZV� DQG� DSSUDLVHV� WZHOYH� H[LVWLQJ� DYDLODEOH� GDWD�

UHSRVLWRULHV�FRQWDLQLQJ�PHDVXUHPHQWV�RI�$'/V�DQG�HPXODWHG�IDOOV�HQYLVDJHG�IRU�

WKH�HYDOXDWLRQ�RI�IDOO�GHWHFWLRQ�DOJRULWKPV�LQ�ZHDUDEOH�)'6V��7KH�DQDO\VLV�RI�WKH�

IRXQG�GDWDVHWV� LV� SHUIRUPHG� LQ�D� FRPSUHKHQVLYH�ZD\�� WDNLQJ� LQWR�DFFRXQW� WKH�

PXOWLSOH� IDFWRUV� LQYROYHG� LQ� WKH� GHILQLWLRQ� RI� WKH� WHVWEHGV� GHSOR\HG� IRU� WKH�

JHQHUDWLRQ�RI�WKH�PRELOLW\�VDPSOHV��7KH�VWXG\�RI�WKH�WUDFHV�EULQJV�WR�OLJKW�WKH�ODFN�

RI�D�FRPPRQ�H[SHULPHQWDO�EHQFKPDUNLQJ�SURFHGXUH�DQG��FRQVHTXHQWO\��WKH�ODUJH�

KHWHURJHQHLW\�RI�WKH�GDWDVHWV�IURP�D�QXPEHU�RI�SHUVSHFWLYHV��OHQJWK�DQG�QXPEHU�

RI�VDPSOHV��W\SRORJ\�RI�WKH�HPXODWHG�IDOOV�DQG�$'/V��FKDUDFWHULVWLFV�RI�WKH�WHVW�

VXEMHFWV�� IHDWXUHV� DQG� SRVLWLRQV� RI� WKH� VHQVRUV�� HWF���� &RQFHUQLQJ� WKLV�� WKH�

VWDWLVWLFDO�DQDO\VLV�RI�WKH�VDPSOHV�UHYHDOV�WKH�LPSDFW�RI�WKH�VHQVRU�UDQJH�RQ�WKH�

UHOLDELOLW\�RI� WKH� WUDFHV�� ,Q�DGGLWLRQ�� WKH�VWXG\�HYLGHQFHV� WKH� LPSRUWDQFH�RI� WKH�

VHOHFWLRQ�RI�WKH�$'/V�DQG�WKH�QHHG�RI�FDWHJRUL]LQJ�WKH�$'/V�GHSHQGLQJ�RQ�WKH�

LQWHQVLW\� RI� WKH� PRYHPHQWV� LQ� RUGHU� WR� HYDOXDWH� WKH� FDSDELOLW\� RI� D� FHUWDLQ�

GHWHFWLRQ�DOJRULWKP�WR�GLVFULPLQDWH�IDOOV�IURP�$'/V��
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2Q�WKH�+HWHURJHQHLW\�RI�([LVWLQJ�5HSRVLWRULHV�RI�
0RYHPHQWV�,QWHQGHG�IRU�WKH�(YDOXDWLRQ�RI�)DOO�

'HWHFWLRQ�6\VWHPV��

$EVWUDFW�

'XH�WR�WKH�VHULRXV�LPSDFW�RI�IDOOV�RQ�WKH�DXWRQRP\�DQG�KHDOWK�RI�ROGHU�SHRSOH��

WKH�LQYHVWLJDWLRQ�RI�ZHDUDEOH�DOHUWLQJ�V\VWHPV�IRU�WKH�DXWRPDWLF�GHWHFWLRQ�RI�IDOOV�

KDV�JDLQHG�FRQVLGHUDEOH�VFLHQWLILF�LQWHUHVW�LQ�WKH�ILHOG�RI�ERG\�WHOHPRQLWRULQJ�ZLWK�

ZLUHOHVV� VHQVRUV��%HFDXVH� RI� WKH� GLIILFXOWLHV� RI� V\VWHPDWLFDOO\� YDOLGDWLQJ� WKHVH�

V\VWHPV� LQ� D� UHDO� DSSOLFDWLRQ� VFHQDULR�� )DOO� 'HWHFWLRQ� 6\VWHPV� �)'6V�� DUH�

W\SLFDOO\� HYDOXDWHG� E\� VWXG\LQJ� WKHLU� UHVSRQVH� WR� GDWDVHWV� FRQWDLQLQJ� LQHUWLDO�

VHQVRU�PHDVXUHPHQWV�FDSWXUHG�GXULQJ�WKH�H[HFXWLRQ�RI�ODEHOOHG�QRQIDOO�DQG�IDOO�

PRYHPHQWV��,Q�WKLV�FRQWH[W��GXULQJ�WKH�ODVW�GHFDGH��QXPHURXV�SXEOLFO\�DFFHVVLEOH�

GDWDEDVHV�KDYH�EHHQ�UHOHDVHG�DLPLQJ�DW�RIIHULQJ�D�FRPPRQ�EHQFKPDUNLQJ�WRRO�

IRU� WKH�YDOLGDWLRQ�RI� WKH�QHZ�SURSRVDOV�RQ�)'6V�� 
LV�ZRUN�RIIHUV�D�FRPSDUDWLYH�

DQG�XSGDWHG�DQDO\VLV�RI�WKHVH�H[LVWLQJ�UHSRVLWRULHV��)RU�WKLV�SXUSRVH��WKH�VDPSOHV�

FRQWDLQHG� LQ� WKH� GDWDVHWV� DUH� FKDUDFWHUL]HG� E\� GLIIHUHQW� VWDWLVWLFV� WKDW� PRGHO�

GLYHUVH�DVSHFWV�RI�WKH�PRELOLW\�RI�WKH�KXPDQ�ERG\�LQ�WKH�WLPH�LQWHUYDO�ZKHUH�WKH�

JUHDWHVW� FKDQJH� LQ� WKH� DFFHOHUDWLRQ� PRGXOH� LV� LGHQWLILHG�� %\� XVLQJ� RQH�ZD\�

DQDO\VLV�RI�YDULDQFH��$129$��RQ� WKH�VHULHV�RI� WKHVH�IHDWXUHV�� WKH�FRPSDULVRQ�

VKRZV� WKH� VLJQLILFDQW� GLIIHUHQFHV� GHWHFWHG� EHWZHHQ� WKH� GDWDVHWV�� HYHQ� ZKHQ�

FRPSDULQJ� DFWLYLWLHV� WKDW� UHTXLUH� D� VLPLODU� GHJUHH� RI� SK\VLFDO� HIIRUW�� 
LV�

KHWHURJHQHLW\�� ZKLFK� PD\� UHVXOW� IURP� WKH� JUHDW� YDULDELOLW\� RI� WKH� VHQVRUV��

H[SHULPHQWDO�XVHUV��DQG�WHVWEHGV�HPSOR\HG�WR�JHQHUDWH�WKH�GDWDVHWV��LV�UHOHYDQW�

EHFDXVH�LW�FDVWV�GRXEW�RQ�WKH�YDOLGLW\�RI�WKH�FRQFOXVLRQV�RI�PDQ\�VWXGLHV�RQ�)'6V��

VLQFH�PRVW�RI� WKH�SURSRVDOV� LQ� WKH� OLWHUDWXUH�DUH�RQO\�HYDOXDWHG�XVLQJ�D�VLQJOH�

GDWDEDVH��
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6WXG\�RI�WKH�'HWHFWLRQ�RI�)DOOV�8VLQJ�WKH�690�
$OJRULWKP��'LIIHUHQW�'DWDVHWV�RI�0RYHPHQWV�DQG�

$129$��

$EVWUDFW�

)DOOV� DUH� EHFRPLQJ�D�PDMRU� SXEOLF� KHDOWK� SUREOHP��ZKLFK� LV� LQWHQVLILHG� E\� WKH�

DJLQJ�RI� WKH�SRSXODWLRQ��)DOOV�DUH�RQH�RI� WKH�PDLQ�FDXVHV�RI�GHDWK�DPRQJ�WKH�

HOGHUO\� DQG� LQ� SRSXODWLRQ� JURXSV� WKDW� GHYHORS� ULVN� DFWLYLWLHV�� ,Q� WKLV� VHQVH��

WHFKQRORJLHV�FDQ�SURYLGH�VROXWLRQV�WR�LPSURYH�WKLV�VLWXDWLRQ��,Q�WKLV�ZRUN�ZH�KDYH�

DQDO\]HG�GLIIHUHQW�UHSRVLWRULHV�RI�PRYHPHQWV�DQG�IDOOV�GHVLJQHG�WR�WHVW�GHFLVLRQ�

DOJRULWKPV�LQ�DXWRPDWLF�IDOO�GHWHFWLRQ�V\VWHPV��7KH�REMHFWLYHV�RI�WKH�VWXG\�DUH��

ILUVWO\��WR�FODULI\�ZKDW�DUH�WKH�FKDUDFWHULVWLFV�RI�WKH�PRVW�VLJQLILFDQW�DFFHOHURPHWU\�

VLJQDOV�WR�LGHQWLI\�D�IDOO�DQG�VHFRQGO\��WR�DQDO\]H�WKH�SRVVLELOLW\�RI�H[WUDSRODWLQJ�

WKH�OHDUQLQJ�DFKLHYHG�ZLWK�D�FHUWDLQ�GDWDEDVH�ZKHQ�WHVWHG�ZLWK�DQRWKHU�RQH��$V�

D�QRYHOW\�ZLWK�UHVSHFW�WR�RWKHU�ZRUNV�LQ�WKH�OLWHUDWXUH��WKH�VWDWLVWLFDO�VLJQLILFDQFH�

RI� WKH� UHVXOWV� KDV� EHHQ� V\VWHPDWLFDOO\� HYDOXDWHG� E\� WKH� DQDO\VLV� RI� YDULDQFH�

�$129$���

�

�
��/D�SXEOLFDFLyQ�tQWHJUD�KD�VLGR�VXVWLWXLGD�SRU�VX�UHVXPHQ�HQ�HVWD�HGLFLyQ�GH�OD�WHVLV��



$SpQGLFH�$��3XEOLFDFLRQHV�

����

���������� ��� ��� �������������×�� �����À������ ���

���������������� ����������� ��� �������À���� ����

��������À�����������������������

3XEOLFDFLyQ�

Casilari, E.; Santoyo-Ramón, J.-A.; Cano-García, J.M. Analysis of a 

Public Repository for the Study of Automatic Fall Detection 

Algorithms. In Proceedings of the 5th international Workshop on 

Sensor-based Activity Recognition and Interaction (iWOAR ’18); 

ACM: Berlin, Germany, September 20-21, 2018; pp. 1–10 

https://doi.org/10.1145%2F3266157.3266211

Nº de páginas: 10 

� �



$QDO\VLV�RI�D�3XEOLF�5HSRVLWRU\�IRU�WKH�6WXG\�RI�
$XWRPDWLF�)DOO�'HWHFWLRQ�$OJRULWKPV��

$EVWUDFW�

7KH�XVH�RI�SXEOLFO\�DYDLODEOH�UHSRVLWRULHV�FRQWDLQLQJ�PRYHPHQW�WUDFHV�RI�UHDO�RU�

H[SHULPHQWDO� VXEMHFWV� LV� D� NH\� DVSHFW� WR� GHILQH� DQ� HYDOXDWLRQ� IUDPHZRUN� WKDW�

DOORZV�D�V\VWHPDWLF�DVVHVVPHQW�RI�ZHDUDEOH�IDOO�GHWHFWLRQ�V\VWHPV��7KLV�SDSHU�

SUHVHQWV�D�GHWDLOHG�DQDO\VLV�RI�D�SXEOLF�GDWDVHW�RI� WUDFHV�ZKLFK�HPSOR\HG� ILYH�

VHQVLQJ�SRLQWV�WR�FKDUDFWHUL]H�WKH�XVHU¶V�PRELOLW\�GXULQJ�WKH�H[HFXWLRQ�RI�$'/V�

�$FWLYLWLHV�RI�'DLO\�/LYLQJ��DQG�HPXODWHG�IDOOV��7KH�DQDO\VLV�LV�DLPHG�DW�DQDO\VLQJ�

WZR�PDLQ�IDFWRUV��WKH�LPSRUWDQFH�RI�WKH�HOHFWLRQ�RI�WKH�SRVLWLRQ�RI�WKH�VHQVRU�DQG�

WKH� SRVVLEOH� LPSDFW� RI� WKH� XVHU¶V� SHUVRQDO� IHDWXUHV� RQ� WKH� VWDWLVWLFDO�

FKDUDFWHUL]DWLRQ�RI�WKH�PRYHPHQWV��5HVXOWV�UHYHDO�WKH�LPSRUWDQFH�RI�WKH�QDWXUH�

RI�WKH�$'/�IRU�WKH�HIIHFWLYHQHVV�RI�WKH�GLVFULPLQDWLRQ�RI�WKH�IDOOV��

�
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$�VWXG\�RQ�WKH�LPSDFW�RI�WKH�XVHUV¶�FKDUDFWHULVWLFV�
RQ�WKH�SHUIRUPDQFH�RI�ZHDUDEOH�IDOO�GHWHFWLRQ�

V\VWHPV��

$EVWUDFW�

:HDUDEOH�)DOO�'HWHFWLRQ�6\VWHPV� �)'6V��KDYH�JDLQHG�PXFK� UHVHDUFK� LQWHUHVW�

GXULQJ�ODVW�GHFDGH��,Q�WKLV�UHJDUG��0DFKLQH�/HDUQLQJ��0/��FODVVLILHUV�KDYH�VKRZQ�

JUHDW�HIILFLHQF\�LQ�GLVFULPLQDWLQJ�IDOOV�DQG�FRQYHQWLRQDO�PRYHPHQWV�RU�$FWLYLWLHV�

RI� 'DLO\� /LYLQJ� �$'/V�� EDVHG� RQ� WKH� DQDO\VLV� RI� WKH� VLJQDOV� FDSWXUHG� E\�

WUDQVSRUWDEOH�LQHUWLDO�VHQVRUV��'XH�WR�WKH�LQWULQVLF�GLIILFXOWLHV�RI�WUDLQLQJ�DQG�WHVWLQJ�

WKLV�W\SH�RI�GHWHFWRUV�LQ�UHDOLVWLF�VFHQDULRV�DQG�ZLWK�WKHLU�WDUJHW�DXGLHQFH��ROGHU�

DGXOWV���)'6V�DUH�QRUPDOO\�EHQFKPDUNHG�DJDLQVW�D�SUHGHILQHG�VHW�RI�$'/V�DQG�

HPXODWHG� IDOOV� H[HFXWHG� E\� YROXQWHHUV� LQ� D� FRQWUROOHG� HQYLURQPHQW�� ,Q� PRVW�

VWXGLHV��KRZHYHU��VDPSOHV�IURP�WKH�VDPH�H[SHULPHQWDO�VXEMHFWV�DUH�XVHG�WR�ERWK�

WUDLQ�DQG�HYDOXDWH�WKH�)'6V��,Q�WKLV�ZRUN��ZH�LQYHVWLJDWH�WKH�SHUIRUPDQFH�RI�0/�

EDVHG�)'6�V\VWHPV�ZKHQ�WKH�WHVW�VXEMHFWV�KDYH�SK\VLFDO�FKDUDFWHULVWLFV��ZHLJKW��

KHLJKW�� ERG\� PDVV� LQGH[�� DJH�� JHQGHU�� GLIIHUHQW� IURP� WKRVH� RI� WKH� XVHUV�

FRQVLGHUHG� IRU� WKH� WHVW� SKDVH�� 7KH� UHVXOWV� VHHP� WR� SRLQW� RXW� WKDW� FHUWDLQ�

GLYHUJHQFHV��ZHLJKW��KHLJKW��RI�WKH�XVHUV�RI�ERWK�VXEVHWV��WUDLQLQJ�DG�WHVW��PD\�

KDPSHU�WKH�HIIHFWLYHQHVV�RI�WKH�FODVVLILHUV��D�UHGXFWLRQ�RI�XS�����LQ�VHQVLWLYLW\�

DQG�RI�XS�WR����LQ�VSHFLILFLW\�LV�UHSRUWHG���+RZHYHU��LW�LV�VKRZQ�WKDW�WKH�W\SRORJ\�

RI�WKH�DFWLYLWLHV�LQFOXGHG�LQ�WKHVH�VXEJURXSV�KDV�PXFK�JUHDWHU�UHOHYDQFH�IRU�WKH�

GLVFULPLQDWLRQ�FDSDELOLW\�RI�WKH�FODVVLILHUV��ZLWK�VSHFLILFLW\�ORVVHV�RI�XS�WR�����LI�

WKH�DFWLYLW\�W\SHV�IRU�WUDLQLQJ�DQG�WHVWLQJ�VWURQJO\�GLYHUJH���

�
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$�6WXG\�RI�2QH�&ODVV�&ODVVLILFDWLRQ�$OJRULWKPV�IRU�
:HDUDEOH�)DOO�6HQVRUV��

$EVWUDFW�

,Q�UHFHQW�\HDUV��WKH�SRSXODULW\�RI�ZHDUDEOH�GHYLFHV�KDV�IRVWHUHG�WKH�LQYHVWLJDWLRQ�

RI�DXWRPDWLF�IDOO�GHWHFWLRQ�V\VWHPV�EDVHG�RQ�WKH�DQDO\VLV�RI�WKH�VLJQDOV�FDSWXUHG�

E\� WUDQVSRUWDEOH� LQHUWLDO� VHQVRUV��'XH� WR� WKH� FRPSOH[LW\� DQG� YDULHW\�RI� KXPDQ�

PRYHPHQWV�� WKH� GHWHFWLRQ� DOJRULWKPV� WKDW� RIIHU� WKH� EHVW� SHUIRUPDQFH� ZKHQ�

GLVFULPLQDWLQJ�IDOOV�IURP�FRQYHQWLRQDO�$FWLYLWLHV�RI�'DLO\�/LYLQJ��$'/V��DUH�WKRVH�

EXLOW� RQ� PDFKLQH� OHDUQLQJ� DQG� GHHS� OHDUQLQJ� PHFKDQLVPV�� ,Q� WKLV� UHJDUG��

VXSHUYLVHG�PDFKLQH�OHDUQLQJ�ELQDU\�FODVVLILFDWLRQ�PHWKRGV�KDYH�EHHQ�PDVVLYHO\�

HPSOR\HG� E\� WKH� UHODWHG� OLWHUDWXUH�� +RZHYHU�� WKH� OHDUQLQJ� SKDVH� RI� WKHVH�

DOJRULWKPV�UHTXLUHV�PRELOLW\�SDWWHUQV�FDXVHG�E\�IDOOV��ZKLFK�DUH�YHU\�GLIILFXOW� WR�

REWDLQ� LQ� UHDOLVWLF�DSSOLFDWLRQ�VFHQDULRV��$Q� LQWHUHVWLQJ�DOWHUQDWLYH� LV�RIIHUHG�E\�

2QH�&ODVV�&ODVVLILHUV��2&&V���ZKLFK�FDQ�EH�H[FOXVLYHO\�WUDLQHG�DQG�FRQILJXUHG�

ZLWK�PRYHPHQW�WUDFHV�RI�D�VLQJOH�W\SH��$'/V���,Q�WKLV�SDSHU��D�V\VWHPDWLF�VWXG\�

RI�WKH�SHUIRUPDQFH�RI�YDULRXV�W\SLFDO�2&&V��IRU�GLYHUVH�VHWV�RI�LQSXW�IHDWXUHV�DQG�

K\SHUSDUDPHWHUV��LV�SHUIRUPHG�ZKHQ�DSSOLHG�WR�QLQH�SXEOLF�UHSRVLWRULHV�RI�IDOOV�

DQG�$'/V��7KH�UHVXOWV�VKRZ�WKH�SRWHQWLDOV�RI�WKHVH�FODVVLILHUV��ZKLFK�DUH�FDSDEOH�

RI�DFKLHYLQJ�SHUIRUPDQFH�PHWULFV�YHU\�VLPLODU�WR�WKRVH�RI�VXSHUYLVHG�DOJRULWKPV�

�ZLWK�YDOXHV�IRU�WKH�VSHFLILFLW\�DQG�WKH�VHQVLWLYLW\�KLJKHU�WKDQ�������+RZHYHU��WKH�

VWXG\�ZDUQV�RI�WKH�QHHG�WR�KDYH�D�ZLGH�YDULHW\�RI�W\SHV�RI�$'/V�ZKHQ�WUDLQLQJ�

2&&V��VLQFH�DFWLYLWLHV�ZLWK�D�KLJK�GHJUHH�RI�PRELOLW\�FDQ�VLJQLILFDQWO\�LQFUHDVH�WKH�

IUHTXHQF\�RI�IDOVH�DODUPV��$'/V�LGHQWLILHG�DV�IDOOV��LI�QRW�FRQVLGHUHG�LQ�WKH�GDWD�

VXEVHWV�XVHG�IRU�WUDLQLQJ��
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$�6WXG\�RI�WKH�,QIOXHQFH�RI�WKH�6HQVRU�6DPSOLQJ�
)UHTXHQF\�RQ�WKH�3HUIRUPDQFH�RI�:HDUDEOH�)DOO�

'HWHFWRUV��

$EVWUDFW�

/DVW�GHFDGH�KDV�ZLWQHVVHG�D�PDMRU�UHVHDUFK�LQWHUHVW�RQ�ZHDUDEOH�IDOO�GHWHFWLRQ�

V\VWHPV�� 6DPSOLQJ� UDWH� LQ� WKHVH� GHWHFWRUV� VWURQJO\� DIIHFWV� WKH� SRZHU�

FRQVXPSWLRQ� DQG� UHTXLUHG� FRPSOH[LW\� RI� WKH� HPSOR\HG� ZHDUDEOHV�� 7KLV� VWXG\�

LQYHVWLJDWHV�WKH�HIIHFW�RI�WKH�VDPSOLQJ�IUHTXHQF\�RQ�WKH�HIILFDF\�RI�WKH�GHWHFWLRQ�

SURFHVV�� )RU� WKLV� SXUSRVH�� ZH� WUDLQ� D� FRQYROXWLRQDO� QHXUDO� QHWZRUN� WR� GLUHFWO\�

GLVFULPLQDWH� IDOOV� IURP� FRQYHQWLRQDO� DFWLYLWLHV� EDVHG� RQ� WKH� UDZ� DFFHOHUDWLRQ�

VLJQDOV�FDSWXUHG�E\�D�WUDQVSRUWDEOH�VHQVRU��7KHQ��ZH�DQDO\]H�WKH�FKDQJHV�LQ�WKH�

SHUIRUPDQFH�RI�WKLV�FODVVLILHU�ZKHQ�WKH�VDPSOLQJ�UDWH�LV�SURJUHVVLYHO\�UHGXFHG��,Q�

FRQWUDVW�ZLWK�SUHYLRXV�VWXGLHV��WKH�GHWHFWRU�LV�WHVWHG�DJDLQVW�D�ZLGH�VHW�RI�SXEOLF�

UHSRVLWRULHV�RI�EHQFKPDUNLQJ�WUDFHV��7KH�TXDOLW\�PHWULFV�DFKLHYHG�IRU�WKH�GLIIHUHQW�

IUHTXHQFLHV�DQG�WKH�DQDO\VLV�RI�WKH�VSHFWUXP�RI�WKH�VLJQDOV�UHYHDO�WKDW�D�VDPSOLQJ�

UDWH�RI����+]�FDQ�EH�HQRXJK�WR�PD[LPL]H�WKH�HIIHFWLYHQHVV�RI�D�IDOO�GHWHFWRU��

�
��/D�SXEOLFDFLyQ�tQWHJUD�KD�VLGR�VXVWLWXLGD�SRU�VX�UHVXPHQ�HQ�HVWD�HGLFLyQ�GH�OD�WHVLV��



$SpQGLFH�$��3XEOLFDFLRQHV�

� ����

�

���������×�� ���� ������� �������� ���

���������������������������������������������×��

�����À����

3XEOLFDFLyQ�

A Cross-dataset Evaluation of Wearable Fall Detection Systems, 

submitted to PErvasive Technologies Related to 

Assistive Environments (PETRA) conference,  

June 29–July 01, 2022, Corfu, Greece. 

Pendiente de ser enviado a PETRA conference.  

Nº de páginas: 10

�

�

� �



$�&URVV�GDWDVHW�(YDOXDWLRQ�RI�:HDUDEOH�)DOO�
'HWHFWLRQ�6\VWHPV��

$EVWUDFW�

7KH�SRSXODULW\�RI�ZHDUDEOHV�DQG� WKHLU�VHDPOHVV� LQWHJUDWLRQ� LQWR�RXU�GDLO\� OLYHV�

KDYH�WUDQVIRUPHG�WKHVH�GHYLFHV�LQWR�DQ�DSSHDOLQJ�UHVRXUFH�WR�GHSOR\�DXWRPDWLF�

IDOO�GHWHFWLRQ�V\VWHPV��'XULQJ�ODVW�\HDUV��D�PDVVLYH�OLWHUDWXUH�RQ�QHZ�PHWKRGV�

DQG�DOJRULWKPV� IRU� WKHVH�ZHDUDEOH�GHWHFWRUV�KDV�EHHQ�SURGXFHG��+RZHYHU�� LQ�

PRVW� FDVHV� WKHVH� DOJRULWKPV� DUH� WHVWHG� DJDLQVW� RQH� VLQJOH� �RU� DW� EHVW� WZR��

GDWDVHWV� FRQWDLQLQJ� VLJQDOV� FDSWXUHG� IURP� IDOOV� DQG� FRQYHQWLRQDO�PRYHPHQWV��

7KLV� ZRUN� HYDOXDWHV� WKH� EHKDYLRU� RI� D� IDOO� GHWHFWLRQ� V\VWHP� EDVHG� RQ� D�

FRQYROXWLRQDO�QHXUDO�QHWZRUN�ZKHQ�GLIIHUHQW�SXEOLF�UHSRVLWRULHV�RI�PRYHPHQWV�DUH�

DOWHUQDWLYHO\�XVHG� IRU� WUDLQLQJ�DQG� WHVWLQJ� WKH�PRGHO��$IWHU�D� V\VWHPDWLF�FURVV�

GDWDVHW�HYDOXDWLRQ�LQYROYLQJ�IRXU�ZHOO�NQRZQ�GDWDVHWV��ZH�VKRZ�WKH�GLIILFXOW\�RI�

H[WUDSRODWLQJ�WKH�UHVXOWV�DFKLHYHG�E\�D�FHUWDLQ�FODVVLILHU�IRU�D�SDUWLFXODU�GDWDEDVH�

ZKHQ�DQRWKHU�GDWDVHW�LV�FRQVLGHUHG��5HVXOWV�VHHP�WR�LQGLFDWH�WKDW�FODVVLILFDWLRQ�

PHWKRGV� WHQG� WR� RYHUOHDUQ� WKH� SDUWLFXODU� FRQGLWLRQV� �W\SRORJ\� RI� PRYHPHQWV��

FKDUDFWHULVWLFV�RI�WKH�HPSOR\HG�VHQVRU��H[SHULPHQWDO�VXEMHFWV��XQGHU�ZKLFK�WKH�

WUDLQLQJ�VDPSOHV�ZHUH�JHQHUDWHG��
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8QD�GH�ODV�IDVHV�PiV�LPSRUWDQWHV�D�OD�KRUD�GH�XWLOL]DU�WpFQLFDV�0DFKLQH�/HDUQLQJ�

HV�OD�HOHFFLyQ�GH�ODV�FDUDFWHUtVWLFDV��features��TXH�VH�XWLOL]DUiQ�FRPR�PDJQLWXGHV�

GH� HQWUDGD� HQ� ORV� DOJRULWPRV�� (Q� HVWH� HVWXGLR�� GLFKRV� YDORUHV� GHEHQ� DSRUWDU�

LQIRUPDFLyQ�UHSUHVHQWDWLYD�TXH�SHUPLWD�D�ORV�DOJRULWPRV�GLVFHUQLU�VL�HO�PRYLPLHQWR�

HVWXGLDGR�HV�XQD�FDtGD�R�XQ�PRYLPLHQWR�GH�OD�YLGD�GLDULD��$'/���(Q�HVWH�DQiOLVLV�

VH�HPSOHDQ�ODV�FDUDFWHUtVWLFDV�GHVFULWDV�HQ�HO�FDStWXOR����

7DO�\�FRPR�VH�H[SRQH�HQ�OD�ELEOLRJUDItD�>�±�@�\�VH�UHDILUPDUi�HQ�HVWH�WUDEDMR��OD�

XWLOL]DFLyQ� GH� XQ� Q~PHUR�PD\RU� GH� features� GH� HQWUDGD� QR� VH� WUDGXFH� HQ� XQ�

DXPHQWR�GHO� UHQGLPLHQWR� �HVSHFLILFLGDG�\�VHQVLELOLGDG��GHO�DOJRULWPR��VLQR�TXH�

SXHGH�SURYRFDU�GLIHUHQWHV�SUREOHPDV��

ͻ� &DUDFWHUtVWLFDV� DGLFLRQDOHV� TXH� DFW~DQ� FRPR� UXLGR� SDUD� HO� PRGHOR� GHO�

DOJRULWPR�Machine Learning��

ͻ� 0D\RU� FDUJD� FRPSXWDFLRQDO� GHO� DOJRULWPR�� XWLOL]DFLyQ� GH� UHFXUVRV�

LQQHFHVDULRV��

ͻ� 0D\RU�WLHPSR�QHFHVDULR�SDUD�HO�HQWUHQDPLHQWR��

(V�SRU�HOOR��TXH�GHEH�LPSOHPHQWDUVH�XQ�SURFHVR�GH�HOHFFLyQ�GH�FDUDFWHUtVWLFDV��

ORJUDQGR� OD� UHGXFFLyQ� GH� features�� VLPSOLILFDQGR� GH� HVWH� PRGR� HO� PRGHOR� \�

PHMRUDQGR�OD�FDOLGDG�GH�ORV�GDWRV��(O�HQIRTXH�KDELWXDO�SDUD�HVWH�SURFHVR�HV�OD�

XWLOL]DFLyQ�GH�XQD�VHULH�GH�PpWRGRV�TXH�SXHGHQ�GLYLGLUVH�GH�OD�VLJXLHQWH�PDQHUD��
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ͻ� Feature Selection� �6HOHFFLyQ� GH� &DUDFWHUtVWLFDV��� (V� XQ� SURFHVR� TXH�

SURSRUFLRQD� OD� LQIRUPDFLyQ� QHFHVDULD� SDUD� GHWHUPLQDU� OD� HOHFFLyQ� GH� XQ�

VXEFRQMXQWR�GH�0�FDUDFWHUtVWLFDV��features��GHO�FRQMXQWR�RULJLQDO� IRUPDGR�

SRU�1�features, GRQGH�ሺܯ  ܰሻ��EDViQGRVH�HQ�XQ�FLHUWR�FULWHULR�>���@��(VWH�
SURFHVR�ILOWUD�FDUDFWHUtVWLFDV�LUUHOHYDQWHV�R�UHGXQGDQWHV��

ͻ� Feature Extraction��([WUDFFLyQ�GH�&DUDFWHUtVWLFDV���6H�WUDWD�GH�XQ�SURFHVR�

TXH�GD�OXJDU�D�XQ�FRQMXQWR�GH�.�QXHYDV�FDUDFWHUtVWLFDV��features) D�WUDYpV�

GHO� SURFHVDGR� GH� ODV� 1� FDUDFWHUtVWLFDV� RULJLQDOHV�� GRQGH� ሺܭ ൏ ܰሻ�� (VWH�
SURFHVR�HOLPLQDUi�FDUDFWHUtVWLFDV� LQQHFHVDULDV�\�FRPELQDUi�DTXHOODV�TXH�

SURSRUFLRQHQ�LQIRUPDFLyQ�UHGXQGDQWH�>���@��

ͻ� Feature Construction� �&RQVWUXFFLyQ� GH� &DUDFWHUtVWLFDV��� (VWH� SURFHVR�

GHVFXEUH�LQIRUPDFLyQ�QR�WHQLGD�HQ�FXHQWD�VREUH�OD�UHODFLyQ�H[LVWHQWH�HQWUH�

FDUDFWHUtVWLFDV�\�SURSRUFLRQD�QXHYDV�FDUDFWHUtVWLFDV��(Q�HVWH�FDVR�QR�VH�

SURGXFH�XQD�UHGXFFLyQ�GH�FDUDFWHUtVWLFDV�VLQR�TXH�VH�FRQVLJXHQ�3�QXHYDV�

>���@��

(Q�HVWD�LQYHVWLJDFLyQ�VH�KDFH�XVR�GH�XQD�WpFQLFD�GHO�WLSR�Feature Selection. 'H�

IRUPD�SRVWHULRU��HO�HVWXGLR�VH�FRPELQD�FRQ�XQ�DQiOLVLV�GH�YDULDQ]D�)DFWRULDO��1�

ZD\� $129$�� GHO� UHQGLPLHQWR� GH� ORV� DOJRULWPRV� FRQ� FDGD� XQD� GH� ODV�

FRPELQDFLRQHV�GH�FDUDFWHUtVWLFDV�GH�HQWUDGD��GH�PDQHUD�TXH�VH�FRPSUREDUi�OD�

HILFDFLD�GH�HVWRV�PpWRGRV��

��������×�������������À������ ȋFeature SelectionȌ 

3DUD�HO�SUHVHQWH�HVWXGLR�VH�KDUi�XVR�GH�GLIHUHQWHV�DOJRULWPRV��$�FRQWLQXDFLyQ��

VH�GHVFULELUi�EUHYHPHQWH�HO�IXQFLRQDPLHQWR�GH�FDGD�XQR�GH�HOORV��

�ǤʹǤͳǤ��������������������������������������ȋ����Ȍ�����������

Minimum Redundancy Maximum Relevance� �P505�� HV� XQ� DOJRULWPR� GH�

VHOHFFLyQ� GH� FDUDFWHUtVWLFDV� TXH� D\XGD� D� HVFRJHU� ODV� FDUDFWHUtVWLFDV� PiV�

UHOHYDQWHV�GH�XQ�FRQMXQWR�GH�GDWRV�HWLTXHWDGRV��(VWH�DOJRULWPR�SHUPLWH�HOLPLQDU�

FDUDFWHUtVWLFDV�TXH�QR�DSRUWDQ�LQIRUPDFLyQ�VLJQLILFDQWH�\�PLQLPL]DU�LQIRUPDFLyQ�

UHGXQGDQWH�SUHYLDPHQWH�D�XWLOL]DU�XQ�DOJRULWPR�Machine Learning�>���@��
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�ǤʹǤͳǤͳǤ�������������������

(O�DOJRULWPR�VH�EDVD�HQ�OD�LQIRUPDFLyQ�SURSRUFLRQDGD�SRU�OD�PHGLGD�GHQRPLQDGD�

LQIRUPDFLyQ�PXWXD��PLGH�HO�QLYHO�GH�VLPLOLWXG�HQWUH�GRV�YDULDEOHV��(Q�HO�FDVR�GHO�

SUHVHQWH�HVWXGLR��ODV�YDULDEOHV�HVWXGLDGDV�VRQ�FRQWLQXDV��SRU�OR�TXH�GLFKR�YDORU�

VH�FDOFXOD�D�SDUWLU�GH�WHVW�)�GH�)LVKHU�D�FDGD�FDUDFWHUtVWLFD��݃ሻ�GH�XQ�WRWDO�GH�݉�
FDUDFWHUtVWLFDV�\�GHܭ��FODVHV�GHQRWDGDV�SRU�݄ ൌ ԛ݄ଵǡ ԛ݄ଶԛǥ ǡ ԛ݄���

ͻ� (Q�HO�FDVR�GH�HVWH�HVWXGLR�݄�HVWi�FRPSXHVWR�SRUܭ� ൌ ʹ�FODVHV��HVWR�HV��OD�

FODVH�FDtGD�\�OD�FODVH�$'/���

ͻ� 3RU� RWUR� ODGR�� H[LVWHQ� ݉ ൌ ͳʹ� FDUDFWHUtVWLFDV�� ODV� FXDOHV� GHVFULEHQ� XQ�

PRYLPLHQWR� \� SRVWHULRUPHQWH� FRPR� LQSXW� GH� HQWUDGD� HQ� ORV� DOJRULWPRV�

Machine Learning��'LFKDV�FDUDFWHUtVWLFDV�VH�GHQRWDQ�FRQ�݃��GRQGH��݅ א ሼͳǡ ǥ ǡ݉ሽ���
(O�WHVW�)�VH�HQFXHQWUD�GHVFULWR�PDWHPiWLFDPHQWH�HQ�OD�HFXDFLyQ�����>���@��

ሺ݃ܨ ǡ݄ሻ ൌ ݊ሺ ҧ݃ െ ҧ݃ሻ
ሺܭ െ ͳሻ


ୀଵ ൩ ଶ൘ߪ � ����

GRQGH��

ͻ� ҧ݃�HV�OD�PHGLD�GHO�YDORU�GH�݃�HQ�WRGDV�ODV�PXHVWUDV�HVWXGLDGDV��
ͻ� ҧ݃HV�OD�PHGLD�GH�݃�SDUD�OD�FODVH�݇��
ͻ� ݊�HV�HO�Q~PHUR�GH�PXHVWUDV�TXH�IRUPDQ�SDUWH�GH�OD�FODVH�݇��
ͻ� �����ଶ�HV�OD�YDULDQ]D�DJUXSDGD�R�YDULDQ]D�JHQHUDO�GHILQLGD�FRPRߪ�

ଶߪ ൌ ሺ݊ െ ͳሻ  ଶߪ
ୀଵ ൩ ሺ݊ െ ሻ൘ܭ � ����

GRQGH��

ͻ� ���HV�HO�Q~PHUR�WRWDO�GH�FODVHV�HVWXGLDGDVܭ
ͻ� ݊�HV�HO�Q~PHUR�GH�PXHVWUDV�TXH�IRUPDQ�SDUWH�GH�OD�FODVH�݇��
ͻ� ݊�HV�HO�Q~PHUR�WRWDO�GH�PXHVWUDV��HVWR�HV�σ ݊ୀଵ ��

ͻ� ��ଶ�HV�OD�YDULDQ]D�GH�OD�FODVH�݇ߪ
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(O� YDORU� GH�Pi[LPD� UHOHYDQFLD� SDUD� XQ� JUXSR� GH� FDUDFWHUtVWLFDV� ܵ� VH� GHQRWD�
FRPR��

��� ிܸ ǡ ிܸ ൌ ͳ݉ ሺ݃ܨ ǡ ݄ሻאௌ �
����

GRQGH�ȁܵȁ�H[SUHVD�HO�Q~PHUR�GH�FDUDFWHUtVWLFDV�TXH�VXEJUXSR�GH�FDUDFWHUtVWLFDV�
TXH� VH� HVWi� HVWXGLDQGR�� (VWH� YDORU� SHUPLWLUi� FRQRFHU� TXp� FDUDFWHUtVWLFDV�

GHVFULEHQ�PHMRU�HO�FRQMXQWR�GH�GDWRV�>�@��

3RU� RWUR� ODGR�� HO� DOJRULWPR� WDPELpQ� WLHQH� HQ� FXHQWD� OD� FRQGLFLyQ� GH� PtQLPD�

UHGXQGDQFLD� SXHGH� VHU� GHILQLGD� D� SDUWLU� GHO� FRHILFLHQWH� GH� FRUUHODFLyQ� GH�

3HDUVRQ��ܿሺ݅ǡ ݆ሻ��FRPR��
��� ܹ ǡ ܹ ൌ ͳ݉ଶ  หܿ൫݃ ǡ݃൯ห൫ǡೕ൯אௌ �

����

7HQLHQGR� HQ� FXHQWD� HVWH� YDORU� VH� SUHWHQGH� PLQLPL]DU� HO� Q~PHUR� GH�

FDUDFWHUtVWLFDV�TXH�DSRUWDQ�LQIRUPDFLyQ�VLPLODU�>�@��

/D�VHOHFFLyQ�GH�FDUDFWHUtVWLFDV�D�SDUWLU�GHO�DOJRULWPR�P505�VH�REWLHQH�D�WUDYpV�

GH� OD� RSWLPL]DFLyQ� GH� ODV� FRQGLFLRQHV� GH� ODV� HFXDFLRQHV� ���� \� ����

VLPXOWiQHDPHQWH��3DUD�RSWLPL]DU�DPEDV�FRQGLFLRQHV��HV�QHFHVDULR�FRPELQDUODV�

HQ�XQD�~QLFD� IXQFLyQ��(Q� OD�ELEOLRJUDItD� >���@�VH�SURSRQHQ�GRV� FRPELQDFLRQHV�

SDUD�YDULDEOHV�FRQWLQXDV��F-test correlation difference��)&'��\�F-test correlation 

quotient� �)&4��� HTXLYDOHQWHV�� VLPXOWiQHDPHQWH�� D� 0,'� �Mutual information 

difference��\�0,4�(Mutual information quotient��SDUD�YDULDEOHV�GLVFUHWDV��

	�� ൌ ���ሺ ிܸ െ ܹሻ� ����

	�� ൌ ���ሺ ிܸȀ ܹሻ� ����

(Q�HVWH�HVWXGLR�VH�XWLOL]DUi�OD�IXQFLyQ�fscmrmr LQFRUSRUDGD�HQ�OD�YHUVLyQ�5����%�

GH�0DWODE��(Q�HVWD� IXQFLyQ��HO� FULWHULR�XWLOL]DGR�SDUD�RSWLPL]DU� ODV�FRQGLFLRQHV�

GHVFULWDV�HV�F-test correlation quotient��)&4���
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�ǤʹǤͳǤʹǤ�	����������������������������

(O�DOJRULWPR�P505�VLJXH�ORV�VLJXLHQWHV�SDVRV�LWHUDWLYRV�SDUD�REWHQHU�XQ�UDQNLQJ�

GH�FDUDFWHUtVWLFDV�TXH�PLQLPL]DQ�OD�UHGXQGDQFLD�\�PD[LPL]DQ�OD�UHOHYDQFLD�GH�OD�

LQIRUPDFLyQ�GHO�dataset�>���@���

6H� FRPLHQ]D� FRQ�XQ�VHW� GH� FDUDFWHUtVWLFDV�QR� VHOHFFLRQDGDV��ܵ�� TXH� LQFOX\H�
WRGDV� ODV� FDUDFWHUtVWLFDV� HVWXGLDGDV�� \� XQ� VHW� ܵ� YDFtR�� HQ� HO� TXH� VH� LUiQ�
LQFRUSRUDQGR�ODV�FDUDFWHUtVWLFDV�VHOHFFLRQDGDV��ODV�FXDOHV�VH�HOLPLQDUiQ�GH��ܵ��
6H�WHQGUi�HQ�FXHQWD�HO�RUGHQ�GH�LQFOXVLyQ�HQ�ܵ�SDUD�FUHDU�HO�UDQNLQJ���

��� 6H� VHOHFFLRQD� OD� FDUDFWHUtVWLFD�� LQFOXLGD� HQ� ܵ ǡ�FRQ� XQ� PD\RU� YDORU� GH�
UHOHYDQFLD�ሺ��� ிܸሻ��6H�VHOHFFLRQD�GLFKD�FDUDFWHUtVWLFD�\�VH�LQFOX\H�HQ�HO�
JUXSR� GH� FDUDFWHUtVWLFDV� ܵ�� (Q� HVWH� SULPHU� SDVR�� VyOR� FRQWHQGUi� HVWD�
SULPHUD�FDUDFWHUtVWLFD��

��� 6H�EXVFDQ�ODV�FDUDFWHUtVWLFDV�TXH�SUHVHQWDQ�UHOHYDQFLD�PD\RU�D���\�XQD�

UHGXQGDQFLD�QXOD�GH�OD�LQIRUPDFLyQ�FRQWHQLGD�HQ�ܵ��
D�� 6L� QLQJXQD� GH� ODV� FDUDFWHUtVWLFDV� SUHVHQWHV� HQ� ܵ� SUHVHQWD� XQD�

UHOHYDQFLD�PD\RU�GH�FHUR�\�UHGXQGDQFLD�QXOD��VH�GHEHUi�SDVDU�DO�

SDVR����

E�� (Q�FDVR�FRQWUDULR��VH�VHOHFFLRQDUi�DTXHOOD�FDUDFWHUtVWLFD�FRQ�PD\RU�

UHOHYDQFLD�\�VH�LQFOXLUi�HQ�ܵ��
��� 6H�GHEHUi�UHSHWLU�HO�SDVR���KDVWD�TXH�ODV�FDUDFWHUtVWLFDV�LQFOXLGDV�HQ�ܵ�

SUHVHQWHQ�XQD�UHGXQGDQFLD�GLIHUHQWH�GH�FHUR��

��� 6H� VHOHFFLRQDUi� DTXHOOD� FDUDFWHUtVWLFD� FRQ� PD\RU� YDORU� )&4� FRQ�

UHOHYDQFLD�QR�QXOD��GHO�VHW�GH�FDUDFWHUtVWLFDV�DXQ�QR�VHOHFFLRQDGDV��ܵሻ�\�
VH�LQFOXLUi�HQ�ܵ��

��� 6H�UHSLWH�HO�SDVR���KDVWD�TXH�ODV�FDUDFWHUtVWLFDV�LQFOXLGDV�HQ�ܵ�WHQJDQ�
XQD�UHOHYDQFLD�QXOD��

��� 6H�DxDGHQ�D�6�ODV�FDUDFWHUtVWLFDV�FRQ�UHOHYDQFLD�QXOD�HQ�RUGHQ�DOHDWRULR��

�

�



$SpQGLFH�%��$QiOLVLV�GH�ODV�FDUDFWHUtVWLFDV�TXH�GHVFULEHQ�ORV�PRYLPLHQWRV�
�

����

������������

�Ǥ͵ǤͳǤ����������×���������������������

6H� OOHYD� D� FDER� OD� XWLOL]DFLyQ� GHO� DOJRULWPR� P505� SDUD� FDGD� XQR� GH� ORV�

UHSRVLWRULRV�GH�PRYLPLHQWRV�HVWXGLDGRV��(Q�HVWH�FDVR�VH�HVFRJHQ�DTXHOORV�TXH�

SRVHHQ�PHGLGDV�GH�XQ�DFHOHUyPHWUR�XELFDGR�HQ�OD�FDGHUD��

/D� PHWRGRORJtD� XWLOL]DGD� SDUD� FDGD� UHSRVLWRULR� HV� OD� VLJXLHQWH� �GHVFULWD�

JUiILFDPHQWH�HQ�OD�)LJXUD�%�����

��� 6H�FDOFXODQ�ODV�FDUDFWHUtVWLFDV�GH�FDGD�XQD�GH�ODV�PXHVWUDV�SRU�ODV�TXH�

VH�FRPSRQH�HO�UHSRVLWRULR��0pWRGR�GHVFULWR�HQ�HO�FDStWXOR����

��� 6H� REWLHQH� OD� PHGLD� \� OD� GHVYLDFLyQ� WtSLFD� GH� FDGD� XQD� GH� ODV�

FDUDFWHUtVWLFDV�

��� 6H�QRUPDOL]DQ�ODV�FDUDFWHUtVWLFDV�REWHQLGDV�

��� 6H� KDFH� XVR� GHO� DOJRULWPR� P505� DSRUWDQGR� ODV� FDUDFWHUtVWLFDV�

QRUPDOL]DGDV� GH� ODV� PXHVWUDV� MXQWR� FRQ� OD� GHVFULSFLyQ� GHO� WLSR� GH�

PRYLPLHQWR�DO�TXH�FRUUHVSRQGH�FDGD�XQD�GH�HOODV��FDtGD�R�$'/���

��� 6H�REWLHQH�XQ�UDQNLQJ�GRQGH�VH�RUGHQDQ�FDGD�XQD�GH�ODV�FDUDFWHUtVWLFDV�

GH�PDQHUD�TXH�VH�PD[LPLFH�OD�LQIRUPDFLyQ�\�VH�PLQLPL]D�OD�UHGXQGDQFLD�

DSRUWDGD��7DEOD�%�����$Vt�PLVPR�VH�REWLHQH�XQD�OLVWD�GHQRPLQDGD�F-test 

correlation quotient��OD�FXDO�DSRUWD�LQIRUPDFLyQ�VREUH�OD�LQIRUPDFLyQ�PXWXD�

DSRUWDGD�SRU�FDGD�XQD�GH�ODV�FDUDFWHUtVWLFDV�HVWXGLDGDV��7DEOD�%�����
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�

)LJXUD�%���±�0HWRGRORJtD�XWLOL]DGD�SDUD�HO�HVWXGLR�GHO�DOJRULWPR�P505�

�
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� WŽƐŝĐŝſŶ�ĞŶ�Ğů�ƌĂŶŬŝŶŐ�ĚĞ�ŵZDZ�

� �� �� �� �� �� &� '� ,� /� :� <� >�
�� �ࢂࡹࡿࣆ ሻ࢞ࢇሺࢌࢌࢊ࣓ � �ࢂࡹࡿ࣌ �ࣂࣆ ሻࢌࢌࢊሺࢂࡹࡿࣆ � �ࣆ �࢞ࢇࡹࢂࡹࡿ �ࡹࢂࡹࡿ �ࢂࡹࡿࢽ �ࡹࡿ �ࡱ �ࡾࣆ

�>Z�ϳ� ϲ� ϭϬ� ϳ� ϱ� Ϯ� ϰ� ϭϭ� ϭϮ� ϯ� ϵ� ϭ� ϴ�

�K&���ϴ� ϳ� ϭ� ϭϭ� ϲ� Ϯ� ϰ� ϴ� ϯ� ϱ� ϭϬ� ϵ� ϭϮ�

�ƌĐŝǇĞƐ�ϵ� ϭϬ� ϲ� ϵ� ϴ� Ϯ� ϯ� ϭ� ϱ� ϰ� ϭϮ� ϳ� ϭϭ�

/Dh&��ϭϬ� ϱ� ϵ� ϭ� ϲ� ϰ� ϯ� ϳ� ϭϭ� Ϯ� ϴ� ϭϬ� ϭϮ�

^ŝƐ&Ăůů�ϭϭ� ϭϮ� ϭ� ϭϭ� ϴ� Ϯ� ϯ� ϭϬ� ϲ� ϰ� ϱ� ϵ� ϳ�

hƉͲ&Ăůů�ϭϮ� ϭϬ� ϴ� ϭ� ϰ� ϵ� ϭϭ� ϳ� ϲ� ϯ� ϭϮ� ϱ� Ϯ�

hD�&Ăůů�ϭϯ� ϭϭ� ϭ� ϵ� ϲ� Ϯ� ϯ� ϴ� ϱ� ϰ� ϭϬ� ϳ� ϭϮ�

7DEOD�%����5DQNLQJ�REWHQLGR�D�SDUWLU�GH�P505�DO�DQDOL]DU�ODV�FDUDFWHUtVWLFDV�XWLOL]DGDV�SDUD�GHVFULELU�ORV�PRYLPLHQWRV��SRVWHULRUPHQWH�VHUiQ�HPSOHDGDV�FRPR� inputs�GH�HQWUDGD�GHO�
FODVLILFDGRU��(O�FRORU�YHUGH�PiV�LQWHQVR�VLJQLILFD�XQD�PHMRU�FODVLILFDFLyQ�HQ�HO�UDQNLQJ��SRU�HO�FRQWUDULR��HO�FRORU�URMR�UHSUHVHQWD�XQD�SHRU�SRVLFLyQ��

� WƌĞĚŝĐƚŽƌ�ŝŵƉŽƌƚĂŶĐĞ�ƐĐŽƌĞ�;&�YͿ�ŵZDZ�

� �� �� �� �� �� &� '� ,� /� :� <� >�
�� �ࢂࡹࡿࣆ ሻ࢞ࢇሺࢌࢌࢊ࣓ � �ࢂࡹࡿ࣌ �ࣂࣆ ሻࢌࢌࢊሺࢂࡹࡿࣆ � �ࣆ �࢞ࢇࡹࢂࡹࡿ �ࡹࢂࡹࡿ �ࢂࡹࡿࢽ �ࡹࡿ �ࡱ �ࡾࣆ

�>Z�ϳ� ϭ͘ϭϱ�ͲϬϯ� ϲ͘ϯϮ�ͲϬϰ� ϵ͘ϲϴ�ͲϬϰ� ϭ͘Ϯϱ�ͲϬϯ� ϭ͘Ϯϴ�ͲϬϮ� ϰ͘ϯϵ�ͲϬϯ� ϲ͘Ϭϯ�ͲϬϰ� ϰ͘ϳϯ�ͲϬϰ� ϭ͘Ϭϳ�ͲϬϮ� ϳ͘ϳϰ�ͲϬϰ� ϰ͘ϲϴ�ͲϬϮ� ϵ͘ϰϬ�ͲϬϰ�

�K&���ϴ� ϭ͘ϯϳ�ͲϬϮ� ϯ͘ϳϲ�ͲϬϭ� ϵ͘ϯϬ�ͲϬϯ� Ϯ͘Ϭϴ�ͲϬϮ� ϲ͘ϲϱ�ͲϬϮ� Ϯ͘ϵϮ�ͲϬϮ� ϭ͘Ϯϲ�ͲϬϮ� ϱ͘ϲϬ�ͲϬϮ� Ϯ͘ϲϰ�ͲϬϮ� ϭ͘Ϭϴ�ͲϬϮ� ϭ͘ϭϯ�ͲϬϮ� ϰ͘ϭϰ�ͲϬϰ�

�ƌĐŝǇĞƐ�ϵ� ϲ͘ϴϱ�ͲϬϯ� ϴ͘ϲϲ�ͲϬϯ� ϳ͘ϯϯ�ͲϬϯ� ϴ͘Ϭϭ�ͲϬϯ� ϭ͘ϵϴ�ͲϬϮ� ϭ͘ϲϳ�ͲϬϮ� ϱ͘ϱϲ�ͲϬϭ� ϭ͘Ϯϱ�ͲϬϮ� ϭ͘Ϯϱ�ͲϬϮ� Ϯ͘ϳϭ�ͲϬϯ� ϴ͘ϱϰ�ͲϬϯ� ϱ͘ϰϯ�ͲϬϯ�

/Dh&��ϭϬ� Ϯ͘ϯϰ�ͲϬϭ� Ϯ͘ϬϬ�ͲϬϭ� ϰ͘ϴϰ�ͲϬϭ� Ϯ͘ϭϴ�ͲϬϭ� ϯ͘ϲϯ�ͲϬϭ� ϰ͘Ϭϴ�ͲϬϭ� Ϯ͘ϭϬ�ͲϬϭ� ϭ͘ϰϰ�ͲϬϭ� ϰ͘ϮϮ�ͲϬϭ� Ϯ͘Ϭϴ�ͲϬϭ� ϭ͘ϵϬ�ͲϬϭ� ϳ͘ϵϵ�ͲϬϮ�

^ŝƐ&Ăůů�ϭϭ� ϯ͘ϱϳ�ͲϬϯ� ϯ͘ϳϮ�ͲϬϭ� ϰ͘ϳϴ�ͲϬϯ� ϲ͘ϱϮ�ͲϬϯ� Ϯ͘ϴϭ�ͲϬϮ� Ϯ͘ϰϯ�ͲϬϮ� ϱ͘ϲϯ�ͲϬϯ� ϳ͘ϱϱ�ͲϬϯ� ϭ͘Ϯϯ�ͲϬϮ� ϳ͘ϳϯ�ͲϬϯ� ϱ͘ϲϯ�ͲϬϯ� ϲ͘ϲϯ�ͲϬϯ�

hƉͲ&Ăůů�ϭϮ� ϯ͘Ϭϴ�ͲϬϯ� ϴ͘ϭϭ�ͲϬϯ� ϱ͘ϴϴ�ͲϬϭ� ϭ͘ϭϬ�ͲϬϮ� ϲ͘ϭϮ�ͲϬϯ� Ϭ͘ϬϬ�нϬϬ� ϴ͘ϰϬ�ͲϬϯ� ϭ͘Ϭϴ�ͲϬϮ� Ϯ͘ϰϳ�ͲϬϮ� Ϭ͘ϬϬ�нϬϬ� ϭ͘Ϭϴ�ͲϬϮ� ϯ͘ϬϮ�ͲϬϮ�

hD�&Ăůů�ϭϯ� ϴ͘ϲϭ�ͲϬϳ� ϯ͘ϳϴ�ͲϬϭ� ϭ͘ϱϬ�ͲϬϰ� Ϯ͘ϭϳ�ͲϬϰ� ϵ͘ϯϱ�ͲϬϰ� ϳ͘ϵϭ�ͲϬϰ� ϭ͘ϳϯ�ͲϬϰ� Ϯ͘ϰϭ�ͲϬϰ� ϰ͘ϭϰ�ͲϬϰ� ϭ͘ϭϵ�ͲϬϰ� ϭ͘ϴϰ�ͲϬϰ� ϴ͘Ϭϭ�ͲϬϱ�

7DEOD�%����)&4�REWHQLGR�D�SDUWLU�GH�P505�DO�DQDOL]DU�ODV�FDUDFWHUtVWLFDV�XWLOL]DGDV�SDUD�GHVFULELU�ORV�PRYLPLHQWRV�\�TXH�SRVWHULRUPHQWH�VHUiQ�HPSOHDGDV�FRPR�inputs�GH�HQWUDGD�GHO�
FODVLILFDGRU��(O�FRORU�YHUGH�LQGLFD�XQ�PD\RU�)&4��HO�URMR�VLJQLILFD�OR�FRQWUDULR��



$SpQGLFH�%��$QiOLVLV�GH�ODV�FDUDFWHUtVWLFDV�TXH�GHVFULEHQ�ORV�PRYLPLHQWRV�
�

����

�Ǥ͵ǤͳǤͳǤ��������������

/RV� UHVXOWDGRV�REWHQLGRV�PXHVWUDQ� TXH� OD�KHWHURJHQHLGDG�GH� ORV� UHSRVLWRULRV�

SURYRFD� TXH� HO� DOJRULWPR� P505� FRQVLGHUH� PiV� UHOHYDQWHV� GLVWLQWDV�

FDUDFWHUtVWLFDV�GHSHQGLHQGR�GHO�FDVR��

6LQ� HPEDUJR�� SXHGHQ� REVHUYDUVH� SDWURQHV� FRPXQHV� HQ� FDGD� XQD� GH� ODV�

H[SHULHQFLDV��

x� ��VH�FODVLILFDQ�HQ�OD�PD\RUtD�GH�ORV�FDVRV�HQ�,��ࢂࡹࡿࢽ�\��(��ࣆ��ሻܧሻሺࢌࢌࢊሺࢂࡹࡿࣆ
ORV���PHMRUHV�SXHVWRV�GHO�UDQNLQJ��

x� ��VRQ�ODV�FDUDFWHUtVWLFDV�TXH�SHRUHV�SRVLFLRQHV�/��ࡾࣆ�\��-��ࡹࡿ���$��ࢂࡹࡿࣆ
RFXSDQ�HQ�HO�UDQNLQJ�\�ORV�TXH�SHRUHV�)&4�REWLHQHQ��

x� ��VRQ�ODV�FDUDFWHUtVWLFDV�TXH�KDQ�REWHQLGR�HO�SULPHU�&��ࢂࡹࡿ࣌�\��%��ሻ࢞ࢇሺࢌࢌࢊ࣓
SXHVWR� XQ� PD\RU� Q~PHUR� GH� YHFHV�� 6LQ� HPEDUJR�� SDUHFH� RFXUULU� TXH�

FXDQGR�XQD�GH�HOODV�HV�VHOHFFLRQDGD�FRPR�OD�PiV�UHOHYDQWH��OD�RWUD�SLHUGH�

LPSRUWDQFLD��XELFiQGROD�HQ�ORV�~OWLPRV�SXHVWRV�GH�OD�FODVLILFDFLyQ��+HFKR�

TXH� VH� REVHUYD� FODUDPHQWH� HQ� ORV� YDORUHV� GH� )&4�� 3RU� OR� TXH� SRGUtD�

HQWHQGHUVH� FRPR� TXH� DPEDV� FDUDFWHUtVWLFDV� HVWiQ� IXHUWHPHQWH�

UHODFLRQDGDV�\�HO�XVR�GH�XQD�HV�UHGXQGDQWH�FRQ�OD�RWUD��

�Ǥ͵ǤʹǤ�����������×��������

&RQ�HO�ILQ�GH�HYDOXDU�HO�SURFHVR�GH�VHOHFFLyQ�GH�FDUDFWHUtVWLFDV�GH�HQWUDGD�SDUD�

ORV� DOJRULWPRV� GH� DSUHQGL]DMH� VXSHUYLVDGR� VH� UHDOL]D� XQ� DQiOLVLV� GH� YDULDQ]D�

IDFWRULDO��$129$�GH�1�:D\��GHO�WLSR�ʹ��'LFKR�DQiOLVLV�VH�OOHYD�D�FDER�D�SDUWLU�
GH� ORV�GDWRV�REWHQLGRV�DO�FODVLILFDU� ODV�GLIHUHQWHV�PXHVWUDV�GH� ORV� UHSRVLWRULRV�

HVWXGLDGRV�XWLOL]DQGR�ODV�GLIHUHQWHV�FRPELQDFLRQHV�GH�FDUDFWHUtVWLFDV�GH�HQWUDGD���

x� (Q�HVWH�HVWXGLR�VH�XWLOL]D�XQ� WRWDO�GH�݇ ൌ ͳʹ�FDUDFWHUtVWLFDV�GH�HQWUDGD��

TXH�FRUUHVSRQGHQ�D�ORV�IDFWRUHV�GH�HVWXGLR�GHO�$129$���

x� &DGD�IDFWRU�WLHQH�GRV�QLYHOHV���

Ͳ� $FWLYDGR��HV�GHFLU��VH�XWLOL]D�FRPR�LQSXW�GH�HQWUDGD�GHO�VLVWHPD�GH�

FODVLILFDFLyQ��



$SpQGLFH�%��$QiOLVLV�GH�ODV�FDUDFWHUtVWLFDV�TXH�GHVFULEHQ�ORV�PRYLPLHQWRV�
�

����

Ͳ� 'HVDFWLYDGR��QR�VH�WLHQH�HQ�FXHQWD�D�OD�KRUD�GH�FODVLILFDU��

x� 6H�UHDOL]DQ���UpSOLFDV�FRPSOHWDV�GHO�H[SHULPHQWR�� LQYHVWLJDQGR�GH�HVWH�

PRGR�WRGDV�ODV�FRPELQDFLRQHV�SRVLEOHV�GH�ORV�IDFWRUHV��

x� 'XUDQWH�WRGR�HO�HVWXGLR� ORV�GLVHxRV�H[SHULPHQWDOHV�VRQ�FRPSOHWDPHQWH�

DOHDWRUL]DGRV�\�VH�VDWLVIDFHQ�ORV�VXSXHVWRV�GH�QRUPDOLGDG��

x� (O� kernel� XWLOL]DGR� SDUD� HO� FODVLILFDGRU� 690� HV� GHO� WLSR� OLQHDO��

SUHGHWHUPLQDGR�HQ�0DWODE�SDUD�HO�DSUHQGL]DMH�GH�GRV�FODVHV��FRPR�HV�HO�

FDVR�GH�HVWH�HVWXGLR��

&RQ� HO� $129$� IDFWRULDO� VH� ORJUDUi� FRPSUREDU� VL� OD� XWLOL]DFLyQ� GH� XQD�

FDUDFWHUtVWLFD�SURYRFD�XQ�HIHFWR�VLJQLILFDWLYR�HQ� OD�VHQVLELOLGDG�\�HVSHFLILFLGDG�

GHO�VLVWHPD�\�QRV�DSRUWDUi�LQIRUPDFLyQ�VREUH�OD�LPSRUWDQFLD�GH�GLFKR�HIHFWR��3DUD�

HOOR�� OD� PpWULFD� GH� FDOLGDG� TXH� HVWXGLDPRV� HV� OD� PHGLD� JHRPpWULFD� GH� OD�

VHQVLELOLGDG�\�OD�HVSHFLILFLGDG��

݈݀ܽ݀݅ܽܿ�݁݀�ܽܿ݅ݎݐ±݉ ൌ�ඥܵ݁  �ܵ ����

'RQGH� ܵ݁� \� �ܵ FRUUHVSRQGH� D� OD� VHQVLELOLGDG� \� HVSHFLILFLGDG� GHO� VLVWHPD� DO�
FODVLILFDU�ODV�PXHVWUDV�FRUUHVSRQGLHQWHV�UHVSHFWLYDPHQWH��

/D�PHWRGRORJtD�VHJXLGD�SDUD�FDGD�XQR�GH�ORV�UHSRVLWRULRV�GH�PRYLPLHQWRV�HV�OD�

VLJXLHQWH����

x� 8QD�SDUWH�GHO�UHSRVLWRULR�KD�VLGR�XWLOL]DGD�FRPR�GDWRV�GH�HQWUHQDPLHQWR�

SDUD� ORV� DOJRULWPRV� GH� DSUHQGL]DMH� VXSHUYLVDGR�� (VWH� subset� GH�

HQWUHQDPLHQWR� FRQWHQGUi�PRYLPLHQWRV� SHUWHQHFLHQWHV� D� WRGRV� ORV� WLSRV�

FRQWHQLGRV�HQ�HO�UHSRVLWRULR�FRPSOHWR��/D�VHOHFFLyQ�GH�ORV�PRYLPLHQWRV�VH�

UHDOL]D�GH�IRUPD�DOHDWRULD��

x� (O�UHVWR�GH�ORV�GDWRV�GLVSRQLEOHV�VH�XWLOL]D�FRPR�PXHVWUDV�GH�WHVWHR��6H�

KDQ�VHSDUDGR�HQ�GLIHUHQWHV�EORTXHV�R�UHSOLFDV��FRQFUHWDPHQWH�HQ����GH�

IRUPD�DOHDWRULD�\�HTXLWDWLYDPHQWH�VHJ~Q�HO� WLSR�GH�PRYLPLHQWR��GH�HVWD�

IRUPD� FDGD� JUXSR� VH� DQDOL]D� GH� PDQHUD� LQGHSHQGLHQWH� REWHQLHQGR� OD�

HVSHFLILFLGDG� ��ܵ� \� VHQVLELOLGDG� �ܵ݁ሻ� GH� ODV� GLIHUHQWHV� FRPELQDFLRQHV�
FDUDFWHUtVWLFDV� GH� PDQHUD� TXH� VHD� SRVLEOH� UHDOL]DU� SRVWHULRUPHQWH� XQ�
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DQiOLVLV�$129$�IDFWRULDO��(Q�OD�WDEOD�7DEOD�%���VH�UHVXPH�OD�FRPSRVLFLyQ�

GH�FDGD�XQD�GH�ODV�SDUWLFLRQHV�GH�ORV�UHSRVLWRULRV��

x� 7RGDV� ODV� FDUDFWHUtVWLFDV� GH� ODV� PXHVWUDV�� WDQWR� ODV� XWLOL]DGDV� HQ�

HQWUHQDPLHQWR� FRPR� ODV� XWLOL]DGDV� HQ� HO� WHVWHR�� VRQ� QRUPDOL]DGDV�

WRPDQGR�FRPR�UHIHUHQFLD� OD�PHGLD�\�YDULDQ]D�GH� ODV�FDUDFWHUtVWLFDV�GH�

WRGDV�ODV�PXHVWUDV�GHO�UHSRVLWRULR��

5HSRVLWRULR� Dataset�
(QWUHQDPLHQWR�

Dataset�
HVWXGLR�

,�

Dataset�
HVWXGLR�

,,�

Dataset�
HVWXGLR�

,,,�

Dataset�
HVWXGLR�

,9�

Dataset�
HVWXGLR�

9�

Dataset�
HVWXGLR�

9,�
727$/�

'/5�
���� ��� ��� ��� ��� ��� ��� ����

������� ������� ������� ������� ������� ������� ������� ��������

'2)'$�
���� ��� ��� ��� ��� ��� ��� ����

������� ������ ������ ������ ������ ������ ������ ��������

(UFL\HV�
���� ���� ���� ���� ���� ���� ���� �����

������ ������� ������� ������� ������� ������� ������� ��������

,08)'�
���� ��� ��� ��� ��� ��� ��� ����

������� ������� ������� ������� ������� ������� ������� ��������

6LV)DOO�
���� ���� ���� ���� ���� ���� ���� �����

������ ������� ������� ������� ������� ������� ������� ��������

8S�)DOO�
���� ��� ��� ��� ��� ��� ��� ����

������� ������� ������ ������ ������ ������ ������ ��������

80$)DOO�
���� ��� ��� ��� ��� ��� ��� ����

������� ������� ������� ������� ������� ������� ������� ��������

7DEOD� %���� &RPSRVLFLyQ� GH� ORV� datasets� FUHDGRV� D� SDUWLU� GH� FDGD� UHSRVLWRULR�� VH� LQGLFD� HO� Q~PHUR� WRWDO� GH�
PXHVWUDV�\�HO�SRUFHQWDMH�GHO�WRWDO�DO�TXH�FRUUHVSRQGH��

�Ǥ͵ǤʹǤͳǤ�����Ó�����������ଶߟ���
(O�WDPDxR�GHO�HIHFWR�GH�XQ�$129$�HV�HO�YDORU�TXH�SHUPLWH�PHGLU�TXp�SURSRUFLyQ�

GH�OD�YDULDQ]D�HQ�HO�UHVXOWDGR�HV�FRQVHFXHQFLD�GH�OD�LQIOXHQFLD�GH�FDGD�IDFWRU�GH�

HVWXGLR��HV�GHFLU��FXiQWR�DIHFWD�XQ�IDFWRU�R�LQWHUDFFLyQ�GH�IDFWRUHV�HQ�HO�UHVXOWDGR�

ILQDO��

ଶߟ ൌ ்ܵܵܵܵ௧� ����

'RQGH��
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x� ܵܵ�HV�OD�VXPD�GH�FXDGUDGRV�GH�OD�FRPELQDFLyQ�GH�IDFWRUHV��ݎ��TXH�VH�
TXLHUH�HVWXGLDU�

x� ்ܵܵ௧�HV�OD�VXPD�GH�FXDGUDGRV�WRWDO��HO�FXDO�LQFOX\H�WRGRV�ORV�JUXSRV�GH�
IDFWRUHV�HVWXGLDGRV�\�HO�HUURU��

3DUD� HYDOXDU� OD� PDJQLWXG� GH� ORV� HIHFWRV� REWHQLGRV� VH� VXHOH� DGRSWDU� FRPR�

FULWHULRV�ORV�SURSXHVWRV�SRU�&RKHQ�HQ�>��@��'LFKRV�QLYHOHV�GH�FODVLILFDFLyQ�VRQ��

7DPDxR�GH�(IHFWR� 9DORUDFLyQ�Ǥ  ࢘ࣁ  Ǥૢ� (IHFWR�EDMR�Ǥૢ  ࢘ࣁ  Ǥ� (IHFWR�PHGLR�Ǥ  �࢘ࣁ (IHFWR�DOWR�

7DEOD�%����&ULWHULRV�GH�YDORUDFLyQ�GHO�WDPDxR�GH�HIHFWR�GH�XQ�HVWXGLR�VHJ~Q�HO�WUDEDMR�GH�&RKHQ�>��@��

3DUD� FDOFXODU� OD� VXPD� GH� FXDGUDGRV� GH� XQ� IDFWRU� R� FRPELQDFLyQ� VH� GHEHUi�

FRQRFHU� VX� HIHFWR�� (O� HIHFWR� GH� XQ� IDFWRU� R� FRPELQDFLyQ� VH� GHILQH� FRPR� OD�

YDULDFLyQ�HQ�HO�UHVXOWDGR�ILQDO�SURGXFLGR�SRU�XQ�FDPELR�HQ�HO�QLYHO�GHO�IDFWRU�R�

FRPELQDFLyQ��>��@�

ݐ݂ܿ݁ܧ ൌ�σ ܿݕపഥଶೖୀଵ
ʹିଵ ൌ

݊݁ݐݏܽݎݐ݊ܥ  ʹିଵ � ����

ܵܵ ൌ ሺ݁ݐݏܽݎݐ݊ܥሻଶ݊  ʹ ൌ ݊  ʹିଶ݂݁݁ܿݐଶ� �����

'RQGH��

x� ݊�GHQRWD�HO�Q~PHUR�GH�UpSOLFDV�
x� ݇�GHQRWD�HO�Q~PHUR�WRWDO�GH�IDFWRUHV�HVWXGLDGRV�
x� ܿ�FRUUHVSRQGH�D�XQD�FRQVWDQWH�TXH�WHQGUi�YDORU����R����GHSHQGLHQGR�GH�

OD�LQWHUDFFLyQ�TXH�VH�HVWi�HVWXGLDQGR�\�OD�FRPELQDFLyQ�D�OD�TXH�SUHFHGH��

HVWH�YDORU�SXHGH�REWHQHUVH�IiFLOPHQWH�FUHDQGR�XQD�PDWUL]�GH�VLJQRV�GH�

LQWHUDFFLRQHV��

x� పഥݕ �FRUUHVSRQGH�DO�YDORU�PHGLR�GH�OD�PpWULFD�HVWXGLDGD��PHGLD�JHRPpWULFD�
GH�OD�VHQVLELOLGDG�\�HVSHFLILFLGDG�GHO�VLVWHPD��SDUD�ODV�Q�UHSOLFDV�XWLOL]DQGR�

OD�FRPELQDFLyQ�GH�IDFWRUHV�L�pVLPD��
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(MHPSOR�FRQ�XQ�HVWXGLR�GH���IDFWRUHV��݇ ൌ ͵ሻ��

Ͳ� ([LVWLUiQ�ʹ ൌ ʹଷ ൌ ͺ�FRPELQDFLRQHV�GH�IDFWRUHV��

6L�VH�GHQRPLQDQ�D�ORV�IDFWRUHV�FRPR�$��%�\�&��ODV�FRPELQDFLRQHV�VHUiQ��

��� $�
��� %�
��� &�
��� $%�
��� $&�
��� %&�
��� $%&�
��� ����7RGRV�ORV�IDFWRUHV�LQDFWLYRV�

(Q�HO�FDVR�GHO�FiOFXOR�GH�ܵ ܵ��
ܵ ܵ ൌ ݊  ሺσ ܿݕపഥሻଶଶయୀଵʹ ଷ ൌ

݊ͅ
 ሺݕതതത  തതതതതݕ തതതതതݕ  തതതതതതݕ െ തതതݕ തതതݕ െ തതതതതݕ െ �തതതሻݕି

(Q�HO�FDVR�GHO�FiOFXOR�GH�ܵ ܵ��
ܵ ܵ ൌ ݊  ሺσ ܿݕపഥሻଶଶయୀଵʹ ଷ ൌ

݊ͅ
 ሺݕതതതതത തതതതതതݕ � തതതݕି തതതݕ െ തതതݕ െ തതതݕ െ തതതതതݕ െ �തതതതതሻݕ

6HJXLGDPHQWH��HQ�ODV�WDEODV������VH�H[SRQH�HO�WDPDxR�GH�HIHFWR�HQ�$129$�GH�

ORV� HIHFWRV� SULQFLSDOHV�� ODV� LQWHUDFFLRQHV� GH� SULPHU� \� VHJXQGR� RUGHQ�

UHVSHFWLYDPHQWH��

� �
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� dĂŵĂŹŽ�ĚĞ�ĞĨĞĐƚŽ�ĞŶ��EKs��ʹ��ĨĞĐƚŽƐ�WƌŝŶĐŝƉĂůĞƐ�
� �� �� �� �� �� &� '� ,� /� :� <� >�
� �ࢂࡹࡿࣆ �ሻ࢞ࢇሺࢌࢌࢊ࣓ �ࢂࡹࡿ࣌ �ࣂࣆ �ሻࢌࢌࢊሺࢂࡹࡿࣆ �ࣆ �࢞ࢇࡹࢂࡹࡿ �ࡹࢂࡹࡿ �ࢂࡹࡿࢽ �ࡹࡿ �ࡱ �ࡾࣆ �ZZKZ�

�>Z� ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ �������

�K&��� ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ �������

�ƌĐŝǇĞƐ� ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ �������

/Dh&�� ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ �������

^ŝƐ&Ăůů� ������ ������ ������ ������ ������ ������� ������ ������ ������ ������ ������ ������ �������

hƉͲ&Ăůů� ������ ������� ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ �������

hD�&Ăůů� ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ �������

7DEOD�%����7DPDxR�GHO�HIHFWR�GH�ORV�IDFWRUHV�SULQFLSDOHV�GHO�$129$�UHDOL]DGR�D�FDGD�UHSRVLWRULR�HVWXGLDGR��6H�KDFH�XVR�GH�ORV�GDWRV�GHO�VHQVRU�XELFDGR�HQ�OD�FLQWXUD�\�HO�DOJRULWPR�GH�
DSUHQGL]DMH�VXSHUYLVDGR�690� �
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� dĂŵĂŹŽ�ĚĞ�ĞĨĞĐƚŽ�ĞŶ��EKs��ʹ�/ŶƚĞƌĂĐĐŝŽŶĞƐ�ĚĞ�ƉƌŝŵĞƌ�ŽƌĚĞŶ�
� �Ύ�� �Ύ&� �Ύ'� �Ύ,� �Ύ/� �Ύ'� �Ύ,� �Ύ<� 'Ύ,� 'Ύ/� &Ύ/� &Ύ:�

�>Z� � � � � � � � � � � � �

�K&��� � � � � � � � � � � � �

�ƌĐŝǇĞƐ� ������ � ������ ������ ������ ������ ������ � ������ ������ � �

/Dh&�� � � � � � � � ������ � � � �

^ŝƐ&Ăůů� ������ ������ ������ � � ������ � � � ������ � ������
hƉͲ&Ăůů� ������ � ������ ������ ������ ������ ������ � ������ ������ � �

hD�&Ăůů� � ������ ������ ������ ������ � � � � ������ ������ �

7DEOD�%����7DPDxR�GHO�HIHFWR�GH�ODV�LQWHUDFFLRQHV�GH�SULPHU�RUGHQ�FRQ�XQD�YDORUDFLyQ�PtQLPD�GH�HIHFWR�EDMR�GHO�$129$�UHDOL]DGR�D�FDGD�UHSRVLWRULR�HVWXGLDGR��

� dĂŵĂŹŽ�ĚĞ�ĞĨĞĐƚŽ�ĞŶ��EKs��ʹ�/ŶƚĞƌĂĐĐŝŽŶĞƐ�ĚĞ�ƐĞŐƵŶĚŽ�ŽƌĚĞŶ�
� �Ύ�Ύ'� �Ύ�Ύ,� �Ύ�Ύ/� �Ύ&Ύ'� �Ύ&Ύ/� �Ύ'Ύ/� �Ύ'Ύ,� �Ύ'Ύ,� �Ύ'Ύ/�

�>Z� � � � � � � � � �
�K&��� � � � � � � � � �
�ƌĐŝǇĞƐ� ������ ������ ������ � � ������ ������ ������ ������
/Dh&�� � � � � � � � � �
^ŝƐ&Ăůů� ������ � � � � ������ � � �
hƉͲ&Ăůů� ������ ������ � � � ������ ������ ������ �
hD�&Ăůů� � � � ������ ������ ������ � � �

7DEOD�%����7DPDxR�GHO�HIHFWR�GH�ODV�LQWHUDFFLRQHV�GH�SULPHU�RUGHQ�FRQ�XQD�YDORUDFLyQ�PtQLPD�GH�HIHFWR�EDMR�GHO�$129$�UHDOL]DGR�D�FDGD�UHSRVLWRULR�HVWXGLDGR��



�

�Ǥ͵ǤʹǤʹǤ��������������

(Q�SULPHU�OXJDU��REVHUYDPRV�TXH�HQ�HO�DQiOLVLV�$129$�HO�HUURU��HVWR�HV��HO�HIHFWR�

SURYRFDGR� SRU� IDFWRUHV� GLIHUHQWHV� D� OD� FRPELQDFLyQ� GH� ODV� FDUDFWHUtVWLFDV�

XWLOL]DGDV�HV�EDVWDQWH�DOWR��(VWR�VH�GHEH�SRU�XQ�ODGR�D�OD�YDULDELOLGDG�LQWURGXFLGD�

SRU�HO�FODVLILFDGRU��690���\D�VHD�FDXVDGD�SRU�VX�SURSLD�SDUDPHWUL]DFLyQ�R�SRU�VX�

LQFDSDFLGDG�LQWUtQVHFD�SDUD�FODVLILFDU�GH�OD�PLVPD�IRUPD�PXHVWUDV�TXH��DXQTXH�

VRQ�GHO�PLVPR�WLSR��DO�DQDOL]DUODV�VRQ�GHWHFWDGDV�FRPR�PRYLPLHQWRV�GLIHUHQWHV��

$GHPiV�� H[LVWHQ� RWURV� SDUiPHWURV� HQ� ORV� UHSRVLWRULRV� TXH� SXHGHQ� SURYRFDU�

GHVYLDFLRQHV�HQ�ORV�UHVXOWDGRV�FRPR�SRU�HMHPSOR�OD�H[LVWHQFLD�GH�GHVLJXDOGDGHV�

HQWUH� ORV� subsets� GH� WHVWHR� SURYRFDGRV� SRU� ODV� FDUDFWHUtVWLFDV� �SHVR�� HGDG��

DOWXUD�� HWF��� GH� ORV� YROXQWDULRV�TXH� UHDOL]DQ� ORV�PRYLPLHQWRV�R�SRU� GLIHUHQFLDV�

HQWUH� ORV�PRYLPLHQWRV� VLPXODGRV� LQFOXLGRV� HQ� FDGD� dataset�� 6LQ� HPEDUJR�� HO�

DQiOLVLV�SXHGH�XWLOL]DUVH�FRPR�UHIHUHQFLD�SDUD�LQWXLU�GLIHUHQWHV�SDWURQHV�VLPLODUHV�

HQ�ORV�GLIHUHQWHV�UHSRVLWRULRV��

x� �%��SDUHFH�VHU�OD�FDUDFWHUtVWLFD�TXH�DSRUWD�XQ�PD\RU�HIHFWR�HQ��ఠሺೌೣሻܣ
ORV� UHVXOWDGRV� ILQDOHV�� 7HQLHQGR� HQ� FXHQWD� ORV� FULWHULRV� SURSXHVWRV� SRU�

&RKHQ�>��@��HO�HIHFWR�GH�HVWH�IDFWRU�VH�FDOLILFD���YHFHV�FRPR�PHGLR�\���

YHFHV�FRPR�EDMR��SRU�OR�WDQWR��VROR�HQ�XQR�GH�ORV�UHSRVLWRULRV�HO�HIHFWR�HV�

GHVSUHFLDEOH��

x� /RV� IDFWRUHV� ܯܵ ெܸ௫� � �*��� �ܧ �.�� \� �ௌெߛ �,�� WDPELpQ� SDUHFHQ� FREUDU�
LPSRUWDQFLD��FRQVLJXLHQGR�FDGD�XQR�GH�HOORV�XQ�HIHFWR�EDMR�HQ���GH�ORV���

UHSRVLWRULRV��

x� /DV� LQWHUDFFLRQHV� HQWUH� ORV� IDFWRUHV� FRPHQWDGRV� HQ� ORV� GRV� SXQWRV�

DQWHULRUHV� VRQ� WDPELpQ� GHVWDFDEOHV�� REWHQLHQGR� HQ� JUDQ� SDUWH� GH� ORV�

FDVRV� XQD� YDORUDFLyQ� GH� HIHFWR� EDMR�� 3RU� OR� TXH� DGHPiV� GHO� HIHFWR�

DSRUWDGR� SRU� HOORV� GH� PDQHUD� LQGLYLGXDO�� VX� FRPELQDFLyQ� IDYRUHFH� GH�

PDQHUD�VLQpUJLFD�HO�FRPSRUWDPLHQWR�GHO�FODVLILFDGRU��

x� /DV� FDUDFWHUtVWLFDVߪ�ௌெ� �ఏߤ���&� �'�� ܯܵ�\ ெܸ� �+�� WDPELpQ� SXHGHQ� VHU�
LQWHUHVDQWHV�� DXQTXH� QR� SDUHFHQ� VHU� UHOHYDQWHV� HQ� DOJXQRV� GH� ORV�

UHSRVLWRULRV�HVWXGLDGRV��WDPELpQ�REWLHQHQ�XQD�FDOLILFDFLyQ�GH�HIHFWR�EDMR�

\� FRQVLJXHQ� LQWHUDFFLRQHV� GH� HIHFWR� EDMR� DO� FRPELQDUVH� FRQ� RWUDV�

FDUDFWHUtVWLFDV��



$SpQGLFH�%��$QiOLVLV�GH�ODV�FDUDFWHUtVWLFDV�TXH�GHVFULEHQ�ORV�PRYLPLHQWRV�
�

����

x� �/��QR�SDUHFHQ�DSRUWDU�QLQJ~Q��ௌெሺሻߤ��\��-��ܣܯܵ���)�ௌெሺሻߤ���$��ௌெߤ
HIHFWR� DO� UHVXOWDGR� ILQDO�� $PEDV� FDUDFWHUtVWLFDV� SDUHFHQ� QR� VHU�

VLJQLILFDWLYDV��(VWRV�UHVXOWDGRV�FRLQFLGHQ�FRQ�ORV�H[WUDtGRV�GHO�DQiOLVLV�GHO�

DOJRULWPR� P505�� H[FHSWXDQGR� HO� FDVR� GH� ���)�ௌெሺሻߤ HO� FXDO� GLILHUH�
WRWDOPHQWH��\D�TXH�HUD�XQD�GH�ODV�FDUDFWHUtVWLFDV�FRQ�PHMRUHV�UHVXOWDGRV�

HQ�HO�RWUR�DQiOLVLV��

x� ���(�ࣆ SDUHFHQ� DSRUWDU� SRVLWLYDPHQWH� DO� HIHFWR� HQ� DOJXQRV� FDVRV�
FRQFUHWRV�� FRQVLJXLHQGR� HQ� XQR� GH� ORV� HVWXGLRV� XQ� HIHFWR� FODVLILFDGR�

FRPR�DOWR��

�Ǥ͵Ǥ͵Ǥ�����������������������������×������������������������������������

(Q�HVWH�DSDUWDGR�VH�UHFRSLODQ�DOJXQRV�GH�ORV�YDORUHV�GH�OD�PHGLD�JHRPpWULFD�GH�

OD�VHQVLELOLGDG�\�OD�HVSHFLILFLGDG�UHVXOWDQWH�GH�DSOLFDU�GLIHUHQWHV�FRPELQDFLRQHV�

GH�FDUDFWHUtVWLFDV�XWLOL]DGDV�FRPR�SDUiPHWURV�GH�HQWUDGD�GH�ORV�DOJRULWPRV�GH�

DSUHQGL]DMH� VXSHUYLVDGR�� VH� KDQ� VHOHFFLRQDGR� DTXHOODV� FRPELQDFLRQHV� TXH�

VHJ~Q�ORV�DQiOLVLV�DQWHULRUHV�SRGUtDQ�VHU�PiV�LQWHUHVDQWHV��

3DUD�VHOHFFLRQDU�ODV�FRPELQDFLRQHV�GH�FDUDFWHUtVWLFDV�TXH�HVWXGLDUHPRV�FRQ�HO�

ILQ� GH� WUDWDU� GH� REWHQHU� ORV� PHMRUHV� UHVXOWDGRV� GHO� VLVWHPD� VH� VHJXLUiQ� ORV�

VLJXLHQWHV�FULWHULRV��

�Ǥ͵Ǥ͵ǤͳǤ����������������������������������������������

3RU�XQ� ODGR��VH�DQDOL]DUiQ�FRPR� inputs�GHO�VLVWHPD� ODV�FRPELQDFLRQHV�GH� ODV�

FDUDFWHUtVWLFDV�TXH�KD\DQ�REWHQLGR�XQ�PHMRU�SXHVWR�HQ�HO�UDQNLQJ�GH�P505�SDUD�

FDGD�UHSRVLWRULR��3RU�WDQWR��SDUD�XQD�FRPELQDFLyQ�GH�GLPHQVLyQ�1��HVWR�HV��XQD�

FRPELQDFLyQ� FRPSXHVWD� SRU� 1� FDUDFWHUtVWLFDV�� VH� XWLOL]DUiQ� ODV� SULPHUDV� 1�

FDUDFWHUtVWLFDV�GH�ORV�UDQNLQJV��7DEOD�%�����(VWDV�FRPELQDFLRQHV��VH�UHPDUFDUiQ�

FRQ�XQ�ERUGH�GH�FRORU�PRUDGR�HQ�ODV�WDEODV�GH�UHVXOWDGRV�TXH�VH�PRVWUDUiQ�PiV�

DGHODQWH��7DEODV�%����%������

$Vt�PLVPR��VH�KD�FUHDGR�HO�VLJXLHQWH�UDQNLQJ�VHJ~Q�OD�LQIRUPDFLyQ�H[WUDtGD�GHO�

DQiOLVLV�JOREDO��(O�RUGHQ�HQ�OD�FODVLILFDFLyQ�FRUUHVSRQGHUi�FRQ�OD�SULRULGDG�TXH�

WHQGUi�HVD�FDUDFWHUtVWLFD�SDUD�VHU�DxDGLGD�D�OD�FRPELQDFLyQ�GH�LQSXWV�GH�HQWUDGD��

(VWH�UDQNLQJ�VH�XWLOL]DUi�D�OD�KRUD�GH�IXVLRQDU�ORV�UHVXOWDGRV�GHO�DQiOLVLV�P505�

\�$129$��
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��� �(��±�3RVWHULRUPHQWH�VH�FRPSUREDUi�TXH�HVWD�FDUDFWHUtVWLFD�QR�ௌெሺሻߤ
DIHFWD�VLJQLILFDWLYDPHQWH��

��� ��,��ௌெߛ
��� ��(��ߤ
��� ��%��ఠሺೌೣሻܣ
��� ����&��ௌெߪ
��� ܯܵ ெܸ��+�ߤ��ఏ��'��

/DV� FDUDFWHUtVWLFDV� �ௌெߤ ܯܵ���$� ெܸ௫� �*��� �ܣܯܵ �-��� �ܧ �.�� \� � �ௌெሺሻߤ �/�� VH�
GHVHFKDQ��

�Ǥ͵Ǥ͵ǤʹǤ�����������������������������������������������

$�SDUWLU�GH�OD�LQIRUPDFLyQ�H[WUDtGD�GH�ORV�$129$�UHDOL]DGRV�SDUD�FDGD�UHSRVLWRULR�

VH�KD�FUHDGR�HO�VLJXLHQWH�UDQNLQJ��6H�KD�WHQLGR�HQ�FXHQWD�HO�WDPDxR�GH�HIHFWR�

REWHQLGR�SDUD�FDGD�FDUDFWHUtVWLFD�\�ODV�WHQGHQFLDV�REVHUYDGDV�FRQ�ORV�GLIHUHQWHV�

UHSRVLWRULRV�� (O� RUGHQ� HQ� OD� FODVLILFDFLyQ� FRUUHVSRQGHUi� FRQ� OD� SULRULGDG� TXH�

WHQGUi�HVD�FDUDFWHUtVWLFD�SDUD�VHU�DxDGLGD�D�OD�FRPELQDFLyQ�GH�LQSXWV�GH�HQWUDGD�

DO� LJXDO�TXH�VH�KD�H[SOLFDGR�HQ�HO�DSDUWDGR�DQWHULRU��(VWDV�FRPELQDFLRQHV��VH�

UHPDUFDUiQ� FRQ� XQ� ERUGH� GH� FRORU� URVD� HQ� ODV� WDEODV� GH� UHVXOWDGRV� TXH� VH�

PRVWUDUiQ�D�FRQWLQXDFLyQ��7DEODV�%����%������

��� ��%��ఠሺೌೣሻܣ
��� ܯܵ���,��ௌெߛ ெܸ௫��*��\ܧ���.��
��� ��(��ߤ
��� ܯܵ���&��ௌெߪ ெܸ��+�ߤ��ఏ��'��

/DV�FDUDFWHUtVWLFDVߤ�ௌெ��$�ߤ��ௌெሺሻ�(���ܵܣܯ��ߤ��\��-ௌெሺሻ��/��VH�GHVHFKDQ��
�Ǥ͵Ǥ͵Ǥ͵Ǥ������������������������������������������������������

7DPELpQ� VH� HVWXGLDUiQ� ODV� FRPELQDFLRQHV� UHVXOWDQWHV� GH� IXVLRQDU� DPERV�

HVWXGLRV�� (VWDV� FRPELQDFLRQHV� FRQWHQGUiQ� ODV� FDUDFWHUtVWLFDV� TXH� VHDQ�

FRPXQHV� FRPR� UHOHYDQWHV� HQ� DPERV� HVWXGLRV�� 3DUD� HOOR� VH� KDUi� XVR� GH� ORV�

UDQNLQJV�JOREDOHV�TXH�VH�KDQ�PRVWUDGR�DQWHULRUPHQWH���
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(VWDV�FRPELQDFLRQHV��VH�UHPDUFDUiQ�FRQ�XQ�ERUGH�GH�FRORU�D]XO�HQ�ODV�WDEODV�GH�

UHVXOWDGRV�TXH�VH�PRVWUDUiQ�D�FRQWLQXDFLyQ��7DEODV�%����%������

127$�� /RV�PDORV� UHVXOWDGRV� REWHQLGRV� HQ� HO� DQiOLVLV� GHO� UHSRVLWRULR�'/5� VH�

GHEHQ�D�TXH�pVWH�FRQWLHQH�XQ�Q~PHUR�PX\�EDMR�GH�PRYLPLHQWRV�GHO�WLSR�FDtGD��

SRU�OR�TXH�VH�FRQVLJXHQ�HVSHFLILFLGDGHV�PX\�DOWDV��SHUR�XQD�VHQVLELOLGDG�QXOD�HQ�

OD� PD\RUtD� GH� ORV� FDVRV�� /R� TXH� SURYRFD� TXH� OD� PHGLD� JHRPpWULFD� GH� OD�

VHQVLELOLGDG�\�HVSHFLILFLGDG�WHQJD�YDORUHV�QXORV�R�PX\�EDMRV��

� � �>Z� �K&��� �ƌĐŝǇĞƐ� /Dh&�� ^ŝƐ&Ăůů� hƉͲ&Ăůů� hD�&Ăůů�

A ࢂࡹࡿࣆ� Ϭ͘ϬϬй� ϴϰ͘ϵϳй� ϳϳ͘ϰϰй� ϴϵ͘Ϭϴй� ϯϰ͘ϰϭй� Ϭ͘ϬϬй� Ϭ͘ϬϬй�

B ࢌࢌࢊ࣓ሺ࢞ࢇሻ � Ϭ͘ϬϬй� ϵϴ͘ϵϴй� ϵϰ͘ϭϴй� ϵϬ͘ϭϬй� ϴϮ͘ϴϴй� ϴϳ͘ϯϵй� ϱϵ͘ϱϳй�

C ࢂࡹࡿ࣌� Ϭ͘ϬϬй� ϵϲ͘ϱϰй� ϵϭ͘ϴϱй� ϵϯ͘ϯϬй� ϳϳ͘ϵϬй� ϴϳ͘ϴϳй� Ϭ͘ϬϬй�

D ࣂࣆ� Ϭ͘ϬϬй� ϴϰ͘ϲϮй� ϳϴ͘ϲϲй� ϴϲ͘ϳϭй� ϱϯ͘ϱϱй� ϳϱ͘ϮϮй� Ϭ͘ϬϬй�
E ࢂࡹࡿࣆሺࢌࢌࢊሻ � Ϭ͘ϬϬй� Ϭ͘ϬϬй� Ϭ͘ϬϬй� Ϭ͘ϬϬй� Ϭ͘ϬϬй� Ϭ͘ϬϬй� Ϭ͘ϬϬй�
F ࣆ� Ϭ͘ϬϬй� Ϭ͘ϬϬй� ϴϭ͘ϱϬй� ϴϯ͘ϯϲй� ϴϬ͘ϵϵй� Ϭ͘ϬϬй� ϴϬ͘Ϯϱй�

G ࢞ࢇࡹࢂࡹࡿ� Ϭ͘ϬϬй� ϵϳ͘ϱϳй� ϵϰ͘ϳϱй� ϴϲ͘Ϯϱй� ϳϵ͘ϳϳй� ϴϲ͘ϯϭй� ϯϯ͘ϴϵй�

H ࡹࢂࡹࡿ� Ϭ͘ϬϬй� ϲϮ͘ϭϵй� ϴϴ͘ϯϴй� ϲϯ͘ϲϰй� ϳϱ͘ϮϮй� ϴϰ͘ϱϮй� Ϭ͘ϬϬй�
I ࢂࡹࡿࢽ� Ϭ͘ϬϬй� ϴϴ͘ϭϬй� ϴϵ͘ϴϱй� ϳϴ͘ϱϮй� ϴϲ͘Ϭϴй� ϴϱ͘Ϭϵй� ϳϲ͘ϳϯй�
J ࡹࡿ� Ϭ͘ϬϬй� ϳϯ͘Ϯϴй� ϱϵ͘Ϭϭй� ϴϰ͘ϵϯй� ϳϬ͘ϳϵй� Ϭ͘ϬϬй� Ϭ͘ϬϬй�

K ࡱ� Ϭ͘ϬϬй� ϵϳ͘ϱϱй� Ϭ͘ϬϬй� ϵϯ͘ϱϬй� ϲϬ͘ϲϮй� Ϭ͘ϬϬй� Ϭ͘ϬϬй�

L ࡾࣆ� Ϭ͘ϬϬй� ϴϰ͘ϵϳй� ϳϳ͘ϰϰй� ϴϵ͘Ϭϴй� ϯϰ͘ϰϭй� Ϭ͘ϬϬй� Ϭ͘ϬϬй�

7DEOD�%�����0HGLD�DULWPpWLFD�GH�OD�PHGLD�JHRPpWULFD�GH�OD�VHQVLELOLGDG�\�HVSHFLILFLGDG�REWHQLGD�SRU�ORV�EORTXHV�
GH�H[SHULPHQWRV�UHDOL]DGRV�XWLOL]DQGR�FRPR�LQSXW�GHO�DOJRULWPR�690���VROD�FDUDFWHUtVWLFD��6H�UHPDUFD�FRQ�FRORU�
URVD�HO�ERUGH�GH�ORV�UHVXOWDGRV�GH�ODV�FRPELQDFLRQHV�TXH�VHJ~Q�HO�DQiOLVLV�$129$�KHPRV�FRQFOXLGR�TXH�SRGUtD�
WHQHU�XQ�PHMRU�HIHFWR�HQ�ORV�UHVXOWDGRV�\�HQ�PRUDGR�OD�FRPELQDFLyQ�TXH�SRGUtD�WHQHU�PHMRUHV�UHVXOWDGRV�VHJ~Q�
ORV�UHVXOWDGRV�GH�P505�

� �>Z� �K&��� �ƌĐŝǇĞƐ� /Dh&�� ^ŝƐ&Ăůů� hƉͲ&Ăůů� hD�&Ăůů�

EK Ϭ͘ϬϬй� ϵϳ͘ϵϯй� Ϭ͘ϬϬй� ϵϮ͘ϵϰй� ϲϮ͘ϯϳй� Ϭ͘ϬϬй� Ϭ͘ϬϬй�

BE Ϭ͘ϬϬй� ϵϵ͘ϯϭй� ϵϯ͘ϵϮй� ϴϵ͘ϱϭй� ϴϯ͘ϰϲй� ϴϳ͘ϯϵй� ϳϮ͘ϭϴй�

EG Ϭ͘ϬϬй� ϵϳ͘ϱϳй� ϵϰ͘ϯϱй� ϴϲ͘Ϯϱй� ϴϭ͘ϭϵй� ϴϲ͘ϯϭй� ϰϳ͘ϭϭй�

CI Ϭ͘ϬϬй� ϵϳ͘ϴϵй� ϵϰ͘ϰϰй� ϵϯ͘ϯϴй� ϴϲ͘ϳϱй� ϴϱ͘ϯϵй� ϳϳ͘ϵϴй�

CL Ϭ͘ϬϬй� ϵϲ͘ϱϰй� ϵϭ͘ϴϱй� ϵϯ͘ϯϬй� ϳϳ͘ϵϯй� ϴϳ͘ϱϳй� Ϭ͘ϬϬй�

BI Ϭ͘ϬϬй� ϵϵ͘ϯϭй� ϵϲ͘ϰϴй� ϵϲ͘ϰϴй� ϴϳ͘ϯϬй� ϴϲ͘ϭϵй� ϳϵ͘ϬϮй�
BG Ϭ͘ϬϬй� ϵϳ͘ϴϵй� ϵϱ͘Ϯϯй� ϵϱ͘Ϯϯй� ϳϵ͘ϵϴй� ϴϲ͘ϰϴй� ϲϰ͘ϰϬй�
BK ϭϲ͘ϲϳй� ϵϴ͘ϵϴй� ϵϰ͘ϭϴй� ϵϰ͘ϭϴй� ϴϴ͘ϰϲй� ϵϲ͘ϱϬй� ϵϲ͘Ϭϳй�

7DEOD� %���� � $OJXQDV� GH� ODV� PHGLDV� DULWPpWLFDV� GH� OD� PHGLD� JHRPpWULFD� GH� OD� VHQVLELOLGDG� \� HVSHFLILFLGDG� ���ඥܘ܁  ��܍܁ � REWHQLGD� SRU� ORV� EORTXHV� GH� H[SHULPHQWRV� UHDOL]DGRV� XWLOL]DQGR� FRPR� LQSXW� GHO� DOJRULWPR� 690� ��
FDUDFWHUtVWLFDV��6H�UHPDUFD�FRQ�FRORU�URVD�HO�ERUGH�GH�ORV�UHVXOWDGRV�GH�ODV�FRPELQDFLRQHV�TXH�VHJ~Q�HO�DQiOLVLV�
$129$�KHPRV�FRQFOXLGR�TXH�SRGUtD�WHQHU�XQ�PHMRU�HIHFWR�HQ�ORV�UHVXOWDGRV�\�HQ�PRUDGR�OD�FRPELQDFLyQ�TXH�
SRGUtD�WHQHU�PHMRUHV�UHVXOWDGRV�VHJ~Q�ORV�UHVXOWDGRV�GH�P505� �
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�

����

� �>Z� �K&��� �ƌĐŝǇĞƐ� /Dh&�� ^ŝƐ&Ăůů� hƉͲ&Ăůů� hD�&Ăůů�

EIK Ϭ͘ϬϬй� ϵϳ͘ϱϳй� ϵϬ͘ϭϲй� ϵϮ͘ϴϭй� ϴϲ͘ϯϲй� ϴϱ͘ϳϬй� ϳϴ͘ϲϱй�

BEH Ϭ͘ϬϬй� ϵϴ͘Ϯϰй� ϵϯ͘ϱϯй� ϴϵ͘ϴϴй� ϴϯ͘ϯϴй� ϴϴ͘ϯϱй� ϲϱ͘ϮϮй�

EFG Ϭ͘ϬϬй� ϵϳ͘Ϯϲй� ϵϲ͘ϭϰй� ϴϵ͘Ϯϭй� ϴϴ͘ϲϲй� ϴϱ͘ϭϭй� ϳϳ͘ϳϮй�

CFI Ϭ͘ϬϬй� ϵϳ͘ϴϵй� ϵϱ͘ϴϱй� ϵϮ͘ϱϲй� ϵϮ͘ϲϱй� ϴϳ͘ϴϱй� ϴϲ͘Ϯϰй�

BEF Ϭ͘ϬϬй� ϵϵ͘ϲϱй� ϵϰ͘ϲϮй� ϵϭ͘ϮϬй� ϴϵ͘ϯϬй� ϴϲ͘ϳϴй� ϴϭ͘ϭϱй�

CIL Ϭ͘ϬϬй� ϵϳ͘ϴϵй� ϵϰ͘ϯϯй� ϵϯ͘ϯϴй� ϴϲ͘ϬϮй� ϴϲ͘ϱϮй� ϳϲ͘ϴϰй�

BGI Ϭ͘ϬϬй� ϵϳ͘ϴϵй� ϵϲ͘ϱϱй� ϵϲ͘ϱϱй� ϴϳ͘ϳϳй� ϵϰ͘Ϭϯй� ϵϬ͘Ϭϱй�
BGK ϭϲ͘ϲϳй� ϵϳ͘ϱϵй� ϵϱ͘Ϯϳй� ϵϱ͘Ϯϳй� ϴϴ͘ϯϵй� ϵϲ͘ϱϬй� ϵϰ͘ϴϮй�
BIK ϰϵ͘ϴϳй� ϵϴ͘ϵϴй� ϵϲ͘ϰϴй� ϵϲ͘ϰϴй� ϴϵ͘ϰϰй� ϵϳ͘ϭϴй� ϵϯ͘ϴϳй�

BFI Ϭ͘ϬϬй� ϵϵ͘ϲϱй� ϵϲ͘ϭϭй� ϵϮ͘ϬϬй� ϵϮ͘ϳϬй� ϴϳ͘ϱϴй� ϴϲ͘ϱϴй�

7DEOD� %����� � $OJXQDV� GH� ODV�PHGLDV� DULWPpWLFDV� GH� OD�PHGLD� JHRPpWULFD� GH� OD� VHQVLELOLGDG� \� HVSHFLILFLGDG� ���ඥܘ܁  ��܍܁ REWHQLGD� SRU� ORV� EORTXHV� GH� H[SHULPHQWRV� UHDOL]DGRV� XWLOL]DQGR� FRPR� LQSXW� GHO� DOJRULWPR� 690� ��
FDUDFWHUtVWLFDV��6H�UHPDUFD�FRQ�FRORU�URVD�HO�ERUGH�GH�ORV�UHVXOWDGRV�GH�ODV�FRPELQDFLRQHV�TXH�VHJ~Q�HO�DQiOLVLV�
$129$�KHPRV�FRQFOXLGR�TXH�SRGUtD�WHQHU�XQ�PHMRU�HIHFWR�HQ�ORV�UHVXOWDGRV��HQ�PRUDGR�OD�FRPELQDFLyQ�TXH�
SRGUtD�WHQHU�PHMRUHV�UHVXOWDGRV�VHJ~Q�ORV�UHVXOWDGRV�GH�P505�\�HQ�D]XO�OD�FRPELQDFLyQ�REWHQLGD�DO�FRPELQDU�
DPERV�UHVXOWDGRV��

� �>Z� �K&��� �ƌĐŝǇĞƐ� /Dh&�� ^ŝƐ&Ăůů� hƉͲ&Ăůů� hD�&Ăůů�

EFIK Ϭ͘ϬϬй� ϵϳ͘ϱϳй� ϵϭ͘ϵϴй� ϵϰ͘Ϭϭй� ϵϮ͘ϯϳй� ϴϲ͘ϬϮй� ϴϲ͘ϴϬй�

BEFH Ϭ͘ϬϬй� ϵϴ͘Ϯϰй� ϵϰ͘Ϭϭй� ϵϭ͘ϱϰй� ϵϬ͘ϳϯй� ϴϱ͘ϴϮй� ϴϲ͘ϵϯй�

EFGI Ϭ͘ϬϬй� ϵϳ͘ϱϳй� ϵϲ͘ϬϬй� ϵϭ͘ϯϭй� ϵϮ͘ϵϬй� ϴϴ͘ϲϬй� ϴϲ͘Ϯϰй�

CEFI Ϭ͘ϬϬй� ϵϳ͘ϴϵй� ϵϱ͘ϳϬй� ϵϮ͘ϱϳй� ϵϮ͘ϳϲй� ϴϴ͘Ϯϭй� ϴϲ͘Ϯϰй�

BEFI Ϭ͘ϬϬй� ϵϵ͘ϲϱй� ϵϲ͘ϭϭй� ϵϮ͘ϬϬй� ϵϮ͘ϲϵй� ϴϳ͘ϵϰй� ϴϲ͘ϰϭй�

CDIL Ϭ͘ϬϬй� ϵϳ͘ϱϳй� ϵϲ͘ϵϯй� ϵϮ͘ϵϴй� ϴϱ͘ϵϵй� ϵϬ͘Ϯϯй� ϳϵ͘Ϯϱй�

BGIK ϰϵ͘ϴϳй� ϵϳ͘ϱϵй� ϵϲ͘ϱϱй� ϵϲ͘ϱϱй� ϴϵ͘ϭϭй� ϵϳ͘ϭϴй� ϵϰ͘Ϭϲй�

BCFI Ϭ͘ϬϬй� ϵϳ͘ϴϵй� ϵϳ͘ϴϵй� ϵϯ͘Ϭϴй� ϵϯ͘ϭϵй� ϵϰ͘ϳϬй� ϴϵ͘ϳϭй�

7DEOD� %����� � $OJXQDV� GH� ODV�PHGLDV� DULWPpWLFDV� GH� OD�PHGLD� JHRPpWULFD� GH� OD� VHQVLELOLGDG� \� HVSHFLILFLGDG� ��ξࡿ  ��ࢋࡿ REWHQLGD� SRU� ORV� EORTXHV� GH� H[SHULPHQWRV� UHDOL]DGRV� XWLOL]DQGR� FRPR� LQSXW� GHO� DOJRULWPR� 690� ��
FDUDFWHUtVWLFDV��6H�UHPDUFD�FRQ�FRORU�URVD�HO�ERUGH�GH�ORV�UHVXOWDGRV�GH�ODV�FRPELQDFLRQHV�TXH�VHJ~Q�HO�DQiOLVLV�
$129$�KHPRV�FRQFOXLGR�TXH�SRGUtD�WHQHU�XQ�PHMRU�HIHFWR�HQ�ORV�UHVXOWDGRV��HQ�PRUDGR�OD�FRPELQDFLyQ�TXH�
SRGUtD�WHQHU�PHMRUHV�UHVXOWDGRV�VHJ~Q�ORV�UHVXOWDGRV�GH�P505�\�HQ�D]XO�OD�FRPELQDFLyQ�REWHQLGD�DO�FRPELQDU�
DPERV�UHVXOWDGRV�� �
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� �>Z� �K&��� �ƌĐŝǇĞƐ� /Dh&�� ^ŝƐ&Ăůů� hƉͲ&Ăůů� hD�&Ăůů�

DEFIK Ϭ͘ϬϬй� ϵϳ͘ϱϳй� ϵϮ͘Ϯϲй� ϵϯ͘ϰϵй� ϵϮ͘ϳϮй� ϴϱ͘ϯϯй� ϴϴ͘Ϯϳй�

BEFHI Ϭ͘ϬϬй� ϵϳ͘ϴϵй� ϵϲ͘ϯϬй� ϵϮ͘Ϯϭй� ϵϯ͘ϯϲй� ϴϵ͘ϳϴй� ϴϵ͘Ϯϳй�

EFGHI Ϭ͘ϬϬй� ϵϲ͘ϭϯй� ϵϲ͘ϭϰй� ϵϬ͘ϵϮй� ϵϯ͘ϲϴй� ϵϮ͘ϴϲй� ϵϯ͘ϳϲй�

ACEFI Ϭ͘ϬϬй� ϵϳ͘ϴϵй� ϵϱ͘ϳϱй� ϵϮ͘Ϯϭй� ϵϰ͘ϳϲй� ϵϬ͘ϮϬй� ϴϴ͘ϱϱй�

BEFIJ ϰϵ͘ϳϰй� ϵϵ͘ϲϱй� ϵϲ͘ϱϮй� ϵϮ͘ϬϬй� ϵϯ͘Ϯϲй� ϵϯ͘ϲϯй� ϴϴ͘ϱϵй�

CDIKL ϰϵ͘ϳϰй� ϵϳ͘ϱϳй� ϵϲ͘ϵϮй� ϵϮ͘ϳϴй� ϴϲ͘ϳϳй� ϵϳ͘ϰϬй� ϴϴ͘Ϭϲй�

BFGIK ϰϵ͘ϴϳй� ϵϳ͘ϴϵй� ϵϲ͘ϯϬй� ϵϲ͘ϯϬй� ϵϰ͘ϰϯй� ϵϳ͘ϭϴй� ϵϱ͘ϭϳй�

BCDFI Ϭ͘ϬϬй� ϵϳ͘ϴϵй� ϵϳ͘ϴϵй� ϵϯ͘Ϯϲй� ϵϰ͘ϬϮй� ϵϲ͘ϲϵй� ϴϵ͘ϴϯй�
BCFHI ϭϲ͘ϱϰй� ϵϳ͘ϴϵй� ϵϳ͘ϴϵй� ϵϯ͘ϭϰй� ϵϯ͘ϵϳй� ϵϳ͘ϳϭй� ϵϱ͘ϭϰй�

7DEOD� %����� � $OJXQDV� GH� ODV�PHGLDV� DULWPpWLFDV� GH� OD�PHGLD� JHRPpWULFD� GH� OD� VHQVLELOLGDG� \� HVSHFLILFLGDG� ���ඥܘ܁  ��܍܁ � REWHQLGD� SRU� ORV� EORTXHV� GH� H[SHULPHQWRV� UHDOL]DGRV� XWLOL]DQGR� FRPR� LQSXW� GHO� DOJRULWPR� 690� ��
FDUDFWHUtVWLFDV�� 6H� UHPDUFD� FRQ� FRORU�PRUDGR� HO� ERUGH� GH� ORV� UHVXOWDGRV� GH� ODV� FRPELQDFLRQHV� TXH�P505�
LQGLFDED�FRPR�PHMRUHV�SDUD�FDGD�UHSRVLWRULR��

� �>Z� �K&��� �ƌĐŝǇĞƐ� /Dh&�� ^ŝƐ&Ăůů� hƉͲ&Ăůů� hD�&Ăůů�

BCFGIK ϰϵ͘ϴϳй� ϵϳ͘ϴϵй� ϵϳ͘ϴϵй� ϵϮ͘ϭϲй� ϵϲ͘ϯϮй� ϵϳ͘ϮϬй� ϵϱ͘ϯϯй�

BDFGIK ϰϵ͘ϴϳй� ϵϳ͘ϴϵй� ϵϳ͘ϴϵй� ϵϮ͘ϳϬй� ϵϰ͘ϱϲй� ϵϳ͘ϳϲй� ϵϱ͘ϴϲй�
BFGHIK ϱϬ͘ϬϬй� ϵϳ͘ϴϵй� ϵϳ͘ϴϵй� ϵϮ͘ϯϰй� ϵϱ͘ϯϳй� ϵϴ͘ϱϳй� ϵϲ͘ϭϭй�
BCDFHI ϯϯ͘ϮϬй� ϵϳ͘ϴϵй� ϵϳ͘ϴϵй� ϵϯ͘ϭϰй� ϵϰ͘ϭϳй� ϵϴ͘ϱϰй� ϵϰ͘ϵϲй�

7DEOD� %����� � $OJXQDV� GH� ODV�PHGLDV� DULWPpWLFDV� GH� OD�PHGLD� JHRPpWULFD� GH� OD� VHQVLELOLGDG� \� HVSHFLILFLGDG� ��ඥܘ܁  ��܍܁ � REWHQLGD� SRU� ORV� EORTXHV� GH� H[SHULPHQWRV� UHDOL]DGRV� XWLOL]DQGR� FRPR� LQSXW� GHO� DOJRULWPR� 690� ��
FDUDFWHUtVWLFDV�� 6H� UHPDUFD� FRQ� FRORU�PRUDGR� HO� ERUGH� GH� ORV� UHVXOWDGRV� GH� ODV� FRPELQDFLRQHV� TXH�P505�
LQGLFDED�FRPR�PHMRUHV�SDUD�FDGD�UHSRVLWRULR��

� �>Z� �K&��� �ƌĐŝǇĞƐ� /Dh&�� ^ŝƐ&Ăůů� hƉͲ&Ăůů� hD�&Ăůů�

BCDFGIK ϰϵ͘ϴϳй� ϵϳ͘ϴϵй� ϵϴ͘ϭϯй� ϵϮ͘ϱϲй� ϵϲ͘ϯϲй� ϵϴ͘ϭϲй� ϵϱ͘ϯϭй�

BCFGHIK ϱϬ͘ϬϬй� ϵϳ͘ϴϵй� ϵϲ͘ϯϰй� ϵϮ͘ϯϳй� ϵϱ͘ϵϭй� ϵϴ͘ϮϬй� ϵϱ͘ϳϳй�

BDFGHIK ϱϬ͘ϬϬй� ϵϳ͘ϴϵй� ϵϳ͘ϳϯй� ϵϮ͘ϱϱй� ϵϱ͘Ϯϲй� ϵϵ͘ϲϱй� ϵϱ͘ϵϰй�

7DEOD� %����� � $OJXQDV� GH� ODV�PHGLDV� DULWPpWLFDV� GH� OD�PHGLD� JHRPpWULFD� GH� OD� VHQVLELOLGDG� \� HVSHFLILFLGDG� ��ඥܘ܁  ��܍܁ � REWHQLGD� SRU� ORV� EORTXHV� GH� H[SHULPHQWRV� UHDOL]DGRV� XWLOL]DQGR� FRPR� LQSXW� GHO� DOJRULWPR� 690� ��
FDUDFWHUtVWLFDV�� 6H� UHPDUFD� FRQ� FRORU�PRUDGR� HO� ERUGH� GH� ORV� UHVXOWDGRV� GH� ODV� FRPELQDFLRQHV� TXH�P505�
LQGLFDED�FRPR�PHMRUHV�SDUD�FDGD�UHSRVLWRULR��

� �>Z� �K&��� �ƌĐŝǇĞƐ� /Dh&�� ^ŝƐ&Ăůů� hƉͲ&Ăůů� hD�&Ăůů�

BCDFGHIK ϰϵ͘ϴϳй� ϵϳ͘ϴϵй� ϵϳ͘ϳϮй� ϵϮ͘ϱϱй� ϵϱ͘ϴϵй� ϵϵ͘Ϯϵй� ϵϱ͘ϳϴй�

7DEOD� %����� � $OJXQDV� GH� ODV�PHGLDV� DULWPpWLFDV� GH� OD�PHGLD� JHRPpWULFD� GH� OD� VHQVLELOLGDG� \� HVSHFLILFLGDG� ��ඥܘ܁  ��܍܁ � REWHQLGD� SRU� ORV� EORTXHV� GH� H[SHULPHQWRV� UHDOL]DGRV� XWLOL]DQGR� FRPR� LQSXW� GHO� DOJRULWPR� 690� ��
FDUDFWHUtVWLFDV�� 6H� UHPDUFD� FRQ� FRORU�PRUDGR� HO� ERUGH� GH� ORV� UHVXOWDGRV� GH� ODV� FRPELQDFLRQHV� TXH�P505�
LQGLFDED�FRPR�PHMRUHV�SDUD�FDGD�UHSRVLWRULR��

� �>Z� �K&��� �ƌĐŝǇĞƐ� /Dh&�� ^ŝƐ&Ăůů� hƉͲ&Ăůů� hD�&Ăůů�
ABCDEFGHIJKL ϲϲ͘ϲϳй� ϵϵ͘ϲϱй� ϵϮ͘ϭϮй� ϵϮ͘ϭϮй� ϵϱ͘ϵϯй� ϵϴ͘ϱϱй� ϵϱ͘ϰϲй�

7DEOD�%������0HGLD�DULWPpWLFD�GH�OD�PHGLD�JHRPpWULFD�GH�OD�VHQVLELOLGDG�\�HVSHFLILFLGDG�REWHQLGD�SRU�ORV�EORTXHV�
GH�H[SHULPHQWRV�UHDOL]DGRV�XWLOL]DQGR�FRPR�LQSXW�GHO�DOJRULWPR�690�ODV����FDUDFWHUtVWLFDV�HVWXGLDGDV��
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�Ǥ͵ǤͶǤ������������À����ௌெሺሻߤ�� �ȋ�Ȍ�
&RPR� VH� SXHGH� REVHUYDU� HQ� OD� 7DEOD� %���� \� \D� VH� FRPHQWy� HQ� DQWHULRUHV�

DSDUWDGRV��P505�FDWDORJD�D�OD�FDUDFWHUtVWLFDࢂࡹࡿࣆ�ሺࢌࢌࢊሻ��(��FRPR�XQD�GH�ODV�PiV�
LPSRUWDQWHV�� 6LQ� HPEDUJR�� HO� DQiOLVLV� $129$� QRV� LQGLFD� TXH� HO� HIHFWR� TXH�

SURGXFH�HQ�HO�UHVXOWDGR�HV� LQVLJQLILFDQWH��$�FRQWLQXDFLyQ��FRPSDUDUHPRV�HVDV�

FRPELQDFLRQHV�UHVSHFWR�D�DTXHOODV�TXH�QR�LQFOX\HQ�GLFKD�FDUDFWHUtVWLFD��

�
&RPELQDFLyQ�
UHFRPHQGDGD�
SRU�P505�

5HVXOWDGR�ඥܵ  ܵ݁� &RPELQDFLyQ�
UHFRPHQGDGD�
SRU�P505�

VLQ�(�

5HVXOWDGR�ඥܵ  ܵ݁�
'/5� EIK �� IK ��

'2)'$� BEF ������� BF �������

(5&,<(6� EFI ������� FI �������

,08)'� CFI ������� CFI �������

6LV)DOO� BEF ������� BF �������

83�)DOO� CIL ������� CIL �������

80$)DOO� BEF ������� BF �������

7DEOD�%�����&RPSDUDFLyQ�GH�ORV�UHVXOWDGRV�REWHQLGRV�FRQ�ODV�FRPELQDFLRQHV�GH���IDFWRUHV�UHFRPHQGDGDV�SRU�
P505�UHVSHFWR�D�GLFKDV�FRPELQDFLRQHV�VLQ�OD�XWLOL]DFLyQ�GH�OD�FDUDFWHUtVWLFDࢂࡹࡿࣆ�ሺࢌࢌࢊሻ ���(���

�
&RPELQDFLyQ�
UHFRPHQGDGD�
SRU�P505�

5HVXOWDGR�ඥܵ  ܵ݁� &RPELQDFLyQ�
UHFRPHQGDGD�
SRU�P505�

VLQ�(�

5HVXOWDGR�ඥܵ  ܵ݁�
'/5� EFIK �� FIK ��

'2)'$� BEFH ������� BFH �������

(5&,<(6� EFGI ������� FGI �������

,08)'� CEFI ������� CFI �������

6LV)DOO� BEFI ������� BFI �������

83�)DOO� CDIL ������� CDIL �������

80$)DOO� BEFI ϴϲ͘ϰϭ�й� FGHI ��������

7DEOD�%�����&RPSDUDFLyQ�GH�ORV�UHVXOWDGRV�REWHQLGRV�FRQ�ODV�FRPELQDFLRQHV�GH���IDFWRUHV�UHFRPHQGDGDV�SRU�
P505�UHVSHFWR�D�GLFKDV�FRPELQDFLRQHV�VLQ�OD�XWLOL]DFLyQ�GH�OD�FDUDFWHUtVWLFDࢂࡹࡿࣆ�ሺࢌࢌࢊሻ ���(���
� �
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�

&RPELQDFLyQ�

UHFRPHQGDGD�

SRU�P505�

5HVXOWDGR�ඥܵ  ܵ݁�
&RPELQDFLyQ�

UHFRPHQGDGD�

SRU�P505�

VLQ�(�

5HVXOWDGR�ඥܵ  ܵ݁�
'/5� DEFIK� �� DFIK ��

'2)'$� BEFHI� ������� BFHI �������

(5&,<(6� EFGHI� ϵϲ͘ϭϰй� FGHI �������

,08)'� ACEFI� ϵϮ͘Ϯϭй� ACFI �������

6LV)DOO� BEFIJ� ϵϯ͘Ϯϲй� BFIJ �������

83�)DOO� CDIKL� ϵϳ͘ϰϬй� CDIKL ϵϳ͘ϰϬй�

80$)DOO� BEFHI� ϴϵ͘Ϯϳй� BFHI �������

7DEOD�%�����&RPSDUDFLyQ�GH�ORV�UHVXOWDGRV�REWHQLGRV�FRQ�ODV�FRPELQDFLRQHV�GH���IDFWRUHV�UHFRPHQGDGDV�SRU�
P505�UHVSHFWR�D�GLFKDV�FRPELQDFLRQHV�VLQ�OD�XWLOL]DFLyQ�GH�OD�FDUDFWHUtVWLFDࢂࡹࡿࣆ�ሺࢌࢌࢊሻ ���(���
&RPR� VH� REVHUYD� HQ� ODV� WDEODV� %����%���� OD� H[FOXVLyQ� GH� OD� FDUDFWHUtVWLFDࢂࡹࡿࣆ�ሺࢌࢌࢊሻ��(��QR�UHSHUFXWH�GH�IRUPD�VLJQLILFDWLYD�HQ�OD�PHGLD�GH��ඥܵ  ܵ݁���WDO�\�
FRPR�LQGLFD�HO�DQiOLVLV�$129$��HO�FXDO�VHxDODED�D�GLFKD�FDUDFWHUtVWLFD�FRPR�QR�

VLJQLILFDWLYD��

�Ǥ͵ǤͷǤ��������×����������������������������������������������

2EVHUYDQGR� ODV� WDEODV� 7DEODV� %��� �%���� VH� SXHGH� LQWXLU� FXiOHV� VRQ� ODV�

FRPELQDFLRQHV�GH�FDUDFWHUtVWLFDV�GH�HQWUDGD�GHO�VLVWHPD�TXH�SHUPLWHQ�GLVFHUQLU�

HQWUH�FDtGDV�\�$'/�FRQ�XQD�PD\RU�VHQVLELOLGDG�\�HVSHFLILFLGDG��6LQ�HPEDUJR��

HVWRV� YDORUHV� QR� QRV� SHUPLWHQ� D� VLPSOH� YLVWD� GHPRVWUDU� ODV� GLIHUHQFLDV�

HVWDGtVWLFDV�H[LVWHQWHV��SRU�HOOR��VH�KD�UHDOL]DGR�XQ�DQiOLVLV�$129$�SDUD�FDGD�

XQR�GH�ORV�UHSRVLWRULRV��KDFLHQGR�XVR�GH�ORV�YDORUHV��\D�FDOFXODGRV�HQ�HO�DSDUWDGR�

%������GH�OD�PHGLD�JHRPpWULFD�GH�OD�VHQVLELOLGDG�\�HVSHFLILFLGDG�REWHQLGD�SDUD�

ODV� GLIHUHQWHV� FRPELQDFLRQHV� GH� HQWUDGD� SDUD� FDGD� XQR� GH� ORV� �� subsets� GH�

WHVWHR��/RV�UHVXOWDGRV�VH�HQFXHQWUDQ�JUiILFDPHQWH�UHSUHVHQWDGRV�PHGLDQWH�XQD�

SUXHED�GH�P~OWLSOH�FRPSDUDFLyQ�HQ�OD�)LJXUD�%����

/RV� UHVXOWDGRV� GHO� DOJRULWPR� P505� QRV� SHUPLWHQ� VHOHFFLRQDU�� FRQ� XQ� FRVWH�

FRPSXWDFLRQDO�PXFKR�PHQRU�TXH�XQ�$129$�IDFWRULDO��DOJXQDV�FDUDFWHUtVWLFDV�

TXH�VHJ~Q�SRGHPRV�FRPSUREDU�GDQ�OXJDU�D�UHVXOWDGRV�EDVWDQWH�DFHSWDEOHV��1R�
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REVWDQWH��ODV�FDUDFWHUtVWLFDV�\�RUGHQ�GH�LPSRUWDQFLD�TXH�HO�DOJRULWPR�UHFRPLHQGD�

SDUD� FDGD� UHSRVLWRULR� YDUtDQ� GUiVWLFDPHQWH�� (VWH� KHFKR� SURYRFD� TXH�� HQ�

GHWHUPLQDGDV�RFDVLRQHV��DO�XWLOL]DU�HVSHFtILFDV�FRPELQDFLRQHV�UHFRPHQGDGDV��HO�

VLVWHPD� IXQFLRQH�FRQ�DOWDV�SUHVWDFLRQHV�DO� DQDOL]DU� FLHUWR� UHSRVLWRULR�� SHUR�VX�

UHQGLPLHQWR�EDMH�GUiVWLFDPHQWH�DO�SUREDU�FRQ�RWUR��'HELGR�D�TXH�HO�REMHWLYR�GH�

HVWH�HVWXGLR�HV�FRQVHJXLU�XQ�PRGHOR�GH�GHWHFFLyQ�GH�FDtGDV�UREXVWR�\�IOH[LEOH��

VH�RSWD�SRU�GHVHFKDU�GLFKDV�FRPELQDFLRQHV��

3DUD� HVWD� H[SHULHQFLD� VH� KDQ� VHOHFFLRQDGR� ODV� FRPELQDFLRQHV� GHULYDGDV� GHO�

$129$�UHDOL]DGR�HQ�OD�VHFFLyQ�%�����\�WDPELpQ�ODV�FRPSRVLFLRQHV�UHVXOWDQWHV�

GH�IXVLRQDU�OD�LQIRUPDFLyQ�GH�HVWD�VHFFLyQ�PHQFLRQDGD�MXQWR�FRQ�ORV�UHVXOWDGRV�

GHO� DOJRULWPR� P505� �VHFFLyQ� %������� (Q� DPEDV� RFDVLRQHV�� VH� DQDOL]DQ� ODV�

FRPELQDFLRQHV� TXH� WLHQHQ� DO� PHQRV� �� FDUDFWHUtVWLFDV�� \D� TXH� VRQ� ORV� FDVRV�

GRQGH�SRGHPRV�REVHUYDU�TXH�HQ�OD�PD\RUtD�GH�ORV�UHSRVLWRULRV�VH�REWLHQH�XQD�

PpWULFD�GH�OD�PHGLD�JHRPpWULFD�GH�OD�VHQVLELOLGDG�\�OD�HVSHFLILFLGDG�VXSHULRU�R�

FHUFDQD�DO������

3DUD�GLIHUHQFLDU�GH�XQD�PDQHUD�PiV�VHQFLOOD�FDGD�FRPELQDFLyQ��VH�KD�DVLJQDGR�

XQ� LGHQWLILFDGRU�D�FDGD�XQD�GH�HOODV��GLFKD� LQIRUPDFLyQ�VH�UHFRJH�HQ� OD�7DEOD�

%�����

/�� �ŽŵďŝŶĂĐŝŽŶĞƐ�
ϭ� BFI 
Ϯ� BGI 
ϯ� BGK 
ϰ� BIK 
ϱ� BGIK 
ϲ� BCFI 
ϳ� BFGIK 
ϴ� BCDFI 
ϵ� BCFHI 
ϭϬ� BCFGIK 
ϭϭ� BDFGIK 
ϭϮ� BFGHIK 
ϭϯ� BCDFHI 
ϭϰ� BCDFGIK 
ϭϱ� BCFGHIK 
ϭϲ� BDFGHIK 
ϭϳ� BCDFGHIK 
ϭϴ� ABCDEFGHIJKL 

7DEOD�%�����&RPELQDFLRQHV�VHOHFFLRQDGDV�FRPR�SRVLEOHV�PHMRUHV�MXQWR�DO�LGHQWLILFDGRU�DVLJQDGR��



$SpQGLFH�%��$QiOLVLV�GH�ODV�FDUDFWHUtVWLFDV�TXH�GHVFULEHQ�ORV�PRYLPLHQWRV�
�

����

� �

�D�� �E��

��� �

�F�� �G��

� �

�H�� �I��

)LJXUD�%����5HSUHVHQWDFLyQ�JUiILFD�GHO�WHVW�GH�FRPSDUDFLyQ�P~OWLSOH�UHDOL]DGR�FRQ�ORV�UHVXOWDGRV�GHO�$129$���
ZD\�SDUD�FRPSUREDU�OD�VLJQLILFDQFLD�HVWDGtVWLFD�H[LVWHQWH�HQWUH�ORV�UHVXOWDGRV�REWHQLGRV�SRU�HO�VLVWHPD�DO�XWLOL]DU�
GLIHUHQWHV�FDUDFWHUtVWLFDV�GH�HQWUDGD�\�HO�DOJRULWPR�Support Vector Machine��690���6H�KD�XWLOL]DGR�XQࢻ� ൌ Ǥ�\�
FRPR�WLSR�GH�YDORU�FUtWLFR�/6'��)LVKHU¶V�/HDVW�6LJQLILFDQW�'LIIHUHQFH��SDUD�FDGD�UHSRVLWRULR��

7DO�\�FRPR�VH�GHPXHVWUD�HQ� ODV�JUiILFDV�GH� OD�)LJXUD�%���� ODV�FRPELQDFLRQHV�

IRUPDGDV� SRU� �� R� PiV� GH� ODV� FDUDFWHUtVWLFDV� VHOHFFLRQDGDV� FRPR� PiV�

UHSUHVHQWDWLYDV� HQ� JUDQ� SDUWH� GH� ODV� H[SHULHQFLDV� QR� VRQ� VLJQLILFDWLYDPHQWH�

GLIHUHQWHV�ODV�XQDV�GH�ODV�RWUDV��(O�FDVR�SHRU�RFXUUH�DO�DQDOL]DU�ORV�UHSRVLWRULRV�

(UFL\HV� \� 6LV)DOO�� GRQGH� OD� PHGLD� GH� OD� FRPELQDFLyQ� TXH� FRQVLJXH� PHMRU�
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UHQGLPLHQWR�GLILHUH�VLJQLILFDWLYDPHQWH�GH�XQ�Q~PHUR�PD\RU�GH�FRPELQDFLRQHV��

(Q�HVWD�H[SHULHQFLD�GHVWDFD�OD�FRPELQDFLyQ�FX\D�,'�HV�����OD�FRPELQDFLyQ�TXH�

LQFOX\H� WRGDV� ODV� FDUDFWHUtVWLFDV� HVWXGLDGDV�� \D� TXH� QXQFD� GLILHUH�

VLJQLILFDWLYDPHQWH�GH�OD�FRPELQDFLyQ�TXH�DSRUWD�PD\RU�UHQGLPLHQWR��SHUR�GH�XQD�

PDQHUD� D~Q� PiV� UHOHYDQWH� OD� FRPELQDFLyQ� FRQ� ,'� ���� \D� TXH� LQFOX\HQGR�

VRODPHQWH���GH�ODV����FRPELQDFLRQHV�HVWXGLDGDV��HV�MXQWR�D�OD����OD�~QLFD�TXH�

VH�PDQWLHQH� FRPR�QR� VLJQLILFDWLYDPHQWH�GLIHUHQWH�D� OD�TXH�PHMRU� UHQGLPLHQWR�

SURSRUFLRQD�HQ�FDGD�FDVR��

�Ǥ͵ǤǤ����������×��������������������������������������������Ǧ���

(Q�HVWH�DSDUWDGR�VH�XWLOL]DQ�ORV�PLVPRV�subsets�GH�HQWUHQDPLHQWR�\�WHVWHR�TXH�

KDQ� VLGR� HPSOHDGRV� KDVWD� DKRUD�� DVt� FRPR�� ODV� FRPELQDFLRQHV� GH� ODV�

FDUDFWHUtVWLFDV� GH� HQWUDGD� TXH� VH� XWLOL]DURQ� HQ� HO� DSDUWDGR� DQWHULRU�� DO�

FRQVLGHUDUODV�FRPR�VXSXHVWDPHQWH�PiV�UHFRPHQGDEOHV��6LQ�HPEDUJR��HQ�OXJDU�

GH� XWLOL]DU� HO� DOJRULWPR� GH� DSUHQGL]DMH� VXSHUYLVDGR� Support Vector Machine 

�690��VH�KDUi�XVR�GH�RWUR�DOJRULWPR�GH�DSUHQGL]DMH�VXSHUYLVDGR��HQ�FRQFUHWR�GH�

k-Nearest Neighbours� �N�11��� (O� REMHWLYR� HV� DQDOL]DU� HO� FRPSRUWDPLHQWR� TXH�

WLHQH� HVWH� DOJRULWPR� DO� XWLOL]DU� ODV� FDUDFWHUtVWLFDV� VHOHFFLRQDGDV� SDUD� VHU�

XWLOL]DGDV�FRQ�690��

� �
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��JURXSV�KDYH�URZ�PHDQV�VLJQLILFDQWO\�GLIIHUHQW�IURP�*URXS���
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6RXUFH��,08)'���$OJRULWKP��.11
�
���3RVLWLRQ��:$,67
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���JURXSV�KDYH�URZ�PHDQV�VLJQLILFDQWO\�GLIIHUHQW�IURP�*URXS��

��
��
��
��
��
��
��
��
��
�
�
�
�
�
�
�
�
�

&
RP

EL
QD
WLR
QV
�,'

&203$5,621�2)�,1387�&20%,1$7,216
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6RXUFH��6LV)DOO���$OJRULWKP��.11
�
���3RVLWLRQ��:$,67

���� ���� ���� ���� ���� ���� �

��JURXSV�KDYH�URZ�PHDQV�VLJQLILFDQWO\�GLIIHUHQW�IURP�*URXS���
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0XOWLSOH�FRPSDULVRQ�WHVW�EDVHG�RQ���ZD\V�$129$

6RXUFH��80$)DOO���$OJRULWKP��.11
�
���3RVLWLRQ��:$,67

���� ���� ���� ���� ���� � ����

��JURXSV�KDYH�URZ�PHDQV�VLJQLILFDQWO\�GLIIHUHQW�IURP�*URXS��
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0XOWLSOH�FRPSDULVRQ�WHVW�EDVHG�RQ���ZD\V�$129$

6RXUFH��83�)DOO���$OJRULWKP��.11
�
���3RVLWLRQ��:$,67
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(Q�SULPHU�OXJDU��WDQWR�HO�DQiOLVLV�UHDOL]DGR�FRQ�P505�FRPR�HO�$129$�PXHVWUDQ�

TXH�OD�KHWHURJHQHLGDG�GH�ODV�FDUDFWHUtVWLFDV�LQWUtQVHFDV�GH�FDGD�UHSRVLWRULR�>��@

DIHFWDQ� D� OD� KRUD� GH� FODVLILFDU� PXHVWUDV�� /RV� DQiOLVLV� H[SRQHQ� TXH� ORV�

HVWDGtVWLFRV�GH�HQWUDGD�SDUD�FDUDFWHUL]DU�ORV�PRYLPLHQWRV�DIHFWDQ�GH�GLIHUHQWH�

IRUPD� VHJ~Q� HO� UHSRVLWRULR� HVWXGLDGR�� 6LQ� HPEDUJR�� WDPELpQ� GHPXHVWUDQ�

SDWURQHV�TXH�VH�UHSLWHQ�HQ�ORV�GLIHUHQWHV�HVWXGLRV��

ͻ� ([LVWHQ� FDUDFWHUtVWLFDV� TXH� SDUHFHQ� QR� DSRUWDU� LQIRUPDFLyQ� UHOHYDQWH� DO�

VLVWHPD�D� OD�KRUD�GH�FODVLILFDU��7DQWR�$129$�FRPR�P505�FRLQFLGHQ�HQ�

TXHߤ�ௌெ��$���ܵܣܯ��ߤ��\��-ோ��/��QR�VRQ�FDUDFWHUtVWLFDV�DFRQVHMDEOHV��
ͻ� 3RU� RWUR� ODGR�� ODV� FDUDFWHUtVWLFDV� �ሻ࢞ࢇሺࢌࢌࢊ࣓ �ࣆ���%� �)�� \� �ࢂࡹࡿࢽ �,��� VRQ�

FRQVLGHUDGDV�HQ�DPERV�DQiOLVLV�FRPR�FDUDFWHUtVWLFDV�UHOHYDQWHV�D�OD�KRUD�

GH� FODVLILFDU�� $VLPLVPR�� $129$� UHYHOD� TXH� OD� LQWHUDFFLyQ� GH� GLFKDV�

FDUDFWHUtVWLFDV�WDPELpQ�DSRUWD�YDORU�DO�UHVXOWDGR�ILQDO���

ͻ $129$�GHPXHVWUD�TXH࢞ࢇࡹࢂࡹࡿ��*��DIHFWD�VLJQLILFDWLYDPHQWH�D�OD�KRUD�GH�
FODVLILFDU�\�TXH��DGHPiV��VX�LQWHUDFFLyQ�FRQ�ODV�FDUDFWHUtVWLFDV�LQGLFDGDV�HQ�

HO� SXQWR� DQWHULRU� DIHFWD� SRVLWLYDPHQWH� \� GH� IRUPD� VLJQLILFDWLYD� HQ� HO�

UHQGLPLHQWR�GHO�VLVWHPD��

�ǤͶǤʹǤ��������������

3RU� RWUR� ODGR�� VH� KD� FRPSUREDGR� TXH� HO� DOJRULWPR� P505� SXHGH� DSRUWDU�

LQIRUPDFLyQ� EDVWDQWH� LQWHUHVDQWH� D� OD� KRUD� GH� VHOHFFLRQDU� FDUDFWHUtVWLFDV� GH�

HQWUDGD� HQ� XQ� VLVWHPD� GH� GHWHFFLyQ� FRQ� XQ� FRVWH� FRPSXWDFLRQDO� EDMR�� 6LQ�

HPEDUJR�� VHJ~Q� ODV� SUXHEDV� UHDOL]DGDV�� ORV� UHVXOWDGRV� TXH� DSRUWD� SXHGHQ�

UHVXOWDU� GHPDVLDGR� HVSHFtILFRV�� OR� TXH� KDFH� TXH� HO� VLVWHPD� VH� FRPSRUWH�

DGHFXDGDPHQWH�FRQ�GDWRV�GH�XQD�SREODFLyQ�GHWHUPLQDGD�SHUR�HO� UHQGLPLHQWR�

EDMH�GUiVWLFDPHQWH�FRQ�RWUD��

(O�$129$�IDFWRULDO�HV�XQ�SURFHVR�FRQ�XQ�FRVWH�FRPSXWDFLRQDO�PXFKR�PiV�DOWR��

VH�QHFHVLWD�XQD�FDQWLGDG�GH�GDWRV�VXSHULRU�\�DGHPiV�HV�QHFHVDULR�HQWUHQDU�\�
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WHVWHDU�ORV�GDWRV�FRQ�ODV�FRPELQDFLRQHV�TXH�VH�TXLHUHQ�HQWUHQDU��3HUR�QRV�KD�

SURSRUFLRQDGR�LQIRUPDFLyQ�PiV�DPSOLD�\�JHQHUDO�GHO�SURFHVR��

�ǤͶǤ͵Ǥ����������������������������

(Q�HVWH�FDVR��VH�KD�VHOHFFLRQDGR�OD�FRPELQDFLyQ�HWLTXHWDGD�FRPR�,' ���FRPR�

OD�FRPELQDFLyQ�PiV�UHFRPHQGDEOH�SDUD�VHU�XWLOL]DGD�HQ�HO�VLVWHPD�GH�GHWHFFLyQ�

GH�FDtGDV��/DV�UD]RQHV�TXH�KDQ�PRWLYDGR�D�HVWD�HOHFFLyQ�KDQ�VLGR�TXH�VH�WUDWD�

GH� OD� FRPELQDFLyQ� TXH� FRQ� XQD� PHQRU� GLPHQVLyQ� �FRPSXHVWD� SRU� ��

FDUDFWHUtVWLFDV��KD�REWHQLGR�ORV�PHMRUHV�UHVXOWDGRV�FXDQGR�VH�KD�XWLOL]DGR�SRU�HO�

VLVWHPD� �YDORUHV� GH� OD� PHGLD� JHRPpWULFD� GH� OD� HVSHFLILFLGDG� \� VHQVLELOLGDG�

PD\RUHV�GHO�����HQ�OD�PD\RU�SDUWH�GH�ODV�H[SHULHQFLDV����/D�FRPELQDFLyQ�FRQ�

,' ��� �%&')*,.Ϳ�� KDFH� XVR� GH� ODV� FDUDFWHUtVWLFDVܤ� ൌܣ�ఠሺೌೣሻ ǡܥ ൌ ܦ���ௌெߪ� ൌ ܨ����ఏߤ ൌߤ�ܩ�� ൌ ܯܵ ெܸ௫ܫ������ ൌ ܭ�\��ௌெߛ ൌ ��ܧ
2WUD�FRQFOXVLyQ�UHOHYDQWH�GHULYDGD�GHO�HVWXGLR�HV�TXH�OD�XWLOL]DFLyQ�GH�XQ�PD\RU�

Q~PHUR�GH�FDUDFWHUtVWLFDV�GH�HQWUDGD�QR�FRQOOHYD�D�XQD�PHMRUD�HQ�HO�UHQGLPLHQWR�

GHO� VLVWHPD�� D� YHFHV� SXHGH� SURYRFDU� ³UXLGR´� HQ� HO� VLVWHPD� \� HPSHRUDU� OD�

FODVLILFDFLyQ��

�ǤͶǤͶǤ����������×�� ��� ���� ��������À������� ��� �������� ���������� ���� ���

����������k-Nearest Neighbours�

3RU�~OWLPR��OD�XWLOL]DFLyQ�GHO�DOJRULWPR�k-Nearest Neighbours KD�PRVWUDGR�TXH�HQ�

HO� FDVR� GH� OD� GHWHFFLyQ� GH� FDtGD� HO� XVR� GH� ODV� FDUDFWHUtVWLFDV� GH� HQWUDGD�

UHFRPHQGDGDV�SDUD�HO�DOJRULWPR�690�GD�OXJDU�D�XQ�FRPSRUWDPLHQWR�VLPLODU�GHO�

VLVWHPD��REWHQLHQGR�PpWULFDV�GH�OD�VHQVLELOLGDG�\�HVSHFLILFLGDG�SRU�HQFLPD�GHO�

����� 6LQ� HPEDUJR�� VH� KD� REVHUYDGR� TXH� OD� FRPELQDFLyQ� TXH� LQFOX\H� ODV� ���

FDUDFWHUtVWLFDV� �,'� ���� HQ� HVWH� DOJRULWPR� D� YHFHV� VXIUH� XQD� GLVPLQXFLyQ� GH�

UHQGLPLHQWR��HO�SUREOHPD�SXHGH�YHQLU�GHO�KHFKR�TXH�HVWH�DOJRULWPR�HV�EDVWDQWH�

VHQVLEOH�D�ODV�FDUDFWHUtVWLFDV�LUUHOHYDQWHV��SURYRFDQGR�XQ�UXLGR�LPSRUWDQWH�D�OD�

KRUD�GH�FODVLILFDU�>�����@��3RU�RWUR�ODGR��OD�FRPELQDFLyQ�HWLTXHWDGD�FRQ�HO�,'�����

VLJXH�VLHQGR�UHFRPHQGDEOH�FRQ�WRGRV�ORV�UHSRVLWRULRV���

� �
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Highly comparative time-series analysis��KFWVD��HV�XQD�KHUUDPLHQWD�VRIWZDUH�TXH�

SHUPLWH�UHDOL]DU�XQ�DQiOLVLV�DOWDPHQWH�FRPSDUDWLYR�GH�VHULHV�GH�WLHPSR�XWLOL]DQGR�

0DWODE��(VWH�VRIWZDUH�HV�FDSD]�GH�H[WUDHU�PLOHV�GH�FDUDFWHUtVWLFDV�GH�XQ�dataset

GH�VHULHV�GH�WLHPSR��$GHPiV�LQFRUSRUD�XQD�VHULH�GH�KHUUDPLHQWDV�SDUD�YLVXDOL]DU�

\�DQDOL]DU�GLFKDV�FDUDFWHUtVWLFDV�>�����@��

(Q�HVWH�DSDUWDGR�VH�KDUi�XVR�GH�HVWH�toolbox�FRQ�HO�REMHWLYR�GH�HVWXGLDU�VL�ODV�

FDUDFWHUtVWLFDV�XWLOL]DGDV�HQ�QXHVWUR�VLVWHPD��ODV�FXDOHV�IXHURQ�HOHJLGDV�WHQLHQGR�

HQ�FXHQWD�VX�VHQWLGR�ItVLFR�UHVSHFWR�DO�HVWXGLR�GH�PRYLPLHQWRV�\�FDtGDV��SXHGHQ�

VHU�VXVWLWXLGDV�SRU�RWUDV�TXH�SHUPLWDQ�XQ�PHMRU�UHQGLPLHQWR�GHO�VLVWHPD��

�ǤͷǤʹǤ����������À��

(Q�SULPHU�OXJDU��VH�OOHYDUi�D�FDER�HO�FiOFXOR�GH�FDUDFWHUtVWLFDV�GH�ORV�UHSRVLWRULRV�

XWLOL]DQGR� KFWVD�� �(VWH� HVWXGLR� VH� HIHFWXDUi� FRQ� ORV� UHSRVLWRULRV� 6LV)DOO� \�

80$)DOO����

(VWH�VRIWZDUH�HV�FDSD]�GH�H[WUDHU�PiV�GH������FDUDFWHUtVWLFDV��VLQ�HPEDUJR��QR�

WRGDV�ODV�RSHUDFLRQHV�VRQ�FRPSDWLEOHV�FRQ�WRGRV�ORV�WLSRV�GH�VHULHV�WHPSRUDOHV�

SRU�OR�TXH�HO�VLJXLHQWH�SDVR�LPSOLFD�ILOWUDU�ODV�RSHUDFLRQHV�R�\�VHULHV�GH�WLHPSR�

TXH� SURGXMHURQ� HUURUHV� R� VDOLGDV� HVSHFLDOHV�� (Q� HO� FDVR� GH� HVWH� HVWXGLR�� HO�

Q~PHUR�GH�FDUDFWHUtVWLFDV�REWHQLGDV�HV�GH�DOUHGHGRU�������6HJXLGDPHQWH��VH�

UHDOL]D�QRUPDOL]DQ�ORV�GDWRV�PHGLDQWH�XQD�WUDQVIRUPDGD�VLJPRLGDO�UREXVWD�SDUD�

YDORUHV�DWtSLFRV�>�����@��

3RVWHULRUPHQWH��VH�REWLHQH�HO� UHQGLPLHQWR� UHVXOWDQWH�GH� OD�FODVLILFDFLyQ�GH� ORV�

GDWRV�DO�XWLOL]DU�FRPR�LQSXW�GHO�VLVWHPD�FDGD�FDUDFWHUtVWLFD��3DUD�HOOR�KFWVD�UHDOL]D�

XQ�N�IROG�FRQ�N ����XWLOL]DQGR�HO�DOJRULWPR�Support Vector Machine�FRQ�kernel�

OLQHDO��

3RU�~OWLPR��VH�UHDOL]D�XQ�DQiOLVLV�TXH�SHUPLWH�YLVXDOL]DU�OD�FRUUHODFLyQ��)LJXUD�%����

H[LVWHQWH�HQWUH�ODV�FDUDFWHUtVWLFDV�TXH�KDQ�GDGR�OXJDU�D�XQ�PHMRU�UHQGLPLHQWR��

'DQGR� OXJDU�D�XQ�PDSD�GH�FDORU�GLYLGLGR�HQ�GLIHUHQWHV�FO~VWHUHV�TXH�DJUXSDQ�

DTXHOODV�FDUDFWHUtVWLFDV�FRQ�FRPSRUWDPLHQWRV�VLPLODUHV��
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'HELGR� D� TXH� GXUDQWH� WRGR� HVWH� HVWXGLR� VH� KDQ� XWLOL]DGR� ��� FDUDFWHUtVWLFDV��

WDPELpQ�VH�KD�GHFLGLGR�XWLOL]DU����FDUDFWHUtVWLFDV�H[WUDtGDV�FRQ�KFWVD��3DUD�HOOR��

VH� KD� DMXVWDGR� HO� HVWXGLR� KDVWD� REWHQHU� ��� FO~VWHUHV�� 6H� VHOHFFLRQDUi� XQD�

FDUDFWHUtVWLFD� GH� FDGD� XQR� GH� HOORV�� HQ� FRQFUHWR�� DTXHOOD� TXH�+7&6$�PDUFD�

FRPR� PiV� UHSUHVHQWDWLYD�� OD� PiV� FHUFDQD� DO� FHQWUR� GHO� FO~VWHU�� /DV�

FDUDFWHUtVWLFDV�VHOHFFLRQDGDV�SURYLHQHQ�GHO�HVWXGLR�UHDOL]DGR�FRQ�HO�UHSRVLWRULR�

6LV)DOO��DO�VHU�FRQVLGHUDGR�XQR�GH�ORV�UHSRVLWRULRV�PiV�FRPSOHWRV��

� �

;ĂͿ� ;ďͿ�

)LJXUD�%����0DSD�GH�FDORU�TXH�UHSUHVHQWD�OD�FRUUHODFLyQ�H[LVWHQWH�HQWUH�ODV�GLIHUHQWHV�FDUDFWHUtVWLFDV�H[WUDtGDV�
SDUD�FDGD�UHSRVLWRULR��FODVLILFiQGRODV�HQ�GLIHUHQWHV�FO~VWHUHV��

$� FRQWLQXDFLyQ�� VH� GHVFULEHQ� VRPHUDPHQWH� ODV� FDUDFWHUtVWLFDV� VHOHFFLRQDGDV�

SDUD�HVWH�HVWXGLR��

� �

� ��� � ���

'LVWDQFH

'HSHQGHQFLHV�EHWZHHQ�����WRS�IHDWXUHV��RUJDQL]HG�LQWR����FOXVWHUV�

�� ���� ���� ���� ���� � ��� ��� ��� ��� �

� ��� � ���

'LVWDQFH

'HSHQGHQFLHV�EHWZHHQ�����WRS�IHDWXUHV��RUJDQL]HG�LQWR����FOXVWHUV�

�� ���� ���� ���� ���� � ��� ��� ��� ��� �
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,'� 1RPEUH� 'HVFULSFLyQ�

A* SY_LocalGlobal_kurtosis_p5 
&XUWRVLV� GHO� UHVXOWDGR� GH� FRPSDUDU� HVWD� PLVPD�
HVWDGtVWLFD� GH� XQD� VHULH� GH� WLHPSR� UHVSHFWR� D� OD�
FRUUHVSRQGLHQWH�GH�OD�SULPHUD�PLWDG�GH�GLFKD�VHULH�

B* SY_SlidingWindow_s_s2_2 
3DUiPHWUR� YLQFXODGR� D� OD� HVWDFLRQDULGDG� GH� OD�
GHVYLDFLyQ� WtSLFD�H[LVWHQWH� HQ� XQD� VHULH� WHPSRUDO� D�
WUDYpV�GH�XQD�YHQWDQD�GHVOL]DQWH�

C* AC_nl_11 $XWRFRUUHODFLyQ�QR�OLQHDO�GH�XQD�VHULH�GH�WLHPSR�

D* DN_Withinp_20 (VWDGtVWLFR�OLJDGR�D�OD�SURSRUFLyQ�GH�SXQWRV�GH�GDWRV�
GHQWUR�GH���GHVYLDFLRQHV�HVWiQGDU�GH�OD�PHGLD�

E* 
NL_TSTL_ReturnTime_005 

_1_005_n1_1_3_statrtym 
0pWULFD�UHODFLRQDGD�FRQ�HO�DQiOLVLV�GHO�KLVWRJUDPD�GH�
WLHPSRV�GH�UHWRUQR�GH�OD�VHULH�WHPSRUDO�

F* 
NW_VisibilityGraph 

_norm_gaussnlogL 
(VWDGtVWLFR� UHODFLRQDGR� FRQ� HO� DQiOLVLV� JUiILFR� GH�
YLVLELOLGDG�GH�OD�VHULH�WHPSRUDO�

G* 
DN_RemovePoints_absfar 

_01_saturate_kurtosisrat 

(VWDGtVWLFR� OLJDGR� DO� HIHFWR� FDXVDGR� HQ� ODV�
SURSLHGDGHV� GH� OD� VHULH� WHPSRUDO� D�PHGLGD� TXH� VH�
HOLPLQDQ�SXQWRV�

H* NW_VisibilityGraph_norm_olu90 (VWDGtVWLFR� UHODFLRQDGR� FRQ� HO� DQiOLVLV� JUiILFR� GH�
YLVLELOLGDG�GH�OD�VHULH�WHPSRUDO�

I* EN_mse_1 (QWURStD�PXOWLHVFDOD�GH�XQD�VHULH�WHPSRUDO�

J* 
NL_TSTL_ReturnTime_005 

_1_005_n1_1_3_hcgdist 
0pWULFD�UHODFLRQDGD�FRQ�HO�DQiOLVLV�GHO�KLVWRJUDPD�GH�
WLHPSRV�GH�UHWRUQR�GH�OD�VHULH�WHPSRUDO�

K* 
SY_SlidingWindow 

_s_sampen5_10 

3DUiPHWUR� YLQFXODGR� D� OD� HVWDFLRQDULGDG� GH� OD�
GHVYLDFLyQ� WtSLFD�H[LVWHQWH� HQ� XQD� VHULH� WHPSRUDO� D�
WUDYpV�GH�XQD�YHQWDQD�GHVOL]DQWH�

L* CP_ML_StepDetect $QiOLVLV�GH�SDVRV�GLVFUHWRV�HQ�XQD�VHULH�WHPSRUDO�

dĂďůĂ��͘Ϯϭ͘��ƐƚĂĚşƐƚŝĐŽƐ�ŽďƚĞŶŝĚŽƐ�Ă�ƚƌĂǀĠƐ�ĚĞ�ŚĐƚƐĂ�ƋƵĞ�ŚĂŶ�ƐŝĚŽ�ƐĞůĞĐĐŝŽŶĂĚŽƐ�ƉĂƌĂ�ĞƐƚĞ�ĞƐƚƵĚŝŽ͘��ĂĚĂ�ƵŶŽ�ĚĞ�ĞůůŽƐ�
ƉĞƌƚĞŶĞĐĞ�Ă�ĐůƷƐƚĞƌĞƐ�ĚŝĨĞƌĞŶƚĞƐ�ĐƵĂŶĚŽ�ƐŽŶ�ŽƌĚĞŶĂĚŽƐ�ƉŽƌ�ůĂ�ĐŽƌƌĞůĂĐŝſŶ�ĞǆŝƐƚĞŶƚĞ�ĞŶƚƌĞ�ĞůůŽƐ͘�

������������

3DUD� FRPSUREDU� HO� UHQGLPLHQWR� GHO� VLVWHPD� GH� FODVLILFDFLyQ� DO� XWLOL]DU� ODV�

FDUDFWHUtVWLFDV�UHFRPHQGDGDV�SRU�KFWVD�VH�XWLOL]DUiQ�FRPR�LQSXWV�GH�HQWUDGD�ODV�

FDUDFWHUtVWLFDV� GH� IRUPD� LQGLYLGXDO� \� ODV� FRPELQDFLRQHV� UHVXOWDQWHV� DO� XWLOL]DU�

VLPXOWiQHDPHQWH�� (Q� ODV� VLJXLHQWHV� WDEODV� VH� UHFRSLODQ� ORV� UHVXOWDGRV�

DOFDQ]DGRV�� �
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� � DĞĚŝĂ�ŐĞŽŵĠƚƌŝĐĂ�ĚĞ�ůĂࢋ࢙��Ǉ�ůĂ࢙�� DĠƚƌŝĐĂƐ�ŬͲĨŽůĚ�
/�� �ŽŵďŝŶĂĐŝŽŶĞƐ� �ǆƉ͘�ϭ� �ǆƉ͘�Ϯ� �ǆƉ͘�ϯ� �ǆƉ͘�ϰ� �ǆƉ͘�ϱ� DĞĚŝĂ� ^d��
ϭΎ� �Ύ� ϴϱ͘ϭϱй� ϴϯ͘ϴϱй� ϴϰ͘ϲϲй� ϴϯ͘ϭϭй� ϴϮ͘ϴϴй� ϴϯ͘ϵϯй� Ϭ͘ϬϬϵϴ�
ϮΎ� �Ύ� ϴϰ͘ϵϴй� ϴϱ͘Ϭϵй� ϴϰ͘ϴϲй� ϴϰ͘ϴϱй� ϴϰ͘ϰϰй� ϴϰ͘ϴϰй� Ϭ͘ϬϬϮϰ�
ϯΎ� �Ύ� ϱϭ͘ϰϯй� ϰϴ͘Ϯϰй� ϰϴ͘Ϯϰй� ϱϭ͘ϭϯй� ϰϵ͘ϲϯй� ϰϵ͘ϳϰй� Ϭ͘ϬϭϱϮ�
ϰΎ� �Ύ� ϴϲ͘ϴϵй� ϴϲ͘ϰϲй� ϴϳ͘Ϭϱй� ϴϲ͘ϳϵй� ϴϳ͘ϱϯй� ϴϲ͘ϵϰй� Ϭ͘ϬϬϰϬ�
ϱΎ� �Ύ� ϳϳ͘ϳϳй� ϳϴ͘Ϯϴй� ϳϵ͘ϴϲй� ϳϳ͘ϲϬй� ϳϳ͘ϱϬй� ϳϴ͘ϮϬй� Ϭ͘ϬϬϵϳ�
ϲΎ� &Ύ� ϴϳ͘ϭϯй� ϴϲ͘ϳϰй� ϴϲ͘ϰϴй� ϴϳ͘ϭϭй� ϴϲ͘ϱϯй� ϴϲ͘ϴϬй� Ϭ͘ϬϬϯϭ�
ϳΎ� 'Ύ� ϴϱ͘ϲϯй� ϴϰ͘ϳϱй� ϴϰ͘ϲϬй� ϴϰ͘ϭϲй� ϴϰ͘ϴϴй� ϴϰ͘ϴϬй� Ϭ͘ϬϬϱϰ�
ϴΎ� ,Ύ� ϵϭ͘ϳϳй� ϵϭ͘Ϯϭй� ϵϭ͘Ϭϴй� ϵϬ͘ϲϴй� ϵϮ͘ϱϭй� ϵϭ͘ϰϱй� Ϭ͘ϬϬϳϭ�
ϵΎ� /Ύ� ϴϰ͘ϬϮй� ϴϰ͘ϱϰй� ϴϰ͘ϯϱй� ϴϰ͘ϵϲй� ϴϰ͘ϭϬй� ϴϰ͘ϯϵй� Ϭ͘ϬϬϯϴ�
ϭϬΎ� :Ύ� ϴϴ͘ϯϭй� ϴϴ͘ϴϰй� ϵϬ͘ϰϯй� ϴϵ͘ϮϬй� ϴϵ͘ϯϵй� ϴϵ͘Ϯϯй� Ϭ͘ϬϬϳϵ�
ϭϭΎ� <Ύ� ϳϴ͘ϴϰй� ϳϵ͘ϵϲй� ϳϵ͘ϳϰй� ϴϬ͘ϲϰй� ϳϵ͘ϬϬй� ϳϵ͘ϲϰй� Ϭ͘ϬϬϳϯ�
ϭϮΎ� >Ύ� Ϭ͘ϬϬй� Ϭ͘ϬϬй� Ϭ͘ϬϬй� Ϭ͘ϬϬй� Ϭ͘ϬϬй� Ϭ͘ϬϬй� Ϭ͘ϬϬϬϬ�
ϭϯΎ� ,Ύ:Ύ� ϵϰ͘ϲϵй� ϵϱ͘ϭϱй� ϵϰ͘ϴϱй� ϵϰ͘ϲϱй� ϵϱ͘ϭϬй� ϵϰ͘ϴϵй� Ϭ͘ϬϬϮϯ�
ϭϰΎ� ,Ύ:Ύ>� ϵϰ͘ϲϬй� ϵϱ͘ϭϱй� ϵϰ͘ϴϱй� ϵϰ͘ϳϭй� ϵϱ͘ϭϬй� ϵϰ͘ϴϴй� Ϭ͘ϬϬϮϰ�
ϭϱΎ� ,Ύ:Ύ>Ύ�Ύ� ϵϰ͘ϱϭй� ϵϱ͘ϭϱй� ϵϰ͘ϴϱй� ϵϰ͘ϰϮй� ϵϱ͘ϭϬй� ϵϰ͘ϴϭй� Ϭ͘ϬϬϯϯ�
ϭϲΎ� ,Ύ:Ύ>Ύ�Ύ�Ύ� ϵϰ͘ϵϵй� ϵϱ͘ϵϲй� ϵϱ͘ϲϰй� ϵϱ͘Ϯϯй� ϵϲ͘ϮϬй� ϵϱ͘ϲϬй� Ϭ͘ϬϬϱϬ�
ϭϳΎ� ,Ύ:Ύ>Ύ�Ύ�Ύ'Ύ� ϵϱ͘Ϭϱй� ϵϲ͘ϭϬй� ϵϲ͘ϱϯй� ϵϱ͘ϴϴй� ϵϱ͘ϳϳй� ϵϱ͘ϴϳй� Ϭ͘ϬϬϱϰ�
ϭϴΎ� ,Ύ:Ύ>Ύ�Ύ�Ύ'Ύ�Ύ� ϵϱ͘ϱϳй� ϵϲ͘ϯϰй� ϵϲ͘ϲϮй� ϵϱ͘ϳϱй� ϵϱ͘ϰϱй� ϵϱ͘ϵϱй� Ϭ͘ϬϬϱϭ�
ϭϵΎ� ,Ύ:Ύ>Ύ�Ύ�Ύ'Ύ�Ύ<Ύ� ϵϲ͘Ϭϭй� ϵϲ͘ϯϵй� ϵϲ͘ϴϲй� ϵϲ͘ϰϬй� ϵϲ͘ϯϰй� ϵϲ͘ϰϬй� Ϭ͘ϬϬϯϬ�
ϮϬΎ� ,Ύ:Ύ>Ύ�Ύ�Ύ'Ύ�Ύ<Ύ/Ύ� ϵϲ͘Ϯϵй� ϵϲ͘ϯϵй� ϵϲ͘ϴϲй� ϵϲ͘ϰϬй� ϵϲ͘Ϯϱй� ϵϲ͘ϰϰй� Ϭ͘ϬϬϮϰ�
ϮϭΎ� ,Ύ:Ύ>Ύ�Ύ�Ύ'Ύ�Ύ<Ύ/Ύ�Ύ������ ϵϲ͘Ϭϲй� ϵϲ͘ϯϵй� ϵϲ͘ϴϲй� ϵϲ͘Ϯϱй� ϵϲ͘ϲϯй� ϵϲ͘ϰϰй� Ϭ͘ϬϬϯϭ�
ϮϮΎ� ,Ύ:Ύ>Ύ�Ύ�Ύ'Ύ�Ύ<Ύ/Ύ�Ύ�Ύ���� ϵϲ͘ϭϬй� ϵϲ͘ϯϵй� ϵϲ͘ϯϵй� ϵϲ͘ϯϲй� ϵϲ͘ϱϰй� ϵϲ͘ϯϱй� Ϭ͘ϬϬϭϲ�
ϮϯΎ� �Ύ�Ύ�Ύ�Ύ�Ύ&Ύ'Ύ,Ύ/Ύ:Ύ<Ύ>Ύ� ϵϲ͘Ϯϰй� ϵϲ͘ϭϲй� ϵϲ͘ϱϯй� ϵϲ͘ϭϮй� ϵϲ͘ϯϬй� ϵϲ͘Ϯϳй� Ϭ͘ϬϬϭϲ�

7DEOD� %����� 0pWULFDV� REWHQLGDV� WUDV� OD� FODVLILFDFLyQ� GH� ODV� PXHVWUDV� GHO� UHSRVLWRULR� 6LV)DOO� VLJXLHQGR� OD�
PHWRGRORJtD�N�IROG�XWLOL]DQGR�FRPR�FDUDFWHUtVWLFDV�GH�HQWUDGD�ODV�UHFRPHQGDGDV�SRU�HO�WRROER[�KFWVD���

� DĞĚŝĂ�ŐĞŽŵĠƚƌŝĐĂ�ĚĞ�ůĂࢋ࢙��Ǉ�ůĂ࢙�� DĠƚƌŝĐĂƐ�ŬͲĨŽůĚ�
�ŽŵďŝŶĂĐŝŽŶĞƐ� �ǆƉ͘�ϭ� �ǆƉ͘�Ϯ� �ǆƉ͘�ϯ� �ǆƉ͘�ϰ� �ǆƉ͘�ϱ� DĞĚŝĂ� ^d��

ϭϰ� ���&'/<� ϵϲ͘ϴϴй� ϵϲ͘Ϯϴй� ϵϲ͘ϯϲй� ϵϲ͘Ϯϯй� ϵϳ͘ϬϮй� ϵϲ͘ϱϱй� Ϭ͘ϬϬϯϳ�
ϭϴ� �����&',/:<>� ϵϳ͘Ϯϭй� ϵϲ͘ϳϬй� ϵϳ͘Ϯϭй� ϵϳ͘ϬϮй� ϵϳ͘ϯϬй� ϵϳ͘Ϭϵй� Ϭ͘ϬϬϮϰ�

7DEOD� %����� 0pWULFDV� REWHQLGDV� WUDV� OD� FODVLILFDFLyQ� GH� ODV� PXHVWUDV� GHO� UHSRVLWRULR� 6LV)DOO� VLJXLHQGR� OD�
PHWRGRORJtD�N�IROG�XWLOL]DQGR�ODV�FRPELQDFLRQHV�GH�FDUDFWHUtVWLFDV�TXH�VH�UHFRPHQGDURQ�HQ�HO�DSDUWDGR�%������
'RQGH� ൌ ��ࢂࡹࡿࣆ ൌࢌࢌࢊ࣓�ሺ࢞ࢇሻ ǡ ൌ ࡰ���ࢂࡹࡿ࣌� ൌ ࡱ����ࣂࣆ ൌ ሻࢌࢌࢊሺࢂࡹࡿࣆ ǡࡲ� ൌࡳ��ࣆ� ൌ ࡴ���࢞ࢇࡹࢂࡹࡿ ൌ ࡵ���ࡹࢂࡹࡿ ൌ ࡶ���ࢂࡹࡿࢽ ൌࡷ��ࡹࡿ ൌ ࡸ��ࡱ ൌ ���ࡾࣆ
� �
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�

����

�ǤǤͳǤʹǤ����	����

� � DĞĚŝĂ�ŐĞŽŵĠƚƌŝĐĂ�ĚĞ�ůĂࢋ࢙��Ǉ�ůĂ࢙�� DĠƚƌŝĐĂƐ�ŬͲĨŽůĚ�
/�� �ŽŵďŝŶĂĐŝŽŶĞƐ� �ǆƉ͘�ϭ� �ǆƉ͘�Ϯ� �ǆƉ͘�ϯ� �ǆƉ͘�ϰ� �ǆƉ͘�ϱ� DĞĚŝĂ� ^d��
ϭΎ� �Ύ� ϴϲ͘ϳϭй� ϴϲ͘ϰϮй� ϴϰ͘ϭϵй� ϴϰ͘ϵϰй� ϴϴ͘ϰϯй� ϴϲ͘ϭϰй� Ϭ͘Ϭϭϲϱ�
ϮΎ� �Ύ� ϵϯ͘ϱϭй� ϵϰ͘ϮϬй� ϵϲ͘ϭϯй� ϵϯ͘ϰϵй� ϵϲ͘ϳϰй� ϵϰ͘ϴϮй� Ϭ͘ϬϭϱϮ�
ϯΎ� �Ύ� Ϭ͘ϬϬй� Ϭ͘ϬϬй� Ϭ͘ϬϬй� Ϭ͘ϬϬй� Ϭ͘ϬϬй� Ϭ͘ϬϬй� Ϭ͘ϬϬϬϬ�
ϰΎ� �Ύ� ϴϯ͘ϲϰй� ϴϯ͘ϵϴй� ϳϴ͘ϵϭй� ϳϳ͘ϯϴй� ϳϭ͘ϵϵй� ϳϵ͘ϭϴй� Ϭ͘Ϭϰϵϱ�
ϱΎ� �Ύ� ϲϯ͘ϲϰй� ϲϱ͘ϳϬй� ϲϭ͘Ϯϭй� ϳϲ͘ϭϯй� ϲϮ͘ϵϭй� ϲϱ͘ϵϮй� Ϭ͘Ϭϱϵϯ�
ϲΎ� &Ύ� ϴϵ͘ϰϭй� ϵϰ͘ϮϬй� ϵϰ͘ϬϮй� ϵϲ͘ϭϭй� ϵϮ͘ϴϰй� ϵϯ͘ϯϮй� Ϭ͘ϬϮϰϴ�
ϳΎ� 'Ύ� ϳϴ͘ϮϬй� ϳϵ͘ϲϰй� ϴϭ͘ϱϯй� ϴϭ͘ϴϵй� ϴϯ͘Ϭϴй� ϴϬ͘ϴϳй� Ϭ͘Ϭϭϵϰ�
ϴΎ� ,Ύ� ϴϯ͘ϲϰй� ϳϵ͘Ϭϯй� ϳϴ͘ϵϭй� ϳϳ͘ϯϴй� ϳϬ͘ϱϮй� ϳϳ͘ϴϵй� Ϭ͘Ϭϰϳϰ�
ϵΎ� /Ύ� ϵϮ͘ϭϲй� ϴϴ͘ϴϭй� ϴϲ͘ϭϲй� ϴϳ͘ϵϵй� ϵϰ͘ϭϰй� ϴϵ͘ϴϱй� Ϭ͘ϬϯϮϰ�
ϭϬΎ� :Ύ� ϳϰ͘Ϯϳй� ϳϮ͘ϳϭй� ϳϯ͘ϲϭй� ϴϭ͘ϱϱй� ϳϭ͘ϱϲй� ϳϰ͘ϳϰй� Ϭ͘Ϭϯϵϰ�
ϭϭΎ� <Ύ� Ϭ͘ϬϬй� Ϭ͘ϬϬй� Ϭ͘ϬϬй� Ϭ͘ϬϬй� Ϭ͘ϬϬй� Ϭ͘ϬϬй� Ϭ͘ϬϬϬϬ�
ϭϮΎ� >Ύ� Ϭ͘ϬϬй� Ϭ͘ϬϬй� Ϭ͘ϬϬй� Ϭ͘ϬϬй� Ϭ͘ϬϬй� Ϭ͘ϬϬй� Ϭ͘ϬϬϬϬ�
ϭϯΎ� ,Ύ:Ύ� ϳϵ͘ϴϱй� ϴϱ͘ϭϮй� ϴϯ͘ϯϰй� ϵϬ͘ϳϴй� ϴϮ͘ϵϲй� ϴϰ͘ϰϭй� Ϭ͘ϬϰϬϰ�
ϭϰΎ� ,Ύ:Ύ>� ϳϴ͘ϮϬй� ϴϬ͘ϲϬй� ϴϰ͘ϱϮй� ϵϬ͘Ϭϭй� ϴϰ͘ϭϳй� ϴϯ͘ϱϬй� Ϭ͘Ϭϰϰϴ�
ϭϱΎ� ,Ύ:Ύ>Ύ�Ύ� ϳϵ͘Ϭϱй� ϳϵ͘Ϭϯй� ϴϰ͘ϱϮй� ϵϬ͘Ϭϭй� ϴϰ͘ϭϳй� ϴϯ͘ϯϲй� Ϭ͘Ϭϰϱϳ�
ϭϲΎ� ,Ύ:Ύ>Ύ�Ύ�Ύ� ϴϵ͘ϰϭй� ϵϭ͘ϰϬй� ϵϭ͘ϮϮй� ϵϰ͘ϳϳй� ϴϰ͘ϳϳй� ϵϬ͘ϯϭй� Ϭ͘Ϭϯϲϱ�
ϭϳΎ� ,Ύ:Ύ>Ύ�Ύ�Ύ'Ύ� ϵϬ͘ϴϬй� ϵϮ͘ϬϬй� ϵϮ͘ϬϮй� ϵϲ͘ϬϮй� ϴϴ͘ϳϴй� ϵϭ͘ϵϮй� Ϭ͘ϬϮϲϰ�
ϭϴΎ� ,Ύ:Ύ>Ύ�Ύ�Ύ'Ύ�Ύ� ϵϮ͘ϳϴй� ϵϬ͘ϭϵй� ϴϵ͘ϰϬй� ϵϲ͘ϬϮй� ϴϴ͘ϳϴй� ϵϭ͘ϰϯй� Ϭ͘ϬϮϵϴ�
ϭϵΎ� ,Ύ:Ύ>Ύ�Ύ�Ύ'Ύ�Ύ<Ύ� ϵϮ͘ϳϴй� ϵϭ͘ϱϱй� ϵϬ͘Ϭϭй� ϵϲ͘ϬϮй� ϵϬ͘ϳϳй� ϵϮ͘ϮϮй� Ϭ͘ϬϮϯϲ�
ϮϬΎ� ,Ύ:Ύ>Ύ�Ύ�Ύ'Ύ�Ύ<Ύ/Ύ� ϵϱ͘ϯϲй� ϵϯ͘ϱϭй� ϵϰ͘ϲϰй� ϵϱ͘ϰϬй� ϵϮ͘ϴϰй� ϵϰ͘ϯϱй� Ϭ͘Ϭϭϭϰ�
ϮϭΎ� ,Ύ:Ύ>Ύ�Ύ�Ύ'Ύ�Ύ<Ύ/Ύ�Ύ� ϵϲ͘ϳϭй� ϵϰ͘ϴϰй� ϵϳ͘Ϯϲй� ϵϱ͘ϰϬй� ϵϳ͘ϰϬй� ϵϲ͘ϯϮй� Ϭ͘Ϭϭϭϱ�
ϮϮΎ� ,Ύ:Ύ>Ύ�Ύ�Ύ'Ύ�Ύ<Ύ/Ύ�Ύ�Ύ���� ϵϲ͘ϳϭй� ϵϰ͘ϴϰй� ϵϴ͘Ϭϭй� ϵϱ͘ϰϬй� ϵϲ͘Ϭϴй� ϵϲ͘Ϯϭй� Ϭ͘ϬϭϮϯ�
ϮϯΎ� �Ύ�Ύ�Ύ�Ύ�Ύ&Ύ'Ύ,Ύ/Ύ:Ύ<Ύ>Ύ� ϵϱ͘ϯϲй� ϵϰ͘ϴϰй� ϵϴ͘ϲϰй� ϵϲ͘ϭϭй� ϵϲ͘ϳϲй� ϵϲ͘ϯϰй� Ϭ͘Ϭϭϰϴ�

7DEOD� %����� 0pWULFDV� REWHQLGDV� WUDV� OD� FODVLILFDFLyQ� GH� ODV� PXHVWUDV� GHO� UHSRVLWRULR� 80$)DOO� VLJXLHQGR� OD�
PHWRGRORJtD�N�IROG�XWLOL]DQGR�FRPR�FDUDFWHUtVWLFDV�GH�HQWUDGD�ODV�UHFRPHQGDGDV�SRU�HO�WRROER[�KFWVD���

� DĞĚŝĂ�ŐĞŽŵĠƚƌŝĐĂ�ĚĞ�ůĂࢋ࢙��Ǉ�ůĂ࢙�� DĠƚƌŝĐĂƐ�ŬͲĨŽůĚ�
�ŽŵďŝŶĂĐŝŽŶĞƐ� �ǆƉ͘�ϭ� �ǆƉ͘�Ϯ� �ǆƉ͘�ϯ� �ǆƉ͘�ϰ� �ǆƉ͘�ϱ� DĞĚŝĂ� ^d��

ϭϰ� ���&'/<� ϵϳ͘ϰϮй� ϵϲ͘ϭϰй� ϵϴ͘Ϭϴй� ϵϲ͘ϲϰй� ϵϲ͘ϳϲй� ϵϳ͘Ϭϭй� Ϭ͘ϬϬϳϱ�
ϭϴ� �����&',/:<>� ϵϵ͘ϯϳй� ϵϴ͘Ϭϴй� ϵϱ͘Ϯϱй� ϵϴ͘ϲϰй� ϵϴ͘Ϭϲй� ϵϳ͘ϴϴй� Ϭ͘Ϭϭϱϲ�

7DEOD� %����� 0pWULFDV� REWHQLGDV� WUDV� OD� FODVLILFDFLyQ� GH� ODV� PXHVWUDV� GHO� UHSRVLWRULR� 6LV)DOO� VLJXLHQGR� OD�
PHWRGRORJtD�N�IROG�XWLOL]DQGR�ODV�FRPELQDFLRQHV�GH�FDUDFWHUtVWLFDV�TXH�VH�UHFRPHQGDURQ�HQ�HO�DSDUWDGR�%������
'RQGH� ൌ ��ࢂࡹࡿࣆ ൌࢌࢌࢊ࣓�ሺ࢞ࢇሻ ǡ ൌ ࡰ���ࢂࡹࡿ࣌� ൌ ࡱ����ࣂࣆ ൌ ሻࢌࢌࢊሺࢂࡹࡿࣆ ǡࡲ� ൌࡳ��ࣆ� ൌ ࡴ���࢞ࢇࡹࢂࡹࡿ ൌ ࡵ���ࡹࢂࡹࡿ ൌ ࡶ���ࢂࡹࡿࢽ ൌࡷ��ࡹࡿ ൌ ࡸ��ࡱ ൌ ���ࡾࣆ
�ǤǤʹǤ����������������������������������������

6H�UHDOL]D�XQ�$129$�GH�ORV�UHVXOWDGRV�GH�ODV�WDEODV�DQWHULRUHV�\�VH�UHSUHVHQWDQ�

JUiILFDPHQWH� HQ� OD� )LJXUD� %��� PHGLDQWH� XQ� WHVW� GH� FRPSDUDFLyQ� P~OWLSOH�

XWLOL]DQGR� XQ� QLYHO� GH� VLJQLILFDFLyQ� GH� ����� \� FRPR� WLSR� GH� YDORU� FUtWLFR� /6'�

�Fisher’s Least Significant Difference���
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����

/DV����SULPHUDV�FRPELQDFLRQHV�GH�FDUDFWHUtVWLFDV�FRUUHVSRQGHQ�D�ODV�RULJLQDGDV�

D�SDUWLU�GHO�DQiOLVLV�FRQ�KFWVD��PRVWUDGDV�HQ�ODV�WDEODV����\�����/DV�GRV�~OWLPDV�

D�ODV�VHOHFFLRQDGDV�FRPR�DFRQVHMDEOHV��XWLOL]DGDV�HQ�ODV�H[SHULHQFLDV�DQWHULRUHV�

D�HVWD�VHFFLyQ�\�GHVFULWDV�HQ�%������

�ඥ݁ݏ  �ݏ �ඥ݁ݏ  �ݏ
;ĂͿ� ;ďͿ�

)LJXUD�%����5HSUHVHQWDFLyQ�JUiILFD�GHO�WHVW�GH�FRPSDUDFLyQ�P~OWLSOH�GH�ORV�UHVXOWDGRV�GHO�$129$�UHDOL]DGR�SDUD�
FRPSUREDU� OD� VLJQLILFDQFLD� HVWDGtVWLFD� H[LVWHQWH� HQWUH� ORV� UHVXOWDGRV� GHO� VLVWHPD� DO� KDFHU� XVR� GH� GLIHUHQWHV�
FRPELQDFLRQHV�GH�FDUDFWHUtVWLFDV�GH�LQSXW�GH�HQWUDGD��XWLOL]DQGR�XQࢻ� ൌ Ǥ�\�FRPR�WLSR�GH�YDORU�FUtWLFR�/6'�
�)LVKHU¶V�/HDVW�6LJQLILFDQW�'LIIHUHQFH���(O�HMH�<��FRPELQDWLRQV� ,'��FRUUHVSRQGH�D� OD�FRPELQDFLyQ�GH� LQSXWV�GH�
HQWUDGD�XWLOL]DGD��(O�HMH�;�FRUUHVSRQGH�DO�YDORU�GH� OD�PHGLD�JHRPpWULFD�GH� OD�VHQVLELOLGDG�\�HVSHFLILFLGDG�GHO�
VLVWHPD��/DV����SULPHUDV�FRPELQDFLRQHV�HVWiQ�UHDOL]DGDV�XWLOL]DQGR�ORV�IHDWXUHV�UHFRPHQGDGRV�SRU�KFWVD�\�ODV�
GRV�~OWLPDV�VRQ�ODV�FRPELQDFLRQHV�TXH�VH�GHWHUPLQDURQ�FRPR�PHMRUHV�HQ�HO�DSDUWDGR�%������

�ǤǤ͵Ǥ��������������

(Q�SULPHU� OXJDU��REVHUYDPRV�TXH�ODV�SUXHEDV�HWLTXHWDGDV�FRPR�GH�UHIHUHQFLD�

�pVWDV� XWLOL]DQ� FRPR� LQSXWV� ODV� FDUDFWHUtVWLFDV� UHFRPHQGDGDV� HQ� OD� VHFFLyQ�

SUHYLD�� GDQ� OXJDU� DO� PHMRU� UHQGLPLHQWR� GHO� VLVWHPD�� QXQFD� VLHQGR�

VLJQLILFDWLYDPHQWH�LQIHULRU�DO�UHVXOWDQWH�GH�QLQJXQD�RWUD�FRPELQDFLyQ�FRPSXHVWD�

SRU�FDUDFWHUtVWLFDV�RULJLQDGDV�D�SDUWLU�GH�KFWVD��

(V� FLHUWR�� TXH� H[LVWHQ� FRPELQDFLRQHV� TXH� FRQVLJXHQ� DOFDQ]DU� UHQGLPLHQWRV�

VLPLODUHV�D�ODV�FRPELQDFLRQHV�GH�UHIHUHQFLD��SHUR�HQ�OD�PD\RUtD�GH�ORV�FDVRV�ODV�

RSHUDFLRQHV�SDUD�REWHQHU�HO�HVWDGtVWLFR�WLHQHQ�XQD�PD\RU�FDUJD�FRPSXWDFLRQDO��

���� � ��� ��� ��� ��� �
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����

3RU�RWUR�ODGR��OODPD�OD�DWHQFLyQ�ORV�UHVXOWDGRV�GH�ODV�FDUDFWHUtVWLFDV�HWLTXHWDGDV�

FRPR� ��� ��� \� ���� ORV� FXDOHV� SURGXFHQ� XQ� UHQGLPLHQWR� FRQ� XQD� PHGLD�

JHRPpWULFD� GH� OD� VHQVLELOLGDG� \� OD� HVSHFLILFLGDG� GH� YDORU� QXOR�� FXDQGR� HQ� HO�

HVWXGLR� KFWVD� REWHQtD� YDORUHV� FHUFDQRV� DO� ����� /D�XWLOL]DFLyQ� GH� HVWDGtVWLFRV�

DOHDWRULRV� VLQ� DWHQGHU� DO� VHQWLGR� ItVLFR� GH� ODV� PXHVWUDV� SXHGH� SURYRFDU�

SUREOHPDV�GH�HVWH�WLSR��\D�TXH�HO�VLVWHPD�HQFXHQWUD�SDWURQHV�OLJDGDV�D�OD�SURSLD�

QDWXUDOH]D�GH�ODV�PXHVWUDV�HQ�OXJDU�GHO�PRYLPLHQWR�HQ�Vt��

'HELGR�D�HVWH�PLVPR�KHFKR��WDPELpQ�H[LVWH�HO�SHOLJUR�GH�TXH�XQD�FDUDFWHUtVWLFD�

TXH�WUDEDMD�PX\�ELHQ�FRQ�XQ�UHSRVLWRULR�QR�VHD�FRPSDWLEOH�FRQ�RWUR��FRPR�RFXUUH�

FRQ�ODV�FDUDFWHUtVWLFDV���\�����GRQGH�REWLHQH�XQ�UHQGLPLHQWR�VXSHULRU�GHO�����

HQ�6LV)DOO�SHUR����HQ�80$)DOO��3XHGHQ�H[LVWLU�SDWURQHV�TXH�VH�UHSLWHQ�HQ�FDGD�

UHSRVLWRULR�D�OD�KRUD�GH�JUDEDU�ORV�PRYLPLHQWRV��(MHPSOR��ORQJLWXG�GH�OD�PXHVWUD�

PHQRU�SDUD�XQ�GHWHUPLQDGR�WLSR�GH�PRYLPLHQWR��TXH�HO�VLVWHPD�OR�GHWHFWH�FRPR�

VLJQLILFDWLYR� SDUD� FODVLILFDU� SHUR� TXH� HQ� UHDOLGDG� QR� HVWp� UHODFLRQDGR� FRQ� HO�

PRYLPLHQWR�HQ�Vt��

3RU�WDQWR��WUDV�HVWRV�UHVXOWDGRV�VH�OOHJD�D�OD�FRQFOXVLyQ�GH�TXH�ODV�FDUDFWHUtVWLFDV�

VHOHFFLRQDGDV�DO�FRPLHQ]R�GH�HVWH�WUDEDMR�SUHVHQWDQ�FLHUWDV�YHQWDMDV�UHVSHFWR�

D�ODV�RULJLQDGDV�FRQ�+7&6$��

ͻ� 7LHQHQ�XQ�VHQWLGR�ItVLFR�PiV�HYLGHQWH�UHODFLRQDGR�FRQ�ODV�FDtGDV�\�

$'/��

ͻ� 3XHGHQ� XWLOL]DUVH� FRQ� GLIHUHQWHV� UHSRVLWRULRV� \D� TXH� HVWiQ�

HVWUHFKDPHQWH�OLJDGRV�D�OD�QDWXUDOH]D�GH�ORV�PRYLPLHQWRV��

ͻ� 6H� REWLHQHQ� PHGLDV� GH� OD� HVSHFLILFLGDG� \� VHQVLELOLGDG� LJXDO� R�

VXSHULRUHV�D�ODV�SUXHEDV�FRQ�+7&6$��

�

� �
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������������
���� 0RWRGD�� +��� /LX�� +�� )HDWXUH� VHOHFWLRQ�� H[WUDFWLRQ� DQG� FRQVWUXFWLRQ��

Commun. IICM�������
���� 07:��/LX��+���0RWRGD��+��)HDWXUH�([WUDFWLRQ�&RQVWUXFWLRQ�DQG�6HOHFWLRQ��

$� 'DWD� 0LQLQJ� 3HUVSHFWLYH�� J. Am. Stat. Assoc.� ������
GRL������������������

���� %OXP�� $�/��� /DQJOH\�� 3�� 6HOHFWLRQ� RI� UHOHYDQW� IHDWXUHV� DQG� H[DPSOHV� LQ�
PDFKLQH�OHDUQLQJ��Artif. Intell.�������GRL���������V����������������������

���� 'LQJ��&���3HQJ��+��0LQLPXP�UHGXQGDQF\�IHDWXUH�VHOHFWLRQ�IURP�PLFURDUUD\�
JHQH�H[SUHVVLRQ�GDWD��,Q�3URFHHGLQJV�RI�WKH�3URFHHGLQJV�RI�WKH������,(((�
%LRLQIRUPDWLFV�&RQIHUHQFH��&6%�������������

���� 3HQJ��+���/RQJ��)���'LQJ��&��)HDWXUH�VHOHFWLRQ�EDVHG�RQ�PXWXDO�LQIRUPDWLRQ��
&ULWHULD�RI�0D[�'HSHQGHQF\��0D[�5HOHYDQFH��DQG�0LQ�5HGXQGDQF\��IEEE 
Trans. Pattern Anal. Mach. Intell.�������GRL���������73$0,�����������

���� 'LQJ��&�+�4��$QDO\VLV�RI�JHQH�H[SUHVVLRQ�SURILOHV��&ODVV�GLVFRYHU\�DQG�OHDI�
RUGHULQJ�� ,Q�3URFHHGLQJV�RI� WKH�3URFHHGLQJV�RI� WKH�$QQXDO� ,QWHUQDWLRQDO�
&RQIHUHQFH�RQ�&RPSXWDWLRQDO�0ROHFXODU�%LRORJ\��5(&20%��������

���� )UDQN�� .��� 9HUD� 1DGDOHV�� 0�-��� 5REHUWVRQ�� 3��� 3IHLIHU�� 7�� %D\HVLDQ�
UHFRJQLWLRQ�RI�PRWLRQ�UHODWHG�DFWLYLWLHV�ZLWK�LQHUWLDO�VHQVRUV��,Q�3URFHHGLQJV�
RI� WKH� 8EL&RPS¶��� �� 3URFHHGLQJV� RI� WKH� ����� $&0� &RQIHUHQFH� RQ�
8ELTXLWRXV�&RPSXWLQJ��������

���� &RWHFKLQL��9���%HOOL��$���3DOPD��/���0RUHWWLQL��0���%XUDWWLQL��/���3LHUOHRQL��3��$�
GDWDVHW� IRU� WKH�GHYHORSPHQW�DQG�RSWLPL]DWLRQ�RI� IDOO�GHWHFWLRQ�DOJRULWKPV�
EDVHG� RQ� ZHDUDEOH� VHQVRUV�� Data Br.� ������
GRL���������M�GLE��������������

���� g]GHPLU�� $�7�� $Q� DQDO\VLV� RQ� VHQVRU� ORFDWLRQV� RI� WKH� KXPDQ� ERG\� IRU�
ZHDUDEOH� IDOO� GHWHFWLRQ� GHYLFHV�� 3ULQFLSOHV� DQG� SUDFWLFH�� Sensors 
(Switzerland)�������GRL���������V����������

����� $]L]��2���0XVQJL��0���3DUN��(�-���0RUL��*���5RELQRYLWFK��6�1��$�FRPSDULVRQ�
RI� DFFXUDF\� RI� IDOO� GHWHFWLRQ� DOJRULWKPV� �WKUHVKROG�EDVHG� YV�� PDFKLQH�
OHDUQLQJ�� XVLQJ� ZDLVW�PRXQWHG� WUL�D[LDO� DFFHOHURPHWHU� VLJQDOV� IURP� D�
FRPSUHKHQVLYH� VHW� RI� IDOOV� DQG� QRQ�IDOO� WULDOV��Med. Biol. Eng. Comput.�
������GRL���������V���������������\��

����� 6XFHUTXLD�� $��� /ySH]�� -�'��� 9DUJDV�%RQLOOD�� -�)�� 6LV)DOO�� $� IDOO� DQG�
PRYHPHQW� GDWDVHW�� Sensors (Switzerland)� ������ 17��
GRL���������V����������

����� 0DUWtQH]�9LOODVHxRU�� /��� 3RQFH�� +��� (VSLQRVD�/RHUD�� 5�$�� 0XOWLPRGDO�
'DWDEDVH�IRU�+XPDQ�$FWLYLW\�5HFRJQLWLRQ�DQG�)DOO�'HWHFWLRQ��Proceedings�
������GRL���������SURFHHGLQJV���������

����� &DVLODUL�� (��� 6DQWR\R�5DPyQ�� -�$��� &DQR�*DUFtD�� -�0�� 80$)DOO�� $�
0XOWLVHQVRU� 'DWDVHW� IRU� WKH� 5HVHDUFK� RQ� $XWRPDWLF� )DOO� 'HWHFWLRQ��
Procedia Comput. Sci.�������110����±����GRL���������M�SURFV��������������
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����� &RKHQ��-��4XDQWLWDWLYH�0HWKRGV�LQ�3V\FKRORJ\��$�3RZHU�3ULPHU��Psychol. 
Bull.�������

����� 6WDQJO��'�.��(QF\FORSHGLD�RI�6WDWLVWLFV�LQ�%HKDYLRUDO�6FLHQFH��J. Am. Stat. 
Assoc.�������GRL���������MDVD������V�����

����� &DVLODUL�� (��� 6DQWR\R�5DPyQ�� -�$��� &DQR�*DUFtD�� -�0�� 2Q� WKH�
+HWHURJHQHLW\� RI� ([LVWLQJ� 5HSRVLWRULHV� RI� 0RYHPHQWV� ,QWHQGHG� IRU� WKH�
(YDOXDWLRQ�RI�)DOO�'HWHFWLRQ�6\VWHPV��J. Healthc. Eng.�������2020���±����
GRL�����������������������

����� /DQJOH\�� 3��� ,ED�� :�� $YHUDJH�&DVH� $QDO\VLV� RI� D� 1HDUHVW� 1HLJKERU�
$OJRULWKP��Proc. Thirteen. Int. Jt. Conf. Artifcial Intell.�������

����� =KDQJ�� 6�� &RVW�VHQVLWLYH� .11� FODVVLILFDWLRQ�� Neurocomputing� ������
GRL���������M�QHXFRP��������������

����� )XOFKHU�� %�'��� -RQHV�� 1�6�� KFWVD�� $� &RPSXWDWLRQDO� )UDPHZRUN� IRU�
$XWRPDWHG�7LPH�6HULHV�3KHQRW\SLQJ�8VLQJ�0DVVLYH�)HDWXUH�([WUDFWLRQ��
Cell Syst.�������GRL���������M�FHOV��������������

����� )XOFKHU�� %�'��� /LWWOH�� 0�$��� -RQHV�� 1�6�� +LJKO\� FRPSDUDWLYH� WLPH�VHULHV�
DQDO\VLV��7KH�HPSLULFDO�VWUXFWXUH�RI� WLPH�VHULHV�DQG� WKHLU�PHWKRGV��J. R. 
Soc. Interface�������GRL���������UVLI������������
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�±����������Ensamble Learning��

�����������×��

(Q� HO� &DStWXOR� ��� \D� VH� FRPHQWy� HO� LQWHUpV� GH� XWLOL]DU�PpWRGRV� GH� ensemble 

learning��HVWH�WUDEDMR�DPSOtD�HO�HVWXGLR�UHDOL]DGR�VREUH�HVWH�WHPD��

(VWH�WLSR�GH�WpFQLFDV�VRQ�HVWUDWHJLDV�GH�FRPELQDFLyQ�GH�PRGHORV�GH�machine 

learning� SDUD� PHMRUDU� FDSDFLGDG� GH� FODVLILFDFLyQ� \� FRPR� FRQVHFXHQFLD� VXV�

SUHVWDFLRQHV�>�@��

$�FRQWLQXDFLyQ��VH�GHVFULEHQ�GLIHUHQWHV�SUXHEDV�OOHYDGDV�D�FDER�FRQ�OD�LQWHQFLyQ�

GH�DYHULJXDU�VL�HO�XVR�GH�HVWH�WLSR�GH�SURFHGLPLHQWRV�PHMRUD� OD�FDSDFLGDG�GHO�

VLVWHPD�GH�GHWHFFLyQ�GH�FDtGDV�HQ�FODVLILFDU�FRUUHFWDPHQWH�$'/�\�FDtGDV��(Q�

HVWDV�SUXHEDV�VH�XWLOL]DQ�SRU�XQ� ODGR�DOJRULWPRV�GH�DSUHQGL]DMH�VXSHUYLVDGR�\�

SRU�RWURV�DOJRULWPRV�GH�FODVH�~QLFD���

����������À��

$O�LJXDO�TXH�HQ�SUXHEDV�GH�DSDUWDGRV�DQWHULRUHV��VH�DQDOL]D�HO�UHQGLPLHQWR�GHO�

VLVWHPD�GH�GHWHFFLyQ�GH�FDtGDV�DO�XWLOL]DU�GLIHUHQWHV�UHSRVLWRULRV�GH�PRYLPLHQWRV�

H[LVWHQWHV�HQ�OD�OLWHUDWXUD��(Q�FRQFUHWR��SDUD�HVWDV�SUXHEDV�VH�KDFH�XVR�GH�ORV�

UHSRVLWRULRV�'/5�>�@���'2)'$�>�@��(UFL\HV�>�@��)DOO$OO'�>�@��,08)'�>�@��.)DOO�>�@��

6LV)DOO�>�@��80$)DOO�>�@�\�83�)DOO�>��@��

6LQ�HPEDUJR��HQ�HVWH�FDVR�OD�GHFLVLyQ�ILQDO�GHO�VLVWHPD�YHQGUi�GDGD�D�SDUWLU�GH�

DSOLFDU�XQ�PpWRGR�ensemble learning��(Q�FRQFUHWR��HQ�HVWH�HVWXGLR�VH�HPSOHD�OD�

WpFQLFD� FRQRFLGD� FRPR� voting�� (V� GHFLU�� OD� GHFLVLyQ� ILQDO� GH� FODVLILFDFLyQ� VH�



$SpQGLFH�&��(YDOXDFLyQ�GH�XWLOL]DFLyQ�GH�WpFQLFDV�GH�(QVDPEOH�/HDUQLQJ�
�

����

REWLHQH� DSOLFDQGR� XQD� YRWDFLyQ� SRU� PD\RUtD� VLPSOH� GH� YDULRV� PRGHORV� GH�

FODVLILFDFLyQ�GLIHUHQWHV��(VSHFtILFDPHQWH��HQ�HVWH�HVWXGLR�VH�XWLOL]DQ���PRGHORV��

(Q�HVWD�RFDVLyQ��ORV�UHSRVLWRULRV�VH�GLYLGHQ�HQ���SDUWLFLRQHV��GH�PDQHUD�TXH�HQ�

FDGD� XQD� GH� HOODV� H[LVWH� XQ� Q~PHUR� VLPLODU� GH� PXHVWUDV� GH� FDGD� WLSR� GH�

PRYLPLHQWR�\�WUD]DV�GH�WRGRV�ORV�VXMHWRV�H[SHULPHQWDOHV���

/DV�SUXHEDV�UHDOL]DGDV�SXHGHQ�GLYLGLUVH�HQ���FODVHV���

x� 3UXHEDV� WLSR� $�� 6H� XWLOL]DQ� �� DOJRULWPRV� GLIHUHQWHV� �R� FRQ� GLIHUHQWHV�

KLSHUSDUiPHWURV���(Q�HVWH�FDVR��XQD�GH�ODV�SDUWLFLRQHV�VH�XWLOL]D�SDUD�HO�

WHVWHR�GHO�VLVWHPD�\�ODV�UHVWDQWHV�SDUD�HO�SURFHVR�GH�HQWUHQDPLHQWR��/RV�

��DOJRULWPRV�VH�HQWUHQDQ�FRQ�ORV�PLVPRV�GDWRV��SRU�WDQWR��HO�����GH�ODV�

PXHVWUDV�HV�XWLOL]DGD�SDUD�HQWUHQDU�\�HO������SDUD�WHVWHDU��

x� 3UXHED� WLSR� %�� 6H� XWLOL]D� �� VROR� DOJRULWPR� FRQ� XQRV� KLSHUSDUiPHWURV�

FRQFUHWRV��HO� FXDO� VH�HQWUHQD���YHFHV�FRQ� FDGD�XQD�GH� ODV�SDUWLFLRQHV�

VHOHFFLRQDGDV�SDUD�HQWUHQDPLHQWR�SDUD�REWHQHU���PRGHORV�GLIHUHQWHV��OD�

SDUWLFLyQ�UHVWDQWH�HV�XWLOL]DGD�SDUD�WHVWHDU�HO�VLVWHPD��3RU�WDQWR��VH�XWLOL]D�

XQ�����GH� ODV�PXHVWUDV�SDUD�HQWUHQDU�\�FRQVHJXLU�FDGD�PRGHOR�\�RWUR�

����SDUD�WHVWHDU��

3DUD�PHMRUDU�OD�SUHFLVLyQ�GH�ORV�UHVXOWDGRV��FDGD�SUXHED�VH�UHSLWH���YHFHV�\�HO�

UHVXOWDGR�ILQDO�HV�HO�UHVXOWDQWH�GH�DSOLFDU�OD�PHGLD�D�ODV�PpWULFDV�GH�FDOLGDG͘�

(O� REMHWLYR� GH� HVWRV� HVWXGLRV� HV� HYDOXDU� VL� OD� XWLOL]DFLyQ� GH� WpFQLFDV� GHO� WLSR�

ensemble learning� PHMRUD� ODV� SUHVWDFLRQHV� GH� XQ� VLVWHPD� GH� GHWHFFLyQ� GH�

FDtGDV��

�ǤʹǤͳǤ�������������������������

3DUD�PHMRUDU�OD�OHJLELOLGDG�GHO�GRFXPHQWR�ODV�KRMDV�GH�FiOFXOR�FRQ�ORV�UHVXOWDGRV�

VH�KDQ�DORMDGR�HQ�XQ�UHSRVLWRULR�FUHDGR�FRQ�HO�SURSyVLWR�GH�VHUYLU�GH�DQH[R�GH�

HVWH�WUDEDMR�>��@��

�ǤʹǤͳǤͳǤ� ���������������

3DUD�HVWH�WLSR�GH�SUXHEDV�VH�UHDOL]DQ���H[SHULPHQWRV�GLIHUHQWHV��



$SpQGLFH�&��(YDOXDFLyQ�GH�XWLOL]DFLyQ�GH�WpFQLFDV�GH�(QVDPEOH�/HDUQLQJ�
�

����

ͻ� 6H�VHOHFFLRQDQ�ORV���DOJRULWPRV�GH�FDGD�WLSR�TXH�SURSRUFLRQDURQ�PHMRUHV�

SUHVWDFLRQHV�HQ�OD�SUXHED�HTXLOLEUDGD�GH�ODV�H[SHULHQFLDV�GH�ORV�FDStWXORV

��\����XWLOL]DQGR�FRPR�FDUDFWHUtVWLFDV�GH�HQWUDGD�OD�FRPELQDFLyQ�FRPSXHVWD�

SRU���FDUDFWHUtVWLFDV�GH�HOHFFLyQ�SURSLD�FRQ�OD�TXH�VH�FRQVLJXLHURQ�PHMRUHV�

UHVXOWDGRV�HQ�HO�DSpQGLFH�%��

ͻ� 6H�VHOHFFLRQDQ�ORV���DOJRULWPRV��FRQ�LQGHSHQGHQFLD�GHO�WLSR��MXQWR�FRQ�ORV�

KLSHUSDUiPHWURV� TXH� SURSRUFLRQDURQ�PHMRUHV� SUHVWDFLRQHV� HQ� OD� SUXHED�

HTXLOLEUDGD� GH� ODV� H[SHULHQFLDV� GH� ORV� FDStWXORV� �� \� ��� XWLOL]DQGR� FRPR�

FDUDFWHUtVWLFDV�GH�HQWUDGD�OD�FRPELQDFLyQ�FRPSXHVWD�SRU���FDUDFWHUtVWLFDV�

GH� HOHFFLyQ� SURSLD� FRQ� OD� TXH� VH� FRQVLJXLHURQ�PHMRUHV� UHVXOWDGRV� HQ� HO�

DSpQGLFH�%��

ͻ� 6H�VHOHFFLRQDQ�ORV���DOJRULWPRV��FRQ�LQGHSHQGHQFLD�GHO�WLSR��MXQWR�FRQ�ORV�

KLSHUSDUiPHWURV� TXH� SURSRUFLRQDURQ�PHMRUHV� SUHVWDFLRQHV� HQ� OD� SUXHED�

HTXLOLEUDGD� GH� ODV� H[SHULHQFLDV� GH� ORV� DSDUWDGRV� FDStWXORV� �� \� ��� VLQ�

HPEDUJR��HVWD�YH]�XWLOL]DQGR�FRPR�FDUDFWHUtVWLFDV�GH�HQWUDGD�FXDOTXLHUD�GH�

ODV� �� FRPELQDFLRQHV� UHFRPHQGDGDV� HQ� HO� DSpQGLFH� %�� HVWR� HV�� OD

FRPELQDFLyQ� GH� �� FDUDFWHUtVWLFDV� \� OD� FRPELQDFLyQ� TXH� XWLOL]D� WRGDV� ODV�

FDUDFWHUtVWLFDV�GH�HOHFFLyQ�SURSLD�\� OD�FRPELQDFLyQ�GH����FDUDFWHUtVWLFDV�

H[WUDtGDV�D�SDUWLU�GH�+&76$��

127$��(Q�DOJXQRV�FDVRV�DOJXQDV�SUXHEDV�SXHGHQ�FRLQFLGLU��

��������������

�Ǥ͵ǤͳǤ����������������

/RV�UHVXOWDGRV�GHPXHVWUDQ�TXH�HQ�HO�FDVR�HQ�HO�TXH�VH�VHOHFFLRQDQ���DOJRULWPRV�

GH� WLSRV� GLIHUHQWHV�� WDQWR� SDUD� ODV� SUXHEDV� UHDOL]DGDV� FRQ� DOJRULWPRV� GH� GRV�

FODVHV�FRPR�GH�FODVH�~QLFD��VRODPHQWH�HQ���GH�ORV���UHSRVLWRULRV�HVWXGLDGRV�OD�

PpWULFD� JOREDO� �PHGLD� JHRPpWULFD� GH� OD� VHQVLELOLGDG� \� HVSHFLILFLGDG�� PHMRUD�

OLJHUDPHQWH� UHVSHFWR� GHO� DOJRULWPR� TXH� SURSRUFLRQDED� PHMRUHV� UHVXOWDGRV�

WUDEDMDQGR� LQGLYLGXDOPHQWH�� 'HO� PLVPR� PRGR�� VH� GHPXHVWUD� TXH� H[LVWH� XQ�

DVFHQVR�GH�OD�HVSHFLILFLGDG�HQ���GH�ORV���UHSRVLWRULRV��



$SpQGLFH�&��(YDOXDFLyQ�GH�XWLOL]DFLyQ�GH�WpFQLFDV�GH�(QVDPEOH�/HDUQLQJ�
�

����

$OJR� VLPLODU� RFXUUH� FXDQGR� VH� SHUPLWH� XWLOL]DU� FXDOTXLHU� WLSR� GH� DOJRULWPR� H�

KLSHUSDUiPHWURV��FRQ���GH�ORV���UHSRVLWRULRV�OD�PpWULFD�JOREDO�PHMRUD�DO�XWLOL]DU�

DOJRULWPRV�GH�FODVH�~QLFD�\���GH���HQ�HO�FDVR�GH�ORV�DOJRULWPRV�GH�GRV�FODVHV��

(Q� HO� FDVR� HQ� HO� TXH� VH� SUXHED� FRQ� DOJRULWPRV� GH� GLIHUHQWHV� WLSRV��

KLSHUSDUiPHWURV�� DVt� FRPR�� GLVWLQWRV� VHWV� GH� FDUDFWHUtVWLFDV� GH� HQWUDGD�� VH�

REVHUYD� XQD�PHMRUD� GH� ORV� UHVXOWDGRV� HQ� �� \� �� UHSRVLWRULRV� GH� ��� FXDQGR� VH�

XWLOL]DQ�DOJRULWPRV�GH�FODVH�~QLFD�\�GH�GRV�FODVHV�UHVSHFWLYDPHQWH��(Q�HVWH�FDVR�

H[LVWH�XQD�PHMRUD�GH�OD�HVSHFLILFLGDG�HQ�OD�PD\RUtD�GH�ORV�FDVRV��FRPELQDGD�D�

YHFHV�WDPELpQ�FRQ�XQD�PHMRUD�GH�OD�VHQVLELOLGDG��

3RU�WDQWR��OD�FRQFOXVLyQ�GH�HVWDV�SULPHUDV�SUXHEDV�HV�TXH�XWLOL]DU�HVWH�WLSR�GH�

ensamble learning� SDUD� OD� GHWHFFLyQ� GH� FDtGDV� SXHGH� VHU� SRVLWLYR� SDUD� ODV�

SUHVWDFLRQHV�GHO�VLVWHPD��KDFLpQGRVH�PiV�SDWHQWH�FXDQGR�VH�SHUPLWH�FRPELQDU�

DOJRULWPRV� GH� FXDOTXLHU� WLSR�� LQFOXVR� GHO� PLVPR� SHUR� FRQ� KLSHUSDUiPHWURV�

GLIHUHQWHV��\�SHUPLWLHQGR�OD�XWLOL]DFLyQ�GH�VHWV�GH�FDUDFWHUtVWLFDV�GLIHUHQWHV��

�Ǥ͵ǤʹǤ���������������

(Q�HVWH�WLSR�GH�SUXHED�VyOR�VH�UHDOL]D�XQ�WLSR�GH�H[SHULHQFLD��6H�VHOHFFLRQD�HO�

DOJRULWPR�\�ORV�KLSHUSDUiPHWURV�TXH�PHMRUHV�UHVXOWDGRV�SURGXMHURQ�HQ�OD�SUXHED�

HTXLOLEUDGD� GH� ODV� H[SHULHQFLDV� GH� ORV� FDStWXORV� �� \� ��� XWLOL]DQGR� FRPR�

FDUDFWHUtVWLFDV�GH�HQWUDGD� OD�FRPELQDFLyQ�FRPSXHVWD�SRU���FDUDFWHUtVWLFDV�GH�

HOHFFLyQ�SURSLD�FRQ�OD�TXH�VH�FRQVLJXLHURQ�PHMRUHV�UHVXOWDGRV�HQ�HO�$SpQGLFH�%�

\� VH� HQWUHQD� FRQ� �� SDUWLFLRQHV� GH� HQWUHQDPLHQWR� GLIHUHQWHV� SDUD� REWHQHU� ��

PRGHORV�GLIHUHQWHV��

/RV�UHVXOWDGRV�GH�HVWD�H[SHULHQFLD�QR�PHMRUDQ�HQ�QLQJ~Q�FDVR�ORV�REWHQLGRV�DO�

XWLOL]DU� VRODPHQWH�XQ�DOJRULWPR�HQWUHQDGR�FRQ�HO� ����GH� ODV�PXHVWUDV�GH� ORV�

UHSRVLWRULRV�� (Q� DOJXQRV� FDVRV� HPSHRUDQ� GUiVWLFDPHQWH� HO� UHQGLPLHQWR� GHO�

VLVWHPD��VHJXUDPHQWH�GHELGR�D�TXH� VH�XWLOL]D�XQ�Q~PHUR�PHQRU�GH�PXHVWUDV�

SDUD� HQWUHQDU� FDGD� XQR� GH� ORV�PRGHORV�� KHFKR� TXH� QR� VH� FRPSHQVD� FRQ� OD�

SRVWHULRU� YRWDFLyQ� SDUD� HOHJLU� OD� GHFLVLyQ� ILQDO�� 3RU� WDQWR�� QR� VH� UHFRPLHQGD�

VDFULILFDU� XQ� SRUFHQWDMH� GH� PXHVWUDV� GH� HQWUHQDPLHQWR� SDUD� HQWUHQDU� YDULRV�

PRGHORV�HQ�OXJDU�GH�XWLOL]DU�WRGDV�ODV�PXHVWUDV�GH�HQWUHQDPLHQWR�SDUD�HQWUHQDU�

XQ�GHWHUPLQDGR�DOJRULWPR�� �



$SpQGLFH�&��(YDOXDFLyQ�GH�XWLOL]DFLyQ�GH�WpFQLFDV�GH�(QVDPEOH�/HDUQLQJ�
�

����

������������
���� 3ROLNDU��5��(QVHPEOH�/HDUQLQJ��,Q�Ensemble Machine Learning��������
���� )UDQN�� .��� 9HUD� 1DGDOHV�� 0�-��� 5REHUWVRQ�� 3��� 3IHLIHU�� 7�� %D\HVLDQ�

UHFRJQLWLRQ�RI�PRWLRQ�UHODWHG�DFWLYLWLHV�ZLWK�LQHUWLDO�VHQVRUV��,Q�3URFHHGLQJV�
RI� WKH� 8EL&RPS¶��� �� 3URFHHGLQJV� RI� WKH� ����� $&0� &RQIHUHQFH� RQ�
8ELTXLWRXV�&RPSXWLQJ��������

���� &RWHFKLQL��9���%HOOL��$���3DOPD��/���0RUHWWLQL��0���%XUDWWLQL��/���3LHUOHRQL��3��$�
GDWDVHW� IRU� WKH�GHYHORSPHQW�DQG�RSWLPL]DWLRQ�RI� IDOO�GHWHFWLRQ�DOJRULWKPV�
EDVHG� RQ� ZHDUDEOH� VHQVRUV�� Data Br.� ������
GRL���������M�GLE��������������

���� g]GHPLU�� $�7�� $Q� DQDO\VLV� RQ� VHQVRU� ORFDWLRQV� RI� WKH� KXPDQ� ERG\� IRU�
ZHDUDEOH� IDOO� GHWHFWLRQ� GHYLFHV�� 3ULQFLSOHV� DQG� SUDFWLFH�� Sensors 
(Switzerland)�������GRL���������V����������

���� 6DOHK�� 0��� $EEDV�� 0��� /H� -HDQQHV�� 5�%�� )DOO$OO'�� $Q� 2SHQ� 'DWDVHW� RI�
+XPDQ�)DOOV�DQG�$FWLYLWLHV�RI�'DLO\�/LYLQJ�IRU�&ODVVLFDO�DQG�'HHS�/HDUQLQJ�
$SSOLFDWLRQV��IEEE Sens. J.�������21��GRL���������-6(1���������������

���� $]L]��2���0XVQJL��0���3DUN��(�-���0RUL��*���5RELQRYLWFK��6�1��$�FRPSDULVRQ�
RI� DFFXUDF\� RI� IDOO� GHWHFWLRQ� DOJRULWKPV� �WKUHVKROG�EDVHG� YV�� PDFKLQH�
OHDUQLQJ�� XVLQJ� ZDLVW�PRXQWHG� WUL�D[LDO� DFFHOHURPHWHU� VLJQDOV� IURP� D�
FRPSUHKHQVLYH� VHW� RI� IDOOV� DQG� QRQ�IDOO� WULDOV��Med. Biol. Eng. Comput.�
������GRL���������V���������������\��

���� +XPDQ�)DFWRUV�DQG�(UJRQRPLFV�/DE��.RUHD�$GYDQFHG�,QWLWXWH�RI�6FLHQFH�
DQG�7HFKQRORJ\�.)DOO��$�&RPSUHKHQVLYH�0RWLRQ�'DWDVHW� WR�'HWHFW�3UH�
LPSDFW�)DOO�IRU�WKH�(OGHUO\�EDVHG�RQ�:HDUDEOH�,QHUWLDO�6HQVRUV��

���� 6XFHUTXLD�� $��� /ySH]�� -�'��� 9DUJDV�%RQLOOD�� -�)�� 6LV)DOO�� $� IDOO� DQG�
PRYHPHQW� GDWDVHW�� Sensors (Switzerland)� ������ 17��
GRL���������V����������

���� &DVLODUL�� (��� 6DQWR\R�5DPyQ�� -�$��� &DQR�*DUFtD�� -�0�� 80$)DOO�� $�
0XOWLVHQVRU� 'DWDVHW� IRU� WKH� 5HVHDUFK� RQ� $XWRPDWLF� )DOO� 'HWHFWLRQ��
Procedia Comput. Sci.�������110����±����GRL���������M�SURFV��������������

����� 0DUWtQH]�9LOODVHxRU�� /��� 3RQFH�� +��� (VSLQRVD�/RHUD�� 5�$�� 0XOWLPRGDO�
'DWDEDVH�IRU�+XPDQ�$FWLYLW\�5HFRJQLWLRQ�DQG�)DOO�'HWHFWLRQ��Proceedings�
������GRL���������SURFHHGLQJV���������

����� 6DQWR\R�5DPRQ�� -�$��� &DVLODUL�3pUH]�� (��� &DQR�*DUFtD�� -�0�� $QH[R��
&RQWULEXFLRQHV�DO�HVWXGLR�\�DQiOLVLV�GH�VLVWHPDV�YHVWLEOHV�GH�GHWHFFLyQ�GH�
FDtGDV�$YDLODEOH�RQOLQH��KWWSV���JLWKXE�FRP�MDVU���$QH[RB&RQWULEXFLRQHV�
DO�HVWXGLR�\�DQ�OLVLV�GH�VLVWHPDV�YHVWLEOHV�GH�GHWHFFL�Q�GH�FD�GDV�
�DFFHVVHG�RQ�6HS������������

�
� �
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/DV�UHGHV�QHXURQDOHV�FRQYROXFLRQDOHV�VRQ�XQ�WLSR�GH�UHG�QHXURQDO�DUWLILFLDO��HQ�

LQJOpV� Artificial Neural Network� �$11��� FRQ� DSUHQGL]DMH� VXSHUYLVDGR� FX\R�

IXQFLRQDPLHQWR�HV�VLPLODU�DO�FyUWH[�YLVXDO�KXPDQR��&RQWLHQH�YDULDV�FDSDV�RFXOWDV�

HVSHFLDOL]DGDV�\�MHUDUTXL]DGDV��GH�HVWD�PDQHUD�FDGD�XQD�GH�HOODV�HV�FDSD]�GH�

GHWHFWDU� GLIHUHQWHV� FDUDFWHUtVWLFDV�� FRQIRUPH� PiV� SURIXQGD� HV� OD� FDSD� PiV�

FRPSOHMD�HV�OD�FDUDFWHUtVWLFD�TXH�UHFRQRFH��(VWH�WLSR�GH�UHG�HV�PX\�HIHFWLYD�SDUD�

OD�FODVLILFDFLyQ�GH�LPiJHQHV�\�HO�UHFRQRFLPLHQWR�GH�YR]�>�@��

/D�SULQFLSDO�YHQWDMD�GH�ODV�UHGHV�QHXURQDOHV�FRQYROXFLRQDOHV�UHVSHFWR�ODV�UHGHV�

QHXURQDOHV�DUWLILFLDOHV�FOiVLFDV�HV�OD�UHGXFFLyQ�GHO�Q~PHUR�GH�SDUiPHWURV�\�FRQ�

HOOR�VX�FRPSOHMLGDG��(VWH�IDFWRU�SHUPLWH�UHVROYHU� WDUHDV�FRPSOHMDV�TXH�QR�VRQ�

SRVLEOHV�FRQ�$11�FOiVLFDV��$GHPiV��ODV�UHGHV�QHXURQDOHV�FRQYROXFLRQDOHV�VRQ�

FDSDFHV�GH�GHWHFWDU�SDWURQHV�FRQ� LQGHSHQGHQFLD�GH� OD�SRVLFLyQ�HQ� OD�TXH�VH�

HQFXHQWUH�GHQWUR�GH�ORV�GDWRV��

� �
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�ǤʹǤͳǤ�����������������

(VWD� FDSD� UHFLEH� ORV� GDWRV� GH� HQWUDGD�� (Q� HOOD� VH� GHILQH� ODV� GLPHQVLRQHV�

UHTXHULGDV�SDUD�ORV�GDWRV�GH�HQWUDGD��HO�Q~PHUR�GH�FDQDOHV�\�QRUPDOL]D�ORV�GDWRV�

FDGD�YH]�TXH�VRQ�SURSDJDGRV�KDFLD�OD�VLJXLHQWH�FDSD��

�ǤʹǤʹǤ������������������×��

(VWH� WLSR�GH�FDSD�HV�HO� FRPSRQHQWH� IXQGDPHQWDO�HQ�HVWD�FODVH�GH� UHG��7DO� \�

FRPR� LQGLFD� VX� SURSLR� QRPEUH�� VX� IXQFLRQDPLHQWR� VH� EDVD� HQ� XQ� RSHUDGRU�

PDWHPiWLFR� GHQRPLQDGR� FRQYROXFLyQ� ��ሻכ� 'DGDV� GRV� PDWULFHV� �ܣ \� ��ܤ OD�
FRQYROXFLyQ�GH�DPEDVܣ�� כ ���VH�GHILQH�FRPR�OD�PDWUL]�UHVXOWDQWH�DO�UHDOL]DU�HOܤ
SURGXFWR�HVFDODU�HQWUH�HOODV�PLHQWUDV�VH�GHVSOD]D�XQD�VREUH�OD�RWUD���

(VWH�WLSR�GH�FDSD�HYLWD�FRQHFWDU�WRGRV�ORV�GDWRV�GH�HQWUDGD�FRQ�QHXURQDV��full-

connection���GDQGR� OXJDU�D�XQ�SURFHVR�PiV�HILFLHQWH�\�VHQFLOOR��HQ�HO� FXDO� VH�

H[WUDHQ�FDUDFWHUtVWLFDV�GH�UHJLRQHV�ORFDOHV��HOLPLQDQGR�GDWRV�VXSHUIOXRV���

(Q�HVWH�WLSR�GH�RSHUDFLyQ�VH�HQFXHQWUDQ�YDULRV�HOHPHQWRV�\�SDUiPHWURV��

ͻ� 'DWRV�GH�HQWUDGD��6H�WUDWD�GH�ORV�GDWRV�TXH�UHFLEH�OD�FDSD��

ͻ� )LOWUR��0DWUL]�TXH�SHUPLWH�H[WUDHU�FLHUWD�FDUDFWHUtVWLFD�GH�ORV�GDWRV�GH�OD�
HQWUDGD��6HUi�OD�PDWUL]�TXH�VH�GHVSOD]D�HQ�HO�SURFHVR�GH�FRQYROXFLyQ��$�

OD�KRUD�GH�FUHDU�OD�FDSD�GHEH�GHILQLUVH��

�� 7DPDxR�GHO�ILOWUR�

�� 3DVR�GH�OD�FRQYROXFLyQ��1��GH�PXHVWUDV�GHO�GDWR�TXH�VH�UHFRUUH�HQ�

FDGD�DYDQFH�GHO�SURFHVR�GH�FRQYROXFLyQ��

�� 1��GH�ILOWURV�XWLOL]DGRV�HQ�FDGD�FDSD�FRQYROXFLRQDO��&DGD�ILOWUR�UHDOL]D�

XQD�FRQYROXFLyQ�FRQ�OD�PDWUL]�GH�HQWUDGD�JHQHUDQGR�XQ�PDSD�GH�

FDUDFWHUtVWLFDV��&DGD�ILOWUR�H[WUDH�XQD�FDUDFWHUtVWLFD�GH�ORV�GDWRV�GH�

HQWUDGD�\�SRU�WDQWR�SRVHH�XQD�VHULH�GH�SHVRV�\�VHVJRV�TXH�VH�

UHDMXVWDQ�HQ�HO�SURFHVR�GH�HQWUHQDPLHQWR��



$SpQGLFH�'��(YDOXDFLyQ�GH�VLVWHPDV�GH�DSUHQGL]DMH�SURIXQGR�\�HOHFFLyQ�GH�KLSHUSDUiPHWURV�±�
5HGHV�&RQYROXFLRQDOHV�

�

����

127$��6L� ORV�GDWRV�GH�HQWUDGD� WLHQHQ�YDULRV�FDQDOHV��SDUD�FDGD�

ILOWUR�VH�FUHDUiQ� WDQWRV�kernels� FRPR�FDQDOHV��SRVWHULRUPHQWH�VH�

UHDOL]DUiQ�XQD�VHULH�GH�RSHUDFLRQHV�HQWUH�HOORV�\�FRQIRUPDUiQ�XQD�

~QLFD�VDOLGD��

ͻ� Padding��8QR�GH�ORV�SUREOHPDV�GH�OD�FRQYROXFLyQ�HV�OD�SpUGLGD�GH�
LQIRUPDFLyQ�GH�ORV�ERUGHV�GH�ODV�PDWULFHV��eVWH�KHFKR�SXHGH�VHU�

VROXFLRQDGR�PHGLDQWH�OD�XWLOL]DFLyQ�GH�zero-padding��HV�GHFLU��DxDGLHQGR�

D�OD�PDWUL]�GH�HQWUDGD�ILODV�\�FROXPQDV�GH�FHURV�HQ�ORV�ERUGHV��(VWH�

PHFDQLVPR�WDPELpQ�SHUPLWH�FRQWURODU�HO�WDPDxR�GHO�GDWR�GH�VDOLGD�GHO�

ILOWUR�\�DFHOHUDU�HO�SURFHVR�GH�DSUHQGL]DMH��YDOLGDFLyQ�\�WHVWHR��

ͻ� 3DVR��Stride���3HUPLWH�FRQWURODU�HO�Q~PHUR�GH�PXHVWUDV�TXH�VH�GHVSOD]D�
HO�ILOWUR�HQ�FDGD�LWHUDFLyQ�GH�OD�FRQYROXFLyQ�\�SRU�WDQWR�HO�VRODSDPLHQWR�

H[LVWHQWH�HQ�HO�SURFHVR��

&RPR�UHVXOWDGR�VH�REWLHQH�XQD�PDWUL]�GH�VDOLGD�FX\R�WDPDxR�GHSHQGH�GH�ODV�

VLJXLHQWHV�HFXDFLRQHV��

௨௧ݐ݄݃݅݁ܪ ൌ ௨௧ݐ݄݃݅݁ܪ െ ி௧ݐ݄݃݅݁ܪ  ʹ כ ௌ௧ௗݐ݄݃݅݁ܪௗௗݐ݄݃݅݁ܪ  ͳ� ����

௨௧݄ݐܹ݀݅ ൌܹ݄݅݀ݐ௨௧ െܹ݄݅݀ݐி௧  ʹ כ ௌ௧ௗ݄ݐௗௗܹ݄݅݀ݐܹ݀݅  ͳ� ����

௨௧ݏ݈݄݁݊݊ܽܥܰ ൌ �ݏݎ݁ݐ݈݅ܨܰ ����

�ǤʹǤ͵Ǥ��������������������×��Batch�

(VWD� FDSD� QRUPDOL]D� ODV� FDSDV� RFXOWDV� WUDV� OD� FRQYROXFLyQ�� DXPHQWDQGR� OD�

YHORFLGDG� GH� HQWUHQDPLHQWR� \� ODV� SUHVWDFLRQHV� GH� OD� UHG�� 5HDOL]D� XQD�

QRUPDOL]DFLyQ�GHO�WLSR�XQLGDG�WLSLILFDGD�D�OD�VDOLGD�GH�OD�FDSD�DQWHULRU��(VWR�HV��

GDGR�XQ�YDORUݔ���VH�GHILQH�HO�YDORU�GHݔ��HQ�XQLGDGHV�WLSLILFDGDVݖ����FRPR��
ݖ ൌ ݔ െ ߪߤ � ����

'RQGHߤ��HV�OD�PHGLD�GH�ODV�PXHVWUDV�\ߪ��OD�GHVYLDFLyQ�WtSLFD��



$SpQGLFH�'��(YDOXDFLyQ�GH�VLVWHPDV�GH�DSUHQGL]DMH�SURIXQGR�\�HOHFFLyQ�GH�KLSHUSDUiPHWURV�±�
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�

����

�ǤʹǤͶǤ�����������������×��

(VWD�FDSD�VH�DSOLFD�SDUD�OLPLWDU�R�VDWXUDU�OD�VDOLGD�JHQHUDGD�WUDV�OD�FRQYROXFLyQ��

OR� TXH�SHUPLWH� GHVHFKDU� YDORUHV� VXSHUIOXRV��([LVWHQ�GLIHUHQWHV� IXQFLRQHV� TXH�

SXHGHQ�VHU�XWLOL]DGDV�HQ�HVWH�WLSR�GH�FDSD��SRU�HMHPSOR��OD�IXQFLyQ�VLJPRLGH�R�OD�

WDQJHQWH�KLSHUEyOLFD��VLQ�HPEDUJR��OD�IXQFLyQ�TXH�DFWXDOPHQWH�VXHOH�XVDUVH�HV�

OD�IXQFLyQ�FRQRFLGD�FRPR�5H/8��Rectified Linear Unit���

/D�IXQFLyQ�5H/8�VH�GHQRWD�FRPR��

ሻݔሺܷܮܴ݁ ൌ �ሺͲǡݔܽ݉ �ሻݔ ����

3UHVHQWD� FLHUWDV� YHQWDMDV� UHVSHFWR� RWUDV� IXQFLRQHV� XWLOL]DGDV� HQ� OD� FDSD� GH�

DFWLYDFLyQ��

ͻ� 'HILQLFLyQ�VLPSOH�GH�OD�IXQFLyQ�\�VX�JUDGLHQWH�

ͻ� 3RVHH�XQ�JUDGLHQWH�FRQVWDQWH�SDUD�HQWUDGDV�SRVLWLYDV��OR�TXH�UHVXHOYH�HO�

SUREOHPD�H[LVWHQWH�HQ�IXQFLRQHV�FRPR�OD�VLJPRLGH�R�HO�DUFRWDQJHQWH�

KLSHUEyOLFR�D�OD�KRUD�GH�UHDOL]DU�SURSDJDFLyQ�KDFLD�DWUiV��GRQGH�OD�VHxDO�

GHO�JUDGLHQWH�FRPLHQ]D�D�GHVDSDUHFHU�FRQIRUPH�PiV�SURIXQGD�HV�OD�UHG��

(VWH�KHFKR�HV�SURYRFDGR�GHELGR�D�TXH�HO�JUDGLHQWH�GH�HVWDV�IXQFLRQHV�HV�

PX\�FHUFDQR�D�FHUR�HQ�OD�PD\RUtD�GH�ODV�SDUWHV�H[FHSWR�HQ�YDORUHV�

FHQWUDOHV�>�@��

ͻ� 5H/8�FRQVLJXH�XQD�UHSUHVHQWDFLyQ�PiV�GLVSHUVD�TXH�IDYRUHFH�HO�

HQWUHQDPLHQWR��

�ǤʹǤͷǤ���������������������

/D� ODERU� GH� HVWH� WLSR� GH� FDSD� HV� OD� GH� UHGXFLU� OD� FRPSOHMLGDG� GH� ORV� GDWRV�

UHDOL]DQGR�XQ�VXEPXHVWUHR�GH�pVWRV��5HGXFH�HO�WDPDxR�GH�ORV�GDWRV�GH�HQWUDGD��

SHUR�QR�DIHFWD�DO�Q~PHUR�GH�FDQDOHV�R�ILOWURV��(VWH�SURFHVR�SURYRFD�TXH�OD�UHG�

VH�TXHGH�VRODPHQWH�FRQ�ORV�GDWRV�PiV�UHSUHVHQWDWLYRV�>���@��

(Q�HVWH�HVWXGLR��OD�WpFQLFD�XWLOL]DGD�HQ�HVWH�WLSR�GH�FDSD�HV�Max-pooling��6H�EDVD�

HQ�OD�GLYLVLyQ�GH�ORV�GDWRV�HQ�YHQWDQDV�GH�XQ�WDPDxR�GHWHUPLQDGR��݉��HQ�FDGD�
YHQWDQD�VH�VHOHFFLRQD�HO�YDORU�PiV�DOWR��



$SpQGLFH�'��(YDOXDFLyQ�GH�VLVWHPDV�GH�DSUHQGL]DMH�SURIXQGR�\�HOHFFLyQ�GH�KLSHUSDUiPHWURV�±�
5HGHV�&RQYROXFLRQDOHV�

�

����

�ǤʹǤǤ���������������������������ȋFully ConnectedȌ�

(VWD� FDSD� FRQHFWD� FDGD� XQD� GH� ODV� QHXURQDV� GH� OD� FDSD� DQWHULRU� FRQ� ODV�

QHXURQDV�GH�OD�VLJXLHQWH�FDSD��5HDOL]D�XQD�WDUHD�VLPLODU�D�ODV�FDSDV�H[LVWHQWHV�

HQ� ODV� UHGHV� QHXURQDOHV� WUDGLFLRQDOHV�� &RPELQD� WRGRV� ORV� PDSDV� GH�

FDUDFWHUtVWLFDV�FRQ�HO�REMHWLYR�GH�LGHQWLILFDU�ORV�SDWURQHV�PiV�LPSRUWDQWHV��

�ǤʹǤǤ�����������������×��Softmax�

(VWD� FDSD� SHUPLWH� FRQRFHU� OD� SUREDELOLGDG� FRQ� TXH� OD� PXHVWUD� GH� HQWUDGD�

SHUWHQHFH� D� XQD� FODVH� X� RWUD�� (Q� HVWH� HVWXGLR� VH� HQFXHQWUD� XELFDGD� MXVWR�

GHVSXpV�GH�OD�FDSD�Fully Connected.�8WLOL]D�OD�IXQFLyQ�GH�DFWLYDFLyQ�Softmax R�

IXQFLyQ�H[SRQHQFLDO�QRUPDOL]DGD��OD�FXDO�FRPSULPH�XQ�YHFWRU�N�GLPHQVLRQDO�GH�

YDORUHV�UHDOHV�HQ�XQ�YHFWRU�N�GLPHQVLRQDO�GH�YDORUHV� UHDOHV�HQ�HO� UDQJR� >���@��

3DUD�݆ ൌ ͳǡǥ ǡܭ��
ሻݖሺߪ ൌ ݁௭ೕσ ݁௭ೖ

��
ୀଵ � ����

�ǤʹǤͺǤ��������������������×��

(VWD� FDSD� UHFLEH� ORV� GDWRV� GH� OD� FDSD� GH� DFWLYDFLyQ�Softmax� \� DVLJQD� FDGD�

HQWUDGD� D� XQD� GH� ODV� FODVHV� HQ� ODV� TXH� SXHGHQ� FODVLILFDUVH� ODV� PXHVWUDV��

$GHPiV�� FDOFXOD� OD� SpUGLGD� R� HUURU� GH� HQWURStD� FUX]DGD�� YDORU� XWLOL]DGR� HQ� HO�

HQWUHQDPLHQWR�SDUD�FDOFXODU�\�DFWXDOL]DU�ORV�SDUiPHWURV�GH�OD�UHG�FRQYROXFLRQDO�

HQ�FDGD�LWHUDFLyQ���

/D�IXQFLyQ�GH�SpUGLGD�YLHQH�GDGD�SRU�OD�VLJXLHQWH�IyUPXOD��

ݏݏ݈ ൌ�െ ͳܰ ݓ  ǡݐ  ǡݕ
ୀଵ

ெ
ୀଵ � ����

� �
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�

����

����������À��

�Ǥ͵ǤͳǤ�����������������������������

(Q�HVWH�QXHYR�HVWXGLR�VH�YXHOYH�D�VHJXLU�HO�PLVPR�SURFHGLPLHQWR�UHDOL]DGR�HQ�

ODV�H[SHULHQFLDV�GH�ORV�DSDUWDGRV�SUHOLPLQDUHV��HYDOXDU�HO�VLVWHPD�GH�GHWHFFLyQ�

GH�FDtGDV�D�SDUWLU�GH�XQ�DQiOLVLV�VLVWHPiWLFR�GH�GLVWLQWRV�UHSRVLWRULRV�GLVSRQLEOHV�

HQ�OD�OLWHUDWXUD��HQ�FRQFUHWR�VH�XWLOL]DUiQ����'2)'$�>�@��(UFL\HV�>�@��)DOO$OO'�>�@��

,08)'�>�@��.)DOO�>�@��6LV)DOO�>�@��80$)DOO�>�@�\�83�)DOO�>��@���

�Ǥ͵ǤʹǤ��±������������������

'H�QXHYR��OD�PpWULFD�JOREDO�GH�FDOLGDG�HPSOHDGD�SDUD�OD�HYDOXDFLyQ�HV�OD�PHGLD�

JHRPpWULFD�GH�OD�VHQVLELOLGDG�\�HVSHFLILFLGDG�GHO�VLVWHPD��OD�FXDO�SHUPLWH�YDORUDU�

OD�SUHFLVLyQ�FRQ�TXH�OD�DUTXLWHFWXUD�HV�FDSD]�GH�GLVFHUQLU�HQWUH�$'/�\�FDtGDV��

�Ǥ͵Ǥ͵Ǥ������������×��������������������������

(O� HVWXGLR� WLHQH� GRV� REMHWLYRV�� SRU� XQ� ODGR�� HYDOXDU� ODV� SUHVWDFLRQHV� TXH�

SURSRUFLRQD�OD�XWLOL]DFLyQ�GH�XQD�UHG�FRQYROXFLRQDO�HQ�XQ�VLVWHPD�GH�GHWHFFLyQ�

GH�FDtGDV��\�SRU�RWUR��DQDOL]DU�OD�LQIOXHQFLD�TXH�SRVHHQ�XQD�VHULH�KLSHUSDUiPHWURV�

GH� OD� UHG�FRQYROXFLRQDO�HQ� OD�PpWULFD�GH�FDOLGDG�JOREDO�D� OD�KRUD�GH�FODVLILFDU�

PRYLPLHQWRV�� ([DFWDPHQWH� VH� KDQ� VH� KDQ� HVWXGLDGR� XQ� WRWDO� GH� �����

FRPELQDFLRQHV�GLIHUHQWHV�SDUD�FDGD�XQD�GH�ODV���EDVHV�GH�GDWRV��(Q�OD�7DEOD�

'��� VH� UHVXPHQ� ORV� KLSHUSDUiPHWURV� DQDOL]DGRV� MXQWR� D� ORV� YDORUHV�

FRPSUREDGRV��

/D�FRQILJXUDFLyQ�GH�ODV�UHGHV�QHXURQDOHV�XWLOL]DGDV�HQ�HVWH�HVWXGLR�SUHVHQWD�OD�

HVWUXFWXUD�TXH�VH�PXHVWUD�JUiILFDPHQWH�HQ�OD�)LJXUD�'����

3DUD�FDGD�PXHVWUD�VH�LQWURGXFHQ�ORV�GDWRV�GH�OD�DFHOHUDFLyQ�HQ�XQD�YHQWDQD�GH�

WLHPSR� DOUHGHGRU� GHO� SLFR� GH� Pi[LPD� DFHOHUDFLyQ� �HQ� HO� FDVR� GH� TXH� VH�

LQWURGX]FDQ�ORV���HMHV�GHO�DFHOHUyPHWUR�H[LVWHQ���FDQDOHV��HQ�HO�FDVR�HQ�HO�TXH�

VRODPHQWH�VH�LQWURGX]FD�HO�609��XQ�FDQDO���

� �
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5HGHV�&RQYROXFLRQDOHV�

�

����

1RPEUH�GHO�KLSHUSDUiPHWUR� 9DORUHV�DQDOL]DGRV�

7DPDxR�GH�OD�YHQWDQD�GH�HVWXGLR��࢚࢝ሻ� ��V����V����V�

1��GH�FDSDV�FRQYROXFLRQDOHV� ��������

1��GH�ILOWURV� ��������������

$QFKR�GH�ORV�ILOWURV�FRQYROXFLRQDOHV� �����

$QFKR�GH�Padding� ��

Stride �[��

0pWRGR�GH�RSWLPL]DFLyQ� Stochastic gradient descent with momentum 

/��Regulation� �������

$QFKR�GH�OD�YHQWDQD�GH�Max-Pooling� �����

7DPDxR�GHO�miniBatch� ��������

7DVD�GH�DSUHQGL]DMH�LQLFLDO� �����

3DFLHQFLD�GH�YDOLGDFLyQ� ��

7LSR�GH�FDQDO� ��D[LV��609�

7LSR�GH�QRUPDOL]DFLyQ� 1LQJXQR��zscore, zerocenter�

7DEOD�'����5HVXPHQ�GH�ORV�KLSHUSDUiPHWURV�GH�OD�UHG�FRQYROXFLRQDO�DQDOL]DGRV�HQ�HO�SUHVHQWH�HVWXGLR�

�

)LJXUD�'����(VWUXFWXUD�GH�ODV�UHGHV�FRQYROXFLRQDOHV�XWLOL]DGDV�HQ�HO�SUHVHQWH�HVWXGLR�

�Ǥ͵ǤͶǤ�����������������������

3DUD� YDOLGDU� ORV�PRGHORV� JHQHUDGRV� VH� KDUi� XVR� GH� OD� WpFQLFD� GH� YDOLGDFLyQ�

FUX]DGD�N�)ROG��HVSHFtILFDPHQWH�VH�UHDOL]D�XQ�DQiOLVLV���)ROG��&DGD�UHSRVLWRULR�

KD�VLGR�GLYLGLGR�HQ���SDUWLFLRQHV��HQ�ORV�FXDOHV�H[LVWH�DSUR[LPDGDPHQWH�HO�PLVPR�

Q~PHUR�GH�PXHVWUDV�GH�ORV�GLIHUHQWHV�PRYLPLHQWRV�H�LQFOX\H�PXHVWUDV�GH�FDGD�

XQR� GH� ORV� VXMHWRV� SDUWLFLSDQWHV�� 'H� HVWD� PDQHUD�� VH� XWLOL]D� XQ� ���� GH� ODV�

PXHVWUDV�SDUD�HQWUHQDU�DO�VLVWHPD��XQ�����SDUD�HO�SURFHVR�GH�YDOLGDFLyQ�\�XQ�

����SDUD�WHVWHDU���

/ŶƉƵƚ�>ĂǇĞƌ

�ŽŶǀŽůƵƚŝŽŶĂů ůĂǇĞƌ

�ĂƚĐŚ EŽƌŵĂůŝǌĂƚŝŽŶ

�ĐƚŝǀĂƚŝŽŶ >ĂǇĞƌ ;ZĞ>ƵͿ

DĂǆ�WŽŽůŝŶŐ >ĂǇĞƌ

&ƵůůǇ �ŽŶŶĞĐƚĞĚ >ĂǇĞƌ

^ŽĨƚŵĂǆ >ĂǇĞƌ

y�EŽ��ŽŶǀŽůƵƚŝŽŶĂů
>ĂǇĞƌƐ
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�

����

(Q� FDGD� H[SHULHQFLD� VH� REWLHQH� OD� PHGLD� GH� OD� PHGLD� JHRPpWULFD� GH� OD�

HVSHFLILFLGDG� \� VHQVLELOLGDG� GHO� VLVWHPD� GHO� DQiOLVLV� N�)ROG� MXQWR� FRQ� VX�

GHVYLDFLyQ�HVWiQGDU��

�Ǥ͵ǤͷǤ���������������������������×������

/DV�SUXHEDV�VH�KDQ�UHDOL]DGR�XWLOL]DQGR�OD�YHUVLyQ�GH�0DWODE�5����E�\�OD�toolbox�

Deep Learning�YHUVLyQ�������DVt�FRPR��Parallel Computing Toolbox�YHUVLyQ������

6H�KD�GLVSXHVWR�GH�GRV�RUGHQDGRUHV�GLIHUHQWHV��

x� 3RU�XQ�ODGR��HO�RUGHQDGRU�XWLOL]DGR�FRPR�SULQFLSDO��XQ�06,�*/���/HRSDUG�

��6(.��FRQ�XQ�SURFHVDGRU�,QWHO�&RUH�L�������+�����*%�GH�5$0�\�XQD�

WDUMHWD�JUiILFD�FRPSDWLEOH�FRQ�&8'$��HQ�FRQFUHWR�OD�19,',$�*H)RUFH�57;�

������

x� 3RU� RWUR� ODGR�� XQ� RUGHQDGRU� XWLOL]DGR� FRPR� DSR\R�� XQ� $686� FRQ� XQ�

SURFHVDGRU�L�����������*%�GH�PHPRULD�5$0�\�XQD�WDUMHWD�JUiILFD�,QWHO�+'�

*UDSKLFV�������1R�FRPSDWLEOH�FRQ�&8'$���

&RPELQDQGR� ODV� GRV� toolbox� HVSHFLILFDGDV� DQWHULRUPHQWH�� WHQtDPRV� OD�

SRVLELOLGDG�GH�HQWUHQDU�OD�UHG�QHXURQDO�FRQYROXFLRQDO�GH�GRV�PDQHUDV�GLIHUHQWHV��

XWLOL]DQGR�OD�&38�\�XWLOL]DQGR�OD�*38��3DUD�XWLOL]DU�OD�*38�HV�QHFHVDULR�TXH�OD�

WDUMHWD�JUiILFD�FXPSOD�XQDV�HVSHFLILFDFLRQHV�FRQFUHWDV� UHTXHULGDV��HQ�QXHVWUR�

FDVR��VRODPHQWH�HO�SULPHU�RUGHQDGRU�HUD�FRPSDWLEOH�>��@��

/D�XWLOL]DFLyQ�GH�XQD�*38�SHUPLWH�DFHOHUDU�GH�PDQHUD�FRQVLGHUDEOH�SURFHVRV�

FRPSXWDFLRQDOPHQWH� LQWHQVLYRV� FRPR� HV� HO� HQWUHQDPLHQWR� GH� ODV� UHGHV�

QHXURQDOHV�>�����@��

3RU�RWUD�SDUWH��SDUD�DJLOL]DU�HO�SURFHVR�HQ�DPERV�RUGHQDGRUHV�VH�SURJUDPD�HO�

VFULSW�SDUD�TXH�VH�WUDWHQ�HQ�SDUDOHOR�WUHV�UHSRVLWRULRV�VLPXOWiQHDPHQWH��

+DFLHQGR�XQD�HVWLPDFLyQ�DSUR[LPDGD�GHO�WLHPSR�GH�FyPSXWR�GH�HVWDV�SUXHEDV��

VH� SXHGH� H[SRQHU� TXH� HQ� HO� RUGHQDGRU� TXH� GLVSRQH� GH� OD� WDUMHWD� JUiILFD�

FRPSDWLEOH�FRQ�&8'$�KD� WDUGDGR�DOUHGHGRU�GH�FXDWUR�GtDV�HQ�SURFHVDU��SDUD�

WRGRV�ORV�UHSRVLWRULRV�XWLOL]DGRV�HQ�HVWH�HVWXGLR��ODV�GLIHUHQWHV�FRPELQDFLRQHV�GH�

KLSHUSDUiPHWURV�XWLOL]DQGR�XQ�WLSR�GH�QRUPDOL]DFLyQ�GH�GDWRV�FRQFUHWR��(O�WLHPSR�

GH� FyPSXWR� GHO� RUGHQDGRU� FX\D� JUiILFD� QR� HV� FRPSDWLEOH� FRQ� &8'$� SRGtD�

GXSOLFDUVH�SDUD�OD�PLVPD�WDUHD��
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�

����

������������

(Q�SULPHU�OXJDU��VH�DQDOL]D�TXp�FRPELQDFLyQ�GH�KLSHUSDUiPHWURV�FRQVLJXH�XQD�

PD\RU�PHGLD�JHRPpWULFD�GH�OD�VHQVLELOLGDG�\�HVSHFLILFLGDG�GHO�VLVWHPD��3DUD�HOOR��

WDO� \� FRPR� VH� KD� FRPHQWDGR� HQ� OD� VHFFLyQ� SUHGHFHVRUD� VH� DQDOL]DQ�

VLVWHPiWLFDPHQWH�ORV�UHSRVLWRULRV�GH�PRYLPLHQWRV�HOHJLGRV�SDUD�HVWH�HVWXGLR�\�

VH�REWLHQHQ�ODV�PpWULFDV�GH�FDOLGDG�SDUD�FDGD�XQD�GH�ODV������FRPELQDFLRQHV�

GH�KLSHUSDUiPHWURV��3RVWHULRUPHQWH��VH�UHDOL]D�OD�PHGLD�GH�FDGD�FRPELQDFLyQ�\�

VH� VHOHFFLRQD� DTXHOOD� FRQ� OD� TXH� VH� FRQVLJXH� XQD� PD\RU� PpWULFD� JOREDO� GH�

FDOLGDG��

7UDV� UHDOL]DU� ODV� GLIHUHQWHV� SUXHEDV� KDFLHQGR� XVR� GH� GLVWLQWRV� PpWRGRV� GH�

QRUPDOL]DFLyQ�VH�FRQFOX\H�TXH�QR�H[LVWH�XQD�FODUD�GLIHUHQFLD�HQ�ODV�SUHVWDFLRQHV�

GHO�VLVWHPD�FXDQGR�VH�XWLOL]DQ�XQRV�X�RWURV��6LQ�HPEDUJR��FRPR�VH�SUHWHQGH�TXH�

ORV� PRGHORV� GH� SUHGLFFLyQ� SXHGDQ� VHU� XWLOL]DGRV� HQWUH� SREODFLRQHV� GH�

PRYLPLHQWRV�GLIHUHQWHV��VH�HOLJH�OD�QRUPDOL]DFLyQ�WLSR�zscore�R�FRQRFLGD�FRPR�

XQLGDG�WLSLILFDGD��'HEH�SXQWXDOL]DUVH��TXH�OD�QRUPDOL]DFLyQ�VH�HVWi�UHDOL]DQGR�D�

SDUWLU�GH�ORV�GDWRV�GH�HQWUHQDPLHQWR��FRPR�RFXUULUtD�HQ�XQ�HVFHQDULR�UHDOLVWD��HQ�

HO�TXH�HQ�SULQFLSLR�VH�SRGUtD�LU�QRUPDOL]DQGR�ORV�GDWRV�HQ�WLHPSR�UHDO�D�SDUWLU�GH�

YDULDEOHV�\D�PHGLGDV�GH�DQWHPDQR�GXUDQWH�HO�training���

/D�FRPELQDFLyQ�GH�KLSHUSDUiPHWURV�TXH�WUDV�HO�DQiOLVLV�SURSRUFLRQD�XQD�PHMRU�

FODVLILFDFLyQ�GH�ORV�UHSRVLWRULRV�XWLOL]DQGR�FRPR�WLSR�GH�QRUPDOL]DFLyQ�zscore�VH�

UHVXPHQ�HQ�OD�7DEOD�'����&RQ�GLFKRV�SDUiPHWURV��VH�REWLHQH�XQD�PHGLD�GH�OD�

PHGLD�JHRPpWULFD�GH� OD�HVSHFLILFLGDG�\�VHQVLELOLGDG�GH���������DVt�FRPR��XQD�

VHQVLELOLGDG�GH��������\�XQD�HVSHFLILFLGDG�GH����������

(Q� OD� 7DEOD� '��� VH� UHVXPHQ� ODV� PpWULFDV� GH� FDOLGDG� REWHQLGDV� SDUD� FDGD�

UHSRVLWRULR�DO�XWLOL]DU�ODV�PXHVWUDV�UHFRPHQGDGDV�HQ�OD�WDEOD�DQWHULRU��7DO�\�FRPR�

VH�SXHGH�FRPSUREDU��HQ� WRGRV�HOORV� OD�PHGLD�JHRPpWULFD�GH� OD�VHQVLELOLGDG�\�

HVSHFLILFLGDG�HV�VXSHULRU�D�������&RQVLJXLHQGR�VXSHUDU�HQ���GH�ORV���UHSRVLWRULRV�

HO�YDORU�GH�������H�LQFOXVR�������HQ���GH�HOORV��$Vt�PLVPR��OD�GHVYLDFLyQ�GH�HVWD�

PpWULFD�DO�UHDOL]DU�HO�DQiOLVLV�GH�UHPXHVWUHR���IROG�HV�PX\�EDMD��QR�VXSHUDQGR�HQ�

OD�PD\RUtD�GH�ORV�FDVRV�������

3XHGH�HQFRQWUDUVH�XQD�YHUVLyQ�H[WHQGLGD�GH�ORV�UHVXOWDGRV�HQ�HO�UHSRVLWRULR�TXH�

KD�VLGR�FUHDGR�FRQ�HO�SURSyVLWR�GH�VHUYLU�GH�DQH[R�GH�HVWD�WHVLV�>��@��
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�

����

1RPEUH�GHO�KLSHUSDUiPHWUR� 9DORUHV�DQDOL]DGRV�

7DPDxR�GH�OD�YHQWDQD�GH�HVWXGLR��࢚࢝ሻ� ��V�

1��GH�FDSDV�FRQYROXFLRQDOHV� ��

1��GH�ILOWURV� ���

$QFKR�GH�ORV�ILOWURV�FRQYROXFLRQDOHV� ��

$QFKR�GH�3DGGLQJ� ��

6WULGH� �[��

0pWRGR�GH�RSWLPL]DFLyQ� 6WRFKDVWLF�JUDGLHQW�GHVFHQW�ZLWK�PRPHQWXP�

/��5HJXODWLRQ� �������

$QFKR�GH�OD�YHQWDQD�GH�0D[�3RROLQJ� ��

7DPDxR�GHO�PLQL%DWFK� ���

7DVD�GH�DSUHQGL]DMH�LQLFLDO� �����

3DFLHQFLD�GH�YDOLGDFLyQ� ��

7LSR�GH�FDQDO� ��D[LV�

7LSR�GH�QRUPDOL]DFLyQ� ]VFRUH�

7DEOD�'����5HVXPHQ�GH�ORV�KLSHUSDUiPHWURV�FRQ�ORV�TXH�VH�REWLHQH�XQDV�PD\RUHV�SUHVWDFLRQHV�GHO�VLVWHPD�GH�
GHWHFFLyQ�GH�FDtGD�SDUD�ORV�UHSRVLWRULRV�HVWXGLDGRV��

ZĞƉŽƐŝƚŽƌŝŽ� �ࢋࡿ �ࡿ ඥࢋࡿ  �ࡿ �ࡿࢋࡿඥ࣌
'2)'$� ������� ������� ������� �������

(UFL\HV� ������� ������� ������� �������

)DOO$OO'� ������� ������� ������� �������

,08)'� ������� ������� ������� �������

.)DOO� ������� ������� ������� �������

6LV)DOO� ������� ������� ������� �������

80$)DOO� ������� ������� ������� �������

83�)DOO� ������� ������� ������� �������

7DEOD�'����0pWULFDV�GH�FDOLGDG�REWHQLGDV�DO�DQDOL]DU� ORV�GLIHUHQWHV�UHSRVLWRULRV�GH�PRYLPLHQWRV�XWLOL]DQGR�ORV�
KLSHUSDUiPHWURV�VHOHFFLRQDGRV�FRPR�UHFRPHQGDEOHV�\�GHVFULWRV�HQ�HO�$SpQGLFH�%�

� �
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(Q�SULPHU�OXJDU��HO�DQiOLVLV�KD�GHPRVWUDGR�TXH�OD�XWLOL]DFLyQ�GH�UHGHV�QHXURQDOHV�

FRQYROXFLRQDOHV� HQ� HO� iPELWR� GH� OD� GHWHFFLyQ� GH� FDtGDV� HV� XQD� RSFLyQ� TXH�

SHUPLWH�REWHQHU�PX\�EXHQDV�SUHVWDFLRQHV��6L�VH�UHDOL]D�OD�PHGLD�GH�OD�PpWULFD�

GH�FDOLGDG�JOREDO�GHULYDGDV�GHO�XVR�GH�WRGRV�ORV�UHSRVLWRULRV�VHOHFFLRQDGRV�VH�

REWLHQH� XQ� LQWHUYDOR� GH� YDORUHV� FRPSUHQGLGR� HQWUH� ������� \� ������� �YDORU�

REWHQLGR� SDUD� OD� FRPELQDFLyQ� GH� KLSHUSDUiPHWURV� TXH� SHRUHV� \� PHMRUHV�

UHVXOWDGRV�DOFDQ]D�UHVSHFWLYDPHQWH���

6L�VH�VHOHFFLRQDQ�ORV�KLSHUSDUiPHWURV�TXH�SURYRFDQ�XQ�PHMRU�UHQGLPLHQWR�GHO�

VLVWHPD��FXDQGR�VH�QRUPDOL]DQ�ORV�GDWRV�GH�HQWUDGD�PHGLDQWH�zscore��WDO�\�FRPR�

VH�PHQFLRQy� DQWHULRUPHQWH�� OD�PD\RUtD� GH� ORV� UHSRVLWRULRV�� �� GH� ��� REWLHQHQ�

YDORUHV� VXSHULRUHV� GH� ����� HQ� VXV� PHGLDV� JHRPpWULFDV� GH� OD� VHQVLELOLGDG� \�

HVSHFLILFLGDG�\�HO�FDVR�SHRU�VXSHUD�������

$�VX�YH]�VH�SXHGHQ�H[WUDHU�RWUDV�FRQFOXVLRQHV�GH�HVWH�HVWXGLR��SRU�HMHPSOR��VH�

FRPSUXHED�TXH�OD�XWLOL]DFLyQ�GH�ORV���HMHV�GHO�DFHOHUyPHWUR�FRPR�SDUiPHWURV�GH�

HQWUDGD� GH� OD� UHG� �XWLOL]DU� �� FDQDOHV� GLIHUHQFLDGRV��� SURSRUFLRQD� PHMRUHV�

SUHVWDFLRQHV� TXH� DOLPHQWDU� DO� VLVWHPD� VRODPHQWH� FRQ� HO� PyGXOR� GH� OD�

DFHOHUDFLyQ��(Q�HO�FDVR�HQ�TXH�VH�XWLOL]DQ�ORV�KLSHUSDUiPHWURV�UHFRPHQGDGRV��OD�

GLIHUHQFLD�GH�XWLOL]DU�XQR�X�RWUR�WLSR�GH�FDQDOHV�DIHFWD�HQ�XQ������GHO�UHVXOWDGR�

ILQDO��

$Vt� PLVPR�� SDUHFH� VHU� TXH� OD� XWLOL]DFLyQ� GH� XQD� YHQWDQD� GH� HVWXGLR� GH� ��

VHJXQGRV� IDYRUHFH� OD�FDUDFWHUL]DFLyQ�GH� ORV�PRYLPLHQWRV�FRPSDUDGR�FRQ�XQD�

YHQWDQD�GH�PHQRU�R�PD\RU�WDPDxR��

3RU� RWUR� ODGR�� OD� XWLOL]DFLyQ� GH� XQ� Q~PHUR� PD\RU� GH� ILOWURV� HQ� OD� FDSD� GH�

FRQYROXFLyQ� WLHQGH� D� PHMRUDU� ODV� SUHVWDFLRQHV� GHO� VLVWHPD�� VLQ� HPEDUJR�� HO�

SRUFHQWDMH�GH�PHMRUD�FRQVHJXLGR�VH�KDFH�PiV�SDWHQWH�DO�SDVDU�GH���D����ILOWURV�

TXH�SRVWHULRUPHQWH�DO�GXSOLFDU�R�FXDGULSOLFDU�GLFKR�Q~PHUR��SRU�OR�FXDO��D�OD�KRUD�

GH�GLVHxDU�XQD�UHG�GH�HVWH�WLSR��GHEH�SODQWHDUVH�VL�HV�PiV�FRQYHQLHQWH�FRQVHJXLU�

HVD�OLJHUD�PHMRUD�R�UHGXFLU�OD�FDQWLGDG�GH�ILOWURV�\�FRQ�HOOR�OD�FDUJD�FRPSXWDFLRQDO�

\�FRPSOHMLGDG�GH�OD�UHG��WUDGXFLpQGRVH�D�VX�YH]�HQ�XQRV�WLHPSRV�GH�HVSHUD�HQ�

HO�SURFHVR�GH�HQWUHQDPLHQWR�\�WHVWHR�PHQRUHV���
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(Q� FXDQWR� DO� DQFKR� GH� OD� YHQWDQD� GH� OD� FDSD� GH� max-pooling�� pVWD� SXHGH�

SURYRFDU� SUREOHPDV� VL� VX� YDORU� HV� DOWR�� \D� TXH� HQ� ORV� HVFHQDULRV� GRQGH� OD�

IUHFXHQFLD�GH�PXHVWUHR�HV�EDMD��HO�Q~PHUR�GH�PXHVWUDV�LQWURGXFLGDV�HQ�OD�UHG�

QR� VHUi� VXILFLHQWH� FRPR� SDUD� SRGHU� DWUDYHVDU� YDULDV� YHFHV� ODV� FDSDV� GH�

FRQYROXFLyQ� �OD� FDSD� GH�max-pooling� YD� UHGXFLHQGR� HO� WDPDxR� GH� ORV� GDWRV���

LPSLGLHQGR�GH�HVWH�PRGR�HO�FRUUHFWR�IXQFLRQDPLHQWR��

(O�UHVWR�GH�KLSHUSDUiPHWURV�QR�SDUHFH�DIHFWDU�GH�XQD�PDQHUD�FODUD�\�VLJQLILFDWLYD�

DO� VLVWHPD��6X� FRPSRUWDPLHQWR�GHSHQGH�GH� ODV� FRPELQDFLRQHV�GH� ORV� GHPiV�

SDUiPHWURV��

�

� �
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���� $OEDZL��6���0RKDPPHG��7�$���$O�=DZL��6��8QGHUVWDQGLQJ�RI�D�FRQYROXWLRQDO�

QHXUDO�QHWZRUN�� ,Q�3URFHHGLQJV�RI� WKH������ ,QWHUQDWLRQDO�&RQIHUHQFH�RQ�
(QJLQHHULQJ�DQG�7HFKQRORJ\��,&(7���,(((��$QWDO\D��7XUNH\��$XJXVW��������
������9RO�������-DQXD��SS���±���

���� *RRGIHOORZ�� ,��� %HQJLR�� <��� &RXUYLOOH�� $��Deep Learning - An MIT Press 
book��������

���� )UDQN�� .��� 9HUD� 1DGDOHV�� 0�-��� 5REHUWVRQ�� 3��� 3IHLIHU�� 7�� %D\HVLDQ�
UHFRJQLWLRQ�RI�PRWLRQ�UHODWHG�DFWLYLWLHV�ZLWK�LQHUWLDO�VHQVRUV��,Q�3URFHHGLQJV�
RI� WKH� ��WK�$&0� LQWHUQDWLRQDO� FRQIHUHQFH� DGMXQFW� SDSHUV� RQ�8ELTXLWRXV�
FRPSXWLQJ���8ELFRPS�¶����$&0�3UHVV��&RSHQKDJHQ��'HQPDUN��6HSWHPEHU�
�������������S�������

���� g]GHPLU�� $�7�� $Q� DQDO\VLV� RQ� VHQVRU� ORFDWLRQV� RI� WKH� KXPDQ� ERG\� IRU�
ZHDUDEOH� IDOO� GHWHFWLRQ� GHYLFHV�� 3ULQFLSOHV� DQG� SUDFWLFH�� Sensors� ������
GRL���������V����������

���� 6DOHK�� 0��� $EEDV�� 0��� /H� -HDQQHV�� 5�%�� )DOO$OO'�� $Q� 2SHQ� 'DWDVHW� RI�
+XPDQ�)DOOV�DQG�$FWLYLWLHV�RI�'DLO\�/LYLQJ�IRU�&ODVVLFDO�DQG�'HHS�/HDUQLQJ�
$SSOLFDWLRQV��IEEE Sens. J.�������21��GRL���������-6(1���������������

���� $]L]��2���0XVQJL��0���3DUN��(�-���0RUL��*���5RELQRYLWFK��6�1��$�FRPSDULVRQ�
RI� DFFXUDF\� RI� IDOO� GHWHFWLRQ� DOJRULWKPV� �WKUHVKROG�EDVHG� YV�� PDFKLQH�
OHDUQLQJ�� XVLQJ� ZDLVW�PRXQWHG� WUL�D[LDO� DFFHOHURPHWHU� VLJQDOV� IURP� D�
FRPSUHKHQVLYH� VHW� RI� IDOOV� DQG� QRQ�IDOO� WULDOV��Med. Biol. Eng. Comput.�
������55����±����GRL���������V���������������\��

���� +XPDQ�)DFWRUV�DQG�(UJRQRPLFV�/DE��.RUHD�$GYDQFHG�,QWLWXWH�RI�6FLHQFH�
DQG�7HFKQRORJ\�.)DOO��$�&RPSUHKHQVLYH�0RWLRQ�'DWDVHW� WR�'HWHFW�3UH�
LPSDFW�)DOO� IRU� WKH�(OGHUO\�EDVHG�RQ�:HDUDEOH�,QHUWLDO�6HQVRUV�$YDLODEOH�
RQOLQH��KWWSV���VLWHV�JRRJOH�FRP�YLHZ�NIDOOGDWDVHW��

���� 6XFHUTXLD�� $��� /ySH]�� -�'��� 9DUJDV�%RQLOOD�� -�)�� 6LV)DOO�� $� )DOO� DQG�
0RYHPHQW�'DWDVHW��Sensors�������17�������GRL���������V����������

���� &DVLODUL�� (��� 6DQWR\R�5DPyQ�� -�$��� &DQR�*DUFtD�� -�0�� 80$)DOO�� $�
0XOWLVHQVRU� 'DWDVHW� IRU� WKH� 5HVHDUFK� RQ� $XWRPDWLF� )DOO� 'HWHFWLRQ�� ,Q�
3URFHHGLQJV�RI�WKH���WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�0RELOH�6\VWHPV�DQG�
3HUYDVLYH� &RPSXWLQJ� �0REL63&� ������ �3URFHGLD� &RPSXWHU� 6FLHQFH���
/HXYHQ��%HOJLXP��-XO\��������������9RO�������SS����±����

����� 0DUWtQH]�9LOODVHxRU�� /��� 3RQFH�� +��� %ULHYD�� -��� 0R\D�$OERU�� (��� 1~xH]�
0DUWtQH]�� -��� 3HxDIRUW�$VWXULDQR�� &�� 83�)DOO� 'HWHFWLRQ� 'DWDVHW�� $�
0XOWLPRGDO�$SSURDFK��Sensors�������19��������GRL���������V����������

����� 0DWK:RUNV� *38� 6XSSRUW� E\� 5HOHDVH� $YDLODEOH� RQOLQH��
KWWSV���XN�PDWKZRUNV�FRP�KHOS�SDUDOOHO�FRPSXWLQJ�JSX�VXSSRUW�E\�
UHOHDVH�KWPO��DFFHVVHG�RQ�'HF�����������

����� 9HGDOGL�� $��� /HQF�� .�� 0DW&RQY1HW� &RQYROXWLRQDO� 1HXUDO� 1HWZRUNV� IRU�
0$7/$%��Proc. 23rd ACM Int. Conf. Multimed.��GRL������������������

����� 0DWKZRUNV�0$7/$%�*38�&RPSXWLQJ�6XSSRUW�IRU�19,',$�&8'$�(QDEOHG�
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*38V� $YDLODEOH� RQOLQH�� KWWSV���XN�PDWKZRUNV�FRP�VROXWLRQV�JSX�
FRPSXWLQJ�KWPO��DFFHVVHG�RQ�'HF�����������

����� 6DQWR\R�5DPRQ�� -�$��� &DVLODUL�3pUH]�� (��� &DQR�*DUFtD�� -�0�� $QH[R��
&RQWULEXFLRQHV�DO�HVWXGLR�\�DQiOLVLV�GH�VLVWHPDV�YHVWLEOHV�GH�GHWHFFLyQ�GH�
FDtGDV�$YDLODEOH�RQOLQH��KWWSV���JLWKXE�FRP�MDVU���$QH[RB&RQWULEXFLRQHV�
DO�HVWXGLR�\�DQ�OLVLV�GH�VLVWHPDV�YHVWLEOHV�GH�GHWHFFL�Q�GH�FD�GDV�
�DFFHVVHG�RQ�6HS������������

�



����

�������� �������� ��� �������������
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�����������×��

8QD�GH�ODV�SUREOHPiWLFDV�TXH�VH�KDQ�DERUGDGR�\�SXHVWR�GH�PDQLILHVWR�D�OR�ODUJR�

GH� HVWH� WUDEDMR� HV� OD� JUDQ� KHWHURJHQHLGDG� H[LVWHQWH� HQWUH� ORV� UHSRVLWRULRV� GH�

PRYLPLHQWRV� GH� OD� OLWHUDWXUD�� DVt� FRPR�� OD� JUDQ� GLYHUVLGDG� TXH� WDPELpQ� VH�

HQFRQWUDUtDQ�HQ�ORV�PRYLPLHQWRV�HMHFXWDGRV�HQ�HVFHQDULRV�UHDOHV��

3RU�HOOR��HO�SUHVHQWH�HVWXGLR�WUDWD�GH�HYDOXDU�HO�FRPSRUWDPLHQWR�GH�XQ�VLVWHPD�

GH� GHWHFFLyQ� GH� FDtGDV� TXH� XWLOL]D� XQD� UHG� QHXURQDO� FRQYROXFLRQDO� R� &11�

�Convolutional Neural Network�� SDUD� GLVFHUQLU� HQWUH� $'/� \� FDtGDV� FXDQGR� VH�

HQWUHQD� FRQ� XQD� SREODFLyQ� GH� PRYLPLHQWRV� \� VH� WHVWHD� FRQ� PXHVWUDV�

SURYHQLHQWHV�GH�RWUR�UHSRVLWRULR��

(VWH�WUDEDMR�VH�YLQFXOD�D�OD�SXEOLFDFLyQ�DGMXQWD�HQ�HO�DSpQGLFH�$��3XEOLFDFLRQHV�

HQ�OD�VHFFLyQ�$�����(YDOXDFLyQ�GHO�WHVWHR�FUX]DGR�GH�UHSRVLWRULRV�HQ�6LVWHPDV�

9HVWLEOHV�GH�'HWHFFLyQ�GH�&DtGDV��OD�FXDO�VHUi�HQYLDGD�DO�FRQJUHVR�LQWHUQDFLRQDO�

PErvasive Technologies Related to Assistive Environments (3(75$��������

����������À��

$�FRQWLQXDFLyQ��VH�H[SRQH�FDGD�XQR�GH�ORV�IDFWRUHV�TXH�GHEHQ�WHQHUVH�HQ�FXHQWD�

HQ�OD�H[SHULHQFLD�OOHYDGD�D�FDER�HQ�HVWH�WUDEDMR��
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�ǤʹǤͳǤ�����������������������������

(Q�SULPHU�OXJDU��WDO�\�FRPR�VH�KD�LGR�KDFLHQGR�D�OR�ODUJR�GH�HVWH�WUDEDMR��SULPHUR�

VH�VHOHFFLRQDQ�XQD�VHULH�GH�UHSRVLWRULRV�GH�PRYLPLHQWRV�FRQ�HO�ILQ�GH�DQDOL]DU�

VXV�PXHVWUDV�VLVWHPiWLFDPHQWH��

(Q� HVWH� FDVR� VH� XWLOL]DQ� FXDWUR� datasets�� (UFL\HV� >�@�� .)DOO� >�@�� 6LV)DOO� >�@� \�

80$)DOO� >�@�� /DV� UD]RQHV� SDUD� XWLOL]DU� HVWDV� FXDWUR� EDVHV� GH� GDWRV� VRQ�

IXQGDPHQWDOPHQWH�GRV�� GH�XQ� ODGR�� VRQ� FXDWUR�GH� ORV� UHSRVLWRULRV� FRQ�PD\RU�

FDQWLGDG�\�YDULHGDG�GH�WLSRORJtDV�GH�PRYLPLHQWRV�UHSUHVHQWDGRV��3RU�RWUD�SDUWH��

ODV�IUHFXHQFLDV�GH�PXHVWUHR�HPSOHDGDV�SDUD�FDSWXUDU�ODV�PXHVWUDV�VRQ�P~OWLSORV�

R�GLYLVRUHV�H[DFWRV�HQWUH�HOODV��OR�TXH�IDFLOLWDUi�HO�SURFHVR�GH�GLH]PDGR�D�OD�KRUD�

GH�HQWUHQDU�\�WHVWHDU�FRQ�XQDV�\�RWUDV���

3DUD�QXHVWUR�HVWXGLR��VH�DQDOL]DQ�VRODPHQWH�ODV�WUD]DV�UHFRJLGDV�SRU�HO�VHQVRU�

XELFDGR�HQ�OD�FLQWXUD�GH�ORV�VXMHWRV��\D�TXH�HV�XQD�SRVLFLyQ�FRP~Q�HQ�WRGRV�ORV�

UHSRVLWRULRV�HVWXGLDGRV��6LQ�HPEDUJR��HQ�HO�FDVR�GH�80$)DOO�VH�DxDGH�WDPELpQ�

ORV� GDWRV� UHFRJLGRV� SRU� HO� VHQVRU� GHO� smartphone�� XELFDGR� HQ� HO� EROVLOOR� GHO�

SDQWDOyQ� �PXVOR��� \D� TXH� VX� IUHFXHQFLD� GH� PXHVWUHR� HV� P~OWLSOR� GH� ODV�

IUHFXHQFLDV� GH� PXHVWUHR� GH� ORV� RWURV� UHSRVLWRULRV� \� SXHGH� VHU� LQWHUHVDQWH�

DQDOL]DU�HO�FRPSRUWDPLHQWR�TXH�SUHVHQWD��

�ǤʹǤʹǤ��±������������������

&RPR�HQ� ORV� HVWXGLRV� DQWHULRUHV�� VH� YXHOYH�D� XWLOL]DU� FRPR�PpWULFD� JOREDO� GH�

FDOLGDG�OD�PHGLD�JHRPpWULFD�GH�OD�VHQVLELOLGDG�\�OD�HVSHFLILFLGDG�GHO�VLVWHPD��

�ǤʹǤ͵Ǥ�Data Augmentation�����������×������������������������

Data Augmentation�HV�XQD�WpFQLFD�TXH�SHUPLWH�FUHDU�QXHYRV�GDWRV�GH�PDQHUD�

DUWLILFLDO� D� SDUWLU� GH� DOWHUDFLRQHV� GH� ORV� GDWRV� RULJLQDOHV�� (O� REMHWLYR� GH� HVWD�

SUiFWLFD� HV� SHUPLWLU� DXPHQWDU� HO� Q~PHUR� \� OD� GLYHUVLGDG� GH� ORV� GDWRV� GH�

�

��(Q�HO�FDVR�GH� ODV�PXHVWUDV�GH�(UFL\HV� OD� IUHFXHQFLD�GH�PXHVWUHR�HV����+]�PLHQWUDV�TXH�HO�

VHQVRU�HPSOHDGR�HQ�OD�FLQWXUD�SRU�80$)DOO�XVDED�XQD�WDVD�GH����+]��UD]yQ�SRU�OD�TXH�QR�VH�

KDUiQ�ODV�SUXHEDV�FUX]DGDV�FRQ�HVWRV�GRV�UHVSRVLWRULRV��
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HQWUHQDPLHQWR� >�@�� DOJR� HVSHFLDOPHQWH� ~WLO� FXDQGR� HO� HVSDFLR� PXHVWUDO� GH�

HQWUHQDPLHQWR� \� WHVW� HV� PX\� OLPLWDGR� R� FXDQGR� DOJ~Q� WLSR� GH� GDWR� HVWi�

LQIUDUUHSUHVHQWDGR���

(Q�HO�FDVR�GH�HVWH�HVWXGLR��VH�XWLOL]D�HVWD�WpFQLFD�SDUD�VLPXODU�OD�VLWXDFLyQ�HQ�OD�

TXH�VH�HQWUHJD�DO�XVXDULR�D�PRQLWRUL]DU�XQ�VLVWHPD�GH�GHWHFFLyQ�GH�FDtGDV�\D�

HQWUHQDGR�\� VH�SUHWHQGH�TXH�GLFKR�VXMHWR�TXH� OR�XWLOL]D�SXHGD�DxDGLU�QXHYDV�

PXHVWUDV� SHUVRQDOL]DGDV� DO� PRGHOR�� 3RU� WDQWR�� HQ� HVWH� WUDEDMR� VH� JHQHUDQ�

QXHYRV�GDWRV�DUWLILFLDOHV�D�SDUWLU�GH�OD�VHOHFFLyQ�GH�XQD�VHULH�GH�PRYLPLHQWRV�GHO�

subset�R�VXEFRQMXQWR�GH�WHVWHR��(VWD�VHOHFFLyQ�VH�UHDOL]D�GH�PRGR�TXH�VH�LQWHQWD�

TXH� VH� LQFOX\DQ� PRYLPLHQWRV� GH� WRGRV� ORV� WLSRV� TXH� HVWiQ� SUHVHQWHV� HQ� HO�

UHSRVLWRULR� HPSOHDGR�� (Q� HO� SURFHVR� D� HVWRV� GDWRV� VH� OHV� DxDGH� FLHUWR� UXLGR�

EODQFR��PHGLDQWH�OD�IXQFLyQ�awgn���GH�0DWODE��PDQWHQLHQGR�XQD�UHODFLyQ�VHxDO�

UXLGR�R�615��Signal to Noise Ratio��GH����G%�HQWUH�OD�VHxDO�GH�OD�PXHVWUD�RULJLQDO�

\�HO�UXLGR�DJUHJDGR��

�ǤʹǤͶǤ������������×������������������������������������

3DUD�HO�SURFHVR�GH�FODVLILFDFLyQ�VH�FRQVLGHUD�XQD�UHG�QHXURQDO�FRQYROXFLRQDO��HQ�

OD�FXDO�VH�XWLOL]D�OD�FRQILJXUDFLyQ�\�HVWUXFWXUD�UHFRPHQGDGD�HQ�HO�$SpQGLFH�'�\�

UHVXPLGD�HQ�OD�WDEOD�(���

1RPEUH�GHO�KLSHUSDUiPHWUR� 9DORUHV�XWLOL]DGRV�

7DPDxR�GH�OD�YHQWDQD�GH�HVWXGLR��࢚࢝ሻ� ��V�

1��GH�FDSDV�FRQYROXFLRQDOHV� ��

1��GH�ILOWURV� ���

'LPHQVLyQ�GH�ORV�ILOWURV�FRQYROXFLRQDOHV� ��[���

$QFKR�GH�padding� ��

Stride� �[��

0pWRGR�GH�RSWLPL]DFLyQ� Stochastic gradient descent with momentum 

/��5HJXODWLRQ� �������

$QFKR�GH�OD�YHQWDQD�GH�Max-Pooling� ��

7DPDxR�GHO�miniBatch� ���

7DVD�GH�DSUHQGL]DMH�LQLFLDO� �����
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3DFLHQFLD�GH�YDOLGDFLyQ� ��

7LSR�GH�FDQDO�
7ULD[LDO��XQ�FDQDO�SRU�FDGD�GLPHQVLyQ�GHO�

DFHOHUyPHWUR��

7LSR�GH�QRUPDOL]DFLyQ� ]�VFRUH��R�QLQJXQD��

7DEOD�(����5HVXPHQ�GH�ORV�KLSHUSDUiPHWURV�GH�FRQILJXUDFLyQ�GH�OD�&11�XWLOL]DGRV�SDUD�HVWH�HVWXGLR��

�ǤʹǤͷǤ���������

(O�SURFHVR�GH�HQWUHQDPLHQWR��YDOLGDFLyQ�\�WHVWHR�HV�VLPLODU�HQ�WRGDV�ODV�SUXHEDV��

&DGD� UHSRVLWRULR� VH� GLYLGH� HQ� FLQFR� SDUWLFLRQHV� HTXLOLEUDGDV�� HV� GHFLU�� FLQFR�

IUDFFLRQHV�R�VXEFRQMXQWRV�TXH�LQFOX\HQ�XQ�Q~PHUR�VLPLODU�GH�PRYLPLHQWRV�GHO�

PLVPR�WLSR�\�GH�WRGRV�ORV�VXMHWRV�SDUWLFLSDQWHV���

(Q�FDGD�SUXHED��HO�UHSRVLWRULR�VHOHFFLRQDGR�SDUD�HQWUHQDPLHQWR�XWLOL]D�FXDWUR�GH�

HVDV�SDUWLFLRQHV��HO�����GH�ODV�PXHVWUDV��SDUD�HO�SURFHVR�GH�HQWUHQDPLHQWR�HQ�

WDQWR�TXH�HO�subset�UHVWDQWH������GH�PXHVWUDV��HV�XWLOL]DGR�HQ�OD�YDOLGDFLyQ��'H�

HVWH�PRGR�VH�HQWUHQD�OD�UHG�\�VH�FRQVLJXH�HO�PRGHOR�GHO�VLVWHPD�GH�FODVLILFDFLyQ��

(VWH� SURFHVR� VH� UHSLWH� FLQFR� YHFHV�� YDULDQGR� OD� SDUWLFLyQ� GH� YDOLGDFLyQ�� GH�

PDQHUD�TXH�VH�REWLHQHQ�FLQFR�PRGHORV�GH�UHG�&11�GLIHUHQWHV��(VWRV�PRGHORV�

\D�FRQILJXUDGRV�VH�WHVWHDUiQ�FRQ�UHSRVLWRULRV�GLVWLQWRV�GHO�XWLOL]DGR���

$GHPiV� GH� HVWD� SULPHUD� SUXHED�� HQ� OD� TXH� HO� VLVWHPD� VH� HQWUHQD� XWLOL]DQGR�

VRODPHQWH� ODV� PXHVWUDV� FRUUHVSRQGLHQWHV� DO� UHSRVLWRULR� VHOHFFLRQDGR� SDUD�

HQWUHQDPLHQWR��VH�FRQVLGHUD�XQD�VHJXQGD�WLSRORJtD�GH�H[SHULPHQWRV��HQ� OD�VH�

VLJXH� HO� PLVPR� SURFHGLPLHQWR� DQWHULRU�� SHUR� DxDGLHQGR� DO� FRQMXQWR� GH�

HQWUHQDPLHQWR��D�VX�YH]��XQD�VHULH�GH�PXHVWUDV�GHULYDGDV�GH�DSOLFDU�XQD�WpFQLFD�

GH�DXPHQWR�GH�GDWRV��Data Augmentation��R�JHQHUDFLyQ�GH�GDWRV�DUWLILFLDOHV�D�

XQ�����GH� ODV� WUD]DV�GHO� UHSRVLWRULR�XWLOL]DGR�SDUD�HO�SURFHVR�GH� WHVWHR��(VWH�

SURFHVR�VLPXOD�HO�HVFHQDULR�HQ�HO�TXH�VH�HQWUHJD�XQ�VLVWHPD�GH�GHWHFFLyQ�GH�

FDtGDV�SUHYLDPHQWH�HQWUHQDGR��TXH�SRVWHULRUPHQWH�SXHGH�DGHPiV�HQWUHQDUVH�

FRQ� PXHVWUDV� SHUVRQDOL]DGDV� GHO� VXMHWR� TXH� OR� XWLOL]D� SDUD� SHUVRQDOL]DU� R�

UHDMXVWDU�D~Q�PiV�HO�VLVWHPD�D�ORV�PRYLPLHQWRV�GHO�XVXDULR�ILQDO���

'HQWUR�GH�HVWH�VHJXQGR�WLSR�GH�SUXHED�VH�DQDOL]DQ�GRV�H[SHULHQFLDV�GLIHUHQWHV��

�� (Q� OD� SULPHUD� H[SHULHQFLD� VH� DJUHJDQ� VyOR�PRYLPLHQWRV� GHO� WLSR�

$'/�JHQHUDGDV�SRU�data augmentation� �HQ�SDUWLFXODU�� VH�SUXHED�
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DxDGLHQGR�XQ�����GHO�Q~PHUR�GH�ODV�PXHVWUDV�GH�$'/�WRWDOHV�GHO�

UHSRVLWRULR�RULJLQDO�XVDGR�SDUD�HO�WHVWHR���

�� (Q� OD� VHJXQGD� H[SHULHQFLD� VH� UHDOL]D� HO� PLVPR� SURFHVR�� SHUR�

DxDGLHQGR�WDPELpQ�ODV�FDtGDV��DJUHJDQGR�XQ�����GHO�Q~PHUR�GH�

FDtGDV�WRWDOHV�GHO�UHSRVLWRULR�GH�WHVW���

&RPR�VH�KD�DSXQWDGR��SDUD�HO�SURFHVR�GH�WHVWHR�VH�XWLOL]DQ�ORV�FLQFR�PRGHORV�

GH� UHG� REWHQLGRV� HQ� OD� IDVH� GH� HQWUHQDPLHQWR� \� WRGDV� ODV� PXHVWUDV� GH� XQ�

UHSRVLWRULR�GLIHUHQWH�DO�FRQWHPSODGR�LQLFLDOPHQWH�SDUD�HQWUHQDU��$�SDUWLU�GH�DKt��

VH�FRPSXWDQ�ODV�PpWULFDV�TXH�SHUPLWHQ�HYDOXDU�OD�FDOLGDG�GH�OD�FODVLILFDFLyQ�GH�

FDGD�PRGHOR��GH�IRUPD�TXH�OD�PpWULFD�GH�FDOLGDG�JOREDO�VHUi�OD�PHGLD�GH�HVDV�

FLQFR�PpWULFDV�LQGLYLGXDOHV��

�ǤʹǤǤ���������������������������������������������������������������

/RV�GDWRV�TXH�VH�LQWURGXFHQ�HQ�XQD�UHG�FRQYROXFLRQDO�GHEHQ�WHQHU�XQ�WDPDxR�

SUHGHILQLGR��(Q�ORV�HVWXGLRV�UHDOL]DGRV�KDVWD�DKRUD�HO�WDPDxR�YHQtD�GHWHUPLQDGR�

SRU�GH�OD�YHQWDQD�GH�REVHUYDFLyQ�VHOHFFLRQDGD��ݐ௪ሻ�\�OD�IUHFXHQFLD�GH�PXHVWUHR�
GH� FDGD� XQR� GH� ORV� UHSRVLWRULRV�� &RPR� FDGD� UHSRVLWRULR� SXHGH� WHQHU� XQD�

IUHFXHQFLD� GH� PXHVWUHR� GLIHUHQWH�� HO� Q~PHUR� GH� PXHVWUDV� SRU� ODV� TXH� HVWiQ�

FRPSXHVWDV�ODV�WUD]DV�GH�ORV�PRYLPLHQWRV�SXHGH�GLIHULU�HQWUH�UHSRVLWRULRV��

$�OD�KRUD�GH�WHVWHDU�FRQ�PRYLPLHQWRV�GH�UHSRVLWRULRV�GLIHUHQWHV�UHVSHFWR�D�ORV�

TXH�VH�XWLOL]D�SDUD�HQWUHQDU��VH�GHEH�OOHYDU�D�FDER�XQ�WUDWDPLHQWR�GH�ORV�GDWRV�

FRQ�HO�REMHWLYR�GH�TXH�ORV�WDPDxRV�GH�ODV�WUD]DV�FRLQFLGDQ�\�VHDQ�FRPSDWLEOHV��

3RU�HOOR��HQ�HVWD�H[SHULHQFLD��OD�PDQHUD�GH�SURFHGHU�HV�OD�VLJXLHQWH��SULPHUR�VH�

DQDOL]D�FXiO�GH�ORV�UHSRVLWRULRV�XWLOL]D�XQD�IUHFXHQFLD�GH�PXHVWUHR�PD\RU��8QD�

YH]�ORFDOL]DGR��ORV�PRYLPLHQWRV�GH�HVWH�UHSRVLWRULR�VH�VXEPXHVWUHDQ��HV�GHFLU��

VH� GHFUHPHQWD� VX� IUHFXHQFLD� GH� PXHVWUHR� SRU� XQ� IDFWRU� HQWHUR� M� �SURFHVR�

FRQRFLGR� FRPR� GLH]PDGR��� 'H� HVWD� IRUPD�� SXHGH� WUDEDMDUVH� FRQ� DPERV�

UHSRVLWRULRV� GHO� PLVPR� PRGR� TXH� VH� KD� YHQLGR� KDFLHQGR� KDVWD� HO� PRPHQWR�

FXDQGR� VH� XWLOL]DEDQ�PXHVWUDV� GH� XQ�PLVPR� dataset�� \D� TXH� WRGRV� ORV� GDWRV�

WUDEDMDQ�FRQ�OD�PLVPD�IUHFXHQFLD�GH�PXHVWUHR��SRU�FRQVLJXLHQWH��HO�Q~PHUR�GH�

PXHVWUDV�FRQWHQLGDV�HQ�OD�YHQWDQD�GH�HVWXGLR�VHUi�LJXDO�\�SRU�WDQWR�FRPSDWLEOH��
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$� OD� KRUD� GH� QRUPDOL]DU� ODV� HQWUDGDV� FRQ� ODV� TXH� VH� DOLPHQWDQ� ODV� UHGHV�

FRQYROXFLRQDOHV��VH�OOHYDQ�D�FDER�WUHV�WLSRV�GH�HVWDQGDUL]DFLyQ�GLIHUHQWHV��

��� 6LQ�QRUPDOL]DFLyQ��1R�VH�UHDOL]D�QLQJ~Q�WLSR�GH�QRUPDOL]DFLyQ�D�ORV�GDWRV�

GH�HQWUDGD��

��� 1RUPDOL]DFLyQ�z-score�D� ORV�GDWRV�GH�HQWUHQDPLHQWR�\�SUXHED�GH�IRUPD�

VHSDUDGD�� 6H� UHDOL]D� XQD� QRUPDOL]DFLyQ� GHO� WLSR� ]�VFRUH� �UHVWDQGR� OD�

PHGLD� \� GLYLGLHQGR� SRU� OD� GHVYLDFLyQ� WtSLFD�� D� ORV� subsets� GH�

HQWUHQDPLHQWR� \� WHVWHR� GH� PDQHUD� LQGLYLGXDO�� 3DUD� REWHQHU� ORV�

HVWDGtVWLFRV�QHFHVDULRV�SDUD�UHDOL]DU�OD�QRUPDOL]DFLyQ�VH�WLHQHQ�HQ�FXHQWD�

ORV�YDORUHV�GH�ORV�WUHV�HMHV�GH�ORV�VHQVRUHV�GH�PDQHUD�LQGLYLGXDO��

��� 1RUPDOL]DFLyQ� z-score� D� SDUWLU� GH� ORV� GDWRV� GH� HQWUHQDPLHQWR��(Q� HVWH�

FDVR� VH� YXHOYH� D� QRUPDOL]DU� PHGLDQWH� OD� WpFQLFD� z-score� WDQWR� DO�

VXEFRQMXQWR�GH�HQWUHQDPLHQWR�FRPR�DO�GH�WHVWHR��VLQ�HPEDUJR��HVWD�YH]��

ORV�HVWDGtVWLFRV�SDUD�UHDOL]DU�GLFKD�QRUPDOL]DFLyQ�SURYLHQHQ�VRODPHQWH�GH�

ORV� GDWRV� GH� HQWUHQDPLHQWR� �HVWD� VLWXDFLyQ� VH� FRUUHVSRQGHUtD� FRQ� HO�

HVFHQDULR��PiV�UHDOLVWD��HQ�HO�TXH�XQ�VLVWHPD�\D�HQWUHQDGR�\�RSHUDQGR�

FRPR�GHWHFWRU�QRUPDOL]D�ODV�PHGLGDV�GH�ORV�VHQVRUHV�D�SDUWLU�GH�YDORUHV�

SUH�HVWDEOHFLGRV� EDVDGRV� HQ� ODV� PXHVWUDV� HPSOHDGDV� GXUDQWH� HO�

HQWUHQDPLHQWR���

������������

7UDV�OOHYDU�D�FDER�ODV�GLIHUHQWHV�SUXHEDV�GHVFULWDV�DQWHULRUPHQWH�VH�REWLHQHQ�ODV�

VLJXLHQWHV�PpWULFDV�GH�FDOLGDG�UHVXPLGDV�HQ�OD�7DEOD�(��� 
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7LSR�GH�QRUPDOL]DFLyQ�

1LQJXQD� ]�VFRUH�EDVDGR�VROR�HQ�ORV�GDWRV�
HQWUHQDPLHQWR�

]�VFRUH�GDWRV�GH�HQWUHQDPLHQWR�\�
WHVWHR�GH�IRUPD�VHSDUDGD�

0XHVWUDV�DxDGLGDV�DO�HQWUHQDPLHQWR� 0XHVWUDV�DxDGLGDV�DO�HQWUHQDPLHQWR� 0XHVWUDV�DxDGLGDV�DO�HQWUHQDPLHQWR�
5HSRVLWRULRV�HPSOHDGRV�SDUD�

HQWUHQDPLHQWR�\�WHVW� 1LQJXQD� 6yOR�$'/� $'/�&DtGDV� 1LQJXQD� 6yOR�$'/� $'/�&DtGDV� 1LQJXQD� 6yOR�$'/� $'/�&DtGDV�

(UFL\HV��(QWUHQDPLHQWR�� � � � � � � � � �
.)DOO��7HVW�� ������� ������� ������� ������� ������� ������� ������� ������� �������
6LV)DOO��7HVW�� ������� ������� ������� ������� ������� ������� ������� ������� �������
80$)DOOB6PDUWSKRQH��7HVW�� ������� ������� ������� ������� ������� ������� ������� ������� �������

.)DOO��(QWUHQDPLHQWR�� � � � � � � � � �
(UFL\HV��7HVW�� ������� ������� ������� ������� ������� ������� ������� ������� �������
6LV)DOO��7HVW�� ������� ������� ������� ������� ������� ������� ������� ������� �������
80$)DOO�&LQWXUD��7HVW�� ������� ������� ������� ������� ������� ������� ������� ������� �������
80$)DOOB6PDUWSKRQH��7HVW�� ������� ������� ������� ������� ������� ������� ������� ������� �������

6LV)DOO��(QWUHQDPLHQWR�� � � � � � � � � �
(UFL\HV��7HVW�� ������� ������� ������� ������� ������� ������� ������� ������� �������
.)DOO��7HVW�� ������� ������� ������� ������� ������� ������� ������� ������� �������
80$)DOO�&LQWXUD��7HVW�� ������� ������� ������� ������� ������� ������� ������� ������� �������
80$)DOOB6PDUWSKRQH��7HVW�� ������� ������� ������� ������� ������� ������� ������� ������� �������

80$)DOO�&LQWXUD��(QWUHQDPLHQWR�� � � � � � � � � �
.)DOO��7HVW�� ������� ������� ������� ������� ������� ������� ������� ������� �������
6LV)DOO��7HVW�� ������� ������� ������� ������� ������� ������� ������� ������� �������
80$)DOOB6PDUWSKRQH��7HVW�� ������� ������� ������� ������� ������� ������� ������� ������� �������

80$)DOOB6PDUWSKRQH��(QWUHQDPLHQWR�� � � � � � � � � �
(UFL\HV��7HVW�� ������� ������� ������� ������� ������� ������� ������� ������� �������
.)DOO��7HVW�� ������� ������� ������� ������� ������� ������� ������� ������� �������
6LV)DOO��7HVW�� ������� ������� ������� ������� ������� ������� ������� ������� �������
80$)DOO�&LQWXUD��7HVW�� ������� ������� ������� ������� ������� ������� ������� ������� �������

7DEOD�(����0HGLD�JHRPpWULFD�GH�Se�\�Sp�REWHQLGD�SRU�HO�VLVWHPD�GH�GHWHFFLyQ�GH�FDtGDV�DO�XWLOL]DU�SDUD�HO�HQWUHQDPLHQWR�\�WHVWHR�GLIHUHQWHV�UHSRVLWRULRV��7DPELpQ�VH�UH~QHQ�ORV�
UHVXOWDGRV�REWHQLGRV�DO�DxDGLU�HQ�HO�SURFHVR�GH�HQWUHQDPLHQWR�PXHVWUDV�GHULYDGDV�GH�DSOLFDU�XQD�WpFQLFD�GH�DXPHQWR�GH�GDWRV��'DWD�$XJPHQWDWLRQ��DO�UHSRVLWRULR�XWLOL]DGR�SDUD�
HO�SURFHVR�GH�WHVWHR��DVt�FRPR��GLIHUHQWHV�WpFQLFDV�GH�QRUPDOL]DFLyQ��  



����
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(Q� SULPHU� OXJDU�� ORV� UHVXOWDGRV� GHPXHVWUDQ� TXH� HQWUHQDU� \� WHVWHDU� FRQ�

UHSRVLWRULRV� GLIHUHQWHV� SXHGH� GHJUDGDU� QRWDEOHPHQWH� ODV� SUHVWDFLRQHV� GHO�

VLVWHPD�GH�GHWHFFLyQ�GH� FDtGDV�� \D�TXH�� FRPR�VH�PXHVWUD�HQ�HO�$SpQGLFH�'

�YpDVH�7DEOD�'������HO�PLVPR�VLVWHPD�GH�GHWHFFLyQ�EDVDGR�HQ�XQD�UHG�QHXURQDO�

\�XWLOL]DQGR�ORV�PLVPRV�KLSHUSDUiPHWURV��FRQVHJXtD�PHGLDV�JHRPpWULFDV�GH�OD�

HVSHFLILFLGDG�\� OD� VHQVLELOLGDG� FHUFDQRV�D������SDUD� OD�PD\RUtD�GH� ORV� FDVRV��

FXDQGR� VH� HQWUHQDED� \� WHVWHDED� FRQ� PXHVWUDV� GH� SURYHQLHQWHV� GHO� PLVPR�

UHSRVLWRULR��6LQ�HPEDUJR��HQ�HVWD�RFDVLyQ��HQ�OD�TXH�VH�XWLOL]DQ�PRYLPLHQWRV�GH�

GLIHUHQWHV� UHSRVLWRULRV� SDUD� HO� HQWUHQDPLHQWR� \� HO� WHVWHR�� ODV� SUHVWDFLRQHV�

HPSHRUDQ� QRWDEOHPHQWH�� OOHJDQGR� D� EDMDU� HQ� RFDVLRQHV� GHO� ����� FRQ�

LQGHSHQGHQFLD�GHO�VLVWHPD�GH�QRUPDOL]DFLyQ�XWLOL]DGR��

6H�SRGUtD�SHQVDU�TXH�HVWD�GHJUDGDFLyQ�GH�ORV�UHVXOWDGRV�SXHGH�MXVWLILFDUVH�HQ�

SpUGLGDV� GH� LQIRUPDFLyQ� GHULYDGDV� GH� GLVPLQXLU� OD� IUHFXHQFLD� GH�PXHVWUHR� DO�

WUDWDU�ORV�GDWRV��DO�DSOLFDU�HO�GLH]PDGR���6LQ�HPEDUJR��WDO�\�FRPR�VH�GHPXHVWUD�

HQ�HO�&DStWXOR���OD�XWLOL]DFLyQ�GH�IUHFXHQFLDV�GH�PXHVWUHR�VXSHULRUHV�D���+]�HV�

VXILFLHQWH�SDUD�FRQVHJXLU�EXHQDV�SUHVWDFLRQHV�

&DEH�SUHVXSRQHU�TXH�HO�SUREOHPD�SURYLHQH�GHO�KHFKR�TXH�ORV�DOJRULWPRV�WLHQGHQ�

D� ³VREUH�DSUHQGHU´� ORV�PRYLPLHQWRV� FRQ� ORV� TXH� VH� HQWUHQD�� HV� SRU� HOOR�� TXH�

HQWUHQDU�FRQ�UHSRVLWRULRV�TXH�FRQWLHQHQ�XQD�PD\RU�YDULHGDG�GH�PXHVWUDV�\�WLSRV�

GH�PRYLPLHQWRV�SXHGH�SURYRFDU�XQD�JHQHUDOL]DFLyQ�PHMRU���

$Vt�PLVPR��VH�FRPSUXHED�TXH��DO�DxDGLU�DO�HQWUHQDPLHQWR�PXHVWUDV�SURYHQLHQWHV�

GH�OOHYDU�XQ�SURFHVR�GH�DXPHQWR�GH�GDWRV�D�ODV�PXHVWUDV�GH�WHVWHR��HO�VLVWHPD�

PHMRUD�GUiVWLFDPHQWH�VXV�SUHVWDFLRQHV�FXDQGR� ORV�PRYLPLHQWRV�DxDGLGRV�VRQ�

FDtGDV��(VWH�KHFKR�VH�H[SOLFD�D�SDUWLU�GHO�PLVPR�UD]RQDPLHQWR�DQWHULRU��DO�DxDGLU�

XQD�PD\RU�YDULHGDG�GH�PRYLPLHQWRV��HO�VLVWHPD�HV�FDSD]�GH�UHFRQRFHUORV�GH�

IRUPD�FRUUHFWD�SRVWHULRUPHQWH��6LQ�HPEDUJR��WDPELpQ�H[LVWHQ�RFDVLRQHV�HQ�ODV�

TXH� DO� SHUVRQDOL]DU� HO� HQWUHQDPLHQWR� FRQ� VRODPHQWH� $'/� ODV� SUHVWDFLRQHV�

GHFDHQ�GH�PDQHUD�FUtWLFD��SRU�HMHPSOR��DO�HQWUHQDU�FRQ�6LV)DOO�R�.)DOO�\�WHVWHDU�

FRQ�(UFL\HV�R�80$)DOO��(VWD�VLWXDFLyQ�SXHGH�GHEHUVH�D�TXH� ORV�PRYLPLHQWRV�

DxDGLGRV�FRPSDUWHQ�VLPLOLWXGHV�FRQ�ORV�PRYLPLHQWRV�HWLTXHWDGRV�FRPR�FDtGDV�

HQ�HO�UHSRVLWRULR�XWLOL]DGR�FRPR�HQWUHQDPLHQWR��SXHGH�FRPSUREDUVH�HQ�HO�HVWXGLR�
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UHDOL]DGR�SRU�&DVLODUL�HW�DO�HQ�>�@���SRU� OR�TXH��D�OD�KRUD�GH�HQWUHQDU�FRQ�HVWRV�

QXHYRV�GDWRV��HO�VLVWHPD�VH�HQFXHQWUD�FRQ�PD\RUHV�GLILFXOWDGHV�SDUD�GLVFHUQLU�

HQWUH�DPEDV�FODVHV�GH�PRYLPLHQWRV��

2WUR� KHFKR� OODPDWLYR� REVHUYDGR� HV� OD� YDULDFLyQ�TXH�SDGHFH� OD� SUHVWDFLyQ�GHO�

FODVLILFDGRU�FRQ�ODV�PXHVWUDV�GHO�UHSRVLWRULR�80$)DOO�GHSHQGLHQGR�GH�OD�SRVLFLyQ�

GH�FDSWXUD�GH�ORV�GDWRV��VHQVRU�XELFDGR�HQ�OD�FLQWXUD�R�HO�VHQVRU�GHO�smartphone�

ORFDOL]DGR� HQ� HO� EROVLOOR� GHO� SDQWDOyQ��� $� SHVDU� GH� TXH� DPERV� VHQVRUHV� KDQ�

PRQLWRUL]DGR� ORV� PLVPRV� PRYLPLHQWRV� \� TXH�� FRPR� \D� VH� KD� FRPHQWDGR�� OD�

IUHFXHQFLD�GH�PXHVWUHR��GLVWLQWD�HQ�HVWH�FDVR��SXHV�HO�smartphone�XWLOL]DED�����

+]�\�HO�VHQVRU�HQ�OD�FLQWXUD����+]��QR�GHEHUtD�DIHFWDU�D� OD�KRUD�GH�UHDOL]DU� OD�

FODVLILFDFLyQ�� GH� ORV� UHVXOWDGRV� SDUHFH� GHGXFLUVH� TXH� HQWUHQDU� FRQ� ORV� GDWRV�

REWHQLGRV�SRU�HO�VHQVRU�GHO�smartphone�SURGXFH�XQDV�PpWULFDV�GH�FDOLGDG�PXFKR�

PHMRUHV�TXH�DO�KDFHUOR�FRQ�HO�VHQVRU�XELFDGR�HQ�OD�FLQWXUD��(VWD�VLWXDFLyQ�SXHGH�

YHQLU�GDGD�SRU�GHWHUPLQDGRV�VHVJRV� LQWUtQVHFRV�GHO�VHQVRU�TXH�SURYRFDQ�TXH�

ORV�DOJRULWPRV�LQWHUSUHWHQ�SHRU�ORV�UHVXOWDGRV��$�SDUWLU�GH�HVWH�KHFKR��VH�SXHGH�

FRQFOXLU� TXH� ORV� FRQMXQWRV� GH� GDWRV� S~EOLFRV� GH� HYDOXDFLyQ� FRPSDUDWLYD�

GHSHQGHQ�HQ�JUDQ�PHGLGD�GH�ORV�VHQVRUHV�XWLOL]DGRV��

3RU� RWUR� ODGR�� OD� QRUPDOL]DFLyQ� GH� ORV� GDWRV� PHGLDQWH� OD� WpFQLFD� GH� XQLGDG�

WLSLILFDGD�R�z-score�QR�SDUHFH�PHMRUDU�HO�UHQGLPLHQWR�D�OD�KRUD�GH�FODVLILFDU�HQ�

WRGDV�ODV�RFDVLRQHV��H[LVWHQ�VLWXDFLRQHV�TXH�LQFOXVR�DIHFWD�QHJDWLYDPHQWH��(VWD�

VLWXDFLyQ�SXHGH�YHQLU�PRWLYDGD�SRU�HO�KHFKR�GH�TXH�ORV�HVWDGtVWLFRV�XWLOL]DGRV�HQ�

HVWD� WpFQLFD� �OD�PHGLD�\� OD�GHVYLDFLyQ� WtSLFD��VRQ�PX\�VHQVLEOHV�D� ORV�YDORUHV�

DQyPDORV� �PX\� JUDQGHV� R� SHTXHxRV��� (Q� HO� FDVR� GH� ODV� WUD]DV� GH� ORV�

PRYLPLHQWRV�H[LVWHQ�SLFRV�GH�DFHOHUDFLyQ�PX\�DEUXSWRV��SULQFLSDOPHQWH�HQ�ODV�

FDtGDV�\�HQ�RWURV�PRYLPLHQWRV�FRQ�JUDQ�DJLWDFLyQ��SRU�WDQWR��QRUPDOL]DU�PHGLDQWH�

HVWD�WpFQLFD�SURYRFDUtD�XQD�JUDQ�DWHQXDFLyQ�HQ�HVWRV�YDORUHV�SLFRV�\�WDPELpQ�

HQ�ORV�YDORUHV�YDOOH��OR�TXH�ILQDOPHQWH�UHSHUFXWLUtD�QHJDWLYDPHQWH�HQ�HO�VLVWHPD�

D�OD�KRUD�GH�GHWHFWDU�SDWURQHV�VLJQLILFDWLYRV�SDUD�FODVLILFDU���

(Q�UHVXPHQ��VH�GHPXHVWUD�FRQ�HVWH�HVWXGLR�OD�GLILFXOWDG�H[LVWHQWH�HQ�HO�SURFHVR�

GH� YDOLGDFLyQ� FUX]DGD� GH� UHSRVLWRULRV� �cross dataset validation��� SURYRFDGD�

SULQFLSDOPHQWH��D�QXHVWUR�HQWHQGHU��SRU�OD�KHWHURJHQHLGDG�GH�OD�WLSRORJtD�GH�ORV�

PRYLPLHQWRV�TXH�FRPSRQHQ�ORV�UHSRVLWRULRV��DVt�FRPR��GH�ODV�FDUDFWHUtVWLFDV�GH�

ORV� VHQVRUHV� \� SRU� OD� WHQGHQFLD� DO� VREUH�DSUHQGL]DMH� GH� ORV� PpWRGRV� GH�
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FODVLILFDFLyQ��'HO�PLVPR�PRGR��TXHGD�SDWHQWH�TXH�DxDGLU�GDWRV�SHUVRQDOL]DGRV�

HQ�HO�HQWUHQDPLHQWR�GH�ORV�VLVWHPDV�GH�GHWHFFLyQ�GH�FDtGDV�SXHGH�VXSRQHU�XQD�

PHMRUD� HILFD]� GH� VXV� SUHVWDFLRQHV�� VLHPSUH� \� FXDQGR�� GLFKRV� PRYLPLHQWRV�

SHUVRQDOL]DGRV� VHDQ� FDtGDV�� (VWRV� UHVXOWDGRV� SRQHQ� GH� UHOLHYH� OD� HQRUPH�

LPSRUWDQFLD�GH�HPSOHDU�XQ�Q~PHUR�FXDQWR�PiV�DPSOLR�SRVLEOH�GH�PXHVWUDV�\�

UHSRVLWRULRV�D�OD�KRUD�GH�HYDOXDU�FXDOTXLHU�VLVWHPD�GH�GHWHFFLyQ�GH�FDtGDV�\�OD�

QHFHVLGDG�GH�WHVWHDU�ORV�VLVWHPDV�HQWUHQDGRV�FRQ�ORV�XVXDULRV�ILQDOHV�UHDOHV�R��

DO� PHQRV�� FRQ� XQ� XQLYHUVR� PXHVWUDO� GLVWLQWR� �HQ� WLSRORJtD� GH� XVXDULRV� \�

PRYLPLHQWRV��GHO�HPSOHDGR�SDUD�HO�HQWUHQDPLHQWR��FRQ�HO�REMHWR�GH�GHWHUPLQDU�

OD�UREXVWH]�GHO�FODVLILFDGRU�\�VX�DXWpQWLFD�YLDELOLGDG�HQ�XQ�HVFHQDULR�GH�DSOLFDFLyQ�

UHDO��

� �



$SpQGLFH�(��7HVWHR�FUX]DGR�GH�UHSRVLWRULRV�XWLOL]DQGR�&11�
�

����

������������
���� g]GHPLU�� $�7�� $Q� DQDO\VLV� RQ� VHQVRU� ORFDWLRQV� RI� WKH� KXPDQ� ERG\� IRU�

ZHDUDEOH� IDOO� GHWHFWLRQ� GHYLFHV�� 3ULQFLSOHV� DQG� SUDFWLFH�� Sensors 
(Switzerland)�������GRL���������V����������

���� +XPDQ�)DFWRUV�DQG�(UJRQRPLFV�/DE��.RUHD�$GYDQFHG�,QWLWXWH�RI�6FLHQFH�
DQG�7HFKQRORJ\�.)DOO��$�&RPSUHKHQVLYH�0RWLRQ�'DWDVHW� WR�'HWHFW�3UH�
LPSDFW�)DOO�IRU�WKH�(OGHUO\�EDVHG�RQ�:HDUDEOH�,QHUWLDO�6HQVRUV��

���� 6XFHUTXLD�� $��� /ySH]�� -�'��� 9DUJDV�%RQLOOD�� -�)�� 6LV)DOO�� $� IDOO� DQG�
PRYHPHQW� GDWDVHW�� Sensors (Switzerland)� ������ 17��
GRL���������V����������

���� &DVLODUL�� (��� 6DQWR\R�5DPyQ�� -�$��� &DQR�*DUFtD�� -�0�� 80$)DOO�� $�
0XOWLVHQVRU� 'DWDVHW� IRU� WKH� 5HVHDUFK� RQ� $XWRPDWLF� )DOO� 'HWHFWLRQ��
Procedia Comput. Sci.�������110����±����GRL���������M�SURFV��������������

���� 0LNRáDMF]\N�� $��� *URFKRZVNL�� 0�� 'DWD� DXJPHQWDWLRQ� IRU� LPSURYLQJ� GHHS�
OHDUQLQJ�LQ�LPDJH�FODVVLILFDWLRQ�SUREOHP��2018 Int. Interdiscip. PhD Work. 
IIPhDW 2018����������±�����GRL���������,,3+':���������������

���� &DVLODUL�� (��� 6DQWR\R�5DPyQ�� -�$��� &DQR�*DUFtD�� -�0�� 2Q� WKH�
+HWHURJHQHLW\� RI� ([LVWLQJ� 5HSRVLWRULHV� RI� 0RYHPHQWV� ,QWHQGHG� IRU� WKH�
(YDOXDWLRQ�RI�)DOO�'HWHFWLRQ�6\VWHPV��J. Healthc. Eng.�������2020���±����
GRL�����������������������

� �
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��� &DVLODUL�� (��� 6DQWR\R�5DPyQ�� -�$��� &DQR�*DUFtD�� -�0�� $QDO\VLV� RI� D�

VPDUWSKRQH�EDVHG� DUFKLWHFWXUH� ZLWK� PXOWLSOH� PRELOLW\� VHQVRUV� IRU� IDOO�

GHWHFWLRQ��3/R6�2QH������������±����

x� ,661������������

x� GRL��KWWS���G[�GRL�RUJ���������MRXUQDO�SRQH����������

x� )DFWRU� GH� ,PSDFWR�� ������ �5DQNLQJ� ��� VREUH� ��� HQ� FDWHJRUtD�
0XOWLGLVFLSOLQDU\�6FLHQFHV���4����

��� &DVLODUL��(���6DQWR\R�5DPyQ��-��$���&DQR�*DUFtD��-��0��$QDO\VLV�RI�3XEOLF�

'DWDVHWV�IRU�:HDUDEOH�)DOO�'HWHFWLRQ�6\VWHPV��Sensors�������17��������

x� ,661������������

x� GRL��KWWS���G[�GRL�RUJ���������V����������

x� )DFWRU� GH� ,PSDFWR�� ������ �5DQNLQJ� ��� VREUH� ��� HQ� &DWHJRUtD�
,QVWUXPHQWV�	�,QVWUXPHQWDWLRQ���4����

��� 6DQWR\R�5DPyQ�� -��� &DVLODUL�� (��� &DQR�*DUFtD�� -�� $QDO\VLV� RI� D�

6PDUWSKRQH�%DVHG� $UFKLWHFWXUH� ZLWK� 0XOWLSOH� 0RELOLW\� 6HQVRUV� IRU� )DOO�

'HWHFWLRQ�ZLWK�6XSHUYLVHG�/HDUQLQJ��6HQVRUV�����������������

x� ,661������������

x� GRL��KWWS���G[�GRL�RUJ���������V���������

x� )DFWRU� GH� ,PSDFWR�� ������ �5DQNLQJ� ��� VREUH� ��� HQ� FDWHJRUtD�
0XOWLGLVFLSOLQDU\�6FLHQFHV���4����
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�� &DVLODUL�� (��� 6DQWR\R�5DPyQ�� -�$��� &DQR�*DUFtD�� -�0�� 2Q� WKH�
+HWHURJHQHLW\� RI� ([LVWLQJ� 5HSRVLWRULHV� RI� 0RYHPHQWV� ,QWHQGHG� IRU� WKH�
(YDOXDWLRQ�RI�)DOO�'HWHFWLRQ�6\VWHPV��-��+HDOWKF��(QJ���������������±���

x ,661�����������
x GRL��KWWS���G[�GRL�RUJ���������������������

x )DFWRU� GH� ,PSDFWR�� ������ �5DQNLQJ� ��� VREUH� ���� HQ� FDWHJRUtD�
+($/7+�&$5(�6FLHQFHV�	�6HUYLFHV���4���

�� 6DQWR\R�5DPyQ�� -�$���&DVLODUL��(���&DQR�*DUFtD�� -�0��$�6WXG\�RI�2QH�

&ODVV� &ODVVLILFDWLRQ� $OJRULWKPV� IRU�:HDUDEOH� )DOO� 6HQVRUV�� %LRVHQVRUV�
��������������

x ,661�����������
x GRL��KWWS���G[�GRL�RUJ���������ELRV��������

x )DFWRU�GH�,PSDFWR���������������~OWLPR�YDORU�GLVSRQLEOH���5DQNLQJ���
VREUH����HQ�FDWHJRUtD�,QVWUXPHQWV�	�,QVWUXPHQWDWLRQ���4���

�� 6DQWR\R�5DPyQ��-�$���&DVLODUL�3pUH]��(���&DQR�*DUFtD��-�0��$�VWXG\�RQ�
WKH�LPSDFW�RI�WKH�XVHUV¶�FKDUDFWHULVWLFV�RQ�WKH�SHUIRUPDQFH�RI�ZHDUDEOH�
IDOO�GHWHFWLRQ�V\VWHPV��6FL��5HSRUWV���������������������±���

x ,661�����������

x GRL��KWWSV���GRL�RUJ���������V����������������]

x )DFWRU�GH�,PSDFWR���������������~OWLPR�YDORU�GLVSRQLEOH���5DQNLQJ����
VREUH����HQ�FDWHJRUtD�0XOWLGLVFLSOLQDU\�6FLHQFHV���4��

����À����������������������������������À��

�� 6DQWR\R�5DPyQ��-�$���&DVLODUL�3pUH]��(���&DQR�*DUFtD��-�0��$�6WXG\�RI

WKH�,QIOXHQFH�RI�WKH�6HQVRU�6DPSOLQJ�)UHTXHQF\�RQ�WKH�3HUIRUPDQFH�RI

:HDUDEOH�)DOO�'HWHFWRUV��3HQGLHQWH�GH�HQYtR�D�0HDVXUHPHQW������

�� 6DQWR\R�5DPyQ��-�$���&DVLODUL��(���&DQR�*DUFtD��-�0��(YDOXDWLRQ�RI� WKH

FURVV�GDWDVHWV�YDOLGDWLRQ�SURFHVV�RI�D�)'6�EDVHG�RQ�D�&11��3HQGLHQWH

GH� HQYtR� DO� FRQJUHVR� ³3(UYDVLYH� 7HFKQRORJLHV� 5HODWHG� WR� $VVLVWLYH

(QYLURQPHQWV��3(75$������´��D�FHOHEUDU�HQ�&RUI~�GHO����GH�MXQLR�DO���GH

MXOLR�GH������
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��� &DVLODUL�� (��� 6DQWR\R�5DPyQ�� -�$��� &DQR�*DUFtD�� -�0�� 80$)DOO�� $�

0XOWLVHQVRU� 'DWDVHW� IRU� WKH� 5HVHDUFK� RQ� $XWRPDWLF� )DOO� 'HWHFWLRQ�� ,Q�

3URFHHGLQJV�RI�WKH���WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�0RELOH�6\VWHPV�DQG�

3HUYDVLYH� &RPSXWLQJ� �0REL63&� ������ �3URFHGLD� &RPSXWHU� 6FLHQFH���

/HXYHQ��%HOJLXP��-XO\��������������9RO�������SS����±����

x� ,661������������

x� GRL��KWWS���G[�GRL�RUJ���������M�SURFV��������������
��� 6DQWR\R�5DPyQ��-���&DVLODUL��(���&DQR�*DUFtD��-��(VWXGLR�GH�OD�GHWHFFLyQ�

GH�FDtGDV�XWLOL]DQGR�HO�DOJRULWPR�690�� ,Q�3URFHHGLQJV�RI� WKH�$FWDV�GHO�

;;;,,,�6LPSRVLXP�1DFLRQDO�GH�OD�8QLyQ�&LHQWtILFD�,QWHUQDFLRQDO�GH�5DGLR�

�856,��������*UDQDGD��(VSDxD��������SS���±���

x� ,6%1��������������������
��� &DVLODUL�� (��� 6DQWR\R�5DPyQ�� -��$��� &DQR�*DUFtD�� -�0�� $QDO\VLV� RI� D�

3XEOLF�5HSRVLWRU\�IRU�WKH�6WXG\�RI�$XWRPDWLF�)DOO�'HWHFWLRQ�$OJRULWKPV��,Q�

3URFHHGLQJV�RI�WKH��WK�LQWHUQDWLRQDO�:RUNVKRS�RQ�6HQVRU�EDVHG�$FWLYLW\�

5HFRJQLWLRQ� DQG� ,QWHUDFWLRQ� �L:2$5� ¶����� $&0�� %HUOLQ�� *HUPDQ\��

6HSWHPEHU��������������SS���±����

x� ,6%1��������������������

x� GRL��KWWSV���GRL�RUJ����������)����������������

��� 6DQWR\R�5DPyQ��-�$���&DVLODUL�3pUH]��(���&DQR�*DUFtD��-�0��6WXG\�RI�WKH�

'HWHFWLRQ� RI� )DOOV� 8VLQJ� WKH� 690� $OJRULWKP�� 'LIIHUHQW� 'DWDVHWV� RI�

0RYHPHQWV� DQG� $129$�� ,Q� 3URFHHGLQJV� RI� WKH� ,(((� ,:%%,2��

,QWHUQDWLRQDO� :RUN�&RQIHUHQFH� RQ� %LRLQIRUPDWLFV� DQG� %LRPHGLFDO�

(QJLQHHULQJ��6SULQJHU��*UDQDGD��6SDLQ��0D\�������������9RO��������/1%,��

SS�����±�����

x� ,6%1��������������������

x� GRL��KWWSV���GRL�RUJ��������������������������B�� �

� �
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