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"
H(",/6*/,*)B("+*"#,#&*>(#"V:X"V9ZX"VT<X"*#"5/("
>*&$+$!$6B(",/&*)+,#8,.!,/(),("P5*".*)>,&*"!("
)*(!,D(8,7/"+*"#,#&*>(#"8$>.!*Q$#@"U*"8*/&)("*/"
+*%,/,)"!(#"/*8*#,+(+*#"+*!"8!,*/&*"="!("%5/8,$/(!,+(+"
)*P5*),+("(".),/8,.,$#"+*!"8,8!$"+*"+*#())$!!$C"
+$85>*/&(/+$"!$#")*P5,#,&$#"=".)$8*+,*/+$"8$/"*!"
.)$8*#$"+*"#B/&*#,#"+*!"+,#*-$@"1$/&,/S("8$/"!("
R(!,+(8,7/"+*!"#,#&*>("8$/#,+*)(/+$"!("+*8!()(8,7/"
8$>.!*&("+*!".)$A!*>("P5*"(A()8("!(#"$.*)(8,$/*#C"*!"
)*/+,>,*/&$C"!(".)5*A(C"!("%(A),8(8,7/C"*!"8$#&$"="!("
.)$6)(>(8,7/C"!("8(.(8,&(8,7/"="*!"#$.$)&*"="!("
*!,>,/(8,7/@"I/&*6)("&$+(#"!(#"+,#8,.!,/(#"="
*#.*8,(!>*/&*"6)5.$#"*/"*!"*#%5*)D$"+*"*P5,.$"
%$)>(/+$"5/".)$8*#$"+*"+*#())$!!$"*#&)58&5)(+$"P5*"
.)$8*+*"+*#+*"*!"8$/8*.&$"E(#&("!(".)$+588,7/"="
$.*)(8,7/@"2+*>G#C"!(",/6*/,*)B("+*"#,#&*>(#"
8$/#,+*)("!(#"/*8*#,+(+*#"*>.)*#(),(!*#"="&?8/,8(#"+*"
!$#"8!,*/&*#"8$/"*!"$AQ*&,R$"+*".)$.$)8,$/()"5/"

XXXVIII Jornadas de Automática

473 



 !"#$%&"'#('%)*+#)#',$('-)&+-.)/)'*)-'0(%(-+#)#(-'#(*'
$-$)!+"1'
'
2"!'"&!"'*)#"3'*)'#+-%+ *+0)'#('%"0&!"*')$&"45&+%"'
&+(0('%"4"'"67(&+8"'.)%+*+&)!'9'4(7"!)!'(*'#(-)!!"**"'
#('#+.(!(0&(-')%&+8+#)#(-')'*)-' (!-"0)-3'%"*)6"!)0#"'
%"0'(**)-'"'!((4 *):50#"*)-'(0'*)'&"4)'#('#(%+-+"0(-'
9'*)'+4 *(4(0&)%+;01'<('4)0(!)'."!4)*'(*'%"0&!"*'
)$&"45&+%"'(-'*)'#+-%+ *+0)',$('+0&(0&)'!((4 *):)!')*'
" (!)#"!'=$4)0"'(0'-$-'&)!()-'.>-+%)-'"'4(0&)*(-' "!'
)!&+.+%+"-')!&+.+%+)*(-1'
'
?-&('&!)6)7"'-(' !(-(0&)0'#"-'-(0%+**"-'%)-"-'#('
(-&$#+"3'8+0%$*)#"-')*'%"0&!"*')$&"45&+%"'#('-+-&(4)-'
#+054+%"-3'9'-('+4 *(4(0&)'(0'$0)' *)&)."!4)'
%"*)6"!)&+8)'2@A'#('&+ "'+0#$-&!+)*'B<)--)$*&'
C9-&(4(-'D<E?F (!+(0%(GH1'
'
IJK' LMNOPMO' QL' RSPLMQTURVL'

WOXRYOPRNTZO'L'TMMOZRWTOM'LM'
XR'LM[L\RMUR']LQTRMNL'N̂_Q'

'
?0'(*'(0.",$('#(') !(0#+:)7('&!)#+%+"0)*'*)'
+0."!4)%+;0'(-'&!)0-4+&+#)'"!)*4(0&(3'%"0'(*') "9"'
#('*+6!"-'#('&(F&"'(- (%>.+%"-'9'(*'+0-&!$%&"!'(-'*)'
 !+0%+ )*'.$(0&('#('%"0"%+4+(0&"1'?-&)'4(&"#"*"/>)'
#(') !(0#+:)7(' "#!>)'%"0-+#(!)!-('"6-"*(&)' "!,$('*)'
4)9"!' )!&('#('*)'+0."!4)%+;0'(-3'="9'(0'#>)3'
)%%(-+6*(' )!)'*"-'(-&$#+)0&(-')'&!)8̀-'#('+0&(!0(&'9'
 "!,$('-('#(4$(-&!)',$('=)'!(#$%+#"'(*'+4 )%&"'(0'(*'
) !(0#+:)7('(.(%&+8"'abcd1'2"!'(-&)-'!):"0(-'(-'
0(%(-)!+"'%)46+)!'*)-'4(&"#"*"/>)-'#(') !(0#+:)7(3'
#('."!4)',$('-('(0-(e(')'*"-')*$40"-')'6$-%)!3'&!)&)!''
9'$&+*+:)!')#(%$)#)4(0&('*)'+0."!4)%+;0'(0'
+0/(0+(!>)1'?0'(-&('(-%(0)!+"3'(*' ) (*'#('*"-'
(-&$#+)0&(-'0"'#(6('-(/$+!'-+(0#"' )-+8"'9'&+(0(0',$('
&"4)!' )!&(')%&+8)'(0'(*' !"%(-"'#(') !(0#+:)7(1'
'
f0' ) (*')%&+8"'".!(%('8)!+)-'8(0&)7)-'abgd1'2"!'
(7(4 *"3'*"-'(-&$#+)0&(-'!(%"0"%(0'8)!+)%+"0(-'#('
%"0%( &"-' !(8+"-'%$)0#"'(*'%"0&(F&"'%)46+)3'&+(0(0'
,$('&"4)!'#(%+-+"0(-'6)-)#)-'(0'%"0"%+4+(0&"-'
 !(8+"-' )!)'!(-"*8(!' !"6*(4)-'#('+0/(0+(!>)'
).(%&)#"-' "!'+0%(!&+#$46!(-3'#(-%$6!(0'0$(8"-'
%)0)*(-'&(%0"*;/+%"-' )!)'"6&(0(!'+0."!4)%+;03'
#(-)!!"**)0'%!()&+8+#)#'9'%) )%+#)#'#('+00"8)%+;03'
(&%1'
'
?0&"0%(-3'(-'(-(0%+)*'$&+*+:)!'$0)'4(&"#"*"/>)'#('
) !(0#+:)7('%"*)6"!)&+8"' )!)'."4(0&)!'$0' ) (*'
)%&+8"'#('*"-'(-&$#+)0&(-1'@"-'(0.",$(-'#('
h !(0#+:)7('h%&+8"'Bh@H'9'h !(0#+:)7('i)-)#"'(0'
2!"9(%&"-'B2i@H'=)0'-+#"'(-&)6*(%+#"-'%"4"'
=(!!)4+(0&)-' +4 "!&)0&(-'  )!)'  !"4"8(!'
%"4 !"4+-"-')%&+8"-'#('*"-'(-&$#+)0&(-'9'*"-'
+0-&!$%&"!(-'(0'(*' !"%(-"'#(') !(0#+:)7('abd'ajd'acd'
agkd1'h#(45-3'*)-'=(!!)4+(0&)-'%"*)6"!)&+8)-'6)-)#)-'
(0'l(6'=)0'-$!/+#"'%"4"'$0'4(%)0+-4"')#(%$)#"'
 )!)'=)%(!'(.(%&+8"'(*'&!)6)7"'#(') !(0#+:)7(3'

)$4(0&)0#"'*)'%"*)6"!)%+;0'(0&!('(-&$#+)0&(-3'
+0-&!$%&"!(-'('+0%*$-"')-"%+)#"-'(F&(!0"-'aDd1'
'
2"!'*"'&)0&"3' )!)') *+%)!'$0)'4(&"#"*"/>)'
%"*)6"!)&+8)'(-'%"08(0+(0&('$&+*+:)!'$0)' *)&)."!4)'
(#$%)&+8)'%"*)6"!)&+8)1'<('(-&)'4)0(!)'(-' "-+6*('
.)%+*+&)!'*)'%"4$0+%)%+;0'(0&!('(-&$#+)0&(-'('
+0-&!$%&"!(-1'C+0'(46)!/"3' "#!>)'-(!'4$%="'45-'
+0&(!(-)0&('$-)!'$0)' *)&)."!4)'%"*)6"!)&+8)'2@A'
+0#$-&!+)*' )!)'(-&)'+0&(!)%%+;01'<('=(%="3'*)-'
 *)&)."!4)-'2@A'(-&50'#+-(e)#)-' )!)'"6&(0(!'9'
%"4 )!&+!'(*'%"0"%+4+(0&"'%"4 *(&"'-"6!('*)'
(8"*$%+;0'#(*'#+-(e"'#('+0/(0+(!>)'9'(*' !"#$%&"'
.+0)*1'?0'"&!)-' )*)6!)-3'$&+*+:)0#"' *)&)."!4)-'
(#$%)&+8)-'%"*)6"!)&+8)-3'*"-'(-&$#+)0&(-'&+(0(0'
)%%(-"')'*)'#"%$4(0&)%+;0'#(*'%$!-"'9' $(#(0'
/(0(!)!'$0)'%)!&(!)'%"0'*)-')%&+8+#)#(-'#(-)!!"**)#)-'
#$!)0&('(*'-(4(-&!(1'@"-'+0-&!$%&"!(-'&+(0(0')%%(-"')'
*"-'!(-$*&)#"-'#(*'&!)6)7"'#('*"-'(-&$#+)0&(-3'
-+/$+(0#"'-$-')%&+8+#)#(-3'*(-'=)%(0'-$/(!(0%+)-'9'
(8)*m)0'-$'&!)6)7"1'C+0'(46)!/"3'*)-' *)&)."!4)-'
(#$%)&+8)-'-;*"'4$(-&!)0'(*'!(-$*&)#"'#(*'&!)6)7"'#('
*"-'(-&$#+)0&(-3' (!"'0"'(*'!(0#+4+(0&"'9'%;4"'-('=)'
!()*+:)#"'(-&('&!)6)7"1'?-&"'-('#(6(')',$('0"'=)9'
) *+%)%+"0(-'#('+0/(0+(!>)'+0%"! "!)#)-'(0'*)'
(-&!$%&$!)'#('*)' *)&)."!4)1'2"!'*"'&)0&"3'
nh<onh?onhA'-"0'=(!!)4+(0&)-'(F&(!0)-',$('
#(6(0'-(!'$&+*+:)#)-' "!'*"-'(-&$#+)0&(-3' (!"'-$'$-"'
(-&5'.$(!)'#('%"0&!"*' )!)'*"-'+0-&!$%&"!(-1'2"!'(-&)'
!):;03'*"-'+0-&!$%&"!(-'0(%(-+&)0'+0."!4)%+;0'
)#+%+"0)*' )!)'(8)*$)!'%"4 *(&)4(0&('(*'&!)6)7"'#('
*"-'(-&$#+)0&(-'agpd3'4+(0&!)-',$('&"#)'(-&)'
+0."!4)%+;0'9)'(-&5'+0%*$+#)'(0'(*'2@A1'
'
h->3'%)6('%"0-+#(!)!')'*)-'0$(8)-' *)&)."!4)-'2@A'
+0#$-&!+)*(-' %"4"'  *)&)."!4)-' (#$%)&+8)-'
%"*)6"!)&+8)-'8+!&$)*(-'#"0#('*"-'(-&$#+)0&(-' $(#(0'
) !(0#(!3'%"4 )!&+!3'('+0&(!%)46+)!'&"#)'*)'
+0."!4)%+;0'-"6!('-$-'#+-(e"-'B "!'(7(4 *"3' !$(6)-3'
4"#(*"-3'!(-$*&)#"-3'(&%1H'(0'*)-'#+.(!(0&(-'#+-%+ *+0)-'
#('+0/(0+(!>)1'i)7"'(-&('(-%(0)!+"3'*)-'.)%$*&)#(-'#('
+0/(0+(!>)'&+(0(0',$('%)46+)!'-$'."!4)'#('&!)6)7)!'
%"0'*"-'(-&$#+)0&(-'('+0&!"#$%+!')%&+8+#)#(-'#('
(0-(e)0:)'%"*)6"!)&+8)'$&+*+:)0#"' *)&)."!4)-'#(*'
&+ "'2@A1'?-&"'-+/0+.+%)',$('*)-'#+-%+ *+0)-'#('
+0/(0+(!>)'#('(0-(e)0:)'0"' $(#(0'-(!'%"0-+#(!)#)-'
45-')+-*)#)-'9'*)'+0&(!)%%+;0'#(6('+0%*$+!-('(0'*"-'
/!)#"-'#('+0/(0+(!>)1'?-&('=(%="' (!4+&('(*'$-"'#('
 *)&)."!4)-'2@A'%"*)6"!)&+8)-'9'."4(0&)'*)'
+0&(!)%%+;0'(0&!('*"-'(-&$#+)0&(-',$('&!)6)7)0'(0'
#+.(!(0&(-'#+-%+ *+0)-1'
'
'
q' WR[O['QL'L[NrQTO'
'
@"-'#"-'%)-"-'#('(-&$#+"' !(-(0&)#"-')'%"0&+0$)%+;0'
=)0'-+#"'#+-(e)#"-' )!)'(F "0(!'*)-' "-+6+*+#)#(-'#('
) *+%)%+;0'#('*)-'sED<'(0'(*'#(-)!!"**"'#('-+-&(4)-'#('
%"0&!"*'65-+%"' )!)'-+-&(4)-'%+6(!.>-+%"-'Bn2CH1'

XXXVIII Jornadas de Automática

474 



 !"#$%&'"(#'&'"')"*#"+,-.-/#0&"1#2,)"0)".#"
$),&0&.&34#"56(7(.)"89:"8;<:"8=>:"8<:?"%#'#0#")!".#'"
'-3+-)!,)'"),#1#'@" ',#%.)(-$-)!,&"0)"2)A+-'-,&'"
)')!(-#.)'"1#2#")."(.-)!,)"7"1#2#")."B+!(-&!#$-)!,&"
0)."'-',)$#C"D)B-!-(-E!"B+!(-&!#.@"D)B-!-(-E!"0)".#"
B+!(-&!#.-0#0"0)."'-',)$#?")'"0)(-2?".&"A+)")."'-',)$#"
0)%)"*#()2"#!,)'"0)"0)B-!-2"(E$&"*#()2.&C"D)B-!-(-E!"
0)".#"#2A+-,)(,+2#".E3-(#@"D)B-!)".#"'&.+(-E!".E3-(#"
1#2#".#"0)B-!-(-E!"B+!(-&!#."0)."'-',)$#?")'"0)(-2?"
0)B-!)"(E$&"2)#.-/#2".#'"B+!(-&!)'"!)()'#2-#'"
+,-.-/#!0&"1#2,)'?"-!,)2B#()'?"')F#.)'?")A+-1&'?"
#.3&2-,$&'?"),(C"D-')F&"G4'-(&@" '")."$)(#!-'$&"&".#"
'&.+(-E!"B4'-(#"1#2#")."'-',)$#"(-%)2B4'-(&C"
H!,)32#(-E!@"H!,)32E".&'"(&$1&2,#$-)!,&'".E3-(&'")!"
2)#."&"0-3-,#.C"5)2-B-(#(-E!@"I&$12&%#(-E!"0)".#'"
)'1)(-B-(#(-&!)'"0)"B+!(-&!#$-)!,&"
"
 !")',&'")J)$1.&'?".#"1.#,#B&2$#"KLM"(&.#%&2#,-N#"
-!0+',2-#."OD#''#+.,"P7',Q$)'"RD S1)2-)!()TU"8<:"')"
+,-.-/#"1#2#"(&$1#2,-2",&0#".#"-!B&2$#(-E!"7",&0#'".#'"
),#1#'"0)"0-')F&")!,2)")',+0-#!,)'")"-!',2+(,&2)'C" ',#"
1.#,#B&2$#"-!(.+7)"N#2-&'"$)(#!-'$&'"1#2#"B#(-.-,#2"
.#"(&$+!-(#(-E!")!,2)")',+0-#!,)'")"-!',2+(,&2)'"
O#1.-(#(-&!)'"0)"$)!'#J)24#"-!',#!,V!)#?".)(,&2)'"0)"
1V3-!#'"W)%?"!&,-(-#'?"W-X-'?"12)3+!,#'?"(+#02&'"0)"
$#!0&?"),(CU"(&$&"RDPWY$T?".#'"(.V'-(#'"
*)22#$-)!,#'"IZD[IZM[IZ "1#2#"0-')F&"0)"1-)/#'?"
$&!,#J)?").#%&2#(-E!?"0-')F&"0)"$)(#!-'$&'?"
'-$+.#(-E!"G M?"$)(#!-/#0&?"),(C?"#'4"(&$&"
*)22#$-)!,#'"1#2#")."0-')F&"B+!(-&!#."7".E3-(&?"
$&0).#0&" 0)" (&$1&2,#$-)!,&" 0-!V$-(&?"
12&32#$#(-E!"0)"2&%&,'?"'-$+.#(-E!"0)"2&%&,'?"),(C"
"
\]̂" _̀_abcd"ef_̀gh"ib"ghjakhl"
"
m#."7"(&$&"')"1+)0)"N)2")!".#"B-3+2#"=?")."12-$)2"(#'&"
0)")',+0-&")'"+!"'-',)$#"%V'-(&"0)"(&!,2&.")!")."A+)"
')"12),)!0)"2)#.-/#2"+!#"')!(-..#"2)3+.#(-E!"0)".#"
1&'-(-E!"0)"+!"$)(#!-'$&"$+7"'-$1.)C" ',)"
$)(#!-'$&"12)')!,#"+!"n!-(&"32#0&"0)".-%)2,#0?"
(&22)'1&!0-)!,)"#"+!#"#2,-(+.#(-E!"0)",-1&"2&,#(-&!#.?"
+!"#((-&!#$-)!,&"%V'-(&"$)0-#!,)"+!"$&,&2"0)"
(&22-)!,)"(&!,-!+#"7"+!"2)0+(,&2"#(&1.#0&'"#.")J)"0)"
.#"#2,-(+.#(-E!?"#'4"(&$&"+!"')!(-..&"')!'&2"0)"
1&'-(-E!"A+)"2)#.-$)!,#".#"1&'-(-E!"#!3+.#2"0)."
$)(#!-'$&C"
"
Z!,)'"0)"(&$)!/#2"(&!".#"2)#.-/#(-E!"0)."12&1-&"(#'&"
0)")',+0-&?").")',+0-#!,)"0)%)"')2"B&2$#0&")!")."
12&1-&" B+!(-&!#$-)!,&" 0)" +!#" 1.#,#B&2$#"
(&.#%&2#,-N#",-1&"KLMC"K#2#")..&?"0)%)"(&!&()2"(&$&"
)'")."#(()'&?"(+#.)'"'&!".&'"0-B)2)!,)'"2&.)'"O1&2"
)J)$1.&?" .)(,&2?" (&!,2-%+-0&2?" #+,&2?" .)#0)2?"
12&1-),#2-&?"#0$-!-',2#0&2?"),(CU"7"(+V.)'"'&!".&'"
1)2$-'&'"#".&'"A+)",-)!)"#(()'&"(#0#"2&.?".&'"
0-B)2)!,)'",-1&'"0)"(&$+!-0#0)'"0)"(&.#%&2#(-E!"7"
.#'"*)22#$-)!,#'"%V'-(#'"1#2#".#"(&$+!-(#(-E!")!,2)"
.&'"$-)$%2&'"0)".#"(&$+!-0#0?".&'",-1&'"0)"
(&!,)!-0&'?"),(C"m#$%-o!")'"B+!0#$)!,#."A+)"

(&!&/(#".#"0)'(2-1(-E!"(&!()1,+#."0)".&'"A+)")'")."
(-(.&"0)"N-0#"0)"+!"12&0+(,&"7?")!"3)!)2#.?"0)",&0&'"
.&'"(&!,)!-0&'"0)'#22&..#0&'"0)!,2&"0)".#"1.#,#B&2$#?"
7"0)".&'"0-B)2)!,)'")',#0&'")!".&'"A+)"1+)0)")',#2"+!"
(&!,)!-0&"O1&2")J)$1.&@"12-N#0&?")!"0)'#22&..&?"
(&!3).#0&?"0-'1&!-%.)?"&%'&.),&?"),(CU?"#'4"(&$&")."
12&()0-$-)!,&"1#2#"3)!)2#2".#'"0-B)2)!,)'"N)2'-&!)'"
0)"(#0#"12&0+(,&C"I&!")',)"(&!&(-$-)!,&".&'"
#.+$!&'"#(()0)!"#".#"1.#,#B&2$#"7?"+!#"N)/"
#'-3!#0#'".#'",#2)#'"#"2)#.-/#2"1&2"(#0#")',+0-#!,)"7"
)',#%.)(-0&'".&'"2)A+-'-,&'"7".#"B+!(-&!#.-0#0"0)."
'-',)$#"#"0)'#22&..#2?")J)(+,#!".#'"0-B)2)!,)'"
#1.-(#(-&!)'"!)()'#2-#'C"D)")',#"B&2$#?"')",2#%#J#2V"
)!")."0-')F&"3)&$o,2-(&"0)".&'"(&$1&!)!,)'?")!".#"
#'-3!#(-E!"0)"$#,)2-#.)'"#".&'"$-'$&'?")!")."
1&'-(-&!#$-)!,&"3)&$o,2-(&"0)"(#0#"(&$1&!)!,)?")!"
.#"-!(&21&2#(-E!"0)".#'"#2,-(+.#(-&!)'"!)()'#2-#'"7".#"
3)!)2#(-E!"0)."$)(#!-'$&?".#"&%,)!(-E!"0)".#"
(-!)$V,-(#"7"0-!V$-(#"0)."(&!J+!,&"$)(V!-(&?")!")."
$&0).#0&"0-!V$-(&"7"(-!)$V,-(&"0)."'-',)$#?"
-!(.+7)!0&"#(,+#0&2)'?"2)0+(,&2)'?"')!'&2)'?"),(C?")!"
)."0)'#22&..&"0)."#.3&2-,$&"0)"(&!,2&."0-!V$-(&"7"0)."
(&!,2&."(-!)$V,-(&"'-"')"0)')#"-!(&21&2#2?"),(C?"
&%')2N#0&".&'"2)'+.,#0&'"&%,)!-0&'"7"(&$1#2V!0&.&'"
(&!".#'")'1)(-B-(#(-&!)'"7"2)A+)2-$-)!,&'"B-J#0&'"
-!-(-#.$)!,)?"),(C" !".#"B-3+2#"="')"1+)0)"N)2".#"
)',2+(,+2#"$)(V!-(#"%V'-(#"7".#")',2+(,+2#".E3-(#"0)."
'-',)$#"0)"(&!,2&."0-!V$-(&?"#'4"(&$&"+!")J)$1.&"0)"
.#"'-$+.#(-E!"0-!V$-(#"2)#.-/#0&")!".#"1.#,#B&2$#"
(&.#%&2#,-N#C"
"

"
"

G-3+2#"=@" J)$1.&"0)"+,-.-/#(-E!"0)"m6RD")!"+!#"
#1.-(#(-E!"%V'-(#"0)"(&!,2&."0)"1&'-(-E!"$)0-#!,)".#"
#1.-(#(-E!"IZmHZT"G+!(,-&!#."#!0"L&3-(#."D)'-3!"
"
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