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CAPÍTULO 1'– MARCO TEÓRICO 

1.1' INTRODUCCIÓN  

,7" 5$=3;55BJ=" 34" ;=" F4D@5;6$" 4A" ;=7" >7847" 4WE;4A>7" 7" 8B4AG$" B=<B=4=>4M" 26"

5$=3;5>$8" 3494" AB4<E84" 4A>78" 5$=A5B4=>4" 34" A;" 4=>$8=$%" 5$=AB3487=3$" I75>$84A"

5$<$">8LIB5$%"E47>$=4A%"576V737%"5$=3B5B$=4A"56B<L>B57A"4=>84"$>8$AM"

2A>$"D7"B<E;6A73$"7"6$A"I798B57=>4A"7"67"B<E64<4=>75BJ="34"464<4=>$A"34"A4G;8B373"

4="46"F4D@5;6$"5$="46"IB="34"E8$>4G48">7=>$"67"B=>4G8B373"346"5$=3;5>$8"5$<$"34"6$A"

E47>$=4A"A4GH="A47"46"57A$M""

(=>4" 4A>7" E8$964<L>B57%" 4=" 67" 75>;76B373" A4" D7=" 34A788$6673$" F78B$A" ABA>4<7A"

4645>8J=B5$A"34"A4G;8B373"E7ABF7"?;4"E48<B>4="7648>78"76"5$=3;5>$8"A$984";="E$AB964"

AB=B4A>8$"7"IB="34"A76F7G;78378"67"FB37"346"5$=3;5>$8"K"67"34"A;"4=>$8=$M"

2="4A>4"57E@>;6$"A4"8476BV78L";="7=L6BABA"34"6$A"ABA>4<7A"4645>8J=B5$A"34"A4G;8B373"

E7ABF7" 84675B$=73$A" 5$=" 67A" 57;A7A" 34" 755B34=>4A" 34" >8L=AB>$" <LA" 5$<;=4AM"

(34<LA%"A4"34A58B9B8L="6$A"A4=A$84A"4645>8J=B5$A";>B6BV73$A"4="67"A4G;8B373"E7ABF7%"

A;"I;=5B$=7<B4=>$"K"57875>48@A>B57AM"

YB=76<4=>4%"A4"34A58B9B8L"67"<4>$3$6$G@7"LGB6"34"34A788$66$"q7=97=%"67"5;76"E48<B>B8L"

73$E>78";="E8$54A$"G873;76"K"E67=BIB573$" 843;5B4=3$"46" >B4<E$"34"34A788$66$"346"

E8$>$>BE$M""

1.2' SISTEMAS DE SEGURIDAD DE ENTORNO EN AUTOMÓVILES 

.B=" 3;37" 67" <7=487" <LA" 4IB57V" 34" E8$>455BJ=" 34" 755B34=>4A" 4A" 67" E84F4=5BJ=M"

T;87=>4"F78B$A"7Q$A"67A"4<E84A7A"7;>$<$>8B54A"A4"D7="343B573$"76"34A788$66$"34"

ABA>4<7A"34"E8$>455BJ="75>BF7"K"E7ABF7"?;4"D7="5$=>8B9;B3$"ABG=BIB57>BF7<4=>4"7"67"

843;55BJ="34"755B34=>4AM"

2="67"75>;76B373%"7"<LA"34"6$A"ABA>4<7A"34"A4G;8B373"B<E64<4=>73$A"5$<$"A$=%"46"

.BA>4<7"(/."K"2.*"4WBA>4="6$A"34=$<B=73$A"34>45>$84A"34"4=>$8=$"?;4"98B=37="76"



^"

"

"

"

5$=3;5>$8" ;=7" 4WE48B4=5B7" 34" <7=4:$" <LA" 5$=IB7964" 3BA<B=;K4=3$" 46" 8B4AG$"

57;A73$"E$8"=;4A>8$"E8$EB$"F4D@5;6$"$"E$8"F4D@5;6$A"7"=;4A>8$"4=>$8=$"w\xM"

.4"34A58B9B8L="76G;=$A"34"6$A"ABA>4<7A"E8B=5BE764A"5$="6$A"?;4"5;4=>7";="F4D@5;6$"

34"<43B7"76>7"G7<7M""

1.2.1' DETECCIÓN DE FATIGA O FALTA DE ATENCIÓN 

YBG;87"\M\".4=A$8"34"34>455BJ="34"I7>BG7"w\x"

.4">87>7"34";="ABA>4<7"4645>8J=B5$"E8$FBA>$"34";="A4=A$8"4="46"F$67=>4"?;4"57E>7"46"

=H<48$"34"<$FB<B4=>$A"$"5$88455B$=4A"8476BV737A"E$8"46"5$=3;5>$8"4=";="B=>48F76$"

34">B4<E$"34";="<B=;>$"5$<$"A4"B=3B57"4="67"IBG;87"\M\M"

(6"5$=3;5B8%"4A"=454A78B$"8476BV78"57<9B$A"4="46"F$67=>4"E787"7:;A>78"46"F4D@5;6$"76"

57<B=$"E$8"46"?;4"5B85;67<$A"E$8">7=>$"76"=$"34>45>78"4A>4"57<9B$"$"76"34>45>78";="

=H<48$"<4=$8" 34" 57<9B$A" 76" ?;4" A4" 5$=AB3487" y=$8<76z" A4" 75>BF7" 46" A4=A$8" 34"

I7>BG7M"

26" >BE$"34"7FBA$"?;4"E;434"4<B>B8"4A>4"A4=A$8"F78@7"34A34";=7"7678<7"A$=$87%"$"

B=56;ABF4"67"FB9875BJ="346"F$67=>4"w\xM"



_"

"

"

"

1.2.2' DETECCIÓN DE CAMBIO DE CARRIL INVOLUNTARIO 

2A>4"ABA>4<7"4A>L"5$=A>B>;B3$"E$8";="<B58$E8$54A73$8"?;4"A4=A7"E48<7=4=>4<4=>4"

67">87K45>$8B7"A4G;B37"E$8"46"F4D@5;6$M"

"

YBG;87"\M^".4=A$8"34"34>455BJ="34"57<9B$"34"5788B6"B=F$6;=>78B$"w\x"

2=" 67" IBG;87"\M^"A4" B=3B57"46" I;=5B$=7<B4=>$"?;4"5$=ABA>4"4=" 67"34>455BJ="34" 67A"

6@=47A" <785737A" 4=" 67" 57884>487" K7" A47=" 5$=>B=;7A" $" 3BA5$=>B=;7A" G;B7=3$" 76"

F4D@5;6$"E$8"46"57<B=$"4A>79645B3$M"

,7"7E6B575BJ="34"4A>4"ABA>4<7"E;434"A48"E$8"<43B$"34"A4=A$84A";9B573$A";=$"7"

5737"673$"346"F4D@5;6$%"4="46"G;78375$5D4A"$"<;K"54857"346"A;46$"$"7"A;"F4V"E;434"

>87>78A4"34";=7"5L<787"5$6$5737"4="46"E78798BA7A"76"=BF46"346"4AE4:$"84>8$FBA$8M"

.B"=;4A>8$"E8$EJAB>$"4A"46"57<9B$"34"5788B6"K"$6FB37<$A"75>BF78"67"6;V"B=>48<B>4=>4%"46"

ABA>4<7"B=>48E84>7"?;4"46"57<9B$"4A"B=F$6;=>78B$"4<B>B4=3$"67"FB9875BJ="4="46"7AB4=>$"

$"F$67=>4M"2WBA>4="7648>7A"?;4"E;434="A48"75HA>B57A"$"7FBA$A"6;<B=$A$A"4="46"E7=46"

34"B=A>8;<4=>$A"w\xM,

1.2.3' RECONOCIMIENTO DE SEÑALÉTICA EN EL CAMINO 

26"ABA>4<7"4="<4=5BJ="845$=$54"67A"A4Q764A"5B85;6784A"E84A4=>4A"4="67"57884>487"K"

67A"<;4A>87"4="67"E7=>7667 346"E7=46"34"B=A>8;<4=>$AM"



a"

"

"

"

,7"B=I$8<75BJ="A4"84GBA>87"7">87FNA"34";=7"5L<787"34"G87="84A$6;5BJ="5$6$5737"4="

67"E78>4"3467=>487"346"F4D@5;6$"54=>873$"4="67"E78>4"A;E48B$8"346"84>8$FBA$8%"67"5;76"

B=3B57"6$A"F76$84A"34"F46$5B373"<LWB<7"E48<B>B37"K"34"E8$DB9B3$"73467=>78M"

"

YBG;87"\M_".4Q76"34"6@<B>4"<LWB<$"E48<B>B3$"w\xM

,$A"F76$84A"84GBA>873$A"4="46"E7=46"A4"75>;76BV7="5$=I$8<4"7"6$"4A>79645B3$"4="5737"

>87<$"A4GH="57<9B4="67A"A4Q764A 5$<$"A4"<;4A>87"4="67"IBG;87"\M_"w\xM,

1.2.4' ADVERTENCIA DE SENTIDO CONTRARIO 

"

YBG;87"\Ma".4Q76"34"(3F48>4=5B7"34"A4=>B3$"5$=>878B$"w\xM"

26"ABA>4<7%"5$="7K;37"346"RO."B=5$8E$873$"4="46"F4D@5;6$"34>48<B=7"46"A4=>B3$"34"

67"F@7"E$8"67"5;76"4A>7<$A"5B85;67=3$"4<B>B4=3$";=7"7678<7"A$=$87"K"FBA;76"4="67"



b"

"

"

"

E7=>7667"346"=7F4G73$8M"2="67"IBG;87"\Ma"A4"E;434"F48"4="46"E7=46"346"F4D@5;6$"67"

7648>7"34>45>737"E$8"5B85;678"4="A4=>B3$"5$=>878B$M"

(;=" 5;7=3$" E784V57" E$5$" ;A;76%" 4WBA>4=" 4A>73@A>B57A" 34" ?;4" 4=" (64<7=B7" E$8"

4:4<E6$"A4"37="7E8$WB<737<4=>4"\imm"57A$A"76"7Q$"4="46"?;4"46"5$=3;5>$8"B=G84A7"

4="5$=>87"F@7"w\xM,

1.2.5' CONTROL DE VELOCIDAD ADAPTATIVO (CON SISTEMA DE 

DISTANCIA DE SEGURIDAD) 

"

YBG;87"\Mb"*$=>8$6"34"3BA>7=5B7"w\xM"

26" ABA>4<7" 34" 5$=>8$6" 34" F46$5B373" 737E>7>BF$" E48<B>4" 5B85;678" 7" ;=7" F46$5B373"

5$=A>7=>4" AB=" 4W54348" 6$A" 6@<B>4A" 34" F46$5B373M" *$=" 67" 7K;37" 34" ;=" E4?;4Q$"

E8$54A73$8"?;4";9B57"4="46" I84=>4"346"F4D@5;6$"A4"E;434"5$=>8$678"46"75464873$8"

AB4=3$"4A>4"34A75>BF73$"4="57A$"34"=454AB>78"I84=78"$"75464878 5$<$"B=3B57"67"IBG;87"

\MbM"

(34<LA%";="87378"5$6$573$"4="67"E78>4"3467=>487"cG;78375D$?;4Ae"<B34"67"3BA>7=5B7"

4WBA>4=>4" 4=>84" F4D@5;6$A" K" 4=" I;=5BJ=" 34" 67" F46$5B373" 7" 67" ?;4" F7K7<$A%" 46"

<B58$E8$54A73$8" E48<B>4" 34>48<B=78" 67" 3BA>7=5B7" 34" A4G;8B373" 5$8845>7" 5$=" 46"

F4D@5;6$"E845434=>4"4FB>7=3$"E$AB964A"5$6BAB$=4A"5$="F4D@5;6$A"54857=$AM,

2="57A$"34"=$">4=48"A;IB5B4=>4"3BA>7=5B7<B4=>$%"46"ABA>4<7"34A7546487"46"F4D@5;6$"

E787"7;<4=>78"67"3BA>7=5B7"7"67"=454A78B7M,,



f"

"

"

"

1.2.6' RECONOCIMIENTO DE OBJETOS 

"

YBG;87"\Mf"+45$=$5B<B4=>$"34"$9:4>$A w\xM"

2A>4"ABA>4<7"4A";=$"34"6$A"<LA";>B6BV73$A"K"34"<7K$8"75$GB37"K7"?;4%"7"<LA"34"

3BA>B=G;B8"4=>84"E47>$=4A%"5B56BA>7A%"F4D@5;6$A"K"$9:4>$A"4="G4=4876"E48<B>4"<43B8"67"

3BA>7=5B7"4=>84"466$A"K"E84345B8"A;">87K45>$8B7"34>48<B=7=3$"AB"4WBA>B8@7";=7"E$AB964"

5$6BABJ=M"

26" ABA>4<7" 7648>78L" 76" 5$=3;5>$8" K" AB" 46" 8B4AG$" 4A" 76>$" B=56;ABF4" A4" 755B$=78L="

7;>$<L>B57<4=>4"6$A"I84=$A"34"6$A"F4D@5;6$A"w\xM"

2="67"IBG;87"\Mf"A4"E;434"$9A48F78"46"57<E$"34"FBABJ="346"F4D@5;6$"?;4"87A>847"46"

4=>$8=$"845$=$5B4=3$"6$A"3BI484=>4A"$9:4>$A"?;4"A4"E84A4=>7="4="46"57<B=$M,

1.2.7' CÁMARAS PARA VISIÓN LATERAL Y POSTERIOR 

26"ABA>4<7"3BAE$=4"34"3$A"5L<787A%";=7"5L<787"34"FBABJ="E787"<785D7"7>8LA"K"$>87"

5L<787"34"FBABJ="67>4876M"

,7"5L<787"34"FBABJ="<785D7"7>8LA"4A"5$6$5737"K7"A47"4="46"E$8>J="346"<764>48$%"

A$984" 67" <7>8@5;67" $" 4=" 6;G784A" B<E4854E>B964A" E48<B>B4=3$" 34>48<B=78" AB" D7K"

$9:4>$A" $"=BQ$A" ?;4"7" AB<E64" FBA>7" =$" A4" E;434="$9A48F78M"(A@"<BA<$" B=3B57" 76"

5$=3;5>$8"67"E$AB5BJ="7345;737"7"67"5;76"4A>75B$=78A4M"



g"

"

"

"

"

YBG;87"\Mg"*L<787A"34"FBABJ="67>4876"w\x"

O$8"$>8$"673$%"4WBA>4="67A"5L<787A"34"FBABJ="67>4876"5$6$5737A"4="67A"4A?;B=7A"346"

G;78375D$?;4" 3467=>48$" 5$<$" B=3B57" 67" IBG;87" \Mg" E48<B>B4=3$" 76" 5$=3;5>$8"

34>48<B=78"AB"4A"A4G;8$"5$=>B=;78"46">87K45>$"4="57A$"34"?;4"=$"A4"E;437"$9A48F78"

7"AB<E64"FBA>7"AB";="F4D@5;6$"A4"7E8$WB<7"w\xM,

1.2.8' DETECCIÓN DEL ÁNGULO CIEGO 

"

YBG;87"\Mi"(FBA$"6;<B=$A$"34"h=G;6$"*B4G$"w\xM"

26"L=G;6$"5B4G$"5$884AE$=34"76"L847"7"67"5;76"=$"A4">B4=4"57<E$"FBA;76"K7"?;4"46"

4AE4:$"=$"4A"57E7V"34"5;98B8"4A7"V$=7M"

2WBA>4" ;=" G87=" =H<48$" 34" 755B34=>4A" >7=>$" 4=>84" F4D@5;6$A" 6BFB7=$A" 5$<$"

<$>$5B564>7A%"9B5B564>7A"$"E47>$=4A"?;4"4F4=>;76<4=>4"A4"7E8$WB<7="76"E;=>$"5B4G$"

AB="A48"34>45>73$A"34A34"67"E$AB5BJ="346"5$=3;5>$8M"(">87FNA"34"6$A"7Q$A%"67"B=3;A>8B7"

7;>$<$FB6@A>B57"D7"B=>4=>73$"84A$6F48"46"E8$964<7"<$3BIB57=3$"67"5;8F7>;87"34"6$A"

4AE4:$A"84>8$FBA$84A"6$G87=3$"7;<4=>78"46"L847"34"FBABJ=M"



i"

"

"

"

(5>;76<4=>4%"5$="67";>B6BV75BJ="34"67">45=$6$G@7"4645>8J=B57"A4"D7"5$=A4G;B3$"378"

A$6;5BJ="7"4A>4"B=5$=F4=B4=>4M"

26" ;A$" 34" 873784A" ;9B573$A" 4=" 67A" 4A?;B=7A" 346" E7875D$?;4A" >87A48$" $" 67>4876"

7648>7="76"5$=3;5>$8"34"67"E84A4=5B7"34";="$9:4>$"cF4D@5;6$%"E47>J=%"9B5B564>7%"4>5Me"

,7" IBG;87" \Mi" B=3B57" E$8" <43B$" 34" ;=7" A4Q76" FBA;76" 6$576BV737" :;=>$" 76" 4AE4:$"

84>8$FBA$8"E48<B>BN=3$64"46"57<9B$"34"5788B6"$"73467=>7<B4=>$"w\xM,

1.3' TECNOLOGÍAS UTILIZADAS EN SENSORES PARA 

VEHÍCULOS LIVIANOS 

2WBA>4" ;=" 7<E6B$" 87=G$" 34" >45=$6$G@7A" 34" A4=A$84A" 3BAE$=B964A" E787" 34>45>78"

F78B7964A"I@AB57A"4="F4D@5;6$A%"A4"34A58B94="67A"<LA"5$<;=4Au"

1.3.1' PROCESADOR DE IMAGEN Y VÍDEO 

"

YBG;87"\Ml"O8$54A73$8"34"B<7G4="K"FB34$"w^xM"

'="E8$54A73$8"34"B<7G4="K"FB34$"c1!Oe"4A";=7"5$<9B=75BJ="34"D783p784"K"A$I>p784"

46"5;76"4W>874"B=I$8<75BJ="34"6$A"37>$A"?;4"E8$F44";="A4=A$8"34"B<7G4=M"26"A4=A$8"

34" B<7G4=" E;434" A48" ;=7" 5L<787" 34" >464FBABJ=" 5$=F4=5B$=76" $" ;=7" 5L<787"

B=I8788$:7M"2="67"IBG;87"\Ml"B=3B57"5$<$";="1!O"E;434"34>45>78"F46$5B373%"E84A4=5B7"

K"845$=$5B<B4=>$"34"$9:4>$AM"'=7"34" 67A"F4=>7:7A"34"4A>4" >BE$"34"A4=A$8"4A"?;4"

<;4A>87" B=I$8<75BJ=" 4=" >B4<E$" 8476" 754857" 34" A;" 4=>$8=$%" 67" 5;76" E;434" A48"



l"

"

"

"

E8$54A737" <43B7=>4" 76G$8B><$A" K" ;>B6BV737" E787" $9>4=48" B=I$8<75BJ=" 34" >8LIB5$%"

F46$5B373"34"5B85;675BJ="4=>84"$>87A"7E6B575B$=4AM",7"34AF4=>7:7"346";A$"34"4A>7"

>45=$6$G@7"4A"?;4"67"34>455BJ="34"B<7G4="A4"F4"7I45>737"E$8"I76>7"34"6;V"7<9B4=>76%"

56B<7"K"84I64:$"34"67"A;E48IB5B4"346"57<B=$"w^xM"

1.3.2' DETECTORES INFRARROJOS 

.4"34IB=4="3$A">BE$A"34"A4=A$84A"B=I8788$:$A"c!+e%"75>BF$A"K"E7ABF$AM""

1.3.2.1' Sensores infrarrojos activos 

"

YBG;87"\M\m".4=A$84A"B=I8788$:$A"75>BF$A"w_xM,

,$A"A4=A$84A"B=I8788$:$A"75>BF$A"I;=5B$=7="4=FB7=3$"E;6A$A"34"6;V"34A34";="3B$3$"

4<BA$8"34"6;V"c,2Te"$"3B$3$"6LA48M"2A>$A"E;6A$A"84I64:7="46"D7V"34"6;V"4=";="$9:4>BF$"

46"5;76"34>45>7"67"A4Q76"5$=ABA>4=>4"7";="EBW46"$";="G8;E$"34"EBW464A"5$<$"B=3B57"67"

IBG;87" \M\mM" ,7" A4Q76" 4A" E8$54A737" <43B7=>4" 76G$8B><$A" 34" E8$54A7<B4=>$" 34"

A4Q764A" E787" 4W>8748" 67" B=I$8<75BJ=" 34A4737M" ,$A" 34>45>$84A" !+" E8$F44=" 37>$A"

A$984"5$=>4$%"E84A4=5B7%"F46$5B373%"$5;E75BJ="$E487=3$"4="67"=$5D4"K"4="46"3@7M"

'="3B$3$"6LA48">7<9BN="A4"E;434";>B6BV78"E787"67"567ABIB575BJ="34"F4D@5;6$A"K7"?;4"

E48<B>4"$9>4=48"37>$A"A$984"E48IB64A"K"I$8<7A"w^xM"

1.3.2.2' Sensores infrarrojos pasivos 

'=" A4=A$8" B=I8788$:$" E7ABF$" 34>45>7" 67" 4=48G@7" 4<B>B37" E$8" 6$A" $9:4>$A" ?;4" A4"

4=5;4=>84="34=>8$"346"57<E$"34"FBABJ="K";>B6BV7"76G$8B><$A"34"E8$54A7<B4=>$"34"



\m"

"

"

"

A4Q764A"E787"$9>4=48"67"B=I$8<75BJ="34A4737M"2A>4"A4=A$8"=$"4<B>4"=B=GH=">BE$"34"

4=48G@7"K"E;434"34>45>78"E84A4=5B7"K"5;4=>7A"34"$9:4>$A"w^xM"2="67"IBG;87"\M\\"A4"

E;434"$9A48F78"46"I;=5B$=7<B4=>$"34";="A4=A$8"B=I8788$:$"E7ABF$%"5;7=3$"58;V7";=7"

E48A$=7"I84=>4"76"64=>4"34"34>455BJ=M'

"

YBG;87"\M\\".4=A$8"34"B=I8788$:$A"E7ABF$"wax"

,7A"F4=>7:7A"34" 6$A"A4=A$84A" B=I8788$:$A"A$="?;4"E;434=">8797:78" >7=>$"4="46"3@7"

5$<$"4="67"=$5D4%"67"34AF4=>7:7"4A"?;4"A4"F4="7I45>73$A"E$8"I75>$84A"56B<L>B5$A"

5$<$"=B4967%"66;FB7"K"E$6F$M""

1.3.3' DETECTORES ULTRASÓNICOS 

"

YBG;87"\M\^"T4>45>$84A";6>87AJ=B5$A"wbx"



\\"

"

"

"

2A>4" >BE$"34" A4=A$84A" $E487=" >87=A<B>B4=3$"A$=B3$A" ;6>87AJ=B5$A" 5$<$" B=3B57" 67"

IBG;87"\M\^"K"A4"<B34"67"4=48G@7"?;4"4A"84I64:737"E$8";="$9:4>$"34=>8$"346"87=G$"34"

7657=54"346"A4=A$8M"2A>4">BE$"34"<43B37A"A$="E8$54A737A"E787"$9>4=48"37>$A"A$984"

E84A4=5B7"34"F4D@5;6$A%"F46$5B373"K"96$?;4$"E$8"$9:4>$AM"""""

,7"F4=>7:7"34";="A4=A$8";6>87AJ=B5$"4A"?;4"$E487"4="5;76?;B48"AB>;75BJ="56B<L>B57%"

67" 34AF4=>7:7" 4A" ?;4" =454AB>7" A48" <$=>73$" 34" <7=487" E48E4=3B5;678" D75B7" 46"

$9:4>BF$%"E84A4=>73$"3BIB5;6>73"4="67"34>455BJ="34"$9:4>$A"3B7G$=764A"7"A;"57<E$"34"

755BJ=M" (6G;=7" 34" 67A" 34AF4=>7:7A" B=3B5737A" 7=>48B$8<4=>4" E;434=" A48"

5$<E4=A737A"7">87FNA"34">N5=B57A"34"E8$54A7<B4=>$A"34"37>$A w^xM

1.3.3.1' Principio de funcionamiento de un sensor ultrasónico 

"

"

YBG;87"\M\_"O8B=5BEB$"34"I;=5B$=7<B4=>$"34";="A4=A$8";6>87AJ=B5$"w^x"

26" A4=A$8" <43B7=>4" ;=7" E6757" EB4V$46N5>8B57" 4<B>4" $=37A" 34" A$=B3$" 34" 76>7"

I845;4=5B7%" 67A" $=37A" A$=" 84I64:737A" 76" E4G78" A$984" ;=" $9:4>$" G4=487=" 45$M" ,7"

3;875BJ="346" E;6A$" ?;4" A4" 84I64:7" 4A" 7=76BV737"E$8" 46" >87=A3;5>$8%" A4" $9A48F7"46"

I;=5B$=7<B4=>$"346"A4=A$8"4="67"IBG;87"\M\_M""

T4" 75;483$" 5$=" 46" 87=G$" 34" $E4875BJ=" E84FB7<4=>4" 4A>79645B3$" K" 46" $9:4>$" A4"

4=5;4=>87"34=>8$"34"4A4"87=G$%"67"A76B37"346"A4=A$8"57<9B7"34"4A>73$M"(6"A76B8"46"

$9:4>$"346"87=G$"4A>79645B3$%"67"A76B37"346"A4=A$8"F;46F4"7"A;"4A>73$"E$8"34I45>$"w^xM""



\^"

"

"

"

1.3.3.2' Pulso Emitido 

"

YBG;87"\M\a"O;6A$"2<B>B3$"E$8";="A4=A$8";6>87AJ=B5$"wfxM"

2="67"IBG;87"\M\a"A4"$9A48F7"?;4"46"E;6A$"4<B>B3$"4A";=7"E4?;4Q7"y4WE6$ABJ=z"5$8>$"

34" 4=48G@7" ;6>87AJ=B57" 34" G87=" 7<E6B>;3M" 26" E;6A$" 34" 45$" 4A" =$8<76<4=>4" 34"

7<E6B>;3" <LA" 97:7M" 26" B=>48F76$" 34" >B4<E$" 4=>84" 67" A4Q76" >87=A<B>B37" K" 46" 45$"

G4=4873$"4A"3B845>7<4=>4"E8$E$85B$=76"7"67"3BA>7=5B7"4WBA>4=>4"4=>84"46"A4=A$8"K"46"

$9:4>$M"

1.3.3.3' Zona Ciega 

"

YBG;87"\M\b"j$=7"5B4G7"4=";="A4=A$8";6>87AJ=B5$"wfxM"

2="67"IBG;87"\M\b"B=3B57"46"87=G$"34"34>455BJ="K"67"V$=7"5B4G7%"5$="67A"ABG;B4=>4A"

57875>48@A>B57Au"



\_"

"

"

"

•" TB845>7<4=>4"I84=>4"76"A4=A$8"D7K";=7"V$=7"5B4G7M"

•" T4E4=3B4=3$"346"A4=A$8%"67"V$=7"5B4G7"4A"34"f"7"im"5<"346"I84=>4"346"A4=A$8M"

•" .B"4WBA>4";="$9:4>$"5$6$573$"4="67"V$=7"5B4G7"E8$3;54";=7"A76B37"B=4A>7964"wfxM"

1.3.3.4' Patrón de radiación 

"

YBG;87"\M\f"O7>8J="34"873B75BJ="34";="A4=A$8";6>87AJ=B5$"wfx"

26"E7>8J="34"873B75BJ="34";="A4=A$8";6>87AJ=B5$"4A>L"5$=A>B>;B3$"34";="5$=$"E8B=5BE76"

K" F78B$A" 5$=$A" 5$<$" F45B=$AM" 26" F76$8" 346" L=G;6$" 346" 5$=$" E8B=5BE76" 4A" 34" b{"

7E8$WB<737<4=>4"5$<$"A4"B=3B57"4="67"IBG;87"\M\fM"

1.3.3.5' Materiales granulados 

"

YBG;87"\M\g"+4I8755BJ="34"E;6A$A"4=";="<7>48B76"G87=;673$"G8;4A$"wfx"



\a"

"

"

"

,$A"<7>48B764A"G87=;673$A"G8;4A$A"5$<$"A4"$9A48F7"4="67"IBG;87"\M\g">76"5$<$"67"

784=7"E;434=">4=48";=7"34AFB75BJ="7=G;678"34"D7A>7"ab{M"2A>$"A4"3494"7"?;4"46"

A$=B3$"4A"84I64:73$"A$984";="G87="L=G;6$"wfxM"

1.3.4' MICROONDAS / RADAR DE ONDAS MILIMÉTRICAS 

"

YBG;87"\M\i"+7378"34"$=37A"<B6B<N>8B57A"wgx"

,$A" 34>45>$84A" <B58$$=37A" D7=" AB3$" ;A73$A" 4W>4=ABF7<4=>4" 4=" 2;8$E7M" ,7"

$E4875BJ="I;=5B$=7"<43B7=>4"<43B5BJ="34"4=48G@7"84I64:737"34"6$A"F4D@5;6$A"34=>8$"

34";="57<E$"34"FBABJ=M"

S43B7=>4"46"E8$54A7<B4=>$"34" 67" B=I$8<75BJ=" 845B9B37"4=" 67"4=48G@7" 84I64:737%"46"

34>45>$8"<B34"67"F46$5B373%"$5;E75BJ="K"E84A4=5B7M""

2="67"IBG;87"\M\i"A4"E;434"$9A48F78"5$<$"67A"<B58$$=37A"34>45>7=";=7"E48A$=7"4="

67"54857=@7"346"F4D@5;6$%"

(6G;=7A"34" 67A"F4=>7:7A"34" 6$A"34>45>$84A"34"<B58$$=37"4A"?;4"A4" >87>7"34";=7"

>45=$6$G@7" ?;4" D7" AB3$" 34A788$66737" 5$=" 97A>7=>4" 7=>48B$8B373" 349B3$" 7" 67A"

7E6B575B$=4A"<B6B>784A"?;4"5$=ABG;B48$="34>45>78"67"F46$5B373"3B845>7<4=>4"K";="A$6$"

34>45>$8"E;434"5;98B8"<H6>BE64A"5788B64A";>B6BV7=3$"67A">N5=B57A"34"E8$54A7<B4=>$"34"

A4Q76"7E8$EB737AM"



\b"

"

"

"

(A@" <BA<$%" 67A" 34AF4=>737A" 34" 4A>4" ABA>4<7" 4A" 67" 34>455BJ=" 34" F46$5B373" 34"

F4D@5;6$A"=$"34A473$"349B3$"7"67"8454E5BJ="34"873B75BJ="67>4876"K"67"34>455BJ="I76A7"

349B3$"7"67">87K45>$8B7"<H6>BE64M"

2A>$A"B=5$=F4=B4=>4A"A4"D7="FBA>$"84A;46>$A"<43B7=>4"67"5$6$575BJ="7345;737"34"

6$A"34>45>$84A"K"76G$8B><$A"34"E8$54A7<B4=>$"34"A4Q764A"K"3BA4Q$"34"7=>4=7"wgxM"

1.3.5' DETECTORES DE ACELERACIÓN 

2A>4"ABA>4<7"A4"D7"34A788$6673$"5$="46"IB="34"4FB>78"5$6BAB$=4A"76"GB878"7"67"BV?;B4837"

349B3$"7"67"F46$5B373"34"B=G84A$"7"67"5;8F7M""

'>B6BV7=3$" 67" B=I$8<75BJ="346"4I45>$"&+//%$* A4"E;434"34>48<B=78" 67"F46$5B373"34"

7657=54"34";="F4D@5;6$"<43B7=>4"67"<43B5BJ="34">84A"34>45>$84A"4="I$8<7"6B=476"?;4"

E8$E$85B$=7";=7"7E8$WB<75BJ="34"67"75464875BJ="346"F4D@5;6$"7"E78>B8"34"67"5;76"A4"

E;434"34>48<B=78"AB"A4"75>BF7"$"=$"46"7FBA$"34"GB8$"7"67"BV?;B4837M"

1.3.6' SENSORES LIDAR 

"

YBG;87"\M\l".4=A$84A",B378"wixM"

,!T(+"4A";="758J=B<$"&$,0#1"2,-$2$32#+),4)&,54)1#)1"$"04!$*,6741#)1,-$2$32#+),

4)&,54)1#)1"K"5$=A>B>;K4";=7"34"67A"EB4V7A"<LA"B<E$8>7=>4A"4="6$A"F4D@5;6$A"K7"

?;4"E48<B>4"<43B8"67"3BA>7=5B7"4=>84"46"4<BA$8"67A48"K"46"$9:4>$"4<E647=3$";="D7V"

34"67A48"E;6A73$M",7"3BA>7=5B7"A4"34>48<B=7"<B3B4=3$"46">B4<E$"34"84>87A$"4=>84"67"

4<BABJ="346"E;6A$"K"67"34>455BJ="346"84I64:$"34"67"A4Q76M"



\f"

"

"

"

O787"46"57A$"34"F4D@5;6$A"4A>4"A4=A$8"A4"4=5;4=>87";9B573$"4="67"E78>4"A;E48B$8"

E48<B>B4=3$";=7"FBABJ="34"_fm{"76"4=>$8=$"5$<$"B=3B57"67"IBG;87"\M\lM"

*737"EBW46"346",B378"84GBA>87"46">B4<E$"?;4">7837"46" 6LA48"4="845$8848"67"4A54=7"K"

849$>78" 4=" 67" 5L<787" 845$GB4=3$"<;4A>87A" 34" 67" 5$88B4=>4" 4=>87=>4" 4=FB7=3$" 76"

5$<E;>73$8" B<LG4=4A"4="_T"346"4W>48B$8%"7A@"5$<$" 67";9B575BJ="4" B=>4=AB373"34"

5737"84I64WBJ=M"

2A>4" ABA>4<7" 34" 5L65;6$" 4A" 3B845>$" G875B7A" 76" B<E64<4=>$" 34" 67" I@AB57" 5$=" 67"

F46$5B373"34"67"6;VM"2="67"75>;76B373"5737"EBW46"E;434"845$G48"D7A>7"aa"<;4A>87A"

E$8"5737"B<E;6A$"wixM"

1.4' TECNOLOGÍAS ARDUINO Y ANDROID   

'=7"F4=>7:7"34"67A">45=$6$G@7A"?;4"A4"97A7="4="5J3BG$"79B48>$"4A"?;4"E48<B>4"7"67"

5$<;=B373"34"34A788$6673$84A">8797:78"5$="3BI484=>4A"64=G;7:4A"K"E67>7I$8<7A"34"

>76" <7=487" ?;4" A47=" 5$<E7>B964A" K" E;437=" B=>4875>;78" 4=>84" A@" E787" 5$<E78>B8"

B=I$8<75BJ=M"

2="(83;B=$%"<43B7=>4"46";A$"34"<J3;6$A"34"5$<;=B575BJ="97A73$A"4="4A>L=3784A"

E48<B>4" 4A>7964548" 5$=4WBJ=" 5$=" ;=" 3BAE$AB>BF$" (=38$B3" E48<B>B4=3$" 67"

B=>485$=4WBJ=" 5$=" 3BAE$AB>BF$A" 4645>8J=B5$A" 5$<$" A4=A$84A%" 7<E6B7=3$" 67A"

I;=5B$=4A"K";A$A"346"3BAE$AB>BF$M""

.4"34A58B9B8L"67A"E67>7I$8<7A"(83;B=$"K"(=38$B3M"

1.4.1' PLATAFORMA ARDUINO 

(83;B=$" =75BJ" 5$<$" ;=" E8$K45>$" E787" 4A>;3B7=>4A" 4=" 46" !=A>B>;>$" !=>4875>BF$" 34"

TBA4Q$" !1+2(" 4=" !>76B7%" 4A" ;=7" E67>7I$8<7" 4645>8J=B57" +/$), !+8*3$, 97A737" 4="

A$I>p784"K"D783p784"79B48>$"34"IL5B6"B<E64<4=>75BJ=M"'=7">78:4>7"(83;B=$"3BAE$=4"

34"4=>8737A"34"37>$A"67A"5;764A"E;434="845B9B8"67"B=I$8<75BJ="34";="A4=A$8"34"6;V%"

;="E;6A73$8%"4="<4=A7:4"34A34";=7"E67>7I$8<7"p49"5$<$">pB>>48%"67"5;76"E48<B>7"67"

75>BF75BJ="34";="<$>$8%"4=54=348";=",2T%"E;96B578"<4=A7:4A"+)%#)$9""



\g"

"

"

"

26"A$I>p784";>B6BV73$"E48<B>4"E8$G87<78"<43B7=>4";="5$=:;=>$"34"B=A>8;55B$=4A"?;4"

A4"4=F@7="76"<B58$5$=>8$673$8"34"67">78:4>7%"E787"6$G878"4A>$"A4"D754";A$"346"64=G;7:4"

34"E8$G87<75BJ="(83;B=$"c97A73$"4="oB8B=Ge"K"46"A$I>p784"34"34A788$66$"(83;B=$%"

97A73$"4="O8$54AAB=GM"

,$A"5$<E$=4=>4A"34"67">78:4>7"(83;B=$"5$=A>7"9LAB57<4=>4"34";="<B58$5$=>8$673$8%"

E;48>$A"34"4=>8737nA76B37%"6$A"5;764A"A4"E;434="5$=45>78"7">78:4>7A"34"4WE7=ABJ="

?;4"A4"5$=$54="5$<$"!"#$%&!,E48<B>B4=3$"=;4F7A"I;=5B$=4A"7"67">78:4>7"(83;B=$M",7"

76B<4=>75BJ=" K" 5$<;=B575BJ=" A4" 8476BV7" <43B7=>4" ;=" E;48>$" 34" 5$=4WBJ=" './%"

;A7=3$"5$<;=B575BJ="A48B76"K";="5$=F48>B3$8"34"=BF464A"+.r^_^"7"A48B76"UU,"wlxM"

,7A" >78:4>7A" (83;B=$" 9;A57=" 34A788$6678" E8$K45>$A" B=>4875>BF$A" 5$=" 46" 4=>$8=$"

<43B7=>4"46";A$"34"A4=A$84A"K"75>BF73$84A%"E84A4=>7=3$";="97:$"5$A>4"K"I75B6B373"

34";A$M",7"4<E84A7"R$$G64"5$679$8J"5$="46"34A788$66$"346"qB>"(=38$B3"(Tq%";=7"

>78:4>7" (83;B=$" 57E7V" 34" 4A>7964548" 5$<;=B575BJ=" 5$=" >46NI$=$A" <JFB64A"

B=>46BG4=>4A"?;4"I;=5B$=7="97:$"46"ABA>4<7"$E487>BF$"(=38$B3%"E48<B>B4=3$"5$=>8$678"

34A34" 46" >46NI$=$"<$>$84A%" 6;54A" K" $>8$A" 3BAE$AB>BF$A%" 7A@" 5$<$" >7<9BN=" 845B9B8"

B=I$8<75BJ="34"A4=A$84A"6$A"5;764A"<B34="F78B7964A"I@AB57A"346"4=>$8=$"E787"6;4G$"

A48"E8$54A737A"4="46">46NI$=$M"

(5>;76<4=>4" (83;B=$" <7=4:7" 67" <7857" R4=;B=$" E787" A;" 3BA>8B9;5BJ=" <;=3B76" K"

E48<B>B4=3$"?;4"=;4F7A"4<E84A7A"A4";=7="76"34A788$66$"K"5$=>B=;B373"346"E8$3;5>$"

w\mxM'

1.4.1.1' Tarjetas de desarrollo Arduino 

,$A" <$346$A" 34" (83;B=$" A4" 57>4G$8BV7=" 4=" E6757A" 34" 34A788$66$%" E6757A" 34"

4WE7=ABJ="c!"#$%&!e%":#2!,K"7554A$8B$AM"

*$<$"B=3B57"67"U7967"\M\"67A"E6757A"(83;B=$"A4"3BFB34="4=u""

•" ;)2*<,0$.$%"cO8$3;5>$A"34"IL5B6";A$"E787"5$<4=V78"E8$K45>$AeM"

•" ;)"4)3$&,=$428*$!"cY;=5B$=76B3734A"7F7=V737A"K"8LEB3$"84=3B<B4=>$eM"



\i"

"

"

"

•" 6)2$*)$2,+>,2"#)1!"cO48<B>4="5$=45>BFB373"7"67"p49eM"

•" ?$4*4@%$!"cO48<B>4"B=5$8E$878">45=$6$G@7"4="67"F4A>B<4=>7e"w\\xM"

"

U7967"\M\"*67ABIB575BJ="34"67A"E6757A"(83;B=$"w\^x"

"

2=" 67A" IBG;87A" \M^m%" \M^\%" \M^^%" \M^_" A4" <;4A>87" 76G;=$A" 4:4<E6$A" 34" E6757A"

34A788$66737A" E787" 67" E67>7I$8<7" (83;B=$" E787" ;A$" 9LAB5$" c;)2*<, 0$.$%e%" ;A$"

7F7=V73$" c;)"4)3$&, =$428*$!e" K" ;A$" 3$<J>B5$" 5$=45>73$" 7" 67" 843" c6)2$*)$2, +>,

A"#)1!e"

"

YBG;87"\M^m"(83;B=$"2=>8K",4F46"w\_x"



\l"

"

"

"

"

YBG;87"\M^\"(83;B=$"2=D7=54"Y47>;84A"w\_x"

"

"

YBG;87"\M^^"(83;B=$"o4787964A"w\_x"



^m"

"

"

"

"

YBG;87"\M^_""(83;B=$"!=>48=4>"$I">DB=GA"w\_x"

"

U7967"\M^"*$<E7875BJ="34"67A"E6757A"(83;B=$"w\ax"

"



^\"

"

"

"

2=" 67" >7967" \M_" A4"<;4A>87" ;=7" 5$<E7875BJ=" 34" 67A" 57875>48@A>B57A" >N5=B57A" 34"

D783p784"34"67A"E6757A"(83;B=$M"

1.4.1.2' Placas de expansión (shields) 

,$A"ADB463A"A$="E6757A"?;4"A4"B=5$8E$87="7"<7=487"34"<J3;6$A"7";=7"E6757"(83;B=$"

5$<$"B=3B57"67"IBG;87"\M^a"E48<B>B4=3$"7Q73B8"I;=5B$=76B3734A"4W>87A%"4A>7"A4"7EB67"

A$984"46"(83;B=$"w\bxM"

"

YBG;87"\M^a"'"#$%&!"7EB673$A"A$984";=7"E6757"(83;B=$"w\bx"

2=>84"6$A"!"#$%&!"<LA"5$<;=4A"A4">B4=4u"

1.4.1.2.1, Ethernet Shield 

!=5$8E$87" 76"(83;B=$";="E;48>$",()"+&rab"E787" 5$=45>78" 67" E6757"7" ;=7" 843"34"

37>$A%"IBG;87"\M^bM"

"

YBG;87"\M^b".DB463"2>D48=4>"w\fx"



^^"

"

"

"

1.4.1.2.2, Arduino Wifi Shield 

O48<B>4" 5$=45>78" 76" (83;B=$" 7" B=>48=4>" $" ;=7" 843" B=76L<98B57" 7" >87FNA" 34" ;=7"

5$=4WBJ="oBrYBM" ,7" IBG;87" \M^f"<;4A>87" ;=7"E6757" 5$=" 5$=4WBJ="oBrYB" " K" >78:4>7"

.T*783M"

"

YBG;87"\M^f".DB463"oBrYB"w\gx"

1.4.1.2.3, Arduino GSM Shield 

*$=45>7"(83;B=$"7"843"34">464I$=@7"<JFB6"7">87FNA"34"R.SnRO+.%"5$<$"B=3B57"67"

IBG;87" \M^g" 4A>4" <J3;6$" B=56;K4" 67" 87=;87" E787" >78:4>7" .!S" =454A78B7" E787" A;"

I;=5B$=7<B4=>$M"

"

YBG;87"\M^g".DB463"R.SnRO+."w\ix"



^_"

"

"

"

1.4.1.2.4, Arduino Motor Shield 

O48<B>4"5$=>8$678"3$A"<$>$84A"T*%"A;"3B8455BJ="K"F46$5B373M"2="67"IBG;87"\M^i"A4"

$9A48F7";=7"E6757"5$<E7>B964"5$="(83;B=$"K"A;A"84AE45>BF7A"5$=4WB$=4A"E787";="

<$>$8"T*M"

"

YBG;87"\M^i".DB463A"E787"5$=>8$6"<$>$84A"T*"w\lx"

1.4.1.2.5, GPS Shield 

'="!"#$%&"?;4"E48<B>4"76<754=78" 67";9B575BJ="G4$G8LIB57"K"A48"E8$54A737"E$8" 67"

E6757"(83;B=$M"2="67"IBG;87"\M^l"A4"$9A48F7";="4:4<E6$"34"E6757"7EB67964"RO."5$="

67" 87=;87" 34" 76<754=7<B4=>$" .T*783" K" L847" 34" 5$=4WB$=4A" E787" 7Q73B8"

I;=5B$=76B3734A"4W>87AM"

"

YBG;87"\M^l".DB463"RO."w^mx"



^a"

"

"

"

1.4.1.2.6, Xbee Shield 

*$<$"B=3B57"67"IBG;87"\M_m"5$=45>7"46"(83;B=$"B=76L<98B57<4=>4"7"$>8$A"3BAE$AB>BF$A"

?;4";>B6B54="67">45=$6$G@7"Z944M",

"

YBG;87"\M_m".DB463"E787"5$<;=B575BJ="5$="Z944"w^\x"

1.4.1.2.7, Bluetooth Shield 

O48<B>4"67"5$<;=B575BJ="<43B7=>4"67">45=$6$G@7"/6;4>$$>D"4="B=76L<98B57A"34"L847"

E48A$=76M"2="67"IBG;87"\M_\"A4"$9A48F7";="<J3;6$"/6;4>$$>D"5$<E7>B964"5$="(83;B=$M"

"

YBG;87"\M_\".DB463"/6;4>$$>D"w^^x"

1.4.1.3' Software Arduino 

2A";="A$I>p784"34"5J3BG$"79B48>$"?;4"E48<B>4"4A58B9B8"46"5J3BG$"E787"E8$G87<78"46"

I;=5B$=7<B4=>$"34"67"E6757"(83;B=$"K"A;9B86$"76"<B58$5$=>8$673$8"w^_xM""



^b"

"

"

"

1.4.1.3.1, IDE de desarrollo 

Y;=5B$=7"97:$"6$A"ABA>4<7A"$E487>BF$A"oB=3$pA%"S75"-."Z"K",B=;WM"26"7<9B4=>4"34"

34A788$66$"34"(83;B=$"4A>L"4A58B>$"4="&7F7"K"4A>L"97A73$"4=" 64=G;7:4"34"5J3BG$"

79B48>$"O8$54AAB=G"w^ax"5$<$"A4"B=3B57"4="67"IBG;87"\M_^M"

"

YBG;87"\M_^".$I>p784"34"34A788$66$"(83;B=$"E787"oB=3$pA"w^bx"

1.4.1.4' Plataforma de Web desarrollo Arduino  

26"43B>$8"p49"(83;B=$"cIBG;87"\M__"K"\M_ae"E48<B>4"4A58B9B8"5J3BG$"K"A;9B8"6$A,!3*#/2!"

7"5;76?;B48">78:4>7"(83;B=$"$"R4=;B=$%">7<9BN="E48<B>4"76<754=78"6$A"E8$K45>$A"4="

67"=;94"K"7554348"34A34"5;76?;B48"3BAE$AB>BF$M"



^f"

"

"

"

"

YBG;87"\M__"O67>7I$8<7"34"34A788$66$"o49"E787"(83;B=$"w^fx"

"

YBG;87"\M_a"!=>48I7V"o49"34"34A788$66$"E787"(83;B=$"w^gx"

1.4.2' SISTEMA OPERATIVO ANDROID 

1.4.2.1' Definición 

(=38$B3"4A";="!243:"34"A$I>p784"34"5J3BG$"79B48>$" cIBG;87"\M_be" I;4"58473$"E787"

I;=5B$=78"4=";="7<E6B$"87=G$"34"3BAE$AB>BF$A"5$="3BI484=>4A"I;=5B$=4AM"26"E8B=5BE76"



^g"

"

"

"

E8$EJAB>$" 34" (=38$B3" 4A" 58478" ;=7" E67>7I$8<7" 3BAE$=B964" E787" E8$F443$84A" 34"

A48FB5B$A"34">4645$<;=B575B$=4A%"I798B57=>4A"K"34A788$6673$84A"?;4"E48<B>7"8476BV78"

B347A"B==$F73$87A"4="E8$3;5>$A"84764A"E787"<4:$878"67"4WE48B4=5B7"34"6$A";A;78B$A"

4=">48<B=764A"<JFB64AM"

(=38$B3" I;4" 34A788$6673$"E$8";=" G8;E$"34"4<E84A7A" 5$=$5B37A" 5$<$"A"$,B/$),

C4)&!$2,(%%#4)3$%" 6B348737"E$8"R$$G64"5$="46"$9:4>BF$"34" B=F48>B8"4=" 845;8A$A"34"

B=G4=B48@7"K"5$679$87>BF$A"E787"664F78"(=38$B3"76"<48573$"34"3BAE$AB>BF$A"<JFB64A"

w^ixM"

"

YBG;87"\M_b".>75v"(=38$B3"w^ix"

1.4.2.2' Arquitectura del sistema operativo Android 

(=38$B3"E8$F44"67"6B948>73"34"B<E64<4=>78";="3BAE$AB>BF$"5$=";=7"7<E6B7"F78B4373"

34"4AE45BIB575B$=4A"K"5$=>8$673$84AM",7"57E7"34"79A>8755BJ="34"D783p784"E8$F44"

<N>$3$A"4A>7=378BV73$A"E787"58478"A$I>p784"?;4"E48<B>7" B=>4875>;78"46" A>75v"34"

(=38$B3"5$="46"D783p784"346"3BAE$AB>BF$M"

.4"34>7667="67A"3BI484=>4A"57E7A"34"67"78?;B>45>;87"346"ABA>4<7"$E487>BF$"(=38$B3"4="

67"IBG;87"\M_fM"



^i"

"

"

"

1.4.2.2.1, Capa Aplicación 

2A>7"57E7"4A";>B6BV737"E$8" 6$A"34A788$6673$84A"34"7E6B575B$=4A%" 6$A"5;764A"3494="

4A>78"76">7=>$"34"67A"(O!"c!=>48I7V"34"E8$G87<75BJ="34"7E6B575B$=4Ae"?;4"A4"7ABG=7="

3B845>7<4=>4" 7" 67A" B=>48I754A" k(," c*7E7" 34" 79A>8755BJ=" 34" D783p784e" K"

E8$E$85B$=78"B=I$8<75BJ="A$984"67"B<E64<4=>75BJ="34"6$A"5$=>8$673$84AM'

1.4.2.2.2, Capa de Inter Proceso de Comunicación 

2A" ;=" <457=BA<$" ?;4" E48<B>4" 7" 67" 57E7" 7E6B575BJ=" B=>4857<9B78" <4=A7:4A" K"

667<737A" 34" E8$54A$A" 34=>8$" 346" 5J3BG$" 34" A48FB5B$A" 346" ABA>4<7" (=38$B3%" 4A>4"

E8$543B<B4=>$"A4"8476BV7"34"<7=487">87=AE784=>4"76"34A788$6673$8M"

"

YBG;87"\M_f"(8?;B>45>;87"346".BA>4<7"-E487>BF$"(=38$B3"w^ixM"



^l"

"

"

"

1.4.2.2.3, Sistemas de servicios 

Y;=5B$=76B373"?;4"E48<B>4"7" 67A"(O!|A"34" 67"57E7"7E6B575BJ="5$<;=B578A4"5$="46"

.BA>4<7"34" A48FB5B$A" E787"7554348" 76" D783p784" A;9K754=>4M"2A>$A" A48FB5B$A" A$="

<$3;6784A%" 4=I$573$A" 76" 73<B=BA>873$8" 34" F4=>7=7A%" A48FB5B$A" 34" 9HA?;437%" $"

73<B=BA>873$8"34"=$>BIB575BJ=M""

(=38$B3"B=56;K4"3$A"G8;E$A"34"A48FB5B$Au"ABA>4<7"cA48FB5B$A"5$<$"(3<B=BA>873$A"34"

F4=>7=7" K" =$>BIB575B$=4Ae" K"<43B$A" cA48FB5B$A" 5$884AE$=3B4=>4A"7" 84E8$3;55BJ=" K"

G87975BJ="34"<43B$Ae'

1.4.2.2.4 Capa de Abstracción de Hardware (HAL)

,7"57E7"34"79A>8755BJ="34"D783p784"ck(,e"34IB=4";="4A>L=378"34"B=>48I754A"E787"

E8$F443$84A"34"D783p784"E787"B<E64<4=>78"K"E48<B>B8"7"(=38$B3"46"I;=5B$=7<B4=>$"

34"5$=>8$673$84A"34"97:$"=BF46M""

"

YBG;87"\M_g"*$<E$=4=>4A"34"67"57E7"34"79A>8755BJ="k(,"w^ix"

,7"k(,"E48<B>4"B<E64<4=>78"I;=5B$=76B3734A"AB="7I45>78"$"<$3BIB578"46"ABA>4<7"34"

76>$"=BF46M",7A"B<E64<4=>75B$=4A"34"k(,"A$="E7?;4>4A"34=>8$"34"<J3;6$A"cMA$e"K"

A$="578G73$A"E$8"46" ABA>4<7"4="46"<$<4=>$" 84?;48B3$M",7" IBG;87"\M_g" B=3B57" 6$A"

<J3;6$A"?;4"5$=>B4=4"67"k(,M"



_m"

"

"

"

1.4.2.2.5, Kernel de Linux 

26"v48=46"E48<B>4"34A788$6678"5$=>8$673$84A"34"D783p784"E787";="3BAE$AB>BF$M"(=38$B3"

;A7";=7"F48ABJ="346"v48=46"34",B=;W"<$3BIB5737%"5$="I;=5B$=4A"7Q73B37A"5$<$"D4:$,

%+3:!" c.BA>4<7" 34" 73<B=BA>875BJ=" 34" E84A48F75BJ=" 34" <4<$8B7e" K" $>87A"

57875>48@A>B57A"B<E$8>7=>4A"E787";=7"E67>7I$8<7"4<949B37"<JFB6M""

2A>7A"I;=5B$=4A"73B5B$=764A"A$="E8B<78B7<4=>4"E787"67"I;=5B$=76B373"346"ABA>4<7"K"

=$"7I45>7="76"34A788$66$"34"5$=>8$673$84A"w^ixM"

1.5' METODOLOGÍA DE DESARROLLO KANBAN 

,7"<4>$3$6$G@7"34"34A788$66$"q7=97="I;4"584737"E$8"U$K$>7"K"D7"AB3$";>B6BV737"E787"

5$=>8$678"46"7F7=54"ABA>4<L>B5$"346">8797:$"4=I$573$"4="6@=47A"34"E8$3;55BJ=M".;"

>N8<B=$" ABG=BIB57" 4=" :7E$=NA" y>78:4>7A" FBA;764Az" K" A;" E8$EJAB>$" 4A" 5$=A4G;B8" ;=7"

<4:$87"5$=>B=;7M"

q7=97=" 4A" 67" I$8<7"4=" ?;4" 6$A" 4?;BE$A" K" $8G7=BV75B$=4A" FBA;76BV7=" A;" >8797:$%"

B34=>BIB57="K"46B<B=7="6$A"5;466$A"34"9$>4667"K"5$=ABG;4="<4:$87A"$E4875B$=764A"5$="

;="<7K$8"84=3B<B4=>$"K"576B373M"

U76"D7"AB3$"A;"NWB>$"?;4%"I;487"34"67"B=3;A>8B7"7;>$<$FB6@A>B57"A4"D7"5$=F48>B3$"4="

;=" E$E;678" <N>$3$" 34" >8797:$" ?;4" 6$A" 4?;BE$A" 34" A$I>p784" K" 67A" 4<E84A7A" 6$"

4<E647="E787">8797:78"7">87FNA"34"E8$K45>$A"34"5;76?;B48"3B<4=ABJ=M"

1.5.1' DEFINICIÓN DE KANBAN 

q7=97="4A";="ABA>4<7"34"G4A>BJ="34"E8$54A$A"4="46"?;4"A4"34>48<B=7"67"57=>B373"

4W75>7"34">8797:$"?;4"46"ABA>4<7"4A"57E7V"34"7A;<B8M"

.B8F4"E787"7A4G;878";=7"E8$3;55BJ="5$=>B=;7"K"AB="A$984578G7A"4="46"4?;BE$"34"

E8$3;55BJ="<;6>B<43B7"97:$"46"ABA>4<7"34">8797:$" E8!2, #),2#7$! 6$"?;4"ABG=BIB57"?;4"

4FB>7" A$984"!2+3:%" ?;4"4=" 67" G4A>BJ=" 34"E8$K45>$A"<;6>B<43B7" ABG=BIB57" B=F48ABJ="

B==454A78B7" 34" >B4<E$" K" 4AI;48V$" ?;4" A4" F7" 7" ;>B6BV78" 4FB>7=3$" A$984578G78" 76"

4?;BE$M"



_\"

"

"

"

2=" 46" <;=3$" 34" A$I>p784%" 4A>4" >N8<B=$" D7" A;I8B3$" A;" E8$EB7" 4F$6;5BJ="

5$=AB348L=3$A4" 5$<$";="<N>$3$"LGB6" E787"G4A>B$=78" K"<4:$878" 67"E84A>75BJ=" 34"

A48FB5B$"4="A$I>p784"34"I$8<7"G873;76"K"4F$6;>BF7"w^lxM"

1.5.2' PRINCIPIOS FUNDAMENTALES DEL MÉTODO KANBAN 

2WBA>4=">84A"E8B=5BEB$A"I;=37<4=>764A"346"<N>$3$"q7=97="?;4"A$=u""

!" !=B5B78"5$="6$"?;4"A4">B4=4"7D$87"r"E8$54A$"75>;76"

!" O48A4G;B8";="4=I$?;4"4F$6;>BF$"E787"46"57<9B$"K"<4:$87M"

!" +4AE4>78"67A"I;=5B$=4A"K"84AE$=A79B6B3734A"34"4?;BE$";"$8G7=BV75BJ=M"

.$984" 67" 97A4"34"4A>$A" E8B=5BEB$A%" 46"<N>$3$"34A58B94" 67A" ABG;B4=>4A" >84A" 84G67A"

9LAB57A"?;4"A4"$9A48F7="5$=>B=;7<4=>4"4="$8G7=BV75B$=4A"?;4"4WE48B<4=>78$="46"

NWB>$"97:$"4A>4"<N>$3$M"

1.5.2.1' Visualizar el trabajo y sus fases de ciclo de producción o flujo de trabajo 

q7=97=" A4" 97A7" 4=" 46" 34A788$66$" B=584<4=>76" 3BFB3B4=3$" 46" >8797:$" 4=" E78>4A" K"

34A58B9B4=3$" 5737" ;=7" 34" 4A>7A" 75>BFB3734A" 4=" ;=" /+!2F#2, 5$6$5L=3$6$A"

ABA>4<L>B57<4=>4"4=";=7"EBV7887M"*737";=$"34"4A>$A"/+!2F#2"5$=>B4=4"B=I$8<75BJ="

F78B737" 84I484=>4" 7" 67" 34A58BE5BJ=" 346" >8797:$" K" 6$A" >B4<E$A" 4A>B<73$A" 4=" 67"

8476BV75BJ="346"<BA<$M"26"=H<48$"34"5$6;<=7A"5$<$"4A>73$A"F7"7"34E4=348"34"67"

3B<4=ABJ="34"67">7847"5$<$"A4"E;434"F48"4="67"IBG;87"\M_iM"

"
YBG;87"\M_i"!6;A>875BJ="OBV7887"34"q7=97="w^lx"
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"
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"

1.5.2.2' Delimitar el Trabajo en Progreso (WIP) 

'=7"34" 67A"E8B=5BE764A" B347A"34"q7=97="4A"?;4"46" >8797:$"4="E8$G84A$" c?+*:, 6),

G*+1*$!!"$"o!Oe"3494"4A>78"346B<B>73$%"4A"345B8%"46"=H<48$"34">7847A"7"8476BV78A4"

4="5737"I7A4"346"E8$54A$"3494"A48";="37>$"5$=$5B3$M"

q7=97="3494"34>48<B=78"46"=H<48$"34">7847A"<LWB<$"7"8476BV78A4"E$8"I7A4%"7"4A4"

=H<48$"A4" 6$"5$=$54"5$<$" 6@<B>4"346"?+*:, #),G*+1*$!!, >$<7=3$"4="5;4=>7"?;4%"

E787"B=B5B78";=7"=;4F7">7847%"76G;=7"$>87">7847"E84FB7"3494"D7948"IB=76BV73$"w_mxM"2="

67"IBG;87"\M_l"A4"E;434"$9A48F78"46"I;=5B$=7<B4=>$"34";=">79648$"34">7847A"q7=97=M"

"

YBG;87"\M_l",@<B>4A"o!O"w_mx"

1.5.2.3' Optimizar el flujo de trabajo

2A>7"84G67"5$=ABA>4"4="34>48<B=78"46">B4<E$"?;4"A4">7837"4=">48<B=78"5737">7847%"

4A>4">B4<E$"A4"5$=$54"3+7+,%$4&,2#7$,<"4A"5$=>73$"34A34"?;4"A4"8476BV7"67"E4>B5BJ="

D7A>7"?;4"A4"D754"67"4=>84G7M"

2A"845$<4=37964"7=$>78"67A"I45D7A"34"4=>8737"K"A76B37"34"5737">7847"E$8"5737"I7A4%"

34"4A>4"<$3$"E$34<$A"$9>4=48";=7"A48B4"34"G8LIB5$A"346">B4<E$"?;4">7837="5737"

;=7"34"67A">7847A"K"5;L64A"A$="67A"I7A4A"?;4"34<7=37="<7K$8">B4<E$M"

,7";>B6BV75BJ="346"G8LIB5$"75;<;67>BF$"5$<$"A4"B=3B57"4="67"IBG;87"\Mam"E8$E$85B$=78L"

<;5D7"B=I$8<75BJ="7"A48"$9A48F737"K7"?;4"7"AB<E64"FBA>7"E$34<$A"34>48<B=78"67A"



__"

"

"

"

>7847A" E4=3B4=>4A" 76" 3@7" 7" 3@7" K" 5;7=>7A" D7K" 7E8$WB<737<4=>4" 4=" E8$3;55BJ=M"

(34<LA%"A4"E;434"F48"5;76">7847">B4=4";=7"E4=3B4=>4"<LA"E8$=;=5B737"K7"?;4"AB"

58454="67A">7847A"E4=3B4=>4A"I84=>4"7"67A"4=>84G737A"76"56B4=>4"A4"D798L"G4=4873$"

;="E8$964<7M"

(34<LA"346" %$4&, 2#7$" 4WBA>4" $>87"<N>8B57" =$8<76<4=>4" ;>B6BV737" 5$=$5B37" 5$<$"

3<3%$,2#7$H"67"E8B<487"<B34"6$"?;4"F4="6$A"56B4=>4A"<B4=>87A"?;4"67"A4G;=37"<B34"46"

84=3B<B4=>$"346"E8$54A$"w_\xM"

(6"3BFB3B8"46"3<3%$,2</$"E$8"46"o!O"A4"$9>B4=4"46"84=3B<B4=>$"34">8797:$"34=$<B=73$"

A"*+81"/82,?;4"4A"67 57=>B373"34"@>4<A"?;4";="4?;BE$"E;434"IB=76BV78"4=";=">B4<E$"

373$"w_^xM"

"

YBG;87"\Mam"R8LIB5$"34"67"$E>B<BV75BJ="346"I6;:$"34">8797:$"w_^x
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"
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"

CAPÍTULO 2'- DISEÑO DE LA APLICACIÓN 

2.1' INTRODUCCIÓN 

2="4A>4" 57E@>;6$" A4" 8476BV78L" 46" 3BA4Q$"346"E8$>$>BE$"4A>79645B4=3$" 6$A" A4=A$84A"

7345;73$A" E787" 67" 34>455BJ=" 346" L=G;6$" 5B4G$" K" 67" 34>455BJ=" 34" F46$5B373" 34"

5B85;675BJ="346"F4D@5;6$"<43B7=>4";=7"7E6B575BJ="4=";=">46NI$=$"(=38$B3M"

.4"34A58B94"46"I;=5B$=7<B4=>$"346"E8$>$>BE$"34"67"ABG;B4=>4"<7=487u"

•" 26"ABA>4<7"4=>878L"4="I;=5B$=7<B4=>$"76"<$<4=>$"34"4=54=348"46"F4D@5;6$M"

•" 26"<J3;6$"(83;B=$"8476BV78L"67"9HA?;437"346">46NI$=$"(=38$B3M"

•" 2A>7964548L"67"5$=4WBJ="4=>84"7<9$AM"

'=7"F4V">48<B=73$"46"E8$543B<B4=>$"7=>48B$8"46"ABA>4<7"E48<B>B8L"6$"ABG;B4=>4u"

•" T4>45>78" $9:4>$A" 4=" 6$A" 67>48764A" 346" F4D@5;6$" ?;4" A4" 4=5;4=>84=" 7" ;=7"

3BA>7=5B7"4=>84"\Mbm"<"K"^Mbm"<M"

•" 2=FB78" 6$A" 37>$A" 346" A4=A$8" E787" A48" 7=76BV73$A" K" E8$54A73$A" E$8" 67"

7E6B575BJ="4="(=38$B3M"

•" S$A>878"K"7=76BV78"67"F46$5B373"34"5B85;675BJ="346"F4D@5;6$M"

O787"46"34A788$66$"346"E8$>$>BE$"A4";>B6BV78L="3$A"A4=A$84A";6>87AJ=B5$A"?;4"E48<B>7="

34>45>78" $9:4>$A" <43B7=>4" 84I64WBJ=" 34" $=37A" 4<B>B37A" 34A34" 46" F4D@5;6$" 4="

<$FB<B4=>$%" 4A>$A" A4" ;9B578L=" 4=" 6$A" 67>48764A" 346" F4D@5;6$" 34" >76" I$8<7" ?;4"

$I84V57="5$948>;87"4="A;"L=G;6$"5B4G$M""

,7"5$<;=B575BJ="4=>84"6$A"A4=A$84A"K"67"7E6B575BJ="(=38$B3"A4"8476BV78L";A7=3$";=7"

E6757" (83;B=$" 67" 5;76" >87=A<B>B8L" 67" B=I$8<75BJ=" <43B7=>4" /6;4>$$>D" 76" >46NI$=$"

(=38$B3"E787"?;4"4A>7"A47"E8$54A737M"148"IBG;87"^M\M"



_b"

"

"

"

"

YBG;87"^M\"T4A58BE5BJ="G8LIB57"346"3BA4Q$"?;4"A4"B<E64<4=>78LM"

2.2' REQUERIMIENTOS DE SOFTWARE Y HARDWARE 

O787" 46" 5$8845>$" I;=5B$=7<B4=>$" 346" E8$>$>BE$" A4" 34A58B9B8L" 6$A" 84?;48B<B4=>$A"

<@=B<$A">7=>$"34"A$I>p784"5$<$"34"D783p784M"

2.2.1' SOFTWARE DE DESARROLLO 

•" ()T+-!T".U'T!-"1^M_M^M"

•" ,B9848@7A"34"A$E$8>4"E787"/6;4>$$>D"^M_"$"A;E48B$8"K"RO.M"

•" (+T'!)-"!T2"\MiM^M"

•" ,B9848@7A"34"A$E$8>4"E787"A4=A$8";6>87AJ=B5$"S7W9$>BWM"

2.2.2' HARDWARE 

•" U46NI$=$"5$=".BA>4<7"-E487>BF$"(=38$B3"aM_"&466K"/47="$"A;E48B$8%"845B94"K"

E8$54A7" 67" B=I$8<75BJ=" 34" L=G;6$" 5B4G$%" 734<LA" 5765;67" 67" F46$5B373" 34"

5B85;675BJ="346"F4D@5;6$"E787"4<B>B8"67A"3BI484=>4A"7648>7A"A4GH="A47"46"57A$"

B=3B573$M"

•" U78:4>7" 34" 34A788$66$" (83;B=$" ')-%" 845B94" K" E8$54A7" 67" B=I$8<75BJ=" 34"

3BA>7=5B7"34"6$A"A4=A$84A";6>87AJ=B5$AM"

!"#$#%&'()*+,
-.()",%

/")01,,12

30"45,+,%

&+(',*(

60+7,'%8

9#(,%*:;)*0'(,

60+7,'%<

9#(,%(0'0$2,



_f"

"

"

"

•" .4=A$84A" ;6>87AJ=B5$A" 5$=" 87=G$" 34" 5$948>;87"<@=B<$"a"<u"S/\mmm" ,1r

S7W.$=78}r2jm"?;4"E8$F448L="67"B=I$8<75BJ="84675B$=737"76"L=G;6$"5B4G$M"

•" SJ3;6$"/6;4>$$>D"k*rmf%"A4"5$=45>7"7"67"E6757"(83;B=$"E787"4=FB78"34"I$8<7"

B=76L<98B57"67"B=I$8<75BJ="D75B7"46">46NI$=$"(=38$B3M"

•" +4G;673$8"7"b"1T*"5$="A76B37"'./M"

•" *7964A"34"5$=4WBJ=M"

2.3' SENSOR ULTRASÓNICO 

2="97A4"7"6$"5$=A;6>73$"4="46"57E@>;6$"E8B<48$"A$984"6$A"A4=A$84A"3BAE$=B964A"4="46"

<48573$"A4"D7"345B3B3$";>B6BV78"46"A4=A$8";6>87AJ=B5$"S7W9$>BW"S/\mmm"cIBG;87"^M^e"

4="97A4"7"67A"ABG;B4=>4A"5$=AB34875B$=4Au"

"

YBG;87"^M^".4=A$8"S7W9$>BW"S/\mmm"w__x"

2.3.1' BENEFICIOS 

•" O48<B>4" 67" 34>455BJ=" 34" $9:4>$A" A$984" A;E48IB5B4A" >87=AE784=>4A%"

98B667=>4A"$"5$="E84A4=5B7"34"66;FB7M"

•" *$=3B5B$=4A" >764A" 5$<$" E$6F$A%" A;5B4373" $" =B4967" =$" 7I45>7=" A;"

I;=5B$=7<B4=>$M"

•" .;"34>455BJ="4A"4A>7964M"

•" /7:$"5$A>$M"



_g"

"

"

"

•" /7:$"5$=A;<$"34"4=48G@7M"

•" 26"A4=A$8"E8$54A7"3B845>7<4=>4"67"B=I$8<75BJ="6B9487=3$"5B56$A"34">8797:$"

76"E8$54A73$8M"

•" S43B5BJ="34"8LEB37"84AE;4A>7%"<43B7=>4"3BAE78$A"B=>48=$A"$"4W>48=$AM"

•" (657=54"\b"5<"D7A>7"fab"5<"5$="84A$6;5BJ="34"_"5<M"

2.3.2' CARACTERÍSTICAS 

•" 1$6>7:4"34"76B<4=>75BJ="34"^Mb"1"r"bMb"1"~"^"<(M"

•" ,45>;87"34"<;4A>84$"5737"bm"<A"c^m"kVeM"

•" U87=A<BABJ="A48B76%"m"7"155%"lfmm"97;3B$A%"ir\r)M"

•" (=5D$"34"E;6A$"\a^";AnE;6G737M"

•" 26"A4=A$8"$E487"7"a^"qkVM"

2.3.3' DESCRIPCIÓN DEL ALCANCE DE DETECCIÓN 

,$A"84A;6>73$A"34" 67"<;4A>87"E787"46"E7>8J="34"D7V"<43B3$"A4"<;4A>87="4=";=7"

5;738@5;67"34"_m"5<M"26"E7>8J="34"34>455BJ="A4"<;4A>87"E787"6$A"6J9;6$A"34"F78B$A"

3BL<4>8$A"?;4"A4"G4=487"3467=>4"346"A4=A$8"5$<$"B=3B57"67"IBG;87"^M_M"

"

YBG;87"^M_",J9;6$A"34"7657=54"346"A4=A$8"S7W9$>BW"S/\mmm"w_ax"



_i"

"

"

"

2.3.4' APLICACIONES Y USOS 

•" T4>455BJ="34"E8$WB<B373"4="V$=7AM"

•" T4>455BJ="34"E48A$=7AM"

•" )7F4G75BJ="7;>$<L>B57M"

•" (884G6$"34"<H6>BE64A"A4=A$84AM"

•" S43B5BJ="34"3BA>7=5B7AM"

•" T4>455BJ="34"$9:4>$A"34"G87=">7<7Q$M!

2.3.5' DESCRIPCIÓN DE PINES 

,7"IBG;87"^Ma"<;4A>87"67"34A58BE5BJ="34"EB=4A"E787"46"A4=A$8";6>87AJ=B5$A"S/\mmm"

K"A;"I$8<7"I@AB57M"

"

YBG;87"^Ma"T4A58BE5BJ="34"EB=4A"346"A4=A$8"S7W9$>BW"S/\mmm",1"w_ax"

(AM'K'N'6O="T4:78"79B48>$"46"EB="$"<7=>4=48"4="m,"E787"<$3$"34"84>87=A<BABJ="

A48B76"76";>B6BV78"UZ"5$<$"A76B37M""

(AM'I'N'(O="2A>4"EB="34"A76B37";>B6BV7"46"7=5D$"34"E;6A$"E787"84E84A4=>78"67"3BA>7=5B7"

67"5;76"E;434"5765;678A4";>B6BV7=3$"46"I75>$8"34"4A5767"34"\ag";."E$8"E;6G737M"

(AM' P' N'&-=" .76B37" 7=76JGB57" 34" F$6>7:4" 5$=" I75>$8" 34" 4A5767" 34" c155nb\^e" E$8"

E;6G737M"

(AM'Q'N'1R="2A>4"EB="4A>L"5$=IBG;873$"B=>48=7<4=>4"4="76>$M""



_l"

"

"

"

(AM'S'N'+R="*;7=3$"46"EB="/o"4A>L"79B48>$"$"4="97:$"cm,e%"67"A76B37"UZ"A4"4=>84G7"

6$A" 37>$A" 4=" I$8<7>$" A48B76" +.^_^M" ,7" A76B37" 4A" ;=" (.*!!" y+z" A4G;B3$" E$8" _"

57875>484A"?;4"84E84A4=>7="46"87=G$"34"E;6G737A"D7A>7";="<LWB<$"34"̂ bb%"A4G;B3$"

E$8";="578L5>48"34"84>$8=$"c(.*!!"\_eM",7"F46$5B373"34">87=A<BABJ="4A"lfmm%"i"9B>A%"

=$"E78B373%"5$="\"9B>"34"E78737M"

(AM' T' U' VS9'9>>=" -E487" 5$=" F$6>7:4A" 4=>84" ^Mb" 1" ]" bMb" 1M" .4" 845$<B4=37" ;=7"

5$88B4=>4"5$="57E75B373"34"_"<("E787"b"1"K"^"<("E787"_"1M"

(AM'W'N'0-/="+4>$8=$"34"67"76B<4=>75BJ="T*%"R)T"K"155"3494"A48";=7"A4Q76"6B984"

34"8BV73$"K"8;B3$"E787";=7"<4:$8"$E4875BJ="346"A4=A$8M'

2.3.6' CONEXIÓN DEL SENSOR CON EL MÓDULO ARDUINO 

2A>4"A4=A$8"A4"E;434"5$=45>78"34"_"I$8<7A"D75B7"67"B=>48I7V"(83;B=$u"

•" !=>48I7V"7=L6$G7M"

•" !=>48I7V"E$8"<$3;675BJ="34"7=5D$"34"E;6A$AM"

•" !=>48I7V"A48B76M"

2.3.6.1' Interfaz análoga 

,7"B=>48I7V"7=L6$G7"4=F@7"6$A"37>$A"346"A4=A$8"34"I$8<7"3B845>7<4=>4"E8$E$85B$=76"

4=>84"67"3BA>7=5B7"K"67"A76B37"34"F$6>7:4M",7"5$=4WBJ="5$="67"E6757"(83;B=$"A4"E;434"

$9A48F78"4="67"IBG;87"^MbM"

.76B37"34"F$6>7:4"7=L6$G7"5$="I75>$8"34"4A5767"34"c155nb\^e"E$8"E;6G737"

2:4<E6$u""

"" *$="76B<4=>75BJ="34"b"1%">4=4<$A";=7"A76B37"34"lMi"<1nE;6G737M"

"" *$="76B<4=>75BJ="34"_M_"1%">4=4<$A";=7"A76B37"34"fMa"<1nE;6G737M"

,7" 4W75>B>;3" 34" F$6>7:4" 34" A76B37" 7=76JGB5$" E84A4=>7" <4=$8" 4W75>B>;3" ?;4" 67"

5$=4WBJ="4="<$3$"OoS"K".48B76"w_bx"



am"

"

"

"

"

YBG;87"^Mb"*$=4WB$=4A"<43B7=>4"B=>48I7V"34"A76B37"7=L6$G7"w_bxM"

2.3.6.2' Interfaz por modulación de ancho de pulsos 

2A>7"B=>48I7V"E$8"7=5D$"34"E;6A$"yOoz"4A"$>87"<7=487"34"845;E4878"B=I$8<75BJ="346"

A4=A$8M",7"5$=4WBJ="5$="67"E6757"(83;B=$"A4"B=3B57"4="67"IBG;87"^MfM"

,7"A76B37"346"EB="4A";="E;6A$"3$=34"46"7=5D$"346"<BA<$"84E84A4=>7" 67"3BA>7=5B7%"

E;434"A48"5765;6737";>B6BV7=3$"46"I75>$8"34"4A5767"34"\ag"�A"E$8"E;6G737M"

O787"A48";>B6BV737"4A>7"5$=4WBJ="4="(83;B=$"4A"=454A78B$";>B6BV78"67"6B9848@7"E;6A4!=ceM"

"

"

YBG;87"^Mf"*$=4WB$=4A"<43B7=>4"B=>48I7V"34"A76B37"Oo"w_bx"



a\"

"

"

"

2.3.6.3' Interfaz Serial 

2="4A>4"<N>$3$"A4";>B6BV7"67"6B9848@7"A$I>p784"A48B76"E787"4A58B9B8"46"5J3BG$"346"A4=A$8"

K";=7"34" 67A"A76B37A"3BGB>764A"346"(83;B=$%"34:7=3$"79B48>$"$"4="m" 6JGB5$"E787" 67"

A76B37"UW"346"(83;B=$M",7"5$=4WBJ="5$="67"E6757"(83;B=$"A4"B=3B57"4="67"IBG;87"^MgM"

,7" A76B37" 4A" ;=" 578L5>48" (.*!!" y+z" cmWb^e" A4G;B3$" E$8" _" 3@GB>$A" (.*!!" ?;4"

84E84A4=>7="46"87=G$"4="E;6G737A"D7A>7";="<LWB<$"34"^bb%"A4G;B3$"E$8";="84>$8=$"

34"6@=47"c(.*!!"\_"$"mWmTeM""

"

YBG;87"^Mg"*$=4WB$=4A"<43B7=>4"B=>48I7V"34"A76B37"A48B76"w_bx"

2.3.7' CONEXIÓN MÚLTIPLE DE SENSORES POR MODULACIÓN ANCHO DE 

PULSO (PW) 

,7"5$=4WBJ="34"<H6>BE64A"A4=A$84A"A4"E;434"8476BV78"34"_"<7=487A"3BI484=>4Au"

•" ,B984"5$=4WBJ="

•" -E4875BJ="AB<;6>L=47"

•" ,45>;87"A45;4=5B76"

2.3.7.1' Libre Conexión 

.B"A4"5$=45>7="F78B$A"A4=A$84A"7";=7"<BA<7"E6757"(83;B=$"34:7=3$"46"OB="a"c+Ze"

AB="5$=4WBJ=%"6$A"A4=A$84A"4A>78L="I;487"34"AB=58$=@7"6$"?;4"57;A78L"B=>48I484=5B7"



a^"

"

"

"

4=" 67" <7K$8@7" 34" 7E6B575B$=4A%" F48" IBG;87" ^MiM" )$" A4" 845$<B4=37" 4A>4" >BE$" 34"

5$=4WBJ="K7"?;4"84G;678<4=>4"4=FB78L"B=I$8<75BJ="488J=47"A$984"67"645>;87"34"67"

3BA>7=5B7M"

"

YBG;87"^Mi"!=>48I484=5B7"34"6$A"A4=A$84A"4="6B984"5$=4WBJ=M"

2.3.7.2' Operación Simultánea 

*$=45>78" 6$A" A4=A$84A"S7W9$>BW" <7WA$=78" 5$=" 46" 5$<H=" 76" +Z" E48<B>4" ?;4" 67"

645>;87"A4"8476B54"4=">$3$A"6$A"A4=A$84A"7"67"F4V"5$<$"A4"B=3B57"4="67"IBG;87"^Ml"4A>4"

<N>$3$" 4A" 5$=F4=B4=>4" E787" ;>B6BV78" 67" A76B37" 34" F$6>7:4" 7=L6$G7M" ,7" 645>;87" A4"

8476BV78L"5737"bm"<AM"

"

YBG;87"^Ml"*$=4WBJ="AB<;6>L=47"34"6$A"A4=A$84AM"



a_"

"

"

"

2.3.7.3' Lectura Secuencial 

O787" 67" 645>;87"A45;4=5B76" A4"5$=45>7"46"3BAE$AB>BF$"34"3BAE78$"76"EB="a" c+Ze"346"

E8B<48"A4=A$8%"4=>$=54A"46"EB="b"cUZ"A76B37e"346"E8B<48"A4=A$8"A4"5$=45>7"76"EB="+Z"

346" ABG;B4=>4" A4=A$8%" 7A@" D7A>7" 5$<E64>78" D7A>7" 46" H6>B<$" A4=A$8%" 4A>4" E48<B>4"

4=5734=78" D7A>7" \m" A4=A$84A%" 34" <7=487" ?;4" 67A" 645>;87A" A4" 8476BV7="

A45;4=5B76<4=>4"5737"bm"<AM"148"IBG;87A"^M\m"K"^M\\M"

"

YBG;87"^M\m"*$=4WBJ="34"I;=5B$=7<B4=>$"A45;4=5B76"34"6$A"A4=A$84AM"

'=7"F78B7=>4"34"4A>4"<N>$3$"4A"46"4=5734=7<B4=>$"A45;4=5B76"5$=>B=;$"4="46"5;76"

46"EB="UZ"346"H6>B<$"A4=A$8"A4"5$=45>7"76"OB="+W"346"E8B<48"A4=A$8"7">87FNA"34";="

84ABA>$8"34"\"q�M"

"

YBG;87"^M\\"*$=4WBJ="5$="4=5734=7<B4=>$"5$=>B=;$M"



aa"

"

"

"

2.4' PLACA DE DESARROLLO ARDUINO UNO 

(83;B=$" '=$" 4A" ;=7" E6757" 34" D783p784" 6B984" 97A737" 4=" 46" <B58$5$=>8$673$8"

(U<4G7_^iM""""

.4" 34>7667=" 67A" 57875>48@A>B57A" 34" 67" E6757" (83;B=$" '=$" 4=" 67" >7967" ^M\M"

"

U7967"^M\"*7875>48@A>B57A"34"67"E6757"(83;B=$"'=$"
&1/$*-)'$-)''

SB58$5$=>8$673$8" (U<4G7_^i"

(8?;B>45>;87" (1+"
1$6>7:4"34"$E4875BJ=" b"1"

S4<$8B7"Y67AD" _^"q/"34"67"5;76"mMb"q/"A$=";A73$A"E$8"46"9$$>6$7348"

.+(S" ^"q/"
146$5B373"34"846$:" \f"SkV"

OB=4A"!n-"(=L6$G$A" f"

22O+-S" \"q/"
*$88B4=>4"T*"34"EB=4A"!n-"" am"<("$="!n-"OB=AC"bm"<("$="_%_"1"OB="

1$6>7:4"34"4=>8737" gr\^"1"

OB=4A"TBGB>764A"!n-"" ^m"c34"6$A"5;764A"f"E8$F44="A76B37A"OoS"e"

.76B37"OoS"" f"
U7<7Q$"O*/"" b_Ma"W"fiMf"<<"

O4A$" ^b"G"

"

2.4.1' DESCRIPCIÓN DE PINES 

*$<$"A4"E;434"$9A48F78"4="67"YBG;87"^M\^"76G;=$A"34"466$A"5;<E64="3$964"I;=5BJ="

67"5;76"E;434"A48"5$=IBG;8737"34A34"46"!T2"34"34A788$66$"(83;B=$"A4GH="A47"46";A$"

?;4"=454AB>4<$A"E787"=;4A>87"7E6B575BJ=M"



ab"

"

"

"

"

YBG;87"^M\^"T4A58BE5BJ="34"EB=4A"]"(83;B=$"'=$"w_fx"

2.5' MÓDULO BLUETOOTH HC-06 

"

YBG;87"^M\_"O84A4=>75BJ="I@AB57"K"34A58BE5BJ="34"EB=4A"346"<J3;6$"/6;4>$$>D"k*r

mf"w_gx"



af"

"

"

"

26"<J3;6$"/6;4>$$>D"k*rmf"cIBG;87"^M\_e"4A";=7"E6757"?;4"<7=>B4=4"5$<E7>B9B6B373"

34"F$6>7:4A"K"F46$5B373"34">87=A<BABJ="E787">8797:78"5$="67A"E6757A"(83;B=$%"FB4=4"

34" IL98B57"5$=" 67"5$=IBG;875BJ="2.*,(1-%"<43B7=>4"46";A$"34"5$<7=3$A"(U"A4"

E;434" 57<9B78" 67" 5$=IBG;875BJ=" 5$<$" 46" =$<984%" F46$5B373" 34" >87=A<BABJ=%"

5$=>87A4Q7"34"FB=5;675BJ="K"$>8$A"E78L<4>8$A"<LAM"

,7"5$=IBG;875BJ="E$8"34I45>$"346"<J3;6$"k*rmf"A4"<;4A>87"4="67">7967"^M^M"

U7967"^M^"*$=IBG;875BJ="E$8"34I45>$"346"<J3;6$"k*rmf"
:#UJT'
S-T-" 2.*,(1-"

)-S/+2" k*rmf"
12,-*!T(T"T2"U+().S!.!X)" lfmm"
*-)U+(.20("T2"1!)*',(*!X)" \^_a"

2.5.1' ESTADOS DE FUNCIONAMIENTO DEL MÓDULO HC-06 

2.5.1.1' Desconectado 

2A"46"4A>73$"4="46"?;4"A4"4=5B4=34"5;7=3$"A4"5$=45>7"7"67"76B<4=>75BJ="46"<J3;6$%"

4="4A>4"4A>73$"46",2T"E78E7347"8LEB37<4=>4"7";=7"I845;4=5B7"34"\mm"<AM"2="4A>4"

4A>73$"A4"E48<B>4"4=FB78"5$<7=3$A"(UM"

2.5.1.2' Conectado 

(6" 4A>7964548" ;=7" 5$=4WBJ=" 46" <J3;6$" 4=>87" 7" 4A>4" 4A>73$%" 46" ,2T" E48<7=454"

4=54=3B3$%"46"EB="+Z"A4"4=578G7"34"845B9B8"6$A"37>$A"K"A4"4=F@7="E$8"46"EB="UZM"2="

4A>4"4A>73$"46"<J3;6$"=$"E;434"B=>48E84>78"5$<7=3$A"(U"w^^xM"

2.6' DIAGRAMA DE CONEXIÓN ELÉCTRICA DEL VEHÍCULO 

2="46"3B7G87<7"34"67"YBG;87"^M\a"A4"<;4A>87"67"5$=4WBJ="46N5>8B57"7"8476BV78A4"4="46"

F4D@5;6$%"4A"=454A78B$">$<78"67"76B<4=>75BJ="34"67"97>48@7"34"\^"1T*"7"67"5;76"A4"

5$=45>7" 46" 84G;673$8" 34" F$6>7:4" 7" b" 1T*" 5$=" 46" 5;76" A4" 4=48GBV7" 6$A" 3BI484=>4A"

3BAE$AB>BF$A"346"E8$>$>BE$%"73B5B$=76"4A"=454A78B$"B=A>7678"46"5796473$"?;4"E48<B>7"67"

;9B575BJ="34"6$A"A4=A$84A"4="6$A"67>48764A"346"F4D@5;6$M"



ag"

"

"

"

"

YBG;87"^M\a"TB7G87<7"34"5$=4WBJ="46N5>8B57"346"F4D@5;6$M

2.7' APLICACIÓN ARDUINO 

2="67"IBG;87"^M\b"A4"34>7667="67A"3BI484=>4A"755B$=4A"7"8476BV78"4=>84"6$A"A4=A$84A%"

67"E6757"(83;B=$"K"46"<J3;6$"/6;4>$$>D"E787"A48"4=FB73$A"D75B7"46">46NI$=$"(=38$B3M"

"

YBG;87"^M\b"TB7G87<7"34"I;=5B$=7<B4=>$"4=>84".4=A$84Ar(83;B=$r/6;4>$$>D"

!"#$%&'()*&*+,-.*/(0*1&%2'&*

&*345

6)(7(728(

4"01()*-")"/9(

4"01()*:;<$2")'(

!"#$%&'(

!"#$%&

$"'()*%+$,"

-.&/$01%"+$%&/.

234.1(0&

+.)+%"(0

!"#$%&')

!"#$%&

$"'()*%+$,"

-.&/$01%"+$%&/.

234.1(0&

+.)+%"(0

*&+,-#%

5)%"0'()*%&6%&

$"'()*%+$,"&

).+$3$/%&7()&6(0&

0."0().0&."&

8"$/%/.0&

*91)$+%0&:+*;

!"0%*36%&6%&

1)%*%&+("&.6

<()*%1(=

>(0$+$("?=/$01%"+$%?=>(0$+$("@=/$01%"+$%@

!4.*76(=&A?=BCDEC=A@=?CFEG

!"#H%&6%&1)%*%

>%)%&0.)&

1)%"0*$1$/%&7()

!6&*,/86(

368.1((1I
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2.7.1' CÓDIGO DE LA APLICACIÓN 

2=" 46" ABG;B4=>4" 5J3BG$" A4" 4WE6B57" 67A" I;=5B$=4A" =454A78B7A" E787" B<E64<4=>78" 46"

A58BE>"4=" 67"E6757"(83;B=$"K"E8$54A78" 67" B=I$8<75BJ="4=>84G737"E$8" 6$A"A4=A$84A"

;6>87AJ=B5$AM"

•" T4IB=B5BJ="34"F78B7964A"?;4"7ABG=7" 6$A"EB=4A"34" 645>;87"E787"5737"A4=A$8u"

c*J3BG$"^M\e"

!"#$%!&#%!"#$%&'!(!)*!!!

!"#$%!&#%!"#$%&+!(!,*!!!

*J3BG$""^M\"T4IB=B5BJ="34"EB=4A"(83;B=$"

•" T4IB=B5BJ="34"EB="34"3BAE78$%"F48"5J3BG$"^M^M"

!"#$%!&#%!-.%//0.$%&'!(!')*!!!

*J3BG$""^M^"OB="34"3BAE78$"(83;B=$"

•" 178B7964A"E787"76<754=78"645>;87A%"F48"5J3BG$"^M_"

'"#(!"1230'4!"1230+4!30&35.'4!30&35.+*!!!

*J3BG$""^M_"178B7964A"E787"76<754=78"3BA>7=5B7"

•" *$=IBG;875BJ=" 346" 4A>73$" B=B5B76" 34" 67" >87=A<BABJ=" K" 4A>73$" 34" EB=4A"

7ABG=73$A"7"6$A"A4=A$84A"5$<$"B=3B57"46"5J3BG$"^MaM"

)"&*!30-1"!67!8!!!

!!90.%:2;<0/%&6=>??7*!!!

!!"%&@5A06"#$%&'4!BC$DE7*!!!

!!"%&@5A06"#$%&+4!BC$DE7*!!!

!!"%&@5A06-.%//0.$%&'4FDE$DE7*!!!

G!!!

*J3BG$""^Ma"!=B5B76BV75BJ="34"4=6754"A48B76"

•" ,45>;87"34"A4=A$84A"K">87=A<BABJ="34"37>$A"

26">B4<E$"34"84>783$"34"67"I;=5BJ="3467Kce"34E4=348L"346"=H<48$"34"A4=A$84A"

5$=45>73$A%"A4"845$<B4=37"5$<$"<@=B<$"7ABG=78"E$8"5737"A4=A$8"bm"<A%"

E787"46"4:4<E6$"346"5J3BG$"^Mb%"46"84>783$"A4"7ABG=78@7"34"\mm"<AM"

)"&*!255"!67!8!!!

!!3-:.-H30&35.67*!!!

!!.0:AH30&35.67*!!!



al"

"

"

"

!!".%&-:2267*!!!

!!A02:I6'??7*!!!!!

G!!!

*J3BG$""^Mb",45>;87"34"37>$A"346"A4=A$8";6>87AJ=B5$"

•" Y;=5B$=4Au"

+476BV7"67"645>;87"346"F76$8"84GBA>873$"E$8"46"A4=A$8"K"6$A"76<754=7"4=";=7"

F78B7964%"F48"5J3BG$"^MfM"

)"&*!.0:AH30&35.678!!!

!"1230'!(!"1230B&6"#$%&'4!JBKJ7*!!!!

!"1230+!(!"1230B&6"#$%&+4!JBKJ7*!!!

!30&35.'!(!"1230'L'MNO+;,M*!!!

!30&35.+!(!"1230+L'MNO+;,M*!!!

G!!!

!

*J3BG$""^Mf",45>;87"34"37>$A"346"A4=A$8"

2="46"5J3BG$"^Mg"A4" B=3B57"5J<$"A4"75>BF7"46"EB="34"3BAE78$"E787" B=B5B78" 67"

645>;87"34"6$A"A4=A$84AM"

)"&*!3-:.-H30&35.678!!!

!!A%/%-:2P.%-06-.%//0.$%&'4JBKJ7*!!!

!!A02:I6'7*!!!

!!A%/%-:2P.%-06-.%//0.$%&'4QFP7*!!!

G!!!

*J3BG$""^Mg"!=B5B$"34",45>;87"346"A4=A$8"

2="46"5J3BG$"^Mi"A4"4=A7<967"67"5734=7"E787"A48">87=A<B>B37"<43B7=>4"46"EB="

34"5$<;=B575BJ="A48B76"7">87FNA"346"<J3;6$"/6;4>$$>DM"

)"&*!".%&-:22678!!!!!!!!!!!!

!!90.%:2;".%&-6R9'R7*!!!

!!90.%:2;".%&-6RSR7*!!!

!!90.%:2;".%&-630&35.'7*!!!

!!90.%:2;".%&-6RSR7*!!!

!!90.%:2;".%&-6R9+R7*!!!

!!90.%:2;".%&-6RSR7*!!!

!!90.%:2;".%&-630&35.+7*!!!!

!!90.%:2;".%&-2&6R!R7*!!!

G!!!

*J3BG$""^Mi"2A>8;5>;87"34"67"5734=7"34">4W>$"7"4=FB78A4"E$8"/6;4>$$>D"
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2.7.2' CONFIGURACIÓN DE LA CONEXIÓN ANDROID – ARDUINO 

26"4=F@$"34"B=I$8<75BJ="A4"8476BV78L";>B6BV7=3$"6$A"EB=4A"34">87=A<BABJ="cUZ%"EB="\e"

K" 8454E5BJ=" c+Z%" EB=" me" 346" (83;B=$%" 5$<$" A4" B=3B57" 4=" 67" >7967" ^M_" w_ixu"

"

U7967"^M_"*$=4WBJ="34"EB=4A"4=>84"(83;B=$"K"<J3;6$"/6;4>$$>D"

OB=4A"

(83;B=$" /6;4>$$>D"

+Z"cOB="me" UZ"

UZ"cOB="\e" +Z"

b"1" 1**"

R)T" R)T"

"

2="67"YBG;87"^M\f%"A4"B=3B57"67A"5$=4WB$=4A"7"8476BV78A4"4=>84"46"<J3;6$"/6;4>$$>D"

K"(83;B=$M"

"

"

YBG;87"^M\f"TB7G87<7"34"5$=4WBJ="46N5>8B57"4=>84"(83;B=$"K"46"<J3;6$"/6;4>$$>D"

k*rmf"



b\"

"

"

"

2.8' APLICACIÓN ANDROID 

26" 34A788$66$" 34" 67" 7E6B575BJ=" E787" 46" 3BAE$AB>BF$" (=38$B3" E48<B>B8L" 76" ;A;78B$"

FBA;76BV78"6$A"37>$A"$9>4=B3$A"34A34"6$A"A4=A$84A";9B573$A"4="46"L=G;6$"5B4G$"K"67"

F46$5B373"75>;76"7"67"?;4"5B85;67"46"F4D@5;6$%"734<LA"34";="<4=H"34"5$=IBG;875BJ="

E787"<$3BIB578"46"F76$8"34"67"F46$5B373"7"67"?;4"A4"75>BF7="67A"7648>7AM"

.4"34A58B9B8L"6$A"3B7G87<7A"34"I;=5B$=7<B4=>$"34"67"7E6B575BJ=M"

2.8.1' DIAGRAMAS DE SECUENCIA 

.4" 34A58B9B8L" 67" A45;4=5B7" 34" I;=5B$=7<B4=>$" 34" 6$A" 3BI484=>4A" <J3;6$A" ?;4"

5$<E$=4="46"E8$>$>BE$"5$884AE$=3B4=>4"7"67"7E6B575BJ="4="(=38$B3M"

2.8.1.1' Secuencia de funcionamiento para información de ángulo ciego 

,7"IBG;87"^M\g"<;4A>87"46"E8$54A$"E787"67"B=I$8<75BJ="4=FB737"E$8"6$A"A4=A$84A"7"

>87FNA"346"(83;B=$"K"46"<J3;6$"/6;4>$$>DM"

26" E8$54A$" B=B5B7" 76" 67=V78" 67" 7E6B575BJ=" 4=" (=38$B3%" A4" 4=5B4=34" 67" 5$=4WBJ="

/6;4>$$>D"46"5;76"E48<B>4"7554348"7"67"6BA>7"34"6$A"3BAE$AB>BF$A"4<E784:73$A%"6;4G$"

67"7E6B575BJ="4A57=47"E$8"=;4F$A"3BAE$AB>BF$A"54857=$A"K"6$A"7Q734"7"67"6BA>7M"

26";A;78B$"E$38L"A46455B$=78"46"3BAE$AB>BF$"?;4"5$884AE$=37"76"<J3;6$"/6;4>$$>D"

?;4"E$8"34I45>$"A4"=$<987"5$<$"k*rmfM".B"67"5$=4WBJ="A4"8476BV7"5$8845>7<4=>4"67"

B=I$8<75BJ=" 4=FB737" E$8" 6$A" A4=A$84A" A4" E8$54A7" K" FBA;76BV7" 4=" 67" B=>48I7V" 346"

;A;78B$M"

26"57A$"34"=$"8476BV78A4"67"5$=4WBJ="67"7E6B575BJ="B=>4=>7"=;4F7<4=>4"4<E784:78"

5$="46"3BAE$AB>BF$"E84FB7<4=>4"A46455B$=73$%"6$"<BA<$"$5;884"4="57A$"34"EN83B37"

34"5$=4WBJ=M"

(6" >48<B=78" 67" 7E6B575BJ=" A4" 548878L" 67" 5$=4WBJ=" 5$="46"<J3;6$"/6;4>$$>D"46" 5;76"

?;437"4="4AE487"D7A>7"B=B5B78"=;4F7<4=>4"67"7E6B575BJ="4="(=38$B3M"



b^"
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"

YBG;87"^M\g"TB7G87<7"I;=5B$=7<B4=>$"L=G;6$"5B4G$"

!"#$#%&'(&)*&+,)#$*$#-"&("&+"'.%#'

+$/#0*&1)2(/%%/3

14562('*&'(&"2(0%5&'#5,%5#/#0%5&$(.$*"%

7()($$#-"&'()&8-'2)%&9)2(/%%/3&:;<=>

?5/*9)($(&)*&$%"(@#-"

A($#9(&)*&!"B%.8*$#-"&'(&)%5&5("5%.(5&("&

2"*&$*'("*&'(&/(@/%

C.%$(5*&)*&#"B%.8*$#-"&'(&$*'*&5("5%.

D#52*)#E*&("&,*"/*))*&)*&*)(./*&

$%..(5,%"'#("/(&("&$*5%&'(&("$%"/.*.&2"&

%9F(/%&'("/.%&'()&.*"G%&'()&H"G2)%&$#(G%

!"/("/*&.(5/*9)($(.&)*&$%"(@#-"&$*'*&

$#(./%&#"/(.0*)%&'(&/#(8,%&$%"&()&4)/#8%&

'#5,%5#/#0%&5()($$#%"*'%

CI.'#'*&'(&$%"(@#-"

JK 7!

7!

JK
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2.8.1.2' Secuencia de funcionamiento para la información de Velocidad de circulación 

y exceso de límites de velocidad 

"26"ABG;B4=>4"3B7G87<7"cIBG;87"^M\ie"B=3B57"46"E8$54A$"E787"34>48<B=78"67"F46$5B373"

34"5B85;675BJ="346"F4D@5;6$"K" 67"34>455BJ="76" A$984E7A78" 6$A" 6@<B>4A"34"F46$5B373"

4A>79645B3$AM"

"
YBG;87"^M\i"TB7G87<7"I;=5B$=7<B4=>$"F46$5B373"K"7648>7A"6@<B>4A"34"F46$5B373"

!"#$#%&'(&)*&+,)#$*$#-"&("&+"'.%#'

/(.#0#$*&12(&)*&34#$*$#-"&'()&'#5,%5#6#7%&

(568&*$6#7*'*

956*4)($(&)*&24#$*$#-"&*$62*) :%)#$#6*&,(.;#5%&'(&*$$(5%&*&)*&24#$*$#-"

/(.#0#$*&$*;4#%5&("&)*&34#$*$#-"&'()&

'#5,%5#6#7%&+"'.%#'

956*4)($(&)*&7()%$#'*'&("&<;=5

>*)$2)*&)*&7()%$#'*'&("6.(&)*&34#$*$#-"&

*$62*)?&)*&"2(7*&24#$*$#-"&@&("&#"6(.7*)%&

'(&6#(;,%&("&12(&52$('#-&()&$*;4#%

A*&7()%$#'*'&$*)$2)*'*&5(&.($#4(&("&;=5?&

(56*&5(&$%"7#(.6(&("&B;=C

D2(56.*&)*&#"0%.;*$#-"&("&)*&,*"6*))*&'()&

'#5,%5#6#7%

>*)$2)*&5#&)*&7()%$#'*'&.($#4#'*&52,(.*&

*)E2"%&'(&)%5&)F;#6(5&(56*4)($#'%5

:!
GH

:!

GH

:!
GH



ba"

"

"

"

2.8.2' DIAGRAMAS DE CLASE 

26"3B7G87<7"?;4"A4"<;4A>87"4="67"IBG;87"^M\l"34>7667">$3$A"6$A"<N>$3$A"=454A78B$A"

E787" 34A788$6678" 4" B<E64<4=>78" 67" 7E6B575BJ=" ?;4" E8$54A78L" K" <$A>878L" 67"

B=I$8<75BJ="76";A;78B$M"

"
YBG;87"^M\l"TB7G87<7"34"567A4A"34"67"7E6B575BJ="(=38$B3"

!"#$%&'()#&

*+,%&-.(/0,"1(,234$()-5&67%&,0

*+,%&-.(/0,"1(,.)-)18&67%&,0

9!"#$%&'()#&:+,%&-.(/0,"1(,234$()-5&67%&,0;+,%&-.(/0,"1(,.)

-)18&67%&,0<

9/)0=,%&-.(/0,"1(,234$()-5&:+,%&-.(/0,"1(,234$()-5&67%&,0<6+&

(5

9/)0=,%&-.(/0,"1(,.)-)18&:+,%&-.(/0,"1(,.)-)18&67%&,0<6+&(5

9#)0=,%&-.(/0,"1(,234$()-5&:<67%&,0

9#)0=,%&-.(/0,"1(,.)-)18&:<67%&,0

>$/1,->?

*@%$)0&&086>%$)0&&08

*%+>%$)0&&086A(/0=()B

*,5,C0,5&-6!--,D!5,C0)-EF0-("#G

*0+H/0,5&6?)I0=()B

*C@!10$,%(3,-6J-&#-)//>,-

*@0>$/1,-6>$00&"

*%(/0,>%$)0&&086A(/0E>%$)0&&08.)+(1)G

&"'-),0):>$"5%)<6+&(5

*)/0,5&>%$)0&&08:F0-("#<6+&(5

*+(/(@(%(5,5J-&#-)//>,-:("0<6+&(5

9&"K("(/8:<6+&(5

9&".)+(1):>%$)0&&08.)+(1)<6+&(5

9&"J,(-:>%$)0&&08.)+(1)<6+&(5

9&"L"J,(-:>%$)0&&08.)+(1)<6+&(5

9&"H--&-:F0-("#<6+&(5

9&"20)M'%(1N:!5,C0)-=()B;=()B;("0;%&"#<

'&"7(#$-,1(&"!10(+(0D

&"'-),0):>$"5%)<6+&(5

'&"7(#$-,1(&"K-,#M)"0

&"'-),0):>$"5%)<6+&(5

EE2"0)-7,3GG

A&1,0(&"A(/0)")-

9&"A&1,0(&"'8,"#)5:A&1,0(&"<6+&(5

9&"J-&+(5)-.(/,@%)5:F0-("#<6+&(5

9&"J-&+(5)-H",@%)5:F0-("#<6+&(5

9&"F0,0$/'8,"#)5:F0-("#;("0;>$"5%)<6+

&(5

9&"OC/F0,0$/'8,"#)5:("0<6+&(5

J-("1(C,%

*"&M@-).(/C&/(0(+&6F0-("#

*@%$)0&&086>%$)0&&08

*0+A&#/6?)I0=()B

*-)#(/0-,5&6@&&%),"

*+,%&-F)"/&-234$()-5&67%&,0

*+,%&-F)"/&-.)-)18&67%&,0

*(M#F)"/&-234$()-5&62M,#)=()B

*(M#F)"/&-.)-)18&62M,#)=()B

*+)%&1(5,56=)%&1(5,5

*,"#$%&'()#&6!"#$%&'()#&

*+)%&1(5,5F0-6F0-("#

*M)5(,J%,D)-6P)5(,J%,D)-

*+'($5,56F0-("#

*+J)-(M)0-,%6F0-("#

*+',--)0)-,6F0-("#

*,%)-0,6@&&%),"

*1&"0,5&-234$()-5&6("0

*1&"0,5&-.)-)18&6("0

&"'-),0):>$"5%)<6+&(5

&".)/0-&D:<6+&(5

P)"/,Q)/>?:F0-("#<6+&(5

&"'&"")10:>%$)0&&08.)+(1)/<6+&(5

&".(/1&"")10:>%$)0&&08.)+(1)<6+&(5

&"P)//,#):F0-("#<6+&(5

&"H--&-:F0-("#<6+&(5

&"'&"")10H--&-:>%$)0&&08.)+(1);F0-("#<

6+&(5

&"R)1)(+):'&"0)I0;S2"0)"0<

7("(/8:<6+&(5

$C5,0)FC))5:L@(1,1(&"<6+&(5

,%)-0,!"#$%&'()#&:F0-("#<6+&(5

,%)-0,=)%&1(5,5:7%&,0<6+&(5

/&"(5&!%)-0,:<6+&(5

&"A&1,0(&"'8,"#)5:A&1,0(&"<

&"J-&+(5)-.(/,@%)5:F0-("#<

&"J-&+(5)-H",@%)5:F0-("#<

&"F0,0$/'8,"#)5:F0-("#<

&"OC/F0,0$/'8,"#)5:F0-("#<

&"'-),0)TC0(&"/P)"$:P)"$<6@&&%),"
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*@%$)0&&086>%$)0&&08

*%+A(/0,>?6A(/0=()B

*

%(/0,>%$)0&&086A(/0E>%$)0&&08.)+(1
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*,10$,%(3,-6J$%%?&R)7-)/8

*-)#(/0-,5&6@&&%),"
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&"R)7-)/8:<6+&(5

&".)/0-&D:<6+&(5

,55.)+(1)/?&A2/0:<6+&(5

&"R)1)(+):'&"0)I0;2"0)"0<6+&(5

L@(1,1(&"

L@(1,1(&":A&1,0(&"<

#)0FC))5:<67%&,0

=)%&1(5,5

*+)%&1(5,567%&,0

*%(M(0)/67%&,0UV
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9/)0A(M(0)/:7%&,0UV<6+&(5
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9$C5,0)!%)-0,:F0-("#<6F0-("#



bb"

"

"

"

,7"B=>48I7V"34"FBA;76BV75BJ="34"37>$A"K"5$=IBG;875BJ="A4"8476BV78L"4=";=">46NI$=$"5$="

.BA>4<7"-E487>BF$"(=38$B3"67"5;76"5$=A>78L"34"6$A"ABG;B4=>4A"<J3;6$Au"

•" SJ3;6$"146$5B373M"

•" SJ3;6$"h=G;6$"*B4G$M"

•" SJ3;6$"*$=IBG;875BJ=M"

(34<LA%"67A"567A4A"=454A78B7A"E787"8476BV78"67"5$=4WBJ="<43B7=>4"/6;4>$$>D"5$="46"

3BAE$AB>BF$"(83;B=$M"

2.8.3' MÓDULO VELOCIDAD 

2A>4"<J3;6$"5$=ABA>4"4="34>48<B=78" 67"F46$5B373"7" 67"?;4"A4"<;4F4"46"F4D@5;6$"

;>B6BV7=3$" 67" E$AB5BJ=" E8$E$85B$=737" E$8" 46" ABA>4<7" 34" ;9B575BJ=" 346" >46NI$=$" K"

5765;67=3$"7"3BI484=>4A"B=>48F76$A"34">B4<E$M"

O787"46"I;=5B$=7<B4=>$"34"4A>4"<J3;6$"A4"4A>796454"6$"ABG;B4=>4u"

•" ,$A" 6@<B>4A"34"F46$5B373"E$8"34I45>$"7ABG=73$A"7" 67"7E6B575BJ="E787"4<B>B8" 67A"

7648>7A"A4"4A>796454="34"75;483$"76"84G67<4=>$"34"67"()U"75>;76"E787"F4D@5;6$A"

6BFB7=$A%"4A>$A"A$="bm"q<nD%"lm"q<nD"K"\mm"q<nDM"

•" ,7A"7648>7A"A4"4<B>B8L="5737"F4V"?;4"A4"A$984E7A4";=$"34"6$A"6@<B>4A"B=3B573$A"

34"67"ABG;B4=>4"<7=487"

"" .$984E7A78"6$A"bm"q<nDu"A4"4<B>B8L";=7"F4V"67"7648>7"A$=$87"K"A4"<;4A>87"

4="E7=>7667"46"6@<B>4"?;4"A4"4W543BJM"

"" .$984E7A78" 6$A" lm" q<nDu" A4" 4<B>B8L" 3$A" F454A" 67" 7648>7" A$=$87" K" A4"

<;4A>87"4="E7=>7667"46"6@<B>4"?;4"A4"4W543BJM"

"" .$984E7A78"6$A"\mm"q<nDu"A4"4<B>B8L"34"<7=487"5$=>B=;7"67"7648>7"A$=$87"

K"A4"<;4A>87"4="E7=>7667"46"6@<B>4"?;4"A4"4W543BJM"
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"" (3B5B$=76<4=>4"67"7E6B575BJ="5$=>78L"5$=";="<4=H"34"5$=IBG;875BJ="?;4"

E48<B>B8L" <$3BIB578" 4A>$A" F76$84A" K" 7" A;" F4V" 75>BF78n34A75>BF78" 67A"

3BI484=>4A"7648>7A"A4GH="6$"84?;B487"46";A;78B$"w_lxM"

O787" 8476BV78" 67A" I;=5B$=4A" 34>766737A" 7=>48B$8<4=>4" A4" ;>B6BV7" 46" (O!" R$$G64"

0+342#+),'$*.#3$!" 667<737"()&*+#&9%+342#+)%" 67"5;76"=$A"E8$F44"34" 67A" 6B9848@7A"K"

I;=5B$=4A" =454A78B7A" E787" 7;>$<L>B57<4=>4" $9>4=48" 37>$A" 5$<$" <$FB<B4=>$%"

;9B575BJ="E845BA7%"$8B4=>75BJ="G4$G8LIB57%"F46$5B373"34"34AE67V7<B4=>$"346"<JFB6%"

4=>84"$>87A"I;=5B$=4AM""

2A>7"(O!"E48<B>4"<4:$878"46"84=3B<B4=>$"34"67"97>48@7%"K7"?;4"46"ABA>4<7"34>48<B=7"

67";9B575BJ="<43B7=>4">$884A"34">464I$=@7"<JFB6%"8434A"oBIB"?;4"A4"4=5;4=>84="34=>8$"

346"7657=54"346">46NI$=$"K"ABA>4<7"34"A7>N6B>4A%"34"4A>7"<7=487"A4">B4=4"B=I$8<75BJ="

4="7<9B4=>4A"B=>48B$84A"K"4W>48B$84A%"843;5B4=3$"46"5$=A;<$"34"97>48@7"wamxM"

26"E8$543B<B4=>$"?;4";>B6BV7"46"3BAE$AB>BF$"E787"$9>4=48"67";9B575BJ="<LA"E845BA7"A4"

8476BV7"5$<$"B=3B57"67"IBG;87"^M^mM"

"

YBG;87"^M^m"TB7G87<7"34"Y6;:$"E787"$9>4=48"67";9B575BJ="346"3BAE$AB>BF$M"

O787"D7548";A$"34"(=38$B3M6$57>B$="4A"=454A78B$"?;4"67"7E6B575BJ="3BAE$=G7"34"6$A"

ABG;B4=>4A"E48<BA$Au"

!"#$#%

&'(#$%$#)"

*+$,$-%.'/0.

123.4.

%$5,%(#6%$#/"7

+.87.078

37.07$,'70%.

(%.,9#$%$#)".

87.(%.078.4.

7+.

%(:%$7"%8

%.7".$%$-;

<%.,9#$%$#)".

123.7".$%$-;.+7.

87+$%05%.$/:/.

87:%+#%8/.

%"5#=,%

37.07$#97.

,"%.",7>%.

!?.87.$7(8%

37./95#7"7.

(%.,9#$%$#)".

9%+%8%.7".

@#A#.

<%.",7>%.,9#$%$#)".

9%+%8%.7".@#A#.7+.

87+$%05%8%.879#8/.%.

:%4/07+.7+5#:%$#/"7+.

87.700/07+

B"%.:7C/0.

7+5#:%$#)".87.

,9#$%$#)".87.123.

077:'(%6%.(%.

%$5,%(

?7C%.87.

7+$,$-%0.

%$5,%(#6%$#/"7+

*".(%.%'(#$%$#)".+7.

,5#(#6%.(%.:7C/0.

7+5#:%$#)".87.(%.

,9#$%$#)"D.
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•" +45B9B8" 75>;76BV75B$=4A" 34" ;9B575BJ=u" )2Uo-+qPO+-1!T2+, +,

RO.PO+-1!T2+"

•" .B" A4" ;>B6BV7" )2Uo-+qIG5BJ6-;5, <, RO.PO+-1!T2+H" 4A" =454A78B$"

H=B57<4=>4"46"E48<BA$"(**2..PY!)2P,-*(U!-)'46"5;76"A4"B=56;K4"4="46"

785DBF$' (=38$B3S7=BI4A>MW<6M" 26" E48<BA$" (**2..P*-(+.2P,-*(U!-)"

A$6$"E48<B>4"46"7554A$"7"67";9B575BJ="<43B7=>4"67"843"34">464I$=@7"<JFB6M"

T4"4A>7"(O!"A4";>B6BV78L="67A"ABG;B4=>4A"I;=5B$=4Au""

2.8.3.1' getSpeed 

(Q73B37"4="(O!" %$.$%"\M"-9>B4=4"67"F46$5B373"4="<4>8$AnA4G;=3$"AB"A4"4=5;4=>87"

3BAE$=B964%"4="57A$"34"=$"4A>78"3BAE$=B964"84>$8=78L"mMmM"

Y$8<7>$u"

float getSpeed () 

 

Returns 

Float 

2.8.3.2' LocationListener 

public interface LocationListener  

android.location.LocationListener 

'>B6BV737" E787" 845B9B8" =$>BIB575B$=4A" 34A34" 46" (3<B=BA>873$8" 34" '9B575B$=4A"

c%C>FBACM5FMFXYGe%" 5;7=3$"4WBA>4";="57<9B$"34";9B575BJ=M"2A>$A"<N>$3$A"A$="

667<73$A" AB" 46" %C>FBACM%AZBYMYG" D7" AB3$" 84GBA>873$" ;>B6BV7=3$" 46" A48FB5B$"

GY[@YZB%C>FBACM$\]FBYZ^"BGAMXD'_CMXD'`_CFBD'%C>FBACM%AZBYMYGa;'

*$=A>7"34"6$A"ABG;B4=>4A"<N>$3$A"E787"A;"B<E64<4=>75BJ=u"

2.8.3.3' onLocationChanged 

(Q73B3$"4="(O!"64F46"\"

void onLocationChanged (Location location) 
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,67<73$"5;7=3$"67";9B575BJ="D7"57<9B73$"

"

r"O78L<4>8$Au"

6$57>B$=" ,$57>B$=u" ,7" =;4F7" ;9B575BJ=%"

5$<$";="$9:4>$",$57>B$=M"

2.8.3.4' onProviderDisabled 

(Q73B3$"4="(O!"64F46"\"

void onProviderDisabled (String provider) 

.4" 667<7" 5;7=3$" 46" E8$F443$8" 4A" B=D79B6B>73$" E$8" 46" ;A;78B$M" .B"

84?;4A>,$57>B$='E37>4A" 667<7" 7" E8$F443$8" 34AD79B6B>73$%" 4A>4"<N>$3$" A4" 667<7"

B=<43B7>7<4=>4M"

"

O78L<4>8$A"

E8$FB348" .>8B=Gu"46"=$<984"346"E8$F443$8"34";9B575BJ="

7A$5B73$"7"4A>7"75>;76BV75BJ=M"

2.8.3.5' onProviderEnabled 

(Q73B3$"4="(O!"64F46"\"

void onProviderEnabled (String provider) 

,67<73$"5;7=3$"46"E8$F443$8"4A"D79B6B>73$"E$8"46";A;78B$"

O78L<4>8$A"

E8$FB348" .>8B=Gu" 46" =$<984" 346" E8$F443$8" 34"

;9B575BJ="7A$5B73$"7"4A>7"75>;76BV75BJ=M"

2.8.3.6' onStatusChanged 

(Q73B3$"4="(O!"64F46"\"

void onStatusChanged (String provider, int status, Bundle extras)  
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"

,67<73$"5;7=3$"46"E8$F443$8"57<9B7"34"4A>73$M"2A>4"<N>$3$"A4"667<7"5;7=3$";="

E8$F443$8"=$"E;434"$9>4=48";=7";9B575BJ="$"AB"46"E8$F443$8"D7"4A>73$"3BAE$=B964"

845B4=>4<4=>4"34AE;NA"34";="E48@$3$"34"B=3BAE$=B9B6B373M"

O78L<4>8$A"

E8$FB348" .>8B=Gu" 46" =$<984" 346" E8$F443$8" 34" ;9B575BJ="

7A$5B73$"7"4A>7"75>;76BV75BJ=M"

A>7>;A" B=>u"-'UP-YP.2+1!*2"AB" 46" E8$F443$8" 4A>L"

I;487"34"A48FB5B$"K"=$"A4"4AE487"?;4"57<9B4"4="

;="I;>;8$"E8JWB<$C""

U2SO-+(+!,#P')(1(!,(/,2"AB" 46" E8$F443$8"

=$" 4A>L" 3BAE$=B964" >4<E$876<4=>4%" E48$" A4"

4AE487"?;4"4A>N"3BAE$=B964"4="984F4M"#""

"(1(!,(/,2"AB" 46" E8$F443$8" 4A>L" 75>;76<4=>4"

3BAE$=B964M"

4W>87A" /;=364u" '=" E7?;4>4" $E5B$=76" ?;4" 5$=>4=38L"

F78B7964A"34"4A>73$"4AE45@IB57A"346"E8$F443$8M"

,$A" E8$F443$84A" ?;4" ;>B6B54=" 5;76?;B487" 34" 67A"

567F4A"34"4A>7" 6BA>7"3494="E8$E$85B$=78"46" F76$8"

5$884AE$=3B4=>4"76"=H<48$"34"A7>N6B>4A";>B6BV73$A"

E787"$9>4=48"67"7E8$WB<75BJ=M"

,7"34567875BJ="34"67"B=>48I7V"A4"E;434"$9A48F78"4="46"5J3BG$"^MlM"

';" &+,"-%!:&A.5%A;25T:-%5&;K"39-:-13*!!!

+;" &+,"-%!:&A.5%A;25T:-%5&;Q5T:-%5&*!!!

);" &+,"-%!:&A.5%A;53;U1&A20*!!!

M;" !!!

,;" ,./'&!!&#%0-12!0!Q5T:-%5&Q%3-0&0.!03%0#*$!:&A.5%A;25T:-%5&;Q5T:-%5&Q%3-0&0.4!K"39-:-

13;Q%3-0&0.!!!

>;" 8!!!

N;" !!!!,./'&!!)"&*!5&Q5T:-%5&VW:&/0A6Q5T:-%5&!25T:-%5&7*!!!

X;" !!!!,./'&!!)"&*!5&$.5Y%A0.Z%3:<20A69-.%&/!".5Y%A0.7*!!!

=;" !!!!,./'&!!)"&*!5&$.5Y%A0.[&:<20A69-.%&/!".5Y%A0.7*!!!

'?;"!!!!,./'&!!)"&*!5&9-:-13VW:&/0A69-.%&/!".5Y%A0.4!&#%!3-:-134!U1&A20!0\-.:37*!!!

'';"!!!!,./'&!!)"&*!5&K"39-:-13VW:&/0A6&#%!0Y0&-7*!!!

'+;"G!!

*J3BG$""^Ml"T4567875BJ="34"67"B=>48I7V"E787"75>;76BV78";9B575BJ="34"RO."
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2.8.3.7' Clase Ubicación.java 

,7" 567A4" '9B575BJ=M:7F7" E48<B>4" 7" >87FNA" 34" 6$A" 37>$A" $9>4=B3$A" <43B7=>4" 6$A"

F76$84A"34"E$AB5B$=7<B4=>$"E$8"RO."K"A;"F78B75BJ="4="46">B4<E$M".;"34567875BJ="A4"

B=3B57"4="46"5J3BG$"^M\mM"

';" &+,"-%!:&A.5%A;25T:-%5&;Q5T:-%5&*!!!

+;" ,./'&!!!'2$$!D<%T:T%5&!03%0#*$!Q5T:-%5&8!!!

);" !!!!,./'&!!D<%T:T%5&6Q5T:-%5&!25T:-%5&7!!!

M;" !!!!8!!!

,;" !!!!!!!!$.,0-625T:-%5&7*!!!

>;" !!!!G!!!

*J3BG$""^M\m"T4567875BJ="34"67"567A4"'9B575BJ=M:7F7"

2="46"5J3BG$"^M\\"A4"5765;67"67"F46$5B373"346"3BAE$AB>BF$"7"E78>B8"34"6$A"57<9B$A"34"

;9B575BJ="346">46NI$=$M"

,7"F46$5B373"A4"$9>B4=4"4="<nA%"AB4=3$"=454A78B$"5$=F48>B867"7"q<nD"

c<;6>BE6B578"E$8"_MfeM"

N;" !!!!]FY0..%A0!!!

X;" !!!!,./'&!!1'"2%!/0-9"00A67!!!

=;" !!!!8!!!

'?;"!!!!!!!!1'"2%!&9"00A!(!$.,0-;/0-9"00A67O);>^*!!!

'';"!!!!!!!!-0%.-#!&9"00A*!!!

'+;"!!!!G!!!

');"G!!!

*J3BG$""^M\\"Y;=5BJ="?;4"5765;67"67"F46$5B373"7"67"?;4"A4"<;4F4"46"F4D@5;6$"

2="46"5J3BG$"̂ M\^"A4"4A>796454"6$A"<N>$3$A"=454A78B$A"E787"E8$54A78"67"B=I$8<75BJ="

34"F46$5B373"K"7648>7A"E$8"A$984E7A78"6$A"6@<B>4A"4A>79645B3$AM!!"

';" ,./'&!!!'2$$!_025T%A:A!03%0#*$!`""V5a":-`T-%Y%-I!8!!!

+;" !!!

);" !!!!1'"2%!Y025T%A:A!(?*!!!

M;" !!!!1'"2%bc!2%a%-03!(!8,?4=?4'??G*!!!

,;" !!!!,./'&!!_025T%A:A67!8!!!

>;" !!!!,./'&!!)"&*!30-Q%a%-0361'"2%bc!2%a%-037!8!!!

N;" !!!!!!!!%4&$;2%a%-03!(!2%a%-03*!!!

X;" !!!!G!!!

*J3BG$""^M\^"T4567875BJ="34"567A4"146$5B373M:7F7"
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26"5J3BG$"^M\_"34F;46F4"67"F46$5B373"75>;76"5$<$">4W>$M"

=;" !!!!,./'&!!9-.%&/!1"A:-09"00A6D<%T:T%5&!25T:-%5&7!%4-"5$![\T0"-%5&!!!

'?;"!!!!8!!!

'';"!!!!!!!!%-6!8!!!

'+;"!!!!!!!!!!!!Y025T%A:A!(!?*!!!

');"!!!!!!!!!!!!&1!625T:-%5&!d(!#.''7!8!!!

'M;"!!!!!!!!!!!!!!!!Y025T%A:A!(!25T:-%5&;/0-9"00A67*!!!

',;"!!!!!!!!!!!!G!!!!!

'>;"!!!!!!!!!!!!e5.a:--0.!3"00A!(!#05!e5.a:--0.6#05!9-.%&/U1%2A0.677*!!!

'N;"!!!!!!!!!!!!3"00A;^5.a:-6Q5T:20;D94!Rf;?^R4!Y025T%A:A7*!!!

'X;"!!!!!!!!!!!!9-.%&/!3-.V1..0&-9"00A!(!3"00A;-59-.%&/67*!!!!!

'=;"!!!!!!!!-0%.-#!3-.V1..0&-9"00A*!!!!!

+?;"!!!!!!!!G!2%!4!6[\T0"-%5&!07!8!!!

+';"!!!!!!!!!!!!E5:3-!-5:3-!(!E5:3-;a:g0E0\-6%4&$4!0;/0-@033:/0674!E5:3-;Q[CKEJH9JFhE7*!!

++;"!!!!!!!!!!!!-5:3-;3W5#67*!!!

+);"!!!!!!!!G!!!!

+M;"!!!!!!!!-0%.-#!R?R*!!!

+,;"!!!!G!!!

*J3BG$""^M\_"*$=F48ABJ="7">4W>$"346"F76$8"34"F46$5B373"$9>4=B3$"<43B7=>4"RO."

"26"5J3BG$"^M\a"34F;46F4"46"F76$8"34"67"7648>7"34>45>737"?;4"A$984E7A7"46"6@<B>4"34"

F46$5B373M""

+>;"!!!!,./'&!!9-.%&/!1"A:-0`20.-:69-.%&/!Y:25._025T%A:A78!!!

+N;"!!!

+X;"!!!!!!!!Y025T%A:A!(!e25:-;":.30e25:-6Y:25._025T%A:A7*!!!

+=;"!!!

)?;"!!!!!!!!1'"2%!Y:25.`20.-:(?*!!!

)';"!!!!!!!!&16Y025T%A:Ai2%a%-03b?c78!!!

)+;"!!!!!!!!!!!!Y:25.`20.-:(?*!!!

));"!!!

)M;"!!!!!!!!G0'$0!&1!6Y025T%A:A!j(!2%a%-03b?c!kk!Y025T%A:A!i2%a%-03b?cl'?78!!!

),;"!!!!!!!!!!!!Y:25.`20.-:!(!2%a%-03b?c*!!!

)>;"!!!

)N;"!!!!!!!!G!0'$0!&16Y025T%A:A!j(!2%a%-03b'c!kk!Y025T%A:A!i2%a%-03b'cl'?7!8!!!

)X;"!!!!!!!!!!!!Y:25.`20.-:!(!2%a%-03b'c*!!!

)=;"!!!!!!!!G0'$0!&16Y025T%A:A!j(!2%a%-03b+c!78!!!

M?;"!!!!!!!!!!!!Y:25.`20.-:!(!2%a%-03b+c*!!!

M';"!!!!!!!!G!!!

M+;"!!!

M);"!!!!!!!!e5.a:--0.!:20.-:!(!#05!e5.a:--0.6#05!9-.%&/U1%2A0.677*!!!
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MM;"!!!!!!!!:20.-:;^5.a:-6Q5T:20;D94!Rf,;?^R4!Y:25.`20.-:7*!!!

M,;"!!!!!!!!9-.%&/!3-.`20.-:!(!:20.-:;-59-.%&/67*!!!

M>;"!!!!!!!!-0%.-#!3-.`20.-:*!!!

MN;"!!!!G!!!

MX;"G!!!

*J3BG$""^M\a"T4>455BJ="34"7648>7A"7"E78>B8"34"67"F46$5B373M"

2.8.4' MÓDULO ÁNGULO CIEGO 

O787"67"34>455BJ="346"L=G;6$"5B4G$"A4"34A788$6678L"67A"567A4A"34"5$=4WBJ="<43B7=>4"

96;4>$$>D"K"46"E8$54A7<B4=>$"34"67"B=I$8<75BJ="845B9B37"34A34"46"3BAE$AB>BF$"(83;B=$"

E787"4<B>B8"67"7648>7"4="57A$"34"67"34>455BJ="34";="$9:4>$"4="46";<9876"346"L=G;6$"

5B4G$M"

.4"4A>796454="67A"ABG;B4=>4A"I;=5B$=4Au"

•" 26" ABA>4<7"<$A>878L" 7648>7A" FBA;764A" 5737" F4V" ?;4";="$9:4>$" B=G84A4"7" 67"

V$=7"34"(=G;6$"5B4G$M"

•" ,7A"7648>7A"A$=$87A"A4"4<B>B8L="5;7=3$";="$9:4>$"A4"4=5;4=>84"4="46"L=G;6$"

5B4G$"K"4A>N"75>BF737"67"6;V"B=>48<B>4=>4"34"57<9B$"34"5788B6"84AE45>BF7"7"4A4"

A4=A$8M"

•" ,7"5$=4WBJ="E787"$9>4=48"6$A"37>$A"A4"8476BV78L"7">87FNA"34"/6;4>$$>D"D75B7"

67"E6757"783;B=$%"4A>4"E8$54A$"B<E6B57u"

o" /HA?;437"34"6$A"3BAE$AB>BF$A"/6;4>$$>D"5$=45>73$AM"

o" .46455BJ="346"3BAE$AB>BF$M"

o" 2A>79645B<B4=>$"34"67"5$=4WBJ=M"

o" U87=A<BABJ="34"37>$AM"

o" *B4884"34"67"5$=4WBJ=M"

2.8.4.1' Clase BuscarBT.java 

2A>7"567A4"8476BV7";=7"9HA?;437"34">$3$A"6$A"3BAE$AB>BF$A"/6;4>$$>D"54857=$A"K"?;4"

A4"4=5;4=>84="4="<$3$"FBAB964M"



f_"

"

"

"

O787" 9;A578"6$A"3BAE$AB>BF$A"/6;4>$$>D"3BAE$=B964A"E787"8476BV78"67"5$=4WBJ=" A4"

34>7667"4="46"5J3BG$"^M\b%"^%\f%"^%\gM"2A>4"5J3BG$"5$=ABA>4"4="B=B5B78"67"9HA?;437"34"

6$A"3BAE$AB>BF$A"4<E784:73$A%"7G84G78"7"67"6BA>7"6$A"=;4F$A"3BAE$AB>BF$A"4=5$=>873$A"

K"4<E784:78"5$="46"3BAE$AB>BF$"/6;4>$$>D"A46455B$=73$M"

';" !!!!]FY0..%A0!!!

+;" !!!!,-"%0!%0*!)"&*!5&V.0:-06U1&A20!3:Y0AB&3-:&T09-:-07!8!!!

);" !!!!!!!!$.,0-;5&V.0:-063:Y0AB&3-:&T09-:-07*!!!

M;" !!!!!!!!30-V5&-0&-_%0#6h;2:I51-;3T:&7*!!!

,;" !!!

>;" !!!!!!!!2YU210-55-W!(!6Q%3-_%0#7^%&A_%0#UIBA6h;%A;2YQ%3-:7*!!!

N;" !!!!!!!!-Y[3-:A5!(!6E0\-_%0#7!^%&A_%0#UIBA6h;%A;-Y[3-:A57*!!!

X;" !!!!!!!!"<`T-1:2%m:.!(!6$.5/.033U:.7!^%&A_%0#UIBA6h;%A;"<9T:&7*!!!

=;" !!!!!!!!<-U13T:.!(!6U1--5&7!^%&A_%0#UIBA6h;%A;<-&h0"0-%.U13n10A:7*!!!

*J3BG$""^M\b""!=B5B76BV7"6$A"5$=>8$64A"34"67"B=>48I7V"34"9HA?;437"34"/6;4>$$>D"

'?;"!!!!]FY0..%A0!!!

'';"!!!!,./'&!!)"&*!5&Z0Y%T061&#2'!U210-55-WZ0Y%T0!A%3"53%-%Y57!8!!!

'+;"!!!!!!!!1&#2'!U210-55-WZ0Y%T0!-0a"!(!A%3"53%-%Y5*!!!

');"!!!!!!!!2%3-:U210-55-W;:AA6A%3"53%-%Y57*!!!

'M;"!!!

',;"!!!!!!!!.1&F&D%EW.0:A6#05!h1&&:<2067!8!!!

'>;"!!!!!!!!!!!!]FY0..%A0!!!

'N;"!!!!!!!!!!!!,./'&!!)"&*!.1&67!8!!!

'X;"!!!!!!!!!!!!!!!!:A:"-:A5.;:AA6-0a";/0-`AA.03367lR!o!Rl-0a";/0-C:a0677*!!!

'=;"!!!!!!!!!!!!G!!!

+?;"!!!!!!!!G7*!!!

+';"!!!!G!!!

*J3BG$""^M\f"O48<B>4"B=>4875>;78"5$="6$A"37>$A"34";=7"6BA>7"4=";=7"FBA>7"

++;"!!!!]FY0..%A0!!!

+);"!!!!,./'&!!)"&*!5&$:%.6U210-55-WZ0Y%T0!A%3"53%-%Y57!8!!!

+M;"!!!!!!!!Y%3%<%2%A:A$.5/.033U:.6_%0#;BC_B9BUQ[7*!!!

+,;"!!!!!!!!03-:A5U210-55-W6R[a":.0p:A5R7*!!!

+>;"!!!!!!!!B&-0&-!%!(!#05!B&-0&-6U13T:.UE;%4&$4!9020TT%5&:.UE;!'2$$7*!!!

+N;"!!!!!!!!3-:.-`T-%Y%-I6%7*!!!

+X;"!!!!!!!!^%&%3W67*!!!

+=;"!!!!G!!!

)?;"!!!!!!



fa"

"

"

"

)';"!!!!]FY0..%A0!!!

)+;"!!!!,./'&!!)"&*!5&D&":%.6U210-55-WZ0Y%T0!A%3"53%-%Y57!8!!!

));"!!!!!!!!Y%3%<%2%A:A$.5/.033U:.6_%0#;BC_B9BUQ[7*!!!

)M;"!!!!!!!!03-:A5U210-55-W6R[a":.0p:A5dR7*!!!

),;"!!!!G!!!

*J3BG$"^M\g""O8$54A$"E787"4<E784:78"46"3BAE$AB>BF$"/6;4>$$>D"5$="46">46NI$=$""

2.8.4.2' Clase SeleccionarBT.java 

2A>7"567A4"E48<B>4"A46455B$=78";=$"34"6$A"3BAE$AB>BF$A"E84FB7<4=>4"845$5B3$A"E$8"

67"567A4"/;A578/UM:7F7"K"4A>796454"67"5$=4WBJ="5$="46"3BAE$AB>BF$M"

T4"75;483$"7"67A"(O!"34"R$$G64"K"6$A"4:4<E6$A"?;4"E8$E$85B$=7"(=38$B3".>;3B$"46"

5J3BG$"^M\i"75>;76BV7"67"6BA>7"34"3BAE$AB>BF$A"/6;4>$$>D"3BAE$=B964AM"

';" !!!!]FY0..%A0!!!

+;" !!!!,./'&!!)"&*!5&h0^.03W67!8!!!

);" !!!!!!!!Q%3-i9-.%&/j!&:a03!(!#05!`..:IQ%3-i9-.%&/j67*!!!

M;" !!!!!!!!1"-!6U210-55-WZ0Y%T0!A!S!<210-55-W;/0-$:%.0AZ0Y%T036778!!!

,;" !!!!!!!!!!!!&:a03;:AA6A;/0-C:a0677*!!!

>;" !!!!!!!!G!!!

N;" !!!!!!!!9-.%&/bc!:..:I!(!&:a03;-5`..:I6#05!9-.%&/b&:a03;3%m067c7*!!!

X;" !!!!!!!!1&#2'!`..:I`A:"-0.i9-.%&/j!:A:"-0.!(!#05!`..:I`A:"-0.i9-.%&/j6%4&$4!!!

=;" !!!!!!!!!!!!!!!!:&A.5%A;h;2:I51-;3%a"20H2%3-H%-0aH'4!:&A.5%A;h;%A;-0\-'4!:..:I7*!!!

'?;"!!!!!!!%4&$;.1&F&D%EW.0:A6#05!h1&&:<2067!8!!!

'';"!!!!!!!!!!!!]FY0..%A0!!!

'+;"!!!!!!!!!!!!,./'&!!)"&*!.1&67!8!!!

');"!!!!!!!!!!!!!!!!2YQ%3-:UE;.0a5Y0_%0#36?4!2YQ%3-:UE;/0-V51&-677*!!!

'M;"!!!!!!!!!!!!!!!!2YQ%3-:UE;30-`A:"-0.6:A:"-0.7*!!!

',;"!!!!!!!!!!!!!!!!2%3-:U210-55-W!(!<210-55-W;/0-$:%.0AZ0Y%T0367*!!!

'>;"!!!!!!!!!!!!G!!!

'N;"!!!!!!!!G7*!!!

'X;"!!!!!!!!:T-1:2%m:.;.0^.03WV5a"20-067*!!!G!!!

*J3BG$""^M\i""(5>;76BV7"67"6BA>7"34"3BAE$AB>BF$A"4<E784:73$A"

26"5J3BG$"^M\l"7Q734"7"67"6BA>7"6$A"3BAE$AB>BF$A"4<E784:73$A"5$="46">46NI$=$"

'=;"!!!!,-&)2%0!)"&*!:AAZ0Y%T03E5Q%3-678!!!

+?;"!!!!!!!!2%3-:U210-55-W!(!<210-55-W;/0-$:%.0AZ0Y%T0367*!!!!



fb"

"

"

"

+';"!!!!!!!!Q%3-i9-.%&/j!&:a03!(!#05!`..:IQ%3-ij67*!!

++;"!!!!!!!!1"-!6U210-55-WZ0Y%T0!A!S!2%3-:U210-55-W78!!!

+);"!!!!!!!!!!!!&:a03;:AA6A;/0-C:a0677*!!!

+M;"!!!!!!!!G!!!

+,;"!!!

+>;"!!!!!!!!9-.%&/bc!:..:I!(!&:a03;-5`..:I6#05!9-.%&/b&:a03;3%m067c7*!!!

+N;"!!!

+X;"!!!!!!!!`..:I`A:"-0.i9-.%&/j!:A:"-0.!(!#05!`..:I`A:"-0.ij6%4&$4!!!

+=;"!!!!!!!!!!!!!!!!:&A.5%A;h;2:I51-;3%a"20H2%3-H%-0aH'4!:&A.5%A;h;%A;-0\-'4!:..:I7*!!!

)?;"!!!

)';"!!!!!!!!2YQ%3-:UE;30-`A:"-0.6:A:"-0.7*!!!

)+;"!!!!!!!!<-&U13T:.U210-55-W;30-[&:<20A6%-.07*!!!

));"!!!!G!!!

*J3BG$""^M\l"(Q734";="=;4F$"3BAE$AB>BF$"/6;4>$$>D"

'=7"F4V"8476BV737"67"5$=4WBJ="/6;4>$$>D"4A"=454A78B$"F48BIB578"AB"$5;884="57<9B$A"

4="46"4A>73$"34"67"5$=4WBJ="5$="46"3BAE$AB>BF$"4<E784:73$%"5$<$"A4"<;4A>87"4="46"

5J3BG$"^M^m%"46"<N>$3$"B<E64<4=>73$"E48<B>4"34>45>78"AB"A4"4=5;4=>87"4="4A>73$"

7E7G73$%"4=54=3B3$"$"D7"$5;88B3$";="488$8"4="67"5$=4WBJ=M"

)M;"!!!!,-&)2%0!1&#2'!U.5:AT:3-h0T0%Y0.!ah0T0%Y0.!(!#05!U.5:AT:3-h0T0%Y0.67!8!!!

),;"!!!!!!!!]FY0..%A0!!!

)>;"!!!!!!!!,./'&!!)"&*!5&h0T0%Y06V5&-0\-!T5&-0\-4!B&-0&-!%&-0&-7!8!!!

)N;"!!!!!!!!!!!!1&#2'!9-.%&/!:T-%5&!(!%&-0&-;/0-`T-%5&67*!!!

)X;"!!!

)=;"!!!!!!!!&1!6:T-%5&;0n1:236U210-55-W`A:"-0.;`VEBFCH9E`E[HVJ`CK[Z77!8!!!

M?;"!!!!!!!!!!!!!!!

M';"!!!!!!!!!!!!1&#2'!&#%!3-:-0!(!%&-0&-;/0-B&-[\-.:6U210-55-W`A:"-0.;[qEh`H9E`E[4!!!!

M+;"!!!!!!!!!!!!!!!!!!!!U210-55-W`A:"-0.;[hhFh7*!!!

M);"!!!

MM;"!!!!!!!!!!!!$5&%!4!63-:-07!8!!!

M,;"!!!!!!!!!!!!!!!!!2$0!U210-55-W`A:"-0.;9E`E[HFeeS!!!

M>;"!!!!!!!!!!!!!!!!!!!!.1&F&D%EW.0:A6#05!h1&&:<2067!8!!!

MN;"!!!!!!!!!!!!!!!!!!!!!!!!]FY0..%A0!!!

MX;"!!!!!!!!!!!!!!!!!!!!!!!!,./'&!!)"&*!.1&67!8!!!

M=;"!!!!!!!!!!!!!!!!!!!!!!!!!!!!2YQ%3-:UE;30-[&:<20A612'$07*!!!

,?;"!!!!!!!!!!!!!!!!!!!!!!!!G!!!

,';"!!!!!!!!!!!!!!!!!!!!G7*!!!

,+;"!!!!!!!!!!!!!!!!!!!!E5:3-;a:g0E0\-69020TT%5&:.UE;%4&$4!R[&T0&A0.!U210-55-WR4!!!

,);"!!!!!!!!!!!!!!!!!!!!!!!!!!!!E5:3-;Q[CKEJHQFCK7;3W5#67*!!!

,M;"!!!!!!!!!!!!!!!!!!!!/-027*!!!



ff"

"

"

"

,,;"!!!!!!!!!!!!!!!!!2$0!U210-55-W`A:"-0.;9E`E[HFCS!!!

,>;"!!!!!!!!!!!!!!!!!!!!.1&F&D%EW.0:A6#05!h1&&:<2067!8!!!

,N;"!!!!!!!!!!!!!!!!!!!!!!!!]FY0..%A0!!!

,X;"!!!!!!!!!!!!!!!!!!!!!!!!,./'&!!)"&*!.1&67!8!!!

,=;"!!!!!!!!!!!!!!!!!!!!!!!!!!!!:AAZ0Y%T03E5Q%3-67*!!!

>?;"!!!!!!!!!!!!!!!!!!!!!!!!!!!!2YQ%3-:UE;30-[&:<20A6%-.07*!!!

>';"!!!!!!!!!!!!!!!!!!!!!!!!G!!!

>+;"!!!!!!!!!!!!!!!!!!!!G7*!!!

>);"!!!!!!!!!!!!!!!!!!!!/-027*!!!

>M;"!!!!!!!!!!!!G!!!

>,;"!!!!!!!!G!!!

>>;"!!!!!!!!G!!!

>N;"!!!!G*!!!

>X;"G!!!

*J3BG$""^M^m"148BIB57"46"4A>73$"34"67"5$=4WBJ="/6;4>$$>D"

2.8.4.3' Clase AnguloCiego.java 

2A>7"567A4"E8$54A7"67"B=I$8<75BJ="4=FB737"E$8"46"3BAE$AB>BF$"(83;B=$"K"34>45>7"AB"A4"

3494"D79B6B>78"67"7648>7"E$8";="$9:4>$"4="46"L=G;6$"5B4G$M",7"34567875BJ="34"67"567A4"

(=G;6$*B4G$M:7F7" A4" E;434" 84FBA78" 4=" 46" 5J3BG$" ^M^\%" ^M^^" 67" 5;76" 5$=ABA>4" 4="

F78B7964A"E787"76<754=78"67"3BA>7=5B7"4=FB737"E$8"6$A"A4=A$84A"K"F78B7964A"6JGB57A"

E787"4A>7964548"46"4A>73$"34"75>BF75BJ="346"A4=A$8M"

';" ,./'&!!!'2$$!`&/125V%0/5!8!!!

+;" !!!

);" !!!!,./'&!!`&/125V%0/56/""'02#!30&35.Bmn1%0.A54!/""'02#!30&35.Z0.0TW54!1'"2%!Y:25.Z%

3-:&T%:Bmn1%0.A54!1'"2%!Y:25.Z%3-:&T%:Z0.0TW57!8!!!

M;" !!!!!!!!%4&$;30&35.Bmn1%0.A5!(!30&35.Bmn1%0.A5*!!!

,;" !!!!!!!!%4&$;30&35.Z0.0TW5!(!30&35.Z0.0TW5*!!!

>;" !!!!!!!!%4&$;Y:25.Z%3-:&T%:Bmn1%0.A5!(!Y:25.Z%3-:&T%:Bmn1%0.A5*!!!

N;" !!!!!!!!%4&$;Y:25.Z%3-:&T%:Z0.0TW5!(!Y:25.Z%3-:&T%:Z0.0TW5*!!!

X;" !!!!G!!!

*J3BG$""^M^\"T4567875BJ="34"67"567A4"(=G;6$*B4G$"K"*$=A>8;5>$8"
"

26"5J3BG$"^M^^"E48<B>4"7ABG=78"K"<$3BIB578"F76$84A"7";="$9:4>$"(=G;6$*B4G$"

=;" !!!!,./'&!!)"&*!30-90&35.Bmn1%0.A56/""'02#!30&35.Bmn1%0.A57!8!!!

'?;"!!!!!!!!%4&$;30&35.Bmn1%0.A5!(!30&35.Bmn1%0.A5*!!!

'';"!!!!G!!!



fg"

"

"

"

'+;"!!!,./'&!!)"&*!30-90&35.Z0.0TW56/""'02#!30&35.Z0.0TW57!8!!!

');"!!!!!!!!%4&$;30&35.Z0.0TW5!(!30&35.Z0.0TW5*!!!

'M;"!!!!G!!!

',;"!!!

'>;"!!!!,./'&!!)"&*!30-_:25.Z%3-:&T%:Bmn1%0.A561'"2%!Y:25.Z%3-:&T%:Bmn1%0.A57!8!!!

'N;"!!!!!!!!%4&$;Y:25.Z%3-:&T%:Bmn1%0.A5!(!Y:25.Z%3-:&T%:Bmn1%0.A5*!!!

'X;"!!!!G!!!

'=;"!!!

+?;"!!!!,./'&!!)"&*!30-_:25.Z%3-:&T%:Z0.0TW561'"2%!Y:25.Z%3-:&T%:Z0.0TW57!8!!!

+';"!!!!!!!!%4&$;Y:25.Z%3-:&T%:Z0.0TW5!(!Y:25.Z%3-:&T%:Z0.0TW5*!!!

++;"!!!!G!!!

+);"G!!!

*J3BG$""^M^^"(554A$8B$A"E787"7ABG=78"F76$84A"7";="$9:4>$"(=G;6$*B4G$"

2.8.5' MÓDULO CONFIGURACIÓN 

*$=ABA>4"4=";="<4=H"?;4"E48<B>7"A46455B$=78";="87=G$"34"F76$84A"E787"75>BF78"67A"

7648>7A"E$8"A$984E7A78"46"6@<B>4"34"F46$5B373M"

2.8.5.1' Clase ConfiguraciónActivity.java 

,7"7E6B575BJ="E48<B>B8L"76";A;78B$"<$3BIB578"46" F76$8"4="46"5;76"34>45>4"46" 6@<B>4"K"

3BAE784" 67" 7648>7%" 4=" 46" 5J3BG$" ^M^_" A4" B<E64<4=>7" 46" 5J3BG$" =454A78B$" E787" 67"

B=>48I7V"34"5$=IBG;875BJ=M"

';" ,./'&!!!'2$$!V5&^%/1.:T%5&`T-%Y%-I!03%0#*$!`T-%Y%-I!8!!!

+;" !!!!]FY0..%A0!!!

);" !!!!,-"%0!%0*!)"&*!5&V.0:-06U1&A20!3:Y0AB&3-:&T09-:-07!8!!!

M;" !!!!!!!!$.,0-;5&V.0:-063:Y0AB&3-:&T09-:-07*!!!

,;" !!!!!!!!/0-e.:/a0&-@:&:/0.67;<0/%&E.:&3:T-%5&67!!!

>;" !!!!!!!!!!!!!!!!;.0"2:T06:&A.5%A;h;%A;T5&-0&-4!#05!V5&^%/1.:T%5&e.:/a0&-677!!!

N;" !!!!!!!!!!!!!!!!;T5aa%-67*!!!

X;" !!!!G!!!

=;" G!!!

*J3BG$""^M^_"!=B5B76BV7"46"5J3BG$"E787"<$3BIB578"67"*$=IBG;875BJ="34"67"75>BFB373M"

2.8.5.2' Clase ConfiguracionFragment.java 

2A>7" 567A4"E48<B>4" G;78378" 6$A" 57<9B$A" 67A"5$=IBG;875B$=4A"34" 67"7E6B575BJ=%" A4"

B=3B57"4="46"5J3BG$"^Ma"



fi"

"

"

"

+M;",./'&!!!'2$$!V5&^%/1.:T%5&e.:/a0&-!03%0#*$!$.0^0.0&T0e.:/a0&-!8!!!

+,;"!!!

+>;"!!!!]FY0..%A0!!!

+N;"!!!!,./'&!!)"&*!5&V.0:-06U1&A20!3:Y0AB&3-:&T09-:-07!8!!!

+X;"!!!!!!!!$.,0-;5&V.0:-063:Y0AB&3-:&T09-:-07*!!!

+=;"!!!!!!!!:AA$.0^0.0&T03e.5ah0351.T06h;\a2;30--%&/37*!!!

)?;"!!!!G!!!

)';"G!!!

*J3BG$""^M^a"!=B5B76BV75BJ="346"Y87G<4=>"E787"G;78378"67A"5$=IBG;875B$=4A"

2.8.6' CLASE PRINCIPAL.JAVA 

,7"567A4"O8B=5BE76M:7F7"B=B5B7"67"75>BFB373"B=F$57=3$"6$A"<N>$3$A"4AE45@IB5$A"E787"46"

I;=5B$=7<B4=>$"34"67"B=>48I7V"?;4"A4"<;4A>87"76";A;78B$M"

,7"B=B5B76BV75BJ="34"67A"F78B7964A"A4"B=3B57"4="46"5J3BG$"^M^b"76"5J3BG$"^M"

•" ,7"B=B5B76BV75BJ="34"67A"B<LG4=4A"E787"<$A>878"46"L=G;6$"5B4G$"A4"5$=IBG;87"

4="=4G8$"E787"46"A4=A$8"34845D$"4"BV?;B483$M"148"5J3BG$"^M^bM"

';" !!!!]FY0..%A0!!!

+;" !!!!,-"%0!%0*!)"&*!5&V.0:-06U1&A20!3:Y0AB&3-:&T09-:-07!8!!!

);" !!!!!!!!$.,0-;5&V.0:-063:Y0AB&3-:&T09-:-07*!!!

M;" !!!!!!!!30-V5&-0&-_%0#6h;2:I51-;:T-%Y%-IHa:%&7*!!!

,;" !!!

>;" !!!!!!!!%a/90&35.Bmn1%0.A5(6Ba:/0_%0#7^%&A_%0#UIBA6h;%A;%a:/0Bmn1%0.A:7*!!!

N;" !!!!!!!!%a/90&35.Bmn1%0.A5;30-U:Tg/.51&AV525.6V525.;UQ`Vr7*!!!

X;" !!!

=;" !!!!!!!!%a/90&35.Z0.0TW5(6Ba:/0_%0#7^%&A_%0#UIBA6h;%A;%a:/0Z0.0TW:7*!!!

'?;"!!!!!!!!%a/90&35.Z0.0TW5;30-U:Tg/.51&AV525.6V525.;UQ`Vr7*!!!

'';"!!!!!!!!-YQ5/3!(!6E0\-_%0#7^%&A_%0#UIBA6h;%A;-YQ5/37*!!!

*J3BG$""^M^b"!=B5B76BV75BJ="34"67A"F78B7964A"E787"L=G;6$"5B4G$"

•" .4"75>BF7"67"5$<;=B575BJ="/6;4>$$>D"E84FB7<4=>4"4A>79645B37"5$<$"A4"B=3B57"
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CAPÍTULO 3'– IMPLEMENTACIÓN DEL PROTOTIPO      

3.1' IMPLEMENTACIÓN DEL PROTOTIPO                      

2=" 4A>4" 57E@>;6$" A4" 4WE6B57" 67" B=A>7675BJ=" 34" A$I>p784" 4=" 67A" 3$A" E67>7I$8<7A"

;>B6BV737Au" (=38$B3" K" (83;B=$" 34" >76" <7=487" ?;4" 6$A" 3BA>B=>$A" 5$<E$=4=>4A" 346"

E8$>$>BE$"A4"5$<;=B?;4="4=>84"A@%"4=>84"67A"5$=4WB$=4A"A4"B<E64<4=>78Lu"46"4=F@$"

34"37>$A"4=>84"6$A"A4=A$84A"K"(83;B=$M"

,7" 5$<;=B575BJ=" /6;4>$$>D" 4=>84" (83;B=$" K" (=38$B3" K" 46" E8$54A7<B4=>$" 34" 67"

B=I$8<75BJ=" 845B9B37" E787" A48"<$A>8737" 76" ;A;78B$%" 734<LA" 67" 5$=IBG;875BJ=" 346"

D783p784" K" 67" B=A>7675BJ=" 46N5>8B57" 4=" ;=" F4D@5;6$" E787" 8476BV78" 67A" E8;497A"

=454A78B7A"34"I;=5B$=7<B4=>$M"

3.2' REQUERIMIENTOS PARA LA IMPLEMENTACIÓN DEL 

PROTOTIPO 

,7A"I;=5B$=76B3734A"K"57875>48@A>B57A"346"E8$>$>BE$"A$="67A"ABG;B4=>4Au""

•" T4>45>78"$9:4>$A"4="46"L=G;6$"5B4G$M"

•" T4>48<B=78"67"F46$5B373"34"5B85;675BJ="346"F4D@5;6$M"

•" (648>78"76"5$=3;5>$8"5;7=3$"A4"A$984E7A4"67"F46$5B373"<LWB<7"4A>79645B37"

4="67"7E6B575BJ=M"

3.3' HERRAMIENTAS UTILIZADAS PARA EL DESARROLLO           

3.3.1' ARDUINO IDE 1.8.3            

26" .$I>p784" (83;B=$" c!T2e" E48<B>4" 4A58B9B8" E8$G87<7An!3*#/2!" K" A;9B8" 46" 5J3BG$"

5$<EB673$"7"67">78:4>7"34"4A>7"<7=487"<$3BIB578"46"I;=5B$=7<B4=>$"346"(83;B=$M"



ga"

"

"

"

3.3.1.1' INSTALACIÓN DEL SOFTWARE ARDUINO IDE 

.4"845$<B4=37"34A578G78"67"H6>B<7"F48ABJ="346"A$I>p784"3BAE$=B964"34"67"ELGB=7"346"

I798B57=>4" 4=" 46" 5;76" 4A>L" 3BAE$=B964" E787" 6$A" ABG;B4=>4A" .BA>4<7A" -E487>BF$Au"

oB=3$pA%",B=;W%"S75"-AZM"

•" '=7"F4V"34A578G73$%"4:45;>78"46"B=A>7673$8M"

YBG;87"_M\"!=A>7675BJ="(83;B=$"!T2""r"*$<E$=4=>4A"

•" .46455B$=78"6$A"5$<E$=4=>4A"7"B=A>7678M"

"

YBG;87"_M^""!=A>7675BJ="(83;B=$"!T2"r"'9B575BJ="34"67"B=A>7675BJ=
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"

•" .46455B$=78" 46" 3B845>$8B$" 34" B=A>7675BJ=" c+45$<4=375BJ=u" A46455B$=78" 46"

3B845>$8B$"E$8"34I45>$e"

YBG;87"_M_""!=A>7675BJ="(83;B=$"!T2"r"!=A>7675BJ="

•" 26" B=A>7673$8%"4W>8748L"4" B=A>7678L" 6$A"785DBF$A"=454A78B$A"E787"46"5$8845>$"

I;=5B$=7<B4=>$"34"E8$G87<7M"

•" '=7"F4V"B=A>7673$"4:45;>78"46"E8$G87<7""

•" 26" ABG;B4=>4" E7A$" 4A" A46455B$=78" 67" E6757" 7" ;>B6BV78" 34A34" 46" <4=H"

:YGGFEAYMBFZ'b'(_F>Fb'c"Y_Y>>ACMFG'\_F>Fd;'

"

YBG;87"_Ma""*$=IBG;875BJ="34"67"E6757"(83;B=$"
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3.3.1.2' INSTALACIÓN DE LIBRERIAS EN ARDUINO IDE 

O787" 46" 34A788$66$" 34" A58BE>A%" 4=" $57AB$=4A" 4A" =454A78B$" 67" B=A>7675BJ=" 34" 67A"

6B9848@7A"?;4"E8$F44"46"I798B57=>4"34"A4=A$84A"$"B=56;B37A"4="46".Tq"T2"(+T'!)-M"

O787" B=A>7678" 34A578G78" 67" 6B9848@7"34A34" 67"ELGB=7"346" I798B57=>4M"2A";="785DBF$"

5$<E8B<B3$"34"4W>4=ABJ=";HA\M"

'=7"F4V"34A578G73$"46"785DBF$%"A4"3494"7G84G78"76"!T2"67"6B9848@7"34A34"46"<4=H"

(GCXGFEF'b'*M>_@AG'%AeGYGfF'b'&gF]AG'_AeGYGfF';HA\;'148"YBG;87"_MbM'

"

YBG;87"_Mb"!=A>7675BJ="34",B9848@7"(83;B=$"

(98B8"46"785DBF$"?;4"5$=>B4=4"67"6B9848@7";HA\;'*$<$"B=3B57"67"IBG;87"_MfM"

"

YBG;87"_Mf"!=A>7675BJ="34"6B9848@7"(83;B=$"r"'9B575BJ="34"785DBF$"
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O787"B=3B578"76"!T2"?;4"A4"F7"7";>B6BV78"67"6B9848@7"B=A>76737%"A4";>B6BV78L"46"ABG;B4=>4"

5J3BG$"

#include "Maxbotix.h" 

3.3.2' ANDROID STUDIO                

O787"67"E8$G87<75BJ="34"67"7E6B575BJ="A4";>B6BV78L"46"A$I>p784"34"34A788$66$"(=38$B3"

.>;3B$" 4=" A;" F48ABJ=" ^M^M_M" 2A>4" !T2" c6)2$1*42$&, -$.$%+/7$)2, ;).#*+)7$)2e"

34A788$6673$" E$8" R$$G64" E48<B>4" 5$<EB678" 46" 5J3BG$" K" 7554348" 7" 67A" 3BI484=>4A"

6B9848@7A"?;4"E8$F44"R$$G64"E787"5$=>8$678"6$A"3BI484=>4A"845;8A$A"34"D783p784"K"

A$I>p784" ?;4" 3BAE$=4" 46" ABA>4<7" (=38$B3%" 734<LA" 3BAE$=4" 34" ;=" 4<;673$8"

<43B7=>4" A$I>p784" ?;4"=$A"37" 67" E$AB9B6B373"34" 5$<EB678" 46" 5J3BG$" K" AB<;678" A;"

4:45;5BJ=M

3.3.2.1' INSTALACIÓN DE ANDROID STUDIO 

(=>4A"34"67"B=A>7675BJ="4A"=454A78B$">4=48"B=A>7673$"46"A$I>p784"34"&7F7"&Tq"g"$"

F48AB$=4A"A;E48B$84AM"'=7"F4V"F48BIB573$"?;4">4=4<$A"B=A>7673$"&7F7"A4"E8$5434"7"

34A578G78" 46" B=A>7673$8" 34" (=38$B3" .>;3B$" 34A34" 67" ELGB=7" p49" 34" ()&*+#&,

-$.$%+/$*!,cYBG;87"_Mge,

"

YBG;87"_Mg"OLGB=7"p49"34"()&*+#&,-$.$%+/$*!"E787"34A578G78"(=38$B3".>;3B$"
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.4"4:45;>7"46"5J3BG$"?;4"A4"D7"34A578G73$"K"A4"5$=>B=H7"46"7ABA>4=>4"34"B=A>7675BJ="

D7A>7"5$<E64>786$M"148"IBG;87"_MiM"

YBG;87"_Mi"(ABA>4=>4"34"B=A>7675BJ="34"(=38$B3".>;3B$"

3.4'  IMPLEMENTACIÓN DEL SOFTWARE EN ARDUINO 

O787" 67" B<E64<4=>75BJ=" 346" A$I>p784" 4=" (83;B=$" 4A" =454A78B$" 8476BV78" 67A"

5$=4WB$=4A" ?;4" A4" B=3B57=" 4=" 67" >7967" _M\" K" IBG;87" _MlM"

"

U7967"_M\"T4A58BE5BJ="34"EB=4A"34"5$=4WBJ="4=>84"46"A4=A$8";6>87AJ=B5$"K"(83;B=$"
"!-")1'K' &1/$*-)'
O!)"g"]"R)T" R)T"cR8$;=3e""
O!)"f"] �b 1"
155"

1**"b 1

O!)"b"]"UW" .B="5$=4WBJ="
O!)"a"]"+W" O!)"b"UW".4=A$8"^"
O!)"_"]"()" .B="*$=4WBJ="
O!)"^"]"Oo" O!)" b" .(,!T("

T!R!U(,"OoS"
O!)"\"]"/o" 1**"b"1"

"!-")1'I' &1/$*-)
O!)"g"]"R)T" R)T"cR8$;=3e""
O!)"f"] �b 1"
155

1**"b 1

O!)"b"]"UW" O!)"a"+W".4=A$8"\"
O!)"a"]"+W" O!)"^""
O!)"_"]"()" .B="*$=4WBJ="
O!)"^"]"Oo" O!)" _" .(,!T("

T!R!U(,"OoS"
O!)"\"]"/o" 1**"b"1"
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YBG;87"_Ml"*$=4WB$=4A"4=>84"A4=A$8"K"(83;B=$M"

3.4.1' IMPLENTACIÓN DEL CÓDIGO 

26" 5J3BG$"?;4"E48<B>B8L" 5$=>8$678" K" $9>4=48" 67" B=I$8<75BJ="34" 6$A" A4=A$84A" A48L"

7345;73$" 7" E78>B8" 346" &424!"$$2" 346" I798B57=>4" S7W9$>BWM" .BG;B4=3$" 67A"

845$<4=375B$=4A"34"B<E64<4=>75BJ="5$<$"A4"B=3B57"4="46"5J3BG$"_M\"

"



im"

"

"

"

"

*J3BG$""_M\"O8$G87<75BJ="34"67"E6757"(83;B=$"

3.5' IMPLEMENTACIÓN DEL SOFTWARE EN ANDROID 

,7"B<E64<4=>75BJ="346"5J3BG$"4="(=38$B3"5$=ABA>4"4="34A788$6678";=7"7E6B575BJ="5$="

B=>48I7V"E787"46";A;78B$"?;4"E48<B>7"FBA;76BV78"67"F46$5B373"K"$9:4>$A"54857=$A"4="67"

V$=7"346"L=G;6$"5B4G$"346"F4D@5;6$%">7<9BN="7648>78"<43B7=>4"A$=B3$A"76"A$984E7A78"

6$A"6@<B>4A"4A>79645B3$A"4="67"7E6B575BJ=""

3.5.1' INTERFAZ DE LA APLICACIÓN EN ANDROID 

,7" B=>48I7V" 346" E8$K45>$" E48<B>B8L" ;=7" FBA>7" 76" ;A;78B$" 5$=" 67" B=I$8<75BJ=" 34"

F46$5B373"K"7648>7A"<LWB<7A%"734<LA"5$=$548"46"4A>73$"34"6$A"A4=A$84A"4="57A$"

34"75>BF78A4"E$8"$9:4>$A"4="46"L=G;6$"5B4G$M""

(3B5B$=76<4=>4"3BAE$=38L"34";=7"FBA>7"34"5$=IBG;875BJ="E787"4A>7964548%"75>BF78"$"

34A75>BF78" 6$A" >84A" 3BI484=>4A" 6@<B>4A" 34" F46$5B373" 84I484=>4A" 7" 5B;373%" F@7A"

E48B<4>8764A"K"57884>487%"E$8"34I45>$"6$A"F76$84A"A48L="bm"q<nD"c*B;373e%"lm"q<nD"

cF@7A" E48B<4>8764Ae" K" \mm"q<nD" c57884>487e%" >7<9BN=%" 4=" 67" FBA>7" 5$=IBG;875BJ=" 67"



i\"

"

"

"

7E6B575BJ="E48<B>B8L"75>BF78n34A75>BF78"67A"7648>7A"A$=$87A"K"67"34>455BJ="346"L=G;6$"

5B4G$M"

.4"34A58B9B8L"67A"I;=5B$=4A"34"67A"FBA>7A"34"67"7E6B575BJ=M"

3.5.1.1' VISTA PRINCIPAL: 

"

YBG;87"_M\m"1BA>7"E8B=5BE76"34"67"(E6B575BJ="

2="67A"IBG;87A"_M\m"K"_M\\%"67"B=>48I7V"34";A;78B$"A4"3BFB34"4="3$A"A455B$=4Au"

•" ,7"E78>4"A;E48B$8%"5$884AE$=34"7"67"34>455BJ="34"F46$5B373"B=3B57=3$"46"F76$8"

4="q<nD"7"67"?;4"A4"<;4F4"46"F4D@5;6$"K"67A"7648>7A"?;4"A4"A$984E7A4="346"

6@<B>4"4A>79645B3$"

•" ,7"E78>4"B=I48B$8"B=3B578L"?;4"673$"346"F4D@5;6$"34>45>7"$9:4>$A"4="46"L=G;6$"

5B4G$"<B4=>87A"4A>L"4="5B85;675BJ=M"

3.5.1.2 VISTA DE CONFIGURACIÓN

,7"FBA>7"34"5$=IBG;875BJ="E48<B>B8L"A46455B$=78"AB"46";A;78B$"34A47"?;4"67"7648>7"34"

4W54A$"34"F46$5B373"A4"75>BF4"7=>4A"$"34AE;NA"34"?;4"46"F46$5@<4>8$"<78?;4"46"

F76$8"4A>79645B3$M",7"IBG;87"_M\^"B=3B57"5J<$"A4"<;4A>87"76";A;78B$"67"5$=IBG;875BJ="

34"67"7E6B575BJ=M"



i^"

"

"

"

"

YBG;87"_M\m"1BA>7"E8B=5BE76"34"67"7E6B575BJ="4="(=38$B3"

"

YBG;87"_M\\"-E5B$=4A"34"67"FBA>7"34"5$=IBG;875BJ="

3.5.1.3' PROTOTIPO ARDUINO  

,7A"E8;497A" B=B5B764A"A4" 8476BV78$="4=";="/*+2+@+4*&,5$<$"A4"E;434"F48"4=" 67A"

IBG;87A" _M\_" K" _M\a" 5$=" 6$A" 5$<E$=4=>4A" =454A78B$A" E787" 46" I;=5B$=7<B4=>$"346"

E8$>$>BE$" 5$<$" A$=u" 3$A" A4=A$84A" ;6>87AJ=B5$A%" 46" <J3;6$" /6;4>$$>D" K" 67" E6757"

(83;B=$M"



i_"

"

"

"

"

YBG;87"_M\^"O8$>$>BE$"E787"E8;497A"34"I;=5B$=7<B4=>$"

"

YBG;87"_M\_"O8$>$>BE$"34"E8;497A"4="I;=5B$=7<B4=>$"

3.6' INSTALACIÓN EN EL VEHÍCULO 

26"E8$54A$"34"5$=4WBJ="46N5>8B57"4="46"F4D@5;6$"E48<B>B8L"?;4"A4"75>BF4"46"3BAE$AB>BF$"

76" <$<4=>$" 34" 4=54=348" 46" 7;>$%" E787" 4A>4" E8$54A$" 46" 3BAE$AB>BF$" (83;B=$" A4"



ia"

"

"

"

5$=45>78L"7"67"A76B37"34"\^"1T*"<43B7=>4";="84G;673$8"34"F$6>7:4"34"b"1T*"E787"

76B<4=>78"67"E6757"(83;B=$%"46">87=A<BA$8"/6;4>$$>D"K"6$A"A4=A$84AM""

3.6.1' UBICACIÓN DE SENSORES 

,$A"A4=A$84A"A4";9B578L="4="6$A"67>48764A"346"F4D@5;6$"4="67"E78>4">87A487"5$<$"A4"

<;4A>87"4="67"IBG;87"_M\bM"

"

YBG;87"_M\a"'9B575BJ="34"6$A"A4=A$84A"4="46"F4D@5;6$M"

"

YBG;87"_M\b"'9B575BJ="I@AB57"34"6$A"A4=A$84A";6>87AJ=B5$A

2=" 67" IBG;87" _M\f" A4" E;434" $9A48F78" 6$A" A4=A$84A" ;9B573$A" 4=" 6$A" 67>48764A" 346"

F4D@5;6$"34">76"<7=487"?;4"46"I$5$"34"34>455BJ="34"6$A"A4=A$84A"5;987"46"L847"346"

L=G;6$"5B4G$"346"F4D@5;6$M"

!"#$%&'("&")*%

!"#$%&'+,-./"&0%



ib"

"

"

"

CAPÍTULO 4'- PRUEBAS DEL PROTOTIPO 

2="4A>4"57E@>;6$"A4"34A58B94"46"5$8845>$"I;=5B$=7<B4=>$"34"67"7E6B575BJ="E$8"<43B$"

34"67"8476BV75BJ="34"E8;497A"76"F4D@5;6$M""

,7A"E8;497A"B8L="4=I$5737A"76"7=L6BABA"34"67"5$8845>7"<43B5BJ="34"F46$5B373"4=>84"

46"F46$5@<4>8$"346"F4D@5;6$"K"46"F76$8"<$A>873$"4="67"7E6B575BJ=";>B6BV7=3$"46"RO.C"

67" 75>BF75BJ=" 34" 67A" 7648>7A" 346" 6@<B>4" 34" F46$5B373" 4W543B3$" 34" 6$A" F76$84A"

E84FB7<4=>4" 5$=IBG;873$A" K" 67" 34>455BJ="34"$9:4>$A" ?;4" A4" ;9B57="4="46" L=G;6$"

5B4G$"346"F4D@5;6$"4="5B85;675BJ=M"

(34<LA%"4="4A>4"57E@>;6$"A4"34A58B9B8L="67A"5$=56;AB$=4A"K"845$<4=375B$=4A"34"

4A>4"E8$K45>$%"67A"5;764A"E48<B>B8L="34>48<B=78"34"<4:$8"<7=487"6$A"E8$543B<B4=>$A"

K" <N>$3$A" 7" ;>B6BV78" 5$=" 46" IB=" 34" $9>4=48" 84A;6>73$A" JE>B<$A%" ABA>4<L>B5$A" K"

5$=IB7964A"346";A$"34"67"7E6B575BJ=M"

4.1' ACTIVACIÓN DE ALERTA AL SOBREPASAR EL LÍMITE DE 

VELOCIDAD 

•" O8;497"34"7648>7"34"F46$5B373"]",@<B>4";897=$"bm"q<nD"

2="4A>7"E8;497"A4"F48BIB578L"?;4"67"7648>7"A$=$87"K"FBA;76"A4"75>BF4"4="67"7E6B575BJ="

4="(=38$B3"5;7=3$"46"F4D@5;6$"4="<$FB<B4=>$"A$984E7A4"67"F46$5B373"34"bm"q<nDM"

"

YBG;87"aM\"(648>7"34"6@<B>4"34"F46$5B373"4A>79645B3$"4="bm"q<nD"



if"

"

"

"

2="67"YBG;87"aM\"A4"F48BIB57"67"75>BF75BJ="34"67"7648>7"76"A$984E7A78"46"6@<B>4";897=$"

34"bm"q<nD"46"5;76"A4"<;4A>87"4="67"B=>48I7V"34"67"7E6B575BJ="(=38$B3"K"5$B=5B34"5$="

46"F76$8"<$A>873$"E$8"46"F46$5@<4>8$"76"<$<4=>$"34"75>BF78A4"67"7648>7M"

•" O8;497"34"7648>7"34"F46$5B373"]",@<B>4"E48B<4>876"lm"q<nD"

"

YBG;87"aM^"(648>7"34"6@<B>4"34"F46$5B373"4A>79645B3$"4="lmq<nDM"

2=" 67" YBG;87" aM^" A4" F48BIB57" 67" 75>BF75BJ="34" 67" 7648>7" 76" A$984E7A78" 46" 6@<B>4" 34"

lmq<nD"4=";=7" F@7" E48B<4>876" 46" 5;76" A4"<;4A>87" 4=" 67" B=>48I7V"34" 67" 7E6B575BJ="

(=38$B3"K"5$B=5B34"5$="46"F76$8"<$A>873$"E$8"46"F46$5@<4>8$"76"<$<4=>$"34"75>BF78A4"

67"7648>7M"

•" O8;497"34"7648>7"34"F46$5B373"]",@<B>4"4="57884>487"\mm"q<nDM"

"

YBG;87"aM_"(648>7"34"6@<B>4"34"F46$5B373"4A>79645B3$"4="\mm"q<nDM"



ig"

"

"

"

2="67"YBG;87"aM_"A4"F48BIB57"67"75>BF75BJ="34"67"7648>7"76"A$984E7A78"46"6@<B>4"34"\mm"

q<nD"4=";=7"57884>487"46"5;76"A4"<;4A>87"4="67"B=>48I7V"34"67"7E6B575BJ="(=38$B3"K"

5$B=5B34"5$="46"F76$8"<$A>873$"E$8"46"F46$5@<4>8$"76"<$<4=>$"34"75>BF78A4"67"7648>7M"

4.2' ÁNGULO CIEGO 

,7A"E8;497A"34"I;=5B$=7<B4=>$"34"67A"7648>7A"346"L=G;6$"5B4G$"A4"8476BV78$="5$=";="

F4D@5;6$"4="<$FB<B4=>$"845$EB67=3$"67"B=I$8<75BJ="34"6$A"A4=A$84A"E787"34>48<B=78"

46"87=G$"5$8845>$"4="46"?;4"A4"34>45>7"$9:4>$A"4="46"L=G;6$"5B4G$"346"F4D@5;6$M"

2=" 67" IBG;87"aMa"A4"E;434"F48" 67"E8;497"34" I;=5B$=7<B4=>$"346"A4=A$8"34845D$"4"

BV?;B483$" 5;7=3$" ;=" $9:4>$" 4=>87" 4=" 67" V$=7" 346" L=G;6$" 5B4G$" K" 46" F4D@5;6$" 4="

<$FB<B4=>$M

"

YBG;87"aMa !=>48I7V"34"7648>7"E787"L=G;6$"5B4G$"4="46"673$"34845D$"4"BV?;B483$"346"
F4D@5;6$M"



ii"

"

"

"

4.2.1' PRUEBAS DE FUNCIONAMIENTO DE LOS SENSORES  

2=" 4A>7" E8;497" 34" I;=5B$=7<B4=>$" cIBG;87" aMbe" A4" 8476BVJ" 5$=" 46" F4D@5;6$" 4="

<$FB<B4=>$"34">76"<7=487"?;4"A4"E;437"34>48<B=78"67"3BA>7=5B7"7"67"?;4"A4"34>45>7"

;="$9:4>$"4="46"L847"346"A4=A$8"5;7=3$";="F4D@5;6$"A4"4=5;4=>87"4="46"L847"34"

L=G;6$"5B4G$M"

,7"E8;497"5$=ABA>BJ"4="E$AB5B$=78"6$A"3$A"A4=A$84A"4="46"67>4876"346"F4D@5;6$"E787"B8"

845$EB67=3$"6$A"37>$A"34"67"3BA>7=5B7"?;4"G4=487"6$A"3$A"A4=A$84A%"67A"<43B37A"A4"

8476BV78$="E787";="B=>48F76$"34"^mm"<A"E787"5737"<;4A>87M"

,7"845$EB675BJ="34"6$A"37>$A"A4"DBV$"E$8"<43B$"346">48<B=76"A48B76"B=5$8E$873$"4="46"

!T2"34"34A788$66$"34"(83;B=$"5$<$"A4"E;434"$9A48F78"4="67"IBG;87"aMfM"

T4"6$A"37>$A"$9>4=B3$A"A4"B34=>BIB5J"?;4"67"3BA>7=5B7"34"754857<B4=>$"34";="F4D@5;6$"

?;4"A4";9B57"4="46"L=G;6$"5B4G$"A4"4=5;4=>87"4=>84"\%b"<"K"^%gb"<M"

YBG;87"aMb"+45$EB675BJ="34"37>$A"346"A4=A$8"4=";="F4D@5;6$"4="<$FB<B4=>$ 



il"

"

"

"

"

YBG;87"aMf"O8;497A"34"I;=5B$=7<B4=>$"34"6$A"A4=A$84A"E787"34>45>78"46"L=G;6$"
5B4G$M"

4.2.2' DETECCIÓN DE OBJETOS CON EL VEHÍCULO EN MOVIMIENTO 

"

YBG;87"aMg"176$84A"34"3BA>7=5B7"$9>4=B3$A"K"34>455BJ="34"L=G;6$"5B4G$M"

2="67"IBG;87"aMg%"A4"<;4A>87"67"845$EB675BJ="34"F76$84A"34"3BA>7=5B7"34>45>73$A"E$8"

46"A4=A$8"3;87=>4";="B=>48F76$"34"b"<B=;>$A%">$<7=3$"<;4A>87A"5737"^mm"<A%"7D@"

A4" F48BIB57" ?;4" 5737" F4V" ?;4" A4" ;9B57" ;=" F4D@5;6$" 4=" 46" L=G;6$" 5B4G$" 4A>4" A4"

4=5;4=>87"7"67"3BA>7=5B7"4=>84"\%b"<"K"^%gb"<M"



lm"

"

"

"

2="67">7967"aM\%"A4"A4Q767"67A"34>455B$=4A"34"$9:4>$A"4="46"L=G;6$"5B4G$%"8476BV7=3$"

<43B37A"AB<;6>L=47A"E$8"6$A"3$A"A4=A$84AM"

"

U7967"aM\"176$84A"34"3BA>7=5B7"K"L=G;6$"5B4G$"
.\" a^_" .^" aaf" " .\" abf" .^" ami" " .\" ^ii" .^" _\a" " .\" am_" .^" af^"

.\" _l^" .^" _l\" " .\" _^\" .^" _bg" " .\" ^b\" .^" ^g_" " .\" amb" .^" abm"

.\" aa^" .^" a_g" " .\" _g\" .^" _bi" " .\" ^\g" .^" a_f" " .\" ^^f" .^" a\_"

.\" a__" .^" a_^" " .\" _fi" .^" am_" " .\" ^aa" .^" ^f^" " .\" aml" .^" afm"

.\" a_^" .^" a_^" " .\" aaf" .^" a\g" " .\" ^a\" .^" ^bi" " .\" _g_" .^" afb"

.\" a__" .^" a_f" " .\" ^a_" .^" _lb" " .\" ^b_" .^" ^lf" " .\" ^mf" .^" ^mg"

.\" a__" .^" a_g" " .\" ^a_" .^" ^bm" " .\" ^al" .^" ^gl" " .\" _la" .^" af\"

.\" aaf" .^" a^b" " .\" ^a_" .^" ^lm" " .\" ^i_" .^" _l^" " .\" ^\i" .^" ^\f"

.\" a_l" .^" a^b" " .\" _ab" .^" _gi" " .\" ^ia" .^" amf" " .\" ^\f" .^" ^_^"

.\" ^^^" .^" ^^b" " .\" ^fa" .^" _l\" " .\" _a_" .^" a^b" " .\" ^\m" .^" ^\b"

.\" ^\m" .^" ^mi" " .\" ^ga" .^" _ag" " .\" a_l" .^" a^a" " .\" ^_\" .^" _a^"

.\" ^^m" .^" ^\b" " .\" _g_" .^" a\m" " .\" a_l" .^" a^b" " .\" a\l" .^" \af"

.\" a_a" .^" a^l" " .\" _fa" .^" _lf" " .\" a__" .^" a^^" " .\" a^g" .^" aa^"

.\" a_a" .^" a^l" " .\" _aa" .^" _la" " .\" a_g" .^" a^i" " .\" a\i" .^" a\g"

.\" a_a" .^" a__" " .\" a\a" .^" a^a" " .\" a_g" .^" a_g" " .\" amb" .^" afm"

.\" a_\" .^" a_g" " .\" _\f" .^" a_^" " .\" a^g" .^" a_i" " .\" _l\" .^" afb"

.\" a_^" .^" a_i" " .\" amf" .^" ama" " .\" a\i" .^" aab" " .\" _bg" .^" agm"

.\" a^i" .^" a_a" " .\" _ib" .^" a\i" " .\" amb" .^" abb" " .\" ^gl" .^" aa^"

.\" a\m" .^" a_^" " .\" ^ba" .^" af^" " .\" _fa" .^" abg" " .\" _am" .^" abf"

.\" a\_" .^" aab" " .\" _\f" .^" aag" " .\" ^_a" .^" ^\^" " .\" _i^" .^" abm"

,$A"F76$84A"34"67">7967"aM\"A4"84GBA>878$="<43B7=>4"67"5$=A$67"?;4"845B94"6$A"37>$A"

346"E;48>$"A48B4"346"(83;B=$%"4A>$A"F76$84A"A4"4=5;4=>87="4="5<M"2="67A"E8;497A"

8476BV737A"A4"F48BIB5J"?;4"67"3BA>7=5B7"34"34>455BJ="34"$9:4>$A"4="46"L=G;6$"5B4G$"

A4"4=5$=>8797"4="46"B=>48F76$"34"\bm"5<"7"^bm"5<%";=7"<43B37"FL6B37"A4"5$=AB3487"

5;7=3$"A4"845B94="_"$"<LA"F76$84A"4="4A>4"87=G$"6$A"5;764A"A4"84E84A4=>7="4="67"

>7967"84A76>73$A"4="5$6$8"=787=:7M"

2A>7"E8;497"A4"8476BVJ"34">76"<7=487"?;4"E48<B>7"7E845B78"5J<$"A4"5$<E$8>7="6$A"

A4=A$84A"K"5$<E7878"A;"I;=5B$=7<B4=>$"I84=>4"76"<BA<$"4F4=>$%"34>48<B=7=3$"?;4"

67A"<43B37A"8476BV737A"E84A4=>7="7E8$WB<75B$=4A"<;K"54857=7A"4=>84"46"A4=A$8"\"

K" ^%" AB4=3$" 5$=IB7964" 6$A" 37>$A" ?;4" E48<B>7=" A48" E8$54A73$A" E787" A;" 4<B>B8" 67"

E$A>48B$8"7648>7"4="67"7E6B575BJ="(=38$B3M"



l\"

"

"

"

"
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