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1. Introduccion a la Localizacién mediante Filtro d e Particulas.
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3. Filtro de Particulas.
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* Inicializacion de Bel (S) segun el conocimiento de la posicion inicial
* Cada vez que reciba una observacion o, = aplicar modelo de percepcion
Bel, (s) =n-plo, |s)-Bel,(s) para todo s €S
* Cada vez que ejecute una accion a, — aplicar modelo de actuacion
Bel_(s') = q.jp(sw s.a,)-Bel_(s)-ds  paratodos’es
5
* Cada vez que sea detectado por el robot m con r, = modelo de deteccion

Bel, (s) =n-Bel,(5)- [P, =55y =5:1,) - Bel (5)-ds paratodoses

3.1. Modelo de la creencia.
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3.2. Inicializaciéon de la creencia.
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3.2.1. Creacion de las particulas uniformemente distribuidas
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| 3.2.3. Asignacion de pesos en funcion de la observacion inicial.
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3.2.4. Seleccion del nimero deseado de particulas de entre las de
mayor peso.
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3.4. Modelo de deteccion.
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4. Modelo de mapa del entorno.
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5. Modelo de lector laser de distancias.
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6. Modelo de actuacion.
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7. Modelo de comportamiento del robot.
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7.1. Deteccién de posibles rutas de escape.
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7.2. Maquina de estados.
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8. Modelo de arbol jerarquico de creencia.
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9. Resultados practicos.
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10. ANEXO. Codigo MATLAB.

10.1. Toolbox arbol jerérquico de densidad de proba  bilidad.

10.1.1. FUNCION: nuevo_nodo

9C
&&WNW\= \ ?.? \waC
L &&
G. ?.7B C &&H W .97 L C C9 C &&C .2 c. » .? C
?79 .M
w / L
M
w C . 7L EM
9 W9 Cc 9
&& W 9 C \
.2 w . ? A

E7CE2C=7C =2

?79 . W. . 9C

+

G ?.7?B C &&H W .92 L C C 9 C &&C . ? C

w7

W -L &&C2MU7]
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["+
&&LM . 2?2 W . ? ]
&&LM. 2 W. 2.2 ]

&&LM ? W ]

&&L M9 ? W9 ]

L .2 L  MA 29 M

[ E +

[.9.

G ?2.cC ?2=HW 9 ? L C Cc9 M

2W 2?2 L M

G ?.C ?2=C9 2.C9 2=HW 9?2 L . ? cC M
G. ?2.?2.C &&H W .92 L ?2.C 2C 9 ?2.C &&C 2.C C
29 .M

&&LMB ? . W. 2. ?.]

G. ?2.2=C &&H W .92 L ?2=C 2C 9 ?=C &&C ?2=C C
29 .M

&&LMB 2= W. 2. ?2=]

[ . +. .. > !

&&LMB ? . W3]

&&L MB ? = W3]

&&LM . W ?. L C . ? M]

2. 7B W]

10.1.2. FUNCION: incorpora_arbol

G ? HW. ? L&é&C c. ?. M
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[ w
[ . 7. W
[ ,
[ 9
... G ?HW. 2?2 L&& c cC. 2. M
2 W ]
, W7 -L  C7M
W ?2. ? L&&C ? L C7TMC ? L C2MM]
L. 2.
W, 2. ]
-1
?2 LCMW 2 LCM" . ]
-]
W .L7C -L  C7IMM 2L cM]

? LCMW ? LCMV ]

10.1.3. FUNCION: normaliza_arbol

,. . G&&H W. -? L &&M

[ . 9/ 7
W 3]
, W7 -L&&C2M
,L&&LMB ? . WW3a &&LMB ? = WW 3M

W U&&LM . ]

, W7 -L&&C2M
,L&&LMB ?. WW3a &&LMB ? = WW 3M

&&LM . W&&E&M . V ]

10.1.4. FUNCION: cuantas_particulas

G ? HW . ? L M

? W -L  C7M]
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10.1.5. FUNCION: representa_particulas

Ve . ? L Cl B? E? CI B?=? C,+ C M
+ L+ M
L L C7TM\C LC2M\C L\C MM]

E LG3I| B?E? 31| B?=? HM]

10.1.6. FUNCION: dibuja_arbol

[ ,+

[

[ ? L&&C c . M

[ && w

[ W /I +

[ ? W + /

[

s ? L&&C c . ? M

,+ L7M]

ELG . ? E7 . ? E2 . ? =7 .2 =2H
W\

L LC7m\C LcamCc  L\\C MM]
B 1]

, W7 -L&&C2M

EWG7733H" &&LM . ? E7]
EW EUG3377H  &&M . ? E2]
=WG7337H" &&LM . ? =7]
=W =UG3773H" &&LM . ? =2]

L EC =C\\M]

ELG . ? E7 . ? E2 . ? = . ? =2H

M]

M]

10.1.7. FUNCION: crear_particulas

,. . G HwW ? L? C, 7?ECI B?EC,, ?=Cl B?=M
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WGL, ?EUI B?E" .L7C? MM]
L, ?=Ul B?=" .L7C? MM]
L1 U2 " .L7C? MM]

L.L7C? MV ? MH\]

10.1.8. FUNCION: calcula_densidad

G. HW ?. L c .7 M
? W.L7C -L C7TMM® L C:M]
w LL . ? E21 . ? ETMTL . ? =21 . ? =7M M]
. Ww3

W7 73]

10.1.9. FUNCION: cambiar_eje

G 2HW ?L M
., Ww7

2W2]

2W7)

10.1.10. FUNCION: dibuja_arbol_3D

? ?76L&&C M

,+ L2M]

[ W. . L M
E7W &&L7M . ? E7]
E2W &&L7M . ? E2]
=TW &&LTM . ? =7]
=2W &&L7™M . ? =2]

Y W E7 LE21E7MV EZ2]
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YW =7 L=21=TMV =2]
, W7 -LYC2M
, W7 -Lc2m

ZLCMW ?. ? L&&CYLMC)L MM]

-1

LYC)CZM]

10.1.11. FUNCION: lee_densidad_arbol

[

[

[G. HW ?. ? L&&C EC =M

[ && W .

[ EC=W% . 9 +

... G. HW ?2. ? L&&C EC =M
> W3]

W 7]

IB L> WW3M

,L&&LMB ?. WW3a &&LMB ? = WW 3M
W &&M . ]
> W7]

,L&&M 7?2 WW7M
,LE_W &&LM9 ? M

W &&LMB ? . ]

W &&LMB ? =]

,L=_W &&L M9 ? M
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10.1.12.
.. .G 2.C 2 =HW 9
[ E .C
[
[ 9
W IL  C 229 M
[ 9 ,
[. /
2. W L.L LC
2= W L.L LC
10.1.13.
... G 2.C ?2=C9 2
2. W 2 ]
2= W 2]
L WW7M
2. E2WL ?. E2U
?2=ETW 2. E2]
9 2. WL ?.=2U 2.
9 2=WL ?2==2U 2

W &&LMB ? . ]

W &&LMB ? =]

FUNCION: dividir_arbol

? L C ?2?79 C9 ? M

??9 M_W9 ? MCM]

??79 M”99 ? MCM]

FUNCION: divide_cuadrado

.C9 ?=HW 9 ? L

? . E7TMVZ]

=7TMV2]

=7MV2]
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2. =2WL ?.=2U 2 . =TMV2]
?2==TW 2. =2
9 2. WL ?.EU 2. E7TMV2]
9 ?=WL ?=EU 2= E7TMV2]
-]
10.2. Toolbox Filtro de particulas.

10.2.1. PROGRAMA PRINCIPAL: filtro_particulas

CLCCCeereeeeererereereeeereereereceececceeceeee
trrceeeeeceeece

[

[ "&>1& % "! L&
[ | &*& "& "&% "& "
[ * & &

[

CLCCCeereeceereerereereeeereereereceeeccceeceeee
teereeeeeeeeetce

]

CLCCCeereeceereerereereeeereereereceeeccceeceeee
teereeeeeeeeetce

[.

CLCCCeereeceereerereereeeereereereceeeccceeceeee
teereeeeeeeeetce

W G\ \\ \-H\Q\H]
W 23]
[ .
2 WTA][7A
[ + 9 + E
42+ W]
[% 9
29 2 W74] [
[ . E
+? . W:33] [:

W 3]
[ . + . L. C
[%
+ W@l [+

PEW2] [

2=W3] [ && 1&( !
+? ?27TW +LG ?E 7=

-+

T V73

HM]

" 1&M

L74M

freeeeeee

freeeeeee

freeeeeee

freeeeeee
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[ /. LM
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[\Q? ,?-\ E ..+ L
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[\Q? 2\w .
[Q? ? W3A]
[\Q? 2 ,\W .
[Q? 2, W37]
[VE ? S\
[
E? . W73
[>%? W, +.
>%? W2]
[ "& ? 1"&
"& ? 1"& W63

2. W337V. 2 117

CLCCCerererrereeeeeereereeereereeeeeete
treceeeeeeeeee

G, B C»B HW +, L\" \C>B
,+ L7M]

[

G .C HW L, B M]

[ . I.

LB W LBC/. WM
L, B M]

.M

HM]

M]

(e
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[ 9
BW +L .M
B
LG3 3 3]7 7 7THM]

[ . E
GE? EC=? EHW -L .M]
[% . /

.2 ETWT)

.2 =TWT)

. ?  E2WE? E]

.7 =2W=? E]
[% E. . /
9 wL . ? E21 .2 E7TM V2]

29 Wi
[ 9 -. /.

W7 -L . ?/.C2M

LL . ?/.LMEMCL . ? /. LM=M C\UWM]
-]

?2/. W -L . ?2/.C2M

CLCCCeereeceercerereereeeereereereceecccceeceeee freeeeeee
teereeeeeeeeetce

[ ¢ & &*%&d

CLCCCeereeceercerereereeeereereereceecccceeceeee freeeeeee
teereeeeeeeeetce

Welc" & &*& d\f]
+? W' & &*& d\
? . W7
W e\7\f]
0 W. 4L C+? C.?2.C M
? W 2. L.l e7fM]
[ 2

? W.L ? CéM]

[CCCTCCCCCeerrererereeereeererroeereeeoe [Crrreecee
LTt
[ "1z &
[CCCTCCCCCeerrererereeereeererroeereeeoe [Crrreecee
LTt
[.

w7. 2

GEC=HW+. L7M]
LCMW GE = 3H]
2 LC C M
GEC=HW+. L7M]
B W .2LL=1 LC2MMCLELl L C7MMM]
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“Localizacion multirrobot basada en filtro de particulas”
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“Localizacion multirrobot basada en filtro de particulas”
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“Localizacion multirrobot basada en filtro de particulas”
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“Localizacion multirrobot basada en filtro de particulas”
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“Localizacion multirrobot basada en filtro de particulas” @

oW L 9M]
]

CLCCCeereeceereerreereeeereereereceecrcceeceeee

trrceeeeeceeece
[
[
[

CLCCCgererererereeeeeeeeeereeereeeeeeeeeeete

rreeeeeeeeeee
,+ L7M]
(A

YL W]

R
B ]

M

M]

w7 "& ? !"&

w7. ?
LCM9

W.,LM LCM1.M ? LCM]
? LCMW. L LCM9 L 7C72MM]

L ? LCMC .,LJ\C LMMM ]

.G HW

e

(e

10.2.2. FUNCION: pesos

L.

CLCCCeereeceercerereereeeereereereceecccceeceeee

Lrreeerereeeee
[ "M% &

7

CLCCCeereeceercerereereeeereereereceecccceeceeee

treceeeeeeeeee

. WL C ,M

. ?21.C C CQ? ?-M

freeeeeee

freeeeeee

48




“Localizacion multirrobot basada en filtro de particulas”
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“Localizacion multirrobot basada en filtro de particulas”
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“Localizacion multirrobot basada en filtro de particulas” @
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“Localizacion multirrobot basada en filtro de particulas”
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“Localizacion multirrobot basada en filtro de particulas”
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“Localizacion multirrobot basada en filtro de particulas” @
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“Localizacion multirrobot basada en filtro de particulas”
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“Localizacion multirrobot basada en filtro de particulas”
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“Localizacion multirrobot basada en filtro de particulas”
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“Localizacion multirrobot basada en filtro de particulas” @
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“Localizacion multirrobot basada en filtro de particulas”
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“Localizacion multirrobot basada en filtro de particulas”
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“Localizacion multirrobot basada en filtro de particulas”
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“Localizacion multirrobot basada en filtro de particulas” @
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“Localizacion multirrobot basada en filtro de particulas”

4

%?. W%?.Va ]
W -LYC7M]
. W7,
B WYLC6ML V2
W LB M]
W LB M]
WG 1] H%?.][
%L7C MW%L7C MUY LC7M][ - E
%L2C MW9%L2C MUY L C2M]
L%L7C MC%L2C MC L MC\!.j B\C3 7M][

LYLC7MCYLC2MC . ,L\fU\C L MMM]

10.2.12. FUNCION: ajusta_angulo
[W 2+ LM
[+ \\= 9
[ =1
L LW 24 LM
LA M
W12 ]
LM
W U2 |
-1
10.2.13. FUNCION: fuera_de_plano

.. .GHW, 2?2 .LEC .M
GE? EC=? EHW -L .M]

W 3]

, LLEL7M_7M h LEL7MAE? EM h LEL2M=? BWIVi LEL2M _

W7
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“Localizacion multirrobot basada en filtro de particulas”

4

10.2.14. FUNCION: hay_colision

,. .GHWB=? .LEC .M
GE? EC=? EHW -L .M]
, LEL7TM_7M
EL7MW7]
-]
, LEL7MAE? EM
EL7TMWE? E]
-]
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EL2MW7]
-]
, LEL2MA=? EM

EL2MW=? E]

, .L, ELEL2ZMMC, ELEL7TMMM WW 3

W 7]

W 3]

10.2.15. FUNCION: tcomp
U1111111111111111111111111111111111111111111111111
[,. . W LCWM
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[
[ B O

[ .73C81 12333

[111212112111212121212121211121211212112111711111211121121111

[g9 =

[111212112111212121212121211121211212112111711111211212121111

,. . W L C MC
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“Localizacion multirrobot basada en filtro de particulas”

4

, -L C7TMKW 6C
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-]
, -L C7TMKW 6C
&% . ., ii\M]

W L6MU L6M]

., "~ h w1
W .+jL M]

W L L6MM]
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WG L72MUG 1] H' L72M]

H]

10.2.16. FUNCION: tinv
[11111111111111111111111111111111121111111111111111
[,. . WL M
[ B9 , :

[
[ B 0

[ .73C81 12333
(11111111111111111111111111111111111111111111111111
[g =

[112112112212211221221127121211211171117321111211212111211

,. . WSIOL M
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, W76 -L C7MC

L uz2Mmw .97L L U2MM]
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“Localizacion multirrobot basada en filtro de particulas” @

[
[ B .9
[111212121112121212121211211121211212112111711111211212121111

W L L6MM]

W L L6MM]

WGL L7M 1 L2M']
L7TM 1 L2M']

1 L6MH]

10.2.17. FUNCION: actualiza_posicion

[ 99 9 9

.G .72 2HW -? L 2 C9 7?29 .M
w7 -L .72 CIM
W L .? LC6MM]

W L .2 LC6MM]

2 2LC72MW 2 LC72MU LG 1] H'9 2?9 . LC72MWM\]

.? 2LC6MW .? LC6MU9 ?9 .LC6M]
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