2002 G/ %Y%$%8%"%s%M%C%H%;%_%J!< T utorial on Bay esian Net w orks (BN2002) T oky o, Japan, Sep. 1-2, 2002. 0\F0%m%\ %C %H0LCV7h$a$N$?$a$N%;%s%5%W%i%K%s%0 - %Y%$%8%"%s%M%C%H%o!<%/$NI=8=$H9=B$3X=, - Sensor Planning for Mobile Rob ot Lo calization -Use of Ba y esian Net w ork Represen tation and Structure Learning- <~ 9?nb � Cf1{Bg3XBg3X1! :d:, LP9, y Cf1{Bg3XM}9)3XIt Abstract: <+N’ %m %\ %C %H$N 9= @. $K $* $$ $F !" IT 3N <B @- $r4^ $‘ >u 67 2< $G<+ 8J 0L CV $r ?dO@ $9 $k 5; =Q $O=EMW$G$"$k !# K\O@J8$O !" 0\F0%m%\ %C%H$NIT3N<B@-$r 4^$‘0LCV7h$aLdBj$K 4X$9$k%;%s%5%W%i %K%s%0<jK!$rDs0F$9 $k !# 6qBN E*$K$O !" %m!<%+%k$J%;%s%5 >pJs$H9TF0$H%0%m !<%P%k$J0LCV7h$a $N4V$N4X78 $r%Y%$%8 %"%s%M%C%H%o!< %/ (BN) $GI=8=$9 $k !# %7%9%F%‘$O=i$a$K !" %N!<%I$N=g =x IU$1$rC5:w$9$k GA $H7k9g$7$? K2 %"%k%4%j%:%‘$rMQ$$$F BN $N9=B$$r3X=,$9$k !# <B9T;~$K $O !" 3X=, $7$? BN $K4p$E$- !" %0%m!<%P%k$J 0LCV7h$a$N?.G0 EY$H%;%s%7%s %0%3%9%H$N%P%i %s%9 $r9MN8$7$FG=F0E*$J %;%s%7%s%09TF0$r 7W2h$9$k !# %7%_ %e %l!<%7 %g%s<B83$K$h$jK\%7%9%F%‘$N M-8z@-$r8!>Z$7$? !# 1 $O$8$a$K <+ N’ %m %\ %C %H $N 9= @. $K $* $$ $F !" IT 3N <B @- $r 4^ $‘ >u 67 2< $G <+ 8J 0L CV $r ?d O@ $9 $k 5; =Q $O =E MW $G $" $k!# K\ O@ J8 $O !" 0\ F0 %m %\ %C %H $N IT 3N <B @- $r 4^ $‘ 0L CV 7h $a Ld Bj $K 4X $9 $k %; %s %5 %W %i %K %s %0 <j K! $r Ds 0F $9 $k!# 6q BN E* $K $O !" %m !< %+ %k $J %; %s %5 >p Js $H 9T F0 $H %0 %m !< %P %k $J 0L CV 7h $a $N 4V $N 4X 78 $r %Y%$ %8 %" %s%M%C%H %o !< %/ (BN) [1] $G I= 8= $9 $k !# %7%9 %F %‘ $O =i $a $K !" %N !< %I $N =g =x IU $1 $r C5 :w $9 $k GA $H7k 9g $7 $? K2 %"%k %4 %j %:%‘ $r MQ $$ $F BN $N9= B$$r 3X =, $9 $k!# $^ $? !" 4D6-%G!<%?$K4p$E$- CPT( >r7oIU3NN(%F !<%V%k ) $N %Q %i %a !< %? CM $b 3X =, $9 $k!# <B 9T ;~ $K $O !" 3X =, $7 $? BN $K 4p $E $- !" %0 %m !< %P %k $J 0L CV 7h $a $N ?. G0 EY $H %; %s %7 %s %0 %3 %9 %H $N %P %i %s %9 $r 9M N8 $7 $F G= F0 E* $J %; %s %7 %s %0 9T F0 $r 7W 2h $9 $k!# %7 %_ %e %l !< %7 %g %s <B 83 $K $h $j K\ %7 %9 %F %‘ $N M- 8z @-$r8!>Z$7$? !# 2 =>Mh$N8&5f %Y %$ %: E* %" %W %m !< %A $G 0\ F0 %m %\ %C %H $N M6 F3 $H 0L CV 7h $a $r $9 $k J} K! $O $3 $l $^ $G $K $b Ds 0F $5 $l $F $- $?!# Thrun[7] $i � ") 112-8551 El 5~ ET J8 5~ 6h =U F| 1-13-27 !" Cf 1{ Bg 3X Bg 3X 1! M} 9) 3X8&5f2J 7P1D %7%9%F %‘9)3X@l 96 , zhou@indsys.c h uo-u.ac.jp, URL: h ttp://www.indsys.c h uo-u.ac.jp/ � zhou y ") 112-8551 El 5~ ET J8 5~ 6h =U F| 1-13-27 !" Cf 1{ Bg 3X M} 9) 3X It 7P 1D %7 %9 %F %‘ 9) 3X 2J , sak ane@indsys.c h uo-u.ac.jp, URL: h ttp://www.indsys.c h uo-u.ac.jp/ � sak ane/sak ane.h tml $O !" %Q !<%F %# %/%k %U %# %k%? (P article Filter) $rMQ$$ $?0\ F0%m %\ %C %H 0L CV 7h $a J} K! $r Ds 0F $7 $?!# %m %\ %C %H $O !" 0L CV 7h$a $N ?. G0EY (b elief ) $r%Q !< %F%# %/ %k =8 9g $G 6a ;w$7 $? ;v 8e3N N( J, I[ $G I= $7 !" %m %\ %C %H $N 0\ F0 $H %; %s %5 $K $h $k 4Q B, $N%b %G %k $K4p $E $$ $F C‘ <! 99?7 $r 9T $& !# $7 $+ $70\ F0 %m %\ %C %H $N 9T F0 $O %i %s %@ %‘ $G $" $j %; %s %5 %W %i %K %s %0 $O 9T $J $C $F $$$J $$!# $= $N $? $a %Q !< %F%# %/ %k =8 9g $N <} B+ 8z N( $, 0- $$ >l 9g$b5/$3$jF@$k !# 4D 6- >p Js $H %m %\ %C %H $N 9T F0 $r @E E* $J B N $d F0 E* $J B N $G %b %G %j %s %0 $9 $k 8& 5f $b 9T $o $l $?!# Asoh[10] $i $O M= $a 9= C[$7$? B N $rMQ$$$F2;@< 2qOC$G$N 1~Ez$r evidence $H$7 $F B N $K F~ NO $7 %m %\%C%H 0L CV?d Dj $N [# Kf $5 $r 8: >/$5 $; $F$$ $k!# $7 $+ $7 !" %; %s %5 %W %i %K %s %0 $N 5! G= $O 4^ $^ $l $F $$ $J$$ !# Basy e $i [13] $N%7%9%F%‘$O !" F0E*$J B N ( D B N ) $r;H$C$F%;%s%5>pJs$rM;9g$7 !" C‘<!9TF0$r7hDj$7$? !# 0\ F0 %m %\%C%H $N M6 F3 $H 0L CV 7h $a $N J, Ln $G $O !" 3N N( 7W ;; $K 4p $E $/ %; %s %5 %W %i %K %s %0 $N 8& 5f $, 9T $o $l $F $$ $k !# Kristensen[16] $O !" 7hDj LZ$r MQ$$$F %;%s %7%s %09T F0$r 7W 2h $7 $? !# %7 %9 %F %‘ $O 3F %W %i %K %s %0 $N %9 %F%C%W $G 2D G= $J %;%s%5$rA*Br$7$F$$$k$N $G7W;;$OJ#;($K$J$k !# $7$+$b !" %f!< %F%# %j %F%# $r 9M N8 $7 $? 7h Dj LZ $O 4J C1 $9 $. $k $N $G !" %; %s %5 >p Js $N 4V $N 0x 2L 4X 78 $d %; %s %5 >p Js $H 9T F0 $N 4V $N 0x 2L 4X 78 $r I= 8= $9 $k $3 $H $O Fq $7 $$ !# Miura $i [11] $O !" 4JC1 $J%Y %$ %: ?d Dj $K 4p $E $- !" %; %s %7 %s %0 %3 %9 %H $H %; %s %7 %s %0

IT 3N <B $5 $N %P %i %s %9 $r 9M N8 $7 $F 0\ F0 %m %\ %C %H $N 9T F0 7W 2h $r 9T $C $?!# 0l J} !" %S %8 %g %s J, Ln $N 8& 5f $G $O !" Rimey $i$, B N $r MQ $$ $F G= F0 ;k 3P $N 9T F0 7W 2h $r Ds 0F $7 !" %F !< %V %k %; %C%F%# %s %0$N G’ <1 $K $*$1 $k next view problem $r07 $C $?;n$_$,$"$k [12] !# 6a G/ !" %G !< %? $+ $i :G E, $J B N 9= B$ $r 3X =, $9 $k 8& 5f [15] [3] [4] $, !" M}O@$N$_ $J$i$: 8=<B LdBj $X$N 1~MQ [5] $b4^ $a $F H/ E8 $7 $D $D $" $k!# $7 $+ $7 !" B N 9=B$ 3X =, $N 0\ F0 %m %\ %C %H $X $N 1~ MQ !" FC $K %; %s %5 %W %i %K %s %0 $X $N 1~ MQ $K $D $$ $F $O L$3+Bs$G$"$k !# 3 0\F0%m%\ %C %H$N0LCV7h$aLdBj 0\ F0 %m %\ %C %H $N 0L CV 7h $a Ld Bj $K $O !" 0l HL $K 0J 2< $N $h $& $J%/%i%9$,$"$k [7] !’ 1. p osition trac king 2. global lo calization problem 3. kidnapp ed rob ot problem K\ 8& 5f $G $O !" $3 $N Cf $G :G $b Fq $7 $$ $H $5 $l $k 3. $N kid- napp ed rob ot problem $r07$C$F$$$k !# !J Nc$($F8@$($P !K %m %\ %C %H $K L\ 1# $7 $r $7 $F JL $N >l =j $K 0\ F0 $7 $? 8e $K L\ 1# $7 $r <h $j 30 $9!" $H $$ $& >u67 $G $" $k!# %m %\ %C %H $O !" $= $3 $+ $i F0$-=P$7$F%;%s%7%s%0$r9T$$ !" <+8J0LCV$r?dDj$9$k !# K\ %; %s %5 %W %i %K %s %0 $N %7 %9 %F %‘ $O !" $^ $:!" %* %U %i %$ %s $G !" !J a !K 4D6-%G !<%? $N <} =8$H !J b !K BN $K $h$k 4D 6- $NI= 8= $H 9= B$ 3X =, !" $r 9T $& !# $= $7 $F !" A0 =R $N L\ 1# $7 $r $7 $F 0\ F0$5$l$?8e$G$O !" %*%s%i%$%s$N=hM}$H$7$F !" (c) 3X=,$7 $? BN $K 4p $E $$ $F :G E, $J %; %s %7 %s %0 9T F0 $r 7W 2h $9 $k!# 0J 2<$G$O !" $3$N=g$K=hM}$N35MW$r=R$Y$k !# 4 4D6->pJs%G!<%?$N<}=8 4.1 Cf9q?MM9JXG[C#0wLdBj$N2r K\8&5f$G$O !" Fig.4 $K<($9$h$&$J%*%U %# %94D6-$rBP>] $K %7 %_ %e%l !< %7 %g %s $r 9T $J $C $?!# =i$a $K !" 40 A4 $J 4D 6- >p Js $r 3M F@ $9 $k $? $a $K !" 0\ F0 %m %\ %C %H $K 4D 6- Fb $N 3F O- 2< $r DL 2a $5 $; $k I, MW $, $" $k!# K\ 8& 5f $G $O !" $3 $N $? $a $K Cf 9q ?M M9JX G[ C# 0w Ld Bj (Chinese p ostman problem)(Fig.1) $r E,MQ$7$? !# 0\ F0 %m %\ %C %H $N %J %S %2 !< %7 %g %s $K $D $$ $F $O !" 4p K\ E* $K $O %] %F %s %7 %c%k K! $r MQ $$ $k!# %; %s %5 $H $7 $F $O !" %l !< %6 !< %l %s %8%; %s %5$r #1 Bf Ek:\ $7 !" 0\ F0%m %\ %C %H ??@5 LL $N 180 J} 8~ $N 1| 9T $- >p Js $r 3M F@ $G $- $k $b $N $H 2> Dj $9 $k !# 3F 8r :9E@$G 0\F0%m%\ %C%H$O !" M=$a next no de algorithm [2] $K $h$j:n$i$l$?%3%^%s%I%j%9%H$+$i9TF0%3%^%s%I$rF@$k !# ?^ 1: (left) A graph represen ting an o�ce. (righ t) A path as a solution of Chinese p ostman problem. Fig.4 $N A; B ; :::; L $O8r:9E@$N%i%Y%k$G$"$j!" 0\F0$9$k ES Cf $G ?M 4V $, 0\ F0 %m %\%C%H $K BP $7 $F 65 <( $9 $k !# <B 83 4D 6-$G$O !" O-2<JILL$NN>B&$N=j !9 $K1z$_$,$"$k$b$N$H$7 !" $=$l $i $r %i %s %I %^!< %/ $H $7 $F MQ $$ $k !J Cm !’ %m %\ %C %H $K Ek :\ $9 $k %; %s %5 $, 8! =P $G $- $k $b $N $G $" $l $P 4p K\ E* $K $O 2? $G$bNI$$ !K !# $3$N%i%s%I%^!<%/$O%m%\ %C%HN>B&$N%l%s%8 %G!< %? $r %U%# %k %? %j %s %0 =h M} $7 $F 8! =P $9 $k!# $J $* !" K\ 8& 5f$G $O !" %i %s %I %^ !< %/ $O O- 2< !J $N0l It !K $K BP $7 $F %f %K !< %/$J B8 :_ $G $O $J $/!" >/ ?t $N %i %s %I %^ !< %/ $N 4Q B, $N $_ $G $O <+8J 0L CV $N 7h Dj $K IT 3N <B @- $, ;D $k >l 9g $r <h $j 07 $& !# $? $@ $7 !" Ld Bj$N 4J C12= $N $? $a$K !" lo c al distanc e 1 $NIT 3N<B @- $K$D $$ $F $O 07 $C $F $$ $J $$!# $^ $? !" 8r :9 E@ $N 4v 2? E* $J FC D’ $N <1 JL $K $O !" %5%] !< %H %Y %/ %H %k %^ %7 %s (supp ort v ector mac hines)[6] $rMQ$$$? !# 4.2 4D6->pJs%G!<%?$N5-=R 2f !9 $ONY8r:9E@$N4V $N>pJs$O se gment ( S g ) $HDj5A $7 $F$$$k !# 0l$D$N S g $O;M$D$N5-=R$r4^$s$G$$$k !# 1. Fs$D8r:9E@$N%i%Y%k !# 2. Fs$D8r:9E@4V$N%i%s%I%^!<%/$N>pJs !# 3. 0\F0%m%\ %C%H$O3F8r:9 E@$KF~$kESC< $K%;%s%7%s %0 $5$l$?8r:9E@$N4v2?E*$JFCD’ !# 4. 0\F0%m%\%C%H$O3F8r:9E@$KF~$k;~$N9TF0 !# 0J >e $N %G !< %? $r!" 0\ F0 %m %\ %C %H $O 0\ F0 $7 $J $, $i 3M F@ $7!" $3$l$K4p $E$$$F !" B N $N%Q%i%a!< %?$H9= B$$r3X =,$9$k!# 5 %G!<%?$+$i B N $N9=B$3X=, K\ 8&5f $G $O B N $N 9= B$ 3X =, $r $9$k $? $a $K %9 %3%" $K 4p $E $/ %" %k %4 %j %: %‘ $K K 2[3][8] $r F3 F~ $7 $?!# K 2 $O greedy searc h $G $" $k $,!" 6q BN E* $K $O 0J 2< $N $h $& $K $J $k !# ;O $a $K!" 3F%N !< %I $N ?F %N !< %I $, $J $$ >u BV $K $7 $F $* $/ !# $= $7 $F !" MQ 0U$5 $l $? ?F %N !< %I $r 0l $D $E $D 2C $( $F %0 %i %U $r :n $k!# $3 $N 1 NY%i%s %I %^!< %/ F1;N $N 4V !" Kt$O 8r :9E@ $HNY $N %i%s %I %^!< %/ $N4V $N %m!<%+%k5wN%

%0%i%U $r%Y%$%8%"%s%9 %3%" [3] $K$h$jI>2A$7 !" A}2C$9$k %N !< %I $@ $1 ?F $H $7 $F ;D $k!# %0 %i %U $N %Y %$ %8 %" %s %9 %3 %" $, :G Bg $K $J $C $? $H $- !" $^ $? $O !" MQ 0U $7 $F $$ $k ?F %N !< %I $, $J $/ $J $k $H B> $N %N !< %I $X 0\ $k!# $9 $Y $F $N %N !< %I $O !" 0J >e $N =g =x $G ?F %N !< %I $r C5 :w $7 !" :G E, $J 9= B$ $r @8 @. $9 $k!# $7 $+ $7 !" 9= B$ 6u 4V $r A4 C5 :w $9 $k $N $O KD Bg $J 7W ;; $K $J $k!# Nc $( $P !" %N !<%I $N ?t n = 2 $@$H2D G=$J 9= B$ $O 3 8D !" n = 3 $J $i $P 2D G= $J 9= B$ $O 25 8D !" n = 5 $J$i $P 29 ; 000 8D$N 2D G= $J 9=B$ $,$"$k!# C5 :w6u4V $r8: $i$9 $?$a $K !" K 2 $O?F;R =g =x $G C5 :w 6u 4V $r @) 8B $9 $k %* !< %@ %j %s %0 $, $" $k $, !" %* !< %@ %j%s%0 $r F@$k $3 $H$O MF 0W $G$O $J $$ !# $3$3 $G$O !" J88% [4] $, MQ $$ $? $h $& $K !" 0d EA %" %k %4 %j %: %‘ (GA)[9] $r;H $C $F =‘ :G E, $J %N !< %I $N =g =x $E $1 $r C5 :w $9 $k!# F@ $i $l $? %N !< %I $N =g=x$E$1$r K 2 $KMQ$$$F=‘:GE,$J B N 9=B$$r5a$a$? !# 5.1 B N $N%N!<%I@_7W 0l Nc $G$" $k $, !" #1 #38D 3N N(JQ ?t $r ;}$D B N $,$" $C $F !" %N!<%I H ead ( H ), M id ( M ), T ail ( T ) $OFs$DNY$NO-2<$K $"$k;0$D8r:9 E@$N%i %Y%k$rI= $7$F$$ $k 2 !# 8r:9E@%i%Y%k %N !< %I $N 3N N( JQ ?t $N?t $O #1 #2 8D $, $" $k !" A; B ; :::; L $GI= 8= $9 $k!# %N !<%I A ction1( a 1 ) $H A ction2( a 2 ) $O3FO- 2< $K F~ $k ;~ $N 0\ F0 %m %\%C%H $N 9T F0 $r Dj 5A $7 !" 3N N( JQ ?t $O ;0 $D$, $"$C$F !" go forwar d, turn left, turn right $G $" $k !# %N!<%I Hf, Mf, Tf $O0\ F0 %m %\%C%H$, 3F O-2< $K F~$k =j $G %;%s%7%s%0$7$?8r:9E@$N4v2?E*$JFCD’$G$"$k !# Nc$($P !" ? ; + ; > $J $I!" #6 8D $, $" $k !# %N !< %I m h 1 ; m h 2 ; m t 1 ; m t 2 $O O- 2< Fb $N %i %s %I %^ !< %/ $r <( $9 !# %N !< %I $K $O lo c al distanc e $N>pJs$b 4^ $^$l $F$$ $k !# %i%s%I %^!< %/$O !" ( 4v2?E*$J FC D’ !" lo c aldistanc e ) $H $$ $& %Y %/ %H %k $N 7A $G I= 8= $9 $k !# $3 $N %N !< %I !J 3N N( JQ ?t !K $N ?t $O #4 8D $G $" $k!# %G !< %? %Y !< %9 $K$" $k3F%G !<%?%1 !<%9 $N%i%Y %k$r me diating variable [1] $H$7 $FDj5A$9 $k ( C n ) !" %N!<%I !J 3NN(JQ?t !K $N ?t$O 138 $G$"$k !# 5.2 B N $N9=B$3X=, GA Jl=8 CD $N %5 %$ %:$O #8 #0 $G $" $k !" 0d EA ;R $O 8r :9$H FM A3 JQ 0[ $N A‘ :n $r 9T $J$C$F !" #1 #0 #0 @$ Be C5 :w $7 $? 7k 2L $r Fig.2 $K<( $9 !# E@ @~ $O ES Cf $N8D BN 72 $N J? 6Q �tness %9%3 %" $r <( $7 !" O" B3 @~ $O 3F@$ Be $N %Y %9%H �tness %9%3%" $r <( $9 !# #1 #0 #0 @$ Be $N C5 :w $K $h $j!" =‘ :G E, $J %N !< %I $N =g =x $E $1 $r 3MF@$9$k !# Fig.3 $G<($9$h$&$K !" $3$N%N!<%I=g=x$E$1$r MQ$$$F=‘:GE,$J BN $N9=B$$r@8@.$9$k !# 2 H ead ( H ) $O Bh 0l HV L\ $N 8r :9 E@ $G $" $k !" M id ( M ) $O Fs $D O- 2< $N 4V$N8r:9E@$G$"$k!# T ail ( T ) $O:G8e$N8r:9E@$G$"$k ?^ 2: The results of ordering searc hing b y GA and Ba y esian score. ?^ 3: Learned B N ’s structure b y K2 and GA. 6 %;%s%5%W%i%K%s%0 0L CV 7h $a $N =h M} $r 4J C1 2= $K $9 $k $? $a !" K\ 8& 5f $G $O 0J 2< $N$h$&$J2>Dj$r@_$1$? !’ 1. O-2<Fb$N%i%s%I%^ !<%/$O?M4V $O@_7W$7$?!# %7%9 %F %‘$O4D6-Fb$I$A$i$N %i%s%I%^!< %/$rCmL\$9 $Y$-$+ $K $D$$ $F$O CN$i $J$$ !# !J 4D 6-$+ $i B N MQ $N%i %s%I %^!<%/$r3X =,$9$k LdBj $O:#8e $N8&5f 2]Bj $G$"$k!# !K 2. %; %s %5 >p Js $O A4 It N% ;6 CM $G $" $k!" $b $7 $b 0\ F0 %m %\ %C %H$,F@$?%;%s%5>pJs$,O" B3CM$G$"$l$P !" $= $l$rN% ;6CM2=$7$F B N $N?dO@%"%k %4%j%: %‘$K %U %# %C %H$5 $;$J$1$l$P$J$i$J$$ !# K\ %; %s %5 %W %i %K %s %0 %7 %9 %F %‘ $O ;0 $D $N %9 %F %C %W $+ $i @. $k !’ (1) 0LCV7h $a$N $? $a$N ?dO@ , (2) %;%s%7 %s%0 9TF0 $N$? $a$NM=B, ,(3) 0LCV7h$a$N$?$a$N%;%s%7%s%09TF07W2h !#

Input: a. B N engine: engine , b.p ossible action list: actlist , c.2-D list of pr e dicte d sensing information ac c or ding to actlist : Psel d.obtaine d sensing information list: Osel g.list: ActSenNum , the numb er of pr e dicte d sensing information sets. F or example, if ActSenNum is (4 ; 5) , it me ans ther e ar e 4 and 5 pr e dicte d sensing information sets which ac c or ding to the �rst and the se c ond p ossible action of actlist , r esp e ctively. The list’s length is length of list actlist . Output: a.optimal action OptAction b.action-sensing list ActSenlist , e ach memb er of list ActSenlist is a ve ctor which include an element of actlist , and a r e�ne d sensing list c orr esp onding to the element. v ar: a. Evidence list, SenEv en assigns a part of Psel . b. Global lo calization b elief T olBef . c. the n um b er of classi�able the rob ot’s lo cation: coun t . d. sensing cost: SenCost . e. double: Cost . I= 1: Sensor Planning Algorithm (De�nition of v ariables) 0L CV 7h $a $N $? $a $N ?d O@ !’ 0\ F0 %m %\ %C %H $O :n 6H 6u 4V $+ $i F@$i $l$? %; %s %5 >p Js $r B N $K F~ NO$7 !" <+J, $K $$ $k O-2< $N 8r :9 E@ %i %Y %k %N !< %I $N 3N N( $O %0 %m !< %P %k 0L CV 7h $a ?. G0 EY $N I>2A $K $J$k!# $b $7 $b !" Fs$D %N !<%I $N 3N N($, 0.9 0J>e $K $J $l $P !" 0L CV 7h $a %W %m %; %9 $O 40 N; $9 $k!# $= $& $G $J $1 $l $P !" 0\ F0 %m %\ %C %H $O $b $C $H I, MW $J >p Js $r F@ $k $? $a $K !" 0L CV $N IT 3N <B $J 8r :9 E@ $G %; %s %7 %s %0 9T F0 $N %W %i %s $r N) $F ;O $a$k !# %;%s%7%s%09TF0$N$?$a$NM=B, $OFs$D%9%F%C%W$,$"$k !# STEP ONE !" F@$i $l $? %; %s %5 >p Js $K 4p $E $$ $F %N !< %I Cn $N Hs Nm$J JQ ?t CM $r C5$7 !" 0l$D $N %j%9 %H $K J] B8 $9$k !# STEP TW O !" HsNm$J Cn $NJQ?t CM$HF@ $i$l$?%; %s%5 >p Js $K 4p $E $$ $F 2D G= $J 9T F0 $H $3 $l $i $N 9T F0 $K BP 1~ $9 $k %; %s%5>pJs$rM=B,$7 !" 0l$D$N9TNs$KJ]B8$9$k !# Sensor Planning: Begin for i = 1 : l eng th ( actlist ) coun t = 0; SenCost = 0; A for k = 1 : ActSenNum ( i ) for j = 1 : l eng th ( Psel ( i )) push Psel (i) in to SenEv en ; ? [ ActSenlist ] = Ba y esianNet w orkInference( engine , actlist (i), Osel , SenEv en ); Calculate T olBef 3 ; if ( T olBef � 2 : 7 4 ), B coun t ++; Cost = C acul ateS ensing C ost ( SenEv en ) 5 clear SenEv en ’s con ten t; if ( SenCost < Cost ), SenCost + = Cost ; end if end if goto: A ; end for end for ActSenlist ( i; 1) = actlist ( i ); ActSenlist ( i; 2) = coun t ; ActSenlist ( i; 3) = SenCost ; end for goto: C ;(T able 2) end 0LCV 7h $a $N $? $a $N %; %s %7 %s %0 9T F0 7W 2h $O ;0 $D $N %9 %F %C %W$+ $i @. $k!# A4 BN $N >\ :Y $J N. $l$r T able 1 $H>e$N <j =g $G <( $9 !# STEP ONE !" F@ $i $l $? >p Js !" 2D G= $J 9T F0 $H $3 $l $i $N 9T F0 $K BP 1~ $9 $k %; %s %5 >p Js $K 4p $E $$ $F!" glob al lo c al- ization b elief ( T olBef )(the line ? ) $r ?dO@ $9 $k !# STEP TW O !" %;%s %7 %s %0%3 %9 %H $H %m %\%C%H$O <1 JL $G $- $k lo- c ation $N ?t ( coun t ) 6 $r 7W ;; $9 $k!# STEP THREE !" :G Bg coun t !" Kt $O !" Aj BP E* $K >. $5 $$ %; %s %7 %s %0 %3 %9 %H $r ;} $D:GE,$J9TF0$r 8+$D$1$k!# T able 2 $K STEP THREE $N>\:Y$J<j=g$r<($9 !# 3 adding of maximal probabilit y of no des H ; M ; T . 4 W e de�ne if the probabilit y of no de H ead , M id and T ail is not less than 9.0, the mobile rob ot can ensure its lo cation, and 0 : 9 � 3 = 2 : 7. 5 The sensing cost is calculated b y adding the lo cal distance of SenEv en ’s elemen t 6 $b$7 !" 0\ F0%m %\ %C%H $O ?dO@ $7 $?;0 $D 8r:9 E@ $N:G Bg 3NN( $, 0.9 $h$j Bg$-$$ !" $D$^ $j!" $=$l $i$N AmOB $, 2.7 $h$jBg $-$1 $l$P !" %7 %9 %F%‘ $O%m %\ %C%H $,$3 $N ;0$D 8r:9 E@ $K$" $kO- 2< $K$$ $k$3 $H $r7h Dj$G $- $k !" ;0 $D 8r :9E@$K$"$kO-2<$O%m%\%C%H$N lo cation $G$"$k !#

C F unction: OptAction = GetO ptimal Action ( ActSenlist ) Begin sort the list ActSenlist in the 2th column’s elemen ts of ActSenlist that the ha v e b een stored line B ; OptAction = ActSenlist (1 ; 1); for x = 2 : l eng th ( actlist ) if (( ActSenlist ( x; 2) � ActSenlist (1 ; 2))& ( ActSenlist ( x; 3) < ActSenlist (1 ; 3))), OptAction = ActSenlist ( x; 1); end if end for end ( GetO ptimal Action ) I= 2: 7 <B83 <B 83 $K $O !" MA TLAB $N Ba y es Net T o ol Bo x[8] 5Z $S !" GA T o ol Bo x[9] $rMQ$$$? !# =h M} $N 0l Nc $r 0J 2< $K <( $9 !# 0\ F0 %m %\%C%H $O 8r :9 E@ D $+$i=P H/$7 !J $b$A $m$s !" %m%\%C%H$O <+J, $O D $K$$ $k$3 $H$,J,$i$J$$ !K !" O-2<N>B&$N%;%s%5>pJs$r%;%s%7%s%0$7 $J $, $i !" B N $h$j glob al lo c alization ?.G0 EY $r ?d O@ $9 $k !" $D $^$j!" <+ J, $,$$ $k O-2< $N8r :9 E@$N %i %Y%k !" H ead ( H ) !" M id ( M ) $H T ail ( T ) $N3NN($r?dO@$9$k !# 0\F0%m%\ %C%H$,8r :9E@ K $KE~Ce $7$?;~$N H ead ( H ) !" M id ( M ) $H T ail ( T ) $N 3N N( $O Fig.4 $N $h $& $K $J $k !# Fig.4 $G !" 3g 8L $D $- $N <B ?t !" 9u $$ GX 7J $H 3g 8L $D $- $N <B ?t !" Kt $O 1" 1F $H 3g 8L $D $- $N <B ?t $G I= $7 $? CM $O $= $l $> $l %N !< %I T ail ( T ) !" M id ( M ) !" $H H ead ( H ) 3NN( $K BP 1~ $7 $F $$ $k!# %N!<%I T ail ( T ) !" M id ( M ) !" $H H ead ( H ) $N3NN(JQ?t$N CM $, $" $k 8r :9 E@ $N %i %Y %k $G $" $k 3N N( $r $= $N 8r :9 E@ $N >l =j $K I= <( $7 $F $$ $k !# Fig.4(a) $K <( $9 $h $& $K 3F 8r :9 E@ $N H ead ( H ) !" M id ( M ) !" T ail ( T ) $N ?. G0 EY $N CM $O >. $5 $$ $N $G !" 0\F0%m%\%C%H$O 8r:9E@ K $^$G0\ F0$9$k$@ $1$G$O <+ 8J 0L CV $, 7h Dj $G $- $J $$!# => $C $F !" %m %\ %C %H $O 8r :9 E@ K $G %; %s %7 %s %0 9T F0 $N 7W 2h $r 9T $& !# %7 %9 %F %‘ $, M= A[ $7 $? 9T F0 $O turn left $H turn right $G $" $k!# $3 $N Fs $D $N 9T F0 $H $3 $l $i $K BP 1~ $9 $k %; %s %5 >p Js $r 4p $E $$ $F !" glob al lo c alization ?. G0 EY $H %; %s %7 %s %0 %3 %9 %H $r I> 2A $9 $k !# $b $7 $b 0\ F0 %m %\ %C %H $, turns left $r<h$k $H !" T ail 8r:9E@ J $^$G 9T $+$J $1 $l $P == J, $J %; %s %5 >p Js $r F@ $i $l $J $$!# $^ $? !" $b $7 $b 0\ F0 %m %\ %C %H $, turn right $r<h$k $H !" Fig.4(b) <($7$9 $h $& (a) (b) ?^ 4: An example of the exp erimen ts of sensor planning for the mobile rob ot lo calization.(In the �gure, the real n um b ers in ( ), ( ) with blac k square, ( ) with hatc hed square represen t probabilit y of no de T, M, H, resp ec- tiv ely . If the in tersection is the instan tiation of no de T, M, H, the p oababilit y is sho wn at the in tersection. ) $K %m %\ %C %H $O $h $j Dc $$ %3 %9 %H $G == J, $O %; %s %5 >p Js $r F@ $i $l $k!# => $C $F !" <+ 8J $N 0L CV 7h $a $? $a $N :G E, $J 9T F0 $O turn right $G$"$k !# 8 7kO@ K\ O@ J8 $G $O !" IT 3N <B @- $r 4^ $‘ %m %\ %C %H 0L CV 7h $a Ld Bj $r 2r7h $9 $k $? $a $N %; %s %5 %W %i %K %s %0 <j K! $r Ds 0F $7 $?!# %7 %9 %F %‘ $O GA $r 7k 9g $7 $? K2 %" %k %4 %j %: %‘ $r MQ $$ $F %Y %$ %8%"%s%M%C%H%o!<%/$N9=B$ $r4D6-%G!<%?$+$i3X=,$9$k !# B N $OF@ $i $l $? %; %s %7 %s %0 >p Js $K $h $j !" 2D G= $J %; %s %5 9T F0$r M= B, $7 !" Kt $O !" $= $l $i $N 9T F0 $K BP 1~ $9 $k %; %s %7 %s %0 >pJs $b O" A[ $9 $k!# $5 $i $K !" %0 %m !< %P %k $J 0L CV 7h $a $N ?. G0 EY $H %; %s %7 %s %0 %3 %9 %H $N %P %i %s %9 $r 9M N8 $7 $F :G E, $J 9T F0 $r7h $a $k!# %* %U%# %9 4D 6- $r A[ Dj $7 $? %7 %_ %e%l !< %7 %g %s <B 83$K$h$j!" K\%7%9%F%‘$NM-8z@-$r3N$+$a$? !# :# 8e $N 2] Bj $O !" <B %G !< %? $r ;H $C $F 3X =, $H %; %s %5 %W %i %K

%s%0$N%"%k%4%j%:%‘$NM-8z@-$r8!>Z$9$k$3$H$G$"$k !# ;29MJ88% [1] F. V. Jensen, \Ba y esian net w orks and Decision Graphs," Springer , 2001. [2] J.Edmonds and E.L.Johnson, \Matc hing Euler T ours and the Chinese P ostman," Mathematic al Pr o gr amming , 5, pp.88-124, 1973. [3] G. Co op er and E. Hersk o vits, \A Ba y esian metho d for the induction of probabilistic net w orks from data," Machine L e arning , 9:309-347, 1992. [4] P . Larranaga, C. Kuijp ers, R. Murga, Y. Y urra- mendi, \Learning Ba y esian net w ork structures b y searc hing for the b est ordering with genetic algo- rithms," IEEE T r ansactions on System , Man and Cyb ernetics . V ol 26. No. 4, 487-493, 1996. [5] D. Corney . \Designing F o o d with Ba y esian Be- lief Net w orks". F ourth International Confer enc e on A daptive Computing in Design and Manufac- tur e (A CDM2000), April 26th - 28th, Univ ersit y of Plymouth, UK. [6] N. Cristianini and J. Sha w e-T a ylor, \An In tro- duction to Supp ort V ector Mac hines," Cambridge University Pr ess , 2000. [7] S.Thrun, D.F o x, W.Burgard, and F.Dellaert. \Robust Mon te Carlo Lo calization for Mobile Rob ots", A rti�cial Intel ligenc e (AI) , 2001. [8] Kevin Murph y . \The Ba y es Net T o olb o x for Matlab", Computing Scienc e and Statis- tics , v ol 33, 2001. Soft w are a v ailable at h ttp://www.cs.b erk eley .edu/ � m urph yk/Ba y es/ bn t.h tml. [9] Chris Houc k, Je� Joines, and Mik e Ka y . \A Genetic Algorithm for F unction Optimization: A Matlab Implemen tation". T ec hnical Re- p ort NCSU-IE 95-09, 1995. Soft w are a v ailable at h ttp://www.ie.ncsu.edu/mirage/GA T o olBo x/gaot/. [10] H.Asoh, Y.Motom ura, I.Hara, S.Ak aho, S.Ha y amizu, and T.Matsui, \Com bining Prob- abilistic Map and Dialog for Robust Life-long O�ce Na vigation," Pr o c. of the Int. Conf. on Intel ligent R ob ots and Systems (IR OS’96) , pp.880-885, 1996. [11] J. Miura and Y. Shirai, \Vision-Motion Planning for a Mobile Rob ot considering Vision Uncertain t y and Planning Cost," Pr o c. 15th Int. Joint Conf. on A rti�cial Intel ligenc e , pp.1194-1200, 1997. [12] R.Rimey and C.Bro wn, \Con trol of Selectiv e P er- ception using Ba y es Nets and Decision Theory ," Int. Journal of Computer Vision , V ol.12, pp.173- 207, 1994. [13] Kenneth Basy e, Thomas Dean, Jak Kirman, and Moises Lejter, \A Decision-Theoretic Approac h to Planning, P erception, and Con trol", IEEE Exp ert , V ol.7, Num b er 4, P ages 58-65, 1992. [14] T.Dean et al., A rti�cial Intel ligenc e , The Ben- jamin/Cummings, 1995. [15] D. Hec k erman. \A Ba y esian approac h to learning causal net w orks". T e chnic al R ep ort MSR-TR-95- 04, Micr osoft R ese ar ch , Marc h, 1995. [16] S.Kristensen, \Sensor Planning with Ba y esian De- cision Analysis", PhD thesis , F acult y of T ec h- nology and Science, Aalb org Univ ersit y , Aalb org, Denmark, 1996.