F|K\%m%\%C%H3X2q;o V ol. xx No. xx, pp.1 !A 11, 200x 1 3X=Q !& 5;=QO@J8 %Y%$%8%"%s%M %C %H%o!<%/$N9=B$3X=,$H?dO@$rMQ$$$? 0\F0%m%\ %C %H0LCV7h$a$N$?$a$N%;%s%5%W%i%K%s%0 <~ 9? nb � 1 :d :, LP 9, � 2 Sensor Planning for Mobile Rob ot Lo calization Using Structure Learning and Inference of Ba y esian Net w ork Hong jun Zhou � 1 and Shigeyuki Sak ane � 2 In this pap er w e prop ose a no v el metho d of sensor planning for a mobile rob ot lo calization problem. W e represen t causal relation b et w een lo cal sensing results, actions, and b elief of the global lo calization using a Ba y esian net w ork. Initially , the structure of the Ba y esian net w ork is learned from the complete data of the en vironmen t using K2 algo- rithm com bined with GA (genetic algorithm). In the execution phase, when the rob ot is kidnapp ed to some place, it plans an optimal sensing action b y taking in to accoun t the trade-o� b et w een the sensing cost and the global lo cal- ization b elief whic h is obtained b y inference in the Ba y esian net w ork. W e ha v e v alidated the learning and planning algorithm b y sim ulation exp erimen ts in an o�ce en vironmen t. Key Wor ds : Sensor planning, Mobile rob ot lo calization, Ba y esian net w ork structure learning, K2 algorithm, GA 1. $O $8 $a $K <+N’0\F0%m%\%C%H$N9=@.$K$H$C$F !" %J%S%2!<%7 %g%s$H<+8J0L CV7h$a$N5;=Q$O=EMW$JLr3d$r2L$?$9 !#0lHL$K !" 0\F0%m%\ %C%H$N 0LCV7h$a$K$*$$$F$O !" M=$aAv9T4D6-$NCO?^$r:n@.$7 !" <B9T;~$K F@$i$l$?%;%s%5>pJs$HCO?^>pJs$K>H9g$7$F0LCV7h$a$r9T$& !#$7 $+$7 !" 4D6-$N9=B$$K$h$C$F$O !" 6I=jE*$J%;%s%7%s%0>pJs$N$_$G $O%f%K!<%/$K0LCV7h$a$r$G$-$J$$>l9g$,$"$k !#$^$? !" %m%\ %C%H $NAuHw$9$k%;%s%5$N%(%i!<$d%m%\%C%H;Q@*$NJQF0Ey$K$h$j !" $= $l$i $N IT 3N <B $J >p Js $K 4p $E $$ $F 9T $& 8m ?d Dj $, @8 $8 $d $9 $$!# 6a G/ !" $3$N %; %s %5 >p Js $N 6I =j @- !" %; %s %7 %s %0 %( %i !< !" %m %\ %C %H $N 0L CV !& ;Q@*$NIT3N<B@-$J$I$NLdBj$KBP=h$9$k$?$a$K !" 3NN( !& E}7WE*$J %"%W%m!<%A$N8&5f$,3hH/$K9T$o$l$F$$$k [1] [2] !# 0\ F0 %m %\ %C %H $N 0L CV 7h $a Ld Bj $O !" (1) p osition trac king $H (2) global lo calization $NFs $D $N %/ %i %9 $K J, $1 $k $3 $H $, $G $- $k!# P o- sition trac king $O !" %m%\ %C%H$N%J%S %2!<%7 %g%s$K$h $/MQ$$$i $l $k!# %m %\ %C %H $N =i 4| >u BV $, H= $l $P!" 4D 6- CO ?^ $N >p Js $H 30 It %; %s %5 >p Js $K 4p $E $$ $F <+ 8J 0L CV $r DI @W $9 $k $3 $H $O Hf 3S E* MF 0W $G $" $k [3] !# 0l J} !" global lo calization $O !" %m %\ %C %H $N =i 4| 0L CV $, IT L@ $G $" $C $F$b !" $=$3$+$i0\F0$7$J$,$i%;%s%7%s%0$r9T$C$F0LCV7h$a$r$9 869F<uIU 2002 G/ 11 7n *1 Cf1{Bg3XBg3X1!M}9)3X8&5f2J *2 Cf1{Bg3XM}9)3XIt *1 Graduate School of Science and Engineering, Chuo Univ ersit y *2 F acult y of Science and Engineering, Ch uo Universit y $kLd Bj$G $" $k!# p osition trac king $KHf$Y $F 0lHL $K Fq$7 $$ $, !" %m %\%C%H$N<+N’0\F0$K$H$C$FI,MW$G$"$j !" HFMQ@- !&?.Mj@-$N9b$$ <jK!$N3+Bs$,K>$^$l$k !# K\8&5f$G$O !" 3NN( !&E}7WE*%"%W%m!<%A $K$h$j !" $3$N global lo calization LdBj$r07$$ !" %;%s %7%s%0 >pJs $N6I=j@-$+$i%f%K!<%/$K0LCV7h$a$,$G$-$J$$>l9g$N%;%s%5%W%i %K%s%0J}K!$rDs0F$9$k !# K\Ds 0F %7 %9 %F %‘ $N %] %$ %s %H $O 0J 2< $N #2 $D $N =h M} $G $" $k !’ (1) :n 6H4D6-$r=i4|Av9T$7$FF@$i$l$?%G!<%?$+$i !" %;%s%7%s%0$7$FF@ $i$l$?>Z 5r (evidence) !" 8r:9 E@$G$N 9TF0 (action) !" $= $7$F !" %m %\%C%H<+?H$,8=:_ !" :n6H4D6-$N$I$3$K$$$k$+$H$$$&%0%m!<%P%k $J 0L CV 7h $a $N ?. G0 EY (b elief ) y $H $N 4V $N 0x 2L 4X 78 $r !" %Y %$ %8 %" %s !& %M %C %H %o !<%/ (Ba y esian Net w ork !" 0J 2< $G$O B N $HN, $9 ) $K$h $jI= 8= $9 $k!# K\ 8& 5f $G $O !" =i 4| Av 9T %G !<%? $+ $i B N $N9= B$ 3X=, $r9T $$ !" DL >o $O?M <j $G9T $o $l$k B N $N9= B$@_ 7W $N <+F0 2= $r?^ $C $? !# (2) <B9T;~ ( $9$J$o$A global lo calization $rI,MW$H$9$k;~ !K $K$O !" F@ $i $l $? %; %s %7 %s %0 >p Js $K 4p $E $$ $F B N $K$* $1 $k 0L CV7h $a$N?.G0EY (b elief ) $r7W;;$7 !" %;%s%7 %s%09TF0$N%3%9%H$b9MN8 $7$F !" E,@Z$J%;%s%7 %s%09TF0$r%m%\%C%H$,<+F07W2h$9$k !# $=$7 $F !" %*%U %# %94D6- $rNc$K%7%_ %e%l!<%7%g%s<B83$r9T$$ !" K\%7%9 %F%‘$NM-8z@-$r3NG’$7$? !# 0J 2< !" 2 >O$G $O=> Mh$N 0\F0 %m%\%C%H $N%; %s%5 %W%i %K%s %0$N 8& 5f$HK\ 8&5f $N0L CV$E $1$K$D $$$F =R$Y $k !# 3 >O $G$O 4D6-%G !<%? $N y K\O@J8$G$O !" 0\F0%m%\ %C%H$, global lo calization $r9T$J$&:]$N !" <+J, $,$" $k>l =j $K $$$k 3N $+$i $7 $5 $NI> 2A CM$r !V %0%m!< %P %k$J 0L CV7h $a $N ?.G0 EY (b elief ) !W $HDj5A$9$k!# F|K\%m%\%C%H3X2q;o xx 4, xx 9f |1| 200x G/ xx 7n

2 <~ 9? nb :d :, LP 9, <}=8$H BN $N9=@.$K$D $$$F !" 4 >O$G$O BN $K$h$k4D 6-%G !<%?$N I=8=$H$=$N9=B$3X =,$K$D$$$F=R$Y$k !# 5 >O$G$O3X=, $7$? BN $K 4p$E$$$F0LCV7h$a$N?.G0EY$r7W;;$7 !" %;%s%7%s%0%3%9%H$r9MN8 $7$? :GE, $J%; %s%7 %s%09T F0$N 7W2h J}K! $K$D$$ $F=R $Y$k !# 6 >O$G $O%7 %9 %F %‘ $N M- 8z @- $r 3N G’ $9 $k $? $a $K 9T $C $? <B 83 $K $D $$ $F =R $Y !" #7>O$G$OK\8&5f7k2L$rAm3g$7:#8e$N2]Bj$K$D$$$F=R$Y$k !# 2. => Mh $N 8& 5f 2. 1 Global lo calization $X$N3NN(!&E}7WE*%"%W%m!<%A Global lo calization $K4X$7$F !" %Y%$ %:E* %"%W %m!< %A$G 0\F0 %m %\ %C %H $N M6 F3 $H 0L CV 7h $a $r $9 $k J} K! $, Ds 0F $5 $l $F $$ $k !# Thrun [4] $i$O !" %Q!<%F %# %/%k%U %# %k%? (P article Filter) $rMQ$$$?0\F0%m %\%C%H0LCV7h$aJ}K!$rDs0F$7$? !#%m%\ %C%H$O0LCV7h$a$N?.G0EY $r0\F0$H%;%s%7%s%0%b%G%k$K4p$E$/>r7oIU$-3NN($GI=$7 !" $=$N ;v8e 3N N( J, I[ $r %Q !< %F%# %/ %k =8 9g $G 6a ;w $7 $F 7+ $j JV $7 99 ?7 $9 $k!# $7$+$70\F0%m%\%C%H$N9TF0$O%i%s%@%‘$G$"$j !" %;%s%5%W%i%K%s %0$O9T$J$C$F$$$J$$$N$G !" %Q!<%F %# %/%k=89g$N<}B+$,0-$$>l9g $,5/$3$jF@$k !# 4D6- >pJs $H%m %\%C%H$N9T F0$r !" @EE*$J B N $dF0E* $J B N $G %b%G%j%s%0$9$k8&5f$b9T$o$l$F$$$k !# Asoh [5] $i$OM=$a9=C[$7 $? B N $rMQ $$ $F 2; @< 2q OC $G $N 1~ Ez $r evidence $H$7 $F B N $KF~ NO$7%m%\%C%H0LCV?dDj$N[#Kf$5$r8:>/$5$;$?$, !" %;%s%5%W%i%K %s%0 $N 5! G= $O 4^ $^ $l $F $$ $J $$!# Basy e $i [6] $N%7 %9 %F %‘ $O !" F0 E* $J B N ( D B N ) $r;H$C$F%;%s%5>pJs$rM;9g$7 !" C‘<!9TF0$r7hDj $7$?!# $7 $+ $7 $3 $N POMDP( ItJ, 4Q B, 2D G= $J %^%k %3 %U 7h Dj 2a Dx !K %"%W%m!<%A $O !" %m%\ %C%H$N9TF0 $*$h$S 3F%;%s %5>pJs $H !" Global lo calization $N4V $N J# ;($J 0x 2L 4X 78$r 5- =R $G$- $J $$ !#$^$? !" 0p M8$i [7] $O !" %f !< %6 $H BP OC $r $7 $J $, $i 0\ F0 %m %\ %C %H $N <+ N’ 9T F0 %b %G%k$rCJ3,E*$K3MF@$9$k%7%9%F%‘$r B N $r;H$C$F9=C[$7$? !# 2. 2 0\F0%m%\%C%H$N%;%s%5%W%i%K%s%0 0\F0%m%\%C%H$NM6F3$H0LCV7h$a$N%;%s%5%W%i%K%s%0$G$O !" $3 $l$^$G$K0J2<$N$h$&$J8&5f$,$"$k !# F o x $i [8] $O !" 0\ F0 %m %\ %C %H $N 0L CV 7h $a $N 9T F0 $r 7W 2h $9 $k Ac- tiv e Mark o v Lo calization $rDs0F$7 $?!# <+8J 0LCV 7h$a $N$? $a$K %=%J!<$d%l!<%6%;%s%5$G%;%s%7%s%0$r9T$&:]$NE,@Z$J%;%s%7%s %0J}8~$r !" 0LCV7h$a3NN($N%(%s%H%m%T!<$N4|BTCM$NI>2A$K4p$E $$ $F 7h Dj $7 $? !# $7 $+ $7!" $3 $N %7 %9 %F %‘ $O 0l <! %^ %k %3 %U 2a Dx $r 4p AC $H $7 $F $$ $k $N $G!" 4D 6- >p Js $H %m %\ %C %H 9T F0 $N 4V $N J# ;( $J 0x 2L 4X 78 $rI=$9 $3$H $,$G $-$J $$!# Jensfelt [9] $i$O Multiple Hyp othesis T rac king $rMQ $$ $F %m %\ %C %H $N 0L CV 7h $a $r ?d O@ $7 $F $$ $k $, !" %b %G %k$,@~7A$+$D%,%&%9%N%$%:$r2>Dj$9$k%+%k%^%s%U %# %k%?;H $C$F $$$k $N $G !" Hs @~7A !& Hs %,%& %9 $N >u 67 $K BP 1~ $G $- $J $$ Ld Bj $, $" $k!# Kristensen [10] $O !" 7hDj LZ$r MQ$$ $F%; %s%7 %s%0 9TF0 $r7W 2h$7 $? !# %7%9%F%‘$O3F%W%i%K%s%0$N%9%F %C%W$G2DG=$J%;%s%5$rA*Br $7$F$$$k$N$G7W;;$OJ#;($K$J$k !#$7$+$b !" %f!<%F %# %j%F %# $r9M N8$7$?7hDjLZ$O4JC1$9$.$k$N$G !" %;%s%5>pJs$N4V$N0x2L4X78$d %;%s%5>pJs$H9TF0$N4V$N0x2L4X78$rI=8=$9$k$3$H$OFq$7$$ !#;0 1:$i [11] $O !" %Y%$ %:?dDj $K4p$E $- !" %; %s%7%s %0%3%9 %H$H%; %s%7 %s%0IT3N<B$5$N%P%i%s%9$r9MN8$7$F0\F0%m%\%C%H$N9TF07W2h$r 9T$C$F $$$k!# 8w1J$i [12] $O0\F0%m%\ %C%H$,8z N(E*$K %i%s%I %^!< %/$r4QB,$9$k9TF07hDj<jK!$rDs0F$7$? !#%7%9%F%‘$O>pJsNL4p=‘ Fig. 1 (left) A graph represen ting an o�ce. (righ t) A path (from A to A) as a solution of Chinese p ostman problem. $K $h $j @8 @. $7 $? 7h Dj LZ $K 4p $E $$ $F 9T F0 7h Dj $r 9T $J $C $?!# $7 $+ $7 !" 7hDj LZ $r MQ $$ $k %" %W %m !< %A $G $O !" POMDP $HF1 MM $K %$ %Y %s %H 4V $NJ#;($J0MB84X78$rI=8=$9$k$3$H$,$G$-$J$$LdBj$,$"$k !# 2. 3 K\8&5f$N0LCV$E$1 I.<T$i$O !" 4{ $KJ8 8% [13] $G0\F0 %m%\ %C%H $N8zN( E*$J 0LCV7h $a $N9TF0$r 7W2h$9 $k$?$a $K !" B N $N:F9=C[ $r9T$& %7%9%F %‘$rDs0F $7$? !#$7$+$7 !" $3$N%7%9%F%‘$OItJ,E*$J4D6-$N$_$r%b%G%j%s%0 $7$F$$$k$N$G !" 6I=j E*$J:GE,2r$rF@$k2DG=@-$,$"$k !# $^$? !" ?d O@$K MQ$$ $k %Y%$ %8 %"%s %M %C%H %o !<%/ ( B N ) $N%N!< %I 4V$N 0x 2L4X 78$O !" ?M4V$,@_7W$9$k $b$N$G$"$C$? !# K\8&5f$G$O !" $3$l$i$NLd Bj$KBP=h$7 !" $h $j0lHL2=$7$?%;%s%5%W%i%K%s%0%7%9%F%‘$r9=@. $9$k !# 6a G/!" %G !< %? $+ $i :G E, $J B N 9= B$ $r 3X =, $9 $k 8& 5f [14] [15] [16] $, !" M} O@ $N $_ $J $i $: 8= <B Ld Bj $X $N 1~ MQ $b 4^ $a $F H/ E8 $7 $D $D $" $k!# $7$+$7 !" B N 9=B$3X=,$N 0\F0%m%\ %C%H$X$N1~ MQ !" FC$K %;%s%5%W %i%K%s%0$X$N1~MQ$K$D$$$F$OL$3+Bs$G$"$k !# K\ %7 %9 %F %‘ $O !" %m !< %+ %k $J %; %s %5 >p Js $H 9T F0 $H %0 %m !< %P %k $J 0L CV 7h $a $N ?. G0 EY $H $N 4V $N 4X 78 $r %Y %$ %8 %" %s %M%C%H %o !< %/ ( B N ) [17] [18] [19] $G I= 8= $9 $k !#%7%9 %F %‘ $O =i $a $K !" %N!< %I $N =g=xIU $1$r C5:w$9 $k GA $H7k9g$7$? K2 %"%k%4 %j%:%‘ $rMQ $$$F BN $N9=B$$r3X=,$9$k !# $=$7$F !" <B9T;~$K$O !" 3X=,$7$? BN $K 4p$E$- !" <+8J0L CV7h$a$N?.G0EY$H%;%s%7%s%0%3%9%H$N%P%i%s%9 $r9MN8$7$D$DG=F0E*$J%;%s%7%s%09TF0$r7W2h$9$k !# 3. 4D6-%G!<%?$N<}=8$H B N $N9=@. 3. 1 =i4|Av9T7PO)$NF3=P K\ 8& 5f $G $O !" Fig.9 $K <( $9 $h $& $J %* %U %# %9 4D 6- $r Nc $K %7 %_ %e %l !< %7 %g %s <B 83 $r 9T $J $C $? !J >\ :Y $O 6 >O $K =R $Y $k !K !# =i $a $K!" 4D 6- $N >p Js $r 3M F@ $9 $k $? $a $K!" 0\ F0 %m %\ %C %H $K 4D 6- Fb $N 3F O- 2< $r DL 2a $5 $; $k =i 4| Av 9T $r 9T $& I, MW $, $" $k!# K\ 8& 5f $G $O !" $3 $N 7P O) $r F3 =P$9 $k $? $a $KCf 9q ?M M9 JX G[C# 0w Ld Bj (Chinese p ostman prob- lem)(Fig.1) $N OH AH $_ $r E, MQ $7 $? !# %m %\ %C %H $N 4D 6- $O!" Fig.1(left) $K<($9$h$&$K !" 8r:9E@$H$=$N4V$NO-2<$N%H%]%m%8%+%k$J4X78$r %0 %i %U $K $h $j I= 8= $G $- $k!# %m %\ %C %H $O 3F O- 2< $r DL 2a $9 $k $? $a $K !" next no de algorithm [20] $rMQ$$ $F !" 8r :9 E@ A $+$i A $^$G$N 3F O-2<$r>/ $J$/$H $b0l2sDL 2a$9$k:G E,$J7P O) (Fig.1(righ t)) $r5a $a$k !#$3$N7PO)$K=>$C$F !" 0\F0%m%\ %C%H$O Fig.2 $N$h$&$K4D6- >pJs$r<}=8$9$k !# 3. 2 %7%9%F%‘9=@.$N2>Dj K\%7%9%F%‘$N9=@.$K$*$$$F$O !" 0J2<$N2>Dj$r@_$1$F$$$k !’ !J 1 !K 3F 8r :9 E@ $G 0\ F0 %m %\ %C %H $O!" M= $a next no de algorithm $K $h $j:n $i $l $? %3 %^ %s %I %j %9 %H $+ $i 9T F0 %3 %^ %s %I $r F@ $k!# Fig.9 JRSJ V ol. xx No. xx |2| xx, 200x

0\F0%m%\%C%H0LCV7h$a$N$?$a$N%;%s%5%W%i%K%s%0 3 Fig. 2 The mobile rob ot gathers the en vironmen t information based on the path obtained from Fig.1. Fig. 3 A set of the en vironmen t information of t w o neigh b oring corridors. The elemen ts are mapp ed to no des of B N . $N A; B ; :::; L $O8r :9 E@ $N %i%Y %k $G $" $j !" $= $l $i $O0\ F0 $9 $k ESCf$G0\F0%m%\%C%H$KBP$7$F65<($5$l$k !# !J 2 !K %i%s%I%^!<%/$OO-2< !J $N0lIt !K $KBP$7$F%f%K!<%/$JB8:_$G $O$J$/ !" >/?t$N%i%s%I%^!<%/$N4QB, $N$_$G$O<+8J0LCV$N7h Dj$KIT3N<B@-$,;D$k>l9g$r<h$j07$& !#<B 834D6-$G$O !" O-2< JILL$NN>B&$N=j !9 $K1z$_$,$"$k$b$N$H$7 !" $=$l$i$r%i%s%I %^!<%/$H$7$FMQ$$$k y !# !J 3 !K K\%7%9%F%‘$G$O%; %s%7%s%0$N6I=j@-$K5/0x$9$k0LCV7h$a$N IT 3N <B @- $r 07 $C $F $$ $k $, !" %; %s %5 $N %( %i !< $d 4D 6- $N F0 E* $J JQ 2= $K $h $k IT 3N <B @- $K $D $$ $F $O $^ $@ 07 $C $F $$ $J $$ !# Nc $( $P !" %i %s%I %^ !< %/ $N <1 JL $H %; %s %7 %s %0 %3%9 %H $N 7W ;; $K MQ $$ $k lo c al distanc e !J 8e=R !K $NCM$O0lDjCM$rMQ$$$F$$$k!# 3. 3 4D6->pJs%G!<%?$N5-=R$H B N $N9=@. K\%7 %9 %F %‘ $G $O !" NY @\ $9 $k 8r :9 E@ $N 4V $N >p Js $r se gment ( S g ) $HDj5A$9$k !# 0l$D$N S g $O0J2<$N;M$D$N>pJs$r4^$s$G$$$k !’ !J 1 !K Fs$D8r:9E@$N%i%Y%k!# !J 2 !K Fs$D8r:9E@4V$N%i%s%I%^!<%/$N>pJs!# !J 3 !K 0\F0%m%\ %C%H$,3F8r:9E@$KF~$k;~$K%;%s%7%s%0$7$?8r:9E@ $N4v2?E*$JFCD’ !# !J 4 !K 0\F0%m%\ %C%H$,3F8r:9E@$KF~$k;~$N9TF0 !# %7%9%F%‘$OFs$D$NNY@\$9$k se gment $r0l$D$N " 4D6->pJs%;%C y %m%\ %C %H $KEk :\ $9 $k%; %s %5 $,8! =P $G $-$k $b $N $G$" $l $P 4pK\ E* $K $O2? $G $b $h$$ %H " $H8F$V (Fig.3) !# Chinese p ostman problem $N2r $H$7$FF@ $i$l$?7PO)$O !" 4D6-$N$9$Y$F$NO-2<$r>/$J$/$H$b0l2sDL2a$9$k $N $G !" %m %\%C%H $, 0l J} DL 9T $G %; %s %7 %s %0 $7 $? O- 2< $K $D $$ $F $O !" 5UJ}8~$+$i%m%\%C%H$,0\F0$9$k;~$K@8$8$k4D6->pJs%;%C%H$r?7 $?$J%G!<%?%1!<%9$H$7$FDI2C$9$k !# $=$7$F !" 3F4D6->pJs%;%C%H $,$b$D6qBNE*>pJs !J Nc$($P !" 8r:9E@$N%i%Y%k$d%i%s%I%^!<%/$N 4v2?3XE*$JFCD’$J$I !K $O !" B N $N%N!<%I$N$H$kCM (v alue) $H$7 $FJ]B8$5$l$k !# K\%7%9%F%‘$G$O !" %;%s%5 >pJs$r B N $N observable variable !" $^ $?!" 8r :9 E@ $N %i %Y %k $r B N $N hyp othesis variable $H $7 $F Dj 5A $9$k !# A4$F $NNY$j 9g$&Fs $D$NO-2< $N4D6- >pJs$r !" B N $N9=B$$H >r7oIU3NN(%F!<%V%k$r3X=,$9$k$?$a$N71N}%G!<%?$H$7$FJ]B8$9 $k!# Nc $( $P Fig.2 $N %G !< %? <} =8 $G F@ $i $l $? %G !< %? %Y !< %9 $K $O 138 8D $N %G !<%? %1 !< %9 $, $" $k !# $^$? !" Fig.5 $O !" $3$N71 N} %G !< %? $+ $i8e=R $N9= B$3X =,$K $h$j 5a$a $? B N $O 13 8D$N3N N(JQ ?t !J %N!< %I !K $r ;} $D!# $3 $N Cf $N%N !< %I H ead , M id , T ail $O !" Fig.3 $K<( $9$h$&$KNY$j9g$&Fs$D$NO-2<$K$*$1$k;0$D8r:9E@$N%i%Y%k$rI= $7$F $$ $k yy !# $3 $N 8r:9 E@ %i %Y%k $N %N !<%I $N $H $j F@$k CM $N ?t$O 12 8D$G !" A; B ; :::; L $G$"$k !# %N!< %I A ction1( a 1 ) $H A ction2( a 2 ) $O !" 3FO-2<$KF~$k;~ $N%m%\%C%H$N9TF0$rDj5A$7$F$*$j !" 3F !9 $, ;0 $D $N CM !’ go forwar d, turn left, turn right $N$$ $: $l $+ $r $H $k!# %N!<%I Hf, Mf, Tf $O !" 3F !9 !" H ead , M id , T ail $N8r:9 E@$N4v 2?E* $J FC D’ $r I= $7 !" %N !< %I $N $H $j F@ $k CM $O 1 !A 6 $N?t CM $G !" 3F!9 (+ , (( , () , (’ , (# , ($ $N 6 7A >u $K BP 1~ $7 $F $$ $k !# K\ 8& 5f $G $O !" SVM(Supp ort V ector Mac hine)[23] $r MQ $$$F !" #6%?%$ %W $N8r :9E@ $NFC D’$r <1JL $7$? !#%N!<%I m h 1 ; m h 2 ; m t 1 ; m t 2 $O !" Fig.3 $K<($9$h$&$K !" Fs $D$NO-2<Fb$N#4$D$N%i%s%I%^!<%/ !J $=$l$i$, $J $$ >l 9g $b 4^ $^ $l $k !K $r I= $7 $F $$ $k!# <B 83 $G $O!" #1 $D $N se gment $NO-2<$NN>B&$K$=$l$>$l:GBg#28D$^$G$N1z$_$,$"$k$3$H$rA[Dj $7 !" $= $l $i $r %i %s %I %^ !< %/ $H $7 $F MQ $$ $?!# => $C $F!" $3 $N %N !< %I $N $H$j F@$k CM$O 1 $+$i 4 $^$G$N@0 ?t 4 8D$G $"$k!# K\ O@J8 $G$O !" O- 2<$NN>B&$K$"$k%i%s%I %^!<%/$r%j%9%H !J 4v2?3XE*$JFCD’ !" lo c al distanc e !K $G I= 8= $9 $k!# !V 4v2? 3X E* $J FC D’ !W $O !" %i %s %I %^ !< %/ $, O-2<$N:8B&$K$"$k$+1&B&$K$"$k$+$rI=$7$F$$$k !# %m%\%C%H$,O- 2< $K F~ $k 8r :9 E@ $H %i %s %I %^ !< %/ $H $N 4V $N 5w N% $O lo c al distanc e $H Dj5A $7 $F $$ $k!# Fig.2 $N$h $& $K !" O- 2< F ! G !" E ! H !" J ! I $OB>$NO-2<$h$jD9$$$N$G !" 3FO-2<$K$"$k%i%s%I%^!<%/$O#4<oN‘ $KJ,$1$i$l$F$$$k !" 3F !9 $O#1$+$i#4$^$G$N@0?t$GI=$9 !# #1$H#3 $O !" 3F !9 C; $$ O- 2< $H D9 $$ O- 2< $K $" $k !J ?J 9T J} 8~ $r 8~ $$ $F !K :8 B& $N %i %s %I %^ !< %/ $r I= $7!" #2 $H #4 $O!" 3F !9 C; $$ O- 2< $H D9 $$ O- 2< $K $" $k 1&B&$N %i%s %I%^!< %/$r I=$9 !#%N!<%I m h 1 ; m h 2 $O 8r:9E@ H ead $+$i 8r:9 E@ M id $K;j$k O-2< $N !J H ead B&$+$i ?t$( $F ) Bh0l HVL\ $H Bh Fs HV L\ $N %i %s %I %^ !< %/ $r I= $7 !" %N!< %I m t 1 ; m t 2 $O 8r :9 E@ M id $+$i8r:9E@ T ail $K;j$kO-2<$N !J M id B&$+$i?t$($F ) Bh0l HV L\ $H Bh Fs HV L\ $N %i %s %I %^ !< %/ $r I= $9 !#$^$? !" %N!< %I C n $O !" =i 4| Av 9T $G 5a $a $? A4 %G !< %? %1 !< %9 $N %i %Y %k !J <B 83 Nc $G $O 138 8D !K $rCM$H$7$F$b$DJQ?t$G$"$k !# K\ %7 %9 %F %‘ $, MQ $$ $k B N $O !" Fig.1 $N $h $& $J %H %\ %m %8 %+ %k %M %C yy H ead $OBh0lHVL\$N8r:9E@$G$"$k !" M id $OFs$D$NNY9g$&O-2<$N4V$N8r :9E@$G$"$k !# T ail $O:G8e$N8r:9E@$G$"$k F|K\%m%\%C%H3X2q;o xx 4, xx 9f |3| 200x G/ xx 7n

4 <~ 9? nb :d :, LP 9, %H%o!<%/$N$h$&$KO-2<$N%i%s%I%^!<%/$H8r:9E@$N4v2?E*$J4X78 $r I= $9 $N $G $O $J$/ !" Fig.5 $K <( $9$h $& $K !" 8!=P $7 $? %i %s %I %^ !< %/$N%N!<%I$H8r:9E@$N%i%Y%k$N%N!<%I$N4V$N$h$&$J !" #2%N!<%I 4V$N0MB84X78$rI=8=$9$k !# =>$C$F !" %H%\%m%8%+%k%M %C%H%o!<%/ $G$O !" I=8=$9$k4D6-$NBg$-$5$KH<$C$F%M %C%H%o!<%/$N%5%$%:$b A}Bg $9 $k$, !" K\ %7 %9 %F%‘ $N B N $NI= 8= $K $*$$ $F $O !" %N!< %I ?t $O A}$($:$K%N!<%I$N$H$jF@$kCM$N8D?t$,A}$($k$3$H$K$J$k !# K\ %7 %9 %F %‘ $G $O !" 4D 6- %G !< %? $O 4D 6- >p Js %; %C %H !J = NY @\ $9 $k Fs $D$N O- 2< $N >p Js !K $K $* $1 $k%N !< %I $N 0M B8 4X 78 $r B N $GI= 8= $7 $F $$$k$N$G !" %m%\ %C%H$O<!$NO-2<$K$"$k4D6->pJs$7$+M=B,$G$-$J $$ !# 9TF07hDj$G$O !" 8=:_%m%\ %C%H$,$$$k8r:9E@$K$*$$$F$I$N9T F0$r $H$k$Y $-$+ !" $^$? !" <!$NO-2<$G$I $3$^$G 9T$/$Y $-$+$K 8B$C $F$$$k !# $7$+$7 !" $b$7$b%m%\ %C%H$,<!$NO-2<$K9T$C$F$b%0%m!< %P%k$J0LCV7h$a$N?.G0EY$,$^$@Dc$1$l$P !" $5$i$K0l$D@h$NO-2< $^$G8+$K 9T$/ 2DG= @-$, $"$k!# $3$N >l9g $K$O !" 1 8D$N segmen t >p Js$r4pK\$H$9$kC‘<!7hDjLdBj$H$7$F07$&I,MW$,$"$k$, !" $3$l$K $D$$$F$O:#8e$N2]Bj$H$9$k !# 4. %G!<%?$+$i B N $N9=B$3X=, B N $O 3N N( JQ ?t $N 4V $N 0M B8 4X 78 $r I= 8= $9 $k M- 8~ %0 %i %U $G $" $k!# B N $NLp0u$O%N!< %I4V$N 0x2L4X78 $rI=$9!# $7$+$7 !" <B:] $NLdBj $G%N !< %I 4V $N 0x 2L 4X 78 $r 7h $a $k $3 $H $O 0l HL $K Fq $7 $$ >l 9g $, B? $$!# $^$? !" K\8&5f$G$O !" %N!<%I4V$N0MB84X78$N;vA0CN<1$rM?$($F$$ $J$$ !# $=$3$G !" K\%7%9%F%‘$G$O !" %N!<%I4V$N0x2L4X78$K4X$9$k %M %C %H %o !< %/ $N 9= B$ @_ 7W It J, $N <+ F0 2= $r ?^ $k $? $a $K B N $N9= B$ 3X=,$rF3F~$7$? !# 4. 1 K2 %"%k%4%j%:%‘ B N $N9=B$3X=, <jK!$H $7$F !" K\%7 %9%F%‘ $O9=B$ 3X=,%" %k%4%j %:%‘ K 2 [15] $rMQ$$$?!# $3$N%" %k%4%j %:%‘$O !" 2DG= $J9=B$6u 4V $+$i :G Bg %9 %3 %" $r ;} $D B N $N9= B$ $r C5 :w $9 $k!# B N $N9= B$ $r I> 2A$9$k %9%3 %"$O !" B N $N9=B$ ( B s ) $H%G!< %?%1 !<%9 ( D ) $N7k9g 3NN( P ( B s ; D ) $GDj5A$5$l$k !# :# !" B N $K$" $k n 8D%N !<%I$N =89g $r Z $H$7 !" Z $NCf $K$"$k 3N N( JQ ?t !J %N !<%I !K x i $, !" r i 8D $N <h $j F@ $k CM ( v i 1 ; :::; v ir i ) $r $b$D$b$N$H$9$k !#$^$? !" %G!<%?%1!<%9 D $K$O m 8D$N%1!<%9$, $"$j !" 3F%1!<%9$O !" 3F%N!<%I$K$D$$$F3F !9 0l$D$NCM$r4^$s$G$$ $k$b$N$H$9$k !# B s $G !" Z $NA4JQ?t$r4^$‘0l$D$N B N $N9=B$$r I=$7 !" $3 $N 3F %N !< %I x i $N?F %N !< %I %j %9 %H $O � i $GI= $9!# $= $7 $F !" %G!<%?%1!<%9 D $KBP$9$k?F%N !<%I%j %9%H � i $NCf$NBh j HVL>$N %f%K !< %/ $J %$ %s %9 %? %s %9 $r w ij $GI= $9!# $= $N $h $& $J � i $N %f %K !< %/$J %$ %s %9 %? %s %9 $, q i 8D $" $k $H 2> Dj $9 $k!# %N !< %I x i $NCM $, v ik $G !" $+$D !" ?F%N !< %I %j%9 %H � i $N %$%s %9 %? %s %9$, w ij $G $" $k$h $&$J D $NCf$N%1!<%9$N?t$r N ij k $GDj5A$9$l$P !" N ij = r i X k =1 N ij k $r MQ$$ $F i HVL\ %N !< %I$H $= $N ?F%N !< %I$N 4V $N %9%3 %" function !’ g ( i; � i ) $r 7W ;; $7 !" $3 $l $K 4p $E $$ $F 7k 9g 3N N( P ( B s ; D ) $r7W ;; $9 $k [15] !# $J$* !" <!<0Cf$N P ( B s ) $O B N $N2D G=$J9=B$$N 3NN($G $"$j !" Dj?t$H8+$J$7$F$h$$ !# Fig. 4 The results of ordering searc h using GA and Ba y esian score. P ( B s ; D ) = P ( B s ) n Y i =1 g ( i; � i ) = P ( B s ) n Y i =1 q i Y j =1 ( r i � 1)! ( N ij + r i � 1)! r i Y k =1 N ij k ! K 2 %" %k %4 %j %: %‘ $G $O !" =i $a $K!" 3F %N !< %I $N ?F %N !< %I $, $J $$ >u BV$K$7$F$*$/ !#$= $7$F !" MQ0U$7$??F%N!<%I$r0l8D$E$D2C$($F%0 %i %U $r :n $k!# $3 $N %0 %i %U $r g ( i; � i ) $K$h $j I> 2A $7 !" A} 2C $9 $k %N !< %I$@$1$r?F$H$7$F;D$9 !# $3$N%Y%$%8%"%s%9%3%"$,:GBg$K$J$C$? $H$- !" $^$?$O !" MQ0U$7$??F%N!<%I$,$J$/$J$k$HB>$N%N!<%I$X0\ $k!# A4 %N !<%I $K $D $$ $F ?F %N !<%I $r C5 :w $7 !" :G E, $J B N 9=B$ $r5a $a$k!# $7 $+ $7 !" 9= B$ 6u 4V $N A4 C5 :w $O =h M} $, KD Bg $K $J $k!# Nc $( $P !" B N $N2D G= $J 9= B$ $O !" %N !< %I $N ?t n = 2 $G$O 3 8D !" n = 3 $G$O 25 8D !" n = 5 $G $O 29 ; 000 8D $H A} Bg $7 $F $$ $/!# K 2 $G $O !" $3 $N C5 :w6u4V$r8:$i$9$?$a$K?F;R=g=x$GC5:w6u4V$r@)8B$9$k%N!<%I4V $N =g =x $E $1 (ordering) $r MQ $$ $k $,!" $3 $N ordering $r 5a $a $k $3 $H $O0lHL $K MF0W $G$O $J$$!# K\%7 %9%F %‘$G $O !" J88% [16] $,MQ$$ $?$h $&$K 0d EA%" %k %4%j %: %‘ (GA)[22] $K$h$j =‘ :GE, $J ordering $rC5 :w $7 !" F@ $i $l $? %N !< %I $N ordering $r K 2 $K MQ $$ $F =‘ :G E, $J B N 9= B$ $r 5a $a $F $$ $k!# GA 3X =, $G MQ $$ $k �tness CM $O !" 3F ordering $r MQ $$ $F 3X =, $7 $? 9= B$ $N P ( B s ; D )[15] $G $" $k!# GA $r F3 F~ $9 $k L\E* $O !" ordering 6u 4V $K $* $$ $F A4 C5 :w $r $; $: $K :G E, $J ordering $rA*Br $9 $k$3 $H$, 2DG= $K$J $k$? $a$G $"$k!# $b $7 GA $r;H$o$J $$ $H$9 $l$P !" n ! 2s$N K 2 3X=, $r 9T$& I, MW$, $" $k!# K\ 8&5f $N Nc $G8@ $( $P !" ordering 6u4V $N A4 C5 :w $r 9T $J $& $H 13! ’ 6 : 2270 � 10 9 2s $N K 2 3X=,$,I, MW$G$"$k$, !" GA $r;H$($P 100 @$Be$G 8000 2s $N K 2 3X=,<B9T$G:Q$_ !" 7W;;;~4V$rBgI}$K:o8:$G$-$k!# 4. 2 B N $N9=B$3X=,7k2L$NNc Fig.2 $N 4D 6- %G !< %? $K 4p $E $$ $F !" K2 %" %k %4 %j %: %‘ $H GA $K $h$k ordering $rMQ $$ $F 9= B$ 3X =, $r 9T $o $; $?!# GA Jl=8 CD $N %5 %$ %: $O 80 $G $" $k !#0dEA ;R $K 8r :9 (cross o v er) $H FM A3 JQ 0[ (m u- tation) $NA‘ :n $r 9T $J $C $F !" 100 @$Be C5 :w $7 $?7k 2L $r Fig.4 $K<( $9 !#3F@$Be$N#8#08D $N ordering $KBP1~ $7$F5a$a $? B N 9=B$$N P ( B s ; D ) $N J? 6Q CM $r !" $3$3 $G $O !V J? 6Q �ttness %9 %3 %" !W $H 8F JRSJ V ol. xx No. xx |4| xx, 200x

0\F0%m%\%C%H0LCV7h$a$N$?$a$N%;%s%5%W%i%K%s%0 5 Fig. 5 Learned B N ’s structure b y K2 and GA. $s$G $$ $k!# E@ @~ $O ES Cf $N 8D BN 72 $N J? 6Q �tness %9%3 %" $r <( $7 !" <B @~$O 3F @$ Be $N %Y %9 %H �tness %9%3 %" $r <( $9!# 100 @$Be $N C5 :w $K $h $j !" =‘:G E, $J %N !< %I $N =g =x $E $1 $r 3MF@ $9 $k !# Fig.5 $K !" $3$N %" %k%4%j%:%‘$rMQ$$$F3X=,$7$? B N $N9=B$$r<($9 !# 4. 3 BN $N>r7oIU3NN(%F!<%V%k$N3X=, BN $N 9= B$ $, 5a $^ $l $P !" Chinese p ostman problem $r 2r $$ $? 7PO) $G4Q B, %G !<%? $O 40 A4$J $N $G !" >r7o IU 3N N( $N%F !< %V %k (CPT: conditional probabilit y table) $N CM $O !" 3F JQ ?t CM $N IQ EY J, I[ $K 4p $E $-!" :G L‘ ?d Dj $K $h $j 5a $a $k $3 $H $, $G $- $k [14] !# Nc $( $O!" B N Cf $N $" $k %N !< %I X $N %N !< %I CM x i $N >r 7o IU 3N N( $O P ( X = x i j Z 1 = z 1 ; Z 2 = z 2 ; :::; Z k = z k ) $G$"$k !# Z 1 ; Z 2 ; :::; Z k $O X $N K 8D $N?F%N!<%I$r<($9 !# z 1 ; z 2 ; :::; z k $O !" 3F?F%N!<%I Z 1 ; Z 2 ; :::; Z k $N$H$kCM$G$"$k !# P ( X = x i j Z 1 = z 1 ; Z 2 = z 2 ; :::; Z k = z k ) = P ( X = x i ; Z 1 = z 1 ; Z 2 = z 2 ; :::; Z k = z k ) P ( Z 1 = z 1 ; Z 2 = z 2 ; :::; Z k ) ’ N ( X = x i ; Z 1 = z 1 ; Z 2 = z 2 ; :::; Z k = z k ) N ( Z 1 = z 1 ; Z 2 = z 2 ; :::; Z k ) N ( X = x i ; Z 1 = z 1 ; Z 2 = z 2 ; :::; Z k = z k ) $O %G !<%? %Y !<%9 $K !V X = x i ; Z 1 = z 1 ; Z 2 = z 2 ; :::; Z k = z k !W $N %1 !< %9 $N ?t $G $" $k !# N ( Z 1 = z 1 ; Z 2 = z 2 ; :::; Z k = z k ) $O%G !< %?%Y !<%9 $K $"$k !V Z 1 = z 1 ; Z 2 = z 2 ; :::; Z k = z k !W $N%1!<%9$N?t$G$"$k !#K\8&5f $G $O !" >e 5- $N <0 $r MQ $$ $F 3F %N !< %I CPT $r 3X =, $5 $; $F $$ $k!# $b $7 $b Chinese p ostman problem $rE, MQ$7 $J$$ >l9g $K$O !" 4D 6-%G !< %? $, IT 40 A4 $K $J $k 62 $l $, $" $k $N $G !" CPT $r 5a $a $k $? $a $K EM %"%k%4%j%:%‘$NE,MQ$,9M$($i$l$k !# 5. %;%s%5%W%i%K%s%0 5. 1 %;%s%5%W%i%K%s%0%7%9%F%‘$N35MW %;%s%5%W%i%K%s%0%7%9%F%‘$O;0$D$N%9%F%C%W$+$i@.$k !’ !J 1 !K 0LCV7h$a$N$?$a$N?dO@ !# %m%\%C%H$OL$CN$N%9%?!<%H0LCV$+ $i=PH/$7 !" $"$kO-2<$G?7$7$$%;%s%7 %s%0>pJs$rH/8+$9$kEY $K0LCV7h$a$N?.G0EY$r?dO@$9$k !# !J 2 !K %;%s%7%s%09TF0$N$?$a $NM=B, !# $b$7$b !" %;%s%7%s%0$7$?O- 2<$N4D6->pJs$,IT==J,$J>l9g$K$O !" %;%s%5%W%i%s%J$r5/F0 $7$F !" <B9T2DG=$J9TF0$H !" $=$N9TF0$K4XO"$9$k%;%s%5>pJs $rM=B,$9$k !# $J$* !" %;%s%5%W%i%s%J$O%;%s%7%s%0$7$?O-2< $N=P8}$KMh$?$H$-$K5/F0$9$k !# !J 3 !K 0LCV7h$a$N$?$a$N%;%s%7%s%09TF07W2h !# %;%s%5%W%i%s%J$O M=B,$7$?7k2L$rMQ$$$F !" 0LCV7h$a$N?.G0EY$H%;%s%7%s%0%3 %9%H$N%P%i%s%9$r9MN8$7 !" <!$K%m%\ %C%H$O$I$NO-2<$K?J$‘ $Y$-$+ !" $^$? !" %;%s%7%s%0$r9T$&$?$a$K$=$NO-2<$N$I$3$^ $G0\F0$9$Y$-$+$r7W2h$9$k !# 5. 2 0LCV7h$a$N$?$a$N?dO@ %m%\%C%H$OL$CN$N=i4|0LCV$+$i=PH/$7 !" %]%F%s%7 %c %kK!$GO- 2<$N??Cf$r0\F0$7$J$,$i%;%s%7%s%0$r9T$& !# 8=:_%m%\%C%H$,$$ $k O- 2< $+ $i F@ $? %; %s %5 >p Js $O !" B N $K evidence $H $7 $F F~ NO $5 $l $k!# 8r :9 E@ %i %Y %k $N 3N N( $O !" 0L CV 7h $a $N ?. G0 EY $N I> 2A CM $K $J $k!# 8r :9 E@ %i %Y %k %N !< %I $N 3N N( $O !" B N $K$h $j P ( H ead; M id j F@$i $l$? %;%s %5>p Js ) $H$7 $F7W ;;$5 $l$k !#%7%9%F%‘ $O %0%m !<%P %k$J 0LCV7h$a$N?.G0EY ( T olBef ) $r0J2<$N<0$GI>2A$9$k !’ T ol B ef = (1 = 2) � ( max ( P ( H ead )) + max ( P ( M id ))) !J 1 !K max ( P ( H ead )) $H max ( P ( M id )) $O !" 3F !9 %N !< %I H ead $H M id $N3N N( $N :G Bg CM $G $" $k!# Head $H Mid $N%i %Y %k ?d Dj $K $* $1 $k0M B8 4X 78 $K 4X $7 $F $O B N $NCf $G 4{ $K H? 1G $5 $l $F $$ $k $N $G !" 7k 9gL)EY4X?t$r?7$?$K9=@.$9$kI,MW$O$J$/ !" 3F%N!<%I$NCM !J $9$J $o$A8r:9E@$N %i%Y%k !K $KBP $9$k b elief CM$N:GBgCM$r5a$a !" $=$N J?6Q$K$h$j0LCV7h$a$NIT3N<B@-I>2A$,$G$-$k !# $b $7 $b !" T ol B ef > thd 1 ( <B 83 $G$O thd 1=0.9 $H $7 $? ) $G $" $l $P !" %7 %9 %F %‘ $O 0L CV 7h $a =h M} $r =* N; $5 $; $k !# $3$N >l 9g $K $O !" 8= :_ <+ J, $, $$ $k O- 2< $N 4D 6- >p Js $N $_ $G 0L CV 7h $a $, $G $- $k $N $G !" %;%s%5%W%i%K%s%0$r$9$kI,MW$O$J$$ !# $=$&$G$J$1$l$P !" 0LCV7h $a$,IT3N<B$J8r:9E@$GI,MW$J>pJs$rF@$k$?$a$N%;%s%7%s%09TF0 $N7W2h !J <!$K$I$NO-2<$K$I$3$^$G?J$‘$+ !K $rN)$F$k!# K\%7%9%F%‘$N B N $N9=B$$O !" Fig.5 $K<($9$h$&$K B?$/$N%k !< %W$,B8:_$9 $k$N$G !" %N !<%I$N b elief 7W;;$K$O Junction tree %" %k%4%j%:%‘ [17] $rMQ$$$? !# 5. 3 %;%s%7%s%09TF0$N$?$a$NM=B, K\ %; %s %5 %W %i %s %J $O !" Fs$D $N %W %m %; %9!’ (1) M= B, %W %m %; %9 $H (2) 7W 2h %W %m %;%9 $H $+ $i 9= @. $5 $l $k !#M=B,%W %m %; %9 $O !" <B9T 2D G=$J9TF0$N7k2LF@$i$l$k%;%s%5>pJs$rM=B,$9$k$b$N$G !" 0J2<$N Fs$D$N%9%F%C%W$+$i9=@.$5$l$k !’ (1) %;%s %7 %s %0$7 $? O- 2< y $+$i F@$? %; %s %5 >p Js yy $K4p $E $$ $F !" Nm $G$J$$3NN( CM$r$b $D Cn %N!<%I !J %G!<%?%1 !<%9 $N%i%Y %k$r CM$H$7$F$b$DJQ?t%N!<%I !K!" $D$^$j !" P ( Cn j F@$i$l$?%;%s%5>pJs ) 6 = 0; $r K~ $? $9 Cn %N !< %I $r %G !< %? %Y !< %9 $+ $i C5 $7 !" %j %9 %H cnl = ( cnl 1 ; cnl 2 ; ::: ) $KJ] B8 $9 $k!# $3 $l $K $h $j !" %m %\ %C %H $, O- 2< $N %; %s %7 %s %0 $G F@ $? %; %s %5 >p Js $K BP $7 $F!" %G !< %? %Y !< %9Cf$N$I$N%G!<%?%1!<%9$,N‘;w$7$F$$$k$+$rI>2A$9$k !# y M=B,$H8e=R$N7W2h%W%m%;%9$OCf4V8r:9E@ (Mid) $G9T$J$& !# yy %;%s %5 >pJs $O %; %s%7 %s %0 $7 $?O- 2< $K $"$k %i %s %I %^!< %/ >p Js$H 8r :9 E@$N 4v 2?E*$JFCD’$N>pJs$r4^$s$G$$$k !# F|K\%m%\%C%H3X2q;o xx 4, xx 9f |5| 200x G/ xx 7n

6 <~ 9? nb :d :, LP 9, (2) (1) $N 7k 2L F@ $? cnl $K 4X $7 $F!" %; %s %7 %s %0 9T F0 $r @h FI $_ (lo ok ahead) $9$k!# $9 $J $o $A !" 2D G= $J 9T F0 ( P A ) $H 2D G= $J 9T F0 $K BP 1~$9 $k %; %s %5 >p Js ( S I ) $r M= B, $9 $k !#M=B,$O 0J 2< $N >r 7o IU3NN($K4p$E$$$F9T$& !’ P ( P A j cnl i ; F@$i$l$?%;%s%5>pJs ) > thd 2 !! � � � ( a ) P ( S I j P A; cnl i ; F@$i$l$?%;%s%5>pJs ) > thd 2 � � � ( b ) <0 (a) $H (b) $N>r7o$,K~$?$5$l$l$P !" $=$N2DG=$J9TF0$r%j %9%H actlist $KJ]B8 $7 !" M=B,$7$?%; %s%5>p Js$O0l $D$N%^ %H %j %/ %9 M sen $K J] B8 $9 $k!# $J $* !" 6 >O $N <B 83 $G $O thd 2=0.9 $rMQ$$$? !# 5. 4 0LCV7h$a$N$?$a$N%;%s%7%s%09TF07W2h A0 @a $N M= B, %W %m %; %9 $K $h $j!" %7 %9 %F %‘ $O <B 9T 2D G= $J 9T F0 %j %9 %H ( actlist ) $H9TF0 $KBP 1~ $7$F $$$k %;%s %5 >pJs %^%H %j%/ %9 ( M sen ) $, F@ $i $l $k !# M sen = ( sn 1 ; sn 2 ; :::; sn n ) T $H I= $; $P !" 3F FC D’ sn i $O2D G= $J 9T F0$K BP 1~ $9 $k M= B, $7$? %; %s %5 >p Js %j%9 %H $G $" $k!# %;%s%5>pJs%j%9%H$K4^$^$l$F$$$k%;%s%5>pJs$O !" %;%s%7%s%0%3 %9%H $K4X$7 $F%=!< %H$5$l$k !#%;%s%7%s%0%3 %9%H$O !" 8=:_%m%\%C %H$,$$$k8r:9E@$+$i%;%s%7%s%0$r9T$J$&%i%s%I%^!<%/$^$G$N5w N%$G$"$k !# %m %\%C%H $O %; %s %7 %s %0 7W 2h %W %m %; %9 $K $h $j !" actlist $+ $i :G E,$J9TF0$rA*Br$7 !" $3$N9TF0$K$h$j0LCV7h$a$N?.G0EY$r9b$a$k !J => $C $F [#Kf $5 $r8: $i $9 ) $N$K ==J, $J %;%s %5 >pJs $r F@$i $l $k!# Nc $( $P !" Fig.6 $N $h $&$K actlist $H M sen $, $" $k !#<B9T2D G= $J9T F0$O \action1, action2, action3" $G $"$k !# Fig.6 $N1&B& $K$"$k @0?t $OM=B,$7 $?%;%s%5 >pJs$r I=$7 !" M sen $K$*$1 $k3F9T $O:8B& $K $" $k 9T F0 $K BP 1~ $7 $F $$ $k M= B, $7 $? %; %s %5 >p Js $r I= $9 !# M sen $N3F9T$NMWAGFCD’$O%;%s%7%s%0%3%9%H$G%=!<%H$5$l !" :8B&$N%; %s%5>pJs$O1&B&$NJ}$h$j>.$5$/$J$C$F$$$k !#3F9TF0$rI>2A$9$k :]$K !" %7%9%F %‘$O M sen $N3F9T$H $=$N 9T$KBP 1~$9 $k2D G=$J9T F0 $rMQ$$$F !" 8=:_%m%\ %C%H$,$$$k8r:9E@$N%i%Y%k$N3NN($H%;%s%7 %s%0%3%9%H $H$r7W ;;$9$k!# B N $OFs$D$NNY@\ $9$kO- 2<$N4D 6->p Js$r 0l $D C1 0L $H$7 $F ;H $C $F $$ $k $N$G !" 0L CV 7h $a $N ?. G0EY T olBef $NI>2A$O;0$D$N8r:9E@%i%Y%k$N3NN($r4^$_ !" <!<0$G5a$a$k !# T ol B ef = (1 = 3) � ( max ( P ( H ead )) + max ( P ( M id )) + max ( P ( T ail ))) !J 2 !K 0J>e$N2DG=$J9TF0$HM=B,$7$?%;%s%5>pJs$rMQ$$$F%;%s%7%s%09T F07W2h$r9T$J$& !# %;%s%7%s%09TF07W2h$O0J2<$N;0$D$N%9%F %C%W $+$i@.$k!’ (1) F@$i$l$?>pJs !" $*$h$S !" 2DG=$J9TF0$H$=$N9TF0$KBP1~$9$k %;%s%5>pJs$K4p$E$$$F0LCV7h$a$N?.G0EY ( T olBef ) $r7W;; $9$k !#$3$N%9%F %C%W$G$O !" $9$Y$F $N2DG=$J9TF0$H9TF0$KBP 1~ $9 $k %; %s %5 >p Js (Fig.6 $N M sen $K $" $k $9 $Y $F $N 9T ) $r I> 2A$7 $J $1 $l $P$J $i $J $$ !# Nc$( $P !" Fig.6 $N \action1" $H \action1" $K BP 1~$7 $F$$ $k ;09T $N %;%s %5>p Js $rI> 2A$9 $k >l 9g$rNc$K$H$l$P !" 0J2<$N (a) $+$i (d) $^$G$N<j=g$K$J$k !# !J a !K 6u%j %9 %H SenEvn $r MQ 0U $7 !" Bh0l 9T $N :8 B& $+ $i Bh 0l HV L\MWAG$r SenEvn $KF~$l$k !J b !K SenEvn $H \action1" $rMQ $$ $F !" <0 (2) $H B N $K$h $j !" T ol B ef $r5a$a$k !# !J c !K IF TolBef>thd3 !J <B83$G$O thd3=0.9 !K OR $3$N9T$NMWAG$rA4It SenEvn $KF~$l$? THEN Bh0l9T$N%;%s%5>pJs$NI>2A$r%9%H%C%W$9$k !# ELSE THEN Bh0l9T$N<!$NMWAG$r SenEvn $KF~$l$F , GOTO (b) END IF !J d !K (a) $+ $i (c) $^ $G $N <j =g $G \action1" $K BP 1~ $9 $k B> $N Fs $D $N9T $N %; %s %5 >p Js $r I> 2A $9 $k!# 0J >e $N <j =g $, =* $C $? 8e $K !" T ol B ef > thd 3 y $K$J $k%;%s %5>p Js%j %9%H$N ?t ( coun t ) $r5- =R$9 $k!# coun t $O !" %m %\ %C %H $, $= $N9T F0 $r $H $k $H 2? 8D $N2DG=$J lo c ation !J %0%m!< %P%k$J 0LCV !K $r7hDj$G$- $k $+$r0UL#$9$k !# (a) $+ $i (d) $^ $G $N J} K! $G !" B> $N 2D G= $J 9T F0 (\action2" !" \action3") $r I>2A $7 !" 3F9TF0 $KBP 1~$9 $k coun t $r 7W;; $9 $k !# Fig.6 $K$" $k3% ?’ $H9u ?’$G %^ !<%/ $r $7$? NN 0h$O !" (c) $N >r7o$rK~$?$9$^$G SenEvn $KF~$l$?%;%s%5>pJs$G$"$k !# (2) %7%9 %F%‘$O !" %9%F %C%W (1) $K$*$$$F !" >r7o$rK~$?$9$^$GMQ $$$?3F9T$N%;%s%5>pJs$N%;%s%7%s%0%3%9%H$r9TKh$KAmOB$r $H$k ( Cost ) !# $^ $? !" 9T F0 Kh $K T ol B ef > thd 3 $r K~ $? $7 $? 9T$N Cost $NAmOB$r$H$k !# $3 $NAmOB$N7k2L $O3F9TF0$N %;%s %7%s%0%3%9%H$K$J$k !# (3) coun t $r:GBg $K $7$F !" $+ $D !" $h $j >.$5 $$ %;%s %7 %s %0%3 %9 %H $r$b$D9TF0$, !" :GE,$J%;%s%7%s%09TF0$H$9$k !# Nc$( $P !" Fig.6 $N>l 9g$O !" "action1" $H "action3" $N coun t $O 3F !9 #3 $G $" $j !" "action2" $N coun t $O #1 $G $" $k !# =>$C$F !" 9T F0 "action2" $r $^ $: :G E, $J 9T F0 $N 8u Jd $+ $i =| $/ !# $^$? !" %9 %F%C %W (2) $N $h $& $K "action1" $H "action3" $N %; %s %7 %s %0 %3 %9 %H $r 7W ;; $7 !" Hf 3S $9 $k $H "action3" $K BP 1~ $9 $k %; %s %7 %s %0 %3 %9 %H $O "action1" $h$j>.$5 $$$N$G !" :G E,$J9T F0$O "action3" $G$"$k!# 5. 5 %;%s%5%W%i%K%s%0$N=hM}$N7Z8: >e $K =R $Y $? J} K! $O !" M= B, $7 $? $9 $Y $F $N 2D G= @- $r %A %’ %C %/ $9 $k $N $G !" 5.4 @a$N %9 %F %C %W (1) $N7W ;; %3 %9 %H $, Bg $- $/ $J $k!# $3 $N ?d O@ $N =h M} $r 7Z 8: $9 $k $? $a $K!" B N $K 4p $E $- 9T F0 $H %; %s %5 >p Js $r I> 2A $9 $k Be $o $j $K !" %; %s %5 >p Js $N FC D’ ( lo c al distanc e $H ge ometric al fe atur e ) $rHf3S$7 !" F1$89TF0 $G lo c ation $r%f%K!<%/$K7h$a$k 2D G=@-$r %A %’ %C%/ $9$k!# $3 $N=hM} <j=g$r !" Fig.6 $rNc$K@b L@$9$k!# (i) M sen $K $"$kF1$8 9TF0$r ;}$D%;%s %5>pJs %j%9%H$r :8B&$+ $i 1&B& $X C‘ <! E* $K Hf 3S $9 $k!# Nc $( $P !" action1 $O ;0 $D $N %; %s %5 >pJs%j %9%H R 1 ; R 2 ; R 3 $r;}$D!# Fig.6 $N R 1 9T$N %;%s %5 >p Js%;%C%H$G$O:8B&$NBh0lHVL\$NMWAG !J %i%s%I%^!<%/$N%N!< %I m t1 $NCM !K $O "1" $G$"$j !" R 2 $H R 3 $NBh0lHV L\$NMWAG $O "2" $J$N $G !" %7 %9 %F %‘ $O %; %s %5 >p Js "1" $@$1 $G !" R 1 9T $r R 2 ; R 3 $H6h JL $9 $k $3 $H $, $G $- $k!# $b $A $m $s !" B? $a $K %; %s %5 >pJs$r<h$k$3$H$b$G$-$k$, !" %;%s%7%s%0%3%9%H$H?.G0EY$N %P %i%s%9$r 9MN8$9$l $P !" %;%s%5>pJs "1" $@$1$r;H $&J}$, 8z y >r7o<0 T ol B ef > thd 3 $O%m%\%C%H$,#3$D $N8r:9E@ (Head,Mid,T ail) $N %i %Y %k $r %f %K !< %/ $K 7h $a $i $l $k $3 $H $r 0U L# $9 $k !# 8@ $$ 49 $( $l $P !" %m %\%C%H$O \action1" $GF~ $kO- 2<$N:G =i$N %;%s%5 >pJs $K$h $j0LCV 7h$a $, $G$-$k$3$H$r0UL#$9$k !# JRSJ V ol. xx No. xx |6| xx, 200x

0\F0%m%\%C%H0LCV7h$a$N$?$a$N%;%s%5%W%i%K%s%0 7 Fig. 6 A example of the predicted p ossible actions ( actlist ) and sensing information to b e obtained from the ac- tions ( M sen ). The in teger means the sensing informa- tion. The n um b ers from left to righ t are v alues of m t 1 , m t 2 , and T f , resp ectiv ely . Action 1 ; action 2 ; action 3 are v alues of a 2 . N($,$h$$ !# (ii) %9 %F%C%W (i) $N $h $& $K%; %s %5 >p Js $NHf 3S $r $9 $k$@ $1 $G $O $J $/ !" B N $H <0 (2) $K $h $j A* Br $7 $? %; %s %5 >p Js ( Nc $( $P !" "1") $H $= $l $i $K BP 1~ $9 $k 9T F0 $r MQ $$ $F T olBef $r %F %9 %H $7 $J $1 $l $P $J $i $J $$ !# $b $7 !" T olBef > thd 3 $G $" $l $P !" \ac- tion1" $H "1" $@$1 $G lo c ation $r%f%K !< %/ $K 7h $a $i $l $k!# $^ $? T olBef � thd 3 $J$i$P !" "1" $N1&B& y $+ $i%; %s%5>p Js$r DI 2C $7 $J$1 $l $P $J $i $J $$ !# %7%9 %F %‘ $O T olBef > thd 3 $K $J $k $^ $G !" %;%s %5 >p Js $r DI 2C $7 $J $, $i T olBef $N %F%9 %H $r 9T$J$& !# (iii) %9 %F %C %W (i) !" (ii) $N $h $& $K !" %7 %9 %F %‘ $O B> $N %; %s %5 >p Js %; %C %H$H6hJL$9$k$?$a$N:G$b@)8B$5$l$?%;%s%7%s%0$r$9$kHO0O !J Fig.6 Cf$N 3% ?’ $G <($7 $? It J, !K $r 5a $a $k!# $3 $N HO 0O $O T ol- Bef $N %F %9 %H $r 9T $J $& A0 $G $N HO 0O $G $" $k !# $b $7 !" F1 $8 9T F0 $r ;}$A !" $+$D !" %;%s%5>pJs$,A4$/F1 $8$G$"$l$P$3$NFs$D$N%; %s%5>p Js$O8_ $$$K6hJL $G$-$J $$ !#$^$? !" lo c ation $b %f%K!< %/$K7h$a$i$l$J$$ !#$3$N>l9g$r Fig.6 Cf$G$O9u$$ItJ,$G<( $7$F$$$k !# 6. <B 83 K\%W%i%K%s%0%7%9%F%‘$NM-8z@-$rI>2A$9$k$?$a$K !" 6I=jE*$K N‘ ;w $N >l =j $, 8= $l $k %* %U %# %9 4D 6- $r Nc $K %7 %_ %e %l !< %7 %g %s <B 83 $r 9T$J$C$?!# <B83 %7%9%F%‘ $N<BAu $G$O !" MA TLAB $N Ba y es Net T o ol Bo x [21] 5Z$S !" GA T o olBo x [22] $rMQ $$ $?!# $^ $? !" 8r :9 E@ $N4v2?3XFCD’$N<1JL$K$O SVM(Supp ort V ector Mac hine) [23] y Nc$($P !" R 1 $N9T $K $*$$ $F 00 1 00 $,==J, $G$J $1 $l$P !" 1& B& $N MWAG 00 2 00 $^ $?$O 00 2 ; 2 00 $rIU$12C$($J$1$l$P$J$i$J$$ !# (a) (b) Fig. 7 Examples of global lo calization using B N inference $r MQ $$ $?!# <B 83 4D 6- $K $* $$ $F !" O- 2< F ! G !" E ! H $H J ! I $N D9 $5 $O $= $N B> $h $j D9 $$ !# Fig.7 !" Fig.9 !" Fig.10 $N Cf $K $" $k 3g 8L $D $- $N <B ?t !" 9u $$ GX 7J $H 3g 8L $D $- $N <B ?t !" $* $h $S %O%C%A %s %0 $H 3g 8L $D $- $N <B ?t $G I= $7 $? CM $O !" $= $l $> $l %N !< %I T ail !" M id !" $H H ead $,$" $k 8r :9 E@$N %i %Y %k $G$" $k 3N N( $G $"$j !" $=$N 8r:9 E@ $N >l =j $K I= <( $7 $F $$ $k!# $^ $? !" $7 $- $$ CM $N %Q %i %a !< %? $O !" thd 1 = 0 : 9 ; thd 2 = 0 : 9 ; thd 3 = 0 : 9 $H$7$? !# 6. 1 0LCV7h$a$N$?$a$N?dO@ :G=i$K0\F0%m%\%C%H$OL$ CN$N>l=j$+$i=P H/$9$k!# Fig.7(a) $N $h $& $K !" %m %\ %C %H $, 8r :9 E@ D $+$i =P H/ $9 $k $H $7 $F $b 0l HL @- $r <: $o $J$$ !# 0l$D $N O- 2< $N %; %s %5 >pJs $r %; %s %7 %s %0 $7 $F !" 5.2 @a $N <0 (1) $K4p$E$-0LCV 7h$a$N?. G0EY$r 7W;;$9 $k !# %N !<%I H ead $H M id $N 3N N( $r B N $K $h $j7W ;; $9 $k !# %m%\%C%H $, O- 2< D ! C $+$i F@$? %; %s%5 >pJs $O !" Fs$D$N%i %s %I%^ !<%/ ( m h 1 ; m h 2 ) $H 8r :9E@ C $N4v2? E*$J FC D’ T f $G$"$k!# Nc $( $P !" Fs $D$N %i %s%I %^ !< %/>pJs $O$=$l $>$l#2$G I=$7 !" 8r:9E@ B $N4v2? E*$JFC D’ T f $O " (( " $GI=$7$F$$$k !# B N $O0J2<$N>r7oIU3NN($r?dO@$9$k !# P ( H ead; M id j m h 1 = 2 ; m h 2 = 2 ; T f = 00 (( 00 ) ?d O@ $7 $? >r 7o IU 3N N( $O T able.1 $N $h $& $K $J $k !# %N !< %I Head $H Mid $N CM $N Cf $G :G Bg 3N N( $r ;} $D $N $O D $H C $G $" $k !#$+ $D !" %m%\%C%H$N 0L CV7h $a $N?. G0EY $O <0 (1) $K$h $j !" T ol B ef = (1 = 2) � (1 : 0 + 1 : 0) > 0 : 9 $H$J$k$N$G !" %m%\%C%H$N=PH/E@$H8= :_$N0L CV $G$O D $H C $G$"$k$3 $H$r F1 Dj$G $-$?!# $3 $N>l 9g$K $O !" %m%\%C%H$O0l$D$NO-2<$N>pJs$N$_$G0LCV7h$a$,$G$-$k$N$G !" <! F|K\%m%\%C%H3X2q;o xx 4, xx 9f |7| 200x G/ xx 7n

8 <~ 9? nb :d :, LP 9, no des probabilit y of the in tersection’s lab els A B C D E F G H I J K L Head 0 0 0 1.0 0 0 0 0 0 0 0 0 Mid 0 0 1.0 0 0 0 0 0 0 0 0 0 T able 1 The infered probabilities of the no des He ad and Mid in Fig.7(a). no des probabilit y of the in tersection’s lab els A B C D E F G H I J K L Head 0 0 0 1.0 0 0 0 0 0 0 0 0 Mid 0.5714 0 0 0 0 0 0 0 0 0 0.4286 0 T able 2 The infered probabilities of the no de He ad and Mid in Fig.9(a). $NO-2<$K%;%s%7%s%0$r$7$K9T$/I,MW$,$J$$ !#$b$A$m$s !" <!$K$I $NO- 2< $K %; %s %7 %s %0 $r $7 $K 9T $/ $+ $N 9T F0 7W 2h $r $9 $k I, MW $b $J $$!# $3$l$G%m%\%C%H$N0LCV7h$a$N%W%m%;%9$O=*N;$9$k !# Fig.7(b) $O !" 0LCV7h$a$N ?dO@$N$b$&0l$D$NNc$G$"$k !# %m%\ %C %H$O A $+$i B $^$G $N%;%s %5>pJs $@$1$G !" B N $K $h$j8r :9E@ $N %i%Y%k$N3NN($r7W;;$7 !" 0LCV7h$a$N?.G0EY$r7W;;$9$k!#$=$N7k 2L !" %m%\ %C%H$O<+J,$, A $+$i=PH/$7$F !" 8=:_ B $K$$$k$3$H$r F1Dj$G$-$F$$$k !# 6. 2 %;%s%7%s%09TF0$N$?$a$NM=B, $b$70l$D$NO-2<$+$iF@$i$l$?%;%s%5>pJs$,IT==J,$J$i$P !" 0L CV 7h $a $N $? $a $K <! $N O- 2< $K %; %s %7 %s %0 $r $7 $K 9T $/ I, MW $, $" $k !# Nc$( $P !" Fig.9 $N$h $& $K %m %\ %C %H $O 8r :9 E@ D $+$i K $K 8~ $1 $F 0\ F0 $9 $k !# $b $A $m $s !" %m %\ %C %H $O <+ 8J 0L CV $r CN $i $J $$!# %m %\ %C %H $, D ! K $N O- 2< $+ $i F@ $? %; %s %5 >p Js $O !" %i %s %I %^ !< %/ ( m h 1 ; m h 2 ) $H8r:9E@ K $N4v2?E*$JFCD’ T f $O " (( " $G$"$k !# F@$i$l$?%; %s %5>pJs$rMQ $$$F !" B N $rMQ$$$??dO@$K $h$j0J 2<$N>r 7oIU3N N($r 7W;;$9$k !# P ( H ead; M id j m h 1 = 1 ; m h 2 = 2 ; T f = 00 (( 00 ) $3$N<0Cf$N#1$H#2$O !" %m%\ %C%H$,F@$?%i%s%I%^!<%/>pJs$rI=$7 $F$$$k !# $D$^$j !" %N!<%I m h 1 $H m h 2 $KBP1~$7$F$$$k6qBNE*$J CM $G$" $k !# B N $K $h $j?d O@ $7 $?7k 2L $O !" T able.2 $N$h $& $K $J$C $? !# <0 (1) $K4p $E $- !" %m %\ %C %H $O 0L CV 7h $a $N ?.G0 EY $r 7W ;; $9 $k!# T ol B ef = (1 = 2) � (1 : 0 + 0 : 5714) < 0 : 9 $J$N $G !" %m%\%C%H$N 8= :_ CO $H $7 $F $O !" Fig. 9(a) $N E@ @~ $H <B @~ $G =q $$ $? 4] $NFs $D $N 2DG=@-$,$"$k !# 5. 3 @a$K=R $Y$? %"%k %4%j%: %‘$r MQ$$$F !" 2DG=$J9TF0 $H$= $N9T F0 $K BP 1~ $9 $k <! $N O- 2< $N %; %s %5 >p Js $r M= B, $9 $k !# $=$N 7k 2L $r !" Fig.8 $K<($9!# 8r :9E@ K $K$$$k %m%\ %C%H$K $O !" :8 @^$H 1&@^ $NFs $D $N 2D G= $J 9T F0 $, $" $k!# 3F 9T F0 $K BP 1~ $7 $F M= B, $7 $? >p Js $K $O 3F !9 FsAH$,$"$k !# 6. 3 0LCV7h$a$N$?$a$N%;%s%7%s%09TF07W2h 5. 4 @a$H 5. 5 @a$N %; %s %5 %W %i %K %s %0 $N %" %k %4 %j %: %‘ $r MQ $$ $F !" %m %\%C%H $O 0L CV 7h $a $K I, MW $J %; %s %7 %s %0 NN 0h $r 5a $a $k !# Fig.8 $N$h$&$KI, MW$J %;%s%7 %s%0HO 0O y $r3%?’$G%^ !<%/$7 $? !# Fig.8 $K y $3 $3$G$O T able >e $G$NHO 0O$r !V %;%s %7%s %0HO0O !W $H8F$s$G $$$k$, !" Av 9T4D6- $K $*$1 $k %; %s%7 %s %0 NN0h $K BP1~ $7 !" $I $3 $^$G %; %s %7%s %0 $r$7 $K 9T $/$+$rI=$9 !# Fig. 8 Predicted p ossible actions ( actlist ) and sensing informa- tion ( M sen ) based on sensing information of the corri- dor ( D ! K ). (The in tegers of the table represen t the predicted sensor information, i.e., v aluses of the no des ( m h 1 ; m h 2 ; T f ).) $h $j !" 0\ F0 %m %\%C%H $O 9T F0 T urn left $H turn right $O N> J} Fs $D$N2DG=$J lo c ation $r7h$a$i$l$k !# $?$@$7 !" 5. 5 @a$K$h$j9TF0 turn right $H turn left $N %; %s %7 %s %0 %3 %9 %H $r 7W ;; $7 Hf 3S $9 $l $P !" turn right $N>l 9g $O%; %s %7%s %0 %3 %9%H $, turn left $h$j>. $5 $$$3$H $,J,$k !#=>$C$F !" turn right $O:GE, $J9TF0 $G$" $k$H9M $( $i $l $k!# Fig.10 $K <( $9 $h $& $K !" $b $7 %m %\ %C %H $, turn left $N9T F0 $r$H$l$P !" 8r:9E@ J $^$G9T$+$J $1$l$P ==J,$J%; %s%5>pJs $rF@$i $l$J $$!# B N $K$h $j ?d O@ $7 $? 8r :9 E@ D !" K $H J $N3N N( $N J? 6Q $O T ol B ef > 0 : 9 $H $J$i $J $$ !# $b$7$b !" turn right $N 9TF0 $r$H $l $P !" Fig.9(b) $N$h$& $K <! $N 8r :9E@ L $^$G $K9T $+ $J $/ $F $b 0L CV7h $a$N?.G0EY$O T ol B ef > 0 : 9 $H$J$j !" 0LCV7h$a$,$G$-$k!# :# !" %m %\ %C %H $, Fig.11 $N $h $& $K L$ CN $N 8r :9 E@ K $+ $i =P H/ $7 $F 8r:9 E@ D $KE~Ce $9 $k$H $9$k!# F@ $i $l$? %; %s%5 >pJs $K $h$j %m%\ %C %H $, 8= :_ $$ $k 2D G= @- $N $" $k 0L CV $r Fig.11 $G $O <B @~ $H E@ @~ $N 4] $G I=$7$F$$$k !#%; %s%7%s%09TF0$N$?$a$NM=B,$N%"%k%4%j%:%‘$K4p $E$$ $F !" M= B, $7 $? %; %s %5 >p Js $O Fig.12 $N$h $& $K $J $k!# %; %s %5 %W %i %K %s %0 %" %k %4 %j %: %‘ $r MQ $$ $F !" %m %\ %C %H $O 0L CV 7h $a $N $? $a $K I, MW$J%; %s%7 %s%0 NN0h $r7h $a$k !J Fig.12 $K !" 3% ?’$H 9u?’ $GI, MW$J %; %s %7 %s %0 HO 0O $r %^ !< %/ $7 $? !K !# %m %\ %C %H $O 9T F0 go forwar d $H turn right $K$h$j !" 7h $a$k $3$H $,2D G= $J lo c ation $N?t ( coun t ) $O#4$"$k !#9TF0 turn left $NJ}$O#2$G$"$k !# 9TF0 go forwar d $H turn right $K$h$j !" 9T F0 turn left $NJ} $,>/ $J $$ $N$G $^ $:8u Jd $+ $i=| $/ !#9TF0 go forwar d $H turn right $O !" 6&$K#4 $D $N2D G= $J lo c ation $r 7h$a$i$l $k$N$G !" :GE,$J9T F0$rA*Br $9$k$?$a $K%;%s %7 %s %0 %3 %9 %H $r Hf 3S $9 $k!# Fig.12 $K <( $9 $h $& $K 9T F0 go forwar d $N %; %s %7 %s %0 %3 %9 %H $O 9T F0 turn right $h$j >. $5 $$ $N $G !" 9T F0 go forwar d $,:G E, $J9T F0 $G $" $k!# $b $7 0\F0 %m %\ %C %H $O Fig.14 $N$h $&$K turn right $N9T F0 $r $H $k$H !" %m %\ %C %H $O 8r :9 E@ E $^$G 9T $+ $J $1 $l $P 0L CV 7h $a $, $G $- $J $$!# $b $7 $b !" Fig.13 $N $h $& $K 9T F0 go forwar d $9$l$P !" %m %\ %C %H$O8r :9E@ C $^$G9T $+$J$/ $F$b 0LCV 7h $a$, $G $- $k!# $b $7 $b %m%\ %C %H$, 9T F0 turn left $r$H$k $H !" 8r:9 E@ A $K E~ Ce $7 $F $b Fig.15 $N $h $& $K 0L CV 7h $a $N [# Kf $5 $, $^ $@ ;D $C $F $$$k !# 0J>e=R$Y$F$-$?<B83$rDL$8$F !" K\%;%s%5%W%i%K%s%0%7%9%F%‘ $NF0:n$H$=$NM-8z@-$r3NG’$7$? !# JRSJ V ol. xx No. xx |8| xx, 200x

0\F0%m%\%C%H0LCV7h$a$N$?$a$N%;%s%5%W%i%K%s%0 9 (a) (b) Fig. 9 An example of the exp erimen ts of sensor planning for the rob ot lo calization.(In the �gure, the real n um b ers in ( ), ( ) with blac k square, ( ) with hatc hed square represen t probabilit y of no de T ail, Mid, Head, resp ectiv ely . If the in tersection is the instan tiation of no de T ail, Mid, Head, the p oababilit y is sho wn at the in tersection. Fig. 10 The rob ot can not obtain su�cien t sensor information for lo calization un til it go es to the in tersection J . 7. 7k O@ K\O@J8$G$O !" 0\F0%m%\ %C%H$NIT3N<B@-$r4^$‘%0%m!<%P%k$J0L CV7h$aLdBj$r2r7h$9$k%;%s%5%W%i%K%s%0<jK!$rDs0F$7$? !#%7%9 %F%‘$O GA $r7k9g $7$? K2 %"%k%4%j%: %‘$rMQ $$$F !" %Y %$%8%" %s %M %C%H%o !<%/ $N9= B$$r 4D6- %G!< %?$+ $i3X =,$9 $k !# B N $K4p$E$$ Fig. 11 The rob ot can not lo calize itself only b y the sensor in- formation of the corridor( K ! D ). The slid circle and dot line circles mean the prossible p ositions that in- ferred b y B N based on the sensor information of the corridor( K ! D ). Fig. 12 Predicted p ossible actions ( actlist ) and sensing infor- mation to b e obtained from the actions ( M sen ) based on sensing information of the corridor ( K ! D ). (The in tegers of the table represen ts v alues of the probabilis- tic v ariables ( m h 1 ; m h 2 ; T f ) of the Ba y esian net w ork) $FF@$i$l$?%;%s%7%s%0>pJs$K$h$j2DG=$J%;%s%59TF0$H !" $=$N9T F0$KBP1~$9$k%;%s%7%s%0>pJs$rM=B,$9$k !# $=$7$F !" %0%m!<%P%k $J0LCV7h$a$N?.G0EY$H%;%s%7%s%0%3%9%H$N%P%i%s%9$r9MN8$7$F :GE,$J9TF0$r5a$a$k%"%k%4%j%:%‘$r9=@.$7$? !# %*%U %# %94D6-$r A[Dj$7$?%7%_ %e %l!<%7%g%s<B83$K$h$j !" K\%W%i%K%s%0%7%9%F%‘ $NM-8z@-$r3N$+$a$? !# :#8e$N8&5f2]Bj$H$7$F$O !" 0J2<$NE@$,5s$2$i$l$k !’ !J 1 !K K\%7%9%F%‘$G$O !" %;%s%7%s%0$,I,MW$J$H$3$m$rM=$a65$($F F|K\%m%\%C%H3X2q;o xx 4, xx 9f |9| 200x G/ xx 7n

10 <~ 9? nb :d :, LP 9, Fig. 13 The rob ot selects an optimal sensing action (go for- w ard) using sensor planner, so it can lo calize itself only b y using the sensor information of corridor ( K ! D ) and a part of the sensor information of the corridor ( D ! C ). Fig. 14 The rob ot can not lo calize itself un til it mo v es to the in tersection E . Fig. 15 If the rob ot p erforms \turn left" action, it can not lo- calize itself ev en if it has sensed t w o corridors. $$ $k $N $G !" I, MW $J %; %s %5 >p Js $r <+ N’ E* $K A* Br $9 $k G= NO $O ;} $C $F$$$J$$ !#%0%m!<%P%k$J0LCV>pJs$K 4p$E$$$FI,MW$J%;%s%5 >pJs$rA*Br$9$kLdBj$O:#8e$N2]Bj$G$"$k !# !J 2 !K B N $N9=B$3X =,$GF@ $i$l $k9=B$ $O !" %N !<%I$N 0MB84X 78$N $_ $G$"$j !" %;%s%7%s%0%3%9%H$K$D$$$F$O9MN8$7$F$$$J$$ !# $3 $N%; %s %7 %s %0 %3 %9 %H $r 9M N8 $7 $? B N $N 9= B$ 3X =, $K $D $$ $F $O :#8e$N2]Bj$G$"$k !# !J 3 !K <B%m%\ %C%H$r;H$C$F3X=,$H%;%s%5%W%i%K%s%0$N%"%k%4%j%: %‘$NM-8z@-$r8!>Z$9$k$3$H$b:#8e$N2]Bj$G$"$k !# ;2!!9M!!J8!!8% [ 1 ] S. Thrun, \Probabilistic Algorithms in Rob otics,", AI Maga- zine , 21(4):93-109, 2000. [ 2 ] S.Thrun, \Ba y esian Landmark Learning for Mobile Rob ot Lo- calization," Machine L e arning 33, pp.41-76, 1998. [ 3 ] N. Ro y , W. Burgard, D. F o x, and S. Thrun, \Coastal na vi- gation: Rob ot navigation under uncertain t y in dynamic en vi- ronmen ts," In Pr o c. of the IEEE Int. Conf. on R ob otics and A utomation , 1999. [ 4 ] S.Thrun, D.F o x, W.Burgard, and F.Dellaert, \Robust Mon te Carlo Lo calization for Mobile Rob ots," Arti�cial Intel ligenc e (AI) , 2001. [ 5 ] H.Asoh, Y.Motomura, I.Hara, S.Ak aho, S.Ha y amizu, and T.Matsui, \Com bining Probabilistic Map and Dialog for Ro- bust 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. [ 6 ] K.Basy e, T.Dean, J.Kirman, and M.Lejter, \A Decision- Theoretic Approac h to Planning, Perception, and Con trol," IEEE Exp ert , V ol.7, No.4, pp.58-65, 1992. [ 7 ] 0pM8 , 0pMU , 0f>e !’ \ %f!< %6 $H $N BP OC $K 4p $E $/ CJ 3, E* $J 9T F0 7h Dj %b %G %k $N3MF@ ", F|K\%m%\%C%H3X2q;o , V ol.19, No.8, pp.983-990, 2001. [ 8 ] D. F o x, W. Burgard, and S. Thrun, \Activ e Mark o v Lo caliza- tion for Mobile Rob ots," R ob otics and A utonomous Systems , V ol.25, pp.195-207, 1998. [ 9 ] P .Jensfelt, S.Kristensen, \Active Global Lo calization for a Mo- bile Rob ot Using Multiple Hyp othesis T rac king," Pr o c. of the Workshop on R e asoning with Unc ertainty in R ob ot Naviga- tion (by IJCAI’99) , pp.13-22, 1999. [10] S.Kristensen, \Sensor Planning with Bay esian Decision Analy- sis," PhD thesis , F acult y of T ec hnology and Science, Aalb org Univ ersit y , Aalb org, Denmark, 1996. [11] ;01:!$ Gr0f !’ \ %W%i%K %s%0 %3%9 %H$H ;k3P $NIT 3N$+ $5$r 9MN8 $7$? 0\F0 %m %\%C%H$N;k3P $H9TF0$N %W %i%K%s%0 ", ?M 9)CNG=3X2q ;o!$ V ol. 13, No. 4, pp. 588-596, 1998 !% [12] 8w1J , @uED : \ 0\F0 BN $N 0U ;W 7h Dj $N $? $a $N >p Js NL 4p =‘ $K 4p $E $/ 4Q B, BP >] A*Br@oN, ", F|K\%m%\%C%H3X2q;o , v ol. 19, no. 6, pp.793-800, 2001. [13] H.Zhou, S.Sak ane, \Sensor Planning for Mobile Rob ot Lo cal- ization using Ba y esian net w ork Represen tation and Inference," Pr o c. IEEE/RSJ Int. Conf. on Intel ligent R ob ots and Sys- tems , pp.440-446, 2002. [14] 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 e- se ar ch , March, 1995. [15] G. Co op er and E. Hersko vits, \A Ba y esian metho d for the in- duction of probabilistic net w orks from data," Machine L e arn- ing , 9:309-347, 1992. [16] P . Larranaga, C. Kuijp ers, R. Murga, Y. Y urramendi, \Learn- ing Ba y esian net w ork structures by searc hing for the b est or- dering with genetic algorithms," IEEE T r ans. on System, Man and Cyb ernetics . V ol. 26, No.4, pp.487-493, 1996. [17] F.V.Jensen, \Ba y esian net w orks and Decision Graphs," Springer , 2001. [18] R.G.Co w ell, A.P .Da wid, S.L.Lauritzen, D.J.Spiegelhalter, \Probabilistic net w orks and exp ert systems," Springer, 1999 [19] J.P earl, \Probabilistic Reasoning in In telligen t Systems: Net- w orks of Plausible Inference," Mor gan Kaufmann , 1988. [20] 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. JRSJ V ol. xx No. xx |10| xx, 200x

0\F0%m%\%C%H0LCV7h$a$N$?$a$N%;%s%5%W%i%K%s%0 11 [21] Kevin Murph y , \The Ba y es Net T oolb o x for Matlab," Comput- ing Scienc e and Statistics , vol 33, 2001. Soft w are is a v ailable at h ttp://www.cs.b erk eley .edu/ � m urph yk/Ba y es/bn t.h tml. [22] C.Houck, J.Joines, and M.Ka y , \A Genetic Algorithm for F unction Optimization: A Matlab Implementation," T ec h- nical Rep ort NCSU-IE 95-09, 1995. Soft w are is a v ailable at h ttp://www.ie.ncsu.edu/mirage/GA T oolBox/gaot/. [23] N. Cristianini and J. Shaw e-T a ylor, \An In tro duction to Sup- p ort V ector Machines," Cambridge University Pr ess , 2000. <~ 9?nb !J Hong jun Zhou !K 1972 G/@8 $^ $l!% 1994 G/!$ Cf 9q Bg O" M} 9) Bg 3X 5! 3# 9) 3X2JB46H !% 2001 G/ !$Cf1{Bg3XBg3X1! M}9)3X8&5f 2J Gn ;N 2] Dx A0 4| 2] Dx =$ N; !% 8= :_ F1 Bg 3X Bg 3X 1! Gn ;N 2] Dx 8e4|2]Dx$K:_3XCf!% IEEE $N2q0w . !J F|K\%m%\%C%H3X2q3X@82q0w !K :d:,LP9, !J Shigeyuki Sak ane !K 1949 G/@8 $^ $l!% 1972 G/!$ El 5~ 9) 6H Bg 3X 9) 3X It @) 8f 9)3X2JB46H!% 1974 G/ , F1Bg3XBg3X1! =$;N2]Dx=$N;!% F1G/ !$DL;: >J9) 6H5; =Q1! EE ;R5; =QAm 9g8& 5f=j F~=j !% 1995 G/ !$Cf1{Bg3XM} 9)3XIt65<x !%CNG=%m%\%C%H %7 %9 %F %‘ $N 8& 5f $K => ;v !% 9) 3X Gn ;N !% 7W B, <+ F0 @) 8f 3X 2q !$ ?M9)CNG=3X2q!$EE5$3X2q , IEEE $N3F2q0w . !J F|K\%m%\%C%H3X2q@52q0w !K F|K\%m%\%C%H3X2q;o xx 4, xx 9f |11| 200x G/ xx 7n