1 PCA 2s5" $K$h $k4D6- %b %G%j%s %0 $H >u67 $K 0MB8 $9 $kFCD’A*Br K\B< M[0l ( EE;R5;=QAm9g8&5f=j ) y Nik os Vlassis yy Ben Krose( %"%‘ %9 %F %k %@ %‘Bg3X ) yy %m%\ %C %H$, %;%s %5 F~ NO $+$i 8=:_$$ $k 0LCV$r G’<1$9 $k LdBj (Rob ot lo calization) $, $" $k . K\9F$G$O $3$NLdBj $KBP $7 $F3NN(E*$J%b %G%k , PCA 2s5"%b %G%k$r 1~MQ $7 , 7P83E* $KF@ $i$l$? %G!<%?$+ $i$N3X=,$r 9T $& . FC$K%m%\ %C %H $N 0LCV?d Dj8G M-$N 3X=,$N 4p =‘$H $7 $F %(%s%H %m%T !<$K$b$H$E $/I>2A 4p=‘$r Ds 0F $7 , PCA 2s5"%b %G%k$,$3$N 4p=‘ $r:GE,2=$9$k$3$H $r <( $7 , KL %@ %$ %P!< %8%’ %s %9 $d=>Mh S.Thrun $K $h$j Ds0F$5 $l$F $$$kB>$NJ}K!$H$N0c$$ $K$D$$$F$N5DO@$r9T $& . $5$i$K$h$j NI$$>l=j?dDj $r9T $& $?$a $K >u67 $K 0MB8$9$k FCD’ Cj=P $rF3F~ $7 $? 6I=jE* $K J#?t $N PCA 2s5"%b %G%k$HAH$_9g $o$;$k <jK! $K$D$$ $F=R $Y$k . En vironmen t Mo deling via PCA Regression and Situated F eature F o cusing Yoichi Motomura, y Nik os Vlassis yy and Ben Kr ose yy Rob ot lo calization problem that is the task to recognize the current p osition of a rob ot from sensor inputs is studied. In this pap er, we apply PCA regression mo dels, and train the mo del from the data set obtained exp erimentaly . F or learning stage, the criterion based on entrop y is prop osed, and we sho w that PCA regression mo del is just�ed under this criterion. Comparison with Kullback Leibler divergence and S.Thrun’s a v eraged Bay esian lo calization error are also discussed. Moreo v er, in order to realize b etter estimation, we prop ose situated feature fo cusing, and the metho d com bining with lo cal PCA regression mo dels. 1. $O $8 $a $K <B4D6- $GCNE* $J%?%9%/ $r9T$& $? $a$N<+N’0\ F0 %m %\%C %H $K$H $C$F , IT3N<B$JMW0x $K K~$A$?<B:]$N4D6-$NCf $G <+8J $N0LCV $rF1Dj $9$k $3 $H $OK\<AE* $K =EMW $J%?%9%/ $G $"$k . 40A4 $K 5-=R$5 $l$? 4D6-$N%b %G%k$H %^%C %A %s %0 $r $H $kJ}K! $G$O $7$P $7 $P 5/ $3$k %; %s%5$N%N %$ %:$d>p Js $N 7gB; $K BP $7 $F 4h7r $G$J$$$3$H$d , <B:]$N4D6-$r40A4 $K 5-=R$9$k $3$H $, MF0W $G$J$$$J $I $N LdBj $,$" $k . <B:] $N 4D6- $N $3 $& $7 $?IT3N<B @- $r<h$j07$& $?$a $K3NN(E* $J%" %W %m!<%A $, M-8z $G$"$k 1) � 3),6),7) . $^ $? , %m %\%C %H$, 4D 6- $rG’<1 $9 $k $N $K==J, $J>pJs $rF@$k $?$a $K$OB?$/ $N%; %s %5 $d , %+ %a %i %$ %a !< %8$J $I $, I,MW$H $5 $l , F~NO >pJs $N <!85 $O Hf3SE*Bg$-$/ $J$k$?$a , FbItE*$J<h$j07$$$r MF0W $K$9 $k $?$a $K <!85 $r2< $2 $k$3$H $, 9T $o $l $k . $3$l $O%Q%?!< %s G’<1 $K$* $1$kFCD’Cj =P $KAjEv $7 %m %\%C %H$, %; %s%5>pJs $+$iFCD’ ( %i %s %I %^!<%/ ) $r Cj=P $7 , $h$j<! 85$NDc$$ %3 %s %Q %/ %H$J I=8= $K$9 $k $3$H$G , ?.9f$N>iD9 @-$NDc8: , ITMW$J?.9fJQ2= $K BP$9$kITJQ@-$J $I $, 4|BT $G $-$k . $=$3 $G%m %\%C %H $N0LCV?d Dj $N $?$a $N4D6- $N%b %G%k 2= y EE;R5;=QAm9g8&5f=j >pJs2J3XIt Electrotechnical Lab oratory , Information science division yy %" %‘%9%F%k %@ %‘Bg3X 7W;;5!2J3XIt The Universit y of Amsterdam, Department of Com- puter science $H $7 $F , $^ $:%; %s %5 ?.9f $+$i$h$j Dc<!85$N%Y%/ %H%k $X $H <LA| $7 , $3$l$K BP $7 $F >l=j $r ?dDj$9$k3NN(%b %G%k$r 9M$( $k$3$H $,$G $-$k . $3$l $^$G$N 8&5f$G$O , <L A| $H $7 $F @~7A $N<g@.J,J,@O (PCA) $r MQ$$$?$b $N 4) � 7) , Hs@~ 7A<LA|$G$"$k%K%e!<%i %k%M %C %H $r MQ$$$?$b$N 2),3) $d , %R%e!<%j%9 %F%# %/ %9 $K$b$H $E$$ $F?M4V $, %G %6 %$ %s $7 $? FCD’ ( FCDj$N%^!<%/$d?’ $J $I ) $r MQ$$ $?Nc$J $I $, $" $k . $?$@ $7 , %K%e!<%i%k%M%C %H $N 3X=, $r MQ$$$?$b$N $G$O 3X =, $K;~ 4V $, $+ $+$C $?$j , PCA $O @~7A <L A| $G$"$k $? $a %b %G %k $N<+M3EY $, >/$J$/?dDj @:EY $, IT==J, $J $3$H $,$"$C $? $j , %R%e!< %j%9%F %#%/%9 $K$b$H$E $/$b$N $G$O ?ME*%3 %9 %H $d , 4D6-8GM-$NCN<1 $K 6/$/0MB8$9$k$?$a $K HFMQE* $G$J$$$J $I $N <B:]E* $JLdBjE@ $,$" $k . $^$?FCD’Cj=P $N NI$5 $@$1$r D>@\I>2A$9$k$3$H$OMF0W$G$O$J $/ , K\%?%9 %/ $K$*$$ $F $I $N$h $& $JI>2A4p =‘ $, ?tM}E*!" 7W ;;O@ E* $K BEEv$G$"$k$+$bL@$i$+$G$J$$ !# K\8&5f $G$O$3$l$i$N LdBj $K BP $7 $F , %m %\ %C %H $N >l=j ?dDj $N $? $a $K3NN( %b %G%k , PCA 2s5" %b %G%k $K$D $$ $F=R $Y , 7W ;;O@ E*$K L@3N$J 4p =‘ , %(%s%H %m %T !<$K $b$H$E $/ I> 2A 4p =‘$r F3 F~ $7 , PCA 2s 5"%b %G %k$, $3 $N 4p =‘$r :G E,2=$9$k$3$H$r <($9 . $5$i$K @~7A$N PCA 2s5"%b %G%k $r Hs@~7ANN 0h$X3HD%$9 $k$?$a$K , 6I=jE*$J PCA 2s5" %b %G %k $r 7k 9g $7 $? 6h J,@~ 7A E*$J%b%G %k 2=$r Ds0F $9 $k . $3$NNN0h $r6hJ, $9$kJ} K! $O FCDj $N>u67 $K0MB8 $7 $FFCD’ $r A* Br$9$k $3$H (Situated F eature F ocusing) $K BP1~ $7 , ?M4V $, 4D6- $r M}2r$9$k:] $K <+A3 $K 9T$C$F$$$kG=F0

2 E*$JCN3P F0:n$H$b 9gCW $7 $F $$ $k . $3$N J}K! $K $h$j , => Mh $N%K %e!< %i %k%M %C %H $rMQ$$$kJ} K! $h $j$b9b B. $K3X=, $G $- , $^$? Bg0hE*$K C10l$N PCA 2s 5"%b %G %k$r MQ$$$k >l9g$h$j$bNI$$@:EY $G >l=j?dDj $r 9T $& $3$H $,$G $-$k . 2. 3NN(E*%b %G%j%s %0 %m%\ %C %H$O 4D6- Cf$N$" $k >l =j x ( Nc$( $P 2 <!85%Y %/ %H %k ) $K $*$$$F , J#?t$N%;%s %5$+$i F~NO$5$l $k%Y %/ %H %k z $r F@$k$b$N$H$9$k . $5$F , %m %\ %C %H$, >l=j $r G’<1$9$kLdBj $O$" $k%; %s%5 F~NO z $r F@ $?;~ $K@5 $7 $$ x $r ?dDj $9$k $3 $H $G$"$k . $3 $N$? $a $K%m %\%C %H$O 3X=, $K$h$C $F4D6- $K 4X$9 $k %b %G%k x = M ( z ) $r 3MF@$9$k$3$H $, I,MW$G$"$k . $7 $+ $7 A0>O $G =R $Y$? $h$& $J4D6- $NIT 3N<B @- $r07$& $? $a $K$3 $l$r>r 7oIU$-3NN( J,I[ P ( x j z ) $K $h $C$F%b %G %k 2=$9$k . $3$N >l9g$N x; z $O 3N N(JQ?t ( %Y %/ %H %k ) $G $" $k . $3 $N 3NN( J,I[ $O x = M ( z ) $K $D$$$F $N Hs7h DjE*=P NO $G $b$"$j , 3NN( CM $O%; %s%5F~NO $rF@ $?;~ $N %m %\%C %H$, x $K $$$k3N ?.EY $H $7 $F 2r<a$9$k $3$H$b$G$-$k . $3$3 $G , <B :]Ld Bj$H $7 $F (i) N% $l $? >l=j$+$i 6a$$%; %s %5 CM $, F@ $i$l $k 2DG= @- , (ii) 6a$$ >l =j$G$b%;%s %5 CM $, Bg $-$/JQ 2= $9$k 2DG= @- $NFs E@ $r9MN8 $7 $J $1 $l $P$J$i $J $$ . (i) $+ $i 4D 6-%b %G %k M $r z $+ $i x $X $N 0l BP0l <LA| $H $7 $F I=$9$3 $H$O E,@Z $G$J $/ , $^$? (ii) $+$i Hs@~ 7A $J%b %G%k$, I,MW $J$3 $H $,$"$k . $5$i $K%; %s%5CM z $O %N %$ %:$d >iD9@- $r ;}$D $3$H $, B?$$$N $G , A0=hM}$H $7 $F FCD’Cj=P$r 9T$$ , $h $j <!85$NDc$$ I=8=$K JQ49$9 $k . $3 $NFCD’Cj=P $r$"$k<LA|JQ49 f $r MQ$$$F y = f ( z ) $H I= $9!# $5 $i $K y $H x $N4V $N4X78 $r3NN( E* $J$b $N $H$9$k $3 $H$G%b %G%k$r 9=@.$9$k . $9$k $H%; %s %5F~NO z $N$b$H $G %m %\%C %H $N<+8J 0LCV $K4X$9$k ;v8e 3N N( $O � $r%Q%i %a !< %?$H$9$k>r7oIU$-3NN(J,I[ P ( y j x ; � ) $H %Y %$ %:$NDjM} $K $h$C$F 0J2<$N$h $& $K =q $1$k . P ( x j z ) = P ( y = f ( z ) j x ; � ) P ( x ) R x P ( y = f ( z ) j x ; � ) P ( x ) dx : (1) $3$3$G P ( x ) $O %m %\ %C %H$, 0LCV$9$k>l=j $K 4X$9$k;vA0 3NN(J,I[ $G , J,Jl$N@QJ, $O A4 $F$N<h$jF@$k x $K 4X$9$k <~JU 2= $G$"$k . @h $K=R $Y $? (i) $NM}M3 $+ $i P ( x j y ) $O B? Jv@-$NJ,I[$G$"$k 2DG=@- $,$" $k $, , <0 (1) $N$h $& $K%b %G%k2= $9 $k $3 $H $G , %Q%i %a %H %j %C %/ %b %G%k P ( y j x ; � ) $H $7 $F C1Jv@-$NJ,I[ ( %, %& %94X?t ) $r ;H $& $3$H $,$G $-$k . $7 $?$, $C$F , 4D6-$N%b %G %j %s %0 $O � E,@Z $J FCD’Cj=P y = f ( z ) $N A*Br , � %Q%i %a %H %j%C%/%b %G%k P ( y j x ; � ) $N � $N ?dDj $, I,MW $G , $3$l$r%m %\ %C %H$, 7P83E* $K 3MF@ $7 $? %G !<%? %;%C %H D � f x i ; z i g ; ( i = 1 ; � � � ) $+$i $N E}7WE*3X=,$G 9T $& . f ; � $, 7hDj$9$k$H , %; %s %5 >pJs z $r 4QB, $7 $? ;~ , P ( x j y ) / P ( y = f ( z ) j x ; � ) P ( x ) : (2) $r :GBg $K$9$k x $r%m %\%C %H $N8=:_ 0L CV $N?d Dj CM $H $7 $F F@$k$3$H $,$G $-$k . 3. PCA 2s5"%b %G %k B? <!85$N%G !< %?%Y %/ %H %k$, B? ?t M?$($i$l $F $$ $k ;~ , $G $-$k $@$1 >pJsB;<: $, >/$J$$ , $h$j Dc<!85$N8_$$ $K L5 Aj4X $J%Y%/ %H%k$K JQ49$9$k <jK! $, <g@.J,J,@O (Princi- pal Comp onent Analysis) $H$7 $F CN$i$l $F $$ $k . $3 $l $O A4$F $N %Y %/ %H %k z i $N J, ;6 6& J, ;6 9TNs$r Z $H $7 , Z w j = � j w j $N8GM-CM 7W ;; $+$iF@ $i $l$?8GM- %Y%/ %H%k w j $N $&$A8GM-CM$NBg$-$$ =g $K <gMW$J@. J, $r q 8D $@$1 <h$j=P $7 $F JB$Y$?9TNs W $K $h $C $F , y = f ( z ) = W T Z = W T ( z � � z ) (3) $H$$ $&@~ 7AJQ49 $r 9=@.$9$k $b $N $G$" $k . $3 $l$K $h$k<L A|$O8_$$$KD>8r , L5Aj4X $G JQ498e$NJ,;6 $r :GBg $K$9 $k $h $& $J@~7A7k9g$H$J$k . <! $K<g@.J, J, @O $r9T $C $?8e $N y $K $D$$ $F %, %&%94X ?t $r ;H$C$?%Q%i %a %H %j%C%/%b %G %k , P ( y j x ; � ) = 1 � p 2 � exp ( � ( g ( x ; � ) � y ) 2 = 2 � 2 ) : (4) $r 9M $($k . $3$3 $G g ( x ; � ) ; � 2 $O$= $l $>$l � $r%Q%i %a !< %?$H$9$kHs@~7A4X?t , %, %& %94X?t$NJ,;6%Q%i %a !<%? $G $" $k . $3$l $i $r Dj $a $? 8e$G <0 (1) $K $*$1 $k %Q %i %a %H %j%C%/ %b %G%k $N ?dDj $O � $r 7hDj$9$k $3$H$G$"$k . g $H $7 $F Nc $( $P Cf?4 $r8GDj $7 $? J#?t $N %, %& %9%+ !< %M %k$N@~ 7A7k9g $H$9$k $H , $=$N78?t � $O D $K PCA $r ;\ $7 $? 8e $N%G !<%? D f � f x i ; y i = f ( z i ) g $K $h $k2s5" ( :G >.Fs >h ?dDj ) $G %o%s%7 %g %C %H $G 5a$a $k$3$H$,$G $- $k 6) . $3 $l $r PCA 2s5"%b %G %k$H $h$V . 4. %m%\%C %H $N >l=jF1Dj$K$* $1 $kI>2A4p=‘ PCA 2s5" %b %G%k$K$*$$ $F , f $N7hDj $O PCA $N J,;6 :GBg4p =‘ $K$h$j9T $o $l , � $O D f $K $D$$ $F$N2s 5" ( :G>. Fs>h4p =‘ ) $K $h$C $F7hDj $5 $l $k . $7 $+ $7 , $3$N$h$& $KDj $a$i $l $?4p=‘$NM}O@E*BEEv@- $OL@ $i$+$G $O$J$$ . $^$? 0lHLE* $K%m %\%C %H$N>l=j F1Dj Ld Bj $N $? $a $NFCD’ f $NA* Br $HJ,I[ %Q %i %a !< %? � $N :GE, 2= $,%m %\%C %H $N0LCV?d Dj $K $*$$$F;}$D?tM}E* , 7W;;O@E*$J0UL#$b==J, $K$O 5DO@ $5 $l$F$$$J$$ . K\>O $G $O%m %\ %C %H $N0LCV?dDjLdBj $K $* $1 $k %G !<%? %;%C %H$+$i$N3X=, $K$* $1 $k %( %s %H %m %T !< $K $b$H$E $/I> 2A 4p=‘$r Ds 0F $7 , PCA 2s 5"%b %G %k$, $3 $N 4p=‘$N0UL#$G:GE,$G$"$k$3$H$r8+$k . 4.1 KL %@ %$ %P!< %8 %’ %s %9$K$h$kI>2A4p=‘ %G !<%? %;%C %H$N H/@8 8; $H$J$k?? $N3NN(J, I[ $r2>Dj $9 $k$H , $3$l$H %m %\ %C %H$, >l=j$N?dDj $K MQ$$$k%Q%i %a %H %j%C%/%b %G %k $H $N J,I[ 4V$N 5wN% , KL %@ %$ %P !< %8 %’ %s %9 (Kullback-Leibler divergence) $r ?d Dj$N NI$5 $N 4p =‘$H $7 $F <+ A3 $K F3 F~$9$k$3$H$,$G $- $k . $=$3$G , ??$N 3NN(J,I[$r x; y 6u4V>e $GDj5A $7 , P � ( x; y ) $H $9$k . $3 $l $K BP $7 $F ?dDj $K MQ$$$k%b %G%k , <0 (4) $K $h $k3NN(J, I[$O P ( x; y ) = P ( y j x ; � ) P ( x ) $G $" $k$+$i , $3 $N N><T

3 $N KL %@ %$ %P!< %8%’ %s %9 $O , <!$N$h $& $K =q $1 $k . Z x Z y P � ( x; y ) log P � ( x; y ) P ( y j x ; � ) P ( x ) dy dx = Z x Z y P � ( x; y ) log P � ( x; y ) dy dx � Z x Z y P � ( x; y ) log P ( y j x ; � ) P ( x ) dy dx: (5) Bh0l 9‘$O D $H y = f ( z ) $K $h $j 7h$^ $k Ii$N%(%s%H %m %T !<$K$J $k . $^$? Bh Fs9‘$O%b%G %k $N D $K 4X$9 $k BP?t L‘EY $G$"$j , $3$l$r L g ( � ) $H =q$/ . 4.2 %( %s %H %m %T !<$K$b$H$E $/I>2A4p=‘ KL %@ %$ %P!< %8%’ %s %9<0 (5) $N Bh0l9‘$NId9f $K Cm0U $9$k$H , BhFs9‘$NL‘EY $, Ey $7 $$ >l9g $K$O%(%s %H %m %T !< $, Bg$-$/ , 3NN(J,I[$NJ,;6 $, Bg$-$$%b %G%k $r$h$j NI$$ $H $9$k4p=‘ $K$J$C $F$$$k . $3$l$r%m %\ %C %H $N 0LCV?dDj $K E,MQ $9 $k $H , %G !<%? %; %C %H D $+$i$N6a;w $,F1DxEY $G $"$k$H$- , 3NN(%b %G%k$K $h $k?dDj7k2L$N3N?.EY $, Dc$$ J}$N%b %G%k$r A*$V4p=‘ $K$J$k . $D $^$j$3$N4p=‘ $K$h $C $F FCD’Cj=P $r A*Br$9$k $H , <LA|8e$NJ,I[ D f $N%( %s %H %m %T !< $, $h$j Bg$-$/ , ?dDj7k2L$N[#Kf@-$r9b$/ $7 $F $7 $^ $&<L A| $, A* $P $l $F $7 $^ $$ IT ET 9g $, @8 $8 $k . $=$3 $G , %m %\%C %H$N>l=j?dDj LdBj 8G M- $N@-<A $r9MN8 $7 $? I>2A4p =‘ $r 9M $($k . ?dDj 7k2L$N [#Kf @- $O%;%s %5 F~NO z $, <LA| y = f ( z ) $r DL$7 $F M? $( $i $l $? ;~ $N x $N 3N N( J, I[ P ( x j y = f ( z )) $N %( %s %H %m %T !< H ( x j y ) � � R x P ( x j y = f ( z )) l og P ( x j y = f ( z )) dx; $r A4$F$N y $K $D$$$F J?6Q $7 $? E y [ H ( x j y )] $G I> 2A $G$- , $3$l$O <!$N$h $& $K 7W;; $G $-$k . Z y Z x � P � ( x j y ) l og P � ( x j y ) dxP � ( y ) dy : (6) $?$@ $7 , P � ( y ) � Z x P � ( x; y ) dx (7) P � ( x j y ) � P � ( x; y ) =P � ( y ) : (8) $5$i $K E y [ H ( x j y )] $O Ba y es $NDjM} $+ $i<!$N $h$& $K E83+ $G$-$k . E y [ H ( x j y )] = E y [ H ( y j x ) + H ( x ) � H ( y )] : (9) H ( x ) $O%G !<%?%;%C %H$K $h$j 7h$^$k$N$G !" <LA| y = f ( z ) $r A* $V $3 $H $GA‘:n $G$-$k $N $O , H ( y j x ) � H ( y ) $@ $1$G$" $k . $=$3$G$3 $l$r <0 (5) $N Bh0l9‘$NBe $o$j$KMQ $$$? , E y [ H ( y j x ) � H ( y )] � L g ( � ) (10) $r%( %s %H%m %T!< $K $b $H $E$/ I> 2A 4p =‘ $H $7 $FDs0F $9 $k . $3 $l$r>. $5$/ $9 $k $3 $H $, NI $$>l =j ?d Dj $rM? $($k f $N 4p =‘ $K$J$k . <0 (10) $r :G>.2=$9$k y $O Aj8_>pJsNL , I ( x; y ) = H ( x ) � H ( x j y ) = � ( H ( y j x ) � H ( y ))(11) $r :GBg $K$9$kFC D’ Cj=P $G$"$k $+$i$3 $l$OD>4QE* $K$bBE Ev $J 4p=‘ $K$J$C$F$$$k . $3 $N %(%s%H %m%T !< $r <B :]$K 7W ;; $9 $k$H $- $K $O <L A| 8e $N%G !< %?$+ $i %R %9 %H%0 %i %‘$r F@$F 7W ;; $9 $k . $^$? %G !<%? $,%Q%i %a %H %j %C%/ %b %G%k$K$h$C $F==J, 6a;w $G$- $k >l 9g$K$O $3$l $r 2r @O E*$K 5a$a $k$3 $H$, $G $- $k . $= $3$G , PCA 2s5"%b%G %k $N >l 9g$K$3$l $r 7W ;; $7 $F $_ $k $H , H ( y j x ) $O <0 (4) $+$i !" J,;6 � $N $_$K 0MB8 $9$k NL $H $J $k ( � $O 2s 5"$K $h $C $F 7h $^ $k Dj ?t ). $^ $? , PCA $K $h $j A* $P $l $? m HVL\$N FC D’ y ( m ) $O J, ;6$r :G Bg$K $J $k$h $&$J =g$K A* $P $l $F $$ $k$+ $i m < n $K $* $$ $F $O H ( y ( m ) ) > H ( y ( n ) ) $, @. N) $7 $F $$ $k . $7 $?$, $C$F PCA 2s5" %b %G%k$NFCD’ Cj=P $O<0 (10) $N Bh0l 9‘ $r:G>. 2=$9$k$3$H $, 8@$($k . <! $K BhFs9‘ $K$D$$$F8+$k$H , <0 (10) $N @QJ, $K$O , L$ CN$N?? $NJ,I[ P � ( x; y ) $, I,MW $H $J$k $N $G , $=$NBe $o$j $KN%;6 E* $KF@ $i $l$F $$ $k %G!<%? %; %C %H D $K$h$k Am OB $+ $i 7W;;$9$k . $9$k $H PCA 2s5" %b %G%k$N >l9g $N<0 (10) $N BhFs9‘$O , <0 (4) $r BeF~ $7 $F <!$N$h $& $K$J $k . L g ( � ) / X i log P ( y = f ( z i ) j x i ; � ) = X i log exp ( � ( g ( x i ; � ) � f ( z i )) 2 = 2 � 2 ) � p 2 � = � � � X i ( g ( x i ; � ) � f ( z i )) 2 : (12) $?$@ $7 , �; � $O � $+$i Dj$^$kDj?t$G$"$k . $7 $? $, $C$F , $3$l$r :GE,2=$9$k $?$a$N � $O Fs>h8m:9 P i ( g ( x i ; � ) � f ( z i )) 2 $r :G >. 2= $9 $k $h $& $K A*$Y $P NI $/ , :G>.Fs >h4p=‘ $K $h$j 7hDj $7 $? PCA 2s5"%b %G%k$O <0 (10) $N BhFs9‘$r:GE,2=$9$k$3$H $, 8@$($k . 0J>e $N7k 2L $+ $i , PCA 2s5" %b %G%k $O2f!9 $NDs 0F $9 $k %(%s%H %m %T !<$K$b$H$E $/4p =‘ (10) $r :GE, 2=$9$k$b$N $G$" $k$3$H $,$o$+ $k . 4.3 Averaged Ba y esian lo calization error S.Thrun 2) $O <!$K@bL@$9$k av eraged Bay esian Lo- calization Error $H$3$l $r :GE,2=$9$k$h $& $K%K%e !<%i %k%M%C %H$r 3X=, $h$k $3 $H $GF@ $i $l $kHs@~ 7A $JFCD’ A*Br K!$rDs0F $7 $F $$$k . $^ $:%m %\%C %H$, 0LCV $7$F$$$k?? $N>l =j $r x � , ?dDj>l =j$r x $H $7 $?;~$N?dDj8m:9 $O %N %k%‘ jj x � x � jj $G I>2A $G$-$k . $=$3 $G , ?? $N x � $r 0l $D7h $a$?;~ $K3NN( %b %G%k P ( x j y ) $N J?6Q?dDj8m:9$r<!$N$h $& $KI=$9 . E r r ( x � ) = Z x Z y jj x � x � jj P ( y j x � ) P ( x j y ) dx: (13) $3 $3 $G , P ( x j y ) $O F~ NO $, y $G $" $C$? ;~$N ?d Dj >l =j x $N 3NN( J, I[ , P ( y j x � ) $O ??$N>l =j x � $N$b $H $G$NF~ NO y $N L‘EY $G $"$j , >e<0 $OA4 $F $N<h $jF@ $k y $NCM $K$D $$ $F , ??$N>l=j $, x � $G $"$C$? ;~$N3NN(%b %G%k $N ?dDj8m:9$N 4| BTCM$r0U L# $7 $F $$ $k . @h $K =R$Y$?$h $& $K , 3N N(%b %G %k$O P ( y j x ) $N 7A $G Dj5A$5 $l $k$N $G >e<0 $O%Y %$ %:$NDj M}$rMQ$$$F

4 E r r ( x � ) = Z x Z y jj x � x � jj P ( y j x � ) P ( y j x ) P ( x ) P � 1 ( y ) dy dx; (14) P � 1 ( x ) = Z x P ( y j x ) P ( x ) dx: (15) $H$J $k . $5 $i$K$3 $l$r%m %\ %C %H$, B8:_ $7 F@$kA4 $F$N?? $N>l=j x � $N ;vA0 J,I[ P ( x � ) $K$h$k4|BTCM $r $H$k $3 $H $G , :G=*E* $K E r r = av g x � E r r ( x � ) = Z � x E r r ( x � ) P ( x � ) dx � = Z x � Z x Z y jj x � � x jj P ( y j x � ) � P ( y j x ) P ( x ) P ( x � ) P � 1 ( y ) dy dxdx � : (16) $, F@ $i $l $k . $3$l$, av eraged Bay esian Lo calization Error $G$"$k . J88% 2) $G$O y $r ?? !?56Fs CM $N %P %$ %J%j JQ?t $K 8BDj $7 , $3$l$r$" $k<o$NHsL@<(E*$J%i %s %I %^!< %/ $H9M $( , $3$N 4p =‘ $r:G E, 2= $9 $k $h$& $K%K %e !< %i %k%M %C %H $r:G5^9_ 2<E* $K3X=,$9 $k $3 $H $G<+F0E* $J%i %s %I %^!< %/Cj=P $H FCD’A*Br $r 9T$C $F$$$k . $3$N av eraged Bay esian Lo calization Error $N7W;; $O x � , x , y $N ;0 JQ?t$K$D$$$F $N 3NN( J?6Q$r$H $k$?$a , 7W;;NL $O O ( j y jj x j 2 ) $K$J$k . ( j x j $O x $N 3NN(6u 4V $N %5 %$ %: ). $5 $i $K%K %e !< %i %k%M %C %H$N3X=, $N $? $a $K8{G[ $N 7W;; , 3X =,2s ?t$r 9MN8 $7 $J$1$l$P $J$i $J $$ $N$G , FCD’ A*Br $K MW$9$k7W;; %3 %9 %H$,$+$J $j Bg$-$$ !# 0l J} , K\ 9F$G Ds0F $7 $? I> 2A 4p=‘ <0 (10) $O x; y $N 2 JQ?t $K$D$$ $F $N<~JU 2= $G$"$k $+ $i , 7W;; NL $O O ( j y jj x j ) $H $J $j $h $j Dc%3 %9 %H $G $" $j , PCA 2s 5"%b %G %k $N %Q %i %a !< %?7h Dj $O7+ $jJV $7 E* $J7W;; $rI,MW $H $7 $J$$$? $a$h $j 9bB. $K <B9T $G$-$k . 5. Situated F eature F o cusing A0>O $G$N PCA 2s5" %b %G%k $N:GE,@- $N5DO@ $O Bg0hE* $K @~7A$J <L A| $G D $X $N%U%C%F %# %s%0$, 2DG=$J >l 9g $K $* $$$F , D $+ $i f $H � $N 7hDj K!$N BEEv @-$r <( $7 $? $b $N$G$" $k . $7 $+ $7 , @h$K =R$Y$? 4D6- $, ;}$A$($k Hs@~7A @-$N$?$a , @~7A<LA| $K$b$H$E $/C10l$N%b %G%k$G ==J,$J %G !<%?%U%C%F %# %s %0$, 9T $($k$H$O 8B $i$J$$ . $3$N MM$J %G !<%?$NHs@~7A@-$KBP =h$9$k$?$a $K , ItJ, E*$J NN 0h$K $*$$$F @~ 7A$J 6I =j E*%b %G %k $r J# ?t 7k9g $7 , 6hJ,@~7A $J<LA|$r9=@.$9$kJ}K! $r9M $( $k . $3$3$G8@ $& ItJ,E* $J NN0h $H$O , x $d z $, FC Dj$NCM $r$H $k8BDj$5 $l $?NN 0h $N $3 $H $G $" $k . $7 $? $,$C $F , D>4Q E* $K $O $3 $N6h J, @~7A <LA| $rMQ $$$k J}K! $O8B $i $l$?>u67 $K$*$$ $F0[ $J$k FCD’NL$K CmL\$9$k$3$H , $H 2r<a$9 $k$3$H $,$G $- $k . %m %\ %C %H$, 4D 6- $+$i F@$k %G !< %? D $N Hs@~7A @- $, 6/$$ >l 9g$K$3 $N Situated feature fo cusing $r MQ$$$F E, @Z$K NN0h $r8B Dj $9$k $3 $H $,$G$- $l $P , Bg0h E* $KC1 0l $N PCA 2s5"%b %G%k $h$j$bNI$$7k2L $rF@$k$3 $H $,$G$- $k . $^$? $3$l$O ?M4V $, F|>oE*$K<+A3$K9T$C$F$$$k$h $& $J , FCDj $N >u67$K$h$C$F5/$3$j$d$9$$2>@b$rG0F,$K$*$- , $= $l $rN)>Z $9 $k $? $a $K$b $C $H $b82 Cx $JFC D’ $KCm 0U $r8~ $1$k , $H $$$C$?9TF0$H$b$h $/9gCW $7 $F $$$k . 6. $* $o $j $K K\8&5f $G$O%m %\%C %H$N >l=j?d Dj LdBj $K 4X$9 $k3N N(E* $J%b %G%k 2= $H $3$NLdBj $KFCM- $N %( %s %H %m %T !< $K$b $H $E $/I> 2A 4p=‘ , PCA 2s 5"%b %G %k $H $=$l $r Hs @~ 7A NN0h$K 3HD%$9$k$?$a$NJ}K!$K$D$$$F=R$Y$? . K\9F $G Ds0F $7 $?$3$l$i$N J}K! $K $h$j , $3 $l $^ $G$K Ds 0F $5$l $F $$ $k J} K! $h $j $b >/$J $$ 7W ;;%3 %9 %H $G Hs @~ 7A $J FC D’ Cj =P$r <B 8=$G $- $k$3 $H$, 2DG=$K $J $k . $?$@ $7 , Hs@~7A@- $r<B8=$9$k $? $a $K F3F~ $7 $? Situated feature fo cusing $K $* $$ $FNN0h $NJ, 3d $r $I $N$h$& $K9T$& $+ $,=E MW$JLdBj$G$"$j , $3$l$K $h $C$F>l=j$N?dDj7k2L$bBg$- $/1F6A $9$k . $3 $NNN0h$NJ,3d $rE,@Z $K9T $& $? $a$N3X=, %"%k %4 %j %:%‘$N3+H/ $, :#8e$N=EMW$J2]Bj$G$"$k . <U <- M- 1W $J 5D O@ $r $$ $? $@ $$ $? , Roland Bun- schoten, Bert Kapp en, Wim Wiegerinc k, David Barb er $N3F;a $K46<U$9 $k . $^ $?K\8&5f $O Real W orld Computing %W %m %0 %i %‘$N0l4S $H $7 $F 9T $o $l $? . ;2 9M J8 8% 1) T.Dean and M.W ellman: Planing and control, Morgan Kaufmann,CA (1991). 2) S.Thrun: Bay esian landmark learning for mobile rob ot lo calization, Machine L e arning , 33(1) (1998). 3) S.Oore, G.E.Hin ton and G.Dudek: A mobile rob ot that learns its place, Neur al Computa- tion , 9, pp.683-699 (1997). 4) S.Maeda, Y.Kuno and Y.Shirai: Active nav- igation vision based on eigenspace analysis, pr o c. of Int.c onf. on Intel ligent R ob ots and Sys- tems (1997). 5) J.L.Cro wley , F.W allner, B.Schiele: Position estimation using principal comp onents of range data, the Pr o c. of int. c onf. on R ob otics and Automation (1998). 6) N.Vlassis and B.Krose: Rob ot en vironmen t mo deling via principal comp onent regression, pr o c. of Int.c onf. on Intel ligent R ob ots and Sys- tems (1999). 7) B.Krose and R.Bunsc hoten: Probabilistic lo- calization by app earance mo dels and activ e vi- sion, pr o c. of Int.c onf. on R ob otics and A u- tomation (1999).