Conditional Mixture of PCA $K $h $k Rob ot Lo calization K\B< M[0l 1( P Y ) ( motomura@etl.go.jp ) Nikos Vlassis 2 ( vlassis@wins.uva.nl ) 1 EE;R5;=QAm9g8&5f=j >pJs2J3XIt 2 %" %‘ %9 %F %k %@ %‘Bg3X Conditional Mixture of PCA for Rob ot Lo calization Y oic hi Motom ura 1 ( motomura@etl.go.jp ) Nikos Vlassis 2 ( vlassis@wins.uva.nl ) 1 Electrotechnical Lab oratory 2 Universit y of Amsterdam ABSTRA CT: Rob ot lo calization, i.e. the task of recognizing the current p osition of the rob ot from sensor inputs is an essen tial problem for autonomous mobile rob ots. T o mak e tractable, we hav e to extract relev an t features and decrease the num ber of input dimension . F or this purp ose, principal comp onent analysis(PCA) is widely used. Mixture of PCA is an extended mo del for nonlinear pro jection, how ev er it is still globally uniform for any lo cations. Then, we prop ose a conditional mixture of PCA mo del which combines lo cal PCA pro jections by conditional probabilities. This mo del can realize situation dep endent feature extraction, whic h is intuitiv elly feasible from cognitiv e p oint of view. 1 $O $8 $a$K <B4D6- $G CNE*$J %? %9%/$r9T $&<+N’0\F0%m %\ %C %H$, IT 3N<B$J MW 0x$K K~ $A$? 4D 6-$N Cf$G <+ 8J$N 0L CV$r F1 Dj $9 $k Robot lo calization $O =EMW $J2]Bj $G$"$k [3, 4, 5, 10, 11]. %m %\%C %H$, 4D6- $rG’<1 $9 $k $N $K ==J, $J>pJs $rF@$k $? $a $K $O B?$/$N%; %s %5$d , %+ %a %i %$%a !< %8$J $I $, I,MW $H$5 $l F~ NO>pJs $N<!85 $O Hf3SE*Bg$-$/ $J$k$N $G , FbItE* $J <h$j07 $$ $rMF0W $K$9$k $?$a $K<!85 $r2< $2 $k $3 $H $, $h$/9T $o $l$F $$ $k . $3$l $O %Q %? !< %s G’ <1$K $*$1 $k FC D’ Cj=P$K Aj Ev $7 , %m %\ %C %H$, %;%s %5 >pJs$+$i FC D’ ( %i %s %I %^ !< %/ ) $r Cj =P $7 $h$j<!85 $NDc $$ %3 %s%Q %/ %H $JI=8= $K$9$k $3 $H $G?.9f $N >iD9@- $NDc8: , ITMW$J?.9fJQ2= $K BP$9$kITJQ@- $J $I $, 4| BT $G$- $k . $= $3 $G%m %\%C %H $N0LCV ?d Dj $N $? $a $K , $^ $:%; %s%5?.9f $+ $i $h $j Dc <! 85 $N %Y %/ %H %k $X $H <L A| $7 , $3 $l $KBP $7$F>l =j $r?d Dj $9 $k %b %G%k $r9M $($k . $3 $l$^ $G $N8& 5f $G $O , <L A| $H $7$F@~ 7A $N <g @. J, J, @O (PCA) $rMQ $$ $? $b $N [7, 6, 10, 11], Hs@~7A<LA| $G$" $k%K%e!<%i%k %M%C %H $r MQ$$$?$b$N [4, 5] $d , %R%e !< %j%9 %F %# %/%9 $K$b$H$E$$$F ?M4V $, %G %6 %$ %s $7 $?FCD’ ( FCDj$N%^!< %/ $d?’$J $I ) $r MQ$$ $? Nc $J $I $, $" $k . $? $@ $7 , 7+$jJV $7 E*$J3X=,$rMQ$$$?$b$N $G$O 3X=, $K ;~4V $,$+ $+$C $?$j , PCA $O @~7A <L A| $G$"$k $? $a %b %G%k$N<+ M3 EY $, >/ $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 , 4D6-8G M- $NCN<1 $K6/$/0M B8 $9 $k $?$a $KHFMQE* $G$J$$ $J $I $N<B:] E* $JLdBjE@ $, $" $k . K\8&5f $G$O Rob ot lo calization %? %9 %/ $N$?$a$K , @~ 7A$N PCA 2s 5"%b %G %k $N Hs@~ 7ANN0h$X$N 3H D% $G$"$k Mixture of PCA $N7k9g 78?t $r$5 $i $K >r7o IU $-3NN(J,I[$H $7 $? Conditional Mixture of PCA $K $D$$ $F=R$Y $k . $3$l$O D> 46E* $K$O , >u67 $K 1~ $8 $F FCDj$NFC D’ $X $H Cm0U $r 8~ $1 $k$3 $H$K AjEv$9$k . 2 Rob ot Lo calization %b %G %k %m %\ %C %H$O 4D6-Cf $N$"$k>l=j x ( Nc $( $P 2 <!85%Y%/ %H %k ) $K $*$$$F , J# ?t$N %;%s %5$+$i F~ NO$5$l $k%Y %/ %H %k z $r F@$k$b$N $H$9 $k . %m %\ %C %H $, >l =j$r G’<1 $9 $k Ld Bj $O $" $k%;%s %5 F~ NO z $r F@ $?;~ $K @5 $7 $$ 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$3$G , <B:]LdBj $H $7 $F (i) N% $l$? >l=j $K$*$$$F%; %s %5CM F1 0l $H $J$k 2D G= @- , (ii) >l=j x $N5w N% JQ 2= $KBP $7 $F %; %s %5 CM z $, Hs@~7A $K JQ2=$9$k2DG=@- , $r 9MN8 $7 $J$1$l $P $J $i$J$$ . (i) $+$i 4D6- %b %G%k M $r z $+$i x $X$N0lBP0l <L A| $H $7 $FI=$9 $3 $H $O E,@Z $G $J$/ , $^$? (ii) $+$i M $H $7 $FHs@~7A $J%b %G%k$, I,MW $J >l9g $, $"$k . $5 $i$K%; %s %5 CM Key W ords : %m %\ %F %# %C%/%9 , 463PE}9g , %b %G%k z $O %N %$ %:$d >i D9@-$r ;}$D$3$H $, B?$$$N$G , A0=hM}$H $7 $F FCD’Cj =P$r9T$$ , $h$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* $K%b %G%k 2=$9$k $H , %; %s %5F~NO z $N$b $H $G%m %\%C %H $N<+8J0L CV $K4X$9$k ;v8e 3N N( $, � $r %Q%i %a !<%?$H $9 $k>r 7o IU$- 3NN( J, I[ P ( y j x ; � ) $H %Y %$ %:$N DjM} $K$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;vA03N N(J,I[ $G , J,Jl$N@QJ, $O A4 $F$N<h$jF@$k x $K 4X$9$k<~JU 2= $G$"$k . $3$N$?$a , � E,@Z$JFCD’Cj=P y = f ( z ) $N A*Br , � %Q%i %a %H %j%C%/ %b %G%k P ( y j x ; � ) $N � $N ?dDj $r 9T $& $3 $H $, I,MW $G$"$k . 8e<T $N � $N 7hDj $O y ; x $N2s5" $H $7 $F 9M $($k $3$H $,$G$-$k . A0<T$NFCD’Cj=P $O$G$-$k $@ $1 Dc<!85$N %Y%/ %H%k$G , 8eCJ $N y ; x $N 2s5"$N8m:9 $r >.$5 $/$9$k $b $N $, K>$^ $7 $$ . $3$N$h $& $K 3MF@ $7 $?%b %G%k$K $h $j%; %s %5 >pJs z $r 4QB, $7 $? ;~$N0LCV $K 4X$9$k;v8e3NN( , P ( x j f ( z )) / P ( f ( z ) j x ; � ) P ( x ) : (2) $r :GBg $K$9$k x $r%m %\%C %H$N 8=:_ 0L CV $N?dDj CM $H $7 $F F@ $k$3$H$,$G $- $k . $3$l 0J9_K\ 9F $G$O , FC D’Cj=P $K AjEv$9 $k <LA| y = f ( z ) $N 9=@. $K$D$$$F 9M;! $r ?J $a$k . 3 Mixture of PCA B? <! 85 $N%G !< %? %Y %/ %H %k $, B? ?t M?$( $i $l $F $$ $k ;~ , $G $- $k$@ $1 >p Js B; <:$, >/$J $/ , $h $j Dc <! 85 $N 8_ $$$K L5 Aj4X $J%Y %/ %H %k$K JQ49$9$k <jK! $, <g@.J,J,@O (Principal Comp onent Analysis) $H $7 $F CN $i $l$F$$$k . $3 $l$O A4 $F $N%Y%/ %H%k z i $N J,;66&J, ;69T Ns $r Z $H $7 , Z w j = � j w j $N8GM-CM7W;; $+$i F@ $i$l$? 8GM-%Y%/ %H %k w j $N $&$A8GM- CM $NBg $- $$=g $K <gMW $J@.J, $r q 8D $@ $1 <h $j=P $7 $FJB$Y $? 9TNs W $K $h$C$F , y = f ( z ) = W T Z = W T ( z � � z ) (3) $H $$ $&@~ 7AJQ49 $r9=@.$9$k $b$N $G$"$k . $3 $l$K$h $k<LA| $O 8_$$ $K D>8r , L5Aj4X $G JQ498e$NJ,;6 $r :GBg $K $9$k$h $& $J @~7A7k9g $H$J$k . =>Mh$N PCA $O f ( z ) $r Bg0hE* $K @~7A<LA| $H $7 $F 9=@. $9$k $b $N $G $" $k $, , Hs@~ 7A $J<L A| $O<B 8= $G$- $J $$ . $= $3 $G

Fig. 1: $3 $N >l 9g , NN0h A $G$O %= %J !< 3,7 $, , NN0h B $G$O 1,5 $, 9b $$ 4sM?N($rM?$($k . 6I=jE* $J PCA $K $h $k<LA|$r 7k9g$9$k Mixture of PCA $,:G6a Ds 0F $5 $l$F $$$k [1, 2]. $3 $l $O , J#?t $N0[ $J$k PCA $N<LA| f i ( z ) $r MQ0U $7 $F <!$N$h $& $K =q $1 $k . f mix ( z ) = X i � i ( z ) f i ( z ) ; (4) $3$3 $G � i ( z ) $O =E$_ 78?t $G P � i = 1 ; � > 0 $G $" $k . $3 $N � i ( z ) $N7hDj $K$O EM %" %k %4 %j %:%‘ $, MQ$$ $i $l $k $3 $H $, B?$$ [1, 2]. 4 Conditional Mixture of PCA A0>O $G$N 3F%b %G %k$O x $K 4X $7 $F$O Bg0hE* $K 8GDj$5 $l $? @EE*$J <L A|$H $7 $F f ( z ) $r 9= @.$9 $k$b$N$G $" $k . $7 $+ $7 , x $r$"$k It J, NN 0h Fb $K8BDj $7 $F PCA $K $h$j $H$F $b4s M?N( $N9b$$FCD’%Y%/ %H %k$r A* $s$@ ;~ , $3$l$, 0[ $J $kB>$N ItJ,NN0h $G $b 9b$$ 4sM?N($r M? $( $k$H$O 8B $i$J $$ ( Nc : ?^ 1). $7 $? $, $C$F$3$N>l9g $K$OBP>]$H$J$kA4 $F$N NN0h $K $D $$$FC10l$NFCD’<LA| $r 9=@. $7 $? $b$N $, , 3F6I=jNN0h $K$* $1$k0LCV ?d Dj $K$?$$ $7 I, $: $7 $b==J, $K4sM? $9 $k $H $O8@ $( $J $$ . FC $KBP>] $H$9$k4D 6- $, MM!9 $J %b %8%e !< %k $+ $i$J$j , NN0h $, 9-Bg $K$J $k $K$D $l $3 $& $7 $? 798~ $, 6/$/$J$k . $7 $? $,$C $F<B:] E* $J%" %W %j %1 !< %7 %g %s$N$? $a , $3 $& $7 $?LdBj $r 2r7h $7 , E,MQ $G$- $kNN0h$N3HBg $K BP1~ $G$-$k$h $& $K $9 $k$?$a$K$O , 3:Ev$9$k 6I=j NN0h$r%; %s %5 %G !<%? z 0J30 $N>pJs $+$i ?dDj $7 $F , $=$N 6I=jNN0h $K BP1~$9$k<LA| $r E,MQ$9$k3,AXE*$J%b %G%k$, I,MW $H$J $k . <+ N’ Rob ot $N0\F0 $N>l9g $K$O , 2a5n $N0L CV x t � 1 $H$= $3 $G $H$C $? %"%/ %7%g %s a t � 1 $+$i <!$N0LCV x t $r >r7oIU $- 3N N( P ( x t j x t � 1 ; a t � 1 ) $r I= $9 %Y %$ %8%" %s%M %C %H $K$h $C $F %b %G%k 2= $G$- $k [9]( ?^ 2). $= $3 $G<0 (4) $N78?t � i ( z ) $NBe $o$j $K>r7o IU $-3N N( $r MQ $$ $F<!$N$h $& $J%b %G%k , Conditional Mixture of PCA $r 9M $( $k . f cond ( z ) = X i P ( x t 2 R i j x t � 1 ; a t � 1 ) f i ( z ) ; (5) $3$3 $G R i $O i HVL\$N<LA| $, BP1~$9$kNN0h $G$" $k . $3$N %b %G%k$O ?M4V $, F|>oE*$K <+A3$K 9T$C$F$$ $k$h $& $JFCDj $NJ8 L. $d>u 67 $K$h $C $F5/ $3$j $d$9 $$2> @b $rG0F, $K $* $- , $= $l$r N)>Z$9$k$?$a $K$b $C $H$b 82Cx $J FCD’ $K Cm0U $r 8~ $1 $k $H$$ $C $? G’CNE*9TF0 $H$b$h$/9gCW $7 $F $*$j , ?M $N>l9g$N %"%J%m %8 !<$+$i , $h$j J#;($J%Y %$ %8 %" %s %M%C %H $r 9=@.$9$k $3$H$G , >u67 $K 1~ $8 $F =@Fp $K <+8J0LCV $r ?dDj $9$k%m %\ %C %H$r <B8=$9$k$3 $H $, 4|BT $G$- $k . Fig. 2: %Y %$ %8%" %s %M %C %H $G$N>r7oIU $-3NN( $N %b %G%k 2= <U<- K\8& 5f $K$" $? $C $F $O R W CP $h$j <B 4D 6- %m %\%C %H %G !< %?%Y!< %9 MEMORABLE $N Ds6! $r <u $1$? . ;29MJ88% [1] M.Tipping and C.Bishop, \Mixture of Probabilis- tic Principal Comp onent Analysis", Pr o c. of the ICANN’97 , 1997. [2] G.Hinton, M.Rev o w and P .Da y an, \Recognizing handwritten digits using mixture of linear mo d- els", A dvanc es in Neur al Information Pr o c essing 7 , 1995. [3] T.Dean and M.W ellman, \Planing and control", Morgan Kaufmann,CA ,1991. [4] S.Thrun, \Bay esian landmark learning for mobile rob ot lo calization", Machine L e arning , 33(1),1998. [5] S.Oore, G.E.Hin ton and G.Dudek, \A mobile rob ot that learns its place", Neur al Computation , 9, 1997, pp.683-699. [6] S.Maeda, Y.Kuno and Y.Shirai, \Active na viga- tion vision based on eigenspace analysis", pr o c. of Int.c onf. on Intel ligent R ob ots and Systems , 1997. [7] J.L.Crowley , F.W allner, B.Schiele, \Position esti- mation using principal comp onents of range data", the Pr o c. of int. c onf. on R ob otics and Automa- tion ,1998. [8] M.Jordan, \Hierarchies of adaptive exp erts", A d- vanc es in Neur al Information Pr o c essing , 4, San Meteo CA Morgan Kaufmann, 1992. [9] Y.Motomura, I.Hara, H.Asoh, and T.Matsui, \Ba y esian Netw ork that Learns Conditional Probabilities by Neural Netw orks", Pr o gr ess in Conne ctionist-Base d Information Systems, vol.1 , 1997, pp.584-587. [10] N.Vlassis and B.Krose, \Rob ot environmen t mo d- eling via principal comp onen t regression", pr o c. of Int.c onf. on Intel ligent R ob ots and Systems , 1999, to app e ar . [11] B.Krose and R.Bunschoten, \Probabilistic lo cal- ization by app earance mo dels and activ e vision", pr o c. of Int.c onf. on R ob otics and A utomation 1999, to app e ar . [12] N.Vlassis, Y.Motom ura, and B.Krose, \An Information- theoretic lo calization criterion for rob ot map build- ing", A CAI ’99 , 1999, to ap e ar .