N3;R%U%#%k%?$K$*$1$kJ,I[$N?~$N6a;w$HC5:wG=NO$N2~A1K!$K$D$$$F 6e9)Bg!&9) @86p E/0l #1!%$O$8$a$K N3 ;R$K$h $kHs%, %&%9J, I[$N6a ;w$rMQ $$$?;~ 7ONs%U%# %k%?%j %s%0$N <jK!$H $7$F!$%b %s%F%+ %k%m%U%# %k%? [6] !$%V!<%H %9 %H %i%C%W %U%# %k %? [3] !$ %3 %s %G %s%;!< %7%g %s [4] Ey $,$" $k!% $^ $?!$ $3 $l$i $N <j K! $H0d EA E* %" %k%4%j%: %‘ [1] $H $NN‘ ;w @-$b ;XE& $5 $l$F $$ $k [5] !%$7 $+$7 $3 $l$i $N<j K! $G$O!$ >uBV $N <!85 $,9b $$ >l9g [7] $d!$Dc<! 85 $G $"$C $F$b 9b B. $J =hM} $, MW 5a $5 $l$k >l 9g $J $I $G$O!$ N3 ;R ?t $, ==J, $K B? $/ <h $l$J $$ >u 67 $, 5/$3 $k!%N3;R ?t $, IT B-$9 $k $H Hs %,%& %9 J, I[ $N ?~$N 6a ;w $, FC $K0- $/ $J $k $? $a!$N3 ;R $+ $i F@ $i$l $k M= B, J, I[$H!$ L‘EY4X?t$H $N=E $J$j $,AB$H $J$j [3] !$%U%# %k%?%j %s%0 =hM} $N$m GH<jB3 $-$K $*$$ $F!$==J, $JC5 :w$, 9T$o $l$J $/$J$k$H$$$&LdBj [7] $,@8$8$k!% $3 $N LdBj $r 2r7h $9 $k$? $a $K!$K\ 8&5f $G $O#2 <o N‘$N 2r 7h$N J} 8~$r Ds 0F$9 $k!%#1 $D $a$N J} 8~$O!$ %7 %9%F %‘ %N%$%: $N J, I[$K BP $7 $F!$ %b%G %k $G Dj 5A $7$? J, I[ $h $j$b ?~ $N =E $$J, I[ $r #1 4|@h M= B, $N 7W;; $K MQ $$ $F!$ C5:w G=NO$NDc2<$rJd$&J}K!$G$"$k!%?~$N=E$$J,I[$NF3F~$K$O!$%3!<%7!<J,I[Ey$GJ,I[$N7?$rL@<($9$kJ}K!$H!$ 0dEAE* %"%k %4 %j %:%‘ [1] $N 8r :5 $H8F $P $l $kA‘ :n Ey$N <j B3 $-E* $J J} K!$K $h $j ?~$N =E $$J, I[ $r F@$k J} K! $N!$ #2<oN‘ $N J} K! $rDs 0F $9 $k!% #2$D $a $N J} 8~ $O!$>u BV 6u 4V <+ BN$r C5 :w $K ET 9g$N NI $$ $b $N $KJQ 49 $7!$ C5 :w G=NO $r8~>e $5 $; $k J}K! $G $" $k!% 85!9O" B3 CM $r <h $k>u BV 6u 4V $K BP$7 $F!$ O" B3 CM $r<h $k JL $N 6u 4V$K JQ 49 $9 $k J}K! $H!$N%;6E*$JCM$r<h$k6u4V$KJQ49$9$kJ}K!$N!$#2<oN‘$NJ}K!$rDs0F$9$k!%O"B3CM$r<h$k6u4V$X$NJQ49$O!$ C5:w$K $h $j NI$$ @- <A $r ;}$D JL $N 6u 4V $X$N JQ 49 $K AjEv $9 $k!% N% ;6CM $r <h $k 6u4V $X $N JQ 49$H $O!$ 0d EA E* %"%k %4%j%:%‘ [1] $K$*$1$kI=8=7?$+$i0dEA;R7?$X$NJQ49$KAjEv$7!$N%;6E*$K$J$C$?0dEA;R7?$N6u4V$K$*$$$F!$ 8r:5$d FM A3 JQ 0[$J $I $N 0d EAE* A‘ :n $K $h$C $F!$O" B3 CM $N >u BV6u 4V $G $O F@ $k$N $, Fq $7 $+$C $??7 $7 $$ N3 ;R $rF@ $k$3$H$rL\E*$H$9$kJ}K!$G$"$k!% #2!%N3;R%U%#%k%? Hs@~7AHs%,%&%97?>uBV6u4V%b%G%k$H$7$F!$%7%9%F%‘%b%G%k$*$h$S4QB,%b%G%k x t = g ( x t � 1 ; v t ) ; y t = h ( x t ; w t ) (1) $+$i@.$k $b$N $r9M $($k!% $3$3 $G x t $O ;~ 9o t $N p <! 85>u BV%Y %/%H %k!$ y t $O l <! 85$N 4QB, %Y%/ %H%k $G$" $k!%;~9o t $^$G $N4QB,$N =89g$r Y t $HI=$9 $H$-!$$3$N A0Ds$N 2<$G!$#14| @hM=B,$N J,I[ p ( x t j Y t � 1 ) $H $mGH $NJ,I[ p ( x t j Y t ) $r?dDj$9$k$N$,>uBV?dDj ( %U%#%k%?%j%s%0 ) $NLdBj$G$"$k!% >u BV ?dDj $N 6a;w E*J} K! $G$" $k N3;R %U%#%k %? $N$& $A!$ %b%s %F%+ %k %m%U%# %k %? [6] $K $D$$ $F!$ $=$N 7W ;;<j =g$r0J2<$K<($9!%$^$:!$>uBV$NJ,I[$r<!$N$h$&$J M 8D$NN3;R ( <B8=CM ) $N=89g P t $*$h$S F t $K$h$j6a;w $9$k!%3FN3;R p ( t ) j ; f ( t ) j $O>uBV$N<h$kCM$N8uJd$KAjEv$9$k ( $=$l$>$l p <!85%Y%/%H%k$G$"$k ) !% P t = n p ( t ) 1 ; p ( t ) 2 ; � � � ; p ( t ) M o � p ( x t j Y t � 1 ) F t = n f ( t ) 1 ; f ( t ) 2 ; � � � ; f ( t ) M o � p ( x t j Y t ) (2) <!$K!$>u BV?d Dj $N<j B3 $-$O!$ $^ $:E, @Z $K7h $a $?=i 4| J,I[ $K =>$& N3 ;R$N =8 9g F 0 $rMp ?t $K$h $j @8@. $7!$ $= $N8e t = 1 ; 2 ; � � � $K$D$$$F!$0J2<$N#14|@hM=B,$H$mGH$N<jB3$-$r8r8_$KE,MQ$9$k!% #14|@hM=B,$N<jB3$-$G$O!$3FN3;R$KBP$7$F!$%7%9%F%‘%b%G%k$K=>$$!$Mp?t%Y%/%H%k v ( t ) i $r2C$($k!% p ( t ) i = g ( f ( t � 1) i ; v ( t ) i ) (3) $mGH$N<jB3$-$G$O!$$^$:3FN3;R$NL‘EY � ( t ) i $r!$<!<0$N$h$&$K7W;;$9$k!% � ( t ) i = p ( y t j p ( t ) i ) = r � h � 1 ( y t ; p ( t ) i ) � (4) $3$3$G<0 (1) $N y = h ( x ; w ) $K$O!$ w = h � 1 ( y ; x ) $H$J $k 4X?t h � 1 ( � ; � ) $, B8:_ $9$k $3 $H$r A0 Ds$H $9 $k!%$^$? r ( � ) $O4Q B,%N%$ %: w t $NL) EY4X?t $G$" $k!%<!$K p ( t ) k $N A*$P$l $k3NN( $r � ( t ) k = P M j =1 � ( t ) j $H$7 $? %j%5%s%W%j%s%0$r9T$$!$ f ( t ) j ( j = 1 ; 2 ; � � � ; M ) $rF@$k!% f ( t ) j � 8 < : p ( t ) k with prob. � ( t ) k = M X j =1 � ( t ) j ; k = 1 ; 2 ; � � � ; M 9 = ; (5)

#3!%2~A1K! N3 ;R%U%# %k %? $G$O!$ 9b <!85 $N >l9g [7] $d 9bB. =h M} $,MW 5a $5$l $k >l9g $J $I$G $O!$ N3 ;R?t $, ==J, $K B?$/ <h $l$J$$ >u 67 $,5/ $3 $k!% N3 ;R?t $, IT B- $9 $k$H Hs %, %& %9J, I[ $N ?~ $N6a ;w $, FC $K0- $/ $J $k!% $=$N $? $a N3 ;R $+$i F@$i$l$kM= B,J, I[$H!$ L‘EY 4X?t$H $N=E $J$j $,AB $H$J$j [3] !$%U%# %k%? %j%s %0=hM} $N$m GH<j B3$- $K$* $$$F!$ ==J,$JC5:w$,9T$o$l$J$/$J$k$H$$$&LdBj [7] $,@8$8$k!% $3 $N LdBj $r 2r7h $9 $k$? $a $K!$K\ 8&5f $G $O#2 <o N‘$N 2r 7h$N J} 8~$r Ds 0F$9 $k!%#1 $D $a$N J} 8~$O!$ %7 %9%F %‘ %N%$%: $N J, I[$K BP $7 $F!$ %b%G %k $G Dj 5A $7$? J, I[ $h $j$b ?~ $N =E $$J, I[ $r #1 4|@h M= B, $N 7W;; $K MQ $$ $F!$ C5:w G=NO$N Dc 2< $r Jd$& J} K! $G $"$k!% #2 $D $a $N J}8~ $O!$ >u BV 6u 4V<+ BN $r C5 :w $KET 9g $N NI $$ $b$N $K JQ 49 $7!$ C5:w G=NO$r8~>e$5$;$kJ}K!$G$"$k!% 3.1 ?~$N=E$$%7%9%F%‘%N%$%:$NF3F~ %7 %9%F %‘ %N %$%: $N J, I[$K BP $7 $F!$%b %G %k $GDj 5A $7$? J, I[ $h$j $b ?~ $N=E $$ J, I[$r MQ $$ $F!$C5 :w G=NO $N Dc 2<$rJd $&!% ?~ $N =E$$ J, I[ $N F3F~ J} K! $H $7 $F!$J, I[ $N 7? $r L@<( $9 $k J} K! $H!$<j B3 $- E* $J J}K! $K $h $j ?~ $N=E $$J,I[$rF@$kJ}K!$N#2<oN‘$rDs0F$9$k!% 0l $D L\$N J} K!$G $O!$Nc $( $P%b %G %k$G %7%9 %F %‘%N %$ %:$K @5 5,J, I[$r 2> Dj$7 $? >l9g $K $O!$$= $N@5 5, J,I[ $h $j$b?~$N=E$$!$Nc$($PJ,I[%3!<%7!<J,I[Ey$r!$#14|@hM=B,$N<0 (3) $K$*$1$kMp?t v ( t ) t $N@8@.$KMQ$$$k!% Fs $D L\ $N J} K! $G $O!$ 0d EA E* %" %k %4 %j %: %‘ [1] $K $* $$ $F 8r :5 $H 8F $P $l $k A‘ :n $r MQ $$ $k!% 8r :5 $N A‘ :n $H $O!$#2$D$N 8DBN ( N3;R $KAj Ev ) $r %i%s %@%‘ $KA* $S!$$3 $l$i $N0d EA>p Js$r C4$& %S%C%H Ns$r %i%s %@ %‘$J 2U=j $G @ZCG$7 $F F~ $l BX$( $k J} K! $G!$$3 $l $K $h $j ?7$7 $$ 7A <A $r $b$D 8D BN $r F@ $k$b $N $G $" $k!% %U%#%k %? %j %s %0 $G$b F1MM$K!$ %i %s %@%‘ $K A* $s $@Fs $D $N N3 ;R $K$D $$ $F!$ >u BV%Y %/ %H %k $N%i %s %@ %‘ $KA* $s $@ MW AG0J 9_ $r F~ $l BX$( $kJ}K! $r Ds 0F$9 $k!% $3 $l $^$G %7 %9 %F %‘ %N%$ %: $r 0u 2C$9 $k $3 $H $G!$N3 ;R $, >u BV6u 4V $r O" B3E* $K 0\ F0 $7 $F$$ $?$N$K BP $7 $F!$ $3$N J} K! $G $O!$>u BV 6u 4V $K BP$7 $F O" B3 $G $O$J $/!$ FM H/ E* $JJQ 2= $r N3 ;R $KBP $7 $F M? $( $k$3 $H$K$J $j!$ N3 ;R $N=8 CD $+ $i 1s$/ N% $l $? ?7 $7$$ N3 ;R $r F@ $k$3 $H $, 4| BT $5$l $k!% $^ $?!$ >u BV%Y %/ %H %k $N F~$l BX$($K8B$i$:!$%i%s%@%‘$KA*$s$@Fs$D$NN3;R$r7k$VD>@~>e$G$N30A^$b!$M-8z$JJ}K!$N0l$D$H9M$($i$l$k!% 3.2 >uBV6u4V$NJQ99 >uBV6u4V$rJQ49$9$k$3$H$G!$>uBV6u4V<+BN$rC5:w$KET9g$NNI$$$b$N$KJQ99$7!$C5:wG=NO$r8~>e$5$;$k!% O"B3CM $r <h $k>u BV 6u 4V $KBP $7 $F!$ O" B3 CM$r <h $k JL $N6u 4V $K JQ 49$9 $k J} K! $H!$N% ;6 E* $J CM$r <h $k 6u 4V $KJQ 49$9$kJ}K!$N#2<oN‘$rDs0F$9$k!% 0l $D L\$N O" B3CM $r<h $k 6u4V $H $7$F $O!$Nc $( $P<+ 8J 2s5" 78 ?t$r >uBV 6u 4V$H $7 $F;} $D >l9g $K$O!$ $3 $l$r JP <+8JAj 4X 78 ?t $KJQ 49 $7 $? $b$N $r >u BV 6u 4V$K <h $k $3 $H $K$h$C $F!$ >u BV 6u 4V$O !^ #1 $N HO 0O$K @5 5, 2= $5 $l!$C5 :w$K$H$C$FET9g$NNI$$@-<A$r;}$D$3$H$K$J$k!%$^$?<+8J2s5"2aDx$NDj>o@-$NJ];}$K$b9%ET9g$G$"$k [2] !% Fs $D L\$N!$ N%;6 E* $JCM $N >uBV 6u4V $N <h$j J}$H $7 $F$O!$ 0dEA E* %"%k %4 %j%: %‘ [1] $K ;H$o $l $k0d EA %3!<%I $r>uBV 6u 4V $K $9 $k!%6q BN E* $K $O!$ >uBV %Y %/ %H %k $r %S%C%H Ns $K JQ 49 $7!$0d EA E* %" %k %4 %j%: %‘ $K $* $1 $k8r :5 $dFMA3 JQ 0[ Ey $N A‘:n $r 2C $( $F!$ F@$i $l $? %S%C %H Ns $r:F $S >u BV %Y %/%H %k $K 5U JQ 49 $9$k!% $3 $N J} K! $K$h $j!$ 0dEAE*%"%k%4%j%:%‘$N;}$DBg0hE*C5:w@-$rF@$k$3$H$,4|BT$5$l$k!% ;29MJ88% [1] D.E.Goldb erg: Genetic algorithms in searc h, optimization, and machine learning, Addison- W esley , (1989). [2] S.J. Go dsil, A.Doucet, and M.W est: Metho dology for Mon te Carlo smo othing with application to time-v arying autoregressions, Pro c. of the Intl. Symp o. on F ron tiers of Time Series Mo deling, (CD-ROM), The Institute of Statistical Mathematics, T oky o (2000). [3] N.J.Gordon, D.J.Salmond, and A.F.M.Smith: Nov el approach to nonlinear/non-Gaussian Bay esian state estimation, IEE Pro ceedings-F, V ol.140, No.2, pp.107-113(1993). [4] M.Isard and A.Blak e: Condensation { Conditional density propagation for visual tracking, Intl.J.Compter Vision, V ol.29, No.1, pp.5-28(1998). [5] T.Higuchi: Monte Carlo �lter using the Genetic algorithm op erators, Journal of Statistical Computation and Sim ulation, V ol.59, No.1, pp.1-23(1997). [6] G.Kitagaw a: Monte Carlo �lter and smo other for non-Gaussian nonlinear state space mo dels, Journal of Computational Gr aphic al Statistics , 5 , No.1, pp.1-25(1996). [7] @86p : %b%s%F%+%k%m%U%#%k%?$N2~NI$K$D$$$F , F|K\E}7W3X2qBh 67 2sBg2q O@J8=8!$ pp.367-368(1999).