0dEAE*A‘:n$r;H$C$?9=B$;~JQ%b%G%k$K$h$kHsDj>o;~7ONs2r@O Nonstationary time series analysis b y using time-v arying structure mo del with aid of genetic op eration @86p E/0l A0ED Gn Norik azu IKOMA and Hiroshi MAED A 6e=#9)6HBg3X 9)3XIt EE5$9)3X2J Dept. of Computer Engineering, F acult y of Engineering, Kyushu Institute of T ec hnology Abstract Time-v arying structure mo del with resp ect to autoregressive order has b een prop osed. The aim of the model is to estimate time-v arying p ow er sp ectra that ha v e b oth smo oth change of sp ectrum parametrized by time- v arying sp ectral p eaks and drastic c hange of the structure of sp ectrum represented by change of the n um ber of p eaks, whic h corresp onds to time-v arying autoregressiv e order. Monte Carlo �ltering and genetic algorithm are used to estimate the p eaks and the num ber of p eaks resp ectively . Numerical simulation shows the result of estimation. Key w ords : genetic algorithm, mo del identi�cation, data analysis 1 $O$8$a$K %Q%o!<%9%Z%/%H%k$N%T!<%/$r?dDj$9$k$3$H$G!$;~7ONs %G!<%? $N ;} $D <~ 4| @- $r CN $k $3 $H $, $G $- $k!% Dj >o ;~ 7O Ns $N >l9g $K $O @~ 7A M= B, K! $H $7 $F %9 %Z %/ %H %k $N ?d Dj J} K! $, 3N N) $5$l $F $$ $k!% %9 %Z %/ %H %k $N @- <A $, ;~ 4V E* $K JQ 2= $9 $k $h $& $J>l 9g $K $O!$ Hs Dj >o %9 %Z %/ %H %k $r ?d Dj $9 $k J} K! $H $7 $F!$ <+8J 2s5" 78 ?t $, ;~ 4V E*$K JQ 2= $9 $k %b%G %k [8] $J $I $, Ds 0F $5$l $F $$ $k!% $^ $? %T!< %/ <~ GH ?t $d %P %s %I I} $r D> @\ ?d Dj $9 $kJ}K!$bDs0F$5$l$F$$$k [4] !% K\8&5f$G$O$3$l$i$r$5$i$K?J$a$F!$HsDj>o%9%Z%/%H%k $N;~ 4V E* H/ E8 $,!$ #A #R 78 ?t $N JQ 2= $@ $1 $G $J $/!$ <! ?t $r $b JQ2= $5 $; $k $h $& $J Bg $- $J >l 9g $r 07 $&!% $3 $l $O ?6 F0 $N >l 9g $K$O!$ 8G M- ?6 F0 $N ?t $, A} 8: $9 $k $3 $H $r 0U L# $7!$ ?6 F0 $9 $k BP>] $N 9= B$ E* JQ 2= $d!$ ?7 $? $J ?. 9f $N =E >v $J $I $, $= $N 86 0x $H$7$FA[Dj$5$l$k!% $3$N$h$&$J4QB,%G!<%?$r2r@O$7$FHsDj>o%9%Z%/%H%k$r ?dDj $9 $k J} K! $H $7 $F!$ ;~ JQ $J %T!< %/ <~ GH ?t $H %P %s %I I} $H $G%Q %i %a!< %? $E $1 $5 $l $? ;~ JQ 78 ?t $r ;} $D 4Q B, %b %G %k $r ;} $A!$%T!< %/ <~ GH ?t $H %P %s %I I} $, ;~ 4V E* $K 3j $i $+ $K JQ 2= $9 $k%7 %9 %F %‘ %b %G %k $r 4p K\ $H $9 $k!$ 9= B$ $, ;~ 4V E* $K JQ 2= $9 $k%b %G %k $r Ds 0F $9 $k!% %b %G %k $N ?d Dj $K $O!$ %b %s %F %+ %k %m %U%#%k%? [6] $H$$$&Hs%,%&%97?%U%#%k%?$rMQ$$$k!% %b%G%k$N9=B$JQ2=$O!$<!$N$h$&$K<B8=$5$l$k!%%9%Z%/ %H%k %T!< %/ $r M= $a 9M $( $i $l $k :G Bg $N ?t $r >o $K 3J G< $7 $F $* $-!$$= $N $& $A $I $l $r ;H MQ $9 $k $+ $r %S%C %H Ns $K $h$C $F 7h $a $k$3 $H $K $9 $k!% $3 $N %S%C %H Ns $b ;~ 4V E* $K JQ 2= $7!$ $= $N JQ 2=$O 0d EA E* A‘ :n $+ $i @. $k %7 %9 %F %‘ %b %G %k $G 5- =R $5 $l $k $b $N$H $9 $k!% %S%C %H Ns Cf $N #1 $N 8D ?t $, %T!< %/ $N 8D ?t $N BP 1~ $9$k$N$G!$%7%9%F%‘%b%G%k$G5-=R$7$?%@%$%J%_%/%9$K=>$C $F!$%T!< %/ $N 8D ?t $9 $J $o $A AR <! ?t $, E, 1~ E* $K JQ 2= $9 $k $3$H$K$J$k!% 0J2<$G$O!$%b%G%k$NDj5A$H%Q%i%a!<%??dDjJ}K!$r<($7!$ 4JC1 $J %7 %_%e %l!< %7%g %s $K $h $k %b %G %k $N F0 :n 3N G’ $N 7k 2L $rJs9p$9$k!% 2 %b%G%k ;~9o t $K$* $1$k4QB,CM y t $OO"B3CM $r<h$k$b$N $H$7!$ N 8D$N$N4QB,7ONs$r<!$N$h$&$KI=$9$3$H$K$9$k!% Y N = f y 1 ; y 2 ; � � � ; y N g (1) 4Q B, 7O Ns $O ?6 F0 $9 $k J* BN $d 2; 6A ?. 9f $J $I $N B, Dj $G!$ $= $N %Q %o!< %9 %Z %/ %H %k $K $O %T!< %/ $, J# ?t $"$C $F!$ $= $l $i $, ;~ 4V E* JQ 2= $9 $k $h $& $J FC @- $r ;} $D $H 2> Dj $9 $k!% $^ $? %T!< %/ $N ?t $, I, $: $7 $b ;~ 4V E* $K 0l Dj $H $O 8B $i $J $$ >l 9g $r 07 $&!% $J$*%T!<%/$N?t$O!$:GBg$G$b M 8D$G$"$k$H2>Dj$9$k!% $3$N$h$&$J4QB,7ONs$+$i;~JQ%9%Z%/%H%k$r?dDj$9$kJ} K! $H $7 $F!$ 4Q B, %b %G %k $H %7 %9 %F %‘ %b %G %k $+ $i @. $k!$ 9= B$ $,;~4VE*$KJQ2=$9$k%b%G%k$r0J2<$GDs0F$9$k!% 2.1 4QB,%b%G%k <!$N$h$&$J4QB,%b%G%k$r2>Dj$9$k!% y t = 2 m t X j =1 a j ( X t ; g t ) y t � j + " t ; " t � N (0 ; � 2 ) (2) 4Q B, %b %G %k $O <+ 8J 2s 5" %b %G %k $N 7A $r $7 $F $* $j!$ $= $N <+ 8J 2s 5" 78?t $O;~ JQ$J >u BV%Y %/%H %k X t $* $h$S M 7e $N %S%C %HNs g t = [ g 1 ;t ; g 2 ;t ; � � � ; g M ;t ] T (3) ( $?$@$7 T $OE>CV ) g k ;t 2 f 0 ; 1 g ; k = 1 ; 2 ; � � � ; M $r%Q%i%a!<%?$H$7$F;}$D!% $^$? 4QB,%b %G%k $N<+ 8J2s 5"<! ?t 2 m t $O ;~4VE* $KJQ 2= $7!$<!$N$h$&$K;~9o t $K$*$1$k%S%C%HNs g t $N#1$N8D?t$K $h$j7h$^$k$b$N$H$9$k!% m t = M X k =1 g k ;t (4)

4QB,%b%G%k (2) $N!$;~9o t $K$*$1$k=V4V%Q%o!<%9%Z%/ %H%k$O<!$N$h$&$KF3=P$G$-$k ( ! 2 [0 ; � ] $O3Q<~GH?t ) !% p ( ! ; t ) = � 2 � � � � � � 1 � 2 m t X j =1 a j ( X t ; g t ) e � ij ! � � � � � � 2 (5) %Q%o!<%9%Z%/%H%k$N;~4VJQ2=$O!$>uBV%Y%/%H%k X t $H%S%C %HNs g t $K$h$C$FI=$5$l$F$$$k!%$3$N$&$A%S%C%HNs$,<+8J 2s5"<!?t 2 m t $r7h$a$F$$$k$3$H$+$i!$%9%Z%/%H%k9=B$$N Bg$- $J JQ 2= $, %S%C %H Ns $N JQ 2= $K $h$C $F I= $5 $l!$ F1 0l 9= B$ $N2< $G $N Hy :Y $J JQ 2= $, >u BV %Y %/ %H %k $N JQ 2= $K $h$C $F I= $5 $l$k!% $h$C $F >u BV %Y %/ %H %k $N JQ 2= $K 3j $i $+ $5 $r 2> Dj $9 $k $3$H $G %9 %Z %/ %H %k $N 3j $i $+ $J ;~ 4V JQ 2= $, 5- =R $G $-!$ $^ $? %S%C%H Ns $N JQ 2= $r E, @Z $K 2> Dj $9 $k $3 $H $G %9 %Z %/ %H %k 9= B$ $N;~4VJQ2=$r5-=R$9$k$3$H$,$G$-$k!% 2.2 %7%9%F%‘%b%G%k >uBV%Y%/%H%k$H%S%C%HNs$N;~4VE*JQ2=$r!$<!$N%7%9%F %‘%b%G%k$K$h$j5-=R$9$k!% X t = X t � 1 + W t (6) g t = f GA ( g t � 1 j p c ; p m ) (7) $3$3$G W t $O%7%9%F%‘%N%$%:$N%Y%/%H%k$G$"$k!%$^$? f GA ( g t � 1 j p c ; p m ) $O!$0d EAE*%" %k%4 %j%:%‘ [2] $K $*$1$k 8r:5 $* $h $S FMA3 JQ 0[ $N 0d EA E* A‘ :n $r %S%C %H Ns g t � 1 $K BP $7$F9T $& 4X?t $G!$ 8r :53N N( p c !$ FMA3 JQ 0[3N N( p m $K$F %S%C%H Ns $K 8r :5 $* $h $S FM A3 JQ 0[ $r 3N N( E* $K 5/ $3 $9 $b $N $H $9$k!% $3 $N :]!$ 8r :5 $* $h $S FM A3 JQ 0[ $N 5/ $3 $k %S%C %H $O!$ %S%C%HNsFb$+$iEy3NN($GA*$P$l$k$b$N$H$9$k!% >uBV%Y%/%H%k$O!$<!$N$h$&$J%T!<%/<~GH?t%Y%/%H%k � t $H%T!< %/ %P %s %I I} %Y %/ %H %k r t $H $K J, $1 $i $l $k $b $N $H $9 $k!% X t = � � t T ; r t T � T (8) � t = [ � 1 ;t ; � 2 ;t ; � � � ; � M ;t ] T (9) r t = [ r 1 ;t ; r 2 ;t ; � � � ; r M ;t ] T (10) $^$? %7 %9 %F %‘ %N %$ %: $b!$ >u BV %Y %/ %H %k $K BP 1~ $7 $F!$ <! $N $h$&$KJ,$1$i$l$k!% W t = h W T � ;t ; W r ;t T i T (11) W � ;t = [ w � 1 ;t ; w � 2 ;t ; � � � ; w � M ;t ] T (12) W r ;t = [ w r 1 ;t ; w r 2 ;t ; � � � ; w r M ;t ] T (13) @h$K=R$Y$?>uBV%Y%/%H%k$N3j$i$+$5$O!$%7%9%F%‘%N%$ %: W t $N2> Dj$N ;EJ} $h$C$F 7h$a $k$3 $H$, $G$- $k!%$^ $?0d EAE*A‘:n f GA ( � ) $O!$%S%C%HNs$NJQ2=$N;EJ}$rDj5A$7$F$$ $k$3 $H $K $J $k!% K\ 8& 5f $G $O!$ %7 %9 %F %‘ %N %$ %: $H $7 $F <! $N $h$&$J@55,J,I[$r2>Dj$9$k!% W � ;t � N ( 0 ; diag( � 2 � )) (14) W r ;t � N ( 0 ; diag( � 2 r )) (15) $3 $3$GJ,;66&J,;69T Ns$N diag( � 2 ) $O!$BP3QMW AG$, � 2 $N BP3Q9TNs$G$"$k$3$H$r<($9!% 2.3 <+8J2s5"78?t$N7W;; 4QB,%b%G%k (2) $K$*$1$k;~JQ$J<+8J2s5"78?t a j ( X t ; g t ) $O!$>uBV%Y%/%H%k X t $H%S%C%HNs g t $H$+$i7h $^ $k78?t f c j;t j j = 1 ; � � � ; 2 m t g $K $h$C$F!$<! $N$h$& $K7W ;;$5$l$k$b$N$H$9$k!% a j ( X t ; g t ) = ( � 1) j 0 @ X i 1 ; � ;i j c i 1 ;t � � � c i j ;t 1 A (16) $3$3$G P $NHO0O i 1 ; � � � ; i j $K$D$$$F$O!$3F i k ; ( k = 1 ; � � � ; j ) $, 1 � 2 m t $N$&$A$G0[$J$kCM$r$H$j!$$=$N$h$&$JA4$F $NAH9g$;$K$D$$$F$NOB$r$H$k$3$H$r0UL#$9$k!% 78 ?t f c j;t j j = 1 ; � � � ; 2 m t g $O!$ <! $N$h $& $K 7h $a $k $b $N$H$9$k!%$^$:!$%S%C%HNs$,#1$H$J$C$F$$$k2U=j k ( $9$J $o $A g k ;t = 1) $K BP1~ $9 $k%T!< %/<~ GH?t � k ;t $*$h $S%P %s %II} r k ;t $+$i6&LrJ#AG?t r k ;t e � i� k;t $r9=@.$9$k!%$3$l$K $h $j 2 m t 8D$NJ#AG?t$, F@$i$l$k$N $G!$$3$l$rE,Ev $K c j;t $K3d$jEv$F$k!%<0 (16) $O!$$3$N3d$jEv$FJ}$KBP$7$FITJQ $G$"$k$N$G!$3d$jEv$F$OG$0U$K9T$C$FNI$$!% $3$N$h$&$K<+8J2s5"78?t$r7h$a$k:,5r$O<!$NDL$j$G$" $k!% $^ $: g k ;t = 1 $N r k ;t e � i� k;t $O!$ 4QB, %b%G %k $NFC @- J} Dx<0 $N:,$K $J$C$F$$ $k!%#2 <!$N<+ 8J2s 5"%b%G %k AR(2) $N >l9g$K $O!$FC@- :,$N;X ?tIt � k ;t $O %Q%o!<%9%Z %/%H%k $N %T!< %/<~GH ?t$K 0lCW$7!$ FC@-:, $NBg$- $5 r k;t $O%T!<%/ $N %P %s %I I} $H $J$C $F $$ $k!% $h$C $F!$ >e 5- $N $h $& $K <+ 8J 2s 5" 78?t$r7h$a$k$3$H$G!$4QB,%b%G%k$r AR(2) $,D>Ns$K@\B3 $5$l$?%7%9%F%‘$H8+$J$7$F!$3F AR(2) $N%T!<%/<~GH?t$H %P%s%II}$r?dDj$9$k$3$H$,$G$-$k!% 3 %b%G%k$N?dDj 4QB,7ONs (1) $+$i!$>e=R$7$?Ds0F%b%G%k$K$h$j!$;~JQ %Q %o!< %9 %Z %/ %H %k $r ?d Dj $9 $k J} K! $K $D $$ $F =R $Y $k!% ?d Dj $5 $l $k %Q %i %a!<%? $O!$ ;~ 9o t = 1 ; 2 ; � � � ; N $K $D $$ $F$N >u BV%Y%/%H%k X t ( %T!< %/<~GH?t � t $H%P%s%II} r t ) $* $h $S%S%C%HNs g t $G$"$k!%$3$l$i$N%Q%i%a!<%?$O8e$G=R$Y$k J} K! $G ?d Dj $5 $l $k $,!$ ?d Dj $K $" $?$C $F <! $N D6 %Q %i %a!< %? $NCM$,M?$($i$l$kI,MW$,$"$k!% D6%Q%i%a!<%?$H$7$F$O!$>uBV%Y%/%H%k$*$h$S%S%C%HNs $N=i4|CM X 0 $*$h$S g 0 !$0dEAE*A‘:n$K$*$1$k8r:5$*$h$S FM A3JQ0[$N3NN( p c $*$h $S p m !$$=$7$F %7%9%F%‘%N%$ %:$N J, ;6 � 2 � $*$h$S � 2 r $G$"$k!%$3 $l$iD6%Q%i%a!<%?$r $^$H$a $F # $G I=$9$3 $H$K$9$k!% $J$*D6 %Q%i%a!< %?$NCM $O!$8e$G =R$Y$k$h$&$K!$L‘EY$K4p$E$$$F7h$a$k$3$H$b$G$-$k!% 3.1 %b%s%F%+%k%m%U%#%k%? %Q%i%a!<%?$N?dDj$O!$>uBV%Y%/%H%k$K$D$$$F$O%b%s%F %+%k%m%U%#%k%? [6] $rMQ$$$k!%%S%C%HNs$K$D$$$F$O!$0dEA

E*A‘:n (7) $,$d $dFC <l $J<0 $G$O $" $k$b $N$N!$ 4p K\E* $K$O %b%s %F %+ %k %m %U%# %k %? $K 4p $E $$ $F 9T $o $l $k!% %b %s %F %+ %k %m%U%# %k %? $O!$ 85 Mh Hs @~ 7A Hs %, %& %9 7? %b %G %k $N %U%# %k %? %j%s %0 <j K! $H $7 $F Ds 0F $5 $l $? $b $N $G $" $k!% $= $N FC D’ $O!$ Hs%, %& %9 J, I[ $r!$ J, I[ $K => $& N3 ;R $G 6a ;w $9 $k E@ $G!$ !V#1 4|@h M= B,!W $* $h $S !V$m GH!W $N 7W ;; $r!$ 3F N3 ;R $K BP $9 $k 7W ;;$K $h$C $F 9T $& $3 $H $, $G $- $k!% $3 $N 6a ;w $K $h $j!$ => Mh $N 6a;wJ}K!$G$"$k6hJ,E*@~7A4X?tEy$K$h$k6a;w [5] $HHf$Y!$ $=$N 7W ;; NL $, ;X ?t 4X ?t $N %*!< %@!< $+ $i N3 ;R ?t $N %*!< %@!< $X$HBgI}$K8:$C$?!% %b%s%F%+%k%m%U%#%k%?$K$h$k%Q%i%a!<%??dDj$O!$0J2< $N$h$&$K9T$&!%>uBV%Y%/%H%k X t $*$h$S%S%C%HNs g t $NAH x t = ( X t ; g t ) $N CM$r;} $DN3 ;R$r P 8D MQ0U $7!$0J 2<$K <( $9!V#1 4| @h M= B,!W $H !V$m GH!W $N J, I[ $r 5a $a $k <j B3 $- $r 8r 8_$K7+$jJV$9$3$H$K$h$j!$%U%#%k%?%j%s%0$r<B9T$9$k!% 3.2 #14|@hM=B,J,I[$N7W;; $^$:!$;~9o t � 1 $K$*$1$k!V$mGH!W$NN3;R$r f f 1 ;t � 1 ; f 2 ;t � 1 ; � � � ; f P ;t � 1 g (17) $HI= $9!% $3 $l $i $N N3 ;R $G 7P 83 J, I[ 4X ?t $, 7h $^ $k $,!$ $3 $N J,I[ 4X ?t $, ;~ 9o t � 1 $N $m GH $N J, I[ p ( x t � 1 j Y t � 1 ) $N J, I[4X?t F ( x t � 1 j Y t � 1 ) $r6a;w$7$F$$$k!% <! $K%7 %9%F %‘ %b%G %k (6) (7) $K 4p$E $$$F!$ 3F N3;R $K%7 %9%F %‘ %N %$ %: $H 0d EA E* A‘ :n $r 2C $( $k!% $3 $& $7 $F !V#1 4| @h M=B,!W$NN3;R$,F@$i$l!$$3$l$r f p 1 ;t ; p 2 ;t ; � � � ; p P ;t g (18) $HI= $9!% $3 $l $i $N N3 ;R $G 7h $^ $k 7P 83 J, I[ 4X ?t $,!$ #1 4| @h M=B,$N J,I[ p ( x t j Y t � 1 ) $N J,I[ 4X ?t F ( x t j Y t � 1 ) $r6a ;w$9 $k$b$N$G$"$k$3$H$, [6] $G<($5$l$F$$$k!% 3.3 $mGHJ,I[$N7W;; ;~ 9o t $K$* $1$k$m GH$N J,I[ p ( x t j Y t ) $O!$ 0J2<$N $h$& $K5a$a$i$l$k!%$^$:3FN3;R$NL‘EY � j;t $r � j;t = p ( y t j p j;t ) (19) $K$h $j 7W ;; $9 $k!% $3 $l $O N3 ;R $N ;} $D >u BV $* $h $S %S%C %H Ns $NCM$+$i<+8J2s5"78?t$r 7W;;$7!$ y t $NM= B,$r9T$C$F$=$N 8m:9$r4QB,%N%$%:$N@55,J,I[$KBeF~$9$k$3$H$GF@$i$l$k!% $=$7$F3FN3;R$NL‘EY$K4p$E$-!$<!$N$h$&$J3NN($G%j%5 %s%W%j%s%0$r9T$C$F!$$mGH$NN3;R$rF@$k!% f j;t = 8 > > > < > > > : p 1 ;t 3NN( � 1 ;t = P k � k;t p 2 ;t 3NN( � 2 ;t = P k � k;t . . . . . . p P ;t 3NN( � P ;t = P k � k ;t (20) $3$l$i$NN3;R$G7h$^$k7P83J,I[4X?t$,!$$mGH$NJ,I[ p ( x t j Y t ) $NJ,I[4X?t F ( x t j Y t ) $r6a;w$9$k$b$N$G$"$k$3$H $b [6] $G<($5$l$F$$$k!% 3.4 L‘EY$N7W;; %b%s%F%+%k%m%U%#%k%?$K$h$j!$%b%G%k$NBP?tL‘EY l ( # ) $r<!$N$h$&$K6a;wE*$K5a$a$k$3$H$,$G$-$k!% l ( # ) = N X t =1 log p ( y t j Y t � 1 ) ’ N X t =1 log 0 @ 1 P P X j =1 p ( y t j p j;t ) 1 A (21) D6 %Q%i%a!< %? # $O!$ L‘EY$, :GBg$K$J $k$h$& $J$b$N $rMQ$$ $k $HNI$$ [1] !%$?$@$7!$ %b%s%F%+%k %m%U%#%k%?$N%5 %s%W%j %s %0 $K $O Mp ?t $, MQ $$ $i $l $k $? $a!$ 87 L) $J ?t CM E* :G E, 2= $O Fq $7 $$!% $3 $l $r 2s Hr $9 $k J} K! $H $7 $F!$ D6 %Q %i %a!< %? <+ BN $b>uBV$K4^$a$F?dDj$9$kJ}K!$,Ds0F$5$l$F$$$k [7] !% 3.5 0dEAE*A‘:n$N;HMQ %b%s%F%+%k%m%U%#%k%?$NN3;R$rMQ$$$?7W;;J}K!$,!$0d EA E*%"%k%4%j%: %‘$KN‘;w$J$3 $H$,;XE&$5$l $F$$$k [3] !%%7 %9 %F %‘ %N %$ %: $r 2C $( $k $3 $H $, FM A3 JQ 0[ $K BP 1~ $7 %j %5 %s %W %j %s %0 $r 9T $& $3 $H $, A* Br $K BP 1~ $9 $k $N $G!$ 8r :5 $N 0d EA E* A‘ :n $r =| $1 $P!$ 3F 4Q B, ;~ 9o $4 $H $K 0d EA E* %" %k %4 %j %: %‘ $N #1 2s $N 0d EA E* A‘ :n $r 9T$C $F $$ $k $3 $H $H $[ $\ Ey $7 $$!% $? $@ $7 Cm 0U $9 $Y $- $J $N $O!$ 0d EA E* %" %k %4 %j %: %‘ $G $O $R $? $9 $i 7+ $j JV $7 0d EA E* A‘ :n $r 9T$C $F L\ E* 4X ?t $r :G >. $K $9 $k $N $K BP $7 $F!$ %b %s %F %+ %k %m %U%# %k %? $G $O #1 2s $N 0d EA E* A‘ :n $G #14|@hM=B,$H$mGH$r9T$C$F!$4QB, Y t $,M?$($i$l$?2<$G$N >uBV$N>r7oIU$-3NN( p ( x t j Y t ) $r5a$a$F$$$kE@$G$"$k!% K\8&5f$G$O!$%S%C%HNs$KBP$9$k%7%9%F%‘%b%G%k (7) $, 8r :5 $r 4^ $‘ $b $N $H $J$C $F $* $j!$ $^ $? %S%C %H Ns $K $h$C $F >u BV%Y%/%H%k$NCf$+$i%T!<%/$rA*Br$7$F;HMQ$9$k$h$&$K$J$C $F $$ $k!% 8r :5 $N 8z 2L $, F@ $i $l $l $P!$ E, @Z $J %T!< %/ ?t $N ?d Dj $, 4| BT $5 $l!$ $^ $? %T!< %/ <~ GH ?t $* $h $S %P %s %I I} $N =i 4| CM$+$i$NB.$$<}B+$b4|BT$5$l$k!% 4 %7%_%e%l!<%7%g%s J* M}Mp ?t $r MQ $$ $F ?^ 1 $N $h $& $J %G!< %? $r@8 @. $7 $?!% $3 $l$O!$ ?^ 3 $K<B @~$G <($9$h $&$K %T!<%/ <~GH?t $rJQ 2=$5 $; $F@8@.$7$?$b$N$G $"$k!%;~9o t = 1 $+ $i t = 150 $^$G $O%T!< %/?t$,#1$G!$;~9o t = 151 $+$i t = 300 $G$O%T!< %/ ?t $, #2 $H $J$C $F $$ $k!% A4 ;~ 9o $r DL $7 $F B8 :_ $9 $k %T!< %/ $r!V%T!<%/ #1!W$H8F$V$3$H$H$7!$$=$N<~GH?t$r � 1 ( t ) !$%P %s %II}$r r 1 ( t ) $HI= $9!%;~9o t = 151 $+ $i8=$l$k %T!<%/ $r!V%T!<%/ #2!W$H8F$V$3$H$H$7!$$=$N<~GH?t$r � 2 ( t ) !$%P %s%II}$r r 2 ( t ) $HI=$9!%3F%T!<%/$NJQ2=$O � 1 ( t ) = 0 : 310 + 0 : 004 � t !$ r 1 ( t ) = 0 : 8 $*$h$S � 2 ( t ) = 2 : 944 � 0 : 004 � t !$ r 2 ( t ) = 0 : 5 + 0 : 001 � ( t � 1) $H $7!$%T!<%/ #2$K$D $$$F$O ;~9o t = 151 $+$i%G!< %?@8@. $K;HMQ$7$?!% $3$N%G!<%?$K$D$$$F!$Ds0F$9$k%b%G%k$r$"$F$O$a$FF@ $i $l$? ;~JQ %T!<%/?t $NJ, I[$N %b!<%I$r ?^ 2 $K <($9!% ?^$r

?^ 1: %7%_%e%l!<%7%g%s%G!<%? ?^ 2: ?dDj$5$l$?;~JQ%T!<%/?t ( %b!<%I ) 8+$k$H!$;~9o t = 150 $^$G$O ??$N%T!< %/?t#1 $r$[$\ F@$F $*$j!$$^$?;~ 9o t = 151 $r 2a$.$F $7$P$i $/$9$k$H!$ %T!< %/?t $O #2 $K JQ 2= $7 $F $[ $\ 0B Dj $7 $F $$ $k!% $3 $l $O ?? $N %T!< %/?t$K0lCW$9$k7k2L$H$J$C$F$$$k!% 3F;~9o$G?dDj$5$l$?;~JQ%T!<%/?t$N%b!<%I$H0lCW$9$k N3;R $K $D $$ $F!$ %T!< %/ <~ GH ?t $N J? 6Q CM $r 7W ;; $7!$ $3 $l $r ;~JQ %T!< %/ <~ GH ?t $N ?d Dj CM $H $7 $?!% %T!< %/ $, J# ?t $" $k >l 9g$K $O!$ <~ GH ?t $N =g $K JB $Y $F!$ N3 ;R 4V $N %T!< %/ $N BP 1~ $r $H$C$?!% $3 $N $h $& $K $7 $F F@ $i $l $? ;~ JQ %T!< %/ <~ GH ?t $N ?d DjCM$N%W %m%C%H $r?^ 3 $K<( $9!%?^$r $_$k $H!$$^ $:%T!< %/ #1$K $D $$ $F!$ <B @~ $G <( $7 $? ?? $N %T!< %/ <~ GH ?t $K DI => $9 $k $h$& $J ?d Dj 7k 2L $, F@ $i $l $F $$ $k $3 $H $, J, $+ $k!% <! $K %T!< %/#2 $K $D $$ $F $b!$ ;~ 9o t = 151 $r $7 $P $i $/ 2a $. $? JU $j $+$i!$ ?? $N %T!< %/ <~ GH ?t $K DI => $9 $k $h $& $J ?d Dj 7k 2L $, F@ $i$l$F$$$k!% 5 $*$o$j$K ;~JQ%9%Z%/%H%k$N%T!<%/?t$,JQ2=$9$k$h$&$J>l9g$K$D $$$F!$ %T!< %/ <~ GH ?t!& %P %s %I I} $H %T!< %/ ?t $, ;~ 4V JQ 2= $9 $k$h $& $J 9= B$ ;~ JQ %b %G %k $r Ds 0F $7 $?!% %T!< %/ <~ GH ?t $H %P %s%I I} $r %b %s %F %+ %k %m %U%# %k %? $K 4p $E $- J# ?t $N N3 ;R $G ?d Dj$7!$%T!<%/?t$r7h$a$k%S%C%HNs$bN3;R$K3JG<$7$F8r:5!& FMA3 JQ 0[ $N 0d EA E* A‘ :n $r 9T$C $?!% %S%C %H Ns $K $h $j N3 ;R Cf $N$I $N %T!< %/ $r MQ $$ $k $+ $, 7h $^ $k ;E AH $_ $H $J$C $F $* $j!$ 0dEAE*A‘:n$K$h$kB.$$<}B+$r4|BT$7$F%b%G%k$r9=@.$7$?!% 4JC1 $J %7 %_%e %l!< %7%g %s $N 7k 2L $G $O!$ %T!< %/ $, #1 $D $+ $i #2$D $K A} $( $k >l 9g $K $D $$ $F!$ %T!< %/ ?t $* $h $S <~ GH ?t $N DI ?^ 3: ?dDj$5$l$?;~JQ%T!<%/<~GH?t ( J?6Q ) =>$,$J$5$l$F$$$k$3$H$rJs9p$7$?!% <U<- K\8&5f$O!$J8It>J2J3X8&5fHqJd=u6b!$>)Ne8&5f!J#A!K $NJd=u$r<u$1$F$$$^$9!% ;29MJ88% [1] H.Ak aik e: Likelihoo d and Bay esian pro cedure, Bay esian Statistics, Universit y Press, V alencia, Spain, [2] D.E.Goldb erg: Genetic algorithm in search, optimiza- tion and machine learning, Addison-W esley MA (1989). [3] T.Higuchi: Monte Carlo �lter using the Genetic algo- rithm op erators, Journal of Statistical Computation and Simulation, V ol.59, No.1, pp.1-23(1997). [4] N.Ikoma: Estimation of time v arying p eak of p ow er sp ectrum based on non-Gaussian nonlinear state space mo deling, Signal Pro cessing, V ol.49, pp.85-95(1996). [5] G.Kitagaw a: Non-Gaussian state space mo deling of nonstationary time series (with discussion), Journal of the American Statisitical Asso c., V ol.82, No.400, pp.1032-1063 (1987). [6] G.Kitagaw a: Monte Carlo �lter and smo other for non- Gaussian nonlinear state space mo del, Journal of Com- putational and Graphical Statistics, V ol.5, pp.1-25 (1996). [7] G.Kitagaw a: A self-organizing stat-space mo del, Jour- nal of the American Statistical Asso c., V ol.93, No.443, pp.1203-1215(1998). [8] G.Kitagaw a and W.Gersch: A smo othness priors time- v arying AR co e�cient mo deling of nonstationary co- v ariance time series, IEEE T rans. A C-30, No.1, pp.48- 56(1985). [ Ld$$9g$o$;@h ] ") 804-8550 KL6e=#;T8MH*6h@g?eD.#1HV#19f 6e=#9)6HBg3X9)3XIt EE5$9)3X2J >pJs9)3X65<< @86p E/0l ( $$$3$^ $N$j$+$: ) TEL: 093-884-3216 F AX: 093-871-5835 E-mail: ikoma !w comp.kyutech.ac.jp