3Z 4o 2; $r BP >] $H $7 $? 2; 8; F1 Dj !’ 2; 9b $K $h $k 2; ?’ JQ 2= $r 9M N8 $9 $k <1 JL <j K! $N 8! F$ KL 86 E4 O/ y 8e F# ?? 9’ z 1| G5 Gn y y 5~ ET Bg 3X Bg 3X 1! >p Js 3X 8& 5f 2J CN G= >p Js 3X @l 96 z 2J 3X 5; =Q ?6 6= ;v 6H CD $5 $- $, $1 8& 5f 21 !V >p Js $H CN !W NN 0h !? ;: 6H 5; =Q Am 9g 8& 5f =j kitahara@kuis.kyoto-u.ac.jp m.goto@aist.go.jp okuno@i.kyoto-u.ac.jp $" $i $^ $7 K\ 9F $G $O !$ 2; 8; F1 Dj $N $? $a $N 2; 9b $K $h $k 2; ?’ JQ 2= $N I= 8= J} K! $H $7 $F !$ F0 0M B8 B? <! 85 @5 5, J, I[ $r Ds 0F $9 $k !% 2f !9 $O !$ $3 $l $^ $G $K 2; 9b $K $h $k 2; ?’ JQ 2= $r E, @Z $K 07 $& $3 $H $N I, MW @- $r ;X E& $7 !$ FC D’ JQ F0 $r 4p K\ <~ GH ?t $N 4X ?t $H $7 $F 6a ;w $9 $k <j K! $r Ds 0F $7 $? !% $7 $+ $7 !$ <1 JL 4X ?t $O LZ 2< $i $N N‘ ;w EY $K 8B $i $l !$ B> $N <1 JL <j K! $K 1~ MQ $9 $k $3 $H $O $G $- $J $+ $C $? !% K\ 9F $G $O !$ $h $j 0l HL E* $K 2; 9b $K $h $k 2; ?’ JQ 2= $r $H $i $( $k $? $a !$ 2; ?’ 6u 4V >e $G 3F %/ %i %9 $N %Q %? !< %s $, !$ J? 6Q $, 2; 9b $K $h $C $F JQ 2= $9 $k B? <! 85 @5 5, J, I[ $K => $& $H 2> Dj $9 $k !% $= $7 $F !$ $3 $N J, I[ $N %Q %i %a !< %? $N ?d Dj K! $r Ds 0F $7 !$ <1 JL 4X ?t $r %Y %$ %: 7h Dj 5, B’ $+ $i Dj <0 2= $9 $k !% Ds 0F <j K! $r <B Au !& <B 83 $7 $? 7k 2L !$ DL >o $N B? <! 85 @5 5, J, I[ $r 2> Dj $7 $? >l 9g $K Hf $Y !$ 8D !9 $N 3Z 4o %l %Y %k $G J? 6Q 16.48% !$ %+ %F %4 %j !< %l %Y %k $G J? 6Q 20.67% $N G’ <1 8m $j $r :o 8: $9 $k $3 $H $, $G $- $? !% Musical Instrumen t Iden ti�cation: A Classi�er Considering Pitc h-dep enden t Characteristics of Tim bre T etsuro Kitahara y Masatak a Goto z Hiroshi G. Okuno y y Dept. of Intelligence Science and T ec hnology , Graduate Sc ho ol of Infomatics, Ky oto Univ ersit y z \Information and Human Activit y", PRESTO, JST !? National Institute of Adv anced Industrial Science and T ec hnology Abstract This pap er describ es a pitc h-dep enden t tim bre representation for m usical instrument identi- �cation, F0-dep endent multivariate normal distribution . In our previous pap er, we prop osed a metho d of curv e-�tting the pitch-dependent characteristics and constructing timbre classi�ers as a function of fun- damen tal frequency . In this pap er, w e extended the metho d to estimate paramaters of the F0-dep endent m ultiv ariate normal distribution and to de�ne a discriminan t function for this distribution according to the Ba y es decision theory . Exp erimen tal results show ed that the prop osed metho d improv ed the p erformance of m usical instrumen t iden ti�cation. 1. $O $8 $a $K 3Z 4o 2; $N F1 Dj $, %Q %? !< %s G’ <1 $N 8& 5f BP >] $H $7 $F 9- $/ 07 $o $l $k $h $& $K $J $C $? $N $O !$ 2; @< $d J8 ;z $J $I $h $j CY $/ !$ 1990 G/ Be $K F~ $C $F $+ $i $N $3 $H $G $" $k 1) � 8) !% $= $N $? $a !$ 2; @< G’ <1 $d J8 ;z G’ <1 $K Hf $Y !$ FC D’ Cj =P $d <1 JL <j K! $K 4X $7 $F F@ $i $l $F $$ $k CN 8+ $O >/ $J $$ !% $^ $? !$ 3Z 4o 2; 6A 3X $N J, Ln $G $O 8E $/ $+ $i $5 $^ $6 $^ $J J, @O $, 9T $o $l $F $- $? 9) � 12) $, !$ 2; 8; F1 Dj $N 9) 3X E* %b %G %k $N <B 8= $K $O ;j $C $F $$ $J $$ !% 2f !9 $O !$ 2; 8; F1 Dj $r 2; 3Z >p 7J J, @O 3) !J 2; 3Z 2; 6A ?. 9f $r BP >] $H $7 $? 7W ;; 5! $K $h $k D0 3P E* >p 7J J, @O 13) !K $N =E MW $J MW AG 5; =Q $N 1 $D $H 0L CV $E $1 !$ 8& 5f $r ?J $a $F $$ $k !% DL >o !$ D0 3P E* >p 7J J, @O $H $$ $& >l 9g $K $O :. 9g 2; $r 07 $& >l 9g $, B? $$ !% $7 $+ $7 !$ 2; 8; F1 Dj $O C1 2; $G $b Fq $7 $$ Ld Bj $G $" $j !$ ?M 4V $N C1 2; $K BP $9 $k 2; 8; F1 Dj G= NO $O !$ 2; 3Z 7P 83 <T $G $" $C $F $b 14 <o N‘ $N 3Z 4o $K BP $7 $F 45.9% $H $$ $& Js 9p $b $" $k 6) !% $= $3 $G !$ 2f !9 $O (1) C1 2; $N 2; 8; F1 Dj !$ (2) :. 9g 2; $N 2; 8; F1 Dj !$ $H $$ $& 2 CJ 3, $N %" %W %m !< %A $r $H $C $F 1

8& 5f $r ?J $a $F $$ $k !% K\ 9F $G $O !$ Bh 1 CJ 3, $N C1 2; $N 2; 8; F1 Dj $K $D $$ $F Js 9p $9 $k !% 2f !9 $O !$ $3 $l $^ $G $K 2; 9b $K $h $k 2; ?’ JQ 2= $K Ce L\ $7 $? <1 JL <j K! $K $D $$ $F 8& 5f $7 $F $- $? 14) !% 3Z 4o 2; $K $* $1 $k FC D’ JQ F0 MW 0x $H $7 $F $O !$ 2; 9b !$ 2; $N 6/ $5 !$ 3Z 4o $N 8D BN :9 !$ AU K! $J $I $, 9M $( $i $l $k $, !$ $3 $l $i $N $& $A 2; 9b $O J* M} NL !J 4p K\ <~ GH ?t !K $H $7 $F Cj =P 2D G= $G $" $k !% $= $3 $G !$ 2; 9b $K $h $k FC D’ JQ F0 $r 4p K\ <~ GH ?t $N 4X ?t $H $7 $F 6a ;w $7 $F <1 JL 4o $r @_ 7W $9 $k <j K! $r Ds 0F $7 $? 14) !% $3 $N $h $& $K !$ FC D’ JQ F0 $r $= $N MW 0x $H $J $k J* M} NL $N 4X ?t $H $7 $F $H $i $( $k %" %W %m !< %A $O !$ => Mh $N 8& 5f 1) � 8) $G $O 9T $o $l $F $3 $J $+ $C $? !% $7 $+ $7 !$ J8 8% 14) $N <j K! $O !$ (1) <1 JL 4X ?t $H $7 $F LZ 2< $i $N N‘ ;w EY 5) $r 4p $H $7 $F $* $j !$ B> $N <1 JL 4X ?t $K 1~ MQ $9 $k $3 $H $, $G $- $J $$ !$ (2) 3F FC D’ NL $r 2; 9b $K $h $k JQ 2= $N ;E J} $K 4p $E $$ $F <j F0 $G J, N‘ $7 $J $1 $l $P $J $i $J $$ !$ $H $$ $& Ld Bj $, $" $C $? !% $^ $? !$ ;H MQ %G !< %? %Y !< %9 $N 3Z 4o ?t $, >/ $J $/ !$ Bg 5, LO $J %G !< %? %Y !< %9 $G M- 8z @- $r 3N G’ $9 $k $K $O ;j $i $J $+ $C $? !% K\ 9F $G $O !$ 2; 9b $K $h $k 2; ?’ JQ 2= $r $h $j 0l HL E* $K I= 8= $9 $k J} K! $H $7 $F !$ 2; 9b $K $h $C $F J? 6Q $, JQ 2= $9 $k B? <! 85 @5 5, J, I[ !J F0 0M B8 B? <! 85 @5 5, J, I[ !K $r Ds 0F $9 $k !% $= $7 $F !$ 3F %/ %i %9 $N %Q %? !< %s $, 2; ?’ 6u 4V !J 3Z 4o 2; $K 4X $9 $k FC D’ 6u 4V !K >e $G !$ $3 $N F0 0M B8 B? <! 85 @5 5, J, I[ $K => $& $H 2> Dj $7 !$ %Y %$ %: 7h Dj 5, B’ $K 4p $E $$ $F <1 JL 4X ?t $r Dj <0 2= $9 $k !% $J $* !$ 2; 9b $K $h $k 2; ?’ JQ 2= $N 4X ?t 6a ;w $G $O !$ Bg 5, LO $J 3Z 4o 2; %G !< %? %Y !< %9 15) $N 0l It $r ;H MQ $7 $F %G !< %? NL $r A} $d $9 $3 $H $G !$ J8 8% 14) $N $h $& $K FC D’ NL $r J, N‘ $; $: $K !$ $h $j 9b <! $N 6J @~ $G 6a ;w $9 $k !% 0J 2< !$ $^ $: 2. $G F0 0M B8 B? <! 85 @5 5, J, I[ $r Ds 0F $7 !$ $3 $N J, I[ $r 2> Dj $7 $? >l 9g $N <1 JL 4X ?t $r %Y %$ %: 7h Dj 5, B’ $K 4p $E $$ $F Dj <0 2= $9 $k !% <! $K !$ 3. $G Ds 0F <j K! $N =h M} $N N. $l $r =R $Y !$ 4. $G I> 2A <B 83 $K $D $$ $F =R $Y $k !% $5 $i $K !$ 5. $G %Y %$ %: 7h Dj 5, B’ $H k -NN K! $r Hf 3S $7 !$ :G 8e $K 6. $G $^ $H $a $r $9 $k !% 2. F0 0M B8 B? <! 85 @5 5, J, I[ K\ 9F $G =R $Y $k 2; 8; F1 Dj J} <0 $G $O !$ 3F 3Z 4o L> $, %i %Y %k $E $1 $i $l $? 3Z 4o 2; $N 2; 6A ?. 9f $N %G !< %? %Y !< %9 !J 8D !9 $N 3Z 4o 2; %G !< %? $r 3X =, %Q %? !< %s $H 8F $V !K $K 4p $E $$ $F 2; 8; F1 Dj $r 9T $& !% 3F 3Z 4o $N 3X =, %Q %? !< %s $, B? <! 85 @5 5, J, I[ $K => $& $H 2> Dj $7 !$ B? <! 85 @5 5, J, I[ $N %Q %i %a !< %? $r ?d Dj $7 $F 3F 3Z 4o $N ;v 8e 3N N( $r 7W ;; $9 $k !% $= $7 $F !$ ;v 8e 3N N( $N :G $b 9b $$ 3Z 4o L> $r F1 Dj 7k 2L $H $7 $F =P NO $9 $k !% $? $@ $7 !$ 3X =, %Q %? !< %s $O !$ 0J 2< $N M} M3 $K $h $j 2; 9b $K 0M B8 $9 $k !’ ( 1 ) 2; 9b $, Dc $/ $J $l $P !$ H/ 2; BN $O Bg $- $/ $J $k !% H/ 2; BN $N <A NL $, Bg $- $/ $J $k $H 47 @- $b Bg $- $/ $J $j !$ H/ 2; $N N) $A >e $, $j $d 8: ?j $K !$ $h $j B? $/ $N ;~ 4V $r MW $9 $k 10) !% ?^ 1 Be I= CM 4X ?t !J B@ ;z !K $N Nc !% :8 $N ?^ $O @~ 7A 6a ;w $G $O @: EY $, IT == J, $J Nc !J %T %" %N $N Bh 4 <4 !K $G !$ 1& $N ?^ $O 2; 9b $K $h $k 2; ?’ JQ 2= $, FC $K 82 Cx $J Nc !J %A %’ %m $N Bh 1 <4 !K $G $" $k !% ( 2 ) 2; 9b $, 9b $/ $J $k $H ?6 F0 B; <: $, Bg $- $/ $J $k $? $a !$ 9b <! $N 9b D4 GH $O H/ @8 $5 $l $K $/ $/ $J $k 10) !% ( 3 ) 0l It $N 3Z 4o $G $O 2; 9b $K $h $j H/ 2; BN $, 0[ $J $j !$ 3F H/ 2; BN $O 0[ $J $k :‘ <A $+ $i $G $- $F $$ $k !% $3 $N Ld Bj $K BP $9 $k 1 $D $N 2r 7h K! $O !$ 3F 3Z 4o $N 3X =, %Q %? !< %s $, 2; 9b $4 $H $K 0[ $J $k B? <! 85 @5 5, J, I[ $K => $& $H 2> Dj $7 !$ BP 1~ $9 $k 2; 9b $N 3X =, %Q %? !< %s $N $_ $r ;H $C $F 3F 2; 9b $K $* $1 $k J, I[ $N %Q %i %a !< %? $r ?d Dj $9 $k $3 $H $G $" $k !% $7 $+ $7 !$ J, I[ $N %Q %i %a !< %? ?d Dj $K $O B? $/ $N 3X =, %Q %? !< %s $r I, MW $H $7 !$ 2; 9b $4 $H $K B? $/ $N 3X =, %Q %? !< %s $r MQ 0U $9 $k $N $O Hs 8= <B E* $G $" $k !% K\ 9F $G $O !$ 3F 3Z 4o $N 3X =, %Q %? !< %s $, !$ J? 6Q $N $_ $, 2; 9b $4 $H $K 0[ $J $k B? <! 85 @5 5, J, I[ $K => $& $H 2> Dj $9 $k !% $9 $J $o $A !$ 2; 9b $4 $H $K MQ 0U $5 $l $? B? <! 85 @5 5, J, I[ $O !$ 6& J, ;6 9T Ns $, $9 $Y $F Ey $7 $$ $b $N $H 2> Dj $9 $k !% $3 $N $h $& $K 2> Dj $9 $k $H !$ 6& J, ;6 9T Ns $O !$ 2; 9b 0J 30 $N MW 0x $K $h $k 2; ?’ JQ 2= $r I= $7 $F $$ $k $H 9M $( $k $3 $H $, $G $- !$ $9 $Y $F $N 2; 9b $N 3X =, %G !< %? $r MQ $$ $F ;; =P $9 $k $3 $H $, $G $- $k !% K\ 9F $G $O !$ $3 $N $h $& $J 2; 9b $K $h $C $F J? 6Q $, JQ 2= $9 $k B? <! 85 @5 5, J, I[ $r F0 0M B8 B? <! 85 @5 5, J, I[ $H 8F $V !% 0J 2< !$ F0 0M B8 B? <! 85 @5 5, J, I[ $N %Q %i %a !< %? ?d Dj K! $r =R $Y $k !% 2.1 Be I= CM 4X ?t 2; 9b $K $h $C $F JQ 2= $9 $k J, I[ $N J? 6Q $r !$ :G >. Fs >h K! $K $h $k 4X ?t 6a ;w $G ?d Dj $9 $k !J ?^ 1 !K !% J8 8% 14) $G $O !$ FC D’ NL $r 2; 9b $K $h $k JQ 2= $N ;E J} $K $7 $? $, $C $F <j F0 $G J, N‘ $7 !$ 6h J, E* @~ 7A 4X ?t $K $h $C $F 6a ;w $7 $F $$ $? !% %G !< %? ?t $, B? $1 $l $P $h $j 9b <! $N 4X ?t $G 6a ;w $9 $k $3 $H $, 2D G= $G $" $j !$ $h $j 9b <! $N 4X ?t $r MQ $$ $k $3 $H $, $G $- $l $P !$ I= 8= $G $- $k 6J @~ $N <+ M3 EY $, >e $, $k $? $a !$ JQ 2= $N ;E J} $K $7 $? $, $C $F FC D’ NL $r J, N‘ $9 $k I, MW $O $J $/ $J $k !% $= $3 $G !$ K\ 9F $G $O 6h J, E* @~ 7A 4X ?t $G $O $J $/ 3 <! 4X ?t $r MQ $$ $k !% $3 $N 6a ;w 6J @~ $r Be I= CM 4X ?t $H 8F $S !$ � i ( f ) $H =q $/ !J i !’ %/ %i %9 HV 9f !K !% 2.2 F0 @5 5, 2= 6& J, ;6 9T Ns F0 0M B8 B? <! 85 @5 5, J, I[ $K $* $1 $k 6& J, ;6 9T Ns $N ;; =P K! $r =R $Y $k !% 6& J, ;6 9T Ns $O !$ 2; 9b 0J 30 $N MW 0x $K $h $k 2; ?’ JQ 2= $r I= $7 $F $$ $k $H 9M $( $k $3 $H $, $G $- $k !% $= $3 $G !$ 2; 2

?’ 6u 4V $r Be I= CM 4X ?t $G @5 5, 2= $9 $k $3 $H $G 2; 9b $K $h $k 2; ?’ JQ 2= $r =| 5n $7 $F $+ $i !$ 6& J, ;6 9T Ns $r 5a $a $k !% $3 $N J} K! $G 5a $a $? 6& J, ;6 9T Ns $r F0 @5 5, 2= 6& J, ;6 9T Ns $H 8F $S !$ � i $H =q $/ !% 2.3 %Y %$ %: 7h Dj 5, B’ $K $h $k <1 JL %Y %$ %: 7h Dj 5, B’ $K 4p $E $$ $F <1 JL 4X ?t $r Dj <0 2= $9 $k !% 3F %/ %i %9 ! i $N %Q %? !< %s $, 3N N( L) EY 4X ?t p ( x j ! i ) $K => $& $H 2> Dj $7 !$ %Q %? !< %s x $, F~ NO $5 $l $? $H $- $N <1 JL 4X ?t $r g i ( x ) := log p ( x j ! i ) + log p ( ! i ) (1) $H Dj 5A $9 $k !% $3 $3 $G !$ p ( ! i ) $O %/ %i %9 ! i $N ;v A0 3N N( $G $" $k !% $= $7 $F !$ g i ( x ) $, :G Bg $K $J $k i $r 5a $a $k !% $9 $J $o $A !$ k := argmax i g i ( x ) $H $9 $k $H !$ %/ %i %9 ! k $r F1 Dj 7k 2L $H $9 $k !% K\ 9F $G $O !$ 3F %/ %i %9 $N %Q %? !< %s $, !$ A0 @a $^ $G $K =R $Y $? F0 0M B8 B? <! 85 @5 5, J, I[ $K => $& $H 2> Dj $9 $k !% $3 $N $H $- !$ F~ NO %Q %? !< %s x $N 4p K\ <~ GH ?t $r f $H $9 $k $H !$ %/ %i %9 ! i $N 3N N( L) EY 4X ?t p ( x j ! i ; f ) $O !$ p ( x j ! i ; f ) = 1 (2 � ) d= 2 j � i j 1 = 2 exp � � 1 2 D 2 ( x ; � i ( f )) � $G M? $( $i $l $k !% $3 $3 $G !$ d $O 2; ?’ 6u 4V $N <! 85 ?t !$ D $O %^ %O %i %N %S %9 5w N% $G D 2 ( x ; � i ( f )) := ( x � � i ( f )) 0 � � 1 i ( x � � i ( f )) $G $" $k !J 0 $O E> CV !K !% $3 $N <0 $r <0 (1) $K Be F~ $9 $k $H <! $N <1 JL 4X ?t g $, F@ $i $l $k !’ g i ( x ; f ) := log p ( x j ! i ; f ) + log p ( ! i ; f ) = � 1 2 D 2 ( x ; � i ( f )) � 1 2 log j � i j � d 2 log 2 � + log p ( ! i ; f ) : p ( ! i ; f ) $O F~ NO %Q %? !< %s $N 4p K\ <~ GH ?t $, f $N $H $- $N %/ %i %9 ! i $N ;v A0 3N N( $G $" $k !% $= $7 $F !$ k := argmax i g i ( x ; f ) $H $* $$ $F !$ %/ %i %9 ! k $r F1 Dj 7k 2L $H $7 $F =P NO $9 $k !% $3 $3 $G !$ ;v A0 3N N( p ( ! i ; f ) $N 5a $a J} $r =R $Y $k !% $3 $l $O !$ F~ NO %Q %? !< %s $N 4p K\ <~ GH ?t $, f $G $" $k $H $- $K !$ 3F %/ %i %9 $N 2; 0h $K f $, 4^ $^ $l $F $$ $k $+ $r I= $9 !% $9 $J $o $A !$ %/ %i %9 ! i $N 2; 0h $r R i $H $9 $k $H !$ %/ %i %9 ! i $N ;v A0 3N N( $r p ( ! i ; f ) := ( 1 =m (if f 2 R i ) 0 (if f 62 R i ) $H Dj 5A $9 $k !% $3 $3 $G !$ m $O 3F %/ %i %9 $N ;v A0 3N N( $N 9g 7W $r 1 $K $9 $k $? $a $N @5 5, 2= Dj ?t $G $" $k !% 3. =h M} $N N. $l K\ >O $G $O !$ Ds 0F <j K! $N =h M} $N N. $l $r =R $Y $k !% $^ $: !$ A0 =h M} $H $7 $F %9 %Z %/ %H %m %0 %i %‘ $r :n @. $7 !$ D4 GH 9= B$ $r ?d Dj $9 $k !% <! $K !$ FC D’ Cj =P $r 9T $& !% FC D’ Cj =P $O !$ 8e $G FC D’ 6u 4V $N JQ 7A !J <! 85 05 =L !K $r $9 $k $3 $H $r A0 Ds $K !$ <1 JL $K M- 8z $H 4| BT $G $- $k FC D’ $r ?t B? $/ Cj =P $9 $k !% $= $N 8e !$ <g @. J, J, @O !& @~ 7A H= JL J, @O $K $h $j <! 85 05 =L $r 9T $& !% $= $7 $F !$ 05 =L $5 $l $? 2; ?’ 6u 4V >e $G 3F %/ %i %9 $N %Q %? !< %s $, F0 0M B8 B? <! 85 @5 5, J, I[ $K => $& $H 2> Dj $7 !$ %Y %$ %: <1 JL 5, B’ $r MQ $$ $F 3Z 4o L> $r F1 Dj $9 $k !% 3.1 D4 GH 9= B$ $N ?d Dj $^ $: !$ C; ;~ 4V %U !< %j %( JQ 49 $r MQ $$ $F %9 %Z %/ %H %m %0 %i %‘ $r :n @. $7 !J %O %K %s %0 Ak ;H MQ !$ Ak I} !’ 4096 E@ !$ ;~ 4V J, 2r G= !’ 10ms !K !$ 3F ;~ 9o $K $* $$ $F !$ %Q %o !< %9 %Z %/ %H %m %0 %i %‘ $N <~ GH ?t J} 8~ $N F3 4X ?t $N Nm 8r :9 $+ $i %T !< %/ Cj =P $r 9T $& !% %T !< %/ 0L CV ?d Dj $K $O !$ J# AG %9 %Z %/ %H %k Fb A^ K! 16) $r %O %K %s %0 Ak MQ $K 3H D% $7 $? $b $N 17) $r ;H MQ $7 !$ Cj =P $5 $l $? %T !< %/ $+ $i D4 GH 9= B$ !J 30 <! $^ $G !K $r Cj =P $9 $k !% $J $* !$ 4p K\ <~ GH ?t $K 4X $7 $F $O !$ 2; L> $r ?M <j $G M? $( !$ $= $N 2; L> $K BP 1~ $9 $k <~ GH ?t !J J? 6Q N’ $G ;; =P !K $N 6a K5 !J 200cen t $$ $J $$ !K $K B8 :_ $9 $k %T !< %/ $N <~ GH ?t $H $9 $k !% $^ $? !$ <~ GH ?t $H %Q %o !< $O !$ $H $b $K BP ?t $G I= $7 !$ @5 5, 2= $O FC $K 9T $o $J $$ !% 3.2 FC D’ Cj =P <! $K <( $9 129 8D $N FC D’ NL $r Cj =P $9 $k !% $3 $l $i $O !$ @h 9T 8& 5f 3),6) $d 3Z 4o 2; 6A 3X !& 3Z 4o J* M} 3X $J $I $N CN 8+ 9) � 12) $r ;2 9M $K $7 $J $, $i 7h Dj $7 $? !% ( 1 ) %9 %Z %/ %H %k $K 4X $9 $k FC D’ $3 $3 $G $O !$ <g $K 2; $N 9C 9b $5 $J $I %9 %Z %/ %H %k $N Dj >o E* $J FC D’ $r Cj =P $9 $k !% $= $N $? $a !$ 3F 9b D4 GH @. J, $N <~ GH ?t $d %Q %o !< CM $O !$ $= $N ;~ 4V J} 8~ $N Cf 1{ CM $r MQ $$ $k !% 6q BN E* $K $O <! $K <( $9 40 8D $N FC D’ NL $r Cj =P $9 $k !’ 1 <~ GH ?t =E ?4 !J 3F 9b D4 GH @. J, $N %Q %o !< CM $r =E $_ $H $9 $k <~ GH ?t $N =E $_ $D $- J? 6Q !K !$ 2 A4 9b D4 GH @. J, $N %Q %o !< CM $N 9g 7W $K BP $9 $k 4p 2; @. J, $N %Q %o !< CM $N 3d 9g !$ 3 !A 30 A4 9b D4 GH @. J, $N %Q %o !< CM $N 9g 7W $K BP $9 $k 4p 2; $+ $i i <! $^ $G $N 9b D4 GH @. J, $N %Q %o !< CM $N 9g 7W $N 3d 9g ( i = 2 ; 3 ; � � � ; 29) !$ 31 4q ?t <! $N 9b D4 GH @. J, !J 4p 2; 4^ $‘ !K $H 6v ?t <! $N 9b D4 GH @. J, $H $N %Q %o !< CM $N 9g 7W $N Hf !$ 32 !A 40 2; $, $J $j B3 $1 $F $$ $k ;~ 4V !J <~ GH ?t @. J, A4 BN $N %Q %o !< $, $7 $- $$ CM $r 1[ $( $F $$ $k ;~ 4V !K $K BP $7 $F !$ $= $N 9b D4 GH @. J, $N LD $j B3 $1 $F $$ $k ;~ 4V !J %Q %o !< CM $, F1 $8 $7 $- $$ CM $r 1[ $( $F $$ $k ;~ 4V !K $, p % $G $" $k 9b D4 GH @. J, $N 8D ?t ( p = 10 ; 20 ; � � � ; 90) !% ( 2 ) %Q %o !< $N ;~ 4V JQ 2= $K 4X $9 $k FC D’ $3 $3 $G $O !$ %Q %o !< $N ;~ 4V JQ 2= $K 4X $9 $k FC D’ $r Cj =P $9 $k !% 0J 2< $N FC D’ NL 41 $G !$ Bg 6I E* $J 2; NL JQ 2= !J DL >o !$ 2; $, 8: ?j $9 $k $+ ;} B3 $9 $k $+ !K $r I= $7 !$ FC D’ NL 42 !A 75 $G !$ $h $j :Y $+ $J 2; NL JQ 2= $r I= $9 !% 41 %Q %o !< Jq Mm @~ $N @~ 7A :G >. Fs >h K! $K $h $k 6a ;w D> @~ $N 79 $- !$ 42 !A 58 H/ 2; 3+ ;O D> 8e t IC 4V $N %Q %o !< Jq Mm @~ $N Hy J, 3

78 ?t $N Cf 1{ CM ( t = 0 : 15 ; 0 : 20 ; � � � ; 0 : 95) !$ 59 !A 75 :G Bg %Q %o !< CM $H !$ H/ 2; 3+ ;O $+ $i t IC 8e $N $H $- $N %Q %o !< CM $N Hf ( t = 0 : 15 ; 0 : 20 ; � � � ; 0 : 95) !% ( 3 ) 3F <o JQ D4 $N ?6 I} $H ?6 F0 ?t 0J 2< $N JQ D4 $N ?6 I} $H ?6 F0 ?t $r Cj =P $9 $k !% $3 $3 $G !$ 3F <o JQ F0 $N ?6 F0 ?t $O F3 4X ?t $N Nm 8r :9 E@ ?t $+ $i !$ ?6 I} $O !$ == J, $K J? 3j 2= $5 $l $? ?. 9f $H 85 $N ?. 9f $H $N :9 $K BP $9 $k ;M J, 0L I} !J >e 0L 25% $H 2< 0L 25% $N CM $r L5 ;k $7 $? $H $- $N :G Bg CM $H :G >. CM $N :9 !K $+ $i $= $l $> $l ;; =P $9 $k !% J? 3j 2= $K $O !$ Sa vitzky $H Gola y $N 2 <! B? 9‘ <0 E, 9g $K $h $k J? 3j 2= K! 18) $r ;H MQ $9 $k !% 76 ?6 I} JQ D4 $N ?6 I} !$ 77 ?6 I} JQ D4 $N ?6 F0 ?t !$ 78 <~ GH ?t JQ D4 $N ?6 I} !$ 79 <~ GH ?t JQ D4 $N ?6 F0 ?t !$ 80 <~ GH ?t =E ?4 $N ;~ 4V JQ 2= $N ?6 I} !$ 81 <~ GH ?t =E ?4 $N ;~ 4V JQ 2= $N ?6 F0 ?t !$ 82 !A 94 k <! $N %a %k <~ GH ?t %1 %W %9 %H %i %‘ 78 ?t (MF CC) $N ;~ 4V JQ 2= $N ?6 I} ( k = 1 ; 2 ; � � � ; 13) !$ 95 !A 107 k <! $N MF CC $N ;~ 4V JQ 2= $N ?6 F0 ?t ( k = 1 ; 2 ; � � � ; 13) !% ( 4 ) H/ 2; 3+ ;O D> 8e $N %T !< %/ @m EY $K 4X $9 $k FC D’ H/ 2; 3+ ;O D> 8e 150ms 4V $K $* $$ $F !$ 3F 9b D4 GH @. J, $N %T !< %/ <~ JU $K $I $N Dx EY Hs D4 GH @. J, $, $" $k $+ $r !$ 3F 9b D4 GH @. J, $N %T !< %/ $N @m EY $+ $i Cj =P $9 $k !% $^ $: !$ H/ 2; 3+ ;O ;~ 9o $+ $i 150ms $^ $G $N 3F ;~ 9o $N %Q %o !< %9 %Z %/ %H %k $+ $i !$ 4p 2; $+ $i 11 <! G\ 2; $^ $G $N 3F 9b D4 GH @. J, $N %T !< %/ IU 6a !J %T !< %/ $N <~ GH ?t $r f [Hz] $H $9 $k $H !$ 0 : 75 f [Hz] $+ $i 1 : 5 f [Hz] $^ $G $N HO 0O !K $N It J, $r @Z $j =P $9 !% $= $7 $F !$ @Z $j =P $5 $l $? 3F %T !< %/ IU 6a $, $I $N Dx EY $H $s $, $C $F $$ $k $+ $r 4 <! %b !< %a %s %H $+ $i ;; =P $9 $k !% $3 $N $H $- !$ Hs 9b D4 GH @. J, $, B? $/ 4^ $^ $l $F $$ $l $P !$ 9b D4 GH @. J, $N %T !< %/ $, Hs 9b D4 GH @. J, $K Kd $b $l $k 7A $H $J $k $? $a !$ %T !< %/ $N @m EY $O Dc $/ $J $j !$ 5U $K !$ Hs 9b D4 GH @. J, $, $" $^ $j 4^ $^ $l $F $$ $J $1 $l $P !$ %T !< %/ $N @m EY $O 9b $/ $J $k !% $= $3 $G !$ 4p 2; $+ $i 11 <! G\ 2; $^ $G $N 3F 9b D4 GH @. J, $K BP $9 $k 3F ;~ 9o $N %T !< %/ @m EY $N ;~ 4V J} 8~ $N J? 6Q CM !J FC D’ NL HV 9f 108 !A 118 !K $H !$ ;~ 4V JQ 2= $N ?6 I} !J FC D’ NL HV 9f 119 !A 129 !K $r $= $l $> $l Cj =P $9 $k !% 3.3 <g @. J, J, @O !& @~ 7A H= JL J, @O $K $h $k <! 85 05 =L Cj =P $5 $l $? FC D’ NL $r J? 6Q $, 0 !$ J, ;6 $, 1 $K $J $k $h $& $K @5 5, 2= $7 !$ <g @. J, J, @O $K $h $j <! 85 $r 05 =L $9 $k !% N_ @Q 4s M? N( 99% $G !$ FC D’ 6u 4V $O 129 <! 85 $+ $i 79 <! 85 $K 05 =L $5 $l $k !% <! $K !$ @~ 7A H= JL J, @O $K $h $j $5 $i $K <! 85 $r 05 =L $9 $k !% K\ 9F $N <B 83 $G $O 19 <o N‘ $N 3Z 4o $r 07 $& $N $G !$ FC D’ 6u 4V $O 18 <! 85 $K 05 =L $5 $l $k !% @~ 7A H= JL J, @O $O !$ %/ %i %9 Fb J, ;6 !& I= 1 ;H MQ $7 $? 3Z 4o 2; %G !< %? %Y !< %9 $N Fb Lu 3Z 4o 3Z 4o L> 3Z 4o 2; 0h 6/ AU %G !< HV 9f !J 3Z 4o 5- 9f !K 8D BN $5 K! %? ?t 01 %T %" %N ( PF ) 3 A0{C8 508 09 %/ %i %7 %C %/ %. %? !< ( CG ) 3 E2{E5 696 10 %& %/ %l %l ( UK ) 3 F3{A5 295 11 %" %3 !< %9 %F %# %C %/ %. %? !< ( A G ) 3 E2{E5 $= 666 15 %P %$ %* %j %s ( VN ) 3 G3{E7 $l 528 16 %S %* %i ( VL ) 3 C3{F6 $> 472 17 %A %’ %m ( VC ) 3 C2{F5 $l DL 558 21 %H %i %s %Z %C %H ( TR ) 2 E3{A ] 6 6/ >o 151 22 %H %m %s %\ !< %s ( TB ) 3 A ] 1{F ] 5 !& $N 262 25 %= %W %i %N %5 %C %/ %9 ( SS ) 3 G ] 3{E6 Cf AU 169 26 %" %k %H %5 %C %/ %9 ( AS ) 3 C ] 3{A5 !& K! 282 27 %F %J !< %5 %C %/ %9 ( TS ) 3 G ] 2{E5 <e $N 153 28 %P %j %H %s %5 %C %/ %9 ( BS ) 3 C2{A4 $N $_ 215 29 %* !< %\ %( ( OB ) 2 A ] 3{G6 3 151 30 %U %! %4 %C %H ( FG ) 3 A ] 1{D ] 5 <o 312 31 %/ %i %j %M %C %H ( CL ) 3 D3{F6 N‘ 263 32 %T %C %3 %m ( PC ) 3 D5{C8 245 33 %U %k !< %H ( FL ) 3 C4{C7 134 34 %j %3 !< %@ !< ( RC ) 3 C4{B6 160 %G !< %? ?t !’ L5 2; 8! =P $K $h $k <+ F0 @Z $j =P $7 $K $h $C $F @Z $j =P $5 $l $? C1 2; $N 8D ?t !% %/ %i %9 4V J, ;6 Hf $r :G Bg $K $9 $k It J, 6u 4V $r 5a $a $k <j K! $G !$ <1 JL $r 9M N8 $7 $? <! 85 05 =L K! $G $" $k !% $= $N $? $a !$ <g @. J, J, @O $N $_ $G F1 <! 85 $K 05 =L $9 $k $N $K Hf $Y $F 9b @- G= $K $J $k $H M= B, $5 $l $k !% $3 $N $3 $H $O !$ 8e =R $N <B 83 $G 3N G’ $9 $k !% 3.4 <1 JL 2. $G =R $Y $? $h $& $K !$ <g @. J, J, @O !& @~ 7A H= JL J, @O $K $h $C $F 05 =L $5 $l $? 18 <! 85 $N FC D’ 6u 4V >e $G !$ 3F %/ %i %9 $N %Q %? !< %s $, F0 0M B8 B? <! 85 @5 5, J, I[ $K => $& $H 2> Dj $7 !$ %Y %$ %: 7h Dj 5, B’ $r MQ $$ $F 3Z 4o L> $r F1 Dj $9 $k !% 4. I> 2A <B 83 Ds 0F <j K! $N M- 8z @- $r 3N G’ $9 $k $? $a !$ I> 2A <B 83 $r 9T $& !% 4.1 <B 83 J} K! <B 3Z 4o $N C1 2; %G !< %? %Y !< %9 $H $7 $F !$ R W C 8& 5f MQ 2; 3Z %G !< %? %Y !< %9 $N 3Z 4o 2; %G !< %? %Y !< %9 RWC-MDB-I- 2001 15) $r ;H MQ $7 $? !% $3 $l $O !$ 50 <o N‘ $N <B 3Z 4o $N C1 FH H/ 2; $r H> 2; $4 $H $K <} O? !J %5 %s %W %j %s %0 <~ GH ?t !’ 44.1kHz !$ 16 %S %C %H %j %K %" NL ;R 2= !$ %b %N %i %k !K $7 $? $b $N $G !$ 3F 3Z 4o 2; $K $O !$ 86 B’ 3 <o N‘ $N 3Z 4o 8D BN !$ 3 <o N‘ $N 2; $N 6/ $5 !$ J# ?t $N AU K! $, 4^ $^ $l $F $$ $k !% $3 $N %G !< %? %Y !< %9 $N $& $A !$ %* !< %1 %9 %H %i $G 0l HL E* $K ;H MQ $5 $l $k 3Z 4o $+ $i !$ BG 3Z 4o !$ %N %$ %: $, Bg $- $$ $b $N !$ 2; 9b $, Cx $7 $/ IT 0B Dj $J $b $N $J $I $r =| $$ $? 19 <o N‘ $N 3Z 4o $r ;H MQ $7 $? !% ;H MQ $7 $? %G !< %? !J Am ?t !’ 6247 8D !K $N Fb Lu $r I= 1 $K <( $9 !% I= 1 $N %G !< %? A4 BN $r L5 :n 0Y $K 10 Ey J, $7 !$ %/ %m %9 %P %j %G !< %7 %g %s $r 9T $C $F G’ <1 N( $r 5a $a $k !% $9 $J $o $A !$ 10 8D $N %0 %k !< %W $= $l $> $l $K BP $7 $F !$ $= $N %0 %k !< %W 0J 30 $N %G !< %? $G 3X =, $7 $F $= $N %0 %k !< %W $N %G !< %? 4

I= 2 19 3Z 4o $N J, N‘ %+ %F %4 %j !< B0 $9 $k 3Z 4o %T %" %N %T %" %N %. %? !< %/ %i %7 %C %/ %. %? !< !$ %& %/ %l %l !$ %" %3 !< %9 %F %# %C %/ %. %? !< 89 3Z 4o %P %$ %* %j %s !$ %S %* %i !$ %A %’ %m 6b 4I 3Z 4o %H %i %s %Z %C %H !$ %H %m %s %\ !< %s %5 %C %/ %9 %= %W %i %N %5 %C %/ %9 !$ %" %k %H %5 %C %/ %9 !$ %F %J !< %5 %C %/ %9 !$ %P %j %H %s %5 %C %/ %9 J# dP 3Z 4o %* !< %\ %( !$ %U %! %4 %C %H %/ %i %j %M %C %H %/ %i %j %M %C %H L5 dP 3Z 4o %T %C %3 %m !$ %U %k !< %H !$ %j %3 !< %@ $G I> 2A $H $$ $& <B 83 $r 7+ $j JV $9 !% 0J 2< $G =R $Y $k G’ <1 N( $O !$ 10 2s $N J? 6Q $G $" $k !% 3Z 4o 2; $r 07 $& >l 9g !$ 8D !9 $N 3Z 4o $N G’ <1 N( $@ $1 $G $J $/ !$ 89 3Z 4o !$ 6b 4I 3Z 4o $J $I $N %+ %F %4 %j !< %l %Y %k $N G’ <1 N( $b =E MW $G $" $k !% $J $< $J $i !$ <B :] $N 1~ MQ $K $* $$ $F %+ %F %4 %j !< %l %Y %k $N >p Js $, J, $+ $k $@ $1 $G M- MQ $J >l LL $, B? $$ $+ $i $G $" $k !% $? $H $( $P !$ %T %" %N %= %m 6J $r 8! :w $9 $k >l LL $G $O !$ 2; 3Z 2; 6A ?. 9f $K 89 3Z 4o !J ;$ 89 3Z 4o !K $d 4I 3Z 4o $J $I $, 4^ $^ $l $F $$ $k $3 $H $, J, $+ $l $P !$ $= $l $@ $1 $G 8! :w BP >] $+ $i $O $: $9 $3 $H $, $G $- $k !% $^ $? !$ %U %k !< %H $H %T %" %N $N %" %s %5 %s %V %k 6J $r <+ F0 :N Ih $9 $k >l LL $G !$ 8D !9 $N 3Z 4o L> $r @5 $7 $/ F1 Dj $G $- $J $/ $F $b N> <T $r J9 $- J, $1 $k $3 $H $O $G $- $k !% K\ 9F $G $O !$ %+ %F %4 %j !< %l %Y %k $N G’ <1 N( $r I= 2 $K <( $9 8 $D $N %+ %F %4 %j !< $r MQ $$ $F ;; =P $9 $k !% $3 $l $O !$ 3Z 4o $N H/ 2; 5! 9= $d => Mh 8& 5f 6),8) $K 4p $E $$ $F K\ 8& 5f $G Dj 5A $7 $? !% $? $@ $7 !$ Eronen $O !$ J# dP 3Z 4o $H %/ %i %j %M %C %H $r 1 $D $N %+ %F %4 %j !< $K !$ 6b 4I 3Z 4o $H %5 %C %/ %9 $r 1 $D $N %+ %F %4 %j !< $K $^ $H $a $? 6 %+ %F %4 %j !< $r MQ $$ $F $$ $k 8) !% $3 $3 $G !$ K\ 9F $G MQ $$ $k !V %+ %F %4 %j !< !W $H $$ $& 8@ MU $O !$ 89 3Z 4o !$ 6b 4I 3Z 4o $J $I !$ 8D !9 $N 3Z 4o L> !J %P %$ %* %j %s !$ %H %i %s %Z %C %H $J $I !K $h $j 0l CJ Cj >] EY $N 9b $$ 35 G0 $r I= $7 !$ 2; 8; F1 Dj %7 %9 %F %‘ $, =P NO $9 $k 35 G0 $H $7 $F $N !V %/ %i %9 !W $H $O 6h JL $9 $k !% 4.2 <B 83 7k 2L DL >o $N B? <! 85 @5 5, J, I[ $r 2> Dj $7 $F <1 JL $7 $? >l 9g $H F0 0M B8 B? <! 85 @5 5, J, I[ $r 2> Dj $7 $F <1 JL $7 $? >l 9g $N N> J} $N G’ <1 N( $r I= 3 $K <( $9 !% K\ 9F $G Ds 0F $9 $k F0 0M B8 $N =h M} $r F3 F~ $9 $k $3 $H $G !$ 8D !9 $N 3Z 4o %l %Y %k $G !$ J? 6Q $N G’ <1 N( $, 75.73% $+ $i 79.73% $H 4.00% 2~ A1 $5 $l !$ 8m G’ <1 $, 16.48% :o 8: $5 $l $? !% $^ $? !$ %+ %F %4 %j !< %l %Y %k $G $O !$ J? 6Q $N G’ <1 N( $O 88.20% $+ $i 90.65% $H 2.45% 2~ A1 $5 $l !$ 8m G’ <1 $, 20.67% :o 8: $5 $l $? !% $3 $l $i $N 7k 2L $, M- 0U $G $" $k $3 $H $r 0J 2< $K 8! Dj $G <( $9 !% 5" L5 2> @b H 0 $H BP N) 2> @b H 1 $r $= $l $> $l H 0 !’ !J F0 0M B8 B? <! 85 @5 5, J, I[ $N >l 9g $N G’ <1 N( !K � !J DL >o $N B? <! 85 @5 5, J, I[ $N >l 9g $N G’ <1 N( !K !$ H 1 !’ !J F0 0M B8 B? <! 85 @5 5, J, I[ $N >l 9g $N G’ <1 N( !K > !J DL >o $N B? <! 85 @5 5, J, I[ $N >l 9g $N G’ <1 N( !K $H $7 $F !$ t 8! Dj !J JR B& 8! Dj !K $r 9T $& !% 3F 3Z 4o I= 3 <B 83 7k 2L !J DL >o $N B? <! 85 @5 5, J, I[ $N >l 9g $N G’ <1 N( $H F0 0M B8 B? <! 85 @5 5, J, I[ $N >l 9g $N G’ <1 N( !K 3Z 4o 8D !9 $N 3Z 4o %l %Y %k %+ %F %4 %j !< %l %Y %k 5- 9f Normal F0-dpt :9 Normal F0-dpt :9 PF 74.21% 83.27% +9 : 06% 74.21% 83.27% +9 : 06% CG 90.23% 90.23% � 0 : 00% 97.27% 97.13% � 0 : 14% UK 97.97% 97.97% � 0 : 00% 97.97% 98.31% +0 : 34% AG 81.23% 83.93% +2 : 70% 94.89% 95.65% +0 : 76% VN 69.70% 73.67% +3 : 97% 98.86% 99.05% +0 : 19% VL 73.94% 76.27% +2 : 33% 93.22% 94.92% +1 : 70% VC 73.48% 78.67% +5 : 19% 95.16% 96.24% +1 : 08% TR 73.51% 82.12% +8 : 61% 76.82% 85.43% +8 : 61% TB 76.72% 84.35% +7 : 63% 85.50% 89.69% +4 : 19% SS 56.80% 65.89% +9 : 09% 73.96% 80.47% +6 : 51% AS 41.49% 47.87% +6 : 38% 73.76% 77.66% +3 : 90% TS 64.71% 66.01% +1 : 30% 90.20% 92.16% +1 : 96% BS 66.05% 73.95% +7 : 90% 81.40% 86.05% +4 : 65% OB 71.52% 72.19% +0 : 67% 75.50% 74.83% � 0 : 67% FG 59.61% 68.59% +8 : 98% 64.74% 71.15% +6 : 41% CL 90.69% 92.07% +1 : 38% 90.69% 92.07% +1 : 38% PC 77.56% 81.63% +4 : 07% 89.39% 90.20% +0 : 81% FL 81.34% 85.07% +3 : 73% 82.09% 85.82% +3 : 73% RC 91.88% 91.25% � 0 : 63% 92.50% 91.25% � 1 : 25% J? 6Q 75.73% 79.73% +4 : 00% 88.20% 90.65% +2 : 45% Normal: DL >o $N B? <! 85 @5 5, J, I[ $r 2> Dj $7 $? >l 9g F0-dpt: F0 0M B8 B? <! 85 @5 5, J, I[ $r 2> Dj $7 $? >l 9g !J Ds 0F <j K! !K $K $* $1 $k N> <j K! $N G’ <1 N( $N :9 $r d i ( i = 1 ; � � � ; n ) $H $9 $k $H !$ 8! Dj E} 7W NL t 0 $O !$ t 0 := j � d j r P i ( d i � � d ) 2 . n ( n � 1) $G M? $( $i $l $k !% $3 $3 $G !$ � d $O d 1 ; � � � ; d n $N J? 6Q CM $G $" $k !% $3 $N E} 7W 8! Dj NL $O !$ 8D !9 $N 3Z 4o %l %Y %k $H %+ %F %4 %j !< %l %Y %k $G $= $l $> $l 5.4781, 3.9482 $G !$ $H $b $K M- 0U ?e =‘ 0.05% !J 4~ 5Q 0h !’ (3 : 9217 ; 1 ) !K $G M- 0U $G $" $k !% 4.3 <g @. J, J, @O $K 4X $9 $k 9M ;! 3F <g @. J, $N =E $_ $N 0l It $r ?^ 2 $K <( $9 !% ?^ 2(a), (b) $+ $i !$ Bh 1 <g @. J, $O 9b D4 GH @. J, $N 8D ?t !J 32 !A 40 !K $H %Q %o !< $N ;~ 4V JQ 2= !J 41 !A 75 !K $r !$ Bh 2 <g @. J, $O 9b D4 GH @. J, $K 4X $9 $k Dj >o E* FC D’ !J 2 !A 30 !K $r Am 9g E* $K I= $7 $F $$ $k $H 9M $( $i $l $k !% => Mh $h $j !$ 2; ?’ $r 5, Dj $9 $k MW 0x $H $7 $F %9 %Z %/ %H %k $K 4X $9 $k Dj >o E* FC D’ $H %Q %o !< $N ;~ 4V JQ 2= $K 4X $9 $k FC D’ $, =E MW $G $" $k $H 8@ $o $l $F $* $j !y !$ $3 $N $3 $H $r N" IU $1 $k 7k 2L $K $J $C $? $H $$ $( $k !% $= $N B> !$ Bh 3 <g @. J, $O MF CC $d H/ 2; 3+ ;O D> 8e $N %T !< %/ @m EY $N ;~ 4V JQ 2= $N ?6 I} !J 82 !A 94 !$ 119 !A 129 !K !$ Bh 4 <g @. J, $O MF CC $N ;~ 4V JQ 2= $N ?6 F0 ?t !J 95 !A 107 !K !$ Bh 5 <g @. J, $O MFCC $H H/ 2; 3+ ;O D> 8e $N %T !< %/ @m EY !J 95 !A 129 !K !$ Bh 6 <g @. J, $O MF CC $N ;~ 4V JQ 2= $N ?6 F0 ?t !J 95 !A 107 !K $H H/ 2; 3+ ;O D> 8e $N %T !< %/ @m EY $N ;~ 4V JQ 2= $N ?6 F0 ?t !J 119 !A 129 !K $J !y $? $H $( $P !$ 8E E5 E* $J 2; 9g @. J} <0 $G $O !$ <~ GH ?t %( %s %Y %m !< %W %* %7 %l !< %? $K $h $j Dj >o E* $J %9 %Z %/ %H %k $r @) 8f $7 !$ %Q %o !< %( %s %Y %m !< %W %* %7 %l !< %? $K $h $j %Q %o !< $N ;~ 4V JQ 2= $r :n $j =P $7 $F $$ $k 19) !% 5

(a) Bh 1 <g @. J, (b) Bh 2 <g @. J, (c) Bh 3 <g @. J, (d) Bh 4 <g @. J, (e) Bh 5 <g @. J, (f ) Bh 6 <g @. J, ?^ 2 <g @. J, J, @O $K $h $k 3F <g @. J, $N =E $_ CM $I $r Am 9g E* $K I= $7 $F $$ $k $3 $H $, J, $+ $k !% $3 $3 $G !$ H/ 2; 3+ ;O D> 8e $N %T !< %/ @m EY $K 4X $9 $k FC D’ NL !J 95 !A 129 !K $, !$ Bh 3 <g @. J, !$ Bh 5 <g @. J, !$ Bh 6 <g @. J, $H B? $/ $N <g @. J, $K 8= $l $F $$ $k !% $3 $N FC D’ NL $O !$ 9b D4 GH @. J, <~ JU $N Hs D4 GH @. J, $N B? $5 $r %b %G %k 2= $7 $? $b $N $G $" $k !% 3Z 4o 2; $N Hs D4 GH @. J, $N %b %G %k 2= $O !$ => Mh $+ $i $= $N I, MW @- $, G’ <1 $5 $l $J $, $i $b !y 12),20) !$ $[ $H $s $I 9M N8 $5 $l $F $3 $J $+ $C $? !% $3 $l $i $N FC D’ NL $, B? $/ $N <g @. J, $K 8= $l $? $3 $H $O !$ 2; 3Z >p 7J J, @O $K $* $$ $F Hs D4 GH @. J, $r E, @Z $K 07 $& I, MW $, $" $k $3 $H $r <( :6 $7 $F $$ $k !% 4.4 @~ 7A H= JL J, @O $K 4X $9 $k 9M ;! <g @. J, J, @O $H @~ 7A H= JL J, @O $K $h $C $F FC D’ 6u 4V JQ 7A $r 9T $C $? :] $N =E $_ !J 4p Dl %Y %/ %H %k !K $N 0l It $r I= 4 $K <( $9 !% I= $+ $i 0J 2< $N 9M ;! $, F@ $i $l $k !’ ( 1 ) %9 %Z %/ %H %k $K 4X $9 $k FC D’ NL $K $D $$ $F Bh 9 <4 $K 2 !J A4 9b D4 GH @. J, $N %Q %o !< CM $N 9g 7W $K BP $9 $k 4p K\ @. J, $N %Q %o !< CM $N 3d 9g !K $N =E $_ $, 0.3586 $H 9b !y J8 8% 20) $G $O !$ !V 3Z 4o 2; $r FC D’ $E $1 $k =E MW $J MW AG $N 0l $D $K 2; $N N) $A >e $, $j It $N Hs Dj >o GH @. J, $, $" $k $, !$ => Mh $N %7 %9 %F %‘ $G $O !$ ?. 9f =h M} E* $J :$ Fq $b $" $j !$ $[ $H $s $I 9M N8 $5 $l $F $$ $J $+ $C $? !W $H =R $Y $i $l $F $* $j !$ $^ $? !$ J8 8% 12) $G $O !$ Hs D4 GH @. J, $r !V ;( 2; E* @. J, $N :. :_ !W $H >N $7 !$ !V 3Z 4o 2; $N \ $= $l $i $7 $5 " $r 9= @. $9 $k =E MW $J 0x ;R $N 1 $D !W $H =R $Y $F $$ $k !% I= 4 FC D’ 6u 4V JQ 7A $N 4p Dl %Y %/ %H %k $N 0l It FC D’ NL $H =E $_ CM Bh 1 <4 73 (0.2701), 74 (0.3220), 75 (0.3926), 79 ( � 0 : 3204), 81 (0.2559) Bh 2 <4 40 ( � 0 : 2721), 76 (0.4425), 78 (0.3554), 82 ( � 0 : 2771), Bh 3 <4 41 (0.5977), 109 (0.2607) Bh 4 <4 41 ( � 0 : 2578), 79 ( � 0 : 2917), 109 (0 : 2944) Bh 5 <4 40 (0.4286), 78 (0.3219), 108 (0.5400) Bh 6 <4 76 ( � 0 : 2755), 108 ( � 0 : 4529) Bh 7 <4 40 (0.3974), 108 ( � 0 : 4576) Bh 8 <4 76 (0.3378), 85 (0.2614), 108 ( � 0 : 4541) Bh 9 <4 2 (0.3586), 40 ( � 0 : 2783), 84 (0.4525) Bh 10 <4 40 (0.2887), 42 ( � 0 : 3200), 108 ( � 0 : 3292), 109 (0.4508) Bh 11 <4 32 (0.4363), 36 ( � 0 : 2837), 109 ( � 0 : 2732) Bh 12 <4 39 (0.2794), 78 (0.3174), 81 (0.2704) Bh 13 <4 40 (0.3521), 120 ( � 0 : 2522) Bh 14 <4 76 ( � 0 : 3484), 77 (0.4201) $/ 8= $l $? B> $O !$ 32 !A 40 !J 2; $, $J $j B3 $1 $F $$ $k ;~ 4V $K BP $7 $F !$ $= $N 9b D4 GH @. J, $N $J $j B3 $1 $F $$ $k ;~ 4V $, p % 0J >e $G $" $k 9b D4 GH @. J, $N 8D ?t !K $N =E $_ $, !$ Bh 5 <4 !$ Bh 7 <4 !$ Bh 9 <4 !$ Bh 10 !A 13 <4 $G 9b $+ $C $? !J @d BP CM $G 0.2721 !A 0.4363 !K !% 2; ?’ $r 5, Dj $9 $k MW 0x $H $7 $F %9 %Z %/ %H %k $K 4X $9 $k FC D’ NL $, =E MW $G $" $k $3 $H $O 0J A0 $+ $i CN $i $l $F $* $j 21),22) !$ >e 5- $N 7k 2L $O !$ $3 $l $r N" IU $1 $k 7k 2L $K $J $C $? $H $$ $( $k !% ( 2 ) %Q %o !< $N ;~ 4V JQ 2= !& 3F <o JQ D4 $K $D $$ $F 41 !J %Q %o !< Jq Mm @~ $N @~ 7A :G >. Fs >h K! $K $h $k 6a ;w D> @~ $N 79 $- !K $N =E $_ $, !$ Bh 3 <4 !$ Bh 4 <4 $G 9b $/ !J $= $l $> $l 0.5977, � 0 : 2578 !K !$ 42 !J H/ 2; 3+ ;O D> 8e 150ms 4V $N %Q %o !< Jq Mm @~ $N Hy J, 78 ?t $N Cf 1{ CM !K $N =E $_ $, Bh 10 <4 $G � 0 : 3200 !$ 73 !A 75 !J :G Bg %Q %o !< CM $H !$ H/ 2; 3+ ;O $+ $i t (= 0 : 85 ; 0 : 90 ; 0 : 95) IC 8e $N $H $- $N %Q %o !< CM $N Hf !K $N =E $_ $, Bh 1 <4 $G 0.2701 !A 0.3926 $G $" $C $? !% $^ $? !$ 76 !A 79 !J ?6 I} JQ D4 !$ <~ GH ?t JQ D4 $N ?6 I} !? ?6 F0 ?t !K $O !$ Bh 1 <4 !$ Bh 2 <4 !$ Bh 4 !A 6 <4 !$ Bh 8 <4 !$ Bh 12 <4 !$ Bh 14 <4 $H !$ B? $/ $N <4 $G Bg $- $J =E $_ $, 8= $l $? !J @d BP CM $G 0.2755 !A 0.4425) !% $3 $l $i $+ $i !$ %Q %o !< $N ;~ 4V JQ 2= $d 3F <o JQ D4 $J $I $N F0 E* FC D’ $, <1 JL $K 8z 2L E* $G $" $k $H $$ $( $k !% <B :] !$ ?M 4V $N 2; ?’ CN 3P $K $* $$ $F $b !$ $3 $N $h $& $J F0 E* FC D’ $, =E MW $G $" $k $3 $H $, CN $i $l $F $* $j 12),21),22) !$ 3Z 4o 2; $N 2; 6A ?. 9f $r 5U E> :F @8 $9 $k $H 2; 8; F1 Dj @: EY $, Dc 2< $9 $k $H $$ $& <B 83 7k 2L 23) $J $I $b $3 $N $3 $H $r N" IU $1 $F $$ $k !% ( 3 ) H/ 2; 3+ ;O D> 8e $N %T !< %/ @m EY $K 4X $9 $k FC D’ $K $D $$ $F 108 !$ 109 !J H/ 2; 3+ ;O D> 8e $N 4p 2; @. J, !? 2 <! 9b D4 GH @. J, $N %T !< %/ @m EY !K $, !$ Bh 3 !A 8 <4 !$ Bh 10 <4 !$ Bh 11 <4 $H !$ B? $/ $N <4 $G Bg $- $J =E $_ $, 8= $l $? !J @d BP CM $G 0.2607 !A 6

0.5400 !K !% $3 $l $O !$ 4.3 $G $b =R $Y $? $h $& $K !$ 2; 3Z >p 7J J, @O $K $* $$ $F Hs D4 GH @. J, $r E, @Z $K 07 $& I, MW $, $" $k $3 $H $r <( :6 $7 $F $$ $k !% 4.5 <B 83 7k 2L $K 4X $9 $k 9M ;! <B 83 7k 2L $K $D $$ $F 9M ;! $9 $k !% ( 1 ) %T %" %N $N @- G= 2~ A1 $, 82 Cx !J 74.21% $+ $i 83.27% !$ 9.06% $N 2~ A1 !K $G $" $k !% $3 $l $O !$ %T %" %N $N 2; 0h $, 9- $/ !$ 2; 9b $K $h $k 2; ?’ JQ 2= $, 82 Cx $K 8= $l $k $+ $i $H 9M $( $i $l $k !% 3Z 4o 2; 6A $N J, Ln $G $O !$ %T %" %N $N 2; ?’ $O !$ � Dc 2; $[ $I G\ 2; $, K- IY $G $" $k 12) !$ � Dc 2; $[ $I 89 $, B@ $/ !$ 89 $N <A NL $, Bg $- $/ $J $k $? $a !$ ?6 I} $N ;~ 4V JQ 2= $, 4K $d $+ $K $J $k 10) !$ � Dc 2; $G $O 1 K\ !$ Cf 2; $G $O 2 K\ !$ 9b 2; $G $O 3 K\ $N 89 $, 1 $D $N 80 HW $K BP $7 $F ;H $o $l $F $* $j !$ Cf 2; !& 9b 2; $G $O D4 N’ $N Hy L/ $J $: $l $K $h $j \ $& $J $j " $, H/ @8 $9 $k 12) !$ $H $$ $& $3 $H $, CN $i $l $F $$ $k !% <B :] !$ <g @. J, J, @O !& @~ 7A H= JL J, @O $G F@ $i $l $? FC D’ 6u 4V $K $* $$ $F !$ Bh 2 <4 !$ Bh 4 <4 !$ Bh 14 <4 $K 2; 9b $K $h $k FC D’ JQ F0 $, 82 Cx $K $_ $i $l $? !% $3 $l $i $N <4 $O !$ 41 %Q %o !< Jq Mm @~ $N @~ 7A :G >. <+ >h K! $K $h $k 6a ;w D> @~ $N 79 $- !$ 76 !A 79 ?6 I} JQ D4 !& <~ GH ?t JQ D4 $N ?6 I} !? ?6 F0 ?t !$ $J $I $N =E $_ $, Bg $- $/ !$ >e 5- $H 0l CW $9 $k It J, $, $_ $i $l $k !% ( 2 ) %/ %i %7 %C %/ %. %? !< !$ %& %/ %l %l !$ %j %3 !< %@ !< $G $O !$ Ds 0F <j K! $N M- 8z @- $r 3N G’ $9 $k $3 $H $O $G $- $J $+ $C $? !% $3 $l $O !$ 85 !9 $N G’ <1 N( $, 90% $r 1[ $( $F $* $j !$ 2~ A1 $N M> CO $, >. $5 $+ $C $? $+ $i $H 9M $( $i $l $k !% ( 3 ) %. %? !< !$ 89 3Z 4o $N %+ %F %4 %j !< %l %Y %k $N G’ <1 N( $, !$ B> $N 3Z 4o $K Hf $Y 9b $+ $C $? !J 94.92% !A 99.05% !K !% $3 $l $O !$ 4I 3Z 4o $O <o N‘ $, B? $/ !$ $$ $/ $D $+ $N %+ %F %4 %j !< $K $^ $? $, $C $F B8 :_ $9 $k $N $K BP $7 !$ %. %? !< $d 89 3Z 4o $O !$ B> $N %+ %F %4 %j !< $K H/ 2; 5! 9= $N ;w $? 3Z 4o $, B8 :_ $7 $J $$ $? $a $H 9M $( $i $l $k !% ( 4 ) %5 %C %/ %9 $O !$ %+ %F %4 %j !< %l %Y %k $N G’ <1 N( !J 77.66% !A 92.16% !K $K Hf $Y !$ 8D !9 $N 3Z 4o %l %Y %k $N G’ <1 N( !J 47.87% !A 73.95% !K $, Dc $+ $C $? !% $3 $l $O !$ %5 %C %/ %9 Fb $N 8D !9 $N 3Z 4o $N 2; ?’ $, Hs >o $K ;w $F $$ $k $? $a $H 9M $( $i $l $k !% <B :] !$ $3 $l $i $O ?M 4V $G $b <1 JL $9 $k $N $, Fq $7 $/ !$ J8 8% 6) $K $h $l $P !$ Ho 83 <T $, D0 $$ $? 2; $N 3Z 4o L> $r 27 8D $N 3Z 4o L> $, =q $+ $l $? %j %9 %H $+ $i A* $V !$ $H $$ $& <B 83 $G @5 $7 $/ G’ <1 $G $- $? ?M !J 2; 3Z 7P 83 <T !K $O !$ %= %W %i %N %5 %C %/ %9 $G 7.1% !$ %" %k %H %5 %C %/ %9 $G 28.6% $H >/ $J $+ $C $? !% $? $@ $7 !$ $3 $N D0 <h <B 83 $G $O 10 IC Dx EY $N @{ N’ $N H4 ?h $r MQ $$ $F $* $j !$ K\ <B 83 $N 7k 2L $H D> @\ Hf 3S $9 $k $3 $H $O $G $- $J $$ !% ( 5 ) %j %3 !< %@ !< $N G’ <1 N( $, !$ 8D !9 $N 3Z 4o %l %Y %k $G 0.63% !$ %+ %F %4 %j !< %l %Y %k $G 1.25% 2< $j !$ $^ $? !$ %* !< I= 5 5. $N <B 83 7k 2L !J k -NN K! $H %Y %$ %: 7h Dj 5, B’ $H $N G’ <1 N( $N Hf 3S !( 8D !9 $N 3Z 4o %l %Y %k $N G’ <1 N( $N $_ !K 3Z 4o k -NN K! ( k = 3) %Y %$ %: 7h Dj 5, B’ 5- 9f PCA1 PCA2 LDA PCA1 PCA2 LD A PF 53.94% 46.46% 63.39% 55.91% 59.06% 83.27% CG 79.74% 77.16% 75.72% 98.28% 97.27% 90.23% UK 94.58% 92.54% 97.63% 67.12% 80.00% 97.97% A G 95.05% 92.79% 97.00% 19.97% 44.14% 83.93% VN 47.73% 46.02% 45.83% 89.58% 84.47% 73.67% VL 55.93% 54.24% 61.86% 71.19% 79.24% 76.27% VC 86.20% 85.84% 84.23% 45.16% 30.82% 78.67% TR 36.42% 38.41% 47.02% 41.72% 72.85% 82.12% TB 70.99% 54.58% 77.86% 75.19% 78.24% 84.35% SS 23.08% 14.20% 24.85% 48.52% 66.86% 65.89% AS 37.59% 29.79% 40.43% 72.70% 41.84% 47.84% TS 62.09% 66.01% 68.63% 30.07% 61.44% 66.01% BS 68.84% 67.91% 66.98% 55.35% 54.42% 73.95% OB 47.68% 48.34% 49.01% 43.71% 81.46% 72.19% F G 64.10% 65.06% 74.36% 40.38% 30.12% 68.59% CL 93.45% 87.93% 93.10% 95.51% 93.45% 92.07% PC 84.08% 84.90% 84.08% 63.27% 58.37% 81.63% FL 88.06% 72.39% 94.03% 35.82% 84.33% 85.07% RC 97.50% 93.75% 97.50% 85.00% 96.25% 91.25% J? 6Q 70.27% 66.98% 72.53% 62.11% 66.50% 79.73% PCA1 !’ <g @. J, J, @O $N $_ $r MQ $$ $F 79 <! 85 $K 05 =L $7 $? >l 9g !% PCA2 !’ <g @. J, J, @O $N $_ $r MQ $$ $F 18 <! 85 $K 05 =L $7 $? >l 9g !% LD A !’ <g @. J, J, @O $r MQ $$ $F 79 <! 85 $K 05 =L $7 !$ $5 $i $K @~ 7A H= JL J, @O $G 18 <! 85 $K 05 =L $7 $? >l 9g !% %\ %( $N %+ %F %4 %j !< %l %Y %k $N G’ <1 N( $, 0.67% 2< $, $C $? !% $7 $+ $7 !$ %j %3 !< %@ !< $d %* !< %\ %( $O %G !< %? ?t $, >/ $J $/ !J $= $l $> $l 160 8D !$ 151 8D !K B? >/ $N G’ <1 8m $j $, %Q !< %; %s %F !< %8 $K Bg $- $/ 8= $l $k !% %G !< %? ?t $G I= $; $P !$ %j %3 !< %@ !< $N 8D !9 $N 3Z 4o %l %Y %k $G 1 8D !$ %+ %F %4 %j !< %l %Y %k $G 2 8D !$ %* !< %\ %( $N %+ %F %4 %j !< %l %Y %k $G 1 8D !$ 8m G’ <1 $, A} $( $? $K 2a $. $J $$ !% 5. k -NN K! $H $N Hf 3S K\ >O $G $O !$ F0 0M B8 B? <! 85 @5 5, J, I[ $r 2> Dj $7 $F %Y %$ %: 7h Dj 5, B’ $r MQ $$ $? >l 9g !J Ds 0F <j K! !K $H B> $N <j K! !J %N %s !& %Q %i %a %H %j %C %/ $J <j K! !K $r MQ $$ $? >l 9g !$ $* $h $S !$ @~ 7A H= JL J, @O $r MQ $$ $? >l 9g $H MQ $$ $J $+ $C $? >l 9g $H $G !$ G’ <1 N( $r Hf 3S $9 $k !% $J $* !$ %N %s !& %Q %i %a %H %j %C %/ $J <j K! $H $7 $F $O !$ k -NN K! ( k = 3) $r <h $j >e $2 $? !% <B 83 J} K! $O 4. $H F1 $8 $/ !$ I= 1 $N %G !< %? !J Am ?t !’ 6247 8D !K $r ;H $C $F %/ %m %9 %P %j %G !< %7 %g %s $r 9T $& !% <B 83 7k 2L !J I= 5 !K $+ $i 0J 2< $N 9M ;! $, F@ $i $l $k !’ ( 1 ) J? 6Q $N G’ <1 N( $G !$ <g @. J, J, @O !& @~ 7A H= JL J, @O $G <! 85 05 =L $7 $? 8e $K F0 0M B8 B? <! 85 @5 5, J, I[ $r 2> Dj $7 $F %Y %$ %: 7h Dj 5, B’ $r MQ $$ $? >l 9g !J Ds 0F <j K! !K $, :G $b 9b $+ $C $? !J 79.73% !K !% $^ $? !$ $3 $N J} K! $O 3Z 4o Kh $N @- G= $N JP $j $b :G $b >. $5 $+ $C $? !% ( 2 ) %H %i %s %Z %C %H !$ %= %W %i %N %5 %C %/ %9 !$ %F %J !< %5 %C %/ %9 !$ %* !< %\ %( !$ %U %k !< %H $K $D $$ $F !$ <g @. J, J, @O $G 79 7

<! 85 $K 05 =L $7 $F %Y %$ %: 7h Dj 5, B’ $r MQ $$ $? >l 9g $N G’ <1 N( $, $$ $: $l $b Dc $$ !J 30.07% !A 48.52% !K $N $K BP $7 $F !$ <g @. J, J, @O $K $h $k <! 85 05 =L $r 18 <! 85 $K $9 $k $H !$ G’ <1 N( $K Bg I} $N 2~ A1 $, 8+ $i $l $? !J 66.84% !A 84.33% !K !% $3 $l $O !$ 79 <! 85 @5 5, J, I[ $N %Q %i %a !< %? $r ?d Dj $9 $k $N $K == J, $J ?t $N 3X =, %G !< %? $, $J $+ $C $? $? $a !J $$ $: $l $b 170 8D L$ K~ !K $H 9M $( $i $l $k !% $7 $+ $7 !$ A4 BN $G $O 62.11% $+ $i 66.50% $K 2~ A1 $5 $l $? $K $9 $. $J $$ !% $3 $l $O !$ <g @. J, J, @O $, <1 JL $r 9M N8 $7 $? <! 85 05 =L $G $O $J $$ $? $a !$ <1 JL $K 8z 2L E* $J FC D’ $, Mn $H $5 $l $k 2D G= @- $, $" $k $+ $i $H 9M $( $i $l $k !% $= $l $K BP $7 !$ @~ 7A H= JL J, @O $O %/ %i %9 Fb J, ;6 !& %/ %i %9 4V J, ;6 :G Bg 2= $K 4p $E $/ <1 JL $r 9M N8 $7 $? <! 85 05 =L K! $G !$ <B :] $K G’ <1 N( $O 79.73% $H Bg I} $K 2~ A1 $5 $l $? !% ( 3 ) K\ 9F $G $O !$ @~ 7A H= JL J, @O $N $_ $r MQ $$ $F <! 85 05 =L $7 $? >l 9g $K $D $$ $F $O <B 83 $7 $J $+ $C $? !% $3 $l $O !$ @~ 7A H= JL J, @O $G MQ $$ $k 5U 9T Ns $O !$ FC D’ 6u 4V $K Aj 4X @- $N 9b $$ <4 $, 4^ $^ $l $F $$ $k $H 8m :9 $, Bg $- $/ $J $k $? $a !$ @~ 7A H= JL J, @O $K $h $k It J, 6u 4V $, !$ @5 >o $K ;; =P $5 $l $J $$ $? $a $G $" $k !% <g @. J, J, @O $O !$ FC D’ 6u 4V $N <! 85 $r 05 =L $9 $k $@ $1 $G $J $/ !$ 3F <4 $, D> 8r $9 $k $h $& $K 6u 4V $r JQ 7A $9 $k !% $= $N $? $a !$ @~ 7A H= JL J, @O $r E, MQ $9 $k A0 $K !$ <g @. J, J, @O $r MQ $$ $F 3F <4 $r D> 8r 2= $9 $k $3 $H $, M- 8z $G $" $k !% 6. $* $o $j $K K\ 9F $G $O !$ 2; 9b $K $h $k 2; ?’ JQ 2= $N I= 8= J} K! $H $7 $F !$ F0 0M B8 B? <! 85 @5 5, J, I[ $r Ds 0F $7 !$ $3 $N J, I[ $r 2> Dj $7 $? >l 9g $N <1 JL 4X ?t $r %Y %$ %: 7h Dj 5, B’ $+ $i Dj <0 2= $7 $? !% $3 $l $O !$ 3F %/ %i %9 $N %Q %? !< %s $, !$ 2; 9b $K $h $C $F J? 6Q $, JQ 2= $9 $k B? <! 85 @5 5, J, I[ $K => $& $H 9M $( !$ 2; 9b $K $h $k 2; ?’ JQ 2= $r 4p K\ <~ GH ?t $N 4X ?t !$ 2; 9b 0J 30 $N MW 0x $K $h $k 2; ?’ JQ 2= $r 6& J, ;6 9T Ns $K $h $C $F I= $9 $b $N $G $" $k !% K\ <j K! $r <B Au !& <B 83 $7 $? 7k 2L !$ 8D !9 $N 3Z 4o %l %Y %k $G J? 6Q 16.48% !$ %+ %F %4 %j !< %l %Y %k $G J? 6Q 20.67% $N G’ <1 8m $j $r :o 8: $9 $k $3 $H $, $G $- $? !% K\ 9F $G Ds 0F $7 $? F0 0M B8 B? <! 85 @5 5, J, I[ $O !$ %Y %$ %: 7h Dj 5, B’ $X $N 1~ MQ $N $_ $K 8B Dj $5 $l $k $b $N $G $O $J $$ !% :# 8e $O !$ $3 $N OH AH $_ $r 1~ MQ $7 $F !$ $h $j 9b @- G= $J <1 JL <j K! $N @_ 7W $K <h $j AH $‘ $H $H $b $K !$ $h $j B? $/ $N 3Z 4o $K BP 1~ $G $- $k $h $& !$ B> $N FC D’ NL $N F3 F~ $b 8! F$ $9 $k !% $5 $i $K !$ :. 9g 2; $X $N E, MQ $J $I $K $b <h $j AH $s $G $$ $/ M= Dj $G $" $k !% <U <- K\ 8& 5f $O !$ F| K\ 3X =Q ?6 6= 2q $+ $i 8r IU $5 $l $? 2J 3X 8& 5f Hq Jd =u 6b $* $h $S NTT %3 %_ %e %K %1 !< %7 %g %s 2J 3X 4p AC 8& 5f =j $+ $i 1g =u $r <u $1 $? !% $^ $? !$ K\ 8& 5f $N <B 83 $K $* $$ $F !$ J8 8% 15) $N !V R W C 8& 5f MQ 2; 3Z %G !< %? %Y !< %9 !’ 3Z 4o 2; !W ( RW C- MDB-I-2001 ) $r ;H MQ $7 $? !% ;2 9M J8 8% 1) P . Cosi, G. D. Poli and G. Lauzzana: \Auditory Mo delling and Self-Organizing Neural Net w orks for Timbre Classi�cation", J. New Music R ese ar ch , 23 , pp.71{98, 1994. 2) G. J. Bro wn and M. Co ok e: \P erceptual Grouping of Musical Sounds: A Computational Mo del", J. New Music R ese ar ch , 23 , pp.107{132, 1994. 3) Gp Ln K. IW !$ Cf gJ 0l Gn !$ LZ 2< CR 5A !$ ED Cf 1Q I’ !’ \ 2; 3Z >p 7J J, @O $N =h M} %b %G %k OPTIMA $K $* $1 $k C1 2; $N G’ <1 " !$ ?. 3X O@ !$ J79-D-I I , 11, pp.1751{1761, 1996. 4) Gp Ln K. IW !$ B< @% MN !’ \ E, 1~ 7? :. 9g %F %s %W %l !< %H $r MQ $$ $? 2; 8; F1 Dj " !$ ?. 3X O@ !$ J81-D-I I , 7, pp.1510{1517, 1998. 5) LZ 2< CR 5A !$ :d 0f =$ 0l !$ ED Cf 1Q I’ !’ \ <~ GH ?t @. J, $N =E $J $j E, 1~ =h M} $r MQ $$ $? J# ?t 3Z 4o $N 2; 8; F1 Dj =h M} " !$ ?. 3X O@ !$ J83-D-I I , 4, pp.1073{1081, 2000. 6) K. D. Martin: \Sound-Source Recognition: A The- ory and Computional Mo del", PhD Thesis, MIT, 1999. 7) I. F ujinaga and K. MacMillan: \Realtime Recogni- tion of Orchestral Instrumen ts", Pr o c. of ICMC , 2000. 8) A. Eronen: \Automatic Musical Instrumen t Recog- nition", M.Sc. Thesis, T amp ere Univ. of T ec h., 2001. 9) ;3 8} 8x E5 !$ 0B F# HK M: !’ \ C; ;~ 4V %9 %Z %/ %H %k J, @O K! $N <+ A3 3Z 4o 2; $X $N E, MQ " !$ 2; 6A ;o !$ 33 , 6, pp.291{300, 1977. 10) Aa :d <w M: !’ \ 3Z 4o $N 2J 3X " !$ EE ;R >p Js DL ?. 3X 2q !$ 1992 !% 11) H. F. Olson !J J? 2, @5 FA Lu !K !’ \ 2; 3Z 9) 3X " !$ @? J8 F2 ?7 8w <R !$ 1969 !% 12) 0B F# M3 E5 !’ \ 3Z 4o $N 2; 6A 3X " !$ 2; 3Z G7 M’ <R !$ 1996 !% 13) A. S. Bregman: \Auditory Sc ene Analysis" , MIT Press, 1990. 14) KL 86 E4 O/ !$ 8e F# ?? 9’ , 1| G5 Gn !’ \ 2; 9b $K $h $k 2; ?’ JQ 2= $K Ce L\ $7 $? 2; 8; F1 Dj <j K! " !$ >p =h 8& Js !$ 2001-MUS-40, pp.7{14, 2001. 15) 8e F# ?? 9’ !$ 66 8} Gn <y !$ @> B< Bs 0l !$ 2, N4 0l !’ \R W C 8& 5f MQ 2; 3Z %G !< %? %Y !< %9 !’ 2; 3Z %8 %c %s %k %G !< %? %Y !< %9 $H 3Z 4o 2; %G !< %? %Y !< %9 " !$ >p =h 8& Js !$ 2002-MUS-45, pp.19{26, 2002. 16) 86 M4 0l O: !$ 0f 8} @, ;N !’ \ J# AG %9 %Z %/ %H %k $r MQ $$ $? <~ GH ?t F1 Dj " !$ 7W B, O@ !$ 19 , 9, pp.718{723, 1983. 17) 8e F# ?? 9’ !$ B< 2, MN 0l !’ \ BG 3Z 4o 2; $r BP >] $K $7 $? 2; 8; J, N% %7 %9 %F %‘ " !$ ?. 3X O@ !$ J77-D-I I , 5, pp.901{911, 1994. 18) A. Sa vitzky and M. J. E. Gola y: \Smo othing and Di�erentiation of Data by Simpli�ed Least Squares Pro cudures", Anal. Chem. , 36 , 8, pp.1627{1639, 1964. 19) C. Roads !J @D Lx N6 Li B> Lu !K !’ \ %3 %s %T %e !< %? 2; 3Z |{ Nr ;K !& %F %/ %N %m %8 !< !& %" !< %H |{" !$ El 5~ EE 5! Bg 3X =P HG 6I !$ 2001. 20) JR 4s @2 90 !’ \ <+ F0 :N Ih " !$ ?. 3X ;o !$ 79 , 3, pp.287{289, 1996. 21) R. A. Rasch and R. Plomp !J 5\ :d 1I 0l Lu !K !’ \ 3Z 2; $N CN 3P " !$ 2; 3Z $N ?4 M} 3X !J >e !K Bh 1 >O !$ @> B< =q E9 !$ 1987 !% 22) J. C. Risset and D. L. W essel !J 5\ :d 1I 0l Lu !K !’ \ J, @O $H 9g @. $K $h $k 2; ?’ $N C5 5a " !$ 2; 3Z $N ?4 M} 3X !J >e !K Bh 2 >O !$ @> B< =q E9 !$ 1987 !% 23) K. W. Berger: \Some F actors in the Recognition of Timbre", J. A c oust. So c. Am. , 36 , 10, pp.1888{1891, 1964. 8