%b%G%kA*Br$K$h$k%i%s%/?dDj$HJ#?t1?F0$NJ,N% 6bC+ 7r0l � 9u_7 E55A � >>1J NO y � 72GOBg3X9)3XIt>pJs9)3X2J y ( 3t ) J~1I J|Aw%7%9%F%‘3+H/It J# ?t 2h A| 4V $N BP 1~ E@ $r FH N) $K 0\ F0 $9 $k J* BN $K J, 3d $9 $k Costeira-Kanade K! $d Gear $N J} K!!" $* $h $S $= $l $i $r 3H D% $7 $? !VIt J, 6u 4V J, N% K!!W $d !V%" %U%# %s 6u 4V J, N% K!!W $G $O!" J* BN $N 8D ?t $N ?d Dj $, :G $b :$ Fq $G $" $k!# $3 $l $O ?t 3X E* $K $O 8m :9 $N $" $k 9T Ns $N %i %s %/ $N ?d Dj $K 5" Ce $9 $k!# K\ O@ J8 $G $O $3 $l $K !V%b %G %k A* Br!W $K $h$C $F 7P 83 E* $J $7 $- $$ CM $J $7 $K H= Dj $G $- $k $3 $H $r <( $7!" $= $N 5, =‘ $H $7 $F !V4v 2? 3X E* AIC !W!" !V4v 2? 3X E* MDL !W!" $* $h $S !VBg DE!& ;T B<$N H= JL5, =‘!W $r<B 83 E*$K Hf 3S$9 $k!# :G8e $K!" F@$i $l $?J, 3d $N;v 8e I>2A $d 2r$N A* Br$N 4p =‘$N $? $a$N F 8!Dj $* $h$S%b%G%kA*Br$rDj<02=$9$k!# %-!<%o!<%I : 1?F0J*BNJ,N%!"4v2?3XE*%b%G%kA*Br!"NN0hJ,3d!"%i%s%/?dDj!"4v2?3XE* AIC !"4v2?3XE* MDL Rank Estimation b y Mo del Selection for Multib o dy Motion Segmen tation Kenic hi Kanatani � , Noriy oshi Kurosa w a � and Chik ara Matsunaga y � Departmen t of Computer Science, Gunma Univ ersit y , Kiryu, Gunma 376-8515 Japan y Broadcast Division, F OR-A Co. Ltd., 2-3-3 Ohsaku, Sakura, Chiba 285-0802 Japan In the subsp ac e sep ar ation metho d or the a�ne sp ac e sep ar ation metho d that generalize the Costeira- Kanade metho d and Gear’s metho d for m ultib o dy motion segmen tation, the most di�cult task is to estimate the n um b er of ob jects. Mathematically , it reduces to estimating the rank of a matrix in the presence of noise. W e sho w that w e can estimate the rank b y mo del sele ction without in tro ducing an y thresholds that need to b e adjusted empirically . W e exp erimen tally compare the ge ometric AIC , the ge ometric MDL , and the Otsu-Ichimur a criterion . Finally , w e form ulate the F -test and the mo del selection for a p osteriori ev aluation of the separation and selection of the solution. Key w ords: motion segmen tation, geometric mo del selection, image segmen tation, rank estimation, geometric AIC, geometric MDL <U<- : K\8&5f$N0lIt$OJ8It2J3X>J2J3X8&5fHq4pHW8&5f#C (2) (No. 11680377) $K$h$C$?!# � 376-8515 6M@8;TE7?@D. 1{5{1 72GOBg3X9)3XIt>pJs9)3X2J T el: (0277)30-1841, F ax: (0277)30-1801, E-mail: kanatani@cs.gunma-u.ac.jp , kurosawa@ail.cs.gunma-u.ac.jp y 285-0802 @iMU8):4AR;TBg:n 2{3{3 ( 3t ) J~1I J|Aw%7%9%F%‘3+H/It T el: (043)498-1239, F ax: (043)498-2223, E-mail: matsunaga@for-a.co.jp 1

1. =xO@ 2h A| Cf $N J* BN $r GX 7J $+ $i @Z $j =P $9 !VNN 0h J, 3d!W $O %3 %s%T%e!< %?%S %8%g %s$N =EMW $JLd Bj $G$" $k!# Costeira $H Kanade [1] $O F0 2h A| $+ $i #3 <! 85 I| 85 $9 $k T omasi- Kanade $N !V0x ;R J, 2r K!!W [18] $r %R %s %H $K $7 $F!" J# ?t 2h A| 4V $N BP 1~ E@ $r FH N) $K 0\ F0 $9 $k J* BN $K J, 3d $9 $k <j K! $r Ds 0F $7!" <o!9 $N 1~ MQ $d 2~ NI $, 8& 5f $5 $l $? [2, 4, 14, 15] !# $3 $l $i $O %" %U%# %s %+ %a %i $N $b $H $G $O %7!< %s Cf $r 9d BN 1? F0 $9 $k E@ $N 2h A| >e $N 1? F0 Mz Nr $, $" $k 4 <! 85 It J, 6u4V$K94B+$5$l$k$H$$$&;v<B$K4p$E$/!# ;T B< [3] $O Costeira-Kanade K! $K Bg DE $N H= JL 5, =‘ [16] $r E, MQ $7 $?!# 9u _7!& 6b C+ [12, 13] $O %b %G %k A* Br $d %m %P %9 %H ?d Dj $J $I $N <j K! $r AH $_ 9g $o $; $F !VIt J, 6u 4V J, N% K!!W $* $h $S !V%" %U%# %s 6u 4V J, N% K!!W $H 8F $V <j K! $K $^ $H $a $?!# $3 $l $, Costeira-Kanade K! $d ;T B< $N J} K! $H 0[ $J $k $N $O!" J, N% $r %G!< %? $+ $i F3 $+ $l $k $" $k 9T Ns $N MW AG $N Nm!& Hs Nm $K 5" Ce $5 $; $k $N $G $O $J $/!" 8m :9 $N F~ $k 85!9$N%G!<%?6u4V $r2r@O$7$F$$$kE@$G$"$k!# $3 $N 2r @O $N $? $a $K J8 8% [12, 13] $G $O 0\ F0 J* BN $N 8D ?t $O 4{ CN $H $7 $F $$ $k $,!" J* BN $N 8D ?t $N ?d Dj $O Hs >o $K Fq $7 $$ Ld Bj $G $" $j!" J8 8% [1, 2, 15] $G $b $3 $l $, J, N% $N <j B3 $-$h$j$b:$Fq$G$"$k$H;XE&$7$F$$$k!#FC$K Gear [2] $O 8m :9 $N 3N N( %b %G %k $K 4p $E $/ E} 7W 2r @O $r 9T $$!" 7k O@ $H $7 $F 3F E@ $, $= $l $> $l FH N) $J J* BN $H H= Dj $5 $l $k 79 8~ $K $" $k $H =R $Y $F $$ $k!# $3 $l $O Ev A3 $G $" $k!# $J $< $J $i FH N) $J 1? F0 $O $^ $H $^$C $? 1? F0 $N 0l <o $G $" $k $+ $i!" %G!< %? $N @b L@ $r L\ I8 $H $9 $k 8B $j!" $f $k $$ >r 7o $[ $I %G!< %? $K $h $/ $" $F $O$^$k$+$i$G$"$k!# $3 $l $r 2r 7h $9 $k $K $O!" $^ $H $^$C $? 1? F0 $, K> $^ $7 $$ $H $$ $& 2? $i $+ $N 5, =‘ $, I, MW $G $" $k!# $b $& 0l $D $N Ld Bj $O!" => Mh $O H= Dj $N $7 $- $$ CM $r 7P 83 E* $K D4 @a $7 $F $$ $k $3 $H $G $" $j [1, 2, 15] !" 0l HL @- $, $J $$!# $3 $l $r 2r 7h $9 $k $N $, !V%b%G%kA*Br!W$G$"$k!# ?t 3X E* $K $O J* BN $N 8D ?t $N ?d Dj $O 9T Ns $N %i %s %/ $N ?d Dj $K 5" Ce $9 $k!# ;~ 7O Ns %G!< %? $N 2r @O $G N‘ ;w $N Ld Bj $, 8= $l!" %G!< %? D9 $K 4X $7 $F A2 6a 2r @O $7 $? @V CS $N AIC $d Rissanen $N MDL $, E, MQ $5 $l $F $$ $k $, [19] !" K\ O@ J8 $G $O %N %$ %: %l %Y %k $K 4X $9 $k @] F0 2r @O [10, 11] $K $h $k 4v 2? 3X E* AIC $H 4v 2? 3X E* MDL $r E, MQ $9 $k!# $5 $i $K $3 $l$i$rBgDE!&;TB<$NH=JL5,=‘$H$bHf3S$9$k!# :G 8e $K!" F@ $i $l $? J, N% $N @5 $7 $5 $N ;v 8e I> 2A $N $? $a $N F 8!Dj $* $h $S %b%G %k A* Br $r Dj<0 2= $9 $k!# $3$l $O!" It J, 6u 4V J, N% K! $N 2r $H %" %U%# %s 6u 4V J, N% K! $N 2r $, 0[ $J $k >l 9g$N2r$NA*Br$N4p=‘$K$bMxMQ$G$-$k!# 2. 1?F0J*BN$NJ,N% @E ;_ $7 $? %+ %a %i :B I8 7O $r @$ 3& :B I8 7O $H F1 0l ;k $7!" X Y LL $r 2h A| LL!" Z <4 $r %+ %a %i $N 8w <4 $H $_ $J $9!# $" $k 9d BN $K B0 $9 $k FC D’ E@ p � $N Bh � 2h A| Cf $N 2h A| :B I8 $r ( x � ; y � ) $H $7!" $3 $l $r � = 1, ..., M $K EO$C $F =D $K JB$Y$? 2 M <!85%Y%/%H%k p � $r<!$N$h$&$KDj5A$9$k!# p � = � x 1 � y 1 � x 2 � y 2 � � � � y M � � > (1) J* BN $K G$ 0U $K J* BN :B I8 7O $r 8G Dj $7!" FC D’ E@ p � $N J* BN :B I8 7O $K 4X $9 $k :B I8 $r ( a � ; b � ; c � ) $H $9 $k!# ;~ 9o � $G $N J* BN :B I8 7O $N 86 E@ $N 0L CV $H 3F :B I8 4p Dl %Y %/ %H %k $r $= $l$>$l t � !" f i � , j � , k � g $H$9$k$H!"FCD’ E@ p � $N;~9o � $K$*$1$k0LCV r � $O<!$N$h$&$K=q$1$k!# r � = t � + a � i � + b � j � + c � k � (2) J? 9T Ej 1F $r 2> Dj $7!" %Y %/ %H %k t � , i � , j � , k � $N Ej 1F ( Z :B I8 $r <h $j =| $$ $? 2 <! 85 %Y %/ %H %k ) $r � = 1, ..., M $K EO$C $F =D $K JB $Y $? 2 M <! 85 %Y %/ %H %k $r $= $l $> $l m 0 , m 1 , m 2 , m 3 $H $9 $k $H!" <0 (1) $N 2 M <! 85 %Y %/ %H%k p � $,<!$N$h$&$KI=$;$k!# p � = m 0 + a � m 1 + b � m 2 + c � m 3 (3) $3 $l $+ $i!" 3F FC D’ E@ p � $N Mz Nr $, 2 M <! 85 6u 4V R 2 M $N 1 E@ $H $J $j!" N 8D $N E@ f p � g $, %Y %/ %H %k f m 0 , m 1 , m 2 , m 3 g $ND%$k 4 <!85It J,6u4V L $K4^$^$l$k$3 $H $, $o $+ $k!# FC $K m 0 $N 78 ?t $O $9 $Y $F $N � $K 6& DL $K 1 $G $" $k $+ $i!" f p � g $O $5 $i $K L Fb $N $" $k 3 <!85 %" %U%# %s 6u 4V A $K 94 B+ $5 $l $F $$ $k!# $3 $l $O J? 9T Ej 1F $N $_ $J $i $:!" <e F) ;k JQ 49 $d 5? ;w F) ;k JQ 49 $r 4^ $‘ 0l HL $N %" %U%# %s%+%a%i [5] $G$bF1MM$G$"$k [13] !# $7 $? $,$C $F!" $b $7 m 8D $N J* BN $, FH N) $K 1? F0 $7 $F $$ $l $P!" %G!< %? f p � g $O 2 M <! 85 6u 4V R 2 M $N 4 m <! 85 It J, 6u 4V $* $h $S 4 m � 1 <! 85 %" %U%# %s 6u 4V $K 4^ $^ $l $k!# $9 $J $o $A J* BN $N 8D ?t $O %G!< %? f p � g $N %i %s %/ (= $= $l $i $N D% $k It J, 6u 4V $N <! 85 ) $* $h $S %" %U%# %s %i %s %/ (= $= $l$i $rDL $k%" %U%#%s 6u4V $N<!85 ) $N ?dDj $K5" Ce$9 $k!# $3 $N $3 $H $+ $i m 8D $N J* BN $r J, N% $9 $k $K $O 2 m Kg 0J>e$N2hA|$,I,MW$G$"$k$3$H$b$o$+$k!# J* BN $, 2h A| LL Fb $G #2 <! 85 9d BN 1? F0 $r $9 $k >l 9g $O <0 (3) $G m 3 $, 91 Ey E* $K 0 $H $J $k $+ $i!" %G!< %? f p � g $N %i %s %/ $O 3 m !" %" %U%# %s %i %s %/ $O 3 m � 1 $H $J $j!" m 8D $N J* BN $r J, N% $9 $k $K $O 1 : 5 m Kg 0J >e $N 2h A| $, I, MW $G $"$k!# 3. %i%s%/$N?dDj 8m :9 $, $J $$ $H $-!" N K\ $N n <! 85 %Y %/ %H %k f p � g $N %i%s%/ r $r7W;;$9$kJ}K!$K 3 DL$j$"$k!# 1. n � n %b!<%a%s%H9TNs M = N X � =1 p � p > � (4) $N 8G M- CM $r � 1 � � � � � � n !" BP 1~ $9 $k 8G M- %Y %/ %H%k $N@5 5,D>8r 7O$r f u 1 , ..., u n g $H $9$k!# r $O M $N @5$N 8GM- CM$N 8D?t!" $9$J$o $A M $N %i%s %/ $KEy$7$$!# 2

2. N � N 7WNL9TNs G = ( G � ) G � = ( p � ; p � ) (5) $N 8G M- CM $r � 1 � � � � � � N !" BP 1~ $9 $k 8G M- %Y %/%H %k $N @5 5, D> 8r 7O $r f v 1 , ..., v N g $H $9 $k!# r $O G $N @5 $N 8G M- CM $N 8D ?t!" $9 $J $o $A G $N %i %s %/$KEy$7$$!# 3. n � N 4QB,9TNs W $r W = � p 1 � � � p N � (6) $H$7!" n > N $N$H$-$=$NFC0[CMJ,2r$r W = U n � N diag ( � 1 ; � 2 ; :::; � N ) V > N � N (7) $H $9 $k (diag ( � � � ) $O � � � $r BP 3Q MW AG $H $9 $k BP 3Q 9T Ns ) !# U n � N , V N � N $O $= $l $> $l Ns $, D> 8r $9 $k n � N , N � N 9T Ns $G$" $k!# N � n $N$H $- $O W > $r W > = V N � n diag ( � 1 ; � 2 ; :::; � n ) U > n � n (8) $H FC 0[ CM J, 2r $9 $k!# V N � n , U n � n $O $= $l $> $l Ns$,D>8r$9$k N � n , n � n 9TNs$G$"$k!#$$$:$l $N >l 9g $b r $O @5 $N FC 0[ CM $N 8D ?t!" $9 $J $o $A W , W > $N%i%s%/$KEy$7$$!# 4X78 M = W W > , G = W > W $+$i<!$N$3$H$,$o$+ $k!# � %b!< %a %s %H 9T Ns M $H 7W NL 9T Ns G $N %i %s %/ $O Ey $7 $$!# $= $l $i $N 8G M- CM f � i g $O Nm $N 8D ?t $r =| $$ $F0lCW$7!"@5$N8GM-CM$r r 8D$b$D!# � 4Q B, 9T Ns W $H $= $N E> CV W > $N %i %s %/ $O Ey $7 $$!#$=$l$i$NFC0[CM f � i g $ONm$N8D ?t$r=|$$$F0l CW$7!"@5$NFC0[CM$r r 8D$b$D!# � 9TNs M , G $NHsNm$N 8GM-CM$O BP1~$9$kFC 0[CM$N Fs>h$G$"$k!# � i = � 2 i , i = 1, ..., r . � %b!< %a %s %H 9T Ns M $N Hs Nm $N 8G M- CM $K BP 1~ $9 $k 8G M- %Y %/ %H %k f u i g , i = 1, ..., r $O!" n > N $N$H $- $O <0 (7) Cf $N9T Ns U n � N $N :G =i $N r K\ $N Ns $K Ey $7 $/!" N � n $N $H $- $O <0 (8) Cf $N 9T Ns U n � n $N:G=i$N r K\$NNs$KEy$7$$!# � 7W NL9T Ns G $NHs Nm$N 8GM- CM$K BP1~ $9$k 8GM- %Y%/ %H %k f v i g , i = 1, ..., r $O!" n > N $N $H $- $O <0 (7) Cf $N 9T Ns V N � N $N :G =i $N r K\ $N Ns $K Ey $7 $/!" N � n $N $H $- $O <0 (8) Cf $N 9T Ns V N � n $N:G=i$N r K\$NNs$KEy$7$$!# $3 $N $h $& $K <o!9 $N %i %s %/ $N 7W ;; K! $, $" $k $,!" <B :] $N 7W ;; $G $O 8z N( $* $h $S 0B Dj @- $N 4Q E@ $+ $i <0 (7), (8) $N FC 0[ CM J, 2r $, $h $$ $H $5 $l $F $$ $k!# $? $@ $7!" $3 $l $O 7W ;; $N JX 59 $G $" $j!" 4v 2? 3X E* 9= B$ $H 7W ;; $N JX 59 $H $r :. F1 $9 $Y $- $G $J $$ 1 !# ?t 3X E* $J 9= B$ $O %b!< %a %s %H 9T Ns M $d 7W NL 9T Ns G $K H? 1G $5 $l $F $* $j!" FC 0[ CM J, 2r $+ $i $O 4v 2? 3X E*9=B$$r@5$7$/M}2r$9$k$N$,Fq$7$$!# 4. %"%U%#%s%i%s%/$N?dDj 8m :9 $, $J $$ $H $-!" n <! 85 6u 4V Cf $N N 8D $N E@ f p � g $N%"%U%#%s%i%s%/ r $r7W;;$9$k$K$O!"3FE@$N=E?4 p C = 1 N N X � =1 p � (9) $+$i$NJQ0L p 0 � = p � � p C (10) $r 7W ;; $7!" f p 0 � g $N %i %s %/ $r 7W ;; $9 $l $P $h $$!# $3 $l $O A0@a$K=R$Y$?7W;;$K5"Ce$9$k!# 5. %i%s%/$N%b%G%kA*Br 8m :9 $N $" $k $H $- $K %Y %/ %H %k $N D% $k It J, 6u 4V $N <! 85 $r ?d Dj $9 $k AG KQ $J 9M $( J} $O!" <! 85 $r 2> Dj $7 $F It J, 6u 4V $r :G E, $K Ev $F $O $a $F!" $= $N ;D :9 $, :G $b >. $5 $$ $b $N $r A* $V $3 $H $G $" $k!# $7 $+ $7!" 9b $$ <! 85 $N It J, 6u 4V $r Ev $F $O $a $k $[ $I ;D :9 $, >. $5 $/ $J $j!" == J, 9b $$ <! 85 $N It J, 6u 4V!" FC$KA46u4V$rEv$F$O$a$?$H$-;D:9$, 0 $K$J$k!# $3 $l $O <! 85 $N 9b $$ It J, 6u 4V $[ $I <+ M3 EY!" $9 $J $o $A D4 @a $G $- $k %Q %i %a!< %? ?t $, B? $$ $? $a $G $" $k!# $3 $N $? $a ;D :9 $H <+ M3 EY $N %P %i %s %9 $r 9M $( $k I, MW $, $" $k!# $3 $l $r 9M N8 $9$kBeI= E*$J5,=‘ $K!V4v2? 3XE* AIC !W$H!V4v 2?3XE* MDL !W$,$"$k [7, 8] !# n <!856u4V$N r <!85ItJ,6u4V$N<+M3EY$O r ( n � r ) $G $" $k $+ $i 2 !" N 8D $N %G!< %? E@ $K BP $9 $k 4v 2? 3X E* AIC $O<!$N$h$&$K$J$k [7, 8] !# G-AIC = ^ J r + 2 � r N + r ( n � r ) � � 2 (11) $? $@ $7 � $O %N %$ %: %l %Y %k $G $"$j!" $3 $3 $G $O n <! 85 6u 4V $N 3F %G!< %? E@ $N 3F :B I8 CM $K 8m :9 0 !" I8 =‘ JP :9 � $N @5 5, J, I[ $K => $& 8m :9 $, FH N) $K F~ $k $H $9 $k!# $^ $? ^ J r $O %G!< %? f p � g $K r <! 85 It J, 6u 4V $r 3F E@ $+ $i $N 5w N% Fs >h OB $, :G >. $H $J $k $h $& $K Ev $F $O $a $? ;D :9 $G $" $k!# $3 $l $O <! $N $h$&$KI=$;$k [12, 13] !# ^ J r = � X i = r +1 � i (12) 1 T omasi-Kanade $N \ 0x ;R J, 2r K! "[18] $N 86 M} $O!" %" %U%# %s %+ %a %i $N $b $H $G 9d BN 1? F0 $9 $k E@ $N 2h A| >e $N 1? F0 Mz Nr $, 3 <! 85 %" %U%# %s 6u 4V $K 94 B+ $5 $l $k $3 $H $G $" $k!# C1 0l J* BN $N $H $-!" $= $N =E ?4 $r 86 E@ $K $H $k $H %G!< %? $O 3 <! 85 It J, 6u 4V $K 94 B+ $5 $l!" $3 $l $K #3 <! 85 It J, 6u 4V $r Ev $F$O $a $F #3<! 85 I|85 $, $G $-$k [9] !# $7 $+$7!" L? L> $NIT E, @Z $5$+ $i FC0[CMJ,2r$,$=$N86M}$G$"$k$H:x3P$5$l$F$$$k!# 2 r 8D $N E@ $N :B I8 $r ;X Dj $7 $F Dj $^ $k $,!" $= $l $i $r r <! 85 It J, 6u 4V Fb$GG$0U$K0\F0$5$;$F$b$h$$$+$i!"<B<AE*$J%Q%i%a!<%??t$O nr � r 2 $G$"$k!# 3

$? $@ $7 f � i g $O <0 (4) $N 9T Ns M $* $h $S <0 (5) $N 9T Ns G $N @5 $N 8G M- CM $G $" $j!" � = min( n; N ) $G $" $k!# 0l J}!" >p Js M} O@ E* Id 9f D9 $+ $i F3 $+ $l $? 4v 2? 3X E* MDL $O<!$N$h$&$K$J$k [10, 11] !# G-MDL = ^ J r � � r N + r ( n � r ) � � 2 log � � L � 2 (13) $?$@ $7 L $O%G!<%? 6u4V$NBg $-$5$r I=$94p =‘D9$G$" $k!# $3 $l $r 87 L) $K Dj $a $k $K $O Id 9f D9 $N 9b <! $N E8 3+ $, I, MW $H $J $k $,!" 6a ;w E* $K $O %G!< %? $, $[ $\ 1 $N %*!< %@!< $K $J $k $h $&$K Dj$a $l$P $h$$!# � $, == J,>. $5$$ >l9g $O L $rL5 ;k $9$k$3$H$b$G$-$k!# r = 1, 2, ... $KBP$7$F<0 (11) $^$?$O<0 (13) $rI>2A$7 $F!" $3 $l $, :G >. $K $J $k CM $r %i %s %/ r $H $9 $k!# $3 $N $H $- I, MW $K $J $k %N %$ %: %l %Y %k � $N ?d Dj $N $? $a $K!" %i %s %/ r $O $" $k CM r max 0J 2< $G $" $k $3 $H $, 4{ CN $G $" $k $H $9 $k!# %G!< %? f p � g $K r max <! 85 It J, 6u 4V $r :G E, $K Ev $F $O $a $? $H $- $N ;D :9 $r ^ J r max $H $9 $l $P!" %N %$ %: %l %Y %k � $, <! $N$h$&$K?dDj$G$-$k [12, 13] !# ^ � 2 = ^ J r max ( n � r max )( N � r max ) (14) $3$l$O ^ J r max =� 2 $,<+M3EY ( n � r max )( N � r max ) $N � 2 J,I[$K=>$&$3$H$+$iF@$i$l$k 3 !# 4v 2? 3X E* AIC $b 4v 2? 3X E* MDL $b Ws 0U E* $J $7 $- $$ CM $r I, MW $H $7 $J $$ E@ $, FC D’ E* $G $" $k $,!" F1 $8 $/ $7 $- $$ CM $r MQ $$ $J $$ H= Dj $H $7 $F!" ;T B< [3] $O Bg DE $N H= JL 5, =‘ [16] $r Costeira-Kanade K! $K E, MQ $7 $?!# $3 $l $r %i %s %/ $N ?d Dj $K E> MQ $9 $k $3 $H $b $G $- $k!# 4Q B, 9T Ns W $N FC 0[ CM $r � 1 � � 2 � � � � � � � $H $9 $k $H $-!" Ld Bj $O $3 $l $r d 8D$N Hs Nm $N%0 %k!< %W $H � � d 8D $N Nm $N%0 %k!< %W $H $K J, 3d $9 $k $3 $H $G $" $k!# Bg DE!& ;T B< $N 5, =‘ $O <! $N NL ( 2> $K OIC $H 5- $9 ) $r :G Bg $K $9 $k r $r :N MQ $9 $k $3 $H $G$"$k ( $=$NB>$5$^$6$^$JF1CM$JJQ7A$,$G$-$k [16]) !# OIC = r ( � � r )( � 1 � � 2 ) 2 P r i =1 ( � i � � 1 ) 2 + P � i = r +1 ( � i � � 2 ) 2 (15) $?$@$7<!$N$h$&$KCV$$$?!# � 1 = 1 r r X i =1 � i ; � 2 = 1 � � r � X i = r +1 � i (16) 6. %"%U%#%s%i%s%/$N%b%G%kA*Br n <! 85 6u 4V $N r <! 85 %" %U%# %s 6u 4V $N <+ M3 EY $O ( r + 1)( n � r ) $G$"$k$+$i 4 !" N 8D$N%G!<%?E@$KBP$9$k4v2? 3 8m :9 $N <+ M3 EY (= %b %G %k $N M> <! 85 ) $O n � r max $G $" $j!" %b %G %k$N <+M3 EY$O r max ( n � r max ) $G$"$k $+$i!" ^ J r max =� 2 $N <+M3 EY$O ( n � r max ) N � r max ( n � r max ) $H$J$k [7] !# 4 r + 1 8D$NE@$N:BI8$r;XDj$7$FDj$^$k$,!"$=$l$i$r r <!85%"%U%# %s 6u 4V Fb $G G$ 0U $K 0\ F0 $5 $; $F $b $h $$ $+ $i!" <B <A E* $J %Q %i %a!< %? ?t $O n ( r + 1) � r ( r + 1) $G$"$k!# 3XE* AIC $O<!$N$h$&$K$J$k [7, 8] !# G-AIC = ^ J 0 r + 2 � r N + ( r + 1)( n � r ) � � 2 (17) 4v2?3XE* MDL $O<!$N$h$&$K$J$k!# G-MDL = ^ J 0 r � � r N + ( r + 1)( n � r ) � � 2 log � � L � 2 (18) $= $7 $F r = 1, 2, ... $K BP $7 $F <0 (17) $^ $? $O <0 (18) $r I> 2A $7 $F!" $3 $l $, :G >. $K $J $k CM $r %" %U%# %s %i %s %/ r $H $9 $l $P $h $$!# %N %$ %: %l %Y %k � $N ?d Dj $N $? $a $K!" %" %U%# %s %i %s %/ r $O $" $k CM r max 0J 2< $G $" $k $3 $H $, 4{ CN $G $" $k $H $9 $k!# %G!< %? f p � g $K r max <! 85 %" %U%# %s 6u 4V $r Ev $F $O $a $? $H $- $N ;D :9 $r ^ J 0 r max $H $9 $l $P!" %N %$ %: %l %Y %k � $,<!$N$h$&$K?dDj$G$-$k [12, 13] !# ^ � 2 = ^ J 0 r max ( n � r max )( N � r max � 1) (19) $3 $l $O ^ J 0 r max =� 2 $, <+ M3 EY ( n � r max )( N � r max � 1) $N � 2 J,I[$K=>$&$3$H$+$iF@$i$l$k 5 !# OIC $O <0 (6) $K $* $$ $F p � $r <0 (10) $N p 0 � $K CV $- 49 $( $? 4QB, 9T Ns W 0 $N FC0[ CM f � 0 i g $K BP$7 $F <0 (15) $rE, MQ$9$l$P$h$$!# 7. ?tCM<B83 6h 4V [ � 1 ; 1] >e $N 0l MM Mp ?t $r FH N) $K 200 8D H/ @8 $5 $;!" $3 $l $r MW AG $H $9 $k 10 � 20 9T Ns B $r <! $N $h $& $K FC0[CMJ,2r$7$?!# B = V diag ( � 1 ; :::; � 10 ) U > (20) $3$l$+$i<!$N9TNs A $rDj5A$7$?!# A = V diag ( � 1 ; :::; � 5 ; � 5 ; 0 ; :::; 0) U > (21) 7W ;; $9 $k $H � 1 , ..., � 5 $O $= $l $> $l 3.81, 3.58, 3.09, 2.98, 2.75 $G $"$C $?!# 9T Ns A $N %i %s %/ $O = 0 $N $H $- 5 !" 0 < < 1 $N$H$- 6 $G$"$k!# ?^ 1(a) $O 2# <4 $K $r $H $j!" A $N 3F MW AG $K FH N) $K 4| BT CM 0 !" I8 =‘ JP :9 0.05 $N 8m :9 $r FH N) $K 2C $( $F!" r max = 6 $H$7 $F 200 2s;n 9T$7!" ?dDj $7$? %i %s%/ $NJ? 6QCM $r %W%m%C%H$7$?$b$N$G$"$k!#4p=‘D9 L $O 1 $H$7$?!# 4v 2? 3X E* AIC $O = 0 ( ?? $N %i %s %/ $, 5) $N $H $- $G $b %G!< %? $K 8m :9 $, $" $k $H 0l Dj $N 3d 9g $G %i %s %/ 6 $H H= Dj $7!" > 0 ( ??$N%i%s%/$, 6) $N$H$-$O $,Hs>o$K>.$5 $/ $F $b %i %s %/ 6 $H H= Dj $9 $k $3 $H $, B? $$!# $3 $l $K BP $7 $F 4v2?3X E* MDL $O = 0 ( ??$N%i%s%/ $, 5) $N$H$-$O@5 $7 $/%i %s %/ 5 $HH= Dj$9 $k $,!" > 0 ( ??$N %i %s%/ $, 6) $N $H$- $G $b $, $"$k Dx EY$N CM$^ $G%i %s %/ 5 $HH= Dj$9 $k $3$H$,B?$$!# 5 8m:9$N<+M3EY (= %b%G%k$NM><!85 ) $O n � r max $G$"$j!"%b%G%k $N <+M3 EY$O ( r max + 1)( n � r max ) $G$"$k $+$i!" ^ J 0 r max =� 2 $N <+M3 EY$O ( n � r max ) N � ( r max + 1)( n � r max ) $H$J$k [7] !# 4

(a) (a) ?^ 1: ?dDj$7$?%i%s%/ (a) $H%"%U%#%s%i%s%/ (b) $NJ?6QCM!#<B@~ : 4v2?3XE* AIC !"GK@~ : 4v2?3XE* MDL !"E@@~ : OIC !# 0l J}!" OIC $O K\ Mh $O 0 $G $J $$ >. $5 $$ FC 0[ CM $r Nm $N %0 %k!< %W $K J, N‘ $9 $k 79 8~ $, 6/ $$ $N $G!" Aj Ev $K Bg $- $$ $KBP$7$F$b$[$H$s$I$N>l9g$K%i%s%/ 5 $HH=Dj$9$k!# <0 (21) $N 9T Ns A $N %" %U%# %s %i %s %/ $O = 0 $N $H $- 5 !" 0 < < 1 $N $H$- 6 $G $" $k!# ?^ 1(b) $O ?^ 1(a) $H F1 MM $K 8m :9 $N $" $k $H $- $N %" %U%# %i %s %/ $N J? 6Q CM $G $" $k!#$3$l$K$D$$$F$b?^ 1(a) $HF1$8798~$,8+$i$l$k!# $3 $N $h $& $K!" 4v 2? 3X E* AIC $O 8m :9 $K Hf 3S E* Ci <B $K %i %s %/ $r $d $d Bg $- $a $K ?d Dj $7!" 4v 2? 3X E* MLD $O 8m :9 $r L5 ;k $7 $F $b %i %s %/ $r $d $d >/ $J $a $K ?d Dj $9 $k!# $3 $N $h $& $J 4v 2? 3X E* AIC $H BP >H E* $J 5s F0 $O B> $N 1~ MQ $G $b 8+ $i$l$k [11] !# $? $@ $7!" r max $r Bg $- $/ $H $k $H <0 (14) $N J, ;R $N ;D :9 ^ J r max $, Hs >o $K >. $5 $/ $J $j!" ?t CM 7W ;; $K $* $$ $F M- 8z ?t ;z $, 8: >/ $9 $k $? $a ^ � $, >. $5 $a $K ?d Dj $5 $l $k ( 6K C< $J >l 9g $O 0 $H $J $k ) !# $7 $? $,$C $F r max $O 2DG= $J 8B $j >. $5 $/ $H$kI,MW$,$"$k!# 8. J,N%<jK! J8 8% [12, 13] $G $O !VIt J, 6u 4V J, N% K!!W $* $h $S !V%" %U%# %s 6u 4V J, N% K!!W $r 2 J* BN $K E, MQ $7 $F $$ $k $,!" $3 $l $r G$ 0U 8D ?t $N J* BN $K 3H D% $9 $l $P!" N 8D $N n <! 85 %Y %/ %H%k f p � g $r m 8D$N d <!85ItJ,6u4V$"$k$$$O d � 1 <! 85 %" %U%# %s 6u 4V $K J, N‘ $9 $k $3 $H $, $G $- $k ( #3 <! 85 1? F0 $N>l9g$O d = 4 !"#2<!851?F0$N>l9g$O d = 3) !# J* BN $N 8D ?t m $N ?d Dj $O %i %s %/ $^ $? $O %" %U%# %s %i %s %/ $N ?d Dj $K 5" Ce $9 $k $,!" %i %s %/ $O d $N G\ ?t!" %" %U%# %s %i %s %/ $O $= $l $+ $i 1 $r 0z $$ $? $b $N $G $" $k $N $G!" $= $N $h $& $J >l 9g $r 8_ $$ $K Hf 3S $9 $l $P $h $$!# $? $@ $7 %N %$ %: %l %Y %k $N ?d Dj $N $? $a $K!" 8D ?t $N :G Bg CM m max $r ;X Dj $9 $k!# ;X Dj $, $J $1 $l $P %G %U%) %k %H CM m max = d min( n; N ) =d e � 1 $rMQ$$$k ( d � e $OE70f4X?t ) !# J* BN $N 8D ?t m $, ?d Dj $5 $l $l $P J8 8% [12, 13] $K =>$C $F!" <! 85 Jd @5 $r 9T $$ $J $, $i :n MQ 9T Ns $H 4v 2? 3X E* AIC $r J; MQ $7 $? N‘ ;w EY $N Bg $- $$ =g $K J; 9g $7!" m 8D $N %/ %i %9 $K $^ $H $^$C $? ;~ E@ $G =* N; $9 $k!# $? $@ $7!" J; 9g $N 2a Dx $G d 8D 0J 2< $N MW AG $r $b $D $b $N$" $l $P!" $= $l $i $r M% @h $7 $FJ;9g$9$k!# $3 $N $h $& $K $7 $F =i 4| J, N‘ $, F@ $i $l $? 8e $K!" %m %P %9 %H ?d Dj $K $h$C $F :F J, N‘ $r 9T $& [12, 13] !# $^ $: 3F %/ %i %9 $+ $i $= $l $> $l %N %k %‘ $N Bg $- $$ H> J, $r A* $V ( $? $@ $7 d 8D 0J >e ) !# $= $l $i $K d <! 85 It J, 6u 4V ( $^ $? $O d � 1 <! 85 %" %U%# %s 6u 4V ) $r :G E, $K Ev $F $O $a $k!# <! $K 3F %/ %i %9 $K $D $$ $F!" ;D $j $N %/ %i %9 $K Ev $F $O $a $? It J, 6u 4V ( $^ $? $O %" %U%# %s 6u 4V ) $N Fb $N :G $b 6a $$ $b $N $^ $G $N 5w N% $, Bg $- $$ H> J, $NE@ $r 2~$a $F A*$V ( $? $@ $7 d 8D0J >e ) !# $=$7 $F!" $= $l $i $K d <! 85 It J, 6u 4V ( $^ $? $O d � 1 <! 85 %" %U%# %s 6u 4V ) $r :G E, $K Ev $F $O $a!" $9 $Y $F $N E@ $r $= $l $i $N Fb $N :G $b 6a $$ $b $N $K 5" B0 $5 $; $k!# :G 8e $K 3F %/ %i %9 $K :G >. %a %8 %"%s K! [17] $K$h$C$F:F EY$=$l$i $K2~$a$F d <!85 ItJ,6u 4V ( $^ $? $O d � 1 <! 85 %" %U%# %s 6u 4V ) $r :G E, $K Ev $F $O $a!"$9$Y$F$NE@$r:FEY:G$b6a$$$b$N$K5"B0$5$;$k!# 9. %7%_%e%l!<%7%g%s<B83 ?^ 2 $O 512 � 512 2h AG $r A[ Dj $7 $? #2 <! 85 J? LL >e $r FH N) $K 1? F0 $9 $k 20 8D $N GX 7J E@ $H $= $l $> $l 9 8D $N E@ $+ $i $J $k 2 8D $N J* BN $N 10 Kg $N F0 2h A| $+ $i 1 Kg $* $- $K H4 $- =P $7 $? $b $N $G $" $k!# 8+ $d $9 $/ $9 $k $? $a $K 1? F0 J* BN $r %o %$ %d!< %U %l!< %‘ I= <( $7 $F $$ $k!# 3F 2h A| >e $N FC D’ E@ $N 3F!9 $N :B I8 $K FH N) $K 4| BT CM 0 !" I8 =‘ JP :9 � $N @5 5, Mp ?t 8m:9$r2C$($?$b$N$r%G!<%?$H$7!"J*BN?t$r?dDj$7$?!# ?^ 3(a) $O It J, 6u 4V J, N% K! $K $* $$ $F ?d Dj $7 $? J* BN ?t $N J? 6Q CM $r <( $9!# 2# <4 $O � $G $" $j!" m max = 4 $H $7 $F 500 2s FH N) $K ;n 9T $7 $?!# <B @~ $, 4v 2? 3X E* AIC !" GK @~ $, 4v 2? 3X E* MDL !" E@ @~ $, OIC $G $" $k!# 4p =‘ D9 L $O 600 $H $7 $?!# 4v 2? 3X E* AIC $O 8D ?t $r J? 6Q E* $K $d $d B? $a $K ?d Dj $7 $F $$ $k $,!" 0B Dj $7 $F $$ $k!# 0l J}!" 4v 2? 3X E* MDL $O 8m :9 $, Hs >o $K >. $5 $$ $H $- $O @5 $7 $$ 8D ?t $r ?d Dj $7 $F $$ $k $,!" 8m :9 $, A} $( $k $H <B :] $h $j >/ $J $/ ?d Dj $7 $F $$ $k!# $= $l $K BP $7 $F OIC $O >o $K J* BN ?t $r 1 $H ?d Dj $7 $F $$ $k!# ?^ 3(b) $O %" %U%# %s 6u 4V J, N% K! $N >l 9g $G $" $j!" 4v 2? 3X E* AIC $H OIC $O F1 MM $J 79 8~ $, $" $k $,!" 4v 2?3XE* MDL $O@5$7$$7k2L$H$J$C$F$$$k!# $J $* ?^ 3(a), (b) $N :8 C< $N IT 5, B’ $J 5s F0 $O!" 8m :9 $, >. $5 $9 $. $F!" ;D :9 $N 7W ;; $d %N %$ %: %l %Y %k $N ?d Dj $K M- 8z ?t;z$,ITB-$9$k$?$a$G$"$k!# 10. ItJ,6u4VJ,N%K!$N2>@b8!Dj 5

?^ 2: #2<!85J?LL>e$r1?F0$9$kE@!# (a) (a) ?^ 3: ?dDj$7$?J*BN?t$NJ?6QCM!# (a) ItJ,6u4VJ,N%K!!# (b) %"%U%#%s6u4VJ,N%K!!# <B 2h A| Nc $G $O %7 %_%e %l!< %7%g %s $H 0[ $J $j!" ?? $N 2r $O ( ?M 4V $, L\$G 8+ $F ;X Dj $7$J $1 $l $P ) IT L@ $G$" $k $+ $i!" %7 %_%e %l!< %7%g %s $G 9b @- G= $G $" $k $3 $H $, J] >Z $5 $l $F $b!" 8D!9 $N 7k 2L $, @5 $7 $$ $H $$ $& J] >Z $O $J $$!# $= $3 $G 7k 2L $N ?.Mj@-$N;v8eI>2A$r9M$($k!# N 8D $N %G!< %? E@ $, m 8D $N %0 %k!< %W $K N i 8D $: $D J, N% $5 $l $? $H $9 $k!# 3F %0 %k!< %W $K d <! 85 It J, 6u 4V L i $r Ev $F $O $a $? ;D :9 $r ^ J i $H $9 $k $H!" J, N% $, @5 $7 $1 $l $P ^ J i =� 2 $O � 2 J, I[ $9 $k!# It J, 6u 4V L i $N M> <! 85 $O n � d $G $" $j!" <+ M3 EY $, d ( n � d ) $G $" $k $+ $i <+ M3 EY $O <! $N $h$&$K$J$k [7] !# � i = ( n � d ) N i � d ( n � d ) = ( n � d )( N i � d ) (22) N 8D $N %G!< %? E@ A4 It $K md <! 85 It J, 6u 4V L t $r Ev $F $O $a$?;D:9$r ^ J t $H$9$k$H!" J,N%$N@5$7$5$K$h$i$: ^ J t =� 2 $b � 2 J,I[$7!"$=$N<+M3EY$O<!$N$h$&$K$J$k!# � t = m X i =1 ( n � md ) N i � md ( n � md ) = ( n � md )( N � md ) (23) ^ J t $O 3F E@ $N It J, 6u 4V L t $^ $G $N 5w N% $N Fs >h OB $G $" $j!" P m i =1 ^ J i $O 3F E@ $N $= $l $, B0 $9 It J, 6u 4V L i $^ $G $N 5w N% $N Fs >h OB $G $" $k!# $3 $l $O 3F E@ $+ $i L total $K 2< $m $7 $? ?b @~ $N D9 $5 $H!" $= $N ?b @~ $N B- $+ $i L i $K 2< $m $7 $? ?b @~ $N D9 $5 $N Fs >h OB $r 9g 7W $7 $? $b $N $G $" $k ( ?^ 4) !# $f $( $K!" It J, 6u 4V L total Fb $G $N 3F E@ $N $= $l $, B0 $9 It J, 6u 4V L i $^ $G $N 5w N% $N Fs >h OB $O P m i =1 ^ J i � ^ J t $G $" $k!# ( P m i =1 ^ J i � ^ J t ) =� 2 $b � 2 J, I[ $9 $k $,!" 3F ^ J i $K 4s M? $9 $k 8m :9 $O 8_ $$ $K FH N) $G $" $j!" $+ $D ^ J t $K 4s M? $9 $k 8m :9 $O ^ J 1 , ..., ^ J m $K 4s M? $9 $k 8m :9 $N 0l It $G $" $k $+ $i!" %3 %/ %i %s $N Dj M} $K $h $j $= $N <+ M3 EY $O <! $N $h $& $K $J $k [6, 7] !# m X i =1 � i � � t = ( m � 1) d ( N � md ) (24) $5 $i $K ( P m i =1 ^ J i � ^ J t ) =� 2 $K 4s M? $9 $k 8m :9 @. J, $H ^ J t $K 4s M? $9 $k 8m :9 @. J, $H $O D> 8r $9 $k $+ $i 8_ $$ $K FH N) $G $" $k!#$f$($KJ,N%$,@5$7$1$l$P F s = ( P m i =1 ^ J i � ^ J t ) = ( m � 1) d ( N � md ) ^ J t = ( n � md )( N � md ) (25) $O<+ M3EY ( m � 1) d ( N � md ), ( n � md )( N � md ) $N F J,I[$K=>$&!#$7$?$,$C$F!" F s > F ( s ) � (26) $J $i J, N% $O M- 0U ?e =‘ � $G 4~ 5Q $5 $l $k!# $? $@ $7 F ( s ) � $O <+ M3 EY ( m � 1) d ( N � md ), ( n � md )( N � md ) $N F J,I[$N>eB& � % E@$G$"$k!# 11. %"%U%#%s6u4VJ,N%K!$N2>@b8!Dj %" %U%# %s 6u 4V J, N% K! $G $b F1 MM $G $" $k!# 3F %0 %k!< %W $K d � 1 <! 85 %" %U%# %s 6u 4V A i $r Ev $F $O $a $? ;D :9 $r ^ J 0 i $H $9 $k $H!" J, N% $, @5 $7 $1 $l $P ^ J 0 i =� 2 $O � 2 J, I[ $9 $k!# %" %U%# %s 6u 4V A i $N M> <! 85 $O n � d + 1 $G $" $j!" <+ M3 EY $, d ( n � d + 1) $G$"$k$+$i<+M3EY$O<!$N$h$&$K$J$k!# � 0 i = ( n � d + 1) N i � d ( n � d + 1) = ( n � d + 1)( N i � d ) (27) N 8D $N %G!< %? E@ A4 It $K md � 1 <! 85 %" %U%# %s 6u 4V A t $r Ev $F $O $a $? ;D :9 $r ^ J 0 t $H $9 $k $H!" J, N% $N @5 $7 $5 $K $h 6

?^ 4: ItJ,6u4V$"$F$O$a$N;D:9!# $i $: ^ J 0 t =� 2 $b � 2 J, I[ $7!" $= $N <+ M3 EY $O <! $N $h $& $K $J $k!# � 0 t = m X i =1 ( n � md + 1) N i � md ( n � md + 1) = ( n � md + 1)( N � md ) (28) $=$7$F ( P m i =1 ^ J 0 i � ^ J 0 t ) =� 2 $b � 2 J,I[$7!"<+M3EY$O<!$N $h$&$K$J$k!# m X i =1 � 0 i � � 0 t = ( m � 1) d ( N � md ) (29) $f$($KJ,N%$,@5$7$1$l$P F a = ( P m i =1 ^ J 0 i � ^ J 0 t ) = ( m � 1) d ( N � md ) ^ J 0 t = ( n � md + 1)( N � md ) (30) $O<+M3EY ( m � 1) d ( N � md ), ( n � md + 1)( N � md ) $N F J,I[$K=>$&!#$7$?$,$C$F!" F a > F ( a ) � (31) $J $i J, N% $O M- 0U ?e =‘ � $G 4~ 5Q $5 $l $k!# $? $@ $7 F ( a ) � $O <+M3EY ( m � 1) d ( N � md ), ( n � md + 1)( N � md ) $N F J,I[$N>eB& � % E@$G$"$k!# 12. ItJ,6u4VJ,N%K!$N%b%G%kA*Br F 8! Dj $O M- 0U ?e =‘ $K :8 1& $5 $l $k!# 4v 2? 3X E* AIC $r MQ $$ $F M- 0U ?e =‘ $K 0M B8 $7 $J $$ %b %G %k A* Br $r 9T $& $H <! $N $h $& $K $J $k!# 3F %0 %k!< %W $* $h $S A4 BN $N 4v 2? 3X E* AIC $*$h$S4v2?3XE* MDL $O3F!9<!$N$h$&$K$J$k!# G-AIC i = ^ J i + 2 � dN i + d ( n � d ) � � 2 G-MDL i = ^ J i � � dN i + d ( n � d ) � � 2 log � � L � 2 (32) G-AIC t = ^ J t + 2 � mdN i + md ( n � md ) � � 2 G-MDL t = ^ J t � � mdN i + md ( n � md ) � � 2 log � � L � 2 (33) Fs >h %N %$ %: %l %Y %k � 2 $O A4 BN $N Ev $F $O $a $O J, N% $N @5 $7 $5$K$h$i$J$$$+$i!"<!$N$h$&$K?dDj$5$l$k!# ^ � 2 = ^ J t ( n � md )( N � md ) (34) $3 $l $+ $i J, N% $, E, @Z $G $J $$ $H $5 $l $k H= Dj >r 7o G-AIC t < P m i =1 G-AIC i , G-MDL t < P m i =1 G-MDL i $O$=$l $>$l<!$N$h$&$K$J$k!# F s > 2 ; F s > � log � � L � 2 (35) $3 $3 $K F s $O <0 (25) $N F E} 7W NL $G $" $k!# DL >o � log ( �=L ) 2 $O 2 $h $j Bg $- $$ $N $G!" 4v 2? 3X E* AIC $O ( >o $K @. N) $9 $k ) 0l HL %b %G %k $r A* $S 0W $/!" 4v 2? 3X E* MDL $O ( $= $l $r FC Dj 2= $7 $? ) FC<l %b %G %k $r A* $S $d $9$$ [11] !# 13. %"%U%#%s6u4VJ,N%K!$N%b%G%kA*Br %" %U%# %s 6u 4V J, N% K! $G $O 3F %0 %k!< %W $* $h $S A4 BN $N 4v 2?3XE* AIC !"4v2?3XE* MDL $O3F!9<!$N$h$&$K$J$k!# G-AIC i = ^ J 0 i + 2 � ( d � 1) N i + d ( n � d + 1) � � 2 G-MDL i = ^ J 0 i � � ( d � 1) N i + d ( n � d + 1) � � 2 log � � L � 2 (36) G-AIC t = ^ J 0 t + 2 � ( md � 1) N i + md ( n � md + 1) � � 2 G-MDL t = ^ J 0 t � � ( md � 1) N i + md ( n � md + 1) � � 2 log � � L � 2 (37) Fs >h %N %$ %: %l %Y %k � 2 $O A4 BN $N Ev $F $O $a $O J, N% $N @5 $7 $5$K$h$i$J$$$+$i!"<!$N$h$&$K?dDj$5$l$k!# ^ � 2 = ^ J 0 t ( n � md + 1)( N � md ) (38) $3 $l $+ $i J, N% $, E, @Z $G $J $$ $H $5 $l $k H= Dj >r 7o G-AIC t < P m i =1 G-AIC i , G-MDL t < P m i =1 G-MDL i $O$=$l $>$l<!$N$h$&$K$J$k!# F a > 2 ; F a > � log � � L � 2 (39) $3$3$K F a $O<0 (30) $N F E}7WNL$G$"$k!# 14. <B2hA|<B83 ?^ 5 $N >e CJ $O!" @E ;_ $7 $? 3 J* BN $H 1? F0 $9 $k 1 J* BN $r 0\ F0 %+ %a %i $+ $i O" B3 $7 $F ;# 1F $7!" 5 Kg $r %5 %s %W %k $7 $? $b $N $G $" $k (512 � 768 2h AG ) !# 2< CJ $K <( $7 $? FC D’ E@ $r <j $G A* $s $G m max = 2 $H $7 $F J* BN ?t $r ?d Dj $9 $k $H 6 !" It J, 6u 4V / %" %U%# %s 6u 4V J, N% K! $K $h $k 4v 2? 3X E* AIC/MDL $G$I$N>l9g$b m = 2 $H$J$C$?$,!" OIC $G $O >o$K m = 1 $G$"$C $?!#$=$7 $F m = 2 $H$7 $FItJ, 6u 4V / %" %U%# %s 6u 4V J, N% K! $G J, N% $9 $k $H!" 1? F0 $9 $k 1 J* BN$,@5$7$/<h$j=P$5$l$?!# 6 m max = 3 $H$9$k$?$a$K$O 7 Kg0J>e$N2hA|$,I,MW$G$"$k 7

?^ 5: GX7J$HFHN)$K0\F0$9$kJ*BN$N<B2hA| ( >e ) $H$=$NFCD’E@ ( 2< ) $3 $l $i 5 Kg $N 2h A| $N Cf 4V $N 2h A| $r DI 2C $7 $? 10 Kg $G m max = 3, 4 $H$7$F<B83$9$k$H!"4v2?3XE* AIC/MDL $G$O$I$N>l9g$b m = 3 $H$J$j!" OIC $G$O$d$O$j m = 1 $H$J$C$?!# m = 3 $H$7$FJ,N%$9$k$H!"1?F0$9$k 1 J* BN $, @5 $7 $/ <h $j =P $5 $l!" ;D $j $N 3 J* BN $N $& $A $N 0l $D $, FH N) $K 1? F0 $9 $k $H $_ $J $5 $l $?!# $3 $N J, N% $b 8m $j $H $O $$ $($J$$!# ?^ 5 $N J, N% $N 7k 2L $N ?. Mj @- $r I> 2A $9 $k $H!" <0 (25), (30) $N F E} 7W NL F s , F a $O $= $l $> $l 0 : 893, 1 : 483 $H $J$C $?!# $= $l$> $l $N >e B& 5% E@ $O 1.346, 1.293 $G$" $k $+ $i!" M- 0U ?e =‘ 5% $G It J, 6u 4V J, N% K! $N J, N% $O 4~ 5Q $5 $l $J $$ $,!" %" %U%# %s 6u 4V J, N% K! $N J, N% $O 4~ 5Q $5 $l $k!# $7 $+ $7 4v 2? 3X E* AIC $G $O 6& $K A* Br $5 $l $k!# 0l J}!" 4p =‘ D9 L $r 600 $H $9 $k $H � log ( �=L ) 2 $O It J, 6u 4V J, N% K! $* $h $S%" %U%# %s 6u 4V J,N% K! $G $= $l $>$l 13 : 5, 13 : 1 $H $J $k $N $G 4v 2? 3X E* MDL $G $b A* Br $5 $l!" @h $K ;X E& $7 $? $h$&$K!"4v2?3XE* AIC $h$j$b4K$$I>2A$H$J$k!# A0 Js [13] $K<( $7$? $h$& $K!"F) ;k8z 2L$N 1F6A $NEY 9g$$ $K $h$C $F It J, 6u 4V J, N% K! $H %" %U%# %s 6u 4V J, N% K! $N 2r $N ?. Mj @- $, 0[ $J $k!# ?^ 5 $N $h $& $J F) ;k 8z 2L $N 6/ $$ 2h A| $G $O %" %U%# %s 6u 4V J, N% K! $N ?. Mj @- $, Dc 2< $7!" H= Dj $N $7 $- $$ CM $N :9 $K $= $l $, 8= $l $F $$ $k!# $3 $l $r Mx MQ $9 $k $H!" It J, 6u 4V J, N% K! $H %" %U%# %s 6u 4V J, N% K! $r N> J} E, MQ $7 $F 0[ $J $k 2r $, F@ $i $l $? $H $-!" $h $j ?. Mj @- $N 9b $$ 2r $r A* Br $9 $k$3$H$,$G$-$k!# 15. $^$H$a K\ O@ J8 $G $O Cx <T $i $, @h $K Ds 0F $7 $? It J, 6u 4V / %" %U%# %s 6u 4V J, N% K! $K $* $1 $k J* BN $N 8D ?t $r ?d Dj $9 $k J} K! $r <( $7 $?!# $3 $l $O 8m :9 $N $" $k 9T Ns $N %i %s %/ $N ?d Dj $K 5" Ce $9 $k!# $3 $l $r %b %G %k A* Br $K $h$C $F 7P 83 E* $K @_ Dj $9 $Y $- $7 $-$$ CM$J$7$K H=Dj$G$- $k$3$H$r <($7!"4v 2?3XE* AIC !" 4v2?3X E* MDL !"$*$h$S OIC ( BgDE!& ;TB<$NH=JL 5,=‘ ) $r Hf 3S $7 $?!# 4v 2? 3X E* AIC $O J* BN ?t $r $d $d B? $a $K ?d Dj $9 $k $,!" $= $l $K $h $k J, N% $O 8m $j $H $O $$ $( $J $$!# 4v 2?3XE* MDL $b;w$?$h$& $J7k2L$rM?$($k!#$7$+$7 OIC $O J* BN ?t $r 2a >. I> 2A $9 $k $N $G!" $3 $N L\ E* $K $O E, $7 $F $$ $J$$!# :G 8e $K!" F@ $i $l $? J, 3d $N ;v 8e I> 2A $d 2r $N A* Br $N 4p =‘ $N$?$a$N F 8!Dj$*$h$S%b%G%kA*Br$rDj<02=$7$?!# ;29MJ88% [1] J. P . Costeira and T. Kanade, A m ultib o dy factoriza- tion metho d for indep enden tly mo ving ob jects, Int. J. Comput. Vision , 29 -3 (1998), 159{179. [2] C. W. Gear, Multib o dy grouping from motion images, Int. J. Comput. Vision , 29 -2 (1998), 133{150. [3] ;T B< D> 9, , 7A >u 6u 4V $X $N D> 8r <M 1F 9T Ns $H H= JL 4p =‘ $r MQ $$ $? J# ?t 1? F0 $N J, 3d , >p Js =h M} 3X 2q %3 %s %T%e!< %? %S %8%g %s $H %$ %a!< %8 %a %G%#%"8&5f2q , 2000-CVIM-120-3 (2000-1), 17{24. [4] ;T B< D> 9, , IY ED J8 L@ , 7A >u 9T Ns $+ $i $N FC D’ A* Br $K 4p $E $/ F0 $- $N J, 3d , EE ;R >p Js DL ?. 3X 2q O@ J8 ;o D-I I, J81-D-I I -12 (1998), 2757{2766. [5] 6b =P Ip M: , %3 %s %i%C %I!& %]!< %k %^ %s , ?9 ED =S I’ , 0x ;R J, 2r K! $K $h$kJ*BN7A>u$H%+%a%i1?F0$NI|85 , EE;R>pJsDL?.3X2qO@J8;o D- I I, J76-D-I I -8 (1993), 1497{1505. [6] 6b C+ 7r 0l , !V6u 4V %G!< %? $N ?t M} | #3 <! 85 %3 %s %T%e!< %F%# %s %0 $K8~$1$F | !W , D+AR=qE9 , 1995. [7] K. Kanatani, Statistic al Optimization for Ge ometric Computation: The ory and Pr actic e , Elsevier, Amster- dam, 1996. [8] 6bC+7r0l , >pJsNL4p=‘$K$h$k4v2?3XE*%b%G%kA*Br , >pJs=hM}3X2q O@J8;o , 37 -6 (1996), 1073 { 1080. [9] 6b C+ 7r 0l , 0x ;RJ, 2r $r MQ $$ $J $$ 0x ;R J, 2r K! : J? 9T Ej 1F $+ $i F) ;k JQ 49 $X , EE ;R >p Js DL ?. 3X 2q %Q %? %s G’ <1 $H %a %G%# %" M} 2r 8& 5f 2q , PRMU98-26 (1998-6), 1 { 8. [10] 6b C+ 7r 0l , E} 7W E* ?d B, $H 4v 2? 3X E* Ev $F $O $a $K $* $1 $k %b %G %k A* Br , >p Js =h M} 3X 2q %3 %s %T%e!< %? %S %8%g %s $H %$ %a!< %8 %a %G%# %" 8& 5f2q , 2000-CVIM-122-1 (2000), 1{8. [11] 6b C+ 7r 0l , >> 1J NO , 4v 2? 3X E* #M #D #L $H $= $N %a %G%# %" 1~ MQ , >p Js =h M} 3X 2q %3 %s %T%e!< %? %S %8%g %s $H %$ %a!< %8 %a %G%# %" 8& 5f 2q , 2000-CVIM-122-2 (2000), 9{16. [12] 9u _7 E5 5A , 6b C+ 7r 0l , It J, 6u 4V J, N% K! $H %b %G %k A* Br $K $h $k 1? F0 J* BN $N J, N% , >p Js =h M} 3X 2q %3 %s %T%e!< %? %S %8%g %s $H %$ %a!< %8 %a %G%#%"8&5f2q , 2000-CVIM-124-4 (2000-11), 25{32. [13] 9u _7 E5 5A , 6b C+ 7r 0l , %" %U%# %s 6u 4V J, N% K! $H %b %G %k A* Br $K $h $k 1? F0 J* BN $N J, N% , >p Js =h M} 3X 2q %3 %s %T%e!< %? %S %8%g %s $H %$ %a!< %8%a%G%#%"8&5f2q , 2001-CVIM-125-3 (2001-1), 25{32. [14] KR =_ ?M , EO n4 KS , C. Wiles, Geotensit y 94 B+ $K $h $k #3 <! 85 7A >u3M F@ , EE;R >p JsDL ?. 3X 2qO@ J8 ;o D-I I, J83-D-I I -8 (2000), 1714{1752. [15] D9 :j 7r , @n Eh L- IW , @D LZ M3 D> , 0x ;R J, 2r K! $K 4p $E $/ 1? F0 2h A| Ns 2r@O$K$h$kB?4X@aJ*BN$N9=B$?dDj , EE;R>pJsDL?.3X2qO@J8;o D- I I, J81-D-I I -3 (1998), 483{492. [16] Bg DE E8 G7 , H= JL $* $h $S :G >. #2 >h 5, =‘ $K 4p $E $/ <+ F0 $7 $- $$ CM A* Dj K! , EE;RDL?.3X2qO@J8;o D, J63-D -4 (1980), 349{356. [17] P . J. Rousseeu w and A. M. Lero y , R obust R e gr ession and Outlier Dete ction , Wiley , New Y ork, 1987. [18] C. T omasi and T. Kanade, Shap e and motion from image streams under orthograph y|A factorization metho d, Int. J. Comput. Vision , 9 -2 (1992), 137{154. [19] M. W ax and T. Kailath, Detection of signals b y infor- mation theoretic criteria, IEEE T r ans. A c oust. Sp e e ch, Signal Pr o c ess. , 33 -2 (1985), 387{392. 8