2hA|$NFCD’E@$K6&J,;69TNs$OK\Ev$KI,MW$+ ? 6b_7 Lw � 6bC+ 7r0l y � K-665;=Q2J3XBg3X CN<1>pJs9)3X7O y 72GOBg3X 9)3XIt >pJs9)3X2J 2f!9$O =>Mh $h$j 2hA| $NFC D’E@ $N0L CV$N IT3NDj @-$r 6&J, ;69T Ns$K $h$C$F I=8= $7!$$= $l$K4p $E$$ $?:G E,2= ?dDj $N<j K! $r3+ H/$7 $F$- $?!%K\ 9F$G $O!$$^$: =>Mh $+$i Ds0F $5$l$F $$$k 2hA| $NG; C8CM $+$i6& J,;6 9TNs $r7W ;;$9$k J}K! $rE} 0lE* $K Dj<0 2=$7!$ $=$l $,K\ Ev$K FCD’ E@$N0L CV$N @:EY $rH? 1G$7 $F$$ $k$N$+ $I$& $+$r 2DJQ %F%s %W%l!<%H %^%C%A %s%0 $K$h $k%5 %V 2hAG Jd@5 $r9T $&$3 $H$K $h$j!$ <B83E* $K8! >Z$9 $k!%$= $7$F!$ $3$N $h$&$J 6&J, ;69T Ns$r MQ$$ $?>l9g $K<M 1FJQ 499T Ns$* $h $S4p AC9T Ns$N :GE, 7W;;$N @:EY $,8~ >e$9 $k$+$I $&$+ $rD4 $Y$k!%$3 $l$i $N7k 2L$r 2hA|4V $NBP 1~$E $1$N $?$a$N H><+ F0E* %7 %9%F%‘$X1~MQ$9$k!% %-!<%o!<%I : FCD’Cj=P!$6&J,;69TNs!$%F%s%W%l!<%H%^%C%A%s%0!$E}7WE*:GE,2=!$<M1FJQ49!$4pAC9TNs Do w e really ha v e to consider co v ariance matrices for image feature p oin ts? Y asushi Kanaza w a � and Kenic hi Kanatani y � Departmen t of Kno wledge-based Information Engineering T o y ohashi Univ ersit y of T ec hnology , T o y ohashi, Aic hi 441-8580 Japan y Departmen t of Computer Science Gunma Univ ersit y , Kiryu, Gunma 376-8515 Japan W e ha v e explored v arious statistical optimization tec hniques based on co v ariance matrices that c haracter- ize the uncertain t y of the p ositions of feature p oin ts in the images. W e �rst describ e ho w to compute the co v ariance matrix of a feature p oin t from the gra y lev els b y in tegrating existing metho ds. Then, w e exp eri- men tally examine if th us computed co v arinace matrices really re ect the accuracy of the feature p ositions. F or this purp ose, w e observ e the correlation b et w een the feature co v ariance and the amoun t of subpixel correction resulting from v ariable template matc hing, using real images. W e also test if the accuracy of com- puting the homograph y and the fundamen tal matrices from t w o images can b e really impro v ed b y statistical optimization based on the co v ariance matrices. Finally , w e apply our results to semi-automatic systems for matc hing t w o images. Key w ords: feature extraction, co v ariance matrix, template matc hing, statistical optimization, homogra- ph y , fundamen tal matrix <U <- : K\ 8& 5f $K 4X $7 $F M- 1W $J 5D O@ $r D: $$ $? 72 GO Bg 3X $N B@ ED D> :H =u 65 <x!$ ( 3t ) J~ 1I $N >> 1J NO ;a!$ %*!< %9 %H %i %j %" Adelaide Bg 3X$N Mik e Bro oks 65 <x!$ %I%$ %D Mac hine In telligence Consulting $N Christopher Ho w ard ;a $K46 <U $7$^$9!%K\8&5f$N0lIt$OJ8It>J2J3X8&5fHq4pHW8&5f#C (2) (No. 11680377) $K$h$C$?!% � 441-8580 K-66;TE7GlD.1@?}%v5V 1{1, K-665;=Q2J3XBg3XCN<1>pJs9)3X7O , T el: (0532)44-6888, F ax: (0532)44-6873 y 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: kanazawa@tutkie.tut.ac.jp , kanatani@cs.gunma-u.ac.jp 1

1. =xO@ 2f!9 $O => Mh $+ $i 2h A| $N FC D’ E@ $K 4p $E $/ 2r @O (3 <! 85 I| 85!$ %-%c %j %V %l!< %7%g%s!$ %b %6 %$ %/ @8 @. Ey ) $K $* $$$F!$ FC D’ E@ $N 0L CV $N ?. Mj @- $r 6& J, ;6 9T Ns $K $h$C $F I> 2A $7!$ $= $l $K 4p $E $/ E} 7W E* :G E, ?d Dj $N <j K! $r 3+ H/ $7 $F $- $? [6, 7, 8] !% $I $N FC D’ E@ $N ?. Mj @- $b $[ $\ 0l Dj $G!$ FC $K J} 8~ 0M B8 @- $, $J $1 $l $P 6& J, ;6 9T Ns $r 9M $( $k I, MW $O $J $$!% $= $& $G $J $$ >l 9g $K BP $7 $F!$ 6& J, ;6 9T Ns $r 2h A| $N G; C8 CM $+ $i 7W;;$9$kJ}K!$,$$$m$$$mDs0F$5$l$F$$$k [1, 9, 11, 12] !% $7 $+ $7!$ $3 $N $h $& $K $7 $F 5a $a $? 6& J, ;6 9T Ns $O K\ Ev $K FC D’ E@ $N @: EY $r H? 1G $7 $F $$ $k $N $G $" $m $& $+ !% $= $N 6& J, ;6 9T Ns $r MQ $$ $l $P 0l MM Ey J} 8m :9 $r 2> Dj $9 $k $h $j $b $h $$ 7k 2L $, F@ $i $l $k $N $G $" $m $& $+ !% 3N $+ $K %7 %_%e %l!< %7%g %s Nc $G $O 8z 2L $, $" $k $,!$ $= $l $O 2> Dj $7 $? 6& J, ;6 9T Ns $K 4p $E $$ $F 8m :9 $r H/ @8 $5 $; $F $$ $k $+ $i $G $" $k!% $7 $+ $7!$ <B 2h A| $N FC D’ E@ $N 0L CV $N 8m :9 J, I[ $r G; C8 CM $+ $i Dj $a $? 6& J, ;6 9T Ns $K 7k $S IU $1 $F $h $$ $N $G $" $m $& $+!% $3 $l $K BP $7 $F $3 $l $^ $G B? $/ $N ?M $+ $i 5? G0 $, =P $5 $l $J $, $i!$ L@ 3N $J2rEz$,M?$($i$l$F$$$J$+$C$?!% K\ 8& 5f $G $O!$ $^ $: 2h A| $N G; C8 CM $+ $i 6& J, ;6 9T Ns $r 7W ;; $9 $k J} K! $r E} 0l E* $K Dj <0 2= $7!$ %F %s %W %l!< %H %^%C %A %s %0 $K $h $j FC D’ E@ $r BP 1~ $5 $; $k @: EY $H 8D!9 $N 2h A| $+ $i I> 2A $7 $? 6& J, ;6 9T Ns $H $N 4V $N Aj 4X $r D4 $Y $k!% $5 $i $K!$ $3 $N $h $& $J 6& J, ;6 9T Ns $r MQ $$ $? :G E, ?d Dj $K $h$C $F <M 1F JQ 49 9T Ns $d 4p AC 9T Ns $N 7W ;; $N @: EY $, K\ Ev $K 8~ >e $9 $k $+ $I $& $+ $r D4 $Y $k!% $= $7 $F 1~ MQ $H $7 $F 2h A| $N FC D’ E@ $N BP 1~$E$1$rH><+F0E*$K9T$&%7%9%F%‘$X$N1~MQ$r9M$($k!% 2. FCD’E@$N6&J,;69TNs 2h A| Cf $N FC D’ E@ $K $O!$ %^ %& %9 Ey $K $h $k <j F0 Cj =P $G $"$C $F $b SUSAN [13] $d Harris %* %Z %l!< %? [2] Ey $K $h $k <+ F0 Cj =P $G $"$C $F $b!$ 8! =P $7 $? 0L CV $K $O IT 3N Dj $5 $, $" $k!% $= $N ?? $N 0L CV $r ( � x; � y ) $H $7!$ 4Q B, 0L CV $r ( x; y ) $H $9 $k $H!$ 8m :9 � x = x � � x , � y = y � � y $O 3N N( JQ ?t$H$_$J$;$k!%$=$N6&J,;69TNs$r<!$N$h$&$KI=$o$9!% E [� x 2 ] E [� x � y ] E [� y � x ] E [� y 2 ] ! = � 2 � 0 (1) $? $@ $7 E [ � ] $O 4| BT CM $r I= $o $9!% � $O 8m :9 $N @d BP E* $J Bg $-$5 $rI=$o $9Dj?t $G$"$j!$ %N%$%: %l%Y %k $H8F $V!% � 0 $O 8m :9 $N Aj BP E* $J Bg $- $5 $* $h $S J} 8~ 0M B8 @- $r I= $o $9 9T Ns $G$"$j!$ @55,2=6&J,;69TNs $H8F$V [3] !% $3 $N $h $& $K 6& J, ;6 9T Ns $r %N %$ %: %l %Y %k $H @5 5, 2= 6& J, ;6 9T Ns $H $K J, $1 $? 7A $G I= $o $9 0l $D $N M} M3 $O!$ 8m :9 $N @d BP E* $J Bg $- $5 $r ?d Dj $9 $k $N $, DL >o $O :$ Fq $G $" $k $N $K BP $7 $F!$ 8m :9 $N Aj BP E* $J Bg $- $5 $d J} 8~ 0M B8 @- $O %; %s %5 $N FC @- $d 2h A| =h M} %" %k %4 %j %: %‘ $+ $i ?d B, $G $- $k >l 9g $, B? $$ $+ $i $G $" $k!% $b $& 0l $D $N M} M3 $O!$ :G E, 2= 7W ;; $K $* $$ $F DL >o $O 6& J, ;6 9T Ns $N Dj ?t G\ $O 2r $K 1F 6A $7 $J $$ $N $G [3] !$ 6& J, ;6 9T Ns $O Dj ?t G\ $r =| $$ $F ?d Dj $9 $l $P == J, $@ $+ $i$G$"$k!% 0J2<!$ @55,2= 6&J,;6 9TNs � 0 $rDj ?tG\$r =|$$ $FDj$a $k J} K! $r 9M $( $k!% 8m :9 $N FC @- $, >l =j $d J} 8~ $K 0M B8 $7 $J $$ >l 9g ( 0l MM Ey J} 8m :9 ) $G $O <! $N %G %U%) %k %H CM $r MQ $$ $l $P $h$$!% � 0 = 1 0 0 1 ! (2) 8m:9 $N FC@- $, >l=j $d J}8~ $K 0MB8 $9 $k>l 9g ( Hs 0lMM Hs EyJ} 8m :9 ) $N6& J, ;69T Ns $NI> 2A K!$O <g $H$7 $F!$ ;D :9$+ $i 7W;; $9$kJ}K! [9, 11] $HHyJ,$K4p$E$/J}K! [1, 12] $H$KBgJL$G $-$k!% 2.1 ;D:9$K4p$E$/J}K! Ce L\ $9 $k FC D’ E@ p $r Cf ?4 $H $9 $k 0l Dj $N Bg $- $5 $N @5 J} 3J ;R $r N p $H $9 $k!% ( i; j ) 2h AG $N G; C8 CM $r I ( i; j ) $H $7!$ E@ p $N 6a K5 $N ( <+ 8J ) ;D:9 1 $r <! $N $h $& $K Dj 5A $9 $k!% J ( x; y ) = 1 2 X ( i;j ) 2N p w ij � I ( i + x; j + y ) � I ( i; j ) � 2 (3) x , y $O <B ?t $G $" $j!$ w ij $O E, Ev $J ( Nc $( $P %, %& %9 7? ) =E $_ $G $" $k!% 2h A| $N G; C8 CM I ( i; j ) $O E, Ev $J Jd 4V $K $h$C $F O" B3 4X ?t $H $7 $F Dj 5A $5 $l $k $H $9 $k!% $3 $l $O x = y = 0 $G :G >. CM $r $H $k Hs Ii $N 4X ?t $G $" $k $+ $i!$ $3 $l $r 86 E@ (0 ; 0) $N E, Ev $J 6a K5 X $G <! $N 7A $N #2 <! 4X ?t $G 6a ;w $9 $k!% g ( x; y ) = 1 2 ( n 1 x 2 + 2 n 2 xy + n 3 y 2 ) = 1 2 � x y � H x y ! (4) $?$@$7 %X%C%;9TNs H $r<!$N$h$&$KCV$$$?!% H = n 1 n 2 n 2 n 3 ! (5) MWAG n 1 , n 2 , n 3 $O:G>.Fs>hK!$K$h$C$F Z Z X w ( x; y ) � J ( x; y ) � g ( x; y ) � 2 dxdy ! min (6) $H$J$k$h$&$KDj$a$k!% $3$3$K w ( x; y ) $OE,Ev$J=E$_$G$" $j!$BeI=E*$J$b$N$K %,%&%97?=E$_ w ( x; y ) = e � ( x 2 + y 2 ) =� 2 (7) 1 1& JU $r E8 3+ $9 $l $P!$ Bh 3 9‘ P ( i;j ) 2N p w ij I ( i; j ) 2 = 2 $O Dj ?t $G $"$j!$Bh 1 9‘ P ( i;j ) 2N p w ij I ( i + x; j + y ) 2 = 2 $, x , y $K$"$^$j0MB8 $7 $J $$ $J $i!$ $3 $l $O ( =E $_ $D $- ) <+ 8J Aj 4X 4X ?t P ( i;j ) 2N p w ij I ( i + x; j + y ) I ( i; j ) $NId9f$rJQ$($?$b$N$H$_$J$;$k!% 2

$*$h$S %.%V%97?=E$_ w ( x; y ) = e � J ( x;y ) =� 2 (8) $,$"$k!% � $OE,Ev$JDj?t$G$"$k!% :G>. 2= (6) $N2r n = ( n 1 ; n 2 ; n 3 ) > $O!$<0 (6) $r x , y $G Hy J, $7 $F 0 $H CV $/ $3 $H $K $h $j!$ <! $N @5 5, J} Dx <0 $N 2r $H$7$FM?$($i$l$k!% 1 2 An = b (9) 9TNs A $H%Y%/%H%k b $O<!$N$h$&$KDj5A$5$l$k!% A = Z Z X w ( x; y ) m ( x; y ) m ( x; y ) > dxdy b = Z Z X w ( x; y ) J ( x; y ) m ( x; y ) dxdy (10) $? $@ $7 m ( x; y ) = ( x 2 ; 2 xy ; y 2 ) > $H CV $$ $?!% @Q J, Z Z X dxdy $O NN 0h X Fb $r E, Ev $K %5 %s %W %k $7 $F ?t CM E* $K I> 2A $9 $k!% 2r n $, 5a $^ $l $P <0 (6) $N %X%C %; 9T Ns H $, Dj $^$k!% $=$3$G $=$N5U 9TNs$r @55,2= 6&J,;6 9TNs � 0 $HDj 5A $9$k [9, 11] !% � 0 = H � 1 (11) 2.2 HyJ,$K4p$E$/J}K! <0 (3) $K$*$$$FJd@5NL x , y $,>.$5$$$H2>Dj$7!$ I ( i + x; j + y ) $r%F%$%i!<E83+$7$F 1 <!$N9‘$G6a;w$9$l$P<!$N $h$&$K$J$k!% J = 1 2 X ( i;j ) 2N p w ij ( I i x + I j y ) 2 = 1 2 � x y � H x y ! (12) E: $( ;z $N i , j $O JP Hy J, $r I= $o $9!% %X%C %; 9T Ns H $O <! $N $h$&$KI=$o$5$l$k!% H = P ( i;j ) 2N p w ij I i 2 P ( i;j ) 2N p w ij I i I j P ( i;j ) 2N p w ij I j I i P ( i;j ) 2N p w ij I j 2 ! (13) $=$N5U9TNs$r@55,2=6&J,;69TNs � 0 $HDj5A$9$k [1, 12] !% � 0 = H � 1 (14) JPHyJ, I i , I i $r7W;;$9$k$K$OJ? 3j2=$rH<$J$C$?HyJ,%U%# %k%?$rE,MQ$9$k ( IUO?;2>H ) !% 2.3 M}O@E*GX7J ;D :9 $+ $i 7W ;; $9 $k J} K! $b Hy J, $K 4p $E $/ J} K! $b!$ 6& $K ;D :9 $N %X%C %; 9T Ns H $N 5U 9T Ns $r @5 5, 2= 6& J, ;6 9T Ns $H $9 $k $b $N $G $" $j!$ 0c $$ $O Ce L\ $9 $k FC D’ E@ p $N 6a K5 N p $G J? 6Q E* $K 6a ;w $9 $k $+!$ p $N <~ $j $N %F %$ %i!< E8 3+ $+ $i 7W ;;$9$k$+$N$_$G$"$k!% %X%C %; 9T Ns H $O ;D :9 6J LL $N 6J N( $r I= $o $9 NL $G $" $j [4] !$ 6J N( $, Bg $- $$ $3 $H $O p $N 6a K5 $N G; C8 CM $, p $+ $i $o $: $+ $K 0\ F0 $9 $k $H 5^ 7c $K JQ 2= $9 $k $3 $H $r 0U L# $9 $k!% $7 $? $,$C $F %F %s %W %l!< %H %^%C %A %s %0 $K $h$C $F FC D’ E@ $r Cj =P $9 $k $H $- 0L CV $r Dj $a $d $9 $$!% 5U $K 6J N( $, >. $5 $$ $H p $N <~ JU $N G; C8 CM $N JQ 2= $, >/ $J $$ $N $G 0L CV $, Dj $a $K $/ $$!% $3 $N $3 $H $+ $i!$ %X%C %; 9T Ns H $N 5U 9T Ns $, 0L CV $N IT 3N Dj $5 $r I= $o $7 $F $$ $k $H $_ $J $9 $3 $H $O D> 4Q E* $K $O BE Ev $G$"$m$&!% ?t3XE*$K$O<!$N$h$&$KDj<02=$5$l$k!%<0 (3) $O x = y = 0 $K $* $$ $F :G >. CM J (0 ; 0) = 0 $r $H $k $,!$ %^%C %A $5 $; $k $b $N $, I ( i; j ) $G $O $J $/!$ $= $l $K %i %s %@ %‘ 8m :9 $N 2C $o$C$? I 0 ( i; j ) = I ( i; j ) + " ( i; j ) (15) $G$"$k$H$9$k$H!$ J = 1 2 X ( i;j ) 2N p w ij � I ( i + x; j + y ) � I 0 ( i; j ) � 2 (16) $O $b$O $d x = y = 0 $G :G >. CM$r $H $k $H $O8B $i $J $$!% $3 $l $,:G >. $H $J $k x , y $O %i %s %@ %‘ 8m:9 " ( i; j ) $K 0M B8$9 $k $N $G 3N N( JQ ?t $H $J $k!% @5 5, 2= 6& J, ;6 9T Ns $r %X%C %; 9T Ns H $N 5U 9T Ns $H $9 $k $3 $H $O!$ J $r :G >. $H $9 $k ( x; y ) $N 3N N( J, I[ $r <! $N $h $& $J @5 5, J, I[ $N 7A $G 6a ;w $9 $k $3 $H $H Ey 2A$G$"$k!% p ( x; y ) � 1 2 � � 2 e � � x y � H � x y � = 2 � 2 (17) $? $@ $7 � $O E,Ev $J Dj ?t $G $" $k!% %X%C %; 9T Ns H $N Dj 5A $h $j!$<0 (17) $O<!<0$HEy2A$H$J$k!% p ( x; y ) � 1 2 � � 2 e � J ( x;y ) =� 2 (18) ;D :9 J $r :G >. $K $9 $k 0L CV $N J, I[ $r $= $N ;D :9 J ( J* M} E* N‘ ?d $+$i $7 $P$7 $P %(%M %k %.!< $H 8F $P$l $k ) $K BP $9$k $3 $N$h $& $J %. %V %9 J, I[ $H $_ $J $9 $3 $H $O 7P 83 E* $K B? $/ $N >l LL $G @. $j N) $D!% FC $K <0 (15) $N � ( x; y ) $, 3F E@ $G FH N) $J 4| BT CM 0 !$ I8 =‘ JP :9 � $N @5 5, J, I[ $K => $$!$ <0 (16) $G I ( i + x; j + y ) $, x , y $N #1 <!<0 $G $"$k $H $-$K $O $3$N @- <A$, 87 L) $K @. $j N) $D [1] !% <B :] Singh [11] $O e � J ( x;y ) =� 2 $r N% ;6 E* $K %5 %s %W %k $7!$ %5 %s %W %k 6& J, ;6 9T Ns $H $7 $F @5 5, 2= 6&J,;69TNs � 0 = H � 1 $r?dDj$7$F$$$k!% Nc $($P x , y $,>. $5 $$$H 2> Dj $7$F I ( i + x; j + y ) $r %F %$ %i!< E8 3+ $7 $F #1 <! <0 $G 6a ;w $9 $l $P!$ $3 $N @- <A $, 6a ;w E*$K@.$jN)$D!%$3$N$H$-<0 (16) $O J � 1 2 X ( i;j ) 2N p w ij � I + I i x + I j y � I 0 � 2 ! min (19) 3

?^ 1: FCD’E@$H$=$N6&J,;69TNs!%<B@~ : ;D:9$K4p$E$/$b$N!%GK @~ : HyJ,$K4p$E$/$b$N!% $H $J $j!$ $3 $l $O %* %W %F%# %+ %k %U %m!< 8! =P $K $* $1 $k 8{ G[ 94B+>r7o [3, 10] I i x + I j y = I 0 � I (20) $K E@ p $N 6a K5 N p $G =E $_ IU $- :G >. Fs >h K! $r E, MQ $7 $? 7k 2L $H 2r <a $G $- $k [3] !% <B :]!$ <0 (13) $N %X%C %; 9T Ns H $N 5U 9T Ns $H $7 $F Dj $a $? <0 (14) $O 8! =P $7 $? %* %W %F%# %+ %k %U %m!< $N ?. Mj @- $r I= $o $9 6& J, ;6 9T Ns $H $7 $F Mx MQ $5 $l $F $$ $k [10] !% %X%C %; 9T Ns H $N 9T Ns <0 $, 0 $K $J $k $N $O G; C8 CM $, >/ $J $/ $H $b $" $k 1 J} 8~ $K 0l Dj $N $H $- %X%C %; 9T Ns H $N 9T Ns <0 $, 0 $K $J $j!$ %" %Q %A%c!< ( 3+ 8} ) Ld Bj $H 8F $P $l $k 8=>]$,@8$8$k!% 2.4 <B2hA|Nc ?^ 1 $O 2h A| Fb $K G$ 0U $K 3 � 3 $N 3J ;R $r @_ Dj $7!$ 3F 3J ;R E@ $K $* $1 $k 6& J, ;6 9T Ns $r I> 2A $7!$ 3F J} 8~ $N I8 =‘ JP :9 $r I= $o $9 BJ 1_ [3] $H $7 $F I= <( $7 $? $b $N $G $" $k!% Dj ?t G\ $N IT Dj @- $, $" $k $N $G!$ 8+ $d $9 $$ $h $& $K %9 %1!< %k $r D4 @a $7 $F $" $k!% <B @~ $O ;D :9 $K $h $k $b $N!$ GK @~ $O Hy J, $K $h $k $b $N $r <( $9!% N> <T $O $[ $\ Ey $7 $$ $,!$ Hy J, $K $h $k 6& J, ;6 9T Ns $N J} $, <c 43 <B 2h A| $N FC D’ $r H? 1G $7 $F $$ $k $h $& $K 8+ $( $k!% 0l J}!$ %^ %& %9 $r MQ $$ $F ?M <j $G FC D’ E@ $r A* $s $@ >l 9g $r ?^ 2 $K<( $9!%$3$l$r 8+$k$H!$$I $NFCD’E@ $b?.Mj@- $O$[$\ Ey $7 $/ $[ $\ Ey J} $G $" $k!% $3 $N M} M3 $O!$ ?M 4V $O L5 0U <1 $K G; C8 JQ 2= $N $J $$ It J, $d %F %/ %9 %A%c $, 0l MM $J It J, $d %(%C %8 >e $N E@ $J $I $r Hr $1!$ J* BN $N D: E@ $d 8I N) E@ $J $I $N 8+ $D $1 $d $9 $$ FC D’ $r A* $V 79 8~ $, $" $k $+ $i $G $" $k!% $3 $N $h $& $J \ 8+ $D $1 $d $9 $$ " E@ $O!$ Hf 3S E* J} 8~ 0M B8 @- $r ;} $? $J $$ E@ $G $" $j!$ $= $N $h $& $J E@ $r FC D’ E@ $H $7 $F MQ $$ $? >l 9g!$ @5 5, 2= 6& J, ;6 9T Ns $O <0 (2) $N %G %U%) %k %H CM $G $b == J, $G $"$k!% ?^ 3 $O FC D’ Cj =P %* %Z %l!< %? $K $h $j Cj =P $7 $? >l 9g $G $" $k!% $3 $3 $G $O SUSAN [13] $r MQ $$ $?!% $3 $N >l 9g $b 3F E@ $N ?. Mj @- $O $[ $\ Ey $7 $/ $[ $\ Ey J} $G $" $k!% $3 $N M} M3 $O!$ FC D’ Cj =P %* %Z %l!< %? $O $I $l $b 7W ;; K! $O $= $l $> $l 0[ $J$C ?^ 2: ?M<j$GA*$s$@FCD’E@!% ?^ 3: FCD’Cj=P%*%Z%l!<%?$K$h$kFCD’E@!% $F $$ $F $b!$ <B <A E* $K 6& J, ;6 9T Ns $r 7W ;; $7!$ Ey J} E* $J $b $N $K 9b $$ I> 2A $r M? $(!$ I> 2A $N 9b $$ $b $N $N $_ $r =P NO $9 $k $h $& $K @_ 7W $5 $l $F $$ $k $? $a $G $" $k!% Nc $( $P Harris %* %Z %l!< %? [2] $G $O <0 (13) $N %X%C %; 9T Ns H $r D> @\ $K 7W ;; $7 $F$$$k!% 0J >e $h $j!$ FC D’ E@ $r ?M <j $" $k $$ $O FC D’ Cj =P %* %Z %l!< %? $G Cj =P $9 $k 8B $j!$ @5 5, 2= 6& J, ;6 9T Ns $O <0 (2) $N %G %U%) %k %H CM $G == J, $G $" $j!$ FC $K 6& J, ;6 9T Ns $r I> 2A $9 $k I, MW $, $J $$ $H $$ $& 7k O@ $, F@ $i $l $k!% 6& J, ;6 9T Ns $, I, MW $H$J$k $N$O?^ 1 $N$h $&$K!$FCD’ E@$,%i %s%@%‘$K!$ $"$k$$ $O2hA|$NFbMF$H$OL54X78$K;XDj$5$l$?>l9g$G$"$k!% 3. FCD’E@$N%^%C%A%s%0 3.1 2DJQ%F%s%W%l!<%H%^%C%A%s%0 $= $l $G $O FC D’ E@ $, %i %s %@ %‘ $K ;X Dj $5 $l $? $H $-!$ $= $N 6& J, ;6 9T Ns $O $= $N FC D’ E@ $r 2h A| =h M} $K $h$C $F 8! =P $9 $k @: EY $r K\ Ev $K H? 1G $7 $F $$ $k $N $G $" $m $& $+!% $3 $l $r 8! >Z $9$k$?$a!$ 2 2hA|$rBP1~$5$;$k<!$N=hM}$r9M$($k!% 0l J} $N 2h A| $K FC D’ E@ p $r G$ 0U $K ;X Dj $7!$ $= $N 2h AG $r Cf ?4 $H $9 $k 6a K5 N p $r @Z $j <h$C $F %F %s %W %l!< %H T ( i; j ) $H $9 $k ( T (0 ; 0) $, p $K BP 1~ $9 $k ) !% $= $7 $F!$ $= $l $r B> J} $N 2h A| I ( i; j ) $H %^%C %A $5 $; $k!% 2 2h A| $O %+ %a %i $N 0\ F0 $d %:!< %‘ $b 4^ $‘ $b $N $H $7!$ JB ?J $@ $1 $G $J $/!$ %9 %1!< %k JQ 2= $d 2s E> $b 9M N8 $7 $? Aj ;w %F %s %W %l!< %H %^%C %A %s %0 $r 4

(a) (b) ?^ 4: %7!<%s$N0[$J$k;kE@$+$i$N2hA|$H0LCVJd@58e$N3J;R!% 9M$($k!% @: EY $r 8! >Z $9 $k $? $a $K!$ BP 1~ E@ $N Bg $^ $+ $J 8u Jd 0L CV ( a; b ) $, $o $+$C $F $$ $k $H $9 $k ( $3 $l $O Dc 2r A| EY $+ $i =y!9 $K 2r A| EY $r >e $2 $k 3, AX E* %^%C %A %s %0 $J $I $G F@ $i $l $k $,!$ $3 $3 $G $O >J N, $9 $k ) !% %F %s %W %l!< %H T ( i; j ) $r 8u Jd 0L CV ( a; b ) $+ $i ( x; y ) $@ $1 JB ?J $5 $;!$ s G\ $K 3H Bg $7!$ 3Q EY � $@ $1 2s E> $9 $k $H 2h A| I ( i; j ) $H %^%C %A $9 $k $H $7$F!$$= $N$h$&$J x , y , s , � $rC5:w$9$k!% $3$N$?$a$K <! $N4X?t$r:G>.2=$9$k!% J ( x; y ; � ; s ) = X ( i;j ) 2N p w ij � T ( i; j ) � T ( a;b ) ( x;y ;� ;s ) I ( i; j ) � 2 (21) Aj;wJQ49:nMQAG T ( a;b ) ( x;y ;� ;s ) $O<!$N$h$&$KDj5A$7$?!% T ( a;b ) ( x;y ;� ;s ) I ( i; j ) = I ( a + x + s ( i cos � � j sin � ) ; b + y + s ( i sin � + j cos � )) (22) $= $7 $F x , y , s , � $N $= $l $> $l $N C5 :w HO 0O $r N% ;6 2= $7 $F <0 (21) $N :G >. CM $r C5 :w $9 $k!% N% ;6 2= I} $r <!!9 $K 69 $a $k :F 5" E* C5 :w $r MQ $$ $l $P 8z N( E* $K @: L) $J 0L CV $r 5a $a $k $3 $H$,$G$-$k ( >\:Y>JN, ) !% 2 2hA|4V $G>HL@>r 7o$dO*8w $,JQ2= $7$F$$$k >l9g$O!$<0 (21) $NBe$o$j$KJd@578?t c $rMQ$$$? J ( x; y ; � ; s ) = X ( i;j ) 2N p w ij � cT ( i; j ) � T ( a;b ) ( x;y ;� ;s ) I ( i; j ) � 2 (23) $r :G >. 2= $9 $k!% $3 $l $r c $G Hy J, $7 $F 0 $H CV $1 $P!$ c $O <!<0$GM?$($i$l$k!% c = P ( i;j ) 2N p w ij T ( i; j ) T ( a;b ) ( x;y ;� ;s ) I ( i; j ) P ( i;j ) 2N p w ij T ( i; j ) (24) $3$l$r<0 (23) $KBeF~$9$l$P<!$N$h$&$K=q$1$k 2 !% J ( x; y ; � ; s ) = X ( i;j ) 2N p w ij T ( a;b ) ( x;y ;� ;s ) I ( i; j ) 2 2 <0 (23) $N1&JU$rE83+$7$?Bh 1 9‘ P ( i;j ) 2N p w ij T ( a;b ) ( x;y ;� ;s ) I ( i; j ) 2 ?^ 5: 6& J, ;6 9T Ns $H 0L CV 7h $a $N @: EY $N 4X 78!% � : ;D :9 $K $h $k $b$N!$ +: HyJ,$K$h$k$b$N!% � C 0 @ X ( i;j ) 2N p w ij T ( i; j ) T ( a;b ) ( x;y ;� ;s ) I ( i; j ) 1 A 2 (25) $3$3$K C $O x , y , s , � $K0MB8$7$J$$<!$NDj?t$G$"$k!% C = 1 P ( i;j ) 2N p w ij T ( i; j ) 2 (26) 3.2 <B2hA|<B83 0[ $J $k ;k E@ $+ $i ;# 1F $7 $? 2 2h A| $r ?^ 4 $K <( $9!% ?^ 4(a) $K G$ 0U $K 3 � 3 $N 3J ;R $r @_ Dj $9 $k!% F1 ?^ (b) $N <B @~ $O BP 1~ $9 $k E@ $r %^ %& %9 $G Bg $^ $+ $K A* $s $@ 8u Jd 0L CV $r 7k $s $@ $b $N $G $" $k!% $3 $l $r =i 4| 0L CV $H $7!$ Aj ;w %F %s %W %l!< %H %^%C %A %s %0 $K $h $j @5 3N $J 0L CV 9g $o $; $r 9T $J$C $? 7k2L$,GK@~$N3J;R$G$"$k!% 6& J, ;6 9T Ns $, 0L CV 7h $a $N @: EY $r H? 1G $7 $F $$ $k $J $i!$ Jd @5 0L CV $N ?? $N 0L CV $+ $i $N $: $l (� x; � y ) $O 6& J, ;6 9T $, x , y $K $" $^ $j 0M B8 $7 $J $$ $J $i!$ <0 (23) $N :G >. 2= $b <0 (25) $N :G >. 2= $b 6& $K Aj 4X 4X ?t P ( i;j ) 2N p w ij T ( i; j ) T ( a;b ) ( x;y ;� ;s ) I ( i; j ) $r :G Bg $K $9$k$3$H$HEy2A$H$J$k!% 5

(a) (b) ?^ 6: BP1~E@$H$=$N6&J,;69TNs Ns $N Bg $- $5 $H @5 $N Aj 4X $, $" $k $O $: $G $" $k!% $= $3 $G $3 $N $h $& $J <B 83 $r $$ $m $$ $m $J 2h A| $* $h $S $$ $m $$ $m $J 3J ;R $N 0L CV $K BP $7 $F 9T $J $$!$ 85 $N 2h A| $N FC D’ E@ $N 6& J, ;6 9T Ns $N %H %l!< %9 $N J? J} :, ( <0 (1) $h $j J? J} J? 6Q Fs >h 8m :9 p E [� x 2 + � y 2 ] $KAjEv$9$k ) $r 2#<4$K!$Jd @50LCV$N$: $l $N 5w N% p � x 2 + � y 2 $r =D <4 $K $H $j!$ N> BP ?t %0 %i %U $K%W%m%C%H$7$?$b$N$,?^ 5 $G$"$k!% $? $@ $7 \ ?? $N 0L CV " $O 2 2h A| $, 1s 7J $G $" $k $3 $H $+ $i 8_ $$ $K<M 1F JQ49 $G 7k $P$l $F $$$k $3 $H$r Mx MQ$7!$ B? ?t ( $3$N >l 9g $K $O 53 8D ) $N FC D’ E@ $r %^ %& %9 $G Cm 0U ?< $/ A* $s $G <M 1F JQ 49 $r :G E, $K 7W ;; $7 ( >\ :Y $O 8e =R ) !$ $= $l $K $h$C $F ?^ 4(a) Cf$N3J;R$r<M1FJQ49$7$FDj$a$?$b$N$G$"$k!% ?^ $+ $i $o $+ $k $h $& $K!$ %W %m%C %H E@ $O $[ $\ 79 $- 1 $N D> @~ $K 1h$C $F $$ $k!% $3 $l $O Jd @5 @: EY $, 6& J, ;6 9T Ns $K $h $k M= B, $H $[ $\ Hf Nc $7 $F $$ $k $3 $H $r 0U L# $7 $F $$ $k!% $3 $l $+ $i!$ 6& J, ;6 9T Ns $, FC D’ E@ 0L CV $N IT 3N Dj @- $r Bg $^ $+ $K I= $o$7$F$$$k $H7kO@$5$l$k!% 4. 6&J,;69TNs$K4p$E$/:GE,?dDj $= $l $G $O 2h A| $N G; C8 CM $+ $i 7W ;; $7 $? 6& J, ;6 9T Ns $r MQ $$ $k $H!$ 3F <o $N :G E, ?d Dj $K $* $$ $F 6& J, ;6 9T Ns $N %G %U%) %k %H CM $r MQ $$ $k $h $j K\ Ev $K $h $$ 7k 2L $, F@ $i $l $k $N $G $" $m $& $+!% $3 $l $r %b %6 %$ %/ @8 @. $N $? $a $N <M 1F JQ 49 $N 7W ;; $H F0 2h A| $N #3 <! 85 2r @O $N $? $a $N 4p AC 9T Ns $N 7W ;; $K BP $7 $F8!>Z$9$k!% 2 2hA|4V $NBP1~E@ f ( x � ; y � ) g , f ( x 0 � ; y 0 � ) g , � = 1, ..., N $*$h $S$= $l$i $N@5 5,2= 6&J,;6 9TNs f � 0 � g , f � 0 � 0 g $,M? $( $i $l $F $$ $k $H $9 $k!% $3 $N $H $- BP 1~ E@ $r <! $N #3 <! 85 %Y %/%H%k$GI=$o$9!% x � = 0 B @ x � =f 0 y � =f 0 1 1 C A ; x 0 � = 0 B @ x 0 � =f 0 y 0 � =f 0 1 1 C A (27) f 0 $O x � =f 0 , y � =f 0 , x 0 � =f 0 , y 0 � =f 0 $r 1 $N%*!<%@$K$9$k E, Ev $J %9 %1!< %k 0x ;R ( Nc $( $P 2h A| %5 %$ %: ) $G $" $k!% x � , x 0 � $O Bh 3 @. J, $ODj ?t $G $" $k $+ $i!$ $= $l $i $N@5 5, 2= 6& J, ;69TNs$O<!$N7A$N%i%s%/ 2 $NFC0[9TNs$H$J$k!% V 0 [ x � ] = � 0 � 0 0 > 0 ! ; V 0 [ x 0 � ] = � 0 � 0 0 0 > 0 ! (28) 6& J, ;6 9T Ns $N Dj 5A $O!$ ;D :9 $K $h $k J} K! $h $j Hy J, $K $h $k J} K! $N $[ $& $, M} O@ E* $K $O 0l 4S $7 $F $$ $k!% $7 $+ $7!$ Hy J, $N 7W ;; $K :9 J, 6a ;w $7 $? Hy J, %U%# %k %? $r MQ $$ $J $1 $l $P $J $i $J $$!% $3 $l $O $= $N 7W ;; 2a Dx $G MQ $$ $k J? 3j 2= $K 0M B8 $7 ( IUO?;2>H ) !$$^$?2hA|$N8m:9$K:81&$5$l$d$9$$!% $= $l $K BP $7 $F ;D :9 $K $h $k J} K! $O @Q J, ( Am OB ) 1i ;; $K 4p $E $/ $N $G 7W ;; $O >o $K 0B Dj $7 $F $$ $k!% $^ $?!$ >l 9g $K $h$C $F $O Hy J, $K $h $k J} K! $N $[ $& $, $h $j <+ A3 $K 8+ $( $k $3 $H $b $" $k $,!$ $[ $H $s $I $N >l 9g $K N> <T $N 7k 2L $K Bg $- $J :9 $O $J $$!%$3$NM}M3$G0J2<$G$O;D:9$K4p$E$/J}K!$rMQ$$$k!% 4.1 <M1FJQ499TNs$N:GE,7W;; 2 2hA|$, 0[$J$k0LCV $+$iJ?LL $^$?$O1s 7J$r;#1F $7$?$b $N $G $" $l $P!$ $" $k @5 B’ 9T Ns H $, B8 :_ $7 $F f x � g , f x 0 � g $O<!$N <M1FJQ49 $G7k$P$l$k [4] !% x 0 � = Z [ H x � ] (29) $? $@$7 Z [ � ] $O z @. J,$r 1 $H $9 $k %9 %1!< %k$N @5 5, 2= $r I= $o $9!%9T Ns H $r <M 1F JQ49 9T Ns $H 8F$V!% $3 $l $K $ODj ?t G\ $N IT Dj @- $, $" $k $N $G!$ k H k =1 $H @5 5, 2= $9 $k!% $? $@ $7 9T Ns A =( A ij ) $N %N %k %‘ $r k A k = q P 3 i;j =1 A 2 ij $H Dj 5A $9$k!% 2h A|$K 8m :9 $, $"$k $H $-!$ <M 1F JQ49 9T Ns H $N E}7W E* $K :GE,$J?dDj$O<!<0$r:G>.2=$9$k$b$N$G$"$k [3] !% J ( H ) = 1 N N X � =1 ( x 0 � � H x � ; W � ( x 0 � � H x � )) (30) W � = � x 0 � � H V 0 [ x � ] H > � x 0 � + ( H x � ) � V 0 [ x 0 � ] � ( H x � ) � � 2 (31) 6

(a) (b) ?^ 7: BP1~E@$H$=$N6&J,;69TNs $? $@ $7 %Y %/ %H %k a , b $N Fb @Q $r ( a ; b ) $H I= $o $9!% $^ $? %Y %/ %H %k a $H 9T Ns A $K BP $7 $F a � A $O a $H A $N 3F Ns $H $N %Y %/ %H %k @Q $r Ns $H $9 $k 9T Ns $G $" $j!$ A � a $O a $H A $N 3F 9T $H $N %Y %/ %H %k @Q $r 9T $H $9 $k 9T Ns $G $" $k [3] !% ( � ) � r $O%i%s%/$r r $K94B+$7$? 3 ( %‘!<%"!&%Z%s%m!< %: $N ) 0l HL 5U 9T Ns $r I= $o $9 [3] !% $3 $N $h $& $J <M 1F JQ 49 9T Ns H $r $/ $j $3 $_ K! $K $h$C $F 7W ;; $9 $k %" %k %4 %j %: %‘ [5] $,8x3+$5$l$F$$$k 4 !% ?^ 6 $O1s7J$r0[$J $k;kE@$+$i;#1F$7$? 2 2hA| $G$"$k!% ?^ 6(a) $K E, Ev $K 3J ;R $r @_ Dj $7!$ ?^ 6(b) $K BP 1~ $9 $k E@ $r %^ %& %9 $G ;X Dj $7!$ 2D JQ %F %s %W %l!< %H %^%C %A %s %0 $K $h $j 0L CV $r Jd @5 $7!$ 3J ;R $r Dj 5A $7 $?!% 3F 3J ;R E@ $G $O 6& J, ;6 9T Ns $r BJ 1_ $H $7 $F I= <( $7 $F $$ $k!% $3 $l $i $N 6& J, ;6 9T Ns $rMQ $$ $F BP1~ E@ $+ $i<M 1F JQ 499T Ns H $r :GE, $K 7W;; $7 $?!% Hf 3S $N $? $a $K <0 (2) $N %G %U%) %k %H CM $r MQ $$ $F 7W ;; $7 $? $b $N $r H 0 $H $7!$ ?? $N CM $r � H $H $9 $k!% $? $@ $7 \ ?? $N CM " � H $O 9- $$ HO 0O $K $o $?$C $F Cm 0U ?< $/ A* $s $@ B? ?t ( $3 $N >l 9g $O 53 8D ) $N BP 1~ E@ $+ $i %G %U%) %k %H 6& J, ;6 9T Ns $K $h$C $F :G E, $K 7W ;; $7 $? $b $N $G $" $k!% $3 $l $i $r Hf 3S $9 $k $H<!$N$h$&$K$J$C$?!% k H � � H k = 0 : 00718999 ; k H 0 � � H k = 0 : 00835789 F1 MM $N <B 83 $r $$ $m $$ $m 9T$C $F $b F1 $8 $h $& $J 7k 2L $, F@ $i $l $?!% $3 $N $h $& $K!$ FC D’ E@ $, %i %s %@ %‘ $K M? $( $i $l $? >l 9g $O 2h A| $+ $i 7W ;; $7 $? 6& J, ;6 9T Ns $r MQ $$ $? :G E, 2= $K $h$C$F@:EY$,8~>e$9$k $3$H$,3NG’$5$l$k!% 4.2 4pAC9TNs$N:GE,7W;; 0l HL $N %7!< %s $r 0[ $J $k ;k E@ $+ $i ;# 1F $7 $? 2 2h A| $G $O <!$N %(%T6K@~J}Dx<0 $,@.N)$9$k [3] !% ( x � ; F x 0 � ) = 0 (32) $3 $3 $K F $O %i %s %/ 2 $N FC 0[ 9T Ns $G $" $j!$ 4p AC 9T Ns $H 8F $P$l$k!% F $K $ODj?tG\$NITDj@- $,$"$k$N$G!$ k F k = 1 3 Bg$-$$ r 8D0J30$N8GM-CM$r 0 $KCV$-49$($F7W;;$7$?0lHL5U9TNs!% 4 http://www.ail.cs.gunma-u.ac.jp/Labo/programs.html $H@55,2=$9$k!% 2h A| $K 8m :9 $, $" $k $H $-!$ 4p AC 9T Ns F $N E} 7W E* $K :G E, $J?dDj$O<!<0$r:G>.2=$9$k$b$N$G$"$k [3] !% J ( F ) = 1 N N X � =1 W � ( x � ; F x 0 � ) 2 (33) W � = 1 ( x 0 � ; F > V 0 [ x � ] F x 0 � ) + ( x � ; F V 0 [ x 0 � ] F > x � ) (34) $3 $N 4p AC 9T Ns F $r $/ $j $3 $_ K! $K $h$C $F 7W ;; $9 $k %" %k %4 %j%:%‘ [8] $,8x3+$5$l$F$$$k ( 5SCm 4) !% ?^ 7 $O<<Fb$r0[$J$k ;kE@$+$i;#1F$7$? 2 2hA|$G$" $k!% ?^ 7(a) $K E, Ev $K 3J ;R $r @_ Dj $7!$ ?^ 7(b) $K BP 1~ $9 $k E@ $r %^ %& %9 $G ;X Dj $7!$ 2D JQ %F %s %W %l!< %H %^%C %A %s %0 $K $h $j 0L CV $r Jd @5 $7!$ 3J ;R $r Dj 5A $7 $?!% 3F 3J ;R E@ $G $O 6& J, ;6 9T Ns $r BJ 1_ $H $7 $F I= <( $7 $F $$ $k!% $3 $l $i $N 6& J, ;6 9T Ns $r MQ $$ $F BP 1~ E@ $+ $i 4p AC 9T Ns F $r :G E, $K 7W ;; $7 $?!% Hf 3S $N $? $a $K <0 (2) $N %G %U%) %k %H CM $r MQ $$ $F 7W ;; $7 $? $b $N $r F 0 $H $7!$ ?? $N CM $r � F $H $9 $k!% $? $@ $7 \ ?? $N CM " � F $O 9- $$ HO 0O $K $o $?$C $F Cm 0U ?< $/ A* $s $@ B? ?t ( $3 $N >l 9g $O 68 8D ) $N BP 1~ E@ $+ $i %G %U%) %k %H 6& J, ;6 9T Ns $K $h$C $F :G E, $K 7W ;; $7 $? $b $N $G $" $k!% $3 $l $i $r Hf 3S $9 $k $H<!$N$h$&$K$J$C$?!% k F � � F k = 0 : 0098058 ; k F 0 � � F k = 0 : 0151409 F1 MM $N <B 83 $r $$ $m $$ $m 9T$C $F $b F1 $8 $h $& $J 7k 2L $, F@ $i $l $?!% $3 $N >l 9g $b 2h A| $+ $i 7W ;; $7 $? 6& J, ;6 9T Ns $r MQ $$ $?:GE,2=$K$h$C$F@:EY$,8~>e$9$k $3$H$,3NG’$5$l$k!% 5. 1~MQ BP 1~ E@ $r 5a $a $k $K $O (i) BP 1~ $5 $; $k FC D’ E@ $r A* $V!$ (ii) $=$l $i $r2h A|4V $G %^%C%A $5$; $k!$ $N#2 DL$j $N =hM} $, I, MW $G $" $k!% $9 $Y $F $r <+ F0 2= $9 $k $3 $H $, K> $^ $7 $$ $,!$ J# ;( $J =h M} $, I, MW $G $" $j!$ B? >/ $N 8m BP 1~ $O Hr $1 $i $l $J $$!% $3 $N $? $a!$ <B ;~ 4V =h M} $r I, MW $H $7 $J $$ 2r @O $d I= <( 7

$, L\ E* $N >l 9g $O ?M <j $G 9T $& $[ $& $, 4J C1 $+ $D @5 3N $G $" $k!% $7 $+$7 ?M 4V $O (i) L5 0U<1 $K 8I N) E@$d 82 Cx $J FC D’$r A* $\ $& $H $9 $k $N $G Cm 0U NO $r MW $7!$ Hh O+ $r H< $&!% $^ $? (ii) BP 1~ 8D =j $r 8+ $D $1 $k $3 $H $O MF 0W $G $b!$ $= $N 0L CV $r @: L) $KDj$a$k$K$OCm0UNO$,I,MW$G$"$k!% $= $3 $G <! $N $h $& $J H> <+ F0 %7 %9 %F %‘ $, 9M $( $i $l $k!% $^ $: 4p =‘ $H $J $k 2h A| $K 7W ;; 5! $, 5, B’ 3J ;R %Q %? %s $r I= <( $9 $k!% ?M $, $= $l $r 8+ $F!$ JL $N 2h A| $K BP 1~ $9 $k 3J ;R E@ $N Bg $^ $+ $J 0L CV $r %^ %& %9 $G ;X Dj $9 $k!% $" $k $$ $O F1 $8 3J ;R %Q %? %s $r %3 %T!< $7!$ 3F 3J ;R E@ $r %^ %& %9 $G %I %i%C %0 $7 $F Bg $^ $+ $K =$ @5 $9 $k!% :G 8e $K 3F 3J ;R E@ $N 6a K5 $r 2D JQ %F %s %W %l!<%H%^%C%A%s%0$K$h$C$F@:L)$KJd@5$9$k!% K\ 9F $K <( $7 $? <B 2h A| <B 83 $O $3 $N $h $& $K ;n :n $7 $? %7 %9 %F %‘ $r MQ $$ $?!% $3 $N $h $& $J J} K! $G A* $P $l $? BP 1~ E@ $+ $i %b %6 %$ %/ @8 @. $d #3 <! 85 I| 85 Ey $r 9T $& $H $- $K $O!$ 2h A| $N G; C8 CM $+ $i I> 2A $7 $? 6& J, ;6 9T Ns $K 4p $E $$ $? :G E, 2= 7W ;; $K$h$C$F@:EY$r8~>e$5$;$k$3$H$,$G$-$k!% 6. $^$H$a K\ 9F $G $O!$ FC D’ E@ $N 0L CV $N ?. Mj @- $r I= $o $9 6& J, ;6 9T Ns $r 2h A| $N G; C8 CM $+ $i 5a $a $k J} K! $r E} 0l E* $K Dj <0 2= $7!$ $= $l $, 2h A| =h M} $K $h$C $F 8! =P $5 $l $? FC D’ E@ $N @: EY $r $I $N Dx EY H? 1G $7 $F $$ $k $N $+!$ $= $7 $F!$ $= $l $K 4p $E $/ :G E, 2= 7W ;; $O K\ Ev $K @: EY $r 8~ >e $5 $; $k $N $+ $r <B 83 E* $K 8! >Z $7 $?!% 7k O@ $H $7 $F!$ FC D’ E@ $r ?M <j $G Cm 0U ?< $/ A* $s $@ $j FC D’ Cj =P %* %Z %l!< %? $r MQ $$ $k >l 9g $O 6& J, ;6 9T Ns $r 9M N8 $9 $k I, MW $O $J $$ $,!$ FC D’ E@ $, %i %s %@ %‘ $K!$ $" $k $$ $O 2h A| $N Fb MF $K L5 4X 78 $K M? $( $i $l $k >l 9g $O!$ 6& J, ;6 9T Ns $, FC D’ E@ 0L CV $N IT 3N Dj @- $r H? 1G $7 $F $$ $k $3 $H $, $o $+$C $?!% $^ $? $= $N $h $& $J >l 9g $K!$ 6& J, ;6 9T Ns $K 4p $E $/ :G E, 2= 7W ;; $K $h$C $F @: EY $, 8~ >e $9 $k $3 $H $r 3N G’ $7 $?!% $= $7 $F!$ $3 $l $r 1~ MQ $7 $? 2h A| 4V $N BP 1~ $E $1 $N $? $a $N H> <+F0%7%9%F%‘$r;n:n$7$?!% ;29MJ88% [1] W. F� orstner, Reliabilit y analysis of parameter estimation in linear mo dels with applications to mensuration prob- lems in computer vision, Comput. Vision Gr aphics Image Pr o c ess. , 40 (1987), 273{310. [2] C. Harris and M. Stephens, A com bined corner and edge detector, Pr o c. 4th A lvey Vision Conf. , August 1988, Manc hester, pp. 147{151. [3] K. Kanatani, Statistic al Optimization for Ge ometric Computation: The ory and Pr actic e , Elsevier Science, Amsterdam, 1996. [4] 6bC+7r0l , !V7A>u#C#A#D$H?^7A$N?t3X!W , 6&N)=PHG , 1998. [5] K. Kanatani, N. Oh ta, and Y. Kanaza w a, Optimal ho- mograph y computation with a reliabilit y measure, IEICE T r ans. Inf. & Syst. , E83-D -7 (2000), 1369{1374. [6] 6b_7 Lw , 6bC+ 7r0l , 4v2?3XE* AIC $K $h$k2hA|%b%6%$%/@8 @.$N0B Dj2= , EE;R>pJsDL?.3X2qO@J8;o A, J83-A -6 (2000), 686{693. [7] >> 1J NO , 6bC+ 7r 0l , J? LL %Q %? %s $rMQ $$ $k 0\ F0 %+ %a %i$N 9; @5!’ :G E, 7W ;;!$ ?. Mj @- I> 2A!$ $* $h $S 4v 2? 3X E* AIC $K $h $k 0B Dj 2= , EE ;R >pJsDL?.3X2qO@J8;o A, J83-A -6 (2000), 694{701. [8] ;0EgEy , 6bC+7r0l , 4pAC9TNs$N:GE,7W;;$H$=$N?.Mj@-I>2A , >pJs=h M}3X2q8&5fJs9p , 99-CVIM-118-10 (1999), 67{74. [9] D. D. Morris and T. Kanade, A uni�ed factorization al- gorithm for p oin ts, line segmen ts and planes with uncer- tain t y mo dels, Pr o c. Int. Conf. Comput. Vision , Jan uary 1998, Bom ba y , India, pp. 696{702. [10] N. Oh ta, Image mo v emen t detection with reliability in- dices, IEICE T r ans. , E74 -10 (1991), 3379{3388. [11] A. Singh, An estimation-theoretic framew ork for image- o w computation, Pr o c. 3r d Int. Conf. Comput. Vision , Decem b er 1990, Osak a, Japan, pp. 168{177. [12] J. Shi and C. T omasi, Go o d features to trac k, Pr o c. IEEE Conf. Comput. Vision Patt. R e c o gn. , June 1994, Seattle, W A, pp. 593{600. [13] S. M. Smith and J. M. Brady , SUSAN|A new approac h to lo w lev el image pro cessing, Int. Journal of Comput. Vision , 23 -1 (1997), 45{78. IUO? : J?3j2=HyJ,%U%#%k%?!< =E $_ 4X ?t w ( x; y ) $K $h $k O" B3 2h A| I ( x; y ) $N J? 3j 2= %U%#%k%?$O<!$N$h$&$K=q$1$k!% ~ I ( x; y ) = C Z 1 �1 Z 1 �1 w ( t � x; s � y ) I ( t; s ) dtds (35) $? $@ $7 C $O @5 5, 2= Dj ?t $G $" $k!% $3 $l $r x $G Hy J, $9 $l $P <!$N$h$&$K$J$k!% ~ I x ( x; y ) = � C Z 1 �1 Z 1 �1 w x ( t � x; s � y ) I ( t; s ) dtds = C Z 1 �1 Z 1 �1 w x ( t; s ) I ( t + x; s + y ) dtds (36) N%;66a;w$9$k$H<!<0$H$J$k!% ~ I x ( i; j ) = � C X ( k ;l ) 2N p w x ( k ; l ) I ( k + i; l + j ) (37) Dj ?t C $r I ( i; j ) = i $N $H $- $K 91Ey E* $K ~ I x ( i; j ) = 1 $H $J$k$h$&$KDj$a$k$H<!$N$h$&$K$J$k!% C = � 1 P ( k ;l ) 2N p w x ( k ; l ) k (38) $? $@ $7 =E $_ w ( x; y ) $O x , y $K 4X $7 $F 6v 4X ?t $G $" $j!$ w x ( i; j ) $O x $K 4X $7 $F 4q 4X ?t $G $" $k $H 2> Dj $7 $?!% 0J >e $h$j<!$N x J}8~$NHyJ,%U%#%k%?$,F@$i$l$k!% D x ( i; j ) = w x ( i; j ) P ( k ;l ) 2N p w x ( k ; l ) k (39) y J}8~$NHyJ, %U%#%k%?$bF1MM$K $7$FF@$i$l$k!%=E $_$H$7 $F I8 =‘ E* $J $b $N $O %, %& %9 =E $_ w ( x; y ) = e � ( x 2 + y 2 ) = 2 � 2 $G $" $k!% I8 =‘ JP :9 � $O 6a K5 N p $N Bg $- $5 $H O" F0 $5 $; $k!% 8