Bh 16 2sF02hA|7WB,=hM}8&5f2q , 1999 G/ 9 7n 3, 4 F| , 5~ETBg3X 1 4v2?3XE*7W;;$N:GE,2=$H%b%G%kA*Br � 72GOBg3X9)3XIt>pJs9)3X2J 6bC+7r0l kanatani@cs.gunma-u.ac.jp 1. =xO@ 4p AC 9T Ns !" %U %m!< 4p AC 9T Ns !" $* $h $S <M 1F JQ 49 $r 8m :9 $N $"$k %G!< %? $+ $i 7W ;; $9 $k Ld Bj$r 9M $( $k!# $3 $N :G E, 7W ;; $N C++ %W%m %0%i%‘ $O%$%s %?!<%M%C %H$K$h$C $F8x3+ $5$l$F $$ $k 1 !#4pK\$H$J$k86M}$OJ88% [4, 6] $K4p$$$F$$$k!# 2hA|$N8m:9$N%b%G%k %G!< %? $K 8m :9 $N $" $k 7W ;; $G $O :G >. Fs >h K! $r ;O $a $H $9 $k H/ 8+ E* $J <j K! $, ;W $$ $D $/ $^ $^ $K E, MQ $5 $l $F $$ $k $,!" $^ $: 8m :9 $N %b %G %k 2= $, I, MW $G $" $k!# 8m :9 $r %b %G %k 2= $9 $l $P!" $= $N %b %G %k $N $b $H $G $N :G E, $J <j K! $, Dj $^ $j!" $= $N %b %G %k $, @. $j N) $D >u 67 $G $= $N <j K! $, :G E, $G $" $k $3 $H $, J] >Z $5 $l $k!# 8m :9 $N %b %G %k 2= $J $7 $K <j K! $r Ds 0F $7 $F FC Dj $N Nc $G $& $^$/$$$C$F$bB>$N>u67$G$&$^$/$$$/J]>Z$,$J$$!# %"%&%H%i%$%" BP 1~ E@ $N 8m BP 1~ $K 5/ 0x $9 $k %" %& %H %i %$ %" $O ?t 3X E* $J %b %G %k 2= $, :$ Fq $G $" $j!" $3 $l $, H/ 8+ E* <j K! $N 9% $^ $l $k <g $J M} M3 $G $" $k!# $7 $+ $7!" %" %& %H %i %$ %" =| 5n $r L\ E* $H $9 $k %m %P %9 %H ?d Dj $K $h $j %" %& %H %i %$ %" =| 5n $7 $? 8e $K $O E} 7W E* $K :G E, $J 7W ;; $r $9 $Y $- $G $" $k!# %m %P %9 %H ?d Dj $H E} 7W E* 2r @O $K 4p $$ $? :G E, 7W ;; $H $O Lr 3d $, 0[ $J $j!" F1 0l $K O@ $8 $F $O $J $i$J$$!# @:EY$NM}O@8B3& ?7$7$$ <j K!$r Ds 0F $7$F \ => Mh$N <j K! " $HHf 3S $9$k $3 $H$, $h $/ 9T $o $l $F $- $? $,!" $3 $l $G $O <j K! $N :G E, @- $K $D $$ $F 2? $b 8@ $( $J $$!# @: EY $N M} O@ 8B 3& $r F3 $$ $F!" $3 $l $H Hf 3S $7 $F =i$a$F<jK!$NM%Nt$,H=Dj$G$-$k!# 2r$N?.Mj@-I>2A $" $k %" %k %4 %j %: %‘ $, @: EY $N M} O@ 8B 3& $r C# @. $9 $k $J $i!" $= $N %" %k %4 %j %: %‘ $O $b $O $d 2~ NI $N M> CO $, $J $$ $H $$ $& 0U L# $G :G E, $G $" $k!# $= $7 $F $= $N 8B 3& $r I> 2A $9 $k $3 $H $K $h$C $F 2r $N ?. Mj @- $, Dj NL E* $K I> 2A $G $- $k!# $3 $l $O F~ NO $N 8m :9 $r %F %$ %i!< E8 3+ $K $h$C $F =P NO $K EA GE $5 $; $k 8E E5 E* ?. Mj @- I> 2A$H$OBPN)$9$kJ}K!O@$G$"$k!# %b%G%kA*Br B? $/ $N L$ CN ?t $r ?d Dj $7 $h $& $H $9 $k $H 2r $, IT 0B Dj $K $J $k $3 $H $, $" $k!# $b $7 2r $, %Q %i %a!< %? 6u 4V $N $" $k It J, 6u 4V $K 94 B+ $5 $l $F $$ $k $J $i!" $= $N It J, 6u 4V ( $3 $l $r %b %G %k $H 8F $V ) $N$_ $rC5 :w$9 $l$P 2r$,0B Dj$K 5a$^ $k!#$I $N%b %G%k $,@5 $7 $$ $+ $o $+ $i $J $$ $H $- $O %b %G %k A* Br 5, =‘ $r E, MQ $9 $k!# Be � K\8& 5f$N 0lIt $OJ8 It>J 2J3X 8&5f Hq4p HW8& 5f#C (2) (No. 11680377) $K$h$C$?!# 1 http://www.ail.cs.gunma-u.ac.jp/~kanatani/j ?^ 1: 4pAC9TNs$N@:EY!# I=E*$J$b$N$, 4v2?3XE* AIC $G$"$k [5, 6] !# 2. 4pAC9TNs FsAH$NE@ =89g f ( x � ; y � ) g , f ( x 0 � ; y 0 � ) g $,8m:9$N $J$$$H$- $K %(%T6K@~J}Dx<0 � x � y � 1 � F 0 B @ x 0 � y 0 � 1 1 C A = 0 (1) $r K~ $? $9 $h $& $K %i %s %/ 2 $N 9T Ns F $r 7W ;; $7 $? $$!# F $r 4pAC9TNs $H8F$V [10, 12] !# ?^ 1 $O 3F E@ $K � 2h AG $N @5 5, Mp ?t $r 2C $( $F 7W ;; $7 $? 4p AC 9TNs F ( k F k = 1 $H@55,2=$9$k ) $N 100 2s$NFHN)$J;n9T$N J? J} J? 6Q Fs >h 8m :9 $G $" $k!# � $O $/ $j $3 $_ K! [3] $H $h $V <j K! $G 7W ;; $7 $? 7k 2L $G $" $j!" 2 $O $= $N 2r $K 94 B+ >r 7o det F = 0 $r :G E, $K 2] $7 $? $b$N $G $" $k [9] !# GK@~ $O M} O@ E* 2< 3& $G $" $j!" 2r$, $3 $l$r C#@. $7 $F$$ $k $3$H $, $o$+ $k!# � $O Hf 3S $N $? $a $K <( $7 $? :G >. Fs >h K! ( Be ?t E* 5w N% :G >. 2= ) $N 2r $G $" $k [2] !# 3. %U%m!<4pAC9TNs E@ =8 9g f ( x � ; y � ) g $H $= $N 3F E@ $N B. EY ( %* %W %F%# %+ %k %U %m!< ) f ( _ x � ; _ y � ) g $,8m:9$N$J$$$H$-$K %*%W%F%#%+%k%U%m!< %(%T6K@~J}Dx<0 � x � y � 1 � W 0 B @ _ x � _ y � 0 1 C A + � x � y � 1 � C 0 B @ x � y � 1 1 C A = 0 (2)

?^ 2: %U%m!<4pAC9TNs$N@:EY!# ?^ 3: <M1FJQ49$N@:EY!# $r K~ $? $9 $h $& $K H? BP >N 9T Ns W $H BP >N 9T Ns C $r 7W ;; $7 $? $$ [1] !# F = C + W $r %U%m!<4pAC9TNs $H8F$V!# ?^ 2 $O 3F E@ $K � 2h AG $N @5 5, Mp ?t $r 2C $( $F 7W ;; $7 $? %U %m!<4p AC 9T Ns F ( k F k = 1 $H @5 5, 2= $9 $k ) $N 100 2s $N FH N) $J ;n 9T $N J? J} J? 6Q Fs >h 8m :9 $G $" $k!# � $O $/ $j $3 $_ K! $G 7W ;; $7 $? 7k 2L $G $" $j!" 2 $O $= $N 2r $K J, 2r 2D G= >r 7o $H 8F $P $l $k 94 B+ >r 7o $r :G E, $K 2] $7 $? $b $N $G $" $k [11] !# GK @~ $O M} O@ E* 2< 3& $G $" $j!" 2r $, $3 $l $r C# @. $7 $F $$ $k $3 $H $, $o $+ $k!# � $O Hf 3S $N $? $a $K <( $7 $? :G >. Fs >h K! ( Be ?t E* 5w N% :G >.2= ) $N2r$G$"$k [1] !# 4. <M1FJQ49$N7W;; FsAH$NE@=89g f ( x � ; y � ) g , f ( x 0 � ; y 0 � ) g $,8m:9$N$J$$ $H$- $K <M1FJQ49 0 B @ x 0 � y 0 � 1 1 C A ’ H 0 B @ x � y � 1 1 C A ; (3) $G7k $P $l $k $h $& $K @5 B’ 9T Ns H $r 7W ;; $7 $? $$ ( ’ $O 0l J} $N JU$,B>J}$NJU$NDj?tG\$G$"$k$3$H$rI=$9 ) !# ?^ 3 $O 3F E@ $K � 2h AG $N @5 5, Mp ?t $r 2C $( $F 7W ;; $7 $? <M 1F JQ49$N9T Ns H ( k H k = 1 $H@55, 2=$9 $k ) $N 100 2s$NFH N) $J;n9T $N J?J} J?6Q Fs >h8m :9$G $" $k!# � $O $/$j $3 $_K! $G7W ;;$7$?7k2L$G$"$j [8] !"E@@~ $OM}O@E*2<3& $G$"$k [7] !#2r$, $3$l$r C# @.$7 $F$$ $k $3$H $,$o $+ $k!# � $O Hf3S $N $?$a $K<( $7$?:G>.Fs>hK! ( Be?tE*5wN%:G>.2= ) $N2r$G$"$k!# 5. %b%G%kA*Br J# ?t $N 2h A| $K <M 1F JQ 49 $r E, MQ $7 $F 0l Kg $N 2h A| $K 9g @. $9 $k 5; K! $O %b %6 %$ %/ @8 @. $H 8F $P $l $F $$ $k!# $3 $N $H $- 2h A| 4V (a) (b) ?^ 4: (a) :GE,<M1FJQ49$K$h$k%b%6%$%/@8@.!# (b) %b%G%kA*Br$K $h$k%b%6%$%/@8@.!# $N =E $J $j $, >. $5 $$ $H <M 1F JQ 49 $N 7W ;; $, Hs >o $K IT 0B Dj $H $J $k [8] !# $7 $+ $7!" <B :] $N B? $/ $N 2h A| $O %" %U%# %s JQ 49 $d Aj ;w JQ 49 $J $I $N <M 1F JQ 49 $N It J, 72 $G $h $/ 6a ;w $G $- $k!# It J, 72 $, ;X Dj $5 $l $l $P!" $= $N >/ $J $$ %Q %i %a!< %? $, 0B Dj $K 7W ;; $G $- $k!# $I $N It J, 72 $, BE Ev $+ $r <+ F0 E* $K H= Dj $9 $k $K $O 4v 2? 3XE* AIC [5, 6] $rMQ$$$k$N$,8z2LE*$G$"$k [7]( ?^ 4) !# 5. $^$H$a $3 $3 $K <( $7 $? :G E, 7W ;; $H %b %G %k A* Br $N <j K! $O %3 %s %T%e!< %? %S %8%g %s $d %m %\%C %H 1~ MQ $N $_ $J $i $:!" B? $/ $N %a %G%#%"=hM}$K$*$$$F=EMW$JLr3d$r2L$?$9$H;W$o$l$k!# ;29MJ88% [1] M. J. Bro oks, W. Cho jnac ki and L. Baumera, Determin- ing the egomotion of an uncalibrated camera from instan- taneous optical ow, J. Opt. So c. Am. , A, 14 -10 (1997), 2670-2677. [2] R. I. Hartley , In defense of the eight-point algorithm, IEEE T r ans. Patt. Anal. Mach. Intel l. , 97 -6 (1997), 580{593. [3] 6b C+7r 0l , %3 %s %T%e!< %?%S %8%g %s $N $?$a $N $/ $j $3 $_K! , >p Js =h M} 3X 2qO@J8;o , 35 -2 (1994), 201{209. [4] 6b C+ 7r 0l , !V6u 4V %G!< %? $N ?t M} | #3 <! 85 %3 %s %T%e!< %F%# %s %0 $K 8~ $1$F | !W , D+AR=qE9 , 1995. [5] 6bC+ 7r 0l , >p Js NL 4p=‘ $K $h $k4v 2? 3X E* %b%G %k A* Br , >p Js =hM} 3X 2q O@ J8;o , 37 -6 (1996), 1073{1080. [6] K. Kanatani, Statistic al Optimization for Ge ometric Com- putation: The ory and Pr actic e , Elsevier, Amsterdam, The Netherlands, 1996. [7] 6b_7 Lw , 6bC+ 7r0l , 4v2?3XE* AIC $K$h$k%b%6%$%/@8@.$N0BDj2= , >p Js=hM}3X2q8&5fJs9p , 99-CVIM-117-5, 1999-5, pp. 31{38. [8] 6b_7 Lw , B@ED D>:H , 6bC+ 7r0l , <M1FJQ499TNs$N:GE,7W;;$K$h$k%b%6 %$ %/@8 @. , >pJs =hM}3X 2q8& 5fJs9p , 99-CVIM-116-2, 1999-5, pp. 9{16. [9] ;0EgEy , 6bC+7r0l , 4pAC9TNs$N:GE,7W;;$H $=$N?.Mj@-I>2A , >pJs=h M} 3X2q8&5fJs9p , 99-CVIM-118-10, 1999-9, pp. 73{80. [10] :4 F# =_ , !V%3 %s %T%e!< %?%S %8%g %s | #3 <! 85 I|85 $N 4v 2? 3X | !W , %3 %m%J<R , 1999. [11] @6 ?e 7D 9T , 6b C+ 7r 0l , %* %W %F%# %+ %k%U %m!< 4p AC 9TNs $N :G E, 7W;; $H $= $N?.Mj@-I>2A , >pJs=hM}3X2q8&5fJs9p , 99-CVIM-118-11, 1999-9, pp. 81{88. [12] =y9d , DT;0O: , !V#3<!85%S%8%g%s!W , 6&N)=PHG , 1998.