O@ J8 4v2?3XE* AIC $K$h$k2hA|%b%6%$%/@8@.$N0BDj2= 6b_7 Lw y 6bC+ 7r0l yy Stabilizing Image Mosaicing b y the Geometric AIC Y asushi KANAZA W A y and Kenic hi KANA T ANI yy $"$i$^ $7 2hA|$N %b%6 %$ %/ @8@. $K $*$$ $F 2h A|4V $N =E$J $j $, >.$5 $/!$ BP1~ $5 $;$k FC D’ E@$, >/ ?t$7 $+ F@ $i$l $J $$$H $-!$ 7W;; $5 $l$k<M1FJQ49$,IT0BDj$H$J$k!%$3$l$O!$<B:]$K@8$8$k2hA|$NJQ49$, 8 %Q%i%a!<%?<M1FJQ49$NItJ,72$K2a$.$J$$$N$K 8 %Q%i %a!< %?$rFHN)$K7W;;$9$k $H!$8m:9$N$?$a$K$"$j F@$J$$2r$,F@$i$l$k $+$i$G$"$k!%K\O@J8$G $O<B:]$K@8$8$d$9$$It J,72!J%b %G%k!K$rE,@Z$KMQ0U$7!$ !V4v2?3XE* AIC !W$K$h$jBE Ev$J%b%G%k $rA*Br$9 $l$PK>$^ $7$/$J$$ OD$_$,=|5n $G$-$k$3 $H$r<($9!% $3 $NA*Br$O40A4$K<+F0 E*$G$"$j!$?M0YE*$J$7 $-$$CM$rI,MW$H$7$J $$$N$G!$%=%U%H%&%’%"%D!< %k$H$7$F=hM}$r<+F02= $9$k$N $KE,$7$F$$$k!%3F%b%G%k$K$D$$$F:GE,2r$r5a$a$k<j=g$r<($9$H$H$b$K!$<B2hA|Nc$KE,MQ$7$FK\<jK!$NM-8z@-$r3NG’$9$k!% %-!<%o!<%I <M1FJQ49!$%b%6%$%/@8@.!$%Q%N%i%^2hA|!$E}7WE*:GE,2=!$%b%G%kA*Br!$4v2?3XE* AIC 1. =x O@ !V%b%6%$%/@8@.!W$H $O$5$^$6$^$JJ}8~$+$i;#1F$7$?<< Fb$"$k$$$O2030%7!<%s$N2hA|$rO"B3E*$K@\9g$7!$$= $l$r Ds<($9$k$3$H$K$h$C$FNW>l46$rA}$95;=Q$G$"$k!%@\ 9g$7 $?2hA|$O!V%Q%N%i%^2hA|!W$H$b8F$P$l$F$$$k!%$3$N 5;=Q $O0JA0$+$i9R6u<L??$d%j%b!<%H%;%s%7%s%02hA|$N@\ 9g$K MQ $$ $i $l $F $- $? $,!$ :G 6a $G $O 2> A[ 8= <B 46 $N @8 @. $d 2D F0 %+ %a %i $K $h $k 4F ;k %7 %9 %F %‘ $K $b 1~ MQ $5 $l!$ :# F| B? $/ $N 4X ?4 $r =8$a $F $$ $k %a %G%# %" =hM} 5; =Q $N 0l $D $G$" $k [2] !A [4], [12], [14], [16], [18] !% %b%6%$%/@8@.$NBP >]$H$J$k$N$OJ?LL$H$O8B$i$J$$%7!< %s$G$"$k$,!$%7!<%s$,%+%a%i$+$i==J,N%$l$F$$$k$H 6a;w E*$KJ?LL$H$_$J$;$k!%;#A|$,F);k JQ49$H$_$J$;$k 2 Bf$N %+%a%i$GF10l$NJ?LLJ*BN$r;#1F $7$? 2 Kg$N2hA|4V$O!V<M 1FJQ49!W$G7k$P$l$k$3$H$+ $i [5], [8] !$0lJ}$N2hA|$K$=$N <M1FJQ49$r;\$;$PB>J}$N2hA|$H=E$M$k$3$H$,$G$-$k!% 9R6u<L??$d%j%b!<%H %;%s%7%s%02hA|$J$I$K$*$$$F$O2h A|$N=E$J$jItJ,$,>.$5$/!$BP1~$5$;$kFCD’E@$,69$$ NN0h $K=8Cf$9$k$3$H$,$"$k!%$3$N$h$&$J>r7o2<$N%b%6%$ %/@8 @.$G$O9g@.2hA|$,Bg$-$/OD$s$@$j!$6KC<$J>l9g$K$O H?BP y K-665;=Q2J3XBg3XCN<1>pJs9)3X7O!$K-66;T Department of Knowledge-based Information Engineering, T o y ohashi Universit y of T ec hnology , T o y ohashi-shi, 441-8580 Japan yy 72GOBg3X9)3XIt>pJs9)3X2J!$6M@8;T Department of Computer Science, Gunma Universit y , Kiryu- shi, 376-8515 Japan ?^ 1 =E$J$j$N>.$5$$2hA|$K$*$1$k%b%6%$%/2hA|$NOD$_!% Fig. 1 Distortion of image mosaicing using images with a small ov erlap. B&$K 8=$l $k$3 $H$b $"$k!J?^ 1 !K!%$3 $l$O <M1FJQ 49$, L58B 1s E@ $r M- 8B E@ $K!$ M- 8B E@ $r L5 8B 1s E@ $K <L A| $9 $k 8 %Q %i %a!< %? $r ;} $D JQ 49 $G $" $j [8] !$ 0l $D $N %Q %i %a!< %? $N CM $, $o$:$+$KJQ2=$7$F$b2hA|$NJQ49$H$7$F$OBg$-$JOD$_$H$J $k$?$a$G$"$k!%$3$N$?$a!$$=$N7W;;$K$O9b@:EY$,MW5a$5 $l$k!%2f!9$O$3$N$h$&$J2hA|$NOD$_$,@8$8$k$3$H$r<B2h A|Nc$rMQ$$$F<($9$H$H$b$K!$2hA|$N8m:9$NE}7WE*%b%G%k $K4p$$$? :GE, 7W;; [14] $K$h$C$F$I $N$h $&$K2~ A1$5 $l$k $+ $r<($7$? [9] !% $7$+$7!$9b@:EY$N7W;;$r 9T$C$F$bE}7WE*?dDj$G$"$k$? $a@:EY$N8B3&$,$"$j!$OD$_$,Bg$-$/$J$k>l9g$,$"$k!%$= $3 $G K\ O@ J8 $G $O %b %6 %$ %/ @8 @. $K $* $1 $k <M 1F JQ 49 $N %Q %i %a!<%??dDj$NIT0BDj@-$N860x$r9M;!$7!$$3$l$r%b%G%kA* Br$NLdBj $K5"Ce$5$;!$ !V4v2?3XE* AIC !W [7] $K $h$C$F$= $NIT0BDj@-$r=|5n$9$k;n$_$r<($9!%$=$7$F<B2hA|Nc$K$h $j$=$NM-8z@-$r<($9!% 686 EE;R>pJsDL?.3X2qO@J8;o A Vol. J83{A No. 6 pp. 686{693 2000 G/ 6 7n

O@J8!?4v2?3XE* AIC $K$h$k2hA|%b%6%$%/@8@.$N0BDj2= 2. <M1FJQ49$H<M1FJQ499TNs <M1FJQ49$O<!$N7A$K=q$1$k!% x 0 = Ax + B y + C P x + Qy + R ; y 0 = D x + E y + F P x + Qy + R (1) 9TNs H $H%Y%/%H%k x , x 0 $r<!$N$h$&$KDj5A$9$k!% H = 0 B @ A B C =f 0 D E F =f 0 P =f 0 Q=f 0 R=f 2 0 1 C A (2) 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 (3) $?$@ $7 f 0 $O x=f 0 , y =f 0 $r 1 $N%*!< %@ $K $9 $k %9 %1!< %k 0x ;R $G $" $k!% H $r !V<M 1F JQ 49 9T Ns!W $H 8F $V!% <0 (1) $O <! $N$h$&$K$b=q$1$k!% x 0 � H x = 0 (4) %Y%/%H %kI= <($7 $? %G!<%? f x � g , f x 0 � g $r@5 5,J, I[$K =>$& 3N N( JQ ?t $H $_ $J $9!% $= $N 6& J, ;6 9T Ns $r $= $l $> $l V [ x � ], V [ x 0 � ] $H$7!$Dj?t G\$r=| $$$F M?$($i $l$k $H$9$k!% $9$J $o $AL$CN$NDj?t � $,B8:_$7$F<!$N$h$&$K=q$1$k$H$9$k!% V [ x � ] = � 2 V 0 [ x � ] ; V [ x 0 � ] = � 2 V 0 [ x 0 � ] (5) � $r!V%N%$%:%l%Y%k!W!$ V 0 [ x � ], V 0 [ x 0 � ] $r!V@55,2=6&J, ;6 9T Ns!W $H 8F $V!% 8e <T $O Nc $( $P FC D’ E@ $N BP 1~ $r %F %s %W %l!< %H %^%C %A %s %0 $K $h$C $F Dj $a $l $P!$ $= $N ;D :9 $N J} 8~ 0M B8 @- $+ $i Dj $a $k $3 $H $, $G $- $k [1], [11], [13], [15] !% FC $K %N %$ %: $K J} 8~ @- $, $J $$ >l 9g $d D: E@ $J $I $N <1 JL $7 $d $9 $$ FC D’ E@ $G $O %G %U%) %k %H CM $H $7 $F V 0 [ x � ] = V 0 [ x 0 � ] = diag (1 ; 1 ; 0) $r MQ $$ $k!% $? $@ $7 diag ( � � � ) $O � � � $r BP 3Q MWAG$H$9$kBP3Q9TNs$rI=$9!% 3. <M1FJQ499TNs$N?dDj 8m:9$,@55,J,I[$K =>$&$H$9$k$H!$@:EY$NM}O@8B3&$rC# @.$9$k:GE,2r$O!V:GL‘?dDj!W!$$9$J$o$AFs>h!V%^%O %i%N %S%95wN%!W J = 1 N N X � =1 ( x � � � x � ; V 0 [ x � ] � ( x � � � x � )) + 1 N N X � =1 ( x 0 � � � x 0 � ; V 0 [ x 0 � ] � ( x 0 � � � x 0 � )) (6) ?^ 2 %+%a%i2sE>$K$h$k2hA|$NJQ49!% Fig. 2 Image transformation due to camera rotation. $r 94 B+ >r 7o � x 0 � H � x = 0 $N $b $H $K :G >. 2= $9 $k $3 $H $K $h$C$FF@$i$l$k [6] !%0J2< ( a ; b ) $O%Y%/%H%k a , b $NFb@Q $r!$ ( � ) � $O !J%‘!< %"!& %Z %s %m!< %: $N!K 0l HL 5U 9T Ns $r I= $9 [6] !% 94B+>r7o$r@~7A6a;w$7!$ %i%0%i%s%8%e>h?t$rF3F~$7$F 94B+>r7o$r>C5n$9$k$H!$LdBj$O<!<0$N:G>.2=$H$J$k!% J = 1 N N X � =1 ( x 0 � � H x � ; W � ( x 0 � � H x � )) (7) W � = � x 0 � � H V 0 [ x � ] H > � x 0 � +( H x � ) � V 0 [ x 0 � ] � ( H x � ) � � 2 (8) $? $@ $7 ( � ) � r $O %i %s %/ $r r $K 94 B+ $7 $? !J%‘!< %"!& %Z %s %m!< %: $N!K 0l HL 5U 9T Ns $r I= $9!% !V;D :9!W !J J $N :G >. CM!K $r ^ J $H $9 $k $H!$ Bh #1 6a ;w $K $* $$ $F N ^ J =� 2 $, <+ M3 EY 2( N � 4) $N � 2 J,I[$K=>$& [6] !%$7$?$,$C$FFs>h%N%$ %:%l%Y%k � 2 $NITJP?dDjNL$,<!$N$h$&$KF@$i$l$k!% ^ � 2 = ^ J 2(1 � 4 = N ) (9) 4. 2hA|$NJQ49%b%G%k$H%b%G%kA*Br <M 1FJQ49 $O 8 <+ M3EY$r$b $D!J 9 8D $NMWAG $KDj?t G\$NIT Dj@-$,$"$k!KJQ4972$G$"$k$,!$%b%6%$%/@8@.$K$*$$$F>o $K$=$N$9$Y$F$N<+M3EY$,I,MW$G$"$k$H$O8B$i$J$$!%Nc$( $P==J,1sJ}$N%7!<%s$KBP$7$F%+%a%i$r0\F0$9$k$H!$<B<A E*$K $O%l %s%: Cf?4 $N<~$j $N2s E>$H $_$J $;$k!J?^ 2 !K!%2s E>$O 3 <+M3EY$7$+$b$?$J$$$+$i!$>GE@5wN%$,L$CN $H$7$F $b4QB,$5$l$k2hA|JQ49$b 4 <+M3EY$7$+$b$?$J$$!%$9$J$o $A!$<B:]$K7W;;$9$Y$-$J$N$O <M1FJQ49$N 8 <!85%Q%i%a!< %?6u 4V$N 4 <!85It J,6u4V $G$"$k !J!V 4 %Q%i %a!<%?<M 1FJQ 49%b%G%k!W!K!%%+%a%i$N2sE>$NESCf$G%:!<%‘$rJQ$($k$H!$ $=$l $>$l $N2hA| $N>G E@5w N%$bL$ CN?t $H$9 $k!V 5 %Q %i%a!< %?<M1FJQ49%b%G%k!W$H$J$k!% 0l J}!$ 6a 7J $K BP $7 $F %+ %a %i $r J? 9T 0\ F0 $9 $k $H 2h A| $b J?9T0\F0$9$k$+$i!$2hA|$NJQ 49$O 2 %Q%i%a!<%?!VJB?J%b 687

EE;R>pJsDL?.3X2qO@J8;o 2000/6 V ol. J83{A No. 6 (a) (b) (c) (d) (e) (f ) ?^ 3 (a) 862hA|!% (b) JB?J!% (c) 9dBN1?F0!% (d) Aj;wJQ49!% (e) %"%U%#%sJQ49!% (f ) <M1FJQ49!% Fig. 3 (a) Original image. (b) T ranslation. (c) Rigid motion. (d) Similarity . (e) A�ne transformation. (f ) Homography . %G %k!W $H $J $k !J?^ 3(b) !K!% %+ %a %i $N 8w <4 $N <~ $j $N 2s E> $^$G5v$9$H 3 %Q%i%a!<%?!V9dBN1?F0%b%G%k!W$H$J $j!J?^ 3(c) !K!$$5$i$K%:!<%‘$r5v$9$H 4 %Q%i%a!<%?!VAj;wJQ49 %b%G %k!W $H $J $k !J?^ 3(d) !K!%$5 $i $K 0l HL 2= $9 $k $H 6 %Q%i %a!<%?!V%" %U%#%s JQ49 %b%G %k!W $H$J $k!J?^ 3(e) !K!%$3$l $i$O$9 $Y$F<M1FJQ 49!J?^ 3(f ) !K$NIt J,72$G$"$j!$ ?^ 4 $K <($93,AX@-$r;}$D!% $3$N$h$&$K!$%b%6%$ %/@8@.$G$O<B:]$K5/$3$jF@$k2hA| $NJQ49$OB?$/$N>l9g 8 %Q%i%a!<%?<M1FJQ49$NItJ, 72$K2a $.$J$$$,!$ 8 %Q%i%a!<%?$rFHN)$K7W;;$9$l$P8m:9$N $?$a $K5/$3$jF@$J$$JQ49$,2r$H$7$FF@$i$l!$%b%6%$%/2h A|$K Bg$-$JOD$_$r0z$-5/$3$9!%$3$l$r=|$/$K$O<M1FJQ49 $N%Q %i%a!<%?$r2DG=$J%b%G%k$K8BDj$7$F:GE,2=$9$l$P$h$$!% $7$+$7!$8m:9$N$"$k FCD’E@$NBP1~$N$_$,M?$($i$l$?$H $-!$$=$NJQ49$,$I$N%b%G%k$KB0$9$k$+$o$+$i$J$$!% $3$l $r?dDj$9$k$N$K3F%b%G%k$r8uJd$H$7$F$=$l$>$l%Q %i%a!< %?$r :GE, $K7W;; $7$F ;D:9$, :G>. $N$b$N $rA* $V$H!$ >o$K 8 %Q%i%a!<%?<M1FJQ49$,A*$P$l$k!%$3$l$OEv$F$O$a$N <+M3 EY$,Bg$-$$$[$I;D:9$,>.$5$/$J$k$?$a$G$"$k!%$7 $?$,$C $F!$ %b %G %k $N \ $h $5 " $r B, $k $K $O ;D :9 $+ $i%b %G %k $N <+ M3 EY$NM?$($k1F6A$r:9$70z$$$FHf3S$7$J$1$l$P$J$i $J$$!% $=$NBeI= E*$J <\EY $,4v2? 3XE* AIC [7] ( IUO?;2>H ) $G$"$k!% 5. JQ49%b%G%k$H4v2?3XE* AIC 5. 1 8 %Q%i%a!<%?<M1FJQ49%b%G%k 8 %Q %i %a!< %? $N <M 1F JQ 49 %b %G %k $r H 8 $H $7!$ <0 (7) $N :G>.2=$N ;D:9$r ^ J H 8 $HCV$/$H!$4v2?3X E* AIC $O<! $N$h ?^ 4 2hA|$NJQ49$N3,AX@-!% Fig. 4 Hierarc h y of image transformations. $&$KCV$1$k!% AI C H 8 = ^ J H 8 + 16 N � 2 (10) Fs>h%N%$%:%l%Y%k � 2 $K$O<0 (9) $N?dDjCM$rMQ$$$k!% 5. 2 5 %Q%i%a!<%?<M1FJQ49%b%G%k %+%a%i$r%l%s%:$NCf?4 $K%:!<%‘$rJQ$($J$,$i2sE>9TNs R $@ $12s E>$5$; $k$H$9 $k!%2sE> A08e$N >GE@ 5wN%$r f , f 0 $H$7!$<!$NNL$rDj5A$9$k!% � = f f 0 ; � 0 = f 0 f 0 (11) F = diag (1 ; 1 ; � ) ; F 0 = diag (1 ; 1 ; � 0 ) (12) $3$l$h$j<!$N 5 %Q%i%a!<%?<M1FJQ49%b%G%k H 5 $rF@$k!% 688

O@J8!?4v2?3XE* AIC $K$h$k2hA|%b%6%$%/@8@.$N0BDj2= H = F 0 � 1 R > F (13) L$CN?t � , � 0 , R $r5a $a$k$K$O<0 (13) $r<0 (7) $KBeF~$7 $F :G >. 2= $9 $l $P $h $$!% $3 $N :G >. 2= $r 9T $& %l!< %Y %s %P!< %0!& %^!< %+!< %H (LM) K! $N <j =g $O <! $N $h $& $K $J $k !J3F MW AG $N 6q BN E* I= 8= $* $h $S =i 4| CM $N 7W ;; K! $K $D $$ $F $O J8 8% [10] ;2>H!K!% !J 1 !K c =0.001 $H $7!$ � , � 0 , R $N =i 4| CM $r M? $(!$ ;D :9 J = J ( �; � 0 ; R ) $r7W;;$9$k!% !J 2 !K <!$N8{G[ r J $H%X%C%;9TNs r 2 J $r7W;;$9$k!% r J = 0 B @ @ J =@ � @ J =@ � 0 r J 1 C A (14) r 2 J = 0 B @ @ 2 J =@ � 2 @ 2 J =@ �@ � 0 ( r @ J =@ � ) > @ 2 J =@ � 0 @ � @ 2 J =@ � 0 2 ( r @ J =@ � 0 ) > r @ J =@ � r @ J =@ � 0 r 2 J 1 C A (15) !J 3 !K %X%C %; 9T Ns r 2 J $N BP 3Q MW AG $N $_ $+ $i $J $k 9T Ns D $r5a$a!$<!$NO"N)#1<!J}Dx<0$r2r$/!% ( r 2 J + c D ) 0 B @ � � � � 0 � 1 C A = �r J (16) !J 4 !K ;D:9 J 0 = J ( � + � �; � 0 + � � 0 ; R (� )) $r7W ;;$7!$ J > J 0 $G$"$l$P c 10 c $H$7$F%9%F%C%W (3) $K La$k!% J < J 0 $+$D j J � J 0 j =J < � J $J $i=*N;$9$k!%$= $& $G $J $1 $l $P c c= 10 $H $7!$ � , � 0 , R $r <! $N $h $& $K 99?7$7$F%9%F%C%W (2) $KLa$k!% � � + � �; � 0 � 0 + � � 0 ; R R (� ) R (17) $? $@ $7 � J $O <} B+ H= Dj $N $7 $- $$ CM $G $" $j!$ R (� ) $O � $r2sE> <4!$ k � k $r$= $N<~ $j$N 2s E>3Q $H$9 $k 2sE> 9TNs $G $" $k!% H? I| $, <} B+ $7 $? $H $- $N ;D :9 $r ^ J H 5 $H $9 $k $H!$ 4v 2?3XE* AIC $,<!$N$h$&$K7W;;$G$-$k!% AI C H 5 = ^ J H 5 + 10 N � 2 (18) 9T Ns H $, $I $s$J 7A $r $7 $F $$ $F $b <0 (9) $O @. $j N)$D $N $G!$ Fs>h%N%$%:%l%Y%k � 2 $K$O$=$N?dDjCM$rBeF~$9$k!% 5. 3 4 %Q%i%a!<%?<M1FJQ49%b%G%k 5 %Q%i%a!< %?<M 1FJQ 49%b%G %k$G >GE@ 5wN%$, JQ2= $7$J $$ $H$9 $k $H!$ <0 (13) $G f = f 0 $H$*$$ $F 4 %Q%i %a!< %? <M1F JQ49%b%G %k H 4 $,F@ $i$l$k!%$3$N%b %G%k$N$b$H$G$N L$CN ?t � , R $OA0@a$N LM K!$r=$@5$9$k $3$H$K$h$C$F MF0W$K 5a$^$k!%$^$?=i4|CM$b 5 %Q%i%a!<%?<M1FJQ49%b%G %k$N=i 4|CM$r=$@5$9$k$3$H$K$h$C$FMF0W$KF@$i$l$k!%H?I|$,<} B+$7$?$H$- $N;D:9$r ^ J H 4 $H $9$k$H!$4v2?3XE* AIC $,<! <0$G7W;;$G$-$k!% AI C H 4 = ^ J H 4 + 8 N � 2 (19) 5. 4 Aj;wJQ49%b%G%k <M 1F JQ 49 9T Ns $, <! $N 7A $r $7 $F $$ $k $H $- !VAj ;w JQ 49!W H S $H$J$k!% H = 0 B @ s cos � � s sin � t 1 =f 0 s sin � s cos � t 2 =f 0 0 0 1 1 C A (20) $3$l $O86 E@$N <~$j$K 3QEY � $@ $12s E>$7!$ s G\$K3H Bg$7!$ ( t 1 ; t 2 ) $@$1J?9T0\F0$9$k$3$H$r0UL#$9$k!% ~ x � = x � =f 0 y � =f 0 ! ; ~ x 0 � = x 0 � =f 0 y 0 � =f 0 ! (21) R = cos � � sin � sin � cos � ! ; ~ � = t 1 =f 0 t 2 =f 0 ! (22) $H CV$/!% :G E, ?dDj $O <0 (6) $r94 B+ >r 7o ~ x 0 � = sR~ x � + ~ � $N$b$H$G:G>.2=$9$k$3$H$G$"$j!$%i%0%i%s%8%e>h?t$rMQ $$$F94B+>r7o$r>C5n$9$k$H<!$N$h$&$K$J$k!% J = 1 N N X � =1 ( ~ x 0 � � sR~ x � � ~ � ; W � ( ~ x 0 � � sR~ x � � ~ � )) (23) W � = � s 2 RV 0 [ ~ x � ] R > + V 0 [ ~ x 0 � ] � � 1 (24) $3$l$r LM K!$K$h$C$F :G>. 2= $9$k !J>\:Y $O>J N,!% =i4| CM $N7W;;$K $D$$ $F$O J88% [10] ;2>H!K!%H?I| $,<} B+$7 $?$H $- $N;D :9 $r ^ J S $H$9 $k $H!$4v 2? 3X E* AIC $,<! $N $h $& $K 7W ;; $G$-$k!% AI C S = ^ J S + 8 N � 2 (25) 689

EE;R>pJsDL?.3X2qO@J8;o 2000/6 V ol. J83{A No. 6 ?^ 5 2030%7!<%s$N 2 2hA|$H%^%C%A$5$;$k 7 E@!% Fig. 5 Real images of an outdo or scene and the sev en selected p oints. (a) (b) ?^ 6 (a) :GE,<M1FJQ49$K$h$k9g@.!% (b) %b%G%kA*Br!% Fig. 6 (a) The image mapping computed by an optimal homography . (b) The image mapping by mo del selection. 5. 5 9dBN1?F0%b%G%k$HJB?J%b%G%k <0 (20) $G s = 1 $H$9$k $H!V9d BN1?F0 %b%G %k!W H M $H $J$k!% $3$N %b %G %k $N$b $H $G $N L$CN ?t � , ~ � $N:GE, 2r $b LM K!$K$h$C$FMF0W$K5a$^$k!%$^$?=i4|CM$bAj;wJQ49%b %G%k $N=i4|CM$N7W;;J}K!$r=$@5$9$k$3$H$K$h$C$FMF0W$K F@$i $l$k!%H?I|$,<}B+ $7$?$H$- $N;D:9$r ^ J M $H$9$k$H!$4v2? 3XE* AIC $,<!$N$h$&$K7W;;$G$-$k!% AI C M = ^ J M + 6 N � 2 (26) $5 $i $K � = 0 $H $7 $? $b $N $, !VJB ?J %b %G %k!W H T $G $" $j!$ LM K! $N ;D :9 $r ^ J T $H $9 $k $H 4v 2? 3X E* AIC $O <! $N $h $& $K$J$k!% AI C T = ^ J T + 4 N � 2 (27) 5. 6 %"%U%#%sJQ49%b%G%k <M 1F JQ 49 9T Ns $, <! $N 7A $r $7 $F $$ $k $H $- !V%" %U%# %s JQ 49!W H A $H$J$k!% H = 0 B @ a 11 a 12 t 1 =f 0 a 21 a 22 t 2 =f 0 0 0 1 1 C A (28) $3$N>l9g$bL$ CN?t a 11 , ..., a 22 , t 1 , t 2 $rDj$a$k:GE, 7W;; $H$= $N LM K!$r F3 $/ $3 $H $, $G$- $k ( >JN, ) !% =i 4| CM$O :G >. Fs >h K! $K $h$C $F 2r @O E* $K 7W ;; $G $- $k ( >J N, ) !% LM K! $N ;D:9$r ^ J A $H$9$k$H4v2?3XE* AIC $O<!$N$h$&$K$J$k!% AI C A = ^ J A + 12 N � 2 (29) 6. <B2hA|<B83 ?^ 5 $O 20 30 %7!< %s $r ;# 1F $7 $? 2 2h A| $G $" $k!% ?^ Cf $K %^!< %/ $7 $? 7 E@ $N BP 1~ $+ $i 7W ;; $7 $? 4v 2? 3X E* AIC $O I= 1 $N$h$&$K$J$j!$Aj;wJQ49 %b%G%k$,A*$P $l$k!%?^ 6(a) $O <M 1F JQ 49$N :G E, 7W ;; [9] $K $h$C$F 2h A| $r JQ 49 $7$F =E $M 9g $o $; $? 7k 2L $G $" $j!$ ?^ 6(b) $O A* Br $5 $l $? Aj ;w JQ 49 $r MQ $$$?7k2L$G$"$k!%$3$N>l9g!$%:!<%‘$,JQ2=$7$F$$$k$?$a!$ %9%1!< %k$N JQ$o $i$J $$%b %G%k !J 4 %Q%i %a!<%? <M1F JQ49!$ 9dBN 1?F0!$ JB ?J!K$O ;D :9 $,6K $a $F Bg$- $/!$ 4v 2?3X E* AIC $b%*!<%@$,Bg$-$/$J$C$F$$$k!% 5 %Q%i%a!<%?<M1FJQ49$b OD$_$NBg$-$JJQ49$H$J$C$?$?$a%*!<%@$,Bg$-$$!% ?^ 7 $O7zJ* $N%7!<%s $N 2 2h A|$G$" $k!%69 $$NN0h $K=8Cf $7 $? 6 E@ $N BP 1~ $+ $i 7W ;; $7 $? 4v 2? 3X E* AIC $O I= 1 $N $h $& $K $J $j!$ Aj ;w JQ 49 $, A* $P $l $k!% ?^ 8(a) $O :G E, $K 7W ;; $7$?<M1FJQ49$K$h$C$F%b%6%$%/$r@8@.$7$?7k2L$G$"$j!$ ?^ 8(b) $OA*Br$5$l$?Aj;wJQ49$rMQ$$$?7k2L$G$"$k!% 690

O@J8!?4v2?3XE* AIC $K$h$k2hA|%b%6%$%/@8@.$N0BDj2= ?^ 7 7zJ*%7!<%s$N 2 2hA|$H%^%C%A$5$;$k 6 E@!% Fig. 7 Two images of an outdo or scene and the six selected p oints. (a) (b) ?^ 8 (a) :GE,<M1FJQ49$K$h$k%b%6%$%/@8@.!% (b) %b%G%kA*Br!% Fig. 8 (a) Mosaicing by an optimally computed ho- mography . (b) Mosaicing by mo del selection. ?^ 9 $OJL$N %7!<%s $N 2 2h A|$G$" $k!%?^Cf $K%^!< %/$7$? 5 E@$r<h$k $H!$$= $N4v 2?3X E* AIC $OI= 1 $N$h$&$K $J$j!$ JB?J$,A*$P$l$k!%?^ 10(a) $O:GE,$K7W;;$7$? <M1FJQ49$K $h$C$F%b%6%$ %/$r@8@. $7$?7k 2L$G$" $j!$?^ 10(b) $OA*Br $5$l$?JB?J$rMQ$$$?7k2L$G$"$k!%?^$+$i$o$+$k$h $&$K!$ $3$N>l9g 8 %Q%i%a!<%?<M1FJQ49$G$O9g@.2hA|$N1& B&$,L5 8B1s$r2s$j9~$s$G:8B&$+$i8=$l$F$$$k!J?^ 1 ;2>H!K!% ?^ 11 $O ?^ 7 $H F1 $8 2h A| $G $" $k $,!$ $h $j 9- HO 0O $K B? $/ $NBP 1~E@$r $H$C$?$b $N$G$" $j!$I= 1 $K <($9$h $&$K 8 %Q%i %a!<%?<M1FJQ49$,A*$P$l $k!%?^ 12(a) $OA*Br$5$l$?:GE, <M 1F JQ 49 $K $h$C $F %b %6 %$ %/ $r @8 @. $7 $? 7k 2L $G $" $j!$ ?^ 12(b) $O 2 HVL\$H$J$C$? 5 %Q%i%a!<%?<M1FJQ49$rMQ$$$? 7k2L$G$"$k!% I= 1 $+$i$o$+$k DL$j!$N> <T$N4v 2?3XE* AIC $N:9$O6O$+$G$"$j!$@8@.$5$l$k2hA|$b$[$H$s$I:9$, $J$$!% $3$l$O 5 %Q%i%a!<%?<M1F JQ49$, 8 %Q%i%a!<%?<M1FJQ 49$N ?^ 9 7zJ*%7!<%s$N 2 2hA|$H%^%C%A$5$;$k 5 E@!% Fig. 9 Two images of an outdo or scene and the �ve selected p oints. (a) (b) ?^ 10 (a) :GE,<M 1FJQ 49$K $h $k%b %6%$ %/@8 @.!% (b) %b%G%k A*Br!% Fig. 10 (a) Mosaicing by an optimally computed ho- mography . (b) Mosaicing by mo del selection. ==J,$h$$6a;w$H$J$C$F$$$k$?$a$G$"$k!% $3$N$h$&$KBP1~E@$r9-HO0O$K?tB? $/$H$l$P 8 %Q%i%a!< %?<M1FJQ49$b0BDj$K@:EY$h$/7W;;$5$l!$FCDj$N%b%G%k$G 6a;w$9$kI,MW$O$J$$!%$7$+$79R6u<L??$d%j%b!<%H%;%s%7 %s%02hA|$N$h$&$KBP1~E@$,B?$/F@$i$l$J$$>l9g$O%b%G%k A* Br $, I, MW $H $J $k!% 4v 2? 3X E* AIC $r MQ $$ $l $P $3 $N @Z $j 49$($,<+F0E*$K9T$o$l$k$N$G!$%=%U%H%&%’%"%D!<%k$H$7 $F=hM}$r<+F02=$9$k$N$KE,$7$F$$$k!% 0J>e$+$i$o$+$k$h$&$K!$ 8=<B$K5/$3$jF@$k2hA|$NJQ49 $N E, @Z $J %b %G %k $r MQ 0U $9 $l $P!$ 4v 2? 3X E* AIC $K $h $k A* Br$K$h$C$FE,@Z$J<M1FJQ49%Q%i%a!<%?$,7W;;$5$l!$%b%6 %$%/9g@.$5$l$?2hA|$NIT<+A3$JOD$_$,=|5n$5$l$k!%$?$@ $7!$$=$N@-G=$OMQ0U$9$k%b%G%k$NE,@Z$5$K0MB8$9$k$N$G!$ <B:]$N>u67$K4X$9$kCN<1$,I,MW$G$"$k!% 691

EE;R>pJsDL?.3X2qO@J8;o 2000/6 V ol. J83{A No. 6 I= 1 4v2?3XE* AIC $K$h$kH=Dj7k2L!% T able 1 Mo dels selected b y the geometric AIC. %b%G%k ?^ 5 ?^ 7 ?^ 9 ?^ 11 8 %Q%i%a!<%?<M1FJQ49 9 : 92 E � 06 1 : 25 E � 05 4 : 01 E � 05 !{ 2 : 946 E � 06 5 %Q%i%a!<%?<M1FJQ49 4 : 80 E � 02 3 : 65 E � 03 4 : 69 E � 05 2 : 954 E � 06 4 %Q%i%a!<%?<M1FJQ49 1 : 57 E � 02 4 : 39 E � 02 4 : 45 E � 05 2 : 976 E � 03 %"%U%#%sJQ49 8 : 92 E � 06 1 : 08 E � 05 4 : 10 E � 05 3 : 507 E � 06 Aj;wJQ49 !{ 7 : 32 E � 06 !{ 8 : 54 E � 06 4 : 38 E � 05 4 : 887 E � 06 9dBN1?F0 1 : 57 E � 02 3 : 55 E � 04 4 : 00 E � 05 2 : 976 E � 03 JB?J 1 : 57 E � 02 3 : 53 E � 04 !{ 3 : 65 E � 05 2 : 990 E � 03 ?^ 11 ?^ 7 $K$*$$$FBP1~$rB?$/:NMQ$7$?>l9g (22 E@ ) !% Fig. 11 Man y matching p oints in Fig.7 (22 p oints). (a) (b) ?^ 12 (a) A*Br$5$l$?%b%G%k!% (b) <!E@$N%b%G%k!% Fig. 12 (a) Mosaicing using the b est mo del. (b) Mo- saicing using the second b est mo del. 7. $^ $H $a 2h A| $N %b %6 %$ %/ @8 @. $K $* $$ $F 2h A| 4V $N =E $J $j $, >. $5 $/!$BP1~$5$;$kFCD’E@$,>/?t$7$+F@$i$l$J$$$H$-!$ 7W;; $5$l$k<M1FJQ49$,IT0BDj$H$J$k!%$3$l$O!$<B:]$K@8 $8$k 2hA|$NJQ49$, 8 %Q%i%a!<%?<M1FJQ49$NItJ,72$K2a $.$J$$ $N$K 8 %Q%i%a!<%?$rFHN)$K7W ;;$9$k$H!$8m:9$N$?$a $K$" $jF@$J$$2r$,F@$i$l$k$+$i$G$"$k!%K\O@J8$G$O<B:] $K@8 $8$d$9$$ItJ,72!J%b%G%k!K$rE,@Z$KMQ0U$7!$!V4v2?3XE* AIC !W$K$h$jBEEv$J%b%G%k$rA* Br$9$l$PK>$^$7$/$J $$OD $_$,=|5n$G$-$k$3$H$r<($7$?!%$3$NA*Br$O40A4$K<+F0E* $G$"$j!$?M0YE*$J$7$-$$CM$rI,MW$H$7$J$$$N$G!$%=%U%H %&%’%"%D!<%k$H$7$F=hM}$r<+F02=$9$k$N$KE,$7$F$$$k!% 3F%b%G%k$K$D$$$F:GE,2r$r5a$a$k<j=g$r<($9$H$H$b$K!$ <B2hA|Nc$KE,MQ$7$FK\<jK!$NM-8z@-$r3NG’$7$?!% K\O@J8$G$$$&!V%b%G%k!W $H$O!VJQ49$NItJ,72!W$N$3$H $G$"$j!$E}7WE*?dB,$G$$$&!V3NN(%b%G%k!W$N0UL#$G$O$J $$!%3NN(%b%G%k$H$7$F$O@55,J,I[$r2>Dj$7$F$$$k$,!$$3 $l$O%b%G%k$K0MB8$7$J$$$N$GA*Br$NBP>]$G$O$J$$!%K\O@ J8$N$h$&$J4v2?3XE*Ev$F$O$aLdBj$KBP$7$FE}7WE*?dB,$G MQ$$ $i$l$F $$$k B>$N4p =‘!J MDL Ey!K $,$I $N$h$& $J7A$G MxMQ$G$-$k$+$,:#8e$N2]Bj$G$"$k!% <U <- K\ 8& 5f $N 0l It $O J8 It >J 2J 3X 8& 5f Hq 4p HW 8& 5f #C (2) (No. 11680377) $K$h$C$?!% J8 8% [1] W. F� orstner, \Reliability analysis of parameter esti- mation in linear mo dels with applications to mensu- ration problems in computer vision," Comput. Vision Graphics Image Pro cess., vol.40, pp.273{310, 1987. [2] @1 Ln =Z 0l , A} ED 8y , \ 4Q B,!& ?d Dj 2h A| 4V $N 8m :9 :G >. 2= $K $h $k %Q %N %i %^ F0 2h A| $N @8 @. ," ?. 3X O@ (D-I I), vol.J81-D-II, no.11, pp.2565{2575, Nov. 1998. [3] @1Ln =Z 0l , A}ED 8y , \ 6I=j E*$J 51 EY JQ F0$K %m %P %9 %H $J%Q %N %i %^ 2hA| @8@.K! ," ?.3X O@ (D-I I), vol.J82-D-II, no.2 , pp.222{229, F eb. 1999. [4] @1Ln =Z 0l , A}ED 8y , \ %Q%N%i %^ GX 7J2h A| $X $N 0\F0 J* BN 2h A|$N 9g @. ," >p=h3XO@ , vol.40, no.5, pp.2367{2376, May 1999. [5] 6bC+7r0l , 2hA|M}2r | #3<!85G’<1$N?tM} |, ?9KL=PHG , 1990. [6] K. Kanatani, Statistical Optimization for Geometric Computation: Theory and Practice, Elsevier Science, Amsterdam, 1996. [7] 6b C+7r 0l , \ >p Js NL 4p =‘$K $h $k 4v 2? 3XE* %b %G %k A*Br ," >p =h 3X O@ , vol.37, no.6, pp.1073{1080, June 1996. [8] 6bC+7r0l , 7A>u#C#A#D$H?^7A$N?t3X , 6&N)=PHG , 1998. [9] 6b_7 Lw , B@ED D> :H , 6bC+ 7r 0l , \ <M1F JQ 49 9T Ns $N :G E, 7W ;; $K $h $k %b %6%$%/ @8 @. ," >p=h3X8& Js , CVIM-116, pp.9{16, May 1999. [10] 6b_7 Lw , 6b C+7r0l , \ 4v2? 3XE* AIC $K$h$k %b%6%$ %/@8@. $N0BDj 2= ," >p=h3X8&Js , CVIM-117, pp.31{38, July 1999. 692

O@J8!?4v2?3XE* AIC $K$h$k2hA|%b%6%$%/@8@.$N0BDj2= [11] D. D. Morris and T. Kanade, \A uni�ed factorization algorithm for p oin ts, line segments and planes with uncertaint y mo dels," Pro c. 6th Int. Conf. Comput. Vision, pp. 696{702, Bomba y , India, Jan. 1998. [12] H. S. Sawhney , S. Hsu and R. Kumar, \Robust video mosaicing through top ology inference and lo cal to global alignment," Pro c. 5th Euro. Conf. Comput. Vi- sion, V ol. 2, pp. 103{119, F reiburg, German y , June 1998. [13] J. Shi and C. T omasi, \Go o d features to track," Pro c. IEEE Conf. Comput. Vision P att. Recogn., pp. 593{ 600, Seatle, W A, June 1994. [14] @6?e7D 9T , B@EDD>:H , 6bC+7r0l , \ ?.Mj@- I>2A $rHw $($? :GE, $J<M 1F JQ49$N7W;; %W%m%0%i%‘ ," >p=h3X8&Js , CVIM-111, pp.33{40, May 1998. [15] A. Singh, \An estimation-theoretic framework for image- ow computation," Pro c. 3rd Int. Conf. Com- put. Vision, pp.168{177, Osak a, Japan, Dec. 1990. [16] R. Szeliski and H.-U. Sh um, \Creating full view panoramic image mosaics and en vironmen t maps," Pro c. SIGGRAPH’97, pp.251{258, Los Angeles, CA, U.S.A., Aug. 1997. [17] C+ 8} 9T ?. , 0$ 5W DE L@ ?M , 30 B< 2B ?- , \PanoramaExcerpts: %Q %N %i %^ 2h A| $N <+ F0 @8 @.!& %l %$ %" %& %H $K $h $k 1G A| 0l Mw ," ?. 3X O@ (D-I I), vol.J82-D-II, no.3, pp.390{398, Mar. 1999. [18] I. Zoghlami, O. F augeras and R. Deriche, \Using geometric corners to build a 2D mosaic from a set of images," Pro c. IEEE Conf. Comput. Vision Patt. Recog., pp.420{425, Puerto Rico, June 1997. IU O? !V4v2?3XE*Ev$F$O$a!W$H$O!V94B+>r7o!W F ( k ) ( a ; u ) = 0 ; k = 1 ; :::; L; (A � 1) $H JQ ?t a $N J# ?t $N <B 8= CM f a � g $+ $i %Q %i %a!< %? u $r ?d Dj$9$k LdBj $G $"$k [6] !%8m:9$O @5 5,J, I[$K => $$!$3F a � $N @55,2= 6&J,;69T Ns V 0 [ a � ] ( 0lHL $KFC0[9T Ns ) $O4{CN $H$9 $k!%$3$NLdBj$N!V:GL‘?dDj!W$O%^%O%i%N%S%95wN% J = N X � =1 ( a � � � a � ; V 0 [ a � ] � ( a � � � a � )) (A � 2) $r 94 B+ >r 7o F ( k ) ( � a � ; u ) = 0 $N $b $H $G L$ CN ?t f � a � g , u $K4X$7$F:G>.2=$9 $k$3$H$G $"$k!%$=$N;D :9 ( J $N:G>.CM ) $r ^ J $H $7!$ %N %$ %: %l %Y %k $r � $H $9 $k $H!$ ^ J =� 2 $O Bh #1 6a ;w $K $* $$ $F <+ M3 EY r N � n 0 $N � 2 J, I[ $K => $& [6] !% $? $@ $7 r $O94B+>r7o (A � 1) $N%i%s%/!JFH N)$J$b $N$N ?t!K$G$" $j!$ n 0 $O L$ CN ?t u $N <+ M3 EY $G $" $k!% $3 $l $+ $i %N %$ %: %l %Y%k � $N<!$NITJP?dDjNL$,F@$i$l$k!% ^ � 2 = ^ J r N � n 0 : (A � 3) 94 B+ >r 7o (A � 1) $, %G!< %? 6u 4V !JJQ ?t a $N 6u 4V!K $K d <! 85 %b %G %k !JB? MM BN!K S $r Dj 5A $9 $k $H $-!$ $= $N 4v 2? 3X E* AIC $O<!$N$h$&$KDj5A$5$l$k [6], [7] !% AI C = ^ J + 2( dN + n 0 ) � 2 : (A � 4) $3$l$rMQ$$$k$H!$0lHL%b%G%k$H$=$l$,B‘2=$7$?%b%G%k$N 4v 2? 3X E* AIC $r Hf 3S $9 $k $3 $H $K $h $j %b %G %k $N B‘ 2= $, 8! =P $G $- $k!% $? $@ $7 %N %$ %: %l %Y %k $O 0l HL %b %G %k $K $h $j <0 (A � 3) $G?dDj$9$k!% K\O@J8$G9M$($k94B+>r7o (4) $N%i%s%/$O 2 $G$"$j!$<+ M3EY$O%Q %i%a!<%??t$KEy $7$$!%<0 (4) $NDj5A$9$kB? MMBN $N <! 85 d $O 2 $G $" $k $,!$ $3 $l $O $9 $Y $F $N %b %G %k $K 6& DL $9 $k $N $G!$ K\ J8 Cf $G $O 4v 2? 3X E* AIC $N <0 $+ $i $O =| $$ $F $$ $k!% $^ $? <0 (7) $N J $O 7W ;; $N ET 9g >e N $G 3d$C $F $$ $k $N$G!$ <0 (A � 3), (A � 4) Cf $N ^ J $O N ^ J $K$J $k!%$= $7$F <0 (A � 4) $r N $G3d$C$?$b$N$r4v2?3XE* AIC $H$7$F$$$k!% !JJ?@. 11 G/ 10 7n 6 F|<uIU!$ 12 7n 28 F|:F<uIU!K 6b_7 Lw !J@50w!K 1985 G/K-665;2JBg!&9)!&>pJsB4!% 1987 G/F1 Bg 3X 1! =$ ;N 2] Dx N;!% F1 G/ IY ;N EE 5! ( 3t ) F~ <R!% 1989 G/ 72 GO 9b @l =u <j!$ 1997 G/ F1 9V ;U!% 1998 G/ K- 66 5; 2J Bg CN <1 >p Js 9) 3X 7O 9V ;U!% Gn !J9)!K!% 2h A| =h M}!$ %3 %s %T%e!< %? %S %8%g %s $N 8& 5f $K => ;v!% >pJs=hM}3X2q2q0w!% 6bC+ 7r0l !J@50w!K 1972 G/ El Bg!& 9)!& 7W ?t !J?t M} 9) 3X!K B4!% 1979 G/ F1 Bg 3X 1! Gn ;N 2] Dx N;!% 9) Gn!% 8= :_!$ 72 GO Bg 3X 9) 3X It >p Js 9) 3X 2J 65 <x!% >\ :Y $O 2< 5-;2>H : http://www.ail.cs.gunma-u.ac.jp /~kanatani/j 693