O@ J8 ITJQNL$NMxMQ$K4X$9$k9M;!$H$=$l$K4p$E$/>HL@ITJQ$J2hA|:9J,=hM} B@ED D>:H y Illumination in v arian t image di�erentiation based on a consideration to pro cesses using in v arian ts Naoy a OHT A y $" $i$^$7 K\O@J8$G$O!$%3 %s%T%e!<%?%S%8%g%s$K$*$1 $kITJQNL$NMxMQ$N $5$lJ}$N9M;!$+$i!$ $=$N$h$&$JLdBj$OJQ 49$r5, Dj $9$k%Q%i%a!<%?$r7hDj $9$kLdBj$H8+$J$;!$$= $l$K$h$j%G!<%?$K4^$^$l $k%N%$%:$N07$$$,MF 0W$K$J$k$3$H$r;XE& $9$k$H6& $K!$ $3 $N 9M $( $K 4p $E $$ $F >H L@ $KIT JQ $J 2h A| :9 J, =h M} $r 9= C[ $9 $k!%$^ $: ;# A| 2a Dx $N %b %G %k $r 2> Dj$7!$ >H L@ $N 6/ EY Hf $r %Q %i %a!< %?$H$7$F;}$D$h$&$J JQ49$r5a$a$k!%2hA|:9 J,$N=hM}$O!$%N%$%:$r 4^$‘2hAGCM$+$i$3$N %Q%i%a!<%?$r:GE,$K?dDj $9$k=h M} $H$7$F9T$o$l!$$=$N$H $-$K@8$8$?;D:9$rMQ $$$?E}7WE*8!Dj$H$7$F 2hA|$N:90[$,H=Dj$, 9T$o$l$k!%<B83$K$h$j!$ K\O@J8$G MQ$$$?;#A|2aDx$N%b%G%k$N@5Ev@-$H!$Ds0F$9$k:9J,=hM}$NM-8z@-$r8!>Z$9$k!% %-!<%o!<%I >HL@ITJQNL!$2hA|:9J,!$GX7J:9J,!$E}7W8!Dj!$8m:92r@O 1. $^ $( $, $- 2hA|$rMQ$$$?Cs<V >l$N<VN>$N8!=P$dN)$AF~$j6X;_6h0h $X$N?/F~<T8!=P$J$I$K$*$$$F!$8!=P$9$Y$-J*BN$,B8 :_$7 $J $$ 2h A| ( GX 7J 2h A| ) $r 5- O? $7 $F $* $-!$ F~ NO 2h A| $H $= $N 2hA|$H$N:9J,$r7W;;$9$k$3$H$K$h$C$F!$Cs<V<VN>$d ?/F~ <T$r 8!=P $9 $k =hM} $, 9T $o$l $k [8] !%$3$N <j K!$O GX 7J :9J, =h M}$H8F$P$l$k$,!$M}A[E*$JGX7J2hA|$,F@$i$l$l$P!$ C1=c $J=hM}$GNI$$7k2L$,4|BT$G$-$k!%$7$+$7!$<B:]$K$O ;~4V $N7P2a$H$H$b$K4D6-$N>HL@>r7o$,JQ2=$7!$GX7J$bJQ 2=$9 $k$N$G!$M}A[E*$JGX7J2hA|$rD9;~4V$K$o$?$C$FJ];} $7$F $*$/$N$O:$Fq$JLdBj$G$"$k!%>HL@$NJQ2=$KDI=>$7$F GX7J 2hA|$rE,;~99?7$9$k8&5f$b9T$o$l$F$$$k$,!$$I$N$h $&$J 51EY CM$N JQ 2= $r>H L@ $N JQ2= $H H= Dj$9 $k $+ $OFq $7 $$ [2] !%0l J}!$$3$NLdBj$KBP$7$F%(%C%8$d$=$NJ}8~$J$I$N>HL@ $K1F 6A $5 $l Fq $$ 2h A| FC D’ $r Mx MQ $9 $k %" %W %m!< %A $, $" $k [9] !% F~NO2hA|$HGX7J2hA|$+$i$3$N$h$&$J2hA|FCD’$rCj =P$7!$ $=$l$K$h$C$FN><T$rHf3S$9$l$P>HL@$NJQ2=$K1F6A$5 $l$J $$7k2L$,F@$i$l$k$H4|BT$5$l!$<B:]!$GX7J$r99?7$9 $k$h $j$O0BDj$J7k2L$,F@$i$l$k!% $3$N$h$&$J2hA|FC D’$rMQ$$$FGX7J:9J,$r9T$&=hM}$r$h $j0lHLE*$J;kE@$+$i8+$l$P!$>HL@$KBP$9$kITJQNL $K$h$C y 72GOBg3X 9)3XIt >pJs9)3X2J!$6M@8;T Department of Computer Science, Gunma Universit y , Kiryu, 376-8515 Japan $FFs$D$N2hA|$rHf3S$9$k$3$H$G$"$k!%$3$NITJQNL$rMQ$$ $k$H$$$&9M$(J}$O!$GX7J:9J,=hM}$P$+$j$G$J$/!$$?$H$( $P;#1F;~4|$N0[$J$k9R6u<L??$+$i7zB$J*$NJQ2=$r8!=P$9 $k=hM} [10] $d!$>HL@?’ $,JQ 2=$9$k 4D6- 2<$G$N J*BN 8!=P $J $I!$ >H L@ $N1F 6A $r <u $1 $J $$=h M} $r $9 $k >l 9g [1] $N 4p K\ $H $J$k!%$7$+$7!$$3$N$h$&$JITJQNL$rMQ$$$?=hM}$GLdBj$K $J$k$3$H$O!$$3$l$i$NNL$,0lHL$K2hA|$+$i7WB,$5$l$kNL $NHf$GDj5A$5$l$k$?$a!$2hA|$K4^$^$l$k%N%$%:$KIR46$K $J$k>l9g$,$"$k$3$H$G$"$k!%$7$?$,$C$F!$0BDj$7$?=hM} 7k2L$rF@$k$?$a$K$O!$%N%$%:$,ITJQNL$K5Z$\$91F6A$rE, @Z$KI>2A$7$F=hM}$r9=@.$7$J$1$l$P$J$i$J$$!%$3$NLdBj $O>HL@$KBP$9$kITJQNL$P$+$j$G$J$/!$J*BN$N#3<!857A>u $K4X$9$kITJQNL$J$I!$%3%s%T%e!<%?%S%8%g%s$K$*$1$kIT JQNL0lHL$K8@$($k$3$H$G$"$k [7] !% %N %$ %: $N IT JQ NL $K BP $9 $k 1F 6A $r Dj NL E* $K I> 2A $9 $k 0l $D$NJ}K!$O!$ITJQNL$N46EY2r@O$r9T$&$3$H$G$"$k!%6qBN E*$K$O!$2hA|$KE,Ev$J8m:9$r2>Dj$7$F!$$=$l$K$h$kITJQ NL$NJQF0$r7W;;$7!$$=$NBg$-$5$rJ,;6$J$I$h$C$FI>2A$9 $k!%$3$NI>2ANL$rE,@Z$K9MN8$7$FL\E*$N=hM}$r9=@.$9$l $P!$0BDj$7$?7k2L$,F@$i$l$k!%$7$+$7!$$3$N$h$&$J46EY 2r@O$O!$ITJQNL$,2hA|$N4JC1$J4X?t$GI=$5$l$k>l9g$K$O MF0W$K<B9T$G$-$k$,!$J#;($JITJQNL$N>l9g$K$O:$Fq$K$J $k>l9g$bB?$$!%$=$3$G!$K\O@J8$G$O$3$l$H$O0[$J$C$?%" %W%m!<%A$r:N$k$3$H$H$9$k!% $3$3$G!$<B:]$N=hM}$GIT JQNL$,$I$N$h$&$KMxMQ$5$l$k EE;R>pJsDL?.3X2qO@J8;o D{ I I V ol. J82{D{ I I No. 6 pp. 1009{1017 1999 G/ 6 7n 1009

EE;R>pJsDL?.3X2qO@J8;o ’99/6 V ol. J82{D{I I No. 6 $+$r9M$($k$H!$4p=‘$H$J$k2hA|$+$iF@$i$l$?ITJQNL $HF~ NO2hA|$+$iF@$i$l$?NL$H$N:90[$,7W;;$5$l!$MxMQ$5 $l$k $3$H$,J,$+$k!%$3$NITJQNL$N:90[$r7W;;$9$k$H$$$& =hM} $rJL$N;kE@$+$i8+$k$H!$Fs$D$N2hA|$G$N7WB,NL$r7k $S$D $1 $k JQ 49 $N %Q %i %a!< %? $r 7W ;; $7 $F $$ $k $H 8+ $J $9 $3 $H $, $G$-$k!%$3$N;kE@$KN)$D$H!$$3$3$G$NLdBj$O%N%$%: $r4^ $s$@%G!<%?$+$i$N%Q%i%a!<%??dDj$NLdBj$H$7$FDj<0 2=$G $-!$LdBj$r$h$j<+A3$J7A$G07$($k$H9M$($i$l$k!%K\ O@J8 $G$O$3$N;kE@$+$i>HL@$K4X$9$kITJQNL$r9M;!$7!$>H L@$N JQ2=$K1F6A$5$l$J$$GX7J:9J,=hM}$r9=C[$9$k!% 0J2<!$ITJQNL$rMQ $$$?=hM}$r%Q%i%a!<%?$N?dDjLdBj$H 8+ $J $9 ;k E@ $D $$ $F =R $Y $? 8e!$ ;# A| 2a Dx $N %b %G %k $r 9M ;! $7!$>HL@$K1F6A$5$l$J$$GX7J:9J,=hM}$r9=C[$9$k!% <!$K ;# A| 2a Dx $N %b %G %k $N @5 $7 $5 $r <B 83 $K $h $j 8! >Z $9 $k $H 6& $K!$$=$N%b%G%k$K4^$^$l$k%Q%i%a!<%?$r7hDj$9$k!% :G8e $KDs0F$N<jK!$NM-8z@-$r<B83$G<B>Z$9$k!% 2. ITJQNL$rMQ$$$?=hM}$K4X$9$k9M;! IT JQ NL $H $$ $& 8@ MU $O 5; =Q J, Ln $K $h$C $F $$ $/ $D $+ $N 0U L# $G MQ $$ $i $l $k $,!$ $= $N Dj 5A $N 0l $D $O 0J 2< $N $b $N $G $" $k [3], [7] !% %Y %/ %H %k p $H $= $l $K :n MQ $9 $k JQ 49 72 F $, $" $j!$%Y %/ %H %k p $N =8 9g f p i g ( i = 1 ; : : : ; n ) $N A4 BN $r Dj 5A 0h $H $9 $k 4X ?t � ( f p i g ) $, $" $k $H $9 $k!% JQ 49 72 F $K B0 $9 $kG$ 0U$N JQ 49 f $K$h$C$F f p i g $,JQ 49 $5 $l$? =8 9g $r f p 0 i g $H$9$k $H $-!$ $3$N =8 9g$K BP $9 $k4X ?t � $NCM � ( f p 0 i g ) $,JQ 49 A0 $N CM � ( f p i g ) $H F1 $8 $G $" $k $H $-!$ � $r ( @d BP ) IT JQ NL$H8F$V!%$3$N$h$&$JITJQNL$r5a$a$k0l$D$N5;K! $O!$=8 9g f p i g $KBP $7 $F I8 =‘ 7A $r Dj 5A $7!$ $= $l $K JQ 49 $9 $k $b $N $G $" $k!% $3 $N 2a Dx $r<( $7 $? $N $, ?^ 1(a) $G $" $k!% =8 9g f p i g $, F $K B0 $9 $k $" $k JQ 49 f 1 $K $h$C $F JQ 49 $5 $l $F f p 0 i g $, F@ $i $l $?$H $9 $k!% $= $N $H$-!$ =8 9g f p 0 i g $N $$ $/$D $+ $N E@ $r MQ $$ $F $= $l $i $r I8 =‘ 7A $K D> $9 JQ 49 ~ f 1 $r 7h Dj $7!$ I8 =‘ 7A f ~ p 0 i g $r F@ $k!%$3 $N I8 =‘ 7A$K BP $7 $F Dj5A $5 $l $? A4$F $N 4X?t � ( f ~ p 0 i g ) $OITJQNL$K $J$k!%$J $*!$$3 $N2aDx $N6q BNNc $O >H L@ $K 4X $9 $k IT JQ NL $r MQ $$ $F <! @a $G <( $9!% $5 $F!$ 85 $N =8 9g f p i g $, F $K B0 $9 $k L$ CN $N JQ 49 f 2 $K $h$C $F JQ 49 $5$l $F f p 00 i g $,F@$i $l$?$H $9$k!%@h $[$I$HF1 MM$N<j =g$K $h$C $F ~ f 2 $r 7h Dj $7!$ I8 =‘ 7A f ~ p 00 i g $r F@ $? $H $-!$ $3 $l $O f ~ p 0 i g $H 0l CW$7!$ $= $l$+ $i 7W;; $5 $l$k IT JQNL � ( f ~ p 00 i g ) $b � ( f ~ p 0 i g ) $H F1 $8 CM $r $H $k!% $7 $+ $7 85 $H $J $k =8 9g f p i g $, f p 0 i g $H f p 00 i g $G0[ $J $k >l9g $K $O $3 $l$i $O 0l CW $;$:!$ $3 $N $3$H$h$jITJQNL$rMQ$$$?H=Dj$,2DG=$K$J$k!% $5 $F!$ $3 $3 $G =8 9g f p 0 i g $+$i ~ f 1 !$ =8 9g f p 00 i g $+ $i ~ f 2 $r 7h Dj $7!$ $= $l $i $K $h $k JQ 49 $N 7k 2L f ~ p 0 i g $* $h $S f ~ p 00 i g $r f p i g | f 1 ! f p 0 i g | ~ f 1 ! f ~ p 0 i g | f 2 ! f p 00 i g | ~ f 2 ! f ~ p 00 i g (a) f p 0 i g | ~ f = ~ f 1 ~ f � 1 2 ! f p 00 i g (b) f p i g | f 1 ! f � p 0 i g | + n ! f p 0 i g | f 2 ! f � p 00 i g | + n ! f p 00 i g (c) f � p 0 i g | f ( f � p 0 i g ; � ) ! f � p 00 i g (d) ?^ 1 %Y%/%H%k$NJQ494X78 Fig. 1 Relations b etw een transformed vectors. Hf3S $9$k $H $$$& 2a Dx $r9M $( $k $H!$?^ 1(b) $K<( $9$h $& $K!$ =89g f p 0 i g $+$i f p 00 i g $X$NJQ 49 ~ f = ~ f 1 ~ f � 1 2 $r5a$a $F$$ $k $N$H Ey 2A$G $" $k $H 9M $($i $l $k!% $$ $^ JQ49 72 F $,%Q %i %a!< %? � $r ;} $D 4X ?t f ( � ; � ) $K $h$C $F I= $5 $l $k $H $9 $k $H!$ $3 $N 2a Dx $O =8 9g f p 0 i g $+ $i f p 00 i g $X $N JQ 49 $r M? $( $k $h $& $J%Q%i%a!< %? � $r7hDj$9 $k$3 $H$G$" $k!%$= $3$G!$ ?^ 1(c) $K <( $9 $h $& $K!$ 7W B, CM $N =8 9g f p 0 i g $* $h $S f p 00 i g $K %N %$ %:$,4^$^$l$F$$$k>l9g$r9M$($k!%%N%$%:$,2C$o$kA0$NCM $r f � p 0 i g $* $h$S f � p 00 i g $H $9$k $H!$$= $l$i $K %N%$ %: n $, 2C $o$C $F 7W B, CM f p 0 i g $* $h $S f p 00 i g $, F@ $i $l $k $,!$ ?^ 1(d) $K <( $9 $h $& $K!$ f � p 0 i g $H f � p 00 i g $K $O FC Dj $N %Q %i %a!< %? � � $K$h$C$F 5,Dj $5$l $?JQ 49 f ( � ; � � ) $K$h$k 4X 78$, $"$k!% $3 $N>u67$N2<$G!$@h$K=R$Y$?ITJQNL$rMQ$$$?H=Dj$HF1Ey$N =h M} $O %N %$ %: $r 4^ $s $@ 4Q B, CM f p 0 i g $* $h $S f p 00 i g $+ $i JQ 49 f ( � ; � � ) $r 5, Dj $9 $k %Q %i %a!< %? � � $r ?d Dj $7!$ $= $N ?d Dj$,BEEv$+$I$&$+$rH=Dj$9$k$3$H$G$"$k!%$3$N$h$&$K!$ %N%$%:$r9MN8$7$?>l9g$NITJQNL$rMQ$$$?H=Dj$OE}7WE*%Q %i%a!<%??dDj$NLdBj$H$7$FDj<02=$G$-!$$5$i$K7k2L$NH= Dj$bE}7WE*$J<h07$,2DG=$H$J$k!%$3$l$i$NLdBj$O6bC+$, <($7 $?OH AH [4], [5] $K$h$C$F E, @Z $K 07$& $3 $H $,$G $- $k!% K\ O@J8$O$3$N$h$&$JDj<02=$rDs0F$7!$>HL@$KBP$9$kITJQNL $rMQ$$$?H=Dj$KE,MQ$9$k$b$N$G$"$k!% 3. >HL@$KITJQ$J2hA|Hf3S $5$F!$A0@a$G=R$Y$?$N9M $($r>HL@$KITJQ$J2hA|Hf3S$K 1~MQ$9$k$?$a!$$3$3$G2hA|$N;#A|2aDx$r%b%G%k2=$9$k!% J* BNI= LL $NH? <M N($r p !$>H L@ $N6/ $5 $r � !$ %P%$ %" %9$r � $H $7 $F!$ 2h A| $N 2h AG CM q $O <! <0 $G M? $( $i $l $k $b $N $H $9 1010

O@J8!?>HL@ITJQ$J2hA|:9J,=hM} $k!%$J$*!$%P%$%"%9$r � $O4{CN$NDj?t$H$9$k!% q = � p + � (1) $3$N%b%G%k$,<B:]$N%+%a%i$N;#A|2aDx$r$I$NDxEYNI $/I= $7$F$$$k $+$O!$%P %$%" %9$r � $NB,Dj$H 6&$K!$8e $[$I <B83 $G8!>Z$9$k!%$5$F!$@h$K=R$Y$?ITJQNL$NOHAH$K9g$o $;$k $?$a$K p 0 = q � � (2) $HCV$-!$<0 (1) $r p 0 = f ( p ; � ) = �p (3) $G I= $9 $H!$ <0 (3) $, JQ 49 72 F $r 5, Dj $7 $F $$ $k $3 $H $K $J $k !JCm 1 !K !% $9 $J $o $A!$ A0 =R $N %Y %/ %H %k p $O $3 $N >l 9g %9 %+ %i!< p $G $" $j!$ � $K $h$C $F %Q %i %a!< %? 2= $5 $l $? 4X ?t f A4BN$,JQ4972 F $H$J$k!% <! $K $^ $:!$ Hf 3S $N $? $a $K A0 @a $G =R $Y $? 9M $( J} $K $7 $? $,$C $F IT JQ NL $r F3 =P $9 $k!% A0 @a $N Dj 5A $K $h $l $P!$ IT JQ NL $O %9%+ %i!< p $N =89g f p i g $+$i 7W ;; $5$l $k NL � $G %Q %i %a!< %? � $K $h$C $F JQ 2= $7 $J $$ $b $N $G $" $k!% $3 $l $r 5a $a $k $? $a $K $O f p 0 i g $N $$ $/ $D $+ $N E@ $r MQ $$ $F $= $l $i $r I8 =‘ 7A$KD>$9JQ49$r7hDj$7!$;D$j$NE@$K$=$NJQ49$rE,MQ $9$l $P NI $$ !JCm 2 !K !% $3 $3 $G!$ 4X ?t f $N ;} $D %Q %i %a!< %? $O 0l $D $G$"$j!$0l$D$NE@$+$iI8=‘7A$KD>$9JQ49$,7hDj$5$l $k$N $G!$Fs$D$NE@$rMQ$$$FITJQNL$,9=@.$G$-$k!% p 0 1 = q 1 � � = �p 1 (4) p 0 2 = q 2 � � = �p 2 (5) <0 (4) $r MQ $$ $F p 0 1 $r 1 $K 0\ $9 $h $& $J JQ 49 ~ f 1 $r 5a $a $l $P!$ ~ f 1 ( p ) = f ( p ; 1 =p 0 1 ) = p p 0 1 (6) $H$J$k $N $G!$$3 $N JQ49 $r<0 (5) $N p 0 2 $KBP$7 $F ;\$; $P ITJQ NL � $,<!<0$N$h$&$KF@$i$l$k!% � ( p 0 1 ; p 0 2 ) = p 0 2 p 0 1 = q 2 � � q 1 � � = p 2 p 1 (7) $9 $J $o $A!$ 2h A| $N ;# A| 2a Dx $r <0 (1) $G %b %G %k 2= $7 $? >l 9g!$ :G $b C1 =c $J IT JQ NL $O >e <0 $N $h $& $K 2 2h AG $+ $i 7W ;; $5 $l $k!% $3 $l $r MQ $$ $? H= Dj =h M} $G $O!$ 0[ $J $k 2h A| $+ $i <0 (7) !JCm 1 !K !’%Q%i%a!<%? � $O 0 $G$O$J$$$H$9$k!% !JCm 2 !K !’$3$3 $G $N >l 9g!$ JQ 49 f $, Hs >o $K 4J C1 $G $" $k $N $G!$ p 0 i $N Hf $r $H $k $3 $H $K $h$C$FITJQNL$,9=@.$G$-$k$3$H$OL@$i$+$G$"$k$,!$@bL@$N$?$a$K$3$N<j=g$rF’$‘!% $N � $r 7W ;; $7!$ $= $N 0l CW!& IT 0l CW $r H= Dj $9 $k $3 $H $K $J $k!% <! $K!$ Ld Bj $r %Q %i %a!< %? $N ?d Dj Ld Bj $H $7 $F Dj <0 2= $9 $k!%Fs$D$N2hA|$NHf3S$9$Y$-NN0h$KBP$7$F!$$=$l$K4^$^ $l$k$N2hAG$NCM$r<0 (2) $GJQ49$77WB,CM p 0 i $*$h$S p 00 i $r F@$k!% $3$l$i $O%N%$ %:$N 2C$o$C$F $$$J$$ CM � p 0 i $*$h $S � p 00 i $H%N%$%: � p 0 i $*$h$S � p 00 i $rMQ$$$F0J2<$N$h$&$KI=8=$G $-$k!% p 0 i = � p 0 i + � p 0 i (8) p 00 i = � p 00 i + � p 00 i (9) $3$3$G2h A|$NNN 0h$K4^ $^$l$k 2hAG ?t$r n $H$9$l$P!$ E:;z i $O 1 $+$i n $^$G $NCM$r $H$k$3 $H$K$J $k!%$^$?!$ %N%$%: � p 0 i $* $h $S � p 00 i $O J? 6Q $, 0 $G!$ J, ;6 $, $= $l $> $l � 0 2 $* $h$S � 00 2 $N%,%&%9%N%$%:$G $"$k$H$9 $k!%0lJ}!$ p 0 i $H p 00 i $,F1$8J*BNI=LL$KBP1~$7$F$$$k$H$9$k$H!$$=$l$i$N85$H $J$C $? H? <M N( p i $O F1 $8 $G $" $k $N $G!$ 0J 2< $N 4X 78 $, @. $j N)$D!% � p 00 i = f ( � p 0 i ; � � ) = � � � p 0 i (10) $7$? $,$C $F!$ 2r $/ $Y $- Ld Bj $O 7W B, CM f p 0 i g $*$h $S f p 00 i g $+ $i%Q%i %a!<%? � � $r?dDj $7!$$= $N7k 2L$+ $i!$$= $l$i $N7W B, CM $O F1 $8 f p i g $+ $i @8 $8 $? $b $N$G $" $k $+ $I $& $+ $r H= Dj $9 $k$3$H$G$"$k!%<!@a$G$3$N=hM}$r6qBNE*$K=R$Y$k!% 4. JQ49%Q%i%a!<%?$N?dDj$HE}7WE*H=Dj $^$::G=i $K%Q %i%a!< %? � � $N?dDjLd Bj$K $D$$ $F9M $($k!% $3$3$G p 0 i $H p 00 i $r$^$H$a$F%Y %/%H%k$r :n$j!$0J2< $N$h$& $KDj5A$9$k!% m i = p 0 i p 00 i ! ; � m i = � p 0 i � p 00 i ! ; � m i = � p 0 i � p 00 i ! (11) $3$l$i$rMQ$$$F!$<0 (8) $*$h$S (9) $O<!<0$GI=$5$l$k!% m i = � m i + � m i (12) $5$i $K!$ %N %$ %: %Y %/ %H %k � m i $N6& J, ;6 9T Ns V m $O0J 2< $H$J$k!% V m = � 0 2 0 0 � 00 2 ! (13) 1011

EE;R>pJsDL?.3X2qO@J8;o ’99/6 V ol. J82{D{I I No. 6 0lJ}!$%Q%i%a!<%?%Y%/%H%k � u $r � u = � � � 1 ! (14) $N$h$& $KDj 5A $9$k $H!$<0 (10) $N4X78 $O<! <0$G I= $5$l $k!% ( � u ; � m i ) = 0 (15) $3$3$G ( � ; � ) $O%Y%/ %H%k $NFb @Q $rI= $9!%0J >e $NI= 5-$r MQ $$ $F!$ 7W B, CM f m i g $, F@ $i $l $k 3N N( Pr( f m i g ) $O <! <0 $GDj5A$5$l$k!% Pr( f m i g ) = n Y i =1 1 2 � p j V m j � exp f� 1 2 ( m i � � m i ; V � 1 m ( m i � � m i )) g (16) $7$?$,$C $F!$%Q %i %a!<%? %Y%/ %H %k � u $H??$N %G!<%? %Y%/ %H %k � m i $N:G L‘?d Dj NL $O!$ <0 (15) $N4X 78 $r J]$C$? >e $G!$ <! <0$N J 1 $r:G>.2=$9$kCM$H$7$FDj5A$5$l$k!% J 1 = n X i ( m i � � m i ; V � 1 m ( m i � � m i )) (17) $$$^ � u $r8GDj $7$F 9M $($k $H!$$3 $N :G>. 2= LdBj $O<0 (15) $N>r7o$N2<$G$N � m i $K4X$9$k:G>.2=LdBj$H$J$k$N$G!$%i %0%i%s%8%e$NL$Dj>h?tK!$K$h$C$F2r$r5a$a$k!%L$Dj >h?t K!$r � i $H$7$F!$<!$NNL K $rDj5A$9$k!% K = n X i f ( m i � � m i ; V � 1 m ( m i � � m i ))+ � i ( � u ; � m i ) g (18) $3$NNL K $N � m i $*$h$S � i $K4X$9 $kHy J,$, 0 $G$"$k$H $$ $&>r7o$,!$ J 1 $r:G>.2=$9$k � m i $NCM$rM?$($k!% � m i = m i � � i 2 V m � u (19) � i = 2 ( � u ; m i ) ( � u ; V m � u ) (20) >e <0 $N � m i $r <0 (17) $K Be F~ $9 $k $3 $H $K $h $j!$ � u $N $_ $N L\E*4X?t J 2 $,F@$i$l$k!% J 2 = n X i =1 ( � u ; m i ) 2 ( � u ; V m � u ) = ( � u ; M � u ) ( � u ; V m � u ) (21) $3$3$G!$9TNs M $O0J2<$K<($9%b!<%a%s%H9TNs$G$"$k!% M = n X i =1 m i m > i (22) $3$3 $G8* $N > $OE> CV $r I=$9!% <0 (21) $N J 2 $r:G >. 2=$9 $k � u $O!$<!<0$K<($90lHL8G M-CMLdBj$N:G>.0lHL8GM-CM$KBP $9$k0lHL8GM-%Y%/%H%k$H$7$FM?$($i$l$k !JCm 3 !K !% M � u = � V m � u (23) $J$*!$ 0lHL 8GM-CM LdBj $N?tCM 2r$O DL>o$N 8GM- CMLdBj $r 2 2s2r $/$3$H $K$h$C$FF@ $i$l$k ( [4], LdBj 8.5) !%$7$? $,$C $F%Q %i %a!< %? %Y %/ %H %k � u $N:G L‘ ?d Dj NL ^ u $O!$9T Ns M $N :G >.0l HL 8G M-CM � 0 $K BP $9$k 0l HL 8GM- %Y %/ %H%k $N Fb!$Bh 2 @. J,$, � 1 $N$b $N$H $7$F M?$( $i$l!$ $=$N Bh 1 @.J, $,%Q %i %a!< %? � � $N :G L‘ ?d Dj NL ^ � $K $J $k!% 0l J}!$ :G >. 8G M- CM � 0 $O;D:9 J 2 $KBP1~$9$k!%0J>e$N?dDj $r?^7AE*$K2r<a $9 $k$H!$$3 $l$O 2 <!85D>8r :BI8 >e$K f m i g $GDj5A $5$l $kE@ 72$KD>@~ $r:G E,$K Ev$F $O$a $k$3$H $KB> $J$i $:!$ ^ � $O$=$N D>@~$N79$-$G$"$k ( [4], Bh 7 >O ) !% <! $K <0 (15) $^ $? $O <0 (10) $G <( $7 $? 2> Dj $N BE Ev @- $N H= Dj $r ;D :9 J 2 $r MQ $$$F 9T $& $? $a!$ $= $N3N N( J, I[ $r 0l <!6a ;w $K $h $j 5a $a $k!% $= $N $? $a$K!$ $^ $: J 2 $r ?? $N %Q%i %a!< %? � u $*$h$S � m i <~$j$G Fs <!4X ?t $K$h$C $F 6a;w $9 $k!% %Q%i %a!<%?%Y%/%H%k u $r u = � u + � � e x ; e x = 1 0 ! (24) $H I= $7!$ <0 (12) $H 6& $K <0 (21) $K Be F~ $9 $k!% <0 (15) $* $h $S 1 ( � u + � � e x ; V m � u + � � e x ) = 1 ( � u ; V m � u ) + O 1 (25) $r9MN8$9$k$H!$;D:9 J 2 $O<!<0$GI=$5$l$k!% J 2 = ~ J 2 + O 3 (26) ~ J 2 = 1 ( � u ; V m � u ) n X i =1 f ( � u ; � � e x ) 2 + 2� � ( � u ; � m i )( e x ; � m i ) + � � 2 ( e x ; � m i ) g (27) $?$@ $7 O k $O � � $*$h $S � m i $N k <!0J>e $N 9‘ $rI= $9!% $9 $J $o $A!$ ;D :9 J 2 $N Fs <! 6a ;w $O <0 (27) $N ~ J 2 $H $J $k!% %G!< %? f m i g $, M?$( $i $l$? $H $-!$ ~ J 2 $N :G >.CM $r M?$( $k � � $r 5a $a $k $?$a $K!$ ~ J 2 $r � � $K 4X $7$F Hy J, $7 $F 0 $H CV$/$H!$$=$N$h$&$J � � $O<!<0$H$J$k!% !JCm 3 !K !’$3$l $OK\Mh k � u k = 1 $H$$$&@)Ls $N2< $G$N7k 2L$G$" $k$,!$ J 2 $, � u $NBg$- $5$K$h$i$J$$$3$H$+$i!$<0 (14) $N>l9g$G$b@.N)$9$k!% 1012

O@J8!?>HL@ITJQ$J2hA|:9J,=hM} � � = � P n i =1 f ( � u ; � m i )( e x ; � m i ) g P n i =1 f ( e x ; � m i ) 2 g (28) $3$l$r<0 (27) $KBeF~$9$k$H<!<0$,F@$i$l$k!% ~ J 2 = 1 ( � u ; V m � u ) n X i =1 f ( � u ; � m i ) 2 g� ( P n i =1 f ( � u ; � m i )( e x ; � m i ) g ) 2 P n i =1 f ( e x ; � m i ) 2 g � (29) >e<0$,%N%$%:%Y%/ %H%k f � m i g $NFs<!4X?t$K $h$j6a;w$5 $l$?;D:9$G$"$k!% <!$N Ld Bj $O%N %$ %: %Y %/ %H %k � m i $,6& J, ;6 9T Ns V m $N @5 5, J, I[$r $9 $k $H $-!$ >e <0$N ~ J 2 $N 3NN( J, I[ $r 5a $a $k $3 $H$G$"$k!%$3$3$G a i = ( � u ; � m i ) p ( � u ; V m � u ) (30) b = P n i =1 f ( � u ; � m i )( e x ; � m i ) g p P n i =1 f ( e x ; � m i ) 2 g p ( � u ; V m � u ) = P n i =1 f ( e x ; � m i ) a i g p P n i =1 f ( e x ; � m i ) 2 g (31) $HCV$/$H!$ ~ J 2 $O<!$N$h$&$KI=8=$G$-$k!% ~ J 2 = n X i =1 f a 2 i g � b 2 (32) <0 (30) $NJ,;R$O � m i $N@.J, $N @~7A 7k9g $G$" $k$+ $i @55, J, I[ $K => $$!$ $= $N J, ;6 $O ( � u ; V m � u ) $H $J $k $3 $H $, J, $+ $k!%$7 $? $,$C $F!$ a i $O I8 =‘ @5 5, J, I[ $K => $&!% 0l J} <0 (31) $N J, ;R $O a i $N @~ 7A 7k 9g $G $" $k $+ $i $d $O $j @5 5, J, I[ $K => $$!$$= $NJ, ;6$O78 ?t$NFs >hOB P n i =1 ( e x ; � m i ) 2 $K$J $k!% $9 $J $o $A!$ b $b I8 =‘ @5 5, J, I[ $K => $& $3 $H $K $J $k!% $7 $? $,$C$F!$ P n i =1 f a 2 i g $*$h $S b 2 $O!$$= $l $> $l <+ M3 EY n $* $h$S 1 $N � 2 J,I[ $K=> $& $,!$ b $O a i $N@~ 7A 7k 9g $+$i @.$C $F $$$k $N$G %3 %/%i %s $NDj M}$r MQ $$$k $H!$ ~ J 2 $O n � 1 $N � 2 J,I[$r$9$k$3$H$,F3 $+$l$k!%$9$J $o$A!$;D:9 J 2 $O0l <!6a;w$K$*$$$F n � 1 $N � 2 J,I[$r$9$k$3$H$K$J$k!% 2h A| $N:9 0[ $N H=Dj $r <0 (15) $^ $?$O (10) $r 5"L5 2> @b$H $7 $? � 2 8! Dj $H $7 $F Dj <0 2= $9 $l $P!$ ;D :9 J 2 $O <0 (23) $N :G >.0l HL 8G M-CM � 0 $G M? $($i $l $k $N$G!$ H= Dj >r7o $O 0J 2< $H$J$k!% � 0 > � 2 � % ;n � 1 (33) $3 $3 $G 4m 81 N( � $O !V2h A| %Q %?!< %s $K JQ 2= $, L5 $$ $K $b 4X $o$i$:!$%N%$%:$K$h$C$FJQ2=$7$?$HH=Dj$5$l$k3N N(!W$r ?^ 2 4p=‘2h A| ( ;~9o 2:58:20 !$OH$O ;#A| %b%G %k $N8! >Z$K MQ$$ $? NN0h ) Fig. 2 Reference image. 1 2 3 4 5 6 7 ?^ 3 ;#A|%b%G%k$N8!>Z$KMQ$$$?2hA| Fig. 3 Images used for the imaging mo del veri�ca- tion. I= $7 $F $$ $k!% B? $/ $N E} 7W 8! Dj $N Ld Bj $G $O 4m 81 N( � $H $7 $F 5% $J$I$,:NMQ$5$l$k$,!$$3$3$G$NLdBj$K$OBg$-$9$. $k!%$3$l$O2hA|$KA4$/JQ2=$,L5$/$F$b!$%N%$%:$K$h$j2h A|Cf$N 5% $NNN0h$GJQ2=$,$"$k$H8m$C$F$7$^$&$3$H$r0U L#$7$F$$$k$+$i$G$"$k!%H=Dj>r7o$NNc$H$7$F!$Hf3S$9$k 2h A|$N NN0h $r 5 � 5 2h AG $NNN 0h$H $7!$4m 81 N( � $r 0 : 01% $H $7 $? >l 9g!$ J, I[ $N <+ M3 EY $, 24 (=5 � 5 � 1) $K $J $k $N $G!$ � 0 > 58 : 61 = � 2 0 : 01% ; 24 (34) $K$h$C$F:90[$rH=Dj$9$k$3$H$K$J$k!% 5. ;#A|2aDx%b%G%k$N8!>Z K\@a $G$O!$<0 (1) $K<($7$?;#A| 2aDx$N%b%G%k $NBEEv@- $r<B83$K $h$j 8!>Z$7!$ %b%G %k$K4^ $^$l $k%Q%i %a!<%? � $N CM$r7hDj$9$k!%$^$::G=i$K<B832hA|$N;#1FJ}K!$K$D$$$F =R$Y$k!%$3$3$G@bL@$9$k2hA|%G!<%?$O<!@a$G=R$Y$k?JF~ <T$N8!=P<B83$K$b;HMQ$9$k!% ;H MQ $7 $? %7!< %s $O ?^ 2 $K <( $9 Bg 3X $N %-%c %s %Q %9 Fb $N F; O) $G!$ ?M $d <+ E> <V $, 1} Mh $9 $k!% 2h A| $O F; O) $K NY @\ $9 $k %S%k $N 4 3,$K @_ CV $7 $? %+ %a %i (SONY @= CX-75) $G;# 1F 1013

EE;R>pJsDL?.3X2qO@J8;o ’99/6 V ol. J82{D{I I No. 6 ?^ 4 2hAGCM $N @~ 7A @- ( 2#<4 : 3 HVL\$N 2h A| $N 2hAG CM (level), =D <4 : 1, 2, 4, 5, 6, 7 HVL\$N2hA|$N2hAGCM (level)) Fig. 4 Linearity of pixel v alue in di�erent illumina- tions. ?^ 5 ;#A|7O%N%$%:$NJ,;6$H2hA|$NL@$k$5$N4X78 ( 2#<4 : J?6Q2h A|$NHV9f , =D<4 : %N%$%:$NJ,;6 (level 2 )) Fig. 5 V ariance of imaging noise vs. illuminations. $7!$ VHS $N%S %G%* %F!<%W $K5- O?$7 $?!%$3 $NF| $NE7 8u$O ;~ @^ F| $, $5 $9 $& $9 F^ $j $G!$ ;# 1F ;~ 9o $O 8a 8e 3 ;~ :" $+ $i 5 ;~ :"$^$G $NLs 2 ;~4V$G $"$k!%1@$N F0$-$K $h$C$F>H L@8w $,JQ2=$9$kB>!$F|$,79$/$K$D$l!$<~0O$O=y!9$K0E $/$J$C $F9T$/!%$3$N$h$&$K$7$F;#1F$7$?%S%G%*%F!<%W$r:F @8$7 $F!$I,MW$JItJ,$r7W;;5!$K<h$j9~$_!$<B832hA|$r F@$?!% <h$j9~$s$@2h A|$NNc$O ?^ 2 $NB>!$?^ 6 $N>e CJ$K$b <($5$l$F $$$k!% ;#A|%b%G%k$NBEEv @-$N8!>Z$O<!$N$h$&$K9T$&!%GX7J$N $_$,<L$C$F$$$k%7!<%s$G!$>HL@6/EY$,0lDj$7$F$$$k $H;W $o $l $k =V 4V $N 10 %U %l!< %‘ $r O" B3 $7 $F <h$j 9~ $_!$ $= $l $i $rJ?6Q$7$?2hA|$r:n@.$9$k!%$3$l$O2hA|$N%N%$%:$r Dc8: $7$F!$;#A|7OK\Mh$NFC@-$rL@NF$K$9$k$?$a$G$"$k!% $3$N =hM}$r>HL@ 6/EY$,0[ $J$k 7 $D$N%7!<%s $G9T$$!$ 7 Kg$N2h A| $r F@ $k!% $3 $l $i $N 2h A| $N $& $A!$ ?^ 2 $N 9u OH $G <( $7 $? NN 0h$r%G!<%?$H$7$F;HMQ$9$k!%$3$NNN0h$rA*$s$@M}M3$O!$ L@$k$$ItJ,$H0E$$ItJ,$NN>J}$r4^$s$G$*$j!$2hAGCM$,9- HO0O $K J, I[ $7 $F $$ $k $+ $i $G $" $k!% ?^ 3 $K $3 $N NN 0h $N 2h A| $r L@$k$$=g$KJB$Y$F<($7$?!%$3 $l$i$N2hA|$G!$ 3 HVL\$NL@ $k$5 $N2hA| $H$=$NB> $N2hA| $NF10l 0LCV$N 2hAGCM $r ( x; y ) :B I8 $H $7 $F %0 %i %U $K %W %m%C %H $9 $k!% $3 $N 7k 2L $, ?^ 4 $G $" $j!$ 2# <4 ( x ) $, 3 HV L\ $N L@ $k $5 $N 2h A| $N 2h AG CM!$ =D <4 ( y ) $, B>J} $N 2hA| $N2h AG CM$G $" $k!%$3 $l$r 8+ $k$H 3FE@ $H $bD>@~>e $KJB$S!$<0 (1) $N%b%G%k$,BE Ev$J%b%G%k$G $"$k $3$H$r<($7$F$$$k !JCm 4 !K !% <!$K%Q%i%a!< %? � $r7hDj$9 $k!%<0 (1) $N%b%G%k $,@5$7 $$$H $9 $l $P!$ ?^ 4 $N 3F D>@~ $O!$ � x $*$h $S � y $r x $*$h $S y :BI8 $KMQ$$$?%G!< %?$N>HL@ $N6/EY!$ p $rG^2p JQ?t$H$7 $F ( x; y ) = ( � x p + � ; � y p + � ) (35) $G I=$5 $l $k!% $7$? $,$C $F?^ 4 $N 3F D> @~$O ( x; y ) = ( � ; � ) $G 8r $o $j!$ $3 $N 8r E@ $, � $N CM $r M? $( $k $3 $H $K $J $k!% $= $3 $G ?^ 4 $N 3F E@ Ns $K D> @~ $r Ev $F $O$a!$ $= $N 8r E@ $r 7W ;; $9 $k!%$^$:!$D>@~$N Ev$F$O$a $O<!$N$h $&$K9T$&!% Bh k HVL\ $N D>@~ $r 9= @. $9$k Bh i HV L\$N E@ $N :B I8$r ( x ki ; y k i ) $H $7 $F 3 <! 85%Y %/ %H %k x k i = ( x ki y k i 1) > $r Dj 5A$7!$ %b!< %a%s%H9TNs S k $r<!$N$h$&$K7W;;$9$k!% S k = X i x k i x > k i (36) $3$N %b!<%a%s%H 9TNs S k $N :G>.8GM- CM$KBP 1~$9$k C10L8G M-%Y%/ %H %k $r s k = ( s xk s y k s z k ) > $H$9 $k$H!$ 3F E@ Ns$K Ev$F$O$a$i$l$?D>@~$O xs xk + y s y k + s z k = 0 (37) $GI=$5$l$k!%<!$K!$$3$l$i$ND>@~$N8rE@$r5a$a$k$K$O!$ 3F D> @~$K BP 1~ $9 $k C10L 8G M- %Y %/ %H%k s k $r MQ $$ $F!$ $3$l $i$N%b!<%a%s%H9TNs T = X k s k s > k (38) $r7W;;$7!$$=$N:G>.8GM-CM$KBP1~$9$kC10L8GM-%Y%/%H%k t = ( t x t y t z ) > $r 7W ;; $9 $k!% $3 $NC1 0L 8G M- %Y %/ %H %k $r !JCm 4 !K !’@5 3N $K $O!$ $3 $N 7k 2L $O <0 (3) $N f $,!$ g , h $r 4X ?t $H $7 $F f ( p ; � ) = g ( p ) h ( � ) $H=q$1 $k$3$H $r0UL# $7$F$$$k $,!$ g ( p ), h ( � ) $r$=$l $>$l p , � $H2~ $a$FDj5A$9$l$P!$$3$N$h$&$K7kO@$7$FLdBj$O$J$$!% 1014

O@J8!?>HL@ITJQ$J2hA|:9J,=hM} MQ$$$F!$ 3FD>@~$N8r E@$O ( x; y ) = ( t x =t z ; t y =t z ) $H$7$F M? $( $i $l $k!% ?^ 4 $N %G!< %? $r MQ $$ $F $3 $N 8r E@ $r 7W ;; $9 $k $H!$ $= $N :BI8 $O ( � 5 : 747 ; � 4 : 334) $K$J $k!% @h $K =R $Y $? DL $j!$ K\ Mh 8r E@ $N x , y :B I8 $O F10l $N CM � $G $" $k $N $G!$ $3$l$i$NJ?6Q$K$h$j � $r7hDj$9$k$H � = ( � 5 : 75 � 4 : 33) = 2 = � 5 : 04 (39) $H$J$k!%$J$*!$0J>e$ND>@~$NEv$F$O$a$H$=$N8rE@$N 7W;; $O!$K\Mh$O$=$l$K4^$^$l$k8m:9$rE,@Z$K9MN8$7$F@: EYNI $/ 7W ;; $9$k $3 $H [6] $, K> $^ $7 $$$,!$ $3 $3 $G I, MW $H$9 $k @: EY$KBP$7$F$O>e5-$NC1=c$J<jK!$G$b==J,$G$"$k!% $5 $F!$ Ds 0F $N <j K! $K $h$C $F 2h A| $N Hf 3S $r 9T $& $K $O <0 (13) $K<( $7 $?6& J, ;6 9T Ns V m $,I,MW $G $" $j!$ $= $N$? $a $K $O ;# A|7O$N%N%$%:$NJ,;6$r7WB,$9$kI,MW$,$"$k!%$3$3$G MQ$$ $? 3F 2h A|$O!$ F1 0l >H L@ 4D 6- 2<$G <h $j 9~ $s $@ 10 Kg $N 2h A| $rJ?6Q$7$?$b$N$G$"$k$,!$$3$NJ?6Q2hA|$H85$N2hA| $H$N :9$r$H$C$F;#A|7O$N%N%$%:$rCj=P$7!$$=$NJ,;6$r7W ;;$9 $k!% ?^ 5 $K 2h A| $N L@ $k $5 JL $K 7W ;; $7 $? J, ;6 $N CM $r <( $9!% $3$l$r8+$k$H!$2hA|$,0E$/$J$k$K$7$?$,$C$FA}$($k 798~ $O$"$k$b$N$N!$Bg$-$JJQF0$G$O$J$$!%$=$3$GA4$F$N L@$k $5$G$NCM$rJ?6Q$7$?CM � 2 = 2 : 75 (40) $r;#A|7O%N%$%:$NJ,;6 � 2 $H$7$FMQ$$$k!% 6. 2hA|$N:90[$NH=Dj<B83 K\ <j K! $N 0l $D $N 1~ MQ Nc $H $7 $F ?J F~ <T 8! =P =h M} $r A[ Dj $7!$A0@a$G=R$Y$?%-%c%s%Q%9$N%7!<%s$rMQ$$$F2hA| $N:9 0[$NH=Dj<B83$r9T$C$?!%;#1F$7$?%S%G%*%F!<%WA4BN $+$i Jb9T<T$d<+E><V$,DL9T$7$F$$$k%7!<%s$r$$$/$D$+ A*$S!$ 7W;; 5! $K <h $j 9~ $‘!% ?^ 6 $N >e CJ $K <h $j 9~ $s $@ 2h A| $r <( $9!% 2hA|$N2<$N?t;z$O%S%G%*%G%C%-$N;~4VI=<($+$i5U;; $7$? ;#1F;~9o$G$"$k!%$3$l$i$N2hA|$HHf3S$9$k4p=‘2hA| $H$7 $F ?^ 2 $K <( $7 $? J? 6Q 2h A| $r MQ $$ $k!% $3 $N2h A| $r ;# 1F $7 $? ;~ 9o $O 2:58:20 $G!$ ?^ 6 $N :G =i $N 2h A| $r <h $j 9~ $_ $‘ D> A0 $G $" $k!% $3 $l $i $N 2h A| $N 3F 2h AG $r Cf ?4 $H $9 $k 5 � 5 2h AG $NNN0h$r@_Dj$7!$$=$NCf$N 2hAGCM q $r<0 (2) $* $h$S (39) $rMQ $$$F p 0 $KJQ 49$7 $? 8e!$ <0 (22) $N%b!< %a %s %H 9TNs M $r7W;; $7$F <0 (23) $N0l HL8G M-CM LdBj $r2r $-!$ $=$N :G>. 8G M-CM � 0 $H <0 (34) $N>r7o$K $h$j2hA|$N:9 0[$rH=Dj$9 $k!% $3 $N:]!$ <0 (13) $N%N %$%: $N6& J,;6 9T Ns V m $O!$ � 00 2 $K 4X$7 $F$O<0 (40) $N � 2 $N CM$rMQ $$$k$,!$ � 0 2 $K4X $7$F$O 4p =‘ 2h A| $, 10 Kg $N 2h A| $N J? 6Q $G $" $k $3 $H $+ $i!$ � 2 $r 9(= 10 � 1) $G 3d$C $? CM $r MQ $$ $k!% 7k 2L $r ?^ 6 $N Cf!& 2< CJ$K <( $9!%Cf CJ $, log � 0 $NCM $r 2hAG CM $H $7 $?2h A|!$ 2< CJ $,<0 (34) $N>r7o $K$h $j:9 0[ $,$" $k$H H=Dj $5$l $?It J,$G $" $k!% $J $* � 0 $N I= <( $K $* $$$F BP ?t $r <h$C$? $N $O!$ CM $NHO 0O$,Bg$-$$$?$a!$DL>o$NI=<($G$OCM$NJ,I[$,E,@Z$K3NG’ $G$-$J$$$+$i$G$"$k!%$3$l$i$N7k2L$+$i<!$N$3$H$,4Q;! $5$l$k!% !J 1 !K A4BNE*CN8+$H$7$F$O!$C10l$NGX7J2hA|$rMQ $$$? =hM}$G!$Ls 2 ;~4V$K$o$?$C$F?JF~<T$K0BDj$7$FH? 1~$9$k $3$H$,3NG’$G$-$k!% !J 2 !K GX7J$r;#1F$7$?D> 8e$N2hA| ( 2hA| (1)) 0J30$G!$ :90[$,$"$k$HH=Dj$5$l$?E@>u$NItJ,$,$"$k$,!$$3$l$O<g $KO)>e$KMn$A$?8OMU$N0\F0$K$h$C$F@8$8$?$b$N$G$"$k!% !J 3 !K 2hA| (4) $N%7!<%s$G $O!$F|:9$7 $K$h$j7zJ* $H?M J*$N1F$,@8$8$F$*$j!$$=$N6-3&ItJ,$G$O>HL@0lDj$N>r7o $,Jx$l$k$?$a � 0 $NCM$,Bg$-$/$J$C$F$$$k!% !J 4 !K 2hA| (7) $* $h$S (8) $N%7!< %s$O GvJk $G$" $j!$2h A| $N %3 %s %H %i %9 %H $, Dc $/ $J$C $F $$ $k $? $a!$ ?J F~ <T NN 0h $G $N � 0 $N CM$O B> $N %7!< %s$K 3S $Y $k$H >. $5 $/$J$C $F $$ $k $,!$2hA|$N:90[$O8!=P$5$l$F$$$k!% !J 5 !K ?JF~<T$NFbB&$NNN0h$G:90[$,$J$$$HH=Dj$5 $F$$ $kItJ,$,$"$k$,!$$3$l$O!$$=$NNN0h$G$OGX7J2hA|$HF~NO 2hA|$NN><T$K%F%/%9%A%c$,L5$/!$2hA|%Q%?!<%s$H$7$F$O :90[$r@8$8$J$$$?$a$G$"$k!% 0J>e$N7k2L$r!$<BMQE*$J ?JF~<T8!=P=hM}$r9=@.$9$k$H $$$&;kE@$+$i$_$?>l9g!$GX7J$N%Q%?!<%s<+BN$,JQ$o$C$F $7$^$&Ld Bj ( >e5-9‘ L\ (2)) $d1F$NLd Bj ( >e5-9‘ L\ (3)) $J $I$KBP$9$kBP:v$,I,MW$H$J$k!%$=$N$?$a$K$ODL>o$NGX7J :9 J, K! $d => Mh Ds 0F $5 $l $F $- $? B> $N <j K! $H $N O" 7H $, I, MW $K$J$k$,!$$=$N>l9g$K!$K\<jK!$N!VDL>o$N>HL@8w$NJQF0 $KBP$7$F$OD9;~4V$KEO$C$F0BDj$7$?F0:n$r$9$k!W$H$$$& FCD’$O!$=>MhK!$G$OF@$,$?$$>pJs$rDs6!$9$k$H9M$($i$l $k!%$^$?!$K\<jK!$O!V2?$r7W;;$7$F$$$k$N$+$,L@2r$G$" $j!$$"$k>r7o$KBP$7$F$I$N$h$&$JF0:n$r$9$k$+$,M=B,$G $-$k!W$H$$$&FCD’$r;}$C$F$$$k!%$3$NFCD’$O!$MM!9$J=h M}$rAH$_9g$o$;$F0l$D$N=hM}$r9=C[$9$k>l9g$K!$Bg$-$J MxE@$H$J$k!% 7. $‘ $9 $S K\O@J8$G$O!$%3%s%T%e!<%? %S%8%g%s$K$*$1$kITJQNL$N MxMQ$N$5$lJ}$N9M;!$+$i!$%G!<%?$,%N%$%:$r4^$‘>l9g$K $O!$LdBj$,JQ49$r5,Dj$9$k%Q%i%a!<%?$NE}7W?dDjLdBj$H 8+$J$;$k$3$H$r;XE&$7!$$3$N9M$($K4p$E$$$F>HL@$KITJQ $J2hA|:9J,=hM}$rDs0F$7$?!%<B83$K$h$j!$Ds0F<jK!$G2> Dj$7$?;#A|7O$N%b%G%k$,@5$7$$$3$H$r8!>Z$7!$?JF~<T8! 1015

EE;R>pJsDL?.3X2qO@J8;o ’99/6 V ol. J82{D{I I No. 6 (1) 3:00:10 (2) 3:11:50 (3) 3:36:30 (4) 3:40:03 (5) 4:05:40 (6) 4:18:10 (7) 4:51:05 (8) 4:59:24 ?^ 6 2hA|$N:90[$NH=Dj7k2L ( >e$+$i862hA| , log � 0 $r2hAGCM$H$9 $k2hA| , :90[$,$"$k$HH=Dj$5$l $?ItJ, 2hA|$N2<$N?t;z$O;#1F;~9o ) Fig. 6 Results of image di�erence detection. F rom top to b ottom, original images, images with pixel v alue of log � 0 , detected image di�erence. =P$rA[Dj$7$?2hA|$r;HMQ$7$F!$K\<jK!$,<B:]E*$J2h A|$K BP $7 $F M} O@ $G 4| BT $5 $l $k DL $j $N F0 :n $r $9 $k $3 $H $r <( $7 $?!% Ds0F<jK!$rGX7J:9J,$N 0l<jK!$H$7$F8+$?>l9g!$$=$N0L CV$E$1$O!$%(%C%8$K$h$kGX7J:9J,K!$N0lHL2=$G$"$k!%$= $N0lHL2=$N2aDx$K$*$$$F!$>HL@$H;#A|7O$N%b%G%k$rM[$K 1016

O@J8!?>HL@ITJQ$J2hA|:9J,=hM} Dj5A$7!$2hA|$N:90[$NH=Dj$OE}7WM}O@$r4pAC$KCV $$$?!% $3$N$3$H$O!$<B83$K$h$i$:$H$bK\<jK!$N5sF0$,M=B, $G$- $k$H$$$&MxE@$r@8$s$G$$$k!%$?$H$($P!$H=Dj$N$?$a $N$7 $-$$CM$O<B83$N$_$K$h$C$F7hDj$5$l$k$3$H$,1}!9$K $7$F $"$k!%$7$+$7!$K\<jK!$G$N$7$-$$CM$O2hA|$K4^$^$l $k%N %$%:$NBg$-$5$+$i<+F0E*$K8+@Q$b$i$l!$%N%$%:Bg$- $5$, 2 G\$K$J$C $?>l 9g $K$O ( Ey2AE* $J ) $7$-$$ CM$r 4 G\$K$9$l $PNI$$$3$H$,M=B,$G$-$k!%$b$A$m$s!$<B:]$K$O<B83 $K$h $kD4@0$,I,MW$H$J$k$3$H$OH]$a$J$$$,!$4pK\E*$K$G $"$k $K$;$h!$$3$N$h$&$JM=B,$,2DG=$G$"$k$3$H$O!$2hA| =hM} 5!4o$r@_7W$9$k>e$G=EMW$J$3$H$H9M$($i$l$k!%$J $*!"K\ <jK! $N %W %m %0 %i %‘ $O 2f!9 $N 8& 5f << $N %[!< %‘ %Z!< %8 !JCm 5 !K $G 8x3+$5$l$F$$$k!# <U<- K\8&5f$r?J$a$k$KEv$?$j!$=*;OE,@Z$J=u8@$rD: $$$?72GOBg3X 9)3XIt >pJs9)3X2J 6bC+7r0l65<x $K46<U$9 $k!% J8 8% [1] 66D^ @i ;^ , V.V. Vino d, B< @% MN , \ >HL@ 8w $NJQ F0 $K%m %P%9 %H $J ?’2hA|Cf$NJ*BNCj=P ," ?.3X5;Js , PRMU 97-125, pp.33{40, Jan. 1997. [2] 0KF#EO , ;3ED9@@5 , >eEDGnM# , @iMUN49- , \ 1GA|4F;k%7%9%F%‘$K$* $1$k :9J, MQGX7J 2hA| $N>H EYJQ2= DI=> FC@-8~ >e$N 8!F$ ," >p=h 3X8& Js , CVIM 98-112-1, pp.1{7, Sep. 1998. [3] K. Kanatani, \Group-Theoretical Metho ds in Image Understanding," Springer-V erlag, 1990. [4] 6b C+7r 0l , \ 6u 4V %G!< %?$N ?t M} | #3<! 85 %3 %s%T%e!< %F%# %s%0 $K 8~$1$F |," D+AR=qE9 , 1995. [5] K. Kanatani, \Statistical Optimization for Geomet- ric Computation: Theory and Practice," Elsevier Sci- ence, 1996. [6] Y. Kanazaw a and K. Kanatani, \Optimal Line Fit- ting and Reliability Ev aluation," IEICE T rans. Info. & Sys., vol. E79-D, no. 9, pp.1317{1322, Sep. 1996. [7] ?yK\ 989( , \CVCV-W G FC JLJs9p : %3 %s%T%e!< %?%S%8%g %s$K$* $1 $k5; =Q I> O@$H >- Mh E8K> (I I) | %S %8%g%s $K $* $1$k IT JQ NL$H $= $N1~MQ |," >p=h 3X8& Js , CV 93-3, pp.19{34, March 1995. [8] 9b 66 @/ M: , KL B< Ci L@ , >. NS K’ <y , \ 6u 4V Hy J, $* $h $S :9 J, =h M} $r MQ $$ $? <V N> Cj =P K! ," ?. 3X O@ (D-I I), vol. J80-D-I I, no. 11, pp.2976{2958, Nov. 1997. [9] C+ 8} Gn 9/ , 4X L@ ?- , 8E _7 =U <y , 9u ED ?- 0l , CS C< =E <y , \ ;~ 6u 4V 2h A|$rMQ$$$?F02hA|=hM}<jK!$NDs0F |DDT K! ," ?.3XO@ (D-I I), vol. J77-D-I I, no. 10, pp.2019{2026, Oct. 1994. [10] EO JU ?. B@ O: , 5\ Eg 9L <# , Ip @n D> <y , \ ;# 1F ;~ 4| $N 0[ $J $k 9R 6u <L ?? $+ $i $N 7z B$ J* $N JQ 2= Cj =P <j K! ," ?. 3X 5; Js , PRMU 97-124, pp.25{32, Oct. 1997. !JJ?@. 10 G/ 12 7n 11 F|<uIU!K !JCm 5 !K !’ h ttp://www.ail.cs.gunma-u.ac.jp/Labo/research.h tml B@ED D>:H !J@50w!K 1983 El 5~ G@ 9) Bg!& 9)!& 1~ J* B4!% 1985 El 9) Bg Bg 3X 1! =$;N 2] Dx N;!%Gn ;N ( 9) 3X ) !% 1987 F| K\ EE 5$ ( 3t ) F~ <R!% >p Js %a %G%# %" 8& 5f =j $K :_ @R!% 1994 72GO Bg 3X9) 3X It >pJs 9) 3X2J =u <j!% 1998 F1 =u65 <x!% 1991 !A 1992 JF9q MIT %a %G%# %" %i %\ 5R 0w 8& 5f 0w!% 1998 9k =# %" %G %l!< %I Bg 3X 5R 0w 8& 5f 0w!% %3 %s %T%e!< %? %S %8%g %s!$ %Q %?!< %s G’ <1 $N 8& 5f $K => ;v!% >p Js =h M}3X2q!$ IEEE %3%s%T%e!<%?%=%5%(%F%# 3F2q0w 1017