V ol. 37 No. 4 >pJs=hM}3X2qO@J8;o Apr. 1996 #2Kg$N4i<L??$rMQ$$$?G$0UJ}8~$N4i2hA|$N@8@. 8~ @n 9/ Gn y Cf B< M5 0l yy Bg ED M’ 0l yy K\ O@J8 $G$O!$ #2Kg $N4i <L?? $N$_ $rF~ NO $H$7 $F!$G$ 0UJ} 8~$+ $i8+ $?4i 2hA| $r@8 @. $9$k <jK! $rDs 0F$9 $k!%K\ <jK! $N FCD’ $O!$#2 Kg$N F~ NO2h A|$N $_$r MQ $$$F $$$k $,!$ $$$o $f$k Cf3d $j K!$H $O0[ $J$j #3 <!85 :BI8 JQ 49$K Ci<B $J 8+ $( J} $N JQ 2= $r :F 8= $G $- $k $3 $H!$ %9 %F %l %* K! $K $h $k #3 <! 85 I| 85 $H $O 0[ $J $j F~ NO 2h A| $N ;# 1F J} 8~ $K 4X $9 $k>p Js $rI, MW$H $7 $J$$ $3$H!$ structure-from-motion $N 86M} $r 4pAC $H$7 $F $$$k $,M[ $K $O#3 <!85 7A >u$N I| 85$r 9T $o$J $$$3 $H$G $" $k!%@5 <M1F %b%G %k 2<$G BP>] J* BN$H $7$F 9dBN $r 2>Dj $9$l $P!$M? $( $i$l $?#2 Kg $NF~ NO2h A|>e $N FCD’ E@$N #2<! 85 :BI8 $N@~ 7A7k 9g $G!$G$ 0UJ} 8~ $N8+ $(J} 2hA| >e $NFC D’E@ :BI8 $, I=8= $G$- $k!% @~7A 7k9g $N78 ?t$O @8 @.2h A|$K $D$$ $F $N;X DjJ} 8~$K 4p $E$$ $F7h Dj$9 $k!% $3$l $i$N FCD’ E@$r D: E@$H $9$k #2<! 85 $N#3 3Q7A %Q%C%A%b%G%k$KBP$7$F!$F~NO2hA|$N%F%/%9%A%c$rE,1~E*$KD%$jIU$1$k$3$H$K$h$j4i2hA|$r@8@.$9$k!% Syn thesis of Arbitrarily Orien ted F acial Views from Tw o Images Y asuhir o Mukaiga w a, y Yuichi Nakamura yy and Yuichi Oht a yy In this pap er, we prop ose a metho d for syn thesizing arbitrarily oriented facial views from only tw o facial images. The metho d includes the following features: unlik e the 2-D interpola- tion metho d, the views b y true 3-D rotation can b e generated; unlike the stereo, the camera parameters of the tw o input images are not necessary; although it is based on the structure- from-motion theory , the 3-D structure of a face is not explicitly reconstructed. Assuming the rigidit y and the orthographic pro jection, the 2-D co ordinates of feature p oints in any view can b e expressed as a linear combination of those in the tw o input images. The co e�cien ts of the linear com bination are determined based on the facial orientation to b e generated. The facial image is syn thesized by adaptively mapping the texture of the input images to the 2-D triangular patch mo del whose v ertices are the feature p oints. 1. $O $8 $a $K ?M4V$N4i2hA|$O!$FCDj8D?M$NFCD’$@$1$G$J$/!$I=>p I= 8=$J$IB?$/$N>pJs$r4^$^$;$k$3$H$,$G$-$k$?$a!$9bEY$J %^%s%^%7%s%$%s%?!<%U%’!<%9$K1~MQ$,4|BT$5$l$F$$$k!% $7$+$7!$4i$O!$?M4V$K$H$C$F:G$b?F$7$_$N$"$kBP>]$N#1 $D$G$"$k$?$a!$<B:]$N4i$H9g@.$5$l$?4i2hA|$N$o$:$+$J 0c$$$G$b!$?M4V$OBg$-$JIT<+A3$5$r46$8$F$7$^$&>l9g$, $"$k!%$=$N$?$a!$$h$j<+A3$J4i2hA|$N@8@.K!$K$D$$$F$N 8&5f$,?J$a$i$l$F$$$k!% K\Mh#3<!85J*BN$G$"$k4i$NMM!9$JJ}8~$+$i$N8+$(J} $r 2hA|$H$7$F@8@.$9$k$?$a$K!$F,It$r#3<!857WB,$7$F4i$N #3<!85 7A>u%b %G%k$r:n @.$9$k <jK!$, Ds0F$5 $l$F$$$k 1) !% G$0UJ}8~$+$i$N8+$(J}$O!$%3%s%T%e!<%?FbIt$K;}$?$;$? y C^GHBg3X 9)3X8&5f2J Do ctoral Program in Engineering, Univ ersit y of Tsukuba yy C^GHBg3X EE;R � >pJs9)3X7O Institute of Information Sciences and Electronics, Uni- versit y of Tsukuba #3<!857A>u%b%G%k$r=jDj$N8~$-$K2sE>$7#2<!852hA|>e$K Ej 1F $9 $k $3 $H $K $h$C $F @8 @. $G $- $k!% $3 $N >l 9g!$ C1 0l $N %b%G%k$K4p$$$F$"$i$f$kJ}8~$+$i8+$?>l9g$N8+$(J}$r@8 @.$9$k$3$H$,$G$-!$C_@Q$9$Y$-%G!<%?NL$,>/$J$/$F:Q$‘ $H$$$&MxE@$,$"$k!%$7$+$7!$$3$N<jK!$O3F8D?M$K$D$$$F @5 3N $J #3 <! 85 >p Js $r ;}$C $? %b %G %k $N :n @. $r I, MW $H $7!$ %l!<%68wEy$rMQ$$$?FC<l$J7WB,AuCV$r;H$o$:$K@53N$K#3 <!857A>u$r7WB,$9$k$3$H$O0lHL$K$O:$Fq$G$"$k!% $^$?!$I8=‘E*$JF,It$N#3<!857A>u%b%G%k$rMQ0U$7 $F$* $$ $F!$ 3F 8D ?M $K $D $$ $F E, @Z $J JQ 7A $r 9T $$!$ BP >] ?M J* $N #3 <! 85 7A >u %b %G %k $H $7 $F Mx MQ $9 $k J} K! $b Ds 0F $5 $l $F $$ $k 2) !%I8 =‘E*$J%b %G%k$r MQ$$$k $3$H$G 3F8D?M$K $D$$$F F, It7A>u$r7WB,$9$kI,MW$O$J$/$J$k$,!$8D?M:9$rCi<B$KH? 1G$7$?7A>u$NJQ7A$O:$Fq$G$"$k!% 0lJ}!$BP>]J*BN$N#3<!857A>u%b%G%k$r;}$?$:$K!$ #2Kg $N 2h A| $r 9g @. $7 $F JL $N 8+ $( J} 2h A| $r @8 @. $9 $k <j K! $H $7 $F!$ Cf 3d $j K! 3) $, $" $k!% Cf 3d $j K! $G $O #2 Kg $N 2h A| 4V $G BP1~IU$1$i$l$?E@$N:BI8$d51EYCM$NFbJ,$K$h$j!$#2Kg$N 2hA|$NFbA^2hA|$r@8@.$9$k!%$7$+$7!$$3$NJ}K!$G@8@.$G $-$k$N$O!$0lJ}$N8+$(J}$+$i$b$&0lJ}$N8+$(J}$K#2<!85 635

636 >pJs=hM}3X2qO@J8;o Apr. 1996 E*$KJQ2=$5$;$?Cf4V$N8+$(J}$@$1$G$"$j!$#3<!852sE>$K $h$k8+$(J}$NJQ2=$OK\<AE*$KI=8=$G$-$J$$!% $3$N$h$&$K=>Mh$NJ}K!$G$O!$@:EY$N9b$$4i2hA|$r@8 @. $9$k$?$a$K$O@:L)$J#3<!857A>u%b%G%k$rI,MW$H$7!$?tKg $N4i<L??$J$I$N$h$&$J4JC1$KF@$i$l$k>pJs$@$1$rMxMQ$9 $k>l9g$K$O!$@8@.$G$-$k4i$N8~$-$K@)8B$,B?$/!$<+A3$J 4i2hA|$N@8@.$,:$Fq$G$"$C$?!% $3$NLdBj$KBP$7$F!$K\8&5f$G$O!$;#1FJ}8~$,L$CN$N #2 Kg$N4i<L??$N$_$rF~NO$H$7$F;k3PE*$KK~B-$G$-$k4i2hA| $r@8@.$9$k$3$H$rL\;X$7!$#2Kg$N4i<L??$N$_$NAH9g$;$K $h$C$F!$G$0UJ}8~$+$i$N8+$(J}$r@8@.$9$k<jK!$rDs0F$9 $k!% K\ <jK! $O!$ structure-from-motion $N 86 M}$r 4p AC $H$7$F$$$k$,!$M[$K$O#3<!85I|85$r9T$o$:!$$7$+$b!$4v 2?3XE*$K@53N$J#3<!85:BI8JQ49$K$h$k8+$(J}$NJQ2=$r:F 8=$G$-$k!% 2. %-!<%"%$%G%#%" Structure-from-motion $N 86 M} 4) $K $h $l $P!$ BP >] J* BN$rJ#?t$NJ}8~$+$i;#1F$7$?2hA|$rMQ$$$FJ*BN$N#3<!85 7A>u$rI|85$9$k$3$H$,2DG=$G$"$j!$F@$i$l$?#3<!857A>u %b%G%k$rMxMQ$7$FMM!9$JJ}8~$+$i$N8+$(J}2hA|$r@8@.$9 $k$3$H$,$G$-$k!%$7$+$7!$2hA|$+$i$N#3<!857A>uI|85$O 0lHL$KIT0BDj$G$"$j!$I|85@:EY$,8m:9$J$I$KBg$-$/1F6A $5$l$k$3$H$,B?$$!%$3$N$?$a!$;~7ONs>e$G4QB,$5$l$kHs >o $K B? ?t $N 2h A| $r Mx MQ $7!$ :G >. <+ >h K! $K $h$C $F 7A >u I| 85$r0B Dj2=$9 $kOHAH$_ $,@9$s $K8&5f $5$l$F $$$k 5) !%$7$+ $7!$K\8&5f$NL\I8$N$h$&$K!$=hM}$N:G=*L\E*$,#2<!852h A|$N@8@.$N>l9g$K$O!$I,$:$7$bCf4VCJ3,$G#3<!857A>u$r I|85$9$kI,MW$O$J$$!%$9$J$o$A!$F~NO$H$7$FM?$($i$l$? #2<!852hA|$+$i!$8+$(J}$N0[$J$k#2<!852hA|$rD>@\@8@. $G$-$l$P==J,$G$"$k!% K\ 8& 5f $G $O!$ BP >] J* BN $O 9d BN $r 2> Dj $7!$ @5 <M 1F %b %G %k 2< $K $* $$ $F M? $( $i $l $? #2 Kg $N 4i <L ?? $+ $i!$ #3 <! 85 7A >u $r M[ $K I| 85 $9 $k $3 $H $J $/ G$ 0U J} 8~ $N 4i 2h A| $r @8 @. $9 $k <j K! $r L@ $+ $K $9 $k!% J# ?t $N 2h A| $r F~ NO $H $7 $F!$ G$ 0U J} 8~ $N 8+ $( J} 2h A| $, @8 @. 2D G= $G $" $k $3 $H $N 86 M} $O!$ #3 Kg $N F~ NO 2h A| $, $" $l $P #3 <! 85 7A >u $N I| 85 $, 2D G= $H $9 $k structure-from-motion $N 86 M} $K 4X O" $7 $F $$ $k!% Ko enderink Ey 6) $O F~ NO 2h A| $, #3 Kg $G $J $/ #2 Kg $@ $1 $N ;~ $K $O #3 <! 85 %" %U%# %s JQ 49 $N <+ M3 EY $r ;D $7 $F $N 7A >u I| 85$,2DG=$G$"$k$3 $H$r<($7$F$$ $k!%$^$?!$ Ullman Ey 7) $OJ#?tKg$NF~NO2hA|>e$NFCD’E@$N#2<!85:BI8$N@~7A7k9g $K$h$j!$G$0UJ}8~$N8+$(J}$NFCD’E@:BI8$,I=8=2DG=$G$" $k$3$H$r<($7!$#2<!858+$(J}%b%G%k$rMQ$$$?#3<!859dBN G’<1$X$N1~MQ$K$D$$$FO@$8$F$$$k!% K\8&5f$G$O!$F~NO2hA|>e$N#2<!85:BI8$N@~7A7k9g$K $h $j G$ 0U J} 8~ $N 8+ $( J} $N #2 <! 85 :B I8 $, I= 8= $G $- $k $H $9 $k Ullman Ey$,<($7$?86M}$r2hA|@8@.$K1~ MQ$7!$#3<!857A >u$rM[$KI|85$9$k$3$H$J$/!$#2Kg$NF~NO2hA|$NAH$_9g$o $;$K$h$C$FD>@\$KG$0UJ}8~$N8+$(J}2hA|$r@8@.$9$k$3$H $r;n$_$?!%0J2<!$#3>O$G$O$=$N86M}$r@bL@$7!$;XDj$5$l $? J} 8~ $K BP $9 $k @~ 7A 7k 9g $N 78 ?t $N 7h Dj K! $K $D $$ $F =R $Y $k!%#4>O$G$O#3>O$GF@$i$l$?#2<!85$N#33Q7A%Q%C%A%b%G %k$KBP$7$F!$F~NO2hA|$N%F%/%9%A%c$rE,1~E*$KD%$jIU$1 $F2hA|@8@.$9$kJ}K!$r=R$Y$k!%#5>O$K<B837k2L$r<($9!% 3. FCD’E@:BI8$N?dDj 3.1 @~7A7k9g$K$h$k:BI8;;=P$N86M} #3<!856u4V Cf$NE@ p = [ x y z ] T $r#3 <!856u4VCf$G2s E>!&J?9T 0\F0$7 $?:BI8 q = [ x 0 y 0 z 0 ] T $O!$ 2sE>@. J,$r r 11 � 33 !$J? 9T 0\ F0 @. J, $r t x ; t y ; t z $H $9 $k $H!$ F1 <! :BI8 7O$G$O 4 � 4 $N9TNs$rMQ$$$F<0 (1) $N$h$&$K5a$a$k$3$H $,$G$-$k!%!J0J2<$G$O:BI8$rF1<!:BI87O$GI=$9!K 2 6 6 6 4 x 0 y 0 z 0 1 3 7 7 7 5 = 2 6 6 6 4 r 11 r 12 r 13 t x r 21 r 22 r 23 t y r 31 r 32 r 33 t z 0 0 0 1 3 7 7 7 5 2 6 6 6 4 x y z 1 3 7 7 7 5 (1) $3$3$G#3<!856u4V Cf$K n 8D$NE@$,$"$j!$ i HVL\$NE@$N:B I8 $r [ x i y i z i 1] T $H $7 $F!$ $3 $l $i $N :B I8 $r JB $Y $? 9T Ns $r P $H$9$k!% P = 2 6 6 6 4 x 1 x 2 � � � x n y 1 y 2 � � � y n z 1 z 2 � � � z n 1 1 � � � 1 3 7 7 7 5 (2) E@ $N =8 9g P $r 0[ $J $k #5 <o N‘ $N 4 � 4 $N 9T Ns R j ( j = 1 ; : : : ; 5) $G :B I8 JQ 49 $7 $F F@ $i $l $k E@ $N =8 9g $r B j $H$9$k!% B j = 2 6 6 6 4 x j y j z j 1 3 7 7 7 5 = 2 6 6 6 4 x j 1 x j 2 � � � x j n y j 1 y j 2 � � � y j n z j 1 z j 2 � � � z j n 1 1 � � � 1 3 7 7 7 5 = R j P (3) $3 $3 $G [ x j i y j i z j i 1] T $O i HV L\ $N E@ $r j HV L\ $N 9T Ns $G JQ 49 $7 $? :B I8 $G $" $j!$ x; y ; z :B I8 $r $= $l $> $l 0l Dj $N =g $KJB$Y$?%Y%/%H%k$r x j ; y j ; z j $H$9$k!% $3$3$G R j $NBh#19T%Y%/%H%k$r r j $H$9$k$H!$ x j = r j P ( j = 1 ; 2 ; � � � ; 5) (4) $G$" $k$,!$ r j $O #4<! $N%Y %/%H %k$G $"$k $N$G!$ r 1 � r 4 $,#1<!FHN)$G$"$l$P r 5 = a 1 r 1 + a 2 r 2 + a 3 r 3 + a 4 r 4 (5)

V ol. 37 No. 4 #2Kg$N4i<L??$rMQ$$$?G$0UJ}8~$N4i2hA|$N@8@. 637 $H $J $k 78 ?t a k ( k = 1 ; 2 ; 3 ; 4) $, 0l 0U $K B8 :_ $9 $k!% $9 $J $o$A<0 (4) !A (5) $K$h $j!$ R 5 $GJQ 49$7$?>l9g$N A4$F$N E@ $N x :B I8 $O <! <0 $N $h $& $K @~ 7A 7k 9g $G 4J 7i $K I= 8= $G $- $k!% x 5 = a 1 x 1 + a 2 x 2 + a 3 x 3 + a 4 x 4 (6) F1 MM $K y :B I8 $b 78 ?t b k ( k = 1 ; 2 ; 3 ; 4) $r MQ $$ $F <! <0 $N $h$&$KI=8=$G$-$k!% y 5 = b 1 y 1 + b 2 y 2 + b 3 y 3 + b 4 y 4 (7) $3$N $3$H$+ $i9d BN � @5 <M1F %b%G%k $r2> Dj$9 $k$H!$#3 <!85 J*BN$rG$0UJ}8~$+$i8+$?>l9g$N2hA|>e$NE@$N#2<!85:BI8 $O!$4pDl$H$J$k#4Kg$N2hA|>e$G$N#2<!85:BI8$N@~7A7k9g $GI=8=$G$-!$M[$K#3<!85>pJs$rI|85$9$k$3$H$OI,MW$G$J $$$3$H$,$o$+$k!% 3.2 #2Kg$N4i<L??$rMxMQ$7$?:BI8?dDj J}8~$N0[$J$k#4Kg$N4i<L?? B 1 , B 2 , B 3 , B 4 $,4pDl$H $J$k2hA|$H$7$FM?$($i$l$?$H$9$k!%$3$l$i$O#3<!85$NF, It$r2sE>!&J?9T0\F0!&%9%1!<%kJQ49$7$?$b$N$r@5<M1F$K $h $j #2 <! 85 $K Ej 1F $7 $? $b $N $G $" $k!% 4i I= LL >e $K FC D’ E@ $r @_ Dj $7!$ $= $l $> $l $N 4p Dl $H $J $k 2h A| >e $G n 8D $N FC D’ E@$, BP1~ IU$1 $i $l$F $$$k $b$N $H $9$k!% B 1 , B 2 , B 3 , B 4 >e $G $N A4 $F $N FC D’ E@ $N x; y :B I8 $r 0l Dj $N =g $K JB $Y $? %Y %/ %H%k $r $= $l $> $l x 1 , x 2 , x 3 , x 4 , y 1 , y 2 , y 3 , y 4 $H $9 $k!% $b $7!$ x i ( i = 1 ; 2 ; 3 ; 4) $, 8_ $$ $K #1 <! FH N) $G $" $j!$ y i ( i = 1 ; 2 ; 3 ; 4) $b 8_ $$ $K #1 <! FH N) $G $" $l $P!$ JL $N J} 8~ $+ $i $N 8+ $( J} ^ B >e $K $* $1 $k FC D’ E@ $N :B I8 $r I= $9 %Y %/ %H %k ^ x , ^ y $O E, Ev $J 78 ?t a i ; b i $r MQ $$ $F!$ <! <0 $N $h $&$K@~7A7k9g$K$h$jI=8=$G$-$k!% ^ x = 4 X i =1 a i x i ; ^ y = 4 X i =1 b i y i (8) $7 $+ $7!$ ?^ 1 $K <( $9 $h $& $K!$ Mx MQ $G $- $k 4i <L ?? $, B 1 , B 2 $N #2 Kg $@ $1 $G $"$C $F $b!$ $3 $l $i $K 2C $( $F B 1 $r 2h A| LL$K ?bD> $J<4 2s$j $K2s E>$5 $;$? 8+$( J} B Rotate 1 $H!$ B 1 $r2h A|LL >e$G J?9T 0\ F0$5 $;$? 8+$( J} B S hif t 1 $r MQ0U $7!$ $3$l$i#4Kg$N2hA|$r4pDl2hA|$H$9$k$3$H$G!$#4Kg$N4i<L ?? $, M? $( $i $l $? >l 9g $H F1 MM $N $3 $H $, 2D G= $G $" $k!% $J $< $J $i!$ B Rotate 1 $K BP 1~ $9 $k JQ 49 9T Ns $N Bh #1 9T %Y %/ %H %k $O!$ B 1 $KBP1~$9 $kJQ499TNs R 1 $N Bh#19T%Y%/ %H%k$HBh #2 9T %Y %/ %H %k $+ $i 7W ;; $5 $l!$ r 1 ; r 2 $N @~ 7A 7k 9g $G $O I= 8=$G$-$J $$!%$^$? B S hif t 1 $KBP1~$9$k JQ499TNs $NBh#19T %Y%/%H%k$b r 1 $NBh #4@.J,$KJ?9T0\F0 NL$r2C$($?$b$N$G $" $j!$ r 1 ; r 2 $N @~ 7A 7k 9g $G $O I= 8= $G $- $J $$!% $7 $? $,$C $F!$$3$N#4Kg$N8+$(J}$KBP1~$9$k%"%U%#%sJQ49$NBh#19T %Y%/%H%k$O8_$$$K#1<!FHN)$K$J$j!$4pDl2hA|$H$7$FMxMQ 2DG=$G$"$k!% #2Kg$N4i<L??$+$i@8@.$7$?#4Kg$N4pDl2hA|>e$G$NA4 $F $N FC D’ E@ $N x :B I8 $r 0l Dj $N =g $K JB $Y $? %Y %/ %H %k $r $= $l $>$l x 1 , x 2 , x Rotate 1 , x S hif t 1 $H$9$l$P!$ ^ x = a 1 x 1 + a 2 x 2 + a 3 x Rotate 1 + a 4 x S hif t 1 (9) $HI=8=$G$-$k!% y :BI8$K4X$7$F$bF1 MM$G$"$k!%$? $@$7!$ #4$D$N%Y%/%H%k x 1 , x 2 , x Rotate 1 , x S hif t 1 $,#1<!FHN)$K $J$k$?$a$K $O!$#2Kg$N 4i<L?? B 1 , B 2 $, 8_$$$K!$2hA| LL $K?bD>$J<42s$j$N4X78$d!$2hA|LL>e$G$NJ?9T0\F0$N4X78 $G$J$$$3$H$,I,MW$G$"$k!%$3$N>r7o$rK~$?$7$F$$$l$P!$ ;# 1F J} 8~ $, L$ CN $N #2 Kg $N 4i <L ?? $N $_ $r Mx MQ $7 $? >l 9g $G $b!$E,Ev$J78?t$5$(7hDj$G$-$l$PG$0UJ}8~$+$i$N8+$(J} $K$*$1$kA4$F$NFCD’E@:BI8$r5a$a$k$3$H$,2DG=$H$J$k!% 3.3 @~7A7k9g$N78?t$N7hDj G$0UJ}8~$+$i8+$?>l9g$NFCD’E@:BI8$O!$E,Ev$J78 ?t$5 $( 7h Dj $G $- $l $P!$ @~ 7A 7k 9g $G 5a $a $i $l $k $3 $H $, $o $+$C $?!%K\@a$G$O@8@.$7$?$$2hA|$N4i$N8~$-$KBP1~$9$k@~7A 7k9g$N78?t$r5a$a$kJ}K!$K$D$$$F=R$Y$k!% 78 ?t $O x; y :B I8 $= $l $> $l $K $D $$ $F #4 8D $G 9g 7W #8 8D $" $k$,!$4i$N8+$(J}$NJQ2=$O2sE>#3<+M3EY!$J?9T0\F0#2<+ M3EY!$%9%1!<%kJQ49#1<+M3EY$N9g7W#6<+M3EY$r;}$D$N$_ $G$"$j!$$9$Y$F$N78?tCM$NAH9g$;$,#3<!85E*$KBEEv$J8+ $(J}$KBP1~$9$k$o$1$G$O$J$$!% 3.3.1 BeI=E*$JFCD’E@$N#3<!85:BI8$,4{CN$N>l9g 4iI=LL>e$NFCD’E@$N$&$A!$:GDc#4E@$NBeI=E*$JFC D’E@ $K$D$$$F#3<!85:BI8$,4{CN$G$"$l$P!$$3$l$r$b$H$K@~7A 7k9g$N78?t$r7hDj$9$k$3$H$,$G$-$k!%$3$l$i$NBeI=E*$J FCD’E@$r#3<!856u4VCf$G2sE>$5$;!$=jK>$N4i$N8~$-$K$7 $? >l 9g $N #2 <! 85 :B I8 $r 5a $a!$ x :B I8 $r 0l Dj $N =g $K JB $Y $?%Y %/ %H %k $r ^ x 0 $H $9 $k!% $^ $?!$ $3 $l$i $N E@ $N 4p Dl 2h A| >e $G $N x :B I8 $r 0l Dj $N =g $K JB $Y $? %Y %/ %H %k $r $= $l $> $l x 0 1 , x 0 2 , x 0 1 Rotate , x 0 1 S hif t $H$7!$ ^ x 0 = a 1 x 0 1 + a 2 x 0 2 + a 3 x 0 Rotate 1 + a 4 x 0 S hif t 1 (10) $H $J $k 78 ?t a 1 � a 4 $r 5a $a $k!% y :B I8 $K 4X $7 $F $b F1 MM $G$"$k!%BeI=E*$JFCD’E@$,#5E@0J>e$"$k>l9g$O!$:G>.<+ >hK!$K$h$j5a$a$k$3$H$,$G$-$k!% 3.3.2 ;XI82hA|$rMQ$$$k>l9g ;XI82hA|$O@8@.$7$?$$2hA|$N4i$N8~$-$r<($94i2h A|$G $"$j!$$3$N2hA|$HF10l$N8~$-$K$J$k$h$&$K?7$7$$4i2hA| $r@8@.$9$k!%;XI82hA|$G!$Hf3SE*0BDj$KCj=P$G$-$k:GDc #4E@$NBeI=E*$JFCD’E@$N2hA|>e$G$N#2<!85:BI8$,$o$+$C $F$$$l$P!$>e5-$N>l9g$HF1MM$K$7$F78?t$r5a$a$k$3$H$, $G$-$k!% 3.4 Structure-from-motion $K$h$kJ}K!$H $N0c $$ A0 @a $G =R $Y $? ;X I8 2h A| $r MQ $$ $k >l 9g $K $O!$ #2 Kg $N F~

638 >pJs=hM}3X2qO@J8;o Apr. 1996 ?^ 1 4pDl$H$J$k#4Kg$N2hA| Fig. 1 F our basis images NO 2h A| $H ;X I8 2h A| $N #3 Kg $N 2h A| >e $G :G Dc #4 E@ $N FC D’ E@ $N BP 1~ IU $1 $r M? $( $k I, MW $, $" $j!$ $3 $l $r MQ $$ $l $P structure-from-motion !J SFM !K $K $h$C $F!$ $3 $l $i $N FCD’E@$N#3<!85:BI8$H2hA|$N;#1FJ}8~$,7W;;$G$-$k!%F~ NO2hA|4V$N;#1FJ}8~$,F@$i$l$l$P!$%9%F%l%*K!$K$h$j3F E@$N#3<!85:BI8$r7W;;$7!$G$0UJ}8~$+$i8+$?>l9g$N#2<! 85:BI8$,?dDj$G$-$k$3$H$K$J$k!% $7$+$7!$K\<jK!$K$*$1$kFCD’E@$N#2<!85:BI8$N@8@. K! $H!$ SFM $K$h$k#3<!85:BI8$NI|85$r2p$7$?#2<!85:BI8 $N@8@.$G$O!$K\<AE*$K@8@.$G$-$k2hA|$N=89g$,0[$J$k!% K\<jK!$G@8@.$G$-$k2hA|$O!$9dBN$H$7$F9M$($?>l9g$N7A >u$r#3<!85E*$K%"%U%#%sJQ49$7$?>l9g$N8+$(J}$G$"$j!$ @~7A7k9g$N78?t$rJQ$($k$3$H$K$h$C$F!$$3$NA4$F$N8+$( J}$r@8@.$9$k$3$H$,$G$-$k!%$?$@$7!$?M4V$,8+$?>l9g$K E,@Z$J8+$(J}$r@8@.$9$k$?$a$K$O!$2?$i$+$NJ}K!$G@~7A 7k9g$N78?t$rE,@Z$K7h$a$k$3$H$,I,MW$H$J$k!%$=$N#1$D $NJ}K!$,;XI82hA|$rMQ$$$k$3$H$G$"$j!$$b$7;XI82hA|$H $7 $F F~ NO 2h A| $H F10l?MJ* $N Bh #3 $N 8+ $( J} $r M? $( $l $P!$ K\<jK!$H SFM $H$OF10l$N7k2L$r@8@.$9$k!% $7 $+ $7!$ F~ NO 2h A| $N FC D’ E@ :B I8 $K 8m :9 $, B8 :_ $7 $? >l 9g$O!$ SFM $HK\<jK!$G$O;;=P$5$l$kFCD’E@:BI8$,0[$J $k!%8m:9$K$O!$FCD’E@Cj=P$N8m:9$J$I$K2C$($F!$F~NO2h A|$H;XI82hA|$,B>?M$G$"$C$?>l9g$N8m:9$,B8:_$9$k!%K\ <jK!$G$O!$LdBj@_Dj$H$7$FF~NO2hA|$H;XI82hA|$OB>?M$G $J$1$l$PL50UL#$G$"$j!$8e<T$N>l9g$N8m:9$OL5;k$G$-$J $$!% $3$N$h$&$J>l9g!$ SFM $G$O!$0[$J$k?MJ*$+$iF@$i$l $k#3Kg$N2hA|$H$$$&!$9dBN2>@b$,@.N)$7$F$$$J$$F~NO$+ $i#3<!857A>uI|85$r9T$&$3$H$K$J$k!%$=$N$?$a!$I|85$5 $l $? 7A >u $O #2 ?M $N ?M J* $N 7A >u $, F~ $j :. $8$C $? $b $N $H $J $j!$$3$l$r#3<!856u4VCf$G$I$N$h$&$K2sE>$7$F$bF~NO2h A|$N?MJ*$N8+$(J}$r@5$7$/@8@.$G$-$J$$!%$D$^$j!$@8@. $5$l$k8+$(J}$O!$9dBN$H$7$F@5$7$/$J$$$P$+$j$G$J$/!$ 9dBN$H$7$F9M$($?>l9g$N%"%U%#%sJQ49$H$7$F$b@5$7$/$J $$!% $=$l$KBP$7K\<jK!$G$O!$;XI82hA|$G<($5$l$?FCD’ E@:B I8$N=89g$K:G$b6a$$8+$(J}$r!$#2Kg$NF~NO2hA|>e$NFCD’ E@:BI8$N@~7A7k9g$G;;=P$9$k!%$$$C$?$s@~7A7k9g$N78?t $r7h$a$F$7$^$($P!$2hA|@8@.$N:]$K$O;XI82hA|$G$NFCD’ E@:BI8$O;H$o$l$J$$!%$=$N$?$a!$@8@.$5$l$k8+$(J}$O!$ 9dBN$H$7$F$O@5$7$$$H$$$&J]>Z$O$J$$$,!$$=$N%"%U%#%s JQ49$H$7$F$O@5$7$$8+$(J}$,@8@.$5$l$k!%$^$?!$2?$i$+ $NIU2CE*$JJ}K!$GE,@Z$J@~7A7k9g$N78?t$r94B+$9$k$3$H $,$G$-$l$P!$9dBN$H$7$F$b@5$7$$8+$(J}$r@8@.$G$-$k$3 $H$K$J$k!% 4. 2h A| @8 @. 4i2hA|>e$NFCD’E@$N#2<!85:BI8$r;;=P$9$kJ}K!$K $D$$ $FA0@a$G=R$Y$?!%$7$+$7!$4i2hA|$r@8@.$9$k$?$a$K$O$3 $l$i$NE@:BI8$r$b$H$K!$LL$r@8@.$7$J$1$l$P$J$i$J$$!% K\@a$G$O!$FCD’E@$N4V$rKd$a$kLL$r%F%/%9%A%c%^%C%T%s %0$K$h$j@8@.$9$k<jK!$K$D$$$F=R$Y$k!% 4.1 4i2hA|$N$?$a$N%Q%C%A%b%G%k %F%/%9%A%c%^%C%T%s%0$K$h$jLL$r@8@.$9$k$?$a $K!$4i I=LL >e $N #3 8D$N FC D’ E@ $N 4V$K LL $r D%$C $?!$ ?^ 2 $K <( $9 #3 3Q7A%Q%C%A%b%G%k$rMQ0U$9$k!%$3$N%b%G%k$NFCD’E@?t$O 45 E@ $G $" $j!$ I= LL $N 6J N( $N Bg $- $$ =j $K $O L) $K G[ CV $7 $F $"$k!%3F%Q%C%A$O$3$l$i$NFCD’E@$rD:E@$H$9$k#33Q7A$G $"$j!$ LL ?t $O 80 LL $G $" $k!% $3$N %b %G %k $K 4i <L ?? $+ $i F@ $i$l$k%F%/%9%A%c$r%^%C%T%s%0$9$k$3$H$K$h$C$F2hA|$r @8@.$9$k!% K\8&5f$N$h$&$K!$FCD’E@:BI8$r#2<!85:BI8$N@~7A 7k9g

V ol. 37 No. 4 #2Kg$N4i<L??$rMQ$$$?G$0UJ}8~$N4i2hA|$N@8@. 639 ?^ 2 #33Q7A%Q%C%A%b%G%k!J#2<!85!K Fig. 2 T riangular patch mo del (tw o dimensional) $K$h$j5a$a$?>l9g$K$O!$#33Q7A%Q%C%A%b%G%k$O#2<!85J? LL>e$GDj5A$5$l$F$$$k$@$1$G$"$j!$1|9T$->pJs$O7gMn$7 $F$$$k$?$a!$%Q%C%A$I$&$7$N@53N$JA08e4X78$OJ,$+$i$J $$!%$7$+$7!$#33Q7A%Q%C%A%b%G%k@8@.;~$K!$3F#33Q7A$N D:E@$r>o$K30$+$i8+$F0lDj$N=g!JNc$($P;~7W<~$j!K$KE} 0l$7$F5-=R$7$F$*$1$P!$@8@.2hA|>e$G$N#33Q7A%Q%C%A$N D:E@$N=P8==g$rD4$Y$k$3$H$K$h$j!$3F%Q%C%A$NI=N"$NH= Dj$,2DG=$H$J$k!%=>$C$F!$N"B&$r8~$$$F$$$k!$$9$J$o$A 40A4$K1#$l$F$$$k%Q%C%A$K%F%/%9%A%c$,%^%C%T%s%0$5$l $k$3$H$rKI$0$N$OMF0W$G$"$k!%?M4V$NF,It$N$h$&$KFLB? LLBN$K6a$$7A>u$N>l9g$K$O!$$3$NDxEY$NI=N"$NH=Dj$,$G $-$l$P<BMQ>e==J,$G$"$k!% 4.2 %F%/%9%A%c$NA*Br %F%/%9%A%c%^%C%T%s%0$G$O!$DL>o#1Kg$N2hA|$+$i%F %/ %9%A%c$r@Z$j=P$9$3$H$,B?$$!%$7$+$7!$N"B&$K$J$C$F8+ $($J$$ItJ,$,$"$k$?$a!$#1Kg$N4i<L??$+$iF@$i$l$k$N$O 4iI=LL>e$NItJ,E*$J%F%/%9%A%c$@$1$G$"$j!$$"$i$f$kJ} 8~$+$i$N8+$(J}$N@8@.$KBP1~$9$k$3$H$O:$Fq$G$"$k!%K\ 8&5f$N$h$&$KJ}8~$N0[$J$k#2Kg$N4i<L??$,MxMQ$G$-$k>l 9g$K$O!$$3$l$i$rE,@Z$KAH$_9g$o$;$k$3$H$G!$@8@.$G$- $k8+$(J}$NHO0O$r9-$2$k$3$H$,$G$-$k!%K\@a$G$O#2Kg$N 4i<L??$+$iF@$i$l$k%F%/%9%A%c$r$I$N$h$&$KA*Br$7!$AH $_9g$o$;$k$+$K$D$$$F8!F$$9$k!% 3F#33Q7A%Q%C%A$K%^%C%T%s%0$9$k%F%/%9%A%c$r!$#2 <o N‘$N4i<L??$+$iA*Br$9$k$?$a$NJ}K!$O!$Bg$-$/J,$1$F0J 2<$N#2$D$,9M$($i$l$k!% J}K! (1) @8@. $9$k4i2hA|$H4i$N 8~$-$,6a$$#1Kg $N4i<L ??$N$_$rMQ$$$k J}K! (2) 3F%Q%C %A$4$H$K!$<L?? >e$G$N%Q%C%ALL @Q$,Bg $-$$J}$N4i<L??$rMQ$$$k J}K! (1) $G $O#1Kg$N2hA|@8 @.$K$O#1<oN‘ $N4i<L??$7$+;H MQ$7$J$$$,!$@8@.$9$k4i$N8~$-$K$h$C$F#2<oN‘$N4i<L?? $r@Z BX $($F ;H MQ $9$k J} K!$G $" $k!% $=$l $K BP $7!$J} K! (2) $G$O#1Kg$N2hA|@8@.;~$K$b#2<oN‘$N4i<L??$rMQ$$$F!$3F %Q%C%A$4$H$K%F%/%9%A%c$r@Z$j=P$94i<L??$r@ZBX$($kJ} K!$G$"$k!% $7$+$7!$#2<oN‘$N4i<L??$+$i%F%/%9%A%c$r@Z$j=P $7$F 2h A| $r @8 @. $9 $k >l 9g!$ >H L@ >r 7o $N :9 $J $I $K $h $j!$ %F %/ %9%A%c$NITO"B3@-$,L\N)$D>l9g$,$"$k!%$=$N$?$a!$K\8& 5f $G $O %F %/ %9 %A%c $N O" B3 @- $r J] $D J} K! $r Ds 0F $9 $k!% $^ $:!$%F%/%9%A%c$NO"B3@-$O<!$N#2$D$KBgJL$G$-$k!% 2hA|FbO"B3@- NY@\$9$k%Q%C%A4V$G$N%F%/%9%A%c$N O"B3 @-!% $3 $N O" B3 @- $, J] $? $l $F $$ $J $$ $H!$ @8 @. $5 $l $? 2h A| $O ?^ 3 $K Nc <($9 $k $h $&$K!$ !V$D $. $O$.!W $, L\ N) $A!"IT<+A3$K$J$k!% 2hA|4VO"B3@- >/$7$:$D4i$N8~$-$rJQ2=$5$;$F@8@. $7$? F02hA|$K$*$1$k2hA|4V $G$N%F%/%9%A%c$N ;~4V<4>e$G $NO"B3@-!%$3$NO"B3@-$, J]$?$l$F$$$J $$$H!$F02hA| >e$G%F%/%9%A%c$,FMA3$KJQ2=$7!$IT<+A3$K$J$k!% %F%/%9%A%c$NA* BrJ}K! (1) $G$O!$A4$F$N%F %/%9%A%c$rF1 $8 4i <L ?? $+ $i @Z $j =P $9 $? $a!$ 2h A| Fb O" B3 @- $O J] $? $l $k $,!$4i$N8~$-$rJQ2=$5$;$k$K$D$l$F!$$"$k8~$-$r6-$KA4 $F$N%Q%C%A$G0l@F$K%F%/%9%A%c$,JQ2=$7!$2hA|4VO"B3@- $OJ]$?$l$J$$!% 5U$KJ}K! (2) $G$O!$%Q%C%A$4 $H$K0[$J$k 4i<L??$+$i%F%/%9%A%c$r@Z$j=P$9$?$a!$2hA|FbO"B3@-$O J]$?$l$J$$$,!$3F%Q%C%A$KD%$jIU$1$k%F%/%9%A%c$O4i$N 8~$-$K0M$i$:0lDj$G$"$j!$2hA|4VO"B3@-$OJ]$?$l$k$H$$ $&@-<A$,$"$k!%$3$l$r$^$H$a$k$H I= 1 $N$h$&$K$J$k!% $^$?!$3F#33Q7A%Q%C%A$K%^%C%T%s%0$5$l$k%F%/ %9%A%c $K$D$$$F$O!$J} K! (2) $NJ} $,%F%/%9%A%c$r @Z$j=P$9%Q%C %A$NLL@Q$,Bg$-$$$?$a!$%F%/%9%A%c%^%C%T%s%0$K$h$k2h A|$NNt2=$,>/$J$$$H$$$&MxE@$,$"$k!%$=$3$GK\8&5f$G$O J}K! (2) $r 2~NI$7!$2hA|FbO" B3@-$b2hA|4V O"B3@-$bJ]$? $l$?2hA|$r@8@.$9$k<jK!$rDs0F$9$k!% J}K! (2) $N2hA|FbITO"B3$O!$<g$K0J2<$N860x$G 5/$3$k $H9M$($i$l$k!% (a) 6JLL$rAF$$J?LL $G6a;w$7$?$? $a$K!$%Q%C%A>e$N %F%/ %9%A%c$KOD$_$,@8$8!$NY @\$9$k%Q%C%A$N 6-3&$G2hAG $NBP1~$,$:$l$k (b) #2Kg$N4i<L??$N>H L@>r7o$N:9$K $h$j!$%F%/%9%A%c $N L@$k$5$,0[$J$k (a) $K $D$$ $F $O 6-3& @~ $K1h$C $F G; EYCG LL $NCF @- %^%C %A%s %0$r9T$$!$E,1~E*$K%Q%C%A$r:FJ,3d$9$k$3$H$GBP1~$:$l $NJd@5$r$9$k!% (b) $K$D$$$F$O!$0[$J$k4i<L??$+$i%F%/ %9%A%c$r@Z$j=P$7$?%Q%C%A$,NY@\$9$k>l=j$rC5$7!$$3$N 6-3&$N%F%/%9%A%c$,O"B3E*$K$D$J$,$k$h$&$KG;EY$rJd@5 $9$k!%$3$l$i$N>\:Y$K$D$$$F$O<!@a$G=R$Y$k!%

640 >pJs=hM}3X2qO@J8;o Apr. 1996 I= 1 %F%/%9%A%c$NO"B3@- T able 1 T exture contin uit y 2hA|FbO"B3@- 2hA|4VO"B3@- J}K! (1) J]$?$l$k J]$?$l$J$$ J}K! (2) J]$?$l$J$$ J]$?$l$k ?^ 3 $D$.$O$.$N5/$3$C$F$$$kNc Fig. 3 Example of texture discontin uit y b etw een patches 4.3 E,1~E*%Q%C%A:FJ,3d NY@\$9$k%Q%C%A4V$N!$2hAG$NBP1~$:$l$rJd@5$9$k$? $a $K!$K\ 8&5f $G$O?^ 4 $K<( $9$h $&$K!$ #33Q 7A%Q%C%A $N6- 3& $N G; EY CG LL $N CF @- %^%C %A %s %0 $r 9T $$!$ BP 1~ E@ $r $b $H $K %Q%C%A$r:FJ,3d$7$F$:$l$rJd@5$9$k!%$3$N%Q%C%A:FJ,3d $N<j=g$r0J2<$K<($9!% 1. NY @\ $9 $k #2 $D $N %Q%C %A $N 6- 3& @~ >e $K 1h$C $F 2h AG CM $r <h $j =P $7!$ 0l BP $N #1 <! 85 GH 7A $rF@$k 2. AP J} $N GH 7A >e $G %(%C %8 $K $O $5 $^ $l $? 6h 4V $rBP1~ C10L $H$7!$ F0E*7W 2hK! !J DP !K$K$h $j6h4VBP1~C5:w 8) $r9T$& 3. 5a $a $i $l $? BP 1~ 6h 4V $4 $H $K %Q%C %A $r :F J, 3d $7!$ BP 1~ 6h 4V $, 0l CW $9 $k $h $& $K %Q%C %A $r?-=L$9$k $3$N$h$&$K%F%/%9%A%c$NITO"B3$,7c$7$$ItJ,$@$1$rCj=P $7!$%Q%C%A$NJ,3d?t$r>u67$K1~$8$FE,1~E*$KA}2C$5$;$k $3$H$G!$AF$$%Q%C%A%b%G%k$G$"$C$F$bOD$_$NL\N)$?$J$$ <+A3$J2hA|$N@8@.$,2DG=$K$J$C$?!% 4.4 G;EY$NJd@5 NY@\$9$k%Q%C%A4V$G!$A4BNE*$KL@0E$,ITO"B3$K$J$k >l 9g$,$"$k!%$3$l$O#2Kg$N4i<L??$N>HL@>r7o$N:9$,<g$J86 0x$G$"$k!%$3$N%F%/%9%A%c$NITO"B3$r$J$/$9$?$a$K!$K\ 8&5f$G$ONY@\$9$k%Q%C%A4V$N6-3&$G$NG;EYCM$rO"B3E*$K $D$J$,$k$h$&$KJd@5$9$k!% ?^ 5 $K <( $9 $h $& $K!$ #2 Kg $N 4i <L ?? B 1 ; B 2 $+ $i %F %/ %9 ?^ 4 F0E*7W2hK!$rMQ$$$?%Q%C%A6-3&$N@09g$H%Q%C%A:FJ,3d Fig. 4 Alignment of patch b oundaries using dynamic programming and additional division of patches ?^ 5 %Q%C%AFb$K$*$1$kG;EY$NJd@5 Fig. 5 Intensit y adjustment within patches %A%c$r@Z$j=P$7$F#33Q7A%Q%C%A$K%^%C%T%s%0$7$?7k2L!$ @8 @. $5 $l $? 4i 2h A| $G $O 4i <L ?? B 1 $N %F %/ %9 %A%c $, %^%C %T%s%0 $5$l$F $$$k #33Q7A %Q%C%A$H!$ B 2 $N %F%/%9 %A%c$, %^%C %T %s %0 $5 $l $F $$ $k #3 3Q 7A %Q%C %A $, B8 :_ $9 $k!% $3 $3 $G!$F10l$N4i<L??$+$iF@$i$l$?%F%/%9%A%c$,D%$i$l$F$$ $kNY@\$7$?#33Q7A%Q%C%A$N=89g$r!VNN0h!W$H8F$V!%%F%/ %9%A%c$NITO"B3$,LdBj$H$J$k$N$O!$0[$J$k4i<L??$+$iF@ $i$l$?%F%/%9%A%c$r;}$DNN0h$,@\$9$k6-3&$G$"$k!% NN0h$N6-3&>e$N2hAG$K$D$$$F$O!$NN0h$r$O$5$s$G NY@\ $9 $k 2h AG P i $H P 0 i $N G; EY $r $= $N J? 6Q CM $G CV $- 49 $( $k!% P i $H P 0 i $N G; EY CM $r $= $l $> $l I ( P i ), I ( P 0 i ) $H $9 $k $H!$ I ( P i ) $K <0 (11) $N $h $& $K Jd @5 CM $r 2C $( $k $3 $H $G IT O" B3 $r 2r >C $9 $k!% 2h AG P i $K BP $9 $k Jd @5 CM d P i $O!$ <0 (12) $N$h$&$K5a$a$i$l$k!%6-3&>e$N2hAG$=$l$>$l$K$D$$$FG; EY$NJd@5CM$r5a$a$k!% I ( P i ) I ( P i ) + d P i (11) d P i = I ( P 0 i ) � I ( P i ) 2 (12) NN 0hFb It $N 2hAG Q $K BP $9$k Jd @5 CM d Q $O!$<0 (13) $N $h $& $K NN 0h $N 6- 3& $K $* $1 $k Jd @5 CM $N =E $_ IU $1 J? 6Q $H $7

V ol. 37 No. 4 #2Kg$N4i<L??$rMQ$$$?G$0UJ}8~$N4i2hA|$N@8@. 641 $F5a$a$k!% $?$@$7 w i $O2hAG Q $H P i $N5wN%$KH?HfNc$7 $? =E $_ 78 ?t $G $" $j!$ P w i = 1 $H $9 $k!% $3 $N $h $& $K $7 $F!$$=$l$>$l$NNN0hCf$NA4$F$N2hAG$KBP$9$kJd@5CM$r5a $a!$G;EY$rJd@5$9$k!% d Q = X i w i d P i (13) $3$N<jK!$rMQ$$$k$3$H$K$h$C$F!$8w8;$N0LCV$dF,It $N N)BN9=B$$,L$CN$N>l9g$G$b!$%F%/%9%A%c$NITO"B3$,$J$$ <+A3$J4i2hA|$N@8@.$,2DG=$K$J$C$?!% 5. <B 83 7k 2L >e5-$N<jK!$K$h$C$F4i2hA|$r@8@.$9$k<B83$r9T$C $?!% <B83$G$O!$4i$N8~$-$r<($9;XI82hA|$rMQ$$!$4pDl2hA|$N ?MJ*$r;XI82hA|$N?MJ*$HF1$84i$N8~$-$K$7$?>l9g$N8+$( J} $r@8 @. $7 $?!% <j =g $O!$ ?^ 6 $K <( $9 $h $& $K!$ $^$: ;X I8 2h A|$+$iBeI=E*$JFCD’E@$rCj=P$7!$$3$l$r$b$H$K@~7A7k9g $N78?t$r5a$a$FA4$F$NFCD’E@:BI8$r;;=P$7$?!%$5$i$K!$ $3$l$i$NFCD’E@$rD:E@$H$9$k#33Q7A%Q%C%A%b%G%k$K#2Kg $N4i<L??$+$iF@$i$l$k%F%/%9%A%c$r%^%C%T%s%0$7!$:G8e $K%F%/%9%A%c$NITO"B3$NJd@5$r9T$C$?!% $J $*!$ 4p Dl 2h A| $H $7 $F $O!$ #2 Kg $N 4i <L ?? $N $& $A 0l J} $r!$ 2h A| $N :8 >e $N 3Q $r Cf ?4 $H $7 $F ;~ 7W <~ $j $K 90 � 2s E> $5 $; $? 2h A| $H!$ x; y J} 8~ $K $= $l $> $l 100 2h AG J? 9T 0\ F0 $7$?2hA|$N9g7W#4Kg$rMQ$$$?!% 5.1 9g@.2hA|$K$h$k<B83 F,It$N#3<!857A>u$HI=LL?’$rF1;~$K7WB,$G$-$k%l%s %8 %U%!%$%s%@ 1) $rMQ$$$FF@$?#3<! 857A>u%b %G%k$rMQ$$ $k$3 $H$G!$;XDj$7$?3QEY$KF,It$r2sE>$7$?>l9g$N8+$(J}$r@5 3N$K9g@.$G$-$k!%$3$l$r@52r2hA|$H$7$F!$K\<jK!$G@8@. $7$?4i2hA|$H$NHf3S<B83$r9T$C$?!% $^$:!$ ?^ 7 (a)(b) $K<( $9#2Kg$N 4i2hA| $r#3<! 857A>u %b %G %k $r MQ $$ $F 9g @. $7!$ 4p Dl 2h A| $H $7 $?!% (a) $O @5 LL 8~ $- $+ $i 1& $K 20 � >e $K 20 � $N =g $K 2s E> $5 $; $? 8+ $( J} $G $" $j!$ (b) $O @5 LL 8~ $- $+ $i :8 $K 20 � 2< $K 20 � $N =g $K 2s E> $5$;$?8+$(J}$G$"$k!%9g@.$5$l$?#2Kg$N4i2hA|>e$K$*$1 $k 45 E@ $N FC D’ E@ $N #2<! 85 :B I8 $b!$ #3 <!85 :B I8 $N <M 1F $K $h $j;; =P $7 $?!% $^ $? $3$l $i $N FC D’ E@ $rD: E@ $H $9 $k 80 LL $N%Q%C%A%b%G%k$r$=$l$>$l?^ 7(c)(d) $K<($9!% ?^ 8 >e CJ$O #3 <! 857A >u %b%G %k $K $h$C$F 9g @.$7 $? @5 2r2h A|$G$"$k!%$3$l$i$N8D!9$N2hA|$r;XI82hA|$H$7!$L\?,!$ 8}$NN>C<!$I!$N@hC<It$N7W#5E@$NFCD’E@$N#2<!85:BI8$r MQ$$$F@~7A7k9g$N78?t$r7hDj$7$F!$#2Kg$N4pDl2hA|$+$i @8@.$7$?2hA|$r?^ 8 2<CJ$K<($9!% 6JLL$rHf3SE*Bg$-$JJ?LL$G6a;w$7$F$$$k$?$a$K!$4i I= LL>e$N%F%/%9%A%c$K<c43$N$:$l$,@8$8$F$$$k$,!$;k3PE* $K$OK~B-$G$-$k2hA|$,F@$i$l$F$$$k!% 5.2 <B2hA|$K$h$k<B83 <B2hA|$rMQ$$$F!$4i$N8~$-$r<($9;XI82hA|$HF1$8 8~$- $N4i2h A|$r @8@. $9$k<B 83$r 9T$C$?!% ?^ 9 (a)(b) $K<( $9#2 Kg$N 4i <L ?? $r 4p Dl2h A| $H $7!$ 45 E@ $NFC D’ E@ $N BP 1~ IU $1 $r<jF~NO$K$h$jM?$($?!%KK$J$I$KG[CV$7$?0LCV7h$a$N:$ Fq$JFCD’E@$O!$;#1F;~$K4i$K%^!<%-%s%0$7$F$*$/$3$H$G 0LCV7h$a$r9T$C$?!% ?^ 9(c) $K <( $9 @5 LL 4i $r ;X I8 2h A| $H $7 $F!$ L\ ?,!$ 8} $N N>C<!$I!$N@hC<It$N7W#5E@$N#2<!85:BI8$rCj=P$7!$@~7A 7k 9g$K $h$C $F 45 E@ $N FC D’ E@ :B I8 $r 5a $a $F!$ %F %/ %9 %A%c $r %^%C %T %s %0 $7 $? 7k 2L $r ?^ 10 $K <( $9!% (a) $O 4i $N 8~ $- $,6a $$J} $N4i <L ??$N %F%/ %9 %A%c$N $_$r MQ$$ $? 7k2L!$ (b) $O%Q%C%A$NLL@Q$,Bg$-$$J}$N4i<L??$N%F%/%9%A%c$rMQ$$ $?7k2L!$ (c) $O (b) $N%F%/ %9%A%c$N ITO"B3 $rJd @5$7$? 7k 2L$G$"$k!% (a) $G$OLL@Q$N >.$5$J%F%/%9 %A%c$rL5M}$K0z $-1d$P$7$F$$$k%Q%C%A$,$"$j!$Nc$($P8}$NC<$J$I$KOD$_ $,@8$8$F$$$k!%$^$?!$A0=R$7$?$h$&$KF02hA|$K$O8~$+$J $$!% (b) $G$O%F%/%9%A%c$NITO" B3$,8+$i$l $k!%$=$l$K BP $7!$ (c) $O <+ A3 $J 2h A| $H $J$C $F $$ $k!% DL >o $N ;# 1F 4D 6- $G$O!$#2Kg$N4i<L??$G>HL@>r7o$r40A4$KF10l$K$9$k$3$H $O:$Fq$G$"$k$?$a!$<+A3$J2hA|$r@8@.$9$k$?$a$K$O$3$N $h$&$J%F%/%9%A%c$NJd@5$,I,?\$G$"$k$H8@$($k!% MM!9$JJ}8~$N;XI82hA|$rM?$($F4i2hA|$r@8@.$7$? 7k2L $r ?^ 11 $K <( $9!% ;X I8 2h A| $N ?M J* $O 4p Dl 2h A| $N ?M J* $H JL ?M$G$"$j!$BeI=E*$JFCD’E@$H$7$FM?$($?#5E@$NG[CV$O;X I82hA|$H4pDl2hA|$H$G0lCW$9$k$b$N$G$O$J$$$,!$4i$N8~ $-$r;XDj$9$k$3$H$O==J,$K2DG=$G$"$k$3$H$,J,$+$k!% 6. $‘ $9 $S K\9F$G$O!$;#1FJ}8~$,L$CN$N#2Kg$N4i<L??$N$_$r F~NO $H$7$F!$#3<!859=B$$rI|85$9$k$3$H$J$/G$0UJ}8~$N8+$( J}$r@8@.$9$k<jK!$rDs0F$7!$<B83$K$h$j$=$NM-8z@-$r3N G’$7$?!% :#2s$O?M4V$N4i$r9dBN$H8+$J$7$F%7%9%F%‘$r9=C[ $7$? $,!$ :# 8e $O @8 @. $9 $k 8+ $( J} $K I= >p JQ 2= $r ;} $? $; $k $? $a $K!$MM!9$JI=>p$r;}$C$?4i<L??$rAH$_9g$o$;$k<jK!$K$D $$$F8!F$$9$k!% <U<- K\<B83$G@8@.7k2L$N I>2A$N$?$a$K;H MQ$7$?%l%s %8%U%!%$%s%@$K$h$k#3<!857A>u%b%G%k$O!$#N#T#T%R%e!< %^%s%$%s%?!<%U%’!<%98&5f=j$G7WB,$5$;$FD:$$$?$b$N$G $"$k!%

642 >pJs=hM}3X2qO@J8;o Apr. 1996 ?^ 6 4i2hA|@8@.=hM}$NN.$l Fig. 6 Flow of the view generation pro cess ?^ 7 F~NO4i2hA| (a)(b) $HBP1~$9$k%Q%C%A (c)(d) Fig. 7 Input face images(a)(b) and corresp onding patches(c)(d) ?^ 8 @8@.2hA|$NHf3S!J>eCJ!’5wN%%G!<%?$+$i@8@.$7$?2hA|!$2<CJ!’#2Kg$N4i<L??$+$i@8@.$7$?2hA|!K Fig. 8 Comparison of synthesized images (upp er row: images generated from range data, low er ro w: images synthesized by our metho d) ?^ 9 F~NO2hA| (a)(b) $H;XI82hA| (c) Fig. 9 Tw o input images(a)(b) and an image sp ecifying facial orientation(c)

V ol. 37 No. 4 #2Kg$N4i<L??$rMQ$$$?G$0UJ}8~$N4i2hA|$N@8@. 643 ?^ 10 @8@.$5$l$?2hA| Fig. 10 Synthesized images ?^ 11 MM!9$JJ}8~$N4i2hA|$N@8@.!J>e!’;XI82hA|!$2<!’@8@.2hA|!K Fig. 11 Syn thesis of v arious facial views (top: images sp ecifying facial orientation, b ottom: syn thesized views)

644 >pJs=hM}3X2qO@J8;o Apr. 1996 ;2 9M J8 8% 1) Kv1J9/?N , EOItJ]F|;y : #3#D7A>u$H51EY!J?’!K$N F1 ;~ 7W B, $, 2D G= $J %9 %-%c %J $H $= $N 4i 2h A| F~ NO $X $N 1~ MQ , >p=h8&Js , CV 67-5 (1990). 2) =)K\9bL@ , Kv1J9/?N : F,It$N@5LL!&B&LLA|$H4pK\ #3 <!85 7A>u$r MQ$$$? 4i2hA| @8@.<jK! , ?.3X 5;Js , PRU 88-47 (1988). 3) R.Skerjanc, and J.Liu: Computation of Inter- mediate Views for 3DTV, Pro c. 5th W orkshop 1992 on Theoretical F oundations of Computer Vision , pp. 190{201 (1992). 4) S.Ullman: The Interpretations of Visual Mo- tion, MIT Press, Cambridge, MA (1979). 5) C.T omasi, T.Kanade: The F actorization Metho d for the Recov ery of Shap e and Motion from Image Streams, In Pro ceedings of Image Understanding W orkshop , pp. 459{472 (1992). 6) J.J.Ko enderink, A.J.v an Do orn: A�ne struc- ture from motion, J.Opt.So c.Am.A, V ol. 8, No. 2, pp. 377{385 (1991). 7) S.Ullman, R.Basri: Recognition by Linear Combinations of Mo dels, IEEE T rans. P AMI , V ol. 13, No. 10, pp. 992{1006 (1991). 8) Bg ED M’ 0l , @5 0f 9/ G7 , CS ED 9n IW : F0 E* 7W 2h K! $K $h $k %9 %F %l %* 2h A| $N 6h 4V BP 1~ K! , ?. 3X O@ , V ol. J68 No. 4, pp. 554{561 (1985). ( J?@. 7 G/ 8 7n 8 F|<uIU ) ( J?@. 8 G/ 2 7n 7 F|:NO? ) 8~@n 9/Gn !J3X@82q0w!K J? @. 4 G/ C^ GH Bg 3X Bh #3 3X 72 >p Js 3X N‘ B4 6H!% 8= :_ F1 Bg Bg 3X 1! Gn ;N 2] Dx 9) 3X 8& 5f 2J :_ 3X Cf!% 9) 3X =$ ;N!% %3 %s %T%e!<%?%S%8%g%s$N8&5f$K=>;v!% CfB< M50l !J@52q0w!K ><OB 60 G/5~ETBg3X9)3XItEE 5$9)3X Bh Fs 3X 2J B4 6H!% J? @. 2 G/ F1 Bg Bg 3X 1! Gn ;N 2] Dx =$ N;!% F1 G/ 5~ ET Bg 3X 9) 3X It =u <j!% J? @. 5 G/ C^ GH Bg 3X EE ;R!& >p Js 9) 3X 7O 9V ;U!% 9) 3X Gn ;N!% 2h A| M} 2r!$ <+A38@8l$H%Q%?!<%s>pJs$NE}9g$K4X$9$k8&5f$K=>;v!%?M 9)CNG=3X2q!$EE;R>pJsDL?.3X2q3F2q0w!% BgED M’0l !J@52q0w!K >< OB 47 G/ 5~ ET Bg 3X 9) 3X It EE ;R 9) 3X2JB46H!%><OB 52 G/F1Bg Bg3X1!Gn;N 2] Dx =$ N;!% F1 G/ 3X ?6 >) Ne 8& 5f 0w!% >< OB 53 G/5~ ETBg3X>pJs9) 3X2J=u<j!%>< OB 56 G/C^ GHBg3XEE;R!&>p Js9)3X7O9V ;U!% >< OB 57 !A 58 G/ %+!< %M %.!< %a %m %s Bg 3X 7W ;; 5! 2J 3X 2J 5R 0w 8& 5f 0w!% >< OB 62 G/ C^ GH Bg 3X EE ;R!& >p Js 9) 3X 7O =u 65 <x!% J? @. 4 G/ F1 65 <x!% 9) 3X Gn ;N!% 2h A| =h M}!$ %3 %s %T%e!<%?%S%8%g%s$N8&5f$K=>;v!%?M9)CNG=3X2q!$EE;R>p JsDL?.3X2q!$ IEEE 3F2q0w!%