!V2hA|$NG’<1!&M}2r%7%s%]%8%&%‘ (MIRU’96) !W 1996 G/ 7 7n J#?t$N4i2hA|$NAH9g$;$K$h$kG$0UJ}8~!&G$0UI=>p$N4i2hA|$N@8@. 8~@n 9/Gn y CfB< M50l z BgEDM’0l z y C^GHBg3X 9)3X8&5f2J z C^GHBg3X EE;R!&>pJs9)3X7O URL http://image-gw.esys.tsukuba.ac.jp/ Abstract: In this pap er, w e prop ose a metho d to synthesize arbitrarily oriented face views with arbitrary expressions combining multiple facial images. In this metho d, an y views of a 3-D face can b e generated without explicit reconstruction of the 3-D structure. F acial images are synthesized b y mapping the w eigh ted texture of the multiple input images to the 2-D triangular patc hes whose v ertices are the feature p oints. By using the input images whic h has actual facial expressions, natural facial images can b e synthesized. 1 $O$8$a$K ?M4V $N 4i 2h A| $O , FC Dj 8D ?M $N FC D’ $@ $1 $G $J $/ , I= >p I= 8=$J $I B?$/ $N >p Js $r 4^$s $G $$ $k $? $a , 9b EY $J %^ %s%^ %7 %s %$%s%?!<%U%’!< %9$N <B8=$K 8~$1 $F4i2h A|$r @8@. $9$k8& 5f $,9T$o$l $F$$ $k . G$0U J}8~ $+$i 8+$?G$ 0UI= >p$N 4i2h A|$r @8@. $9 $k 5; =Q $O , Nc $( $P #T #V 2q 5D %7 %9 %F %‘ , I~ >~ %7 %_%e %l!<%7%g %s , 2> A[ GP M% $J $I , MM!9 $J %" %W %j %1!< %7%g %s $K MQ$$$k$3$H$,$G$-$k . $7$+ $7 , 4i $O ?M 4V$K $H$C $F :G$b ?F $7 $_$N $" $k BP>] $N 0l $D$G $" $k $? $a , #C #G $K $h$C $F 9g @. $5 $l $? 4i 2h A| $G $O , Bg $-$JIT <+ A3 $5$r 46 $8 $F $7$^ $& >l 9g$, $" $k . $= $N $? $a , <B :]$N ?M J*$N 4i 2h A| $r $b$H $K $7 $F , $h$j <+ A3 $J 4i 2hA| $r @8 @.$9$kJ}K!$K$D$$$F8&5f$,?J$a$i$l$F$$$k . $3$N $? $a$K $O , 4i$N MM!9 $J 8+$( J} $N JQ2= $K BP =h$G $- $J $1$l$P$J$i$J$$$, , $=$l$O (1) J}8~$K$h$k8+$(J}$NJQ2= (2) I=>p$K$h$k8+$(J}$NJQ2= $KBgJL$G $-$k . $3 $l$i $N8+ $(J} $NJQ2= $r:F 8=$9 $k$? $a$K $O , F, It $N #3 <! 85 7A >u %b %G %k $r Mx MQ $7 , MM!9 $J I= >p JQ 2= $K9g$o$;$F $3$N %b%G%k $rJQ7A $5$; $k<jK! $,0lHL E*$G $"$k [1]. #3<! 85 7A>u $r 7W B,$9 $k J}K! $H $7 $F$O , %l %s %8%U%! %$ %s %@ Ey $r Mx MQ $7 $F 7W B, $9 $k J} K! [2] $d , J# ?t $N 2h A| $r MQ $$ $F structure-from-motion $N86M} [3] $K$h $jI| 85$9$k J} Syn thesis of Arbitrarily Orien ted F ace Views with Ar- bitrary Expressions from Multiple F acial Images Y asuhiro Muk aiga w a y Y uic hi Nak am ura z Y uic hi Oh ta z y Univ ersit y of Tsukuba, Do ctoral Program in Engineering z Univ ersit y of Tsukuba, Institute of Information Sciences and Electronics K! [4] $J $I $, CN $i $l $F $$$k . A0 <T $O @5 3N $J 7A >u $, 0B Dj $7 $FF@ $i $l $k H? LL , %l!< %6!< 8w Ey $r MxMQ $7 $? FC <l $J 7W B, Au CV$, I, MW $H$J $k . $= $l $KBP $7 , 8e <T $O%+ %a %i $K$h$C $F F~ NO$5 $l $? 2h A| $N$_ $r F~ NO $H $9 $k$, , 0B Dj $7$? 7A >u $N I| 85 $K$OLdBj$,B?$$ . $^$? , MM!9 $JI=>p $r@8@. $9$k$K $O , I=>p $r F A CS (F a- cial Action Co ding System)[5] $K$h$C$F5-=R$7 , $=$l$> $l$N A U (Action Unit) $4$H$K$"$i$+$8$aMQ0U$5$l$?JQ 7A$r2C$($F2hA|$r@8@.$9$kJ}K!$,CN$i$l$F$$$k [6]. $7$+ $7 , L5I=>p$N4i$rJQ7A$5$;$F , >P$C$?;~$K@8$8$k4i$N$7$o $H$$$C$?HyL/$JJQ2=$r:F8=$9$k$N$OFq$7$$ . $= $l$K BP $7 , 2f!9 $O!$F~ NO 2h A|>e $N #2 <! 85:B I8 $N @~7A 7k9g$K $h$jG$ 0UJ}8~ $N8+ $(J}$N #2<!85 :BI8 $,I=8= $G$-$k $H $9 $k Ullman Ey $, <( $7 $? 86 M} [7] $r 2h A| @8 @. $K 1~ MQ $7!$#3<! 857A >u$rM[ $KI| 85$9$k $3$H $J$/!$#2 Kg$N F~NO2h A|$NAH $_9g$o $;$K $h$C$FD> @\$K G$0UJ} 8~$N8+ $(J} 2hA|$r @8@.$G$-$k$3$H$r<($7$? [8]. $D$^$j%7%9%F%‘$N:G=*L\E* $,4i 2h A| $N @8 @.$N >l 9g $K $O , F, It $N #3 <! 859= B$ $N I| 85 $d I=>p $N %b %G %k 2=$O I, $: $7 $b I, MW$G $O $J $/ , J# ?t $N 4i 2h A| $rAH $_ 9g $o $; $k$3 $H $G , JL $J8+ $( J} $r 2h A|$H $7 $F @8 @. $9 $k$3$H$,$G$-$l$P==J,$G$"$k$H$N9M$(J}$G$"$k . $^ $? , $3 $N <j K! $N ;} $D , #2 <! 85 $N 2h A| $+ $i F@ $i $l $k >p Js$r $= $N $^ $^ $N7A $G 3h MQ $G $- $k$H $$ $& Mx E@ $O , J} 8~ $K $h $k8+ $( J} $N JQ 2=$@ $1 $G $J $/ , I= >p $K $h $k 8+$( J} $N JQ 2= $K $bE, MQ $, 2D G= $G$" $j , 4i $N J}8~ $N JQ 2= $H I=>p $N JQ 2= $r F1 $8OH AH $_ $G07 $& $3 $H$, $G $- $k . K\ 9F $G $O , J# ?t $N 2hA| $r AH$_ 9g $o $; $k $3 $H $G , G$ 0U J} 8~!& G$ 0U I=>p $N 8+ $( J} $r D> @\E*$K@8@.$9$k<jK!$K$D$$$FDs0F$9$k .

2 FCD’E@:BI8$N;;=P 2.1 4i$N8~$-$K$h$k8+$(J}$NJQ2= ;#1F J}8~ $, L$ CN$N 0[ $J$k J} 8~ $+$i ;# 1F $5$l $? , F1 0l I= >p$N #2 Kg $N 4i 2h A| B 1 ; B 2 $, M? $( $i $l , 4i I= LL >e $K G[ CV $5$l$? n 8D$NFCD’E@$N2hA|4V$G$NBP1~IU$1$,$H$l$F$$$k >l9g$r9M $($k . 2h A| B 1 ; B 2 >e $G$N i HVL\ $NFC D’E@ $N#2 <!85:BI8$r$=$l $>$l ( x 1 i ; y 1 i ), ( x 2 i ; y 2 i ) $H$9$k . $^$? , $3 $l$i $NFC D’ E@ $O , #3 <! 856u 4V Cf $N E@ ( X i ; Y i ; Z i ) $r 2s E> $5$;$F#2 <!85 $K<M 1F$7 $?$b $N$G $"$k$H $9$k . $3 $l$i $NFC D’E@$N:BI8 $r0l Dj$N=g $GJB$Y $?%Y %/%H%k $H9TNs $r0J 2<$N $h$&$KDj5A$9$k . x 1 = [ x 1 1 ; x 1 2 ; � � � ; x 1 n ] (1) y 1 = [ y 1 1 ; y 1 2 ; � � � ; y 1 n ] (2) x 2 = [ x 2 1 ; x 2 2 ; � � � ; x 2 n ] (3) y 2 = [ y 2 1 ; y 2 2 ; � � � ; y 2 n ] (4) P = 2 6 4 X 1 X 2 � � � X n Y 1 Y 2 � � � Y n Z 1 Z 2 � � � Z n 3 7 5 (5) $3$3 $G , OC $r 4JN, 2= $9$k $? $a $KJ? 9T 0\ F0@. J, $O<h $j =| $$$F$" $k $b $N$H $7 , @5 <M1F %b %G %k $r2> Dj $9 $k . 3F 2h A|>e $G$N FC D’E@ :B I8 %Y %/ %H%k $O <! <0 $N $h $&$K , FC D’ E@$r #3 <! 856u4VCf$G2sE>$5$; $F#2<!85$K <M1F$9$k 2 � 3 $NJQ499T Ns$H , FCD’E@$N#3<!85:BI8$H$N@Q$GI=$5$l$k . " x 1 y 1 # = " r 1 x r 1 y # P (6) " x 2 y 2 # = " r 2 x r 2 y # P (7) $3$3$G , F~NO2hA|$H$OJL$NJ}8~$+$i$N8+$(J} ^ B $K$*$1$k FCD’ E@ $N #2 <! 85 :B I8 $r 0l Dj $N =g $K JB $Y $? %Y %/ %H %k $r ^ x , ^ y $H $9 $k . $^ $? , ^ B $K BP 1~ $9 $k:B I8 JQ 49 9T Ns $N Bh #1 9T , Bh#29T%Y%/%H%k$bF1MM$K ^ r x , ^ r y $H$9$k . %Y%/%H%k ^ r x $O#3<!$N%Y%/%H%k$G$"$k$N$G , r 1 x , r 2 x , r 1 y $,8_$$$K#1<!FHN)$G$"$l$P , ^ r x = c x 1 r 1 x + c x 2 r 2 x + c x 3 r 1 y (8) $rK~ $? $9 78 ?t c x 1 � 3 $, 0l 0U $K 7h $^ $k . $3 $N $3 $H $O , ^ B $K$*$1$k A4$F$N #X:B I8$, , <!<0$N $h$& $K B 1 , B 2 $K$* $1 $k#2<!85:B I8$N @~7A7k 9g$GI= 8=2D G=$G$" $k$3$H $r0U L#$9 $k . #Y:BI8$K$D$$$F$bF1MM$G$"$k . ^ x = c x 1 x 1 + c x 2 x 2 + c x 3 y 1 (9) $? $@ $7 , #2 Kg $N F~ NO 2h A| B 1 , B 2 $N ;# 1F J} 8~ $K $h$C $F$O , @~ 7A 7k 9g $N 4pDl %Y %/ %H %k $, #1<! => B0 $K $J $k>l 9g $, $"$k . $=$3 $G , #4 $D $N %Y %/ %H%k x 1 , y 1 , x 2 , y 2 $N <g @. J,J, @O $r 9T $$ , Bh #1 !A #3 <g@. J, p 1 , p 2 , p 3 $r @~ 7A 7k 9g $N4pDl%Y%/ %H%k$KMx MQ$9$k$3 $H$G , <0 (10)(11) $N$h$& $K #X , #Y :B I8 $O 0B Dj $7 $? @5 5, D> 8r %Y %/ %H %k $N @~ 7A 7k 9g $G I= 8=$G $- $k . $^ $? , F~ NO2h A| $, #3Kg 0J >e MxMQ $G $- $k >l9g $K $O , F1 MM$K $=$l $> $l$N F~NO 2h A|$G $N x; y :B I8 %Y%/ %H%k $r A4$F <g @. J, J, @O$9 $k $3 $H $K $h $j , $5 $i $K 0BDj $7 $? 4p Dl %Y %/%H%k$,F@$i$l$k . ^ x = c x 1 p 1 + c x 2 p 2 + c x 3 p 3 (10) ^ y = c y 1 p 1 + c y 2 p 2 + c y 3 p 3 (11) $3 $l $i $N @~ 7A 7k 9g $N #6 $D $N 78 ?t $r E, @Z $K 7h $a $k $3 $H $G , G$ 0U J} 8~ $N 4i 2h A| >e $N FC D’ E@ $N #2 <! 85 :B I8 $, 5a $a $i $l $k . 2.2 I=>p$K$h$k8+$(J}$NJQ2= F10l J} 8~$G I= >p$N 0[ $J$k m Kg$N 4i 2hA| B j (1 � j � m ) $, M? $( $i $l , $3 $l $i $r $b $H $K MM!9 $J I= >p $r ;}$C $? 4i 2hA| $r @8 @.$9 $k $3 $H$r 9M $( $k . $b $7 , $3$l $i $N F~ NO2h A| $,MM!9 $J I= >p %Q %?!< %s $r == J, $K4^ $s $G $$ $l $P , $" $i $f $k I=>p $K $* $1 $k FCD’ E@ :B I8 $O , F~ NO 2h A| >e $NFC D’ E@ :B I8 $N FbA^!&30A^$G6a;w$G$-$k$H9M$($i$l$k . A0 @a $H F1 MM $K , m Kg $N F~ NO 2h A| >e $G $N FC D’ E@ $N #X , #Y :BI8 $r0l Dj$N =g$K JB $Y$? %Y%/ %H%k $r $=$l $>$l x j , y j $H $9$k . G$ 0U $NI= >p $r ;}$C $?8+ $( J} ^ B $K $* $1 $kFC D’ E@ :B I8$r I= $9%Y %/ %H%k ^ x , ^ y $O <!<0 $N $h$& $K @~ 7A7k 9g $G6a ;w $G$-$k$H$9$l $P , $3$l $i$N@~7A7k9g$N 78?t c 1 � c m $rE, @Z$K 7h $a $k $3 $H $G , MM!9 $J I= >p $N 4i 2h A|>e $N FC D’ E@ $N #2 <!85:BI8$,5a$a$i$l$k . ^ x = m X i =1 c i x i (12) ^ y = m X i =1 c i y i (13) $3 $N $h $& $K , @8 @. $9 $k 2h A| $N I= >p $r , F~ NO 2h A| $N I= >p$N Fb A^ $G ;X Dj $9 $k $H $$ $&J} K! $O , I= >p $K 4X $9 $k %R%e!< %j%9 %F%#%C %/ $J CN <1 $r MQ $$ $J $$$H $$ $& E@ $G , $^ $? 8@ 8l $d F A CS $K $h$k I=>p$N ;XDj$h $j$b;k 3PE* $K$o$+ $j0W$$ $H$$ $&E@$G , M-8z$G$"$k$H4|BT$G$-$k . $3 $N J} K! $G $O , @8 @. $G $- $k I= >p $N B? MM $5 $O , F~ NO $H $7 $FMQ$$ $k2hA| $K$I$l $@$1 B?$/$N 4pDl$H $J$j $&$kI= >p$,4^ $^$l $F $$ $k$+ $K 0M B8$9 $k . $3$N $3 $H $O 5U$K 8@ $( $P , $h $j B?$/ $N I= >p $N <o N‘ $r;}$C $? F~ NO 2h A| $r MQ$$ $l $P , @8 @. $G $-$k2hA|$N<oN‘$d<+A3$5$,8~>e$9$k$H$$$&$3$H$G$"$k . 3 %F%/%9%A%c$N@8@. 4iI=LL>e $NFCD’E@$N #2<!85:BI8$r ;;=P$9$kJ} K!$K$D$$ $F$OA0@a$G=R$Y$? . <!$K , 4i2hA|$r@8 @.$9$k$?$a$K , FCD’ E@$N4V $rKd $a$kLL $r%F %/%9%A%c %^%C%T %s%0$K $h$j @8@.$9 $k<jK!$K$D$$$F=R$Y$k .

3.1 %F%/%9%A%c$N=E$_IU$-J?6Q %^%C%T %s %0$9 $k %F %/%9 %A%c $H $7 $F , 2> $K @5 LL 8~$- $N 4i 2hA| $N $_$r %F %/ %9 %A%c $H $7 $F MQ$$ $? >l 9g , @8 @. $9$k 4i $N 8~$- $, @5 LL 8~$- $+ $i N% $l $k $K $7 $? $,$C $F , %F%/ %9 %A%c $N OD$_$, Bg $- $/$J $k . $3 $N86 0x $O , 4iI= LL $r B?LL BN $G 6a;w $7$? $3 $H$K $h $k $: $l $d , F, It B& LL $J$I $N @5 LL 8~ $-$G $O $[ $H$s$I8+$( $F$$ $J$$NN 0h$rL5 M}$K 0z$-1d $P$7$? $3$H $J$I $,9M$( $i $l $k . $7 $+ $7 , @8@. $9 $k 2hA| $H 4i $NJ} 8~ $, ;w$F $$$k8+$( J}$rF~ NO2hA| $+$i A*Br$7 $F%F %/%9%A%c $H$7 $FMQ $$$l $P , %F %/ %9 %A%c $N JQ 7A $, >/ $J $$ J, $@ $1 , $3 $l $i $N OD $_$N Ld Bj$, 7Z 8: $G $- , $h $j <+ A3 $J 4i2h A| $r @8 @. $9$k $3 $H $,$G$-$k . $^$? , I=>p JQ 2= $r;}$C $? 4i 2hA| $r @8 @.$9 $k >l 9g$K $b F1 MM$N$3$H $,8@ $($k . MM!9$J I=>p $r;}$C $?4i 2hA| $N%F %/%9 %A%c$r @8 @.$9 $k $K $O , L5 I= >p $N4i $r L5 M} $K JQ 7A $9$k $h $j $b , $b $H$b $H I= >p $r ;}$C $? 2h A|$r L5 M} $J JQ 7A $J $7$K MQ $$ $kJ}$, , $h$j <+A3 $JI= >p$N %F%/%9 %A%c$, F@$i $l$k . FC$K , I=>p $K $h$C$F @8 $8 $k 4i $N $7 $o $J$I $O , C1 $K L5 I= >p$N %F %/ %9%A%c$r?-=L$9$k$@$1$G$O:F8=$G$-$J$$ . $=$3 $G , @8 @. $9 $k%F %/ %9 %A%c$O J# ?t $NF~ NO 2h A|$+ $i F@ $i$l$k%F %/%9 %A%c$N =E$_ IU$1 J?6Q $rMQ $$$k . @8 @.$9 $k2h A|$H;w$? J}8~!&I= >p$NF~ NO2h A|$KBP $9$k =E$_$O Bg$- $/@_ Dj$9 $k . $3$l $K $h $j , F~ NO 2h A| $N;} $D %F %/%9 %A%c >p Js$r :GBg8B$K3hMQ$G$-$k . $3$N J} K!$G $O , F~NO 2h A| $HF1 $8 J} 8~!&I= >p $N 4i2h A| $r @8@. $9 $k;~ $K $O , F~NO 2h A| $H A4 $/ F1$8 2h A| $, F@ $i$l $k $H $$$&MxE@$,$"$k . $^$? , I=>p$NFbA^$K$*$$$F$b , 4c$d8}$J $I$N 7A >u $@ $1 $G $J $/ , %F %/ %9 %A%c <+ BN $b , $= $N Cf 4V $N 8+ $(J} $, @8@. $5 $l , AF $$ %Q%C %A %b%G %k $r Mx MQ $7 $? >l9g $G $b ;k3PE*$KK~B-$J2hA|$,F@$i$l$k . 3.2 =E$_$N@_Dj 4i$N8~$-$K$h$k=E$_ F~NO 2h A|$O , FC D’E@ $N #2 <!85 :B I8 $,$o $+$C $F $$$k $@ $1 $G , ;# 1F J} 8~ $O L$ CN $G $" $k $, , 0x ;R J, 2r K! [4] $K $h$C $F , Bg$^ $+ $J ;# 1F J} 8~ $r ?d Dj $9 $k $3 $H $O 2D G= $G $" $k . $^ $: , F~NO2hA|$+ $iI! $ND:E@ $d4c$N N>C< $J$II= >p$K0M B8$7 $J$$ ?tE@$NFC D’E@ $rA* Br$9 $k . $3$l $i$NFC D’E@ $rMQ $$$F 0x;R J,2rK!$r9T$$ , 3FF~NO2hA|$KBP$9$k;#1FJ}8~ , $9$J$o$A4i $N8~$-$r?dDj$9 $k � . $^ $? , @8@. $9$k2hA|$G $bF1MM$K 4i$N 8~$-$r ?d Dj $9$k . 3F F~ NO2h A| $K BP$9 $k =E $_78 ?t $O , @8@. $9$k2hA|$H $N4i $N8~$- $N3QEY :9$N #2>h$K H?HfNc $9$k $h$& $K@_Dj$9$k . � 0x ;R J, 2r K! $K $h$C $F ;# 1F J} 8~ $H F1 ;~ $K Bg $^ $+ $J F, It $N #3 <! 85 7A >u $b?dDj$G $-$k$, , F~NO 2hA|$O MM!9$J I=>p $r4^$s $G$* $j , ?dDj 7k2L $OIT0B Dj$K$J$k . $= $N$?$aK\ <jK!$G$O , 0x;RJ, 2rK!$K$h$C $F?dDj$5 $l$?F,It$N #3<!857A>u$OMxMQ$; $: , ;#1FJ} 8~$N$_$r%F%/ %9%A%c$N=E$_ 78?t$r7h$a$k $?$a$KMxMQ$7$F$$$k . I=>p$K$h$k=E$_ I= >p $K 4X $9 $k =E $_ 78 ?t $K $D $$ $F $O , <0 (12) (13) $N 78 ?t c 1 � c m $HF1$8 HfN($H$7 , AmOB$,#1$K$J$k$h$&$K@55, 2=$9$k . FCD’ E@:B I8$H F1;~$K %F%/ %9%A%c $bFb A^$9 $k$H $$ $&E@$G$O , 86M}E*$K%b!<%U%#%s%0$HF1$8$G$"$k . 3.3 #2<!85$N%F%/%9%A%c%^%C%T%s%0 %F %/%9 %A%c %^%C %T%s %0 $O , FC D’E@ $r D: E@ $H$9 $k #3 3Q7A %Q%C%A $4 $H $K 9T$& . %F %/ %9%A%c $O , 3F %Q%C %A Kh $KJ# ?t $N F~NO 2h A| $+ $i #33Q 7A NN 0h $r @Z $j=P $7 , @8 @.$9 $k 2h A| $G $N FCD’ E@ :B I8 $r $b $H $K%" %U%# %s JQ 49 $r 9T $$ , =E $_ IU $1 J? 6Q $r$H$C$?8e , %^%C%T%s%0$5$l$k . $?$@$7 , FCD’E@$O #2<!85 $G $" $k $? $a , %Q%C %A %b %G %k $b #2 <! 85 $H $J $j , %Q%C %A 4V $N A08e 4X 78 $O$o $+ $i $J$$ . $= $3 $G , 3F #33Q 7A %Q%C %A$N D: E@ $N5- =R =g $+ $i I= N" $NH= Dj $r 9T $$ , N" B&$N %Q%C %A $K $O %F %/ %9%A%c$r IA2h $7$J $$ . ?M 4V$NF, It$N $h$& $JFL B?LL BN$K 6a $$7A >u $G $O , $3 $N Dx EY $N I= N"H= Dj $@ $1 $G <BMQ >e == J, $G $" $k . 4 <B837k2L 4.1 4iI=LL>e$NFCD’E@$H%Q%C%A%b%G%k 4i2hA|>e$K 86 E@$NFCD’E@ $rG[CV$9$k . FCD’E@$O , 4c$d 8}$J $I $N 4i It IJ$N C< E@ $d , I=>p $K $h $k 0\ F0NL $, B? $$ KK $J $I$K G[ CV $7$? . $3 $l$i $N FC D’E@ $N BP 1~ IU$1 $O , 8= ;~E@ $G $O4iI= LL$K%^!< %-%s%0 $r$D$1 , <jF~ NO$K$h $jM?$( $F$$$k . $^$? , ?^ 1 $K<($9$h$&$J , FCD’E@$rD:E@$H$9$k 158 LL$N#2 <!85$N#33Q7A%Q%C%A%b%G%k$r:n@.$7$? . ?^ 1: #2<!85$N#33Q7A%Q%C%A%b%G%k

?^ 2: #2Kg$NF~NO2hA|!JL5I=>p!K 4.2 2hA|@8@. $^$: , ?^ 2 $K<($9#2Kg$N4i2hA|$rF~NO$H$7 , 4i$N8~$-$r JQ2=$5$; $?2h A|$r @8@. $9$k <B83 $r9T$C $? . @8@. $9$k 4i$N 8~$-$KBP1~ $9$k @~7A7k 9g$N78 ?t$r 7hDj$9 $k$?$a $N0l J}K! $H$7 $F , JL $K MQ 0U$7 $? 4c $N C<!& I! D: E@!& <* $D $1:, $N #5 E@ $N#3 <! 85%G!< %? $r MQ $$ $F , @5LL 4i $+ $i :8 1& $K � 30 � , 0 � , 30 � , >e2<$K � 20 � , 0 � , 20 � 2sE>$5$;$?>l9g$N#5E@$N#2<! 85:B I8 $r;; =P $7 , $3$l $i $N #5 E@ $, 2hA| >e $G 0l CW $9$k $h $& $K@~7A7k 9g$N 78?t $r:G >.<+ >hK! $K$h$j 5a$a $? . @8@. $5$l $?4i2hA|$r?^ 3 $K<($9 . 2h A| $N C1 $J $k #2 <! 85 $N Cf 3d $j [9] $G $O , $3 $N $h $& $J #3 <!85E*$J2s E>$r 4^$‘8+ $(J}$N JQ2= $r@53N $KI=$9 $3$H $O$G $-$J $$ $, , K\ <j K! $G$O @5 $7 $/ 2h A| $,@8 @. $5 $l $F $$$k $3 $H $,$o$+$k . <!$K , ?^ 4 $K<($9 , L5I=>p$H!VE\$j!WI=>p$N#2Kg$N2hA| $rMQ $$$F , I= >p $NFb A^ 2h A| $r@8 @. $9 $k<B 83 $r 9T$C$? . #2 Kg$N F~ NO2h A| $K BP 1~ $9$k @~ 7A 7k 9g $N 78?t $r , Ey 4V3V $K @~ 7A$KFbA^$7 , FbA^2hA|$NFCD’E@:BI8$r;;=P$7$? . %F %/ %9 %A%c $N =E $_ IU $1 J? 6Q $N M- 8z @- $r 3N G’ $9 $k $? $a , ?^ 4 $K <( $9 Fb A^ 2h A| $G $O >e $+ $i =g $K , L5 I= >p $N 2h A| $N $_ $rMQ$$$k>l9g , !VE\$j!W$N2hA|$N$_$rMQ$$$k>l9g , APJ}$N %F %/ %9 %A%c $N =E $_ IU $1 J? 6Q $r MQ $$ $k >l 9g $N 7k 2L $r <( $9 . 0lJ} $N I=>p $N %F %/ %9 %A%c $r MQ $$$? >l 9g , JQ 7A $N EY9g $, Bg $-$/$J$k$K$D$l$F , IT<+A3$5$,A}2C$9 $k . $=$l$KBP$7 , %F %/%9 %A%c $N=E $_ IU $1 J? 6Q $r MQ $$$? >l 9g $K $O , N> C<$N 8+ $( J}$H Fb A^$N 8+ $( J} $N APJ} $H $b , <+ A3$J 4i 2h A| $, F@$i $l $F $$$k . $5 $i $K , ?^ 5 $K <( $9 , MM!9 $J J} 8~ $H I= >p $r ;}$C $? F~ NO 2h A| $r MQ $$ $F 4i 2h A| $r @8 @. $9 $k <B 83 $r 9T$C $? . ?^ 6(a) $O , @8 @. $7 $? $$ 2h A|$N 4i $N 8~ $- $r <($9 %5 %s %W %k 2hA| $G $" $j , $3 $N 2h A| $H F1 $88~ $- $K $J $k $h $&$K ?7 $7 $$ 4i 2hA| $r @8 @.$9$k . %5 %s %W%k 2h A| $O , F~ NO 2h A|$N ?M J* $H$O JL ?M $G$" $k . %5%s %W %k 2hA| $+ $i , 8D?M @- $d I=>p JQ 2= $K1F 6A $r <u$1 $K$/ $$ , 4c $N C<!& I! D: E@!& <* $D $1 :,!& 3\ $N@h $N #6 E@ $N #2 <!85 :B I8$r Cj =P $7 , $3 $l $i $N :B I8 $r$b $H $K @~ 7A 7k9g $N 78 ?t$r7h Dj $7 $? . $J $* , JR J}$N <* $N IU$1 :, $, 1#$l $F $$ $k>l 9g$O , ;D$j$N#5E@$@$1$G78?t$r5a$a$F$$$k . ?^ 3: MM!9$JJ}8~$N4i2hA|$N9g@.Nc ?^ 6(b) � (e) $O , ( L5 I=>p , >P4i , E\$j4i ) $KBP$9 $k78?t $r$=$l $>$l=g $K (1 ; 0 ; 0), (0 ; 1 ; 0), (0 ; 0 ; 1), (0 : 5 ; 0 : 5 ; 0) $K@_Dj$7$F , @8@.$5$l$? I=>p$G$"$k . FC$K (e) $G$O , L5I= >p$H >P 4i $N Cf 4V$N I= >p $H $$ $& , ?7 $? $J I= >p$N 8+ $( J} $, @8 @.$G$-$F$$$k$3$H$,$o$+$k . $3 $N <B 83 Nc $G $O , F~ NO 2h A| $N 3F I= >p $N 4i $N J} 8~ $, F1 $8 $G$" $k $, , $=$l $> $l G$ 0U J} 8~$G ;# 1F J} 8~ $bL$ CN $G 9= $o $J $$ . $^ $? , F~NO 2h A| $K4^ $^ $l $F$$ $J $$ 4i$N 8~ $- $d I=>p $N 4i2hA|$r?7$?$K@8@.$G$-$k$3$H$,3NG’$G$-$? . 5 $^$H$a F, It$N #3 <!85 9= B$ $NI| 85 $d , I= >p $N@: L) $J %b%G %k 2=$r 9T$& $3 $H $J $/ , G$ 0UJ} 8~!& G$ 0U I= >p $N 4i2h A| $r @8 @. $9 $k OHAH$_ $K$D $$$F Ds0F $7$? . F~ NO2h A|>e$G $NFC D’E@ :BI8 $N @~7A7k9g$H , %F%/%9%A%c$N=E$_IU$1J?6Q$K$h$C$F , 4i2hA| $r @8 @. $9 $k $3 $H $K $h $j , J} 8~ $K $h $k 8+ $( J} $N JQ 2= $H , I= >p$K $h $k 8+ $( J}$N JQ 2= $r , F1$8 OH AH $_ $G E}0l E* $K 07 $& $3 $H$, 2D G= $G$" $k $3 $H$, 3N $+ $a$i $l $? . $^$? , #2 <! 85$N F~ NO2hA| $+$iF@ $i$l$k >pJs $r$=$N $^$^$N 7A$G 3hMQ$9 $k$3$H $G , <+A3$JI=>p$r;}$C$?4i2hA|$r@8@.$G$-$k$3$H$r , <B83 $K$h$j3NG’$7$? . 8= ;~ E@ $G $N <B 83 $G $O , @8 @. $G $- $k I= >p $N <o N‘ $K @) 8B $, $" $k $, , F~ NO 2h A| $K !V9, J!!W , !VHa $7 $_!W , !VE\ $j!W , !V62I]!W , !V7y 0-!W , !V6C $-!W$N4pK\#6 I=>p$rMQ $$$k$3$H $G , G$ 0U $N I= >p JQ 2=$r ;}$C $? 4i 2h A| $r @8@. $9 $k $3 $H $, :#

?^ 4: I=>p$NFbA^ 8e$N2]Bj$G$"$k . ;29MJ88% [1] >. >> 8y;y , \ 4i 2h A| $+ $i$N 4i $N #3 <! 85 7A >u$N ?d Dj $H $= $N I= >p$N JQ 99 ", ?. 3X O@ , V ol.J73-D-II, No.5, pp. 707{716, (1990) [2] Kv1J 9/?N , EOIt J]F|;y , \ #3#D7A>u$H51EY!J?’!K$NF1;~7WB, $,2D G= $J %9 %-%c %J $H $= $N 4i 2h A| F~ NO $X $N 1~ MQ ", >p =h 8& Js , CV 67-5 (1990) [3] S.Ullman: The Interpretations of Visual Motion, MIT Press, Cam bridge, MA (1979) [4] Carlo T omasi, T ak eo Kanade, \The F actorization Metho d for the Reco v ery of Shap e and Motion from Image Streams", In Pro ceedings of Image Understanding W ork- shop , pp 459{472 (1992) [5] P .Ekman, W.W.F riesen ( 9)F# Lu ), !XI=>pJ,@OF~Lg!Y , @? ?.=qK< (1987) [6] VC >;@P , 86Eg Gn , IpIt 44 , \ J,@O 9g@. Id9f2= $K$* $1$kI= >p $N5-=R$H9g@.$K$D$$$F ", ?.3X5;Js , IE 88-84 (1988) [7] S.Ullman, R.Basri: Recognition b y Linear Com bina- tions of Mo dels, IEEE T rans. P AMI , V ol.13, No.10, pp. 992{1006 (1991) [8] 8~ @n 9/Gn , Cf B< M5 0l , BgED M’ 0l , \ #2 Kg$N 4i <L ??$r MQ $$$? G$ 0U J}8~$N 4i2h A|$N@8 @. ", >p=h O@ , V ol.37, No.4, pp. 635{ 644 (1996) [9] R.Skerjanc, and J.Liu: Computation of In termediate Views for 3DTV, Pro c. 5th W orkshop 1992 on Theo- retical F oundations of Computer Vision , pp. 190{201 (1992)

(a) L5I=>p (b) >P4i (c) E\$j4i ?^ 5: #3<oN‘$NI=>p$r4^$‘F~NO2hA| ?^ 6: MM!9$JJ}8~$HI=>p$N4i2hA|$N9g@.7k2L