G$ 0U 8w 8; 2h A| @8 @. $N $? $a $N Photometric Image-Based Rendering ;0 66 Dg I’ , 5\ LZ 0l , 8~ @n 9/ Gn , <\ D9 7r 2, ;3 Bg 3X >p Js 9) 3X 2J ") 700-8530 2, ;3 ;T DE Eg Cf 3-1-1 E-mail: mihashi@c hino.it.ok a y ama-u.ac.jp $" $i $^ $7 : G$ 0U 8w 8; J} 8~ $N 2h A| $r Image-Based Rendering $N OH AH $G @8 @. $9 $k <j K! $H $7 $F Photometric Image-Based Rendering $r Ds 0F $9 $k . 40 A4 3H ;6 H? <M LL $H J? 9T 8w 8; $r 2> Dj $9 $k $H , G$ 0U 8w 8; J} 8~ $N 2h A| $O , 8w 8; J} 8~ $N 0[ $J $k 3 Kg $N 2h A| $N @~ 7A 7k 9g $K $h $j @8 @. 2D G= $G $" $k $3 $H $, CN $i $l $F $$ $k $, , 8= <B $N 4D 6- $G $O , 6@ LL H? <M 8w $d 1F $J $I $N Hs @~ 7A $J MW 0x $N $? $a $K @5 $7 $/ 2h A| $, @8 @. $G $- $J $$ . K\ <j K! $G $O , $3 $N $h $& $J Hs @~ 7A $J MW 0x $r 8w 8; J} 8~ $N 0[ $J $k $$ $/ $D $+ $N 2h A| $r MQ $$ $F E, @Z $K @~ 7A 2= $7 , G$ 0U 8w 8; J} 8~ $N 2h A| $r @8 @. $9 $k . %- !< %o !< %I : %3 %s %T %e !< %? %0 %i %U %# %C %/ %9 , Photometric Image-Based Rendering, 1" 1F 2r @O , @~ 7A 7k 9g , G$ 0U 8w 8; Photometric Image-Based Rendering for Syn thesizing under a Virtual-Ligh ting Condition Sadahik o MIHASHI, Ha jime MIY AKI, Y asuhiro MUKAIGA W A, T ak eshi SHAKUNA GA Departmen t of Information T ec hnology , Ok a y ama Univ ersit y Tsushimanak a 3-1-1, Ok a y ama,700-8530, Japan E-mail: mihashi@c hino.it.ok a y ama-u.ac.jp Abstract: W e prop ose a metho d for syn thesizing an image in a virtual-ligh ting condition b y the Image- Based Rendering. It is kno wn that the images with an y ligh t directions can b e syn thesized b y a linear com bination of three images whic h are tak en with di�eren t ligh t source directions, if a Lam b ertian re ection mo del is assumed as w ell as a single p oin t ligh t source at the in�nit y . Ho w ev er, the previous metho d can not co v er nonlinear elemen ts, suc h as sp ecular re ection, shado ws, etc. In our metho d, these nonlinear elemen ts are transformed to b e linear, and realistic images can b e syn thesized under a virtual ligh ting condition b y a linear com bination of three images. Keyw ord: CG, Photometric Image-Based Rendering, shading analysis, linear com bination, virtual ligh ting condition

1 $O $8 $a $K => Mh $+ $i , 2h A| $r @8 @. $9 $k <j K! $H $7 $F , BP >] $H $J $k %7 !< %s $d J* BN $N 3 <! 85 7A >u !& H? <M FC @- !& 8w 8; >r 7o $J $I $r %b %G %k 2= $7 , $= $l $K 4p $E $$ $F 2h A| $r @8 @. $9 $k Mo del-Based Rendering(MBR) $, 0l HL E* $G $" $k . $7 $+ $7 , $3 $N <j K! $K $h $C $F <L <B E* $J 2h A| $r @8 @. $9 $k $? $a $K $O , @: L) $J %b %G %k $r I, MW $H $7 , KD Bg $J <j 4V $, $+ $+ $k $H $$ $& Ld Bj $, $" $k . 0l J} , <B :] $K BP >] J* BN $r ;# 1F $7 $? <B 2h A| $r D> @\ E* $K Mx MQ $9 $k $3 $H $G , <L <B E* $J 2h A| $r @8 @. $9 $k Image-Based Rendering(IBR) $H 8F $P $l $k <j K! $, 6a G/ @9 $s $K 8& 5f $5 $l $F $$ $k . 8= :_ , Ds 0F $5 $l $F $$ $k IBR $N B? $/ $O , ;k E@ 0L CV $N JQ 2= $K H< $& 4v 2? 3X E* $J 8+ $( J} $N JQ 2= $r 07 $& $3 $H $K =E E@ $, CV $+ $l $F $* $j , 8w 8; JQ 2= $K H< $& 8+ $( J} $N JQ 2= $r 07 $C $? 8& 5f $N Js 9p Nc $O >/ $J $$ . 8w 8; JQ 2= $K H< $& 8+ $( J} $N JQ 2= $O , 4v 2? 3X E* $J 8+ $( J} $N JQ 2= $H $O K\ <A E* $K 0[ $J $k $? $a , => Mh $+ $i 8& 5f $5 $l $F $$ $k IBR $N <j K! $r $= $N $^ $^ E, MQ $9 $k $3 $H $O $G $- $J $$ . $7 $+ $7 , J# 9g 8= <B 46 (Mixed Realit y) $J $I $N $h $& $K , @8 @. 2h A| $r B> $N 2h A| $X 0c OB 46 $J $/ =E $M 9g $o $; $k >l 9g $K $O , 8w 8; >r 7o $r G$ 0U $K JQ 99 $7 $? 2h A| $r @8 @. $9 $k 5; =Q $, =E MW $H $J $k [1]. 6a G/ , IBR $N OH AH $G , 8w 8; JQ 2= $K H< $& 8+ $( J} $N JQ 2= $r <B 8= $7 $h $& $H $9 $k ;n $_ $, 9T $J $o $l ;O $a $F $$ $k $, [2][3], BP >] $H $J $k %7 !< %s $K BP $9 $k @) Ls $, Bg $- $+ $C $? $j , B? ?t $N 2h A| $r I, MW $H $9 $k $J $I $N Ld Bj $, $" $C $? . $= $3 $G , K\ 8& 5f $G $O , 8w 8; J} 8~ $N 0[ $J $k J# ?t $N <B 2h A| $r F~ NO $H $7 , $3 $l $i $r E, @Z $K AH $_ 9g $o $; $k $3 $H $G , G$ 0U 8w 8; J} 8~ $N 2h A| $r @8 @. $9 $k $? $a $N Photometric Image-Based Rendering $r Ds 0F $9 $k . K\ <j K! $K $h $j , J* BN I= LL $N K! @~ J} 8~ $d H? <M FC @- $r M[ $K I| 85 $9 $k $3 $H $J $/ , G$ 0U 8w 8; J} 8~ $N 2h A| @8 @. $, 2D G= $H $J $k . 2 Photometric IBR 2.1 Image-Based Rendering $N OH AH IBR $O <B 2h A| $r F~ NO $H $7 , $3 $l $i $K 2? $i $+ $N =h M} $r ;\ $9 $3 $H $G , JL $N 8+ $( J} $r @8 @. $9 $k $H $$ $& , 2h A| $+ $i 2h A| $X $N JQ 49 $K 4p $E $/ %l %s %@ %j %s %0 5; =Q $G $" $k [4]. 2h A| $+ $i %7 !< %s $r I| 85 $9 $k $H $$ $& IT 0B Dj $J =h M} $r 2s Hr $G $- $k $3 $H $d , <L <B E* $J 2h A| $, F@ $i $l $k $3 $H $+ $i , 6a G/ @9 $s $K 8& 5f $, 9T $o $l $F $$ $k . => Mh $+ $i , ;k E@ 0L CV $N JQ 2= $K H< $& 4v 2? 3X E* $J 8+ $( J} $N JQ 2= $r , IBR $N OH AH $G <B 8= $9 $k <j K! $, ?t B? $/ Ds 0F $5 $l $F $* $j , K\ 9F $G $O $3 $l $r Geometric Image- Based Rendering (GIBR) $H 8F $V . GIBR $N Be I= E* $J <j K! $H $7 $F , 0[ $J $k ;k E@ 0L CV $+ $i ;# 1F $5 $l $? 2 Kg $N <B 2h A| $r MQ $$ $F , $= $l $i $N Cf 4V ;k E@ $N 8+ $( J} $r @8 @. $9 $k View Morphing[5] $J $I $, 5s $2 $i $l $k . $3 $N <j K! $G $O , 2 Kg $N 2h A| 4V $G BP 1~ IU $1 $i $l $? E@ $N :B I8 CM $H 51 EY $N Fb A^ $K $h $j , BP >] J* BN $N 3 <! 85 >p Js $r MQ $$ $k $3 $H $J $/ 2h A| $r @8 @. $7 $F $$ $k . $3 $N $h $& $K , GIBR $G $O , BP >] J* BN $K 4X $9 $k 3 <! 85 7A >u $d H? <M FC @- $J $I $N %b %G %k $r Mx MQ $9 $k $3 $H $J $/ , <B :] $K F@ $i $l $? 2h A| $K D> @\ 2? $i $+ $N =h M} $r ;\ $9 $3 $H $G , 4v 2? 3X E* $J 8+ $( J} $N JQ 2= $r :F 8= $7 $F $$ $k . 2.2 8w 8; JQ 2= $X $N IBR $N E, MQ IBR $N <j K! $r , 8w 8; JQ 2= $K H< $& 8+ $( J} $N JQ 2= $K E, MQ $7 $? $b $N $, , K\ 9F $G Ds 0F $9 $k Photometric Image- Based Rendering (PIBR) $G $" $k . GIBR $G $O , 8w 8; >r 7o $r 0l Dj $H $7 , ;k E@ 0L CV $N 0[ $J $k J# ?t $N <B 2h A| $+ $i JL $N ;k E@ 0L CV $N 2h A| $r @8 @. $9 $k $N $K BP $7 , PIBR $G $O , ;k E@ 0L CV $r 0l Dj $H $7 , 8w 8; J} 8~ $N 0[ $J $k J# ?t $N <B 2h A| $+ $i JL $N 8w 8; 0L CV $N 2h A| $r @8 @. $9 $k . $9 $J $o $A , PIBR $H $O , J* BN I= LL $N K! @~ J} 8~ $d H? <M FC @- $r M[ $K I| 85 $9 $k $3 $H $J $/ , <B :] $K F@ $i $l $? 2h A| $K D> @\ 2? $i $+ $N =h M} $r ;\ $9 $3 $H $G , 8w 8; JQ 2= $K H< $& 8+ $( J} $N JQ 2= $r :F 8= $G $- $k <j K! $G $" $k . 3 8w 8; JQ F0 $K H< $& 8+ $( J} $N JQ 2= 3.1 JQ 2= MW 0x 8w 8; 0L CV $N JQ 2= $K H< $C $F J* BN I= LL $N 8+ $( J} $, JQ 2= $9 $k <g $J MW 0x $H $7 $F H? <M $H 1F $, $" $k . J* BN I= LL $G $N 8w $N H? <M $O , ?^ 1 $K <( $9 $h $& $K , 3H ;6 H? <M $H 6@ LL H? <M $N Fs $D $K Bg JL $G $- $k . 3H ;6 H? <M $O , 8w 8; $+ $i $N 8w $r $" $i $f $k J} 8~ $K F1 $8 6/ $5 $K H? <M $9 $k $b $N $G $" $j , ;k @~ J} 8~ $K 0M B8 $; $: 0l Dj $N 6/ EY $G 4Q B, $5 $l $k . 0l J} , 6@ LL H? <M $O , @5 H? <M J} 8~ IU 6a $G :G $b 6/ $/ 4Q B, $5 $l $k H? <M $G $" $k . 1F $O , J* BN <+ ?H $, J* BN I= LL $X FO $/ 8w $r <W $k $? $a $K @8 $8 $k self-shado w $H B> $N J* BN $K 8w $r <W $i $l $F @8 $8 $k cast-shado w $N Fs $D $K J, $1 $i $l $k . self- shado w $O J* BN I= LL $N K! @~ J} 8~ $H 8w 8; J} 8~ $N 4X 78 $N $_ $K 0M B8 $7 $F $$ $k $N $K BP $7 , cast-shado w $O J* BN $N 3 <! 85 7A >u $K 0M B8 $9 $k .

?^ 1: H? <M $H 1F 3.2 40 A4 3H ;6 H? <M $K $* $1 $k 8+ $( J} $N JQ 2= J* BN I= LL $K $* $$ $F 3H ;6 H? <M $N $_ $, 5/ $3 $k $H 2> Dj $7 $? H? <M %b %G %k $r 40 A4 3H ;6 H? <M %b %G %k $H 8F $V . 40 A4 3H ;6 H? <M %b %G %k $r 2> Dj $9 $k $H J* BN I= LL $N 51 EY i $O <! <0 $N $h $& $K =q $1 $k . i = ( l s ) � ( r n ) (1) C" $7 , l $O 8w 8; >H EY , s $O 8w 8; J} 8~ $r I= $9 C1 0L %Y %/ %H %k , r $O J* BN I= LL $N 3H ;6 H? <M N( , n $O J* BN I= LL $N K! @~ J} 8~ $r I= $9 C1 0L %Y %/ %H %k $G $" $k . $3 $3 $G , l s $r 8w 8; FC @- %Y %/ %H %k S $H $7 , r n $r LL FC @- %Y %/ %H %k N $H $9 $k $H , <0 (1) $O <! <0 $N $h $& $K 4J C1 2= $G $- $k . i = S � N (2) BP >] J* BN $H ;k E@ 0L CV $r 8G Dj $7 $? >l 9g , 2h A| >e $N 3F E@ $K BP 1~ $9 $k J* BN I= LL $N LL FC @- %Y %/ %H %k N $O JQ 2= $7 $J $$ $N $G , 8+ $( J} $N JQ 2= $O 8w 8; J} 8~ $N $_ $K 0M B8 $9 $k . $3 $3 $G , 8w 8; $H $7 $F L5 8B 1s $N E@ 8w 8; $r 2> Dj $9 $k $H , G$ 0U 8w 8; J} 8~ $N 2h A| ^ I $O <! <0 $N $h $& $K , 8w 8; J} 8~ $N 0[ $J $k 3 Kg $N 2h A| I 1 ; I 2 ; I 3 $N @~ 7A 7k 9g $K $h $j I= 8= $G $- $k $3 $H $, Shash ua[6] $K $h $C $F <( $5 $l $F $$ $k . ^ I = a 1 I 1 + a 2 I 2 + a 3 I 3 (3) @~ 7A 7k 9g $N 78 ?t a 1 ; a 2 ; a 3 $H 3F 2h A| I 1 ; I 2 ; I 3 ; ^ I $K BP 1~ $9 $k 8w 8; FC @- %Y %/ %H %k S 1 ; S 2 ; S 3 ; ^ S $N 4V $K $O <! <0 $N 4X 78 $, @. $j N) $D . ^ S = a 1 S 1 + a 2 S 2 + a 3 S 3 (4) $3 $N 4X 78 $+ $i , 3F 2h A| $N 8w 8; FC @- %Y %/ %H %k $, 4{ CN $G $" $l $P , FC Dj $N 8w 8; J} 8~ $N 2h A| $r @8 @. $9 $k :] $N @~ 7A 7k 9g $N 78 ?t a 1 ; a 2 ; a 3 $r 0l 0U $K 7h Dj $9 $k $3 $H $, $G $- $k . 3.3 <B 4D 6- $K $* $1 $k 8+ $( J} $N JQ 2= A0 @a $G $O , 40 A4 3H ;6 H? <M %b %G %k $r 2> Dj $7 $? $, , 0l HL $N J* BN $r BP >] $K $9 $k >l 9g $K $O , 6@ LL H? <M $b 9M N8 $9 $k I, MW $, $" $k . $^ $? , J* BN I= LL $X F~ <M $9 $k 8w $K $O , 8w 8; $+ $i $N D> @\ 8w $N B> $K , %7 !< %s A4 BN $r 0l Dj $N L@ $k $5 $G >H $i $7 $F $$ $k 4D 6- 8w $b 4^ $^ $l $k . $5 $i $K , <B 4D 6- $K $* $$ $F $O , 8w 8; 0L CV $N JQ 2= $K H< $$ , D> @\ 8w $, J* BN I= LL $X E~ C# $7 $J $$ 1F NN 0h $, @8 $8 $k . $3 $l $i $N MW 0x $r 9M N8 $9 $k $H J* BN I= LL $N 51 EY $O <! <0 $N $h $& $K =q $1 $k . i = �i D + �i S + i E (5) � = ( 0 D> @\ 8w $, <W $i $l $F $$ $k >l 9g 1 D> @\ 8w $, <W $i $l $F $J $$ >l 9g C" $7 , i D $O 3H ;6 H? <M 8w , i S $O 6@ LL H? <M 8w , i E $O 4D 6- 8w $N H? <M 8w $r I= $9 . $3 $N $h $& $K <B 4D 6- $K $* $1 $k 51 EY JQ 2= $O , 3H ;6 H? <M 8w , 6@ LL H? <M 8w , 4D 6- 8w $N 1 ;0 $D $N @. J, $N OB $K $h $j %b %G %k 2= $9 $k $3 $H $, $G $- $k . 4 G$ 0U 8w 8; 2h A| $N @8 @. 4.1 <B 2h A| $r F~ NO $H $7 $? @~ 7A 7k 9g $K $h $k 2h A| @8 @. <B 4D 6- $K $* $$ $F ;# 1F $5 $l $? 2h A| $r F~ NO $H $7 $F 2h A| @8 @. $r 9T $& >l 9g , J* BN I= LL >e $N 51 EY $O , <0 (5) $N $h $& $K , Hs @~ 7A $J $b $N $H $J $k $? $a , 3 Kg $N 2h A| $N @~ 7A 7k 9g $K $h $C $F I= 8= $9 $k $3 $H $, $G $- $J $$ . $3 $N Ld Bj $K BP $7 , >> 0f $i $O 8w 8; J} 8~ $N $_ $, 0[ $J $k B? ?t $N 2h A| $K BP $7 $F <g @. J, J, @O $r ;\ $7 , $= $l $i $r I= 8= $9 $k $N $K :G E, $J <g @. J, 2h A| $r 5a $a , <g @. J, 2h A| $N @~ 7A 7k 9g $K $h $j 2h A| $r @8 @. $9 $k <j K! $r Ds 0F $7 $F $$ $k [2]. $7 $+ $7 , 6@ LL H? <M 8w $d 1F $J $I $K $h $k 51 EY JQ 2= $O , 2h A| J? LL >e $G $N %Q %? !< %s $N 0\ F0 $H $7 $F 4Q B, $5 $l $k $? $a , K\ Mh , 2h A| $N @~ 7A 7k 9g $K $h $C $F I= 8= $G $- $k @- <A $N $b $N $G $O $J $$ . $7 $? $, $C $F , $3 $l $i $r @~ 7A E* $K 07 $& $? $a $K $O , B? ?t $N <g @. J, 2h A| $, I, MW $H $J $k . $= $3 $G , K\ <j K! $G $O , ?^ 2 $K <( $9 $h $& $K , F~ NO 2h A| $+ $i , 6@ LL H? <M 8w $H cast-shado w $r J, N% $7 , $5 $i $K self-shado w $N @~ 7A 2= $r 9T $J $& $3 $H $G , @~ 7A MW 0x $N $_ $N 2h A| $K JQ 49 $9 $k . $3 $N $h $& $K @~ 7A 2= $7 $? 2h A| $r @~ 7A 7k 9g $9 $k $3 $H $K $h $j , G$ 0U 8w 8; J} 8~ $K $* $1 $k @~ 7A MW 0x $r @8 @. $9 $k $3 $H $, $G $- $k . @8 @. $7 $? @~ 7A MW 0x $N 2h A| $K BP $7 $F , E, @Z $K 2C 9) $7 $? Hs @~ 7A MW 0x $r IU 1 51 EY JQ 2= $N MW 0x $H $7 $F , Aj 8_ H? <M 8w $b 9M $( $i $l $k $, , Aj 8_ H? <M 8w $O B> $N MW 0x $K Hf $Y $F 2h A| $K 5Z $\ $9 1F 6A $, >. $5 $$ $? $a >J N, $7 $? .

?^ 2: 2h A| @8 @. $N N. $l 2C $9 $k $3 $H $G G$ 0U 8w 8; J} 8~ $N 2h A| $r @8 @. $9 $k $3 $H $, $G $- $k . 4.2 2h A| $N @~ 7A 2= K\ @a $G $O , $O $8 $a $K , F~ NO 2h A| $N 8w 8; J} 8~ $r ?d Dj $9 $k J} K! $r =R $Y , $= $N 8e $K , ?d Dj $7 $? 8w 8; J} 8~ $K 4p $E $- , F~ NO 2h A| $+ $i 6@ LL H? <M 8w $H cast-shado w $r J, N% $9 $k J} K! $H self-shado w $r @~ 7A 2= $9 $k J} K! $K $D $$ $F =R $Y $k . 4.2.1 Hs D> 8r :B I8 7O $G $N 8w 8; J} 8~ $N ?d Dj 3F F~ NO 2h A| $N 8w 8; J} 8~ $r CN $k J} K! $H $7 $F , ;# 1F ;~ $K 8w 8; 0L CV $r B, Dj $9 $k $3 $H $, 9M $( $i $l $k $, , <B :] $N ;# 1F 4D 6- $K $* $$ $F , 8w 8; 0L CV $r @5 3N $K B, Dj $9 $k $N $O :$ Fq $G $" $k . $= $3 $G , F~ NO 2h A| $N 51 EY >p Js $r Mx MQ $7 $F , 3 Kg $N 2h A| $+ $i 5a $^ $k Hs D> 8r :B I8 7O $K $* $1 $k 8w 8; J} 8~ $r 5a $a $k . $O $8 $a $K , F~ NO 2h A| $+ $i 8w 8; J} 8~ $, 1 <! FH N) $H $J $k 3 Kg $N 2h A| I 1 ; I 2 ; I 3 $r A* $S =P $7 , $= $l $i $N 2h A| $N 8w 8; FC @- %Y %/ %H %k $r $= $l $> $l S 1 ; S 2 ; S 3 $H $9 $k . C" $7 , S 1 ; S 2 ; S 3 $N CM $O L$ CN $G $" $k . $3 $3 $G , S 1 ; S 2 ; S 3 $, 4p Dl %Y %/ %H %k $H $J $k 3 <! 85 :B I8 7O $r Dj 5A $9 $k . S 1 ; S 2 ; S 3 $K $h $j Dj 5A $7 $? :B I8 7O $O %f !< %/ %j %C %I 6u 4V $r @~ 7A JQ 49 $7 $? $b $N $G $" $j , $3 $N :B I8 7O $K $* $$ $F $b <0 (3), (4) $, @. $j N) $D . $h $C $F , 40 A4 3H ;6 H? <M $r 2> Dj $9 $k $H , 8w 8; J} 8~ $, L$ CN $G $" $k 2h A| ^ I $H :B I8 7O $r Dj 5A $9 $k $N $K MQ $$ $? 3 Kg $N 2h A| I 1 ; I 2 ; I 3 $N 4V $K <0 (3) $N 4X 78 $, @. $j N) $A , @~ 7A 7k 9g $N 78 ?t a 1 ; a 2 ; a 3 $, 0l 0U $K 7h $^ $k . $3 $N 78 ?t a 1 ; a 2 ; a 3 $, S 1 ; S 2 ; S 3 $r 4p Dl %Y %/ %H %k $H $7 $? :B I8 7O $K $* $1 $k ^ I $N 8w 8; FC @- %Y %/ %H %k ^ S $H $J $k . $3 $N 8w 8; FC @- %Y %/ %H %k $O , <B :] $N %f !< %/ %j %C %I 6u 4V $N $b $N $H $O 0[ $J $k $? $a , K! @~ $N I| 85 $J $I $r L\ E* $H $9 $k >l 9g $K $O Mx MQ $G $- $J $$ $, , 2h A| $N @~ 7A 2= 5Z $S 2h A| @8 @. $r L\ E* $H $9 $k >l 9g $K $O Mx MQ $9 $k $3 $H $, 2D G= $G $" $k . <B :] $K $O , 1F $d 6@ LL H? <M 8w $J $I $N 1F 6A $K $h $j , 2h A| >e $N A4 $F $N NN 0h $K $* $$ $F <0 (3) $, @. $j N) $D $H $O 8B $i $J $$ . $= $3 $G , 2h A| $+ $i %i %s %@ %‘ $K 3 E@ $r A* $S =P $7 , $= $l $i $N E@ $+ $i 8w 8; FC @- %Y %/ %H %k $r ?d Dj $9 $k $3 $H $r 7+ $j JV $7 , F@ $i $l $k J# ?t $N ?d Dj CM $+ $i BE Ev $J CM $r 5a $a $k . 4.2.2 6@ LL H? <M 8w , 4D 6- 8w , cast-shado w $N J, N% 6@ LL H? <M 8w $r J, N% $9 $k <j K! $H $7 $F $O , J* BN ?’ $H 8w 8; ?’ $, 0[ $J $k $3 $H $r 2> Dj $7 $F , J, N% $r 9T $J $& <j K! [8] $, B? $/ MQ $$ $i $l $F $$ $k $, , $3 $N <j K! $r MQ $$ $k >l 9g , BP >] J* BN $N ?’ $K BP $9 $k @) Ls $, @8 $8 $k . K\ 8& 5f $G Ds 0F $9 $k 2h A| @8 @. K! $G $O , 8w 8; J} 8~ $N 0[ $J $k J# ?t $N 2h A| $r F~ NO $K MQ $$ $k $3 $H $, $G $- $k $? $a , BP >] J* BN $N ?’ $K BP $9 $k @) Ls $J $7 $K , 6@ LL H? <M 8w $r J, N% $9 $k $3 $H $, $G $- $k [6] . 4D 6- 8w $O 8w 8; 0L CV $K 0M B8 $7 $J $$ H? <M 8w $G $" $j , $= $N 1F 6A $O A4 F~ NO 2h A| $K $* $$ $F 0l Dj $G $" $k $H 9M $( $i $l $k . $= $3 $G , M= $a , F~ NO 2h A| $N ;# 1F ;~ $H F1 $8 >r 7o $N $b $H $G , 8w 8; $, B8 :_ $7 $J $$ >l 9g $N 2h A| $r ;# 1F $7 , $= $N 2h A| $r 4D 6- 8w $N 1F 6A $N $_ $r 4Q B, $7 $? 2h A| $H $7 $F MQ $$ $k . 3F F~ NO 2h A| $+ $i , $3 $N 2h A| $r 0z $/ $3 $H $K $h $j , 4D

?^ 3: 3H ;6 H? <M 8w $N 51 EY $H <B 2h A| $N 2h AG CM 6- 8w $N 1F 6A $r =| 5n $9 $k . 4D 6- 8w $N 1F 6A $r <h $j =| $$ $? F~ NO 2h A| $K $O 8+ $( J} $N JQ 2= MW 0x $H $7 $F , 3H ;6 H? <M 8w , 6@ LL H? <M 8w , 5Z $S 1F $, 4^ $^ $l $F $$ $k . $3 $N $& $A , 3H ;6 H? <M 8w $O 1F NN 0h 0J 30 $K $* $$ $F >o $K 4Q B, $5 $l , $= $N 6/ EY $O <0 (2) $G I= $5 $l $k . 0l J} , 6@ LL H? <M 8w $H 1F $O FC Dj $N 8w 8; J} 8~ $K $* $$ $F $N $_ 4Q B, $5 $l $k . $3 $l $h $j , 2h A| >e $N 3F E@ $K $* $$ $F , <0 (2) $N CM $H <B :] $N 2h AG CM $r Hf 3S $9 $k $3 $H $K $h $C $F 1F NN 0h $H 6@ LL H? <M 8w $, 4Q B, $5 $l $k NN 0h $r 8! =P $9 $k $3 $H $, $G $- $k . $= $N J} K! $r ?^ 3 $K 35 G0 E* $K <( $9 . C" $7 , ?^ 3 $G $O @b L@ $N 4J C1 2= $N $? $a $K 8w 8; >H EY $r 0l Dj $K $7 $F $$ $k . 8w 8; >H EY $, 0l Dj $G $" $k >l 9g , <0 (2) $O 8w 8; J} 8~ $H ;k E@ J} 8~ $N $J $9 3Q $r %Q %i %a !< %? $H $7 $? M> 89 6J @~ $H $7 $F I= $5 $l $k . ?^ 3 $N %0 %i %U Cf $N 6J @~ $O <0 (2) $+ $i F3 $+ $l $k 3H ;6 H? <M 8w $N 6/ EY $G $" $j , %0 %i %U Cf $N 3F E@ $O <B :] $N 2h AG CM $G $" $k . 6J @~ $+ $i Bg $- $/ $: $l $F $$ $k E@ $N $& $A , <B :] $N 2h AG CM $, <0 (2) $N CM $h $j 9b $$ $b $N $O , 6@ LL H? <M 8w $r 4Q B, $7 $F $$ $k 2h AG $G $" $j , <B :] $N 2h AG CM $, <0 (2) $N CM $h $j Dc $/ , $+ $D 0 $K 6a $$ $b $N $O , cast-shado w $G $" $k . $^ $? , <0 (2) $N CM $, Ii $G $" $l $P , $= $N 2h AG $O self-shado w $G $" $k . cast-shado w NN 0h $H 6@ LL H? <M 8w $, 4Q B, $5 $l $k NN 0h $K BP $7 $F $O , 2h AG CM $r <0 (2) $K => $& $h $& $K Jd @5 $7 , cast-shado w $H 6@ LL H? <M 8w $r J, N% $9 $k ( ?^ 4). $3 $N $h $& $J Jd @5 $r 9T $J $& $? $a $K $O , LL FC @- %Y %/ %H %k $, I, MW $H $J $k $, , $3 $l $O >H EY :9 %9 %F %l %* [7] $N 86 M} $r MQ $$ $F F~ NO 2h A| $+ $i J* BN I= LL $N H? <M N( $H K! @~ J} 8~ $r I| 85 $9 $k $3 $H $G 5a $a $k $3 $H $, $G $- $k . C" $7 , A0 @a $G =R $Y $? $h $& $K , 3F F~ NO 2h A| $N 8w 8; J} 8~ $O , Hs D> 8r ?^ 4: 2h A| $N @~ 7A 2= ?^ 5: 3H ;6 H? <M 8w $H self-shado w :B I8 7O $K $* $1 $k $b $N $G $" $j , I| 85 $5 $l $k LL FC @- %Y %/ %H %k $b , <B :] $N %f !< %/ %j %C %I 6u 4V >e $G $N 7A >u $r I= $7 $F $$ $k $b $N $G $O $J $$ . $7 $+ $7 , <0 (2) $O K~ $? $7 $F $$ $k $? $a , $3 $N Hs D> 8r :B I8 7O $K 4p $E $$ $F , 2h A| $N @~ 7A 2= $r 9T $J $& $3 $H $, $G $- $k . $^ $? , LL FC @- %Y %/ %H %k $r ?d Dj $9 $k :] $K $O , 1F $d 6@ LL H? <M 8w $J $I $N 1F 6A $K BP $7 $F %m %P %9 %H $J ?d Dj $r 9T $J $& $? $a , 4 Kg 0J >e $N 2h A| $r F~ NO $H $7 $F , %i %s %@ %‘ %5 %s %W %j %s %0 $N <j K! $r MQ $$ $F ?d Dj $r 9T $J $& . 4.2.3 self-shado w $N @~ 7A 2= 4D 6- 8w , 6@ LL H? <M 8w , cast-shado w $r J, N% $7 $? 2h A| $K $O , 8+ $( J} $N JQ 2= MW 0x $H $7 $F 3H ;6 H? <M 8w $H self- shado w $, 4^ $^ $l $k . 3H ;6 H? <M 8w $N 6/ EY $O , ?^ 5 $K <( $9 $h $& $K , 8w 8; J} 8~ $H K! @~ J} 8~ $N $J $9 3Q $, 90 EY 0J 2< $N >l 9g $K $O , <0 (2) $N $h $& $K 5- =R $G $- $k $, , 8w 8; J} 8~ $H K! @~ J} 8~ $N $J $9 3Q $, 90 EY 0J >e $N >l 9g , $D $^ $j self-shado w $H $J $k >l 9g $K $O , <0 (2) $N CM $, Ii $H $J $k

$N $K BP $7 , <B :] $K 4Q B, $5 $l $k 3H ;6 H? <M 8w $N 6/ EY $O 0 $G $" $k . => $C $F , 4D 6- 8w , 6@ LL H? <M 8w , cast-shado w $r =| 5n $7 $? 8e $N 51 EY JQ 2= $O <! <0 $N $h $& $K $J $k . i = � ( S � N ) (6) � = ( 0 self-shado w $N >l 9g 1 self-shado w $G $J $$ >l 9g $3 $3 $G , <0 (6) $N � $, >o $K 1 $G $" $l $P , $3 $N <0 $O <0 (2) $H 0l CW $7 , 51 EY JQ 2= $r 2h A| $N @~ 7A 7k 9g $K $h $j I= 8= $9 $k $3 $H $, 2D G= $H $J $k . $= $3 $G , � $N CM $, >o $K 1 $H $J $k $h $& $K , F~ NO 2h A| $N self-shado w NN 0h $N 2h AG CM $r , <0 (2) $N CM $K CV $- 49 $( $k ( ?^ 4). $3 $N $h $& $J Jd @5 $r 9T $J $& $3 $H $K $h $j , self-shado w $r 3H ;6 H? <M $H F1 MM $K 07 $& $3 $H $, $G $- , self-shado w $K $D $$ $F $b 2h A| $N @~ 7A 7k 9g $K $h $C $F I= 8= $9 $k $3 $H $, 2D G= $H $J $k . 0J >e $N J} K! $K $h $j , F~ NO 2h A| $+ $i 4D 6- 8w , 6@ LL H? <M 8w , cast-shado w $r J, N% $7 , self-shado w $r @~ 7A 2= $9 $k $3 $H $G , F~ NO 2h A| $r @~ 7A MW 0x $N $_ $N 2h A| $K JQ 49 $G $- $k . 4.3 @~ 7A 7k 9g $K $h $k 2h A| @8 @. F~ NO 2h A| $O @~ 7A 2= $5 $l $F $$ $k $? $a , G$ 0U $K A* $s $@ 3 Kg $N 2h A| $r MQ $$ $F 2h A| @8 @. $r 9T $J $& $3 $H $, 2D G= $G $" $k $, , $h $j 0B Dj $J @8 @. $r 9T $J $& $? $a $K , @~ 7A 2= $7 $? A4 2h A| $K BP $7 $F <g @. J, J, @O $r 9T $J $$ , 2h A| @8 @. $K :G E, $J 3 Kg $r 5a $a $k . <g @. J, J, @O $K $h $C $F F@ $i $l $k Bh 1 !A 3 <g @. J, $, G$ 0U 8w 8; 2h A| $r @8 @. $9 $k $N $K :G E, $J 2h A| $H $J $k . $3 $l $i $r MQ $$ $F , FC Dj $N 8w 8; J} 8~ $N 2h A| $r @8 @. $9 $k >l 9g $K $O , 3F <g @. J, 2h A| $N 8w 8; FC @- %Y %/ %H %k $, I, MW $H $J $k . <g @. J, 2h A| $N 8w 8; FC @- %Y %/ %H %k $O , A4 F~ NO 2h A| $N 3F 8w 8; FC @- %Y %/ %H %k $N @~ 7A OB $H $7 $F 5a $^ $j , $= $N @~ 7A 7k 9g $N 78 ?t $O , A4 F~ NO 2h A| $N @~ 7A OB $K $h $C $F <g @. J, 2h A| $r I= $7 $? >l 9g $N 78 ?t $H Ey $7 $$ . @8 @. 2h A| $N self-shado w NN 0h $N 2h AG $O , <0 (2) $K => $$ , Ii $N 2h AG CM $H $J $k . $3 $N $h $& $J 2h AG $K BP $7 $F $O , 2h AG CM $r 0 $K CV $- JQ $( , <B :] $N self-shado w $K La $9 . 5 <B 83 7k 2L K\ 8& 5f $G Ds 0F $9 $k <j K! $N M- 8z @- $r <( $9 $? $a $K , F+ 4o @= $N %] %C %H $r BP >] J* BN $H $7 $F , G$ 0U 8w 8; 2h A| $r @8 @. $9 $k <B 83 $r 9T $J $C $? . 8w 8; $K $O %O %m %2 %s %i %$ %H $r MQ $$ , J? 9T 8w 8; $K 6a IU $1 $k $? $a , J* BN $H $N 5w N% $r == ?^ 6: F~ NO 2h A| $N 0l It ?^ 7: @~ 7A 2= $7 $? 2h A| $N 0l It (a) Bh 1 <g @. J, (b) Bh 2 <g @. J, (c) Bh 3 <g @. J, ?^ 8: @~ 7A 2= $7 $? F~ NO 2h A| $N <g @. J, 2h A| J, $K N% $7 $? >u BV $G ;# 1F $r 9T $J $C $? . 8w 8; 0L CV $r JQ $( $J $, $i ;# 1F $7 $? 27 Kg $N 2h A| $r F~ NO 2h A| $H $9 $k . F~ NO 2h A| $N 0l It $r ?^ 6 $K <( $9 . 3F F~ NO 2h A| $r 4 @a $G =R $Y $? <j K! $K $h $j @~ 7A 2= $7 $? 2h A| $N 0l It $r ?^ 7 $K <( $9 . $3 $l $i $N 2h A| $K $O Jd @5 $K $h $j @8 $8 $? 7Q L\ $, 8+ $i $l $k . $3 $l $O , 8w 8; FC @- %Y %/ %H %k $H LL FC @- %Y %/ %H %k $N ?d Dj CM $K 4^ $^ $l $k 8m :9 $, 86 0x $G @8 $8 $F $$ $k . <! $K , @~ 7A 2= $7 $? 2h A| $K BP $7 $F <g @. J, J, @O $r 9T $J $$ , 2h A| @8 @. $K :G E, $J 4p Dl 2h A| $r 5a $a $? . Bh 1 !A 3 <g @. J, 2h A| $r ?^ 8 $K <( $9 . <g @. J, J, @O $K $h $C $F 5a $a $? 4p Dl 2h A| $K

I= 1: @~ 7A 2= $7 $J $$ 2h A| $N <g @. J, $N 4s M? N( 8G M- CM ( � 10 8 ) 4s M? N( (%) N_ @Q 4s M? N( (%) 1 1 : 2336 45.075 45.075 2 0 : 9956 36.380 81.456 3 0 : 2500 9.136 90.592 4 0 : 0722 2.636 93.229 5 0 : 0494 1.805 95.034 6 0 : 0274 0.999 96.034 7 0 : 0216 0.787 96.821 8 0 : 0131 0.478 97.299 9 0 : 0094 0.377 97.677 10 0 : 0084 0.343 98.019 I= 2: @~ 7A 2= $7 $? 2h A| $N <g @. J, $N 4s M? N( 8G M- CM ( � 10 8 ) 4s M? N( (%) N_ @Q 4s M? N( (%) 1 5 : 4611 67.587 67.587 2 2 : 1176 26.207 93.795 3 0 : 4700 5.816 99.612 4 0 : 0127 0.156 99.769 5 0 : 0031 0.038 99.807 6 0 : 0019 0.024 99.831 7 0 : 0015 0.019 99.851 8 0 : 0013 0.016 99.867 9 0 : 0012 0.015 99.883 10 0 : 0009 0.011 99.895 $O @~ 7A 2= $7 $? ;~ $K @8 $8 $? 7Q L\ $, , $[ $H $s $I 4^ $^ $l $F $$ $J $$ $3 $H $, 3N G’ $G $- $k . Hf 3S $N $? $a $K , @~ 7A 2= $7 $J $$ >l 9g $N 2h A| $H @~ 7A 2= $7 $? >l 9g $N 2h A| $N >e 0L <g @. J, $N 4s M? N( $r $= $l $> $l I= 1, 2 $K <( $9 . I= 1 $+ $i , F~ NO 2h A| $r D> @\ $K MQ $$ $? >l 9g , Bh 10 8G M- CM $K $* $$ $F $b N_ @Q 4s M? N( $, Ls 98% $G $" $j , 8m :9 $r >. $5 $/ $9 $k $? $a $K $O , B? $/ $N <g @. J, 2h A| $, I, MW $H $J $k $3 $H $, $o $+ $k . $3 $l $K BP $7 $F , K\ 8& 5f $G Ds 0F $7 $? J} K! $K $h $C $F @~ 7A 2= $7 $? 2h A| $N >l 9g , Bh 3 8G M- CM $^ $G $N N_ @Q 4s M? N( $, 99% 0J >e $G $" $j , $3 $N ;0 $D $N <g @. J, 2h A| $r MQ $$ $F , G$ 0U 8w 8; J} 8~ $K $* $1 $k @~ 7A MW 0x $r I= 8= $G $- $k $3 $H $, $o $+ $k . @~ 7A 2= $7 $? 2h A| $N Bh 1 !A 3 <g @. J, 2h A| $r MQ $$ $F , F~ NO 2h A| $K 4^ $^ $l $J $$ , $5 $^ $6 $^ $J 8w 8; J} 8~ $N 2h A| $r @8 @. $7 $? 7k 2L $r ?^ 9 $K <( $9 . $3 $N 7k 2L $+ $i , K\ <j K! $K $h $j G$ 0U 8w 8; J} 8~ $K $* $1 $k @~ 7A MW 0x $r @8 @. $G $- $k $3 $H $, 3N G’ $G $- $k . $^ $? , ?^ 9 $N 3F @8 @. 2h A| $K BP $7 ?^ 9: @~ 7A MW 0x $N $_ $N @8 @. 2h A| ?^ 10: Hs @~ 7A MW 0x $r IU 2C $7 $? @8 @. 2h A| $F , 8w 8; J} 8~ $, :G $b 6a $$ F~ NO 2h A| $+ $i J, N% $7 $F $* $$ $? Hs @~ 7A MW 0x $r IU 2C $7 $? 7k 2L $r ?^ 10 $K <( $9 . 8= :_ $N %7 %9 %F %‘ $G $O , Hs @~ 7A MW 0x $r 0l @Z 2C 9) $7 $F $$ $J $$ $? $a , 3j $i $+ $K $O JQ 2= $7 $J $$ $, , $3 $l $r IU 2C $9 $k $3 $H $G J* BN I= LL $N <A 46 $J $I $, 2C $o $j , $h $j <+ A3 $J 2h A| $H $J $k $3 $H $, 3N G’ $G $- $k . <! $K , J# ?t $N J* BN $, B8 :_ $9 $k J# ;( $J %7 !< %s $K BP $7 $F K\ <j K! $r E, MQ $7 $? 7k 2L $r <( $9 . ;# 1F >r 7o $O >e =R $N <B 83 $H F1 $8 $G $" $j , F~ NO 2h A| $N Kg ?t $O 31 Kg $G $" $k . F~ NO 2h A| $N 0l It $r ?^ 11 $K <( $9 . K\ <j K! $K $h $j , @~ 7A MW 0x $r @8 @. $7 $? 7k 2L $r ?^ 12 $K <( $9 . $^ $? , $3 $l $i $N 2h A| $K , >e =R $N <B 83 $H F1 $8 J} K! $G Hs @~ 7A MW 0x $r IU 2C $7 $? 7k 2L $r ?^ 13 $K <( $9 . $3 $N $h $& $K J# ;( $J %7 !< %s $r BP >] $H $7 $? >l 9g $K $O , F~ NO 2h A| $+ $i 6@ LL H? <M 8w $H cast-shado w $r @5 $7 $/ J, N% $G $- $J $$ It J, $b $" $j , $= $N 7k 2L , @8 @. 2h A| $K $* $$ $F , K\ Mh , cast-shado w $, $G

$- $J $$ >l =j $K , cast-shado w $, $G $- $F $$ $k $J $I <c 43 $N Ld Bj $b $" $k $, , A4 BN E* $K 8+ $l $P , <+ A3 $J 2h A| $, @8 @. $G $- $F $$ $k . $J $* , F0 2h $r 4^ $s $@ $h $j >\ $7 $$ <B 83 7k 2L $O 0J 2< $r ;2 >H $5 $l $? $$ . h ttp://www.c hino.it.ok a y ama-u.ac.jp/researc h/ 6 $^ $H $a K\ 9F $G $O , G$ 0U >H L@ >r 7o $N 2h A| $r IBR $N OH AH $G @8 @. $9 $k <j K! $H $7 $F Photometric Image-Based Ren- dering $r Ds 0F $7 $? . $^ $? , 6@ LL H? <M $d 1F $r 4^ $s $@ 2h A| $r <h $j 07 $& $? $a $K , 2h A| $r E, @Z $K @~ 7A 2= $9 $k J} K! $K $D $$ $F =R $Y , <B 83 $K $h $C $F , <+ A3 $J 2h A| $, @8 @. $G $- $k $3 $H $r 3N $+ $a $? . @E ;_ 2h $H $7 $F $O , <B J* $H $[ $H $s $I 8+ J, $1 $N $D $+ $J $$ 2h A| $, F@ $i $l $F $* $j , MM !9 $J MQ ES $K 1~ MQ $, 4| BT $G $- $k !% $? $@ $7 , 6@ LL H? <M $J $I $N Hs @~ 7A MW 0x $O , 8= :_ $N %7 %9 %F %‘ $G $O 0l @Z 2C 9) $7 $F $$ $J $$ $? $a , 3j $i $+ $J F0 2h $r @8 @. $9 $k $3 $H $O Fq $7 $$ . :# 8e $N 2] Bj $H $7 $F , Hs @~ 7A MW 0x $r E, @Z $K 2C 9) $7 , 8w 8; $r 0\ F0 $7 $? >l 9g $N F0 2h $r @8 @. $9 $k $3 $H $, $" $2 $i $l $k . $^ $? , GIBR $H PIBR $r AH $_ 9g $o $; $k $3 $H $K $h $j , 8w 8; $N 0\ F0 $@ $1 $G $J $/ , ;k E@ 0L CV $b JQ 2= $5 $; $? 2h A| $N @8 @. $b =E MW $G $" $k $H 9M $( $i $l $k . ;2 9M J8 8% [1] :4 F# $$ $^ $j , :4 F# MN 0l , CS Fb 9n ;K : \ A4 J} 0L %9 %F %l %* $K $h $k <B 8w 8; 4D 6- $N 7W B, $H $= $l $K 4p $E $/ 2> A[ J* BN $N <B 2h A| $X $N =E $M 9~ $_ ", ?. 3X O@ (D-I I), v ol. J81-D-I I, no.5, pp.861-871. 1998. [2] >> 0f L@ , :4 F# 9( 2p , @i 86 T" 9( : \ B? 8w 8; 2h A| $N KL E8 3+ $H 4D 6- 4Q B, $K 4p $E $/ <B >H L@ $H 2> A[ >H L@ $N J# 9g ", ?. 3X 5; Js PRMU97-115, pp.29-36, 1997. [3] ID B< 7r , 6b ;R @5 =( , 86 Eg Gn : \ 8w @~ 5- =R $K 4p $E $/ 2> A[ 8w 8; 2h A| $N 9g @. ", 3 <! 85 2h A| %3 %s %U %! %l %s %9 ’97, pp.156-161, 1997. [4] : Cf B< M5 0l , 8~ @n 9/ Gn : \ 2h A| !& 1G A| $N CN E* @8 @. $H JT =8 -CV 5; =Q $r MQ $$ $? ?7 $7 $$ 2h A| !& 1G A| =h M} -", %3 %s %T %e !< %? %S %8 %g %s , >> ;3 N4 ;J , 5W Ln 5A FA , 0f 5\ =_ JT , ?7 5; =Q %3 %_ %e %K %1 !< %7 %g %s %: , 17 >O pp.244-261, 1998. [5] Seizt, S. and Dy er, C.: \View Morphing", SIG- GRAPH’96, pp.21-30, 1996. [6] Shash ua, A: \Geometry and Photometry in 3D Visual Recognition", Ph. D thesis, Dept. Brain and Cognitiv e Science, MIT, 1992. [7] CS Fb 9n ;K : \ H? <M CO ?^ $K 4p $E $- Fs <! 85 G; C8 2h A| $h $j ;0 <! 85 7A >u $r :F 9= @. $9 $k 2 <j K! ", ?. 3X O@ , v ol. J65- D, No. 7, pp. 842-849, 1982. ?^ 11: F~ NO 2h A| $N 0l It ?^ 12: @~ 7A MW 0x $N $_ $N @8 @. 2h A| ?^ 13: Hs @~ 7A MW 0x $r IU 2C $7 $? @8 @. 2h A| [8] Klink er, J, Shafer, A, Kanade, T: \A Ph ysical Approac h to Color Image Understanding", In t. J. Computer Vision, 4, 1, pp. 7-38. 1990.