1| 9T $- >p Js $H 2h A| >p Js $r J; MQ $9 $k Cast Shado w @8 @. 2, D> ?M 8~ @n 9/ Gn <\ D9 7r 2, ;3 Bg 3X 9) 3X It >p Js 9) 3X 2J ") 700-8530 2, ;3 ;T DE Eg Cf 3-1-1 E-mail : f ok a,m uk aiga w,shaku g @c hino.it.ok a y ama-u.ac.jp $" $i $^ $7 K\ 9F $G $O !$ %l %s %8 %U %! %$ %s %@ $K $h $C $F F@ $i $l $? %7 !< %s $N 1| 9T $- >p Js $H !$ 8w 8; 0L CV $r JQ $( $J $, $i ;# 1F $7 $? J# ?t $N 2h A| $r J; MQ $7 !$ G$ 0U 8w 8; 2< $K $* $1 $k cast shadow $r @8 @. $9 $k J} K! $K $D $$ $F =R $Y $k !% $^ $: !$ 3F 2h A| >e $G 4Q B, $5 $l $k cast shadow $N 0L CV $r <j $, $+ $j $K $7 $F !$ %l %s %8 %U %! %$ %s %@ $@ $1 $G $O F@ $i $l $J $$ %7 !< %s A4 BN $N #3 <! 85 7A >u $r ?d Dj $9 $k !% <! $K !$ F@ $i $l $? #3 <! 85 7A >u $r <j $, $+ $j $K $7 $F !$ 3F 2h A| >e $G 4Q B, $5 $l $k cast shadow $N NX 3T $r BP 1~ IU $1 !$ %b !< %U %# %s %0 $r 9T $J $& !% $3 $l $K $h $j !$ G$ 0U $K M? $( $i $l $? 8w 8; 0L CV $K BP $7 $F !$ >2 $N #3 <! 85 7A >u $r 9M N8 $7 $? @5 3N $J 0L CV $K !$ 4V @\ 8w $N 1F 6A $r 9M N8 $7 $? <+ A3 $J cast shadow $r @8 @. $9 $k $3 $H $, $G $- $k !% Ds 0F <j K! $r !$ <B @$ 3& $N %7 !< %s $K E, MQ $7 !$ G$ 0U 8w 8; 0L CV $+ $i $N cast shadow $r @8 @. $9 $k <B 83 $r 9T $J $$ !$ M- 8z @- $r 3N G’ $7 $? !% %- !< %o !< %I : %3 %s %T %e !< %? %0 %i %U %# %/ %9 !$ %b !< %U %# %s %0 !$ 1F !$ >H L@ %7 %_ %e %l !< %7 %g %s Cast Shado w Generation from a Depth Map and Images of the Scene Naoto OKA Y asuhiro MUKAIGA W A T ak eshi SHAKUNAGA Departmen t of Information T ec hnology , Ok a y ama Universit y Tsushima-nak a 3-1-1, Ok a y ama, 700-8530, Japan E-mail : f ok a,m uk aiga w,shaku g @c hino.it.ok a y ama-u.ac.jp Abstract This pap er prop oses a metho d for generating cast shadows in any lighting condition from a set of images of target scene along with its depth map. W e assume that the images are taken from a �xed camera in several lighting conditions, and the depth map is taken from a range �nder. A 3D shap e mo del of the scene is roughly constructed from the depth map, and it is reformed by considering the cast shadows in the images. Using the reformed 3D shap e, cast shadow contours are corresp onded b etw een di�erent ligh ting conditions. Finally , a cast shadow can b e generated in an y lighting condition by the image morphing of the cast shado w contours. Exp erimental results show that shadows can b e successfully generated even when the o or is not a at plane. Keywords : CG !$ morphing, shadow, lighting simulation

1 $O $8 $a $K %3 %s %T %e !< %? %0 %i %U %# %/ %9 (CG) $K $* $$ $F , <+ A3 $J 1" 1F $N @8 @. $O <g MW $J %F !< %^ $N 0l $D $G $" $k . 6a G/ , $3 $N 5; =Q $r 2> A[ J* BN $@ $1 $G $J $/ <B @$ 3& $N %7 !< %s $X E, MQ $9 $k 8& 5f $, I} 9- $/ 9T $J $o $l $F $* $j , >& IJ %+ %? %m %0 $d 1G 2h Ey $N MM !9 $J J, Ln $X $N 1~ MQ $, 4| BT $5 $l $F $$ $k . <B @$ 3& $r BP >] $H $7 $? CG $G $O , <B 2h A| $H 6h JL $N IU $+ $J $$ 9b IJ <A $J 2h A| $N @8 @. $, 6/ $/ 5a $a $i $l $k . 8w 8; 0L CV $N 0\ F0 $K H< $C $F 8+ $( J} $, JQ 2= $9 $k 1" 1F $N 0l $D $K cast shadow $, $" $k . $3 $l $O 8w $, <W $i $l $k $3 $H $K $h $j @8 $8 $k 1F $G $" $j , ?M 4V $, BP >] J* BN $N B8 :_ 46 $d <A 46 , 3 <! 85 7A >u 5Z $S 0L CV $r CN 3P $9 $k >e $G Hs >o $K =E MW $J Lr 3d $r 2L $? $9 . => Mh $+ $i , BP >] $H $9 $k %7 !< %s $N 3 <! 85 7A >u $r %b %G %k 2= $7 , $3 $N 7A >u >p Js $r 4p $K cast shadow $r @8 @. $9 $k <j K! $, MQ $$ $i $l $F $$ $k . $3 $N <j K! $O , G$ 0U $K M? $( $i $l $? 8w 8; 0L CV $K BP $7 $F 4v 2? 3X E* $K @5 3N $J 0L CV $K cast shado w $r @8 @. $9 $k $3 $H $, $G $- $k . $7 $+ $7 , <+ A3 $J cast shadow $r @8 @. $9 $k $? $a $K $O 4V @\ 8w $N 1F 6A $r 9M N8 $9 $k I, MW $, $" $j , <B @$ 3& $+ $i H? <M FC @- $d 8w 8; FC @- Ey $b %b %G %k 2= $9 $k I, MW $, $" $k . 0l J} , %7 !< %s $N 7A >u >p Js $r Mx MQ $; $: , %+ %a %i $G ;# 1F $7 $? 2h A| $N $_ $r MQ $$ $F cast shadow $r @8 @. $9 $k 8& 5f $b Js 9p $5 $l $F $$ $k [1][2]. $3 $l $i $N <j K! $O <+ A3 $J cast shadow $r @8 @. $G $- $k $H $$ $& Mx E@ $, $" $k . $7 $+ $7 , >2 $N 3 <! 85 7A >u $r 9M N8 $7 $F $$ $J $$ $? $a , C1 0l J? LL $N >2 $K 8B Dj $5 $l $k $H $$ $& Ld Bj $, $" $k . $3 $l $i $N Ld Bj $K BP $7 $F , K\ 8& 5f $G $O %7 !< %s $N 7A >u >p Js $H 2h A| >p Js $r J; MQ $9 $k $3 $H $K $h $j , G$ 0U 8w 8; 0L CV $+ $i $N cast shadow $r @8 @. $9 $k <j K! $r Ds 0F $9 $k . 7A >u >p Js $K $O %l %s %8 %U %! %$ %s %@ $G F@ $i $l $k %7 !< %s $N 1| 9T $- >p Js $r I= $9 2.5 <! 85 5w N% %G !< %? $r Mx MQ $9 $k . $^ $? , 2h A| >p Js $K $O 8w 8; 0L CV $N 0[ $J $k J# ?t Kg $N 2h A| 4V $N %b !< %U %# %s %0 $r Mx MQ $9 $k . $3 $l $i $r J; MQ $9 $k $3 $H $G , >2 $N 3 <! 85 7A >u $r 9M N8 $7 $F 4v 2? 3X E* $K @5 3N $J 0L CV $K <+ A3 $J cast shadow $r @8 @. $9 $k $3 $H $r L\ ;X $9 . 2 cast shado w @8 @. $N 4p K\ 86 M} 2.1 cast shado w $N @- <A %7 !< %s $K @8 $8 $k 1F $O ?^ 1 $K <( $9 $h $& $K attac hed shadow $H cast shadow $N Fs $D $K J, N‘ $9 $k $3 $H $, $G $- $k [3]. attached shadow $O 8w 8; J} 8~ $H J* BN I= LL $N cast shadow attached shadow 3H ;6 H? <M ?^ 1: H? <M $H 1F K! @~ J} 8~ $N $J $9 3Q $, 90� 0J >e $N NN 0h $K @8 $8 $k 1F $G $" $k $? $a , attached shadow $, @8 $8 $k NN 0h $O J* BN I= LL $N K! @~ J} 8~ $K 0M B8 $9 $k . 0l J} , cast shadow $O 8w 8; $+ $i $N 8w $, <W $i $l $k NN 0h $K @8 $8 $k 1F $G $" $k $? $a , cast shadow $, @8 $8 $k NN 0h $O 8w $r <W $k J* BN $N 3 <! 85 7A >u $@ $1 $G $J $/ >2 $N 3 <! 85 7A >u $r 4^ $‘ %7 !< %s A4 BN $N 3 <! 85 7A >u $K 0M B8 $9 $k . 2.2 7A >u >p Js $K 4p $E $/ @8 @. K! %7 !< %s $N 3 <! 85 7A >u $r 3M F@ $9 $k J} K! $H $7 $F , %l %s %8 %U %! %$ %s %@ $, Mx MQ $G $- $k . BP >] J* BN $H >2 $N 3 <! 85 7A >u $r @5 3N $K 3M F@ $G $- $l $P , 4v 2? 3X E* $K @5 3N $J 0L CV $K cast shadow $r @8 @. $9 $k $3 $H $, $G $- $k . $7 $+ $7 , %l %s %8 %U %! %$ %s %@ $+ $i F@ $i $l $k 7A >u $O 4p K\ E* $K $O %+ %a %i $+ $i 8+ $? 2.5 <! 85 5w N% %G !< %? $N $_ $G $" $k $? $a , %+ %a %i $G ;# 1F $G $- $J $$ %7 !< %s $N N" B& $N 7A >u $, $o $+ $i $J $$ $H $$ $& Ld Bj $, $" $k . $= $N $? $a , %l %s %8 %U %! %$ %s %@ $+ $i F@ $i $l $k 7A >u >p Js $r $= $N $^ $^ MQ $$ $? $N $G $O , G$ 0U 8w 8; 0L CV $N cast shadow $r @5 3N $K $O I= 8= $G $- $J $$ . $^ $? , <+ A3 $J cast shadow $r @8 @. $9 $k $? $a $K $O <B @$ 3& $+ $i H? <M FC @- $d 8w 8; FC @- $b %b %G %k 2= $9 $k I, MW $, $" $k . 2.3 2h A| >p Js $K 4p $E $/ @8 @. K! >2 I= LL $O LO MM $, $J $/ H? <M N( $, 0l MM $H 2> Dj $9 $k $H , 8w 8; 0L CV $N 0[ $J $k J# ?t Kg $N <B 2h A| $r 4p $K %b !< %U %# %s %0 $r Mx MQ $7 $F , cast shadow $N @8 @. $, 9T $J $( $k . Fs $D $N F~ NO 2h A| Cf $N cast shadow $N BP 1~ 4X 78 $r 5a $a $k $3 $H $, $G $- $l $P , $= $N BP 1~ 4X 78 $r 4p $K @~ 7A Jd 4V $r 9T $J $& $3 $H $G , F~ NO 2h A| $K $O $J $$ 8w 8; 0L CV $K $* $1 $k cast shadow $N @8 @. $r 9T $J $( $k . $3 $N J} K! $G $O , F~ NO 2h A| Cf $N cast shadow $N %F %/ %9 %A %c $r Mx MQ $9 $k $? $a , H? <M FC @- Ey $r M[ $K %b %G %k 2= $9 $k $3 $H $J $/ Hf 3S E* <+ A3 $J cast shadow $r @8 @. $G $- $k . $7 $+ $7 , %7 !< %s $N 3 <! 85 7A >u $r 9M N8 $7 $F $$ $J $$ $? $a , 4v 2? 3X E* $K @5 3N $J 0L CV $K cast shadow $N @8 @. $, 9T $J $( $J $$ $H $$ $&

2.5 <! 85 5w N% %G !< %? %b !< %U %# %s %0 3 <! 85 7A >u B? 8w 8; 2h A| 72 7A >u >p Js 2h A| >p Js 1F NN 0h $N BP 1~ IU $1 N" B& 7A >u $N ?d Dj >2 7A >u $r 9M N8 $7 $? 0L CV M= B, ?^ 2: 7A >u >p Js $H 2h A| >p Js $N J; MQ Ld Bj $, $" $k . $^ $? , cast shadow $O >2 $N 3 <! 85 7A >u $N 1F 6A $r <u $1 $k $? $a , cast shadow $I $& $7 $N BP 1~ IU $1 $O MF 0W $G $J $$ . 2.4 7A >u >p Js $H 2h A| >p Js $N J; MQ K\ 8& 5f $G $O , H? <M N( $O 0l MM $G $" $k $, C1 0l J? LL $G $O I= $; $J $$ >2 $r ;} $D %7 !< %s $r BP >] $H $7 , 7A >u >p Js $H 2h A| >p Js $K 4p $E $/ cast shadow @8 @. K! $N AP J} $r J; MQ $7 $? cast shadow $N @8 @. K! $r Ds 0F $9 $k . 7A >u >p Js $K $O , %l %s %8 %U %! %$ %s %@ $K $h $j F@ $i $l $k 5w N% %G !< %? $r Mx MQ $9 $k . 0l J} , 2h A| >p Js $K $O , 8w 8; 0L CV $, 4{ CN $G $" $k J# ?t Kg $N <B 2h A| ( 0J 2< , B? 8w 8; 2h A| 72 $H 8F $V ) 4V $N %b !< %U %# %s %0 $r Mx MQ $9 $k . $^ $: , ?^ 2 $K <( $9 $h $& $K B? 8w 8; 2h A| 72 $r <j $, $+ $j $K 5w N% %G !< %? $G F@ $i $l $J $$ %7 !< %s $N N" B& $N 7A >u ?d Dj $r 9T $J $& . $3 $l $K $h $j , %7 !< %s $N 3 <! 85 7A >u $r Bg $^ $+ $K 3M F@ $9 $k $3 $H $, 2D G= $H $J $k . <! $K , %7 !< %s $N 3 <! 85 7A >u $r <j $, $+ $j $K F~ NO 2h A| Cf $N cast shadow $N NX 3T $I $& $7 $N BP 1~ IU $1 $H , G$ 0U 8w 8; 0L CV $K $* $1 $k cast shadow $N 0L CV $r M= B, $9 $k . $3 $l $K $h $j , >2 $N 3 <! 85 7A >u $N 1F 6A $r 9M N8 $7 $F cast shadow $r @8 @. $9 $k $3 $H $, 2D G= $H $J $k . :G 8e $K M= B, 0L CV $X %b !< %U %# %s %0 $r 9T $J $& $3 $H $K $h $j , B? 8w 8; 2h A| 72 $+ $i F@ $i $l $k cast shadow $N %F %/ %9 %A %c $r Jd 4V $9 $k . $3 $N $h $& $K , 7A >u >p Js $H 2h A| >p Js $N AP J} $r J; MQ $9 $k $3 $H $G , 4v 2? 3X E* $K @5 3N $J 0L CV $K <+ A3 $J cast shadow $N @8 @. $, 9T $J $( $k . 3 2h A| >p Js $K $h $k 7A >u >p Js $N =$ @5 3.1 5w N% %G !< %? $N 3M F@ K\ 8& 5f $G $O , %7 !< %s $N 7A >u $r 3M F@ $9 $k $? $a $K ?^ 3 $K <( $9 $h $& $J ;2 >H 8w $r MQ $$ $? %l %s %8 %U %! %$ %s %@ [4] $r ;H MQ $9 $k . %+ %a %i $O B? 8w 8; 2h A| 72 $r ;# 1F $9 $k $b %+ %a %i ;2 >H 8w 5w N% %G !< %? %W %m %8 %’ %/ %? ?^ 3: %l %s %8 %U %! %$ %s %@ $K $h $k 5w N% %G !< %? $N 3M F@ $N $H F1 0l $G $" $j , %W %m %8 %’ %/ %? $+ $i %9 %j %C %H >u $N %Q %? !< %s $r Ej 1F $7 , ;0 3Q B, NL $N 86 M} $K $h $C $F %+ %a %i $+ $i 8+ $? 1| 9T $- $r ?d Dj $9 $k . $3 $3 $G , %7 !< %s $N %o !< %k %I :B I8 $K BP $9 $k %+ %a %i $H %W %m %8 %’ %/ %? $N 0L CV $O M= $a %- %c %j %V %l !< %7 %g %s $5 $l $F $$ $k $b $N $H $9 $k . $^ $? , %7 !< %s A4 BN $N 7A >u $@ $1 $G $O $J $/ BP >] J* BN $r <h $j =| $$ $? >2 $N 7A >u $b 3M F@ $7 $F $* $/ . $3 $l $K $h $j , 2h A| Cf $G $N BP >] J* BN $N NN 0h $r MF 0W $K Cj =P $G $- $k . 3.2 2h A| >p Js $r MQ $$ $? N" B& 7A >u $N ?d Dj cast shadow $r @5 $7 $/ I= 8= $9 $k $? $a $K $O , 2.5 <! 85 5w N% %G !< %? $G $O $J $/ %7 !< %s $N 3 <! 85 7A >u $, I, MW $G $" $k . $= $3 $G , K\ 8& 5f $G $O B? 8w 8; 2h A| 72 $r Mx MQ $9 $k . cast shadow $O 8w 8; $+ $i $N 8w $, BP >] J* BN $K <W $i $l $k $3 $H $K $h $j @8 $8 $k . BP >] J* BN $H >2 $N @\ ?( LL $K $b cast shado w $, @8 $8 $F $$ $k $b $N $H 9M $( $k $H , ?^ 4(a) $K <( $9 $h $& $K , cast shadow $r Dl LL , 8w 8; 0L CV $r D: E@ $H $7 $? ?m BN $N Fb It $K BP >] J* BN $, I, $: B8 :_ $9 $k . $3 $N ?m BN $r Mx MQ $9 $l $P , ?^ 4(b) $K <( $9 $h $& $K , %+ %a %i $+ $i 8+ $( $J $$ %7 !< %s $N N" B& 7A >u $N ?d Dj $r $9 $k $H F1 ;~ $K , ?m BN $N 30 It $K B8 :_ $9 $k 8m $C $? 5w N% %G !< %? $N =$ @5 $b 9T $J $& $3 $H $, $G $- $k . ?m BN $N 7A >u $r ;; =P $9 $k $? $a $K , K\ 8& 5f $G $O <B B, $K $h $j 8w 8; 0L CV $r M? $( , 8~ @n $i [5] $N Ds 0F $9 $k 2h A| $N @~ 7A 2= $r Mx MQ $7 $F 2h A| Cf $+ $i cast shadow $r Cj =P $9 $k . 2h A| $N @~ 7A 2= $r Mx MQ $9 $k $3 $H $G , G$ 0U 8w 8; 0L CV $K $* $1 $k 3H ;6 H? <M @. J, $H attached shadow @. J, $N $_ $N 2h A| $r @8 @. $G $- $k . $3 $N @8 @. $5 $l $? 2h A| $H <B 2h A| $r Hf 3S $9 $k $3 $H $G cast shadow @. J, $N $_ $r Cj =P $G $- $k . $J $* , 2h A| Cf $G BP >] J* BN $K 1# $5 $l $? >2 $K $b cast shadow $, B8 :_ $9 $k 2D G= @- $, $" $j , BP >] J* BN $H >2 $N @\ ?( LL $O BP >] J* BN $K 1# $5 $l $? >2 $N NN 0h $K 4^ $^ $l $k . => $C $F , $3 $N >2 $N NN 0h $r ?m BN $N Dl LL $H 8+ $J $9 $3 $H $G , K\ Mh $O BP >] J* BN $, B8 :_ $9 $k NN 0h $r 8m $C $F =| 5n

@\ ?( LL cast shadow 8w 8; ?m BN (a) BP >] J* BN $N B8 :_ HO 0O 8m $C $? 5w N% %G !< %? $N =$ @5 M> J, $J N" B& 7A >u $N =| 5n (b) 2# $+ $i 8+ $? 5w N% %G !< %? ?^ 4: BP >] J* BN $r 4^ $‘ ?m BN $K $h $k 3 <! 85 7A >u $N ?d Dj L � a � p c � p L � a � q c � q C � A � C � A � ?^ 5: attached shadow 6- 3& $r 2p $7 $? cast shadow NX 3T $N BP 1~ IU $1 $9 $k 4m 81 @- $, $J $/ $J $k . $J $* , BP >] J* BN $K 1# $5 $l $F $$ $k >2 $N NN 0h $O BP >] J* BN NN 0h $H 0l CW $9 $k $? $a , %7 !< %s A4 BN $N 5w N% %G !< %? $H BP >] J* BN $r <h $j =| $$ $? >2 $N 5w N% %G !< %? $N :9 J, $K $h $j Cj =P $G $- $k . 4 7A >u >p Js $K $h $k cast shado w $N BP 1~ IU $1 $H 0L CV M= B, 4.1 cast shado w NX 3T $H attac hed shado w 6- 3& cast shadow $N NX 3T $O , NX 3T >e $N E@ $H 8w 8; $r 7k $V D> @~ $, J* BN I= LL $H @\ $9 $k $3 $H $K $h $j @8 $8 $k . $3 $N @\ E@ $O J* BN I= LL $K @8 $8 $k 3H ;6 H? <M $H attached shado w $N 6- 3& >e $N E@ $K Aj Ev $9 $k . => $C $F , cast shadow $N NX 3T $H $3 $N 6- 3& $K $O BP 1~ 4X 78 $, $" $k . K\ 9F $G $O , cast shadow $N NX 3T C >e $r %5 %s %W %j %s %0 $7 $? 3 <! 85 E@ Ns c 1 ; c 2 ; : : : ; c m $r C1 $K NX 3T E@ $H 8F $V . $^ $? , cast shadow NX 3T C $K BP 1~ $9 $k attac hed shadow 6- 3& A >e $N 3 <! 85 E@ Ns a 1 ; a 2 ; : : : ; a m $r C1 $K 6- 3& E@ $H 8F $V . (a) %( %C %8 $, $" $k >l 9g (b) %( %C %8 $, $J $$ >l 9g ?^ 6: attached shadow 6- 3& $N 3 <! 85 0L CV 4.2 cast shado w NX 3T $N BP 1~ IU $1 4.2.1 attac hed shado w 6- 3& $K 4p $E $/ BP 1~ IU $1 cast shadow $N %b !< %U %# %s %0 $r 9T $J $& $? $a $K $O , M= $a NX 3T E@ $I $& $7 $r BP 1~ IU $1 $F $* $/ I, MW $, $" $k . 0[ $J $k Fs $D $N 8w 8; 0L CV L � , L � $K BP $9 $k cast shadow NX 3T C � , C � $r BP 1~ IU $1 $h $& $H $9 $k >l 9g , $3 $l $i $N NX 3T 7A >u $O >2 $N 3 <! 85 7A >u $N 1F 6A $r 6/ $/ <u $1 , >2 $N 7A >u $K $h $C $F $O 8+ $( J} $, Bg $- $/ 0[ $J $k $? $a , BP 1~ IU $1 $, 0B Dj $K 9T $J $( $J $$ . $= $3 $G , K\ 8& 5f $G $O NX 3T E@ $H 6- 3& E@ $K BP 1~ 4X 78 $, $" $k $3 $H $r Mx MQ $7 , ?^ 5 $K <( $9 $h $& $K 6- 3& A � , A � $r BP 1~ IU $1 $k $3 $H $G , 4V @\ E* $K NX 3T C � , C � $r BP 1~ IU $1 $k J} K! $r Ds 0F $9 $k . 6- 3& A � , A � $O BP >] J* BN >e $K B8 :_ $9 $k $? $a , >2 $N 3 <! 85 7A >u $N 1F 6A $r <u $1 $J $$ $H $$ $& Mx E@ $, $" $k . $^ $? , ?^ 6(a) $K <( $9 $h $& $K , J* BN >e $K L@ 3N $J %( %C %8 $, $" $l $P , 6- 3& $O 3 <! 85 6u 4V Cf $G 0l CW $9 $k $3 $H $, B? $$ . 5e $N $h $& $J L@ 3N $J %( %C %8 $N $J $$ J* BN $K $* $$ $F $b , ?^ 6(b) $K <( $9 $h $& $K , Fs $D $N 8w 8; 0L CV $, $" $k Dx EY 6a 5w N% $K $" $l $P , 6- 3& $O 3 <! 85 6u 4V Cf $G 6a $$ 0L CV $K $" $k . $3 $N $h $& $K , cast shadow NX 3T $I $& $7 $N BP 1~ IU $1 $K Hf $Y $F , attached shadow 6- 3& $I $& $7 $N BP 1~ IU $1 $O Hf 3S E* 0B Dj $K 9T $J $& $3 $H $, $G $- $k $H 9M $( $i $l $k . 4.2.2 attac hed shadow 6- 3& $N Cj =P 6- 3& $I $& $7 $r BP 1~ IU $1 $k $? $a $K $O , 2h A| $+ $i NX 3T E@ $r Cj =P $7 , 3F NX 3T E@ $K BP 1~ $9 $k 6- 3& E@ $r 5a $a $k I, MW $, $" $k . NX 3T E@ $O , 2h A| $N @~ 7A 2= $r Mx MQ $7 $F Cj =P $5 $l $? cast shadow NN 0h $N 30 <~ $r E, Ev $J 4V 3V $G %5 %s %W %j %s %0 $9 $k $3 $H $G F@ $i $l $k . $^ $? , NX 3T E@ $K BP 1~ $9 $k 6- 3& E@ $N Cj =P $K $O , 3 >O $G =R $Y $? J} K! $G ?d Dj $7 $? %7 !< %s $N 3 <! 85 7A >u $r MQ $$ $k . 8w 8; 0L CV L $K $* $1 $k NX 3T C >e $N NX 3T E@ $r c p $H $9 $k . NX 3T E@ c p $H 8w 8; 0L CV L $r 7k $V D> @~ $r NX 3T E@ B& $+ $i DI @W $7 , %7 !< %s $N 3 <! 85 7A >u $H 8r :9 $9 $k E@ $r C5 :w $9 $k . C5 :w $N 7k 2L , 8r E@ $, 8+ $D $+ $l $P , $= $N 8r E@

$r NX 3T E@ c p $K BP 1~ $9 $k 6- 3& E@ a p $H $9 $k . J# ?t $N 8r E@ $, B8 :_ $9 $k >l 9g $O , NX 3T E@ c p $H $N 5w N% $, 6a $$ E@ $r 6- 3& E@ a p $H $9 $k . $^ $? , %7 !< %s $N 3 <! 85 7A >u $N 8m :9 $N 1F 6A $K $h $j 8r E@ $, 8+ $D $+ $i $J $$ >l 9g $O , NX 3T E@ c p $H 8w 8; 0L CV $r 7k $V D> @~ $K :G $b 6a 5w N% $K $" $k E@ $r 6- 3& E@ a p $H $9 $k . 0J >e $N J} K! $K $h $j , A4 $F $N NX 3T E@ $K BP 1~ $9 $k 6- 3& E@ $r 5a $a $k . 4.2.3 F0 E* 7W 2h K! $K $h $k BP 1~ IU $1 8w 8; 0L CV L � , L � $K BP 1~ $9 $k 6- 3& E@ a � , a � $I $& $7 $r BP 1~ IU $1 $k $? $a $K $O , 6- 3& $N 3 <! 85 6u 4V Cf $G $N 7A >u $r 9M N8 $7 $F 3F E@ $N BP 1~ 4X 78 $r 5a $a $k I, MW $, $" $k . $? $@ $7 , 6- 3& E@ $O N% ;6 E* $J 3 <! 85 E@ Ns $G $" $j , 6- 3& E@ $N A4 E@ $, 0l BP 0l $K BP 1~ IU $/ $H $O 8B $i $J $$ . $= $N $? $a , 6- 3& E@ $r C< E@ $H $9 $k 6h 4V $N Aj 0c EY $K 4p $E $$ $F BP 1~ IU $1 $r 9T $J $& . 6h 4V $N FC D’ $H $7 $F , 3 <! 85 0L CV !& D9 $5 !& 8~ $- $r 9M N8 $9 $k $H , Fs $D $N 6- 3& A � , A � >e $N 6- 3& E@ a � i � a � j , a � k � a � l $N 6h 4V $N Aj 0c EY $O <0 (1) !A (4) $N $h $& $K Dj 5A $9 $k $3 $H $, $G $- $k . D � ( i;j ) � ( k;l ) = w 1 p � ( i;j ) � ( k ;l ) + w 2 l � ( i;j ) � ( k;l ) + w 3 d � ( i;j ) � ( k;l ) (1) p � ( i;j ) � ( k ;l ) = � � � � � � � � a � i + a � j 2 � a � k + a � l 2 � � � � � � � � (2) l � ( i;j ) � ( k ;l ) = � � � jj a � i � a � j jj � jj a � k � a � l jj � � � (3) d � ( i;j ) � ( k ;l ) = cos � 1 ( a � i � a � j ) � ( a � k � a � l ) jj a � i � a � j jj jj a � k � a � l jj (4) $? $@ $7 , p � ( i;j ) � ( k;l ) ; l � ( i;j ) � ( k ;l ) ; d � ( i;j ) � ( k ;l ) $O , ?^ 7 $K <( $9 $h $& $K , $= $l $> $l 6h 4V a � i � a � j , a � k � a � l $r @~ J, $H $7 $F 8+ $? >l 9g $N 3 <! 85 0L CV !& D9 $5 !& 8~ $- $N Aj 0c EY $r I= $7 $F $* $j , w 1 ; w 2 ; w 3 $O =E $_ 78 ?t $G $" $k . $3 $N Aj 0c EY D � ( i;j ) � ( k ;l ) $N CM $, >. $5 $$ $[ $I , Fs $D $N @~ J, a � i a � j , a � k a � l $O N‘ ;w @- $r ;} $D . => $C $F , 6- 3& A � , A � $N BP 1~ IU $1 $O 6- 3& $N A4 <~ $K $D $$ $F <0 (1) $N Am OB P D � ( i;j ) � ( k ;l ) $r :G >. $K $9 $k %3 %9 %H :G >. 2= Ld Bj $K 5" Ce $9 $k $3 $H $, $G $- $k . K\ 8& 5f $G $O , $3 $l $r F0 E* 7W 2h K! $r MQ $$ $F 2r $/ $3 $H $G , 8z N( NI $/ BP 1~ E@ $r 5a $a $k . 4.2.4 8w 8; J} 8~ $N [# Kf @- $N =| 5n %7 !< %s $N 3 <! 85 7A >u $r Mx MQ $9 $k $3 $H $G NX 3T E@ $K BP 1~ $9 $k 6- 3& E@ $r 5a $a $k $3 $H $, $G $- $k $, , %7 !< %s $N 3 <! 85 7A >u $N 8m :9 $N $? $a , <B :] $K $O 6- 3& E@ $r 0l 0U $K 7h Dj $9 $k $3 $H $O MF 0W $G $J $$ . $3 $N [# Kf @- $N Ld Bj $O , FC $K ?^ 8(a) $K <( $9 $h $& $K , 5e $J $I $N 6J LL $+ $i 6- 3& E@ $r Cj =P $9 $k >l 9g $K @8 $8 $k $? $a , Aj 0c EY $N ;; =P $K 0- 1F a � i a � j a � k a � l p � ( i;j ) � ( k ;l ) d � ( i;j ) � ( k;l ) l � ( i;j ) � ( k;l ) a � i a � j a � k a � l ?^ 7: 6h 4V $N Aj 0c EY c p L a p A C (a) 8w 8; J} 8~ $N [# Kf @- L � L M L � a � i a � j a 0 � i a 0 � j g a 0 � l a 0 � k a � k a � l (b) J? LL $X $N Ej 1F ?^ 8: 8w 8; J} 8~ $N $_ $K @8 $8 $k [# Kf @- $N =| 5n 6A $r 5Z $\ $9 . $7 $+ $7 , 6- 3& E@ $O 8w 8; $H NX 3T E@ $r 7k $V D> @~ $K B8 :_ $9 $k $? $a , 8m :9 $O 8w 8; J} 8~ $N $_ $K @8 $8 $k . $3 $N $3 $H $r Mx MQ $7 $F , 8w 8; J} 8~ $N @. J, $@ $1 $r L5 ;k $9 $k $h $& $K 6h 4V $N Aj 0c EY $r :F Dj 5A $9 $k . 8w 8; 0L CV L � , L � $K BP 1~ $9 $k 6- 3& E@ $N @~ J, a � i a � j , a � k a � l $N Aj 0c EY $r ;; =P $9 $k >l 9g $r 9M $( $k . 8w 8; 0L CV L � , L � $N Cf E@ $r L M = ( L � + L � ) = 2 $H $7 , 6- 3& E@ a � i , a � j , a � k , a � l $N =E ?4 $r g $H $9 $k ;~ , ?^ 8(b) $K <( $9 $h $& $K , %Y %/ %H %k L M � g $r K! @~ $H $9 $k J? LL $r Dj 5A $9 $k . $3 $N J? LL $K 6- 3& E@ a � i , a � j , a � k , a � l $r @5 <M 1F $7 , J? LL $K Ej 1F $5 $l $? 6- 3& E@ $r $= $l $> $l a 0 � i , a 0 � j , a 0 � k , a 0 � l $H $7 , 6- 3& E@ $N Be $o $j $K $3 $l $i $N Ej 1F E@ $r <0 (2) � (4) $K E, MQ $9 $k $3 $H $G , 8w 8; J} 8~ $N $_ $K @8 $8 $k 8m :9 $N 1F 6A $r <u $1 $: $K 0B Dj $K 6- 3& A � ; A � $N BP 1~ IU $1 $r 9T $J $( $k . 6- 3& E@ a $H NX 3T E@ c $O $9 $G $K BP 1~ IU $$ $F $$ $k $? $a , NX 3T C � ; C � $N BP 1~ IU $1 $r 9T $J $& $3 $H $, $G $- $k . 4.3 cast shado w $N 0L CV M= B, G$ 0U $K M? $( $i $l $? 8w 8; 0L CV $K $* $$ $F 4v 2? 3X E* $K @5 3N $J 0L CV $K cast shadow $r @8 @. $9 $k $? $a $K $O , >2 $N 3 <! 85 7A >u $r 9M N8 $7 $F NX 3T $N 0L CV $r M= B, $9 $k I, MW $, $" $k . $= $3 $G , 6- 3& 4V $N BP 1~ 4X 78 $r Mx MQ $9 $k . $^ $: , ?^ 9 $K <( $9 $h $& $K , F~ NO 2h A| $K 4^ $^ $l $k 8w 8; 0L CV L � , L � $H @8 @. $7 $? $$ 2h A| $K BP $9 $k 8w 8; 0L CV

L � L � L a � p a � q a r c � p c � q c r A � A A � C � C C � s � s � BP 1~ 4X 78 5w N% ?^ 9: NX 3T $N 0L CV M= B, I � I � I C � C � C ?^ 10: %b !< %U %# %s %0 $K $h $k cast shadow $N @8 @. L $N 3F 5w N% s � , s � $K 1~ $8 $F 6- 3& A � , A � $N BP 1~ E@ a � p , a � q $r @~ 7A Fb A^ $9 $k $3 $H $G , 8w 8; L $N 6- 3& A >e $N BP 1~ E@ a r $r ;; =P $9 $k . <! $K , @8 @. 8w 8; L $+ $i 6- 3& E@ a r $r >2 $X Ej 1F $9 $k $3 $H $K $h $j , NX 3T E@ c r $N 0L CV $r M= B, $9 $k . NX 3T E@ $H 6- 3& E@ $N BP 1~ 4X 78 $+ $i , c � p , c � q $H BP 1~ $9 $k c r $N BP 1~ 4X 78 $b 5a $a $k $3 $H $, $G $- $k . $3 $l $K $h $j , >2 $N 3 <! 85 7A >u $r 9M N8 $7 $F @8 @. 2h A| Cf $G cast shado w $N @8 $8 $k >l =j $r M= B, $G $- $k . 4.4 cast shado w $N %b !< %U %# %s %0 K\ @a $G $O , BP 1~ 4X 78 $r 4p $K 2h A| 4V $N cast shado w $N %b !< %U %# %s %0 $r 9T $J $& J} K! $r =R $Y $k . ?^ 10 $K <( $9 $h $& $K , F~ NO 2h A| I � , I � Cf $N NX 3T C � , C � $O JD $8 $? C1 0l NN 0h $G , cast shadow $N Fb It $K $O 9& $, B8 :_ $7 $J $$ $H 2> Dj $7 , NX 3T C � , C � $r B? 3Q 7A 6a ;w $9 $k . $= $N :] , 3F D: E@ $O NX 3T E@ c � , c � $N $& $A BP 1~ IU $$ $F $$ $k $b $N $N $_ $r MQ $$ $k . $3 $N B? 3Q 7A $N =E ?4 $r 5a $a , NY 9g $& 2 D: E@ $H =E ?4 $H $G 9= @. $5 $l $k ;0 3Q 7A $K J, 3d $9 $k . $= $7 $F , $3 $N 2 Kg $N 2h A| I � , I � $+ $i F@ $i $l $k 3F ;0 3Q 7A $4 $H $N %F %/ %9 %A %c $r F~ NO 8w 8; 0L CV $H @8 @. 8w 8; 0L CV $N 5w N% s � , s � $K 1~ $8 $F @~ 7A Fb A^ $9 $k . $3 $N $h $& $K $9 $k $3 $H $G , <+ A3 $J cast shado w $N @8 @. $, 9T $J $( $k . I= 1: B? 8w 8; 2h A| 72 $N ;E MM BP >] J* BN @P 9Q $N N) J} BN , 5e >2 $N 7A >u CJ :9 $" $j , H? <M N( 0l Dj 8w 8; %O %m %2 %s %i %s %W J* BN $r Cf ?4 $H $7 $F 20� 9o $_ $G 18 J} 8~ 2h A| 640 � 480pixel, 8bit G; C8 , 18 Kg (a) B? 8w 8; 2h A| 72 (b) 5w N% %G !< %? (c) BP >] J* BN NN 0h (d) cast shadow @. J, ?^ 11: F~ NO $H $7 $F MQ $$ $? 2h A| 5 <B 83 Ds 0F <j K! $K $h $C $F G$ 0U 8w 8; 0L CV $K $* $1 $k cast shadow $r @8 @. $9 $k <B 83 $r 9T $J $C $? . I= 1 $K <( $9 $h $& $K , 8w 8; 0L CV $r JQ $( $J $, $i ;# 1F $7 $? 18 Kg $N 2h A| $H , %l %s %8 %U %! %$ %s %@ $K $h $C $F 3M F@ $7 $? 5w N% %G !< %? $r F~ NO $H $7 $F MQ $$ $? . F~ NO $H $7 $F MQ $$ $? 2h A| $N 0l It $r ?^ 11 $K <( $9 . ?^ Cf $N (a) $O B? 8w 8; 2h A| 72 $N 0l It $G $" $j , (b) $O 5w N% %G !< %? , (c) $O GX 7J $H $N :9 J, $K $h $j Cj =P $5 $l $? BP >] J* BN NN 0h , (d) $O B? 8w 8; 2h A| 72 $+ $i Cj =P $5 $l $? cast shadow @. J, $G $" $k . $^ $: , %7 !< %s $N 3 <! 85 7A >u $+ $i @8 @. $7 $? cast shadow $N 7k 2L $r ?^ 12 $K <( $9 . ?^ Cf $N :8 C< $O %l %s %8 %U %! %$ %s %@ $K $h $C $F F@ $i $l $? 2.5 <! 85 5w N% %G !< %? $r MQ $$ $F @8 @. $7 $? 7k 2L $G $" $j , Cf 1{ $O ?d Dj $7 $? %7 !< %s $N 3 <! 85 7A >u $r MQ $$ $F @8 @. $7 $? 7k 2L , 1& C< $O @5 2r 2h A| $G $" $k . $3 $N 7k 2L $+ $i , 7A >u $N 8m :9 $, 8: >/ $7 , J* BN $N N" B& $N 3 <! 85 7A >u $b ?d Dj $G $- $F $$ $k $3 $H $, 3N G’ $G $- $k . $7 $+ $7 , 4V @\ 8w $N 1F 6A $r 9M N8 $7 $F $$ $J $$ $? $a , IT <+ A3 $J 2h A| $H $J $C $F $$ $k . <! $K , K\ O@ J8 $G Ds 0F $9 $k 7A >u >p Js $H 2h A| >p Js $r J; MQ $7 $? <j K! $K $h $j , cast shadow $r @8 @. $9 $k <B 83 $r 9T $J $C $? . $^ $: , cast shadow NX 3T $K $h $j Cj =P $5 $l

(a) N) J} BN (b) 5e ?^ 12: 7A >u >p Js $K $h $k cast shadow @8 @. $? attached shado w 6- 3& $N 0l Nc $r ?^ 13 $K <( $9 . Cj =P $5 $l $? 6- 3& $, $d $d IT 0B Dj $K $J $C $F $$ $k $, , $3 $l $O 8w 8; 0L CV $r <B B, $9 $k :] $N 8m :9 $d %7 !< %s $N 3 <! 85 7A >u $N 8m :9 $N $? $a $H 9M $( $i $l $k . $7 $+ $7 , $3 $N 8m :9 $O <g $K 8w 8; J} 8~ $N $_ $K @8 $8 $F $$ $k $? $a , 4.2.4 @a $G =R $Y $? $h $& $K BP 1~ IU $1 $X $N 0- 1F 6A $O >/ $J $$ $H 9M $( $i $l $k . <! $K , 4 >O $G =R $Y $? J} K! $K $h $j , 2 Kg $N F~ NO 2h A| Cf $N NX 3T $I $& $7 $r BP 1~ IU $1 $? Nc $r ?^ 14 $K <( $9 . ?^ Cf $N :8 B& $O BP 1~ IU $1 $K MQ $$ $? F~ NO 2h A| $r I= $7 , 1& B& $O $= $N BP 1~ IU $1 $N 7k 2L $r I= $9 . $3 $N 7k 2L $+ $i , N) J} BN $G $O D: E@ $I $& $7 $, $[ $\ @5 $7 $/ BP 1~ IU $$ $F $$ $k $3 $H $, 3N G’ $G $- $k . 0l J} , 5e $K $* $$ $F $b , Fs $D $N NX 3T $N 3Q EY $O Bg $- $/ 0[ $J $k $, , 6- 3& $I $& $7 $G $O 6a $$ 0L CV $K $" $k $? $a , 0B Dj $K BP 1~ IU $1 $k $3 $H $, $G $- $k . $^ $? , BP 1~ 4X 78 $r 4p $K 0L CV M= B, $7 $? 7k 2L $r ?^ 15 $K <( $9 . ?^ Cf $N (a) $O >2 7A >u $r 9M N8 $; $: $K C1 $K @~ 7A Jd 4V $r 9T $J $C $? 7k 2L $G $" $j , (b) $O K\ <j K! $K $h $j 0L CV M= B, $7 $? ;~ $N NX 3T $N JQ 2= $r I= $7 $? $b $N $G $" $k . attached shadow 6- 3& $r C5 :w $9 $k :] $N 8m :9 $N $? $a , NX 3T 7A >u $, 3j $i $+ $H $J $C $F $$ $J $$ $, , >2 7A >u $r 9M N8 $7 $F 0L CV $r M= B, $G $- $F $$ $k $3 $H $, 3N G’ $G $- $k . :G 8e $K , F~ NO 2h A| $K 4^ $^ $l $J $$ 8w 8; 0L CV $K BP $9 $k cast shadow $r @8 @. $7 $? 7k 2L $r ?^ 16, 17 $K <( $9 . ?^ Cf $N (a) $O %b !< %U %# %s %0 $K $h $j @8 @. $7 $? cast shado w NN 0h $G $" $j , (b) $O => Mh K! [5] $H AH $_ 9g $o $; $k $3 $H $G 3H ;6 H? <M $b IU 2C $7 $? 7k 2L $G $" $k . $^ $? , (c) $O F~ NO 2h A| $H $O JL $K MQ 0U $7 $? @5 2r 2h A| $G $" $k . $3 $N 7k 2L $+ $i , >2 $N 3 <! 85 7A >u $r 9M N8 $7 $F , CJ :9 $N $" $k $H $3 $m $G @5 $7 $/ cast shadow $, 6J $, $C $F $$ $k $3 $H $, 3N G’ $G $- $k . $^ $? , F~ NO 2h A| Cf $N %F %/ %9 %A %c $r Mx MQ $7 $F $$ $k $? $a , $" $k Dx EY 0c OB 46 $N $J $$ <+ A3 $J cast shado w $N @8 @. $r 9T $J $( $F $$ $k $N $, 3N G’ $G $- $k . K\ <j K! $G $O , (a) N) J} BN (b) 5e ?^ 13: Cj =P $7 $? attached shadow 6- 3& (a) N) J} BN (b) 5e ?^ 14: NX 3T $N BP 1~ IU $1 7k 2L ( :8 : F~ NO 2h A| , 1& : BP 1~ 4X 78 ) 2h A| >p Js $r Mx MQ $7 $F %7 !< %s $N 3 <! 85 7A >u $N 3M F@ $H 2h A| 4V $N %b !< %U %# %s %0 $r 9T $J $C $F $$ $k $? $a , F~ NO 2h A| Kg ?t $r A} 2C $9 $l $P , 99 $K <+ A3 $J 2h A| $r @8 @. $9 $k $3 $H $b 2D G= $G $" $k . 6 =* $o $j $K K\ 9F $G $O , 7A >u >p Js $H 2h A| >p Js $r J; MQ $9 $k $3 $H $G , G$ 0U 8w 8; 0L CV $+ $i $N cast shadow $r @8 @. $9 $k <j K! $r O@ $8 $? . 7A >u >p Js $" $k $$ $O 2h A| >p Js $N $I $A $i $+ JR J} $N $_ $r MQ $$ $F @8 @. $5 $l $k cast shado w $N Ld Bj E@ $r L@ $i $+ $K $7 , AP J} $r J; MQ $9 $k $3 $H $G 4v 2? 3X E* $K @5 3N $J 0L CV $K <+ A3 $J cast shadow $r @8 @. $9 $k <j K! $r Ds 0F $7 $? . <B 2h A| $r MQ $$ $? <B 83 $K $h $j , >2 $N 3 <! 85 7A >u $N 1F 6A $r 9M N8 $7 $F 4v 2? 3X E* $K $[ $\ @5 3N $J 0L CV $X cast

(a) 2h A| 4V $N @~ 7A Jd 4V (b) K\ <j K! $K $h $k 0L CV M= B, ?^ 15: cast shadow NX 3T $N 0L CV M= B, (a) cast shadow NN 0h (b) @8 @. $7 $? cast shadow NN 0h $K 3H ;6 H? <M $r IU 2C $7 $? 7k 2L (c) @5 2r 2h A| ?^ 16: Ds 0F <j K! $K $h $k cast shadow @8 @. ( N) J} BN ) (a) cast shadow NN 0h (b) @8 @. $7 $? cast shadow NN 0h $K 3H ;6 H? <M $r IU 2C $7 $? 7k 2L (c) @5 2r 2h A| ?^ 17: Ds 0F <j K! $K $h $k cast shadow $N @8 @. ( 5e ) shadow $r @8 @. $G $- $k $3 $H $r 3N G’ $7 $? . $^ $? , cast shadow NX 3T $N 7A >u $K <c 43 IT <+ A3 $5 $O 46 $8 $k $b $N $N , A4 BN E* $K 8+ $F , 0c OB 46 $N $J $$ <+ A3 $J cast shadow $N @8 @. $r 9T $J $( $k $3 $H $r 3N G’ $7 $? . :# 8e $N 2] Bj $H $7 $F , $h $j J# ;( $J %7 !< %s $G $N 8! >Z $, 5s $2 $i $l $k . ;2 9M J8 8% [1] A.Katay ama, Y.Sak aga w a and H.T am ura : \A Metho d of Shading and Shadowing in Image-Based Rendering", ICIP’99, vol.3, pp.26-30, 1999. [2] ;{ 1r 9@ J? , bC Fi 2B ;L , :4 F# 9( 2p , 0f 8} @, ;N : \IBR $K $* $1 $k 1F $N I= 8= ", MIRU2000, vol.1, pp.101-106, 2000. [3] A. Shashua : \Geometry and Photometry in 3D Visual Recognition", Ph. D thesis, Dept. Brain and Cognitive Science, MIT, 1992. [4] 0f 8} @, ;N , :4 F# 9( 2p : \ ;0 <! 85 2h A| 7W B, ", >< 98 F2 , 1990. [5] 8~ @n 9/ Gn , 5\ LZ 0l , ;0 66 Dg I’ , <\ D9 7r : \Photo- metric Image-Based Rendering $K $h $k 2> A[ >H L@ 2h A| $N @8 @. ", >p Js =h M} 3X 2q CVIM O@ J8 ;o , vol.41, no.SIG10(CVIM1), pp.19-30, 2000.