!V 2hA|$NG’<1M}2r %7 %s%]%8 %& %‘ (MIRU’96) !W 1996 G/ 7 7n F0$- $N @)Ls $r MQ$$ $?%R %H $N <j $N 3 <!857A>u %b %G %j %s %0 0B<< 4n90 DD 8, @i86 T"9( F‘NI@hC<2J3X5;=QBg3X1!Bg3X >pJs2J3X8&5f2J Abstract: This pap er describ es a new approac h for hand mo deling. The hand mo del is comp osed b y t w o parts: the surface part and the b one part. The surface part of the hand mo del is represen ted b y a curved surface which is obtained by �ting a set of curved surface patc hes to the 3D surface data obtained b y measuring a real hand with a laser range �nder. The b one part of the mo del is constructed based on the structure of the b one of h uman hand and the shap e of it controlled b y a dynamics mo del. These b ones are used to determine the controlling p oin ts of the hand surface in order to generating the shap e of the hand. 1 $O$8 $a$K 6a G/ !" %3 %s %T%e !< %?Ey $NH/ C# $K$h $C $F !" ?M4V $N<~ $j $N5!3#N‘ $r$h$j MxMQ $7 $d$9 $/!" $h$jLr $K N)$D$b$N $K $9 $k $3 $H $, 2DG= $K $J $C $?!# %P!< %A %c %k%j %"%j %F%# !" %^ %k %A %a %G %# %" !" %R%e!< %^ %s %$ %s %?%U%’!< %9 $J $I $N 8&5f $O$3 $NF0$-$N BeI=E*$J$b$N$G$" $k !# %P!<%A%c%k %j%" %j %F %# $H$O ?M9)E* $K 9g@.$5 $l $?$b$N $, 8=<B $i $7 $/8+ $( !" 46 $8 $i $l $k2> A[ 4D 6- $r:n $k 5; =Q $G $"$k!# $3 $N5; =Q $rMQ $$ $F !" ?’!9 $J >pJs $r ?M4V $K$H $C $F M}2r $7 $d $9$/!" 0? $$ $O <B46 $G$- $k7A $G%f!<%6 $K Ds<($9$k $3$H $, 2DG= $K$J $k !# $3$N $3$H$K$h$j !" %f!<%6 $O >pJs$N$d$j$H$j$rAj8_ $K 1_3j $K 9T $J $& $3$H $,$G $- $k !# $=$NCf $G !" %f!<%6 $K ?F6a46 $r46 $8 $5$; $k $?$a $K !" K\J* $=$C$/$j $N2>A[?M4V $r EP>l$5 $; $kI,MW $, $"$j !" ?M4VA| $r %j %" %k$K 9g@.$9$kI,MW $, $" $k [1] !# 0lJ} %R %e!<%^ %s %$ %s %?%U%’!<%9 $O ?M4V $H5!3# $N4V $N>pJs$N$d$j $H$j$r G!2? $K $7 $F 8zN(NI$/!" M}2r $7 $d $9 $$ 7A$G 9T$( $k$+ $r L\ E*$H $9 $k 8& 5f$G $" $k !# $=$N Cf$G !" ?M4V $NF0:n $r5!3# $K M}2r$5 $;$k$3$H $, Hs>o $K =EMW $J2] Bj $G$" $k !# <j $O ?M$N BN$N Cf$G $b $C$H$b 4o MQ$J It J,$G !" $=$N 7A >u $dF0:n $K $h$kI=8= $, Hs>o $K K-IY $G$"$k !# =>$C $F !" ?M 4VA| $N9g@. $d?M$NF0:n$NG’<1 $NCf $G <j $O 6K $a$F =EMW $J ItJ, $G$"$k !# K\8&5f $O%R %H $N <j$N7A>u $H 1?F0 $r <+A3 $K :F8= $G$- $k<j$N #3<! 85%b %G %k$r Ds 0F$9$k !# :#$^ $G CG $K $h $k <j$N A|$N 9g @.$d 2h A|$N Cf$N <j$N F0 :n$N G’ <1 Ey !" MM!9 $JL\E* $G <j $N%b %G %j %s %0$, 9T $J$o $l$F $-$? [2, 3] !# 3D Mo deling of Human Hand with Motion Con- strain ts Y oshihiro Y asum uro, Qian Chen, and Kunihiro Chihara Graduate School of Informarion Science, Nara Institute of Sci- ence and T ec hnology $=$N$[$H$s $I $O <j $r <j $N $R$i$d ;X $K J,2r $7 !" $= $l $>$l $r 9dBN $G I=8=$9$k$b$N $G$"$C$? !# $= $7 $F <j$N $R$i$H ;X $N 4V !" 0? $$ $O ;X $H;X$N4V$N4X@a$N3QEY $rJQ $($F <j$N7A $d F0$-$N9g@. $r 9T $J $C $F$-$? !# $7 $+ $7 !" 4X@a<+M3EY $N ==J, $J$b$N $O$J $/!" 9dBNItIJ $G =@Fp $J HiIf $r ;}$D<j $r %j %" %k$K :F8=$9$k $3$H $O$G $-$J$$ !# 2f !9 $O<j $N;Q @* $r7h $a$k 9| 3J $N %b %G%k $H<j $NI= LL $r 7A@.$9$k %b %G %k$r MQ$$ $F<j$rI=8=$9$k !# 8&5f $N<g $J 9= @. $H $7 $F$O !" <jA4BN $N;Q@*7hDj %W %m%; %9 $H !" 7hDj $5 $l $? ;Q@* $K $* $1 $k<j $NI=LL7A>u7hDj %W %m%; %9 $H $K J, $1$i $l $k !# $^ $: !" <j $N;Q@*7hDj $K$O 9|3J%b %G %k$H $7 $F %^ %k %A %j %s %/ %b %G %k$r 9=@.$9$k !# <j $N;Q@* $O 3F4X@a $K $* $1 $kAjBP3Q $r%Q%i %a !<%? $H $7 $F 7hDj$9$k !# <+A3 $J<j$NF0 $-$rM? $( $k$?$a $K !" $3$N3F%Q%i %a !<%? $O FHN) $K M? $( $k $N$G$O$J $/4X@a4V !" 0? $$ $O ;X4V$NAj4X4X78 $rMQ$$ $F$= $N CM $r 7hDj$9$k !# <j $NHiIf $O CFNO $r$b$DI=LL $H $7 $F%b %G %j %s %0 $5 $l !" 9|3J $N9=B$ $H Fy$N8|$5 $J $I $N%Q%i %a !<%? $G$=$N I=LL$N 7A >u$r 7h Dj$9 $k !#HiIf I= LL%b %G %k $N =i 4| >u BV$H $7 $F !" %l %s %8 %U%! %$ %s %@ $G <B:]$N<jA4BN$N7A>u $r7WB, $7 $? 5w N% %G !<%? $r MQ$$$k !# $3$N5wN% %G !<%?$r 3F%j %s %/ $K 3d$j Ev $F$F;Q@*$NJQ2=$9$k9|3J %b %G %k$K DI=>$5 $;$J $,$i I= LL7A>u $r C‘<!@8@.$9$k !# 2 9|3J%b %G %k 9d BN %^%k%A %j %s %/%b %G %k $r MQ$$ $F 6a ;w $9 $k !# $3 $l $O D9$5ITJQ$N@~J, $G I=8=$5 $l $? %j %s %/ $H 2sE> %8 %g %$ %s %H $H$N AH9g$; $G ?M $N<j$N9|3J7O $r 6a;w $7 $?%b %G%k$G $" $k !# <j $N7A>u $rCi<B $K :F8=$9$k$? $a $K <j $N9|3J $K 6a$$ 7A $G%b %G%k $r 9=@.$9$k !#

<j$N 9| 3J 7O$O <j <s B&$+$i ;X @h$K 8~$1$F 3, AX E*$J 9= B$ $r$J $7 $F$$$k $H9M $($k $3 $H $,$G$- [4] !" 3F%j %s %/ $ND9 $5 $O ITJQ $J$N $G !" %j %s %/4V $NAjBPE* $J ;Q@* $O 8_$$ $N$J $9AjBP3Q $K $h$C$F7hDj$5 $l $k !# $3$3 $G$O !" 3F%j %s %/ $K 8GDj $N%m!<%+ %k :BI87O $r @_ $1 !" %m!<%+ %k :BI87O4V$NJQ 49 $r%* %$ %i!<3Q $rMQ$$ $F 5-=R$9$k !# $3$N%* %$ %i!<3Q $, ;Q@* $r 7hDj$9$k%Q%i %a !<%? $H$J $k !# 2.1 %R %H $N <j $N 9|3J7O $K$D $$$F �g.1 $K <($9 $h $& $K <j >8It$N 9|3J$O <j :, !" Cf<j !" ;X 9| $H $+$i@.$k [5] !# <j :, $O#8$D $N<j:, 9| $+ $i @.$j!" Cf <j $OCf<j9| !" ;X9| $O ;X@a9| ( 4p@a9| !" Cf @a9| !" Kv@a 9| ) $H $+$i @.$k !#C" $7 !" Jl;X $N;X@a9| $O #2$D $G$" $k !# �g.1 <j>8It9|3J �g.2 sc hematic mo del of a h uman hand 2.2 %j%s %/$N 9=@.5Z $S %m!< %+%k :BI87O@_Dj A0 @a $NFbMF $r;29M $K $7 $F �g.2 $N$h $& $K%R %H $N<j>8 It $N9=@. $rI=8= $G$- $k !# $3$3 $G$O A0@a$N%j %s %/9=@. $r ?t3XE* $K I=8=$9$k $3$H$r 9M $($k !# $^ $:!$ 47 @- 6u 4V $K8GDj $5 $l$?:B I8 7O $r9M $( !$ C1 0L %Y %/ %H %k $r a � 1 ; 1 , a � 1 ; 2 , a � 1 ; 3 $H I= $7 4p K\%Y %/ %H %k 7O$r <! $N$h $& $K I=$9 !% [ a � 1 ] T = [ a � 1 ; 1 a � 1 ; 2 a � 1 ; 3 ] (1) F1MM $K3F %j %s %/ $K BP $7 !$ ;X k $N %j %s %/ j $K 8GDj$5 $l $?:BI8 7O $r9M $($k!# $= $N86 E@ $r4X@a C k j $K$H$k!% $3 $N4p K\%Y %/ %H %k 7O$r <!$N$h $& $K I=$9!% 5 ;X$N %$ %s%G %C %/ %9 k $r Jl ;X $+ $i =g$K !" T(Th um b), I(Index), M(Middle), R(Ring), P(Pinky) $H $9$k !# [ a ( k ) j ] T = [ a ( k ) j 1 a ( k ) j 2 a ( k ) j 3 ] (2) Kt!$ 3F%j %s %/ $K$D $$ $F %Y%/ %H%k$r <! $N $h$& $K Dj5A $9$k!% � r � 1 : <j :, 4p =‘ 0L CV $N47 @- 6u 4V $+ $i$N 5w N% %Y%/ %H%k � r ( k ) j : ;X k $N %j %s %/ j $N 4X@a C ( k ) j $+$i 4X@a C ( k ) j +1 $X $N 5wN%%Y %/ %H %k ( %j %s %/:BI87OI=8= ) :BI8JQ49 $N :] $O !$ 3-2-1Euler 3Q $r$b $A$$$k !% $3$N:BI8 JQ49 $O !$ 3 <4$^ $o$j $K � 3 , 2 <4$^ $o$j $K � 2 , 1 <4 $^ $o$j $K � 1 $@$1 2sE> $5 $;$kJQ 49 $G$"$k!% $3 $l$i$= $l $>$l$N :BI8 JQ49 9T Ns$r $=$l$> $l !$ A 1 ; A 2 ; A 3 $H $9 $k$H !" [ a j � 1 ] 7O $+$i [ a j ] 7O$X$N:BI8JQ49 $O <!$N$h $& $K I=$;$k !% [ a j ] T = A j j � 1 [ a j � 1 ] T (3) $3$3$G !$ A j j � 1 = A 1 ( � j 1 ) A 2 ( � j 2 ) A 3 ( � j 3 ) (4) $^$? !" 3F%j %s %/:BI87OI=8= $r 47@-:BI87OI=8= $K JQ49$9 $k JQ499TNs $O <! $N$h $& $K 7W;; $G $-$k !# A ( k ) j � 1 = j Y l =0 A ( k ) ll � 1 (5) 2.3 :BI8JQ49 $H 3F4X@a:BI8$N;;=P 47@- 6u 4V$K BP $7 $F !" ;X k $N 4X @a C ( k ) ( j ) $N 5w N%%Y %/ %H %k $r x ( k ) j $H $9 $k !# $3 $l$i $r 47@-:B I87O $G I= 8=$9$k$H 0J 2< $N$h $& $K$J $k !% x ( T ) 1 = r � 1 + 3 X j =0 A ( T ) T j � 1 r ( T ) j (6) x ( k ) 1 = r � 1 + 4 X j =0 A ( k ) T j � 1 r ( k ) j (7) ( k = I ; M ; R; P )

3 ;Q@*7hDj %W %m%; %9 3F 4X @a $NF0 $-0W $5 $O<j $N ;Q @* $K$h $C $F1F 6A $r<u $1$k $3$H $+$i 3F !9 $N4X@a3Q $O FHN) $K CM $r$H $l $k $o $1$G$O$J $$ !# 0lK\ $N;X$N4X@a4V $K$b !" ;XAj8_ $N4X@a4V $K $b$=$N $H$j F@$kAjBP3Q $K$O Aj4X $, $" $k $H 9M $($k !#L‘ $b $i $7 $$ <j $N;Q@* $K 4p $E$$$? 4X@a3QAj8_ $NAj4X4X78 $r 94B+>r7o $H $7 $F %b %G%k$K F3F~ $7 >/ $J$$ F~NO %Q%i %a !<%? $G <+A3 $J <j $N;Q@* $r @8@.$9$k %7 %9 %F%‘ $r 9=C[$9$k !# 3.1 4X@a<+M3EY 2 @a $NDj<02= $K$h$j!" <j :, $N0LCV !" ;Q @*5Z $S 3F%j %s %/ 4V $NAjBP E* ;Q @* $N%Q %i %a !< %? ( %* %$ %i !<3Q ) $r M? $($k $H 3F4X@a $N0LCV $, #3<!856u4V $G 0l0U $K 5a$a $i $l $k !# $7 $+ $7 !" %R %H $N <j $r LO $7 $F $$$k$3$H $+$i <j<s $r =|$/3F4X @a $O 2sE><+M3EY $, #20J2< $G$" $k !# %s %/8GDj$N:BI87O4p AC %b %G%k $N <+M3EY $O I= 1 $K <($9DL$j $G$" $k !# B> $NJ88% $G$O >8It $NJQ7A$r9MN8 $7 $J $$$b$N $, B?$$ $, !" $3$3 $G$O Cf <j 9| $b2D F0 $H $7 $3 $l$r $b $H $K>8It $NJQ 7A $r7h Dj $9 $k!# %b %G%kA4BN $N <+ M3 EY $O<j<s $NJB ?J <+ M3 EY $r4^ $a $F 33 $G $"$k !# $3$N%b %G %k$K $h$j !" Jl;X $HB>$N;X@h$r9g$o$;$k Ey $N !" =>Mh $N<j$N%b %G %k$G$O <B8= $G$-$J$+ $C $? ;Q@* $r I=8==PMh$k!# �g.3 9|3J%b %G %k I= 1. 3F %j %s %/4V$N4pK\<+M3EY <j:, Cf<j9| 4pDl9| Cf@a9| , Kv@a9| 4p=‘E@ DlIt DlIt DlIt 8D?t 1 3 5 9 JB?J 3 - - - 2sE> 3 2 2 1 9g7W 6 10 10 9 3.2 >uBVJQ?t ;X k ( k = T ; I ; M ; R ; P ) $N Bh j %j %s %/ ( <j :, It$r 0 $H $9 $k ) $N Dl It 4X @a$K 8G Dj $5 $l $? %m !< %+ %k :B I8 7O$r [ a ( k ) j ] $H $9 $k !# [ a ( k ) j � 1 ] 7O$+$i [ a ( k ) j ] 7O$X $N :B I8JQ 49$K $* $1 $k l <4$^ $o$j ( l = 1 ; 2) $N AjBP3Q $NDj5A0h $r@55,2= $7 $? [0 ; 1] $N O"B3CM � ( k ) j l $r >uBVJQ?t $H$9 $k !# $3$N >uBV JQ?t$r MW AG$K $b $D%Y %/ %H %k $r >u BV JQ ?t%Y %/ %H %k $H $7 !" � $H I=$9 !# 0 � � ( k ) j l � 1 (8) 3.3 4pACF~=PNOJ}Dx<0 �g.4 2>A[E*CF@-%b %G %k 4X @a $N3F <+ M3 EY $KBP $7 $F !" 2> A[ E* $J %P%M $r@_ CV $9 $k $3$H$r 9M $( $k (�g.4) !#3Q EYJQ0L $K H< $& $3$N2>A[E*$J %P %M$NCF@-NO $H F~NO $H$NJ?9U>uBV $K$h $C $F3F4X@a$N>uBV JQ ?t $O7hDj $5 $l $k $b $N $H$9 $k!# $3 $l$O<!<0 $GI= $5 $l $k!# K � = � (9) � : >uBVJQ?t%Y%/ %H %k � : F~NO %H %k %/ %Y %/ %H %k K : %P %M$N 9d@-Dj?t9TNs K $O 3F %P%M$N 9d@-Dj?t$r MWAG $K$b $D BP3Q9TNs $G$" $k !# $3$N%Q%i %a !<%? $r8D !9 $N4X@a $K $D$$$F@_Dj$9$k $3 $H$K $h$C $F$=$N 4X@a $N9d@-$9 $J$o $A6~6J $N $7 0W$5 $, @_ Dj $G $-$k !# 3.4 F~NO %7 %9%F%‘ A4 $F$N<+M3EY $K BP1~$9$kF~NO %H%k %/CM $r M? $($k $H !" (9) <0$K $h $j >u BV JQ ?t � $O 0l 0U $K 7hDj $9 $k !# $7 $+$7 !" L‘ $b $i $7 $$ ;Q@* $r$D $/$k $?$a $K%f!<%6 $, A4$F$NF~NOCM $r @_Dj$9$k$N $O BgJQ $G$"$k !# $3$3$G$O !" F~NO %H %k %/%Y %/ %H%k $N 0lIt$NCM $rM? $( $k $@$1$G <jA4BN $H $7 $F <+A3 $J ;Q@* $r=PNO$9$k $?$a$NF~NO %H %k %/%Y%/ %H%k $r @8@.$9$k %7 %9 %F%‘ $K $D$$$F =R $Y$k !# %f !< %6 $, M?$( $k FC Dj$N 4X @a$X $N F~ NO$r ;X <( F~ NO$H $h $S !" $^ $? !" <+A3 $J;Q@* $r J]$D $?$a $K 3F4X@a $K BP $7 $F <+F0E* $K @8@.$5 $l $kF~NO $rFbItF~NO $H$h$V !# %7 %9 %F%‘ $K BP$9$kF~NO%Y%/ %H%k$O ;X<(F~NO $H FbItF~NO $H$NOB $G M? $( $i $l $k$b$N$H$9$k ((10) <0 ) !#

� = ^ � + � c (10) ^ � : ;X<(F~NOCM � c : FbItF~NOCM 3.4.1 FbItF~NO$N@8@. |{ %(%M %k %. 4X?t �g5. natural shap e >o $K<jA4 BN $,<+A3 $J;Q @* $rJ] $D $? $a $KFbIt F~ NO $r@8 @. $9$k $, !" $^ $: <+A3 $J ;Q@* $H$$ $& $b$N $r Dj5A$9$k !# $3 $3 $G $O !" 3F 4X@a $N>u BV JQ ?t ( 4X@a Aj BP 3Q ) $, FHN) $KJQ2= $9$k $b $N $G $O$J$$ $H9M $( (�g.5 ;2>H ) !" <+ A3 $J;Q@* $r>u BVJQ?t $N 1 <!=>B0 $J4X78 $G I=8=$9$k !# $3 $l$O 0[$J$k>u BVJQ?t $NJQ0L $NHf $r Dj?t $G M? $($k$3$H $K$h $C $F 0J2< $N $h $& $K I=$9!# � 1 � 2 = � � �; � : Dj?t (11) <! $K !" <+ A3 $J;Q @* $+ $i $N JQ 0L � 1 $r<! $N $h$& $KDj 5A $9 $k !# � 1 = � 1 � � � 2 (12) <+A3 $J;Q@* !" B($A � 1 = 0 $H $9 $k$h $& $J 2>A[E*$J CF@- NO $r @8@.$9$k $3$H $r 9M $( $k !# $3$N2>A[E* $J CF@-NO $, Fb It F~ NO $G $"$k!# Fb It F~ NO $N %]%F %s %7 %c %k%( %M %k %. J 1 $r <! $N $h$& $K 2 <!7A<0 $G9=@. $9$k!# $3 $3 $G w $O FbItF~ NO $N6/$5 $r I=$9CF@-78?t $G$"$j !" 4X@a $r<+A3$J;Q@* $K 94 B+ $9$k6/$5$N%Q%i %a !<%? $G$b$" $k !# J 1 = 1 2 w � 2 1 ( w : CF@-78?t ) (13) = 1 2 w ( � 1 � � � 2 ) 2 (14) (14) <0 $K <($9$h $& $K%( %M%k %. J 1 $O %7 %9 %F%‘$N >uBVJQ ?t � 1 , � 2 $N4X?t $H $J$C $F$$$k!# $^ $? !" 43>D $r$b$?$; $? $$>u BV JQ ?t $NAH 9g $;Kh $K $3$N $h$& $J %( %M %k %.$r@_Dj $7 !" $= $l$i $N @~7AOB $K$h $C $F A4BN $N%(%M %k %. $r 9=@.$9$k $3 $H $,$G $- $k !# $3$N%(%M%k %. $K $h$j !" $5$^ $6 $^$J4X@a4V $N43>D $r 9MN8 $7 $? 7k2L$NJ?9U>uBV $r <B8= $G$- $k !# 8D !9 $N4X @a $NFb It F~ NO $O$= $N4X @a $N>u BV JQ ?t $G !" %( %M%k%. 4X ?t$N JP Hy J,$r $H $k$3 $H$K $h $C $F 5a$a$i$l $k !# 4X @a 1 $K @8@. $9 $kFb It F~ NO $O !" <! $N $h$& $K5a $a $i $l $k!# � c 1 = � � @ J 1 @ � 1 � (15) = � w � ( � 1 � � � 2 ) (16) 0J>e $N$h $& $J Dj<02= $r %7 %9 %F%‘A4BN$N>uBVJQ?t $K$D$$ $F9T $J$& !# $^ $: !" <+ A3 $J;Q @* $+ $i $N JQ 0L � $r9TNs A $r MQ $$ $F<! $N $h$& $KI=8= $9 $k!# A $O 0[ $J$k 2 $D$N>u BV JQ ?t $N Hf $r @.J, $K $b$D 9TNs $G$" $k !# � = A � (17) FbIt F~ NO $N %]%F %s%7%c %k%(%M %k %. J $r 9TNs W $r MQ $$ $F <! $N $h$& $K 9=@. $9 $k!# 9TNs W $O !" Fb It F~NO $NCF @-78 ?t $r @.J, $K $b$D BP3Q9TNs $G$" $k !# J = 1 2 � T W � (18) = 1 2 ( A � ) T W ( A � ) (19) = 1 2 � T A T W A � (20) => $C $F !" <+ A3 $J;Q @* $r $H$k $? $a $N3F 4X @a $K@8 $8 $kNO ( Fb It F~ NO ) $O %]%F %s%7 %c %k%( %M %k %. J $r>uBV JQ ?t %Y%/ %H%k � $G JPHyJ, $r$H$k $3 $H $K$h$C $F<!$N$h$& $K 7W;; $G$-$k !# � c = � � @ J @ � � (21) = � ( � @ J @ � T � + � @ J @ � � T ) (22) = � ( A T W A ) � (23) %7 %9 %F%‘ $N>uBVJQ?t $O !" (24) <0 $N$h $& $K !" F~=PNO J}Dx <0 $HF~NO J} Dx<0 $H $rO"N) $5 $;$k $3 $H $K$h$C $F (27) <0 $N $h $& $J @~7AJ}Dx<0 $r 2r$/ $3$H $K $h$j 7W;;$5 $l $k !# 8 < : K � = � � � � F~=PNOJ}Dx<0 � = ^ � � � @ J @ � � � � � F~NOJ}Dx<0 (24) K � = ^ � � � @ J @ � � (25) = ^ � � ( A T W A ) � (26) ( K + A T W A ) � = ^ � (27) >0 !" 9T Ns K , A , W $N MWAG $O%R %e !<%j %9 %F%# %C %/ $K7hDj $7 $? $, !" A $K $D$$$F$O J88% [4] $r ;29M $K $7 $? !#

4 I=LL7A>u7hDj %W %m%; %9 4.1 HiIf %b %G %k <j $NI= LL 7A >u $O !" @) 8f E@ $K$h $C $F7A>u $, 7hDj $5 $l$k 3j $i$+$J 6JLL %Q%C%A $G I=8=$9$k !# $3$N6JLL$N@)8fE@ $N 0LCV $O 9|3J %b %G%k$+$i 5{$N9|>u $K FM$-=P$?;^$N%b %G%k $G 7hDj$9$k !# 3F %j %s %/ $N9| 3J %b %G%k $K$" $i $+ $8 $a;^ $rG[ CV $7 !" $= $N@hC< $r @)8fE@ $H$9$k !#;^ $NG[CV5Z $S D9$5 $O =i4|;Q@* $K$*$$$F<BB, $7 $? 3 <!857A>u $N5wN% %G !<%?$r$b$H $K @_ Dj $9$k !# @)8fE@ $O !" NY @\$9$k@)8fE@ $H$N 5wN% $K HfNc $7 $?CF@-NO $r<u $1 $k$b$N $H$9 $k !# $^ $?;^<+BN$b$= $N:,K\ $K $*$1 $k 2s E> JQ 0L$K BP $7 $F CF @-$r M-$9 $k$b $N$H $9 $k !# $9 $J$o $A !" @)8fE@ $, NY@\$9$k@)8fE@ $H 9|3J%b %G%k $H$K BP $7 $F 2>A[E* $K%P%M$r 2p $7 $F O"7k$5 $l $F$$ $k%b %G%k$G $"$k !# 3FIt $N %P%M$N 9d@- $rE,Ev $K M? $($F$d $k $3$H $K $h $jHiIf $N ?-=L $NJ,I[ $r%b %G %k$K :N$jF~ $l $k $3$H $,$G$- $k!# $9 $J$o$A !" ;X $N4X@a<~$j $NJQ7A $7 Fq$$2U=j $N@_Dj $d !" ;X $NJ"B& $H GXB&$NFy8| $NJQ2=$N0c$$ $J $I $, :F8=2D G= $H$J $k !# $3$N%b %G %k$O !" ;XEy $, 6J $, $k $J $I $N JQ2= $K BP1~ $7 $F HiIfI=LL $N@)8fE@$N0LCV $, 7hDj $7 !" <+A3 $K I= LL7A>u $, 7A@.$5 $l $k$b$N $G$" $k (�g.6) !# K\ 9F $G$O !" 3 <!857A >u 7WB, $+ $i@)8fE@ $H $7 $F$N %G !< %?9=B$ $r$b$C$?I=LL>e$NE@72 $r@8@.$9$k2aDx $K $D$$$F =R $Y !" @8@. $7 $? E@72 $r MQ$$ $F;Q@*7hDj %W %m%; %9 $N=PNO 7k2L $r <($9!# �g.6 skin mo del 4.2 3 <!857A>u7WB, $K$h $kI=LL7A>u $N @8@. HiIf%b %G %k $r 9=C[ $9 $k$?$a$K !" <B:]$N <j$N 3 <!85 7A>u7WB, $r9T$J$C$?7k2L $r$b$H $K I=LL7A>u %G !<%?$r:n @. $7 $? !# 4.2.1 %l %s%8 %U %! %$ %s%@ $K$h $k 3 <!857A>u7WB, <j $NI= LL $r9= C[ $9 $k $? $a $K<B :] $N <j $NJ# @= $r@P 9Q $G :n@. $7 !" %l%s%8 %U%! %$ %s %@ $r MQ$$ $F$3$NJ#@=A|$N7A>u 7WB, $r9T$J$C$? !# 7WB, $K$O J?9T%9 %-%c %s 7?$N %l !<%6 %l %s%8%U %! %$ %s %@ ( %/ %\ %?@= CUBIST) $rMQ $$ !" <j $NJ? B& $H <j$N9CB& $H$N#2$D$N 7WB, %G !<%? $r F@$? !# 9dBNJQ49 $K $h$C$F $3$N Fs$D$N %G !<%?$N0LCV9g $o$;$r 9T $J$$ !" E}9g $9$k$3$H $K $h$C$FA4BN$N5wN% %G !<%? $H $7 $? (�g.4) !# 7W B, $N:] $K$O %^!<%+ $H$J $kFM5/ $r 9 2U=j@_ $1 !" $3$N F10l %^!<%+$N:BI8$N<+>h8m:9 $, :G>. $H$J $k$h $& $K 9dBNJQ49 $N %Q%i %a !<%? $r 7hDj $7 $? !# �g.6 3 <!857A>u7WB,7k2L 4.2.2 9|3J%b %G%k$H I=LL7A>u %G !< %? $H$N BP1~ 7A >u 7W B, $K$h $C $FF@ $i $l$?<j $NI= LL >e $NE@ 72 $H !" 9| 3J %b %G%k$H $N BP1~ $r$H$kI,MW $, $" $k !# $3 $l$O HiIf $, 9| $N F0$- $N 1F6A $r <u $1 !" JQ7A $9$kMM;R $r @)8f$9$k$?$a $K IT2D7g $J MWAG $G$" $k !# $^ $: !" 7W B, E@ 72 Cf $K$* $$ $F4X @a $N0L CV $r7h $a$k $3 $H $K $h$C $F !" 9| 3J $HI=LL$NE@72 $H$N 0LCV4X78 $N@_Dj $r 9T $J $C$? (�g.7) !# �g7. 9|3J%b %G %k $N G[CV 4.2.3 I=LL7A>u %G !< %?$N@0Ns2= 7A >u 7W B, $K$h $k I= LL >e $NE@ 72 %G!<%? $O 2 $D $N7W B, 7k 2L $r$D$J $. 9g$o$;$?$b$N$G$" $k$?$a !" 7WB,;~ $N %9 %-%c %s %i %$ %s$O 0LCV9g $o$;$N:] $K 3 <!85E* $K$=$N J}8~ $,$:

$l$F $$ $k !# $^ $? !" 3F%9 %-%c %s %i %$ %s >e $G !" <j $N I=LL>e $K B8:_$9$k7WB,E@$N8D?t$bIT5,B’ $H$J $C $F$$ $k !# I=LL 7A >u$r JQ 2= $5$; :F 9= @. $9 $k$? $a$K $O !" I=LL >e $N3F 2U =j $r;X Dj $G$- $J $1 $l $P $J $i$J $$!# $3 $N $? $a $K $O !" @0Ns $7 $? 9=B$ $N %G !<%? $H $7 $F I=LL>e $NE@72 $r MQ0U$9$k I, MW $,$"$k !# $3 $3 $G $O $^ $: <jA4BN $G !" 9| $r2#@Z $kLs 50 $NCGLL $r @_Dj $7 !" 3FCGLL $N==J,6aK5 $K$" $kE@ $r$=$NCG LL>e $K Ej 1F $7 $? !#<! $K !" CGLL>e $K Ej 1F$5 $l $? E@ 72 $r 5 ;X $= $l $>$l $N 9| $K :G$b6aK5$NE@ $N =89g $K J,N‘ $7 $? !# 3F CG LL $K$*$$ $F3F9| $KB0$9 $k %0%k!< %W Fb $GDj?t 8D (10 E@ ) $NE@ $r 4^ $‘E@Ns $r @~7AJd4V $K$h$j @8@. $7 $? !# $3$N $h$& $K $7 $FI=LL >e $NE@ $OCGLL !" 9| $NB0 @- $K$h $C $F %0 %k !< %T%s%0 $5 $l $?$3$H$K$J$k !# >8It $NI=LL $NE@72 $G$O !" %0 %k !< %W Cf$NE@Ns $NC<E@ $K 6a$/ $J $k $[ $I NY $N9| $N %0 %k !< %W $K 6a$$0LCV $K B8:_$9$k %G !<%?9=B$ $K$J$C$F $$$k !#@8@. $7 $? E@Ns ( A4BN $G 4000 E@ ) $r MQ$$$F<j A4BN $N I= LL 7A >u$r %o %$ %d%U %l !< %‘ I= <( $7 $? $b $N$r �g.8 $K <( $9!# �g8. @8@. $7 $? I=LL7A>u 4.2.4 =PNO7k2L �g9. =PNO7k2LNc �g10. =PNO7k2LNc @8 @. $7 $?E@Ns $rMQ $$ $F !" I= LL 7A >u $r:F 9= @. $7 $?=PNO Nc $r <($9 !# %] %j %4 %s ?tLs 8000 !" 7W;;5! $O SGI Indigo2 $G !" C‘<!F~NOCM $r M? $( <B;~4V $G :F8= $G$-$? !# �g.9 $O !" F~ NO $N $J$$>uBV!" �g.10 $O >.;X $NBh 1,2 4X @a$N$_$K F~ NO $r 2C $($? >uBV$G$" $k !# �g.10 $G$O !" >.;X $N Bh 3 4X@a$b<+A3 $K 6J $, $j !" B> $N;X$bFC $K F~NOCM $r ;X <( $7 $F $$$J$$ $, <+A3 $J ;Q@* $r :F8= $G $-$F$$$k !# 5 $^$H$a$H :#8e$N2]Bj ;X $NF0 $- !" >8 It $N7A >u $rI= 8= $9 $k $? $a $K==J, $J<+ M3 EY $rM-$9$k9|3J%b %G %k$r :n@. $7 $? !#<j $N;Q@*$rI=8=$9 $k$?$a$N>uBVJQ?t $O A}2C $7 $? $, !" >/ $J$$F~NO?t $G >o $K <+A3 $J;Q@* $r @8@.$9$k$h$& $K >uBVJQ?t $r7hDj$9$k %7 %9 %F %‘$r9=C[ $7 $? !# $3$N:] $K NO3XE* $J CF@-NO %(%M %k %. $N 4QE@ $rF3F~$9$k $3$H $K $h$C$F !" <+A3 $J;Q@*$r<B8=$9$k NO $N J?9U>uBV $r F0E* $K <B8=$9$k<jK! $r Ds0F $7 $? !# $^ $? !" 3 <! 85 7A >u 7W B,$K $h $j F@$i$l $? 5w N% %G !< %? $r$b$H$K !" 9|3J $K DI=> $7 $F I=LL7A>u $r :F9=@.$9$k $?$a $N E@Ns $r @8@. $7 !" <j $N 3 <!85:F9=@.A| $r<B;~4V $G @8@. $7 $? !# :# 8e $O !" K\ 9F $GDs0F $7 $?9|3J $NF0 $- $KBP $7$F CF @- $r M- $7 $? =@Fp $J HiIf%b %G%k $r !" :n@. $7 $? I=LL7A>u $NE@Ns $r MQ$$ $F !" 9=C[ $9$kM=Dj $G$" $k !# ;29MJ88% [1] Karanshar Singh, Jun Ohy a, Ro c hrad Par- ent:\Human Figure Synthesis and Animation sor Virtual space T eleconferencing",Procee�ngs fo Virtual Realit y Ann ual In ternational Symp o- sium 1995(VRAIS’95), pp.118-126,1995. [2] 55ED G=@. , H~G; F3I’ , CSED 9nIW :\ %7 %k%( %C %H$r Mx MQ $7 $? <j;X $N;0<!857A >u?d DjK! ", 2hA| $NG’<1 !& M} 2r %7 %s%]%8 %& %‘ (MIR U’92),pp.239-246,1992. [3] James J,Kuch, Thomas S.Huang :\Vision Based Hand Mo deling and T rac king for Virtual T ele- conferenceing and T elecollaboration", Fifth In- ternational Conference On Computer Vision, pp.666-671,1995. [4] Jin tae Lee, T osiy asu L.Kunii:\Constrain t-Based Hand Animation", Springer-V arlag, Mo dels and T ec hniques in Computaer Animation,T oky o, pp.110-127, Jan.1993. [5] Kahle, Leonhardt, Platzer, 1[CR =_;0 Lu :\ 2rK63X %" %H %i %9Bh#3HG " El5~J88wF2K\6? .