<+A3 $J F0$- $r <B8=$9$k $?$a$N <j $N 3 <!85%b %G %k F‘NI@hC<2J3X5;=QBg3X1!Bg3X >pJs2J3X8&5f2J !{ 0B<< 4n90 , DD 8, , @i86 T"9( Abstract: The sim ulation of hand motion is complicated since there are so man y degrees of freedom in a hand. This rep ort describ es a new approac h for mo deling h uman hands by considering the dynamics and natural constraints of the hand motion. This approac h allo ws to repro duce an y hand shap e naturally b y only giving a few inputs. All parameters needed to repro duce the shap e of the hand are determined from those inputs automatically . The hand mo del is built based on the di�taised 3d shap e of a real hand. 1 $O$8 $a$K <j $O ?M$NBN $NCf $G$b$C $H$b 4oMQ $J ItJ, $G !" $=$N7A>u $dF0 :n $K$h$k I= 8= $, Hs>o $KK-IY $G$"$k!# => $C $F !" ?M 4V A| $N 9g @.$d ?M$N F0 :n$N G’ <1$N Cf$G <j $O 6K$a$F =E MW$J It J, $G$" $k!# => Mh $N<j $N %b %G %j %s %0$NB?$/ $O4X@a $N3Q EY $rF~ NO $7 D> @\ $= $N;Q @* 7A >u $r7h Dj $7 $F$$ $?!# K\ Mh <j $O6ZFy $N D%NO $K$h $kJ?9U>uBV $G ;Q@* $, 7hDj$5 $l $k $H 9M $($i $l $k !# $= $3 $G !" K\ 8& 5f $G $O2>A[ E* $J %P %M $NCF @- $rMQ $$ $?NO 3X E* $J%b %G%k$r9M $( !" 4X @a $N9d @- $HF~ NO $NFC @- $H $rFH N) $K@_ Dj $9$k!# $5 $i $K !" F~ NO $K@)Ls $r2]$9 $3 $H $K$h $jF~ NO ?t $r 8: $i $7 !" $+$D<+ A3 $J<j $N7A >u $r@8 @. $9 $k %7%9 %F%‘ $rDs0F $9$k !# 2 4pAC %b %G %k 2.1 >uBVJQ?t <ANL $r$b $?$J$$9dBN%j %s %/ $H2sE> %8%g %$ %s %H$H$G I= 8=$5 $l $? 9d BNB? BN 7O%b %G %k $r MQ$$$F <j$N 9| 3J 7O$r 6a ;w $9$k!# 4X @a $K$* $1$k%j %s %/4V $NAj BP 3Q $, ;Q@* $r7h Dj $9$k >uBVJQ?t $H$J $k !# 5 ;X$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$7 !" 4X @a $N %$ %s %G %C%/ %9 ( j ) $r <j <s B&$+ $i =g $K 1 !" 2 !" 3 !" 4 ( Jl ;X $O 1 !" 2 !" 3) $H $9 $k !#;X k $K $* $1 $k %j %s %/ ( j � 1) $K BP $9 $k %j %s %/ ( j ) $N 4X @a$N Aj BP 3Q$r � k ( j ) $H I= 8= $7 !" %7 %9 %F %‘ $N >u BV JQ ?t $H $9 $k !#Jl ;X $N Bh 1 !" 2 4X @a 3Q 5Z $S $= $N B> $N ;X $N Bh 2 4X @a 3Q $O $= $l $> $l 3D Mo deling of Human Hand with Motion Constrain ts Y oshihiro Y asum uro, Qian Chen, and Kunihiro Chihara Graduate School of Information Science, Nara Institute of Sci- ence and T ec hnology x !" z <4 2s $j $N @. J, $r $b $A !" $3 $l $i 0J 30 $N 4X @a $G $O x <4 2s $j $N 3Q EY @. J, $N $_ $r $b $D $b $N $H $9 $k (Fig.1) !# �g.1 9|3J%b %G%k �g.2 2>A[E*CF@-%b %G %k 2.2 4pACF~=PNOJ}Dx<0 4X@a $N3F<+M3EY $K BP $7 $F !" 2> A[E* $J%P%M $r@_CV$9$k $3$H $r9M $($k (�g.2) !# 3Q EY JQ 0L $KH<$& $3 $N2> A[ E* $J %P%M $NCF @- NO $HF~NO $H $NJ? 9U >u BV $K$h $C $F3F 4X @a $N>u BV JQ ?t $O 7hDj$5 $l $k$b$N $H$9 $k !# $3 $l$O <!<0 $G I=$5 $l $k !# K � = � (1) � : >uBVJQ?t%Y %/ %H %k � : F~NO %H%k %/ %Y %/ %H%k K : %P%M$N 9d@-Dj?t9TNs K $O 3F%P %M $N 9d @- Dj ?t$r MW AG$K $b $D BP 3Q 9T Ns$G $" $k!# $3$N %Q %i %a !< %? $r8D !9 $N4X @a $K$D $$ $F@_ Dj $9$k $3 $H $K$h $C $F $= $N4X @a $N9d @- $9 $J $o$A6~ 6J $N $7 0W $5 $, @_Dj $G $- $k !#

2.3 F~NO %7 %9%F%‘ A4 $F$N <+ M3 EY $K BP 1~$9 $k F~ NO %H %k %/CM$r M? $( $k$H !" (1) <0 $K$h$j >uBVJQ?t � $O 0l0U $K 7hDj$9$k !# $3$3 $G$O !" F~NO %H %k %/%Y %/ %H %k $N 0l It$N CM$r M?$( $k$@$1 $G <j A4 BN $H $7 $F <+ A3$J ;Q @*$r =P NO $9 $k$?$a $N F~ NO %H %k %/%Y %/ %H %k$r @8@.$9$k %7 %9 %F%‘ $K$D$$$F =R$Y$k !# %f!<%6 $, M? $($kFCDj $N4X@a $X$NF~NO $r;X<(F~NO $H$h $S !" $^ $? !" <+ A3 $J;Q @* $rJ] $D $? $a $K3F4X @a $KBP $7 $F <+F0 E* $K@8 @. $5 $l $kF~ NO $rFb It F~ NO $H$h $V!# %7%9 %F%‘ $KBP $9 $kF~ NO%Y %/ %H %k $O ;X <( F~ NO$H Fb It F~ NO$H$N OB$G M?$($i $l $k$b$N $H$9 $k ((2) <0 ) !# � = ^ � + � c (2) ^ � : ;X<(F~NO%Y%/ %H %k � c : FbItF~NO %Y %/ %H %k 2.3.1 FbItF~NO$N@8@. |{ %(%M %k %. 4X?t >o $K <jA4BN $, <+A3 $J;Q@* $rJ]$D $?$a $K FbItF~NO $r@8 @. $9$k $, !" $^ $:<+A3 $J;Q@* $H$$$& $b $N $rDj5A $9 $k!# $3 $3 $G$O !" 3F4X@a $N>uBVJQ?t ( 4X@aAjBP3Q ) $, FHN) $K JQ2=$9 $k$b$N$G$O $J $$$H 9M$( !" <+A3$J ;Q@*$r >uBV JQ ?t$N 1 <! => B0 $J4X 78 $GI=8= $9 $k!# $3 $l $O0[ $J$k >u BV JQ ?t $NJQ 0L $N Hf $r Dj?t $G M? $( $k $3$H$K$h $C $F 0J2<$N$h $& $K I=$9!# � = A � (3) A $O 0[ $J$k 2 $D$N>uBVJQ?t $NHf $r @.J, $K$b$D 9TNs $G$" $k !# $3$N � $, 0 $N$H $- <+ A3$J ;Q@*$G$" $k$H Dj 5A$9$k !# � $r 0 $H $9$k$h$& $J2>A[ E* $JCF@-NO $, FbItF~ NO $G$"$k!# FbItF~NO$N %]%F %s %7%c%k%( %M%k %. J $r 9TNs W $r MQ$$$F <! $N$h $& $K 9=@.$9$k !# 9TNs W $O !" FbItF~NO $NCF@-78?t $r @.J, $K$b$D BP3Q9TNs $G$" $k !# J = 1 2 � T W � (4) = 1 2 ( A � ) T W ( A � ) (5) = 1 2 � T A T W A � (6) => $C $F !" 3F 4X @a $NFbIt F~ NO $O %]%F %s%7 %c %k%( %M %k %. J $r >u BVJQ?t %Y%/ %H%k � $G JPHyJ, $r $H$k $3$H $K$h$C $F<! $N$h $& $K 7W;; $G$- $k !# � c = � � @ J @ � � (7) = � ( � @ J @ � T � + � @ J @ � � T ) (8) = � ( A T W A ) � (9) %7 %9%F %‘$N >u BV JQ?t$O !" (10) <0$N$h $& $K !" F~=P NOJ} Dx <0$H F~ NO J}Dx <0$H$r O" N)$5$; !" (13) <0$N $h $& $J @~7A J} Dx<0 $r 2r$/ $3$H$K$h$j 7W;;$5 $l $k !# 8 < : K � = � � � � F~=PNOJ}Dx<0 � = ^ � � � @ J @ � � � � � F~NOJ}Dx<0 (10) K � = ^ � � � @ J @ � � (11) = ^ � � ( A T W A ) � (12) ( K + A T W A ) � = ^ � (13) >0 !" 9TNs K , A , W $N MWAG $O%R%e!< %j%9 %F %# %C%/ $K 7hDj $7 $? $, !" A $K $D$$$F $O J88% [2] $r ;29M $K $7 $? !# 3 I=LL7A>u %b %G %k 3.1 3 <!857A>u7WB, $K$h$k I=LL7A>uI=8= <j $NI=LL $rI=8=$9$k $?$a $K <jA4BN $NI=LL7A >u $r %l%s %8%U %!%$ %s %@ $r MQ $$ $F7WB, $7 $? !# <! $K<jA4 BN $N5w N% %G !< %? $r3F%j %s %/ $K3d $j Ev $F $F !" 9| 3J %b %G%k$H $NBP 1~ $r $H$k $3$H $K$h $C $FI=LL 7A >u %b %G%k$H $7 $? (�g.3,4,5) !# �g.3 $O F~NO $N $J$$ >u BV $G$" $j!" Jl ;X $HCf;X $N $_ $K;X<( F~ NO $r2C $( $F $$ $/MM ;R $r �g.4,5 $K <( $7 $F $$ $k !#;X<(F~NO$N$J$$ ;X $N 4X @a $b<+ A3 $5 $rJ] $A $J $,$i6J $,$C $F $$$k MM ;R $, :F8= $G$- $F $$$k!# %]%j %4 %s ?t Ls 8000 !" 7W ;; 5! $O SGI Indigo2 $G !" C‘<!F~NOCM $r M? $( <B;~4V $G Ds<( $G$-$? !# �g.3 I=LL7A>u (1) �g.4 I=LL7A>u (2) �g.5 I=LL7A>u (3) 4 $^$H$a � <j $N9|3J $rLO $7 $? 2>A[E* $JCF@- %b %G%k$r :n@. $7 $? !# � <j$N <+A3$J 7A >u$r 7A @.$9 $k 2>A[ E*$J CF @-NO$r F3 F~ $9$k$3$H $K $h$C$F F~NO?t $N 8:>/ $r ?^$C $? !# � <j$N I= LL7A >u$r %l %s %8 %U%! %$ %s %@ $K $h $k #3 <! 85 7W B, %G !<%? $K 4p $E $$$F I=8= $7 $? !# ;29MJ88% [1] Kahle, Leonhardt, Platzer, 1[CR =_;0 Lu :\ 2rK6 3X%" %H %i %9Bh #3 HG " El5~J88wF2K\6? . [2] Jintae Lee, T osiy asu L.Kunii:\Constraint-Based Hand An- imation", Springer-V arlag, Mo dels and T ec hniques in Computer Animation,T oky o, pp.110-127, Jan.1993.