!V 2hA|$NG’<1!&M}2r %7 %s%]%8 %& %‘ (MIR U’96) !W 1996 G/ 7 7n %F %s %W %l !< %H %^%C %A %s %0 $K $h $k F02hA| $+$i $N <u9V<T $N 4i2hA|Cj=P @h;3BnO/ y 55EDG=@. y H~G;F3I’ y CSED9nIW y y 5~ETBg3XBg3X1! 9)3X8&5f2J Abstract: W e describ e a metho d of extracting fron t facial images in a classro om. F or robust extraction, w e use an image sequence b ecause lecture attendan ts do not alw a ys lo ok ahead. By taking a scene of a classro om whose desks and seats are �xed in lo cation, using a �xed camera, w e can determine one’s facial p osition and its size in the image when he is seated. W e use template matc hing using a general facial image as a template and the facial p osition in the image as a searc h area. W e obtain an extraction rate of 70%. 1 $O $8 $a$K 6aG/ $N 7W;;5!@-G= $N 8~>e $d 8w%1!< %V %k$K BeI=$5 $l $k 9bB.DL?.LV $N Ia5Z $K H<$$ !$ 2;@< $d @E;_2hA|0J30 $K 9bIJ <A $NF02hA| $r <B;~4V $G 1s3VCO $K Aw?.$9$k $3$H $, 2DG= $H $J$j$D$D$"$k !% %M%C %H %o!< %/@\B3 $5 $l $? J#?t $N Bg3X4V $G %$ %s %?%i %/ %F %# %V $K 1~Ez $r JV$91s3V9V5A %7 %9 %F %‘ $N <B83 $, 9T $o $l $F $*$j !$4D6- $, @0Hw $5 $l $k $K $D $l $F 1s3V 9V5A $O $5 $i$K @9 $s$K$J $k $H 9M $( $i $l $F $$ $k !% 1s3V9V5A $K $*$$ $F $O !$ 9V;U $H <u9V<T $O ;k3PE* $K$O %+ %a %i1GA| $r DL $8 $F $N$_ 7k $P $l $F $$ $k !% <u9V<T $O 9V;U0l ?M $NMM;R $, 3NG’ $G $- $l $P ==J, $G $" $k $, !$ 9V;UB& $G $O <u 9V<TA40w $r GD0.$9$kI,MW $, $" $k!% $7 $+ $7 !$ %+ %a %i$N @_ CV $5 $l $k0LCV $d;kLn $N 9-$5 $N LdBj $+$i !$ 1s3V9V5A<<A4 BN $N>p7J $r 0l$D $N%+ %a %i $G ;#1F$9$k $3 $H$O Fq $7 $$ !% $5 $i$K !$ 1s3V9V5A $G $O <u9V<T $O J#?t $N Bg3X $K ;6:_$9$k $3 $H $, B? $/ !$ Bg3X $N?t $K 1~ $8 $F %+ %a %i$N Bf?t $b J#?t $K$J $j F@ $k !% $3 $N >l 9g !$ 9V ;U $OJ# ?t $N %b %K %? $r8+ $F<u 9V <T $r GD 0. $7 $J $1 $l $P $J $i$J$$ $, !$ $3 $l$O Hs>o $K :$Fq $G$"$k!% $= $3 $G K\8&5f $G$O !$ 1s3V9V5A<<Fb $N<u9V<T $N GD0. $r 7W;;5!>e $G ;Y1g$9$k %7 %9 %F %‘ $r 9=C[$9$k!% $= $N ;Y1gJ} K! $H $7 $F !$ $= $l $>$l $N <u9V<T $N @5LL4i $r Cj=P$9$k $H$$ $& <jK! $r :NMQ $7 $? !%@5LL4i $K $h$j !$ $=$N <u9V<T $r <1JL $G $- !$@- JL $d G/Np !$ $=$N;~ $N MM;R $J $I Hs>o $K B?$/ $N >p Js $bF@ $i $l $k!% $9 $J $o $A !$@5LL4i $O <u9V<T $r GD0.$9$k :] $N=EMW $J MWAG $G $" $k $H 9M $( $i $l $k !% K\8&5f $G Ds0F$9$k<jK! $G $O !$9V5A<< $N>p7J $, =hM} $N F acial Image Extraction of Lecture A ttendan ts in an Image Sequence using T emplate Matc hing T akuro Sakiy ama y , Y oshinari Kameda y , Mic hihik o Minoh y , Katsuo Ik eda y y Ky oto Univ ersit y BP>] $H $J$k!% 9V 5A << Fb $G $O !$ 9V ;U $O A0J} $G 9V5A $r 9T $$!$ <u 9V <T $O Ce@J $7 $F 9V ;U $NOC $rJ9 $$ $F $$$k $H9M $( $i $l $k!% 9V5A<< $N $3 $& $7 $? 4D6- $r 9MN8 $7 $F !$9V5A<< A0J} $+$i << Fb $N>p7J $r ;#1F $7 $? 2hA| $r <h$j9~ $_ !$<u9V <T $N@5LL4i 2hA| $r Cj=P$9$k!% 2hA|Cf $+$i ?MJ* $N4i $r Cj=P$9$k8&5f $O !$ I=>pG’<1 $d 4i $r MQ$$ $? 8D?M<1JL $N $?$a$N A0=hM} $H $7 $F $b CmL\$5 $l $F $*$j !$ B?=E@:EY $N%b%6 %$ %/2hA| $r MxMQ $7 $F 2hA|Fb $G $N 4i$N 0L CV$d Bg$-$5$r ?d Dj$9 $k <j K! [1] $d !$0lHL 4i $r %F %s %W%l !< %H $H $7 $F =89g<L?? $J $I $+$i 4i $N NN0h $r Cj=P $9 $k <j K! [2] $J $I $, $" $k !% $3 $l $i $N B? $/ $O !$@E;_ 2h A| $+$i !$2hA|Fb $N0LCV $d Bg $-$5 $, ITL@ $J 4i $r Cj=P$9$k $b $N$G$" $k $, !$ 2hA| $K$O$[ $\ @5LL $r 8~$$ $? ?MJ* $, B8:_$9 $k$3$H $r >r 7o $H $7 $F $$ $k$b$N [3] $d !$2hA| Cf$N ?M J* $O 0l?M $G$" $k $H 2>Dj $7 $?$b$N [4] $b >/ $J $/ $J$$ !% $7 $+ $7 !$9V5A<< $G$N <u9V>u67 $r 9M $( $k $H !$ � 3F<+ $N<j85 $K%F%- %9 %H $d ;qNA $, $" $k>l9g!$ 9V;U $h $j$b <j85 $N ;qNA $r D/ $a $F$$ $k $3$H $, B? $$ !% � HD=q $r %N !< %H$K =q$- $H $k>l9g!$ 9uHD $r 8+$kF0:n $h $j$b %N !< %H $K =q $- 9~ $‘F0:n $N J} $, ;~4V $,$+$+ $k!% � $" $k<u9V<T $, @5LL $r 8~ $$ $F$$$F$b !$ $= $NA0 $N <u9V <T $K 1# $l $F $7 $^$$!$ A0 J} $+$i$O 4i $r 3NG’ $G$-$J$$ >l9g $, $" $k!% $J $I $N M}M3 $+$i !$ <u9V<T $, >o $K @5LL $r 8~ $$ $F$$ $k $H 4| BT$9$k $3$H $O$G$-$J$$ !% $7 $? $, $C $F !$0U ?^ $; $:$K ;#1F $7 $? @E;_2hA| $+$i <u9V<TA40w $N@5LL4i2hA| $r Cj=P$9$k $3$H$O IT2DG= $G$" $k !% %m %P %9 %H $K @5LL4i2hA| $r Cj=P$9 $k $K$O !$F02h A| $r MxMQ $7 $F <u9V<T $, @5LL $r 8~ $/$^ $G 4Q

;! $7 B3 $1!$ $=$N<u9V<T$N @5LL4i $, 2hA| $K 8= $l $?$H$- $K Cj=P $9$k$h $& $K $7 $J$1 $l $P $J $i$J $$ !% $3$N$H$- !$=hM} $5 $l$:$K FI $_Ht $P $5 $l $k F02hA| $N%U %l !<%‘?t $r 8: $i $9 $? $a !$F02hA| $r 9bB. $K =hM}$9$kI,MW $, $" $k !% $3$N$h $& $J 9bB.=hM} $K E, $7 $? J}K! $H $7 $F !$K\9F $G $O %F %s %W%l !< %H %^ %C %A %s %0 K! $rMxMQ $9 $k <j K! $rDs0F $9 $k!% %F %s %W%l !< %H %^%C %A %s %0 K! $O !$=hM} $, C1=c $J$?$a !$9b B. $K =hM}$9$k $3$H $,$G $- !$ $5 $i$K !$ @5LL4i $N$h $& $K FC Dj $N7A>u $N$b$N$NB8:_ $r D4 $Y$k $H $$ $&=h M}FbMF $K$b E, $7 $F $$ $k !% FC $K K\8&5f $G $O !$ %F %s %W%l !< %H %^%C %A %s %0 =hM}@lMQ $N%O!< %I %&%’%"$r MxMQ$9$k $3$H $K $h $j !$%j %" %k %? %$ %‘ $G F02hA|$N%^%C %A %s %0 =hM} $r 9T$C $F$$ $k !% 2 %F %s %W %l !< %H %^ %C %A %s %0 K! $N MxMQ 9V5A<<Fb $N<u9V<T $N @5LL4i $r Cj=P$9$k $?$a$N <jK! $H $7 $F !$K\8& 5f $G$O !$ %F %s %W%l !< %H %^%C %A %s %0 K! $r MxMQ $9$k!% 2.1 %F %s %W%l !< %H %^%C%A %s %0 K! $N M-8z@- K\8&5f $G $O !$=hM} $NBP>] $r 9V5A<<Fb $N>p7J $K 8BDj $7 $F$$ $k $?$a !$ <! $N$h $& $J 9V5A<< $H$$ $& 4D6- $N FCD’ $K E, $9$k=hM}J}K! $r :NMQ $7 $? !% 1. 9V5A<<Fb $N 4y $d :B@J $O >2 $K 8GDj $5 $l $F $*$j !$ 9V5A Cf !$<u9V<T $O :B@J $K :B$C $F$$ $k 2. <u9V<T $O !$>/ $J $/ $H$b ?t2s $O @5LL $r 8~$/ 3. <<Fb $K$O J#?t $N <u9V<T $, B8:_$9$k 1. $+ $i !$%+ %a %i %Q %i %a !<%? $r 8G Dj $7 $F 9V 5A <<$N >p 7J $r ;#1F$9$k $3$H $K $h$j !$2hA|Fb $G $N <u9V<T $N 4i $N 0L CV $d Bg$-$5 $r 8BDj$9$k $3 $H $,$G $- $k !% $"$k8B $i $l $? HO 0O $+$i FCDj $N7A>u $N$b$N $r 8!=P$9$k $H$$ $& =hM} $K $O %F %s %W%l !< %H %^ %C %A %s %0 K! $, M-8z $G$"$k!% 2. $O !$ <u9V <T $, @5LL $r 8~$/5!2q $r F($5 $:$K 4i2hA| $r Cj=P $7 $J $1 $l $P $J $i$J $$$3 $H$r 0UL#$9$k!% $3$N$?$a $K$O !$ 9V5A<< $N >p 7J $r 4Q;! $7 B3 $1 $kI,MW $, $" $k $, !$ %F %s %W%l !< %H %^%C %A %s %0 K! $O =hM} $N9b B. @- $+ $i F0 2h A| =h M} $K$bE, MQ $G$-$k!% $^ $? !$ 3. $K $D$$ $F $O !$ 0l HL 4i $r%F %s %W%l !< %H $H $7 $F ;H MQ$9$k $3$H $K $h$j !$ J#?t $N<u9V<T $K BP1~$9$k !% 0J>e $+$i !$ K\8&5f $K$O %F %s %W%l !< %H %^%C %A %s %0 K! $, BEEv $G$" $k $H 9M $( $i $l $k !% FC $K K\8&5f $G $O !$F02hA| $N <h $j9~ $_ $H%F %s %W%l !< %H %^%C %A %s %0 =hM}@lMQ $N %O!< %I %& %’ %" $G$" $k %H %i%C %- %s %0 %S %8 %g %s ( IY;NDL3t <02q<R ) $r MQ$$$k $3$H $K $h$j !$F02hA| $K BP $7 $F <B;~4V $G 2hA|4V $N:9J,OB ( Aj0cEY ) $r 5a $a $k $3$H $, 2DG= $H$J $C $? !% 2.2 0lHL4i %b %G %k $N :n@. 9V5A<<Fb $N J#?t $N<u9V<T $N 4i $K BP1~$9$kJ}K! $H $7 $F $O !$8D?M4i $N %G !<%? %Y!< %9 $r MQ0U$9$k<jK! $H !$ 0lHL4i $r MQ0U$9$k<jK! $, 9M $( $i $l $k !% $7 $+ $7 !$8D ?M4i $N %G !< %?%Y!< %9 $r MxMQ $7 $F $b !$ %F %s %W%l !< %H %^%C %A %s %0 K! $G $O I=>p $NJQ2= $J $I $K$O BP1~ $G$-$J$$$?$a !$ EPO? $5 $l $? 4i %G !<%? $, $=$N K\?M $N4i $H 0lCW$9$k $H $O 8B $i$J$$ !%8! =P=hM} $bJ#;( $H$J $j9bB.2= $K 8~ $+$J $$$?$a !$ K\8&5f $G $O 0lHL4i $r MQ0U$9$k<jK! $r :NMQ$9$k!% 0lHL4i $N%b %G %k $H $7 $F$O !$ � 2hA|Fb $K J#?t $N<u9V<T $, 4^$^ $l $k$h $& $K 9V5A<< $N >p7J $r ;#1F $9$k $? $a !$ %F %s %W%l !< %H $K ;HMQ$9$k2h A| $O >.$5 $$ !% � G; C8 2h A| $rD> @\ %F %s %W %l !< %H$H $7 $F 07$& $? $a!$ L\ !& I! !&8} $J $I $N 3FItIJ $N0LCV4X78 $H$H$b $K$= $l$i $N 51EYCM>pJs $b =EMW $G$" $k!% $H $$ $C $? $3$H$r 9MN8 $7 !$<! $N$h $& $J <jK! $r :NMQ $7 $? !% 1. 0lHL4i %b %G %k :n@. $N$? $a$N862hA| $H $7 $F !$ <B83 4D 6- $H F1 $8 >r7o $G ;#1F $7 $? @5LL4i2hA| $r MQ0U $7 !$ 4i $NBg $- $5 $, Ey $7 $/ $J$k $h$& $K3F2h A| $r@5 5, 2= $9 $k !% 2. 4i $N0LCV $r 9g $o$;$F A4 $F$N862hA| $NJ?6Q $r $H $k!% 3. 2. $N 1F6A $G $\ $d $1$?%(%C %8$d NX3T $r (1) <0 $K$h$C $F 6/D4$9$k [5] !% 2. $G :n@. $7 $? 2hA| $r F !$ F $r 3 � 3 %^%9%/ $G J?3j 2= $7 $? 2h A| $r � F $H $7 !$0lHL4i%b %G %k 2hA|$r G $H $9 $k!% � F ( x; y ) = 1 9 x +1 X i = x � 1 y +1 X j = y � 1 F ( i; j ) G ( x; y ) = F ( x; y ) � � � F ( x; y ) 1 � � (1) (0 < � < 1) 2.3 %F %s %W %l !< %H %^ %C %A%s %0 $N%Q %i %a !< %? ;XDj %H %i %C %- %s %0 %S%8 %g %s$G %^ %C %A %s %0 =hM} $r 9T$& $K $O !$ %Q%i %a !<%? $H $7 $F %F %s %W%l !< %H 2hA| $H C5:wHO0O $r ;XDj $9$k I,MW $, $" $k!%K\8&5f $G $O !$2hA|Fb $G$N 4y $d :B@J $N 0LCV $O JQ2= $7 $J $$$N$G !$<! $N$h $& $K ;XDj $7 $? !% %F %s %W%l !< %H 2hA| 0l HL 4i%b %G %k $r %F%s%W %l !< %H $H $7 $F ;H MQ $9 $k :] !$

4iA4BN $r%F %s %W%l !< %H 2hA| $K ;XDj$9$k $H !$ H17? $d NX3T $N:90[!$ 5Z $S 4i2s $j $NGX7J $N1F6A $r <u $1$F Aj 0cEY $, Bg$-$/ $J $k798~ $, $" $k!% $= $3 $G !$ :n@. $7 $? 0l HL 4i %b %G %k $r 2h A|$N 1| 9T$-$K 9g$o $; $F =L >. $7 !$ 4i $N NX3TFb It $N$_ $r%F %s %W%l !< %H 2hA| $H $7 $F ;XDj $9$k ( ?^ 1 $N 1&B& ) !% C5:wHO0O %Q%i %a !<%? 9V5A<<Fb $r ;#1F $7 $? 2hA| $K $*$$ $F !$ $= $N 2hA|Fb $N 3F:B@J0LCV $K BP $7 !$ $=$N@J $K <u9V<T $, :B$C $? $H$- $N 4i $N0LCV $r <B83E* $K D4 $Y !$ 4i $, =P8= $9$k6aK5 NN 0h $r$= $N:B@J 0L CV $K BP $9 $k C5 :w HO 0O $H$9$k ( ?^ 1) !% $9 $J $o $A !$ $= $l $>$l $N :B@J0LCV $H 2hA|>e $G$N C5:w HO0O $O 0lBP0l $K BP1~ $7 $F $$ $k !% $J$* 3.2.2 @a $N I I I. $G=R $Y $k $h$& $K!$ $3 $N BP 1~ 4X 78 $+$i !$ Cj =P $7 $?4i2h A| $b:B @J 0L CV $4 $H $K 4IM} $9 $k!% ?^ 1: %F %s %W%l !< %H 2hA| $H C5:wHO0O $N ;XDj 3 4i2hA| $N Cj=P !& =|5n=hM} 3.1 =hM} $N 35MW K\<jK! $G $O !$9V5A<< $N>p7J $r ;#1F $7 $? F02hA| $r 4Q;! $7 B3 $1!$ <u9V<T $N@5LL 4i $, 4^$^ $l $k%U %l !<%‘ $, H/8+ $5 $l$l $P !$ $=$N2hA| $K BP $7 $F @E;_2h=hM} $r 9T $$ !$4i2hA| $r Cj=P$9$k!% $3$N =hM} $G $O !$F02hA| $N %U %l !< %‘4V $N 7R $, $j $O 9MN8$5 $l $F $$$J$$ !% $3$N <jK! $G $O !$2hA| >e $G C5:wHO0O $K ;XDj $7 $F$$ $kIt J, $r <u9V<T $, DL2a$9$k:] $K !$ BN $N 0lIt $r Cj=P $7 $F $7 $^ $&>l9g $, $" $k !% $3 $N $h $& $J 8m$C $F Cj =P$5 $l $? 2h A| ( 8m Cj=P 2hA| ) $O !$ %U %l !< %‘ 4V$N D94| E* $J JQ 2= $r D4$Y $k$3 $H $K $h $C $F =|5n$9$k $3$H $,$G $- $k !% $= $3 $G !$ K\8&5f $G$O !$ F02hA| $N 8D !9 $N%U %l !< %‘ $K BP $9$k4i 2hA| $NCj=P=hM} (3.2 @a ) $H !$ %U %l !<%‘ $N;~4VE* JQ2= $r D4 $Y$k8mCj=P2h A| $N=|5n=hM} (3.3 @a ) $N Fs$D $N =hM} $r MQ0U$9$k !% 3.2 4i2hA| $N Cj=P=hM} G;C82hA| $K BP $7 $F %F %s %W%l !< %H %^%C %A %s %0 =hM} $r 9T $& $? $a!$ %F %s %W %l !< %H 2h A| $KN‘ ;w $7 $?NN 0h $N B> $K !$ LZ L\ D4 $N4y$NI=LL $d C10l?’ $N MNI~ $J $I J?6QE* $K %F %s %W%l !< %H 2h A| $K 6a $$51 EY CM $r;} $DNN 0h ( J?C3 NN 0h ) $K $* $$ $F$b Aj0c EY $, >.$5 $/ $J $k $H $$ $&8=>] $, $" $k ( ?^ 2) !% $3$N $? $a !$%^ %C %A %s %0 =hM}7k2L $, $=$N $^$^4i2hA| $G$" $k $H$O 8@ $($J$$ !% ?^ 2: J?C3NN0h ( 0l<!85 $N >l9g ) $= $3 $G !$ F0 2h A| $+ $i 4i $i $7 $$NN0h ( 4i8u Jd NN 0h ) $r 8! =P$9$k=hM} $H !$ 4i8uJdNN0h $K K\Ev $K @5LL4i $, 4^$^ $l $k $+ $r H=Dj$9$k=hM} $r J,N%$9$k!% %O !< %I %&%(%" %^ %C %A %s %0 $r 9T$& 8! =P =h M} $K Hf $Y $FH=Dj =h M} $O B.EY $, CY $$ $N $G !$ 4i8uJdNN0h $, 8!=P $5 $l $? >l9g $N$_H=Dj=hM} $r 9T $& $3 $H $G =hM} $r 9bB.2= $G$- $k !% 3.2.1 4i8uJdNN0h$N8!=P 4i8uJdNN0h $N 8!=P $K$O%F %s %W%l !< %H %^%C %A %s %0 K! $r MQ $$$k !% #2>O $G =R $Y$?$h $& $K !$%+ %a %i%Q%i %a !< %? $r 8G Dj $7 $F ;#1F$9$k $3$H $G !$2h A|Fb $G <u9V<T $N4i $, B8:_$9 $k 0LCV $d$=$N Bg $-$5 $r 8BDj$9$k!% 9V5A<<Fb $r A0J} $+$i ;#1F $7 $? 2hA|Fb $N 3F:B@J0LCV $K BP $7 $F !$ $=$N@J $K <u9V<T $, :B$C $? ;~ $N 4i $N0LCV $r <B83 E* $K D4$Y !$ $=$N6aK5 $r%F %s %W%l !< %H $N C5:wHO0O $H $7 $F ;XDj$9$k!% %F %s %W%l !< %H 2hA| $K$O !$0lHL4i %b %G %k$r 3F :B @J 0L CV$N 1| 9T$- $K 9g$o $; $F =L >. $7 $? $b $N $r MQ 0U $7 !$ $=$N 4i$NNX3TFbIt $N$_ $r ;HMQ$9$k!% $3 $l $r 0lHL4i %F %s %W %l !< %H $H 8F $V !% $5 $i$K !$ J?C3NN0h $N $& $A;~4VE* $K JQ 2= $7 $J$$$b $N ( 4y $NI=LL $J $I ) $r K\=h M} CJ 3, $G =|5n $9 $k $?$a !$C5:wHO 0O $K BP1~$9$kGX7J2hA| $r M= $aMQ0U $7 $F $* $- !$ $3 $l $b%F %s %W%l !< %H 2hA| $H $7 $F ;HMQ$9$k!% $3$N GX 7J2hA| $K$O <g $K 4y $, <L$C $F$$$k$N $G !$ $3 $l $r 4y %F %s %W %l !< %H $H 8F $V !% 3F C5 :w HO 0O i $4 $H $K !$0l HL 4i %F %s %W %l !<%H $K BP $9 $k $7 $-$$ CMJQ?t T i f ace $r MQ0U $7 !$=i4|CM $H $7 $F 0lDjCM F aceD ist $r M? $( $k !%4y %F %s %W%l !< %H $K BP $7 $F$O $7 $- $$ CM D esk D ist $r @_ Dj$9 $k !% $J $* !$ 3.2.2 @a$N IV. $G

=R $Y$k$h $& $K !$ $7 $-$$ CMJQ?t T i f ace $O 0lC64i2hA| $, Cj =P $5 $l $k $H <!Bh $K >.$5 $/ $J $k !% $9$Y $F $N C5 :w HO 0O$K $* $$ $F !$0l HL 4i%F %s%W %l !< %H !$ 5Z $S 4y %F %s %W %l !<%H $r MQ $$ $F JB Ns$K %^%C %A %s %0 =h M} $r 9T $& !%C5:wHO0O i $K $* $1 $k:G >.Aj0cEY $r !$ $= $l $>$l D st i f ace ; D st i desk $H $7 !$ 0J2< $N <j=g $K$h$C $F4i8uJdNN 0h $r 8!=P$9$k !% 1. D st i desk < D esk D ist : $= $N C5 :w HO 0O $O GX 7J @. J, $, @j $a$F $*$j !$ <u9V<T $N4i $O B8:_ $7 $J $$ !% 2. D st i f ace > T i f ace : $= $N C5 :w HO 0O $K $O <u 9V <T$N 4i $O B8:_ $7 $J $$ !% 3. D st i desk � D st i f ace : <u9V<T$N4i $, B8:_$9$k $+ $b CN $l$J$$ $, !$ GX 7J @. J, $G$"$k 2D G= @- $NJ} $, Bg $- $$!% 4. 0J>e $N $$ $: $l$K $b$" $F $O $^ $i$J$$>l9g : :G>. Aj0c EY $, D st i f ace $H$J $C $?C5:wHO 0O i Fb $NAj0cEY:G >. NN0h $K$O 4i $, B8:_ $9$k2DG=@- $, 9b $$ $H$_$J $7 !$ 4i 8uJdNN0h $H $7 $F 8!=P$9$k !% $9 $Y $F$N C5:wHO0O $K $D$$$F 8!=P=hM} $r 9T $$ !$ 0lKg $N F0 2h %U %l !< %‘ $K $D$$ $F 0l%v=j $G $b 4i8uJdNN0h $, 8!=P$5 $l $l $P 4i8uJdNN0h$NH=Dj=hM}$X?J $‘!% 3.2.2 4i8uJdNN0h $N H=Dj 0J 2< $N=hM} $K$h$C $F !$ 8! =P $5 $l $?4i8u Jd NN 0h $N $& $A!$ J?C3NN0h $+$i$J $k$b $N $r =|5n $7 !$@5LL 4i $r 4^ $‘NN0h $N $_ $r 4i2hA| $H $7 $F J]B8$9$k !% I . F,H1NN0h $K $h $k H=Dj 4i8uJdNN0h $N8!=P=hM} $G $O 51EYJQ2= $N>/ $J$$ 4i $NNX 3TFbIt $r%F %s %W%l !< %H $H $7 $F$$ $k $?$a !$8m $C $F J?C3NN 0h $r 8!=P $7 $F $7 $^ $& $3$H $, B? $$ !% $= $3 $G !$ 4i $N NX3TFb It $H $O 51 EY CM $N0[ $J$kF, H1 NN 0h $r8!=P $9 $k $3 $H $K$h$j !$ J?C3NN0h $r =|5n$9$k !% F,H1NN0h $N 8!=P $K $b%F %s %W%l !< %H %^%C %A %s %0 K! $r ;H MQ$9$k $3 $H $, 9M $( $i $l $k $, !$ H17? $O ?M $K $h $C $F :9 $, Bg $- $/ !$ 8GDj %F %s %W%l !< %H $G$O BP1~IT2DG= $J$N$G %O!< %I %&%’ %" $K $h $k9bB.2= $, Fq $7 $$ !% $= $3 $GK\ <j K! $G $O!$ 4i 8u Jd NN 0h $N Cf 1{ >e It $K<h $C $? 6k 7A $K $D$$ $F !$ 51EY CM $, H1 $7 $-$$CM H air D ist $h$j>.$5 $$2hAG $N ?t $r D4 $Y$k !% $=$N?t $, 0lDjCM0J>e $J $i F,H1NN 0h $, B8:_$9$k $H$_$J $9 !%>/ $J $1 $l $P $=$N 4i8uJdNN0h $O J? C3 NN 0h $N0l It $G$"$k $HH=Dj $7 !$ $= $NNN 0h $O =|5n $9 $k!% I I . ?eJ?J}8~51EY6Q0l@- $K $h $kH=Dj 4i8uJdNN0h $K <B:] $K <u9V<T $N 4i $, 4^$^ $l $k;~!$H)?’ NN0h $G$" $k4i $N FbIt $H GX7J@.J, $G$" $kNX3T $N30B& $H$G $O 51EYCM $K :9 $, $" $k$b$N $H 9M $($i $l $k !%0lJ}!$ J?C3NN 0h $+$i$J $k 4i8uJdNN0h $O !$ $[ $\ 0lMM $N 51EYCM $r ;}$D!% $=$3 $G !$0J 2< $N=hM} $K $h$C $F ?eJ?J}8~ $N51EY6Q0l@- $K $h$k H=Dj $r 9T $& !% 1. 256 3,D4 $N51EYCM $r p 8D $N 51EYNN0h $K J,3d $7 !$ $= $N 51EYNN0h $r r 0 ; r 1 ; : : : ; r p � 1 $H 8F $V !% 2. 4i 8u Jd NN 0h$N Cf 1{ IU 6a$N ?e J? J} 8~ m 9T$N $&$A$N Bh k 9T $K $D$$ $F !$ 51 EYJ, I[ $r D4 $Y !$ 51EY CM $, t HV L\$N 51EY NN 0h r t $K 4^$^ $l $k 2h AG$N 8D ?t $r L k t $H $9 $k !%$5 $i$K !$ L k t $N t $K 4X$9 $k :GBg CM $r L k $H $9 $k ( L k = max p � 1 t =0 L k t ) !% 3. ?e J?J} 8~$N m 9T $K 4X$9 $k L k $N :G Bg CM $r L $H $9 $k ( L = max m � 1 k =0 L k ) !% 4. L $,$7 $- $$ CM Lev el M ax 0J 2<$J$i $P !$ $=$N 4i 8u JdNN0h $O J?C3NN0h $G $O$J $$$H H=Dj$9$k!% ?^ 3: ?eJ?J}8~51EY6Q0l@- $N H=Dj J?C3 NN 0h $N>l9g!$ 51EY CM $NJQ2= $, >/ $J$$ $N $G !$ 2. $K $* $1$k L k $, Bg $-$/ $J$k !% 5U $K !$ @5 LL 4i $, 4^ $^ $l$F $$ $l $P !$NX3T $N 30B& $K H)?’ $H F17O?’ $N NN0h $, $J $$ 8B$j !$ $3 $NCM $O $7 $-$$ CM Lev el M ax 0J >e $K $O $J $i $J $$ $H9M $( $i $l $k !% I I I . N‘;w4i$NH=Dj 3.2.1 @a $G=R $Y $? $h $& $K !$ :B @J 0L CV $4 $H $KC5:w HO 0O $, ;XDj$5 $l $F $$ $k$N $G !$C5:wHO0O i $G Cj=P$5 $l $? 4i2hA|

$O !$BP1~$9$k:B@J0LCV i $K :B$C $F$$ $k<u9V<T $N @5LL4i $G $" $k $H 9M $( $i $l $k !% $7 $+ $7 !$ 9V5A<<Fb $r ;#1F$9$k%+ %a %i$N3QEY $K $h $C $F $O !$A08eNY@\$9$k:B@J 0LCV $K BP$9 $kC5:w HO0O $, =E $J $C $F $7 $^$$ !$ J#?t $N :B@J0LCV $G F10l<u9V<T $N4i2hA| $, Cj =P $5 $l $k $3 $H $, $" $k !% $=$N$? $a !$NY @\$9$k:B@J0LCV $K 4{ $KCj =P $5 $l$?4i 2h A| ( 4{ Cj =P 4i 2h A| ) $, B8 :_ $9 $k >l 9g !$ $=$N2hA| $H$N N‘;w@- $r D4 $Y $F $* $/I,MW $, $" $k !% $3$3$G $O !$<! $NFs<oN‘ $N H=Dj $N $I $A $i $+ $, @.N)$9 $l $P $=$N 4i 8uJdNN0h $r N‘;w4i $H H=Dj$9$k !% � NY@\ $9$k:B@J 0LCV $G$N 4{Cj=P4i 2hA| $r%F %s %W%l !< %H $H $7 !$ 4i 8uJd NN0h $r C5:wHO0O $H $7 $F %^ %C %A %s %0 =hM}$9$k!% $= $N 7k2L!$ :G>.Aj 0cEY $, $7 $-$$ CM0J2< $N >l9g !$N‘;w4i $H $9$k !% � NY@\ $9$k:B@J 0LCV $G 4{Cj=P 4i2h A| $, 8!=P $5 $l $?$H $-$N 2hA|Fb $G$N :BI80L CV $H !$ 4i 8uJd NN0h $N8!=P:B I80LCV $, !$6a@\ $7 $F $$ $k>l9g !$N‘;w4i $H $9$k !% N‘;w4i $H H=Dj $5 $l $? >l9g!$J#?t $N :B@J0LCV $K F10l<u 9V<T $N 4i2hA| $, J]B8$5 $l $k $3$H $K$J $k $N $G !$ $= $l$i$O N‘;w4i $G $" $k $H$$ $& >pJs $r ;D $7 $F $* $/ !% IV . 4i 2h A|$N J] B8 5Z $S 4i 8u Jd NN 0h$N 8! =P $7 $- $$ CM$N 99?7 0J>e $N$9$Y $F$N H=Dj=hM} $K $*$$ $F =|5n $5 $l $J$+ $C $? C5:wHO0O i $N 4i8uJd NN0h $O !$:B@J0LCV i $K :B$k<u9V<T $N4i2hA| $H $7 $F J]B8$9$k !% 0lC64i2hA| $, Cj=P$5 $l$l $P !$F10l:B @J0LCV $N <u9V<T $K $D$$$F 2?EY $bCj=P $r 7+$jJV$9I,MW $O$J$$ !%4{Cj=P4i 2hA| $h$j$5 $i$K :G>.Aj0cEY $, >.$5$$4i8uJdNN0h $, 8!=P $5 $l$? $H $- $N $_ H= Dj !& J] B8 =h M} $r$9 $k $h$& $K$9 $l $P !$ 4i 8uJdNN 0h$N 8!=P (3.2.1 @a ) $N$_$G Cj=P =hM} $, =* $o $k 2D G=@- $, A} $( !$ 9bB.2= $K $D $J $, $k !% $= $3$G !$4i2hA| $r J] B8$9$k:]!$ $= $N NN0h $r 4i8uJdNN0h $H $7 $F 8!=P $7 $?$H$- $N0lHL4i %F %s %W%l !< %H $H $N :G>.Aj 0cEY D st i f ace $r !$ $= $N C5:wHO0O i $K BP$9$k ?7 $? $J $7 $- $$ CM $H $7 $F T i f ace $r 99?7$9$k!% 3.3 8mCj=P2hA| $N =|5n=hM} 4i 2h A| $NCj =P =h M} (3.2 @a ) $K $* $$ $F , 9V 5A << Fb $r0\ F0 $9$k<u9V<T $, 2hA|>e $G C5:wHO0O $K ;XDj $7 $F $$ $kItJ, $r DL2a $9$k:] $K !$BN $N 0lIt $, 8m$C $F Cj=P $5 $l $k $3 $H $, $" $k!% $3$N$h $& $J !$0l ;~E* $K B8:_$9$kJ*BN $K BP$9$k8mCj =P2hA| $O !$ C5:wHO0O $N %U %l !< %‘4V $N ;~4VE*JQ2= $r D4 $Y $l $P 8m$j $G$" $k $H H=CG$9$k $3 $H $,$G $- $k !% $= $3 $G !$0l Dj4|4V $4 $H$K 0J2<$N=hM} $r 9T $& !% i. 4{Cj=P4i2h A| $r ;}$D3F:B@J0LCV i $K $D$$ $F !$ 4i8u JdNN0h $N 8!=P=hM} (3.2.1 @a ) $K $* $1 $k0lHL4i %F %s %W %l !< %H $K $h $k%^%C %A %s %0 =hM} $r 9T $& !% Aj0cEY:G >.NN0h $r !$ D st i f ace $H $7 $-$$ CM T i f ace $H $N Bg>. 4X 78 $K 4X $o $i$:!$ $9 $Y $F 4i8uJdNN0h $H $9 $k!% ii. 4i8uJdNN0h$N H=Dj=h M} (3.2.2 @a ) $K $* $1 $k =hM} I. $H I I. $r 9T $& !% iii. ii. $NH= Dj =h M} Cf $K !$ @5 LL 4i $r4^ $^ $J $$ $H $7 $F 4i 8u JdNN0h $, =|5n $5 $l $? :B@J0LCV $K $D$$ $F $O !$ $= $N F0 2hA| %U %l !<%‘ $K $*$$ $F <u9V<T $, B8:_ $7 $J $$ $H H=Dj $9 $k!% iv. 0l Dj 4| 4V 0J >e <u 9V <T $, B8 :_ $7 $J $$ >u BV $, B3$1 $P !$ $=$N :B@J0L CV $K $* $1 $k4{Cj=P4i 2hA| $O 8mCj=P $G$" $k $H $7 $F <h$j >C $7 !$ $7 $- $$ CM T i f ace $r F aceD ist $K :F=i4|2=$9$k!% 4 <B83 K\9F $G Ds0F$9$k<jK! $K 4p $E $$$F <B:] $K%7 %9 %F %‘ $r 9= C[ $7 !$<B83 $r 9T$C $? !% <B83BP>] $H $9$k 9V5A<< $H $7 $F !$1s3V9V5A $N<B83 $K$b ;H $o $l $kK\3X2JFb $NBh0l9V5A<< $r MxMQ $7 $? !% <<FbA0J} $N Cf1{>eIt $K @_CV $5 $l $? %+ %a %i $G !$DL>o $N9V5A $, 9T $o $l $F $$ $k >p7J $r ;#1F $7 $? ( ?^ 4) !% ?^ 4: F02hA| $N#1%U %l !< %‘ ?^ 4 $K $*$$$F !$ 2.3 @a$N%Q%i %a !<%? ;X DjJ}K! $K 4p $E $$$F C5 :wHO0O $r ;XDj $7 $? :B@J0L CV $r ?^ 5 $K <($9 !%?^ 5 $O 9V5A<< $N :B@JG[CV $r >e $+$i 8+ $?$b$N $G$" $j !$ LVL\ $N

?^ 5: =hM} $r9T $C $?:B @J 0LCV ?^ 6: =hM}7k2L $+$+ $C $? :B@J $, !$ ?^ 4 $K $*$$ $F <u9V<T $, :B$C $F$$$k:B @J $r I= $o $7 $F $$ $k !% 3.2.2 @a$N I I I. $G =R$Y $? $h $& $K !$Cj =P $7 $? 4i 2h A| $O $= $l $>$l :B@J 0L CV $4 $H $K 4IM} $5 $l$F$$$k!% $7 $? $,$C $F !$ =hM} 7k2L $r =PNO $9$k:] $b?^ 5 $N$h $& $K :B@J0LCV $K BP1~ $9 $k0l Mw 7A<0 $G =PNO $9 $k ( ?^ 6) !% $3$N;~E@ $G !$ 4{ Cj =P 4i2h A| $, N‘ ;w 4i (3.2.2 @a$N I I I.) $H H= Dj$5 $l $F $$ $k <u 9V<T $N 4i2hA| $O !$0lHL 4i %F %s %W%l !< %H $H $N Aj0cEY $, :G >. $G $" $C$?$b$N $r ;D $7 $F =|5n$5 $l $k !% ?^ 6 $K $* $$ $F !$:B @J 0L CV 10 $N <u 9V <T $, :B @J 0L CV 6 $K I=<($5 $l $F $$ $k$N $O !$ =hM}=*N;;~ $K N‘;w4i $H H=Dj $5 $l$F$* $j !$ AP J} $N:G >. Aj 0c EY $+ $i :B@J 0L CV 10 $N 2h A| $, <h $j>C $5 $l$?$? $a $G $"$k!% $^ $? !$ :B @J 0L CV 19 $N<u9V <T $O !$ =h M} $r 9T $C $?4|4V $NA0H> $K 4i2h A| $, Cj=P $5 $l $? $, !$ 8eH> $O 0lEY $b 4i $r >e $2 $F$$$J$$$?$a !$ 8mCj=P2hA| $N =| 5n=hM} $K $*$$ $F B8:_ $7 $J $$ <u9V<T $H $7 $F 4{Cj=P4i2hA| $r =|5n$5 $l $F $$ $k !% ?^ 7: $& $^$/ $$ $+$J$+ $C$? 2hA| ?^ 8: =hM}7k2L ?^ 7, 8 $O !$ 4i2h A| $NCj=P =hM} $, $& $^$/ $$ $+$J $+$C $? Nc $G$" $k !% $3$N 9V5A $G$O !$ G[I[ $7 $? ;qNA $K $D$$$F @bL@ $7 $F $*$j !$ <j85 $N ;qNA $K =8Cf $7 $F 4i $r >e $2 $J $$ <u9V<T $, B? $+ $C $?$?$a$G $" $k !%B> $K !$9V5ACf $K OHP $r ;HMQ $7 $? >l9g !$>H L@>r7o $N JQ2= $N $?$a $K 4i2hA| $NCj=P $, $G $-$J$$$3$H $, $" $C $? !% $3 $& $7 $?<B 83 $r 10 2s $N9V 5A $KBP $7 $F 9T $C $?7k 2L $rI= 1 $K <($9 !% I= $N >e B&$N 9‘L\ $O !$:8 $+$i =g $K !$7k2L $H $7 $F =PNO $5 $l $?$b$N !$=hM}Cf $K 0lEY $O Cj=P $5 $l $? $, $=$N 8e=|5n $5 $l $? $b$N !$ $= $l$i $N 9g7W $r I= $o $7 $F$$ $k !%<B 83 $r 9T$C $? 2h A| Cf $K$O 9g 7W 81 ?M$N <u 9V <T $, $* $j !$ $= $N $&$A $N Ls 7 3d $K $"$? $k 57 ?M$N 4i2h A| $r Cj=P$9 $k$3 $H $, 2DG= $G$" $C $? !% I= 1: =hM}7k2L $N $^ $H$a Cj=P =|5n 9g7W @5LL4i 57 8 65/81 8mCj=P 4 5 9 5 $*$o $j $K K\9F $G$O !$ 9V5A<<Fb $N <u9V<T $N 4i2hA| $r Cj=P$9$kJ} K! $H $7 $F !$F0 2hA| $K BP $7 $F %F %s %W%l !< %H %^%C %A %s %0 K! $r ;HMQ$9$k<jK! $K $D$$ $F Ds0F $7 $? !% $=$N <jK! $K 4p $E $$ $F %F %s %W%l !< %H %^%C %A %s %0 =hM} $K %O!< %I %&%’%"$r MxMQ $7 $F <B83 $r 9T $C $? $H$3$m !$ Ls 7 3d $N<u9V<T $N 4i2hA| $r F@$k $3$H $, $G $-$? !% ;29MJ88% [1] >. ?y ?. : \ 8D ?M <1 JL $N $? $a $N B? =E%T %i %_%C %I $r MQ $$ $? %7 !< %s Cf $N 4i $NC5:w !&0LCV 7h $a ," ?.3XO@ , V ol.J77-D-I I, No.4, pp.672{681, 1994. [2] Kq 1J ?5 :H , D9 Hx CR @2 : \ 0d EA E* %" %k %4 %j %: %‘ $r MQ $$ $? @E ;_ 2h A| Cf $N ?M J* $N 4i NN 0h $N Cj =P ," ?. 3X 5; Js , PR U-160, pp.13{ 18, 1995. [3] :dK\@E @8 , EDEg>yFs : \ 2hA| $+ $i$N 4i $N8!=P ," ?.3X=) 4|A4 Bg , D-211, p.214, 1995. [4] :4 !9 LZ EX , @V>> LP , Kv 1J 9/ ?N : \ 4i2h A| G’ <1 $N $? $a $N?’ >p Js $rMQ $$ $?4i $N0L CV 9g $o $;K! ," ?. 3X 5; Js , IE91-2, pp.9-15, 1991. [5] D E. Kn uth: \Di�tal Halftones b y Dot Di�usion," A CM T r ans. on Gr aphics , V ol. 6, No. 4, pp.245{273, 1987.