1 PixelDoubler A} 0f =S G7 y 2r A| EY $N Dc $$ I= <( Au CV >e $G $h $j B? $/ $N %T %/ %; %k $r I= <( $9 $k $? $a $N <j K! PixelDou- bler $r Ds 0F $9 $k!# 2h LL $r MI $i $7 $? $j 0\ F0 $5 $; $? $j $9 $k $3 $H $K $h $j <B :] $N I= <( Au CV $N 2r A| EY $h $j :Y $+ $$ 2h A| $r I= <( $9 $k $3 $H $, 2D G= $G $" $k $,!" K\ 9F $G $O I= <( Au CV $r F0 $+ $5 $J$/$F$bF1MM$N8z2L$,F@$i$l$k$3$H$r<($7!"$=$N1~MQ$K$D$$$F$b=R$Y$k!# PixelDoubler Toshiyuki Masui y W e propose a technique PixelDoubler , which enables display devices to show more pixels than actual number of pixels. T aking advantage of the visual illusion effect coming from the nature of the human eye, PixelDoubler can display a moving image with upto 100% more pixels than the still image. 1. $O $8 $a $K >. 7? 7W ;; 5! $G $O %G%# %9 %W %l %$ $N 2r A| EY $, >o $K Ld Bj $H $J $k!# $? $H $( $P 160 !_ 160 %I%C %H $N >. 7? PDA $K 24 %I%C %H %U%) %s %H $N 4A ;z $r I= <( $5 $; $h $& $H $9 $k $H 36 J8 ;z $7 $+ I= <( $5$;$k$3 $H$,$G$-$J$$!# $3$N$?$a%I%C%H?t $N>/$J$$4JN, 2= $7$?%U%)%s %H$,MQ$$$i$l $k$3$H$,B?$$$,!" FI$_$K$/$$$7 J8 ;z$r6hJL $7$K$/$/$J$kLd Bj$,$"$k!#$^$? Bg7?$NEE8w7G<( HD $J$I$G$O!" $J$k$Y$/>/$J $$%I%C%H?t$GB?$/ $N>pJs$rI=<( $9 $k$?$a$N<jK!$,=EMW$G$"$k!# @E;_2hLL$G$O2hLL$N%I%C%H?t$r1[$($k2rA|EY$GI= <($r9T $J$&$3 $H$O IT2D G= $G$" $k!#$? $H$( $P >e5- $N PDA $G$O 80 K\ $7$+@~$r I=<($9$k$3$H $O$G$-$J$$!#$7 $+$7!"%G%#%9%W%l %$ $r0\F0$5 $;$?$jMI$i$;$? $j$7$J$,$iI=<( $rJQ2=$5$;$k$3 $H $K$h$j!"$5 $i$K9b$$2rA|EY $rI=8=$9$k$3 $H$,$G$-$k2DG= @- $,$"$k!# %G%# %9 %W %l %$ $r 0\ F0 $5 $; $J $, $i I= <( $r JQ 2= $5 $; $k $3 $H $K $h $j 6 %I%C %H I} $N NN 0h $K 4 K\ $N @~ $r I= <( $5 $; $k $3 $H $, $G $-$k $3 $H $r?^ 1 $K <( $9!# %G%#%9 %W %l%$ $r 1 %? %$ %‘%9 %i %$ %9 Kh $K H> %I%C %H $: $D :8 $K F0 $+ $7 $J $, $i!" t = 0 $K $* $$ $F “ ”, t = 1 $K$* $$$F “ ”, t = 2 $K $*$$ $F “ ”, ... $rI= <( $9 $k $H!" x = 3 $N0LCV $G $O 9u $$ %T%/%;%k$, I=<( $5$l!" x = 5 $N0LCV$G$OE@ LG$9 $k%T%/ %;%k $,I=<($5 $l$k!#%?%$%‘%9 %i%$%9$,=<J,>. $5$$>l9g$O%f!< %6 $K$O x = 5 $N0LCV$K$O 3%?’$N %T%/%; %k$, I=<($5 $l$F$$ $k$h $& $K 8+ $( $k!# $3 $N 7k 2L ?^ 1 $N :G 2< 9T $N $h $& $K %f!< %6 $K $O 4 K\$N@~$,8+$($k$3$H$K$J$k!# y %=%K!<%3%s%T%e!<%?%5%$%(%s%98&5f=j Sony Computer Science Laboratories, Inc. ?^ 1 6 %T%/%;%kI}$G 4 K\$N@~$rI=<( F1 MM $N <j K! $K $h $j 10 !_ 10 %T %/ %; %k $N NN 0h $K 14 !_ 14

2 %I%C %H $N %U%) %s%H $r I= <( $9 $k <j K! $r ?^ 2 $K <( $9!#$3 $3 $G!" %G%#%9%W%l %$$N%T%/%;%k $OI=<($9$k%U%)%s %H$N%T%/%;%k $h $j 50% Bg $- $$ $K $b $+ $+ $o $i $: %G%# %9 %W %l %$ $r MI $i $7 $J $, $iI=<($rJQ 2=$5$;$k$3$H$K$h $j%U%)%s%H$N:Y$$@~$b ?^ 2(c) $N$h$&$KG’<12DG=$H$J$k!# $3$N$h$&$K!"%G%#%9%W%l%$$rF0$+$7$?$jMI$i$7$? $j$9$k $3$H$K$h $j!"AuCV$N2rA|EY 0J>e$NI=<($r 9T$J$&$3$H$,$G $- $k!# ?^ 2 %G%#%9%W%l%$$rMI$i$9$3$H$K$h$k9b2rA|EYI=<( 2. PixelDoubler ?^ 1 $HF1 MM $N <jK! $r MQ$$ $k $3 $H$K $h $j!"%G%# %9 %W %l%$ $r F0$+$5$:$K9b 2rA|EY$NI=<( $r9T$J$&$3$H$, 2DG=$G$"$k!#?^ 1 $K $* $$ $F %G%# %9 %W %l %$ $r :8 $K F0 $+ $5 $: @E ;_ $5 $; $? >l 9g $N I= <($r ?^ 3 $K <( $9!# %G%# %9%W %l %$ $, @E;_ $7 $F $$ $k >l9g $O %Q %?%s$,JQ2=$7 $J$,$i1&$K0\ F0$3$H$K$J$k$,!" L\$,0\F0$KDI ?o$9 $k $N$G %f!< %6$N L\ $K $O?^ 1 $H F1 $8$h $& $K 4 K\ $N@~ $, 1& $K0\F0$9$k$h$&$K8+$($k!# ?^ 3 4 K\$N@~$,1&$K0\F0 $3 $N 8z 2L $r Mx MQ $7 $F 2h A| $r 0\ F0 $5 $; $J $, $i I= <( $9 $k $3 $H $K $h $j!" %G%# %9 %W %l %$ $N 2r A| EY 0J >e $N %T %/ %; %k $r $b $D 2h A| $r I= <( $5 $; $k $3 $H $, $G $- $k $h $& $K $J $k!# $3 $N <j K! $r PixelDoubler $H8F$V$3$H$K$9$k!# 3. PixelDoubler ;HMQNc K\ @a $G $O %S%C %H %^%C %W 2h A| $N I= <( $K PixelDoubler $r1~ MQ $7$?Nc$r<($9!# 2 <oN‘$N2hA|$r8r 8_$K%7%U%H$5$;$J$,$iI= <($5$;$k$3$H $K$h$j<B:]$N2r A|EY$h$j:Y$+$$ 2hA|$rI=<($9 $k$3$H$,$G$-$k!# ?^ 4(a) $K 226 !_ 76 %T %/ %; %k $N 86 2h A| I0 $r <( $9!# $3 $l $r $b $H $K $7 $F!" 2 <o N‘ $N >. $5 $J (170 !_ 78 %T %/ %; %k ) 2h A| I1 (b) $H I2 (c) $rMQ 0U $9 $k!# PixelDoubler $O!" t = 0 $K$* $$ $F (0,0) $N 0L CV $K I1 $r I= <( $7!" t = 1 $K $* $$ $F (0,0) $N 0L CV$K I2 $rI= <( $9 $k!# $^ $? t = 2 $K$* $$ $F (-1,0) $N 0L CV $K I1 $rI= <($7!" t = 3 $K$* $$ $F (-1,0) $N0L CV$K I2 $rI=<( $9 $k!# $3$N$h$&$K 2 Kg$N2hA|$r%7%U%H$7 $J$,$i8r8_$KI=<($9$k$3 $H$r 7+ $j JV $9 $3 $H $K $h $j!" %f!< %6 $K $O I0 $HF1 $8 2r A| EY $r $b $A$+$D %5%$ %:$,>. $5$J2h A|$, 8+$($k $3$H $K$J$k ( ?^ 4) !# I1 $* $h$S I2 $b I0 $h $j >/$J $$ >p Js $7$+ ;}$C $F $$ $J$$ $,!" $3 $l $i $r 8r 8_ $K I= <( $9 $k $3 $H $K $h $j %f!< %6 $K $O I0 $H F1 $8 2h A| $,G’<1$5$l$k!#

3 ?^ 4 2 <oN‘$N2hA|$r8r8_$KI=<($5$;$F9b2rA|EY$r<B8=

4 ?^ 5 862hA|$+$i$N I1 $H I2 $N@8@. ?^ 1 $K <( $7 $? $h $& $K!" 2hA| I1 !" I2 $O 86 2h A| I0 $rDc $$ 2r A| EY $N 7j $+ $i GA $$ $F F@ $i $l $k 2h A| $K BP 1~ $7 $F $$ $k!# I0 $+ $i I1 , I2 $r@8@.$9$k%"%k%4%j%:%‘$r?^ 6 $K<($9!# 2hA| I0 $N3F9T$K$D$$$F0J2<$r<B9T (1) %T%/%;%k$r 6 G\$K3HBg ( ?^ 5(b)) (2) $R $H $D $a $N %.%c%C %W $r ;O E@ $H $7 $F %T %/ %; %k $r 8 %T %/ %; %k Kh $N %V %m%C %/ $K J, 3d $9$k ( ?^ 5(c)) (3) 3F%V %m%C%/ $KBP $7!" $N?t$H $N?t $rHf 3S$7$F$=$N7k2L$K$h $j I2 $N%T%/%;%k$N ?’$r7hDj$9$k (4) 5 HV L\ $N %.%c%C %W $r ;O E@ $H $7 $F %T %/ %; %k $r 8 %T %/ %; %k Kh $N %V %m%C %/ $K J, 3d $9 $k ( ?^ 5(d)) (5) 3F%V %m%C%/ $KBP $7!" $N?t$H $N?t $rHf 3S$7$F$=$N7k2L$K$h $j I1 $N%T%/%;%k$N ?’$r7hDj$9$k ?^ 6 I1 , I2 :n@.%"%k%4%j%:%‘ 4. 5D O@ 4.1 1~ MQ %G%#%9%W%l%$$rF0$+$7$?$jMI$i$7$?$j$9$k$3$H$K $h$j2r A| EY $r >e $2 $k <j K! $O!" ScrollDisplay 1) $N $h $& $J %G%# %9 %W %l %$ $H %^ %& %9 $, M; 9g $7 $? Au CV $K BP $7 $F D> @\ E, MQ 2D G= $G $" $k!# ScrollDisplay $G $O %G%# %9 %W %l %$ $, 1 %T %/ %; %k 0J >e 0\ F0$9$k$^ $GI=<($OJQ$o $i$J$$$,!"%G%#%9%W %l%$$N0LCV$K 1~ $8 $FI= <( $r JQ99 $9 $k $3$H $K $h $j?^ 2 $N$h $& $J 8z2L $r MF0W $K F@ $k $3 $H $, $G $- $k!# $3 $N $h $& $J 3H D% ScrollDisplay $G $O!" 2rA|EY$N 9b$$I=<($,MW5a $5$l$k$H$-$K %f!<%6$,AuCV$rMI $i $9$H$$$&;H$$$+$?$,$G$-$k!# PixelDoubler $G$O2hA|$O EyB.EY $G0lDj J}8~$K 0\F0$9 $kI, MW$,$"$k!# $3$N@)8B$,:G $bBg$-$JLdBj$G $"$k$,!"D9$$%F %- %9%H$r%9 %/%m!<%k$5$;$J$, $iI=<($5$;$k >l9g$dEE8w7G<( HD $J$I$N$h $&$K%F%-%9%H$, EyB.EY$G0lDjJ} 8~$KF0$/$3$H$, 9% $^$7$$>l9g$KE,MQ$,M-8z$G$"$m$&!# 4.2 2rA|EY$N8~>e PixelDoubler $K$*$$ $F!"2h A|$r 1 %?%$%‘ %9%i %$%9Kh $KI, $:$7$bH> %I%C%H$:$D0\F0 $5$;$kI,MW$O$J $/!"$5$i$KDcB. $K F0$+$9$3$H$K $h$j$5$i$K9b2r A|EY$N2hA|$rI= <($5$;$k$3$H $,2D G=$G $"$k!# 1/4 %I%C %H$: $D2h A|$r %7%U %H$5 $;$? >l9g $r ?^ 7 $K <( $9!#$3 $N >l 9g %f!<%6 $O 2? CJ 3,$+ $N 51 EY %l %Y%k $r G’ <1$9$k$3$H$K $J$jH>%I%C%H$: $DF0$+$9>l9g$h $j$b9b$$2rA| EY$,G’<12DG= $G$"$k!#$7$+$7 %?%$%‘%9%i%$%9 $,=<J,>.$5$/ $J $$ >l 9g $O 2h LL $, $A $i $D $/ $3 $H $K $J $k $? $a!" CR T %b %K %? $J $I $N $h $& $K I= <( %5 %$ %/ %k $, 1/60 IC Dx EY $N Au CV $G $O E, MQ $, $‘ $: $+ $7 $$!# LED $r JB $Y $? >l 9g $N $h $& $K I= <( %5 %$ %/ %k $r9bB.$K$G$-$k>l9g$KM-8z$G$"$m$&!# ?^ 7 2hA|$r 1/4 %I%C%H$:$D%7%U%H$5$;$?>l9g 4.3 4X O" 8& 5f Salient Stills 2) $O DL >o $N %S %G %* 2h A| $+ $i 2h A| $N%/ %i %9 $r Cj=P$7$F:FMx MQ$9$k%7%9%F %‘$G$"$j!"F02hA| $+$i9b2rA|EY $N@E ;_ 2h A| $r Cj =P $9 $k E@ $G PixelDoubler $KN‘ ;w $7 $F $$ $k!# 9bB.$KF0$/J*BN$r%S%G%*$N$h$&$J;~4V2rA|EY$NDc$$I=<(

5 AuCV$G<+ A3$KI=8=$9$k$? $a$K!"F0$/J*BN $r$\$d$1$?2hA| $G I=8=$9$k %b!<%7%g%s%V%i!< $N<jK!$,$h$/ ;H$o$l$k!#$3$l $O ?M4V $N ;k 3P FC@- $r Mx MQ $7 $F $$ $k E@ $G PixelDoubler $K;w $F $$ $k$,!"2rA|EY$r>e$2$k8z2L$OL5$$!# 5. 7k O@ Dc2rA|EY$NI=<(AuCV$r0\F0$5$;$?$jMI$i$7$?$j $9$k$3$H $K $h $j 9b $$ 2r A| EY $r F@ $k %7 %9 %F %‘ PixelDoubler $r Ds 0F $7 $?!# PixelDoubler $O?M 4V $N;k 3P FC @- $r Mx MQ $9 $k $3 $H $K $h $j <B:]$h$j $bB?$/$N%T%/%; %k$r%G%#%9%W%l %$>e$KI=<($9$k $3 $H $, $G $- $k!# $3 $N <j K! $O PDA $N $h $& $J >. 7? C< Kv $d EE 8w 7G <(HD$J$I9-$$HO0O$KE,MQ2DG=$G$"$k!# ;2 9M J8 8% 1) Siio, I.: Scroll Display: Pointing Device for Palmtop Computers, Asia Pacific Computer Human Interaction 1998 (APCHI98) , IEEE Computer Society , pp. 243–248 (1998). 2) T eodosio, L. and Bender , W .: Salient V ideo Stills: Content and Context Preserved, ACM Multimedia’93 Pr oceedings , pp. 39–46 (1993).