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This paper describes a protot ype system of Multiple Pointing Input System(MPIS), which
allows concurrent manipulation of multiple pointing devices. On the traditional GUI system
the users have to manipulate each objects sequentially with one pointing device. Our MPIS
allows users to point multiple places on GUI screen simultaneously , and manipulate multiple
graphical objects (icon, slider) concurrently . The devices are manipulated on a clear acrylic
table and the coordinate of each device is calculated from the images captured by a video
camera below the table.
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$=$N>e$G9=C[$7$??7$7$$F~NO5; K!$d%"%W%j%1!<%7%g%s
$K$D$$$F@bL@$9$k!#

y El5~9)6HBg3X>pJsM}9)3X8&5f 2J?t M}!&7W;; 2J3X@l96

Toky o Institute of Technology , Graduate School of In-
formation Science and Engineering, Dept. of Mathe-
matical and Computing Science

yy 2J3X5; =Q?66=:b CD

Japan Science and Technology Corp oration

2. 4XO" 8&5f

Tangible User Interface $N0l O"$N8&5f 4) 7) 8) $O!" A`
:n BP>] $K6/ $/ 4XO"IU$1$i $l $?F~NO%G%P%$%9$r MQ0U$9
$k;v $G!" %f!<%6!<$, %3%s%T%e!< %?!<>e$NA`:n BP>]$r$"
$?$+$bD>@\A`:n $7$F$$$k$+$N$h$&$J%$%a!<%8$rJz$+$;
$k;v $rL\ E*$H$7$F$$$k!# A`:n %G%P%$%9$OPhicon $H8F
$P$l !" $=$N7A>u$O!" A`:n BP>]$r6/ $/ A[5/ $5$; $k$h$&$J
4XO"@-$N6/ $$$b$N$K$J$C$F$$$k!#Nc$($PIlluminating
Light 7) $G$O!" %f!< %6!< $O8w8; !&6@!&%l%s%:$N7A>u$r
$7$?F~NO%G%P%$%9$r4y$N>e$GA`:n $9$k!#$7$+$7$3$&$7
$? Phicon $rMQ$$$k%$%s%?!< %U%'!< %9$G$O!" F~NO%G%P
%$%9$O%"%W%j%1!< %7%g%s$KFC2=$7$?$b$N$K$J$k$?$a!"
J#?t $N%"%W%j%1!< %7%g%s$r@Z$j BX$($F;H$&%G%9%/%H%C
%W%$%s%?!< %U%'!< %9$K$O8~$+$J$$!#

Graspable UI 2) $OF1;~$K8 8D$N%]%$%s%F%#%s%0%G%P
%$%9$rA`:n $G$-$k%7%9%F%$̀K$h$kI> 2A$r9T$C$F$$$k!#
I>2A<B83$G$O!" 2hLL>e$K4 8D$N?^7A$rI=<($7!" $=$l $i
$r;XDj$5$l $?>l =j !&8~$-$K9g$o$; $k%?%9%/$r2] $7$F$$
$k!#F~NO%G%P%$%9$H$7$FHFMQ$J7A>u$N$b$N$r;H$C$?>l
9g$H!" 2hLL>e$N?^7A$KFC2=$7$?304Q$r;} $D$b$N$r ;H$C
$?>l 9g$H$rHf3S$7!" FC2=$7$?%G%P%$%9$r;H$&J} $, NI$$
@.@S$r=P$7$F$$$k!#$7$+$7!" 3FF~NO%G%P%$%9$O$=$l $>
$l $K@lMQ$N%?%V%l%C%H$N>e$G$7$+F0$+$; $J$$!&3F%G%P
%$%9$, Bg$-$/ !" F1;~$KA`:n $G$-$k$N$OFs8D!" $H$$$C$?
ITHw$, $"$k!#

%@%V%k%%̂&%910) $O!" %%̂&%9$rFs8D;HMQ$9$k%$%s%?!<
%U%'!<%9$G$"$k!#Fs$D$NA`:n BP>]$rJB9T$KA`:n $9$k;v
$, 2DG=$J;v $K2C$(!" 6k7AHO0O$N;XDj$G$O!" 6k7A$NC<E@
$r:8 1&$N%%̂&%9$G$=$l $>$l ;X<($9$l $P!" 0l $D$N%%̂&%9
$GFsE@$r;XDj$9$k$N$KHf$Y$F$h$j D>46E*$G$"$k$H$7$F
$$$k!#$^$?!" %"%$%3%s$N0\ F0$r$9$k:] $K!" $=$N0\ F085
$H0\ F0@h$r$=$l $>$l $N%%̂&%9$G;X<($9$k;v $G!" %%̂&%9
$N0\ F0NL$r :o 8: $G$-$k$H$7$F$$$k!#

Dual Touch $O9) !" 4{B8$N4605<0%?%C%A%Q%M%k$rMQ
$$$F5<;wE*$KMPIS $r<B8=$9$k%7%9%F%$̀G$"$k!#$?$@
$7Fs2U=j $^$G$7$+%]%$%s%H$G$-$: !" $^$?Fs$D$N%]%$%s



%H2U=j $rF1;~ $KF0$+$9;v $O$G$-$J$$!#
N><j $rMQ$$$?JB9TA`:n $NM-8z@-$K$D$$$F$O!" ?t B?$/

$N8&5f $, $"$k!# Buxton $ON><j $K$h$kA`:n $r !" 0l $D$N
BP>] $KBP$9$kF~NO$N<oN`$rA}$90Y$KF3F~$7$F$$$k 1) !#
Kurten bach5) $dHinckley3) $O0l $D$N%?%9%/$rC#@.$9
$k$?$a$NN><j $K$h$k6(D4F0:n $NM-8z@-$r<($7$F$$$k!#

Pebbles6) $G$O!" J#?t$N%f!<%6!<$,0l Bf$E$DPalmPi-
lot $r;HMQ$7$F!" 6&M-$5$l $?2hLL>e$K$"$k3F<+$N%]%$
%s%?!<$rA`:n $G$-$k4D6-$r9=C[$7$F$$$k!#0l ?M$N%f!<
%6!< $, J#?t $N%]%$%s%?!< $r A`:n $9$k;v $OA[Dj$7$F$$
$J$$!#

3. Multiple Poin ting Input System

Multiple Pointing Input System $O!" J#?t $N0LCV
>pJs$rF1;~ $KF~NO$7!" GUI 2hLL>e$NJ#?t $N2U=j $r%]
%$%s%H$9$k;v $, $G$-$k%7%9%F%$̀G$"$k!# %f!< %6!< $O!"
N><j $N;X@h$rMQ$$$FJ#?t $N0LCV>pJs$rF~NO$9$k!#

3.1 MPIS $K$h$kA`:n
MPIS $, M-8z$KF/$/ $H9M$($i $l $k%7%J%j%*$r$$$/ $D

$+5s$2$k!#
J#?t %*%V%8%'%/%H$NF1;~ A`:n 2hLL>e$KJ#?t $NA`:n2D

G=$J%*%V%8%'%/%H$, $"$k>l 9g!" %f!<%6!<$O$=$l $i
$N%*%V%8%'%/%H$rFHN)$K%]%$%s%H$9$k;v $G!" F1;~
$KA`:n $9$k;v $, $G$-$k!#Nc$($P!" 2hLL>e$NJ#?t $N
%U%!%$%k%"%$%3%s$r!" ;X@h$G%]%$%s%H$9$k;v $GF1
;~$K%I%i%C%0$G$-$k!#@h$K5s$2$?%*!<%G%#%*%_%-
%5!<$N>l 9g!" J#?t $N%9%i%$%@!<$rJB9T$KA`:n $9$k
;v $, 2DG=$H$J$k!#

K-IY$J%*%V%8%'%/%HA`:n 0l $D$N%*%V%8%'%/%H$KBP$7
J#?t $N%]%$%s%F%#%s%0%G%P%$%9$rMQ$$$l $P!" J#;(
$J;X<($r $9$k;v $, $G$- $k!# Nc$( $PFs$D$N%]%$%s
%F%#%s%0%G%P%$%9$rMQ$$$l $P!" %*%V%8%'%/%H$N0\
F0$H2sE>$rF1;~ $K;X<($G$-$k!#
$^$?!" 3, AX%a%K%e!<$+$i %"%$%F%$̀rA*Br$9$k>l LL
$G$O!" 3, AX$, ?<$/ $J$kKh$KJL$N%]%$%s%F%#%s%0%G
%P%$%9$rMQ$$$F;X<($r$9$k;v $, $G$-$k$N$G!" %]%$
%s%F%#%s%0%G%P%$%9$r0\ F0$9$k<j 4V$rDc8: $G$-$k!#

CSCW 0l $D$N2hLL$r!" F1$8>l =j $K$$$kJ#?t $N%f!<
%6!<$G6&M-$9$k$h$&$J>l 9g!" 3F%f!<%6!<$O!" J*M}
E*$K6&M-$5$l $?2hLL>e$NMM!9 $J2U=j $rFHN)$K%]%$
%s%H$G$-$k!#

3.2 MPIS $N7ABV
$O$8$a$K!" %]%$%s%F%#%s%0%G%P%$%9$NJ, N`$r<($9!#

$3$l $i $N0c$$$OSPIS $K$*$$$F$O$=$l $[ $I 82Cx$J:9 $G
$O$J$+$C$?$, !" MPIS $K$*$$$F$O!" $=$NFC@-$rBg$-$/
:8 1&$9$k$b$N$H$J$k!#
J*M}%G%P%$%9$NM-L5 %]%$%s%F%#%s%0%G%P%$%9$O!" 2?

$i $+$NJ*BN$r<j $GA`:n $9$k$b$N(Nc:% %̂&%9) $H!"
;X@h$GD>@\%]%$%s%H$9$k$b$N(Nc:%?%C%A%Q%M%k)
$NFs$D$KJ, N`$G$-$k!#J*M}%G%P%$%9$rMQ$$$k$b$N

$G$O!" %f!<%6!<$O%G%P%$%9$+$i <j $rN%$7$F$b%G%P
%$%9$OA`:n J?LL>e$G@E;_ $7$F$*$j !" $=$N0LCV$OJ]
B8$5$l $k!# BP$7$F;X@h$G%]%$%s%H$9$k>l 9g$G$O!"
%f!<%6!< $, <j $rN%$9$H$=$N:BI8 $OJ] B8$5$l $J$$!#
K\O@J8$G$O0J9_FC$K<($5$J$$8B$j !" %G%P%$%9$H$$
$&C18l $r!" %%̂&%97?$NF~NO%G%P%$%9$G;HMQ$9$kJ*
M}%G%P%$%9$N0UL#$GMQ$$$k!#

D>@\/ 4V@\F~NO %G%#%9%W%l%$$HA`:n J?LL$, 0l CW$7$F
$$$k7ABV$rD>@\F~NO!" 0l CW$7$J$$>l 9g$r4V@\F~NO
$H8F$V!#D>@\F~NO$N>l 9g!" %f!<%6!<$O2hLL>e$r;X
@h$d%G%P%$%9$rMQ$$$FD>@\%]%$%s%H$9$k;v $, $G$-
$k!#4V@\F~NO$N>l 9g!" %G%#%9%W%l%$$K$O!" ;X@h$^$?
$O%G%P%$%9$, 2hLL>e$N$I $3$r%]%$%s%H$7$F$$$k$+
$r<($9$?$a$K!" %]%$%s%?!<$rI=<($9$kI, MW$,$"$k!#

3.3 MPIS $NJ, N`
A0@a$G<($7$?J, N`$K=>$&$H!" MPIS $O;M<oN`$N7ABV

$, 9M$($i $l $k!#
4V@\-M-%G%P%$%9 %f!< %6!< $OA`:n J?LL>e$GJ#?t $N%G

%P%$%9$rMQ$$$k!#3F%G%P%$%9$NA`:n J?LL>e$G$N0L
CV$, !" $=$N$^$^F~NO:BI8 $H$J$j !" %G%P%$%9$N0LCV
4X78$H2hLL>e$N%]%$%s%?!<$N0LCV4X78$OBP1~$7$F
$$$k!#%G%P%$%9$, J#?t $"$k;v $K5/ 0x$9$kLdBj$, $"
$k!#%f!<%6!<$, $"$k%]%$%s%?!<$rA`:n $9$k;~ !" BP
1~$9$k%G%P%$%9$K$=$N;~E@$G?($l $F$$$J$+$C$?>l
9g!" %f!<%6!<$O$^$: $=$N%G%P%$%9$K?($l $J$1$l $P
$J$i $J$$!#%G%P%$%9$, 0l $D$G$"$l $P!" <j C5$j $G%G
%P%$%9$K?($l $k;v $b2DG=$@$, !" J#?t $"$k>l 9g$O!"
%f!<%6!<$O%G%P%$%9$, CV$+$l $F$$$kA`:n J?LL$rL\
$G8+$J$1$l $P$J$i $J$$!#$=$N$?$a$N;k @~0\ F0$N%3
%9%H$, H/@8$9$k!#
%G%P%$%9$OHFMQ$J$b$N$NB>$K!" A`:n BP>]$KFC2=$7
$?$b$N$r;HMQ$9$k;v $b$G$-$k!#$=$N>l 9g!" %G%P%$
%9$N7A>u$d?' Ey$r!" A`:n BP>]$H$N4XO"@-$N6/ $$$b
$N$rA*Br$G$-$k!#

4V@\-L5%G%P%$%9 %f!< %6!< $OA`:n J?LL>e$KN><j $rCV
$-!" ;X@h$G%]%$%s%?!< $9$k!#%]%$%s%?!<$O!" ;X@h
$GA`:n J?LL$K?($l $?;~$K2hLL>e$KI=<($5$l $k!#$3
$N7ABV$G$O!" %f!<%6!<$OA`:n J?LL$rL\ $G8+$kI, MW
$O$J$/ !" ;k @~0\ F0$N%3%9%H$OH/@8$7$J$$!#

D>@\-M-%G%P%$%9 %f!< %6!< $O2hLL>e!" $^$?$O2hLL$,
Ej1F$5$l $?Bn>e$K%G%P%$%9$rG[CV$7A`:n $9$k!#4V
@\-M-%G%P%$%9$H$N0c$$$O!" BP1~$9$k2hLL>e$NA`
:n BP>]$, 4JC1$K;k G'$G$-$k$N$GFC$K%G%P%$%9$N7A
>u$rA`:n BP>]$KFC2=$; $: $H$bBP1~4X78$, 4JC1$KGD
0. $G$-$k;v $K$"$k!#$?$@$7!" %G%P%$%9$NBg$-$5$d
7A>u$K$h$C$F$O!" 2hLL$, %G%P%$%9$K1#$5$l $F$7$^
$&$?$a!" A`:n BP>] $N;k G'$, :$ Fq$K$J$k!#

D>@\-L5%G%P%$%9 %f!< %6!< $O2hLL>e$NA`:n BP>] $rD>
@\;X@h$G%]%$%s%H$9$k$?$a!" 4V@\-L5%G%P%$%9$K
Hf$Y$F$h$j D>46E*$JA`:n 46$, F@$i $l $k!# $7$+$7!"
;X@h$d<j $K$h$C$F2hLL$, $5$($. $i $l $k$?$a!" ;k G'



@-$ODc$/ $J$k!#
3.4 %G%P%$%9$HA`:n BP>] $N4XO"IU$1
4V@\-M-%G%P%$%9$NMPIS $K$*$$$F!" 2hLL>e$NA`:n

BP>]$KFC2=$7$?%G%P%$%9$rMQ$$$k>l 9g!" %G%P%$%9$HA`
:n BP>] $H$N4XO"$O8GDj$5$l $k!# 0l J} !" 0l HLE*$J GUI
4D6-$G$OF~NO%G%P%$%9$HA`:n BP>]$H$N4XO"$O8GDj$5$l
$F$$$J$$!#K\O@J8$G$OA0<T$N$h$&$J%G%P%$%9$r@lMQ%G
%P%$%9!" 8e<T$rHFMQ%G%P%$%9$H8F$s$G6hJL$9$k!#

MPIS $K$*$$$F@lMQ%G%P%$%9$rMQ$$$k;v $NMxE@$O!"
%G%P%$%9$HA`:n BP>]$H$N4XO"$, 0l L\ $GGD0. $G$-$k$H$$
$&E@$K$"$k!#A`:n J?LL>e$G;HMQ$9$k%G%P%$%9$N?t $, A}
$($k$K=>$C$F!" %G%P%$%9$H2hLL>e$NA`:n BP>]$H$N4XO"
$rGD0. $9$k$N$O:$ Fq$K$J$k!#

$7$+$7!" %G%P%$%9$HA`:n BP>]$N4XO"$O8GDj$5$l $F$$
$k$N$G!" ;HMQ$9$k2DG=@-$N$"$kA`:n BP>]$N?t $@$1%G%P
%$%9$rMQ0U$7$J$1$l $P$J$i $J$$!#$^$?!" 2hLL>e$NA`:n
BP>]$N<oN`$dG[CV$, %7%9%F%B̀&$+$i JQ99$5$l $?$j $9$k
>l LL!" Nc$($P2a5n$NG[CV$r:F8=$7$?$j %"%W%j%1!<%7%g
%s$r@Z$j BX$($?$j $9$k>l 9g!" A`:n J?LL>e$N%G%P%$%9$,
<+F0E*$K0\ F0$7$J$$8B$j !" %f!<%6!<$, %G%P%$%9$r%7%9
%F%$̀, <($90LCV$KG[CV$7D>$9<j 4V$, @8$8$k!#

MPIS $K$*$$$FHFMQ%G%P%$%9$rMQ$$$k>l 9g!" @lMQ%G
%P%$%9$N7gE@$H$7$F5s$2$?<j 4V$O@8$8$J$$$, !" 2hLL
>e$NA`:n BP>] $H%G%P%$%9$H$r4XO"IU$1$k<j 4V$, @8$8!"
$^$?$=$N4XO"$r%f!< %6!< $OGD0. $7$F$$$kI, MW$, $"$k!#
SPIS $G$O$=$N4XO"$OM#0l $D$G$"$k$?$a!" :8 5-$N<j 4V
$OLdBj$K$J$i $J$$$, !" MPIS $K$*$$$F$O$=$N<j 4V$O;H
MQ$9$k%G%P%$%9$N?t $@$1@8$8$k$N$G!" $3$l $i $N<j 4V$r
Dc8: $9$k$?$a$N9) IW$, I, MW$H$J$k!#

4. %W%m%H%?%$%W<BAu

2f !9 $OMPIS $N%W%m%H%?%$%W$H$7$F!" <B8=$9$k$N
$, MF0W$J!" 4V@\F~NO-M-%G%P%$%97?$NMPIS $r9=C[$7
$?!#$3$N%W%m%H%?%$%W$O%S%G%*F~NO$rMQ$$$?FH<+$N$b
$N$G!" F1;~$K8 2U=j $^$G%]%$%s%H$G$-$k!#

4{B8$N%]%$%s%F%#%s%0%G%P%$%9$K$h$k MPIS $N9=C[
$O8! F$$N7k2LITE,$G$"$k$HH=CG$7$?!#0J2<$K4JC1$K$=
$N8! F$FbMF$r<($9!#

USB %%̂&%9$rJ#?t @\B3$7$F;H$&$N$O!" 3F%G%P%$%9
$, Bg$-$/ !" ;X@h$G07$&$N$OFq$7$$!#$^$?!" @dBP:BI8 CM
$r7WB,$G$-$J$$$?$a!" J#?t ;HMQ$7$?:] $K3F%G%P%$%9$N
:BI8 7O$NIT@09g$K5/ 0x$9$kLdBj$, @8$8$k!#Nc$($PN><j
$G%%̂&%9$rF1$88~$-$KJB9T$KF0$+$7$?$D$b$j $G$b!" $=
$l $>$l $N%%̂&%9$N8~$-$, 0c$($P2hLL>e$N%]%$%s%?!<$N
F0$-$OF1$88~$-$K$O$J$i $J$$!#$^$?!" A`:n J?LL>e$G$O
%%̂&%9F1;N$r@\?($5$; $?$D$b$j $G$b!" 2hLL>e$K$=$l $,
H?1G$5$l $J$$>l 9g$, @8$8$k (?^ 2)!#

Wacom <R$N%?%V%l%C%H$O8=:_ $OF1;~$KFs8D$^$G$7
$+F~NO%G%P%$%9$r07$($J$$!#%]%R%%̂9%;%s%5!<$OM-@~
$G$"$k$?$a!" Bn>e$GJ#?t 8D07$&$N$K$OIT8~$-$G$"$k!#
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camera lights
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ÆþÎÏ¥Ç¥Ð¥¤¥¹

ÁàºîÂÐ¾Ý

ÆþÎÏ¥Ç¥Ð¥¤¥¹
¤ÎÆ°¤­

¥Ý¥¤¥ó¥¿¡¼
¤ÎÆ°¤­

?^ 2 4V@\:BI8 F~NO$K5/ 0x$9$kLdBj

4.1 %O!< %I%&%'%"
F)L@$J%"%/%j%kHD!y $rE7HD$KMQ$$$?4y$r ;HMQ$7!" 3F

%G%P%$%9$O$=$N>e$GA`:n $9$k!#$=$NMM;R$rHD$N2<B&$+
$i %S%G%*%+%a%i!y !y $G;# 1F$7!" $=$N2hA|$r2r@O$7$F3F%G
%P%$%9$N:BI8 $r7WB,$9$k!# ?^ 1 $KA4BNA|$r<($9!#

3F%G%P%$%9$O!" DlLL$K%G%P%$%9Kh$K0[ $J$k?' $NIU$$
$?%U%'%k%H@8CO$rE=$k!#$3$N?' $r$b$H$K3F%G%P%$%9$r
<1JL$9$k!#%U%'%k%H@8CO$rMQ$$$?M}M3$O!" %"%/%j%kHD
$N>e$GA`:n $9$k>e$GK`;$ $r7Z8: $9$k$?$a$G$"$k!#%G%P
%$%9$N7A>u$K$O@)Ls$O$J$$$, !" %S%G%*%+%a%i$+$i 8+$F
M>7W$JIt J, $, 8+$($J$$$h$&$K%U%'%k%H@8CO$rE=$kI, MW
$, $"$k!#DlLL$N7A$K$O@)Ls$O$J$$$, !" G'<1@:EY$r8~>e
$5$; $k$?$a!" $"$kDxEY$NBg$- (8=>u$G$O1cm 3QDxEY)
$, I, MW$H$J$k!#%G%P%$%9$K%\%?%sEy$rIU2C$7$F!" 0LCV
>pJs0J30$N>pJs$r2C$($k;v $O$G$-$J$$$, !" 8e=R$9$kJ}
K!$K$h$j !" %G%P%$%9$N9b$5$^$?$O79$-$r7WB,$9$k;v $O
2DG=$G$"$k!#?^ 3 $K<($9$h$&$K!" %G%P%$%9$OHFMQ%G%P

!y 5mm 8| $N$b$N$G!" >/ $7$?$o$`$, <B83$K$O;Y>c$O$J$+$C$?
!y !y SONY DCR TR V900



?^ 3 :8 $OHFMQ%G%P%$%9$NNc!# 1&$O@lMQ%G%P%$%9$NNc$G!" >e$N$b$N

$OF0$-$KJ*M}E*@)Ls$N$"$k$b$N

%$%9$G$b@lMQ%G%P%$%9$G$bNI$$!#HFMQ%G%P%$%9$K$O<g
$K16mm 3Q$NLEGO %V%m%C%/$rMQ$$$F$$$k!#

2hLL$O!" 4y$N>e$KCV$$$?1U>=%G%#%9%W%l%$$KI=<($9
$k!#D>@\F~NO$r<B8=$9$k$?$a$K1U>=%W%m%8%'%/%?!<$r
;HMQ$7$FEj1F$9$k;v $b8! F$$7$?$, !" Ej1F$9$k$?$a$K$O
HD$OH>F)L@$J$b$N$r;HMQ$9$kI, MW$, $"$k!#$7$+$7$=$N
>l 9g!" HD$N2<$+$i ;# 1F$7$?2hA|$O:L EY$, ITB-$7!" 7WB,
$K;Y>c$r$-$?$9;v $, $o$+$C$F$$$k!#$^$?!" Ej1F$5$l $?
2hA|$, 8mG'<1$N860x$H$b$J$k!#$3$l $OJP8wHD$r;H$&;v
$G2r7h$G$-$k$, !" $=$N>l 9gF~NO2hA|$NL@EY$, 8: >/ $7!"
7WB,$K;Y>c$r$-$?$9!#

%S%G%*%+%a%i$O9bB.%7%c%C%?!< %b!< %I (1/1000 IC)
$K@_Dj$7$F$$$k!#$3$l $O!" 0\ F0$9$k%G%P%$%9$r;# 1F$7
$?$H$-$K@8$8$k%V%l$r6KNOM $̂($k$?$a$G$"$k!#DlLL$N
A|$, %V%l$k$HGX7J$H:. ?' $5$l $F$7$^$$!" ?' $r@5$7$/ <1
JL$G$-$J$/ $J$k!#

F~NO2hA|$N%3%s%H%i%9%H$r8~>e$5$; $k$?$a!" 4y$N2<
It $K8w8; $r@_CV$7!" %G%P%$%9$NDlLL$r>HL@$7$F$$$k!#
?' $K1F6A$rM?$($J$$$h$&!" Gr?' $K6a$$8w8; $rMQ$$$?!#
$^$?!" %S%G%*%+%a%i$r9bB.%7%c%C%?!< %b!< %I$K@_Dj$7
$F$$$k$?$a!" 7V8wEtEy$NE@LG$9$k8w8;$O;HMQ$G$-$J$$!#
$^$?!" 308w$N1F6A$rM $̂($k$?$a$K!" 3F=j $K<W8wHD$r@_
$1$F$$$k!#

4.2 %S%G%*2hA|2r@O
%S%G%*%+%a%i$OPC $K@\B3$5$l $F$*$j !" $3$NPC $G

2hA|$r2r @O$7!" 3F%G%P%$%9$N:BI8 $r7WB,$7$F$$$k!y !#
?^ 4 $K2hA|2r@O$NMM;R$r<($9!#

%S%G%*%+%a%i$+$i $NF~NO2hA|$O%-%c%W%A%c!< %+!<
%I!y !y $K$h$j !" 320 � 240 %T%/%;%k$GLs 50000?' $N2r
A|EY$N%G%8%?%k2hA|$KJQ49$5$l $k (?^ 4-1)!# $3$N2hA|
%G!<%?$+$i !" $"$i $+$8$aEPO?$5$l $?3F%G%P%$%9$NDlLL
$N?' $rCj=P$9$k (?^ 4-2)!# $3$N$H$- !" CCD $NFC@-$N
$?$a$KF~NOCM$K$P$i $D$-$, @8$8$k$N$H!" 4y>e$N0LCV$K
$h$C$F>HL@$N6/ $5$K:9 $, $"$k$?$a!" F1$8DlLL$N?' $G$b
$=$NF~NOCM$K$OI} $, @8$8$k!#$=$3$G!" EPO?$9$k3F%G%P
%$%9$NDlLL$N?' $O!" $"$i $+$8$aI} $r;} $?$; $FEPO?$7$F
$*$/ !#

<! $K!" %N%$%:$r=| 5n$9$k (?^ 4-3)!# %N%$%:=| 5n%"%k

!y PC $OAMD A thlon600 %W%m%;%C%5$rEc:\ $7$? ATX ;EMM$N

$b$N$G!" OS $K$OLin ux-2.2.14 kernel $rMQ$$$?!#
!y !y Bt848A %A%C%W$r;HMQ

%4%j%:%$̀O!" CmL\ $7$F$$$k%T%/%;%k$*$h$S6aK58 %T%/
%;%k$N$&$A!" 8 %T%/%;%k0J>e$N%T%/%;%k$, F1$8%G%P%$
%9$N?' $G$"$l $P$=$l $r:NMQ$7!" $=$&$G$J$1$l $P%N%$%:
$H$_$J$7=| 5n$9$k!" $H$$$&$b$N$G$"$k!#

$3$&$7$F;D$C$?%T%/%;%k$N:BI8 $NJ?6QCM$r !" BP1~
$9$k%G%P%$%9$N:BI8 CM$H$7$FMQ$$$k!# $3$N:BI8 CM$r !"
640� 480 %T%/%;%k$K3HBg$9$k!# %G%P%$%9$NDlLL$, =<
J, $KBg$-$/ $F%N%$%:$, >/$J$1$l $P!" 3HBg$7$F$b=<J, $J
@:EY$, F@$i $l $k!# 7P83E*$K$O1cm 3FDxEY$"$l $P$h$$
(%N%$%:=| 5n8e$G400 %T%/%;%kDxEY)!#

0J>e$N=hM}$OHs>o$K4JC1$G$"$k$, 8N$K!" 9bB.$J7WB,
$, 2DG=$H$J$C$F$$$k!# 8=9T$N<BAu$G$OKhIC 30scan$r
C#@.$7$F$*$j !" $3$l $O%S%G%*F~NO$N>e8B(KhIC 30 %U
%l!< % )̀ $+$i Mh$k8B3&$KC#$7$F$$$k!#

2C$($F:# 2s9=C[$7$?%7%9%F%$̀G$O!" %G%P%$%9$KBP1~
$9$k%T%/%;%k$N?t $rF~NO$N0l $D$H$7$F7WB,$7$F$$$k!#
$"$k%G%P%$%9$N%T%/%;%k?t $, !" %G%P%$%9$, %"%/%j%kHD
$K@\CO$7$F$$$k;~$N%T%/%;%k?t $h$j $b>/$J$1$l $P!" $=
$N%G%P%$%9$O;} $A>e$2$i $l $F$$$k$+79$1$i $l $F$$$k$H
H=CG$G$-$k!#K\%7%9%F%$̀G$O$3$N>pJs$r!" %G%P%$%9$K
BP$9$k%f!<%6!<$NA`:n $N$R$H$D$H$7$F:NMQ$7$?!#$?$@
$7!" ;} $A>e$2A`:n $H79$1A`:n $r<1JL$9$k;v $O$G$-$J$$!#
8=9T$N<BAu$G$O!" @\CO;~ $N%T%/%;%k?t $N90%DxEY$K
ogCM$r@_$1$k$H!" A`:n J?LL$N$I $N2U=j $K$*$$$F$b$3$N
A`:n $r8m$i $: $KG'<1$9$k;v $, $G$-$k!#$3$l $O!" %"%/%j
%kHD$+$i 2cm DxEY$N9b$5$K;} $A>e$2$k;v $KAjEv$9$k!#
M}A[E*$K$O!" A`:n J?LL$H%G%P%$%9DlLL$H$, @\?($7$F$$
$k$+$I $&$+$rG'<1$9$k$Y$-$@$, !" :# 2s$N<BAu$G$OG'<1
$9$k;v $O$G$-$J$$!#

4.3 ;EMM!! !! !! !! !!
K\%W%m%H%?%$%W$N;EMM$rI= 1 $K<($9!#

I= 1 %W%m%H%?%$%W%7%9%F%;̀EMM

F1;~ F~NO%]%$%s%H 8 2U=j

7WB,B.EY 30 2s/ IC

:BI8 CM2rA|EY 640� 480 %T%/%;%k

A`:n J?LL<B@# 320mm � 240mm

4.4 HFMQ%G%P%$%9;HMQ;~ $N4XO"IU$1A`:n
3.4 @a$G=R$Y$?$h$&$K!" HFMQ%G%P%$%9$rMQ$$$k>l 9g!"

2hLL>e$NA`:n BP>]$H%G%P%$%9$H$N4XO"IU$1A`:n $r<BAu
$9$kI, MW$, $"$k!#0l HLE*$J%]%$%s%F%#%s%0%G%P%$%9$G
$O%\%?%s$rMQ$$$F!" 1) %]%$%s%?!< $rA`:n BP>] $K=E$M
$F!" 2) %\%?%s$r2! 2<$9$k!" $H$$$&<j =g$G4XO"IU$1$r;X
<($9$k$, !" :# 2s:n @.$7$?HFMQ%G%P%$%9$G$O%\%?%s$N$h
$&$JF~NOAuCV$OIU2C$G$-$J$$!#$=$3$G!" :# 2s:n @.$7$?
MPIS $G$O0J2<$NFs<oN`$N<j K!$r<BAu$7$?!#
%G%P%$%9$N;} $A>e$2A`:n $K$h$k;X<( %G%P%$%9$r;} $A

>e$2$k$H!" 2hLL>e$NBP1~$9$k%]%$%s%?!<$rH>F)L@
I=<($5$l $k!#$3$N>uBV$G%]%$%s%?!<$rBP>]$H$9$k
%*%V%8%'%/%H$K=E$M!" %G%P%$%9$rA`:n J?LL$K$*$m



(a)

(b)

(c)

?^ 4 2hA|2r@O$N3FCJ3,

$9$H!" %G%P%$%9$HA`:n BP>] $, 4XO"IU$1$i $l $k (?^
5)!#$^$?%G%P%$%9$r;} $A>e$2$k$H!" $3$N4XO"$O@Z
$j N%$5$l $k!#
8=:_ $N<BAu$G$O!" ;} $A>e$2A`:n $rG'<1$G$-$k9b$5
$NogCM$OLs 2cm $G$"$k!# %G%P%$%9$r;} $A>e$2$k
%3%9%H$, 9b$$$N$H!" %G%P%$%9$r;} $C$F$$$k<j $G$O
B>$N%G%P%$%9$rA`:n $G$-$J$$$?$a$KJBNsEY$, 8: $8
$k$H$$$&7gE@$, $"$k!#

%]%$%s%?!<$N@\?($K$h$k;X<( %]%$%s%?!<$r%*%V%8%'
%/%H$K@\?($5$; $k$H!" %G%P%$%9$HA`:n BP>]$, 4XO"
IU$1$i $l $k!#A0=R$N%3%9%H$O@8$8$J$$$, !" L\ E*$N
%*%V%8%'%/%H$H%]%$%s%?!< $H$N4V$KJL$N%*%V%8%'
%/%H$, $"$k>l 9gEy$K!" %]%$%s%?!< $NF0$- $, @)8B
$5$l $F$7$^$&!# $^$?!" 4XO"IU$1$N@Z$j N%$7$r;X<(

?^ 5 %G%P%$%9$N;} $A>e$2A`:n $K$h$k4XO"IU$1A`:n

?^ 6 %"%W%j%1!< %7%g%s:%9%i%$%@!<

$9$kJ} K!$, $J$$$N$G!" %G%P%$%9$N;} $A>e$2A`:n $r
J; MQ$9$k$+!" 2hLL>e$NFCDj$N>l =j $K%*%V%8%'%/%H
$r;} $C$F$$$/ $H@Z$j N%$9!" $H$$$C$?=hM}$, I, MW$H
$J$k!#

5. %"%W%j%1!< %7%g%s

A0>O$N%W%m%H%?%$%W%7%9%F%>̀e$GF0:n $9$kI>2AMQ%"
%W%j%1!<%7%g%s$r :n @.$7$?!#

5.1 %9%i%$%@!<
?^ 6 $O!" %9%i%$%@!<$rJ#?t G[CV$7$?%"%W%j%1!<%7%g

%s$G!" %*!<%G%#%*%_%-%5!<$NA`:n Bn$rLO$7$F$$$k!#$=
$l $>$l $N%9%i%$%@!<$K$O0l $D%G%P%$%9$, BP1~$7$F$*$j !"
%G%P%$%9$NA`:n J?LL>e$G$N1| 9T$-J} 8~$N:BI8 CM$, %9%i
%$%@!<$NCM$KBP1~$7$F$$$k!#:8 1&J} 8~$N:BI8 CM$O;HMQ
$7$J$$!#8=:_ $N<BAu$G$O!" %G%P%$%9$H%9%i%$%@!< $NBP
1~$O8GDj$5$l $F$$$k$?$a!" %G%P%$%9$rF~$l 49$($k$H!"
2hLL>e$N%9%i%$%@!<$N0LCV4X78$H!" A`:n J?LL>e$N%G%P
%$%9$N0LCV4X78$OBP1~$7$J$/ $J$k!#$^$?!" 3F%G%P%$%9
$N0\ F0$K$OJ*M}E*@)Ls$r@_$1$F$$$J$$!#

5.2 %=!< %H!! !! !!
2hLL>e$K$O?t ;z $, =q$+$l $?8 8D$N6k7A$, CV$+$l $F$*

$j !" Ho83<T$O$=$l $i $r?t ;z $N>. $5$$=g$K!" 7h$a$i $l $?
2U=j $K@0Ns$5$; $k;v $, 5a$a$i $l $k!#?^ 7 $N2<It $KG[CV



?^ 7 %"%W%j%1!< %7%g%s:%=!< %H(HFMQ%G%P%$%9)

?^ 8 %"%W%j%1!< %7%g%s:0LCV9g$o$; (@lMQ%G%P%$%9)

$5$l $F$$$k$N$, A`:n BP>]$H$J$k6k7A$G$"$k!#2hLL>eIt
$K$O$3$l $i $N;%$rG[CV$5$; $k>l =j $rOH$G<($7$F$$$k!#
$3$N%"%W%j%1!<%7%g%s$G$O@lMQ%G%P%$%9$HHFMQ%G%P%$
%9$NN>J} $r<BAu$7$F$$$k!#HFMQ%G%P%$%9$rMQ$$$k>l 9g
$N4XO"IU$1A`:n $O!" 4.4 @a$G=R$Y$?Fs$D$NJ} K!$r$=$l
$>$l <BAu$7$?!#%]%$%s%?!<$HA`:n BP>]$H$N@\?($r4XO"
IU$1A`:n $H$9$kJ} K!$G$O!" ;%$, L\ E*$N6k7A$NCf$KF~$C
$?;~ $K4XO"IU$1$r<+F0E*$K2r>C$9$k$h$&$K$7$F$$$k!#

5.3 0LCV9g$o$;
Ho83<T$O;M$D$N%*%V%8%'%/%H$rA`:n $9$k!#2hLL>e$K

$O3F%*%V%8%'%/%HKh$KL\ E*$N>l =j $H8~$-$, <($5$l $F$*
$j !" Ho83<T$O$9$Y$F$N%*%V%8%'%/%H$r!" ;XDj$5$l $?0L
CV$H8~$-$K9g$o$; $k;v $, 5a$a$i $l $k!# ;M$D$N%*%V%8%'
%/%H$N$&$AFs$D$O!" $5$i $KD9$5$, 2DJQ$G$"$j !" ;XDj$5
$l $?D9$5$K9g$o$; $k;v $, 5a$a$i $l $k!#

$3$N%"%W%j%1!<%7%g%s$G$O@lMQ%G%P%$%9$HHFMQ%G%P
%$%9$NN>J} $r<BAu$7$F$$$k!#@lMQ%G%P%$%9$rMQ$$$k>l
9g$O!" $3$l $i $N%*%V%8%'%/%H$HF1Ey$N7A$r$7$?F~NO%G
%P%$%9$rDs6! $9$k!# D9$5$, 2DJQ$J%*%V%8%'%/%H$G$O!"
F~NO%G%P%$%9$b!" J*M}E*$KD9$5$, 2DJQ$JF~NO%G%P%$%9
$rDs6! $9$k!#

HFMQ%G%P%$%9$r MQ$$$k>l 9g$O!" 0J2<$N<j =g$G%*%V
%8%'%/%H$rA`:n $9$k!# $^$: !" %*%V%8%'%/%H$K:G=i $K4X
O"IU$1$7$?F~NO%G%P%$%9$G!" %*%V%8%'%/%H$N0LCV$rF0
$+$9;v $, $G$-$k!#$=$7$FFsHVL\ $K4XO"IU$1$?F~NO%G%P
%$%9$G!" %*%V%8%'%/%H$N8~$-$dD9$5$rA`:n $G$-$k!#

5.4 4Q;! 7k 2L
8=;~E@$G$O$^$@I>2A<B83$O<B;\ $7$F$$$J$$!#K\@a$G

$O!" 2 L>$NHo83<T$K>e5-$N%"%W%j%1!< %7%g%s$rA`:n $7
$F$b$i $C$?;~ $N4Q;! $+$i F@$?CN8+$r=R$Y$k!#

%9%i%$%@!<$NA`:n $+$i !" J#?t $N%G%P%$%9$K$h$kJB9T
A`:n $O8z2L$, $"$k;v $, J, $+$C$?!#%f!<%6!<$K$O!" %9%i
%$%@!<$r9g$o$; $k@h$NL\ I8 $r!" $"$kDxEY$NI} $rM?$($F
2] $7$F$$$k!#$3$NI} $, Bg$-$$>l 9g!" $9$J$o$ACM9g$o$;
$K@:EY$, MW5a$5$l $J$$>l 9g$OJB9TA`:n $N8z2L$, I=$l $k!#
$7$+$7!" I} $r>.$5$/ $7$F@:EY$, MW5a$5$l $k$h$&$K$J$k
$H!" %f!<%6!<$OHyD4@0$N0Y$K3F%G%P%$%9$rC`<!E*$KF0
$+$9$h$&$K$J$C$?!#

J#?t $N%G%P%$%9$rMQ$$$k;v $K$h$kJB9TA`:n $N8z2L$O
%=!<%HA`:n $K$b8+$i $l $k$, !" HyD4@0CJ3, $G$NJBNsEY$N
Dc2<$, $d$O$j 8+$i $l $?!y !#

%=!<%HA`:n $G$O!" 4XO"IU$1A`:n $r!" ;} $A>e$2A`:n $+
$i %]%$%s%?!<$N@\?(A`:n $KJQ$($k;v $G!" 2] BjA4BN$NC#
@.;~4V$, C;$+$/ $J$k798~$, 8+$i $l $?!#FC$K!" 4XO"IU$1
$N0Y$K%G%P%$%9$r;} $A>e$2$F$$$k4V$OJB9TA`:n $, $^$C
$?$/ 9T$o$l $J$$798~$, $"$k!#$3$l $O!" 8=:_ $N<BAu$G$O
%G%P%$%9$r;} $A>e$2$F$$$k4V$OF@$i $l $k:BI8 CM$, IT0B
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