%\ %j %e !< %‘ %l %s %@ %j %s %0 @l MQ JB Ns 7W ;; 5! ReV olv er/C40 $N %7 %’ !< %G %# %s %0 %9 %F !< %8 $N @_ 7W LZ LJ K’ 9T Fb MF 9< 35 %\ %j %e !< %‘ %l %s %@ %j %s %0 $O !" 0e NE 2h A| $N @8 @. <j K! $H $7 $F !" $^ $? 2J 3X 5; =Q 7W ;; $N 7k 2L $N 2D ;k 2= <j CJ $H $7 $F =E MW ;k $5 $l $F $$ $k !# $7 $+ $7 !" $3 $N <j K! $O KD Bg $J 5- 21 MF NL $H 7W ;; NL $r MW $9 $k $? $a !" Ev 8& 5f << $G $O %\ %j %e !< %‘ %l %s %@ %j %s %0 @l MQ JB Ns 7W ;; 5! ReV olv er/C40 $r 3+ H/ Cf $G $" $k !# ReV olv er/C40 $O 2h A| @8 @. =h M} $r ;k @~ @8 @. / %T %/ %; %k CM 7W ;; / %7 %’ !< %G %# %s %0 =h M} $H $$ $& 3 $D $N =h M} $K J, 3d $7 !" %Q %$ %W %i %$ %s =h M} $r 9T $& $3 $H $K $h $C $F 9b B. I= <( $r 2D G= $H $7 $F $$ $k !# >e 5- $N 3 $D $N =h M} $r $9 $k %9 %F !< %8 $r $= $l $> $l !" ;k @~ @8 @. %9 %F !< %8 (R CS), %T %/ %; %k CM 7W ;; %9 %F !< %8 (PCS), %7 %’ !< %G %# %s %0 %9 %F !< %8 (SS) $H $9 $k !# K\ 9F $G $O !" ReV olv er/C40 $K $* $$ $F %7 %’ !< %G %# %s %0 =h M} $r 9T $& !" %7 %’ !< %G %# %s %0 %9 %F !< %8 $N 9= @. $H <B Au $K $D $$ $F =R $Y $k !# %7 %’ !< %G %# %s %0 $H $O !" 8w 8; >p Js $r MQ $$ $F @8 @. 2h A| $N 51 EY $r Jd @5 $9 $k $3 $H $K $h $j !" 2h A| $K 8= <B 46 $r ;} $? $; $k <j K! $G $" $j !" ReV olv er/C40 $G $O depth gradien t shading $N <j K! $r :N MQ $7 $F $$ $k !# $3 $N <j K! $O !" 2h A| @8 @. $G F@ $i $l $? ?< $5 %P %C %U %! !" $9 $J $o $A %9 %/ %j !< %s >e $N 3F %T %/ %; %k $4 $H $K ;k E@ $H I= LL %\ %/ %; %k 4V $N 5w N% ( ?< $5 ) $r 3J G< $7 $? 2 <! 85 G[ Ns $r MQ $$ $F I= LL $N 8{ G[ $r 7W ;; $7 !" %T %/ %; %k $N 51 EY $r 5a $a $k %T %/ %; %k %" %W %m !< %A $N 0l <o $G $" $k !# $^ $? !" 8{ G[ 7W ;; $N :] $K X/Y J} 8~ $= $l $> $l $K $D $$ $F L\ E* $N %T %/ %; %k $r Cf 1{ $K 4^ $‘ ?t %T %/ %; %k $N 6h 4V NN 0h $r <h $j =P $7 !" $= $N N> C< $N ?< $5 $r MQ $$ $F 8{ G[ $r 5a $a $F $$ $k $? $a !" =h M} Fb MF $, 4J AG $G 9b B. 2= $K E, $7 $F $$ $k !# $3 $N $? $a !" <o !9 $N %\ %j %e !< %‘ %l %s %@ %j %s %0 @l MQ 7W ;; 5! $K $* $$ $F :N MQ $5 $l $F $$ $k !# %7 %’ !< %G %# %s %0 %9 %F !< %8 $O !" Bg $- $/ J, $1 $F ;0 $D $N =h M} $, $" $j !" Pixel T ranceiv er (PT) !" Shading Unit (SU) !" Video Signal Generator (VSG) $H 8F $V !# $= $l $> $l $N =h M} Fb MF $O !" %T %/ %; %k CM 7W ;; %9 %F !< %8 $+ $i <u $1 $H $C $? %T %/ %; %k $N %G !< %? $r Shading Unit $K Aw ?. / %7 %’ !< %G %# %s %0 =h M} / %S %G %* ?. 9f $N @8 @. $G $" $k !# $3 $N $h $& $K 3 $D $K =h M} $r J, 3d $9 $k $3 $H $K $h $C $F !" Shading Unit $, %T %/ %; %k CM $N <u $1 <h $j $d 2h A| =P NO $H $$ $& HK ;( $J =h M} $r 5$ $K $9 $k $3 $H $J $/ %7 %’ !< %G %# %s %0 =h M} $r 9T $& $3 $H $, $G $- $k !# Shading Unit $K $* $$ $F !" depth gradien t shad- ing $N <j K! $r MQ $$ $F !" %T %/ %; %k CM $K %7 %’ !< %G %# %s %0 =h M} $r 9T $& $, !" >e =R $7 $? $h $& $K $= $N :] $K I, MW $J %G !< %? $r <h $j =P $9 $N $K $O 6I =j @- $, $" $k !# $h $C $F !" 2h LL $r 4 � 4 $N 16 J, 3d $7 !" $= $l $> $l $r 0l $D $N Pro- cessing Elemen t(PE) $K 3d $j Ev $F $k $3 $H $G JB Ns =h M} $, $G $- !" 9b B. 2= $, 7W $l $k !# $7 $+ $7 !" PE 4V $G DL ?. $, @8 $8 $k $H =h M} B. EY $N Dc 2< $, 5/ $- $k !# $h $C $F !" Pixel T ransceiv er $, %T %/ %; %k CM 7W ;; %9 %F !< %8 $+ $i <u $1 <h $C $? %G !< %? $r $b $H $K $7 $F Shading Unit Fb $N $I $N PE $N C4 Ev $G $" $k $+ $r 7W ;; $7 !" K! @~ 7W ;; $K I, MW $J %G !< %? $r PE $K M> J, $K ;} $? $; $k $3 $H $G DL ?. $r KI $0 $3 $H $, $G $- $k !# $= $l $> $l 0l $D $N PE $O !" <u $1 <h $k $? $a $N %P %C %U %! Receiv e Bu�er(RB) $H 2h A| =P NO $N $? $a $N %U %l !< %‘ %P %C %U %! Output Bu�er(OB) $r ;} $A !" Cf ?4 $K %7 %’ !< %G %# %s %0 $r 9T $& Digital Signal Pro cessor (DSP) $G 9= @. $5 $l $k !# Receiv e Bu�er $O !" Pixel T ransceiv er $K $h $C $F %T %/ %; %k CM $J $I $r =q $- 9~ $^ $l !" DSP $K $h $C $F %T %/ %; %k CM $J $I $r FI $_ =P $5 $l $k !# $^ $? !" Output Bu�er $O !" DSP $K $h $C $F R GB CM $, =q $- 9~ $^ $l !" Video Signal Generator $K $h $C $F R GB CM $r FI $_ =P $5 $l $k !# $@ $+ $i !" Receiv e Bu�er $H Output Bu�er $O $= $l $> $l %@ %V %k %P %C %U %! 9= @. $K $J $C $F $$ $k !# $^ $? !" Video Signal Genera- tor $O !" Output Bu�er $K =q $- 9~ $^ $l $? %G !< %? $r <h $j $@ $7 !" D/A Con v erter $K F~ NO $9 $k $? $a $N CR T Con troller $H Digital ?. 9f $r Analog ?. 9f $K JQ 49 $9 $k D/A Con v erter $+ $i 9= @. $5 $l $k !# >e 5- $N $3 $H $r <B 8= $9 $k $? $a $K !" Pixel T ransceiv er $K $O !" FPGA(Field Programmable Gate Arra y) !" Receiv e Bu�er $O 9b B. SRAM $r MQ $$ $F 2 %P %s %/ 9= @. $K $7 !" Output Bu�er $K $O 2h A| MQ %^ %k %A %] !< %H %a %b %j (VRAM) $r ;H MQ $7 !" Video Signal Generator $O !" FPGA $H D/A Con v erter $r ;H MQ $7 $F $$ $k !# 1

$3 $N 9= @. $K $h $j !" %T %/ %; %k CM $N =q $- 9~ $_ / %7 %’ !< %G %# %s %0 =h M} / 2h A| I= <( $O FH N) $7 !" %U %l !< %‘ C1 0L $N %Q %$ %W %i %$ %s F0 :n $r 9T $& $3 $H $, 2D G= $H $J $C $? !# 2

A Design for the Shading Stage of the P arallel V olume Rendering Computer : ReV olv er/C40 Y oshiyuki KIW A T A The v olume rendering is an imp ortan t tec h- nique to generate medical images and to visu- alize results obtained b y scien ti�c computation. Since ho w ev er, this metho d requires an enormous storage and large computational p o w er, w e are dev eloping a parallel mac hine sp ecially for v ol- ume rendering: ReV olv er/C40. This mac hine can displa y images fast with a pip eline pro cess- ing of three indep enden t pro cesses:casting ra ys, calculating pixels and shading. Eac h of them is called the R ay Casting Stage , the Pixel Calcula- tion Stage and the Shading Stage . This pap er describ es a design for the Shading Stage of ReV olv er/C40. The goal of the Shading Stage is to shade the images generated b y the Pixel Calculation Stage. Shading is a metho d to correct in tensit y at eac h pixel in a generated image with ligh t source information, and to get the realistic image. The Shading Stage computes the in tensit y with the depth gr adient shading metho d. This is one of the pixel appr o aches , whic h calculates the surface gradien t and the in tensit y of pixels with a t w o- dimensional arra y , called a depth bu�er whic h con tains a depth , the distance from an ey e p oin t to a surface v o xel at eac h pixel in a screen. The depth gradien t shading is simple and �t for high- sp eed pro cessing b ecause it calculates a gradi- en t with only t w o depths at eac h end pixels of a short segmen t including the target pixel for b oth x-co ordinate and y-co ordinate. So, this metho d is adopted for v arious mac hines sp eci�ed for v ol- ume rendering. The Shading Stage includes three structures: the Pixel T ransceiv er (PT), the Shading Unit (SU) and the Video Signal Generator (VSG). Their pro cesses are receiving pixel v alues and transmitting them to the Shading Unit, shad- ing, and outputting images, resp ectiv ely . By di- viding the Shading Stage in to three comp onen ts, the Shading Unit can do shading without compli- cated pro cesses of receiving pixel and outputting the images. When the Shading Unit do es shading with the depth gradien t shading metho d, it accesses the limited part of the screen. So,the screen is dev- ided in to 16 comp onen ts and one Pro cessing Ele- men t is assigned to eac h of them. It enables par- allel and high-sp eed pro cessing. But a comm uni- cation among pro cessing elemen ts causes to do wn the pro cessing sp eed. So the Pixel T ransceiv er calculates whic h pro cessing elemen t receiv es the data with the data receiv ed from the Pixel Cal- culation Stage. It enables the comm unication among the pro cessing elemen ts for a pro cessing elemen t to receiv e extra data for calculating a normal v ector. Eac h pro cessing elemen t has a pixel v alue receiv e bu�er, the R e c eive Bu�er , and a frame bu�er for image output, the Out- put Bu�er , and has a Digital Signal Pr o c essor (DSP) as a k ernel for the shading pro cess. The Receiv e Bu�er is written the pixel v alue on b y the Pixel T ransceiv er and is read b y a DSP . The Output Bu�er is written the R GB v alue on b y a DSP and is read b y the Video Signal Gener- ator. Both the Receiv e Bu�er and the Output Bu�er adopt the double bu�er mec hanism. The Video Signal Generator has a CR T c ontr ol ler and a D/A con v erter. The CR T con troller reads the data written in the Output Bu�er and inputs on the D/A con v erter. The D/A con v erter con v ert a digtal signal to an analog signal. T o realize the ab o v e things, A Field Pr o- gr ammable Gate A rr ay (FPGA) is used as the Video Signal Generator. A Tw o-bank memory with high-sp eed SRAM are used as the Receiv e Bu�er. A m ulti-p ort memory sp eci�ed for images (VRAM) is used as the Output Bu�er. A FPGA 3 and a D/A con v erter are used as the Video Signal Generator. This structure enabled the Shading Stage to get the three pro cesses indep enden t from eac h other, and to w ork on pip eline at a frame unit. 4

1 $O $8 $a $K 8= <B $N ;~ 6u 4V $d 7W ;; %b %G %k $K $* $1 $k %* %V %8 %’ %/ %H $d <+ A3 8= >] $N B? $/ $O !" 3 <! 85 $N %\ %j %e !< %‘ %G !< %? $G M? $( $i $l $k !# $3 $3 $G !" %\ %j %e !< %‘ %G !< %? $H $$ $& $N $O Fb It >p Js $r H< $C $? 3 <! 85 $N %G !< %? $G $" $k $? $a !" %] %j %4 %s $d @~ J, $H $$ $C $? 4v 2? MW AG $+ $i $O !" K\ <A E* $K 9= @. IT 2D G= $J >l 9g $, $" $k !# $3 $N $h $& $J %\ %j %e !< %‘ %G !< %? $r 2D ;k 2= $9 $k <j K! $H $7 $F !" %\ %j %e !< %‘ %l %s %@ %j %s %0 $, $" $k !# $3 $3 $G !" %\ %j %e !< %‘ %G !< %? $H $O !" @0 ?t 3J ;R :B I8 CM $r $b $D %\ %j %e !< %‘ $N :G >. 6u 4V C1 0L ( %\ %/ %; %k ) $+ $i 9= @. $5 $l $k !# %\ %/ %; %k $O !" $$ $o $P %T %/ %; %k $N 3 <! 85 HG $G $" $j !" <+ ?H $K 4X O" $7 $? 0l $D 0J >e $N ?t CM ( ?’ , IT F) L@ EY , L) EY $J $I ) $r ;} $C $F $$ $k !# %\ %j %e !< %‘ %l %s %@ %j %s %0 $H $O !" 3 <! 85 6u 4V $K G[ CV $5 $l $? %G !< %? $r D> @\ 2 <! 85 $N %9 %/ %j !< %s >e $K Ej 1F $9 $k $3 $H $K $h $j !" 3 <! 85 6u 4V $r 2D ;k 2= $9 $k <j K! $G $" $k !# $9 $J $o $A !" %\ %j %e !< %‘ %G !< %? $N L@ 3N $J 9= B$ $O 2> Dj $; $: !" $‘ $7 $m 6u 5$ Cf $K I: $& N3 ;R $+ $i $J $k H> F) L@ $N %2 %k MM $N 7A >u %b %G %k $r 2D ;k 2= $N $h $j $I $3 $m $H $7 $F $$ $k !# %\ %j %e !< %‘ I= 8= $O !" 0l @Z $N %G !< %? %; %C %H $r 0] ;} $7 $? $^ $^ $J $N $G !" %l %s %@ %j %s %0 $N 9) IW $7 $@ $$ $G %* %V %8 %’ %/ %H $N $$ $+ $J $k It J, NN 0h $b $_ $k $3 $H $, $G $- $k !# $7 $+ $7 !" %\ %j %e !< %‘ %G !< %? %; %C %H $N 5- 21 NL $+ $i $/ $k =h M} ;~ 4V $N D9 $5 $, Ld Bj $H $J $k $N $G !" %\ %j %e !< %‘ %l %s %@ %j %s %0 @l MQ JB Ns 7W ;; 5! ReV olv er/C40 $G $O %\ %j %e !< %‘ %G !< %? $N %a %b %j MF NL $r M^ $( $k $? $a $K !" %\ %/ %; %k CM $O 1 b yte $N %$ %s %G %C %/ %9 $H $7 $F M? $( $i $l $F $$ $k !# ?’ $d F) L@ EY $N <B BN $O B0 @- %F !< %V %k $K 3J G< $5 $l $F $* $j !" $3 $N %$ %s %G %C %/ %9 $r MQ $$ $F B0 @- %F !< %V %k $r ;2 >H 8e !" ?’ $H F) L@ EY $r F@ $k !# $^ $? !" %\ %j %e !< %‘ %l %s %@ %j %s %0 $H $$ $& $N $O !" Bg $- $/ $o $1 $F 2h A| @8 @. / %7 %’ !< %G %# %s %0 $H $$ $& 2 $D $N =h M} $K J, $1 $i $l $k !# 2h A| @8 @. $O !" 3 <! 85 $N %\ %j %e !< %‘ %G !< %? $r 2 <! 85 $K <M 1F $9 $k $3 $H $G $" $j !" $= $N <M 1F 7k 2L $K 1" 1F $r $D $1 $k $3 $H $, %7 %’ !< %G %# %s %0 $G $" $k !# $7 $+ $7 !" %\ %j %e !< %‘ %l %s %@ %j %s %0 $G $O !" I= LL $, $J $/ K! @~ 7W ;; $, $G $- $J $$ !# $9 $J $o $A !" %\ %j %e !< %‘ %G !< %? $O D> @\ K! @~ $r 7W ;; $G $- $k $h $& $J 4v 2? >p Js $r $b $? $J $$ $N $G !" %7 %’ !< %G %# %s %0 $G $O 2> A[ E* $J I= LL $N 8{ G[ $r %\ %j %e !< %‘ %G !< %? $+ $i :F @8 $9 $k FC JL $J 5; K! $, I, MW $H $J $C $F $/ $k !# %\ %j %e !< %‘ %l %s %@ %j %s %0 @l MQ JB Ns 7W ;; 5! Re- ?^ 1: ;2 >H $9 $k %\ %/ %; %k $N 0c $$ V olv er/C40 $G $O !" depth gr adient shading $H $$ $& 5; K! $r :N MQ $7 $F $$ $k !# K\ 9F $G $O !" ReV olv er/C40 $K $* $$ $F %7 %’ !< %G %# %s %0 =h M} $H 2h A| I= <( $r 9T $& %7 %’ !< %G %# %s %0 %9 %F !< %8 $K $D $$ $F =R $Y $k !# Bh 2 >O $K $* $$ $F ReV olv er/C40 $N FC D’ $H 9= @. $K $D $$ $F =R $Y !" Bh 3 >O $G $O !" Re- V olv er/C40 $K $* $1 $k %7 %’ !< %G %# %s %0 %9 %F !< %8 $N 35 MW $K $D $$ $F =R $Y !" Bh 4 >O $G $O ReV olv er/C40 $K $* $1 $k %7 %’ !< %G %# %s %0 %9 %F !< %8 $N <B Au $K $D $$ $F =R $Y $k !# 2 ReV olv er/C40 K\ @a $G $O !" %\ %j %e !< %‘ %l %s %@ %j %s %0 @l MQ JB Ns 7W ;; 5! ReV olv er/C40 $N FC D’ $H 9= @. $K $D $$ $F =R $Y $k !# 2.1 ReV olv er/C40 $N FC D’ => Mh $N %\ %j %e !< %‘ %l %s %@ %j %s %0 $O !" <g $K 0e NE 3h F0 $N ;Y 1g $H $7 $F ?M BN $N 9| 3J $d Fb B" $J $I $N %G !< %? $r 2D ;k 2= $9 $k $3 $H $r L\ E* $H $7 $F $$ $? $? $a !" H> F) L@ $N %\ %j %e !< %‘ $r 07 $& I, MW $O $J $+ $C $? !# ReV olv er/C40 $G $O !" %\ %/ %; %k CM $K ?’ $H F) L@ EY $N %G !< %? $r ;} $? $; $k $3 $H $K $h $j !" H> F) L@ $N %\ %j %e !< %‘ $r 07 $& !# $3 $l $O !" 2J 3X 5; =Q 7W ;; $N 7k 2L $r 2D ;k 2= $9 $k $N $K M- MQ $G $" $k !# %\ %j %e !< %‘ $r H> F) L@ $J $b $N $H $7 $F 07 $& $K $O !" ?^ 1 $N $h $& $K %T %/ %; %k CM $r 7W ;; $9 $k :] $K ;k @~ $H 8r :9 $9 $k L5 ?’ F) L@ $G $J $$ A4 %\ %/ %; %k $r =g $K %" %/ %; %9 $9 $k I, MW $, $" $k !# $7 $? $, $C $F !" FI $_ =P $9 %\ %/ %; %k ?t $, A} 2C $7 !" %T %/ %; %k CM 7W ;; $N 1i ;; $, A} Bg $9 $k $H $$ $& Ld Bj $, $" $k !# $h $C $F !" 9b B. I= <( $r 9T $& $? $a $K ReV olv er/C40 $, M- $7 $F $$ $k FC D’ $r <( $9 !# 5

?^ 2: %l %$ %- %c %9 %F %# %s %0 K! ?^ 3: %5 %s %W %j %s %0 J} K! $N 0c $$ %l %$ %- %c %9 %F %# %s %0 K! $N :N MQ ;k E@ $+ $i %9 %/ %j !< %s >e $N $" $k %T %/ %; %k $N Cf ?4 $X $H 8~ $+ $& %Y %/ %H %k $N $3 $H $r ;k @~ %Y %/ %H %k $H 8F $S !" ;k E@ $r 0l C< $H $7 %T %/ %; %k $N Cf ?4 $r DL $k H> D> @~ $r ;k @~ $H 8F $V !# ?^ 2 $K <( $9 $h $& $K %l %$ %- %c %9 %F %# %s %0 K! $G $O %T %/ %; %k $4 $H $K ;k @~ %Y %/ %H %k $r @8 @. $7 !" $= $N ;k @~ >e $N %\ %/ %; %k 72 $r %9 %/ %j !< %s $K Ej 1F $9 $k !# %5 %s %W %j %s %0 J} K! $N C1 =c 2= => Mh $N %5 %s %W %j %s %0 J} K! $G $O !" ;k @~ $N J} 8~ $K BP $7 $F Ey 4V 3V $K %\ %/ %; %k $r %5 %s %W %j %s %0 $7 $F $- $? !# $3 $N J} K! $r ;k @~ Ey 4V 3V %5 %s %W %j %s %0 K! $H 8F $V !# ;k @~ Ey 4V 3V %5 %s %W %j %s %0 ?^ 4: %\ %j %e !< %‘ %G !< %? $N 3J G< J} K! K! $G $O ?^ 3(a) $N $h $& $K !" %\ %j %e !< %‘ %G !< %? $r %a %b %j %P %s %/ $K J, 3d $7 $F 3J G< $9 $k $H !" F1 0l ;k @~ >e $N J# ?t $N %\ %/ %; %k $, F1 0l %a %b %j %P %s %/ $K 3J G< $5 $l $F $$ $k >u 67 $, H/ @8 $9 $k !# $3 $l $O !" %T %/ %; %k CM 7W ;; $N JB Ns <B 9T $r K8 $2 !" 9b B. 2= $N >c 32 $H $J $k !# $3 $N Ld Bj $r 2s Hr $9 $k $? $a $K ReV olv er/C40 $G $O !" ;k @~ %Y %/ %H %k $N @. J, $N @d BP CM $N $& $A !" :G Bg CM $r $b $D :B I8 <4 $r <g <4 $H Dj $a !" $3 $N <g <4 $N J} 8~ $K BP $7 $F Ey 4V 3V $K %\ %/ %; %k $r %5 %s %W %j %s %0 $9 $k J} K! $r :N MQ $7 $F $$ $k !# $3 $N J} K! $r <g <4 Ey 4V 3V %5 %s %W %j %s %0 K! $H 8F $V !# $3 $N <g <4 Ey 4V 3V %5 %s %W %j %s %0 K! $K $h $j !" ?^ 3(b) $K <( $9 $h $& $K %P %s %/ %3 %s %U %j %/ %H $, @8 $8 $J $/ $J $k !# %P %s %/ %3 %s %U %j %/ %H $N $J $$ %a %b %j 9= @. <g <4 Ey 4V 3V %5 %s %W %j %s %0 K! $G $O !" $" $k :B I8 <4 $K ?b D> $J J? LL $K %\ %j %e !< %‘ %G !< %? $r J, 3d $7 $F %a %b %j %P %s %/ $K 3J G< $9 $l $P !" $= $N :B I8 <4 $r <g <4 $H $7 $F ;} $D ;k @~ $K 4X $7 $F $O %P %s %/ %3 %s %U %j %/ %H %U %j !< $H $J $k !# $7 $+ $7 !" G$ 0U J} 8~ $N ;k @~ $N <g <4 $, !" $3 $N :B I8 <4 $r <g <4 $H $7 $F ;} $D $H $O 8B $i $J $$ !# $= $3 $G !" x,y ,z <4 $N $$ $: $l $K $b ?b D> $J J? LL $, B8 :_ $9 $k $h $& $K J, 3d $9 $l $P G$ 0U J} 6

8~ $N ;k @~ $K BP $7 $F %P %s %/ %3 %s %U %j %/ %H %U %j !< $H $9 $k $3 $H $, $G $- $k !# $= $3 $G !" ReV olv er/C40 $N 3 <! 85 %a %b %j 9= B$ $G $O !" ?^ 4 $N $h $& $K %\ %j %e !< %‘ 6u 4V $r x,y ,z <4 $K ?b D> $J n Kg $N J? LL $K J, 3d $7 !" X,Y,Z- J? LL 72 $H $9 $k !# $? $@ $7 !" n $O %\ %j %e !< %‘ 6u 4V $N 1 JU $N Bg $- $5 $r I= $7 $F $$ $k !# 3F J? LL 72 $K BP $7 $F !" J? LL $K 1,2, � � � ,n $H HV 9f $r IU $1 !" F1 $8 HV 9f $r ;} $D J? LL $N %G !< %? $r $= $N HV 9f $N %a %b %j %P %s %/ $N BP 1~ $9 $k NN 0h $K 3J G< $9 $k !# $9 $J $o $A !" %\ %j %e !< %‘ Fb $N :B I8 (p,q,r) $N %\ %/ %; %k $O !" %a %b %j %P %s %/ p $N X NN 0h !" %a %b %j %P %s %/ q $N Y NN 0h !" %a %b %j %P %s %/ r $N Z NN 0h $N 3 2U =j $K 3J G< $5 $l $k $N $G !" %\ %j %e !< %‘ %G !< %? $, ;0 =E 2= $5 $l $F 3J G< $5 $l $k $3 $H $K $J $k !# $3 $N 9= @. $K $h $j !" 3F J? LL 72 $N J? LL $O A4 $F JL $N %a %b %j %P %s %/ $K 3J G< $5 $l $F $$ $k $N $G !" ;k @~ $, G$ 0U J} 8~ $G $" $C $F $b !" <g <4 Ey 4V 3V %5 %s %W %j %s %0 $r 9T $& $3 $H $K $h $j %P %s %/ %3 %s %U %j %/ %H $, @8 $8 $J $$ $3 $H $r J] >Z $G $- $k !# JB Ns =h M} $K $h $k 9b B. 2= ReV olv er/C40 $K $* $$ $F $O !" ?^ 5 $N $h $& $K 2h A| @8 @. !& %7 %’ !< %G %# %s %0 !& 2h A| =P NO $+ $i $J $k %U %l !< %‘ $r C1 0L $H $7 $? %Q %$ %W %i %$ %s =h M} $r 9T $& $3 $H $G 9b B. $J I= <( $r 2D G= $H $7 $F $$ $k !# 2.2 Rev olv er/C40 $N 9= @. %\ %j %e !< %‘ %l %s %@ %j %s %0 $K $* $1 $k Bg $- $J 2 $D $N =h M} 2h A| @8 @. / %7 %’ !< %G %# %s %0 $K BP $7 $F $= $l $> $l ;k @~ @8 @. %9 %F !< %8 !" %T %/ %; %k CM 7W ;; %9 %F !< %8 / %7 %’ !< %G %# %s %0 %9 %F !< %8 $r 3d $j Ev $F $k !# $h $C $F !" ReV olv er/C40 $O !" 3 $D $N %9 %F !< %8 $H !" A4 BN $r %3 %s %H %m !< %k $9 $k System Con trol Unit $+ $i 9= @. $5 $l $k [1] !# $3 $l $i $O ?^ 6 $N $h $& $K @\ B3 $5 $l !" %Q %$ %W %i %$ %s $G F0 :n $9 $k !# %[ %9 %H %$ %s %? !< %U %’ !< %9 (System Con trol Unit, SCU) %7 %9 %F %‘ A4 BN $N @) 8f $r 9T $$ !" %[ %9 %H %^ %7 %s $+ $i <u $1 <h $C $? %3 %^ %s %I !& %W %m %0 %i %‘ !& %\ %j %e !< %‘ %G !< %? $r E, @Z $J %9 %F !< %8 $K EA C# $9 $k !# ;k @~ @8 @. %9 %F !< %8 (Ra y Casting Stage, R CS) ?^ 6: ReV olv er/C40 $N A4 BN 9= @. %9 %/ %j !< %s >e $N A4 $F $N %T %/ %; %k $K $D $$ $F !" ;k E@ $+ $i %T %/ %; %k $r DL 2a $9 $k ;k @~ %Y %/ %H %k $r @8 @. $7 !" %\ %j %e !< %‘ $H 8r :9 $9 $k ;k @~ $r %T %/ %; %k CM 7W ;; %9 %F !< %8 $X Aw $k !# %T %/ %; %k CM 7W ;; %9 %F !< %8 (Pixel Calculation Stage, PCS) %\ %j %e !< %‘ %G !< %? $r J] ;} $7 $F $$ $k %9 %F !< %8 $G $" $j !" ;k @~ @8 @. %9 %F !< %8 $+ $i $N ;k @~ %G !< %? $K 4p $E $$ $F %\ %/ %; %k CM $r FI $_ =P $9 !# %\ %/ %; %k CM $O 1 b yte $N %$ %s %G %C %/ %9 CM $J $N $G !" $3 $l $r MQ $$ $F B0 @- %F !< %V %k $r ;2 >H $7 !" %T %/ %; %k CM 7W ;; $r 9T $& !# Pro cessing Elemen t(PE) $G %T %/ %; %k CM $r 7W ;; $9 $k :] !" ;k @~ >e $N %\ %/ %; %k $N $& $A ;k E@ $K 0l HV 6a $$ L5 ?’ !& F) L@ $G $J $$ %\ %/ %; %k $r I= LL $H H= Dj $7 !" I= LL $H ;k @~ $H $N 8r E@ $N :B I8 $r !" %T %/ %; %k CM $H $H $b $K NY $N PE $X Aw $k !# $3 $N :B I8 CM $O !" ?< $5 $N >p Js $H $7 $F %7 %’ !< %G %# %s %0 %9 %F !< %8 $G MQ $$ $i $l $k !# %7 %’ !< %G %# %s %0 %9 %F !< %8 (Shading Stage, SS) %T %/ %; %k CM 7W ;; %9 %F !< %8 $+ $i <u $1 <h $C $? %G !< %? $r $b $H $K depth gradien t shading $r 9T $$ !" $= $N 7k 2L $r 2h LL $K I= <( $9 $k !# 7

?^ 5: ReV olv er/C40 $N %Q %$ %W %i %$ %s =h M} ?^ 7: cos � $N 7W ;; J} K! 3 %7 %’ !< %G %# %s %0 %9 %F !< %8 $N 35 MW K\ @a $G $O !" Rev olv er/C40 $K $* $$ $F :N MQ $5 $l $F $$ $k depth gr adient shading $K $D $$ $F =R $Y !" %7 %’ !< %G %# %s %0 %9 %F !< %8 $N 9= @. $H =h M} $K $D $$ $F =R $Y $k !# 3.1 %7 %’ !< %G %# %s %0 =h M} %7 %’ !< %G %# %s %0 $H $O !" 8w 8; >p Js $r MQ $$ $F @8 @. 2h A| $N 51 EY $r Jd @5 $9 $k $3 $H $K $h $j !" 2h A| $K 8= <B 46 $r ;} $? $; $k <j K! $G $" $k [2, 3, 4] !# J* BN $N I= LL >e $N 1 E@ $K $* $1 $k 51 EY $r 5a $a $k $K $O !" $= $N E@ $K $* $1 $k K! @~ %Y %/ %H %k $H 8w @~ $N F~ <M %Y %/ %H %k $H $$ $& Fs $D $N MW AG $, I, MW $H $J $k !# I in $r F~ <M 8w $N 6/ $5 !" � $r F~ <M 3Q !" k d $r J* BN I= LL $N 3H ;6 H? <M N( $H $9 $k $H !" H? <M 8w $N 6/ $5 I d $O <! <0 $G M? $( $i $l $k !# I d = I in � k d � cos � (1) $J $* !" cos � $O ?^ 7 $K <( $9 $h $& $K K! @~ J} 8~ $N C1 0L %Y %/ %H %k N !" 8w @~ $N F~ <M J} 8~ $N C1 0L %Y %/ %H %k L $r MQ $$ $F <! $N $h $& $K I= $o $5 $l $k !# cos � = N � ( � L ) (2) %\ %j %e !< %‘ %l %s %@ %j %s %0 $K $* $$ $F $O !" %\ %j %e !< %‘ %G !< %? $= $N $b $N $O I= LL $N K! @~ %Y %/ %H %k $K 4X $9 $k >p Js $r ;} $? $J $$ $? $a !" <~ $j $N %\ %/ %; %k $N >u BV $+ $i K! @~ >p Js $r ?d Dj $9 $k I, MW $, $" $k !# $3 $N K! @~ >p Js $N 5a $a $k J} K! $H $7 $F !" %\ %j %e !< %‘ %l %s %@ %j %s %0 @l MQ JB Ns 7W ;; 5! ReV olv er/C40 $O !" depth gr adient shading $r :N MQ $7 $F $$ $k !# 3.2 depth gradien t shading ;k @~ >e $N %\ %/ %; %k CM $r ;k E@ $K 6a $$ B& $+ $i D4 $Y !" %\ %/ %; %k CM $, Bg $- $/ JQ 2= $9 $k =j $r %\ %j %e !< %‘ $N I= LL $H $_ $J $9 $3 $H $, $G $- $k !# %9 %/ %j !< %s $+ $i $3 $N I= LL $^ $G $N 5w N% $r 3F %T %/ %; %k $4 $H $K 5a $a !" 2 <! 85 G[ Ns $K 3J G< $7 $? $b $N $r ?< $5 %P %C %U %! (depth bu�er) $H 8F $S !" ?< $5 %P %C %U %! $K 3J G< $5 $l $k CM $r depth CM $H 8F $V !# depth gradien t shading $O !" $3 $N depth CM $+ $i I= LL $N K! @~ $r 6a ;w 7W ;; $7 !" %T %/ %; %k CM $H K! @~ %Y %/ %H %k $r $b $H $K 3F %T %/ %; %k $N 51 EY $r Jd @5 $9 $k <j K! $G $" $k !# $" $k E@ P $K $* $1 $k K! @~ %Y %/ %H %k $r 5a $a $k >l 9g !" X J} 8~ $K $D $$ $F $O ?^ 8 $N (a) $N $h $& $K depth CM $, C1 D4 A} 2C $9 $k >l 9g , <P @~ 6h 4V $N N> C< %T %/ %; %k $K $D $$ $F depth CM $r <h $j =P $7 !" depth CM $N :9 $H :B I8 $N :9 $r ;H $C $F 8{ G[ $r 6a ;w $9 $k !# $^ $? !" ?^ 8 $N (b) $N $h $& $K depth CM $N A} 2C $, JQ 2= $9 $k >l 9g $O !" (a) $N >l 9g $H F1 MM $K :9 $r <h $k $H 8{ G[ $, J? C3 $K $J $j FM 5/ $, :F 8= $5 $l $J $$ $N $G !" 6a ;w $K MQ $$ $k 6h 4V $r A* Br $9 $k !# Y J} 8~ $K $D $$ $F $b F1 MM $K 8{ G[ $r 6a ;w $7 !" 2 $D $N 8{ G[ $+ $i K! @~ %Y %/ %H %k $r 5a $a $k !# 5a $a $i $l $? K! @~ %Y %/ %H %k N $H System Con trol Unit $+ $i <u $1 <h $k 8w @~ $N F~ <M %Y %/ %H %k L $H <0 (3.1),(3.2) $+ $i %T %/ %; %k $N 51 EY $, 5a $a $i $l $k !# 8

?^ 8: K! @~ %Y %/ %H %k ?^ 9: depth gradien t shading $N K! @~ 7W ;; $K I, MW $J %T %/ %; %k 3.3 Depth Gradien t Shading $N JB Ns 2= ReV olv er/C40 $N 9T $& depth gradien t shading $O !" ?^ 9 $K <( $7 $? 5a $a $k %T %/ %; %k <+ ?H $r 4^ $‘ >e 2< :8 1& 9g $o $; $F 13 %T %/ %; %k $N NN 0h $K BP $9 $k %G !< %? $+ $i K! @~ %Y %/ %H %k $r 5a $a $F 1" 1F $r 7W ;; $9 $k !# $@ $+ $i !" %9 %- %c %s %i %$ %s $4 $H $K %5 %$ %/ %j %C %/ J, 3d $O $G $- $J $$ !# $= $3 $G 2h LL $r ?^ 10 $N $h $& $K 16 J, 3d $7 !" $= $l $> $l $r 0l $D $N PE $K 3d $j Ev $F $k $3 $H $G !" JB Ns =h M} $K $h $k @- G= 8~ >e $, 4| BT $G $- $k !# $3 $N ;~ !" 3F PE >e $K $O <+ J, $, %7 %’ !< %G %# %s %0 =h M} $r ;\ $9 NN 0h $K 2C $( !" ?^ 11 $N $h $& $K >e 2< :8 1& 3F 3 %T %/ %; %k J, $N <~ JU NN 0h $N depth >p Js $r 3d $j Ev $F $k !# $3 $N $h $& $K !" depth >p Js $r 0l It =E J# $7 $F 3F PE $K 3d $j Ev $F $k $3 $H $G !" K! @~ 7W ;; ;~ $N NY @\ PE 4V $N DL ?. $r IT MW $K $7 $F $$ $k !# ?^ 10: %U %l !< %‘ !& %P %C %U %! $N J, 3d ?^ 11: K! @~ 7W ;; $K I, MW $J depth >p Js $N HO 0O 9

4 %7 %’ !< %G %# %s %0 %9 %F !< %8 $N <B Au 4.1 %7 %’ !< %G %# %s %0 %9 %F !< %8 $N =h M} $H 9= @. %7 %’ !< %G %# %s %0 %9 %F !< %8 $O !" %T %/ %; %k CM 7W ;; %9 %F !< %8 $+ $i <u $1 <h $C $? %T %/ %; %k CM $H $= $N B> $N %G !< %? $r 85 $K $7 $F !" %T %/ %; %k CM $K depth gradien t shading $r ;\ $7 $F %T %/ %; %k CM $r Jd @5 $9 $k !# $= $7 $F !" $= $N 7k 2L $r 2h LL $K =P NO $9 $k !# $= $3 $G !" %7 %’ !< %G %# %s %0 %9 %F !< %8 $r 0J 2< $N 3 $D $N It J, $K J, $1 $k !# %7 %’ !< %G %# %s %0 %9 %F !< %8 $N 9= @. $r ?^ 12 $K <( $9 !# Pixel T ransceiv er (PT) 3F %T %/ %; %k $N %G !< %? $r A0 $N %9 %F !< %8 $G $" $k %T %/ %; %k CM 7W ;; %9 %F !< %8 $+ $i <u $1 $H $j !" $= $N %T %/ %; %k $N :B I8 $r $b $H $K 16 J, 3d $5 $l $? PE $N $& $A !" $I $N PE $N C4 Ev $G $" $k $+ $r 7W ;; $7 !" $= $N PE $N $b $D %a %b %j (Receiv e Bu�er) $X <u $1 <h $C $? %G !< %? $r =q $- 9~ $‘ !# Shading Unit (SU) Receiv e Bu�er $K Pixel T ransceiv er $K $h $C $F =q $- 9~ $^ $l $? %G !< %? $r Digi- tal Signal Pro cessor(DSP) $, FI $_ =P $7 $F !" %7 %’ !< %G %# %s %0 =h M} $r ;\ $7 !" $= $N 7k 2L $r %a %b %j (Output Bu�er) $K =q $- 9~ $‘ !# ?^ 12 $K <( $9 $h $& $K Shading Stage $O !" Cf ?4 $K %7 %’ !< %G %# %s %0 =h M} $r $9 $k DSP !" DSP $r $O $5 $‘ $h $& $K $7 $F %a %b %j %P %C %U %! $H $7 $F $N Receiv e Bu�er $H Output Bu�er $N 3 $D $N It J, $+ $i 9= @. $5 $l $k !# Video Signal Generator (VSG) CR T con- troller $, Shading Unit Fb $N Output Bu�er $+ $i 7k 2L $r 8F $S =P $7 $F !" D/A con v erter $K F~ NO $7 $F 2h LL $K =P NO $5 $l $k !# 4.2 4p HD @_ 7W %a %$ %s 4p HD $N 9= @. $r ?^ 13 $K <( $9 !# Shading Unit Fb $N 3F PE $O %5 %V 4p HD 1 Kg $K <B Au $9 $k !# $9 $J $o $A %5 %V 4p HD $O 16 Kg $" $k !# %a %$ %s 4p HD $K $O 8 Kg $^ $G $N %5 %V 4p HD $, Ec :\ 2D G= $J $N $G !" %a %$ %s 4p HD $r 2 Kg ;H MQ $9 $k !# Pixel T ransceiv er $O Field Programmable Gate Arra y(FPGA) #1 8D , Video Signal Generator $O ?^ 12: Shading Stage $N A4 BN 9= @. ?^ 13: 4p HD @_ 7W <g $K FPGA #1 8D $H D/A Con v erter 1 8D $G <B 8= $5 $l $k !# $9 $J $o $A !" %a %$ %s 4p HD 1 Kg $K $O !" <g $K %5 %V 4p HD 8 Kg $H FPGA2 8D $H D/A Con v erter1 8D $, Ec :\ $5 $l $k $3 $H $K $J $k !# $J $* !" %5 %V 4p HD 4V $O %3 %M %/ %? $G @\ B3 $7 !" 3F PE 4V $N %a %C %7 %e 7k 9g $H $9 $k $, !" PE0 $H PE3,PE4 $H PE7,PE8 $H PE11,PE12 $H PE15 $K $D $$ $F $O !" %j %s %0 7k 9g $H $7 $F <B Au $9 $k !# 10

?^ 14: FPGA Fb It 4.3 Pixel T ranceiv er $N <B Au Pixel T ransceiv er $O !" FPGA $r MQ $$ $F <B 8= $5 $l $k !# ?^ 14 $K FPGA Fb It $N MM ;R $r <( $9 !# $^ $: !" PCS BUS Con troller $, !" Pixel Calculation Stage $K BP $7 $F %G !< %? Aw ?. $r MW 5a $7 !" PCS BUS $r DL $7 $F N. $l $F $/ $k %G !< %? $r <o N‘ $4 $H $K $I $N %i %C %A $K 3J G< $9 $k $+ $r @) 8f $9 $k !# 3J G< $5 $l $? %G !< %? $O $= $l $> $l JB Ns $K =h M} $5 $l $k !# Pixel Latc h $K 3J G< $5 $l $? %G !< %? ( %9 %/ %j !< %s :B I8 ) %9 %/ %j !< %s :B I8 $+ $i $I $N PE $, A* Br $5 $l $? $+ $r <( $9 ?. 9f (/PT SAM OF R O W,/PT SAM OF COL) $r @8 @. $9 $k !# Pixel Con troller $K $h $C $F !" $$ $/ $D $N PE $K 6& M- $5 $l $F $$ $k $+ $r H= Dj $7 !" 3 $D $N PE $K 6& M- $5 $l $F $$ $k >l 9g $O !" :B I8 CM $r 7W ;; $7 D> $7 $F Pixel Con troller Fb $N 3 $D $N Latc h $K 3J G< $9 $k !# $= $l $> $l $N :B I8 CM $K BP $7 $F $R $H $D $: $D Address Latc h $K 3J G< $9 $k !# R GB CM R GB CM $O !" Flaot Con troller $K F~ NO $5 $l !" %G !< %? %U %) !< %^ %C %H $N JQ 49 $, 9T $o $l R GB Latc h $K 3J G< $5 $l $k !# Load Con troller $K $h $C $F ?^ 15: PCS $H PT $r N. $l $k 2 K\ $N %P %9 $N @) 8f D A T A BUS,ADDRESS BUS $= $l $> $l $K N. $9 $Y $- %G !< %? $H %" %I %l %9 $N %P %C %U %! $N 3+ JD $r @) 8f $7 !" Shading Unit Fb $N A* Br $5 $l $? PE $X Aw ?. $9 $k !# 0J 2< $K $= $N >\ :Y $K $D $$ $F <( $9 !# %T %/ %; %k CM 7W ;; %9 %F !< %8 $X $N %G !< %? $N Aw ?. MW 5a (PCS BUS Con troller) ?^ 15 $N $h $& $K !" %T %/ %; %k CM 7W ;; %9 %F !< %8 $+ $i N. $l $F $/ $k %P %9 $O 2 K\ $" $k $, !" FPGA $N 30 It $K %; %l %/ %? !< $r @_ $1 $F !" PCS BUS Con troller $, %; %l %/ %H ?. 9f $r Aw $k $3 $H $K $h $C $F !" FPGA $K F~ $C $F $/ $k %P %9 $r 1 K\ $K $9 $k !# $= $& $9 $k $3 $H $K $h $C $F !" FPGA $N %T %s $N ?t $r 8: $i $9 $3 $H $, $G $- $k !# $^ $? !" %T %/ %; %k CM 7W ;; %9 %F !< %8 $K BP $7 $F %G !< %? $N Aw ?. MW 5a $7 !" %G !< %? $r <u $1 <h $k !# $3 $3 $G !" %G !< %? %P %9 (D A G BUS) $+ $i <u $1 <h $k %G !< %? $N %U %) !< %^ %C %H $r ?^ 16 $H I= 1 $K <( $7 !" %G !< %? %P %9 (DFIF O BUS) $+ $i <u $1 <h $k %G !< %? $N %U %) !< %^ %C %H $r ?^ 17 $H I= 2 $K <( $9 !# D A G BUS $r N. $l $F $/ $k 8^ $D $N %G !< %? $O !" 0l EY %G !< %? $N E> Aw MW 5a $r $9 $k $H %/ %m %C %/ $K F1 4| $7 $F 8^ $D O" B3 $7 $F $J $, $l $F $/ $k $, !" DFIF O BUS $r N. $l $F $/ $k %G !< %? $O !" 0l EY %G !< %? $N E> Aw MW 5a $r $7 $F $b 0l $D $: $D $7 $+ %G !< %? $, $J $, $l $F $3 $J $$ $N $G 0l 2s 0l 2s %G !< %? $r <u $1 <h $C $? $3 $H $r 3N G’ $7 $F $+ $i %G !< %? $N E> Aw MW 5a $r =P $9 !# $^ $? !" D A G BUS $+ $i N. $l $F $/ $k %G !< %? $N $& $A !" PE Fb $G %7 %’ !< %G %# %s %0 =h M} $r 9T $& $N $K ;H MQ $9 $k %G !< %? $O 3 � 5 $N $_ $G $" $j !" 1 � 2 $O L5 ;k $9 $k !# 11

I= 1: D A G BUS $r N. $l $k %G !< %? =g HV %G !< %? L> 2r @b 1 IN1,BV1 %\ %/ %; %k $N F~ <M E@ $N y :B I8 $H 4p K\ %Y %/ %H %k !# 2 IN2,BV2 %\ %/ %; %k $N F~ <M E@ $N z :B I8 $H 4p K\ %Y %/ %H %k !# 3 FRMDN,MASK %U %l !< %‘ =* N; %U %i %0 , %5 %s %W %j %s %0 3+ ;O 0L CV AXIS,DIR <g <4 L> , <g <4 J} 8~ PXL.x,PXL.y %9 %/ %j !< %s :B I8 $r $" $i $o $9 !# 4 BLEN 4p K\ 5w N% ( ;k @~ %Y %/ %H %k $N 4p K\ 5w N% ) $r $" $i $o $9 !# 5 ILEN =i 4| 5w N% ( ;k E@ $+ $i !" ;k @~ %Y %/ %H %k $, %\ %j %e !< %‘ 6u 4V $K F~ <M $7 $? E@ $^ $G $N 5w N% ) $r $" $i $o $9 !# I= 2: DFIF O BUS $r N. $l $k %G !< %? %G !< %? L> 2r @b R %T %/ %; %k CM $N @V @. J, !# ( oat) G %T %/ %; %k CM $N NP @. J, !# ( oat) B %T %/ %; %k CM $N @D @. J, !# ( oat) DIR !" INTS <g <4 J} 8~ , 8r E@ :B I8 ( ;k @~ $+ $i 0l HV 6a $$ L5 ?’ F) L@ $G $J $$ %\ %/ %; %k $r I= $o $9 ) !# ?^ 16: D A G BUS $+ $i <u $1 <h $k %G !< %? $N %U %) !< %^ %C %H ?^ 17: DFIF O BUS $+ $i <u $1 <h $k %G !< %? $N %U %) !< %^ %C %H 12

?^ 18: X ; Y :B I8 CM $+ $i 5a $a $k PE HV 9f %G !< %? %U %) !< %^ %C %H $N JQ 49 (Float Con troller) %T %/ %; %k CM 7W ;; %9 %F !< %8 $+ $i Pixel T ransceiv er $, <u $1 <h $k %G !< %? $N $& $A !" %T %/ %; %k CM $r I= $o $9 R GB CM $O $= $l $> $l 32bit $N oat (DSP $N Fb It 7A <0 ) $G Aw $i $l $F $/ $k !# 2h A| I= <( $K MQ $$ $k J, $K $O !" R GB $= $l $> $l 8bit in teger $G == J, $G $" $k $? $a !" Pixel T ransceiv er $K $* $$ $F oat ! in teger $N JQ 49 $r 9T $& !# $3 $N JQ 49 $K $D $$ $F $O !" DSP %^ %K %e %" %k $K => $& !# [5] PE $N A* Br $H Receiv e Bu�er $X $N =q $- 9~ $_ (2to 4deco der, %" %I %l %9 7W ;; 2s O) ) A0 =R $7 $? $h $& $K Shading Unit $N ;} $D %U %l !< %‘ %P %C %U %! $O J, 3d $5 $l $F $= $l $> $l $N PE $, ;} $C $F $$ $k !# $3 $N $? $a !" Pixel T ransceiv er $O !" %T %/ %; %k $N :B I8 CM $K $7 $? $, $C $F $= $N %T %/ %; %k $r ;} $D PE $r A* Br $7 !" %G !< %? $r =q $- 9~ $‘ !# $7 $? $, $C $F !" Pixel T ransceiv er $K $* $$ $F 0J 2< $N CM $r 7W ;; $9 $k !# � PE $N HV 9f � Receiv e Bu�er Fb It $N %" %I %l %9 A0 <T $O !" ?^ 18 $K $7 $a $9 $h $& $K !" X ; Y 3F :B I8 CM $N >e 0L 2bit $, $= $N $^ $^ PE HV 9f $K $J $k !# <B :] $K PE $K A* Br $5 $l $? $3 $H $r CN $i $; $k ;~ $O !" PE HV 9f $r X ; Y 3F :B I8 CM $N >e 0L 2bit $= $l $> $l $K $D $$ $F 2to4 %G %3 !< %@ $r DL $9 !# ?^ 19 $N >l 9g $K $O !" %9 %/ %j !< %s :B I8 $N Y,X $N >e 0L 2bit $, $= $l $> $l (10,01) $, A* Br $5 $l $F $* $j !" 2to4 %G %3 !< %@ $r DL $9 $3 $H $G Y $K $D $$ $F $O !" 2# J} 8~ $N 4 K\ $N ?. 9f @~ (SAM OF R O W) $N $& $A !" 3 HV L\ $@ $1 Activ e $K $J $j !" X $K $D $$ $F $O =D J} 8~ $N 4 K\ $N ?. 9f @~ (SAM OF COL) $N $& $A !" 2 HV L\ $@ $1 Activ e $K ?^ 19: PE $N A* Br $J $j !" N> J} $N ?. 9f @~ $, Activ e $K $J $C $? PE9 $, A* Br $5 $l $? $3 $H $K $J $k !# Receiv e Bu�er $N %" %I %l %9 $K $D $$ $F $O 0J 2< $N $h $& $K $7 $F 5a $a $k !# $R $H $D $N PE $O %T %/ %; %k CM $K $D $$ $F $O !" 128 2 8D $N %G !< %? $G $h $$ $, !" %7 %’ !< %G %# %s %0 $r $9 $k $N $K I, MW $J 8r E@ :B I8 $d =i 4| 5w N% $d 4p K\ 5w N% $K $D $$ $F $O !" >e 2< :8 1& $= $l $> $l 4 %T %/ %; %k J, $N NN 0h $r =E J# ( 9g 7W (128 + 8) � (128 + 8) %T %/ %; %k ) $7 $F =j M- $7 $F $$ $k !# ( Bh 3.3 @a $G =R $Y $? $h $& $K K\ Mh ,(128 + 6) � (128 + 6) %T %/ %; %k $G $h $$ $, !" %" %I %l %9 $N 7W ;; $, $7 $d $9 $$ $h $& $K >e 2< :8 1& $= $l $> $l 4 %T %/ %; %k $: $D $b $? $; $F $$ $k !# $3 $3 $G !" R GB CM $N %" %I %l %9 $r addr1, 8r E@ :B I8 $d =i 4| 5w N% $d 4p K\ 5w N% $N %" %I %l %9 $r addr2 $H $7 !" %9 %/ %j !< %s :B I8 CM $r ( X ; Y ) $H $9 $k $H !" Receiv e Bu�er Fb It $N :B I8 ( x; y ) $O ?^ 18 $K $h $j 5a $a $i $l !" Receiv e Bu�er Fb It $N %" %I %l %9 $O 0J 2< $N <0 $G 5a $^ $k !# addr 1 = y � 128 + x addr 2 = ( y + 4) � 136 + x + 4 $? $H $( $P !" 136 $H $$ $& Dj ?t G\ $N >h ;; $O !" 0J 2< $N $h $& $K 0x ?t J, 2r $5 $l $k !# addr 2 = ( y + 4) � 136 + x + 4 13

?^ 20: PE Fb %" %I %l %9 $N 7W ;; = ( y + 4) � (128 + 8) + x + 4 = ( y + 4) � 128 + ( y + 4) � 8 + x + 4 $3 $l $h $j !" ?^ 20 $N $h $& $K 2C ;; 4o $N $_ $G 9= @. $5 $l $k !# PE Fb $G %7 %’ !< %G %# %s %0 =h M} $r $9 $k $N $K I, MW $J %G !< %? (R GB CM , 8r E@ :B I8 , =i 4| 5w N% , 4p K\ 5w N% ) $O !" Receiv e Bu�er $K =q $- 9~ $^ $l $k !# Receiv e Bu�er $O !" SRAM $G <B 8= $5 $l $F $$ $k $N $G $" $k $, ?^ 21 $N $h $& $K %G !< %? $r 5- 21 $9 $k !# $9 $J $o $A !" 0l HV :8 C< $N ?t ;z $O %P %s %/ %9 %$ %C %A $H $h $P $l $k $b $N $G $3 $N ?t ;z $r @Z $j BX $( $k $3 $H $G %@ %V %k %P %C %U %! 9= @. $r <B 8= $7 $F $* $j !" ;D $j 4 7e $N %" %I %l %9 $O !" 0J 2< $N $h $& $K $7 $F $b $H $a $i $l $k !# R GB CM $N %" %I %l %9 = addr 1 8r E@ :B I8 $N %" %I %l %9 = ( addr 2 = 2) + 4000 H =i 4| 5w N% $N %" %I %l %9 = ( addr 2 � 2) + 6420 H 4p K\ 5w N% $N %" %I %l %9 = ( addr 2 � 2) + 6421 H $? $@ $7 !" 8r E@ $N %" %I %l %9 $G addr2 $r 2 $G 3d $k (1bit 1& %7 %U %H ) $N $O !" 10bit $N 8r E@ %G !< %? $r >e 0L half w ord $H 2< 0L half w ord $K $D $a $k $? $a $G $" $k !# $^ $? !" =i 4| 5w N% , 4p K\ 5w N% $O !" 0l $D $N %T %/ %; %k $K BP $7 $F O" B3 $7 $F $$ $l $k !# ?^ 21: Receiv e Bu�er(SRAM) $N %a %b %j %^ %C %W J# ?t $N PE $K 6& M- $5 $l $F $$ $k %G !< %? $N Aw ?. (Pixel Con troller) ?^ 22 $N $h $& $K 128 2 8D $N %T %/ %; %k $r ;} $D PE Fb $N :B I8 $r (x,y) $H $9 $k $H (128 + 8) � (128 + 8) 8D $N %G !< %? $r ;} $D PE $N :B I8 $O (x+4,y+4) $G M? $( $i $l !" (127,127) $H $$ $& :B I8 $O !" PE0 $G $O (131,131) ,PE1 $G $O (3,131),PE4 $G $O (131,3) $H $$ $& ;0 $D $N PE $K =E J# $7 $F G[ $i $l $k !# $9 $J $o $A !" 0l $D $N %T %/ %; %k $N depth >p Js $O !" :G Bg $G 3 $D $N PE $K 6& M- $5 $l $k $N $G !" 3 DL $j $N %" %I %l %9 $r 3J G< $G $- $k $h $& $K 3 $D $N Latc h $r Pixel Con- troller Fb $K @_ $1 $k !# 0J 2< $N $$ $: $l $+ 0l $D $N >r 7o $r K~ $? $9 %T %/ %; %k $N >l 9g !" J# ?t $N PE $K =E J# $7 $F G[ $i $l $k !# 8 > > > > < > > > > : x < 4 $J $i $P !" :8 NY $N ( x + 132 ; y + 4) y < 4 $J $i $P !" >e NY $N ( x + 4 ; y + 132) x > 124 $J $i $P !" 1& NY $N ( x � 124 ; y + 4) y > 124 $J $i $P !" 2< NY $N ( x + 4 ; y � 124) (3) Receiv e Bu�er,Output Bu�er $N %P %s %/ @Z BX $( Shading Unit Fb $N Receiv e Bu�er $H Output 14

?^ 22: J# ?t $N PE $G 6& M- $5 $l $k %T %/ %; %k Bu�er $O !" %@ %V %k %P %C %U %! %j %s %0 $r 9T $& !# $h $C $F !" %P %s %/ $r @Z BX $( $k @) 8f $r $9 $k !# D A G BUS $+ $i 3 HV L\ $K <u $1 <h $k %U %l !< %‘ =* N; %S %C %H (FRMDN) $, I, MW $J M} M3 $O !" ;k @~ @8 @. %9 %F !< %8 Fb $, !" %\ %j %e !< %‘ 6u 4V $H 8r :9 $7 $J $$ ;k @~ %G !< %? $r %T %/ %; %k CM 7W ;; %9 %F !< %8 $K Aw $i $J $$ !# Pixel T ranceiv er $G $O %T %/ %; %k CM 7W ;; %9 %F !< %8 $+ $i $b $i $C $? %T %/ %; %k %G !< %? $N ?t $+ $i $O %U %l !< %‘ $N =* $o $j $, H= Dj $G $- $J $$ !# $= $3 $G !" Pixel T ransceiv er $O !" ;k @~ @8 @. %9 %F !< %8 $, @8 @. $7 $? %U %l !< %‘ $N =* N; $r <( $9 1 bit $N %G !< %? $r <u ?. $9 $k $3 $H $G H= Dj $9 $k !# $^ $? !" PE Fb $N %7 %’ !< %G %# %s %0 =h M} $r 9T $& DSP $, Receiv e Bu�er Fb $N %G !< %? $r $9 $Y $F FI $_ 9~ $‘ $3 $H $, =* N; $7 $? ?. 9f $r DSP $+ $i <u $1 <h $k !# $D $^ $j !" Receiv e Bu�er $K BP $9 $k FI $_ 9~ $_ $H =q $- 9~ $_ $N N> J} $N =h M} $, $* $o $C $? $3 $H $r 3N G’ $7 $F $+ $i !" %P %s %/ $r @Z BX $( $k !# $^ $? !" Output Bu�er $K 4X $7 $F $O !" %7 %’ !< %G %# %s %0 =h M} $r ;\ $7 $? 7k 2L $r $+ $- $3 $‘ DSP $+ $i =q $- 9~ $_ $, =* N; $7 $? $3 $H $r <( $9 ?. 9f $H Video Signal Gen- erator $+ $i %G !< %? $N FI $_ 9~ $_ $N =* N; $r <( $9 ?. 9f $r <u ?. $9 $k !# N> J} $N =h M} $, =* N; $7 $? $3 $H $r 3N G’ $7 $F $+ $i %P %s %/ $N @Z BX $( $r $9 $k !# %G !< %? !" %" %I %l %9 $N Aw <u ?. $9 $k %? %$ %_ %s %0 $N @) 8f (Load Con troller) Shading Unit Fb $N Receiv e Bu�er $K Aw ?. $9 $k $? $a $N %G !< %? %P %9 $H %" %I %l %9 %P %9 $r @) 8f $9 $k $H F1 ;~ $K 0l $D $N %T %/ %; %k $K BP $7 $F =h M} $, =* $o $k $H PCS BUS Con troller $K <! $N %T %/ %; %k $r <u ?. $9 $k $h $& $K ?. 9f $r =P NO $9 $k $J $I FPGA A4 BN $N @) 8f $r 9T $& !# ?^ 23: Master 4p HD $H Sla v e 4p HD (PT) 4p HD @_ 7W >e I, MW $J @) 8f Bh 4.2 @a $G =R $Y $? $h $& $K %a %$ %s 4p HD $, 2 Kg $" $j !" $= $l $> $l $K Pixel T ransceiv er $N Lr L\ $r $9 $k FPGA $, $N $C $F $* $j !" %T %/ %; %k CM 7W ;; %9 %F !< %8 $K BP $9 $k %G !< %? E> Aw MW 5a $d %T %/ %; %k CM 7W ;; %9 %F !< %8 $+ $i $N %G !< %? $N <u ?. $O !" N> J} $N FPGA $K BP $7 $F <B 9T $5 $l $k $h $& $K @_ 7W $5 $l $F $$ $k !# $h $C $F !" 2 $D $N FPGA $K BP $7 $F Master $H Sla v e $r 7h $a $F !" Master $N Pixel T ransceiv er $, !" Sla v e $N Pixel T ransceiv er $N %G !< %? E> Aw MW 5a ?. 9f $r <u ?. $7 !" Master $H Sla v e $N N> J} $N ?. 9f $, %" %/ %F %# %V $K $J $C $? $H $- $K Master $, Be I= $7 $F %T %/ %; %k CM 7W ;; %9 %F !< %8 $K %G !< %? E> Aw MW 5a ?. 9f $r Aw $k !# 0l J} !" %G !< %? $N <u ?. $O N> J} $N Pixel T ransceiv er $, $G $- $k $h $& $K @) 8f $9 $k !# $^ $? !" Aw $i $l $F $- $? %T %/ %; %k CM $O $I $3 $N PE $K G[ $k $N $+ Pixel T ransceiv er Fb $G 5a $a $k $, !" Nc $( $P !" ?^ 23 $N $h $& $K PE0 � PE7 $r %a %$ %s 4p HD 0 (Master) $K !" PE8 � PE15 $r %a %$ %s 4p HD 1(Sla v e) $K @_ Dj $9 $k $H !" Master $N Pixel T ransceiv er $G =h M} $7 $F $$ $F $= $N %T %/ %; %k CM $, PE10(Sla v e) $K $" $k %T %/ %; %k CM $G $" $k >l 9g <N $F $i $l $k !# $9 $J $o $A !" $H $J $j $N 4p HD >e $N PE $, A* Br $5 $l $? >l 9g $= $N %G !< %? $O <N $F $i $l $k !# $= $& $9 $k $3 $H $K $h $C $F !" <+ J, $N 4p HD >e $K $" $k PE $K $@ $1 Aw ?. $9 $l $P $h $/ !" DL ?. $r $7 $J $/ $F $9 $‘ !# 4.4 Shading Unit $N <B Au Shading Unit $O !" 16 Bf $N PE $r 3J ;R >e $K G[ CV $7 !" $= $l $> $l $r %a %C %7 %e >u $K 7k 9g $7 $? 9= @. $H $J $k !# 15

?^ 24: PE $N Fb It 9= @. PE $N 9= @. $O !" ?^ 24 $K <( $9 $h $& $K %7 %’ !< %G %# %s %0 =h M} $r 9T $& DSP $r Cf ?4 $K !" %T %/ %; %k CM 7W ;; %9 %F !< %8 $+ $i %T %/ %; %k %G !< %? $r <u $1 <h $k $? $a $N Re- ceiv e Bu�er $H !" %7 %’ !< %G %# %s %0 =h M} $r =* $( $? %T %/ %; %k CM $r 3J G< $9 $k Output Bu�er $H $G 9= @. $5 $l $k !# Output Bu�er $O %G %# %9 %W %l %$ 2h LL $K =P NO $9 $k $? $a $N %U %l !< %‘ %P %C %U %! $N Lr 3d $b 7s $M $F $$ $k !# $3 $l $r 1 Bf $N PE $H $7 !" 16 Bf $N PE $G JB Ns =h M} $r 9T $& !# ?^ 24 $N $h $& $K Receiv e Bu�er $K BP $9 $k Pixel T ransceiv er $+ $i $N =q $- 9~ $_ $H DSP $X $N FI $_ 9~ $_ !" Output Bu�er $K BP $9 $k DSP $+ $i $N =q $- 9~ $_ $H Video Signal Generator $X $N E> Aw $H $$ $& =h M} $r JB Ns $K 9T $& $? $a !" Receiv e Bu�er $H Out- put Bu�er $O $= $l $> $l 2 %P %s %/ 9= @. $K $7 !" %U %l !< %‘ C1 0L $N %7 %’ !< %G %# %s %0 =h M} $, =* $o $k $? $S $K Pixel T ransceiv er $, %P %s %/ $r @Z $j 49 $( $k !# 0J >e $N 9= @. $K $h $j !" Shading Unit $O %T %/ %; %k CM 7W ;; %9 %F !< %8 $+ $i $N %T %/ %; %k CM $N <u $1 <h $j =h M} $d Video Signal Generator $X $N E> Aw =h M} $+ $i 40 A4 $K FH N) $7 !" %7 %’ !< %G %# %s %0 =h M} $K :G Bg @- G= $r H/ 4x $9 $k $3 $H $, $G $- $k !# ?^ 25: <B Au >e $N VSG 4.5 Video Signal Generator $N <B Au ?^ 25 $K <B Au >e $N Video Signal Generator $N 9= @. $r <( $9 !# Bh 4.1 @a $d Bh 4.2 @a $G =R $Y $? $h $& $K Video Signal Generator $O !" <g $K CR T Con troller $H D/A Con v erter $+ $i 9= @. $7 !" CR T Con troller $O !" FPGA $K $h $C $F <B 8= $5 $l $k !# $^ $? !" ?^ 25 $h $& $K 1 Kg $N %a %$ %s 4p HD >e $K $= $l $> $l 1 $D $: $D <B Au $5 $l $k !# ?^ 26 $K CR T Con troller(FPGA Fb It ) $N 9= @. $r <( $9 !# %F %l %S $N Av :: @~ $H F1 $8 =g HV $K !" :# $I $3 $N %T %/ %; %k CM $, I, MW $+ $r D4 $Y $F $= $N %T %/ %; %k $, $I $3 $N PE $K =j M- $5 $l $F $$ $k $+ $r D4 $Y $F !" $= $l $i $N >p Js $r PE Fb $N Output Bu�er $K Aw $k $H F1 ;~ $K %G !< %? $r E> Aw $9 $k $h $& MW 5a $9 $k !# $= $7 $F !" Output Bu�er $+ $i Video Data Bus $r 2p $7 $F %G !< %? $, N. $l $F $/ $k $, !" 4p HD @_ 7W $N ET 9g >e Video Data Bus $, 2 K\ $" $k $? $a $K $I $A $i $N %P %9 $+ $i N. $l $F $/ $k $+ $r H= Dj $7 $F %; %l %/ %? !< $K $h $C $F @) 8f $7 !" D/A Con v erter $K Aw ?. $9 $k !# $^ $? !" F1 ;~ $K D/A Con v erter $K F~ NO $9 $Y $- <o !9 $N ?. 9f $r @8 @. $9 $k !# ?e J? / ?b D> F1 4| ?. 9f $N @8 @. ?^ 27 $N $h $& $K %G %# %9 %W %l %$ $N Bg $- $5 $, 1024 � 536 $G $" $k $H $9 $k $H <B :] $K =P NO $5 $l $k 2h LL $N Bg $- $5 $O !" 512 � 512 $G $" $k !# 16

?^ 26: CR T Con troller(FPGA Fb It ) ?^ 27: I= <( 2h LL ?^ 28: %9 %$ %C %A $K $h $k CM $N F~ NO 2h LL >e $G $$ $^ $I $3 $r Av :: @~ $, Av $C $F $$ $k $+ $H $$ $& $3 $H $r !" $9 $J $o $A %9 %/ %j !< %s :B I8 >e $N $I $N %T %/ %; %k $N CM $, $[ $7 $$ $+ $H $$ $& $3 $H $r CN $i $; $J $1 $l $P $J $i $J $$ !# $h $C $F !" X,Y :B I8 >e $N 0L CV $r 7W ?t $9 $k %+ %& %s %? !< $, 2 $D I, MW $K $J $k !# $^ $? !" 1024 � 536 $N %G %# %9 %W %l %$ $H 512 � 512 $N I= <( 2h LL $r JL !9 $K $+ $> $( $k %+ %& %s %? !< $, I, MW $H $J $j !" 9g 7W 4 $D $N %+ %& %s %? !< $G <B 8= $9 $k !# $^ $? !" %G %# %9 %W %l %$ $N Bg $- $5 $O !" $o $+ $i $J $$ $N $G %+ %& %s %? !< $K !J X coun ter = 1024,Y coun ter = 536 $H $$ $& CM $r 30 It $+ $i %Q %i %a !< %? !< $H $7 $F %9 %$ %C %A $K $h $C $F !K CM $r %; %C %H $9 $k 5! G= $r IU 2C $9 $k !# $= $N 9= @. $r ?^ 28 $K <( $9 !# %I %C %H %/ %m %C %/ $r X coun ter $G $+ $> $( $k $3 $H $G 1024 %+ %& %s %H $7 $? $H $3 $m $G 7e >e $, $j $, @8 $8 $k !# $= $N CARR Y ?. 9f $, ?e J? F1 4| ?. 9f $G $" $j !" $+ $D Y coun ter $N %+ %& %s %H F~ NO $H $9 $k !# $3 $l $r 7+ $j JV $9 $3 $H $G Y coun ter $, 536 $K $J $k $H 1 2h LL J, %+ %& %s %H $7 $* $o $C $? $3 $H $K $J $k !# $= $N $H $- $N CARR Y ?. 9f $, ?b D> F1 4| ?. 9f $H $J $k !# $h $C $F CM $r @_ Dj $9 $k $? $a $N %9 %$ %C %A $H :# @_ Dj $5 $l $? CM $r $I $N Latc h $K 3J G< $9 $Y $- $+ $H $$ $& $3 $H $r @) 8f $9 $k Switc h Con troller $K $h $C $F <B 8= $5 $l $k !# 17

BLANK ?. 9f $N @8 @. <B :] $K =P NO $5 $l $k 2h LL $N Bg $- $5 $O !" ?^ 27 $N $h $& $K 512 � 512 $G $" $k $+ $i !" $= $l 0J 30 $N %G %# %9 %W %l %$ $N It J, $r CN $i $; $k ?. 9f $, BLANK ?. 9f $G $" $k !# PE Fb $N Output Bu�er $K BP $9 $k %T %/ %; %k CM $N E> Aw MW 5a I= <( $9 $Y $- %T %/ %; %k $N :B I8 $r 7W ;; $7 !" $= $N %T %/ %; %k $r $b $D PE $N HV 9f $r =P NO $9 $k !# $= $N 5a $a J} $O !" Bh 4.3 @a $K <( $7 $F $" $k J} K! (2to4 deco der) $H F1 $8 $G $" $k !# %G !< %? E> Aw MW 5a ?. 9f $H SAM OE R O W ?. 9f ( Bh 4.3 @a ;2 >H ) $, $H $b $K Activ e $K $J $k $H PE $N VRAM Fb $G RAM %] !< %H Fb $K $" $k 128 8D $N %G !< %? $, SAM %] !< %H $K %; %C %H $5 $l $k !# $9 $J $o $A !" 2# 0l Ns $N 4 $D $N PE $, F1 ;~ $K %; %C %H $5 $l $k !# $= $N %5 %$ %/ %k $O !" 4 %5 %$ %/ %k $+ $+ $k !# $= $7 $F !" SAM OE COL(4 K\ $N =D J} 8~ $N ?. 9f @~ ) $, Activ e $K $J $k $3 $H $G $" $k 0l $D $N PE $, A* Br $5 $l $? $3 $H $K $J $j !" SAM %] !< %H $+ $i 128 8D O" B3 $G =P NO $5 $l $k !# 4p HD @_ 7W >e I, MW $J @) 8f ?^ 25 $N $h $& $K CR T Con troller $H D/A Con v erter $O !" %a %$ %s 4p HD >e $K 1 8D $: $D $N $C $F $$ $k $N $G !" %a %$ %s 4p HD 0 $N CR T Con troller $r Master $H $9 $k $H Pixel T ransceiv er $N >l 9g $H 0c $C $F N> J} $N CR T Con troller $r F0 $+ $9 $3 $H $O $G $- $J $$ !# $h $C $F !" Sla v e $N CR T Con troller $r F0 $+ $5 $J $$ $h $& $K $7 $J $1 $l $P $J $i $J $$ !# ?^ 26 $K $" $k $h $& $K FPGA $N 30 It $K 0,1 $7 $+ A* $Y $J $$ %9 %$ %C %A $r @_ $1 !" %G !< %? E> Aw MW 5a ?. 9f $K selector $r @_ Dj $9 $k !# %9 %$ %C %A $G 0 $, @_ Dj $5 $l $? 4p HD $r %a %$ %s 4p HD $H $9 $k $H %a %$ %s 4p HD $+ $i $7 $+ %G !< %? E> Aw MW 5a ?. 9f $, Aw ?. $5 $l $J $$ $3 $H $K $J $j !" Sla v e $N CR T Con troller $K $O !" %G !< %? $, Aw $i $l $F $3 $J $$ !# $^ $? !" Output Bu�er $+ $i =P NO $5 $l $F $/ $k R GB CM $O !" 4p HD $, 2 Kg $" $k $? $a $K Video Data Bus0 $^ $? $O Video Data Bus #1 $r DL $C $F $/ $k !# D/A Con- v erter $X N. $l $k %P %9 $O 1 K\ $7 $+ $J $$ $N $G $I $A $i $N Video Data Bus $+ $i N. $l $F $- $? $+ $r H= CG $7 $F @) 8f $7 $J $1 $l $P $J $i $J $$ !# $3 $l $O !" $I $N PE $N Ns $, A* Br $5 $l $? $+ $r <( $9 SAM OF R O W ?. 9f $r selector $N F~ NO ?. 9f $H $9 $k $3 $H $G <B 8= $9 $k !# 5 $* $o $j $K K\ 9F $K $* $$ $F !" ReV olv er/C40 $K $* $1 $k %7 %’ !< %G %# %s %0 %9 %F !< %8 $N 9= @. $H <B Au $K $D $$ $F =R $Y $? !# 2h A| @8 @. It ( ;k @~ @8 @. %9 %F !< %8 !" %T %/ %; %k CM 7W ;; %9 %F !< %8 ) $H %Q %$ %W %i %$ %s %T %C %A $r 9g $o $; $k $? $a $K 9b B. $J depth gradien t shading $N <j K! $r :N MQ $7 !" 16 Bf $N PE $K $h $k JB Ns =h M} $r 9T $C $F $$ $k !# $^ $? !" depth gradien t shading $K $* $1 $k K! @~ 7W ;; $G $O !" <~ JU %T %/ %; %k $N >p Js $r I, MW $H $9 $k $? $a !" $" $i $+ $8 $a $= $l $> $l $N PE $K %T %/ %; %k >p Js $r =E J# $7 $F ;} $? $; $F $* $/ $3 $H $K $h $j !" PE 4V $N DL ?. $r IT MW $K $7 $F $$ $k !# 3F PE $, ;} $D Receiv e Bu�er $H Output Bu�er $O $= $l $> $l %@ %V %k %P %C %U %! 9= @. $K $J $C $F $$ $k !# $= $& $9 $k $3 $H $G !" %G !< %? $N =q $- 9~ $_ / FI $_ 9~ $_ $H $$ $& =h M} $, %Q %$ %W %i %$ %s $G 9T $( $k !# <B Au >e $G $O RB $O 9b B. SRAM $K 2 %U %l !< %‘ J, $N %G !< %? $r ;} $? $; $k $3 $H $G 2 %P %s %/ 9= @. $K $7 !" OB $O DRAM $H F1 $8 J} K! $G %" %/ %; %9 2D G= $J RAM %] !< %H $H !" 9b B. $J %7 !< %1 %s %7 %c %k %" %/ %; %9 $, 2D G= $J SAM %] !< %H $r ;} $C $F $$ $k VRAM $r ;H MQ $9 $k $3 $H $G <B 8= $7 $F $$ $k !# $3 $N 9= @. $K $h $j !" %T %/ %; %k CM $N =q $- 9~ $_ / %7 %’ !< %G %# %s %0 =h M} / 2h A| I= <( $O FH N) $7 !" %U %l !< %‘ C1 0L $N %Q %$ %W %i %$ %s F0 :n $r 9T $& $3 $H $, 2D G= $H $J $C $? !# $^ $? !" 2 8D $N Pixel T ransceiv er $G F1 $8 %T %/ %; %k $r =h M} $5 $; $k $H $- !" $= $N %T %/ %; %k $r ;} $? $J $$ PE $, $N $C $F $$ $k 4p HD $N J} $G $O !" $= $N %G !< %? $r <N $F $k $3 $H $K $h $C $F PT 4V $N DL ?. $r IT MW $K $7 $F $$ $k !# 0l J} !" Video Signal Generator $K $* $1 $k CR T Con troller $b 2 8D $" $k $, $I $A $i $N CR T Con troller $, Master $+ $H $$ $& $3 $H $r 30 It $N %9 %$ %C %A $G @_ Dj $G $- $k $h $& $K $9 $k $3 $H $G Sla v e $N CR T Con troller $+ $i %G !< %? E> Aw MW 5a ?. 9f $, =P NO $5 $l $J $/ $J $j !" %G !< %? <u ?. $, $* $3 $i $J $$ $h $& $K $9 $k $3 $H $, $G $- $k !# $3 $N $h $& $K 2 Kg $N %a %$ %s 4p HD >e $N Pixel T ransceiv er $b Video Signal Generator $b A4 $/ F1 $8 $b $N $H $7 $F @_ 7W $9 $k $3 $H $K $h $C $F !" 30 It $N %9 %$ %C %A $K $h $C $F $I $A $i $N 4p HD $r Master $H $9 $k $+ Sla v e $H $9 $k $+ $r @_ Dj $G $- $k !# :# 8e $N 2] Bj $H $7 $F $O !" 2h A| I= <( $N 5! G= $r 3H D% $9 $k $3 $H $b 9M $( $i $l $k !# Output Bu�er $+ $i CR T Con troller $X $N %G !< %? %P %9 $O !" 8= :_ 24bit $G $" $k $, !" $3 $l $r 32bit $H $9 $k $3 $H $G F) L@ EY $J $I $N >p Js 18

$r ;} $? $; $k $3 $H $, $G $- $k !# $^ $? !" Output Bu�er $K $O !" Bg MF NL $N VRAM $r MQ $$ $F $* $j !" 512 � 512 %T %/ %; %k $N %U %l !< %‘ %P %C %U %! $r :G Bg 4 LL $^ $G $b $D $3 $H $, $G $- $k !# $3 $N @- <A $r MQ $$ $F F) L@ EY $N CM $K $h $C $F !" 4 LL $N %U %l !< %‘ %P %C %U %! $N 9g @. $r 9T $& $3 $H $b $G $- $k !# <U <- K\ 8& 5f $N 5! 2q $r M? $( $F 2< $5 $C $? !" K\ 65 << 65 <x IY ED bC <# @h @8 $K ?< $/ 46 <U $N 0U $r I= $7 $^ $9 !# ?t !9 $N 8f ;X F3 !" 8f =u 8@ $r D: $$ $? K\ 65 << Cf Eg 9@ @h @8 !" ?9 bC 0l O: @h @8 $K ?4 $+ $i 46 <U $$ $? $7 $^ $9 !# K\ 8& 5f $N 6& F1 8& 5f <T $G $" $k !" 6b 4n ET ;a !" Cf ;3 L@ B’ ;a !" 2. Ln M’ N4 ;a !" K\ B? =S G7 ;a $r $O $8 $a !" 7W ;; 5! %7 %9 %F %‘ 9V :B $N =t ;a $K 46 <U $$ $? $7 $^ $9 !# !! $^ $? !" $3 $N >l $r $* <Z $j $7 $F !" I. <T $r ;Y $( $F 2< $5 $$ $^ $7 $? M’ ?M =t ;a $K $* Ni ?= $7 >e $2 $^ $9 !# ;2 9M J8 8% [1] Ut GO M: <! t: %\ %j %e !< %‘ %l %s %@ %j %s %0 @l MQ JB Ns 7W ;; 5! { ReV olv er/C40 {, =$ ;N O@ J8 , 5~ ET Bg 3X (1995). [2] 2. Ln M’ N4 : %\ %j %e !< %‘ %l %s %@ %j %s %0 @l MQ JB Ns 7W ;; 5! ReV olv er/C40 $N %7 %’ !< %G %# %s %0 %9 %F !< %8 (1995). [3] Arie Kaufman( Lu : F# Be 0l @. ): %\ %j %e !< %‘ %S %8 %e %" %i %$ %< !< %7 %g %s 35 O@ , PIXEL No. 116 . [4] Chen, L. e. a.: Surface Shading in the Cub er- ille En vironmen t, CG&A , c hapter 5(12), pp. 33{43 (1985). [5] T exas Instrumen ts: TMS320C4x User’s Guide (1993). 19