R eV olver /C40 $N %7 %’ !< %G %# %s %0 %9 %F !< %8 $N @_ 7W $H <B Au 5H C+ D> <y J? @. 9 G/ 2 7n 14 F| Abstract 3 <! 85 6u 4V $K B8 :_ $9 $k J* BN $r !" C1 0L N) J} BN ( %\ %/ %; %k $H 8F $V ) $N =8 $^ $j $G 9= @. $5 $l $F $$ $k $H 9M $( !" $3 $N 6u 4V $r %\ %j %e !< %‘ %G !< %? $N $^ $^ 2 <! 85 $N %9 %/ %j !< %s $K Ej 1F $9 $k $3 $H $K $h $C $F !" >p Js $N 2D ;k 2= $r 9T $& 5; K! $r %\ %j %e !< %‘ %l %s %@ %j %s %0 $H 8F $V !# %\ %j %e !< %‘ %l %s %@ %j %s %0 $G $O !" Fb It >p Js $r ;} $D %G !< %? $N 2D ;k 2= $, 9T $( $k $3 $H $+ $i !" J* BN $N I= LL $@ $1 $G $J $/ !" J* BN $N Fb It $d GX 8e $N >u 67 $b 2h A| $H $7 $F I= 8= $9 $k $3 $H $, $G $- $k !# $= $N $? $a !" 0e NE J, Ln $K $* $1 $k ?M BN %G !< %? $N 2D ;k 2= !" 9= B$ 2r @O $d N. BN 7W ;; $r $O $8 $a $H $9 $k 2J 3X 5; =Q 7W ;; $N 7k 2L $N 2D ;k 2= $J $I $N <j CJ $H $7 $F =E MW ;k $5 $l $F $$ $k !# $7 $+ $7 !" $3 $N <j K! $N <B 8= $K $O KD Bg $J 5- 21 MF NL $H 7W ;; NL $r MW $9 $k !# $= $3 $G Ev 8& 5f << $G $O !" %\ %j %e !< %‘ %l %s %@ %j %s %0 $r 9b B. $K 9T $& @l MQ JB Ns 7W ;; 5! R eV olver /C40 $r 3+ H/ Cf $G $" $k !# R eV olver /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 (Ray Casting Stage:R CS) !" %T %/ %; %k CM 7W ;; %9 %F !< %8 (Pixel Calculation Stage:PCS) !" %7 %’ !< %G %# %s %0 %9 %F !< %8 (Shading Stage:SS) $H 8F $V !# K\ 9F $G $O !" R eV olver /C40 $N %7 %’ !< %G %# %s %0 %9 %F !< %8 $N 9= @. !" @_ 7W $* $h $S <B Au $K $D $$ $F =R $Y $k !# %7 %’ !< %G %# %s %0 =h M} $H $O !" 8w 8; >p Js $r MQ $$ $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 =h M} $G $" $j !" R eV olver /C40 $G $O depth gradient shading J} <0 $r :N MQ $7 $F $$ $k !# $3 $N <j K! $O !" %9 %/ %j !< %s >e $N 3F %T %/ %; %k $4 $H $N ;k E@ $H I= LL %\ %/ %; %k 4V $N 5w N% ( ?< $5 ) $r MQ $$ $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 $$ $F L\ E* $N %T %/ %; %k $r Cf 1{ $K 4^ $‘ ?t %T %/ %; %k $N 6h 4V NN 0h $r <h $j =P $7 $F !" $= $N N> C< $N ?< $5 $r MQ $$ $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 :N MQ $5 $l $F $$ $k !# %7 %’ !< %G %# %s %0 %9 %F !< %8 $G $O !" depth gradien t shading $N <j K! $r MQ $$ $F !" %T %/ %; %k CM $K %7 %’ !< %G %# %s %0 =h M} $r 9T $& $, !" $= $N :] $K I, MW $J %G !< %? $K $O 6I =j @- $, $" $k !# $h $C $F !" $3 $3 $G $O 2h LL $r 4 � 4 $N NN 0h $K 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} $r 9T $$ 9b B. 2= $r ?^ $C $F $$ $k !# 0l $D $N PE $O !" %T %/ %; %k %G !< %? $r <u $1 <h $k $? $a $N Receive Bu�er(RB) $H 2h A| =P NO $N $? $a $N Output Bu�er(OB) $r ;} $A !" Cf ?4 $K %7 %’ !< %G %# %s %0 $r 9T $& Digital Signal Pro cessor (DSP) $r Ek :\ $7 $F $$ $k !# 16 Bf $N PE $r Am >N $7 $F !" Shading Unit(SU) $H 8F $V !# %T %/ %; %k CM 7W ;; %9 %F !< %8 $+ $i $N F~ NO !" 5Z $S %G %# %9 %W %l %$ $X $N =P NO $O !" C‘ <! E* $G $" $k !# $7 $+ $7 !" SU $G JB Ns =h M} $r 9T $& $? $a $K !" PCS $+ $i C‘ <! E* $K Aw $i $l $F $/ $k %T %/ %; %k CM $N 3F PE $X $N J, ;6 !" 3F PE $G =h M} $7 $? 2h A| %G !< %? $N <} =8 $H $$ $& HQ ;( $J =h M} $, I, MW $H $J $k !# K\ SS $G $O !" $3 $l $i $N HQ ;( $J =h M} $r PE $+ $i @Z $j J| $7 !" $= $l $> $l FH N) $N %O !< %I %& %’ %" $G 9T $& $3 $H $G SU $N 9b B. 2= $r ?^ $C $F $$ $k !# %T %/ %; %k CM $r <u $1 <h $j 16 8D $N PE $K J, G[ $9 $k Pixel T ransceiv er(PT) $H !" 2h A| =P NO $r 9T $& Video Signal Generator(VSG) $, $3 $l $i $N =h M} $N MW $H $J $k !# Pixel T ransceiv er $O !" 3F %T %/ %; %k $N %G !< %? $r %T %/ %; %k CM 7W ;; %9 %F !< %8 $+ $i <u $1 <h $j !" $= $N %T %/ %; %k :B I8 $r $b $H $K !" C4 Ev $N PE $H %a %b %j %" %I %l %9 $r 7W ;; $7 !" $= $N %" %I %l %9 $K %G !< %? $r =q $- 9~ $‘ !# PE $O 1 depth gradient shading J} <0 $G <+ J, $N C4 Ev NN 0h $N %7 %’ !< %G %# %s %0 =h M} $r 9T $& $? $a $K !" <+ J, $N NN 0h $K $J $$ depth >p Js $r MQ $$ $F K! @~ $r 7W ;; $9 $k I, MW $, $" $k !# PT $, $3 $N depth >p Js $r 3F PE $K =E J# $7 $F ;} $? $; $k J} K! $r $H $k $H !" 7W ;; ;~ 4V $, $+ $+ $j %Q %$ %W %i %$ %s $r ;_ $a $F $7 $^ $& !# $= $3 $G depth CM $r DSP 4V DL ?. $K $h $C $F <h F@ $9 $k $H !" PT $O $9 $Y $F $N =h M} $r A4 BN $N %Q %$ %W %i %$ %s $r ;_ $a $k $3 $H $J $/ =h M} $r =* $( $k $3 $H $, $G $- $? !# Video Signal Generator $O !" 3F PE $N OB $+ $i %7 %’ !< %G %# %s %0 =h M} $r =* $( $? %G %8 %? %k R GB %G !< %? $r <u $1 <h $j !" %" %J %m %0 ?. 9f $K JQ 49 $7 $F CR T $K =P NO $9 $k !# $3 $N It J, $G $O !" %G !< %? E> Aw MW 5a $H 2h A| %G !< %? =P NO $N %? %$ %_ %s %0 $, =E MW $G $" $k !# CR T $X $N I= <( $O !" 512 2 %T %/ %; %k $N I= <( 2h LL %5 %$ %: $G 1 IC 4V $K 60 Kg $N 2h A| $r I= <( $G $- $k @_ 7W $K $J $C $F $$ $k !# PT $J $i $S $K VSG $N CR T Con troller $r FPGA(Field Programmable Gate Array:10000 %2 !< %H Aj Ev !" CY 1d ;~ 4V 5 ns ) $r MQ $$ $F <B Au $7 $? 7k 2L !" PT $O %2 !< %H ;H MQ N( 91% !" VSG $N CR T Con troller $O %2 !< %H ;H MQ N( 77% $G <B 8= $G $- $k $3 $H !" $J $i $S $K == J, $J B. EY $, F@ $i $l $k $3 $H $r 3N G’ $7 $? !# Abstract V olume rendering is a technique to visualize information by pro jecting the three dimensional space on the tw o dimensional screen. The ob ject in this space with volume data can b e regarded as a group of unit cub es(They are called vo xels). W e can pro ject not only the surface of ob jects but also the inside of and b ehind ob jects by us- ing the v olume rendering,b ecause we can visual- ize the data which hav e internal-information. So it is an imp ortant technique to visualize the med- ical images of the human b o dy and the results obtained by scien ti�c computation such as the computation at uid dynamics and the structure analysis. But this metho d requires enormous amount of storage and large computation time. So we are developing a parallel mac hine sp ecially for volume rendering ’ R eV olver /C40’. This ma- chine can display images fast by the pip elining of three indep endent pro cesses. These pro cesses are ray casting, pixel calculation and shading. Pip elining stages for these pro cesses are called the Ray Casting Stage(RCS), the Pixel Calcula- tion Stage(PCS) and the Shading Stage(SS), re- sp ectively . This pap er describ es a design of the Shading Stage of R eV olver /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 intensit y at eac h pixel in a generated image with light source information, and to get the realistic image. The Shading Stage computes the intensit y with the depth gradient shading metho d. This is one of the pixel approach,whic h calculates the surface gradien t and the intensit y of a pixel with the distance(depth) from an view p oin t to a surface v o xel at each pixel on a screen. The depth gradi- en t shading is simple and �t for high-sp eed pro- cessing b ecause it calculates a gradient with only t w o depths at each end pixels of a short segment including the target pixel for b oth x-co ordinate and y-co ordinate. So, this metho d is adopted for v arious machines sp eci�ed for v olume rendering. When the Shading Stage do es shading with the depth gradien t shading metho d, it accesses the limited part of the screen. So, the screen is di- vided in to 16(4 � 4) comp onents and one Pro- cessing Element is assigned to eac h of them. It enables parallel and high-sp eed pro cessing. Each pro cessing element has a receive bu�er to receive pixel v alues, the Receiv e Bu�er, and a frame bu�er for image output, the Output Bu�er, and has a Digital Signal Pro cessor (DSP) as a ker- nel for the shading pro cess. Shading Unit is the general term for these 16 Pro cessing Elements. Inputs from Pixel Calculation Stage and out- puts on displa y are successively . But it is di�- cult that Pro cessing Elements compute all com- plicated pro cess such as distributing pixel v alues receiv ed from Pixel Calculation Stage and gath- ering visual data and image output successively to actualize parallel pro cessing. So it is imp or- tan t that they are pro cessed by di�erent hard- 2 ware part from Pro cessing Elements. So Pixel T ransceiv er, which receive pixel v alues and divide them among Pro cessing Elements, and Video Signal Generator, whic h output images, are re- quired. Pixel T ransceiv er receives pixel v alues from Pixel Calculation Stage, and chooses Pro cessor Element n um ber and computes its memory ad- dress from pixel v alues, and writes pixel v alues to its memory . Pro cessing Elements hav e to calcu- late vertical line with depth information, which are outside of them, to do shading with depth gradient shading metho d. If Pixel T ransceiv er distributes outside depth information to every Pro cessor Element, PT has to calculate enor- mously and disturbs pip elining. Now, Pro cessing Elements get this information by using commu- nication p ort in the Digital Signal Pro cessor,then Pixel T ransceiv er can �nish its all pro cesses with- out disturbing the pip elining. Video Signal Generator receiv es digital shad- ing - done RGB v alues from the Output Bu�er, and transfers it to analog signal, and outputs im- ages. It is imp ortant when Video Signal Genera- tor requests data and outputs data. Video Signal Generator can output 60 images p er a second to the 512 2 pixels display . Pixel T ransceiv er and CR T Controller of Video Signal Generator are implemented in the Field Programmable Gate Array(FPGA:about 10000 gate, 5 ns delay). As a result, Pixel T ransceiv er makes 91% use of gate av ailabilit y , and CR T Con- troller of Video Signal Generator makes 77% use of gate a v ailabilit y , and they can calculate fast enough. L\ <! 1 $O $8 $a $K 3 2 R eV olver /C40 $N FC D’ $H 9= @. 4 2.1 R eV olver /C40 $N FC D’ : : : : : : : : 4 2.2 R eV olver /C40 $N 9= @. : : : : : : : : 5 3 %7 %’ !< %G %# %s %0 %9 %F !< %8 6 3.1 %7 %’ !< %G %# %s %0 =h M} : : : : : : : : 6 3.2 depth gradient shading : : : : : : : 6 3.3 depth gradient shading $N JB Ns 2= : 6 3.4 %7 %’ !< %G %# %s %0 %9 %F !< %8 $N 9= @. : : 7 3.5 4p HD @_ 7W : : : : : : : : : : : : : : : 8 3.6 Shading Unit $N 9= @. : : : : : : : : 9 4 Pixel T ransceiv er 9 4.1 PT $N MW 5a ;E MM : : : : : : : : : : : 9 4.2 PT $N =h M} $H 9= @. : : : : : : : : : : 10 4.3 PT $N <B Au : : : : : : : : : : : : : : 11 4.3.1 %" %I %l %9 7W ;; : : : : : : : : 11 4.3.2 3F <o %? %$ %_ %s %0 : : : : : : : 11 4.4 PT $N =h M} ;~ 4V $K 4X $9 $k 9M ;! : : : : 13 4.4.1 PT $N 0l $D $N %T %/ %; %k $N =h M} ;~ 4V : : : : : : : : : : : : 13 4.4.2 %G !< %? J, G[ J} <0 $K 4X $9 $k 9M ;! 13 5 Video Signal Generator 14 5.1 VSG $N MW 5a ;E MM : : : : : : : : : : 14 5.2 VSG $G $N =h M} $H 9= @. : : : : : : : : 14 5.3 CR T Con troller $N 9= @. : : : : : : : 14 5.4 CR T Con troller $N F0 :n : : : : : : : 15 5.4.1 %G %# %9 %W %l %$ $X $N IA 2h @) 8f : 15 5.4.2 J, ;6 %U %l !< %‘ %P %C %U %! $+ $i $N %G !< %? FI $_ =P $7 @) 8f : : : 16 5.4.3 D/A Con v erter $X $N %G !< %? E> Aw $N %? %$ %_ %s %0 : : : : : : 16 5.5 VSG $N =h M} B. EY : : : : : : : : : : 16 6 $* $o $j $K 16 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 4Q B, 7k 2L $N B? $/ $O !" 3 <! 85 $N %\ %j %e !< %‘ %G !< %? $G M? $( $i $l $k !# J* BN Fb It $N 2D ;k 2= $d 2J 3X %7 %_ %e %l !< %7 %g %s $K $h $C $F 7W ;; $5 $l $? %] %F %s %7 %c %k $d NO $N >l $N 2D ;k 2= $K D> @\ E, MQ $9 $k $3 $H $r <g 4c $H $7 $F 3+ H/ $5 $l $? <j K! $H $7 $F !" %\ %j %e !< %‘ %l %s %@ %j %s %0 $, $" $k !# $3 $3 $G !" %\ %j %e !< %‘ %G !< %? $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 $H $O !" %T %/ %; 3

%k $N 35 G0 $r 3 <! 85 $K 3H D% $7 $? $b $N $G $" $j !" 3 <! 85 6u 4V $r 3J ;R >u $K J, 3d $7 $F F@ $i $l $k C1 0L D> J} BN $r ;X $9 !# 3F %\ %/ %; %k $O !" Ce L\ $7 $F $$ $k B0 @- ( :‘ <A , 29 EY , L) EY , $J $I ) $N !" %\ %/ %; %k $N Cf ?4 E@ $K $* $1 $k %5 %s %W %j %s %0 CM $r J] ;} $9 $k !# %\ %/ %; %k $X $N 6u 4V J, 3d $N Bg $- $5 $O DL >o $O I= <( $N 2r A| EY $K BP 1~ $7 $F $$ $k !# %\ %j %e !< %‘ %l %s %@ %j %s %0 =h M} $O !" 3 <! 85 $N %\ %j %e !< %‘ %G !< %? $r 2 <! 85 $K <M 1F $9 $k 2h A| @8 @. =h M} $H !" $= $N <M 1F 7k 2L $K 1" 1F $r $D $1 $k %7 %’ !< %G %# %s %0 =h M} $K J, $1 $i $l $k !# %7 %’ !< %G %# %s %0 =h M} $G $O !" K! @~ $r 7W ;; $G $- $k $h $& $J 4v 2? >p Js $, I, MW $G $" $k $, !" %\ %j %e !< %‘ %G !< %? $K $O !" I= LL >p Js $, $J $$ $? $a $K 4J C1 $K K! @~ %G !< %? $r F@ $k $3 $H $, $G $- $J $$ !# $= $N $? $a !" 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 $G $" $j !" R eV olver /C40 $G $O !" depth gradient shading $H $$ $& 5; K! $r MQ $$ $F !" $3 $l $r <B 8= $9 $k !# K\ 9F $G $O !" R eV olver /C40 $K $* $$ $F %7 %’ !< %G %# %s %0 =h M} $H 2h A| I= <( $r 9T $& Shading Stage $K $D $$ $F =R $Y $k !# Bh Fs >O $K $* $$ $F $O GX 7J $H $7 $F R e- V olver /C40 $N FC D’ $H 9= @. $K $D $$ $F =R $Y !" Bh ;0 >O $G $O R eV olver /C40 $K $* $1 $k Shading Stage $N 35 MW $K $D $$ $F =R $Y $k !# Bh ;M >O $G $O Shading Stage $K $* $$ $F F~ NO %$ %s %? !< %U %’ !< %9 $r C4 Ev $9 $k Pixel T ransceiv er $N =h M} !" 9= @. !" <B Au $* $h $S =h M} B. EY $K $D $$ $F =R $Y !" Bh 8^ >O $G $O Shading Stage $K $* $1 $k =P NO %$ %s %? !< %U %’ !< %9 $r C4 Ev $9 $k Video Signal Generator $N =h M} !" 9= @. !" <B Au $* $h $S =h M} B. EY $K $D $$ $F =R $Y $k !# 2 R eV olver /C40 $N FC D’ $H 9= @. 2.1 R eV olver /C40 $N FC D’ R eV olver /C40 $O !" 2J 3X 5; =Q 7W ;; $N 2r @O $d N. BN $N 2D ;k 2= $r $b 9T $& $? $a $K !" 9b B. IA 2h !" H> F) L@ %\ %j %e !< %‘ $N I= <( !" 1s 6a K! $K $h $k 2h A| @8 @. $H $$ $& ;0 $D $N 9‘ L\ $r <B 8= $9 $k $h $& $K @_ 7W $5 $l $F $$ $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 $$ A4 %\ %/ %; %k $r =g $K %" %/ %; %9 $9 $k I, MW $, $" $k !# $^ $? 1s 6a K! $r :N MQ $9 $k >l 9g !" G$ 0U J} 8~ $N ;k @~ $, H/ @8 $9 $k $? $a !" %a %b %j %" %/ %; %9 $, 5, B’ E* $G $O $J $/ !" %a %b %j %P %s %/ $X $N %" %/ %; %9 6% 9g $N 2D G= @- $, 9b $/ $J $j !" ?^ 2: %l %$ %- %c %9 %F %# %s %0 K! JB Ns =h M} $X $N >c 32 $H $J $k !# $3 $3 $G $O !" $= $l $i $N Ld Bj $r 2r 7h $7 !" 9b B. IA 2h $r 9T $& $? $a $K R eV olver /C40 $, ;} $C $F $$ $k FC D’ $r =R $Y $k !# %l %$ %- %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 %9 %/ %j !< %s >e $N %T %/ %; %k $4 $H $K !" ;k @~ $, $I $N %\ %/ %; %k $r DL 2a $7 $F $- $? $N $+ $r DI @W $7 $F !" %T %/ %; %k $N ?’ $d L@ $k $5 $r 7h Dj $7 !" %9 %/ %j !< %s $K Ej 1F $9 $k !# %5 %s %W %j %s %0 J} K! $N C1 =c 2= R eV olver /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 $$ $k !# $3 $N J} K! $r <g <4 Ey 4V 3V %5 %s %W %j %s %0 K! $H 8F $V !# %P %s %/ %3 %s %U %j %/ %H $N $J $$ %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} 8~ $N ;k @~ $K BP $7 $F %P %s %/ %3 %s %U %j %/ %H %U %j !< $H $9 $k $3 $H $, $G $- $k !# 4

?^ 1: ;2 >H $9 $k %\ %/ %; %k $N 0c $$ R eV olver /C40 $N 3 <! 85 %a %b %j 9= B$ $G $O !" %\ %j %e !< %‘ %G !< %? $r ;0 =E 2= $7 !" <g <4 Ey 4V 3V %5 %s %W %j %s %0 $r 9T $& $3 $H $K $h $j !" ;k @~ $, G$ 0U J} 8~ $G $" $C $F $b !" %P %s %/ %3 %s %U %j %/ %H $, @8 $8 $J $$ $3 $H $r J] >Z $9 $k !# JB Ns =h M} $K $h $k 9b B. 2= R eV olver /C40 $O !" A4 BN $H $7 $F RCS !" PCS !" SS $H $$ $& 3 8D $N %9 %F !< %8 $K $h $k %Q %$ %W %i %$ %s $r $H $C $F $$ $k !# $^ $? !" RCS $G $O M? $( $i $l $? >p Js $r %9 %/ %j !< %s $r J, 3d $7 $F 3F PE $K 3d $j Ev $F !" ;k @~ @8 @. =h M} $r 9T $& !# PCS $G $O %T %/ %; %k CM 7W ;; $r %Q %$ %W %i %$ %s =h M} $G 9T $& !# SS $G $O %9 %/ %j !< %s $r J, 3d $7 $F 3F PE $K %T %/ %; %k CM $r 3d $j Ev $F !" %7 %’ !< %G %# %s %0 $r 9T $& !# $3 $N $h $& $K 3F %9 %F !< %8 $G $b MM !9 $J JB Ns =h M} $r 9T $& $3 $H $K $h $C $F !" 9b B. 2= $r ?^ $C $F $$ $k !# 2.2 R eV olver /C40 $N 9= @. R eV olver /C40 $O ?^ 3 $K <( $9 $h $& $K !" Ra y Cast- ing Stage(RCS) !" Pixel Calculation Stage(PCS) !" Shading Stage(SS) $H 8F $P $l $k ;0 $D $N %9 %F !< %8 $K $h $C $F 9= @. $5 $l $F $* $j !" $3 $l $i $, FH N) $K =h M} $r 9T $& $3 $H $K $h $C $F !" JB Ns =h M} $r <B 8= $7 $F $$ $k !# $3 $N ;0 $D $N %9 %F !< %8 $r $^ $H $a $F @) 8f $7 $F $$ $k $N $, System Control Unit(SCU) $G $" $k !# System Control Unit %7 %9 %F %‘ A4 BN $N @) 8f $r 9T $$ !" %[ %9 %H %^ %7 %s $+ $i $N ;X <( $K $7 $? $, $C $F !" ?^ 3: R eV olver /C40 $N A4 BN 9= @. B> $N 9= @. MW AG $K BP $7 $F %3 %^ %s %I / %G !< %? $r E> Aw $9 $k !# Ra y Casting Stage %9 %/ %j !< %s >e $N A4 $F $N %T %/ %; %k $K $D $$ $F !" ;k E@ $+ $i %T %/ %; %k $r DL 2a $9 $k ;k @~ %Y %/ %H %k $r @8 @. $7 !" PCS $X Aw $k !# Pixel Calculation Stage %\ %j %e !< %‘ %G !< %? $r J] ;} $7 $F $$ $k %9 %F !< %8 $G $" $j !" RCS $+ $i $N ;k @~ %G !< %? $K 4p $E $$ $F %\ %/ %; %k CM $r FI $_ =P $9 !# %\ %/ %; %k CM $O 1b yte $N %$ %s %G %C %/ %9 CM $J $N $G !" 5

$3 $l $r MQ $$ $F B0 @- %F !< %V %k $r ;2 >H $7 !" %T %/ %; %k CM 7W ;; $r 9T $& !# $= $7 $F $= $N %T %/ %; %k CM $d 5w N% $r SS $X Aw $k !# Shading Stage PCS $+ $i Aw $i $l $F $- $? %G !< %? $r $b $H $K !" 16 J, 3d $5 $l $? PE $N Fb $N E, @Z $J PE $K %G !< %? $r Aw $j !" %7 %’ !< %G %# %s %0 $r 9T $& !# $= $7 $F CR T $K =P NO $9 $k !# 3 %7 %’ !< %G %# %s %0 %9 %F !< %8 3.1 %7 %’ !< %G %# %s %0 =h M} %7 %’ !< %G %# %s %0 $H $O !" N) BN $r 9= @. $9 $k 3F LL $K BP $7 $F !" 8w 8; 0L CV $d <~ 0O $N 4D 6- >r 7o $r 9M N8 $7 $F L@ $k $5 $r 7h Dj $9 $k J} K! $G $" $k !# %7 %’ !< %G %# %s %0 $K $h $j !" $h $j 8= <B E* $J N) BN $N I= 8= $, 2D G= $K $J $k !# N) BN $r 9= @. $9 $k 3F LL $N L@ $k $5 $N 7h Dj $K $O !" 8w 8; $N 0L CV $d <~ 0O $N L@ $k $5 !" N) BN $N LL $N 3Q EY $J $I $N B? $/ $N %Q %i %a !< %? $, 4X M? $7 $F $$ $k !# ?^ 4 $O $b $C $H $b 0l ?^ 4: 0l E@ P $N %7 %’ !< %G %# %s %0 HL E* $J 1" 1F $N 7h Dj J} K! $G $" $k !# J* BN >e $N $" $k 0l E@ P $N L@ $k $5 ( 51 EY )L $r !" L5 8B 1s E@ $K $" $k 8w 8; $+ $i $N F~ <M 8w $N ;6 Mp $K $h $k 51 EY L d !" F~ <M 8w @5 H? <M $K $h $k 51 EY L s !" N) BN Fb It $+ $i $N F) 2a 8w $K $h $k 51 EY L b !" $* $h $S <~ 0O 4D 6- $N ;6 Mp 8w $K $h $k 51 EY L e $N ;M $D $N MW AG $N OB $H $7 $F 5a $a $k !# L = L d + L s + L b + L e (1) $3 $N $h $& $J !" J* BN $N $" $k E@ $N 51 EY $r 5a $a $k $3 $H $K $h $j !" %7 %’ !< %G %# %s %0 %b %G %k $, :n @. $5 $l $k !# L5 8B 1s E@ $K $" $k 8w 8; $+ $i 6/ EY I p $N 8w $, E@ P $K F~ <M $9 $k >l 9g !" E@ P $K $* $1 $k J* BN I= LL $N K! @~ $H F~ <M 8w $H $N 3Q EY $r i !" BP >] $H $9 $k N) BN $N H? <M 78 ?t $r R p $H $9 $k $H !" F~ <M 8w $N ;6 Mp $K $h $k 51 EY L d $O L d = R p I p cos i (2) $G M? $( $i $l $k !# [7] 3.2 depth gradient shading %\ %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 $r 5a $a $k J} K! $H $7 $F !" R eV olver /C40 $O depth gradien t shading $r :N MQ $7 $F $$ $k !# %\ %j %e !< %‘ %l %s %@ %j %s %0 $K $* $$ $F !" %\ %j %e !< %‘ $N I= LL $H $O !" ;k @~ >e $N %\ %/ %; %k CM $r ;k E@ $K 6a $$ B& $+ $i D4 $Y !" $O $8 $a $K L5 ?’ F) L@ $G $J $$ %\ %/ %; %k $H 8r :9 $7 $? =j $G $" $k $H $_ $J $9 $3 $H $, $G $- $k !# $$ $^ !" %9 %/ %j !< %s $+ $i $3 $N I= LL $^ $G $N 5w N% $r 3F %T %/ %; %k $4 $H $K 5a $a !" 2 <! 85 G[ Ns $K 3J G< $7 $? $b $N $r ?< $5 %P %C %U %! (depth bu�er) $H 8F $S !" ?< $5 %P %C %U %! $K 3J G< $5 $l $k CM $r depth CM $H 8F $V !# $3 $N depth CM $+ $i I= LL $N K! @~ $r 6a ;w 7W ;; $7 !" %T %/ %; %k CM $H K! @~ %Y %/ %H %k $r $b $H $K 3F %T %/ %; %k $N 51 EY $r Jd @5 $9 $k <j K! $, !" depth gradient shading $G $" $k !# $" $k E@ P $K $* $1 $k K! @~ %Y %/ %H %k $r 5a $a $k >l 9g !" X J} 8~ $K $D $$ $F $O ?^ 5 $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 $$ $F depth CM $r <h $j =P $7 !" depth CM $N :9 $H :B I8 $N :9 $r ;H $C $F 8{ G[ $r 6a ;w $9 $k !# $^ $? !" ?^ 5 $N (b) $N $h $& $K depth CM $N A} 2C $, JQ 2= $9 $k >l 9g $O !" (a) $N >l 9g $H F1 MM $K :9 $r <h $k $H 8{ G[ $, J? C3 $K $J $j FM 5/ $, :F 8= $5 $l $J $$ $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 !# 3.3 depth gradient shading $N JB Ns 2= R eV olver /C40 $N 9T $& depth gradient shading $O !" ?^ 6 $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 51 EY $r 7W ;; $9 $k !# $3 $N :] !" 3F %T %/ %; %k $N 7W ;; $O Aj 8_ $K 0M B8 $, L5 $$ $? $a !" %T %/ %; %k C1 0L $N %G !< %? JB Ns =h M} $, 2D G= $G $" $k !# 0l J} !" K! @~ 7W ;; $K $* $1 $k %G !< %? $N %" %/ %; %9 %Q %? !< %s 6

?^ 5: K! @~ %Y %/ %H %k ?^ 6: depth gradient shading $N K! @~ 7W ;; $K I, MW $J %T %/ %; %k $K $O !" x J} 8~ !" y J} 8~ $N N> J} 8~ $K 4X $7 $F !" ;2 >H $N 6I =j @- $, B8 :_ $9 $k !# $7 $? $, $C $F !" 8z N( E* $J JB Ns =h M} $r 9T $& $? $a $K $O !" 1 <! 85 !" $" $k $$ $O 2 <! 85 $N %V %m %C %/ J, 3d $, E, $7 $F $$ $k !# $= $3 $G !" R eV olver /C40 $G $O 2h LL $r ?^ 7 $N $h $& $K 2 <! 85 %V %m %C %/ J, 3d (4 � 4 $N 16 J, 3d ) $7 !" $= $l $> $l $r 0l $D $N PE $K 3d $j Ev $F $k $3 $H $G !" JB Ns =h M} $r 9T $& !# 3.4 %7 %’ !< %G %# %s %0 %9 %F !< %8 $N 9= @. Shading Stage $O Bg $- $/ $o $1 $F Pixel T ransceiv er !" Shading Unit !" Video Signal Generator $N ;0 $D $N It J, $+ $i $J $C $F $$ $k !# ?^ 7: %U %l !< %‘ !& %P %C %U %! $N J, 3d Pixel T ransceiv er 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 $K %G !< %? $r EO $9 =h M} $r 9T $& !# Shading Unit 16 Bf $N Pro cessing Element(PE) $N =8 9g BN $G $" $j !" J, ;6 %U %l !< %‘ %P %C %U %! $r 9= @. $9 $k !# Pixel T ransceiv er $+ $i <u $1 <h $C $? %G !< %? $r $b $H $K !" depth gradien t shading $K $h $k %7 %’ !< %G %# %s %0 =h M} $r ;\ $7 !" $= $N 7k 2L $r J, ;6 %U %l !< %‘ %P %C %U %! $K =q $- 9~ $‘ !# Video Signal Generator 3F PE $N J, ;6 %U %l !< %‘ %P %C %U %! $+ $i !" RGB %G !< %? $r E, @Z $J =g =x !" $+ $D E, @Z $J %? %$ %_ %s %0 $G <} =8 $7 !" <u $1 <h $C $? R GB %G !< %? ( %G %# %8 %? %k ?. 9f ) $r D/A Con- v erter $r DL $7 $F %" %J %m %0 ?. 9f $K JQ 49 $7 !" %G %# %9 %W %l %$ 2h LL $K =P NO $9 $k !# 7

?^ 8: Shading Stage $N A4 BN 9= @. 3.5 4p HD @_ 7W %7 %’ !< %G %# %s %0 %9 %F !< %8 $O !" ?^ 9 $N $h $& $K %a %$ %s 4p HD 2 Kg $+ $i $J $k !# 1 Kg $N %a %$ %s 4p HD $K $O !" PE $r 1 8D ;} $D %5 %V 4p HD 8 Kg $H !" $= $N %5 %V 4p HD $K 0l $D $: $D 3d $j Ev $F $i $l $F $$ $k %7 %j %" %k %/ %m %C %/ @8 @. MQ $N Programmable Array Logic(P AL) $, 8 8D !" PT $r <B 8= $9 $k $? $a $N Field Programmable Gate Array(FPGA)1 8D !" CR T Controller $r <B 8= $9 $k $? $a $N FPGA1 8D $H D/A Conv erter1 8D $J $i $S $K !" %P %9 @) 8f MQ $N %P %C %U %! $J $I $, Ek :\ $5 $l $F $$ $k !# %T %/ %; %k CM 7W ;; %9 %F !< %8 $+ $i $O !" $= $l $> $l $N 4p HD $K %P %9 $, 2 K\ F~ NO $5 $l $F $$ $k !# $^ $? CR T $K $O !" D/A Conv erter $+ $i Aw $i $l $k RGB CM $N F~ NO %P %9 $H F1 4| ?. 9f $N F~ NO @~ $, $" $k !# $^ $? !" 2 Kg $N 4p HD $O 0l J} $, Master !" $b $& 0l J} $, Slav e $K @_ Dj $5 $l $k !# PT $N PCS $X $N %G !< %? Aw ?. MW 5a !" VSG $N PE $X $N %G !< %? Aw ?. MW 5a $H CR T $X $N %G !< %? Aw ?. $O !" Master $N 4p HD $, Be I= $7 $F 9T $& !# ?^ 9: 4p HD @_ 7W 8

3.6 Shading Unit $N 9= @. ?^ 10: Shading Unit(SU) $N 9= @. Shading Unit $O !" 16 Bf $N Pro cessing Ele- ment(PE) $r 3J ;R >u $K G[ CV $7 !" 3F Digital Signal Pro cessor(DSP) $, ;} $D Com Port $K $h $j %a %C %7 %e 7k 9g $7 $? 9= @. $H $J $k !# $? $@ $7 PE0 $H PE3 !" PE4 $H PE7 !" PE8 $H PE11 !" PE12 $H PE15 $K $D $$ $F $O !" %j %s %0 7k 9g $H $9 $k !# PE $N 9= @. $O ?^ 10 $K <( $9 $h $& $K !" depth CM $N 7W ;; $H $= $N 7k 2L $r MQ $$ $F %7 %’ !< %G %# %s %0 =h M} $r 9T $& DSP $r Cf ?4 $K !" PT $, PCS $+ $i <u $1 <h $C $? %T %/ %; %k CM $d RGB CM $J $I $N %T %/ %; %k %G !< %? $r =q $- 9~ $‘ $? $a $N Receive Bu�er(RB) $H !" %7 %’ !< %G %# %s %0 =h M} $r =* $( $? RGB %G !< %? $r 3J G< $9 $k Output Bu�er(OB) $G 9= @. $5 $l $F $$ $k !# OB $O CR T $K =P NO $9 $k $? $a $N %U %l !< %‘ %P %C %U %! $N Lr 3d $b $+ $M $F $$ $k !# $3 $l $r 0l Bf $N PE $H $7 !" 16 Bf $N PE $G JB Ns =h M} $r 9T $& !# ?^ 10 $N $h $& $K RB $K BP $9 $k Pixel T ransceiv er $+ $i $N =q $- 9~ $_ $H DSP $+ $i $N FI $_ =P $7 !" OB $K BP $9 $k DSP $+ $i $N =q $- 9~ $_ $H Video Signal Generator $X $N E> Aw $H $$ $& =h M} $r JB Ns $K 9T $& $? $a !" RB $H OB $O $= $l $> $l 2 %P %s %/ 9= @. $K $7 !" %U %l !< %‘ C1 0L $N %7 %’ !< %G %# %s %0 =h M} $, =* $o $k $? $S $K Pixel T ransceiv er $, %P %s %/ $r @Z $j 49 $( $k !# RB $O ?^ 11 $K <( $9 $h $& $K !" Pixel T ransceiv er $H DSP $N 2 %v =j $+ $i %" %/ %; %9 $5 $l $k !# RB $N %" %/ %; %9 $N FC D’ $H $7 $F $O !" <! $N $h $& $J $b $N $, $" $k !# � Pixel T ransceiv er $H DSP $N %" %/ %; %9 $O !" A4 $/ 0[ $J $k NN 0h $K BP $7 $F 9T $o $l $k !# � Pixel T ransceiv er B& $b DSP B& $b ;6 H/ %" %/ %; %9 $G $" $k !# ?^ 11 $K <( $9 $h $& $K !" PT $, RB $K %" %/ %; %9 $9 $k ;~ 4V $O C; $/ !" $^ $? PE $O 16 8D $" $k $N $G PT $, 1 8D $N PE $N RB $r @j M- $9 $k ;~ 4V $O 6O $+ $G $" $k !# $h $C $F RB $O SRAM $r 2 8D @\ B3 $7 !" J* M} E* $K $O 1 %] !< %H $G <B 8= $5 $l !" ;~ J, 3d $G 2> A[ E* $K 2 %] !< %H $K $7 $F $$ $k !# $= $7 $F PT $+ $i $N %" %/ %; %9 $, $" $C $? >l 9g $K $= $A $i $r M% @h $5 $; $k $h $& $K $7 $F $$ $k !# $^ $? !" OB $b ?^ 11 $K <( $9 $h $& $K !" DSP $H Video Signal Generator $N 2 %v =j $+ $i %" %/ %; %9 $5 $l $k !# OB $N %" %/ %; %9 $N FC D’ $H $7 $F $O !" <! $N $h $& $J $b $N $, $" $k !# � DSP $H Video Signal Generator $N %" %/ %; %9 $O !" A4 $/ 0[ $J $k NN 0h $K BP $7 $F 9T $o $l $k !# � DSP B& $O ;6 H/ %" %/ %; %9 !" Video Signal Gen- erator B& $O C1 H/ $N O" B3 %" %/ %; %9 !# ?^ 11 $K <( $9 $h $& $K !" VSG $, OB $K %" %/ %; %9 $9 $k ;~ 4V $O D9 $/ !" $= $N 4V OB $r @j M- $7 $F $7 $^ $& $H DSP $, D9 $$ 4V OB $K =q $- 9~ $‘ $3 $H $, $G $- $J $/ $J $k !# $h $C $F OB $G $O RAM %] !< %H $H SAM %] !< %H $H $$ $& 2 $D $N %" %/ %; %9 %] !< %H $r ;} $C $? VRAM $r ;H MQ $7 $F $$ $k !# $3 $3 $G $O !" DSP $+ $i $N =q $- 9~ $_ $K $O 9b B. @- $O MW 5a $5 $l $F $$ $J $$ $N $G !" DRAM $H F1 $8 J} K! $G %" %/ %; %9 $G $- $k RAM %] !< %H $r ;H MQ $7 !" Video Signal Generator $X $N %G !< %? E> Aw $O !" 9b B. $J %7 !< %1 %s %7 %c %k %" %/ %; %9 $, 2D G= $J SAM %] !< %H $r ;H MQ $9 $k !# 4 Pixel T ransceiv er 4.1 PT $N MW 5a ;E MM R eV olver /C40 $O !" ;k @~ @8 @. / %T %/ %; %k CM 7W ;; / %7 %’ !< %G %# %s %0 =h M} / $H $$ $& 3 $D $N =h M} $r !" ?^ 12 $K <( $9 $h $& $K RCS/PCS/SS $H $$ $& 3 $D $N %9 %F !< %8 $G %Q %$ %W %i %$ %s =h M} $r 9T $C $F $$ $k !# PCS $O %T %/ %; %k CM 7W ;; $r %Q %$ %W %i %$ %s $G =h M} $7 $F $* $j !" 1520 ns $G 1 %T %/ %; %k $N =h M} $r =* $( !" %G !< %? $r SS $K Aw $k !# [4] Pixel T ransceiv er(PT) $K $O ?^ 13 $K <( $9 $h $& $K PCS $+ $i Aw $i $l $F $/ $k %G !< %? $r !" PCS $N %Q %$ %W %i %$ %s $r Mp $9 $3 $H $J $/ SU $N 16 8D $N PE $K J, G[ $9 $k $3 $H $, MW 5a $5 $l $k !# $= $N $? $a $K PT $O !" 1520 ns 0J Fb $K 1 $D $N %T %/ %; %k CM $r PCS $+ $i <u $1 <h $j !" E, Ev $J PE $K EO $5 $J $1 $l $P $J $i $J $$ !# 9

?^ 11: RB $H OB $N %" %/ %; %9 J} K! $N 0c $$ ?^ 12: R eV olver /C40 $N %Q %$ %W %i %$ %s =h M} ?^ 15: PCS $H PT $r N. $l $k 2 K\ $N %P %9 $N @) 8f 4.2 PT $N =h M} $H 9= @. 3F %T %/ %; %k $N %G !< %? $r A0 $N %9 %F !< %8 $G $" $k %T %/ %; %k CM 7W ;; %9 %F !< %8 $+ $i <u $1 $H $j !" $= $N %T %/ %; %k $N :B I8 $r $b $H $K 16 J, 3d $5 $l $? PE $N $& $A !" $I $N PE $N C4 Ev $G $" $k $+ $r 7W ;; $7 !" $= $N PE $N $b $D %a %b %j (Receive Bu�er) $K <u $1 <h $C $? %G !< %? $r =q $- 9~ $‘ !# $= $N $? $a $N %" %I %l %9 7W ;; $b $9 $k !# PT $N A4 BN 9= @. $r ?^ 14 $K <( $9 !# Load Controller PT A4 BN $K $o $? $k %0 %m !< %P %k $J @) 8f $H $7 $F $O !" Bg $- $/ 0J 2< $N 3 $D $N @) 8f $, $" $j !" $3 $l $i $N @) 8f $r C4 Ev $7 $F $$ $k $N $, Load Con troller $G $" $k !# � PCS BUS Controller $r 2p $7 $? !" PCS $H $N Aw <u ?. $r @) 8f !# � Shading Unit Fb $N Receiv e Bu�er $X $N %" %/ %; %9 @) 8f !# SU $H $N %O %s %I %7 %’ !< %/ !" %G !< %? %P %9 (DA T A BUS) $H %" %I %l %9 %P %9 (ADDRESS BUS) $N @) 8f !# � %" %I %l %9 7W ;; $N @) 8f !# PCS BUS Con troller PCS $+ $i $N %G !< %? <u ?. $N @) 8f $r 9T $C $F $$ $k $N $, !" PCS BUS Controller $G $" $k !# ?^ 15 $N $h $& $K !" PCS $H @\ B3 $5 $l $F $$ $k %P %9 $O 2 K\ $" $k $, !" PCS BUS Controller $G FPGA $K F~ $k %P %9 $r 1 K\ A* Br $9 $k !# 10

?^ 13: SS $N %Q %$ %W %i %$ %s =h M} Float Controller RGB CM $O PCS $+ $i !" $= $l $> $l 32 %S %C %H $N Ib F0 >. ?t E@ ?t $G Aw $i $l $F $/ $k $, !" 8e =R $N VSG $G 2h A| I= <( $9 $k :] $K D/A %3 %s %P !< %? !< $K Aw $i $l $k $N $O !" RGB $= $l $> $l 8 %S %C %H $N @0 ?t $J $N $G !" Float Controller $G $3 $N JQ 49 $r 9T $& !# SU BUS Controller PCS $+ $i <u $1 <h $C $? %G !< %? $O 16 8D $N PE $K G[ J, $5 $l $k !# %T %/ %; %k $N :B I8 CM $K => $C $F !" PE $r A* Br $7 !" 3F Receive Bu�er $K %G !< %? $r =q $- 9~ $‘ $? $a $N %" %I %l %9 7W ;; $r SU BUS Controller $G 9T $& !# 4.3 PT $N <B Au $3 $3 $G $O PT $N <B Au !" FC $K %" %I %l %9 7W ;; $N <B Au $H 3F <o $N %? %$ %_ %s %0 $K $D $$ $F =R $Y $k !# 4.3.1 %" %I %l %9 7W ;; PCS $+ $i <u $1 <h $C $? %G !< %? $O !" PE $N Receive Bu�er $K =q $- 9~ $^ $l $k !# RB Fb It $N %" %I %l %9 7W ;; $O !" A0 $K =R $Y $? $h $& $K SU BUS Con troller $G 9T $o $l $k $, !" $= $N %" %I %l %9 7W ;; $O !" 0J 2< $N $h $& $K 9T $o $l $k !# $3 $3 $G !" addr1 !" addr2 $r 3 ,4 $N <0 $G 5a $a $k !# addr 1 = y � 128 + x (3) addr 2 = ( y + 4) � 128 + ( y + 4) � 8 + x + 4 (4) addr1 $O y $r 7 %S %C %H %7 %U %H $9 $k $@ $1 $G 5a $a $i $l $k $, !" addr2 $O MM !9 $J <B Au J} K! $, $" $k !# $3 $N 2C ;; $K $O !" 4 8D $N 2C ;; $, B8 :_ $9 $k $N $G !" ?^ 16 $N $h $& $K Ia DL 4 8D $N 2C ;; 4o $G 9= @. $5 $l $k $H 9M $( $i $l $k !# ?^ 17(1) $N <B Au J} K! $@ $H !" 4 8D $N 2C ;; 4o $, $9 $Y $F 8 %S %C %H $N 2C ;; 4o $G 9= @. $9 $k $3 $H $, $G $- $k !# $3 $l $O !" 9b B. 2= $d FPGA Fb $G @j $a $k NN 0h $N >. $5 $5 $N E@ $G %a %j %C %H $, $" $k $H $$ $( $k !# $^ $? !" ?^ 17(2) $h $& $J <B Au J} K! $b $" $k !# $3 $N J} K! $G $O 2C ;; 4o $, >/ $J $$ E@ $G M% $l $F $$ $k $H 8@ $( $k $, !" G[ @~ NL $N B? $5 $, Ld Bj $G $" $k !# 8= :_ $O !" 8+ $? L\ $K $b MF 0W $K <B Au $G $- $k 1 $N J} K! $r $H $C $F $$ $k !# $3 $N addr1,addr2 $N CM $r MQ $$ $F <0 5,6,7,8 $N $h $& $K $= $l $> $l $N %" %I %l %9 $r 5a $a $k !# R GB CM $N %" %I %l %9 = addr 1 (5) 8r E@ :B I8 $N %" %I %l %9 = ( addr 2 � 2) + 4000 H 1 (6) =i 4| 5w N% $N %" %I %l %9 = ( addr 2 � 2) + 6800 H (7) 4p K\ 5w N% $N %" %I %l %9 = ( addr 2 � 2) + 6801 H (8) 4.3.2 3F <o %? %$ %_ %s %0 %G !< %? <u ?. =‘ Hw ?^ 18 $N S0 $+ $i S5 $N 4V $G $O !" PCS $+ $i $N %G !< %? $r <u $1 <h $k =‘ Hw $r 9T $& !# Load Controller $+ $i $N %T %/ %; %k %G !< %? $r <u $1 <h $k 5v 2D $N ?. 9f $, Mh $k $N $r BT $D !# $= $7 $F RDY ?. 9f $K $h $j !" DA G BUS(AG %P %9 ) $+ $i $N %G !< %? Aw ?. $N =‘ Hw $, =P Mh $? $3 $H $r PCS $, SS $K EA $( $k !# $^ $? !" Master $H Slav e $N PT $, !" N> J} =‘ Hw $, $G $- $k $^ $G BT $D !# D A G BUS $+ $i $N %G !< %? <u ?. S6 $+ $i S11 $N 4V $G $O !" SS $+ $i PCS $K AG %P %9 $+ $i $N %G !< %? 1 H $O 16 ?J ?t $r I= $o $9 11

I= 1: DA 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 FRAME,MASK %U %l !< %‘ %S %C %H , %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 HV %G !< %? L> 2r @b 1 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 !# ) 2 R %T %/ %; %k CM $N @V @. J, !# ( oat) 3 G %T %/ %; %k CM $N NP @. J, !# ( oat) 4 B %T %/ %; %k CM $N @D @. J, !# ( oat) $N Aw ?. MW 5a $r $@ $9 !# $= $7 $F !" N. $l $F $- $? %G !< %? $r <u $1 <h $k !# AG %P %9 $G $O ?^ 19 $H I= 1 $K <( $9 $h $& $J %G !< %? $, Aw $i $l $F $/ $k $N $G !" $= $l $r 3F %i %C %A $K <h $j 9~ $‘ !# $3 $N %G !< %? $O !" 0l EY Aw ?. MW 5a $r =P $9 $H %/ %m %C %/ $K F1 4| $7 $F 5 $D O" B3 $7 $F N. $l $F $/ $k !# %" %I %l %9 7W ;; S10 $+ $i S12 $N 4V $G SU HV 9f $r A* Br $7 !" addr1,addr2 $N CM $r 7W ;; $9 $k !# $= $N 8e !" addr1,addr2 $N CM $r MQ $$ $F $= $l $> $l $N RB $N %" %I %l %9 $r 7W ;; $7 $= $l $> $l $N %" %I %l %9 %i %C %A $K 3J G< $9 $k !# DFIFO BUS $+ $i $N %G !< %? <u ?. PCS $O Empty Flag ?. 9f $K $h $C $F !" DFIFO BUS(DSP %P %9 ) $+ $i $N =‘ Hw $, $G $- $? $3 $H $r SS $K EA $( $k !# DSP %P %9 $+ $i $O ?^ 19 $H I= 2 $K <( $9 $h $& $J %G !< %? $, Aw $i $l $F $/ $k !# S14 $+ $i S26 $N 4V $G $O !" SS $O Empty Flag $, 0 $N $H $- $K PCS $X $N %G !< %? Aw ?. MW 5a $r 9T $$ !" %G !< %? $, Aw $i $l $F $/ $k $H RGB CM $K 4X $7 $F $O 7? JQ 49 $r 9T $C $F (32bit- oat "* 8bit-integer) !" $= $l $> $l $N %i %C %A $K 3J G< $9 $k !# DSP %P %9 $+ $i $N %G !< %? $O !" 0l EY $N %G !< %? Aw ?. MW 5a $K BP $7 0l $D $: $D $7 $+ %G !< %? $, N. $l $F $3 $J $$ $N $G !" %G !< %? $r <u $1 <h $k $? $S $K !" Empty Flag $, 0 $K $J $C $? $3 $H $r 3N G’ $7 $F $+ $i %G !< %? $N Aw ?. MW 5a $r =P $9 !# RB $X $N %G !< %? Aw ?. S16 $+ $i S29 $G $O !" PT $G 7W ;; $5 $l $? %" %I %l %9 $r $b $H $K !" RB $X $N %G !< %? $N =q $- 9~ $_ $r 9T $J $C $F $$ $k !# RB $N %" %I %l %9 %P %9 $H %G !< %? %P %9 $O !" DSP $H PT $G 6& M- $5 $l $F $$ $k !# $3 $N $? $a PT $H DSP $N 2 %v =j $+ $i $J $5 $l $k %" %/ %; %9 $O 8_ $$ $K GS B> E* $G $J $1 $l $P $J $i $J $$ !# S16 $G SU SEL ?. 9f $, 1 $K $J $k $H !" RB $N @) 8f $r 9T $C $F $$ $k RB Controller $O !" PT $+ $i $N %" %/ %; %9 $r M% @h $7 %G !< %? <u ?. %U %’ !< %: $K F~ $k !# <u ?. 2D G= $K $J $k $^ $G $K 2 %U %’ !< %: !" %G !< %? <u ?. $K 3 %U %’ !< %: >C Hq $9 $k !# $= $N 8e SU SEL ?. 9f $, 1 $N 4V $O !" RB $O O" B3 $7 $F %G !< %? $r <u $1 <h $k $3 $H $, $G $- $k !# RB $, %G !< %? $r <u $1 <h $k $H RB Controller $O ACK $r JV $7 !" %G !< %? $r <u $1 <h $C $? $3 $H $r PT $K EA $( $k !# [2] 12

?^ 19: Pixel Calculation Stage $+ $i <u $1 <h $k %G !< %? $N %U %) !< %^ %C %H 4.4 PT $N =h M} ;~ 4V $K 4X $9 $k 9M ;! $3 $N @a $G $O !" PT $N <B Au >e $N =h M} ;~ 4V $H $= $l $K 4X $9 $k 9M ;! $r =R $Y $k !# 4.4.1 PT $N 0l $D $N %T %/ %; %k $N =h M} ;~ 4V PT $G ;H MQ $9 $k %/ %m %C %/ <~ GH ?t $O !" 25MHz $G $" $k !# SCU $G @8 @. $5 $l $F SS $K Aw $i $l $F $/ $k %/ %m %C %/ <~ GH ?t $O !" 12.5MHz $J $N $G !" $3 $l $r Mx MQ $7 $F SS $G 25MHz $N %/ %m %C %/ $r @8 @. $9 $k !# 8= :_ $N $H $3 $m PT $G $O !" ?^ 18 $K <( $9 $h $& $K !" 1 %T %/ %; %k $K $D $- 31 %/ %m %C %/ >C Hq $9 $k !# 4.4.2 %G !< %? J, G[ J} <0 $K 4X $9 $k 9M ;! ?^ 20 $N $h $& $K %U %l !< %‘ $r J, 3d $7 $? $H $- Ld Bj $H $J $k $N $, !" 0l $D $N PE $, C4 Ev $9 $k NN 0h $N Fb !" >e 2< :8 1& 3 %T %/ %; %k $N 07 $$ $G $" $k !# ?^ 20 $K <( $9 $h $& $K PE $, <+ J, $N C4 Ev $9 $k NN 0h $N %7 %’ !< %G %# %s %0 $r 9T $& $H $- !" >e 2< :8 1& 3 %T %/ %; %k $K $D $$ $F $O <+ J, $N NN 0h $K $J $$ depth >p Js $r MQ $$ $F K! @~ $r 7W ;; $9 $k I, MW $, $" $k !# $3 $N Ld Bj $r 2r 7h $9 $k $? $a $N J} K! $H $7 $F !" 1. 3F PE >e $K >e 2< :8 1& 3 %T %/ %; %k J, $N <~ JU NN 0h $N depth >p Js $r 0l It =E J# $7 $F 3d $j Ev $F $k !# 2. DSP 4V DL ?. $K $h $C $F !" %T %/ %; %k CM $r ;} $D NY @\ PE $+ $i depth >p Js $r <h F@ $9 $k !# $, $" $k !# ?^ 20: %U %l !< %‘ !& %P %C %U %! $N J, 3d $H K! @~ 7W ;; $K I, MW $J depth >p Js $N HO 0O PCS $O !" 4 %U %l !< %‘ $r 1 8D $N DSP $G =h M} $7 $F $* $j !" $= $N >l 9g !" PCS $, 1 %T %/ %; %k $r =h M} $9 $k $N $K :G 9b 1520 ns (38 %/ %m %C %/ ) $G $G $- $k $H M= A[ $5 $l $F $$ $k !# [4] 1 $N J} K! $G $O !" 6& M- $5 $l $F $$ $k %T %/ %; %k $N %" %I %l %9 7W ;; $^ $G 9T $& $H !" $= $N %" %I %l %9 $X %G !< %? $r =q $- 9~ $‘ 2s ?t $, !" :G Bg 3 G\ $K $J $k $N $G !" 38 %/ %m %C %/ $G =h M} $r =* $o $i $; $k $N $O IT 2D G= $G $" $k !# %Q %$ %W %i %$ %s $r $H $k $3 $H $b 9M $( $i $l $k $, !" 1 %U %l !< %‘ $4 $H $K %G !< %? $, $^ $H $a $F Aw $i $l $F $/ $k $N $G !" %U %l !< %‘ C1 0L $N %Q %$ %W %i %$ %s $r 9= @. $9 $k $N $O Fq $7 $/ !" 9b B. 2= $r ?^ $k $N $O :$ Fq $G $" $k !# PT $G =h M} $, CY $l $k $H A0 $N %9 %F !< %8 $N F0 $- $r ;_ $a $k $3 $H $K $J $j Ld Bj $G $" $k !# 2 $N J} K! $G $O !" %7 %’ !< %G %# %s %0 $, $I $N Dx EY $N 4| 4V $G =* $o $k $+ $, Ld Bj $K $J $C $F $/ $k !# PT $, RB $K =q $- 9~ $_ $r 9T $C $F $$ $k 4V $O !" SU $G $O RB $r FI $‘ $3 $H $, $G $- $J $$ $N $G !" ?^ 18 $h $j PT $, 1 %T %/ %; %k Ev $j $K RB $K %" %/ %; %9 $9 $k J? 6Q ;~ 4V $O 14 � 40 � 16 = 35 ns !" %" %; %s %V %j 8@ 8l $G depth gradient shading $r DSP $G 9T $& %W %m %0 %i %‘ $r =q $/ $H !" X !" Y J} 8~ $= $l $> $l $N 8{ G[ $N 7W ;; $K 41 L? Na !" %T %/ %; %k $N %m !< %I !" %9 %H %" $r 4^ $a $? 51 EY $N 7W ;; $K 69 L? Na !" 9g 7W 13

151 L? Na I, MW $G $" $k !# [3] 0l J} !" DSP $N L? Na %5 %$ %/ %k $O 40 ns $G $" $k $N $G !" DSP 4V DL ?. $r 9T $o $J $$ >l 9g !" 1 %T %/ %; %k $N %7 %’ !< %G %# %s %0 $K I, MW $J =h M} ;~ 4V $O 6040 + 35 = 6075 ns $G $" $k !# $^ $? !" DSP 4V $N DL ?. ;~ 4V $b 1F 6A $7 $F $/ $k !# DSP $N Com Port $r ;H MQ $7 $? >l 9g !" :G Bg $G 20M by te=s !" $9 $J $o $A 1word $K $D $- 200 ns $G DL ?. $, 2D G= $G $" $k !# DSP 4V DL ?. $r 9T $& $H $- !" Aw ?. B& $H <u ?. B& $G 1 L? Na $: $D $9 $J $o $A 1 %5 %$ %/ %k $: $D !" %P %9 $r MQ $$ $? %G !< %? $N =q $- 9~ $_ $K 2 %5 %$ %/ %k !" =q $- 9~ $_ %" %I %l %9 $N 7W ;; $K 15 %5 %$ %/ %k >C Hq $9 $k !# [13] $= $7 $F 1 %T %/ %; %k $N %G !< %? $O 4word $J $N $G !" 1 %T %/ %; %k $N %G !< %? $r DSP 4V DL ?. $G <u $1 <h $k ;~ 4V $O (19 � 40 + 200) � 4 = 3840 ns $G $" $k !# $h $C $F DSP 4V DL ?. $r 9T $C $? >l 9g $N 1 8D $N %T %/ %; %k $N J? 6Q %7 %’ !< %G %# %s %0 ;~ 4V $O !" (6075 � 128 � 128 + 3840 � 128 � 12) � (128 � 128) = 6435 ns $G $" $k !# $3 $3 $G !" SU $, 1 %T %/ %; %k $N %7 %’ !< %G %# %s %0 $K $+ $1 $i $l $k :G Bg ;~ 4V $r 5a $a $k !# SU $G $O 1 %U %l !< %‘ $r 16 8D $N PE $G JB Ns =h M} $r 9T $& $N $G !" 1520 � 16 = 24320 ns $G 1 %T %/ %; %k $N %7 %’ !< %G %# %s %0 $r 9T $( $P NI $$ !# 2 $N J} K! $G $O !" == J, $3 $l $r K~ $? $7 $F $$ $k !# $h $C $F PT $G $O 2 $N J} K! $r :N MQ $7 $? !# $3 $N J} K! $G PT $O 8= :_ !" $9 $Y $F $N =h M} $r 31 %/ %m %C %/ $G =* $( $k $3 $H $, $G $- $k $N $G !" PT $b A4 BN $N %Q %$ %W %i %$ %s $r ;_ $a $k $3 $H $J $/ =h M} $r =* $( $k $3 $H $, $G $- $k !# 5 Video Signal Generator 5.1 VSG $N MW 5a ;E MM 4.1 @a $G $b =R $Y $? $h $& $K !" R eV olver /C40 $O %Q %$ %W %i %$ %s $r $H $C $F $$ $k !# Video Signal Genera- tor(VSG) $G $b $= $N %Q %$ %W %i %$ %s $r Mp $5 $J $$ $h $& $K OB $+ $i RGB %G !< %? $r <u $1 <h $j !" $= $N RGB %G !< %? $r %G %8 %? %k ?. 9f $+ $i %" %J %m %0 ?. 9f $K JQ 49 $7 !" 2h A| $r =P NO $9 $k $3 $H $, MW 5a $5 $l $k !# 5.2 VSG $G $N =h M} $H 9= @. VSG $G $O !" SU $G %7 %’ !< %G %# %s %0 =h M} $r =* $( $F !" OB $+ $i %7 %j %" %k %/ %m %C %/ $K 4p $E $$ $F Aw $i $l $F $/ $k %" %J %m %0 $N R GB %G !< %? $r %G %8 %? %k ?. 9f $K JQ 49 $7 !" CR T $K =P NO $9 $k !# CR T $K =P NO $9 $k ;~ $N Av :: $N J} K! $O !" 0l 2h LL $r 0l EY $K $9 $Y $F Av :: $9 $k %N %s %$ %s %? %l !< %9 Av :: $G $" $k !# $3 $N J} K! $O !" %Q %= %3 %s $J $I $N I= <( $K ;H MQ $5 $l !" DL >o $N %F %l %S $K :N MQ $5 $l $F $$ $k %$ %s %? %l !< %9 Av :: $K $/ $i $Y $k $H !" $A $i $D $- $, >/ $J $$ !# [5] VSG $N A4 BN 9= @. $r ?^ 21 $K <( $9 !# CR T Controller VSG $G Cf ?4 E* $J Lr 3d $r 2L $? $7 $F $$ $k $N $, CR T Con troller $G $" $k !# <g $J =h M} $H $7 $F !" %9 %$ %C %A $K $h $k 3F <o $N CM $N F~ NO @) 8f $H @) 8f ?. 9f @8 @. !" 2h A| @8 @. $N $? $a $N 3F <o ?. 9f $N @8 @. !" 2h A| %G !< %? =P NO $N @) 8f $, $" $k !# CR T Controller $K $D $$ $F $O !" 5.3 !" 5.4 @a $G >\ $7 $/ =R $Y $k !# D/A Conv erter VSG $G ;H MQ $9 $k D/A Con- v erter $O !" 3 8D $N FH N) $7 $? 8 %S %C %H $N RGB %G !< %? F~ NO %] !< %H $H !" %S %G %* F~ NO @) 8f MQ $N %3 %s %] %8 %C %H F1 4| ?. 9f !" %V %i %s %/ $J $I $N F~ NO %] !< %H $r Hw $( $F $$ $k !# D/A Conv erter $G $O !" $3 $l $i $N ?. 9f $r <u $1 <h $j !" RGB %G !< %? $r %" %J %m %0 ?. 9f $K JQ 49 $7 !" CR T $K =P NO $9 $k !# Serial Clo c k Generator Output Bu�er $N SAM %] !< %H $K Aw $k %7 %j %" %k %/ %m %C %/ $O 3F Pro cessing Element $K 3d $j Ev $F $i $l $F $$ $k Programmable Array Logic(P AL) $G @8 @. $5 $l $F $$ $k !# %7 %j %" %k %/ %m %C %/ $N Aw ?. $N %? %$ %_ %s %0 $O !" CR T Controller $K $h $C $F @) 8f $7 $F $$ $k !# $^ $? $3 $N %7 %j %" %k %/ %m %C %/ $r @8 @. $9 $k P AL $O 50MHz $N %/ %m %C %/ $G F0 :n $7 $F $$ $k !# Phase-Lo ck ed Lo op(PLL) Phase- Lo ck ed Lo op(PLL) $O F~ NO ?. 9f $K 0L Aj F1 4| $7 $? H/ ?. =P NO $, F@ $i $l $k 0L Aj F1 4| 2s O) $G $" $k !# VSG $G $O $3 $l $r MQ $$ $F !" SCU $+ $i Aw $i $l $F $- $? 12.5MHz $N %/ %m %C %/ $+ $i VSG $N $[ $H $s $I $N It J, $G ;H MQ $9 $k 25MHz $N %/ %m %C %/ $H !" Serial Clo ck Generator $G ;H MQ $9 $k 50MHz $N %/ %m %C %/ $r @8 @. $9 $k !# 5.3 CR T Con troller $N 9= @. CR T Controller $G $O SU $+ $i $N RGB %G !< %? $r <u $1 <h $j !" D/A Conv erter $K EO $9 $H $$ $& =h M} $r 9T 14

$& !# $= $N $H $- Video Data Bus $r 2p $7 $F %G !< %? $, N. $l $F $/ $k $, !" $3 $N Bus $O 4p HD 1 Kg $K $D $- 1 K\ $" $k $? $a $K !" $I $A $i $N 4p HD $+ $i N. $l $F $/ $k %G !< %? $J $N $+ $r H= Dj $7 $J $1 $l $P $J $i $J $$ !# CR T Controller $N A4 BN 9= @. $r ?^ 22 $K <( $9 !# $3 $3 $G CR T Controller $r !" $= $l $> $l $N F/ $- $+ $i ?^ 22 $N $h $& $K 3 $D $N It J, $K $o $1 $k !# Timing Signal Generator $3 $3 $G $O !" Display Signal Generator $H SU Controller $N %? %$ %_ %s %0 $N @) 8f $r 9T $C $F $$ $k !# Timing Signal Gen- erator $K $O 4 8D $N %+ %& %s %? !< $H 6 8D $N Hf 3S 4o $, $" $j !" $3 $l $i $r MQ $$ $F 3F <o @) 8f ?. 9f $r @8 @. $7 $G $$ $k !# Display Signal Generator $3 $3 $G $O !" Timing Signal Generator $+ $i $N @) 8f ?. 9f $r MQ $$ $F !" %3 %s %] %8 %C %H F1 4| ?. 9f $H %V %i %s %/ ?. 9f $r @8 @. $9 $k !# SU Controller $3 $3 $G $O !" OB $N Cf $N RAM %] !< %H $+ $i SAM %] !< %H $X $N %G !< %? E> Aw $N @) 8f $H !" D/A Conv erter $X $N %G !< %? E> Aw @) 8f $H !" $= $N :] $N Video Data Bus $N A* Br $N @) 8f $r 9T $& !# 5.4 CR T Con troller $N F0 :n $3 $3 $G $O !" CR T Controller $N F0 :n $K $D $$ $F =R $Y $k !# 5.4.1 %G %# %9 %W %l %$ $X $N IA 2h @) 8f CR T $N I= <( 2h LL $O !" ?^ 23 $N $h $& $K $J $C $F $$ $k !# $= $3 $G !" Timing Signal Generator $K $O !" %9 %$ %C %A $K $h $C $F <! $N CM $, @_ Dj $5 $l $k !# !& I= <( 2h LL $N =i 4| :B I8 !& I= <( 2h LL $N Bg $- $5 !& A4 Av :: @~ ?t $H A4 Av :: I} ?t %9 %$ %C %A $G @_ Dj $5 $l $? CM $r $= $l $> $l $N %i %C %A $K 3J G< $9 $k ;~ $N @) 8f $O !" Switch Controller $G 9T $o $l $k !# %3 %s %] %8 %C %H F1 4| ?. 9f $N @8 @. 2h A| ?. 9f $r EA Aw $7 $F !" 85 $N 2h A| $r @5 $7 $/ CR T $K :F 8= $9 $k $? $a $K $O !" %G !< %? $r Aw $k B& $H <u $1 $k B& $N N> J} $G @5 $7 ?^ 23: I= <( 2h LL $/ F1 4| $r $H $k I, MW $, $" $k !# [5] $= $3 $G !" 2 <! 85 2h LL $r 9= @. $9 $k $? $a $N F1 4| ?. 9f $H $7 $F !" ?e J? F1 4| ?. 9f $H !" ?b D> F1 4| ?. 9f $, $" $k !# ?e J? F1 4| ?. 9f $O 3F %i %$ %s $N @h F, $K $" $j !" ?b D> F1 4| ?. 9f $O !" 3F %U %# !< %k %I $N @h F, $K $" $k !# $3 $l $i $O !" 2h LL >e $G 2h A| $H $7 $F 8= $l $J $$ %V %i %s %- %s %0 4| 4V $K IU 2C $5 $l $F $$ $k !# $3 $l $i $N F1 4| ?. 9f $O JL !9 $K Aw $i $l $k $3 $H $b $" $k $, !" DL >o $O $3 $N Fs $D $r J# 9g $7 $F %3 %s %] %8 %C %H F1 4| ?. 9f $H $7 $F EA Aw $7 !" <u $1 <h $k B& $G ?e J? F1 4| ?. 9f $H !" ?b D> F1 4| ?. 9f $K J, N% $9 $k !# $? $@ $7 !" ?e J? F1 4| ?. 9f $K ?b D> F1 4| ?. 9f $r C1 =c $K 2C ;; $7 $? $N $G $O !" <u $1 $k B& $G J, N% $9 $k $3 $H $, $G $- $J $$ $3 $H $b M= A[ $5 $l $k $? $a !" ?b D> F1 4| ?. 9f It J, $G $O ?^ 24 $h $& $J 2C 9) $, $J $5 $l $F $$ $k !# ?b D> F1 4| ?. 9f 4| 4V $O !" 3 %i %$ %s J, $N ?b D> F1 4| ?. 9f $H !" $= $N A0 8e $K 3 %i %$ %s J, $N Ey 2A %Q %k %9 4| 4V $N AH 9g $o $; $G 9g 7W 9 %i %$ %s J, $, 3F %U %# !< %k %I $K $" $k !# $3 $l $K $h $C $F %3 %s %] %8 %C %H F1 4| ?. 9f $+ $i $N ?e J? ?b D> 3F F1 4| ?. 9f $N J, N% $r MF 0W $K $9 $k L\ E* $, $" $k !# %V %i %s %/ ?. 9f $N @8 @. 2h A| ?. 9f $K $O !" %V %i %s %- %s %0 4| 4V $H 8F $P $l $k <B :] $N 2h A| ?. 9f $N B8 :_ $7 $J $$ >l =j $, $" $k !# [5] ( ?^ 23 ;2 >H ) $3 $N It J, $N %G %# %9 %W %l %$ $N >l =j $r CN $i $; $k ?. 9f $G $" $k %V %i %s %/ ?. 9f $r @8 @. $9 $k !# 15

?^ 25: %7 %j %" %k %/ %m %C %/ @8 @. $H D/A Conv erter $X $N %G !< %? E> Aw $N %? %$ %_ %s %0 5.4.2 J, ;6 %U %l !< %‘ %P %C %U %! $+ $i $N %G !< %? FI $_ =P $7 @) 8f I= <( $9 $Y $- %T %/ %; %k $N :B I8 $r 7W ;; $7 !" $= $N %T %/ %; %k $r $b $D SU $N OB $K BP $7 E> Aw $9 $k %T %/ %; %k $N row %" %I %l %9 $r $o $? $9 !# %G !< %? E> Aw MW 5a ?. 9f $H row ?. 9f $, $H $b $K Active $K $J $k $H PE $N VRAM Fb $G RAM %] !< %H Fb $K $" $k 128 8D $N %G !< %? $, SAM %] !< %H $K E> Aw $5 $l $k !# $3 $N %G !< %? E> Aw MW 5a ?. 9f $N @) 8f $O !" DT REQUEST Controller $G 9T $o $l $k !# E> Aw 40 N; 8e SAM %] !< %H $O %7 %j %" %k =P NO %b !< %I $K @Z $j BX $o $k !# $= $7 $F col ?. 9f $, Active $K $J $k $H 0l $D $N PE $, A* Br $5 $l !" %7 %j %" %k %/ %m %C %/ $N N) $A >e $, $j $K F1 4| $7 $F !" SAM $N %9 %? !< %H %" %I %l %9 $+ $i $N %G !< %? $r %7 %j %" %k $K =P NO $9 $k !# Serial Clo ck Generator $G %7 %j %" %k %/ %m %C %/ $r @8 @. $9 $k :] !" 50MHz $N %/ %m %C %/ $r ;H MQ $9 $k !# Serial Clo ck Generator $O !" ?^ 25 $K <( $9 $h $& $K !" S E L ?. 9f $H 25MHz $N %/ %m %C %/ $, $O $8 $a $F 6& $K Low $K $J $C $? $H $- $K !" %7 %j %" %k %/ %m %C %/ $r @8 @. $7 $O $8 $a $k !# $3 $N $H $- !" :B I8 $r ?t $( $k %+ %& %s %? !< $G ?t $( $F $$ $k :B I8 $N %G !< %? $r Aw $i $J $1 $l $P $J $i $J $$ $N $G !" 2 %/ %m %C %/ A0 $K PE $, A* Br $5 $l $F $$ $J $1 $l $P $J $i $J $$ !# $3 $N @) 8f $O Hs F1 4| $G 9T $o $l $k $? $a !" %G !< %? $N N. $l $r @5 $7 $/ M} 2r $9 $k $3 $H $, =E MW $G $" $k !# 5.4.3 D/A Con v erter $X $N %G !< %? E> Aw $N %? %$ %_ %s %0 OB $+ $i =P NO $5 $l $k RGB %G !< %? $O !" $= $l $> $l $N PE $, ;} $D Video Data Bus $r DL $k !# Video Data Bus $K $O !" PE $N 30 B& $K %i %C %A $, IU 2C $5 $l $F $* $j !" A* Br ?. 9f $G PE $, A* $P $l $k $H !" SU Controller $G %i %C %A $r 3+ $- !" I= <( 2h LL MQ $N %+ %& %s %? !< $G ?t $( $i $l $F $$ $k :B I8 $N R GB %G !< %? $r !" =P NO $7 $J $1 $l $P $J $i $J $$ !# VSG $K $O Master $H Slav e $, B8 :_ $9 $k $, !" N> J} $N CR T Controller $r F1 ;~ $K F0 $+ $9 $3 $H $O $G $- $J $$ !# $h $C $F 0l J} $, F0 $$ $F $$ $l $P $b $& 0l J} $O F0 $+ $J $$ $h $& $J @) 8f $, I, MW $G $" $k !# $= $N $? $a !" Sla v e $+ $i $N RGB %G !< %? $O 4p HD $r $^ $? $, $C $F N. $l $F $/ $k $3 $H $K $J $j !" ;~ 4V $, $+ $+ $k !# $= $7 $F !" D/A Con v erter $X N. $l $k %P %9 $O 1 K\ $7 $+ $J $$ $N $G !" $I $A $i $N Video Data Bus $+ $i N. $l $F $- $? $+ $r H= CG $7 !" @) 8f $7 $J $1 $l $P $J $i $J $$ !# $3 $N @) 8f $O SEL VDB ?. 9f $r !" %^ %k %A %W %l %/ %5 $N @) 8f @~ $K F~ NO $9 $k $3 $H $K $h $C $F 9T $& !# ( ?^ 21 ;2 >H ) %? %$ %_ %s %0 $N Ld Bj $r 2r 7h $9 $k $? $a $K !" D/A Conv erter $X $N %G !< %? E> Aw $N %? %$ %_ %s %0 $O !" ?^ 25 !" 26 $N $h $& $K $J $C $F $$ $k !# 5.5 VSG $N =h M} B. EY 1 IC 4V $K 60 Kg ( %U %l !< %‘ <~ GH ?t 60 f r ame=s ) $N 2h A| $r I= <( $9 $k >l 9g !" 1 f r ame $K $+ $1 $i $l $k ;~ 4V $O Ls 16 : 7 ms $G $" $k !# $3 $3 $G !" A4 Av :: I} ?t $r X !" A4 Av :: @~ ?t $r Y $H $9 $k $H !" %I %C %H %/ %m %C %/ $, 25MHz $J $N $G !" X $H Y $N 4X 78 $O <0 9 $G M? $( $i $l $k !# X � Y � 60 = 25 � 10 6 (9) $h $C $F X � Y : = : 4 : 17 � 10 5 $G $" $k !# $^ $? !" ?e J? F1 4| ?. 9f $r $H $k $N $K Ls 10 : 9 �s !" ?b D> F1 4| ?. 9f $r $H $k $N $K 20 Line I, MW $J $N $G !" 512 2 $G 2h LL $K I= <( $9 $k >l 9g !" X = 780 ; Y = 535 $[ $I $N Av :: LL $, I, MW $G $" $k !# $3 $3 $G 780 � 535 : = : 4 : 17 � 10 5 $G $" $k $N $G !" 512 2 $h $j I= <( 2h LL $r Bg $- $/ $9 $k $K $O !" %U %l !< %‘ <~ GH ?t $r 8: $i $9 I, MW $, $" $k !# 6 $* $o $j $K K\ 9F $K $* $$ $F !" R eV olver /C40 $K $* $1 $k %7 %’ !< %G %# %s %0 %9 %F !< %8 $N 9= @. !" @_ 7W !" 5Z $S <B Au $K $D $$ $F =R $Y $? !# 16

%7 %’ !< %G %# %s %0 %9 %F !< %8 $G $O !" %7 %’ !< %G %# %s %0 =h M} $H 2h A| =P NO $H $$ $& Fs $D $N =h M} $r Pixel T ransceiv er(PT),Shading Unit(SU),Video Signal Generator(VSG) $N ;0 $D $N It J, $G %Q %$ %W %i %$ %s =h M} $9 $k $3 $H $K $h $C $F 9T $C $F $$ $k !# $^ $? !" %7 %’ !< %G %# %s %0 $O !" %U %l !< %‘ $r 16 J, 3d $7 !" $= $l $> $l $N It J, $r 1 8D $N Pro cessing Element(PE) $, C4 Ev $9 $k $3 $H $K $h $j JB Ns =h M} $r 9T $C $F $$ $k !# $/ $o $( $F !" %7 %’ !< %G %# %s %0 $N <j K! $K $O 9b B. $J %7 %’ !< %G %# %s %0 =h M} $N 2D G= $J depth gradient shading J} <0 $r :N MQ $7 $F $$ $k !# 4p HD >e $N @_ 7W $H $7 $F $O !" %7 %’ !< %G %# %s %0 %9 %F !< %8 $O %a %$ %s 4p HD 2 Kg $G 9= @. $5 $l $F $* $j !" 1 Kg $N %a %$ %s 4p HD $K $O !" PE1 8D $, <B Au $5 $l $? %5 %V 4p HD $, 8 Kg $H !" 3F %5 %V 4p HD $K 1 8D 3d $j Ev $F $i $l $F $$ $k %7 %j %" %k %/ %m %C %/ $r @8 @. $9 $k $? $a $N Programmable Array Logic(P AL) $, 8 8D !" Pixel T ransceiv er MQ $N Field Programmable Gate Arra y(FPGA) $, 1 8D !" CR T Controller MQ $N FPGA $, 1 8D !" $= $7 $F D/A Conv erter $, 1 8D Ek :\ $5 $l $F $$ $k !# PT $H VSG $O $I $A $i $b $= $l $> $l $N 4p HD $K 1 8D $: $D $" $k $, !" 30 It $N %9 %$ %C %A $G Master $+ Sla v e $+ $r @Z $j 49 $( $k $3 $H $, $G $- $k !# 3F PE $O DSP $H !" Pixel Calculation Stage $+ $i Mh $? %T %/ %; %k %G !< %? $r =q $- 9~ $‘ $? $a $N Receive Bu�er(RB) $H !" %7 %’ !< %G %# %s %0 $r =* $( $? RGB %G !< %? $r 3J G< $9 $k Output Bu�er(OB) $+ $i @. $j N) $C $F $$ $k !# RB $H OB $O 2 %U %l !< %‘ J, $N %G !< %? $r ;} $? $; $k $3 $H $G 2 %P %s %/ 9= @. $K $7 $F $$ $k !# $^ $? RB $O 9b B. SRAM $r ;H MQ $7 !" 2> A[ E* 2 %] !< %H $r $H $k $3 $H $K $h $j %G !< %? $N =q $- 9~ $_ / FI $_ =P $7 =h M} $r F1 ;~ $K 9T $& $3 $H $, $G $- $k !# $= $7 $F 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 $H $$ $& 2 $D $N %] !< %H $r ;} $D VRAM $r ;H MQ $9 $k $3 $H $K $h $j !" %G !< %? $N =q $- 9~ $_ / FI $_ =P $7 =h M} $r F1 ;~ $K 9T $& $3 $H $, $G $- $k !# :# 8e !" SU Fb $N %7 %’ !< %G %# %s %0 %W %m %0 %i %‘ $r 3+ H/ $9 $k !# 4p HD $, $G $- $7 $@ $$ $K %G %P %C %0 $r 9T $$ !" @- G= I> 2A $r 9T $& !# $^ $? !" 2h A| $r %O %$ %S %8 %g %s $G =P $; $k $h $& $K $9 $k $? $a $K 5! G= $r 3H D% $9 $k $3 $H $b 9M $( $F $$ $k !# <U <- K\ 8& 5f $N 5! 2q $r M? $( $F $/ $@ $5 $C $? !" IY ED bC <# 65 <x $K ?< $/ 46 <U $N 0U $r I= $7 $^ $9 !# ?t !9 $N M- MQ $J 8f ;X F3 !" 8f 0U 8+ $r D: $$ $? Cf Eg 9@ =u 65 <x !" ?9 bC 0l O: =u 65 <x !" 8^ Eg @5 M5 =u <j $K ?4 $+ $i 46 <U CW $7 $^ $9 !# K\ 8& 5f $N 6& F1 8& 5f <T $G $" $k !" F# 86 2m 9( ;a !" LZ Cf 0l Gn ;a $r $O $8 $a !" 7W ;; 5! 9) 3X 9V :B 7W ;; 5! 9= @. J, Ln $N =t ;a $K 46 <U CW $7 $^ $9 !# ;2 9M J8 8% [1] LZ LJ K’ 9T !’ %\ %j %e !< %‘ %l %s %@ %j %s %0 @l MQ JB Ns 7W ;; 5! R eV olver /C40 $N %7 %’ !< %G %# %s %0 %9 %F !< %8 $N @_ 7W , 5~ ET Bg 3X FC JL 8& 5f Js 9p =q (1996) [2] 2. Ln M’ N4 !’ %\ %j %e !< %‘ %l %s %@ %j %s %0 @l MQ JB Ns 7W ;; 5! R eV olver /C40 %7 %’ !< %G %# %s %0 %9 %F !< %8 ;E MM =q , 5~ ET Bg 3X (1995) [3] 2. Ln M’ N4 !’ %\ %j %e !< %‘ %l %s %@ %j %s %0 @l MQ JB Ns 7W ;; 5! R eV olver /C40 $N %7 %’ !< %G %# %s %0 %9 %F !< %8 , 5~ ET Bg 3X FC JL 8& 5f Js 9p =q (1995) [4] Cf ;3 L@ B’ !’ %\ %j %e !< %‘ %l %s %@ %j %s %0 @l MQ JB Ns 7W ;; 5! R eV olver /C40 $N %T %/ %; %k CM 7W ;; %9 %F !< %8 $N @_ 7W , =$ ;N O@ J8 , 5~ ET Bg 3X (1996) [5] %H %i %s %8 %9 %? 5; =Q SPECIAL No.31 FC =8 4p AC $+ $i $N %S %G %* ?. 9f =h M} 5; =Q [6] :m Eg 7I G7 , @> _7 Dg <! , @u 86 =E IW 6& Cx !’ JB Ns ?^ 7A =h M} [7] Cf Eh @5 G7 , @n 9g 7E 6& Cx !’ %0 %i %U %# %/ %9 $H %^ %s %^ %7 %s %7 %9 %F %‘ [8] XILINX !’ WORKVIEW SERIES 1 VOL- UME 2 [9] XILINX !’ LIBRARIES GUIDE [10] XILINX !’ VIEWLOGIC INTERF A CE USER GUIDE [11] XILINX !’ XILINX-ABEL SOFTW ARE DE- SIGN 17

[12] XILINX !’ XILINX ABEL USER GUIDE [13] T exas Instruments !’ TMS320C4x User’s Guide 18

?^ 14: PT $N A4 BN 9= @. 19

?^ 16: PE Fb %" %I %l %9 $N 7W ;; J} K! ?^ 17: PE Fb %" %I %l %9 $N 7W ;; 2s O) 20

?^ 18: PT $K $* $1 $k 3F <o %? %$ %_ %s %0 21

?^ 21: VSG $N A4 BN 9= @. 22

?^ 22: CR T Con troller $N A4 BN 9= @. 23

?^ 24: ?b D> F1 4| ?. 9f IU 6a $N ?. 9f ?^ 26: R GB %G !< %? E> Aw $N %? %$ %_ %s %0 ( I= <( 2h LL $, 512 2 $N >l 9g ) 24