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In this paper, we report the implementation of parallel volume rendering systems using

commodity graphics hardware. In order to render large volume data with high frame rate,

we have also implemented two kinds of data compression schemes: volume data compres-

son based on adaptatively sampling technique and intermediate-image compression to reduce

communication time. Consequently, we could realize real time rendering of 512� 512� 1024

volume data using four commodity graphics hardwares.
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5. B u

OpenGL1.2 0iU#/9i$VijrQ$F PC

/i9?eKBu7?. #sTC?BuOso‘ND
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^ 6 fVh|N5L

= 1 /i9? 1 NBuD-
Master

CPU Pentium4 1.8GHz

Memory 512MB/PC133

Motherboard DFI NB72-SC

Gfx Card GeForce4 Ti4600

Gfx Memory 128MB DDR

Gfx Driver nvidia Ver.1.0-5328 (2003/12/17)

OS Red Hat Linux 8.0 (kernel 2.4.18)

Slave

CPU Pentium3 1.0GHz

Memory 512MB/PC133

Motherboard EPOX EP-3S2A5L

Gfx Card RADEON9700PRO

Gfx Driver fglrx (2003/09/23)

Gfx Memory 128MB DDR

OS Red Hat Linux 7.3 (kernel 2.4.18)

NODE 4 f

Network 100BaseTX Ethernet

(9$CA) PLANEX R FGX-08-TXS

(+<I) INTEL EXPRES-PRO-100 +<I

(i$Vij) gcc+LAM6.5.9/MPI

(B,-=) s 90Mbps (64KB >w~)

O 4fG,j7?G<?rQ$F$k. >=GNMC

Ho</NB,-=O, J1J pinpongWm0i‘r

Q$F, 128

2

T/;kNfVh|Kjv9k5$:

(64KB) NG<?rwu7?lgNL.-=NB,M

r(7F$k.

OpenGL1.2 GO, � VlsG#s0rT&]K0

eN 2gNh|,}DRGBAMKh8k �Mr.g

8tH7F_j9k. ’ps (source),, PCU!K

]85lF$k’ps (destination) H, � VlsI

5lFh}5lkH9kH, source H destination N

RGBMrC

s

, C

d

, �Mr A

s

, A

d

, .g8t (B

s

; B

d

)

rH7F, �VlsIeNPCU!N RGBMH �M

O!0Nh&K=5lk.

C = B

s

C

s

+B

d

C

d

(4)

A = B

s

A

s

+ B

d

A

d

(5)

Bs=rT&lg, 9/j<sKP7Fe}K"k5

V\je<‘+i8.7?h|H, =N0}K"k5

= 2 /i9? 2 NBuD-
Master

CPU Pentium4 3.0GHz

Memory 1.0GB/DDR400

Motherboard ASUS P4C800-E Delux

Gfx Card GeForceFX5950 Ultra

Gfx Memory 256MB DDR

Gfx Driver nvidia Ver.1.0-5328 (2003/12/17)

OS Debian Linux (kernel 2.4.22)

Slave

CPU Pentium4 3.0GHz

Memory 1.0GB/DDR400

Motherboard ASUS P4C800-E Delux

Gfx Card GeForceFX5950 Ultra

Gfx Memory 256MB DDR

Gfx Driver nvidia Ver.1.0-5328 (2003/12/17)

OS Debian Linux (kernel 2.4.22)

NODE 4 f

Network 1000BaseT Ethernet

(9$CA) Bu�erlo LSW-GT-8W

(+<I) Onboard CSA-base GbE 3sHm<i

(i$Vij) gcc+LAM6.5.9/MPI

(B,-=) s 700Mbps (64KB >w~)

V\je<‘+i8.7?h|HrEMgo;J1l

PJiJ$. =N?a, F5V\je<‘4NNT)@

YrW;7F*/,W,"k. RGBMH �MNW;

0O RGBMN.g8tr (A

s

; 1�A

s

)H7, � MN

.g8tr (1; 1�A

s

)H7F!0Nh&K=5lk.

C = A

s

C

s

+ (1 �A

s

)C

d

(6)

A = A

s

+ (1 �A

s

)A

d

(7)

OpenGL1.2 GO.g8tO RGBA M&LNMH7

F_j5l, RGBANFWG4HK[Jk.g8tr

_j9k3H,G-J$?a, 0 (5) N RGB MH0

(6) N � Mr1~Kaak3HOG-J$. RGBM

H �MrL9Kaak}!bM(ilk,, 3N}!

@H � VlsG#s0r 2 sT&3HKJk?ah

}.Y,c<9k. =3G, F/9AcG<?,)@

YrM87?+i<M (intensity)r}DH$&bG

kG"kHM(, F\/;kN}D RGBMK=a �

Mrh8F*/h&K9k. 3Nh&K, F/9Ac

G<?N RGBAMr (AR;AG;AB;A) H7F*-,

.g8tr (1; 1 � A

s

) H7FW;9k3HG5NJ

h|r@k3H,G-k.

6. > A

6.1 >AG<?NEMH,j}!

>AGO, 5$:N[JkJ<N 4o‘N\je<

‘G<?rHQ7?. Chest J0O, \je<‘ls

@js0h}N>AKh/Q$ilkG<?;CHG

"k.

� Engine : (s8sN\je<‘G<?G5$:
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(a) Engine (b) Bonsai

(c) Chest (d) Tree

^ 7 \je<‘G<?

O 256 � 256� 128 G"k (^ 7(a)). 3D F/9

Ac==GO 32MB HJk.

� Bonsai : _ON\je<‘G<?G5$:O

256 � 256 � 256 G"k (^ 7(b)). 3D F/9

Ac==GO 64MB HJk.

� Chest : MVN;tN\je<‘G<?G5$:

O 512 � 512 � 512 G"k (^ 7(c)). 3D F/9

Ac==GO 512MB HJk.

� Tree : /j9^9Dj<N\je<‘G<?G

5$:O 512� 512� 1024 G"k (^ 7(d)). 3D

F/9Ac==GO 1GB HJk.

T)@YKD$FOF\je<‘G<?HbK\/

;kMHy7$MrHCF$k. 9/j<sN5$:

OF\je<‘G<?HbK 256

2

, fVh|r8.9

kFN<IN5V9/j<sN5$:O 128

2

H7?.

9i$9NtO\je<‘G<?NF4}~N5$:

NGgMH7?.

\je<‘ls@js0K++kAh.YOk@r

Q97J,i 256gNAhrT$, =lKW7?~V

+i?QNAh.YraaF$ky
. CKXj7J$

y
OpenGL N API rp7F0iU#/9+<IKwil?Ah

?aOQ$Wi$sh}5lk. ^?, h}N*;rLN9kj

JbLJ_1ilF$J$?a, 1 gNAh~VrW,9k3H

,G-J$. =N?aQ$Wi$s,=,jouVKnAe/

lg, k@O\je<‘uVNf4r6@H7, 6@

rLke?Le (z=0 N?L, z 4OfLNe<}~

H9k)N>BRN_~er
360

256

YED\09kbN

H9k. J*RO\je<‘G<?NF4}~N5$

:NGgMN 2 \H7?.

6.2 1cJBs=NzL

Bs=rTo:K 1fGBT5;?~NAh.YH,

,~*5sWjs0bfVh|N5LbTo:KBs

=rTC?H-NAh.Yr= 3, = 4 K(9. lg

O1DN5V\je<‘r1lN 3!5F/9AcH

7F0iU#/9+<IGAh5;?~NAh.Yr,

,dOD9N5V\je<‘r5iK 8 y, (5N\

je<‘G<?r 4

3

DN 3 !5F/9AcK,d7

?bNHyA) 7FAh5;?~NAh.Yr(7F

$k. =fN V-WO, 3!5F/9Ac,0iU#/

9+<INabjK~j-i:KAh,G-J+C?

3Hr(9.

/i9? 1GOBs=Khkx7$L.~VN*<

PXCI,+il, /i9? 2 GOjK"GOJ$b

NNBs=Khk.Y~e,_ilk. 3lOMCH

o</NL.-=Nc$,6xG"k. 4 OGRY?

Lj, #sNBuGO SlaveN<IGn.5l?fV

h| (128

2

T/;k � 4B/T/;k = 64KB) r4

F Master N<IKwCF$k. lsN\je<‘l

s@js0h}KD-, Master N<IO 8 gNfV

h|ru1hk3HKJjgWG 512KB NG<?r

u.9k,W,"k. /i9?1*hS/i9?2N

L.~VNB,-= (= 2 *hS = 32H)r5KW

;9kH, 3NG<?u.KW9k~VO, =l>l

44ms *hS 5.7ms HJk. 7?,CF, MCHo<

/-=K/x9kAh.YNeBO, 22.5FPS JiS

K 175FPS HJk. 3lJ0Kb, 0iU#/9+<

I+iNh|I_P7yN*<PXCI,8_9k3

H+i, 4f=.N/i9?1GN-=c<N6xO

g.h}G"k3H,,k.

!K,dNzLr+kH, /i9? 1 K*$FO

Engine, Bonsai N\je<‘G<?,0iU#/9

abjK~j-k5$:G"k?a, ,d7FAhh

},}C7?3HKhkAh.YNc<,+ilk.

l}, Chest, TreeOlgNlg, Ah,TD=G"k

,, ,d9k3HGc.YJ,ibAhD=HJC?.

5iKChestOBs=KhCFHQD=J0iU#/

9+<INmabjL,}(??a, Engine, Bonsai

xYN"3AhrTJ$=lKW7?~V+i?QAh.Yr

aaF$k.
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= 3 1cJBs=NzL-/i9? 1-

Ah.Y [fps]

Data 1 f 4 f

lg ,d lg ,d

Engine 102 39.9 17.7 18.0

Bonsai 78.3 34.8 17.2 17.6

Chest - 0.066 - 13.2

Tree - 0.007 - 0.77

= 4 1cJBs=NzL-/i9? 2-

Ah.Y [fps]

Data 1 f 4 f

lg ,d lg ,d

Engine 34.8 31.1 106 97.4

Bonsai 28.5 24.5 92.4 84.1

Chest 0.49 0.77 31.8 27.9

Tree - 0.05 0.73 10.7

Ka$Ah.Yr#.7F$k. /i9? 2 Gb1M

NC’,+ilk,, 0iU#/9abj,/i9?

1N 2\"k?a, 1cJBs=@1G ChestNb.

Ah,D=HJCF$k3H,o+k.

6.3 ,~*5sWjs0NzLKD$F

,~*5sWjs0rT&VmC/Ng-5O, .

5$HAh~N*<P<XCIdHQabj,}C7,

g-$HG<?NIj-rxQ7K//Jk?a, G

,MOh}OHG<?KM89k. m9NvFMr

5%, ,dtr d = 2, slave ^7sr 4 fH7, ,d

7FG-kVmC/NtrQ(J,i, Ah.Y, 5

G<?KP9k,~*5sWjs0eNG<?5$:

Nf( (L.(), ,~*5sWjs0K++C?~V

rfS7?kLr= 5, = 6 K(9.

/i9? 1K*$FO, Engine, BonsaiOVmC/

Nt, 4

3

N~, Chest, TreeOVmC/Nt, 8

3

N

~,Gbz(,I$3H,o+k. l}, /i9? 2

K*$FO, Engine, Bonsai, Chest OVmC/Nt

, 8

3

N~y
, TreeOVmC/Nt, 16

3

N~,Gb

z(,I$.

=+iO, \je<‘G<?,0iU#/9abj

K~j-iJ$G<? (Chest,Tree) KX7FOG<

?r5L9k3HKhjb.Ah,D=HJk3H,

^?, \je<‘G<?,0iU#/9abjK~j

-kG<? (Engine, Bonsai)KX7Fb, ,d7FA

hh},}C7?3HKhkAh.YNc<OVmC

/t 16

3

Nlgr|-[\+ilJ$3H,N’G-

k. ^?, Tree KX7FOVmC/t, 8

3

+i 16

3

KQkH\je<‘G<?,>,K5L5lkKbX

y
Engine KX7FO=GO 2

3

H18G"k,, .t@J<^G

+kH 8

3

,o:+K%lF$k

= 5 ,~*5sWjs0NzL-/i9? 1-

Data VmC/t Ah.Y L.( 0h}

[fps] [%] [sec]

Engine 2

3

17.7 (s5L)

4

3

18.2 93.6 0.79

8

3

16.9 50.2 1.14

16

3

11.3 34.2 1.48

Bonsai 2

3

17.2 (s5L)

4

3

17.8 84.4 1.30

8

3

15.8 53.9 1.66

16

3

10.4 37.5 2.30

Chest 2

3

- (s5L)

4

3

13.5 100 3.69

8

3

15.8 77.2 6.03

16

3

10.4 66.8 8.81

Tree 2

3

- (s5L)

4

3

1.11 71.9 19.9

8

3

12.7 44.9 20.9

16

3

8.14 22.3 22.5

oi:, 0iU#/9abj,/J$/i9?1GV

mC/t 8

3

,G,G"kNKP7F, /i9?2G

OVmC/t 16

3

,G,HJCF$k. 3lO, /i

9?1GO,dK<&h}K/x9k SlaveN<IN

CPU iYN}C,, G<?L,>,KJk3HNz

Lhjbg-+C??aG"k. JeNh&K, ,~

*5sWjs0rQ$?G<?5LO, VmC/,d

tr,ZK_j9k3HGh$zL*,@ilk3H

,,C?.

7+7, #sHQ7F$k\je<‘G<?O~O

sKhCFQ=N/3iJ$E*JG<?rQ$F*

j, 7_el<7gskLNB~VDk=Nh&K~

VQ=9k0*JG<?Dk=NlgO,~*5sW

js0K++k~VrM87J1lPJiJ$. 3N

?a, ,~*5sWjs0OE*JG<?KP7FO

-zJj!G"kH$(k,, 0*JG<?KP7F

OG<?N97QYHNX8G,:7b-zGJ$l

gb8_9k.

6.4 fVh|N5LzL

fVh|N5LzLO,)@Nh,?1lPL.G<

?Lr:i93H,G-k,, )@Nh,/J$lg

O5LK++k~V,UK*<PXCIHJCF7^

&. slave^7sr 4fH7, fVh|N5LrTC?

~HToJ$~NAh.YNfSrTC?kLr= 7

K(9. L.(OfVh|,Gb.5J5$:K5L

5l?~HGbg-J5$:K5L5l?~NL.(

r(7F$k. ,dtO d = 2, ,~*5sWjs0

Nm9NvFMO 5%, VmC/NtO/i9? 1 G

Engine, Bonsai , 4

3

, Chest, TreeO 8

3

, /i9? 2

G Engine, Bonsai, Chest , 8

3

, TreeO 16

3

H7?.

/i9? 1GOfVh|N5LKhkAh.YNb.



422 VhJ*W;pW79F‘7s]8&‘ SACSIS2004W May 2004

= 6 ,~*5sWjs0NzL-/i9? 2-

Data VmC/t Ah.Y L.( 0h}

[fps] [%] [sec]

Engine 2

3

106 (s5L)

4

3

98.7 93.6 0.087

8

3

106 50.2 0.260

16

3

62.1 34.2 0.368

Bonsai 2

3

92.4 (s5L)

4

3

91.0 84.4 0.28

8

3

100 53.9 0.47

16

3

61.9 37.5 0.70

Chest 2

3

31.8 (s5L)

4

3

27.9 100 0.82

8

3

33.6 77.2 2.02

16

3

32.6 66.8 2.87

Tree 2

3

0.73 (s5L)

4

3

13.7 71.9 6.64

8

3

19.2 44.9 8.11

16

3

21.7 22.3 10.0

=,+ilk. l}, /i9? 2 GOAh.YNb.

=O[HsI+il:, ‘7mc<7FkbNb+i

lk.

^:/i9?1Ke\9kH, 6.2 aGD@7?H

*j, MasterN<INu.G<?LHMCHo</-

=Gh^ks5L~NAh.YNeBO 22.5FPS G

"C?N,, 5L9k3HG>KG<?L, 50%KJ

kHeB, 45FPSHJk. = 7NkLr+kH, Tree

r|-, [\5L(Kfc7?.Y~e,@ilF*

j, 3N3H+i, /i9?1GO0iU#/9+<I

NAh-=GOJ/, g.h}N-=,4NN-=r

Y[7F$k3H,,k. ?@7, TreeKX7FOa

bjFLK/x9kAh.YNeB,Y[*G"j,

5L(K+gC?.Y~eO@ilF$J$.

!K/i9?2Ke\9kH, MCHo</-=K

/x9ks5L~NAh.YNeBO 175FPSG"C

?. 7?,CF/i9?2GOs5LNuVGbMC

Ho</N0BuVO/87J$. 7+7J,i, Ah

.Y,b/MCHo</,biYuVKJk Engine

*hS Bonsai GO, fVh|N5LKhjF9 10%

*hS 5%N.Y~e,@ilF$k. l}, Ah.

Y,c/MCHo</,ciYuVG"k Chest d

TreeGO, o:+GO"k,5L?r‘h}N*<P

XCIK/x9k.Yc<,/CF$k.

6.5 Bs=NzL

33GO, ,~5sWjs0HfVh|N5LN>

}r,Q7?lgK*1kBs=NzLr>A9k.

Bs=rTo:K 1fGBT5;?~NAh.YHB

s\je<‘ls@js0rTC?H-NAh.Yr

= 8 K(9. ,dtO d = 2, ,~*5sWjs0N

m9NvFMO 5%, VmC/NtOfVh|N5Lz

= 7 fVh|N5LzL
/i9?1 /i9?2

Data Ah.Y [fps] Ah.Y [fps] L.( [%]

s5L 5L s5L 5L

Engine 18.2 34.6 106 116 48 � 79

Bonsai 17.8 38.1 100 105 37 � 64

Chest 15.8 27.5 33.6 33.4 42 � 82

Tree 12.7 14.4 21.7 21.6 41 � 73

= 8 Bs=NzL
/i9?1 /i9?2

Data Ah.Y [fps] Ah.Y [fps]

1 f 4 f 1 f 4 f

Engine 34.5 34.6 35.0 116

Bonsai 34.7 38.1 31.4 105

Chest 0.45 27.5 1.35 33.4

Tree 0.33 14.4 6.30 21.6

LNB3GHC?MrQ$k. Engine, Bonsai, Chest

KX7FO[\j"k?$‘KDk=G-F$k3H

,o+k. G<?N5$:,g-/JkHAh.Y,

x7/c<7F7^&,, 3lO0iU#/9+<I

,]}9kF/9AcG<?N5$:,0iU#/9

abjNFLr6(F7^C??a@HM(ilk.

UK, 512� 512� 512 N5$:J<N\je<‘G<

?OFN<INFQ0iU#/9+<INabjFL

J<G"C??a, b.JAh,D=G"k3H,o

+k. /i9?2G 1f=.NlgK, Tree, Chest

hjbb.KAh,G-kH$&U>=],/-F$

k,, 3lO, ,~5sWjs0NkL Tree NG<

?5$:,5NG<?N 22.3%K5L5l?NKP7

F, Chest GO 77.2%K7+5L5lF*i:5Le

NG<?5$:,U>7?N,6xG"k. 18u7

G 4 f=.NlgKU>,/iJ$NO, G<?5$

:NU>Khkabj"/;9~V;LNzL, 1f

NlgKfYF/J$+iG"k.

7. M!*hSX"&f

7.1 M !

\aGO, FQ0iU#/9+<IrQ$?Bs\

je<‘ls@js079F‘NBur’^(?$/

D+NM!rTJ&. = 9O#sHQ7?0iU#/

9+<INt5G"k.

7.1.1 FQ0iU#/9+<INxQKX7F

3DF/9AcrQ$?\je<‘ls@js0G

O, 3D F/9Acr5sWjs07?9i$9 (2D

F/9Ac)rl~*Kn.7J1lPJiJ$, (^

1), 3N]Nabj &"/;9Q?<sOk@LVK

hCFg-/Q=9k. 7?,CF, abjNBz>

w.Y,c<7, 3lKhkAh.YNk@M8-,
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= 9 0iU#/9+<INgJt5

RADEON GeForce

9700PRO FX5950Ultra

Core Clock 325MHz 475MHz

Pixel Pipeline Unit 8 8

T/;kW;-= 2.4G pixel/sec 3.8G pixel/sec

Memory Clock 310MHz DDR 475MHz DDR2

Memory bit } 256bit 256bit

Memory PsI} 19.3GB/s 30.4GB/s

Memory FL 128MB 256MB

 0.85

 0.9

 0.95

 1

 1.05

 1.1

 1.15

-80 -60 -40 -20  0  20  40  60  80

N
or

m
al

iz
ed

 F
ra

m
e 

R
at

e

Elevation [Deg.]

’Chest’
’Bonsai’
’Engine’

^ 8 Ah.YNk@M8-

/89k. 5iK, 0iU#/9+<IbKO 2D F

/9AcN"/;9KG,=5l?WjU’CA!=

U--cC7e,8_7F*j, 3lbk@M8-r

u99klxHJCF$k. k@LVKM87?Ah

-=Ng}JQ0,vFG-J$79F‘K*$FO

mU,,WG"k.

2M^GK, /i9?2eGB]K,j7?k@M

8-N0iUr^ 8K(9. $^^GN,jGO, z=0

?LeN>BRN_~eGk@\0rTJC?,, 3

N_~r x4NsjKDQ �(90 � � � �90, 15YV

V) @1s>7, =N_~eGk@\0rTJ$Ah

~Vr,j7?bNG"k. ,jO 4N<I=.N/

i9?2K*$F, ?iG,=rTJoJ$uVGT

JC?. 5V\je<‘N,dbTJCF$J$ (=

4N 4f,lgKjv9k=.).

^ND4ODQ 0 YNlgNAh.Yr1H7F

5,=7?Ah.YG"k. Engine, Bonsai, Chest

N3DNG<?KP7FW,rTJCF$k,, ?l

Nlgb, �45 YUaGGb.Y,c<7F$k. 3

N~, Gbb.JlgKfYF, Engine, Bonsai GO

5%, Chest GO 20%bN.Yc<,/CF$k3H

,,k.

7.1.2 G,=KX7F

#sNBuGO, G<?5LKX9kG,=H7F,

\je<‘G<?N5LJiSK fVh|N5Lr

Bu7?.

#sOBu7F$J$,, i;L=Nbr:i9G

,=j!H7F, a|k~*< (Early Ray Termina-

tion:ERT)

5)

,"k. 7+7, \hOT/;k1LN

G,=G"k?a, 9i$91LGh}rTJ&F/

9Ac^CTs0Y<9N\je<‘ls@js0X

O=N^^O,QOG-J$. 7+7J,i, f9,

sF7?ERT-table!
8)

H, #sBu7?,~*5s

Wjs0!rHgo;k3HG, F/9Ac^CTs

0Z<9N\je<‘ls@js0"k4j:‘XN

,QbD=G"kHM(k.

!K, Bsh}H$&Q@GOfVh|Ng.h}

*<PXCINZ:,,\G"k. #sNBuGON<

It, 4fG"C??a1cJg.h}rBu7?N

_G"k,, {KsF5lF$kG,=j!y
6),7)

, r

,Q9k3HG91<iSjF#NN],|TG-k.

7.2 X " & f

F/Ac^CTs0r~Q7?\je<‘ls@j

s0j!+NO 10/a/^(KsF5lF$?,
12)

,

bAJlQ0iU#/9"/;il?rP\7?O$

(sIN79F‘G7+xQG-J+C?. FQ0

iU#/9+<IKF/9Ac^CTs0dAVls

G#s0N!=,P\5l, +D 3 !5F/9Ac,

7(kh&KJC?"r@!KFQ0iU#/+<I

rQ$?\je<‘ls@js079F‘,?/+/

?/=5lkh&KJC? (c(P8% 1)$13)). 0i

U#/9+<INabjT-djKP7F,~*5s

Wjs0!rsF7?8% 4)JIb=NlDG"k.

PC/i9?NFN<IKFQ0iU#/9+<I

rP\7?79F‘b#t8_7F$k (c(P8%

3)$10)$11).). 8% 10) N79F‘Of91M, 4

FrFQtJG=.7F$k. 3N79F‘O 2$e

0N0iU#/9+<I (GeForce3)rQ$? 2DF

/9Acr0sK7?BuG"j, v~ND-<G?

,-=N\HkMC/KJk+rD@7F$k. 8%

11) GO, 5V\je<‘Nls@js0N<IXN

dvdt,g.NBsh}K*1k9/j<sN,d

!KX9kD@rTJCF$k. 8% 3)O, \je<

‘ls@js0lQ"/;il<?rP\7?79F

‘
2)

N0iU#/9O<I&’"t,rFQ0iU#

/9+<IKV-9(?bNG"k. ?@7, t,h

|Ng.KlQNMCHo</HlQNO<I&’"

rLSQU7F$k. $:lN79F‘b\je<‘
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G<?dt,h|N5LHHgo;?>AOTJCF

$J$. ^?,k@M8-KX9kD@dOpenGL1.2

rQ$?AVlsG#s0rBsBu9klgNdj

@NX&OJ5lF$J$.

8. k @

\FGOFQ0iU#/9+<IrQ$?Bs\

je<‘ls@js079F‘NBuNsprT&H

HbK, VmC/=Khk,~*5sWjs0,JiS

KfVh|N5LrQ$?G<?5L;Qr;Q7?

lgN-=>AkLr(7?. 3NkL,5sWkH7

FHQ7?\je<‘G<?r 4fN/i9?rQ$

F[\j"k?$‘KAh9k3H,G-?. 7+7,

~OsKhCFQ=N/3j&k0*JG<?NDk

=KO5Lh}K~V,++k?a, ,~*5sWj

s0Khk\je<‘G<?N5L}!O~+J$.

^?, fVh|N5LOMCHo</, 100BaseTX

N/i9?GOzL,"C?bNN, MCHo</,

1000BaseT N/i9?GOzL,+ilJ+C?.

=_NBuGO/i9?1H/i9?2G?/N=

.Qia<?,[Jk?a, >TNfSH$&AGN

D@OTJo:, [Jk2DN79F‘GNB3kL

Ns(KHIaF$k. =.Qia<?rQ97?l

gNfSKX7FO#e, L@8H7F^Ha?$H

M(F$k.

9. U -

|"hjf$@$?@/~TgXgX!psX&f

JYD&f<NtaK6U7^9.

\&fNltO8tJJX&fqdub ( pW&

f (B)(2) ]jVf 13480083 JiSK CjNh&f

(C)(2) VpsXW]jVf 13224050) Khk.

\FGQ$?;tN\je<‘G<?O, (t)1$

8<F#< \OQ8 ahjfs!$?@$?bN

G"k. ^?, (s8s, _ON\je<‘G<?O

volvis

y+i,/j9^9Dj<N\je<‘G<?O

The Computer Graphics Group XMas-Tree Project

yy+ixQ5;F:$?.

2 M 8 %

1) C.Rezk-Salama, K.Engel, M.Bauer, G.Greiner,

T.Ertl: "Interactive Volume Rendering on

Standard PC Graphics Hardware Using Multi-

Texturesand Multi-Stage Rasterization", In

y
http://www.volvis.org/

yy
http://ringlotte.cg.tuwien.ac.at/datasets/XMasTree/

Proc. Eurographics/SIGGRAPH Workshop on

Graphics Hardware, 2000.

2) S.Muraki, M.Ogata, K.Ma, K.Koshizuka,

K.Kajihara, X.Liu, Y.Nagano and K.Shimokawa,

"Next-Generation Visual Supercomputing us-

ing PC Clusters with VolumeGraphics Hard-

ware Devices", Proceedings of IEEE/ACM Su-

percomputer Conference, 2001.

3) Muraki, S., et al.: A PC Cluster System for

Simultaneous Interactive Volumetric Model-

ing and Visualization, Proc. of IEEE Symp.

on Parallel and Large-Data Visualization and

Graphics, pp. 95{102 (2003).

4) 3j, C%, Sb: "PC 0iU#/9O<I&’

"rxQ7?b:Y&b.\je<‘ls@js0

j!", psh}Xq CVIM-130-10, Nov. 2001.

5) Levoy, M.: E�cient Ray tracing of volume

data, ACM Transactions on Graphics, Vol.9,

No.3, pp.245{261(1990).

6) Henry Fuchs, Gregory D. Abram and Eric D.

Grant: Near real-time shaded display of rigid

objects, Proc. of ACM SIGGRAPH, pp.65{

72,(1983).

7) Ma, K.-L., et al.: Parallel volume rendering

using binary-swap compositing, IEEE Com-

puter Graphics and Applications, Vol.14, No.4,

pp.59{68 (1994).

8) b3,g,>’;kjF?Bs\je<‘ls@j

s0XN Early Ray TerminationN,Q, Visual

Computing 7s]8&‘ 2004(N?hj).

9) ]3*y,>: FQ0iU#C/9+<IrQ$?

Bs\je<‘ls@js079F‘NBu, p

sh}Xq&fsp (2003-ARC-154), Vol.2003,

No.84, pp.61{66, Aug. 2003.

10) Marcelo Magallon, Matthias Hopf and Thomas

Ertl: Parallel Volume Rendering Using PC

Graphics Hardware, Proc. Paci�c Graphics ,

2001.

11) Antonio Garcia and Han-Wei Shen: An In-

terleaved Parallel Volume Renderer with PC-

Clustes, Proc. Eurographics Workshop on Par-

allel Graphics and Visualization, pp.51{59,

2002.

12) B. Cabral, N. Cam, and J. Foran: Accelerated

Volume Rendering and Tomographic Recon-

straction Using Texture Mapping Hardware,

Proc. Symp. on Volume Visualization, pp.91-

98, 1994.

13) >D@l,gDI@, #6S/, ZfOK: aZ?
PCK*1k 2!5F/9AcrQ$? 3!5h

|N$UGL=(j!, ERpsL.Xq @8o
D-II, Vol.J85-D-II, No.8, pp1351{1354(2002).


