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A Parallel Volume Rendering System
with Commodity Graphics Hardware

YUKI MARUYAMA," SATOSHI NAKATA,t MOTOHIRO TAKAYAMA,*
YUKI SHINOMOTO," MASAHIRO GOSHIMA,* SHINICHIROU MORI,*
YASUHIKO NAKASHIMAt and SHINJI TOMITA*

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 compresson
based on adaptive sampling technique and intermediate-image compression to reduce commu-
nication time. Consequently, we could realize real time rendering of 512 x 512 x 1024 volume

Oct. 2004

data using four commodity graphics hardwares.
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2. Volume Rendering
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3. Texture Based Volume Rendering
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Fig.1 Texture-based volume rendering.
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Fig.2 Intermediate images (d = 2).

sub volume sub volume sub volume sub volume

lss el
. B

= | =
— i —

sub image
sub image

sub image

03 Oooo

Fig.3 Parallel implementation.
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Fig.4 Rendering sequence on Slave nodes.
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Fig.5 Adaptive sampling.
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Fig.6 Adaptive sampling results.
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Fig.7 Compression of intermediate images.
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Table 1 Specifications of cluster 1.

Master
CPU Pentium4 1.8 GHz
Memory 512MB/PC133
Motherboard DFI NB72-SC
Gfx Card GeForced Ti4600
Gfx Memory 128 MB DDR
Gfx Driver nvidia Ver.1.0-532802003/12/170
oS Red Hat Linux 8.00 kernel 2.4.180
Slave
CPU Pentium3 1.0 GHz
Memory 512MB/PC133
Motherboard EPOX EP-3S2A5L
Gfx Card RADEON9700PRO
Gfx Driver fglrx0 2003,/09/230
Gfx Memory 128 MB DDR
oS Red Hat Linux 7.30 kernel 2.4.180
NODE 40
Network 100 BaseTX Ethernet
oooooo PLANEX 0 FGX-08-TXS
ooooo INTEL EXPRES-PRO-100 OO0
ooooooo gce+LAM6.5.9/MPI
gooooo 0 90Mbpsd64 KB OOOO

02 0000200000

Table 2 Specifications of cluster 2.

Master
CPU Pentium4 3.0 GHz
Memory 1.0 GB/DDR400
Motherboard ASUS P4C800-E Delux
Gfx Card GeForceFX5950 Ultra
Gfx Memory 256 MB DDR
Gfx Driver nvidia Ver.1.0-53280 2003/12/170
OS Debian Linux[ kernel 2.4.220
Slave
CPU Pentium4 3.0 GHz
Memory 1.0 GB/DDR400
Motherboard ASUS P4C800-E Delux
Gfx Card GeForceFX5950 Ultra
Gfx Memory 256 MB DDR
Gfx Driver nvidia Ver.1.0-53280 2003/12/170
oS Debian Linux[ kernel 2.4.220
NODE 40
Network 1000 BaseT Ethernet
gooooo Bufferlo LSW-GT-8W
opoooo Onboard CSA-base GbEOOOOODO
goooooo gce+LAM6.5.9/MPI
gooooo 0 700 MbpsO64KB 0000
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ooooooo (1,1-A,)0D00oooooooo
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Fig.8 Volume data.
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Table 3 Effects of parallel implementation — cluster 1.
0000 [fps]
Data 10 40
oo oo oo oo
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

04 000000000 —0O0O00 2
Table 4 Effects of parallel implementation — cluster 2.

0000 [fps]

Data 10 40

oo oo oo oo

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
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Table 5 Effects of adaptive sampling — cluster 1.

Data 00000 | Dooo | ooo | ooo
[fps] (%] [sec]

Engine 23 17.7 ooooo
43 18.2 93.6 0.79
83 16.9 50.2 1.14
162 11.3 34.2 1.48

Bonsai 283 17.2 ooooo
43 17.8 84.4 1.30
83 15.8 53.9 1.66
162 10.4 37.5 2.30

Chest 23 - ooooo
43 13.5 100 3.69
83 15.8 77.2 6.03
162 10.4 66.8 8.81

Tree 23 - ooooo
43 1.11 71.9 19.9
83 12.7 44.9 20.9
163 8.14 22.3 22.5
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Table 6 Effects of adaptive sampling — cluster 2.

Data | OODDO | D000 | 00O | 00O
[fps] (%] [sec]

Engine 23 106 0ooooo
43 98.7 93.6 0.087
83 106 50.2 0.260
162 62.1 34.2 0.368

Bonsai 283 92.4 ooooo
43 91.0 84.4 0.28
83 100 53.9 0.47
162 61.9 37.5 0.70

Chest 23 31.8 ooooo
43 27.9 100 0.82
83 33.6 77.2 2.02
163 32.6 66.8 2.87

Tree 23 0.73 ooooo
43 13.7 71.9 6.64
83 19.2 44.9 8.11
162 21.7 22.3 10.0
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Table 7 Effects of intermediate image compression.

gooo 1 oooo 2
Data 0000 [fps] 0ooo [fps] oog (%]
ooo oo ooo oo
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
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08 Oooooo
Table 8 Overall effects.

oooo 1 gooo 2
Data 0000 [fps] 0ooo [fps]
10 40 10 40
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
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Table 9 Specifications of Graphics Cards.

RADEON GeForce
9700PRO FX5950Ultra
Core Clock 325 MHz 475 MHz
Pixel Pipeline Unit 8 8

oooooooo
Memory Clock
Memory bit O

Memory 0000
Memory 00O

2.4 G pixel/sec | 3.8 G pixel/sec
310 MHz DDR | 475 MHz DDR2
256 bit 256 bit
19.3GB/s 30.4GB/s
128 MB 256 MB

000000000000000000000000
000000000000000000000000
0000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00OpenGLODOOO 3D000O0000000 2
0000000000000000000000 3D
0000000000003DO0000000000
0000000000000000000000000

00000D000000000000000000
00001000004000000003D0O00
0000O0ON?000D00D00D0000000000
3000000000 4N 00000001000
000000D000000000000001000
00000D000000000000FO000000
000000D004FN? [Byte/sec] 00000000
000000000000 N=10240000000
05000000 20GB/s00000000000
oooo

7.1.2 000000

000 NxNO TODOODO0OOO0 «00000
00000 FOOODOOOOOOOON?xT x
Fpixel/sec] 000000000000000000
O0DONODOO TO5120000032FPSO0000
00000000 4Gpixel/sec 0000000000
000000

7.1.3 00000

3D000000000000000000000
003D00000000000000000002D
000D000000D00000D00000000
00 1M00000000000000000000
000000000000000000000000
000000000000000000000000
00000000000000000000000 2D
00000D0000000000000000000

oooooooooobooooooooooOoboboOooooooooboo 341

Normalized Frame Rate

0.85 L 1 L ! L 1 1 1 1
-80 -60 -40 -20 O 20 40 60 80

Elevation [Deg.]

09 DOOODOOOOODO
Fig.9 Viewpoint dependency.
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