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Parallel Volume Rendering Using
Standard Graphics Hardware

Satoshi NAKATA
Abstract
Today’s rapid improvement of the computer performance brings a high expecta-
tion of a large scale numerical simulation and visualization of the resulte. And
volume rendering is coming to be used for visualization. In volume rendering,
the object regarded as a three dimentional volume which is filled. And vol-
ume rendering is a technology to display the internal structure and dynamic
characteristic of an object. We can understand complicated three dimentionbal
structure in volume space easily by visualizing by volume rendering technique
interactively from various viewpoints. Simulation and real time visualization
corresponding to intractive operation are required in the various fields such as
science and medical treatment.

However, volume rendering needs integral computation in proportion to pix-
els of the image. Volume data consists of a set of voxels that are the minimum
elements of space. And the size of volume data is generally enormous. There-
fore it is difficult to render 30 images per second with volume rendering. So,
it used to realize real time volume rendering only with a parallel computer or
a special hardwear. On the other hand, today’s great progress of PC graphics
card makes it possible high speed rendering with PC graphics card is possible.
And then, volume rendering with PC graphics card comes to be possible with
texture mapping and alpha-blending function accelerated by graphics hardware.
But real time volume rendering of large scale data st even with such a graphics
card is still not possible for lacking of memory capacity , memory bandwidth
and performance of graphics card.

In this paper, we describe the parallel volume rendering system using graph-
ics cards to realize real time volume rendering of large scale data set without
a special hardware for volume rendering. It takes much time to load volume
data in graphics card from main memory. This is the biggest problem of volume
rendering with graphics card . So, we divide volume data into 8 subvolumes and

assigne one of them to each node of PC cluster equipped with graphics card.



v

Then, each node renders subvolume. After that, image that is created at each
node as a result of volume rendering of subvolume is send to one machine. At
this machine, an image is composed of these eight images.

Further, we propose two techniques to performe larger scale and higher
speed rendering. One is image compression by run length encoding. The other
is compression of the volume data based on octree data structure. By run length
encoding, this technique intends to curtail communication time that is also a
serious problem of parallel rendering between each node of cluster and a master
machine. This thesis reports the implemetation and the evaluation of these
techniques.

Consequently, it come to be possible to get from 2 to 30 times speed up,
when we treat the larger data than the size of graphics memory. The result of
compression by run length encoding depended on the netwoek. It is effective
on 100Mbps network. But on 1Gbps network, time that it takes to encode and
decode is more than the reduction of communication time by compressing. So
we can’t get speed up. And much higher speed rendering come to be possible
by reduction of volume data and number of a sampling points that are not
necessary based on octree data structure. We can obtain about 5 times speed
up at 512% data set with image and voxel compression, comparing with the

speed of parallel volume rendering without these compression.
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g3 000d

volume data | skull | bonsai-1 | bonsai-2 | bonsai-3 | tree | chest
00 10 54.26 | 14.19 9.20 X X X
OO0 | OO (10) | 60.00 | 17.31 9.49 1.94 0.76 | 0.027
(fps) | OO (40) | 9.75 8.58 7.76 3.94 3.86 | 0.99
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gobbboooobbbuoooobbbuooobbboooobbbooon
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U5 0bouagbbobooagn

volume data | skull | bonsai-1 | bonsai-2 | bonsai3 | tree | chest

oogd Oo0ogd 9.75 8.58 7.76 3.94 3.86 | 0.99
O (fps) 00 11.85 9.05 9.18 3.93 4.22 | 0.93
ooo (o) 31.73 | 18.35 37.08 16.63 | 65.85 | 0.72

skull0 bonsai-20 00000 0OOOOOOO0OOOtree000O0OO0OOO0O
OO000boobdbOObonsai-10000000O00OOOOOOOOOODOODOO
gobbboooobbobuoooobobbuooooboboooobbobooon
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gbooboobobbobboobooboobboeb 70DOOO

O 6: Octree D 0O OOOOOO

volume data | skull | bonsai-1 | bonsai-2 | bonsai-3 | tree | chest

O ooo1l 9.75 8.58 8.06 3.94 3.86 | 0.99
O oog 2 10.25 8.94 8.45 3.97 4.02 | 2.06
O oogd 3 10.54 9.58 10.00 5.42 6.89 | 3.13
O ooo4 9.02 7.79 9.99 5.71 9.71 | 5.37
(fps) oogds 3.94 1.82 6.98 0.066 | 9.46 | 2.92
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O7 Octree00O00O000OO0O

volume data | skull | bonsai-1 | bonsai-2 | bonsai-3 | tree | chest

H goo1 0 0 0 0 0 0
gono 2 12.50 0 25.00 0 28.13 0
H oo 3 32.80 0.57 53.91 0 55.67 | 24.22

(0) goo4 38.82 9.40 69.09 1.861 | 79.20 | 35.01
gonos 63.40 | 34.01 79.13 16.22 | 85.30 | 42.29

gobboboooobobbooodboobbooodgboboooobobobod
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O & Octree00O0O0O0OOOO

volume data | bonsai-1 | bonsai-2

U gggao 14.91 9.20
g god 1 12.20 7.64
g ggg 2 12.41 7.73
0 oo 3 19.27 11.71
(fps) ooo0 4 5.60 5.57
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000 (090000 10)0

0 9: bonsai-1 Octree 0 0 O 4 [0 10: bonsai-2 Octree 0 0 O 3
0000 (fps) | D00 (D) 0000 (fps) | OO0 (D)
oo 4.88 0 0o 10.73 0
(1) 5.59 9.42 (1) 23.61 53.91
(2) 4.81 9.42 (2) 15.48 53.91
(3) 5.21 9.42 (3) 15.72 53.91

0000 ()0 (2000000000000 0oooooooooooo
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4.6 LU0O0O0O0OOOOOOOLOOOOOOOOOOO0

gobbooobboouobboobbobobboobbooobbdo
00000 110000O0ctree0000000000O0O0O0OO (skull,bonsai-
Lbonsai-20 000 30000000000ODODO0O0O 40000

gl ggobo

volume data | skull | bonsai-1 | bonsai-2 | bonsai-3 | tree | chest

goo ERERE 9.75 8.58 7.76 3.94 3.86 | 0.99

O (fps) g 12.26 9.80 11.82 5.71 14.41 | 5.01

gboobooobooboboobooobobooboboobobobboooba
O0O0000Db0O000b0Ob0O0nDO tred 00O 3. 700chestd 00 5000
gbogoboobo
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4.7 1Gbps Ethernet 0 000000
41000000000000000 1GbpsEthernet D00 OO0OOO0OOOOO
00000 85.96msec(100Mbps) O O 20.22msec(1Gbps) 0 000000000
gobbboogoobbbooooobo
gbobgbbogbbooobboobdabboobbi12ooobgbod
gobbbogoobobooogboobod

0 12: 1GbpsOD OO OO O

volume data skull | bonsai-1 | bonsai-2 | bonsai-3 | tree | chest

0000 (msec) | 24.02 | 25.58 23.96 27.15 | 19.04 | 29.95
oo0o(0) 31.73 | 18.35 37.08 16.63 | 65.85 | 0.72

tre0 000000000 OOO0O0O0OOOOOO0O0O0ODOODOOOOOO0
gobbobuooooobbobbodddteelbb0ooooboboooon
gobooood

4.8 00O

4.8.1 00O

000000000000 bOO00o0obOO0o0ooDboooDboooooboo1o00D0
0000000000000 0O000bO000bO000obO0o0oDOOo0obOO0o0oDOon
0000000000000 0o0bO0o0obO0o0obOooDbObOooDooooooDoon
0000000000000 00bO000bO0o0bO0oDbOOobDoobDoOooDOon
O0bonsai-30 00000000 0O0OO0O0ODOO0OOOOODOOO0ODOOO0O0O
0000000000 Oo0obOo0obOo0oboooDboooDo

4.8.2 0O00O0O0OO

skull,bonsai-2,tree 1 0 000000000 OOOOOOtreed 000000
0000000000 00bO0bO0ooDO0o0b00obOOobOOobDOooDoobOOoDbOon
0000000000 b00b0b0o000Db0o0bDbO00D 10 3msecd U
000000000 2msec0 000 130 15msec0 00 000O0ODOOOO0O
0000D00000doon0 thmsec0 000000 DODO0OO0O0ODODDODODOOOO
0000000000 o0oobo0ooboobobooo 1ITObo0obooOOo0n
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4.8.3 Octree0 0000
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000000000000 000000O000000DOO0DoDOoDOOooOoood
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0001000000 2000000000000000001000000
00000000 2000000000 (64MB)ODODO 1000000000
0000000000 DO0DbO00O000o0ooooOo1b0boooooooog
0000000000000 0O0D0D0DO0o00oooooDooooooooog
0000000000 DO0DbO00O000O0oooO0oD1ooooooooog
O00D0Dbhe4aMBOOODOOOOO 100000000000 0O00ODOODO 8O0
000000000000 O0oooDdbOoooooooooooOooboooog
O00d000oo0ooO0o00ooooooo1loogbooooooooooog
00000000000 20000000000000000

0000000000000 0D00000Do0oDoooooooooood
0000000000 bO0oo00ooo0oooooooooooooooooonog
O000000o0o0DOO0DO0o0o0o0oooooooooDooDooooooonog
ooooogao

O00000000Octree0 0000000 O0ODOODOOODODOOODOO
OOoooooooood

O000OOctree00000D00D0ODOODOOODOOODOOOODODOOODOO
0000000262 %x12800000000 300000000 2700 800msec
O000000ORadeon9700Pro0 000000 AGP8XO O 2GB/sOD 00000
000256%*%x 128000000 16msec0 0000000000000 OOO0
O0000O0bO00000O0bO0obO0ob0obooobOOooDOobODobOoboooo
O00000DO0bO0oboOoon
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4.8.4 1Gbps Ethernet

0000000 1GbpsO Ethemet 00000000 0OOOOOOOOODOO
0oooo

000000000000 00000D00bO0000D00DO0oDOoDO0O0O0
0000000000000 000O000O00000DbOoOooOoOooDoooOog
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0000000000000 00000000D0 treed000O0ODOODOOO
000000000000 000000O000000DOO0DoDOooOOooOoood
000000000000 0D000000DO0O0000O0DOoooon

Os0 OO0

gobbboooobobbboooobboboooobboboooobobbod
gbogbogbobooobuaobobbobobobuoobobobobooban
gboggobgboobooboboobuooboboobuooboboobad
ooboobobooooboooboobooboobooboooooogoD 100Mbps
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gobbboooobbbuoooobbbuooobboboooobbobooan
0000000000000 0000000000o0o00OooOonOnOctree
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