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Lossy Compression Method for Controlling
Rendering Speed of Time-Varying Volume

MASAYOSHI YAMADA, ! Fuminiko INof!
and KENICHI HAGIHARAT!

In this paper, we present a lossy compression method aiming at controlling
rendering speed of time-varying volume. Our method controls the rendering
speed by varying data compression ratio because the data transfer time deter-
mines the rendering performance. To achieve this, we extend an existing lossy
compression method called the packed volume texture compression (PVTC)
such that it can select the compression ratio in terms of temporal and spatial
coherences inherent in a time-varying volume. Such a selection capability is
implemented using compute unified device architecture (CUDA), which is a de-
velopment framework for the NVIDIA GPU. Evaluation results obtained using
two datasets show that the rendering speed achieved by our method is 1.45
times higher than that of PVTC without decreasing image quality. Conversely,
our method increases the peak signal-to-noise ratio (PSNR) value by 10-20%
by decreasing the rendering speed by 25%.

Vol.2011-CG-142 No.2
2011/2/8

1. 0000

000 VRO Volume Renderingd 0000000 300000C0O0O0O0O0O0OODOODOD
o0o00o0oooOoodoooooO0o00oooooooogooooDoooooooooooon
0000000o0o0o00ooooooooooono X O CTO Computed Tomography
0000000o0o0oooooooooooooooooo

000000010 0o0o0o0oooUooooo0U0 vROOOooOooooooooo GPU
I]GraphicsProcessingUnitDDDEII:IDEIDDDDDDDDDDDDDDDDDDDDDD
0000000000 400000000000000D0D0OCOO00O0OOOOOOOO0
000040000000000512°00000000000000 1000000000
000o0OoO0o00oDbDoOosGBOOOODODODDOOUOODOOOODODODOUOOOOOODO
0o00oooooooooooooog

00D000000?»% 00000000 200000000000000000000
0000000000000 000000000000000000000O0O0000O0O0
0000000000000 00000000000D000D0000000000O0000O
0000000000000 000000000000000000000oooooon
0000000000000 oooooooooooooooo00o00ooooOgg

Nagayasu0? 000000000000 000000O0O0O0O0O000D000O0O0O0O0O0
0000000 PVTCO Packed Volume Texture Compression0 0000 0000PVTC
ooGpULO0ODODOOOOOOUOOOOODOODOOOODOOOOOOOOO /60000
go0o0o0o0oooOooOO0o0oU000oooooO0o0oooooooDooogooooooooo
gooooOoOoDoOOoOooOODOD300000oogoooooooooooooooo
00000000000000Du0® 00000000000000000000000
o0o0o00oOoOoooOoOoU0oooooOoDUoOoooOoDOoOoUoOoUOoooooooOoo
ooo

00o0o0oooooooOooooOooUUU0ooOoUoOoDOoOoOooOoooUOOOooo
0000000000000 0o0oooo000ooo0ooooooooooooooo

f1 0000000000000 00000O0000ooooDOo
Department of Computer Science, Graduate School of Information Science and Technology, Osaka
University

(© 2011 Information Processing Society of Japan



IPSJ SIG Technical Report

dddoobooooooboOoO0o0o0ooobOboOo0o0o0ooobDDboO0ooOo vROOOOooOOO
doododooooobboooooooooooobooodooooooooooog
0ooooboobooodoooooboobooododooooooooooooooog
gdobooobobooobboobobboooo

goboooobooooboboboobobooboobooboooobobboo
000ooooooo pVITCOOOOOO0ODOOOODOOODOOOOODOOOOOOO
OOONVIDIAOOOOODOOO CUDAO Compute Unified Device Architecture O O
gooboodoboooboobobooboobobbobDooboobooboobooo
gooooobooooooboboooboboboooobOboooobDbooooobooo
gooodobooooboo20b00bbooobooboobooboboooboobooo
gooboooobooobobooobobooobobooobOboooDbboooDbboo
Jo0o0o0obooobooboooooobooobOoobOoobOooobooobooobooooo
goobooooobooooooooo

goooo2000000 pVITCOOODOOOOOOOO30000000O000O0040
000obO00ooob0o0ooOooDoOos0obboobDboooobooooDboOoo

2. 0000 PVTCOPacked Volume Texture Compression[]

PVTC? 00000000000 O0000 VICH Volume Texture Compression [
000000000000000000000000000000VTCO GPUOOOO
000000000000000000000000000000PVICOOOO VRO
0000000000000000000000000000000000000000
00000000000000000000000000000000000 200000
000000000000 GPUOOOOOOOOOOOOOOOOO0O0O0000000
00000000000000000000000000000000000000000
00000000000000000000000

010 PVICOOOO0OO0OODO0OOO00O0O0O0O0O00000D 10000000000
00000000000000004x4x100000000000000000300
000000000000000000000000000000000004x4000
00000000 SO000000000000000000 7000000PVTCOO
($,7)=(1,3)0000000000000000000000000000000000
000000000000000000000000000000000000 t0¢+20

Vol.2011-CG-142 No.2
2011/2/8

V.
w2 (EET
e i i+l ...
V.
“ELDT [y L,
e |
Vt A .’“ E tot+l 142
3BHHDAX4X 1D R&e W TITF—T I
(48/34k)

01 0000 pvrCcoooo

ocooooooooooooo U 0U.2 000000 D:ODyy, 0000040000
oodooooooooooooooo U 0042000 D:O0Dy 00000000000
gobobooooooooooboooooooooob200000004x40000000
oooooOoOoo0o0o040000000PVICOOO0DO W >00000000000000
00:M0<:<1000000000 V.00 (1)DD00ODO0OODDOODOO

Us, if Ly |13 =0,
2U,/3+ Dy¢/3, if Ly |13 =1,
Ui/3+2D¢/3, if Li |13 =2,
Dy, if Ly |13 = 3.

O0000L;, sy 0000000000000 0O0 2000000000000

O ()oopvICOOODOO0OOOOUOOOOODOOOOOOUOOODOOOODOOOOO
ooooOo0o0ooDoO0ooOoO0OoU0oOoDOoUooOOoUooOoOoOoooooooOoSIMD
0 Single Instruction Multiple Data0l O 00 0000000000000 COOC0OOODO
GpUOOOOOOOOUOOOO

3. DoO0OoOobOOoboooooboon

000 VRO 20000000000000000000O0OC0CO0O0O00000O0ODO
goooooooooooooobooooooboooooobooOoOoDbOoOoOoOoooooDon
gooooboooooooobooooooboboobooOoooOoOoboobooboOooOoboOoboDbOOoDbOon
gooooooooooooboooooooOooboooooboobooooobooboOboOooOooDoon

(© 2011 Information Processing Society of Japan



IPSJ SIG Technical Report

gobooooboooobooboo
goboboooooooboooooobooobobooooo3booooboboooDoo
o0 1iogooooooooon
obo2000000o000o0o000booc0ooboooooa
oo 3gooooobooooooon
gol1goooboobcoooooooboooooooooobooocboobooooooooo
oooooooo2000b00bc0ooooooobobooooooooooooooboo
oooooooooboooooobooooooooboobOOobOO0oOoooboOobOoOooooDoboo
boooboooooooooooo3ooobooboooooboooobooooboooooooo
goooobooooooooooocoooooobooOoboOooOooooOooOooooDooOoobo
gobooooobooobooooboooooboooooboooooooo
ooooooo0o0oooOooO00ooooOOobO00ooobo pVICOOOOOPVTCO
goboobooooooooooobooooooobooboooboooobcooOobooOooOoo
020000000 pPVICOOGPUDDOOOSIMDOOOOODODODODODOOOOOO
0o00oo0o0oooo30ooogoooobpvICo GpUDOOOOODOOOOOOOOO
000000000000 1000000000000 0000000O0 CUDACOOO
pvrCcoooofdoooooooooooooOoOOOOOOOOO0O0O0O0Oooooo
3.1 000000000 PVTC
oogoopvIcOOOOOOOOoOOOOOOoOOOOOOOOOOOOOOOOOO
goooobooooooooobooooboooooooobooboobobooooDo
gooooooooOoOoOopvVICOOODODOOOOOOOOOOOODOOOOODODOODO
oo0o0ooooopvICoOOOOO0OOOOOOOOOOOOOODOOOOOODOOOO
000000000 4x4x40000S8S=4000000000000000000000
000000 20T =2000000000000S8S=400000000000000
S=100000 100000 2000000000 160000000000000O0O
006400000 1000000000000O0O0S=100000000000000
O0T=20000000T=2000040000000010000000000 Hy
000 L,080000000000000T =3000000002°=3200 2% =256
000oo0o0ooo0oooooooo0 SO0 70000000 40000000000
gooooooooobodooooboooooboooooobobo0o1r00ob0oOobocOooooo
gobooooobobo2000obooooooooooooooboooooboooobooooooo

Vol.2011-CG-142 No.2
2011/2/8

01 000000000ooOooo000o0

00000 (S,7) | 00D00%0 0000000000 00000
(4,3) 10.405/480 4x4x4 3
(4,2) 15.6 05/320 4x4x4 2
(1,3) 16.7 01/60 4x4x1 3
(1,2) 25.0 01/40 4x4x1 2

EfERYa—L EMERY 21— L

7 7

:> EEA—HI

2RERIE FEE

LAY ER

tBFZI 5 D
BRL=AR) 2 —L4

< | Loy BYs T h—RIL

FARTLA GPU

02 00000000

obooooboooooobooooobooooooobooooooboooobobooooon

O0O0oPVICUOOD ()0ODO0OOOOOUOOOUDODOOODODOOOOODOOODOODOO
000000oopoooGgpUOOO SIMDOOOOOOOODOOOOOOOOOOO
gobooooboobooooboooobooOoooboOooooooOobOOooboOobOoOoDbOOonn
oo 300

3.2 O g

goooooboboboo 20000000000 00000oooOoDbO«tooooboobooDOon
00 20000000000000GPUOOOODOOOOOOGPUDOOODOOOOO
gooobooooobooooboootoooobobooooobooobOoooooooOooonn
gooooooooooooooboooboobooboooooooobooboOoooboooooDoon

(© 2011 Information Processing Society of Japan



IPSJ SIG Technical Report

0000000000000000CUDA SDK O volumeRender 10004000 30
gboboboboboobooooooobooboboboboboon

gobooooboobooboobobobobobbobobobobobooobbobo

CUDAOOO1600000 1000000000000O0OO000O0OOO0OOOODO
goooboboooooooboobooooooooooooooooooobooooooon
gboooboobooooobooooboooOoobooobOoOoOO0boboOobDObOboOoDo
gdoooboobooooooooooooboOoboOoooooOoboOooobooooooboOobon
gobooooboooboocooboooooo

uoboboooboooobooooooobooobooOoOoOobOOoOobOOOoOoOboOobObOOoODoo

0000 100000000000000000000000000000000000
00000000000000000000000000000000000000000
($,7)000000000000000000400000000000000000 48
00000000000000000000000000 4/4+4S)=1/(1+5)000
000000000000 45/(4+45)=S/(1+5)0000000000000000
00000000000000000000000000000000000000000
0000000000
000000000000000000000000000000000000000
0000 100000000000000000000000000000040000
000000000000 160000000000000 64000000 2560000
00000000000000000000 CUDAOODOOOOOOOODOOOOO0ODO
000000000 10000000000000000000000000000000
000000000000D000D00000000000000000010000000
000000D00000000000000000000000000000000000
oooo

4. 0D OO0

0oo0oo0ooooooooooooooooooooooooo pVICOOOOO

0000000000000 000 CPUDODOO Intel Xeon X545003.0 GH zO0O O OO

GPU 000 NVIDIA GeForce GTX 580 000 0000000000000 OOOOO
Oo00000 8GBOOO 1.5GBOOOO200000000 OCZ Colossus Series SSD
500 GBOODOOOOOOOOOSO 6400000 WindowsXPOOOOOODOODODO

Vol.2011-CG-142 No.2
2011/2/8

02 O0o0O0o0O0O0oO0ooooo

gooooo 0ooo000000000000 O0O0o0oooooMB/O000 ooo
oo 480 x 720 x 120 39.6 60
O 512 x 512 x 296 74.0 72

(a) 0O (b) O

03 0D0000000000000008512x51200000

00000000 2629 0000000000 CUDAODOOOOOO3.00000
000000000000000000000000000000% 000 X0 CTO
000000000000000000000"Y 0000000000000000000
gobooboooobooooboooboobooobooobooboo 200000000
gooooobooboodoooooooobooboooolooooboooooooooboon
0000oO0o0o00ooO0o0o0ooo0o0ooo0o0oooOo0o0ooo0 23GBOUO0O 5.2GB
obodooobooboboooboodobooooooobooboooboobobooOoOobOoOobOOonn
boboboooobooooboooo3suoboobboouobooononsl1zxsl200b0dnonoOon
4.1 0OO0OO0OOO

ooooo (s, 7)b0ooUoUoboooUoUoUUOoUUOLOUOOUOoLDOoOUOUOlIO
ooobooooooooOb000oooO0 pFOOOODOCOODOO1IOO0O0O0O0C0OODOOO
ooi100000000D0000D0O0 30000000000000 FOOOOOOOO

(© 2011 Information Processing Society of Japan



IPSJ SIG Technical Report

03 0000O0O0O0oDOOoOO FOODDOOODO/OO0

oooono (S, T)
Dooob0 sy @y (L3 (L2)
0oag 25.5 19.4 17.6 13.7
O 14.8 11.2 10.1 7.6

04 ODOO0OO0OOOOOCOCOOO

oag [}

oo ooooo (S, T) 00000 (S,T)
4,3) (42 (1,3 (L2) | (43) (42 (1,3) (1,2
by 25.1 36.4 41.7 57.4 48.8 68.7 79.3 105.4
b 2.2 3.2 3.4 5.1 3.9 5.9 6.2 9.3
bs 0.6 0.6 0.7 0.9 1.0 1.1 1.2 1.5
by 6.2 6.2 6.2 6.2 10.8 10.8 10.8 10.8
bs 6.0 5.7 6.4 5.2 4.7 5.3 4.9 5.5
oooo 1/F 39.2 51.5 56.8 73.2 67.7 89.0 98.4 131.0

gobooooooobooooooooooooobooooooboooobOO0 FOOOODO
ooboooooboooobooooo FOOO0OOODOO

gooooooooooooooobDbobobOOOobODODbObObOOO0b000000 10000o
o000 1/FO00 mObs 000000 40000006 020000000000000
O00000O00,LOOO0O000000000000000000000O0 000 bs0
oooooooOooo0ooo0oooooooodoO0ooo0oDOooboOooooooo
000000000000 0o00oo00oo0ooooooo00O0bi+be+---+b5 >1/F
gobooooboooood

000000000000o0D0b0O0 L O0ODO0D00 1/F0 102%000000000
goooooooobooboooodooooobo 3gobooboooo3guooooooooogo
o0 unUoUObsoUOOUOODOUOUOUOOODDOOOOOUOOOOO 1/FO 69088
oooooooooooo FOOOOOOOODOOOOOOOOOOOOOO0O0O0O0O0O0
gobooobooooooooooo

4.2 0000

goboobooooooooboobooooobooOoooooooboboOoobooooooooboo
000000000000 00000000OPSNRO Peak Signal-to-Noise Ratiod O O
OO0OPSNROOOOOOO0O0OOOOOOOOOOOOOOOOOCOODBOOO

Vol.2011-CG-142 No.2
2011/2/8

05 0O0O0O0O0O0O0O0 PSNRUO

ooooao (S, 7T)
DUOPOY TR @) (L3 (L2)
oo 31.5 39.2 31.8 40.9
0 33.9 37.4 36.7 40.8

05000000000 PSNROOOOOOOODOOOOODOOOOOOOOOOOO
0 PVICOODDOOOOODO (S,T)=(1,3)0 (4,3)000 (1,2)0000000000
000000000 PSNROOOOOODOOO PYTCOOODOO0O(4,3)0000000
000000000000000D0000 PSNRODOODODOO(1,2)000000000
0000000000000 PSNROOOOOOOO (S,7)=(1,3)000 (4,2)000
0000000000000000000000 (4,2)00000PSNROOOOOOOO
000000 (4,2)00(1,3)000000000000000000000000000
0000D0(1,3)0 (4,2)00000000000000000000000000000
0000000000000000000000000000000000 (1,3)000
(4,2)0 PSNROOOOOOOOOOO0OOO0O0DO00000000O0O0O0000000
00000000000000000

00000000000000000000 400000000 3000000000
00000000000000000000000000000000000000000
0000000000000006000000000000000000000000
00000000000000000000000

0000000000000 (4,3)0 (1,3)00000(4,2)0 (1,2) 00000000
0000000000000 00000000000000000(4,2)0 (1,2)0000
00000000000000D000000000000000(4,2)0 (1,3)00000
0000D00000D0000000000000000000000000 PSNROOO
00000000000

5. 0 0O 0O

gbobooooooobooboOoooboooobOoooOoOoOobOoOobOOobOboOoDn
O0000000o0000o0oo0o0ooooo0ooooooO cubAdOOOOOOO
000 pVICOOOOOOOOOOOOOOOOOOOOOOOOOOOOOODOOOO
ooobooooooooboocooooooboooooboooooooboooooboooboooooboo

(© 2011 Information Processing Society of Japan



IPSJ SIG Technical Report

gooooboooooooooooooooboboooooooobooooooDoobobo
0o0oooooooooooooooopvICOOODODODOOOOCODOOOOOOOOO
01.4500000000000000000 25%0000000000000PSNROO
10020%00000000

gobobooooooooooooobooooooboooooooooobooooooooboo
oobooooobod

OO0 00O0O0O000O000O0O0000000000AD20240002000000000
o000 coE0oooOooooooooooonouooon

g o O 0O

1) Luebke, D. and Humphreys, G.: How GPUs Work, Computer, Vol.40, No.2, pp.

96-100 (2007).

2) Nagayasu, D., Ino, F. and Hagihara, K.: A Decompression Pipeline for Accelerating
Out-of-Core Volume Rendering of Time-Varying Data, Computers and Graphics,

Vol.32, No.3, pp.350-362 (2008).

3) Du, Z., Chiang, Y.-J. and Shen, H.-W.: Out-of-Core Volume Rendering for Time-
Varying Fields Using a Space-Partitioning Time (SPT) Tree, Proc. 2nd IEEE Pa-

cific Visualization Symp., pp.73-80 (2009).
4) NVIDIA Corporation: CUDA Programming Guide Version 3.0 (2010).

5) OpenGL Extension Registry: GL_NV_texture. compression_vtc (2004). http://
oss.sgi.com/projects/ogl-sample/registry/NV/texture_compression_vtc.txt.
6) Chen, J.: Turbulent Combustion Simulation (2011). http://vis.cs.ucdavis.

edu/Ultravis/datasets/.

7) Ino, F., Tanaka, Y., Kitaoka, H. and Hagihara, K.: Performance Study of Non-
rigid Registration Algorithm for Investigating Lung Disease on Clusters, Proc. 6th
Int’l Conf. Parallel and Distributed Computing, Applications and Technology (PD-

CAT’05), pp.820-825 (2005).

Vol.2011-CG-142 No.2

2011/2/8

() 0000 (4,3) (b) DODD (4,2)

(¢) 000D (1,3)00000 PVTCO (d) 0000 (1,2)

(e) DODO

04 0DO0OO0O0OO0ODOOOOD

(© 2011 Information Processing Society of Japan



