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Objec$ve	

•  Large-‐scale	  irregular	  volume	  rendering	  

•  Visualiza$on	  of	  mul$ple	  sub-‐volumes	  on	  $led	  display	  wall	

Multiple sub-volumes	 Tiled display wall	

High speed 
network	

Volumes	 Cells	 Particles	
Dynamic load balancing is required.	
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Related	  Works	  (1/2)	  

•  Performance	  improvement	  of	  visibility	  sor$ng	  
–  HAVS	  (1.3	  fps	  for	  1.4M	  tets,	  Steven	  et	  al.	  	  2005)	  
–  Point-‐based	  Technique	  (0.3	  fps	  for	  6.3M	  tets,	  Erik	  et	  al.	  
2007)	  

•  Technique	  without	  visibility	  sor$ng	  
–  Only	  absorp$on	  (Csébfalvi	  et	  al.	  2003)	  
–  Only	  emission	  (Stefan	  et	  al.	  2003)	  

Development	  of	  a	  technique	  without	  visibility	  sor$ng	  which	  
considers	  both	  absorp$on	  and	  emission	  is	  required	  



Related	  Works	  (2/2)	

•  Parallel	  volume	  rendering	  for	  Irregular	  volume	  
– HPC	  system	  [Childs	  et.	  al.,	  2006]	  

•  35	  sec	  for	  138M	  tets.	  
•  128	  procs	  (Opteron	  2.4GHz),	  InfiniBand	  

– PC	  cluster	  system	  (iRun)	  [Vo	  et.	  al.,	  2007]	  
•  11.6	  fps	  for	  6.3M	  tets.	  

•  4	  PCs	  (Pen.	  D	  3.0GHz,	  RAM	  2.0GB,	  NVIDIA	  7800	  GTX)	  

Interactive rendering is required in order to realize our 
collaborative visualization environment.	



Sor$ng-‐free	  approach	

•  Par$cle-‐based	  volume	  rendering	  [Sakamoto,	  et.	  al.,2007]	  
–  7.0	  fps	  for	  208	  M	  cells	  (15M	  par$cles)	  on	  a	  single	  PC	  (current	  version)	  

Intel Core 2 Duo 3.16GHz, 3.0GB RAM, NVIDIA GeForce 9800GT (512MB), 1280x1024 (SXGA)	
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Par$cle-‐Based	  Volume	  Rendering	

•  Volume	  data	  is	  represented	  as	  par$cles.	  
–  Par$cle	  genera$on	  within	  the	  volume	  data	  
–  Par$cle	  projec$on	  into	  the	  image	  plane	  

•  Visibility	  sor$ng	  is	  not	  required.	  

A. Particle generation 
within the volume data 

B. Particle projection onto 
the image plane 

Volume data	 Particles	

Image plane	

Particles	



Par$cle-‐Based	  Volume	  Rendering	  techniques	  
(PBVR)	

2007	 2008	 2009	

Rejection/
Metropolis method 
on regular grids	

APVIS07	 Particle modeling 
using particle 
density	

C&G	 IWPT09	

SAGE-based 
collaborative 
visualization	

SIMPAT	

GPU-based 
enhancement	

IJEMFS	

Distributed 
PBVR by 
transmitting 
sub-pixels 

JCST 
submitted	

LOD control 
by using 
Ensemble 
averaging 

CG&A 
submitted	

Layered 
sampling 
method 
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Sor$ng-‐free	  approach	

•  Ray	  cas$ng	  (Brightness	  equa$on)	  

•  Sor$ng-‐free	  approach	  
– Brightness	  =	  Expected	  value	  of	  luminosity	  
€ 

B0 = ci
i=1

n

∑ × (α i (1−
j=1

i−1

∏ α j ))

€ 

B0 = ck
k=1

n

∑ Pk

€ 

Pk = αk (1−
j=1

k−1

∏ α j ) Probability of “ck = B0”	



Brightness	  as	  expected	  value	

•  An	  event	  where	  there	  is	  no	  par$cle	  from	  the	  
first	  to	  the	  (k-‐1)-‐th	  ray	  segment	  and	  more	  than	  
one	  par$cle	  in	  the	  k-‐th	  ray	  segment.	

t0 tk-1 tk tn 

€ 

B0 = ck
k=1

n

∑ Pk no particle	 more than one particle	

opaque and emissive particle	

Volume rendering can be approximated by repeating this events 
multiple times	



Accuracy	  of	  Sor$ng-‐free	  rendering	

•  The	  error	  is	  defined	  as	  the	  absolute	  difference	  between	  the	  true	  and	  
approximated	  brightness	  values.	  

•  The	  true	  brightness	  value	  is	  calculated	  by	  genera$ng	  random	  numbers	  as	  
opaci$es	  and	  luminosi$es	  in	  all	  of	  the	  ray-‐segments	   	
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Implementa$on	

•  Sor$ng-‐free	  Projected	  Tetrahedra	  (SPT)	  
– Pre-‐integra$on	  
– Stochas$c	  color	  composi$on	



Pre-‐integra$on	  with	  3D	  texture	

•  The	   pre-‐integra$on	   computes	   the	   lookup	   tables	   mapping	  
three	   integra$on	   parameters	   (scalar	   value	   at	   the	   front:	   sf,	  
scalar	  value	  at	  the	  back:	  sb,	  and	  length	  of	  the	  segment:	  d)	  to	  
the	  pre-‐integrated	  color	  C	  and	  opacity	  α.	  	

Sf	 Sb	

d	
Sf	

Sb	
d	

(C,α)	

[K.Engel, et. al., 2001]	



Classifica$on	  and	  decomposi$on	  on	  
geometry	  shader	

•  The	  PT	  algorithm	  refers	  to	  the	  classifica$on	  as	  spliing	  each	  of	  
the	  cells	  into	  a	  set	  of	  triangles	  following	  four	  classes	  of	  
projec$on	  pajerns.	  	

sf=sb, 
d=0	

sf=sb,d=0	

1	 2

3	 4	

(sf,sb,d)	
created vertex	

4

[P.Shirley, et. al., 1990]	



Stochas$c	  color	  assignment	  on	  
fragment	  shader	  (1/2)	

•  The	  stochas$c	  color	  composi$ng	  is	  processed	  in	  the	  fragment	  
shader	  by	  referring	  to	  the	  pre-‐integrated	  table.	  

•  The	  first	  step	  is	  to	  obtain	  the	  color	  value	  of	  the	  current	  
fragment.	  	

User-specified 
transfer function	

Sf	

Sb	

d	

(r,g,b,α)	

Pre-integrated transfer function	
Fragments on 
the triangle	

( sf, sb, d )	



Stochas$c	  color	  assignment	  on	  
fragment	  shader	  (2/2)	

•  The	  next	  step	  is	  to	  decide	  whether	  this	  fragment	  should	  be	  
accepted,	  based	  on	  its	  current	  opacity	  value.	  	

( r, g, b, a )	

R < a	

otherwise	=	
accept	

discard	

R : random number	
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Influence	  of	  visibility	  sor$ng	

•  Comparison	  of	  rendering	  quality	  with	  and	  
without	  visibility	  sor$ng	  (Drill	  data,	  9.9M	  tets)	

HAVS (with sorting)	 SPT (without sorting)	



PBVR	  vs.	  SPT	

•  Difference	  between	  the	  quality	  of	  images	  rendered	  by	  PBVR	  
and	  SPT	  when	  the	  transfer	  func$on	  varies	  precipitously.	  

•  The	  opacity	  value	  of	  the	  transfer	  func$on	  dras$cally	  increases	  
in	  the	  red	  colored	  value	  range.	

PBVR (repetitions: 144)	 SPT( repetitions: 144)	



Performance	  evalua$on	  (1/2)	

•  Performance	  model	  (T:	  compu$ng	  $me	  [ms],	  M:	  GPU	  memory	  [byte])	  
– SPT	  (nc:	  #	  of	  cells,	  Lr:	  repe$$on	  level,	  Ls:	  subpixel	  level,	  wxh:	  image	  resolu$on)	  

– PBVR	  (np:	  #	  of	  par$cles,	  Lr:	  repe$$on	  level,	  Ls:	  subpixel	  level,	  wxh:	  image	  resolu$on)	  

– HAVS	  (nc:	  #	  of	  cells,	  k:k-‐buffer	  size,	  wxh:	  image	  resolu$on)	  

€ 

T HAVS = 1.88 ×10−6nc +1.71×10−6wh + 0.275k
M HAVS = 37.65nc + 76.3wh

€ 

TPBVR = Lr 9.96 ×10
−7np +1.47 ×10−5whLs

2( )
MPBVR = 22.0np + 6.86whLs

2
€ 

TSPT = Lr 5.67 ×10
−5nc + 4.51×10−6whLs

2( )
MSPT = 20.6nc + 7.1whLs

2



Performance	  evalua$on	  (2/2)	

•  Computa$onal	  $me	  
– HAVS	  <	  SPT,	  PBVR	  

•  GPU	  memory	  resources	  
– HAVS	  >	  SPT,	  PBVR	  

•  SPT	  vs.	  PBVR	  (512GB	  VRAM,	  1024x1024)	  
–  if	  #	  of	  tets.	  <	  24.5M	   	  SPT	  

– otherwise	   	   	   	   	  PBVR	  



Rendering	  result	  of	  large-‐scale	  
volume	  dataset	

•  13M	  tetrahedral	  cells	  
–  Image	  resolu$on:	  1024x1024	  

– Repe$$on	  level:	  144	

* 2.8G particles = 71GB VRAM	

Intel Core 2 Quad 2.83 GHz, 8 GB RAM, Nvidia GeForce GTX 280 1.5GB VRAM 	

SPT	 PBVR*	

Rendering	  $me	  [sec]	 3.1	 N/A	
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Conclusion	

•  Sor$ng-‐free	  Projected	  Tetrahedra	  (SPT)	  
– NOT	  par$cle-‐based	  technique	  
– Suitable	  for	  high	  resolu$on	  rendering	  
– Easy	  implementa$on	  to	  parallelize	  

Volume data size	

Im
ag
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n	

SPT	

PBVR	



Future	  work	

•  Accelera$on	  the	  rendering	  process	  by	  
subdividing	  frame	  buffer	  

•  Dynamic	  load	  balancing	  on	  distributed	  
environment	


