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data: GEOMETRIC STRUCTURE 

 abstract
 

 
 2d/3d data

 

MPG Cylinders Horsepower Weight Acceleration Year Origin
8. 50.4 2.8 8.2 4 40. 250. 4 1500. 5500. 4 5. 30. 4 69.5 82.5 4 .8 3.2  3 
18.000000 8.000000 130.000000 3504.000000 12.000000 70.000000 1.000000
15.000000 8.000000 165.000000 3693.000000 11.500000 70.000000 1.000000
18.000000 8.000000 150.000000 3436.000000 11.000000 70.000000 1.000000
16.000000 8.000000 150.000000 3433.000000 12.000000 70.000000 1.000000
17.000000 8.000000 140.000000 3449.000000 10.500000 70.000000 1.000000
… … … … … … … … …
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viz pipeline:  in the beginning 
   DATA FORMATS 



basic data types 

structured grids
 most basic: regular (easy to do raw binary) 

 more complex: AMR (adaptive mesh refinement) 

unstructured grids
 points 
 triangle meshes 
 tet meshes 

atomic coordinate files
 PDB (protein data bank) 



no standard formats 

raw 

vtk 
ascii or binary

new vtk 
xml 
ascii or base64 (mime) encoded binary

amr 
chombo(hdf5)/silo

pdb 
    standard..

==  abcdefgh  ijklmnop     
qrstuvwx  yzABCDEF   
GHIJKLMN  OPQRSTUV 
WXYZ0123  456789+/ 

 (64=26) 6 bits -> 8 bit char  (size * 4/3) 

24    >                           32 bits 



vt
k 
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.vt

i <?xml version="1.0"?>
<VTKFile type="ImageData" version="0.1" byte_order="LittleEndian"> 
<ImageData WholeExtent="0 3 0 3 0 3" Origin="0 0 0" Spacing="1 1 1"> 
  <Piece Extent="0 3 0 3 0 3"> 

    <PointData Scalars="vertexData"> 
      <DataArray type="Float32" Name="scalarData" format="ascii"> 
         0 1 2 3   1 2 3 4   2 3 4 8   3 6 9 11
         2 3 4 5   5 6 7 8   3 4 5 6   4 5 6 7
         3 4 5 6   3 4 5 6   4 5 6 7   6 7 8 9
         2 3 4 5   2 3 4 5   3 4 5 6   4 5 6 7
      </DataArray> 
    </PointData> 

    <CellData Scalars="cellData" Normals="cell_ normals"> 
      <DataArray type="Int32" Name="cellData" format="ascii"> 
         1 3 9   2 8 16   3 9 27
         2 3 4   6 7 8      6 9 10
         0 1 2   0 2 4      1 2 3
      </DataArray> 
    </CellData> 
  </Piece> 
</ImageData> 
</VTKFile>



“the” visualization toolkit 
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  VTK 

  c/c++ 

  tcl/tk 

  python 

  java 

  R 



viz pipeline:  the tools 
   VTK 



the visualization toolkit 

g.e. medical viz algorithms
 KITWARE 

collection of filters
MARCHING CUBES (patented) 

educational
 VTK book 

evolved/extended
object oriented 
C++ 

GL + Tk (UI) 

now python 

vtk.org 

kitware.com 

vtkpython 
PYTHON MODULE 

pyvtk 
FILE MANIPULATION 

 



vtk 

visualization algorithms 
scalar 

vector 

tensor 

texture 

volumetric 

 

modeling techniques 
implicit modeling 

polygon reduction 

mesh smoothing 

cutting 

contouring 

Delaunay triangulation 

imaging algorithms 
directly integrated 

mix 2D imaging/3D graphics 
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  ParaviewVTK 

  LLNL VisItVTK 

  EnSight$ 

  ProtovisWWW 

  Many EyesWWW 

  Wiki based 

  ModrianR, 

 TomCat, 

 Mollegro, … 



paraview 

vtk based!

active community
  mailing list + wiki 

  lead at kitware: berk geveci 

  sandia national lab 

  los alamos national lab, army research lab 

parallel!

QT based
  starting 3.6.2 decent python scripting support 

paraview.org 





bluntfin: 
PARAVIEW 

quick look 



quick inside look: marching cubes 
    VTK 



over 

isovalue 

under 

 
2D CONTOUR 
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quick look:  techniques 
   VOLUME RENDERING 



project stargate: 
NATIONAL LABS+SDSC 

quick movie 



volume rendering 

VOLUMETRIC DATA 

 voxels: volume elements 
usually regular 3D grid
scalar field

volume rendering
projected semi-transparent representation 

scalar field + color transfer function (R,G,B,α)

                   
                  pixels
image space algorithm 

object space algorithm 



image space 

feed backward: ray casting 





object space 

feed forward: splatting 

     



  



using gpu 

triangulate slices: 3d textures 

     





mouse ct scan: 
PARAVIEW 

quick demo 







CLOSER LOOK: 
BOTTLENECKS
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bottlenecks
V
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  data size 

  data format 

  xml 
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  computation 

 power 

bottlenecks
V
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  number of 

records 

  number of 

triangles 
(base rendering units) 

  number voxels 

bottlenecks
V
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bottlenecks: addressing the problem 
      lod vs parallelism 



addressing throughput bottlenecks 

level of detail (LOD) 
* requires pre-processing
* requires larger storage (original+…) 

parallel processing/rendering 
* requires a parallel system
* increases sw complexity
* less likely to be “portable”



lod: decim
ation 

  25365  

  12681 
  50% 

  1011 
   4% 



  quality 
  algorithm <-> time 

  when to use lod? 
  improve interactivity 

  smaller footprint 
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rearranging your data smartly…  
 
 
 



stanford: qsplat











extending to volumetric data: tetsplat



exploring the shock-test cannister 

shell solid



bottlenecks: addressing the problem 
      lod vs parallelism 



addressing throughput bottlenecks 

level of detail (LOD) 
* requires pre-processing
* requires larger storage 

parallel processing/rendering 
* requires a parallel system
* increases sw complexity
* less likely to be “portable”
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  + cpus 

  data? 

  seams? 
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  + gpus 

  screen? 

  space? 

>> parallel viz >>



usual visualization “engine” 

rendering geometry 
generation 

processing 
algorithms  data 

 
ui 
 

interaction 

leverage other people’s work…  
 
 
 





bottlenecks: addressing the problem 
      ui 
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case study: gui design 
    mcell viewer 



DREAMM  



  intuitive 

  simple 

  interactive 

  effective 

  the user? 

  the task? 

 …inspiration 

GUI 



GUI 
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clutter! 





ibm: wordle



ibm: wordle
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presenting your data descriptively…  
 
 
 



advanced: techniques 
       interactive cutaways 



maneesh agrawala 



maneesh agrawala 
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interacting your data efficiently…  
 
 
 



advanced: techniques 
       sketch-based uis 



sketch based interfaces 

  buttons/menus -> sketch lines 

  i.e. direct interaction! 

  more intuitive 

  more efficient 

  more elegant 



takeo igarashi 



SPECIFY FIBER 
ORIENTATIONS ON 

THE SURFACE 

MYOCARDIAL FIBER ORIENTATIONS FOR 
ELECTROPHYSIOLOGICAL SIMULATION OF THE HEART 



… 





visual exploration  answer questions 
 (even if questions are not clearly defined?)

 
 

 tools address specific task/question 
 (visualization is bound by tools… right?)

+ cross referencing 

+ interactivity 

  broader set of questions addressable 

V  carefully crafted





visualization 

santiago v lombeyda | center for advanced computing research | caltech 

visualization system+techniques 

ay/bi199: methods of computational science 






