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dam: GEOMETRIC STRUCTURE

MPG Cylinders Horsepower Weight Acceleration Year Origin

8.50.4 2.8 8.2 440. 250.4 1500. 5500.4 5.30.469.583.54.83.2 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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usual visualization engine

processing — geometry

. . rendering
algorithms  generation



viz pipeline: 272 the beginning
DATA FORMATS
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basic data types

Structured grids
most basic: regular (easy o do raw binary)

more complex: AMR (adaptive mesh refinement)

UNSTrect e red 3r/’a/5

points
triangle meshes
tet meshes

doric coordinadte £i/es
PDB (protein data bank)



720 standard formats

raw

vtk abcdefgh  ijklmnop

s or &in grstuvwx yzABCDEF
asci oF orndry GHIJKLMN OPQRSTUV

WXYZ0123 456789+/
®) 6 bits -> 8 bit char (size * 4/3)

xml [T T > I
ascii or basepd ( prime) encoded A/nary

new vtk

amr
c hrormbX Adfs >/ Silo

pdb

SZandard..
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<?xml version="1.0"?>

<VTKFile type="ImageData" version="0.1" byte_order="LittleEndian">

<ImageData WholeExtent="0 3 O 3 O 3" Origin="0 O 0" Spacing="1 1 1">
<Piece Extent="O0 30 3 0 3">

<PointData Scalars="vertexData">
<DataArray type="Float32" Name="scalarData" format="ascii">
01233 12334 2348 36911
2345 5678 3456 4567
3456 3456 4567 6789
2345 2345 3456 4567
</DataArray>
</PointData>

<CellData Scalars="cellData" Normals="cell _normals">
<DataArray type="Int32" Name="cellData" format="ascii">
139 23816 3927
234 678 6910
012 024 123
</DataArray>
</CellData>
</Piece>
</ImageData>
</VTKFile>




dat
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“the” visualization toolkit

processing — gepmetry

algorithms

generation

rendering

ul

VTK
c/c++
tcl/tk
python

java



viz pipeline:  the tools
VTK



the visualization toolKkit

3 L. Mea//‘ca/ viz al 30}‘/‘5/7/)75
=» KITWARE

collection of #7/7ers
MARCHING CUBES @ﬂtented)

eduwcationa/
=» VTK book
vtk.or
evolved/extended 9
. _ kitware.com
object oriented
C++ vtkpython
PYTHON MODULE
GL + Tk (Ul

noew python FILE MANIPULATION



vtk

visualization algorithms modeling techniques
scalar implicit modeling
vector polygon reduction
tensor mesh smoothing
texture cutting
volumetric contouring

Delaunay triangulation

imaging algorithms
directly integrated
mix 2D imaging/3D graphics



visualization system

ParaviewVT®
LLNL VisItVTK
EnSight®

Protoviswww

processing —geometry .. arin g

data algorithms  generation Ul M any Eye gwWww

T_T_T_T_I Wiki based
interaction ModrianR,
TomCat,

Mollegro, ...



paraview

vZk based!

active C’/ommanffy
mailing list + wiki

lead at kitware: berk geveci
sandia national lab

los alamos national lab, army research lab
pd/‘a//e/ !
47”5@530/

starting 3.6.2 decent python scripting support






bl entfIn:

PARAVIEW




quick inside look: 7zarching cubes
VTK



vk isovalue

under






















quick look:  fechniques
VOLUME RENDERING



pr?/°ecf S Z‘dfgdf e

NATIONAL LABS+SDSC




volume rendering

VOLUMETRIC DATA

V0OX 6/5 L vol UMe e/ ements

wusually rega/ar 3D grid
scalar Fleld

projected semi-transparent representation
scalar field -+ color transfer function (R,G,B,a)

pixels

image space algorithm

object space algorithm



1mage space

feed backward: ray casting

&'\)

~.







object space

feed forward: splatting







using gpu

triangulate slices: 3d textures

®







miowse Cl Scan:

PARAVIEW










CLOSER LOOK:

BO77LENECKS



usual visualization “engine”

data
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botd/ enedé S

data size

data format

processing  geometry

) . renderin
algorithms  generation g



botd/. enec.é\s

computation

power

processing  geometry

) . renderin
algorithms  generation g



processing  geometry

algorithms

generation

rendering

number of

records

number of

triangles

(base rendering units)

number voxels



processing  geometry

algorithms

generation

rendering

knowledge
level of

“end user”

complexity of

data base



bott/enecits: addressing the problems
lod vs parallelism



addressing throughput bottlenecks

level of detail (LOD)

ol re?a/res Pre—process "’73
A re?w’res /62/‘33/‘ sforage



uolyewidap :poj

25365

126381

50%

1011

4%



quality
algorithm <-> time
when to use lod?

Improve interactivity
smaller footprint



rearranging your data smartly. . .

processing — geometry

. . rendering
algorithms  generation



stanford: Qsplat
















extending o volumelric data’ tetsplat




exploring the shock-test cannister




bott/enecits: addressing the problems
lod vs parallelism



addressing throughput bottlenecks

parallel processing/rendering
A reguires a paralle! systent

X Increases Seo C’/OMP/ eX/Z‘y
K Jess //,ée/y 2o be porfdé/e )



2?2 parallel viz 22

+ Cpus
data?

seams?

processing  geometry rendering
data algorithms  generation Ui

t  t b oot

Interaction



22 parallel viz >

+ gpus

screen?

f)
processing ~geometry ... dering Space:
data algorithms  generation Ui

t  t b oot

Interaction



leverage other people’s work. ..

processing — geometry

. . rendering
algorithms  generation






bott/enecits: addressing the problens
Ul



bott/. enecléé

v

data

v

Interaction

v



case study: gﬂi deyz;gﬂ
mcell viewer



®iMolecules & Custom Points - Default Prop... l[=IE3

Glyph Abbreviations (reference)
Default Rendering Properties for

Molecules and Custom Points | P01 pixel —

RGB Color Values

"W » Glyph Height (if applicable)
< o000 502 — - 000500 =

1.00000
« > Reverse? Radius (if applicable)

Opacity No — - 000100 =
- 100000

Shade? Specular Diffuse
¥ | 050000 -« 070000 =

Method Shininess Ambient

Smooth — - 10 p -« 100000 P

sualization Data Files
MCell Viz Qutput File Names

Meshes | mesh_elements.0.dx'] J
Effector Sites | | _site_positions.0.dx” J

Molecules || projectsitutorialsidataset_1/nerve.molecule_positions.0.dx” Ii
'y

MCell Viz Qutput Datato Import ————————————  _| Reimport

Object File Name Iteration Number{s)

Positions ——> ? Value-—->—| || o
_I State Values -—> ? Walue —-> | | ‘ o p

Meshes

P DReAMM Image Window

Connection

J _I Reimport
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GUI
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GUI
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ibm: wordle



ibm: wordle









Dpresenting your data descriptively. ..

processing — geometry

. . rendering
algorithms  generation



advanced: fe&/ﬂﬁiqﬂef
Interactive cutaways



maneesh agrawala



maneesh agrawala









Interacting your data efficiently. ..

processing — geometry

. . rendering
algorithms  generation



advanced: fe&/ﬂﬁiqﬂef
sketch-based uis



sketch based Interfaces

buttons/menus sketch lines

l.e. direct interaction!
more intuitive
more efficient

more elegant




takeo igarashi












v Carefully crafted
visual exploration @ answer questions

(even £ ?aesi/ons are rnot c/ea/-/y defTned?)

@ tools address specific task/question
(isualization is bound by 2ools... right'?)

-+ cross referencing

-+ interactivity

& /roader set of questions addressable
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