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What is Data Visualization@ "
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What is Visualization@e

« Study of following
questions about data

* How to gain insight L
Visible Human

National library of medicine
NIH, USA

by “looking” at the

data?¢

« How to convey
information by

graphical means?
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Applications
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data

Visualization Pipeline
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[dos Santos, S. and Brodlie, K., Gaining understanding of multivariate and
multidimensional data through visualization, Computers & Graphics, 28(3), 311-325, 2004.]

Prepared Focus
dafa data

Data
Analysis

Filtering Mapping Rendering
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f:R—R

O x|
| Derivate|

X Graph

f(x)= |sin x % cos(3%x), sin{x)
T

xt [-2,45135, 4,01114], y: [-1,08208, 1,10205] |

“Atmospheric Carbon Dioxide
Measured at Mauna Loa, Hawaii

Jan Apr Jul Oct Jan

390
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T ST

1960 1970 1980 1990 2000

310

e Wy

Scalar Field Visualization - 1D

Carbon dioxide concentration (ppmv)

Vijay Natarajan
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Scalar Field Visualization - 2D

f:R*—R
e Surface plot

 interpret scalar value as height

e Color mapping

e assign a color to scalar values

 Contour plot -

e extract curves as pre-image of
given scalar value

Vijay Natarajan Workshop on Infroduction to Graph and Geometric Algorithms: BITS Pllani, Goa Campus 7




. < represented as scalar functions

f:D—R

Scientific data often

Vijay Natarajan
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Level Sefts




)

Scalar Field Visualization

Isosurfacing - 2D Level sets

1so-value = 30 1so-value = 80 1so-value = 200

Foot from Visible Human Data
[US NIH and NLM]
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Level Sefts
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Level Sefts
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Level Sefts
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Level Sefts
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Level Sefts

Saddle .-
Saddle

Vijay Natarajan Workshop on Infroduction to Graph and Geometric Algorithms: BITS Pllani, Goa Campus 15



Georges Henri Reeb
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Quick Summary

« Scientific visualization
(Wwhy? whate)

« Scalar field visualization
« Levelsets /isosurfaces
« Topology of level sets
« Reeb graph

iso-value = 30

4 )

=

N\ J

Vijay Natarajan Workshop on Infroduction to Graph and Geometric Algorithms: BITS Pllani, Goa Campus 17



Contour Tree : Loop-free
Reeb Graph
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[Carr et al. 2003]

Vijay Natarajan
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Split Tree

[Carr et al. 2003]

Vijay Natarajan Workshop on Infroduction to Graph and Geometric Algorithms: BITS Pllani, Goa Campus 21



(Topology Controlled
Volume Rendering

[Weber et al., TVCG 2007]

[Senthilnathan, Doraiswamy, and Natarajan, HiPC 2012]

[Doraiswamy and Natarajan, TVCG 2011]

Vijay Natarajan Workshop on Infroduction to Graph and Geometric Algorithms: BITS Pllani, Goa Campus 22



Loops In Treese

Computing contour trees: O(v log v + na(n)) [Carr et al. 2003]

Vijay Natarajan Workshop on Infroduction to Graph and Geometric Algorithms: BITS Pllani, Goa Campus 23



Computing Reeb Graphs

Vijay Natarajan Workshop on Infroduction to Graph and Geometric Algorithms: BITS Pllani, Goa Campus
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Scalar data available as a
sample

Domain represented using a
mesh

« Triangles
+ Tetrahedra
* k-simplices

Scalar function specified af
vertices of mesh

Scalar function interpolated
within mesh elements

Vijay Natarajan Workshop on Infroduction to Graph and Geometric Algorithms: BITS Pllani, Goa Campus
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Critical Poinfts

2D 3D Reeb graph
Regular . o °

Minimum O " !
Split Saddle \ —-:- \ \/'/ /.’\

Join Saddle \’-’ \ / ‘\ \/

Vijay Natarajan
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. . N ()
Algorithm Overview: Union &

of Contour Trees

Contour tree of interval volumes  Merge Contour trees

Vv Natarajan Workshop on Infroduction to Graph and Geometric Algorithms: BITS Pllani, Goa Campus 27



Y

R

Loop Saddles

Lemma: Any join saddle that ends a loop in the Reeb
graph appears as a degree-2 node in the join tree.

Augmented Reeb
graph

Join Tree

Vijay Natarajan Workshop on Infroduction to Graph and Geometric Algorithms: BITS Pllani, Goa Campus 28
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Properties

Efficient: has a running time of
O(n log n + sn)

Generic: works without modifications
on d-manifolds and non-manifolds

Easy to implement
Handles data that do not fit iIn memory

Upto 100 times faster than existing
generic algorithms

Vv Natarajan Workshop on Infroduction to Graph and Geometric Algorithms: BITS Pllani, Goa Campus
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Applications
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@:‘?le_
Reeb Graph Visualization

« Radial layout
« Simplification

Simplification threshold = 0.005 Simplification threshold = 0.01

Vijay Natarajan Workshop on Infroduction to Graph and Geometric Algorithms: BITS Pllani, Goa Campus 33



Application: Symmetry in )

Scalar Field Topology

[Thomas and Natarajan, IEEE Conf. Visualization, 2011]
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<€)
Application: Symmeftry chregz"

Transfer Function Design
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More Applications :
Fast Forward

Vijay Natarajan Workshop on Infroduction to Graph and Geometric Algorithms: BITS Pllani, Goa Campus 36



Application: Symmetry  **
Aware Isosurface Extraction

[Thomas and Natarajan, IEEE Conf. Visualization, 2011]
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Application: Interactive &3
Exploration of Time-Varying
Data

-:*»““F i g
R

[Doraiswamy and Natarajan, /EEE Transactions on Visualization and Computer Graphics, 2011]
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Application: Interactive &3
Exploration of Time-Varying
Data

- ® @ ® -

= O = ® _,1’

[Doraiswamy and Natarajan, /[EEE Transactions on Visualization and Computer Graphics, 2011]
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[Carr et al., IEEE VIS 2004]
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Topological simplification and cleaning
[Wood et al., TOG 2004; Pascucci et al., SIGGRAPH 2007 ]
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Application:
Parameterization

Surface parameterization
[ Zhang et al., TOG 2005 ]
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Application: Shape
Search

X e

0.90 0.89

0.78 0.76 0.58 0.56

Topology-based shape matching

[Hilaga et al., SIGGRAPH 2001]

Vijay Natarajan
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Application:
Segmentation

[Doraiswamy and Natarajan, /EEE Transactions on Visualization and Computer Graphics, 2011]
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Summary

« Reeb graph: Abstraction of level set topology

- Applicafions fo Visualization: volume rendering, data
exploration, isosurface extraction, ...

« Applications to Graphics: model repair, segmentation

vgleiisc

« Efficient computation of topological structures
 Reeb graph, Morse-Smale complex

« Symmeftry within a scalar field

« Bio-visualization

http://val.serc.iisc.ernet.in
http://www.youtube.com/user/valiiisc
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