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Uncertainty Quantification: Example

Attach confidence information or add error bounds denoting uncertainty to your answer
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Uncertainty Visualization: Example

Can you identify a tumor boundary?

Whole brain atlas: http://www.med.harvard.edu/AANLIB/home.html
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Uncertainty Visualization: Example

Red dotted lines: Likely tumor boundaries
Blue lines: Error bounds

Whole brain atlas: http://www.med.harvard.edu/AANLIB/home.html
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Uncertainty Visualization

[Johnson and Sanderson, A next step: Visualizing errors or uncertainty, 2004]
[Potter, Rosen, and Johnson, From quantification to visualization: A taxonomy of uncertainty visualization approaches, 2011]

Additional tool for domain scientists to reason regarding scientific decisions
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The Visualization Pipeline
[Brodlie, Osorio, and Lopes, A review of uncertainty in data visualization, 2012]
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Probability Distributions for Modeling Data Uncertainty

High-Resolution Data: Hixel representation/ in-situ

statistical summaries for large-scale data

[Thompson et al., Analysis of large-scale scalar data using hixels, 2011] E E E E
Ensemble Data: Multiple simulations for PDE solutions AE E» E
(approximate distributions from samples) E E E
[Wang et al., Visualization and visual analysis of ensemble data:

A survey, 2018]
Distribution field
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Uncertainty-Aware Visualization (Abstract Statistical
Methods)

Monte Carlo (easy but expensive) vs. Analytical (difficult but fast)
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[Brodlie, Osorio, and Lopes, A review of uncertainty in data visualization, 2012]
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Uncertainty Visualization of Level-Sets
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Marching Cubes Algorlthm [Lorensen and Cline, 1987]

Level-set topology

Grid cell Inverse linear interpolation /]
to estimate level-set crossing Topology cases

position
. @

\4

The Stag Beetle dataset is courtesy of Vienna University of Technology
https://www.cg.tuwien.ac.at/research/vis/datasets/
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https://www.cg.tuwien.ac.at/research/vis/datasets/

Uncertainty Visualization of Level-Sets

Marching cubes algorithm for certain [Lorensen and Cline, 1987] VS. uncertain data (our
contribution!)
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Uncertainty Visualization of Level-Sets (Inverse
Linear Interpolation)

Bonsai tree (real data)

Uncertainty-aware inverse linear interpolation

[Athawale and Entezari, 2013; Athawale et al., 2016]
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Karman Vortex Street Dataset [Popinet, 2003]

Uncertainty Visualization of Level-Sets (Topology)

Confidence

Wind Dataset [vitart et al., 2017]

Ul

Entropy-based

topological
Low  uncertainty High
[

Uncertainty-aware asymptotlc deC|der
[Athawale and Johnson, 2018]

[Athawale, Sane, and Johnson, 2021]
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Uncertainty-Aware Direct Volume
Rendering
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Direct Volume Rendering [Hadwiger et al., 2006]
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Uncertainty-Aware Direct Volume Rendering

The teardrop function [Knoll et al., 2009]
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Uncertainty-Aware Direct Volume Rendering

Uniform Noise Assumption

»

09
DJIBOUTI of‘“w
ETHIOPIA (e

Scivis contest 2020 dataset:

- Simulation of flow eddies for !
the Red Sea

- Dataset size (~1.5TB)



Uncertainty-Aware Direct Volume Rendering

(A ®

(@) Ground truth (b) Mean (c) Parametric (d) Nonparametric

(512x512x1559) (64x64x195) (64x64x195) (64x64x195)
[Sakhaee and Entezari, (our contribution)
2017] [Athawale et al., 2020]

Osirix OBELIX dataset (http://medvis.org/datasets/)
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Uncertainty Visualization for
Multivariate and Topology-Based
Visualization algorithms
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Multivariate Data Visualization

&

vorticity

Feature level-sets Feature confidence

[Jankowai, 2018] level-sets
[Sane, Athawale, and

Johnson, 2021]
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Morse-Complex Segmentation Uncertainty

Visualize uncertainty of gradient or vector fields across ensembles

0 10 } 20 ’ 30 40
Ensemble of Agreement Regions Uncertainty Regions
Morse Complexes

[Athawale et al., 2020] Expected boundaries



Visualization of Uncertainty for
Domain-Specific Data
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Deep Brain Stimulation (DBS)

Medtronic DBS electrode Mo. 3387
s ﬁ ﬁ

C e
Voltage: 1-5V

Frequency: 120-185 Hz
Pulse width: 60-200 us

) Neurostimulator COntaCtS CathOde(-)/AnOde(-l-)/Off

Knowledge of precise electrode positions in the patient head is essential for
clinicians in order to set optimal patient-specific electric stimulation pattern.
V(S



Patient-Head Image to Understand Electrode
Positions

DBS lead Post-surgery MRI to capture
sche’matlc electrode positions
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Uncertainty Visualization of Electrode Positions

1 -g Isovalue=0.9 |
8 Standard
) Deviation
X —
= =0.71 mm
®
c
9
=
n
s Isovalue=0.95 [Athawale et al., 2019]
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Electrocardiogram Imaging

Electrocardiogram Imaging Visualize uncertainty or inconsistency
(ECQGI) ECG lead of ECGI inverse solutions
Level sets Topologl-cal
analysis

Probablll

Potentlal (mV)

Confldence

Ensemble data representing the

uncertainty in potentials on
epicardial (heart) surface O 0.25 0.5 0. 75 1 0 0.25 0.5 0 75 1 -39 4 -27.9-16.4-4.95 6 54

(Ongoing work!)
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Future Work

 Uncertainty quantification for more scientific visualization algorithms, e.g., contour
trees, fibre surfaces, image segmentation and registration algorithms

 Uncertainty visualization for vector field, tensor field, and high-dimensional data
(visualizing uncertainties in even 3D is quite challenging!)

 Uncertainty visualization for more domain-specific data and computational pipelines
« Machine learning for uncertainty quantification to avoid expensive Monte Carlo

Sampling?
Learn function f

Dat bability distributi
ata probability distributions - f(distribution) =

Feature uncertainty feature uncertainty
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Thank you!

For any questions, please contact me at:
Email: tushar.athawale@gmail.com
Personal website: http://tusharathawale.info
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