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How Often Do We See Error Bars in 2D/3D Visualizations?

Isosurface without uncertainty Isosurface with uncertainty
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Why Should We Visualize Uncertainty?
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Why Should We Visualize Uncertainty?

Can we trust 
the final result?
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Uncertainty Visualization for Trustworthy Analysis

[Athawale et al., Fiber Uncertainty Visualization of Bivariate Data for Parametric and 
Nonparametric Noise Models, IEEE VIS 2022] 
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Uncertainty Visualization for Trustworthy Analysis

[Athawale et al., Uncertainty Visualization of Marching Squares and Marching Cubes 
Topology Cases, IEEE VIS 2021] 
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Uncertainty Visualization: Top Research Challenge
[A. T. Pang, C. M. Wittenbrink, and S. K. Lodha, “Approaches to Uncertainty Visualization”, 1997]
[C. R. Johnson and A. R. Sanderson, “A Next Step: Visualizing Errors and Uncertainty”, 2004]

Challenge: Lack of theory in uncertainty visualization because of the complexities related to 
uncertainty propagation, cost overhead, rendering, perception, cognition, decision-making

[K. Brodlie, R. A. Osorio, and A. Lopes, “A Review of Uncertainty in Data Visualization”, 2012]
[A. Kamal et al., “Recent Advances and Challenges in Uncertainty Visualization”, 2021] 
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Our Approach to Uncertainty Visualization

(State of the art) (Our approach)
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Uncertainty-Aware Direct Volume Rendering 
(theoretical approach) 

Parametric/
nonparametric 
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Probabilistic
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Uncertainty-Aware Direct Volume Rendering 

x 2 x b

b = # histogram 
bins
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Uncertainty-Aware Volume Rendering: Interactive 
Exploration
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Addressing Cost Overhead of Visualizing Uncertainty

[Athawale et al., Fiber Uncertainty Visualization of Bivariate Data for Parametric and 
Nonparametric Noise Models, IEEE VIS 2022] 

Create scalable algorithms
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Addressing Cost Overhead of Visualizing Uncertainty

(a) Without 
uncertainty

(c)

27.18 seconds 16.72 seconds

Data size = 680 MB

(b)
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Machine Learning for Uncertainty Visualization

Monte Carlo Our Machine-
predicted result 

(170X faster)
[M. Han, T. M. Athawale, D. Pugmire, and C. R. Johnson,  accepted at IEEE VIS 2022 short papers]

Learn uncertainties pertinent to isosurfaces from a bunch of time steps and predict uncertainty for future time steps

[K. P  thkow, B. Weber, and H.-C. Hege, 
“Probabilistic Marching Cubes”, 2011]

ö
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Open Research Challenges

• Theoretical research in uncertainty visualization for 2D/3D/high-dimensional data

• Devising uncertainty-aware decision frameworks to perform optimal algorithmic 
decisions, reduce uncertainty, and enhance quality of visualizations 

• Handling cost overhead of visualizing uncertainty

• Effective rendering of uncertainty

• Assessing perception, cognition, and decision-making quality under uncertainty
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Uncertainty Visualization Workshop at IEEE VIS 2024!

Submission deadline: June 26, 2024

You all are invited to submit full/short papers and posters, which will be archived on IEEE Xplore

Venue: St. Pete Beach, FL, USA

Chairs: Tushar M. Athawale, Chris R. 
Johnson, Kristi Potter, Paul Rosen, 
and David Pugmire 

Topics: Applications, Techniques, 
Software, and Decision Frameworks
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Thank you!

This research used resources of the Oak Ridge Leadership Computing Facility at the 
Oak Ridge National Laboratory, which is supported by the Office of Science of the U.S. 
Department of Energy under Contract No. DE-AC05-00OR22725. 

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


