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-SciVis Contest 
https://kaust-vislab.github.io/SciVis2020/

https://kaust-vislab.github.io/SciVis2020/


Statistical Rendering Techniques
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Statistical volume rendering 
• Velocity magnitude

• Temperature 

Statistical summary maps 
• Velocity magnitude

• Water surface elevation (    )η



Statistical Volume Rendering
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Statistical Volume Rendering: Pipeline

Estimate probability  
distribution from  

ensemble members

Expected sample color  
computation:

A single grid cell

Grid vertex

Gaussian mixture models: [Liu et al., 2012] 
Parametric: [Sakhaee and Entezari, 2017] 
Nonparametric: [Athawale et al., 2020]



Statistical Volume Rendering
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• Visualization of uncertain velocity 
magnitude field (time step = 40) 

• Confidence regarding the eddy  
presence/position: 
e3: High  
e2: Moderate  
e1: Low  

Visualization software: Voreen  
(http://voreen.uni-muenster.de) 

http://voreen.uni-muenster.de


Statistical Volume Rendering:  
Interactive Exploration
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Mean-field: 
Mean per-vertex

Uniform: 
Mean and width of a  
distribution per vertex



Quartile View: Uncertainty  
Visualization [Athawale et al., 2020]

(a) Lower quartile (b) Central 50%, IQR (c) Upper quartile

e3e2

e1Confidence regarding the eddy  
presence/position: 
e3: High  
e2: Moderate  
e1: Low



Effect of Sample Size: Uncertainty  
Visualization

n=10 n=25 n=40



Velocity 
magnitude

Joint probability density of X,Y

(The most likely material for sample (X,Y) is red)


X,Y
E(TF(x, y)) = ∫ ∫ TF(x, y)PdfX,Y(x, y)dxdy

Statistical Volume Rendering:  
2D Transfer Functions [Athawale et al., 2020]
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Uncertain field [Sakhaee and Entezari, 2017] + 2D transfer functions (TFs) [Kniss et al., 2001]

Temperature



Statistical Volume Rendering:  
2D Transfer Functions [Athawale et al., 2020]
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Temperature
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Statistical Volume Rendering: Python 
Scripts for Time-dependent Visualizations
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Statistical Summary Maps
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Gradient-based topological descriptors of scalar fields

Morse Complexes

(a) (b)

Local minimum

Saddle

Local maximum

2-cell 
(Descending 

manifold)

1-cell

0-cell

(Visualization software: The Topology Toolkit (TTK) [Tierny et al., 2017]) 
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Morse Complexes for Velocity 
Magnitude Field

(a) Ensemble member 1

Before 
 simplification

After 
 simplification

Scalar  
field
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(b) Ensemble member 2 (c) Mean-field

Analysis for time step=40 and z=1 

Low High



Probabilistic Map [Athawale et al., 2020]

Persistence graph 
[Gerber et al., 2010]

Spaghetti plot of  
Morse complexes for  

simplification level 0.05

Maxima count = 11
Input Morse complex  

ensemble
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Step 1: Topological simplification
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Probabilistic Map
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Step 2: Labeling of local maxima

Simplified ensemble  
with #2-cells = 11

Morse  
mapping 

[Reininghaus et al., 2012]

K-means  
clustering  
with k=11

Mandatory  
maxima 

[G  nther et al., 2014]··u



Probabilistic Map
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Step 3: Quantify gradient destination probabilities and visualize them

Morse  
mapping

= +

Certain UncertainProbabilistic

map

0.5 probability of 
flowing to a single label  

(expected Morse complex) 

cipi∑
i

Expected color = 

ci: Color denoting a label

pi: Probability of gradient flow  
terminating in label ci



Entropy-based Uncertainty Exploration  
+ Interactive Probability Queries [Potter et al., 2011]
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The uniform distribution yields maximum uncertainty, and therefore, maximum entropy.

Morse  
mapping Entropy >= 0.8



Agreement Exploration
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80%70%60%

Visualize positions with  
consistency in gradient  
destinations for the specified  
lower agreement threshold.



Probabilistic Map : Water Surface  
Elevation ( ) 
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η

+

Certain UncertainLabeling with k-means

Quasi-circular patterns with     lower or higher than the surroundings potentially denote the  
eddies [Zhan et al., 2014]

η



Agreement Exploration 
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60% 70%



Statistical Level-Set Visualizations 
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Visualization for the low velocity-magnitude level set (isovalue = 0.2) for time step 40 and z=10 

Spaghetti plot

0

0.2
Level-

crossing 
probability

Probabilistic marching cubes  
[P  thkow et al., 2011, 2013]··o

Potential vortex cores Potential vortex cores



Conclusion 

•Efficient statistical volume rendering for 3D visualizations of expected (likely) 
eddy positions  

•Statistical summary maps for 2D visualizations of expected (likely) eddy positions  

•Quartile view, entropy-based/agreement-based thresholding, interactive 
probability queries for uncertainty visualization of eddy positions  

•Statistical volume rendering with 2D transfer functions for analyzing correlation 
between variables, such as velocity magnitude and temperature
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  Thank you for your attention!

This research is supported in part by by the NIH grants P41 GM103545-18 
and R24 GM136986; the DOE grant DE-FE0031880; the Intel Graphics and 
Visualization Institutes of XeLLENCE; and the NSF grants IIS-1617101, 
IIS-1910733. 

For any questions, please contact me at: 
Email: tushar.athawale@gmail.com 
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