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PROBLEM

= 4D evolution of CMEs is not fully understood

MAR 2010 - JUL 2013 Average
Both ENLIL versions Average Absolute
2.6 and 2.7 Hits Error RMSE Error
Earth /1 -2.94 10.51 9.51
STEREO A 47 -1.92 11.10 9.13
STEREO B 37 1.64 13.67 11.18
All Locations 155 -1.06 10.18
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PROBLEM

= Sources of uncertainty
* Manual input of boundary conditions
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= Sources of uncertainty
» Manual input of boundary Conditions [
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PROBLEM

= Sources of uncertainty

* Manual input of boundary conditions

* Longitude, Latitude, Velocity,
Opening Angle

* Assumptions (Cone structure of
CME, Propagation, Interactions, ...)
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1. Decrease the prediction error
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APPROACH

= (Generating ensemble simulations

« Small variations of boundary conditions

* High probability that “correct” boundary
conditions are covered in ensemble run
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* Visualization deals with
Ensemble techniques
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APPROACH

= \/isualization deals with
Ensemble techniques

* Transforming data into a spatial representation that is
easy (for a human) to interpret
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APPROACH

= \/isualization deals with
Ensemble techniques

* Transforming data into a spatial representation that is
easy (for a human) to interpret

- R* =5 R (longitude, latitude, velocity, opening angle) -> score
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= \/isualization deals with
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* Transforming data into a spatial representation that is
easy (for a human) to interpret
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APPROACH

= \/isualization deals with
Ensemble techniques

* Transforming data into a spatial representation that is
easy (for a human) to interpret
- R* 5 RY (longitude, latitude, velocity, opening angle) -> score
* Glyphs

= |nteractive exploration techniques to gain insight into data
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SYSTEM OVERVIEW

= Data
« 4D ENLIL with Cone Model Ensemble simulations

» Satellite imagery
» Stereo A, B: Cor2, HI1, HI2
« SOHO: LASCO C3
 In Situ ground truth measurements
* Arrival time
* Kpindex (90, 135, 180 degrees)
* Image-based measurements
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SYSTEM OVERVIEW
= Data |
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ENSEMBLE SELECTION VIEW

= Spatial context for
Ensemble members
» Selecting Ensemble member
* Detect patterns
* Switching between scores

R dd
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= Spatial context for
Ensemble members @ |
» Selecting Ensemble member » Il
* Detect patterns o I
* Switching between scores
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ENSEMBLE SELECTION VIEW

= Spatial context for
Ensemble members @ |
» Selecting Ensemble member » Il
* Detect patterns o I
* Switching between scores

Median t

Latitude Latitude
Opening Angle

. elocity
Longitude

Velocity

I
pPEoNgituce

R dd

éé Linkdping University ", P{Al@xander Bock

~¥ expanding reality Solar Information Processing Workshop 2014 X



ENSEMBLE SELECTION VIEW

= Spatial context for
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ENSEMBLE SELECTION VIEW

= Spatial context for
Ensemble members " 4 Selection
» Selecting Ensemble member .4
* Detect patterns 4 o
* Switching between scores
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ENSEMBLE SELECTION VIEW

= Spatial context for
Ensemble members " 4 Selection
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ENSEMBLE SELECTION VIEW

= Spatial context for
Ensemble members &
» Selecting Ensemble member o
* Detect patterns '
* Switching between scores

-
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TIMELINE VIEW

= Show time evolution of an error metric
* Groupings: Overall error, per satellite, per instrument
= Selection to load time step

é% Linkdping University “Alexander Bock

expanding reality Solar Information Processing Workshop 2014



TIMELINE VIEW

= Show time evolution of an error metric
* Groupings: Overall error, per satellite, per instrument
= Selection to load time step

6.73442

-~ Ensemble: 3.00809 |

Ime
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TIMELINE VIEW

= Show time evolution of an error metric
* Groupings: Overall error, per satellite, per instrument
= Selection to load time step

6.73442

eo

Stereo B: 1.31131
Stereo A: 0.713993
SOHO: 1.07279

eo
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TIMELINE VIEW

= Show time evolution of an error metric
* Groupings: Overall error, per satellite, per instrument
= Selection to load time step

6.73442

Stereo B Hi2: 0.0386992
Stereo B Hil: 0.513794
Stereo B Cor2: 0.758815
Stereo A Hi2: 0.220241
Stereo A Hil: 0.152847 v
Stereo A Cor2: 0.340905
Soho Lasco C3: 1.07279 |
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RENDERING VIEW oot

" Interactive volume —
rendering with geometry ¥ B  Rendering

" Integrated view of
satellite images

= See-through capabilities
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COMPARISONS OF RENDERING WITH SATELLITE IMAGERY
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COMPARISONS WITH IN SITU IMAGERY
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COMPARISONS WITH IN SITU IMAGERY
* Method of getting time-dependent data
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COMPARISONS WITH IN SITU IMAGERY

* Method of getting time-dependent data
= Comparing satellite images with renderings
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COMPARISONS WITH IN SITU IMAGERY

* Method of getting time-dependent data
= Comparing satellite images with renderings
= Direct comparison fails (coloring, intensities, noise, ...)
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* Method of getting time-dependent data

= Comparing satellite images with renderings
= Direct comparison fails (coloring, intensities, noise, ...)
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COMPARISONS WITH IN SITU IMAGERY

* Method of getting time-dependent data

= Comparing satellite images with renderings
= Direct comparison fails (coloring, intensities, noise, ...)
= Comparing velocities?

= Optical Flow
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COMPARISONS WITH IN SITU IMAGERY

* Method of getting time-dependent data

= Comparing satellite images with renderings
= Direct comparison fails (coloring, intensities, noise, ...)
= Comparing velocities?

= Optical Flow
* Frame-to-frame movement of features
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COMPARISONS WITH IN SITU IMAGERY

* Method of getting time-dependent data

= Comparing satellite images with renderings
= Direct comparison fails (coloring, intensities, noise, ...)
= Comparing velocities?

= Optical Flow
* Frame-to-frame movement of features

» Secrets of optical flow estimation and their principles,
Sun, Roth, Black, CVPR 2010

,5{. Linkdping University ' Alexander Bock

expanding reality Solar Information Processing Workshop 2014



OPTICAL FLOW ANALYSIS

‘AL Linkoping University ' Alexander Bock
IV, expanding reality Solar Information Processing Workshop 2014




OPTICAL FLOW ANALYSIS

‘AL Linkoping University ' Alexander Bock
IV, expanding reality Solar Information Processing Workshop 2014




OPTICAL FLOW ANALYSIS
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OPTICAL FLOW APPLIED TO SATELLITE IMAGES
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OPTICAL FLOW APPLIED TO SATELLITE IMAGES
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OPEN QUESTIONS AND CALL FOR HELP
= HI2 Images are very noisy

[1.6868]
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OPEN QUESTIONS AND CALL FOR HELP
* Foreseeable problems?

» Usefulness of predicting potentially
useful Ensemble members?
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OPEN QUESTIONS AND CALL FOR HELP
* Foreseeable problems?

» Usefulness of predicting potentially
useful Ensemble members?

= Other time-dependent measures?
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THANK YOU!
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