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Getting past preconceptions is a big challenge

A tool that helps us find 
new things in our data



What is deep learning?

A class of machine learning algorithms that:

• Use a cascade of multiple layers of
nonlinear processing units for feature
extraction and transformation.

• Learn multiple levels of representations
that correspond to different levels of
abstraction (i.e. the levels form a hierarchy
of concepts).

* Taken from Wikipedia
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Neural networks are not black boxes.

What is deep learning?*



Why deep learning?



Deep learning has 
Important limitations too
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Deep learning has 
limitations too

• Deep learning algorithms are completely 
naïve and single-minded in the way they 
learn.

• Training data selection is absolutely critical 
for their success.



PROOF OF CONCEPT APPLICATION OF DEEP 
LEARNING TO SPACE WEATHER FORECAST



AN APPLIED RESEARCH ACCELERATOR DESIGNED TO ENHANCE NASA’S
CAPABILITIES BY COMBINING THE EXPERTISE OF NASA, ACADEMIA, AND
THE PRIVATE RESEARCH COMMUNITY.
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SPACE WEATHER: SOLAR STORM PREDICTION

Interdisciplinary 
Collaboration

Data scientist's view of HPHeliophysicist’s view of ML

Interdisciplinary research is fun!



FLARES ENERGETIC PARTICLES MASS EJECTIONS

Speed of Light
No warning

Relativistic speeds
20 minute warning

Non-relativistic speeds
20 hour warning

Which aspect of space weather to 
tackle?



cs231n.github.io/classification

Deep learning and image data
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cs231n.github.io/classification

X-Ray Flux

3.2x10-5 

W m-2

Deep learning and image data
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Deep Learning: Convolutional Networks

Several convolutional layers allow the neural network to 
recognize features of increased complexity

Neural networks with layers made of tunable convolution filters

Convolutional Neural Networks



CNNs have revolutionized the way we do image classification.

Neural networks with layers made of tunable convolution filters

Convolutional Neural Networks



FlareNet



SPACE WEATHER: SOLAR STORM PREDICTION

Visualizing 8 “color” channels
Hotter and Higher

Photosphere Chromosphere Corona Hot Corona

Input and output data
Input data: SDO/AIA

Output data: Goes
X-Ray flux



Training, Validation and Test

Training

Validation

Test



Results: Expectations vs. Reality

We are achieving some generalization, but finding challenging to make 
a clean connection between images and flares due to class imbalance

Expectations Reality
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Data shouldn‘t be only big, 
it should also be long!

Results: Expectations vs. Reality



MINING NEURAL NETWORKS



Simonyan, K., Vedaldi, A., & Zisserman, A. (2013). Deep Inside Convolutional 
Networks: Visualising Image Classification Models and Saliency Maps.

What does a convolutional neural
network pay attention to?

Mining Neural Networks: Saliency



SPACE WEATHER: SOLAR STORM PREDICTION

Analysis Scripts: Saliency

Simonyan, K., Vedaldi, A., & Zisserman, A. (2013). Deep Inside Convolutional 
Networks: Visualising Image Classification Models and Saliency Maps.

?

Mining Neural Networks: Saliency
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Visualizing 8 “color” channels
Hotter and Higher

Photosphere Chromosphere Corona Hot Corona
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Analysis Scripts: Saliency

Mining Neural Networks: Saliency



SPACE WEATHER: SOLAR STORM PREDICTION

Analysis Scripts: Saliency

FlareNet is paying attention to the relative location of structures in 
different channels

Mining Neural Networks: Saliency
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FlareNet’s filter activations

Several convolutional layers allow the neural network to 
recognize features of increased complexity

Mining Neural Networks: Filter 
Activation
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FlareNet’s filter activations

FlareNet learned the 
importance of active regions

Mining Neural Networks: Filter 
Activation
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What is deep learning?

What techies think it is What advocates think it is

What skeptics think it is What the public thinks it is

?
What it really is





What is deep learning?

A revolutionary technique that will transform the 
way we interact with data (big or small)
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