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Introduction



Interstellar Medium (ISM)

• mainly hydrogen
• different phases
• influenced by stars
• formation of interstellar

structures

Structures

• Molecular Clouds
• Bubbles
• HII-regions
• HI-gas
• Supernova Remnants
• Filaments

Credit: CFHT / J.C. Cuillandre, Coelum
Horse Head Nebula, Molecular Cloud

Credit: Hubble Legacy Archive /

Robert Gendler

Heart of Orion, HII-region

Credit: NASA, CXC, SAO
Cassiopeia A, SNR
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Data we use



Optical

• Magellanic Cloud Emission-Line Survey 2 (MCELS2),
Cerro Tololo Inter-American Observatory (CTIO)

• Southern H-Alpha Sky Survey Atlas (SHASSA, South),
Swarthmore College/Las Cumbres Observatory

Radio

• Australia Telescope Compact Array (ATCA)

X-ray

• XMM-Newton and/or
• eROSITA data
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Deep Learning



Deep Learning - Training Samples

Samples

• using SHASSA data as training
samples

• only a few training samples
• training far from simple

Augmentation

• data augmentation
• combination of transformations

A few Training samples from SHASSA data.
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Deep Learning - Training Samples

Samples

• using SHASSA data as training
samples

• only a few training samples
• training far from simple

Augmentation

• data augmentation
• combination of transformations

Augmentation examples (right) and training

samples (left).
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Deep Learning - Detecting bubble-like structures

Model

• using Keras (open source Deep
Learning library)

• pre-trained VGG16 model
(CNN for object recognition)

• exchange top layers
• fine tuning

The structure of the VGG16 model.
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Deep Learning - Detecting bubble-like structures

Model

• using Keras (open source Deep
Learning library)

• pre-trained VGG16 model
(CNN for object recognition)

• exchange top layers
• fine tuning

Remove top layers (red) of the VGG16

model.
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Deep Learning - Detecting bubble-like structures

Model

• using Keras (open source Deep
Learning library)

• pre-trained VGG16 model
(CNN for object recognition)

• exchange top layers
• fine tuning

Add own top layers (green) to the reduced

VGG16 model.
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Deep Learning - Detected bubbles

First Results

• true/false-positives
• artefact

More Training Samples

• apply network to additional
surveys

• IPHAS/VPHAS (North)
(INT/VST Photometric H-Alpha
Survey)

• use true-positives as additional
training samples

Detected bubble-like structure by the network
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Deep Learning - Test

Test image taken from single SHASSA observation.
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Deep Learning - Test

Detected bubble-like structures with defined box-size.
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Deep Learning - Test

Detected bubble-like structures with larger box-size.
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Outlook

Further Steps

• filament detection
• characterization of detected structures
• origin of the structures

Future Goals

• characterize the new found structures (e.g. SNRs)
• improve understanding of structure formation



Thank you for listening

Credit: J. C. Canonne, N. Outters, P. Bernhard, D. Chaplain, L. Bourgon

D. Bernreuther et al. | FAU | Interstellar Structures July 26th, 2019, Garching 7



References



Chollet, F. (2019-07-10). Building powerful image classification models using very
little data. https://blog.keras.io/.

Chu, Y.-H. (2007). Bubbles and superbubbles: Observations and theory.
Proceedings of the International Astronomical Union, 3(S250):341–354.

Drew, J. E., Gonzalez-Solares, E., Greimel, R., Irwin, M. J., Küpcü Yoldas, A.,
Lewis, J., Barentsen, G., Eislöffel, J., Farnhill, H. J., Martin, W. E., et al. (2014).
The vst photometric hα survey of the southern galactic plane and bulge
(vphas+). Monthly Notices of the Royal Astronomical Society,
440(3):2036–2058.

Drew, J. E., Greimel, R., Irwin, M. J., Aungwerojwit, A., Barlow, M. J., Corradi,
R. L., Drake, J. J., Gänsicke, B. T., Groot, P., Hales, A., et al. (2005). The int
photometric hα survey of the northern galactic plane (iphas). Monthly Notices
of the Royal Astronomical Society, 362(3):753–776.

Fortuner, B. (2019-07-12). Machine learning cheatsheet.
https://ml-cheatsheet.readthedocs.io/.

Franco, J., Kurtz, S., García-Segura, G., and Hofner, P. (2000). The evolution of hii
regions. Astrophysics and Space Science, 272(1-3):169–179.

D. Bernreuther et al. | FAU | Interstellar Structures July 26th, 2019, Garching 7

https://blog.keras.io/
https://ml-cheatsheet.readthedocs.io/


Gaustad, J. E., McCullough, P. R., Rosing, W., and Van Buren, D. (2001). A robotic
wide-angle hα survey of the southern sky. Publications of the Astronomical
Society of the Pacific, 113(789):1326.

Kavanagh, P. J., Sasaki, M., and Points, S. D. (2012). Xmm-newton view of the n
206 superbubble in the large magellanic cloud. Astronomy & Astrophysics,
547:A19.

Michelucci, U. (2018). Applied Deep Learning: A Case-Based Approach to
Understanding Deep Neural Networks. Apress.

Robert, N., Jerry, B., and Phillip, N. (2019-07-16). Astronomy picture of the day.
https://apod.nasa.gov/apod/astropix.html.

Sebastian, K., Michael, K., and Fabian, S. (2019-07-11). Minkowski functionals:
Robust and versatile shape descriptors. https://morphometry.org/.

Smith, C., Leiton, R., and Pizarro, S. (2000). The um/ctio magellanic cloud
emission line survey (mcels). In Stars, Gas and Dust in Galaxies: Exploring the
Links, volume 221, page 83.

Weaver, R., McCray, R., Castor, J., Shapiro, P., and Moore, R. (1977). Interstellar
bubbles. ii-structure and evolution. The Astrophysical Journal, 218:377–395.

https://apod.nasa.gov/apod/astropix.html
https://morphometry.org/


Backup
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Illustration of bubble structure and evolution described by Weaver et al. (1977). Credit: M. Sasaki
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Credit: Andrew Klinger

Long exposure image of the Orion Complex. The scales of the Horse Head Nebula and the Orion

Nebula are indicated with red boxes.
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Deep Learning - Loss, Accuracy

Figure: Loss of the combined models. Credit:
Jonas Geyer-Ramsteck

Figure: Accuracy of the combined models. Credit:
Jonas Geyer-Ramsteck
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