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Accessing Complex Structures 

with unsupervised and deep-learning techniques
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Story from the past

Computer-science meets astronomy
● matching 3 lists, 200k each
● 3 nested for-loops, without break statement
● 12 days compute time, 7 days remaining,

but only 5 days until observation run

vs.
● scanning version on presorted lists
● results after 4 seconds

o(n³)

o(n)
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It’s not just about big-data

spatial                     spectral                       temporal

ESO                                                                  SDSS                                                                   NASA
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Morphology of Radio Galaxies

how to deal with complex shapes
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Simplifying life / putting things in boxes

Morphology of galaxies / Edwin Hubble's classification scheme

www.sdss.org
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Cheap humans

Analyzing 200.000 stellar spectra
● Annie Jump Cannon

aka “Pickering’s Computers”
● Turning A, B, C, D, E, F, G, …

into O, B, A, F, G, K, M

What about 50.000.000 images of galaxies?

Smithsonian Institution -
Annie Jump Cannon (1863-1941), sitting at desk
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Outsourcing the work / citizen science
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The challenge / Radio GalaxyZoo

rotation      /      flipping invariant
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The solution

have an expert inspect every data-item   

vs.

machine learning
● don’t ask scientific questions directly
● ask computers, to structures/sort the data
● do your individual interpretation/analysis

→ use dimensionality reduction
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Similarity measure
   calculate      the              pixel based

                                          for all
                                      possible

                                                          and find
                                                          the best
                                                          matching angle
                                                          via
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Example self-organizing map
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Example self-organizing map



January 15, 2020 WE-Heraeus-Seminar | The Science Cloud | Accessing Complex Structures | Kai Polsterer 13/55

Example self-organizing map
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Example self-organizing map
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Results

Polsterer et al. 2014
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Results
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Results
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Results
   select

                              based
     on distribution of distances
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Result

1 master-student + 4 GPUs [6 month]
● → catalog of morphologies for 1,000,000 sources in

     FIRST + IR counterpart analysis

vs.

10,000 Volunteers + 4 PostDocs [4 years]
● → catalog of morphologies for    200,000 sources in

     FIRST + IR counterpart analysis
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LOFAR web-tool

Mostert 2017
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Tim Galvin CSIRO
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Starformation history

APOD, Roger Smith
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Analysis of stellar cluster
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Dimensionality reduction
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Dimensionality reduction
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what is it
good for?
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Results
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Time Series Analysis

taking temporal nature into account
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Time series analysis

Class 1 Class 2 Class 3 Class 4

treat merely
as vectors
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Recurrent neural network

take temporal nature into account

yt

w

uv

activations x
t

yt+1 = u·x
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ECN + Autoencoder

u u'
yt

u

yt
yt+1 = u’·xyt+1 = u ·x
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Time series analysis

Gianniotis et al. 2015
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Lessons learned

                                    behavior is

                                                       a simple
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Kepler data / stellar objects

Kuegler et al. 2015
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Physical model & autoencoder
Timeseries of stellar binary systems
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Project data
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Analyze distance
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Plot iso-lines

Mass, Temperature
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Spectral Data Analysis

dealing with spectral data
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Playing with spectra 

ESCAPE project ESO/CDS/HITS
● exploring 300k spectra in realtime on a laptop
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Data cubes / ppv-data
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Schema
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Lessons learned
   

    don't

             your system

    use stupid, but fast

                          for the boring tasks

         do the

         interpretation of the data ESA
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Accessing and Analyzing Data

uhhhhs, ooohhs, don’ts and lessons learned
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Starting a project in 2015

50 tar files
220 GB
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Preprocessing

matrix from fits

                                                                                            
  

flux relative to the maximum

interesting region

fits

x

I

x

I

0

1
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Speeding up preprocessing

      single core python =
                                        hours

      with

      on                      cores =
                                            hours

            file                              was still the bottleneck!
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New images extracted

50 tar files
220 GB
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The downsides of this approach

                           a lot of local copies

          no orchestration of work-flow

                           bad exchange of
                           intermediate results 

very exclusive concerning
hardware requirements

fits

NVIDIA Tesla K40
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2015 / used Amazon Web Services
  provided the larges variety of services
  and the best infrastructure

  SKA grant from
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Today / bringing code to the data
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Challenges with data that still exist

how to extract 1,000,000 thumbnails of 64x64 pixel²
● required for a lot of machine learning tasks
● standards exist but often not/partially implemented

how to train a model without downloading the data
● extraction/pre-processing
● reproducibility/training+test data

how to deal with distributed data-sets
● deal with radio and IR-data
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Healpix / HiPS / IVOA
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Conclusion

machine learning → accessing data

but, we have to make the data accessible to ML


