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Classification from a single stellar image

Why does it work?

A reliable classification improves the quality of the reconstruction of the wavelength-dependent
PSF. Accurate knowledge of the PSF is mandatory to reach the scientific requirements for the weak
gravitational lensing surveys of the future Euclid and WFIRST missions.
Traditional methods rely on the analysis of spectra or multi-band photometry.
This method provides the spectral type, or the colour of a star, based on the analysis of one image.

The methodology: combining PCA decomposition and ANNs
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We use the wavelength variation of a
diffraction-limited PSF. The shape of a profile,
integrated over an observing filter, is dependent on the transmission of the filter and the
spectrum.
Our classifier exploits these shape differences
to predict the spectral class. A broad filter
is advantageous for this approach, as it
accentuates these differences.
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Data sets
Euclid and HST stellar images were simulated.
The training set contains 30’000 images, with
10 PSFs and 13 main-sequence (MS) spectra.
The validation set is similar and used for the
selection of hyper-parameters. 20’000 images
are in test set, with 600 PSFs and 27 MS spectra. The test set includes typical extinction.

Performance on Euclid and HST simulated data
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Confusion matrices after optimisation of the hyper-parameters for Euclid and HST with the F606W filter band.

The artificial neural network (ANNs) are trained to minimise the least-square cost function. We define the success rate S as fraction of the predictions
that have an error of up to half a spectral class. A small bias arises in the test set matrices due to the inclusion of reddened stars.
The Euclid classifier uses 24 PCA components and 2 layers of 26 neurons while the HST F606W works with 27 components and 3 layers of 29 neurons.
The training strategy is survey-dependent. For a space telescope, we are fortunate that the PSF can be modelled, leading to clean and arbitrarily large
training sets. Another strategy would be to train the ANNs on actual stellar images with known spectral types. This might be a viable strategy for Euclid.
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