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Introduction
The cosmic microwave background (CMB) is the
relic emission from the primordial Universe at
an age of about 380 000 years, therefore it could
bring us relevant information for understanding
the nature of our Universe. It has been studied
by different generations of satellites, the last one
is called Planck (ESA). The process to obtain
the CMB signal is called component separation,
since the CMB is one of different emissions of
the microwave sky. Machine Learning has been
produced an impact in astrophysics and cosmol-
ogy, since we need authomatic methods to deal
with the increasing of data. Here, we present a
FCN approach to extract the CMB signal in re-
alistic simulations of the microwave sky in total
intensity as seen by Planck.

Simulations
We produce realistic simulations at the 143,
217 and 353 GHz Planck channels. 60 000 sim-
ulations for training, 6 000 for testing and 12
000 for validation split in 6 000 at all sky, and
2 000 at 0◦ < |b| < 5◦, 5◦ < |b| < 30◦ and
30◦ < |b| < 90◦ degrees of latitude each.
Each simulation is composed by 3 patch im-
ages of area 256×256 pixels with all emissions for
each channel and the CMB at 217 GHz used as
label for training.
The emissions simulated are CMB, Galac-
tic thermal dust, Cosmic Infrared Background,
point sources (radio and infrared late type galax-
ies), thermal Sunyaev-Zel’dovich effect from
galaxy clusters and instrumental noise using
Planck values.

Methodology
We develop CENN, a fully convolutional neural
network trained using the next hyperparame-
ters: 500 epochs, batch size of 32, leacky ReLU
activation function, MSE loss function and Ada-
Grad optimizer.
The architecture of CENN is based on a set
of six convolutional blocks, all of them formed
by convolutional and pooling layers with 8, 2, 4,
2, 2 and 2 kernels of sizes of 9, 9, 7, 7, 5 and
3 respectively. Its feature maps are 8, 16, 64,
128, 256 and 512 respectively. Secondly, it has
six deconvolutional blocks, which are connected
by fine-grained layers to the above convolutional
ones. They are formed by deconvolutional and
pooling layers with 2, 2, 2, 4, 2 and 8 kernels of
sizes of 3, 5, 7, 7, 9 and 9 respectively. Their
feature maps are 256, 128, 64, 16, 8 and 1.

Conclusions
Our model is reliable for multipoles higher
than l = 2 500). Therefore, it is a promising
model for future experiments with higher angu-
lar resolution than Planck.
We did not need to use any confidence
mask to avoid point source or strong Galactic
contamination regions, as the traditional com-
ponent separation methods.
Once trained, our model can extract the
CMB almost immediately, which is relevant
for future satellites with higher amount of data.

Results: Power Spectra
We compare the power spectrum of the true CMB maps against the one from the outputs of CENN,
validated over all the sky by re-binning the average of the power spectra computed on the input
(blue line) and output (red line) sky patches and its error shown in the respective colored areas. We
show also the difference between the input and the output average power spectra (black line) and its
error (gray area).
We recover the CMB power spectrum with a relative error lower than 50 ± 120 µK2 for multipoles
up to above 4 000. More precisely, we obtain a mean relative error of 13 ± 113 µK2 for all multipoles
and -18 ± 150 µK2 for multipoles up to l ∼ 1 000. Moreover, between l ∼ 1 000 and l ∼ 2 500, we
obtain a CMB power spectrum with a relative error of 20± 100 µK2 with respect to the input data.
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Results: Residuals
We compare the power spectrum (black line) of the mean residual patch for each latitude interval
(0◦ < |b| < 5◦ in the top left panel, 5◦ < |b| < 30◦ in the top right one and 30◦ < |b| < 90◦ in
the bottom left) and for the all sky case (in the bottom right). The corresponding error (i.e. the
standard deviation) is shown as a gray area.
In the inner Galactic region, the strong Galactic contamination implies a higher residuals for all
multipoles with respect to the other cases: we obtain residuals of about 7 ± 25 µK2. In the
intermediate case we can see that, although it is still a region with high Galactic contamination, our
method is well performing, obtaining residuals of about 2 ± 10 µK2 for multipoles up to l ∼ 4 000.
In the extragalactic region, the power spectrum has lower values since in this region the Galactic
contamination is significantly low with respect to the other cases.
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