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Context

All ground based observatories face a same problem: images may
be polluted by terrestrial clouds. These clouds are often thin, due to
no observations being usually performed in case of thick clouds.
We propose a new method to remove these cloud shadows,
based on deep learning and recover the underlying solar features.
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We investigated deep learning methods for removing large
cloud shadow contaminants from ground-based solar imagery

I;,,; to create a cleaned image (cjean).
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Architecture: We adopted the U-Net-style architecture for more
detailed outputs.

Real Ca

Our network adds in the intensity that was removed by clouds:
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Input

We compared two training setups: fully-supervised and C-GAN.
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Evaluation and results

Fully sup.

Data: Ca-ll and H-a images from three different
observatories, and a new dataset of synthetic clouds applied
to real observations.

GAN

C

Metrics:

Target

¢ Quantitative image restoration quality metrics: Root
Mean Squared Error (RMSE), Peak Signal-to-Noise
Ratio (PSNR), and Structural SIMilarity (SSIM).

¢ Qualitatively: effect on automatic filament detection [2]. Data Method PSNRT  SSIMT RMSE |
[1] (15 failures)  21.90 94.8 8.6
[2] 26.0 98.1 54
Comparison against traditional cloud removal technique [1,2] Ca-lI + 10363(-3 ) 98"93[-3“ s _;"“: N
: ki : : ully sup. 30.6(0.3 9(0. (0.
and a non-learning method [9]: hlghe_r qugllty restoration of C.GAN 30.0004) 98.8(02) 39(0.1)
solar structures, and faster computation times. [T1 (5 failures) 1438 014 196
(2] 233 98.4 7.0
The two training setups have different strengths and H-a [9] 21.0 96.0 9.2
weaknesses: full supervision produces more homogeneous Fully sup. 28.6(0.3) 98.9(0.1) 4.5(0.2)
solar disks, and C-GAN better handles strong clouds. C-GAN 28.3(0.5) 98.9(0.2) 4.6(0.2)

All data and models are publicly available at
References: github.com/jaypmorgan/cloud-removal and
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