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RECONSTRUCTION OF SATELLITE IMAGES USING
PARTIAL CONVOLUTIONAL NEURAL NETWORKS

Abstract. In the field of remote sensing, cloud removal from satellite
imagery and reconstruction (inpainting) of areas under clouds remain as major
challenges. This paper proposes a partial convolutional neural network-based
algorithm for reconstructing multispectral satellite images with distant clouds.
It is studied the performance of this neural network and the traditional U-Net

neural network to solve the inpainting task.
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BOCCTAHOBJIEHUE CITYTHUKOBBIX U30BPAXKEHUN
C UCIIOJIb30BAHUEM YACTUYHBIX CBEPTOYHBIX
HEVWPOHHBIX CETEMN

AnHoTamms. B 061acTi AMCTaHIIMOHHOTO 30HAMPOBaHUS 3eMIIM yaalleHue
00J1aKOB CO CHYTHUKOBBIX M300paKeHUIl U BOCCTAaHOBJIEHUE OOJacTeil Mmof
obJakaMu SIBJISIIOTCS aKTyaJbHBIMM 3adadyamMu. B manHoli pabote mpemiara-
€TCsl MCTIOJIb30BaHME YAaCTUYHON CBEPTOYHOU HEMPOHHOMN CEeTH IJIsI BOCCTa-
HOBJICHUSI MYJIBTUCTIEKTPAJIbHBIX CITyTHUKOBBIX U300paXkeH i ¢ ynaJeHHbIMU
obnakamu. MccrnenoBana 3((peKTUBHOCTD IIPEIIOKEHHOM HEMPOHHOM CeTu
u TpaauuuoHHo# cetu U-Net pu pellieHrnU 3aa4 BOCCTAaHOBJICHUS.

KooueBble ciioBa: cmyTHUKOBBIE M300paxkeHus, ceTb U-Net, 3agaya Boc-
CTaHOBJICHUSI, CEMaHTHUYeCKasl CerMeHTalls, sentinel-2.

Introduction. Satellite images provide highly useful and reliable infor-
mation about the surface of the planet. They can be used in a big number
of applications such as land cover classification, ecosystem monitoring,
urban planning, etc. Taking into account that at all times, approximately
75% of the planet’s surface is covered with clouds [1]. The availability of
cloudless satellite images is a fundamental requirement for solving many
applied remote sensing problems that are based on the spatio-temporal
analysis of those images. Therefore, the task of removing clouds from
satellite images is still relevant. Once clouds are removed, it is necessary
to reconstruct the missing areas (areas under clouds) of the image by
replacing the missing pixels with pixels predicted by extracting informa-
tion from the surrounding areas.

In this paper, it is proposed the use of partial convolutional neural
networks (PCNN) for multispectral satellite images inpainting obtained
from the Sentinel-2 mission. The results of the efficiency study when
reconstructing satellite images using PCNN and the traditional neural
network U-Net are presented.

Partial convolutional neural network. A partial convolution layer is a
layer that contains a masked and renormalized convolution operation
followed by a mask update operation. The main difference between
this layer and the layer of a convolutional neural network (CNN) is
the presence of an automatic mask update operation, which removes a
part of the mask where pixels have already been restored [2; 3]. The use
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of partial convolutions is such that in the presence of a binary mask,
the convolution results depend only on unmasked pixels. To solve the
problem of image inpainting, it is proposed to use PCNN with a U-Net
encoder-decoder architecture. The original architecture is modified by
replacing the convolutional layers of the original CNN U-Net with par-
tial convolutional layers.

Inpainting results on the test area. In order to evaluate the perfor-
mance of the proposed PCNN, an image of a test area with clouds
(Fig. 1a) and an associated binary mask (Fig. 15) were used as the net-
work input. To generate the binary mask, we used a classification algo-
rithm based on the KNN method. The classifier is able to identify clouds
(black pixels) and the background (white pixels).

Visually analyzing the results, in Fig. 1c it is noted that the re-
stored areas under clouds smoothly integrate into the surrounding
context. It is noticed that the segmented restored image in Fig. 1d
is completely cloudless, which means the clouds were removed suc-
cessfully, and the network shows a high performance when inpainting
satellite images.

Performance evaluation of the inpainting algorithm. In order to evalu-
ate the accuracy of multispectral satellite image inpainting using PCNN,
a test dataset was built. This dataset consists of 3630 satellite images
and their segmented reference masks. In addition, 3630 random bina-
ry masks were generated for cloud simulation and inpainting purposes.
A comparison between the segmented reference masks and the segmented

a b c

Fig. 1. Inpainting results on the test image: a — original RGB composite image,
composed of the 4th (R), 3rd (G) and 2nd (B) channels; b — associated binary
mask: ¢ — RGB-composition of the reconstructed image using PCNN,
composed of the 4th (R), 3rd (G) and 2nd (B) channels;

d — semantic segmentation of the reconstructed image
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reconstructed images was carried out. Based on the results of 3630 experi-
ments, the following metrics were calculated and are shown in Table 1: the
mean absolute error (MAE) and the average Jaccard index, also known as
mloU. In addition, the results of image inpainting using the U-Net network
with traditional architecture were obtained. From the comparison between
the MAE and mloU metrics in Table 1 for each of the CNN models, it fol-
lows that the PCNN shows the best results in terms of accuracy.

Table 1
Evaluation metrics for image inpainting
Model MAE mloU
CNN U-Net 0,0382 0,8512
PCNN 0,0288 0,9344

Conclusions. In this work, it is proposed to restore multispectral sat-
ellite images using PCNN after removing clouds. The results of the re-
search showed that the PCNN achieves more accurate outcomes, when
restoring multispectral satellite images than the U-Net network with
traditional architecture. At the same time, the PCNN restores areas
with a minimum error after removing clouds of any shape, size, location,
and distance from the image boundaries.
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