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Science for Earth care

IMPROVING MAJA’S CLOUD DETECTION OVER WATER SURFACES WITH DEEP LEARNING
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Context

Cloud cover presents a major challenge for processing space-based optical
remote sensing data, as it obscures the ground and alters radiometry through
shadows, hindering automatic downstream use.

MAIJA processing chain generates cloud masks on optical images using
expert-defined thresholds and multi-temporal comparisons over land.
However, the spectral variability of water bodies prevents effective time-series
combination, leading to single-date thresholding, which, together with the low
working resolution (120m), limits the performance of the algorithm.

Thus, this study aims to enhance cloud masking on Sentinel-2 (S2) data by,
firstly, training a Deep Learning model that produces a high-resolution mask
(10m) and addresses ambiguous scenes over water and secondly, supplying a
spectral analysis of the results obtained.

This study is supported by the French National Space Agency (CNES).

Dataset & Method

We use a U-Net architecture with an EfficientNet-b5 as encoder. CloudSEN12+
dataset was used to train and test our models. It offers Sentinel-2 patches at
different time of the year and all over the world with their manually labelled
cloud masks together with water masks from JRC Global Surface Water.

Because water pixels represent 9% of CloudSEN12+ annotated data, we
explore fine-tuning strategies. A baseline model is trained on a large set of
data with pseudo-labels generated from a basic model (trained on both land
and water), then refined using a smaller set of high-quality masks, exclusively
over water, to correct inaccuracies (called water _specialized finetuned).

CloudSEN12+ patch - Missouri river, Montana
Left image : RGB. Right image : RGB + Cloud & shadow mask
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Assessment Dataset

S2 patches with MAJA’s cloud masks in white and missed clouds pointed by a red arrow

08/10/2020, Sautet lake
Thin cloud missed

02/07/2018, Dakar, Senegal
Small clouds missed

08/02/2021, Lago Bianco
Thin clouds missed

Metrics are calculated on CloudSEN12+ test set restricted to water pixels. The

model specialised on water improves the detection of thick and thin clouds
overall, thanks in particular to better contextual adaptation. Thin clouds are
weakly concentrated and can appear like a cleared sky. The fine-tuned model
learns to link subtil pattern globally encountered with the one seen over water.
However, this specialisation slightly degrades performance on shadows,

probably because of the
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shadow and dark water.
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water surfaces.
F1-score per class for our three models evaluated on

CloudSEN12+ test set

A special emphasis is placed on assessing model
performance in complex scenarios that frequently
challenge cloud detection algorithms over waters. We
built a S2 dataset of manually annotated cloud and
cloud shadow masks, covering highly dynamic
scenes, high-altitude lakes, turbid and sedimented

water, salt seas, ice-covered rivers, coasts and distinguish on dark water surfaces.
sunglint occurrences.
RGB

Hourtin Lake and Atlantic coast (France), 30/10/2023
Small clouds (red arrow) and cloud shadows (green arrow) missed by MAJA

Adresse

Our model shows robust behaviour in challenging
cases pointed by MAJA’s users. In particular, it detects
hazy clouds over high-altitude lakes that are often
missed by the Cirrus band (B10) thresholding, identifies
small clouds lost due to coarse resolution, and better
captures shadows that are sometimes

As a perspective, we would like to reduce the
computational cost and test at operational scale, to
assess the integration of our method in the
operational MAIJA chain. Furthermore, we have

consulted water quality experts who use cloud masks
daily to observe the impact of a more accurate cloud
mask on downstream applications.
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Tyin Lake (Norway), 05/11/2024
Thin clouds over high-altitude lakes missed (red arrow) and dark water taken for clouds and
shadows by MAJA (green arrow)
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