A CONSISTENT CLOUD MASKING ALGORITHM FOR REPROCESSING
20 YEARS OF PROBA-V AND SPOT-VGT DATA RECORDS

Introduction

The Proba-V mission was designed to fill the
gap between the SPOT-VGT and ESA
Sentinel-3 satellite missions and it has
exceeded all expectations, providing over 8
years of data. Now that Proba-V has reached
the end of its operations, the goal is to build
a fundamental data record for vegetation
(FDR4VGT) covering over 20 years.

" Image Processing Laboratory, University of Valencia
2 International Methane Emissions Observatory, United Nations Environmental Programme
3 Serco for European Space Agency ESA/ESRIN

Objective

The objective of the FDR4VGT project
consists of the reprocessing of the VGT1/
VGT2/Proba-V archives to build a 20+ year
data record of coherent and harmonized
TOA/TOC products. Therefore, a reliable and
consistent cloud masking algorithm is one of
the requirements for processing data from all
three instruments.
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Challenge

Cloud masking is a mandatory processing
step for the estimation of vegetation
parameters from Earth observation satellites.
However, cloud detection is particularly
challenging due to the limited number of
spectral bands acquired by Proba-V and
SPOT-VGT: four bands in the blue, red, near
infrared and shortwave infrared.

Background

During the reprocessing of Proba-V C2,
several cloud masking methodologies were
tested and compared to the operational
Proba-V cloud mask algorithm (v001). The
proposed machine learning based
algorithms were identified as the most
promising approach and implemented in the
current operational processor.
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We have created a high-quality dataset containing manually labeled clouds covering all critical situations: optically thin clouds and bright surfaces such as ice and snow. However, cross-mission
applications require a level of data harmonization, as differences in the TOA radiance products, such as the high saturation in the blue band of Proba-V, generally hinder data sharing across sensors.

Source images

Sensor Period scenes
SPOT-VGT S1/S10 1999 - 2012 852
PROBA-V L2A 2014 - 2019 2795
Dataset split
Split SPOT PROBA %
scenes scenes
Train = 680 =~2230 80
Val =85 =~ 280 10
Test =85 =~ 280 10
Method & Results

The aim is to develop a machine learning cloud masking algorithm for both Proba-V and SPOT-VGT by extending the Proba-V 1Tkm cloud mask algorithm to SPOT-VGT data. We have implemented a
set of deep learning cloud detection algorithms based on fully convolutional neural networks that allows us to conveniently exploit and combine the spectral and spatial information. An ensemble
of the best performing algorithms provides a robust cloud probability and an estimation of the model uncertainty.
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Family Name Encoder Params = Key strength
" SegFormer + . .
Single gPixNet SegFormer-B0O (MobileNet-V2 encoder) 6M Fast; good fine detail
DeepLabV3 + . .
FF‘JixNet DeepLabV3 (MobileNet-V2 encoder) 8M Largest receptive field
SegFormer + . . . .
gPixNet SegFormer-B0O (MobileNet-V2) 6M Lightweight view
. UNet++ + . . .
OUtPUt' . UNet++ (MobileNet-V2) ™™ Dense multiscale skips
Ensemble PixNet
cloud mask ox
UNet UNet (MobileNet-V2) 4M Classic baseline
UNet++ UNet++ (MobileNet-V2) 6M Fine spatial detail
CloudMask C2 1-D MLP NN <1M Spectral features
OA Balanced OA F1 F2 loU Kappa Precision Recall
DeepLabV3 + PixNet | 0.9278 0.8836 0.8667 | 0.8652 | 0.7751 | 0.7789 0.8768 0.8659
Segformer + PixNet | 0.9156 0.8648 0.8330 | 0.8384 & 07319 | 07342 0.8284 0.8430
— cloud mask.c2 AUC=0989 UNet++ + PixNet 0.9296 0.8927 0.8658 | 0.8765 | 0.7757 | 0.7820 0.8528 0.8852
ensemble AUC=0985
" Mowunetpp AUC=0.983 UNet 0.9230 0.8891 0.8523 | 0.8809 & 07599 & 0.7578 0.8178 0.9075
— ldpwseg AUC=0.982
Ldpudecplabu AIC=0.982 UNet++ 0.9225 0.8941 0.8556 | 0.8889 | 0.7655 0.7609 0.8148 0.9205
—— unetpp AUC=0.981
unet AUC=0.980
CloudMask C2 0.9454 0.9259 0.8945 | 09227 08194  0.8281 0.8565 0.9452
Ensemble mean 0.9332 0.9064 0.8752 | 09041 | 07912 | 07928 0.8390 0.9290
Ensemble max 0.9116 0.8935 0.8935 | 09039 | 0.7500 & 0.7295 0.7668 0.9695
o threshold 05
X threshold F2-max Ensemble min 0.9397 0.9016 0.8796 | 0.8719 | 07953 & 0.8103 0.8980 0.8681
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