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1 Context

In the last years, the advent of Earth observation satellite missions with short revisit time
and increased spatial resolution has led to an unprecedented amount of remote sensing
images of heterogeneous physical nature (e.g., optical & radar Sentinel time series . . . ) at
various scales (e.g., submetric, decametric . . . ). Furthermore, satellite image archives, such
as Spot Heritage, are made available by many space agencies. Such massive data extend
existing satellite and in-situ acquisition system used to understand, explain and predict the
states and trends of our environment.

In order to address challenges raised by such applicative domains, the interdisciplinary
institute in artificial intelligence of Toulouse, named the Artificial and Natural Intelligence
Toulouse Institute (ANITI) of whom CNES is partner, has proposed to develop innovative
solutions using theoretical advances in core AI scientific areas. The CESBIO lab, with J.
Inglada and M. Fauvel, is part of the ANITI Chair entitled “Data-driven approximate Bayesian
computation for fusion-based inference from heterogeneous (remote sensing) data” hold by Prof. N.
Dobigeon. This chair’s objective is to develop learning algorithms able to extract meaning-
ful information from multi-source, multi-scale and multi-temporal data.

For 4 years now, CESBIO has used machine learning tools to provide automatically the fist
land cover map of France from satellite image time series (http://osr-cesbio.ups-tlse.
fr/~oso/ and https://www.theia-land.fr/en/ceslist/land-cover-sec/). The master in-
ternship is related to the integration of massive multi-source/scale satellite image time se-
ries in learning algorithms for the production of such land use and land cover maps.

2 Objectives
The goal of the internship is to investigate the definition of an auto-encoder architectures
adapted to satellite image time series. Such data are structured into three dimensions:
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spatial, spectral and temporal. Hence, each pixel of a given data cube can be represented
as a collection of spectral measurements over the time and spatial domains (see figure 1 for
instance).

Figure 1: Sentinel-2 data cube. Images are recorded regularly along the year. Gaps corre-
spond to clouds and shadows.

While several neural architectures have been proposed in the remote sensing literature,
most of them have been applied to hyperspectral images of reduced size. Thus, they hardly
take into account the temporal dimension and do not scale well w.r.t. the number of pixels.
Therefore, there is a need for specific work in satellite image time-series analysis.

The recruited candidate will do a review of auto-encoder architectures used in satellite
image times series and will implement the appropriate ones. Tests on large scale data sets
will be performed for the classification of land cover types. Depending on the advancement,
modification of existing architectures will be considered.

The candidate will be located at the “Maison de la recherche et de la valorisation” close
to the CESBIO lab. He/She will be with other master students within the ANITI project.
He/She will benefit of a full access to CESBIO and CNES high performance computers.

3 Candidate profile
The candidate must have a solid background in at least one of the following subjects:

• Statistical signal and image processing,
• Machine learning,
• Remote sensing data processing.

A good knowledge of English and scientific programming (Python, C/C++) is required.

4 Practical details
• The grant is approximately 620 euros per month.
• Beginning of the internship: February or March 2021, for 6 months.
• To apply, send a CV and a motivation letter to Mathieu Fauvel, mathieu.fauvel@inrae.fr.
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