
Internship proposal:

Robust Clustering for Satellite Image Time-Series

1 Context and application

Remote sensing data from Synthetic Aperture Radar (SAR) sensors offers a unique opportunity
to record, to analyze, and to predict the evolution of the Earth. In the last decade, numerous
satellite remote sensing missions have been launched (Sentinel-1, UAVSAR, TerraSAR X, etc.). This
resulted in a dramatic improvement in the Earth image acquisition capability and accessibility. The
growing number of observation systems allows now to build high temporal/spatial-resolution Earth
surface images data-sets.This new scenario significantly raises the interest in time-series processing
to monitor changes occurring over large areas. On the other hand, developing new algorithms to
process such a huge volume of data represents a current challenge. Notably, the modern trend of
deep-learning approaches show its limits since most of this data is not annotated and corrupted by
a problematic speckle noise (inherent to SAR images). Thus, statistical learning methods, that are
able to leverage physical prior knowledge, appear suited to the task and lead to good performance
in practice. The derivation of novel statistical data processing techniques within this framework
is of huge interest to the scientific community for applications such as deforestation assessment,
urbanization monitoring, or land activity surveillance.

Figure 1: Example of UAVSAR/JPL image time-series between 2008 and 2018 over California

2 Objectives

The objective of this internship is to develop methodologies for the analysis of satellite image time
series for applications such as change detection (detection of appearance/disappearance of objects for
example) or land-cover monitoring (for example assessing the growth of urban areas or quantifying
deforestation). To this end, unsupervised change clustering approaches will be considered. When it
concerns spatio-temporal data, two problems can be considered:

• Cluster according to the patterns of evolution (impulsive, periodic or slow changes). In this
case, the focus is not on the different objects present in the scene, but rather in their temporal
behavior.
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• Cluster the objects present in the scene using spatial and temporal data. In this case, the
objective is twofold: distinguishing zones corresponding to different objects while taking into
account their temporal evolution.

Several approaches have been considered in the literature for both problems ([Su et al., 2015,
Barreto et al., 2016, Petitjean et al., 2012] for example). However, they do not take into account the
specificities of the last generation of sensors which deliver multidimensional heterogeneous signals.
The internship will consider adapting the robust statistics literature, which has been shown to work
well under these conditions, in order to obtain clustering methodologies adapted to these issues.

3 Proposed approaches

For temporal clustering, as a first step, robust statistics for change detection developed in [Mian et al., 2019]
will be adapted to work with clustering algorithms (k-means, spectral clustering, EM). This method-
ology is similar to the one presented in [Su et al., 2015] or in [Formont et al., 2011]. Then, depending
on the results, graph edit distances [Gao et al., 2010] may be considered to improve the results.

For spatio-temporal clustering, the work mainly focus on finding relevant distance between time-
series in order to cluster the data. The proposed approaches will be:

• By stacking the temporal data into a feature vector for each pixel, it will be possible to derive
spatio-temporal covariance matrices. Then depending on the types of changes (impulsive,
seasonal, etc.), a parametric model on the structure of covariance matrices can be proposed.
Subspaces based covariance matrix clustering will be an alternative solution.

• Considering spatial covariance matrices for each pixel at each date, it is possible to define the
time evolution of each pixel as a path in a given manifold. Then Geodesic metrics and Riemann
geometry could be employed in order to design an appropriate distance between these paths.

The methodologies developed will be assessed on real image time-series obtained from Sentinel-1,
UAVSAR and TerraSAR-X missions.

4 Requirements

Master/Engineering student with knowledge in statistics and machine learning (having followed
courses on these topics is strongly advised). Good coding skills in either Python or Matlab.

5 Internship details:

Location: SONDRA laboratory in CentraleSupélec, 3 rue Joliot Curie 91190 Gif-sur-Yvette.

Duration: 6 months, with the possibility to continue in Ph.D. under SONDRA funding.

Context: This work will constitute the follow-up of the Thesis of Ammar Mian webpage.
Part of this work will be supported by ANR-ASTRID MARGARITA (ANR-17-ASTR-0015).

Supervision team contacts:

• Chengfang Ren, CentraleSupélec/SONDRA, Univ. Paris-Saclay webpage.
email: chengfang.ren@centralesupelec.fr

• Arnaud Breloy, LEME, Univ. Paris-Nanterre webpage.
email: abreloy@parisnanterre.fr

• Jean-Philippe Ovarlez, ONERA and CentraleSupélec/SONDRA, Univ. Paris-Saclay webpage.
email: jean-philippe.ovarlez@onera.fr

• Guillaume Ginolhac, LISTIC, Univ. Savoie-Mont Blanc webpage.
email: guillaume.ginolhac@univ-smb.fr
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