Gap-filling based on EOF analysis of spatio-temporal
covariance of satellite image derived displacement time
series.

Alexandre Hippert-Ferrer!, Yajing Yan', Philippe Bolon'
1 Laboratoire d'Informatique, Systémes, Traitement de I'Information et la Connaissance (LISTIC), Annecy, France

Thursday, October 1

(e X y PNTS
%= ] UNIVERSITE
LISTIC ~a| SAVOIE
MONT BLANC ey

Alexandre Hippert-Ferrer, Yajing Yan, Philippe Bolon IGARSS 2020 Thursday, October 1



Context and motivation
[

Motivation of the study

m Missing data hinder the full understanding of the
physical phenomenon under observation.

m Causes : rapid surface changes, technical limitations, etc.

Previous approach : EM-EOF method Surface velocity over Fox )
. . Glacier (Millan et al., 2019)
1. Uses temporal interpolation .

Proposed : a statistical gap-filling method addressing
1. Randomness and space time correlation of noise and gaps
2. Mixed frequencies displacement patterns (complex signals)
3. Short time series

Key features of the extended EM-EOF method

m Data is spatially augmented
m Signal learned as "modes" (extended empirical orthogonal functions)

Surface velocity
over Gorner and
Miage glaciers.

m Low rank structure of the sample spatio-temporal covariance matrix.
m Expectation-Maximization (EM)-type algorithm for resolution.
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The extended EM-EOF method
[ Je]

Expectation Maximization-Empirical Orthogonal Functions

= Let X; = {x;(t)} be a spatial grid observed attime t =1,..., N.
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m Sample spatio-temporal covariance :
c= %'DTD = UAUT (1)

m Reconstruction with an optimal number of EOF modes R < NM :
D =DURU] 2
Problem : find the optimal R
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The extended EM-EOF method
oe

Diagram of the method
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FIGURE — Simplified diagram of the extended EM-EOF method.
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Numerical simulations
[

Numerical simulations : synthetic displacement fields

Truth Errors versus % of gaps and SNR :
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m Extended EM-EOF gives generally g 4
. . @
better results with low SNR and high % g
of gaps. 8 3
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Applications
[

Result on Fox Glacier, New Zealand
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