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Formaterre & ISDeform | A national observatory for ground motion

Data Terra ISDeform Targets
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Formaterre & ISDeform | A national observatory for ground motion

Data Terra ISDeform Targets
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Formaterre & ISDeform | Processing workflow & webservices
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GDM-OPT | what is the interest of Image Correlation ?
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Formaterre & ISDeform | Webservices : Image Correlation (IC)
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Continuous monitoring
service with near real-time
capabilities

SAR images correlation:

amplitude & coherence
Tailored for Co-seismic Tailored for landslide Tailored for glacier ice sheet

" )displacement larger than 1 displacement monitoring with displacement monitoring with
meter (for Sentinel-2) (_Jvelocity from 10s cm/day to | ( 'velocity from 10 cm/day to
m/day with the current 10+ m/day with the current
archive of Sentinel-2 archive of Sentinel-2

orrelateur: MicMac &

C
Processing of the full CohStack (Derauw)

archive of Sentinel-2 &
automatic processing of
the newest acquisition
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Set of corrections to improve
MSBAS (Samsonov et al,

- the quality of the results | (). .. " G&Folki complete information on

@O0 @ -0~ jaamn

1 (e.g. ramp, destriping, jitter the target 2020)
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) Ete_:ct.gn 0 persistent -_‘1,,-dete:ct|on of persistent Correlator : MicMac 4D displacement
Kmotlon ) motion ;
Time series inversion S ———

Global glacier mask available (possibility to set up

from World Glacier Inventory

| KWGI) )
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Accessible on FormaTerre
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Soon available



https://www.poleterresolide.fr/services-de-calculs-a-la-demande/#/

" )displacement larger than 1

1 Reduce number of input
“rimages : 4 maximum

L

") One correlator : MicMac

- the quality of the results
1 (e.g. ramp, destriping, jitter

Formaterre & ISDeform | Webservices : Image Correlation (IC)

meter (for Sentinel-2)

Set of corrections to improve

(velocity from 10s cm/day to

~ Number of input images
17100 maximum

~. Two correlator :
1 GeFolki

\cnrrectiun )

displacement monitoring with

m/day with the current
archive of Sentinel-2

MicMac /

Mult-temporal stack and

( )detection of |
motion
K //
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Cdetection  of

Sentinel-2
(@ N (essmmm 0202020 )
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% _ EarThQuake SLIDE
Tailored for Co-seismic Tailored for landslide Tailored for glacier ice sheet

displacement monitoring with

“velocity from 10 cm/day to

104+ m/day with the current
archive of Sentinel-2

A+ Number of input images
7100 maximum

L Two correlator : MicMac /

1 GéFolki

Mult-temporal stack and
persistent
motion

Global glacier mask available
from World Glacier Inventory

| QWGI) )

—
Accessible on FormaTerre

https.//www.poleterresolide.fr/services-de-calculs-a-la-demande/#/
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GDM-OPT | A generic workflow for Image Correlation

One generic workflow...
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GDM-OPT | A generic workflow for Image Correlation

... available to the scientific
community as 3 webser

, N

GDM-OPT

M. T GDM-OPT
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" EarThQuake

Tailored for Cco-seismic
Jdisplacement larger than 1
meter (for Sentinel-2)

. Reduce number of input
“images : 4 maximum

One correlator : MicMac

Set of corrections to improve
- the quality of the resuits
(e.g. ramp, destriping, jitter

(_Jvelocity from 10s cm/day to

A Two correlator

p- ™

GDM- OPT
SLIDE

Tailored for landslide
displacement monitoring with

m/day with the current
archive of Sentinel-2

Number of input images
100 maximum

MicMac /
GéFolki

correction
\ ) y,

Kmotion

Mult-temporal stack and
'detection of persistent

Vs

®
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Tailored for glacier ice sheet
displacement monitoring with

._velocity from 10 cm/day to

10+ m/day with the current
archive of Sentinel-2

Number of input images
100 maximum

Two correlator
GéFolki

MicMac /

Mult-temporal stack and
'detection of persistent
motion

Global glacier mask available
from World Glacier Inventory

| &WGI) j

... Via two main platforms

GDM-OPT-ICE
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SENTINEL-2ST v
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Définir la période d'analyse pour la recherche
dimages
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A 08/12/2020

« (I Zone diintérét

Dessinez une bounding box sur la carte ou
sélectionnez ldentifiant d'une tuile $2
Tulle

Identifiant MGRS comim
» & Filtres

~ o Paramétres de calcul

Job name
« Correlation Module -
Images input {2=N= 100}
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Image band Bl4 v

Matching mode | Acquisitions v
Maximum matching range 2 l'?l‘.

Minimum matching range

Matching

direction Forward e
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A propos
GDM-OPT stands for Ground Deformation Monitoring using OPTical image time series. The service is developed and maintained by CNRS/EQST (Strasbourg) with

tep

by Terradue
i) ks EO-basad products =  Communit y = Private

of IGN/Matis (Mame-la-Vallée), ONERA (Palaiseau) and CNRS/ISTerre (Grenoble).
The service allows the processing of optical image pairs for the monitoring of Earth surface deformation.

The service version GDM-OPT-ICE is designed for monitoring glacier and ice sheet maotion. It enables the on-d dp ing of Sentinel-2 image time series.
It provides
1. a module for image matching of multiple image pairs susing pixel and sub-pixel image correlation or optical flow,
2. a module for image pairs geometrical and filtering, and
3. a module for the spatio | analysis of surface motion.
It builds on the MicMac (IGN/Matis; Rosu et al., 2015), GeFolki (ONERA; Brigot et al, 2016), CO-REGIS (CNRS/EOST, Stumpf et al,, 2018), MPIC (Stumpf et al,, 2014), TIO
(CNRS/1STerre; Bontemnps et al, 20717) and FMask (Texas Tech University; Qiu et al, 2019) algorithms.
service is designed for the processing of a maximum of 100 images. Specific tools and p izations for ice g are avall such as the p y to focus
analysis on the extent of the glaciers based on the GLIMS database
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Formaterre & ISDeform | Webservices : Image Correlation (IC)
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Tailored for Co-seismic
( Jdisplacement larger than 1
meter (for Sentinel-2)

- Reduce number of input
7 images : 4 maximum

() One correlator : MicMac

Set of corrections to improve
. the quality of the results
1 (e.g. ramp, destriping, jitter
\cnrrediun) ) | Mult-tempor o T —_— nd | !
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Accessible on FormaTerre

https.//www.poleterresolide.fr/services-de-calculs-a-la-demande/#/
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GDM-OPT-ETQ | Measuring co-seismic displacement
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/ Horizontal displacements computed by optical image correlation

/ using the GDM-OPT-ETQ service (with the MicMac correlator) of

/ ForM@Ter implemented on the
/ Geohazards Exploitation Platform.

/ Product created by CNRS/EOST and ESA/SAT
/ Contains modified Copernicus (Sentinel-2) data, 2023.
' Images used: Jan 25 - Feb 9, 2023
Processing chain described in Provost et al. 2022!
dol.org/10.1016/j.rse.2022.112949

Fault dataset: GEM Global Dataset / Epicenter and Tensor: USGS
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GDM- OPT
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. GDM-OPT

GDM-OPT-ET Measuring co-seismic displacement
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__displacement larger than 1

L

- Reduce number of input
“rimages : 4 maximum

") One correlator : MicMac

- the quality of the results
1 (e.g. ramp, destriping, jitter

|

Formaterre & ISDeform | Webservices : Image Correlation (IC)
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" ..  GDM-OPT
%4 | EarThQuake

Tailored for CO-Seismic

meter (for Sentinel-2)

Set of corrections to improve

_velocity from 10s cm/day to

~ Number of input images
17100 maximum

~ Two correlator : MicMac /
| GéFolki

\cnrrectiun )

( )detection of persistent
Kmotion )
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GDM-OPT-SLIDE | Measuring landslide surface velocity

GDM-OPT |
_SLIDE
2D
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Provost et al.,(sub.)




GDM-OPT-SLIDE | Measuring landslide surface velocity
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" )displacement larger than 1

1 Reduce number of input
“rimages : 4 maximum

L

") One correlator : MicMac

- the quality of the results
1 (e.g. ramp, destriping, jitter

Formaterre & ISDeform | Webservices : Image Correlation (IC)

meter (for Sentinel-2)

Set of corrections to improve

(velocity from 10s cm/day to

~ Number of input images
17100 maximum

~. Two correlator :
1 GeFolki

\cnrrectiun )

displacement monitoring with

m/day with the current
archive of Sentinel-2

MicMac /

Mult-temporal stack and

( )detection of |
motion
K //

persistent

Cdetection  of

Sentinel-2
(@ N (essmmm 0202020 )
" GDM-OPT GDM- OPT
% _ EarThQuake SLIDE
Tailored for Co-seismic Tailored for landslide Tailored for glacier ice sheet

displacement monitoring with

“velocity from 10 cm/day to

104+ m/day with the current
archive of Sentinel-2

A+ Number of input images
7100 maximum

L Two correlator : MicMac /

1 GéFolki

Mult-temporal stack and
persistent
motion

Global glacier mask available
from World Glacier Inventory

| QWGI) )
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% " GDM-OPT
e ICE

GDM-OPT-ICE | Measuring Ice surface velocity
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GDM-OPT-ICE | Measuring Ice surface velocity

Ice velocity
(m.day’1 )

~. |A: main rift
|8 secondary rift

Tol
(@) strain rate
" (day )
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| floating | 2021 2021 /.‘, 2021
0 25 Bkm _ Ice tongue - -
mmw 140,000 140,250 Astrolabe

139.0 140.0 141.0 Rupture during the Austral winter (confirmed by Sentinel-1 images) ~ Provostetal, 2024



GDM-OPT-ICE | Measuring Ice surface velocity

Mecanisms favoring
( fracturing and calving \
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Formaterre & ISDeform | Webservices : Image Correlation (IC)

Sentinel-2
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EarThQuake iy ¥ % SLIDE \ ICE
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Continuous monitoring

service with near real-time

capabilities

Processing of the full
archive of Sentinel-2 &
automatic processing of
the newest acquisition

Multi-tiles / multi-orbite
agrégation to provide
complete information on
the target

Correlator : MicMac

Time series inversion
(possibility to set up
warning)

—w A,
- ... - |'" \
|

- - -I
o
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Soon available
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GDM-OPT-Survey | continuous monitoring of GM GDM-Survey

1. GDM-Survey is « multi-tile », « multi-orbit » \b of Viean
7900 8.000 8100 .
et Relative Orbit images dT
| = NUNDN H HH\ \HHH PRI ML) 5> | 6vays
65 [Nl \H \H AR LR LML 342 | © days
Total 710 3 days

2018 2019 2020 2021 2022 2023 2024

~_46.400
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GDM-OPT-Survey | continuous monitoring of GM GDM-Survey

1. GDM-Survey is « multi-tile », « multi-orbit » Nbof  Mean
7.900 8.000 8100 .
. Relative Orbit images dT
s e || [ ] H H 11 HH VMMLRRO MM LY 36> | s cavs
65 il H\ H\ AR AR MMM 3+ | 6 days
Total 710 3 days

2018 2019 2020 2021 2022 2023 2024

2. Cloud-coverage is computed on the AOI

10

s | LI EHN TR | 165 ) 14 days
o5 | I AL (A KA A | 153 | 15 days

Total 318 7 days
2018 2019 2020 2021 2022 2023 2024

=77 TG N _ 3. Paires are Orbite 1 =1
S— 8.00 | 8.100 — 8.200 Created Per Orbit Orbite 2 =)




GDM-OPT-Survey | continuous monitoring of GM GDM-Survey

GDM-Survey (2018-2024) Geometric

refinement with
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“\ GDM-OPT

% " GDM-OPT
"% ' EarThQuake

.-'

o "N

Tailored for CO-Seismic
displacement larger than 1
meter (for Sentinel-2)

Reduce number of
images : 4 maximum

iINnput

One correlator : MicMac

Set of corrections to improve
the quality of the results
(e.g. ramp, destriping, jitter
correction)

L

" @; GDM- OPT
Gom-opT |~ SLIDE

| Super

Tailored for landslide

displacement monitoring with
velocity from 10s cm/day to

m/day with the current
archive of Sentinel-2

Number of input images
100 maximum

Two correlator MicMac /
GeFolki

Mult-temporal stack and
_detection of persistent

motion

Accessible on FormaTerre

# % GDM-OPT
\}T .~ ICE

Tailored for glacier ice sheet
displacement monitoring with
velocity from 10 cm/day to
10+ m/day with the current
archive of Sentinel-2

Number of input images
100 maximum

Two correlator MicMac /
GeFolki

Mult-temporal stack and
detection of persistent
motion

Global glacier mask available
from World Glacier Inventory
(WGI)

https://www.poleterresolide.fr/services-de-calculs-a-la-demande/#/

Continuous monitoring
service wit H
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Formaterre & ISDeform | Webservices : Image Correlation (IC)

Sentinel-1

@ SAR images correlation:

amplitude & coherence

& Correlateur: MicMac &
T CohStack (Derauw)

Sensors: Sentinel-1, ALOS,

RADARSAT, PAZ, NiSAR, etc.

Time series inversion with

2020)

i
|
1
MSBAS (Samsonov et al,
:
1

Ascending/Descending to
i 4D displacement

\

Soon available



https://www.poleterresolide.fr/services-de-calculs-a-la-demande/#/

GDM-SAR-coOr | Correlation of S1 images

VRN

d DOWNLOAD N ( PRE-PROCESSING A
" 1 . -} Convert amplitudes in
' 1 * Download orbits A . A tif
1 1 .
! | | : e Download DEM (Copernicus DEM) MSTer (radar geometry)
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1 |
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GDM-SAR-cor

| Correlation of S1 images - GDM-SAR-COR
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GDM-SAR-cOr | Inversion of 3D displacement - GDM-SAR-COR
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GDM-OPT/SAR | conclusions & Perspectives

* 5 webservices for image correlation ] JO?‘Im ath (Ih dla) 7 e
— : 90+ users | 5000+ runs 54 ¢ TR e el > 7 -
— : GDM-Survey | GDM-SAR-Cor ,j'* g Wirss g 1O B P
— . integration of other catalogues | Landsat, e = | 7 40T R

Pléiades, Planet, + radar missions, ... S TR Ve

* Sentinel-2 for ground motion monitoring § 58 a o g g Tt
— ; for studying the Cai =) {BX L it A% g |

landslides/glaciers evolutlon at local, regional (?) global(?) scale... . - e B Sy Vi, , Tl
— Landside monitoring:

c many examples of application to complement S1 InSAR
processing; 20

o Regional/global inventory: limitations due to 0
geometric accuracy of Sentinel-2 L1C images;
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FormaTerre | For more information...

https.//www.poleterresolide.fr/

FormaTerre Intranet i3 English

= [ ]
) LE POLE FORMATERRE DONNEES ET SERVICES RESSOURCES IVI e r C I '
- [ ]

Formalerre

https.//www.isdeform.fr/

2 English

w: %

PRESENTATION DONNEES ET PRODUITS ACCES AUX PRODUITS SERVICES NEWSLETTER VALORISATION ET FORMATION

APPEL A DEVELOPPEMENT DE SERVICES DECOUVERTE ET ACCES AUX DONNEES CALCULS A LA DEMANDE
) - f 4 '*;,'-r ;
La création du péle FormaTerre répond a l'afflux massif de données sur la Terre solid . o '
provenant des satellites, capteurs sol, marins ou aéroportés, d'expérimentations € # o = = Y Gk . : f-" m
: y . e f AlC O e
v laboratoire, modélisations numériques =t & Se Ibe"N-'--atlon se n Imag

Ha Terre #'5“ :

. L'objectif du pdle est de faciliter I'accés aux données numériques tout en fournissant de
’ services et des outils pour les découvrir, les traiter et les analyser.

Le pdle regroupe des disciplines telles que Mesure de la déformation du sol, Géochimi
Minéralogie, Fond de mer, Géodésie, Géologie, Gravimétrie, Magnétisme, Sismologi
Volcanologie...

ACTUALITES

Prochains Cafés ISDeform

Opportunités Stages et Theses

Veuillez trouver ci-dessous une offre de thése de doctorat financée par une bourse de ’TANR MADALPS et du CNES, intitulée « Geodynamics of the Alps constrained by INSAR and GNSS
uplift imaging ».
La date limite de soumission est le 14 mars 2025 sur le portail du CNES :

https://recrutement.cnes.fr/fr/annonce/3423593-25-136-geodynamics-of-the-alps-constrained-by-insar-and-gnss-uplift-imaging-38610-gieres



https://www.poleterresolide.fr/

