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Optical processing for quantifying Earth
surface deformation: the ALADIM, MPIC
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gechazards

ESA Thematic Exploitation Plateforms hptcegy m
® tep

Thematic Exploitation Platforms - TEPs —
. coastal forestry
» TEPs are an ESA originated R&D activity on the EO ground segment to demonstrate the tep tep
benefit of new technologies for large scale processing of EO data .
. . M polar P food security
» TEPs are technology R&D, but still fully user driven ¥ o 5 i

» New concept:

EO (Exploitation) Platform

Ground Segmant . User Segment

Long feedback loop l

Data and tools are transferred to the user. Users access a platform work environment providing the data, tools, and

Transferred many times, replicated in many places, and with data resources.

exploitation taking place at users’ premises. The user is involved in its governance and invited (and enabled) to share
and collaborate.
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The GeoHazards Exploitation Platform

As part of the
Thematic Exploitation
Platform initiative,
ESA is developing the
GEP to bring the user
closer to the data
with a focus on new
services and products

- focus on large
scale geohazard
mapping and
monitoring

{“ TerRRaue

Advancing Earth Science
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geohazards
tep

* Sentinels
* Plgiades
* Spot 6/7

*ERS
*CSK
*TSX
*ALOS

Open science

Y
\\\Acqulsitions
N,
N ~

Scientific Community

* Interferometry

* Image-
correlation

* Thermal image
processing

\ Processing Tools J

! COMPUTING

\Computing Resourcey

Earth Surface Monitoring

OpenNebula
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How to get access to the Geohazard Exploitation Platform — GEP ?

> ESA Network of Ressources (NoR)

Single access point for Resource tier providers (ICT Providers hosting collocated EO data) and Platform service providers (built on top of a resource tier
provider) for

- Self-funded user: Any user world wide requiring for any reason Resource Tier or Platform Services (e.g. Science, Development, Pre-commercial and
Commercial) who funds the consumption themselves;

- User sponsored: (Science, Development, Pre-commercial) by ESA and other entities via Announcement of Opportunity

> Available before end of 2019 for Resource Tier and at the beginning of 2020 for platform services.

» Application will be selected on the basis of scientific excellence and the practicability to realize the project in due time.

> As pre-requisites,
- Users should have a nationality or be appointed at universities from ESA Member States contributing to EOEPS5.
Exceptions can be made for valuable international cooperation activities.

- Users intent to publish a paper / poster acknowledging the ‘sponsoring' that was provided by ESA or the external cost waiving entities, promoting both
the ‘Network of Resources’ as well as the used resource/platform providers

> Sponsoring application form already available via Open Science Earth Observation (OSEO) call:
https://eo4society.esa.int/2019/06/07/network-of-resources/




GEP — Main features

http://geohazard-tep.eu

X B

Services Catalogue
Description of the available services

hitpsy//geohazards-tepew/s

by Terradue &

by Terradue

by TRE ALTAMIRA
Thes App provides o st of
Krow more about us and
explofaton-pltform

Access to Publicly available data, products and more

Discover pubiic data collections, Fifarmation tayers, shared job results 2nd therd-party products availzble on the GEF

USGS PAGER Triggered Production
=

Automatic InSAR production Iriggered by eariiquakes alerts colecled from the USGS PAGER system

EO Services for Displacement Monitoring
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InSAR t; t i s
d [NSAR to generate: termain daploement mappng »
TRE
aTanan

Thematic Apps
Working area with access to the services
and jobs (personal and of the community)

{&f] BEEp—
(onversi | ||

Advancing Earth Science

II de Strasbourg |

Thematic Apps

Ok to find out th

Eng Tha Gaohazards piarm gather acivties

thematic af

View pps View Comm

Communities e

Private or Public. Give access to
specific apps and services

Observations & Measurements -

+ gy O rageter 0 Sacarme

111 members
pubibc

A

1739 members
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Services Catalogue  EO sector Col
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Sentinel-1
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Seismic Hazards DAT

Volcanic Hazards

Data Contextualization
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Enter pubibc Enter

Landslides Analysis Land Subsidence Analysis

82 members
Enter [ Enter




GEP - Organization of Thematic Apps @ st sndsob colections
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GEP - Explore catalogues

| Available data catalogues |
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GEP - Processing services
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GEP — Run a service = e

Mai
geohazards | ‘g ain area fortae o = & o | UnosdData | EO.based products ~+  Community ~  Private ~
tep [, e

earth observation

Processing Services
4 Band combination

comsl
12 414085
puBlizhar Sso-ge SLNGe-Cl

version: 1.38.0

The Band Combination on-demand processing service provides
RGB band combination from user defined bands of single or multiple
EO data products. All bands are in their native format (no radiometric
comaction applied) thus can serve only for fast screening of the data,
not for further processing

Job title *

Band combination

Product reference for RED *

Tune the parameters

RED channel band ID * 3
Product reference for GP==" *

Product reference ror output resolution *

GREEN channel band ID * Sutsel Bounaing Box for Cropging

A
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| Available EO-based products from systematic processing

Geohazards Exploitation Platform

Main area
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S1 High-reso| ution VEGAN VHON - Vegetation Vigor Maps (NOVI)
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GeoHazards Exploitation Platform

T"“‘““ ) - Upload Data EO Data +  EO-based products =
Palu, Sulawesi, Indonesia . - 8. e

Pubiications
Terrain Motion Demo
Shared Jobs

Shared Products

Collection of EO products associated to the community
Job results and/or updated results
Possibility to publish job results with an associated a DOI.

Tiocessing Services

COMBI COMBI
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Multispectral (MS)/Optical data for Earth surface deformation

Increasing spatial and
temporal resolution
of MS/optical
satellites

Becomes an
opportunity for
geohazard mapping,
monitoring, and
understanding

{ﬂ TerRRaue

Advancing Earth Science

lI de Strasbourg

Nominal ground pixel size [m]

10 © Sentinel-2 © a
satellites 1 satellite
< ® RapidEye
o\ @ Flock
2.5 = ® Spot-5 constellations
2 -
Spot 6/7
Skysats (video capabilities)
............. .
1 - Constellation ® |konos
o Cartosat-2
Pleiades 1A/1B (Kompsat 3)
® Quickbird
WorldView @1 @2 @ Geoeye-1 decommissioned
° Qoo s i active
WorldView-3 scheduled
0 -
1 1 1 1 Ll
0 5 10 15 20

Revisit time in [d]

For instance ...

* Sentinel-2 MSI instrument alone

acquires 800 GB/day (2 x 800 GB/day
with S-2B)

==

B/H cross-band ![

B/H cross-detector

* Pléiades + SPOT6/7 constellation
provide tri-stereo at 0.7 - 1.5 m
resolution (< 24h response time)

o < o



Multispectral/Optical data for Earth surface deformation

Rapid response / mapping Process monitoring
e.g. quantification of surface displacement after Time-series processing (archives, on-
major earthquakes (pre/post event images) going fluxes of images)

S T S I S R e T 2
e e e
§' " Stumpf et al. (in review)
Build “generic” and
«“ HPN/ H T
versatile” services it a

2050000

based on optical
image correlation for
geohazards ;

P
B T e )
.y e e s
R
e wt g
Cepew

PR D,

Chhe T e

Displacement [m]
-

fewrescso jecervryoysnrnssssntvans
forowc oo nbovwon/ve swvbevuweree
Porsrwwwacsbw bsvwse s birvo v pows

B L T L L

:
3
g v
W

EAR 4 i i
o~ &5y .
M TR S A %
Frryercassrvrsdyasidad 'y
R e R y
S VoIS AV dV e & Ve

T Vs s av vy ey M =l g

650000 750000

TerrauUe : : 2
Advancing Earth Sciance Surface slip from the Balochistan earthquake (2013) for Landsat 8 images Surface motion of a landslide in the French Alps over two years
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Measuring displacement with MS/optical data - limitations
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shortest observation interval in days
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200 500 1000
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4 " |photographs

Image
" correlation
aerial

()
COIT'e/a thn

40 60 80
landslide velocity mm/day

Cumulative displacement

* Which accuracy is possible
with VHR satellite images?

» Can the processing be
automated?

* How much ground control?

e measurements

3>

pre-crisis post-crisis
/.7/.,ﬂ

Time



MS/Optical services on the Geohazards Exploitation Platform

displacements
by CNRS — EOST &%

images (Service MPL...

ff May 22nd 2019

EO Services for measurement of horizontal surface

This App provides a set of services for landslide analysis from optical and SAR images. The .
processing capabilities integrate softwares and dedicated services for landslide rapid mapping @ {‘T SerVIces
from optical images (ALADIM), landslide displacement field monitoring from stacks of optical

Thematic App / Optical services

'“‘“‘ e . e
T A
@ Open App —le l I Processing Services
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Ti7:23:48

15



Practical: MDIS Thematic App

Connect on: https://geohazards-tep.eu

TeRRaHUe

Use your Terradue account credentials

Username or Email

jeanphilippe.malet@unistra.fr

Password (forgot your password)

New here ? Create a free account

HOME ABOUT US NEWSROOM PEOPLE ELLIP SIGN IN

geohazards
tep

Or, use your credentials from a trusted Identity Provider

g-esa Signin with ESAEO

16



Practical: MDIS Thematic App

jpmalet & & ® CE®dS CGEO

”‘ geohazards
tep

Home Workspace .~ Early Adopters Programme Background Observations & Measurements -
Services Catalogue EO sector Collaboration

Thematic Applications

Filter Apps Q

6 total results found.

MDIS 2019 Training

by Terradue &

This app provides access to WPS Services made available for the MDIS 2019 training
Terrajue

_ Open App

£ Oct 11th 2019

ENN Terra)Ue
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Detecting and mapping landslides Py ::",‘v,
Motivation: building landslide inventories from space X ‘,"

ALADIM

Earthquakes and extreme rainfall (typhoons) can cause >1000s to 100,000s landslides.

z BON BP0 E BEE FN0E BOCE AR0VE ENYE
5 ol | i Il Ll 1

Landslide inventories are key elements for all
phases of DRM cycle

EO data is a useful source of information ... but
there is a lack of fast and standard procedures to
produce accurate and operational inventories

{ﬂ Te[?[QBDUe Williams et al. (2017):

Landslide inventory map post-Gorkha earthquake
| niversité || |

| [ de strasbourg
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Detecting and mapping landslides
Motivation: building landslide inventories from space

Many landslides triggered on 15 March 2019
in Mozambique by Tropical Cyclone Idai March 26, 2015

Sentinel 2 imagery gives the opportunity to
rapiddly and efficiently detect and map
landslides

in very short time

ALADIM: an automated and generic IA-
based change detection algorithm tailored
for multispectral images

{ﬂ TerRRaue
|Universits || ||

Advancing Earth Science

«. | March 21,2019
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ALADIM

/ Landslide
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Detecting and mapping landslides "‘:sl‘,"
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ALADIM service: Automatic landslide detection and inventory mapping

Image sources: MRO (S2) + ] Seectimages pre-
VHRO (ortho-images) }\‘ image

ALADIM

Post- SRTM
event database p
image 30m

w— Y
K3 Cloud P Cloud
Approach: Supervised change il e
detection method - Selection of pgth@ﬂ e
image features — Machine | '- et 1 omss) > Chomge )
H Segmentation Y
Lea ring C"‘ scale »-| Segmentation | |
i Area of interest [optional] - ¥
. _ Low - .
Computation: HPC + cloud- MIC H,O0 ) ( Cradae ) e, BO )|
based implementation MAC — L O
(dockerisation) - R& et
. 4 FMASK ! _
Supervised learning mode| P e
{ ﬂ_ Y Training samples - - i""‘;:?c"y , )
TeRrRRaUe o > mep L
- Advancing Earth Science o £ it
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Detecting and mapping landslides

ALADIM service: Automatic landslide detection and inventory mapping

Region of Interest and digitalization of a few training sample

See note: https://terradue.github.io/doc-tep-geohazards/tutorials/aladim_input_dataset_preparation.html

L .

0 a O
l“ "“",
0%’

ALADIM

Creation of the landslide
initial training samples:
training_samples.shp

Creation of the training
areas: training_areas.shp

Creation of the AO| — Area
of Interest: aol.shp

geohazards .. page~ «ADOREDORIS  ALADIM-SZ Au.» @ Source TerRajUe
tep
ALADIM-S2 and ALADIM- = z .
sz nsont  ALADIM-S2 and ALADIM-VHR:
datasets

Preparation of input datasets

Creation of the landslide initial training samples:
training_samples.shp

The first mandatory shape file is composed of the training samples. The landslide training samples should be :

« Digitized (image interpretation) on the post-event imagery;

+ Representative of the distribution of landslide sizes (with the digitalization of
small, medium and large landslide sizes);

» Digitized over the complete range of landscape properties (e.g. low, medium
and high slope gradients; low, medium and high image reflectance values).

The training samples should comprise a minimum number of landslide events (e.g. typically 5%) of the expected
total number of landslide events over the study areas.

The training samples should be recorded in *.shp file format, and created out of the GEP Platform. The training
samples should be presented as a polygon shapefile with one single layer. It is typically a good starting point to
divide the study area with a grid and select about 10 grid cells in which all landslides are mapped to construct
the training sample. Please assure that the training samples shapefile does not contain NULL geometries or
other geometry problems.

Name the shapefile like this: training_samples.shp

21
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Detecting and mapping landslides s"‘“;"

E XY
. . . . . . @9
ALADIM service: Automatic landslide detection and inventory mapping ALA[SI/M

Segmentation: parallell implementation of a region-merging algorithm

Initial condition After 1 iteration Tile-based segmentation with margins and graph-based merging

i
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ALADIM service: Automatic landslide detection and inventory mapping

Feature extraction LS . S I
R ©°oon:

ALADIM

Flow accumulation (mean, variance) DEM
Distance to drainage (mean, variance) DEM

Distance to crest (mean, variance) DEM
Flow direction (mean, variance) DEM
Slope (mean, variance) DEM
Topographic wetness index (mean, variance) DEM
Fraction of stream pixels (mean, variance) DEM

NV, o posimas
10banc,pr-ad postimaces

Average reflectance visible bands, pre-and post-images
poyoons

poyoons

rayoons

poyoons

Pooors

poyoons

payoons

royoons

Sep—

er—

o pancrmate

——

8-&”“'\)&—5—&—)—‘—3&—!@80}“”'\)—5”””-‘

23



. . . 4
Detecting and mapping landslides by
ALADIM service: Automatic landslide detection and inventory mapping i

Classification: machine learning using a Random Forest classifier

Principle

* Build a large amount of decision trees (>500) from a training set.

* Each tree is built from a sub-sample of the training set (2/3 of the training set).

* Each node is built by testing radomly < Vn attributes (n=total number of attributes).

* Different thresholds are tested for the attributes.

* A node is built for the attributes that maximizes a gain function (e.g. Gini coeff.) between
two classes.

* When a node is pure (contain only one classe) the tree stops.

Advantages

¢ Fast.

* Proven to be the most accurate method for a wide range of applications.

* Allow the use of a large number of attributes.

* Minimize over-fiting.

* Handle non-linear data.

* Unbiased estimation of the accuracy: Out Of Bag uses 1/3 of the training set to test the
model.

* Estimate the attribute importance.

* Allow unsupervised classification and outlier detection.

lI de Strasbourg

e S X

‘\
e
20

ALADIM

Instance
Random Forest /
\ \ LE N ) /
\ / \
Tree-1 Tree-2 Tree-n
Class-A Clalss-B Class-B

Majority-Voting I
| |

Final-Class
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Detecting and mapping landslides 'g B!
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ALADIM service: Automatic landslide detection and inventory mapping P
| | - ALADIM
=) geohazards 5 A)ADIM-S2 /#3) and ALADIM-VHR /753

tep \ 0%’
ALADIM-S2

Available on

ALADIM-VHR,

Home Workspace -  Early Adopters Programme Background  Observetions & Measurements - Senvices Catalogue  EO sector Collaboration
i ot ===
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Detecting and mapping landslides

ALADIM service: Step by Step

1. Creation of a landslide initial training sample

2. Selection of input data
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3. Setting of the parameters

- Segmentation scale factor,
- Usage of cloud mask,

- Grid code,

- Sun elevation & azimuth ...

4. Launching the job

- geohazards ! 80 Bardeme tue.

Processing Services

ALADIM

j
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Detecting and mapping landslides
Application for Mozambique Cyclone Idai - March 2019 - S2 data

- geohazards

ALADIM

EO Services for
measurement of doprozn = & » & ‘ Upload Data Products O EO Data ~ EO-based products ~ Community ~ Private ~
hortzomal surtace S

ALADIM_SEG_MI
N_SIZE

ALADIM_SUN AZ 755730, 54.9723
IMUTH

ALADIM_SUN_EL 20.962, 34.4068
EVATION

ALADIM_POSITIV
E_THRESHOLD
ALADIM_GRID_C
ODE

ALADIM_USE CL
OUD_MASK

ALADIM_SHAPES https:/recast.terradue.com/t2api/search/depreza/resuits?
Uid«FAFB3B034B791766E 1DA11ACECCDI2AID461D1668

Lon: 32.756 Lat: -18,850

O Success

The job was completed succassfully.

Current search result Foatures Basket

B3 Dcovory frad for local dats ool remsta 10

Totnl rosits O

N pesdiy fewed

A e by e

I ALADM post-svent imoge
Found layers in the result. UGS

e feature

Q@ ALADM pre_svert_mage o ® O Q o (O]
[ T
o P

B2 COWNRASTIVIE4 T D01H05TUZI600 GEKVD ALADYM: traning-somaica - 0100
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Detecting and mapping landslides
Application for Mozambique Cyclone Idai - March 2019 - S2 data

EO Services for 3
measurement of doproza = B » R

Upload Data \ Products O EO Data ~ EO-based products ~
horizontal surface Py

- geohazards

ALADIM_SEG M1
N_SZE

ALADIM_SUN_AZ 75.5T30,54.9723
MUTH

ALADIM SUN_EL 29.662, 34.4008
EVATION

ALADIM_POSITIV
E_THRESHOLD

ALADIM_GRID_C
ODE

ALADIM_USE_CL
OUD_MASK

ALADIM_SHAPES nps//recast leradue.com/iZapl/search/depreza/resuits?

Community ~ Private ~

ud=FAFB38034B7¢1766E1DA11ADECCDA2A3D4610D168

Lon: 32.766 Lat: -19.853
© Success

The job was complated successfully.

et search result

Discovery feed for local data Total resuits 10

D ALADIM anieon iomorlony. 1w
Q ALADIN pos st imags

& ALADIM ez ovent-emage @
LI] Acaon pro overt imace_pancniomatic

Loty aamsn T

e
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Detecting and mapping landslides :

Application for Mozambique Cyclone Idai - March 2019 - S2 data * 5
ALADIM
Q?ohazards

E EO Services for
measurement of depreza & & & & | UploadData | G-t Tl EOData +  EO-based products +  Community ~  Private ~

horizontal surface

ALADBA_SEG_MI

N_SIZE

ALADIM_SUN_AZ 755730, 549723
IMUTH

ALADIM_SUN_EL 20962, 34.4068
EVATION

ALADM_POSMV

E_THRESHOLD

ALADIM_GRID_C
ODE

ALADIM_USE_CL
OUD_MASK

ALADIM_SHAPES https//recast teradue com/2apl/search/deprezairesuits?
uld=FAFB3B0348791766E1DAT 1ADECCD92A3D4E61D168

Lon: 32.751 Lat: -19.886

© Success
The |ob was completed su

Current search result Features Baske!  Data Packages

B3 Diacovery feed for loca duta Tokal results 10 = @ Total resuts 0 3 sl | 7 irvecnmd BB |0 Peerove wl | € Save

Q@ AADM fanduiidun_ vy rrmp

Q@ AADM post smvent iminge

B21 ALAOM ocat evant image panchromatio o
L AADA P vect #mace @
L
I3

Q
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Detecting and mapping landslides
Use of landslide inventory maps

1200 - *0-100

Computation of indicators / =y Landslide size (m?) - 100200
\ * 200-300

o . £00 718 702 3%3?\ * 300-4
statistics w . B - \" s
. 400 337 251 »’ *500-600
- Landslide number, 0 I I i 'if' 1;5 16 I '4" i
. i} I 700-800
- Landslide surface, P FY IR VYY T @: & w00
& »@7“ & éy" & Q&N > Landslide size (m?) _3‘1’2;0"0

- Landslide density maps,...

Overlay of the landslide
inventory maps with:

- Exposure maps,

- Population density maps, ...

- Correlation with triggers (rainfall,
Erqm,,)

ENN Terra)Ue

mlll nnnnnnnnnnnnnnnnnnn
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Detecting and mapping landslides
Other application — ALADIM-VHR: Haiti landslide inventory

geohazards EO Services for
> measurement of

tep horizontal sur face

Discavery Ieed for local data st m @
e s

@ ALADNM poe even! mape parcivomatic

e 0464508 20570344 ALAGHA 2
a ortha_ 20160108 20170214 cossuakdaton accumces 201907121104027 pdt
[S] ertho_20160108 20170214 _coss vakdation P_R cutves 20190712T104027.0dl

S ——
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depreza W B » 8 | Upload Dats T EO Data EO-based products « Community « Private «

Dats Packages

b 5]
= - @

Toulesats 0 | @ solall| & invesl. | [l 1 © Remows oll | K Saw

O Success
The job was completed successil

Found layers in the result, m

Technical Support )

/’;‘\\
By 2%

B : )
“"‘4
ALADIM
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Other application — ALADIM-VHR: Haiti landslide inventory -
gechazards _5!5‘33";73*:"’.";. doproza = B & & [ Uposaoam EODats » EO-based products =  Community +  Private ~ ALADIM

tep harizontal surface

TR b
Lon: 74 057 Lak 18420

SUrTEnt 36a10N resut Dan Pacaagss
3 piscorery teed for local data Tusiesuts 10 B @ Total s 0 |G selall | i ivcsel, | ()1 © Remove all | Sau
© Success
e suts foan
D ALADIM post event image_panchmmatic The job was completad succassiully.
(3 ACABR s
B 5]

Found layers in the result.

[B) oriho 20160108 20170214 crssvakiaton_accuraces 201907 42T104027.pd! nical Support

L RARA DL IAIIIE 033 A A IR ARG SATHas TSI 8

[3 ortho 20160108 20170214 coss valiaion PR curves_20180712T104027 0dl
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Detecting and mapping landslides
Other application — ALADIM-VHR: Haiti landslide inventory

EO S 1 —
geohazards > measirement of doproza = B » B | Upload Data [N <l EO Data -  EO-based products =  Community ~  Private
top horizontal surface

© Hesubnit Job

Current search resull

B3 Orscovery feed for local data st 0 W @ Total msurs 0 | @ seiall |6 imesel | {10 Remove ad | 5 Swe

O Success

@ ALADM mncsides_ mentory men ; The job was completer

B s ]

Q@ ALADIM_post_evem_image_panchmmate (> Results

W ALADL e sventsae

~ 8 T —
PATA S e

U0 oo =z Technical Support

@ 2020150108 20370334 ALADIN. ok SaA0WE- i "
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Quantifying tectonic deformation and monitoring
landslide motion

Surface motion monitoring for geohazards

Risk management and risk

Velocity (mmvy)

10-Oct-14 — 20-Jun-17

258 - -20

®-199 - -10

. 99--5

‘45 - 28

.24 - 25

“26-5 0 200 400 m
*51-74 [———

&
3
&

[x]

O e (-1 wn
SR
-
-

&
-

Inverse velociy {dimm)

LOS displacement (mm)
4 L
k=]

P b o s e A ,\ A A A A » A
IS R AR
Kang et al., 2019
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Better understanding of
the mechanisms controlling
the phenomena

Paul’s Slide
o =

N oW § E:
S oo
T T

o _o
E

Boulder Creek e

FETR
" 772 4| |divergence from characteristic
- seasonal velocity pattern

o sk s PaulS SIS | m S 100583
— Baoulder Creek p:s’:::p& W : 80 E % :
long-term avg: ,JJJ - 5 g %
pr————1 5 ® EGE
L4 ‘ : . fw28%
20155 2016 20165 2017 20175 =

Time (yr)

Handwerger et al., 2019

Modelling of the
phenomena

Kobayashi et al,. 2017




Quantifying tectonic deformation and monitoring
landslide motion

Surface motion monitoring instruments and techniques

Methods |Measure Instrument
GNSS 3D displacement at 1 Ground-based
point
Tacheometer |LOS motion at 1 point Ground-based
Levelling Z motion at 1 point Ground-based
LiDAR 3D reconstruction Ground-based, airborne

Photogrametry 3D reconstruction Ground-based, airborne, space borne
INSAR LOS motion over alarge  Ground-based, airborne, space borne

area

Image 2D motion in the plane Ground-based, airborne, space borne
Correlation perpendicular to LOS

mmmm) The 3 last methods are ground-based or space-borne
allowing a large range of spatial resolution and revisit
frequency

{ﬂ TerRRaue
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Quantifying tectonic deformation and monitoring
landslide motion

Image correlation — sub-pixel offset or feature tracking

» Measure internal misalignment using a moving template window, Master image Slave image

while measuring displacements that occurred in the time span EENENNEN | | 608 50 N I
between two acquisitions. e Y O O

» Measure the displacement in the plan perpendicular to the camera :,,;x,,,,,;mh,w . (%emnnix; | - ; '}
LOS (ie. in case of nadir looking space borne, measure of horizontal s LB i

. EmEEEE e soro IREISEIE L
motion). L1 e e T N | i Ilk

3 J
» Different approaches have been implemented: [ ] Landsiideares | ] R _j_l%‘f
Normalized Cross-Correlation T AR ' Il
Correlation in the frequency domain, etc.

=1

o

» Different algorithms are available: CosiCorr (Caltech), MicMac
(IGN), AMES (NASA), GeoFolki (ONERA), MathWorks-normxcorr2, EEEEEEEE

DPIV, , etc.

{“ TerRRaue
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Quantifying tectonic deformation and monitoring
landslide motion

Image correlation — sub-pixel offset or feature tracking — advantages/limitations

4 Space borne Optical Image Correlation Y ( Space borne InSAR )
h > Sensitve to Horizontal movement, !:‘ » Sensitve to motion in the LOS i.e. sensitive to
Non sensitive to vertical motion. EW and vertical motion. Poorly sensitive to NS
th LOS motion.
—_— > Sup-pixel accuracy (in general metric to cm).
EW > Millimetric accuracy.
» Monitoring of large movement (metric).
Smaller movement can also be measured » Monitoring of very small (mm) to cm motion.
depending on satellite pixel size. In cas of larger motion, decorelation usually
prevents to monitor the deformation.
> Sensitive to cloud cover.
» Non sensitive to cloud cover.
. J L J

This two techniques are complementary to retrieve the complete 3D displacement for
different magnitude of deformation

{ﬂ TerRRaue
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Quantifying tectonic deformation and monitoring

landslide motion

Description of the MPIC processing chain

» MPIC stands for Multiple-Pairwise Image Correlation.

» The MPIC service comprises two main steps:
1. The MPIC itself,
2. A multi-temporal fusion that compute different
features of the displacement time series in order to
detect persistent motion pattern.

Inputs: Several optical acquisitions — Sentinel 2
Outputs: Correlation coefficient for each pair of images
Cloud masks

EW and NS displacement for each pair of images
Mean absolute velocity EW and NS

Mean displacement magnitude in meters
Vector coherence

nnnnnnnnnnnnnnnnnnnnn

“ de Strasbourg '

Multiple-pairwise image correlation (MPIC)

ARNAAS
LN NN
t;{s tYs tYs

t tSSZ tds 1 tASZ tSS 1 tSSZ

N-S NcC
: * Remove noisy measurements
‘ NCC < 0.33 (low correlation)
‘ * Remove zero displacement pixel

< 0.1 m (sub-pixel precission)

1
E-W

Multi-temporal fusion

Stacked measurements Displacement indicators
xy,mr X.y.mr
foca VC

« Ignore neighborhoods with less than 40 % of valid measurements

Stumpf et al. (2016)



Quantifying tectonic deformation and monitoring

[ ] [ ]
I a n d S I I d e m Ot I 0 n » Effect of increasing spatial regularization strength
. . stronger regularization

* Effect of image correlation algorithms
and parameterization

CaosiCorr Service 604MicMac)

Displacement (m]

‘o 10 2 ) 20 50 60

CIAS (Kaab and Vollmer, 2000)
- Cosi-Corr (Leprince et al., 2007)
Mic-Mac (Rosu et al. 2015)

[w) nmm-dqou
20000

15000

Runtime [s]

10000

Service 60 (MicMac, 8 cores)

» Effect of runtime scaling

T T T
0e+00 1e+06 2e+06 3e+06 4e+06 S5e+06 6e+06
Number of measured pixels

Stumpf et al. (2016)

39

70



Quantifying tectonic deformation and monitoring

landslide motion

Description of the MPIC processing chain

» MPIC

MicMac, developed by IGN, is used to compute the NCC and the sub-pixel
displacement.

MicMac was chosen among other algorithm because of its regularization
method, it produces smoother results with less noise and smaller windows
size.

> Multi-temporal fusion

> AX )| 2 AY;
ve— NS =1

1AX]
> 1%, |
i=

dX.YJﬂ.T = ‘

Multiple-pairwise image correlation (MPIC)

t tSSZ tds 1 tASZ tSS 1 tSSZ

N-S NcC
* Remove noisy measurements
NCC < 0.33 (low correlation)
* Remove zero displacement pixel
< 0.1 m (sub-pixel precission)

i@

Mean displacement
Account for persistent of the
movement in space and time.

“ de Strasbourg '

Vector Coherence
Account for coherence of the
direction and magnitude of the
motion in space and time.

1
E-W
Multi-temporal fusion

Stacked measurements Displacement indicators

Xy, m,r X.y.m,r

foca VC

« Ignore neighborhoods with less than 40 % of valid measurements

Stumpf et al. (2016)



Quantifying tectonic deformation and monitoring

Master mask

landslide motion
MPIC - algorithm details

1. Cloud mask
Computed with python function Fmask (Zhu, Z. and Woodcock, C.E., 2015) for Residuals EW

I meeedie
3

each Sentinel-2 acquisition, then combined.

2. Correlation
Computed with MicMac for all pairs.

3. Deramping
Correct systematic offset resulting mainly from translation and rotation.

i
0w
L3

AXyi = x4+ beXyj + CxYy

AYqi = Py + byXri + CyYri

Lilitpers
83§ e

Modelling of the ramp

4. De-striping

Correct small systematic image offsets which manifest as along-track striping
artefacts which are particularly visible in the EW component but can also be
observed in the NS component (for Sentinel-2). This is due to staggered sensor
arrays of push broom satellite such as Sentinel-2.

{“ TerRRaue
Il Ad

II de Strasbourg ’

Stumpf et al., 2018




Job title *

Z ~ MPIC-OPT: Multiple pairwise optical image correlatic

Sentinel-2 products (at least 2) *

-
Defines how many pairs will be created considering the temporal order of the selected

Sentinel-2 band * Caution: choosing to compute a

images. S5 s Gl large number of pairs rapidly
2 /7 \ L increase computing time and
/’_\ I///\ /_\ Temporal matching range * resources.
| HIR Is

landslide motion
Description of the MPIC parameters on GEP

BRI |
& 5 | LN | LS LS, L5 | Y
Sentinel-2 tile * o q
. . ) Comment: Setting this parameter
Sentinel-2 tile > can be found in the product name after the “T” can be particularly interesting for an
Ex: S2A_MSIL1C_20170223T222531_N0204_R029_T59GQP_20170223T222726 earthquake, the splitting date being

Split date (yyyy-MM-dd THH) * the earthquake date.

Split the time series into two subsets and pairs will only be formed among members of

Activate backward matching *

h : . Caution: If set to True, it will
H Window size " . )

4 increase computing time and
i

q ' resources.

Decorrelation threshold *
Spatial matching range *

Regularization parameter *

S e True
CC(t2, t1)
i aVaVaVaVaN /&}\

ts, || LS, ts. || ts,

CC(t1, t2)



Quantifying tectonic deformation and monitoring

Job title *

landslide motion

Sentinel-2 products (at least 2) *

Description of the MPIC parameters on GEP .

Size of the template used for matching among the input HEH ! 3:_; - i Sentinel:2 band -
images. | JElsE, <
Default value: 3 (i.e. 7x7pixel window size). REEE " e jemporal matching rahge s

Sentinel-2 tile *

7 pixels

7~ 59GQP A smaller window will allow to
better reconstruct small scale
Split date (yyyy-MM-ddTHH) * variations while at the same time
P can lead to more noise. Vice versa
larger window sizes will lead to
Activate backward matching * greater robustness against noise

N while smoothing small scale details.

Window size *

7> 3

Matches with a correlation coefficient below this threshold will be discarded.

Defines the search range in pixel for finding matches.
The actual search range is computed from this
parameter as round(Spatial matching range/0.8)+2.

This parameter should be
adjusted according to the
maximum expected displacement
7~ 02 taking into account also the

possible coregistration bias of the
Spatial matching range * input images.

#:>11

Decorrelation threshold *

Controls the smoothness of the expected motion field. Increasing the regularization
parameter is putting greater emphasis on a smooth motion field where
neighbouring pixels will have similar displacement values.

Regularization parameter *



MPIC

Quantifying tectonic deformation and monitoring

landslide motion

MPIC for tectonic deformation — Comparison to other results

» Mw 7.5 Sulawesi Earthquake - Sep 29, 2018

JOBS: MPIC-OPT-Palu2018 - 50MRD
MPIC-OPT-Palu2018 - 50MRE

Inputs: 2 images,
2018/09/17 — 2018/10/02

‘ TerRRaue

| Université I l nnnnnnnnnnnnnnnnnnn

NS displacement (pixel)

MPIC — Copernicus Sentinel-2 .

'ALOS-2 JAXA
'Ulrich et al, 2019

Along track displacement (m)

measured displacement

119.75° 120°

120.25°



Quantifying tectonic deformation and monitoring
Ia n d SI i d e m Ot i o n Mean disglalcement'mag.nitude (m)"

AT\

MPIC for tectonic deformation — Influence of Regularization and -

windows size parameters

» Ridgecrest earthquake sequence - July, 2019 Window size =3
Regularization parameter 5 0.8

anE

Window size =3
Regularization parameter
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JOBS: MPIC-OPT S2B Ridgecrest EQ 20190628-20190708
MPIC-OPT - Ridgecrest EQ 2019 — reg0.8
MPIC-OPT - Ridgecrest EQ 2019 - win7

Inputs: 2 images, - ? i "
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Quantifying tectonic deformation and monitoring
landslide motion

MPIC for tectonic deformation — Influence of Regularization and
windows size parameters

» Ridgecrest earthquake sequence - July, 2019 Window Si24=_7r

Regularization parameter = 0.3

Mean displacement magnitude (m)
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JOBS: MPIC-OPT S2B Ridgecrest EQ 20190628-20190708
MPIC-OPT - Ridgecrest EQ 2019 — reg0.8
MPIC-OPT - Ridgecrest EQ 2019 - win7

Inputs: 2 images,
2019/06/28 — 2019/07/08
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Quantifying tectonic deformation and monitoring
landslide motion

MPIC for tectonic deformation — Influence of Regularization and
windows size parameters

EW displacement (pixel)

Window size =3
Regularization parameter = 0.8

Window size =3
Regularization parameter = 0.4

-aca  ooe 0o el
€AW dispracement [oixels) Ex5t K poskive

dXJJn: =

() ()

Mean displacement
Account for persistent of the
movement in space and time.

JOBS: MPIC-OPT S2B Ridgecrest EQ 20190628-20190708
MPIC-OPT - Ridgecrest EQ 2019 — reg0.8
MPIC-OPT - Ridgecrest EQ 2019 - win7

Inputs: 2 images,
2019/06/28 — 2019/07/08



Effect of the regularization parameter , _ -
» Mw 7.2 Halmahera Earthquake, July 14, 2019 [: . '
4 ) , '

Mean EW velocity (m/days)

JOBS:

MPIC-OPT - Halmahera earthquake 2019
MPIC-OPT - Halmahera earthquake 2019 — reg0.7

Inputs: 2 images, 2018/11/12 - 2019/08/09

TerrRaoue
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Quantifying tectonic deformation and monitoring
landslide motion

Monitoring landslide motion — pre-rupture signal
» Fagraskogarfjall landslide , Iceland

Rupture : 7th July 2018, 05:17am
Volume ~ 10 millions m3 of debris




Quantifying tectonic deformation and monitoring
landslide motion

Monitoring landslide motion — pre-rupture signal
» Fagraskogarfjall landslide , Iceland

Sentinel 2 - June 20, 2018

Rupture: 7th July 2018, 05:17am
Volume ~ 10 millions m3 of debris

{ﬂ TerRRaue
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Quantifying tectonic deformation and monitoring

H H JOB:
Ia n d SI I d e m Ot I O n Full Resolution Rasterization - Fagraskégarfjall 2018
. . . . . landslide
Monitoring landslide motion — pre-rupture signal
» Fagraskdgarfjall landslide , Iceland Inputs: 2 images, 2018/06/20 — 2018/08/09

Sentinel 2 - Aug 9, 2018

........ : Direction of

..............
........
..................

.,

7th July 2018, 05:17am
Volume ~ 10 millions m3 of debris

......
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Quantifying tectonic deformation and monitoring
landslide motion

Monitoring landslide motion — pre-rupture signal

» Fagraskogarfjall landslide , Iceland JOB:
MPIC-OPT - Fagraskogarfjall 2018 landslide

Inputs: 2 images, 2017/05/21 — 2018/06/20

EW (left) and NS (right) displacement (pixel)
RS N T

Metric displacement are recorded in the
year preceding the rupture....

EW TerradUe e " ff T
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MPIC
Quantifying tectonic deformation and monitoring

landslide motion J0B:

MPIC-OPT - Fagraskogarfjall 2018 landslide
Monitoring landslide motion — pre-rupture signal

> Fagraskégarfjall landslide , Iceland Inputs: 2 images, 2017/05/21 - 2018/06/20

Mean displacement magnitude (m)
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@ NS (upper left) and EW (lower left) mean velocity (m/day)




Quantifying tectonic deformation and monitoring
landslide motion

Monitoring glacier motion —
» Mer de glace, French Alps, France

g y ) 38
P ee ¢ ! -
.7, oy J P, ’
2005-01-01 ./’ :
4
4

| Lon: 6.994 Lat: 45.866

-
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Quantifying tectonic deformation and monitoring
landslide motion

Most of the glacier areas are
detected as clouds reducing the

Monitoring gIaCier mOtion - area where image correlation is
> Mer de glace, French Alps, France OIS

JOBS:
MPIC-OPT — Chamonix2016-2018
Full Resolution Rasterization - Chamonix2016-2018

Inputs: 3 images,
2016/08/13,2017/10/07, 2018/08/28
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Quantifying tectonic deformation and monitoring
landslide motion

Monitoring glacier motion —
» Miage glacier, French Alps, France

i . » Eh.
ol R -
Lon: 6,893 Lat: 45.790 m (L.
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Quantifying tectonic deformation and monitoring
landslide motion

Monitoring glacier motion —
» Miage glacier, French Alps, France

Mean displacement magnitude (m)

JOBS:
MPIC-OPT — Chamonix2016-2018
Full Resolution Rasterization - Chamonix2016-2018

Inputs: 3 images,
2016/08/13,2017/10/07, 2018/08/28
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Creating high-resolution surface models

DSM-

DSM-OPT service on-line on GEP: creation of High-Resolution Digital Surface Models

(HR-DSMs) and orthophotos from Pléiades stereo-images

New GEP service from CNRS EOST - DSM-OPT for the
generation of surface models from Pléiades satellite data

Jaep-blog

' Jeanphilippe.malet 1/ Mar5s

You need a high resolution surface model to analyse the traces of a fault rupture, to calculate the

levation differences following a large landslide, to estimate the volume of
lava flows on volcanoes and estimate effusive rates, or integrate an accurate topography in INSAR
processing? The new GEP service DSM-OPT from CNAS-EOST s is for you! This service allows the
generation of digital surface models (DSMs) and the respective ortho-images from stereo- and tri-stereo
Pléiades images using the MicMac ¢ open source library « .
An example of the service results using stereo-images over the plex urban land: of Strasb
Is presented below, and s also posted here + .

. geohazards .
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ALADIM

MPIC-OPT: Multiple pairwi... ALADIM: Automatic LAnds... DSM-OPT: Digital surfacs ...
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Creating high-resolution surface models

Tutorial: https://terradue.github.io/doc-tep-geohazards/tutorials/dsm-opt.html

* DSM-OPT pipeline

‘[“ TerRRaue

| Advancing Earth Science

“ de Strasbourg '
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Algorithm
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Algorithm
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Dense matching
Only stereo-images
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Stumpf et al. (2019)



Creating high-resolution surface models DSM-(.)PT

* Bundle adjustment with Rational Polynomial Functions (RPC)

+Modern VHR stereo satellite images are provide
with RPCs

_RUV,W

Y XUAAT
 RUVW
STERWUVW

* Dense matching
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Creating high-resolution surface models DSM-(-)PT

EO Services f
g_—eOhazards > Eam:,'f.'.i? o DataPackage © EO Data ~ EO-based products ~ Community ~ Private ~
tep Resoonse
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Creating high-resolution surface models
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Ortho-image of a HR-DSM (0.5m) over the city of Strasbourg / Pléiades stereo of Sept. 2016



Creating high-resolution surface models DSM'QPT

Application:
morpho-structures mapping
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Creating high-resolution surface models DSM-(-)PT

Application: A
sediment budget analysis

Hillshade of a HR-DSM (0.5m) over Soufriere Hills / Montserrat

Pléiades image of Soufriere Hills Volcano, 2017.
(purple shows Belham Valley catchment)

Significant deposition of volcaniclastic material in the Belham River
Valley between 1995- 2010

Channel prone to hazardous rain-triggered lahars and associated
geomorphic changes

Our new 2019 DSM will be compared with a LIDAR DSM made in
2010 to quantify erosion and deposition in different parts of the
valley.

James Christie & Georgina Bennett (Univ. East Anglia)



Creating high-resolution surface models

Application:
sediment budget analysis Area shown in the

le target
2010 1m LiDAR DSM (Montserrat Volcano Observatory) S:?Or:vp(gr:;geboa;)e s

Hillshade of a HR-DSM (0.5m)
over Soufriere Hills / Montserrat

Qualitative observations:
Channel widening and straightening
{‘ﬂ' Te l? e a yue (removal of pyroclastic terraces)

nnnnnn gl Deep channel incision and increased
sinuosity.

019 Plelades tn-stereo DSM processed by DSM-OPT !
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Creating high-resolution surface models
Application:

IEEE GEOSCIENCE AND REMOTE SENSING LETTERS '

lava flow volume , , _
. . High Resolution Satellite Photogrammetry for Lava g
qua ntification Flow Volume Estimation at Piton de la Fournaise 2 7
Volcano, La Réunion Island §§ ‘
André Stumpf, Allan Derrien, Jean-Philippe Malet, Nicolas Villeneuve, Aline Peltier g
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Creating high-resolution surface models DSM-(.)PT

A key issue: managing sensor Licence and distribution of products

Airbus Defense & Space May 2017

LICENCE TO USE PLEIADES PRODUCTS GRANTED
AT A PREFERENTIAL PRICE BY CNES TO CATEGORY 1 INSTITUTIONAL
USERS AND ASSIMILATED CATEGORY 1 INSTITUTIONAL USERS UNDER
THE ISIS - PLEIADES PROGRAMME

Please read the terms and conditions of this User Licence Agreement carefully before placing any
orders for Protected Products.

INTRODUCTION

In the framework of the public service delegation agreement concerning the operations of the Pleiades satellites
concluded between CNES and Airbus DS (subsequently referred to as the “DSP”), Airbus DS has committed itself to
distribute Pleiades products and services for the benefit of AUTHORISED INSTITUTIONAL USERS in order to
fulfill their responsibilities in the frame of their institutional mission for NON-COMMERCIAL SERVICES.

CNES and Airbus DS have opened the ISIS programme to Pleiades products allowing eligible users (European
scientific community) to obtain Pleiades images under special ISIS programme preferential pricing conditions, based
on DSP Category | pricing.

Accomplishing any of the following acts implies acceptance by the USER of the terms of the present Licence Ma nagement Of the Pléiades Iicence via
Agreement (hereinafter “Licence™: GEP (for CEOS-related images)




On-going works and next steps ...

""““‘\‘ o As a GEP service: integrate the possibility of digitizing training samples on-line

Y :i"‘g o Interms of methods: integrate other VHRO sensors (Planets, Worldview, Deimos, etc) for further applicability

A} ‘,9' develop a SAR (amplitude-based, coherence-based) change detection method

ALADIM integrate active learning sampling

MPIC o As a GEP service: propose an earthquake-related service (4 images) and a landslide/glacier related service (times series)

o In terms of methods: integrate other VHRO sensors (Planets, Worldview, Deimos, etc) for further applicability
integrate optical flow derived matching techniques to take into account more complex motion patterns
increase the size of the time series (ESA/Unistra-A2S federation of resources)
I integrate refined Sentinel-2 geometric correction for mountainous areas and detection of seasonal motion
DSM'QPT o Interms of methods: integrate other VHRO sensors with stereo-photogrammetric acquisitions
LN integrate DSM-related scenarios / parameterization and topography fusion

{ﬂ TerRRaue
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