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Earth Observation & Geospatial Applications Lab (EO.Lab)

= The Aristotle University of Thessaloniki (www.auth.gr) is the
largest public University in Greece established in 1925.

= The Earth Observation and Geospatial Applications Lab of AUTh
(EO.Lab, https://eolab.geo.auth.gr) resides within the
Department of Physical and Environmental Geography, School
of Geology, Faculty of Sciences.

= The expertise of EO.Lab members spans across a variety of
Earth Observation and Geospatial Information Science-
Technology domains, including Optical, Radar and Aerial
remote sensing, SAR Interferometry, Photogrammetry,
Surveying and Geodesy, GNSS, LiDAR and Sonar.

= The application areas of EO.Lab extent in natural resources
mapping and monitoring, geohazards, inland water bodies,
coastal areas monitoring and climate change.
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Interdisciplinary R&D and Service Provision

Center of Earth and Ocean Observation (CEO?)

ODCIRI-AUTH

Aristotle University of Thessaloniki

https://kedek.auth.gr

The main mission of CIRI is the promotion
and development of interdisciplinarity in an
open and collaborative environment of
excellence, which utilizes the research
infrastructures of AUTH at the local,
national and European level, expands the
University's synergy with society and
contributes to the economic and social
development of the country.

Establishment of the
interdisciplinary CEOQ? team
under CIRI-AUTH
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Large Impact on Scientific Literature
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Scopus database, Journal papers with search
on: “ERS or Envisat and SAR Interferometry”

i Peer-reviewed journal papers based
on SAR interferometry and
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Significant Supply Expansion for EO Industry:
Data Demand Driven by Defense and Emerging Markets
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Earth Observation Satellites Launched by Operator type

2005-2014
Commercial Other
(6%)
Commercial .
Constellations
(9%)

Developing Space Leading Space
Programs Programs
(17%) (46%)

Dual-use**
(22%)

Total satellites: 148
Total country / agency participation: 36

2015-2024

Commercial Other
(5%)

Leading Space

Programs
Commercial (32%)

Constellations
(35%)

Dual-use**
(11%)

Developing Space
Programs

(17%)

Total satellites: 354
Total country / agency participation: 44
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Copernicus Sentinel-1 mission Gpemicus
Long-term Ensured Monitoring Capability |

CO PE RN IC US AN D ITS S E NTI N E LS European Earth Observation Programme Copernicus: observing our planet for a safer world
. (@Ze i @nEE @ik, @SEE G O (DSt @ BEsne.,
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with data heric aeresol and traces
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. e Global of
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SENTINEL-6

= Observ anges in sea surface
= All-weather, day-and-night radar al bands with 10, 20 or 0m resclution i & E i I it il e ober y e
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« Global coverage of the Earth's land « Airkius Delonse and Spoce prime saniET G -
7 ke A sctellile and TROPOMI insirument  Conii N e T cppg ol be o
* Data delivery within | hour of acquisition « Airbus Defence and Space prime contractor I:mdn Sl E T
« Airbus Defence and Space developed for satellifes and instruments General topogrop

I * Carried ahoard EUMETSAT s MetOp Second and ocean heat storags; vital for predicting
Generation satelliles rises in 560 lovels
Chand radar instrument A Dalencind s i
contracior for satellite.
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Ground Motion Sea Topography Atmospheric composition Sea Surface
Monitoring Sea and Land Height

Temperature Changes
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EU Copernicus -
Sentinel-1 “ Eesa

mission

The first in the Copernicus Sentinel saries, a Sentinel-1A was launched on 3 April 200%
constellation of two identical mdar and Sentinel-1B on 25 April 2006.

im:|_||l]r satellites in the same nl'l_lit, = W Both were taken imto orbit on a Soyuz rodket,
providing an all-weather, day-and-night ) y - from Europe’s Spaceport in French Guiana
supply of images of Earth's surface ¥ ;

! v Designed and built by 2 consortium of
Main applications include: i ) around 60 companies led by
Monitoring sea ice and icebergs » monitoring of land L o § Thales Alenia Space and

ice [gladers, ice sheets, e caps] » river and lake ice - L Airbus Defence and Space
maonitoring = oil spills and ships » marine winds =
& waves « land-use change, agriouliure, deforestation

land deformation « and support to emengency
management such as floods and earthguakes

Continuity over the oming

years will be ensured by the 2
As of end 2020, about 6 millien launch of additional satelites  * ¥ - ;
products have been generated Servims relate to: [Sentinel-1C and Sentinel-10). ~ + +(@|*
and made available for download Monitoring of Arctic sea-ice extent » routine soa-ice Furthermore, 2 new generation
e i mapping » maritime surveillance (oil spill monitoring, of Sentinel-1 satuliites Is

mi :"““’ than “IL";:E"“ ship detection, illegal fisheries] « monitoring being prepared, tn take up the AR~

have been made by users,
representing nearly &0

o+

. L 4
= 4
land-surface for motion risks induding subsidenca, % relzy from the first generation
ﬂ landslides » understanding of Earth processes

Petabytes. Data are explaited by [earthquakes, volanoes] » monitoring of

various users: Copernious infrastructure » mapping for forest, water and soil

Services, public institutions, management »and mapping to support humanitarian

sdentists, commerdal companies aid and orisks situations

. EO Lab TAT 2024
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Sentinel Online (Lopemicus &%esa

https://sentinels.copernicus.eu

2+ THE EUROPEAN SPACE AGENCY @ eSsa
Sentinel Online Search... o} v f in &
Missions ~ User Guides ~ Technical Guides ~ Thematic Areas ~ Data Access  ~ Toolboxes ~

Sentinel User Guides
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Copernicus Sentinel-1 | Improved Spatial Coverage

Sentinel-1 vs ENVISAT 5-day coverage
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Copernicus Sentinel-1 | Improved Spatial Coverage

Sentinel-1 vs ENVISAT 5-day coverage :
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Copernicus Sentinel-1 | Improved Spatial Coverage

Sentinel-1 vs ENVISAT 5-day coverage
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From Medium to High Resolution Spaceborne RADARSs

Comparison of a SAR image corresponding to the state of the art during the 90s [ca. 20 m
resolution, C-band, radar illumination from the left] and the generation of SAR satellites
available since 2007 [1 m resolution, X-band, radar illumination from the right].

O - - = : e § ey . T T s i S o £ s T il = A
w !‘E ¥ E . # ol ] o flp. il s i ik .,:r,;_ o 3 LTy i3 R v oy T 7
4 E ] L4 s * e "y ‘, i - 54 - > R |' by I:_‘_‘ e ey X " a, ¥ {

The images show the pyramids of Giza, Egypt.

Applications of Earth Observation to Oman Community Sessions



From Medium to Very High Resolution Spaceborne RADARSs

Comparison of a SAR image from Copernicus Senintinel-1 (ca. 20 m resolution C-band in IW
mode) and new generation of SAR satellites reaching 0.5 m (Capella X-band in Spotlight mode).

Google Reference Image Copernicus Sentinel-1 Cappella
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ICEYE Releases World-First Under 1-Meter Resolution
Radar Imagery from SAR Microsatellites

I EO.Lab
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25:1m
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ICEYE SAR | Moving from Imagery to Video Capture

ICEYE

SAR VIDEO

« EOlab TAT 2024
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https://youtu.be/0Asd7Wq91gM

ESA Earth Explorer 10 | HARMONY

Expected launch 2029

Mission approved by ESA member states in Sept 2022
Harmony A

The Harmony mission is dedicated to the observation and quantification of small- y

scale motion and deformation fields at the air-sea interface (winds, waves, ._;_‘/r

surface currents), of solid Earth (tectonic strain and height changes at volcanoes), Sentinel-1D ~ p

and in the cryosphere (glacier flows and height changes).

In order to achieve the different mission
goals, the Harmony mission shall deploy
two companion satellites following one of
ESA’s Copernicus Sentinel-1 satellites. The

companions will be flying in two different ~
formations.

«
Harmony B stereo Harmony B XTI

The angular diversity provided by the Harmonies in combination with
Sentinel-1 will allow the retrieval of deformation measurements of the
sea and earth surface with unprecedented accuracy, while the cross-
track configuration will allow the accurate measurement of elevation
changes for land-ice and volcanic applications.

Copyright: Harmony Mission Advisory Group.

=] % EO.Lab TAT 2024
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What is SAR Interferometry (InSAR)?

SAR interferometry consists in
computing the phase difference of
two SAR acquisitions

Ground
motion

Acquisition 2 Acquisition 1

INSAR

4
Ap =y + 1 =

A

T'Z—T'l)-l-n

& Geospatial Applications Lab
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INSAR for Surface Motion

The unit of length used in INSAR is the wavelength:

A‘ OB AN A Y WY A W A A
5 VRV v

* e NN NN N 7
U UV U U U UL

Area affected

1stacquisition R
1 by surface motion AR = ¢ - Ad

2nd acquisition R2

Detection of possible
range variations

Interferometry

Applications of Earth Observation to Oman Community Sessions



INSAR products | Differential Interferograms L[N e e

One can estimate the displacement by
WRAPPED INTERFEROGRAM UNWRAPPED INTERFEROGRAM counting the number of fringes. One

fringe corresponds to a ground

. ® & .
Ascending ¥ . displacement of A/Z.
orbit AR HlE "I 'l 'E 'l aB
/‘/"\,“ =] o A
“®L 510 /2
e S 8
2 A LOS UNWRAPPED INTERFEROGRAM
g cm . . .
em) Unwrapping automatized this step to
retrieve the ground displacement.
descending
orbit I
/2 “
/ ‘\‘. A - N B
Y 4 Displacement (m)
/ Mount Etna 2018 R <o
N et .- - = P T e | S .
De Novellisetal, | | anennnns 4 A /2
2019 0 - >
It shows the phase difference Ag It shows the ground displacement in the LOS direction
d Eoml-ggb ~ TAT 2024




INSAR Motion Decomposition EAST-WEST MOTION
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Operational Copernicus Sentinel-1 mission &
Maturity of Synthetic Aperture Radar Interferometry (InSAR)

: 1992 80.0 | InSAR technique is offering ground
§ First demonstration using ESA SAR data, over the 'g c0.0 displacement measurements at T
M7.3 Landers earthquake by Massonnet et al. 1992; ‘;ﬂ' ' millimeter accuracy from 800km .
o .
> 70.0 in space
2002 a
3
§ Revolutionized for processing of long data stacks s 600
| to obtain millimeter level accuracy (Ferretti et al. 2002); @
% 50.0 05 418
& EE
2010-2020 o 400
o
§ Reached maturity and validated over ~20 years i .
: ) = 30.0 ¢2.b
8 (e.g. ESA Terrafirma project) S 24
o
S 200 9.7
o
2020-2030 = 01 o 279
. . . . . > 100 EE} 19.7
§ Made operational via Copernicus Sentinel-1 constellation and S 33 16.2
§ other national and commercial SAR missions ) 34 b.5
Y2015 Y2016 Y2017 Y2018 Y2018 Y2020

Sentinel-1 mSentinel-2 mSentinel-3 m Sentinel-55P

I EO.Lab TAT 2024
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Conventional InSAR vs. Advanced Multi-Temporal InSAR

Earth Observation
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Multi-Temporal SAR Interferometry

Exploit temporal and spatial characteristics of interferometric
signatures from point targets remaining ‘stable’ over time

%

Pixel values

Pixel time series

s PS (Permanent Scatterers)

==~ DS (Distributed Scatterers)

. No Data

Signal

Time

Received Signal

41°55" 41°56"

41°54'

41°53'

41°50" 41°51

41°49'

12°28'

12°29'

Trada b,

12°30'

Delgado Blasco, J.M.; Foumelis, M.; Stewart, C.; Hooper, A. Measuring Urban Subsidence
in the Rome Metropolitan Area (ltaly) with Sentinel-1 SNAP-StaMPS Persistent Scatterer

Interferometry. Remote Sens. 2019, 11, 129. https://doi.org/10.3390/rs11020129

=l EO.Lab
SO

TAT 2024



12°30" 12°31" 12°32'

Multi-Temporal SAR Interferometry

Exploit temporal and spatial characteristics of interferometric
signatures from point targets remaining ‘stable’ over time

41°57"

-
/-—\ -
= Pixel time series

.
e . o. L %
- - = - . o
% . " . <
3 - o s ®
= vt
E -w .. . -S
_g «* a, - . :_
a - L b - T
- & P
" .
.
)
Time 2
-
<+

Received Signal

Signal

-~ PS (Permanent Scatterers)

==~ DS (Distributed Scatterers)

= No Data

Delgado Blasco, J.M.; Foumelis, M.; Stewart, C.; Hooper, A. Measuring Urban Subsidence
in the Rome Metropolitan Area (Italy) with Sentinel-1 SNAP-StaMPS Persistent Scatterer
Interferometry. Remote Sens. 2019, 11, 129. https://doi.org/10.3390/rs11020129
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Detection of Targets | PS vs DS points

Distributed Scatterer
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Persistent Scatterers (PSs)

PS refers to point-like objects on the Earth's surface that reflect radar waves consistently over time,
despite changes in the scene such as surface deformation, vegetation growth, or seasonal changes.

Height (m) Average deformation velocity (mm/yr)

-5 25 50 75 100 125 -5 -2.5 0 2.5 5

% EO Lab TAT 2024
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Persistent Scatterers | Geolocation based on SAR Viewing Angle

The geolocation of PS targets can be affected by the SAR viewing angle,
which is the angle between the direction of the SAR antenna and the
ground surface. To mitigate the effects of SAR viewing angle, it is often
necessary to acquire SAR data from multiple viewing angles along the
ascending and descending satellite orbits.

Earth Observation

TAT 2024



Multi-Temporal InSAR Analysis | Interferometric Pairs Selection

Persistent Scatterer Small BAseline Subset
Interferometry (PSI) Interferometry (SBAS)
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Multi-Temporal InSAR Analysis | Interferometric Pairs Selection
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Inter-Comparison Between PSI and SBAS approaches
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Inter-Comparison Between PSI and SBAS approaches

Displacement velocities from InSAR and GNSS

102°20'W

;-0.05 m/year :

102°15'W

22°0'N

21°55'N

21°50'N

102°15'W

102°20'W
miyear

0.00 -0.02 -0.04 -0.06 -0.08 -0.10 -0.12 -0.14

Vertical velocity, Vy;

102°20'W

102°20W

102°15'W

102°15
m/year
B [T

-0.03 -0.02 -0.01

E-W velocity, V¢

0.00 0.01 002

0.03

22°0'N

1°55'N

21°50'N

PSI-SBAS inter-comparison

0.05

y =0.9421x - 0.0005
R2=0.8881 g

0.06

0.04

Vy_pst (m/year)

0.02

0.00

-0.02

-0.04

-0.06

Vy (m/year)

-0.08

-0.10

-0.12

-0.14

-0.16

Vi psr (m/year)
&

’
”
’

-0.15

- 0.04

y =0.6116x + 0.0001
R2=0.3858

0.02

n/year)

FGO9A

FG37

—8—Levelling —#—-GNSS —#-SBAS & PSI

PSI A

-0.15

0.1

VU_LEV (mfyear)

J.o2

ar)

0.04

SBAS

-0.15 + T |

-0.05 0 015 01 -0.05

0.05

0 0.05

VU_Lev (m',year)
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Sentinel Missions | Big Data Era o
Users' registration on Open Access Data Hub

A steady sharp increase of users

695,085
as a consequence of Data Policy and Mission Operations Concept:
Number of systematic observation, acquisition, processing and dissemination U s

registered users

20000
18000 Copernicus missions
539.34 PB
data users | @ sentinel-2a
16000 - - (through open hub)
36,600 self-registered users on
14000 open access data hub
12000 [scihub.copernicus.eu]
i (status 9 June 2016)
61,633,707
10000
8000 ESA mISSions Open Access Hub Availability
over the past Month
data users
6000 & cryosat h@\ sentinel-1a @
4000 B .@'smos
g@ %’ goce 99.9%
envisat
200~ ~ @@ proba-1 -
Brers2 © ‘ ‘ Statistics of Data Hub
0 ! | | Services since start of

2008 2009 2010 2011 2012 2013 2014 2015 operations (05/2023)
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Analysis Ready Dataset
European Ground Motion Service (EGMS)

https://egms.land.copernicus.eu

\\“ European
| A ) E - t
\OpermCUS 7_) nvironmen

Europe’s eyes on Earth Agency

Q“ European

OpemICUS 7‘) Environment

Europe's eyes on Earth Agency

'-‘. <

Legend

Legend across all datasets. Limits are in mm/year.

-20 20

F:: T E )+ (0%

*® — 2.5 pixels
Lo [Medium (200 20) v |[Min | Max
v/ B

= [ INSAR default

i gy TAT 2024
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https://egms.land.copernicus.eu/

Thematic Exploitation Platforms | TEPs
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Geohazards Exploitation Platform | GEP

https://geohazards-tep.eu

The GEP is a cloud-based environment providing a set of EO processing
services that allow mapping hazard prone land surfaces and monitoring

terrain motion.

geohazards
tep

R tep

thematic exploitation platform

https://tep.eo.esa.int

=N geohazards polar

tep tep

hydrology urban
e FJH

tep

coastal
tep

forestry
tep

International Forum on Satellite EO
and Geohazards organized by ESA
and GEO in Santorini in 2012 (140+
participants)

@O AT ORSERVATIONS @esa

+ THE INTERNATIONAL FORUM
ON SATELLITE EO AND
GEOHAZARDS

The Santorini Conference
Santorini, Greece, 21-23 May 2012



https://geohazards-tep.eu/geobrowser/?id=cnrirea

geohazards

Geohazards Exploitation Platform | GEP

https://geohazards-tep.eu

=8 =
geohazards

Home Workspace - Web Store  Background Observations & Measurements . Stakeholders area -

M7.0 Earthquake has hit Greece and
Turkey on October 30
Few hours after the event interferometric processing were

triggered by the Aristotle University of Thessaloniki (AUTH)
using several on-demand services hosted on the GEP

009000000000

Thematic Apps Analytics

View apps View Communities View Forum View activities

Applications of Earth Observation to Oman Community Sessions


https://geohazards-tep.eu/
https://geohazards-tep.eu/#!

geohazards
tep

GEP | Users Uptake

# Country #users
. . 1 ltaly 371
Operations Reporting May 2023 2 Indonesia 230
3 France 206
4 China 185
5 Spain 169
6 USA 160
7 Germany 146
8 United Kingdom 136
9 India 111
10 Greece 106
11 Iran 80
12 Switzerland 74
13 Turkey 70
14 Russia 46
15 Netherlands 38
16 Canada 37
17 Colombia 36
18 Morocco 30
19 Japan 30
20 Austria 30
21 Portugal 29
22 Poland 29
23 Thailand 24
24 Belgium 23
25 Philippines 22
26 Norway 22
27 Uganda 19
28 Nigeria 19
29 Mexico 19
30 Brazil 19
31 Argentina 19
32 Romania 18
33 South Korea 17
34 Pakistan 17
35 Chile 15
36 Australia 15
37 Algeria 15
Grand Total 2950

=l EO.Lab
et TAT 2024




GEP | Cloud Platform - Data

GD§£Ql£H§

Enhanced Data Gateway using OpenSearch

e Automatic multi-sourcing to optimize data access
* Programmable and systematic data caching

e Data usage accounting

* Personal cloud storage (repository)

Catalogue synchronized with Copernicus Open Access Hub:

=  Sentinel-1A/B: (RAW, SLC, GRD and OCN)
=  Sentinel-2: (MSI L1C)

= Sentinel-3: (OLCI, SLSTR)

Catalogue synchronized with USGS EarthExplorer:
= Landsat-8: (OLI and TIRS)

Access to ESA heritage SAR missions:

= ERS (SAR IM Level-0)
=  ENVISAT (ASAR IM Level-0)

geohazards
tep

End user

pere
*

Data and Information Access
Services (DIAS)

®_0 ®_0 ®_0
@i :&& sta s2w
Copermcus EUMETSAT ESA/EU Developers User established Front
Services @ jects @ _ @ Offices
.. projects .&.
ESA Companies
. DIAS interface services
P =T = =
= = = = Back - office: Storage
= 1 - — : ae,
Copernicus ESA EUMETSAT Other Computer
Services datasets
Supported Data
EarthExplorer Providers

Landsat-8
producls

Copernicus SciHub

&
&

Sentinel-1/2/3 C
products OpemICUS
Amuzon S3
Sentinel-2 products
Alaska Satellite
Facility
Sentinel-1 products FACILITY
Terradue
é CNES PEPS Patofigency
Sentinel-1 products
cnes (Sentinel 2/3
BTiots AL upcoming)

National hubs (AT, GR, Fl ..)

Sentinel-1/2/3 (_ODEH"IICUS
@ products

! EO.Lab
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geohazards
tep

GEP | Cloud Platform - Computing

Continuous Integration and Deployment Environment with
automatic packaging & deployment in production environments {umm @J HPC/Datacenter - Univ.

HI de Strasbourg of Strasbourg

Amazon Web Services

: : _ \"\") FC2 |
Improved Production Center, with @ eosciub AWS,  rovertity
- . . CloudFerro laaS
(auto)scalability allowing cost-effective EODC Cloud g
data processing on Cloud Computing e _— L2312 EGI Federated Cloud

as’ e
Terradue e L L I P EEI glr:\g:ive cloud APIls

OpenMebula Cloud Controller

Deployment in multiple Cloud-based
processing environments with no
lock-in on a Cloud provider

Sobloo DIAS sobloo ONDA ONDA DIAS
Openstack API CRG@ Openstack API
powered by libcloud CREODIAS DIAS Openstack API - powered by libcloud

powered by libcloud

. EO.Lab TAT 2024
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GEP | Application Integration

Applications developed in any programming language supported
C/C++, Java, Python, Matlab and IDL

Continuous Integration and Deployment Environment with automatic packaging
and deployment in production environments

-3  Continuous Integration/Deployment —————————

Integrate/Test Build Package Dockerize

Code Application

Upload Release
Oaﬁ o
=/
&1 ~,
- £y
Scan W
Repository \ ‘,‘3
Code .
. Commit
Integration Developer Production Environment
Environment Cloud bursting

geohazards
tep

sobloo

CRGO
DIAS

ONDA

& Geospatial Applications Lab
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GEP | Algorithm Hosting

CNRS-EOST Strasbourg developed several services
for landslide monitoring using Sentinel-2
and Pléiades data measuring:

geohazards

tep

{ﬂ' Ecole et observatoire

des sciences de la Terre

Université de Strasbourg

DSM o .
o Earth surface deformation i ‘ﬂi
o Digital Surface Model :
o Automatic landslide detection B e
based on Machine Learning h : :
®(= <]
¥ i |
S penvised eamng made
A
Il @@ EQ.Lab TAT 2024

& Geospatial Applications Lab



GEP | Data Exploitation: Target Reproducibility

geohazards

Define the catalogue endpoint to Sentinel-1:

Exploring the Earth

series = 'https://catalog.terradue.com/sentinell/search’

Search for a post-event slave Sentinel-1 SLC product

Observation Catalogues from

Build and submit the catalog search:

a Jupyter Notebook accessing

search_params = dict([('geom', aci_wkt},
('start", events.earthquakes[eq_index].date),
('stop", slave_search_stop_date],
open APIs et
slave_search = ciop.search(end_point=series,
params=search_params,

model="EQP"'}

Analyse results as data

Create a geodataframe with all candidate slaves plot them:

aoi = loads(aoi_wkt)

slave_search_stop_date = (dateutil.parser.parse(events.earthquakes[eq_

Define the end of the time of interest and look for a post event Sentinel-1 SLC slave between the earthquake event date and up to six days after:

index].date) + timedelta(days=6)).isoformat()

output_fields="self,productType,track,enclosure,identifier,wkt,startdate’,

structures I

The geodataframe can now be accessed:

slaves
o L]
Interactive processing an d
] 431734086 False 2017-07- nttps:/fstore.terradue.com/|
03T04:39:56.4681330Z ! :

post-processing services 1

N 2017-07- m }
00.000000 True 03704:39:37.64112407 https://store.terradue.com|/ slave
{*enclosure’: 'https://store.terradue.con/download/sentinell/files/v1/S1A_IW_SLC__1SDV_20170703T043931_20170703T043958 017302 @1CE28 CFEA',
2017-07- *identifier’: "S1A_TW_SLC__1SDV_20170703T043931_20170763T043958 017302 61CE28_CFBA',
° . 2 100.000000 True 02T16:39:44.5117870Z nttps:/store.terradue.com/| 'productType': 'SLC',
T 'self': 'https://catalog.terradue.con/sentinell/search?fornat=atomkuid=51A_IW_SLC__1SDV_20170793T043931 20170703T043958 017302 OLCE2S CFEA',
e n a I n ' I S e rS O eX O I a I | ‘startdate’: '2017-67-03T04:39:31.64112402",
3 82375592 False 2017-07- nttpsyjstore.terradue.com| -
- 02T04:47:15.0173420Z h : [ Qutput View X
0
N 2017-06- i | RisSsio Roma Campabasso en
. » v WMake gomuja
S r t r C S S I r S Its 4 00.000000 True 27T16:31:42.6303130Z https://store.terradue.com/] | + st o Tirané
hare the processing resu - ,
Sileiio poreraa | Taane “RngiEshqiperia
; Lecce Memaloj
Ao
cascia) |
agliart Cauandaro, Bihasa
anaas |l i
. - Tigpani ABfva
. E Catdna o |
Constantine
St EL s

By moving the slider, the slave on the map will be updated and clicking on it will Show its information:

In [22]:
I interact(f, x=widgets.IntSlider (min=0,max=1len(slaves)-1,step=1,value=e));

x ® 1
Visualy the best slave is S1A_IW_SLC_1SDV_20161018T163206_20161018T163233 013547.015AEB_7124
We can also query the geodatairame to get the slave the best covers the area of interest:
slave = slave_search[slaves['aoi_intersec'].idxmax()]

Here's the information about our post event slave Sentinel-1 SLC produet:

Edirhe Bartin

Kirklare!
Zonguldak
Jstor Karabisk
Kocaeli |~ DUIce
Tekirdag 5 o
Yalova T
atkal B Ankara
Baike ~ xanl]
ugsk
Al
Aydin oy

Acpayam Isparta

Karam]
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GEP | Data Exploitation: Access to EO Products

documenting how to
plot and analyse

Notebooks

Sentinel data

In

impert muspy as ap

ispert maLpletlid

import matplotlib.pyplot as pit
import matplotlib.colors as colors

matplotlib 4

ne

daf plotBand(product, band, vmin, vmax):

plotbandiLerrain,

d = product .getBand|band)

¥ = band.getRasterWidthi)

band_data = np.serosiw * h, np.floatdi)
band . readPineln(0, « W, h, band_data)

md_data.shape = h, w

height) )

data, coap=plt.cm.binary, vain=vmin, veax=vmax)

retura isgplot

« polariza

“matplotlib. image .Axesimage at OxT{6e])T0e¥90>

geohazards
tep

In [6):

« Step 4: Piot an RGB image

red_radiance = reproject.getBand('Oa08_radiance’)
green_radiance = reproject.getBand(’0a05_:
blue_radiance = reproject.getBand('0Oal4_radiance')

w = red_radiance.getRasterWidth()
h = red_radiance.getRasterfeight()

red_radiance data = np.zeros(w * h, mp.float32)
red_radiance.readPixels(0, 0, w, h, red radiance data)
red_radiance data.shape = h, w

green_radiance_data = np.zeros(w * h, np.float3i2)
green_radiance.readPixels(0, 0, w, h, green_radiance data)
green_radiance_data.shape = h, v

blue_radiance data = np.zeros(w * h, np.float32)
blue_radiance.readPixels(0, 0, w, h, blue_radiance_data)
blue_radiance_data.shape = h, w

xmax=200
red = (red_radiance data*256/(xmax-np.amin(red radiance data)))

green = (green_radiance_data*256/(xmax-mp.amin{green_radiance_data)))

blue = (blue_radiance_data*256/(xmax-np.amin(blue_radiance_data)))

t8 = pp.dstack((red, green, b )).astype(np.uint8)
width =
height
plt.figure(figsize=(width, height))
img = Image.fromarray(rgb_uint8)
imgplot = plt.imshow(img)

! EO.Lab
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GEP | Data Exploitation: Time Series Analysis

Notebook analysis of a
stack of Sentinel-1 data

Backscatter profiles for
reference image used in
flood analysis

geohazards

tep

band_data.shape = h, w

imgplot = plt.imshow(band data, cmap=plt.cm.binary r, vmin=vmin, vmax=vmax)
return imgplot

fig = plt.figure(figsize=(20,20))

- i X

for lineartodb in lineartodbs

a=fig.add_subplot{330+i)

imgplot = plotBand(lineartodb, '"Sigma0_vv _db', -25, 5)
name = lineartodb.getName()
timestamp = name.split(”_")[5]

date = timestamp[:8]
a.set_title(date)
i=i+l

plt.tight layout()
fig = plt.gecf()
plt.show()

Tang. [eaarinels (v, U, W, 0, Dand Cacay
band_data.shape = h * w

ser = np.asarray(band_data, dtype='float')

m, s = stats.norm.fit(ser) # get mean and standard deviation
pdf params.append([m,s]}

p5 = np.percentile(ser, 5) # return 5th percentile.

p95 = np.percentile(ser, 95) # return 95th percentile.
indexl = p9%5 - p5 # anomaly index I

indexls.append(indexl)

hist = plt.hist(ser, bins=2048, range=[-25, 5], normed=True)

pdf_g = stats.norm.pdf(lnspc, m, s) # now get theoretical valwes in our interval

pdf = plt.plot(lnspc, pdf_g, label="Morm", c='r') # plot it
plt.xlabel ( ‘Backscatter [dB]")
plt.ylabel | Pixels distribution’)

return hist

indexls = []
fig = plt.figure(figsize=(20,10))
i =1

for lineartodb in lineartodbs

a=fig.add subplot(330+i)
a.patch.set_alpha(0.7)
plotHistds(lineartodb, 'Sigmad Vv _db')
a.set_title(dates[i-1])

i =i+l

plt.tight_layout(}
fig = plt.gcf()
plt.show()
fig.clf()
plt.close(}
gc.collect()

mp1z Boan

EIC
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geohazards
tep

GEP | Data Exploitation: Invoking Services

_: JUPYTET  DEAGOMN SIAMTURD s (Rt M s, o e ey P
s e - T sl WAy by [N
B % B & B 4+ % HE O cos 1 Colt

En pilpn  pdal. L] sFoosssmia s ' Svelssetang . nlp L. seads BELewi Sji|
AaL . P e o £ fer | | Svisseieen, mig fils.readqfules] i) In [N Eiy = g Eipuned Elynieem 1,15}
el arvonne £ lar | | rviissasphs , Slg Tlle.seadgdcLas) by

Invoking GEP services e e e

- e -changs
e _pheh = piad g Cvs el pha )

from a notebook | T

Far |felew, eiew ko sowsereieilileshs

il Filefrosfissiiaiier| irpisesttesp’; pip_fils.cesdielemjj S fh]
i = geliad oSy vl nang i

deel . Bl e Lo | RS

Il = L e | Bl 1] EaFi f, Rl B bAaET, YRIRST, wRaE = VD)
oy B i e
L= sl

plr.vigha Semyeaci)
flg = plo.gudip
FIET =y

Eig. =18
gl slond |

GEP Processing Service -

over active volcano .

(Fogo)\through a OGC API T
B
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Geohazards Exploitation Platform | GEP
https://geohazards-tep.eu

= geohazards

SMNAPPING SNAPPING

SAR
Tempaoral
Statistics

51 e

NDVI-CD

OPT-Index
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DIAPASON
Sentinel-1
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TerRrRaUe

Advancing Earth Science

GEP offering

published in April 2023

GEP Services Portfolio

Basic

Access to Data screening services
Publisher credentials

Jupyter Notebook workspace
Result data persisted (*)
Professional support

Account management

Monthly subscription (+} per team (*#)

€150
indudes €50 pay-per-use maonthly voucher

Essentials

Access to Event response services
Publisher credentials

Jupyter Notebook workspace
Result data persisted (*)
Professional support

Account management

Monthly subscription (+) per team (*%)

€250
indudes €150 pay-per-use monthly voucher

Advanced Flex

Ao A R Accessible via sponsoring institutions
Publisher credentials

Jupyter Notebook workspace

Result data persisted (*)

Professional support

Account management

Monthly subscription (+) per team (*¥)

€550
indudes €450 pay-per-use monthly voucher

RASTER
52 §-3
LIC and 24 Active
ReE :
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- - -
te Bty
'3‘?}- "'li‘ j COIN
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% L
B
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4
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InSAR
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Y e

SNAPPING
IFG

SMAPPING
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EMNAPPING
PSI

per-use budget for running processing jobs
wcription end

Ty, up to 5 users for research labs, up to 20 students for universities and training sessions

rvices ("as of April 2023") are described here.



GEP Hosted Processing Services geohazards
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Examples of GEP Services | SNAC (Floods in Laos)

geohazards g Main area
tep 5

Lon: 106.727 Lat: 14.870
TE! ch result

Cur
Discovery feed for local data
@

@

@

S1A_IW_GROH_15

S1A_IW_GROH_1S

! EO.Lab
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Cal_ML_TC_DB&f

_027F80_B944_Orb_Cal_ML_TC_DB.tif

Total

results O

Terradue

| @ selall | inv.sel | [ | © Remove all | B

Processing Services

Y geohazards

)

tep

4 SNAC - Flood in Laos July 2018

Job Info

Id

Processing service

Started at

Finished at

Created by
Status/Result Location
Status

Visibility

Share

Share with public url

SNAC - Flood in Laos July 2018 #
3chdd96e-eafS-494e-a672-
cclda220e706

SNAC - SNAP 51 GRD Amplitude Ch
ange

Oct 19th 2018 10:51

Oct 19th 2018 11:00

Mauro Arcorace

=

Success

public

master hitps-ficatalog.terradue . com/fsentinel1/series/GRD/searc

h?

format=json&uid=S1A_IW_GRDH_1SDV_20180705T22
4418_20180705T224443_022665_0274AF_SB63

hitps-ficatalog.terradue . com/fsentinel1/series/GRD/searc

h?

format=json&uid=S1A_IW_GRDH_1SDV_20180729T22
4419 _20180720T224444_023015_027F2D_B0o44

polarisation vV

SubsetBounding 106.378,14.592,107 29,15.123

Box

pixelSpacinginMe 20.0
ter
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Examples of GEP Services | SNAC (Floods in Laos) & iﬁ"'“‘i"’s

tep

geohazards -s Main area ] Upload Data | EOData +  EO-based products +  Community +  Private ~

Processing Services

4 SNAC - Flood in Laos July 2018

Job Info (v}

SNAC - Flood in Laos July 2018 #
Id 3cbdd96e-eaf9-494e-ab72-
cclda220e706
Processing service SNAC - SNAP S1 GRD Amplitude Ch
ange
Started at  Oct 19th 2018 10:51
Finished at  Oct 19th 2018 11:00
Created by Mauro Arcorace
Status/Result Location &
Status | Success
Visibility public

Share

Share with public url

master hitps-ficatalog.terradue . com/fsentinel1/series/GRD/searc
h?
format=json&uid=S1A_IW_GRDH_1SDV_20180705T22

:!’?_?ﬁ 4418_20180705T224443_022665_0274AF_8B63

Lon: 106653 Lat 14892 2 - — 3 : mr. o Termadue https://catalog terradue com//sentinel1/series/GRD/searc
h?
Totalresults 0 | @ sel.all | Z inv.sel. | [} | © Remove all | B Save format=json&uid=S1A_IW_GRDH_1SDV_20120729T22
4419 _20180729T224444 023015_027F8D_B944

polarisation vV

SubsetBounding  106.373,14.592,107.29,15.128
Box

pixelSpacinginMe 20.0
ter

] Eomhgb . TAT 2024




geohazards
tep

Examples of GEP Services | SNAC (Floods in Laos)

geohazards
tep

> ‘ e = B » Upload Data EQ Data ~ EQ-based products ~ Community « Private «

Processing Services

4 SNAC - Flood in Laos July 2018

€ To improve the performance,
some wms layers are hidden.

SNAC - Flood in Laos July 2018
3chdd96e-eafS-494e-a672-
cclda220e706
Processing service SNAC - SNAP S1 GRD Amplitude Ch
ange
Started at  Oct 19th 2018 10:51
Finished at Oct 19th 2018 11:00
Created by Mauro Arcorace
Status/Result Location &
Status Success
Visibility public

Share

Share with public url

SNAC Amplitude Change RGB Composite

Slave Backscatter o 8]

Master Bachseatter o [48]

master hitps-ficatalog.terradue . com/fsentinel1/series/GRD/searc
h?
format=json&uid=S1A_IW_GRDH_1SDV_20180705T22
4418_20180705T224443 022665 _0274AF_8B63

2005-01-01

Lon: 106.727 Lat 14.870 ] : G WA ¥ ¢ 3 : L o : : Temadue

https-ficatalog.terradue. com/fsentinel1/series/GRD/searc
Current search result Features Basket Data Packages h?
Discovery feed for local data Toairesuts 3 &= [ Total results 0 | @ selall | 2 inv.sel. | [ | © Remove all | B Save format=json&uid=S1A_IW_GRDH_1SDV_20120729T22
R T 4419_20130720T224444_023015_027F8D_B0o44
@ S1_GRD_VV_20180705_20120728_RGE_Amplitude_Change fif Ol om0 G e i
polarisation v
@ S1A_IW_GRDH_1SDV_20180705T224413_20130705T224443_022665_0274AF_8B63_Orb_Cal_ML_TC_DB.f
SubselBounding  106.378,14.592,107.29,15.128
@ S51A_IW_GRDH_1SDV_20180728T224418_20180728T224444_023015_027FBD_B844_Orb_Cal_ML_TC_DB.fif 5] Box
@ pixelSpacinginMe 20.0

ter

I EO.Lab TAT 2024
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geohazards
tep

Examples of GEP Services | SNAC (Floods in Laos)

geohazards
tep

> ‘ e = B » Upload Data EQ Data ~ EQ-based products ~ Community « Private «

Processing Services

4 SNAC - Flood in Laos July 2018

£ € To improve the performance,
' 51_GRD_VV_20180705_20180729_RGB_Amplitude_Chan . some wms layers are hidden.

Amplitude Change RGE Composite - R=Slave G=Master B=Master

Description Amplitude Change RGB Composite - R=8lave G=Ma
Master_Product S1A_IW_GRDH_1S5DV_20180705T224418_20180705
Slave_Product S1A_IW_GRDH_1SDV_20180729T224419_20180729"
Master_Date 20180705

Slave_Date 20180729

Polarisation v

Pixel_Spacing  20.0

Processing_TimeFri Oct 19 08:57:37 UTC 2018

SNAC - Flood in Laos July 2018
3chdd96e-eafS-494e-a672-
cclda220e706
Processing service SNAC - SNAP S1 GRD Amplitude Ch
ange
Started at  Oct 19th 2018 10:51
Finished at Oct 19th 2018 11:00
Created by Mauro Arcorace
Status/Result Location &
Status Success
Visibility public

Share

Share with public url

Slave Backscatter o 8]

Master Bachseatter o [48]

master hitps-ficatalog.terradue . com/fsentinel1/series/GRD/searc
h?
format=json&uid=S1A_IW_GRDH_1SDV_20180705T22
4418_20180705T224443 022665 _0274AF_8B63

2005-01-01

Lon: 106.723 Lat: 14.967 3 : X 2 : : : k . : Terradue

https-ficatalog.terradue. com/fsentinel1/series/GRD/searc
Current search result Features Basket Data Packages h?
Discovery feed for local data Toairesuts 3 &= [ Total results 0 | @ selall | 2 inv.sel. | [ | © Remove all | B Save format=json&uid=S1A_IW_GRDH_1SDV_20120729T22
i e 4419_20130720T224444_023015_027F8D_B0o44
@ S1_GRD_VV_20180705_20120728_RGE_Amplitude_Change fif i
polarisation v
@ S1A_IW_GRDH_1SDV_20180705T224413_20130705T224443_022665_0274AF_8B63_Orb_Cal_ML_TC_DB.f
SubselBounding  106.378,14.592,107.29,15.128
@ S51A_IW_GRDH_1SDV_20180728T224418_20180728T224444_023015_027FBD_B844_Orb_Cal_ML_TC_DB.fif 5] Box
@ pixelSpacinginMe 20.0

ter

I EO.Lab TAT 2024

Earth Observation
& Geospatial Applications Lab




Examples of GEP Services | DIAPASON (Kilauea Eruption)

geohazards ‘hﬁ Main area = B = Store Upload | EO Data ~ EO-based products - Community - Private ~

Processing Services

o DIAPASON INSAR Hawaii 26-

Sentimel-1

XA 14 may

= ones

Job Name DIAPASON InSAR Hawaii 26-14 may 4
WpsJobld 37d63959-1ab1-42d3-b3b2-
247167efcbaa
Processing service DIAPASON InSAR Sentinel-1
TOPSAR(IW,EW)
Started at May 28th 2018 21:50
Created by PBally
Status/Result Location &'
Status Success
Visibility  public

cl.||

& =

Share

Name Value

master hitps:/igechazards-tep-
ref terradue.com/2apifdatalc ollection/Sentinel-1/search?
format=atom&uid=S1A_IW_SLC__ 1SDV_20180526T0430
28 20120526T043056_022071_0262B6_FEFG6

2005-01-01 2020-01-23
WV

4 b 1.
I 30 km I
Lon: -152.551 Lat: 18.073 Terradus s
ref terradue comit2apifdatafcollection/Sentinel-1/search?
Current search result Features Basket Data Packages format=atom&uid=S1A_IW_SLC__1SDV_20180514T0430
G Discovery feed for local data Taotal resulis 4 = C] Total resuits 0 | @ selall | & invsel. | . | & Remove all | B Save 27 201280514T043055 0248096 025031 C200

@ DIAPASON InSAR Sentinel-1 TOPSAR(IW,EW) - Interferometric Amplitude - 2013-05-26T04:30:28 2018-05-14T0 = toune 0.5

4:30:27




Examples of GEP Services | DIAPASON (Kilauea Eruption)

geohazards w Main area = B = Store Upload | EOQ Data ~ EQ-based products ~ Community - Private ~

Processing Services

o DIAPASON INSAR Hawaii 26-

Sentinel-1

eX4 14 may

Jm= ones

Q

Job Name DIAPASON InSAR Hawaii 26-14 may #
Wps Jobld 37d63959-5b1-42d3-b3b2-
247167efcbaa
Processing service DIAPASON InSAR Sentinel-1
TOPSAR(IW,EW)
Started at May 28th 2018 21:50
Created by PBally
Status/Result Location &
Status Success
Visibility  public

i om e +

&

o %

Share

Name

master hitps:floechazards-tep-
ref terradue.com/2apifdata/collection/Sentinel-1/search?
format=atomé&vuid=S1A_IW_SLC__1SDV_20180526T0430
28 20180526T043056_022071_026286_FEF6G

2005-01-01 2020-01-23

W

q b .
30 k
I—ml hitps:f/geohazards-tep-

Len: -155.951 Lat: 17.775 Temadue
ref terradue.comit2apildatarcollection/Sentinel-1/search?

Current search result Features Basket | Data Packages format=atom&uid=S1A_IW_SLC__1SDV_20180514T0430
B Discovery feed for local data Total results 4 = . Total results 0 | @ sel.all | & inv.sel. | . | € Remove all | B Save 27 20180514T043055 021896 025D31 C20C
Mo results found.

@ DIAPASON InSAR Sentinel-1 TOPSAR(IVW,EW) - Interferometric Amplitude - 2018-05-26T04:30:22 2018-08-14T0 psfitbx

4:30:27




Examples of GEP Services | DIAPASON (Kilauea Eruption)

QEOhﬂzade Tﬁ Main area = E = Store Upload | EQ Data - EQ-based products ~ Community ~ Private «

Processing Services

v DIAPASON InNSAR Hawaii 26-

Sentinel-1

X4 14 may

= Cnes

Job Name DIAPASON InSAR Hawaii 26-14 may #
Wps Jobld 37d63959-1501-42d3-b3b2-
247167efcbaa
Processing service DIAPASON InSAR Sentinel-1
TOPSAR(IW,EW)
Started at May 28th 2018 21:50
Created by PBally
Status/Result Location [
Status Success
Visibility public

Share

o p—
Malm

master https:/igeohazards-tep-
ref terradue.comitZapifdataicollection/Sentinel-1/search?
format=atom&uid=S1A_IW_SLC__ 1SDV_20180526T0430
28 201280526 T043056_022071_0262B6_FEFG6

W

hitps /fgeohazards-tep-

ref terradue comit2apifdatafcollection/Sentinel-1/search?
Current search result Features Basket Data Packages format=atom&uid=S1A_IW_SLC__1SDV_20180514T0430
Total results O | @ sel.all | & inv.sel. | . | © Remove all | [ Save 27 20180514TD43055 021896 025D31 C20C

Temadue

Lon: -155.108 Lat: 19.194 §

B Discovery feed for local data Total results 4 = .

Mo results fi .
DIAPASON InSAR Sentinel-1 TOPSAR{IW,EW) - Interferometrie Amplitude - 2018-D5-26T04:30:22 2012-05-14T0 © resulis faune psfittx

4:30:27




Examples of GEP Services | DIAPASON (Kilauea Eruption)

geohazards m Main area = = Store Upload | EOQ Data - EQ-based products ~ Community ~ Private ~

Processing Services

wd DIAPASON INSAR Hawaii 26-

Sentinel-1

> ¢ IENNE

S Cnes

Job Name DIAPASON InSAR Hawaii 26-14 may #
WpsJobld 37d63959-1Ob1-42d3-b3b2-
247167efcbaa
Processing service DIAPASON InSAR Sentinel-1
TOPSAR(IW,EW)
Started at May 28th 20138 21:50
Created by PBally
Status/Result Location &'
Status Success
Visibility  public

Share

master https-/igeohazards-tep-
ref terradue.comf2apifdatarcollection/Sentinel-1/search?
format=atom&uid=S1A_IW_SLC_ 1SDV_20180526T0430
28_20180526T043 022071_0262B6_FEFG

X PR, - - 7 |
Lon: -155 202 Lat: 18.258 hitps-figeohazards-tep-
ref terradue comft2 apildata/collection/Sentinel-1/search?
Current search result Features Basket = Data Packages format=atom&uid=S1A_IW_SLC__15DV_20180514T0D430

Discovery feed for local data Tatzl results 4 = . Totslresuits 0 | M@ selall | & invsel. | . | & Remove all | [ Save 27 2 - 25031 C200

Ne results found.

@  DIAPASON InSAR Sentinel-1 TOPSAR(IW,EW) - Interferometric Amplitude - 2012-05-26T04:30:28 2012-05-14T0 psfiltx

4:30:27




Surface Motion | Tyrnavos (Greece) Earthquake Sequence (March 2021)

Sentinel-1 Co-Seismic Differential Interferograms
Observed surface displacements for the major seismic events: -38 cm (M6.3), -12 cm (M6.0; ) and -9 cm (M5.6)

22°5' 22°10' 22°15'

%/03/2021 - 15/03‘E

21°55' 22°0" 22°5' 22°10' 22°15' 21°55' 22°0° 25 24 22°15' 21°55'

22°0
I
25/02/2021 - 03 :

39°50'
39°50°

39°45'

39°45'

39°40'
39°40'

39°35'

39°35'

21°55' 22°0' 22°5' 22°10' 22°15' 22°20' 217"55‘ 22°0' 22°5' 22°10' 22°15' 22°20° 2°55' ﬂ 22°0 22°5' 22°10' 22°15' ] 22°20°
Contains modified Copernicus Sentinel data [2020], processed by AUTh

¢ EQ.Lab TAT 2024

& Geospatial Applications Lab




Surface Motion | Tyrnavos (Greece) Earthquake Sequence (March 2021)

Sentinel-1 Co-Seismic Differential Interferograms
Observed surface displacements for the major seismic events: -38 cm (M6.3), -12 cm (M6.0; ) and -9 cm (M5.6)

21°5%! 22°0' 22°5' 22°10' 22°15' 21°55' 22°0' 22°5' 22°10' 22°15' 21°55' 22°0' 22°5' 22°10' 22°15'

1 1 I I im‘ ) | I 1 1 1

25/02/2021 - 03/( /2021 - 09/03/2021 1-15/03/2021

39°50'

39°50"

39°45'

"~ 39°45

39°40'
39°40'

39°35'

B . ‘ e " ‘ > fi '
21255! 22°0 22°5' 22°10' 22°15' 22°20" 21°55' 22°0' 22°5 22°10' 22°15' 22°20" 21°55' 22°0 22°5' 22°10' 22°15' 22°20°
Contains modified Copernicus Sentinel data [2020], processed by AUTh

. EO.Lab TAT 2024

& Geospatial Applications Lab



GEP | Automatic Alerting System

New GEP functionality under implementation:

' geohazards

| tep

Triggering services based on seismic events polled from external systems

» Automatic production of deformation maps with different
GEP processing services

« Actuators are event-based components able to start
specific data discovery, ingestion, caching and processing
workflows (USGS pager, @INGVterremoti twitter feed
based on the earthquake magnitude, Copernicus EMS
rapid mapping and risk & recovery feeds and
UNOSAT/GDACS disaster feed)

« Services shall be triggered for each earthquake with a
magnitude > X, based on the actuators feed

» Publication of generated maps in a specific index in the GEP
catalogue linked to the originating event

Earth Observation

TAT 2024



GEP | P-SBAS On-demand Processing Service

geohazards oesl O BB @ m EO data ~ EO-based p i c ity
tep

| & et m— T (Gl — = | = v
[ — T E E——r e \ k) ‘ | p——— Will be
—— fai 5 & Bt
K 077 ™M g ) o | « Glarus_PSBAS_S1_sud supported by ESI

aF - “ .
F e s

BELNET-BEGRID (Belgium)

-

e r Willisau
La Chaux-

de-Fonds_ ,/ Glarus_PSBAS_S1_sud #

/ 2 S W 5 e4a12216-9c82-4006-af45- . O N D A
“ ‘Burgdorf z : 4 3 6f9b781eda78

1y ~ - ¢ i 1637f08f-8b68-4950-a461-

9ef061bf3911

Mar 14th 2017

Andrea Manconi

&

Success

a CNR-IREA P-SBAS Sentinel-1
processing on-demand

—
O e ol AR P-SBAS stands for Parallel Small

psumaR s i BAseline Subset and it is a DInSAR

wmgvor, somgron S @ B e L e SNRST T A\ g e processing chain for the generation
‘(.15 = . ~ - = e - format=json&uid=S1B_IW_SLC__1SDV_20170306T1714

I o L\ ST PR T T S : e L e L Y of Earth deformation time series and

https://catalog.terradue.com//sentinel 1/series/insar/sear

Current search result

) st atin wire oot e otonseulll — B Felzain g MniEs B ORta A B ;:stqmmhsu_m_sm_15::1\.'_20171122571714 mean ve | ocC |ty ma pS . I n p Ut: S LC

InW_20170306518_2017031281A_GEO_13620x7303. oz ults four
b L LY oo o 48_20170228T171516_015487_0196F8_DBAD

[3 InW_20170306518_2017031251A_GEO._13520x7303. pngw b ( Level_l) Senti nel_l data .

@ InW_20170306518_2017061281A_GEC_13520x7300 4 e

®0

@ InVW_20170306518_2017031251A_GOLD_GEO.png
[3 InW_20170306818_2017031281A_GOLD_GEQ.pngkmz.
[3 In¥_20170306518_2017061251A_GOLD_GEO.pngw

T PP I

https://geohazards-tep.eu

I EO.Lab TAT 2024
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& Geospatial Applications Lab



GEP | P-SBAS Taal Volcano (Philippines)

2 :*‘* LOS displacement time series over the perlod 21/12/2018 - Sentinel-1 amplitude Sentinel-1 amplitude g eohazards
09/01/2020 generated using the CNR IREA P-SBAS service y Jan 09 2020 Jan 15. 2020
on GEP. Contams modn‘“ed Copernicus Sentinel-1 data. / :

? o

' geohazards

Sentmel 1 amphlude drr!emnce 4 Sentinel-1 amplitude (:ha'1g&1
Jan 15, 2020 — Jan 9, 2020 £ Jan 15, 2020 — Jan 9, 2020
Computed with COIN on GEP . o J Computed with COIN on GERP 1

1

L]

.r San 'ﬁl
f',.—- a‘l‘.pllc las

Image © 2020 Maxar TEEhI’lCI|DgiE’S
© 2019 Google
Image © 2020 Maxar !cchnolagies

Capm In'Se
Imagery Date: 1111 5{2018 |elev 32 m e:ye alt za 59 km

& Earth Ob;ervalion TAT 2 0 24

& Geospatial Applications Lab




ADB - Support to Water & Food Security Planning & Investments in Indonesia through EO Services
North Java | GEP P-SBAS On-Demand InSAR Service

ADB - SUPPORT TO WATER AND FOOD SECURITY PLANNING
AND INVESTMENTS IN INDONESIA THROUGH EARTH
OBSERVATIONS SERVICES

Processing Services

Contains modified Copernicus Sentinel-

1 data (2015-2020)

Terrain Motion Mapping
for North Java

4

Lon: 106,738 Lat: -4.199




West Africa State of the Coast Report 2020

Terrain deformation of Dakar (Senegal)
via GEP online services. Ground
displacements for the period April 2015
— August 2020 based on InSAR
processing of Copernicus Sentinel-1
mission data using the CNR-IREA P-
SBAS on-demand service implemented
on GEP
(10.1109/]JSTARS.2014.2322671,
10.1109/TGRS.2019.2904912)

More than 90.000 measurement
points using 352 Sentinel-1
acquisitions over the period 04/2015-
08/2020 (~5yr)

Precision of the measurements 1-2 mm/year

(10.1109/TGRS.2019.2904912)

Production completed in ~30hrs

+10 mm/year

0

-10 mm/year

Contains modified Copernicus Sentinel-1 data
(2015-2020), processed by BRGM via GEP

Earth Observation

TAT 2024


https://ieeexplore.ieee.org/document/6823083
https://ieeexplore.ieee.org/abstract/document/8721519
https://ieeexplore.ieee.org/abstract/document/8721519

SURFACE MOTION MAPPING | SNAPPING SERVICE ON GEP

A multi-temporal
interferometric service that
produces measurements of
surface displacements based
on ESA SNAP and StaMPS
Software packages

i
= >

SNAPPING
IFG

=2
< >

SNAPPING
PSI

I EO.Lab

Earth Observation
& Geospatial Applications Lab

H

Two step process

The first consists in setting-up SNAPPING IFG processing
pipeline to generate the interferogram stack

In the second step the interferogram stack is channeled to
the SNAPPING PSI pipeline for time series analysis

Block diagram showing the main steps involved in the SNAPPING service

Resources IFG

PSI

User Inputs Processing Triggering PSI Processing Publishing
Verification Scheme Process Parameters Process
S P i
Comman Track DEfI nltlon Nod:;c:lfgc"agiion
Level of i’:;‘ﬁ:{;ﬂage
Pfegleﬂtlage Burst Level _ Parallelization GeoTIFF image
tinel-1 SLC of Overlap : Interferometric
Sentin Processing Node 1 Seasonal v fil
- 12015 S1 Data Stack . C38V file
From 04/201 . i Constraint PS5l measurements
Inte Wide Area bl !
grity Processing . A (inc. time series)
eference Area
Sentinel-1 Availability Monitori Node 2 Definition ESRI Shapefile
Orbi of Orbits onitoring Average LoS Velocities
ncertainties
rbital Data DEM Scheme @ @ Topo Atmosphere & Uncertaini
POD, RESORE Removal
Tile Selection SNAPPING
}> Roda 3 Temporal Vizualizer
r —I @ @ Filtering _h Standalone HTML file
Area of Interest >
| Al W § geohazards
P _ Cloud GEP @
- geohazards < Mo Storage | - GeoBrowser tep
- en
‘\i.‘p
Platiorm | | SNAPPING =t SNAPPING



Family of SNAPPING Services =

SNAPPING
PSI
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SNAPPING PSI Med

A service focusing on the delivery of PSI measurements at reduced spatial resolution
(spatial averaging of point targets within a 100x100 meters radius to allow wide-area
coverage in a relatively short time. The SNAPPING PSI Med service is proposed for
inspection of areas of large extent to identify sites where more dedicated analysis is
required.

SNAPPING PSI Full

Full sensor resolution PSI service applicable for a detailed regional investigation of surface
motion, as well as for building-level and infrastructure monitoring. Persistent Scatterers
(PS) targets represent surface features stable over the observation period, mainly man-
made objects and non-vegetated natural terrain.

SNAPPING PSI+ (PS/DS)

Tailored interferometric processing on both PS and Distributed Scatterers (DS), providing
optimum measurement densities. DS are typically identified over homogeneous ground,
non-cultivated lands and deserted areas.

, EOLab

n
& Geospatial Applications Lab

Communication Slides



SNAPPING PSI | Yrinpeoiec Méonc (Med) kat YPnAAc (Full) Xwpwrc AvdAuong

SNAPPING

SURFACE MOTION MAPPING

22°37' 22°59' 22°3T' 22°59

Etrlolotl puBuol petakivnong yla
Vv ntepiodo 2015-2020 otov
AeBvn AgpoAlpéva Oecoalovikng
XPNOLLOTIOLWVTOC TLC UTINPECLEC
SNAPPING PSI Med kat PSI Full.
Napatnpeitatl n avénon tng
TIUKVOTNTOC TWV LETPAOEWV LIE
NV Xpnon tng vunnpeoiac PSI Full.

40°32'
40°32'

H untnpeoio SNAPPING PSI Full
odnynoe o avénon katd ~1500%
TWV HETPNoewV (ouvoAlka 16500
avOKAQOTHPEG) o€ CUYKPLON LLE
Vv avtiotown Avon PSI Med
(1120 avakAaoTrpeg).

40°30'
40°30'

i
I

22°5T 22758’ 23°0' 22°5T" 22°59' 23°0'

Applications of Earth Observation to Oman Community Sessions



SNAPPING PSI | Yrinpeoiec Méonc (Med) kat YPnAAc (Full) Xwpwrc AvdAuong

SNAPPING

SURFACE MOTION MAPPING

22°37' 22°59' 22°3T' 22°59

Etrlolotl puBuol petakivnong yla
Vv ntepiodo 2015-2020 otov
AeBvn AgpoAlpéva Oecoalovikng
XPNOLLOTIOLWVTOC TLC UTINPECLEC
SNAPPING PSI Med kat PSI Full.
Napatnpeitatl n avénon tng
TIUKVOTNTOC TWV LETPAOEWV LIE
NV Xpnon tng vunnpeoiac PSI Full.

40°32'

LoS Displacement [mm]

H umtnpeoia SNAPPING PSI Full il O A
o8Aynoe o€ avénon kotd ~1500% o M
TWV HETPNoewV (ouvoAlka 16500
avOKAQOTHPEG) o€ CUYKPLON LLE
Vv avtiotown Avon PSI Med
(1120 avakAaoTrpeg).

40°30'

u
= bR

22°5T 22758’ 23°0' 22°5T" 22°59' 23°0'

i
)

Applications of Earth Observation to Oman Community Sessions



44.570

44.560

44.550

SNAPPING PSI services

Landslide site in the French Alps captured by SNAPPING on-demand service on the
Geohazards Exploitation Platform (GEP) using Copernicus Sentinel-1 mission data
(observation period 2020-2021)

6.470 6.480 6.490 6.500 6.510 6.470 6.480 6.490

6.500

6.470 6.480 6.490 6.500 6.510 6.470 6.480 6.490
Contains modified Copernicus Sentinel-1 data (2020-2021), processed on GEP by AUTh

6.500

I EO.Lab

Earth Observation
& Geospatial Applications Lab

SNAPPIN

SURFACE MOTION MAPPIN:

]

44.570

SNAPPING PSI
[mm/yr]

-60 - -40
-40 - -20
-20 - -10
-10-10
10 - 20
20 - 40
40 - 60

44.560
e & © & o e

44.550

0 500 m
I

Applications of Earth Observation to Oman

Community Sessions



SNAPPING PSI services TFl 4@ EQ.Lab

& Geospatial Applications Lab

Landslide site in the French Alps captured by SNAPPING on-demand service on the
Geohazards Exploitation Platform (GEP) using Copernicus Sentinel-1 mission data
(observation period 2020-2021)

6.470 6.480 6.490 6.500 6.510 6.470 6.480 6.490 6.500 6.510
]

3301 PS omts & . : £ 3 N SNAPPING
SNAPPING PSI
[mm/yr]
-60 - -40
o . © -40--20
; 2 e -20--10
® -10-10
e 10-20
e 20-40
8 2 ® 40-60
: ’
0 500 m
1

‘ ;
6.470 6.480 6.490 5.500 6.510 6.470 6.480 6.490 6.500 6.510
Contains modified Copernicus Sentinel-1 data (2020-2021), processed on GEP by AUTh

Applications of Earth Observation to Oman Community Sessions



Eo L a b @ Géosciences pour une Terre durable
© .

Wide Area INSAR Processing | Nile Delta (Egypt) e 1[(1]))

Terrain motion over build-up areas of the Nile Delta

Build-up area of the Nile Delta as outlined by the ESA WorldCover 2020 product Project supported by ESA
NoR sponsorship involving

29°0' 30°0" 31°0' 32°0"
' ' ' ' J the National Authority for
ESA World Cover | Build-up <= Remote Sensing & Space
3L ST . SNAPPING | B Sciences (NARSS) of Egypt,
& S : T IS the Aristotle University of
Thessaloniki (AUTh) in
] ] Greece and the French
§ B ] ; Geological Survey (BRGM)
- Sentinel-1 Tracks:
| . Descending 065 & 167
§ B ) 7 ; Observation Period:
2015-2020 (~6 years)
. Nu of Sentinel-1 Scenes:
200 30°0 31°0 20 I Nu of PS points:
Contains modified Copernicus Sentinel-1 data (2015-2020), processed on GEP by NARSS/AUTh ~516k

A

geohazards

)

GEP Community Training

R



Eo La b @ Géosciences pour une Terre durable
© .

Wide Area INSAR Processing | Nile Delta (Egypt) e 1[(1]))

Terrain motion over build-up areas of the Nile Delta

Build-up area of the Nile Delta as outlined by the ESA WorldCover 2020 product Project supported by ESA
260 20°0° 31°0 32°0 NoR sponsorship involving
' ' ' ' “ the National Authority for
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SNAPPING InSAR GReece  Gopernicus Sentinel-1 2015-2021 8
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SNAPPING PSI Outputs

The SNAPPING measurements are provided as a text file
in Comma Separated Values (CSV) format containing
information about each point target.

code ; latitud=: longitude; vel s vaS; coh: height; inc- angle; D20150404; D20150416; D20150428;
1; 40.23XcB6; | 23.72587; 0539z O 447 L BS; a0.33; 0.6TeYTZ; 0.0; 155 B oy =14 .15;
2= 402327049 1230722376 | HOL85: - 045081 50.52; 0.676743; 0.0; 10.3; et 4 1 e o
3; 40.2337; 23715092 [ —fLgx 038 I0CT37 pl.5E; 0.677258; D.90; - ey o2, =9 2
4; 40.242413; 23.650858; 03y 03 i 141.27; 0.682141; 0.0; 4.82; =4.82;
x EO.Lab Communication Slides

Earth Observation
& Geospatial Applications Lab




SNAPPING PSI Outputs

The SNAPPING measurements are provided as a text file
in Comma Separated Values (CSV) format containing
information about each point target.

Furthermore, PS displacement rates and
corresponding uncertainties are provided in
standard vector format (i.e. ESRI shapefiles).

File Format EPGS Description

<Filename>.csv Standard 4326 Tabulated surface motion measurements with
Comma- following attributes:
Separated (WGS 1984)
Values file ID, Latitude, Longitude, Vel, Vs, Coh, Height,

Inc_Angle, YYYYMMDD (as YYYY: year; MM:
month & DD: day).

<Filename>.txt

Standard text
file that contains
plain text

Not applicable

Processing metadata, including detailed
information on the version of the service used,
production date, EO sensor, start/end of the
measurements, number of images etc.

<Filename>.shp

Standard ESRI
vector file
format to be
accessed with
proprietary
(ESRI) or other
open source
software (e.g.
QGIS)

4326
(WGS 1984)

Surface motion measurements as point vector
data containing same attributes as CSV file (see
above).

<Filename>.rgb.tif

Standard
GeoTIFF file

4326
(WGS 1984)

Low resolution browse image.

<Filename>.legend.png

Standard
Portable
Network
Graphics raster
file

Not applicable

Colour scale (as raster image) corresponding to
browse image file (i.e. Filename.rgb.tif).

<Filename>.html

Standard file in
Hypertext
Markup
Language

Not applicable

Standalone visualization file showing surface
motion point measurements (average motion
rates in mm/yr) as overlaid on OpenStreetMap
background.
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SNAPPING VISUALIZER | Los Angeles (USA) Al ¢ EQ.Lab

& Geospatial Applications Lab

A standalone HTML (off-line) visualization file is also provided to facilitate proper inspection of
data by end-users without the need for ingestion into any geospatial database.

SNAPPING Visualizer

SNAPPING SNAPPING PSI Displacements rates processed on GEP | Observation period 01/2016-12/2020 (53 images) from Relative Orbit 143
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file:///F:/mfoumelis/DATA/GEP/SNAPPING/SNAPPING_Visualizer_LA_clean.html
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World Bank| SNAPPING PSI Terrain Motion
processed on GEP for Mexico Valley

Observation period 04/2015-12/2020 (205 images) from Relative Orbit 143
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Digital Twin Alps (DTA) | Surface Motion Component

In the ESA DTA demonstrator you
can access ground motion
products for glaciers and
landslides monitoring have been
processed over the eastern Alps
with the GEP services. The
services were used to process the
full archive of Sentinel-1 and
Sentinel-2 for an AOI of 20,000+
km2 and allow for monitoring very
slow (0.005-0.1 m/year) and rapid
(> 1 m/year) movement, giving a
thorough overview of the unstable
slopes in the Alps.

o
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Q Discover # Visualize = Compare
Dataset: | ine-OF-Sight Descending Orbit (Sept 2023)

Date: 4 B » 20230922

-

[T Surface Motion (LoS)

https://demonstrator.digitaltwinalps.com
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Digital Twin Alps (DTA) | Surface Motion Component

In the ESA DTA demonstrator you
can access ground motion
products for glaciers and
landslides monitoring have been
processed over the eastern Alps
with the GEP services. The
services were used to process the
full archive of Sentinel-1 and
Sentinel-2 for an AOI of 20,000+
km?2 and allow for monitoring very
slow (0.005-0.1 m/year) and rapid
(> 1 m/year) movement, giving a
thorough overview of the unstable
slopes in the Alps.
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Dataset: | ine-OF-Sight Descending Orbit (Sept 2023)

Date: 4 ] » 20230922
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®  Surface Motion (LoS)

https://demonstrator.digitaltwinalps.com
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Inter-Verification of EO-Based Measurements

Inter-verification of Sentinel-1 terrain motion measurements using different operational services on

GEP. Example over Cap-Haitien by P-SBAS & SNAPPING services.
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ADB - Support to Water & Food Security Planning & Investments in Indonesia through EO Services
Surabaya Terrain Motion | GEP On-Demand Advanced INSAR Services
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https://geohazards-tep.eu/t2api/share?url=https%3A%2F%2Fgeohazards-tep.eu%2Ft2api%2Fjob%2Fwps%2Fsearch%3Fid%3Ddcf0ff16-6842-4aa5-8b7d-fe491ea6b146%26key%3D36b4fc94-1600-4f0d-b239-0e72c6438cf3
https://geohazards-tep.eu/t2api/share?url=https%3A%2F%2Fgeohazards-tep.eu%2Ft2api%2Fjob%2Fwps%2Fsearch%3Fid%3D22bde41d-414d-40a6-8163-6be29138aa56%26key%3Deca293f6-1152-42f2-8d90-8d1dd9672f67
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User Inter-Verification of GEP EO-Based Measurements cCSsIC );)
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Instituto Geoldgico
y Minero de Espaia

Investigation of terrain motion at Eastern Gediz Basin (Turkey)

P-SBAS and SNAPPING detected comparable motion patterns
and higher subsidence rates of -6.4 and -7.6 cm/year,
respectively. SNAPPING point density is higher in the valley
(human settlements), whereas P-SBAS over surrounding
mountainous regions. More details
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https://lps22.esa.int/frontend/index.php?folder_id=4254&page_id=
https://lps22.esa.int/frontend/index.php?folder_id=4254&page_id=

Verification | Moderate Co-seismic Motion
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SNAPPING PSI Med vs EGMS | Tirnavos M6.3 Earthqauke

In March 2021, an earthquake of magnitude 6.3 struck central Greece, close to Tyrnavos a town about 230 km
north of Athens. It was felt across the country damaging a number of house