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Outline

= Copernicus access Hubs

— Fragmented data access
= National Mirror Sites

= geObservatory

= Monitoring volcanic activity in Kilauea, Hawaii
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Copernicus Sentinel Data Access

{=esa

@) Copernicus: The Space Components

CO“HbOratiVE..Ei:illﬁbni'ﬁ'-".; -
Centre A

Ground = Conlirib.uting

Segment »9 Mission

CSC Coordinated
K g Data Access 3
Cnpernn:us Service
Component

Slide 19
=l b= ™ E I == @Il =B o el European Space Agency
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Copernicus Sentinel Data Access

G Atmaosphere Monitoring
@ Climate Change

Copernicus I % Land Monitoring
Services

C/E\ Emergency Management

(.':!_ Marine Environment Monitoring

@ Security

General
Public
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Sentinels Greek Hub | Operations bridge

@ AIRBUS

DEFENCE & SPACE
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COPERMNICUS
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Sentinels Greek Hub | Some numbers!

What's coming in

On average:

~20K products (13TiB) / day or
~600K products (390TiB) / month
~2 Gbps

Products indexed (count) Products indexed (volume)
30

avg total
- 5123 1885K 1.73377 Mil - 5123 1263 TiB 113516 PB

25 - S-5P 176 K 162.26 K

= S5-5P 391 GiB 3517 TIB

;|wuuhluwmuh mﬂllhmHl\vmhynmMndhm|mmnnmumrm Lflulhlmuum ik

8/16 9/16 10/1 10116 8/16 9/16 101 10/16

What's going out

On average:

~80K products (50TiB) / day or
~2.5M products (1.5PiB) / month
~6 Gbps

Products downloaded (count) Products downloaded (volume)
avg total ~ 73T avg total ~
— ColHub 2BIK  2.6376 Mil — ColHub 1826 TiB 164086 PiB

== DIAS Hub 198K 1.8218 Mil 55 Tig | = DIAS Hub 1575 TiB 141474 PiB

== IniHub 177K 1.6299 Mil | | | = IntHub 12.66 TIB 1.13719 PiB
101

SSPPreopsHUD 111K 1.0197 Mil | | || | |
S-5P ExpHub 45K 4154K 41 | | || S-5P ExpHub 917 GiB 8239TiB
ricaCastHul 394 362K — AfricaCastHub 689 MiB 368
N ‘ || | | ||
08
on

8n B/16 9/16 10/16

S-5F Preops Hub 3.09 TiB 284.67 TiB
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The Greek Mirror Site: https://sentinels.space.noa.gr/

= Mirror Site is running on a high
performance VM provided by
GRNET

= Synchronizes products with
remote copy from ColHub Node

RPN 1, 2 & 3 for a specified Area of
o AR R Interest
= Rolling archive of 30 days using
e e o a 44TiB NAS storage
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The Greek Mirror Site: https://sentinels.space.noa.gr/

Shibboleth

The online platform tolearn +4
GIS and Earth Observation

= EOSC-hub linked with the Greek Mirror site

@ coschub
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Fragmented access to Sentinel data

= There are several Copernicus Hubs out there to access Sentinel data!
O Core Hubs
v" Open Access Hub (formerly SciHub)
v 4 DIAS Hubs
v' ApiHub
v' Copernicus Hub
O 23 National Collaborative Ground Segments. Indicatively:

v" HNSDMS (Greece, https://sentinels.space.noa.gr/)

CODE-DE (Germany, https://code-de.org/)

v
v" FinHub (Finland, http://nsdc.fmi.fi/services/service_finhub_overview)
v

Peps (France,https://peps.cnes.fr/rocket/)
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Fragmented access to Sentinel data

Hubs Downloading Speeds

products per sensor

pducts are available (e.g. see the Greek

.......

.
. =
o
| s RPN I.co

'y teee®

5“3“-; ..-i.uasl"m.'nu!ugl;w.zls“ i.'w“-.o»"'uh‘
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Our concept to tackle data fragmentation

= Develop an umbrella application to federate access to Sentinel data

= The application will connect in the back-end to most of the available
Hubs, but this will be transparent to the user

» The front-end will be Data Hub Software (DHuS -
https://sentineldatahub.github.io/DataHubSystem/):

o Well-known GUI for the users
o Incorporates OpenData and OpenSearch APIs

0 DHuS 2.0 just released!
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Our concept to tackle data fragmentation
| .

Collaborative Back-end interfaces

Data Hubs

@
(S

NEXTGEOSS Data Hub

Data Hellenic Mirror Site

synchronization

Front-end interfaces

|
|
I oY
DN | = & ’
|
LG { S
l\ Direct dowhload service
@ \ Metadata
2;‘\;\ \ catalogui
\ - L} —_— —_—
\\ |Op§D§eamh I
. |
‘5 =ODafa| - - - - - - -

Core Copernicus Hubs

b @ 8 &

‘ W pad¥ K 208"

- Se <o 2
Open Hub API Hub 5-3 PreOps Hub 5-5P PreOps Hub

S e T R
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Advantages

» Linking federated Copernicus Sentinels Hubs

= Access to a single hub instead of looking across several Sentinel Hubs to
find the appropriate products for your application

= Access to all Sentinel mission data, no geographic restrictions

» Better timeliness and reduced lead times for accessing Sentinel products
—————— > more important for disaster management applications

» Less performance variability by exploiting Hub diversity
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geObservatory | In a nutshell

GeObservatory is activated in major geohazard events (earthquakes, volcanic activity,
landslides,etc.) and automatically produces a series of Sentinel-1 based co-event
interferograms (DINSAR) to map the surface deformation associated with the event.

http://beyond-eocenter.eu/index.php/web-services/geohub

....................... e

geObservatory g

SR, :
s .

L ¢ :

& Ar o

7. E- I

= A
%, Ly & « ——

i ¥ . :
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For EQ Sciewors and Sorvices

geObservatory | Activation

= Manual activation. An authorized user provides to the application a

json file delineating the Area of Interest and registering the timestamp
of the event.

= Automatic activation. GeObservatory connects to EMSC and is
activated when a major earthquake occurs. Criteria for the activation
of GeObservatory is the magnitude of the earthquake and its depth.

http://beyond-eocenter.eu/index.php/web-services/geohub

o
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geObservatory | Input data

After the system is triggered, the
application automatically scans
different Copernicus hubs,
including the Greek Collaborative
Ground Segment, to find the

data for interferometry.

Collaborative
Data Hubs

@
E\%
i@
®
(@

Back-end interfaces

NEXTGEOSS Data Hub

Data Hellenic Mirror Site

synchronization

Metadata
catalogui

\ —— = -

N\ A | OpenSearch |

|
\ S idoDatap - - - - - - ; :

Core Copernicus Hubs
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BEYOND geObservatory

geObservatory | Interferometric processing

* WW_SLC_fist

Interferogram generation
Interferometry —> Phase Processing >
Interferometry Single Steps — Interferogram

* WV_SLC_list:

”@\ sentinel-1

SAR image 1

Sentine! Hubs

SciHub, CollHub, CopHub, etc.

SAR image 1 orbit file

Orbit files repository

hitps//qc sentinelleo.esalnt)

SAR image 2

'& sentinel-1

* dem

SAR data ingestion
Import Data —> SAR
SpaceBorne —> Sentinel-1

DEM generation
General Tools --> Digital
Elevation Model Extraction —>

*_WV_SLC list

Generation

Interferogram filtering
Interferometry —> Phase Processing —>
Interferometry Single Steps —> Adaptive

Filter and Coherence Generation

Geocoded ifg

Basic —> Geocoding -->

SRTM-3 Version 4

SAR data ingestion

SAR image 2 orbit file

|

Huepida: H cupBoAn tng Texvikng F’ewAoyiag otnv mpoAnyn

Import Data > SAR
SpaceBorne —> Sentinel-1

*_dem

Geocoding and Radiometric
Calibration

Export to kml
General Tools —> Data Export —> Generation
Google Earth KML File

Baseline estimation

*_VV_SLC_Jist

Interferometry —> Interferometric Tools -—>
Baseline tsumation

Phase unwrapping
Interferometry —> Phase Processing >
Interferometry Single Steps —> Phase
unwrapping

Interferogram refinement
Interferometry —> Phase Processing -->
Interferometry Single Steps --> Refinement
and Re-flattening

Export to kml
General Tools —> Data Export —> Generation
Google Earth KML File

“reflat upha Displacement and geocoding
Interferometry > Phase Pracessing -—>
Interferometry Single Steps —> Phase to

Displacement Conversion and Geocoding

Kot avTLpeTwriton Fewkivéuvwv
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geObservatory | Application orchestrator

Application server which orchestrates the enter
service are:

P e e e e e e e e T,

= The “Products collection and Task scheduling
service” written in python. This program
initiates the request processing, finds and
downloads the necessary satellite inputs and
controls the output production tasks. A QGIS

.". Satellite products collection and “.I : am production
X e} interferogram tasks scheduling ' 1 core system !
! System b

‘o @ENW Programming

Programming «ENVI DL

« python .
- 80L vl EIDL Librares

L 'l':"'a"’es : P Snrls.caaqu.z « SARscape interferogram
. . in =i i | | 1
plugin has also been developed to manual «Fr oA Sonectin | [ Procuchon objects
= for REST calls £y

trigger GeObservatory through a user interface.

« for Mulfithreading . |
Connections -
[l + pOSIQreSQL service metadaia dalabase | |
. AP on Open Access hub ' |

| +« ENVI IDL calls to SARscape objects _..____., "
< + QGIS for new service iNiialion e—

= The Service Metadata Database (postgresql)
that contains processing information, input and
output metadata

T

|

-
T PR T ———_

-"_—-_--T-_:I_-_----'-"""""

= The ENVI SARscape module is the interferogram L» Pl g:;ﬁir o
production engine. The “Products collection f;rr;r;nurl;
and Task scheduling service” execute . K
commands from ENVI sarscape module using e R T R 2

IDL scripts in order to create the interferograms

= The IDL scripts that execute the main
interferogram tasks calling the sarscape
commands.
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geObservatory | Interferograms

* High resolution tiff available for
download

e Quicklook interferogram in PNG

* Online viewing using Leaflet
technology

Leafiet | Tiles & Esti — Source: Esni, i-cubed, UsDa, USGS, AEX, GeoEye, Getmapping, Aercgrid, IGN,
I1GP, UPR-EGP, and the GIS User Community, Data @ Open Streethlap

Image Opacity: ®
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geObservatory | Front-end

“ HOW DOES IT WORK? SENTINEL DATA DISCLAIMER |

Recent Events
Historic Events | ; -fl{ r o ;

Leaflet, © OpenStreetMap contributors
() Recent event (Last 90 days)

Historic event

Last 5 events

IONIAN SEA (2018-10-25 22:54:51)

Huepida: H ou . -




WESTERN TURKEY (2019-03-20 IONIAN SEA (2018-10-25 22:54:51)
- 06:34:27)

Earthquake location: IOMIAMN SEA
Magnitude: 6.6

Depth: 10 km

Time: 2018-10-25 22:54:51
Coordinates: 37.52, 20.57

Earthquake location: WESTERN TURKEY

Magnitude: 6.4

Leaflet | Tiles ® Esri— Source; Esri, i-cubed, USDA, USGS, AEX, GeoEye, Getmapping, Aerogrid, I3M, IGP, UPR-
EGP, and the GIS User Community, Data ® Open StreetMap EGP, and the GI53 User Community, Data @ Open StreetMap
a7 e o

Antatya T

i - g = ' .}
\ f i Leaflet, ® OpenStreetMap cnntribuﬁ Interferograms

Ascending Descending

Type: co-seismic

Master: 2018-10-20 04:35:26

Interferograms

Slave: 2018-10-26 04:40:08

Orbit Number: £0
Type: co-seismic Mode: DESCENDIMNG
Master: 2019-03-16 16:06:08

L+ b Tl I e B I = T = e ]

Download (TIF) Download (Low Resolution) Preview
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geObservatory | Kilauea volcano, Hawaii

v’ Intense micro-seismic activity in the wider area of the
Kilauea volcano in Hawaii occurred during 26/4-
2/5/2018.

v Suddenly, on Thursday 3/5 a volcanic crack appeared
near the road network in lower Puna region, from which
lava and hot steam appeared. The Civil Protection
instructed residents of the Puna community (~10,000)
to leave their homes immediately.

, May 42018, a powerful 6.9 earth
gest.in the past 43 years.
€3 { Y )L‘ _.

fissures had erupted
and Lanipuna Gardens

ava in @r'near
ubdivisjons.

ermal Venture, which prquideg
land's electricity, was fo

96 Jos
= Vacatior
5 7/ Haw

Source: USGS
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Type: co-seismic

Master: 2013-04-23 16:15:24

v'BEYOND responded immediately and
activated the geObservatory
ISLAND OF HAWAII, HAWAII
(2018-05-04 22:32:57)

Slave: 2018-05-05 16:15:25
Orbit Mumber: 27
Mode: DESCENDING

Download (TIF) Download (Low Resolution) Preview

Type: co-seismic
Earthquake location: ISLAND OF HAWAIL HAWAII Master: 201 8-05-02 04:30-26
Magnitude: 6.5

Depth: 30 km

Time: 2018-05-04 22:32:57

Coordinates: 19.39, -155.41

+ |

Slave: 201 B-05-08 04:25:48
Orbit Number: 124
Meode: ASCEMDING

- Type: pre-seismic
Master: 2015-04-23 16:15:24
Slave: 20138-04-11 16:15:24

Hilo
Kailua-Kona

Orbit Number: 27
Mode: DESCENDING

Download (TIF) Download (Low Resolution) Preview

Type: pre-seismic

Master: 2015-05-02 04:30:26
Slave: 2018-04-20 04:30:26
Orbit Number: 124

Mede: ASCENDING .

Leaflet, @ OpenStreetiap contributors
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geObservatory | Kilauea volcano, Hawaii

Kilatiea eruption, Hawaii Kilauea eruption and M6.9 earthquake

BENOND

02/05/2018 — 20/04,/2018
Ascending track, Sentinel orbit 124

23/04/2018 — 05/05/2018
Descending track, Sentinel orbit 87

IFG #1: Covers only the pre-earthquake volcanic eruption period.

- Intense subsidence at the top of the volcano as
magma material moves along the East Rift
Zone and escapes to the eastern edge of the
fault. The maximum deformation along this
zone, located between the top of the volcano
and the area where the lava was firstly
observed, is approximately 60-70 cm.

EXPLANATION
—— Main roads present taday

0—“ s Digtrict boundary

Source:
USGS

Darker color marks approximate

location of rift zones
’ . ’ v ’ ’ 10 KILOMETERS e .
Huepida: H cupBoAn tng Texvikng FewAoyiag otnv mpoA O ® Town 2 Toun b by lava .
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geObservatory | Remark and future work

= 25 activations of geObservatory in 2018

=  GeObservatory is a beta version application which is supported by the
BEYOND team on a best effort basis.

= The interferometric products are generated on a fully automatic approach,
without an intervention of an expert.

= Future functionalities:
0 Continuous monitoring of critical sites
O Notification service through registration
O Processing on the cloud, GPU enabled
0

Automatically decompose products to east-west and up-down vectors
by combining descending & ascending imagery

O Add 3™ party SAR mission data
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geObservatory | Example

Mexico EQ, Mw7.2 16/02/2018 23:39 UTC

Pre-seismic interferogram Co-seismic interferogram
05/02/2018 - 13/01/2018 05/02/2018-17/02/2018
Ascending Ascending
Normal baseline: 71 m Normal baseline: -9 m
Altitude of ambiguity: 217 m Altitude of ambiguity: 1643 m

Sentinel orbit 5

BEYOND geObservatory -
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Earthquake deformation mapping

Merryman Boncori et al., SRL 2015
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Applications
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GeoHUB: Earthquake deformation mapping
* 3D crustal deformation from TerraSAR-X & COSMO-SkyMed data

* Inversion to estimate fault parameters

East-West direction North-South direction Up-Down direction
20°24'0"E 20°32'0"E 20°24'0"E 20°32'0'E _ 20°24'0"E

Merryman Boncori et al., SRL 2015

38°20'0"N
38°20'0"N
38°20'0"N

‘ie'arthqt.;lake
dF /7
3
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38°15'0'N

= ]
A, R £
:i:,“ i a ,\::E:"':\}n
A . G i 2 -
if -t - Fi e
i et >
A L] W
7 . ¥ =
Z z z
2 z £
: E :
?g a .;; ?g 2 Kilometers < ";r 03 | E: : _7“;:
20°24'0'E 20°320°E 20°24'0'E 20°32'0'E P oy
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Positive is northward motion e .
Positive is eastward motion Positive is upward motion
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GeoHUB: Earthquake deformation mapping

Italian earthquakes in 2016/2017 Papadopoulos et al., Pure and
Applied Geophysics, 2017
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eformation mapping
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