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TerRRaOUE Data processing pipelines
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Data processing pipelines rely on the ATC model
with:

- Application - data driven application
- Trigger - date or event driven application

- Coordinator - schedule the execution of the

o Trigger instances periodically at fixed times,

dates, or intervals
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Processing Services

=3 DIAPASON InSAR Sentinel-1
EXY TOPSAR(IW,EW)

id: 712fd94e-9ece-41ad-b44d-ba2270ca61ae
publisher: esa-gep-apps-deployer-creodias

version: 1.1.7

DIAPASON is an InSAR tool suite developed by the French Space Agency
(CNES) and maintained by ALTAMIRA INFORMATION.This service
performs an INSAR workflow on Sentinel-1 TOPSAR (W,EW) data,
producing interferograms, amplitude and coherence maps.To run this
service , specify master and slave Sentinel-1 SLC images.

Job title *

/¥ DIAPASON InSAR Sentinel-1 TOPSAR(IW,EW)

Sentinel-1 IW master *

/ ~ | https://catalog.terradue.com/sentinel1/search?format=json&uid:

Polarization *

Sentinel-1 IW Slave *

/ ~ | https://catalog.terradue.com/sentinel1/search?format=json&uid:

A(pplication)TC

It starts with a data driven application taking as
inputs one or more references to EO catalogue

entries:

- A single input reference
- A pair of input references (e.q.
interferometry)

- A stack of input references



TeRRaOUE AT(rigger)C

vancing Earth Science

The Trigger is a date and/or event
driven application that, when there’s

new data available or an event:

- Creates Data Items

- Queues Data Items

- - Pipes Data Items



v <feed xmlns="ns

TerRrRaUe AT(rigger)C - Data items

Advancing Earth Science

OWS Context (*) documents encapsulating all the information for

processing the application

pkg OWC Model /

“Btto: /e, 0ro/ 2005 /Aton'>
<title type="text"> Result for OpenSearch query over type * in index fbrito </title> B
o e

<updated- 2019-10-17T07:52:08. 3164192 </ updated-
<link rel="self" type="application/atomsxal" title="Reference Link
Link rel="search® type="application/opensearchdescriptionsxal” i
v <entry>

st Service Offering Core Inling/file-based Ofering
Extensions

Extensions

[DI Out] DIAPASON InSAR Sentinel-1 TOPSAR(IV, ) v1.1.4 for pair SIALIM_SLC_1SOV_20190704T135158_20100704T135225_027968_032877_1C4D S1A_IM_SLC__1SDV_20190716T135159_20198716T135226 028143 03203 5128
sitle:

v <sumary type="htat> . . OWC WMS OWC Core |
e R I S R PR e RECOML |
: e

T Tank>Status Locations/av</po<poProcessing comiete 5t 20T0-10-10T15:18:51+00:00/p>

e ———— =
o Content

Sumaary-

| ——
ikt e ot S, cont el | + Context
s e o o s : =] + Creator
= ATimnsa vt OWC WFS | | =] + CreatorApplication
<link rel="enclosure" type= avvh:anon/u(re! streas® title="Root resul!s folder® href=" y ten dcs insar dispason s1 dcs dismason s1 1 1 4/run/c2b2t =
e | = —=>{ 5] + CreatorDisplay < —— OWC KML
133369386316 30a68</ 51 |=:
AR bt sl e e e e o St e p et e RO )
e B e e S e e — r———- + Offering i

ns0:originator_dataites xmlns:ns0="htto://wa. terradue. cos/api/originator dataites">
03://cata (09, terraduc, con/fhrio/searchyiG=50402Cab8142133305380301c6 0268, results. aepLication/atonsyml, "Originator event®,, info

1
it TS —— OWC WCS | :
s |

+ Operation

+ Resource
| e—e—— o [ — ——— + StyleSet
+ MD_Metadata

method="GET" type="application/xal
11 e

loader.coi” s

[

ygon ‘nt193/ /e, 20153, 0r9/gcorss
C16.275162 36.098171 115:650839 36497501 118677475 34.87693 ~119.003838 4.47686 116.275162

OWC GeoTIFF |

0

box xmlns="hEtn:/ /. georss.oro/oeorss"™> 4. 47686 ~119.003838 36497501 ~115.890839 </box:

date xalns="htto://our - date OWC WPS I

I
|
|
|

OWC GMLJP2

OWC CSW |

OWC GMLCOV n

[ S e e S e ey
|
|

OWC WMTS

| I S| S

(*) https://www.opengeospatial.org/standards/owc



https://www.opengeospatial.org/standards/owc

TeRRa)UE AT(rigger)C - Data items

Advancing Earth Science

v <feed xmlns="http://www.w3.0rg/2005/Atom">
<title type="text"> Result for OpenSearch query over type * in index fbrito </title>

<id> https://catalog.terradue.com:443/fbrito/search?cat=[out, fbrito_diapason]&format=atom </id>

<updated> 2019-10-17T07:52:08.316419Z </updated>

<link rel="self" type="application/atom+xml" title="Reference link" href="https://catalog.terradue.com/fbrito/search?cat=[out, fbrito_diapason]&format=atom" />
<link rel="search" type="application/opensearchdescription+xml"” title="OpenSearch Description link" href="https://catalog.terradue.com/fbrito/description" />

v <entry>
<id> https://catalog.terradue.com:443/fbrito/search?format=atom&uid=5a4d2fcdb8f42f333b938b3b1c630a68 </id>
<title type="text">
[DI Out] DIAPASON InSAR Sentinel-1 TOPSAR(IW,EW) v1.1.4 for pair S1A_IW_SLC__1SDV_20190704T135158_20190704T135225_027968_032877_1C4D S1A_IW_SLC__1SDV_20190716T135159_20190716T135226_028143_032DC3_5128B
</title>

<

<summary type="html">
<table><tr><td>Data Item</td><td><strong>5a4d2fcdb8f42f333b938b3b1c630a68</strong></td></tr><tr><td>Data Pipeline</td><td><strong>fbrito</strong></td></tr><tr><td>View</td><td><a
href="'https://catalog. terradue.com/fbrito/search?uid=5a4d2fcdb8f42f333b938b3b1c630a68"' target='_blank'>atom</a></td></tr></table><p>Queued at 2019-10-10 07:29:39+00:00</p><p>Processing submitted at 2019-
10-10T08:20:03+00:00: <a href="http://esa-gep-apps-deployer-hetzner-cl.terradue.com/zoo-bin/zoo loader.cgi?request=Execute&service=WPS&version=1.0.0&Identifier=GetStatus&Datalnputs=sid=c2b2b8c4-eb36-11e9-
9217-0242ac110028&RawDatalutput=Result" target="_blank">Status Location</a></p><p>Processing complete at 2019-10-10T15:18:51+00:00</p>

</summary>

<published> 2019-10-10T07:29:39Z </published>

<updated> 2019-10-10T15:18:51.520585Z </updated>

<category term="dataitem" label="Data Item" scheme="http://www.terradue.com/api/data-pipeline/type" />

<category term="fbrito" />

<category term="fbrito_diapason" />

<category term="source-out" label="Status is source-out" scheme="http://www.terradue.com/api/data-pipeline/status" />

<link rel="related" type="application/atom+xml" title="paired" href="https://catalog.terradue.com/sentinell/search?format=atom&uid=S1A IW SLC 1SDV 20190716T135159 20190716T135226 028143 ©32DC3 512B" />

<link rel="via" type="application/atom+xml" title="source" href="https://catalog.terradue.com/sentinell/search?format=atom&uid=S1A IW SLC 1SDV 20190704T135158 20190704T135225 027968 ©32877 1C4D" />

<link rel="results" type="application/atom+xml" title="View results" href="https://catalog.terradue.com/fbrito/cat/e85046accc834762a712819d4337ab4a/search" level="warning" />

<link rel="enclosure" type="application/octet-stream" title="Root results folder" href="https://store.terradue.com/fbrito/ results/workflows/geohazards tep dcs insar diapason sl dcs diapason s1 1 1 4/run/c2b2b

<link rel="self" type="application/atom+xml" title="Reference link" href="https://catalog.terradue.com/fbrito/search?format=atom&uid=5a4d2fcdb8f42f333b938b3b1c630a68" />

<content type="html">
<table><tr><td>Data Item</td><td><strong>5a4d2fcdb8f42f333b938b3b1c630a68</strong></td></tr><tr><td>Data Pipeline</td><td><strong>fbrito</strong></td></tr><tr><td>View</td><td><a
href="https://catalog.terradue.com/fbrito/search?uid=5a4d2fcdb8f42f333b938b3b1c630a68"' target='_blank'>atom</a></td></tr></table><p>Queued at 2019-10-10 07:29:39+00:00</p><p>Processing submitted at 2019-
10-10T08:20:03+00:00: <a href="http://esa-gep-apps—deployer-hetzner—cl.terradue.com/zoo-bin/zoo loader.cgi?request=Execute&service=WPS&version=1.0.0&Identifier=GetStatus&Datalnputs=sid=c2b2b8c4-eb36-11e9-
9217-0242ac110028&RawDatalutput=Result" target="_blank">Status Location</a></p><p>Processing complete at 2019-10-10T15:18:51+00:00</p>

</content>

<ns@:originator_dataitem xmlns:ns@="http://www.terradue.com/api/originator dataitem">
https://catalog.terradue.com/fbrito/search?uid=5a4d2fcdb8f42f333b938b3b1c630a68, results,application/atom+xml,"0riginator event",@,info

</ns@:originator_dataitem>
<ns@:publication_categories xmlns:ns@="http://www.terradue.com/api/publication categories"> {"username": "fbrito", "process": "fbrito_diapason"} </ns@:publication_categories>

<owc:offering xmlns:owc="http://www.opengis.net/owc/1.0" code="http://www.opengis.net/spec/owc-atom/1.0/req/wps">
<owc:operation code="GetCapabilities" href="https://esa-gep-apps—deployer-hetzner-cl.terradue.com/zoo-bin/zoo loader.cgi?version=1.0.0&request=GetCapabilities&service=WPS" method="GET" type="application/xml

» <owc:operation code="DescribeProcess" href="https://esa-gep-apps—-deployer—hetzner—cl.terradue.com/zoo-bin/zoo loader.cgi?identifier=geohazards tep dcs insar diapason sl dcs diapason sl 1 1 4&version=1.0.0&re

» <owc:operation code="Execute" href="https://esa—gep-apps—-deployer—hetzner—cl.terradue.com/zoo-bin/zoo loader.cgi" method="POST" type="application/xml">

» <owc:operation code="GetStatus" href="http://esa-gep-apps—deployer—hetzner—cl.terradue.com/zoo-bin/zoo loader.cgi?request=Execute&service=WPS&version=1.0.0&Identifier=GetStatus&Datalnputs=sid=c2b2b8c4-eb36-1
</owc:offering>

<georss:polygon xmlns:georss="http://www.georss.org/georss">
34.47686 -116.275162 36.099171 -115.890839 36.497501 -118.677475 34.87693 -119.003838 34.47686 -116.275162
</georss:polygon>
<box xmlns="http://www.georss.org/georss"> 34.47686 -119.003838 36.497501 -115.890839 </box>
<date xmlns="http://purl.org/dc/elements/1.1/"> 2019-07-04T13:51:58.2700000Z/2019-07-04T13:52:25.2280000Z </date>




TEeRR3HUE ATC(oordinator)
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The Coordinator submits Trigger

instances periodically at fixed times,

dates, or intervals
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TeRRaHUE Data processing pipelines

Advancing Earth Science

Trigger spec:
e Id
e Data Source
e Processor

Pipelines

External
Source

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

uonedlgnd pue buissadoid 3sod

Discover :
& Search - \\
Data Item
Input Processing
| ; rof Dataset Parameters e ' Results

Storage

OWS Context

ata Briven



TerRaIUE Earthquake source

Advancing Earth Science

ZUSGS

science for a changing world

Earthquake Hazards Program

¢ Feedsand API Documentation - Earthquake Catalog

Notifications
This is an implementation of the FDSN Event Web Service Specification, and allows custom searches for earthquake information using a variety of

Real-time Notifications parameters.

Earthquake Notification
Service Please note that automated applications should use Real-time GeoJSON Feeds for displaying earthquake information whenever

possible, as they will have the best performance and availability for that type of information.
Tweet Earthquake Dispatch

Real-time Feeds URL
ATOM https://earthquake.usgs.gov/fdsnws/event/1/[METHOD[?PARAMETERS]]
KML
Methods
Spreadsheet .
application.json
QuakeML request known enumerated parameter values for the interface.
GeoJSON Summary e https://earthquake.usgs.gov/fdsnws/event/1/application.json
GeoJSON Detail application.wadl

request WARL. for the interface.

For Developers e https://earthquake.usgs.gov/fdsnws/event/1/application.wadl
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ﬂ"& Smithsonian Institution
National Museum of Natural History

P
%4\¥ Global Volcanism Program

Database @ Leam | Questions | Info & Contacts

Current Eruptions

Although detailed statistics are not kept on daily ac-
tivity, generally there are around 20 volcanoes ac-
tlvely erupting at any particular time. The Smith- - \
EUROBE 2 NORTH'/AMERICA
(WVAR) for the week ending on 8 October 2019 in- : = ~

cludes the 19 volcanoes bolded and shown below in 5 OB : F(’)iceiﬁﬁ : Atiantic g
the WVAR column (rollover for report). ' : T 2 o

-
P

-~
-
PN a

2~
Overall there are 46 volcanoes with ongoing y
eruptions as of the Stop Dates indicated, and as
reported through the last te (13 September
2019), sorted with the most recently started eruption
at the top. Information about more recently started
eruptions can be found in the Weekly Report linked

above.

A,
Indian -

-
A

, © 2019 Microsoit C orgé@n Terns

An eruption marked as "continuing" does not always mean that the activity is continuous or happening today, but that there have
been at least some intermittent eruptive events at that volcano without a break of at least 3 months since it started. An eruption
listed here also might have ended since the last public data update, or at the update time a firm end date had not yet been de-
termined due to potential renewed activity.

Volcano Country Eruption Start Date Eruption Stop Date Max VEI WVAR

Tangkubanparahu Indonesia 2019 Jul 26 2019 Sep 13 (continuing)




TERR3DUE Earthquakes S1 Interferometry

e Production triggered for events with a magnitude (Mw) of the EQ > 5
and depth < 30km
e For DIAPASON and DLR’s InSAR Browse, produce:

(@)

O

@)

Pre-seismic interferograms of AT LEAST two ascending passes
Pre-seismic interferograms of AT LEAST two descending passes
Co-seismic interferograms of AT LEAST two ascending passes
Co-seismic interferograms of AT LEAST two descending passes
Post-seismic interferograms of AT LEAST two ascending passes for AT
LEAST two cycles after the event (post-ascending)

Post-seismic interferograms of AT LEAST two descending passes for AT

LEAST two cycles after the event (post-descending)



TERR3DUE Earthquakes S2 offset tracking

Use CNRS-EOST MPIC-OPT to produce a diachronic offset tracking
Sentinel-2 product
= For events with magnitude (Mw) of the EQ is > 5 AND Focal Mechanism is

Strike-Slip OR Moment Tensor abs(rake) = 0 or 180 +/-20 (if FM not available)
= Triggered production is:
o 1a + 2a (as soon as the fist image post-event is available)
o 2a + 2b (as soon as the second image post-event is available)
= Scenario 1a: 1 pre / 1 post image, the closest to the date of the EQ
= Scenario 1b: 2 pre / 2 post images, the closest to the date of the EQ
= Scenario 2a: 1 pre / 1 post image, the pre being in the same season (same
month of previous year) than the post
= Scenario 2b: 2 pre / 2 post, the pre being in the same season (same month of

previous year) than the post
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For DIAPASON and DLR’s InSAR Browse, produce:
For NEW volcano activity in a given WVAR report:
m All ascending and descending passes for the last
3 weeks
For ON-GOING volcano activity in a given WVAR
report:
m All ascending and descending passes for the

current week
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Earthquake timeline

- S1

t, event day

A new event is recorded.

Identify the ascending and descending orbits that
cover the area of interest defined as the bounding
box of a buffer around the epicentre in the range
[t-11' t0]'

Any pair identified in this interval yields a data
item immediately queued as pre-seismic data
items.

These products will yield incomplete data items.
Masters closer to t ,, will yield coseismic ifg very
soon after the event.

Pre-seismic
ascending
Queued

Pre-seismic
descending
Queued

Coseismic

Coseismic

ascending
Incomplete

B

L o ] t’

0

Coseismic

descending
Incomplete




Earthquake timeline - S1

TeRRAIOURE

Advancing Earth Science

ascending
Queued

tO + feW dayS Coseismic

As time passes, new satellite scenes acquired \ m\ / m / s_\ >
are the slave needed to complete the \ S L J

coseismic data items marked incomplete. to |

Coseismic
descending
Incomplete

If a shake map is made available via the Post-seismic

USGS, the AOI may be refined to better cover f:ggrf;d"lft;

the area of the deformation using a range of P
J

peak ground velocity

v

In turn, these slaves become the masters of
the first post-seismic incomplete data items.

Coseismic
descending
Incomplete
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Earthquake timeline

- S1

tO + few more
days

As time passes, new satellite scenes acquired
are the slave needed to complete the
post-seismic data items marked incomplete.

Post-seismic
ascending 1
Incomplete

In turn, these slaves become the masters of
the next post-seismic incomplete data items.

Coseismic
descending

Queued

Post-seismic
ascending 1
Incomplete

Post-seismic
descending 1

Incomplete
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Earthquake timeline

- S1

t0 event + more
more days

Post-seismic
ascending 1
Queued

This process stops as soon as the event is
rekon well covered, i.e. at least two cycles of
data have been used to generate
interferograms.

Post-seismic
descending
Incomplete

\/—

Post-seismic
ascending 2
Incomplete

Post-seismic
descending 1
Incomplete




TerradUe Earthquake timeline
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- S2

t, event day

i 0
Tile cloud cover ( A)) Diachronic tile A

Incon

Diachronic tile B
60 5 10 15 45 25 Incomplete
A new event is recorded. 15 | 50 25 | 75 35| 0
Identify the Sentinel-2 tiles covering the AOI
defined as the bounding box of a buffer around | |
the epicentre. R A :
For each tile identified, search for a pre-seismic / A/ B/ / A/ B/ / A/ B/ A s
acquisition with the lowest cloud coverage. R
: , o Cc|/ D Cc|/ D Cc[ D L Cl D >

Add the diachronic offset tracking incomplete R
data item to | """" I

Diachronic tile D
Diachronic tile C Incomplete
Incomplete

These products will yield incomplete data items.
Masters closer to t j will yield coseismic offset
tracking product very soon after the event.




TerRaUE Earthquake timeline - S2

Advancing Earth Science

t, + a few days

Tile cloud cover (%)

25 | 15

New Sentinel-2 acquisitions 35| 5
For each tile, check if cloud cover is below
threshold (e.g. 20%), if so, complete the Diachronic tile B
Diachronic tile data item and queue it (e
Repeat until all the Diachronic tile incomplete / A/ B/ / A/ B/ / A/ B/ Al B
data items are completed

t |

0

Diachronic tile C

Incomplete
Diachronic tile D

Queued

Diachronic tile A
Incomplete




Volcano
Tangkubanparahu
Shishaldin
Ubinas
Asosan
Sangay
Karymsky
Poas
Tinakula
Karangetang

Barren Island

Krakatau

Merapi

Kerinci
Nyamuragira
Mayon

Kadovar
Sangeang Api
Ol Doinyo Lengai

Aira

TeRRAIOURE

Advancing Earth Science

Country
Indonesia
United States
Peru

Japan

Ecuador

Russia

Costa Rica
Solomon Islands
Indonesia

India

Indonesia
Indonesia
Indonesia

DR Congo
Philippines
Papua New Guinea
Indonesia
Tanzania

Japan

Eruption Start Date

2019 Jul 26
2019 Jul 23
2019 Jun 24
2019 Apr 16
2019 Mar 26
2019 Feb 16
2019 Feb 7
2018 Dec 8 (in or before)
2018 Nov 25
2018 Sep 25
2018 Jun 18
2018 May 11
2018 Apr 21
2018 Apr 18
2018 Jan 13
2018 Jan 5
2017 Jul 15
2017 Apr 9

2017 Mar 25

Eruption Stop Date
2019 Sep 13 (continuing)
2019 Sep 10 (continuing)
2019 Sep 9 (continuing)
2019 Sep 13 (continuing)
2019 Sep 13 (continuing)
2019 Sep 13 (continuing)
2019 Sep 13 (continuing)
2019 Sep 10 (continuing)
2019 Sep 13 (continuing)
2019 Sep 9 (continuing)
2019 Sep 13 (continuing)
2019 Sep 13 (continuing)
2019 Sep 2 (continuing)
2019 Sep 13 (continuing)
2019 Sep 7 (continuing)
2019 Sep 13 (continuing)
2019 Sep 13 (continuing)
2019 Sep 13 (continuing)

2019 Sep 13 (continuing)

Max VEI WVAR

4 © N N N O 2w W s NN

Volcano activity

e For each NEW volcano activity in a given WVAR report:

O

A coordinator is instantiated to trigger all ascending

and descending passes for the 3 previous weeks

e For ON-GOING volcano activity in a given WVAR report:

O

A coordinator is instantiated to trigger all ascending

and descending passes for that week



TerR3aUE Where we are - USGS EQ

Advancing Earth Science

e Service in operations since mid-June 2019

e Produces pre-seismic and co-seismic
interferograms with Sentinel-1 (ascending
and descending passes) with two InSAR
services

e Produces diachronic offset tracking
Sentinel-2 products with pre- and post-event
acquisitions (ascending and descending
passes) in a period of 120 days around the
event

e Thematic app on GEP available to Early
Adopters:
https://geohazards-tep.eu/geobrowser/?id=u
sgs-pager-trigprod-app

»
rocessing Services



https://geohazards-tep.eu/geobrowser/?id=usgs-pager-trigprod-app
https://geohazards-tep.eu/geobrowser/?id=usgs-pager-trigprod-app
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A validation WVAR report chosen for

INGV reported that Strombolan activity at Etna's Northeast Crater (NEC)
iikely
between 2000 on 9 September and 0700 on 10 September produced

iftuse ash emissions which quickly dissipated. The most intense part of

the crater. Diute ash pufts were continuously observed at dawn the next
day ed

0800. Weather conditions hindered observations at times on 11
‘September but clear observations after 2000 allowed for the.
confirmation of continuing explosive actvity at varying intensity at NEC.

w ‘, y - - - - - -
reported in Piedimon Glarre-f itugio Citel 4 ¥ . ‘
egmarweavnyﬁf\:ﬁ;:ﬂemosm?naa Jgio el s-‘ .."‘ 3 Va I Id atl n th e d a ta rO eSSI n I eI I n e
10 September,coincident with the electin of ava fragments outside of o ‘f‘ﬂ! \\) ‘ 5 1

Published Sep 16th 2019 © Canada

Feedback from Dr. Andrea Manconi from

ETH-Z expected in the coming weeks

After acceptance, trigger the data pipeline

e o i from February 2019 onwards

Co-seismic deformation maps

coteaalA,

irRuatio
gliarr* Santklena

Catabzaros
SAR Goherence changes

Validation 5
Miopyoes

2010-01-01

4
Lon: 21,509 Lat 38.247

Gurrnt search rosut Foatures




TerRaOUE Way forward

vancing Earth Science

e Data processing pipelines
o Potentially extend the earthquake data processing pipelines to
process PSI with StAMPS
o Extend the volcanic activity data processing pipelines to

process the hot spot detection



TeRRa)IUE Thank you!
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= Fabrice Brito

fabrice.brito@terradue.com



