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@ hﬁéosuences pour une Terre durable

Motivation

- Since the launch of Sentinel-1A, few open source InSAR processors were
available for generating interferogram stacks compatible with StaMPS™.

- ESA Sentinel-1 toolbox had almost all the functionalities to fill that gap, but
compatibility with StaMPS it was not initially designed.

* On the ESA STEP forum (https://forum.step.esa.int/) many threads, by the user
community, address issues while trying to use SNAP as a pre-processing tool
for PSI analysis.

- This work was born as answer to this user community need
Design an optimal DInSAR processing chain & ensure compatibility with StaMPS PSI

* A. Hooper, D. Bekaert, K. Spaans and M. Arikan (2012). “Recent advances in SAR interferometry time series
analysis for measuring crustal deformation”. Tectonophysics, 2012.


https://forum.step.esa.int/

6 bGéusci eeeee pour une Terre durable

‘ SNAP Interferometric Processing | Manual vs Batch mode
‘ snap2stamps | Python Scripts

‘ StaMPS PSI Processing Scheme

‘ SNAP-StaMPS PSI service on GEP
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SNAP

— The common architecture for all Sentinel Toolboxes and SMOS Toolbox is
called Sentinel Application Platform (SNAP).

— SNAP architecture is ideal for Earth Observation processing and analysis
due the following technological innovations: Extensibility, Portability,
Modular Rich Client Platform, Generic EO Data Abstraction, Tiled Memory
Management and a Graph Processing Framework.

Activity initially funded through SEOM element of ESA’s EOEP-4 (www.seom.esa.int)
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Sentinel Application Platform | SNAP = @Sa

J SAR Toolbox (s1TBX)

- Scientific toolbox for the handling and post-processing of data products
from Sentinel-1 SAR mission

d High Resolution Optical Toolbox (s2TBX)

« Toolbox for the visualisation, analysis and post-processing of data
products from Sentinel-2 multi-spectral optical data

d Medium Resolution Optical Toolbox (s3TBX)
« Toolbox for the processing and analysis of Sentinel 3 OLCI and SLSTR

d Developer forum
« Requirements addressing a common platform issues
« Define the platform roadmap
« Coordinate horizontal activities across the three toolboxes
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SNAP Development History Q\&\?;Jesa

N
\{g s-1tbx s-2tbx s-3tbx

Built on prior toolbox
development

2o nest

next esa sar toolbox




SNAP Sentinel-1 First Release
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Release v1
Sept 29 2014

Empower the EO community to better exploit the large archives of the
Sentinels and heritage missions in both research and operational usage.

Evolve the architecture to ensure that the software will be capable of
supporting the large data products and ever growing volumes of EO data.
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ESA SNAP Development Concept \ cSa

— Developed as open source software
— Common Java core framework

— Joint development plan for Sentinel toolboxes

SNAP “Server Configuration”

— Interchangeable Java/Python plugins

— Portable engine to Cloud infrastructure

Web
Browser

— Single installer

service

Mobile
Device
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TOPSAR InSAR Chain
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Master Slave
\ 4 \ 4 Coregistration

Coregistration

(for every burst)

Support from j ii
SEOM R&D projects

S1-INSARAP: SENTINEL-1 INSAR ij
PERFORMANCE STUDY WITH TOPS

Range and azimuth offsets
Slant phase

An ESA project kicked off in March 2014
after successful contract negotiations
(www.seom.esa.int).

“Validation and scientific exploitation of
the interferometric performance of TOPS
mode on Sentinel-1 mission”

— Full exploitation of S-1 mission
interferometric capacity

— Development of advanced algorithms for
TOPS data

- Demonstrate continuity of ESA’'s C-band
SAR observations

Constant offset
estimation
(for every burst)

Range shift
(for every burst)

v

Enhanced Spectral
Diversity (ESD)

v

Azimuth shift
(for every burst)

Coregistered SLCs

Interferogram generation

A 4

Spectral filtering

+ Filtered SLCs

Interferogram generation
Coherence estimation

ij Interferometric products (burst-wise)

Debursting and sub-swath
mosaicking

Mosaicked interferometric products Credits: DLR



http://www.seom.esa.int/

SNAP Sentinel-1 Interferometry | New zealand Earthquake Qbrgm

Terrain Corrected
Wrapped Interferogram ASCENDING DESCENDING

SAR
geometry

Displacement [m]

-2.0 -1.0-0,5 0.0 1.0 2.0

S1A 20161103 S1A_20161010
S1A_ 20161115 S1A_ 20161116

Phase [rad]

-3.14 -2.24 -1.35 -045 0.45 1.35 224 314
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step.esa.int

Science Toolbox Exploitation Platform

®
7
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ste Ve
scien?e toolbox exploitation platform &\\\‘\_‘ esa

TOOLBOXES DOWNLOAD GALLERY DOCUMENTATION COMMUNITY THIRD PARTY PLUGINS

“ESNAR Search

* Sentinel 1 Toolbox SNAP DOWﬂlOad page
Sentinel 2 Toolbox
' - Home > Scientific Toolbox Exploitation Platform ;q .
Segtinel 3ok S m Access to Beta versions for

* SMOS Toolbox
* Proba-V Toolbox

testing

* PolSARpro

o 55 T NI, 2018 Technical documentation
RN multimission scientific toolboxes

+ Useful Links for both end-UserS and

ESA is developing free open source toolboxes for the scientific exploitation of Earth
Observation missions under the the Scientific Exploitation of Operational Missions
(SEOM) programme element. STEP is the ESA community platform for accessing the
software and its documentation, communicating with the developers, dialoguing within the .
science community, promoting results and achievements as well as providing tutorials and o . Ste p_by_Step tUto rlals
material for training scientists using the Toolboxes. Mepping:Licban Areas from Space

(MUAS 2018) including

developers

The ESA toolboxes support the scientific exploitation for the ERS-ENVISAT missions, the
Sentinels 1/2/3 missions and a range of National and Third Party missions. The three >
toolboxes are called respectively Sentinel 1, 2 and 3 Toolboxes and share a common )
architecture called SNAP. They contain some functionalities of historical toolboxes such as
BEAM, NEST and Orfeo Toolbox that were developed over the last years.

) Bl [

SNAP Features Download Tutorials Community

i 5

velopers Gallery Blog

YouTube videos

Technical forum, gathering
user feedback and
communicating results

gth Advanced Land Training Course

2017

e

22
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http://step.esa.int/
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‘ ESA Sentinel Application Platform | SNAP

‘ StaMPS PSI Processing Scheme

snap2stamps | Python Scripts

‘ SNAP-StaMPS PSI service on GEP



SNAP

All-in-One Environment

File Edit
&

Product Explore

Navigation Colour Manipulation Uncertainty Visualization | World View

Orbit Co
Metadata SQL

Product Detai

Timeline .

o

19 Products

Product Properties
S1A_IW_SLC_ 1S
TINEL-




ESA Grid Processing on Demand | G-POD éhrgm

> ERS 1/2 SAR Data Archive
» ENVISAT ASAR Data Archive
» SENTINEL-1 TOPS Data

Direct access to G-POD and Virtual Archive 4
ERS 1/2 and ENVISAT SAR data Cloud Toolbox

Sentinel-1 Data Hub connected to G-POD
= Supported catalogue search from G-POD GUI
= Automatic data retrieval from G-POD Worker Nodes
= Data cache of latest downloaded S-1 products

@ 9-pod


http://gpod.eo.esa.int/

ESA Grid Processing on Demand | G-POD @hrgm

ESA G-POD service is provided by RSS
aiming to support the Earth Observation community in data exploitation

From “Data to User” to “User to Data”

.. 2
Processor =
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TerraDue Cloud ToolBox @ brgm

The service offers configurable Virtual Machines (VM)
tailored to scientific users’ requirements.

https://terradue.github.io/doc-tep-geohazards/community-guide/cloud/esa toolbox.html

geohazards g, . je~ @ Source TerRrRa)Ue

Create Virtual Machine

Access the data
packages retrieved

from the GEP Portal
IN
Q?‘—O

esa-ssep-vm

Usermame:

H_2LIX
geohazards @esa N=7BUA



https://terradue.github.io/doc-tep-geohazards/community-guide/cloud/esa_toolbox.html
https://terradue.github.io/doc-tep-geohazards/community-guide/cloud/esa_toolbox.html
https://terradue.github.io/doc-tep-geohazards/community-guide/cloud/esa_toolbox.html
https://terradue.github.io/doc-tep-geohazards/community-guide/cloud/esa_toolbox.html
https://terradue.github.io/doc-tep-geohazards/community-guide/cloud/esa_toolbox.html
https://terradue.github.io/doc-tep-geohazards/community-guide/cloud/esa_toolbox.html
https://terradue.github.io/doc-tep-geohazards/community-guide/cloud/esa_toolbox.html

@ bGénsciences pour une Terre durable

a SNAP DInSAR Processing Chain

— Split IW Subswath (incl. Polarization) over AOI

— Update Orbit State Vectors

— Back-geocoding (DEM-assisted coregistration)

TOPS

— Correct for Range and Azimuth Shifts (ESD algorithm) Coregistration
— Interferogram Generation (incl. Coherence)

— Goldstein Phase Filtering

— Phase Unwrapping (SNAPHU)

— Convert Phase to Displacement

—— Terrain Correction Geocoding



@ bGénsciences pour une Terre durable

2 SNAP DInSAR Pre-Processing Steps for StaMPS

— Split IW Subswath (incl. Polarization) over AOI
— Update Orbit State Vectors
— Back-geocoding (DEM-assisted coregistration)
TOPS
— Correct for Range and Azimuth Shifts (ESD algorithm) Coregistration

— Interferogram Generation




s pour une Terre durable

SNAP DInSAR Demo | Input Dataset abrgm

— A set of Sentinel-1A SLCs YYYYMMDDTHHMMSS

S1A_IW_SLC_ 1SDV_20190817T171546 20190817T171613_028612_033C97_F4AE
S1A_IW_SLC_ 1SDV_20190829T171546_20190829T171613_028787 0342BB_E70D

[downloadable via Copernicus OpenHub, PEPS, ASF, etc.]

— Sentinel-1 Precise Orbits (PODs) for the corresponding S1A dates (*.EOF files
are automatically downloaded via https://qc.sentinell.eo.esa.int)

— Digital Elevation Model (DEM) dataset from SRTM 3 arc-sec covering the
Area of Interest (automatically downloaded from the ESA SNAP repository)

VM configuration on ESA G-POD

OS: Ubuntu Linux
Number of Cores: 8
RAM: 32 GB

Dedicated Storage: 3 TB



SNAP DInSAR Processing Scheme @brgm

Read S1 SLC products

1 snaP = X
File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help & Search (Ctri+])

AR INELETE XBEm r e A\ VB0 \MEED

Product Explorer X | Pixelinfo | - =
@& [1]S1A_IW_SLC__1SDV_20190817T171546_20190817T171613_028612_033C97_F4AE 5
@& [2S1A_IW_SLC_ 1SDV_20190829T171546_20190829T171613_028787_034288_E70D 3
=
3
&
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Navigation - [1] band_1 | Colour i ion - [1] band_1 | Uncertainty Visualisati World View X -

EUROPE
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SNAP DInSAR Processing Scheme

Master SLC Splitting (burst-level)

9 s-1 TOPS Split

File Help

1/O Parameters Processing Parameters

Source Product
source:

[1] S1A_IW_SLC__1SDV_20190817T171546_20190817T171613_028612_033C97_F4AE

Target Product
MName:

S1A_20190817_split_IW1_b6-9

Save as: BEAM-DIMAP v
Directory:
F:\mdis_20 19_snap_slamps\processed|

[] Open in SNAP

[(&m ][ Qoee

!

Géosciences pour une Terre durable

rgm



SNAP DInSAR Processing Scheme

Master SLC Splitting (burst-level)

9 s-1 TOPS Split

File Help

IO Parameters  Processing Parameters

Source Product
Source:

[1] S1A_IW_SLC__1SDV_20190817T1

Target Product
Name:

S1A_20190817_split_IW1_b6-9

Save as: BEAM-DIMAP
Directory:
F:\ndis_2019_snap_stamps\procs

[~] Open in SNAP

i s-1 TOPS Split
File Help

1/O Parameters Processing Parameters

Subswath: |1w1

Polarisations: VH

Bursts: 6 to 9 (max number of bursts: 9)

!

Géosciences pour une Terre durable

rgm



SNAP DInSAR Processing Scheme

!

Géosciences pour une Terre durable

rgm

Master SLC Splitting (burst-level)
9 s-1 TOPS Split i s-1 TOPS Split 8 s-1 TOPS Split
File Help File Help File Help

I/O Parameters Processing Parameters

Source Product
source:
[1] S1A_IW_SLC__1SDV_20190817T1]

Target Product
MName:
S1A_20190817_spiit_IW1_b6-3
[] Save as: BEAM-DIMAP
Directory:
F:\ndis_2019_snap_stamps\procs

[] Open in SNAP

1/O Parameters Processing Parameters

Subswath: |1w1

Polarisations: VH

Bursts: 6 to 9 (max number of burs

Processing completed in 4 seconds (125 MB/s 65 MPixel/s)

/O Parameters Processing Parameters

Source Product

source:
[1] S1A_TwW_SLC_ 1SDV_20190817T171546_20190817T171613_028612_033C97_F4AE

Target Product
Name:
S1A_20190817_split_IW1_b6-9
[/] Save as: BEAM-DIMAP
Directory:
F:\mdis_2019_snap_stamps\processed

[#] Open in SNAP




SNAP DInSAR Processing Scheme @bﬁrgmwm

Update Orbits (Restituted or Precise)

& Apply Orbit File X
File Help
1/ Parameters | processing Parameters

Source Product

source:

[4] S1A_20190817_split_IW1_b6-9 v

Target Product
Mame:
S1A_20190817_split_IW1_b6-9_Orb

[] Save as: | BEAM-DIMAP v
Directory:
Fi¥yndis_2019_snap_stamps\processed

[~] Open in SNAP

&n ]| Gose




SNAP DInSAR Processing Scheme

Update Orbits (Restituted or Precise)

& Apply Orbit File

File Help

tEfs Processing Parameters

Source Product
SOUrce:

[4] S1A_20190817_split_IW1_b6-9

Target Product
Mame:
S1A_20190817_split_IW1_b6-9_Orb

[] Save as:  BEAM-DIMAP q
Directory:
Fi¥yndis_2019_snap_stamps\proces

[~] Open in SNAP

& Apply Orbit File

File Help

1/O Parameters Processing Parameters

Orbit State Vectors: Sentinel Precise (Auto Download)
Polynomial Degree: |3

£ Do not fail if new orbit file is not found

Close

!

Géosciences pour une Terre durable

rgm



SNAP DInSAR Processing Scheme

Update Orbits (Restituted or Precise)

& Apply Orbit File

@ bGéosciences pour une Terre durable

File Help

s! Processing Parameters

Source Product
SOUrce:

[4] S1A_20190817_split_IW1_b6-9

Target Product
MName:
S1A_20190817_split_IW1_b6-3_Orb

[] Save as:  BEAM-DIMAP \
Directory:
Fi¥yndis_2019_snap_stamps\proces

[~] Open in SNAP

& Apply Orbit File

File Help

1/O Parameters Processing Parameters

Orbit State Vectors: Sentinel Precse (Auto |
Polynomial Degree: |3

(] Do not fail if new or

& Apply Orbit File

File Help

Processing completed in 7 seconds (71 MB/s 37 MPixel/s)

10 Parameters Processing Parameters

Orbit State Vectors:
Polynomial Degree:

Sentinel Predse (Auto Download) v
3
[+] Do not fail if new orbit file is not found




SNAP DInSAR Processing Scheme

Splitting & Orbits for Slave SLCs

H Graph Builder : myGraph_split_orbitxml

File Graphs

[t frorsanson | foppyaanrte | e |

<

-

Read \rite TOPSAR-Split Apply-Orbit-File

Source Product
Name:
[2] S1A_IW_SLC__15DV_20190829T171546_20150829T 171613_028787_034288_E70D

Data Format: Any Format «

!

Géosciences pour une Terre durable

rgm



SNAP DInSAR Processing Scheme

Splitting & Orbits for Slave SLCs

H Graph Builder : myGraph_split_

File Graphs

R Graph Builder : myGraph_split_orbit.xml X

File Graphs

[t {iorsno | fpom o] e |

v
< < >
= ==
Read write TOPSAR-Spit Apply| Read Write TOPSAR-Split Apply-Orbit-File

Source Product i'SLbswath: w1 oA
Name: |Polarisations: VH

[2] S1A_IW_SLC__15DV_2019082!

Data Format: Any Format «

(5 Loxd

W —

|Bursts: 6 to 9 (max number of bursts: 9)

!

Géosciences pour une Terre durable
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SNAP DInSAR Processing Scheme

Splitting & Orbits for Slave SLCs

H Graph Builder : myGraph_split_

File Graphs

R Graph Builder : myGraph_

File Graphs

<

| €

-

E‘ Graph Builder : myGraph_split_orbitxml

File Graphs

I e e ) T

<

Read write TOPSAR-Split Apply

Source Product
Name:

[2] S1A_IW_SLC__15DV_2019082!

Data Format: Any Format «

Read Write TOPSAR-Split

Read Write TOPSAR-Spiit Apply-Orbit-File

Subswath: w1
Polarisations: VH

Bursts: 6 to 9 (max numbeg

E Load

Orbit State Vectors: sentinel Precise (Auto Download)
Polynomial Degree: 3

[~ Do.not fail if new orbit file is not found

a Load 131 Save ”‘\;, Clear @ Note @ Help D Run

!

Géosciences pour une Terre durable

rgm



SNAP DInSAR Processing Scheme @hrgm

Splitting & Orbits for Slave SLCs

E' Graph Builder : myGraph_split_| R Graph Builder : myGraph_ R Graph Builder : myGraph_| ﬂ Graph Builder : myGraph_split_orbitxml X
File Graphs File Graphs File Graphs File Graphs
: = : -
[ Read |—s{Topsi [ Read |—-E | Read HTWW‘HW““}—'IEI
v
| < | < K | < >
Read write TOPSAR-Spiit Apply] Read Write TOPSAR-Split Read Write TOPSAR-Spit | Read Writt TOPSAR-Spiit Apply-Orbit-File
Source Product Subswath: | 1w1 Orbit State Vectors: | sentinelpy ~ 1arget Product
Name: Polarisations: VH Polynomial Degree: |3
[2] S1A_IW_SLC__1SDV_2015082{ - )
Bursts: 6 to 9 (max numbg Bt i
S1A_20190829_split_Iw1_b6-9_Orb|
Data Format: Any Format «
Save as: BEAM-DIMAP v
Directory:

F:\mdis_2019_snap_stamps\processed

E Load g E Load E Load E Load &, Save %‘\;, Clear [ note @ Help [> Run




SNAP DInSAR Processing Scheme

Splitting & Orbits for Slave SLCs

@ bGéosciences pour une Terre durable

E' Graph Builder : myGraph_split_| E‘ Graph Builder : myGraph_ R Graph Builder : myGraph_| ﬂ Graph Builder : myGraph_spli R Graph Builder : myGraph_split_orbitxml X
File Graphs File Graphs File Graphs File Graphs File Graphs
~
[ —fiord [ ] Crew pfior [ | frorsmana]—fomounrae}———f e |
| < < K |< | < >
Read write TOPSAR-Spiit Apply] Read Write TOPSAR-Split Read Write TOPSAR-Spit | Read Writt TOPSAR-Split Appl Read Writte TOPSAR-Split Apply-Orbit-File
Source Product Subswath: | 1w1 Orbit State Vectors: |sentinelpf ~ 12rget Product Target Product
Name: Polarisations: VH Polynomial Degree: |3
:
[2] S1A_IwW_SLC__1SDV_20190824 - s % ——— MName:
51A_20190829_split IW1_b6-3_( S1A_20190829_split_IW1_b6-3_Orb
Data Format: Any Format « .
Save as: |BEAM-DIMAP Save as: [ 2
Directory:

[l@

Directory:
F:\mdis_2019_snap_stamps'y

A
=

B road

F:Yyndis_2019_snap_stamps'processed

Processing completed in 7 seconds (71 MBfs 37 MPixel/s)

E Load @; Save ?; Clear @ Note

@~ [Dr]




SNAP DInSAR Processing Scheme @hrgm

Co-registration & Interferogram generation

E‘ Graph Builder : myGraph_stack_ifg_deb_dinsar.xml *

File Graphs

|auu-cu¢n5 I\—,linhmud-w}mnnll |- ToPsar-Deburst(2) | > write |

— Interferogram
TOPSAR-Deburst
TopoPhaseRemoval | :[I Write(2) |

<

-

Back-Geocoding  Enhanced-Spectral-Diversity Interferogram TOPSAR-Deburst TopoPhaseRemoval Write(2) Write TOPSAR-.. | «|»

Digital Elevation Model: SRTM 35ec (Auto Download) hat
IDEM Resampiing Method: BICUBIC_INTERPOLATION bt

Resampling Type: BISINC_5_POINT_INTERPOLATION v
[£] Mask out areas with no elevation

Output Deramp and Demod Phase

B | ¥ ¥ocer | [Avote | @reb  [Srn




SNAP DInSAR Processing Scheme @hrgm

Co-registration & Interferogram generation

H Graph Builder H Graph Builder : myGraph_stack_ifg_deb_dinsarxml

File Graphs File Graphs

~
L= | =
| Back-Geocoding Hmmm-wnmnn [-> ToPsaR-Deburst(2) | > write |
Read(2) | Read(2) g~
TOPSAR-Deburst
TODOP'IIIIHI'I’I“-[ :[[ Write(2) |
v

< K >
Back-Geocoding Back-Geocoding Enhanced-Spectral-Diversity Interferogram TOPSAR-Deburst TopoPhaseRemoval Wirite(2) Write TOPSAR-... | 4]
Digital Elevation Mo |pegictration Window| Enhanced-Spectral-Diversity Operator | v
DEM Resamping Mg | poictration Window Height: 512 -
Resampling Type: Search Window Accuracy in Azimuth Direction: | 16 v
[AMask out areasl | search Window Accuracy in Range Direction: | 16 v
[] Output Deramy | window oversampling factor: 128 e

Cross-Correlation Threshold: 0.1

Coherence Threshold for Outiier Removal: 0.15

Number of Windows Per Overlap for ESD: 10

] use user supplied shifts (please enter them below)

The overall azimuth shift in pixels: 0.0

The overall range shift in pixels: 0.0

5 ad

%ocexr | [Anoe | @b | [>wn




SNAP DInSAR Processing Scheme

Co-registration & Interferogram generation

H Graph Builder H Graph Builder | E Graph Builder : myGraph_stack_ifg_deb_dinsar.xml x
File Graphs File Graphs File Graphs
; : : -
- | [ =
|luu-:;-uu|n| Hmmm-wu—nmnm H TOPSAR-Deburst(2) }—.+ Write |
Read(2) | Read(2) } | Read(2) =
TOPSAR-Deburst
TopoPhaseRemoval 1 ;[I Write(2) |
v
< K | >
Back-Geocoding Back-Geocoding El

Back-Geocoding Enhanced-Spectral-Diversity Interferogram TOPSAR-Deburst TopoPhaseRemoval Write(Z) Write TOPSAR-... Lal»

Digital Elevation Mo
DEM Resampling Me
Resampling Type:

[] Mask out areas

[ Output Deramg

Registration Windoy
Registration Windoy
Search Window Accl
Search Window Accl
Window oversamplin
Cross-Correlation Tl
Coherence Threshol
Number of Windows

] use user suppli
The overall azimuth

The overall range st

subtract flat-earth phase
Degree of "Flat Earth™ polynomial 5 ~
Number of “Flat Earth” estimation points | 57 -
Orbit interpolation degree 5 v
[ Subtract topographic phase
Digital Elevation Model: SRTM 35ec (Auto Download)
Tile Extension [%] 100
Output Elevation
Qutput Orthorectified Lat/Lon
Indude coherence estimation
[] Square Pixel [] Independent Window Sizes
Coherence Range Window Size 0
Coherence Azimuth Window Size 5

B | (¥ Yocer | [Arote | @reb | [Srm

!

Géosciences pour une Terre durable

rgm



SNAP DInSAR Processing Scheme

Co-registration & Interferogram generation

HGraph Builder HGraph Builder | EGraph Builder RGraph Builder : myGraph_stack_ifg_deb_dinsarxml *
File Graphs File Graphs File Graphs File Graphs
~
L= (= (= L=
|M-G-uu.1| Hmmm-wu—nmnu H TOPSAR-Deburst(2) }—,+ Write |
| l | | Interferogram
TOPSAR-Deburst
TopoPlIulhm-ll :{m |
W
< K | K >
Back-Geocoding Back-Geocoding E| Back-Geocoding | Back-Geocoding  Enhanced-Spectral Diversity Interferogram

TopoPhaseRemoval Write(2) Write TOPSAR-... || 3

Digital Elevation Mo
DEM Resampling Me
Resampling Type:
[] Mask out areas

[ Output Deramg

Registration Windoy
Registration Windoy
Search Window Accl
Search Window Accl
Window oversamplin
Cross-Correlation Tl
Coherence Threshol
Number of Windows
] use user suppli
The overall azimuth

The overall range st

subtract flat-e
Degree of "Flat Ear|
Number of “Flat Ear
Orbit interpolation
[ Subtract topog|
Digital Elevation Mol
Tile Extension [%]
Output Elevati
Qutput Orthord
Include cohere
[] Square Pixel
Coherence Range

Coherence Azimuth)

Polarisations: [

B | Bsae | x| [Froe | @rb  [>ren

!

Géosciences pour une Terre durable
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SNAP DInSAR Processing Scheme

Co-registration & Interferogram generation

!

H Graph Builder H Graph Builder | E Graph Builder R Graph Builder H Graph Builder : myGraph_stack_ifg_deb_dinsarxml x
File Graphs File Graphs File Graphs File Graphs File Graphs
~
|Back-Geocoding Hmmm-wu—nmnu |- ToPsar-Deburst(2) | > write |
TOPSAR-Deburst
TopoPhaseRemoval 1 :[I Write(2) |
W

< K | K |« >
Back-Geocoding Back-Geocoding E| Back-Geocoding Back-Geocoding E Back-Geocoding Enhanced-Spectral Diversity Interferogram TOPSAR-Deburst rite(2) Write TOPSAR-... ! ¢ >
Digital Elevation Mo |pagictration Windoy Subtract flate{ Polarisations: Orbit Interpolation Degree: |3 | TOPSAR-Deburst Operator|
DEM Resamping Mg | poictration Windoy [Degree of ‘Flat Ear| Digital Elevation Model: | 5pTM 3Sec (Auto Download) »
Resampling Type: | | 1 window acq Number of “Flat Ear Tile Extension [%] 100 v
[ Mask out areas] | search Window Acg Ot interpolation [[] Qutput topographic phase band
[] Output Deramg | Window oversamplin | [] Subtract topog| [[] output elevation band

Cross-Correlation T| | Didital Elevation Mo Output orthorectified Lat/Lon bands

Coherence Thresho| |11 EXtension [%]

Number of Windows Output Elevati

D Use user suppli Qutput Orthord

The overall azimuth Inchude cohered

[] Square Pixel

The overall range st

Coherence Range

Coherence Azimuth)

B | [Bsae [ Note [> Run

?‘}, Clear

@ Help

Géosciences pour une Terre durable

rgm



SNAP DInSAR Processing Scheme

Co-registration & Interferogram generation

!

Géosciences pour une Terre durable

rgm

H Graph Builder

H Graph Builder ;

E Graph Builder

R Graph Builder

H Graph Builder

E’ Graph Builder : myGraph_stack_ifg_deb_dinsar.xml

Coherence Azimuth)

) seve

%. Clear

@

X
File Graphs File Graphs File Graphs File Graphs File Graphs File Graphs
A
- | [ = = (=N =
Rl =5 I = s | Ry
[l
v
< K | K |« < >
Back-Geocoding Back-Geocoding E| Back-Geocoding Back-Geocoding E Back-Geocoding E Back-Geocoding Enhanced-Spectral-Diversity Interferogram TOPSAR-Deburst TopoPhaseRemoval Write(2)
Digital Elevation Mol [pegistration Windoy | [] Subtract flat-eq Poarisations: [l (Orbit Interpolaon)  Target Product
IDEM Resampling Mg Registration Windoy [Degree of ‘Fiat Ear| Digital Elevation Moq
Resampling Type: Search Window Acc Number of Flat Ear Tile Extension [%]
[ Mask out areas] | search Window Acg Ot interpolation
[] Output Deramg | Window oversamplin | [] Subtract topog|
- Name:
Cross-Correlation Tl Digital Elevation Mol
ssomeaten ) S1A_20190817_S1A_20190829_spiit_IW1_b6-3_Orb_Stack
Coherence Threshol [Tée Extension [%]
Output Eleva Save as: BEAM-DIMAP v
UTpu eva
Number of Windows Directory:
[[] use user suppli Qutput Orthorg F:\ndis_2019_snap_stamps\processed
The overall azimuth [ Include coherey
The overall range st [ Square Pixel
Coherence Range

[> Run




SNAP DInSAR Processing Scheme

Co-registration & Interferogram generation

!

Géosciences pour une Terre durable

rgm

H Graph Builder

H Graph Builder ;

E Graph Builder

R Graph Builder

H Graph Builder

3 Graph Builder

E Graph Builder : myGraph_stack_ifg_deb_dinsar.xml

File Graphs File Graphs File Graphs File Graphs File Graphs File Graphs File Graphs
Read Read Read
L= (= (= = ([~ [N | \
Read(2) | Read(2) | | Read(2) | Read(2) | | Read(2) Read(2) Read(2)
< < < < < < <
Back-Geocoding Back-Geocoding Bl Back-Geocoding Back-Geocoding E Back-Geocoding E Back-Geocoding E Back-Geocoding Enhanced-Spectral-Diversity Interferogram TOPSAR-Deburst TopoPhaseRemoval Write TOPSAR-... | 4
igital Elevation Mo| SR Polarisations: [} [Orbit Interpolation ~ Target Product Target Product
oo Registration Windoy | [7] Subtract flat-e | 8 F'°'a Write(Z) Operator
IDEM Resampling Mg Registration Windoy [Degree of ‘Fiat Ear| Digital Elevation Mog
Resampling Type: Search Window Acc Number of Flat Ear Tile Extension [%]
[ Mask out areas] | search Window Acg Ot interpolation
[ Output Deramg | window oversamplir | [] Subtract topog|
- Name: Name:
. Digital Elevation Mol
Cross Correlation ) _ S1A_20190817.5| |S1A_20190817_S1A_20190829_spit_IW1_b6-9_Orb_Stack_Ifg_Deb_DInSAR
Coherence Thresho| | e Extension [%]
Save as: BEAM-D] Save as: BEAM-DIMAP v
Number of Windaws Output Elevati = DiEciDRY:
[] use user suppli Qutput Orthorg F:\dis_2019 F:\ndis_2019_snap_stamps\processed
The overall azimuth [ Include coherey
The overall range st [ Square Pixel
Coherence Range
Coherence Azimuth)

Processing completed in 29.883333 minutes (1 MB/s 337972 Pixelsfs)

Load l&\l Save b Clear @ Note




SNAP DInSAR Processing Scheme @brgm

Overview of processing outputs

= X

13 snap
a Search (Ctrl+)

_Eile Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help
ag niEsse XExroa sy ROOR: \ MEED

— | | (4] Phase_ifg_srd_VV_17Aug2019_29Aug2019 X

Product Explorer X | Pixelinfo |
-6 [1] S1A_IW_SLC__1SDV_20190817T171546_20190817T171613_028612_033C97_F4AE
@& [2] S1A_IW_SLC__1SDV_20190829T171546_20190829T171613_028787_034288_E70D
& [3] S1A_20190817_S1A_20190829_spiit_IW1_b6-9_Orb_Stack_Deb
=& [4] S1A_20190817_S1A_20190829_spiit_IW1_b6-9_Orb_Stack_Ifg_Deb_DInSAR
(3 Metadata
@3 Vector Data
Tie-Point Grids
=& Bands
- iifg_W_17Aug2019_29Aug2019 G
M@ qifg_W_17Aug2019_29Aug2019
[ Intensity_ifg_VV_17Aug2019_29Aug2019_ifg_srd_WV_17Aug2019_29Aug2019 = 3 5 S
[ Phase_ifg_srd_VV_17Aug2015_25Aug2019
@ coh_IW1_VW_17Aug2019_29Aug2019
@ elevation
[ orthorectifiedLat
B orthorectifiedion

Jabeueyy sake [{f)

sabeuep ysew Ly

hts in RDC

Navigation - [4] orthorectifi... | Colour Manipulation - [4] o... | Uncertainty Visualisation | Worid View X | —

. [4] orthorectifiedLat X

[ (4] orthorectifiedlon X

Lon in RDC

50.46m

Lat -—lon - Zoom - Level - (%]



SNAP InSAR processing

Demo
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‘ ESA Sentinel Application Platform | SNAP

‘ SNAP Interferometric Processing | Manual vs Batch mode

‘ StaMPS PSI Processing Scheme

‘ SNAP-StaMPS PSI service on GEP



snap2stamps | Software Package

* Created as a response to the user community needs (SNAP Forum)

" QOpen source and available on Zenodo repository

!

DOl 10.5281/zenodo.1308835

Géosciences pour une Terre durable

rgm

= Python scripts and pre-define xml graphs which uses SNAP to create stacks

of interferograms compatible with StaMPS PSI
=  Currently supports Sentinel-1 TOPSAR SLC data

O Why GitHub? Enterprise  Explore Marketplace Pricing

Seve ral mdelgadoblasco / snap2stamps @ Watch | 10

fo r ru n n <» Code Issues 2 Pull requests 0 Projects 0 Security Insights

Using SNAP as InSAR processor for StaMPS

* Proj
« CPU

D 54 commits ¥ 1branch © 2 releases

Sign in | Sign up ‘

* Star 29 Y Fork 14

4% 1 contributor

Branch: master =

e Path

: mdelgadoblasco Add files via upload ...

[} S u b( i Manual Add files via upload
-
M bin Add files via upload
W graphs Add files via upload
[E] README.md Update README.md
E SNAP2StaMPS_CONFIG.bash Add files via upload
[El SNAP2StaMPS_contributors.txt Rename contributors.txt to SNAP2StaMPS_contributors.txt
El SNAP2StaMPS_future_worl.txt Update SNAP2StaMPS_future_work.txt

Find file Clone or download ~

Latest commit ssbdeac on May 17

last year
5 menths ago
5 months ago
last year
last year
last year

last year


https://github.com/mdelgadoblasco/snap2stamps

snap2stamps software package | Zenodo DOI ﬁbrgm

July 27,2018 [ Schneme ] OpenAcces |
Automated SNAP Sentinel-1 DINSAR 3,154 707

@ views & downloads

processing for StaMPS PSI with open source SU——-
tools

Jose Manuel Delgado Blasce; Michael Foumelis

This software package provide a set of python scripts that call routines from the ESA SentiNel Application Platform (SNAR)
allows to perform automatic interferogram stacking that are compatible with StaMPs PSL See more details

The initial version works with Sentingl-1 W SLC preducts.

When using this software package please reference to this (doi:10.5281/zencdo.1322353 ) and to the paper: M
Foumelis, J. M. Delgado Blasce, Y-L. Desnos, M. Engdahl, D. Fernandez, eci, J. Lu and C. Wong. ‘ESA SNAP - StaMPS
Integrated processing for Sentinel-1 Persistent Scatterer Interferometry”. IEEE International Geoscience and Remote
Sensing Symposium. IGARSS 2018.

Update of scripts and xml graphs. Version announced at IGARSS 2018 G i I H I

indexed in

W mdelgadoblasco-snap2stamps-c2362a6

o m Manual
= [ SNAP2StaMPS_User_Manual pdf 14MB pen

< [1README.md 14kB

o [ SNAP25taMPS_CONFIG.bash 996 Bytes

& [ SNAP2S5taMPS_contributors. et 82 Bytes

o [1SNAP2StaMPS_future_work b 601 Bytes

o mmbin o
= [ coreg_ifg_topsarpy 5.0kB Publication date:
= [ project.conf 457 Bytes July 27,208
= [Aslaves_prep.py 21kB Dol
* Displiting_slaves py 6.0 kB
= [ stamps_export.py 4.1kB Keyword(s):

o e graphs Automated DInSAR processing, SNAP, StaMPS, Persistent
= [1 coreg_ifg_computation xml 56kB Scatterers Interferometry
= [ coreg_ifg_computation_subset.xml 6.7 kB
= D exportxml 1.1kB ational Gecscience and Remote Sensing
- E S:aVE_SP”t_aF’E:!"Ofbi}:‘ml e 1; EE - Symposium 2018 S8 2018), Valencia, Spain,
s o mosomn op e 22-27 July 2018 (Session Differential SAR

Interferometry | )
Files (1.3MB v Related identifiers:
Supplement to
Name Size https://github.com/mdelgadoblasco/snap2stamp
mdelgadoblasco/snap2stamps-1.0.1.zip 1.3MB @ Praview | | & Download - )

License (for files):
¥ Other (Open)



https://zenodo.org/record/1322353

snap2stamps | Documentation (User Manual) 6brgm

Pkt —— Processin g Ste ps:
1. Sort slave images in separated folders corresponding
to their acquisition time.

N 2. Slave splitting (incl. slice assembling, if needed) and
updating orbits (Precise or Restituted ).

SentiNel Application Platform as InSAR
" processor forPSI processing with
StaMPS .~

3. Coregistration and interferogram generation per
slave and subswath. A subset option using a bounding
box is now available.

prem—— 4. StaMPS export is done providing for each pair
o coregistered stack and interferogram generated
StaMPS compatible products.

Date: Jjune 2018

Foumelis, M., Delgado Blasco, J. M., Desnos, Y. L., Engdahl, M., Fernandez, D., Veci, L. Lu, J. and Wong, C. “SNAP - StaMPS
Integrated processing for Sentinel-1 Persistent Scatterer Interferometry”. In Geoscience and Remote Sensing Symposium
(IGARSS), 2018 IEEE International, IEEE



snap2stamps | Master Scene Splitting Qbrgm

A minimum of two
bursts are required for
snap2stamps processing

For 2-burst image approx. 2-3 min of processing time area needed per interferogram.
Exponential increase by adding more bursts.




snap2stamps | SNAP Processing Graphs 1/2 @hrgm

Image Splitting and Update of Orbits

/

Read TOPSAR-Split Apply-Orbit-File :{ Write

* We suggest to proceed with master scene selection and sub-setting using SNAP GUI

Read TOPSAR-Split \

SliceAssembly Apply-Orbit-File Write slave scenes

Read(2) |—>{ TOPSAR-Split(2) /

master scene

Auxiliary files as DEM and Orbit State Vectors are automatically downloaded by SNAP.

Subsetting over an AOI using a bounding box is supported in version 1.0.1



snap2stamps | SNAP Processing Graphs 2/2 @brgm

TOPS Co-registration and Interferogram formation

Read
Back-Geocoding Enhanced-Spectral-Diversity Interferogram |> TOPSAR-Deburst TopoPhaseRemoval > Write
TOPSAR-Deburst(2) Write(2)

Read(2)
Both amplitude
coregistered master-slaves

Read stack and interferograms,
\ including heights and
SNAP export to StaMPS format orthorectified latitude and

StampsExport

longitude images are saved
as output.

Read(2)




snap2stamps | Directory Structure
p ps | y @hrgm

processing directory

ﬂ:{) coreg

snap2stamps directory

ifg
D manual log
bin master
MasterSplit
graphs
slaves
split

bin folder

. project.conf - file with parameters and paths needed for the processing

. slaves_prep.py - script for slave sortering in the expected folder structure

. splitting_slaves_logging.py - script for slave splitting (and assembling is needed) and orbit
correction.

. coreg_ifg_topsar.py - script for master-slave coregistration and interferometric generation

. stamps_export.py - script for ouput data generation in StaMPS compatible format for PSI
processing.



snap2stamps | Configuration File @brgm

[pi@CToolbox /application/workdir/Rome/] $

cat project.conf
#i#### CONFIGURATION FILE ####
S
# PROJECT DEFINITION
PROJECTFOLDER=/application/workdir/PROC_dir
GRAPHSFOLDER=/application/graphs
R
# PROCESSING PARAMTERS
IW1l=IW2
MASTER=/application/workdir/PROC_dir/master/S1A_IW_SLC__1SDV_20150402T155633 20150402T155700_ 022180 02662B_7085 split_Orb.dim
HHHHHEH S R
# AOI BBOX DEFINITION
LONMIN=
NATMIN=
LONMAX=
LATMAX=
HHHHH R
# SNAP GPT
GPTBIN_PATH=/application/pi/snap/bin/gpt
HHHHHAH A H AR
# COMPUTING RESOURCES TO EMPLOY
CPU=8
CACHE=16G
HHEFHEH TS S R

[pi@CToolbox /application/workdir/PROC_dir/] $




nap2stam tep-by-St mman
snap2stamps | Step-by-Step commands Qbrgm

Preparing slave folders

$ python slaves prep.py project.conf

Requirements: Sentinel-1 data downloaded in zip format on the folder : /<PROJECTFOLDER>/slaves/

Slave splitting and apply orbit

$ python splitting slaves.py project.conf

Note: current scripts support up to 2 slaves images with same acquisition day (for slice assembling) and only precise orbits are used.
In near future also restituted orbits will be supported.

Coregistration and Interferogram generation

$ python coreg_ifg topsar.py project.conf

Note: SRTM1 arc second is used for both Backgeocoding and TopoPhaseRemoval computation. In the future more DEM will be
supported via configuration file.

StaMPS export

$ python stamps_export.py project.conf




snap2stamps | Outputs

Parent directory

drwxrwxr-
drwxrwxr-
drwxrwxr -
drwxrwxr-

drwxrwxr-
drwxrwxr -
drwxrwxr -
drwxrwxr-

O 00O \gWwI R WOV

@ bﬁéosciences pour une Terre durable

(base) pi@CToolbox-Foumelis:/application2/workdir/mdis/zip$S 11 INSAR_20190817/

total 24

drwxrwxr - 5 pi pi 4096 Okt 08:52
drwxrwxr - pi pi 4096 Okt 08:50
drwxrwxr - pi pi 4096 Okt 08:54
drwxrwxr - pi pi 4096 Okt 08:56
drwxrwxr - pi pi 4096 Okt 08:52
drwxrwxr - pi pi 4096 Okt 08:56

Jrslc/yyyymmdd.rslc

Master SLC and a resampled SLC for every
Jrslc/yyyymmdd.slc.par
SLC parameter file for the master scene

./diff0/yyyymmdd.diff
A single master interferogram for every slave image

./diff0/yyyymmdd.base
A baseline file for every interferogram pair

./geo/yyyymmdd dem.rdc
DEM in master RDC coordinates

./geo/yyyymmdd.lon & ./geo/yyyymmdd.lat
Longitude and latitude images for every pixel in the
master RDC geometry



snap2stamps | Authors’ Comments Qbrgm eeeeeee e

= In the framework of snap2stamps development several bugs on SNAP v5
were identified and corrected (other issues to be addressed in future
versions).

= SNAP from v6 onwards is able to provide interferogram stacks compatible
with StaMPS PSI.

= End-to-end PSI processing using SNAP & StaMPS PSI showed consistent
results with already published studies.

= The open and free snap2stamps software package provides the community
with an easy way to automatize the single master bulk DINSAR processing.

= Further developments shall be done to fulfill other user community needs.



snap2stamps | Future Updates Qbrgm

= Add more sensor support, specifically for STRIMAP SAR data

= External DEM support configurable via python scripts. Already possible
by directly modifying provided graphs.

= Applied Orbit configurable via python scripts. Already possible by
directly modifying provided graphs.

= Include script for downloading orbit files directly from ESA server to
avoid problem with 3rd party dependencies.

= Include script for Sentinel-1 data automatic download via the
Copernicus Open Data Hub and PEPS (registration needed by the user).

=  Multi sub-swath integration (sub-swath merging). Current scripts
support single sub-swath interferometric processing.

= Prepare scripts for StaMPS SBAS (dependency on SNAP development)



snasztamps python scripts
Demo
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StaMPS/MTI Software Ghrgm

Since July 2018 (version announced at IGARSS 2018)
the software is distributed via GiHub repository

O Why GitHub? Enterprise  Explore Marketplace Pricing Sign in ‘ Sign up ‘
[J dbekaert / StaMPS @ Watch 37 | WStar | 64 ¥Fork | 34
<» Code Issues & Pull requests 1 Projects 0 Security Insights
StaMPS/MTI Manual
Stanford Method for Persistent Scatterers  http://homepages.see.leeds.acuk/~ear... Version 4.1b
D 495 commits ¥ 1branch © 1release A2 10 contributors s GPL-3.0
1
Branch: master v ew p equest Find file
21 dbekaert Merge pull request #17 from scivision/master w. Latest commit c15%eb8 on Sep 12
i DORIS_SCR update the files to be executables and remove the dos hidden feature ... 4 years ago
B Manual Update StaMPS_Manual.bbl last year
[ ROI_PAC_SCR adding missing script make_raw_ers.pl 8 years ago
| bin add mt_prep_snap last year
W matlab Add files via upload 4 months ago
i src put files at right location last year
Andy Hooper, David Bekaert, Ekbal Hussain, and Karsten Spaans
E) gitattributes metadata last menth 15th August, 2018
[E] INSTALL remove duplicate 5taMPS from directory structure 10 years ago
[E) LICENSE Create LICENSE 2 years ago
E) README.md Update READMEmd & months ago 8 e Ao
§ LS29JT Leeds
[E) StaMPS_CONFIG.bash APS plots and other stuff & years ago UNIVERSITY OF LEEDS United Kingdom
E) StaMPS_CONFIG.tcsh APS plots and other stuff 6 years ago
E] snaphu.cont remove duplicate 5taMPS from directory structure 10 years ago

Hooper, A., A multi-temporal INSAR method incorporating both persistent
scatterer and small baseline approaches, Geophys. Res. Lett., 35, L16,302,
doi:10.1029/2008GL03465, 2008. UNIVERSITY OF LEEDS



StaMPS/MTI | Development History @brgm

STAMPS

A software package to extract ground displacements from time series of synthetic aperture radar (SAR) acquisitions.
The original version was developed at Stanford University but subsequent development has taken place at the University of Iceland, Delft University of Technology and the University of Leeds.

The package incorporates persistent scatterer and small baseline methods plus an option to combine both approaches.

Andy Hooper

School of Earth and Environment
University of Leeds

Leeds LS2 9JT

15th August, 2018

A new beta release version of StaMPS/MTI (version 4.1b1) is available from Github (extract with tar -zxvf).

The manual of StaMPS/MTI (version 4.1bl) is available as a pdf file

12th September, 2013

A new beta release version of StaMPS/MTI (version 3.3bl) is available as StaMPS_v3.3bl.tar.gz (extract with tar —zxv£).
The manual of StaMPS/MTI (version 3.3bl) is available as a pdf file

24th November, 2010

A new release version of StaMPS/MTI (version 3.2) 15 available as a tar gz file® (extract with tar -zxvi).

* StaMPS/MTI version 3.2 15 updated to version 3.2.1 on 26th November, 2010.

3rd March, 2010

A new beta version of $taMPS/MTI (version 3.2b4) 15 available as a tar g7 file (extract with tar -zxvi).
9th December, 2009

A new beta version of $taMPS/MTI (version 3.2b3) 15 available as a tar g7 file (extract with tar -zxvf). Anupdated manual 1s included in the zip file.

15th July, 2009

StaMPS/MTI (version 3.1) 1s available as a tar gz file (uncompress with gunzip, then extract with tar —xvf). This software may be downloaded freely for non-commercial applications.

If vou use this code, please join the vser group MAINSAR to be informed of any updates/issues. Also, please post any questions or advice to this group rather than directly to me.

Andy Hogper


https://homepages.see.leeds.ac.uk/~earahoo/stamps/

Ingestion of SNAP outputs into StaMPS @hrgm

In the INSAR_masterdate directory run mt_prep_snap command

For example:
mt_prep_snap 0.4 3 3 50 200

where
0.4 = amplitude dispersion (0.4-0.42 are reasonable values)

3 = number of patches in range (default 1)
3 = number of patches in azimuth, (default 1)
50 = overlapping pixels between patches in range (default 50)

200 = overlapping pixels between patches in azimuth (default 200)



Ingestion of SNAP outputs into StaMPS @hrgm

Preparation for StaMPS PSI inputs: mt_prep _snap command
$ mt_prep snap 20150419 /application/workdir/Rome/export/PSI/INSAR 20150419 ©.35 3 3

pi@CToolbox: /application/workdir/Rome/export/PSI/INSAR 20150419% 1ls -1
drwxrwxr-x 22 pi pi 4096 Jun 21 20:41 ./
drwxrwxr-x 3 pi pi 4096 Jun 21 20:22 ../
-rwW-rw-r-- pi pi 6880 Jun 21 20:22 calamp.in
-rW-rw-r-- pi pi 7558 Jun 21 20:41 calamp.out
drwxrwxr-x pi pi 4096 Jun 21 15:25 dem/
drwxrwxr-x pi pi 20480 Jun 21 17:31 diffe/
drwxrwxr-x pi pi 4096 Jun 21 15:25 geo/
-rwW-rw-r-- pi pi 5 Jun 21 20:22 len.txt
drwxrwxr-x pi pi 4096 Jun 21 20:46 PATCH 1/
drwxrwxr-x pi pi 4096 Jun 21 206:59 PATCH 2/
drwxrwxr-x pi pi 4096 Jun 21 21:22 PATCH_3/
drwxrwxr-x pi pi 4096 Jun 21 21:41 PATCH 4/
drwxrwxr-x pi pi 4096 Jun 21 22:01 PATCH_5/
drwxrwxr-x pi pi 4096 Jun 21 22:19 PATCH 6/
drwxrwxr-x pi pi 4096 Jun 21 22:40 PATCH 7/
drwxrwxr-x pi pi 4096 Jun 21 23:00 PATCH_8/
drwxrwxr-x pi pi 4096 Jun 21 23:20 PATCH 9/

=k N e e = NN NMNNOMNNONMNNNNNE DO

-rW-rw-r-- pi pi 135 Jun 21 20:41 patch.list
-rW-rw-r-- pi pi 6 Jun 21 20:22 processor.txt
-rW-rw-r-- pi pi 89 Jun 21 20:41 pscdem.in
-rwW-rw-r-- pi pi 162 Jun 21 20:41 psclonlat.in
-rW-rw-r-- pi pi 7656 Jun 21 20:41 pscphase.in
-rW-rw-r-- pi pi 84 Jun 21 20:22 rsc.txt
drwxrwxr-x pi pi 12288 Jun 21 17:31 rslc/
-PrW-rw-r-- pi pi 7568 Jun 21 20:41 selpsc.in
-rW-rw-r-- pi pi 6 Jun 21 20:22 width.txt




Created: '05-May-2018'

density_rand: 1

drop_ifg_index: []

filter_grid_size: 50
filter_weighting: 'P-square’
gamma_change_convergence: 1.0000e-04

gamma_max_iterations: 25

gamma_stdev_reject: 0

heading: 350.0375

clap_alpha: 1
clap_beta: ©.3000 Géosciences pour une Terre durable
StaMPS Processing Parameters s o b @h
rgm

The parameters that control the processing insar_processor: *gamna’
ambada: .
can be viewed in matlab lonlat_offset: [0 o]

max_topo_err: 15
merge_resample_size: 20
>> getparm merge_standard_dev: 1
n_cores: 8
percent_rand: 1
platform: 'SENTINEL-1A'
Modify any parameters from the default plot_color_schene: 'dnflation
plot_dem_posting: 90
( , plot_pixels_scatterer: 3
>> setparm(‘param_name’, param_value) plot_scatterer_size: 120
- - quick_est_gamma_flag: 'y’
ref_centre_lonlat: []
ref_lat: [-Inf Inf]

Setting param_value to et adioe: sp M
nan resets the parameter to e T deranps on

la_dr index:
the default value. O L nethod: L2°

scn_deramp_ifg: []
scn_kriging_flag: 'n’
scn_time_win: 120
scn_wavelength: 100
select_method: 'DENSITY'
select_reest_gamma_flag: 'y’
shade_rel_angle: [90 45]

slc_osf: 1
Commands for running StaMPS processing SRR e R e

_tropo: 'y
with or without APS correction (step 8) e e

unwrap_gold_alpha: ©.8000
>SS ( ) unwrap_gold_n_win: 32
Stamps 1’7 unwrap_grid_size: 200
unwrap_hold_good_values: 'n’

or W|th APS unwrap_la_error_flag: 'y’
unwrap_method: '3D_NEW'
unwrap_patch_phase: 'n’ H .
>> stamps(1,8) e R PP No iterative
unwrap_spatial_cost_func_flag: 'n’ H
e R improvement of results
el il UL for GEP implementation

weed_neighbours: 'n
weed_standard_dev: 1
weed time win: 120



TRAIN - Toolbox for Reducing Atmospheric InSAR Noise @h“rgm"‘“

O Why GitHub? Enterprise Explore Marketplace Pricing / Sign in ‘ Sign up |

The Toolbox for Reducing
Atmospheric INSAR Noise — TRAIN —is
developed in an effort to include
current state of the art tropospheric S
correction methods into the default Ll
INSAR processing chain. Initial
d@VElOpment was performed at the Toolbox for Reducing Atmospheric INSAR Noise  httpy//www.davidbekaert.com/#links

U n ive rSity Of Leeds- ¥p 52 commits ¥ 3 branches © 2 releases 22 3 contributors

dbekaert / TRAIN © Watch | 15 o Star 40 YFork 22

<> Code Issues 1 Pull requests 2 Projects 0 Security Insights

2 View license

TRAI N too | bOX I S I nteg rated I n t h e s dbekaert include a check to see if the wavelength is specified. Latest commit 6c93feb on Jun 23

d efa u |t p rocessi ng Ch a i n Of Sta IVI PS' [ Variable_Tables commit version 2b 3 years ago

il bin Update get_ecmwf 10 months ago

[ manual update to the manual for new beta release 2 years ago

m matlab include a check to see if the wavelength is specified. 4 months ago

SpeCtrometer - MER'S (ENVISAT data) & MOD'S | python_modules commit version 2b 3 years ago
Weather model - ERA-l, MERRA, MERRA-2, GACOS ==
[E] APS_CONFIG.sh commit version 2b 3 years ago

Weather ResearCh and ForecaStlng MOdel (WRF) [E] APS_CONFIG.tcsh commit version 2b 3 years ago
POWQl"-laW Correction for. tropospheric delays B CITATION.TXT include both train papers 2 years ago

[E) LICENSE Initial commit 3 years ago

Linear phase-topography correction ) READMEmd Create READMEmd 2 years ago

[E] TOOLBOX_LICENSE commit version 2b 3 years ago

Bekaert, D.P.S., Walters, R.J., Wright, T.J., Hooper, A.J., and Parker, D.J. (2015c), Statistical comparison of InSAR
tropospheric correction techniques, Remote Sensing of Environment, doi: 10.1016/j.rse.2015.08.035


https://github.com/dbekaert/TRAIN

SNAP-StaMPS vs ESA InSARap project | Mexico City ebrgm

PSI Sentinel-1 results over pilot site of Mexico City
obtained with the DLR-HR TAXI PSI processor
SNAP-StaMPS PSI processing

230
19.65
19.6 7
5
19.55 ~
¥ 2
19.5 ¥
19.45
28 19.4
£
. -230
150
. 100 - T 1
ESA InSARap project e Y
Nannini, M., Prats—Iraola, P., Scheiber, R., Yague—Martinez, N., 'g 50 \;\2\\\‘, -
Minati, F., Vecchioli, F., Costantini M., Borgstrom, S., De Martino, 1 \6‘\\\
P., Siniscalchi, V., Walter, T., Foumelis, M. & Desnos, Y-L., 2016. g O \»\"\o
Sentinel-1 mission: results of the InSARap project. 11th European &6l \\\
Conference on Synthetic Aperture Radar (EuSAR 2016), Hamburg, ~e
Germany, 6-9 June. -100 SR



SNAP-StaMPS integrated Sentinel-1 PSI | Rome Q.-

brgm

ESA SeNtinel Application Platform SNAP Sentinel-1 vertical displacement rates
=
Z 12°30" 12%31" 12°32% 12933

f///
».

Graph Builder Processing Chains

Part A

42°0

41°50'

PartB

Part C

41°40

12°32'

§HARRAY (-esa

SYSTEMS COMPUTING INC.

@ Geoscience fora sustainable Earth r r s s
b rg m ) 3 research & service support

UNIVERSITY OF LEEDS

Contains modified Copernicus Sentinel data (2018)



StaMPS PSI Processing Scheme

Demo



6 hGéusci eeeee pour une Terre durable

‘ ESA Sentinel Application Platform | SNAP

‘ SNAP Interferometric Processing | Manual vs Batch mode

‘ snap2stamps | Python Scripts
‘ StaMPS PSI Processing Scheme



SNAP-StaMPS PSI Service Gbrgm
Timeline of GEP Integration

Processing scheme design & validation
Code preparation

June 2018 Jan 2019 May 2019 Sept 2019 Oct 2019 Nov 2019

Open

Service

Integration on

consolidated

GEP :
service

pre-operations

| 1 ! ' !

! ' | 1o '

i | Python ! Lo :

Scientific publication | StaMPps | notebook : i | |

' executable L ;
SNAP pre-processing code shared ! Outputs verification & ' Systematic
on GitHub (incl. output PSI dataset) performance assessment service

Want to apply for the GEP Early Adopters Programme?
contact@geohazards-tep.eu

geohazards A . N
tep RHEA




Sentinel-1 PSI with SNAP-StaMPS on GEP Qbrgm

It’s a two step process.

The first consists in setting-up a data processing pipeline to
generate the interferogram stack:

You select a stack of Sentinel-1 SLC with the same orbit
You select the swath(s)

You select a tag for the stack

The data pipeline generates a set of data items

In the second step the interferogram stack is channeled to the PSI
pipeline for SNAP-StaMPS PSI time series analysis.

//0\\
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Sentinel-1 PSI with SNAP-StaMPS on GEP @hrgm

The goal is to create data processing pipelines to:

- Generate stacks of interferograms derived from Sentinel-1 SLC data
- Generate PSI time series with StaMPS out of those interferograms stacks

Interferograms stack data

processing pipeline PSI processing pipeline
For each slave paired with a defined master, the For each swath stack of interferograms, the
data processing pipeline generates one processing data processing pipeline triggers a StaMPS PSI

request per swath. processing request

FET

= —>

oan

geohazards //.\\
RHEH

&




SNAP-StaMPS PSI | Processing Modes on GEP

Systematic processing

Systematically generate stacks of interferograms derived from Sentinel-1
SLC data

Automatically generate PS time-series with StaMPS out of those
interferograms stacks when certain conditions are reached (e.g. size of
the stack

On-demand processing

Via Geobrowser or API, create stack of interferograms with a defined list
of Sentinel-1 SLC products

Wait for it’s automatic production

Via Geobrowser or API, select a stack of interferograms and generate PS
time-series with StaMPS

Advanced usage

Via Jupyter Notebooks or scripting, select a stack of interferograms, do
its stage-in and do the StaMPS processing steps interactively allowing
the incremental processing and check on intermediate data

hazard I\ il
o RHEA Qhrgm
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GEP SNAP-StaMPS PSI service | Outputs @hrgm

The service outputs correspond to the generic outputs of StaMPS, which is a set
of files in ASCII format, for the estimated velocities, corresponding uncertainties
and the actual displacement time series.

ps_mean_v.xy (longitude, latitude, mean velocity deformation information)

ps_data.xy (longitude, latitude, mean_v, mean_v_std, dem height, dem_error, inc_angle
ps_u-dm.1.xy : longitude, latitude, phase minus dem error and master aps in mm
ps_u-dm.N.xy, with N equal of each interferogram

Default corrections applied include DEM error and master APS (v-dm),
while atmospheric screen correction is optional.

Outputs at reduced spatial resolution of 100m

geohazards
RHEA
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SNAP-StaMPS PSI | GEP User Interface (on-going development)

E geohazards 7( | Permanent
scatterer for
tep L- Sentinel-1 with
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SNAP-StaMPS PSI | GEP User Interface (on-going development)
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SNAP-StaMPS PSI | GEP User Interface (on-going development)
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https://geohazards-tep.eu/geobrowser/?id=permascatts1-app

SNAP-StaMPS service on GEP

Demo
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