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Where d id we start
SAR2Cube

ESA SEOM SInCohMap proje c t

South Tyrol (Italy) Doñana (Sp ain)We st Wie lkop olska (Poland ) Full SLC and Inte rfe rom e tric 
datase t s tore d on disk

 More  than 1000 ifg
 More  than 1000 coh m aps
 More  than 1000 ifg  phase sLand -cove r m aps

Datase ts



Project de finition
SAR2Cube

Copernicus Open 
Access Hub

S-1 Quality Control

Land  Cover Change DetectionDisplacement

S-1 Data Acquisition Interface

Data Pre-Processing

Data Indexing

OTF Operators

Applications Interface
OPEN 
DATA 
CUBE

DATA PROVISIONING APPLICATIONS DEMONSTRATION

DATA PROVIDER PERSPECTIVE USER PERSPECTIVE



Significant Inform ation
SAR2Cube

List of presentation and other interesting information

 SAR2CUBE in ESA p roje ct:

 SAR2CUBE we bpage

 SAR2CUBE pre proce ss  g itlab

 Note book with update d OTF ope rators

 ope nEO we b e ditor



Significant Inform ation
SAR2Cube

List of presentation and other interesting information

 ESA Fringe  2021: “SAR2CUBE: A Data Cube  Conce pt for Providing Both Inte rfe rom e tric and 
Inte nsity Base d Products  through an Ope n Source  Fram e work” A. Jacob, M. Claus, G. 
Ce ntolanza, F. Moral, F. Vice nte -Guijalba, P. Mougnaud

 Living Plane t 2022: “Exploring Tim e  Se rie s  of Se ntine l-1 Inte rfe rom e tric Cohe re nce  in Land 
Cove r Mapping: A Ste p Forward” J .M. Lope z-Sanche z, M. Busquie r, A. Jacob, M. Claus, B. 
Ve ntura, C. Lope z-Martine z, L. Yam , G. Ce ntolanza, A. Farid i, E. Makhoul, M. Engdahl

 IGARSS 2023: “SAR2CUBE - AN OPEN FRAMEWORK FOR AN EFFICIENT SETUP OF SAR 
IMAGERY IN ANALYSIS READY DATA CUBES” M. Claus, A. Jacob, EURAC Re se arch, Italy; G. 
Ce ntolanza, DARES Te chnology, Spain; J . M. Lope z-Sanche z, Unive rsity of Alicante , Spain



Output Unitary Data
SAR2Cube

Complex S -1 A/B IW SLC data

Temporal stack of co -registered 
SLC images as the fundamental
unit of the datacube .

• Image alignment
• Radiometric calibration
• S-1 IW mode requires

de-swathing and de -bursting
• Dual VV-VH polarizations

Georeferencing grid

The SLC data is defined in sensor
geometry slant-range plane .
The transformation from
the sensor’s domain to a more
useful perspective, as a
geographical coordinate system,
it is required to include additional
information to the Datacube

Geometrical phase component

In DInSARit is required to remove
topographical and flat earth
components .
Computed exploiting the
perpendicular baseline
defined between each secondary
image and the reference one



Interferogram 
g e ne ration

Flat Earth
Com p onent p e r 

e ach b urst

S1 De b urst/
Sub swath Me rg e

Flat Earth
Com p onent

Ge om e trical
Com p onent

Top og rap hic
Com p onent p e r 

e ach b urst
Top og rap hic
Com p onent

Pre  proce ssing
SAR2Cube

AOI KML Re g istration

Re g iste re d 
SLCs

Maxim um  
p e rp e nd icular 

b ase line  
se le c tion

Inte rfe rog ram
Ge ne ration

SLC Products

Ge ocod ing
File s

Ge ne ration

Top op og rap hy
Com p onent

Slice  asse m b ly 
Prod uct

LAT/ LON 
m atrice s

Asse m b ly

Diffe re ntial
Inte rfe rog ram

Ge ne ration Flat Earth
Com p onent

Input

Per each SLC image One time proc

SNAPHU

Baseline 
matrix

Pre-processing based on SNAP 

Modify SNAP

> Include save Output phase component in Code

> Rebuild SNAP Sentinel -1 toolbox with changes

> More information at 



Data Inde xing
SAR2Cube

Six L0 datacubes , pre-processed with SAR2Cube, indexed with 
OpenDatacube , and available through openEO:
 Doñana: track 147 (ASC), 2017/ 2019, 181 sam ple s
 Doñana: track 154 (DSC), 2017/ 2019, 178 sam ple s
 South Tyrol: track 117 (ASC), 2016/ 2022, 311 sam ple s
 South Tyrol: track 168 (DSC), 2016/ 2022, 305 sam ple s
 Finland AOI1: track 80, Nov 2017/ Nov 2018, 64 sam ple s
 Finland AOI2: track 80, Nov 2017/ Nov 2018, 64 sam ple s



Introduction to Ope nEO proce ssing
SAR2Cube

º
Abstract workflow definition

openEO back -end infrastructure

Clients

Data Selection Data Analysis Result Access

Job Management Graph Parsing Execution Engine

Feature 1
…
Feature N



The following OTF operators have been implemented and can be parallelized:
 Temporal subset
 Spatial subset
 Intensity/Amplitude
 Multilook
 Box-car filter
 Interferometry
 Pixel Selection for PSI
 Geocoding

OTF Operators
SAR2Cube

º



Main aspects of the operator:
 Extract a filtered interferogram list from the full list according to a limitation of temporal and spatial baselines.
 Generation of the differential interferograms over a temporal and spatial subset
 Generation of mean coherence map for the full interferogram dataset
 Selection of pixels based on coherence and setup for PSI processing

Displ . Bowls

OTF: Interferogram generation
SAR2Cube

Interferogram

SLC 1

SLC 2

Flat Earth

Linear combination
Of Geom Phase
components 1 and 2

Topographic 
Phase

For each diff. interferogram we 
need a complex product and a 
subtraction. 
These operations can be easily 
parallelized



Main aspects of the operator:
 Extract a filtered interferogram list from the full list according to a limitation of temporal and spatial baselines.
 Generation of the differential interferograms over a temporal and spatial subset
 Generation of mean coherence map for the full interferogram dataset
 Selection of pixels based on coherence and setup for PSI processing

OTF: Interferogram generation for PSI
SAR2Cube

# Interfs
X

# PS

Save on disk just the minimum 
information of the full 
interferogram dataset



OTF: Inte rfe rogram ge ne ration in Ope nEO
SAR2Cube

Main aspects of the operator:
 Extract a filte re d inte rfe rogram  lis t from  the  full lis t according to a lim itation of te m poral and spatial base line s .
 Ge ne ration of the  d iffe re ntial inte rfe rogram s ove r a te m poral and spatial subse t

Part of the  ope nEO proce ss g raph use d  to com pute  on-the -fly the  d iffe re ntial inte rfe rog ram  of a  pair of date s .



Scalability and  pe rform ance  te sts
SAR2Cube

Input data with size  y:15x15 Km

Computation of 253 differential interferograms with different Dask LocalCluster  setups:

 LocalCluste r(n_worke rs=4, thre ads_pe r_worke r=1, proce sse s=True ,m e m ory_lim it='64GB’)
 CPU tim e s: use r 30.1 s , sys: 4.46 s , total: 34.6  s
 Wall tim e : 5m in 55s

 LocalCluste r(n_worke rs=1, thre ads_pe r_worke r=1, proce sse s=True ,m e m ory_lim it='64GB’)
 CPU tim e s: use r 3m in 36s, sys: 1m in 29s, total: 5m in 6s
 Wall tim e : 21m in 13s



openEO We b Ed itor
SAR2Cube

Access to the web editor:

 Acce ss  through the  link

 Filte r the  se arch in colle ction: SAR2CUBE

 The  lis t of colle ction alre ady inde xe d and re ady to be  use d

 Ple ase  contact Miche le .Claus@e urac.e du or Ale xande r.Jacob@e urac.e du
to ge t a fre e  acce ss  to the  colle ction and te st the  d iffe re nt OTF tools  you
can find in g itlab:

SAR2CUBE is an ope n tool for the  
sc ie ntific  com m unity

mailto:Michele.Claus@eurac.edu
mailto:Alexander.Jacob@eurac.edu


Questions ?



Significant Inform ation
SAR2Cube

List of presentation and other interesting information
 SAR2CUBE in ESA p roje ct: http s:/ / e o4socie ty.e sa.int/ p roje cts/ sar2cube /

 SAR2CUBE we bpage : http s:/ / sar2cube .ne tlify.app /

 SAR2CUBE pre proce ss  g itlab: https:/ / g ithub.com / SARScripts/ pre proce ss

 Note book with update d OTF ope rators : https:/ / g itlab .inf.unibz.it/ e arth_obse rvation_public/ e urac-ope ne o-
e xam ple s/ -/ tre e / m ain/ python

 ope nEO we b e ditor: https:/ / e ditor.ope ne o.org/ ?se rve r=https%3A%2F%2Fope ne o.e urac.e du&discove r=1

https://eo4society.esa.int/projects/sar2cube/
https://sar2cube.netlify.app/
https://github.com/SARScripts/preprocess
https://gitlab.inf.unibz.it/earth_observation_public/eurac-openeo-examples/-/tree/main/python
https://gitlab.inf.unibz.it/earth_observation_public/eurac-openeo-examples/-/tree/main/python


Pre proce ssing
SAR2Cube

AOI KML Re g istration

Re g iste re d 
SLCs

Maxim um  
p e rp e nd icular 

b ase line  
se le c tion

Inte rfe rog ram
Ge ne ration

SLC Products

Ge ocod ing
File s

Ge ne ration
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Com p onent

Slice  asse m b ly 
Prod uct
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Input

Per each SLC image One time proc
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matrix



Pre proce ssing: Ge om e tric Phase Com pone nt
SAR2Cube

Phase unwrapping overview:
 The  topographic and ge om e trical phase  is  use d in line ar ope rators  such as  sum  or d iffe re nce  and the  re sults  

inte rfe rogram  diffe re nce  of the  pre -proce ssing give s  as  re sult a wrappe d phase .
 SNAPHU software  works with a re duce d s ize  of m atrice s . The  output m atrice s  inge ste d in datacube s are  b igge r than 

this  lim it.
 Multi b lock phase  unwrapping has be e n im ple m e nte d to ove rcom e  the  dim e nsion of S1 products . The  calibration 

be twe e n ne ighbor b locks is  pe rform e d through his togram  calibration.

Inte rfe rog ram
Ge ne ration

Diffe re ntial
Inte rfe rog ram

Ge ne ration

SNAPHU



Conclusions and Outlook

What we have
 Prototype  im ple m e ntation for SLC data cube s
 Fully build  and im ple m e nte d using ope n source
 Acce ssible  with ope nEO inte rface s
 Scalable  proce ssing fram e work
 Storage  e fficie nt
 Im prove m e nt of the  Inte rfe rom e tric pre -proce ss
 Se t of OTF alre ady de fine d proce sse s  in Ope nEO
 Use ful in re al world  applications

What we are working on
 Move  to a m ore  ope rational se tup
 Upcom ing in ope nEO Platform

 Additional SAR OTF ope rators
 E.g. Spe ckle  Filte ring
 Calibration

 Inte grate  highe r le ve l proce ssing in ope nEO
 PSI?

 On-de m and pre -proce ssing
 Inte grate  othe r SAR se nsors
 Me tadata ge ne ration



Pre proce ssing
SAR2Cube

AOI KML Re g istration

Inte rfe rog ram
Ge ne ration

SLC Products

Asse m b ly

Diffe re ntial
Inte rfe rog ram

Ge ne ration

Input

Per each SLC image One time proc

SNAPHU

High computational cost

Maximum 
perpendicular 

baseline 
selection

Geocoding
Files

Generation

LAT/LON 
matrices

Baseline 
matrixRegistered 

SLCs

Topopography
Component

Slice assembly 
Product

Flat Earth
Component

Pre-processing based on SNAP 


	SAR2CUBE - AN OPEN FRAMEWORK FOR AN EFFICIENT SETUP OF InSAR APPLICATIONS IN ANALYSIS READY DATA CUBES��FRINGE 2023
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21

