


Background

• 1980s - satellite (SAR) radar images are interferometrically coherent!
• 1990s - satellite SAR interferometry (InSAR) has potential to identify 

subsidence and landslides!
• 2000 - PS-InSAR technique can identify (sub)millimetric motions!
• 2008 - TerraSAR-X satellite offers ground resolution < 1x1 m!
• 2014 - new SAR satellite Sentinel-1 = "golden era of InSAR"
• 2016 - approaches towards (inter)national systems for monitoring of 

terrain displacements, InSAR recognized and approved by geodetists



Work objective(s)

• to create a Czech national terrain monitoring system offering:

• generation of annual static maps of terrain motions - subsidence, active 
landslides

• on-demand generation of high resolution motion maps over urban areas

• "near real-time" warning system for potential sudden motions

• extra radar-based feature maps - e.g. dual-polarization application for 
forestry/agriculture (identification of land type and/or deforestation)
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Multitemporal InSAR

• usage of 20+ SAR images

• selection of stably reflecting objects

• removal of atmospheric and other noise 
components

Basic techniques:

• Persistent Scatterers (PS-InSAR)
• combination of images with common "master"
• high accuracy of estimation (<1 mm/year)

• Small Baselines (SB-InSAR)
• combination of images with short time span
• spatial filtering -> more points, lower accuracy



Sentinel-1, a "game-changer"

• part of European Copernicus fleet
• free and open data access
• global data (with higher revisit rate over 

Europe) since Oct 2014
• 6 days revisit time (for InSAR purposes)
• resolution of 20x5 m
• 1 image = cca 250x180 km = cca 4.5 GB

---> need of supercomputations



Sentinel-1 coverage over Czech Rep.

• 4 descending(D) tracks
• footprints pictured ->

• 4 ascending (A) tracks
• example:

• 1 image of D track 124



Sentinel-1 coverage over Czech Rep.

• 1 image consists of:
• 3 swaths
• 3x8 bursts (80x20 km)



Sentinel-1 coverage over Czech Rep.

• each area covered by 
2 D and 2 A tracks

• processing of all 
tracks leads to self-
confirmed results

• ~60 images/year -> 4 
tracks x 60 images x 
4.5 GB = 1 TB => 
processing of any 1 
area needs 1 TB of 
input data



2015: HPC processing system 1.0 - "IT4InSAR"

• virtual machine running specific software on one node (24 cores)
• quick and flexible for one-off processing and testing, sharable platform
• convenient but "no-HPC"
• empowered by SARPROZ sw



2015: HPC processing system 1.0 - "IT4InSAR"



2015: HPC processing system 1.0 - "IT4InSAR"



2016: HPC processing system 2.0 - "Sentineloshka"

• processing using open-source tools, custom Sentinel-1 database
• codes available: https://github.com/espiritocz/sentineloshka/
• fully automatic

• user input: coordinates

• heavy processing
• need optimizations (planned)



2016: HPC processing system 2.0 - "Sentineloshka"

first result:
• 50x50 km area
• 2 years data: 3.8 TB
• 650 core-hours (!)



2017: HPC processing system 3.0 - IT4S1

res. 20x5 m
every 6-12 days

~ 1 day delay ~ 1 hour delay ~ 1 hour delay

• ESA transforms raw satellite data into SLC (images that include radar wave 
phase information)

• CollGS stores SLC data over Czech Republic
• IT4I exploits SLC data and calibrates/coregisters them (0.001 px precision)



2017: HPC processing system 3.0 - IT4S1

• SLC preprocessor (CESNET server) - calibrates data using precise 
ephemerides and auxilliary Sentinel-1 data, sends data to IT4I

• metadata base (CESNET server) - S1 burst metadb based on LiCS
• SLC-C generation (IT4I) - (heavy) HPC processing, storage

10 minutes/18 bursts

20 minutes/18 bursts



2017: HPC processing system 3.0 - IT4S1

• SLC preprocessor (CESNET server) - calibrates data using precise 
ephemerides and auxilliary Sentinel-1 data, sends data to IT4I

• metadata base (CESNET server) - S1 burst metadb based on LiCS
• SLC-C generation (IT4I) - (heavy) HPC processing, storage

10 minutes/18 bursts

20 minutes/18 bursts

2020: 37 TB of SLC 2020: 15 TB of SLC-C



2017: HPC processing system 3.0 - IT4S1

• SLC-C data are organized per track and burst ID
• user sets coordinates, data are sent for processing, results are seen in a webGIS
• currently available: 

• DInSAR - one burst interferogram is generated in 8 seconds
• PS InSAR - using STAMPS, dataset of 100 bursts: 1-2 hours, i.e. 24-48 core-hours
• SB InSAR - using STAMPS, dataset of 300 bursts: 3-4 hours, i.e. 72-96 core-hours

including previous preprocessing: ~2 min./burst

both PS and SB processing should be more optimized



IT4S1 - first results
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IT4S1 - first results

140 km
30 km

PS InSAR: ~2 h



PS InSAR: 40 min.

IT4S1 - first results
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IT4S1 - first results
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IT4S1 - first results
8109+8136+8118
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IT4S1 - first results
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IT4S1 - first results
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IT4S1 - first results - zoom out + new frames



IT4S1 - first results - zoom out + new frames



IT4S1 - first results - zoom out + new frames



Further works for IT4S1

• improvements of codes
• application of partially prepared (post)processing scripts

• decomposition, landslide identification,..

• preparing full pre-processing chain:
• CZ: 8 tracks per ~120 images x 24 corehours = 23040 c.hours = ~1 core-month

• calibration of intensity images for dual-polarization processing
• include external information (weather, temperature, landuse?)
• include other techniques for full exploitation (e.g. pixel offset tracking)
• inclusion of commercially available processing tools (?)



Expectations for IT4S1

• full national map of potential landslide activity



Expectations for IT4S1

• map of decomposed 
displacements of infrastructure



Expectations for IT4S1

• early warning about structure destabilization

Hong-Kong building collapse
(29th January 2010)



Expectations for IT4S1

• identification of deforestation and other (semi-)automatic outputs



Thank you for your attention


