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Overview 

• DLRs Sentinel-1 InSAR Browse Service on GEP (Geohazards Exploitation Platform) 
 

• TOPS Stack Coregistration: Joint Estimation Approaches and Experiments 
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Geohazards TEP – Sentinel-1 InSAR Browse Services Pilot Project 

• GEP heritage: SuperSite Exploitation Platform (SSEP) in support of CEOS WG Disasters Pilots on seismic 
hazards and volcanoes. 
 
 
 
 
 

• Target users: Geohazards community (earthquakes, volcanoes, landslides, floods), InSAR users 
 

• Evaluating impact of earthquakes, flood, fire 
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Goal: Automatic and systematic provision of InSAR browse products over seismically active areas and active 
volcanoes using DLR’s Integrated Wide Area Processor (IWAP) running on and using the data provisioning services of 

Terradue’s cloud computing platform with products viewable in the GeoBrowser. 

Poster Session 1, Tuesday 6th June, 16:00-19:00 
Paper 149 / Poster 159: Martinis et al., “The use of the Sentinel-1 InSAR Browse 

Service on ESA’s Geohazards Exploitation Platform for improved disaster monitoring”  

Presenter
Presentation Notes
Geohazards TEP
Consortium with 7 partners
Using a platform that provides common cloud-based computing environment for exploiting EO data targeted to address the needs of the geohazards community
Allows use of existing products and processing services on the platform or the integration of new ones (partners do this within their respective pilot projects)
DLRs role
Sentinel-1 InSAR Browse Services Pilot Project
Systematic and automatic production of Sentinel-1 InSAR products over seismic areas and active volcanoes 
An example of how this service could be exploited was demonstrated by the ASAPTERRA (Advancing SAR and Optical Methods for Rapid Mapping) project, see poster 192, using GEP S1 InSAR Browse service products for evaluating impact of earthquake, flood and fire.

https://geohazards-tep.eo.esa.int/
http://fringe.esa.int/page_session238.php#149p
http://fringe.esa.int/page_session238.php#149p
http://fringe.esa.int/page_session238.php#149p
http://fringe.esa.int/page_session238.php#149p
http://fringe.esa.int/page_session238.php#149p
http://fringe.esa.int/page_session238.php#149p
http://fringe.esa.int/page_session238.php#149p
http://fringe.esa.int/page_session238.php#149p


Sentinel-1 Medium-Resolution 
InSAR Browse Service 

Sentinel-1 High-Resolution  
InSAR Browse Service 

Triggering Mechanism Systematic + on-request for major events 

Coverage 20% CEOS seismic active area mask, 
ramping-up to 35% 

22 active volcanoes in 
Latin America (14), South East Asia (4), 

Europe (3), Africa (1) 

Resolution 100m 50m 

Product Layers 
master and slave calibrated amplitude 
terrain corrected coherence and phase 

coherence amplitude and amplitude change composites 

Product Visibility All GEP registered users 

Product Download GEP registered users 

Sentinel-1 InSAR Browse Services 
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Presenter
Presentation Notes
2 services at different resolutions with identical products
Med-Res: Large scale systematic over the seismic mask, public visibility
High-Res: Small scale systematic over 22 active volcanoes, restricted visibility



Examples 
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Terrain corrected phase image of a magma intrusion under Cerro Azul. 
Fringes correspond to a deformation of about 10cm. 

Contains modified Copernicus Sentinel data 2017 / DLR / Terradue 

Sentinel-1 High-Res InSAR Browse Service (DRR Trial) 
Cerro Azul Volcano, Galápagos Island of Isabela, Ecuador 

8th – 20th March 2017, relative orbit 128, descending 

Amplitude and coherence 
composite image 

Sentinel-1 Medium-Resolution 
InSAR Browse Service 
Japan and South Korea 

Presenter
Presentation Notes
Japan: shows all composite images of the last months over-layed in the GeoBrowser (public visibility). Built-up areas with high coherence in red/white. Rural and vegetated areas with low coherences in green.
Isabela: 12 day interferogram showing surface deformation due to a magma intrusion under Cerro Azul volcano
11-04-2017 http://volcano.si.edu/showreport.cfm?doi=GVP.WVAR20170405-353060
11-04-2017 https://volcano.si.edu/volcano.cfm?vn=353060
30-03-2017 http://lechaudrondevulcain.com/blog/2017/03/30/march-30-2017-en-cerro-azul-nevado-del-ruiz-kilauea-planchon-peteroa/
26-03-2017 https://watchers.news/2017/03/26/possible-eruption-of-cerro-azul-in-the-next-few-days-to-weeks/ 
26-03-2017 https://xissufotoday.space/2017/03/possible-eruption-of-cerro-azul-in-the-next-few-days-to-weeks/
21-03-2017 https://watchers.news/2017/03/21/increased-activity-at-cerro-azul-volcano-galapagos-ecuador/
20-03-2017 http://www.igepn.edu.ec/servicios/noticias/1468-informe-especial-cerro-azul-no-1-2017

https://en.wikipedia.org/wiki/Cerro_Azul_(Ecuador_volcano)
https://geohazards-tep.eo.esa.int/t2api/share?url=https://catalog.terradue.com//dlr-insarql-hr/search?count%3D50%26startPage%3D%26startIndex%3D%26q%3D%26lang%3D%26update%3D%26do%3Dterradue%26start%3D2017-03-20%26stop%3D2017-03-20%26trel%3D%26bbox%3D-93.428,-3.162,-87.803,2.021%26uid%3D%26geom%3D%26rel%3D%26pt%3DDPHASE%26psn%3D%26psi%3D%26isn%3D%26st%3D%26pl%3D%26ot%3D%26title%3D%26kw%3D%26pi%3D%26od%3D%26track%3D%26cycle%3D%26frame%3D%26swath%3D%26cc%3D%26lc%3D%26format%3Djson
https://geohazards-tep.eo.esa.int/t2api/share?url=https://catalog.terradue.com//dlr-insarql-hr/search?count%3D50%26startPage%3D%26startIndex%3D%26q%3D%26lang%3D%26update%3D%26do%3Dterradue%26start%3D2017-03-20%26stop%3D2017-03-20%26trel%3D%26bbox%3D-93.428,-3.162,-87.803,2.021%26uid%3D%26geom%3D%26rel%3D%26pt%3DDPHASE%26psn%3D%26psi%3D%26isn%3D%26st%3D%26pl%3D%26ot%3D%26title%3D%26kw%3D%26pi%3D%26od%3D%26track%3D%26cycle%3D%26frame%3D%26swath%3D%26cc%3D%26lc%3D%26format%3Djson
https://geohazards-tep.eo.esa.int/t2api/share?url=https://catalog.terradue.com//dlr-insarql-hr/search?count%3D50%26startPage%3D%26startIndex%3D%26q%3D%26lang%3D%26update%3D%26do%3Dterradue%26start%3D2017-03-20%26stop%3D2017-03-20%26trel%3D%26bbox%3D-93.428,-3.162,-87.803,2.021%26uid%3D%26geom%3D%26rel%3D%26pt%3DDPHASE%26psn%3D%26psi%3D%26isn%3D%26st%3D%26pl%3D%26ot%3D%26title%3D%26kw%3D%26pi%3D%26od%3D%26track%3D%26cycle%3D%26frame%3D%26swath%3D%26cc%3D%26lc%3D%26format%3Djson
https://geohazards-tep.eo.esa.int/t2api/share?url=https://catalog.terradue.com//dlr-insarql-hr/search?count%3D50%26startPage%3D%26startIndex%3D%26q%3D%26lang%3D%26update%3D%26do%3Dterradue%26start%3D2017-03-20%26stop%3D2017-03-20%26trel%3D%26bbox%3D-93.428,-3.162,-87.803,2.021%26uid%3D%26geom%3D%26rel%3D%26pt%3DDPHASE%26psn%3D%26psi%3D%26isn%3D%26st%3D%26pl%3D%26ot%3D%26title%3D%26kw%3D%26pi%3D%26od%3D%26track%3D%26cycle%3D%26frame%3D%26swath%3D%26cc%3D%26lc%3D%26format%3Djson
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Overview 

• DLRs Sentinel-1 InSAR Browse Service on GEP (Geohazards Exploitation Platform) 
 

• TOPS Stack Coregistration: Joint Estimation Approaches and Experiments 
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• Azimuth coregistration accuracy for S1 IWS:                         
1 milli-pixel = 0.01 cycle phase error at burst edge 
 

• ESD (Enhanced Spectral Diversity) is coherence dependent 
 

• Large S1 IWS stacks  large temporal baselines  
temporal decorrelation  impact on direct pairwise ESD 
 

• Explore joint estimation approaches 
 

Contains modified Copernicus Sentinel data 2017 / DLR 

Presenter
Presentation Notes
Standard approach is to directly coregister slaves to a common master (pairwise)  pairs with large temporal baseline are more impacted by temporal decorrelation and have lower precision
Explore joint approaches that exploit more of the information present in the stack by considering other pairs



Shift Estimation 

• Direct estimator uses all elements on one 
row: common master with lags 𝑙𝑙 = 1, … ,𝑁𝑁 −1. 
 

• Shifts, Δ𝑙𝑙, are the ESD estimates. 
 

• Joint estimator uses all elements on 
diagonal(s): 𝑙𝑙 = 1, … , 𝑙𝑙𝑚𝑚𝑚𝑚𝑚𝑚, 𝑙𝑙𝑚𝑚𝑚𝑚𝑚𝑚 ≤ 𝐿𝐿. 
 

• Shifts from LS inversion of ESD estimates. 
 

• Temporal baseline ~ constant on diagonal 
 

• Proportion of data used by joint estimator 
 

~
𝑙𝑙𝑚𝑚𝑚𝑚𝑚𝑚
𝐿𝐿 2 −

𝑙𝑙𝑚𝑚𝑚𝑚𝑚𝑚
𝐿𝐿  
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Presenter
Presentation Notes
Consider stack matrix showing all possible interferogram pairs (colour-coded according to coherence with purely exponential decorrelation)
Ignore lower triangular part of matrix  Hermitian transpose of upper triangular part (change sign of phase)
Elements on first subdiagonal are pairs formed from temporal neighbours (between one scene and the next)
Joint estimator can exploit the sub-diagonals
Presence of long-term coherence allows improvement in quality by taking more subdiagonals
Varying number of subdiagonals trades-off complexity and estimation quality





Experiments on S1-A/B Stack 

• Sentinel-1A/B stack of 78 IWS images, 
VV, descending, relative orbit 95 
 

• Acquired 2014-11-17 – 2017-03-18, 
876 days, 2.4 years 
 

• Contains  
• Urban centres 
• Rural areas 
• Mountains (Bohemian Massif) 
• Forests (Bohemian and Bavarian) 

 
• Representative for Germany and 

Central Europe 
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Presenter
Presentation Notes
Region bordering on Germany, the Czech Republic and Austria



Stack Average Coherence (Overlap Areas) 

• Stack exhibits long-term coherence 0.13 for 
temporal baselines > ½ year 

• 33 day time constant typical for C-band 
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𝐸𝐸 𝛾𝛾� 𝛾𝛾 = 0 = 0.095 

Contains modified Copernicus Sentinel data 2017 / DLR 

all possible pairs 

180 days 

30 cycles 

common master pairs 

Presenter
Presentation Notes
Consider all possible pairs
A fit to the long-term correlation model gives a long-term coherence of 0.12 and a time constant 33 days.
The asymptotic coherence is reached after ½ year = 180 days = 30 x 6 day cycles.

Consider common master pairs
Interferograms shown for specific pairs as temporal baseline increases
3317, 24 days, 6x6
4367, 96 days, 16x6
5592, 180 days, 30x6
15742, 876 days, 146x6




Direct Estimator 
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• Direct ESD estimates: −20 ≤ Δ ≤ 20 milli-pixels 
 

• Coherence higher in winter 
 

• Theoretical formula under-estimates 𝜎𝜎 for low 𝛾𝛾: 
0.02 ≤ 𝜎𝜎 ≤ 0.06 milli-pixels  
 

𝜎𝜎𝜙𝜙2 =
1
𝑁𝑁

1 − 𝛾𝛾2

𝛾𝛾2  

 
• Bootstrap estimate of 𝜎𝜎 reliable for low 𝛾𝛾:         

0.01 ≤ 𝜎𝜎 ≤ 1 milli-pixels 
 

• Long-term coherence  direct estimator attains 
required 1 milli-pixel precision, but only just 

 spring   summer   autumn   winter  

common master pairs 

Presenter
Presentation Notes
Consider the 3003 ESD shift estimates from all possible pairs (horizontal colourbar codes the season, shifts estimated after an a priori geometric coregistration)
Standard deviations determined using
theoretical formula and 
resampling techniques (the bootstrap) which estimates directly from the data
Estimated shift values and standard deviations exclude wrapping errors due to ambiguity cycle
Shift values: -20 – 20 milli-pixels
Theory std : 0.018 – 0.062 milli-pixels
BS std : 0.013 – 1.0 milli-pixels
Consider direct (common master) estimator 
Direct estimator attains 1 milli-pixel precision but only just, it could be exceed if coherence decreases
Histograms of raw ESD estimates at small and large lags / temporal baselines show how dispersion increases



Joint Estimator – Least Squares Inversion – Variance-Covariance Matrix 

• Weighted LS (WLS) requires variances 
 

• Generalised LS requires variance-covariance matrix 
 

𝜌𝜌 Δ𝑖𝑖𝑖𝑖 ,Δ𝑘𝑘𝑘𝑘 =
𝛾𝛾𝑖𝑖𝑖𝑖𝛾𝛾𝑗𝑗𝑗𝑗 − 𝛾𝛾𝑖𝑖𝑝𝑝𝛾𝛾𝑗𝑗𝑘𝑘

1 − 𝛾𝛾𝑖𝑖𝑖𝑖2 1 − 𝛾𝛾𝑘𝑘𝑘𝑘2
 

cov Δ𝑖𝑖𝑖𝑖 ,Δ𝑘𝑘𝑘𝑘 = 𝜎𝜎𝑖𝑖𝑖𝑖𝜎𝜎𝑘𝑘𝑘𝑘𝜌𝜌 Δ𝑖𝑖𝑖𝑖 ,Δ𝑘𝑘𝑘𝑘  
 
Δ𝑖𝑖𝑖𝑖: ESD estimate for master 𝑖𝑖, slave 𝑗𝑗 

 
• All ESD estimates: 𝑙𝑙𝑚𝑚𝑚𝑚𝑚𝑚 = 𝐿𝐿 = 77  3003 shifts 

 
• Obtain 𝜌𝜌 from 𝛾𝛾� 

 
• Obtain 𝜎𝜎 from 𝛾𝛾� (theoretical formula) or bootstrap 

 

> FRINGE 2017 > R. Brcic, F. Rodriguez González, F. Pacini •  DLRs Sentinel-1 InSAR Browse Service on the Geohazards Exploitation Platform > 2017-06-06, Session: S1 - TOPS InSAR, Paper 426 DLR.de  •  Chart 13 

Presenter
Presentation Notes
Joint estimator combines all pairwise estimates using LS inversion (LS allowed if no wrapping errors are present)
Can use WLS (variances) or GLS (variances+covariances)
Variances / covariances / correlation coefficients are a function of the coherence
Obtain correlation coefficient from coherence but (important) obtain variances from either the coherence (underestimated variances) or the bootstrap (not underestimated)
Correlation coefficients generally small, but play important role

#  Δ 𝑖𝑗  = 𝑙 𝑚𝑎𝑥  2𝐿− 𝑙 𝑚𝑎𝑥 +1 /2 =𝐿 𝐿+1 /2 if  𝑙 𝑚𝑎𝑥 =𝐿 so that all ESD estimates in the stack are exploited



Joint and Direct Estimators – Comparison 

• Difference between 
• joint estimator utilising maximum number of 

ESD shift estimates (𝑙𝑙𝑚𝑚𝑚𝑚𝑚𝑚 = 𝐿𝐿) and  
• direct estimator 

 reaches milli-pixel level 
 

• Small differences among joint estimators using 
• theoretical or bootstrap variances 
• WLS or GLS 

 
• 𝜎𝜎 under-estimated (x3  10dB) when using 

• theoretical variances 
• WLS instead of GLS 
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Presenter
Presentation Notes
First consider joint estimator using all ESD shift estimates
Difference between joint and direct estimators reaches milli-pixel level
Difference among joint estimators is small
Estimated shift variances from LS inversion are under-estimated when using theoretical formula or WLS (benefit of GLS with BS)
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theoretical variance bootstrap variance 

WLS 

GLS 

Joint Estimator 
– Convergence 
• Vary 𝑙𝑙𝑚𝑚𝑚𝑚𝑚𝑚 from 1, … , 𝐿𝐿 

 
• Observe convergence of shift 

estimates to values at 𝑙𝑙𝑚𝑚𝑚𝑚𝑚𝑚 = 𝐿𝐿 
 

• Theoretical variance over-weights 
poor ESD shift estimates  slow 
 

• Bootstrap converges faster  
 

• GLS slightly faster than WLS 
 

• RMS difference over all shifts 
summarises this clearly 
 
 
 
 
 

Presenter
Presentation Notes
Consider varying the maximum lag used (use more sub-diagonals / ESD shift estimates)
For all shifts, plot difference to shift obtained using all ESD shift estimates
This shows convergence to final value
Convergence is slow using theoretical variances because under-estimation of variances and covariances over-weights poorer estimates



Joint Estimator – Trade-offs  
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• Small 𝑙𝑙𝑚𝑚𝑚𝑚𝑚𝑚 reduces complexity but must be large 
enough to ensure convergence 
 

• RMS difference between direct and joint estimators 
suggests 10 ≤ 𝑙𝑙𝑚𝑚𝑚𝑚𝑚𝑚 ≤ 20  
 

• RMS 𝜎𝜎 of joint estimators suggests same 
 

• Consider 𝜎𝜎�(Δ�𝐿𝐿) from GLS using bootstrap 
 
 
 

𝑙𝑙𝑚𝑚𝑚𝑚𝑚𝑚 utilisation of 
ESD estimates 

gain over direct 
estimator [dB] 

1 3% 0, optimal 𝛾𝛾∞ = 0 

5 12% 8 

10 24% 12 

23 51% 14 

77 100% 16, optimal 𝛾𝛾∞ > 0 

Presenter
Presentation Notes
Vary lmax to trade-off complexity and quality
RMS difference between joint and direct estimators suggests between 10 and 20 subdiagonals as does RMS sigma from LS
Consider LS estimate of standard deviation of shift of last scene in stack as lmax varies: gain is rapid at first then slows

Values
Direct estimator 0.38
Lag 1 0.41
Lag 2 0.25
Lag 5 0.15
Lag 10 0.099
Lag 23 0.071
Lag 77 0.059

Ratios (linear)
Lag 1 0.92
Lag 2 1.5
Lag 5 2.6
Lag 10 3.8
Lag 23 5.3
Lag 77 6.4

Ratios (dBs)
Lag 1 -0.72
Lag 2 3.5
Lag 5 8.3
Lag 10 12
Lag 23 14
Lag 77 16






Conclusions 

• Germany and Central Europe: direct ESD may suffice over long time spans given long term coherence  
 

• Joint estimator offers potentially large gains over direct estimator for long time spans 
 

• Recommendations: 
• bootstrap for accurate estimates of shift variances and faster convergence 
• GLS for accurate estimates of shift variances 
• use 25% – 50% of all possible ESD estimates (13% ≤ 𝑙𝑙𝑚𝑚𝑚𝑚𝑚𝑚/𝐿𝐿 ≤ 30%)  depends on 𝛾𝛾∞ 

 
• Continue experiments over Germany and areas with low 𝛾𝛾∞ to find best trade-off for 𝑙𝑙𝑚𝑚𝑚𝑚𝑚𝑚 
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