
1

Deformation Monitoring by means 
of Ground-based and Satellite SAR

M. Crosetto
Remote Sensing Department – Geomatics Division – CTTC
mcrosetto@cttc.cat

Stuttgart, 12 September 2017



2

Satellite SAR interferometry
&

Persistent Scatterer Interferometry
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- If we know the topography (DEM) we can simulate              

MovSimuTopoIntIntD Φ=Φ−∆Φ=∆Φ − _

NoiseToposAtmMovSimuTopoIntIntD Φ+Φ+Φ+Φ=Φ−∆Φ=∆Φ − _Re_

TopoΦ SimuTopo_Φ

- In reality there are other components:

Differential SAR interferometry

1. The above equation can be exploited if                 is small enough
 Persistent Scatterers or coherent pixels.

2. We usually use multiple images.

3. With 2 images we get 1 interferogram, i.e. 1 observation  see ex.

NoiseΦ
- Comments:
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DInSAR: single interferogram, 35 days
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DInSAR: single interferogram
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NoiseToposAtmMovSimuTopoIntIntD Φ+Φ+Φ+Φ=Φ−∆Φ=∆Φ − _Re_

model model model

Deformation = F(t)
Atmospheric
component

Residual 
topography

- Advanced Differential SAR interferometry, Persistent Scatterer 
Interferometry (PSI):

1. Use multiple images
2. Adopt estimation procedure to derive the parameters of interest

Differential SAR interferometry

- First remark:
The main observable                    is bounded between ± πIntD−∆Φ
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- Deformation is observed along the Line-of-Sight (LOS), which connects S and P

P

P

Example using ERS parameters

Second remark
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- There is a different sensitivity of the phase with respect to topography 
and deformation:

- is a function of the baseline SM:

- is independent of the baseline:

- What does it mean? With ERS:

1 cm displacement  ≈ 127º

20 m height difference    ≈ 43º  (B⊥ = 50 m) 

 ≈ 8.6º (B⊥ = 10 m)
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Third remark
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Main PSI products:
Deformation velocity maps

Deformation time series



12

Deformation velocity map

5.4 million measured points
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Airport and Port of Barcelona

-10  [mm/yr] 10



14

Deformation time series
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Medium vs. high SAR resolution
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Medium vs. high SAR resolution
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PSI byproduct:
elevation with respect to a 

reference DTM or DSM
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An additional PSI product:
thermal dilation maps
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Thermal dilation



22

Thermal dilation
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23
Thermal dilation
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Thermal dilation: C-band Sentinel-1

Huang et al. (2017), ISPRS Journal, 128, pp. 204–211
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Future:

Several SAR missions 
Consolidation of the technique
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Nation-wide PSI coverage: Italy
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Sensor: Sentinel-1
Orbit pass: Descending
No. of slices: 1364
Time interval: Oct 2014 – Apr 2017 
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Ground-based SAR (GBSAR)
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 We exploit the phase of the signal
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“Continuous” vs. “discontinuous” GBSAR 
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Ground-based SAR
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Sensor Module

Linear Scanner

Power Supply Module

PC



31

• 3 TLS campaigns

• 1 continuous GBSAR campaign

• Several topographic campaigns: total station & D-GPS 
www.galahad.it

Continuous GBSAR
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Line-of-sight displacements;
5 October -21 November 06; Max distance = 1350 m

Continuous GBSAR
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Continuous GBSAR: time series

5th October                                                                                          21st November

Point 1

-6.3 cm

Distance = 550 m
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Discontinuous GBSAR
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Discontinuous GBSAR
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Non-interferometric GBSAR
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37 10 cmLandslide

9 February – 16 September
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Real-Aperture-Radar 
interferometry
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Source: IDS course

Real-Aperture-Radar
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Real-Aperture-Radar: example
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Point Object Distance  
LOS [m]

SNR 
[db]

19 Light pole 9 49.2

Real-Aperture-Radar: light pole
Measured displacements (mm)
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Measured displacements (mm)
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Rbin 77
Rbin 78
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Point Object Distance 
LOS [m]

SNR 
[db]

77 Façade 37.9 62
78 Façade 38.4 78.4
79 Façade 38.9 75.4

Real-Aperture-Radar: building
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