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Intense urbanization, active volcanoes, complicated fault systems, 

landslides, subsidence, and hydrological instability (flooding),

246 out of 652 sinkholes (38%) of entire Italy. 
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Persistent Scatterer (PS)

 Conventional interferometric synthetic aperture radar (InSAR) is a very
effective technique for measuring crustal deformation, BUT

 Almost any interferogram includes large areas where the signals decorrelate
and no measurement is possible. Persistent scatterer (PS) InSAR overcomes
the decorrelation problem by identifying resolution elements whose echo is
dominated by a single scatterer in a series of interferograms.

 PSI methods have been very successful in analysis of urban areas.

Coverage of large area (100*100 ). GPS – Leveling

May NOT work in rural areas, or where deformation is irregular in time.

2km
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25 CosmoSkyMed images from 2011 until 2015.

One point on the bridge has been selected as a central point, and images were 
cropped in an area like 7.5*7.5 km^2

24 interferograms have been calculated with respect to image 20130605.

193k PSs have been generated.

On the bridge 30 PSs selected. 
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mm/yr
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time

series
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PSI & Temperature

Temp data is From NOAA:
http://www7.ncdc.noaa.gov/CDO/cdoselect.cmd?datasetabbv=GSOD&countryabbv=&georegionabbv=
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Conclusions

We analyzed 25 X-band radar images of CosmoSkyMed satellite from
Campania (Italy), with InSAR and PSI methodologies.

In the average of more than 190 thousands of persistent scatterers,
velocities, and ensemble coherence are as big as -1.8 mm/yr, and 73%
respectively.

On the bridge over the Volturno river (the main target), 30 PSs have
been selected. In the studied time series, minimum velocity of -0.9 and
maximum of 0.05 mm/yr with average of -0.3 mm/yr and SD=0.3 mm/yr
has been observed, demonstrating the very stable condition on the
bridge.

Comparison of average PSs time series on the bridge with thermal
data shows that most of the Line Of Sight (LOS) changes are due to the
periodical variations of temperature (i.e., winter and summer).
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We present a new Synthetic Aperture Radar (SAR) raw signal simulator,

which is able to simultaneously generate the raw signals of the different

polarimetric channels of a polarimetric SAR system in such a way that the

correct covariance matrix is obtained for the final images. Extended natural

scenes, dominated by surface scattering, are considered.

 Synthetic Aperture Radar (SAR) Polarimetry has been successfully applied

to soil moisture retrieval, forest monitoring, change detection and marine

applications …

 Polarimetric SAR raw signal simulator, based on a sound physical

electromagnetic scattering model, would be certainly useful for mission

planning, algorithm development and testing, and prediction of suitability

of the system to different applications.

 Simulated raw signals of the different polarimetric channels, when focused

via standard SAR processing algorithms, should lead to a realistic polarimetric

covariance (or coherency) matrix.
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 Pol-SARAS, is made on the much older well-known SARAS [1-2]

simulator, a model-based raw signal simulator, which also accounts for the

transmitting and receiving polarizations.

 SARAS simulates only one polarimetric channel at a time, with the result

that data of different channels turn out to be independent. Despite the correct

relations between polarimetric channels’ powers, the covariance matrix of the

final images is not realistic (it is diagonal).

 The new version of SARAS simulator is able to simultaneously produce the

raw signals of the different polarimetric channels in such a way as to obtain the

correct covariance or coherence matrixes on the final images/channels.

[1] G. Franceschetti, M. Migliaccio, D. Riccio, and G. Schirinzi, “SARAS: a synthetic aperture radar (SAR) raw signal simulator”,

IEEE Trans. Geosc. Remote Sens., vol. 30, no. 1, pp.110-123, Jan. 1992.

[2] S. Cimmino, G. Franceschetti, A. Iodice, D. Riccio, and G. Ruello, “Efficient Spotlight SAR Raw Signal Simulation of

Extended Scenes”, IEEE Trans. Geosc. Remote Sens., vol. 41, no. 10, pp. 2329- 2337, Oct. 2003.
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Simulator 

Input

Scene data: height profile, Small-scale and large-scale roughness, 

permittivity map

Illumination data: sensor height, scene-center look angle, and 

carrier frequency

System data: sensor velocity, antenna size, chirp bandwidth and 

duration, pulse repetition frequency (PRF), and received pulse 

sampling frequency.

- The surface macroscopic height profile is

approximated by rectangular rough

facets, large with respect to wavelength

but smaller than SAR system resolution.
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Simulator 

Input

Scene data: height profile- Small-scale, and large-scale roughness-

permittivity map

Illumination data: sensor height, scene-center look angle, and 

carrier frequency

System data: sensor velocity, antenna size, chirp bandwidth and 

duration, pulse repetition frequency (PRF) and received pulse 

sampling frequency.

- Facet roughness is modelled as a 

stochastic process, 

- Zero-mean band-limited 2D fractional 

Brownian motion (fBm)
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• Zero-mean random deviations of the facets’ azimuth and range 

slopes:

r.v.

Slope from DEM
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• Computation of reflectivity map

• Superposition integral 

•v: sensor velocity

• : bandwidth

• : pulse duration

•PRF: pulse repetation frequency

• : pulse sampling frequency

•g(.): system impulse response

D.Poreh
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• z(x,y): macroscopic height profile

•p(x,y): small-scale roughness maps

• : scene center look angle

•f: carrier frequency

D.Poreh

• Reflectivity of each facet: SPM and/or 

PO 

• SPM : low roughness & intermediate 

incidence angles

• PO: high roughness or small incidence 

angles
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A. Comparison with theoretical models

PTSM [3], and X-Bragg [4] with Pol-SARAS

[3] A. Iodice, A. Natale, and D. Riccio, “Retrieval of Soil Surface Parameters via a Polarimetric Two-Scale Model”, IEEE Trans.

Geosc. Remote Sens., vol. 49, no. 7, pp. 2531-2547, July 2011.

[4] I. Hajnsek, E. Pottier, and S. R. Cloude, “Inversion of surface parameters from polarimetric SAR,” IEEE Trans. Geosci.

Remote Sens., vol. 41, no. 4, pp. 727–744, Apr. 2003.

D.Poreh

Pol-SARAS points are evaluated for ε equal to 4, 10, 18, and 22, 
and for σ equal to 0.05, 0.1, and 0.15.
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B. Simulation with flat surfaces

Copol-crosspol/Copol-corr

graphs for different incident 

angles
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C. Anisotropic soil roughness

Use of copol-corr graphs should be preferred for bare soil moisture

retrieval, whenever uncontrollable anisotropies may be present in the

macroscopic roughness.
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D. Simulation with a prescribed DEM: H and α decomposition 

Lidar elevation 

Data (one meter

resolution)

HH chanel 

H is low and tend to be

higher in low density
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D. Simulation with a prescribed DEM:

Scatterplot of the top images represented in 

the H-α plane partitioned according to the 

classification scheme.

Z9- Low 

entropy surface 

scattering: 

surfaces such as 

water at L and 

P-bands, sea ice 

at L-band, and 

very smooth 

land surfaces
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E. Comparison with measured data 

(from University of Michigan-LCX  POLARSCAT [5-6]) 

[5] A. Iodice, A. Natale, and D. Riccio, "Retrieval of Soil Surface Parameters via a Polarimetric Two-Scale Model", IEEE Trans. 

Geosc. Remote Sens., vol. 49, no. 7, pp. 2531-2547, July 2011.

[6] Y. Oh, K. Sarabandi, and F. T. Ulaby, "An empirical model and an inversion technique for radar scattering from bare soil 

surfaces," IEEE Trans. Geosci. Remote Sens., vol. 30, no. 2, pp. 370381, Mar. 1992.

•Slightly rough bare soil surfaces 1 of [6]

•We fixed ε to the value measured in 
the top 4-cm soil layer
•Large-scale roughness,  fixed in value
to 0.17

•At  the most 1dB (0.4 dB) for copol

• 1.1dB for crosspol (wet) and a bit more 

for the dry case of 30° and comparibale to 

wet condition in higher look angles

D.Poreh 34
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F. Directly compare simulated and real SAR polarimetric images 

- May 1998 NASA/JPL AIRSAR L-band polarimetric data of 

Camp Roberts, CA 
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F. Directly compare simulated and real SAR polarimetric images 

- May 1998 NASA/JPL AIRSAR L-band polarimetric data of 

Camp Roberts, CA [7]

[7] Available online: https://airsar.jpl.nasa.gov/

[8] J.-S. Lee, D. L. Schuler, T. L. Ainsworth, E. Krogager, D. Kasilingam, and W. Boerner, "On the estimation of radar 

polarization orientation shifts induced by terrain slopes, IEEE Trans. Geosci. Remote Sens., vol. 40, no. 1, pp. 3041, 2002.

.

For bare soils, *only* depend on 
topography (β) [8]

R

G

B

https://airsar.jpl.nasa.gov/


37

F. Directly compare simulated and real SAR polarimetric images 

- May 1998 NASA/JPL AIRSAR L-band polarimetric data of 

Camp Roberts, CA [7]

Histograms of real and simulated 
images for yellow region
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F. Directly compare simulated and real SAR polarimetric images 

- May 1998 NASA/JPL AIRSAR L-band polarimetric data of 

Camp Roberts, CA [7]

[8]
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F. Directly compare simulated and real SAR polarimetric images 

- May 1998 NASA/JPL AIRSAR L-band polarimetric data of 

Camp Roberts, CA [7]

Smoothing with 2*2 boxcar: 

Much better agreement with the

DEM-derived ones

Effects of roughness, noise and

vegetation are significantly reduced

Real and simulated data are in

very good agreement

D.Poreh



Outline

40

PART I

Railways’ stabilities observed/modelled in Campania (Italy)  by InSAR

data

Principles of InSAR and PSI 

Data, and data analysis

Conclusions

PART II

A fully polarimetric SAR raw signal simulator

Polarimetirc simulation rationale

Simulation results 

Conclusions

D.Poreh



41Davod Poreh

 Pol-SARAS is based on the use of sound direct electromagnetic
models.

 The simulated data of all the three polarization channels lead to
correct/realistic covariance (or coherence) matrixes on the final
images.

 Pol-SARAS accounts for only surface scattering contribution;
however, volumetric and double-bounce contributions can be included,
if reliable models are available.

 PTSM predictions are in good agreement with Pol-SARAS results.

Our simulated data are in good agreement with the actual
polarimetric data (from University of Michigan) for two different soil
moisture conditions.

Acceptable agreement with real SAR (AIRSAR) data has been
observed, showing the potential of practical applications.

Potential use in helping soil moisture, and/or orientation angle
retrieval.

D.Poreh
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Our work is also nominated to the Springer’s thesis publication series, and is still under evaluation for 

printing (http://www.springer.com/series/8790).
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Thank You for your attention

Any question or comment? 
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Laser Profiler
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[6] Y. Oh, K. Sarabandi, and F. T. Ulaby, "An empirical model and an

inversion technique for radar scattering from bare soil surfaces," IEEE

Trans. Geosci. Remote Sens., vol. 30, no. 2, pp. 370381, Mar. 1992.
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• Same realization of random variable in Small Perturbation Method

(SPM) or the Physical Optics (PO) regimes, in such a way to guarantee

that three polarimetric channels are not independent. However, the facet

slopes’ randomness, ensures de-correlation among the three polarimetirc

channels

• In the SPM case :

A stochastic process (fBm) for small-scale roughness modeling

D.Poreh


