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Pol-SARAS: a fully polarimetric SAR raw signal simulator and its application to soil moisture retrieval Gerardo Di Martino, Antonio Iodice, Davod Poreh, Daniele Riccio
 Università degli Studi di Napoli Federico II,
 Dipartimento di Ingegneria Elettrica e delle Tecnologie dell’Informazione,
 Via Claudio 21, 80125 Napoli, Italy
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Outline
 Introduction and motivation
 Polarimetirc simulation rationale
 Simulation results
 Conclusions
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• 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.
 Introduction and motivation
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Introduction and ...
 STF
 I-STF
 GD
 GC
 Scattering h(x’,r’) g(x,r) g(x,y)
 h(x’,r’) i(x,r) i(x,y) Parameter Estimation
 z(x,y) e(x,y) s(x,y)
 RD OD
 Level 0
 Level 1a
 Level 1b
 Level 2
 Simulation
 Processing
 [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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Introduction and ...
 [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.
 1) Evaluation of reflectivity map, given the orbit data and the scene geometric and electromagnetic parameters:
 Topography is approximated by rough facets 2) SAR raw signal computation via a superposition integral in which the
 reflectivity map is weighted by the SAR system two-dimensional (2D) pulse response.
 This superposition integral is efficiently evaluated in the Fourier
 domain via FFT codes.
 SARAS
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Introduction and ...
 • 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).
 [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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Polarimetirc simulation rationale
 • Computation of reflectivity map in SARAS must be modified properly:
 • Zero-mean independent Gaussian random deviations of the facets’
 azimuth and range slopes are added:
 Random deviations
 Slope from DEM
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Polarimetric...
 • For all polarimetric channels, we take the same realization of the zero-mean complex random
 variable w, in such a way to guarantee that the three polarimetric channels are not independent.
 However, the facet slopes’ randomness ensures de-correlation among the three polarimetirc
 channels
 • In the SPM case (which has been used here):
 A stochastic process (fBm) for small scale roughness modeling
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Simulation results
 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.
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Simulation...
 B. Simulation with flat surfaces: producing look-up tables
 for soil moisture retrieval
 Copol-crosspol graphs for
 different incident angles
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Simulation...
 B. Simulation with flat surfaces: producing look-up tables
 for soil moisture retrieval
 Copol-corr graphs for
 different incident angles
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Simulation...
 C. Anisotropic soil roughness
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Simulation...
 D. Simulation with a prescribed DEM: H and α decomposition
 Images of (a) entropy and (b) α angle relevant to the Vesuvius simulation.
 Lidar elevation Data
 (one meter resolution)
 (a) (b)
 Simulated image
 HH channel.
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Simulation...
 D. Simulation with a prescribed DEM: Pauli decomposition
 Surface (G)
 Double bounce (B)
 Vegetation (R)
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Simulation...
 E. Comparison with measured data (from University of Michigan)
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Conclusions
 • 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.
 • PTSM predictions are in good agreement with Pol-SARAS results.
 • Our simulated data are in good agreement with the actual polarimetric data for two
 different soil moisture conditions.
 • Pol-SARAS accounts for only surface scattering contribution; however, volumetric and
 double-bounce contributions can be included, if reliable models are available.
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Thank you for your attention
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e.g., Copol - Corr chart for =45°
 Look up table
 |1-corr| [dB]
 Cop
 ol
 [dB
 ]
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