
Carlos López-Martínez, Kostanstinos P. Papathanassoiu, Xavier Fàbregas, 
Alberto Alonso-González

Fringe-2011

September-2011
Fracatti, Italy

Universitat Politècnica de Catalunya – UPC
Signal Theory and Communications Department – TSC
Remote Sensing Laboratory - RSLab., Barcelona, Spain
carlos.lopez@tsc.upc.edu

German Aerospace Center - DLR 
Microwaves and Radar 

Institute –HR, Wessling, Germany

Remote Sensing Lab.
Signal Theory and Communications Dept.
Universitat Politècnica de Catalunya



OutlineOutline

RVoG coherent scattering model
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Polarimetric SAR InterferometryPolarimetric SAR Interferometry
Random Volume over Ground RVoG coherent scattering model
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PolarimetricPolarimetric SAR SAR InterferometryInterferometry

Interferometric coherence under the hypothesis of the RVoG model
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coherence w.r.t. the polarization state
0sin( )z

 







PolInSAR Complex Correlation CoefficientPolInSAR Complex Correlation Coefficient
In the most general case, the complex correlation coefficient is defined in terms of
two generalized scattering mechanisms
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PolInSARPolInSAR Complex Correlation CoefficientComplex Correlation Coefficient
Separation, in terms of the numerator, of the complex correlation coefficient, under
the assumption of the RVoG coherent scattering model
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Cancelation, in terms of the numerator, of one of the previous components
that cancel the volume or the ground contribution

1 1 1 1 2 1 1 2e e       
   

w I I w w I I w

1 2,w w

Remote Sensing Lab.
Signal Theory and Communications Dept.
Universitat Politècnica de Catalunya

that cancel the volume or the ground contribution
that cancel one component while maximizing the other one

© Carlos López-Martínez, carlos.lopez@tsc.upc.edu

1 2,w w

1 2,w w



Cancelation of the Volume ComponentCancelation of the Volume Component
Volume component can be cancelled considering
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Cancelation of the Ground ComponentCancelation of the Ground Component
Ground (double bounce) component can be cancelled considering
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of the volume scattering matrix
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Estimation of the ground contribution necessary
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Cancelation of the Ground ComponentCancelation of the Ground Component
Considering the RVoG coherent scattering model
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Assuming the Freeman-Durden decomposition for PolInSAR data
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The parameter η needs to be estimated from the data
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SimulatedSimulated PolInSARPolInSAR DataData

Underlying topography estimation: Simulated PolInSAR data
Simulated scenario: Forest under the hypothesis of the RVoG model

Flat, rough, loamy terrain, 

Forest, η=0.25, σ=0.3 dB/m
Variable hv

μ=-5 dB

Imaging systems: DLR’s E-SAR

, g , y ,
2.2% water content (X-Bragg)
Variable ground phase

Range spatial resolution 1.5 m
Azimuth spatial resolution 1.5 m
Wavelength λ=0.23 m (L-band)g ( )
Flight height H=3000 m
Mean incidence angle θ=45 deg
Horizontal baseline B=5 m
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Statistical distribution: Wishart pdf
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ValidationValidation
Cancelation of the volume coherence and optimization of the ground coherence

Numerical optimization procedure
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ValidationValidation
Cancelation of the ground coherence

The actual ground scattering matrix is considered
η is provided

The ground scattering matrix is estimated from data
η is provided
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PhasePhase ComponentComponent AnalysisAnalysis
Volumetric and ground contributions have been separated, but the phase component
of the remaining coherence terms presents polarimetric and interferometric
contributions
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Under the basis that w1 and w2 cancel the volume contribution of coherence

Under the basis that w and w cancel the ground contribution of coherence
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These properties will allow to remove polarimetric information from phase
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A i th l ti f th l t ib ti i h

Cancelation of the Volume ComponentCancelation of the Volume Component
Assuming the cancelation of the volume contribution in coherence
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A non-biased estimation of the underlying ground topography on vegetated areas is
obtained through the analytical expression

Generalization of previous results
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IGARSS 2010 (Honolulu, USA)
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Cancelation of the Ground ComponentCancelation of the Ground Component
Assuming the cancelation of the ground contribution in coherence
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A non-biased estimation of the interferometric phase associated to the volume
scattering center on vegetated areas is obtained through the analytical expression
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ValidationValidation BasedBased onon SimulatedSimulated DataData
Underlying topography estimation 1 considering hv=20 m and η=0.1

Speckle noise effects
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Unbiased estimation of the ground 
topography on vegetated areas



Validation Based on Simulated DataValidation Based on Simulated Data
Estimation of the interferometric phase associated to the volumetric scattering center  
arg{Cv} and η=0.1 Speckle noise effects
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Unbiased estimation of the 
volumetric scattering center phase



Results: Experimental PolInSAR DataResults: Experimental PolInSAR Data

Underlying topography estimation: P-band experimental PolInSAR data
INDREX-II campaign Oct-Dec 2004
Observation system: DLR E-SAR

P-band data
Spatial baselines B: 15 m, 30 m
Temporal baselines T: 20 min, 40 min

T i l f tTropical forest
Mawas-E site, Central Kalimantan, Indonesia
Flat area
Tropical peat swamp forest typesTropical peat swamp forest types
Biomass range: 50-400 ton/ha
Height range: 5-25 m
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Aerial photographPauli RGC decomposition of the master data set |HH+VV| |HV| |HH-VV|



Results: Experimental PolInSAR DataResults: Experimental PolInSAR Data
Dataset: P-band, B=15 m

Transformation to height [m] information included (κz)

Height retrieved from 1

,1 ,2hv hvS S Phase center
height retrieved from
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Height difference



Results: Experimental PolInSAR DataResults: Experimental PolInSAR Data
Dataset: P-band, B=30 m

Transformation to height [m] information included (κz)

Height retrieved from 1

Phase center
height retrieved from ,1 ,2hv hvS S 
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Height difference



Results: Experimental PolInSAR DataResults: Experimental PolInSAR Data
Underlying topography estimation: Absolute height analysis
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Results: Experimental PolInSAR DataResults: Experimental PolInSAR Data
Underlying topography estimation: Height difference analysis
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ConclusionsConclusions
Extended analysis of the RVoG coherent scattering model for forested areas

characterization

Use of orthogonal scattering mechanisms allows to separate different polarimetric
scattering mechanisms

Low coherence problem

Products of interferograms allow to separate interferometric from polarimetric
information

Direct, unbiased & unambiguous estimation of the underlying topography
Analytical expression for the underlying topography
Asymptotically unbiased estimation from an stochastic point of viewAsymptotically unbiased estimation from an stochastic point of view

Direct & unbiased estimation of the volumetric scattering center height
Depends on the ground topography estimation
Asymptotically unbiased estimation from an stochastic point of view
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Asymptotically unbiased estimation from an stochastic point of view
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