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1. Introduction

Electromagnetic models of interaction with natuleshd media are extensively used to
analyze and foresee the Synthetic Aperture Radaervhbles, and may be used to study the
robustness of retrieval algorithms. However, usydihese models rely on approximations of
various origins which may jeopardize the relevaotgome simulations, all the more so as retrieval
algorithms rely more and more on complex sets ofeokables including polarimetry and
interferometry, which makes the requirements towhase models still more demanding than for
the mere radiometric outputs. In particular, thedchéor deriving phase properties has led to the
development of coherent codes (e.g. [8][9][10]).ickhdeliver greater range of outputs but may
incorporate more approximations.

Concerning these approximations, comparisons witperimental data are of course
necessary but may be not sufficient. Indeed, dinedand cover scenes are generally very complex,
when a disagreement occur between simulated anerimgntal data it may be very difficult to
attribute the discrepancy to a particular causentthe use of numerical techniques for studying a
particular point inside a complex continental lsswéne may be relevant. The goal of the present
paper is to illustrate that Finite Differences im& Domain (FDTD) is well matched to treat such
problems in their specificity and that it permitssevering to lot of questions relative to these
approximations. Section 1 deals with the numempgroach and section 2 illustrate its application
to vegetation scattering.

2. Numerical approach

Vegetation interaction modelling for SAR applicais presents some specificity. First, the
materials to be considered are dielectrics of pigmittivity due to the strong influence of moistur
content, and then sampling in all cases has toirle With respect to wavelength. Then, one
encounter pieces of vegetation of various shapésiaes, with curved surfaces, among which are
very thin (leaves) or elongated (branches) objeStyies of tests involving several numerical
techniques, namely method of moments [4], DDA [Ad aGalerkin Discontinuous [5] were
performed. It was found that FDTD [1][2]was the moenvenient since its well known parasitic
staircase effect are annihilated by the fine samplvhich is necessary and since it is very efficien
in computation power. To illustrate the currentgs®mn which is currently obtained, Figure 1
presents the L1 error between the FDTD computadimh the MIE series [6] reference scattering
diagram in E plane for typical values of radii amiélectric constant encountered in vegetation
modelling. It can be checked that the correspondimgrs are very small
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Figurel: L1 error for large spheresasa function of number of samples per wavelength: E plane; in
dots: corresponding differential error (modulus of difference between positive and negative errors)
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Figure 2: Scattering diagram in VV of an homogeneous cylinder of per mittivitty (25.,-1.) , radius5 mm
and length 15 cm. Incident planewaveisat C band and normal incidence. The 3 represented curves
correspond to the FDTD and both Karam and Tsang analytical approximations. The diagramsare
represented in theincidence plane in the upper hemisphere ( which incorporates the backscattering
direction). The cylinder isvertical.

The range of precision obtained for the spherefaasd to be in the order of the one obtained for
the homogeneous finite length cylinder (Figurei@)which case the reference solution is the very
finely sampled scattering object. In the case of Wein scattering objects, like for leaves or resd

in trees, homogenization techniques are used. dil@cdon of objects, a multiple domain approach
[3] has been used.

3. Applications

Actually, several vegetation modelling issues haeen tested with FDTD. To illustrate it, the
following problem is proposed. In the forest, wheerranch is joined to a trunk, usual models
consider both of them as separate, uncoupled sogttebjects. To test this effect, P band was
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chosen since it is the frequency band for spackcagpipns for which this kind of phenomenon may
play a significant role due to the penetration léimefoliage and the possible impact of these
junctions. The geometry under study consists inréign of a perfectly vertical trunk 2 meters high
and with a radius of 8 cm, and a typical brancB (teters long, 2 cm radius) starts from the trunk
with an angleB with respect to the vertical. Incident plane wawmgyolarization V or H, is at site 45
degrees and azimuth varies over 360 degrees, wlmbunts for random orientation of the junction
with respect to this kind of junction.

Figure 3 gives the backscattering diagram of tkisfer =90 degrees and azimuth anglel80
degrees, which correspond to the attitude in wiighjunction is seen as an acute dihedral, for
which coupling should be maximum if the dielectsranches were substituted by metallic plates. In
the figure, 45 degrees correspond to the backsicaftand 135 degrees to the specular scattering
and observation directions lie in the incidencanplaOn the figure are represented the results-in co
polarization and cross polarization, when the twlinders slightly overlap (junction case) or are
slightly separated of 2 cm (no junction case). Altyy a zone of relatively high RCS may be
observed around the backscattering direction ipalosvhich means that the dihedral effect is well
present and the specular peak dominates, presumablthe specular reflection on the trunk. Then
one can observe on the figure that the junctionahsignificant influence on the co-pol curve and a
bigger one on the cross-pol one: in this case wingt coupling between trunk and branch,
permitting a continuous flow of electromagnetic rgiyebetween elements yield significant changes
in scattering diagram. However, after averagingr avéot of azimuth angles of incidence, it was
seen that such an effect is second order one wdvates value off considered.

Junction between trunk and branch; beta = 90 deg.
F=.5 GHz: V pol; H=2m; |1=1.2 m: tetai=1335; phii=180; phis= phii + pi
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Figure3: junction between avertical branch (radius8 cm , length 2 m) and an oblique one (radius 2
cm, length 1.2 m) making an angle 8 with the vertical; illuminating plane wave is 0=45 deg. incidence
angle; frequency is.5 GHz; backscattering diagram in the plane of the cylinders, V polarization.

4. Conclusion and futur e prospects

Several modelling issues following the above methagy including electromagnetic
approximations in analytical models, shape effaats collective effects have been studied and will
be presented in the oral presentation.
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