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Abstract

Rough-surface inversion has significant applications in interpretation of
Synthetic Aperture Radar (SAR) data oblained over natural surfaces. By
utilizing the appropriate scat tering model, it may he possible to retrieve
surface paramicters such as roughticss and diclectric constant (or mioisture
content). Since the pixel size in SAR datais 11ien larger than ex cen the
longest radar wavelength, €8 ch SAR image foris too sparse a data set to
be used in performing Miversions based on numerical scal tering Models. e
alternative is 1o use parameter estimation techniques based on apPP! oximate
analylical or empirical mo dels. The development of the inversion algorithin
s involves choosing an applicable scattering 1 odel and avy appropriate
cstimation procedur e,

Here, we will focus on inverting polarimetric, multifrequency synthetic
apertureradar (SAR) dataobtainedover areas of hare soil andagricultural
i vid. We use the SAR data from Fresno, California as an example, since
extensive ground v ot data in the form of smface roughness and moisture
content at several depths are available for this site. This will enable us
to validate our final inversion results. Weassume that the surlaces devi-
ate only slightly from smooth surfaces, and thus use a small perturbation
model (SPM) to exp ress the backscat t ering, coeflicients of the rongh sur-
face interms of its per mittivity, rins surface height, and correlation Iengih.
Ounly thie copolarized terms are retainied, We utihze mnicasurem ents at all
three AI{ SAI{ frequencies (I'-, T-,and C-bands). The algorithim u sed to
cstimate the surface parameters is based @ anonhnear least-sql]al” (s cri-
terion. This is aly jlerative method, and allows for simultancous inversion
of an pararncters. Theleast-squaresoptimization 111(1110(1S arcwidely 11 se@
i estimation theory (1 menberger, Opliamization by Ve clor Space Me thods.
New York: Wiley, 1968), but a1y additional concern for SAR applications is
incorporating the stochastic nature of the Unknown parameters and the data
imto formulation, which will be discussed in detail. Severallcast-squares
minimization methods, including the gradient and the preconditioned con-
jugate gradient methods are discussed. Synthetic dat a ar ¢ used to validate
the inversion results incaclicase. Finally, the algor it lon is applied to the
lresno polarimetric SAR data. Results will be shown and compared to the
ground-trathmecasurcinents, The strength of this approach tomversion of
remotely sensed datais that it catrhe easily modified for use with any scat-
tering model, not only the small per turbation solution, without changing,
the iversion algorithm.
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