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Abstract — This paper shows that connections can
be established between numerical simulations and a
stochastic differential equation model for the elec-
tromagnetic scattering by sea surfaces.

1 Introduction

The electromagnetic scattering by sea surfaces is a
well-known issue abundantly covered in the scien-
tific literature. Many different approaches were de-
veloped to model this phenomenon. Oversimplify-
ing, these models are based upon deterministic and
asymptotic approaches [1, 2] or upon purely sta-
tistical descriptions [3]. Unfortunately, combining
these two viewpoints remains an open and complex
problem.

Recently, Field and al. [4, 5] developed a Stochas-
tic Differential Equation (SDE) model that can be
used for this purpose.

2 Stochastic model

2.1 Diffusion process

A Wiener process W; is defined [6] as a continuous
time stochastic process that verifies:

(1)

where s < t < u < v and where W; — Wy is the
Gaussian distribution N (0, |t — s[). A time con-
tinuous stochastic ¢; is called a “diffusion” if the
differential dg; is in the form:

E [(Wv - Wu) (Wt - Ws)] =0

(2)

b; and o; are respectively call the “drift” and the
“volatility”.

dqt = btdt + Utth

2.2 Stochastic differential equation model

Let’s assume that the sea surface is modeled by
a set of random scatterers (phase screens), the
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electromagnetic scattered wave is the result of the
stochastic process:

with a fluctuating population size N. Field and
al.[4, 5] proved that the dynamics of the normalized
amplitude process U; = é’t(N) /N'/2 and the contin-
uous valued RCS z; are given by the following set
of nonlinearly coupled SDEs:

dr, = Aa —z;) dt + (2 Az,) "/ th(x) (4a)
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where A and B are constant. It should be noted
that W; and & are two independent Wiener pro-
cesses.

3 Numerical simulations

3.1 Sea surface generation
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Figure 1: Elfouhaily sea surface spectra with dif-
ferent wind speeds (isotropic component).

To generate a realistic ocean surface associated to
a given weather condition (wind speed and wind di-
rection), we introduce the sea spectrum developed



by Elfouhaily et al. [7] since it is very consistent
with experimental data. This sea spectrum is in
the form:

S(K, ¢) = M(K)f(K, ¢) ()

where M(K) represents the isotropic part of
the spectrum modulated by the angular function
f(K, ¢), and where K and ¢ are respectively the
spatial wave number and the wind direction, see
figure (1). Then, the convolution of this spectrum
with an unitary white Gaussian random signal gen-
erates a one-dimensional profile (a statistical real-
ization for the sea surface) that represents an ocean
surface for given weather conditions (see fig. 2).
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Figure 2: Example of an ocean surface profile gen-
erated where the wind speed is 10m/s.

To introduce the movement of the so-generated
random profiles, we must take into account the ve-
locity of the sea waves that depends on the wave
number [8]. The velocity of the longer wavelength
waves is mainly influenced by the gravity, whereas
for the shorter wavelength waves the predominant
effect in the velocity is the capillary. For non-
shallow water, the dispersion relation can be ap-
proximated by:

k
w k)~ k- %4‘%

(6)
where g is the gravitational acceleration, 7 is the
water surface tension and p is the density.

3.2 Electromagnetic scattering simulations

To compute the electromagnetic field scattered by
the ocean-like profiles previously generated, we ap-
ply an accelerated Method of Moments (MoM).
Then, using the so-computed scattered fields, we
can numerically simulate the temporal stochas-
tic process corresponding to the RCS for different
weather conditions. In this way, the numerical data
generated by a Monte-Carlo methodology can be

seen as the realizations of the stochastic process re-
lated to the electromagnetic scattered field.

4 Conclusion

Using these computed data, an efficient algorithm
developed by Levanony and al. [9] is applied to iden-
tify the parameters of the nonlinear SDEs (4).

Finally, the parameters of the dynamic stochastic
model can be associated to the different sea states
(wind speed and wind direction).
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