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Abstract. The paper deals with the feasibility study of the ceived by the same radar, carries out information about the
sea state monitoring starting from X-band radar images. Thesea waves. More in detalil, the electromagnetic field mod-
exploitation of radar images allows to achieve a global vi- ulation is a nonlinear process due to three different causes:
sion of the sea state compared to the local vision given byhydrodynamic modulation (HM), tilt modulation (TM), and
the usual sensors as the buoys. The processing approachdeadowing (SH). HM describes the modulation of the energy
based on the formulation of problem as an inverse one wheref the ripples by the interaction with the longer waves; TM is
starting from the electromagnetic field backscattered by thehe modulation due to the variation of the angle under which
sea surface, the information about the sea state are retrievethe sea wave surface is viewed by the radar; SH accounts for
The reliability of the inversion procedure is shown by pro- the electromagnetic shadowing of the sea surface by higher
cessing synthetic and experimental data where particular atwaves (Plant and Keller, 1990; Wenzel, 1990). Due to these
tention is focussed to the determination of the sea current anchodulation effects, the radar image is not a “direct repre-
speed of the vessel. sentation” of the sea state and thus the need of processing
approaches arises with he aim of extracting the information
about the sea surface state starting form the backscattered
field.

In particular, data processing consists of an inversion

In recent years, the exploitation of the remote sensing Obserprocedure tha'ga starting fr_om .the );—t;]andl rada}r m:;tgﬁs se-
vations based on radar systems for sea state monitoring h:’%’inces’ provides afn es.tlmat;orrl of the e (Zva;lon ort Ie sea
gained an increasing interest. In particular, radar systems afu"ac€ meant as a function of the time and the spatial vari-
located on ships and platforms allow one to assess, in refibles of the sea zone illuminated by the radar (Nieto Borge
time and with high accuracy, the elevation of the sea waves! aI.,ﬁO(]z4). K h i h its of th
and other parameters that characterize the sea state (Young_etIn t.|s ramework, here we wi present_t e results of the
al., 1985; Ziemer et al., 1991; Nieto Borge et al., 2004; Nieto"Version approach, first for the case of simulated data and

Borge and Guedes Soares, 2000; Nieto Borge, 1997; Hessng?en for realistic measurements acquired from a radar located
etal.,1985), ' ' ’ ’ on a moving ship. In particular, for the realistic case, atten-

From the point of view of the “physics”, to gain such tion is focussed tQ the es_tl_matlon Of. the marine surfat_:e cur-
an information it is made possible by the electromagneticrentWhose value is a decisive factor in ensuring the reliability
of the overall monitoring. In particular, the estimation of the

interaction between the electromagnetic field radiated by a ‘ thas b ; db rat based
radar and the capillary waves on the surface of the sea (Plar"f‘(ur ace current has been periormed by a strategy based on a

and Keller, 1990: Wenzel, 1990). Such an interaction dué correlation” procedure between the measured signal and the

to the phenomenon of resonance Bragg, arises a backsc tpeoretical model based on the dispersion relation accounting
tered electromagnetic field that is modulated by the Iongeél}or the sea-state (Serafino et al., 2008).

waves; accordingly, such a backscattered field, which is re-
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I Fig. 2. Pictorial sketch of the mathematical problem.
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yy Table 1. Parameters description of Fig. 2
BP Filter
ho(m) hi(m)  L(m)
o(k,U)
3.6 1.8 230
Current
estimation The measure of the sea surface currents is not typically
available by independent observations and then such an in-

formation has to be estimated directly from the radar data. In
Fig. 1. Block diagram of the inversion procedure. the Section below, we will present the results about the es-

timation of the surface current achieved by the method pre-

sented in (Serafino et al., 208) based on the “correlation” be-
2 Processing scheme tween the measured spectrum and the characteristic function

) ) ) ) ~__having as a support the one of the dispersion relation.
The flow-chart of the inversion scheme is depicted in Fig. 1

and briefly detailed in (Nieto Borge et al., 2004; Serafino et

al., 2008). First, the 3-D Fourier Transform of the space-time3  Simulated data and numerical result

radar images sequence is computed; the second step consists

in a spectral filtering via a dispersion relation in order to se-The inversion procedure presented in the Section above has
lect the frequencies associated to the linear gravity wavegeen firstly applied to synthetic data.

that is the phenomenon of interest for the problem at hand A 2-D numerical wavemaker (Lugni, 1999) has been ex-
(Nieto Borge et al., 2004; Serafino et al., 2008); then, thep|oited to reproduce the physical conditions existing in a real
filtered radar spectrum is transformed to the sea spectrum biyyave tank (see Fig. 2) with the values of the geometrical pa-
the Modulation Transfer Function (MTF) (Nieto Borge et al., rameters that are given in Table 1. The spatial and time evo-
2004), finally, the filtered and modulated spectrum is FOUTieHution of a free-surfac@QSL wave train, generated through

transfprmed to provide the sea state images in the space-timghinged paddla©. moving with angular velocity (1), has
dorr;am. , h | filteri has th been investigated by an non viscid model. In this framework
T € second step, .e., the spectral filtering one, has thg,e mathematical statement is described through the Laplace
crucial effect on th_e_ quality of the ove_rall Inversion proce- equation for the velocity potential function. Once the veloc-
dure_and t_he rell_ablllty of such a st_ep is based on the use Ofty potential is computed on the boundary domain, the non-
the right dispersion relation (Serafino et al., 2008). The ®Xinear free-surface equations are stepped forward by a fourth-

ploitation of the correct dispersion relation depends on theorder Runge-Kutta scheme and the motion of the wavemaker

sea surface current intensity. In fact, when the surface Curg updated.

rents are not correctly determined and/or accounted for in To save computational time and memory for the simula-

the dispersion relation, the results of the overall inversion arg; o of long time wave evolution, a domain decomposition

quite ][);)hor. Thf|s difficulty ;sbfurther |Eprﬁasggt\r/]vhzn tthe val- technique has been used (Wang et al., 1995). Further details
ues of the surface current become high or It the dala areé aGs¢ o [ merical model used as well as of the treatment of

;qhuwgdtb)r/mr?:\/;in% S?'fhs’ Smrier;? ithesiet cascrens tl?e tprgblﬁ(rjnig he free-surface can be found in Lugni (1999).
€ dete ation of the current IS quite complicated a A JONSWAP sea spectrum wittfH;,3=8.8 cm and

a(rj(;jété(()jr;rzartlcular attention has to be made to the flltermgTozl.967s has been reproduced in the numerical wave tank
P ’ for the present case. A factor scale 20 has been used to re-
construct the wave elevations corresponding to the full scale
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Fig. 3. Comparison between the reconstruction (black) of the wave
height and the simulated input data sequences (red). From top to
bottom the images refer to: 36 s, 55 s and 78 s with respect to th
start time, respectively.

Radar system and real data processing

%he processing chain is then applied to experimental data.
The system used for acquiring and storing the data is the
WAVEX (Marine Radar Wave Extractor) system. This sys-
tem provides real time information on sea state parameters
resents the significant wave height, d@fthe modal period starting by images acquir_ed by a conventional marine x.-band
associated with the prescribed spectrum. radar mounted on a moving vessel The raw data conglst ofa
After the generation of the simulated waves, the radar datasequence of 32 images, each one made up 0k600 pix-

: . ; els. The total extent of each image is about 16 kehile
have been simulated by the procedure in (Nieto Borge et al.,; : o
. . . . time span corresponding to a complete acquisition is 76.8 s.
2004); in particular, we have considered the two most impor-~"_ )
Figure 4 shows a sequence (first two and last one of 32)

:ﬁtn(tTTAc;dourlggon effects such as the shadowing (SH) and th%f raw data images recorded on 22 November 2007 in the

Finally, the radar data have been processed by the inver"flreal of the Mediterranean sea between Ma!ta and Sicily i;—
. ' . . lands. In particular, the proposed method estimated an equiv-
sion proc_edure presented n Sect. 2. F'gur? s sh(_)ws the 'Slent surface current of 8.2 m/s that accounts also for the ves-
construction of the wave height compared with the input dataSel speed provided by GPS measurement and equal to about
sequences, referred to the following time instants: 36 s, 55 B mis
and 78 s, respectively. '

To implement a statistical analysis of the result provided
by the inversion procedure we have computed and compared Conclusions
the reconstructed significant wave value and the modal pe-
riod with the ones of the input data. The obtained values areThis work has dealt with the problem of the sea state pa-

rameters monitoring by starting from marine radar images

sea state SS4H;,3=1.76 m andlp=8.8s). HereHy,3 rep-

Hj/3=1.76 m referred to the simulated input data, acquired by a fixed platform or a moving ship. In particular,
the problem has been stated as an inverse one and the solu-
Hy/3=1.75 m referred to the reconstruction, tion approach is based on different steps mainly related to
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