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Fig. 1.

with modified phase modulation method.

Time series plots for simulated freak waves
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Table 1. The characteristic parameters of freak waves

based on zero-crossing counting method.
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Fig. 4. Space series plots for simulated freak waves
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Table 2. The characteristic parameters of freak waves under the different wind velocities.

13 14 15 16 17 18 19 20

u10 6 7 8 9 10 11 12
ai 1.02 .95 101 114 125 1.46 1.65
as 121 117 125 134 156 1.64 1.86
as 1.8 1.16 122 148 1.68 1.67 1.75
as 0.48 049 054 0.53 0.52 0.61 0.66
D -17 11 3.9 5.1 79 101 19

1.97 216 2.19 231 235 248 254 2.67

1.98 221 232 258 267 277 298 3.11

2.01 206 221 229 274 257 281 293

0.65 0.68 0.66 0.67 071 066 0.7 0.74

11.6 11.8 13.8 16.6 20.2 24.7 251 27.1
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Fig. 7. Electromagnetic scattering characteristics of
freak waves with different incident frequency of polar-
ization VV/HH and incident angle is 89.3512°.
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Fig. 8. Electromagnetic scattering characteristics of
freak waves with different incident angle of polariza-
tion VV/HH and incident frequency is 1.2 GHz.
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Abstract

Based on the Longuet-Higgins wave model theory, a modified phase modulation method of simulating freak waves
is improved in this paper. The method can generate freak waves at assigned time and place, and their waveforms can
not only maintain the frequency spectrum structure of the target spectrum and also satisfy the wave series statistics to a
great extent. Then, the electromagnetic backscattering model of freak and background wave is established by the finite
difference time domain method and the two-scale method. After averaging relative deviation and analyzing the error of
the root mean square deviation within the measurement uncertainties, considering the computational efficiency, we use
the two-scale model method to calculate the electromagnetic scattering coefficient of freak wave. Numerical results show
that the normalized radar cross section (NRCS) of freak wave is much smaller than that of background wave. On the
other hand, we analyze the electromagnetic scattering properties of freak waves under the different polarization modes,
incident angles and incident frequencies. We find that in the condition of grazing incidence, the backscatter coefficient
of freak wave increases with the increase of the incident frequency, but the increase amplitude is reduced, which meets
the rough surface scattering theory. When the incident frequency is fixed and the incident angle is small, the backscatter
coefficient calculation results of freak wave are similar under the condition of different polarizations VV’s and HH’s,
but the backscatter coefficient of freak wave decreases obviously with the increase of incident angle, which is caused
by the radar electromagnetic wave that is parallel to the sea surface and contacts it gradually. In addition, we find
that the backscatter coefficient calculation result of freak waves under the VV polarization is much higher than under
HH polarization from the two groups of experimental figures. According to the result of datum analysis, a conclusion
is drawn that we can determine where the freak wave is when the NRCS difference of synthetic aperture radar (SAR)
image is smaller than —11.8 dB. In the practical engineering application, the characteristic parameters are difficult to
observe, while the difference in electromagnetic scattering coefficient between freak wave and background wave can be
calculated from the SAR image of sea surface. This conclusion provides a reference standard for predicting the freak
waves in engineering application, through which we can calculate the characteristic parameters of freak wave, determine
its position, and study the electromagnetic scattering characteristics under the different polarization modes, incident

angles and incident frequencies in future researches.

Keywords: freak waves, phase modulation, electromagnetic backscattering, indicator
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