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Fig. 1. Reflecting and scattering of acoustic wave from

sea surface ice.
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Fig. 2. Coherent reflection coefficient versus incident grazing angle and frequency of acoustic wave under
different ice thicknesses: (a) 0.5 m; (b) 1.0 m; (¢) 10.0 m; (d) 100.0 m.
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Fig. 5. Scattering coefficient versus scattering grazing

angle under different incident grazing angles (acoustic

wave frequency of 2 kHz and ice thickness of 1.0 m).
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Abstract

In order to build an efficient underwater acoustic sensor network in the Arctic Ocean environment, transmission
characteristics of under-ice acoustic channels need comprehensive understanding. The reflecting and scattering of acoustic
waves from sea ices have great influences on under-ice acoustic channels. Both topology and structure of sea surface ices
are very complex and variable. The physical dimension, acoustic property and interface roughness of sea ices depend
not only on local environment, but also on climate and formation time. Therefore, it is of great significance to develop a
model of reflecting and scattering of acoustic waves from sea ices for investigating the sound propagation in the under-ice
environment. Assuming that sea ices are a multi-layered elastic solid medium and the ice-water interface is rough and
satisfies the boundary condition of perturbation, we develop a system of linear equations to solve the coherent reflection
coefficient of the incident sound wave from water to sea ice. The coherent reflection coefficient is a function of the
frequency of sound wave and incident grazing angle, and is numerically evaluated. The influences of ice thickness and
ice-water interface roughness on the coherent reflection coefficient are analyzed. Furthermore, the method of calculating
scattering coefficient by using the power spectrum density of the scattering field is introduced. The scattering coefficient
as a function of the scattering grazing angle is numerically evaluated. The influences of ice thickness and ice-water
interface roughness on scattering coefficient are analyzed. The results show that both the coherent reflection coefficient
and the scattering coefficient are dependent on the frequency of acoustic wave, ice thickness and grazing angle. The
coherent reflection coefficient is close to 1.0 and the scattering coefficient is less than 0.01 when incident grazing angle
is less than 15°. In addition, the frequency of acoustic wave and ice thickness have weak influences on them. However,
the frequency of acoustic wave and ice thickness have significant influences on the coherent reflection coefficient and the
scattering coefficient when the incident grazing angle is big, say, greater than 30°. In general, the thicker the ice is,
the smaller the coherent reflection coefficient and the scattering coefficient are. The coherent reflection coefficient is less
than 0.18 when the ice thickness is greater than 10.0 m and the frequency of acoustic waves is greater than 2 kHz. The
ice-water interface roughness has great influences on both the coherent reflection coefficient and the scattering coefficient.
The rougher of the ice-water interface is, the smaller the coherent reflection coefficient is, and the bigger the scattering

coefficient is.
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