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Abstract

Acoustic underwater communication channels are multipath channels where
sound is reflected from the surface and the bottom of the sea and refracted by
sound speed variations. In shallow water, the impulse response is typically long
compared to the time length of the symbols in a transmitted message. This
causes inter-symbol interference, which makes the message difficult to decode.

This thesis deals with physical modelling of the communication channel.
Such modelling can provide insight into the difficulties of communication
system design and may serve as an aid in the development of appropriate
modulation techniques and decoding algorithms. The sound propagation is
simulated by a ray tracing method with plane-wave reflection coefficients, in
papers 4 and 5 expanded to a Gaussian beam summation algorithm.

The main scientific contributions are the following.
Paper 1:
Up-to-date knowledge of the impulse response of the communication

channel considerably simplifies the extraction of information from a detected
signal. In this paper the time variability of the impulse response is studied in
terms of the bit-error rate, when an old impulse response is used for channel
equalisation. The time variability is found to vary significantly with the receiver
position, not only in range, but also in depth.

Paper 2:
A hybrid raytrace method is presented, combining ray tracing in a

range-dependent water column with local full-field modelling of the seabed
interaction. The method is applied to simulations of acoustic communication in
shallow water.

Paper 3:
To be able to make reliable simulations of sound propagation, one needs to

know, quite accurately, the sound speed profile of the medium --- information
which is not always available. In this paper the hybrid raytrace method from
paper 2 is used to estimate the sound speed profile from communication data.
The environmental model obtained by the inversion reduces the mismatch
between the modelled and the observed impulse response estimates, compared
to the mismatch with a two-days-old sound speed profile. The model is also
used to investigate alternative source-receiver configurations.

Paper 4:
Gaussian beam summation is a wave propagation model similar to ray

tracing, which can yield correct results in singular regions like shadow zones
and caustic points. In this paper some different choices of the complex beam
parameter $\epsilon$ are discussed for shallow waveguides. Best results are
observed when $\epsilon$ is chosen so that each beam is narrow at the point
where it is closest to the receiver and has a plane wavefront there.

Paper 5:
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An adaptive method for Gaussian beam summation in shallow waveguides
is presented. The algorithm yields better or at least as good accuracy as ray
tracing, even in shallow waveguides with a strongly depth-dependent sound
speed profile.
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