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Unmanned Surface Vehicles (USVs) are increasingly used in high-risk intel-
ligence, surveillance, and reconnaissance missions. Mission success is dependent
largely upon maintaining a reliable communications link between the USV and the
controller. However, in maritime communications, multipath fading due to reflec-
tions off the ocean surface can disrupt the link, potentially causing a loss of contact
with the USV.

In this work, we use ray-tracing methods to model the potential use of phase-
conjugating arrays to compensate for multipath fading and signal level variation in
maritime communications. The work is based on a previously reported method in
which up to 30 dB of improvement in signal-level variation was experimentally ob-
served in a simulated severe-multipath environment (J. Tuovinen, G. S. Shiroma, W.
E. Forsyth, and W. A. Shiroma,2003 IEEE MTT-S Int. Microwave Symp. Dig., pp.
1681-1684, June 2003). The method does not eliminate multipath, but uses it advan-
tageously in conjunction with a phase-conjugating array toeliminate deep fades.

Modifications to the canonical two-ray ground-reflection model were made us-
ing both a planar and sinusoidal seawater boundary. Resultswere first obtained for
communications between omnidirectional antennas as a baseline, and then with an
omnidirectional-to-phase-conjugating antenna link. Theresulting model can be used
to determine the minimum requirements, such as the number ofarray elements, for
reliable communication for a given range. Since phase conjugation cannot compen-
sate for the time delay of the data traveling on the direct path and multipath, the
model is also used to analyze how the difference in path lengths affects the maximum
data rate.
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