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Abstract

Underwater communications is a very challenging field, because the channel is of very
poor quality and extremely difficult to model. Optical, RF and acoustic signals have all
been experimented with as means for underwater communications. All have varying
challenges and are differently impacted by water as the medium. Because of very high
attenuation of the optical and RF signals in water, acoustic signals are the most common
means of communications underwater. However, the channel is complex to model even
for acoustic signals. The channel for acoustic communications is wide-band, frequency
selective and time varying. Spatial diversity has shown to improve the performance of
communication systems and the same gains can be exploited in underwater communi-
cation systems.

In recent times vector sensors have become popular especially for ranging applica-
tions. They have shown some promise in underwater communications. Unlike sensor
arrays, vector sensors are compact but can offer diversity gains hence potentially im-
proving the communication system performance. In this work, we explore the impact of
the use of vector sensor in underwater communications. Since vector sensors are direc-
tional receivers, we first propose an AOA based framework for modeling the underwater

acoustic communications system. Multiple paths arrive at the receiver at different time
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instances and along different angles. In the framework we introduce an explicit depen-
dence of the channel model on the AOA. This allows us to model the channel based
on characteristics of the AOA resulting in a channel model, which is amenable to per-
formance analysis of vector sensor based acoustic communication systems. We use
this proposed framework for analyzing performance of different Vector Sensor based
underwater acoustic communication systems.

We use the proposed framework for analyzing a vector sensor based SIMO under-
water acoustic communications system. The system consists of scalar transducer as a
transmitter and a single vector sensor as a receiver. A single vector sensor offers spa-
tial diversity, hence resulting in a SIMO communications system. We obtain the BER
performance and a bound on capacity of such a system and compare it against SISO
communication systems. The analysis clearly demonstrates the efficacy of the use of
a vector sensor as receiver. We then show that vector transducer might not be the best
device for providing diversity gains in a MISO communications system. Instead we
use directional transmitters and show how performance gains can be achieved by such
a MISO underwater acoustic communications system. Here too the BER performance
is obtained and upper bound on the channel capacity is computed. The performance
is compared against SISO communication systems, and the results clearly demonstrate
the superiority of the proposed MISO architecture.

For analyzing a MIMO communications system, we use scalar array at the transmit-
ter and a vector sensor at the receiver. This architecture is used since vector transducers
do not provide diversity gains because of its characteristics and the channel geometry.

In this analysis too the proposed AOA based framework is used and the performance



of the proposed MIMO architecture is analyzed. The results clearly indicate that use of
vector sensors in underwater acoustic communications can provide performance gains,
while keeping the size of the receiver compact.

A couple of other findings also resulted from the analysis performed in this work.
Since the delay spread is large and the number of multi-paths is relatively smaller, we
propose a compressive sensing based method for channel estimation. We apply the
proposed estimation method to vector sensor based communication system, and show
how it can be used for channel equalization in such communication systems.

In summary, we have proposed an AOA based framework which is apt for analyzing
vector sensor based communication systems and have used the framework to analyze
different vector sensor based underwater acoustic communication system architectures.
The study clearly indicates that vector sensors can offer performance gains, besides the

additional benefit of being compact in size.
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