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Underwater acoustic sensor networks (UW-ASNSs) have received tremendous attention in both
academia and industry during the past decade. Due to its indisputable advantages for reliable and
high-speed applications with size and power limitations, cooperative transmission particularly in the
form of orthogonal frequency division multiplexing (OFDM) is a promising physical layer solution
in underwater acoustic (UWA) communications. Because of the limited budget of power
consumption at both source and relay nodes in cooperative UWA communications, resource
allocation becomes a crucial design issue, which can yield significant improvement in almost any
performance metric of relay channels. Optimal resource allocation has been well
investigated in terrestrial OFDM-based relay channels; however, literature on adaptive relay
selection and power loading for cooperative UWA communications is sporadic. Due to the special
properties of UWA channel such as long propagation delay, frequency-dependent path loss, and
particularly colored ambient noise, the solutions and algorithms obtained for terrestrial radio
channel cannot be directly applied to UWA channel. Therefore, investigating similar problems
under proper considerations of UWA channel leads to new results which are required to be derived;
one of the strategies followed in this talk.

In this presentation, both optimal relay selection and power loading issues are investigated for an
OFDM cooperative transmission over UWA channel. Amplify-and-forward (AF) relaying is
considered with perfect channel state information (CSI) at the source, relay, and destination nodes.
Moreover, sparse and frequency-selective Rician fading is assumed in the presence of colored
Gaussian ambient noise. Unlike previous works on this topic, in this study, the power of noise is not
identical for all subcarriers at both the relay and destination nodes. Two optimization problem are
formulated and solved that rely on the minimization of the bit error rate (BER) and maximization of
the system capacity. In each problem, both optimal relay selection and power loading issues are
addressed through two dependent phases. In the first phase of each problem, an unconstrained
optimization problem is solved to determine the optimal relay out of multiple relays vertically
located at different depths of water. All-subcarrier (AS) basis approach is adopted in proposed
OFDM-based transmission model in which a single relay is engaged to transmit the entire OFDM
block to the destination. In the second phase of each problem, after selecting the optimal relay,
another optimization problem is solved to obtain the optimal power allocation. This is jointly done
at both the source and relay nodes under total power constraint and fixed subcarrier rate. Extensive
simulations are conducted to evaluate the performance of proposed algorithms under different
scenarios. Results of this talk could be a good guidance to study the considerations of physical layer
for the deployment and operation of UW-ASNS.
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