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Abstract

Communicating through the UWA channel is consistently challenging due to its inher-
ent complexity. High attenuation limits the communication range for RF signals, while
significant scattering limits the range for light waves. The acoustic wave is the sole
means of transmitting the signal over long distances. Acoustic waves exhibit a reduced
velocity compared to other types of waves. The Doppler effect has a notable impact,
and the UWA delay spread is significant. As the delay spread increases, the coherence
bandwidth decreases, and the channel’s frequency selectivity within that bandwidth
increases. As a result, the UWA channel demonstrates dual selectivity, which includes
both temporal selectivity from Doppler spread and frequency selectivity from delay
spread. In addition to Doppler and delay spread, the noises in underwater environ-
ments do not adhere to the conventional Gaussian distribution. The noise distribution
in underwater environments is non-Gaussian, which means that traditional receiver
performance is not optimal.

This thesis focuses on the analysis of noise distribution in UWAC. We have conducted
an analysis of the noise distribution in the data collected by NOAA, VENUS, and the
Indian Ocean. This thesis also examines the characteristics of the prefix signal in order
to estimate the channel and initial point of the packet. Prefix signals are evaluated
by analysing their correlation and spectral characteristics when affected by Doppler-
induced scaling. We have shown that utilising the HFM signal as a probing signal
enhances channel estimation in the UWA channel under the linear Doppler effect. Ad-
ditionally, we have developed a receiver with optimal performance. Once the prefix
has been determined, we proceed to estimate the channels that exhibit sparsity. We

have employed the OMP technique, which is a widely recognised method, for channel

il



estimation. The Mean Squared Error (MSE) of the estimated channel relative to the
actual channel increases in the presence of noise. In this case, we have employed Singu-
lar Value Decomposition (SVD) for the purpose of noise reduction, in conjunction with
Orthogonal Matching Pursuit (OMP) to minimise the MSE. The estimated channel is
utilised to minimise the delay spread through the use of TRM. This thesis presents
an innovative two-stage equaliser designed to mitigate intersymbol interference (ISI)
at the receiver. Initially, we employ a Time Reversal Mirror (TRM) to counteract the
impact of the channel, and subsequently, we utilise an Artificial Intelligence (AI) based
equaliser. We implemented an Al-based equaliser to alleviate the significant perfor-
mance degradation resulting from high Doppler OFDM. Additionally, the suboptimal
performance of the DFE equaliser due to non-Gaussian noise was addressed. In this
study, we have conducted a comparative analysis of DFE, DNN, and RNN with GRU
and LSTM. RNN-based equalisers outperform other types of equalisers. We have also
examined OCDM and compared it with OFDM in the presence of Doppler, as the
Doppler effect is significant in UWA. In this study, we also utilise the Time Reversal
Mirror (TRM) technique to enhance the channel. A study indicated that the utilisation
of TRM (Transmit-Receive Module) results in the realisation of a flat fading channel
with real and positive characteristics, and a linear phase shift. To improve channel
estimation in underwater communication channels based on OCDM, we implemented
linear phase shifts on the channel using a prefix. A study indicates that implementing
this approach not only simplifies the process but also leads to a performance improve-

ment of approximately 2 dB in typical underwater communication conditions.
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