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This Presention is based on three main parts of my PhD dissertation.
Part I: Efficien Modeling of Underwater Acoustic Channel Based on the Field Measurements of Any Interest Region 

1. Modeling of Large-Scale Pass Loss and Ambient Noise in Underwater Acoustic Channel Based on the Experimenta Data of Any Interest region
2. Determination of the Best Carrier Frequency Based on the System and Enviromental Partameters in Underwater Acoustic Systems
3. Experimental Evaluation of Proposed Algorithms over the Persian Gulf
     One of the most challenging features of underwater acoustic (UWA) channel in comparison with its terrestrial radio frequency counterpart is highly frequency-dependent path loss. Thus, utilizing efficient carrier frequencies in UWA systems can considerably reduce the path loss. In this context, this part of session presents an approximate formula for determining the best carrier frequency based on both the system and environmental parameters. To achieve this goal, this study first addresses a simple algorithm including general steps for tuning the parameters of Francois and Garrison (FG) formula in the frequency range of 10 to 100 kHz based on the appropriate experimental data which can be acquired from any interest region. Second, for a more accurate modeling of path loss, this study considers the loss due to the reflections of sound from both the rough surface and bottom of the sea by employing the ray theory. Third, this study presents a general algorithm for modification of the power spectral density (PSD) of ambient noise based on Wenz formula in the frequency range of 10 to 100 kHz and the required experimental measurements which can be simply collected from any interest channel. Moreover, it is mathematically demonstrated that the ambient noise in the frequency range of 10 to 100 kHz, can be generally approximated with a strict sense stationary (SSS) colored normal stochastic process which is ergodic not only in mean and covariance but also in distribution. Finally, an approximate formula for the best carrier frequency is derived by maximizing the sound to noise intensity ratio (SNR). To verify the validity of simplifications and approximations utilized in this study, experimental results are compared with the original, simplified, and modified models under different scenarios.
Related Paper :

[1]  A. Doosti-Aref and A. Ebrahimzadeh, “Determination of the Best Carrier Frequency Based on the System and Enviromental Parameters in Underwater Acoustic Systems,” Elsavior Journal on Physical Communication, Under reviewe.
Part II: Adaptive Resource Allocation Based on the BER and Capacity in OFDM Cooperative Underwater Acoustic Systems
1. The Transceiver Model

2. Adaptive Resource Allocation Optimization Problems

3. Simulation Study
     The increasing use of relays in underwater acoustic (UWA) communications is a driving force to explore efficient techniques that can significantly improve the system performance. To fully exploit the benefits of cooperative systems, efficient management of resources including relays and power is required. In this part of session, both optimal relay selection and power loading issues are investigated for an orthogonal frequency division multiplexing (OFDM) cooperative transmission over UWA channel. Amplify-and-forward (AF) relaying with perfect channel state information (CSI) at the source, relay, and destination nodes are considered. Moreover, Sparse and frequency-selective Rician fading in the presence of colored Gaussian ambient noise are asumed. 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 problems are 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 in two dependent phases. In the first phase, an unconstrained optimization problem is solved to determine the optimal relay out of multiple relays vertically located at different depths of the UWA channel. All-subcarrier (AS) basis approach is employed in the OFDM-based transmission model in which a single relay is engaged to transmit the entire OFDM block to the destination. In the second phase, 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.
Related Paper :
[2]  A. Doosti-Aref and A. Ebrahimzadeh, “Adaptive Relay Selection and Power Allocation in Cooperative OFDM Underwater Acoustic Systems,” IEEE Transaction on Mobile Computing, Under reviewe after minor revision.
Part III: Design and Performance Analysis of an Efficient Cooperative Multicarrier Underwater Acoustic Communication System over the Persian Gulf Channel

1. Channel Modeling

2. The OFDM-based cooperative transmission model
3. The Cooperative multi-input multi-output transmission model
     Real-time and reliable transmission with high data rate is one of the most crucial design issues in underwater acoustic (UWA) communications. This study is part of an operational project in the Persian Gulf which is known as a shallow water channel worldwide. Building on the promising combination of cooperative and multicarrier techniques, the design of an efficient UWA communication system over the Persian Gulf channel is first addressed. Sparse and frequency-selective Rician fading, non-white correlated Gaussian ambient noise, and non-uniform Doppler distortion among subcarriers are the main assumptions. Based on the extensive field measurements, a comprehensive channel model is adopted including modified sound speed profile (SSP), modified absorption coefficient, reflections from the surface and bottom of the sea, and modified ambient noise model. In this work, carrier frequency is efficiently determined based on the system and environmental parameters. In addition, a simple criterion for Doppler scale calculation is proposed. Moreover, based on the approximate auto-correlation function of the ambient noise, whitening filter is utilized at the receiver. In many applications of underwater acoustic sensors network (UW-ASN), nodes may not be big enough to have more than one antenna. Therefore, to achieve spatial diversity, cooperation between nodes can be a proper alternate method. In another part of this research, toward a proper approach that each node operates under full-duplex mode, a cooperative            virtually-aided transmission scenario which is called cooperative multiple input single output (CMISO) is addressed. Simulation results demonstrate that our proposed models can significantly improve the bit error rate (BER) performance of UW-ASN in the Persian Gulf channel.

Related Paper :
[3]  A. Doosti-Aref and A. Ebrahimzadeh, “Efficient Cooperative Multicarrier         Underwater Acoustic Communication over the Persian Gulf Channel,” Springer, Wireless Networks, doi: 10.1007/s11276-016-1404-y, pp. 1-14, Dec. 2016.
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