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Abstract 

 

For an underwater communication cost is not a factor for initial deployment of the system as the frequent maintenance is not 

practically possible. To design a reliable underwater communication system the main aims are long distance, secure and 

accurate. Some reliable approaches can be implemented by including different ideas such as compress and forward relay can be 

used to increase the data rate instead of AF relaying, as it is commonly used in previous researches, for frequency and time 

analyzing pilot based estimation with PN sequence can be used. In addition to this for providing high diversity MIMO system 

can be integrated. Zero force equalizer can be provided and adaptive filter is used for equalization, here RLS filter is used to 

avoid interferences. For the removal of channel error and burst error, a channel encoder and interleaver is used respectively. 

More important a fast converging estimation technique is used instead of MAP is MMSE. Minimum mean square error 

estimation is used, as it is suitable for practical deployment in underwater. Thus a reliable design for UWAC for practical 

implementation is proposed and its performance exhibits excellent simulation results. 
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I. INTRODUCTION 

Underwater exploration activities are mainly hampered by the lack of efficient means of real time based communication below 

water. The wide underwater environment is extremely rich with natural resources such as minerals and oil fields waiting to be 

explored. Although wire line systems through deployment of fiber optical links have been used to provide real time 

communication in some underwater applications, their high cost and operational disadvantages due to the lack of flexibility 

become restrictive for most practical cases. This triggers the growing demand for underwater wireless links. The transmission 

ranges of radio and optical underwater systems are limited to short distances. Due to the high attenuation of radio frequency 

signals in water, long range RF communication [1] is problematic and requires the use of extra low frequencies, which 

necessitate large antennas and high transmit powers. With relatively favorable propagation characteristics of acoustic waves, 

acoustic systems achieve longer transmission ranges. With the emerging bandwidth hungry underwater applications and the 

concept of underwater internet of things [1], demanding requirements are further imposed on underwater acoustic (UWA) 

systems. The underwater channel through which acoustic wave propagates has a high transmission loss, non-uniform sound 

velocity, multi-path propagation, varying Doppler Effect, higher bit error rates and the omnipresent ambient noise contaminate 

the signal. Thus the underwater channel is the most challenging medium for communication. This first underwater acoustic 

telephone operated at 8.3 kHz and used single sideband suppressed carrier amplitude modulation. Until the 1980s, research 

efforts on UWAC were mainly dominated by military applications. Coupled with the limited bandwidth availability of the 

underwater channel, FSK became a bottleneck, limiting the operation of UWAC systems [1] to very low rates unacceptable for 

many modern applications. Emerging data heavy underwater applications impose further requirements on UWAC system 

design[1]. A wide variety under water communication system is available, but designers and engineers always search for a 

reliable and fast system when compare with all the previous systems. There are some familiar communications systems which is 

similar or which led to the development of a new system is given here as the literature paper. This paper follows with some 

literature paper works and limitations leading to a new system design. Also this paper covers and concluded with a  new design 

and approaches for underwater communication with acoustic waves using MMSE estimation. 

II. UWAC APPROACHES 

A criterion for unique recovery from blind deconvolution under sparsity[4] is explored priors. For key cases, it is possible to 

ensure unique recoverability given the regularized problem statement. The uniqueness results are informed by a matrix 

completion based viewpoint of blind deconvolution. Furthermore, this perspective enables characterization of why blind 

deconvolution[4] with two sparse inputs is an inherently hard problem. Underwater acoustic channels are wideband in nature due 
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to the small ratio of the carrier frequency to the signal bandwidth, which introduces frequency dependent Doppler shifts. The 

channel is treated as having a common Doppler scaling factor on all propagation paths, and a two-step approach to mitigating the 

Doppler effect[7], non-uniform Doppler compensation via resampling[9] that converts a wideband problem into a narrowband 

problem and high resolution uniform compensation of the residual Doppler is proposed. Zero padded OFDM is focused to 

minimize the transmission power. Null subcarriers are used to facilitate Doppler compensation, and pilot subcarriers [7] are used 

for channel estimation. The receiver is based on block by block processing, and does not rely on channel dependence across 

OFDM blocks, thus, it is suitable for fast varying UWA channels.  

The time variation challenges [8] the use of orthogonal frequency division multiplexing destroying [8] carrier orthogonality 

and introducing significant inter carrier interference. Much of the current work on time varying channels assumes a single 

common Doppler shift for each path. As such, resampling is optimal preprocessing [8] in such cases. The current work examines 

the choice of resampling factor for the case of distinct Doppler shift on each path. The optimal resampling factor is selected to 

maximize the Fisher information [8] for the transmitted data. Fisher information is also used to evaluate the information loss due 

to resampling.  

Underwater acoustic communications features frequency dependent signal attenuation, long propagation delay, and doubly 

selective fading [5]. Thus, the design of reliable and efficient UAC protocols is very challenging. For cooperative relay 

communications [5], which can provide reliable data transmission, is a very attractive technology for UAC [5]. A practical 

asynchronous relaying protocol tailored for UAC asynchronous amplify and forward relaying with Precoded OFDM. This 

protocol resolves both the time synchronization difficulty and the frequency selective issue of UAC channels. However, the 

AsAP protocol [5] adopts fixed amplification and uniform power allocation among the source and the relays, which limits the 

system performance. Assuming statistical channel state information is available, we analyze the average SNR at the destination 

and perform the power optimization on the AsAP [5] system.  

Fig.1, explains the block diagram of the designed system. Input data source is an acoustic wave generator, the waves are 

converted to binary symbols as OFDM is used. IFFT is performed in OFDM modulator and then it is amplified and forward 

using an AF relay. At destination FFT demodulates OFDM and then channel estimation and equalization is performed as a 

combination of MP algorithm and CGM-MP-SAGE. 

 
Fig. 1: CGM-MP-SAGE algorithm based UWAC system block diagram. 

An iterative algorithm, called the CGM-MP-SAGE algorithm, based on the SAGE and MP techniques for channel estimation 

employing the signal model is used in it. But from the simulation results the main limitations of this paper can be identified as its 

time delay, which is not practically possible for underwater communication. One of the other limitations is complexity of the 

algorithm, so practical implementation is not well suitable. 

III. SYSTEM DESIGN 

After a detailed survey among various UWC techniques and approaches are analyzed. This paper deals with the design of a 

practical underwater acoustic wave communication. This also searches for the limitations in practical implementation of previous 

systems. The advantages of previous researches are incorporated with the new system design and filtered out the limitations that 

should be avoided for a reliable system design. System model of the proposed system is explained using fig.2 and fig.3. With the 

transmitting and receiving systems respectively. The proposed system utilizes a different methodology purely independent on 

previous methods. A justified reliable model is explained in this paper for practical implementation in UWAC.  

Fig.2. explains the transmitting side with all reliable modules. An acoustic wave generator is used as input source which 

produces acoustic signals it is converted to binary symbols and modulated using BPSK modulation which is apposite for UWAC. 

Modulated symbols are then encoded using a convolutional encoder as it can detect about four errors and can correct three of it. 

Then the symbols transferred through an interleaver where shuffling of symbols are taken place to improve its confidentiality. A 

time based and frequency based analysis is performed using PN sequence and pilot sequences respectively to select appropriate 

analysis for each parameter. For providing high diversity and efficiency MIMO system is added, Alamouti STBC technique is 

used, thus the symbols are transmitted using MIMO antennas and symbols from each antenna undergoes a modulation again 

using OFDM, that is IFFT. Thus it is clear that the security and accuracy of the acoustic symbols are far better as it undergoes a 
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double modulation, first the acoustic signal modulated as binary symbols and that again modulated as timing symbols to pass 

through acoustic channels within water. Acoustic channels are used in water as same as AWGN channels in free space. Symbols 

through acoustic channels are collected by relay system, here a compress and forward relay is used, where the received symbols 

are compressed, that means only informative symbols are selected, repeated, unwanted symbols and noise are removed and also 

error amplification can be avoided completely. Thus to destination point only the actual symbols are forwarded.   

Fig.3. explain the reverse procedures of transmitting side, symbols from CF relay is transmitted via acoustic channel and has 

to be recover at destination. At receiver there were two symbols one from relay and one directly from source. A comparing or 

combining is used to recollect the original signal so maximal ratio combining method is performed which selects the appropriate 

symbols. The received signal then undergoes for demodulation at destination OFDM demodulation or FFT is performed to 

recover the frequency domain symbols and removed the time and frequency domain analysis simultaneously by dePN and 

depilot. The symbols are then passed through an adaptive filter here RLS filter is suggested, as it is capable of noise cancellation, 

channel equalization, echo cancellation and Doppler cancellation and it is the faster convergence least square approach in which 

minimizing the expected value of squared error. Estimation and equalization is the prior aim of this paper, so the selected 

estimation technique is MMSE estimation, minimum mean square estimation. The estimator that can minimize the Bayesian 

MSE is MMSE estimator. In determine MMSEE first require the posterior PDF, 

𝑃(𝐴|𝑥) =
𝑃(𝑥|𝐴)𝑃(𝐴)

𝑃(𝑥)
=

𝑃(𝑥|𝐴)𝑃(𝐴)

∫𝑃(𝑥|𝐴)𝑃(𝐴)𝑑𝐴
  (1) 

The MMSEE relies less and less on prior knowledge and more on data, also MMSE depend on prior knowledge as well as 

data. If prior knowledge is weak relative to data, and then the estimator will ignore prior knowledge, otherwise the estimator will 

be biased towards the prior mean. But generally, prior information always improves the estimation accuracy. MMSEE was 

determined to be 𝐸(𝜃|𝑥) or the mean of the posterior PDF. So it is commonly referred as conditional mean estimator. MMSEE is 

irrespective and independent of actual value of 𝞱. Thus MMSEE can be introduced as the mean of the posterior PDF, 

𝜃̂ = ∫ 𝜃𝑝(𝜃|𝑥)𝑑𝜃 = ∫𝜃𝑝(𝑥|𝜃)𝑝(𝜃)𝑑𝜃   (2) 

MMSE estimated symbols are then equalized to remove the noises and to compensate ISI, by Zero force equalizer. In ZF 

equalization the output of the equalizer is minimized by forcing the equalizer response. ZF is achieved by forcing the cross 

correlation between error sequence and the desired information sequence to be zero. Thus double modulation is done to retrieve 

the acoustic signal from binary data by BPSK demodulation and thus symbols decoded by viterbi decoder and deshuffled by 

deinterleaver and obtained a signal which is almost same as the actual transmitted information, thus implement a reliable 

technique for UWAC. 

 
Fig. 2: Block diagram of proposed transmitting side. 

 
Fig. 3: Block diagram of proposed receiving side 
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IV. SIMULATION RESULTS 

The simulation results are based on MatLAb code and it is observed as a comparison of some parameters which are very 

important for UWC. BPSK based comparison of perfect CSI signal, MP signal and MP-MMSE algorithm are analyzed with SER 

and MSE based on SNR is shown in fig.4 and fig.5. Doppler rate is important to compute as signal fading has to be compensated. 

Doppler rates are computed using SER and MSE with SNR is shown in fig.6 and fig.7. Resolution factors are analyzed is 

explained in fig.8 and fig. 9. Also multipath and pilot spacings are analyzed for different values is in fig.10 and fig.11.  

 
Fig. 4: SER vs SNR with BPSK modulation for perfect CSI, MP algorithm and MP-MMSE algorithm. 

 
Fig. 5: MSE vs SNR with BPSK modulation for perfect CSI, MP algorithm and MP-MMSE algorithm. 

 
Fig. 6: SER vs SNR performance of the MMSE algorithm for different Doppler rates. 
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Fig. 7: MSE vs SNR performance of the MMSE algorithm for different Doppler rates. 

 
Fig. 8: SER vs SNR performance of MMSE algorithm for different resolution factors. 

 
Fig. 9: MSE vs SER performance of MMSE algorithm for different resolution factors. 
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Fig.10: SER vs SNR performance of MMSE algorithm for multipath. 

 
Fig. 11: MSE vs SNR performance of MMSE algorithm for different pilot spacing. 

From this simulation results it is observed that by using, double modulation, MIMO, encoders, RLS filter and ZF equalizer 

with MMSE estimation algorithm can give a better system performance with excellent SNR for SER and MSE performances. 

This results provide a better performance than previous methods and other algorithms[1]. 

V. CONCLUSION 

Some reliable approaches for UWAC is implemented by including different ideas such as compress and forward relay can be 

used to increase the data rate instead of AF relaying, as it is commonly used in previous researches, for frequency and time 

analyzing pilot based estimation with PN sequence can be used. In addition to this for providing high diversity MIMO system 

can be integrated. Zero force equalizer can be provided and adaptive filter is used for equalization, here RLS filter is used to 

avoid interferences. For the removal of channel error and burst error, a channel encoder and interleaver is used respectively. 

More important a fast converging estimation technique is used instead of MAP is MMSE. Minimum mean square error 

estimation is used, as it is suitable for practical deployment in underwater. For an underwater communication cost is not a factor 

for initial deployment of the system as the frequent maintenance is not practically possible. UWAC for practical implementation 

is proposed and its performance exhibits excellent simulation results. 
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