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Abstract—Underwater wireless communication is a rapidly growing 
area of research and engineering. Various scientists are exploring 
fundamental aspects of Underwater Acoustic Communication for 
various underwater applications like Oceanographic data collection, 
Pollution monitoring, offshore exploration, Disaster prevention, 
Assisted Navigation, Tactical Surveillance and Mine Reconnaissance. 
To achieve this objective, sensors and vehicles self-organize in an 
autonomous network, which can adapt to the characteristics of the 
ocean environment. The above described features enable a broad 
range of applications for underwater acoustic sensor networks. 
Acoustic communication transmission technology is used for this 
UWASN (Underwater Acoustic Sensor Network), but still due to the 
physical properties of the propagation medium, underwater acoustic 
signals suffer from severe transmission loss, time-varying multipath 
propagation, Doppler spread, limited and distance-dependent 
bandwidth, and high propagation delay. Also waves under the water 
is scattered and propagates very slow which produces the 
propagation delay in it. The scattering nature of underwater 
communication channel raised the problem of multipath fading, 
Doppler delay, Doppler shift and Doppler spread. The proposed 
system gives the maximum possible solution to all these issues using 
maximum entropy modeling method where, the channel is modeled 
based on the Gaussian distribution for the rapidly time-varying delay 
factor. 
 
In this method the Doppler spread is identified between the 
transmitted signal and the received signal. Also, as the 
communication under the water gives scattering nature of 
transmission, the bit transmission rate and bit error rate are 
calculated based on channel transmission scheme using OFDM. 
 
Keyword: Underwater Sensor Network, Acoustic Signal, Acoustic 
Channel, OFDM, Channel Estimation, Channel Modelling. 

INTRODUCTION 

Underwater Acoustic Sensor Networking is the emerging 
technology for various applications like oceanographic data 
collection, pollution monitoring, offshore exploration, disaster 
prevention, assisted navigation, tactical surveillance, and mine 
reconnaissance. etc. Underwater Acoustic Sensor Networks 
(UWASN) is designed to monitor the underwater data 
continuously with the help of sensors. The objective of this 
research is to explore fundamental key aspects of underwater 
acoustic communications, propose communication 

architectures for UASNs, and develop efficient sensor 
communication protocols used for the underwater 
environment. In this proposed system, the underwater 
Acoustic Communication channel is model using maximum 
entropy modeling technique with its root mean square. 
Doppler spread is 0.5 - 2 Hz only. Here, the acoustic channel 
satisfy the smart antenna approach by using IEEE standard 
802.15.4, which gives the data transmission rate up to 250 
Kbps at 2.4 GHz carrier frequency for at least 2m vertical link 
and approximately 100 m horizontal link, by keeping the 
depth of water up to 1.5m. The system is tested in a 25m x 
13m (i.e. 325 m2) swimming pool with 1m to 1.5m depth. 
Therefore, the acoustic channel is also estimated based on 
shallow water conditions. Since shallow water acoustic 
communication is consider. For this the bandwidth was kept 
up to 2.4GHz. This can generate the maximum signal-to-noise 
ratio (SNR) is up to 1.477 dB and its Bit Error-Rate (BER) is 
calculated as -14.9513 dB. As the signal gets scattered in to 
the water, therefore orthogonal frequency division 
multiplexing technique is implemented, which divide the 
carriers into equivalent sub-carriers. Here 16 to 64 sub-carriers 
at the frequency of 3.6 MHz are used and each sub-carrier are 
made to process 256 bits per sub-channel, therefore, maximum 
4096 bps to 16384 bps can be actually transmitted with the 
help of sub-carriers. Based on this concept, the system is 
simulated for 20 numbers of nodes then, for simulating this 
network the maximum energy required is 0.4094 Joules. 
Based on above tested and simulated results, here we designed 
the smart underwater acoustic communication system with fast 
communication and less power consumption.  

UNDERWATER ACOUSTIC CHANNEL ESTIMATION  

Taking into account the physical models of acoustic 
propagation loss and ambient noise, the optimal frequency 
allocation for communication signals can be calculated. 
Considering optimal signal energy allocation, such frequency 
band is defined so that the channel capacity is maximized [5]. 
The results that are assessed suggest that, despite the fact that 
frequency spectrum [6][8] for underwater acoustic 
communications, the possibilities in terms of usable frequency 
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bands are not numerous, due to acoustic path propagation and 
noise characteristics. 

SNR and SER 

The narrow-band signal to noise ratio (SNR) observed at a 
receiver over a distance L m when the transmitted signal is a 
tone of frequency f and power P is given by: 
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where f is a narrow band around the frequency f, and S(f) is 
the power spectral density of the transmitted communication 
signal. Directivity indices and losses other than the path loss 
are not counted. The AN product, A(l,f)N(f), determines the 
frequency-dependent part of the SNR. The inverse of the AN 
product is illustrated in Figure 2.1. 

 
Figure 2.1: Simulation results of SNR with BER 

OPTIMAL FREQUENCY 

Observing the inverse of the AN product, 1/A(l, f)N(f) in 
Figure 2.2 , it can be concluded that for each distance, there 
exists an optimal frequency f0(l) for which the maximal 
narrow-band SNR is obtained at the receiver. The optimal 
frequency is plotted as a function of transmitter receiver 
distance. When implementing a communication system, some 
transmission bandwidth around f0(l) is chosen. The 
transmission power is adjusted so as to achieve the desired 
SNR level throughout the selected frequency band. Practically, 
the response of the transducers and hydrophones must be 
taken into account and the optimal transmission frequency 
may vary. 

 

Figure 2.2: Simulation results BER with AN Product. 

CHANNEL ESTIMATION 

Xbee systems are based on the IEEE 802.15.4 standard. The 
physical interface is based on OFDMA, which is a multiuser 
multicarrier modulation technique, in which the different sub-
carriers of each symbol may be shared between several users. 
The bandwidth can be scaled from 1.1 MHz (corresponding to 
64 sub-carriers) to 3.6 GHz (corresponding to 64 subcarriers), 
leading to significant flexibility in system design. The 
bandwidth of each sub-carrier is 25.6 MHz in all 
configurations leading to a constant OFDM symbol duration 
of 3.2 µs, not including the cyclic prefix. Several coding and 
modulation schemes are contained in the standard. 

There are seven mandatory schemes including modulations 
from QPSK to 64 QAM and convolution coding with rates 
1/2, 2/3 and 3/4. The spectral efficiency can then be varied 
from one information bit per symbol to 4.5 information bits 
per symbol and hence enabling systems to adapt to varying 
received SNRs. 

 
Figure 2.3: Simulation results of Transmission Power with  

Power Consumption 
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Multiple antenna techniques further enhance the performance 
of the technology. There are mainly two MIMO techniques 
included in the standard. In order to estimate the underwater 
acoustic channel using OFDM approach. The channel is sub-
divided into 64 sub-carriers through which the data can be 
transmitted with 25.6MHz bandwidth of each sub-carrier. 
Each sub-carrier is having is used to transmit 256 bits at a 
time. The OFDM symbol duration is 3.2µs and it generate the 
Doppler spread up to 0.5-2Hz with delay spread is 1ms. The 
proper guard intervals are inserted to avoid the Interference in 
between the sub-carriers as shown in figure 6.5. The 
underwater system performance can be tested based on the 
three different algorithms, like Rayleigh fading channel, MSE 
of the channel estimator and BER performance. 

All the three has used and been tested using their simulation 
environment. The channel model used in this work is a basic 
Rayleigh fading channel with additive white Gaussian noise, 
which is commonly used in analysis of radio communication 
systems as shown in figure 2.4 (b). The simulated MSE of the 
channel estimator as function of the Doppler spread is shown 
for 16 and 64 sub-carriers, respectively. The curves 
corresponding to a normalized Doppler spread of 0.01 shows 
little degradation compared to the case of no Doppler spread, 
while the curves corresponding to a normalized Doppler 
spread of 0.1 exhibits an errorous that starts to appear at Eb / 
N0 below 10 dB, which is lower than the operating point for 
most of the system configurations. 

 
Figure 2.4: Channel Estimation using Scattering Function 

Simulated BER with 1/2-rate convolution coding, QPSK 
modulation and single transmit and receive antennas is shown 
in Figure 2.6. The scheme corresponds to mode 1 coding in 
the IEEE 802.15.4 standard. The curves indicate that the 
estimation error starts to become critical for Doppler spread 
around 0.5 - 2 Hz (corresponding to normalized Doppler 
spread around 0.05 and 0.1) and delay spread around 1 ms 
(corresponding to normalized delay spread in the order of 
0.01). To obtain BERs in the order of 10-5 and delay spread 
should be lower than shown in the figures 2.6. 

 

 
Figure 2.6: Simulated BER with 1/2-rate convolution coding 

CONCLUSION 

Research on underwater communications and the use of 
Underwater Sensor Networks is becoming a very hot topic 
because of the appearance of new marine/oceanographic 
applications. As a consequence, other available underwater 
acoustic technology can support mostly point-to-point, low-
data-rate, delay-tolerant applications. Some of the shown 
experimental results for point-to-point acoustic modems use 
signaling schemes that can achieve data rates lower than 20 
kbit/s with a link distance of 1 km over horizontal links. 
Whereas in the proposed system, where Communications is 
based on RF signal transmission offers great benefits such as, 
increase of the data rate of the link to transmit more 
information.  

The underwater acoustic communication channel is model 
using Maximum Entropy modeling technique for Acoustic 
channel simulation with its root mean square. Doppler spread 
is 0.5 to 2 Hz. The Acoustic communication channel satisfy 
smart antenna approach by using IEEE standard 802.15.4 
which gives the data transmission rate up to 250 Kbps at 2.4 
GHZ carrier frequency for at least 2m vertical communication 
link and approximately 2m horizontal link by keeping the 
depth of water up to 1m, Since shallow water acoustic 
communication is consider. For this, the bandwidth was kept 
up to 2.4 GHz. The system can generate the maximum signal-
to-noise ratio (SNR) is up to 1.477 dB and its Signal-Error-
Rate (SER) is calculated as -14.9513 dB.  

As the signal gets scattered in to the water, therefore 
orthogonal frequency division multiplexing technique is 
implemented, which divide the carriers into equivalent sub-
carriers. Here 16 to 64 sub-carriers at the frequency of 3.6 
MHz and each sub-carrier are made to process 256 bits per 
sub-channel; therefore, maximum 4096 bps to 16384 bps can 
be actually transmitted with the help of each sub-carrier. 
Based on this concept, the system is simulated for 25 numbers 
of nodes. For simulating this network the maximum energy 
required is 0.4094 Joules.  
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Thus, the smart underwater acoustic communication system is 
designed with fast communication and less power 
consumption.  
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