
Network-Assisted Underwater Acoustic Communications 
T.C. Yang 

National Sun Yat-sen University,  
Kaohsiung 80424, Taiwan 
(886) 7 5252000 ext. 5285 
tsihyang@gmail.com 

Kevin D. Heaney  
OASIS Inc., 11006 Clara Barton, Dr. 

Fairfax Station, VA 22039, USA 
(1) 703-250-5753 

oceansound04@yahoo.com
 
Abstract 

For many underwater acoustic applications, the source and 
receiver systems carry a single transducer antenna.  The lack of 
spatial diversity makes it difficult to carry out phase coherent 
communications. Using distributed nodes of an underwater 
acoustic network, this paper address phase coherent underwater 
acoustic communications using source diversity.  Using at-sea 
data, it is shown that two sources are sufficient to minimize the 
bit error rate.  This is to be contrasted with previous work using 
synthetic aperture requiring multiple repeated transmissions. 
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1. INTRODUCTION 

Underwater acoustic communications are limited by the 
bandwidth due to characteristics of sound attenuations via 
scattering loss and sea water absorption.  As a result, bandwidth 
efficient communication schemes, such as phase coherent 
modulations, are critical for underwater applications.  Spatial 
diversity, which assumes the received copies of the transmitted 
signal are independent, is an integral part of the multichannel 
decision feedback equalizer (DFE) to combat signal fading and 
minimize the inter-symbol interference (ISI).  The former is 
obvious since if the received signals are independent, the 
probability that all of them will fade at the same time is very 
small.  The latter can be understood via an equivalent channel 
impulse response (CIR), given by the auto-correlation of the 
CIRs summed over all receivers, referred to as the q function. 
One finds the more the (independent) receivers, the lower the 
sidelobe levels (in the q function), hence the less the ISI.  This 
single-input multiple-output (SIMO) communication scheme has 
been implanted in practice with a (short) vertical line array 
(VLA) of receivers due to the fact the vertical correlation length 
is on the order of  4 wavelengths (independent of frequencies).  
For some platforms, such as autonomous underwater vehicle 
(AUV), a VLA may be undesirable since it is likely to impact 
the hydrodynamics of the vehicle motion.  A horizontal line 

array (HLA) has been proposed.  However, one notes that the 
horizontal correlation length is long, on the order of 30 to 60 
wavelengths.  A horizontal line array (HLA) with 4 receivers 
has an aperture of 90 to 180 wavelengths in the best scenario 
when the source is in the endfire direction. When the source is in 
the broadside direction of the HLA, the receivers on the HLA 
have approximately the same range to the source (with range 
difference < horizontal coherence length) as to provide basically 
no spatial diversity.  Thus a moving platform, even equipped 
with a limited-aperture towed line array, provides practically 
speaking, little spatial diversity for the purpose of 
communications.  For most applications the AUV has only a 
single receiver. 

 
2. PROBLEM STATEMENT AND 

APPROACHES 
The problem is how to carry out phase coherent underwater 

acoustic communications to a moving platform equipped with 
only a single receiver.  There exist three approaches: (1) 
Transmitting multiple copies of the same data to the moving 
receiver, where the receiver motion creates a synthetic aperture 
HLA [1]. (2) Use multiple sources on a VLA transmitting the 
same data to the receiver. (3) Use multiple sources widely 
distributed in space to transmit the same data to the moving 
receiver.  The first approach uses the horizontal diversity (to a 
less extent also the time diversity) at the receiver end. The 
transmissions must be separated in time equal or greater than the 
horizontal coherence length divided by the vehicle velocity.  The 
second approach is usually referred to as the multiple-input 
single-out (MISO) communications.  For two sources, one has 
the well-known Alamouti methods.  For more than two sources, 
one can use active time reversal aided by a probe signal 
transmitted from the intended receiver, so long as the vehicle 
remains inside the spatial focusing zone.  In this paper, we 
investigate the third approach in which the signals are 
transmitted from sources at significantly different ranges to the 
receiver. (This scheme may be called horizontal MISO.) Due to 
the range difference, the signals are likely received at different 
times at the receiver. The independent copies of the signal are 
combined at the receivers, creating a “virtual” SIMO 
communication system. The data below show that two sources 
are sufficient when their ranges to the receivers are significantly 
different to provide the needed diversity. 

 
3. SYSTEM CONCEPT 

It is assumed that the sources are networked so that they all 
have a copy of the data to be transmitted to the intended receiver. 
Two system concepts are envisioned.  One is low frequency 
transmission from (two or more) off shore stations to a moving 
platform at great distances away. The platform may be equipped 
with a towed array for the purpose of boasting the signal-to-
noise ratio based on the array gain derived from beamforming.  
The other is command, control and communications to an AUV 
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operating in or near an already deployed undersea network.  The 
network, knowing the general location of the AUV, can select 
(two) proper nodes at significantly different distances to the 
AUV to transmit the data (to the AUV). 

 
4. EXPERIMENTAL RESULTS 

The data was obtained from the North Pacific Acoustic 
Laboratory (NPAL) 2004 sea-test, the Basin Acoustic Seamount 
Scattering EXperimnet (BASSEX) experiment, off the coast of 
Kauai [2].  The water depth is range dependent with a major 
portion of the propagation paths in deep (2500 – 4000 m).  Two 
binary phase shift keying signal packets with a carrier frequency 
of 75 Hz and bandwidth of 37.5 Hz were transmitted and 
received at a range of 146 km and 100 km. The channel impulse 
responses determined from the training data are shown in Fig. 1.  
The data are equalized with BER < 0.3% using the iterative 
correlation based equalizer [3] which performs iterative searches 
for the channel impulse response for a given block of data 
before proceeding to the next block of data. 

 
5. SUMMARY  

At-sea data are analyzed to show that low frequency phase-
coherent underwater acoustic communications to a distant 
(moving) platform is possible by transmitting the signal from 
two or more stations equipped with a single transducer.  The 
range difference and the different propagation environment 

along the propagation paths provide the needed (horizontal) 
diversity to minimize the bit error rate.  The time varying nature 
of the channel may require iterative operations of channel 
impulse response update and channel equalization.  This 
horizontal MISO concept can be extended to communications to 
an AUV operating in or near an underwater acoustic network by 
transmitting signals from nodes at significantly different ranges 
to the AUV. 
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Figure 1.  Channel impulse responses determined from the training data of two independent transmissions 
 

                          
Figure 1.  Mean square error (MSE), symbols in error and symbol constellation plots 


