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Abstract 

Underwater   Sensor   networks   will enable a wide range of aquatic applications in oceanographic data collection, pollution 

monitoring, offshore exploration and there is a growing interest in using underwater networked systems for oceanographic 

applications. Disaster prevention, assisted navigation and tactical surveillance applications. Underwater  acoustic networking  

consists of a variable number of sensors and vehicles that   are deployed to perform collaborative monitoring tasks over a  given  

area.  The preferred     mode     of wireless communication   often   rely on acoustic communication ,which poses a number of 

challenges for reliable data transmission. The underwater acoustic channel is highly variable; so an underwater sensor networks is 

usually viewed as an intermittently connected network.  To provide reliable communication an energy - efficient adaptive 

acoustic modem and an adaptive routing protocol is introduced to make it adaptive to all its data rates and modulation techniques. 

The key idea is to exploit message redundancy and resource allocation. 
          
 

Index Terms- Adaptive acoustic modem, Underwater    sensor, networks, Sensor nodes,   Acoustic  
communication 
 
 
I. Introduction 
 

Underwater Sensor  Network (UWSN) has attracted significant attention recently  from  both  
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academia  and industry[1]. Underwater sensor networks are envisioned to enable applications for 
oceanographic data collection, pollution monitoring, offshore exploration, disaster prevention, assisted 
navigation and tactical surveillance applications[2]. Also environmental conditions pose a range of challenges   
to   underwater   communication and networking. Firstly, acoustic communication is usually employed in 
underwater sensor networks, and acoustic channels feature high error rate, long propagation delay and limited 
bandwidth. Secondly, underwater sensor nodes are usually mobile with water currents[1]. Wireless 
underwater acoustic networking is the enabling technology for these applications. Under-Water Acoustic 
Sensor Networks (UW-ASNs)consist of a variable number of sensors and vehicles that are deployed  to  
perform  collaborative monitoring  tasks  over  a  given  area.  To achieve this objective, sensors and 
vehicles self-organize in an autonomous network which can adapt to the characteristics of the ocean 
environment[3]. 

A scalable UWSN   provides   a  promising solution for efficiently exploring and observing the 
aqueous environments which operates under the following constraints: 
1) Unmanned underwater exploration: Underwater condition is not suitable for human exploration. High water 
pressure, unpredictable underwater activities, and vast size of water area are major reasons for un- manned 
exploration[3]. 
2) Localized and precise knowledge acquisition: Localized exploration is more precise and useful than remote 
exploration because  underwater  environmental conditions are typically localized at each venue and variable in time. 
Using long range SONAR or other remote sensing technology may not acquire adequate knowledge about physical 
events happening in the volatile underwater environment[3]. 
3) Tetherless underwater networking: The Internet  is  expanding  to  outer  space  and underwater.  Undersea  
explorer  Dr.  Robert Ballard   has  used   Internet   to   host   live, interactive  presentations  with  students  and 
aquarium  visitors  from  the  wreck  of  the Titanic, which he found in 1985. However, while the current tethered 
technology allows constrained   communication   between   an underwater     venue     and     the     ground 
infrastructure,  it  incurs  significant  cost  of deployment,    maintenance,    and    device recovery  to  cope  with  
volatile  undersea conditions[3]. 
4)  Large  scale  underwater  monitoring: Traditional underwater exploration relies on either a single high-cost 
underwater device or a small-scale underwater network. Enabling   a   scalable   underwater   sensor network    
technology    is     essential     for exploring a huge underwater space[3].   

 
 
2. Related Work 
 
A. Underwater acoustic sensor networks communication architecture 
 

The communication architectures introduced here are used as a basis for discussion of the challenges 
associated with underwater acoustic sensor networks. The underwater sensor network  topology is  an open  
research  issue  in  itself  that  needs further  analytical  and  simulative investigation from the research 
community. In the remainder of this section, we discuss the following architectures: 
 
•Static  two-dimensional  UW-ASNs  for ocean bottom monitoring. These are constituted by sensor  nodes  
that  are anchored to the bottom of the ocean. Typical applications may be environmental monitoring, or 
monitoring of underwater plates in tectonics [2]. 
 
•Static three-dimensional UW-ASNs for ocean column monitoring. These include networks of sensors whose 
depth can be controlled by means of techniques and may be used for surveillance applications or monitoring 
of ocean phenomena (ocean bio– geochemical processes, water streams, pollution)[2]. 
 
•Three-dimensional networks  of autonomous underwater vehicles (AUVs). These networks include fixed 
portions composed of anchored sensors and mobile portions constituted by autonomous vehicles[2]. 
 
 
B. Two dimensional underwater sensor networks 
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A reference architecture for two dimensional underwater networks is shown in Fig. 1. A group of sensor 
nodes are anchored to the bottom of the ocean with deep ocean anchors. Underwater nodes are interconnected  to  
one or more  underwater sinks  (uw-sinks)   by  means   of  wireless acoustic links. Uw-sinks, as shown in Fig. 1, are 
network devices in  charge of relaying data from  the ocean  bottom  network to  a surface  station.  To  achieve  this  
objective, uw-sinks  are  equipped  with  two  acoustic transceivers,   namely   a   vertical   and   a horizontal    
transceiver.    The    horizontal transceiver   is   used   by   the   uw-sink   to communicate with the sensor nodes in 
order to:  (i)  send  commands  and  configuration data  to  the  sensors  (uw - sink to sensors); (ii) collect monitored 
data (sensors to uw- sink)[2]. 
 
 
 

 
 

Fig.   1.   Architecture   for   2D   underwater   sensor networks. 
 

The vertical link is used by the uw-sinks to relay data to a surface station. In deep water applications, vertical 
transceivers must be long range transceivers as the ocean can be as deep as 10 km.   The surface station is 
equipped with an acoustic transceiver that is able to handle multiple parallel communications   with   the   deployed   
uw sinks. It is also endowed with a long range RF and/or satellite transmitter to communicate with the onshore 
sink(os-sink) and/or to a surface sink (s-sink).Sensors can be connected to uw-sinks via direct links or through 
multi-hop paths. In the former case, each sensor directly sends the gathered data to the selected uw-sink. However, 
in UW- ASNs, the power necessary to transmit may decay with powers greater than two of the distance, and the 
uw-sink may be far from the sensor node. Consequently, although direct link connection is the simplest way to 
network sensors, it may not be the most energy  efficient  solution.  Furthermore, direct links are very likely to 
reduce the network throughput because of increased acoustic  interference  due  to  high transmission power. In case 
of multi-hop paths, as in terrestrial sensor networks, the data produced by a source sensor is relayed by intermediate 
sensors until it reaches the uw-sink. This may result in energy savings and  increased  network  capacity,  but 
increases the complexity of the routing functionality. In fact, every network device usually takes part in a 
collaborative process whose objective is to diffuse topology information such that efficient and loop free routing 
decisions can be made at each intermediate node. This process involves signaling and computation. Since energy and 
capacity  are  precious  resources  in underwater environments, as discussed above, in UW-ASNs the objective is to 
deliver event features by exploiting multi- hop paths and minimizing the   signaling overhead necessary to construct 
underwater paths at the same time[2]. 
 
 
C. Three dimensional underwater sensor networks 
 
Three dimensional underwater networks are used to detect and observe phenomena that cannot  Fig.  1.  

Architecture  for  2D underwater sensor networks. I.F. Akyildiz et al. / Ad Hoc Networks 3 (2005) 257–
279 261 be adequately observed by means of ocean bottom sensor nodes, i.e., to perform cooperative   
sampling   of   the   3D   ocean environment. In three-dimensional underwater networks, sensor nodes float at 
different depths in order to observe a given phenomenon. One possible solution would be  to  attach  each  
uw-sensor  node  to  a surface buoy, by means of wires whose length can be regulated so as to adjust the 
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depth of each sensor node. However, although this solution allows easy and quick deployment of the sensor 
network, multiple floating buoys may obstruct ships navigating on the surface, or they can be easily detected 
and deactivated by enemies in military settings. Furthermore, floating buoys are vulnerable to weather and 
tampering or pilfering. 
 
 

 
 

Fig. 2. Architecture for 3D underwater sensor networks. 
 
For these reasons, a different approach can be to anchor sensor devices to the bottom of the ocean. In this 
architecture, depicted in Fig. 2, each sensor is anchored to the ocean bottom and equipped with a floating buoy that 
can be inflated by a pump. The buoy pushes the sensor towards the ocean surface. The   depth   of   the   sensor   can   
then   be regulated by adjusting the length of the wire that connects the sensor to the anchor, by means of an 
electronically controlled engine that resides on the sensor. A challenge to be addressed  in  such  an  architecture  
is  the effect of ocean currents on the described mechanism to regulate the depth of the sensors. Many challenges 
arise with such an architecture, that need to be solved in order to enable 3D monitoring [2], including: 
 
• Sensing coverage. Sensors should collaboratively regulate their depth in order to   achieve   3D   coverage   
of   the   ocean column, according to their sensing ranges. Hence,   it   must   be   possible   to   obtain 
sampling of the desired phenomenon at all depths. 
• Communication coverage. Since in 3D underwater networks there may be no notion of uw-sink, sensors 
should be able to relay information to the surface station via multi- hop paths. Thus, network devices should 
coordinate their depths in such a way that the network topology is always connected, i.e., at least one 
path from every sensor to the  surface  station  always  exists.  Sensing and  communication  coverage in a 
3D environment are rigorously investigated   in. The diameter, minimum and maximum degree   of   the   
reachability   graph   that describes the network are derived as a function of the communication, while 
different degrees of coverage for the 3D environment are characterized as a function of the sensing range. 
These techniques could be exploited to investigate the coverage issues in UW-ASNs[2]. 
 

Underwater networks are envisioned to consist of tens to hundreds of nodes that are deployed  in  3-
dimensional  space,  in different configurations. To ensure reliable communication, we must choose the modem 
parameters  for  worst  case  channel conditions. Unfortunately, this often leads to communicating at lower data rates 
than are practically possible. Moreover, due to the high transmit power of acoustic modems (often tens of watts),a 
lower data rate results in a substantial increase in the energy consumed per bit. Since devices in an underwater  
sensor  network  are  generally battery operated, energy efficient communication is crucial. To this end, we 
propose an underwater acoustic modem that adapts its data rate and modulation scheme to the channel condition. 
This idea is also motivated by previous observations that adaptive modulation is key to maximizing both     channel     
capacity     and     channel efficiency at the physical and MAC layers. 
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As a result of such adaptations nodes that experience a more favorable channel can communicate at a faster 
rate, thereby saving energy. Alternatively, if the channel multipath increases, a node automatically chooses a lower 
rate to avoid inter symbol interference.  These adaptations  are performed  on  a  link  by  link  basis.  Prior work   
on   acoustic   modem   design   also recognizes   the   fact   that   communication performance underwater has a 
strong dependence on the deployment environment. Consequently, modems with adaptable features have been 
previously proposed. For example, in order to deal with different channels, the Woods Hole Micro-Modem, which is 
widely used in the research community, has two operation modes: a low data rate FSK mode and a high data 
rate PSK mode. Other examples include a dual- mode acoustic modem and a software modem. The dual mode 
modem can switch between two modulation schemes - FH and DSSS according to channel signal to noise ratio  
(SNR).  The  software  modem  allows the user to select a desired modulation technique, data-rate and frame 
length[2]. 

 
 
3. Architecture Of Modem 
 

Underwater acoustic modems consist of three fundamental components as shown in Fig. 3: a transducer, 
an analog transceiver and a digital hardware platform for signal processing and control. This article focuses on the 
design of the physical layer on the digital platform[4].  

 

 
a) Controller: The controller orchestrates the digital platform. This includes moving data to and from the 
analog transceiver, setting the parameters for the various parts of the digital hardware, and ultimately 
interfacing with higher level network stack. 
 
b) Modulation: There are many different types of signals used for underwater communication. These include 
FSK, PSK, OFDM, DSSS. While an adaptive modem can ideally switch between any modulation 
schemes, we studied FSK and DSSS in our experiments. FSK is a fairly simple and widely used modulation 
scheme in underwater  communication  due  to  its intrinsic robustness  to  time and  frequency spreading. 
Our receiver uses a non coherent energy detection  demodulation  method.  In DSSS, symbols are spread in 
frequency domain  by  multiplying  with  a  spreading code. We used a DSSS waveform based on Walsh and 
m-sequence. 
 
c) Channel Estimation: A major component of  an  adaptive  modem  is  the  ability  to change aspects of 
the modem including selecting a modulation scheme, the data rate, the transmit power and  other 
configurable portions   of   the   design.   Many   of   these depend upon current and future characteristics of 
the acoustic channel. Therefore channel estimation is an important part of any adaptive modem. 
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d) Symbol Synchronization: It is critical that the receiver correctly determine the beginning of the incoming data. 
This is an important part of any digital communication and there are many techniques for symbol synchronization.  
We  perform synchronization by correlating the received signal with a known preamble. We studied two  different  
signals  for  candidate preambles, namely a Gold code and a chirp signal[4]. 
 

Based on the noise variance a dynamic threshold was generated. The start of the packet was determined to 
be when the received signal has a maximum correlation with the known preamble and exceeds the noise threshold.  
We  also  tested  a  chirp signal as the preamble for synchronization due to its autocorrelation properties. We can also 
use the same chirp for synchronization and channel estimation to minimize the amount of data transmitted. 
 
e) Equalization: Long multipath delay spreads in the underwater channel make channel equalization significantly 
more difficult than radio channels and thus play an important role in the modem design. A significant number  of  
equalization techniques have been proposed. These are not a direct focus of this article, but must be mentioned in 
the design of a modem due to their importance in achieving low BER [4]. 
 
4. Conclusion 

 
In this paper,  we  presented  an overview of the state of the art in underwater sensor network. We 

described the communication architecture of the underwater acoustic sensor networks. We discussed characteristics 
of the underwater channel and outlined future research directions for the development of efficient and reliable 
underwater acoustic sensor networks. The ultimate objective is to develop a energy efficient modem to make it 
adaptive to all its data rates and modulation techniques. 
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