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Abstract— The focal point of this paper examines a variety of
approaches and the challenges in the design and the
implementation on the research area of underwater acoustic
sensor networks. Research in an Ocean is still unexplored
boundary in this planet as compared to terrestrial sensor
networks. This paper highlights various applications like
oceanographic data collection, offshore exploration, underwater
robotics, disaster prevention, pollution monitoring. This paper
deals with main features of underwater sensor networks,
deployment analysis in Two-Dimensional and Three-Dimensional
architecture and components. Also focus on the research issues
like limited bandwidth, restricted battery power, propagation
delay, high cost, failure of sensors due to fouling and corrosions
cross layer protocol stack design in UASNs.
Keywords-underwater acoustic communication, sensor network,
deployment.

I.

INTRODUCTION

In this globe, more than 70% surface of earth is sheltered
with water. Still there are so many areas which are unexplored
in underwater environment and many efforts can be done for
further future researches in this field. Research on underwater
networking has turn into an appealing, attracting and
demanding field today due to its assorted applications like
offshore exploration, pollution monitoring, oceanographic data
collection, disaster preventions and tactical surveillance
applications, etc [18]. The need of scientific, environmental,
commercial safety, homeland security and for military awakens
due to many natural and man – made disasters happening in the
oceans. Underwater Wireless sensor networking is the
facilitating technology for ocean applications. Underwater
acoustic networks (UANs) are composed of underwater
acoustic sensor networks (UASNs) and automated underwater
vehicle networks (AUVNs) or the combination of both. UASNs
are made of many sensor nodes used for monitoring and
communication purpose [1]. AUVNs are composed of
autonomous or unmanned vehicles with elevated mobility for
exploration purpose [2].

acoustic signal is approximately 1500m/s which are lower than
the speed of light and radio waves. But the sound signal travel
through underwater is more appropriate than light and radio
signals. Due to strong attenuation and absorption effects,
electromagnetic waves can travel in water for a short range of
distance. In other aspect, optical signal can travel through
restricted range in an extremely fresh and clean water
environment due to strongly scattered and absorption property
[3][5]. But the absorption of acoustic signal is much lower than
explained in above two signals [4].
A. Features of Underwater Networks
The research of underwater network reveals certain
exclusive features as under [6]:
•

Path Failure – Failure is due to strong attenuation
and geometric spreading and increases with the
propagation distance.

•

Multipath and Noise – The multipath link depends
on the network pattern. Horizontal channels may
have elongated multipath link whereas Vertical
channels need small time scattering for
communication. This property may ruin
underwater communication. Ambient noise is
mainly caused by tide, current, storms, wind and
rain which suppress the sound signal in
underwater.

•

Doppler Spread – Ruining the performance of
digital communications is caused by Doppler
frequencies. Parameters to predict Doppler spread
are: key channel, mean angle of arrivals and angle
spreads.

•

Propagation Delay – Due to the presence of
multiple paths, fading and limited bandwidth in
underwater network, the receiver collects the
transmitted signal with different delays. Large
propagation delay affects energy efficiency and
throughput in the underwater communications.

In UASNs, acoustic communication is carried out with the
help of acoustic signal from one node to another node.
Acoustic signal is a sound signal that is produced by sonar for
underwater communications or applications. The speed of
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B. Comparision between UASNs and terrestrial wireless
networks
Major comparison encountered between underwater
network and terrestrial network are as follows [4][7][8][9]:
TABLE I.
Comparison

Aspects

Terrestrial Networks

Underwater Networks

Bandwidth

Not Limited

Limited

Communication

Electromagnetic
Waves

Acoustic Waves

Propagation
delay

Short

Long

Cost

Inexpensive

Expensive

Deployment

Dense

Sparse

Power

High

Low

Connectivity

Negilible

Maximum Loss

Noise

Limited

Maximum

capacity; minimize energy consumption, low propagation delay
and cost.
In underwater environment two types of network topology
can be highlighted. One is peer-to-peer topology and other is
hierarchal topology. Peer-to-peer topology is classified as
point- to- point and multipoint connection topology. Point-topoint topology means a node is connected to another node
directly, no need of routing. Multi-hop connection topology
means a node is connected to many other nodes. Energy
efficiency is more in multi-hop topology. In the case of
hierarchal topology, a node is used to convey the message from
source node to its destination node. Here routing is required.
Different kind of topology is used in underwater sensor
networks. A topology of peer-to-peer communications is
shown in Figure 1.

C. Problems in Underwater Acoustic Sensor Networks
Major challenges encountered in the design of underwater
acoustic networks are as follows [1] [10][12][13].
• Most of the terrestrial sensor nodes are static but this
is not the case with underwater sensor node. Mobility
of sensors are big future problem.
• The underwater communication is done with acoustic
waves as radio communication cannot propagate in
the deep water. Propagation speed of sound is again a
problem.
• Due to limited bandwidth in underwater, data rate is
extremely low.
• Underwater communication is affected due to
multipath and fading.
• Propagation delay in underwater is higher in some
order than in Radio Frequency (RF) terrestrial
networks.
• Cost of underwater acoustic components is another
giant problem.
• Limited Battery Power is big constraints in
underwater communications.
• Real time communication is not possible yet in
underwater network.
II.

UASNS ARCHITECTURE

A. Network Toplology
An underwater acoustic network faces many issues in the
network topology or architecture than ground based network
topology or architecture. The primary design purposes of both
the terrestrial and underwater networks are same. It means
offering reliable connectivity among various sensors nodes,
maximum utilization of bandwidth, increasing network

Figure 1. Peer-to-peer communications.

B. Static Two – Dimensional Underwater Sensor Networks
In static two dimensional UASNs, sensor nodes attached to
surface buoys or anchored at the bottom of the ocean. In this
network, sensor nodes are static. Underwater sensors are
structured in cluster-based architecture. Various sensors are
connected to underwater gateways (uw-gateways) by the use of
wireless acoustic link. Various nodes convey the data and
commands directly to uw-gateways through horizontal
transceiver link. Uw-gateways are network devices which are
used to relay data from the ocean bottom to ocean surface
station through long range vertical transceiver signal. The
surface station is equipped with acoustic transceiver for parallel
communication from uw-gateways and in turn data conveyed
to onshore sink through satellite or radio signals [14]. The
Architecture of two dimensional underwater sensor networks is
shown in Figure 2. The main issues in two dimensional
architectures are listed below:
•
•

Resolve minimum number of sensor nodes and uwgateways that need to be arranged to attain
communication coverage and sensing.
Estimate the number of redundant sensor nodes to be
arranged to reimburse for failure nodes.
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III.

UNDERWATER APPLICATION DOMAINS

There are numerous applications in several fields for
monitoring and exploration purpose in underwater
environment. But regular monitoring is not possible for human
beings and also very expensive. A sensor network is deployed
to solve the monitoring problem like pressure, temperature,
salinity, pollutants, ecosystem etc. By this way, natural and
manmade disaster can be prevented. The applications of
underwater are specified below [10]:

Figure 2. Example of 2D hierarchical architecture.

C. Three-Dimensioanl Underwater Sensor Networks
Three dimensional ocean phenomena cannot be effectively
observed by the means of ocean bottom underwater sensor
networks. In this architecture, sensors float at different depth to
study 3D ocean phenomena [16]. Various sensor nodes are
attached to surface buoys by the use of wires whose length can
be synchronized to change the depth of each sensor nodes. The
floating buoys are vulnerable to climate and tempering. This
approach is very easy and enables quick deployment of sensor
networks but various floating buoys can be easily detected and
deactivated by the enemies in the ocean environment. A winchsensor based device is used to solve the above problem.
Deployment of winch-based sensor devices to the bottom of
ocean is shown in Figure 3. Each sensor node is attached to the
bottom of ocean and is outfitted with floating buoys that can be
overblown by a pump. The buoys drag the sensors towards the
surface of ocean and the depth of the sensor can be changed
according to the length of the wire that joins the sensor to the
anchor by the use of electronic engine [17]. The main issues in
three dimensional architectures are listed below:
•

Network device should organize their depths in such a
way to assure that the network topology always be
associated.

•

Sensor nodes should be able to convey message to the
surface station by the use of multi-hop paths to attain
3D sensing exposure of the ocean discourse.

A. Short-tenure Critical applications
There are some applications which are very restricted to
real time and play an important role in underwater environment
[19].
a) Diaster Prevention: By arranging acoustic sensor
networks in distant positions to examine seismic actions like
tsunami, submarine earthquakes in real era to warn the nearby
areas from any huge tragedy.
b) Assisted Navigation: Acoustic Sensors can be utilized
to identify danger on the ocean floor, find hazardous rocks in
below the surface and etc.
c) Civilian Security: One of the important applications
among all applications of UASNs is Civilian security. It deals
with tourist’s safety and security, rising ocean temperature,
storms or tsunami, ship cracks, fresh water of ocean etc.
d) Tactical Survielliance: Permanent underwater sensors
and autonomous underwater vehicles (AUVs) are fixed
sensors networks to control the areas for tactical surveillance,
aiming and interruption detection systems.
B. Long-tenure non-time Critical Applications
In UASNs, applications are critical but not restricted to time
for monitoring and exploration purpose. In these underwater
networks, a local sensor collects the information from the other
sensors and conveys this information to surface node which
transmits the data to on-shore centre by satellite [18]. The
applications related to non-time critical scenario are as follows:
a) Ocean Sampling: The goal of ocean sampling is to
access genetic diversity in marine community. It deals with
time, space and environmental parameters to understand role
of natural fundamental process in the marine environment. So
sensors and underwater vehicles can perform adaptive
sampling to explore the ocean environment [6][20].
b) Environmental Monitoring: UASNs can accomplish
environmental or pollution monitoring i.e. biological, chemical
and nuclear. Monitoring such as tracking of fishes, microbes
etc. falls in biological monitoring. Nuclear monitoring includes
weather forecast, detecting climate change, ocean currents and
winds etc. Chemical monitoring deals with the condition of
water relative to the requirements of species or to any human
need or purpose [21].

Figure 3. Example of 3D architecture.
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c) Underwater Exploration: Detecting oilfields in
underwaters, finding out routes to arrange underwater cables
and helping in exploration for important minerals in underwater
sensor networks.
d) Mine Detection: Underwater sensor networks can
detect mine-like substances in marine. The real-time
instantaneous operation of various underwater acoustic
vehicles with optical and acoustic sensors can be used to
complete quick environmental estimation [15].
IV.

FUTURE RESEARCH CHALLENGES

Open research challenges are discussed as under:
•

It is necessary to design real time underwater
communication system with declined energy
expenditure.

•

Consider mobility of sensors to make deployment
algorithms more effective.

•

To analyze the performance of different underwater
deployment algorithms, it is vital to design some
estimation criteria of throughput.

•

A design should be proposed to minimize the cost of
underwater networks.

•

Recovery algorithms for failure node are needed in
order to avoid network loss.

•

Network management protocol should be designed to
handle an effective network management.

•

Energy regeneration is highlighted challenge in future.

•

Deployment algorithm should be designed for large
scale networks.
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CONCLUSION
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In this paper we investigate certain problems of deployment
in underwater acoustic sensor networks. We have discussed
the challenges issued by carrier communication, propagation
delay, bandwidth, cost, etc. We also have presented the basic
comparisons of ground based and underwater sensor networks.
Focus on network architecture, main characteristics of the
underwater networks. We may conclude the research for
underwater network is still in progress.
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