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ABSTRACT 
Wireless communications and electronics are being so 

advanced in recent days that they make their way to 

development of multipurpose, low-power, low-cost and 

more importantly, low-power and small size sensor nodes. 

These nodes are having such properties that they can 

communicate in short distances. Underwater surveillance 

system is the perfect application areas for sensor networks. 

They find their way in the applications such as pollution 

monitoring, disaster prevention, tactical surveillance and 

oceanographic data collection for more research and 

development work. . It’s a well known that there are 

numerous fallow resources are inherited below the water 

and 70% of Earth is covered by it. Thus, there are large 

numbers of information or facts can be realized by studying 

those resources. Thus there are lots of scopes for extensive 

penetration for underwater research that can be used for 

environmental or industrial development in modern day 

research. It’s also a true fact that the research pace for 

UWSN (underwater sensor networks) is quite slow because 

of difficult transformation WSNs to underwater equivalent. 

In order to cover the entire structure of UWSN application 

is been classified mainly into Monitoring, Military, 

Navigation and Disaster. This paper also covered a section 

for the various challenges and opportunities in the area of 

UWSN.  
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I. INTRODUCTION 
The Earth surface is been covered by mostly with 

water. Thus, this makes UWSN the most vibrant and 
demanding technology for gathering the information 
in terms of Monitoring, boundary Security and 
surrounding environmental effects. Apart from these 
concerns there are numerous and valuable resources 
lie beneath the water, which needs to be explored. 
Thanks to the advancement of technology through 
which there are various senses of explorations can be 
carried out for comprehensive gathering of underwater 
conditions and their resources. This exploration can be 
possible by deploying various sensors at all levels of 
water surfaces.  The sensors are used to be deployed 
in underwater environment considered as static but 
practically it is not. Due to the current flow of water 
makes those movable for instance 1 to 3 meter for 
each second and sometimes more than this depends on 
the flow speed. Thus one can say that UWSN is a 
combination of precisely micro mechanical sensors 

with wireless technology. Those sensors are well 
equipped with the capability of minute sensing along 
with communication and advanced intelligent 
computing. Hence, UWSN can be seen as a network 
of spatially distributed autonomous sensor nodes 
beneath the water in order to sense the multiple 
properties of water such as temperature, speed, 
pressure and quality. These sensor nodes, (static or 
mobile) which are spatially distributed underwater to 
sense the water-related properties such as quality, 
temperature, and pressure. The acquired data then to 
be communicated over wireless channel for various 
applications. The underwater waves are of acoustic 
nature that resembles a very low frequency with small 
bandwidth but have long wavelengths. Thus, acoustic 
transceivers equipped nodes are major requirement for 
the communication especially in underwater. The set 
of these nodes used to send their data to the top-level 
floating nodes that communicates with the nearest 
seaside/waterside based monitoring and controlling 
station.   

There are numerous applications of UWSNs that 
can be used for environmental and human benefits 
such as Security for Naval/Marine borders, 
preventions for disaster by water environment etc. 
These applications look very exciting but not a very 
easy for practical implementation because of uncertain 
circumstances of water environments. The uncertainty 
is the major constraints while implementing the design 
of underwater networks. Also the life of battery for 
nodes in these conditions becomes too critical. This 
paper is the primarily focused on UWSN applications 
survey. The upcoming sections will show the 
architecture of UWSNs followed by various classes 
for applications and their relevant summaries and at 
last with major challenges and future scopes. 

II. ARCHITECTURE OF UNDERWATER WIRELESS 

SENSOR NETWORK 

This section shows information about the 

components required for the UWSNs architecture. 

Figure 1 shows the block diagram for the node that is 

used for creating the sensor network. As every nodes 

contain one power unit in order to manage the power 

consumption of the particular node. Then the sensing 

unit is required for gathering the acoustic information 

that always keep on changing with the time. The 
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processing unit is the main section from where the 

information is being processed as per implemented 

algorithm or formula. The next section is responsible 

for communication between the various nodes or 

master controlling unit. 

 

 
FIG1. BLOCK DIAGRAM FOR UWSN NODE 

 

 
FIG2. GENERAL ARCHITECTURE OF UWSN 

 

Figure 2 shows the general architecture of UWSN 

which comprises of different sensor node deployed 

randomly. Every node has components as shown in 

figure 1. In other words, one can say that each node 

can be treated as  self-governing network i.e. it sense 

the data/information , processed it and transmitting to 

the remote station. There are numbers of sensor node 

required to complete the architecture. The sensor 

node can be a floating buoy which senses the 

underwater characteristics or can be deployed 

underwater for particular time period and then swims 

in the direction of remote station. It also isan 

autonomous underwater vehicle (AUV) which 

plunges steeply downwards through the water in 

order to collect the desired or general characteristics 

and then sends all the information to the remote 

station, as shown in figure2. 

 

III. APPLICATION OF UNDERWATER WIRELESS 

SENSOR NETWORK 

 

Due to UWSN, there is a huge help in exploration of 

water amenities such as military surveillance, habitat 

monitoring and natural disaster such as floods, 

Tsunami etc. However, UWSN applications are 

exponentially gain fame for ocean monitoring and 

observatory systems, deep sea surveillance, tracking 

of various entities of the aquatic environment, and 

unearthing resources. Also the application of UWSN 

is not limited only for research of ocean; it is useful 

for national marine security, Oil spills, oil and gas 

extraction etc.  Figure 3 shows the best possible 

application for the UWSN.Underwater wireless 

sensor networks can be found in wide range of 

application.  

 

• The foremost application can be of gathering the 

data from Ocean/waterby using sampling networks. 

For this purpose the Odyssey-class AUVs[2], been 

implemented which can provide synopsis of coastal 

ocean environment by cooperative 

adaptivesampling[3]. Another experimenti.e. the 

Monterey Bayfield experiment [4], improves the 

observation and prediction of the oceanic 

environment by using advanced ocean models by 

using new sophisticated robotic vehicles. 

 

• The another applications can be for natures health 

monitoring i.e. called Environmental monitoring. 

Underwater Acoustic Sensor Networks (UW-ASNs) 

can performpollution monitoring by checking the 

chemical impurities, biologicalunits and nuclear 

reactions under the water. It helps in to know the 

impurity level of the water by the amount of semi 

liquid mixture due to estrogen type hormones and 

antibiotics with insecticides.It helps into monitor the 

ocean bays, rivers and lakes, this is also known as 

Situ analysis. [20]. the further it can be use to observe 

and predict the human behavior or activities on sea 

side ecosystem by monitoring the wind or stream 

current, detecting the changes in climate. These 

observations can be apply on the understanding of 

biological movement by tracking micro-organisms 

e.g. Fishes or relevant species under water.  

 

• The one more unpredictable nature of the earth 

under water is the undersea explorations. These 

explorations some times are so huge that it cost the 

earth very deeply such as Tsunami,  oil or chemical 

leakage etc, which also sometimes costs the lost 

human loss, chemical disturbance in the human 

behavior etc. By using UW-ASNs one can detect the 

oilfields underwater or reservoirs. It may also helpful 
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for determining the laying the underseacables routes, 

also can assist in exploration for valuableminerals. 

 

• Due to the underwater exploration there are the 

chances of big disasters which are sometimes not 

tolerable by the Human, or living things on the earth. 

However, this type of disastercannot be pulled off 

because of unpredictable nature of the earth. But 

UW-ASNs can be likely to use to provide the 

prevention of these type disasters. It could be done by 

using the networks of sensors which are capable of 

seismic activity from offshore or remote location. 

This activity can helps to provide initial knowledge of 

tsunami warning especially to coastal areas.  

 

• UW-ASNs can be helpful for successful navigation 

of Ships or other marine. This can be achieved by the 

network of sensors on the seabed, which equipped 

with facility of proximity. It allows to identify or 

locate the shoals in shallow waters or dangerous 

rocks, submerged wrecks mooring positions, and to 

performbathymetry profiling. 

 

• Intrusion detection in the Sea level border can also 

be the most useful applications for the underwater 

sensor network. For this purpose automated 

underwater vehicle fitted with sensors can be used. It 

would help in monitoring the reserved areas, military 

based operation centers and foremost unmanned place 

under the sea. It can be also helpful in detecting the 

classify submarines and divers based on the collected 

data from acoustic, magnetic, radiation and 

mechanical movement. Also another benefit are lies 

on the accuracy when compared with the traditional 

radar/sonar based systems. It could also be capable of 

measuring the distance or depth by combining 

different types of micro sensors. 

 

• The above application can be used for mine 

reconnaissance. For this purpose, multiple AUVs 

with well equipped with optical and acoustic sensors 

can be used simultaneously. Thus, it is able to 

perform rapid environmentalobservation and also find 

the object which resembles the nature of mines. 

 

 
FIG3. CLAASIFICATION OF UWSN APPLICATION 

Figure 3 shows the UWSN classification majorly 

classified in 5 sections named as monitoring, disaster 

forecasting and management, military, navigation, 

and sports which are going to have a significant 

impact on the underwater world and provide benefits 

to the humans. Then there are further classified 

monitoring, disaster, and military applications into 

relevant subclasses. 

 

IV. CHALLENGES OF UNDERWATER WIRELESS 

SENSOR NETWORK 

 

There are various research work is going on 

developing new networking solutions especially for 

wireless ad hoc and sensor networks for terrestrial 

area. However, there are been various developed 

protocols for networking for wireless sensor 

networks. But still there is lots of scope of research 

and observation for underwater acoustic 

communication channel because of its unpredictable 

characteristics, which is unique in itself. Although 

another challenge exists while designing underwater 

wireless sensor networking is bandwidth limitation 

and continuously variable delays during collection of 

data. Thus, this research space requires new 

communication protocols which are very efficient and 

easily adaptive.  

Thus, designing of reliable protocol faces some major 

challenges when compared to normal Wireless Sensor 

network. Below are the some challenges has been 

pointed: 

 

 The severely limited availability of bandwidth 

always affects the underwater environment.  

 The multipath and fading are also worsen the 

underwater communication channel due to its 

impairing.  

 Five times propagation delay in underwater with 

respect to RF affects always on reliability.  
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 The unpredictable characteristic of underwater 

channel produces high bit error rates which 

weakens the connectivity and resulting the 

temporary loss of the channel.  

 The energy of the sensor nodes are also limited 

due to unavailability of recharging facility, also 

sometimes its worsen when diving down to the 

sea surface because of no solar power.  

 The fixed network topology always changes due 

to the self motion capability of the stream 

current. 

Although the network communication protocols 

challenges have been discussed above are the major 

but there are otherchallenges needs to be addressed 

during the easily and budget deployment of 

underwater sensors, are listed asfollows: 

 

 There is a need of development of nano-sensors 

i.e. based on nano technology which are having 

dimension ranging from 1-500 nm, and also they 

should be very cheap. 

 Also the lifetime of sensor needs to be taking 

care. Thus requires mechanism for periodically 

cleaning in order to beat corrosion and fouling.  

 In order to understand the marine systems new 

type sensor requires which can sense and collect 

biological, physical and chemical parameters 

simultaneously.  

 
TABLE I.  RESEARCH LABORATORIES AND ONGOING RESEARCH 

PROJECTS RELATED TO UNDERWATER ACOUSTIC SENSOR 

NETWORKS 

Research lab or 

Project Name 

Research Area URL 

BWN-Lab @ 
GeorgiaTech 

Underwater acoustic 
sensor networks 

http://www.ece.gate
ch.edu/research/labs

/ 

bwn/UWASN/ 
 

MIT & Woods Hole 

O.I. 

Underwater acoustic 

networks 

http://www.mit.edu/

people/millitsa/ 
research.html 

 

Front Project @ 

UConn 

Spatial sampling of 

ocean 

http://www.nopp.uc

onn.edu/ADCP/ 
index.html 

Autonomous Ocean 

Sampling Networks 
II 

Adaptive ocean 

sampling 

http://www.princeto

n.edu/dcsl/aosn/ 

Adaptive Sampling 

and Prediction 

(ASAP) 

Adaptive ocean 

sampling 

http://www.princeto

n.edu/dcsl/aosn/ 

Sensor Networks for 

Undersea Seismic 

Experimentation 
(SNUSE) @ USC 

Underwater acoustic 

sensor networks 

http://www.isi.edu/il

ense/snuse/ 

Ocean Engineering Advanced marine http://www.oe.fau.e

@ FAU systems du/research/ams.htm

l 

AOSN Autonomous ocean samplng 
networks 

http://www.mbari.or
g/aosn/ 

 

Acoustic Research 
Laboratory (ARL 

Underwater 
Acoustic 

Communications 

http://www.arl.nus.e
du.sg/web/research/ 

acomms 

 

ACME Acoustic 
communication 

network for 

monitoring 
underwater 

 

environments in 
costal areas 

 

http://flipper.ncl.ac.
uk/acme/ 

 

Autonomous 
Undersea Systems 

Institute 

(AUSI) 
 

Applications of 
AUVs, platforms 

and 

sensors 
 

http://www.ausi.org/ 
 

Autonomous 

Undersea Systems 
Institute 

(AUSI) 

 

Applications of 

AUVs, platforms 
and 

sensors 

 

http://www.ausi.org/ 

 

 

V. CONCLUSION 

 

This survey paper basically contains the concept of 

UWSN. In this survey, the key aspects of underwater 

acoustic sensor network architecture are shown.Apart 

from discussion about architectureof underwater 

sensor networks, the other several factorsthat 

influence underwater network design is been 

discussed.This paper is more focused on the 

encouragement of research activities for underwater 

communication and networking which can help in 

ocean monitoring and their exploration applications 

while sticking to the fundamental basics required for 

new protocol designing. Table1 contains the list of 

certain contributors to the underwatercommunications 

and explorations. 
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