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Abstract
From the past few years wireless sensor network (WSN) fetches the 
huge attention of many researchers. Sensor network has emerged 
as a very powerful technique for many application including 
monitoring, surveillance and control. The idea of applying sensor 
networks into underwater environments has received increasing 
interests; Underwater Wireless Sensor Network (UWSN) presents 
a novel-networking paradigm, when compared to the terrestrial 
WSN. This paper elaborates some of the constraint factors in 
underwater networks. The objective of this paper is to discuss the 
various deployment models and challenges on different aspects 
of UWSN including communication protocol and architecture, 
and proposes research direction in this field.
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I. Introduction
The Earth is water planet covering about 70 percent by water in 
form of undefined oceans and large water bodies. From the ancient 
era water links provide great means of sharing the information 
and as the technology grows wireless information transmission 
through the ocean is the most significant technology for exploring 
the aqueous environment and monitoring various disaster 
prevention activities [1]. In this new technobabble world, there 
is a great need to monitor the aquatic environment not only for 
safety and military reasons but also for scientific, commercial and 
environmental reasons. Underwater Acoustic Sensor Networks 
(UW-ASN) is defined as the collection of large number of sensors 
that are deployed underwater and on surface water to perform the 
collaborative monitoring and tracking tasks over the specified 
or target area. The communication underwater is also known as 
hydro acoustics.
Deployment of sensor nodes under the water is difficult as compare 
to the terrestrial area deployment due to harsh environmental 
conditions. Deployment can be as diverse as establishing one-
to-one relationships by attaching the sensor nodes to the specific 
items to be monitored [2], covering an area with mechanically-
movable sensor node, or splitting nodes from an aircraft into the 
area of interest. Due to their large number, nodes have to operate 
unattended after deployment. The specified task can be done by the 
network itself after the sufficient amount of sensors is deployed. 
This task can be issued by an external entity connected to the 
sensor network.
For the communication in the terrestrial wireless sensor networks, 
the nodes uses radio frequency (RF) but in underwater environment 
acoustic waves are preferred over both radio waves and optical 
waves because it has superior propagation characteristics under 
water. In Fact, radio waves propagate at long distances through 
conductive seawater only at extra low frequency (30-300 Hz), 
which requires large antennae and high transmission power. 
Such high attenuation does not occur in optical waves but they 
are affected by scattering and require high precision in pointing 
theatrics narrow laser beams [3].

Designing of underwater wireless sensor network is very 
challenging as underwater acoustic propagation depends upon 
various factors as discussed below:

A. Bandwidth
Most acoustic systems mainly operate below 30 KHz, so there 
is limited acoustical band is available under water. According to 
[4] no research or commercial system can exceed the maximum 
attainable range × rate product (40 km × kb/s).

B. Propagation Delay
Radio frequency signals are used normally but they do not 
propagate well in water so acoustic channels are used. Acoustic 
signals have much longer latencies (five orders of magnitude).

C. Shadow Zones
Area having high bit error rates and temporary loss of connectivity 
due to exceptional characteristics of underwater channel. Various 
factors like density, pressure, salinity, temperature can effect 
acoustic communication. This is evident in the sound speed 
formula. Sound speed under water is given by the empirical 
formula [5]:

Where, C - Speed of sound (m/s)
T - Temperature (deg C)
S – Salinity (practical salinity units “psu” equivalent to parts per 
thousand)
Z – Depth (m)

D. Energy
In terrestrial WSN it is easy to recharge or replace the battery but 
it is extremely difficult case in UWSN. 

E. Failure
Underwater sensors are more liable to suffer from failure because 
of environmental constraints and as well as from the natural 
phenomenon like fouling and corrosion.

F. Attenuation
It is defined as the reduction in strength and amplitude of a signal. 
Attenuation at distance X is given as [6]

Where, k-   spreading factor
Frequency dependent term obtained as 
Where, α (f) is absorption coefficient given by Thorp’s 
expression.
This formula shows that attenuation is dependent on frequency and 
distance. It is very important in determining the signal strength 
as a function of distance.

II. Literature Review
Underwater wireless sensing systems are visualized for stand-
alone applications and control of Autonomous Underwater 
Vehicles (AUVs). With the advancement in acoustic technology 
the need to sense the underwater world propel the deployment of 
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underwater sensor networks. Different design methodology can 
be derived on the basis of requirements of the applications: static 
or dynamic, short or long-lived, etc.

A. Deployment
Cabled underwater network has gone through significant 
researches; here we pay particular attention to wireless underwater 
networks. Deployment can be as sundry as various sensors can be 
attached to each other in one-to-one relationship [2], locomotive 
sensor node can be used for covering the area, or throwing nodes 
from an aircraft into the area of interest and they are left unattended 
after their deployment. A proper node deployment scheme can 
reduce the complexity of problems in UWSN.
Under node deployment strategies we consider three contenders: 
a uniform random, a square grid and a Tri-Hexagon Tiling (THT). 
It is assumed that we have n number of sensor nodes which are 
to be deployed in the given area. A circular field having radius R 
is considered in our experiments [7].

1. Uniform Random
In this deployment technique each sensor node has equal 
probability to get placed at any point, as depicted in figure 1(a). 
Uniform random deployment is considered as the most effective 
deployment strategy if we consider cost and way of deployment.  
This strategy can be performed by throwing the sensor nodes from 
the aircraft. In [8] it is claimed that a uniform random deployment 
outperforms both the grid and the passion distribution deployments 
for k-coverage.

2. Square Grid
A grid-based deployment is considered as a good deployment. A 
unit square, an equilateral triangle, a hexagon, etc. are the most 
recognized grid layouts among which we analyze a square grid 
due to its natural placement strategy over a square. Fig. 1(b) shows 
the placement of n sensors at the n grid points. We can calculate 
the r sense (length of a square, d’) or termed as sensing radius by 
using the equation:
r sense = 

Where, R is radius of the given circular field.

3. Tri-Hexagon Tiling (THT)
Tiling is defined as the phenomenon of covering the whole given 
area by such figures that do not overlap each other and do not leave 
any gap. Here we consider a semi-regular tiling (which has exactly 
eight different tiling) that uses triangle and hexagon in 2D plane, 
the so called 3-6-3-6 Tri-Hexagon Tiling [7]. The advantages of 
triangular grid and of hexagon grid have been combined together. 
It is shown in fig. 1(c). In hexagon grid, r sense   is about 17% 
less than triangle grid and triangle grid uses a larger r sense than 
a square grid for same n and R. So hexagon grid seems better and 
similarly r sense can be found for THT:

rsense = 

Fig. 1: (a) Random, (b) Square Grid, and (c) THT Node 
Deployment

B. Network Architecture
For constructing the communication network in UWSN, we 
consider two architectures viz the two-dimensional architecture 
and the three dimensional architecture. The former is designed to 
monitor the sea-bed as in it the sensor nodes are anchored/fixed 
to the bottom of the sea; the latter is designed with the objective 
to monitor the middle-sea surroundings with the help of sensor 
nodes that are also anchored but at variable depth with the aim 
to cover the entire volume. In both the architecture we have to 
take care of two points: communication coverage, i.e. all sensors 
must be able to initiate multi-hop paths to the sink, and sensing 
coverage, i.e. the sensors must cover the target area.

1. Two-dimensional UW-ASNs
As stated earlier in two-dimensional underwater sensor networks 
sensor nodes are anchored to the bottom of the ocean. Anchored 
ocean-bed nodes are organized in a cluster-based form and are 
interconnected to one or more underwater gateways through 
wireless acoustic links. The process of relaying the data to the 
surface station from the ocean bottom is done by the network 
device known as UW-gateway. It consists of long-range vertical 
transceiver that is used to send the signals to the surface, and 
the horizontal transceiver that is used to communicate with the 
neighboring sensor nodes to send the commands and to collect the 
sensed information. To catch the signals send by the UW-gateways, 
the surface station has the acoustic transceiver that is capable of 
handling the multiple parallel communication links. As illustrated 
in the figure 2(a), whole scenario is also equipped with long range 
radio transmitter and/or satellite transmitter which may be needed 
for communication with onshore sink or surface sink.

2. Three-dimensional UW-ASNs
Three-dimensional underwater networks plays significant role in 
detecting and observing the surroundings where ocean bottom 
sensor nodes fails to sense. In this architecture, sensors float at 
different depths. One possible way to deploy the nodes is to anchor 
it to the bottom of ocean through the variable length wire as shown 
in fig. 2(b); each sensor is connected to the floating buoy that pulls 
the node towards the ocean-surface. The whole length adjustment 
phenomenon is controlled by the sensor itself electronically. 
Another possible way is to attach the node to the surface buoy 
through wires whose length can be adjusted according to the depth 
required by the application.

Fig. 2(a): 2D UW-ASN
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Fig. 2(b): 3D UW-ASN

III. Energy Model
As the work of a sensor node is to sense the data from its surroundings 
with the help of sensing unit and transceiver unit, process that 
sensed data and information with the help of processing unit, and 
to manage the energy consumed or absorbed for all such processes 
and units with the help of power unit. So we can concatenate a 
sensor system as:

Sensor System= Sensing Subsystem + Transceiver subsystem + 
Processing subsystem +     Power Subsystem

From the above mentioned subsystems, the energy consumption 
is as:

We came to this above relation because of the fact that the processing 
unit requires good amount of energy for data aggregation, perform 
routing, maintain security, etc. Since transceiver consist of both 
transmitter and receiver units so its purpose is to both transmit and 
receive data that consumes lots of energy compared to processing 
unit [7].
In fact, more precise energy estimation is needed that leads to 
the deep analysis. A simple energy model is defined that mainly 
highlight on the energy consumption by the transceiver unit 
(energy consumption for processing unit is taken as constant 
because it remains relatively same for all the nodes). Wireless 
signal transmission often encounter with the problem of path 
loss. The path loss component, τ, typically varies from 2 to 6. 
According to the Friis free space model τ = 2 is considered for 
free space environment, otherwise τ =5 to 6 can be considered foe 
shadowed areas and obstructed indoor scenarios [9]. The model 
emphasis on the total energy consumption of 1 bit data sent from all 
nodes to their nearest sinks. According to [7] we can aggregate the 
total energy consumption per group, Ei, where number of groups 
corresponds to number of sinks, s, in equation (1).

    (1)
The total energy consumption by a group can be summarized 
in equation 2 in which ek represent the energy consumption per 
hop, n’ represents the number of nodes; lj represents the node’s 
location.

    (2)
A single hop must use energy that is divided into three main energy 

consuming components i.e. a receiver, a transmitter and a sensor 
for 1 bit of data that is formulated in equation (3).

   (3)
Each individual component can be calculated easily by taking 
product of consumed energy and their individual time required 
for 1 bit data. In transmitter part energy is consumed in two parts: 
P txElec (power used in transmission electronics that is assumed to 
a constant) and Pamp (RF signal generation transmission power) 
[7].

  (4)

    (5)

    (6)

   (8)
As mentioned in equation (6) and (7) we can calculate energy 
consumption by receiver and energy consumption in sensing 
respectively. Power consumed by receiver electronics, precElec 
can be calculated by taking values from the MICAz data sheet. 
trec represents the time spent on receiving, it varies according to 
user defined cycle but is independent of transmission data rate. 
Generally psense is negligible bot is considerable if amount of 
sensors is large.

IV. Conclusion
We can draw several conclusions from our study:
Underwater wireless sensor networks (UWSN) plays a vital role 
in exploring the underwater world. A wide introduction of this 
research topic is provided here with various factors that can affect 
the underwater acoustic propagation model. In this paper we 
presented summarized information and provide several strategies 
to deploy the sensors under water which can cover the large area 
in homogeneous way. The topological architecture gives us idea 
about how to place the sensor nodes in vertical structure and 
how it works. The energy model presented here provides us the 
knowledge about the energy consumed by several components of 
the sensor node. Since underwater sensor nodes and underwater 
sensor networks have been a hot topic, it seems that this area will 
continue to be a hot topic for many more years to come due to the 
need for more technology in this field.
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