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Abstract
Wireless information transmission through the ocean is one of 
the emerging technologies for the expansion of future aqueous-
observation systems and sensing networks. Applications of 
underwater sensing range from oil production to aquaculture, 
and comprise instrument monitoring, pollution control, weather 
recording, and prediction of natural disturbances, search and 
inspect missions, and study of marine life.  Underwater sensor 
networks have drawn lot of interest because of many underwater 
applications. We put forward a hierarchical approach which 
divides the whole localization process into two sub-processes: 
anchornode localization and ordinary node localization. Numerous 
existing techniques have been used in the past. This paper is about 
the localization problem in underwater sensor networks. The 
unfavorable aqueous environments, the node mobility, and the 
large network scale pose various new challenges and most current 
localization schemes are not applicable with human operation 
underwater being very much limited.
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I. Introduction
The earth is a planet full of water. The mostly unexplored vastness 
of the ocean, covering about the  two-thirds surface of Earth [11]. 
It has fascinated humans so much. In recent times, there has been 
a curiosity in monitoring aqueous environments (together with 
oceans, rivers, lakes, ponds and reservoirs, etc.) for scientific 
exploration, commercial development and attack protection. The 
ideal medium for this sort of extensive monitoring is a networked 
underwater wireless sensor scattered system, referred to as 
Underwater Wireless Sensor Network (UWSN) [11].

Fig. 1: A Reference Architecture of Underwater Wireless Sensing 
Networks

A scalable UWSN provides a promising solution for powerfully 
exploring and observing the aqueous environments which operates 
under the following constraints [10] :

Unmanned underwater exploration: Underwater condition is • 
not suitable for human investigation. High water pressure, 
unpredictable activities below the surface, and massive size 
of water area are major reasons for un-manned exploration.
Localized and precise knowledge acquisition: Localized • 
exploration is very much precise and constructive than remote 
exploration for the reason that underwater environmental 
conditions are usually localized at each place and inconsistent 
in time. With the use of extensive range SONAR or further 
remote sensing technology may not obtain adequate knowledge 
about the physical events happening in the unpredictable 
underwater environment.
Tether less underwater networking: The Internet is emergent • 
to outer space and underwater. Underwater explorer 
Dr. Robert Ballard[11] has used Internet for interactive 
presentations with students and aquarium visitors. However, 
while the modern tethered technology allows constrained 
communication between an underwater surface and the 
ground infrastructure, it incurs major cost of deployment, 
maintenance, and device recovery to deal with unpredictable 
underwater circumstances.
Large scale underwater monitoring: Conventional underwater • 
exploration relies on either a single high-cost underwater tool 
or a small-scale underwater network. Neither of the existing 
expertise is suitable for applications covering a large area. 
Enabling a scalable underwater sensor network technology 
is vital for exploring a huge underwater space.

A. Characteristics of UWSN

1. Large Propagation Delays
Radio waves do not propagate well below the surface due to the high 
energy inclusion of water. Therefore, Undersea communications 
are based on acoustic links characterized by large propagation 
delays. The transmission speed of acoustic signals in water 
(typically 1500 m/s) is five orders of magnitude lower than the 
radio wave propagation speed in free space.

2. Low Bandwidth
Acoustic channels have low bandwidth. The link superiority in 
underwater communication is rigorously affected by multipath, 
fading, and the refractive properties of the sound channel. As an 
outcome the bit error rates of acoustic links are often elevated and 
losses of connectivity arise.

3. Mobile Sensor Nodes
Underwater sensors move with water currents, and AUVs are 
portable. Although certain nodes in underwater applications are 
anchored to the bottom of the ocean, other applications involve 
sensors to be suspended at certain depths or to move freely in the 
underwater medium.

4. Costly
Underwater hardware is more exclusive. Therefore it is costly to 
deploy under water sensor networks.
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5. Power Requirements
Underwater communication systems have more stringent 
power requirements than terrestrial systems because acoustic 
communications are more power-starving, and usually transmission 
distances in UWCNs are greater; hence, higher transmit power is 
required to ensure coverage.

II. Localization Problem in Underwater WSNs

A. Localization of Underwater Nodes
In underwater sensor networks (UWSNs), determining the 
location of each sensor is of critical importance and is often done 
by utilizing localization techniques. Localization is the process of 
estimating the location of each node in a sensor network. While 
various localization algorithms have been proposed for terrestrial 
sensor networks, there are moderately few localization schemes 
for UWSNs and even fewer for polar environments under ice. 
Numerous localization protocols currently exist for terrestrial 
applications. However, there are prohibitive obstacles which 
prevent the application of terrestrial-oriented localization 
techniques to an underwater environment. UWSNs have 
a substantially higher propagation delay. These delays are 
experienced by acoustic channels and are not present in Radio 
Frequency (RF) terrestrial channels. Most terrestrial localization 
techniques have been designed for a fast and reliable channel. 
Despite these shortcomings it is still essential to understand the 
fundamental localization techniques utilized in a terrestrial RF 
network [3].

B. Terrestrial Sensor Network Localization [4]
The Global Positioning System (GPS) is a space based navigation 
system composed of a constellation of 24 medium earth orbiting 
(MEO) satellites. Each GPS satellite is equipped with an atomic 
clock, typically composed of Rubidium. These satellites transmit 
the time, orbital information, system health and an almanac, which 
estimates the orbits of all other GPS satellites. A GPS receiver then 
calculates its position by correlating the time of fight (TOF) for 
the signal transmitted from each satellite in orbit. There are three 
numerical methods are utilized in the computation of position for 
a GPS receiver: (1) trilateration and one dimensional numerical 
root ending (2) multidimensional Newton-Raphson calculations 
(3) Using more than four GPS satellites leads to an over determined 
system and no unique solution, which requires least-squares 
method or a similar technique. Terrestrial applications often make 
use of GPS since it is easy to use, available, and accurate. 

III. Convex Optimization
The Convex Optimization localization technique was proposed 
to estimate the position of unknown nodes based on connectivity 
constraints of given seed nodes. In this centralized technique, 
geometric constraints between nodes are represented as Linear 
Matrix Inequalities (LMIs). The LMIs for the entire network 
are combined to form a single semi-definite program. The semi 
definite program is mathematically solved for each node position. 
The advantage of this scheme is in its relative simplicity and 
elegance. However, high delay, computational cost and inability 
to use range data limit the practical applications of this centralized 
scheme. 

A. Sequential Monte Carlo Method [5]
A Sequential Monte Carlo (SMC) method to achieve localization 
for mobile nodes has been studied in. The SMC method is a 

recursive Bayes filter that estimates the posterior distribution 
of a node’s positions conditioned on sensor information. It is a 
two-step process. In the prediction step, the node uses a motion 
model to predict its possible location based on previous sample 
and its movement. In the altering step, the node uses an altering 
mechanism to eliminate those predictions that do not match the 
sensor information. This scheme requires no ranging hardware on 
the nodes. An improved version of a range-free SMC algorithm 
has been proposed for a heterogeneous network of static and 
mobile nodes. However, the effects of different mobility models 
on location estimates were not considered. 

B. Dual and Mixture Monte Carlo Methods [5]
Dual Monte Carlo (DMC) and Mixture Monte Carlo (MMC) 
methods for sensor localization on static and mobile nodes have 
been studied in . DMC method is the logical inverse of the SMC 
method. The DMC uses a prediction step and the distributed 
filtering mechanism in SMC, while the second filtering step uses 
the prediction step distribution in SMC. The MMC method is the 
combination of both SMC and DMC methods. Simulation results 
showed that localization estimation was improved in DMC and 
MMC methods compared to SMC method. This improvement 
comes at the expense of increased computation time. This is 
primarily due to the detailed sampling process employed in DMC 
and MMC methods. In addition, all Monte Carlo schemes suffer 
from two short-comings: (1) high densities of nodes are required 
for each method. This density cannot be assumed in an UWSN 
due to the sparse deployment of sensors. (2) Monte Carlo methods 
have a slow convergence time. 

IV. Related Work
Kai Chen, et al in “A Localization Scheme for Underwater Wireless 
Sensor Networks” [6], presents the localization problem in large-
scale Underwater Wireless Sensor Networks (UWSNs). Unlike 
in the terrestrial positioning, the global positioning system (GPS) 
cannot work efficiently underwater. The limited bandwidth, the 
severely impaired channel and the cost of underwater equipment 
all makes the localization problem very challenging. Most current 
localization schemes are not well suitable for deep underwater 
environment. They propose a hierarchical localization scheme 
to address the challenging problems. The new scheme mainly 
consists of four types of nodes, which are surface buoys, Detachable 
Elevator Transceivers (DETs), anchor nodes and ordinary nodes. 
Surface buoy is assumed to be equipped with GPS on the water 
surface. A DET is attached to a surface buoy and can rise and 
down to broadcast its position. Initial simulation results show the 
advantages of our proposed scheme. The authors conclude a new 
DET based hierarchical localization scheme. The new scheme 
mainly consists of four types of nodes: surface buoys, Detachable 
Elevator Transceivers (DETs), anchor nodes and ordinary nodes. 
Surface buoy is assumed to be equipped with GPS on the water 
surface. A DET is attached to a surface buoy and can rise and 
down to broadcast its position. The anchor nodes can compute 
their positions based on the position information from the DETs 
and the measurements of distance to the DETs. The hierarchical 
localization approach is scalable, and can be used to make balances 
on the cost and localization accuracy. Simulation results show that 
our proposed scheme has successfully achieved the design goals 
and outperform the existing schemes. 
TalaNsouli et al in “Reactive Localization in Underwater Wireless 
Sensor Networks” [7], presents a novel technique for localizing 
an event of interest in an underwater environment. The network 
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consists of randomly deployed identical sensor nodes. Instead 
of proactively localizing every single node in the network as 
all proposed techniques set out to do, we approach localization 
from a reactive angle. They reduce the localization problem to the 
problem of finding 4-Node Coverage, in which we form a subset 
of nodes such that every node in the original set is covered by four 
nodes belonging to this special subset – which we call the anchor 
nodes for simplicity. This subset of anchor nodes behaves like a 
backbone to the localization process. They show that in terms 
of energy consumption, this localization technique far surpasses 
others in terms of energy efficiency. The authors conclude a 
reactive localization scheme that is both scalable and distributed. 
The algorithm consists of three consecutive steps and is capable of 
self-healing. Analysis and evaluation of our scheme show that it is 
superior in terms of conserving node energy and hence allowing 
the system to live longer. It also reduces the communication 
overhead imposed by other underwater localization algorithms.

Mohan V, et al in “Virtual implementation of underwater 
wireless sensor networks and evaluation of its localization 
techniques”[8],presents Underwater Wireless Sensor Networks 
(UWSNs) are expected to provide variety of military and civilian 
applications. Sensed date can be interpreted meaningfully when 
referred to location of the sensor, making localization an important 
problem. The authors proposed a multi-stage AUV-aided localization 
technique for underwater wireless sensor networks(UWSN)s. 
The proposed method combines the flexibility and localization 
accuracy of an AUV-aided localization, the energy efficiency of 
“Silent Localization” and improved localization coverage with 
k-stage localization based on sensor nodes. We evaluated our 
proposed method for k =1and k> 1 with three different values of 
acoustic transmission ranges: 50m between 210m according to 
three criterions: coverage, accuracy and communication costs for 
a network comprising 100 to 200 fixed nodes deployed randomly 
in an underwater column measuring 1000m × 1000m × 100m. 
With k> 1, the localization process by the (non-AUV localize) 
reference nodes continue until no new ordinary node can be 
localized. The whole localization process can be completed in 
less than 10 minutes with approximately 7 meters error in the 
positioning and can cover more than 95% of the whole network. 
In addition, we observe that with the lower acoustic ranges, the 
increase in coverage with k> 1 is achieved at the expense of higher 
localization error and communication costs compared to k = 1. 
However, with a 300m acoustic communications range, additional 
stages do not achieve a significant gain in terms of coverage and 
accuracy while incurring higher communication costs. 

Zhong Zhou, et al in “Scalable Localization with Mobility 
Prediction for Underwater Sensor Networks” [2], presents Due 
to harsh aqueous environments, non-negligible node mobility and 
large network scale, localization for large-scale mobile underwater 
sensor networks is very challenging. In this paper, by utilizing 
the predictable mobility patterns of underwater objects, they 
propose a scheme, called Scalable Localization scheme with 
Mobility Prediction (SLMP), for underwater sensor networks. 
In SLMP, localization is performed in a hierarchical way, and the 
whole localization process is divided into two parts: anchor node 
localization and ordinary node localization. During the localization 
process, every node predicts its future mobility pattern according 
to its past known location information, and it can estimate its 
future location based on the predicted mobility pattern. Anchor 
nodes with known locations in the network will control the 

localization process in order to balance the trade-off between 
localization accuracy, localization coverage, and communication 
cost. We conduct extensive simulations, and their results show 
that SLMP can greatly reduce localization communication cost 
while maintaining relatively high localization coverage and 
localization accuracy. The authors have presented SLMP, a new 
localization scheme with mobility prediction, for large-scale 
underwater sensor networks. In SLMP, anchor nodes conduct 
linear prediction by taking advantages of the inherent temporal 
correlation of underwater object mobility pattern. Each ordinary 
sensor node predicts its location by utilizing the spatial correlation 
of underwater object mobility pattern and weighted-averaging its 
received motilities’ from other nodes. Their simulation results 
show that SLMP can greatly reduce the communication cost while 
maintaining relatively high localization coverage and localization 
accuracy. With simulations, they also evaluate the impact of 
various design parameters, such as prediction window, prediction 
step, prediction error threshold, and confidence threshold, on the 
localization performance.

Asma Mesmoudi, et al in “Wireless Sensor Networks Localization 
Algorithms:A Comprehensive Survey” [9],
presents that Wireless sensor networks (WSNs) have recently 
gained a lot of attention by scientific community. Small and 
inexpensive devices with low energy consumption and limited 
computing resources are increasingly being adopted in different 
application scenarios including environmental monitoring, 
target tracking and biomedical health monitoring. In many such 
applications, node localization is inherently one of the system 
parameters. Localization process is necessary to report the origin 
of events, routing and to answer questions on the network coverage 
,assist group querying of sensors. Localization in wireless sensor 
network is a hot area of research that has been addressed through 
many proposed schemes. Based on the dependency of the range 
measurements theses proposal schemes are classified into two 
major categories: range-based schemes and range-free schemes. 
Although WSNs are a current area of research, there are already 
various localization schemes, each with an emphasis on specific 
scenario and/or application. In this paper, the author analyze 
and compare the more representative localization scheme, this 
comparison was based basically in the following parameters: 
network assumptions (deployment, Node density, existence 
of obstacle, existence of anchor node, nodes mobility and 
mobile assisted), localization process (range estimation, range 
combination, computational model  and localization coordinates), 
and design goal (scalability, overhead and accuracy). On the other 
hand, hybrid localization scheme provides better accuracy than 
any single localization scheme. However, it is more complex and 
need more computation time.. As we know accuracy is the most 
important key for  localization performance. Among the schemes 
analyzed in this paper, hybrid schemes look promising. But it still 
suffers from the time of execution needed for the calculation. 
Optimization algorithms for accelerating this time is perspective 
making this scheme an effective solution for the localization 
in wireless sensor networks. Furthermore, the development of 
new combination between the range measurement techniques 
and/or between range measurement techniques and connectivity 
methods for different application highly motivated the study in 
this direction.
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V. Conclusion
Applications of Underwater sensor networks is practically 
limitless so are the challenges posed by UWSNs, determining the 
location of each sensor is of critical importance and is often done 
by utilizing localization techniques. Localization is the process of 
estimating the location of each node in a sensor network. While 
various localization algorithms have been proposed for terrestrial 
sensor networks, there are moderately few localization schemes for 
UWSNs and even fewer for polar environments under ice.  In this 
paper we have reviewed some of numerous localization schemes 
currently exist for terrestrial applications, in the future we would 
like to work on such localization problems in underwater wireless 
sensing networks for continuous node tracking.
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