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ABSTRACT 
 

Underwater Wireless Sensor Networks (UWSNs) enable a variety of applications such as fish farming and 

water quality monitoring. One of the critical tasks in such networks is localization. Location information 

can be used in sensor networks for several purposes such as (i) data tagging in which sensed information 

is not useful for the application unless the location of the sensed information is known, (ii) tracking objects 

or (iii) multi-hop data transmission in geographic routing protocols. Since GPS does not work well 
underwater, several localization schemes have been developed for UWSNs. This paper surveys the state-of-

the-art of localization schemes for UWSNs. It describes the existing schemes and classifies them into 

different categories. Furthermore, the paper discusses some open research issues that need further 

investigation in this area. 
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1. INTRODUCTION 
 

With the increasing importance of oceans and seas, there is a strong demand to investigate the 

unexplored regions and make use of their valuable treasures. Underwater Wireless Sensor 
Networks (UWSNs) are considered a promising candidate for exploring the oceans and enabling 

various applications such as fish farming and military surveillance. However, the nature of the 

underwater environment and the characteristics of the underwater communication media impose 

several challenges for the design of UWSNs.  
 

Localization is considered as one of the critical tasks, and it can be defined as the process of 

finding out the location of an object in a given coordinate system. It can be determined using 
rectangular coordinates (x,y,z), cylindrical coordinates (p, φ, z) or spherical coordinates (r, φ, θ) 

as demonstrated in Figure 1 for the object labelled as S. In sensor networks, location information 

can be used for different purposes. For instance, it can be used for data tagging in which sensed 

information is not useful for the application unless the location of the sensed information is 
known. Moreover, it can be used for tracking objects or for multi-hop data transmission 

(geographic routing protocols are based on sensor nodes’ locations). Localization schemes 

developed for UWSNs assume that there are special devices with known locations upon which 
the localization algorithm is built [1]. 

http://airccse.org/journal/ijc2020.html
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Figure 1: Illustration of the three coordinate systems 

 
Generally, localization schemes aim to achieve the following objectives [2][3]: 
 

 Large coverage: By ensuring that most of the sensor nodes are able to obtain their 

location information. 
 

 Low communication overhead: Location information of the sensor nodes should be 
estimated using a small number of packets to save network’s energy and reduce channel 

congestion. 
 

 High accuracy: A localization algorithm should reduce the error in the estimated location 

information by reducing the gap between the estimated location and the true location. 
 

 Low deployment cost: The deployment of surface buoys and anchor nodes (defined 

below) or any other special devices used to help in locating nodes should be feasible and 

cost-effective. 
 

 Good scalability: The complexity of the localization algorithm should grow efficiently 
(for example linearly) as a function of the number of nodes. 

 

The rest of this paper is organized as follows. Section 2 introduces and describes some of the 

terms and concepts used throughout the paper. This is followed in Section 3 by a classification of 
localization schemes into different categories. Section 4 describes the existing localization 

schemes that are developed for UWSNs. Some open research issues related to localization in 

UWSNs are discussed in Section 5. Section 6 concludes the paper. 
 

2. PRELIMINARIES 
 

This section introduces some of the terms and concepts used throughout the paper. 
 

2.1. Network Devices 
 

When discussing localization in UWSNs, there is a need to differentiate between different types 

of devices (nodes). 
 

 Surface buoys: Nodes with known locations (probably equipped with GPS receivers) 
and deployed on the water surface.  
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 Underwater anchor nodes: Nodes with known locations deployed underwater. Yet, 

anchors and buoys are used synonymously in some published articles. Surface buoys and 
anchor nodes are used to locate nodes with unknown locations.  

 Ordinary nodes: Nodes deployed underwater that need to be located. 

 Reference nodes: A reference node is a node with a known location. It could be a 

surface buoy, an anchor node or an ordinary node after being located. These nodes help in 

locating nodes with unknown locations. 
 

2.2. Ranging Methods 

 

Several ranging methods are used to estimate the distance between two communicating nodes. 
The following is a description of these methods: 

 

 Time of Arrival (ToA): ToA is the propagation time required for a signal to be received 

by the receiver. It is used to estimate the distance between the two communicating nodes 
by multiplying it with the speed of the signal (acoustic speed in the case of UWSNs). 

However, this method requires clock synchronization. Since clock synchronization is a 

challenging task in UWSNs, some of the localization schemes use request/reply packet 

exchanges to calculate the ToA (i.e. called two-way ranging method) [1]. Although it 
eliminates the need for synchronization, it might incur communication overhead and drains 

nodes’ energy. Also, it might result inan inaccurate estimation of the propagation time due 

to the asymmetric property of the acoustic channels in underwater. Despite all of these, 
ToA is considered as the best ranging method to be used in underwater localization [1]. 
 

 Time Difference of Arrival (TDoA): This is based on measuring the difference in the 

arrival time of two signals (e.g. Radio Frequency (RF) and acoustic signals) [1]. Since RF 

is not propagated well in underwater environment, this method measures the time 
difference in the arrival between two packets received from two different reference nodes 

[3]. 

 

 Angle of Arrival (AoA): AoA measures the angle between the signal’s propagation path 
and a predefined reference direction. Because of the expensive directional antennas and 

their sizes, AoA is rarely used in UWSNs [1]. 
 

 Received Signal Strength Indicator (RSSI): RSSI estimates the distance between the 

sender and the receiver by measuring the propagation loss of the signal. In other words, 
this method measures the difference between the transmitted power and the received 

power of the signal and compares it with a propagation loss model [1]. RSSI incurs less 

overhead [4]; however, it is not preferable in UWSNs because the propagation loss of an 

underwater acoustic signal is temporally-variable. Also, an acoustic signal is affected by 
multipath and fading effects, which result in inaccurate distance estimation [3]. 
 

2.3. Lateration 

 

Lateration is a technique used to estimate the location coordinates of an object (the target) given 

a number of objects (anchors) with known locations. Anchors are in the communication range of 

the target. The method is well-known and it is also used by GPS [1][5]. Lateration is based on the 
idea of intersecting circles in which anchors are centered in the circles as shown in Figure 2. The 

location of the target object in the (x, y) coordinates is in the intersecting area (shading area) of 

the three circles. In other words, we need to solve a set of equations of the form: 
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Where (x1, y1) is the location of an anchor, (x, y) is the location of the target, and d1 is the 

distance between the anchor and the target. Note that the distance can be determined a priori 

using one of the ranging methods (e.g. ToA, TDoA) described above. 
 

To further demonstrate the idea, let us use the example of Figure 2. Assume that the three 

anchors have the locations (xi, yi) where i = {1,2,3} and the target S has the location (x, y). The 
set of equations is as shown in (2). 
 

 
 

Subtracting the third equation from the first two equations yields the following system of 

equations AX=b: 
 

 
 

 

 
 

 
 

The matrix X can be solved using the equation given in (4) [6][5]: 
 

 
 

Generally, to determine a location in n coordinates; at least n+1anchors are needed. In 
UWSNs, for example, we need four anchors to determine the location in three dimensions 

(x, y, z). The equation looks like (5): 
 

 
 

 
 

Figure 1:Illustration of the lateration method 
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2.4. Angulation 
 

While lateration uses distances to estimate the position of the node, angulation is based on angles 

determined from AoA measurement. It then exploits the geometric principles of triangles to 

estimate the position. For estimating a location in a 2D space, there is a need for at least two 
reference nodes. In a 3D space, the azimuth measure is also needed. To explain the method 

further, let us consider Figure 3. Assume that A and B are two reference nodes, S is the to-be- 

located node. The angles 1, 2, and the distance   are known to S. Then, from the 

trigonometry laws of sines and cosines, S can be located at the distance  perpendicular to . 

 can be calculated as given in (6). 
 

 

 
Figure 2: Illustration of the triangulation method 

 

2.5. Bounding Box 
 

The bounding box is another method used to estimate a node’s location. While lateration relies 

on the intersection of circles, the bounding box is based on the intersection of rectangles. The 

location and distance of at least two reference nodes are needed. To explain the method further, 

consider the example in Figure 4. Let A and B be the reference nodes and S the ordinary node to 
be located. S is assumed to know the locations of A and B. Also, it is assumed to know the 

distances to these reference nodes (it can be estimated using any of the distance measurements 

explained earlier). Then, S draws a bounding box for each reference node based on its location 
and the transmission range (say R) as follows. The location of the reference node is assumed the 

center of the box and the length of the side is 2R. The center of the intersected rectangles 

(labelled as ) is considered as the estimated location of S. Although, the bounding box requires 

less computation cost, it can just provide a course-grained estimation [7]. 
 

 
 

Figure 3: Illustration of the bounding box 
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2.6. Projection 

 

UWSNs are characterized by their 3D environment; hence, sensor nodes need to be located in a 

3D space. This requires that at least one reference node among those used to locate an ordinary 
node is located underwater. However, it is a challenging task to locate anchors underwater (i.e. if 

there is a way to locate underwater anchors, then, ordinary nodes can be located in the same 

way)[8]. Since depth information can be easily determined using pressure sensors equipped in the 
sensor nodes, the 3D localization problem can be reduced to a 2D problem via a projection 

technique. This is done by projecting the location of the reference nodes into the horizontal plane 

of the to-be located ordinary node as shown in Figure 5. Nevertheless, this projection needs to be 

non-degenerative (i.e. no two reference nodes have the same xy-coordinates) [8][9]. It is worth 
mentioning that the distance to be used after projection is not the original distance d. Instead, the 

ordinary node computes the distance to a projected reference node i as in (7), where zi is the 

depth of the reference node, and z is the depth of the ordinary node. 
 

 
 

 
 

Figure 4: Demonstration of the projection technique 

 
 
 

3. CLASSIFICATIONS OF LOCALIZATION SCHEMES 
 

Localization schemes for UWSNscan be classified based on different criteria as follows: 
 

 Range measurement: localization schemes can be classified based on range 
measurement into range-based, range-free and hybrid. Range-based schemes usea range or 

bearing information, which can be calculated using techniques such as ToA, TDoA, AoA 

or RSSI. Then, the nodes’ locations can be estimated via lateration or angulation methods. 

Schemes in this category provide a fine-grained estimation of the location. On the other 
hand, range-free localization schemes do not depend on range or bearing information. 

Instead, they utilize topology and connectivity of the nodes to estimate nodes’ locations 

[10]. Distance Vector-hop (DV-hop) [11] and Approximate Point In Triangle (APIT) [12] 
are examples of methods used to estimate locations in range-free schemes. Although 

range-free schemes are simple, they provide only coarse-grained location estimation. 

Animal tracking is one of the applications that might require coarse-grained localization 
[13]. Finally, hybrid schemes combine both range-based and range-free methods to 

determine location coordinates. For example, the scheme uses a range-based method to 

locate ordinary nodes in the first phase. Then, it uses a range-free method, in the second 

phase, to locate ordinary nodes that were not located in the first phase. 
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 Multi/single-stage: as the localization process progresses, more unknown nodes are 

able to determine their locations. Some of the localization schemes mark these nodes as 
reference nodes and allow them to participate in locating other nodes. Such schemes are 

called multi-stage schemes. These schemes can speed up the localization process and 

increase the localization coverage with a small number of special devices. However, 

localization errors accumulate in each step due to the possible errors that occur in the 
distance estimation. In contrast, the localization schemes that do not allow ordinary nodes 

to help locating other nodes are called single-stage localization schemes. The main 

drawback of these schemes is the high delay, and the need for more anchor nodes to 
achieve high coverage. 

 

 Distributed/centralized: In distributed localization schemes, ordinary nodes estimate 

their location by themselves. In centralized schemes, on the other hand, location estimation 

is performed in a central station at the water surface, and nodes might not need to know 
their locations.  

 

 Active/silent localization: In active localization schemes, ordinary nodes also exchange 

packets to complete the localization process. On the other hand, ordinary nodes in silent 

localization schemes passively listen to the localization packets transmitted by the anchor 
nodes. 

 

4. EXISTING LOCALIZATION SCHEMES 
 

This section reviews some of the existing localization schemes for UWSNs and classifies them 
based on range measurement. These schemes are classified based on the remaining categories 

described earlier in Table 2. 
 

4.1. Range-Based Schemes 
 

 Dive and rise schemes 
 

M. Erol et al.[14], [6] and [15] proposed dive and rise localization schemes. The scheme in 

[14], called DNR, is based on mobile devices called DNR beacons that can dive and rise 

using a weight/bladder idea (i.e. dive with weight force, and rise using an air bladder). The 
scheme assumes that the DNR beacons and ordinary nodes are equipped with pressure 

sensors to determine their z-coordinate. The main idea of DNR is that each beacon device 

rises to the surface to obtain its location from GPS. Then, it dives underwater in a straight 
vertical path while broadcasting its location coordinates. Each ordinary node uses these 

localization packets for range measurements. Then, it applies either the bounding box or 

triangulation methods to estimate its location. Despite its simplicity, the diving and rising of 
the DNR beacons take longer time; thus, the localization speed and coverage depends 

mainly on the speed of the beacons and their numbers.  
 

Due to the slow speed of the localization process in DNR, which is mainly caused by the 
slow speed of the DNR beacons, a Multi-stage Localization (MLS) Scheme is proposed in 

[6]. It incorporates an iterative procedure such that the located ordinary nodes act as 

reference nodes and can broadcast their location coordinates to help to locate other nodes. 

Three localization packets from three non-collinear sources are used to estimate the location 
of the node via lateration method. Although MLS improves the localization speed and 

deployment cost, this is achieved at the expense of high localization error and high 

communication overhead.  
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In [15], an AUV-Aided Localization (AAL) is proposed in which one AUV device is used to 
locate sensor nodes. The AUV receives its position from GPS while floating to the sea 

surface. It then dives underwater to a certain depth and follows a certain path during which 

it can calculate its new positions. The main idea is that when the AUV patrols the network, 

it sends a wakeup message, and a node upon receiving this message sends a localization 
request. The AUV responds with a reply message that contains its coordinates. Using these 

request-reply messages, sensor nodes are able to calculate the round-trip time, which is then 

used along with the acoustic speed to estimate their distances to the AUV. By receiving 
three coordinates messages from three non-coplanar AUV locations, nodes use either the 

triangulation method or the bounding box method to estimate their xy-locations. The use of 

a single AUV, delays the localization process; hence, AAL might not be suitable for mobile 
networks where the localization is needed to be run periodically.  
 

M. Beniwalet al.[16] proposed a localization scheme called Localization Scheme without 

Time Synchronization (LSWTS). LSWTS is an improvement over the DNR scheme of [14] 
by removing the requirement of time synchronization. The DNR beacons after receiving 

their location information from GPS dive vertically underwater and broadcast localization 

packets at fixed time intervals. An ordinary node passively listens to these packets, and 

when it captures two localization packets from a beacon device at two different times, it 
calculates its distance to that beacon. Then, if the node determines its distances to three 

beacons, it applies the trilateration method to estimate its location. Figure 6 demonstrates a 

scenario of the scheme. Although LSWTS locates nodes without time synchronization, its 
coverage depends on the number and distribution of the beacon nodes as it requires at least 

three beacon nodes to be in the range of each node to be localized. 
 

 
 

Figure 5: Illustration of the LSWTS scheme 

 

 Projection-based schemes 

 
M. Isiket al.[17] proposed a 3D Underwater Localization (3DUL) scheme. 3DUL assumes 

that there are three surface buoys with known locations acting as reference nodes. These 

surface buoys broadcast their location coordinates in the network. Ordinary nodes that 

receive three location packets from three different surface buoys determine their distances to 
these buoys via the two-way ranging method (i.e. request/reply packet exchange). Then, 

each ordinary node projects the locations of the buoys into its plane and uses the trilateration 
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method to estimate itslocation. Located nodes become reference nodes and broadcast their 
locations. This iterative process continues until all nodes in the network are located. Since 

the ordinary nodes may move from their positions, those that have been labelled as reference 

nodes remain as a reference for a limited time according to their movement patterns. 

Although the two-way ranging method, as mentioned earlier, eliminates the need for clock 
synchronization, it might incur extra delay and overhead to locate the nodes. Furthermore, 

the iterative procedure increases the localization errors due to the error accumulation in the 

distance estimation. 
 

A. Teymorianet al.[8] proposed a distributed localization scheme called Underwater Sensor 

Positioning (USP) for sparse 3D UWSNs. It is based on transforming the 3D localization 

problem into 2D via the projection technique. The protocol assumes that there are three 

surface buoys equipped with GPS receivers. Additionally, ordinary nodes are equipped with 
pressure sensors to learn their depth (z-coordinate). USP is an iterative localization scheme 

such that the localization procedure is executed in a predefined number of iterations. Each 

located node (including ordinary nodes) participates in the localization process by 
broadcasting locations of their own and their neighbours. Every non-located node upon 

receiving a localization packet, calculates its distance to the associated reference nodes. 

After that, it projects these reference nodes to its plane. If the projection is non-degenerative, 

the node estimates its location via the lateration method. The main issues in the USP scheme 
are: (i) surface buoys are selected randomly, which might affect localization coverage, (ii) it 

incurs communication overhead since each node should broadcast the location information it 

has about itself and its neighbours, and (iii) it suffers from cumulative localization errors as 
ordinary nodes with known locations act as reference nodes. 
 

W. Cheng et al.[9] proposed a localization scheme called Localization Scheme for Large 

Scale UWSNs (LSLS). LSLS is based on a projection technique similar to USP. The scheme 
is suitable for large scale UWSNs. It consists of three phases as follows. In the first phase, 

the surface buoys broadcast their locations. Ordinary nodes that are in the range of these 

buoys estimate their locations via projection and trilateration. In the second phase, the 
protocol selects some of those located nodes, based on their distribution in the network, to 

act as reference nodes. Ordinary nodes that are still not located by the end of the second 

phase, broadcast localization requests. A new set of reference nodes are then selected to 
locate those nodes by broadcasting their locations as in the first two phases. Although LSLS 

is a multi-stage scheme, it reduces the communication overhead by only selecting a set of 

reference nodes which also increases the localization coverage. Though, the communication 

overhead is still high due to the control packets exchanged during ranging estimation. 
 

M. Moradiet al.[13] proposed a centralized localization scheme called a Reverse 

Localization Scheme (RLS) for low communication overhead and fast localization. It 
assumes that there are surface buoys with known locations deployed at the water surface 

along with a sink node. The localization process is executed by the sink node on demand 

(i.e. when a sensor node detects an event to be reported to the sink). The main idea of RLS is 

summarized as follows. When an ordinary node detects an event, it broadcasts the detected 
event along with its ID, transmitting time and its depth (learnt from the pressure sensor). 

Each surface buoy upon receiving such a packet, injects its location coordinates and packet 

receiving time, and sends the packet to the sink. Then, the sink node is able to estimate the 
source node’s location after receiving at least three packets from three surface buoys via 

projection (i.e. sink node projects the source node to the surface level) and trilateration. RLS 

differs from the existing schemes by locating only those nodes that detect events. Other 
nodes remain non-located, which might be cost and time effective. Nevertheless, ordinary 

nodes remain unaware of their locations; hence, the scheme is not suitable for location-based 

routing. 
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 Schemes based on Euclidean distance 

 
Z. Zhou et al.[18] proposed a hierarchical Localization Scheme for Large scale networks 

(LSL). The authors assume that there are at least 4 surface buoys with GPS-receivers and 

anchor nodes scattered in the 3D network. Additionally, they assume that the anchor nodes 

are in the communication range of the surface buoys and they are localized with their help 
via some of the existing techniques. All anchor nodes are assumed to be reference nodes (i.e. 

nodes with known locations) with a high confidence value. LSL can be summarized as 

follows. The reference nodes periodically broadcast localizationpackets containing their 
location coordinates. Ordinary nodes estimate their distances to the one-hop reference nodes 

using ToA. To speed up the localization process and increase its coverage, they also 

estimate the non-neighboring distances using the 3D Euclidean distance estimation method. 
Then, if the node estimates its distance to 4 non-collinear reference nodes, it calculates its 

location and the confidence value. If the confidence value is above a predefined threshold, it 

labels itself as a reference node and starts broadcasting its location. Although the recursive 

procedure of the scheme makes it suitable for large-scale networks, it is not suitable for 
mobile networks due to the number of control packets that need to be exchanged in the 

localization process. 
 
 

A Scalable Localization with Mobility Prediction (SLMP) [19] scheme is proposed for large 

scale mobile UWSNs. The authors utilized underwater mobility characteristics and spatial 

correlation in the movement of underwater objects (i.e. group movement) to construct a 
mobility prediction algorithm. This algorithm is then used in the localization process. 

Basically, the localization in the SLMP consists of two phases, namely; anchor nodes 

localization and ordinary nodes localization. As in LSL, surface buoys are used to localize 

anchor nodes. In the second phase, every anchor node runs the mobility prediction algorithm 
to determine its mobility pattern, and then broadcasts it along with its location coordinates 

as a localization message. Ordinary nodes utilize such localization messages to determine 

their locations and mobility patterns. Particularly, each ordinary node records the 
information received in the localization messages. It runs its mobility prediction algorithm 

to determine its mobility pattern, which is then used to estimate its location. Since the 

mobility pattern may become invalid by time, an anchor node calculates its new location 

periodically and compares it with the predicted location using the mobility pattern. If the 
Euclidean distance between these locations is below a predefined threshold, then the 

mobility pattern is still valid, and the anchor node remains silent for the next period. 

Otherwise, if the distance is above the threshold, it runs the mobility prediction algorithm to 
obtain a new mobility pattern and broadcasts a new localization message. The mobility 

pattern of the ordinary node is assumed to be valid until it receives a new localization 

message. The performance of the scheme depends on the mobility pattern. In particular, less 
overhead and less energy consumption are achieved when the changes in the mobility 

pattern is minimized and vice versa.   
 

H. Huang et al.[20] proposed node localization scheme (NL-AoA) with AoA assistant in 
multi-hop networks. NL-AoA is proposed for large-scale sparse UWSNs. It assumes a static 

network and that sensor nodes are capable of measuring AoA of signals. The scheme 

consists of two phases; distance estimation and location estimation. In the first phase, 

distance is estimated using AoA method. Since in sparse networks, a sensor node might not 
be in a communication range with a sufficient number of anchor nodes, the authors propose 

a new distance estimation method by estimating rotation matrix for nodes that are non-

neighbors to anchor nodes. When a sensor node estimates the distances to four anchor 
nodes, it applies weighted least square method to estimate its location. 
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 Active-restricted schemes 

 
A localization scheme called Anchor-Free Localization Algorithm (AFLA) [21] is proposed 

for low cost and high flexibility. AFLA does not require special nodes such as anchors, 

surface buoys or AUVs to localize ordinary nodes. Instead, it is a self-localization scheme 

that uses the relationship between adjacent nodes to localize them. It assumes that each node 
can have at least two neighbouring nodes. In addition, it assumes that sensor nodes are 

attached to cables (of known length) anchored to the bottom surface. These anchors limit the 

movement of the attached sensor nodes in limited areas as illustrated by the dashed ovals in 
Figure 7. Furthermore, each node is equipped with pressure (depth) sensor to determine its 

depth; hence, reduces the 3D localization problem to a 2D. Therefore, each node can 

determine its spherical centre’s coordinates, depth and cable length at any point of time. 
Nodes calculate their locations by exchanging their spherical centre’s coordinates, depth and 

cable length with their neighbours. This information is used to calculate the distances to 

neighbouring nodes, which are then used to estimate location coordinates. 

 
 

                    Figure 6: Illustration of the limited areas in AFLA 

 

 Schemes based on distance differences 

 
Z. Qianget al.[22] proposed a synchronization-free localization scheme called Clock 

Synchronization Independent Localization Scheme (CSILS). The scheme assumes that there 

are four surface buoys with GPS receivers used to locate the underwater ordinary nodes. 

One of these buoys is assumed to be the master and, it is responsible for estimating the 
locations of the ordinary nodes. Instead of estimating distances between surface buoys and 

ordinary nodes, CSILS estimate distance differences based on local clocks. The localization 

process is performed on demand such that when an ordinary node senses an event, it 
broadcasts a packet to the surface. The other three buoys upon receiving such a packet send 

a reply packet to the master. The master buoy then estimates the location of the ordinary 

node based on distance differences. It is worth mentioning that the performance of the 

scheme is highly depending on the location of the anchor nodes as shown in the simulation 
results. Moreover, the scheme requires that the four anchor nodes should be in the 

communication range of the ordinary nodes, which means that ordinary nodes should havea 

sufficient transmission range. In addition, CSILS is unable to uniquely estimate the location 
of an ordinary node with less than four anchors.  

 

4.2. Range-Free Schemes 
 

V. Chandrasekhar et al.[23] proposed an Area-based Localization Scheme (ALS). Instead of 

providing an exact location of the nodes, the ALS estimates the nodes’ location within a certain 

region. It works as follows. Each surface buoy sends beacon packets at different power levels and 
at different time intervals. Sensor nodes upon receiving these beacons record the lowest power 

level received from each anchor nodes. Then, they forward this information to the sink nodes at 

the surface. Sink nodes use this information to estimate the region at which each sensor is 
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located. The coverage and granularity of the ALS are limited by the number of anchor nodes and 
their positions, and the number of transmitted power levels and their values. Furthermore, the 

scheme does not consider the mobility of the nodes and it assumes 2D environment. 

 

In [24], the authors proposed a 3D Multi power Area Localization Scheme (3D-MALS) based on 
mobile Detacheable Elevator Tranceivers (DETs). It is an extension of ALS by adding the third 

dimesnion (i.e. depth). Nodes obtain their depth information via pressure sensors. In addition to 

devices used in ALS, 3D-MALS uses DETs, which are attched to the surface buoys to get 
location cooridnates. Then, they dive vertically underwater and broadcast their location 

information at different power levels. Ordinary nodes record a list of these information along 

with their corresponding lowest transmitted power levels. Then, they send them to the sink nodes 
to estimate the region at which each ordinary node is located. The sink nodes use the ALS 

algorithm to estimate the location.  

 

4.3. Hybrid Localization Schemes 
 

J. Luo et al.[25] proposed a localization scheme called Two-Phase Time Synchronization-Free 

Localization Algorithm (TP-TSFLA). The scheme assumes a static network and nodes are 
equipped with pressure sensors to obtain their depths. The protocol consists of two phases. In the 

first phase, a number of mobile beacon nodes with known locations dive and rise in a vertical 

direction, and broadcast localization packets in fixed time intervals similar to LSWTS [16]. Each 
ordinary node upon receiving such packet, applies the same method as in [16] to calculate the 

distance to the beacon node. Then, if the ordinary node successfully computes the distances to at 

least three beacons, it uses the Particle Swarm Optimization (PSO) [26][27] to estimate its 

location. Since the number of ordinary nodes is much higher than the number of beacon nodes, 
some of the ordinary nodes will not be able to receive packets from at least three different beacon 

nodes. Therefore, in the second phase, the nodes that were unable to receive enough packets, 

broadcast localization requests. Ordinary nodes that were localized in the first phase will act as 
reference nodes and reply to those requests by sending their coordinates. Upon receiving such 

packets, the still non-located nodes apply the Circle-based Range-Free Localization Algorithm 

(CRFLA) proposed in the paper to determine their locations. To improve the accuracy of the 

estimated locations in the second phase, the authors proposed an extension of CRFLA that helps 
adjusting the estimated locations. 
 

Table 1: Comparison between existing localization schemes for UWSNs 
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5. OPEN RESEARCH ISSUES 
 

Despite the research efforts in developing localization schemes, there remains a number of issues 
that pose open research questions. In this section we list major problems in the area that still 

require further investigation.  
 

 Geographic routing protocols are built on top of some localization schemes. Such routing 

protocols assume that all nodes can obtain their locations accurately. In reality, however, 
some nodes might not be able to obtain their locations and some others obtain inaccurate 

locations. One possible reason is that a node might not be able to receive a sufficient number 

of messages required for location estimation. Another reason is related to the errors in 
distance estimation. Several studies have shown that localization inaccuracies degrade the 

performance of location-based routing protocols in WSNs [28][29][30][31]. To the best of 

our knowledge, however, no work studied the impact of localization schemes on the 

performance of geographic routing in UWSNs. Studying the impacts of localization schemes 
on the performance of geographic routing protocols is still an open research issue. 

 

 The developed localization schemes are analyzed assuming constant sound speed. 

However, the speed of sound underwater is affected by different conditions such as 
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temperature, salinity and depth. It increases by 4.0 m/s when the temperature increases by 
1oC [32]. When the salinity of the water increases by 1 practical salinity unit (PSU), the 

speed increases by 1.4 m/s [32]. By increasing the depth under water by 1 km, the speed of 

sound increases by 17 m/s [32]. The assumption of constant sound speed may increase the 

error in the estimation of the sensor nodes’ locations. Therefore, developing a model that 
reflects the change in the speed of sound underwater and incorporating this in the location 

estimation of the nodes is still an open question. 
 

 Underwater nodes move due to different reasons and hence there is a need for developing 

a more realistic mobility model that reflects the mobility of the sensor nodes in different 
operating conditions and environments. Then, the next step is to analyze the performance of 

the localization schemes using this mobility model. 
 

6. CONCLUSION 
 

Localization in UWSNs is one of the critical tasks in designing UWSNs. It can be used for data 
tagging, object tracking and data transmission in geographic routing protocols. Several factors 

and challenges need to be considered when developing a localization scheme for UWSNs. 

Characteristics of the acoustic signal, nodes’ deployment, node mobility, and time 
synchronization are examples of these challenges. This paper has reviewed the state-of-the-art of 

the localization schemes in UWSNs. It has surveyed some of the recent schemes and has 

classified them in different categories. Furthermore, the paper has discussed some open research 
issues that need further investigation in this area. 
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