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Abstract

In the past decade, Wireless sensor networks (WSNSs) have attracted very much attention from the research and
industrial community. Various WSN based projects produced fruitful and interesting results. In various
applications, the location information of node is vital for the service. The reason is that users usually need to
know what happens, but also where the concerned events happen. For example, in battlefield surveillance, the
knowledge of where the enemy comes from can be much more important than only knowing the appearance of
the enemy, it is much important that sensors reports the information along with their location. Localization is
one of the primary and widely useful middle-ware services in sensor networks, mostly allows every node to
obtain its location information. The localization schemes can be categorized on the basis of various parameters
like availability of GPS, presence of anchors, range measurements, model of computation etc. On the basis of
computation model, the localization approaches can be categorized into: centralized and distributed localization
techniques. Due to certain advantages, distributed localization is flattering as an active stem in sensor
localization. In this paper, we have been reported a detailed analysis on distributed localization techniques and
outline the merits and limitations of distributed localization schemes in WSNs. Finally, we conclude the paper
with some open issues.
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1. Introduction

Recent advancement in wireless communication and low-cost sensor technology has enabled the emergence
and evolution of wireless sensor networks (WSNs) as new paradigm of computer networking [1], [2]. A
wireless sensor network is poised of huge number of low-cost, tiny sensor nodes enabled with sensing,
processing and transmitting capabilities [3], [4]. A simple wireless sensor network is shown in fig. 1.
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Fig.1.A simple wireless sensor network (Source: [8])

The wireless sensor networks were initially motivated by military applications but nowadays, WSNs are
used in various civilian application areas like: monitoring, tracking, control, automation and healthcare
applications. In many applications, the location information of sensor node is of much importance. Location of
sensor node is crucial to find. Localization is a method of determining the position on a node. The localization
schemes can be categorized on the basis of various parameters like availability of GPS, presence of anchors,
computation model, range measurements etc [5],[6],[7],[33]. On the basis of computation model, the
localization approaches can be classified into two categories: centralized and distributed localization techniques.
In centralized model, all the measurements are collected and processed at central base station while in
distributed model, computation take place at every node. Due to hardware restrictions of sensors, solutions in
distributed schemes are being considered as cost effective solutions. In this paper, various distributed
localization schemes have been discussed. The rest of the paper is organized as follows. Section 2, describes
the overview of localization process and the taxonomy of localization algorithms. Section 3, describes the
distributed localization algorithms and its variants. Section 4 covers the analysis and discussion. Section 5
concludes the paper.

2. Localization Overview

Localization is anticipated through the communication between localized or known node and unlocalized
node for obtaining their geometrical situation or position [9],[10]. The localization overview contains the brief
overview of localization process and the taxonomy of the localization scheme.

2.1. Localization Process

Localization process situates sensor nodes on the basis of input data. The common inputs are the anchor
positions (if anchor available), connectivity information, distance or angle between nodes. The measurement
techniques can be proximity based, distance based or angle based. The proximity based techniques are based on
radio or acoustic waves. Localization algorithm is executed in an important step in the localization process. A
localization process objective varies accordingly. The overview of a localization process is shown in fig 2.
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2.2. Localization Algorithms

On the basis of input data, a localization algorithm determines the nodes location in the network. The Inputs
be the range estimates with or without the position of beacons or access point. The localization algorithms are
classified on the basis of various parameters like availability of GPS, presence of anchors, computation model,
range measurements etc [6],[7],[34]. The taxonomy of localization techniques is shown in fig. 3.
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Fig.3.Taxonomy of localization schemes in WSNs

On the basis of computation model, the localization approaches can be categorized into two types:
centralized and distributed localization schemes [11], [35]. In continuation, the localization algorithms are
broadly classified into two types given as:

e Centralized localization algorithms
e Distributed localization algorithms

3. Distributed Localization Algorithms

In distributed techniques, each sensor node gives restricted communication with nearer nodes to obtain the
position information [11],[12]. In distributed localization, sensor nodes perform the required computation
themselves and communicate with each other to get their own location in network. There is no clustering in
distributed schemes. The taxonomy of distribute localization is shown in fig.4.
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Fig.4.Taxonomy of distributed localization algorithms in WSNs
3.1. Beacon based distributed localization algorithms

Beacon based localization algorithms [13],[14],[15],[16] begin with group of beacons and unknown nodes to
obtain measurement to a less number of sensor After that measurements are used to find out their own locations.
These algorithms can be classified into diffusion and gradients algorithms. In diffusion, node’s most probable
location is at the centroid of its nearby recognized nodes. The popular algorithms in this category are:

» Approximate Point in Triangle (APIT)

APIT is an area based range free scheme which assumes that some of nodes those are aware of their
positions outfitted with high powered transmitters. APIT [13] is located in area to carry out position estimation
by separating the area into triangular zones between anchors. Each node’s presence inside or outside the
triangle regions allows declining the viable location until and unless every possible sets have reached to an
acceptable accuracy. The flowchart representation of APIT algorithm is shown in fig. 5.
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» Gradient

In gradient algorithm, unknown nodes obtain their locations through multilateration. It hop count which is
initially set to zero and incremented as it pass on to other nearby nodes. This algorithm follows certain steps
such as:

e In the first step, anchor nodes broadcasts a message carrying it’s coordinated and hop count value.
e In the second step, unknown node determines the shortest path between itself and anchor node from
which it receives beacon message [17]. The estimated distance can be calculated by following equation:

dy =h, 4 d

i e hop

e In the third step, minimum error in which node calculate its coordinate is computed by following

equation:
n -
5= -
i=1

Where d'is gradient propagation based estimated distance.
3.2. Relaxation based distributed localization algorithms

The relaxation based algorithms can be classified on basis of two approaches: spring model approach and
cooperative ranging approach. Anchor free localization algorithms [18] (AFL) are based on spring model
approach. The assumption based coordinate system (ABC) are based on cooperative ranging [19], exploits the
soaring network connectivity. The benefit of this approach is that there is no need of global resource or
communication.

3.3. Relaxation based distributed localization algorithms

Coordinate system stitching based techniques divides the whole network into small and overlapping sub
regions, all of them construct an optimal local map. After that those local maps are merged into a single large
map known as global map. The coordinate system stitching based distributed algorithms are generally based on
two approaches: cluster based and inter node distance based approach. In the cluster based distributed
algorithm [20], the node have distance estimation ability in close proximity. Cluster based distributed
localization is mainly consists of two phases. First one is cluster localization phase and second one is cluster
transformation phase. The benefit of this approach is that it supports lively node inclusion and mobility. The
inter node distance approach based distributed localization algorithm [21] construct a map along with distance
matrix. This approach possibly curtails the differences among them by some transformations. The benefit of
this approach is that it is anchor free localization.

3.4. Hop based distributed localization algorithms
Hop based localization techniques works on the basis of the hop based connectivity range between the

anchor nodes and nearby nodes. Hop based techniques are categorized as: one hop and multi hop localization
techniques. The popular hop based techniques are given as:
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> DV-Hop

DV-Hop localization [13] uses a mechanism similar to the classical distance vector routing method. One
anchor node broadcasts a message which contains the anchors’ positions with hop count. Each receiving node
keeps the minimum value, which it receives. After that it ignores the other message with higher values [22,23].
Messages broadcasted out with hop count values incremented at every middle hop. In this scheme, all nodes in
the network and other anchors obtain the shortest distance in hops. On the whole single hop distance in anchor i
can be computed as:

E \-'lr (xi - x}_j! + (}Ji - }I_J'j:
Sk

Hop Size, =

Where anchor j is at location (x;, y;) and h; is the distance in hops from j to i. The triangulation is used
location estimation of unknown nodes. In this algorithm for two dimensional deployment of network, minimum
3 anchor’s locations are used as shown by symbol A in fig.6.

Fig.6.DV- Hop Algorithm through triangulation
» Multi-Hop

Multi Hop techniques are able to compute a connectivity graph. The multi dimensional scaling (MDS) uses
connectivity information considering the nodes range. This scheme has following steps [14] given as:

o In first step, the distance estimation between each viable pair of nodes is done.
e Insecond step, MDS is used for deriving the locations to fit the estimated distance.
o Finally in last step, optimization is done by putting the known locations into account.

In large scale sensor networks, there are several kind of MDS methods are used such as metric, non metric,
classical, weighted. The multi hop based process allows multi hop nodes to collaborate in finding better
position estimates [24].

3.5. Interferometric ranging based distributed localization algorithms

The radio interferometric positioning system (RIPS) [25],[26],[27] exploits interfering RF signal emitted
from two locations to obtain the essential ranging information. The synchronization problems cause relative
phase offset of the signal. Relative offset is utility of the comparative positions of the involved sensor nodes
and the carrier frequency.
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3.6. Error propagation aware distributed localization algorithms

Error propagation aware (EPA) algorithm [28] integrates the path loss and measurement error model.
Initially, beacon nodes disseminate their information that contains their IDs, global coordinates, and the error
variance. After that, node positions are computed by integrating its weight matrix into weighted least square
(WLS) algorithm [29]. After obtaining its own position the node becomes beacon and start broadcasting its ID,
global coordinates, and ranging variance. This method is repetitive and continues until and unless each node
obtains its positions.

3.7. Hybrid distributed localization algorithms

Hybrid localization can be depicted with the combination of two or more localization techniques. In [30] the
authors’ presents a scheme composed of two techniques: multidimensional scaling (MDS) and proximity based
distance mapping (PDM). Initially a few anchors are deployed as primary anchors. In the first phase, some
anchors are chosen as secondary anchors those are localized through MDS. In the second phase, the normal
sensors are localized through PDM.

4. Analysis and Discussion

WSNSs have many constraints such as node size, energy, and cost etc. It is indeed necessary to consider these
constraints before designing any localization mechanism. Node communication and data transmission take
much power and consume more energy. Many localization algorithms have been proposed; however most of
them are application specific. So the comparison of various localization algorithms and some open issues in
localization schemes are discussed in this section.

4.1. Comparison

All localization techniques have their own merits and limitations, making them appropriate for diverse
applications. In this paper, we have performed comprehensive review on various localization techniques and
compare them. After that we summarized then comparison in tabular form. The comparison between
centralized and distributed localization is summarized in table 1. The comparison of some distributed
localization schemes is summarized in table 2. The summary of comparison between distributed localization is
shown in table 3.

Table 1.Comparison between centralized and distributed techniques

Techniques —p Centralized Techniques Distributed Techniques
Factors l

Cost More Less

Power consumption More Less

Accuracy 70-75% 75-90%

Dependency on No Yes

additional hardware

Deployability Hard Easy
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Table 2. Comparison between some distributed localization schemes

and APS

Parameter = Node Cost Accuracy Overhead Scalability
Technique * density
APIT >16 Low Good Small Yes
DV-Hop >8 Medium Good Largest No
Multi-Hop >12 High Good Large No
Gradient >6 Low Average Large Yes
Table 3. Summary of comparison between distributed localization schemes in WSNs
Schemes Objective Computation Cost Accurac Scalability
model (communicati y
on &
computation)
T. Heet al. [13] Present a algorithm to make cost effective schemes  Distributed Low Low Yes
A. Savvides et al. [14] Present a collaborative multilateration approach to  Distributed Low Low Yes
enable nodes for accurate estimation of locations
via beacon
S. Simic et al. [15] Present a decentralized approach for node Distributed Low Low Yes
localization in wireless network
J. Bachrach et al. [16] Present an approach to find out the position of Distributed Low Low Yes
network when the nodes have been scattered over
harsh environment
N. Priyantha et al. [18] Present an anchor free approach for localization Distributed Low Low Yes
where node start from casual initial assignments
and converge to consistent solution
C. Savarese et al. [19] Present a cooperative ranging approach to get rid  Distributed Low Low Yes
of burden due to beacons
David Moore et al. [20] Present a scheme that localize sensor nodes in a  Distributed Low Low Yes
region by use of robust quadrilaterals
Lambert Meertens et al.  Present an approach that construct a global Distributed Low Low Yes
[21] coordinate system in network
M. Maroti et al. [25] Present a algorithm on the basis of Interferometric  Distributed High High Yes
ranging
N. Patwari et al. [26] Present a technique based on Interferometric  Distributed High High Yes
ranging
Rui. Huang et al. [27] Present a localization algorithm based on Distributed Low High Yes
Interferometric ranging for larger networks
N. A. Alsindi et al. [28] Present an error aware algorithms for localization  Distributed Low High Yes
in WSNs
King-Yip Cheng et al. Presents a distributed algorithms composed of Distributed Low High Yes
[30] MDS and PDM
Jaime Lloret et al. [31] Present a localization algorithm by using inductive  Distributed Low High Yes
and deductive approach
A .A. Ahmad et al. [32] Present a localization algorithm composed of MDS  Distributed Low High Yes
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4.2. Issues in localization techniques

Sensor network localization is an active research area and has numerous issues so still has a lot of scope for
research community. Some of the issues need to be addressed are:

o Cost effective algorithms: During the design of localization algorithm, designer must keep in mind the
cost incurred in hardware and deployment. GPS is not suitable because of its cost and size of hardware.

e Robust algorithms for mobile sensor networks: Mobile sensors are much useful in some environments
because of mobility and coverage facility. Hence, development of new algorithms is needed to
accommodate these mobile nodes.

e Algorithms for 3 Dimensional spaces: For many WSN applications, accurate location information is
crucial. The most of the reported algorithms are pertinent to 2D space. On the other hand, some the
application needs 3 D positioning of WSNs.

e Accuracy: If there is incorrect estimation of node position, then localization accuracy is compromised.
Designer must keep in mind that accuracy is very much important factor in sensor localization.

e Scalability: In large scale deployment, it is generally desirable to enlarge the monitoring area amid
nodes. So careful observations are required to check the scalability of localization techniques.

e  Security: localization accuracy of algorithms is of much importance. Some algorithms have very good
localization accuracy. But, at real time usage they are prone to attacks. Hence, the security of node
localization is crucial.

5. Conclusions

Wireless sensor network localization has gain lot of attention of research community. This concern is likely
to grow further with the rise in WSN based applications. This paper had performed a review of various
distributed localization techniques and their corresponding localization algorithms for sensor network. In this
paper, the taxonomy of localization techniques has been discussed. In this work, we compare the different
localization techniques and represent that comparison in tabular form. This paper reported the classification of
distributed localization algorithms on the basis of various measurements. Among all reported schemes, the
comparative analysis done by us to conclude that each algorithm has its own features and none is absolutely
best. On the whole, the centralized techniques are either expensive or susceptible to network dynamics.
However, the distributed techniques are imprecise and easily affected by node density. Regardless of
significant research development in this area, some unsolved problems are still there. At the end, we focused on
the certain issues need to be addressed. This paper is very useful for the research group those are interested in
development, modification and optimization of localization algorithms for wireless sensor networks.
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