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Abstract
Wireless sensor networks have emerged from militagds and found its way into civil applicationsday wireless sensor networks
have become a key technology for different kindsmafrt environments. Senswrde localization which is determining where a give
sensor node is physically or relatively locatedeigremely crucial for most of the applications iirekess sensor networks. The
procedure through which the sensor nodes obtaiir fhasitions is called localizationMany localization algorithms have been

proposed for wireless sensor networks.this article, we describe our newly developedalzation algorithm and performance

evaluation of this localization algorithm with sqea‘C’ and ‘L’ shape network topology.
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1. INTRODUCTION

The wireless field has been experiencing exponlegitawth in
the past decade. We have seen great advances viorket
infrastructures, rapid growth of cellular networlseuss, the
growing availability of wireless applications, atiet emergence
of omnipresent wireless devices. The mobile deviees
becoming smaller, cheaper, more convenient,
powerful. In addition to that of the traditionalllar networks,
an exponential growth of the wireless device thahnects
wireless communication devices together to creatgiraless
network is also being experienced. Many wirelesdods can
be connected together to create larger networkgtwisi ad hoc
network. A wireless ad hoc network is a collectiaf
autonomous nodes or terminals that communicate wdtth
other by forming a multi hop radio network and ntaining
connectivity in a decentralized manner. The wirgle®des
communicate over wireless links; thus, they havedmpete
with the effects of radio communication, such as@ofading,
and interference. In addition, the links typicalhave less
bandwidth than in a wired network. Each node iniieless ad
hoc network functions as both a host and a rowed the
control of the network is distributed among the emdLow-
cost, easily installed access points grew rapidlgadpularity in
the late 1990s and early 2000s. They can also ramem
applications on the network services. Ad hoc wasleetworks,
in which a group of potentially mobile units equigpwith radio
transceivers, can communicate without any fixedastfucture.
Miniaturization of semiconductor technology hasdiea the
development of small, low power and inexpensiveseen
devices often called as nodes. Network of suchosatevices is

and emor

nothing but wireless sensor network. A wirelessssemetwork
is a network made up of hundreds or thousandste® using
sensors to monitor different conditions, such aspirature,
sound, vibration, pressure, motion, or pollutarts,different
locations. Usually these devices are small andpieesive, so
that they can be produced and deployed in large beusn
Nodes of such networks can be positioned, randoony
following a predetermined scheme, over a given;atea both
collect data and, at the same time, act as comrmatioic
centers.

Self-localization capability is a highly desiraldlearacteristic of
sensor network. In environmental monitoring appiass,
water quality monitoring and precision agricultur¢he
measurement data are meaningless without knowirgy
location from where the data are obtained. Moreol®ration
estimation may enable a number of applications sash
inventory management, intrusion detection, roadffitra
monitoring, health monitoring, investigation andw&illance.

2. THE COMPONENTS OF LOCALIZATION
SYSTEM

Localization systems can be divided into three edéht
components:
Distance and/or angle estimation: This componisnt
accountable for estimating
distances and/or angles between two nodes.
information will be used by the other componentshaf
localization system.
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Location computation: This component is respdesibr
computing a node's position based on available
information concerning distances/ angles and postof
reference nodes.

Localization algorithm: This is the main compoheha
localization system. It determines how the avadabl
information will be manipulated in order to allowost or

all of the nodes of a WSN to estimate their posiio

Various methods are used to get distance and/ode ang
estimation. These methods include received sigt@ngth
indication (RSSI), time of arrival/time differencef arrival
(ToA/TDoA), angle of arrival (AoA), and communiocati
range.

3. SYSTEM MODEL

For most applications, sensed data without spatidltemporal
coordinates is of very limited use. Sensor nodeg hta be
aware of their location to be able to specify “wdiea certain
event takes place. Therefore, the problem of lateji the
sensors is of paramount importance for many clagsegnsor
network applications. Determining the physical toma of the
sensors after they have been deployed is knowheaproblem
of localization.

The system model considered here is a wirelesosaeswork
which is composed of n nodes with a communicatéamge of r,
distributed in a two dimensional sensor field. k&shbeen
considered that communication links are symmethiat is, for
any two nodes u and v, u reaches v if and only iiéaches u
and with the same signal strength w.

We have deployed the nodes in Square area, C sinepeand L
shape area. These deployed nodes can be dividedtvimat
categories: Anchors and unknown nodes. Anchorsherstatic
nodes with well-defined coordinates. They congtitua
customized ad-hoc network for wireless data comuatign.
Unknown nodes, on the other hand, are distributedrandom.
While an unknown node falls in the signal coveragea
specific static node, they communicate with eacheotby
making wireless links. Geometry of fixed anchors &bove
said three topologies is as shown by Figurel, Eighirand
Figure 3. The symbols used to show Anchor Node and
Unknown node is as follows

@ Anchor Modes <& Unknown Modes
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Figl Deployment of anchors and unknown nodes in Square

topology
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Fig2 Deployment of anchors and unknown nodes in C shape
topology
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Fig3 Deployment of anchors and unknown nodes in L shape
topology

Anchor node refers to the nodes having predefimeations.
They are also known as landmarks, these are thesnih@t do
not need a localization system in order to estirttaé physical
positions. Their localization is obtained by manpialcement or
external means such as GPS. These nodes form #e dia
localization systems for WSNs. Unknown nodes retershe
nodes of the network that do not know their loalan

Volume: 03 Issue: 01 | Jan-2014, Available @ http://www.ijr

et.org 502




IJRET: International Journal of Research in Engineering and Technology

el SSN: 2319-1163 | pl SSN: 2321-7308

information. To estimate their positions is the mgpal of a
localization system.

Ad hoc anchor nodes are those nodes which wer@lipit
unknown nodes that manage to estimate their pasithy using
the localization scheme. The number of ad hoc anabdes
and the normalized localization error of nodes e main
parameters for determining the quality of a loclan system.

4. PROPOSED METHOD OF LOCALIZATION

The proposed localization method is as follows
1. Initialize the sensor network which is consistinf o
anchor nodes and unknown nodes.

2. Select the required topology from Square, C and L

shape topology.

3. Designate anchor nodes as fixed anchor nodes and
place the fixed anchor nodes according to particula

geometry.
4, The distances of the unknown node from all the anch
nodes are calculated.

5. Choose the three anchor nodes which are nearest to
unknown node to form a triangle. The centroid of

Figure 4 asAABC. The positions of three known nodes A, B, C

are(xi' Y (%1 ¥2), (%, ¥5) respectively. In order to find out

the location of unknown node (beacon) denoted byh&
centroid of a triangle ABC is calculated. The cdlinates of
centroid are nothing but location of S. As a secstaep node S
is designated as candidate ad hoc anchor node uftinef
localization.

Steps 1 and 2 are repeated for all nodes, untihoi@ nodes can
be assigned designation as candidate ad hoc anchor.

triangle is determined which is the position of Fig4: Trilateration paradigm to find location of nodettfies in

unknown node.

6. If unknown node does not lie in the range of three

the radio range of three anchors three or moreitbdes.

anchor nodes, select two anchor nodes, which areThe |ocation of remaining nodes (those who areiwitange of

nearest to unknown node.

less than three anchor or ad hoc anchor nodestimated as

7. If the unknown node lies in the range of two anchor follows.

nodes its estimated position is calculated as eeoftr
the line joining the points of intersection of theo

If the unknown node lies in the range of two anchodes, its

circles whose centres are the anchor nodes and radiestimated position is given as the ‘Centre of the joining the

are the radio range of these anchors.

points of intersection of the two circles whosetoes are the

8. Once an unknown node gets localized, designate thisanchor nodes and radii are the radio range of tarsbors’. To
node as candidate ad hoc anchor node. This node igind the centre Radical Line Algorithm [5] is used

now available as ad hoc anchor node.

9. This ad hoc anchor node is now available to work as
anchor node for localization of remaining unknown

nodes.

10. Steps 4 to 9 will be repeated until all unknown esd
get localized.

11. The performance of algorithm
following performance measures.

1. Number of Candidate Ad hoc nodes for particukzdio
range,

2. Percentage of ad hoc anchor nodes and

3. Normalized localization error

Let us consider the scenario as shown in the Fidurdt is
proposed to find out the location of node denotedSawhose
co ordinates ar(zx’ y) .

As a first step the number of fixed anchor nodésglyin the

radio range of node S is determined. From thesesdtidree
nodes are chosen arbitrarily to form a triangleoded in the

is measured with

Original Position of beacon

Estimated Position
of beacon

Radio Range

Fig 5 An example of unknown node that lies in the ranfyesvo
anchor nodes.

5.SIMULATION MODEL

A simulation model is developed in MATLAB to studie
performance of proposed ad hoc anchor
localization algorithm. Selected deployment regigh of
100x100, 200x200, 300x300, 400x400, and 500x500e Th
anchor nodes are placed at particular locatiohéndeployment
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region. Unknown nodes are distributed at randomthe
deployment region. Here simulation area considése8iquare
shape, ‘C’ shape and ‘L’ shape.

For rectangular area eight anchor nodes are platemtrtain
location which has been determined according torgtry of
deployment region. Similarly in ‘C’ shape regiorx sinchor
nodes and in ‘L’ shape region four anchor nodesptaeed at
certain locations.

6. PERFORMANCE MEASURES

Performance of network is evaluated by calculafivliipwing
performance measures

A) Candidate Ad hoc Anchor Nodes: During the execubf
localization algorithm the unknown nodes which pealized
and can work as ad hoc anchor node for localizatbn
remaining unknown nodes are called as Candidatehéd
Anchor Nodes.

B) Percentage Ad hoc anchor nodes: During the exerof
localization algorithm, the percentage of candidatt hoc
anchor nodes those actually work as ad hoc anclers
calculated. It is desirable to have less percentafgad hoc
anchor nodes used for localization process.

C) Normalized localization error: It is defined &sllows.

Assume the real coordinate of the unknown nod& ) and

its estimated co ordinates &fe Y1) . The localization error of
node i is defined as

V%) + (y - y)?
Radio Range

q:

It is desirable to have a smaller amount of Norneali
localization error for ideal localization algorithm

7.RESULTS

Radio Range vs Candidate anchor nodes for 300x300 area and Square-shaped topology
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Fig 6 Radio Range Vs Candidate anchor nodes for 300300

Square topology

Figure 6 gives candidate anchor nodes generatia iB00x300
Square topology network at various values of radiges from
60 to 75. As there is increase in radio range ofse nodes,
number of candidate ad hoc anchor nodes incre&sesthe
radio range 65 with 200 node density in the netwigt® nodes
are localized.

Radio Range vs % of adhoc nodes for 300x300 area and Square-shaped topology
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Fig 7 Radio Range Vs % of ad hoc anchor nodes for 300x30
Square topology

Figure 7 gives percentage of ad hoc anchor nodeghén
300x300 Square topology network at various valuesadio
ranges from 60 to 75. As radio range increaseseptage of ad
hoc anchor nodes also increases. For the radicer@fgand
node density 100, 13% nodes works as ad hoc amdu#s in
the network. Here maximum value for percentage fhac
anchor nodes is 15% for radio range 75.

Radio Range vs Normalized Localization Error for 300x300 area and Square-shaped topology
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Fig 8 Radio range Vs Normalized Localization error for
300x300 Square topology

Figure 8 gives Normalized Localization error in t8@0x300
Square topology network at various values of radigges from
60 to 75. In this entire radio range Normalized dlamtion
error changes from 0.3 to 0.32 which is almost taorts
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Radio Range vs Candidate anchor nodes for 300x300 area and C-shaped topology
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Fig 9 Radio Range Vs Candidate anchor nodes for 300%300

shape topology

Figure 9 gives candidate anchor nodes in the 300xG0
topology network at various values of radio ranffesn 85 to

Radio Range vs Normalized Localization Error for 300x300 area and C-shaped topology
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Fig 11 Radio Range Vs Normalized Localization Error for
300x300 ‘C’ shape topology

Figure 11 gives Normalized Localization error ire tR00x300

100. Here minimum 85% and maximum 90% nodes areC shape topology network at various values of radioges

localized.

Radio Range s % of adhoc nodes for 300x300 area and C-shaped topology
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Fig 10 Radio Range Vs % of ad hoc anchor nodes for 300x30

‘C’ shape topology

Figure 10 shows percentage of ad hoc anchor nauebel
300x300 ‘C’ shape topology network at various valoéradio
ranges from 85 to 100. As radio range increasesepé&age of
ad hoc anchor nodes increases. For the radio rafifeand
node density 100, 20 % nodes works as ad hoc amdu®s in
the network. It demonstrates that for this typicalenario
maximum 20% nodes act as ad hoc anchor nodes.

from 85 to 100.

In this entire radio range Normadiz
Localization Error remains almost constant thaidar to 0.35.

Radio Range vs Candidate anchor nodes for 300x300 area and L-shaped topology
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Figl2 Radio Range Vs Candidate anchor nodes for 3004300
shape topology

Figure 12 gives candidate anchor nodes generatethen
300x300 L topology network at various values ofisadnges
from 90 to 105. It has been observed that evdmeifradio range
of fixed anchor nodes increases, number of locdlinedes
remains almost constant to 90%.
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Radio Range vs % of adhoc nodes for 300x300 area and L-shaped topology
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Fig 13 Radio Range Vs % of ad hoc anchor nodes for 300x30
‘L’ shape topology

Figure 13 gives percentage of ad hoc anchor nodethe
300x300 ‘L’ shape topology network at various valwé radio
ranges from 90 to 105. As radio range increasesepé&age of
ad hoc anchor nodes also increases up to 20%.heoratlio
range 100 and node density 100, 15% nodes worle d®c
anchor nodes in the network.

Figure 14 gives Normalized Localization error ie 800x300 L
shape topology network at various values of radimges from
90 to 105. In this entire radio range Normalizedccdlzation
Error remains almost constant. It is 0.34.

Radio Range vs Normalized Localization Error for 300x300 area and L-shaped topology
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Fig 14 Radio Range Vs Normalized Localization Error for
300x300 ‘L’ shape topology

CONCLUSIONS

From the results to obtain better performance chliaation

algorithm a typical radio range is required to leéested. For
Square shape topology radio range required isclesgared to
“C” & “L"” shape topology. Thus for Square topolodgss

amount of sensor node energy is consumed as radiger
required is less. The normalized localization erigrdess in
Square shape topology compared to “C” & “L” shapeaiogy.

The developed algorithm gives less error compacedther
range free algorithms. The ad hoc sensor nodethase nodes
which act as anchor nodes in further localizatiomcpss; once
an unknown node is localized it can be used in lizaigon

process. The developed localization algorithm itistes the
localization task to fixed anchor nodes as wellt@sad hoc
anchor nodes, which will improve the overall penfiance of
the algorithm.

It has been observed that the percentage of adidtor nodes
required is less in Square topology. Based on dicpéar
localization application the given area is dividét in to
Square, then “L” & “C” shape to get better locatina
performance. The suggested algorithm gives an hbsig
suggesting typical radio range required for semsmfes, which
type of topology gives better performance, the @etage of ad
hoc anchor nodes required depending on no of naded in
network area.
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