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Abstract
'fhis dissertation presents some contribution in WSN (Wirclcss Sensor

Network) regarding the problem ofsensor localization. Sensors are deploycd in somc

environment for monitoring ofany cvent; in real sccnarios, usually this deploymcnl is

random. There are applications, which only demand for the transmission of the

information without knowing the source location. but therc are applications in which

location ofsourcc should be known to take some nccessary action in response. Scnsor

Localization means finding oldeployed position ola senor. We proPosc a distributcd

approach for WSN localization. It rvorks as: At first slep, we measure dislancc

between neighboring nodes, as our proposed approach is rangc based then wc find

initial estimate of sensor's position with the help of trilaleration. Finally. we refined

the initially estimaled position using Ant Colony Optimization to get optimal

solution. Thc final optimum solution will be the optimum coordinates of a nodc. Wc

got betler localization accuracy and comparativcly less average crror.
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Chapter I Introduction

l l lntroduction

In this thesis, we tackled the problem of localization. The process of finding the

spatial location of nodes in a wireless network has been called localization. positioning.

geolocation, and self-organizing in the Iiterature t321. Different approaches have been

proposed in literature for localization.

In some applications it is vcry importanl to know thc source of information. [n typical

scenarios the sensor deployment is uncontrolled or random. WSN localization has its

importance such as for military purposes and many other applications wherc detection of

sensor location is ofmuch importance. It can bc used for routing, enhance security l32lctc.

In the Fig. l.l a scenario is presented relating to sensor positions. ln it (Xi, Yi) denotes the

positions that are already known and are called anchor or bcacon nodcs, (X?, Y?) are the

coordinates of sensor nodes that arc to be found yet. There are many type of techniques that

havc been used to find the position of unknown sensors. Wc have discussed many of them in

the chapter of literature survey.

(Xr,Yr)

? :()G,Yz)
o

C
o (Xa,Yc) o

(Xs,Ys)
(Xr,Yr)

(D Anchor nodes

I Non-anchor node
.. .. Comunication link

FIc. I .I LoCALIZATIoN PRoBLEM SCENARIo

A wirelcss sensor network (WSN) consists of spatially scatlered self-directed

sensors to supervise somc phenomena, which transmits gathered information to some main

location (Base station or Sink etc). Due 10 lhe enhanced technology now. established

2l Localization through Anchor and non-Anchor Nodes in WSN using ACO



networks provide bi-dircctional communication and controls scnsor activities as well. Mobile

sensor is one cxample of controlled activity. Inilially WSN were dcsigned for military

purposcs for battlefield observations. Afterword it moved towards various industrial and

consumer applications.

Wireless Networks have now become the need of this age and provide very good data

rates too. Wireless sensor nctworks (WSN) arc multi-hop and self-organized networks,

established with lzuge number of micro sensor nodes, which are deployed in ficld for the

monitoring of occurrence of some event [ ].

1.2 WSN Architecture

The sensor nodes have capabilities to collect data and route that data back to sink by a

mulli-hop structure less architecture through the sink as shown in Fig.l.2. The sink may

communicate with the task manager node via lntemet or satellitc for Iurther proccssing ol-

data that is received from deployed sensors. The design of the Wireless Sensor Network is

influcnced by many factors like false localization, fault tolerance, scalability. production

costs, operating environment, sensor network topology, hardware constraints, transmission

media, noise, power consumplion etc.

Sensor lield Senso{ nodes

Flc. I .2 SENSoR NoDEs SCATTERED rN A sENsoR rreuo I I ]

Characteristics of WSN

o Broadcast in nature

o More security hazards than wircd networks

User
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Introduction

Less data rates than wired networks

Easy remote access

Easily effected by cnvironmental factors

WSN configure and organize thcmse lves by their own

Scalability of large scale deployment

Basic Architccture of a Sensor

A sensor node consists of four basic components as shown in Fig.l.3 a scnsing unit, a

processing unit, a transceiver unit and a power unit. They may also havc application

dependent additional components such as a location finding syslem. a power gencrator and

mobilizcr etc. Sensing units are usually composed of two subunits: sensors and analog to

digital converters (ADCs). The analog signals produced by the sensors bascd on the obscrved

phenomcnon are converted to digital signals by the ADC and then fed into thc processing

unit. l'he processing unit which is generally associated with a small storage unit, this

processing unit manages the procedures that make the sensor node to collaborate with other

nodes to carry out the assigned sensing tasks. A transceiver unit connects the node to the

nelwork. One of the most important components of a sensor node is the power unit. Power

units may be supported by a power scavenging unit such as solar cells. There arc also many

other components which are application dependent.

I.a c ation Fin din g Sy s t e m Mobilizer

Power Generalor 
1

FIc. 1 .3 CoMPoNENTS oF SENSoR NoDE Il ]

Basic Characteristics of a Sensor

. Usually battery powered which cannot be recharged

a

a

a

a

a

Sensing Unit I Processing Unil

oi Nodes in WSN using ACO

Power Unil
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Broadcast in nature

Prone of failure etc.

Easily effected by environmental conditions

Limilcd in communication range

Limited computation power

Small in size

Limited or no storage capacity

The sensor nodes are battery powered so they have issues of limited power.

computational capacity and memory. Because of limited powcr capacity sensor nodes cannot

transmit signals up to long distance. So to gain much longer distancc coverage scnsor nodes

use multi-hops architecture to savc energy.

Application of sensors

Temperature

Humidity

Vehicular movement

Pressure

Noise Levels

The presence or absence ofdifferent kinds ofobjects

Mechanical stress levels on attached objects

The current characteristics such as speed, direction and size of object

Emergency responsc system

Battle field etc.

1.3 Research Background of WSN Localization

In some types of sensor applications, we don't need to know the physical position of

sensor node. In these t)?es ofapplication, the only thing that is important that is information.

Whereas there are many applications where information provided by the sensor is not of

important or meaningful until we know the physical position ofsender ofthe information. To

nco



find the tocation of the source of informalion is called Localization problem in Wirelcss

Sensor Network. In other words we can say thal Localization rel'ers lo the finding of thc

physical position of deployed sensor.

1.4 Broad Categories of Sensor Deployment

Random/Uncontrolled DePloYment

Controlled Deployment

In real scenarios deployment of sensor nodes is Random 1271. ln this type of

deployment strategy it is difficult to have any proper pre-plan. In such dcployment sensors

can be deployed by an aeroplane or by any other mean. There arc many scenarios where we

cannot have pre-planned deployment such as in the situation of war, flood etc.

In Controllcd deploymcnt [28] sensors are deployed by a prc-planned strategy This

dcployment can be manual. ln such s kind of sensor deployment, wc knew the dcployed

position of sensor.

1.5 Motivation of Research

Until now there is a lot of work have been done on the topic ol WSN localization

Many different techniques have been used to solve this problem. Ilroadly there are two

approaches used for this first one is distanced based and the other which don't depend on

distance estimation. The approaches based on distance are betler in estimation ol positions.

Distanced based approaches are costly in terms of cost and time complexity. These

approaches have hardware requirement but the real advantage is that thcy provide more

accurate results in distance measurement than the approaches that do not rely on distance.

The major problem cncountered during localization is the enor in position estimation of the

nodes. A number of researchers have employed evolutionary techniques such as Q. Zhang et

al. [4] used genetic algorithm to solve for localization in the centralized way. This approach

have some drawbacks such as: if central nodc is compromised then whole burden is on one

cenlral node, a lot of communication is involved, timely complex etc.

I

2
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In [5] genetic algorithm is also used for wsN localization. This approach was

distributed one but faces a bit targe localization cnor which cannot be tolerated in many

typical applications.

'l-here was the need of distributed approach with better localization accuracy and an

algorithm with comparatively better performance. We proposed Ant colony Optimization

algorithm for WSN Localization problem in distributed scenario. Genetic algorithm is used in

our based paper. Genetic algorithm is a evolutionary optimization tcchniques which is based

on Darwin theory whereas ant colony algorithm adopts the behavior of social insects. Ant

colony Optimization algorithm is better in convergence [2], 22]. To the best of our

knowledge we did not lound ACO algorithm for WSN Localization problem especially when

the nodes are static and approach is distributed.

1.6 Problem definition

'fhcrc are many mctlrodologies proposed in literature for localization in WSN as in

our basc paper genetic algorithm is used. Gcnetic algorithm took much time to get the

optimal solution as the search space increase in exponantional way where as Ant Colony

Optimization (ACO) [2], 22] does not. As we knew that the WSN has energy issue, as

usually sensors can't be recharged and in this way dependency on any node will exhaust their

battery very soon due to a lot of communication.

In Fig. 1.4 we have shown a central approach problem scenario that is the approach of

base paper [4]. Central approach work as: every node sends its collected information

(distance) between their neighboring nodes to one central node. Centralized approach

involves a lot of communication. Communication is costly as compared to computation that's

why there should be an approach, which is distributed, and not dependent on one central node

so the communication cost can be reduced. In central approach whole burden is on one

central node which can be divided to all thc nodes in the network using distributed approach.

In distributed scenario all relevant communication is done on the nodcs themselves [23]. In

centralized approach if central node is compromised or down then remaining nodes in the

network cannot be localized. Distributed approach is easily scalable [4] as compared to

central approach. In base paper genetic algorithm is used for WSN localization where as we

proposed Ant colony optimization as [21] shows that genetic algorithm is timely complex, in

1[ Locrf-afion th;ough Anchor and non-Anchor Nodes in WSN using ACO



Chapter I Introduction

it there is easy adjustmcnt of parameters than genetic algorithm l22l and better in accuracy

[34]. Below is the problem scenario ofcentralized approach for localization:

SensorNodes

FIc. 1.4 CENTRALIZED APPRoACII SCENARIo

1.7 Objective of Proposed Tcchnique

Objective of proposed technique is to enhance the existing mechanism of locating the

sensor nodes more efficiently with respect to time, to reduce mean location error, to achicvc

more accuracy while being aware of the timc complexity, to minimize the feasiblc rcgion that

hopefully contain lhe optimum solution to our localization problem. Time complexity is

directly propo(ional to the feasible region. The larger the feasible region. lhc morc timc it

requires to find location of sensor.

1.8 Approaches regarding coordinatc system

l. Global Approach

2. Local Approach

Global approach uses some extemal source to calculate position like GPS (Global

Positioning System) to be aware oflocation. These approaches are more reliable than Local.

Local Approach does not use external source. It uses arbitrary rigid transformation

like rolation, refleclion, translation which is away from global coordinate system. [26]

8l Localiz-ation through Anchor and non-Anchor Nodes in WSN using ACO



Chapter I Introduction

1.9 Classification of Localization methods

l. Centralized vs Distributed

2. Anchor-free vs Anchor-based

3. Range-free vs Range-based

4. Mobile vs Stationary

In ccntralized systems all deployed sensors transmit their computations to one

main (sink) node, which furthcr performs calculation on the basis of information delivcred

from the sensors. After computations sink node replies back to the deployed nodes in thc

field using their node lds. The drarvback of this method is that it puts the entire burden on

single central node and because the sensors are battcry powered their life time will stan to

decline sharply due to cxcessive communication to central point. We knew that

communication cost is several time of computation cost and it is also not timely efficient

[29]. But one good thing of centralized system is that their algorithms are easy as compared

to distributed systems and are more reliable too because central node have global vicw.

In distributed systems, every sensor is capable of performing computation and

able to take decision. In distributed systems sensors arc stand alonc dcvices. In these systems

computation is distributed among all the nodes. The distributed syslem reduces burden from

one central node and they are easily scalable too. Algorithms are more complex in distributcd

systems than centralized but timely efficient because communication messages are not in

queue to wait for processing at the central node [29].

Anchor-based and Anchor-frce

Anchor or sink nodcs are the nodes who knows their positions. They may know their

positions by some extemal mean like GPS or by hard coded. It means that they have prior

knowledge of their position. When these anchor nodes are deployed in some environment

other non-anchor nodes uses the known coordinates of anchor nodes to localize themselves.

This is known as anchor-based [30].

sl Localization through Anchor and non-Anchor Nodes in WSN using ACO



Anchor-frcc, here in this type of network there are no such nodes that knew about

their positions. These nodes use relativc coordinate and network connectivity information

among other nodes to know their positions [3 I ].

Range-based and Range-free

' Classification of WSN Localization on distancc estimation can be categorized

Range-based and Range-free.

Range-based approaches use some well known methods for distance measurcmenl.

This kind of approaches rely on distance or angle measurement than uses trilateration,

triangulation, multilateration or other approaches to find the initial estimate of nodes. 'lhcse

approaches are hardware based so are costly but provide good results. When geographic

position is of more importance then we should use range-based approachcs to calculate

distance [32].

Range-free approaches do not calculate distance or angle for localization o[

sensor/nodes. Although these approaches do nol require additional hardware but the

estimated results are not much reliable. Localization error in these methodologies is expected

to be high. Range-free approaches use network connectivity information to localize the nodcs

t331.

Mobile and stationary

Nodes that can move from one place to anothcr are mobile nodes and are expcnsivc

too. Such as a MS (Mobile Station) to which we want to localized with the help of BS (Base

Station) in GSM. Mobilc nodes change their position time-to-time that is why it is difficult to

find/locate them.

A sensor node that is not capable of movement by itself is called static node. Stalic

nodes are easier to find than mobile nodc because ofno frequent displacement.

into

r0 I Localization through Anchor and non-Anchor Nodcs in WSN using ACO



Chapter I 
I

Introduction

l.l0 Organization of the thcsis

In second chapter wc discussed literature survey, Chaptcr 3 discussed proposed

solution. Implementation and produced results are presented in chapter 4. Chapter 5 consists

of conclusion and futurc work.
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Chaplcr 2 Litcraturc Survey

Wircless Scnsor Network is applied in various fields [ ]. Information transmitted by

the sensors will be mcaningless if we don't know the location of the deployed sensor node.

Accurate self-localization capability is highly desirablc in wircless sensor network [2].

Distance estimation in WSN Localization divided into two kinds Range based and Range-free

[3]. In literalurc Range-based approaches used diflerent algorithms for dislance measurcment

like'foA, TDoA, AoA, RSSI where as in Range-free approaches dv-hop, Centroid, APIT etc.

are used.

2. I Range-based approaches

Time of Arrival: Sinan G et al. in [4] presented a two steps ranging approach

based on time resolution of UWB (Ultra Wideband). Minimum Lower bound for'l'oA can be

achicvcd but in the case of extremely high-rate sampling and large numbcr of multipath

component achievement but it was impractical. Algorithms in the literature were traditional

correlation-based algorithms which pcrforms serial search which causes delay in estimation

of ToA for UWB signal. So there was need of some diffcrent approach. Authors in this paper

proposed two steps to speed up estimation process which was slow due to serial scarch

approaches. Algorithm firstly estimates the rough ToA on received signal strength (RSS). As

the second

ofthe channel. In this regime, the amplitude and phasc change imposed by thc channel varies

considcrably ovcr the period of use) and depending on some othcr factors. l'o cop step ToA

ol' first signal was cstimatcd by hypothcsis lesting approach (method of making decision

using data whether from a controllcd experiment or an observation study).ln Low-rate

correlation is used which is able to perform accurate ToA estimation within reasonable time

factor. The future work included the optimization of the diffcrent estimator paramelers.

Received Signal Strength: Approach in [5] computes distancc bascd on

receiving signal power at the receiver. ll the transmission power is Plx. the path loss modcl

and the path loss coefficient c are known then at thc reccivcr sidc then signal strcngth

formula can be used to find distance as below.

Prcvd,: 

"f;*' 
: m'fhe 

advantage of this approach is that no additional hardware is required. l'here are

no additional communicational ovcrhead because the calculation is performed on the received

l3 I Localization through Anchor and non-Anchor Nodcs ln WSN ,rs,ng ACO



Chaptcr 2 Literalurc Survey

signal strenglh. RSS lacks at a point when values change rapidly, which can be the result of

fast fading (Fast fading occurs when the coherence time ol the channel is small relative to

the delay constraint this problem repeated measurements can be done.

TDoA (Time Difference of Arrival): Ali Malekitabar et ol. in [6] presenlcd a

technique for localization of a mobile (MS) with the help of BS (Basc Station). Estimation of

any node's position becomes difficult especially in urban areas due to obstacles like buildings

etc. l'hesc hurdles causc the delay which leads to error in localization. Authors also tclls that

we can reduce localization errors caused by NLS (non line-of-sight) by making comparisons

to predefined nodes in the database but at the same time it will increase the delay as a rcsult

of increase in computations. In multipath environment sometimes, this approach uses four

antennas to reduce multi path fading cffect. This technique requircs lhree synchronizcd BS.

All three BS monitor thc timc of arrival ol packets and thc difference in times is calculatcd.

Hyperbolas formed from relative time of arrival and the point where thcy inlcrcepts each

other that point is considered as the required position. The below figure shows three BS and a

MS and their relative distances. [6]

(x3.y3)
,'

-' d)/ rt1
t t'1''

d3/
d2

.(0.y2)

s\-

(0.0)

-E.,,

,t
Ftc. 2.1 SceNenro oF TrME DTFFERENCE oF ARRTvAL

Angel-of-Arrival (AoA): The approach presentcd by Rong Pcng er al. in l7l
works with the angle between propagalion direction and some reference direction which is

known as "Orientation". Oricntation is a fixed direction against AoA which is measured and

represented in degree in clockwise direction lrom North. At minimum two non-collinear

neighbor beacons are requircd to find the location and at least lhrec to discover both location

and orientation. Some assumptions are: All angels in the range of [0.2t], transmission range

d1
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is bounded by dmax (maximum transmission range) of any packet received outside of

transmission is consider as too long, line of sight is assumed which is a major limitation of

this rescarch paper. Basically therc are two approaches used in this paper lor localization:

First one was probabilistic localization with orientation information and other was

probabilistic localizalion without orientation information

2,2 Range-free approaches

DV-hop: Shuang Tian et al. in [8] presented DV-hop classical distance vcctor-hop

exchange so that all nodes in the network get distance in hops to the beacon nodes. It works

as: anchor nodes broadcast their positions and distances from other beacon nodes. lnitially

when each anchor node broadcast a packet it sets the flag to zero. Each time this packct is

received by any node the value of flag is increased by one. When this packct reachcs to olher

anchor node, the destined anchor node can find the number of hops betrveen other anchor

nodes and can calculate the averagc distance per-hop. One drawback of this approach was

that the unknown node in the network considers the first received distance as an avcragc

distance value and calculates the distances to beacons and other nodes in the network in their

range using this average distance. If the first distance received by any node is more or less

than the actual then it definitely leads to wrong measuremcnt of distance. 1'his problem is

handled in this paper using RSS (received signal strength) but the proposed algorithm has its

own limitations such as "only the neighbors ofanchor can update". So the future work is how

to precisely localize more nodes and increase the localization accuracy of the whole nctwork.

Centroid: Bulusu and Heidemann et ol. in [9] had proposed the centroid

localization algorithm which is proximity-based (numerical description of how far apart

objects are), coarse-grained (which are not absolute) localization algorithm. There are three

basic stcps in this algorithm: in step one all anchor nodes transmit their position in their range

area. which was listened by every node during their listen mode for some time period. As the

second step unknown nodes calculate their position with rcspect to the anchor nodcs which

are within its range area. In centroid algorithm (Xr, Yr) is location of anchor or reference

nodes which are used to estimate the positions of non-anchor nodes. When a node receives a

beacon it calculates its position with the help of following formula.

(Xest, Yest): ( 
x'jj xtv,!-lt)

Localization through Anchor and non-Anchor Nodes in WSN using ACO



Chapter 2 [,iterature Survev
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Frc. 2.2 WoRKTNG oF cENTRoTD AppRoAcll

Working of ccntroid localization is presented in the above diagram. Although ccntroid

localization algorithm was simple but a big disadvantagc is that it faces huge localization

CITOTS.

APIT (Approximate point in Triangulation): In [ 0] T . lle et ai. divided the sensor

deployment area into triangular regions among the anchor nodes. Area of those trianglcs is

narrowed down to the audible anchors. It is to make sure for bctler pcrformancc that

unknown node draws a triangle among the nearest possible anchor nodes. Thc aim is to

reduce the triangular.rea as small as possible in which the desired node is located this

technique is known as Point-ln-Triangulation Tcst (PIT). APIT repcats thc process of PIT

again and again until the desired accuracy or all possible triangulation combinations of

anchor nodes are tested and aggregation is performed. As a last step nodcs detcrmines its

position by calculating the center ofgravity (COG) which is the intcrsection ofall oftriangles

in which a node is lying. APIT is bcst suited lor irregular radio pattems and random

placement. As all of the above mentioned steps are perlormed by the nodcs themselves so il

is a distributed algorithm. The limitations ol this approach are: it requires complex

computations, assumes largc radio transmission range. This approach is testcd in 2d the

future work is to test this approach in three-dimension.

Trilateration for initial estimate of sensor position

Othman, Shaifull Nizam et al. in I l] discussed the theme of trilateration in a very

good manner. Trilateration is a geomelric based approach to find the relative positions ol

N1A1

o
o
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objects it works like triangulation. The only difference is that triangulation calculates angles

and at least one known distance, which trilateration does not do. In Fig.2.3 trilateration uses

three known positions of referencc points and measures the distancc betwecn referencc points

and subject. To achieve accuracy in 2d plane it is recommended that at least three known

points should be used and four referencc points for 3d planc. The point wherc three spheres

intersect is considcred as the position of a point ws want 1o know.

a

tla

Flc. 2.3 TnrunrERATroN BASED AppRo^cH

Koen Langendoen el al. in [2] discussed and compared three distributed algorithms.

which are most, fitted in distributed environment. Those algorithms are Ad-hoc positioning,

Robust positioning, and N-hop multilateration. Thesc algorithms have three common

procedures firstly, they calculate dislance, find positions and then refine the calculated

positions. The algorithms are tested in error ranging, network connectivity and anchor

fraction. Three methods are used lo measure distancc: dv-hop, Sum-dist, Euclidean. For

initial estimate of position laleration or Min-max any one of these could be uscd. At third

phase refinement is made. Based on the results the authors stated thal evcry approach has its

drawback and advantages so only a single approach does not perform better they could be

combined.

2.3 Genetic algorithm for Localization

Ehsan Heidari et ol. in|31discussed genetic algorithm lrom the class of evolutionary

algorithms. It has inspiration from the biological evolutions as it works on the theme of

genetics or genes. GA encodes feasible solutions in the fbrm of chromosomes and selects

these chromosomes on different basis such as Roulette wheel selcction (Random), Selection

l1 I Localization through Anchor and non-Anchor Nodes in WSN using ACO
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based on fitness (as fitness is calculated for every chromosomcs) etc. GA works on encoded

solutions in the form of binary or real numbers.

Basic steps in Genetic Algorithm are:

I . Works by selecting initial population of possible solutions

2. Possible available solutions are enhanced for better fitness values

3. Every new individual solution is evaluated for fitness values

4. Stopping criteria can be some predefined number of generation production. till

required fitness achievemenl or it can be time dependent.

l. Selection of chromosomes for the production of new chromosomes is on the

base of best-fitted chromosomes

2. GA uses two operalors' mutation and crossover for lhe production of ncvr' (off

springs) for better fitted chromosomes

3. Fitness ofevery new off spring is tested

4. Replace betler fitted chromosomes with new individuals

Qingguo Zhug et oi. in [ 4] introduced genetic algorithm with two nerv genetic

operators: single-vertex-neighborhood mutation and desccnd based arithmetic crossovcr. Irirst

operator works by choosing a random vertex and by moving it around the actual position. Thc

second operator sorts the chromosomes in descending order according to their objectivc

values and then crossover is perlormed in better fitted chromosomes. The basic function of

these operators rvas 10 get the bettcr fitness value. The fitness value is a constant number.

which tells about the fitness of a particular chromosome. There are two assumptions in this

paper first one is that unlocalized sensor nodes has at least 3 anchor nodes in their rangc and

second one is that after the nefwork is deployed every node measures its distance 10 its

neighboring node. Central node construct graph on the base of information provided by

sensors using multi-hop in the network then run the proposed solution to find out the

positions of unlocalized sensors and finally inform the sensors about their coordinates.

Although the proposed approach in this paper is centralized however the authors are in thc

favour of distributed because it is easily scalable. Authors' claims: high position accuracy.

best results for uniform topology better work for irregular networks too, no excessive

communication required and gaussian noise is bearable. New generations were produced by

above mentioned operators to get comparatively bener objective values. Performance of

genetic algorithm depends on the choicc of crossover and mutation operators. Futurc work of
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this paper was to investigate the implementation of the proposed algorithm in a distributed

architecture as it has easy scalability.

Gao Yang et al. in ll5l proposed an algorithm lbr WSN localization known as FRGA.

which is basically some change in GA. Author criticize genelic algorithm to have "prcmature

convcrgence" so globally optimum solution is difficult to obtain. Premature convergence

means that the solution at which we reached as a global optimum solution, in reality that is

not global optimum solution. Authors' motivation for his work was to reduce localization

error which is too high in some nodes. To cop these problems FRGA (filter and

replenishment strategy) is proposed. The proposed approach worked by limiting the

population feasible region. According to the authors premature convergencc is because of

lack olpopulation diversity. FRGA proposed filtration strategy, which deletes the undesirable

chromosomes that are produced by mutation and crossover operators, replenishment strategy

maintains population diversity. Population diversity means that there should be diversity of

chromosomes to each other. Future work is to implement in FRGA in real environment and

applications.

Steven Lanzisera et al. in article [6] presented a ranging technique lor dislance

measurement between two identical wireless sensor nodes. This approach has less hardware

requirement. RIr TOF (Radio Frequency Time of Flight) has good wall penetration and

provides better results as for as considering accuracy. There are two types of RF TOF

approaches in literature; first onc which requires high degree of clock synchronization and

second which demands loose absolutc time synchronization as it uses two-way ranging

approach. It works by sending a range packet and wait lor reply the biases are subtracted

away .This approach can use short bursts in a frequency hopping manner so it can avoid

interference and undesired detection.

In I I 7] Zenon Chaczko I e/ a/. presented ways of WSN localization of senor nodes as

it is crucial to know that from where the information is rcceived. It represents methods of

localization such as:

(i) Distance and direction from a point (.x,y)

(ii) If we knew direction from Lwo known points (Angle of Arrival)

(iii) By knowing distance from three known points (ToA, TDoA, RSS)
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If radius of three known points intersects on one point this is the location of unknown node.

This paper discussed two exceptions where an unknown node can't be localized.

(i) When at lcast two known points have the same deployed location

(ii) When all three known points are on the same line or collinear then we cannot

find position (x, y) of a node.

This papcr presented a way to find the position ol a dcployed sensor whcn three

anchors cannot intersect on a single point. lf the position of unknown node is not at the

intersecting point then position of unknown nodc can be dctermined by the threc points where

the radius ofthree known points (reference points) intersect each other. Author reconrmends

that ifposition ofBS which is actually a scnsor is erroneous then it should not be propagated

until a bit surety of position accuracy. Because other unlocalized nodcs will use their

propagated positions to localize themselves. As the proposed approach is simulated, the

future work is to implement it in real life experiments.

2.4 Ant Colony Algorithm

Marco Dorigo in [ 8] presented a novel approach that works on the ideology of ants

functioning. It was a new approach lowards stochastic combinatorial optimization problems.

The beauty of this approach was that it considered positive feedbacks, distributed

computation and used greedy heuristic method to get most optimum solution. I{e

implemented this approach to classical Travelling Salesman Problem (TSP). This approach

consisted ofdifferent parameters and also discussed them. This approach works as: ants starts

their search at a random point and then move further on the base ofpheromone (a substance

that has some kind of smell) is laid on the edges and then lhose edges are traversed using a

probabilistic rule (state transition rule). Ants choose the edge/path which has more amount of

pheromone on them. The pheromone evaporates with the passage of lime, so that all ants do

not follow the same path and each path is not used in all iterations for thc optimum solution.

When an ant completes its tour it updates lhe pheromone amount on thc cdges it has

crossed/passed through during its current tour. The paths which has less pheromone are no

more visited and a1 last all the ants considers one path that is mosl optimum (short) to food.
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Frank Neumann et al. in [9] discussed the combination optimization problcm in detail. It
consists on triplet (S, O, /).

S: an area of search space which is defined over discrete variables

O: set of limitations and conditions among the variablc

I S--rR objective function to be minimized/maximized

When search space is searched under C) (limitation and conditions) the resultant region is the

leasible region. This feasible region consists ofthe solutions, these solutions are improved on

meta-heuristic information in ACO and one of these solutions could be the optimum solution.

ln [20] Farhad Nematy e/ ai. proposed a dcployment strategy lor robots using ant

colony. When robots travel they randomly drarv sensors during travel. The energy levcl ofthe

sensors is taken as pheromone. Probabilistic approach ofant colony is used to decide whether

to visit a node or not. The assumptions in this paper are that the deployed sensors are has high

energy and are rechargeable. When a sensor is recharged its pheromone value increases. The

sensors, which are within the path of robots are recharged by the robots who visit that path

which is equal to pheromone deposition. Pheromone evaporation is resembled to the

reduction of battery power. If some specific path is not visited by any robot or visited after a

long time the life time of that sensor node will expire or at least the battery power will be

reduced which is considered as the pheromone is evaporating. Selection o[path is decidcd on

roulette wheel mechanism. Futurc work mentioned by the authors is to extend the proposed

work for obstacles avoidance.

Rahul Putha et al. in [21] prove that ant colony optimization is consistent in rcsults

than genetic algorithm especially when there is large number of trial. ACO reduced the

execution time which allows implcmenting it in real time signal control system.

N. Binti Sariff et al. in l22l implemented both ant colony ant genetic algorithm fort

Robot paths planning in global static environment. Performance is compared in terms of

speed and number of iterations taken by the both algorithms to find optimal path.

Implementation showed that ant colony is much faster in tcrms of specd and took less

iteration to complete the task in different node complexity. ACO parameters are easily

adjustable to different complexities.

2tl Localization through Anchor and non-Anchor Nodcs in WSN using ACO



Chapter 3 Proposed Approach



Chapter 3 l)roposed Approach

3.1 Ant colony optimization (ACO)

Ant colony optimization (ACO) is a "population-based metaheuristic that can be used
to find approximate solutions to difficult optimization problems" [24].

Heuristic

Many applications lace problems that are believed not to be solvcd 1o optimality

within polynomial time. To solvc such problems we can use approximated approaches which

could provide us optimum solution relatively in short time span. This kind of algorithm is

known as heuristic algorithm. In these approaches experience-based knowledge is used to

solvc the optimization problem [24].

Meta heu ristic

The beauty of metaheuristic algorithms is that they define some csscntial hcuristics

thal can be used to solve differcnt optimization problems, to avoid local solutions [351. The

metaheuristic algorithmic concepts significantly increased the ability to find hard solutions of

optimization problems in reasonable time. Metahcuristic approaches lead to the optimum

solution either by iteratively enhancing the candidate solution with respect to some quality

such as enor measurement to know accuracy or by starting from a null solution and move to

an optimum solution. [24]

Proposed approach

In contrast to [4] our proposed approach is distributed as it may increase scalability

and rcduce complexity [ 4]. We have implcmented ant colony optimization for WSN

Localization problem instead of genetic algorithm as in literature survey we have studied that

an1 colony optimiztion is better in term of time complexity (less iterations) [21]. easy

adjustment of parameters than genetic algorithm 122) and better in accuracy [341. We used

anchor (beacon or reference) nodes as well as non-anchor nodes 1o localize the unlocalized

nodes in the network.

3.2 Working of our proposed approach

Our proposed approach works in three steps:
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l. livery node computes distance to anchors

network in their range. Every node that is

considered as the ncighbor ofthat node.

Find initial position (by trilateration)

and to othcr nodcs within the

directly connected to a node is

Refine the initial computed positions to get optimum position

l. Distance bctween nodes is calculated using Radio Frequency Time of Flight (RFToF)

u7] as it requires less synchronization. we preferred this technique on many other methods

bccause it does not require directional antennas such as Angle of Arrival (AoA) [7] demands.

Time of Arrival (ToA) [ ] is also a ranging technique but it requires perfect synchronizarion

among nodes. ToA requires only one message to calculate the ranging between nodcs

because the nodes are perfectly synchronized. Perfect synchronization is a difficult task to

achievc in dense environment.

RFToF woks as follows: We measured time taken by one side and usc this timc to

measure distance to other nodes in rangc using speed ol light and propagation speed. The

working is as follows: Node A transmits hello message at lime Tr with time stamp, Node B

receives and respond by sending acknowledgment message aflcr some response delay that is

a constant time for response. Node A receivc acknowledgmcnt packet at time Ta and

subtracts response delay form signal propagation time lhen divides it by 2 to get one sidc time

taken lo transmit.

Transmit ranging signal

2.

3.

,i . . . . I :a,frcqucncY fcl. and al /r/

;r 'I-'. Node A !i

rr ll
il rfia;ffiir ranging signal

- -frcqucncl fcl. and al lrl,

Transmit ranging signal
freqncncy fc l. and at trB 4='"==='=:l

Nodc B ii

Transmit ranging signa(i ::

frcqucnc) fcl. and at tJ/, : : : : : : : : : : r

Time of flight is measured by the equation given bclow.

Time of flight =

Where lra 1 t,a l fra ( lra

trA- tsA- (t sB-tr')
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By measuring the delayin two signals the round trip limc ol flight is estimated and

range estimation is done by C.TRr/2

we assumed that if two nodes i7 are located at zero distance then both nodes i,7 are at

the same position (overlapping). lf the distance betrveen nodcs is so far that they can't

communicate with each other then distance is assumed to be -1, if distance bctween any two

nodes is > 0 and are within range of each other than thcy can communicate. The desirability

of any two nodes is higher if they are at shorler distance as compared to others nodes. It

means thal the probabitity of selecting lhe nearer and I -hop neighboring nodcs is higher in

the process of localization. We considered l07o Gaussian noise factor as in our base paper'

2. Each anchor node broadcast its id position to initialize the localization process. Each

unlocalized node constructs a graph locally as opposc to lhe approach used in our base paper

[5] in which the graph is constructed only at ccntral node. The lcasible region is produccd

by the trilateration using distance measuremenl. 1'hc process of trilateration is repcated for

some time to get the pool of candidate solutions (coordinates) in the feasiblc rcgion this

region is then searched for optimum solution using our proposed algorithm.

Candidate solutions are the solutions that fulfill somc predefined criteria such as

Residue given bclow. Residue measures the quality of produced solutions and cnables us to

accept or reject the estimated positions to construct the pool of feasible solutions.

'Irilateration requires at least three anchor nodes in 2d plane to get the eslimates of position of

a nodc. As in our based paper, wc too assumed that therc are at lcast thrcc anchor nodes in

our proposed methodology.

(x, - Xun ):+(y. - X,, ):- ,i
The simplification of trilateration technique is:

(r,-,," )? - (r. -r, )z + (1,, - ,,n)? - (y. -t,,)=:ri-,:
(r: -run )t - (r. -run )'* (-r', -,u,, )t - (.r,, -t,.n )':r:-,:
By eliminating rz

2(x, - xr) x,, * 2(yt- yr).v,, : (rr'- rr') - ( 
"rt 

rrt) - ( -ri. y.') ..... (3.1 )
By eliminating rr

2(4- xr) *,n* 2(yt -.y:) 1,, = ti-ri'l - (*i- ril - (t,rt r,r') .....(3.2)
Writing (3.1) and (3.2) in matrix form
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alx: - x1

"lrr- x2 i;l ti::l
,:)- (rrt-rr')- (yi
,r2)- (ri-rr')- (yi .....(3.3)

In cqu. (3.3) the matrix xun, yun is unknown but the parameters used in othcr matrtces

are known. So by solving the above equations. cstimate ofcoordinates can be achieved. After

gctting rhe initial estimatc of coordinates, we take a decision regarding adoption or leaving of

thc initially produced coordinates with the help of residue given belorv. Thc least squarc

solution should be:

X - (AtA)-lAtb

Residue is a type of check that is used to know the differcncc betwcen measurcd (di)

intemodes rangc and cstimated range (f,r). lnitially measured coordinales are acceptable ilthe

residue diffcrence is small.

Residue - .,...(3.4)
n

(Xi.Yi) are the positions of anchors which are assumed to be pre-known by the GPS

or by any other mean (pre-coded), (Xun, Yun) reprcsents the coordinates of unknorvn nodc. ri

is considered as distance. 'fhe Fig. 3.1 represents thc working oI trilateration, in this figure

ANi are Anchor nodes, di are distances, tJN is reprcsenting lhe unkno\.\'n position ofa nodc.

-l'he sphercs in the above figurc are dependcnt on the distancc between any knor,r'n and

unknown nodes it means that if an unknown node is within thc range of a known node thc

spheres can be decrcased within the radius to that rangc so that lhe spheres can intcrsect al a

point, which is the position of unknown node. If a node is lying outside the range of threc

- ),i) I

- y;)l- [ (.t= -
- 

[ (..' -
)3
lz-

(ANo 7 
d,

Frc. 3.1 MeruoooLocy oF TRTLATERATIoN
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known nodes then that nodc cannot be localized. There arc two cxccplions whcn the position

of unknown points can't be founded.

(i) When all therc known points (A, B, C) are collinear (lies on one line). As in

the Fig. 3,2 below all three known point are on the same line and they

intcrsect at two points p which creates ambiguity in selection that which point

should be considered as actual position.

FIC. 3.2 CoLLINEAR ANCHOR/REFERENCE NODES

(ii) Whcn at least two known points are on same position

If thc sphcres are not intersecting at one point due to error in distancc measurement

lhen the unknown point can be calculated by knowing the position of the points wherc

sphcres are intcrsecting each other [ 6].

\

)^'.
/..

,/"

l

\..____/

\/--.------- ---
Frc. 3.3 INTERSECTINC potNTs oF spHERES
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In such a situation where spheres are not intersecting at one point we can calculate the

position of intersecting points then use thosc calculated positions to find the position of

unknown node, such as we calculated the third point III(xlll, ylll) of intersection below.

lll (rlll, tllh

ll t.r ll.t llt
l(.rl,vl)

FtG. 3.4 PoINTS oF INTERSECTToN oF ANcHoR NoDEs

attt -- xri rrCos(a -*P) .....(3. 5)

)ir,r = r'r * rrsin(a lE) ..... (3.6)

a : arctanlY.:l] . (3 7)
tr2 -r, I

F : arccosl*y..... (3.8)

FIG.3.5 TRIANGLE FORMED BY INTERSECTING POINTS

'fwo nodes with the known positions (rr,xr) and (-li,l'z) and one unknown point

(xur, -\'rrr) forms a triangle in which all sides are knorm now by using co'sine theorem'

r? : rf+dlz-ztrd ,rc osP
No* the position ofunknown point can be calculated by:

-, _ X1tx11*11y
3

f,r + -!'II +-vlr I
l-

Where

llll\lll,j-lll)
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This process is repcatcd for somc iteration to gct a pool of solution. 'l'hat poll of

solution will be the input to the ant colony algorithm.

3. ACO works with artificial ants who searches lor optimal solution lrom a given scarch

space. As it works by selecting the shortest paths (cdges) between two points (source. food)

so to implemcnt any problem in ACO we have convcned our problem in graph form. Then

the software agents (artificial ants) build solutions by moving on paths ofthe weighted graph.

The resultant solution is produced on the base of pheromone (substancc that has smcll and is

evaporatable with respect to time) updating model and the produced solutions accepled as thc

optimal solution. Solutions can be constructed in lwo ways:

Parallel: all ant moves together to nexl state then update the pheromone

Sequential: an ant completc the tour bcfore next ant starts

Both of these approaches construct solutions. In AS (ant system) thcse approaches do

not have significant influence on the performancc of algorithm so any onc of thc two

menlioned approaches can be used.

Sclection of the parametric value is important as pheromone trail value should not bc

vcry low so that the sclection of a path at first tour do not becomc biased (emphasizc on one

palh or poor solution are searched). If it happens it means that we did not explore the scarch

space properly which wilt lead us to local optimum solution. At thc same time pheromone.

trail value should not be very large so that it took long timc for evaporation and the limit o[

iterations or of time approaches and the scarch space remained unexplored. This leads to lack

ofdiversity, which is the basic need for best optimum solulion and is the basic building block

of evolutionary algorithms.

As in [4] we take (m) number of anchors as l0% of the total (n) numbcr of sensor

nodes. Connected graph is constructed between the feasible solutions (possible coordinatcs)

which were produced by the iteration of trilateration, parametcrs for ant colony algorithm are

initialized. The feasible region works as allowed set of coordinales to be visited by ants or in

other words the set of possible coordinales where a sensor nodc could be then one of them is

selected as optimum coordinate for a node. All the coordinates rvithin the feasible region are

candidate solulions. tnitially all the edgcs are assigned the same amount of initial pheromone

except those who are anchor nodes which has more amount of pheromone. The phcromonc

eco
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amount on the anchor nodes will be the criteria for the selection of a candidate solution as an

optimum solution. A candidate solution is sclected if it has the pheromone amount cqual or

more nearest to pheromone amount on anchor nodes.

Thc movement lrom one state to anothcr is through thc stale transition rulc.'fhis rule

is used in decision making that whether to visit a state or not and if visit then which one of

the next available states (positions). Ants remembcr visited coordinates from a feasible sel so

that once a state is visited it should not be visited again in that tour. The state transition rule

is:

. ( [',i]'[a,,]P Lok-)rij:1 ,,.t[,1"t4;jF il ieNi .... (3.10)
I
\otherwise no move

As ant moves from a node i to nodej using the above mentioned cqu. (3.10). If an ant

has visitcd all the states (possible coordinates) in one tour then thcre will be no more movcs

in that pa(icular tour. Thc parameters A end P are adjustablc that controls lhe relarivc

influence of pheromone trail for all edges (i , 7) 2,., and heuristic desirability fli i. Thc ,alues

of a : land B:2 - 5 suggesred in [24]. We take rhe parameters a :7and $ -- 5
and found the best results. Initial pheromone Ts is calculated asmf gn, wherc m is number

of ants and C"is the length of tour (in our problem it is the sum of the difference of

coordinates from pool of solution) [24]. Heuristic desirability is dcpendent on distance and is

computed as inverse of distance of any specific edge like ii as: fl ..:1, N,'k is a set of' .tl du L

slales that an ant f not visited yet. This decision making ability reflects that ants maintain lhe

memory. Later on this memory also help ants to calculatc the shorter distance of a tour. Once

a tour is completed this memory is cleared for the next iteration.

Transition probability is used to keep balance between pheromone inrensity (which is

based on the history of good moves) and heuristic information (which cxpresses how much

desirable a move is). [-lsually the values of o., p are limited as 0 < a, p > l. But these values

could be different depending upon the problem.

The effect of a, p parameters is discussed below:
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If a:0 then value of pheromone trail will become I which means that the decision of

the selection ofnext move will be totally biased to shortest distanced paths.

If p=g ,n.n the selection ofnext state will bc on high pheromone intensity.

u >l will lead us to rapid convcrgencc (all ant will lollow thc samc path that is

already used by the ants and the search space will remain unexplored).

If any of the abovc condition occurs then algorithm will be biased depending upon the

pheromone or heuristic information. Wlich means lack of diversity so local solution rvill

occur where as global solution is desirable.

Algorithm evaporates the initial pheromone lying on the edges so that exploralion can

bc done for better solutions. Pheromone evaporation plays very important role in avoiding

prcmaturc convergence and at the end global optimum solution is achieved. Ilvaporation is

done as:

,ii (t - p).rii,V(i,i)s r ..... (3.11)

The parameter 0 < p > 1 is a coelficient that represents the evaporation of phcromone,

_ we take p- 0.5. Pheromone evaporation plays very important role because if pheromone on

an edge is not evaporated we cannot avoid bad moves taken in previous tours, cannot cxplore

the leasible solution search space. If p:0 rhe cvaporation will be totally eliminated and if

p-l then the evaporation process end very soon and will not be able to get optimum solution

due to lack of convergence. We knew that the class ol'evolutionary algorithms works on the

base of two things first one is exploration and the second is exploitation. Exploration means

that the search space of feasible solutions should be explored where as exploitation means

that taking the necessary steps for better optimum results.

When ants move on the edges they modify the initial pheromone trail so that the ants

that will bc visiting after them should visit these states and help in the selection ol'a better

solution. Pheromone updating is one of the daemon aclions. This pheromone updation is

_ based on the following rule.

tii : (t - phfi + Lrlj..... (s.tz)
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Chapter 3 Proposcd Approach

Where

(,
Ar,f, -,f A f arc i, jt rk.....(3.i3)' \otherwise Zero

*h"r.Ck,thelengthofthetour?"ktravelledbyantt,iscompuledasthesumofthe

length of the arcs belonging to ?tr 
k

r,f is pheromone deposited amount for the transition from ito j node. nnt k

is the ant that has completed its tour and will now update the pheromonc on the tracks thal it

has visited./crossed during its tour. Pheromone amount deposited by ant is represcntcd as

tr!t
To avoid local optimum some spccific number of iterations or CPIJ timc can bc uscd.

At the end we come to an optimum solution. At thc end wc calculatcd mean location crror by

using the formula same as in our base paper. This formula tells us cnor in average o[ our

proposed approach.

Mean location error :
rl=-+r l(*i - r,)' t (yi- y,)'l

... .. (3.14)
(n- m)Rz

tt
where (Xi, li ) urc the true positions of scnsor nodc (.Xi, /ilare rcprcsenting the

estimated positions of our approach, R is radius. Average conncctivity ol nodcs can bc

increase/decrease by thc increase/decrease in radius. After the localization of one node we

furthcr used this node as anchor node to localize the remaining unlocalizcd nodes. This

approach allows us lo use lcss number ofanchor nodcs as they are expensivc.

For example pool of solution is given by the above procedure. Wc implemented ant

colony optimization on this pool of candidate solutions. Wc assumcd thc conncctcd cdgcs

betwcen the candidate solulions as shown in the Fig. 3.6.

Flc. 3.6 Poot, oF SoLu-rtoNs ceNeRATED ay pREvrous MENTToNED pRocEDURE
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lnitially phcromone amount is equal on the cdges of candidate solutions. A careful

selection of initial pheromone is mf gnn [24]. whereas the amount of pheromone on the

anchor nodes is (pre-defined number of iteration r mf 
6nn). This amount of pheromone on

anchor nodes is the criteria of selection for an optimum coordinate for a node. Anls are

placed in this region of feasible solutions. Ants move to next state depending on pheromone

value and heuristic desirability at the same time by checking leasibility of that move. A move

is a feasible move in a tour if the destined state is not visited yet in that tour/iteration. Ant

moves in this feasible region as shown in the fig.3.7 where plus sign on the lines shows the

movement of ants. when all ants complete a tour they update the amount of pheromone on

the cdge they have utilized in their tour using cqu. (3.12).

FIc. 3.7 ANTS FUNCTIoN oN CANDIDATES PooL oF SoLUTIoN

The decay paramcter is used as 0.5 so diversity can be achieved. The maximum

utilized edge is having the maximum amount of pheromone. In this way all ant complctes the

pre-defined number of iteration and updates the pheromone value. The most visited,/used

edge is having maximum amount of phcromone approximately cqual to the amount of

pheromone on the anchor nodes that is considercd as the optimum coordinate.

As shown belorv in fig.3.8 lhe triangle is representing initial calculated position aftcr

some iteration than white shaded circle is reprcsenting the position before and final position

is in presented in star after the completion ofall predefined itcralions.
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FIc. 3.8 OPTIMIzED POSITION

3.3 Distributed Approach Scenario (100m* 100m)
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Frc. 3.9 PRoposED APPRoACtI SCENARIo

Anchor nodes are aware of their positions and non-anchor nodcs don't. In the above

scenario any non-anchor node outside the range of at least three anchor nodes cannot be

localized. In distributed scenario every node perlorms its position by i1s own so no burden

and dependency on the central node, no issue of compromising of single central nodc, no

issue of communication cost.

3.4 Flow of Proposed approach

The fig. 3.9 is a flow chart of thc proposed approach, which works as: First of all we

generate pool of feasible solutions by trilateration and with some further procedure then we

initialize the ant colony parameters.
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The generated pool of solution is then traverscd for some optimum solution. This

process continues for some specified number of iterations, till some time limit approaches or

until the specified quality criteria satisfies. This gives us an optimum solution which is

3il Localiz.ation through Anchor and non-Anchor Nodcs in WSN using ACO
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I

Proposcd Approach

considered the most appropriate coordinated position for any nodc. Finally we calculate the

average localizalion error for accuracy measurement.
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Chapter 4 Implernentation and Results

4.1 Data scts

Data sets are thc parametric values we used to obtain our rcquired results. Wc take

n:100 sensor nodes, m=10% anchor nodes. Perccntage of anchor nodcs is varied and thc

rcsults are compared with respect to time taken by the nodes to localize. Arca ol sensor nodc

deployment is l00m*100m. We considered two types of deployment grid and random. As in

real scenarios the type of deployment is random so we emphasized on it. We varied values of

parameters 0 < p < 1 , 0 < cLp > 1 - 5. Gaussian noisc factor is considered as l0%.

4.2 Network Simulator-2 Tool of Implementation

We used Network Simulator-2 [25] for the evaluation of our proposed approach. NS-

2 is widely used tool for the simulation of computer network filed problems. NS-2 requircd

some extra necessities to work for WSN but good thing is that those are available frec ofcost.

In Fig.4.l we discussed the structurc of NS-2 and up versions. TCL scripting language is

used for simulation in ns-2. It initiates event scheduler. set up network and neccssary events

for simulation. As the event scheduler schedules the message packcl arc transmitted. For thc

execution of a program first we havc to compile it, if therc are no crrors thcn net$'ork

animator ("nam") is used to animate.'fhis gives us a GUI network animator where simulation

shows the results. Simulation requires some numeric form data to simulale; we can find these

numeric data values in a file known as trace file tracc_les (text-based). This trace file is

gcnerated after the simulation is completcd. Trace file information can be extracted by small

scripts of AWK or PERL languages. Trace file information enablc us to analyze the bchavior

of proposed approach.

FIG. 4.I STRUCTURE oF NS-2+

o Read tracefile
o Replay wrrh

NAM
o Daw 8r4hs

IIS-Simulator Iibrary
-Evenl:cheduler
-Ilet'arork c omp(,nenl s

-I.Ietwork sct up

-Modules
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lmplementalion and Results

4.3 System Req uirements

we have used windows and Linux operating systems. The system we used has the following

specifications:

l. Hardware..............I-aptop, 2GB Ram, 2.13 Chz Processor

2. Linux Operating system......Fedora 14.0

3. Network simulator.....NS-2, version 2.35

4.4 Results Comparison

The graph below Fig. 4'2 shows the time efficiency of localization problem of basc

paper and our proposcd approach. Results are diflerent duc to lhe faclors given below.

o In our base paper centralized approach is used which takes time in

communication and if there are large numbers of sensor this approach will

take more time to localize the nodes. In contrast, because our approach is

distributed it took less time. Whereas proposed approach is distributed ln

contrast to centralized approach. it is easily scalable too.

o Search space in genetic algorithm may increase exponantionaly.

o Although scalability is a bit difficult task in centralized approach however it

may also time consuming task as well.

FIG. 4.2 TrME EFFICIENCY coMPARISoN oF BASED AND PRoPoSED APPRoACH
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Chapter 4 Implementation and Results

In Fig. 4.3 the graph below shows the delay comparison when the number of anchor

nodes are varied. Rectangle, Circlc and Cross signs on the line are representing the thrce. fivc

and ten number of anchors respectively. We took at least three anchor nodes due to basic

condition of trilateration in 2d plane. Wc took maximum [00% of anchors as were in base

paper. The graph shows that when the number of anchor nodes arc incrcased then task of

localization can be achieved in less time, ultimately with more accuracy. Whcrcas when

number of anchor nodes are restricted to only threc it took more timc to localizc the nodes.

When there are lcss number of anchor nodes in the network there will be less numbcr of non

anchor nodes that can bc localized as at least three anchor nodes are required to localize a

node. There will be less chancc of fulfillment of above mentioned requirement for each node

although we used non-anchor nodes as anchor nodes as well when they become localized but

this approach may also not localized network. State change delay in the graph below means

that time taken by the simple nodes to localize. In other words wc can say thal time taken by

the unlocalized nodes to change their state from unlocalized to localized nodcs altcr

initialization of localization process.

Ftc. 4.3 l'tME EFFrctENcy wtrH DTFFERDNT NUt\,tBER oF ANCHoRS

ln F'ig. 4.4 there is a graph which shows thc localization dilfcrencc ol based and

proposed approach. Graph line with cross marks is representing base and simple line is of

proposed approach. Although therc is not very big differcncc in the based and proposed

approach results but there are many other things to bc noticed such as how much time is

taken and what is ratc of accurcy, distributed approach advantages (casyily scalable. less

communication cost) over ccntaralized, implementablc in real scenarios etc.

970
j

9En

1050607080$rm
Nodes

State Change 0elay \€ Anchor Nodes

40J Localization through Anchor and non-Anchor Nodes in WSN using ACO

Dela, wnh AN 3
---€- oelay w hAN5



Chapter 4 Implementation and I{csults
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FIC. 4.4 PostfloN DIFFERENCE oF BASE AND PRoPoSED APPRoACH

'fhc table 4.5 shows the error comparison ofbases and proposed approach fhe enor

is calculated with the same data sets on (he average base.

0.470937

0.500268

0.s 194r 5

0.ss3039

0.570591

0.701594

0.707295

0.73s036

0.786357

0.632511

0.692854

0.750981

0.768214

0.848556

0.865542

0.86702s

0.941663

1.070991

TABLE. 4.5 Ennon covplnrsoN oF BASED AND pRoposED APPRoAcH
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Chapter 4 Implemcntation and Results

The differcncc in crror is due to: in the base paper approach oncc all nodes estimates

the distance they transmits it to a central node. The central node calculates the positions of

unknown nodes on the base of estimated distance transmitted by the sensor nodes. If initially

estimated distance has some errors then the position calculation will definitely be inaccurate.

Whereas in proposed approach nodes computc their distances to other nodes in their range by

their own and update the computed distance as well for their posilion updation to achieve

more accuracy.

Error of base approach is shown in Fig, 4.5 where error is reflected with respect to

time. It took 45 seconds and graph is still rising higher as the number of nodes will be

increased error will increase too, now error is at 1.4. Where as in graph Fig. 4'6 which is of

proposed approach took approximately 30 seconds and crror is about l.

TtmE

FIc. 4.5 TIME AND ERRoR oF BASE pApER AppRoACIt
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Chapter 4 Implementation and Results

4.5 Benefits ofProposed approach

We proposed the AC (Ant Colony) instead of Genetic Algorithm lor WSN

localization problcm. 1'he beauty of this algorithm is that it uses previously gathered

knowledge to move further and furlher for an optimum solution. This information is in the

form of pheromone updation. In contrast the genetic algorithm enhanced chromosomes on

random bases which may not get better fitness values especially when the seleclion of

chromosome is on random base. We found that proposed algorithm took comparatively less

time in position finding, better in accuracy as compared to based approach. Approach in our

base paper is ccntralized which means communication overhead, costly in terms of battery

powered sensors in WSN. In contrast to the central node approach as proposcd approach is

distributed so every sensor/node calculates ils own position on its own by relaying on

communication to neighboring anchor nodes. Our proposed approach play vital role in

increasing the life time of sensor nodes as it reduced communication does not put the entire

burden on one central node. In central approach if one central node dies or compromised then

whole network could be useless so we proposed distributed approach Because wc used non-

anchor nodes as anchor nodes when they become localized, this allowed us to use minimum

number of anchor nodes as the anchor nodes were expensive.
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Chapter 5 Conclusion and lruturc Work

5.1 Conclusion and Futurc Work

Wc used ant cotony optimization for wsn localization problcm and the results shows

that proposed approach is better in terms of time and accuracy as compared to base approach.

Proposed approach is distributed which is an edge over central approach. We used non-

anchor nodes as anchor nodes when they become localized.

Futurc work could be to introducc such techniques that take minimum numbcr

of anchor nodes to minimize network cost, localizc maximum or almost all nodes in thc

network with more accuracy. We used one-hop approach; multi-hop (scalable) approach can

be used to calculate initial positions. As literature survey tells us thal there is not a one singlc

approach that has all thc benefits and docs not have any drawback at all [331. lt means that

we should use hybrid approaches to combine the benefits of diflerent approach. Fuzzy logic

is producing very good results it can be used as well.
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