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Statistical Approach for
Location Identification in MANET

Arul selvan M .*, S. Selvakumar**

Abstract: Localizing nodesin MANET issignificant asit serves several purposes. Variousissues such as routing,
security and so on could beresolved if the exact the | ocation of the nodesisknown. Thereexist several localization
techniquessuch as Received Signal Strength (RSS), Timeof Arrival (TOA), TimeDifferenceof Arrival (TDOA) and
Angleof Arrival (AOA) and so on. But these techniques produceinaccurate | ocati on estimates. Thusin this paper
a Statistical Approach for Location Identification (SALI) has been proposed to estimate the location of the maobile
nodes. This technique is independent of TOA, TDOA and AOA measurements. This technique estimates the
location of the mobile nodewith referenceto the mutation point. In addition the behavior of thenodesis monitored
to identify malicious node and these nodes arelocalized using proposed |ocation identification approach.
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1. INTRODUCTION

Mobile ad hoc network (MANET) isasdf-organized infrastructure lessnetwork in which themobile nodes are
interconnected viawirelesslink [1, 2, 3]. Because of thelimited transmission range of the network, multiple hops
aredesirableinorder for anodeto transmit datato another node in the network. Therefore accurate location
information isnecessary for anodeto establish an effective communication path. Thus, the design of locdization
systemor techniqueisvital problem|[4].

Locationisdescribed asthe phenomenon of acquiring nodeslocation data. Under the context of MANET
localization isthe problem of finding the position of the mobile node. Variouslocalization techniques have been
proposed to compute the postion of the mobile nodes. Thelocation information acquired fromlocaizationtechniques
areuseful for obtaining several location based servicessuch asrescue operation, habitat monitoring and so on.

Thelocadlization algorithmsare divided into direct and indirect approaches|[5]. Indirect approach dl thenodes
are equipped with GPS receiver to obtaintheir location information. Inindirect approach theunknownnodesare
localized with the help of beacon node or anchor nodes, the nodeswhose postion areaready known. Inindirect
approachthelocalization can be performed either by employing range based approach or rangefree approach.

Therange based approach computesthelocation anodetheat isrelativeto other nodeinits neighborhood. This
approach usessgnd strength, time or time difference and angle measureto compute the postion of the unknown
nodes. However these measurementsare noisy and could lead to inaccurate estimations. Thusagood localization
technigue hasto be developed that provides preciselocation of the mobile nodes.

Inthispaper, a Statistical Approach for Location Identification (SALI) has been proposed to estimate the
location of the mobile node. Thistechniqueisindependent of therange freelocalization techniquesand it provides
preciselocation of themobile nodes. Here anintrusion detection system has been used to monitor the behavior of
themobile nodes. If amalicious nodeisfound thelocation of the nodeisidentified and the nodeis eliminated from
the network.
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Theres of the paper isorganized asfollows section|| presentsthe previousresearch worksthat hasbeen done
to locdlizethenodesin MANET, section| |1 presentsthe problem statement. In section |V the proposed SALI for
locdlizing the nodeshas been discussed, sectionV discussestheresultsand finally section VI concludesthe paper.

2. RELATEDWORK

Variouslocdization techniqueshave been proposed to locatethe position of thenodein MANET. In[6] themobile
nodesarelocalized usng time-of-arrival and direction-of-arrival measures. Both thetime-of-arrival and direction-
of-arrival isfused using kalmanfilter.

In[7] Digributed Position Localizationand Tracking (DPLT) approach has been proposed to localize nodes
inMANET. Thisgpproach utilizestime of arrival and time of departure measures. Thentrilateration approach with
best criterion functionisused to estimatethe position of the node and multi-lateration techniqueisemployed to
estimate thelocation of themalicious node.

In[8] Time-of-Arrival based ranging approach isused to estimate the distance measure. Thisapproachis
applied in cooperative pogtioning technique that employscircular trilateration for computing thepositioning of the
node. In[9] alocalization algorithm hasbeen developed that worksintwo stages. Thefirst ssageisreferred as
naive activation gagethat functionsasabootstrap for theestimation stage. The estimation sage comprises predictive
minimal energy consumption agorithmthat includesthe TOA estimationsof the node.

UltraWide Band (UWB) isusedin[10] to localizethe nodesin MANET. A train of low amplitude pulses of
high bandwidth isused in thismethod to reduce the energy consumption, dispersion intime and frequency and
effectsdueto small scalefading. The network issmulated in NS-2 with the method and the resultsshowsthat the
location accuracy isimproved by using the UWB. In[11] Time Bounded Efficient Locdization (TBEL ) algorithm
has been proposed for localizing sensor and nodesin MANET. Thisalgorithm localizes sensor or the nodewithin
thespecifictimelimit by utilizing two-hop technology. In[12] Mohile Secure Neighbor Discovery (M SND) approach
has been proposed to detect thelocation of the worm hole node in mobile ad hoc network.

3. PROBLEM STATEMENT

Definition: Givenaset of mobilenodesn, € N, where N isthe total number of mobile nodes, the goal of the
localization problemisto computethelocation of every node n such that the error isminimized.

TheM X N network model consists of two to three mutation points' i.e. base stations and aset of mobile
nodesn (1 <i <N), whereisthe number of mobile nodesinthenetwork. Thedistance betweenthe mutation points

isrepresentedasd,, (d,, = | |A-B| | ). Thelocation of the mobilenode ( B ) (isobtained with referenceto the

mutation point utilizing Pythagorastheorem. Thelocation of the mobilenodeis computed at every timet, under two
conditions: pardlel and perpendicular. The network containsan intrusion detection system that monitorsthe entire
network activity. A location of thenode that issuspected to be maliciousisfound and the nodeis eliminated from
the network.

4. STATISTICAL APPROACH FORLOCATION IDENTIFICATION (SALLI)

The Statistical Approach for Location Identification computesthe location of the mobile nodesin case of two
conditions; (i) when the node moves along astraight line between two mutation points (A and B), and (i) when the
node moves perpendicular with referenceto thetwo mutation points (A and B). Fig 1 illustrateslocation of node
with referenceto two mutation points A and B.

Condder that the node movesin astraight line betweentwo mutation points (A and B).Initidly thenode ‘M’ is
at themutation point A so the distance between the node and the mutation point Aiszero (d,, = 0). Thedistance
between*M’ and * A’ isestimated using egn. (1) and it iscomputed for every timeinstant ‘t’.
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Figure 1: localizing a mobile node in reference with two mutation points

The expression for computing the distanceisgiven asfollows

dam :\/(XM _XA)2+(yM —YA)2+® N

Here(x,, y,) arethe coordinates of the mutation point Aand (X, y,,) arethe coordinates of the mobile node,
® indicatestheangle of deviation betweenthe node M’ and themutation point * A’ . The angle of deviation provides
the direction of the nodes movement. When the node movesin astraight line path ong thelining joining the two
mutation points‘ A’ and ‘B’, thenthe angle of deviationiszero. If deviationinthe nodesdirectionisobserved then
the angle of deviation (®) iscomputed by first identifying the location of the nodesinthe quadrants. If thenodeis
located ether inthefirgt quadrant or the fourth quadrant then the angle of deviation (®) isobtained using

® =sin(180-0) 2
If the node liesin the second quadrant or fourth quadrant then the angle of deviation (®) isobtained using
© = cos(180-0) ©)

Thefinally the position of the nodeis obtained by using egn (1) and the value of ® depends onthe placement
of the nodesinthe quadrants.

To cdculate the postion of the node moving in perpendicular direction another mutation point Cisassumed to
exist suchthat the three mutation pointsformsatriangle. The distance between the mobile node and the mutation
point C isobtained using the distance equation asshown inegn (1). Herethe ® isconsidered as 90° sincethe node
moves perpendicular with reference to the two mutation points A and B. Then depending on the placement of the
nodesinthe quadrantsthe angle of deviation (®) isexpressed as

® =sn(90-0) 4
® =cos(90 - 0) 5)

Then thelocation of the nodeis obtained using thefollowing expression

d =y — %)% +(¥o - y1)2.5in© )

d =0 — %)% + (¥, — Y1) .C0SO (7
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5. PERFORMANCEANALYSS
5.1. Smulation setup

Simulationsare donein order to evaluate the performance of the proposed Statistical Approach for Location
| dentification alocdization technique. Here NS2 is utilized asasmulating environment. Here AODV protocol is
used to perform simulations comprising of 60 mobile nodesin anareaof 1600 x 1000 square meter area. Table 1
illustratesthesmulation parameter utilized inthisstudy.

Tablel

Simulation Parameter s
Network Area 1600 x 1000
Protocol AODV
No. of Mobile Nodes &0
Network Topol ogy Hat Grid
|EEE Standard 80211
Broadcasting Range 750mts
Application Type CBR
Application rate 10mb
Mohility Two way Ground model
No. of Packets 1500
DataRate 1 mbps
Dday 10ms
Smulation Time 10s

5.2. Results and Discussion

The performance of the SALI isanalyzed intermsof accuracy rate and error factor and the resultsare compared
withtheexisting RSS, TOA, TOA-AOA gpproachthat isemployed for locdizinganode. Fig 2illustratestheerror
incurred in SALI, RSS, TOA and TOA_AOA approaches.Inthegraph the horizonta lineindicatesthe throughput
and the vertical lineindicatesthe error incurred during the transmission.|t is observed that the error in SALI
approachis minimumwhen compared to the other three approaches.

Fig 3illustratestheaccuracy of SALI, RSS, TOA and TOA_AOA approaches. Inthe graphthe horizonta line
indicatesthethroughput and thevertical lineindicatesthe accuracy transmission. It isobserved that the accuracy in
SALI morecompared to the other three gpproaches.

Figure 2: Error Factor Figure 3: Accuracy Factor
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6. CONCLUSION

INnMANET because of thelimited transmission range of the network, multiple hopsare desirablein order for a
nodeto transmit datato another nodein the network. Therefore accurate location information isnecessary for a
node to establish an effective communication path. Variouslocdization techniques such RSS, TOA, TDOA and
AOA and so on have been proposed to computethe postion of the mobile nodes. But these techniques produce
inaccurate location estimates. Thusin thispaper aStatistical Approachfor Location I dentification (SALI) hasbeen
introduced to estimatethe location of the mobile nodes. Thistechnique estimatesthe location of the mobile node
with referenceto the mutation point. Inaddition the behavior of the nodesis monitored to identify malicious node
and thesenodesarelocalized using SAL I approach. The performanceof the proposed SALI techniqueisanayzed
intermsof throughput, accuracy factor, error factor and the results are compared with theexisting RSS, TOA, and
TOA-AOA and theresults show that the proposed SALI approach precisaly localizesthe node.
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