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Abstract— In sensornetworks the device localization is an
interesting topic due to its relationship with routing and energy
consumption. We proposea schemeto perform localization,
basedon the estimation of the power receved by only two bea-
consplacedin known positions. By starting from the receved
powers, eventually averagedon a given window to counteractin-
terferenceand fading, the actual distancebetweenthe sensorand
the beaconss derived and the position obtained by meansof tri-
angulation. The paper shows the effectivenessof this approach
in differ ent environments, by including the possibledisturbance
dueto fading channelsand sensormobility .

|. INTRODUCTION

The interestin sensornetworks has been strongly in-
creasedn the last years,dueto their attractive applications,
rangingfrom on-field physicalandbiologicalmeasuremenb
informationadwertisingon large market centerdependingon
userpositions.

Different applicationsare driven by commonproblems,
i.e., the single unit shouldbe a very low power consumption
device to assurdong batterylife. The messagdransmission
couldbemulti hopby usingintermediatesensorsvith respect
to collectinginfrastructurepventually elaboratiormaybedis-
tributed betweensensorspptimizing the whole network bat-
tery life. Otherproblemsarethatthe singleunit costmustbe
very low andthatthe positionunit hasto beidentified.

Regardingthe last point, let us stressthat the sensoro-
sition could be the measuratself the sensoris performingin
a mobile ervironment(e.g. by using Global PositionSystem
[1]) orit couldbeusefulfor signalingpurposesuchasfor the
routing pathidentificationinside the sensometwork covered
space.

Many works in literature proposeschemesand methods
for localizationin sensometworks by estimatingthe receved
power for mary purposed?] [3]. Often, triangulationis ap-
plied in orderto self-estimatethe position; in somecases,
somespecialnodeswhosepositionis known, calledbeacons,
areused. Furthermore somepapersinvesticate the possibil-
ity to placethe beaconsasin [4], in orderto permita more
accuratesstimation.
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Otherworks,suchas[5], dealwith theproblemsoccurring
whendisturbsareconsideredandthe associatdéocalizationis
compromised.Unfortunately theseworks presentesultsob-
tainedin simple scenarioswherethe disturbsand noiseare
modeledasuniform randomvariablesthatareto be addedto
power estimation4], or no noiseatall is considered6].

In this paper we presenta simple schemeby which lo-
calizationis possiblewith low enegy and computationcom-
plexity costs. In the following, it will be considereda two-
dimensionalrectangularervironment, not necessarilyindoor
and not necessarilydelimited by walls. In our proposal,we
usefixedbeaconplacedn two cornersonthesamesideof the
rectangulaspacewhosesignalsareusedby sensorgo com-
putetheir relative position. The mainideais thatthe sensors
estimatehe power levelsrecevedby the beacorandestimate
their positionby meansf atriangulationmethod.

We have focusedon two problemsthatmake thelocaliza-
tion difficult. The formeris Rayleighfading: the variationof
the receved power level asa function of time compromises
the accurag of the estimationbasedon power. In stationary
conditions,a large numberof power estimationsaveragedon
agivenwindow, cansolve the problemof fading. Thelatteris
the sensomobility: it avoidsto usea large numberof power
estimationssincethe receved power valueis changingwhen
thenodeis moving. Fadingandmotion accounttwo opposite
behaiors from the averagingpoint of view, giving aninter-
estingtrade-of to be investigated. The challengeis to find
the optimalwindow lengthto minimize the meanerror of the
estimatedposition.

The paperis structuredasin the following: in the sec-
ondsection the proposedechniqués definedin ananalytical
way; furthermore,somepreliminary considerationsre also
discussed.n thethird section,simulationresultsare shavn;
someconsiderationgibouttheimpactof Rayleighfadingand
motion are discussed.Rayleighfading samplesare obtained
by Jales’ simulator[7]; asimplemobility modeltakesinto ac-
countthe motion, eventhoughthe sensorsnay be considered
fixed. In the fourth section,conclusionsaandwork in progress
arediscussed.



Il. GEOMETRIC DEFINITION OF THE PROPOSAL

We considetto have atwo-dimensionatectangulaareain
which beaconB; is ontheorigin (positionz = 0, y = 0) and
thesecondeaconB; is atpositionz = X,y = 0, whereX,
andY, arethewidthsof the area. The beaconsareplacedon
thesamesideof therectangulaareato allow thetriangulation
withoutambiguitythatcanbepresentvhenthebeaconsreon
two oppositecorners. The beacondransmitcontinuouslyon
two differentfrequenciestunedby two simplefilters on each
sensor

Lettherecevedpowerbe:

P, = kd;®

where k is a constantwhich takes into accountcarrier fre-
gueng andtransmittedpower (equalfor eachbeacons)d; is
thedistancebetweerthe sensormandthe j-th beaconj = 1, 2,
anda is theattenuatiorexponent.

The sensorestimateshereceved power levelsandstores
this informationto have the possibility of performingone av-
eragewith adeepof w sampledo increaseheaccurag of the
estimation.Eachnodeperformsan averagingprocesdor the
signalincoming from eachbeacon. Two differentaveraging
windows shouldbe usedto considemossibledifferentattenu-
ationexponentsgventhoughin the following we take the two
windaows of thesameength.

The averagedreceved power from the j-th beacorat the
i-th sampleis:

w—1

= . 1 .

P, (i) = - g P, (i—h)
h=0

whereP,, (t) is thet-th power sample.

Let us supposethat £ and « are known to eachsensor
sothedistancesttime instant; may be estimateddy starting
from the averagedeceived power:

— . —1/a
d;(i) = (—Pr,"ﬂ(l)>

Considerthefollowing two circumferencesthefirst cen-
teredon B; with radiusd; andthesecondtenterecn B, with
radiusds. They have atmostonecrosspointin the considered
area.So,theposition(z(¢), y(¢)) canbefoundasthesolution
of thefollowing system:

wherethelasttwo conditionsaresetto avoid solutionsout of
thearea.The systemsolutionis:

di (i) — d3(i) + X3

z(i) = 2X.
y(i) = 4/di(3) — 2%(d)

The errorson power estimationdueto fadingandmotion
give an error on sensorocation, which can be evaluatedby
meanf thefollowing expression:

e(i) = V/[z(d) - 2@ + [y(1) — 52

where the couples(z(i),y(¢)) and (#(z),g(¢)) arethe esti-
matedandactualsensoipositions respectrely.

Theerrorsond, (7) andd.(¢) leadto haveintersectionsut
of theconsideredireaor notintersectioratall. Let usclassify
theseexceptiondn threegroups;for eachgroupit is necessary
to give afurtherdefinitionto estimateheactualposition,since
the previous systemdoesnot have ary solution.

1) Intersection out of the area The couple(z(z), y())
is chosenas the most nearpoint on rectanglesidesto
the intersectionpoint on theregiony > 0. With more
detail, by startingfrom the solutionof the above system
(first two equationsjhereis notmatchingwith thegiven
constraintylasttwo equations)the constraintanay be
forcedby usingthe positions:

0 z(4)<0
z(i) = X, z(i) > X,
z(i) otherwise
N[ Ye yli) =Y,
y() = { y(i) otherwise

2) One circumferenceincludes the other (no intersec-
tion). This situationoccurswhend; < d, — X, and
dn, > d; forn # j. Theresultingsensorpositionis
choseroverlappedo the positionof beaconB,, i.e.,

y(z) =0

3) The circumferencesaredisjoint (nointersection)j.e.,
whend,, + d; < X, forn # j. In this casethe sensor
positionis selectedon axis z, in the middle of the two
circumferences:

di > ds
dy > d;

Considerfirst all nodesto be stationary;whenfadingis
absentthe sensompositionestimationis just perfectby using



a unitary window (w = 1), sinceno amplitudevariationis
presentandthe noiseis assumedo be vanishingwith respect
to therecevedpaower. Corverselyif channefadingis consid-
ered,the power sampleshave to be multiplied to a factorr?,
wherer is arandomvariableaccountingor the fadingampli-
tude,heremodelledwith a Rayleighpdf:

fr(r) =

wheres? is the varianceof the two complex quadraturecom-
ponentsforming the real Rayleigh process;o? is assumed
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equalto 1/2, leadingto: E[r?] = 20° = 1, asto say
the Rayleighprocesshasno gain nor attenuatiorin termsof
power.

Therecevedpower estimationresultsto be:

Poy(i) = = 3 Poy(i— Ry~ h)
h=0

Thechallengingguestionis to determineghewindow size
w to have a certainboundof errorin estimatiorwith a certain
probability Notethatthe Rayleighprocesgo beconsidereds
correlatedandthe degreeof correlationimpactsthe window
sizestrongly

Now, considetthepossibilityto have mobilesensorsMo-
bility increaseshecompleity of self-localizationmechanism
whenalsofadingis consideredin fact,fadingrequiresalarge
window size to mitigate its effect while mobility requiresa
shortwindow to avoid theinsertionof spuriougpositionerrors
due motion, andthis error increasess much asthe position
speedr window lengthincreasesHowever, we assumelow
mobility degree,sincethe sensorausually do not move with
high ratesand/orspeed.

I1l. NUMERICAL RESULTS

Even thoughthe systemdescriptionis quite simple, the
numberof constraintsand the correlationsbetweenrandom
variablesmale thesystemrhardto beinvesticatedanalytically
sotheresultspresentedhereareobtainedoy meanf simula-
tions.

At the beginning of the simulation,we considerto have a
certainnumberN of nodesuniformly distributedon the simu-
lation rectanglethathasdimensionsX, = Y, = 100 m; each
simulationconsidersl 0000 fadingsamplegera singlevalue
of w.

The correlatedadingsamplesaregeneratedy meansof
a Jales’ simulator[7] andindependentealizationsare con-
sideredfor eachbeacon.From anintuitive point of view, the
morefadingis uncorrelatedthe morethe averagecestimation
is accuratewith alower numberof samples.The Jales’ sim-
ulator is driven by a single parameterd = f3 * Ty, called
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Fig.1. Meanerrorasafunctionof window size(no mobility).

thenormalizedmaximumDopplerfrequeny, whereTy is the
time stepbetweertwo successie samplesomputatiorand f4
is themaximumDopplerfrequeng.

As far asthe mobility modelis concerningwe have inte-
gratedinto our simulatorthe well-known RandomWay-Point
[8]: anoderandomlychoosesa destinatiornpoint on the two-
dimensionalmap; it walksto the target point with a constant
speeduniformly selectedrom the set[0, Vinax], WhereViyax
is the maximumspeedof the mobile nodes. Oncethe target
is reachedthe sensomodestopsfor afixedtime calledPause
Time, thenthe mechanismis repeated.Sincethe tarmget point
is randomlychosenthewalk time is unpredictable.

In Figurel the meanerror (i.e., the averageof e on mary
realizations)asa function of window sizew is reportedwith
N = 20 sensor®nthesimulationarea. Thenodesareconsid-
eredstationaryandthe positionerrorsare averagedon mary
different position estimationsand on eachnode. Whenfad-
ing is not so correlatedd = 10.0), a shortwindow size,e.g.
w = 50, is enoughto getthe minimaof the performanceThe
window size hasto be increasedvhenthe normalizedmaxi-
mum Dopplerfrequeny d decreasesFor d = 0.001 a very
hugewindow is necessarjn orderto have acceptablgosition
errors. Note thatthe meanerror never reacheghe value of 0
andthebestobtainablesrroris aroundfew meters.In particu-
lar, anerrorlowerboundof 2.5mmaybeidentifiedfor w = 50
for not correlatedfadingandthis is the maximumresolution
we have verifiedfrom this systemin presencef Rayleighfad-
ing. Furthermorethis spatialresolutionis sufiicientfor alarge
setof applications.

The varianceof the position error is reportedin Figure
2 by taking into accountthe e variationalongthe simulation
andbetweerthe nodes.This variancegivesa measureon the
positionerror measureeliability. For someselectedvindow
sizevaluesthemeanerroris aboutfew metersandtherelative
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Fig. 2. Varianceof errorasa functionof window size(no mobility).
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Fig. 3. Varianceof errorasafunctionof window sizewith zoom(no mobil-
ity).

variancemay be very closeto zero;this occurswith not cor
relatedfading. The varianceoscillatingbehaior is dueto the
shortnes®f simulationtime.

In Figure 3 a zoom of Figure 2 is plotted for d =
0.1,1.0,10.0. Notethatfor w > 50 the varianceis very close
to zero,giving to the meanvalueanhigh degreeof reliability.

Until now, with stationarysensorsthe systemshaws the
bestperformancén fastfadingenvironment.The effect of the
mobility is introducedn Figure4. All nodesareconsideredo
move with Vinax = 0.3m/Ty andaPauseTime of 307y. Note
thatthe bestperformancas yet obtainedin fastfading ervi-
ronmenti.e., for high d values,asit is for the stationarycase.
Furthermorewith respecto the stationarycase the presence
of atrade-of, underlinedalsoin theintroduction,is present.
For low w values,the errorincreaseslueto fading, andthis
effectis mitigatedfrom the averagewindow asmuchasfad-
ing is fast,while for high w values,the errorincreaseslueto
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Fig.4. Meanerrorasafunctionof window size(Vmax = 0.3 m /Ty).
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Fig.5. Meanerrorasafunctionof window size(d = 1.0).

the mobility that make the old samplewrong with respecto
theactualposition.Notethatthemobility casenasaminimum
errorin thesameregion of the stationaryone,aroundw = 50,
eventhoughthevalueof the positionerrordoubles.

Theimpactof mobility speeds shavn in Figure5 for dif-
ferentvalueof V.« With d = 1.0. Theerrorincreasesith
themobility speedyeachingvaluewherethe positionestima-
tion is difficult to be used. Fortunately a sensometwork is
usuallycharacterizedo be stationaryor with alow speedso
thisresultdoesnotimpair the systemuse.

Oneerrorcausds dueto thethreecaseswvithout intersec-
tion that we have overrunby fixing a corventionalposition;
we referto thesetypesof casesas“bad events”. As the mean
error reacheshighervalueswith correlatedfading, the same
occursfor badevents.

Let uslabelthebadeventsasin the previoussection,.e.,
by meansof threecases:1) whenintersectionoccursout of
the simulationarea;2) whenone circumferencancludesthe



[dlw [w=10 | w=50 | w=100 |w=200| |d/w [w=10] w=50| w=100 | w=200
d=0.001 | 0.071 [ 0.051 [ 0.036 | 0.032 d=0.001 || 0.244 | 0.160 | 0.10 0.049
d=001 | 0053 | 0.024 | 0013 | 0.011 d=001 | 0117 | 0.030 | 0.006 | 0.003
d=0.1 0.039 | 0.006 | 0.005 | 0.007 d=0.1 0.066 | 0.010 | 0.006 | 0.004
d=10 0.041 | 0.014 | 0.010 | 0.009 d=10 0.067 | 0.013 | 0.004 | 0.003
d=100 || 0.048 | 0.026 | 0.023 | 0.014 d=10.0 || 0.106 | 0.041 | 0.025 | 0.009

TABLE | TABLE I

NUMBER OF BAD EVENTS OF TYPE 1 ON TOTAL ESTIMATIONS.

| dlw [w=10] w=50 | w=100 | w=200 |
d=0.001] 0136 | 0.031 [ 0.003 | <0.001
d=0.01 || 0.009 | <0.001| <0.001| <0.001
d=0.1 0.003 | <0.001| <0.001 | <0.001
d=10 0.004 | <0.001| <0.001| 0.0
d=10.0 | 0.008 | <0.001| <0.001| <0.001
TABLE Il

NUMBER OF BAD EVENTS OF TYPE 2 ON TOTAL ESTIMATIONS.

other; and 3) when circumferencesre disjoint. In the fol-

lowing thesethreecasesareinvestigatedby meansof tables,
wherethenumberof occurrencess reportedhormalizedo the
numberof realizations.

The casel) is reportedin Tablel. The badeventsoccur
rencedecreaseasthewindow lengthincreasesindthefading
increasesn correlation.Similar considerationsnay bedravn
for the case?) and3) reportedin thetablesll andlll, respec-
tively. Notethattheseerrorsoccurrences genericallylow, so
theirimpactis vanishingandthis is trueasmuchasd is large
andw is low.

IV. CONCLUSIONS AND FUTURE WORKS

In this paper we proposeda simple localizationsystem
that can be appliedin sensornetworks, where enegy con-
sumptionand computationcompleity arecritical. The sys-
temis basedon triangulationof signalstrengthrecevedfrom
two beaconnly andit is basedon a buffer usedasa sliding
window. Our attentionis focusedon effectsthatcancompro-
misethe estimationof position. In particular we focusedon
fadingandmobility andwe investicatethe behaior by means
of simulations.

The resultsprove that a small size of window is enough
for anaccurateestimationatleastfor fadingwith low level of
correlation.Thenumericakesultsalsoprove theexistenceof a
window sizetrade-of whenbothfadingandmobility arecon-
sidered.Furthermoresomecaseshotresohablefrom the sys-
temequatiomareidentifiedandforcedto aconventionalvalue,

NUMBER OF BAD EVENTS OF TYPE 3 ON TOTAL ESTIMATIONS.

by shaving in the numericalresultsthe vanishingimpact of
thesedecisions.

Possiblefurtherdirectionsregardswith: amoreanalytical
investication, by attemptingo make hypothesighatleavesthe
systemequatiorto becomputedn aclosedform; amorecom-
plex ervironment,by assumingmore beacons;a more com-
plex fadingervironment,suchasRice or Nakagamifading.
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