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Abstract—Routing in ad-hocsensornetworks is a compli-
catedtask becauseof many reasonsThe nodesarelow pow-
ered and they cannot maintain routing tables large enough
for well-known routing protocols. Becauseof that, greedy
forwarding at intermediate nodesis desirablein ad-hocnet-
works. Also, for traffic engineering, multipath capabilities
are important. So, it is desirable to define routes at the
source like in Source BasedRouting (SBR) while perform-
ing greedyforwarding at intermediate nodes.

We investigate Trajectory-Based Routing (TBR) which
was proposedas a middle-ground betweenSBR and greedy
forwarding techniques. In TBR, source encodestrajectory
to be traversedand embedsit into each packet. Upon the
arri val of eachpacket, intermediate nodesdecodethe tra-
jectory and employ greedyforwarding techniquessuchthat
the packet followsits trajectory asmuch aspossible.

In this paper, we provide techniguesto efficiently forward
packetsalongatrajectory definedasaparametric curve. We
use the well-known Bezier parametric curve for encoding
trajectories into packetsat source. Basedon this trajectory
encoding,we develop and evaluate various greedyforward-
ing algorithms. We alsoinvestigatevarious issuesregarding
implementation of TBR.

Keywords— Ad-hoc Sensor Networks, Trajectory-Based
Routing, GreedyForwarding

I. INTRODUCTION

Ad-hoc sensometworks have their own characteristics
which leadto significantamountof researchin the area.
Particularly routingin ad-hocsensonetworksis acompli-
catedtaskbecausef mary reasons.For example,nodes
arelow poweredandthey cannotmaintainrouting tables
large enoughfor well-known routing protocolssuch as
Link-StateRouting[1]. Thisis known as statelesgout-
ing [2], sincenodesdo not maintainrouting tablesrepre-
sentingnetwork state.Moreover, nodesaremobile which
makesit harderto corverge for typical proactie routing
protocols.

So, becauseof its statelessature,greedyforwarding
(suchas GPSR[2] and CartesianRouting (CR) [3]) of
paclets at intermediatenodesis desirablein ad-hocnet-
works. Also, for traffic engineeringmultipath capabili-
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Trajectory defined as a
parametric curve

Fig. 1. An examplefor using TBR in anapplication: The ap-
plication collectsphotosof the “west of mountains”,which
causedestroute to be different than traditional shortest-
pathrouting.

ties areimportant. However, it is not possibleto employ
well-knovn multipathroutingtechniquege.g. MPLS [4],
or others[5]) in ad-hocnetworks, becausanodesare mo-
bile. So,it is desirablego defineroutesatthesourcdikein
SourceBasedRouting(SBR)[6]. NiculescuandNath[7]
proposedTrajectory-Basedrouting (TBR) as a middle-
groundbetweenSBR and greedyforwarding techniques.
In TBR, sourceencodedrajectoryto traverseandembeds
it into eachpaclet. Uponthe arrival of eachpaclet, inter
mediatenodesemploy greedyforwardingtechniquesuch
thatthe paclet follows its trajectoryasmuchaspossible.
This way, routing becomessource-basedvhile thereis
no needfor routing tablesfor forwarding at intermediate
nodes.

Furthermoreas anothermotivation for TBR, thereis
a new trend toward application-driven networking [3]
where applicationscan communicatewith network and
customizenetwork behaior basedon their own require-
ments. For example,consideranimageprocessingppli-
cationwhich collectspicturestaken at differentnodesin
the network and megesthem into a single picture of a
sceneConsidettheexamplenetwork in Figurel. Assume



thattheapplicationis runningatnodesA andB, andwants
to createa big picturefor the westof mountains.Obsere
thattraditionalshortest-patinoutingis not suitablefor this
typeof applicationsincethe shortespathfrom A to B tra-
versesnodesthat are far from the westof mountains. A

more suitablerouting for this applicationis to route such
thattraffic of thisapplicationtraversesnodegshatareclose
to thetrajectorydefinedasthewestof mountains Thistra-
jectoryis alsodravn asa parametriccune in theFigurel.

So, TBR is promisingfor suchapplications gxamplesof

which canbe extended.

In [7], Niculescuand Nath describedbasicfeaturesof
TBR alongwith a Local PositioningSystem(LPS) which
motivatesTBR’s implementation. Sinceit hasa greedy
forwarding mechanism;TBR needssupportfor position-
ing of wirelessnetwork nodes.SinceGPS[9] is analready
deployedpositioningsystempositioningis notamajoris-
suefor TBR. Also, for consideratiornf nodesunableto
supportGPS,NiculescuandNath developeda positioning
protocolLPSwhich enablegositioningof non-GPShodes
with local information. So,in this paper we assumedhat
thenodeshave a knowledgeof their positionswith respect
to a mutually knowvn coordinatesystem.This assumption
is reasonablasthe useof GPSaswell asotherposition-
ing toolsarebecomingmorepopular[10], [11], [12], [13],
[14], [15], [16], [17].

In TBR, oneimportantissueto explore is how to effi-
ciently forward pacletsalonga definedparametriccurve
Q(t). NiculescuandNathexperimentedvith simplepara-
metric curves such as sine curwe, and left the question
of how to encodevarious trajectoriesinto paclets as a
parametriccurve. In this paper we proposean effective
method of encodingtrajectoriesinto paclets at source.
Given this trajectory encodingtechniquesat source,we
presentvariousmechanismso performforwardingat in-
termediatenodes.

For trajectory encoding, we proposeto use Bezier
curves [18] which give a lot of flexibility in the greedy
forwarding of TBR while it is possibleto definea broad
rangeof curves with them. Laterin Sectionll, we will
describedetailsof usingBeziercurvesfor TBR.

Therestof paperis organizedasfollows: First, in Sec-
tion Il we describadetailsof Beziercurvesandhow to use
themfor trajectoryencodingin TBR. Next in Sectionlll,
we proposevariousgreedyalgorithmsfor paclet forward-
ing in TBR with Beziercurwes. In SectionlV, we present
ns-2 simulationsof the forwarding algorithmsand evalu-
atetheir performanceFinally, in SectionV we summarize
thework.

II. USING BEZIER CURVES FOR TBR

In this section, we will discussthe basicsof Bezier
curves usedfor TBR. Bezier curwes are specialtypes of
curvesthatareusedn theareaof graphicdor representing
lettersin specialpurposefonts. Thesecurvesaredefined
by anumberof points- source destinationandsomecon-
trol points Dependingon the numberof control points,
they arenamedaccordingly For instance a Beziercurve
definedby 1 control point is called asquadratic Bezier
curve, while the onewhich is definedby 2 contol points
is known as cubic Bezier curve. Thereare otherforms
of Beziercurnessuchasquintine Bezier curves(3 con-
trol points),but our choiceof usingcubicBeziercurve was
dictatedby its simplicity aswell aseaseof computation.

A. Basicsof Beziercurves

A Bezier curve Q(t) is, generally representedn its
parametricform. When parametett = 0, it represents
the sourcepoint of the curve, while ¢t = 1 representshe
destinatiorpoint of thecurve.

A cubicBeziercurweis representeds:

Qt)=X=At3+Bt2+Ct+ X 1)
where
x—|%| a_]|9 B:-bw
y b ay ) _by b
Cy Yo |

Now, if we know the coordinate®f the source(zy, yo),
destination(z1, y1), andthe 2 control points (z2, y2) and
(z3,ys3), we cancalculateconstant#\, B, andC asunder:

C =3 (X1 — Xo)
B=3(X,—X;)-C
A=Xs5-Xo—C—B

Here, X1, X9, andXg arevectorssimilarto X containing
thex andy coordinate®f control point-1, contol point-2
anddestinatiorpointrespecirely.

Thus,from (1) we canobsenre that aswe increasethe
value of the parametet from O to 1, we cantraversethe
Beziercurve completely

B. ClosestPoint onthe BezierCurve

Givenatrajectorydefinedby a Beziercurve, the nodes
can either be on the Bezier curve or could be nearthe
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Fig. 2. A nodenearatrajectorydefinedby aBeziercurve Q(t).

Bezier curve. In order to implementforwarding algo-
rithms, for a nodenearthe Beziercure, we needto find
wherethis nodecorrespond®n the Beziercune. Thisis
actuallythe pointonthecurve closesto thenode.

FindingtheBeziercurve pointclosesto anodeis anon-
trivial task. In the Figure 2, the nodedoesnot lie on the
Beziercurve. To calculatethe point on the curve which
is is nearesto the node,we draw a perpendiculaon the
tangentof the curve. Now, with Q(¢) in (1) beinga third
orderpolynomialandthetangent)’ (¢) beingasecondr-
der polynomial,we geta fifth orderpolynomialwhenwe
hare Q(t)Q'(t) = 0. Oneof rootsof this equationwill
be the point on the Beziercurve Q(t) nearesto the node
[19]. Rootsof afifth degreepolynomialcanbe computed
but finding rootsof the polynomialwith ordergreaterthan
5isimpossible.

Giventheabose methodologyto find the nearespointa
Beziercurve,we now fix aterminologyto easewriting rest
of the paper GivenaBeziercure Q(¢) andanodeN; as
shavn in Figure2, we call the valueof parametet atthe
curve point closestto N; asresidualof N; andrepresent
it by ¢;. Theclosestcurwe pointitself is calledasresidual
point of N;, andrepresentedy Q(¢;). Finally, we call
the distancebetweenthe nodeand Q(t;) asthe residual
distanceof N; andrepresenit by d;.

1. GREEDY FORWARDING ALGORITHMS FOR TBR

Givenaneighborhoodindatrajectoryto follow for the
paclet, a nodemay follow differentforwardingstratgies
dependingn applicationandusercriteria. Onecandefine
variousobjectvesfor forwardingin TBR:

« Obey thetrajectory: Theremight be casesvhereobey-
ing the trajectoryis critical. For example,if thetrajectory
is passingthroughjust nearenemyareain a battlefield,

" Transmission Range of Ny .~

Fig. 3. Big pictureof forwardingin TBR.

thenmaking surethat paclets are obeying the trajectory
andare not gettingto the enemyareais important. This
becomegarticularlyimportantwhen pacletsinclude se-
cure information that must not reachto enemywireless
agents.

« Read the destinationnode: As anothercriteria, if ap-
plication generatinghe pacletsis sensitve loss of pack-
ets,thenonemightfind it morecorvenientto forwardthe
paclet to the destinatiomodeif it is in the neighborhood
of theforwardingnodealthoughit mightbedisobeing the
trajectorysignificantly

« Read quikly: If the information being sentis delay
sensitve andthe similarity of routeto trajectoryis not of
muchimportancethenit becomesnorecorvenientto for-
wardthe pacletssuchthatthey reachto the destinatioras
quick aspossible.

For usefulnes®f the forwarding stratgy, the forward-
ing algorithm must malke surethat the paclet advances
alongthe trajectorycurwe. In otherwords,a nodeshould
notforwarda pacletbackwardsalongthetrajectorycune.
For example,in Figure3, considemode Ny with residual
to. Althoughthereareothernodeswithin thetransmission
rangeof Ny, theforwardingalgorithmmustforwardpack-
etsto oneof thegraynodeswhoseresidualsarelargerthan
to. Wewill call the setof nodesthathave residualdarger
thant, asneighborhood of Ny. Within theneighborhood,
selectionof which nodeto forward paclets next depends
onvarioususerandapplicationobjectives,someof which
wereitemizedabore.

!Notethatour definitionof neighborhoods differentfrom Niculescu
andNath’s definitionin [7].



As anotherimportantissue,the simplicity of the for-
wardingalgorithmis crucialfor implementatiorpurposes.
Since agentsare generallylow-poweredin wirelessnet-
works (particularly in sensornetworks), computational
simplicity is animportantfactorin termsof deployment.

In thefollowing sub-sectionsye developalgorithmsfor
selectionof next nodewithin the neighborhoodaccording
to the abore-mentionedrariousforwardingcriteria. Note
that all the following forwarding algorithmsassumethat
the setof nodesthat are composingthe neighborhoods
calculated. This only requiresresidualsto be calculated
for every singlenodewithin thetransmissiomange.Given
residualf nodesn thetransmissiomange onecaneasily
constructthe neighborhoodf the currentnode(the node
wherethe pacletis currentlyresiding)by simply compar
ing residualdo theresidualof the currentnode.

A. Random

A simplealgorithmis to selectthe next noderandomly
from the neighborhoodThis algorithmis beneficialwhen
computatiorpoweris of criticalimportance Also, if trans-
missionpower of nodesin the network is relatively small,
thenthis algorithmwill performfine sincenodeswill not
have very large neighborhoodshat may causepacletsto
beforwardedfarawayfrom thetrajectory So,theRandom
algorithmmay be usefulfor wirelessnetworks with nodes
having low computationalndtransmissiorpower.

B. Closesto Curve(CTC)

Another computationallysimple algorithmis to select
thenodewhich s closestto the curve amongthe nodesin
neighborhood.This algorithmis pretty straightforvard to
implement. Simply, calculateresidualdistancesof each
nodein the neighborhoodand selectthe one resultingin
thesmallestresidualdistance.

If obeying to the trajectory is important, then CTC
is more useful. This algorithm is again useful for the
casesvherecomputationapoweris of critical importance.
However, it may resultin significanterrorsin forward-
ing suchas shavn in Figure 4. Sinceresidualdistance
ds of node N5 is smallerthan residualdistancesall the
othernodesin the neighborhood, Ny forwardspaclet to
N5 which causes significantviolation of thetrajectory

C. LeastAdvancemenin Curve(LAC)

Onemight needto traverseall the nodesthatarealong
thetrajectorycurve. For example,if aninformationneeds
to be floodedin the network, applicationmay want its
pacletsto traverseas much nodesas possible. A simple
algorithm is to forward to the node whoseresiduallies
right next to the residualof the currentnode. Note that

Fig. 5. Failureof LAC forwarding.

this algorithmis alsousefulfor low computatiorpowered
networks.

This meansall the nodesthat are within the transmis-
sionrangewill betraversedoneafteranotheraccordingto
the orderof their residuals However, again,this mightre-
sultin significanterrorsin forwardingsuchasin Figure5b.
Although N; is thefartheshodefrom thetrajectorycune,
N, forwardspacletsto N, because; is lessthanresiduals
of all theothernodesin theneighborhooaf Nj.

D. Hybrid of CTCandLAC (CTC-LAC)

Anotherpossibility is to combineCTC andLAC when
onewanttraverseasmary nodesaspossiblewhile trying
to obey the trajectorycurve. CombiningCTC andLAC
canbe donein variouswaysdependingon importanceof
obegying thetrajectoryrelative to importanceof traversing
asmary nodesaspossible We assumehatobeying to the
trajectoryis of moreimportance.

A computationallysimplealgorithmis asfollows: First,



Fig. 6. Big pictureof LDC forwarding.

definea tolerableresidualdistanceD. Then,go through
the neighborhoodandtry to find a neighbornode N; hav-
ing residualdistanced; < D. If therearemultiple nodes
satisfyingthe conditiond; < D, thenselectthe onewith
smallestesidualt;. If thereis no nodessatisfyingthecon-
dition, thenincrementD with a stepvalue AD andtry
againuntil anodeis selectedasthe next node.

E. MostAdvancemendn Curve(MAC)

If delayis of moreimportanceone might wantto for-
wardthe pacletsto thefarthestnodealongthecune. This
is againa simplealgorithmto implementsincejust calcu-
lation of residualswill be enoughin orderto find out the
fartheshodeto thecurrentnode.However, MA C forward-
ing may causesignificantviolationsof trajectoryasshovn
in Figure4.

Similarto CTC-LAC, it is alsopossibleto combineCTC
with MAC. However, we skip developing a hybrid algo-
rithm betweenCTC andMAC, sinceit is pretty similar to
CTC-LAC.

F. LowestDeviationfrom Curve(LDC)

Whenobeying the trajectoryis very crucial, it is possi-
ble to selectthe next nodesuchthatthe taken route devi-
atesfrom the trajectoryaslessaspossible.However, this
requiresextra computationsWe now describehow to im-
plementsuchanalgorithm.

In orderto obey thetrajectoryat mostlevel, atacurrent
node Ny, the bestnext node N; shouldbe selectedsuch
that the line betweenN, and N; musthave the smallest
deviation from the trajectorycomparedo the otherlines
betweenV; andary othernodein Ny's neighborhoodLet
A; betheareabetweentheline Ny-N; andthe curwe, i.e.
the total deviation of the forwarding from the trajectory
In orderto minimize the averagedeviation from the tra-
jectory the next nodeselectionrmustminimize ratio of A;
by the changen residualst; — %, i.e. the deviation from

trajectoryperunit lengthof thecune. Sofor nodeN,, we
canwrite theratio to minimizeas:

A, :ATGCI,(NO,NiaQ(tO)aQ(ti))
t; — 1o t; — o

R; =

for all N; in neighborhooaf Ny. Figure6 shaws big pic-
tureof thenecessargreacalculationgor LDC forwarding
atnodeN,. Toillustrateanexample,Ny needgo calculate
Al =ai1+as+as, Ay = a1 +ayg,andAs = a1 +as+as.
Theproblemis that,however, calculationof A; requires
extracomputationgndis nottrivial. Closed-formanalyti-
cal expressiondor A; arevery hardto obtain.Fortunately
we can approximated; by numericaltechniquessimilar
to themethodof Riemannsums[19] in numericalintegra-
tion. We now describehow to approximate4;.
Startingfrom the residualty, we move alongthe cune
with a fixed increasedt in the curve parametett. At the
beginning we know the points: (zg, yo), Q(to). We first
calculateQ(to + dt) anddraw theline Q(to)-Q(to + dt).
Then,wedraw aline from Q(t, + dt) towardtheforward-
ingline (zg, yo)-(zi, y;) parallelto theline Q(¢o)-(zo, o).
Let (z1,y1) bethepointwhereour new line intersectshe
forwardingline (zg, y0)-(z;,y;). By usingthe slopesof
lines(zo, yo)-(zi, yi) andQ(to)-(zo, yo), We calculatethe
point (z1,y1). Now, we have a trapezoidbetweendravn
by points: Q(to), (zo, o), Q(to + dt), and(z1,y1). Since
we know coordinatesof all the four pointswe cancalcu-
latetheareaof thetrapezoid.As shavn in Figures7-aand
7-b, we, then, iteratethe procedureby incrementingthe
residualto ¢y, + 2dt and generatea new trapezoid. This
iteration continuesuntil either the residualon the curve
passeg; or the intersectionpoint on the forwarding line
passegz;,y;). In otherwords, we malke n iterationsif
oneof thetwo conditionsis met: ¢; < ¢y + (n + 1)dt or
(Tn,Yn) < (%i, %) < (Tny1,Yns1). Dependingonwhich
conditionis satisfiedfirst, we calculatetherestof thearea
A; accordingly
Figure 7-b shavs an exampleof the casewhenthe for-
merconditionis satisfiedirst. We simply drav aquadrilat-
eralbetweerthefour points: (z,,, yn), Q(to +ndt), Q(t;),
and(z;,y;). We caneasilycalculateareaof this quadrilat-
eralsincecoordinateof all the four pointsareavailable.
Figure 7-ashavs anexampleof the casewhenthe for-
mer conditionis satisfiedfirst. We first calculatethe tri-
angularareabetweenthe points: (z,,y,), Q(to + ndt),
and(z;,y;). Then,we keepincrementingheresidualun-
til the former conditionis satisfied. At eachiterationwe
calculatethe triangularareageneratedy draving a line
between(z;, y;) andthe new pointon the cure. In other
words,atiterationn +m, we calculateheareaof thetrian-
gle betweerpoints: (z;,y;), Q(to + (n +m — 1)dt), and
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Fig. 7. Calculationof areabetweerthe Beziertrajectoryandtheforwardingline.

Q(to + (n + m)dt). Finally, whenthe former condition
is metwe simply calculatethe triangularareabetweerthe
points(z;,y;), Q(t;), andthe last point on the cune (i.e.
Q(to + (n + k)dt) if the conditionwas met at iteration
n+k+1).

Theapproximatiornto A; is simply accumulatiorof the
areasof the small piecesthat were generatediuring the
procedureabove. Of course,approximationwill perform
betterwhentheresidualincrementdt is smaller

LDC is expectedto perform optimally if obe/ing the
trajectory is the only and the most important objective
in TBR. Giventhelocal informationonly, it providesthe
bestway of selectingthe next nodewhom pacletsto be
forwarded. In orderto optimize the overall route taken
by pacletsof a trajectory bettertechniquesanbe devel-
opedwhennon-localinformationis availableto forward-
ing nodes.

Whencomputationakimplicity is importantone might
wantto useCTC insteadof LDC with thetrade-of thatit
may causesignificanterrorssuchastheoneshawvn in Fig-
ure4. An interestingobsenationis that CTC performance
will beverycloseto LDC performancen densenetworks.
So,in hearily densenetworks CTC maybeabetterchoice
thanLDC.

IV. SIMULATIONS

In orderto evaluatetheforwardingalgorithmswe devel-
opedfor trajectory-basedouting with Beziercurves, we
ran extensve simulationsin ns-2. We particularlylooked
at two metrics: averagedeviation from trajectoryand av-
eragepathlength.

We simulatedthe forwarding algorithmsfor two dif-
ferenttrajectories:circular and zig-zag. Trajectoriesare
shawvn in Figure 8 over a scenariowith 75 nodes. We
variednumberof nodesin the simulationfrom 20 to 300.

300 T
75_Nodes_location  +
Circular trajectory
Zig-zag trajectory +-+++++

250 *

200 ot g

150 i +

Y axis

)-‘q + +

50 ot -

it
+
+

0

0 100 200 300

X axis

Fig. 8. Experimentaltrajectoriesseenin a scenariowith 75
nodes.

400 500 600

Eachnodeis a wirelessnodewith an omnidirectionalan-
tenna.Transmissiomangeof antennass 5min radiusand
theantennasreplaced0.9mhigherthanXY-plane.

Thewirelessnodesareexchangingoeaconwith anin-
tenval of 10s. Eachnodemaintainsa neighbortable,each
entity of whichexpiresif nonew beacorhasbeenreceved
within thelast110s.

In our simulations nodesarerandomlydistributed over
a rectangulararea 250mX500m. We picked a source-
destinationpair suchthat sourceis closeto the starting
point of trajectoryandthe destinatiomodeis closeto the
endingpointof trajectory Thesourcegenerate€BR traf-
fic with averagepaclet size of 0.5KB. Total simulation
timeis 1000s.

Figures9-aand9-b shawv averagedeviation of pacletss
routesfrom theidealtrajectory for the caseof circularand
Zig-zagtrajectoriesrespectiely. We obsere thatLDC is
outperformingthe otherforwardingalgorithmsin the case
of circulartrajectory SometimesCTC outperforms.DC



whichexplainsthefactthatLDC is makinglocal optimiza-
tion without consideringnext hop’s choice. This causes
CTC to win sometimes.In both trajectories we seethat
LDC andCTC is corvemging to eachotheras density of
nodesncreasesHowever, we obsere CTC failure (asex-
plainedin Figure4) in somecasessuchaswhennumber
of nodess 250in circulartrajectory

Also, LAC andMAC performsworsethanthe othersin
generalwhichis causedby LAC's andMAC's ignorance
onobeying totrajectory As expected CTC-LAC performs
in betweenCTC andLAC. Nicely, we obsere that Ran-
dom forwarding performsaveragecomparedo otherfor-
wardingalgorithms.

Figures10-a and 10-b shav averagepath length tra-
versedby paclets normalizedto the length of the ideal
trajectory for the caseof circular andzig-zagtrajectories
respectrely. We canobserer that,asexpected LAC per
formsworstin termsof pathlength. MAC outperformsall
theotherfor thecirculartrajectory howeverit is beaterby
CTCandCTC-LAC for thezig-zagtrajectory Thatdiffer-
encebecomesnoreevidentasdensityof nodesincreases.

For thecirculartrajectory normalizedpathlengthis ap-
proximatelyl for LDC, which alsoshavs thatLDC is the
onethat obgys the trajectorymost. However, for zig-zag
trajectory LDC becomedargerthanl asdensityof nodes
increases.This meansLDC is bestfor moderatelypopu-
lated ad-hocnetworks. This discouragesiseof LDC for
very densenetworks sinceits computationaloverheadis
morefor densemnetworks(asnumberof neighborswill in-
creasdoo).

Also, Randomagainperformsaveragecomparedo the
othersin termsof pathlength. So, an interestingfinding
is that Randomforwardingis goodin orderto achie/e an
averageperformanceavhile avoiding alot of computational
overheadf morecomplex forwardingmechanisms.

Sincewe keptmobility closeto zero,we did not sketch
theprobabilityof reachingdestinationFFor Randomprob-
ability reachingdestinatiorwasmorethan80%. For all the
others,t wasmorethan95%.

V. SUMMARY

In this paper we studied Trajectory-BasedRout-
ing(TBR) for statelessoutingin ad-hocsensometworks.
We proposedusingBeziercurvesfor definingtrajectories
in TBR. Variousshapedor routescan be definedby us-
ing Beziercurves. We particularly developedseveral for-
wardingalgorithmsbasedntrajectorieslefinedby Bezier
cures.

We proposedan optimal forwarding algorithm, Least
Deviationfrom Curve(LDC), thatobeys to trajectorieghe
most. We ran extensve simulationsin orderto evaluate

the forwarding algorithms. We found that LDC is good
for moderatelypopulatedad-hocnetworks. Interestingly
we alsofoundthat Randomforwarding performsaverage
while avoiding significantcomputationabverhead.

Several issuesremainto be investigatedsuchas effect
of mobility patterns,traffic patterns. Also, future work
includesstudying methodsfor increasingresilience(i.e.
probabiliy of reachingto destination)for different for-
wardingalgorithms.

If we considerapplicationssuchastraversinga river or
easterrfaceof a mountain theseapplicationswill require
consideratiorof curveswhich couldberepresentedly us-
ing muchmorenumberof control pointsthantwo. Sucha
curve will bevery difficult to encodan the paclet header
asthenwewill haveto encodeeachandeverycontrolpoint
whichwould make theheadefarge. Also, computingsuch
a Bezier curwe is extremely difficult during the time of
greedyforwarding. So, it is necessaryo studymethodsof
scalingpaclet header suchthat paclet headersize stays
relatively smalleventhoughthetrajectoryis verylongand
comple.

Finally, asanotheropenissue,answeringthe question
of how to routethe pacletsto destinationwhenthe des-
tinationandthe sourceare mobile, which is generallythe
casen ad-hocnetworks.
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