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Abstract—Routing in ad-hocsensornetworks is a compli-
catedtask becauseof many reasons.The 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 lik e in Source BasedRouting (SBR) while perform-
ing greedyforwarding at intermediate nodes.

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

In this paper, weprovide techniquesto efficiently forward
packetsalonga trajectory 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 sensornetworks have their own characteristics
which lead to significantamountof researchin the area.
Particularly, routingin ad-hocsensornetworksisacompli-
catedtaskbecauseof many reasons.For example,nodes
arelow poweredandthey cannotmaintainrouting tables
large enoughfor well-known routing protocolssuch as
Link-StateRouting [1]. This is known asstatelessrout-
ing [2], sincenodesdo not maintainrouting tablesrepre-
sentingnetwork state.Moreover, nodesaremobilewhich
makes it harderto converge for typical proactive routing
protocols.

So, becauseof its statelessnature,greedyforwarding
(such as GPSR[2] and CartesianRouting (CR) [3]) of
packets at intermediatenodesis desirablein ad-hocnet-
works. Also, for traffic engineering,multipath capabili-
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Fig. 1. An examplefor usingTBR in an application:The ap-
plicationcollectsphotosof the“west of mountains”,which
causesbest route to be different than traditional shortest-
pathrouting.

ties areimportant. However, it is not possibleto employ
well-known multipathroutingtechniques(e.g.MPLS [4],
or others[5]) in ad-hocnetworks,becausenodesaremo-
bile. So,it is desirableto defineroutesat thesourcelike in
SourceBasedRouting(SBR)[6]. NiculescuandNath[7]
proposedTrajectory-BasedRouting (TBR) as a middle-
groundbetweenSBR andgreedyforwarding techniques.
In TBR, sourceencodestrajectoryto traverseandembeds
it into eachpacket. Uponthearrival of eachpacket, inter-
mediatenodesemploy greedyforwardingtechniquessuch
that thepacket follows its trajectoryasmuchaspossible.
This way, routing becomessource-basedwhile there is
no needfor routing tablesfor forwardingat intermediate
nodes.

Furthermoreas anothermotivation for TBR, there is
a new trend toward application-driven networking [8]
where applicationscan communicatewith network and
customizenetwork behavior basedon their own require-
ments.For example,consideran imageprocessingappli-
cationwhich collectspicturestaken at differentnodesin
the network and merges them into a single picture of a
scene.Considertheexamplenetwork in Figure1. Assume



thattheapplicationis runningatnodesA andB, andwants
to createa big picturefor thewestof mountains.Observe
thattraditionalshortest-pathroutingis notsuitablefor this
typeof applicationsincetheshortestpathfrom A to B tra-
versesnodesthat are far from the westof mountains.A
moresuitablerouting for this applicationis to routesuch
thattraffic of thisapplicationtraversesnodesthatareclose
to thetrajectorydefinedasthewestof mountains. This tra-
jectoryis alsodrawn asaparametriccurve in theFigure1.
So, TBR is promisingfor suchapplications,examplesof
whichcanbeextended.

In [7], NiculescuandNath describedbasicfeaturesof
TBR alongwith a Local PositioningSystem(LPS)which
motivatesTBR’s implementation. Sinceit hasa greedy
forwardingmechanism,TBR needssupportfor position-
ing of wirelessnetwork nodes.SinceGPS[9] is analready
deployedpositioningsystem,positioningis notamajoris-
suefor TBR. Also, for considerationof nodesunableto
supportGPS,NiculescuandNathdevelopedapositioning
protocolLPSwhichenablespositioningof non-GPSnodes
with local information.So,in this paper, we assumedthat
thenodeshaveaknowledgeof theirpositionswith respect
to a mutuallyknown coordinatesystem.This assumption
is reasonableastheuseof GPSaswell asotherposition-
ing toolsarebecomingmorepopular[10], [11], [12], [13],
[14], [15], [16], [17].

In TBR, oneimportantissueto explore is how to effi-
ciently forward packetsalonga definedparametriccurve�������

. NiculescuandNathexperimentedwith simplepara-
metric curves such as sine curve, and left the question
of how to encodevarious trajectoriesinto packets as a
parametriccurve. In this paper, we proposean effective
methodof encodingtrajectoriesinto packets at source.
Given this trajectoryencodingtechniquesat source,we
presentvariousmechanismsto performforwardingat in-
termediatenodes.

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

Therestof paperis organizedasfollows: First, in Sec-
tion II wedescribedetailsof Beziercurvesandhow to use
themfor trajectoryencodingin TBR. Next in SectionIII,
we proposevariousgreedyalgorithmsfor packet forward-
ing in TBR with Beziercurves. In SectionIV, we present
ns-2simulationsof the forwardingalgorithmsandevalu-
atetheirperformance.Finally, in SectionV wesummarize
thework.

I I . USING BEZIER CURVES FOR TBR

In this section, we will discussthe basicsof Bezier
curves usedfor TBR. Bezier curves arespecialtypesof
curvesthatareusedin theareaof graphicsfor representing
lettersin specialpurposefonts. Thesecurvesaredefined
by anumberof points- source, destination, andsomecon-
trol points. Dependingon the numberof control points,
they arenamedaccordingly. For instance,a Beziercurve
definedby 1 control point is calledasquadratic Bezier
curve, while theonewhich is definedby 2 control points
is known ascubic Bezier curve. Thereareother forms
of Beziercurvessuchasquintine Bezier curves(3 con-
trol points),but ourchoiceof usingcubicBeziercurvewas
dictatedby its simplicity aswell aseaseof computation.

A. Basicsof Beziercurves

A Bezier curve
�������

is, generally, representedin its
parametricform. When parameter

���
	
, it represents

the sourcepoint of the curve, while
����

representsthe
destinationpointof thecurve.

A cubicBeziercurve is representedas:���������
X
�
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C
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Now, if weknow thecoordinatesof thesource
� � �  � � � ,

destination
� �,+  � + � , andthe2 controlpoints

� � �  � � � and� � �  � � � , we cancalculateconstantsA, B, andC asunder:

C
�.-/�

X +10 X � �
B
�.-/�

X � 0 X + � 0 C

A
�

X � 0 X � 0 C 0 B

Here,X + , X � , andX � arevectorssimilarto X containing
thex andy coordinatesof control point-1, control point-2,
anddestinationpoint respectively.

Thus,from (1) we canobserve that aswe increasethe
valueof the parameter

�
from 0 to 1, we cantraversethe

Beziercurve completely.

B. ClosestPoint on theBezierCurve

Givena trajectorydefinedby a Beziercurve, thenodes
can either be on the Bezier curve or could be near the



Fig. 2. A nodeneara trajectorydefinedby aBeziercurve 2!35476 .
Bezier curve. In order to implement forwarding algo-
rithms, for a nodenearthe Beziercurve, we needto find
wherethis nodecorrespondson theBeziercurve. This is
actuallythepointon thecurve closestto thenode.

FindingtheBeziercurvepointclosestto anodeis anon-
trivial task. In the Figure2, the nodedoesnot lie on the
Bezier curve. To calculatethe point on the curve which
is is nearestto the node,we draw a perpendicularon the
tangentof thecurve. Now, with

�����
) in (1) beinga third

orderpolynomialandthetangent
��89�����

beingasecondor-
derpolynomial,we geta fifth orderpolynomialwhenwe
have

���������:8;�������	
. Oneof rootsof this equationwill

be thepoint on theBeziercurve
�������

nearestto thenode
[19]. Rootsof a fifth degreepolynomialcanbecomputed
but finding rootsof thepolynomialwith ordergreaterthan
5 is impossible.

Giventheabovemethodologyto find thenearestpointa
Beziercurve,wenow fix aterminologyto easewriting rest
of thepaper. Givena Beziercurve

�������
anda node <�= as

shown in Figure2, we call thevalueof parameter
�

at the
curve point closestto <'= asresidualof <'= andrepresent
it by

� = . Theclosestcurve point itself is calledasresidual
point of <'= , and representedby

����� = � . Finally, we call
the distancebetweenthe nodeand

����� = � as the residual
distanceof < = andrepresentit by > = .

I I I . GREEDY FORWARDING ALGORITHMS FOR TBR

Givena neighborhoodanda trajectoryto follow for the
packet, a nodemay follow differentforwardingstrategies
dependingonapplicationandusercriteria.Onecandefine
variousobjectivesfor forwardingin TBR:? Obey the trajectory: Theremight becaseswhereobey-
ing thetrajectoryis critical. For example,if thetrajectory
is passingthroughjust nearenemyareain a battlefield,

Fig. 3. Big pictureof forwardingin TBR.

thenmaking surethat packets areobeying the trajectory
andarenot getting to the enemyareais important. This
becomesparticularly importantwhenpackets includese-
cure information that must not reachto enemywireless
agents.? Reach the destinationnode: As anothercriteria, if ap-
plication generatingthe packets is sensitive lossof pack-
ets,thenonemight find it moreconvenientto forwardthe
packet to thedestinationnodeif it is in theneighborhood
of theforwardingnodealthoughit mightbedisobeying the
trajectorysignificantly.? Reach quickly: If the information being sent is delay
sensitive andthesimilarity of routeto trajectoryis not of
muchimportance,thenit becomesmoreconvenientto for-
wardthepacketssuchthat they reachto thedestinationas
quick aspossible.

For usefulnessof the forwardingstrategy, the forward-
ing algorithm must make sure that the packet advances
alongthe trajectorycurve. In otherwords,a nodeshould
not forwardapacketbackwardsalongthetrajectorycurve.
For example,in Figure3, considernode < � with residual� � . Althoughthereareothernodeswithin thetransmission
rangeof < � , theforwardingalgorithmmustforwardpack-
etsto oneof thegraynodeswhoseresidualsarelargerthan� � . We will call thesetof nodesthathave residualslarger
than

� � asneighborhood1 of < � . Within theneighborhood,
selectionof which nodeto forward packetsnext depends
on varioususerandapplicationobjectives,someof which
wereitemizedabove.@

Notethatourdefinitionof neighborhoodis differentfrom Niculescu
andNath’sdefinitionin [7].



As anotherimportant issue,the simplicity of the for-
wardingalgorithmis crucialfor implementationpurposes.
Sinceagentsare generallylow-powered in wirelessnet-
works (particularly in sensornetworks), computational
simplicity is animportantfactorin termsof deployment.

In thefollowing sub-sections,wedevelopalgorithmsfor
selectionof next nodewithin theneighborhoodaccording
to theabove-mentionedvariousforwardingcriteria. Note
that all the following forwardingalgorithmsassumethat
the set of nodesthat arecomposingthe neighborhoodis
calculated. This only requiresresidualsto be calculated
for everysinglenodewithin thetransmissionrange.Given
residualsof nodesin thetransmissionrange,onecaneasily
constructthe neighborhoodof thecurrentnode(thenode
wherethepacket is currentlyresiding)by simply compar-
ing residualsto theresidualof thecurrentnode.

A. Random

A simplealgorithmis to selectthenext noderandomly
from theneighborhood.This algorithmis beneficialwhen
computationpoweris of critical importance.Also, if trans-
missionpower of nodesin thenetwork is relatively small,
thenthis algorithmwill performfine sincenodeswill not
have very large neighborhoodsthatmay causepacketsto
beforwardedfarawayfrom thetrajectory. So,theRandom
algorithmmaybeusefulfor wirelessnetworkswith nodes
having low computationalandtransmissionpower.

B. Closestto Curve(CTC)

Anothercomputationallysimple algorithm is to select
thenodewhich is closestto thecurve amongthenodesin
neighborhood.This algorithmis prettystraightforward to
implement. Simply, calculateresidualdistancesof each
nodein the neighborhoodandselectthe oneresultingin
thesmallestresidualdistance.

If obeying to the trajectory is important, then CTC
is more useful. This algorithm is again useful for the
caseswherecomputationalpower is of critical importance.
However, it may result in significant errors in forward-
ing suchas shown in Figure 4. Sinceresidualdistance>BA of node <CA is smaller than residualdistancesall the
other nodesin the neighborhood,<�� forwardspacket to<CA whichcausesasignificantviolationof thetrajectory.

C. LeastAdvancementon Curve(LAC)

Onemight needto traverseall thenodesthatarealong
thetrajectorycurve. For example,if aninformationneeds
to be flooded in the network, applicationmay want its
packets to traverseasmuchnodesaspossible.A simple
algorithm is to forward to the nodewhoseresiduallies
right next to the residualof the currentnode. Note that

Fig. 4. Failureof CTCandMAC forwarding.

Fig. 5. Failureof LAC forwarding.

this algorithmis alsousefulfor low computationpowered
networks.

This meansall the nodesthat arewithin the transmis-
sionrangewill betraversedoneafteranotheraccordingto
theorderof their residuals.However, again,thismight re-
sult in significanterrorsin forwardingsuchasin Figure5.
Although < + is thefarthestnodefrom thetrajectorycurve,< � forwardspacketsto < + because

� + is lessthanresiduals
of all theothernodesin theneighborhoodof <�� .
D. Hybrid of CTCandLAC (CTC-LAC)

Anotherpossibility is to combineCTC andLAC when
onewant traverseasmany nodesaspossiblewhile trying
to obey the trajectorycurve. CombiningCTC andLAC
canbedonein variouswaysdependingon importanceof
obeying thetrajectoryrelative to importanceof traversing
asmany nodesaspossible.Weassumethatobeying to the
trajectoryis of moreimportance.

A computationallysimplealgorithmis asfollows: First,



Fig. 6. Big pictureof LDC forwarding.

definea tolerableresidualdistanceD . Then,go through
theneighborhoodandtry to find a neighbornode <�= hav-
ing residualdistance>E=GFHD . If therearemultiple nodes
satisfyingthecondition >B=IFJD , thenselecttheonewith
smallestresidual

� = . If thereis nonodessatisfyingthecon-
dition, then increment D with a stepvalue KLD and try
againuntil anodeis selectedasthenext node.

E. MostAdvancementon Curve(MAC)

If delayis of moreimportance,onemight want to for-
wardthepacketsto thefarthestnodealongthecurve. This
is againa simplealgorithmto implementsincejust calcu-
lation of residualswill be enoughin orderto find out the
farthestnodeto thecurrentnode.However, MAC forward-
ing maycausesignificantviolationsof trajectoryasshown
in Figure4.

Similarto CTC-LAC,it isalsopossibleto combineCTC
with MAC. However, we skip developinga hybrid algo-
rithm betweenCTC andMAC, sinceit is prettysimilar to
CTC-LAC.

F. LowestDeviation fromCurve(LDC)

Whenobeying thetrajectoryis very crucial, it is possi-
ble to selectthenext nodesuchthat the taken routedevi-
atesfrom thetrajectoryaslessaspossible.However, this
requiresextra computations.We now describehow to im-
plementsuchanalgorithm.

In orderto obey thetrajectoryatmostlevel, atacurrent
node < � , the bestnext node <�= shouldbe selectedsuch
that the line between< � and <�= musthave the smallest
deviation from the trajectorycomparedto the other lines
between<C� andany othernodein <C� ’sneighborhood.LetM = be theareabetweenthe line < � - <�= andthecurve, i.e.
the total deviation of the forwarding from the trajectory.
In order to minimize the averagedeviation from the tra-
jectory, thenext nodeselectionmustminimizeratio of

M =
by thechangein residuals

� = 0 � � , i.e. thedeviation from

trajectoryperunit lengthof thecurve. Sofor node< � , we
canwrite theratio to minimizeas:N = � M =� = 0 � � � MGOQP " � < �  <�=  (����� � �( (����� = ���� = 0 � �
for all < = in neighborhoodof <�� . Figure6 shows big pic-
tureof thenecessaryareacalculationsfor LDC forwarding
atnode< � . To illustrateanexample,< � needsto calculateM + � "R+ � " � � " � , M � � "S+ � "$T , and

M � � "S+ � " � � " A .
Theproblemis that,however, calculationof

M = requires
extracomputationsandis not trivial. Closed-formanalyti-
calexpressionsfor

M = areveryhardto obtain.Fortunately,
we can approximate

M = by numericaltechniquessimilar
to themethodof Riemannsums[19] in numericalintegra-
tion. Wenow describehow to approximate

M = .
Startingfrom theresidual

� � , we move alongthecurve
with a fixed increase> � in the curve parameter

�
. At the

beginning we know the points:
� � �  � � � , ����� � � . We first

calculate
����� � � > ��� anddraw theline

����� � � - ����� � � > ��� .
Then,wedraw aline from

����� � � > ��� towardtheforward-
ing line

� � �  � � � - � � =  � = � parallelto theline
����� � � - � � �  � � � .

Let
� �U+  � + � bethepoint whereour new line intersectsthe

forwarding line
� � �  � � � - � � =  � = � . By using the slopesof

lines
� � �  � � � - � � =  � = � and

����� � � - � � �  � � � , wecalculatethe
point

� �U+  � + � . Now, we have a trapezoidbetweendrawn
by points:

����� � � , � � �  � � � , ����� � � > ��� , and
� � +  � + � . Since

we know coordinatesof all the four pointswe cancalcu-
latetheareaof thetrapezoid.As shown in Figures7-aand
7-b, we, then, iteratethe procedureby incrementingthe
residualto

� � �WV > � andgeneratea new trapezoid. This
iteration continuesuntil either the residualon the curve
passes

� = or the intersectionpoint on the forwarding line
passes

� � =  � = � . In other words, we make X iterationsif
oneof the two conditionsis met:

� =GF � � �W� X �W�Y� > � or� �SZ  � Z � F � � =  � = � F � �[Z]\^+  � ZQ\^+ � . Dependingon which
conditionis satisfiedfirst, we calculatetherestof theareaM = accordingly.

Figure7-b shows anexampleof thecasewhenthe for-
merconditionissatisfiedfirst. Wesimplydraw aquadrilat-
eralbetweenthefour points:

� �[Z  � Z � , ����� � � XU> ��� , ����� = � ,
and

� � =  � = � . Wecaneasilycalculateareaof thisquadrilat-
eralsincecoordinateof all thefour pointsareavailable.

Figure7-ashows anexampleof thecasewhenthe for-
mer condition is satisfiedfirst. We first calculatethe tri-
angularareabetweenthe points:

� �SZ  � Z � , ����� � � XU> ��� ,
and

� � =  � = � . Then,we keepincrementingtheresidualun-
til the former conditionis satisfied.At eachiterationwe
calculatethe triangularareageneratedby drawing a line
between

� � =  � = � andthenew point on thecurve. In other
words,at iterationX �C_ , wecalculatetheareaof thetrian-
gle betweenpoints:

� � =  � = � , ����� � �`� X ��_ 0 �Y� > ��� , and
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Fig. 7. Calculationof areabetweentheBeziertrajectoryandtheforwardingline.����� � �{� X �._p� > ��� . Finally, whenthe former condition

is metwe simply calculatethetriangularareabetweenthe
points

� � =  � = � , ����� = � , andthe lastpoint on thecurve (i.e.����� � �|� X �H}R� > ��� if the condition wasmet at iterationX �~}!��� ).
Theapproximationto

M = is simply accumulationof the
areasof the small piecesthat were generatedduring the
procedureabove. Of course,approximationwill perform
betterwhentheresidualincrement> � is smaller.

LDC is expectedto perform optimally if obeying the
trajectory is the only and the most important objective
in TBR. Given the local informationonly, it providesthe
bestway of selectingthe next nodewhom packets to be
forwarded. In order to optimize the overall route taken
by packetsof a trajectory, bettertechniquescanbedevel-
opedwhennon-localinformationis availableto forward-
ing nodes.

Whencomputationalsimplicity is importantonemight
want to useCTC insteadof LDC with thetrade-off that it
maycausesignificanterrorssuchastheoneshown in Fig-
ure4. An interestingobservationis thatCTCperformance
will beverycloseto LDC performancein densenetworks.
So,in heavily densenetworksCTCmaybeabetterchoice
thanLDC.

IV. SIMULATIONS

In orderto evaluatetheforwardingalgorithmswedevel-
opedfor trajectory-basedrouting with Beziercurves,we
ranextensive simulationsin ns-2. We particularlylooked
at two metrics: averagedeviation from trajectoryandav-
eragepathlength.

We simulatedthe forwarding algorithmsfor two dif-
ferent trajectories:circular andzig-zag. Trajectoriesare
shown in Figure 8 over a scenariowith 75 nodes. We
variednumberof nodesin thesimulationfrom 20 to 300.
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Fig. 8. Experimentaltrajectoriesseenin a scenariowith 75
nodes.

Eachnodeis a wirelessnodewith anomnidirectionalan-
tenna.Transmissionrangeof antennasis 5m in radiusand
theantennasareplaced0.9mhigherthanXY-plane.

Thewirelessnodesareexchangingbeaconswith anin-
terval of 10s. Eachnodemaintainsa neighbortable,each
entityof whichexpiresif nonew beaconhasbeenreceived
within thelast110s.

In our simulations,nodesarerandomlydistributedover
a rectangulararea250mX500m. We picked a source-
destinationpair such that sourceis closeto the starting
point of trajectoryandthedestinationnodeis closeto the
endingpointof trajectory. ThesourcegeneratesCBRtraf-
fic with averagepacket size of 0.5KB. Total simulation
time is 1000s.

Figures9-aand9-bshow averagedeviationof packets’s
routesfrom theidealtrajectory, for thecaseof circularand
zig-zagtrajectoriesrespectively. We observe thatLDC is
outperformingtheotherforwardingalgorithmsin thecase
of circular trajectory. Sometimes,CTC outperformsLDC



whichexplainsthefactthatLDC is makinglocaloptimiza-
tion without consideringnext hop’s choice. This causes
CTC to win sometimes.In both trajectories,we seethat
LDC andCTC is converging to eachotherasdensityof
nodesincreases.However, weobserveCTCfailure(asex-
plainedin Figure4) in somecasessuchaswhennumber
of nodesis 250in circulartrajectory.

Also, LAC andMAC performsworsethantheothersin
general,which is causedby LAC’s andMAC’s ignorance
onobeying to trajectory. As expected,CTC-LACperforms
in betweenCTC andLAC. Nicely, we observe that Ran-
domforwardingperformsaveragecomparedto otherfor-
wardingalgorithms.

Figures10-a and 10-b show averagepath length tra-
versedby packets normalizedto the length of the ideal
trajectory, for thecaseof circularandzig-zagtrajectories
respectively. We canobserver that,asexpected,LAC per-
formsworstin termsof pathlength.MAC outperformsall
theotherfor thecirculartrajectory, however it is beatenby
CTCandCTC-LAC for thezig-zagtrajectory. Thatdiffer-
encebecomesmoreevidentasdensityof nodesincreases.

For thecirculartrajectory, normalizedpathlengthis ap-
proximately1 for LDC, which alsoshows thatLDC is the
onethat obeys the trajectorymost. However, for zig-zag
trajectory, LDC becomeslarger than1 asdensityof nodes
increases.This meansLDC is bestfor moderatelypopu-
latedad-hocnetworks. This discouragesuseof LDC for
very densenetworks sinceits computationaloverheadis
morefor densernetworks(asnumberof neighborswill in-
creasetoo).

Also, Randomagainperformsaveragecomparedto the
othersin termsof pathlength. So, an interestingfinding
is thatRandomforwardingis goodin orderto achieve an
averageperformancewhile avoidingalot of computational
overheadof morecomplex forwardingmechanisms.

Sincewe keptmobility closeto zero,we did not sketch
theprobabilityof reachingdestination.For Random,prob-
ability reachingdestinationwasmorethan80%.Forall the
others,it wasmorethan95%.

V. SUMMARY

In this paper, we studied Trajectory-BasedRout-
ing(TBR) for statelessrouting in ad-hocsensornetworks.
We proposedusingBeziercurvesfor definingtrajectories
in TBR. Variousshapesfor routescanbe definedby us-
ing Beziercurves. We particularlydevelopedseveral for-
wardingalgorithmsbasedontrajectoriesdefinedby Bezier
curves.

We proposedan optimal forwarding algorithm, Least
Deviation from Curve(LDC), thatobeys to trajectoriesthe
most. We ran extensive simulationsin order to evaluate

the forwarding algorithms. We found that LDC is good
for moderatelypopulatedad-hocnetworks. Interestingly,
we alsofound thatRandomforwardingperformsaverage
while avoiding significantcomputationaloverhead.

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

If we considerapplicationssuchastraversinga river or
easternfaceof a mountain,theseapplicationswill require
considerationof curveswhichcouldberepresentedby us-
ing muchmorenumberof controlpointsthantwo. Sucha
curve will bevery difficult to encodein thepacket header
asthenwewill haveto encodeeachandeverycontrolpoint
whichwouldmaketheheaderlarge.Also,computingsuch
a Bezier curve is extremely difficult during the time of
greedyforwarding.So,it is necessaryto studymethodsof
scalingpacket header, suchthat packet headersizestays
relatively smalleventhoughthetrajectoryis very longand
complex.

Finally, asanotheropenissue,answeringthe question
of how to route the packets to destinationwhenthe des-
tinationandthesourcearemobile,which is generallythe
casein ad-hocnetworks.
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Fig. 9. Averagedeviation from trajectoryin simulationexperiments.
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