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Multi-pathroutingalgorithminWSNusinganimproved
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Abstract:Toslovetheproblemsofconstrainedenergyandunbalancedloadofwirelesssensornetwork (WSN)nodes,a
multipathloadbalancingroutingalgorithmbasedonneighborhoodsubspacecooperationisproposed.Thealgorithmadoptsthe
improvedparticleswarmoptimization (PSO)algorithm,takestheshortestdistanceandminimumenergyconsumptionas
optimizationtargetanddividesthenodesinone-hopneighborhoodnearthebasestationareaintodifferentregions.
Furthermore,thealgorithmdesignsafitnessfunctiontofindthebestnodeineachregionasarelaynodeandforwardthedata
inparallelthroughthedifferentpathsoftherelaynodes.Thesimulationresultsshowthattheproposedalgorithmcanreduce
energyconsumptionandaverageend-to-enddelay,balancenetworkloadandprolongnetworklifetimeeffectively.
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0 Introduction
 A wirelesssensornetwork (WSN)[1]isaself-
organizing wireless network system composed of
multiplesensornodes.Thesensornodeisthekey
componentof WSN.Thenodeenergyislimited.
Oncetheenergyisexhausted,itisdifficultto
replenishitintime.Therefore,whendesigningthe
WSNroutingprotocolordeployingthenetwork,the
node energy consumption problem needs to be
considered.Inordertoimprovetheenergyefficiency
ofthewholenetworkandmaketheloadofthewhole
networkbalanced,someresearchershaveproposed
the corresponding algorithms. The ant colony
optimizationmultipathroutingalgorithm(ACOMP)
proposedbyHouetal.usesanimprovedantcolony
algorithmtofindmultiplepaths[2],andthenamulti-
pathdecisionmodelisestablishedconsideringeach
energystate,thusthesourcenodecanselectthepath
withthebestperformanceatpresent.Thisalgorithm
hasbetterbalanceandreliability,butithasslow
convergenceandiseasytofallintolocaloptimum.A
depthandchildrencollectiontreeprotocol(DC-CTP)
basedonpathoptimizationwasproposedbyWanget

al.forloadimbalance[3].Theprotocoldetermines
theoptimalpathselectionbyoptimizingthenumber
ofchildnodesandpathdepth.butthisalgorithmhas
alargepacketlossrateandpoorreliability.The
algorithminRef.[4]considerstheresidualenergyof
thenode,andtheinter-clustercommunicationuses
theshortestpathmulti-hoproutingtobalancethe
networkenergyconsumption,butthesingle-path
transmissionnetworkhasalargedelay.Theenergy-
efficientload-balancing multipath routing scheme
(ELMR)[5],takingintoaccountthehopnumber,
noderesidualenergyandnetworkenergystatus,isa
newmultipathroutingalgorithmforefficientenergy
loadbalancing,whichmakesthedatapassthrough
thepathwiththeleasthopnumberorthehigherpath
keyenergyratio,butitdoesnotconsiderthedistance
anddirectivitybetweennodes.Theenergybalanced
multipathrouting protocolbased on antcolony
system (ACSBMR)in Ref.[6]considers the
characteristicsoftheantcolonysystem toform
multipathdatatransmission,sothattheenergyis
balanced while the average end-to-end delay is
reduced.Butitonlyconsidersenergyandtimedelay
and the distance factor is not taken into
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consideration,thereforethepathroutingislonger
andthereliabilityispoor.
 In orderto comprehensively consider various
factors,anew routingalgorithm—multipathload
balancingroutingalgorithmbasedonneighborhood
subspacecooperationisproposed.Thealgorithm
dividestheareaoftheone-hopneighborhoodnearthe
basestationintothreeparts.Takingthenodeenergy
consumptionandthedistancebetweennodesastwo
optimizationtargets,afitnessfunctionisdesigned,
andtheimprovedparticleswarmoptimization(PSO)
algorithmisusedtofindtheoptimalnodeineach
region.Thealgorithmcanbalancenetworkloadand
reduceend-to-enddelaybydataforwardingthrough
themultiplepathsat whichtheoptimalnodeis
located.

1 Networkmodelandenergymodel
1.1 Networkmodel

 Theperceptualnodesin WSNstypicallyusethe
unitcirclecommunicationmodel,asshowninFig.1.
Withinthe maximum communicationrangeofthe
node,thenodecommunicatesdirectly withother
nodesinthewirelesstransmissionmode.Takinga
nodeasthecenter,acircularregionformedbythe
node’smaximumcommunicationdistanceiscalledits
one-hopneighborhoodspace,andthenodeinthe
circularregioniscalledthenode’sone-hopneighbor
nodeordirectneighbornode.

Fig.1 Unitcirclecommunicationmodel

 In proposed routing scheme,the following
networkassumptionsaregiven:
 1)Thesensornodesandbasestationarestationary
afternetworkdeployment,whichistypicalforsensor
network applications,and each node knowsits
locationandthelocationofbasestation;
 2)Initialenergyisthesameforallthesensor
nodes,and the network is considered to be

homogeneous;
 3)Allthenodesareimpossibletorechargethe
battery;
 4)AllthesensornodeshaveitsownuniqueID
number;
 5)Theradiusofthe maximum communication
rangeofthenodeisR,andthecommunicationmodel
adoptstheunitcirclemodelinFig.1;
 6)Allthesensornodeshavethesameabilityto
perceiveenvironmentalparametersorsenddatatothe
basestation;
 7)Allthesensornodeshavethesametransmission
power and can adjust the transmission power
accordingtothedistance.

1.2 Energymodel

 MostoftheenergyofnodesinWSNisconsumed
inthecommunicationprocess,andherethewireless
communication model presented in Ref.[7]is
adopted.Thisfirst-orderradioenergydissipation
modelusesbothfreespace modeland multipath
fadingchannelmodel.Theselectionoffreespaceand
multipathfadingmodelsdependsuponthethreshold
distanced0.Therequiredenergytotransmitkbytes
messageoverthedistancedfromthetransmitterto
thereceivercanbecalculatedby

ETX =
k(Eelec+d2Efs), d≤d0,

k(Eelec+d4Emp), d>d0, (1)

andtheenergyconsumedtoreceivethismessagecan
becalculatedby

ERX =kEelec, (2)

whereETXisthetransmissionenergy;ERXisthe
consumedenergyforreceptionofthemessage;dis
thedistancebetweentwonodesorbetweenanode
andthesink;Eelecindicatestheelectronicsenergy
requiredtoruntheelectronicscircuitanditisrelated
toencoding,modulationandfilteringtechniques;Efs
andEmpdependonthetransmissionamplifiermodel;
kisthelengthofthedatatransmitted;andd0isthe
thresholdoftransmissiondistancegivenby

d0 = Efs
Emp

. (3)

 Wemainlyconsiderthedistancebetweenthenodes
andenergyconsumption,transformstheminimum
energyconsumptionandtheshortestdistanceinto
multi-objectiveoptimization problems,andsolves
them byimproved PSO algorithm.Theshortest
distanceisthesum ofthedistancesbetweenthe
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sensing nodei and the nodej inits one-hop
neighborhoodtothebasestation.Letthecoordinates
ofthebasestationSbe(xS,yS),thecoordinatesof
thesensornodeibe(xi,yi),andthecoordinatesof
theneighboringone-hopnodejofthenodeibe
(xj,yj),thedistancefromthenodeitothebase
stationSisd1= (xS-xi)2+(yS-yi)2,andthe
distancefromthenodeitothenodejisd2 =
(xj-xi)2+(yj-yi)2.Setthetotalnumberofthe

nodesinthenetworkis M,thenetworkenergy
efficiencyoptimizationmodelisestablishedas

Esum(k,d)=∑
M

i=1
Econ(k,d)=

∑
M

i=1
ETX(k,d)+ERX(k,d)  , (4)

whereEsum(k,d)isthetotalenergyconsumptionand
Econ(k,d)istheenergyconsumptionofasingle
node.

2 ImprovedPSOalgorithm
 TheideaofPSOalgorithmderivesfromthestudy
ofbirdflockingsocialbehavior.Duetothesimple
conceptandefficientoperation,thePSOalgorithm
hasbeenwidelyusedinmanyfields.However,ithas
defectsinlocalsearchandprematureconvergence.
Forthisreason,animprovedPSOalgorithmbased
onorthogonallearning (OLPSO)[8]isproposedto
searchfortheoptimalsolution byadjustingthe
inertiaweighttoavoidthisdefect,whichconsistsof
thefollowingfourmainsteps:
 1)Initializeparameters.Intheq-dimensional
(dimensionofeachparticle)space,agroupofn
particlesissearched.Thepositionoftheithparticle
atthetthiterationisexpressedasxt

i=(xt
i1,xt

i2,…,
xt

iq).Thevelocityofparticleiisdefinedasthe
distancethattheparticlemovesineachiteration,and
thevelocitycorrespondingtoeachparticlecanbe
expressedasvt

i=(vt
i1,vt

i2,…,vt
iq),i=(1,2,…,n).

 2)Calculatefitnessfunctionvalue.Thefitness
valueisacriteriontojudgetheparticlequality.A
newfitnessfunctionisproposedaccordingtothe
energyefficiencyoptimizationmodeltocalculatethe
fitnessvalueofthe particle,andtheindividual
optimalvaluepIandtheglobaloptimalvaluepGof
eachparticlearerecorded.Accordingtotheenergy
efficiencyoptimizationmodel,thefitnessfunctionis
presentedas

F=δEini-Econ(k,d)
Eini +ε d2

d1+d2
, (5)

whereEiniistheinitialenergyofnodei;δ,ε∈(0,
1),δ+ε=1.
 3)Changeinertia weight.Compared withthe
standardPSOalgorithm,theOLPSOalgorithmhas
betteroptimizationeffectandimprovedsearching
ability.Inthispaper,theimprovedPSOalgorithmis
usedtoadjusttheinertiaweightwithreferencetothe
lineardecreasingstrategyoftypicalinertiaweight[9].
Theinertiaweightadjustmentformulaispresentedas

ω=ωend+
(ωint-ωend)(kmax-k)

kmax
, (6)

whereωintistheinitialinertiaweightvalue,ωendisthe
inertia weightvalue when evolution reachesthe
maximum algebra,k isthe current number of
iterations,andkmax isthe maximum numberof
iterations.Herethevaluesofωintandωendtakethe
typicalvaluesof0.9and0.4[8].
 4) Update particle speed and position.The
positionandspeedatthe (t+1)thiteration are
updatedbyEqs.(7)and(8).Theωintheupdate
formulaisadjustedbyEq.(6),thereis

vt+1
i =ωvt

i+c1r1(pt
I-xt

i)+c2r2(pt
G-xt

i),(7)

xt+1
i =xt

i+vt+1
i . (8)

 Theωintheformulaistheinertiaweight,which
representstheinfluenceofthespeedoftheprevious
momentonthecurrentspeed.Thelargervalue
indicatesthattheglobalsearchabilityisstronger,
andthesmallervalueindicatesthatthelocalsearch
abilityisstronger.c1andc2areaccelerationfactors,
generallytakingavalueof2,whoseeffectistomake
theparticlesmovequicklytotheirhistoricaloptimal
positionandglobaloptimalposition,intherangeof
twouniformlydistributedrandomnumbersranging
from(0,1).

3 Multipathload balancingrouting
algorithm based on neighborhood
subspacecoorperationalgorithm

 Thealgorithmisdividedintothreephases.Inthe
firstphase,thenodesintherangeoftheone-hop
neighborhoodofthenodenearthebasestationare
dividedtodeterminetheareaatwhicheachneighbor
nodeislocated.Inthesecondphase,theselectionof
therelaynodeiscarriedout,andtheimprovedPSO
algorithmisusedtofindthenodeswiththesmallest
valuesoftheadaptivefunctioninthethreeregionsas
therelaynodesonthethreeoptionalforwarding
paths.Inthethird phase,load weightratiois
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calculated.Thenetworkloadisallocatedindifferent
pathsaccordingtotheloadweightratio,andthedata
areforwardedinparallelthroughdifferentpaths.

3.1 Divisionofneighborhoodsubspace

 Thenumberof multipathroutingpathshasa
certainimpactontheperformanceofthealgorithm.
Multipath routing has a certain impact on the
performanceofthealgorithm.Ifthenumberofthe
pathsselectedistoo many,thecostofroutine
maintenance willincrease.Ifthenumberistoo
small,thepurposeofparalleltransmissioncannotbe
achieved. The traditional multipath routing
algorithmistofindmultiplepathsfromthewhole
region.Ifthemultiplepathshavelonglinks,delay
packetlossratewillincrease.Moreover,thelonger
thelinks,thehigherthepacketlossrate,thusthe
reliabilityis poor. Here,the nodesare evenly
distributedintheregion,andthenodeone-hop
neighborhoodspaceismainlydividedintotwoparts:
nearthebasestationandawayfromthebasestation.
Inordertospeeduptheconvergenceratetothebase
station,wewillabandonhalftheregionawayfrom
thebasestationandonlydividehalfthebasestation
remained.In Ref.[10],an antcolony-optimized
load-balancing routing algorithm was used to
determinetheoptimalpathfortheroutingdiscovery
processtobethree.Accordingtotheverification
analysisoftheexistingliterature,thenumberof
optimalpathsisalsoobtainedtobethree.Thuswe
dividehalfthebasestationintothreeareas.The
improvedPSOalgorithmisusedtofindtheoptimal
nodesforthethreeregionsasrelaynodesonthree
paths.Afterthethreepathsaredetermined,load
balancingisachieved by multipath paralleldata
transmission.
 Accordingtotheunitcirclecommunicationmodel,
thelocation(xs,ys)ofthebasestationSandthe
location(xi,yi)ofsensornodeiaretakenasthe
centers,respectively,drawing the coresponding
circlesOsandOi,withtheradiusofRbeingequalto
thenodemaximumcommunicationrange.
 Thedivisionofneighborhoodspaceofthenode
takesthefollowingsteps:
 1)Firstly,drawalineSiconnectingthecentersof
circlesOsandOi;secondly,drawtwotangentlinesof
circleOi,startingfromthecenterofthebasestation
S;finally,drawalinepassingthecenterofcircleOi,
perpendiculartothelineSi,andintersectingthetwo
tangentlinesofOiatpointA whosecoordinatesare

(xa,ya)andpointBwhosecoordinatesare(xb,yb).
 2)Similarly,drawtwotangentlinesofcircleOs

first,startingfromthecenterofnodei,withthe
pointsoftangencyofC whosecoordinatesare(xc,
yc)and D whose coordinates are (xd,yd ),
respectively;andthenconnectingthecenterOswith
pointsCandD,formingtwolinesCOsandDOs,
respectively.
 3)Finally,theneighborhoodspaceofthenodeis
dividedintofourparts:∠COiD,forwardareaM1;
∠AOiC,leftarea M2;∠BOiD,rightarea M3;
∠AOiB,area M4 far from the base station
(discarded),asshowninFig.2.

Fig.2 Divisionofnodearea

 Asassumedinsection1.2thatthecoordinatesof
theneighborhoodone-hopnodejofthenodeiare
(xj,yj).ThedistancefromnodejtopointAisd3=
(xj-xa)2+(yj-ya)2.Thedistancefromnodej

topointB isd4 = (xj-xb)2+(yj-yb)2.The
distancefrom nodejtobasestationSisd5 =
(xj-xs)2+(yj-ys)2.Lettheanglesofthree

areasM1,M2andM3beθ1,θ2andθ3,respectively,
theanglesofthethreeareascanbeobtainedas

follows:θ1=2arcsinR
d1
,θ2=θ3=π2-arcsin

R
d1
.The

areaofnodejisdeterminedbyangleθbetweennodes
jandiandbasestationS.Bycalculating,itcanbe
obtainedas

θ=arccosd
2
1+d22-d25
2d1d2

. (9)

 Then

j∈M1,θ= 0,arcsinR
d1  ,

j∈M2, d3 ≤d4andθ∈ -arcsinR
d1
,-π2  ,

j∈M3, d3 >d4andθ∈ arcsinR
d1
,π
2  .

􀮠

􀮢

􀮡

􀪁
􀪁
􀪁􀪁
􀪁
􀪁
􀪁

(10)
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3.2 Selectionofrelaynode

 Theone-hopneighborhoodspaceofnodeiis
dividedintodifferentareasbytheabovemethod,and
theimproved PSO algorithmisusedtofindthe
optimalnodeineacharea,whichiscalledrelaynode.
Theflowchartofrelaynodeselectionisshownin
Fig.3.Considering the energy consumption and
locationofthenodewhenselectingtherelaynode,
the communication energy consumption and the
distancetothebasestationareusedasconstraints.
Thelessthecommunicationenergyconsumption,the
smallerthedistancetothebasestationandthemore
likelyitbecomestherelaynode.
 Accordingtothefitnessfunctiontheoptimal
positionpIofnodeiandtheoptimalpositionspGi

(i=
1,2,3)ofthree regional nodes are updated,
respectively.Whenitisthemaximum numberof
iterations,thesethreeoptimalregionalsolutionspG1,
pG2andpG3aresequencedfromsmalltolargetobe
thebest,betterandgoodnext-hopnodesofnodei.
Ifthenumberofnodesinthedividedareaiszero,
nodeisendsaroutingerrormessagetotheupper
nodeandreselectstheoptimalnext-hopnode.The
flowchartofselectionofrelaynodesisshownin
Fig.3.

Fig.3 Flowchartofselectionofrelaynodes

3.3 Loaddistributionamongmultiplepaths

 Themultipathroutingprotocolisanimportant
methodtorealizeloadbalancingbyfindingmultiple

disjointpathsbetweensourceanddestinationnodes.
Firstly,theregionisdivided.Thentheoptimal
solutionofeachsubregioncanbeselectedbymeans
ofcooperationofsubdomainstodetermineoptimized
paths.Finally,loaddistributioncanbeaccomplished
amongtheoptimizedpathsandthedatacan be
forwarded through multiple paths concurrently.
Accordingtothecoordinatesoftherelatednodesin
sections1.2and3.1,thedistancebetweenthenodes
canbecalculatedbyusingthemethodofEuclidean
distance,thusthe delay on each path can be
calculatedby

Tdelay = d
2
3C
, (11)

whereCisthespeedoflight.Theloadonasingle
pathiscalculatedby

Lload =Tdelay

Nhop
= 3d
2CNhop

. (12)

 Accordingtothepathloadformula,theloads
Lload1,Lload2andLload3onthethreepathsandtheleast
common multiple NLCM ofthethree values are
calculated.Theloadweightratioonthreepathscan

becalculatedasα∶β∶γ=
NLCM

Lload1∶
NLCM

Lload2∶
NLCM

Lload3
,and

thentheloadisallocatedaccordingtotheloadweight
ratio.ThetotalnetworkloadisLloads,theloads

allocatedtopathsare α
α+β+γ

Lloads, β
α+β+γ

Lloadsand

γ
α+β+γ

Lloads,respectively.

 Eachnodehasitsownroutingtable.Whenthe
stateofroutingtableisempty,itindicatesthatthe
nodedoesnothaveapathtothebasestation;
otherwisethereisapathtothebasestation.Inthe
multipathloadbalancingroutingprocess,thenode
activelyconstructsmultiplepathstothebasestation.
Thespecificstepsareasfollows:
 1)Nodeijudgesthestateofitsownroutingtable.
 2)Whentheroutingtableisnotempty,itis
judgedwhetheritisaone-hopneighbornodeofnode
i.Ifnot,aroutingrequestmessage(RREQ)issent
tothesourcenode,andthentheIDoftheneighbor
nodeofnodeicanbeobtainedby“Hello”message;
otherwisetheroutingtableisupdated.
 3)Ifthenumberofthenodesintheareacloseto
the base station is notzero,the area ofthe
neighboringnodeclosetothebasestationisdivided
accordingtothemethodinsection3.1;otherwise,a
routineerrormessageissenttotheuppernode,and
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theselectionofthenextone-hopnodeisperformed
again;
 4)Therelaynodeisselectedaccordingtothe
methoddescribedinsection3.2;
 5)Accordingtotheabovemethod,multiplepaths
fromthesourcenodetothedestinationnodeare
found,andparalleltransmissionofdataisperformed
through multiplepaths.Ifthereisonlyonepath
determined,thepacketisforwardedalongtheonly
one.
 Thepathselectionusingtheproposedrouting
algorithmforloadbalancingisshowninFig.4.

Fig.4 Schematicdiagram ofroutingalgorithmforload
balancingrouting

4 Simulation
 In orderto evaluatethe performance ofthe
proposed routing algorithm, a simulation
environmentisbuiltusingMatlabR2014bsimulation
tool.Underthe same conditions,the proposed
routingalgorithm,ACOMP[2],ELMR[5]andthe
cluster-basedmultipathroutingprotocol(CMRP)[11]

arecompared and analyzedfrom theaspects of
networklifecycleandnetworkloadbalancing.In
addition,becausetheproposedalgorithmdoesnot
consider delay,itis compared with ACSBMR
algorithm[6] and the efficient cogestion traffic
allocation (ECOTA)algorithm [12]aboutaverage
end-to-enddelaytoverifytheperformanceofthe
proposedroutingalgorithm.

4.1 Parametersettings

 Thereare100nodesbeingevenlydistributedinthe
squareareaof100m×100m,thebasestationis
locatedatthecenterofthearea,theenergyis
infinite,andthecommunicationradiusofallthe
nodesis20m.Thesensornodeacquisitionpacket
sizeis512byte.Thesimulationparametersarelisted

inTable1.

Table1 Simulationparameters

Parametername Parametervalue

Numberofparticles N=100
Themaximumnumberofiterations kmax=30

Accelerationfactor c1=c2=2
Initialinertiaweight ωini=0.9
Ultimateinertiaweight ωend=0.4
Initialenergyofthenode Eini=20J
Basestationnodecoordinates (50,50)

Numberofnodes M=100
Eelec 50nJ/bit
Efs 10pJ/(bit×m2)

Emp 0.0013pJ/(bit×m4)

d0 75m

 The fitness function formula contains two
parameters,δ andε,which arethe weightsof
differentfactors.Inordertoverifytheimpactof
differentfactorsonnetworklifecycle,inthesame
networkenvironment,differentvaluesofδandεare
simulated.whereδ,ε∈(0,1)andδ+ε=1.δtakes
thevalueof0.1-0.9andεtakesthecorresponding
valueforsimulationexperiment.Whenδtakesa
valueof0.2andεtakesavalueof0.8,thefirstdead
nodeinthenetworkappearslater.

4.2 Resultsandanalysis

4.2.1 Lifecycleofnetwork
 An importantfactor to measure WSN load
balancingisthelifecycleofnetwork.Accordingto
therelevantliterature,wetakethetimespanfrom
thestartofthenetworktothedeathofthefirstnode
asthelifebecycleofnetwork[13].Thenetworklife
cyclescanbeobtainedbasedonthedeathtimesofthe
firstnodes offouralgorithms.The number of
survivingnodesoffouralgorithmsvarieswithtime,
asshowninFig.5.

Fig.5 Curvesofthenumberofsurvivingnodesvaringwith
time
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 ItcanbeseenfromFig.5thatthelifecyclesof
ACOMP algorithm, CMRP algorithm, ELMR
algorithmandtheproposedalgorithmare168,105
and182and312rounds,respectively.Thenumber
ofroundsofthefirstdeadnodeoftheproposed
algorithm is significantly larger than those of
ACOMPalgorithm,CMRPalgorithm and ELMR
algorithm,thatis,the life cycle of proposed
algorithmislongerthanthoseoftheformerthree
algorithms.
4.2.2 Loadbalancingofnetwork
 Inthisalgorithm,theresidualenergyvarianceof
nodesisusedtoevaluatetheload balancing of
network.Theformulaofresidualenergyvarianceof

nodesisEvariance=1M∑Nalive
(Erem-Eavr)2,whereMisthe

totalnumberofnodes,Nalive isthe number of
survivingnodesinthenetwork,Eremistheresidual
energyofneighbornodejandEavristheaverage
residualenergyofallsurvivingnodes.Thesmaller
theresidualenergyvariance,thebettertheload
balancingofnetwork.Theresidualenergyvariance
valuesoffouralgorithmsatdifferentrunningtimes
(rounds)arecompared,asshowninFig.6.

Fig.6 Comparisonofresidualenergyvarianceofnodes

 ItcanbeseenfromFig.6thattheresidualenergy
variancesoffouralgorithmsvarywiththenumberof
rounds.Theresidualenergyvarianceoftheproposed
algorithm keepsbasicallyunchangedinthesame
simulation time and is smaller than those of
ACOMP, CMRP and ELMR algorithms. The
varianceoftheresidualenergy ofthe proposed
algorithmvariesslowly,thatis,theloadbalancing
oftheproposedalgorithmisgood.
4.2.3 Averageend-to-enddelay
 Theaverageend-to-enddelayistheaveragetime
differencebetweensendingpacketsfromthesource
nodetothedestinationnode.Thecomparisonofthe

average end-to-end delays among the proposed
algorithm, ECOTA algorithm and ACSBMR
algorithmisshowninFig.7.

Fig.7 Comparisonofaverageend-to-enddelays

 ItcanbeseenfromFig.7thatwiththeincreaseof
time,theaverageend-to-enddelaysofECOTA,
ACSBMR and the proposed algorithmsincrease
gradually,theaverageend-to-enddelayofECOTA
algorithmisthelargest,andtheaverageend-to-end
delayoftheproposedalgorithmsislessthanthosetof
ECOTAandACSBMRalgorithmasawhole.The
probabilityofgrowthisreduced,thereforeitsdelay
growthrateissmallerthanthoseoftheothertwo
algorithms.

5 Conclusion
 BasedontheorithogonallearningPSOalgorithm
withbetteroptimizationeffectandlineardecreasing
strategytoadjusttheinertia weight,thepaper
presentsafitnessfunctionconsideringmanyfactors
aswellasanewroutingalgorithm.Theimproved
PSOalgorithmcanfindtheoptimalnodesindifferent
regionsastherelaynodes,andthenusesthemultple
paths of the relay nodes for multi-path data
forwarding.Compared with the existing routing
algorithms,thisalgorithm considers manyfactors
affectingloadbalancingandthuseffectivelyprolongs
networklifecycle.Whentheamountofdataneeded
tobesentinthenetworkislarge,sendingdata
through multiplepaths makeseach nodeinthe
networkbearsomeload,avoidingtheoverloadofkey
nodes and balancing the network load. Thus
transmittingdatathroughmultiplepathsreducesthe
possibilityofnetworkcongestionandaverageend-to-
enddelay.

References
[1]ZamanN,LowTJ,AlghamdiT.Energyefficientrouting

763     LIHui-ling,etal./Multi-pathroutingalgorithminWSNusinganimprovedparticleswarmoptimization



protocolforwirelesssensornetwork.In:Proceedingsof
International Conference on Advanced Communication
Technology,IEEE,2014:808-814.

[2]HouMT,ZhaoZP,GaoM,etal.Antcolonyoptimiza-
tion multipathroutingalgorithm adoptedanglefactor.
ComputerEngineeringandApplications,2017,53(1):
107-112.

[3]WangZY,ChenHJ,LiYQ.CTProutingalgorithmfor
wirelesssensornetworksbased on path optimization.
Transducer& MicrosystemTechnologies,2016,35(12):
122-124.

[4]ZhangSW,ZhangHT,ZhangSJ.Multi-hoproutingal-
gorithmforwirelesssensornetworksbasedonfixedcluster
andenergy-balance.Transducer& MicrosystemTechnolo-
gies,2013,32(8):117-104.

[5]FanZP,XieDQ,JinZZ.Multipathroutingstrategyfor
energypayloadbalancingin wirelesssensornetworks.
JournalofChineseComputerSystems,2013,34(2):253-
257.

[6]XiaoC,SunZW.Antcolonysystembasedenergy-bal-
ancedmulti-pathroutingprotocolforwirelesssensornet-
works.ComputerEngineeringandDesign,2015,36(7):
1695-1700.

[7]ZhouY,WangN,XiangW.Clusteringhierarchyprotocol

inwirelesssensornetworksusinganimprovedPSOalgo-
rithm.IEEEAccess,2017,PP(99):1-1.

[8]ZhanZH,ZhangJ,LiY,etal.Orthogonallearningpar-
ticleswarmoptimization.IEEE TransactionsonEvolu-
tionaryComputation,2011,15(6):832-847.

[9]GaoZH,MeiL,ZhuYJ.Particleswarmoptimizational-
gorithmwithcompositestrategyinertiaweight.Journalof
ComputerApplications,2012,32(8):2216-2218.

[10]BiJ,LiZ,WangR.Anantcolonyoptimization-based
loadbalancingroutingalgorithmforwirelessmultimedia
sensornetworks.In:ProceedingsofIEEEInternational
ConferenceonCommunicationTechnology,2010:584-
587.

[11]LiXW.Researchonwirelesssensornetworkmulti-path
routingprotocolbasedonclusterstructure.Computer
Simulation,2018,(3):205-209.

[12]WenH Y,HuoW D.Across-layercongestioncontrol
algorithmbasedontrafficreallocationinwirelesssensor
network.InternationalJournalofComputerandCommu-
nicationEngineering,2017,6(2):104-110.

[13]Al-TurjmanFM,HassaneinHS,IbnkahlaM A.Effi-
cientdeploymentofwirelesssensornetworkstargeting
environmentmonitoringapplications.ComputerCommu-
nications,2013,36(2):135-148.

基于改进粒子群的 WSN多路径路由算法

李慧玲,杜永文,徐 宁

(兰州交通大学 电子与信息工程学院,甘肃 兰州730070)

摘 要: 为解决无线传感器网络(Wirelesssensornetwork,WSN)节点能量受限、负载不均衡的问题,提出

了一种邻域子空间合作的多路径负载均衡路由算法。算法将节点一跳邻域靠近基站区域内的节点划分在不

同区域中,采用改进的粒子群优化算法,以最短距离和最小能耗为优化目标,设计了一个适应度函数来寻找

每个区域中的最优节点作为中继节点,通过中继节点所在的不同路径并行转发数据。仿真结果表明,该算法

相较于其他负载均衡算法可以更好地降低节点能耗及平均端到端时延,从而使网络负载均衡,有效延长了

网络生命周期。
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