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ABSTRACT

Inwirelessnetworks,timesynchronizationisoneofthekeyfunctionsfortheMACandthephysical
layerbecauseitisimportanttoaccuratelytransmitdatabymaintainingtheorderandconsistencyof
transmissionbetweennodes.Thetimesynchronizationcanbedividedintocentralizedanddistributed
methodsandtherearemanysynchronizationschemes.However,therearelittletestbedsforcomparing
andanalyzingvarious timesynchronizationschemes inarealenvironment.Mostpapersanalyze
theproposedtimesynchronizationalgorithmbysimulation,andsometestbedsarealsoconfigured
fortheproposedschemeonly.Inthispaper,theauthorsbuildembeddedtestbedsusingUSRPand
GNU-Radio.Thetwotypicalmethodsofthecentralizedanddecentralizedtimesynchronizations,
PPS,andPCO-basedschemes,respectively,areimplementedonthetestbedsandtheirperformances
aremeasuredandanalyzedintherealenvironment.
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INTROdUCTION

Inatypicalcomputer,timeisdeterminedbythefrequencyoftheoscillatorthatgeneratestheevent
periodically. The oscillators differ in the accuracy from board to board due to the surrounding
environmentandvariousvariables.Therefore,timesynchronizationisusedtomaintaintheorder
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andconsistencyoftransmissionbetweennodesbyeliminatingtimedifferencesbetweentwoormore
boards.

Inwirelessnetworks,timesynchronizationisoneofthekeyfunctionsfortheMAC(Medium
AccessControl)andPhysicallayerbecausethedifferenceintimebetweennodescausesadegradation
ofthenetworkperformanceduetoanincorrectoperationoftheMACprotocol.

Thetimesynchronizationcanbedividedintocentralizedanddistributedmethodsandthereare
manysynchronizationschemes.However,therearelittletestbedsforcomparingandanalyzingvarious
synchronizationschemesinarealenvironment.Mostpapersanalyzetheproposedtimesynchronization
algorithmbysimulation,andsometestbedsarealsoconfiguredfortheproposedschemeonly.

In(Chang,Y.J.,Ingram,M.A.,&Frazier,R.S.2010)authorsproposedtimesynchronizationfor
cooperativetransmission.ThetestbediscomposedofUSRPandGNU-radio.However,thetestbed
isfortheclusteredenvironmentanditishardtoexperimenttheotherschemes.In(Aloi,G.,Loscrì,
V.,Borgia,A.,Natalizio,E.,Costanzo,S.,Pace,P.,Massa,G.D.,&Spadafora,F.2011)authorsuse
SimulinkandUSRPtoimplementtestbed.However,becausethetestbedisforradarsystem,ithas
lowscalabilitytoexperimentthetimesynchronizationfortheradiosystem.In(Crossley,P.A.,Guo,
H.,&Ma,Z.)authorsproposedtimesynchronizationusingGPSandIEEE1588andbuildtestbed
toexperimenttheproposedscheme.ThetestbedisbasedonGPSantenna.

In thispaper,webuildembeddedtestbedsusingtwohardwareandsoftwareSDR(Software
DefinedRadio)platforms,USRP(UniversalSoftwareRadioPeripheral)andGNU-radio,respectively.
Also,asrepresentativecentralanddistributedtimesynchronization,PPS(PulsePerSecond)andPCO
(PulseCoupledOscillator)basedtimesynchronization,respectively,areimplementedonthetestbeds.
TheexperimentalresultsshowtheperformancesofthePPSandPCObasedtimesynchronizations
andtheyarecompared.

RELATEd wORKS

PPS-based Centralized Time Synchronization
PPS(PulsePerSecond)-basedtimesynchronizationisaschemeinwhichoneormorereferencenodes
generatesapulsetoallthenodeswitheverypredeterminedperiod.Thereceivingnodesdetectthe
validsignalandperformtimesynchronization.

Figure1showsanexampleofPPS-basedtimesynchronization.LetSthresholdbethethresholdof
thereferencesignalwhichthereceivingnodesrecognizethesignalandtheTpbethepredetermined
periodofthereferencesignal.Thereferencenodegeneratesareferencesignalitspowerexceeding
SthresholdwitheveryTp,which is thepredeterminedperiodof the referencesignal.Then theother
threereceivingnodesdetectthevalidsignalusingSthresholdandperformtimesynchronizationatthe
detectionpoint.

PCO-Based distributed Time Synchronization
PCO(PulseCoupledOscillator)-basedtimesynchronizationisaschemeinwhichprocessisbased
onthemathematicalmodelofsynchronizationviafirefly.

Mirollo-Strogatzfireflymodelisaself-synchronizationofdistributednodeswithcertainrules.
Figure2representstheinteractionbetweentwoPCOswhichfollowsthesynchronizationmodel.Let
Tfbethetimeperiodofoscillators.TheoscillatorofnodeihasthephasevariableΦi(t),whichis
increasedasfollows.
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