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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.

d t

dt T
i

f

Φ ( )
=
1  (1)



 

 

9 more pages are available in the full version of this

document, which may be purchased using the "Add to Cart"

button on the publisher's webpage: www.igi-

global.com/article/implementation-of-embedded-testbeds-

using-usrp-and-gnu-radio-for-performance-measurement-

and-analysis-of-pps-and-pco-based-time-

synchronizations/267747

Related Content

Shared Workspace for Collaborative Engineering
Dirk Trossen, André Schüppenand Michael Wallbaum (2006). Cases on

Telecommunications and Networking (pp. 331-344).

www.irma-international.org/chapter/shared-workspace-collaborative-engineering/6470

Shift in Speech Quality and Acceptability Level between 2008-2012
Pavel Souekand Jan Holub (2013). International Journal of Interdisciplinary

Telecommunications and Networking (pp. 63-68).

www.irma-international.org/article/shift-in-speech-quality-and-acceptability-level-between-2008-

2012/93612

Research on Cache Timing Attack Against RSA with Sliding Window

Exponentiation Algorithm
Caisen Chen, Yangxia Xiang,  Yuqin DengLiuand Zeyun Zhou (2016). International

Journal of Interdisciplinary Telecommunications and Networking (pp. 88-95).

www.irma-international.org/article/research-on-cache-timing-attack-against-rsa-with-sliding-

window-exponentiation-algorithm/160069

Enhancing Clustering in Wireless Sensor Networks with Energy

Heterogeneity
Femi A. Aderohunmu, Jeremiah D. Dengand Martin Purvis (2011). International

Journal of Business Data Communications and Networking (pp. 18-31).

www.irma-international.org/article/enhancing-clustering-wireless-sensor-networks/61349

Developing a Telecommunication Operation Support System (OSS): The

Impact of a Change in Network Technology
James G. Williamsand Kai A. Olsen (2009). Selected Readings on

Telecommunications and Networking (pp. 54-73).

www.irma-international.org/chapter/developing-telecommunication-operation-support-

system/28713

http://www.igi-global.com/article/implementation-of-embedded-testbeds-using-usrp-and-gnu-radio-for-performance-measurement-and-analysis-of-pps-and-pco-based-time-synchronizations/267747
http://www.igi-global.com/article/implementation-of-embedded-testbeds-using-usrp-and-gnu-radio-for-performance-measurement-and-analysis-of-pps-and-pco-based-time-synchronizations/267747
http://www.igi-global.com/article/implementation-of-embedded-testbeds-using-usrp-and-gnu-radio-for-performance-measurement-and-analysis-of-pps-and-pco-based-time-synchronizations/267747
http://www.igi-global.com/article/implementation-of-embedded-testbeds-using-usrp-and-gnu-radio-for-performance-measurement-and-analysis-of-pps-and-pco-based-time-synchronizations/267747
http://www.igi-global.com/article/implementation-of-embedded-testbeds-using-usrp-and-gnu-radio-for-performance-measurement-and-analysis-of-pps-and-pco-based-time-synchronizations/267747
http://www.irma-international.org/chapter/shared-workspace-collaborative-engineering/6470
http://www.irma-international.org/article/shift-in-speech-quality-and-acceptability-level-between-2008-2012/93612
http://www.irma-international.org/article/shift-in-speech-quality-and-acceptability-level-between-2008-2012/93612
http://www.irma-international.org/article/research-on-cache-timing-attack-against-rsa-with-sliding-window-exponentiation-algorithm/160069
http://www.irma-international.org/article/research-on-cache-timing-attack-against-rsa-with-sliding-window-exponentiation-algorithm/160069
http://www.irma-international.org/article/enhancing-clustering-wireless-sensor-networks/61349
http://www.irma-international.org/chapter/developing-telecommunication-operation-support-system/28713
http://www.irma-international.org/chapter/developing-telecommunication-operation-support-system/28713

