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
Abstract—This paper describes about the time
synchronizationofdifferentlocationsvoltageorcurrent
signalsforaccuratecomparisonofsignalsonsinglephasor
graph,allthemeasuredphasorsaresynchronizedwithGlobal
PositioningSystem(GPS)timestamping.Daytodaypower
demandincreasesveryrapidly,tomeetthegrowingdemand
ofelectricalenergynewenergyresourcesarerequiredand
managethemefficiently.Forefficientallocationofsources
thereshouldbeagoodmonitoringandfastcontrolsystem.
Forbettermonitoringandcontrolofthesystemaccuratelyit
requires“WideAreaMonitoring”ofpowersystem.Inthewide
areamonitoringsystem collectionofdatafrom thepower
systemshouldbeatafasterlevel.Thecollectionofdatafrom
thepowersystematfasterlevelispossiblebyusing“Phasor
MeasurementUnits(PMUs)”.PMUcollectsthedataatfaster
raterateslike50-60samplesforcycle,thisinformationis
sendtolocalPhasorDataConcentrator(PDC).Localphasor
dataconcentratorcollectsthedatafrom differentPMUs
whicharelocatedindifferentareas.ThisPDChelpstotake
thenecessaryactiononpowersystem.Forsynchronization,
pulsepersecond(PPS)istakenfromGPSmodule.Fromthis
1PPS,3200pulsesisgeneratedforhighaccuracyof64point
DFTof50Hzsignalusingmicrocontroller.Systemfrequency
is calculated by using time period between the two
consecutiveraisingedgesorfallingedgesofsquarewave.
Thisisinsynchronouswiththeinputsinusoidalsignal.

Keywords:GPS,phase angle,PMU,1PPS,magnitude,
frequency.

I.INTRODUCTION:

Theworldbecomesasmarterdaytoday.Thepower
system basicoperationandcontrolblockdiagram is
showninFig.1.Itisverymuchrequiredtoimplement
realtimemonitoringofthesystembecausetomeetthe
growingdemandofthepowersystem thestrongest
things is the renewable energysources [2].The
renewable energy sources or distributed energy
sourcesareconnectedatlowormediumvoltagelevels
ofthepowersystem.Duetotherandom natureof
availabilityoftherenewableenergysourcesmaycause
operationalandtechnicaldifficultiesinthepower
systems.Themajordisadvantagewiththeexisting
systemisthatthemeasurementsarenotsynchronized
[3].ThePMUestimatesasinusoidalquantityinapower
system intheform ofmagnitude(RMS)andphase
angleorrealandimaginaryvalues.Thesevaluesare
timestampedwithGPStimingforsynchronizationof
differentPMUreadingswhicharelocatedatvarious
areasintheworld[4].Byusingsynchronizedphasor
measurementsvariousaspectslikerealtimedemand
scheduling,faultdetection,phaseangleofvoltageor

current,frequency,rateofchangeoffrequencyand
stateestimationispossible[5].ThatmeansPMUsare
introducednewthingslikemeasuringoffundamental
componentofthesignal,phaseangleetc.
The fundamentalcomponentofthe signalis

extracted from the distorted signalbyusing the
butterworth filter.ByAppling theDiscreteFourier
Transform(DFT)themagnitudeandphaseangleofthe
signalisestimated.Thisisalsohelpfulforthepower
spectrumanalyzer[6].

ThePMU measuresthemagnitudeofthe
voltageatconnectedbusandalltheincidentbranch
currentsofthatbus.Thesevaluesaretimestamped
withGPS[7]timingandtransferredtogetherviathe
communicationmoduletoaserver(PDC)[8].

Fig.1.Basicblockdiagram representationofpower
system

Fig.2.Phasormeasurementcomparison

II.GLOBALPOSITIONINGSYSTEM(GPS):

ForPMUmeasurements
synchronization the

SynchronizedPhasorMeasurementswith
GPSTimeStampingusing64PointDFTin

PMU
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referencetimesignalistakenfrom GPSNEO6MV2
module.ThisGPSmodulegives1PPSitisappliedto
Arduinotogeneraterequirednumberofpulsesiscalled
Global positioning System Disciplined Oscillator
(GPSDO).ThisisshowninFig.4.

Fig.3.GPSDOblockdiagramrepresentation.

NEO6MV2GPSModulehavefourterminals.
Vcc-SupplyVoltage(2.7to3.6V),Gnd-Groundpin,TX
andRX-These2pinsactsasanUARTinterfacefor
communication.TXmustbeconnectRxpinofthe
ArduinoandRXpinshouldconnectTxpinofthe
Arduino.The1PPSsignalisconvertedinto3200(64*50)
pulsespersecondbyArduinoUno[9].These3200
pulsesareequallytimespacedwith0.3125msec.

Fig.4.PhysicalconnectionofGPStoArduino

OncepulseisreceivedfromtheGPScounterstartsand
generatingrequirednumberofpulses[10].Theflow
chartofGPSDOisshowninFig.5.

Fig.5FlowChartofGPSDO

arduinoprogrammingcodeforGPSDOisshownbelow.
InarduinoIDEsoftwareinstalltheTimerOne.hhederfile
andthenprogramcanexecute.

#include<TimerOne.h>
constintsampling_clock_out_pin=9;
voidsetup()
{
pinMode(2,INPUT);
attachInterrupt(0,pulsePPS,RISING);
Timer1.initialize(312.5);
Timer1.pwm(sampling_clock_out_pin,100);
}
voidloop()
voidpulsePPS()
{
Timer1.restart();

}
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Fig.6.1PPSfromGPSandRespectiveoutputpulsesof
GPSDO
Inthefig.6itisshownthatthe1PPSisconvertedinto
requirednumberofpulses(3200).Forclearobservation
itisshowninFig.7.

Fig.7.3200PulsesPerSecondfromGPSDO

Inthefig.7itisshownthatthetimeperiodbetween
theanytwopulsesis1.6*200US=3.2mSoritwill
generate3200pulsespersecond.The

III.TESTSYSTEM

Letusconsiderafourbussystem,inwhichthetwo
PMUsarelocatedatstation1andstation2.Thesetwo
PMUswillcalculatethemagnitudeofthatbusvoltage
andalltheincidentbranchcurrents[11].Basedonthe
branchcurrentsandbranchimpedancestheotherbus
voltagescanbeestimated.

Fig.8.Fourbusmodeltestsystem.
Inordertocalculatephasorofsystem,Window

systemisusedinDFT.Impulseinputtoasystemmay
giveFiniteImpulseResponse(FIR)orInfiniteImpulse
Response(IIR)[12].TheanalysisofIIRisdifficult,soto
takefiniteseriesresponsewindow (Rectangularor
KaiserorHamming)isuseful.Inthiswindow input
signalis sampled atfs=Nf(fs=64*50=3200)and
samplingtimeTs=1/fs(Ts=1/3200=0.0003125sec)
Wherefsissamplingfrequency,Niswindowsize,fis
inputsignalfrequencyandTsissamplingtimeperiod.

Byconsideringfaultoccuratthebusstation2
andnormalworkingconditionsatbusstation1the
PMUreadingsareshowninbelowFig.9Thebranch
signalwillgetsdisturbedduetoharmonicspresentin
thefault,thecorrespondingsimulatedwaveformwith
magnitudeandphaseanglevariationsareshownin
fig.10.

Fig.9.PMU1 signal,magnitudeand phaseangle
readings
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Adistorted,periodicwaveform isshowninfig.10.It
consistofadifferentoddharmoniccomponents.The
distortedwaveform,magnitudeandphaseanglesare
simulatedanditisshowninFig.10.

Fig.10.PMU2signal,magnitudeandphaseangle
readings

IV.PHASORCALCULATIONANDTIMESTAMMPING

ThereadingsofthetwoPMUsaretimestampedwith
GPStimingwhichisshownintable1.PMUsare
calculatingthemagnitudeandphaseanglesusing
DiscreteFourierTransform(DFT).InDFTformagnitude
andphaseanglecalculation,Non-Recursivebased
algorithmisused[1].Ineachwindow64samplesare
taken(N=64)tocalculatemagnitudeandphaseangle.
Normallythesinusoidalwaveformisrepresentedwith
X(t)=Xmcos(2πft+φ) ---------(1)
Thephasorformofthesignalisgivenby
x(t)=Xrmse

jΦ=Xrms[cosΦ+jsinΦ]---(2)
Themeasuredvaluesarecoordinatedtouniversal
coordinatedtime(UTC).System frequencycanbe
calculatedbyusingsinetosquarewaveconverter.This
convertsthesinewavesignalintosquarewavesignal
foreasycalculationoftimeperiodofthesignal[13].
Thefrequencyofthesignalis“f=1/T”,whereTisthe
timeperiodbetweentwoconsecutiveraisingedgesor
fallingedges.Thesinglephasesinetosquarewave
converterisshowninfig.11,andrespectiveoutput

squarewaveisshowninfig.12.

Fig.11.sinetosquarewaveconverter

Fig.12Squarewavesignalforfrequencyestimation

V.NON-RECURSIVEDFTALGORITHMFORPHASOR
CALCULATION

ThenormalDFTequationsformeasurementofthethe
magnitudeandphaseangleis

Inrecursivealgorithmfirstdatawindowiscomputed
forn=0ton=N-1andinnextwindow n=0valueis
omittedandn=Nsampleisincludedmeansinfurther
windows nextcoming sample is including and
respectivestartingsamplesareexcluding.Recursive
algorithm isnumericallylessstablebecauseiferror
occurinfirstwindowthatwill
be carry forward to next
windowsalso.Thiswillgreatly
effecton the totalsystem
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window computationssonon-recursivealgorithm is
mostlyusedinallapplications.
TheMATLABsampleprogramforphasorcalculationis
shownbelow.

Table1.Non-recursiveDFTbasedphasorestimation

Time
stamping

(in
Seconds)

PMU1READING PMU2READING

Magnitude
Phase

angle(rad)
Magnitude

Phase
angle(rad)

0 565.68 0 1004.09 0
0.0003 565.68 0.0982 961.7088 0.2083
0.0006 565.68 0.1963 852.1216 0.4180
0.0009 565.68 0.2945 716.7552 0.6188
0.0013 565.68 0.3927 597.0496 0.7797
0.0016 565.68 0.4909 518.7392 0.8654
0.0019 565.68 0.5890 489.7408 0.8871
0.0022 565.68 0.6872 496.6336 0.9107
0.0025 565.68 0.7854 511.5328 0.9822
0.0028 565.68 0.8836 514.368 1.0967
0.0031 565.68 0.9817 502.0544 1.2214
0.0034 565.68 1.0799 482.2464 1.3182
0.0037 565.68 1.1781 466.5408 1.3663
0.0041 565.68 1.2763 464.6016 1.3825
0.0044 565.68 1.3744 475.9168 1.4097
0.0047 565.68 1.4726 489.79 1.4752
0.0050 565.68 1.5708 495.6864 1.5708
0.0053 565.68 1.6690 489.792 1.6664
0.0056 565.68 1.7671 475.9168 1.7319
0.0059 565.68 1.8653 464.6016 1.7591
0.0063 565.68 1.9635 466.5408 1.7753
0.0066 565.68 2.0617 482.2464 1.8234
0.0069 565.68 2.1598 502.0544 1.9202
0.0072 565.68 2.2580 514.368 2.0449
0.0075 565.68 2.3562 511.5328 2.1594
0.0078 565.68 2.4544 496.6336 2.2309
0.0081 565.68 2.5525 489.7408 2.2545
0.0084 565.68 2.6507 518.7392 2.2762
0.0088 565.68 2.7489 597.0496 2.3619
0.0091 565.68 2.8471 716.7552 2.5228
0.0094 565.68 2.9452 852.1216 2.7236
0.0097 565.68 3.0434 961.7088 2.9333
0.0100 565.68 3.1416 1004.09 3.1416
0.0103 565.68 -3.0434 961.7088 -2.9333

0.0106 565.68 -2.9452 852.1216 -2.7236
0.0109 565.68 -2.8471 716.7552 -2.5228
0.0113 565.68 -2.7489 597.0496 -2.3619
0.0116 565.68 -2.6507 518.7392 -2.2762
0.0119 565.68 -2.5525 489.7408 -2.2545
0.0122 565.68 -2.4544 496.6336 -2.2309
0.0125 565.68 -2.3562 511.5328 -2.1594
0.0128 565.68 -2.2580 514.368 -2.0449
0.0131 565.68 -2.1598 502.0544 -1.9202
0.0134 565.68 -2.0617 482.2464 -1.8234
0.0138 565.68 -1.9635 466.5408 -1.7753
0.0141 565.68 -1.8653 464.6016 -1.7591
0.0144 565.68 -1.7671 475.9168 -1.731
0.0147 565.68 -1.6690 489.792 -1.6664
0.0150 565.68 -1.5708 495.6864 -1.570
0.0153 565.68 -1.4726 489.792 -1.4752
0.0156 565.68 -1.3744 475.9168 -1.4097
0.0159 565.68 -1.2763 464.6016 -1.3825
0.0163 565.68 -1.1781 466.5408 -1.3663
0.0166 565.68 -1.0799 482.2464 -1.3182
0.0169 565.68 -0.9817 502.0544 -1.2214
0.0172 565.68 -0.8836 514.368 -1.0967
0.0175 565.68 -0.7854 511.5328 -0.9822
0.0178 565.68 -0.6872 496.6336 -0.9107
0.0181 565.68 -0.5890 489.7408 -0.8871
0.0184 565.68 -0.4909 518.7392 -0.8654
0.0187 565.68 -0.3927 597.0496 -0.7797
0.0191 565.68 -0.2945 716.7552 -0.6188
0.0194 565.68 -0.1963 852.1216 -0.4180
0.0197 565.68 -0.0982 961.7088 -0.2083

VI.CONCLUSION

In this paperitis described thatthe phasor
estimationofthedistortedwaveform withGPStime
stamping.DuetotheGPStimestampingofevery
sampleitispossibletocalculatetheaccuratethe
powerspectrum,anglesofthedifferentlocations.The
samplingclockisachievedbyusingGPSNEO6MV2
whichisgenerating required numberofsampling
pulsespersecondbyArduinoUnobasedGPSDO.The
PMUsmeasuredvaluesareprecisely(0.3125msec)
timestamped.Thisisveryhelpfultosystemoperatorto
knowtheexactstateofthesystem atanyinstantto
takenecessaryactionsagainstabnormalconditions.
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