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요  약 본논문에서는전력시스템의전원및부하측을동시에감시가가능한다채널(전압8채널,전류10채널)전력측정

시스템을개발하였다.제안된시스템은전력품질과관련된규정인IEEE1459-2010의정의를사용하여전력성분을계산하는

신호처리알고리즘을기반으로TMS320C42DSP를이용하여개발하였다.개발된시스템은 표준전원공급장치를이용하여

그성능시험을실시하였고,그결과측정오차는0.2%이하로나타났다.또한제안된시스템을3상4선식전력시스템에설치

하여실증시험을실시하여그성능을입증하였다.제안된시스템은상업및산업용전력시스템에적용하여동시에다채널

로 전력을 측정 및 분석함으로써 전력품질과 관련된 다양한 문제를 줄일 수 있을 것이다.

Abstract  This paper develops power measurement system with multiple sensor input channels (voltage-8 channels 

and current-10 channels) that simultaneously can monitor power components for both supply and load side of power 

system. The hardware implementation of the proposed system is based on TMS320C42 DSP and signal processing 

program algorithm to calculate power components use the definition of IEEE Standard 1459-2010 related power 

quality. The performance of the developed system is tested by using standard ac power source device, and the test 

results showed that accuracy of the developed system is less than 0.2 %. Also, field test of the proposed system in 

the three-phase and four-wire power system was implemented. Simultaneous multiple channel measurement and 

analysis of power components in commercial and industrial electrical power system using the proposed system will 

be necessary to reduce power quality problems.
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1. Introduction

Powerquality(PQ)includingharmonics,voltage

dips,briefinterruptions,transients,powerfactor,and

unbalancecancauseproblemsoftheoperationofthe

suppliedequipment[1].Especially,electricalharmonics

causedbynonlinearloadssuchasinverters,rectifiers

andDCpowersuppliesproducemalfunctionofcontrol

devices,datalossofcomputersystemsandoverheating

ofcableandtransformerintoday’selectricalpower

system[2].

Manystandardsandguidelinesrelatedpowerquality
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weredeveloped.Inordertodealwithpowerquality,the

InternationalElectro-technicalCommission(IEC)has

developedIEC 61000seriescalledElectromagnetic

Compatibility(EMC)StandardsandtheInstituteof

Electrical and Electronic Engineers (IEEE) has

publishedIEEE1159thatdefinedcategoriesandtypical

characteristics of power system electromagnetic

phenomena.Someoftheotherorganizationshave

developedtheirownstandardssuchasANSI,NEMA

[3,4].

TheseconcernsaboutPQcreatedtheneedsofthe

measurementofpowercomponentssuchasactive,

reactiveandapparentpower,root-mean-square(RMS)

valuesofvoltageandcurrent,powerfactorandPQ

[2,3].Especially,commercialandindustrialcompanies

moreneedthePQmonitoringsystemtoreduceproduct

qualityproblems,processdown,computerequipment

disturbance,andotherequipmentfailuresbyPQ.These

systemshavemanyadvantagesforbothendusesand

utilitycompanies[5].

Therearemanyvariantsofpowermeasurement

available in the field ranging from hand-held

instrumentstoportablemonitors.Theseinstrumentsor

monitorshavevoltage4-channelandcurrent5-channel

and provide three-phase and four-wire metering.

Therefore,theycanmeasurepowercomponentsofonly

onesidethatissupplyordemandsideofthree-phase

andfour-wirepowersystem.

But,someapplicationsrequiresimultaneouspower

componentsmeasurementandmonitoring forboth

supply(orsource)andload(ordemand)sideofpower

systemshouldbeimplementedinordertoeffectively

improveenergyefficiencyandsolveproblemsrelated

PQ[4].

Thispaperpresentsapowermonitoringsystemthat

simultaneouslycanmeasurepowercomponentswith

multi-channel(voltage-8 channeland current-10

channel)inputsensorsforsupplyanddemandsideof

powersystem.Theproposedsystem useafloating

pointdigitalsignalprocessor(DSP)TMS320C32and

14bitanalogtodigital(A/D)converterAD7865that

simultaneously convertanalog signalsinto digital

signals. In order to measure electrical power

components,definitionsof[6,7]andrelatedstandard

IEEE 1459-2010areused[8-13].Thesystem can

measurethecurrentandvoltagevaluesincluding

harmoniccontent,theactive,reactive,andapparent

power,thepowerfactor,thevoltageandcurrent

harmonic,thetotalharmonicdistortion(THD)andso

on.

Accuracyofthevoltageandcurrentmeasurement,

activeandapparentpowermeasurement,harmonic

analysisbythedevelopedsystemhasbeentestedby

usingstandardacpowersourceFLUKETM6100A.The

testresultsshowthataccuracyofmeasurementisless

than0.2percent.Inthefieldtestofthedeveloped

system,thepowercomponentsmeasurementforall

phasesofloadandsourcesideinthree-phasepower

systemwassimultaneouslyimplemented.

2. System Implementation

2.1 System Design & Implementation

Fig.1showsthebasicstructureoftheproposed

system.Theproposedsystem islargelydividedinto

threesubsystemsofsignalconditioningandacquisition

subsystem excluding voltageand currentsensors

(voltage-8channeland current-10 channel);digital

signalprocessingandstoragesubsystem;andtheuser

interfacesystem.

[Fig. 1] Basic structure of the proposed system
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Voltagemeasurementisdonebyprobe-typevoltage

sensors(accuracy:0.05%)andcurrentmeasurementis

donebyclamp-typecurrentsensors.Intheinputsignal

conditioningandacquisitionsubsystem,voltagedivider

usingahighprecisionresistor(accuracy:0.1%)and

lowpassfilterstopreventvoltageandcurrentsignal

above3kHzweredesigned.Samplingfrequencyof

7.68kHz(128samplespercycle)ischosensothatthe

proposedsystemcouldmeasureupto50thharmonicof

60Hz.Thissystem allowssignalswithmaximum

ratedvoltage750V.

In orderto simultaneously converttheanalog

signalsofvoltage8andcurrent10channelsintodigital

signals,A/DcircuitwasdesignedbyusingAnalog

Devices14bitA/DconverterAD7865havinganalog

input4channelofAClevelandconversionstartsignal

inputability.Thisdevicecansimultaneouslyconvert

analogsignalsintodigitalsignals.

AfteroperatingconditionsofA/D channelsare

determinedandthepertinenttimerinterruptandthe

addresstostoreA/D dataareassigned,thetimer

interruptisoperatedandvoltageandcurrentsignal

dataareconvertedtodigitaldata.Relevantinterruptis

operatedbyA/DendsignalandA/Draw dataare

storedinthememory.14bitA/Drawdataconvertinto

32bitrawdatathatissuitedtotheDSP.Inorderto

minimizecalculationandconversionerror,theseraw

dataareconvertedtomagnitudeofrealdata.

Digitalsamplesaretransferredtodigitalsignal

processing and storage subsystem.The proposed

system adoptsTheTMS320C32ishigh-performance

32-bitfloating-pointDSPforsignalprocessing.The

interfacecircuitbetweentheDSPandtheexternal

digitalelementssuchastheA/Dconverter,memory

andotherswasdesignedbyusingAltera’serasable/

programmablelogicdevice(EPLD)EMP7128sothat

theinterfacecircuitcankeepupwithoperationspeed

oftheDSPthatisoperatedinthehighfrequencyof60

MHz.

InordertosavethedatacalculatedbytheDSPand

quicklyperformprocessorprogram,thememoryblock

wasdesignedbyconnecting4MbitS-RAMK6R4008in

serialandparallel.TheprogrammemoryoftheDSP

wasdesignedbyusingAMD’sFROM29F040.Inorder

tomeetabnormalconditionssuchasoperatingerror

andpowerfailureandsavemeasurementenvironment

and processing stateselectrically erasablePROM

(EEPROM)24LC32wasconnectedtotheDSP.

Userinterfacesubsystemusingpersonalcomputer

(PC)programanddisplaydevicevacuumfluorescent

device(VFD)canprovideuserswithaccesstothe

monitoringandanalyzeddata.Theproposedsystem

hadserialportsusingstandardRS232protocolfor

interface with PC. Universal asynchronous

receiver/transmitter(UART)ICPC16550astheserial

and parallel conversion element of data for

transmission and reception ofdata between the

developedsystemandPC,andMaxim’sMAX232for

RS232CinterfacewithPCwasused. Finally,PC

program to confirm data measured theproposed

systemisdevelopedasshowninFig.2.

[Fig. 2] Front panel of the developed PC program for 

viewing data and graphs.

2.2 Signal Processing

IEEE1459definitionsorexpressionsof[5-7]are

usedinthedevelopedsystemtocalculatethepower

componentssuchaspowerfactorandactive,reactive

andapparentpower.Forsingle-phasenon-sinusoidal

system,TheRMS (rootmean square)valuesof

voltagesandcurrentsincludingharmonicsare
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 
≠



  (1)

and

 




≠



  (2)

where istheharmonicsorder,M isthehighest

harmonic,and and arerespectivelythevoltage

andcurrentRMSvaluesofthehthharmonicsofthe

fundamentalfrequency.

Calculatingofpowercomponentsofsystemhaving

nonlinearloadissomewhatmorecomplicatedthanif

thecurrentweresinusoidal.Becauseofharmonic

distortionofcurrentorvoltagethecalculationofpower

components(apparent,active,reactivepower)isvery

difficult.Thetotalactivepowercouldbepresentedas

asumofcomponentsrelatedtothefundamentaland

otherharmonics:

 




   (3)

Where isthefundamentalactivepower,whilePh

comprisesthesum ofallhighercomponentsandis

referredtoasharmonicactivepower, isthephase

anglebetween and .

Thetotalreactivepowertobecalculatedas:








   







 

(4)

Equation4eliminatesthesituationwherethevalue

ofthetotalreactivepowerQislessthanthevalueof

thefundamentalcomponentQ1.Theapparentpower

iscalculatedasaproductofRMSvaluesofvoltageand

current:

    








 








 (5)

Thepowerfactor(PF)ofaloadorsystem is

generallyacceptedastherationoftheactivepowerto

theapparentpower:

  


(6)

Thetotalvoltageharmonicdistortionisdefinedas

 









(7)

Also,thetotalcurrentharmonicdistortionisdefined

as

 









(8)

According to IEEE 1459-2010,in three-phase

systems with unbalanced and non-sinusoidal

conditions,thevoltageandcurrentsineachphasecould

byusing(1)and(2).Inthiscase,threecurrentphasors

arenotshiftedexactly120°withrespecttoeachother.

Andtheallpowercomponentsarethesum ofthe

powerphase.

Thecalculationofpowercomponents(P,Q,S)defined

aboveareisbasedonsampledinstanceofvoltageand

current.FastFourierTransform(FFT)ofthesampled

waveform calculatesvoltageandcurrentharmonic

orderandmagnitude,andtotalvoltageandcurrent

harmonicdistortion( and).

3. Experiment results

3.1 Accuracy Evaluation

Toreduceerrorduetothevoltagedivider,the

voltage-follower,thelow-passfilterandgainofADC,

softwarerevisionofthedevelopmentsystem was

performed.Theaccuracyofpower(active,reactiveand

apparentpower)and harmonic measurementwas

testedbycomparingreferencedatasuppliedbythe

electricalpowerstandardsystem(FLUKE6100A)with

datameasuredbythedevelopedsystemasshownin

Fig.3.
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Fig.4showsthevoltagemeasurementerror(%)for

differentofreferenceinputvoltagebypowerstandard

instrument.Theerrorislessthan0.2%.Thecurrent

measurementerrorislessthan0.2%excludingerror

(%)below10AasseeninFig.5.

[Fig. 3] The accuracy test method

[Fig. 4] Voltage measurement error (%)

[Fig. 5] Current measurement error (%)

3.2 Field Test for Power Components 

Monitoring

Inordertoverifysimultaneouspowercomponents

monitoring using multiple sensors,the developed

system wasconnectedwithloadandsupplysideof

three-phasepowersystem asshowninFig.6.The

powersystemused75HPand100HPDCmotors,an

extrudingmachine,anairblower,andotherloadsin

ordertoproducetheautomobilesoundproofingmaterial,

andthecapacitorbankforcompensationofreactive

powerandsuppressionofharmonicswasinstalled.The

powersystem,inordertoeffectivelypreventpower

disturbancesandimproveenergyefficiency,needs

simultaneousmeasurementofpowercomponentsfor

bothsupplyandloadside(ordemandside)ofpower

systembytheproposedmethod.

[Fig. 6] Wiring diagram for field test of the proposed 

system

Fig.7 shows the results to analyze current

waveformsofsupplyandloadsidemonitoredbythe

proposedsystem.Inthetestresults,variationof

currentwaveformbythecapacitorbankinstalledinthe

powersystemcanbesimultaneouslyconfirmed.Fig.8

and9indicatetheexperimentalresultofsimultaneous

activeandreactivepowermonitoring.Improvementof

powerfactorbythecapacitorbankcanbeeasily

confirmedbymonitoringpowercomponentslikeas

active,reactiveandapparentpowerofsupplysideand

loadside.Fig.10and11demonstratecurrentharmonic

spectrumandvoltageharmonicdatameasuredbythe

proposedsystemrespectively.

Inthistest,theeffectivenessofthecapacitorbank

iseasilyconfirmedbycomparingharmonicspectrum

anddataofsupplysidewithharmonicspectrumand

dataloadside.Allthetestsappeartoconfirm the
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effectivenessoftheproposedsolutionforsimultaneous

powercomponentsmeasurementforbothsupplyand

loadsideofthepowersystem.

(a) (b)

[Fig. 7] Simultaneous current waveform monitoring 

results: (a) Supply side (b) Load side

(a) (b)

[Fig. 8] Simultaneous active power monitoring results 

(16.7ms/div): (a) Supply side (b) Load side

(a) (b)

[Fig. 9] Simultaneous reactive power monitoring results 

(15minute /div): (a) Supply side (b) Load side

(a) (b)

[Fig. 10] Simultaneous current harmonic spectrum

          monitoring results (a) Supply side (b) Load 

side

(a) (b)

[Fig. 11] Simultaneous current harmonic data monitoring 

results: (a) Supply side (b) Load side

4. Conclusions 

The powermonitoring system with multiple

sensorchannels(voltage-8channelsandcurrent-10

channels)tosimultaneouslyanalyzepowercomponents

andharmonicsinseveralpointsofpowersystemhas

beendesignedandimplemented.Voltageandcurrent

measurementerrorsofthedevelopedsystem were

revised,andaccuracyofpower(active,reactiveand

apparentpower)and harmonic measurementwas

testedbycomparingpowercomponentsoutputtedin

thestandardacpowersourcewiththatcalculatedby

thedevelopedsystem.Allthetestresultsshowthatthe

measurementerrorislessthan0.2%.Forfieldtest,the

developed system was connected with load (or

demand)andsupply(orsource)sideofthree-phase

powersystem thatthecapacitorandinductorto

improvepowerfactorwereinstalled.

Astheresultsoffieldtest,itwascertificatedthat

monitoringofpowercomponentsforallphasesofload

andsourcesideusingthedevelopedsystem with

multiple sensor input can be simultaneously

implemented and the developed system can be

effectivelyappliedtomeasurepowercomponentsof

powersystem inordertosolvepowerdisturbances.

Consequently,theproposedpowermonitoringsystem

canbeappliedtomeetthespecificrequirementsuchas

severalpointpowermonitoringoranalysis. Future

worktoreducethemeasurementerrorandminimize

theproposedsystemwillbeneed.
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