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Abstract - In this study, the method for the measurement of 
harmonics at nonsinusodial signal, which utilizes two synchronized 
high precision digital multimeters has been developed. The harmonics 
of voltage and current waveforms were computed from the acquired 
digitize samples through the DMMs and using developed  software 
which based on FFT algorithm. The system can be used as a 
reference system to calibrate harmonic analyzers.

1. INTRODUCTION

With the progress of Industries, power electronics equipment is 
widely use in power measurement system. The nonlinear 
characteristics of these equipment and power lines produce sirius 
hormonic pollutions which is caused to bad quality of power. Several 
types of power analysers designed for accurate measurement of 
current and voltage harmonics are available commercially. These 
power analysers are used by industries for harmonics measurements, 
which are requiring traceable calibration by National Metrology 
Institutes (NMI). Therefore, harmonic menacement capabilities has 
grown and the demands on NMI to provide  calibration facilities and 
traceability for such measurements has increased.

Dual channel sampling technique is applied whenever to electrical 
parameters are sampled, in the case of voltage and current, for the 
measurement of power, harmonics, phase angle etc.  The precision of 
a sampling method mainly depend on the choice of the analog to 
digital converters (ADC). Fast ADCs have a resolution which is 
generally less thea 16 bits. High resolution ADCs, on the other hand, 
have a non negligible data aquisition time and, when they are used 
for the measurement of an ac voltage, the variation of the signal 
during the aquisition  time is grater than the resolution. So an 
aquisition system that utilizes these converters needs an additional 
sample and hold circuit, which can then introduced its own 
symmetric errors. In order to  avoid difficulties of those approaches, 
a method employing high precision Digital Millimeters (DMMs) can 
be used since some DMMs have advance futures and high quality 
integrating A/D converters with an IEEE-488.2 interface to control a 
process externally.   

In this study a highly accurate digital sampling system with 
sophisticated software algorithm has been assembled and the system 

analyses the fundamental and its 50 th  harmonics of the nonsinusoidal 
waveform. 

2. Theory

2.1 Layout

The basic circuit of  system is shown in Figure 1 and its consist of 
two sub systems. One is for generation of the voltage and current. 
The other one is data aquisition system to measure the waveform. 

The source of the system is Fluke 6100A, Electrical power standard 

that supplies voltage and current waveforms at the same frequency, 
variable in amplitudes and with phase difference that can be adjusted 

0 to 2π . The aquisition system consists of two identical high 
precision digital  voltmetes (Agilent 3458A) used as integrated 
analog- to-digital converters. One of the two DMMs is applied 
directly for the aquisition  of the voltage signal, while the other, 
connected to a current-to-voltage converter (CVC), is utilized for the 
aquisition of the current signal. The CVC is consist of current shunt 
with an amplifier connected at its output.  Both DMMs are connected 
to the computer via GPIB and controled by the software.  
The PLL circuit synchronize dual channels with the running 
frequency of 2048*60 Hz. 
  

 
<Fig. 1> layout of the measuring circuit

2.2 Calculation of Harmonics and RMS values 

In digital signal processing periodical signal includes integrating over 
a cycle or an integrate number of cycles of the signal. Let N 

sampled data x0,  x1 , x2 ,................xN−1  are acquired, the rms 

values of the signal X is given by 

 

Xrms =  
⎛
⎜⎜⎝
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N− 1

x 2i

1

2
     (1)

Considering the discrete  signal  waveform  can be represent as 
shown in Figure 2, where only one single cycle is indicated and 

parameters are explain in terms of the phase angles. In Fig. 2,α  is 
the initial phase angle of the waveform. The phase difference 

between samples is γ  and can be represent as in equation (2).
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Har. no. App. Value PA Mea. Sys Mea.

1 4.0 V 3.99957 V 3.99927 V

3 1.0 V 0.99990 V 0.99983 V

5 0.5 V 0.49990 V 0.49988 V

7 0.1 V 0.09997 V 0.10000 V

9 0.1 V 0.09998 V 0.09999 V

2,4,6.. 0.0 V 0.00003 V 0.00002 V

1 0.8 A 0.79990 A 0.80005 A

3 0.2 A 0.19995 A 0.20005 A

5 0.1 A 0.10000 A 0.10000 A

2,4,6.. 0.0 A 0.00005 A 0.00004 A

RMS Voltage 4.15495 V 4.154964 V

RMS Current 0.83074 A 0.830831 A

THD Voltage 28.17 28.17

THD Current 27.95 27.96

γ =  wTs =  2π f
fs
                  (2)

where Ts  is the sample time. The f s  and f  are sample frequency 

and signal frequency respectively. Similarly initial phase angle α  can 
be written as

α =  wTi  (3)

<Fig. 2> Single channel sampling

Equation (1) can be used to calculate rms values over a summation 

period Nγ . In real situation, the summation interval of equally spaced 
samples should be equal to an integer number of periods of a 
periodic voltage and current signal

Nγ =  2πc (4)

However, equality (4) is not fulfill perfectly and introduce difference 
called truncation angle error 

  =   2πc −Nγ (5)

 The  truncation error of voltage or current when calculate the rms 
values is

{ =  
1
2N

Sin

Sin2π
f
fs

 Cos ⎛⎜
⎝

⎞
⎟
⎠

2wTi− − 2π
f
fs

(6)

Minimizing truncation error we can obtain accurate results. Therefore, 
sampling parameters should be chosen to fulfill equation (5) as much 
as possible. Furthermore, it is advantages to increase the number of 

samples 'N'. In Digital Signal Processing, the ratio of f s  to f  should 

be more than two to avoid the aliasing according to the Nyquist 
criteria.

The voltage measured across the current shunt and direct supply are 
digitised by the digital multimeters and 10 k samples can be stored in 
the multimeter before sending the samples to a PC over the GPIB. 
Then the software calculate angle error, initial time and truncation 
error to correct the rms value of the signal.

2.3  Software
 
The harmonics calibration software is developed using LabView. The 
control functions of the system such as number of samples , sampling 
rate, are set before run the programme. FFT algorithm calculate 
compleat harmonic analysis for the first 50 harmonics and their peak 
frequencies and total harmonics distortions.  Figure 3 shows a screen 
printout of the computer based harmonic calibration system software. 

<Fig. 3> Screen printout of the power calibration software.

3.  Results
The software was tested giving voltage and current waveforms to  
DMM.  The software was calculated each harmonic amplitudes and 
rms values of current and voltage nonsinusodial waveforms. The  
test results are shown in Table 1.

<Table 1> Results of the harmonics measurement 

Conclusion

The main purpose  of the harmonics analysing system is to analyse 
the harmonics in nonsinusodil waveforms and maintained as reference 
to calibrate commercial harmonic analyzers. The thermal transfer 
standard is going to use to validate and fine the accuracy of the 
system. Furthermore, the software is more flexible and many 
reference quantities can be calculated particularly those need for 
harmonics measurements. Further work is planed to improve the 
accuracy  using  of discrete fourier transform algorithm.   

Reference
1.G. N. Stenbakken, "A wide band sampling wattmeter"   IEEE     
Trans. Power App. Syst. , vol. PAS-103, no. 10, pp 2919-2926, Oct. 
1984.

2.U Pogliano, " Use of integrative analog-to-digital converters for high 
precision measurement of electric power," IEEE Trans. Instrument 
Meas., vol 50, no. 5, pp 1315-1318, Oct 2001. 

3. Endre Toth, A. M. R. Franco and R.M. Debatin, " Power and 
Energy Referance System, Applying dual-Channel sampling", IEEE 
Trans. Instr. Meas., vol. 54, no 1 Feb. 2005.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


