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Factors affecting time domain IP data quality 
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Acquisition of time domain IP data is logistically identical or similar to DC resistivity, but 
much more difficult from a measurement technical point of view due to the much smaller signals. In 
case of spectral IP it is also desirable to measure with short integration times, starting with as short 
delay as possible after current turn-off in order to achieve high frequency content. Signal levels of 
IP responses are often a fraction of the noise levels, making high dynamic resolution and adequate 
noise filtering key properties. Transmitted signal is also import, but there are logistical advantages 
of limiting the output power so that standard equipment of ERT type can be used.  
 

An important factor for data quality is the signal-to-noise ratio, which varies strongly 
between different electrode arrays. Signal-to-noise ratio is often not a problem for resistivity data 
acquisition with modern good quality instruments, at least not for relatively small electrode spreads. 
For IP data acquisition, on the other hand, the signals are much smaller which makes them easily 
drown in noise. The signal levels are inversely proportional to the geometry factor, i.e. the larger the 
geometry factor the lower the signal-to-noise ratio. The Wenner array can be used as reference for 
calculating the relative signal-to-noise ratio of the other electrode arrays, and for the multiple 
gradient array (Dahlin and Zhou 2006) it falls in the range 0.3 – 1.6 (geometry factor 7.5 – 1.2) for 
s-factors respective n-factors going up to 7 or 8. For dipole-dipole array the relative signal-to-noise 
ratio is 0.01 – 0.3 (geometry factor 230 – 6.3) with the same range of n-factors. This means that 30 
times more transmitted current is needed to achieve the same minimum signal-to-noise ratio when 
surveying with dipole-dipole array compared to multiple gradient array. Conversely, only 3.3 % of 
the transmitter output power is required to generate equivalent worst case signal-to-noise ratio for 
data measured with multiple gradient array compared to dipole-dipole array. Pole-dipole array is 
only a factor 2-3 weaker than the multiple gradient array for equivalent median depth of 
penetration, but it does require a remote electrode which is often problematic. 
 

A common argument for using dipole-dipole array is to avoid coupling between the 
transmitter and receiver layouts. Coupling can be divided into inductive and capacitive coupling. 
Inductive coupling is not a problem for DC resistivity measurements, but can possibly be an issue 
for very early IP decay times. Capacitive coupling can become a serious problem when measuring 
IP using multi-electrode equipment with multi-core electrode cables used both for transmitting 
current and receiving signals. The problem appears to be strongly related to the electrode-to-ground 
contact (Dahlin and Leroux 2012). Experience shows that if the contact resistance is less than 1 kΩ, 
then IP data of very good quality can generally be recorded, whereas if the contact resistance is 
above 10 kΩ data quality can suffer significantly. In cases with high contact resistance, when it is 
not possible to reduce it with watering, putting extra electrode in parallel, etc., data quality can be 
improved by surveying with two sets of electrode cable spreads in parallel (Dahlin and Leroux 
2012). Even if this means more complex field logistics and heavier equipment it is probably still 
more time and cost efficient compared to surveying with equipment designed for several kV and 
kW output which would be the alternative.  
 

Electric noise from the power grid can be magnitudes larger than the IP signals, but it can 
often be efficiently suppressed for the integrated IP decay by averaging over multiples of the period 
of the base frequency. For spectral time domain IP the noise simple averaging is often not sufficient 
because of variation in the load on the power grid and since the base frequency can vary slightly. 
The standard EN50160 allows a frequency deviation up to ± 0.5 Hz if there is a sudden change in 
generation or load (Li et al. 2011). A more severe problem is electric noise from railway power 
systems (Fig. 1). In many countries the frequency is lower, 16 2/3 Hz, which means that the shortest 
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IP time window that can be extracted after averaging over a full power cycle is 60 milliseconds. 
This means that high frequency information from early time windows is lost. Another difficulty 
with noise from trains it that the disturbances are very dynamic in that the noise can vary strongly in 
amplitude when trains pass, and for surveys within kilometres of a railway with frequent train 
traffic this can have a severe impact on the data quality. Although data quality can be substantially 
improved by averaging over 60 millisecond intervals significant parts of the data may still be too 
noisy due to temporal variation in the noise (Fig. 2). Noise from DC powered trams and metro 
systems can also be difficult to handle. This calls for more advanced noise filtering approaches. 

   
Fig. 1: Example of full waveform recording from IP measurement cycle with noise from railway traffic; a) unfiltered 
data, b) data averaged over 20 milliseconds (50 Hz).  
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Fig. 2: Example of IP decay curve with railway noise (based on data in figure above) with data 
integrated over 20 ms multiples (50 Hz) and 60 ms multiples (16 2/3 Hz) respectively. 

 
References 
Dahlin, T. and Leroux, V., 2012. Improvement in time-domain induced polarisation data quality 

with multi-electrode systems by separating current and potential cables. Near Surface 
Geophys. 10, 545-565. 

Dahlin, T. and Zhou, B., 2006. Multiple-gradient array measurements for multichannel 2D 
resistivity imaging. Near Surface Geophys., 4, 113-123. 

Li, Z.W., Samuelsson, O. and Garcia-Valle, R., 2011. Frequency deviations and generation 
scheduling in the Nordic System, in Procs. IEEE PowerTech, 19-23 June 2011, Trondheim. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 1.6
  /CompressObjects /All
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /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 400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /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 1.00000
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /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.)
    /FRA <>
  >>
  /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


