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Abstract. This paper deals with response signals processing in eddy current non-destructive testing. Non-sinusoidal excitation is utilized to drive 
eddy currents in a conductive specimen. The response signals due to a notch with variable depth are calculated by numerical means. The signals 
are processed in order to evaluate the depth of the notch. Wavelet transformation is used for this purpose. Obtained results are presented and 
discussed in this paper. 
 
Streszczenie. Praca dotyczy sygnałów wzbudzanych przy nieniszczącym testowaniu za pomocą prądów wirowych. Przy pomocy symulacji 
numerycznych wyznaczono sygnały odpowiedzi dla niesinusoidalnych sygnałów wzbudzających i defektów o różnej głębokości. Celem symulacji jest 
wyznaczenie zależności pozwalającej wyznaczyć głębokość defektu w zależności od odbieranego sygnału. W artykule omówiono wykorzystanie do 
tego celu transformaty falkowej. (Analiza falkowa impulsowych prądów wirowych) 
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Introduction 
 Eddy current testing (ECT) is an effective technique for 
non-destructive inspection of conductive materials. 
Conventional ECT employs harmonic driving with single or 
multiple frequencies. Multi-frequency systems usually utilize 
two or three frequencies with very complex mixing system 
requirements for the signal analysis. In contrast to harmonic 
driven eddy currents, pulsed eddy current (PEC) testing 
utilises a short electrical pulse to obtain similar results as in 
the multi-frequency ECT technique. The main advantages 
of PEC system are that it can possibly generate a wider 
band of frequencies and it allows deeper penetration of 
eddy currents through a metal sample when compared to 
the conventional harmonic driven ECT. The driving pulse 
can be very short with a high voltage which potentially 
allows the generation of higher power pulses that can be 
used without overheating the probe. This can help to 
momentarily produce magnetic saturation in 
a ferromagnetic part and allows the subsequent detection of 
subsurface flaws in ferromagnetic materials, [1, 2]. 
 Most of the information in a signal is carried by its 
irregular structures and its transient phenomena. Finding of 
small fluctuations in the time-domain is rather difficult task. 
However, these difficulties can be overcome by 
transformation into the frequency domain. Conventional 
method used for converting a signal into the frequency 
domain is the Fourier transform. Still a certain instance may 
vary in time and/or space over the frequencies. In such 
cases it is preferable to decompose the signal with spatial 
localization of the variations in spectral composition of the 
signal. This alternative can be achieved by using the Short 
Time Fourier transform (STFT) and the Wavelet transform 
(WT). Due to the decomposition of a signal into elementary 
building blocks that are well localized in both time and 
frequency, the Wavelet Transform is capable of defining the 
local irregularity of a signal. 
 
Methods 
The PEC technique uses a non-sinusoidal voltage to excite 
the probe. The advantage of using such a driving voltage is 
that according to Fourier theory it can be decomposed into 
a sequence of harmonic signals. Hence, the 
electromagnetic response to several different frequencies 
can be measured within a single step and information from 
a range of material depths can be obtained all at once. To 
improve the strength and simplify the interpretation of the 
signal, a reference signal from area without defects is 
usually collected and is compared with other signals. Flaws, 
conductivity, and dimensional changes produce a change in 

the signal and a difference between the reference signal 
and the measured signal is then displayed. The distance of 
the flaw and other features relative to the probe will cause 
the signal to shift in time. [2] 
 
Continuous Wavelet Transform  
 The continuous wavelet transform (CWT) was 
developed as an alternative approach to the STFT. The 
CWT analysis is similar to STFT. The signal is multiplied 
with a function similar to the window function in STFT and 
the transform is computed separately for different segments 
of the time-domain signal. In the WT the window function is 
replaced by a function  - the wavelet function. The wavelet 
function is a function with zero mean well localized in both 
frequency and time. There are several functions satisfying 
the properties of a wavelet, e.g. the Morlet, which is defined 
as 
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where 0 is dimensionless frequency and  is 
dimensionless time. The Morlet wavelet provides a good 
balance between time and frequency localization.  
 The CWT applies the wavelet as a bandpass filter to the 
time series. For one-dimensional discrete time signal x(n), 
the CWT is calculated as its convolution with scaled and 
translated function  - mother wavelet, which is stretched in 
time by varying its scale a, so that = a·t, and shifted along 
the time axis by varying its location parameter b  
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where  denotes a complex conjugate. By varying the 
wavelet scale a and translating along the time by means of 
location index b, it is possible to construct a picture showing 
both the amplitude features versus the scale and amplitude 
variations in time. In practice it is faster to implement the 
convolution in Fourier space and the wavelet transform is 
then the inverse Fourier transform of the product of the 
Fourier transforms of x(n) and  
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 To ensure that the wavelet transforms (3) at each scale 
a are directly comparable to each other and to the 
transforms of other time series, the wavelet function at each 
scale a is normalized to have unit energy [6]. After the 
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transform is computed the wavelet power spectrum is 
estimated as |W(a,b)|2.  
 
Cross-wavelet spectrum  
 For two time series x and y with wavelet transforms 
Wx(a,b) and Wy(a,b) the cross-wavelet spectrum is defined 
as Wxy(a,b) = Wx(a,b)Wy

*(a,b). In general, the cross-
wavelet spectrum of two complex wavelet transforms is also 
complex, and hence the cross-wavelet power (WCPS) is 
|Wxy(a,b)|. Confidence intervals are shown in all WPS 
figures (solid black line) in order to compare the peaks in a 
wavelet power spectrum against the mean background. The 
confidence interval of 95% corresponds to the desired 
significance p = 0.05. The confidence interval is defined as 
the probability that the true wavelet power at a certain time 
and scale lies within a certain interval around the estimated 
wavelet power. Confidence levels for the cross-wavelet 
power can be derived from the square root of the product of 
two chi-square distributions [6]. 
 
Results 
 The PEC signals applied for wavelet analysis are 
obtained from numerical simulations. The probe used in the 
simulations is a simple absolute pancake probe with 
number of turns N=40 and dimensions (in mm) shown in 
Fig. 1a). Probe is driven by non-sinusoidal current I = 1A of 
‘Peak’ type built in Vector Fields Opera. At first the probe is  
placed over the plate over the area without defect and then 
over the area with defect, Fig. 1b), with a lift off d=1mm.  

 The probe is of the absolute type, thus it serves as 
exciter and pickup at the same time. Numerical simulations 
are performed for several driving pulse periods and results 
for two of them are presented in this paper; Td1 = 1 ms and 
Td2 = 10 ms. The PEC signal response is computed for 5 
different flaw depths shown in Table 1. 

 
Fig.1. Probe and specimen arrangement 
  
Table 1. The dimensions of the defects 

Defect  Width [mm] Length [mm] Depth [mm] 
#1 0.2 10 1 
#2 0.2 10 3 
#3 0.2 10 5 
#4 0.2 10 7 
#5 0.2 10 9 

 
 Time domain representation of first 0,1ms of time series 
for driving pulse periods Td1 = 1 ms and Td2 = 10 ms and all 
five defect depths are shown in Fig. 2.  
 

 
 

Increasing amplitude is in correlation with the growing 
depth of defect. The duration of transient phenomena is 
independent of the pulse period and is constant in all 
simulated cases; it depends on the time constant of circuit. 
Fig. 2 also shows that increasing depth of defect causes 
saturation of signals thus it is difficult to recognize deeper 
defects according to their responses in time domain. 

 For time-frequency representation of differential current 
response of simulated flaws CWT is performed and wavelet 
power spectrum (WPS) is computed. All transforms are 
computed using Morlet wavelet. Results of CWT for defects 
#1, #5 are shown in Figs. 3, 4. A sequence of flaw signals 
from #1 to #5 is shown in Fig. 5. for better illustration of 
changes in the time-frequency representation of signal.  

 

Fig.2. Differential voltage response of: a) Td1 = 1ms,  b) Td2 = 10ms
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Fig.3. Differential voltage response and its WPS for defect #1 of a) Td1 = 1ms, b) Td2 = 10ms, c) WCPS 
a)         b)       c) 
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Results shown in Fig. 3 and Fig. 4 depict in more detail 
the effect of flaw depth and driving frequency on WPS. 
Overall representation of depth effect for all 5 depths of flaw 
and both the driving pulse periods is shown in Fig. 5. From 
the cross wavelet power spectrum, Fig. 5 c), it is possible to 
determine the flaw depth. 
 
Conclusion 
 The pulsed eddy current testing method is a useful tool 
for non-destructive evaluation of conductive materials. 
Extraction of information carried in a response signal in the 
time-domain is rather difficult. Wavelet analysis is a useful 
tool for transformation of the time series from time domain 
into the time-frequency domain. The simulations were 
carried out for two driving pulse periods and five flaw depths 
in order to create data for further feature extraction. The 
data was processed using continuous wavelet transform 
and presented results show good resolution of flaw depth 
effect in time-frequency domain. 
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Fig.5. Differential voltage response and its WPS of sequence: a) Td1 = 1ms, flaws #1-5, b) Td2 = 10ms, flaws #1-5, c) WCPS

Fig.4. Differential voltage response and its WPS for defect #5 of a) Td1 = 1ms, b) Td2 = 10ms, c) WCPS 

a)                     b)                      c) 

a)                 b)             c) 



<<
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


