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Abstract 

This article presents a comparison of methods for 3D evaluation of flaws during a 

manual eddy current (EC) inspection procedure. This paper introduce a robust EC 

signal processing method using non-linear filtration based on evaluation of the 

consecutive samples in the complex space. Data processing methods are based on 

Fourier transform and S-Transform. These methods are used for feature extraction 

which enables 3D visualization of flaws. Presented visualization method targets EC 

scanning devices for an improved determination of flaws position and estimation of 

the size, angle. For EC data acquisition was used industrial digital instrument and 

precise eddy current positioning system.    
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1. Introduction 

The Eddy Current (EC) inspection method is widely used to measure or identify such 

properties as electrical conductivity, magnetic permeability, grain size, heat treatment 

conditions and hardness. These properties can be used to sort dissimilar metals, 

detect differences in composition etc. I case of surface or near subsurface flaws and 

cracks, the EC probe measure the deviation from normal geometrical configuration of 

EC distribution. EC inspection is applied to aircraft engine blades, wheels, rivets or 

metallic tubes subject to high pressures [1]. The main limitation is its low penetration 

in examined parts. For frequency above 100 kHz, the penetration depth is below 0.25 

mm. For the full-scale inspection of plates with thickness higher than 1 mm the 

frequency have to be at least 5 times lower than mentioned 100 kHz.  

In recent years corrosion maintenance represents more than 20% of maintenance 

cost for older planes and more than 8% for newer planes. Aerospace industry is a 

good example where EC inspection was proved to be efficient in cut maintenance 
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costs. While an ordinary EC instrumentation is an elementary part of airframe 

inspection we focused our research on developing signal processing technique which 

could be implemented in to hand held instruments and extend widen their 

applications. The main interest described in this paper is in corrosion mapping.  

The paper is organized in the following way. In Section II, we define the system and 

sample that was used for corrosion simulation. In Section III, we consider different 

signal processing methods for EC signature characterization and then we confront 

image based interpretation with and without flaw descriptors. Finally, Section IV 

contains conclusions. 

 

2. System specification 

The system for EC inspection and corrosion visualization had two separate parts.  

An XY positioning system controlled the motion of the probe and a single frequency 

portable eddy current instrument with a spot face reflection probe was the source of 

the acquired information. The frequency of the probe was set to 35 kHz to balance 

the resolution on the higher frequencies and penetration depth on lower frequencies.   

As the evaluation sample we used aluminum plate with 6 scratches. The plate was  

1 mm thick and two scratches were drilled through. To measure resolution of the 

systems we had two scratches doubled in the parallel situation in Fig. 1. Details of 

dimensions are in tab.1.  

 

 

Fig. 1: Corrosion map layout 

  



Scratches 1st 2nd 3rd 4th 5th 6th 

Width (mm) 2 1 2 1 2 2 

Material thickness (mm) 0 0 0,3 0,3 0,3 0,3 

Tab.1: Scratches description 

              

3. Signal extraction and transformation 

The position and geometry of the studied flaws with eddy current systems is derived 

from instrument signal complex phasor values. The output signal could be interpreted 

in polar or rectangular complex coordinates. We decided to use a rectangular 

complex description which has straightforward support in MATLAB matrix algebra. 

While an eddy current phenomenon is nonlinear and is typically described by three-

dimensional partial differential equations, simple amplitude and phase evaluation 

doesn´t lead to proper flaw description. In [3] is described the signal processing 

method for eddy current classification. The described method was verified on 

notches. We adopted the method of the standard Fourier descriptors for feature 

extraction of eddy current signatures. In [4] were described that the acquired 

information from eddy current systems could be represented in its complex form by 

Fourier series expansions and Complex discrete wavelet transform.  Each row or 

each column of the complex matrix, acquired during eddy current inspection is called 

signature s(n).  

We propose to use S-Transform. In [4] is described how to extract feature from eddy 

current signal with modified Fourier descriptors and with Complex discrete wavelet 

transform. Detailed description of S-transform is in [5]. Te following properties of the 

S/transform make it distinct from Fourier and Wavelet representations and are useful 

for improving the SNR for estimating correctly time-frequency characteristics [6]. S-

transform has progressive resolution of the time-frequency plane. Longer periods 

have better frequency resolution and high frequencies have good time resolution. 

Although the temporal and frequency resolutions are directly governed by 

Heisenberg’s Uncertainty Principle but the S/transform provides better resolution and 

improves the SNR (signal-to-noise ratio) on the joint time-frequency plane [6]. 

Another advantage of S-transform is linearity. The bilinear time-frequency 

representations of signals with additive noise are marred by the cross-products equal 

to twice the product of the representations of the signal and noise representations. 

Fourier transform eliminates these cross-products but some of the features 

embedded in noise are smoothed out.  S-transform does not generate cross-products 



nor does it smooth out any other features embedded in noise but provide better 

resolution of the signal and improves the SNR [6].       

The S-Transform descriptor S(jT) which describes flaw attributes is (where  is 

the Fourier transform of the N -point time series h[kT]): 

 (3.1) 

Where j,m, and n=0,1, …, N-1. The sampling of the S/transform is such that 

S[jt,n/NT] has a point at each time sample and at each Fourier frequency sample. 

Similar to a Short-Time Fourier Transform and Continuous Wavelet Transform, this is 

redundant.  

The maximum frequency vector is taken and the first harmonic coefficient is used as 

a shape descriptor. The detailed description of the normalized shape and depth 

description is in [7]. Finally, the output image from the eddy current measurements is 

constructed as a multiplication fusion of the normalized shape and the depth 

projections. The result of this signal processing is in Fig. 2. With proposed signal 

processing method double scratches are projected as doubled and single ones looks 

as single ones. Simple image visualization based on complex phasor magnitude 

characterization can´t be used for eddy current visualization.  

 



 
Fig. 2: Comparison between direct measurement and signal processing approach 

  

4. Conclusions 

Based on Figures presented in previous section we conclude that even simple model 

for corrosion mapping allowed better characterization of the scanned surface. Eddy 

current inspection is very sensitive method for crack detection inside thin materials. 

Non-linear characteristics of this method make difficult for further characterization of 

scanned structure. Proposed method has to be verified on wider area of tested 

samples and different probes. First results are promising for improved eddy current 

characterization of subsurface corrosion.   
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