
The 12th International Conference of the Slovenian Society for Non-Destructive Testing  
»Application of Contemporary Non-Destructive Testing in Engineering«  

September 4-6, 2013, Portorož, Slovenia  
 
 
 

AUTOMATIC CLASSIFICATION OF EDDY CURRENT DATA 
 
 

A.Savin, R.Grimberg, R.Steigmann, G.S.Dobrescu 

Nondestructive Testing Department, National Institute of R&D for Technical Physics, Iasi, 
Romania, asavin@phys-iasi.ro 

 
 

ABSTRACT 
 
This paper proposes to present a method for automatic classification of defects emphasized with 
eddy current. The presented methods help both at the evaluation of flaws nature using feature 
extraction and clustering as well as well their severity using a data mining procedure. 
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1. Introduction  
 
Ensuring the integrity of steam generators is critical for the safe and proper operation of nuclear 
power plants (NPP). Eddy current techniques provide a fast and efficient method for performing 
steam generator inspection. The data comes from a variety of measurements of tubes. The 
challenge associated with the need for analyzing vast amounts of data generated during the 
inspection process has contributed to a growing level of interest in automatic methods for the 
detection and characterization of various types of tube degradation.  
In the absence of flaws, due to inadequate technologies or improper condition and tools, the eddy 
current nondestructive testing can be considered non-Markovian memoryless processes [1]. In 
other words, the knowledge about the product quality status in different points does not allow 
making predictions for other non-inspected regions. The results of the control are presented as 
series of temporal data because the scanning speeds can be considered quasi-constant. In these 
series, events which intuitively are associated with the existence of flaws in the product to be 
controlled must be discovered. 
Event discovery in time series data is the focus of many temporal data mining methods [2]. 
For the case in which the price per unit to be controlled is small and the number of products is 
high, the evaluation method is based on the establishing of a threshold, the classification being 
made simple: good product/bad product. The situation when due to high costs, the detection of 
defect region is followed by different corrective measures (plugging the tubes in heat exchangers 
or steam generators, applying supplementary layers of carbon fiber woven and polymer resins on 
carbon fiber reinforced plastics structures, etc.) are numerous. 
This paper propose to presents the theoretical basis and few possibilities to apply data mining 
methods in the eddy current examination of steam generators using differential inner transducers. 
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2. Principles of temporal data mining 
 
The data provided by eddy current equipment is sampled and digitized and the results of an 
inspection can be presented as a time series: 

{ , 1, 2,..., }tX x t N= =  (1) 

It is assured that each time interval t is equal for all 1 t N≤ ≤ . In general, time series contain a 
large number of samples, each of those being affected by the measurement noise of the control 
equipment as well as by other information that can be considered as noise like local 
modifications of electrical conductivity and/or magnetic permeability, modifications of lift-off, 
temperature fluctuations, etc. Prefiltering is necessary to remove the high frequencies noise and, 
the common method use filtering with the average over a sliding window [3]. After prefiltering, 
few types of transforms are applied to the times series: shifting, scaling and rank-space.  
The shifting transform on a time series is to get a new time series by adding some real number to 
each item in the old time series. A shifting of δ on a time series X is 

{ }, 1, 2,...tx x t Nδ δ+ = + =  (2) 

The scaling transform on a time series involves obtaining a new time series by multiplying same 
real number to each item in the old time series. A scaling of a on a time series X is 

{ }, 1, 2,...tX ax t N= =  (3) 

A simple way to make a similarity measure invariant to shifting and scaling is to first normalize 

the time series. The normal form X̂  of a time series is transformed from X by shifting the time 
series by its mean and then scaling by its standard deviation 

( )ˆ
( )

X mean XX
std X
−

=  (4) 

The Pearson correlation coefficient between two time series is defined as follows 

( ) ( ) ( ) ( )
( ) ( ) 1

1 ˆ ˆ,
N

i i
i

mean X Y mean X mean Y
corr X Y X Y

std X std Y N =

∗ −
= = ∑    (5) 

This shifting and scaling is performed on the amplitude axis of the time series. These transforms 
can also be performed on the time axis, like up sampling and down sampling [4]. 
A widely used transform in data mining is rank-space transformation. We rank each point in a 
time series TR from 1 to the number of total point N, where the lowest value is assigned a value 
of 1 and the largest is assigned a value of N. This will allow us to consider a time series with a 
uniform distribution of noise, regardless of the noise distribution before the transformation [2]. 
By examining the sum of the values inside any arbitrary sliding window of TR, we can determine 
its p-value (the probability that the sum occurred by chance). Consider a starting point s and a 
window size w, and considering S(s,w) the sum of the ranked values inside that window, where 
1 s N≤ ≤  and 1 1s w N≤ + − ≤ . Therefore, we define the sum ( ) 1 1, ...s s s wS s w r r r+ + −= + + + , 

where 1,...,s s w Rr r X+ − ∈ . 
A distinct probability distribution exists for each pair of (w, N), because each sum is dependent 
only on the number of values being added together (w), and their bounds 1 s N≤ ≤ [2]. The 
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density of probability is evaluated dividing the sums formed by the method described above by 
the number of total possible combinations for the starting points and window lengths defined as 

[5] 
N w

w
− 

 
 

.  

An event in a time series corresponds to the region from the plane (s,w) where the probability is 
maximum, this being described by the two characteristics, namely the starting point – beginning 
of the event - and the width of window that estimates the finishing point of the event.  
Once the events are identified in the time series, the problem of evaluating of shape and severity 
of discontinuities that had generated these events at eddy current examination is posed. The 
evaluation of discontinuities can be performed by different procedures 
 Clustering – the membership of an event to a cluster being established by evaluation of 

Mahalanobis distance in the space of features associated to the possible flaws [3]; 
 Using a neuro-fuzzy system trained with the answers from possible flaws and tested on the 

time series, in the zone of existence of the events. 
In the first case, the amplitude of Fourier harmonics, 6-10th order, can be chosen as features, the 
clusters being constructed on the basis of simulated data for as many types of defects as is 
possible. 
In the second case, the operation of feature extractions are not necessary, the database obtained 
by simulation being required for the training of the network. 
The identifying methods proposed were used, with very good results, on data obtained from eddy 
current examination of tube samples, similarly with those from steam generator of PHWR, 
CANDU 600 types. 
 
 
3. Experimental methods 
 
Steam generator tubes from Pressurized Heavy Water Reactors, CANDU 600 type, made from 
Incoloy 800 having the inner diameter 18.2mm and wall thickness 1.80mm were taken into 
consideration. Their length was 800mm, and on these, artificial discontinuities were practiced 
using EDM, being presented in Table 1. 
 

Table 1: Artificial flaws practiced on test samples 
 

NO DEFECT TYPE DIMENSION[mm] DEPTH [mm] 
1 Hole 0.1 Through hole 
2 Hole 0.25 Through hole 
3 Hole 0.3 Through hole 
4 Hole 0.3 Through hole+ fretting 
5 Hole 0.4 Through hole 
6 Hole 0.5 Through hole 
7 Inner circumferential slot 1* 0.05 
8 Inner circumferential slot 1* 0.1 
9 Inner circumferential slot 0.5* 0.05 
10 Inner circumferential slot 1* 0.2 
11 Inner circumferential slot 0.5* 0.1 
12 Inner circumferential slot 0.5* 0.15 
13 Inner circumferential slot 0.5* 0.2 

*Represents the opening of the flaw   

 
Eddy current examination has been made using a Network/Spectrum/Impedance Analyzer 
4395A Agilent USA, connected with PC through IEEE 488.2 Keithley interface. During the 
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measurements, the transducer has been maintained fixed; meanwhile the tube with artificial 
flaws to be controlled was displaced. The transducer is inner differential type, each coil has 50 
turns wounded with CuEm wire, 0.1mm diameter, the distance between coils is 3mm. 
The displacement of the tube was made with a X-Y motorized stage, Newmark type, coupled 
with the same PC through RS 232 interface. 
In Figure 1a is presented the physical realization of the transducer, in Figure 1b is presented the 
connection diagram and in Figure 1c the measurement set-up. 
 

  
a                                                                 b  

 
c 
 

Fig. 1. Experimental method: a) differential transducer; b) scheme of experimental set-up; c) 
experimental set-up 

 
After a number of tests, the optimal frequency was established at 240kHz. The measurements 
were effectuated with 0.01mm displacement step. 
 
 
4. Results and discussion 
 
Using CIVA 9.2, the main types of flaws that can appear on steam generator tubes were 
simulated, first, the response of the differential transducer described above at the examination of 
the tube with discontinuities presented in Table 1. The electrical conductivity of the host material 
was set-up at 1.1x106 S/m, corresponding to Incoloy 800, the electrical conductivity of flaws 
being 0 S/m. The relative magnetic permeability is 1. The results obtained by simulation have 
supported a database with the simulated responses of the transducer at the main type of flaws, 
grouped on categories (through holes, inner circumferential slots, etc.), according to [6]. These 
types of discontinuities form clusters, their appurtenance at a cluster being given by Mahalanobis 
distance. 
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In Figure 2a is presented the response delivered by the differential transducer, real and imaginary 
components at the examination of a region on the tested tube that contain the through holes with 
diameter 0.1 mm (#1) and 0.3 mm (#3) and inner circumferential grove with 1x0.1mm 
dimensions (#8). 
It can be observed that the signal to noise ratio is good enough, the signals delivered by 
discontinuities are well emphasized reported to the noise. 
Due to the reduced scanning step (0.01mm) used during the tests; we will have supplementary 
warranty that all inhomogeneities of the materials were detected; the number of signal’s samples 
in Figure 2 exceeds 20100. The examination data presented in Figure 2 shows the presence of 
quantization noise, high enough, which can be reduced using filtering with sliding window [6], 
the filtered signal being presented in Figure 2b. 
 

 
a 

 
b 

 
Fig.2. Response delivered by the differential transducer, real and imaginary components at the 

examination of a region: a) raw signal; b) filtered signal 
 

In these conditions, it can be observed that the quantization noise was, in great measure, 
removed. The decreasing of the samples number without a visible deformation of the signal 
shape is performed by down sampling until the signals will contain 100 samples. 
In order to obtain signals invariant to shifting and scaling normalization according to eq. (5) was 
performed, the samples being presented in Figure 3. 
Rank–space transformation is applied to the signals from Figure 3 to obtain a uniform 
distribution of the noise. The results are presented in Figure 4. 
 

  
 

Fig. 3. Normalized signal 
 

Fig. 4. Rank-space transformation of the 
signals presented in Figure 3 
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The distribution of the probability of event apparition in the data series for figure 4 has been 
calculated, the representation being made in the plane (S,w), where S is the starting point and w 
is the window width, distinctive for two channels (real and imaginary, respectively) in Figure 5. 
 

 
a 

 
b 

 
Fig. 5. The density of probability of event apparition: a) real; b) imaginary 

 
For the region with high density of probability, the start point of events as well as their width can 
be evaluated, hence the starting point of the signal correspond to the defect and the window 
width correspond to its length. 
In this way, the start points of signals delivered by the emphasized defects and their direct axial 
length can be evaluated from the signals delivered by the inner eddy current differential 
transducer. 
Effectuating feature extraction and following the clustering procedure described in [3], function 
of Mahalanobis distances between the point that represent the emphasized defect and the weight 
center of the clusters formed on the basis of simulation and experimental data, it can be specified 
whose cluster belongs the determined discontinuity, the nature of the defect being found.  
For evaluation of its severity, a neuro-fuzzy system is used based on MIN-MAX methods and 
unfuzzification is made using CENTROID method [7]. This system has one neuron as input, four 
hidden layers and one output neuron, indicating, by the probability of recognition, the 
membership of an inserted event to an event from those used for training. 
The results of classification are presented in Table 2, only for three events visible in Figure 6. 
 

 
 

Fig.6 . Classification on flaws categories 
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Table 2. Probability of characterization of events I, II and III. 
 

Event 
Probability     

Through wall hole diameter [mm] Inner circumferential grove - w×d [mm] 
0.1 0.25 0.3 0.3* 0.4 0.5 1x0.05 1x0.1 0.5x0.05 1x0.2 0.5x0.1 0.5x0.15 0.5x0.2 

I 0.91 0.72 0.51 0.42 0.35 0.31 0.61 0.43 0.21 0.32 0.17 0.24 0.21 

II 0.65 0.72 0.89 0.69 0.61 0.37 0.34 0.31 0.19 0.37 0.41 0.42 0.52 

III 0.15 0.19 0.31 0.41 0.27 0.18 0.73 0.94 0.41 0.72 0.31 0.35 0.37 

 
The maximum probability to characterize the events indicates the membership to a simulated 
defect type with geometrical characteristics indicated above. Thus, event I corresponds with 
maxim probability to a through wall hole with 0.1mm diameter, the event II corresponds to a 
through wall hole with 0.3mm diameter and event III corresponds to an inner circumferential 
grove with 1x0.1mm. 
 
 
6. Conclusions 
 
Eddy current examination operations have two temporal series as output (one for real component 
of induced voltage and the second for the imaginary component). The identification and 
estimation of artificial flaws practiced on steam generator tubes from CANDU 600 nuclear 
reactor has been performed by specific data mining procedures allowing a correct identification, 
classification and estimation of flaws dimension, these has been done using a neuro-fuzzy 
system trained with synthetic data obtained by simulation. 
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