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Measuring interface for an ECT System 
 
 

Abstract. This paper describes the measuring interface to be included in an automated microcomputer based Eddy Current Testing (ECT) system 
developed to characterize structural flaws inside electrically conducting nonmagnetic plates. The principle of operation is based on the measurement 
of the output voltages of two sensing coils. A description of the implemented prototype using two different types of probes including the digital signal 
processing used to overcome the signal degradation is presented. The application of a 2D Finite Element Method (FEM) allows to preview the range 
of the resulting output voltages in the detection coils and also the excitation current amplitude necessary to obtain a given signal to noise ratio. The 
experimental results obtained with the two probes are presented and one may conclude by inspection that the quality of the obtained data and the 
amount of information required for future structural defects characterization depend greatly on the probe geometry. 
 
Streszczenie. W artykule opisano interfejs stosowany w mikrokomputerowym systemie pomiarowym  wykorzystującym prądy wirowe. System służy 
do badania materiałów niemagnetycznych. Do pomiaru służą dwie cewki otaczające próbkę. Badania eksperymentalne potwierdziły że jakość 
badania struktury silnie zależy od geometrii próbki. (Interfejs pomiarowy w systemie wykorzystującym prądy wirowe) 
 
Keywords: Electromagnetic non-destructive testing, finite element method, eddy currents, inductive sensors. 
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Introduction 

The non-destructive techniques (NDT) for the quality 
control of products are under intensive development since 
many years and continue to focus much attention in recent 
times [1]. Eddy Currents Testing (ECT) is one of several 
methods like, remote field testing (RFT), flux leakage and 
Barkhausen noise that uses electromagnetic theory to 
examine conducting materials [2]. Nowadays, with the use 
of microprocessor based measuring instruments, the 
potential and user-friendliness of eddy currents testing has 
been greatly enhanced [3, 4]. The role of the computer has 
two different components: one related with the possibility to 
automate the measuring system (control the data 
acquisition process, process data, signal classification and 
displaying) and other with numerical modeling of the testing 
process. In this case the computing capabilities are used to 
quantitatively predict eddy current signals for realistic 
situations and to evaluate crack profiles from testing signals 
by solving the inverse problem of the physical phenomenon 
under test.  

The point is that experimental data cannot be easily 
interpreted and related to the defects that may be present in 
the specimen under test. The solution of the inverse 
problem is an ill-posed problem, thus to obtain a unique 
solution, patterns must be classified and bi-univocally 
correlated with the different types of material defects. The 
idea is to exploit the a priori knowledge of the problem and 
thus select the proper defect model. In order to investigate 
the assumptions of the technique, particularly, patterns 
identification, a huge amount of data is essential and 
experimentation is necessary.  

This paper deals with the measuring interface to be 
included in an automated microcomputer based ECT 
system developed to inspect aluminum plates [5, 6]. The 
probes that impose different distributions of alternating 
currents flowing in the specimen under test are described 
and the experimental results obtained with them compared. 
By inspecting the results, different types of probes allow to 
recover different types of information necessary to the 
geometrical characterization of structural defects.  
 
Experimental setup 

Figure 1 shows the experimental setup of the measuring 
system implemented to detect defects in a plate using eddy 
current testing. 
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Fig.1. Diagram block of the data acquisition system. 

 
The Eddy Current Testing (ECT) probe scans a 

conductive aluminium aircraft plate and the e.m.f. due to the 
magnetic field generated by the currents into the plate are 
measured using a multifunction data acquisition board (NI 
cRIO-9215) controlled by the USB port of a PC. This board 
has four 16 bit resolution simultaneously sampled analog 
input channels and an input range of 10V. Maximum 
sampling rate is 100 kHz per channel. In order to obtain 
higher resolution two high precision instrumentation 
amplifiers with x100 gain are placed before the A/D 
converter. 

A 5 V RMS, 0-20 kHz oscillator with a power amplifier 
excites the probe. The excitation current is sampled by the 
data acquisition board using a 220Ω sensing resistor. 

A dual voltage source with a GPIB interface is used to 
control the automated positioning system implemented 
using the XY plotter with the probe attached. 

 
ECT Probes 

The geometric shape of the sensors is represented in 
Fig.2. In both probes the excitation coil is driven by a low 
frequency sinusoidal current and induces electromotive 
forces in the plate beneath. The detection coils are 
positioned for both probes also in a symmetric way in order 
to eliminate the excitation field from the detected signals. 
However in the presence of a perfect (without flaws) 
metallic plate, the probe (a) hereafter named tall probe, will 
sense different voltages in the two detection coils, while the 
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probe (b) hereafter named flat probe [7], will sense the 
same voltage in both detection coils.  

In the tall probe the two sensing coils are one above the 
other and coaxial with the excitation. The inner sensing 
coils diameter is 2 mm and their height is 5.5 mm with a 1 
mm gap. The sensing coils have 400 turns using a 0.05 mm 
diameter copper wire. The excitation coil has 240 turns and 
uses a 0.18 mm diameter copper wire.  

In the flat probe the inner sensing coils diameter is 2.4 
mm and their height 9 mm. They are equidistant of the 
excitation coil axis and separated apart 5 mm. The sensing 
coils have 500 turns using a 0.05 mm diameter copper wire. 
The excitation coil has 400 turns and uses a 0.5 mm copper 
wire.  
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Fig.2. Geometric shape of the inductive sensors. (a) With the 
detection coils along the axis. (b) With the detection coils parallel to 
the axis. 
 
Signal processing 

Degradation of the measured signals is overcome by 
digital signal processing.  

Some basic digital processing techniques have been 
used to remove noise and correct the lift-off. Figure 3 shows 
the flowchart of the actions performed on the raw measured 
data to obtain the phasors and the contours for the equal 
level voltage graphs. 

Data are acquired during some periods of the excitation 
current at the maximum sampling frequency of the board. 
The input signals are the excitation current and the output 
voltages of the two sensing coils. In order to keep more 
information on the signals involved, it was decided to 
acquire the voltages in the two detecting coils separately, 
subtracting them only after processing. After being filtered, 
data acquired from the sensing coils are adjusted using a 
seven-parameter sine fitting algorithm [8]. This method uses 
the data from both channels to estimate the sine 
amplitudes, phases, DC components and common 
frequency, reducing the uncertainty of the estimated 
parameters. The 7-parameter sine-fit is used instead of the 
traditional sine-fitting algorithms because it can estimate the 
parameters of two common frequency acquired signals with 
lower uncertainties by using the acquired samples of both 
channels to estimate the common frequency. 

With the sine wave amplitudes and the phases of both 
channels the difference between the output voltages of the 
sensing coils is computed. The output value corresponds to 
the data containing the information about the conductivity of 
the plate. This value is correlated with the voltages that 

control positioning system and are collected in a matrix 
indexed to the XY position. 
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Fig.3. Pre-processing algorithm. 

 
To represent results some more data processing is 

useful. Filters may be included to remove individual data 
points (outlier values correction) or all data points that do 
not fulfil a certain criterion. These processing algorithms 
were implemented using the MATLAB toolboxes. After 
performing these actions to the measured data and lift-off 
correction [6,9] an application to visualize data can be run. 
 
Sensor modelling 

To design the sensor, preliminary modelling work must 
be done in order to preview the field magnitudes and the 
resulting output voltages in the detection coils [9]. These 
output voltages are determined with the probes isolated, 
when there are no conductors in the close vicinity, or in the 
presence of the metallic plate under inspection without 
defects. This simulation also allows determining the 
excitation current amplitude necessary to obtain a given 
signal to noise ratio as the determined voltages are 
proportional to the excitation current and the noise is 
independent of it. 

 
Field equation 

The basic equations to be solved are the Maxwell’s 
equations together with the constitutive relationships. To 
solve these equations the fields are usually represented in 
terms of different potentials. In eddy-current modelling the 
magnetic vector potential A, and the scalar electric potential 
V are often chosen to solve this kind of problems [10]. 
However, due to the axisymmetric geometry of the sensor 
there is no need to include the electric scalar potential V, 
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because the total electric field will be purely solenoidal as 
the current density on the interface plate-air is purely 
tangential, and the conducting material is assumed 
homogeneous. It is important to remind that this situation is 
broken when the plate is inhomogeneous, due to the 
presence of flaws. Maxwell equations are solved taking into 
account the adequate boundary conditions. 

 
Finite Element Modelling 

The finite element model was applied to the geometry 
represented in Fig. 4 which represents a cross-section of 
the tall probe. 
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Fig.4. Geometry for FEM application. 

 
Due to the axisymmetric nature of this problem, the 

cylindrical coordinate system is the most adequate. The 
magnetic vector potential Aϕ has a single azimuthal 
component , and the electric field or the current density 
have one only component as well. 
(1)

   
 ;   ;         A u E u J uA E J  

Maxwell equations written for the case of harmonic 
fields in terms of the potential A assume the form, 
 
(2)      A A 0j  

 
(3)    A Js  

 
being (2) valid inside the aluminium plate and (3) in the 

region where the source currents are imposed, i.e. the 
cross section of the excitation coil. 

The boundary condition imposed along the symmetry 
axis B0 is a Dirichlet homogeneous condition. On the 
contrary, on the exterior boundary B1 a mixed condition was 
used to overcome the open boundary situation. This 
condition states a linear combination between Aϕ and its 
normal derivative along the boundary: 
 

(4)

   0

1
0




 
 

A
C A

n
 

 
If Aϕ is represented in spherical coordinates (r, θ) as 
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an asymptotic approximation can be used, considering 
only the first harmonic in (5): 
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Replacing (6) in (4) it is possible to obtain the value of 

the constant C in (4) in terms of the radius r0 of the exterior 
boundary B1: 
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Fig.5. Mesh fragment for FEM application. 
 

The region represented in Fig. 4 was meshed as 
represented in Fig. 5 using a Delaunay triangulation. With 
the plate inserted the mesh has 3482 nodes and 6780 
elements. The FEM processor was run after insertion of the 
adequate parameters for frequency, material properties and 
boundary conditions. The modelling process was run for the 
tall probe and for the flat probe geometries. 
 
Operating Frequencies 

The standard field penetration depth δ varies with 
frequency ω, material permeability μ and conductivity σ 
according to: 
 

(8)

   

2
 

    

 
 An adequate choice of the operation frequency range 
allows the determination of the ratio of field amplitudes on 
the upper and bottom surfaces. Previous tests have shown 
that a good criterion for choosing the operation frequency is 
the depth of penetration in comparison with the plate 
thickness. A depth of penetration approximately equal to the 
plate thickness δ =1 mm, was chosen which corresponds to 
an operating frequency f =7 kHz.  Lower frequencies imply 
lower output voltages values and higher frequencies only 
allow the detection of superficial defects. 
 Figure 6 show the magnetic flux lines obtained for the 
tall probe geometry with the plate. It shows that almost the 
total flux is in the upper side of the plate. By a careful 
examination of this figure it can be seen that the line of the 
magnetic flux density under the plate corresponds to a 
reversed sense. This means that inside the plate, the eddy 
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currents are reversed in relation to the current in the 
exciting coil. 

 

 
 
Fig.6. Magnetic flux lines with aluminium plate at f=7 kHz. 
 
Finite Element Modelling 

The detection of flaws inside the plates is accomplished 
by the analysis of the voltages at the terminals of the two 
detection coils. In Fig.7 two magnetic flux density profiles 
taken at f = 7 kHz are represented for each probe, one 
obtained without the plate inserted and another with the 
plate inserted. The z-axis origin is the plate position. For the 
tall probe the profiles are calculated along the symmetry z-
axis and, for the flat probe the profiles are taken along an 
axis at a distance d = 3 mm from the probe central axis. The 
voltages on the detection coils are determined from these 
profiles via the Maxwell induction law.  

For the tall probe when the plate is not present the 
magnetic flux density is symmetric around z = 6 mm, and 
the voltages in the two coils are equal. When the aluminium 
plate is present the magnetic flux density becomes 
asymmetrical as depicted and the two voltages will be 
different as well. Data represented was obtained 
considering that in the 240 turns of the excitation coil, a 
current with intensity Iex= 8 mA is imposed. From the finite 
element processor we obtained the average magnetic field 
inside each one of the detection coils, and the detection coil 
voltages presented in Table 1. For each one of the sensing 
coils the magnetic induction flux is approximately. This flux 
is compatible with a voltage   with no plate inserted. When 
the plate is placed those voltages drop, being the voltage 
drop in the lower detection coil stronger. 

 

0,00

0,02

0,04

0,06

0,08

0,10

0,12

0,14

0 2 4 6 8 10 12 14 16 18 20

Z / mm

B
 / 

m
T

 
Fig.7. Magnetic flux density profiles along the symmetry axis of the 
probes for the frequency f =7 kHz. The dashed curves were 
obtained without the plate and full curve with the plate inserted, 
being the “upper” curves (1,2) for the tall probe and the “lower” 
curves for the flat probe. 
 

For the flat probe a symmetry around z = 5.35 mm can 
be observed when the aluminium plate is not present. When 
the plate is placed, the lower curve emerges as a 
consequence of a very low field near the plate. The output 

voltages were computed considering that in the 400 turns of 
the excitation coil the same current is imposed and results 
are presented in Table 1.  
 
Table 1. Output Voltages for Probes with Iex=8 mA@7 kHz 
  Detection 

coil 
Experiment
al Voltage 

Voltage  model 

   (mV) (mV) (º) 
Tall 
Probe 

No Plate Upper 7.5 7.6 90 
Lower 7.5 7.6 90 
Difference -- 0  

With Plate Upper 6.4 6.9 88.9 
Lower 5.8 5.3 85 
Difference -- 1.65 101.5 

Flat 
Probe 

No Plate  10.5 11.5 90 
With Plate  5.0 4.54 12.3 

 
In the flat probe the two voltages in the detection coils 

are always equal, with or without plate, if the symmetries 
are maintained and if the plate is homogeneous. 
 
Experimental results 

The specimen under test is an aluminium aircraft plate 
with the length of 29 cm, 14.5 cm width and a thickness of 
1 mm. On this plate there are artificial defects with different 
depths and widths as depicted in Fig. 8. All of them have 
23mm length; 2nd, 4th and 6th defects have 0.5 mm width; 
1st, 3rd and 5th have 1 mm width; 1st and 2nd perforate the 
plate and others go half the plate’s thickness. 

 

 
 

Fig.8. Defects of the aluminium plate under test. 
 
Measurements with the Tall Probe 
 Figures 9 and 10 represent the contour plots of the 
normalized voltage amplitudes and an arrow representation 
of the normalized amplitudes and phases of the output 
voltages of the two coaxial sensing coils of the tall probe 
when a scanning of the plate above the 2nd defect is tested. 
 
 

 
 
Fig.9. Contour plots of the normalized voltage amplitudes and an 
arrow representation of the normalized amplitudes and phases of 
the output voltage of the upper sensing coil. 
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Fig.10. Contour plots of the normalized voltage amplitudes and an 
arrow representation of the normalized amplitudes and phases of 
the output voltage of the lower sensing coil. 
 

 
 
Fig.11. Amplitude of the voltage difference of the output voltages of 
the sensing coils after sine fitting. 
 
Figures 11 presents the amplitude of the vectorial difference 
computed from the parameters of the sinus signals 
determined using the 7-parameter sine fitting algorithm to 
process the raw data depicted in Figs 9 and 10. No 
interpolation or filtering was applied. It is clear from this 
result that the field profile represented can be used 
separately to localize the wide defects in the plate. 
  
Measurements with the Flat Coil 
 Figures 12 and 13 represent the contour plots of the 
normalized voltage amplitudes and an arrow representation 
of the normalized amplitudes and phases of the output 
voltages of the flat probe when a scanning of the plate 
above the same defect is tested. 
The scan is executed running parallel lines to the plate 
edge 1 mm apart. Measurements are taken simultaneously 
every millimetre over the area of interest when the run from 
left to right is being executed. As the two sensing coils are 
put parallel to the edge of the plate, it is always the same 
coil that meets the defect first, and it is always the other coil 
that last leaves the defect. 

Although improvements in the interpretation of the data 
taken with the probe with the two sensing coils put side to 
side are still necessary, some conclusions can be taken 
from the results depicted. Figure 14 presents the amplitude 
of the phasors difference presented in Figures 12 and 13. In 
this probe the sensing coils experience the same total 
magnetic field when the plate is homogeneous. The output 
voltages for each coil are the same and the difference is 
null. 

 
 
Fig.12. Contour plots of the normalized voltage amplitudes and an 
arrow representation of the normalized amplitudes and phases of 
the output voltage of the right sensing coil. 
 

 
Fig.13. Contour plots of the normalized voltage amplitudes and an 
arrow representation of the normalized amplitudes and phases of 
the output voltage of the left sensing coil. 
 

 When the probe stands above a defect the output 
voltages due to the primary (excitation) magnetic field are 
still equal. However, due to the eddy currents, the 
secondary magnetic field is distorted and affects differently 
each coil. If the defects are symmetrical to the two sensing 
coils no difference voltage is produced. This phenomena 
justifies the image symmetry depicted in Fig. 14 and may be 
explored to determine the lengths of cracks. 
 The higher intensity near the defect edges is due to the 
enhanced strength of the eddy currents in these regions 
and is observed on both probes (tall and flat) 
 

 
Fig.14. Amplitude of the voltage difference of the output voltages of 
the sensing coils after sine fitting. 
 
Conclusion 

In the paper a data acquisition system to search for 
defects in metallic nonmagnetic plates was presented. Two 
types of inductive probes were used. The experimental 
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setup and the measurement procedures carried out to test 
the probes are also presented. After some basic signal 
processing the data profiles obtained are related to the 
conductivity distribution in the plates. The data obtained 
allow us to compare the performance of the two types of 
probes. 

The first conclusion is that the flat probe is much more 
sensitive that the tall probe, indicating that any new probes 
to be constructed will be as flat as technically possible. In 
fact being the excitation current in the close proximity of the 
conductive plate the primary field will be stronger and the 
induced currents will be stronger as well. 

The second conclusion concerns the relative position of 
the sensing coils. By acquiring the voltages at these two 
coils separately it is possible to compare them. Thus we 
conclude that the mean value of the two voltages is related 
to the normal component of the current density rotational 
(currents curling in the horizontal plane). The difference of 
the two voltages is related to one horizontal component of 
the current density rotational (currents curling in a vertical 
plane perpendicular to the metallic surface). These last 
conclusions indicate that in any flat probes to be 
constructed two pairs of sensing coils may be included to 
discriminate between these horizontal components.  

The obtained results encourage the development of this 
work. In the next future we intend to proceed with a 3D finite 
element analysis in order to preview a more accurate shape 
of the fields and the corresponding induced voltages. This 
future work will help to invert the problem: to characterize 
the material defects starting from the measured patterns.  
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