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Abstract 

 

This document deals with the real-time retrieval of the position of a crack 

embedded within a conductive planar structure starting from eddy current 

testing (ECT) measurements in a non-destructive testing and evaluation (NDT-

NDE) scenario. Towards this end, an innovative adaptive learning-by-examples 

(LBE) technique has been developed. It is based on the innovative combination of 

a Partial Least Squares (PLS) features extraction technique and an adaptive 

sampling strategy to generate optimal training sets. Such information is used to 

train a Support Vector Regressor (SVR) in order to build a fast but accurate 

predictor of the crack descriptors staring from previously-unseen ECT 

measurements during the on-line testing phase. 

The proposed LBE inversion strategy, previously validated on numerical 

simulations, is here tested against real laboratory-controlled experimental data 

coming from the World Federation of NDE Centers (FNDEC) “2008 Eddy Current 

Benchmarks”.  



1 Crak Dimensions Estimation Inside a Plate Struture (Experimen-

tal)

1.1 Desription of the WFNDEC 2008 experimental test ases

The onsidered senarios ome from the set of laboratory-ontrolled experimental data of the WFNDEC 2008

measurement ampaign. Two experimental on�gurations are onsidered

1. Test ase 1.a - �Internal� rak. This on�guration deals with a surfae-breaking noth loated in the

same side of the inspeting oil;

2. Test ase 1.b - �External� rak. This on�guration deals with a surfae-breaking noth loated in

the opposite side of the inspeting oil.

The parameters of the rak (dimensions and loation) onsidered for both test ases are given in the following

table. Two experimental on�gurations are onsidered for both the �internal� and the �external� rak:

• Test ases 1.a.i and 1.b.i deal with a rak with depth d0 = 40%T ;

• Test ases 1.a.ii and 1.b.ii deal with a rak with depth d0 = 80%T .

Test ase 1.a - �Internal Crak�

Test Case 1.a.i Test Case 1.a.ii

Depth (d0) [mm℄ 0.62 (40%T ) 1.24 (80%T )
Length (l0) [mm℄ 20.0 20.0
Width (w0) [mm℄ 0.11 0.14

x-oordinate (x0) [mm℄ 15.0 15.0
y-oordinate (y0) [mm℄ 15.0 15.0
z-oordinate (z0) [mm℄ 0.31 (D/2) 0.62 (D/2)

Test ase 1.a - �External Crak�

Test Case 1.b.i Test Case 1.b.ii

Depth (d0) [mm℄ 0.62 (40%T ) 1.24 (80%T )
Length (l0) [mm℄ 20.0 20.0
Width (w0) [mm℄ 0.11 0.14

x-oordinate (x0) [mm℄ 15.0 15.0
y-oordinate (y0) [mm℄ 15.0 15.0
z-oordinate (z0) [mm℄ 1.24 (T −D/2) 0.93 (T −D/2)

Table 1: Crak parameters for the onsidered experimental test ases.
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1.2 Parameters of the forward solver (�xed)

Two meta-models have been onsidered for the aurate modelling of both the test ases. These meta-models

are used as forward solvers to numerially ompute the ECT signal given a partiular dimension ((d0, l0, w0))

of the defet.

• Forward solver

� total number of measurement points along x (i.e., aross the rak): Hx = 41;

� measurement step along x: ∆x = 0.5 [mm℄;

� total extension of the measurement region along x: Lx = 20.0 [mm℄;

� total number of measurement points along y (i.e., along the rak): Hy = 57;

� measurement step along y: ∆y = 0.5 [mm℄;

� total extension of the measurement region along y: Ly = 28.0 [mm℄;

� total number of measurement point omputed by the forward solver: H = Hx ×Hy = 2337;

Plate

Thikness T 1.55 [mm℄

Condutivity σ 1.06 [MS/m℄

Coil

Inner radius r1 1.0 [mm℄

Outer radius r2 1.75 [mm℄

Length lc 2.0 [mm℄

Number of turns nt 328
Lift-o� δ 0.303 [mm℄

Frequeny f 300.0 [KHz℄

Table 2: Fixed parameters.

Parameter Min [mm℄ Max [mm℄

Crak Depth d0 0.3875 1.3175
Crak Length l0 13.0 23.0
Crak Width w0 0.08 0.22

Table 3: Validity ranges of the forward meta-models used for modelling both test ase 1.a (�internal rak�) and

1.b (�external rak�).
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1.3 Pre-proessing of the experimental data

1.3.1 Test Case 1.a.i - �Internal Crak� (d0 = 0.62 [mm℄, l0 = 20 [mm℄, w0 = 0.11 [mm℄)
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Figure 1: Test Case 1.a.i - �Internal rak� (d0 = 0.62 [mm℄, l0 = 20.0 [mm℄, w0 = 0.11 [mm℄)

- Amplitude of the oil impedane variation for (a) the experimental and (b) the numerial signal maps.

Comparison of the experimental and numerial signals measured () aross and (d) along the rak.
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1.3.2 Test Case 1.a.ii - �Internal Crak� (d0 = 1.24 [mm℄, l0 = 20 [mm℄, w0 = 0.14 [mm℄)
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Figure 2: Test Case 1.a.ii - �Internal rak� (d0 = 1.24 [mm℄, l0 = 20.0 [mm℄, w0 = 0.14 [mm℄)

- Amplitude of the oil impedane variation for (a) the experimental and (b) the numerial signal maps.

Comparison of the experimental and numerial signals measured () aross and (d) along the rak.
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1.3.3 Test Case 1.b.i - �External Crak� (d0 = 0.62 [mm℄, l0 = 20 [mm℄, w0 = 0.11 [mm℄)
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Figure 3: Test Case 1.b.i - �External rak� (d0 = 0.62 [mm℄, l0 = 20.0 [mm℄, w0 = 0.11 [mm℄)

- Amplitude of the oil impedane variation for (a) the experimental and (b) the numerial signal maps.

Comparison of the experimental and numerial signals measured () aross and (d) along the rak.
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1.3.4 Test Case 1.b.ii - �External Crak� (d0 = 0.62 [mm℄, l0 = 20 [mm℄, w0 = 0.11 [mm℄)
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Figure 4: Test Case 1.b.ii - �External rak� (d0 = 1.24 [mm℄, l0 = 20.0 [mm℄, w0 = 0.14 [mm℄)

- Amplitude of the oil impedane variation for (a) the experimental and (b) the numerial signal maps.

Comparison of the experimental and numerial signals measured () aross and (d) along the rak.
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1.4 PLS − OSF − SV R (Algorithm #3): Analysis for J = 5 - Performanes

1.4.1 Goal of this setion

• Analyze performanes of the PLS−OSF −SV R approah when dealing with the inversion of laboratory-

ontrolled experimental data.

1.4.2 Parameters

• Measurement set-up for the inversion

� onsidered measurement step: ∆x = ∆y = 0.5 [mm℄;

� number of onsidered measurement points K = Kx ×Ky = 5× 31 = 155;

� measured quantity for eah k-th point: {ℜ (Ψk) ,ℑ (Ψk)};

� total number of measured features: F = 2×K = 310;
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Figure 5: Loation of the measurement points seleted for the inversion (K = 155).

• PLS −OSF − SV R (algorithm #3)

� Initial training set (uniform grid)

∗ Number of quantization levels: Qd0
= Ql0 = Qw0

= 5;

∗ Number of initial training samples: N1 = Qd0
×Ql0 ×Qw0

= 125;

� Total number of training samples: Nmax = 1000;

� Number of extrated PLS omponents: J = 5;

� SNR on training measurements: noiseless data;

� Number of andidate samples: C = 150 (50× I) (generated via LHS sampling);

� SNR on training data: Noiseless;
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1.4.3 Results (N = 1000 training samples)

Test ase 1.a.i

Atual [mm℄ Predited [mm℄ Error (RE)

Depth (d0) 0.62 0.38 38.71 %

Length (l0) 20.0 22.50 12.5 %

Width (w0) 0.11 0.15 36.36 %

Test ase 1.a.ii

Atual [mm℄ Predited [mm℄ Error (RE)

Depth (d0) 1.24 1.22 1.61 %

Length (l0) 20.0 19.90 0.5 %

Width (w0) 0.14 0.15 7.14 %

Table 4: Test ase 1.a - �Internal Crak� - Atual and predited rak dimensions for the di�erent test

ases.

Test ase 1.b.i

Atual [mm℄ Predited [mm℄ Error (RE)

Depth (d0) 0.62 0.63 1.61 %

Length (l0) 20.0 22.50 12.5 %

Width (w0) 0.11 0.15 36.36 %

Test ase 1.b.ii

Atual [mm℄ Predited [mm℄ Error (RE)

Depth (d0) 1.24 1.20 3.22 %

Length (l0) 20.0 19.63 1.85 %

Width (w0) 0.14 0.15 7.14 %

Table 5: Test ase 1.b - �External Crak� - Atual and predited rak dimensions for the di�erent test

ases.
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