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RESEARCH OF NEURAL NETWORKS FOR IDENTIFICATION
SIGNALS EDDY CURRENT FLAW DETECTION

Abstract. The optimal type of neural network, its training options and settings to
identify defects signal in Edy current method of defectoscopy of composites materials

was determined by using computer modeling.
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Introduction. The main challenge in the search for defects continuity composites
materials using Eddy current method is the identification of defect signal with
background hindering factors caused by surface features composite materials (noise)
and specifics of research [1].

The form of the classic modulation signal received from Eddy current transducer
when his path crosses scanning surface crack with length considerably maine st Eddy
current transducer diameter, is shown in Figure 1, and as compared to the artificially
created noise with commensurate amplitude - Fig. 2.
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Fig.1. Modulation signal while passing Eddy current transducer of point defects
For the defect signal identification with backgrounds noise caused by difficult

terrain surface composite material with reinforcing fibers carbon, the capabilities of

neural networks (NN) are research promising [2].
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Fig.2 Defect signal and sampling the noise with commensurate amplitude
Statement of the problem. The aim is analyze the possibility of use NN for
identification of signal defect which has been additive mixed with white Gaussian

noise and determine the optimal type NN to conduct such research.

Main section. To solve this problem, computer mathematical package Octave
(freeware analogue package Matlab) was used. The computer program was developed
in this package, program algorithm is presented in Figure 4. This program operated
with next input data:

- Unidimensional matrix (one column) of 21 rows (Figure 3), which values
correspond to serial defect signal samples shown in Figure 1 (distance between
samples along the horizontal axis is 0.2 mm in scanning trajectory);

- Given the number of matrices that contain sample noise of varying intensity
corresponding scanning surface defect-free composite;

- Multilayer neural networks containing 2 layers of neurons with the number of
input signals 21 (for submission sequentially for each entry a value of matrix signals)
and 1 output signal (with a value of "1" - corresponding to the defect presence and "0"

- defect absence).
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Matrix signals the presence of a
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Figure 3. Formation the matrix of signal countdown defect

In the research as promising types of NN in terms of compliance tasks Eddy
current flaw detection method for types of solvable problems using NN [3.4,5],
addressed the following multi-layers NN:

- feedforward neural network with backpropagation;

- time delay feedforward neural network with backpropagation;

- Hopfield recurrent neural network with dynamic feedback;

- neural network with Kohonen self-organizing feature map;

- probabilistic neural network;

- radial basic function neural network;

As activation function NN were used:

- hyperbolic tangent function;

for linear NN and in the output layer of multi-layer networks:

- linear activation function;

for radial basic function neural network:

- Gaussian radial basis function;

for self-organizing NN:

- rivals function activation;
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As learning algorithms have been wused to study prospective informal
relationships, the following algorithms:

- gradient descent algorithm of choice parameter speed settings;

- Quasi-Newton Levenberg—Marquardt algorithm;

- Quasi-Newton Levenberg-Marquardt algorithm using Bayesian regularization;

- a modified Fletcher-Reeves method conjugate gradient formula for
backpropagation Neural Network;

- a modified Polak and Ribere method conjugate gradient formula for
backpropagation Neural Network;

- combination of conjugate gradient and Quasi-Newton methods in the
modification Moller.

As a function parameters settings NN weights to calculate the increases and
shifts in teaching were used corresponding selected types of neural following
functions:

- Widrow-Hoff weight/bias learning function;

- function parameters settings by gradient descent;

- function parameters settings by gradient descent with disturbance;

- function parameters setting weights Learning Vector Quantization NN
according LVQ 1 weight learning function;

- function parameters setting weights by Kohonen self-organizing maps.

As a criterion of quality study were used standard valuation methods to minimize
errors NN - the difference between the desired and actual output signal NN. In order to
generate teaching samples were used white noise Gaussian distribution of amplitude
noise restriction level to the maximum amplitude of the signal defect (Agr) [6]. NN
study was conducted on a given type using the specified parameters, the ideal signal
defect, the ideal signal defect of enclosing the maximum noise level of the ideal signal
by adding to it half the maximum noise level and so on.

After learning NN conducted the following studies on its use:

- generated noise sample with an amplitude that consistently increased 1% from
0% to 100% of A attached to the defect signal values;

- generated signals about the presence and absence of the defect signal fed to the
inputs NN correctness and checked identification signal defect and correct
identification no defect;

- of the number of cases received by the correct identification of the defect signal
and no signal identifying the defect of noise added to the signal used to determine the

optimal NN and its parameters.
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To automate research a computer program has been developed (Figure 4), which
created NN, train them and consistently analyze the percentage of correct
identification signal when changing the type and settings NN.

Most suitable for identifying the defect signal was a feedforward NN with
backpropagation. The test results are shown in Figure 5 and Table 1.

On fig.5 with additional graphics points by chart symbol "*" is shown graph of
studies feedforward NN with backpropagation, hyperbolic tangential function
activation, Quasi-Newton Levenberg—Marquardt algorithm, the method of gradient
descent with disturbance and a combined criterion of quality training (which showed
the best results when modeling) against the background of graphs NN with other
parameters.

The reliability of the identification signal is higher, the more it differs from the
threshold of 50% of correct identification, so a graph in Figure 5 it is clear that the

reliability of acceptable identification is achieved only when the noise level to 30%.
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Fig. 4. The algorithm of the program
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Dependence reliability defect identification signal from noise
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Figure 5. Dependence reliability defect identification signal from noise

Table 1. The dependence reliability defect identification signal NN feedforward with

backpropagation depending from the used NN settings.
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Conclusions.

The results of modeling demonstrate the feasibility of using neural networks to
identify surface cracks modulation signal obtained by scanning the surface of Eddy
current transducer products from composite materials on a background of intense
noise, due to the influence of surface roughness.

According to the research was determined the optimal network type and its
parameters. It is feedforward NN with backpropagation, hyperbolic tangential function
activation, Quasi-Newton Levenberg—Marquardt algorithm, the method of gradient
descent with disturbance and a combined criterion of quality training.

Acceptable, with a practical standpoint, the reliability of the identification of the

defect obtained at noise levels up to 30% of the signal amplitude defect.
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Po3rnsHyTo TMTaHHS BW3HAYEHHS ONTHUMAJIBHOTO THIY HEWpPOHHOI Mepexi Ta ii
napameTpiB s iAeHTH}IKAIl MOIYIAMIHHOTO CHUTHATy TIOBEPXHEBOI TPIIIMHU TIPH
NeeKTOCKOIii KOMIIO3UTHUX MaTepialliB 31 3HAYHOIO IOPCTKICTIO IIOBEPXHI.

Haiikpamyi pe3ynbTaTH TpuM MOJETIOBaHHI IOKa3zajda Mepeka MpsMoi mnepemadi i3
3BOPOTHIM HAMNPSIMKOM TONIUPEHHS MOMUJIKH, TIMEpOOJIYHOK TAHTCHIIATBHOKW (YHKIIIEIO
aKTHBAIlli, KBa3iHPIOTOHOBHM aJropuTMOM HaBuaHHsa JleBeHOepra — MapkBapara Ta
HACTPOMKOIO MMapaMeTpiB METOIOM I'Pa/IiEHTHOTO CITYCKY i3 30ypIOBaHHSM.

[IpuiinaTHa, 3 MNPaKTHYHOI TOYKU 30DPY, HOCTOBIPHICTH imeHTU(iKamii aedekty

OTPUMYETHCS TIpU piBHI MIymMy 10 30% BiA piBHS aMIUTITYAHM CUTHAIY 1e(eKTy.

Pedepar

PaccmMoTpeHnsl BONPOCH! ONpeieNieHns] ONTUMAIbHOTO TUIIAa HEUPOHHOM CETH M €€ Tapa-
METPOB JUIsl UACHTU(UKALUY MOIYJISIIMOHHOTO CUTHAJA TOBEPXHOCTHOM TPEIIMHBI MIPH Jie-
q)eKTOCKOHI/II/I KOMITO3UTHBIX MaTCpUajioB CO 3HAYUTCITLHOU MECPOXOBATOCTHIO ITOBCPXHOCTH.

Hawnyummme pe3ynbraTsl Ipu MOJETUPOBAHUM MOKa3alla CeTh MPSAMON mepenayu ¢ 00-
paTHBIM HampaBlI€HUEM paCHpPOCTPAaHEHUs OIIMOKH, TUNEpOOINYECKOM TaHTeHIIMAIbHOM
¢dbyHKIMEH akTUBaIMK, KBa3UHBIOTOHOBBIM allrOpUTMOM oOyueHus JleBenOepra-MapkBapara
Y HACTPOUKOM MmapaMeTpoB METOJIOM I'PaIUEHTHOIO CITyCKa C BO3MYILEHUEM.

[Ipuemnemasi, ¢ MPaKTUYECKON TOYKM 3pEHUS, JOCTOBEPHOCTh MACHTU(PHUKAINU IedeK-

Ta Mojay4yaeTcs npu ypoBHe myma 10 30% OT ypOBHS aMIUITUTYAbl CUTHANA edeKTa.

Abstract

The problems of determining the optimal type of neural network and its parameters for
identification of the modulation signal at the surface crack inspection of composite materials
with a large surface roughness were considered.

The best results in the simulation showed by feedforward NN with backpropagation,
hyperbolic tangential function activation, Quasi-Newton Levenberg—Marquardt algorithm, the
method of gradient descent with disturbance.

Acceptable, from a practical point of view, the reliability of the identification defect that

is obtained when the noise level up to 30% of the level of the defect signal amplitude.
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