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1. Introducere

Operatiunile de evaluare nedistructiva pot fi considerate a
se desfasura in doua etape:

- Un camp fizic (forte selective, camp electromagnetic, etc)
actioneaza asupra obiectului de examinat si un traductor adecvat
converteste raspunsul sistemului Intr-o marime care poate fi
esantionatd si cuantizatd pentru stocare intr-un compilator.
Aceasta etapa poate fi numita achizitie de date.

- Datele stocate sunt interpretate pentru a putea raspunde
urmatoarelor Intrebari: existd sau nu defect, si in cazul in care
unul din semnalele sau imaginile obtinute in prima etapa au fost
interpretate ca defect, care este severitatea sa. Aceasta etapa
poate fi numita analiza de date.

Pentru o lunga perioada de timp, atentia comunitétii evaludrilor
nedistructive a fost focalizatd pe proiectarea si producerea de
echipamente de nalta calitate, acest deziderat fiind atins odata
cu dezvoltarea sistemelor computationale si a metodelor de
procesare digitald a semnalelor si imaginilor [1], [2], [3].

A fost clar ca, daca semnalele si imaginile rezultate din
operatiunile de evaluare nedistructiva contin un nivel scazut
de zgomot, operatorii instruiti adecvat le vor interpreta corect,
detectand defectele sau, mai mult, fiind apti sa le evalueze cu
acuratete. O serie de teste de tip “round -robin” [4], [5] au aratat
ca situatia este mult mai complicata, erorile factorului uman
fiind mai numeroase decat estimarea initiala.

Centralele nucleare cu reactoare cu apa grea sub presiune (Pres-
surized Heavy Water Reactor - PHWR) au prevazut o inchidere
totald, aproximativ odata pe an, ocazie cu care sunt efectuate un
numar mare de examinari nedistructive [6], In special examinarea
prin curenti turbionari a fascicolelor tubulare din generatoarele de
abur precum si a unui numar de canale de combustibil. Deoarece
cantitatea de date de la examinari este foarte mare [6] si pentru a
evita erorile datorate factorului uman, in special in cazul lucrului
sub stress, s-au dezvoltat principii teoretice, algoritmi si coduri
numerice pentru analiza automata a datelor [7], [8], [ 9].

Datele furnizate de echipamentul de control si traductorii de
curenti turbionari trebuie sa indeplineasca cateva criterii de calitate
astfel ca sistemul de analiza automata a datelor sa functioneze corect.
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1. Introduction

The NDE operations can be considered as getting into
development in two steps:

- aphysical field (selective forces, electromagnetic field, etc.)
actions over the examined object and an adequate transducer
converts the answer of the system into a size that can be sampled
and quantified for storing on a compiler. This stage can be
named data acquisition.

- the stored data are interpreted to be able to answer the
following questions: there is a flaw or not, and, in the case one
of'the signals or the images obtained in the first stage has been
interpreted as a flaw, which is its severity. This stage can be
named data analysis.

For a very long period of time, the attention of the non-
destructive evaluation (NDE) community was focused on the
design and production of high quality equipments, this
desideratum being reached together with the development of
the computing systems, as well as of the signal and image digital
processing methods [1], [2], [3]-

It was clear that, if the signals and images resulted from NDE
operation contain a low noise level, the adequate trained
operators would interpret them correctly, detecting the flaws
and more, being able to evaluate them with high accuracy. A
series of round-robin tests [4], [5] have shown that the situation
is more complicated, the errors of the human factors being more
numerous than the initial estimation.

The Nuclear Power Plants with Pressurized Heavy Water
Reactor (PHWR) have foreseen, approximately once a year, an
outage, on this occasion a large number of NDE operations
being effectuated [6], especially the eddy current examination
of the tubes bundles from the steam generators, as well as of a
series of fuel channels. As the number of data from the
examination is extremely large, and to avoid the errors that the
human factors might commit, especially under the circumstances
of the stress conditions, theoretical principles, algorithms and
numerical codes for the automatic data analysis have been
developed [7],[8] [ 9].

The data delivered by the control equipment and the eddy
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Aceasta lucrare propune prezentarea metodelor si
algoritmilor pentru analiza de date si rezultatele obtinute la
inspectia tevilor neiradiate din generatoare de abur realizate
din Incoloy 800 si a tuburilor de presiune realizate din aliajul Zr-
2.5%Nb. Achizitia de date a fost efectuatd cu doua tipuri de
traductori: traductorul rotativ [11], [12] si traductorul de inte-
rior cu camp magnetic rotitor [13], [14].

2. Probele luate in studiu

Au fost luate in studiu tevi realizate din Incoloy 800 cu
diametrul interior 12,5mm si grosimea peretilor 1,25mm, pe care
au fost practicate diferite tipuri de discontinuitati utilizand
dispozitivul cu electroeroziune. Deoarece in generatorul de abur,
placa tubularad si barele antivibrare sunt realizate din otel
feromangetic, s-a simulat prezenta lor inserand tuburile in gaurile
practicate intr-o placé din otel feromagnetic.

Pentru a dezvolta sistemul automat de analiza a datelor pentru
evaluarea tuburilor de presiune din PHWR au fost studiate
esantioane din tuburi de presiune din Zr-2,5%Nb cu diametrul
103x4,1mm pe care s-au practicat discontinuitati artificiale si
zgarieturi care sd simuleze efectele masinii de incarcare-
descarcare a combustibilului nuclear.

3. Echipamentul experimental

Traductorii de curenti turbionari au fost realizati in cadrul
Laboratorului de Control Nedistructiv de la Institutul National
de Cercetare Dezvoltare pentru Fizica Tehnica lasi, Romania.
Deoarece traductorul rotativ este bine cunoscut in practica, in
figura 1 sunt prezentate doua variante de traductori de curenti
turbionari cu camp magnetic rotitor.

Deplasarea traductorilor in interiorul tuburilor examinate a
fost efectuata cu un sistem de deplasare X-Y produs de Newmark
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current transducers shall fulfill certain quality criteria, in order
that the automatic data analysis systems function correctly.

This paper aims to present the methods and the algorithms
for data analysis, and the results obtained at the inspection of
non-irradiated steam generator tubes, made of Incoloy 800 and
of pressure tubes samples made of Zr2.5%Nb. The data
acquisition has been made using two types of transducers: the
rotating probe [11], [12], and the inner eddy current transducer
with rotating magnetic field [13], [14].

2. Studied samples

There have been taken into study tubes made of Incoloy
800 with 15.8 x 1.12mm diameter, on which different types of
discontinuities have been practiced, using the electro discharge
machine. Because in steam generators the tube sheet, and the
anti-vibration bars are made of ferromagnetic steel, their
presence has been simulated by inserting them in the holes
with 16mm diameter, practiced in a ferromagnetic steel plate.

In order to develop an automatic data analyzer system for
eddy current evaluation of the pressure tubes in PHWR, tubes
samples made of Zr2.5%Nb, with the diameter of 103x4.Imm,
have been taken into study, on which there were made artificial
discontinuities and scratches that simulate the effects of fuel -
loading - unloading machine.

3. Experimental set-up

The eddy current transducers have been made in the Non
Destructive Testing Laboratory from the National Institute of
Research and Development for Technical Physics (NIRDTP)
lasi, Romania. As the rotating probe is well-known in usual
practice, in Figure 1 there are presented the two variants of
eddy current transducers with rotating magnetic field.

Bobine receptie/
Reception coils

Conexiuni pentru
bobinele de emisie
si de receptie/
connections for
emission and
reception coils

3x bobine emisie/
emission coils b)

Figura 1. Traductorul de interior cu cdmp magnetic rotitor: a) traductor pentru examinarea tuburilor din
generatoare de abur; b) traductor pentru examinarea tuburilor de presiune/
Figure 1. Eddy current inner transducers with rotating magnetic field: a) the transducer for examination
of steam generator tubes, b) the transducer for examination of pressure tubes

SUA care are posibilitate de rotatie, fiind conectat la un calcu-
lator prin interfata RS232.

Semnalul de iesire a traductorului a fost masurat cu un
analizor de retea/spectru/ impedanta tip 4395A produs de
Agilent SUA, conectat la acelasi calculator prin interfata PCIB,
tip IEEE 482.2. Acelasi calculator achizitioneaza si salveaza
rezultatele controlului Intr-o maniera convenabila.

S-a utilizat controlul multifrecventa. In cazul tevilor din
generatoare de abur frecventele utilizate au fost 10 kHz, 100 kHz,
si 200 kHz. Setarea functionarii si calibrarea s-a facut tinand
cont de codul ASME, sectiunea V, anexele 1 i 2 [15].

Vv

The displacement of the transducers inside the examined
tubes has been made using an X-Y displacement system,
produced by Newmark USA, which has the possibility of
rotation, being connected with a PC using a RS232 interface.

The output signal of the transducer has been measured with
Network/Spectrum/Impedance Analyzer 4395A produced by
Agilent USA, connected to the same PC using a PCIB interface,
IEEE 482.2 type. The same PC will acquire and save the results
of the control into a convenient manner.

The multi-frequency control was used. In the case of the
tubes from the heat exchangers, the frequencies were 10 kHz,

bid



Metoda de analiza

In cazul examinrii mostrelor de tuburi de presiune s-au utilizat
doar doua frecvente: 64 kHz si 200 kHz. Defectele de calibrare
corespund standardelor [6].

4. Principiul analizei datelor

Schema propusa pentru analiza datelor este prezentatd in
figura 2. Datele furnizate de echipament si de traductorii de
curenti turbionari sunt preprocesate. Aceasta etapd poate
contine un numar variabil de sarcini, depinzand de tipul de
traductor utilizat si de obiectul de controlat.

In figura 3 prezentam un exemplu pentru cazul controlului
tevilor din generatoare de abur din centrale nucleare tip PHWR.

Semnale curenti
turbionari/

Eddy current

signals

Preprocesare/
Preprocessing

Clasificare Propietati esti
pietati estimate
defect/non-defect/ isti
< statistic/
Defect/non-defect Estimating statistical
classification properties

Defect MNon-defect

Extragere caracteristici/
Features extraction Non-defect

Clasificare
defect/
Defect

classification

A

Cracterizare defect/
Defect characterization

Figura 2. Diagrama analizei de date/
Figure 2. Data analysis flow chart

In cazul utilizarii traductorului rotativ, pozitia unghiular a
traductorului este determinatd prin sincronizarea speciala a
impulsurilor. In cazul in care, datorita unor cauze diferite, rotatia
traductorului este neuniforma, prin operatia de sincronizare se
urmareste restaurarea frontului impulsurilor astfel ca procesarea
semnalului sa permita obtinerea unei imagini 2D a tubului desfagurat.

In timpul deplasarii traductorului, acesta poate ajunge in
zona barelor antivibrare. Aceasta zona este extrem de vizibild la
utilizarea frecventei joase de 10kHz, de aceea, utilizand
segmentarea, regiunea 1n care se gasesc barele antivibrare va fi
clar marcata, restul operatiilor fiind cele din cazul metodei
multifrecventa. Operatiunea de calibrare implica scalarea datelor
obtinute si modificarea fazei astfel ca datele sa corespunda
calitativ cu altele obtinute de pe standardul ASME.

In cazul in care se utilizeaza traductorul cu cAmp magnetic
rotitor [14], schema de preprocesare este similara. Deoarece
traductorul nu trebuie sa se roteasca pentru a examina intreaga
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100 kHz, and 200 kHz. The checking of the functioning and
tuning were made taking into consideration the ASME
standards, section V, art. 8, app1 and 2 [15].

In the case of the examination of the pressure tubes samples,
only two frequencies were used: 64 kHz and 200 kHz. The
calibration flaws correspond to the standards [6].

4. Data analysis principle

The proposed data analysis scheme is presented in Figure 2.

The data provided by the equipment and by the eddy current
transducers utilized are pre-processed. This stage can contain a
variable number of tasks, depending on the type of transducer
used and the object to be controlled.

We will give an example for the case of the steam generator
tubes control in PHWR nuclear power plants (Figure 3)

In case of using the rotating probe, the angular position of
the transducer is determined by the special synchronization
impulses. When, due to different causes, the rotation of the
transducer is non-uniform, through the operation of
synchronization it is aimed the restoration of the impulses fronts,
as well as the signal processing that will allow the obtaining of
the 2D images of the unrolled tube.

During the transducer’s displacement in the tube, it can reach
zones where anti-vibration grids are. These zones are extremely
visible when a low frequency of 10 kHz is used. Therefore,

Preprocesare/ Preprocesare/
Prepocessing Prepocessing

! I

Sincronizare/ Segmentare/
Syncronization Segmentation

: I

Segmentare/ Interpolare/
Segmentation Interpolation
Calibrare/ Calibrare/
Calibration Calibration
a) b)

Figura 3. Schema de procesare: a) pentru traductor rotativ;
b) pentru traductor cu cdmp magnetic rotitor/
Figure 3. Processing scheme: a) for the rotating probe;
b) for the transducer with rotating magnetic field.

using the segmentation, the regions in which the anti-vibration
grids exist will be clearly marked, the remaining operations
following as in the multi-frequency method. The operation of
calibration implies the scaling of the obtained data and the
corresponding phase shift, in order that the data shall correspond
qualitatively with the data obtained from the ASME standard.

When the transducer with the rotating magnetic field is used
[14], the pre-processing scheme is similar. As the transducer
does not have to rotate in order to examine the entire
circumference of the tube, the stage of the synchronization
does not exist. Because the number of reception coils of the
transducer is limited due to the constructive reasons, the signals
will be interpolated to obtain a sufficient number of voxels on
the image.

The classification block, of defect or non defect type, is
based on the use of the information delivered by the block for
the estimation of statistical properties of the signals/images. An
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circumferinta a tubului, etapa de sincronizare nu exista. Deoarece
numarul de bobine de receptie a traductorului este limitat din
motive constructive, semnalul va fi interpolat pentru a obtine
un numar suficient de voxeli pe imagine.

Blocul de clasificare defect -nondefect se bazeaza pe utilizarea
informatiei furnizate de blocul de estimare a proprietatilor
statistice a semnalelor/imaginilor. Se utilizeaza un prag
autoadaptiv si criteriul Neyman Pearson care pentru examinarea
prin curenti turbionari poate fi formulat in urméatorul mod:
probabilitatea de detectie este maximizatd, mentinand
probabilitatea de falsa alarma cel putin la un nivel specificat.

Vom detalia functionarea acestui bloc.

Fie y, semnalul dat de echipament in timpul controlului.

Consideram ca f(V|H,) si f(¥|H,) sunt densitatile lui y
conditionate de urmétoarele ipoteze:
- H,: semnalul dat de zona fara defect are o distributie
gaussiana cu medie nula si dispersie o;,4
- H;: semnalul dat de zona cu defect are deasemenea
distributie gaussiana cu medie m si dispersie o
Considerand ca cele doua semnale contin N esantioane, se
poate scrie
N N
JG|H,)=(no,,) * expl(-2 (¥ ((20,;,))] )
i=l
N N
f(|H)=(2n0,) * exp[-D. (¥, — 1) /(2067))] @)
el
Utilizand lema Neyman-Pearson, raportul probabilitatilor
poate fi scris ca:

. S(YH))
L(y)= —| 3)
f(VH,)
Detectorul optim utilizand (3) este:
-Z": <T=H,
y; !
=" I T=s H, @

unde:

T=+N Jo,0,0"'(1-a,) ®)

oo =maximul probabilitatii de falsa alarma

O(1- ay) = functia de distributie cumulativa.

In acelasi timp, pragul T trebuie sa fie mai mare sau egal
decat semnalul furnizat de discontinuitatile cu severitate mai
mica decat 10% din grosimea de perete, discontinuitati care in
general nu sunt raportate.

Odata ce prin metoda propusa se considera ca semnalul de la
traductor intr-o anumita regiune a tubului controlat provine de
la un defect, va apare problema clasificarii acestuia. Modulul
corespunzator din diagrama prezentata in figura 2 reprezinti o
retea neurald cu un strat ascuns (figura 4).

Numarul de neuroni din stratul de intrare este egal cu numarul
de trasaturi a semnalului furnizat de defect. Numarul de neuroni
din stratul de iesire furnizeaza informatii despre dimensiunile
geometrice ale defectului, orientarea si tipul degradarii: coroziune
fisuranta sub sarcina (ODSCC -Outer Diameter Stress Corrosion
Cracking), atac intergranular pe suprafata interioara (ID IGA -
Inner Diameter Intergranular Attack), ciupituri, subtieri §i uzura.

Pentru o clasificare corecta a datelor, reteaua neurala trebuie
antrenata utilizdnd o baza de invétare realizata din cat mai multe

auto-adaptive threshold is used, as well as the Neyman-Pearson
criterion that can be formulated in the following way for the
problem of eddy current examination: the probability of
detection is maximized, maintaining the probability of false alarm
at least at a specified level.
We will detail the functioning of this block.
Let ¥, be the signal given by the equipment during the

control. We consider that f(¥/H,)and f(¥|H,)are the densities
of y» conditioned by the following hypothesis:

- Hy: the signal given by a non-defect zone has a Gaussian
distribution with null average and the dispersion o,,;

- H;: the signal given by a defect zone has also a Gaussian
distribution, with the m average and o, dispersion

Considering that the two signals contain N samples, it can
be written that:

N

SGlH,) = @r0,,) * expl(-3 (3 (262,))] )

i=l
N N
SH)=@2rc,) > exp[-2 (v, -0 (267)] (2
el
Using the Neyman —Pearson lemma, the likelihood ratio can
be written as:

. J(JH))
L(y)= —| 3)
f(3|H,)
The optimum detector using (3) is:
-Z": <T=H,
y; !
=" I T=s H, @

where:
T=JN -\o,0,0"(1-a,) ®)
o= the maximum probability of false alarm
O(1- o) = the cumulative distribution function.

Strat de iesire/

OQutput layer
Strat ascuns/
Hidden layer

Strat de intrare/
Input layer

Lungime/
Length

Latime/
Width
Caracteristicile
semnalului
de defect/ Adancime/

Features of Depth
defect
signal
Orientare/

Origntation

tip defect/
type of flaw

Figura 4. Sistem neural pentru analiza automata a datelor/
Figure 4. Neural system for automatic data analyses

At the same time, the threshold T must be greater than or
equal to the signals provided by the discontinuities with
severities less than 10% of the thickness of the wall,
discontinuities that in general are not reported.

As soon as through the proposed method it is considered
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semnale de defecte complet caracterizate prin alte mijloace. De
obicei bazele de date pentru antrenare contin citeva mii de
semnale [16]. Deoarece cercetarile efectuate au utilizat doar
defecte de tip EDM practicate pe tevi din generatoare de abur
si pe tuburi de presiune neiradiate, nu am simulat ODSCC, ID
IGA, ci doar ciupiturile, subtierile si uzura.

Extragerea de caracteristici dintr-un semnal se poate face
prin doua procedee:

a) cat mai aproape de metodele de analiza de date care
utilizeaza operator uman; caracteristicile in acest caz pot fi
maximul si minimul amplitudinii, informatii de faza, etc.

b) fara sa aiba legatura intrinseca cu parametri folositi de
operatorul uman, in acest caz componentele reale §i imaginare
ale semnalului pot fi descompuse prin diferite metode tipice de

a) (V]
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that the signal provided by the transducer in a certain region of
the controlled tube is coming from a defect, it will appear the
problem ofits classification. The corresponding modulus from
the flaw chart presented in Figure 2 represents a neural network
with a hidden layer presented in Figure 4.

The number of neurons from the input layer is equal to the
number of the features of the signal provided by the defect.
The number of neurons from the output layer provides the
information about the geometrical dimensions of the defect, its
orientation, and the type of degradation: ODSCC (Outer
Diameter Stress Corrosion Cracking), ID IGA (Inner Diameter
Intergranular Attack), pitting, thinning and wear.

For a correct classification of the data, the neural network
must be trained using a ‘learning base’ made of many more

b) v
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Figura 5. a) Componenta reala pentru 100 kHz; b) Componenta imaginara pentru 100 kHz; ¢) Componenta reala
pentru 200 kHz; d) Componenta imaginara pentru 200 kHz./
Figure 5. a) the real component for 100 kHz; b) the imaginary component for 100 kHz; ¢) the real component
for 200 kHz; d) the imaginary component for 200 kHz.

procesare digitala de semnale/imagini. Am utilizat descompunerea
wavelets a celor douda componente folosind ,,mother wavelets-
Daubechy 2” [17]. Datorita ortogonalitatii semnalelor
descompunerea este unica si admite transformata inversa.

5. Rezultate experimentale

In figurile 5 a, b si ¢ sunt prezentate componentele reale si
imaginare ale semnalului furnizat de traductorul cu sonda rotativa
la 100kHz si 200kHz dupa minimizarea efectului barelor antivibrante.

Pe imagini au fost marcate doua regiuni de interes (ROI -
regions of interest), regiunea marcata cu linie continud contine
intr-adevar informatia de defect, pe cand cea marcata cu linie
punctatd contine o indicatie de amplitudine mare, care se va
dovedi a nu fi indicatie de defect.
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signals given by the defects completely characterized by other
means. Usually, the database for the training contains thousands
of'signals [16].

As in our research we have used only the defects of EDM
type practiced on steam generator tubes, and on non-irradiated
pressure tubes, we did not simulate the ODSCC, ID IGA, but
only the pitting, thinning, and wear.

The features extraction from a signal can be made using two
procedures:

a) As close as possible to the methods of defect analysis
that are using the human operator; the features in this case can
be: the maximum and the minimum of the magnitude, phase
information, etc.

b) Without an intrinsic connection with the parameters used
by the human operator, in this case the real and the imaginary
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In figura 6a prezentim histogramele valorilor pixelilor
(amplitudinea semnalului) pentru cele douda ROI pentru
frecventa de 100kHz, analizdndu-se doar componenta imaginara
a semnalelor. In figura 6b este prezentat modul de stabilite a
pragului auto adaptiv daca se admite o probabilitate de falsa
alarma de 5%.

components of the signal can be decomposed using different
typical methods of digital signal/image processing. We used
the wavelets decomposition of the two components, by mother
wavelets-Daubechy 2 [17].

Due to the orthogonality of the signals, the decomposition
is unique, and will admit the inverse transform.
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Figure 6. a) Histograma amplitudinii semnalelor din cele doua ROI pentru componenta imaginara la 100 kHz.; b) densitatea de

Figure 6. a) Histogram of the amplitude of the signal from the 2 ROI boxes for the imaginary component using the frequency of 100 kHz;
b) The density of probability and the choosing of the auto-adaptive threshold defect-non defect, for a probability of false alarm of 5%.

Extragerea caracteristicilor a fost realizata in Matlab 7.0, mediul
de programare in care s-au efectuat toate calculele si s-a creat
sistemul neural pentru analiza datelor.

Bazele de date pentru antrenare si testare au avut structura
prezentata in tabelul 1.

Rezultatele testarii cu sistemul automat propus sunt
prezentate in tabelul 2.

Tabelul 1. Structura bazei de date/ Table 1. The structure of the database

5. Experimental results

In Figure 5 a, b, ¢, d are presented the real and the imaginary
components of the signal delivered by a transducer with the
rotating probe, at 100 kHz and 200 kHz frequencies after the
minimization of the effect of the anti-vibration grids.

On the images two regions of interest (ROI boxes) have been
marked, the region marked with solid line contains indeed a

W
(o)

Clasificare/ Clasification Antrenare/ Training | Testare/ Testing Total
Non-defect 19 8 27
Slot axial/ Axial slot 10 6 16
Slot circumferential/ Circumferential slot 10 6 16
Ciupituri/ Pitting 3 10
260 :
N Uzura/ Wear 6 2 8
o=
—
@ Tabelul 2. Rezultatele clasificarii automate/ Table 2. The results of automatic classification
g Clasificare/ Numarul de indicatii Numarul de clasificari Deviatia/ Observatii/
@ Classification corecte/ Number of obtinute/ Number of Deviation Observation
correction indicators obtained classification (%)
@ Non -defect 8 8 0 -
@ O ciupitura a fost indicata ca
Slot axial/ Axial slot 6 7 +17% slot axial/ 4 pitting was
D@ indicated as being an axial slot
'@ Slot circumferential/ 3 3 0 )
@ Circumferential slot
O ciupiturd a fost indicatd ca
o
@ Ciupiturd/ Pitting 3 2 -33% slot axial/ 4 pitting signal was
identified as being an axial slot
% Uzura/ Wear 2 2 0 -

bid



Metoda de analiza

Analizorul automat de date lucreaza suficient de corect chiar
si in cazul examinarii tuburilor de presiune, rezultatele fiind
prezentate in [14].

6. Concluzii

Au fost testate prin curenti turbionari, tevi din generatoare de
abur si tuburi de presiune din reactoare PHWR utilizand traductori
rotativi si traductori de interior cu cdmp magnetic rotitor.

Toate defectele artificiale practicate pe cele doua tipuri de
tuburi au fost indicate corect, raportul semnal/zgomot fiind mai
bun ca 5:1, metoda de prag autoadaptiv functionand corect.

Metoda de extragere a trasaturilor utilizand ,,mother Wave-
lets Daubechy 2” chiar daca are o semnificatie fizica redusa
pentru operatorii de examinari nedistructive prin curenti
turbionari se dovedeste a functiona perfect.

Sistemul neural dezvoltat lucreaza corect cu toate ca atat
baza de antrenare cét si baza de testare sunt reduse.

Aceasta lucrare este suportatd de Ministerul Educatiei si Cercetdrii,
prin Porgramul de Cercetare de Excelentd, Contract CEEX-
MATNANTECH nr.71/2006, acronim EDDY.
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defect information, while the one marked with dashed line
contains a high amplitude indication, which will be proved as
not being an indication of defect.

In Figure 6 a we present the histograms of the values of the
pixels (amplitude of the signal) for the two ROI boxes, for the
frequency of 100 kHz only the imaginary component of the
signals being analyzed. In Figure 6 b it is presented the mode of
establishing the auto-adaptive threshold, if there is a false alarm
probability of 5%.

Feature extraction has been made using a specialized toolbox
of Matlab 7.0, the programming environment in which all the
calculations were effectuated , and the neural system for the
data analyzer has been created.

The database for training and testing is presented in Table 1.

The results obtained with the proposed automatic system
are presented in Table 2.

Automatic data analyzer works correctly enough even in
the case of the examination of the pressure tube samples, the
results being presented in [ 14].

6. Conclusions

Samples of tubes from steam generators and pressure tubes
from PHWR have been tested with eddy currents, using
rotating probes and inner transducers with rotating magnetic
field.

All the artificial defects practiced on the two types of tubes
have been correctly identified, the signal/noise report being
better than 5:1, the auto-adaptive threshold method being
correct.

The feature extraction method using mother Wavelets
Daubechy 2, even if it has a reduced physical signification for
the non destructive eddy currents operators, proves to be
correct.

The neural system developed is working correctly, even if
the base for training and the base for testing are small.
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