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Fig. 1. Probabilistic neural network architecture
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Table 1. Features extracted from ultrasonic flaw

signals.
Domain | No Feature Remark
F1 | number of signal groups # of groups
F2 | pulse duration of the st group signal
F3 | interval between the Ist and the 2nd groups

F4 | pulse duration of the 2nd group signal

F5 | interval between the 2nd and the 3rd groups| pulse
Tire |55 | ulse cation of the 3 grow sl | o

F7 | energy of the 1st group signal

F8 | energy of the 2nd group signal

F9 | energy of the 3rd group signal

FI0 | antisymmetry of signal difracted

pyy | mumber of mexina in the megninde

spectrum ‘

- %ofnﬂrﬂminmemgrﬂmde

Frequency spectrl

13 number of deep minima in the magnitude| Properties
spectrum

Fl4 number of shallow minima in the magnitude

specmlm
B AT A48 EAE ﬁ%i%‘—lﬂ Z&
%‘OI AEg g ooz A= el F10

(WA A, antisymmetry) & A &5t EH7H7} A
A9 A Az EAHL uysly zAHo= 7

N
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Fig. 2a. Correct accept rates of welding defects by the
PNN for different choices of the smoothing
parameter ¢ and with /; = 1 for all.
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Fig. 2b. False reject rates of welding defects by the
PNN for different choices of the smoothing

parameter ¢ and with /; = 1 for all.
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Fig. 3. Influence of the of the [
parameter on PNN performance.
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Table 2. Result of error probability analysis and
correlation analysis' for. features.

error probability features with strong correlation

Feaure rak | e(%) | 1r1=09 | 07<|r|<09

F1 1 438 F1i, F12, Fl4

F2 9 521 F7 F3, F4, F8

F3 6 499 F2, F7
M 10 %2 2] R, F1

B 12 85

F6 14 626 F9

F7 7 201 F2 F3 F4 B8

2] 8 525 F4 F2 F7

M 13 %038 F6

F10 5 494

Fll 3 461 F1, Fii, F14

F12 2 439 F1, F12, Fl4

F13 1 %69

Fl4 4 415 F1, F1}, F12

N
a
a,
Porosity
Crack Slag
%
F1

Fig. 4. Schematic representation of the probability
of error estimated from class conditional
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An Ultrasonic Pattern Recognition Approach
to Welding Defect Classification

Sung-Jin Song
Department of Mechanical Design Engineering

Chosun University

Abstract Classification of flaws in weldments from their ultrasonic scattering signals is very important
in quantitative nondestructive evaluation. This problem is ideally suited to a modern ultrasonic pattern
recognition technique. Here brief discussion on systematic approach to this methodology is presented
including ultrasonic feature extraction, feature selection and classification. A stronger emphasis is placed
on probabilistic neural networks as efficient classifiers for many practical classification problems. In an
example probabilistic neural networks are applied to classify flaws in weldments into 3 classes such as
cracks, porosity and slag inclusions. Probabilistic nets are shown to be able to exhibit high performance
of other classifiers without any training time overhead. In addition, forward selection scheme for
sensitive features is addressed to enhance network performance.
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