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Classification of Welding Defects in Austenitic Stainless Steel by Neural
Pattern Recognition of Ultrasonic Signal

Kang Yong Lee and Joon Seob Kim

Key Words : Welding Defect Evaluation (24 %7 3t33 7}), Ultrasonic Signal (%-2-3}), Dig
Signal Processing (-] x| " A1 3.2 2]), Pattern Recognition(3 AelAl), Neural Net-

work (4174 3] 2.9})
Abstract

The research for the classification of the natural defects in welding zone is performed using the
neuro-pattern recognition technology. The signal pattern recognition package including the user’s
defined function is developed to perform the digital signal processing, feature extraction, feature
selection and classifier selection. The neural network classifier and the statistical classifiers such
as the linear discriminant function classifier and the empirical Bayesian classifier are compared
and discussed. The neuro-pattern recognition technique is applied to the classification of such
natural defects as root crack, incomplete penetration, lack of fusion, slag inclusion, porosity, etc.
If appropriately learned, the neural network classifier is concluded to be better than the statistical
classifiers in the classification of the natural welding defects.
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Table 1 Feature parameters in power spectral domain
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Number Feature parameter
1 Largest partial power
2 2nd partial power
3 3rd partial power
4 Ratio of the largest partial and total powers
5 Ratio of the 2nd and largest partial powers
6 Ratio of the 3rd and largest partial powers
7 Total power above user’s defined threshold level
8 Total mean level in total frequency domain
9 Total variance in total frequency domain
10 Total skewness in total frequency domain
11 Total kurtosis in total frequency domain
12 Number of peaks exceeding a present threshold
13 Ratio of the powers above 90% and 10% threshold level
14 Ratio of the powers above 509 and 10% threshold level
15 Ratio of the powers above 90% and 50% threshold level
16 Pulse width of largest pulse in frequency domain
17 Rise width of largest pulse
18 Decay width of largest pulse
19 Number of valley above threshold level
20 Width of valley above threshold level
21 Pulse energy of largest pulse
22 First amplitude moment of largest pulse
23 First energy moment of largest pulse
24 Second amplitude moment of largest pulse
25 Second energy moment of largest pulse
26 Rise slope of largest pulse
27 Decay slope of largest pulse
28 Mean of largest pulse
29 Variance of largest pulse
30 Skewness of largest pulse
31 Kurtosis of largest pulse
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Table 2 Classification of natural defects

Joint

Groove type
method P

Defect name

V-groove
Butt joint

Circumferential crack

Transverse crack

Single gas pore

Incomplete penetration

Root crack

Incomplete weld

Base metal crack (top)

Base metal crack (bottom)

Lack of fusion

X-groove

Incomplete penetration

Porosity

T-joint K-groove

Porosity

Slag inclusion

Incomplete penetration
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Table 3 Recognition rate by two features in classification of planar and volumetric defect

Linear Empirical Neural

Domain discriminant Bayesian Network
function (%) (%) (%)
Original time 100.0 100.0 100.0
Enveloped time 100.0 90.4 100.0
Power spectral 90.6 96.9 98.4
Autocorrelation 96.9 96.9 98.4
Amplitude probability 98 .4 100.0 100.0
Demodulated autocorrelation 93.8 96.9 98.4
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Table 4 Feature rank by Fisher’s criterion
Domain Rank Feature parameter
1 Total variance
2 Total kurtosis
Original :
time 3 Ratio of the areas above 90% and 50% threshold level
4 Total skewness
5 Ratio of the areas above 909 and 10% threshold level
1 Ratio of the areas above 90% and 50% threshold level
2 Ratio of the areas above 909 and 10% threshold level
Enveloped .
. 3 Total variance
time
4 Total kurtosis
5 Total skewness
1 Skewness of largest pulse
2 Ratio of the areas above 509% and 10% threshold level
Power
3 3rd partial power in 0-5 MHz
spectral
4 2nd partial power in 0-5 MHz
5 Ratio of the largest partial band and total powers
1 Total variance
2 Largest pulse area
Aut
O, 3 Mean of largest pulse
-correlation
4 Energy of largest pulse
5 Rise slope of largest pulse
1 Rise step of largest pulse
Amplitude 2 Rise slope of largest pulse
probability 3 Decay step of largest pulse
density 4 Decay slope of largest pulse
5 Total variance
1 Mean value
Demodulated 2 Total power
auto 3 Decay slope
-correlation 4 Rise step
5 Total variance
A EAw o] 5 FUR7I Aol FE s S Egwge ol
% sielgt A¢ Fig. 5o dehigieh of Aol 5L ZosAn U@ o
oleted A¥H EHF7lel 7433 Bayesian 27 T Uk, A oddd £ *
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Table 5 Recognition rate by all features in classification of six defects

Linear Empirical
. L. R Neural

Domain discriminant Bayesian Net K (%)

function (%) (%) crvort e
Original time 72.9 62.5 93.7
Enveloped time 78.1 78.1 92.7
Power spectral 93.8 94.8 99.0
Autocorrelation 85.4 75.0 95.8
Amplitude probability 79.2 62.5 94.8
Demodulated autocorrelation 71.9 66.6 94.8

Table 6 Recognition rate in power spectral domain by linear discriminant function classifier (LBC :
single gas pore, DBA : root crack, EBC :porosity IBA : lack of fusion, KCA : slag inclusion,

MBA : incomplete penetration)

LBC EBC KCA DBA IBA MBA Recognition
rate (%)
LB 13 1 2 81.3
EBC 15 1 93.8
KeA ! 15 93.8
DA 16 100.0
[BA 16 100.0
MBA 1 15 93.8
Total recognition rate 938
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