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Classification Technique for Ultrasonic Weld Inspection Signals

using a Neural Network based on 2-dimensional
Fourier Transform and Principle Component Analysis
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Abstract Neural network-based signal classification systems are increasingly used in the analysis of large
volumes of data obtained in NDE applications. Ultrasonic inspection methods on the other hand are commonly
used in the nondestructive evaluation of welds to detect flaws. An important characteristic of ultrasonic
inspection is the ability to identify the type of discontinuity that gives rise to a peculiar signal. Standard
techniques rely on differences in individual A-scans to classify the signals. This paper proposes an ultrasonic
signal classification technique based on the information lying in the neighboring signals. The approach is based
on a 2-dimensional Fourier transform and the principal component analysis to generate a reduced dimensional
feature vector for classification. Results of applying the technique to data obtained from the inspection of
actual steel welds are presented.

Keywords: welding inspection, neural network, 2-D Fourier transform, principal component analysis
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Fig. 1 Weld inspection geometry and description of

the flaws

Table 1 Corﬁparison of planar flaw vs. volumetric flaw

Flaw type Characteristics

« May initiate catastrophic
brittlle or fatigue failure

PIanar | . Ofien difficull to find | coisca v
« Cracks, incomplete fusion,
inadequate penetration
+ Loss of cross section
Volumetric | » Easier to find Non-critical flaws
flaws » Pores, blowholes, inclusions,

many surface irregularities
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Fig. 2 Description of scanning method - (a) RO,
B- and B'-scan images, (b) examples
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Fig. 3 Combined feature vector plots for the first

' moment of the magnitude and phase along
frequency variable v of four classes (a) crack,
(b) slag, () porosity, and (d) lack of fusion
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Fig. 4 Eigenvalues of the covariance matrix: (a)
B-scan data (b) B'-scan data
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Fig. 5 The multiplayer perceptron architecture with
two hidden layers

Step 1 Select a region of interest (ROl on C-scan
image.

Step 2 Obtain B~ and B'-scans from a ROl

Step 3 Create a fixed size image.

Step 4 Compute two—dimensional Fourier transform.

Step 5 Compute the first moment of two—dimensional
spectra.

Step 6 Normalize the data.

Step 7@ Compute the covariance matrix, eigenvalues,
and eigenvectors.

Step 8 Compute the principal components (PC).

Step 9 Train B- and B'-networks.

Step 10: Classify test images.

b) (c)

Fig. 6 The description of test sample - (a) scanning
procedure, (b) HY-80 steel sample plate,
and (c) a cross—sectional view
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Table 3 Summary of data distribution and
classification  results for training and
testing data using PCA for B'-scans

Data distribution

Number of images |Crack| Porosity | Slag Lack of
fusion

Train 44 44 39 51

Test 19 19 17 22

Training data

Defect Type |Crack| Slag | Porosity | Lack of fusion
Table 2 Summaryl of data dlstr|bgt|9n and Crack m 0 0 0
classification results for training and
testing data using PCA for B-scans Slag 0 4“4 0 0
Data distribution Porosity 0 0 39 0
: Lack of fusion 0 0 0 51
Number of images | Crack |Porosity| Slag I}i?i(or?f
Train 2 17 13 | 28 Tes“’;g data —
Defect assification
T )
est 10 | 7 5 12 Type Crack | Slag | Porosity | LOF rate (%)
Training data Crack 13 3 1 2 68
Defect Type |Crack| Slag | Porosity | Lack of fusion Slag 5 10 2 2 53
Crack 22 0 0 0 Porosity 1 2 13 1 76
Slag 0 | 17| o0 0 Lack of |, | 4 0 |7 77
Porosity 0 0 13 0 fusion
Lack of fusion 0 0 0 28 N :
Table 4 Summary of classification results using
Testing data PCA for individual C-scans
Defect . Classification Defect Lack of
Crack| Slag | Porosity | LOF i
Type g y rate (%) Type Crack | Slag | Porosity Fusion Total
Crack 8 0 0 2 80 Crack 7 7/7
Slag 0 5 1 1 71 Slag 7 i
Porosity 0 1 4 0 80 porosity 7 7/7
Lack of Lack of
fusion 2 0 0 10 & Fusion ! "
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