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A Study on the Classification of Steam Generator Tube Defects
Using an Improved Feature Extraction
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Abstract In this paper, we study the classification of steam generator tube defects using an improved feature
extraction. We consider 4 axisymmetric defect patterns of tube: I-In type, I-Out type, V-In type, and V-Out type.
Through numerical analysis program based on finite element modeling, 400 ECT signals are generated by varying
width and depth of each defect type. From those generated ECT signals, we propose new feature vectors that
include an angle between the two points where the Maximum impedance and half the Maximum impedance, and
angles between Maximum impedance point and 10%, 20%, 30%, 40% of Maximum impedance points. Also,
multi-layer perceptron with one hidden layer is used to classify the defect patterns. Through the computer
simulation study, it is shown that the proposed method achieves an improved defect classification performance in
terms of Maximum Error and mean square Error.
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Fig. 2 An improved feature extraction for the
classification of defect types
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Table 1 The classification performance of V-Out
defect (100 kHz, the method of [8],

€=0.001)
A epochs MSE max error
1 10000 0.0050 0.39
2 8676 0.0076 0.36
3 10000 0.0064 0.39

Table 2 The classification performance of V-Out
defect (100 kHz, the proposed method,
€=0.001)

A9 epochs MSE Max Error
1 1167 0.0016 0.076

2 1195 0.0018 0.10
3

1276 0.0017 0.090

Result of Test set

—— NN output
| |— target
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Fig. 4 The classification result of V-Out defect,
(100 kHz, the method of [8])
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Fig. 5 The classification result of V-Out defect,
(100 kHz, the proposed method)

Table 3 The classification performance of V-Out
defect (400 kHz, the method of [8],

€ =0.001)
A3 epochs MSE Max Error
1 10000 0.015 0.85
2 10000 0.010 0.37
3 10000 0.0084 0.24

Table 4 The classification performance of V-Out
defect (400 kHz, the proposed method,

e =10.001)
¥ epochs MSE Max Error
1 2369 0.0035 0.29
2 2811 0.0048 0.31
3 2115 0.0040 0.31
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Fig. 6 The classification result of V-Out defect,
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Table 5 The classification performance of [-In

defect (100 kHz,

the method of [8],

€ =0.003)
AE epochs MSE Max Error
1 732 0.0042 0.1
2 657 0.0041 0.17
3 1005 0.0044 0.21

Table 6 The classification performance of I-In
defect (100 kHz, the proposed method,

€=0.001)
Ay epochs MSE Max Error
1 1404 0.0024 0.08
2 918 0.0023 0.09
3 1370 0.0023 0.10
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Table 7 The classification performance of I-In

defect (400 kHz, the method of [8],
€ =0.003)
Ay epochs MSE Max Error
1 2300 0.0036 0.13
2 2264 0.0087 0.44
3 1546 0.0074 0.39
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Table 8 The classification performance of I-In -
=} Azl EAWEE ALLsE A O 2=
defect (400 kHz, the proposed method, Error 25 jd€ SAMHE AH8SE Aol 5
€ =0.001) 3t A3E Foe AS ¢ F AUtk
AE epochs MSE Max Error Fig. 83 Fig. 9= AT 3wleA S MLP
1 917 0.0029 010 E AFSE o] HridolEle g MLP &8 2
: : e YRt
2 3626 0.0041 0.14
3 2275 0.0074 0.33 Table 11 The classification performance of [-Out
defect (400 kHz, the method of [8],
Table 9 The classification performance of [-Out € =0.003)
defect (100 kHz, the method of [8],
€ =0.003) 21 epochs MSE Max Error
A9 epochs MSE Max Error 1 3000 0.0101 0.31
1 1400 0.0051 0.29 2 3000 0.0092 0.25
2 1199 0.0043 0.25 3 3000 0.0116 0.37
3 1018 0.0060 0.32

Table 10 The classification performance of [-Out
the proposed method,

defect (100 kHz,

€=0.001)
AE epochs MSE Max Error
1 736 0.0036 0.21
2 908 0.0036 0.24
3 1048 0.0034 0.19

Table 12 The classification performance of [-Out
the proposed method,

defect (400 kHz,

€ =0.001)
A epochs MSE Max Error
1 397 0.0043 0.15
2 470 0.0048 0.16
3 381 0.0039 0.15
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Fig. 8 The classification result of [-Out defect,
(400 kHz, the method of [8])
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Fig. 9 The classification result of |[-Out defect,

(400 kHz, the proposed method)

Table 13 The classification performance of V-In
defect (100 kHz, the method of [8],

€=0.003)
AE epochs MSE Max Error
1 420 0.0036 0.154
2 549 0.0035 0.162
3 383 0.0035 0.186

Table 14 The classification performance of V-In
defect (100 kHz, the proposed method,

€=0.001)
AF epochs MSE Max Error
1 353 0.0013 0.077
2 210 0.0011 0.069
3 226 0.00093 0.057

Table 15 The classification performance of V-In
defect (400 kHz, the method of [8],

€=0.003)
A epochs MSE Max Error
1 1694 0.0030 0.140
2 1537 0.0028 0.128
3 1690 0.0029 0.136

Table 16 The classification performance of V-In
defect (400 kHz, the proposed method,

€ =0.001)
A epochs MSE Max Error
1 1382 0.0012 0.057
2 815 0.0010 0.047
3 1050 0.0012 0.072

V-Out 7b’tf”‘ﬂEHS‘Jr 31%5 WS AR ATH
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