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Metal type identification method based on convolutional
neural network and eddy current
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Abstract:In order to identify three types of carbon structural steels whose metallographic structures are ferrite and pearlite. This paper
proposes a metal identification method based on convolutional neural network. Convolutional neural networks can efficiently implement
classification with complex environmental information, ambiguous inference rules, and flawed samples. The metal identification platform
was built based on eddy current non-destructive testing technology and convolutional neural network. First, 8 high-frequency points are
randomly selected from the bandwidth of the eddy current sensor, and the metal information that under each frequency point is separately
collected by this eddy current sensor. Then, this information is imaged through data processing such as Fourier transform and coordinate
transformation. Finally, the identification model is obtained by convolutional neural network. The results show that the proposed scheme
can identify metals without damaging the metal compared to the traditional method. The accuracy of the CNN model for all three metals
increased to 92. 33% , which is superior to the BP neural network (86.20% ).
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Fig. 1 Waveform of eddy current probe under

multiple frequency conditions
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Fig.3 Schematic diagram of coordinate system transformation
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Fig.4 Schematic diagram of multi-frequency point
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Table 2 Data processing results of the first group

SmEME A R B8 A ot i 8 XL/ (% 1072)
fi 0.44  0.44 1.78 2.44  L11
5 7.22 12,22 12,22 13.89 12.22
/3 3.5 3.56  4.89  4.89  4.89
fa 1.78  3.11 444 311 311
F45MnVS
/s 8.89  6.22 88 756 7.56

fs 22,22 18.22 20.89 22.22 23.56
fa 15.11  15.11  13.78 13.78 15.11

fs 1L11 022 1.56 0.22 0.22
fi 2,78  2.78 278 2.78  2.78
£ 7.22  7.22  3.89  7.22  7.22
£ L1111 L1111 111
fi 380  3.89  0.56 3.80  3.89
20CrMnTIH
fs 8.33 833 500 833 833
fo 17.22 17.22  20.56 18.89 22.22
f 12.22 10.56 10.56 10.56  10.56
fs 0.56 0.56 1.11 0.56 1.11
f .67 1.67 1.67 0.00 1.67
£ 6.67 6.67 6.61 500 6.67
/s 0.00 0.00 1.67 0.00  0.00
fi 3.33  3.33  3.33  3.33 1.67
20 54 ,
fs 7.22  7.22 7.22 1.22 7.22

Je 15.00 15.00 16.67 16.67 16.67
fa 10.00  11.67  10.00 8.33 8.33
Js 1.11 0. 56 1. 11 1. 11 0. 56
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Table 3 Imaged results of the first group
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Table 4 Data processing results of the second group

SIEFE P R 1725 £ it P 4 %/ ( x 1072)
h 11 9 11 11 11
f 3 3 2 3 5
f3 6 6 8 6 6
fa 9 9 11 13 11

A 201 /s 20 22 18 18 20
Jo 37 32 35 37 34
f 16 16 13 16 16
Js 5 7 7 9 7
h 9 8 8 9 8
£
£ 6 6 6
fa 12 12 12 12 12

AGH 304 fs 17 15 17 18 18
fe 43 44 46 46 46
f 29 28 31 31 31
fs 14 14 14 14 13
£ 9 10 10 10 10
2 3 3 3 1 3
fs 7 7 7 7 7

e f4 13 11 13 13 13
/s 20 17 20 20 20
Js 48 48 48 48 48
f 30 30 30 30 30
fs 20 20 20 20 20
/i 1 1 1 1
f 11 11 11 8
fs 1 3 3 3
" f4 6 6 3 6

fs 9 10 9 10 12
fe 24 23 26 23 24
f 15 15 17 12 15

Js 1 3 3 1 1
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Table 5 Identification results of the first group

eSS SRR
F45MnVS 0.923 373
20CrMnTiH 0.923 363
20 549 0. 923 342
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Table 6 Comparison of different identification methods

PRk SR IER R %
BP iz [ 22 86. 198 0
CNN 92.3359

ik CNN ALY 257 o 1) 23 $00 G 5 i, [ )y
IR T AN G 8 (kR NN 201 RUREE AN
304) BHFIRIE I, A L5 R 13R 7 Frn, DL 92. 105 9% 1)
SEERGIERSERL T BN TAE, SEIHERR Tz A A
BT BE , [ Asfth aE — 2 130 BH 1205 780 X6 [R] 288 4 T AS [R) 4 A
IR R 4 I8 B B AT DUEAT:

KT F2HMIRANER

Table 7 Identification results of the second group
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