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The classification of experimental data using artificial intelligence requires the transformation of time series data into images before
applying Al algorithms. This study explores defect classification in pulsed eddy current (PEC) experiments through a convolutional
neural network-based Al imaging algorithm, which processes defect information presented in serial format. Time series data obtained
from PEC experiments were analyzed to compare the performance of various imaging algorithms. PEC is widely employed to detect
defects caused by corrosion under insulation (CUI). To simulate CUI conditions, a 10-inch-thick pipe was machined into a five-step
configuration and covered with 50 mm of insulation. Five imaging algorithms—Continuous Wavelet Transform (CWT), Gramian
Angular Summation Field (GASF), Gramian Angular Difference Field (GADF), Markov Transition Field (MTF), and Recurrence Plot
(RP)—were evaluated. The ResNet50 neural network model was utilized to assess the performance of these algorithms using
Validation Loss and Test Loss as learning indicators. Among the five imaging methods, the CWT algorithm demonstrated superior
performance in defect classification. This study contributes to enhancing Al-driven defect detection techniques by evaluating different
imaging transformation approaches and identifying the optimal algorithm for improved classification accuracy.
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Fig. 1. (Color online) Test section of the insulated pipe (diameter of 10 inch) in the PEC experiment. (Specimen was machined as step
configuration to simulate the corrosion under insulation in the pipe).
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Fig. 2. (Color online) Typical PEC signal (a) integrated coil sensor signal (b) flux gate sensor signal. (PEC signal were measured with coil and flux
gate sensor which is represented as an integrated and differential form).
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Fig. 3. (Color online) Time series feature representation by (a) CWT,
(b) GASF, (c) GADF, (d) MTF, and (e) RP.
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Table 1. Performance evaluation results of different image-based algorithms for PEC defect classification using CNN.

Test No. Train accuracy Validation accuracy Test accuracy Train loss Validation loss Test loss
CWT 01 1.000000 0.990000 1.000000 0.003978 0.039869 0.004603
CWT 02 1.000000 0.985000 1.000000 0.000185 0.041449 0.001375
CWT_03 1.000000 0.970000 0.990000 0.000235 0.077668 0.011448
CWT 04 1.000000 0.980000 1.000000 0.001670 0.033858 0.003305
CWT_05 1.000000 0.965000 0.990000 0.000236 0.111799 0.033451
GASF_01 1.000000 0.945000 0.970000 0.003930 0.172700 0.073221
GASF _02 1.000000 0.950000 0.950000 0.003258 0.188329 0.068447
GASF_03 0.995714 0.945000 0.980000 0.025817 0.174351 0.083185
GASF 04 0.997143 0.0940000 0.950000 0.023620 0.233243 0.100961
GASF_05 1.000000 0.965000 0.950000 0.001414 0.164556 0.103915
GADF 01 1.000000 0.975000 0.970000 0.000689 0.098340 0.051185
GADF 02 1.000000 0.960000 0.970000 0.000370 0.099628 0.051903
GADF 03 1.000000 0.970000 0.980000 0.003935 0.093364 0.070134
GADF_04 1.000000 0.965000 0.970000 0.011957 0.118128 0.067945
GADF 05 0.998571 0.955000 0.950000 0.015272 0.131853 0.110124
MTF 01 0.802857 0.450000 0.460000 0.468434 1.406624 1.571996
MTF_02 0.915714 0.540000 0.500000 0.268936 1.270835 1.430008
MTF_03 0.888571 0.575000 0.480000 0.308199 1.272887 1.396800
MTF_04 0.645714 0.505000 0.510000 0.910787 1.396989 1.365370
MTF_05 0.857143 0.540000 0.520000 0.388421 1.212362 1.407177

RP_01 1.000000 0.980000 0.980000 0.001855 0.085707 0.049096

RP_02 0.995714 0.990000 0.980000 0.019505 0.058012 0.032622

RP_03 1.000000 0.995000 0.990000 0.001055 0.046751 0.011192

RP_04 0.994286 0.980000 0.990000 0.026327 0.066593 0.039558

RP_05 0.995714 0.980000 1.000000 0.030838 0.067115 0.029619
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