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Abstract

This research presents electrical signal waveforms analysis and classification by applying the principle and
theory of supervised artificial neural network. The input data for training and testing the network were processed
by using Fast Fourier Transform. There are three input variables and one output for the network. From the
experiment to determine the number of nodes in the hidden layer in order to obtain the optimal Mean Square
Errors (MSE) for analyzing signals, the back propagation learning, training function, TrainLM and learning
function along with LearnGDM were used. The experimental result found that the best network consisted of the
optimal number of nodes at 3-40-1, input nodes, hidden nodes and the output node respectively. The transfer
functions for hidden layer and output layer were logsig and purelin function respectively. The optimal MSE
of training process was 1.45E-08. The MSE of the test was 1.54E-08, which provides the highest percentage
of Efficiency Index (EI) in the testing process. The noise levels were added to the input data for testing the
effectiveness of the proposed method. The satisfactory noise levels were not more than 5% of the input data.
From the test, it showed that the proposed artificial neural network can be used in signal pattern recognition as

a means of signal fault analysis and classification.

Keywords: Artificial Neural Network (ANN), Fast Fourier Transform (FFT), Neuro-Fast Fourier Transform
(N-FFT), Efficiency Index (EI), Mean Square Error (MSE)

Please cite this article as: A. Kamlungpetch and P. Inrawong, “Application of artificial neural networks with fast fourier transform for
waveform analysis and classification,” The Journal of KMUTNB., vol. 27, no. 4, pp. 643—653, Oct.—Dec. 2017 (in Thai).
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r  =randn(l,size(data,2));
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pv = datapr,
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ANN [Node] MSE Epoch Time El [%]
No. Input Hidden Output Training Testing Default Best Training Testing
1 3 5 1 2.47E-04 4.17E-04 3000 1642 23.672 99.089162
2 3 10 1 5.34E-06 6.06E-06 3000 1047 15.875 99.986751
3 3 15 1 8.52E-07 1.01E-06 3000 3000 51.031 99.997800
4 3 20 1 4.04E-07 4.26E-07 3000 3000 56.11 99.999070
5 3 25 1 3.38E-07 3.76E-07 3000 3000 63.437 99.999179
6 3 30 1 5.53E-08 2.61E-07 3000 3000 72.343 99.999429
7 3 35 1 6.09E-08 2.27E-07 3000 3000 83.172 99.999504
8 3 40 1 1.45E-08 1.54E-08 3000 2259 73.422 99.999966
9 3 45 1 6.83E-09 1.14E-07 3000 2549 91.765 99.99751
10 3 50 1 4.03E-09 1.81E-07 3000 3000 122.546 99.999604
11 3 60 1 4.57E-09 1.61E-07 3000 3000 147.968 99.999649
12 3 70 1 2.68E-09 1.08E-07 3000 2559 149.844 99.999764
13 3 80 1 2.25E-09 2.58E-07 3000 2087 150.922 99.999435
14 3 90 1 1.88E-09 6.05E-07 3000 2241 193.797 99.998679
15 3 100 1 5.84E-10 3.05E-07 3000 3000 307.375 99.999334
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Model/

Test 61

G2 G3 G4 E1l E2 E3 E4 E5 E6

E7 G5 G6 G7 G8 GY G1 GI2 | G13 Gl4

T8G(0%) 8E-09 | 9E-09 | 7E-09 | 8E-09 | 6E-01 | 7E-01 | 9E-01 | 6E-01 [ 6E-03 | 8E-01

6E.03 | 9E-09 | 8E-09 | 8E-09 | 6E-09 | 4E-08 | 1E-07 [ 8E-09 [ 7E-08 | 6E-08 | 1.6E-07

T8G(1%) 1E-07 | 3E-07 | 1E-07 | 3E-07 | 2E-02 | 2E-02 | 2E-02 | 3E-02 | 4E-03

3E-02

3E-03 | 9E-08 | SE-07 | 7E-08 | 2E-06 | 1E-07 | 4E-07 | 9E-08 | 2E-06 | SE-07 | 3.6E-07

T8G(2%) 9E-07 | 8E-06 | 6E-06 | 6E-07 | 1E-O1 | 1E-O1 [ 9E-02 | 1E-O1 | 8E-03 [ 1E-01

1E-03 | 1E-06 | 8E-07 | 3E-06 | 2E-06 | 2E-06 | 2E-06 | 3E-06 | 3E-06 | 3E-06 | 2.1E-06

T8G(3%) SE-06 | 1E-06 | 6E-06 | 2E-06 | 4E-02 | 5E-02 | 6E-02 | 2E-02 | 1E-02

3E-02

1E-02 | 1E-06 | 5E-06 | 3E-06 | 3E-06 | 5SE-06 | 4E-06 | 2E-06 | 2E-06 | 4E-06 | 3.5E-06

T8G(4%) 1E-05 | 7E-06 | 3E-05 | 8E-06 | 2E-02 | 3E-02 | S5E-02 | 2E-02 | 4E-03

3E-02

4E-03 | 1E-05 | 2E-05 | 3E-05 | 8E-06 | 2E-05 | 1E-05 | 2E-05 | 4E-06 | 1E-05 | 1.3E-05

T8G(5%) 1E-05 | 4E-05 | 3E-05 | 2E-05 | 1E-01 | 7E-02 | 1E-01 | 1E-O1 | SE-03 | 1E-01

2E-03 | 3E-05 | 2E-05 | 2E-05 | 2E-05 | 3E-05 | 5E-05 | 2E-05 | 2E-05 | 3E-05 | 1.5E-05

T8G(10%) | 1E-04 | 7E-05 | 1E-04 | 1E-04 | 2E-02 | 2E-02 | 2E-02 | 2E-02 | 2E-02

4E-02

2E-02 | 1E-04 | 9E-05 | 1E-03 | 1E-04 | 6E-04 | 8E-04 | 3E-04 | SE-05 | 3E-04 | 3.4E-04

T8G(15%) | 2E-02 | 2E-03 | 1E-03 | 3E-02 | SE-02 | 3E-01 | 9E-02 | 1E-01 | 9E-03

9E-02

SE-03 | 6E-03 | SE-03 | 8E-04 | 2E-03 | 1E-03 | 9E-04 | 1E-03 | 2E-03 | 3E-04 | 4.0E-03

T8G(20%) | 1E-02 [ 2E-02 | 1E-02 | 6E-04 | 4E-01 | SE-O1 | 6E-01 | 4E-01 | 6E-03 | 4E-01

6E-03 | 1E-02 | 4E-02 [ 2E-02 | 1E-02 | 2E-02 | 1E-02 | 3E-02 | 8E-03 | 8E-03 [ 1.7E-02
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