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! Empirical Mode Decomposition
2 fractional Wavelet Transform
3 Unscented Kalman filter

4 Machine Learning

3 Support Vector Machine

% Convolutional Neural Network
7 Multilayer perceptron

8 Stockwell transform
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! Fast Fourier Transform
2 Alternating current
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Figure 1: Laboratory rotating machine for data recording
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Figure 2: Kalmanfilter algorithm process
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! Bayesian recursive least square error
2 time-varying

3 time-invariant

4 Channel distortion
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! Signal to Noise Ratio
2 Butterworth
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Butterworth Low-pass Filter Order 4
with Cutoff Frequency: 850 Hz
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Figure 7: Power spectral density changes after noise reduction by low-pass filter in healthy syst
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Table 3: SVMnetwork accuracy results
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Table 4: Multi-layer perceptron network accuracy results
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Table 6: Inception network accuracy results
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Figure 8: Confusion matrix for AlexNet neural network in noise reduction mode with covariance R =0.5 in measurement
noise in division number 2 for (a) training data (b) validation data (c) total data
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Table 7: Mean and variance of accuracy.for the validation data for each classifier's training according to different
Kalman filter noise reduction mode

. Fhed 5195 palS riled 3193 S Fhed 198 Sl .
Rg ool gon Rg gl Y g5
R=/Y0 Lods R =ub L g5 R =+/¥d L s

. .. . - . - . .. . _. o )
owobyly wSle wilsly el wilyly eSleet ilgly el wibyly (Sl -
S
Mo ile
e YA Ay - e V¥ “/AYY oYY -JAFY N 2 NEA oYY AYY
leseh 300 efeeed SAYDefees¥ G AFA efe¥ BATA L efeeed “JAFY ?usfw)i
4
of++\Q +/aFA ERAR! AN A ofe«Y¥ «/aFA oo \A <Ay eV +/afFf eled!
ERRIN +[200 EERYN YL YAYA el e\Y +[2%) eleee¥ +/429 ERRYN +[AOA R

a8 pild g il cdlo p0 50 boudy IS S (sl Ghjgel 5o (2l slaeols s (il )ls §10nSiken :A Jour

Table 8: Mean and variance of accuracy of the validation data for entire classifier's training according Kalman filter
noise reduction mode
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Figure 9: ROC-AUC diagram for the AlexNet neural network in noise reduction mode with covariance R =0.5 in the
measurement:noise for all training and validation data in (a) division 1, (b) division 2, (c) division 3, (d) division 4, and (e)
division 5
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Table 9: The aceuracy results of the AlexNet neural network training using the data obtained from the Butterworth filter
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Investigating Noise Reduction in Signal Analysis in
Rotary Machines Fault Diagnosing by Neural Network

Hamed Pourhashem, Ali jamali', Nader Nariman-zade, Ali Chaibakhsh

Faculty of Mechanical Engineering, University of Guilan, Rasht, Iran

ABSTRACT
Fault diagnosis of mechanical systems is of special importance for better system performance as well as its

protection. In this work, a rotary machine laboratory system is used to generate signals. The obtained data are
placed in the pre-processing process. In this article, to improve the performance of signal analysis, the combined
analysis methods using signalfeatures and Kalman filter are proposed. First, the Kalman filter is used to reduce
the signal noise. In the following; for.signal pre-processing, the features of the signal in the time domain and
frequency domain are suggested, which have been used as one-dimensional signal pre-processing. In the
following, several neural networks such as support vector machine, multilayer perceptron, and convolutional
neural networks have been used to analyze the obtained features. To check the results, the data is divided into
training data and validation data. Accuracy results for validation data are examined in different methods. The
results indicate the better performance of the AlexNet convolutional neural network in the presence of the
Kalman filter noise reduction. In this case, this networkshas reachedan average of 96.1% accuracy for validation
data, which has been improved compared to other classifiersiand fault diagnosis without noise reduction.
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Fault diagnosis, noise reduction, Kalman filter, neural network, signal processing.
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