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Fig. 1. Laboratory rotating machine for data recording
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Fig. 2. Kalman filter algorithm process
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2 time-varying
3 time-invariant
4 Channel distortion
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Fig. 3. System signal sample and its noise reduction for (a) Healthy system (b) System with bearing ball
fault (c) System with bearing outer ring fault (d) System with shaft unbalance fault

D9y IS0 i uonal 5 e Sy jop 5

038 2bjng b JiSew 5 kol GlaJiSew 5l oo Jlie ¥ S5
ol ) oS polailen e Gialed 1y Giag ol 2 ellS pkd Lawgs
Pk pSolsl OVols gi uil)lgsS dx e sl pasuie S5
G389 5 5SesS ojlul (gLl oad (albjng JUSw 390 43S )l )
9 GRS Sl am 5 U o JUSew g il 50 ¥ JSD 09800 g8
ool asein ¥ SS j1 a8 jghailan a3 oo ialed |y (ol il bawgs
g chend o8 GRS Sl am Y (sla 388

o U (595 3 o0d pbil g ialS 13U 588> (w)p lp

MXp sl b JUS glogel s ple S 55 H coles s 0l 00 Y(m1)

rom|
i S JUSew 59y 2 ol il Al 4 da g b gy cnl 5

04 D)l e (€503l SYlro )D 3393 D9u o (1B,8 Wau o Jlas]
So JUSw Jao 5293 b baye (uiljlesS pel)ly jskaie cul sl ol
R illg95 eyl (glys (65503005 co¥oleo )3 cawl odds 48,5 Jlas )
bs g xS yguo 4 o 390 ol 5| (88> SleMbl aSi) 4y v g5 b
Slp R Jlade ol @8ly )5 .l oas 031> /YO g /0 ¢ +/YD Hlide du

R ol )yl oas a8 )5 JLa5 13 jguir 43 o (65031051 JiKew g3

VEYA



VEEY B AFYY doio VFY Jlo VY 05l DO 095 ¢y ool SilSn suodio 4y

12 Hz Feeding Frequency & R = 0.5

—63
i
g
z
E
G
&
z
&
—— Main signal
—— Denoised signal
=73 T T T T T T
0 100 200 300 400 500
Frequency
(<)
30 Hz Feeding Frequency & R = 0.75
£
b
=
2 -12
2
d
&
z
£
—— Main signal
—— Denoised signal

. . . . . .
o 100 200 300 400 500
Frequency

(4)

10 Hz Feeding Frequency & R = 0.25

74
F -1
g
=
E =76
&
E
g—ﬂ
o
£ -8
o] — Main signal
—— Denoised signal
—-B0 T T T T T T
0 100 200 300 400 500
Frequency
()
20 Hz Feeding Frequency & R = 0.5
g A
=
g
i ‘
w —60
H
a
|
\ '
p
£
—— Main signal
—— Denoised signal
—10

| . , . . .
o 100 200 300 400 500
Frequency

(z)

(2) QBUL qoalu s b i () ol aitaams (A1) 33 (a5 iled bansgi 595 RIS 51 sy lgF i (IS ol P JSS
alo 5399 VLU e b e (3) UL ()1 Sy ) cue U obannpes

Fig. 4. Power spectral density changes after noise reduction by Kalman filter in (a) Healthy system (b) Sys-
tem with bearing ball fault (¢c) System with bearing outer ring fault (d) System with shaft unbalance fault
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Fig. 5. Maximum Signal to Noise Ratio in different signals of each sensor after noise reduction by Kalman filter
for different measurement covariance
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Fig. 6. Healthy system signal at 14 Hz motor feeding frequency and noise reduction for cut-off frequency (a) 850 Hz
(b) 750 Hz (c) 650 Hz
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Fig. 7. Power spectral density changes after noise reduction by low-pass filter in healthy system signal at 14 Hz
motor feeding frequency
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Table 1. Features of the time domain
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Table 3. SVM network accuracy results
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Table 4. Multi-layer perceptron network accuracy results
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Table 5. AlexNet network accuracy results
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Table 6. Inception network accuracy results
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Fig. 8. Confusion matrix for AlexNet neural network in noise reduction mode with covariance 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
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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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Fig. 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, (¢) division 3, (d) division 4,
and (e) division 5
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Table 9. The accuracy results of the AlexNet neural network training using the data obtained from the

Butterworth filter
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