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Bearing Fault Data Generation Method Based on WLT-ACGAN

JIAO Huachao SUN Wenlei® WANG Hongwei
Intelligent Manufacturing Modern Industrial College,Xinjiang University, Urumqi, 830017

Abstract: Using data generation method to generate high-quality data which made time-domain
and frequency-domain features consistent with the real signals of bearing faults, and constructing bal-
anced dataset, were of great significance for the establishment of an efficient diagnostic model of bear-
ing faults in the case of data imbalance. In order to address the limitations of the existing data genera-
tion methods, which focused on a single feature in time or frequency domains, WLT-ACGAN was
proposed herein. Firstly, a WLT network was constructed with a multi-layer neural network based on
the principle of wavelet transform. The wavelet transform and inverse transform were simulated, and
the mapping relationship between time-domain signal and frequency-domain signal was established.
Secondly, the WLT network was embedded into ACGAN model as the primary component of model
generator. Finally, two discriminators were constructed with different functions, enabling the im-
proved ACGAN to learn time-domain and frequency-domain feature information of authentic bearing
vibration signals concurrently. Experimental results show that the bearing vibration signals generated
by WLT-ACGAN model exhibit consistent time-domain and frequency-domain features with those of
the actual bearing vibration signals. Furthermore, the fault diagnostic model constructed with the bal-
anced dataset augmented by the generated signals exhibits a high degree of accuracy when the data are
imbalanced.

Key words: auxiliary classifier generative adversarial network (ACGAN) ; wavelet-like transform
(WLT); bearing fault diagnosis; data generation
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Fig.1 Schematic diagrams of GAN and
ACGAN architecture
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Tab.2 Comparison of statistical indicators of the

generated samples(test 1)

I Giit e i
B MMD WD
T-ACGAN 0.017 0.014
F-ACGAN 0.014 0.010
WLT-ACGAN 0.010 0.007

3.1.6  #&F TRTS & £ B4 A KB F 14
R TS RO VAR AR UE S B AR
SR I 25 A R 4 3K (train real teat syn-
thetic, TRTS) i AR, 50 51F A& 1 450408 xof 44 2 12
WA R (Y 52 . FR T X Bl A RS 3 A sk A T
L MO 2 2 88 %) H = B ACGAN 2B {5
SRR, AR S L IDCNN [/ 45 Sk 3 fil ¥ 48
B2 TR AR IO 208 45 A I S S o 4 i A
— Y AF S PR URRE S5 AT SRR 432, B S DA
2DCNN 9 £ “hy 5 il 1 S 50 512 DB 5 780, [ 9% 2%
LR LB e NG e 7 S S
TRTS M4 AR A R PEAG S5 SR I3k 3 FioR .
#3 TRISAESEEREGIE D

Tab.3 TRTS method classification accuracy(test 1)

. 1DCNN 4228 2DCNN 4326 4%
%;.2 BT ncean| WET B L caan | WET
i ACGAN | % ACGAN
0 98.1 97.3 97.9 | 98.6 97.1 98.2
1] 99.3 98.2 98.5 99.5 98.4 98.9
2] 91.9 85.2 88.3 | 89.9 86.3 88.4
31 99.5 99.2 99.1 98.0 95.3 96.1
4] 98.7 97.8 98.1 | 98.4 97.5 97.9
51 98.3 97.2 97.5 97.8 94.8 96.3
6] 99.1 98.3 98.4 | 98.3 95.6 98.2
71 90.7 85.2 88.4 | 91.4 87.1 89.6
8| 91.3 85.5 87.8 | 90.9 86.3 88.7
91 91.1 86.3 87.9 90.4 86.9 88.3
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Tab.4 Imbalanced data test dataset

V- EH I - RS
e s A e

L1 FHE | AR FS R
5:1 400 80 320 100
10:1 400 40 360 100
20 1 400 20 380 100
40+ 1 400 10 390 100

MR 56 25 B B B AS A7 L ) B R
2 Wi BURE B2 AR AT B T B, B B B9 & ADASYS
TRET31.1% . X 2l T A3 FSMOTE i &
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Tab.5 Imbalanced data fault diagnosis classification

accuracy(test 1) %

A1 L A5
5:1 | 10:1 | 20:1 | 40:1
i 61.3 43.2 36.3 33.1
ADASYS 83.4 72.5 63.6 52.3

Aif ok -

SCAE-ACGAN 91.4 87.8 81.1 76.2
STFT-SACGAN 91.2 85.9 83.3 78.9

A3 I, — -
TRA-ACGAN 92.1 88.3 85.1 80.7
WLT-ACGAN 93.4 92.2 89.8 86.3
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Tab.6 Simulated faulty bearing parameters
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ZH iz
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Fig.11 Experimental data time-domain waveform graph
FEARHY A 25 5 BRI 7, IR AT LA
WLT-ACGAN ML T 5Ll 1 B S 00 387 3%
5 LT ) 22 5 BN AR RO AR T AR
R7T ERBEERZITERY G 2)
Tab.7 Comparison of statistical indicators of

the generated samples(test 2)

) Gitda e
MMD WD
T-ACGAN 0.017 0.015
F-ACGAN 0.014 0.013
WLT-ACGAN 0.013 0.009

3.2.3 #F TRTS & 4 i 4 4 5T 8 W1
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Tab.8 TRTS method classification accuracy(test 2)

= 1DCNN 4 2% ¢ 2DCNN 4324 2%
7
| 2% pacean | TS g cgan | T
&I ACGAN | #¥5 ACGAN
0] 93.7 90.8 92.9 94.5 90.8 93.3
1924 89.1 91.8 | 93.4 90.2 93.0
2] 92.8 90.0 92.6 94.0 90.6 93.5
3] 94,5 91.9 94.7 | 95.6 93.2 95.1
41922 88.5 90.6 93.6 91.3 93.3
51 90.8 87.3 90.3 | 92.2 88.7 91.5
6] 91.1 87.7 90.5 92.8 90.1 92.5
7| 88.5 84.1 87.0 | 90.3 85.8 88.4
8| 82.8 78.3 81.9 | 84.1 80.6 83.4
9| 85.2 81.2 83.7 | 86.4 83.4 85.8
10| 78.9 73.0 77.8 | 79.7 75.9 78.4
11| 78.1 72.5 75.3 | 79.9 74.6 76.7

3.2.4 AT K PE AR B IS W 3K SRR B
5 CWRU £l 4 30 55 5 % — 30, B UE A
BB Ll 55 1,10 ¢ 1,20 ¢ 1,40 = 1,43254%
BUNFE 9 FR,
9 FEHBERESLABEGIR 2)

Tab.9 Imbalanced data fault diagnesis classification

accuracy(test 2) %
ANF-Hif L A1
5:1 10: 1 20+ 1 40+ 1
RS- i 56.9 39.2 34.7 30.2
ADASYS 77.5 70.4 61.1 48.2
) 2
SCAE-ACGA 82.7 78.4 71.1 62.8
Wik STFT-SACGAN 83.9 78.3 70.8 61.9
it I
g TRA-ACGAN 84.3 79.5 73.2 65.6
WLT-ACGAN 85.7 84.1 78.3 71.2
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