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Abstract: Focus on the sample imbalance and insufficiency caused by the difficulty to obtain a sufficient
number of fault samples in actual production.A model for rolling bearings by combining Convolutional
Neural Networks and Synthetic Oversampling is presented. The frequency domain signals is used as the
input of the model,and the features are extracted by the Convolutional Neural Network.The new features
are generated by Synthetic Oversampling and the data equalization is realized. The model completes the
classification by putting all of the features into the Support Vector Machine,and the fault diagnosis of the
rolling bearings is carried out.The comparison experiments results show that the method can effectively
solve the problem of data imbalance.
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Abstract: Focus on the sample imbalance and insufficiency caused by the difficulty to obtain a sufficient
number of fault samples in actual production. A model for rolling bearings by combining Convolutional
Neural Networks and Synthetic Oversampling is presented. The frequency domain signals is used as the
input of the model, and the features are extracted by the Convolutional Neural Network. The new features
are generated by Synthetic Oversampling and the data equalization is realized. The model completes the
classification by putting all of the features into the Support Vector Machine, and the fault diagnosis of the
rolling bearings is carried out. The comparison experiments results show that the method can effectively
solve the problem of data imbalance.
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Fig. 1 Pitting development process
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Fig.2 Vibration signals of bearings in different states
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Vibration signals of bearings in different states
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Tab. 2 Result of dimension comparison

R4 10 15 20 25 30
CNN 80.88 84.04 83.16 8298 83.33

CNN-CSMO  87.54 8825 9140 8947 89.65
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Tab. 4 Result of imbalance comparison
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Tab. 5 Comparison result of classifier

n%¥4ik  -10dB -8dB 6dB  4dB  -2dB
BPNN 82.81 84.56 8895 90.35 92.28
SVM 85.09 8895 9193 9228 94.56

RF 82.63 85.61 90.35 91.58 93.68
Adaboost 75.62 7821 8456 8895 91.58
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Tab. 6 Result of model comparison
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CNN-SMOTE 85.09 91.4 93.68

(3) EWrgs abr

DN T R b B AR AN R R AR SR LR 7, A
SR 32 B2 0 M (PC AR N TR BUIARAE . 38
I R 22 D 2 [ I N B B )RR AIE DA R 225 R
FEJG RFEREAT 200 Horhr, SERRRIEEME LR
—6 dB [5G R AT 1, REGALRR 7 AR T P 4
ForE, S RWE 7 s,

XTEE 7(a) 5 B 7(b), BRI TR H IS N

RGTE AR

Journal of System Simulation

REAESE L _EEAS T ARG AR, SRR B 2R T
N LHRERFE. X 7(0) 5K 7(c), & kit
KAE G RHE X 4> R4S 31 T 3k — B4, BB T4

Vol. 32 No. 12
Dec., 2020

FRUET L 152 TT -

Second components Second components

Second components

20
151
10+

| | |
N = =
S W O

401

30t

20

— O 001N N o—

-15 -10 -5 0 5

10
First components

(a) NLIEHUAIRE

15

20

bl
i

—O 0NN N PR WN—

(=}
]

St e,

-10 0 10
First components

(b) CNN FEIHIRFAE

20

%.

-30 =20 -10 0 10
First components

20 30

(c) CNN-SMOTE #2Ht H) - 1iE

7 WS RS
Fig. 7 Analysis of Diagnosis

http: // www.china-simulation.com

Published by Journal of System Simulation, 2020

« 2446 «

40




Journal of System Simulation, Vol. 32 [2020], Iss. 12, Art. 16

3285 12 Vol. 32 No. 12
2020 4 12 A B, S BETRRE AR I fh A A 35 1 AR b2 W Dec., 2020
4 g 2189-2197.

S A A A HE DR A5 R I B A AR B
P F BN SR FEARAN IS 0. X I (7] R
Feth T — PR T RRIE R B R, JRR S
s R 22 ) 288 AH 285 G (VR Bh AR SO 2 W 7 1%
T3 ok A AR 22 I 28 S B T REIE 1) L R I
308 3 o SR SR AT R AR A s S LA 1) 350
b, 5 JE K B A B R A B AN R AT R A — (R
ANZF| SVM 73 288 H 58 FE A 1) 73 28, SEERIE T %
T B 6% TE B AR A 15 167 o 2 v g e 140 12 T 44 A
B, RN/NFERGRAFRIMR .l S5 TSGR
TEFEHT 112 WA 2R R 3 S AR A1 2 B P % 5 27 =)
WY % LSS, 3R AR AL R B A S
g R & dEf R m s, If BB R A 4
(R BT P RE T

ARSI R I, TEREFS . AR AR N
P MBI — & I UR , A R 12 T 25 3 95%
DA B, iR IR M B BRI W Ee . R, Gl
Perm B RFIE SR ANGR ), 4 SR AR IR B S,
R BE S SR EUE 2 H I IER 2 T — D R &
AR ) ) A

S CHR:

(1] PBAgZ, &, THEME. Rk 2 g s H #
ARM]. AL HURE T H A, 2015.

Yang Jianhong, Li Min, Ding Fuyan. Field Practical
Technology of Rolling Bearing Diagnosis[M]. Beijing:
China Machine Press, 2015.

[2] Razavi-Far R, Farajzadeh-Zanjani M, Saif M. An
Integrated Class-imbalanced Learning Scheme for
Diagnosing Bearing Defects in Induction Motors[J].
IEEE Transactions on Industrial Informatics, 2017,
13(6): 2758-2769.

[3]1 SCHGbK, SEENE, SRR, A T O Sl K U
W2 W TR AR (D). B Bk 2E Rk, 2016, 42(9):
1285-1299.

Wen Chenglin, Lii Feiya, Bao Zhejing, et al. A Review
of Data Driven-based Incipient Fault Diagnosis[J]. Acta
Automatica Sinica, 2016, 42(9): 1285-1299.

[4] R4kIE, FH#E, LEM. BT EREEERA WKELM

RIVR BB KPR IZ WT[T]. RGDTH AR, 2017, 29(9):

[11]

Xu Jiya, Wang Yan, Ji Zhicheng. Fault Diagnosis
Method of Rolling Bearing Based on WKELM
Optimized by Whale Optimization Algorithm[J]. Journal
of System Simulation, 2017, 29(9): 2189-2197.

FHMH, FH, DHER 5T SRR IR S)
A2 W) RS E %R, 2018, 30(11):
4413-4420.

Wang Tiantian, Wang Yan, Ji Zhicheng. Fault Diagnosis
of Rolling Bearing Based on Improved Extreme
Learning Machine[J]. Journal of Vibration and Shock,
2018, 30(11): 4413-4420.

R, JEEIRE, SR VR PE S ST AR RS i U
AT BOR 5 Bk (0] S kSR, 2017, 32(8):
1345-1358.

Ren Hao, Qu Jinfeng, Chai Yi. Deep Learning for Fault
Diagnosis: The State of the Art and Challenge[J].
Control and Decision, 2017, 32(8): 1345-1358.

Wen L, Li X, Gao L, et al. A New Convolutional Neural
Network Based Data Driven Fault Diagnosis Method[J].
IEEE Transactions
1557-9948), 2018, 65(7): 5990-5998.

Sun J, Yan C, Wen J. Intelligent Bearing Fault

on Industrial Electronics (S

Diagnosis Method Combining Compressed Data
Acquisition and Deep Learning[J]. IEEE Transactions
on Instrumentation and Measurement (S1557-9662),
2018, 67(1): 185-195.

Guo L, Lei Y, Xing S, et al. Deep Convolutional
Transfer Learning Network: A New Method for
Intelligent Fault Diagnosis of Machines with Unlabeled
Data[J]. IEEE Transactions on Industrial Electronics (S
1557-9948), 2019, 66(9): 7316-7325.

Ewl, ERRE. BT 4G A RS —m RS
T R et FE SO A )], 15 BS54, 2019, 48(3):
285-292.

Wang Shuo, Wang Peiliang. Fault Detection Method for
a Batch Process Based on a One dimensional
and Gaussian Mixture
2019, 48(3):

Convolution Autoencoder
Model[J].
285-292.
2T, B, 1RA&, 5. #T DropOut I H 4L
KB R G HE 2 D). fH] 5 k58, 2018, 33(9):
1662-1666.

Qu Xingyu, Zeng Peng, Xu Chengcheng, et al. DropOut

Information and Control,

Denoising Autoencoder-based Fault Diagnosis for
Grinding System[J]. Control and Decision, 2018, 33(9):
1662-1666.

http: // www.china-simulation.com

. 2447 -

https://dc-china-simulation.researchcommons.org/journal/vol32/iss12/16
DOI: 10.16182/j.issn1004731x.joss.20-FZ0458

10



53285 12
2020 4F 12 H

Fan et al.: Fault Diagnosis for Bearings of Unbalanced Data Based on Feature

RGTE AR

Journal of System Simulation

Vol. 32 No. 12
Dec., 2020

[12]

[14]

[15]

Oh H, Jung J H, Jeon B C, et al. Scalable and
Unsupervised Feature Engineering using Vibration-
Rotor

imaging and Deep Learning for System

Diagnosis[J]. IEEE  Transactions on Industrial
Electronics (S1557-9948), 2018, 65(4): 3539-3549.

Jiao W, Lin S. Overall-improved Fault Diagnosis
Approach Based on Support Vector Machine[J]. Chinese
Journal of Scientific Instrument (S0254-3087), 2015,
36(8): 1861-1870.

Zhang Y Y, Li X Y, Gao L, et al. Imbalanced Data Fault
Diagnosis of Rotating Machinery using Synthetic
Oversampling and Feature Learning[J]. Journal of
Manufacturing Systems (S0278-6125), 2018, 48(4):
34-50.

Hang Q, Yang J, Xing L. Diagnosis of Rolling Bearing

Based on Classification for High Dimensional
Unbalanced Data[J]. IEEE Access (S2169-3536), 2019,
7(9): 79159-79172.

Hassani H, Zarei J, Arefi M M, et al. Zslices-based
General Type-2 Fuzzy Fusion of Support Vector
Machines with Application to Bearing Fault Detection[J].
IEEE  Transactions  on
(S1557-9948), 2017, 64(9): 7210-7217.

LeCun Y, Bengio Y, Hinton G. Deep learning[J]. Nature
(S1476-4687), 2015, 521(7553): 436-444.

Chawla N V, Bowyer K W, Hall L O, et al. SMOTE:
Synthetic Minority Over-sampling Technique[J]. Journal
of Artificial Intelligence Research (S1076-9757), 2002,

16(1): 321-357.

Industrial  Electronics

http: // www.china-simulation.com

Published by Journal of System Simulation, 2020

« 2448 -

11



	Fault Diagnosis for Bearings of Unbalanced Data Based on Feature Generation
	Fault Diagnosis for Bearings of Unbalanced Data Based on Feature Generation
	Abstract
	Keywords
	Recommended Citation

	/var/tmp/StampPDF/COwEMdAZVf/tmp.1688103004.pdf.P7z9O

