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Bearing Fault Diagnosis Based on MCNN-BiGRU-Attention

CHEN Yue-Ran, MU Li
(School of Computer Science, Xi’an Polytechnic University, Xi’an 710048, China)

Abstract: When the traditional fault diagnosis method is used to judge the bearing fault, there are sorﬁe ﬁroblems such as
insufficient feature extraction, incomplete use of time sequence characteristics, arnd complicatedsealculation. In order to
solve these problems, a combined diagnosis method based on a multi—scale‘co(nvolutional neural network (MCNN),
bidirectional gated recurrent unit (BiGRU), and attention mechanism is proposed in this study. Firstly, MCNN is used to
extract multi-scale features from signal data, which realizes fufthér extraction of features in terms of spatial level.
Secondly, the BIGRU network is used to obtain _sequential relations from positive and negative directions in terms of time
level. Next, an attention mechanism is introduced to ignore some information that is not relevant to the results and reduce
the risk of information lossito improve accuracy. After mapping is created through the full connection layer, the bearing
fault diagnosis is ﬁnailly completed through the Softmax classification method. In this study, LSTM model, GRU model,
SVM model, CNN-BiGRU model, and other models are compared through experiments, and the experimental results
show that the proposed model has higher accuracy than the previous models. The accuracy of fault diagnosis in a single
working condition reaches 98.1%, and the average accuracy of fault diagnosis in multiple working conditions reaches 97.8%.

Key words: bearing; fault diagnosis; multiscale convolution; attention mechanism; bidirectional gated recurrent unit (BiGRU)
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W R B 155 5 1 AT PR3 R, OLPT ONIN AT 9124,
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H B MRS T — S B, AT S
PRBL T B i R FEE YR T RNN R
rh L AR . RINN B R A vl T BKIIN F 56 3R
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BB R 2 TR . KA T AZ %% (LSTM) fEJ9RNN

oA, AROCREEE Lo 7 b SRR AR 2R OB 52 i
g2 N 13 2 URAE A LSTM R 901%5, 52
B S I, (I LS TM RS IR0 = T THLA, T 5t
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1T T bR, 45 501, {# ] MCNN $2 BURFAE HE CNN #E
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YL T VAT 15 ) attention AL, (475 506 45 JURS
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0, Tl AR ) T SN 2, 4 AT 45 o 2 —
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TR ot 7 4 TR T 2 S . SR Y £ £
16T, 05 7050 AU A8 1) 2 FRSAE A EF S0 8,
e i L AR X X (% L S, AT
BT A4 R, UMK, J4HRaD(E 5 MCNN
HEAT I S (AR AE SR, B R R R S A A 4R
HUREE FER A, FLUCHN 5 MRS T 384, 485 F BiIGRU
o128 D0 £ AT YNGR, AT G AN 7 16 44 0 £ e A
HEAT IR 045 4238, 183 attention LA, 4 T
IR S 7 PR, (R L 545 5, S22 W] MCNN-
BiGRU-Attention F7 12 W7 (1140 5 R B 56 167, Ykf 26 B 1.
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H N8 e 0 KN, VEDFRIR 2[5 125 j A&
iR ERAEE N
1.2 [HEEIFET

I T35 PR BT (gated recurrent unit, GRU) /& 7E
LSTM (%6t b istbimk!”, Bk 7 LSTM [y 45id, 15
3 GRU BRI NG M = 1450, TR R AEHSEE
PN, BB T SRR 2GR, B8 171 ) m] BAZR HY
IS R, HAMEZE A 7 RNN ] LLAL I A] 77 51 1) B
71, IBHELE T LSTM Refe KARFE B 7 41 it K it A7
TE Y Aofs 0 U B B Y 2 ) R, [ g 5% 30T 5 S 11 3 2
REJJFE 3. GRU 45l 1 Fos.

1 GRU 122 R & 551 45 1) 1K

Sof 1 24 1 I A 2B 4 N AN a2 R
GRU Wiz B0 %R,

ur = f(Wy-la, he-11) “4)
re=f(Wy-lay, hi—1]) (5)

hy = tanh (W - [ay, r; ® 1) (6)
he=[(1=u) ©Ohy_11®[u; O 1y | (7)

o, Rl 55 50 24 i 280 56 AT E 4 A
B A, b NGB BRCIRAS, FH SR H I 2470 i %0 A SN
IRASFE F TR, h R BORES, 10 5, (0 HEE 0,
U BROIRZS 2 BN ORI ¢ I 202 /T AOAE 8, Bz WAk i
WERRUIRZS, £ B0 B AL, W A R B RE R

GRU 2 M 48 [ 48 5 1] /& M2 2047 1Y, BIVIE [l 4%
F&. T 1 RE NS S HERR AR IS 5 2 TR AE I 5K
B, B R S r R AE S, B SINa] 263 5
JG, Bl BiGRU (bidirectional gated recurrent unit).
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Attention AL AR BT T NKAEF B HEAL H

THIN, £ B ey 7 1) ) 1 v B B A5 8., i — Sk R B
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FEFRIER, N 2445 T 5 E B, DLk B KAR A
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512 MCNN-BIGRU-Attention 45 {477

A \(1) MCNN: £ X HFM L M4 (multi-scale con-
volution neural network, MCNN) s& CNN FIZ4&, #i
EE CNN B 05 R IR RFAE SR BCRE 7. FLAS AN [F] RS
BRI R EAT PR . A A TRORAL, Ay
DA N R A R, IX AR ) 4 Ak 2, AN [A) RS 8 A
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S AR EE R, FIX SR AE 2 ok, AR 2 R
HRFAE. 13 2 REE R IE AT U 25, Has R E T 5
— BRI X 28 BB ARAE, A2 R P 3t Ak, Jak
INSHE.

(2) BiGRU: 4 #E& J5 FIHF1E A 2 BIGRU M 4%,
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4 4l AR 14 7 2 i PR B, 4RI BIGRU
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B oeyE HE S BRCE. TR FEE WK 4 Fis. Atten-
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T
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BRI A 4x 1, BN EON 20, BOE %0k A
ReL U™, I 75 26 R AFZHLER 43, BIGRU 19 4% [¥1 3805 o
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A

B 1 FEA n

5 KFRER

R FEAREHE
o VIZRE MR FEA
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[

HpE bR

*'¥
Z55]  (inch) #4IE (pm)

0 0.007 . M 500 100 2048 1750-1797
1 0.007 418 500 100 2048 1750-1797
2 0.007 Wik 500 100 2048 1750-1797
3 0.014 7 500 100 2048 1750-1797
4 0.014 A 500 100 2048 1750-1797
5 0.014 Wik 500 100 2048 1750-1797
6 0.021 7 500 100 2048 1750-1797
7 0.021 A 500 100 2048 1750-1797
8 0.021 Wik 500 100 2048 1750-1797
9 IEH — 500 100 2048 1750-1797

1 dropout K4 BIGRU I ZRid 1l &, 2% > K
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B RR GRU B A S, GEHIT %S, 5
GRU MR LL, YGRS BT, SR ) 2 50 .
CNN 2514 1#) CNN-BiGRU #5284, FH LT 58— X £ 455 70
R U AR SR A, aX 2 H T @ CNN 7R 25 1) 2
HURFE, 833 BiGRU fE R 8] )2 1 S BURFAE, & 4H&
(AR AIE 32 U8 SR B G T B — AR {2 I R )t 2
[Al Lt 38 1. 5 CNN-BiGRU #H kb, MCNN-BiGRU i+
K 2 P [F S BUZ SR BURFAE, ORAUE T 4R AE 1) 4 T
R E M, 2 Wk FE S . AR SO 1) MCNN-
BiGRU-Attention 7R H b iR AL, I ki 8] 5 HiAth
HEMTAEZTCL, HHE R R, et 2 RIK, A
EaF R faer 4, WER T 51N attention ML 5, A SCHEH
(RS R Sl 7 B 2 W 7 THT A ) B A PR 2R

R 2 N[FIRRE L R 2 0 L

L HERIE (%) bRz
LSTM \ b 79.5 2.78
U 86.3 1.54
BiGRU 90.6 0.96
CNN-BiGRU 95.6 0.62
MCNN-BiGRU 96.2 0.25
MCNN-BiGRU-Attention 98.1 0.18
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06 t [ !
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a 03 |
E 9
,06 1 1 1 N
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