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Fault Diagnosis of Small Sample Bearing Based on
Hybrid Self-Attention and Twin Network
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(1. State Key Laboratory of Public Big Data, Guizhou University, Guiyang 550025, China;
2. College of Computer Science & Technology, Guizhou University, Guiyang 550025, China)

Abstract; Aiming at the problems of poor diagnostic accuracy and poor generalization of traditional deep learning algo-
rithms applied in rolling bearing fault diagnosis under small sample conditions, a small-sample bearing fault diagnosis algo-
rithm based on the hybrid self-attention mechanism and twin network is proposed. Based on the twin neural network struc-
ture, this paper constructs an input twin network for bearing samples of same and different categories, and extracts the fea-
tures of samples with the help of one-dimensional convolutional unit, and then, the position self attention mechanism and
channel self-attention mechanism are used for matrix fusion to construct the hybrid self-attention module, which extracts
more discriminative feature information. In the distance metric stage, an adaptive network metric is used instead of commonly
used Euclidean distance metric, and global mean pooling is introduced to reduce network parameters. Experimental results
show that the accuracy of the proposed method is 88. 2%, 94. 7%, and 96. 2% for the fault samples of 9, 15, and 30 in each
category. Compared with other methods, the proposed algorithm has high diagnostic accuracy for small samples and better
generalization performance.
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PERE 13 MR MESSE, B 1 A ERERR, 8 AN AT
P43 5l AR 5 A 1 SR e R R BOHE R BEAT A SE . JR A
AEHEE MR #ET (900 rpm. 1 500 rpm) Y
SRR R EAT I UE . MR AL AR N TR L B A
RSl A RS R AR SRR R . R 4 B D T X B 2R Y
SERAF E . A SR /N 2 048 A s Bl g0 HEL 80
A R A K Bl R A R AS L A T T A 2
HRHFE 20 BEAS, $RHR 7 ¢ 3 K B R0 43 Sy I R A RN I
AR SEIR R OR MO 1 2R A W 4% DL & CRWU Hds 48
FIE ) WDCNN, LSTM-CNN FI ISNN Jy & i 47
XoF Ll 36 ik i £ 5 vk Bz A M RE .
R4 NI B 92 b e s i 7R 5

WA, WA SO B ER R A 94. 5% F1 92. 8% . MEARERS
FH A Iy 2 RN A ik 48 T ol AR fb ik, oAy
BoW Pk RE A 15 T 25, JU H 2 LSTM-CNN FiI 25 4 [
Z%., 7£ 1 500 rpm—>900 rpm & FUEH K O LM T
80 % . 1M F B i) WDCNN Al ISNN 1 H 45 83. 9%
82,70, MIASCH B HE T 89. 4%, & T HAh
H, BRI, #1500 rpm—>900 rpm K24, 2=
A W 45 FI LSTM-CNN fE Ay 2% 48 ik, U A 81.9% Al
81.4%, ISNN Ml WDCNN i #E 5 & H 88.1% Fl
85.6% ., MASC I ILIZWIRIE R 92. 7%, MR 4R
B, AR EG Ay 2k HE AR R T BRI B A . UT R
L8ANT 4y . M L Ear B, A SCO7 vk AR B 3L A Oy
W R T RAFMZALTERE, RROSAT LI BLES T 00
AR R A R

3.4 HBLSCIE

S e P [— T BRI U i o HAS B H {22 ) 2% B
KAOL OR electrical discharge . SRR X AR AR Z5 TR SRR 2 B B S e R R . AT HE
KAO3 OR electric engraver 2 CWRU HlREdi 5 b 3 4R 4l AR SR 2 W7 52 30 8 617 18
KAO5 OR clectric engraver 1 Fhszgy, BAIH 60, 150 F1 300 YN RAEAS (A BR 5 iR
KA07 OR Drilling 1 AT YNGR . ARALE B2 o 5k o Oy 28 A 9 2% % i) IR R
KAO08 OR Drilling 2 B o HEUERE AE 52 B 2% Sy R Gk HAS ) CNN ¥ 45,
KI01 IR electrical discharge 1 HR LI A R ANk 6 iR,

K103 IR electric engraver 1 # 6 JHELSLLER

KI05 IR electric engraver 2 (%1} 60 150 300
Koot Healthy - 0 CNN-+ i B B (Baseline) /% 66.3 | 74.2 | 82.9
KA04 OR fatigue: pitting 1 CNN+ 12 W % / % 70. 6 79.7 85.5
KB23 | OR+IR fatigue: pitting 2 CNN- HAS+ WL B/ % 752 | 88.1 | 90.3
KB27 | ORTIR Indentations ! CNN-+HAS+M I % (A5 / %) 84.8 | 9.7 | 96.2
K104 IR fatigue: pitting 1

3.3.2 Sue o #r

FHEEARFK S Pron. 900 rpm—>900 rpm F xR H
900 rpm A% T 4 il 7R i B BB 1 O U2k 4, 900 rpm
Bl T A B Al £ A

5 AR LR %
" 900 rpm—> | 900 rpm— | 1 500 rpm— |1 500 rpm—>

s 900 rpm | 1 500 rpm | 1 500 rpm 900 rpm
LSTM-CNN 84.6 81.9 81.4 79.8
WDCNN 87.1 85.6 83.9 82.7
ISNN 89.9 88.1 86.2 83.9
AR ) 2% 82.7 81.4 81.5 78.5
AT 94.5 92.7 92.8 89. 4

MELH SR T LU . 5 Y0 R4 A0 IR 4 T 00
AR s BT A T R ME R RIS B T 800 L B AR
A% . LSTM-CNN Hl WDCNN J7 % 2 Wi 85 )% #5 8
%, R BUEAF 9 ISNN J5 ikt A7 89. 996 Fl 86. 2 i ifE

NS5 285 BE AT DA A B B A R B R 43 28U
R, AUFEFRAE B2 B 4 956 HSA #iH )5, 60, 150
300 MHEAGE LT HER R A 10 A H 24 R T
T AU T A 2 2 AR BB B LA S . 60, 150 A
200 MREAIE B0 T HEH R B4R TH T 4.3, 5.5, 2.6 4
AR BETHA TR BN Pk A R e o
AR T AR I A TP 265 Bt S ) R AE i T L [A)EIAC
PR S 7E 60, 150 Fll 300 AMAREAE (LT i 4875
B TRRET, B MR E T 20 NE 8. A SR E
BEHRY 33 P A AR 1) i A RE 6% B S % 5 R 2 DR ) o
R, A R SN AR 1l R 2

R TSR0 O0 M S BT T AR B e B, FRATTZ
TR G 2o B b U S 3 4RI 5 o o S 2, Il 7
FTR .

M7 RTLLE 1, R AR B A SO
A A PR IR B RRAE . 45 B4 i R I2 W R, . T AR
M HAS 8% i 28 0 25 % 1 1 2 (0 32 THER AR K, B
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