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T end for
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9. end for
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SR
MultiHead(Q,K,V) = Concat(head, ,-+- head,) + W’
head, = Attention(Q + WY - K - WE, V- W)

T

Attention(Q, K, V) :softmax( Qm ) )
(7)
o, SRR W! e B et W e R T WY
e R dmeid W) g R el p BSLRRR, 4, BE
WA R T o 8 ] B X — 20 2 8 355 28 BB
BOREENTTRREER Q b, BEMEGITaBE
[ K f1V o, Concat pREH T8 Z L ERE I
BAFIAHTH . softmax pREUH FIRBEMAE,

— BB 3 A —4E B PR AL, # A i
B Mg TR EMNZ L A R AL s
b B rpRIBUBG MR B A, [F) IHZ R AR TR i B Y
BN ELA 0 BEAR G, BT LAAS S A 3 A — 4%
Rob R 1 iR g3 223k B i & I HL 9% i
ik,

TR SN Bl R RF IR 56 BE 8048 28 3 Transformer 22 46
MG, BG Bt 4 &Argmax ZAEHE, %2 X
Transformer JZ24i 1 B AT 7] 4R AERE P A 20 BREE SR A S
] FRAIE AR P AL B 5 SR AT AR Lot i, 15 B e &
B TR SRl AR SR AR U S5 R
2.2 BA—{AERD

X} T Transformer i,y T BB 07 B S A 8@
Z I AR B AR B, AR s p Ak . B
GIER AR EZAT RSB SR AR EFSE  E T i
LSTM W45 A B E 2 S8R M EE L,
CNN FHMERERE S THIFEMAEFR. K
it Transformer #4128 B 28 {E B3I % 18 T 5] AL &
15 BG0S , R B ABIER In— B R E R .
1 BRI & AL J G B H] Transformer 71 25 ) 28 i1
HRZ WA E gt {5 B AT At A, 4o B 5E fr & 4
Y IEATKA B AR A 2D MBS . KR
7 & G R TEAS TR B W s R A 2200, B R
W BEA S T U SR B A A TS S T AR Bk
B o TV Bl AR R AR 0040 09 1 B B e, [l Bef
R T WL H R o b A B R Bl A R R B ()

B RR , AR —FpIE—fe B D T vk, it
BAKA

7 = i], 2, e, n}

Pl o 0 T

E = reshape(PE) (8)
Horpr o 2R Sh AR FFAE S8, min J2 p B B/ME,
max it p R AH . reshape( + ) BRECHS PE A8 408
SR Bl AN AR AR M B R AR [ R . 07
B B R Sl il 7RO 1 R 247 AH Jn BV AT Trans-
former 4123 ) 4% A% A B &7 B AR TB{E B .
2.3 &ALk

TR S B2, % T U1 R e 4R rh iU
TR AREAS R FIACEE 1 SR AL ) Ab 22, 39 I ASE 20 % 48 iR
FEA AL BRUOR . AERERLII SR, s B AR S (E A
BRHEMETTEY softmax 22 SURG I 3R BOF- 1 (B4 D 5 2%
{8, AR50 ADAM ™ SHEA785 i BT I die M AR 2R
{8, 58 B AL 25, BRI FRid BRANGERE 3 T

k3 BENIZ

A ETNAREAR S b REAUE ISR A (B R 2
RUABIZER R b —RIEAE IZRRE A i B S e 2
BUL 5 AYGERUE VGl R R 45 R R, A
UCGEARUR VIR REA B9 FL BB T Ly 40 A loss; 7]
B Iy BUCGEGERE ISR AR B AU Rt ik
FIIZREEAR S, o

i AR AR SE RL R R

1: bR (AL BENRGIESIREA E, BR800 n;

2. if n =0 then

3; S, —MUIZFEALE S FEVLIESE B MREA

4. else

5: S, MIUNGRAL S HEHLERE B -n MEA + E;
6: end if % Y| ZFHIRAEA AL SR AL

7 [ R AR GAE R A S, 5

8 AR B A YRV B ELR AL R,

9. loss = reduce _ mean ( softmax _ cross _ entropy _ with _
logits(R, L)); % HAAUFUNE A AR ¥EML I3 softmax
A AT SR BOFHEAE R loss

10 train = AdamOptimizer(Ir). minimize (loss) ;
ADAM #4746 BE BRI /MU SR 10

11: return i fESS TR GRS
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BIRAVLERE 70 51 A 128,192 1 64, B RTHR 1,
5 B 52 56 FiF B B 44 2R 55 5 NVIDIA GeForce GTX
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3.2 HEERNHE

A SCRATEZ 5 80 000 YISk (e, B I
YRYJFERT 47. 7 min, A SCEIAILEYN ZRad # b I 9
W ZREAC U HICH T 56 % B i [ % {580 000, JHfE AR
P SE PR 2 B AR, B % (R UERE B P 45 SR AF 280 X
MERREUG E LW AT RS A B ALY
YGRS E] , AT — 2 FF AR B S5 P A 5%, T4
R R B SR 5 B i 45 1 B 2k, 35 3
AR ALY 2Rt ] 64 B B, RAFIN Zrod 22 o 30k e 5
JE S KB FUAE A B AR AN, Pl il a4l
AR i R B A VR sl Rt R B 2R B IR M R

VR sl 7R SRR R A 1l R 24 7R U 45 SR An
R 2PN, RN I T R i 2 A B S S A A
e ] R S, R’ IR @RS
BRI LR T VA B B v, A 0. 9851, Ko A BB 45 44 il e
RSN P I 5240 e 1 R A W TR 0 o A EE A B
0.8126F10. 8088, H:rfv, Py Rl 4 £tk e 2 4] o 41 el
PGS B R RE AR 22, S 999 NEEAR S P 155
R 15 ] Ay PR R i 0 I R A ik ) 257 A, 4 dr
JEr R 2 PR B i 7 & B 08 i R ) R AR A A —
TERIAHRIYE . LRA 25 1, BB IR A B 45 i
i 24 TR 8 SR A MR BE A 0..8600

F2 EEOZER

B ALE
U e SRR MBS
iR/ 4161 628 92
MBS 36 3838 999
N B A e A 27 257 4614
U e 0.9851 0.8126 0. 8088
3.3 xftkFnsdn
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Abstract

Rolling bearing fault type detection under practical applications requires both high detection accuracy and high
time efficiency. Based on the above requirements, a rolling bearing fault type detection method using Transformer
neural network is proposed. The proposed method combines wavelet packet transform time-frequency domain energy
features and fast Fourier transform frequency domain features to generate input feature matrices, and solve the input
problem of the Transformer neural network. At the same time, a normalization positional encoding method applied
to rolling bearing fault type detection is proposed to solve the position coding problems of Transformer neural net-
work 1in the field of rolling bearing fault analysis. A method for processing the input feature matrix from the bidirec-
tional by the Transformer neural network and an error sample weight enhancement mechanism during the model
training process are proposed to improve the robusiness of the proposed method. The detection performance of the
proposed method is verified using the rolling bearing dataset of the KAt data center. Compared with existing deep
learning methods, the proposed method has certain advantages in both time efficiency and accuracy performance.
The accuracy can be improved by more than 11% , and the average processing time of each sample is less than
1 ms.

Key words: rolling bearing, fault type detection, Transformer neural network, forward feature matrix, back-

wardfeature matrix, normalization positional encoding, weight enhancement



