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Remaining useful life prediction method for bearing based on parallel
bidirectional temporal convolutional network and bidirectional long and
short-term memory network
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of Information Engineering, Lanzhou City University, Lanzhou 730050, China; 3. College of Electrical and Information
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Abstract: In remaining useful life (RUL) prediction methods for bearings based on deep learning, temporal convolutional
networks (TCNs) does not consider the future time information of vibration data, long and short-term memory (LSTM)
networks are difficult to learn long time series data features effectively. To solve the above problems, a bearing RUL
prediction method based on the parallel bidirectional temporal convolutional network and bidirectional long and short-
term memory network is proposed. First, the multi-sensor data are normalized, and the data of each sensor are merged by
channel to achieve efficient fusion of multi-sensor data. Then, a parallel dual network structure is constructed by using
the Bi-TCN and Bi-LSTM, in which the Bi-TCN goes to learn the bi-directional long time series features and the Bi-
LSTM goes to learn the time-dependent features, so the parallel dual network structure can learn richer vibration signal
features. Meanwhile, a feature fusion attention mechanism is developed to fuse the output features of the dual network
structure, which calculates the output weights of the Bi-TCN and Bi-LSTM to achieve adaptive weighted fusion of the
output features. Finally, the fused features are passed through the fully connected layer to output the prediction results of
the bearing RUL. RUL prediction experiments are conducted using Xi’an Jiaotong University bearing dataset and PHM
2012 bearing dataset respectively. The results show that, compared with the advanced prediction methods, the proposed
method can accurately predict the RUL of more types of bearings and has lower prediction errors.
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BB N e 28 25 0, BT D7V I T e 22 45 R an 2. 2
JIE . X6 K 22 B 0 Al K, BT O v B TR
(") MAE F1 RMSE 18, 1% 3% BH it $& th 75 V5 B A TE 4 1)
7K RUL TR0 4 e (615 Uk B 00002, B T SR 7R IR 1k
T A AN [F) 0 28 00 2 2% e s, Tt 75 v LA
A BB A A il 2 S A S B e 1 RUIL F0000 45 SR AR
Bl T 56 2E B T 7 3, BT B HA 32 0F 2 5 7 )
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LR PR TR R 72 A DA B i 24147 25 MAE A 17 3
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F2 XIJTU-SY #iEEAIHF RUL FUlZE R

DANN TCN-RSA TCN-SA {5 CNN Fird th i
WA
MAE RMSE MAE RMSE MAE RMSE MAE RMSE MAE RMSE
Al 1 21.6 23.1 21.5 259 52 7.1 143 16.6 10.6 129
Al 2 28.5 323 18.8 23.0 19.0 24.0 8.2 11.8 9.2 15.4
Al 3 18.7 22.4 13.6 16.0 17.0 21.7 16.1 18.9 12.9 16.2
Al 4 324 37.1 11.9 14.0 26.8 30.4 185 222 21.4 253
Al S5 282 33.5 19.7 223 20.3 25.3 282 33.6 163 19.9
A2 1 72 8.4 23.7 29.5 13.6 16.4 23.0 28.3 19.2 23.3
A2 2 16.1 193 113 13.8 14.5 18.6 143 16.7 103 125
A2 3 21.6 245 21.8 24.4 13.6 17.1 11.0 13.4 11.4 139
A2 4 28.4 31.2 16.0 19.0 16.6 19.4 16.5 20.8 13.4 173
A2 5 32.3 26.5 183 22.8 11.1 143 14.7 18.1 10.4 13.6
FHE 23.50 25.83 17.66 21.07 15.77 19.43 16.48 20.04 13.51 17.03
24 Ef2 B B2 1 9, SR FHAS [R] () i ik 22 07 gk A7 Xt

2.4.1 BAE#R

A A8 PHM 2012 ¥4 48], i FEMTO-ST
T 7L Fir PRONOSTIA 5245 & #2 fit, PRONOSTIA 5L 5
B AHE D L MR AR I TR R A S 2
B PSR R 2K AL 3035B DYTRAN (03 7 4%
JE B8 73 S B A AR A A KT RN 2 L ), SRR
Tl 2 R IR BN MR A% R SR A D 25.6 kHz,
RAE B 9 10 s, B OCRFER KR 0.10s, 24 M I 21 1)
o AR R B0 B 1 R R A 20 g B, 3R B R 58 4 Ok
ROT RS2 50. B AL IR A8 B UCR AR I EE /RN —
ANFEA, BEAK B N 2 560, R 7K ST 45 K 2% AN 1 A%
A REMFEAR T 2 R R N e € RSO 2
€ RZO60XLof iy ot £ JB 8 KA I RE A B8 134T 2 4%
TR B B A B, 75 30l AR 1Y) 2 A SRR R R R
A X, X e R2560%2 47 finid iR B AL, S2 56 &
PE DAk 7 bt 0 A% e AT, om0 A o T AR AT
). 125 FH PHM 2012 5088 S5 0 B 00 2% 44 1 Sl
R A Sy S e s, e A b TSR S T A
BB AL BdE, BIB1 1 ~B1 7f1B2 1~B2 7. 7F
Fo— T, BT R 6 Rl GE b B 15 Al
SRAAE, T T — i 2R OB AR A N R . AR
1% F i b 2 b 2 7 205 49 1 AR D,
242 BIETES N

JIT i 7 92 5 Ak T 5 R o ko TR A B a3
17 7T — UL R 2 L RS R R A AR, N T
3 BT HCHE T4k F 0T I B H 7 2 R R 5 i, DA

P SEEe, 45 RanaR 3 iR, 3R 3 “OKPARIERER " ARk
TIPS il o B TR S SR AR 1 B,
o AR AR AR T A A e A R 2 L AL
B A B AR B, il ML B AR B g A S A
I, %14 3035B DYTRAN, R4 ) il 2 J5 4 54 42 09
— AL VE AT N, “ AR A (A —
1hy” ARF TR 2 AL AR A Al A 77 X AT UE H,
Tt Hh 2 A% IR AR R B BB K T4 IS HUHE Y MAE
HTRMSE 5% 2 43 3l B#AK 1 2.0 F12.9, 4 1 B A% K2R 5
5 1Y) MAE A1 RMSE % 2 [£4K 7 10.2 #112.3, LA |45
PR AL A A BRI B A
PR 2 A% IR A LA —10)” BN IK A2 25 0
T B AR AR R AR AR AT R, Al G FE AN FH 4L
A — A B 3 — 1 S5 1) 2 AR R R R 3 —
T 22 48 RS B0 O MAE AT RMSE 2 2243 5l PR T
3.9F14.7, JRIRTEF V3 — AL AL BRI D 7 AN [F) S gl
VR 23 A 2 e, T A4S I 4 ) g 72 B B o
(RvZ AL B R BE AR TR0 1% 22

®3 TRIPBEAIRS A KELER

BNFE MAE RMSE
IKPAR R 21.5 27.3
T H AL IR 29.7 36.5
A5 (BIA—1h) 23.4 28.9
ZAE S (A—1hk) 19.5 24.2
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243 TR

AR ZGI T T 14 450K i RUL, T 45 5 dn %
4 FiR. X TR 2 Bl R, BT 776 MAE i
RMSE ik FxF b 77 725, F H T4 H 75 V5 10 35 MAE
FIF- 35 RMSE J2& f I 1. DL b S is 45 SRR B pr 2
T3 1 TR 4 B fo e, i R 7 Tl it 2 4 Ja 8 5 H
GO ARG T 2 A5 R A HE, #1571 Bi-TCN
93 2% S IR ENAE 5 3k 2 R0 AR SR 1] (R RFAE, DA R
Bi-LSTM 43 3¢ W £ %% =] ][] AH DGR AIE, ¢ i e i %
T RFIE Rl Ay 3 WL Rl P PR AE, TS T 9
7k A B R E S 2 R . B3 R T B1.2
IB2_4 Bh7K () RUL Tl 25 5, Bir & H 77 3 0] UK i
FOUIN b AR P e BERAS. DR A, BLAR BT HE 5 vk 1) TN
i LR A7 R R IR 3 B R, (EL A RE 6 AR A b TN e A A2
FF1in JE PR, TR 4 He 7 v B 4 N6 R 1 il
7 RUL Tl i

xR #39%
100¢ M — HMRUL
80| WhlEL FRUL

S 60}
5
2 40}
20}
ok, . . . .
0 200 400 600 800
t/min
(a) Bl 2
100 ¢ — WWRUL
80} F{9ZRUL
©
< 60t
5
= 40t
20}
N
0 100 200300400500 600700
t/min
(b) B2 4

&3 PHM 2012 ##E&E M 7% 8 RUL A #L L FUN 5 R
4 PHM 2012 BUIEERSHA RUL FUNZE R

DANN TCN-RSA TCN-SA B CNN P th 5%
W

MAE RMSE  MAE RMSE  MAE  RMSE MAE RMSE  MAE  RMSE
Bl 1 13.3 16.0 11.0 13.7 10.4 113 8.7 10.9 103 133
Bl 2 153 17.2 14.0 16.3 13.0 16.9 12.1 16.1 11.0 15.2
Bl 3 28.4 33.5 11.4 14.1 9.7 11.7 153 18.2 9.1 11.6
Bl 4 22.6 25.1 13.7 15.8 7.1 8.5 5.7 7.4 7.6 10.0
Bl 5 13.4 15.6 10.9 13.2 9.1 13.0 9.5 13.0 9.0 12.4
Bl 6 13.5 17.7 8.4 11.1 8.3 119 12.2 153 11.8 143
B1 7 152 193 17.8 235 9.0 12.9 17.6 21.9 9.3 11.6
B2 1 16.3 19.0 29.0 353 143 18.1 33.6 39.9 19.5 242
B2 2 26.3 29.4 17.2 214 14.5 18.6 17.5 21.6 13.7 17.2
B2 3 13.5 16.8 24.4 30.8 17.9 23.0 19.8 27.0 185 24.1
B2 4 12.0 143 6.5 8.1 52 6.4 6.1 7.6 5.0 6.1
B2 5 22.7 27.5 15.2 18.9 13.3 16.1 17.4 21.7 13.2 16.1
B2 6 20.6 233 12.2 143 10.9 13.8 145 18.6 9.2 12.9
B2 7 12.6 13.9 18.6 24.1 17.5 25.0 8.6 10.4 123 14.6
FHIME 17.55 20.61 15.02 18.61 11.44 14.80 14.19 17.83 11.39 14.54

2.4.4  FFHAT IS S A G5 R AT

N T BRI BT B U R AT B X533 4% S5 14
A 250, AR B1 7 J9 il b K, 55 S [R] 1 265 &6 1
M7 AT R LS5, 25 R 5 przs. 5 “ Xy
4% HR L AR 3R Bi-TCN 5 Bi-LSTM £ AT 742107
%, KRB RIIE” R LR T AT K
B, Bi-TCN Al Bi-LSTM 43 Bl R A [F] 1 B 43 3 )
28 45 ¥ 7770 TCN+LSTM AR 3 FH TCN A1 LSTM 4H 1
9 34T M 4% 5 7%; Bi-TCN+-LSTM 1R 3% 1 Bi-TCN 1

LSTM 41 I 3547 4 2% 77 ¥, TCN+Bi-LSTM 1% 3 H
TCN #1 Bi-LSTM £ i 1) 37 K £% 777255 Bi-TCN+-Bi-
LSTM AR T2 Hh B AU 73 S FF BRI 2% 7 1. HH 3R 5%
bl SEE6 25 ST DL

1) R4 37 99 2% B3 B Y MAE AT RMSE Eb F i HH i)
43 3 I X 2% (1)) MAE F1 RMSE 43 5l 51 2.5 Fl1 4.6,
X W HAT R () M e B AR, 3 A, 25 Bk
TR AR K SRS, R 2 B B, R
AR R K A5 R ) 5 I 52 BT A ) T ) 28 i BB s v 1
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x5 FRPVHFERLIESASKBWER

ENGIR7S MAE RMSE
K53 3R 2% R G 11.81 6.2
KA ARG 13.2 18.5
Bi-TCN 125 16.5
Bi-LSTM 23.5 29.1
TCN+LSTM 163 226
Bi-TCN+LSTM 10.9 14.0
TCN+Bi-LSTM 14.1 18.7
Bi-TCN+Bi-LSTM 9.3 11.6
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ATV TR 37 22 BH i v T P H O 9, R B B 40 S 4%
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