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A Method for Predicting Bearing Life Based on Multi-Domain
Feature Fusion and Transformer-BiLSTM
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(School of Mechanical Engineering, North University of China, Taiyuan 030051, China)

Abstract: To address the limitation of single-domain features in comprehensively characterizing the degra-
dation state for bearing remaining useful life (RUL) prediction, a method integrated multi-domain feature
fusion and a parallel Transformer-bidirectional long short-term memory (BiLSTM) network are pro-
posed. Firstly, time-domain, frequency-domain, time-frequency and entropy features are extracted from

vibration signals. A comprehensive evaluation index based on moving average decomposition is used to
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select sensitive features, which are then reduced in dimensionality via principal component analysis to con-
struct a composite health indicator. Subsequently, a parallel network architecture is designed. Global long-
range dependencies are captured by a transformer encoder, while local bidirectional temporal patterns are
learned via a BiLSTM network. An attention mechanism is introduced to adaptively fuse the outputs of
the two branches. Experimental results on the PHMZ2012 bearing dataset show that the proposed method
reduces the mean absolute error and root mean square error by 36.1% and 29.8% on average, respec-
tively, compared to benchmark models (e. g., BILSTM, CNN), and achieves a coefficient of determina-
tion (R*) of 0.95 in full-lifecycle prediction. The prediction error for the entire life cycle is below 10%.
The effectiveness and stability of the method are further validated by cross-condition generalization
experiments.

Key words: remaining useful life prediction; multi-domain feature fusion; principal component analysis;

Transformer; BiILSTM; attention mechanism
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BIIK T 10%, kG T 1% 40 A 0 A 7™ 1 AR fh B Bt
(RUL<C0. DiRZHEF R, R (RUL~
0. 6) A BB LB BE (RUL<C0. 3), FELRAR AL (4N
CNND [ T iy 28 4 B0 BH A 22 S5 81 8h , AR SCr
PTG GG 2 5 BLSHE R R G, SRR T
SRR et
F4 XLELELER

Tab.4 Results of comparative experiment

Ik MAE RMSE R
GRU 0.091 0.119 0.826
CNN 0.088 0.112 0.845
BILSTM 0.072 0.094 0.893
Transformer 0.068 0.089 0.918
(SRS 0.046 0.066 0.950

TN e 22 S R AR 54T S5 E B : GRU
WECTIN Y ERONN N DR B SR I Lip CPIEY Y <
AL BILSTM Sy 8 Ja) G AR, (EE S 42 42 JR M 5
CNN X BE 2 BUR FRERAE , HICH 7 @5 6E 7 i
ARGy 32 B Transformer BEFHE 4 )RR 1k
e, BILSTM Al 42 4 Jmy #8 ah A8 X, — & B Ab
T FL AR RUL T, 7] 3 2 42 ) - Jag 3 B 7 44 i
WA T oK, R Tolk 3 5 il 4 A5 d fil R A B 5
A PR Pt aT S 4

A AN

KR AR SCHTAR IR AR [RE T A R I
fLRE ST, 4 HAE T 00 26 3k 1 650 r/min, #% faf
Sk 4200 NDF 1 44Nl 7 4 5w A5l b A7
FR AR S T 1 SC R4 e 2 —3. 21k
SHGEE AN 5 R
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Tab.5 Generalization experiment comparison results

‘ MAE RMSE R?
i B2-3 B2-4 B2-5 B2-6 B2-3 B2-4 B2-5 B2-6 B2-3 B2-4 B2-5 B2-6
GRU 0.102  0.109  0.096  0.105  0.128  0.135  0.121  0.131  0.821  0.805 0.812  0.793
CNN 0.095  0.101  0.089  0.098 0.117 0.123  0.110  0.120 0.852  0.838  0.845  0.818
BILSTM 0.081  0.088  0.075 0.08  0.102 0.108  0.095 0.104 0.887  0.875  0.882  0.860
Transformer 0.075  0.082  0.070  0.078  0.095 0.101  0.098  0.088  0.902  0.889  0.898  0.863
ARSIk 0.049  0.052 0.045 0.048 0.067 0.070 0.063  0.066 0941 0935 0.938  0.945

£ PHM2012 T 2 14 4 & 8hK |, A5k
¥ MAE ., RMSE 43 31 24 0.050 1 0. 068, %%
BiILSTM H [% 40.5% F1 34.6%, R* ¥ {H N

0.943, A WiF T iR Z W 4s it @t & 5
Transformer-Bil.STM Z2 F 78 A 6] T 00 K B 5872
e 5 TREHET M {E.



530 il

3

y 2026 4F45 4 1]

4 & £

R HT —FMETFZHAEMSS
Transformer-BiLLSTM - 55 I’ 4% 14 %l & 7l 4% 75 Ay
O 7k o %R E e IR B M5 5 v B R
AR, LS A S RN B A 2 SRR AR T B
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£, I B PCA R EEH R TTHR 335 95 %6 M fa i
febr, ARG R TIRIE R RIA S EEE. 18
PE3EAN b, ARSCETT T —Fh U0 I BR S5 F
H Transformer Zifi#s i e 4 R KR L 9%, 18
i BILSTM #2 it &) # X 1) i i) 42 X . 78
PHM2012 Bl 45 L S2 g0, rie ik e &7
i S AR 22K T 10%, 5 BILSTM, CNN £
FERUAR G, 7 SO B MAE FI RMSE 53 5] AR
36.2% M130.4%, R*EE]0.950, PS4 S %)
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