$39% A3 KA TR AR Vol. 39 No.3
202546 A Journal of Rocket Force University of Engineering Jun. 2025

DOI: 10.20189/j.cnki.CN/61-1527/E.202503008

2 JE Transformer Z2 ) %) 1R A f 5 3 14 0
S SRBI R G R 325 Tl Ay 5 i Pl

REwg', HAFEY, FIkig? FigF'
(L PEIE Tl K2 ML 2ERE, BEVE P52 7100725
2. KEiETRERA:, BRI P52 710025)

B OE: 44N MAABEAELENF 4 F4 (remaining useful life, RUL) F 5 &, &
H— Fb T %k # Transformer £ #R A BB RO MER . B, J\Lﬁaﬂi/\ﬁﬁ?
WBAME, 2HRBSEZARMELEENRME; KB, KT HBHEEE, £4HE
MR EANER R, NRBAERTGESHEASKHARIRIE; B85, A BES
FIEEAEEHTLERELL LB, RBRAMKESHEEERS:; RE, BXETH
EFMBARZYIES, #—FRSRULTNBNEE. Y RIEEA W EE, #A
NASA C-MAPSS##E & #177 LHh . 4 X% #4 £ FD00l, FD002. FDO003.
FDO004 1 A~ 25 48 & E o9 2 77 R 1% = 47 7 10.83 . 1753 1142$n2056 MR TIHAEN
REF 7%k, EAERNTNMEEREHROKSEE, ELTARSEREARKET

%ﬁé’ié’vﬁﬁ%% 5z gk

3447, s EESTE, ﬁlé}%/ﬁfﬁ/ﬂ' %t Transformer #A4; BAEA; KE*
=I=ﬁ§$q= TP391.4 XHEPREAD: A XERS: 2097-2741(2025)03-076-14

Improved Transformer Architecture-Based Hybrid Time-Frequency
Domain Enhanced Decomposition Model of Useful Life Prediction of
Major Equipment

CAI Zhigiang', HU Changhua®, WANG Zhaoqiang®, 1.I Rongze'
(1. School of Machenical Engineering, Northwestern Polytechnical University, Xi’ an 710072, China;
2. Rocket Force University of Engineering, Xi’ an 710025, China)

ABSTRACT: A hybrid time-frequency domain enhanced decomposition model based on an im—
proved transformer architecture was proposed to address the problems in remaining useful life
(RUL) prediction of major equipment in the acrospace field. First, multi-level degradation fea—

tures were extracted extracted by integrating both time and frequency—domain features compre—
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hensively. Next, a frequency-domain enhancement module was designed by combining Fourier

transform and wavelet transform to extract periodic and local features of signals. Subsequently, a

decomposi-tion—based fusion trend learning module was applied to separate and extract periodic

and trend components using multi—scale analysis. Finally, a residual learning module based on hi-

erarchical prediction was introduced to further improve the accuracy of RUL prediction. To vali-

date the performance of the model, experiments were conducted using the NASA C-MAPSS da-

taset. The results show that the root mean square error values of the proposed model on the four
datasets FD001, FD002, FDO003, and FDO004 are 10.83, 17.53, 11.42, and 20.56, respectively.

Compared with existing deep learning methods, the proposed model demonstrates superior predic—

tive performance, faster convergence speed, and higher robustness and generalization ability in

multicondition and multi—sensor environments.

KEYWORDS: major equipment; health management; remaining useful life prediction; im-

proved Transformer architecture; hybrid model; deep learning
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Table 5 RMSE performances of different models

- RMSE
FDO001 FDO002 FDO003 FD004
SVR!" 18.28  30.50 21.37 34.11
CNNM 15.84 2873  13.53  30.66
LSTM™ 1491 28.68 1337 3032

BiLSTM-ED™ 1474  22.07 1748 2349
AGCNN® 12.42 1943 1339 21.50
BiGRU®! — 26.54 — 29.13
BiGRU-TSAM® 12.56 18.94 1245 2047
CNN-LSTM-DA® 1440 27.23 1432 26.69
RBM-LSTM-FNN 1256  22.73 12.10  22.66
Transformer 1332 1983 1392 21.88
GCU-Transformer®  11.27  22.81 1142 24.86
AdaBN-DCNN 13.17 2087 1497 2457
TFD-Hformer 10.83 17.53 1142 20.56
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