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[Abstract] Transformer-based models have made significant progress in Remaining Useful Life (RUL) pre-
diction. However, existing Transformer models have the following limitation of difficulty in local feature extraction
and failure to consider the importance of varying temporal and spatial input features. To solve the problems, in this
paper, an enhanced two-stream Transformer model is proposed, which is reinforced by the local feature extraction
module and the interaction fusion module. Firstly, the local feature extraction module captures local features from
both the temporal and spatial streams to compensate for the Transformer’s deficiency in local feature extraction.
Then, the two-stream Transformer is used to extract long-term dependencies in the temporal and spatial dimen-
sions, enhancing complementary learning between the two streams. Finally, the interaction fusion module is con-
structed to capture stream-level interaction using bilinear fusion, further improving prediction performance. Experi-
ments using multiple models on two real-world datasets from a diesel engine manufacturer demonstrate that the eval-
uation metrics RMSE and Score are reduced by at least 3.23% and 5.89%, respectively.
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RMSE [ A% T & /b 12.31%, Score [& ik T &= /b
21. 95% ; 53T Transformer A IE 7 A0 L, FIT J5
5 %) RMSE &A% T 2 /0 3. 23%, Score [ T & /b
5.89%.,

3.3 HREIE

R 55 UE JR T RRAE S BB HR A 22 Rl R B
A A SOR FIT RS DU AR RS T HL R

(1) DualTransformer: fj B #f 7  Transformer
i B g R SR S A, 4 ol 4 SBCERE [ 3 R 5 (] 3L 7Y
FFAE .

(2) IT: 78 FIT 5 iy b AS £ 5y &8 45 4iF 42 He
HEHe

(3) FIT-Sum: 7£ FIT i FIsR Aigh & .

(4) FIT-Concat: 7£ FIT F{fi FHBF RN G -

(5) FIT-Hadamard: £ FIT b {fi Ff] 05 ik 35 1
G .

THRLIF RS R aNZR 6 s o S 5% Ry SR A IE 3
BUASE B ol P EL Al 5 A0 5 B3R R A Xk P
R, T B A R Sk BIE T AR SO H A AR
VEPE DN M Al A e A 2k . LA, h T84
Jr FB AR I BB REAR L T B R R T B R R, R
JRI BB RRAIE S RRARE LE XM Rl 5 B ke 2 Ty
MIVER o 5340, W Rl G J7 2CAH - AR
P TR YA 7 I RE R A R T
NG T A Rk

Fo6 HREALIWEAR
o YCSO07-A YCS07-B
RMSE Score RMSE Score

DualTransformer 12. 11 158. 24 13. 88 217.31
IT 11.55 150. 03 13.18 191. 02
FIT-Sum 10.75 135.28 12.79 188. 49
FIT-Concat 10. 66 134.22 12.55 169. 82
FIT-Hadamard 10. 58 131. 41 12. 44 184.22
FIT 10. 32 129. 27 11. 67 155. 43
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3.4 HEEREX

SR gk FIT AR A A S B g FH A (9 31530 52 4 B
TREL AR , A SOl “FLOPs™  “ S8k Ul Zkbif
[B] 7 FN LRI AL PN FEFR

Hrfr: FLOPs J& R A0 2008 S8 S8 2 AR
R 208G 5 IR R) 2 DB RS T G5 )1 25 31 25 o
S B EsF ] 22 5 AR R /IN R s I 2 Js ) A U S A i
b 774 23 18] K/ o “FLOPs” T 2 808 7 0] LU H thop
PR

B FIT A5 HF 22 5 Fh P BE 4% 4 19 Transformer £52
TIFE YCSO7T-A $Hln B b AT TR 52 J BEXT LU S 56,
SRR T FR .

®7T HEEREXILER

) FLOPs/ | Z%cim/ | YIRS IR) | BEBLA/)
ik . . )
X10 X10 min MB
DAST 7.09 0.374 4.7 1.58
AT 7.24 0.415 5.4 1.79
CNN-Transformer 7.28 0.397 4.9 1. 63
BGT 7.42 0.402 5.6 1. 66
FIT 7.17 0.387 4.8 1.61

FH 26 7 AT, FIT AR A H At 4 A58 5 A 4 3T
BT 2R . R4S DAST K B 345 55 24 i 441K
(e MERTE S FITHIAUA te 22 . BAR FITIRAR,
{HALEAGE T 24T A G A BE .

FESEBR Tl W F T 52 2% A AR TR BRI e
PR T A R (A 2t R A VR RS [
JAS , FECRALT FRAS T 1 i 1] B A 7
W] fi PR JC 1k 70 44l 1 080 R 1 T B IR TR A 23, 52
PSR . PRI, ZESE B |, 75 B A A A 7 AT
ek, R B PR AR 2 MERR R EOK, MORB RS TR A
P B T 7 e, DA R 5E TR 1 v A% R RN ]
B1T.

4 Z5ig

AR SR T — iR A S & sh MR A 1 ]
A TS AY FIT, A0 58 1 157 22 RUBE 48 UM 45 0k
i CHSE 0] 370 A0 2 () 30 R B4 Jm S 49 AE , DTG R b T
Transformer 75 i #1£ 5 SR FRAE J7 T A 2 o LAk, Bt
TSR U i A5 A | S0 HsF [ 38 A0 2 () 9L =2 [
PP RAE Bl G, TP TH R AR T M g . S22
SR FIT BALLE S S8 % sh L] rg S i A~
BLIEEAE B9 RMSE F1 Score 22 /043 AR 3. 23%

F15.89%.

RN TAENG 5 P& — 2L B# IR Transformer 4 it
TR 2 IR A B 288 W0 5
BHE B S0, LIS & FIT R A 7= i A Ay
B
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