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Abstract: To address the problems that under noisy conditions, time-frequency ridges are blurred
and weak modulation features are easily submerged in noise when modulated signals of aero-engine
planetary gears are processed, a lightweight time-frequency feature enhancement network based on
coordinate attention, termed TF_CoordAtt, is proposed. The proposed method takes short-time
Fourier transform (STFT) time-frequency representations as input and constructs a two-stage
framework consisting of time-frequency denoising and coordinate-attention-based enhancement.

Depthwise separable convolutions and dual-scale dilated convolutions are employed to extract
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multi-scale time-frequency features, while the coordinate attention mechanism encodes directional
positional information along both temporal and frequency axes to adaptively enhance modulation
ridges and fault-sensitive regions. To maintain the continuity of the enhanced time-frequency
structure, a structure-preserving loss function based on the first-order gradient constraint along
the temporal and frequency directions is designed, effectively alleviating ridge discontinuities and local
blurring artifacts during enhancement. Experimental results on amplitude-and frequency-modulated
simulated signals demonstrate that TF_CoordAtt achieves a peak signal-to-noise ratio of 19. 87 dB
with a lightweight architecture while producing clearer and more continuous time-frequency ridges.
Compared with the ResNet-6 network, the proposed method reduces the number of model parameters
from 116 000 to 26 000, exhibiting notable advantages in lightweight design and training efficiency.
The experimental results on an aero-engine gear hub further validate the effectiveness of the
proposed method in enhancing the meshing frequency and the fault modulation sideband structure.
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Table 2 Planetary gear transmission system simulation

signal parameters
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Fig. 2 Time-domain waveform of the simulated vibration

signal with noise (Rsyg = —5 dB)
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Table 4 Comparison of Rényi entropy under different algorithms
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%] LN 3

a=0.5 a=1.0 a=2.0 a=3.0

DnCNN (400, 400) 11.912 11. 778 11. 150 10. 419
ResNet-6 (400, 400) 11.958 11.916 11. 716 11.294
TFSSEN (256, 256) 9. 347 8. 475 8. 090 7.954
TF_CoordAtt (400, 400) 11. 980 11. 976 11. 965 11. 965
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Table 5 Reconstruction quality metrics of different algorithms
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TE < R K oA e DI A

5 M= kB HLAT B AL 3 R 4

o)

SR Al P 4 1) 465 16 R AT 38 5 R BE L T S
S AL T 55 2R ST R IR B 5 5 20 A B e i i
FE X IE W 5 B RS0 e A S HLEE AT ey
Br. X R rh AL SIHIHLE SN R AT E T 3
HUEAL R (BRid AB.O) L, LR ERSE S, H#
PN E ST AN 8 FroR AN F B Y 2k 2 R 15 B
TA YT AN R 0L 2 1) 12 JE

AL A e 9

iz REHL
e i e

K8 ZEHUIRSMIL ARG R B

Fig. 8 Schematic diagram of aero-engine vibration testing system
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