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Abstract: Planetary gearboxes are widely used as essential transmission devices in industrial applications, yet they are prone to failures
under complex operating conditions and prolonged loads. Traditional fault diagnosis methods heavily rely on expert knowledge and
expensive equipment, facing challenges such as data scarcity and low diagnostic efficiency. To address these limitations, the
development of generative adversarial networks (GANs) has provided innovative solutions for image generation and data augmentation in
recent years. However, existing GAN models often encounter issues such as semantic misalignment and artifacts when processing small-
sample datasets, limiting their potential in intelligent fault diagnosis. In this context, this paper proposes a multi-scale attention and
progressive feature fusion GAN ( MSA-PF-GAN) model, which integrates a progressive decoder structure with multi-scale attention
mechanisms to significantly improve image generation quality and fault diagnosis accuracy under small-sample conditions. Experiments
conducted on two independent planetary gearbox fault datasets validate the proposed method, showing that it substantially reduces the
FID score and enhances diagnostic accuracy ( by 35% and 20% , respectively). Across multiple evaluation metrics, the MSA-PF-GAN
outperforms other state-of-the-art methods. Further analysis demonstrates that the model, through progressive feature fusion and multi-

scale attention mechanisms, excels in generating diverse and realistic images while effectively capturing complex fault features.
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Therefore, this technique shows promising potential and practical value in the field of planetary gearbox fault diagnosis.

Keywords :image generation; generative adversarial network ; data enhancement; gearbox fault diagnosis
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Framework diagram of MSA-PF-GAN
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Fig.2 Multi-scale attention module diagram
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Fig.3 Decoder structure diagram
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Fig.5 Discriminator structure diagram
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Table 1 Gearbox spectrogram details
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A1 5 H 7 2 [3,64,64] 6 100
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20 A [3,64,64] 6 100

2.2 IWWEIZE
TR EESHNE 2 PR,

R2 a3 RFHNSELE

Table 2 Parameter settings during training

e ZHE
HERI 25X (epochs ) 100 000
IR ALK
k-shot 3
Batch size
HepER 0.3
XIHUH AR B SRR 1.0
SIS I 530 e S5 A = 1.0
Sy A LR S AG = 1.0
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Table 4 Accurate fault diagnosis based

on data enhancement
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Fig. 10 FID scores under different selection rates
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Fig. 11  FID scores at different fusion rates
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Table 6 Ablation experiment of different

functional modules on gearbox 1

BWE FID( |) ssIM( 1)

PN RES WAL 80. 16 0.493 6
Toit A AR AR 73.37 0.488 1
MSA-PF-GAN 62.15 0.496 9

TR KA FID Al SSIM PIN B AR bR, AT L)
KI ,MSA-PF-GAN FiLARN TWH 2 REFEE Bk
M7 ¥, FID 43 B0 T e T 17.99, SSIM 43 B2 7+ T
0. 003 3, X F8Aa W ik A AR 45 44 B9 5 i, FID 204K
FRET 11.22,SSIM 43T T 0.008 8, KHILAN IS &Y
22 PR 3 T A B e 2 3 v o A A 2 i 2K
MSA-PF-GAN 7 () A il R #0254 B F B, X il —
AUt B DL S B A R TR R R AT OE AR
fEHT,

AL GEAT B 1A e AR B2 W B /R AS B dis 1)
PR T — L T 2o RO Wk SRR AR R 15 A A SR 470
2% |t W R AR A5 2 2R S N ) RUBE RO AR IE AR R, &6
A 2 ROBETE AL RS B 2 HBOC B DX, DT 75 A2 1 g
ot A ] 0 A ] sk 0 = R T R 32 TR 4 G L 45 4
P X TR ARG T M SR AR AR T
BRI, ifp DR 1 A SRR AR T SCRRSE DR 2 IRl R A S 1,
IINFEAR A7 2] B 5 AR AR T — ol 2 4 R R 2 KRG AR AE
2N, SERRERRY] I R 2 A B A S T AR
PG 5tk A2 W e Aff 3 1) XU B2 T, (R B 1 s iz Ak
REST RSB, AR SCE i QB A RFIE b5 0 22 RUEE
FEMLHOA AR R REAS R IR AS 26 0 T A Al e 42 0%
BBERAE | 5 B THS W RGN RETL K-, ARk Tl
B BRI SR T RS IR A EOR S . Aok AR
BE— LA R A5 25 B T A U SRR AR oA 5 PR
() IR Z 27 1A HAB S 2 LA AR e v Ay P4, DA
SR REL RIS WTHOR )2
SZ 3 Hk
[ 1] X 7RISR S E RN L) ]. N

IAPLS B, 2018(18) ; 154-155.
LIU Y. Research progress on fault diagnosis technology of

planetary gearboxes[ J]. Internal Combustion Engine &

Parts, 2018 (18) : 154-155.

Wrfli, A, MK, S5 A7 R IRFARHE G 08 i 4k
E S E SRS [)]. s s Joedk, 2018,
33(5) . 1112-1120.

CHEN W, WANG Y R, SUN CF, et al. Separation and

(2]

[3]

[4]

(5]

[6]

(7]

[8]

fault diagnosis of coupled modulation vibration signals in
planetary gearboxes [ J].
2018, 33(5) . 1112-1120.
R, A, Edh, A FET U EEMD R &5
FARRAT RS WIS [ )], e SR %
i, 2018, 38(S2) : 657-660.

ZHU J, DENG AI D, LI J, et al. Research on fault
diagnosis of planetary gearbox based on improved EEMD

Journal of Aerospace Power,

and acoustic emission technology [ J]. Noise and
Vibration Control, 2018, 38(S2) : 657-660.

AR, XPER, G50k, A HET IR AEL Wl n e AE 46
A S BT S TSEL) ). MRS, 2018, 32(18):
3230-3234.

LIN L, DENG CH, JING H D, et al. Analysis and
research on gearbox wear trends based on online oil
monitoring [ J |. Materials Herald, 2018, 32 (18):
3230-3234.

SR, BRBIONS, BT, . T RBBIS AR
JE B RO 22 R 2% (94T B A S AR B2 W T i (0] AL
BT RE2EHL, 2019, 55(7) : 9-18.

HU N Q, CHEN H P, CHENG ZH, et al. Planetary
gearbox fault diagnosis method based on empirical mode
decomposition and deep convolutional neural network [ J].
Chinese Journal of Mechanical Engineering, 2019,
55(7): 9-18.

M, B, POF, . JETAHERIS S ResNet
W R AT RIS [ ], A I S AR A
2022, 36(5) . 213-222.

WEI X Y, CHENG H J, HE Y, et al. Planetary gearbox
fault diagnosis based on feature fusion and ResNet[]J].
Journal of Electronic Measurement and Instrumentation,
2022, 36(5) . 213-222.

T, AREESC, R, BT 2 R E R IR R
FA) ST RIG AR REIZ W I T]. HLAR TR
224k, 2022, 58(11) . 133-142.

WANG H, XU J W, YAN R Q. Intelligent diagnosis
method of planetary gearbox based on multi-scale
attention deep reinforcement learning network [ J ].
Chinese Journal of Mechanical Engineering, 2022,
58(11): 133-142.

WRAE, 5, WO, . NMEARTT I IEE SR
o R 25 1 A AR AR R W T R L] T
SALEREA 2023, 37(2) : 90-98.

HAN Y, LI CH, HUANG Q Q, et al. Gearbox fault
diagnosis method using temporal attention boundary
enhanced prototype network under small samples [ J].

Journal of Electronic Measurement and Instrumentation,

2023, 37(2) : 90-98.



553 N FH T S AR R 12 W7 ) /IR AR R A LT 1+ - 255 -
[ 9] ANTONIOU A, STORKEY A, EDWARDS H. Data convolutional neural network-based transfer learning[ J].

[10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

augmentation generative adversarial networks[ C]. ArXiv
preprint arXiv;1711. 04340, 2017.

CLOUATRE L, DEMERS M. Figr; Few-shot image
generation with reptile [ J ].
1901. 02199, 2019.
ANTONIOU A. Data augmentation generative adversarial
networks[ J]. ArXiv preprint arXiv:1711. 04340, 2017.
HONG Y, NIU L, ZHANG ] F, et al. MatchingGAN;
Matching-based few-shot image generation [ C]. 2020

ArXiv preprint arXiv;

IEEE International Conference on Multimedia and Expo
(ICME). IEEE, 2020 1-6.

HONG Y, NIU L, ZHANG ] F, et al. F2GAN: Fusing-
and-filling gan for few-shot image generation [ C ].
Proceedings of the 28th ACM International Conference on
Multimedia. 2020 2535-2543.

GU ZH, LI W B, HUO J, et al. LoFGAN: Fusing local
representations for few-shot image generation [ C ].
Proceedings of the IEEE/CVF International Conference
on Computer Vision. 2021, 8463-8471.

CHEN M, SHAO H, DOU H, et al. Data augmentation
and intelligent fault diagnosis of planetary gearbox using
ILoFGAN under extremely limited samples [ J]. IEEE
Transactions on Reliability, 2022, 72(3) : 1029-1037.
HU J, SHEN L, SUN G.
networks [ C]. Proceedings of the IEEE Conference on
2018

Squeeze-and-excitation

Computer Vision and Pattern
7132-7141.

NICHOL A, ACHIAM J, SCHULMAN J. On first-order
meta-learning algorithms [ J ].
1803. 02999, 2018.

ODENA A, OLAH C, SHLENS ]. Conditional image
synthesis with auxiliary classifier gans [ C]. International
Conference on Machine Learning. PMLR, 2017, 2642-2651.
CAO P, ZHANG SH L, TANG J. Preprocessing-free

gear fault diagnosis using small datasets with deep

Recognition.

ArXiv preprint arXiv;

IEEE Access, 2018, 6; 26241-26253.

[20] SHAO S Y, MCALEER S, YAN R Q, et al. Highly
accurate machine fault diagnosis using deep transfer
learning [ J ]. IEEE Transactions on Industrial
Informatics, 2018, 15(4) . 2446-2455.

[21] LARSEN A B L, SONDERBY S K, LAROCHELLE H,
et al. Autoencoding beyond pixels using a learned
similarity metric [ C ]. International Conference on
Machine Learning. PMLR, 2016 1558-1566.

[22] ARJOVSKY M, CHINTALA S, BOTTOU L. Wasserstein
generative adversarial networks [ C ]. International
Conference on Machine Learning. PMLR, 2017;
214-223.

EEE T

B CHE{EEH) 2013 4T E 6
R (et ) BRATH I 2, B v [
MR (e st B2, EEHETE 715 A
AR R Tl Bl Ras iy
E-mail; gaowc@ cumtb. edu. cn

Gao Wenchao ( Corresponding author )
received her Ph. D. degree from China University of Mining and
Technology ( Beijing) in 2013. She is currently an associate
professor at China University of Mining and Technology

( Beijing ). Her main research interests include artificial

intelligence and industrial fault diagnosis.

BR—MRL, 2022 4 F o [5 6l k2 (b
50 AT 2, B B E L R (AL
5O BERIE ST AR BRSO 1 S R U
A B e VR e AR A2 T
E-mail; ¢yf08132024@ 163. com

Chen Yifan received his B. Sc. degree
from China University of Mining and Technology ( Beijing) in
2022. He is currently a M. Sc. candidate at China University of
Mining and Technology ( Beijing). His main research interests

include image recognition processing and gearbox fault diagnosis.



