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Voice recognition of coal machine fault under interference background
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Abstract: The stable operation of coal mining machinery equipment is of great significance to coal mine production efficiency and
operational safety. However, in actual working conditions, complex and intense background noise severely interferes with the extraction of
fault sound features, leading to a decrease in the accuracy of traditional recognition methods. To address this issue, this paper proposes a
coal mining machinery fault sound recognition method that integrates the generative adversarial network (RaGAN) and the multi-channel
lightweight mobile convolutional neural network ( Mc-MobileNet). Firstly, to address the issue of low signal-to-noise ratio in the original
fault sound signals, an improved RaGAN is introduced to enhance the fault sounds. By constructing an adversarial learning mechanism
between the generator and the discriminator, environmental noise is effectively suppressed, enhancing the clarity and distinguishability of the
target signals. Simultaneously, an auxiliary classifier is introduced into the model to enhance the discriminative ability, and the cyclic
consistency loss is incorporated to constrain the generation process, thereby improving the authenticity and stability of the generated
samples. Secondly, the enhanced audio features are input into an improved Mc-MobileNet model for classification and recognition. This
model maintains low computational complexity while possessing strong feature extraction capabilities and excellent real-time performance,
thus enhancing the system’s robustness in complex environments. Finally, an end-to-end coal mining machinery fault sound recognition
system is constructed, achieving overall optimization from data enhancement to fault classification. Experimental results show that,
compared to traditional sound enhancement and recognition methods, the proposed method significantly improves recognition performance in
noisy environments, with a classification accuracy increase of approximately 10%. Additionally, it exhibits high computational efficiency
and good generalization ability. This method provides an effective technical approach for intelligent detection of equipment faults in complex
noise environments in coal mines, and holds strong engineering application value.

Keywords: coal machine malfunction sound; interference background; generate adversarial networks; Mc-MobileNet; voice recognition;
fault detection
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Fig. 1 Technical roadmap of coal mining machinery fault sound recognition algorithm under interference background

based on RaGAN and Mc-MobileNet

1.1 FEEBGEEDR

TEHEAT P B B0 Z BT, B G, W B Y I 4 R
{55 AT AL EE i Tl Ah P A E B R TN R 0 7 4
M R TN RE SR T R A A3 L B A A
B B N R R S S B AN B
F B MW ; v A TR A B A R R RS A
Bt SRJIE X INEE S it s A I B4 S M5 S A T /N AR
e, -3 1 B R TN PR R G S A R A
TR 75 35 15 5 5 A Ry R i e R B X B A 35 3% 18]
7 T E BB AT RUOR B IR LA 75 & 5 R A (15 B
WEAR T AR GRS Uy T A I AR L A0 A S
FRER HEMIHR T SRR VT B3R RS B

2 R PR TN AL A B R S L
Tk P A e e s B T, N e A A % T e WA e S
SREE SR FH UG 7 = 5 (8 T o B AR I T i
SEH T HERE
1.2 RaGAN = FIiEiBE

i T RaGAN AJ DhA: g5 I a7 2 AR ARUELAE (5 g e b
A7 P T B 7R S R AL R S N T RaGAN
RO T B g AL R o R
RaGAN B FHF 75 & 8 0, ok F — A 36 T 5 B 22 N 4% (1)
A A A — A T BRI A b 28 X 45 1) 0 1 48 [RIE

FIA TGP —ZMAR | DU HE A= 1S i A 18 5 P 5
e & Z B — Bk, HeAh T T B 264 L
T I 530 25 B DX R AR

8 000
7000 |/
6000 |

. 5000 [

= 4000 |
3000
2000 |
1000

0

0.5 1.0 1.5 2.0 2.5
tls

B2 £pEEEE
Fig.2 Generated sound spectrogram
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Fig.3 Network structure of RaGAN sound enhancement model
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Fig.4 Schematic diagram of the Mc-MobileNet network structure
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Tab. 1 Description of coal mining equipment samples
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Fig.5 Spectrograms of the original trip sound and four enhancement methods
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Tab.2 RaGAN enhancement method compared with other different enhancement methods evaluation of filtering effect indicators
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Fig. 6 Recognition accuracy of Mc-MobileNet model for coal machine fault sounds
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Fig.7 Recall rate of Mc-MobileNet model for identifying coal machine fault sounds
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Tab.3 Mc-MobileNet for non-enhanced coal machine fault sounds model recognition performance test
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Tab.4 Recognition performance test of Mc-MobileNet model for coal mining machine sound enhanced by RaGAN
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Tab.5 Enhanced average accuracy of sound recognition for coal

mining machinery faults
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