5550 4 55 9 W1 I & 8 % K Vol.50 No. 9
2024 4£ 9 J Journal of Mine Automation Sep. 2024

MEHS: 1671-251X(2024)09-0144-09 DOI: 10.13272/j.issn.1671-251x.2024070019

ETHSRFINE SRR TR BEES

ESBERATR

FHM, B, TEAL, WHTF, Eas

(1. Fdb R g5 24 TR, (il KJE - 030051;
2. EL RS e TRE2ERE, LI #8I0 221116)

HE. SRR —FAZEMNBERCER T R E RSN REERZHARELEMNTRE, 2H &
AR5 AN AR, H 2 TR THR(TFRAZ T M Bra R F Ak EnFE LA, FHPFRREEBREFAL
R T (A BT T AR AR R 6y kb, PR T 8 4 R % 0 aE 58 40 W) R 36, 7 T W k45
WA AT T Ao FHAZ T 0P R SAIRA D WAL Z 0k, 5 A AR EEH 3 ik A F@ENARERT T EEFNEF
IR REST LERHA ST TR T RH PR, o T RRABER R E ., EREA. 2 H
EHR TR AR R R AT TR TIRE T R R R, AR R
70% VA L 155 AR E Fe LS 5 3] kA BT 5 A T IHAS TR EH A Hoa, A TARFEENERT
FRAEA F R G, 5T 2 RAS T 0T RA A F A 94.5%, ALdb i R b a4 B T 8 A E R

KBIR: M EFH A RE,; BN, WRFT; HERE;, AKXET; FRHER

Hi & 432645 TD32 SRR G A

Intelligent identification of electromagnetic radiation signals induced by coal rock

fractures using machine learning
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Abstract: Electromagnetic radiation (EMR) has proven to be an effective monitoring technology for coal
rock dynamic disasters, including underground rock burst and coal and gas outbursts. However, the intricate
generation mechanisms of electromagnetic signal, coupled with interference from underground environments, can
compromise the accuracy of disaster monitoring and early warning systems. Accurately identifying EMR signals
induced by coal rock fractures (effective signals) is essential for the widespread application of this technology.
This study conducted monitoring experiments on electromagnetic radiation during uniaxial compression of coal
rock, analyzing the time-domain, frequency-domain, and fractal characteristics of both valid and interference
signals. Machine learning algorithms, such as linear discriminant analysis, support vector machines, and ensemble
learning methods, were utilized to develop intelligent identification models for effective and interference signals.
A comparative analysis of the recognition accuracy across different models was performed. The results

demonstrated that characteristics like fractal box dimension, average frequency, count, and peak frequency
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effectively distinguished between valid and interference signals, with single-feature recognition accuracy

surpassing 70%. Both the feature set and the choice of machine learning algorithm significantly influenced the

identification accuracy of valid and interference signals. The ensemble learning method, leveraging the complete

feature set, achieved the highest identification accuracy of 94.5% for both signal types, fulfilling the requirements

for EMR monitoring and early warning applications.

Key words: coal rock dynamic disasters; electromagnetic radiation; machine learning; coal rock fracture;

effective signals; intelligent identification
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Fig. 2 Stress, electromagnetic radiation energy, and counting

during sample loading
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Fig. 3 Typical effective signals of electromagnetic radiationand interference signals
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Table 1 Calculation methods for time-domain characteristics of electromagnetic radiation signals
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Fig. 5 Statistics of time-domain characteristics for effective signals and interference signals
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