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Study on applicability of indoor electromagnetic wave propagation attenuation statistical models in mines

SUN Jiping, PENG Ming
(School of Artificial Intelligence, China University of Mining and Technology-Beijing, Beijing 100083, China)

Abstract: The design, planning, and optimization of mining communication systems, personnel and vehicle
positioning, wireless video, and wireless sensing systems such as 5G, 5.5G, WiFi 6, WiFi 7, UWB, and ZigBee
require analysis of electromagnetic wave propagation in mines. The statistical model of electromagnetic wave
propagation attenuation is an effective method for predicting the attenuation of electromagnetic waves. The
applicability of indoor electromagnetic wave propagation attenuation statistical models in mines is analyzed.
(D Electromagnetic wave propagation in mines occurs over long distances in a confined and unique environment,

which is different from the short-distance propagation in simple rectangular indoor environments on the ground.
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2 The surrounding walls of mine roadways are thick coal and rock which have strong abilities to absorb
electromagnetic waves, and roadway support materials further block the penetration of electromagnetic waves.
Therefore, electromagnetic wave attenuation through walls is typically not considered. In the indoor-to-indoor
electromagnetic wave propagation attenuation statistical models, the COST-Multi-Wall model and Keenan-Motley
model consider electromagnetic wave attenuation through walls, making them unsuitable for mines. 3 Both the
base station and wireless terminal in mines are located within the roadways, representing electromagnetic wave
propagation in a confined internal space. The outdoor-to-indoor electromagnetic wave propagation attenuation
statistical model is applicable to scenarios where the base station is in an open outdoor space and the wireless
terminal is in a confined indoor space, making it unsuitable for mines. Subsequently, this study analyzed the
prediction errors of indoor electromagnetic wave propagation attenuation statistical models for different mine
scenarios (e.g. auxiliary transportation roadways, excavation roadways, curved roadways, branch roadways, fully
mechanized mining faces). When using the WINNER II model, 3GPP InH-Office model, ITU-R P.1238 model,
and ITU-R M.2412 InH model in indoor electromagnetic wave propagation attenuation statistical models to
predict electromagnetic wave propagation attenuation in mines, the overall mean errors were 9.3 dB, 8.2 dB, 9.9 dB,
and 7.7 dB, respectively. Due to the significant prediction errors, these models are unsuitable for mines. Currently,
no specific statistical model for mine electromagnetic wave propagation attenuation has been developed based on
the unique environment of mines. Therefore, it is necessary to study and establish a statistical model for
electromagnetic wave propagation attenuation in mines that is tailored to the confined space and special
environment of mines to guide the design and layout of mine communication base stations, positioning sub-
stations, and their antennas.

Key words: mine communication; electromagnetic wave propagation; electromagnetic wave attenuation;

statistical model; base station layout
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Fig. 1 Statistical model of indoor electromagnetic wave propagation attenuation
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Table 1 Penetration attenuation values for different

attenuation types
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models of location under different indoor scenarios
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Table 3  Suggested values of correlation coefficients for specific

models of location under different indoor scenarios
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Table 6 Scope of application of indoor electromagnetic wave propagation attenuation statistical model
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Table 7 Mean error values of different electromagnetic wave propagation attenuation statistical models under different mine scenarios
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Fig. 2 Mean error curves of different electromagnetic wave
propagation attenuation statistical models under

different mine scenarios
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