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FREQUENCY IN CAVES. THESIS ADVISOR: ASSOC. PROF. RANGSAN WONGSAN,
D.Eng., 163 PP.
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The development of wireless communication technology within caves is still a
challenge due to the physical characteristics of natural caves with non-uniform and
complicated passages. The study of wave propagation inside a cave or tunnel in
the past will be compared to waveguide theory because cave walls are electrically
conductive. However, the waveguide model is limited as the cutoff frequency,
determined by cave dimensions, attenuates frequencies below it. Despite theoretical
limitations, lower frequencies can propagate in practice. Therefore, this thesis presents
the modeling of RF wave propagation for low frequency in caves based on experimental
study. The experimental study of the wave was measured at Chiang Dao Cave
(limestone) and Patihan Cave (sandstone) to analyze factors, propagation mechanisms,
and wave behavior at frequencies 300, 1000, 1650, 2325, and 3000 kHz, which are low-
frequency (LF) and medium frequency (MF). The experimental results were used to
develop a model for low-frequency wave attenuation within caves. The model assumes
low-frequency waves can penetrate cave walls due to surface depth, increasing the
electrical dimension. In addition, high-resolution 3D cave: models were used to
calculate the physical characteristics of the proposed model and further simulations
using CST software. After that, comparisons between experimental results, the
waveguide model, the proposed model, and CST simulations showed that the
proposed model provides the most accurate attenuation values. The proposed model
can be used to develop software for calculating the attenuation of low-frequency wave
propagation inside the cave from other cave models. In conclusion, this research has
significant implications for improving communication strétegies in caves, tunnels, and

underground mines, paving the way for future low-frequency wave applications.
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