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Abstract Lunar lava tubes represent a high-value target in lunar exploration, and a crucial challenge
in their detection lies in distinguishing between lunar surface clutter and echoes from the lava tubes.
This paper introduces a method for determining the source of echoes based on the power ratio of high-
frequency and low-frequency electromagnetic waves. Leveraging the differential path attenuation rates of
high and low-frequency electromagnetic waves in the lunar regolith, distinct characteristics emerge in the
power ratios between lava tube echoes and surface clutter. The paper focuses on radar systems designed

for lava tube detection, deriving formulas for key detection metrics such as resolution, echo power, sig-
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nal-to-noise ratio, and signal-to-clutter ratio. Furthermore, through simulation results, radar system pa-

rameters are designed. Lastly, employing a pseudospectral time-domain approach and establishing a sim-

ulation system, the paper conducts simulated research on lunar lava tube echoes with different orienta-

tions. Simulation results demonstrate that utilizing the power ratio of high and low-frequency echoes is

an effective means of distinguishing between lunar surface clutter and lava tube echoes. The power ratio

of high and low-frequency echoes from lava tubes and surface clutter exhibits a positive correlation with

lava tube depth and frequency ratio. This validates the effectiveness of using power ratios to discrimi-

nate between lunar surface clutter and lava tube echoes.
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Fig. 10 Lava tube echo simulation results
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