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Analog Study of Ground-Penetrating Radar Technology

for Lava Tube Detection

XU Yi', CHEN Rui', WONG Honkuan', MENG Xindong', CHEN Yiping’,
ZHANG Ling"’, ZHANG Jun', XIAO Long'

(1. State Key Laboratory of Lunar and Planetary Sciences, Macau University of Science and Technology, Macau 999078, China;

Abstract: L

ground-penetratin,

2. School of Geospatial and Engineering and Science, Sun Yat-Sen University, Guangzhou 510275, China;
3. School of Earth Science and Engineering, Sun Yat-Sen University, Guangzhou 510275, China;
4. School of Earth Sciences, China University of Geosciences (Wuhan), Wuhan 430074, China))

ava tubes are one of the prime candidates for establishing extraterrestrial bases. To verify the feasibility of using

g radar to detect lava tubes on extraterrestrial bodies, this paper first conducted a technical study to validate the

detection of lava tubes using a 400 MHz ground-penetrating radar system on the Seventy-Two Caves and Wolong Cave in the

Shishan Volcanic Group in Haikou, Hainan. It is found that the upper interface of the lava tube is clearly displayed when the depth of

the tube is 2 m, and the radar image shows the upper and lower boundaries when the height is less than 3 meters. Additionally, the

genetic algorithm

calculating the di

is employed to inverse the dielectric constant of the lava tube’s wall. The reliability of the genetic algorithm in

electric constant is validated through comparison with results obtained from the depth method and sample

measurement. Furthermore, the analysis of samples establishes a simple relationship between porosity and dielectric constant. These

findings are of significant importance for assessing the underground spatial distribution and wall stability of the lava tubes, providing

a reference for future lunar base establishment.

Keywords: lava tube; ground penetrating radar; Moon; in-situ detection; analog study

Highlights:

e Radar technology verification experiments for extraterrestrial lava tube exploration were conducted in the Shishan Volcanic Group

lava tubes in Haikou, Hainan.

e 400 MHz

less than 3 m.

radar can reveal the upper and lower boundary of the lava tube when the buried depth is less than 2 m and the height is

e The genetic algorithm is used to inverse the dielectric constant and porosity of tube wall, providing references of safeness of lunar

base construction.
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