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Introduction: In last five years, several agencies 

and companies have shown interest in prospecting and 

extracting resources from the Moon, Mars and other 

celestial bodies. Current assessments of the water-ice in 

the lunar Permanently Shadowed Regions (PSR) come 

from the orbital measurements[1,2] with only one 

ground truth data point recorded during the LCROSS 

mission[3]. The orbital data and the LCROSS mission 

shows wide variance in the composition, quantity, 

form, and distribution of water-ice in the lunar PSRs. 

This severely hinders design and execution of extrac-

tion technologies. More ground truth data acquired by 

drilling ‘exploratory boreholes’ is required.  

This paper discusses the development of algorithms 

that analyzes the trend in the drilling data to estimate 

the geotechnical properties and characteristics of sub-

surface water-ice in the lunar regolith. These algo-

rithms use drilling data to estimate the uniaxial com-

pressive strength, density, and subsurface stratigraphy. 

These algorithms are also used to estimate the quantity 

and distribution of water-ice on the lunar subsurface. 

This paper compares the analyzed drilling data for both 

atmospheric and cryogenic drilling tests.  

Experimental Setup: A test drilling rig with a 

high-frequency drilling data acquisition system was 

designed and fabricated[4]. Figure 1 shows the test 

drilling rig. The drilling tests were conducted with 

commercially available masonry bits. Homogenous and 

layered analog grout samples with a basaltic simulant 

were designed to record the drilling response. The 

compressive strength of the analog samples was 

changed by varying cement-water ratio. Figure 2 shows 

the analog samples used for drilling tests. Drilling pa-

rameters such as torque, thrust, rotation speed were 

recorded and parameters like penetration rate and me-

chanical specific energy were calculated.  A data pro-

cessing schema was implemented to remove the outli-

ers and the noise. The data set from each borehole was 

individually labeled to identify the operation being 

conducted (drilling or not drilling), any drilling dys-

functions (vibration, auger choking etc.), and changes 

in the formations.  

To test the applicability of the algorithms at cryo-

genic conditions expected in lunar PSRs, a cryogenic 

apparatus was designed and fabricated. In the next 

month, three cryogenic tests in homogenous simulant 

sample with 3%-9% water content are planned.  

 

Figure 1: Test drilling unit 

Results: The labeled drilling data from each well-

bore was randomly split into 80% training and 20% 

validation dataset. Various classification algorithms 

were trained to predict the rigstate, drilling dysfunc-

tions and varying formation . Various regression algo-

rithms were developed to estimate the UCS, and mois-

ture content while drilling. The algorithm performance 

was compared to identify the most efficient algorithm 

and optimum hyper-parameters. The optimum algo-

rithms were blind tested on the analog samples and will 

be tested on the cryogenic samples.  

Such algorithms can be vital in identifying the rig 

state and drilling dysfunctions both of which can help 

optimize the drilling operations by identifying the drill-

ing parameters resulting in minimum vibration or opti-

mum power consumption. These algorithms can also 

help estimate the quantity, distribution, and subsurface 

stratigraphy of water available on the  lunar poles 

which will be essential in planning any human and ro-

botic missions in the coming years. 
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  Figure 2: Analog samples cast for the drilling test, 

 Block 1, homogeneous sample, Blocks 2 & 3 variable strength grout layers 
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