REMOTE CONSTRUCTION EXPERIMENT FOR UTILIZING WATER RESOURCES ON THE MOON.
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Introduction: In the early stages of resource reuti-
lization on the Moon, staying on the lunar surface and
manually operating complex construction machinery
will be difficult for many astronauts (or workers). Un-
manned construction machinery is considered an effec-
tive solution to overcome this difficulty, and therefore,
there is a need to develop remote control and automatic
operation technologies. These technologies are also
required on the Earth given the decline in the number
of workers employed at construction and civil engi-
neering sites. To solve this common problem in space
and on earth, the Japan Aerospace Exploration Agency
(JAXA) has been working with a construction compa-
ny to develop technologies for constructing lunar bases
and for lunar resource utilization [1,2]. In this study,
we developed a remote control and automatic opera-
tion system for construction machinery and performed
demonstration experiments for a water resource utiliza-
tion scenario on the Moon.

Water resource utilization scenario on the
Moon: JAXA’s international space exploration scenar-
io presents a process for extracting water resources on
the Moon (Figure 1) [3]. It is believed that water is
trapped in the regolith located in the permanent shad-
ow area inside craters near the lunar South Pole. Vari-
ous construction machines would be required to obtain
this water. The process would involve excavating the
regolith that contains water using backhoes inside the
crater. Then, the regolith will be loaded onto a crawler
carrier and transported to a fuel generation plant in the
sunlit area outside the crater. This sequence will be
repeated, and the fuel, i.e., oxygen and hydrogen, will
be generated from the transported regolith at the plant.
The generated fuel will be used for lunar landers and
for lunar resource utilization.

Demonstration experiment using construction
machinery: We conducted demonstration experiments
to validate the feasibility of a water resource utilization
scenario using unmanned construction machineries.
The experiment investigated the effectiveness of the
remote control and automatic operation system of the
machinery. The overview of the construction machin-
ery used, remote operation system, and experiments
are described below.

Construction machinery system. Figures 2 and 3
show the hydraulic backhoes and crawler carrier modi-
fied for remote control via electronic signals. Cameras,

Moon.

Figure 3 Remote-controlled crawler carrier.
a global positioning system (GPS), and a laser range
finder were installed on the backhoes and the carrier.
The position of the machineries can be estimated while
constructing a 3D map of the surrounding environment.
Inclinometers were mounted the boom, arm, and buck-
et of the backhoes to measure their rotation angles.
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Figure 4 Remote control system for construction machinery.

Figure 5 Demonstration experiment using two

backhoes (BHs) and crawler carrier (CC).

Remote control system. The backhoes and crawler
carrier were operated remotely from a console located
away from the construction field. Figure 4 shows the
console that comprises three monitors and joystick
controller. The video image obtained from the cameras
mounted on the machineries, dynamic simulation of
the machineries, and command/telemetry data are dis-
played on the monitors. The dynamic models of the
machineries are displayed on the simulation monitor.
These models are driven based on the commands sent
to the actual machineries. The simulation results help
an operator to better understand the motion of the ma-
chineries. The command submitted to each machinery
and the telemetry received from them are displayed on
the command and telemetry monitor. The operator
operates the construction machineries from a remote

location using the information displayed on the screens.

This operation is performed via manual control using a
joystick or by sending sequential automatic operation
commands.

Overview of the experiment. Demonstration exper-
iments were conducted using two backhoes and a
crawler carrier in the construction field (Figure 5). In
the field, the upper and lower levels imitate the inside
and outside regions, respectively, of the crater on the
Moon. The machineries were controlled via a console
located dozens of kilometers away from the field. In
the experiments, one backhoe (i.e., BH1) was remotely
controlled and moved from the upper to the lower level
through a slope connecting the levels. After the back-
hoe reached the target region in the lower level, it
roughly excavated and loosened the ground surface
automatically. Subsequently, another backhoe (i.e.,
BH2), which stayed in the region, scooped the loos-
ened sand automatically and loaded them onto the
crawler carrier (i.e., CC). The CC transported this sand
from the lower level to the upper level. This construc-
tion sequences was repeated many times via automatic
operation. The demonstration experiment confirmed
the feasibility of the water utilization scenario by ef-
fectively using remote and automatic control technolo-
gy for the construction machinery.
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