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Abstract :

Unmanned mobile robots (Rover) for detailed surface explorations of the Moon or Mars are expected to
travel over long distances and perform in-situ observations using scientific instruments. In this study, the
authors have developed a fully-integrated rover testbed having high mobility system for rough terrain traverse,
lightweight manipulators for sampling, and advanced guidance and navigation functions. The rover testbed, a
bread board model for future planetary exploration mission, accelerates future technology advancements. This
rover has been designed on the basis of comprehensive knowledge inherited from studies on previous
prototypes.

The electrical power systems (EPSs) of rovers require a stable power supply in order to realize long-range
travel on the lunar and other planetary surfaces. In general, spacecrafts such as satellites and probes can get
stable electrical power generated by solar array paddles oriented toward the sun. In the case of rovers, however,
there is no guarantee that the solar array paddles on the rover can stably generate electrical power because the
sun incidence angle relative to the solar panels varies with the movement direction and attitude of the rovers.
In addition, the shadows of the boulders and craters on the surface of the Moon or Mars can obstruct sunlight
from reaching the rover. Further, pulse peak powers due to motor driven for rough terrain traverse may be
greater than those generated by solar arrays, and consequently, the battery is subject to frequent discharge even
when the rover is operated under sunlight. Therefore, a power management scheme different from that
applicable to ordinary orbiting spacecrafts is required for the EPSs of rovers.

The EPS of our rover testbed consists of solar array panels (SAP), a series switching regulator (SSR),
batteries (BAT), a battery charge control unit (BCCU), power distribution units, and battery protection circuits.
As of the current configuration, the rover testbed consumes around 100 W, including that for electrical load of
the rover subsystems. To generate possibly stable power under bright sunlight, maximum peak power tracking
(MPPT) is adopted as the power control method for the SSR.

The authors have conducted field tests of the rover testbed in a desert located in [zu-Ohshima Island on
October, 2011. The rover equips the developed EPS, mobility systems, manipulators, a telecommunication
system, and advanced guidance and navigation functions. Through the field test, the rover testbed traversed the
rough terrain in excess of 300 m with a combination of the tele-operation and the autonomous guidance and
navigation. Also, the performance of the EPS such as the SAP generating power, its power balance, and load
profiles in various operation modes were evaluated. This paper reports on the EPS function and performance,

as obtained by experimental results.
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