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[#FRME Brief summary of your presentation]
Asteroids are likely to hold clues that could reveal the origin of our solar system and its evolutionary process.
Thus, asteroid exploration has become an important scientific objective in current space development. In
particular, unmanned exploration using robots is regarded as being an effective method for investigating the
surface of an asteroid. However, it is not easy for the robot to implement locomotion on the surface. This is
because, 1) the asteroid surface is an unknown irregular terrain, and Il) the gravity of the asteroid is extremely
low. Therefore, robotic exploration in an asteroid requires the adoption of an appropriate locomotion strategy.
Moreover, an exploration robot is expected to be capable of moving to an area of scientific interest. In
response to this, we have proposed a ground grip robot that moves by gripping the surface like a rock climber.
Given the very low level of gravity on the asteroid surface, there will be very little gravel or sand. Therefore,
the robot avoids flotation and rotation by gripping the asperities of the surface, and thus can move about and
explore the surface. When the idling arm is moved while the supporting arm's gripper is attached to the
surface, all of the reaction forces act on the gripper. If the gripping force is to be exceeded, however, it
becomes detached from the surface and the robot is not able to move forward. In this paper, therefore, we
propose a motion control method that does not act the reaction force on the gripper by utilizing the reaction
null-space, which is the projector onto the null space of the inertia coupling matrix. Additionally, when the
reaction force acting on the tip of the idling arm exceeds the gripping force of the supporting arm’s gripper, the
gripper becomes detached from the asteroid surface. For that reason, the robot cannot continue to move
forward. Thus, it is necessary for the force acting on the idling arm’s gripper to be as small as possible.
Therefore, the tip position trajectory is generated as an ellipse to enable smooth movement and eliminate any
frictional force. Furthermore, the control law was made by setting the task priority for these two control tasks.
The control law was validated by a planar dynamic simulation. The simulation model assumes a dual-armed
robot with three degrees of freedom (DOF) in each arm, while the uneven surface is simulated under certain
conditions. As a result, the robot was able to move continuously with reactionless motion and the propriety of

the control law was confirmed.
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