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Abstract

Robotics and automation technology play an important role in space exploration. In the utilization
and exploration of human space environments, crew time is precious, and the further application of robotic
support is anticipated. However, it remains challenging for robots to perform complex tasks, especially
when dexterous manipulation is required in real-time operations under communication delays, whether in
a spaceship’s intra-vehicular environment or on planetary surfaces such as the lunar surface. In our first
work, we focus on applying robotic technologies in the intra-vehicular environment. We have assessed
the feasibility of applying a ground-based avatar robotic system to be implemented in the intra-vehicular
environment to perform the same activities as required by the crew. A dual-arm robot was applied in
the tests, including a comparison of end-effectors: a multi-finger hand and a two-finger gripper. We
conducted a ground test to assess the feasibility and potential interface requirements for the robot and
target hardware, with minor modifications from the current crew interface used in the ISS intravehicular
activities (IVA). The manipulation of flexible objects, such as straps and cargo bags, which are challenging
for existing robots to perform, was included in the tests. Communication delays and limited resources
were also taken into account to assess the robot’s requirements and capabilities. In this study, we have
demonstrated that ground avatar robot technology can be applied to the intra-vehicular environment to
perform the same tasks as the crew. The results show that even complex tasks that normally require
human decision-making can be handled effectively. In our future work, we will extend our avatar robotic
technology to environments with more severe latency levels, such as the lunar surface.



