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Abstract

The growing demand for spacecraft with complex structures and large dimensions such as space station
in the space field has created the need for such spacecraft to perform on-orbit tasks such as their assembly
and maintenance. On-orbit service technology has gradually become an important means to construct
large spacecraft in orbit and to ensure their long-term operation. Compared with traditional space robotic
arms, human-robot interaction space teleoperation robots with autonomous learning capability have the
advantages of higher flexibility, faster decision-making efficiency and more intuitive and simple operation.
Especially in the assembly of large space structures and maintenance tasks, there are often a variety of
complex working conditions that are difficult to predict in advance, requiring operators to make real-time
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judgments and operations in the logic loop, human-robot interaction teleoperated robots can play a more
efficient role in such tasks.

In order to further enhance the autonomy, intelligence and accuracy of space teleoperated robots,
a dual-arm robot teleoperated system based on human-robot interaction and reinforcement learning is
explored for large-scale space structure on-orbit assembly and maintenance tasks, including dual-arm
robot teleoperated module and simulation and reinforcement learning module, The former uses gesture
control and operator joint angular velocity recognition to send operation commands to the robotic arm,
which is used to complete the basic control of remote operation of the robot; the latter addresses the
problem of low operation accuracy due to precision error and time delay in space remote operation, and
then optimizes the movement trajectory of the robotic arm based on the real-time sensor data to enhance
the operating accuracy once obtains the operation commands. The conceptual design of intelligent remote
operation system is carried out, and based on the simulation results of ros system, the key technologies
such as robot remote operation command control, autonomous learning and intelligent optimization are
realized, and the capability of maintenance of large space structures is preliminarily verified. Through
the local autonomous intelligence of the robot and the operator’s own decision-making, it constitutes a
flexible and efficient human-robot interaction system, which can simultaneously support ground personnel
or astronauts to assemble, operate and maintain the objects in orbit, and improve the efficiency and
accuracy of space maintenance tasks, and has a broad application prospect in the field of on-orbit service
of large space structures.
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