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Abstract: The space adhesive climbing robot can be attached to the outer surface of the spacecraft
and complete the external inspection and operation tasks independently, which is an important way
to realize the long-term unmanned in-orbit service of the spacecraft. In order to solve the problem
of insufficient generalization ability of the control strategy of the adhesive climbing robot after un-
expected changes in spacecraft surface characteristics, the mechanism of adhesion force is construc-
ted under the framework of reinforcement learning, and the intensive reward function is construc-

ted by combining the “follow-update” mechanism of the foot contact force, and the proximal policy
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optimization-clip (PPO-clip) algorithm is used to train and generate the adhesion crawling strategy

of the robot in microgravity environment. The results show that the strategy convergence rate in-

creases by about 14.81% under the “follow-update” mechanism of foot contact force. The

climbing strategy obtained can maintain the adhesion stability of the robot on a flat surface, and

has the ability to reach the target position with an arrival error of less than 0. Im. On surfaces

with an unpredictable height change of £40mm and an unpredictable slope change of £18°, the

climbing strategy obtained on the flat surface can achieve stable adhesion climbing of the robot.

Keywords: space climbing robot; microgravity; foot adhesion; reward design; reinforcement learning
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Fig. 1 Overall structure model of space climbing

robot and its schematic diagram
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Fig. 2 Single-leg structure model of space climbing

robot and its schematic diagram
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Fig. 3 Quasi-static models of adhesion forces corresponding

to pre-pressure and contact angle
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Fig. 5 Schematic diagram of crawling strategy training framework based on foot adhesion mechanism and intensive reward
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Tab. 2 Simulation environment configuration parameters

SR SR L/ AL SR
num _ envs FEATHLAR A/ A 800
env _ spacing HLas AN/ m 5
bower _ scale R IR B 1 A R X o3

1071/ (N +*m)

gravity BAHMEE/ (ms?) 0.0

R3 HEBBY
Tab.3 Algorithm hyperparameter

EL e ZHE X ZHUE
gamma SRR E T 0. 99
Learning rate 23R 61073
e clip oy A 0.2
max _ epochs e KB A E 3 000
batch _ size B A RN 51 200
minibatch _ size ANEE AR I B RN 6 400
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Fig. 6 Cumulative reward change curve
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Fig. 7 Schematic diagram of adhesive climbing of

quadruped robot in microgravity environment
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Fig. 13 Each change curve of the robot body

at the target position [11, —3, 0]
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Fig. 15 Simulation of robot adhesive climbing on

multiple surfaces in microgravity environment
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