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Hierarchical Human-robot Cooperative Control
Based on GPR and Deep Reinforcement

Learning
JIN Zhe-Hao' LIU An-Dong' YU Li'

Abstract In this paper, a hierarchical human-robot collabor-
ation control problem is investigated by Gaussian process regres-
sion and deep reinforcement learning approaches, and a ball and
beam system controlled jointly by human and robot is used to
verify the proposed method. The main contributions are as
follows: 1) To deal with the problem that the classical control
method can not be directly used in the human-robot collabor-
ation scenario without a known model, a deep reinforcement
learning algorithm is adopted to design an effective nonlinear
suboptimal policy without the system model, and this suboptimal
policy is considered as the expected control policy to guide the
Human-robot collaboration process; 2) To weaken the negative
influences caused by the unknown and random human-control
strategies, the Gaussian process regression method is used to fit
the human-control strategies and build the cognitive model of
robot for human control behaviors, which can improve the
efficiency of collaboration by enhancing the initiative of the robot
through the Human-robot collaboration process; 3) A controller
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for the end-effector velocity is designed based on the cognitive
model and the expected control policy, and the effectiveness of
the proposed method is verified by experimental comparison.
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robot collaboration
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Fig.1  Schematic diagram of the human-robot

collaboration task
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