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Abstract
robot based on model-free adaptive algorithm. Force sensors are mounted on the contact surface of the robot and the

This paper proposes an active interaction exercise control method for the exoskeleton upper limb rehabilitation

human upper limb to collect human-robot interaction torque information which is used to quantize active movement
intention. A model-free adaptive filtering algorithm is designed to make the interaction torque smooth and continuous. A
human-robot interaction impedance controller is designed for adjusting the given target velocity of each joint, according to
the input of interaction torque and considering the relative position of the robot end-point to the reference trajectory and
the compensation force information. By combining the model-free adaptive algorithm and the sliding mode exponential
reaching law, a speed controller for all the joints of the robot is developed to implement the target speed tracking.
Simulation results show that this control method can achieve the function of the exoskeleton for upper limb rehabilitation,
which is to assist patients to complete the active interaction training exercise. By adjusting the corresponding parameters
of the human-robot interaction impedance controller, the robot can perform different tasks of the active interaction training
exercise in the light of patients’ active movement intention, and give correction in motion deviation. In the designing and
implementing the controller, complicated and accurate dynamic modeling and parameter identification are not required,

and the control method has a certain degree of immunity and versatility.
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Fig.1 Five degree-of-freedom exoskeleton upper limb

rehabilitation robot
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Table 1  D-H kinematics parameters of the robot

i 0:(°) di(m) a;(m) ai(°)
0 90 0.0925 0.047 0

1 q1 0.1425 0 —90
— 0 —0.1240 0

2 q2 0.0682 —0.277

3 qs 0.0558 —0.220

— 90 0 0 —90
4 qa 0.0790 0 90
— 90 —0.0330 0 0
5 qs 0.0330 0 —90
H 90 0.0800 0 0
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