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Abstract: This paper proposes a dual variable admittance control strategy based on velocity field
and intention angle to address the problems of training slackness, complex controller and training

performance indicators, and non-adjustable training task in active rehabilitation training. After a
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velocity field is constructed around the desired trajectory, the variable admittance controller is de-
signed by mapping the patient’s active force to the admittance parameter based on the hyperbolic
tangent function. Only when the patient exerts the active force, the admittance control outputs
the driving force of the robot movement, forcing the patient to participate actively. The angle be-
The pro-

portion ¥ of the time when the intention angle within [0, n/2) appears in a single training cycle is

tween the interaction force vector and velocity vector is defined as the “intention angle”.

used to represent the patient’s active control ability. The upper bound of the admittance parame-
ter will be modified by ¥ of the previous cycle to adjust the intension of the training task. Six
training cycles were performed under the control strategy and the experimental results show that
the proposed active training strategy allows tracked training along three-dimensional trajectory
without timing sequence within an allowable error range on the condition that the patient partici-
pates actively. According to the indicator 7, the admittance parameter may change from 1 100 to
1 200 and back to 1100, the training duration of a single cycle may change from 45.6 s to 31.82 s
and back to 46. 9 s, during which the total active force output of the patient may change {rom
892.2 N to 694. 4 N and back to 1 014 N. It indicates that the training strategy determines the
patient’s active training ability and adjusts the training task accordingly; therefore it can be
adopted for active rehabilitation training.

Keywords: upper limb rehabilitation; velocity field; intention angle; variable admittance; active
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Fig. 1 Structure of the upper limb rehabilitation robot
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Fig. 5 Different velocity field of circle trajectory
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Fig. 6 Three dimensional velocity field
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Fig. 13 Variation of joint torque while training
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Table 2 Specific value of total training time and initiative

UER T I ERIES F 3 1 BA/N
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Fig. 17 Real trajectory and the error scope
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