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Abstract

With the deepening of aging and more and more people with upper limb dysfunction caused by
nerve injury and other reasons, the research on upper limb rehabilitation robots is more and
more in-depth, however, there are few studies on the safety and stability of the upper limb reha-
bilitation robot. In this paper, an assist-as-needed (AAN) control strategy is developed for an upper
limb rehabilitation robot driven by series elastic actuators (SEA). Based on the singular perturbation
method, the SEA-driven robot model is divided into slow-time-scale dynamics and fast-time-scale
dynamics, to achieve error tracking and target impedance modulation, to achieve satisfactory AAN
characteristics and patients actively participate in rehabilitation training purposes. The simula-
tion results show that the model-based concurrent learning adaptive impedance controller in
the velocity domain can achieve effective AAN rehabilitation training while ensuring tracking
accuracy.
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Figure 1. Diagram of the SEA’s structure
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Figure 2. Tangential and normal vectors in the velocity field
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Figure 3. Velocity field in Cartesian coordinates
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Figure 4. Trajectory of the robot end-effector, without fey, with fe,
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Figure 5. Error of the robot end-effector
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Figure 6. Control input of the robot
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