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Abstract

As assistance devices powered by electric motors have been increasing, motor control which is safe to human has

become an important issue. This paper explores how the reaction force generated by a motor can be controlled by

impedance control based only on position feedback. Q filter in Two-degree of freedom control is designed to make

flexible impedance to external force maintaining tracking performance to the reference. Q filter with an unstable

zero is also adapted to make assistance and reduce impact control. The proposal is verified by experiments.
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Fig.1. Basic Form of Two Degree-of-freedom Control

with Disturbance Observer
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Fig.2. Generalized Structure of Force-sensor-less Impedance

Control
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Fig.3. Impedance Control in Conventional Form
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Fig.4. Impedance Controller in Velocity Control Form
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Fig.5. Q filter in Force Sensor-less Impedance Control
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Fig.7. Simple Output Feedback Form of T'wo-degree-of-

freedom Control
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Fig.8. 3 Gains in Force Sensor-less Impedance Control
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Fig.9. Assistance Performance by Impedance Control
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Fig.10. Response Control by Impedance Design
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Fig.11. Impedance Control with Position Control
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Fig.12. Assist Control by Q Filter with an Unstable
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Zero Q filter
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