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Nonlinear Virtual Coupling for Stable Haptic Interaction
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(Moon-Hwan Lee and Doo Yong Lee)

Abstract : This paper proposes a nonlinear virtual coupling for haptic interface, which offers better performance while maintaining
stability of the system. The nonlinear virtual coupling is designed based on a human response model. This human response model
exploits delay between the human intention and the actual change of arm impedance. The proposed approach provides with less
conservative constraints for the design of stable haptic interface, compared with the traditional passivity condition. This allows

increased performance that is verified through experiments.
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Fig. 1. Nonlinear virtual coupling.
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Fig. 2. Human response at different positions.
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Fig. 3. Human response in nonlinear virtual model.
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Fig. 5. Comparison linear with nonlinear virtual model and
passivity with stability condition.
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Table 1. Specifications of the 1-DOF haptic device

T 3 92 mm
a5 7.23 2 m/pulse
A 3 186.8N

Sa A% 0.876 kg

FrE B3 2.936 N-s/m
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Fig. 8. Response with linear virtual coupling based on passivity.
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Fig. 9. Response with linear virtual coupling based on stability.
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