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Impedance Parameter Update Method for Dual-arm
Manipulator based on Operator’s Muscle Activation
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Chanryul Baek!, Gwangyeol Cha?, Junsik Kim?, Youngjin Choi

Abstract: The paper presents how to update impedance control parameters for dual-arm manipulators
using EMG signals and motions of the operator. Since the hand motions of the dual-arm are modeled
to be the mass-spring-damper system in this paper, the impedance parameter update method is an
important issue to reflect the operator’s force. However, task space inertia to be used as the mass
parameter goes to infinity if the manipulator approaches a kinematic singularity. To alleviate this issue,
the impedance (stiffness and damping) parameters are divided with a diagonal element of the task
space inertia. Also, the stiffness and damping matrices are updated using the normalized EMG signals
captured from the operator’s forearm. Through this process, the motion of the dual-arm manipulator is
more stabilized even though it approaches the kinematic singularity.
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[Fig. 1] Mass-spring-damper model for dual-arm manipulator
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(a) The robot maintains the stability even if the operator’s arm is
straightened towards the singular configuration when the
normalized impedance parameter was used.

(b) The robot does not maintain stability when the operator’s arm is
straightened towards the singular configuration if the normalized
impedance parameter was used.

[Fig. 5] Performance comparison between when using normalized
impedance parameter and not
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[Fig. 7] Moving the box with a force on the operator’s arm when
the robot is close to a singular configuration
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