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New index for arobot manipulator based on the concept of impedance matching

Kyushu University o Ryo Kurazume Tsutomu Hasegawa

Abstract— In this paper, we propose a new index of manipulator’s dynamic capability named Impedance Matching
Ellipsoid, or IME, for serial link manipulators. Several indexes have been proposed in the past to illustrate statically
and dynamically capability of a robot manipulator. For example, Dynamic Manipulability Ellipsoid (DME) describes
a distribution of hand acceleration produced by normalized joint torque. Manipulating-Force Ellipsoid (MFE) denotes
static force transmission from joints to a hand. On the other hand, the proposed IME illustrates dynamic torque-force
transmission efficiency from actuators at joints to an object held at a hand. The concept of the IME involves a wide range
of proposed indexes proposed as measures of manipulator’s capability. The DME and MFE are both derived as a typical
representation of the IME. This paper demonstrates the IME with numerical examples including optimal leg posture for a
jump robot, and an extension to a free-flying manipulator.
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Fig.1 Impedance matching of an actuator
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Fig.2 Impedance matching for a jJumping robot
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Fig.3 Impedance matching ellipsoid, IME
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Fig.4 Vertical force derived from IME
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Fig.5 Vertical acceleration derived from DME
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Fig.7 DME for various leg postures
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Fig.8 An example of jumping simulation
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Fig.9 Maximum jumping hight for various leg postures
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Fig.10 7-link manipulator on free flying satellite
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Fig.11 Two initial postures
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Fig.12 Impedance matching ellipsoid
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Fig.13 Efficency of Torque-To-Force conversion
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