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Extended Manipulability Measures for Robot Arm Equipped with Bi-articular Muscles

Kengo Yoshida, Naoki Hata, Sehoon Oh, Yoichi Hori

This paper describes extended manipulability measures for robot arm based on bi-articular muscle principle. Such

robot arm has redundant actuators more than number of joints and some of the actuators drives multiple joints. Con-

ventional measures cannot be applied to such robot arm. We extend three conventional measures: Manipulating-Force
Ellipsoid (MFE), Dynamic Manipulability Ellipsoid (DME) and Impedance Matching Ellipsoid (IME). MFE and DME
are typical case of IME. We analyze proposed measures and show their validity. Extended IME can represent dynamic
torque-force transmission of intended robot arm accurately. Then properties of robot arm with bi-articular muscles are

described by comparison with conventional arm.

Key words: Bi-articular Muscles, Impedance Matching Ellipsoid, Manipulating-force Ellipsoid, Dynamic Manipula-

bility Ellipsoid
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Fig. 1 Range of Joint Torques with or without Bi-articular Muscles
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Table 1 Parameters of simulation model
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Fig. 3 MFE and Range of Distal Output Force with or without Bi-

articular Muscles
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Fig. 4 DME and Range of Distal Acceleration with or without Bi-
articular Muscles
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Fig. 5 IME and Range of Output Force acting on an Object with or
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Fig. 6 Comparison of Extended Each Ellipsoid in Various Postures
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Fig. 8 Comparison of Manipulability of the Arm with Bi-articular Muscles in DME
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