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Manipulability Analysis with Human Joint-Torque Characteristics of the Lower Extremity

Yoshiyuki TANAKA*, Naoki YAMADA™,
Ichiro MAsaMORI** and Toshio TsuJr*

This paper proposes a new evaluation method for human multi-joint movements by inspiring human joint-
torque characteristics into the manipulability measurements developed for robotic mechanism. A human realizes
flexible and skillful movements by controlling his/her musculoskeletal system and the interactive force with envi-
ronments appropriately. This paper, first, investigates human joint-torque in the lower extremities and reveals its
characteristics depending on joint-angle and rotation-direction. Next a quantitative performance index based on
human joint-torque characteristics is proposed. The effectiveness of the proposed method is then demonstrated

on leg movements in sitting a seat.
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Fig.5 The link model of the human lower extremity
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Fig.6 Example of measured signals (Subject A)
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Fig.9 An n-joint robot manipulator
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Fig. 10 Leg postures measured in the experiments (Subject A)
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Fig. 11 Manipulability forces in multi-joint leg movements
by the proposed and previous methods on Subjects
Aand D
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Fig. 12 Force manipulability ellipses by the proposed and
privious methods on Subject A
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Fig. 13 Joint torque activation level of knee joint computed
from experimental results and simulation results on
Subjects A and D
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