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An Analysis of Human Hand Impedance Characteristics

During Isometric Muscle Contractions

Toshio TSUJI*, Masamitsu MORITANT,
Makoto KANEKO™ and Keji ITO**

In this paper, impedance characteristics of human arm during isomeiric muscle contraciion are measured
experimentally, and relationships between hand impedance and various muscle contraction levels are analyzed.
Firstly, while a subject regulates a muscle contraction level or amplitude and direction of hand force to an
instructed value, small external disturbances to his hand are applied by a manipulandum. Time changes of
the hand displacements and forces caused by the disturbance are measured, and the hand impedance are es-
timated using a second-order linear model. During the experiments, EMG signals of major muscles acing on
shoulder and/or elbow joints are measured in order to estimate a muscle contraction level of the subject. The
experimental results in different subjects are summarized as follows: 1) coactivation of agonist and antagonist
muscles increases the area of stiffness and viscosity ellipses, 2) spatial characteristics of hand stiffness are
changed depending on the amplitude and the direction of the hand force, 3) not only stiffness but also virtual
trajectory of the subject’s hand change with hand force, 4) it might be possible to predict the arm impedance

form EMG signals with sufficient accuracy.
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Table 1 Link parameters of a two-joint arm model used
in calculations of the equivalent inertia of the
hand motion. .

Subject Link L Mass[ks] [Center of massim}] Inentiafx 103 kgmZ)
C Upper amn 0.27 1.82 0.11772 11.969
Forgarm +hand{ 032 1.43 0.14217 13.634
H Upper arm 0.27 1.34 0.11772 8.662
Forearm + hand | 0.33 1.06 0.14803 10.684
N Upper arm 0:28 1.82 0.12208 12.770
Forearm +hand {035 143 0.15973 16.587
N Upper-arm 0.29 174 0.12644 12.939
Foreama +hand]  0.36 1.36 0.16559 16814
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Fig. 8 Changes of hand impedance ellipses with target
muscle contraction levels (subject C).
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Fig.9 Graphical representation of hand impedance.
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Fig. 10 Area of impedance ellipses depending on the
muscle contraction levels {subject C).
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Fig. 11 Orientation of impedance ellipses depending on
the muscle contraction levels (subject C).
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Fig.12 Shape of impedance ellipses depending on the
muscle contraction levels (subject C).
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Table 2 Coefficients between joint stiffness and muscle contraction levels.
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Fig. 18 Predicted joint stiffness by measured muscle
contraction level (subject H).
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