Bl Rl

Nyl

(P.
~P
)

S(I:E

4 3t
&) 8 B &l
m:”#
¥ A




FEHEDIBEIRE
Vol.35, No.10, 1300/1306 (1999)1"

1oE—4 X bL—=Z2T : ABIEFXIE—F X EENFTEICEY
REiCEBA0h 2

K- foF
+ B -l

OB B dE Ee
=N S

i+

W &

Impedance Training : Can We Regulate Our Hand Impedance Through Training?t

Toshio T'suir*, Yoshihiko KanJ1r*, Takashi KATO**,
Makoto KANEKO*® and Sadao KAWAMURA™**

The present paper argues that appropriate regulation of mechanical impedance is a key of dexterity of hu-
man movements, and proposes a new training method, which is called Impedance Training, to improve trainee’s
impedance regulation ability. During the training, the desired value of the hand impedance is given, and the
trainee is instructed to regulate his or her own hand impedance to the desired one as close as possible based on
biofeedback information such as EMG signals of muscles, joint angles of the upper limb, and the realized hand
impedance. In order to evaluate the proposed method, the training experiments were carried out, and it is shown

that the trainees can regulate their hand impedance through training.
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Fig.1 Prototype of the impedance training system
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(a) Impedance training

{b) Stiffness training

(¢) EMG radar chart

Fig.2 Examples of the biofeedback display
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Fig.3 Change of human hand stiffness during the first and
sixth training of stiffness regulation ability (subject A)

Trials

Trials
(b) The sixth training

Fig.4 Change of human hand viscosity during the first and
sixth training of viscosity regulation ability (subject
A)
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Fig.6 Changes of the natural frequency with the increase of
the hand stiffness (subject A)
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Fig. 7 Mean square errors and standard deviations between
desired and estimated stiffness
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Fig.8 Changes of human hand stiffness regulation ability
with the motion direction (subject A)
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Fig.9 Changes of human hand viscosity regulation ability
with the motion direction (subject A)
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Fig. 10 Relations between the human hand viscosity and the
muscle contraction level (subject A)
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Fig.11 Changes of human hand inertia during training of
inertia regulation ability (subject A)
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