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Impedance Regulation in Human Movements during a Rotation Task

Koji Iro*, Toshio Tsumi* and Minoru Svgino*

In the present paper, we discuss how the
human subject controls the hand position and
force depending on task objects, and what
roles the arm redundancy and the muscle
impedance regulation play in rotation move-
ments. .

From the measurement of the hand force
and the arm posture in the execution of crank
rotations, it was found that the subject made
the wrist joint impedance large and generated
the hand force in the direction normal as
well as tangential to the crank rotation. Im-
pedance analysis demonstrated that the high
impedance of the wrist joint, realizéd by the
simultaneous activities of flexor and extensor
muscles, was able to provide for the posture
of redundant arm without limiting the hand
manipulatability. Then it was shown that the
hand force in the outer and normal directions
contributed to increase the robustness of the
hand manipulation against the external distur-
bance.

Key Words: arm redundancy, impedance, hand
manipulation, motor control, force control
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Fig.1 Crank rotation task and coordinate systems
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Fig. 2 Crank used in the experiment
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(a) Tangential force f, and normal force fy

1.0kgw

{b} Hand force vectors

Fig.3 Measurement resulis of hand forces {#=15cm, large friction)
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90 Fig.5 Surface electromyogram (EMG) during
rotation tasks
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{(b) #,: shoulder joint, 8,: elbow joint, &,: wrist
joint, ¢: crank rotation angle

Fig.4 Arm postures and joint angles
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Scale of ellipsoid

(a) Kj=diag [1,1,1] (b) Kj=diag [1,1,10]

(¢) Kj=diag [10,1,1]
Fig. 6 Hand manipulatability
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Fig.7 Robusiness of crank rotaion
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____________________________________________

Block diagram of impedance control system

Twrige™== Kwrist(&s(@) - 93(3))

— Burist 3’3(:)‘ (17)
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= 0 1.0 2.0
~ T t(s)
—4.0b

4.0
"’a\ b
g 1.0 2.0
:%f O i bl 2,
3 ¢(s)
—4.0F

(a) Tangential force f, and normal force fy

{b) Stick pictures
Fig.9 Simulation I: stiffness control in hand
coordinates .
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400

g 1.0 2.0
R .

T t(s)
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(a) Tangential force f, and normal force f,

{b) Stick pictures
Fig. 10 Simulation II: with stiff wrist joint
[Kwristzlov Bwristzov 13
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s |

w 1 n 1
=0 1.0 2.0
T t(s)
..M4.0-

ot
=T
N 10 2.0
= £(s)
—4.0F

(b) Stick pictures
Fig. 11 Simulation III: generation of force vectors
in the direction normal to the crank rotation
[Ky=50, r4=7r+0.1]
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