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Impedance Regulations in Musculo-Motor Control System
and the Manipulation Ability of the End-Point

Toshio Tsun*, Koji Ito*, Mitsuo Nagamacur* and Takashi Ixkemoro*

The CNS has various means of to regaulate
the impedances at muscle level, such as variable
viscoelastic properties of muscles and stretch
reflex. However the motion tasks to be con-
trolled are wusually given about end-point
coordinates. The mechanical properties of the
musculoskeletal system which transfer the
muscle impedance into the end-point one is
the key of fine regulations of the motor
impedance in the human movements.

In this paper, the mechanical properties and
the impedance regulations of the musculoskele-
tal system are discussed. First, the impedance
relationships among muscle, joint and end-point
levels are formulated and it is shown that
these impedances specify the inverse kinematic
solutions of redundant arms. Then the manip-
ulation ability of end-point via muscle forces
is defined by ellipsoids and an estimation
method of muscle forces required for a given
end-point movement is presented. It is shown
that the manipulation ability of end-point is
affected largely by the mechanical properties
of the musculoskeletal system, especially the
redundancy of joints and muscles.

Key Words: impedance, musculo-motor control
system, redundant arm, manipulation ability
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(a) Transformations of (b) Transformations of
stiffness matrices inertia matrices
Fig.1 Impedance relationships among muscle,

joint and end-point levels
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Table 1 Model parameters of three-link arm

Link 1 Link 2 Link 3

Length (m) 0.30 0.24 0.11
Mass (kg) 1.59 0.90 0.54
Center of mass (m) 0.162 0.125 0, 055

Moment (‘f{fglgﬁg’? 15810 47610~ 5,87 10~

HHEBHAZERNE

¥4k E 45
Wrist. ¢ Elbow, 82
11=0.30
[2=0.24
13=0,11{m)
dX =—0.03(m)

—————— Nominal posture

Case 1
Case 2
= » = Case 3
* Shoulder, 41
dg: dfz dés
Casel 5,82 | 3.0 | 2.97
(pseude inverse )
Case 2
(eq.19) ~2.06 —2.16 17.65
Case 3
(eq.19) 6.52 4.80 0.23
Nominal posture ; #:1=-15.0", §:=20.0", §3=50.0"
Case 2 ;ei=diag [0.5,5.0,20.0]
Case 3 ; ¢;=diag £20.0,5.0,0.5]

Fig.2 An example of the inverse instantaneous
kinematics for an end-point displacement
in a redundant upper limb meodel
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Fig. 3 An example of the inverse instantaneous kinema-
tics for an end-point acceleration in a redundant

upper limb model
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(b) Two-link model with 4
monoarticular muscles

-dy 0

0 —d2

5 da 0
Gri= 0 ds

6 —ds —ds

ds ds

d1=0.04 dz=0.03 d3=0.035
d4=0.04 d5=0.04 ds=0.04 (m)

(¢} Two-link model with 4 monoarticular
and 2 biarticular muscles
¥ig.4 The upper limb model
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Table 2 Model parameters of two-link arm

Link 1 Link 2

Length (m) 0.30 0.35
Mass (kg) B 1.59 1.4
Center of mass (m) 0. 162 0,182

Moment of inertia(kg-m?*/s?) 1.58x10"* 1,62x10"*

¥
Scale of
ellipsoid
et
0.0 0.5
» 1
NSRS
Qs
-15.6
(N2}
b}y 425
(a) =
. 1, i H
x<m\0.75 0.5 0.25 0

Fig. 5 Mobility ellipsoids and muscle forces by the
upper limb iodel with monoarticular
muscles
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6.9 0.5

SRS NN

Q2
-15.0
N2
g w1
(a) x
1 ! !
0,75 {m) 0.5 8.25 8.6

Fig, 8 Mobility ellipsoids and muscle forces by
the upper Hmb model with mono-and bi-
articular muscles
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