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‘internal’
forces

cup

Task perception

•Desired: minimum jerk (smooth) &

oppose gravity
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gravitational
forces

Task perception

•Desired: Do not fall
(Stabilize & ‘Minimum’ energy)
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CC: Contractile component
(force-length-velocity characteristic of muscle fiber)

SEC: Series-Elastic component
(force-length characteristic of tendon & cross-bridges

PEC: Parallel-Elastic component
(passive force-length characteristics of muscle)
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muscle length
muscle velocity
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Ia afferent nerve
II afferent nerve
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Muscle
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Schwartzman et al. Neurol 1990
van Hilten et al.      Neurol 2000
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kfττττf

Hand
force

Force perturbation

SegmentsMuscle
Central
Nervous
System

position

Target
position

-r

-rττττ

ττττ kp

kv

kp: position feedback
kv: velocity feedback

-r

-rK (u0)

B (u0)

K: Muscle stiffness
B: Muscle viscosity

EMG

Golgi

Ib

II

Ia
x + 4.3.v0.6

muscle spindle

kf: force feedback

BNN
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