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Offset: l0 ~ λλλλ
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Co-contraction

λλλλ1 R λλλλ2 λλλλ2R

Co-contraction

Force

position
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compliant stiff

Actual trajectory

Virtual trajectory
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Feedback
controller Ha Hp

Hs

Feedforward
controller
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ooo Without FF
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A: Before learning
B: after 100 trials
C: after 500 trials
D: after 100000 trials
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Skeletal
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muscle
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F M θθθθαααα
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Mexu

Muscle

Spindle

γγγγs

γγγγd

ττττ

ττττ
Ia

II

Muscle length

Muscle velocity
-r

-r

GolgiττττfIb
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cos

max vglftqFF

FF

FF
F

F

CE

CESE

PVPE
SE

mus

⋅⋅⋅=
=

++=
α

Fmax

Activation 
dynamics q(t)

Neural 
input force

contraction 
dynamics f(l), 

g(v)

Muscle length

Muscle velocity
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Compliant tendons can store more energy for the
same force !

Energy stored:

2..5.0

..

.

xK

dxxK

dxFEstored
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=
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