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moments position
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Fm1

Fm2

Fl

Fw

Me = Fw.rw + Fl.rl

Me

Fm1.rm1 + Fm2.rm2 = Me

Mm

= Mm= Me= Mm

A.f = M
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“Walking blindfolded downhill while feeling where the
steepest slope is”
� Risk of local minima

Local minimum
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- Inverse static optimization (ISO)
- Inverse dynamic optimization (IDO)
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segments

Muscle  

motionsforces
neural
input

- Forward static optimization (FSO)
- Forward dynamic optimization (FDO)
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Segment
Model

muscle
geometry

model

Motion
recording

Net
moments

Muscle
forces

Scaled model:
Muscle geometry

Scaled model:
Segment length
Segment mass

Inverse
Muscle
Model

Neural
activation

Generic model:
Muscle dynamics

If muscle dynamics are neglected, muscle force can 
increase instantaneously from zero to maximal!
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Forward muscle model generates 
dynamic force boundaries for muscle 
forces
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Model

muscle
geometry

model

Recorded
Motions

Muscle
model

Neural
activation

Forward dynamic model
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Model
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geometry
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Neural
activation

+

- Error feedback
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Segment model

Muscle model

Muscle geometry model

Joint moments

Equilibrium equations

Muscle force limits

Recorded
motions

Muscle forcesError no solution
valid solution

surgical
intervention

changed
Muscle forces
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Muscle geometry model

Muscle forces

Joint moments

Neural
Input

simulated
motionvalid solution

surgical
intervention

changed
motion

Segment model

muscle model
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Energy related cost function

stimulation
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Energy related cost function

� Calcium uptake:

V·active state ≈ V·(F/Fmax)2

� Cross-Bridge detachment:
F·vezellengte

= F·V/PCSA

=  m/� ·(F/Fmax)2

= m/� ·F/PCSA (�=muscle density)
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Contractie Activatie

Near Infra Red Spectroscopy (NIRS)

Oxygen consumption
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� Non-invasive method

� tissue oxygenation

� oxygen dependent 
absorption

� [O2Hb] and [HHb]
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Set-up

� Position
� External forces and moments 
� Force feedback
� Oxygen consumption (VO2)

per muscle (NIRS)
� (EMG)
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Dutch 
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Elbow Model
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Muscle forces
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Stress cost function
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Energy related cost function
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