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Old-school inverse dynamics is...

* Traditionally originating
from gait analysis.

» Computing joint moments
from measured GRFs.

* Requires open chain
mechanisms.

* Solution of a series of
uncoupled simple
equations.

» Computes net joint
moments but NOT joint
forces.

» Often disregards gravity
and inertia forces, i.e.
quasi-static.
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...not very useful

Most situations are not
“open chain”.

» Adding “environments”
tends to create closed
chains.

* We do not always hayg

forces.

* We do not alwa
experimental datz®at all.
* Dynamics may be
important.
* Joint forces are
importané.
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Good news:

* Muscles and closed
chains create the
same complication: ey

— Redundancy f}?
— Statical indeterminacy f’i\if# 7 —

* Redundancy can be
resolved by /. (—
optimization. /
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Equilibrium

Applied forces
(including

inertia forces)

Cf =d, wheref =[f(R) £(M)]
fi(M) >0, ie{L.,nMh

Internal forces

Matrix C is rectangular. This means that there are
infinitely many solutions to the system of equations.
How to pick the right one?
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Optimality

Minimize
G(f (M) )
SUbJ ectto Objective function. Different
choices give different muscle
Cf — d recruitment patterns.

fM >0 jef.,nM)
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Choices of objective function

Contraction
dynamics

GEMHy=Y %

p = 1: This will fail to produce muscle synergism for small loads.

p > 1: Muscle synergism but additional constraints are necessary to
avoid overloaded muscles

p —: Maximum synergism.
All criteria with p > 1 predict synergism (and sometimes antagonism)
Criteria converging for MVC!
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AnyBody Basics

Technical note

Muscle recruitment by the min/max criterion — a comparative
numerical study

Tohn Rasmussen™*, Michacl Dam

ard®, Michael Voigt"

hmmare
mees. Unirersioy of Copenfiapm. Derpsark

Acaepiad 4 M.
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Prilutsky & Gregor

IEEE Transactions on Rehabilitation Engineering, Vol. 8, No. 3, September 2000

» Comparison between —o- IR
g %(Fi!PCSA‘}n
A ma}x{h"l’i}

a bicycle model and
EMG.

* Muscle stress rather
than muscle force
must be used.

* Criterion orders
between 2 and « are

almost equally good. 4 :
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Static and dynamic optimization solutions for gait

are practically equivalent
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2/3: AnyBody Implementation

 Aim: Give maximum
freedom of choice to
the user.

+ Constraint: Retain
numerical efficiency.
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The AnyBody Study Structure

/// The study: Operations to be performed on the model
AnyBodyStudy Study = {

AnyFolder &Model = .Model;

Gravity = {0.0, -9.81, 0.0};

tEnd = Main.BikeParameters.T;

}i

The study section is a part of every model.
It contains “things to do to the model”.
The standard study contains only a few specs.

More can be added to control recruitment,
kinematics and many other things.
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Implemented polynomial forms
of G(FM)

Non-physiological but useful
for identification purposes.
Z i

—h

- Useful for metabolism models
(Praagman et al).
~ N

S ~exa

[ f ] p% p =3 is a popular choice
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Demo:

Polynomial forms
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Min/max forms

p
min )’ % — min max % for p—>

The min/max criterion can be interpreted as a minimum fatigue criterion
because it reduces the maximum relative load on any muscle and hence
postpones fatigue of the first muscle as far as possible.

The criterion is nonlinear and non-differentiable but can be reformulated to a
very convenient form.

AALBORG UNIVERSITY ANV

Dapartment of Mechanical Engincering
RESEARCH PROJECT

Pure min/max

» Linear optimization problem.

« lll-posed for submaximal Minimize p
muscle activations. .
« Must be solved iteratively. Subject to
* Does not require upper bounds f
on muscle activations. —L<p i=1.nM™
* Automatically makes N
independent subsystems i
independent. Cf =
* Forms a well-defined envelope M
of muscle activation. fi( ) >0
» Attractive for ergonomic
investigations.
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Demo:

Pure min/max
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Min/max w

* The penalty terms
can retain the

benefits of min/max

but soften the
disadvantages.

* But they make
independent
subsystems
dependent.

ith auxiliary terms

2
Minimize S+ 512$+ 522[%]
Subject to

f. .
—t<pg  i=1.n™
T

Cf=r
£M >0
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Demo

Min/max with auxiliary terms
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3/3: Conclusions

* Our kind of inverse dynamics is not “static
optimization”. It is very much dynamic.

* AnyBody offers much freedom for user-selected
criteria.

* No clear answer on which criterion is the best one, but
the resulting recruitment patterns are quite similar and
the default criterion will give sensible results.

* Research employing coupled experiments and models
with different criteria are necessary to find the “right”
criterion if one exists.

* New PhD project beginning August 1 will work further
on this.
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Online resources

* The AnyBody Modeling System

— Free demo license
www.anybodytech.com

— Email: anybody@anybodytech.com
» The AnyBody Research Project
www.anybody.aau.dk
« Community: www.anyscript.org
— Open source library of body models and applications
— List of publications.
— Collaborative modeling project space.
— Support.
— Wiki section.
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Thank you!
Q&A
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