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How Movement Is Generated
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Skeletal
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R

Human movement is generated trough complex cause-sifect
relationships that must be understood to optimize athletic
performance and meat movement disorders. Experiments
canmot capnure all of these relationships, but sinwlations can

Objective
Cnr geal 15 fo enable routme smmlaton of long-duration
movements using motion and force data from motion capture.

How Movement Is Simulated

Motion Meten Smmlation Sirualati
Capture Foroes Algonittmm e

Simulations ane generated in two stages [2]

1 Mosion eapture: the motion of a hurnan subject s recardad,
and extemal forces applied to the hunan by the emvironment
are also recarded.

2. Simulation algorithm: & computer program [4] estimates
the neyral comuends, muscle forces, and joint tongues fat
cause a musculoskeletal model [1] of the buman to move the
way the bunan did,

easily turns web pages and even

Problem

Unfornamately, when we put the motion and force data mto the
simmilasion algenthm it tems out that F doesn't equal ma [3]!

This is due to measwement error i the motion capture data
and maccuracies of the nusculoskeletal model.
Forces —3= F # ma

Previous Approaches

1. Clange F.
F+F . =ma
residual
Limitation: F__,_, may become wweabstically large.
2 Change a:
F=ma'

Thes is called the Residual
Elimination Algorithm (REA).

Limitation: alierations in ¢ can
e problemanc for movements
that are longer than 0.5 s in
duration, a5 shown i thas figare.

Our New Approach

Instead of just changmg F or just changing a. our Residual
Reduction Algorithm (RRA) changes both Fandama

conolled way
I 4 J

L - 1 TF

BRA starts at the mtial time of the movement and repeatedhy

steps forward in time by an amownt T. At each time 1, PRA
does the following

1. Control: calculate the values of o, represented by 7 _ that
wiotld make the model follow the messored body motion.

2. Optimization: caloulate values of F that numnnze an
objectve fimction. The first term minimizes changes in F
wihule the second term nunimizes changes n a.

+#4— Body motion

sy
5

0 (e 1+ T = i, (1Y

Minimize change in g

3. Forward dynamics: calculate the scmal values of a,

represented by g, based o the values of F from Step 2.
Dwoes this method prevent bath F and 4 from changing 100
mmch? To validate it we used RRA to simulate a 2.0-5
walking movement.

Results

Changes in a made by RRA were snull, while changes m o
made by FEA on the same movement data were problemaiic.
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\':-.-l s Ty )
i
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o 08 &5 o oo os 18 15 %

a5 1 10 13
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Changes in F mesde by BRA {red) were penerally lower, and m
seme cases significantly lower, dean if we bad changed F alons
(black), as 1 Previous Approach 1

Conclusions

RRA provides a major insprovement over both of the previous
appreaches We expect that BR.A will enable us to simvmlate
even longer movements, and if we can do this routinely for a
vamety of mo nts, we will enable a new, powerfol way of
deing biomechanics research.
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