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Research Methods

Understanding artifacts of discretization. Dis-
cretization can lead to the splitting of one actual op-
timum into many numerical optima; the discretization
can make the landscape bumpy. This creation of min-
ima by the solution technique has been observed in
classical elastic structures problems as well. When
queried, most biomechanics investigators note that in
multiple optimizations of the same problem, the best
solutions are often not consistent from simulationto
simulation. We suspect this could be not just from
lack of convergence, but from artificial minima created
by discretization. Increasing the number of parameters
can, rather than fixing the problem, introduce an ever-
growing number of artifactual local minima. We will
explore this phenomena and means of avoiding it. The
sources of the kinks are from interaction ofgeometric
limits with the discretized but still smooth control func-
tions and from discontinuities in the cost functions (or
their derivatives, e.g. |WW]). Softening the constraints
and smoothing the cost functions eliminates the kinks
at the price of high stiffness. One approach we will
investigate is a coupled refinement of mesh with stiff-
ening of constraints so that the softest possible system
is used for any mesh refinement.

Use of already existing software. While we hope to
improve the state-of-the-art in biodynamics optimiza-
tions methods, we will compare with already available
optimal control software (e.g., DIRCOL) and large-
scale numerical optimization software.

Other optimization concepts. There are a variety of
ideas we have for improving optimization in biome-
chanics that we hope explore. One is the use of Prin-
cipal Component Analysis to tease out the essential
control parameters so that the space of candidate so-
lutions is of lower dimension. New numerical tech-
niques, “validated arithmetic” and “interval analysis”
might allow some questions can be answered, using nu-
merics, with the confidence of a mathematical theorem.
For example the exact number of local minima for an
objective function may be determined. Our intuition is
that such methods will not bear fruit for complicated
problems, but we want to explore this area.

Model applications. Our optimization studies will
be tied tightly to our muscle-law studies. We want to
learn what aspects of muscle laws influence what as-
pects of predicted optimizations. And, in turn, which
of these best mimics human behavior. Towards this
end we plan to study simple model-problems that have
stereotypic coordination patterns, namely rowing and
swinging. Pedaling is another candidate, but is so-
constrained that it may not well-separate candidate
muscle laws. These model tasks willbe investigated
from model to human subject and back to model re-
finement. In the end we will be able to describe what
model features do and do not well-predict the observed
range of coordination patterns

D.4. What this proposal is not about

For clarity, we review here some computational ap-
proaches to large-scale body function which are not of
central concern in this proposal and we explain why we
are not pursuing these.

Induced Acceleration Analysis (IA). The review-
panel for this NIH batch of proposals may include dis-
cussions of IA and its merits. Here are my 2 cents. |
feel that it is not useful to describe the importance of a
muscle in terms of its rank in an [A-based sum.

We want to find, interpret and optimize the appropri-
ate solutions of non-linear differential equations that
are relevant to biodynamics. The difficulty of such
tempts the pursuit of simple accounting schemes like
IA which is describedas follows. The standard classi-
cal linked-rigid-object (frictionless) equations of mo-
tion relate all the contact forces, excitation forces, ac-
celerations and angular accelerations by linear alge-
braic equations (these equations also include accelera-
tion terms which are linear in the squares of the veloc-
ities). The coefficients in these weighted sums depend
on the instantaneous configuration. Thus at any instant
in time any quantity of interest can be found as a lin-
ear combination of other quantities. For example, the
forward component of the acceleration of the center of
mass can be written as a sum of contributions from the
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muscle tensions, gravity forces, and  terms as

(®)

where the  are muscle tensions, the are gravity
forces on the links, the are terms quadratic in the

and depend lin-
early on the masses and inertias of the parts and non-
linearly (e.g. products of sines and cosines) on the con-



