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INTRODUCTION
In most musculoskeletal simulation software,
the muscle force estimation step is solved
thanks to an optimization problem. It consists in
minimizing a criterion representing the central
nervous system strategy. Despite several
improvements,
this optimization
remains
computationally costly. Some authors propose
real-time simulations but achieve compromises
on model complexity [3] or on the optimization
stop criterion [1] to achieve this performance.

physiological properties (Correction in Fig. 1).
For this, a single muscle forces vector is
computed thanks to a barycentric interpolation
with regard to the different joints. The closest
solution of this muscle forces vector which
satisfies the global dynamic equilibrium and the
physiological properties is then considered as
the muscle forces vector solution.

In this work, we present a fast and quasioptimal method of muscle forces estimation: the
MusIC method (Muscle forces Interpolation and
Correction). It is based on precomputed data
collected in a database as previously proposed
by [4]. Its performance in terms of computation
frequency and accuracy is showed on a usually
used musculoskeletal leg model thanks to a
cycling motion.
METHODS
From joint coordinates q and joint torques Γ,
the MusIC method aims at computing a muscle
forces vector solution F. It is composed on two
steps.
The first one consists in generating a database
beforehand by using only the musculoskeletal
model (Database generation in Fig. 1).
Considering each joint separately, it contains an
activation ratio vector, solution of the classical
optimization
problem
for
several
joint
configurations, ranging the physiologically
feasible joint space. This vector corresponds to
the activation part of each muscle compared to
the sum of activations of all these muscles.
In the second step, from the current state, we
use the database to find a solution of the force
sharing problem for each joint (Interpolation in
Fig. 1). The activation ratio vector is extracted
from the database thanks to a linear
interpolation with the current joint configuration.
The solutions of each joint are then corrected to
compute a muscle forces vector satisfying the
global
dynamic
equilibrium
and
the

Fig 1: Pipeline of the MusIC method.

This method was compared to a classical
optimization problem solved thanks to a SQP
method. For each of them, a 3-order polynomial
criterion is applied where each muscle force is
normalized by its maximal isometric force. One
male participant (184 cm, 70 kg) performed a
cycling motion. 47 motion capture markers were
placed on standardized anatomical landmarks
and captured thanks to a Vicon ® motion capture
system (125 Hz). Two instrumented pedals
(1000 Hz) were used to access external forces
applied on each foot. We reconstruct the motion
thanks to a whole body model. Musculoskeletal
model of the legs is extracted from the work of
[2] and is composed of 82 muscles distributed
over the two legs.

RESULTS AND DISCUSSION
From muscle forces solution of both methods,
we recompute the cost function value
throughout the motion. The relative difference
between the average values is 2.7%. Thus, the
solution suggested by the MusIC method is
close to the classical one in terms of optimality.
Fig. 2 shows representative examples of
muscle forces (each normalized by its
maximum isometric force) obtained with both
methods. For each of them, periods of
activation and non-activation and amplitude of
activation are consistent. Considering all
muscles, the mean correlation coefficient of the
MusIC method results is 0.89(±0.14) compared
to the classical optimization problem.

The results described above show that the
MusIC method finds a quasi-optimal solution.
Its main benefit is the computation frequency
which is approximately twenty times higher.
One of the principles of this method is to
consider separately the muscles contribution for
each joint. However, despite the significant part
of poly-articular muscles, the solution seems
consistent with the optimal one. Moreover, the
use of a linear interpolation seems to filter the
muscle forces compared to those obtained with
a classical optimization. For example, we can
see in Fig. 2 that the rectus femoris force curve
obtained with the classical method exhibits an
artefact. It comes from a local minimum in the
optimization method. As the MusIC method is
based on joint configurations which were
filtered throughout the motion, this artefact does
not appear with this method.
The MusIC method is based on a pre-computed
database which depends only on the
musculoskeletal model. Thus, it is usable
whatever the motion of a subject is and can
improve largely the computation time to achieve
real time computation. This method could be
extended to other cost functions, for example
considering the joint reaction forces. Obviously,
additional validations have to be performed with
other musculoskeletal models to completely
validate the MusIC method.
CONCLUSIONS
We presented a fast and quasi-optimal method
of muscle forces estimation: the MusIC method,
which
was
partially
validated
on
a
musculoskeletal leg model. The solution
obtained is close to the optimal one with a
particularly low computation time compared to a
classical optimization method.

Fig 2: Muscles forces (each normalized by its
maximum isometric force) on the right leg throughout
the motion. The continuous blue line and the dotted
red line correspond respectively to results obtained
with the classical optimization problem and with the
MusIC method.

Finally, the computation frequencies are
respectively 1.7 Hz and 36 Hz for the classical
optimization problem and for the MusIC
method. As the database generation is
performed beforehand, the computation time of
this step is not taken into account.
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