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Fig. 6. Prediction of ext for the data not used in the training set.

V. CONCLUSION

In this paper a method for estimating the full dynamic
model of the human arm is addressed, and con dential
criteria evaluating the accuracy of the parameter estimate
are proposed. The method is validated by an experiment.
We have shown that accurately estimating the parameters
of a partially linearized arm model (i.e., inertia, stiffness,
damping) requires an observation window of about 370 ms,
which can be reduced to about 300ms when the inertial
parameters are known. This is an important result with
a relevant impact on previous publications where human
arm impedance parameters are measured. Conversely, the
time window of about 300ms is in clear contrast with the
requirement of preventing cortical feedback or even spinal
feedback in the measurements, since those feedback times
are around 100 ms.

With the method that we have introduced, the impedance
parameters are obtained during a postural task. Due to the
length of the observation window they can be seen as
an average of controlled stiffness and damping. From a
viewpoint of conditioning and spinal re ex time, an extension
of this method to impedance estimation during arm motion
may be prohibitive. We will therefore concentrate on mea-
suring intrinsic limb impedance, i.e., the impedance of the
tendonmusculoskeletal structure without controlled feedback.
This would allow us to quantity the nonlinear relationship
between, e.g., EMG, and impedance, and subsequently use
that to estimate impedance parameters during arm motion.
This in turn would allow us gain a deep insight in the

interaction dynamics of the human arm and use subsequent
models as guidelines for robotic impedance control.
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