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Abstract: The human balance control system is a complex mechanism with many
underlying neural feedback loops. In order to identify the stabilizing
mechanisms generated by the central nervous system during upright
stance, perturbations and closed-loop system identification techniques
(CLSIT) are required [v.d. Kooij, 2005]. Many CLSIT used to
investigate human balance control are based on non-parametric methods
in the frequency domain, relating the signals with the external
perturbations. Although, these non-parametric CLSIT give insight about
specific dynamic behavior of a human, they do not directly quantify the
underlying physiological parameters of the feedback loops and do not
take advantage of the common structure between the signals and the
perturbations.

 As an alternative identification technique, we have adopted the
Prediction Based Subspace Identification (PBSID) method [v.
Wingerden, 2008]. This method has several theoretical advantages for
use in closed loop data, as with the central nervous system controlling
the human body. With subspace techniques a parametric model structure
is obtained, relating to physiological parameters, without a priori
assumptions about the underlying model structure. In addition subspace
identification is well suited for Multiple-Input-Multiple-Output (MIMO)
systems; in case of the human stance model the contribution of both
ankle and hip joints can easily be incorporated for a more realistic
representation of the human body.

 To test the PBSID subspace identification method for balance control,
simulations were performed in Matlab. The human body is modeled as a
double inverted pendulum, incorporating an ankle and hip joint, with a
stabilizing mechanism (controller), activating dynamics and neural time
delays. In the simulations two independent continuous perturbations are
applied at hip and shoulder level and multiple realistic levels of
measurement noise were simulated.
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The simulations demonstrate that subspace identification estimates the
stabilizing mechanism at least as good as a non-parametric CLSIT. The
PBSID algorithm provides consistent estimates, also in case of short
sample lengths. Furthermore, the method is robust against measurement
noise, which can reduce experimental measurement time in humans.
Reduction of experimental time is an advantage especially in
pathological stance. A drawback of the method is that consistency
depends on proper model order selection, which can be difficult in case
of high noise. In short, subspace is a good alternative over
nonparametric methods, implicitly handles MIMO systems, and can deal
with short measurement time.
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