Studying sensory reweighting in human walking from a controls perspective

'David Logan, *Tim Kiemel, >Yuri lvanenko, Francesco Lacquaniti, "*John Jeka
'University of Maryland *Santa Lucia Foundation * Temple University
email:dvidlgn@gmail.com

1 Motivation

The use of sensory inputs for human locomotion is critical for
many functions such as control of upright posture and
locomotive speed. Surprisingly, there are few investigations of
how the senses reweight during human walking and such
studies have not been performed in a control theoretic
framework amenable to a systematic study of neural control
mechanisms. Within the context of standing postural control,
sensory reweighting has been formalized using linear time-
invariant (LTI) approaches [1]-[3] as a process in which more
reliable estimates of self-motion are used for neural control. To
study sensory reweighting during walking, one must
characterize the nonlinear responses that are produced by
sensory perturbations.

2 State of the Art

Here we focus on reweighting of visual inputs. Most studies of
vision and locomotion [4]-[5] use a limited set of kinematic
markers (e.g., often only one), foot switches or videotaped body
movement relative to an external reference to measure gait
cycle characteristics or whole body measurements (e.g.,
average speed). We have previously shown that broad-band
stimuli can be used to probe responses of trunk kinematics to
visual stimuli [6] using traditional LTI frequency response
functions (FRFs), and would like to extend these investigations
to study sensory reweighting in the entire body.

3 Own Approach

FRFs do not fully characterize the responses of the leg
segments to visual scene motion due the nonlinear limit-cycle
nature of locomotion. To take into account the limit-cycle
dynamics of gait, we characterize responses in the frequency
domain using harmonic transfer functions (HTFs), which
describe input-output mappings for linear time periodic (LTP)
systems [7] and thus approximate the input-output mapping for
small perturbations of a limit cycle that do not cause phase
resetting. To include the effects of phase resetting, we
approximate absolute phase using heel-strike times, replace
time with approximate phase, and compute the HTFs from both
the visual-scene motion to the derivative of approximate phase
and from visual-scene motion to the kinematic responses
variables.
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4 Current results

We studied multiple segments of the body during treadmill
walking in an experiment [8] which studied visual reweighting
during two types (translation/rotation) of visual scene motion.
Using standard LTI FRFs, responses of trunk kinematics to
visual scene motion were found to be proportionally lower when
amplitude of scene motion increased. This reweighting of visual
scene motion was not different in magnitude between
translating and rotating visual scene motion using these
standard approaches. We have recently employed these HTF
analyses to characterize the kinematic responses of all
segments to visual scene motion in the frequency domain, with
significant responses observed at multiple input and output
frequencies. The Impulse response function of the foot
elevation angle, for example, reveals both a resetting of gait
cycle phase and a transient response to visual scene motion.

5 Best Possible Outcome

As leg segments contribute to the reweighting of trunk motion
and may show additional reweighting effects not observable in
the trunk, detailing their responses are critical during sensory
reweighting experiments. The best possible outcome is that
coordinative relationships that emerge with the use of these
HTF analyses will provide insight into sensory reweighting and
the use of different types of visual information during treadmill
walking. Also, using HTFs to characterize both kinematic and
EMG responses may allow us to identity the musculoskeletal
plant for walking, as is possible in standing postural control [9].
Thus, using HTFs we will identify the plant component of the
control problem and how sensory reweighting leads to robust
control.
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