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In several individual trials, the magnitude of the postural
Introduction
Results
response at 0.3Hz decreased over time (“adaptation”),
Evidence of such adaptive behavior in response to periodic
inputs suggests that predictive mechanisms may exist in the
postural control loop. A useful next step is to determine if
non-periodic inputs elicit similar adaptive behavior.

Objective
The purpose of this study was to experimentally examine the
effect of both periodic and pseudorandom ‘tone-in-noise’
moving visual scenes on postural sway and adaptation.

Time Domain Analysis

Visual inspection and cross-correlation analyses of the raw
data revealed that head, hip and COP A-P movements were in
phase with one another, indicating that the body swayed as an
inverted pendulum.

TimeTime-Frequency Analysis (Responders)
Three of the five subjects responded at the stimulus frequency
for all SNR conditions (except ‘noise’), as evidenced by the
presence of a noticeable 0.3Hz component in the PSD and
TFD of the head (Fig 2), hip and COP (not shown) responses.
The magnitude of this response at 0.3Hz tended to decrease
with SNR of the visual stimulus (Fig 2).

Methods
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Figure 1 (Left) Subject in the BNAVE ; (Right) Time series’
of the various visual stimuli (x-axis in ‘sec’ ; y-axis in ‘cm’).
The six visual stimuli were presented in random order, and
shown only once. Trial duration was 80-sec, with 60-sec of
scene movement bounded by 10-sec of a stationary scene.
Postural responses were recorded via anterior-posterior (A-P)
displacement of the head, hip (20Hz, Polhemus Fastrack) and
foot center-of-pressure (COP) (100Hz, NeuroCom platform).

Data Analysis
Data were high-pass filtered (4th order Chebyshev with
0.05Hz cutoff frequency and 20db stopband attenuation),
zero-meaned, and normalized to total signal power.
Power Spectral Densities (PSD) and Positive Time Frequency
Distributions3 (TFD) were calculated in order to determine the
frequency content and temporal characteristics of a response.
Subjects were separated into “Responder” (R) and “NonResponder” (NR) groups, based on visual inspection of the
TFD’s, in conjuction with the results of a statistical test
designed to detect the presence of a significant tone (0.3Hz in
this case) within a noisy signal4.
The R and NR groups were analyzed separately.

TimeTime-Frequency Analysis (Non(Non-Responders)
The two NR subjects displayed an apparent insensitivity to the
relative periodicity of the tone-in-noise scenes, and responded
very similarly to all stimuli, regardless of SNR (Fig 3).
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Figure 3 TFD’s, PSD’s and Time Series’ of the ‘pure tone’
and ‘noise’ stimuli (Left) and corresponding HEAD responses
(Right), averaged over all Non-Responders (n=2).

Discussion

The decrease in the magnitude of postural response with
stimulus SNR suggests that Responders have the ability to
perceive a tone within noise, and that a “perceptual threshold”
may exist, below which the tone is undetectable.
“Adaptation” occurred in some, but not all, Responders. This
suggests that subjects may exhibit differences not only in their
general sensitivity to a moving tone-in-noise scene (i.e. R/NR
categorization), but also in how the response changes over
time. These differences might be elucidated through
quantitative characterization of this behavior in a larger group
of subjects.

Conclusion

Tone-in-noise visual scenes at various SNR differentially
affected postural sway responses. A larger subject population
and improved data analysis techniques will be utilized in
future attempts to further explore these effects.
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Decreasing Stimulus SNR

Tests were performed in the BNAVE, a custom built virtual
environment that projects computer generated images onto
several adjoining screens2.
Five healthy young adults (age: 25±2 yrs), viewed a bullseyeand-checkerboard pattern that moved back-and-forth in a
periodic or pseudorandom fashion (Fig 1).
Tone-in-noise scene movements were created by combining
an 8cm 0.3Hz sinusoid (TONE) with bandpassed gaussian
white noise (NOISE) at one of six signal-to-noise ratios
(SNR): – ∞ (noise), 0db, 3db, 6db, 12db, + ∞ (sinusoid)
All signals were RMS normalized to the 8cm sinusoid.
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particularly for the ‘pure tone’ stimulus condition. This effect
was not observed in the group averages.
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Previous studies have reported a transient within-trial
decrease in the magnitude of postural sway ( “adaptation” ) in
subjects exposed to periodic moving visual scenes1.
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Figure 2 TFD’s, PSD’s and Time Series’ of the various
stimuli (Left) and corresponding HEAD responses (Right),
averaged over all Responders (n=3). TFD: color indicates
signal power in db (see scale). Magnitudes are normalized to
total signal power. PSD: line at 0.3Hz included for reference.
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