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Crewmembers returning from long-
duration space flight face significant
challenges due to the microgravity-in-
duced inappropriate adaptations in bal-
ance/sensorimotor function. The Neu-
roscience Laboratory at JSC is
developing a method based on stochas-
tic resonance to enhance the brain’s
ability to detect signals from the balance
organs of the inner ear and use them for
rapid improvement in balance skill, es-
pecially when combined with balance
training exercises. This method involves
a stimulus delivery system that is wear-
able/portable and provides impercepti-
ble electrical stimulation to the balance
organs of the human body.

Stochastic resonance (SR) is a phe-
nomenon whereby the response of a
nonlinear system to a weak periodic
input signal is optimized by the pres-
ence of a particular non-zero level of
noise. This phenomenon of SR is based
on the concept of maximizing the flow
of information through a system by a
non-zero level of noise. Application of
imperceptible SR noise coupled with
sensory input in humans has been

shown to improve motor, cardiovascu-
lar, visual, hearing, and balance func-
tions. SR increases contrast sensitivity
and luminance detection; lowers the ab-
solute threshold for tone detection in
normal hearing individuals; improves
homeostatic function in the human
blood pressure regulatory system; im-
proves noise-enhanced muscle spindle
function; and improves detection of
weak tactile stimuli using mechanical or
electrical stimulation. SR noise has been
shown to improve postural control
when applied as mechanical noise to
the soles of the feet, or when applied as
electrical noise at the knee and to the
back muscles.

SR using imperceptible stochastic
electrical stimulation of the vestibular
system (stochastic vestibular stimulation,
SVS) applied to normal subjects has
shown to improve the degree of associa-
tion between the weak input periodic
signals introduced via venous blood
pressure receptors and the heart-rate re-
sponses. Also, application of SVS over 24
hours improves the long-term heart-rate
dynamics and motor responsiveness as

indicated by daytime trunk activity meas-
urements in patients with multi-system
atrophy, Parkinson’s disease, or both, in-
cluding patients who were unresponsive
to standard therapy for Parkinson’s dis-
ease. Recent studies conducted at the
NASA JSC Neurosciences Laboratories
showed that imperceptible SVS, when
applied to normal young healthy sub-
jects, leads to significantly improved bal-
ance performance during postural dis-
turbances on unstable compliant
surfaces. These studies have shown the
benefit of SR noise characteristic opti-
mization with imperceptible SVS in the
frequency range of 0–30 Hz, and ampli-
tudes of stimulation have ranged from
100 to 400 microamperes.
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Improving Balance Function Using Low Levels of Electrical
Stimulation of the Balance Organs
A device based on this technology may be used as a miniature patch worn by people with
disabilities to improve posture and locomotion, and to enhance adaptability or skill acquisition.
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