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(57) ABSTRACT 

Embodiments of the invention can mitigate motion sickness 
by disrupting, controlling, or influencing anatomy of the ves 
tibular system, including, for example, otoliths, endolymph, 
and hair follicles. An embodiment of the invention may 
induce vibrations in the vestibular system, including otoliths 
and/or semicircular canals of the inner ear, thereby causing 
noisy or unreliable sensory information in signals sent to the 
brain from the vestibular system. Due to this noisy or unreli 
able sensory information, the brain, as part of a normal physi 
ological response, may rely less on signals received from 
vestibular system and rely more heavily on other sources, 
thereby mitigating the motion sickness response, vertigo, 
vestibular migraines, and other physiological responses to 
inconsistent sensory information. Vibrations in the vestibular 
system may be induced by an agitator placed on an individu 
als head near the vestibular system. Vibrations in the vesti 
bular system may also be induced by a transducer placed near 
the eardrum or directly on an individual's head. Embodi 
ments of the invention may optionally include implantable 
components in addition to extracorporeal components. 
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DEVICE FOR MITIGATING MOTION 
SCKNESS AND OTHER RESPONSESTO 

INCONSISTENT SENSORY INFORMATION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority under 35 U.S.C. 
S119(e) to U.S. Provisional Patent Application No. 62/179, 
682, entitled “Device for Mitigating Motion Sickness.” filed 
May 15, 2015. This application also claims priority under 35 
U.S.C. S 119(e) to U.S. Provisional Patent Application No. 
62/071,636, entitled “Device to Manipulate the Otolith Organ 
Using Sound Waves.” filed Sep. 29, 2014. 

COPYRIGHT NOTICE 

0002 This disclosure is protected under United States and 
International Copyright Laws. (C) 2014-2015 Samuel Owen. 
All Rights Reserved. The disclosure of this patent document 
incorporates material that is subject to copyright protection. 
The copyright owner has no objection to the facsimile repro 
duction by anyone of the patent document or the patent dis 
closure, as it appears in the files or records of the United States 
Patent and Trademark Office, for the limited purposes 
required by law, but the copyright owner otherwise reserves 
all copyright rights in the Subject work. 

FIELD OF THE INVENTION 

0003 Embodiments of the present invention relate to sys 
tems, devices, and methods for mitigating motion sickness, 
Vertigo, Vestibular migraines, and loss of consciousness by 
disrupting, controlling, or influencing anatomy of the vesti 
bular system. 

BACKGROUND 

0004. The brain can determine orientation, balance, posi 
tion, and movement of a body through a combination of 
signals received from various parts of anatomy, including 
eyes, ears, and muscles. For example, nerve cells with hair 
follicles sense movement of endolymph fluid in the vestibular 
system of the inner ear to determine movement and orienta 
tion of the head. Otoliths in the vestibular system of the inner 
ear sink in the direction of gravity and pull on hair follicles of 
nerve cells to aid in distinguishing up from down; horizontal 
and vertical visual patterns received by the eyes can assist 
with determinations of orientation, balance, and position; and 
differential strain on opposing neck muscles can help deter 
mine head position and orientation. When signals from mul 
tiple sources do not match, an individual can develop motion 
sickness, experience vertigo, Vestibular migraines, or even 
become unconscious. Unmatched orientation, balance, posi 
tion and movement signals may result from extreme or unfa 
miliar movement during, for example, travel in cars, trains, 
airplanes, and other modes of transportation. Unmatched sig 
nals may also result from simulated perceived movement 
during, for example, 3D movies, 3D video games, and virtual 
reality devices. 
0005. In a natural adaptive response, a brain can ignore 
sensory information provided in signals that are chaotic, not 
novel, or unintelligible. For example, repetitive vibrations in 
the vestibular system of the human inner ear decrease the 
amplitude of electrical signals sent to the cerebellum. How 
ever, studies have shown that very high intensities are 
required in order for sound to affect the vestibular system. See 
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H. Sohmer et al., Effect of noise on the vestibular system— 
Vestibular evoked potential studies in rats. 2 NOISE HEALTH 
41-52 (1999). Thus, traditional headphones, earphones, and 
speakers are not appropriate technology to use for the purpose 
of mitigating motion sickness response, vertigo, Vestibular 
migraines, and other physiological responses to inconsistent 
sensory information by affecting anatomy of the vestibular 
system. These technologies are not designed to deliver Such 
high intensity signals and would harm or disrupt human hear 
ing even if it could be used at intensities that are appropriate 
to fulfill the purpose of the present invention. 

SUMMARY OF THE INVENTION 

0006. This summary is provided to introduce certain con 
cepts in a simplified form that are further described below in 
the Detailed Description of the Embodiments. This summary 
is not intended to identify key features or essential features of 
the claimed Subject matter, nor is it intended to limit in any 
way the scope of the claimed invention. 
0007. A “noisy” signal from the vestibular system cannot 
be properly interpreted by the brain, prompting the brain to 
instead rely on signals from other sources, such as the eyes 
and muscles. Fewer signals to interpret may allow the brain to 
determine orientation, balance, position, movement, or a 
combination thereof, and may reduce the chance that the 
brain receives unmatched signals. Consequently, this reduces 
the likelihood that an individual may experience resulting 
detrimental physiological effects. 
0008 Embodiments of the invention can mitigate motion 
sickness by disrupting, controlling, or influencing anatomy of 
the vestibular system, including, for example, otoliths, 
endolymph, and hair follicles. An embodiment of the inven 
tion may induce vibrations in the vestibular system, including 
otoliths and/or semicircular canals of the inner ear, thereby 
causing noisy or unreliable sensory information in signals 
sent to the brain from the vestibular system. Due to this noisy 
or unreliable sensory information, the brain, as part of a 
normal physiological response, may rely less on signals 
received from vestibular system and rely more heavily on 
other sources, thereby mitigating the motion sickness 
response, Vertigo, Vestibular migraines, and other physiologi 
cal responses to inconsistent sensory information. Another 
embodiment of the invention may induce vibrations in the 
vestibular system of the inner ear, thereby controlling the 
positions of otoliths, endolymph, hair follicles or combina 
tions thereof, and, consequently, alter the sensory informa 
tion in the signal sent from the vestibular system to the brain 
to mitigate the physiological effects of inconsistent sensory 
information. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0009 So the manner in which the above recited summary 
features of the present invention can be understood in detail, 
a more particular description of the invention may be had by 
reference to embodiments, some of which are illustrated in 
the appended drawings. It is to be noted, however, that the 
appended drawings illustrate only embodiments of this inven 
tion and are therefore not to be considered limiting of its 
Scope, for the invention may admit to other equally effective 
embodiments. 
0010 FIG. 1 is an example block diagram of a power 
Source connected to a vibration-inducing element, according 
to various aspects of an embodiment of the invention. 
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0011 FIG. 2 is an example block diagram of a power 
Source connected to a signal generator and an amplifier, 
which is further connected to a transducer, according to Vari 
ous aspects of an embodiment of the invention. 
0012 FIG. 3 is an example block diagram of a power 
Source connected to a signal generator and an amplifier, 
which is further connected to a transducer and a balancer, 
according to various aspects of an embodiment of the inven 
tion. 
0013 FIG. 4 is an example illustration of a first interaction 
between an embodiment of the invention and the anatomy of 
the ear according to various aspects of an embodiment of the 
invention. 
0014 FIG. 5 is an example illustration of a second inter 
action between an embodiment of the invention and the 
anatomy of the ear according to various aspects of an embodi 
ment of the invention. 
0015 FIG. 6 is an example illustration of a third interac 
tion between an embodiment of the invention and the 
anatomy of the ear according to various aspects of an embodi 
ment of the invention. 
0016 FIG. 7 is an example diagram of a device configu 
ration according to various aspects of an embodiment of the 
invention. 

DESCRIPTION OF THE EMBODIMENTS 

0017 Embodiments of the present invention will be 
described with reference to the accompanying drawings, 
wherein like parts are designated by like reference numerals 
throughout, and wherein the leftmost digit of each reference 
number refers to the drawing number of the figure in which 
the referenced part first appears. 
0.018. In the context of the embodiments of the invention, 
the term “infrasound typically includes vibrations at fre 
quencies between 0 Hz and 20 Hz, but may also include 
vibrations at frequencies from 10 Hz to 30 Hz. 
0019. In the context of the embodiments of the invention, 
the term “audible' may comprise frequencies of vibrations 
detectable by an average human or mammalian ear at typical 
every-day intensities. For an adult human ear, “audible” typi 
cally includes vibrations at frequencies between 20 Hz, and 
20,000 Hz. The audible range for non-human mammals can 
include sounds in the infrasound range, from 10 Hz up to 20 
HZ (e.g., for moles and elephants), as well as Sounds in the 
ultrasound range, from 20,000 Hz and up. For instance, cats 
and dogs hear up to 40,000 Hz and dolphins can hear sounds 
up to 160,000 Hz, all in the ultrasound range. 
0020. In the context of the embodiments of the invention, 
the term “neuronal signal comprises vestibular system 
evoked potentials carried along the nervous system. 
0021. In the context of the embodiments of the invention, 
the term “power source may comprise any means for pro 
viding power to the invention recognized by a person of 
ordinary skill in the art, including power generators that are 
able to generate power without an external power Source as 
well as those that connect to a remote source of powerthrough 
a USB connector, a power cord, or other appropriate connec 
tion line. 
0022. In the context of the embodiments of the invention, 
the term 'signal generator” may comprise any means for 
generating a repeating or non-repeating electronic signals and 
producing waveforms. 
0023. In the context of the embodiments of the invention, 
the term "vibration-inducing element may comprise any 
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means recognized by a person of ordinary skill in the art by 
which vibrations may be induced in the vestibular system of 
an inner ear, including, for example, transducers, agitators, 
electrodes, and magnets. 

Mechanism of Operation 
0024. There are a number of ways in which the present 
invention may cause the brain to Substantially ignore prob 
lematic information Sources that cause problems relating to 
motion sickness and other disorders or undesirable responses 
associated with sensory organs. Embodiments of the inven 
tion may include methods and systems that generate signals 
which alter magnetic fields, stimulate muscle contractions 
(e.g., using attached or implanted electrodes), or create a 
steady sound (tone), for the purpose of causing vibration in 
the vestibular system that lead to a chaotic neuronal signal 
that causes the brain to ignore or reduce its dependence on 
problematic sensory signals. Additionally, electrodes may be 
used to directly act upon the vestibular system or create 
chaotic neuronal signals (directly) for the same purpose. 
0025 By way of example, the signals that act upon the 
vestibular system may be random (a signal that has no mean 
ing or discernable pattern); they may pick up on outside 
signals in the auditory range; and they may include an inde 
pendent signal that is generated by the system or device 
(without regard to outside noise). In certain embodiments, a 
signal may produce a controlled countermovement in the 
vestibular system that counteracts other sensory information 
or controlled surprise movements. Any signal that creates an 
appropriate stimulus that acts upon the vestibular system in a 
manner that results in an appropriate neuronal signal carried 
to the brain may be used in the present invention. 
0026. Embodiments of the invention may decrease depen 
dence on signals comprising sensory information related to 
orientation, balance, position, movement, or a combination 
thereof, from the vestibular system by inducing vibrations in 
the vestibular system. An embodiment of the invention, for 
example, may induce sufficient vibrations in the vestibular 
system to create 'signal noise' to an extent such that the brain 
Substantially ignores signals from the vestibular system and 
relies primarily on information provided by other sources to 
determine orientation, balance, position, movement, or a 
combination thereof. Another embodiment of the invention 
may induce vibrations of different intensities and/or frequen 
cies at different time points and/or locations within the ves 
tibular system such that the brain relies primarily on other 
information sources. Yet another embodiment of the inven 
tion may induce vibrations of specific intensities and/or fre 
quencies at specific time points and/or locations within the 
vestibular system to create an artificial sense of orientation, 
balance, position, movement, or a combination thereof. And 
an additional embodiment may induce vibrations such that 
the amplitude of the signal sent from the vestibular system to 
the brain (due to the induced vibrations) is greater than the 
amplitude of signals sent to the brain due to actual sensations 
of orientation, balance, position, or movement. 
0027. Some embodiments of the invention may induce 
changes in vibration and/or pressure in the vestibular system 
Such that transitory periods occur wherein the brain adapts to 
changing sensory information in signals, but does not—dur 
ing that transitory period—also determine orientation, bal 
ance, position, movement, or a combination thereof. In this 
way, embodiments that continuously or intermittently pro 
duce changes in vibration and/or pressure in the vestibular 



US 2016/008.9298 A1 

system may keep the brain constantly in a transitory state and 
cause the brain to rely less on the vestibular system to deter 
mine orientation, balance, position, movement, or a combi 
nation thereof. 
0028 Embodiments of the present invention can prevent 
or reduce motion sickness, Vertigo, Vestibular migraines, or 
loss of consciousness by directing the brain to ignore the 
signals from Vestibular system, by introducing and mixing 
noise (e.g. white noise) with the real acceleration signals 
generated by the vestibular system, and/or by decreasing the 
vestibular evoked response. 
0029 Embodiments of the invention may utilize any 
method known by one of ordinary skill in the art to induce 
vibrations in the vestibular system. For example, an embodi 
ment of the invention may place an agitator (a device that 
rotates animbalanced object) on an individuals head near the 
vestibular system such that vibrations from the agitator 
induce vibrations in the vestibular system. Another embodi 
ment of the invention may place a transducer (a device that 
pulsates back and forth) near the eardrum such that vibrations 
from the transducer induce vibrations in the vestibular system 
via conduction by the air, eardrum, and bones of the middle 
ear. Yet another embodiment may place a transducer directly 
on an individuals head such that vibrations of the transducer 
induce vibrations in the vestibular system via conduction by 
the skin, skull, and connective tissue. An additional embodi 
ment of the invention may position an ultrasonic transducer (a 
device that can focus ultrasonic vibrations to targeted points) 
such that ultrasonic vibrations focused by the ultrasonic 
transducer induce vibrations in the vestibular system. 
Embodiments of the invention may further comprise a sound 
cancelling component that cancels all or some audible sounds 
produced by an external transducer. Such Sound-cancelling 
components may be found in headphones, for example. The 
Sound-cancelling components may also optionally include 
one or more speakers that are fitted over or around the ears. 
Users may change the signal frequency though use of an 
adjustment button or other frequency modulation device 
incorporated in Some embodiments. 
0030 Embodiments of the invention may optionally be 
implantable. Implantable embodiments may have one or 
more extracorporeal components and one or more implanted 
components. Extracorporeal components of these embodi 
ments may include, for example, a vibration-inducing ele 
ment, a power source, and/or a signal generator with an 
optional amplifier. Implantable embodiments may be posi 
tioned, for example, against the mastoid bone, adjacent to the 
vestibular system, or in the sinus cavity near the inner ear. 
0031 Embodiments of the invention may produce vibra 
tions that travel through the air before inducing vibrations in 
the vestibular system of the inner ear. For example, an 
embodiment may incorporate a pair of vibration-inducing 
elements in headphones that rest on the outside portion of the 
ear, such that vibrations must travel through the air into the ear 
canal before being able to induce vibrations in the vestibular 
system of the inner ear. Another example embodiment may 
incorporate a pair of vibration inducing elements into ear 
buds that fit into the earcanal, such that vibrations must travel 
through the air in the ear canal before being able to induce 
vibrations in the vestibular system of the inner ear. 
0032 Embodiments of the invention may produce vibra 
tions that travel through the bone(s) and/or connective tissue 
of the skull before inducing vibrations in the vestibular sys 
tem of the inner ear. For example, an embodiment of the 
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invention may dispose a vibration-inducing element directly 
against the skull. Such that vibrations must travel through the 
bone(s) and/or connective tissue of the skull before being able 
to induce vibrations in the vestibular system of the inner ear. 
0033 Embodiments of the invention may utilize a range of 
vibrational frequencies, including multiple frequencies 
simultaneously. An embodiment of the invention, for 
example, may produce low or ultra-low infrasound frequency 
vibrations that are below the audible range of frequencies, but 
are produced at intensities capable of inducing vibrations in 
the vestibular system. For example, an embodiment may pro 
duce vibrations at a frequency of 10, 15, or 18 Hz, which are 
typically undetectable by the human ear, at intensities strong 
enough to induce vibrations in the vestibular system of the 
inner ear. Another embodiment may produce high or ultra 
high frequency vibrations that are above the audible range of 
frequencies for humans, but at intensities capable of inducing 
vibrations in the vestibular system. For example, an embodi 
ment may produce vibrations at a frequency of 19,000 Hz, 
which is typically undetectable by the human ear, at intensi 
ties strong enough to induce vibrations in the vestibular sys 
tem of the inner ear. As another example, an embodiment may 
produce vibrations at a frequency of between 19 KHZ and 30 
KHZ, which are similarly undetectable by the human ear, at 
intensities strong enough to induce vibrations in the vestibu 
lar system of the inner ear. Yet another embodiment may 
produce vibrations at an audible frequency in addition to 
vibrations at frequencies above and/or below the audible 
range of frequencies. For example, an embodiment may pro 
duce vibrations at a frequency of 15 Hz, which is typically 
undetectable by the human ear, at intensities strong enough to 
induce vibrations in the vestibular system of the inner ear, 
while simultaneously producing audible vibrations, such as 
music or speech. Yet another embodiment may produce ultra 
Sonic frequency vibrations capable of inducing vibrations in 
the vestibular system. Yet another embodiment may produce 
multiple frequencies of vibration simultaneously, Such as the 
simultaneous production of low and high frequency vibra 
tions, and capable of inducing vibrations in the vestibular 
system. Embodiments may also mix vibrations within the 
audible range of frequencies with vibrations outside the 
audible range of frequencies. Embodiments of the invention 
may produce constant or intermittent vibrations at one or 
more frequencies. 
0034 Standard headphones, including those involving 
noise-cancelling technology, do not produce signals of Suffi 
cient intensity to produce the vestibular system responses and 
resultant neuronal signals necessary to produce the desired 
response in the brain. For instance, certain noise cancelling 
headphones handle up to 110 dB/mW and may provide up to 
100 mW in power. They generally handle frequencies 
between 40-1,500 Hz (higher frequencies), and direct against 
using headphones at high volumes, particularly for long peri 
ods of time. Use of these types of headphones with a high 
enough intensity that might effect vibrations in the vestibular 
system can cause ringing in the ears, and short term or long 
term hearing loss. Embodiments of the present invention 
avoid these problems associated with the use of standard 
headphones at higher intensities within the audible range. 
0035 Embodiments of the invention may use focused 
ultrasound to induce pressure in the vestibular system of the 
inner ear. Ultrasound may be focused at a particular point by, 
for example, a transducer with a concave Surface geometry, an 
acoustic lens, such as a concave horn, or other means recog 
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nized by a person of ordinary skill in the art. Pressure exerted 
in the vestibular system of the inner earby focused ultrasound 
may activate sensory nerves in the vestibular system and send 
signals to the brain. Embodiments may intermittently focus 
ultrasound in the vestibular system such that the induced 
pressure results in noisy sensory information in signals sent to 
the brain. 
0036 Embodiments of the invention may produce vibra 
tions of various shapes, such as sine waves, square waves, 
saw-tooth waves, and triangle waves. Such vibrations and 
their shapes are known to those of ordinary skill in the art. 
Square waves generally result in an increase in transducer 
temperatures. And, generally square waves, saw-tooth waves, 
and triangle waves that are used to practice the present inven 
tion include higher frequencies. 
0037 Embodiments of the invention may utilize acoustic 
radiation force to move anatomy of the vestibular system. 
Acoustic radiation force is a phenomenon where vibrational 
nodes (points of minimal vibration) and antinodes (points of 
maximal vibration) are formed in a substrate and can induce 
ment movement of objects away from antinodes and toward 
nodes. Embodiments that utilize acoustic radiation force may 
induce vibrations such that antinodes push otoliths and/or 
hair follicles toward nodes. These embodiments may alter the 
frequency, phase, and intensity of the vibrations to move 
otoliths and/or hair follicles in desired directions and conse 
quently influence signals transmitted from the vestibular sys 
tem to the brain to deliver desired sensory information related 
to orientation, balance, position, movement, or a combination 
thereof. 

Electrodes 

0038 Embodiments of the invention may utilize electrical 
current to mitigate motion sickness or other issues caused by 
unmatched signals sent to the brain. Embodiments of the 
invention may utilize electrodes to induce muscular contrac 
tions resulting in vibrations of muscles located near the inner 
ear. Electrodes may, for example, be configured to induce 
repeated contraction of muscles near the vestibular system 
thereby inducing vibrations in the vestibular system such that 
“noisy sensory information is sent in signals to the brain 
causing the brain to rely less on the vestibular system to 
determine orientation, balance, position, movement, or a 
combination thereof. Electrodes may also be configured to 
induce precisely controlled contractions of muscles near the 
vestibular system thereby inducing controlled vibrations in 
the vestibular system that resultin induced sensations relating 
to orientation, balance, position, movement, or a combination 
thereof. 
0039. Some embodiments of the invention may attach to 
the skin electrodes configured to induce contraction of 
muscles near the inner ear, such as the tensor tympani and/or 
stapedius in the middle ear. Embodiments of the invention 
may use electrodes attached to the skin at a location and in a 
manner Such that they can induce muscle stimulation (e.g., 
electrical pulses) near the inner ear. This may include stimu 
lation of the tensor tympani and/or stapedius in the middle 
ear, as previously noted, causing them to constrict and relax 
repeatedly and generate mechanical vibrations. By doing this 
in the vicinity of the inner ear, the vestibular system may 
detect accelerations caused by mechanical vibrations. The 
introduced stimulations may be controlled precisely, Such 
that a measurable relationship between the stimulations and 
the vestibular-evoked response to the brain is detected. This 
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relationship may be characterized using experimental (e.g., 
empirical or heuristic) or numerical methods. Using the mod 
eled relationship, it is possible to cause the brain to signal a 
desired virtual acceleration. Alternatively, the actions of the 
muscles resulting from a set of electrical pulses may be engi 
neered to be highly chaotic Such that the signal generated by 
the vestibular system becomes chaotic, and the brain ignores 
the chaotic signal. Therefore, responses involving motion 
sickness, Vertigo, Vestibular migraines, and loss of conscious 
ness may be reduced or prevented. Prior research has dem 
onstrated that the brain learns to filter out and ignore constant 
signals, therefore, Such constant signals should not be used in 
the present invention. 
0040. In yet another embodiment, electrodes can be 
placed on the skin to send electrical pulses to the nervous 
system directly. The electrodes can be placed at a location and 
in a manner Such that at least a portion of the stimulants 
(electrical signals) directly act upon the signal travel route 
relating to the vestibular evoked response that travels from the 
vestibular system to the cerebellum. The disruption induced 
by the electrical current or pulse may result in “noisy” sensory 
information and cause the brain to rely less on the vestibular 
system to determine orientation, balance, position, move 
ment, or a combination thereof. This, in effect, scrambles the 
signal sent to the brain and the brain, not being able to make 
sense of the signals being sent, ignores them. 
0041. Other embodiments of the invention may be 
implanted in the skull or include ear electrodes also config 
ured to induce contraction of muscles near the inner ear. 

Magnetic Field 
0042 Embodiments of the invention may utilize magnetic 
fields to induce vibrations in, or move anatomy of the vesti 
bular system of the inner ear by inducing movement of 
otoliths, endolymph, hair follicles, or other anatomy of the 
inner ear. Embodiments of the invention may dispose the 
magnetic field generator on the outside of the ear, within the 
ear canal, or adjacent to the skull near the ear. Other embodi 
ments may implant the magnetic field generator within the 
skull or near the inner ear. The magnetic field generator may, 
for example, be configured to induce vibrations in the vesti 
bular system such that “noisy sensory information is sent in 
signals to the brain causing the brain to reduce reliance on the 
vestibular system to determine orientation, balance, position, 
movement, or a combination thereof. In further embodiments 
of the invention, the signal generator directs magnetic field 
generators to change generated magnetic fields in a controlled 
manner, causing the vestibular system to experience chaotic 
acceleration transmitting chaotic signals to the brain. 
0043 Embodiments may use magnetic field generators to 
communicate with the signal generator. The magnetic field 
generators in the vicinity of the inner ear generate forces to 
move one or more components of the vestibular system in a 
controlled manner, in order to create a desired sense of accel 
eration after the signals are interpreted by the brain. This may 
also induce sensations of orientation, balance, position, 
movement, or a combination thereof. 
0044. Yet another embodiment may produce magnetic 
fields that interact with the otoliths, gelatinous membrane, 
endolymph, or hair cells. By controlling magnetic fields 
around or inside the inner ear, the position of one or more 
component of the vestibular system (e.g., the saccule, utricle, 
or hair cells) is carefully controlled, which leads to a manipu 
lated sensation of acceleration after the signals are interpreted 
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by the brain. Alternatively, magnetic fields are changed in a 
way that causes the vestibular system to experience chaotic 
accelerations thus sending a chaotic signal to the brain. The 
brain ignores the chaotic signal. Therefore, responses involv 
ing motion sickness, Vertigo, Vestibular migraines, and loss of 
consciousness may be reduced or prevented. 
0045. Yet another embodiment may produce magnetic 
fields that interact with an implanted device Such as a small 
magnet. This interaction may be done discretely to create an 
artificial sensation of motion or constantly to create vibration 
in the inner ear and a noisy signal to the brain. 
0046. The magnetic fields generated according to the 
present invention are generally of a very low frequency, for 
example, a maximum frequency of 5 HZ. 

DESCRIPTIONS OF THE FIGURES 

0047 FIG. 1 shows a block diagram of a representative 
motion sickness mitigation system of the present invention. 
The power source 101 provides the required power to the 
signal vibration-inducing element 102. 
0048 FIG. 2 shows a block diagram of another represen 

tative motion sickness mitigation system of the present inven 
tion. The power source 201 provides power to the signal 
generator 202 and amplifier 203, which in turn, activates the 
transducer 206. Sensor 205 may comprise an acceleration 
sensor and/or an orientation sensor. 
0049. An alternative embodiment of the system, shown in 
FIG. 3, optionally includes a balance 304 that distributes the 
signal created by the signal generator 302 and amplified by 
the amplifier 303 to two or more transducers 306 and 307, 
which produce vibrations that may act upon the skull or the 
vestibular system directly. Sensor 305 may comprise an 
acceleration sensor and/or an orientation sensor. A balance 
304 may alter the amplitude and/or frequency of the electrical 
signal between the amplifier 303 and a vibration-inducing 
element such that the mechanical motion of one vibration 
inducing element (for example transducer 306) is different 
from another vibration-inducing element (for example, trans 
ducer 307). 
0050 FIG. 4 is an example illustration of a first interaction 
between an embodiment of the invention and the anatomy of 
the ear according to various aspects of an embodiment of the 
invention. Referring to FIG. 4, and according to Some of the 
various embodiments, in a headphone 450 with an earpiece 
400 disposed adjacent to an ear 410, a power source 401 
Supplies electricity to a signal generator 402, which drives an 
amplifier 403, which powers a transducer 406. The signal 
generator 402 provides input to the amplifier 403, whose 
output activates a transducer 406 to produce vibrations 408 
that travel into the ear 410 and through the ear canal 411 to 
induce vibrations in the eardrum 412, bones of the middle ear 
413, cochlea 420, vestibule 421, and semicircular canals 422. 
Vibrations 408 may be at a frequency and intensity to induce 
vibrations in the vestibular system, but undetectable by the 
cochlea 420. The induced vibrations in the vestibular system, 
therefore, may result in “noisy sensory signals being sent to 
the brain, causing the brain to rely less on the vestibular 
system to determine orientation, balance, position, move 
ment, or a combination thereof. 
0051 FIG. 5 is an example illustration of a second inter 
action between an embodiment of the invention and the 
anatomy of the ear according to various aspects of an embodi 
ment of the invention. Referring to FIG. 5, and according to 
some of the various embodiments, in an ear bud 550 disposed 
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in an ear canal 511, a power source 501 supplies power to a 
signal generator 502, which powers a transducer 506. The 
signal generator 502 produces an electrical signal that travels 
to the amplifier 503, which activates the transducer 506 to 
produce vibrations 508 that travel into the ear 500, through 
the earcanal511, and induce vibrations in the eardrum, bones 
of the middle ear, cochlea, Vestibule, and semicircular canals. 
Vibrations 504 may beat a frequency and intensity to induce 
vibrations in the vestibular system, but undetectable by the 
cochlea. The induced vibrations in the vestibular system may 
result in “noisy sensory signals sent to the brain, causing the 
brain to rely less on the vestibular system to determine orien 
tation, balance, position, movement, or a combination 
thereof. 

0.052 Optionally, the present invention may include a 
switch that turns on/off the amplifier (or regulates the power 
oramplitude of the signal) with a frequency related to the time 
periods t and T. Further, transducers may introduce ultra 
sound waves to systems to improve the effectiveness of the 
system in reducing or eliminating motion sickness, vertigo, or 
loss of consciousness. A balance can be used to adjust the 
Sound outputs to correlate to the hearing sensitivities of the 
ears. In other embodiments, more than one Switch may be 
used and switches can be used to turn on/off any or all of the 
transducers. 

0053 FIG. 6 is an example illustration of a third interac 
tion between an embodiment of the invention and the 
anatomy of the ear according to various aspects of an embodi 
ment of the invention. Referring to FIG. 6, and according to 
Some of the various embodiments, in a bone-conducting 
device 650, a power source 601 supplies power to a signal 
generator 602, an amplifier 603, and optionally a vibration 
inducing element such as a transducer 606. The signal gen 
erator 602 sends a signal to the amplifier 603, which activates 
the transducer 606 to produce vibrations 608 that travel 
through the skull 660 and induce vibrations in the vestibule 
and semicircular canals. Vibrations 608 may beata frequency 
and intensity to induce vibrations in the vestibular system that 
are undetectable by the cochlea. The induced vibrations in the 
vestibular system result in “noisy sensory signals sent to the 
brain, causing the brain to rely less on the vestibular system to 
determine orientation, balance, position, movement, or a 
combination thereof. The bone-conducting device 650 may 
be disposed on headphone strap, wherein the vibration-induc 
ing transducer 606 may be secured in front or behind each ear 
next to the skin over the skull. Optionally, a separate ear bud 
(attached to headphone 650, not shown) may be placed in 
each ear canal to secure the embodiment on the head of the 
USC. 

0054 FIG. 7 is an example diagram of a device configu 
ration according to various aspects of an embodiment of the 
invention. Referring to FIG. 7, and according to some of the 
various embodiments, in a control box, a power supply 701 
supplies power to a signal generator 702, an amplifier 703 
(such as a class Daudio amplifier), and optionally a vibration 
inducing element 704 (Such as a transducer). The power Sup 
ply 701 may comprise, for example, batteries, another elec 
trical device, an A/C power outlet, a USB port, or a vehicular 
DC outlet. The signal generator 702 may comprise, for 
example, a timer, resistors, and capacitors integrated on a 
printed circuit board. Such as a microcontroller, which pro 
duces an electrical signal in the form of a wave. The amplifier 
703 may comprise, for example, a 3.7Watt D class mono or 
stereo amplifier. A vibration-inducing element 704 may com 
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prise, for example, a transducer, Such as an 8-Ohm metal cup 
exciter, or a vibrator, or an agitator. The signal generator 702 
may produce an electrical signal that is amplified by an ampli 
fier 703 and converted into mechanical motion by a vibration 
inducing element 704 connected to the amplifier 703. 
0055. The embodiments involving mechanical motion 
generated by a vibration-inducing device may produce vibra 
tions that travel into the ear and through the ear canal to 
induce vibrations in the eardrum, bones of the middle ear, 
cochlea, Vestibule, and semicircular canals. Embodiments 
may also produce vibrations that travel through bone to 
induce vibrations in the bones of the middle ear, cochlea, 
vestibule, and semicircular canals. Vibrations may be at a 
frequency and intensity to induce chaotic vibrations in the 
vestibular system undetectable by the cochlea. For example, 
embodiments may produce vibrations corresponding to a 
tone having a sine wave pattern at a user-selectable fixed 
frequency in the infrasound range. Such as between 10 HZ and 
30 Hz, at an average output power level of between 100 dB 
and 150 dB. Other embodiments may produce vibrations 
corresponding to a tone having a square wave, saw-tooth 
wave, and/or triangle wave pattern at a user-selectable fixed 
frequency in the infrasound range. Such as between 10 HZ and 
30 Hz, at an average output power level of between 100 dB 
and 150 dB. 

0056 Sine Waves, Square Waves, Saw-Tooth Waves, and 
Triangle Waves 
0057 Still other embodiments may produce random noise 
signal at between 15 Hz and 25 Hz, and at approximately 120 
dB. The resulting vibrations induced in the vestibular system 
may result in noisy or chaotic neuronal signals being sent to 
the brain, causing the brain to rely less on the vestibular 
system to determine orientation, balance, position, move 
ment, or a combination thereof. 
0058 Embodiments of the invention may further com 
prise a Sound-cancelling component that cancels all or some 
audible sounds produced by a vibration-inducing element, 
separate battery packs to power the amplifier and microcon 
troller, and sound-cancelling components that are built onto a 
single headphone. In some embodiments, the microcontroller 
may send a 3.3 V digital signal (square wave) at approxi 
mately 30 Hz to the amplifier's line-in (with the negative tied 
to the battery's ground). In other embodiments, the micro 
controller may send a sine wave signal to the amplifier. 

Applications of Some of the Embodiments 

0059 Embodiments of the invention intended for medical 
use may, for example, induce vibrations of the vestibular 
system to disrupt sensory information sent to the brain or 
induce movement of anatomy in the vestibular system in 
order to improve patient stability. Embodiments may be 
attached to or incorporated in medical devices Such as, for 
example, hearing aids and cochlear implants. Other embodi 
ments may be implanted in patients to help alleviate problems 
associated with motion sickness, balance, Vestibular 
migraines, or Vertigo. 
0060 Embodiments of the invention intended for use with 
movies, video games, or virtual reality devices may, for 
example, induce movement of the anatomy of the vestibular 
system to simulate sensory information regarding orienta 
tion, balance, position, movement, or a combination thereof, 
consistent with visuals presented by the movies, video games, 
or virtual reality devices. Another example embodiment may 
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induce vibrations in the vestibular system such that the brain 
Substantially ignores sensory information in signals from the 
vestibular system. 
0061 Embodiments of the invention intended for use in 
vehicles may, for example, comprise a helmet or headset with 
an integrated transducer or agitator capable of inducing vibra 
tions in the vestibular system. The transducer or agitator may 
be powered by an independent power source, such as a battery 
built into the helmet or headset, or may be plugged into a 
power source associated with the vehicle. The transducer or 
agitator may be integrated with audio components typically 
present in the helmet or headset, or may be attached as a 
separate module. Other embodiments may comprise speakers 
attached to or integrated in the body of the vehicle that pro 
duce low frequency vibrations at an intensity Sufficient to 
travel through the space between the speakers and the 
intended target(s) and induce vibrations in the vestibular sys 
tem(s) of the target(s). Yet other embodiments may comprise 
transducers or agitators integrated into headrests of the 
vehicle capable of inducing vibrations in the vestibular sys 
tems of the driver and passengers of the vehicle. 
0062 Embodiments of the invention may induce specific 
vibrations or movement of the anatomy of the vestibular 
system based on signals received from external sensors. For 
example, embodiments may wirelessly receive acceleration 
information from sensors built into the device, a Suit, or a 
vehicle and accordingly vary the frequency, power and/or 
amplitude of the produced vibrations so as to induce neuronal 
vibrations in the vestibular system to disrupt sensory infor 
mation sent to the brain or induce movement of anatomy in 
the vestibular system to counteract movement of the anatomy 
of the vestibular system induced by movement sensed by the 
sensors. Another example embodiment may induce vibra 
tions or movement of the of the anatomy of the vestibular 
system based on signals received from health-monitoring 
sensors, such as a heart rate sensor, blood pressure sensor, or 
an electroencephalogram. 
0063 Embodiments of the invention may comprise an 
interface for a computing device. Such that vibrations are 
induced based on signals received from the computing 
device. For example, an embodiment of the invention may 
interface with a virtual reality device, such that vibrations are 
induced when the virtual reality device is in use. Another 
embodiment of the invention may produce vibrations only 
when visuals displayed by a virtual reality device could be 
interpreted by a brain as movement of a user. 
0064. Additional embodiments of the invention may be 
used by fighter pilots to counteract the external stimuli 
received during flight relating to g-forces and aerial maneu 
vers performed during flight. For instance, fighter pilots may 
use helmets comprising the device of the present invention to 
filter out undesirable signals or generate chaotic signals that 
cause the brain to ignore them. 
0065 Embodiments of the invention may be used with 
animals. Many animals suffer from motion sickness for pri 
marily the same reasons as humans. Consequently, embodi 
ments of the invention may be used to mitigate motion sick 
ness and other responses to inconsistent sensory information 
in animals in Substantially similar ways to humans. For 
example, one embodiment of the invention may comprise 
speakers mounted to the interior of train cars or trailers that 
produce low frequency vibrations at an intensity Sufficient to 
travel through the space between the speakers and the animals 
and induce vibrations in the vestibular systems of the animals. 
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Another embodiment of the invention may comprise head 
phones or a similarly head-mountable device that produces 
low frequency vibrations at intensities sufficient to induce 
vibrations in the vestibular systems of an animal wearing the 
device. Another embodiment may comprise a helmet that 
includes the device of the present invention. A person of 
ordinary skill in the art will recognize that the frequencies of 
the vibrations produced may be adjusted so as fall outside the 
range of frequencies detectable by the ears of the target ani 
mal(s). 
0066. In this specification, “a” and “an and similar 
phrases are to be interpreted as “at least one' and “one or 
more.” References to “an embodiment in this disclosure are 
not necessarily to the same embodiment. 
0067. While various embodiments have been described 
above, it should be understood that they have been presented 
by way of example, and not limitation. It will be apparent to 
persons skilled in the relevant art(s) that various changes in 
form and detail can be made therein without departing from 
the spirit and scope of the present invention. In fact, after 
reading the above description, it will be apparent to one 
skilled in the relevant art(s) how to implement alternative 
embodiments that have not been explicitly described in the 
specification. Thus, the disclosed and described embodi 
ments are not intended to limit the scope or the teachings 
associated with the present invention. They are designed to 
teach and explain to a person of ordinary skill in the relevant 
art how to make and use it. 

0068. In addition, it should be understood that any figures 
that highlight any functionality and/or advantages, are pre 
sented for example purposes only. The disclosed architecture 
is sufficiently flexible and configurable, such that it may be 
utilized in ways other than that shown. For example, certain 
constituent elements listed in any diagrams may be re-or 
dered or only optionally used in some embodiments. 
0069. Further, the purpose of the Abstract of the Disclo 
sure is to enable the U.S. Patent and Trademark Office and the 
public generally, and especially the Scientists, engineers and 
practitioners in the art who are not familiar with patent or 
legal terms or phraseology, to determine quickly from a cur 
sory inspection the nature and essence of the technical dis 
closure of the application. The Abstract of the Disclosure is 
not intended to be limiting as to the scope in any way. 
0070 Finally, it is the applicants intent that only claims 
that include the express language “means for or “step for be 
interpreted under 35 U.S.C. 112 as a means-plus-function 
claim type. Claims that do not expressly include the phrase 
“means for or “step for are not to be interpreted as means 
plus-function claims. 
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The invention claimed is: 
1. A device for disrupting a vestibular system, comprising: 
a power source: 
a signal generator connected to the power source and con 

figured to generate a signal comprising a tone having a 
sine wave patternata user-selectable fixed frequency in 
the infrasound range, said signal having an average out 
put power level of between 100 and 150 decibels; 

a vibration-inducing element connected to the signal gen 
erator and configured to convert the signal into physical 
vibrations; 

the power source, the signal generator, and the vibration 
inducing element disposed in a portable frame capable 
of being held Substantially against the skull of an animal 
near the animals ear, the vibration-inducing element 
configured to transmit the physical vibrations to a ves 
tibular system of the animal via the animal's skull; 

2. The device of claim 1, wherein the term “infrasound 
range' corresponds to a frequency range of between 10 HZ 
and 30 HZ. 

3. The device of claim 1, wherein the power source is a 
battery. 

4. The device of claim 1, wherein the power source is a 
USB port. 

5. The device of claim 1, wherein the signal generator 
includes an amplifier. 

6. The device of claim 1, wherein the output power level 
can be adjusted by the user. 

7. The device of claim 1, further comprising an accelera 
tion sensor in the portable frame; and said output power level 
varying in response to a change in sensed acceleration or 
deceleration. 

8. The device of claim 1, further comprising an orientation 
sensor in the portable frame; and said output power level 
varying in response to a change in sensed orientation of the 
device. 

9. The device of claim 1, wherein the vibration-inducing 
element is configured to be implantable under the animals 
skin and held Substantially against fascia covering the skull. 

10. The device of claim 1, wherein the portable frame is 
configured to be attached to or incorporated into a vehicle, 
helmet, seat, or headrest. 

11. The device of claim 10, further comprising an accel 
eration sensor disposed in the vehicle, said power level vary 
ing in response to a change in sensed acceleration or decel 
eration of the vehicle. 

12. The device of claim 10, further comprising an orienta 
tion sensor disposed in the vehicle, said power level varying 
in response to a change in sensed orientation of the device of 
the vehicle. 


