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Brain Rebalancing Through Acoustic and Electric Mirroring

[0001] FIELD OF THE INVENTION

[0002] The present invention relates to the field of balancing brain waves.

[0003] BACKGROUND OF THE INVENTION

[0004] Many undesirable physiological, emotional, and behavioral states are correlated
with changes in brain activity. These changes in brain activity create electromagnetic
energy profiles that can be measured by devices such as electroencephalogram (“EEG”)
amplifiers and computers. Among the changes in brain activity that are known to be
undesirable is an excess asymmetry between activity in the corresponding right and left
regions of corresponding lobes of the brain.

[0005] One suggestion for restoring symmetry is presented in U.S. 8,249,699, Method of
Affecting Balanced Brain Function with Relational Ambient Sound, issued August 21,
2012 to Brain State Technologies, LLC. According to its teaching, due to the ability of
the brain to associate sounds with brain waves and then to change its own behavior, a
subject is able to develop a relationship between the process of bringing his or her brain
to a balanced state and an ambient sound, whereby the ambient sound adds a dimension
reminder for the brain to remember moving toward balance. As a result of this
relationship, during times of imbalance, one may rebalance that subject’s brain
functioning.

[0006] The teachings of U.S. 8,249,699 illustrate in detail the phenomenon that persons
of ordinary skill in the art will recognize as mirroring or echoing, which is distinct from
the neuro-feedback teachings of operant conditioning. Strategies that rely on neuro-
feedback, including those that rely on EEG biofeedback, have limitations with respect to
both precision and speed. Furthermore, they require the mindful attention of the user,
which refers to consciously trying to force the brain to do something rather than allowing
an experience to simply echo the brain so that the brain can do something on its own
terms. Brain echoing is also distinct from traditional transcranial alternating current
stimulation (tACS), which relies on external electrical frequencies to change the brain

rather than echoing it. Moreover, currently used tACS, by definition, cannot take into
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account the distinct reflection or echo of the brain in real time.

[0007] A more recently developed technology that is directed to echoing of brain activity
is described in U.S. 10,029,067, Devices, Systems and Methods for Monitoring Brain
Activity for Enabling Brain to Rebalance, issued July 24, 2018 to Brain State
Technologies, LLC. In that disclosure, persons of ordinary skill in the art are taught how
to combine dynamic monitoring of brain activity and mirroring in real time through
sound.

[0008] Despite the advances in mirroring technology, there remains a need for new and
nonobvious technologies and methods for using mirroring or echoing to balance brain
activity without requiring the mindful attention of the user. Various embodiments of the

present invention are directed to this need.

[0009] SUMMARY OF THE INVENTION

[00010] Various embodiments of the present invention provide technologies and
methods for balancing bi-hemispheric regions of the brain. In these embodiments, pairs
of channels are used to measure brain electromagnetic energy by detecting changes in
electric potentials. The measurements are translated from analog to digital and used to
calculate brain thythms. These brain rhythms are analyzed in order to determine when
there are threshold asymmetries between corresponding lobes of the brain of a user.
When asymmetries are observed, one may use the data to reduce or eradicate the
asymmetry through the combination of two types of stimuli. Through the use of the
technologies of the present invention, a user’s brain may be able to rebalance itself
without requiring the attention or volition of the user of the invention or establishing a
frequency from outside the dominant frequency that the brain itself is creating at the
moment of rebalancing.

[00011] According to a first embodiment, the present invention provides a method
for decreasing brain asymmetry comprising: (a) simultaneously measuring
electromagnetic activity of a user’s brain through a set of channels, wherein the set of
channels comprises (1) a first pair of corresponding lobe channels, wherein the first pair
of corresponding lobe channels is comprised of a right first lobe channel and a left first

lobe channel, and (ii) a second pair of corresponding lobe channels, wherein the second
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pair of corresponding lobe channels is comprised of a right second lobe channel and a left
second lobe channel, wherein each channel is configured to measure electromagnetic
energy in a region of a brain of a user and to generate a measurement of electromagnetic
energy and wherein the first pair of corresponding lobe channels is configured to measure
electromagnetic energy from corresponding left-right regions of a first lobe and the
second pair of corresponding lobe channels is configured to measure electromagnetic
energy from corresponding left-right regions of a second lobe, wherein the first lobe is
not the same as the second lobe; (b) determining whether there is a threshold difference
in energy between energies measured for any single frequency or for any one or more
ranges of frequencies as measured between each channel of each pair of corresponding
lobe channels; (c¢) when there is a determination of a threshold difference in energy, (i)
activating a first correlation algorithm, wherein for each of a first plurality of frequencies
from a set of dominant middle range brain wave frequencies from a lobe for which there
has been a determination of a threshold difference in energy, the first correlation
algorithm identifies an acoustic stimulus, and (i1) activating a second correlation
algorithm, wherein for each of a second plurality of frequencies from the set of dominant
middle range brain wave frequencies from the lobe for which there has been a
determination of a threshold difference in energy, intermittently the second correlation
algorithm identifies an electric stimulus, wherein the second plurality of frequencies is a
subset of the first plurality of frequencies; (d) creating a variable sequence of acoustic
stimuli by combining each acoustic stimulus identified in (c)(i) and playing said variable
sequence of acoustic stimuli through a sound output device; and (e) delivering to the user
each electric stimulus identified in (c)(ii), wherein when each electric stimulus is
delivered to the user, an acoustic stimulus that correlates with the same dominant middle
range brain wave frequency is simultaneously delivered.

[00012] According to a second embodiment, the present invention provides a
method for changing brain activity comprising: (a) simultaneously measuring
electromagnetic activity of a user’s brain through a set of channels, wherein the set of
channels comprises (1) a first pair of channels, wherein the first pair of channels is
comprised of a right first lobe channel and a right second lobe channel, wherein the right

first lobe channel is configured to measure electromagnetic energy in a first lobe in a first
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hemisphere of a brain of a user and the right second lobe channel is configured to
measure electromagnetic energy in a second lobe in the first hemisphere of the brain of
the user, and (i1) a second pair of channels, wherein the second pair of channels is
comprised of a left first lobe channel and a left second lobe channel, wherein the left first
lobe channel is configured to measure electromagnetic energy in the first lobe in a second
hemisphere of a brain of a user and the right second lobe channel is configured to
measure electromagnetic energy in the second lobe in the second hemisphere of the brain
of the user, wherein each channel is configured to generate a measurement of
electromagnetic energy, wherein the first hemisphere is not the same as the second
hemisphere; (b) determining whether there is a threshold difference in energy between
energies measured for any single frequency or for any one or more ranges of frequencies
as measured between each channel of each pair of channels; (c) when there is a
determination of a threshold difference in energy, (i) activating a first correlation
algorithm, wherein for each of a first plurality of frequencies from a set of dominant
middle range brain wave frequencies from a hemisphere for which there has been a
determination of a threshold difference in energy, the first correlation algorithm identifies
an acoustic stimulus, and (i1) activating a second correlation algorithm, wherein for each
of a second plurality of frequencies from the set of dominant middle range brain wave
frequencies from the hemisphere for which there has been a determination of a threshold
difference in energy, intermittently the second correlation algorithm identifies an electric
stimulus, wherein the second plurality of frequencies is a subset of the first plurality of
frequencies; (d) creating a variable sequence of acoustic stimuli by combining each
acoustic stimulus identified in (c)(1) and playing said variable sequence of acoustic
stimuli through a sound output device; and (e) delivering to the user each electric
stimulus identified in (c)(ii), wherein when each electric stimulus is delivered to the user,
an acoustic stimulus that correlates with the same dominant middle range brain wave
frequency is simultaneously delivered.

[00013] According to a third embodiment, the present invention provides a system
for decreasing asymmetry of brain activity, wherein said system comprises: (a) a device,
wherein the device comprises a set of channels, wherein the set of channels comprises (1)

a first pair of corresponding lobe channels, wherein the first pair of corresponding lobe
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channels is comprised of a right first lobe channel and a left first lobe channel, and (ii) a
second pair of corresponding lobe channels, wherein the second pair of corresponding
lobe channels is comprised of a right second lobe channel and a left second lobe channel,
wherein each channel comprises at least one sensor and is configured to measure
electromagnetic energy in a region of a brain of a user and to generate a measurement of
electromagnetic energy, wherein the channels are configured to measure said
electromagnetic energy simultaneously and the first pair of corresponding lobe channels
is configured to measure electromagnetic energy from a first lobe and the second pair of
corresponding lobe channels is configured to measure electromagnetic energy from a
second lobe, wherein the first lobe is not the same as the second lobe; (b) an asymmetry
determination computer program product, wherein the asymmetry determination
computer program product is capable of determining whether a threshold difference in
energy exists between energies measured for any single frequency or for any one or more
ranges of frequencies as measured between each channel of each pair of corresponding
lobe channels; (¢) a central processing unit, wherein the central processing unit is
configured to receive said measurements of electromagnetic activity from the device and
to execute the asymmetry determination computer program product; (d) an acoustic
delivery device, wherein the acoustic delivery device is capable of delivering a variable
sequence of acoustic stimuli; and (e) an electric stimulus delivery device, wherein the
electric stimulus delivery device is configured to deliver microvolt transcranial
alternating current stimulation to a user’s head. In some embodiments, the device is
capable of delivering a continuous variable sequence of acoustic stimuli and an
intermittent set of electric stimuli.

[00014] According to a fourth embodiment, the present invention provides a
system for changing brain activity, wherein said system comprises: (a) a detection device,
wherein the detection device comprises a set of channels, wherein the set of channels
comprises (i) a first pair of channels, wherein the first pair of channels is comprised of a
right first lobe channel and a right second lobe channel, wherein the right first lobe
channel is configured to measure electromagnetic energy in a first lobe in a first
hemisphere of a brain of a user and the right second lobe channel is configured to

measure electromagnetic energy in a second lobe in the first hemisphere of the brain of
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the user, and (ii) a second pair of channels, wherein the second pair of channels is
comprised of a left first lobe channel and a left second lobe channel, wherein the left first
lobe channel is configured to measure electromagnetic energy in the first lobe in a second
hemisphere of a brain of a user and the right second lobe channel is configured to
measure electromagnetic energy in the second lobe in the second hemisphere of the brain
of the user, wherein each channel is configured to generate a measurement of
electromagnetic energy, wherein the first hemisphere is not the same as the second
hemisphere; an asymmetry determination computer program product, wherein the
asymmetry determination computer program product is capable of determining whether a
threshold difference in energy exists between energies measured for any single frequency
or for any one or more ranges of frequencies as measured between each channel of each
pair of lobe channels; (c) a central processing unit, wherein the central processing unit is
configured to receive said measurements of electromagnetic activity from the device and
to execute the asymmetry determination computer program product; (d) an acoustic
stimulus delivery device, wherein the acoustic stimulus delivery device is capable of
delivering a variable sequence of acoustic stimuli; and (e) an electric stimulus delivery
device, wherein the electric stimulus delivery device is configured to deliver microvolt
transcranial alternating current stimulation to a user’s head.

[00015] Throughout this disclosure, systems and methods are described in terms of
measuring specific frequencies or ranges or subranges of frequencies. In some
embodiments, the invention is described with respect to three subranges or eleven
subranges; however, the technologies of the present invention may be used to obtain finer
resolution of brain activity and for example, be divided into 3 - 48 subranges, e.g., 11
subranges or 48 subranges with each subrange corresponding to different sets of
frequencies. By using a larger number of subranges and thus narrower subranges, one
may be able to obtain a greater understanding of the characteristics of asymmetries when
present and to mirror brain activity more efficiently.

[00016] Various embodiments of the present invention may be used to restore (or
to allow the brain itself to restore or to move toward restoration of) brain balance.
According to the present invention, restoration, or decreasing of asymmetry, may be

through a combination of real-time mirroring of brain activity through acoustic stimuli
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and electric stimuli. Systems and methods for detecting brain asymmetry and using
acoustic stimuli to move toward brain balance by mirroring through sound are provided
in U.S. patent number 10,029,067, the entire disclosure of which is incorporated herein
by reference.

[00017] Thus, through certain embodiments, the technologies disclosed herein
support the brain to recover more optimal oscillatory dynamics with respect to both
relative symmetrical activity between the hemispheres and proportionation of energy
along the brain electrical activity frequency spectrum. These embodiments may make

use of improved support of closed-loop neurotechnology.

[00018] BRIEF DESCRIPTION OF THE FIGURES

[00019] The systems, methods, and devices disclosed herein and the following
detailed descriptions of certain embodiments thereof may be understood by reference to
the following figures. Elements in the figures are presented for illustrative purposes, and
they are not necessarily drawn to scale.

[00020] Figure 1 is a flowchart that depicts steps of rebalancing brain activity

according to various methods of the present invention.

[00021] Figure 2 is a representation of circuitry of a system of the present
invention.
[00022] Figure 3 is a representation of examples of the location of sensors in a

system of the present invention. Locations are identified according to the International
Standard 10-20 System of EEG placement (the “10-20 system”), and in some
embodiments are on CB1/2 (cerebellum left and right).

[00023] DETAILED DESCRIPTION

[00024] The present invention will now be described in detail by describing
various illustrative, non-limiting embodiments thereof with reference to the
accompanying figures. The invention may, however, be embodied in many different
forms and should not be construed as being limited to the illustrative embodiments set

forth herein. Rather, the embodiments are provided so that this disclosure will be
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thorough and will fully convey the concept of the invention to those skilled in the art.
Furthermore, headings are provided for the convenience of the reader and are not

intended to be and should not be construed as limiting any of the embodiments described

herein.
[00025] Systems for Decreasing Asymmetry
[00026] In one embodiment, the present invention provides a system for

decreasing asymmetry of brain activity that comprises: (a) a brain detection functionality,
e.g., one or more channels of sensors, optionally contained in a housing; (b) an
asymmetry determination computer program product; (c) a central processing unit; (d) an
acoustic stimuli delivery functionality, which may, for example, comprise speakers; and
(e) an electric stimuli delivery functionality, which e.g., may be in the form of one or
more sensors that are optionally the same as or different from the sensors that impart the
brain detection functionality.

[00027] In some embodiments, one or more components is contained in a housing
and distributed symmetrically on the right and left sides of the housing. A distribution is
considered to be symmetric between the right side or half and the left side or half if the
gross distribution is the same between the right half and the left half, regardless of
whether there is any small device or structure in only one half, for example, one or more
of a transmitter or receiver or computer chip, or there are components on both halves but
they are oriented differently, e.g., turned any number of degrees relative to the
corresponding component on the other half, and/or they are located a few millimeters
away from the exact mirror location of the corresponding component on the other half of
the device. In one embodiment, the system comprises as an amplifier and set of
read/write sensors, with the sensors being placed on the scalp at various locations
aligning to the 10-20 system. Each of the components of the system is operably coupled

to one or more other components so as to allow each component to perform its intended

function.
[00028] Brain Activity Detection
[00029] The brain activity detection functionality may be in the form of a
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collection of channels that may, for example, be housed or associated with a headband, a
hat, a visor, or a helmet and contains a collection of sensors. Optionally, the sensors of
the system include or are associated with conductive paste that facilitates association
between the sensors and the surface area of the scalp. In addition to any conductive paste
that is present, when there is a housing, the housing may comprise a shell for one or more
other elements or pieces of hardware, and the shell may have an outer surface that is
rigid, e.g., plastic or soft, e.g., mesh or a combination thereof.

[00030] The channels are the structures that are configured to detect brain activity,
and they may be arranged in pairs of corresponding lobe channels via cabled sensors.
The phrase “corresponding lobe channels” refers to channels that are located on opposite
sides of the device, i.e., right and left sides, preferably at or close to mirror image
locations of each other and in the same or similar orientations, and thus, may be referred
to as being located in “corresponding left-right regions” of a lobe.

[00031] For illustrative purposes, the brain activity detection functionality may be
implemented by four channels that are arranged to collect data (and as discussed more
below, in some embodiments also to deliver electric stimulation) from two sets of
corresponding lobes, e.g., the left frontal lobe, the right frontal lobe, the left temporal
lobe and the right temporal lobe. As persons of ordinary skill in the art will recognize,
the device can exist with different numbers of channels for each lobe and multiple pairs
of channels for different lobes. For example, 1, 2, 3,4, 5,6, 7, 8,9, 10 or more pairs of
channels may be present for each lobe. The number of pairs of channels may be different
or the same for different corresponding lobes, and the number of sets of corresponding
lobes may be two, three, or four, e.g., frontal and temporal; frontal and parietal; frontal
and occipital; parietal and occipital; parietal and temporal; occipital and temporal; frontal,
parietal and occipital; frontal, parietal and temporal; frontal, occipital and temporal;
parietal, occipital and temporal; and frontal, parietal, occipital and temporal. As used
herein, the phrase “frontal lobe” includes the frontal lobe itself and the frontal pole lobes.
[00032] Each channel comprises at least one sensor and is configured to measure
electromagnetic energy. The detection functionality of these sensors is configured to
detect changes in electric potential and may be able to generate a measurement of

electromagnetic energy. Accordingly, the sensors may comprise electrodes, and for each
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channel of data to be read, there may be one or more electrodes. The electrodes may
form or be part of electric read/write sensors that sit against the skin. Thus, within the
system, each electrode may be a brain rhythm read device for a particular channel and/or
a brain alternating current device for a particular channel.

[00033] Preferably, the channels are configured to measure electromagnetic
energy simultaneously. Optionally, in addition to EEG sensors, there are EEG amplifiers.
Each channel also comprises one or more circuits to transmit data directly or indirectly
through hardware wires and/or circuits and/or wirelessly to a common location on the
device. The common location may, for example, be a central location, i.e., at or along a
line of symmetry of the device (near the top, the base or in between) or the common
location may be at a location that is not central.

[00034] In some embodiments, the right first lobe channel sensors are positioned to
measure electromagnetic energy from the right frontal lobe, the left first lobe channel
sensors are positioned to measure electromagnetic energy from the left frontal lobe, the
right second lobe channel sensors are positioned to measure electromagnetic energy from
the right temporal lobe, and the left second lobe channel sensors are positioned to
measure electromagnetic energy from the left temporal lobe. In other embodiments, the
right first lobe channel sensors are positioned to measure electromagnetic energy from
the right temporal lobe, the left first lobe channel sensors are positioned to measure
electromagnetic energy from the left temporal lobe, the right second lobe channel sensors
are positioned to measure electromagnetic energy from the right frontal lobe, and the left
second lobe channel sensors are positioned to measure electromagnetic energy from the
left frontal lobe.

[00035] In addition to the pairs of lobe channels, there may be one or a pair of
reference sensors. When there is a pair of reference sensors, each sensor may, for
example, be positioned so that when the system is in use, there is a reference sensor at or
near each of the user’s ears. When there is only one reference sensor and the device is in
use, it may be located at or near either the left ear or the right ear or other location of the
10-20 system as shown in Figure 3. In some embodiments, the system is configured
such that it can dynamically switch which sensors are used as reference sensors. In these

embodiments, one or more channels may be configured to serve as a reference sensor and
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there may or may not be separate reference sensors located at or near one or both ears.
The dynamic switching may, for example, occur at preprogrammed regular or irregular

time intervals.

[00036] Stimuli Delivery

[00037] The system also contains components that allow for delivery of acoustic
stimuli and electric stimuli. These elements provide the means by which to echo brain
activity through sound and electric stimuli, respectively. Accordingly, through
appropriate instrumentalities, the system is capable of mirroring the middle of ranges
brain frequencies through continuous varying sound and intermittent microvolt
alternating current. When delivering the intermittent microvolt alternating current, in
some embodiments, it is in the form of tACS at the exact same frequency that was
dominant in the sub-second of time being investigated and that is mirrored through
sound.

[00038] The acoustic stimuli may, for example, be delivered through at least one
sound output device, e.g., a speaker, and in the form of a variable sequence of acoustic
stimuli, which may vary with respect to pitch and/or timing. A “variable sequence of
acoustic stimuli” (which also may be referred to as a “varying sequence of acoustic
stimuli”) is a sequence of sounds that change over time, e.g., musical notes that are
played in sequence. In some embodiments, a plurality or each of the sounds has the same
duration or different durations and the same or different pitches. In some embodiments,
the sounds may, for example, be selected from a scale. As persons of ordinary skill in the
art will recognize, a scale is the set of notations that have been accredited by human
experience. Thus, in some embodiments, the variable sequences of acoustic stimuli are
not based on exact frequencies but instead are based on a relationship between
frequencies, or based on the scale of a brain. Although variable, it is not random and any
given sequence may be unique.

[00039] The electric stimuli may be delivered through electrodes. In some
embodiments, the same sensors that can detect brain activity can deliver electric stimuli
via an incorporated electrode in the same device head. When delivering electric

stimulation, the tACS current flows from the active stimulating sensor(s) to the active
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ground on the scalp to echo the brain and enhance appropriate symmetry. In some
embodiments, the sensors are single (side-by-side) with one reading and one writing
(writing = e-stimulating or an echo of the dominant brain frequency in a middle range of
that location). In other embodiments, the sensors are combined with both a reading and
writing or stimulating component in the same sensor. Additionally there may be one or
two reference sensors (e.g., two reference sensors — one on each ear, which are averaged
together to equalize any ambient distortion in the room) and there may be many ground
sensors although only one ground sensor is used at a time.

[00040] Preferably, the electric stimuli are delivered intermittently. Thus, there are
periods of time between delivery of electric stimuli in which no electric stimuli are
delivered. The electric stimuli may be delivered at irregular or regular intervals (and
thus, if at regular intervals, be delivered periodically or cyclically) and for the same or
different durations. The intermittent delivery of electric stimuli may be in contrast to the
acoustic stimuli, which in some embodiments, is continuous. The intermittent electric
stimuli are based on a subset of the real time dominant middle range frequencies that the
acoustic stimuli are based. For example, electric stimuli may be administered for 450 to
1500 milliseconds or 600 to 1200 milliseconds in duration. These stimuli may be
administered every 1 second to 5 minutes or 15 seconds to 3 minutes or 15 second to 1
minute or 15 second to 30 seconds. The amplitude of the current may, for example, be 5
microvolts to 550 microvolts tACS or 100 microvolts to 200 microvolts tACS. The
variable sequence of acoustic and alternating current stimuli are executed in real time
while the channels continue to monitor for asymmetries and in some embodiments.
[00041] In some embodiments, the electric stimuli is described by one, two, or
three of the following variables: (1) interval, which describes how often the electric
stimulus may be additionally introduced, e.g., 500 ms (milliseconds) to 60,000 ms
on the high with 500ms resolution; (2) duration, which describes how long the
electric stimulus will be given for that dominant frequency trigger, e.g., 450 ms to
5000 ms with 50 ms resolution; and (3) amplitude, e.g., 5uV (micro volts) to 550uV

with 5uV resolution.
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[00042] Ground Electrodes

[00043] In addition to the pairs of lobe channels, and sensors, there may be one or
a more ground electrodes placed on the scalp. Only one ground electrode will be active
for each exercise. The ground electrode determines the path of microvolt alternating
current stimulation along the scalp. When there are multiple ground se electrodes
attached to the scalp, each electrode may, for example, be positioned within the device so
that when the device is in use, there is only one ground electrode that is active. When
there is only one active ground electrode and the device is in use, it may be located at or
near any location of the 10-20 system as shown in Figure 3. In some embodiments, the
system is configured such that it can dynamically switch which ground electrode is to be
used as the active ground electrode. The dynamic switching may, for example, occur at

preprogrammed regular or irregular time intervals.

[00044] Sound Output Devices

[00045] For delivery of acoustic stimuli, systems of the present invention may
contain sound output devices, e.g., one or more speakers. In some embodiments the at
least one speaker is a set of two speakers, e.g., a left speaker and a right speaker. These
speakers may, for example, be located in earbuds or configured as the earpieces of
headphones.

[00046] In one embodiment the at least one speaker comprises a right speaker and
a left speaker and the right speaker is configured to be situated at or near the right ear of
the user and the left speaker is configured to be situated at or near the left ear of the user
when the device is in use. The set of speakers contains or is operably coupled to
elements that contain the requisite hardware and connections in order to receive digital
data that corresponds to a variable sequence of acoustic stimuli, and to convert the data

into sound to play the variable sequence of acoustic stimuli.

[00047] Asymmetry Determination Computer Program
[00048] The asymmetry determination computer program product comprises an
algorithm that determines whether the difference in brain activity in corresponding lobes

is at an undesirable level. This undesirable level may be referred to herein as a threshold
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or material difference in energy between the lobes. The asymmetry determination
computer program product may be stored in a tangible medium or stored in or accessed
through the cloud or a network. When applied, the asymmetry determination computer
program product determines whether during one or more time periods there is a threshold
difference in energy between: (1) energy measured within any one frequency or one or
more of a first subranges of frequencies, a second subrange of frequencies, a third
subrange of frequencies or any combination of subranges of frequencies, e.g., 11 or 48
subranges of frequencies from a right lobe channel; and (2) energy measured within a
corresponding single frequency or one or more subranges of a corresponding left lobe
channel, wherein when there are three subranges, the second subrange consists of
frequencies greater than the frequencies in the first subrange, and the second subrange
consists of frequencies smaller than the frequencies in the third subrange.

[00049] The asymmetry determination computer program product is configured to
determine whether there is a threshold difference in energy by comparing a calculated
energy of the individual frequency or the frequencies within each subrange from the right
first lobe channel with a calculated energy of the same frequency or frequencies within
each subrange from the left first lobe channel over a plurality of predetermined time
periods, and simultaneously comparing a calculated energy of the frequencies within each
subrange from the right second lobe channel with a calculated energy of the single
frequency or frequencies within each subrange from the left second lobe channel over a
plurality of predetermined time periods. The predetermined time periods may overlap or
may be non-overlapping.

[00050] In some embodiments, individual frequencies are compared and may be
compared down to the nearest ten-thousandth of a hertz while the subranges are divided
in 1 hertz bands up to 6 hertz bands. The aforementioned dividing points are used for
illustrative purposes and changes in these points are within the scope of the invention.
These ranges are contiguous but, also within the scope of the present invention is using
subranges that are non-contiguous.

[00051] In some embodiments, the ranges are determined for each individual by
looking for their dominant frequency range, which becomes a unique frequency

subrange. Thus, the dominant frequency range may be the range when the person is most
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at rest, e.g., between 0.005 Hz and 48 Hz or between 16 and 23 Hertz. Alternatively, a
system could use either of these as the subrange for one of both sets of corresponding
lobes.

[00052] In order to determine whether asymmetries exist, the computer program
product may be configured to calculate the energy from each subrange within each of a
plurality of predetermined time periods for data from each channel and compare these
energies to those measured from the same subrange of the corresponding lobe in the other
hemisphere for the same time periods. Thus, one may calculate the average energy in a
subrange. In order to do this, one may make use of digital signaling processors and band-
pass filters. Additionally, the device may make use of Fast Fourier Transformation
protocols to transform signals from time to frequency domains.

[00053] In some embodiments, the threshold difference of a subrange between
hemispheres of a set of lobes is at least 3%, at least 10%, at least 20%, at least 30%, at
least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at least 90%, at least
100%, at least 150%, or at least 200% difference in energy over each of at least 5, at least
10, at least 20, at least 30, at least 40, at least 50, at Ieast 60, at least 70, at least 80, or at
least 100 consecutive time periods, wherein the time periods are 0.001 to 50 seconds or 5
to 30 seconds in length. In other embodiments, the threshold difference is at least 3%, at
least 10%, at least 20%, at least 30%, at least 40%, at least 50%, at least 60%, at least
70%, at least 80%, at least 90%, at least 100%, at least 150%, or at least 200% difference
in energy over at least 60%, at least 70%, at least 80% or at least 90% of at least 5, at
lIeast 10, at least 20, at least 30, at least 40, at least 50, at least 60, at Ieast 70, at least 80,
or at least 100 consecutive time periods, wherein the time periods are 0.001 to 50 seconds
or 5 to 30 seconds in length.

[00054] In one embodiment, in order to determine if a lobe qualifies for
rebalancing, the energy profile of each subrange of each channel is summarized over an
epoch, which is a time period between 0.002 and 30 seconds. The most recently
processed summaries may be stored in a revolving area of computer memory, e.g., the
most recent 3-25 are processed and stored or the most recent 5-15 are processed and
stored e.g., the most recent 5. These summaries may be stored on one or both of the

devices and a remote data storage unit that is within or associated with or in
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As each epoch is stored, the frequencies and subranges of the

corresponding channels are compared to each other. These comparisons determine

whether the threshold asymmetry has been crossed, and for example, the eligibility of

corresponding lobes to initiate or to continue the balancing process.

[00056]

By way of non-limiting examples, one may design the bounds of a mid-

range based on eye-state (open vs. closed), age, or montage scalp placement of sensors or

combinations thereof. Additionally, one can look for clusters of hemispheric frequency

balances in a resting state for an individual or population and from there one may select a

midrange (also referred to as a middle range). In some embodiments, the width of the

midrange may be 4-18 hertz or 6 -16 hertz or 8-14 hertz or 14-36 hertz. Further, in some

embodiments the lower bound of the midrange may, for example, be 3.5 hertz, 4 hertz,
4.5 hertz, 5 hertz, 5.5 hertz, 6 hertz, 6.5 hertz, 7 hertz, 7.5 hertz, 8 hertz, 8.5 hertz, 9 hertz,
9.5 hertz, 10 hertz, 10.5 hertz, 11 hertz, 11.5 hertz, 12 hertz, 15 hertz, 18 hertz, or 20
hertz and the upper bound may be 12 hertz, 13 hertz, 14 hertz, 15 hertz, 18 hertz, 20
hertz, 22 hertz, 24 hertz, 26 hertz, 28 hertz, 30 hertz or 32 hertz.

[00057] Non-limiting examples of subranges appear in Table 1 below.
[00058] Table 1
Example Number First Subrange Second Subrange Third Subrange
(Hz) (Hz) (Hz)

1 0.125-10 10.1-25 25.1-48.50
2 0.125-15 15.1-20 20.1-48.50
3 1.0-8 12-30 30.1-45
4 2-12 15-19 32-40
5 0.125-12.5 12.6-22.4 22.5-48.50
6 0.125-3.4 3.5-20 32.1-48.50
7 2.8 8.1-32 32.1-48.50
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[00059] The Central Processing Unit

[00060] The central processing is configured to receive the measurements of
electromagnetic activity from the device and to execute the asymmetry determination
computer program product. The central processing unit may, for example, be located in a
computer, which may, for example, be in the form of a tablet, a smart phone, a personal
computer, or a networked computer.

[00061] In some embodiments, the computer is not connected to one or more other
elements of the system through any wires. Thus, it is configured to communicate
wirelessly with the device. In other embodiments, it is connected to a device (e.g., a
housing the contains sensors, speakers and other hardware) of the present system through
wires. In still other embodiments, the central processing unit may be within the same
device. Furthermore, the central processing unit may be configured to execute computer
program products automatically upon the receipt of instructions or data that may be used
as input for the computer program product. Additionally, in some embodiments, a
computer that houses the central processing unit comprises one or more of a graphic user
interface, memory in the form of a data storage structure, an input device (e.g., a
keyboard and/or mouse), a transmitter for transmitting information, and a receiver for
receiving information. In some embodiments, the transmitter and/or receiver may be
designed to send and to receive information that is communicated wirelessly through 3G,
4G, 5G, or Bluetooth technology or combinations thereof.

[00062] The central processing unit may be capable of generating a data message,
wherein the data message contains information that indicates an observation of a material
asymmeltry in activity between one or both of: (i) the measurements from one or more
subranges of the right first lobe channel and the measurements of corresponding
subranges of the left first lobe channel; and (ii) the measurements from one or more
subranges of the right second lobe channel and one or more subranges of the
measurements from the left second lobe channel.

[00063] Optionally, the system further comprises a data storage unit, wherein the
data storage unit is configured to store measurements of electromagnetic energy. In some
embodiments, the data storage unit is located at or near the common location and is

associated with a central processing unit. When there is a data storage unit, optionally
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the device has a USB port and/or a microUSB port and/or an HDMI port that allows for
the transfer of data to a thumb drive or other portable data transfer structure that is
capable of being inserted into a portal of a back-up computer.

[00064] In some embodiments, the system further comprises a transmitter. The
transmitter may be located at or near the common location, and it may be capable of
wirelessly or through wired connections, transmitting one or more data packages from the
device processing unit to a central processing unit. The one or more data packages
comprise information that corresponds to the measurement of electromagnetic energy.
Each data package may comprise information from a single channel, information from a
pair of channels for the same time period(s), or information from a plurality of pairs of
channels for the same time periods(s).

[00065] In some embodiments, the system is portable and lacks wired connections
to the central processing unit. In these embodiments, the components on or associated
with a user’s head communicate wirelessly with the central processing unit. In other
embodiments, the elements, (which typically may be in a housing) are portable and are
capable of communicating with the central processing unit either wirelessly or through
wired connections that are removable. In other embodiments, the device is capable of

communicating with the central processing unit only through wired connections.

[00066] Correlation Algorithms

[00067] Various embodiments make use of two correlation algorithms in order to
determine what stimuli to deliver. These two algorithms may be part of the same
computer program e.g., structured as modules within a computer program product, or
they may be part of separate computer programs. After the asymmetry determination
computer program product has determined that there is a threshold level of asymmetry,
the two correlation algorithms are activated. The first correlation algorithm correlates
each of a plurality of frequencies to a set of brain wave frequencies with an acoustic
stimulus to form a variable sequence of acoustic stimuli. In some embodiments, the first
correlation algorithm comprises, or is operably coupled to, a database and computer code
instructions for retrieving information from the database. By way of a non-limiting

example, in the database, dominant frequencies may be preassigned to sounds such as
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tone or musical notes or cords. These sounds may be assigned randomly or
systematically, e.g., when using musical notes, higher frequencies may be associated with
notes that are higher on a scale within the range of human hearing. Preferably, the
acoustic stimuli are played in sequence to form a continuous mirror.

[00068] The variable sequence of acoustic stimuli is received by the speakers
directly or indirectly from the central processing unit. In some embodiments, the variable
sequence of acoustic stimuli is received in a plurality of data packets that is played in real
time as they are received. As persons of ordinary skill in the art know, “real time” refers
to the time that it takes to receive, to process, and to transmit data. For the human
experience, this time may be negligible, e.g., milliseconds or shorter or longer.
Furthermore, although the present disclosure refers to a sequence of sounds, because they
are being generated and played in real time, the playback begins before the complete
sequence has been generated.

[00069] In some embodiments, the variable sequence of acoustic stimuli is created
only after the threshold asymmetry described above is detected. In other embodiments, as
soon as a person begins transmitting brain signals a variable sequence of acoustic stimuli
is played to support the balance of whichever corresponding lobe or set of lobes have the
greater asymmetry in a subrange, regardless of whether it has crossed a threshold level is
used.

[00070] The second correlation algorithm identifies electric stimulus to generate.
As with the first correlation algorithm, it may comprise or be operably coupled to access
a database to determine what electric stimulus to use to mirror brain activity.
Accordingly, intermittently at regular or irregular intervals the second correlation
algorithm will look to the dominant middle range frequency, and in real time, determine
an electric stimuli that correlates to that frequency. It will then send instructions in e.g.
,data packets, to the necessary hardware to generate microvolt transcranial alternating
electrical currents to the scalp at the appropriate locations. The system may be designed
so that the first and second correlation algorithms use the same dominant middle range
frequency in order to determine the stimuli to deliver for a given set of frequencies.
However, these frequencies that are used by both algorithms will be a subset of what the

first algorithm uses. Additionally, the second algorithms may be structured to search for
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the dominant frequency only intermittently and then transmit all of its results in real time
or it may continuously search for the dominant frequencies, but only transmit results for
predefined or random intermittent periods of time. In some embodiments, the first and
second algorithms respond to input at the same time, e.g., 500 millisecond units or shorter
and use the same dominant frequency to identify stimuli.

[00071] Optionally, each correlation algorithms may engage the 50Hz and
60Hz interference range to determine if interference is beyond a threshold. If the
interference is unacceptable, the algorithms can modify or cause modification of the
signal based on that interference in order to normalize the brain signals as if they

contained an equal amount of interference within an acceptable interference range.

[00072] Playback Computer Program Product

[00073] The playback computer program product is stored in a tangible medium or
in the cloud or on a network and is configured: (i) to be activated when there is material
asymmetry in activity between the measurements from a subrange of frequencies of
either the right first lobe channel and the left first lobe channel or the right second lobe
channel and the left second lobe channel (and in some embodiments to be activated when
there is no asymmetry but the device has nonetheless been activated or turned on for use);
(i1) to apply the first correlation algorithm and the second correlation; and (iii) to control
playing said acoustic stimuli through at least one speaker, and to deliver controlled
frequency for microvolt electrical stimulation, through e.g., electrodes. Likewise, if
coherence is too high, the correlation algorithm will quiet only one side or lobe allowing
the brain to reset its own timing. The playback computer program product may be stored
on the device or at a location other than on the device. The correlation algorithms may be
distinct from the playback computer program product, e.g., separate files, or modules
located within it or within a computer program product that contains both it and a module

for the playback computer program.

[00074] Initiation and Switching
[00075] When data is collected from a plurality of lobes, then there may be the

case that no threshold asymmetry is detected in either or any lobes. In these
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circumstances, the system may be designed to start with a particular default set of
corresponding lobes and at regular intervals switch between sets of corresponding lobes
until a threshold difference in energy is detected.

[00076] In some embodiments, when an imbalance is detected, the dominant
frequency for identifying the sound is formulated or taken from the set of frequencies for
the left and right sides of the lobes in which the imbalance was detected. The dominant
brain wave {requency may, for example, be the dominant frequency between the
subranges of the two lobes for which the threshold asymmetry was detected or an average
of the dominant frequency between them. If during mirroring, the imbalance gets worse
and it is in the high or low subranges, then the dominant frequency of the middle
subrange may be taken exclusively from only one side of the pair of lobes and the electric
stimulation be delivered to one side of a pair of lobes. The imbalance might be due to one
side being much greater in amplitude than the other. In these cases, to address worsening
imbalances, the methods may be designed to obtain dominant frequencies exclusively
from the side that is less or least optimized and the stimulation frequency is delivered to
that side.

[00077] In some embodiments, the method does not look for asymmetries prior to
creating the initial variable sequence of acoustic stimuli. Instead, it looks for the greatest
asymmetry regardless of threshold comparison or has a default setting for the lobe from
which to begin creating the variable sequence of acoustic stimuli. After the initial time
interval designated for stimulation, the stimulation frequency is delivered in the same
manner as the acoustic and optionally, electric stimulation. As the system causes a
variable sequence of acoustic and intermittent electric stimuli, it continues to monitor all
channels, and upon a trigger event, for example a predetermined level or degree of
change in asymmetry, is capable of dynamically switching to the middle range of another
set of corresponding lobes channels as a source of dominant frequencies from which to
generate the variable sequence of acoustic and electric stimuli.

[00078] Next, a variable sequence of acoustic stimuli is created by playing or
combining each acoustic stimulus. The variable sequence of acoustic stimuli is played
through a sound output device such as one or more speakers while at designated intervals

the electric stimulation frequency is also delivered. The variable sequence of acoustic
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and electric stimuli is created to address an asymmetry in one set of lobes by playing or
delivering frequency stimuli that are associated with dominant frequency or frequencies
of the middle range from the same set of lobes in which the asymmetry was detected.
Thus, by way of a non-limiting example, if in the frontal lobes, an asymmetry is detected
in the first subrange that is greater than the threshold level, then the method will
automatically look for the dominant frequencies in the middle range of the frontal lobes,
activate the correlation algorithm to determine which stimulus corresponds to that
frequency, and through the playback computer product and at the appropriate interval
also through the electric stimulation, cause an output of that stimulus.

[00079] As the dominant frequency or frequencies change in the middle range, the
stimuli to play will change and the variable sequence of acoustic stimuli will be
developed along with intermittent electric stimuli to echo the brain. The variable
sequence of acoustic stimuli is developed and played back in real time. Thus, for
convenience of the reader, the variable sequence of acoustic stimuli is described as
referring to the complete set of stimuli played back, but playback begins before the
complete sequence is created. The variable sequence of acoustic stimuli may be played
in both speakers or only in the speaker on one side of the head, e.g., the side for which
the frequencies of the asymmetric subrange was larger or on the side for which the
frequencies of the asymmetric subrange was smaller. The electric stimulation may also
be delivered to sensors on one or both sides of the head in the same manner.

[00080] As the variable sequence of acoustic stimuli is being played back, each of
the pairs of corresponding channels continues to be monitored. If the asymmetry is
reduced to a subthreshold level or eradicated, the variable sequence of acoustic and
electric stimuli may continue until the end of the user’s session. In these circumstances,
the middle range of the same set of corresponding lobes may be used for the source of the
variable sequence of acoustic stimuli and electric stimuli until the end of the session; or if
asymmetry is detected in the other corresponding set of lobes, the middle range of that set
of lobes may be used as the source or the variable sequence of acoustic and electric
stimuli; or if no asymmetry is detected in the other corresponding set of lobes, after a
predetermined amount of time, the system may nonetheless switch to the other set of

lobes as the source of the variable sequence of acoustic and electric stimuli.
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[00081] When looking to threshold differences in energy, in some embodiments,
the threshold difference in energy between energies measured is determined for each of a
plurality of epochs, e.g., 5 t0100 or 10 to 50, wherein each epoch ranges from 0.5 to 30
seconds. Thus, the asymmetry must exist for at least a certain amount of time to be
considered actionable.

[00082] In some embodiments, the measurements are made at a rate of at least 500
samples per second or at least 1000 samples per second. In some embodiments, 500 to
1000 samples per second are collected.

[00083] In some embodiments, the channels are configured to measure frequencies
up to about 98.5 hertz.

[00084] By way of a non-limiting example, in some embodiments, brain signals
are read (e.g., at 1 to 16 locations or at 1 to 4 locations, such as FP1/2 and T3/4; F3/F4
and P3/P4; C3/C4 and O1/2; AFZ/POZ and CB1/2). Algorithms compare the signals,
determine where asymmetries, disproportional energy (frequencies on the spectral band),

or inappropriate coherences exist.

[00085] Coherence

[00086] A coherence test may be for each epoch, and it may be in the form of a
coherence qualification test for bi-hemisphere acoustic mirroring that is performed in
each of the regions. Coherence is calculated as the square magnitude of the cross-
spectral density of two signals divided by the product of their auto spectral densities at a
given frequency.

[Magnitude(Averaged Sis (f))]2
Averaged S,,(f) X Averaged Sgg(f)

Coherence Function (f) =

[00087] The result is a coherence value between zero and one for the signals of the
two regions. A zero for the coherence value indicates no correlation between the two
signals in terms of signal phase and amplitude. A value of one for the coherence
indicates an exact match between the two signals (signal phase and amplitude). One
method for calculating coherence is based on the MATLAB (matrix laboratory) mscohere

function. This involves overlapping segments that are windowed, and the resulting
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windowed values being used to calculate the cross spectrum and power spectra.

[00088] Thus, to calculate the coherence, the signals are divided into overlapping
segments that are then windowed. Fast Fourier Transforms (FFTs) are performed
because cross-spectral and auto spectral densities are frequency domain values. The
coherence is determined by averaging the coherence value from each segment. Thus, the
asymmetry determination computer program products may be configured to determine
whether or one or both of a threshold level of asymmetry and/or a threshold level of lack

of coherence exists during rebalancing.

[00089] Dynamic Monitoring and Rebalancing

[00090] As persons of ordinary skill in the art will recognize, the brain is
constantly active. Therefore, even if asymmetries are detected in one pair of lobes, the
brain may at the same time or at other times, have asymmetry in other lobes.

[00091] In some embodiments, a threshold difference is detected between
measurements from channels of both the first pair of corresponding lobe channels and the
second pair of corresponding lobe channels. In these cases, the dominant brain wave
frequencies may be selected from the second subrange of frequencies of the lobes for
which a subrange had the greater asymmetry or a user may select which lobe he or she
would prefer to balance first and then when balance is below the threshold level, the
system may automatically switch to the other lobes.

[00092] In some embodiments, the asymmetry is detected from between
corresponding subranges of the first lobe, and the dominant frequency from which the
variable sequence of acoustic stimuli and variable intermittent electric stimuli are
generated is from a middle subrange of the first set of corresponding lobes. The method
may further comprise continuing to search for asymmetries during playing of the variable
sequence of acoustic stimuli and delivery of the frequency for electric stimulus, and if
greater asymmetry is detected in another set of lobes, e.g., a switching threshold
asymmetry in energies is detected from at least one of the corresponding subranges
measured from the second corresponding lobes, then the method further comprises
creating a new variable sequence of acoustic and electric stimuli, wherein the new

variable sequence of acoustic and electric stimuli comprises stimuli for each of a set of
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dominant frequencies from the second pair of lobes; and playing the new variable
sequence of acoustic stimuli as well as delivery of the appropriate electric stimuli. If the
asymmetry is from a different subrange of the same corresponding lobes, then one would
continue with generating the variable sequence of acoustic and electric stimuli from the
dominant frequency of the second or middle subrange of those lobes. In some
embodiments, a switching threshold is an asymmetry that is either a threshold asymmetry
as described above provided that it is greater than the greatest asymmetry in the other
corresponding set of lobes or is at least 3%, at least 5%, at least 10%, at least 20%, at
least 40%, at least 60%, or at least 80% greater than the greatest asymmetry in the other
corresponding set of lobes.

[00093] In some embodiments, the asymmetry is detected from between
corresponding subranges of the second corresponding lobes and the dominant frequency
from which the variable sequence of acoustic stimuli and variable intermittent electric
stimuli is generated is also from the second pair of lobes. The method may further
comprise continuing to search for asymmetries during playing of the variable sequence of
acoustic stimuli and delivery of electric stimuli, and if greater asymmetry is detected in
another lobe, e.g., a switching threshold asymmetry in energies is detected from at least
one of the corresponding subranges measured from the first pair of lobes, then the
method further comprises creating a new variable sequence of acoustic stimuli and
variable intermittent electric stimuli, wherein the new variable sequence of acoustic and
electric stimuli comprises an acoustic and electric stimulus for each of a set of dominant
frequencies from the first lobes; and playing the new variable sequence of acoustic
stimuli and delivering the electric stimulus.

[00094] In some embodiments, one may simultaneously analyze coherence in each
of the frequency ranges of two, three, or four corresponding sets of lobes of the brain, and
if there is insufficient coherence in any pair of lobes, these may be triaged in order of
degree of lack of coherence and addressed in that order. When addressing a lack of
coherence one may, e.g., redefine the middle subrange to generate a different variable
sequence of acoustic and electric stimuli.

[00095] Dynamic rebalancing may occur after there has been a trigger event. A

trigger event may be a predetermined increase in a difference in energy between energies
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measured within any one or more of a single frequency, a first subrange of frequencies, a
second subrange of frequencies, and up to the last subrange of frequencies of
corresponding lobe channels from which either the dominant frequency was measured or
the dominant frequency was not measured. Alternatively or additionally, the trigger
event is a predetermined decrease in a difference in energy between energies measured
within any one or more of a single frequency, a first subrange of frequencies, a second
subrange of frequencies, and a last subrange of frequencies of corresponding lobe
channels from which either the dominant frequency was measured or the dominant
frequency was not measured. The predetermined increase or decrease may be an absolute
number or a percentage, e.g., at least 2%, at least 5%, at least 10%, at least 20% or at

least 30%.

[00096] Hardware

[00097] In some embodiments, the systems of the present invention contain all of
the electronics for acquiring data, including cabled sensors, stimulation electrodes,
speakers, EEG amplifier/stimulation unit, and USB cable for connection to a host
computer. Optionally, they may all be part of a single device or form a system. An
example of a configuration of the hardware that may be used on or in connection with a

device is illustrated by reference to Figure 2.

[00098] Electrical Design

[00099] The system as shown accommodates reading four to sixteen channels of
sensor data, depending on model of the amplifier. The system's ADC (Analog-to-Digital-
Converter) 1008 may, for example, be an ADS1294 chip from Texas Instruments that
provides four channels of data. The channels are simultaneously-acquired at a 500-
sample-per-second rate, providing a frequency spectrum resolvable up to almost 250

Hz. In a 24-bit ADC, there is a theoretical amplitude resolution of 145 dB

(decibels). This system yields over 120 dB dynamic range with ADC inputs shorted, and
typically over 90 dB dynamic range with-respect-to the sensor inputs. The result is an
EEG system that: (i) needs no adjustable gain ranging amplifiers; and (ii) has vast

headroom that allows power line(s) and other common-mode signals to coexist (and
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subsequently be removed from the desired differential signal) without signal clipping
issues, and a very low noise floor. A noise floor is how far down a signal can be read
without being washed out by noise. Clipping is flattening of a signal above/below an
upper range for the positive/negative amplitude of a signal where nothing is read due to
excessive noise interference above the upper +/- amplitude limit.

[000100] Information collected by the four sensor channels (with-respect-to the
reference channel on the ear sensor Y-cable 1006), 1001 (Channel-1 sensor), 1002
(Channel-2 sensor), 1003 (Channel-3 sensor) and 1004 (Channel-4 sensor) are digitized
from the active cabled sensors affixed to the head, and sent over a USB data cable to the
host computer 1000. The ear reference is a standard sensor cable with addition of a Y-
cable that connects both ears together to the sensor for a symmetrical reference signal.
Electric potential is determined as it exists as a difference between two points. The active
sensors have a standard reference (the ears), which is approximately zero brain signal and

generally also has the same common-mode interference as the active sensors. Therefore,

Actual potential = (Active - Reference)

for each separate active sensor and the common-mode interference recorded in both the
active and the reference sensors then cancel each other out. The ear sensor is depicted as
the reference point, but in other embodiments, one may use a dynamic reference in order
to find the difference between any two points.

[000101] The cabled head sensors use active CMOS buffers with Schottky diodes to
clamp transient events such as static discharge, driving the buffered signal over a shielded
cable from each head sensor to the amplifier. The sensor and reference signals are
applied to input preamplifiers 1007, which provide gain and signal conditioning prior to
the ADC.

[000102] An EEG system is comprised of a number of sensors that are placed at
specific locations on the scalp. A "reference" sensor is split via a Y-cable and clipped
onto both earlobes; the ears are electrically-quiet locations on the head. The signals of
interest are measured differentially: sensor with-respect-to reference. The signals of

interest are in the microvolt range, but they are summed with larger "common-mode"
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signals that exist in unison on the reference and sensor signals. The differential
measurement removes most of the common-mode signal.

[000103] The human body acts as an antenna capacitively-coupled to earth ground,
and immersed in the electromagnetic fields of surrounding AC power lines and other
noise sources. The largest contribution is from the 50-Hz or 60-Hz power system. The
body will have a certain potential with respect to earth ground, and the EEG amplifier
system, which is also capacitively-coupled to earth ground, will likely have a different
potential with respect to Earth ground. When the amplifier sensors are connected to the
body, the difference between the body and amplifier potentials (due to capacitive
coupling of each) results in potentials of 50-Hz or 60-Hz and other noise being added as
common-mode signals to the reference and sensor amplifier inputs, which is generally in
levels far in excess of the amplifier's allowable common-mode range.

[000104] An additional EEG system connection to the body is a "ground" electrode
1005, which is utilized to minimize these large common-mode signals. Ground is the
point of zero potential in the amplifier circuitry, and when connected to the body, shorts-
out the body and amplifier capacitive-coupling paths to earth ground, thereby eliminating
much of the common mode signal. The ground connection may be located at any
convenient point on the body but is typically attached to a location on the top center of
the head.

[000105] Isolation is provided to separate the host computer USB connection from
the circuitry connected to the subject’s head. The 5V bus voltage from the host USB
cable connects to a DC-DC Converter 1011, which provides an isolated voltage source to
power the isolated section. The data stream from the ADC and control data connects
through a digital isolator 1009. Data streaming and system control is provided by the
main microcontroller 1010 in the non-isolated section. A power control microcontroller
1012 in the isolated section switches power to the cabled sensors for operation, and

disables the sensors in the standby state.

[000106] Optional Cereset-e Stimulation Module
[000107] The optional Cereset-e Stimulation Module plugs onto the main amplifier

circuit board, connecting to isolated power and control ports. In other embodiments, this
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circuitry may be combined on the amplifier circuit board. A stimulation control
microcontroller 1013 provides one or more channels of sinusoidal stimulus frequencies
via digital-to-analog converters (DAC), as commanded by the host computer. The DAC
outputs are attenuated to desired stimulation amplitudes 1014 and connect to the

stimulation electrodes 1015.

[000108] Figure 1 provides a flowchart that is an overview of the present invention.
The method starts with obtaining input signals from one to sixteen channels 100. Next,
the system composes, displays, stores frequency symmetry, and determines coherence
and proportionation 200. Data is sent to a memory device to be stored by channel,
frequency, and episode 300. Additionally, when the system compares data 200, if the
data is outside of certain parameters, it will correlate a dominant mid-range frequency
using a single channel 600. If the data is within certain parameters, it will correlate the
dominant mid-range frequency from a plurality of channels 700.

[000109] Following the comparison and storage of data, the system will: (1) deliver
frequency based electric stimulation at determined time intervals 400; and (2) play sound

in pitch and rhythm 800.

[000110] Various aspects of the present invention have been described for use in
connection with one or more embodiments. However, unless explicitly stated or
otherwise apparent from context, each feature described above in any one embodiment

may be used in connection with any and all embodiments.
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CLAIMS

We claim:

1. A method for decreasing brain asymmetry comprising:
(a) simultaneously measuring electromagnetic activity of a user’s brain through a
set of channels, wherein the set of channels comprises
(1) a first pair of corresponding lobe channels, wherein the first pair of
corresponding lobe channels is comprised of a right first lobe channel
and a left first lobe channel, and
(i1) a second pair of corresponding lobe channels, wherein the second pair
of corresponding lobe channels is comprised of a right second lobe
channel and a left second lobe channel,
wherein each channel is configured to measure electromagnetic energy in a
region of a brain of a user and to generate a measurement of electromagnetic
energy and wherein the first pair of corresponding lobe channels is configured
to measure electromagnetic energy from corresponding left-right regions of a
first lobe and the second pair of corresponding lobe channels is configured to
measure electromagnetic energy from corresponding left-right regions of a

second lobe, wherein the first lobe is not the same as the second lobe;

(b) determining whether there is a threshold difference in energy between
energies measured for any single frequency or for any one or more ranges of
frequencies as measured between each channel of each pair of corresponding

lobe channels,

(c) when there is a determination of a threshold difference in energy,

(1) activating a first correlation algorithm, wherein for each of a first
plurality of frequencies from a set of dominant middle range brain
wave {requencies from a lobe for which there has been a determination
of a threshold difference in energy, the first correlation algorithm

identifies an acoustic stimulus, and
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(i1) activating a second correlation algorithm, wherein for each of a second
plurality of frequencies from the set of dominant middle range brain
wave {requencies from the lobe for which there has been a
determination of a threshold difference in energy, intermittently the
second correlation algorithm identifies an electric stimulus, wherein
the second plurality of frequencies is a subset of the first plurality of
frequencies,

(d) creating a variable sequence of acoustic stimuli by combining each
acoustic stimulus identified in (c)(1) and playing said variable sequence of
acoustic stimuli through a sound output device, and

(e) delivering to the user each electric stimulus identified in (c)(i1), wherein

when each electric stimulus is delivered to the user, an acoustic stimulus that

correlates with the same dominant middle range brain wave frequency is

simultaneously delivered.

2. A method for changing brain activity comprising:
(a) simultaneously measuring electromagnetic activity of a user’s brain
through a set of channels, wherein the set of channels comprises

i) a first pair of channels, wherein the first pair of channels is
comprised of a right first lobe channel and a right second lobe
channel, wherein the right first lobe channel is configured to
measure electromagnetic energy in a first lobe in a first
hemisphere of a brain of a user and the right second lobe
channel is configured to measure electromagnetic energy in a
second lobe in the first hemisphere of the brain of the user, and

(ii.) a second pair of channels, wherein the second pair of channels
is comprised of a left first lobe channel and a left second lobe
channel, wherein the left first lobe channel is configured to
measure electromagnetic energy in the first lobe in a second

hemisphere of a brain of a user and the right second lobe
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channel is configured to measure electromagnetic energy in the

second lobe in the second hemisphere of the brain of the user,
wherein each channel is configured to generate a measurement of
electromagnetic energy, wherein the first hemisphere is not the same as the

second hemisphere;

(b) determining whether there is a threshold difference in energy between
energies measured for any single frequency or for any one or more ranges of

frequencies as measured between each channel of each pair of channels,

(c) when there is a determination of a threshold difference in energy,

i) activating a first correlation algorithm, wherein for each of a
first plurality of frequencies from a set of dominant middle
range brain wave frequencies from a hemisphere for which
there has been a determination of a threshold difference in
energy, the first correlation algorithm identifies an acoustic
stimulus, and

(ii.)  activating a second correlation algorithm, wherein for each of a
second plurality of frequencies from the set of dominant
middle range brain wave frequencies from the hemisphere for
which there has been a determination of a threshold difference
in energy, intermittently the second correlation algorithm
identifies an electric stimulus, wherein the second plurality of
frequencies is a subset of the first plurality of frequencies,

(d) creating a variable sequence of acoustic stimuli by combining each
acoustic stimulus identified in (c)(1) and playing said variable
sequence of acoustic stimuli through a sound output device, and

(e) delivering to the user each electric stimulus identified in (c)(ii), wherein when
each electric stimulus is delivered to the user, an acoustic stimulus that correlates
with the same dominant middle range brain wave frequency is simultaneously

delivered.
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10.

The method according to claim 1 or 2, wherein the asymmetry determination
computer program product is stored in a tangible medium and when applied
determines whether there is a threshold difference in energy between energies
measured within any one or more of a single frequency, a first subrange of

frequencies, a second subrange of frequencies, and a third subrange of frequencies.

The method according to any of claims 1 to 3, wherein the sound output device is

configured to rest on a user’s head or is housed in a device that rests on a user’s head.

The method according to any of claims 1 to 4, wherein each electric stimulus is in the

form of a microvolt transcranial alternating current stimulation.

The method of any of claims 1 to 5, wherein the asymmetry determination computer
program product is further configured to dynamically switch the lobes from which the
asymmetry determination computer program product obtains the dominant

frequencies upon occurrence of a trigger event.

The method according to any of claims 1 to 6, wherein the threshold difference in
energy between energies measured is determined for each of a plurality of epochs,

wherein each epoch ranges from 0.5 to 30 seconds.

The method according to claim 7, wherein said measurements are made at a rate of at

least 500 samples per second.

The method according to any of claims 1 to 8, wherein the channels are configured to

measure frequencies up to about 100 hertz.

The method according to claim 3, wherein the asymmetry determination computer
program product is configured to determine whether there is a threshold difference in
energy by comparing a calculated energy of the frequencies within a plurality of

subranges from the right first lobe channels with a calculated energy of the
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frequencies of a plurality of subranges from the left first lobe channels over a

plurality of predetermined time periods.

11. A system for decreasing asymmetry of brain activity, wherein said system comprises

(@)

(b)

(©

a detection device, wherein the detection device comprises a set of channels,
wherein the set of channels comprises
(1) a first pair of corresponding lobe channels, wherein the first
pair of corresponding lobe channels is comprised of a right first
lobe channel and a left first lobe channel, and
(i1) a second pair of corresponding lobe channels, wherein the
second pair of corresponding lobe channels is comprised of a
right second lobe channel and a left second lobe channel,
wherein each channel comprises at least one sensor and is configured to
measure electromagnetic energy in a region of a brain of a user and to
generate a measurement of electromagnetic energy, wherein the channels are
configured to measure said electromagnetic energy simultaneously and the
first pair of corresponding lobe channels is configured to measure
electromagnetic energy from a first lobe and the second pair of corresponding
lobe channels is configured to measure electromagnetic energy from a second

lobe, wherein the first lobe is not the same as the second lobe;

an asymmetry determination computer program product, wherein the
asymmetry determination computer program product is capable of
determining whether a threshold difference in energy exists between energies
measured for any single frequency or for any one or more ranges of
frequencies as measured between each channel of each pair of corresponding

lobe channels;
a central processing unit, wherein the central processing unit is configured to

receive said measurements of electromagnetic activity from the device and to

execute the asymmetry determination computer program product;
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(d) an acoustic stimulus delivery device, wherein the acoustic stimulus delivery

device is capable of delivering a variable sequence of acoustic stimuli; and

(e) an electric stimulus delivery device, wherein the electric stimulus delivery
device is configured to deliver microvolt transcranial alternating current

stimulation to a user’s head.

12. A system for changing brain activity, wherein said system comprises
(a) a detection device, wherein the detection device comprises a set of channels,
wherein the set of channels comprises
(i.) a first pair of channels, wherein the first pair of channels is
comprised of a right first lobe channel and a right second lobe
channel, wherein the right first lobe channel is configured to
measure electromagnetic energy in a first lobe in a first
hemisphere of a brain of a user and the right second lobe
channel is configured to measure electromagnetic energy in a
second lobe in the first hemisphere of the brain of the user, and
(ii.) a second pair of channels, wherein the second pair of channels
is comprised of a left first lobe channel and a left second lobe
channel, wherein the left first lobe channel is configured to
measure electromagnetic energy in the first lobe in a second
hemisphere of a brain of a user and the right second lobe
channel is configured to measure electromagnetic energy in the
second lobe in the second hemisphere of the brain of the user,
wherein each channel is configured to generate a measurement of
electromagnetic energy, wherein the first hemisphere is not the same as the

second hemisphere;

(b) an asymmetry determination computer program product, wherein the
asymmetry determination computer program product is capable of

determining whether a threshold difference in energy exists between
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13.

14.

15.

16.

energies measured for any single frequency or for any one or more ranges
of frequencies as measured between each channel of each pair of lobe

channels;

(c) a central processing unit, wherein the central processing unit is configured
to receive said measurements of electromagnetic activity from the device and

to execute the asymmetry determination computer program product;

(d) an acoustic stimulus delivery device, wherein the acoustic stimulus
delivery device is capable of delivering a variable sequence of acoustic

stimuli; and

(e) an electric stimulus delivery device, wherein the electric stimulus delivery
device is configured to deliver microvolt transcranial alternating current

stimulation to a user’s head.

The system of claim 11 or claim 12, wherein the acoustic delivery device comprises

one or more speakers.

The system of any of claims 11 to 13, wherein the electric stimulus delivery device

and the detection device are housed in a read/write sensor.

The system of any of claims 11 to 14, wherein the electric stimulus delivery device
comprises a plurality of devices that are capable delivering electric stimuli
periodically at the same time that the acoustic delivery device delivers portions of the

variable sequence of acoustic stimuli.

The system for restoring symmetry in a brain comprising the system of any of claims
11 to 15, wherein the device further comprises at least one speaker and the system

further comprises:
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(a) afirst correlation algorithm, wherein the correlation algorithm correlates each
of a first plurality of frequencies from a set of brain wave frequencies with an
acoustic stimulus; and

(b) a second correlation algorithm, wherein for a second plurality of frequencies,
periodically, the second correlation algorithm identifies an electric stimulus,
wherein the second plurality of frequencies is a subset of the first plurality of

frequencies.

17. The system of claim 16 further comprising a playback computer program product,
wherein the playback computer program product is stored in a tangible medium and is
configured such that

(1) (a) when there is said material asymmetry in activity between the
measurements from a subrange of frequencies of either the right first
lobe channel and the left first lobe channel or the right second lobe
channel and the left second lobe channel, said computer program
product translates a plurality of dominant frequency brain waves from
the second subrange of the lobes for which there is said material
asymmetry into acoustic stimuli; and (b) where there is no material
asymmetry in activity between the measurements from a subrange of
frequencies of either the right first lobe channel and the left first lobe
channel or the right second lobe channel and the left second lobe
channel, said computer program product translates a plurality of
dominant frequency brain waves from the second subrange of either
the first set of lobes channels or the second set of lobes channels into
acoustic stimuli, and

(i1) said playback computer program product controls playing said
acoustic stimuli through at least one speaker, wherein said acoustic
stimuli provide a real time mirror of said plurality of dominant
frequency brain waves from the second subrange, and

wherein the asymmetry determination computer program product is further

configured to dynamically switch the lobes from which the asymmetry
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18.

19.

20.

21.

22.

determination computer program product obtains the dominant frequencies upon

occurrence of a trigger event.

The system of claim 17 further comprising an electric stimulus device, wherein the
system is configured to deliver said electric stimulus intermittently, and said electric
stimulation provides a periodic real-time mirror of said plurality of brain wave

frequencies.

The system of claim 18, wherein the at least one speaker comprises a right speaker
and a left speaker and the right speaker is configured to be situated at or near the right
ear of the user and the left speaker is configured to be situated at or near the left ear of

the user when the device is in use.

The system of claim 19 further comprising a reference sensor.

The system of claim 20, wherein the system is configured to process data up to at

least 1000 samples per second.

The system of claim 21, wherein the system is configured to deliver energy along an

outer surface of each sensor and to measure impedance.

38



CA 03136169 2021-10-04

WO 2020/236866 PCT/US2020/033693

173

INPUT BRAIN
100~/ SIGNAL FROM
1TO 16
CHANNELS

300 |
STORE RESULTS/ " DISPLAY. STORE ™
BY CHANNEL, | .~ FREQUENCY SYMMETRY, >
EREQUENCY [ "< COHERENCE. P
AND EPOCH ~ PROPORTIONATION.~
PASS E-STIM YES. WITHIN NO. OUTSIDE
VARIABLES PARAMETERS PARAMETERS
700.] CORRELATE 600.] CORRELATE
DOMINANT DOMINANT
MID-RANGE MID-RANGE
FREQUENCY FREQUENCY
USING MULTIPLE USING SINGLE
CHANNELS CHANNEL
400 DELIVER 800 PLAY
FREQUENCY BASED SOUND IN
ELECTRICAL PITCH AND
STIMULATION RHYTHM




CA 03136169 2021-10-04

PCT/US2020/033693

WO 2020/236866

(STANNYHD IHOW HO 1)

AHLINTHID NOUYTNWILLS 308 TYNOILLO

AMLINOHID | AYLINDHID
J3LYI0SFNON | J31v10S ﬁm@u,\mmzwwmww
HOSNAS
M BUOSNIS ¥ ZU2
| NMOHS STANNYHO 7) 43t 01
GSrNON) | “.....ZA%%E p gww .& HOSNIS
T19vD  |HITIONINOD | (SdS 008) 7= p Qo kxwﬁmm
H3LNdnool  asn -OHOIN HOLY08 (Ligvz)  Zl P
1SOH VIV NIVA ] WLI9Ia %E%zoﬂi <] .
0007 0107 6007 oww%%é.ﬁ, <
| go0r N S uosNIs
m “ ZHO
| NIYD 7001
01X HOSNIS
| 400} 7HO
m 700}
| ST $300H10373
m HIHIANCT] L osiNool  ¥3MOd «  NOLYINAILLS
SNEAG (3LV10S! FOSIFAG STob | GIHOLIMS
1107
T O | |
p OYOIW HOLYANLIV)[| |
| 1084INO0 | H0 L ¥IOL |
o zcﬁwm%%m N0 RENGLY] | |
. m 1no g m
¢ Old M m W M
|
|
| (NMOHS STINNYHD 2) |
m | |
| |



CA 03136169 2021-10-04

WO 2020/236866 PCT/US2020/033693

3/3

FPOZ
INASION

e

Vi

P2




300

BY CHANNEL, |
FREQUENCY |
AND EPOCH

STORE RESULTS/
FREQUENCY SYMMETRY, ™

PASS E-STIM
VARIABLES

INPUT BRAIN

100~/ SIGNAL FROM

170 16
CHANNELS

DISPLAY. STORE ™

COHERENCE,

Ny . OPORT?QNAT; ~ -

YES, WITHIN NO, OUTSIDE
PARAMETERS PARAMETERS
700~ CORRELATE 600 CORRELATE
DOMINANT DOMINANT
MID-RANGE MID-RANGE
FREQUENCY FREQUENCY
USING MULTIPLE USING SINGLE
CHANNELS CHANNEL

400 DELIVER

FREQUENCY BASED

ELECTRICAL
STIMULATION

800 PLAY
SOUND IN
BITCH AND
RHYTHM

D




	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - ABSTRACT
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - DESCRIPTION
	Page 28 - DESCRIPTION
	Page 29 - DESCRIPTION
	Page 30 - DESCRIPTION
	Page 31 - DESCRIPTION
	Page 32 - DESCRIPTION
	Page 33 - CLAIMS
	Page 34 - CLAIMS
	Page 35 - CLAIMS
	Page 36 - CLAIMS
	Page 37 - CLAIMS
	Page 38 - CLAIMS
	Page 39 - CLAIMS
	Page 40 - CLAIMS
	Page 41 - CLAIMS
	Page 42 - DRAWINGS
	Page 43 - DRAWINGS
	Page 44 - DRAWINGS
	Page 45 - REPRESENTATIVE_DRAWING

