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CONTINUGQUS AUDITORY BRAIN STIMULATION

CROSS-REFERENCE TO RELATED APPLICATIONS
{0001} This patent application claims the benefit of prionity o US.
Provisional Patent Application No. 62/939 882, filed on November 23, 2019,

which 15 mncorporated by reference hercin mn its enturety.

BACKGROUND
{0002} The spectral composifion of osciliating clectnic signals i the brain,
often reterred to as bramwaves, are the result of populations of neurons
firing  synchrony, and are known to retlect ditterent mental or cognitive
states. For example, a neurotypical adult human bram will show relatively
more activity m the Delta band {(¢.2., 0.5-4 Hz) daring sleep but relatively
more Beta band activity {¢.g.. 12-35 Hz) when alert and actively thinking.
turther, cortamn disorders are associated with changes in spectral
composition. For example, patients with Parkinson’s discase exhibit more
Delta activity when awake and fesser activity across all frequency bands
than neurotypicals. In another example, differences in a ratio of Theta to
Beta band activity can be associated with Attention Dehficit Hyperactivatly
Dhsorder. Farther, individuals suffering dementia of any kind show
attenuated Theta band activity.
{O003]  In some examples, braimwaves or electrical frequency activity n a
brain can be modulated or changed in response to various stimuli presented
to the eyes or ears, or using tactile stimuli. For example, repetitive stimuls
presented to a user at a particular frequency can encourage the electrical
activity of the user's bramn to shaft toward the same particalar freguency. Ths
phenomenon or changing the bramwave behavior of a user i1s referred to as
cntrainment.
100084] Vanous cxamples of delivenng contimuocus auditory stimulation for
cntrainment have been proposed to modulate brammwaves for therapeutic
cttect. The auditory stimulation can be presented {0 a user using headphongs

or carphones. In some exampies, the auditory stimulation 1s provided by
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moduiating various aspecis of a recorded audio program, such as a music
programni.

{0005] One form of auditory stimulation meludes “bmaural beats.”
Binaural beats are an auditory illusion or brain response that 15 created by
presenting different auditory information or source signals to respective cars
of a listener. The different auditory mmformation ditters m freguency. The
differcnce between the mformation presents stself to the lisiener as an
amplitude-modulated signal resulting from the phase relationship of the
source signals. The resulting “beats™ can be percerved by the listener as an
auditory beat and it can be used to entraimn ditferent rhvthms or cortical

potentials mn the listener's brain.

BRIEF SUMMARY

{B006]  The present inventor has recognized, among other things, that a
problem o be solved includes providing auditory stinmudation for entrammment
without using noises that would be distracting or disruptive for a user. In an
examypie, a solution to the problem ¢an nclude using amplitude modulation
of ambient sounds. In an example, the solution can include modulating
cxisting sounds i a user s environment, for example, at selected {frequencies
that may not nterfere with important functions hike speech processing. in an
cxample, frequencies presented to the user can be contmuously modulated
a way that munics normal, healthy bramn function.

{0007] This Summary 1s mtended to provide a brict overview of subject
matter of the present application. It 1s not mmtended {o provide an exclusive or
exhaustive explanation of the mvention or mmventions discussed herem. The
detarled description 1s mcladed to provide further mmformation about the

present patent application,

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
{0008] To casily wdentity the discussion of any particular element or act,
the most signiticant digit or digits in a reference number refer o the figare
number tn which that element is first mtroduced.

10009 FIG. | dlustrates generally an example of a first auditory

stimulation sysiem.
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{0018] FIG. 2 dlustrates generally an example of a second auditory
stimulation svstem.

{80011] FIG. 3 dlustrates generally several charts that tHustrate time-ahgned
cxamples of various audio signals.

{0012] FIG. 4 illustrates generally several charts that illustrate tune-ahigned
cxamples of various audio signals.

{0013] FIG. SA ilustrates generally a first example of an mtertace for a
svstem of device that can provide auditory stimulation {0 a user.

j0014] FIG. 5B illustrates generally a first example of an interface for a
svstermn or device that can provide auditory stimuiation to a user.

[O018) FIG. 6 dlustrates generally an example of a first method that can be
used to provide an auditory stimuplation signal {o a user.

[0016] FIG. 7 dlustrates gencrally an example of a second method that can
be used to provide an audifory stimulation signal {o a user.

{0017] FIG. 2 15 g diagrammatic representation of a machine i the form of
a computcer systemn within which a set of instructions may be executed tor
causing the machine to perform any one or more of the methodologies

discussed herein, according to an example embodiment.

DETAILED DESCRIPTION

{0G18] The desceniption that follows describes systems, methods,
technigues, wstruction scquences, and computing machine program products
that lustrate example embodiments of the present subject matter. In the
following description, tor purposes of explanation, numerocus specific detatis
are sct forth 1n order to provide an understanding of vanous embodiments of
the present subject matter. H will be evident, however, {o those skilled in the
art, that embodiments of the present subject maticr may be practiced without
somi¢ or other of these specific detads. Examples merely tvpify possible
vanations. Unless explicity stated otherwise, structures {¢.g., structural
components, such as modules) are optional and may be combined or
subdivided, and operations {¢.2.. in a procedure, algorithm, or other

function} may vary in sequence or be combined or subdivided.
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{0019% Vanous systems and methods discussed herein facilitate soiving a
technical probiem of nducing particular brain behavior, or entfrainment,
using sounds or information 1 a user's environment. As such, one or more of
the systems and methods descnibed hercin may obviate a need for certaimn
ciforts or computing resources that otherwise would be mvolved in therapy
signal generation, or processing or use of other signals that could be
distracting or unpleasant for a user, such as signals unrclated to the user's
cnvironment, particularly over long periods of fime. As a resulf, resources
used bv one or more machines, databases, or devices {¢.g., within the
environment} may be reduced. Examples of such computing resources
inchude processor cycles, network trathic, memory usage, data storage
capacity, power consumption, or network bandwidth.

{O020]  Svstems and methods discussed herein can be used {o provide
anditory stimulatbon without mnjecting distracting or dhsruptive noise o a
user s environment. In an exampie, a solufion to the problem can mnclude
using amplitude modulation of ambient sounds or other sounds existing 1 a
aser s environment. That 1s, ambient sounds or other acoustic information in
the vicinity of the user can be used as a carrnier signal for amplitude-
modulated, therapeutic auditory stimulation signals. In an cxample, the
amplitude modulation can be miroduced at selected trequencies that may not
infertere with important functions hike speech processing. In some examples,
amplitude-modulated signals can be presented to a user continuousiy, and
can be modulated 1m a way that numics normal, healthy brain function. The
amplitude-modulated signals can be presented to a user as an auditory
stimulation signal, such as using one or both ears, and can be used to 1nduce
particular brainwaves or brainwave bebavior. The particular brainwave
activity or frequency to be mduced can depend upon the particular therapy or

ohiective for delivening the stimulus.

{00211 The present inventor has further recognized that a problem {o be
solved mcludes providing a tarlored or user-specitic auditory stimulation
solution. For example, solutions using loudspeakers may take a “one size fits
all” approach, assuming that everyone i a given environment may bencfit

from stimulation by the same audio frequencies. The present inventor has
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ccognized that a solution to the problem can mclude allowing each user to
recerve his or ber optumal frequency or frequencies, even whie 1n the same
environment as other users. In an example, the solution can mclude using the
same ambient sound or sounds as a carner tor a variety of wavetorms such
as for a variety of respective users.

{0022] The present solution can mclude or use continuous auditory
stimulation that induces brainwaves {0 couple with, or “entrain’™ to, the
frequency of presented stimuli, Such stimulation has been found to have an
cifect—and significant potential therapeutic value—in a variety of use cases,
including for alertness, or for treatment of discases or disorders such as
icmentias, age-related memory loss, Parkinson’s Disease. sicep disorders,
speech 1ssues like stuttering, depression, or anxietly, among others, in which
cerfain braimwave rhythms are attenuaied when compared with those of
“normal” or neurotypical brains. The present solution allows for
substantially contimious bramn stimulation over long periods without
distracting or disrupting the user,

{0023]  In an example, the present solution meludes amplitude modulation
of ambient sound for continuous bramn sttmulation, for example, without
usmyg generated or recorded sounds o mtrude on the user s senses, such as
would otherwise mask a uscr s experience of the world and isolate or
cndanger the user. Rather, the present solution can mcelude or use ambient
sound 1n a user s cnvironmment as a carner for an auditory stimulation signal.
10024] In an example, the present solution can mclude or use freguency-
selective amplitude modulation. Some freguency bands can be relatively
more unportant tor speech or other signal comprehension. Amplitude
modulating frequencies in such bands can degrade speech {(or other signal}
comprchension and thus detract from a user s quality of life and/or can hinnt
depiovment of a potenfially beneticial therapy. This problem 1s addressed
usmg filtering such as to select only particular freguencies or frequency
bands tor modulation. In some examples, some relabively important
frequencies can be unprocessed or unmodulated. {n an example, the present
systems and methods can be further used to augment hearing at these or

other particular frequencies or frequency bands using spectral egualization,
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such as similarly to the way that a hearing aid can seiectively tune various
frequencies or bands to enbance inteihigibiiity of particular signals. In an
cxample, the svstems and methods discussed herein can be mnfegrated with,
or used to augment vanous functions of, heanng aids, and can be tatored to
a particular yser's audiogram.

[O028]  In an example, the present mvention can melude modulating select
frequency bands, such as bands below or above one or more freguency
thresholds. For example, unmodulated acoustic mnformation can correspond
to human speech-~related trequencies. Acoustic information above or below
the specch range can be modulated, such as without detrimental eftect {o the
user's expericnce or understanding of speech. Many of the cxamples
discussed herein refer to modulation of low frequency mformation {¢.g., 2060
Hz or less), however, modulation can sumtlarly be apphied (o higher
frequency mformation above the speech range, such as at frequencies above
about & kHz.

{B026]  In an exampie, the systems and methods discussed herein can be
used to provide therapy in the form of “binaural beats.” Binaural beats are
provided by presenting respective signals of shightly didferent frequencies to
cach of a listener's cars. The signals can cause the user's bramsiem to
produce an oscillation at a frequency that represents the difference between
the two stimulation signal frequencies. For exampie, ambient sound can be
amplitude modulated at, ¢.g., 400Hz in the night car and 406Hz 1o the left
car, causing the bramstem to produce an oscillation at 6Hz, whach can be
measured across the entire scalp. Bmaural beats can thus be used (o
modulate an ambient signal for contmuous auditory stimulation.

{00271 In an exampie, the present solufion can inchide using added sound
when ambient sound pressure levels drop below a specified threshold level
that may be needed to carry stimulation frequency{ies}). For example, a noise
signal {¢.g., white noise, pink noise, brown noise, or other noise signal} can
be gencrated and used as a carrter signal. In an example, the noise signal can
be amplitude modulated to a desired frequency when ambient sound pressure
tevels 1 a user s environment drop below the specified threshold fevel that

may be used or needed o otherwise carry a modulation signal. In an
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cxample, the noise signal can pass through a low pass tilier along with, or
can be processed separately from, the rest of the amphitude modulated signal,
such as according to a user~-defined filter cutott. Using this noise~msertion or
noise-bridging technique, stimulation frequencies can be presented to a user
without disrupiion of the user s daily activities, such as throughout the
entirety of the user s waking hours, allowing for an unprecedented amount
of stimulation. In other words, acoustic mformation from a user s
cnvironment can be used for auditory stimuiation when the acoustic
mtormation meets or exceeds a specified nunimum threshold sound pressure
tevel and a modulated noise signal can be used to occupy or bridge penods
of time when the acoustic miormation does not meet the specified minmmam
threshold level.

{0281 In an example, the noise technique can be benehicial 1o users who
saffer from tmmitas. There are many people who saffer severe tinmtus from
exposure to loud sounds {¢.g. veterans) and who would benetit from auditory
stimulation that 1s evenly mamtamed between loud and guiet environments
{thosc with tinnitus cxpenence the most discomfort in quict areas). In an
cxample, an auditory stimulation signal to treat tinnitus can be provided at or
around 10 Hz For examplie, amplitude modulation of g 10 kHz masking
noise can be provided to treat tinnmitus by changmg bramn rhvthms. Other
signials can similarly be used. In an example, filicning technigues, such as
can be helpful to treat various types of tinnitus, can be applied to ambicnt

acoustic miformation or to a noise signal for use mn auditory stimulation. A

|

particular filtening techmique can include providing a notch-filtered and
amplitude-modulated auditory stimuiation signal where the notch 1s centered
at or ncar a freguency corresponding {0 a user s particular tonal timnitus,
{0029  In an cxample, the present solution can include or use stumul: that
arc sclected or designed to resembic neurotypical brainwave patterns. Some
prior techmigues for auditory bramn stimulation make use of highly regular,
sinusoidal wavetorms. These wavetorms, while convenient 1o generate and
casy to find in spectrographic imagery, may not reflect the brainwaves of
healthy, neurotvpical mdividuals. Furthermore, exposure to highly

svmmetrical and hixed-frequency waves over fong pernods could be
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problematic for some users. In addition, the bramn fends to habituate {or
become mcereasingly less sensttive} {o perfectiv regular stimult and therefore,
over tume, stimulation with a sinusoidal wave of unchanging amplitude can
have a decrecasing ettect, such as leading to dimmished eftects of auditory
stimulation. Typical brainwaves 1 humans ¢an be descrnibed as “bursty,”
meaning they happen 1o bursts of activity, frequently changing i amplitude,
and guickly starting and stopping. Such tvpical bramnwaves can also dnft
siightly in frequency throughout different bursts.

{0038]  In an example, systems and methods presented berein can addresses
these problems and others, such as by mymicking various behaviors or
features of neurcotvpical brainwaves. These features can be described
terms of spectrographic behavior, signal morphology, “burstiness,” or “dnift”
of typical or target bramwave activity, Burstiness can refer to brammwaves
that are not continuouns bat tend (o take place in bursts. Drift can refer to
brainwaves that do not remain rigidly at a fixed frequency but mstead drift
somewhat throughout a burst or over the course of multiple bursts. {n an
cxample, the solution herein can include or use such naturalistic frequencies
bv recording brainwave patterns from neurctyvpical brains and using those
recorded waveforms or features thercot as references for amplitude
modulation of other signals, mcluding ambient acoustic signals, for dehvery
tO a user.

{0031] FIG. 1 dlustrates generally an example of a first auditory
stimudation svstem 102 The first auditory stimulation system 102 includes
various components that can be used (0 prepare or gencrate an anditory
stimulation signal, such as ¢an be usced to mduce or augment brainwave
activity 1n a user. As used herein, vartous signals are referred to in the
singular form, however, plural signals can sumlarly or equivalently be used.
For cxampie, refecrences 1o a particuiar signal or signal tvpe can be
understood to cncompass one or muitiple signals, such as can be provided
using corresponding one or multiple channels {¢.g., using sterco channels).
{0032F 'The exampic of the first auditory stimulation svstem 102 inchudes a
First audio mput 104, an ancillary reference signal generator 106, a

modulation reference signal generator 108, a first audio band processor

" L T g
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circutt 110, a second audio band processor cireutt 112, a muxer circwnt 114,
and an audio output 116. In an example, the First audio input 104 can
include any mput that 1s configured to sense or receive ambient or other
signal information in the vicimty of the user. In an example, the First audio
input 134 comprises a single-channel microphone and 1s configured to
provide a monophonic nucrophone signal. In other exampices, the First audio
imput 104 can include a multiple-channet audio mput device, such as a stereo
microphone, configured to provide two Or mMore microphone signais.

{0033] The first auditory stumulation systemn 102 can mclude the
modulation reference signal generator 103, The modulation reference signal
ocnerator 108 can be configured o gencrate or provide a modulation
reterence signal for use in modulation of one or more other signals. For
cxample, the modulation reference signal generator 108 can be configured {0
generate a smusoidal reference signal, such as can be used 1in combination
with another signal, such as a carrier signal, to provide an amplitude
modulated signal. In an example that mcludes amphitude modulation, the
modulation reference signal gencrator 108 can generate a message signal
that can be combined with, or used as a reference to modulate, a carrier
signal. in an cxampie, the carner signal can comprise ambient information
from the First audio input 104, a nowse signal, or other signal.

10034] 'The first audio band processor circust 110 can comprise an audio
signal processor that 1s configured to receive information or a signal trom
the First audio mput 104 and to recerve information or a signal from the
modualation reference signal generator 108, For example, the first audio band
processor cucuit 110 can receive an ambient audio signal from the First
audio mput 104 and a sinusoidal reference signal from the modulation
reference signal generator 108, The first audio band processor ¢ircuit 110
can further imciunde equalization, gain adjustment, or other filtering or
processing curcuitry.

18033] In an example, the hirst audio band processor circuat 110 18
configured to reccive the ambient audio signal from the First audio mput 1034
and process the received signal with a low-~pass filter to provide a fow-

passed intermediate signal. The low-passed intermediate signal can be
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further processed by the first audio band processor circuit 110, such as
according to a reference signal received from the modulation reference
signal generator 103, to provide a modulated signal. That 1s, the first audio
band processor circuit 110 can be configured (o provide a modulated signal
that 1s an amplitude-modulated version of the low-frequency information in
the acoustic mnformation from the First audio mput 104, and characteristics
of the amplitude modulation can be defined at least 1 part by mtormation
from the modwlation reference signal generator 108, The first audio band
processor circuit 110 can provide the modulated signal to the mixer circutt
114, In an example, the modulated signal can mclude two or more channels
of mformation, such as corresponding to left and night channels of a sterco
pair. The imntormation in the respective channels can be sumularty or
differentlv modulated, such as bascd on the samme modulation reterence

signal from the modulation reference signal generator 103,

{0036]  In an cxample, the second audio band processor circuit 112 can
comprise an audio processor that is configured to receive information or a
signal from the First andio inpuot 104, The second audio band processor
circurt 112 ¢an process the received signal with a high-pass filter to provide
a high-passed mtermediate signal. 'The high~passed mmtermediate signal can
be further processed by the second audio band processor circwt 112, such as
according to varnous gain, equalization, or other filter parameters. For
example, the sccond audio band processor circuit 112 can include a speech
inteliigibility augmentation filter that 1s configured to amphty components
or signal bands of the high-passed intermediaie signal, or of the signal as
recerved from the First audio mnput 104, that are associated with human
speech micthigibihity, For exampie, the augmentation filter can be contigured
to boost miormation in a frequency band of about 73U Hz to 2.5 kHz. In an
example, the augmentation filier can be configured to boost sitnlance, for
example, in a frequency band of about 2-10 kHz . Other filters can sumilariy
be used. In the example of FIG. 1, the second audio band processor circuit
112 can provide an adpusted ambience signal to the mixer ¢circust 114, In an
cxample, the adjusted ambience signal can mclude two or more channels of

imntormation, such as corresponding to left and right channeis of a stereo pair.

10
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{0037F The mixer cireutt 114 can be configured to combine or mix the
modulated signal from the first audio band processor circuit 110 and the
adjusted ambience signal from the second audio band processor circust 112
and provide an auditory stumulation signal to the audio output 116. The
mixer circuit 114 or the audio output 116 can mclude other gan, filtering, or
other processing circuiiry to further adjust the auditory stimulation signal. In
an example, the nuxer circuit 114 15 a multipie~channel muxer that 1s
configured to combine mtormation from multiple different channels
simuitancously. In an exampile, the mixer circuit 114 15 configured {o receive
the modulated signal from the modulation reference signal generator 108 as
a single-channel signal (o be mixed with different left and night channels of
the adjusted ambience signal from the second audio band processor Circutt
112

{0038 The audio cutput 116 can mclade an interface configured to provide
the auditory stimulation signal, or a turther processed version thereof, to the
user. In an example, the audio output 116 mcludes a headphone mierface
configured to provide the auditory stimulation signal to one or both gars of
the user using beadphones, earphones, bone-conduction devices, hearing

aids, or other sources.

10039] The example of FI{. 1 mcluades the ancillary reference signal
generator 106, In an example, the ancillary reference signal gencrator 106
imnciudes a noise generator that can be selectively used to generate a noise
signal. The noise signal can comprise one or muluple ditterent tvpes of noise
signials, such as white noise, pink noise, brown noise, or other type of noise
signal, or a combination of different tvpes of noise signals. In an examplie,
the anciliary reterence signal gencrator 106 can be configured to generate
the noise signal when an ambient sound pressure level (SPL) {¢.g., an
average or RMS sound pressure level) of an enviromment s fess than a
specificd munimum sound pressure threshold amount. In an exampie, the
ambient SPL can be determined by the first auditory stimulation system 102
using mformation from the First audio wpat 104 or from another source,

such as from a separate SPL meter or sensor.

11
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{0048] 'The anciliary reference signal generator 106 can provide the noise
signal to the first audio band processor circuit 114, In an example, the first
audio band processor circuit 110 can prepare the modulated signal using the
noise signal and a modulabion reterence signal. In an example, the first asdio
band processor circuit 110 can prepare the modulated signal using the noise
signal and using the low-passed intermediate signal that 1s based on
information from the First audio mput 104

{0041] FIG. 2 illustrates gencerally an example of a second auditory
stimulation system 200, The second auduory stunuiation svstem 200 can
include various modules or components that are the same or similar to those
discussed above i the example of FI{s. 1. The exampie of FIG. 2 15 provided
to further illustrate various features or components of some modules or
components in a system for augmenting or inducing bramwave activity using
anditory stimulatbion. In an example, one or more of the components of the
second auditory stimulation system 200 can be implemented using a mobile
device, such as a mobile telephone, tablet computer, or other purpose-butit
device. The sccond auditory stimulation system 200 can include or comprise
onc or more intertaces tor recerving mstruciions that define an auditory
sttmulation program. The interfaces can be local or remote. For example, the
second auditory stimulation systemn 200 can mclude a remote interface to
recerve mstruchions from a chimician or caregiver, and the second auditory
stimulation svstem 200 can inchude a local wterface to recetve mstructions
from a user.

{0042F The example of FIG. 2 includes a second audio mput 202 such as
can include a nucrophone or other acoustic sensor or audio signal receiver
configured to provide one or more signals mdicative of an acoustic
cnvironment of the user. The signals from the second audio input 202 can
inciude a first audio wnput signal pair 204, a second audio input signal pair
206, and a third audio input signal pair 208, such as comprising sterco pairs
of audio signals that include specch mformation, background noise, or other
acousiic mformation from the environment of the user. In an example, the
second audio mput 202 can imclude or correspond to the first audio mput 104

from the example of Fily. 1. In an exampie, the second audio imput 207

12
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comprises a recerver for broadcasted {¢.g., via television or radio) signals or
other acoustic signals.

{0043] The example of the second auditory stimulation system 200 mncludes
a first processor circuit 210 and a second processor ¢ircut 230, The first
processor circuit 210 can mcelude or correspond to the first audio band
processor circuit 110 and the sccond processor circuit 230 can mclude or
correspond to the sccond audio band processor circuat 112 from the example
of FIG. 1 In some examples, the processor circuits, among other Circutts or
functional blocks, can comprise different portions of the same processor
circuit. In an example, the first processor circuit 210 15 configured o receive
the second audio mput signal pair 206, and a noise signal, and provide a
modulated signal that 1s based on one or both of the second audio mput
signal pair 206 and the noise signal. In an example, the first processor circuit
210 1s configured {0 receive modulation parameters or mstractions from a
first parameter input 212, The parameters can include, for example, a
modulation frequency, modulation depth, therapy duration, volume, or other
paramecters that can wmfhuence one or more characiernistics of the modulated
signal.

10044] The first processor circuit 210 can include a low-pass filter 218, The
low-pass filter 218 can recerve the second audio mnput signal par 206 and
provide a low-passed signal that imncludes or represents a low frequency
portion of the information 1n the second audio mput signal paw 206, In an
cxample, the low-pass filter 218 can receive the noise signal and provide a
tow-passed signal that includes or represents low frequency information

from the noise signal.

[0045]  The first processor circust 210 can further mclude a first reference
signal gencrator 222 and a first modulation filter 224, In an example, the
first reference signal generator 222 can include or correspond to the
modulation reference signal generator 108 from the example of FIG. 1 The
first reference signal generator 222 can be configured {0 gencrate a first
modulation signal, or a first information signal for an auditory stimuiation
signal. Parameters of the first modulation signal can be based on the tirst

parameter mput 212, In an example, the first modulation filter 224 can be
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contigurcd to usc the low-passed signal trom the low-pass filter 218, such as
comprising acoustic information from the sccond audio input 207 or the
noise signal or both, together with the first modulation signal from the first
reference signal generator 222 to provide a first modulated signal.

{3046] In an cxample, the first reference signal gencrator 222 can be
contigured to gencrate a sinusordal signal at a frequency that depends, at
icast 1n part, on the hirst parameter mput 212, In an example, the tirst
reference signal generator 222 can be configured to generate a reference
signal configured to drnive Theta band activity, such as around 6 Hz, such as
can be used to treat dementia-related memory loss. In an example, the first
reterence signal generator 222 can be configured to generate a reference
signal contigured to dnive Gamama band activity, such as around 40 Hz.
{ramma band activity can be used to augment or affect larger-scale bran
activity such as related (o memory, attention, or to treat disorders such as
epilepsy or anxiety. In an cxample, the first parameter mput 212 can be
bascd on user-specific mformation about the user's disorder or disease state.
For example, the first parameter mput 212, such as recerved from a chnician,
can be based on a specific target frequency that may be identified as being
deticient in a particular patient or user.

10047] The example of the first processor circuwt 2 1) meludes a second
reterence signal generator 226 and a second modulation fidter 228, The
second reference signal generator 226 can be configured to generaie a
second modulation signal for use n the auditory stimulation signal.
Parameters of the second modulation signal can be bascd on the first
parameter mput 212, The second modulation signal can be different from the
first modulation signal, such as i terms of frequency or amplitude or other
characteristic. The second modulation filter 228 can be configured {o use the
first modulated signal from the first modulation filter 224 together with the
second moduliation signal from the second reference signal generator 226 1o
provide a seccond modulated signal. Additional imstances of modulation
reference signal generators and fidters can similarly be used. In an example,
the second reference signal gencerator 226 s configured to provide a second

modulation signal that 1s substantially lower in frequency than the first
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modulation signal provided by the first reference signal generator 222, in an
cxample, the second modulation filier 228 can apply the second moduiation
signal to create a bursty output signal that 1s configured to mimig
nearotypical bramwave activity.

{3048]  In an cxample, the first processor circuit 210 includes a random
number generator 220 or other circutt or device that can be used to change
spectrographic, morphologic, burst, or diift behavior of modulation provided
by the second auditory stimulation system 200, For example, the first
processor cucuit 210 can be configured to use mitormation trom the random
number generator 220 to apply a modulation algorithm that stochastically
moves a center frequency of a target modulation frequency band about a
user-detined bandwidth. For example, a Theta band comprises 4-8Hz
signals, so 4 Hz and 8 Hz can be set as outer bounds for movement or
modualation of the signal. The algorithm can be configured {0 "move” the
resulting signal modulation at various merements, such as 0.1Hz,. The
resulting signal can then exhubit frequency drift sunilar to that of a natural
Theta rhyvthm. In an example, a width of freguency drift or a raie of
frequency drift can be adjusted or togeled on/oft, such as according to a user
mnput {¢.g.. using the first parameter mput 212},

10049 In an example, information from the random number generator 22
can be used to control overall amplitude or frequency characteristics of an
ampittude-modulated signal provided by the first modulation filter 224, such
as to provide a bursty or drifty signal that can be more inunune to
habituation. In an example, the random number generator 220 mchudes a
gquasi-random number generator, or pscudo-randorm number gencrator, that is
configured to move m small merements. dmall mcerements are generally
preferred to help avoid drastic changes that could materialize as audible
ciicks or pops. in an exampic, the random number gonerator 220 is
contfigured to provide a ditferently valued randont output signal periodically,
such as every 200 ms. The randonm output signal can be mudtiphed by a user-
specified frequency {(e.g., 0.5 Hz) to provide an amplitude control signal.
The amphitude control signal can then be used, such as by the first

modulation filter 224 or the second modulation filter 228, to slowlv change
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an amplitude characieristic of the auditory stimmlation signal to thereby help
avoid user habituation to the stimulation signal.

{80058]  In an example, the second auditory stimulation system 200 moelades
a second processor cireutt 230, The second processor circuit 230 can
inciude, among other things, a lugh-pass filter 232, an equalizer 234, and a
first gamn cirewit 236, In an example, the second processor circuit 230 18
configured to provide a high-passed signal, basced on the first audio input
signal pair 204, using the high-pass filter 232 The high-passed signal can be
cgualized using the egualizer 234 or gamn-adjusted using the first gain circuit
236 and then outputied as a high frequency signal. The high frequency signal
can represent relatively higher frequency mformation m the {irst audio 1nput
signal pair 204 received from the second audio mput 202, For example, the

high frequency signal can mclude speech mformation.

{0051] In an cxample, the second processor circuit 230 15 contigured to
recerve mstructions or parameters from a second parameter input 214 The
parameters can include, for example, a cutott freguency for the high-pass
filter 232, cqualization parameters for the equalizer 234, or gam mstractions
tor the first gamm curcuit 236, The parameters can influence various
characteristics of the high frequency signal provided by the second processor
circuit 230, In an example, the cqualization parameters inchide mformation
about a user's audiogram and can be used to contigure the equalizer 234 to
provide an adjusted signal that can help augment hearing or intelligibility for

the user.

{80052] The example of FI{. 2 mcludes a nowse generator circuit 238, The
noise generator circuit 238 can mnclude a threshold detector 2440 that 1s
contigured to receive the thurd audio mput signal pair 208, The threshold
detector 240, such as can comprise a sound pressure fevel meter, can analyze
the third audio mput signal pair 208 to detcrmine whether a specified sound
pressure level threshold 18 met or exceeded by acoustic information 1o the
cnvironment of the second andio mpuat 202, That 1s, the threshold detector
240 can determine whether there 1s suificient acoustic information in the
cnviromment such that it can be modulated to deliver auditory stimulation to

the user. If the threshold detector 240 determmunes that there 18 an msuthicient
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amount of acoustic information, or that a sound pressure evel threshold is
not met, then a noise signal gencrator 2427 can be activated o provide the
noise signal to the first processor cirewit 210, The first processor circuit 210
can modulaie the noise signal (o provide an asditory stimulation signal to the
user, as described above.

{O053]  In an exampie, the noise generator circuit 238 18 configured {o
recerve mnstructions or parameters from a third parameter mnput 216, The
parameters can include, for example, a sound pressure lovel threshold at
which to activate the noise signal generator 242, or a type of noise 1o be
generated by the noise signal gencrator 242, among other thungs. In an
cxample, the third parameter input 216 can mclude a sensitivity or hysteresis
control for the threshold detector 240 or for the noise signal gencrator 242
10054] 'The example of FIG. 2 mcludes an mierrupt Gircutt 244 The
interrupt circuit 244 can produce an intermupt mstruction that can micrmpt
on¢ or more functions or features of the second auditory stimulation system
200, For example, the mierrupt circwit 244 can include an accelerometer 246,
The accelerometer 246 can be configured to sense an onentation or
configuration of a device that mcludes the second audio input 202, When the
accelerometer 246 15 oriented m a specitied manner, for example upnight or
in another predefined orientation, then an iterrupt gencrator 243 can be
caused to generate the mterrupt mstruction. In an exampie, the mierrupt
circutt 244 can include a user mput such as a button 254, When the bution 5
pressed or actuated, the mtermupt circuit 244 can generate the mterrapt
instruction. In an example, the mterrupt instruction comprises a binary logic
signal.

[O055]  In an example, a second gaimn circuit 250 can receive the interrupt
instruction from the mterrapt circuit 244, the second modulated signal from
the first processor circuit 210 and the high frequency signal from the second
processor circunt 2340, The second gain circuit 230 can be configured {0
provide gamn-adpusted versions of the second modulated signal and the lngh
froquency signal to a muxer circuit 252, and the mixer circuit 252 can be
configured to provide an auditory stimulation output signal for the user.

When the miterrupt mstruction 18 received from the mierrupt circwt 244, the
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second gain circuit 230 can adjust a magnitude relationship between the
second modulated signal and the high frequency signal. In an example, when
the interrupt 1s asserted, the second auditory stimudation system 200 can
deprioritize or mute the second modulated signal and provide the high
frequency signal to the mixer circurt 252, In other examples, when the
inderrupt s asserted, the second audifory stimulation system 200 can
deactivate such that no signals are pernmutied {0 pass {0 the nuxer circwt 252,
in other examples, when the interrupt 15 asserted, a ditterent gam-adjusied
version or amplified version of the mput signal--such as without modulation-
-can be passed to the muxer carcwt 252,

{0056] FIG. 3 dlustrates generally several charts that ithlustrate time-aligned
cxamples of various audio signals. For example, FIG. 3 mcludes a

modulation signal reference chart 302, a first mput signal chart 306, a hugh-

;
passed signal chart 310, a first spectrogram 314, a low-passed and modulated
signal chart 316, a second spectrogram 320, a tirst output signal chart 322,
and a first output signal spectrogram 326, Along the x axis, the several
charts have a common tune axis and common scale. The v axis of the signal
charts indicates relative amplitude, and the v axus of the spectrogram charts
represent frequency {¢.g.. from about O Hz to about 8§ kHz).

{0057} The example of the modulation signal reference chart 302 includes a
reterence signal wavetorm 304, The reference signal wavetorm 304 1 FIG.

3 represents a 3 Hz sinusordal wave. The reference signal waveform 304 can
be used as a modulation reference or trigger to generate varntous other audio
signials for anditory stimulation. In an example, the reference signal
waveform 304 can represent an information signal or message signal that can
be used together with a carner signal to provide an amplitude-modulated
auditory stimulation signal. Other reference signads, such as having different
frequency or amplitude charactenstics, can sinuiarly be used.

{0058] The example of the first mput signal chart 306 mchudes an mput
signal wavetorm 308, The mwput signal waveform 308 represents a speech
signal. The speech signal can be unifilicred, and unmodulated. In an example,
the mput signal waveform 308 can represent an acoustic signal received by

an audio mput, such as the first audio mput 104 or the second audio input

18



WO 2021/108460 PCT/US2020/062104

202, In an exampie, the mput signal wavetorm 308 can represent a carrier
signal to be modulated, such as according to a reference signal such as in the
reterence signal waveform 304

{8059] The example of the high-passed signal chart 310 inchudes a high-
passed signal wavetorm 312, The high-passed signal wavetorm 312 can
represent a high-passed and gam-adjusted version of the mput signal
waveform 308, In an example, the high-passed signal wavetorm 312 can
represent a signal gencrated by the second processor circutt 230 based on an
acoustic signal trom the second audio mput 207,

jG068]  The example of the first spectrogram 3 14 mclades spectrogram
information corresponding to the high-passed signal wavetorm 312, That is,
the first spectrogram 3 14 represents a relative magnitude of various
frequencies in the high-passed signal wavetorm 312, In the example of the
first spectrogram 314, 1t can be observed that the high-passed signal
wavetorm 3172 mncludes mdormation primartly at or above | kHz.

{8061] The examplie of the low-passed and modulated signal chait 316
includes a low-passed and modulated signal wavetorm 318, The low-passed
and modulated signal waveform 318 can represent a low-passed and
amplitude-modulated version of the mput signal wavetorm 308, In the
example, the low-passed and modulated signal wavetorm 313 thus represents
an amplitude-modulated version of the lower-frequency mformation from
the mmput signal wavetorm 308, and 1s amphitude modulated at 6 Hz, owing
to the 3 Hz frequency of the reference signal wavetorm 304, The amplitude
modulation processing doubles the frequency of the reference signal because
the envelope of the resulting signal can be adjusted per-peak of the reference
signal, that 1s, regardiess of whether the peak 15 negative or positive. In an
example, the low-passed and modulated signal wavetorm 313 can represent a
signal gencerated by the first processor circuit 210 based on an acousiic
signal from the second audio mput 202,

j0062] The example of the second spectrogram 320 meludes spectrogram
information corresponding to the low-passed and modulated signal
wavetorm 313, That 1s, the second spectrogram 320 represents a relative

magnitude of various frequencies i the low-passed and modulated signal
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wavetorm 318 In the cxample of the second spectrogram 320, it can be
observed that the low-passed and modulated signal wavetorm 318 mceludes
mtormation primarily at or below about 1 kHz. Furthermore, the amplitude
modualation can be observed as whitespaces at intervals corresponding to the
& Hz modulation signal. That 1s, the pertodic attenuation of the amplitude of
the low frequency mformation can be observed particularly at zero-crossings
of the reference signal waveform 304, as indicated by the vertical dashed
lines i the figure. The vertical dashed hines are provided to help dlustrate
the correspondence between the time-ampittude characteristics of zero-
crossings and the reference signal wavetorm 304 and the several other

-

signals and spectrograms.

{30631 The exampic of the first output signal chart 322 mciudes a first
ocutput signal waveform 324, The first output signal wavetorm 324 can
represent a combination of the high-passed signal shown in the high-passed
signal waveform 312 and the iow-passced signal shown i the low-passed and
modulated signal wavetorn: 318, In an example, the output signal
corresponding to the first output signal wavetorm 324 can be provided by
the muxer circwt 252, In the exampie of the first output signal wavetom
324, high frequency miormation, such as corresponding to speech
intelligibility, can be maintained across the dips m low freguency
information caused by the amphitade modulation. The first output signal
spectrogram 326 illustrates gencrally the periodic nature of the amplitude of
the low frequency mformation relative {o the higher frequency information
of the first cutput signal waveform 324. The first outpat signal waveform
324 can inciude one or more auditory stimulation signals that can be
provided o a user.

18064] FIG. 4 dllustrates generally several charts that iHustrate time-ahgned
cxamples of various audio signals. For example, FIG. 4 includes a reference
signal spectrogram 442, a noise signal chart 404, a noise signal spectrogram
403, a second output signal chart 410, and a second output signal
spectrogram 414, Along the < axis, the several charts have a common time
axis and common scale. The v axis of the signal charts indicates reiative

amplityde, and the v axis of the spectrogram charts represent freguency {e.g.,
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from about § Hz to about 8 kHz}. In the example of FIG. 4, the same
modulation signal reference chart 302 and reference signal waveform 304
from the example of Fits. 3 can be used n amphitude moduwlation of a carnier
stgnial, such as a noise signal.

{0063]  The reference signal spectrogram 402 mcludes spectrogram
imtormation corresponding (o low frequency components of the reference
signal wavetorm 304, That 1s, the reference signal spectrogram 402
ilustrates gencrally the relative magmitude of various freqguencies in the
reference signal wavetorm 304,

{0066F The noise signal chart 404 mcloades a noise signal wavetorm 406,
such as representative of a white noise signal. In an exampie, the noise
signal waveform 406 can represent a noise signal generated by the noisc
generator cireuit 238 The noise signal spectrogram 408 shows a
spectrogram corresponding to the noise signal wavetorm 406 and it indicates
ocnerally that the white noise signal imncludes approximately equal
amplitude, on average, across the dlustrated freguency band.

{0067} 'The sccond output signal chart 410 includes a second output signal
wavetorm 412 The second output signal waveform 412 can represent an
amphtude-modulated version of the noise signal corresponding to the noise
signal waveform 406, The second ocutput signal spectrogram 414
corresponds generaliv to the second output signal wavetform 412 and
tilustrates the perrodicity of modulated signal, at 6 Hz, due to the reference
signal wavetorm 304, That 18, the examples of the sccond cutput signal chart
410 and the second output signal spectrogram 414 Hustrate an amplittude-
maodulated white noise signal, as-modulated according to the reference signal
wavetorm 304 In an example, the amplitude-modulated white noise signal
can be provided by the first processor circwnt 210 as one or more auditory
stimulation signals.

{O068]  FIG. SA and FIG. 5B sHustrate generally examples of an imntertace
for a system or device that can provide anditory stimulation to a user. The
cxamples include a mobile device 502, such as can include a mobile phone,
tablet computer, or other mobile processing device configured 1o receive a

aser mput, an audio mput, and 1n response provide an amphitude-modulated

21



WO 2021/108460 PCT/US2020/062104

output signai. In an cxample, the mobile device 502 comprises a particular
cxample of the machine 800 discussed eisewhere hercmn

{0069] The example of FIG. 3A mcludes the mobile device 502 1n
communication with headphones 506 using a headphbone communication link
334, such as can inciude a wired or wirciess link. The headphones 306 can
be used (o recerve an audifory stimulation signal from the mobile device 507
tor dehvery 10 one or more cars of a user. In an example, the mobile device
502 can include an accelerometer 516, such as correspondmng to the
accelerometer 246 from the mterrupt circuit 244 of FiG, 2.

{O078]  The example of FIG. 5A dlustrates generally a home miertace 308,
such as can be provided on a display of the mobtle device 502, The home
intertace 308 can include various controls, icons, or images. For exampie,
the home niertace 508 can include an on button 310 and an off bution 512
configured to control operation of an auduory stimulation program. The
home mierface 508 can imchude a "WHA'T button 514 that can be used {o
selectively {¢.g., temporanly, or in response to a user input) disengage one
or more features of the auditory stimulation system. In an example, in
response to user actuation of the "WHA'T button 314, the mterrupt circuit
244 can gencrate the interrupt mstruchion. The home mtertace 508 can
forther mcloude a modulation visuaalization icon 31€, such as can mclude a
pictorial representation of operation of the system. For example, a portion of
the modulation visualization icon 318 can change or flash in correspondence
with a modulation frequency of an auditory stimulation signal provided by
the system.

{0071] The examplie of FIG. 5B dlustrates generally a modulation sethings
mterface 320, such as can be provided on the display of the mobile device
502, The modulation setings mterface 520 can mclade various mpats to
receive a user iput {¢.g., from a user, a chinician, a caregiver, ¢tc.) to sef or
define one or more aspects of an auditory stunulabion signal to be provided
by the system, such as using the headphones 306,

{0072] In the example of FI(s. 5B, the inputs comprise graphical dials, such
as can represent vartous relative or absolute settings. The example includes

a modulation depth mput 522 configured to set or adjust a modulated
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frequency volume of the auditory stumulation signal. The example includes a
first hugh pass channel amplitude mput 324 and a second high pass channel
amplhitude mput 5326 contigured to set or adjust respective amphitude
charactenstics of high frequency information in the auditory stimulation
signal. The exampic inchudes a noise signal amphitude mput 528 contigured
to set or adjust a volume of a noisc signal, such as when a noise signal
comprises some o1 all of the auditory stimulation signal. The example
inciudes an ambient signal threshold 1nput 330 that can be used to set or
adjust an ambicnt sound pressure ievel threshold used by the threshold
detector 244, The example mcludes a low pass frequency input 5372
configured to set or adyust a low-pass {reqguency cutoft such as can be used
bv the low-pass filter 218, The example includes a gamma signal amplitude
input 534 that can be used to set, adjust, or togglie a Gamma wave signal
{¢.g., additionally or alternatively to other modulation signals). The example
inciudes a high pass frequency iwnput 336 configured to set or adjust a high-
pass frequency cutott, such as can be used by the high-pass filter 232, The
cxample further mmcludes a modulation frequency mput 340 contigured {o
recerve mnformation from a user about a desired modulabon frequency of the
aunditory stimulation signal. The exampie of the modulation settings interface
520 further includes a clear settings button 338 to re-s¢t or clear the inputs,
of to set one or more of the mputs to predefined or specified vahies.

{00731 FIG. 6 1llustrates generally an example of a first method 600 that
can be used to provide an auditory stumulation signal to a user. The example
can melude, at block 602, recerving ambient acoustic wnformation in
proximity of the uscr. Biock 602 can include using a microphone or the
second audio mput 202, to receive the acoustic imformation,

10074] At block 604, the first method 600 can mclude amplitude-
modulating a low-frequency portion of the ambient acoustic information
recetved at block 607, In an example, block 604 can mclude using the first
processor circuit 210 to generate a low-passed signal and to modulate the
low-passed signal to provide a primary modulated output signal.

{0751 At block 606, the first method 600 can include combining the

primary modulated output signal from block 604 with high frequency
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imtormation from the ambient acoustic miormation received at block 602,
That is, block 606 can include generating a bigh-passed signal from the
acoustic imformation recerved at block 602, such as using the second
processor circnit 230, and mpang the lmgh-passed signal with the primary
modulated output signal from block 604, such as using the mixer circuit 252,
{B076]  The first method 600 can further include, at block 608, providing
the auditory stimulation signal to a user. In an example, block 608 can
include using the headphones 306 o provide the auditory stimulation signal
to the user.

{0077 FIG. 7 illustrates gencrally an example of a second method 70{ that
can be used to provide an auditory stimulation signal to a user. The example
can include, at block 702, receiving ambient acoustic mformation n
proximity of a user. In an example, block 702 can mclude using a
microphoune or the second audio input 202 from the exampie of FIG. 2.
{0078] At decision block 704, the second method 700 can melhude
determuning whether the acoustic information received at block 702 meeis a
threshold sound pressure lovel (SPL) condition. If the acoustic information 1s
not below the SPL threshold, then the second method 700 can continue at
block 706, At block 706, the second method 700 can mclude providing an
aunditory stimulation signal based on modulated ambient acoustic
information. For exampie, block 706 can include or use the first method 6060
to provide an auditory stimulation signal based on a combination of high-
passed and modulated low-passed miormation from the acoustic signal.
{OG791 I the acoustic information 1s below the SPL threshold at decision
block 704, then the second method 700 can continue at block 708, At block
708, the second method 700 can melude providing an auditory stimulation
signal based on a noise signal. That is, block 708 can mclude providing an
amplitude-modulated noise signal as all or a portion of an auditory
stimudation signal for the user.

{0088] FIG. 8 15 a diggrammatic representation of a machine 800 within
which mstructions 848 {¢.g., software, a program, an application, an applet,
an app. or other executable code} for causing the maching 800 to perform

any one or more of the methodologies discassed herein may be execuied. For
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cxample, the wstractions 808 may cause the machine 300 to execute any one
or more of the methods deseribed berein, such as can include various audio
signal processmg methods or algorithms, such as can be used (o prepare or
provide an auditory stimulation signal to a user. The mstructions 308
transform the gencral, non-programmed machine 8C0 mto a particular
machine 200 programmed to carry out the described and ilustrated functions
in the manner described. The machine 800 may operate as a standalone
device or may be coupled (¢.g., networked) to other machines. Ina
networked deployment, the machine 800 may operate mm the capacity of a
server machine or a client machine m a server~chient network environment,
or as a peer machine in a peer-to-peer {or distributed} network environment.
The machine 800 may comprise, but not be himited o, a server computer, a
chient computer, a personal computer (PC), a tablet computer, a laptop
computer, a nethbook, a set~top box (ATB), a PDA, an entertainment media
system, a cellular telephone. a smart phone, a mobile device, a wearable
device {¢.g.. a smart watch), a smart home device {¢.g., a smart appliance),
other smart devices, a web appliance, a network rouler, a network switch, a
network bridge, or any machine capable of executing the instructions 808,
seguentially or otherwise, that specify actions to be taken by the maching
800. Further, while only a single machine 800 is sllustrated, the term
“machine” shall also be taken to mclude a collection of machines that
mdividually or jomtly execute the wstructions 808 {o perform any one or
more of the methodologics discussed herein,

{0081] The machine 800 may mclude processors 802, memory 804, and /0
componcnts 342, which may be configured to communicate with cach other
vig a bus 844, In an example embodiment, the processors 802 {¢.3., a Central
Processing Unat {CPU), a Reduced Instruction Set Computing (RISO)
processor, a Complex Instruction Set Computing (UISC) processor, a
Graphics Processing Unit (GPU), a Dagital Signal Processor (ISP}, an
ASIC, a Radwo-Frequency Integrated Cireust {(REIC), another processor, or
any swtable combination thereot} may wnciude, for example, a processor 306
and a processor 810 that execute the mstructions 808, The term “processor’
is indcnded to mclude multi-core processors that mayv comprise two Or more

imdependent processors (sometimes referred {0 as “cores”) that mav execute
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mnstructions contemporancously. Although FI{. ¥ shows multiple processors
802, the machine 800 may include a singie processor with a single core, a
single processor with multiple cores {¢.g., a multi-core processor), multiple
processors with a single core, multiple processors with multiples cores, or
aiy combination thereof.

{O082]  The memory 804 can include a main memory 312, a static memory
314, and a storage unmit 816, accessible to the processors 802 via the bus 344,
The mamn memory 804, the static memory 814, and storage unit 316 store the
instructions 808 embodying anv one or maore of the methodologics or
functions descrnibed herein. The mstructions 808 may also reside, completely
or partitally, within the mamn memory 812, within the static memory 814,
within a machine-rcadablic medium 818 withun the storage umit 816, within at
teast one of the processors 802 {¢.g., within the processor’s cache memorv),
or any switable combination thereof, during execution thereof by the machine
00,

[083] The VO components 842 may include a wide varniety of components
to recerve inpul, provide output, produce output, transmut mtormation,
cxchange information, capture measurements, and so on. The specific /O
components 842 that are mciuded i a particular machme will depend on the
type of machine. For example, portable machines such as mobile phones
may inciude a touch mput deviee or other such mput mechanisms {€.2..
corresponding to the modulation settings indertace 5203, while a headiess
server machine will likely not mclude such a touch mput device. Hwill be
appreciated that the /0 components 842 may mnciude many other
components that are not shown n FiG. 3. In various exampiec embodiments,
the /O components 842 mav include output components 828 and

input components 830, The output components 828 may include visual
componcnts {¢.g., a display such as a plasma display panel (PDP), a Light
cmitting diode (LED)} display, a luquid erystal display (L.C)}, a projecior, or
a cathode rav tube (UR'T)), acoustic components {(¢.g., speakers, the
headphones 306, etc.}, haptic components {(¢.g., a vibratory motor, resistance
mechanisms}, other signal generators, and so forth. The input components

830 may mciude alphanumenc input components {¢.£., a kevboard, a touch
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screen configured to receive alphanumeric mnput, a photo-optical kevboard,
or other alphanumeng input components ), point~-based mput components
{c.g.. amouse, a touchpad, a trackball, a joystick, a motion sensor, or
another pomting mstrument), tactile mput components {¢.¢.. a physical
button, a touch screen that provides location and/or force of touches or touch
gestures, or other tactile mput components), audio input componenis {¢.g.. a

microphone), and the hike.

{0084]  In turther example embodiments, the /0 components 842 may
include biometric components 837, motion components 834, environmental
components 836, or posifion components 838, among a wide array of other
componecnts. For example, the biometric components 832 inciude
components to detect expressions {¢.g., hand expressions, facial expressions,
vocal expressions, body gestures, or ¢ve tracking), measure biosignals {€.2..
blood pressure, heart rate, body temperatare, perspiration, or bramnwaves),
identify a person {¢.g., voice tdentification, refinal identitication, facial
identification, fingerprint wdentitication, or electroencephalogram-~based
identification), and the like. The motion components 834 inchude
acceleration sensor components {¢.g., the accelerometer 246}, gravitation
SENSOr components, rotation sensor components (€.£., gVroscope), and so
forth. The environmental components 336 mclude, for example, llummation
sensor components {€.g., photometer), temperature sensor components {€.g.,
one or more thermometers that detect ambient temperature ), humidity sensor
components, pressure sensor components {¢.g., barometer), acoustic sensor
components {€.g., one or more microphones that detect background noise},
proximity sensor components {¢.g., wnfrared sensors that detect nearby
obiects), gas sensors {¢.2., zas detection scnsors to detection concentrations
of hazardous gases for safety or to measure poliutants i the atmosphere}, or
other components that may provide mdications, measurements, or signals
corresponding to a surrounding physical environment of the user.
Information from any one or more of the motion components 834 or the
cnvironmental components 8336 or other sensors or devices can stmilarly be
used to update or change a modulation parameter or setting of a svstem that

provides auditory stumulation. The position components 838 mclude focation

sensor components {¢.g., a GPS receiver component), altitude sensor
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components {¢.g., altimeters or barometers that detect air pressure from
which altitude mav be derived), orientation sensor components (.9,
magnetometers), and the hike.

(0085] Communication may be implemented using a wide variety of
technologies. The /0 components 842 turther include

communication components 344 operable to couple the machme 80U o a
network 320 or devices 822 via a coupling 824 and a couphing 826,
respectively. For example, the communication components 840 may mciude
a network mierface component or another suttable device to mterface with
the network 820, In further examples, the commurnication components 840
may inciude wired comumunication components, wireless communication
components, cellular communication components, Near Field
Communication (NFC) components, Bluetooth® components (e g,
Bluctooth® Low Energy), Wi-Fi¥ components, and other communication
components to provide communication via other modalities. The devices 822
may be another machme or anv of a wide vanety of peripheral devices {€.8.,
a peripheral device coupled via a USE).

{0086]  The varnious memornies {¢.g., memory 804, main memory 812, static
memory 814, and/or memory of the processors 802) and/or storage unit 816
may store one or more sets of instructions and data stractures {¢.g., software)
cmbodying or used by any on¢ or more of the methodologies or functions
described heremn. These instructions {¢.g., the mstructions 802}, when
executed by processors 802, cause various operations to mmplement the

disclosed embodiments.

{B087]  The instructions 808 may be transmauticd or received over the
network 320, using a transmussion medium, via a network mterface device
{e.g., a network mtertace component included n the

communication components 840} and using anv one of a number of well-
known transter protocols {¢.g., hyvpertext transter protocol (HTTP}).
Simudarly, the instructions 808 may be transmuitied or received using a
transmuission medium via the coupling 826 {¢.g., a peer-to-peer coupling) fo

the devices 827,
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{0088] 'The solutions discussed herein can be used to treat or improve
sympioms of a variety of disorders and conditions mcluding but not honuted
to dementias (includmmg Alzhemmer's Dementia), Parkinson’'s Disease,
Chromic Traumatic Encephalopathy, anxiety, and ADHD, such as asing
ditferent parameters or settings for cach condition and/or for each user. The
solutions discussed hercin can be added to the functionality of a varniety of
cxisting hearing aids or assisted listening device, such as m combination
with sound processing for improved audition. The injection of noise, or use
of modulated noise, can be provided in any device with headphones or other
hearing devices such as for people with imnitus. In an example, the solution
can be inchuded in or implemented using a smartphone app such as can be
used with a smartphone and pair of earbuds or other headphones. In an
cxample, the solution can mnclude a chinical version for use in hospitals such
as with a set of headphones with built-in processing or an ¢xternal
processing unit. Such a device can amphitude-modulate the mtense sounds in
a hospital environment to either prevent hospital delinum from developmng
{a pervasive problem with hospitalized elderly) or to help calm anxious
patients.

{089 In an example, the auditory sttimulation systems and methods
discussed heremn can be used together with EEG achivity configured to sense
clectrical activity of a brain. The auditory shimulation can be triggered or
adjusted. tor cxample, depending on measured brain activity. In an example.
the EEG can be configured to detect an impending seizure and, in response,
the auditory stimulation device can attempt to prevent or disrupt the seizure
by stimulating the brain with an aliernative signal,

{00908] The above description mcludes references 1o the accompanving
drawings, which form a part of the detaded deseription. The drawings show,
by way of iilustration, specific embodiments in which the mvention can be
praciiced. These embodiments are also referred 1o hercin as “examples.”
Such examples can mclude elements i addition to those shown or
described. However, the present mventors also contemplate examples in
which only those clements shown or described are provided. Morecover, the

present inventors also contemplate examples using anv combination or
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permutation of those clements shown or described {or one or more aspects
thereof), cither with respect to a particular example {or one or more aspecis
thercot), or with respect to other examples {or ong or more aspects thergot)

shown or described heremn.

{0911 In this document, the terms 73’ or "an are uscd, as 1S conpumon in
patent documents, to mclude one or more than one, independent of anv other
mnstances or usages of “at least one” or “one or more.” in this document, the
term Tor’ s used o refer to a nonexclusive or. such that "A or B mcludes
“Abutnot B, "B butnot A, and A and B, unless otherwise indicated. In
this document, the terms “mceluding” and " which™ are used as the plain-
English copuvalents of the respective terms “comprising” and “wheremn.
Also, in the following claims, the terms “including and “comprising’ are
open-~ended, that 15, a system, device, article, composition, formulation, or
process that includes elements in addition to those histed afier such a term in
a claim arc still deemed to tfall within the scope of that claim. Morecover, in
the following claims, the terms “Hirst,” “seccond,” and “third,” ¢tc. are used
merely as labels, and are not mtended (0 impose numencal requirements on
their objects.

{00921 The above description 1s mitended (o be ilustrative, and not
restrichive. For example, the above-described examples {or ong or more
aspects thereof} may be used i combination with cach other. Other
cmbodiments can be used, such as by one of ordinary skill i the art upon
reviewing the above descrniption. The Abstract 1s provided to allow the
reader to quickly ascertain the nature of the techmcal disclosure. s
submutted with the understanding that i will not be used to micrpret or fmut
the scope or meamng of the clamms. Also, in the above Detaled Description,
various features may be grouped together to streamime the disclosure. This
should not be imterpreted as intending that an unclamed disclosed feature 1s
cssential fo any claim. Rather, invenfive subject matier may e i fess than
all teatures of a particular disclosed embodiment. Thus, the followmg clamms
are hercby mcorporated into the Detailed Desceription as examples or
embodiments, with cach claim standing on iis own as a sgparate

cmbodiment, and it 18 contemplated that such embodiments can be combined
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with cach other i vartous combinations or permutations. The scope of the
mvention should be determined with reference to the appended claums, along

with the full scope of equivalents to which such clamms are entitled.

31



WO 2021/108460 PCT/US2020/062104

CLAIMS
What 18 claimed 1s:

1. A system for mducing bramwave achivity using auditory stimulation, the
System Comprising:

an audio 1wput contigured to receive ambient acoustic information
from an environment of a user;

a modulation reference signal gencrator configared {0 gencrale «
modulation reference signal based on a modulation mnput;

a first audio band processor circuit configured to provide a primary
modulated output signal based on a first frequency portion of the ambient
acoustic information and on the modulation reference signal; and

a mixer circutt configured to provide an auditory stimulation signal,
wherein the auditory stimulation signal mncludes the primary modulated
cutput signal from the first audio band processor circuit and a different

second frequency portion of the ambient acoustic information.

2. The system of claim 1, wheremn the first audio band processor circoit 18
configured to provide the primary modulated output signal based on a
relatively lower freguency portion of the ambicnt acoustic information, and
wherein the different second frequency portion mcludes a relatively higher

frequency portion of the ambient acoustic information.

3. The system of clamm §, wherein the first audio band processor circuit 1s
configured to provide the pnmary modulated output signal based on a
relatively higher frequency portion of the ambient acoustic mformation, and
wherein the different second frequency portion includes a relatively lower

frequency portion of the ambient acoustic information.

4. The systern of claim 1, wherein the different second frequency portion of
the ambient acoustic mmformation corresponds {0 a first freguency band that
comprises human speech intelligibibity mformation, and wherein the first
frequency portion of the ambient acoustic imformation corresponds o

acoustic nformation that 15 outside of the first frequency band.

32



WO 2021/108460 PCT/US2020/062104

5. The system of claim I, wherein the first audio band processor circuit 18
configured to amplitude modulate the first frequency portion of the ambient
acoustic nformation according to the modulation reference signal {0 provide

the primary modulated output signal.

6. The system of claim 1, further comprising a second audio band processor
circuit configured to applv a gamn adjustment and a high pass filicr to the
ambicnt acoustic mtormation to provide the dufterent second frequency

portion {0 the mixer ¢ircuit.

7. The system of claim 3, wherein the second audio band processor circuit 18
configured to augment, in the ditterent second frequency portion, one or
more frequencies or frequency bands associated with mtelligibility of human

speeci.

8. The system of claim 1, wherein the first audio band processor ¢ircint
comprises a random number generator configured to generate an ampiitude
control signal, and wheremn an amplitude of the primary modulated output

signal depends in part on a value of the amplhitude control signal.

Y. The system of claim |, wherein the modulation reference signal gencrator
1s configured to generate the modulation reference signal with a frequency
drift, wherein the modulation mput indicates a modulation reference

frequency and a modulatbion dnift magnitude.

1. The system of claim 1, further comprising an anciliary reference signal
generator configared (0 gencrate an anciliary reference signal based on the
modulation input;

wheren the first audio band processor circut 18 configured to provide
a further modulated output signal based on the primary modulated outpat
signnal and the ancilliary reference signal; and

wherein the nuxer circuit 18 configured 1o provide the auditory
stimudation signal using the further modulated output signal and the different

second frequency portion of the ambient acoustic information.
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11, The system of ¢lamm 1, further comprising an accelerometer configured
to generate an inferrupt instruction, wherein when the interrmupt imstruction 1s
asserted, the mxer circutt 1s configured {0 change a magnitude relationshup
of the primary modulated output signal and the ditferent second freguency
portion of the ambicent acousiic information w the auditory stinmation

signal.

12. The system of claim 1, wheremn 1o response to an interrupt mstruction
that 1s based on an accelerometer output signal, the mxer circuit 18
configured to mterrupt the auditory stimulation signal and provide an

avgmenicd version of the ambient acoustic miormation to the user.

13. The system of ¢lamm 1, further comprising a noise signal generator
configured to gencrate a noise signal;

wherein when the ambient acoustic information mdicaies an ambient
sound pressure level (SPL) of less than a specified threshold SPL, the first
audic band processor circudt 1s configured to provide a secondary modulated
output signal based on the noise signal and on the modulation reference
signal; and

whercin the nuxer circuit 15 configured to provide the auditory

stimulation signal using the secondary modulated output signal

{4 The system of claim 1, further comprising a mobile device with a
microphone and a user interface;

wherein the audio mnput comprises the microphone of the mobile
device: and

wheremn the user interface comprises the moduiation mmput, and the
modulation mput ncludes mstructions for a modulation freguency or a

modualation amplitude for the primary modulated cutput signal.

15, The system of claym I, further comprising an in-car assisted histening

device contigured to provide the auditory stinmilation signal to the user.
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16. A method comprising:

receiving ambicnt acoustic nformation in proxinuty of a user,;

using a first processor circuit, amphitude modulating a low frequency
portion of the recerved ambient acoustic mformation to provide a primary
modulated output signal;

using the first processor circutt, gencrating a first audiiory
stimmulation signal by combining the primary modulated output signal with
high frequency information from the received ambient acoustic information;
and

providing the first anditory stumulation signal to the user

{7 The method of claim 16, further comprising using the first processor
circuit, generating the high frequency mformation based on a high-passed

and frequency-adjusted version of the ambient acoustic information.

13, The method of claam 16, further comprising micrmipting the providing
the first auditory stimulation signal to the user in response to an mniermpt

instruction from an accelerometer,

1. The method of claim 16, further comprising:

generating a noise signal using a noise generator,

using the first processor circuit, amphitude modulabing the noise
signal to provide a modulated noise signal; and

providing a second auditory stimuiation signal to the user, the second

auditory stimulation signal comprising the modulated noise signal.

20, The method of claim 19, further comprnising:

determinmyg a sound pressure level (§PL) of the ambient acoustic
information as-received, and

when the SPL is less than a specified threshold SPL, providing the
second auditory stimuolation signal to the user; and

when the SPL meets or exceeds the specified threshold SPL,

providing the first auduory stunulation signal to the user.
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21. The method of claim 16, turther comprising recerving a modulation
parameter input; and
updating a magmitude or a freguency of the first auditory stimulation

signial based on the modulation parameter input.

22 The method of claim 16, wheremn providing the first auditory stimulation

signal 1o the user comprises providing a binaural signal to the user.

23. The method of clamm 19, wherein providing the binaural signal {o the

user comprises providing a signal with binaural beats to the user.

24. A non-transitory computer-readable storage medium, the computer-
cadable storage medium including mstructions that when executed by a
computer, cause the compuier to:

receive, from a mucrophone, ambient acoustic information from an
cnvironment of a user;

amplitude modulate a first freguency portion of the ambient acoustic
information to provide a primary modulated output signal;

cenerate a first auditory stimulation signal by combining the primary
moduiated output signal with a second frequency portion of the ambient
acoustic mmformation; and

provide the first auditory stimulation signal to the user.

25. The computer-readable storage medium of claim 24, wherein the
instructions turther configare the compuier {0 gencraie the second {requency
portion based on a high-passed and frequencv-adjusted version of the

ambient acoustic mtormation.
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26. The computer-readable storage medium of claim 24, wherein the
imnstructions further configure the computer o

generate a noise signal using a noise generator,

amphitude modulate the noise signal {0 provide a modulated noise
signal; and

provide a second auditory stimulation signal to the user, the second

auditory stimulation signal comprising the modulated noise signal.

27, The computer-readable storage medum of claim 26, wherein the
instructions further configure the compuler {o:

determine a sound pressure icvel (SPL) of the ambient acoustic
information; and

when the SPL 1s less than a specitied threshold SPL, provide the
second auditory stumulation signal to the user; and

when the SPL mects or exceeds the specified threshold SPL, provide

the first auditory stimulation signal to the user.
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