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SYSTEMS, METHODS, AND DEVICES FOR
CUSTOM SLEEP IMPLEMENTATION

TECHNICAL FIELD

The present disclosure relates to mechanisms and pro-
cesses directed to measurements of brain activity and the
implementation of custom sleep parameters.

BACKGROUND

Human sleep can be measured using several aspects of the
human physiology including their brain activity, their heart
activity, their eye activity, temperature, movement, oxygen
saturation, and the like. A human brain may include neurons
which exhibit measurable electrical signals when active.
Accordingly, various measuring modalities, such as elec-
trodes, may be used to measure such electrical activity. The
neural activity of neurons may include many a variety of
frequency components. Accordingly, such electrical activity
may be measured and represented as a power spectrum 1n a
frequency domain. Moreover, such measurements may be
obtained as a user sleeps. Similarly, other measurements
may be obtained, such as heart rate activity that includes a
heart rate (mean, minimum or maximum over a period,
mean square over a period), as well as heart rate variability
(beat-to-beat, or beat-to-beat aggregated over a window of
time). However, traditional techniques for measuring such
clectrical activity in such contexts remain limited in their
ability to utilize such measurements, and more specifically,
to efhciently and eflectively enable custom tailoring of a
user’s sleep parameters.

SUMMARY

Provided are systems, methods, and devices for the imple-
mentation of custom sleep parameters. Methods include
receiving, via a user interface, a plurality of input parameters
associated with a sleep profile of a user, the plurality of input
parameters representing at least one sleep profile target,
generating, using one or more processors ol a processing
device, a plurality of sleep parameters based, at least in part,
on the recerved plurality of input parameters, the plurality of
sleep parameters representing one or more changes to one or
more biomarkers of the user, and generating, using one or
more processors of the processing device, a plurality of
stimulation parameters based, at least 1n part, on the plurality
ol sleep parameters, the plurality of stimulation parameters
representing stimuli configured to implement the 1dentified
changes for each of the identified biomarkers of the user’s
sleep profile.

In some embodiments, the methods further include map-
ping the plurality of input parameters to a plurality of target
parameters, the plurality of target parameters identitying the
one or more biomarkers of the user. In various embodiments,
the mapping 1s generated based, at least 1n part, on previous
measurement data. According to some embodiments, the one
or more changes represented by the plurality of sleep
parameters are configured to identily target values for the
one or more biomarkers. In some embodiments, the identi-
fied biomarkers include a ratio of band activities, shifts in
frequency spectra of activity, and a dominant rational map of
the user. In various embodiments, the plurality of stimula-
tion parameters 1s configured to change each of one or more
current values of the one or more biomarkers to the identi-
fied target values of the one or more biomarkers. According
to some embodiments, the methods further include applying
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stimuli to the user based, at least 1n part, on the stimulation
parameters, and recerving measurement data based, at least
in part, on the applying of the stimuli. In some embodiments,
the methods further include generating a result object based,
at least 1n part, on the measurement data, the result object
representing an eiflicacy of the stimulation parameters. In
various embodiments, the eflicacy of the stimulation param-
cters 1s determined based, at least 1n part, on the at least one
sleep profile target.

Also disclosed herein are systems including a communi-
cations interface configured to receive a plurality of mput
parameters associated with a sleep profile of a user, the
plurality of mput parameters representing at least one sleep
profile target. Systems further include a processing device
configured to generate a plurality of sleep parameters based.,
at least 1n part, on the received plurality of input parameters,
the plurality of sleep parameters representing one or more
changes to one or more biomarkers of the user, generate a
plurality of stimulation parameters based, at least in part, on
the plurality of sleep parameters, the plurality of stimulation
parameters representing stimuli configured to implement the
identified changes for each of the identified biomarkers of
the user’s sleep profile, and a memory device configured to
store the plurality of sleep parameters and the plurality of
stimulation parameters.

In some embodiments, the processing device 1s further
configured to map the plurality of input parameters to a
plurality of target parameters, the plurality of target param-
cters 1dentifying the one or more biomarkers of the user. In
various embodiments, the one or more changes represented
by the plurality of sleep parameters are configured to i1den-
tify target values for the one or more biomarkers. According
to some embodiments, the plurality of stimulation param-
cters 1s configured to change each of one or more current
values of the one or more biomarkers to the identified target
values of the one or more biomarkers. In some embodi-
ments, the processing device 1s further configured to apply
stimuli to the user based, at least 1n part, on the stimulation
parameters, recerve measurement data based on the applying
of the stimul1, and generate a result object based, at least 1n
part, on the measurement data, the result object representing,
an eflicacy of the stimulation parameters. In various embodi-
ments, the efficacy of the stimulation parameters 1s deter-
mined based, at least 1n part, on the at least one sleep profile
target.

Further disclosed herein are devices that include a com-
munications interface configured to receirve a plurality of
input parameters associated with a sleep profile of a user, the
plurality of mput parameters representing at least one sleep
profile target. The devices further include one or more
processors configured to generate a plurality of sleep param-
eters based, at least 1n part, on the received plurality of input
parameters, the plurality of sleep parameters representing,
one or more changes to one or more biomarkers of the user,
and generate a plurality of stimulation parameters based, at
least 1in part, on the plurality of sleep parameters, the
plurality of stimulation parameters representing stimuli con-
figured to implement the identified changes for each of the
identified biomarkers of the user’s sleep profile.

In some embodiments, the one or more processors are
turther configured to map the plurality of iput parameters
to a plurality of target parameters, the plurality of target
parameters identifying the one or more biomarkers of the
user. In various embodiments, the one or more changes
represented by the plurality of sleep parameters are config-
ured to 1dentily target values for the one or more biomarkers.
According to some embodiments, the plurality of stimula-
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tion parameters 1s configured to change each of one or more
current values of the one or more biomarkers to the identi-
fied target values of the one or more biomarkers. In some
embodiments, the one or more processors are further con-
figured to apply stimuli to the user based, at least in part, on
the stimulation parameters, receive measurement data based
on the applying of the stimuli, and generate a result object
based, at least in part, on the measurement data, the result
object representing an eflicacy of the stimulation param-
eters.

These and other embodiments are described fturther below
with reference to the figures.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1illustrates an example of a system for the imple-
mentation of custom sleep parameters, configured 1n accor-
dance with some embodiments.

FIG. 2 illustrates another example of a system for the
implementation of custom sleep parameters, configured 1n
accordance with some embodiments.

FIG. 3 1llustrates an example of a flow chart of a method
for the implementation of custom sleep parameters, imple-
mented 1n accordance with some embodiments.

FIG. 4 1llustrates another example of a tflow chart of a
method for the implementation of custom sleep parameters,
implemented 1n accordance with some embodiments.

FI1G. 5 1llustrates an additional example of a flow chart of
a method for the implementation of custom sleep param-
cters, implemented 1n accordance with some embodiments.

FIG. 6 illustrates an example of a processing device that
can be used with various embodiments.

DETAILED DESCRIPTION OF EXAMPL.
EMBODIMENTS

L]

Reference will now be made in detail to some specific
examples including the best modes contemplated by the
inventors. Examples ol these specific embodiments are
illustrated 1n the accompanying drawings. While the present
disclosure 1s described in conjunction with these specific
embodiments, 1t will be understood that 1t 1s not intended to
limit the disclosure to the described embodiments. On the
contrary, 1t 1s intended to cover alternatives, modifications,
and equivalents as may be included within the spirit and
scope of the disclosure as defined by the appended claims.
In addition, although many of the components and processes
are described below in the singular for convenience, 1t will
be appreciated by one of skill in the art that multiple
components and repeated processes can also be used to
practice the techniques of the present disclosure.

In the following description, numerous specific details are
set forth 1n order to provide a thorough understanding of the
present invention. Particular embodiments may be imple-
mented without some or all of these specific details. In other
instances, well known process operations have not been
described 1n detail in order not to unnecessarily obscure the
disclosure.

FIG. 1 1llustrates an example of a system for the imple-
mentation of custom sleep parameters, configured 1n accor-
dance with some embodiments. As will be discussed 1n
greater detail below, systems, such as system 100, may
cnable a user to i1dentily target goals for their sleep profile,
and subsequently have a stimulation program generated that
1s specifically configured to the user and the user’s sleep
profile, and configured to implement the 1dentified changes
to achieve the target goals for their sleep profile.
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As will be discussed 1n greater detail below, components
of system 100 may be implemented to generate custom
stimulation programs to implement custom sleep targets for
a user, such as user 108. As shown 1n FIG. 1, user 108 may
be a person, and may be coupled to components of system
100. More specifically, brain 110 of user 108 may be coupled
to system 100 such that system 100 is able to monitor and
measure neural activity within brain 110. In some embodi-
ments, the activity 1s electrical activity that 1s measured and
recorded as electrical measurements. In this way, activity
within brain 110 may be monitored during a period of sleep.
As will also be discussed in greater detail below, the
coupling between user 108 and system 100 may also enable
stimulation of neurons within brain 110. Accordingly, sys-
tem 100 may also modify neural activity of user 108.

In various embodiments, coupling between user 108 and
system 100 may be implemented, at least 1n part, via an
interface, such as interface 102. In one example, 1nterface
102 includes a plurality of electrodes. More specifically,
such electrodes may be implemented as an electrode array.
Such electrodes may be included 1n a scalp potential elec-
troencephalogram (EEG) array, may be deep brain stimula-
tion (DBS) electrodes such as electrodes used with intrac-
ranial electroencephalography, or may be an epidural grid of
clectrodes. In other examples, the electrodes may include
optogenetics mechanisms for monitoring various neuronal
processes or blood saturation. Mechanisms may be used to
make various measurements and acquire measurement sig-
nals corresponding to neural activity, heart activity, tem-
perature, body/head/eye movements. As used herein, neural
activity may refer to spiking or non-spiking activity/poten-
tiation. Moreover, heart activity may be a measure ol beat
rate or beat-to-beat vaniability. Furthermore, eye movements
may include micro and macro saccades, as well as slow and
rapid eye movements.

In various embodiments, such measured signals may be
clectrical signals dertved based on neural activity that may
occur 1n cortical tissue of a brain or may include electrical
and optical signals dertved from the peripheral parts of the
user. Such measurements may be acquired and represented
in a time domain and/or frequency domain. In this way,
activity may be monitored and measured over one or more
temporal windows, and such measurements may be stored
and utilized by system 100. In various embodiments, such
neural activity may be observed for particular regions of
cortical tissue determined, at least 1n part, based on a
configuration of interface 102. In one example, this may be
determined based on a configuration and location of elec-
trodes included 1n 1nterface 102 and coupled with the brain.

According to some embodiments, one or more compo-
nents of iterface 102 are configured to provide stimuli to
the brain coupled with interface 102. For example, one or
more electrodes included 1n interface 102 may be configured
to provide electrical stimuli to cortical tissue of the brain. As
discussed above, such electrodes may be implemented uti-
lizing one or more of various modalities which may be
placed on a user’s scalp, or implanted in the user’s brain.

As will be discussed in greater detail below, such actua-
tion and stimuli1 provided by interface 102 may be of many
different modalities. For example, stimuli may be aural,
visual, and/or tactile as well as being electrical and/or
magnetic, or any suitable combination of these. Accordingly,
interface 102 may further includes additional components,
such as speakers, lights, display screens, and mechanical
actuators that are configured to provide one or more of aural,
visual, and/or tactile stimuli to a user. In this way, any
suitable combination of different modalities may be used.
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For example, a combination of electrical and aural stimuli
may be provided via interface 102. Further still, interface
102 may include different portions corresponding to signal
acquisition and stimuli administration. For example, a first
portion of interface 102 may include electrodes configured
to measure neural activity, while a second portion of inter-
face 102 includes speakers configured to generate aural
stimuli. In another example, a third portion of interface 102
may include electrodes to measure ECG or heart rate, while
a fourth portion may include sensors to measure oxygen
saturation.

In some embodiments, interface 102 further includes one
or more dedicated processors and an associated memory
configured to obtain and store the measurements acquired at
interface 102. In this way, such measurements may be stored
and made available to other system components which may
be communicatively coupled with interface 102.

System 100 further includes processing device 104 which
may be configured to recerve measurements made by inter-
tace 102, and may be further configured to generate sleep
parameters and stimulation parameters that may be applied
to user 108. As will be discussed in greater detail below,
processing device 104 1s configure to receive mput param-
cters from user 108, and generate sleep parameters that
identily specific changes to be made to implement the target
goals specified by the user. Moreover, processing device 104
1s further configured to generate stimulation parameters that
are configured to identily specific sets of stimuli to be
applied to implement the identified changes underlying the
target goals. In various embodiments, the stimulation param-
cters may be mncluded 1n a stimulation program which may
be used to generate one or more control signals. In various
embodiments, the generation of sleep parameters may
include the translation of qualitative goals 1dentified by user
108 to quantitative goals that may be mapped to specific
stimulation parameters. Moreover, processing device 104
may be configured to retrieve measurement data from one or
more data sources, which may be a memory device or a
database system, and 1s further configured to retrieve mea-
surement data obtained from the user.

As will also be discussed 1n greater detail below, process-
ing device 104 1s further configured to generate one or more
result objects that may be included 1n a user interface and
displayed 1n a display device. In various embodiments, the
result objects are configured to represent a summary of the
results of the application of a custom sleep program. More
specifically, the result objects may be configured to represent
a result or eflect of the application of stimulation parameters
that were generated based on identified target sleep goals.
Accordingly, processing device 104 1s additionally config-
ured to generate a user interface, such as a control panel, that
1s configured to display an output to a user, and receive an
input form the user via one or more data fields. As will be
discussed 1n greater detail below, the user interface 1is
configured to include various user interface elements that are
configured to receive mput parameters representative of
target sleep goals. In some embodiments, processing device
104 includes memory device 112 which 1s configured to
store quality assessment metrics and result objects, such as
reports, generated by processing device 104.

In some embodiments, system 100 includes controller 106
which 1s configured to generate one or more control signals
tor interface 102, and 1s also configured to receive measure-
ments from iterface 102. Accordingly, controller 106 may
be configured to implement and control the application of
one or more stimulation programs and underlying stimula-
tion parameters. In various embodiments, controller 106 1s

10

15

20

25

30

35

40

45

50

55

60

65

6

communicatively coupled with interface 102, and process-
ing device 104. Accordingly, controller 106 1s configured to
received puts from various other system components, and
generate signals provided to interface 102 based, at least 1n
part on such inputs. As will be discussed 1n greater detail
below, such outputs may be used to provide actuations to the
brain coupled with interface 102. For example, outputs
generated by controller 106 may be used to stimulate the
brain via one or more components of interface 102. In this
way, controller 106 may provide stimuli1 to the brain via
interface 102, may receive sleep information via other
components such as processing device 104, and may gen-
erate stimul1 based on such received information.

In some embodiments, controller 106 1s configured to
implement combined control of pharmacological and stimu-
lation 1nputs. Accordingly, controller 106 may be configured
to modily stimulation inputs based on an expected effect of
one or more pharmacological agents that may be adminis-
tered 1n conjunction with the stimulation. In this way,
controller 106 may modity and control administration of
stimuli via interface 102 based on an identified pharmaco-
logical regimen. In various embodiments, controller 106 1s
optionally included 1n system 100. For example, system 100
might not mclude controller 106, and such generation of
control signals and receiving of measurements may be
implemented by processing device 104.

FIG. 2 illustrates another example of a system for the
implementation of custom sleep parameters, configured 1n
accordance with some embodiments. As similarly discussed
above, a user may 1dentily target goals for their sleep profile,
and subsequently have a stimulation program generated that
1s specifically configured to the user and the user’s sleep
profile. Moreover, systems, such as system 200, may include
components such as interface 102, processing device 104,
and controller 106, which may be coupled to a user, such as
user 108.

As shown 1n FIG. 2, components of system 200 may be
implemented 1n a distributed manner. For example, control-
ler 106 may be collocated with user 108 and may be
communicatively coupled to processing device 104 via a
communications network, such as network 202. In this way,
controller 106 may be implemented as a wireless device,
such as a wearable device, at user 108, processing device
104 may be implemented remotely 1 a data processing
system, and communications between controller 106 and
processing device 104 may be handled via a network 202,
which may be the mternet. In this way, processing device
104 may be implemented as a personal computer or mobile
device located near user 108, or processing device may be
implemented as part of a distributed computing platiform
configured to provide sleep profile enhancement as a Sofit-
ware as a Service (Saas) platform.

FIG. 3 1llustrates an example of a flow chart of a method
for the implementation of custom sleep parameters, imple-
mented 1n accordance with some embodiments. As will be
discussed 1n greater detail below, a method, such as method
300, may enable a user to 1dentify target goals for their sleep
profile, and subsequently have a stimulation program gen-
crated that i1s specifically configured to the user and the
user’s sleep profile, and configured to implement the 1den-
tified changes to achieve the target goals for their sleep
profile.

Accordingly, method 300 may commence with operation
302 during which a plurality of input parameters may be
received from a user. In various embodiments, the input
parameters are parameters that are configured to identify
particular aspects of a user’s sleep profile that the user
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intends to adjust or modity. As will be discussed in greater
detail below, a user’s sleep profile may characterize various
aspects and signatures of the user’s sleep pattern. Accord-
ingly, the input parameters may 1dentily various qualitative
aspects ol the user’s sleep profile that the user intends to
adjust, and further i1dentifies the intended changes that the
user would like to make.

Method 300 may proceed to operation 304 during which
a plurality of sleep parameters may be identified based, at
least 1n part, on the received plurality of input parameters. In
various embodiments, the sleep parameters are configured to
identily specific aspects, such as biomarkers, of the user’s
sleep profile that should be adjusted. Accordingly, during
operation 304 specific biomarkers may be 1dentified, as well
as desired changes to such biomarkers.

Method 300 may proceed to operation 306 during which
a plurality of stimulation parameters may be generated based
on the identified plurality of sleep parameters. In various
embodiments, the plurality of sleep parameters 1s configured
to 1dentily specific stimulation protocol that may be applied
to implement the 1dentified changes represented by the input
parameters and the sleep parameters. Accordingly, the
stimulation parameters may be used to generate control
signals for the purposes of implementing the appropriate
stimuli, as will be discussed 1n greater detail below.

FIG. 4 1llustrates another example of a tflow chart of a
method for the implementation of custom sleep parameters,
implemented 1n accordance with some embodiments. As
similarly discussed above a user may 1dentify target goals
for their sleep profile, and a stimulation program may be
generated based on such identified target goals. As will be
discussed 1n greater detail below, a method, such as method
400, may enable the usage of a user interface to facilitate the
process, and the stimulation program may be used to provide
stimulation to the user and generate a report after the
application of such stimulation.

Accordingly, method 400 may commence with operation
402 during which a user interface may be generated, and the
user interface may be capable of being displayed 1n a display
device. In various embodiments, the user interface 1s con-
figured to include one or more user interface elements
configured to receive one or more iputs from the user. For
example, the user interface may include data fields into
which the user may enter text. The user interface may further
include drop down menus through which the user may select
one of a predetermined set of inputs. The user interface may
also include sliders through which the user may select an
input based on a sliding scale between two values.

In various embodiments, the user interface 1s configured
to provide the user with a display of a plurality of aspects of
the user’s sleep profile that may be adjusted to implement
one or more sleep goals. For example, the user interface may
include a portion representing sleep latency, as well as a
portion representing sleep quality. The user interface may
also include portions representing more specific aspects such
as sleep onset, specific sleep stage onset latency (N2 onset,
N3 or deep sleep onset), total sleep duration, specific sleep
stage duration, specific sleep stage duration as a % of total
sleep, as well as sleep cycle durations. For example, a
portion may represent a duration of a random eye movement
(REM) sleep cycle. In another example, the portion may
represent a duration of NREM (non REM) sleep stages. In
another example, a portion could be used to specily overall
sleep elliciency (total sleep time over total bed time). The
user interface may also be used to specily the slow wave
sleep enhancement. In this way, a particular user interface
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clement may be generated for one or more of the above-
referenced aspects of the user’s sleep profile.

Moreover, each user interface element associated with
cach aspect of the user’s sleep profile 1s configured to
include a component configured to receive an input, such as
a data field or a slider as discussed above, so that a user may
provide an input that identifies a desired change to a par-
ticular aspect of the user’s sleep profile. For example, a user
interface component associated sleep latency may be
adjusted to identily a change indicating the user wishes to
decrease the time 1t takes the user to fall asleep. One or more
changes to other parameters may also be displayed, such as
a trade-ofl between two or more aspects of the user’s sleep
proflle. Returning to a previous example, the user may
reduce an amount of time taken to fall asleep, and this may
cause an estimated reduction i1n the quality of the user’s
sleep, which may also be displayed 1n the user interface. In
some embodiments the sleep profile parameters may be
provided with a reference/baseline range which may be
generated based on previous measurements for the user, or
generated based on group distributions of these parameters
for similar individuals, as may be determined based on
biological parameters, such as age, gender, ethnicity, and
health condition. The user interface may allow the user to
specily their target relative to the reference/baseline ranges.
For example, the user interface may be configured to present
the user with sleep parameter distribution ranges based on
the user’s age (a sleep age profile), and let the user specily
a relative sleep age of few months younger than their
biological age.

Method 400 may proceed to operation 404 during which
a plurality of input parameters may be recerved from a user.
Accordingly, as discussed above, the user may provide the
input parameters via the user interface, and such input
parameters are configured to 1dentily particular aspects of a
user’s sleep profile that the user intends to adjust or modity.
Accordingly, as discussed above, the mnput parameters 1den-
tify various qualitative aspects of the user’s sleep profile that
the user intends to adjust, and further 1dentifies the intended
changes that the user would like to make.

Method 400 may proceed to operation 406 during which
a plurality of sleep parameters may be identified based, at
least 1n part, on the received plurality of input parameters. As
similarly discussed above, the sleep parameters are config-
ured to 1dentily specific aspects, such as biomarkers, of the
user’s sleep profile that should be adjusted. In various
embodiments, biomarkers may be specific aspects ol a
user’s sleep profile that are specific to the user’s biological
activity, such as a ratio of band activities, shiits in frequency
spectra of activity, and a dominant resonant map of the user.
Accordingly, during operation 406 specific biomarkers of
the user’s sleep profile may be 1dentified, as well as desired
changes to such biomarkers. Accordingly, as will be dis-
cussed 1in greater detail below with reference to FIG. 5,
inputs provided by the user which may be represented by
general descriptors may be mapped to specific biological
markers and signatures of the user’s sleep profile, and target
changes to the biomarkers may be identified and represented
in the plurality of sleep parameters.

Method 400 may proceed to operation 408 during which
a plurality of stimulation parameters may be generated based
on the i1dentified plurality of sleep parameters. As similarly
discussed above, the plurality of sleep parameters i1s con-
figured to identify specific stimulation protocol that may be
applied to implement the i1dentified changes represented by
the input parameters and the sleep parameters. Accordingly,
the stimulation parameters may be used to generate control
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signals for the purposes of implementing the approprate
stimuli. In some embodiments, stimulation parameters may
be 1denftified based on models generated using machine
learning algorithms. For example, sleep models may be
developed as functional or phenomenological mput-output
models that can include machine learning algorithms, such
as multi-variate regression, support vector machines, clas-
sifiers, deep learning neural networks, hierarchical Bayesian
techniques, that are configured to learn the underlying
behavior. Accordingly, previous treatment measurement
data may be used to train the algorithms.

In some embodiments, the mputs to these models may
include physiological measurements (such as the electrical
activity, heart activity, EOG, movement), self-reported mea-
surements, and the treatment parameters, such as the stimu-
lation modality, and the specific stimulation parameters,
such as itensity and frequency. Moreover, inverse models
may be generated based, at least in part, on the above
models, and such inverse models may be used to predict
various treatment parameters based on the desired sleep
targets. These mverse models may also be customized using,
data specific to an individual, and from multiple treatment
SESS101S.

Method 400 may proceed to operation 410 during which
the plurality of stimulation parameters may be applied to the
user. Accordingly, during a period of sleep, the stimulation
parameters may be applied to the user as a sleep program
configured to implement the 1identified changes. For
example, specific stimulation frequencies (slow wave ire-
quencies 1n 0.5-2 Hz, theta wave frequencies 1 4-8 Hz, and
alpha wave frequencies 1n 8-12 Hz) may aflfect specific
changes 1n the user’s sleep to achieve the target sleep goals.
For example, 11 a reduced sleep latency 1s desired, stimula-
tion may be applied at specific frequency band to increase
the speed with which the user falls asleep. For enhancing the
slow wave activity during sleep, other stimulation frequency
bands can be used. Yet another frequency band stimulation
can be used to improve the NREM sleep duration. In other
examples, the duration of stimulation or the itensity of
stimulation can impact the onset of sleep and the total sleep
duration. In this way, stimulation parameters may be applied
to the user while the user sleeps to implement multiple target
goals for the user’s sleep profile. Moreover, measurement
data may also be obtained while the user sleeps. Accord-
ingly, measurement data may be obtained to monitor the
cllect of the applied stimulation program.

Method 400 may proceed to operation 412 during which
a result object may be generated based, at least in part, on the
application of the stimulation parameters. Accordingly, the
measurement data as well as previous sleep data may be
retrieved and used to generate one or more result objects that
represent a result of the applied stimulation. For example, i
reduced sleep latency was desired, the measurement data
may be used to determine how long 1t took the user to fall
asleep. This may be compared against a similar determina-
tion made on the user’s previous sleep data. The difference
between the times may be represented as a result included 1n
a result object that 1s capable of being displayed 1n the user
interface. In this way, the user may be provided with a report
of how eflective the applied stimulation program was, and
how close the user has come to the identified target goals.

FI1G. 5 1llustrates an additional example of a flow chart of
a method for the implementation of custom sleep param-
cters, implemented 1n accordance with some embodiments.
As similarly discussed above a user may 1dentily target goals
tor their sleep profile, and a stimulation program may be
generated based on such identified target goals. As will be
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discussed 1n greater detail below, a method, such as method
500, may use one or more processing devices to translate
qualitative goals to quantitative goals, and thus enhance the
case with which the user 1s able to identify and implement
target goals for the user’s sleep profile.

Accordingly, method 500 may commence with operation
502 during which a plurality of input parameters may be
received from a user. As similarly discussed above, the input
parameters are parameters that are configured to identify
particular aspects of a user’s sleep profile that the user
intends to adjust or modily. Moreover, the input parameters
may identily various qualitative aspects of the user’s sleep
profile that the user intends to adjust, and further identifies
the intended changes that the user would like to make.

Method 500 may proceed to operation 504 during which
the received 1mput parameters may be translated to a plural-
ity of target parameters. As stated above, the mput param-
cters may be qualitative parameters that generally 1dentify
changes to be made to the user’s sleep profile. During
operation 504, each of the qualitative parameters may be
mapped to one or more specific quantitative parameters,
which may be specific biomarkers with associated stimula-
tion parameters. In one example, a particular qualitative
parameter that 1dentifies a general target goal of reducing a
sleep latency may be mapped to specific biomarkers corre-
sponding to sleep latency. For example, the 1dentified target
parameters may include an amount of neural activity at a
particular frequency band associated with a first stage of
sleep. In this way, general qualitative goals may be trans-
lated or mapped to specific quantitative aspects of the user’s
sleep profile, and such a translation may be implemented
based on a previously determined mapping stored in a
storage device. In some examples, the target parameters may
be specified relative to group ranges. For example, the user
may specily a target sleep onset and duration corresponding
to a sleep age of -2 years. In this example, the specified
target parameter identifies a range that corresponds to an
individual who 1s 2 years younger than the user’s biological
age, as determined based on age distributions of sleep
profiles aggregated from a group of users.

Accordingly, during operation 504, the specified range
may be translated to a quantitative range for the target sleep
onset and duration. Moreover, such generation of a mapping
and 1implementation of a translation may be implemented
based, at least 1n part on the identification and usage of
specific biomarkers as well as the usage of sleep models
discussed above, to implement the mapping and translation.
Accordingly, the sleep models discussed above may be
instantiated to implement the previously described mapping
and translation.

Method 500 may proceed to operation 506 during which
a plurality of sleep parameters may be identified based, at
least 1n part, on the identified target parameters. As similarly
discussed above, the target parameters are configured to
identify specific aspects, such as biomarkers, of the user’s
sleep profile that should be adjusted. Accordingly, during
operation 506, specific changes to the biomarkers may be
identified, and sleep parameters may be generated that
identify the specified changes to the biomarkers.

Method 500 may proceed to operation 508 during which
a plurality of stimulation parameters may be generated based
on the i1dentified plurality of sleep parameters. As similarly
discussed above, the plurality of sleep parameters i1s con-
figured to identify specific stimulation protocol that may be
applied to implement the i1dentified changes represented by
the input parameters and the sleep parameters. Accordingly,




US 11,938,275 B2

11

the stimulation parameters may be used to generate control
signals for the purposes of implementing the approprate
stimuli.

FIG. 6 illustrates an example of a processing device that
can be used with various embodiments. For instance, the
processing device 600 can be used to implement any of
processing device 104 and controller 106 according to
various embodiments described above. In addition, the pro-
cessing device 600 shown can be implemented in conjunc-
tion with a computing system on a mobile device or on a
computer or laptop, etc. According to particular example
embodiments, a processing device 600 suitable for 1mple-
menting particular embodiments of the present imvention
includes a processor 601, a memory 603, an interface 611,
and a bus 616 (e.g., a PCI bus). The interface 611 may
include separate input and output interfaces, or may be a
unified interface supporting both operations. When acting
under the control of approprnate software or firmware, the
processor 601 1s responsible for tasks such as sleep param-
cter and stimulation parameter computation and generation.
Various specially configured devices can also be used in
place of a processor 601 or 1n addition to processor 601. The
complete implementation can also be done in custom hard-
ware. The interface 611 may be configured to send and
receive data packets or data segments over a network.
Particular examples of interfaces the device supports include
Ethernet interfaces, frame relay interfaces, cable interfaces,
DSL interfaces, token ring interfaces, and the like. In various
embodiments, iterface 611 may also be a wired connection
or a bus with appropriate communications ports.

In addition, various very high-speed interfaces may be
provided such as fast Ethernet interfaces, Gigabit Ethernet
interfaces, ATM interfaces, HSSI interfaces, POS interfaces,
FDDI interfaces and the like. Generally, these interfaces
may include ports appropriate for communication with the
appropriate media. In some cases, they may also include an
independent processor and, 1 some instances, volatile
RAM. The independent processors may control such com-
munications 1intensive tasks as packet switching, media
control and management.

According to particular example embodiments, the pro-
cessing device 600 uses memory 603 to store data and
program 1nstructions and maintain a local side cache. The
program 1nstructions may control the operation of an oper-
ating system and/or one or more applications, for example.
The memory or memories may also be configured to store
received metadata and batch requested metadata.

Because such information and program instructions may
be employed to implement the systems/methods described
herein, the present invention relates to tangible, machine
readable media that include program instructions, state
information, etc. for performing various operations
described herein. Examples of machine-readable media
include memory devices such as non-volatile memory
devices, volatile memory devices, and may also utilize
optical media such as CD-ROM disks and DVDs, and
hardware devices that are specially configured to store and
perform program instructions, such as read-only memory
devices (ROM) and programmable read-only memory
devices (PROMSs). Examples of program instructions
include both machine code, such as produced by a compiler,
and files containing higher level code that may be executed
by the computer using an interpreter.

While the present disclosure has been particularly shown
and described with reference to specific embodiments
thereot, 1t will be understood by those skilled 1n the art that
changes 1n the form and details of the disclosed embodi-
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ments may be made without departing from the spirit or
scope of the disclosure. Specifically, there are many alter-
native ways ol implementing the processes, systems, and
apparatuses described. It 1s therefore intended that the inven-
tion be interpreted to include all vanations and equivalents
that fall within the true spinit and scope of the present
invention. Moreover, although particular features have been
described as part of each example, any combination of these
features or additions of other features are intended to be
included within the scope of this disclosure. Accordingly,
the embodiments described herein are to be considered as
illustrative and not restrictive.

What 1s claimed 1s:

1. A method, comprising:

receiving, via a user interface, two or more input params-

cters associated with a sleep profile of a user, the two
or more mput parameters representing at least one sleep
profile target;
generating, using one or more processors of a processing,
device, a plurality of sleep parameters based, at least 1n
part, on the received two or more mput parameters, the
plurality of sleep parameters representing two or more
changes to two or more biomarkers of the user;

generating a plurality of stimulation parameters based, at
least 1n part, on the plurality of sleep parameters, the
plurality of stimulation parameters representing elec-
trical stimul1 to a user’s brain configured to implement
the two or more changes for each of the two or more
biomarkers of the user;

determining a trade-ofl 1n the two or more input param-

cters including a change 1n a first input parameter of the
two or more 1nput parameters based on the receiving a
second mput parameter of the two or more input
parameters, wherein the first input parameter includes
sleep quality and the second mput parameter includes
sleep latency;

displaying, with the user interface, the change 1n the first

input parameter;

applying stimuli to the user based, at least 1n part, on the

plurality of stimulation parameters; and

receiving measurement data based, at least in part, on the

applying of the stimuli.

2. The method of claim 1 further comprising;:

mapping the two or more 1mput parameters to a plurality
of target parameters, the plurality of target parameters
identifying the two or more biomarkers of the user.

3. The method of claim 2, wherein the mapping 1s
generated based, at least 1n part, on previous measurement
data.

4. The method of claim 1, wherein the two or more
changes represented by the plurality of sleep parameters are
configured to i1dentify target values for the two or more
biomarkers.

5. The method of claim 4, wherein the two or more
biomarkers comprise a ratio of band activities and shifts in
frequency spectra of activity.

6. The method of claim 4, wherein the plurality of
stimulation parameters 1s configured to change each of one
or more current values of the two or more biomarkers to the
identified target values of the two or more biomarkers.

7. The method of claim 1, further comprising:

generating a result object based, at least in part, on the

measurement data, the result object representing an
cilicacy of the plurality of stimulation parameters.

8. The method of claim 7, wherein the eflicacy of the
plurality of stimulation parameters 1s determined based, at
least 1in part, on the at least one sleep profile target.
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9. The method of claim 1, wherein the sleep profile target
includes sleep latency.

10. The method of claim 1, wherein the sleep profile target
includes sleep quality.

11. The method of claim 1, wherein the sleep profile target
includes sleep onset.

12. The method of claim 1, wherein the sleep profile target
includes sleep stage onset latency.

13. The method of claim 1, wherein the sleep profile target
includes total sleep duration, specific sleep stage duration,
specific sleep stage duration as a % of total sleep, and sleep
cycle duration.

14. The method of claim 13, wherein the sleep cycle
duration includes a duration of a random eve movement
(REM) sleep cycle.

15. The method of claim 1, wherein the sleep profile target
includes overall sleep efliciency.

16. The method of claim 1, wherein the sleep profile target
includes slow wave sleep enhancement.

17. The method of claim 1, further comprising displaying,
via the user interface, the sleep profile of the user, wherein
the sleep profile 1s a sleep age profile of the user.

18. The method of claim 1, wherein the sleep profile target
includes user age-based demography derived targets.

19. A system comprising:

a communications interface configured to receive one or

more mput parameters associated with a sleep profile of
a user, the one or more iput parameters representing at
least one sleep profile target;

a processing device configured to:

generate a plurality of sleep parameters based the
recertved one or more mput parameters, and the
plurality of sleep parameters representing one or
more changes to one or more biomarkers of the user;

generate a plurality of stimulation parameters based, at
least in part, on the plurality of sleep parameters, the
plurality of stimulation parameters representing
stimuli configured to implement the one or more
changes for each of the one or more biomarkers of
the user;

determine a trade-ofl in the one or more mput param-
eters including a change 1n a first input parameter of
the one or more mput parameters based on receiving
a second input parameter, wherein the first input
parameter includes sleep quality and the second
input parameter includes sleep latency;

cause display on the communications user interface, the
change 1n the first parameter;

apply stimul1 to the user based, at least 1n part, on the
plurality of stimulation parameters; and

receive measurement data based on the applying of the
stimuli; and

a memory device configured to store the plurality of sleep

parameters and the plurality of stimulation parameters.

20. The system of claim 19, wherein the processing device
1s further configured to:

map the one or more mput parameters to a plurality of

target parameters, the plurality of target parameters
identifying the one or more biomarkers of the user.

21. The system of claim 19, wherein the one or more
changes represented by the plurality of sleep parameters are
configured to identify target values for the one or more
biomarkers.
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22. The system of claim 21, wherein the plurality of
stimulation parameters 1s configured to change each of one
or more current values of the one or more biomarkers to the
identified target values of the one or more biomarkers.

23. The system of claim 19, wherein the processing device
1s Turther configured to:

generate a result object based, at least 1 part, on the

measurement data, the result object representing an
cllicacy of the plurality of stimulation parameters.

24. The system of claim 23, wherein the eflicacy of the
plurality of stimulation parameters 1s determined based, at
least 1 part, on the at least one steep profile target.

25. A device comprising:

a communications interface configured to receive one or

more iput parameters associated with a sleep profile of
a user, the one or more iput parameters representing at
least one sleep profile target; and

one or more processors configured to:

generate a plurality of sleep parameters based, at least
in part, on the recetved one or more input param-
cters, the plurality of sleep parameters representing
one or more changes to one or more biomarkers of
the user;

generate a plurality of stimulation parameters based, at
least in part on the plurality of sleep parameters, and
the plurality of stimulation parameters representing
stimuli configured to implement the one or more
changes for each of the one or more biomarkers of
the user;

determine a trade-ofil in the one or more mput param-
eters mcluding a change 1n a first input parameter of
the one or more mput parameters based on receiving
a second mput parameter, wherein the first input
parameter includes sleep quality and the second
input parameter includes sleep latency;

cause display on the communications user interface, the
change 1n the first parameter;

apply stimuli to the user based, at least in part, on the
plurality of stimulation parameters; and

receive measurement data based on the applying of the
stimuli.

26. The device of claim 25 wherein the one or more
processors are further configured to:

map the one or more input parameters to a plurality of

target parameters, the plurality of target parameters
identifying the one or more biomarkers of the user.

27. The device of claim 25, wherein the one or more
changes represented by the plurality of sleep parameters are
configured to identify target values for the one or more
biomarkers.

28. The device of claim 27, wherein the plurality of
stimulation parameters 1s configured to change each of one

or more current values of the one or more biomarkers to the
identified target values of the one or more biomarkers.
29. The device of claim 25 wherein the one or more
processors are further configured to:
generate a result object based, at least in part, on the
measurement data, the result object representing an
cilicacy of the plurality of stimulation parameters.
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