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Description

BACKGROUND

1. Field

[0001] The present disclosure pertains to a system for increasing the restorative value of a nap.

2. Description of the Related Art

[0002] Systems for monitoring sleep are known. Sensory stimulation during sleep is known. Sensory stimulation during
sleep is often applied continuously and/or at intervals that do not influence the sleeping patterns of a subject. Sensory
stimulation is not typically delivered during naps.
[0003] WO 2014/170881 A1 discloses a system for managing a sleep session of a subject.
[0004] WO 2005/084538 A1 discloses a system for waking a user in a desired sleep state.

SUMMARY

[0005] The invention is defined in the appended claims. Aspects, embodiments and examples disclosed of the present
disclosure which do not fall under the scope of the appended claims do not form part of the invention and are merely
provided for illustrative purposes.
[0006] Accordingly, one or more aspects of the present disclosure relate to a system configured to manage a sleep
session of a subject. The system comprises one or more sensory stimulators, one or more sensors, one or more physical
computer processors and/or other components. The one or more sensory stimulators are configured to provide sensory
stimuli to the subject during the sleep session. The one or more sensors are configured to generate output signals
conveying information related to brain activity of the subject. The one or more physical computer processors are configured
by computer readable instructions to: determine brain activity parameters of the subject based on the output signals,
the brain activity parameters being indicative of sleep stages of the subject; determine the sleep stages of the subject
based on the brain activity parameters, the sleep stages including a first sleep stage, a second sleep stage that is deeper
than the first sleep stage, and a third sleep stage that is deeper than the first sleep stage and the second sleep stage;
predict transitions from the second sleep stage to the third sleep stage based on the brain activity parameters; and
control the one or more sensory stimulators to: provide sensory stimulation to the subject responsive to the subject
entering the second sleep stage from the first sleep stage; and cease providing sensory stimulation to the subject
responsive to a prediction of a transition from the second sleep stage to the third sleep stage indicating that the subject
is about to enter the third sleep stage.
[0007] Another aspect of the present disclosure relates to a method for managing a sleep session of a subject with a
management system. The system comprises one or more sensory stimulators, one or more sensors, one or more physical
computer processors, and/or other components. The method comprises: generating, with the one or more sensors,
output signals conveying information related to brain activity of the subject; determining, with the one or more physical
computer processors, brain activity parameters of the subject based on the output signals, the brain activity parameters
being indicative of sleep stages of the subject; determining, with the one or more physical computer processors, the
sleep stages of the subject based on the brain activity parameters, the sleep stages including a first sleep stage, a
second sleep stage that is deeper than the first sleep stage, and a third sleep stage that is deeper than the first sleep
stage and the second sleep stage; predicting, with the one or more physical computer processors, transitions from the
second sleep stage to the third sleep stage based on the brain activity parameters; and controlling, with the one or more
physical computer processors, the one or more sensory stimulators to: provide sensory stimulation to the subject re-
sponsive to the subject entering the second sleep stage from the first sleep stage; and cease providing sensory stimulation
to the subject responsive to a prediction of a transition from the second sleep stage to the third sleep stage indicating
that the subject is about to enter the third sleep stage.
[0008] Still another aspect of present disclosure relates to a system configured to manage a sleep session of a subject.
The system comprises means for providing sensory stimuli to the subject during the sleep session; means for generating
output signals conveying information related to brain activity of the subject; means for determining brain activity param-
eters of the subject based on the output signals, the brain activity parameters being indicative of sleep stages of the
subject; means for determining the sleep stages of the subject based on the brain activity parameters, the sleep stages
including a first sleep stage, a second sleep stage that is deeper than the first sleep stage, and a third sleep stage that
is deeper than the first sleep stage and the second sleep stage; means for predicting transitions from the second sleep
stage to the third sleep stage based on the brain activity parameters; and means for controlling the means for providing
sensory stimulation to: provide sensory stimulation to the subject responsive to the subject entering the second sleep
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stage from the first sleep stage; and cease providing sensory stimulation to the subject responsive to a prediction of a
transition from the second sleep stage to the third sleep stage indicating that the subject is about to enter the third sleep
stage.
[0009] These and other objects, features, and characteristics of the present disclosure, as well as the methods of
operation and functions of the related elements of structure and the combination of parts and economies of manufacture,
will become more apparent upon consideration of the following description and the appended claims with reference to
the accompanying drawings, all of which form a part of this specification, wherein like reference numerals designate
corresponding parts in the various figures. It is to be expressly understood, however, that the drawings are for the purpose
of illustration and description only and are not intended as a definition of the limits of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]

FIG. 1 is a schematic illustration of a system configured to manage a sleep session of a subject.
FIG. 2 illustrates enhancement of sleep slow waves that occurs when a sequence of auditory tones is provided to
the subject during deep sleep.
FIG. 3 illustrates slow wave activity, a hypnogram showing REM sleep periods and slow wave sleep periods, and
sleep pressure as a function of time during a sleep session.
FIG. 4 illustrates information for a 35 minute nap of the subject.
FIG. 5 illustrates an example of the system in operation.
FIG. 6A illustrates a progression through sleep stages in the subject during a nap.
FIG. 6B illustrates how the log beta/delta ratio very closely follows a hypnogram over time for the nap.
FIG. 6C shows boxplots for sleep stages N1, N2, and N3 of the log beta/delta ratio.
FIG. 7 illustrates a method for managing a sleep session of a subject.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0011] As used herein, the singular form of "a", "an", and "the" include plural references unless the context clearly
dictates otherwise. As used herein, the statement that two or more parts or components are "coupled" shall mean that
the parts are joined or operate together either directly or indirectly, i.e., through one or more intermediate parts or
components, so long as a link occurs. As used herein, "directly coupled" means that two elements are directly in contact
with each other. As used herein, "fixedly coupled" or "fixed" means that two components are coupled so as to move as
one while maintaining a constant orientation relative to each other.
[0012] As used herein, the word "unitary" means a component is created as a single piece or unit. That is, a component
that includes pieces that are created separately and then coupled together as a unit is not a "unitary" component or
body. As employed herein, the statement that two or more parts or components "engage" one another shall mean that
the parts exert a force against one another either directly or through one or more intermediate parts or components. As
employed herein, the term "number" shall mean one or an integer greater than one (i.e., a plurality).
[0013] Directional phrases used herein, such as, for example and without limitation, top, bottom, left, right, upper,
lower, front, back, and derivatives thereof, relate to the orientation of the elements shown in the drawings and are not
limiting upon the claims unless expressly recited therein.
[0014] FIG. 1 is a schematic illustration of a system 10 configured to manage a sleep session of a subject 12. In some
embodiments, system 10 includes one or more of a sensory stimulator 16, a sensor 18, a physical computer processor
20, electronic storage 22, a user interface 24, and/or other components. In some embodiments, the sleep session is a
nap and system 10 is configured to increase the restorative value of the nap by enhancing and/or maintaining sleep
slow waves in subject 12 during the nap with sensory stimuli.
[0015] FIG. 2 illustrates enhancement 200 of sleep slow waves 204 that occurs when a sequence of auditory tones
202 and/or other sensory stimuli is provided to subject 12 (FIG. 1) during deep sleep (e.g., stage N3 sleep described
below). FIG. 2 illustrates an electroencephalogram (EEG) signal 206 over time 208. An increase 210 in the slow wave
activity (SWA) curve (e.g., instantaneous EEG power in the 0.5 to 4 Hz band described below) 212 that occurs responsive
to the provision of tones 202 (e.g., the individual tones being about 50 milliseconds in length and having a substantially
constant inter-tone interval of about 1 second in this example) illustrates the slow wave enhancement effect. The effec-
tiveness of the stimulation 202 is assessed in terms of the SWA because SWA is related to the restorative value of sleep.
[0016] Sleep need (or sleep pressure) dissipates by sleeping. The manner in which sleep need dissipation occurs is
linked to the temporal dynamics of SWA. SWA has a typical behavior throughout the cyclic variations of a sleep session.
SWA builds up during non-rapid eye movement (NREM) sleep, declines before the onset of rapid-eye-movement (REM)
sleep, and remains low during REM sleep. The level of SWA for successive NREM cycles gets progressively lower. This
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is illustrated in FIG. 3.
[0017] FIG. 3 illustrates SWA 300, a hypnogram 302 showing REM sleep periods 304 and slow wave sleep periods
306, and sleep pressure as a function of time 308 during a sleep session. Sleep pressure as a function of time 308
decreases from initial sleep pressure 310 to final sleep pressure 312 during the sleep session. FIG. 3 illustrates that
sleep pressure as a function of time 308 decreases faster 320 during periods of SWA 300 and/or slow wave sleep 306.
The speed at which sleep need dissipates is proportional to SWA in subject 12. This relationship is described in equations
(1) and (2) shown below. 

[0018] S(t) is the sleep need, SWA(t) is the slow-wave activity at time t, and γ is a proportionality constant. Taking the
integral of both sides in Equation (1) from sleep onset "t=0" to an arbitrary time t results in Equation (2). S0 is the sleep
need at the beginning of the sleep session. The summation of the SWA from sleep onset up to a time t is referred to as
cumulative SWA or CUMSWA (t). The decrease in sleep need (S0 - S(t)) after a sleep duration of "t" units of time, is
directly proportional to CUMSWA(t). Thus, CUMSWA(t) provides an indication of the restorative value of sleep.
[0019] Typically, sensory stimulation is delivered during deep sleep (e.g., stage N3 sleep) to enhance restorative sleep
and avoid arousals of subject 12. System 10 is configured to enhance restorative sleep during a nap by delivering sensory
stimulation to subject 12 during lighter NREM sleep stages (e.g., during a portion of stage N2 described below) while
still avoiding arousals. In some embodiments, system 10 is configured to facilitate a "powernap" by delivering the sensory
stimulation to subject 12 in such a way so as to prevent transition into deep sleep (e.g., stage N3 sleep).
[0020] Returning to FIG. 1, sensory stimulator 16 is configured to provide sensory stimuli to subject 12. Sensory
stimulator 16 is configured to provide sensory stimulation to subject 12 prior to a sleep session, during a sleep session,
and/or at other times. For example, sensory stimulator 16 may be configured to provide sensory stimuli to subject 12 to
induce deeper sleep in subject 12, maintain sleep in a specific sleep stage (e.g., NREM stage N2 sleep as described
below) during the sleep session, during deep (e.g., slow wave sleep) sleep in a sleep session, to facilitate a transition
to a lighter stage of sleep, and/or for other reasons and/or at other times. In some embodiments, sensory stimulator 16
may be configured to induce, increase, enhance, maintain, and/or decrease sleep slow waves in subject 12.
[0021] Sensory stimulator 16 is configured to facilitate non-invasive brain stimulation and/or other stimulation. Sensory
stimulator 16 may be configured to facilitate non-invasive brain stimulation using sensory stimuli. The sensory stimuli
include odors, sounds, visual stimulation, touches, tastes, somato-sensory stimulation, haptic, and/or other stimuli. For
example, sensory stimulator 16 may be configured to provide acoustic tones to subject 12. Examples of sensory stimulator
16 may include one or more of a music player, a tone generator, a collection of electrodes on the scalp of subject 12, a
unit to deliver vibratory stimulation, a coil generating a magnetic field to directly stimulate the brain’s cortex, light gen-
erators, a fragrance dispenser, and/or other devices. In some embodiments, sensory stimulator 16 is configured to adjust
the intensity of the stimulation provided to subject 12.
[0022] Sensor 18 is configured to generate output signals conveying information related to brain activity of subject 12.
The brain activity of subject 12 may correspond to a current sleep stage of subject 12. The current sleep stage of subject
12 may be associated with rapid eye movement (REM) sleep, non-rapid eye movement (NREM) sleep, and/or other
sleep. The current sleep stage of subject 12 may be one or more of NREM stage N1, stage N2, or stage N3 sleep, REM
sleep, and/or other sleep stages. Sensor 18 may comprise one or more sensors that measure such parameters directly.
For example, sensor 18 may include electroencephalogram (EEG) electrodes configured to detect electrical activity
along the scalp of subject 12 resulting from current flows within the brain of subject 12. Sensor 18 may comprise one
or more sensors that generate output signals conveying information related to brain activity of subject 12 indirectly. For
example, one or more sensors 18 may generate an output based on a heart rate of subject 12 (e.g., sensor 18 may be
a heart rate sensor located on the chest of subject 12, and/or be configured as a bracelet on a wrist of subject 12, and/or
be located on another limb of subject 12), movement of subject 12 (e.g., sensor 18 may include a bracelet around the
wrist and/or ankle of subject 12 with an accelerometer such that sleep may be analyzed using actigraphy signals),
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respiration of subject 12, and/or other characteristics of subject 12. Although sensor 18 is illustrated at a single location
near subject 12, this is not intended to be limiting. Sensor 18 may include sensors disposed in a plurality of locations,
such as for example, within (or in communication with) sensory stimulator 16, coupled (in a removable manner) with
clothing of subject 12, worn by subject 12 (e.g., as a headband, wristband, etc.), positioned to point at subject 12 while
subject 12 sleeps (e.g., a camera that conveys output signals related to movement of subject 12), and/or in other locations.
[0023] Processor 20 is configured to provide information processing capabilities in system 10. As such, processor 20
may comprise one or more of a digital processor, an analog processor, a digital circuit designed to process information,
an analog circuit designed to process information, a state machine, and/or other mechanisms for electronically processing
information. Although processor 20 is shown in FIG. 1 as a single entity, this is for illustrative purposes only. In some
embodiments, processor 20 may comprise a plurality of processing units. These processing units may be physically
located within the same device (e.g., sensory stimulator 16), or processor 20 may represent processing functionality of
a plurality of devices operating in coordination.
[0024] As shown in FIG. 1, processor 20 is configured to execute one or more computer program components. The
one or more computer program components may comprise one or more of a brain activity component 30, a sleep stage
component 32, a control component 34, and/or other components. Processor 20 may be configured to execute compo-
nents 30, 32, and/or 34 by software; hardware; firmware; some combination of software, hardware, and/or firmware;
and/or other mechanisms for configuring processing capabilities on processor 20.
[0025] It should be appreciated that although components 30, 32, and 34 are illustrated in FIG. 1 as being co-located
within a single processing unit, in embodiments in which processor 20 comprises multiple processing units, one or more
of components 30, 32, and/or 34 may be located remotely from the other components. The description of the functionality
provided by the different components 30, 32, and/or 34 described below is for illustrative purposes, and is not intended
to be limiting, as any of components 30, 32, and/or 34 may provide more or less functionality than is described. For
example, one or more of components 30, 32, and/or 34 may be eliminated, and some or all of its functionality may be
provided by other components 30, 32, and/or 34. As another example, processor 20 may be configured to execute one
or more additional components that may perform some or all of the functionality attributed below to one of components
30, 32, and/or 34.
[0026] Brain activity component 30 is configured to determine one or more brain activity parameters of subject 12.
Brain activity component 30 is configured to determine one or more brain activity parameters based on the output signals
from sensor 18 and/or other information. In some embodiments, determining one or more brain activity parameters may
include generating and/or monitoring an electroencephalogram (EEG) and/or an electrooculogram (EOG) for a sleep
session of subject 12. The EEG and/or EOG may be displayed, for example, by user interface 24. In some embodiments,
brain activity component 30 is configured such that the one or more brain activity parameters are and/or are related to
a frequency, amplitude, phase, presence of specific sleep patterns such as spindles, K-complexes, sleep slow waves,
alpha waves, and/or other characteristics of an EEG and/or EOG signal. In some embodiments, the one or more brain
activity parameters are determined based on the frequency, amplitude, and/or other characteristics of the EEG and/or
EOG signal. In some embodiments, the determined brain activity parameters and/or the characteristics of the EEG
and/or EOG may be and/or indicate sleep states that correspond to the REM and/or NREM sleep stages described herein.
[0027] For example, typical EEG characteristics during NREM sleep include a transition from alpha waves (e.g., about
8-12 Hz) to theta waves (e.g., about 4-7 Hz) for sleep stage N1; presence of sleep spindles (e.g., about 11 to 16 Hz)
and/or K-complexes (e.g., similar to sleep slow waves) for sleep stage N2; presence of delta waves (e.g., about 0.5 to
2 Hz), also known as sleep slow waves, with peak-to-peak amplitudes greater than about 75uVfor sleep stage N3; and/or
other characteristics.
[0028] In some embodiments, brain activity component 30 is configured such that determining the brain activity pa-
rameters includes determining one or more macro-parameters. The one or more macro-parameters include one or more
of a ratio between power in a beta band (about 15-30Hz) of the EEG signal and power in a delta band (about 0.5-4Hz)
of the EEG signal, a ratio between power in an alpha band (about 8-12Hz) of the EEG signal and power in a theta band
(about 4-7Hz) of the EEG signal, a ratio between power in a sigma band (about 11-15Hz) of the EEG signal and the
power in the delta band (about 0.5-4Hz) of the EEG signal, and/or other macro parameters. In general, the one or more
macro-parameters may include any ratio between a power in a "fast" (e.g., about 10-50Hz) frequency band (e.g., beta,
sigma, alpha, gamma) of the EEG signal (and/or subband where one or both limits are in the 10 to 50Hz interval such
as high alpha 10-12Hz, beta 15-30Hz, sigma 11-16Hz, gamma 30-50Hz) and power in a "slow" frequency band (e.g.,
delta, theta) of the EEG signal that can characterize sleep depth during NREM sleep.
[0029] In some embodiments, brain activity component 30 is configured such that determining the brain activity pa-
rameters includes determining one or more micro-events. The one or more micro-events include one or more of an eye
blink, slow eye movements, a spindle, a slow-wave, and/or other micro events. The presence of an eye blink make
indicate wakefulness (e.g., with eyes open) in subject 12. Slow eye movements are characteristic of a wake to sleep
transition in subject 12. A spindle is typically characteristic of stage N2 sleep. Slow-waves are typically present in stage
N3 sleep. K-complexes that are similar in shape are typically present in N2.
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[0030] Sleep stage component 32 is configured to determine sleep stages in subject 12. The sleep stages are deter-
mined based on the output signals, the brain activity parameters, and/or other information. In some embodiments, the
sleep stages are determined based on the one or more macro-parameters and the one or more micro-events. In some
embodiments, determining the sleep stage is and/or includes detecting sleep stages based on the output signals, the
brain activity parameters, the macro-parameters, the micro-events, and/or other information. As described above, the
sleep stages of subject 12 may include and/or correspond to one or more of wakefulness, REM sleep, stage N1, stage
N2, and/or stage N3 sleep. In some embodiments, slow wave sleep and/or slow wave activity may correspond to stage
N3 sleep. In some embodiments, stage N2 and/or stage N3 sleep may be slow wave sleep and/or correspond to slow
wave activity. In some embodiments, sleep stage component 32 may determine the sleep stage of subject 12 based on
an analysis of the information conveyed by the output signals of sensor 18, the parameters determined by brain activity
component 30, and/or other information. The analysis may include monitoring an EEG and/or an EOG for the sleep
session of subject 12.
[0031] In some embodiments, the analysis may include determining sleep stages based on a slow wave sleep ratio.
In some embodiments, the ratio may be: 

where (as described above) β and δ represent a power in the beta band (e.g., usually defined as the power in the
frequency range 15-30Hz although variations in limits of the range are very common) of the EEG and a delta band
(usually defined as the power in the frequency range 0.5-4.5Hz although, just as in the case of the beta band, there is
no standard definition of the frequency limits) of the EEG respectively. In some embodiments, sleep stage component
32 is configured to determine sleep stages in subject 12 responsive to an instantaneous slow wave sleep ratio ρ(t),
estimated based on instantaneous powers β(t) and δ(t), staying below a threshold ratio for longer than a given period
of time (e.g., a first threshold/time for stage N2 and a second threshold/time for stage N3). Detecting stage N2 sleep is
important in system 10 because detecting N2 sleep indicates that sleep has been initiated (N1 sleep is a transition state)
and stimulation is delivered during N2 sleep (described below). In some embodiments, the threshold ratio and/or the
given period of time may be determined based on previous sleep sessions of subject 12, and/or other information. In
some embodiments, the threshold ratio and/or the given period of time may be programmed at manufacture. (Thresholds
are further described below.)
[0032] In general, the determined sleep stages may be and/or include at least three sleep stages that include a first
sleep stage, a second sleep stage that is deeper than the first sleep stage, and a third sleep stage that is deeper than
the first sleep stage and the second sleep stage. In some embodiments, the first, second, and third sleep stages may
include and/or correspond to one or more of the sleep stages described above (e.g., wake, REM, NREM stage N1,
NREM stage N2, NREM stage N3). For example, in some embodiments, the first sleep stage includes one or more of
REM sleep, NREM stage N1 sleep, or a lighter portion of NREM stage N2 sleep. The second sleep stage includes a
deeper portion of NREM stage N2 sleep. The third sleep stage includes NREM stage N3 sleep. In this example, stage
N2 sleep is subdivided into a lighter portion of NREM stage N2 sleep (included in the first sleep stage) and a deeper
portion of NREM stage N2 sleep. In some embodiments, the determined sleep stages may be and/or include more than
three sleep stages. For example, the first sleep stage may include N1 and/or other lighter (e.g., REM) sleep stages, the
second sleep stage may include the lighter portion of NREM stage N2 sleep, the third sleep stage may include the
deeper portion of NREM stage N2 sleep, and a fourth sleep stage may include NREM stage N3 sleep. (This is illustrated
in FIG. 4 described further below.)
[0033] In some embodiments, sleep stage component 32 is configured to predict sleep stage transitions in subject 12.
In some embodiments, predicting sleep stage transitions is and/or includes determining a likelihood that a transition is
about to occur. In some embodiments, transitions from the second sleep stage (e.g., the deeper portion of NREM stage
2) to the third sleep stage (e.g., N3) are predicted. In some embodiments, the predictions are based on the brain activity
parameters and/or other information. In some embodiments, the sleep stage transitions are predicted based on the one
or more macro-parameters and the one or more micro-events and/or other parameters. For example, sleep stage
component 32 may be configured to predict that subject 12 is about to enter stage 3 sleep because the log (β/δ) ratio
(e.g., a macro-parameter) is approaching and/or has breached a threshold level for log (β/δ) that indicates a transition
to stage 3. In some embodiments, the threshold level for log (β/δ) that indicates a transition to stage 3 may be lower
than an actual N3 transition detection threshold on log (β/δ). Prediction of a transition may occur responsive to log (β/δ)
breaching the indication threshold for about 30 seconds (e.g., the duration of a typical sleep epoch) or more (without
breaching the actual transition detection threshold). In some embodiments, sleep stage component 32 makes such
predictions in an ongoing manner for a sleep session, at regular time intervals during the sleep session, at intervals
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programmed at manufacture, and/or at other times. In some embodiments, thresholds on the log beta/delta ratio used
to detect N1 to N2, N2 to N3, and/or other sleep stage transitions may be determined using information from previous
sleep sessions of subject 12, demographic information for a population of subjects similar to subject 12, calibration sleep
sessions, and/or other information.
[0034] In some embodiments, sleep stage component 32 is configured to determine one or more arousal levels of
subject 12 for the sleep session. The one or more arousal levels may indicate a level of wakefulness in subject 12. The
one or more arousal levels may be determined based on the output signals of sensors 18, parameters determined by
brain activity component 30, information stored in electronic storage 22, testing performed prior to the sleep session,
information received and/or selected via user interface 24, and/or other information. In some embodiments, the one or
more arousal levels may be determined based on the analysis of the information related to the EEG and/or EOG. For
example, the likelihood for an arousal may be quantified from the EEG power in the beta band in short temporal windows
(typically about 1.5 second long, for example). Responsive to the power in the beta band exceeding a predefined
threshold, system 10 may decide that an arousal is present. In some embodiments, the beta band power threshold for
arousals may be determined based on a previous sleep session of subject 12, based on information related a population
of subjects demographically similar to subject 12, and/or based on other information. For example, the beta band power
threshold may be determined based on a calibration night of sleep during which the EEG of subject 12 is measured and
the statistics of the beta power throughout the sleep session are analyzed to set the threshold. As another example, the
beta band power threshold may be determined via a database containing the beta thresholds for a population of subjects.
The beta band power threshold for subject 12 may be determined based on demographically matching subject 12 with
subjects present in the database.
[0035] Control component 34 is configured to control sensory stimulator 16 to provide sensory stimulation to subject
12. In some embodiments, sensory stimulator 16 is controlled to provide sensory stimulation to subject 12 responsive
to the subject entering the second sleep stage (e.g., the deeper portion of NREM stage 2) from the first sleep stage
(e.g., stage N1 and/or the lighter portion of NREM stage 2). Control component 34 is configured such that controlling
sensory stimulator 16 includes determining a timing, a frequency, an intensity, and/or other parameters of the stimulation
provided to subject 12. The timing, frequency, intensity, and/or other parameters of the stimulation provided to subject
12 may be controlled to maintain, increase, and/or decrease sleep slow waves, for example, in subject 12 during the
sleep session. In some embodiments, control component 34 controls sensory stimulator 16 to deliver sensory stimulation
to subject 12 to maintain stage N2 sleep in subject 12 during the sleep session, and/or facilitate transitions between
sleep states and/or stages (e.g., when subject 12 is falling asleep and/or when it is time to wake subject 12). The timing,
frequency, intensity, and/or other parameter determinations are determined based on previous sleep sessions of subject
12, sleep sessions of a representative group of subjects related to subject 12, may be determined at manufacture, and/or
determined by other methods. In some embodiments, control component 34 is configured to control sensory stimulator
16 such that the timing of the sensory stimuli (e.g., auditory tones) comprises a regular, repeating interval of time between
individual stimuli delivered to subject 12 and/or may has an irregular interval. By way of a nonlimiting example, tone
duration may be in the interval from about 50 to about 200 milliseconds. An inter-tone interval between tones may be
variable. Typical average inter-tone interval is about 5 seconds, for example. Given such a relatively long average inter-
tone interval, the intensity of the tone may be higher (e.g., > 50 dB) as compared to what is usually applied in N3 sleep.
[0036] In some embodiments, control component 34 controls sensory stimulator 16 to accelerate transitions through
sleep stages toward stage N3 sleep. In such embodiments, control component 34 may control sensory stimulator 16 to
deliver continuous auditory stimulation, for example. This may optimize the duration of a powernap.
[0037] In some embodiments, control component 34 controls sensory stimulator 16 to provide the sensory stimulation
during the sleep session such that the sensory stimulation does not unintentionally wake subject 12 and/or cause subject
to transition into deep (stage N3) sleep. Controlling sensory stimulator 16 to provide sensory stimulation so subject 12
is not unintentionally aroused from sleep and/or allowed to transition to deep sleep may be accomplished by controlling
the timing, frequency, intensity, and/or other parameters of the stimulation. For example, control component 34 may
control sensory stimulator 16 to provide the sensory stimulation at a low intensity level when subject 12 is to remain
asleep and at a high intensity level if subject 12 is to be aroused from deep sleep. As another example, control component
34 may cause sensory stimulator 16 to deliver acoustic stimulation to subject 12 to increase sleep slow waves just after
subject 12 has fallen asleep (e.g., to speed to the transition to stage N2 sleep), and not while subject 12 is falling asleep.
In some embodiments, sensory stimulator 16 is controlled to cease providing sensory stimulation to subject 12 responsive
to a prediction of a transition from the second sleep stage to the third sleep stage indicating that subject 12 is about to
enter the third sleep stage. In some embodiments, sensory stimulator 16 is controlled to deliver sensory stimulation to
wake subject 12 responsive to the brain activity parameters and/or other information indicating that subject 12 has
entered the third sleep stage. In some embodiments, if a possible arousal is detected by system 10 during stimulation
and/or before stimulation begins, control component 34 (FIG. 1) controls a sensory stimulator 16 such that any ongoing
stimulation stops and/or an onset of stimulation is delayed.
[0038] FIG. 4 illustrates information for a 35 minute nap 400 of subject 12 (FIG. 1). FIG. 4 illustrates a hypnogram 475
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for the nap, the EEG signal 480, the effect of sensory stimulation on the cumulative SWA (CUMSWA) 485, and/ a log
of the EEG beta power / delta power ratio curve 490 (e.g. a parameter determined by brain activity component 30 shown
in FIG. 1). During the nap, sensory stimulation is delivered 402 (e.g., via sensory stimulator 16 controlled by control
component 34 shown in FIG. 1) during a deeper portion 403 of sleep stage N2 404 to enhance SWA and consequently
increase 406 the CUMSWA, which enhances the sleep-need dissipation (as shown in Equation 2 above). CUMSWA
increases more rapidly when the stimulation is applied. If the SWA increase is such that transition into N3 is predicted/likely
(e.g., as determined by sleep stage component 32 shown in FIG. 1), the stimulation is ceased 408.
[0039] As shown in FIG. 4, system 10 (FIG. 1) may be configured such that transitions between sleep stages are
determined based on a log of an EEG beta power / delta power ratio 430. In some embodiments, sleep stages may be
determined (by sleep stage component 32 shown in FIG. 1) based on breaches of log beta/delta thresholds 440, 442,
and 444. In FIG. 4, for example, a transition from sleep stage N1 to sleep stage N2 (e.g., a lighter portion of sleep stage
N2) is detected responsive to a breach of threshold 440. A transition (e.g., from the lighter portion of stage N2) to a
deeper portion of stage N2 is detected responsive to a breach of threshold 442. A transition to sleep stage N3 would be
detected responsive to a breach of threshold 444. In FIG. 4, sensory stimulation 402 is delivered once the transition to
the deeper portion of sleep stage N2 is detected (e.g., responsive to breaching threshold 442) and ceased 408 because
a transition into N3 is predicted.
[0040] In some embodiments, the thresholds may correspond to traditional transitions between sleep stages (wake,
REM, N1, N2, and N3). In some embodiments, (e.g., as shown in FIG. 4), one or more thresholds may correspond to
transitions between portions of an individual sleep stage (e.g., a transition between a lighter portion of N2 and a deeper
portion of N2). In some embodiments, the thresholds may be programmed at manufacture, set by a user via user interface
24 (e.g., and received by sleep stage component 32 shown in FIG. 1), determined (e.g., by sleep stage component 32)
based on previous sleep of subject 12, and/or determined by other methods. The present disclosure contemplates that
the thresholds may be subject independent (e.g., programmed at manufacture based on a population of previously tested
subjects) and/or may be subject specific (e.g., determined for subject 12 based on previous sleep sessions of subject
12). In some embodiments, sleep stage component 32 may be configured to learn and/or adjust the thresholds over
time based on the sleep sessions of subject 12.
[0041] The description of log beta/delta and the thresholds thereon are not intended to be limiting. System 10 may be
configured to determine sleep stages based on thresholds and/or any other distinguishing features for any parameter
that allows system 10 (FIG. 1) to function as described herein.
[0042] FIG. 5 illustrates an example of system 10 in operation. FIG. 5 illustrates delivering sensory stimulation 550 to
increase cumulative SWA (CUMSWA) without causing subject 12 to enter stage N3 sleep 560. FIG. 5 illustrates a
headband 500 worn by subject 12 and that includes sensing electrodes 504, a bio-signal amplifier 506, and a wireless
audio device 508. Sensing electrodes 504 and bio-signal amplifier 506 may be represented, for example, by sensor 18
in FIG. 1. Wireless audio device 508 may be represented, for example, by sensory stimulator 16 shown in FIG.1. Possible
arousal events 520 are detected based on EEG signals 522 (e.g., output signals from sensor 18). If a possible arousal
is detected by system 10 during stimulation 524, control component 34 (FIG. 1) controls a sensory stimulator 16 such
that any ongoing stimulation stops 526 and/or an onset of stimulation is delayed 528. If no arousal is detected, macro-
parameters 530, micro-events 532 (determined by brain activity component 30 shown in FIG. 1) and/or other parameters
are used to determine 540 the sleep stage (e.g., REM, NREM stage N1, the lighter part of N2, the deeper part of N2,
N3) of subject 12. If deep sleep (N3) is detected, the auditory stimulation is delivered 542 to wake subject 12. If neither
stage N3 or N2 (e.g., the deeper portion of stage N2) is detected 544, no sensory stimulation is delivered and the EEG
signal 522 continues to be monitored. Responsive to detection 548 of stage N2 and/or, for example, the deeper portion
of stage N2 described above, sensory stimulation 550 is delivered to subject 12 to increase cumulative SWA (CUMSWA)
without causing subject 12 to enter stage N3 sleep 560.
[0043] FIG. 6A illustrates a progression through sleep stages 602, 604, 606, 608, 610 in a subject (e.g., subject 12
shown in FIG. 1) during a nap (a sleep session). During the nap, system 10 (FIG. 1) detects sleep stage N2 with high
specificity (e.g., >0.8) and a reasonable sensitivity (e.g., >0.7). A state machine approach 600 to detecting stage N2
sleep is illustrated in FIG. 6A. The initial state 602 in this model is "wake with eyes open". System 10 continues to
determine that subject 12 in this initial state for as long as eye blinks are detected. When eye-blinks are no longer
detected and the power in the alpha band increases (alpha waves are present in the EEG), system 10 determines that
subject 12 has transitioned into the second state 604 "wake with eyes closed". If the power in the alpha band decreases
and the power in the theta band increases, system 10 determines that subject 12 has transitioned into N1 sleep 606.
To detect N2 608 and N3 610, the log of the power ratio beta/delta is used. FIG. 6B illustrates how the log beta/delta
620 ratio very closely follows the hypnogram 622 over time 624 for the nap 626. FIG. 6C shows boxplots 650, 652, 654
for sleep stages N1, N2, and N3 of the log beta/delta ratio. The boxplots illustrate the distribution of the log beta/delta
ratio for NREM sleet stages N1, N2, and N3 and how thresholds on log beta/delta may be used to determine sleep
stages in subject 12. In some embodiments, the threshold to detect an N1 to N2 transition is set to about -1.75 and the
threshold to detect an N2 to N3 transition is set to about -2.5.
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[0044] FIG. 7 illustrates a method 700 for a method for managing a sleep session of a subject with a management
system. The system comprises one or more sensory stimulators, one or more sensors, one or more physical computer
processors, and/or other components. The one or more physical computer processors are configured to execute computer
program components. The computer program components comprise a brain activity component, sleep stage component,
a control component, and/or other components. The operations of method 700 presented below are intended to be
illustrative. In some embodiments, method 700 may be accomplished with one or more additional operations not de-
scribed, and/or without one or more of the operations discussed. Additionally, the order in which the operations of method
700 are illustrated in FIG. 7 and described below is not intended to be limiting.
[0045] In some embodiments, method 700 may be implemented in one or more processing devices (e.g., a digital
processor, an analog processor, a digital circuit designed to process information, an analog circuit designed to process
information, a state machine, and/or other mechanisms for electronically processing information). The one or more
processing devices may include one or more devices executing some or all of the operations of method 700 in response
to instructions stored electronically on an electronic storage medium. The one or more processing devices may include
one or more devices configured through hardware, firmware, and/or software to be specifically designed for execution
of one or more of the operations of method 700.
[0046] At an operation 702, output signals conveying information related to brain activity are generated. In some
embodiments, the output signals are generated during a nap of the subject. In some embodiments, system 10 may be
configured to generate an EEG based on the output signals. In some embodiments, operation 702 is performed by one
or more sensors the same as or similar to sensors 18 (shown in FIG. 1 and described herein).
[0047] At an operation 704, one or more brain activity parameters are determined. In some embodiments, the brain
activity parameters may be determined based on the EEG, the output signals, and/or other information. In some em-
bodiments, the brain activity parameters are indicative of sleep stages of the subject. In some embodiments, determining
the brain activity parameters includes determining one or more macro-parameters. The one or more macro-parameters
include one or more of a ratio between power in a beta band of the EEG signal and power in a delta band of the EEG
signal, a ratio between power in an alpha band of the EEG signal and power in a theta band of the EEG signal, a ratio
between power in a sigma band of the EEG signal and the power in the delta band of the EEG signal, a ratio between
power in a fast frequency band of the EEG signal and power in a slow frequency band of the EEG signal, and/or other
parameters. In some embodiments, determining the brain activity parameters includes determining one or more micro-
events. The one or more micro-events include one or more of an eye blink, slow eye movements, a spindle, a slow-
wave, and/or other micro events. In some embodiments, operation 704 is performed by a processor component the
same as or similar to brain activity component 30 (shown in FIG. 1 and described herein).
[0048] At an operation 706, sleep stages of the subject are determined. The sleep stages are determined based on
the brain activity parameters. The sleep stages include a first sleep stage, a second sleep stage that is deeper than the
first sleep stage, and a third sleep stage that is deeper than the first sleep stage and the second sleep stage. In some
embodiments, the first sleep stage includes one or more of REM sleep, NREM stage N1 sleep, or a lighter portion of
NREM stage N2 sleep. The second sleep stage includes a deeper portion of NREM stage N2 sleep. The third sleep
stage includes NREM stage N3 sleep. In some embodiments, the sleep stages are determined based on the one or
more macro-parameters and the one or more micro-events. In some embodiments, operation 706 is performed by a
processor component the same as or similar to sleep stage component 32 (shown in FIG. 1 and described herein).
[0049] At an operation 708, sleep stage transitions in the subject are predicted. In some embodiments, transitions
from the second sleep stage to the third sleep stage are predicted. In some embodiments, the predictions are based on
the brain activity parameters and/or other information. In some embodiments, the sleep stage transitions are predicted
based on the one or more macro-parameters and the one or more micro-events. In some embodiments, operation 708
is performed by a processor component the same as or similar to sleep stage component 32 (shown in FIG. 1 and
described herein).
[0050] At an operation 710, the sensory stimulators are controlled to provide sensory stimulation to the subject. In
some embodiments, the sensory stimulators are controlled to provide sensory stimulation to the subject responsive to
the subject entering the second sleep stage from the first sleep stage. In some embodiments, the sensory stimulators
are controlled to cease providing sensory stimulation to the subject responsive to a prediction of a transition from the
second sleep stage to the third sleep stage indicating that the subject is about to enter the third sleep stage. In some
embodiments, the one or more sensory stimulators are controlled to deliver sensory stimulation to wake the subject
responsive to the brain activity parameters indicating that the subject has entered the third sleep stage. In some em-
bodiments, operation 710 is performed by a processor component the same as or similar to control component 34 (shown
in FIG. 1 and described herein).
[0051] Returning to FIG. 1, electronic storage 22 comprises electronic storage media that electronically stores infor-
mation. The electronic storage media of electronic storage 22 may comprise one or both of system storage that is
provided integrally (i.e., substantially non-removable) with system 10 and/or removable storage that is removably con-
nectable to system 10 via, for example, a port (e.g., a USB port, a firewire port, etc.) or a drive (e.g., a disk drive, etc.).
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Electronic storage 22 may comprise one or more of optically readable storage media (e.g., optical disks, etc.), magnetically
readable storage media (e.g., magnetic tape, magnetic hard drive, floppy drive, etc.), electrical charge-based storage
media (e.g., EPROM, RAM, etc.), solid-state storage media (e.g., flash drive, etc.), and/or other electronically readable
storage media. Electronic storage 22 may store software algorithms, information determined by processor 20, information
received via user interface 24 and/or external computing systems, and/or other information that enables system 10 to
function properly. Electronic storage 22 may be (in whole or in part) a separate component within system 10, or electronic
storage 22 may be provided (in whole or in part) integrally with one or more other components of system 10 (e.g.,
processor 20).
[0052] User interface 24 is configured to provide an interface between system 10 and subject 12, and/or other users
through which subject 12 and/or other users may provide information to and receive information from system 10 (e.g.,
a target sleep stage). This enables data, cues, results, and/or instructions and any other communicable items, collectively
referred to as "information," to be communicated between a user (e.g., subject 12) and one or more of sensory stimulator
16, sensor 18, processor 20, and/or other components of system 10. For example, an EEG may be displayed to a
caregiver via user interface 24.
[0053] Examples of interface devices suitable for inclusion in user interface 24 comprise a keypad, buttons, switches,
a keyboard, knobs, levers, a display screen, a touch screen, speakers, a microphone, an indicator light, an audible
alarm, a printer, a tactile feedback device, and/or other interface devices. In some embodiments, user interface 24
comprises a plurality of separate interfaces. In some embodiments, user interface 24 comprises at least one interface
that is provided integrally with sensory stimulator 16 and/or other components of system 10.
[0054] It is to be understood that other communication techniques, either hardwired or wireless, are also contemplated
by the present disclosure as user interface 24. For example, the present disclosure contemplates that user interface 24
may be integrated with a removable storage interface provided by electronic storage 22. In this example, information
may be loaded into system 10 from removable storage (e.g., a smart card, a flash drive, a removable disk, etc.) that
enables the user(s) to customize the implementation of system 10. Other exemplary input devices and techniques
adapted for use with system 10 as user interface 24 comprise, but are not limited to, an RS-232 port, RF link, an IR link,
modem (telephone, cable or other). In short, any technique for communicating information with system 10 is contemplated
by the present disclosure as user interface 24.
[0055] In the claims, any reference signs placed between parentheses shall not be construed as limiting the claim.
The word "comprising" or "including" does not exclude the presence of elements or steps other than those listed in a
claim. In a device claim enumerating several means, several of these means may be embodied by one and the same
item of hardware. The word "a" or "an" preceding an element does not exclude the presence of a plurality of such
elements. In any device claim enumerating several means, several of these means may be embodied by one and the
same item of hardware. The mere fact that certain elements are recited in mutually different dependent claims does not
indicate that these elements cannot be used in combination.

Claims

1. A system (10) configured to manage a sleep session of a subject, the system comprising:

one or more sensory stimulators (16) configured to provide sensory stimuli to the subject during the sleep session;
one or more sensors (18) configured to generate output signals conveying information related to brain activity
of the subject; and
one or more physical computer processors (20) configured by computer readable instructions to:

determine brain activity parameters of the subject based on the output signals, the brain activity parameters
being indicative of sleep stages of the subject;
determine the sleep stages of the subject based on the brain activity parameters, the sleep stages including
a first sleep stage, a second sleep stage that is deeper than the first sleep stage, and a third sleep stage
that is deeper than the first sleep stage and the second sleep stage;
predict transitions from the second sleep stage to the third sleep stage based on the brain activity parameters;
and
control the one or more sensory stimulators to:

provide sensory stimulation to the subject responsive to the subject entering the second sleep stage
from the first sleep stage; and
cease providing sensory stimulation to the subject responsive to a prediction of a transition from the
second sleep stage to the third sleep stage indicating that the subject is about to enter the third sleep
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stage; wherein the one or more physical computer processors are configured such that:

the first sleep stage includes one or more of REM sleep, NREM stage N1 sleep, or a lighter portion
of NREM stage N2 sleep;
the second sleep stage includes a deeper portion of NREM stage N2 sleep; and
the third sleep stage includes NREM stage N3 sleep.

2. The system of claim 1, wherein the one or more sensors are configured such that the output signals include an EEG
signal,
wherein the one or more physical computer processors are configured such that determining the brain activity
parameters includes:

determining one or more macro-parameters, the one or more macro-parameters including one or more of a
ratio between power in a beta band of the EEG signal and power in a delta band of the EEG signal, a ratio
between power in an alpha band of the EEG signal and power in a theta band of the EEG signal, a ratio between
power in a sigma band of the EEG signal and the power in the delta band of the EEG signal, or a ratio between
power in a fast frequency band of the EEG signal and power in a slow frequency band of the EEG signal; and
determining one or more micro-events, the one or more micro-events including one or more of an eye blink,
slow eye movements, a spindle, or a slow-wave; and

wherein the one or more physical computer processors are configured such that sleep stages are determined based
on the one or more macro-parameters and the one or more micro-events.

3. The system of claim 1, wherein the one or more physical computer processors are configured to control the one or
more sensory stimulators to deliver sensory stimulation to wake the subject responsive to the brain activity parameters
indicating that the subject has entered the third sleep stage.

Patentansprüche

1. System (10), das zur Verwaltung einer Schlaf-’Session’ einer Person konfiguriert ist, wobei das System umfasst:

einen oder mehrere sensorische Stimulatoren (16), die so konfiguriert sind, dass sie der Person sensorische
Stimulationen während der Schlaf-’Session’ zuführen;
einen oder mehrere Sensoren (18), die so konfiguriert sind, dass sie Ausgangssignale zur Übertragung von
Informationen erzeugen, die auf die Gehirnaktivität der Person bezogen sind; sowie
einen oder mehrere physische Computerprozessoren (20), die durch computerlesbare Instruktionen konfiguriert
sind, um:

Gehirnaktivitätsparameter der Person aufgrund der Ausgangssignale zu ermitteln, wobei die Gehirnaktivi-
tätsparameter für Schlafstadien der Person bezeichnend sind;
die Schlafstadien der Person aufgrund der Gehirnaktivitätsparameter zu ermitteln, wobei die Schlafstadien
ein erstes Schlafstadium, ein zweites Schlafstadium, das tiefer als das erste Schlafstadium ist, sowie ein
drittes Schlafstadium, das tiefer als das erste Schlafstadium und das zweite Schlafstadium ist, umfassen;
Übergänge von dem zweiten Schlafstadium in das dritte Schlafstadium aufgrund der Gehirnaktivitätspara-
meter vorauszusagen; und
den einen oder mehrere sensorische Stimulatoren zu steuern, um:

der Person eine sensorische Stimulation in Reaktion auf den Übergang von dem ersten Schlafstadium
in das zweite Schlafstadium zuzuführen; und
das Zuführen sensorischer Stimulation zu der Person in Reaktion auf eine Voraussage eines Übergangs
von dem zweiten Schlafstadium in das dritte Schlafstadium, die signalisiert, dass die Person gerade
dabei ist, in das dritte Schlafstadium überzugehen, zu beenden, wobei der eine oder mehrere physische
Computerparameter so konfiguriert sind, dass:

das erste Schlafstadium einen oder mehrere der Folgenden umfasst: REM-Schlaf, NREM-Phase
N1-Schlaf oder einen leichteren Teil von NREM-Phase N2-Schlaf umfasst;
das zweite Schlafstadium einen tieferen Teil von NREM-Phase N2-Schlaf umfasst; und
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das dritte Schlafstadium NREM-Phase N3-Schlaf umfasst.

2. System nach Anspruch 1, wobei der eine oder mehrere Sensoren so konfiguriert sind, dass die Ausgangssignale
ein EEG-Signal enthalten,
wobei der eine oder mehrere physische Computerprozessoren so konfiguriert sind, dass das Ermitteln der Gehirn-
aktivitätsparameter beinhaltet:

Ermitteln von einem oder mehreren Makroparametern, wobei der eine oder mehrere Makroparameter ein oder
mehrere der Folgenden umfasst: ein Verhältnis zwischen Leistung in einem Beta-Band des EEG-Signals und
Leistung in einem Delta-Band des EEG-Signals, ein Verhältnis zwischen Leistung in einem Alpha-Band des
EEG-Signals und Leistung in einem Theta-Band des EEG-Signals, ein Verhältnis zwischen Leistung in einem
Sigma-Band des EEG-Signals und der Leistung in dem Delta-Band des EEG-Signals, oder ein Verhältnis
zwischen Leistung in einem Fast-Frequency-Band des EEG-Signals und Leistung in einem Slow-Frequency-
Band des EEF-Signals; sowie
Ermitteln von einem oder mehreren Mikroereignissen, wobei das eine oder mehrere Mikroereignisse einen oder
mehrere eines Lidschlags, langsamen Augenbewegungen, einer Spindel oder einer Slow-Wave umfassen; und

wobei der eine oder mehrere physische Computerprozessoren so konfiguriert sind, dass Schlafstadien aufgrund
des einen oder mehrerer Makroparameter und des einen oder mehrerer Mikroereignisse ermittelt werden.

3. System nach Anspruch 1, wobei der eine oder mehrere physische Computerprozessoren so konfiguriert sind, dass
sie den einen oder mehrere sensorische Stimulatoren so steuern, dass diese eine sensorische Stimulation liefern,
um die Person in Reaktion auf die Gehirnaktivitätsparameter, die anzeigen, dass die Person in das dritte Schlaf-
stadium übergegangen ist, zu wecken.

Revendications

1. Système (10) configuré pour gérer une session de sommeil d’un sujet, le système comprenant :

- un ou plusieurs stimulateurs sensoriels (16) configurés pour fournir des stimuli sensoriels au sujet pendant la
session de sommeil ;
- un ou plusieurs capteurs (18) configurés pour générer des signaux de sortie véhiculant des informations liées
à une activité cérébrale du sujet ; et
- un ou plusieurs processeurs informatiques physiques (20) configurés par des instructions lisibles par ordinateur
pour :
- déterminer des paramètres d’activité cérébrale du sujet sur la base des signaux de sortie, les paramètres
d’activité cérébrale étant indicatifs de stades de sommeil du sujet ;
- déterminer les stades de sommeil du sujet sur la base des paramètres d’activité cérébrale, les stades de
sommeil comprenant un premier stade de sommeil, un deuxième stade de sommeil qui est plus profond que
le premier stade de sommeil, et un troisième stade de sommeil qui est plus profond que le premier stade de
sommeil et le deuxième stade de sommeil ;
- prédire des transitions du deuxième stade de sommeil au troisième stade de sommeil sur la base des para-
mètres d’activité cérébrale ; et
- commander les un ou plusieurs stimulateurs sensoriels pour :
- fournir une stimulation sensorielle au sujet en réponse au fait que le sujet entre dans le deuxième stade de
sommeil depuis le premier stade de sommeil ; et
- cesser de fournir une stimulation sensorielle au sujet en réponse à une prédiction d’une transition du deuxième
stade de sommeil au troisième stade de sommeil indiquant que le sujet est sur le point d’entrer dans le troisième
stade de sommeil ; dans lequel les un ou plusieurs processeurs informatiques physiques sont configurés de
telle sorte que :

- le premier stade de sommeil comprend l’un ou plusieurs parmi un sommeil REM, un sommeil NREM de
stade N1, ou une partie plus légère de sommeil NREM de stade N2 ;
- le deuxième stade de sommeil comprend une partie plus profonde de sommeil NREM de stade N2 ; et
- le troisième stade de sommeil comprend un sommeil NREM de stade N3.

2. Système selon la revendication 1, dans lequel les un ou plusieurs capteurs sont configurés de sorte que les signaux
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de sortie incluent un signal EEG,

- dans lequel les un ou plusieurs processeurs informatiques physiques sont configurés de sorte que la déter-
mination des paramètres d’activité cérébrale comprend de :
- déterminer un ou plusieurs macro-paramètres, les un ou plusieurs macro-paramètres comprenant un ou
plusieurs parmi un rapport entre une puissance dans une bande bêta du signal EEG et une puissance dans
une bande delta du signal EEG, un rapport entre une puissance dans une bande alpha du signal EEG et une
puissance dans une bande thêta du signal EEG, rapport entre une puissance dans une bande sigma du signal
EEG et la puissance dans la bande delta du signal EEG, ou un rapport entre une puissance dans une bande
de fréquence rapide du signal EEG et une puissance dans une bande de fréquence lente du signal EEG ; et
- déterminer un ou plusieurs micro-événements, les un ou plusieurs micro-événements comprenant un ou
plusieurs parmi un clignotement oculaire, des mouvements oculaires lents, un fuseau, ou une onde lente ; et
- dans lequel les un ou plusieurs processeurs informatiques physiques sont configurés de sorte que des stades
de sommeil sont déterminés sur la base des un ou plusieurs macro-paramètres et des un ou plusieurs micro-
événements.

3. Système selon la revendication 1, dans lequel les un ou plusieurs processeurs informatiques physiques sont con-
figurés pour commander les un ou plusieurs stimulateurs sensoriels pour délivrer une stimulation sensorielle afin
de réveiller le sujet en réponse aux paramètres d’activité cérébrale indiquant que le sujet est entré dans le troisième
stade de sommeil.
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摘要(译)

本公开涉及被配置为管理对象的睡眠会话的系统。 在一些实施例中，睡
眠会话是小睡，并且该系统被配置为通过在小睡期间在受试者中增强和/
或维持睡眠慢波（和/或使用EEG估计的慢波活动）来增加小睡的恢复
值。 有感觉刺激。 本系统被配置为通过在较轻的NREM睡眠阶段（例
如，在N2阶段的一部分睡眠期间）向对象传递感官刺激来增强午睡期间
的恢复性睡眠，同时仍避免唤醒。 在一些实施例中，系统被配置为通过
以这样的方式向对象传递感官刺激来促进“强力睡眠”，以防止过渡到深度
睡眠（例如，N3阶段睡眠）。
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