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SLEEP ASSESSMENT USING A HOME SLEEP SYSTEM

CROSS-REFERENCE TO RELATED APPLICATIONS
[01]  This application relates to U.S. Patent Application Serial Number 15/267,464 entitled
Sleep Quality Scoring and Improvement (Attorney Docket No. B2108-701419); U.S. Patent
Application Serial No. 15/267,552 entitled Intelligent Wake-Up System (Attorney Docket No.
B2108-701519); U.S. Patent Application Serial Number 15/267,567 entitled Sleep Assistance
Device (Attorney Docket No. B2108-701619); U.S. Patent Application Serial Number
15/267,848 entitled Sleep System (Attorney Docket No. B2108-701719); and to U.S. Patent
Application Serial Number 15/267,858 entitled User Interface for a Sleep System (Attorney
Docket No. B2108-701819); all of which were filed on September 16, 2016 and are incorporated

herein by reference.

FIELD
[02]  This disclosure relates to systems, methods, and apparatuses for performing sleep
assessments using a sleep monitoring device in order to provide sleep assessment information to

a user and/or a healthcare professional.

BACKGROUND
[03] Sleeplessness and poor or interrupted sleep may significantly affect a person’s health.
Poor sleep may be caused by such factors as sleep apnea, sleep walking, sleep talking, and/or
snoring. Thus, there exists a need for a device that can monitor sleep patterns for assessing
potential sleeping disorders in a user without requiring that the user visit a sleep lab to undergo a

study.

SUMMARY
[04]  This disclosure relates to systems, methods, and apparatuses for assessing sleep using a
sleep monitoring device in order to provide information to users or medical professionals
regarding potential sleep disorders detected by the system.
[05] All examples and features mentioned below can be combined in any technically possible

way.
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[06] In one example of this disclosure, a sleep assessment device is provided for, including at
least one biometric sensor for detecting at least one of a heart rate, respiration, or movement of a
user; a processor; memory. The processor is configured to detect a user’s sleep state by reading
signals from said at least one biometric sensor. The processor is also configured to log
information in a sleep record, including biometric information detected during the period a user
is sleeping. The processor is also configured to compare the logged information in said sleep
record to a thumbprint of sleep patterns and output an indication of potential sleep disorders
based on the comparison. In some examples, the sleep assessment device may also include a
microphone. The thumbprint may also be a thumbprint of a normal sleep pattern or a thumbprint
of a known sleep disorder. The sleep disorder may be sleep apnea, sleep talking, sleep walking,
or snoring.

[07] In other examples, the processor may also be configured to output a notification of a
potential sleep disorder. The sleep assistance device may also include a transmitter for
transmitting the notification of a potential sleep disorder. The sleep assessment device may also
include at least one direct biometric sensor and the processor may be configured to detect a
user’s sleep state by reading signals from the at least one direct biometric sensor. In some
implementations, the at least one direct biometric sensor may be a blood oxygen sensor. The
processor is may also be configured to detect sound while a user is sleeping and log sound
information into said sleep record.

[08] A method for providing an indication of a potential sleep disorder is also provided for
including the steps of providing at least one contactless biometric sensor for detecting at least
one of a heart rate, respiration, or movement of a user; detecting a user’s sleep state by reading
signals from said at least one contactless biometric sensor; logging information in a sleep record,
including biometric information relating to the quality of a user’s sleep; comparing the logged
information in the sleep record to a thumbprint of sleep patterns; determining whether a potential
sleep disorder exists based on the comparison; and providing an indication that a potential sleep
disorder exists. In some examples the method may also include providing at least one direct
biometric sensor and reading signals from the at least one direct biometric sensor. In some
examples, the at least one direct biometric sensor may be a blood oxygen sensor. In some
implementations, the method may also include providing at least one microphone; reading

signals from theat least one microphone; and logging sound information in the sleep record.
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[09] A sleep latency assessment device may also be provided for, including at least one
biometric sensor for detecting at least one of a heart rate, respiration, or movement of a user; a
processor; and memory. The processor may be configured to detect a user’s sleep state by
reading signals from the at least one biometric sensor. The processor may also be configured to
provide a sleep signal and record the amount of time after the sleep signal is provided before the
biometric sensor indicates that the user has fallen asleep. The processor may also be configured
to provide an alarm signal a predetermined amount of time after a user has fallen asleep. In
some examples, the processor may also be configured to provide at least a second sleep signal
after a user has awoken and record the amount of time after the second sleep signal is provided
before the biometric sensor indicates that the user has fallen asleep a second time. The processor
may also be configured to determine whether additional sleep latency assessment cycles are
required based on predetermined sleep latency assessment criteria. In other examples, the
processor may also be configured to generate a sleep latency assessment report based on at least
one sleep latency assessment cycle.

[10] A method for assisting a user sleep may also be provided, including the steps of
providing a sleep assistance device comprising at least one speaker, at least one microphone, a
processor, and at least one biometric sensor for detecting at least one of a heart rate, respiration,
or movement of a first user; determining that a first user has fallen asleep based on signals
received from the biometric sensor; detecting sounds emanating from the first user through the
microphone; determining a noise-masking sound based on the detected sounds emanating from
the first user; and playing the noise-masking sound through the at least one speaker for assisting

a second user sleep.

BRIEF DESCRIPTION OF THE DRAWINGS
[11]  Various aspects of at least one implementation of a sleep assessment system are
discussed below with reference to the accompanying figures. The figures are provided for the
purposes of illustration and explanation and are not intended as a definition of the limits of the
disclosure.
[12] FIG. 1A is a front perspective view of a sleep assessment device with a rectangular

housing in one example of the present disclosure.
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[13] FIG. 1B is a front perspective view of a sleep assessment device with a cylindrical
housing in one example of the present disclosure.

[14] FIG. 1C is a front perspective view of a sleep assessment device with a square housing in
one example of the present disclosure.

[15] FIG. 2 is a schematic of the components of a sleep assessment device in one example of
the present disclosure.

[16] FIG. 3 is a flowchart showing a potential sequence of steps for a sleep assessment
program in one example of the present disclosure.

[17] FIG. 4 is a flowchart showing a potential sequence of steps for a partner noise masking
program in one example of the present disclosure.

[18] FIG. 5is a flowchart showing a potential sequence of steps for a sleep latency assessment

program in one example of the present disclosure.

DETAILED DESCRIPTION
[19] It should be understood that the following descriptions are not intended to limit the
disclosure to an exemplary implementation. To the contrary, it is intended to cover alternatives,
modifications, and equivalents as may be included within the spirit and scope of the described
subject matter.
[20]  FIGS. 1A-1C are front perspective views of a sleep assessment device 1 in three
examples of the present disclosure. As shown, a sleep assessment device 1 may include a
housing 3, a display screen 5, speakers 7, and buttons 8 or a touchscreen 9 for inputting
information into the sleep assessment device. A wide variety of forms may be utilized for a
sleep assessment device, including a rectangular shape (e.g. Fig. 1A), an elongate cylindrical
tower (e.g. Fig. 1B), or a flat square shape (e.g. Fig. 1C). However, as one of ordinary skill in
the art will appreciate, any suitable form factor may be utilized that may be suitable for being
placed nearby a user while sleeping, such as on a night stand, for example. In such examples,
housing 3 may be formed into a suitable shape from any rigid materials, including plastics,
metals, wood, or composites.
[21] In some examples, a display screen 5 may b provide biometric or sleep information
gathered by sleep assessment device 1 that may be of interest to a user. Such information may

include information regarding the user’s biometrics observed during sleep periods, such as
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information regarding the user’s presence, heart rate, heart rate variability, respiratory rate,
ambient temperature, movement, snoring, or sleep state over time. This may be direct
information or derived information. In some examples, user interface screen 5 may also include
a clock as shown, for example, in FIGS. 1A-1C.

[22] Speakers 7 may comprise any suitable speaker system for generating sounds, as may be
familiar to one of ordinary skill in the art. In some examples, speakers 7 may comprise an
upwards firing driver along with an acoustic deflector, to provide an omni-directional acoustical
experience. Such configurations may be helpful for providing non-directional, room-filling
sounds for a soundscape or a white noise while a user is sleeping. Omni-directional sounds
systems may be particularly helpful to achieve soothing sounds, a natural wake-up experience,
and a consistent listening experience throughout the room. As one of ordinary skill in the art will
appreciate, any acceptable sound system for speakers 7 may be employed for producing room-
filling sounds, however.

[23] Touchscreen 9 or buttons 8 may comprise any suitable means for delivering inputs to
sleep assessment device 1, including a tactile sensor coupled to a surface of housing 3 for
detecting the presence of a user’s fingers and for detecting pressure, such as when a virtual
button on touchscreen 9 is being pressed by a user. Virtual buttons may be displayed on
touchpad 9 in a manner familiar to one of ordinary skill in the art in order to allow an operating
system to accept input commands from a user. In this manner, sleep assessment device 1 may be
configured to accept input commands in a variety of ways and in a variety of contexts, by
providing a programmable user interface that may present options and choices to a user via
touchpad 9. In other examples, touchscreen 9 may present a permanent display of fixed virtual
buttons or include fixed physical buttons 8 for receiving inputs from a user.

[24] In some examples, display screen 5 and a touchscreen 9 may not be necessary or may be
reduced in function because a user’s smartphone or other external computing device may be used
for linking with sleep assessment device 1, displaying information from sleep assessment device
1 and/or accepting inputs and delivering them to sleep assessment device 1 in order to control its
functions. In such a configuration, the display screen 5 and touchscreen 9, if any, may display
and control only typical bedside clock-related functions, such as time, alarm, and music
selection, or a simplified component of the sleep score, such as just a total score value, may be

displayed.
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[25] FIG. 2 provides an exeplary schematic of a sleep assessment device, showing its
components. As shown, sleep assessment device 1 may include one or more main board(s) 13,
including a processor 15, memory 11, and interconnects 12. Main board 13 controls the
operation of several other connected components, such as a microphone 10, display screen 5,
audio amplifier 6, speakers 7, and buttons 8§ or a touchscreen 9 for inputting information into the
sleep assistance device. Communications hardware 17 may include any wired or wireless
communication means suitable for use with a sleep assessment device, such as WiFi, Bluetooth,
USB, micro USB, or any suitable wired or wireless communications technologies known to one
of ordinary skill in the art. Main board 13 also receives information from biometric sensor 19 as
well as any number of environmental sensors 18, for detecting environmental conditions, such as
temperature, humidity, ambient light, and air quality. Main board 13 also receives inputs based
on a user’s interactions with a user interface 14, which may include voice-activated commands
detected by microphone 10; various audio, alarm, and sleep control inputs received from buttons
8 or touchscreen 9; or inputs received from a companion application running on a user’s smart
phone or other external computing device. The communications hardware 17 may also provide
communications with external data sources, such as weather reports, and connected home
services providing access to such things as lights, thermostat, locks, and any of the sensors 18.
[26] Microphone 10 may be any suitable microphone for detecting and sampling sounds
within a user’s bedroom or sleep space, as is known to one of ordinary skill in the art. In some
examples, microphone 10 may be an arrayed microphone that is suitable for distinguishing
between sounds produced by sleep assessment device 1 and sounds produced externally within
the user’s bedroom or sleep space. In examples where microphone 10 comprises an arrayed
microphone, it may comprise a plurality of omnidirectional microphones, directional
microphones, or any mixture thereof, distributed about sleep assessment device 1. Microphone
10 may be coupled to processor 15 for simultaneous processing of the signals from each
individual microphone in a manner familiar to one of ordinary skill in the art in order to
distinguish between sounds produced by sleep assessment device 1 and other sounds within the
room and to analyze any external noises for use with sound-masking subroutine 27, as discussed
below. Microphone 10 may employ beamforming or other techniques to achieve directionality

in a particular direction, for example, towards a sound to be analyzed. Microphone 10 may be
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employed both for monitoring the user’s sleep and for receiving spoken user interface
commands.

[27] Biometric seonsor 19 remotely detects information about a nearby user, including bed
presence, respiration rate, heart rate, heart rate variability, or a sleep state among other biometric
indicators. In some examples, biometric sensor 19 may be a contactless biometric sensor which
may use an internal RF sensor for directing RF signals towards a user, measuring the strength of
the backscattered signal, and analyzing the backscattered signal to determine the state of various
vital signs of a user over time. Other contactless biometric techniques may include lasers for
measuring minor skin deflections caused by a user’s heart rate and blood pressure; or image-
based monitoring systems, whereby skin deflections caused by heartbeats and blood pressure
may be observed and analyzed over time through a camera. Biometric sensor 19 may be
configured to report detected biometric information to processor 15 for storage in memory 11
and to be analyzed for use in the various subroutines described herein.

[28] In other examples, sleep assessment device 1 may also employ a direct biometric sensor
as is known to one of ordinary skill in the art. A direct biometric sensor may include probes or
contact pads, that may be disposed on or under the user’s body or within their mattress or sheets
in order to mechanically detect biometric information, such as movement, respiration, heart rate,
blood pressure, and temperature, among others. Such sensors may include accelerometers, other
motion sensors, or mechanical sensors such as piezoelectric sensors or other vibration sensors.
In other examples, a direct biometric sensor probes may include a blood oxygen sensor (or
oximeter). The oximeter may be a sensor that relies on transmissive pulse oximetry and/or
reflectance pulse oximetry. The oximeter is useful for detecting a blood oxygen level in a user
and for detecting potential hypoxemia in a user. The biometric information detected by the
probes may then be communicated to sleep assessment device 1 using a wired or wireless
connection in a manner known to one of ordinary skill in the art. In some examples, a biometric
sensor may be placed within earbuds worn by a user. Other implementations may combine both
contactless and direct biometric sensors. Mechanical sensors that measure the body through an
intervening medium, such as bedding, are included in the category of “contactless” biometric
Sensors.

[29] In some examples, the processor 15 detects a user’s sleep state by reading signals from

the at least one biometric sensor 19, logs information in a sleep record in memory (or another
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storage device) 11, including biometric information relating to the quality of a user’s sleep. The
processor may also output an assessment of potential sleep disorders based on the logged
information in the sleep record. Examples of potential sleep disorders that may be observed by
various implementations of the sleep assessment device include sleep apnea, sleep talking
(somniloquy), sleep walking (somnambulism or noctambulism), and snoring. As discussed in
relation to the systems and methods described below, some implementations of the sleep
assessment device may output a sleep assessment that is based on a comparison of the logged
information in the sleep record to a thumbprint of a normal or abnormal sleep pattern.

[30] At least one thumbprint of normal sleep patterns or at least one the thumbprint of one or
more known sleep disorders can be stored in the memory 11. The computer readable memory 11
can store thumbprints that are sound files, databases, or other files capable of storing information
relating to any biometric indicators of a potential sleep disorder, including sounds, respiration
signatures, pulse signatures, among others. The thumbprint may include time domain or
frequency domain data for comparison to time domain r frequency domain data observed by the
at least one contactless sensor or a direct sensor of the sleep assessment device.

[31] Insome examples, processor 15 may assess potential sleep disorders based on measured
characteristics of a sleep record. For example, the processor may detect periods of increased
movement of the user, periods of decreased movement of the user, a length of time between
movements of the user, a period of time of irregular respiration, a period of time of no
respiration, a period of time of irregular pulse, a period of time of no pulse, or other periods of
time during which there is an indicator of disrupted sleep, depending on what sensors are in
communication with the processor 15. In some examples, processor 15 may detect periods of
decreased blood oxygen levels in implementations where an oximeter is employed as a biometric
sensor. When these measured characteristics for a user are consistent with a sleep disorder, the
processor 15 may identify the potential sleep disorder in the user and indicate that the user
should further investigate whether he or she may be diagnosed with the respective sleep disorder
in order to seek treatment.

[32] In some examples, the processor 15 may output a notification of a potential sleep disorder
to a user. In such examples, the communications hardware 17 may be in communication with
the processor and may transmit the output sleep assessment data to another electronic device.

The system, device, and method of this disclosure are each useful for approximating a sleep lab
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in the convenience of a user’s home. The system and method may also useful for producing a
sleep assessment report for a healthcare professional. This report may be transmitted to a doctor
or other healthcare professional at a remote location using the communications hardware 17.
Alternatively, a doctor or other healthcare professional may be granted permission to access or
download the information stored in a sleep record in memory 11.

[33] In other implementations, the sleep assessment device may provide sleep improvement
tips to a user. In such implementations, the system may include a coaching application that
sheds light on a user’s sleep patterns, identifying both major and minor changes that the user can
make to get better rest as disclosed, for example, in U.S. Patent. App. Serial No. 15/267,464
(Attorney Docket No. B2108-701419), the disclosure of which is incorporated herein by
reference. In such examples, where sleep assessment device 1 determines that user behaviors
either ameliorate or exacerbate a potential sleep disorder, the system may also provide coaching
tips to help address a detected sleep disorder.

[34] FIG. 3 shows an example of a method for assessing a user’s sleep for potential sleep
disorders. At step 1 (box 301 in FIG. 3), a sleep assessment device is provided, including at least
one biometric sensor for detecting at least a heart rate of a user, respiration of a user, and
movement of a user; a microphone 10 for detecting sounds within a bedroom or sleep space; and
a processor 15 coupled to memory 11, which may store information regarding potential sleep
disorders, such as a sleep disorder thumbprint, as described above. Each biometric sensor may
be a contactless biometric sensor or a direct biometric sensor or a mixture of contactless and
direct biometric sensors. In step 2, the sleep assessment device, including the at least one
biometric sensor is initialized (box 302).

[35] Once initialized, sleep assessment device 1 may begin taking biometric and
environmental readings relevant to a user’s sleep state. For example, at step 3, processor 15
reads signals from biometric sensor(s) 19 to determine when a user has achieved sleep (box 303).
At step 4, once a user has achieved sleep, processor 15 reads microphone 10 in order to detect
sounds produced while a user is sleeping (box 304). Any detected sound information may be
logged into a sleep record which may be a database of information recorded or detected by sleep
assessment device 1 throughout a sleep session (box 304A). In some examples, the acoustic
characteristics of a sound (e.g. pitch, volume, duration) may be recorded in the sleep record. In

other examples, the sound itself may be recorded and saved within the sleep record for future
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analysis by a user or a healthcare professional. At step 5, processor 15 detects a user’s sleep
state and information regarding the quality of a user’s sleep by reading signals from the
biometric sensor(s) 19 (box 305). Data received by processor 15 from the biometric sensor(s)
may be logged in a sleep record (box 305A). In some implementations steps 4 and 5 proceed
simultaneously in parallel.

[36] At step 6, processor 15 detects whether a user has permanently awoken from sleep,
signaling the end of a sleep session (box 306). To do so, processor 15 may continually monitor
the biometric readings provided by biometric sensor(s) 19 in order to determine whether a user
has awoken or left their bed. If so, processor 15 may continue monitoring biometric information
for a predetermined period of time (e.g. 20 minutes) to determine whether the user has returned
to sleep. If so, processor 15 may return to steps 4 and 5 until detecting another waking event.
Alternatively, if the user does not return to sleep, processor 15 may determine that the sleep
session has ended and discontinue readings from biometric sensor 19.

[37] Instep 7, processor 15 may be configured to check for potential sleep disorders once the
sleep session has concluded, based on the sounds or biometric information logged in the sleep
record during the sleep session (box 307). This can be achieved by comparing the logged
information to thumbprints of known sleep disorders stored in memory 11, or measuring
characteristics of the logged information in the sleep record, as discussed above. In some
examples, an assessment of a potential sleep disorder may be based on a comparison between the
logged information in the sleep record to a thumbprint of a normal sleep pattern. The thumbprint
may be a sample of time domain data or frequency domain data. Where a thumbprint is used,
processor 15 may compare at least a subset of the logged information to the normal thumbprint.
If there is a match between the logged information and the normal sleep thumbprint the user’s
sleep may be confirmed as being within normal parameters. If there is not a match between the
logged information and the normal sleep thumbprint, the user’s sleep may be assessed as
abnormal.

[38] In some examples, an assessment of a potential sleep disorder may be based on a
comparison of the logged information in the sleep record to an abnormal thumbprint of a known
sleep disorder. As described above, the thumbprint of a known sleep disorder may be time
domain data or frequency domain data, although any suitable form of a thumbprint may be

utilized as is known to one of ordinary skill in the art. Such time domain data or frequency
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domain data may reflect biometric information over time known to be an indication of a potential
sleep disorder, such as heartrate, respiration rate, detected sound characteristics, movement, or
blood oxygen levels, among others, known to be consistent with a sleep disorder. Where an
abnormal thumbprint is used, processor 15 may be configured to compare at least a subset of the
logged information to the thumbprint of a known sleep disorder. If there is a match between the
logged data and the abnormal thumbprint, the user’s sleep may be assessed as abnormal or as
consistent with a disorder. If there is no match between the two, the user is may be assessed to
be an unlikely candidate for the respective sleep disorder.

[39] In some examples, the sleep disorder may be a sleep apnea, sleep talking, sleep walking,
or snoring. Other potential sleep disorders may also be assessed, and respective thumbprints may
be provided for those additional disorders. In some examples, the method can employ more than
one thumbprint, so that the method is capable of assessing a user with a first sleeping disorder
based on matching logged data to a first thumbprint, the method is capable of assessing a user for
a second sleeping disorder based on matching logged data to a second thumbprint, and the
method is capable of assessing a user with a third sleeping disorder based on matching logged
data to a third thumbprint, and so on.

[40] The method may further comprise a step 8 for providing a notification of a potential sleep
disorder to a user. In some examples, this can be done by displaying the notification on the
touchscreen 9 of the device 1. In other examples, this can be done by transmitting the notification
to another device, such as a cell phone, a tablet, or another electronic device or to an email
address of a user. Step 8 may also include providing notifications that include sleep coaching
tips generated by the processor 15 of the device. For example, in step 8, processor 15 may be
configured to provide suggestions for changes the user can make to improve his or her sleep or
potentially ameliorate the symptoms of a detected potential sleep disorder, and generate
suggestions of features of the system that the user can leverage to improve their sleep (box 308).
[41] In some examples, the method may also include step 9 for transmitting the output sleep
assessment data through communications hardware 17 to a third party, such as a healthcare
professional (box 309). This sleep assessment data may be received by another device, where it
can be stored in memory or another storage device, and can be displayed to a user. In other
examples, a user’s sleep record may be maintained on sleep assessment device 1, but permission

for third parties (e.g. a doctor or healthcare professional) to access the information via a network
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may be granted by a user. Such information may be useful for a healthcare professional to
diagnose a potential sleep disorder or continue to monitor a user’s progress during treatment for
an already-diagnosed sleep disorder.

[42] Some examples of step 2 of method 200 may include activating sensors for sensing a
blood oxygen level of a user (box 302). In such examples, step 5 may include detecting a user’s
blood oxygen level (box 305). As one of ordinary skill in the art will appreciate, sleep apnea
may be indicated by a cessation of breathing along with a 4% drop in blood oxygen level. The
processor 15 is capable of identifying such symptoms collected by the biometric sensor(s) that
correspond to sleep apnea, and is capable of determining that the user has sleep apnea or
potentially has sleep apnea.

[43] In other examples, step 5 may include detecting the number of times that the user
awakens during the night (box 305). The number of awakening events can be displayed on the
touchscreen 9 of the device 1 and recorded in a user’s sleep record for later analysis.

[44] FIG. 4 shows an example of a method for improving the sleep quality of the partner of a
user who snores or makes noise during the night, for example, through movement. Atstep 1, a
sleep assessment device is provided, including at least one microphone 10 for detecting sounds
within a bedroom or sleep space; and a processor 15 coupled to memory 11, which may be
configured to generate noise-masking sounds based on detected noises in a manner known to one
of ordinary skill in the art (box 401 in FIG 4). At step 2, a second user, who may be the partner
of the first user, is provided with a pair of headphones, or a pair of earbuds, or another set of
speakers for directing a masking sound to the partner’s ears (box 402). In step 3, the sleep
assessment device, including the at least one microphone is initialized (box 403).

[45] At step 4 microphone 10 may detect sounds occurring within the bedroom or sleep space
during the night, including noises created by a first user of the device (box 404). At step 5,
processor 15 selects a suitable masking noise based on the sounds detected within the room or
sleep space, including sounds emanating from the first user (box 405). A masking sound may be
a sound such as white noise. At step 6, noise-masking sounds may be played through the sound
producing device(s) provided at step 2 (box 406). In some examples, the sound produceing
device(s) used by the partner may adiditonally provide noise-cancelling signals, which may be

modified according to the noise-masking sounds provided by the sleep system.
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[46] FIG. 5 shows an example of a method for performing a sleep latency assessment. In
some implementations of the present disclosure, a user’s sleep latency may be tested by
prompting the user to fall asleep periodically to determine how quickly a user achieves sleep. If
a user successfully falls asleep within a predetermined period of time (e.g. 5 minutes) of being
prompted, the system wakes the user, and sets another prompt for the following hour. The
number of times the user successfully falls asleep can be useful for assessing their overall sleep
latency and identifying potential sleep disorders.

[47] Atstep 1, a sleep assessment device is provided, including at least one biometric sensor
for detecting at least a heart rate of a user, respiration of a user, or movement of a user; and a
processor 15 coupled to memory 11 (box 501 in FIG. 5). Each biometric sensor may be a
contactless biometric sensor or a direct biometric sensor or a mixture of contactless and direct
biometric sensors. At step 2, the sleep assessment device, including the at least one biometric
sensor, is initialized (box 502).

[48] Atstep 3, processor 15 provides a sleep signal for indicating to a user that they should
now attempt to fall asleep (box 503). In some examples, the sleep signal may be an auditory
prompt played by the sleep assistance device, such as one or more tones or a recorded audio
instruction to begin trying to fall asleep. In other examples, a sleep signal may take the form of a
written announcement appearing on display screen 5 or on another display screen of an external
computing device in communication with sleep assessment device 1.

[49] Atstep 4, processor 15 may begin timing how long it takes for a user to fall asleep (box
504). In some examples, processor 15 may note the time that the sleep signal was provided in a
sleep record stored in memory 11. In other examples, processor 15 may start a timer in order to
determine how long the user stays awake after receiving the sleep signal. However, any suitable
method for tracking the time until a user falls asleep known to one of ordinary skill in the art
may be used.

[50] Atstep 5, processor 15 begins monitoring the sleep state of the user on a continual basis
until sleep is achieved (box 505). For example, processor 15 may read one or more biometric
sensors 19 that provide a direct indication that a user has lost consciousness. In other examples,
biometric sensor(s) 19 may continually monitor and report other biometric information such as a
user’s heartrate, respiration rate or bodily movement from which a loss of consciousness may be

deduced in a manner known to one of ordinary skill in the art. Once a user has been detected
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falling asleep, processor 15 may record the time that the user has fallen asleep or the elapsed
time since the sleep signal was provided in a sleep record stored in memory 11 (box 505A).

[51] Atstep 6, processor 15 may determine whether sufficient latency assessment cycles have
been performed based on pre-set criteria (box 506). For example, processor 15 may continue the
sleep latency assessment until a user has achieved sleep a prescribed number of times.
Alternatively, processor 15 may continue the sleep latency assessment for a certain amount of
time or until a desired time of day. If processor 15 determines that the sleep latency assessment
should continue then the processor 15 may trigger an alarm tone at step 6A (box 506A). At step
6A, processor 15 may wake the user after a pre-determined amount of sleep (e.g. 5 minutes) in
order to test the user’s ability to fall asleep again. Any suitable mechanism for waking the user
may be utilized. In some examples, processor 15 may play an alarm tone with an increasing
volume until readings from biometric sensor(s) 19 indicate that the user has awoken. After
providing an alarm tone and confirming that the user has awoken, processor 15 may return to
step 3 in order to provide another sleep signal when the user should once again attempt to sleep.
If processor 15 determines that the sleep latency assessment has concluded, then processor 15
may forgo the alarm tone and conclude the sleep latency assessment routine.

[52] Atstep 7, if processor 15 determines that sufficient latency assessment cycles have been
conducted, processor 15 may then prepare a report regarding the user’s sleep latency, while
allowing a user to continue sleeping (box 507). A sleep latency report may include summary
statistics regarding a user’s overall ability to fall asleep or may provide all of the data stored in
the sleep record through the course of the sleep latency assessment. The sleep latency report
may be transmitted through communications hardware 17 to a third party, such as a healthcare
professional. This latency assessment data may be received by another device, where it can be
stored in memory or another storage device, or can be displayed to a user. In other examples, a
user’s sleep latency assessment report may be maintained on sleep assessment device 1, but
permission for third parties (e.g. a doctor or healthcare professional) to access the information
via a network may be granted by a user. Such information may be useful for a healthcare
professional to diagnose a potential sleep disorder or continue to monitor a user’s progress
during treatment for an already-diagnosed sleep disorder.

[53] One of skill in the art will appreciate that the systems, methods and apparatuses outlined

above may include various hardware and operating software, familiar to those of skill in the art,
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for running software programs as well as communicating with and operating any devices,
including, for example, a biometric sensor, environmental sensors, a user interface, a computer
network, a sound system, and any other internal or external devices. Such computerized systems
may also include memory and storage media, and other internal and external components which
may be used for carrying out the operations of this disclosure. Moreover, such computer systems
may include one or more processors for processing and controlling the operation of the computer
system, thus, embodying the processes of this disclosure. To that end, the processor, associated
hardware and communications systems may carry out the various examples presented herein.
[54] While the disclosed subject matter is described herein in terms of certain exemplary
implementations, those skilled in the art will recognize that various modifications and
improvements can be made to the disclosed subject matter without departing from the scope
thereof. As such, the particular features claimed below and disclosed above can be combined
with each other in other manners within the scope of the disclosed subject matter such that the
disclosed subject matter should be recognized as also specifically directed to other
implementations having any other possible permutations and combinations. It will be apparent
to those skilled in the art that various modifications and variations can be made in the systems
and methods of the disclosed subject matter without departing from the spirit or scope of the
disclosed subject matter. Thus, it is intended that the disclosed subject matter include
modifications and variations that are within the scope of the appended claims and their

equivalents.
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What is claimed is:

CLAIMS

l. A sleep assessment device comprising:

at least one biometric sensor for detecting at least one of a heart rate, respiration, or
movement of a user;

a processor; and

memory;

wherein said processor is configured to detect a user’s sleep state by reading signals from
said at least one biometric sensor;

wherein said processor is further configured to log information in a sleep record,
including biometric information detected during the period a user is sleeping; and

wherein said processor is configured to compare said logged information in said sleep
record to a thumbprint of sleep patterns and output an indication of potential sleep disorders

based on said comparison.

2. The sleep assessment device of claim 1, further comprising a microphone.

3. The sleep assessment device of claim 1, wherein the thumbprint is a thumbprint of

a normal sleep pattern.

4. The sleep assessment device of claim 1, wherein the thumbprint is a thumbprint of

a known sleep disorder.

5. The sleep assessment device of claim 4, wherein the sleep disorder is one of:

sleep apnea, sleep talking, sleep walking, and snoring.

6. The sleep assessment device of claim 1, wherein the processor is further

configured to output a notification of a potential sleep disorder.

16
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7. The sleep assessment device of claim 6, further comprising a transmitter for

transmitting the notification of a potential sleep disorder.

8. The sleep assessment device of claim I, further comprising at least one direct
biometric sensor, wherein said processor is configured to detect a user’s sleep state by reading

signals from said at least one direct biometric sensor.

9. The sleep assessment device of claim 8, wherein said at least one direct biometric

sensor is a blood oxygen sensor.

10. The sleep assessment device of claim 2, wherein said processor is further
configured to detect sound while a user is sleeping and log sound information into said sleep

record.

11. A method for providing an indication of a potential sleep disorder comprising:

providing at least one contactless biometric sensor for detecting at least one of a heart
rate, respiration, or movement of a user;

detecting a user’s sleep state by reading signals from said at least one contactless
biometric sensor;

logging information in a sleep record, including biometric information relating to the
quality of a user’s sleep;

comparing said logged information in said sleep record to a thumbprint of sleep patterns;

determining whether a potential sleep disorder exists based on said comparison; and

providing an indication that a potential sleep disorder exists.

12. The method claim 11, further comprising providing at least one direct biometric

sensor and reading signals from said at least one direct biometric sensor.

13. The method of claim 13, wherein said at Ieast one direct biometric sensor is a

blood oxygen sensor.

17
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14. The method claim 11, further comprising:
providing at least one microphone;
reading signals from said at least one microphone; and

logging sound information in said sleep record.

15. A sleep latency assessment device comprising:

at least one biometric sensor for detecting at least one of a heart rate, respiration, or
movement of a user;

a processor; and

memory;

wherein said processor is configured to detect a user’s sleep state by reading signals from
said at least one biometric sensor;

wherein said processor is further configured to provide a sleep signal and record the
amount of time after the sleep signal is provided before said biometric sensor indicates that said

user has fallen asleep.

16. The sleep latency assessment device of claim 15, wherein said processor is further
configured to provide an alarm signal a predetermined amount of time after a user has fallen

asleep.

17. The sleep latency assessment device of claim 16, wherein said processor is further
configured to provide at least a second sleep signal after a user has awoken and record the
amount of time after said at least a second sleep signal is provided before said biometric sensor

indicates that said user has fallen asleep at least a second time.
18. The sleep latency assessment device of claim 17, wherein said processor is further

configured to determine whether additional sleep latency assessment cycles are required based

on predetermined sleep latency assessment criteria.
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19. The sleep latency assessment device of claim 18, wherein said processor is further
configured to generate a sleep latency assessment report based on at least one sleep latency

assessment cycle.

20. A method for assisting a user sleep comprising:

providing a sleep assistance device comprising at least one speaker, at least one
microphone, a processor, and at least one biometric sensor for detecting at least one of a heart
rate, respiration, or movement of a first user;

determining that a first user has fallen asleep based on signals received from said
biometric sensor;

detecting sounds emanating from said first user through said microphone;

determining a noise-masking sound based on said detected sounds emanating from said
first user; and

playing said noise-masking sound through said at least one speaker for assisting a second

user sleep.
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