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SLEEP QUALITY SCORING AND IMPROVEMENT

CROSS-REFERENCE TO RELATED APPLICATIONS
[01]  This application relates to 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); U.S. Patent Application Serial Number 15/267,858 entitled User
Interface for a Sleep System (Attorney Docket No. B2108-701819); and to U.S. Patent
Application Serial Number 15/267,886 entitled Sleep Assessment Using a Home Sleep System
(Attorney Docket No. B2108-701919); 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 assessing the overall
quality of a user’s rest in order to provide objective metrics to user to help gauge the quality of

their sleep and make recommendations about improving the overall quality of their sleep.

BACKGROUND
[03] Sleeplessness and poor or interrupted sleep may significantly affect a person’s health.
Poor sleep may be caused by such factors as ambient noise, stress, medical conditions, or
discomfort. Thus, there exists a need for a device that can track and assess the overall quality of

a user’s sleep and make recommendations for improving the quality of their sleep.

SUMMARY
[04]  This disclosure relates to systems, methods, and apparatuses for assessing the overall
quality of a user’s rest in order to provide objective metrics to user to help gauge the quality of
their sleep and make recommendations about improving the overall quality of their sleep.
[05] All examples and features mentioned below can be combined in any technically possible
way.

[06] In one example, a sleep scoring device is provided for, including a contactless biometric
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sensor for determining at least one of a heart rate, a respiratory rate, a presence of a user, or
movement of a user; a processor; memory; and a microphone. The processor may be configured
to, during a sleep session, detect a user’s sleep state by reading signals from the contactless
biometric sensor based on at least one of a detected change in heartrate, body movement, or
respiration, and log information in a sleep record, including biometric information relating to the
quality of a user’s sleep and environmental factors that may affect the quality of a user’s sleep.
The sleep scoring device may also generate a sleep score for a sleep session based on consistency
of the logged information with corresponding information logged on previous days.

[07] In some examples of the sleep scoring device, the processor is further configured to log
one or more sleep start times and one or more sleep stop times within the sleep record. The
processor may also be configured to detect the user’s presence in a sleep space and to log the
time the user entered the sleep space in said sleep record. In other examples, the processor may
also be configured to detect sleep stages and to log the start time and stop time of said sleep
stages in said sleep record. The sleep stages may include at least one of REM sleep, N-REM
sleep, deep sleep, light sleep, stage 1 sleep, stage 2 sleep, stage 3 sleep, or stage 4 sleep. The
device may also log environmental factors, including one or more of temperature, noise levels,
air pressure, air pollution, or light levels. The processor may also be configured to record
detected sounds when sounds are detected at or near the same time as a detected wake-up event
of a user.

[08] In other implementations of a sleep scoring device, the processor may be configured to
solicit external sleep factors from a user. The processor is may also configured to receive
information regarding at least one of said environmental factors from an external database. The
external database may be a weather database, a health database, a fitness database, or a calendar
database.

[09] In other examples, the processor may be configured to generate a sleep score based on at
least one of the detected duration of the sleep or the quality of the sleep. The quality of the sleep
can be determined based on one or more of the detected latency of the sleep session, the number
of detected waking events during the sleep session, the amount of REM sleep detected during the
sleep session, the amount of deep sleep detected during the sleep session, or the number of times
the snooze button was pressed during the sleep session. The processor may also be configured to

analyze information in the sleep record to identify potential corollaries between instances of sub-
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optimal sleep and said biometric information, said environmental factors, or said external sleep
factors.

[10] A method for monitoring and scoring sleep is also provided-for, including the steps of
receiving a plurality of biometric readings of a user from a contactless biometric sensor,
recording the plurality of biometric readings within a sleep record, determining the user’s sleep
state based on the plurality of biometric readings, recording the user’s sleep state within the sleep
record, receiving a plurality of environmental readings including at least one of a sound level, a
light level, an air quality reading, or a temperature, recording the plurality of environmental
readings in a sleep record, and determining a sleep score based, at least in part, on the recorded
plurality of biometric readings, the recorded sleep state, and the plurality of environmental
readings in the sleep record. Some examples of the method also include detecting the user’s
presence in a sleep space based on the plurality of biometric readings and recording the user’s
presence in the sleep record. Other examples include detecting sleep stages based on the
plurality of biometric readings and recording the sleep stages in the sleep record. Sleep stages
may include at least one of REM sleep, N-REM sleep, deep sleep, light sleep, stage 1 sleep, stage
2 sleep, stage 3 sleep, or stage 4 sleep. The environmental readings may include one or more of
temperature, noise levels, air pressure, air pollution, or light level readings. External sleep
factors may also be received and recorded in the sleep record. Some examples include analyzing
information in the sleep record and identifying potential corollaries between instances of sub-
optimal sleep and the plurality of environmental readings, the plurality of biometric readings, or
the external sleep factors.

[11] A sleep monitoring and scoring system is also provided-for, including a biometric sensor;
a microphone; memory; and a processor, coupled to the biometric sensor, the memory, and the
microphone. The processor may be configured to detect a user’s sleep state by reading signals
from the contactless biometric sensor based on at least one of a detected change in heartrate,
body movement, or respiration, and wherein said processor is further configured to log
information in a sleep record, including biometric information relating to the quality of a user’s

sleep and environmental factors that may affect the quality of a user’s sleep.
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BRIEF DESCRIPTION OF THE DRAWINGS
[12]  Various aspects of at least one implementation of a sleep quality scoring and
improvement 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.
[13] FIG. 1A is a front perspective view of a sleep quality scoring and improvement device
with a rectangular housing in one example of the present disclosure.
[14] FIG. 1B is a front perspective view of a sleep quality scoring and improvement device
with a cylindrical housing in one example of the present disclosure.
[15] FIG. 1C is a front perspective view of a sleep quality scoring and improvement device
with a square housing in one example of the present disclosure.
[16] FIG. 2 is a schematic of the components of a sleep quality scoring and improvement
device in one example of the present disclosure.
[17] FIG. 3 is a flowchart showing a potential sequence of steps for a sleep quality scoring
program in one example of the present disclosure.
[18] FIG. 4A is a sleep details report in one example of the present disclosure.
[19] FIG. 4B is a sleep consistency report in one example of the present disclosure.

[20]  FIG. 5 is a full sleep details report in one example of the present disclosure.

DETAILED DESCRIPTION
[21] 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.
[22] FIGS. 1A-1C are front perspective views of a sleep scoring device 1 in three examples of
the present disclosure. As shown, a sleep scoring 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
scoring device. A wide variety of forms may be utilized for a sleep scoring 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,
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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.

[23] In some examples, display screen 5 may provide biometric or sleep information gathered
by sleep scoring 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 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, display screen 5 may also include a clock as shown, in
FIGS. 1A-1C.

[24]  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, or
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.

[25] Touchscreen 9 or buttons 8 may comprise any suitable means for delivering inputs to
sleep scoring 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 scoring 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.

[26] 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 scoring device 1, displaying information from sleep scoring device 1,



WO 2018/053085 PCT/US2017/051497

accepting inputs, and delivering them to sleep scoring 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.

[27] FIG. 2 provides an exemplary schematic of a sleep scoring device, showing its
components. As shown, sleep scoring 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 scoring device. Communications hardware 17 may include any wired or wireless
communication means suitable for use with a sleep scoring 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.
[28] 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 scoring 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 scoring 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 scoring device 1 and other sounds within the room and to
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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
employed both for monitoring the user’s sleep and for receiving spoken user interface
commands.

[29] Biometric sensor 19 remotely detects information about a nearby user, including bed
presence, respiration rate, heart rate, or a sleep state among other biometric indicators. In some
examples, biometric sensor 19 may be a contactless biometric sensor which may use an 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.

[30] In other examples, sleep scoring 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,
heart rate variability, 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. The biometric information detected by the probes may then be
communicated to sleep scoring 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.

[31] Referring now to FIG. 3, in some examples, processor 15 may initiate a sleep monitoring
program 21 that includes a series of steps or subroutines to monitor, analyze, and record metrics

regarding a user’s sleep during sleep sessions. In a first step (box 301 in Fig. 3), sleep scoring
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device 1 is activated, along with processor 15, which may initialize sleep monitoring program
21. Sleep monitoring program 21 may run on a continuous basis or by default. In some
examples, a user may be able to selectively deactivate sleep monitoring program 21 when it is
not necessary. In a second step (box 302), processor 15 may determine whether a user is present
within their bed or sleep space, which information, along with the relevant time, may be logged
in a sleep record 23. Sleep record 23 may be a database for storing and retrieving information
relating to a user’s sleep throughout a sleep session. Information regarding a user’s presence in
bed may be useful for providing metrics regarding time spent awake in bed versus time spent
sleeping. In other implementations it may be advantageous to periodically monitor only for a
user’s presence in order to maintain sleep scoring device 1 in a dormant mode in order to expend
less power when continual biometric readings are not necessary. Preferably, a user’s presence
may be detected passively and without the need for a user to manually indicate that they are
preparing for sleep (e.g. by pressing a button).

[32] Once a user’s presence has been detected, processor 15 may cause user interface screen 5
or an external computing device to solicit user information about their initial sleep conditions in
a second step. For example, information regarding the current state of the user or the sleep space
may be solicited in a form or via dropdown menus and the like. For example, processor 15 may
solicit information regarding what the user ate or drank during the day or before bed, whether the
bedroom windows are open, whether a user has showered, whether a user has brushed their teeth,
whether the user has recently watched television or read a book, or any other situational
information which may be relevant to a user’s sleep quality. Any information received by
processor 15 through the solicitation process may be logged within sleep record 23. In some
instances a user may not wish to fill out a questionnaire regarding their pre-sleep conditions.
However, in such instances, processor 15 may employ a user’s default settings or simply
disregard any omitted initial sleep conditions within sleep record 23 for the current sleep session.
Processor 15 may also receive initial sleep conditions either sporadically or consistently without
adversely impacting the functionality of the device, but it may be advantageous to input
particular information with more diligence during periods when a user is deliberately
experimenting with pre-sleep habits, as such information may be useful for providing more
effecting sleep coaching, as discussed below. Once baseline information is determined or stable

routines are established, it may be preferable to minimize user interaction with the system at the
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time the user is going to bed. It may also be preferable to minimize interaction when first using
the system, so that the user becomes comfortable with the system and develops the habit of
allowing it to operate.

[33] In other examples, processor 15 may communicate with external systems, at step 2, in
order to retrieve information relevant to a user’s day or habits that may be relevant to sleep
quality. For example, processor 15 may communicate with exercise tracking applications, such
as a database associated with a wearable exercise-tracking device, or other databases for tracking
eating habits or other daily activities, such as an online calendar. Home automation systems may
also provide information about the state of any windows, the internal temperature, and light
levels, to name a few examples. External information may also be gathered and recorded, such as
the time of sunset at the user’s location and the weather for the day. Any information potentially
relevant to sleep quality may be downloaded and stored within sleep record 23 for later analysis.
[34] Once a user’s presence has been detected, processor 15 may also begin actively
monitoring a user’s biometrics on a continual basis in a third step (box 303) in order to determine
when a user has fallen asleep. To do so, processor 15 may read signals from biometric sensor 19
to determine whether there has been a measurable change in heart rate, respiration, body
movements, or any other biometric indicator of sleep known to one of ordinary skill in the art.
Once sleep has been detected, processor 15 may log the time of sleep initiation in sleep record 23
(box 303A).

[35]  Once the user has fallen asleep, processor 15 may begin actively monitoring the current
sleep conditions throughout the sleep session in a fourth step (box 304). Current sleep conditions
may comprise any combination of biometric and environmental variables relevant to sleep which
may be measured throughout a sleep session. A user’s biometrics may be received from
biometric sensor 19 on a continual basis in order to record any relevant variables for tracking the
overall quality of a user’s sleep over time. For example, variables affecting or indicative of the
quality of a user’s sleep may include the user’s heartrate, respiration rate, any bodily movement,
body temperature, blood pressure, or any other biometric information that may be relevant to
sleep quality may be monitored by biometric sensor 19 and recorded in sleep record 23
throughout a sleep session (box 304A).

[36] Bedroom environmental variables potentially affecting sleep may also be continually

monitored and logged. For example, processor 15 may utilize microphone 10 for monitoring the
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noise levels or sound attributes within a room or sleep space and may continually log such
information in sleep record 23. Microphone 10 may also be utilized by processor 15 to monitor
and log any instances of snoring, suspected sleep apnea, sleep talking, or any other events
detectable by sound during a sleep session. Instances of such detected noise events may also be
detected by processor 15, characterized (in terms of noise level or magnitude), and logged within
sleep record 23. Processor 15 may also be configured to record the associated sound(s) for later
playback by a user in order to identify any sleep-disruptive sounds and potentially prevent them
from reoccurring.

[37] Processor 15 may also receive information from environmental sensors 18, regarding
temperature, humidity, ambient light, or other atmospheric conditions within the bedroom. In
other examples, environmental sensors 18 may provide information regarding air quality
monitors in order to assess the levels of any detectable air pollutants within the sleep space. In
other implementations, such information regarding environmental or climate conditions may be
gathered through integration with a home-automation system, which may also track and
communicate information to processor 15 regarding the temperature readings or thermostat
settings within a bedroom or sleep space, along with any other potentially relevant information
regarding the home which may impact sleep. Environmental factors may also be gathered from
publicly available sources, such as online databases containing local weather, pollution, pollen,
seasonal information, or moon phases. Any potentially relevant environmental factors may be
received by processor 15 and stored within sleep record 23.

[38] Processor 15 may also accept mechanical indicators of sleep quality. For example, any
interactions with the sleep scoring device, itself, may be monitored and logged in sleep record
23, such as instances when a snooze button is depressed or any other settings are adjusted during
periods of light sleep or wakefulness. Any interactions with linked, external devices, such as a
phone or external computing device, or adjustable aspects of the bed, such as firmness or the
temperature of a heating pad, may likewise be monitored by sleep scoring device 1 and any
interactions may similarly logged.

[39] While a user is sleeping, processor 15 may also continually receive information regarding
a user’s progression through various sleep stages in a fifth step (box 305). As one of ordinary
skill in the art will appreciate, sleepers typically progress through five stages — stages 1, 2, 3, and

4 (often referred to collectively as non-rapid eye movement or “N-REM” sleep) and rapid eye
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movement or “REM sleep.” Throughout a sleep session, biometric sensor 19 may continually
monitor a user’s progression through these sleep stages either through direct observation or by
determining the likely present sleep stage through observation of other biometric factors, such as
heartrate, respiration, and blood pressure. As a user progresses through each sleep cycle,
processor 15 may continue to log the present sleep stage over time (box 305A). In other
examples, sleep scoring device 1 may not be able to differentiate fully between the above-
referenced sleep stages and may instead monitor for and record instances of “light” or “deep”
sleep, which may be determined based on analysis of the available biometric indicators in any
manner known to one of ordinary skill in the art.

[40] At a sixth step, processor 15 may determine whether a user has awoken, based on the
same information used to determine that a user has fallen asleep, such as a measurable change in
heart rate, respiration, body movements, or any other biometric indicator of sleep known to one
of ordinary skill in the art (box 306). Once a user is detected as having awoken, processor 15
may log the time of waking in sleep record 23 (box 306A) and sleep monitoring program 21 may
return to the third step, described above, and begin monitoring whether a user returns to sleep. If
processor 15 detects that a user has left the bed or sleep space for more than a brief period of
time without returning, the processor may terminate sleep monitoring program 21 and return to
an inactive mode whereby biometric sensor 19 only periodically checks to determine whether a
user is present.

[41] Once a sleep session has concluded, processor 15 may generate a sleep details report 25,
which may be viewable on user interface screen 5 or an external computing device. Figure 4A is
an example of sleep detail report in one example of the present disclosure. As shown, processor
15 may provide a sleep details report, including a graphical sleep score 27, depicting the overall
quality of a user’s sleep on that date, as recorded by the system. In some examples graphical
sleep score 27 may have color-coded bars representing sleep criteria, such as the duration of the
sleep, the quality of the sleep, or the consistency of the sleep, which may all contribute to an
overall sleep score. Where available, sleep statistics 29 may also be displayed, such as the
amount of light sleep, REM sleep, or deep sleep observed during the prior sleep session.
Processor 15 may also include a hypnogram 31 within sleep details report 25, which may provide
another graphical depiction of the depth of a user’s sleep throughout the night. In some

examples hypnogram 31 may be presented by a color-coded time graph representing periods of
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absence, waking, light sleep, REM sleep, or deep sleep along an x-axis. Different heights along
a y-axis may correspond to the relative depth of the sleep during that timeframe. Processor 15
may also include basic information regarding the sleep session within sleep details report 25,
such as the sleep timeframe 33 or a sleep duration 35. Where available, buttons 37 may be used
to view sleep details reports for other available days recorded within sleep record 23. In other
examples, a user may select a date range encompassing a plurality of sleep sessions in order to
view relevant sleep statistics within that range, such as the average sleep score, duration, or
quality, among others. For example, button 41 may allow users to view sleep details for a single
day, whereas button 43 may allow users to see comparative sleep data over multiple days. The
data may be available from the sleep system itself, stored in the device implementing the user
interface, or retrieved on-demand from a networked resource.

[42] FIG. 4B shows an example of a sleep consistency report 45 in on example of the present
disclosure that may be an example of a report spanning multiple days, which may be accessed by
selecting button 43 in FIG. 4A, as previously discussed. In this example, a sleep consistency
report 45 provides a graphical representation of a user’s observed sleep patterns over multiple
days. For example, each sleep session is depicted for multiple days in rows corresponding to
separate dates. The sleep sessions are depicted as lines with multiple segments, including an in-
bed segment 47 which corresponds to times where the user was detected as being in bed, a
sleeping segment 49, which corresponds to times when a user was detected as being asleep, and
an waking segment, 51, which corresponds to times when a user was detected as waking from
sleep. In some examples, these line segments may be color-coded lines representing the duration
of each sleep segment. In this example, the actual colors used and are not shown; color is only
used to help visually distinguish the sleep segments, and is redundant with their relative position.
[43] A horizontal time bar 53 may also be included within sleep consistency report 45 to
depict the timeframe for any given sleep event or sleep segment within the consistency report.
To aid the user in quickly assessing their sleep consistency across multiple days, a vertical time
line 55 may also be depicted, which traverses the sleep segments and allows for visual
comparison of a user’s detected sleep state at the same time on multiple nights. In some
implementations, the time line may be fixed at the middle of time bar 53 and the time line 55
may be moved by either dragging the time bar 53 to a desired position or touching a specific

hour within the time bar.
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[44] In some examples, processor 15 may also provide a full details report 39, as shown in
FIG. 5, which may be accessed by selecting a button or link within sleep details report 25. In
some examples, graphical sleep score 27may serve as a link to a full details report 39. Processor
15 may present a user with further details regarding the data and methodology supporting their
sleep score for the selected sleep session in full details report 39. As shown in FIG 5, a sleep
score may be based, in some examples, on three basic sleep criteria, including duration, quality,
and consistency. Processor 15 may calculate sleep duration based on the elapsed time of a user’s
sleep session, with a perfect score reserved for the upper limit of medically recommended
amounts of sleep, which may be eight or nine hours or more. Processor 15 determine sleep
quality based on several sub-factors, such as latency (e.g. the speed with which a user falls
asleep), the number of observed waking events, the amount of observed REM sleep, the amount
of observed deep sleep, or any observed mechanical interactions, such as snoozes. These factors
may contribute to an overall sleep score using any suitable methodology for scoring and
weighting these or any other relevant sleep quality criteria. Finally, processor 15 may calculate
sleep consistency based on the overall similarities between sleeping and waking times of a user
or any other sleep factors which may be compared night-to-night, based on information stored in
sleep record 23. While the present disclosure depicts sleep scoring based on the criteria of
duration, quality, and consistency, any combinations of sleep criteria known to one of ordinary
skill in the art may be evaluated to determine an overall sleep score.

[45] Any available information may also be viewed, reported, access, compared, or exported
from sleep record 23 in any suitable manner known to one of ordinary skill in the art. For
example, processor 15 may generate additional reports from sleep record 23 on a daily, weekly,
monthly, or yearly basis and may provide a graphical depiction of a user’s sleep score alongside
any other tracked information stored in sleep record 23, such as recorded sound levels, average
caffeine consumption, daily exercise or calorie intake. Such graphical representations of a user’s
sleep score alongside information relating to a user’s environmental factors or habits may allow a
user to identify factors that may be adversely affecting sleep. These reports may be selectively
generated for a user or may be periodically communicated to a user via user interface 5, email, or
via a companion application on an external computing device.

[46] In some examples of this disclosure, processor 15 may also execute a “sleep coaching”

engine 41. Through sleep coaching engine 41, processor 15 may periodically analyze the user’s
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sleep history (including biometric, environmental, and user-input variables) in order to identify
potential correlations between such variables and instances of diminished or sub-optimal sleep
scoring. Processor 15 may also compare observations against publicly available databases of
known conditions that may influence sleep in order to identify potential sleep conditions or
known solutions to sleep problems. After periodically analyzing the user’s sleep data, processor
15 may communicate its findings or suggestions for changes a user can make to improve their
sleep, for example through adjusting settings of sleep scoring device 1, itself, adjusting other
aspects of the environment, such as thermostat settings, or by recommending that the user alter
behaviors that may be adversely affecting sleep. In other instances of the sleep coaching engine
41, processor 15 may proactively assess sleep conditions at the beginning of a sleep session or
using publicly available information about upcoming environmental factors to make emergency
recommendations when a user is preparing to sleep. For example, if a user or a home automation
system indicates that a window is open and other information indicates that rain or a high pollen
count is predicted during the upcoming sleep session, processor 15 may send an emergency
warning to a user to shut their window. Of course, such periodic interactions may be limited or
deactivated by a user according to their preferences.

[47]  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,
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.
[48] 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
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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 scoring device comprising:

a contactless biometric sensor for determining at least one of a heart rate, a respiratory
rate, a presence of a user, or movement of a user;

a processor;

memory; and

a microphone;

wherein said processor is configured to, during a sleep session, detect a user’s sleep state
by reading signals from said contactless biometric sensor based on at least one of a detected
change in heartrate, body movement, or respiration, log information in a sleep record, including
biometric information relating to the quality of a user’s sleep and environmental factors that may
affect the quality of a user’s sleep, and

generate the sleep score for said sleep session based on consistency of the logged

information with corresponding information logged on previous days.

2. The sleep scoring device of claim 1, wherein said processor is further configured

to log one or more sleep start times and one or more sleep stop times.

3. The sleep scoring device of claim 2, wherein said processor is further configured
to detect the user’s presence in a sleep space and to log the time the user entered the sleep space

in said sleep record.

4. The sleep scoring device of claim 1, wherein said processor is further configured
to detect sleep stages and to log the start time and stop time of said sleep stages in said sleep

record.
5. The sleep scoring device of claim 4, wherein said sleep stages comprise at least

one of REM sleep, N-REM sleep, deep sleep, light sleep, stage 1 sleep, stage 2 sleep, stage 3

sleep, or stage 4 sleep.
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6. The sleep scoring device of claim 5, wherein said environmental factors comprise

one or more of temperature, noise levels, air pressure, air pollution, or light levels.

7. The sleep scoring device of claim 6, wherein said processor is further configured
to record detected sounds when sounds are detected at or near the same time as a detected wake-

up event of a user.

8. The sleep scoring device of claim 1 wherein said processor is further configured

to solicit external sleep factors from a user.

9. The sleep scoring device of claim 1, wherein said processor is further configured
to receive information regarding at least one of said environmental factors from an external

database.

10. The sleep scoring device of claim 9, wherein said external database comprises a

weather database, a health database, a fitness database, or a calendar database.

11. The sleep scoring device of claim 1, wherein said processor is further configured
to generate the sleep score based on at least one of the detected duration of the sleep or the

quality of the sleep.

12. The sleep scoring device of claim 11, wherein the quality of the sleep is
determined based on one or more of the detected latency of the sleep session, the number of
detected waking events during the sleep session, the amount of REM sleep detected during the
sleep session, the amount of deep sleep detected during the sleep session, or the number of times

the snooze button was pressed during the sleep session.

13. The sleep scoring device of claim 11, wherein said processor is further configured

to analyze information in said sleep record and to identify potential corollaries between instances

17
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of sub-optimal sleep and said biometric information, said environmental factors, or said external

sleep factors.

14. A method for monitoring and scoring sleep comprising:

receiving a plurality of biometric readings of a user from a contactless biometric sensor;

recording said plurality of biometric readings within a sleep record;

determining said user’s sleep state based on said plurality of biometric readings;

recording said user’s sleep state within said sleep record;

receiving a plurality of environmental readings including at least one of a sound level, a
light level, an air quality reading, or a temperature;

recording said plurality of environmental readings in a sleep record; and

determining a sleep score based, at least in part, on said recorded plurality of biometric
readings, said recorded sleep state, and said plurality of environmental readings in said sleep

record.

15. The method for monitoring and scoring sleep of claim 14, further comprising
detecting said user’s presence in a sleep space based on said plurality of biometric readings and

recording the user’s presence in said sleep record.

16. The method for monitoring and scoring sleep of claim 15, further comprising
detecting sleep stages based on said plurality of biometric readings and recording said sleep

stages in said sleep record.

17. The method for monitoring and scoring sleep of claim 16, wherein said sleep
stages comprise at least one of REM sleep, N-REM sleep, deep sleep, light sleep, stage 1 sleep,
stage 2 sleep, stage 3 sleep, or stage 4 sleep.

18. The method for monitoring and scoring sleep of claim 14, wherein said

environmental readings comprise one or more of temperature, noise levels, air pressure, air

pollution, or light level readings.

18
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19. The method for monitoring and scoring sleep of claim 14, further comprising

receiving external sleep factors and recording them in said sleep record.

20. The method for monitoring and scoring sleep of claim 19, further comprising
analyzing information in said sleep record and identifying potential corollaries between instances
of sub-optimal sleep and said plurality of environmental readings, said plurality of biometric

readings, or said external sleep factors.

21. A sleep monitoring and scoring system comprising:

a biometric sensor;

a microphone;

memory; and

a processor, coupled to the biometric sensor, the memory, and the microphone, the
processor being configured to detect a user’s sleep state by reading signals from said contactless
biometric sensor based on at least one of a detected change in heartrate, body movement, or
respiration, and wherein said processor is further configured to log information in a sleep record,
including biometric information relating to the quality of a user’s sleep and environmental

factors that may affect the quality of a user’s sleep.
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STEP 1t

SLEEP SCORING DEVICE 1 IS
ACTIVATED AND SLEEP
MONITORING PROGRAM 21
IS INITIALIZED.

STEP 2:

SLEEP MONITORING
PROGRAM 21 SOLICITS
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INITIAL SLEEP  CONDITIONS.

303A RECORD SLEEP
START TIME IN
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303\ ‘

STEP 3

SLEEP MONITORING
PROGRAM 21 BEGINS
CONTINUAL BIOMETRIC

MONITORING TO DETECT SLEEP.

'

304A~ /RECORD ALL SLEEP
CONDITIONS IN
SLEEP RECORD 23.

STEP 4:
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PROGRAM 21 BEGINS ACTIVELY
MONITORING ALL AVAILABLE
BIOMETRIC AND ENVIRONMENTAL
SLEEP CONDITIONS.

305\ |

305A~ /RECORD START AND
STOP TIME FOR ALL
SLEEP STAGES IN
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STEP 3:

SLEEP MONITORING PROGRAM 21
BEGINS CONTINUALLY MONITORING
A USER'S PROGRESSION
THROUGH SLEEP STAGES.
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RECORD WAKING
EVENT AND/OR
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306A
SLEEP RECORD 23.

FIG.3
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FULL DETAILS for WED NOV 4

Duration: 32/40
Total Sleep Time: 7h 30m
Quality: 20/30
Latency: 15m
Wake Events: 4
REM: 3h 4m
Deep Sleep: 3h 30m
Snoozes: 3
Consistency: 20/30

SCORE CALCULATION

The overall score has three parts that add up to a perfect
score of 100.

DURATION (40 points)

The more you sleep, the higher your score (a full 40 points
is awarded for 8 hours or more{.

Quality (30 points)
There are five parts to the quality score, each worth 6
points: ideal scores are awarded for:

Sleep latency: Fall asleep within 15 minutes of getting into
bed. Sleep fragmentation: Fewer than 1 awakening for

every 4 hours of sleep. REM sleep: at least 1 hour of REM
sleep. Deep sleep:at least 1 hour of deep sleep. Snooze:

no more than one press of the snooze button in the momn-
ing
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PCT/US2017/051497

/39



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2017/051497

A. CLASSIFICATION OF SUBJECT MATTER
I

NV. A61B5/113 A61B5/00
ADD.

GO6F19/00

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

A61B GO6F

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2015/164238 Al (BENSON RONALD STUART 1-21
[CA] ET AL) 18 June 2015 (2015-06-18)
Y paragraphs [0029], [0034], [0040], 13,20
[0068], [0070], [0077], [0087],
[0095], [0l04], [0113], [0114]
paragraphs [0118] - [0128]
paragraphs [0144] - [0149], [0163],
[0179] - [0203]
paragraphs [0215], [0221]
paragraphs [0314] - [0324], [0325] -
[0330], [0361] - [0374], [0393]
paragraphs [0402] - [0403]
Y US 2012/092171 Al (HWANG KYUWOONG [KR] ET 13,20
AL) 19 April 2012 (2012-04-19)
paragraph [0027]
paragraphs [0021] - [0041]
- / -

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

22 November 2017

Date of mailing of the international search report

08/12/2017

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Rivera Pons, Carlos

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2017/051497

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

CONSUMER MARKETING)
27 September 2007 (2007-09-27)
paragraphs [0013] - [0036]

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X CN 105 231 997 A (SHENYANG XIKANG ALPS 14-19,21
TECHNOLOGIES CO LTD)
13 January 2016 (2016-01-13)
Y the whole document 20
X EP 2 278 507 A2 (SHARP KK [JP]) 1-3,8,
26 January 2011 (2011-01-26) 11,12,
14,15,
18,19,21
paragraphs [0027] - [0041]
paragraphs [0063] - [0092]
paragraphs [0122], [0123]
A JP 2007 244597 A (TOSHIBA CORP; TOSHIBA 1-21

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2017/051497
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2015164238 Al 18-06-2015 CA 2836431 Al 16-06-2015
US 2015164238 Al 18-06-2015
US 2015164409 Al 18-06-2015
US 2016174892 Al 23-06-2016
US 2017100076 Al 13-04-2017
US 2012092171 Al 19-04-2012 US 2012092171 Al 19-04-2012
WO 2012051630 A2 19-04-2012
CN 105231997 A 13-01-2016  NONE
EP 2278507 A2 26-01-2011 CN 101954143 A 26-01-2011
EP 2278507 A2 26-01-2011
GB 2471903 A 19-01-2011
JP 5351312 B2 27-11-2013
JP 2011019909 A 03-02-2011
JP 2012232146 A 29-11-2012
US 2011015467 Al 20-01-2011
JP 2007244597 A 27-09-2007  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

RHA

LR
S EREESE

BEG®)

patsnap
ERRIES) NKE
EP3512425A1 NIF(AEH)A 2019-07-24
EP2017783613 RiEH 2017-09-14
BEBRLE
Bose/A H]
Bose/A A

WARE LAURA

FREED JONATHAN

READ JACK

REICH DEBRA
KESHAVAN LEELA
MULCAHEY BRIAN DAVID

WARE, LAURA

FREED, JONATHAN

READ, JACK

REICH, DEBRA
KESHAVAN, LEELA
MULCAHEY, BRIAN, DAVID

A61B5/113 A61B5/00 GO6F19/00

A61B5/02055 A61B5/024 A61B5/0816 A61B5/1115 A61B5/113 A61B5/4809 A61B5/4812 A61B5/4815
A61B7/003 A61B2560/0242 G16H15/00 G16H40/63 G16H50/20 G16H50/30 A61B5/0205 A61B5/7278
A61B7/04 A61B2560/0252 A61B2560/0257 A61B2560/0475

15/267464 2016-09-16 US

Espacenet

RET -MERITORE , ATSRFEMXEDNEERS L2
B, FESMERN, ERTDRETUETE TR E N OREL ,
BUHBHHIFRANED -, NIEEMKX LN BE B[ EIESK
KA P RERRS , HiEREPNEER, BEITSRELTETHE
ARETERAVERETE , RNBINERSAOKE , REMEERE | JREMEER
B E R ARBORE A T HERR & 1 YRR AR 50 B0 7E RE AR A (R 4R 4%

T


https://share-analytics.zhihuiya.com/view/ef669e02-8600-429a-8059-6e6d3f0d0b5b
https://worldwide.espacenet.com/patent/search/family/060081257/publication/EP3512425A1?q=EP3512425A1

