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File No. 337722- 306000/P28437US1

ASSIGNMENT

WHEREAS, Roy J. Raymann, Wren N. Dougherty, Divya Nag, Deborah M. Lambert,
Stephanie Greer and Thomas R. Gruber made certain inventions or discoveries (or both) set forth
in an Application for Letters Patent of the United States of America entitled

FACILITATING RESTFUL SLEEP USING REMINDERS
1ssued as U.S Patent No.

__ filed as serial no. on
XX  filed herewith

WHEREAS, Apple Inc., a corporation of the State of California and whose address is 1
Infinite Loop, Cupertino, California 95014-2094 and who, together with its successors and
assigns is hereinafter called "Assignee", is desirous of acquiring the entire right, title and interest
together with the benefits and privileges hereinafter recited;

NOW, THEREFORE, for valuable consideration furnished by Assignee to me, receipt
and sufficiency of which I hereby acknowledge, effective as of the date signed, I hereby, without
reservation;

1. Assign, transfer and convey to Assignee the entire right, title and interest together with
the benefits and privileges in and to said inventions and discoveries, said Application for Letters
Patent or similar forms of protection of the United States of America, and all other applications
for Letters Patent on said inventions and discoveries in whatsoever countries, including all
divisional, renewal, substitute, continuation and convention applications based in whole or in
part upon said inventions or discoveries, or upon said application, and any and all Letters Patent,
reissues and extensions of Letters Patent or similar forms of protection granted for said
inventions and discoveries or upon said applications, and every priority right that is or may be
predicated upon or arise from said inventions, said discoveries, said applications and said Letters
Patent, including all rights to said inventions, discoveries and said Patents and applications as
fully and entirely as the same would have been held and enjoyed by me if this Agreement had not
been made, including all claims for damages and/or injunction by reason of past and present
infringement and including the collection and retention of such damages for the use and
enjoyment of Assignee and its successors and assigns;

2. Authorize Assignee to file patent applications in any or all countries or groups of
countries on any or all of said inventions and discoveries in my name or in the name of Assignee
or otherwise as Assignee may deem advisable, under the International Convention or any other
relevant convention or treaty or otherwise;

3. Authorize and request the Commissioner of Patents and Trademarks of the United
States of America and the empowered officials of all other governments to issue or transfer all
said Letters Patent to Assignee, as assignee of the entire right, title and interest therein, or
otherwise as Assignee may direct;

WEST\261730089.1

PATENT
REEL: 036965 FRAME: 0031



File No. 337722- 306000/P28437US1

4. Warrant that [ have not knowingly conveyed to others any rights in said inventions,
discoveries, applications or patents or any license to use the same or to make, use or sell anything
embodying or utilizing any of said inventions or discoveries; and that [ have good right to assign
the same to Assignee without encumbrance;

5. Bind my heirs, legal representatives and assigns, as well as myself, to do, upon
Assignee's request and at Assignee's expense, but without additional consideration to me or them,
all acts reasonable serving to assure that said inventions and discoveries, said patent applications
and said Letters Patent shall be held and enjoyed by Assignee as fully and entirely as the same
could have been held and enjoyed by me, my heirs, legal representatives and assigns if this
assignment had not been made; and particularly to execute and deliver to Assignee all lawful
application documents including petitions, specifications, and oaths, and all assignments,
disclaimers, and lawful affidavits in form and substance as may be requested by Assignee; to
communicate to Assignee all facts known to me relating to said inventions and discoveries or the
history thereof; and to furnish Assignee with any and all documents, photographs, models,
samples and other physical exhibits in my control or in the control of my heirs, legal
representatives or assigns which may be useful for establishing any facts of my conceptions,
disclosures, and reduction to practice of said inventions or discoveries.

WEST\261730089.1 2-
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Fixecuted this Signature of Inventor

< REY I RAYMANN

Executed this Stgnature of Inventor

&

day of L2018

WREN N. BOUGHERTY

Executed this Signature of Inventor

day of L2015
DIVY A NAG

Executed this Signature of Inventor

__ dayof I <2013

DEBORAH M. LAMBERT

Executed thig Signature of nventor

day-of , 2013

STEPHANIE GREER

Executed this Signature of Inventor

e
THOMAS R. GRUBER

day of

e e §
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Executed this Signature of Inventor

day of , 2015

ROY J. RAYMANN

Executed this Signature of Inventor

13 day of October , 2015 %_’

WREN N. DOUGHERTY

Executed this Signature of Inventor
__ dayof ,2015

DIVYA NAG
Executed this Signature of Inventor
__ dayof ,2015

DEBORAH M. LAMBERT

Executed this Signature of Inventor
__ dayof ,2015

STEPHANIE GREER
Executed this Signature of Inventor
__ dayof ,2015

THOMAS R. GRUBER
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Attorney Docket No. 337722-306000/ P28437US1

Facilitating Restful Sleep Using Reminders
TECHNICAL FIELD

[0001] The disclosure generally relates to detecting and identifying user activity.

BACKGROUND

[0002] Most people perform a regular or recurring set of activities (e.g., a sleep ritual)
before they go to sleep at night. This sleep ritual can include activities such as brushing
teeth, taking the dog out, locking the front door, turning off appliances, setting a morning
alarm, checking a calendar, and/or other activities. Sometimes a person can have
difficulty falling to sleep because they fear that they have forgotten to perform one of

these sleep ritual activities.

SUMMARY

[0003] In some implementations, a computing device can remind a user to perform
sleep ritual activities. The computing device can automatically determine the user’s sleep
ritual. The users sleep ritual can include various activities performed before going to
sleep. The computing device can detect when the user performs the various sleep ritual
activities. The computing device can remind the user about specific sleep ritual activities
when the user forgets to perform the sleep ritual activities before going to sleep. In some
implementation, the computing device can perform sleep ritual activities (e.g., turning off
devices, locking doors, setting the air conditioning, etc.) on behalf of the user in response
to user input. In some implementation, the computing device can perform sleep ritual
activities on behalf of the user automatically and without user input.

[0004] Particular implementations provide at least the following advantages: by
reminding the user to perform sleep ritual activities, the computing device can help the
user get a restful night sleep; the computing device can automatically adjust other devices
in the user’s home so that the user can get a restful sleep; and the computing device can

help the user conserve energy and/or create a safe environment for sleeping.
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[0005] Details of one or more implementations are set forth in the accompanying
drawings and the description below. Other features, aspects, and potential advantages

will be apparent from the description and drawings, and from the claims.

DESCRIPTION OF DRAWINGS
[0006] FIG. 1 is a block diagram of an example system 100 for facilitating restful
sleep using reminders.
[0007] FIG. 2 illustrates an example graphical user interface 200 for reminding the
user to perform a sleep ritual activity.
[0008] FIG. 3 illustrates an example graphical user interface 300 for alerting a user to
the state of a secondary device.
[0009] FIG. 4 illustrates an example graphical user interface 400 for automatically
adjusting secondary devices for sleep.
[0010] FIG. 5 is flow diagram of an example process 500 for facilitating restful sleep
using reminders.
[0011] FIG. 6 is a flow diagram of an example process 600 for changing the state of a
secondary device based on a user’s desired device sleep state.
[0012] FIG. 7 is a flow diagram of an example process 700 for automatically
preparing a plurality of secondary devices for sleep.
[0013] FIG. 8 is a block diagram of an example computing device 800 that can
implement the features and processes of FIGS. 1-7.

[0014] Like reference symbols in the various drawings indicate like elements.

DETAILED DESCRIPTION
Overview
[0015] FIG. 1 is a block diagram of an example system 100 for facilitating restful
sleep using reminders. In some implementations, system 100 can include computing
device 102. For example, computing device 102 can be a mobile device, such as a
smartphone, tablet computer, laptop computer, etc. Computing device 102 can be a

wearable device, such as a smart watch, smart eye glasses, smart contacts, etc., for
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example. Computing device 102 can be a personal computing device of a user. For
example, computing device 102 may be a single user device.
[0016] In some implementations, computing device 102 can include sleep logic 120.
For example, sleep logic 120 can be an operating system software process (e.g., function,
utility, daemon, etc.). Sleep logic 120 can be an independent software process (e.g., a
standalone application). Sleep logic 120 can interact with various sensors of computing
device 102 to detect various signals indicating when the user intends to sleep, when the
user actually falls asleep, and when the user wakes up. Sleep logic 120 can use the
detected signals to determine whether the user has performed the user’s sleep ritual
activities. When the user has not performed one of the user’s sleep ritual activities,
computing device 102 can remind the user to perform the missed or skipped activity so
that the user can sleep without worrying about whether the user forgot to do something
before bed.

Detecting Sleep
[0017] In some implementations, computing device 102 can detect when the user
falls asleep. In some implementations, sleep logic 120 can detect when the user falls
asleep based on user input. For example, when the user is using computing device 102
(e.g., using an application, providing user input, etc.), then the user is performing a
conscious human activity and cannot possibly be sleeping. When the user stops using
computing device 102 for a period of time (e.g., 5 hours, 7 hours, etc.), then sleep logic
120 can determine that the user is asleep. Thus, if, for example, the display of computing
device 102 is dark (e.g., not illuminated) for a period of 7 hours, sleep logic 120 can
determine that the user was sleeping during the 7 hour period. Sleep logic 120 can
determine the sleep start time based on the time when the sleep period began. For
example, if the last user input before the sleep period was at 10:36 pm, then sleep logic
120 can determine that the sleep period began at 10:36 pm. If the screen went dark at
11:16 pm and stayed dark for 7.5 hours, then sleep logic 120 can determine that the sleep
period began at 11:16 pm.
[0018] In some implementations, sleep logic 120 can detect when the user falls asleep
based on sensor data. For example, computing device 102 can include various sensors

that can detect environmental and/or biometric signals that can be used to determine
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when the user is sleeping. Sleep logic 120 can detect sleep based on a single signal (e.g.,
heartrate) or a combination of signals (e.g., heartrate, breathing, movement, etc.). For
example, sleep logic 120 can use multiple signals to improve the probability that the
sleep determination is correct.

[0019] In some implementations, computing device 102 can include sound sensor
104 (e.g., a microphone) that can detect sounds near computing device 102. In some
implementations, sound sensor 104 can detect sleep sounds. For example, sleep logic
120 can initially determine that the user is sleeping based on the absence of user input, as
described above. Sound sensor 104 can collect sleep sounds while the user is sleeping
(e.g., snoring, slow breathing, bed sounds generated when the user moves in the bed,
etc.). Sleep logic 120 can store the collected sleep sounds in sound database 106. When
sleep logic 120 later detects similar sleep sounds, sleep logic 120 can analyze the sleep
sounds and determine that the sleep sounds correspond to the user sleeping by comparing
the detected sleep sounds to the sleep sounds in sound database 132.

[0020] In some implementations, computing device 102 can include movement
sensor 106. For example, movement sensor 106 can be an accelerometer. Movement
sensor 106 can detect when computing device 102 is moving, for example. When the
user of computing device 102 is holding or wearing computing device 102 and the user
moves, movement sensor 106 can detect the movement and sleep logic 120 can determine
that the user is awake. When movement sensor 106 detects very little movement (e.g.,
below a threshold frequency, or threshold magnitude), then sleep logic 120 can determine
that the user is asleep.

[0021] In some implementations, computing device 102 can include heart rate sensor
108. For example, heart rate sensor 108 can be a motion sensor. For example, the
motion sensor can be worn near the heart or on the wrist to detect motion corresponding
to the user’s pulse. Heart rate sensor 108 can be a microphone. For example, the
microphone can be worn on the wrist near the radial artery to detect sounds
corresponding to the user’s pulse. Heart rate sensor 108 can be a photoplethysmogram
(PPG) sensor, such as a pulse oximeter, camera, or other optical sensor. Heart rate sensor
108 can optically obtain a plethysmogram by illuminating the skin and measuring

changes in light absorption to detect the user’s pulse. Sleep logic 120 can use the pulse
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data generated by heart rate sensor 108 to determine a heart rate for the user. Sleep logic
120 can use the pulse data generated by heart rate sensor 108 to determine the variability
in the user’s pulse. For example, pulse or heart rate variability decreases as the user
transitions from a wake state to a sleep state. Sleep logic 120 can determine that the user
is sleeping when the user’s heart rate and/or heart rate variability is below respective
threshold values. Sleep logic 120 can determine that the user is awake when the user’s
heart rate and/or heart rate variability are above respective threshold values.

[0022] In some implementations, computing device 102 can include breathing rate
sensor 110. For example, breathing rate sensor 108 can be a microphone. For example,
the microphone can detect sounds corresponding to breaths taken by the user. Breathing
rate sensor 108 can be a photoplethysmogram (PPG) sensor such as a pulse oximeter,
camera, or other optical sensor. Breathing rate sensor 108 can optically obtain a
plethysmogram by illuminating the skin and measuring changes in light absorption to
detect when the user takes a breath. Sleep logic 120 can use the breathing rate data
generated by breathing rate sensor 108 to determine a breathing rate (e.g., frequency of
breaths), breathing rate variability, and/or breathing amplitude (e.g., how big or deep the
breaths are) for the user. Sleep logic 120 can determine that the user is sleeping when the
user’s breathing rate, breathing rate variability, and/or breathing amplitude are below
respective threshold values. Sleep logic 120 can determine that the user is awake when
the user’s breathing rate, breathing rate variability, and/or breathing amplitude are above
respective threshold values. For example, slow, regular breaths can indicate that the user
is sleeping while faster, inconsistent breathing can indicate that the user is awake.

[0023] In some implementations, computing device 102 can include light sensor 112.
For example, light sensor 112 can be a photoresistor that detects the light intensity of the
environment around computing device 102. Sleep logic 120 can use the light intensity
data generated by light sensor 112 to determine whether the user is sleeping. For
example, humans usually enjoy sleeping in a dark environment. Thus, if light sensor 112
detects that the light intensity is above a threshold intensity value, computing device 102
can determine that the user is awake. If light sensor 112 detects that the light intensity is

below the threshold value, computing device 102 can determine that the user is sleeping.
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[0024] In some implementations, computing device 102 can include pressure sensor
114. For example, pressure sensor 114 can be incorporated into or behind a touch
sensitive display of computing device 102. A user can touch and apply pressure to the
touch sensitive display and pressure sensor 114 can determine the amount of pressure
being applied to the touch sensitive display. To determine the start of sleep, the user can
be prompted to apply and hold pressure to the touch sensitive display. When the user
falls asleep, the user will not be able to continue applying pressure to the display. Sleep
logic 120 can receive pressure data from pressure sensor 114, determine the amount of
pressure being applied to the display by the user has decreased (e.g., below some pressure
value), and determine that the user is asleep based on the decrease in pressure.

[0025] In some implementations, computing device 102 can include touch sensor
116. For example, touch sensor 116 can be a touch sensitive display, a button, or some
other device that is responsive to the user’s touch. Sleep logic 120 can use the touch
sensor data generated by touch sensor 116 to determine if the user is awake or asleep.
For example, if touch sensor 116 detects that the user has touched computing device 102
(e.g., the touch sensitive display, button, etc.), then sleep logic 120 can determine that the
user is awake. If touch sensor 116 does not detect the user touching computing device
102 for a period of time (e.g., 4 hours, 6 hours, etc.), then sleep logic 120 can determine
that the user is asleep.

[0026] In some implementations, computing device 102 can include other sensors
118. For example, other sensors 118 can include a temperature sensor, a location sensor,
or any other sensor that can generate data that can be used to inform the sleep
determination. For example, the temperature sensor can detect the heat of the user’s skin.
Typically, skin temperature (e.g., surface temperature) of the human body increases while
sleeping. Thus, sleep logic 120 can determine that the user is sleeping when the skin
temperature data generated by the temperature sensor indicates an increase in the user’s
body temperature above a threshold temperature. When other sensors 118 is a location
sensor, for example, sleep logic 120 can determine that the user is sleeping when the
location of computing device 102 is the user’s home or at some other place where the
user typically sleeps. For example, sleep logic 120 may determine that the user is still

awake when the location of computing device 102 is the user’s place of business.

PATENT
REEL: 036965 FRAME: 0044



Attorney Docket No. 337722-306000/ P28437US1

[0027] In some implementations, sleep logic 120 can determine when the user is
awake using the sensors described above. For example, the various sensors can detect
conscious human activity and sleep logic 120 can determine that the user is awake based
on the detected activity. For example, sleep logic 120 can receive sensor data that
indicates conscious movement, talking, increased heart rate, increased breathing rate,
increased lighting, and/or use of computing device 102 (e.g., touch input) and determine
that the user is awake based on the sensor data. Sleep logic 120 can determine the wake
time based on when the first sensor detected conscious human activity. For example, the
wake time can correspond to the time when a sensor first detected conscious movement,
talking, increased heart rate, increased breathing rate, increased lighting, and/or use of
computing device 102 (e.g., touch input).
[0028] In some implementations, the sleep start time and sleep end time (wake time)
can be used to determine the sleep period. For example, if the sleep start time is 11pm
and the sleep end time is 6am, then the sleep period (duration) is 7 hours (e.g., 6am-11pm
=7 hours). In some implementations, sleep logic 120 can store sleep the sleep start time,
sleep end time, and/or sleep duration in sleep history database 134. For example, each
record in sleep history database 134 can include sleep data for an instance of sleep. The
sleep data can include sleep start time, sleep end time, sleep duration, and sensor data
collected while the user is sleeping, as described above. The sensor data can be used to
confirm sleep state when determining whether the user is sleeping by comparing the
stored sensor data representing the user’s sleep state to current sensor data representing
the user’s current unknown state.
[0029] In some implementations, sleep logic 120 can predict future sleep periods.
For example, sleep logic 120 can analyze the sleep history data in sleep history database
134 to determine when the user usually sleeps. For example, if the user typically (e.g.,
historically has a pattern) sleeps between 11pm and 7am, then sleep logic 120 can predict
that the user will go to sleep at 11pm on the current day and/or future days.

Determining the Sleep Ritual
[0030] In some implementations, sleep logic 120 can determine the user’s sleep
ritual. For example, humans are creatures of habit. Most people have a specific set of

activities that they perform before going to bed every night. For example, a user of
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computing device 102 may take the dog out, lock the front door, shut the window blinds,
exercise, take a shower, and/or brush her teeth. These activities may not be done in the
exact same order every night. The user may not perform every one of these activities
every night. However, each night the user will perform at least some (e.g., a subset) of
these activities as part of the user’s sleep ritual before she goes to bed. For example, if a
user performs a particular activity at least a number of nights (e.g., 5, 6, at least 50%,
etc.) per week, then sleep logic 120 can determine that the particular activity is a sleep
ritual activity. These sleep ritual activities can be used to infer the user’s intent to go to
sleep.

[0031] In some implementations, sleep logic 120 can monitor sensor data before the
user goes to sleep to determine the user’s sleep ritual. For example, after sleep logic 120
determines the user’s sleep patterns, as described above, sleep logic 120 can monitor the
environment of computing device 102 to determine the user’s activities right before the
user is predicted to go to sleep. If sleep logic 120, for example, predicts that the user
will go to sleep at 10pm, for example, sleep logic 120 can turn on the sensors of
computing device 102 before the user is predicted to go to sleep (e.g., .5 hour before, 1
hour before, 9:30pm, etc.) to monitor or detect the user’s bedtime activities (e.g., sleep
ritual).

[0032] In some implementations, sleep logic 120 can monitor the environment of
computing device 102 to determine the user’s activities all the time or on regular intervals
(e.g., every 2 minutes, every 5 minutes, etc.) throughout the day to detect and identify the
user’s activities. When sleep logic 120 determines that the user has gone to sleep, sleep
logic 120 can analyze the user’s activities to determine which activities were performed
in a time period before the user went to sleep.

[0033] In some implementations, sleep logic 120 can identify sleep ritual activities
using sound data generated by sound sensor 104. For example, various activities
performed by the user as the user is preparing to go to sleep may generate noise or sounds
that are detectable by sound sensor 104 and/or identifiable by sleep logic 120. Sleep
logic 120, for example, can obtain sound samples (e.g., sound fingerprints) from a
network resource (not shown) that have been mapped to corresponding activities that are

known to have generated the sampled sounds. The sound samples can include the sound
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of someone brushing their teeth, adjusting window blinds, opening and closing doors,
taking a shower, or any other activity that generates an identifiable or unique sound. The
mapping of sounds to activities can be stored in sound database 132, for example. Thus,
when the user brushes her teeth, the sound of the brushing can be detected by sound
sensor 104 (e.g., microphone), and can be compared to the sounds in sound database 132
by sleep logic 120 to determine that the detected sound corresponds to the user brushing
her teeth. After sleep logic 120 identifies the sound of the user brushing her teeth, the
users tooth brushing activity can be added to the user’s sleep ritual activities stored in
sleep ritual database 130. Similarly, sound sensor 104 can detect and sleep logic 120 can
identify sounds related to exercising, showering, closing window blinds, opening and
closing doors, taking a dog outside, filling a glass with water, using the toilet, and/or any
other sleep ritual activity. After a sleep ritual activity has been identified, sleep logic 120
can add the sleep ritual activity to sleep ritual database 130.

[0034] In some implementations, sleep logic 120 can identify sleep ritual activities
using movement data generated by movement sensor 106. For example, various
activities performed by the user as the user is preparing to go to sleep may generate
motion or vibrations that are detectable by movement sensor 106 and/or identifiable by
sleep logic 120. Sleep logic 120, for example, can obtain motion samples (e.g., motion
fingerprints, patterns of motion) from a network resource (not shown) that have been
mapped to corresponding activities that are known to have generated the sampled motion.
The motion samples can include the motion of someone brushing their teeth (e.g., when
wearing a smart watch), walking or exercising, or any other activity that generates motion
or movement. The mapping of motion to activities can be stored in motion database 136,
for example. Thus, when the user exercises before bed, the motion of the exercise can be
detected by movement sensor 106 (e.g., accelerometer), and can be compared to the
motion samples in motion database 136 by sleep logic 120 to determine that the detected
motion corresponds to the user exercising. After sleep logic 120 identifies the motion of
the user exercising, the user’s exercise activity can be added to the user’s sleep ritual
activities stored in sleep ritual database 130. Similarly, movement sensor 106 can detect

and sleep logic 120 can identify motion related to tooth brushing, and/or any other sleep
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ritual activity. After a sleep ritual activity has been identified, sleep logic 120 can add the
sleep ritual activity to sleep ritual database 130.

[0035] In some implementations, sleep logic 120 can identify sleep ritual activities
using light intensity data generated by light sensor 112. For example, humans normally
like to sleep in a dark room. Thus, darkening the user’s environment by drawing window
shades or turning off a light can be part of the user’s sleep ritual. When the user darkens
the room before the predicted bedtime, light sensor 112 can detect the change in ambient
light intensity and generate ambient light intensity data reflecting the change. Sleep logic
120 can analyze the light intensity data, determine that the ambient light intensity has
been lowered, and determine that the user has darkened the room. Sleep logic 120 can
store the darken room activity is sleep ritual database 130 as an activity that is part of the
user’s sleep ritual.

[0036] In some implementations, sleep logic 120 can identify sleep ritual activities
based on application usage. For example, the user may have a habit of using specific
software applications installed on computing device 102 immediately before going to
bed. The user can check calendar application 140. The user can set a wake up alarm
using alarm clock application 142. The user can use social media applications, news
applications, a game application, an e-book reader application, and/or other applications
before going to sleep. Sleep logic 120 can monitor application usage before the predicted
sleep time (e.g., 1 hour before, 0.5 hour before, etc.) and determine which applications
the user uses before the user’s predicted sleep time. Sleep logic 120 can store the
detected application use activities as sleep ritual activities in sleep ritual database 130.
[0037] In some implementations, sleep logic 120 can identify sleep ritual activities
based on state information received from secondary device 150. While FIG. 1 shows a
single secondary device 150, system 100 can include multiple secondary devices 150.
Secondary device 150 can be another computing device similar to computing device 102.
Secondary device 150 can be a wearable device (e.g., smart watch, smart eye glasses,
smart contacts, etc.). For example, secondary device 150 can detect and determine sleep
ritual activities as described above and report the activities to in the state information sent
to sleep logic 120 on computing device 102. Secondary device 150 can be a smart

appliance or other networked device, such as a smart television, set top box, smart door
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lock, smart blinds, smart lamp, smart power grid, smart refrigerator, and/or some other
home appliance.

[0038] In some implementations, secondary device 150 can report device state
information to computing device 102. For example, secondary device 150 can connect to
computing device 102 through network 160. For example, network 160 can be a local
area network, wide area network, home Wi-Fi network, and/or the Internet. For example,
sleep logic 120 determine which doors in the user’s house are opened or closed, whether
the blinds are opened or closed, whether a lamp is on or off, whether the refrigerator door
is open or closed, what media the user is consuming, and/or other information based on
state information received from secondary device 150.

[0039] Secondary device 150 can report device state information to computing device
120 periodically (e.g., every 5 minutes, every hour, etc.). Secondary device 150 can
report device state information to computing device 120 in response to detecting a change
in state of secondary device 150. For example, a change of state can be powering on or
off the device, a user interacting with or manipulating the device, and/or any other user
initiated device state change.

[0040] In some implementations, sleep logic 120 can store received device state
information in sleep ritual database 130. For example, activities performed with respect
to secondary device 150 can be part of the user’s sleep ritual. Thus, when sleep logic 120
receives device state information from secondary device 150 that indicates a user
interaction with secondary device 150 before the user goes to sleep, sleep logic 120 can
store the interaction as a sleep ritual activity is sleep ritual database 130.

[0041] In some implementations, secondary device 150 can report device state
information to sleep logic 120 in response to a request for state information received from
computing device 120. For example, sleep logic 120 can determine that the user is about
to go to sleep (e.g., the current time is near the user’s predicted sleep time, the sleep logic
120 has determined that the user intends to sleep, etc.) and can request device state
information from secondary device 150. Sleep logic 120 can store the received device
state information in sleep history database 134 in the sleep record for the current sleep
instance, as described above. Sleep logic 120 can analyze the device state information

and compare the device state information with historical device state data to determine
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the typical (e.g., most frequently occurring over time) device state for each secondary
device 150. The typical device state for each secondary device 150 can be stored as a
sleep mode setting for the corresponding secondary device 150 in sleep mode settings
database 138. For example, sleep logic 120 can use the device state information stored in
sleep mode settings database 138 to automatically adjust the state or settings of secondary
device 150 when the user goes to sleep, as described further below.

Determining Intent to Sleep
[0042] In some implementations, sleep logic 120 can determine that the user intends
to sleep. For example, sleep logic 120 can present reminders about forgotten sleep ritual
activities when sleep logic 120 determines that the user intends or is about to go to sleep.
Sleep logic 120 can present reminders about secondary device settings or state (e.g., the
oven is on, the light is on, etc.) when sleep logic 120 determines that the user intends to
go to sleep.
[0043] In some implementations, the user’s intent to sleep can be determined based
on detecting the user has performed the user’s sleep ritual. For example, sleep logic 120
can monitor the activities of the user before the user’s predicted sleep period using the
sensors of computing device 102, as described above. Sleep logic 120 can identify the
user’s activities based on the sensor data, as described above, and compare the activities
to the activities stored in sleep ritual database 130 to determine if the detected activity is
part of the user’s sleep ritual. Similarly, the user’s sleep ritual can include adjustments to
secondary device 150. If the user typically turns off a smart lamp, locks a smart lock,
exercises while wearing a smart watch, opens a smart freezer, etc., before going to bed,
these activities can be part of the user’s sleep ritual. Sleep logic 120 can receive
secondary device state information, identify the user’s interactions or activities with
respect to secondary device 150, and compare the activities to the activities stored in
sleep ritual database 130 to determine if the detected activity is part of the user’s sleep
ritual.
[0044] Sleep logic 120 can determine that the user’s sleep ritual was performed by
the user when sleep logic 120 determines that a threshold number of the sleep ritual
activities identified in sleep database 130 were performed. For example, sleep logic 120

can determine that the user is performing the user’s sleep ritual when a minimum number
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(e.g., three or more) of the sleep ritual activities were performed in a short period of time
(e.g., within 15 minutes, within 30 minutes, etc.). Sleep logic can determine that the user
is performing the user’s sleep ritual when a portion (e.g., greater than 30%, greater than
50%, etc.) of the sleep ritual activities were performed by the user in a short period of
time.

[0045] In some implementations, sleep logic 120 can determine the user intends to go
to sleep based on the time when the last of the user’s sleep ritual activities is performed.
If the user’s sleep ritual (as indicated by the activities in sleep ritual database 130)
includes the activities shower, brush teeth, darken the room, and set the wake up alarm
for the next day, then, when the last of these activities is detected by computing device
102, sleep logic 120 can determine that the user intends to sleep. For example, if
darkening the room is the last of the sleep ritual activities performed by the user and
detected by light sensor 112 of computing device 102, then sleep logic 120 can determine
that the user intends to go to sleep at the time at which darkening the room was detected.
[0046] In some implementations, sleep logic 120 can determine that the user intends
to sleep based on heart rate data generated by heart rate sensor 108. For example, the
user’s heart rate may decrease in steps: first as a user prepares to sleep and again when
the user is actually asleep. Thus, sleep logic 120 can include two heart rate thresholds: a
first heart rate threshold for determining intent to sleep, and a second heart rate threshold
for determining when the user is sleeping. Heart rate sensor 108 can detect the user’s
heart rate, as described above, and send the heart rate data to sleep logic 120. Sleep logic
120 can compare the user’s heart rate to the first and second heart rate thresholds. For
example, if the user’s heart rate is below the first heart rate threshold and above the
second heart rate threshold, the user is preparing to sleep. If the user’s heart rate is below
the second heart rate threshold, the user is sleeping. Thus, sleep logic 120 can determine
that the user intends to sleep when the user’s heartrate drops below the first heart rate
threshold. Sleep logic 120 can determine that the user is sleeping when the user’s
heartrate drops below the second heart rate threshold.

[0047] Similarly, the user’s heart rate variability may decrease in steps: first when the
user is awake and resting, second when the user intends to sleep, and third when the user

is asleep. Thus, sleep logic 120 can include two heart rate variability thresholds for
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determining sleep onset latency: a first variability threshold for determining intent to
sleep or the start of sleep onset latency, and a second variability threshold lower than the
first variability threshold for determining when the user is sleeping. Heart rate sensor
108 can detect the user’s heart rate, as described above, and send the heart rate data to
sleep logic 102. Sleep logic 120 can compare the user’s heart rate variability to the first
and second variability thresholds. For example, if the user’s heart rate variability is
below the first variability threshold and above the second variability threshold, the user is
preparing to sleep and has begun the sleep onset latency period. If the user’s heart rate
variability is below the second variability threshold, the user is sleeping. Thus, sleep
logic 120 can determine the start of sleep onset latency when the user’s heart rate
variability drops below the first heart rate threshold. Sleep logic 120 can determine the
end of sleep onset latency and the beginning of sleep when the user’s heart rate variability
drops below the second variability threshold.

[0048] In some implementations, sleep logic 120 can determine the user intends to
sleep based on breathing rate data generated by breathing rate sensor 110. For example,
the user’s breathing rate may decrease in steps: first as a user prepares to sleep and again
when the user is actually asleep. Thus, sleep logic 120 can include two breathing rate
thresholds: a first breathing rate threshold for determining intent to sleep, and a second
breathing rate threshold for determining when the user is sleeping. Breathing rate sensor
108 can detect the user’s breathing rate, as described above, and send the breathing rate
data to sleep logic 120. Sleep logic 120 can compare the user’s breathing rate to the first
and second breathing rate thresholds. For example, if the user’s heart rate is below the
first breathing rate threshold and above the second breathing rate threshold, the user is
preparing to sleep. If the user’s breathing rate is below the second breathing rate
threshold, the user is sleeping. Thus, sleep logic 120 can determine that the user intends
to sleep when the user’s breathing drops below the first breathing rate threshold. Sleep
logic 120 can determine that the user is sleeping when the user’s breathing drops below
the second breathing rate threshold.

[0049] Similarly, the user’s breathing rate variability may decrease in steps: first as a
user prepares to sleep and again when the user is actually asleep. Thus, sleep logic 102

can include two breathing variability thresholds: a first variability threshold for
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determining intent to sleep or the start of sleep onset latency, and a second variability
threshold lower than the first variability threshold for determining when the user is
sleeping. Breathing rate sensor 108 can detect the user’s breathing rate, as described
above, and send the breathing rate data to sleep logic 102. Sleep logic 102 can compare
the user’s breathing rate variability to the first and second variability thresholds. For
example, if the user’s breathing rate variability is below the first variability threshold and
above the second variability threshold, the user is preparing to sleep and has begun the
sleep onset latency period. If the user’s breathing rate variability is below the second
variability threshold, the user is sleeping. Thus, sleep logic 102 can determine the start of
sleep onset latency when the user’s breathing rate variability drops below the first
variability threshold. Sleep logic 102 can determine the end of sleep onset latency and the
beginning of sleep when the user’s breathing rate variability drops below the second
variability threshold. Similar thresholding logic can be used to determine sleep onset
latency based on breathing amplitude, as described above.

[0050] In some implementations, sleep logic 120 can determine the user’s intent to
sleep based on user input detected by pressure sensor 114. For example, sleep logic 120
can use pressure sensor 114 to determine when the user intends to sleep and the start of
sleep. Sleep logic 120 (or sleep application 146) can present a graphical user interface on
a touch sensitive display of computing device 102. The graphical user interface can ask
the user to apply and hold pressure on the display when the user intends to sleep. The
pressure applied by the user can be detected by pressure sensor 114. Pressure sensor 110
can detect a high level of pressure initially. The amount of pressure detected by pressure
sensor 110 will be reduced as the user falls asleep until little or no pressure is detected
when the user is asleep. The pressure data generated by pressure sensor 114 can be
analyzed by sleep logic 120 to determine when the user initially applied pressure (e.g.,
corresponding to the users intent to sleep) and when the user applied the least amount of
pressure after the initial pressure was applied (e.g., corresponding to when the user fell
asleep).

[0051] In some implementations, sleep logic 120 can determine the user’s intent to
sleep based on user input detected by touch sensor 116. For example, sleep logic 120

and/or sleep application 146 can provide a graphical user interface that allows the user to
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indicate that the user intends to go to sleep. The user can, for example, touch a button or
graphical user interface element on a touch sensitive display to indicate the user’s intent
to go to sleep. Touch sensor 116 can detect the touch input and sleep logic 120 can
determine that the user intends to sleep based on when the touch input was received.
Presenting Reminders

[0052] In some implementations, sleep logic 120 can present reminders to perform
sleep ritual activities in response to determining that the user intends to sleep. For
example, after sleep logic 120 determines the activities that are part of the user’s sleep
ritual, sleep logic 120 can remind the user to perform sleep ritual activities that the user
may have forgotten to perform before going to bed. For example, sleep logic 120 can
send a reminder message to notification process 144 and notification process 144 can
present the reminder to the user on a graphical user interface of computing device 102.
Notification process 144 can be an operating system process (e.g., utility or function) or a
standalone application, for example. Sleep logic 120 can help the user sleep better by
reminding the user to perform the activities before the user sleeps so that the user does
not wake later with worry about missing one of the sleep ritual activities.

[0053] In some implementations, sleep logic 120 can determine when a user forgets
to perform a sleep ritual activity. For example, sleep logic 120 can analyze sensor data,
secondary devices data, network traffic, and/or other data to detect and identify activities
that the user performs before going to bed, as described above. Sleep logic 120 can
compare the detected activities (e.g., at the current time) to known sleep ritual activities
stored in sleep ritual database 130 to determine whether the user has performed each of
the sleep ritual activities identified in sleep ritual database 130. When sleep logic 120
determines that the user intends to sleep (e.g., the user is done with pre-sleep activities),
sleep logic 120 can determine which sleep ritual activities in sleep ritual database 130 the
user has failed (e.g., forgotten) to perform before going to sleep (e.g., before going to
bed) by determining which sleep ritual activities in sleep ritual database 130 were not
detected. Sleep logic 120 can then present a reminder to the user to perform the forgotten
sleep ritual activity. For example, the reminder can be presented in response to sleep

logic 120 determining that the user intends to sleep (e.g., go to bed).
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[0054] In some implementations, sleep logic 120 can remind the user to perform
sleep ritual activities related to personal hygiene. For example, if sleep logic 120 has
previously determined that the user brushes her teeth, uses the toilet, takes a shower,
and/or performs some other personal hygiene activity as part of the user’s sleep ritual,
sleep logic 120 can remind the user to perform the personal hygiene activity so that the
user’s sleep is not later disturbed when the user wonders if she remembered to perform
the activity or when nature calls.

[0055] In some implementations, sleep logic 120 can remind the user to perform
sleep ritual activities related to personal security. For example, if sleep logic 120 has
previously determined that the user typically locks a door, draws the window blinds,
shuts or locks a window, or performs some other security related activity as part of the
user’s sleep ritual, sleep logic 120 can remind the user to perform the personal security
activity so that the user’s sleep is not later disturbed when the user wonders if she
remembered to perform the security-related activity.

[0056] In some implementations, sleep logic 120 can remind the user to perform
sleep ritual activities related to personal safety. For example, if sleep logic 120 has
previously determined that the user typically turns off the oven or stove top, blows out
candles, puts out the fire in the fireplace, unplugs a device, or performs some other safety
related activity as part of the user’s sleep ritual, sleep logic 120 can remind the user to
perform the personal safety activity so that the user’s sleep is not later disturbed when the
user wonders if she remembered to perform the safety-related activity.

[0057] In some implementations, sleep logic 120 can remind the user to perform
sleep ritual activities related to pets. For example, if sleep logic 120 has previously
determined that the user typically takes the dog out, puts the dog in a kennel, fills the
cat’s water bowl, or performs some other pet-related activity as part of the user’s sleep
ritual, sleep logic 120 can remind the user to perform the pet activity so that the user’s
sleep is not later disturbed when the user wonders if she remembered to perform the pet-
related activity.

[0058] In some implementations, sleep logic 120 can remind the user to perform
sleep ritual activities related to energy conservation. For example, if sleep logic 120 has

previously determined that the user typically turns off lights, lowers or raises the
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thermostat setting for the air conditioner, turns off the television, unplugs a personal
computing device, and/or performs some other energy conservation related activity as
part of the user’s sleep ritual, sleep logic 120 can remind the user to perform the energy
conserving activity so that the user’s sleep is not later disturbed when the user wonders if
she remembered to perform the energy conservation related activity.

[0059] In some implementations, sleep logic 120 can remind the user to perform
sleep ritual activities related to energy conservation. For example, if sleep logic 120 has
previously determined that the user typically turns off lights, lowers or raises the
thermostat setting for the air conditioner, turns off the television, unplugs a personal
computing device, and/or performs some other energy conservation related activity as
part of the user’s sleep ritual, sleep logic 120 can remind the user to perform the energy
conserving activity so that the user’s sleep is not later disturbed when the user wonders if
she remembered to perform the energy conservation related activity.

[0060] In some implementations, sleep logic 120 can remind the user to perform
sleep ritual activities related to the user’s schedule. For example, if sleep logic 120 has
previously determined that the user typically checks her calendar, sets an alarm,
schedules a reminder, checks her email, program or turn on the coffee maker, and/or
performs some other schedule related activity as part of the user’s sleep ritual, sleep logic
120 can remind the user to perform the scheduling activity so that the user’s sleep is not
later disturbed when the user wonders what is on her schedule the next day, or wonders if
she remembered to perform some schedule related activity. If sleep logic 120 has
previously determined that the user typically plugs computing device 102 into a charging
device to recharge the battery of computing device 102 before going to sleep, sleep logic
120 can present a reminder to remind the user to connect computing device 102 to the
charger.

[0061] FIG. 2 illustrates an example graphical user interface 200 for reminding the
user to perform a sleep ritual activity. For example, graphical user interface (GUI) 200
can include notification 202. Notification 202 can be a graphical element presented on
GUI 200 that includes a message, such as a reminder. Notification 202 can be a graphical
element generated by notification process 144, for example. Notification 202 can be

presented when sleep logic 120 determines that the user intends to go to sleep and/or that

18

PATENT
REEL: 036965 FRAME: 0056



Attorney Docket No. 337722-306000/ P28437US1

the user failed to perform one or more of the user’s sleep ritual activities. For example, in
response to determining that the user intends to go to sleep and that the user failed to
perform a sleep ritual activity, sleep logic 120 can cause notification 202 to be presented
on GUI 200 to remind the user to perform the sleep ritual activity before going to sleep.
[0062] In some implementations, notification 202 can include a description of the
sleep ritual activity that the user failed to perform. For example, if the sleep logic 120
determined that the user failed to lock the front door, or turn off a light, or brush her
teeth, notification 202 can include a description of the sleep activity and a reminder to
perform the missed sleep ritual activity. In some implementations, notification 202 can
include graphical element 204. For example, graphical element 204 can be a virtual
button or other selectable element. When the user selects graphical element 204,
notification 202 can be dismissed (e.g., removed from view on GUI 200).

[0063] In some implementations, notification 202 can include graphical element 206.
For example, graphical element 206 can be a virtual button or other selectable element.
When the user selects graphical element 206, options associated with the reminder can be
presented to the user. In some implementations, the options can include performing an
action with respect to the reminder. For example, if the reminder reminds the user to turn
off a smart lamp, the user can select an option to remotely turn off the smart lamp using
computing device 102. For example, computing device 102 can send a message to the
smart lamp through a network connection to the smart lamp to cause the smart lamp to
turn off. In some implementations, the options can include an option to prevent future
reminders for the sleep ritual activity. For example, if the reminder reminds the user to
take a shower, the user may not wish to be reminded to shower before bed and can select
an option to prevent future reminders to shower before bed. If the user selects this option
to prevent future reminders about showering, sleep logic 120 will not remind the user to
shower in the future.

[0064] FIG. 3 illustrates an example graphical user interface 300 for alerting a user to
the state of a secondary device. For example, GUI 300 can include notification 302.
Notification 302 can be a graphical element presented on GUI 300 that includes a
message, such as an alert or reminder. Notification 302 can be a graphical element

generated by notification process 144, for example. Notification 302 can be presented
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when sleep logic 120 determines that the user intends to go to sleep and/or that the user
failed to perform one or more of the user’s sleep ritual activities. For example, in
response to determining that the user intends to go to sleep and that the user failed to
perform a sleep ritual activity, sleep logic 120 can cause notification 302 to be presented
on GUI 300 to remind the user to perform the sleep ritual activity before going to sleep.
[0065] In some implementations, notification 302 can present an alert notifying the
user of the state of a secondary device. As described above, sleep logic 120 can
determine sleep settings for secondary devices, such as smart appliances or other
computing devices and store the sleep settings in sleep mode settings database 138.
When sleep logic 120 determines that the user intends to sleep, sleep logic 120 can
request state information from the various secondary devices of the user. In response to
the request, the secondary devices (e.g., smart lamps, smart door locks, smart televisions,
etc.) can send information describing the current state of the secondary devices to sleep
logic 120. Sleep logic 120 can compare the current state of the secondary devices to the
secondary device settings (e.g., user’s desired sleep settings) stored in sleep mode
settings database 138 to determine if the current state of the devices matches the sleep
mode settings. When the current state of a secondary device does not match or
correspond to the sleep mode setting for the device is sleep mode database 138, sleep
logic 120 can cause notification process 144 to present notification 302 to alert the user to
the state of the secondary device. For example, if a smart oven sends state information to
sleep logic 120 indicating that the oven is turned on and the sleep mode settings database
138 indicates that the oven should be turned off, sleep logic 120 can cause notification
302 to be presented on GUI 300 alerting the user to the fact that the oven is still on.
[0066] In some implementations, notification 302 can include graphical element 304.
For example, graphical element 304 can be a selectable element (e.g., a button) that the
user can select to cause a secondary device to change state to the desired state indicated
for the secondary device in sleep mode settings database 138. For example, if
notification 302 presents an alert to the user indicating that a smart light fixture is on and
the sleep mode settings database 138 indicates that the smart light fixture should be
turned off when the user goes to sleep, the user can select graphical element 304 to cause

computing device 102 to send a message to the smart light fixture to cause the smart light
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fixture to turn off. In some implementations, notification 302 can include graphical
element 306. For example, a user can select graphical element 306 to dismiss notification
302 without causing computing device 102 to take any additional action related to the
secondary device identified by notification 302.

[0067] FIG. 4 illustrates an example graphical user interface 400 for automatically
adjusting secondary devices for sleep. For example, GUI 400 can include notification
402. Notification 402 can be a graphical element presented on GUI 400 that includes a
message, such as a prompt. Notification 402 can be a graphical element generated by
notification process 144, for example. Notification 402 can be presented when sleep
logic 120 determines that the user intends to go to sleep. For example, in response to
determining that the user intends to go to sleep, sleep logic 120 can cause notification 402
to be presented on GUI 300 to prompt the user to provide input indicating that the user
would like computing device 102 to change the state of secondary devices in preparation
for the user to sleep.

[0068] In some implementations, notification 402 can include graphical element 404.
For example, graphical element 404 can be a selectable graphical element (e.g., a button)
that when selected by a user causes computing device 102 to change the state of
secondary devices to the desired states specified (e.g., identified) in sleep mode database
138. For example, when sleep logic 120 determines that the user intends to sleep, sleep
logic 120 can cause notification process 144 to present notification 402 asking (e.g.,
prompting) the user if the user would like computing device 102 to prepare the user’s
house (e.g., secondary devices in the house) for sleep. When the user responds
affirmatively by selecting graphical element 404, sleep logic 120 can obtain the user’s
desired sleep settings for the secondary devices from sleep mode database 138. Sleep
logic 120 can send a message to each secondary device indicating the desired sleep mode
setting for the respective secondary device. In response to receiving the message, each
secondary device can change its state to match the desired sleep mode setting. For
example, if the desired sleep mode setting for the oven is “oft”, sleep logic can send a
message to the oven indicating the “off” state. When the oven receives the message, the
oven can turn itself off if it is in the “on” state or take no action if the oven is already off.

A similar process can be used to adjust the state of smart televisions, smart door locks,
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smart window shades or blinds, smart light fixtures, or any other smart (e.g.,
computerized, networked, etc.) home device or appliance.
[0069] In some implementations, sleep logic 120 can present a graphical user
interface that presents the current state of the secondary devices. For example, when
sleep logic 120 determines that the user intends to sleep, sleep logic 120 can present a
graphical user interface that presents the current state of each of the user’s secondary
devices (e.g., smart devices, smart appliances, etc.). Thus, even if each secondary device
is already in the appropriate sleep state, the user can be reassured that the state of each
device is as the user desires before going to sleep.

Example Processes
[0070] FIG. 5 is flow diagram of an example process 500 for facilitating restful sleep
using reminders. For example, process 500 can help a user get a restful night’s sleep by
reminding the user to perform activities before going to sleep that the user might think
about after later and that might cause the user to wake or get out of bed.
[0071] At step 502, computing device 102 can predict a user’s sleep period. For
example, computing device 102 can obtain historical sensor data that corresponds to the
user sleeping. Computing device 102 can obtain historical use data that indicates time
periods when the user is using and/or is not using computing device 102. Based on the
historical data, computing device 102 can predict when the user will sleep in the future.
For example, computing device 102 can predict when (e.g., what time) the user will go to
sleep and/or when the user will wake up.
[0072] At step 504, computing device 102 can detect user activities during a period of
time before the predicted sleep period. For example, computing device 102 can receive
sensor data, secondary device state information, primary device use information
describing the user’s use of computing device 102, and/or other information describing
the user’s activities during a period of time (e.g., 30 minutes, 1 hour, etc.) immediately
before a time when the user is predicted to go to sleep. Based on the information,
computing device 102 can identify the activities performed by the user before the user
goes to sleep.
[0073] At step 506, computing device 102 can obtain sleep ritual activity

information. For example, a sleep ritual activity is an activity that is regularly performed
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by the user night after night. The user may not perform a sleep ritual activity every night
but the user will perform a sleep ritual activity most nights. For example, if the user
performs an activity before going to sleep at least 80% (e.g., some threshold percentage)
of the time, computing device 102 can identify the activity as a sleep ritual activity. If the
user performs an activity before going to sleep at least 6 nights (e.g., some threshold
number) a week, computing device 102 can identify the activity as a sleep ritual activity.
Computing device 102 can determine and store sleep ritual activities and associated data
(e.g., sound samples, sensor data, device state information, etc.) in sleep ritual database
130, for example. Computing device 102 can obtain the sleep ritual activity information
from sleep ritual database 130 when determining whether to present reminders to the
user.

[0074] In some implementations, computing device 102 can associate a sleep ritual
with a particular location. For example, a user may perform a particular sleep ritual when
at home and a different sleep ritual when traveling (e.g., away from home, at a hotel,
visiting friends, etc.). Computing device 102 can determine the current location of the
user and obtain sleep ritual information corresponding to the “home” location and a sleep
ritual corresponding the “away from home” location.

[0075] At step 508, computing device 102 can compare the detected activities to the
sleep ritual activities. For example, computing device 102 can compare the activities
detected at step 504 to the sleep ritual activity information obtained at step 506 to
determine which sleep ritual activities have been performed and which sleep ritual
activities have not been performed. For example, computing device 102 can continue
performing steps 504, 506, and 508 until computing device 102 determines that the user
intends to go to sleep at step 510.

[0076] At step 510, computing device 102 can determine that the user intends to
sleep. In some implementations, computing device 102 can determine tha