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OPTIMAL SLEEP STATE SELECTION
SYSTEM

RELATED CASES

[0001] The present invention claims priority to U.S. Util-
ity patent application Ser. No. 13/781,742 field on Feb. 28,
2013, issuing in Oct. 4, 2016 as U.S. Pat. No. 9,459,597,
which claimed priority to U.S. Provisional Patent Applica-
tion No. 61/607,530, filed on Mar. 6, 2012. Both patent
applications are incorporated herein by reference.

FIELD

[0002] The present invention relates to sleep, and more
particularly to improving the sleep experience.

BACKGROUND

[0003] Numerous types of white noise, nature noise, or
music devices are available which are sold to help users
sleep better. In general, these devices provide music or other
sounds on a timer, helping the user fall asleep with the
sounds. The sound can be used to block out background
sounds. In some systems, the selected sounds are calming,
such as rain or waves.

BRIEF DESCRIPTION OF THE FIGURES

[0004] The present invention is illustrated by way of
example, and not by way of limitation, in the figures of the
accompanying drawings and in which like reference numer-
als refer to similar elements and in which:

[0005] FIG. 1 is a network diagram showing one embodi-
ment a system.

[0006] FIG. 21is a block diagram of one embodiment of the
system.

[0007] FIG. 3 is an overview flowchart of one embodi-
ment of using the sleep system.

[0008] FIG.d is a flowchart of one embodiment of guiding
the user into a correct sleep phase.

[0009] FIG. 5 is a flowchart of one embodiment of deter-
mining the optimal sleep state.

[0010] FIGS. 6A and 6B show a difference between an
exemplary normal sleep period shown by FIG. 6A and an
optimized sleep period shown by FIG. 6B.

[0011] FIG. 7 is a flowchart of one embodiment of select-
ing an alarm to terminate the sleep period.

[0012] FIG. 8isa block diagram of a computer system that
may be used in the present invention.

DETAILED DESCRIPTION

[0013] A method and apparatus to provide conditions to
guide a user into an optimal sleep patterns. In one embodi-
ment, the system includes a physiological monitor that may
be used to detect a user’s current sleep state. The system is
further able to determine environmental factors, which may
include a current time, alarm settings, temperature, baro-
metric pressure, weather, and other factors that may impact
the user’s optimal sleep experience. Furthermore, in one
embodiment, the system may utilize a known waking time,
to ensure that the user sleeps well and wakes up refreshed.
In one embodiment the system may control conditions such
as sounds, odors (olfactory), tactile outputs (haptics), envi-
ronmental conditions (temperature, humidity, light), mat-
tress firmness, and other environmental conditions which
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would improve the user’s sleep quality. In one embodiment,
the system may interface with a house automation system, to
control some of these conditions.

[0014] For example, the system may use music or other
sound patterns to guide the user into a deep sleep. In one
embodiment, other conditions may also be adjusted to guide
the user to the appropriate sleep state. In one embodiment,
the system may guide the user back into deep sleep as
needed, throughout the sleep period. The system may further
adjust conditions to gradually wake the person at the perfect
time, to complete the optimal sleep pattern. In one embodi-
ment, the waking conditions may be designed to refresh, and
energize the user. In one embodiment the time to wake up a
user may be selected based on a number of factors, including
sleep phase, calendar data, and weather and traffic data. For
example, a user may set an alarm to “before 7:30 a.m.” to
make an appointment at 9 a.m. However, if the system has
information indicating that it is snowing, the system may
wake up the user prior to that time.

[0015] The following detailed description of embodiments
of the invention make reference to the accompanying draw-
ings in which like references indicate similar elements,
showing by way of illustration specific embodiments of
practicing the invention. Description of these embodiments
is in sufficient detail to enable those skilled in the art to
practice the invention. One skilled in the art understands that
other embodiments may be utilized and that logical,
mechanical, electrical, functional, and other changes may be
made without departing from the scope of the present
invention. The following detailed description is, therefore,
not to be taken in a limiting sense, and the scope of the
present invention is defined only by the appended claims.
[0016] FIG. 1 is a network diagram showing one embodi-
ment a system. The system, in one embodiment, includes a
sleep sensing system 100. The sleep sensing system 100
includes sensor system 105. The sensor system 105 may be
embodied in a body-worn device such as a wristband 110 or
sleep mask 115, or a human carried device such as a smart
phone 120 or accelerometer system 125. In one embodi-
ment, the sensor system 105 may be implemented in a
sleep-only device such as an armband 130 or pillow 135.
[0017] The sleep sensing system 100 further includes a
sound output system 150. The sound output system 150 may
be implemented in the same device as the sensor system 105,
such as a speakerintegrated into the wristband 110, smart
phone 120, pillow 135, or other sensing system 140. Alter-
natively, the sound output system 150 may be a separate
device, such as a speaker systemn, a pillow 135 that includes
a speaker, etc. The sound output system 150 is used to guide
the user to an improved sleep pattern, as will be described
in more detail below. The sound output system 150 com-
municates with the sensor system 105, which controls the
sound output system 150 to generate sounds based on the
real time data obtained by the sensors.

[0018] In one embodiment, in addition to outputting the
sound output system 150, the system may include other
output mechanisms, such as tactile output, that are useful to
transition a user to a different sleep phase. For example, in
one embodiment, the sleep sensing system 100 may include
condition control system 155, to control the conditions other
than sound in the environment.

[0019] In one embodiment, the condition control system
155 enables the sleep sensing system 100 to have access to
home environmental controls 175. Home environmental
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controls 175 may interface with a home automation system
185. In one embodiment, one or more (temperature, light,
humidity, mattress firmness). In one embodiment, the sys-
tem interfaces with a home automation system 175, so it is
able to open/close windows, adjust thermostats, humidity,
mattress controls, lighting, olfactory stimulants (odors) etc.
[0020] In one embodiment, the sensor system 105 is
located in a wristband 110 or armband 130, and the sound
output system 150 is a smart phone 120 or pillow 135, while
the condition control system 155 is a communication logic
that enables the sleep sensing system 100 to communicate
with home environmental controls 175 and/or home auto-
mation system 185. In one embodiment, the interface
between the wristband 110 and the smart phone 120 or other
computer system 170 may be through an audio jack inter-
face. In one embodiment, the interface may be through a
BLUETOOTH™ or other personal area network interface.
[0021] In one embodiment, the sensing system 100 may
further communicate with a network 160. Network 160 may
include one or more of a wireless network (WiFi), cellular
network, a local area network, a personal area network
(PAN) such as BLUETOOTH™, or another type of wired or
wireless connection. The network 160 may provide access to
a computer system 170, remote server 180, home environ-
mental controls 175, home automation system 185, and/or
data on various third party systems 190. The computer
system 170 may provide additional processing, and may, in
one embodiment, provide the user with an additional user
interface features. In one embodiment, the computer system
170 may be coupled directly to the sleep sensing system 110,
continuously or periodically, via direct connection 175. This
could be implemented, in one embodiment, via a Universal
Serial Bus (USB), micro-USB, audio input based interface,
or other type of wired connection. Alternatively, the sensor
system and the computer system 170 may be coupled via
network 160.

[0022] Inoneembodiment, server 180 may provide data to
the sleep sensing system 100. In one embodiment, the sleep
sensing system 100 may also provide information to the
server 180. Tn one embodiment, the server 180 may collect
data from multiple users, and use cumulative information to
provide predictive recommendations, set default options,
and suggest alterations to settings.

[0023] In one embodiment, the server 180 may also pro-
vide sound files to the sleeps sensing system 100, enabling
updates to the music or other sounds being used. This may
be done in response to a user request, in response to
additional information being learned, in response to new
research, or for other reasons. In one embodiment, the server
180 may be used to stream the sounds played to the sensing
system.

[0024] In one embodiment, the sleep sensing system 100
may also couple via network 160 to third party systems 190
and/or home environmental controls 175. Third party sys-
tems 190 and/or home environmental controls 175 may
provide environmental data to the sleep sensing system 100.
Third party systems 190 may provide external environmen-
tal data, while home environmental controls 175 provide
data, and in one embodiment enable control of, internal
environment. Third party systems 190 may also provide
sounds to the sleep sensing system 100. In one embodiment,
the system may be set up to enable a user to download music
or other appropriate sound sets from a store, such as the
ITUNES MUSIC STORE™ by APPLE COMPUTERS™,
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In one embodiment, the sleep sensing system 100 couples to
computer 170 or server 180, which in turn is coupled to third
party systems. In this way, the sleep sensing system 100 can
obtain data from third parties, without having to manage
third party connections.

[0025] FIG. 2 is a block diagram of one embodiment of the
system, including a sleep sensing system 100 and computing
system 280, to which the sensing system 100 may be
coupled using a wired connection or via a network connec-
tion. In one embodiment, the computing system 280 may be
a local personal computer, a local server computer, or a
remote server system, or a remote accessible website or
other source of data.

[0026] The sleep sensing system 100 includes one or more
sensors 205. The sensors 205 may include an accelerometer
210, a temperature sensor 212, a heart rate sensor 214. In one
embodiment, temperature sensor 212 may include two sen-
sors, one for the user’s body temperature and the other for
ambient temperature sensing. In one embodiment, sensors
that detect brain waves 216 may also be used. In one
embodiment, brainwave sensors, cameras to observe eye
movement, or other sensors 218 may also monitor the user’s
state. Additional sensors to monitor the usetr’s state 218,
and/or the user’s environment 219 may also be part of the
sleep sensing system 100.

[0027] Sleep sensing system 100 further includes sleep
state logic 220. Sleep state logic 220 utilizes data from one
or more sensors 205, to determine the user’s current sleep
state. In one embodiment, the sleep state may be N1, N2, N3,
and REM. In another embodiment, the sleep state may be
light sleep, deep sleep, and REM sleep. In one embodiment,
the sleep is grouped into light sleep and deep sleep, and
awake. Other groupings of sleep state, including further
divisions, or subdivisions, may also be used. In one embodi-
ment, sleep state can be determined by sleep state logic 220
based on the user’s micro-movements, body temperature,
heart rate, and/or brain waves. Additional sensor data may
be used to correctly identify the current sleep state of the
user.

[0028] Sleep tracker 225 receives the current sleep state
information from sleep state logic 220 and tracks the overall
sleep for the present sleep period. Sleep tracker 225 in one
embodiment adds the data for the current sleep period to a
sleep database 230. The sleep database 230 tracks cumula-
tive sleep information. In one embodiment, the information
in the sleep database 230 may be used for predictive
modeling for the user. The cumulative sleep data 290,
collected on a computer system 280, from multiple users
may be used for predictive modeling based on statistical
analysis 292 for all users as well. In one embodiment, the
data from sleep database 225 may be passed to computer
system 280 using communication logic 235, to be used in the
collected sleep data 290 .

[0029] The data from sleep tracker 225 and sleep state
logic 220 is used by the sleep stage selector 240, to select the
optimal next sleep state for the user. In one embodiment, the
sleep stage selector 240 also utilizes data from clock 245 and
alarm logic 274.

[0030] In one embodiment, data from environment sensor
219 may also be used by sleep stage selector 240. In one
embodiment, instead of an environment sensor 219, in
sensors 205, the environment data may be received from a
remote device, such as home environment controls 288, or
home automation system 289. In one embodiment, data from
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computing system(s) 280 may also be used by the sleep
stage selector 240. The external data may include traffic data
282, weather data 284, data from home environment con-
trols 288, home automation system 289, and/or other data
286 that may influence the user’s sleep quality and the time
the user needs to awaken.

[0031] The optimal next sleep state, as selected by sleep
state selector 240 is passed to the condition adjuster 250. In
one embodiment, the optimal next sleep state may be the
same state as the current sleep state. Condition adjuster 250
optionally selects one or more conditions to adjust. For
example, sound selector 252 may select a sound from sound
database 254, or use sound generator 270 to select the
appropriate sound(s), to either maintain the user in their
current sleep state, or transition them to the appropriate
optimal next sleep stage. In one embodiment, sound selector
252 may access a remote sound source 294 through com-
puter system 280. In one embodiment, sound selector 252
may receive sounds from sound generator 296.

[0032] Condition adjuster 250 may select, additionally or
alternatively, one or more environmental variables to adjust
using environment selector 256. The environmental vari-
ables may include temperature, light, humidity, mattress
firmness, scents/smells, tactile feedback, etc. In one embodi-
ment, one or more of these environmental variables may be
adjusted via home environment controls 288 and/or home
automation system 289.

[0033] In one embodiment, the condition adjuster 250 is
only used when the user is not naturally transitioning to the
optimal next sleep state. Thus, the system allows the user to
move naturally through the sleep states, unless the system
determines that the state to which the user would be moving
is not optimal. In that case, the condition adjuster 250 may
be used to guide the user to the pre-identified optimal sleep
state.

[0034] In one embodiment, the user may enter condition
preferences through user interface 265, or via a user inter-
face 298 on computing system 280. The computing system
280 may be a local computer, a remote server, or remote
computer system. In one embodiment, the user interface 298
may be presented via an application running on the sleep
sending system 100 or computer system 280, or a web-based
interface, or another type of interface. In one embodiment,
the system includes one or more default sets of conditions
for each sleep state and sleep state transition. In one embodi-
ment, these default sets may be altered by the user, within
certain parameters. For example, in one embodiment, tran-
sition to the awake state may be energizing music, the scent
of coffee, and an increase in ambient light by default. If a
user prefers something less energetic, or prefers not to have
coffee, he or she may alter this setting. Similarly, the user
may prefer the sounds of the rainforest rather than the
sounds of the ocean, for transitioning into sleep.

[0035] When there is a condition adjustment selected by
condition adjuster 250, it is sent to output system 260.
Output system 260 may include one or more of a speaker/
transducer 262 implemented as a separate device, in the
same device, or headset. Output system 260 may also
include automation output 264, to second information to
home automation system 289 and/or control output 268 to
adjust home environmental controls 288, or other output
mechanisms to enable one or more conditions to be altered.
In one embodiment, a sound may be conveyed via bone
conduction or other means that does not involve traditional
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sound output. In one embodiment, the sound selector 252
may adjust the selected sounds, based on the type of sound
output system 262 which is used. For example, bone con-
duction makes tones sound lower and fuller, thus a different
selection may be preferred, or the selection’s tone may be
altered.

[0036] The other control output 268 may be haptic output,
such as vibrations for example. In one embodiment, the
other control output 268 may include scents. Other mecha-
nisms, now known or later developed, to move the user
between sleep phases may be utilized as part of output
system 260.

[0037] Alarm logic 274, in one embodiment, optionally
receives an alarm time from a user, via a user interface 265,
298. In one embodiment, the alarm logic 274 and the sleep
stage selector 240 ensure that the user is woken up from an
optimal sleep state. Waking up from a light sleep, rather than
a deeper sleep, leads to the person feeling more awake, and
less tired.

[0038] In one embodiment, the alarm logic 274 may
interface to a calendar 275, to select a waking time based on
calendared events. For example, if the user has a telephone
conference scheduled at 7 a.m. the alarm logic 270 may set
the alarm at 6:30 a.m. to ensure that the user can attend the
scheduled telephone conference. In one embodiment, the
system lets the user set a “nearest light sleep phase to Time”
type of alarm. In one embodiment, the system lets the user
set a particular time for the alarm, and ensures that the sleep
states prior to that time enable the user to be in the optimal
sleep state when the alarm is scheduled to go off.

[0039] Alarm logic 274, and user interface 265, 298 in one
embodiment enable a user to select the alarm tones used. In
one embodiment, the default alarm includes a sleep report.
In one embodiment, the alarm initially is a set of tones
designed to wake up and energize the user, followed by the
sleep report. The sleep report, in one embodiment is an
announcement of the user’s completed sleep period data. For
example, the announcement may be “Your optimal wake-up
time is now. You slept 6.25 hours, with 4 hours of deep sleep,
2.1 hours of REM sleep, and it took you 17 minutes to fall
asleep. Your sleep efficiency is 97%, and you are getting
95% of your optimal sleep.” Additional data, including
week-to-date data, or less data, may be provided.

[0040] In one embodiment, the system may further make
a control announcement regarding adjusting the preferences
via the user interface. For example, the message may
continue “Press once to snooze, twice to dismiss, 3 times to
push you wake up time forward by [26] minutes.” In one
embodiment, the length that the wake-up time is pushed
forward is set based on sleep data. In one embodiment, the
timing may be determined by the system to provide an
optimal amount of additional rest. For example, the addi-
tional sleep segment may be 26 minutes as a default. This is
the approximate time for a power nap, suflicient time to
experience REM sleep, but not enough to go into a deep
sleep. In one embodiment, the actual timing of the fraction
of the sleep cycle selected is based on the user’s own
statistically analyzed sleep patterns.

[0041] In one embodiment, a sound of the alarm may be
selected from available alarm tones. In one embodiment, this
may be implemented as a ring tone. In one embodiment, the
alarm may alternatively be a non-auditory alarm, such as a
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vibration, scent, or other mechanism. Such a silent alarm
works because the alarm is played when the user is already
in a light sleep phase.

[0042] FIG. 3 is an overview flowchart of one embodi-
ment of using the sleep system. The process starts at block
310. In one embodiment, this process starts whenever a
user’s sleep is initiated. In one embodiment, the process is
initiated manually by a user, by selecting a “sleep setting,”
putting on and/or turning on the sleep sensor, or otherwise
indicating an intention to sleep. In another embodiment, the
process may be initiated automatically when the system
detects that the user is falling asleep. In another embodi-
ment, the process may be initiated automatically when the
system detects that the user has lain down, and the timing
indicates that this is likely done in order to sleep.

[0043] At block 320, the process determines the current
sleep state of the user. In one embodiment, this is done by
utilizing the data from one or more sensors. As noted above,
sensors may include accelerometers, thermometers, blood
pressure meters, heart rate sensors, or other sensors.
[0044] At block 330, the process determines the optimal
next stage of sleep for the user. In one embodiment, this
depends on the current time (e.g. 2 a.m.), the expected
waking time of the user (e.g., 7 a.m.), and the sleep pattern
so far in the current sleep period. In general, a user needs a
certain amount of REM sleep for dreaming. However,
deeper sleep is more restful. Furthermore, waking up from
a light sleep leaves one more rested than waking up from a
deeper sleep. Therefore, the current optimal stage of sleep
may vary based on numerous factors. Other factors may also
be taken into account, as will be described below.

[0045] Generally sleep is cyclical, a sleeper cycles through
light sleep, REM sleep, and deep sleep multiple times in a
sleep period. For the purposes of this description a “sleep
period” is the entire night or other sleep unit, while a sleep
cycle is a full cycle of light sleep, REM sleep, and deep
sleep, which usually is about three hours for the average
sleeper.

[0046] At block 340, the process determines whether the
current sleep stage is different from the optimal next sleep
stage. If so, at block 350, the process determines which
conditions, if any, should be transmitted in order to move the
user to the optimal next stage of sleep.

[0047] If the current sleep stage is the optimal next sleep
stage, the process at block 360 determines which conditions,
if any, should be selected to maintain the user in the optimal
stage of sleep. In one embodiment, conditions are selected to
maintain the user in the current stage of sleep if the data
indicates that the user may otherwise leave this stage of
sleep.

[0048] At block 370, the selected conditions are imple-
mented. These conditions may include sounds, scents, vibra-
tions, light/visual effects, temperature, humidity, mattress
condition, and/or other types of output that may impact the
user’s sleep. The term “sound” is used to indicate the
sensation produced by stimulation of the organs of hearing
by vibrations transmitted through the air or other medium.
These sounds may be music, tones, soundscapes of nature or
water, sounds below the threshold of hearing, vibrations,
binaural beats, etc.

[0049] The process then returns to block 320, to determine
the user’s current state of sleep. In one embodiment, the
system periodically tests the user’s sleep state, e.g. every
few minutes. In another embodiment, the system continu-
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ously tests the user’s sleep state. In another embodiment, the
system utilizes one sensor to trigger testing of the sleep state.
For example, the system may continuously measure body
temperature, and when a change in body temperature indi-
cates a change in sleep state, the other sensors may be used.
In another example, the system may continuously or fre-
quently test movement, and turn on other sensors to verify
sleep state when needed. In one embodiment, the process
periodically evaluates the optimal next stage of sleep, e.g.
every few minutes, or every 30 minutes.

[0050] In one embodiment, when determining the next
optimal phase of sleep, the system may also evaluate an
estimated length of that sleep phase. If that determination is
made, the system in one embodiment reduces the frequency
of testing the current sleep state and the next optimal sleep
state, during most of the estimated length of the sleep phase.
For example, in one embodiment, if the next optimal sleep
phase is determined to be deep sleep for the next 50 minutes,
the system tests frequently until the user is determined to be
in the deep sleep phase, which may take 2-5 minutes. Then,
the system tests only every 10 minutes for the next 40
minutes, as long as the user remains in the deep sleep phase
during that time. When the estimated end of the deep sleep
phase is approaching, the system starts testing more fre-
quently again.

[0051] FIG. 41isa flowchart of one embodiment of guiding
the user into an optimal sleep phase, using sounds. It would
be understood by one of skill in the art that similar processes
may be used for other adjustable conditions, such as scents,
temperatures, etc. The process starts at block 410. In one
embodiment, this flowchart corresponds to block 350 of
FIG. 3.

[0052] At block 420, the process receives the current sleep
state and the target sleep phase. The target sleep stage is the
optimal next sleep phase. FIG. 5§ is a flowchart of one
embodiment of determining the optimal next sleep phase.

[0053] At block 430, the process determines additional
available information about the user, and the environment
when appropriate. The information about the user may
include data from one or more sensors, as well as user
personal data, e.g. age, sex, etc. Environmental data may
include ambient temperature data, humidity, noise level, and
other information that may impact the user’s quality of sleep
or sound effectiveness.

[0054] At block 440, the appropriate sounds are selected.
The appropriate sound has a cadence and tone that is
designed to guide the sleeper into the optimal sleep phase.
For example, it is known that music with a slower cadence
slows down the heart rate.

[0055] In one embodiment, brainwave entrainment can be
used 1o guide a user to various sleep states. The sounds
selected may use binaural beat, monaural beats, isochronic
tones, or other modes of modulation that can guide the brain
into the optimal sleep state.

[0056] In one embodiment, the sound type may be based
on user preferences, entered through a user interface. For
example, the user may indicate that he or she has a prefer-
ence for nature sounds. In that case, the appropriate nature
sounds would be selected. In one embodiment, jazz, pop,
classical, or other musical genres may be set as a preference.
In one embodiment, the system uses generated sounds in
order to have precise control of the tones and beats used. In
one embodiment, the system may utilize existing musical
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compositions, either as is or with modifications to assist in
guiding a user into the optimal sleep state.

[0057] At block 450, the system in one embodiment
selects an appropriate sound volume for the selected sound.
The selected sound volume is based on a combination of the
user’s current sleep state and environmental factors. In a
louder environment, the sound is played more loudly.
[0058] At block 460, the process determines whether the
system is currently playing sounds. If so, at block 470, a
transition is created, to gently transition from the current
sounds to the appropriate selected sounds.

[0059] The process then ends at block 480. A similar flow,
in one embodiment, can be used for selecting a sound to
maintain the user in a particular sleep state.

[0060] FIG. 5 is a flowchart of one embodiment of deter-
mining the next optimal sleep phase. The next optimal sleep
state depends on a number of factors. The process starts at
block 510. In one embodiment, this flowchart corresponds to
block 330, in FIG. 3.

[0061] At block 520, the process determines the expected
time the user must wake up. In one embodiment, this
calculation is done once per sleep period. Subsequent cal-
culations of the appropriate sleep phase use the previously
calculated waking time.

[0062] In one embodiment, if there is an alarm function
available in the system, and the alarm is set, the alarm time
is used as the waking time. In one embodiment, if no alarm
is set, the system may interface with a user’s calendar, and
appointments in the calendar may be used as the basis for
setting the waking time. In one embodiment, if the deter-
mination is based on an appointment in the calendar, the
system may perform further calculations to provide suffi-
cient time for a user to reach the destination. For example,
if the user has on their calendar “Meeting at FullPower, Inc.”
the system may wake the user in time to allow the user to get
ready, and go to the scheduled meeting. In one embodiment,
such calculations may take into account the weather. In one
embodiment, such calculations may also take into account
the user’s general modes of transportation, if this informa-
tion is available.

[0063] In one embodiment, if there is no other setting, the
optimal sleep length of the user is set as the waking time. For
example, the average 15-year old should sleep for 9 hours.
Thus, in one embodiment, the system is set to wake such a
user after 9 hours of sleep. In one embodiment, the optimal
sleep length may be adjusted based on the user’s personal
characteristics, or additional data about the user. For
example, if the user has indicated that he or she feels most
rested after an 8-hour sleep, that may be used.

[0064] In one embodiment, if the user did not set an alarm,
either directly or via the calendar, the system may not set an
alarm and may let the user sleep as long as he or she can.
[0065] At block 525, the sleep data about the current sleep
period so far is collected. The sleep data includes the number
and length of each sleep phase in this sleep period.

[0066] There are three states of non-REM sleep: Stage N1
(Transition to sleep), Stage N2 (Light sleep), and Stage N3
(Deep sleep). The N1 stage is short, lasting only a few
minutes, while stage N2 is the first stage of true sleep lasting
about half an hour. The N3 stage is deep sleep, from which
it is hard to wake. REM sleep is where dreaming occurs.
[0067] The average adult spends approximately fifty per-
cent of total sleep time in stage N2, twenty percent in REM
sleep, and thirty percent in the remaining stages, including
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deep sleep. Deep sleep renews the body, and is important for
health, and REM sleep is necessary for the mind. While
sleep needs vary from individual to individual, everyone
needs an adequate amount of REM sleep and deep sleep.
[0068] Sleep generally occurs in cycles, which take on
average 90 minutes. The precise length of the cycle depends
on the individual as well as environmental factors. During
each cycle, the user should get some deep sleep and some
REM sleep. Optimally most of the sleep in any sleep period
should be either REM or deep sleep. The current sleep phase
and the cumulative sleep phases so far are used to calculate
the optimal next sleep phase.

[0069] At block 530, the process determines whether the
user should be waking up in less than a half sleep cycle. As
noted above, a full sleep cycle is generally 90 minutes.
However, the sleep cycle length varies by person, and in one
embodiment, the system may adjust the default sleep cycle
length by observed sleep cycle length for the particular user.
[0070] If the user should be waking up within half a sleep
cycle, the system continues to block 535, where the process
determines whether the user is in deep sleep. If the user is
in deep sleep, at block 540, the process sets the optimal sleep
phase to maintaining the user in deep sleep until approxi-
mately 15 minutes prior to the scheduled waking period.
Approximately 15 minutes prior to the waking period, the
system should shift the user into REM sleep. By waking up
from the REM sleep, rather than deep sleep, the user will
wake up more refreshed and rested, and have more energy.
In one embodiment, the length of time needed to shift the
user from deep sleep into REM sleep is user dependent,
therefore this time frame may be adjusted, as needed. The
process then ends at block 545.

[0071] If the user is not in deep sleep, the system at block
550 sets REM sleep as the optimal sleep state. In general, 45
minutes is too short to transition into deep sleep, have a
sufficiently long deep sleep cycle, and transition back into
REM sleep prior to waking. Therefore, the system sets as the
optimal sleep state the REM state. The user can be main-
tained in the REM sleep state, which will enable them to
awaken well rested. The process then ends at block 545.
[0072] If, at block 530, the process determines that the
user does not need to wake in less than a half sleep cycle, the
process continues to block 555.

[0073] At block 555, the process determines whether the
user is in deep sleep. If so, at block 560, the process
determines whether it is the end of a natural sleep cycle. In
general, the system is designed not to disrupt the cyclic
nature of sleep, but rather to optimize the sleep quality by
adjusting the sleep. Therefore, if it is the end of the cycle, at
block 565 the optimal next sleep phase is set to a transition
to REM sleep. The process the ends at block 545.

[0074] Ifitis not the end of a sleep cycle, the optimal sleep
stage is set to maintaining the deep sleep, at block 570. The
process then ends at block 545.

[0075] If the user is not in deep sleep, at block 575 the
process determines whether the user has had enough REM
sleep. In general, the REM stage of sleep can be shortened
without impacting the user, as long as the user gets more
than a minimum required amount of REM sleep. In one
embodiment, the minimum amount of REM sleep that
allows a user to stay healthy and refreshed is 30 minutes per
cycle. In one embodiment, this is user dependent, and the
system may use data obtained during unmodified natural
sleep cycles to set the REM sleep minimum for the user. If
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the user has not yet had enough REM sleep, the optimal next
sleep stage at block 585 is set to maintain the user in the
REM state. If the user has had enough REM sleep, at block
580 the process sets the optimal stage as a transition to deep
sleep. The process then ends at block 545.

[0076] In this way. the system attempts to enable a user to
have more refreshing sleep period, by ensuring that the user
gets as much deep sleep as possible, while getting sufficient
REM sleep.

[0077] The timings described in FIG. 5 are merely exem-
plary. One of skill in the art would understand that these
settings may be altered, for individual users as well as for all
users. In a different embodiment, it is possible that the
system would add a necessary level of light sleep as well.
Furthermore, if additional sleep phases, or needs, are indi-
cated or discovered, each may be modulated by this system.
[0078] FIGS. 6A and 6B show a difference between an
exemplary normal sleep cycle shown by FIG. 6A and an
optimized sleep cycle shown by FIG. 6B. As can be seen,
although the sleep cycles are generally maintained at the
same approximate length, in the optimized sleep cycle the
user gets more deep sleep and more REM sleep. This
provides better rest, and improves sleep quality.

[0079] FIG. 7 is a flowchart of one embodiment of choos-
ing the alarm for waking the user. The process starts at block
710. As noted above, the system calculates the appropriate
time to sound an alarm. The actual alarm may include
sounds, vibrations, scents, tactile changes, alterations of the
light, and other conditions are selected in accordance with
this flowchart, in one embodiment. The process, in one
embodiment, occurs when the alarm function is first initi-
ated, or when the user alters any settings associated with the
alarm. The process starts at block 510.

[0080] At block 720, the system prompts the user to select
alarm timing. In one embodiment, the alarm timing may be
an exact time, e.g. 7:25 a.m., or a “nearest optimal time,” e.g.
prior to 7:30 a.m.

[0081] At block 725, the system prompts the user to select
the alarm conditions. Alarm conditions that may be adjusted
depend on the controls available to the system. For example,
if the user has a coffee machine that is connected to the alarm
system, the coffee machine may be initiated to add the scent
of coffee. A scent generation system may alternatively be
used to generate a scent. Additional controls may include
temperature, mattress firmness, light levels, humidity, and
other aspects of the user’s personal environment.

[0082] At block 730, the user can select alarm sounds. In
one embodiment, in addition to the “standard” alarm sounds
available, the user may be presented with additional options.
Additional options, in one embodiment include “sleep
reporting” and “silent.” A silent alarm would use the other
conditions, such a vibration or other non-sound-based alett.
In one embodiment, a “silent” alarm may also indicate that
the alarm be personal. A personal alarm is designed not to
wake any other sleepers, thus excluding alarm options such
as increasing light levels in the room, or significantly
altering the room temperature. The sleep reporting alarm is
designed to announce information about the user’s just
completed sleep period. In one embodiment, this informa-
tion is available throughout the day, as well.

[0083] At block 740, the process permits the user to select
whether control announcement should be provided along
with the alarm. In one embodiment, for any non-silent alarm
a control announcement may be added to the alarm. The
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control announcement informs the user how to alter the
alarm settings simply. In one embodiment, the control
announcement may be, “Press once to snooze, press twice to
dismiss, press three times for additional sleep time of 26
minutes.” In one embodiment, this announcement is
included by default with the sleep reporting alarm, and may
also be added to the other alarm formats that are non-silent.
[0084] At block 750, the process sets the alarm logic to use
the selected alarm format. In one embodiment, regardless of
whether the sleep reporting alarm format is used, the sleep
reporting is available to the user via the user interface. In one
embodiment, for example, the user may press a button, or
otherwise issue a command to provide the sleep report.
[0085] The process ends at block 760.

[0086] FIG. 8 is a block diagram of a particular machine
that may be used with the present invention. It will be
apparent to those of ordinary skill in the art, however that
other alternative systems of various system architectures
may also be used.

[0087] The data processing system illustrated in FIG. 8
includes a bus or other internal communication means 840
for communicating information, and a processing unit 810
coupled to the bus 840 for processing information. The
processing unit 810 may be a central processing unit (CPU),
a digital signal processor (DSP), or another type of process-
ing unit 810.

[0088] The system further includes, in one embodiment, a
random access memory (RAM) or other volatile storage
device 820 (referred to as memory), coupled to bus 840 for
storing information and instructions to be executed by
processor 810. Main memory 820 may also be used for
storing temporary variables or other intermediate informa-
tion during execution of instructions by processing unit 810.
[0089] The system also comprises in one embodiment a
read only memory (ROM) 850 and/or static storage device
850 coupled to bus 840 for storing static information and
instructions for processor 810. In one embodiment the
system also includes a data storage device 830 such as a
magnetic disk or optical disk and its corresponding disk
drive, or Flash memory or other storage which is capable of
storing data when no power is supplied to the system. Data
storage device 830 in one embodiment is coupled to bus 840
for storing information and instructions.

[0090] The system may further be coupled to an output
device 870, such as a cathode ray tube (CRT) or a liquid
crystal display (LCD) coupled to bus 840 through bus 860
for outputting information. The output device 870 may be a
visual output device, an audio output device, and/or tactile
output device (e.g. vibrations, etc.)

[0091] An input device 875 may be coupled to the bus
860. The input device 875 may be an alphanumeric input
device, such as a keyboard including alphanumeric and
other keys, for enabling a user to communicate information
and command selections to processing unit 810. An addi-
tional user input device 880 may further be included. One
such user input device 880 is cursor control device 880, such
as a mouse, a trackball, stylus, cursor direction keys, or
touch screen, may be coupled to bus 840 through bus 860 for
communicating direction information and command selec-
tions to processing unit 810, and for controlling movement
on display device 870.

[0092] Another device, which may optionally be coupled
to computer system 800, is a network device 885 for
accessing other nodes of a distributed system via a network.
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The communication device 885 may include any of a
number of commercially available networking peripheral
devices such as those used for coupling to an Ethernet, token
ring, Internet, or wide area network, personal area network,
wireless network or other method of accessing other devices.
The communication device 885 may further be a null-
modem connection, or any other mechanism that provides
connectivity between the computer system 800 and the
outside world.

[0093] Note that any or all of the components of this
system illustrated in FIG. 8 and associated hardware may be
used in various embodiments of the present invention.

[0094] It will be appreciated by those of ordinary skill in
the art that the particular machine that embodies the present
invention may be configured in various ways according to
the particular implementation. The control logic or software
implementing the present invention can be stored in main
memory 820, mass storage device 830, or other storage
medium locally or remotely accessible to processor 810.

[0095] It will be apparent to those of ordinary skill in the
art that the system, method, and process described herein
can be implemented as software stored in main memory 820
or read only memory 850 and executed by processor §10.
This control logic or software may also be resident on an
article of manufacture comprising a computer readable
medium having computer readable program code embodied
therein and being readable by the mass storage device 830
and for causing the processor 810 to operate in accordance
with the methods and teachings herein.

[0096] The present invention may also be embodied in a
handheld or portable device containing a subset of the
computer hardware components described above. For
example, the handheld device may be configured to contain
only the bus 840, the processor 810, and memory 850 and/or
820.

[0097] The handheld device may be configured to include
a set of buttons or input signaling components with which a
user may select from a set of available options. These could
be considered input device #1 875 or input device #2 880.
The handheld device may also be configured to include an
output device 870 such as a liquid crystal display (LCD) or
display element matrix for displaying information to a user
of the handheld device. Conventional methods may be used
to implement such a handheld device. The implementation
of the present invention for such a device would be apparent
to one of ordinary skill in the art given the disclosure of the
present invention as provided herein.

[0098] The present invention may also be embodied in a
special purpose appliance including a subset of the computer
hardware components described above, such as a kiosk or a
vehicle. For example, the appliance may include a process-
ing unit 810, a data storage device 830, a bus 840, and
memory 820, and no input/output mechanisms, or only
rudimentary communications mechanisms, such as a small
touch-screen that permits the user to communicate in a basic
manner with the device. In general, the more special-
purpose the device is, the fewer of the elements need be
present for the device to function. In some devices, com-
munications with the user may be through a touch-based
screen, or similar mechanism. In one embodiment, the
device may not provide any direct input/output signals, but
may be configured and accessed through a website or other
network-based connection through network device 885.
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[0099] 1t will be appreciated by those of ordinary skill in
the art that any configuration of the particular machine
implemented as the computer system may be used according
to the particular implementation. The control logic or sofi-
ware implementing the present invention can be stored on
any machine-readable medium locally or remotely acces-
sible to processor 810. A machine-readable medium includes
any mechanism for storing information in a form readable
by a machine (e.g. a computer). For example, a machine
readable medium includes read-only memory (ROM), ran-
dom access memory (RAM), magnetic disk storage media,
optical storage media, flash memory devices, or other stor-
age media which may be used for temporary or permanent
data storage. In one embodiment, the control logic may be
implemented as transmittable data, such as electrical, opti-
cal, acoustical or other forms of propagated signals (e.g.
carrier waves, infrared signals, digital signals, etc.).

[0100] In the foregoing specification, the invention has
been described with reference to specific exemplary embodi-
ments thereof. It will, however, be evident that various
modifications and changes may be made thereto without
departing from the broader spirit and scope of the invention
as set forth in the appended claims. The specification and
drawings are, accordingly, to be regarded in an illustrative
rather than a restrictive sense.

We claim:

1. A sleep sensing system comprising:

a sensor to obtain real-time information about a user;

a sleep state logic to determine the user’s current sleep
state based on the real-time information;

a sleep stage selector to select a next sleep state for the
user based on an overall sleep for a present sleep
period; and

a condition adjuster to select one or more conditions to
adjust in the user’s environment to guide the user from
the current sleep state to the next sleep state, to .

2. The sleep sensing system of claim 1, further compris-

ing:

the sleep stage selector using data from a sleep tracker,
indicating sleep state data for the present sleep period,
to determine the next sleep state for the user.

3. The sleep sensing system of claim 1, further compris-

ing:

the sleep stage selector using data from a clock and an
alarm logic to determine the next sleep state for the
user, wherein the next sleep state is a lighter sleep state
when a waking time of the user is approaching.

4. The sleep sensing system of claim 1, further compris-

ing:

an output system to adjust one or more conditions to keep
the user in the current sleep state, when the optimal
next sleep state is the same as the current sleep state.

5. The sleep sensing system of claim 4, wherein the
condition adjuster adjusts one or more of: temperature, light,
humidity, mattress firmness, tactile stimulus, olfactory
stimulus, and sound.

6. The sleep sensing system of claim 1, wherein the
sensors comprise one or more of an accelerometer, a ther-
mometer, a heart rate monitor, a brainwave monitor.

7. The sleep sensing system of claim 6, wherein the
sensors further comprise one of: environmental sensor, an
interface to home environment controls to receive environ-
mental data, and an interface to a home automation system
to receive environmental data.
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8. The sleep sensing system of claim 1, wherein the sensor
is implemented in one of: an armband, a mobile telephone,
a wristband, a pillow, or a sleep mask.

9. The sleep sensing system of claim 1, wherein the
condition is one or more of: sound, tactile output, light level,
visual output, scent, temperature, humidity, and mattress
firmness.

10. A method comprising:

determining a current sleep phase of a user based on

sensor data;

determining an optimal next sleep phase for the user

based on external data;

determining whether the user should be moved to the

optimal next sleep phase, and when the user should be
moved to the optimal next sleep, utilizing an output
system to adjust one or more conditions in the user’s
environment to guide the user to the optimal next sleep
phase.

11. The method of claim 1, wherein the condition is one
or more of: sound, tactile output, light level, visual output,
scent, temperature, humidity, and mattress firmness.

12. The method of claim 10, further comprising;

using data from a sleep tracker, indicating sleep state data

for a current sleep period, to determine the optimal next
sleep state for the user.

13. The method of claim 10, further comprising:

using data from a clock and an alarm logic to determine

the optimal next sleep state for the user.

14. The method of claim 10, further comprising;

adjusting one or more conditions to keep the user in the

current sleep state, when the optimal next sleep state is
the same as the current sleep state.
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15. The method of claim 10, further comprising:

sending commands to one of a home environment con-

troller or a home automation system, to adjust the
conditions.

16. The method of claim 15, further comprising:

receiving environmental data from the one of the home

environment controller and the home automation sys-
tem.
17. The method of claim 10, wherein the sensor is
implemented in one of: an armband, a mobile telephone, a
wristband, a pillow, or a sleep mask.
18. A sleep sensing system comprising:
a sleep sensor including one or more sensors in one of an
armband, a mobile telephone, a wristband, a pillow, or
a sleep mask;

a processor to:
determine the user’s current sleep state based on the

real-time information; and

select an optimal next sleep state for the user; and

an output mechanism to adjust one or more a conditions
in the user’s environment to guide the user from the
current sleep state to the optimal next sleep state, when
needed.

19. The sleep sensing system of claim 18, wherein the one
or more conditions include one or more of: sound, tactile
output, light level, visual output, scent, temperature, humid-
ity, and mattress firmness.

20. The sleep sensing system of claim 18, wherein the
optimal next phase of sleep is determined based on a
combination of one or more of: sleep state data for the
current sleep period and an estimated waking time, the
estimated waking time based on one or more of: an alarm
and a calendar entry.
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