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(57) ABSTRACT

A dynamic wake-up alarm is provided-for, including a clock,
a contactless biometric sensor, a processor, memory, and a
speaker. The processor may be configured to receive a
wake-up rule based on at least two wake-up criteria includ-
ing a time from the clock and data from the biometric sensor,
and evaluate whether the criteria are met to activate an
alarm.
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DYNAMIC WAKE-UP ALARM 1 IS POWERED ON, ALARM
PROGRAM 21 INITIALIZES AND PROCESSOR 15 DETERMINES
WHETHER WAKE-UP RULES 31 AND HOME AUTOMATION
RULES 37 HAVE ALREADY BEEN RECENVED.

STEP 1.

NO-
302\ {
STEP 2

PROCESSOR 15 INITIALIZES WAKE-UP SETTINGS
SUBROUTINE 23 AND SOLICITS INFORMATION
REGARDING WAKE-UP SETTINGS.

303\

STEP &

PROCESSOR 15 INITIALIZES HOME AUTOMATION
RULES SUBROUTINE 39 AND SOLICITS INFORMATION
REGARDING HOME AUTOMATION SETTINGS.

504
1

STEP 4:

PROCESSOR 15 LOADS WAKE-UP RULES 31 AND
HOME AUTOMATION RULES 37 AND DETERMINES

WHETHER A USER HAS BEGUN SLEEPING.

305\

LE

STEP &:

PROCESSOR 15 INITIATES RULES ENGINE 43.
RULES ENGINE 43 EVALUATES WHETHER ANY
WAKE-UP RULES 31 ARE TRIGGERED.

306

STEP 6:

ALARM PROGRAM 21 DETERMINES WHETHER A
USER HAS COMPLIED WITH ANY REQUIREMENTS

302A

RECORD WAKE-UP
SETTINGS IN ALARM
PROFILE 29,

N

303A
RECORD HOME
AUTOMATION SETTINGS IN
ALARM PROFILE 29.

~

304A
RECORD SLEEP
START TIME IN
MEMORY 11.

TERMINATE ALARM
PROGRAM 21

OF THE TRIGGERED ALARM.

FIG.3
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401
\
STEP 24

PROCESSOR 15 INITIALIZES WAKE-UP
SETTINGS SUBROUTINE 23

402,
\
STEP 28:
PROCESSOR 15 RECENES TINE-BASED WAKE-UP RULES 31.
403~ ‘
STEP 2C: R
PROCESSOR 15 RECENES BIONETRIC WAKE-UP RULES 31
404~ ,
STEP 20:
PROCESSOR 15 RECENES WEATHER-BASED WAKE-UP RULES 31
405~ ,
ST OF PROCESSOR 15 STORES
PROCESSOR 15 RECENES CALENDIR-BisED WaE-wp pules 31 [\ M6 LS 31
406~ ,
STEP 2F:
PROCESSOR 15 RECENES TRAFFIC-BASED WAKE-UP RULES 31. j
407~ ,
STEP 26:
PROCESSOR 15 RECENES WAKE-UP RULES 31 BASED ON .
INFORMATION RECENED FROM OTHER DYNAMIC WAKE-UP
ALARNS OR BIOMETRIC SENSORS.
408~ ‘
STEP 24

PROCESSOR 15 MAY RECEVE HOME AUTOMATION-
BASED WAKE-UP RULES 31.

FIG.4
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INTELLIGENT WAKE-UP SYSTEM

RELATED APPLICATIONS
[0001] This application relates to U.S. patent application
Ser. No. entitled Sleep Quality Scoring and

Improvement (Attorney Docket No. B2108-701419); U.S.
patent application Ser. No. entitled Sleep Assistance
Device (Attorney Docket No. B2108-701619); U.S. patent
application Ser. No. entitled Sleep System (Attorney
Docket No. B2108-701719); U.S. patent application Ser.
No. entitled User Interface for a Sleep System
(Attorney Docket No. B2108-701819); and to U.S. patent
application Ser. No. entitled Sleep Assessment
Using a Home Sleep System (Attorney Docket No. B2108-
701919); all of which are filed on even date herewith and are
incorporated herein by reference.

FIELD

[0002] This disclosure relates to systems, methods, and
apparatuses for helping users wake-up from sleep in a
manner that allows users to set dynamic wake-up criteria
and thereby maximize sleep.

BACKGROUND

[0003] Wake-up alarms use a variety of techniques to help
a user wake-up on time. However, wake-up alarms typically
only allow users to set times at which they wish to wake-up
and do not allow users to set wake-up criteria that will allow
the wake-up time to change dynamically under changing
conditions. Thus, there exists a need for a wake-up alarm
that can wake a user based on the fulfillment of conditions
pre-set by a user instead of just time.

SUMMARY

[0004] This disclosure relates to systems, methods, and
apparatuses for dynamic wake-up alarms.

[0005] All examples and features mentioned below can be
combined in any technically possible way.

[0006] In one example, a dynamic wake-up alarm is
provided-for, including a clock, a contactless biometric
sensor for determining at least one of a heart rate, a
respiratory rate, a presence of a user, or movement of a user,
a processor, memory, and a speaker. The processor may be
configured to receive a wake-up rule based on at least two
wake-up criteria including a time from the clock and data
from the biometric sensor, and evaluate whether the criteria
are met and activate an alarm based on the evaluation
determining that the criteria are met. The wake-up rule may
allow the alarm to be activated based on the biometric sensor
data only after a time specified by the time criteria is passed.
Some examples may include network communications hard-
ware for retrieving information regarding wake-up criteria
via a network. In other examples, the processor is further
configured to determine from the contactless biometric
sensor a state of the user’s sleep, and the wake-up criteria
include that the user is in a state of light sleep. The processor
may also be configured to evaluate a wake-up rule and
preclude activation of the alarm based on a determination
that the criteria of the wake-up rule are met. In some
implementations, the processor is configured to receive
information regarding a default timeframe for waking.
Wake-up rules may also include at least one additional
wake-up criteria for evaluation and an alarm type.

Mar. 22,2018

[0007] In some examples of the dynamic wake-up alarm,
additional wake up critetia may include a traffic condition,
a weather condition, a home automation condition, a calen-
dar entry, a biometric indicator of a second user, or a sleep
score. An alarm type may also specify that the alarm may be
shut off by at least one of a mechanical switch, vacating a
sleep space, or waking up.

[0008] In some implementations of the dynamic wake-up
alarm, the processor may be configured to receive at least
one home automation rule based on at least one wake-up
criteria, wherein the processor is configured to evaluate the
at least one home automation rule and transmit a signal for
activating at least one home appliance based on a determi-
nation that the wake-up criteria associated with the home
automation rule are met.

[0009] A method for providing a wake-up alarm may also
be provided-for, including receiving a wake-up rule based
on at least two wake-up criteria including time and data from
a biometric sensor, storing the wake-up rule in an alarm
profile, receiving information regarding the current time,
retrieving information regarding the wake-up criteria from
the biometric sensor, determining whether said wake-up
criteria are met, and if the criteria are met, activating an
alarm. In some examples, the step of retrieving information
regarding wake-up criteria from the biometric sensor com-
prises reading said contactless biometric sensor and deter-
mining at least one of a heart rate, a respiratory rate, a
presence of a user, or movement of a user. In some
examples, the data from a biometric sensor comprises a
sleep score.

[0010] Insome examples of the method, the wake up rule
is based on at least a third wake-up criteria, including a
traffic condition, a weather condition, a home automation
condition, a calendar entry, or a biometric indicator of a
second user. The method may also include retrieving infor-
mation regarding the at least a third wake-up criteria from a
remote database via a network. Other examples include
receiving at least one alarm type associated with at least one
rule.

[0011] Some implementations of the method may also
include receiving at least one home automation rule based
on at least one wake-up criteria, evaluating whether the
wake-up criteria associated with the at least one home
automation rule have been met, and transmitting a signal for
controlling at least one home appliance based on a deter-
mination that the wake-up criteria associated with the at
least one home automation rule have been met.

[0012] A wake-up alarm system is also provided-for,
including a clock, a processor, memory, and a speaker. The
processor may be configured to receive at least one wake-up
rule based on at least two wake-up criteria including time
and data from a biometric sensor. The processor may be
further configured to determine whether the wake-up criteria
are met and activate an alarm if the criteria are met. In some
examples, the data from a biometric sensor may include a
sleep score. In other examples, the wake-up alarm system
may further include a contactless biometric sensor for deter-
mining at least one of a heart rate, a respiratory rate, a
presence of a user, or movement of a user. The at least one
wake up rule may also be based on at least a third wake-up
criteria, including a traffic condition, a weather condition, a
home automation condition, a calendar entry, or a biometric
indicator of a second user. Some exemplary systems also
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include network communications hardware for retrieving
information regarding wake-up criteria via a network.
[0013] In some implementations of the wake-up alarm
system, the processor is further configured to receive an
alarm type associated with the at least one wake-up rule.
Some alarm types may specify that a snooze feature is
disabled or a snooze feature is enabled, in some examples.
An alarm type may also specify that the alarm may be shut
off by at least one of a mechanical switch, vacating a sleep
space, or waking up.

[0014] In other implementations of the wake-up alarm
system, the processor may be configured to receive at least
one home automation rule based on at least one wake-up
criteria. In such implementations, the processor may be
configured to evaluate whether the wake-up criteria associ-
ated with said at least one home automation rule has been
met and to transmit a signal for controlling at least one home
appliance based on a determination that the wake-up criteria
associated with the at least one home automation rule has
been met.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Various aspects of at least one implementation of a
dynamic wake-up alarm are discussed below with reference
to the accompanying figures. The figures are provided for
the purposes of illustration and explanation and are not
intended as a definition of the limits of the disclosure.
[0016] FIG. 1A is a front perspective view of a dynamic
wake-up alarm with a rectangular housing in one example of
the present disclosure.

[0017] FIG. 1B is a front perspective view of a dynamic
wake-up alarm with a cylindrical housing in one example of
the present disclosure.

[0018] FIG. 1C is a front perspective view of a dynamic
wake-up alarm with a square housing in one example of the
present disclosure.

[0019] FIG. 2 is a schematic of the components of a
dynamic wake-up alarm in one example of the present
disclosure.

[0020] FIG. 3 is a flowchart showing a potential sequence
of steps for an alarm program in one example of the present
disclosure.

[0021] FIG. 4 is a flowchart showing a potential sequence
of steps for a wake-up settings subroutine in one example of
the present disclosure.

DETAILED DESCRIPTION

[0022] Tt should be understood that the following descrip-
tions are not intended to limit the disclosure to an exemplary
implementation. To the contrary, it is intended to cover
alternatives, modifications, and equivalents as may be
included within the spirit and scope of the described subject
matter.

[0023] FIGS. 1A-1C are front perspective views of a
dynamic wake-up alarm 1 in three examples of the present
disclosure. As shown, a dynamic wake-up alarm 1 may
include a housing 3, a display screen 5, speakers 7, and
buttons 8 or a touchscreen 9 for inputting information into
the dynamic wake-up alarm. A wide variety of forms may be
utilized for a dynamic wake-up alarm, including a rectan-
gular shape (e.g. FIG. 1A), an elongate cylindrical tower
(e.g. FIG. 1B), or a flat square shape (e.g. FIG. 1C).
However, as one of ordinary skill in the art will appreciate,
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any suitable form factor may be utilized that may be suitable
for being placed nearby a user while sleeping, such as on a
night stand, for example. In such examples, housing 3 may
be formed into a suitable shape from any rigid materials,
including plastics, metals, wood, or composites.

[0024] In some examples, display screen 5 may provide
biometric or sleep information gathered by dynamic wake-
up alarm 1 that may be of interest to a user. Such information
may include information regarding the user’s biometrics
observed during sleep periods, such as information regard-
ing the user’s presence, heart rate, heart rate variability,
respiratory rate, ambient temperature, movement, snoring,
or sleep state over time. This may be direct information or
derived information. In some examples, display screen 5
may also include a clock as shown in FIGS. 1A-1C.
[0025] Speakers 7 may comprise any suitable speaker
system for generating sounds, as may be familiar to one of
ordinary skill in the art. In some examples, speakers 7 may
comprise an upwards firing driver along with an acoustic
deflector, to provide an omni-directional acoustical experi-
ence. Such configurations may be helpful for providing
non-directional, room-filling sounds for a soundscape or a
white noise while a user is sleeping. Omni-directional
sounds systems may be particularly helpful to achieve
soothing sounds, a natural wake-up experience, and a con-
sistent listening experience throughout the room. As one of
ordinary skill in the art will appreciate, any acceptable sound
system for speakers 7 may be employed for producing
room-filling sounds, however.

[0026] Touchscreen 9 or buttons 8 may comprise any
suitable means for delivering inputs to dynamic wake-up
alarm 1, including a tactile sensor coupled to a surface of
housing 3 for detecting the presence of a user’s fingers and
for detecting pressure, such as when a virtual button on
touchscreen 9 is being pressed by a user. Virtual buttons may
be displayed on touchpad 9 in a manner familiar to one of
ordinary skill in the art in order to allow an operating system
to accept input commands from a user. In this manner,
dynamic wake-up alarm 1 may be configured to accept input
commands in a variety of ways and in a variety of contexts,
by providing a programmable user interface that may pres-
ent options and choices to a user via touchpad 9. In other
examples, touchscreen 9 may present a permanent display of
fixed virtual buttons or include fixed physical buttons 8 for
receiving inputs from a user.

[0027] In some examples, display screen 5 and a touch-
screen 9 may not be necessary or may be reduced in function
because a user’s smartphone or other external computing
device may be used for linking with dynamic wake-up alarm
1, displaying information from dynamic wake-up alarm 1,
accepting inputs, and delivering them to dynamic wake-up
alarm 1 in order to control its functions. In such a configu-
ration, the display screen 5 and touchscreen 9, if any, may
display and control only typical bedside clock-related func-
tions, such as time, alarm, and music selection, or a simpli-
fied component of the sleep score, such as just a total score
value, may be displayed.

[0028] FIG. 2 provides an exemplary schematic of a
dynamic wake-up alarm, showing its components. As
shown, dynamic wake-up alarm 1 may include one or more
main board(s) 13, including a processor 15, memory 11, and
interconnects 12. Main board 13 controls the operation of
several other connected components, such as a microphone
10, display screen 5, audio amplifier 6, speakers 7, and
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buttons 8 or a touchscreen 9 for inputting information into
the dynamic wake-up alarm. Communications hardware 17
may include any wired or wireless communication means
suitable for use with a dynamic wake-up alarm, such as
WiF1i, Bluetooth, USB, micro USB, or any suitable wired or
wireless communications technologies known to one of
ordinary skill in the art. Main board 13 also receives
information from biometric sensor 19 as well as any number
of environmental sensors 18, for detecting environmental
conditions, such as temperature, humidity, ambient light,
and air quality. Main board 13 also receives inputs based on
a user’s interactions with a user interface 14, which may
include voice-activated commands detected by microphone
10; various audio, alarm, and sleep control inputs received
from buttons 8 or touchscreen 9; or inputs received from a
companion application running on a user’s smart phone or
other external computing device. The communications hard-
ware 17 may also provide communications with external
data sources, such as weather reports, and connected home
services providing access to such things as lights, thermo-
stat, locks, and any of the sensors 18.

[0029] Microphone 10 may be any suitable microphone
for detecting and sampling sounds within a user’s bedroom
or sleep space, as is known to one of ordinary skill in the art.
In some examples, microphone 10 may be an arrayed
microphone that is suitable for distinguishing between
sounds produced by dynamic wake-up alarm 1 and sounds
produced externally within the user’s bedroom or sleep
space. In examples where microphone 10 comprises an
arrayed microphone, it may comprise a plurality of omni-
directional microphones, directional microphones, or any
mixture thereof, distributed about dynamic wake-up alarm 1.
Microphone 10 may be coupled to processor 15 for simul-
taneous processing of the signals from each individual
microphone in a manner familiar to one of ordinary skill in
the art in order to distinguish between sounds produced by
dynamic wake-up alarm 1 and other sounds within the room
and to analyze any external noises for use with sound-
masking subroutine 27, as discussed below. Microphone 10
may employ beamforming or other techniques to achieve
directionality in a particular direction, for example, towards
a sound to be analyzed. Microphone 10 may be employed
both for monitoring the user’s sleep and for receiving
spoken user interface commands.

[0030] Biometric sensor 19 remotely detects information
about a nearby user, including bed presence, respiration rate,
heart rate, heart rate variability, or a sleep state among other
biometric indicators. In some examples, biometric sensor 19
may be a contactless biometric sensor which may use an RF
sensor for directing RF signals towards a user, measuring the
strength of the backscattered signal, and analyzing the
backscattered signal to determine the state of various vital
signs of a user over time. Other contactless biometric
techniques may include lasers for measuring minor skin
deflections caused by a user’s heart rate and blood pressure;
or image-based monitoring systems, whereby skin deflec-
tions caused by heartbeats and blood pressure may be
observed and analyzed over time through a camera. Bio-
metric sensor 19 may be configured to report detected
biometric information to processor 15 for storage in memory
11 and to be analyzed for use in the various subroutines
described herein.

[0031] In other examples, dynamic wake-up alarm 1 may
also employ a direct biometric sensor as is known to one of
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ordinary skill in the art. A direct biometric sensor may
include probes or contact pads, that may be disposed on or
under the user’s body or within their mattress or sheets in
order to mechanically detect biometric information. such as
movement, respiration, heart rate, blood pressure, and tem-
perature, among others. Such sensors may include acceler-
ometers, other motion sensors, or mechanical sensors such
as piezoelectric sensors or other vibration sensors. The
biometric information detected by the probes may then be
communicated to dynamic wake-up alarm 1 using a wired or
wireless connection in a manner known to one of ordinary
skill in the art. In some examples, a biometric sensor may be
placed within earbuds worn by a user. Other implementa-
tions may combine both contactless and direct biometric
sensors. Mechanical sensors that measure the body through
an intervening medium, such as bedding, are included in the
category of “contactless” biometric sensors.

[0032] Referring now to FIG. 3, in some examples, pro-
cessor 15 may initiate an alarm program 21 that may include
a series of steps or subroutines to aid a user in setting and
using a dynamic alarm. In a first step, dynamic wake-up
alarm 1 may be powered on and alarm program 21 is
initialized by processor 15 (box 301 in FIG. 3). During the
startup procedure, processor 15 checks whether it already
has wake-up rules 31 from a user stored in memory 11. If
not, processor 15 may initialize a wake-up settings subrou-
tine 23. However, if wake-up rules have previously been
received by processor 15, alarm program 21 may proceed to
step 3 without initializing wake-up settings subroutine 23.
[0033] Inasecond step, processor 15 may initialize wake-
up settings subroutine 23 and load information regarding a
user’s wake-up settings (boxes 302 and 302A). For a first-
time setup, this may include user interaction, but in general,
any settings needed are loaded from memory or other
sources. As explained in greater detail with respect to FIG.
4, below, during wake-up settings subroutine 23, processor
15 may solicit wake-up rules 31 from a user based on
various wake-up criteria 33 for triggering an alarm, includ-
ing time criteria, biometric criteria, traffic criteria, weather
criteria, or any other criteria for triggering an alarm. For
example, in some implementations, the wake-up criteria
may include an earliest acceptable wake-up time 25 and a
latest permissible wake-up time 27.

[0034] Wake-up criteria 33 may also include any infor-
mation that may be observed or retrieved by dynamic
wake-up alarm 1. For example, wake-up criteria 33 may
include biometric factors that are observed or determined,
based on information received by processor 15 from bio-
metric sensor 19. Wake-up criteria 33 may also include
information that may be retrieved from external devices or
databases. For example, wake-up criteria 33 may include
traffic conditions, weather conditions, home automation
conditions, information retrieved from a user’s calendar, or
information received from other dynamic wake-up alarms
within a home (e.g., information regarding the sleep state of
a family member). Wake-up criteria may also include a sleep
score wake-up criteria, which may allow a user to set an
alarm based on the overall quality of their sleep as deter-
mined through a sleep scoring process at any given point in
their sleep session.

[0035] Processor 15 may also receive wake-up rules 31
based on the various criteria available through a graphical
user interface or through dropdown menus or any other
method for generating logical rules known to one of ordi-
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nary skill in the art. As explained further with respect to FIG.
4, below, wake-up rules 31 may be based on any combina-
tion of wake-up criteria 33 and may define rules for sound-
ing a wake-up alarm under various conditions. Processor 15
may also receive an alarm type associated with a given
wake-up rule, which may specify the conditions under
which an alarm may be shut off for a given rule. For
example, based on the wake-up criteria triggering the wake-
up rule, it may be necessary to sound an alarm until a user
physically vacates their sleep space. In other examples, it
may be necessary to deactivate the snooze feature for certain
types of alarm rules 31.

[0036] At step 3, processor 15 may also load home auto-
mation rules 37 via a home automation rules subroutine 39
(box 303 and 303A). With traditional alarm clocks, it was
previously possible to set in-home appliances, such as a
coffee-maker, to begin running based on a set wake-up
timeframe. However, with the dynamic wake-up alarm of
the present disclosure, in-home appliances may be con-
trolled based on a user’s actual wake-up time, as determined
by biometric sensor 19.

[0037] Home automation subroutine 39 may activate rules
based on a user’s actual wake-up time, or some time before
it when the wake-up rules 31 can predict the wake-up time.
Home automation rules 37 may also be independent of a
user’s actual wake-up time, based on the same criteria
available for the wake-up rules 31, which, in this context,
may be referred to as home automation criteria 41. As
described above with respect to wake-up criteria 33, home
automation criteria 41 may include any information received
from biometric sensor 19, traffic or weather information, the
user’s calendar, or other dynamic wake-up alarms 1 through-
out the home. In one example, processor 15 may receive,
through home automation rules subroutine 39, a home
automation rule to start a coffee maker as soon as a user
awakens, or some time before the user is expected to
awaken, so the coffee will be ready. Similarly, processor 15
may receive a home automation rule to pre-heat water for a
shower thirty minutes after the user wakes in order to allow
a user time for a morning jog. Other home automation rules
may do such things as turn on lights and raise the tempera-
tures associated with the user waking. Any combination of
home automation criteria 41 may be employed to create
home automation rules 37, in a manner similar to wake-up
rules 31, as described above. Thus, any number of home
automation tasks may be controlled based on information
ascertainable by dynamic wake-up alarm 1, such as the
operation of home appliances, thermostat settings, power
settings, lighting, or electronic blinds, among others. Once
defined, home automation rules 37 may also be stored within
alarm profile 29.

[0038] At a fourth step, processor 15 loads wake-up rules
31 and home automation rules 37 that determine how to
respond to wake-up criteria 33 (box 304). Processor 15 also
begins monitoring whether a user has begun sleeping. To do
s0, processor 15 monitors a user’s biometrics in order to
determine when a user has fallen asleep. A full description
of how sleep state may be determined (and how the same
system may induce and maintain it) is found in U.S. patent
application Ser. No. entitled Sleep Quality Scoring
and Improvement (Attorney Docket No. B2108-701419);
U.S. patent application Ser. No. entitled Sleep
Assistance Device (Attorney Docket No. B2108-701619);
U.S. patent application Ser. No. entitled Sleep
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System (Attorney Docket No. B2108-701719); U.S. patent
application Ser. No. entitled User Interface for a
Sleep System (Attorney Docket No. B2108-701819); and to
U.S. patent application Ser. No. entitled Sleep
Assessment Using a Home Sleep System (Attorney Docket
No. B2108-701919); all of which are filed on even date
herewith and are incorporated herein by reference. Once
sleep has been detected, processor 15 may log the time of
sleep initiation for use in later processes, such as sleep
scoring, and an in order to assess elapsed sleep time as a
potential wake-up criteria 33 (box 304A).

[0039] In a fifth step, processor 15 initiates a rules engine
43 (box 305). While executing rules engine 43, processor 15
assesses the wake-up criteria 33 required to evaluate each
wake-up rule 31 stored in alarm profile 29. Processor 15
periodically retrieves any necessary information from bio-
metric sensor 19 or any applicable external sources, includ-
ing home automation system, traflic, weather and calendar
resources, for example. Once received, all relevant infor-
mation may be stored for continual analysis by processor 15.
Alarm record 35 may be implemented as a database for
storing and retrieving information relevant to alarm rules 31
during a sleep session and for evaluating whether the
wake-up criteria of a given wake-up rule have been met.
Processor 15 then proceeds to evaluate whether the condi-
tions of each user-defined wake-up rule or home automation
rule have been met on a recurring basis. When a rule’s
conditions are met based on the retrieved information and
the current time (if relevant), alarm program 21 initiates the
alarm type specified in the applicable wake-up rule 31 or
sends a signal to control the appliance specified in the
applicable home automation rule 37.

[0040] At a sixth step, processor 15 determines whether a
user has complied with any requirements of the triggered
alarm (box 306). For example, where a specified alarm type
merely requires a user to awaken, alarm processor 15
determines whether the user has done so, based on readings
from biometric sensor 19. If so, processor 15 terminates the
alarm. Similarly, where a specified alarm type requires a user
to actually vacate the bed or sleep space, processor 15
determines whether the user has done that, again, based on
readings from biometric sensor 19. Where a specified alarm
type requires a mechanical shutoff, for example, by depress-
ing a button on dynamic wake-up alarm 1, processor 15
determines whether the user has performed the required
action, based on readings from buttons 8 or signals received
from an external computing device. Once the requirements
of the triggered alarm have been satisfied, processor 15
terminates alarm program 21 until the user has been detected
returning to the sleep space for another sleep session. In
some examples, more than one alarm rule may be triggered,
with different criteria for shut-off. For example, a first rule
may merely require that the user awaken, while a second
rule requires the user to actually get out of bed. If the two
rules trigger the alarm at the same time, all of their shut-off
criteria may be required, or one type of criteria may take
precedence. In other examples, complying with one rule’s
shut-off criteria may temporarily disable the alarm, only to
have the second alarm sound a few minutes later if the user
didn’t also comply with that alarm’s shut-off criteria.
[0041] FIG. 4 is a flowchart showing a potential sequence
of steps for a wake-up settings subroutine in one example of
the present disclosure. At step 2A, processor 15 initializes
wake-up settings subroutine 23 in order to solicit informa-
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tion from a user regarding alarm settings (box 401 in FIG.
4). At step 2B, processor 15 may receive wake-up rules 31
based on time-based wake-up criteria 33, such as an earliest
acceptable wake-up time 25 and a latest permissible wake-
up time 27, which establishes a timeframe or window in
which a user desires to wake-up under normal circumstances
(box 402). Different times may be determined for different
days of the week or during different times of year. Once
determined, the earliest acceptable wake-up time 25 and
latest permissible wake-up time 27 are stored within an
alarm profile 29 by processor 15. In some examples, the
times are simply loaded from the existing profile 29, and the
wake-up settings subroutine 23 is only activated if there is
some indication that the settings have changed. Wake-up
times 25 and 27 may be updated by a user at any time
through an appropriate user interface.

[0042] At step 2C, processor 15 may receive wake-up
rules 31 based on biometric wake-up criteria, such as a
user’s own biometric readings, as determined from biomet-
ric sensor 19 (box 403). For example, processor 15 may
continually determine whether a user is present in bed based
on readings provided by biometric sensor 19. Once a user’s
presence has been detected, processor 15 begins actively
monitoring the user’s biometrics on a continual basis in
order to determine when the user has fallen asleep. To do so,
processor 15 reads signals from biometric sensor 19 to
determine whether there has been a measurable change in
heart rate, respiration, heart rate variability, body move-
ments, or any other biometric indicator of sleep known to
one of ordinary skill in the art. Once sleep has been detected,
processor 15 may log the time of sleep initiation in an alarm
record 35.

[0043] Once the user has fallen asleep, processor 15
begins actively monitoring the current sleep conditions
throughout the sleep session. Current sleep conditions may
include any combination of biometric and environmental
variables relevant to sleep which are measured throughout a
sleep session. A user’s biometrics are monitored by biomet-
ric sensor 19 on a continual basis in order to record any
relevant variables for tracking the overall quality of a user’s
sleep over time. For example, variables affecting or indica-
tive of the quality of a user’s sleep include the user’s
heartrate, respiration rate, bodily movement, body tempera-
ture, blood pressure, sleep state (e.g. REM, N-REM, deep,
or light sleep). All of the monitored biometrics may be
recorded in memory 11 and used to determine an overall
sleep score in a manner described in U.S. patent application
Ser. No. entitled Sleep Quality Scoring and
Improvement (Attorney Docket No. B2108-701419) (incor-
porated by reference, above). The sleep score may, in turn,
be used as a wake-up criterion for a wake-up rule, as it
shows the quality of the sleep during the sleep session.

[0044] Any of the biometric information recorded in alarm
record 35, or the sleep scores derived from that information,
may serve as useful wake-up criteria 33 for wake-up rules
31. For example, the system may default to a wake-up rule
that states that the user should be awoken as soon as they
enter a light sleep state, appropriate for waking, after the
earliest acceptable wake-up time 25. The rule may further
state that the alarm should only sound at the first occurrence
of the light sleep state if the user has achieved a sleep score
of, at least 85, for example. If the user did not sleep well,
waking should be delayed. Users may modify or place
additional limitations on wake-up rules 31 and there are no
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limits on the number of wake-up criteria 33 that may be
considered together before an alarm is triggered prior to
latest permissible wake-up time 27. In some implementa-
tions, biometric wake-up stimuli may include, but are not
limited to, sleep quality, sleep score, sleep duration, REM
duration, deep sleep duration, presence in bed, current sleep
state, total heartbeats while sleeping, total breaths while
sleeping, or any other observable or retrievable biometric
criteria known to one of ordinary skill in the art.

[0045] At step 2D, processor 15 may receive wake-up
rules 31 based on weather-based wake-up criteria 33 (box
404). For example, using a network connection, processor
15 may access weather databases and resources to retrieve
current weather conditions in a user’s area. Once retrieved,
these weather conditions serve as useful wake-up criteria 33
in the same manner as biometric information, as discussed
above. For example, a user may wish to wake-up early
whenever the temperature is at least 70 degrees and the
forecast calls for either “partly cloudy” or “clear” skies.
Such weather-based criteria may also be combined with
biometric criteria, such as a user’s sleep score, as discussed
above.

[0046] As one of ordinary skill in the art will appreciate,
any weather-based criteria may be used as wake-up criteria
33 including, but not limited to, forecast, temperature,
current precipitation totals, weather warnings, humidity, and
air pressure. Weather may also serve as a useful wake-up
criterion in situations where bad weather is expected that
would likely cancel a user’s classes or work obligations, for
example. In such cases, weather-based criteria may be used
to prevent an alarm from otherwise sounding in a wake-up
rule. Weather criteria may also be used to delay an alarm,
much like they are used to advance one, for example, letting
the user sleep until closer to the latest wake-up time, if sleep
score was low and the weather is bad, as opposed to waking
early to take advantage of good weather.

[0047] At step 2E, processor 15 may receive wake-up
rules 31 based on calendar-based wake-up criteria 33 (box
405). For example, information from a user’s calendar may
be received by processor 15 as wake-up criteria 33 in a
wake-up rule. For example, the time of a first event on a
user’s work calendar may be used, in combination with
travel time, to set the latest permissible wake-up time 27 to
make sure the user arrives at their workplace in advance of
an early meeting. The wake-up settings subroutine 23 may
access information regarding a destination, a point of origin,
an arrival time, and any desired buffer time in order to
dynamically set their alarm for sufficient time to get ready
and arrive at the destination. Such rules may help to set the
latest wake-up time to ensure that a user always receives an
alarm if they are in danger of missing an early morning
meeting, even if they neglect to create an alarm for that
particular event.

[0048] At step 2F, processor 15 may receive wake-up rules
31 based on traffic-based wake-up criteria 33 (box 406). For
example, information retrieved from traffic reporting
resources may be received by processor 15 as wake-up
criteria 33 in order to further improve factoring of a user’s
commute or planned trip into a wake-up rule 31. For
example, processor 15 may receive rules using traflic-based
wake-up criteria that trigger a wake-up alarm as soon as a
user needs to wake up in order to arrive at work on time,
given the current traffic conditions along their usual com-
mute. Such traffic-based wake-up rules could also be com-
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bined with calendar-based criteria to ensure that a user
arrives at work on time for any scheduled meetings.
[0049] As one of ordinary skill in the art will appreciate,
any traffic-based information may be used as wake-up
stimuli 33 including, but not limited to, traffic time esti-
mates, traffic warnings, indications of an accident along a
route, and indications of planned construction along a route.
Furthermore, the present disclosure is not limited to wake-
up criteria 33 based on automobile traffic conditions. Any
available information may be used, including public trans-
portation timetables and flight delay information, for
example.

[0050] At step 2G, processor 15 may receive wake-up
rules 31 based on information received from other dynamic
wake-up alarms or biometric sensors (box 407). For
example, information received from a second dynamic
wake-up alarm 1 within the home may cause processor 15 to
sound an alarm if the second device detects biometric
information of another user indicating that they may need
assistance. A wake-up rule 31 may be received by processor
15 that is intended to sound when a second user is detected
as having a fever, wakes up unexpectedly, or is detected as
having any other health or sleep abnormalities. For example,
a wake-up rule 31 could be triggered whenever a child is
detected as having a temperature over 100 degrees or if they
are detected as being awake during a specified timeframe. As
with a primary user’s biometric information, any detectable
biometric information, such as those listed above, regarding
a second user may be reported by a second dynamic wake-up
alarm 1 to the primary user’s dynamic wake-up alarm.
Stand-alone biometric monitoring equipment may similarly
provide information about a second user to the first user’s
dynamic wake-up alarm.

[0051] At step 2H, processor 15 may receive wake-up
rules 31 based on information received from a home auto-
mation system (box 408). For example, information regard-
ing the status of home equipment or in-home readings may
activate a wake-up rule 31 in the event of a major equipment
failure within the home. In other examples, a wake-up rule
may be received by processor 15 that will be triggered if the
in-home temperature drops below or rises above a pre-
determined temperature, which may indicate a failure of the
home heating equipment.

[0052] At each of steps 2B-2H. processor 15 may also
receive a selection of an alarm type as part of a wake-up rule
31. For example, given the purpose and context of a wake-up
rule 31, it may be critical that a user promptly awaken from
bed and not be permitted to press the snooze button, for
example if an alarm is triggered based on the status of a
user’s child. In such cases, the settings in alarm profile 29
may specify different alarm types for any given wake-up rule
31. As just noted, an alarm type may disable the snooze
button. Other alarm types may provide a persistent alarm
until a user is determined to have physically vacated their
bed or sleep space, based on signals received from biometric
sensor 19. In other contexts, a more traditional alarm type
that incorporates a snooze function may be acceptable, based
on the context of the particular wake-up rule 31 associated
with the alarm.

[0053] In some implementations dynamic wake-up alarm
1 provides a gentle wake-up mode in advance of a final
wake-up alarm in order to gradually raise a user’s conscious-
ness from sleep to wakefulness. A gentle wake-up mode is
fully described in U.S. patent application Ser. No.
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entitled Sleep Assistance Device (Attorney Docket No.
B2108-701619) (incorporated by reference, above). Thus,
an alarm type may specify whether to enable the gentle
wake-up feature for any given wake-up rule 31. However,
based on the wake-up criteria 33 employed by a particular
rule, the gentle wake-up mode may be unavailable, due to a
lack of forewarning that the rule may activate an alarm. In
such instances, the settings may indicate that the gentle
wake-up mode is unavailable for that particular rule due to
the types of wake-up criteria being employed, or this may be
determined by the circumstances. In some examples, the
gentle wake-up mode is preferred, and is used any time a
wake-up rule is triggered for any non-emergency reason in
advance of a final wake-up time.

[0054] Thus, the foregoing disclosure provides for a
dynamic wake-up alarm that triggers an alarm based on
wake-up rules 31 that are based, not only on the time of day,
but on dynamic information observable or retrievable by the
dynamic wake-up alarm. These dynamic wake-up criteria
include information such as biometric information, weather
information, traffic information, home automation informa-
tion and biometric information relating to other users within
the primary user’s home. Based on the context of the
wake-up rules specified, a user may also select a suitable
alarm type to be triggered by the dynamic wake-up alarm 1
automatically, based on information observed by the system
on an ongoing basis.

[0055] One of skill in the art will appreciate that the
systems, methods and apparatuses outlined above may
include various hardware and operating software, familiar to
those of skill in the art, for running software programs as
well as communicating with and operating any devices,
including, for example, a biometric sensor, environmental
sensors, a user interface, a computer network, a sound
system, and any other internal or external devices. Such
computerized systems may also include memory and storage
media, and other internal and external components which
may be used for carrying out the operations of this disclo-
sure. Moreover, such computer systems may include one or
more processors for processing and controlling the operation
of the computer system, thus, embodying the processes of
this disclosure. To that end, the processor, associated hard-
ware and communications systems may carry out the various
examples presented herein.

[0056] While the disclosed subject matter is described
herein in terms of certain exemplary implementations, those
skilled in the art will recognize that various modifications
and improvements can be made to the disclosed subject
matter without departing from the scope thereof. As such,
the particular features claimed below and disclosed above
can be combined with each other in other manners within the
scope of the disclosed subject matter such that the disclosed
subject matter should be recognized as also specifically
directed to other implementations having any other possible
permutations and combinations. It will be apparent to those
skilled in the art that various modifications and variations
can be made in the systems and methods of the disclosed
subject matter without departing from the spirit or scope of
the disclosed subject matter. Thus, it is intended that the
disclosed subject matter include modifications and varia-
tions that are within the scope of the appended claims and
their equivalents.
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What is claimed:

1. A dynamic wake-up alarm comprising:

a clock;

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

a microphone;

a processor;

memory; and

a speaker;

wherein said processor is configured to receive a wake-up
rule based on at least two wake-up criteria, at least one
of said at least two wake-up criteria being based on a
voice activated user command detected at said micro-
phone, and said at least two wake-up criteria including
a biometric criteria based on data from the contactless
biometric sensor and a time criteria; and

evaluate whether said at least two wake-up criteria are
met, and activate an alarm based on a determination
that said at least two wake-up criteria are met;

wherein said wake-up rule allows the alarm to be acti-
vated based on said data from the contactless biometric
sensor only after a wake-up time specified by the time
criteria is passed.

2. The dynamic wake-up alarm of claim 1, wherein the
processor is further configured to determine from the data
from said contactless biometric sensor a state of the user’s
sleep, and the biometric criteria is that the user is in a state
of light sleep.

3. The dynamic wake-up alarm of claim 1, further com-
prising network communications hardware for retrieving
information regarding additional wake-up criteria via a
network.

4. The dynamic wake-up alarm of claim 1, wherein said
processor is further configured to evaluate said wake-up rule
and to preclude activation of said alarm based on a deter-
mination that said at least two wake-up criteria of the
wake-up rule are met.

5. The dynamic wake-up alarm of claim 1, wherein said
processor is further configured to receive information
regarding a default timeframe for waking.

6. The dynamic wake-up alarm of claim 1, wherein said
wake-up rule comprises at least one additional wake-up
criteria for evaluation, and comprises an alarm type.

7. The dynamic wake-up alarm of claim 6, wherein said
additional wake-up criteria comprises a traflic condition, a
weather condition, a home automation condition, a calendar
entry, a biometric indicator of a second user, or a current
sleep score.

8. The dynamic wake-up alarm of claim 6, wherein said
alarm type specifies that said alarm may be shut off by at
least one of a mechanical switch, vacating a sleep space, or
waking up.

9. The dynamic wake-up alarm of claim 1, wherein said
processor is configured to receive at least one home auto-
mation rule based on at least one additional wake-up criteria;
and

wherein said processor is further configured to evaluate
said at least one home automation rule and transmit a
signal for activating at least one home appliance based
on a determination that the additional wake-up criteria
associated with the home automation rule is met.
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10. The dynamic wake-up alarm of claim 1, wherein said
data from the contactless biometric sensor comprises a sleep
score.

11. A method for providing a wake-up alarm, comprising:

receiving a wake-up rule based on at least two wake-up

criteria, at least one of said at least two wake-up criteria
being based on a voice activated user command
detected at a microphone, and said at least two wake-up
criteria including a biometric criteria based on data
from a biometric sensor and a time criteria;

storing said wake-up rule in an alarm profile;

receiving information regarding a current time;

retrieving said data from said biometric sensor from the

biometric sensor;

determining whether said at least two wake-up criteria are

met; and

if the at least two wake-up criteria are met, activating an

alarm.

12. The method of claim 11, wherein the step of retrieving
said data from said biometric sensor from the biometric
sensor comprises reading said biometric sensor and deter-
mining at least one of a heart rate, a respiratory rate, a
presence of a user, or movement of a user.

13. The method of claim 11, wherein said wake-up rule is
based on at least a third wake-up criteria, the third wake-up
criteria including a traffic condition, a weather condition, a
home automation condition, a calendar entry, or a biometric
indicator of a second user.

14. The method of claim 13, further comprising retrieving
information regarding said at least a third wake-up criteria
from a remote database via a network.

15. The method of claim 11, further comprising receiving
at least one alarm type associated with the wake-up rule.

16. The method of claim 11, further comprising;

receiving at least one home automation rule based on at

least a third wake-up criteria;

evaluating whether the third wake-up criteria associated

with said at least one home automation rule has been
met; and

transmitting a signal for controlling at least one home

appliance based on a determination that the third wake-
up criteria associated with said at least one home
automation rule has been met.
17. The method of claim 11, wherein said data from a
biometric sensor comprises a sleep score.
18. A wake-up alarm system comprising:
a clock;
a microphone;
a processor;
memory; and
a speaker;
wherein said processor is configured to receive at least
one wake-up rule based on at least two wake-up
criteria, at least one of said at least two wake-up criteria
being based on a voice activated user command
detected at the microphone, and the at least two wake-
up criteria including a biometric criteria based on data
from a biometric sensor and a time criteria; and

wherein said processor is further configured to determine
whether said at least two wake-up criteria are met, and
activate an alarm if the at least two wake-up criteria are
met.
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19. The wake-up alarm system of claim 18, further
comprising a contactless biometric sensor for determining at
least one of a heart rate, a respiratory rate, a presence of a
user, or movement of a user.

20. The wake-up alarm system of claim 18, wherein said
at least one wake-up rule is based on at least a third wake-up
criteria, said third wake-up criteria including a traffic con-
dition, a weather condition, a home automation condition, a
calendar entry, or a biometric indicator of a second user.

21. The wake-up alarm system of claim 20, further
comprising network communications hardware for retriev-
ing information regarding said third wake-up criteria via a
network.

22. The wake-up alarm system of claim 18, wherein said
processor is further configured to receive an alarm type
associated with said at least one wake-up rule.

23. The wake-up alarm system of claim 22, wherein said
alarm type specifies that a snooze feature is disabled or a
snooze feature is enabled.
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24. The wake-up alarm system of claim 22, wherein said
alarm type specifies that said alarm may be shut off by at
least one of a mechanical switch, vacating a sleep space, or
waking up.

25. The wake-up alarm system of claim 19, wherein said
processor is configured to receive at least one home auto-
mation rule based on at least a third wake-up criteria; and

wherein said processor is further configured to evaluate
whether the third wake-up criteria associated with said
at least one home automation rule has been met and to
transmit a signal for controlling at least one home
appliance based on a determination that the third wake-
up criteria associated with said at least one home
automation rule has been met.

26. The wake-up alarm system of claim 18, wherein said
data from said biometric sensor comprises a sleep score.
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