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(57) ABSTRACT

A bed integrates sensors and other inputs to detect specific
sleep environment conditions including point-specific pres-
sure and/or temperature conditions. The bed includes a
controller for commanding actuator or other devices to
adjust these conditions. The controller may do so based on
reference patterns for conditions and profiles of desired
conditions. Information regarding the conditions may be
provided to a remote computer, which may analyze the
conditions and provide revised profiles of desired condi-
tions.
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ADAPTIVE SLEEP SYSTEM USING DATA
ANALYTICS AND LEARNING TECHNIQUES
TO IMPROVE INDIVIDUAL SLEEP
CONDITIONS

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of the filing date
of U.S. Provisional Patent Application No. 62/368,773, filed
on Jul. 29, 2016, the disclosure of which is incorporated by
reference herein.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to sleep, the environ-
mental and physiological elements that might affect sleep,
and the potential for improving the sleep experience of an
individual.

[0003] It is well known that there are numerous factors
that can affect sleep; and a lack of sleep or poor quality sleep
can have a negative influence on people’s health, wellness,
and productivity.

[0004] The quality of sleep generally depends on the
length and depth of the distinct sleep stages (or sleep
phases). According to the American Academy of Sleep
Medicine (AASM), there are four stages of sleep: REM
(Rapid Eye Movement), and three non-REM sleep stages
(NREM: N1, N2, and N3), where N3 is also called delta
sleep or slow-wave sleep. N1 is the lightest sleep and N1 can
sometimes be considered awake, adults spend the majority
of the night in N2, and N3 and REM are deeper sleep. Sleep
quality and other functions of sleep such as feeling refreshed
and memory consolidations are linked to the length and
depth of sleep in REM and deep sleep stages. Different sleep
environments and conditions can directly affect sleep qual-
ity, including sleep position, neck and spinal alignment,
higher pressure points on muscles and joints, and tempera-
ture hot or cold spots. Furthermore, breathing problems,
such as snoring and apnea, in which breathing is constrained
or blocked causing regular arousals, commonly interrupt
sleep and prevent achieving or staying in deeper sleep
stages. To help improve apnea and snoring, it is well known
that sleeping in the side position (vs. supine (back) or front)
significantly improves breathing passageways, and in fact,
resolves the apnea condition for over 50% of the apnea
cases. However, as people age, it becomes more difficult to
sleep comfortably in the side position, so for comfort
reasons, many people must sleep on their backs, which then
exacerbates breathing problems.

[0005] Because each individual has a different body type,
shape. and condition, as well as different lifestyles, health
conditions, and needs, the ideal sleep environment for each
individual may be custom and personalized. Furthermore,
sleep activity itself is a dynamic activity, with changing
positions, sleep stages, temperature changes, environmental
changes (light, sounds), as well as influence of sleeping
partner. Static sleep solutions (beds, cushions, pillows) that
are widely used today have fixed characteristics and don’t
change characteristics throughout the sleep cycle. Further-
more, data on how effective changes in environment and
sleep condition improve quality of sleep is today generally
limited to imperfect sleep studies, often performed in arti-
ficial environments.
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BRIEF SUMMARY OF INVENTION

[0006] Recent advances in computation power has
enabled scaled use of artificial intelligence, learning algo-
rithms and methods, and data analytics. These methods
include machine learning, pattern matching, deep learning,
and data analysis, which can be used not only to analyze
patterns and correlations using large data sets, but also lead
to learned iterative improvements in closed-loop robotic
systems, where control algorithms that control electro-me-
chanical systems enabled with various sensors can be
improved over time through sensor data analysis and mea-
sured trials and experimentation. An example of such sys-
tems are self-driving technologies in automobiles. A sleep
system that provides a complete closed-loop system cou-
pling both sensor data and an adaptable, controllable bed
environment would enable the use of these analytics and
learning techniques to make significant improvements in
sleep quality for individuals and larger populations.

[0007] The invention includes methods and systems,
devices, and/or combination of apparatuses to provide a
reactive and/or adaptive sleep system and methods for using
individual and collective group analytics and learning tech-
niques to improve sleep quality. Some embodiments in
accordance with aspects of the invention comprise a bed
system and analytics platform with multiple elements, which
may include one, some, or all of:

[0008] 1) a bed system that integrates

[0009] a) sensors and other inputs to detect specific sleep
environment conditions (including point-specific pressure
and support, temperature, sound and/or light), physiological
conditions and position, and other user and environmental
context,

[0010] b) specific array of actuators or other devices that
can be controlled to physically enable a dynamic sleep
surface and/or environment for an individual or multiple
individuals in a multi-zone configuration and

[0011] c¢) a modular physical design to ease shipment,
portability, user-assembly and/or inventory logistics,
[0012] d) a controller, including at least one processor,
configured to command actuation of the actuators, collect
and/or process sensor data, and communicate over a network
to a remote computer that performs data analytic and learn-
ing algorithms and methods,

[0013] 2) methods to
[0014] a) analyze user conditions and context
[0015] b) generate control signals to adjust and optimize

dynamically the sleep surface and/or environment in order to
maximize sleep quality based on metrics

[0016] c) learn which combination control signals and
sequences result in improved sleep quality for the user and
collection of users, and

[0017] 3) anetwork-connected data analytics and learning
architecture that performs methods to analyze user and
platform data across user groups in order to optimize sleep
control configurations for individual users, for example to
measure effectiveness and learn iterative optimizations and
improvements for individuals and different subgroups who
share common characteristics.

[0018] Embodiments of this architecture may support the
combination of data collection, methods of analysis and
learning, and control feedback instructions (both locally and
across larger groups), which in some embodiments can be
used to dynamically adjust fine resolution physical controls
of this sleep environment that enable sleep quality improve-
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ments customized to a specific sleeper and their current
sleep and environmental states.

[0019] In some embodiments a bed system includes a
sleeping surface, electrical and/or electromechanical com-
ponents to adjust position and/or temperature of the sleeping
surface on a localized basis, sensors to sense at least one
physical parameter associated with the sleeping surface,
sensors to sense the user’s health vitals or statistics, and a
controller to command operation of the electrical and/or
electromechanical components based on information from
the sensors. In some embodiments the controller commands
operation of the electrical and/or electromechanical compo-
nents based on information from the sensors and information
relating to a therapy profile for a user of the bed system. In
some embodiments the controller provides information
relating to the electrical and/or electromechanical compo-
nents and the information from the sensors to a server, and
uses information from the server in commanding operation
of the electrical and/or electromechanical components.
[0020] In some embodiments, a bed system comprises a
sleeping surface, at least one array of actuators to adjust
position of the sleeping surface, at least one array of sensors
to provide an indication of a physical parameter associated
with the sleep surface, and a controller configured to com-
mand actuation of the actuators based on the indication of
the physical parameter. In some embodiments the physical
parameter is pressure. In some embodiments the physical
parameter is temperature. In some embodiments the array of
actuators is an array of modules including a plurality of
actuators. In some embodiments the controller is configured
to commonly control all of the plurality of actuators of a
particular module. In some embodiments the sensors of the
at least one array of sensors is commonly mounted with the
actuators of the at least one array of actuators. In some
embodiments the bed system further comprises at least one
additional array of sensors to provide an indication of an
additional physical parameter associated with the sleep
surface. In some such embodiments the physical parameter
is temperature and the additional physical parameter is
pressure. In some embodiments the controller is additionally
configured to command actuation of the actuators based on
information received from a server.

[0021] In some embodiments, a method, performed by at
least one processor, for assisting in adjusting a sleep plat-
form environment with localized pressure and temperature
control regions across the sleep surface, comprises: receiv-
ing information from a plurality of sleep platforms, the
information including localized pressure and temperature
information over time for a plurality of locations across each
of the sleep platforms; receiving information relating to a
corresponding plurality of users of the plurality of sleep
platforms, the information including heart and/or respiratory
information or other health vitals and statistics over time;
determining a therapy profile including updated localized
pressure and temperature control information for at least one
user sleep platform based on the received information from
the plurality of sleep platforms and users; and sending the
therapy profile to at least one user sleep platform to update
the control settings of the sleep platform.

[0022] Some embodiments in accordance with aspects of
the invention provide a bed system, comprising: a sleep
surface; a plurality of sensors for providing indications of
pressure for a first plurality of different locations of the sleep
surface; a plurality of actuators to adjust pressures for a
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second plurality of different locations of the sleep surface;
and a controller configured to receive the indications of
pressure and to command the plurality of actuators to adjust
the pressures based the indications of pressures and a
relationships between indications of pressure and desired
pressures.

[0023] Some embodiments in accordance with aspects of
the invention provide a method for adjusting a sleep surface
of a bed, comprising: measuring indications of pressure for
a plurality of locations of the sleep surface; comparing the
indications of pressure to at least one reference data pattern
for indications of pressure for the plurality of locations of the
sleep surface; commanding adjustment of pressure for por-
tions of the sleep surface based on results of the comparison.
[0024] Some embodiments in accordance with aspects of
the invention provide a method, performed by at least one
processor, for assisting in adjusting a sleep platform envi-
ronment with localized pressure regions across the sleep
surface, comprising: receiving information from a plurality
of sleep platforms, the information including localized pres-
sure over time for a plurality of locations across each of the
sleep platforms; receiving information relating to a corre-
sponding plurality of users of the plurality of sleep plat-
forms, the information including heart and/or respiratory
information over time; determining updated localized pres-
sure control information for at least one user sleep platform
based on the received information from the plurality of sleep
platforms and users; and sending the updated localized
pressure control information to at least one user sleep
platform to update the control settings of the sleep platform.
[0025] Some embodiments in accordance with aspects of
the invention provide a bed system, comprising: a sleep
surface; a plurality of sensors for providing indications of
temperature for a first plurality of different locations of the
sleep surface; a plurality of temperature control apparatuses
to adjust temperature for a second plurality of different
locations of the sleep surface; and a controller configured to
receive the indications of temperature and to command the
plurality of temperature control apparatuses to adjust the
temperatures based the indications of temperature and a
relationships between indications of temperature and desired
temperatures.

[0026] Some embodiments in accordance with aspects of
the invention provide a method for adjusting a sleep surface
of a bed, comprising: measuring indications of temperature
for a plurality of locations of the sleep surface; comparing
the indications of temperature to at least one reference data
pattern for indications of temperature for the plurality of
locations of the sleep surface; commanding adjustment of
temperature for portions of the sleep surface based on results
of the comparison.

[0027] Some embodiments in accordance with aspects of
the invention provide a method, performed by at least one
processor, for assisting in adjusting a user sleep platform
environment with localized pressure regions across the sleep
surface, comprising: measuring indications of pressure over
time for a plurality of locations of the sleep surface; com-
paring the indications of pressure to at least one reference
data pattern for indications of pressure for the plurality of
locations of the sleep surface; commanding localized pres-
sure control information for adjusting for portions of the
sleep surface based on results of the comparison; measuring
the sleep quality of the user using the sleep platform
environment; comparing information from the user sleep
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platform with a plurality of different sleep platforms, the
information including the measured sleep quality of the
users for each of the sleep platforms; selecting the pressure
control information among the sleep platforms based on the
best sleep quality measurement; updating the control set-
tings of the user sleep platform based on the selected
pressure control information.

[0028] Some embodiments in accordance with aspects of
the invention provide a method, performed by at least one
processor, for assisting in adjusting a user sleep platform
environment with localized pressure regions across the sleep
surface, comprising: measuring indications of pressure for a
plurality of locations of the sleep surface for a given time
period; comparing the indications of pressure to at least one
reference data pattern for indications of pressure for the
plurality of locations of the sleep surface; commanding
localized pressure control information for adjusting for
portions of the sleep surface based on results of the com-
parison for that given time period: measuring the sleep
quality of the user using the sleep platform environment for
that given time period; comparing information from that
time period with the information of the same user sleep
platform environment from different time periods, the infor-
mation including the measured sleep quality of the user for
each of the different time periods; selecting the pressure
control information among the time periods based on the
best sleep quality measurement; updating the control set-
tings of the user sleep platform based on the selected
pressure control information.

[0029] Some embodiments in accordance with aspects of
the invention provide a method, performed by at least one
processor, for assisting in adjusting a user sleep platform
environment with localized temperature regions across the
sleep surface, comprising: measuring indications of tem-
perature over time of the sleep surface; comparing the
indications of temperature to at least one reference data
pattern for indications of temperature of the sleep surface;
commanding temperature control information for adjusting
the sleep surface temperature based on results of the com-
parison; measuring the sleep quality of the user using the
sleep platform environment; comparing information from
the sleep platform with a plurality of different sleep plat-
forms, the information including the measured sleep quality
of the users for each of the sleep platforms; selecting the
temperature control information among the sleep platforms
based on the best sleep quality measurement; updating the
control settings of the user sleep platform based on the
selected temperature control information.

[0030] Some embodiments in accordance with aspects of
the invention provide a method, performed by at least one
processor, for assisting in adjusting a user sleep platform
environment with localized temperature regions across the
sleep surface, comprising: measuring indications of tem-
perature of the sleep surface for a given time period;
comparing the indications of temperature to at least one
reference data pattern for indications of temperature of the
sleep surface; commanding temperature control information
for adjusting for the sleep surface based on results of the
comparison for that given time period; measuring the sleep
quality of the user using the sleep platform environment for
that given time period; comparing information from that
time period with the information of the same user sleep
platform environment from different time periods, the infor-
mation including the measured sleep quality of the user for
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each of the different time periods; selecting the temperature
control information among the time periods based on the
best sleep quality measurement; updating the control set-
tings of the user sleep platform based on the selected
temperature control information.

[0031] These and other aspects of the invention are more
fully comprehended upon review of this disclosure.

BRIEF DESCRIPTION OF THE FIGURES

[0032] FIG. 1 shows an embodiment of a dynamic bed
system and associated information in accordance with
aspects of the invention.

[0033] FIG. 2 shows top views of two embodiments of a
digital coil module in accordance with aspects of the inven-
tion.

[0034] FIG. 3 shows a top view of an embodiment of a bed
with sensor and digital coil module arrays in accordance
with aspects of the invention.

[0035] FIG. 4 shows a cross-sectional side view of an
embodiment of a bed in accordance with aspects of the
invention.

[0036] FIG. 5 shows a cross-sectional side view of an
embodiment of a digital coil module in accordance with
aspects of the invention.

[0037] FIG. 6A shows a block diagram including aspects
of an embodiment of a sleep platform in accordance with
aspects of the invention.

[0038] FIG. 6B shows a further block diagram including
aspects of an embodiment of a sleep platform in accordance
with aspects of the invention.

[0039] FIG. 7 shows a block diagram including a flow
diagram of an embodiment of a therapy program in accor-
dance with aspects of the invention.

[0040] FIG. 8 shows a block diagram including a flow
diagram of an embodiment of a sleep analytics program in
accordance with aspects of the invention.

[0041] FIG. 9 shows information relating to an embodi-
ment of a digital coil in accordance with aspects of the
invention.

[0042] FIG. 10 shows further information relating to an
embodiment of a digital coil in accordance with aspects of
the invention.

DETAILED DESCRIPTION

[0043] The invention includes methods and systems,
devices, and/or combination of apparatuses to provide a
reactive and/or adaptive sleep system and methods for using
individual and collective group analytics and learning tech-
niques to improve sleep quality. Some embodiments in
accordance with aspects of the invention comprise a bed
system and analytics and learning platform with multiple
elements, which may include one, some, or all of:

[0044] 1) a bed system that integrates

[0045] a) sensors and other inputs to detect specific sleep
environment conditions (including point-specific pressure
and support, temperature, sound and/or light), physiological
conditions and position, and other user and environmental
context,

[0046] D) specific array of actuators or other devices that
can be controlled to physically enable a dynamic sleep
surface and/or environment for an individual or multiple
individuals in a multi-zone configuration,
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[0047] c¢) a modular physical design to ease shipment,
portability, user-assembly and/or inventory logistics,
[0048] d) a controller, including at least one processor,
configured to command actuation of the actuators, collect
and/or process sensor data, and communicate over a network
to a remote computer that performs data analytic and learn-
ing algorithms and methods,

[0049] 2) methods to
[0050] a) analyze user conditions and context
[0051] b) generate control signals to adjust and optimize

dynamically the sleep surface and/or environment in order to
maximize sleep quality based on metrics

[0052] c¢) learn which combination control signals and
sequences result in improved sleep quality for the user and
collection of users, and

[0053] 3) a network-connected data analytics and learning
architecture that performs methods to analyze user and
platform data across user groups in order to optimize sleep
control configurations for individual users, for example to
measure effectiveness and learn iterative optimizations and
improvements for individuals and different subgroups who
share common characteristics.

[0054] FIG. 1 shows a high level description of the entire
system showing a bed system with integrated sensors and
dynamic, location-specific support and temperature control
of the sleep surface, controlled by a local controller 115
which manages the sleep environment and communicates
with one or more remote cloud servers 121 that run a sleep
therapy analytics and learning program that analyzes user
and platform data across multiple users 123 to determine
optimal control parameters, heuristics and settings (named
Therapy Profile) for the individual user, which are sent back
117 and updated to the user’s bed system. The bed system
may include a bed with temperature and sensor layers 113
and adjustable coils 111.

[0055] This disclosure details aspects of various embodi-
ments in the following sections for a physical architecture
and for analysis and control methods, including methods to
analyze conditions and context and dynamically adjust sleep
conditions in real-time, and methods for multiuser analysis
and sleep configuration and control optimizations.

[0056] Physical Architecture

[0057] Some embodiments provide fine-resolution
dynamic surface control, which provides control, precise
control of one, some, or all firmness, displacement, and
temperature of individual zones across a sleeping surface. In
some embodiments dynamic surface control is enabled with
a combination of an array of “digital coils”, which provide
for digital control of the relative firmness level and displace-
ment across the surface, integrated zonal temperature con-
trol for local heating and cooling, and the integration of a
combination of sensors to determine localized pressure,
displacement, movement, and temperature across the sur-
face. In some embodiments, methods to evaluate, analyze
and use sensor and context information to determine exact
control instructions and configuration changes that are used
to control the digital coils and temperature zone mechanisms
to improve sleep conditions in real-time are utilized.

[0058] The control of the support and firmness of small,
localized zones of the surface may be performed by a
“digital coil”, which is a mechanism below the upper sleep
surface that controls firmness level and displacement of a
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localized area of the bed surface. Digital coils 213, 221 may
be distributed in an array below the upper sleep surface, as
illustrated in FIGS. 3 and 3.

[0059] Top surface area: The digital coil can be of different
top surface area sizes, and shapes in some embodiments. The
surface area size is set to provide adequate spatial resolution
to effectively relieve or support specific body parts on the
bed. For instance, around the head, neck and shoulder areas,
which may be more sensitive to pressure points and align-
ment, smaller coil sizes, such as <5 c¢m in diameter, can be
used to provide enough control and spatial resolution to
provide adequate dynamic support relief and adjustments.
Alternatively, in the areas around the legs and feet, larger
coils, such as <15 cm in diameter, can be used to provide
dynamic support relief and adjustments given the larger size
of the lower body parts and different weights of the limbs.
[0060] Shape: The digital coil can also have different
volumetric shapes. Different digital coil mechanisms are
used in various embodiments, and depending on the mecha-
nism and cost or manufacturing constraints, different volu-
metric shapes can be used, such as cylinder, rectangle, cube,
cones, or hexagonal prisms.

[0061] To provide the Digital Coil functionality of con-
trolled firmness and displacement support, different embodi-
ments are possible.

[0062] Alternative 1: Air Chamber: One embodiment
includes a small air chamber with a predominantly solid
state air control valve 913 connected to a shared pneumatic
air line 915, as shown in FIG. 9. The embodiment of FIG.
9 may include some or all of: an air chamber provided by a
bladder 911 (which may be sealed by way of a heat weld
917) or an accordion-like structure 923, a control valve, an
electrical line to control valve and controller, which may be
configured in a daisy-chain pneumatic configuration. Some
embodiments may include integrated displacement and pres-
sure sensors, a default state with no power or no connec-
tivity, or alternative: with a combined foam 921 and air
chamber. In some embodiments stepping motor valves 927,
929 (SMVs) may be used in regulating pressure, for example
from a pressure supply line 931. A piezo crystal 925 may be
used to monitor pressure. In some embodiments the digital
coils 935 may be arranged in a two-dimensional array, with
plenum 937 spaces between the coils.

[0063] APZT piston design may be used in some embodi-
ments (for example as shown in FIG. 10). Additional alter-
natives: one possible embodiment is a passive air chamber,
possibly made of some form a plastic, rubber, or polyure-
thane, of various sizes and shapes. These passive air cham-
bers can be connected by air tubes or lines to an electroni-
cally-controlled air valve or solenoid, which is controlled by
a controller. In some embodiments a gel cushion 1011 is atop
apiston 1013, operation of which expands or contracts an air
donut 1015. Operation of the piston may be provided by a
PZT “inchworm” 1017, which is atop a platform 1019. In
some embodiments electronics 1021 for operating the coil is
provided below the platform.

[0064] Each Digital Coil is electrically connected to a
controller, which sends digital control signals to set firmness
and/or displacement of individual digital coils. The control-
ler can be local to each coil or a subset of coils, and those
local controllers can also be connected to a regional con-
troller that sends control signals to a large region or the
entire bed surface. The control signals can be digital signals,
which are converted by the local controllers into either
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analog or digital signals that can read by a mechanism inside
the coil that sets pressure and/or displacement. For example,
for an air-chamber based design described above, the solid
state air control valve can receive analog control signals
from the local controller. Alternatively, to minimize the total
number of electrical wires in the coil array, the electrical
connections between localized controllers and a global con-
troller can be configured in a daisy-chain configuration,
where each localized controller has an input and output that
can be connected to an adjacent localized controller. Sepa-
rately, electrical power can be delivered across to multiple
digital coils by sharing a common power and ground line
across multiple digital coils. Alternatively, one or more
digital coils cam be connected by air tubes or lines to an
electronically-controlled air valve or solenoid, which in turn
is connected to an air pump and vent that can inflate or
deflate the air chamber in a controlled manner. The electrical
control signals to the air valve are generated by a controller,
which generates digital control signals which can be con-
verted into electrical control signals to each air valve.
[0065] Each Digital Coil may also or instead be connected
to a pneumatic line, which can supply gas or liquid pressure
to enable Digital Coil functionality. This hydraulic line can
be shared across multiple digital coils to minimize tubing
complexity, and hydraulic lines can also be connected to a
common gas or liquid reserve tank to help maintain and
regulate hydraulic pressure in the system.

[0066] In some embodiments Digital Coils Modules 415
may be used, with a module assembly of multiple digital
coils in a Digital Coil Module, which may be housed in a
module structural housing 211, 21la, 2116. Use of the
Digital Coil Module to partitions digital coil array into
smaller modules that enable the bed to be easily packed,
shipped and assembled by the end-user. Also, the modules
may allow for easier inventory management, be more cost-
effective, and make repair and maintenance easier. The
dimensions of a module can be defined to configure into
multiple bed sizes using different numbers of modules in
various orientations. The sizes may also be defined for easy
handling and shipping for a single person to ship or receive,
carry and assemble. These modules could be placed side-
by-side into a cavity volume space designed at the core of
the bed mattress, which is designed to accommodate mul-
tiple modules to fill the entire cavity. Each module can house
uniform-sized coils, as shown in FIG. 2, or can house
different sized coils to be placed in different regions of the
bed to match required resolution of body parts and expected
size of pressure points (see FIG. 2 and FIG. 3). FIG. 3 shows
an example of two different sized digital coils being used for
different bed regions, although other configurations and
more than 2 sizes are also possible.

[0067] As shown in FIG. 5, each module has a plurality of
coils 511 and at least 2 connectors 513, 519, with a module
structural housing 515. Each connector can support one or
more of the following: electrical power and ground lines,
digital electrical signal lines, and fluidic lines. Each con-
nector can align and connect to an adjacent module to enable
module-to-module connectivity or alternatively connect to
the system controller and/or the central fluidic system. The
interconnectivity between modules can provide in some
embodiments connectivity from the system controller to all
the modules in the system.

[0068] In some embodiments each digital coil area or
multiple digital coil areas is coupled with either or both a
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pressure sensor and displacement sensor to generate real-
time information about the topology and pressure map
across the bed.

[0069] A pressure sensor measures pressure, which is the
expression of the force required to stop a fluid from expand-
ing, described as force per unit area. A pressure sensor acts
as a transducer, generating a signal, typically electrical, as a
function of the pressure imposed. Other names for pressure
sensors include, but not limited to pressure transducers,
pressure transmitters, pressure senders, pressure indicators,
piezometers and manometers. There are many different
types of pressure sensors, including but not limited to
piezoresistive, capacitive, electromagnetic, piezoelectric,
optical, potentiometric, resonant, thermal, and ionization. In
some cases the pressure map may be binary indicating the
presence of pressure above a threshold.

[0070] In some embodiments the pressures sensors are
located anywhere along the air path. In some embodiments,
an array of pressure sensors is integrated into the bed to
generate information of a real-time pressure map across the
bed surface, which can be used, for example by a controller
such as a processor, to help determine information such as
the presence of a person on the bed, body position, body
state, high pressure points, and movement, which can then
be used, together with other inputs and information from
other sources, to determine appropriate dynamic changes to
the sleep platform. In some embodiments, the pressure
sensor can be connected where the air valve connects to the
air tube that connect to the air chamber(s).

[0071] One embodiment includes at least one pressure
sensor per digital coil area, which measures the local vertical
pressure asserted from the bed surface in the local area of the
individual digital coil. In some embodiments, the pressure
sensor can be integrated into the digital coil itself. In some
embodiments, if some type of liquid or gas (e.g. air) is used
in the digital coil, the pressure sensor could measure the
pressure of that liquid or gas, which would vary depending
on how much weight is asserted on the bed surface directly
above. In some embodiments, the pressure sensors could be
located outside the digital coil assembly, either as part of the
digital coil module assembly or as part of different layer 411
above the digital coils, for example in modules 415, and
possibly foam/gel layers 413, all of which may be supported
by a structural base (see FIG. 4). An alternative embodiment
would distribute one pressure sensor across multiple digital
coils, for example in order to save costs or may be adequate
to provide enough information about body position and
state. The collective array of pressure sensors across the bed
would be electrically (and or data) coupled to a local
controller or distributed multiple local controllers, which
would process the signals from the sensors into digital
information. In the latter case, the multiple local controllers
could then be electrically (and or data) coupled to a global
system controller that stores and processes the aggregated
sensor information from the entire sensor array for the
portion or entire bed.

[0072] A displacement sensor is a device that measures
heights and/or distances. Displacement sensors can also be
used together with other sensors, such as the pressure
sensors, to help determine the various vertical heights,
distances and relative distances in each or multiple digital
coil areas. When collectively used as an array, these dis-
placement sensors provide information of a real-time topol-
ogy map of the bed surface, which can be used to help
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determine information such as body position, body state,
body type and shape, body weight, and sleep stage, and can
be used, together with other inputs and information from
other sources, to determine appropriate dynamic changes
that can be made to the sleep platform, as well as helping to
classify the user into certain user groups that can identify
what therapy profiles might work better for the user. Dif-
ferent displacement sensors types include but are not limited
to laser sensors, LED sensors, ultrasonic sensors, contact
sensors, and eddy current sensors.

[0073] A displacement sensor can be integrated into the
digital coil assembly, for example as shown by sensors 215
in FIGS. 2 and 3, to measure the vertical height displacement
of the individual digital coil. Alternatively, the displacement
sensors may be integrated into the digital coil module
assembly or the bed structure or other bed layers. An
alternative embodiment would include one displacement
sensor for multiple digital coils in order to save costs or may
be adequate to provide enough information about body
position and state.

[0074] The combination of information from the arrays of
pressure and displacement sensors can be used, for example
by a processor, to generate a detailed, real-time 3-D map of
the body on the bed surface. This information can be used to
analyze exact or relative, real-time body, spinal and neck
alignment and position, body type and shape, and body state.
It can also be used to determine any localized area on the bed
surface that may need adjustments in reductions in firmness
and support to alleviate high pressure points or increases in
firmness and support to improve spinal alignment, neck and
head positions, or uncomfortable or awkward body posi-
tions. For instance, one method implemented using at least
one processor to improve sleep quality is 1) detect and
determine the sleep state of the user, 2) determine the
real-time body, spinal, neck positions and alignments and
higher-pressure points from the information of these sensor
arrays, 3) based on #1 and #2, determine what adjustments
need to made, 3) make control changes to the digital coil
array to adjust body position, alignments, and comfort. The
timing and speed of these support changes may also vary and
depend on 1) what sleep state the user is in, 2) the exact zone
location (e.g. near head, legs, feet, or shoulders), 3) user
preferences, or 4) user history (e.g. speed x has woken this
user or other users, speed y has been used successful in the
past and not woken up this user or similar other users) to
ensure that the changes are not disruptive and uncomfort-
able.

[0075] In addition to dynamic surface control of support
and firmness, some embodiments also integrate both con-
tinuous-periodic temperature sensing and dynamic tempera-
ture control apparatuses (heat/cooling) of individual zones
across the sleeping area surface.

[0076] The array of temperature sensors provides infor-
mation of a detailed, real-time temperature map of the bed
surface. It is known that certain areas of the body are more
sensitive to temperature. Instead of heating or cooling the
entire bed or large regions of the bed, localized temperature
control can be more effective in helping to regulate body
temperature and comfort, especially if those temperature
regulation are aligned to specific body part locations, which
can move during sleep. Since the information from the
pressure and/or displacement sensors can be used to deter-
mine position and location of the user’s body parts at any
given moment, this information can be used together with
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the temperature sensor information to enable dynamic con-
trol and regulation of the temperature of specific body
locations, even with body movement or changing environ-
ment conditions. The precise control of heating or cooling of
specific body parts (e.g. hands, feet, neck, torso) can be very
effective, as well as energy efficient, in helping regulate
overall body comfort and temperature.

[0077] There are variety of different materials and devices
that can be used as a temperature sensor, such as thermistors,
thermocouples, metal-based resistance temperature detec-
tors, or a silicon-based band gap temperature sensor.
[0078] FIG. 3 includes an array of temperature sensors
across the bed surface. Some embodiments include an array
of temperature sensors distributed across the width and
length of the bed to provide information of a detailed,
real-time temperature map of the bed surface.

[0079] In one embodiment, there is at least one tempera-
ture sensor for every heat/cooling apparatus zone. Alterna-
tive embodiments could also have one temperature sensor
for multiple temperature control apparatus zones, as well as
multiple temperature sensors per single temperature control
apparatus zone.

[0080] The locations and spatial resolutions of the tem-
perature sensors can either be the same or different than
those of other sensors, such as the pressure or displacement
Sensors.

[0081] The temperature sensors can also be distributed
across the bed uniformly or non-uniformly. For instance, the
upper body areas may need finer spatial resolution of
temperature control vs. lower body areas, and there may be
more temperature sensors, more densely distributed, in the
upper body areas as a result.

[0082] The temperature sensors can be located in any of
the layers in the bed, with in some embodiments temperature
sensors located in any one of the layers. FIG. 4 shows an
integrated sensor layer 411 on the top layer of the bed, which
could include temperature sensors. The temperature sensors
could also be located in lower bed layers, such as foam or
gel layers 413. The temperature sensors could also be
integrated into the digital coil, either on the top surface of the
digital coil or integrated into the digital coil in a chamber or
space where gas or liquid exists. Temperature sensors can
also be located to sense the ambient temperature.

[0083] Multiple temperature sensors may be connected to
either a local or system controller. As shown in FIGS. 6A
and 6B, sensor information from pressure sensors 619
and/or temperature sensors 623 are collected and optionally
processed by local controllers are sent to a system controller
611. The system controller can further store, organize and
process that sensor data. This data can be processed and
analyzed to determine the exact spatial temperature condi-
tions of the sleep environment and then be used to determine
control adjustments for coil modules 617 and for the tem-
perature control apparatuses 621 in the sleep environment to
improve sleeping conditions. The Z location temperature
information can be used to calculate temperature gradients,
further informing a temperature controller of appropriate
actions. In some embodiments the system controller may
also command position for an adjustable base 615.

[0084] Temperature control apparatuses (heating/cooling)
in temperature control zones across the bed surface may be
coupled with the temperature sensor array, some embodi-
ments can also include one or more (an array) of temperature
control apparatuses that can heat and/or cool various local-
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ized zones across the bed surface. In some embodiments,
each control apparatus can be used to control a single
temperature control zone. One or more temperature sensors
may be associated with every temperature control apparatus
zone. The temperature control apparatus can be embodied in
various ways, including resistive electrical heating elements
integrated into one of the bed layers, vented air channels for
heating and/or cooling, or temperature control of the internal
gases, air or liquids in the digital coil assembly. Temperature
control zones can be oriented in a horizontally or vertically
striped fashion or configured in a 2-D array configuration.
[0085] The temperature control apparatuses are connected
to either a local controller or system controller, which set
control signals that determine the heating or cooling setting
of each apparatus. Each temperature of each zone can be
separately controlled or multiple or all zones can be con-
nected and regulated together to maintain a single target
temperature across zones.

[0086] By utilizing the combination of pressure, displace-
ment, and/or temperature sensor data, an example method
performed by one or more processors for providing specific
temperature control of targeted body zones in a sleeping
environment may be as follows.

[0087] Step 1: Collect data from temperature sensor array,
and collect data from pressure sensor array and/or displace-
ment sensor array.

[0088] Step 2: Analyze pressure and/or displacement sen-
sor data to determine real-time position of the user’s body
and identify exact locations of various body parts (e.g. head,
neck, arms, torso, hips, legs, feet, etc.)

[0089] Step 3: Analyze temperature sensor array data to
determine real time temperatures of various zones across the
bed.

[0090] Step 4: Combine temperature zone data and body
location data from Steps 2 and 3 to estimate the temperature
of various body parts and zones of the user.

[0091] Step 5: Compare body part temperatures with hot
and cold threshold temperature values to determine whether
any specific body parts exceed threshold temperature set-
tings.

[0092] Step 6: If temperature thresholds are exceeded in
any body locations, determine new temperature apparatus
control settings to either cool or heat the body location and
send those updated control settings to the temperature con-
trol apparatus associated with the bed location next to the
targeted body part location.

[0093] The platform can also include additional integrated
sensors to determine the user’s health vitals and statistics.
The data from these sensors can be used to determine
real-time vitals, which can include, but not limited to,
motion, heart rate, heart beat signal signature and monitor-
ing, respiration rate and signal, EKG, blood pressure,
weight, sensor(s). This data can be used for several purposes
including: to determine real-time sleep state and stages, to
help track and monitor the sleep quality metrics and sleep
history, to help track and monitor user health and body
status, and to detect and identify potential health or sleep
issues.

[0094] These health-related sensors can include, but are
not limited to, motion sensors, such as accelerometers, or
force/pressure sensors, such as piezoelectric-based sensors.
These sensors can detect micro-movements of the body and
translate those micro-movements into analog electrical sig-
nals that capture details of those movements. When
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adequately amplified and digitized, this information can be
stored, processed and analyzed by a processor to perform
techniques to extract physiological information, such as
ballistocardiography (BCG), which is the technique of
graphic representation and analysis of the movements of the
body imparted by the ballistic forces (recoil and impact)
associated with cardiac contraction and ejection of blood
and with the deceleration of blood flow through the large
blood vessels. These sensors can be used to monitor cardiac
and respiratory activity. The data can also be used to help
identify certain patterns or signatures in the activity that are
associated with certain body state, sleep stages, activities,
health conditions or issues, or sleep issues or conditions,
cardiovascular issues, or other physiological state or condi-
tions.

[0095] EKG (ECG) sensors may also be used. Electrocar-
diography (ECG or EKG*) is the process of recording the
electrical activity of the heart over a period of time using
electrodes placed on the skin. These electrodes detect the
tiny electrical changes on the skin that arise from the heart
muscle’s electrophysiologic pattern of depolarizing during
each heartbeat. An ECG can be used to measure the rate and
rhythm of heartbeats, the size and position of the heart
chambers, the presence of any damage to the heart’s muscle
cells or conduction system, the effects of cardiac drugs, and
the function of implanted pacemakers. While traditional
EKG uses electrodes attached to the skin, it is skin contact
that 1s required and attachment is not required. ECG sensor
materials can be integrated into the bed surface where there
is often skin contact.

[0096] Photoplethysmography (PPG) senses the body’s
rate of blood flow using a light-based technology. PPG light
emitters and sensors can be integrated into the bed surface.
[0097] Microphones positioned correctly near a sleep sur-
face can sometimes pickup and detect a heartbeat and
respiration. Microphones can also hear snoring, coughing,
and other health related symptoms.

[0098] The data from these health sensors may also be
used to detect or predict sleep or health issues. For instance,
if certain combinations or patterns of health sensor data and
history of the user, in combination with the other sensor data
from the system, are compared to similar data from other
user groups and there is high correlation with users with
confirmed health issues or sleep disorders/issues, the user
may be alerted and warned by the system. The system could
also be designed to store key recommendations and helpful
information for different user conditions, and that informa-
tion can be automatically sent to the user in response to those
issues being identified in the analysis. Also, based on the
potential health or sleep issues identified, the exact sleep
environment controls (“Therapy Profiles”) may be modified
to help address the issues identified. An audio microphone:
used to track ambient and disruptive noise, detect snoring or
breathing issues, or track breathing and movement, as indi-
cated in FIG. 5. A light sensor may be used to track and
detect the frequencies and intensity of ambient, daylight and
artificial light, correlate with sleep activity and disruptions,
align with circadian rhythms and schedules, use to target
waking conditions or alarms, or use in conjunction of local
room light controls (FIG. 5).

[0099] In some embodiments the bed platform is locally
controlled by a local controller, for example as shown in
FIGS. 6A and 6B. A local controller may be coupled to bed
platform sensors, inputs, digital coils, temperature control
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mechanisms. A local controller system includes CPU pro-
cessor, which can also be integrated into a system-on-chip
(or SoC), memory, storage, network connectivity (wired
and/or wireless). The local controller may be capable of
running programs (“Therapy Programs”) that monitor input
signals and data, store and analyze those signals and data,
match characteristic states, in real time determine and
change dynamically control settings to the bed platform
based on those real-time input signals and data, based on and
updating historical data and trends. The local controller may
be connected by network connection 629 to other network-
connected devices 625, 627 in the house and bedroom to
control extended bedroom and wider environment, for
example lights, thermostat, humidifier, aroma diffuser,
sound/audio devices.

[0100] The local controller can communicate over its
network connection to remote server or servers 613 that
receive data from the local controller and remotely run
software programs that process the data from the local
controller and can send data and updated control or program/
software back to the local controller which can modify or
change how the local controller works with the bed platform.
The software and programs that run on both the local
controller and remote server can execute methods that are in
this document. Furthermore, an embodiment of the parti-
tioning of how the software operates between the local
controller and remote server is also discussed in the follow-
ing section.

[0101] Analysis and Control Methods

[0102] In some embodiments, in order to make effective
sleep environment changes in real-time to improve sleep
quality, certain pertinent data can be collected and analyzed
to determine specific user state and conditions, which can
then be integrated with heuristic methods of environment
improvements that translate into specific control instructions
to make fine-resolution physical changes dynamically with
the user’s sleep environment in real-time. Some embodi-
ments of this architecture supports the combination of
pertinent data collection, methods of analysis and generation
of control feedback instructions (e.g. improvement through
iternative learning), and methods for multiuser and multi-
instance analysis and learning, both locally and across larger
groups. These methods, individually and collectively, can be
used to dynamically adjust fine resolution physical controls
of this sleep environment that uniquely enable improve-
ments to sleep quality.

[0103] Methods to analyze conditions and context and
dynamically adjust sleep conditions in real-time. Firstly,
“real-time” for a sleeper can be defined as something that
happens at an appropriate scale for a sleeper and need not be
immediate and instantaneous. Over the course of a 7 hour
sleep (420 minutes=25,200 seconds) it may sometimes be
appropriate for a sleeper on a soft surface if the real time
response to an event commences a few seconds after the
event and takes place over a period of a few seconds.
[0104] A method for analyzing conditions and context and
dynamically adjust sleep conditions in real-time is illustrated
in FIG. 7, which diagrammatically illustrates operation of a
controller 701 to control a sleep platform 711, with the
controller in communication with a remote server 731. This
method can be implemented in a software program, which,
in one embodiment, can be called a Therapy Program, which
can execute on the local controller shown in FIGS. 6A and
6B.
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[0105] In some embodiments the program performs three
basic functions: (1) input data collection, (2) determine user
state and condition, and (3) determine settings (control
outputs) for the sleep platform environment. These functions
can be performed in real-time and allow for real-time
analysis and dynamic control of the sleep environment based
on changing conditions and user activity/state. For the latter
two functions, the program may also relies on a collection of
rules, threshold conditions and parameters, pre-determined
data patterns, analysis guidelines, and control profiles, col-
lectively called a Therapy Profile, that functionally deter-
mines the control settings of the sleep platform based on the
input data. The Therapy Profile can be programmed and
changed, either statically or dynamically. FIG. 7 shows the
Therapy Program using a current Therapy Profile, which can
be updated with a different Therapy Profile or additional
Therapy Profiles either stored locally or sent remotely over
the network from the remove server. More details of each of
these three functions are described below:

[0106] Certain data is collected and analyzed to determine
specific user state and conditions and effectiveness. This
pertinent data may include data collected from the sensors
integrated into the physical hardware platform along with
timestamps in some embodiments, providing active collec-
tion of pertinent, real-time data (as discussed in the Physical
Architecture section above). The data may also include
personal user context information, including date of birth
(for age), weight, height, sex, health condition, pre-existing
health and sleep issues (such as pain points, injuries, insom-
nia, snoring, apnea), weight, weekly schedule and calendar
events, diet, and emotional state. The data collected may
also include user sleep preferences, such as sleep position
preferences, sleep schedule, number of hours they ideally
like to get or usually get, days they like to sleep in, sleep
with partner or alone, and partner sleep preferences and
requirements. The data collected may also include user
feedback, which is provided by the user in response to the
user’s experiences or status.

[0107] The personal user context information can be col-
lected directly from the user, for example, via a question-
naire or by the user allowing access to personal health
records, or if the user opts in to allow the platform to access
their personal smartphone databases such as calendar and
activity tracker applications. The user feedback information
could be accessed directly from the user on a regular basis;
for instance, every morning upon wake up, users could
answer a few questions on how they feel or how their sleep
experience was that night. As shown in FIG. 7, these current
data inputs can be collected and stored in a database 715
(User Database) along with data inputs from past history,
which can then be analyzed (see below) and also shared with
the remote server.

[0108] The program can use the data stored in the database
to perform analysis to determine the user’s state, context and
conditions. Each target state, context or condition can be
determined when the data is compared, matched, and/or
correlated to pre-determined data patterns associated with
each. If there is high correlation or high confidence of a
match (as determined by preset thresholds), the user’s state,
context or condition can be classified and estimated and used
to determine how the sleep platform environment may be
adapted and adjusted to optimize sleep quality metrics.
These computed user state, context and conditions can also
be stored in the User Database, along with timestamps in
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some embodiments. These user state, context and conditions
can include the following four examples, although other
conditions and context can also be incorporated to the
system:

[0109] The input sensors on the platform can detect
motion and changes in pressure across the sleep surface, and
log this over time, and if these data values have high
correlation to patterns that represent sleep, the program can
determine that the user is currently sleeping. Alternatively, if
the data patterns have high correlation to other non-sleep
activities (e.g. reading a book, watching TV, etc.), the
program can also determine the user non-sleep activity state.
Since the platform control settings depend greatly on the
user’s activity state and whether the user is asleep or not, this
analysis is an important function.

[0110] The reference data patterns for different user activi-
ties and the correlation thresholds that are used to determine
how well the user data patterns match the reference data
patterns can be included as part of the Therapy Profile.

[0111] As discussed earlier, current clinical definitions
consider four stages of sleep: REM (Rapid Eye Movement),
and three non-REM sleep stages (NREM: N1, N2, and N3),
where N3 is also called delta sleep or slow-wave sleep.
Sleep quality and other functions of sleep such as feeling
refreshed and memory consolidations are linked to the
length and depth of sleep in REM and deep sleep stages
(N3).

[0112] In various embodiments this system is able to
estimate, in near real-time, the sleep stage of the user based
on current and past input data from the platform (Current
Inputs and Input Database). Sleep state can be estimated and
determined with a combination of sensor data inputs, includ-
ing but not limited to motion detection, heart rate, heart
rhythm, heart electrophysiologic pattern or motion signa-
ture, temperature, body position, breathing rhythm and
audio patterns. Sleep stage classification may always be an
estimate, and it is well documented that two board-certified
sleep scorers will assign different sleep states to the same
subject. Sleep scoring is not always possible in real time, as
some sleep states, according to the definitions of the states,
can only be determined after the fact once the subsequent
state has been determined. Real-time for sleep states for
common medical use are in 30-second epochs.

[0113] The reference data patterns for different sleep
phases and the correlation thresholds that are used to deter-
mine how well the user data patterns match the reference
data patterns can be included as part of the Therapy Profile.
Furthermore, the reference data pattern used for this collec-
tion of data for each sleep phase may be common across
multiple users or also be unique to a given individual. This
system platform is designed to identify, recognize and
support both common and user-specific sleep stage recog-
nition patterns.

[0114] Sleep quality and state can be highly dependent on
the user’s sleep position. Sleep position affects several
factors including: uncomfortable pressure points, position-
ing of limbs, neck, head, back, including spine, neck and
posture alignment, the positioning of head, neck and torso
that determines how easily or difficult the user can breathe
(e.g. snoring, apnea).

[0115] Intypical clinical sleep stage recordings there are 4
primary sleep positions recorded: The body position (BPOS)
of back (supine), left side, right side and front. However,
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within those 4 primary positions, there are many possible
body and limb positions that can occur.

[0116] In various embodiments this system is able to
determine, in real-time, the detailed body position of the
user based on current and past input data from the platform
(Current Inputs and Input Database). Sleep and body posi-
tion can be estimated and determined with a combination of
sensor data inputs, including but not limited to the pressure
map of the pressure sensor array across the sleep surface, the
temperature map of the temperature sensor array across the
sleep surface, pre-calibrated information related to the exact
user body dimensions, weight and shape, breathing rhythm,
audio patterns, and heart data. This information can also be
used and analyzed to estimate spine, neck and head align-
ment (or mis-alignment).

[0117] The reference data patterns for different sleep and
body positions and the correlation thresholds that are used to
determine how well the user data patterns match the refer-
ence data patterns can be included as part of the Therapy
Profile. Furthermore, the reference data pattern used for this
collection of data for each sleep position may be common
across multiple users or also be unique to a given individual.
In various embodiments this system platform may identify,
recognize and support both common and user-specific sleep
position data patterns.

[0118] Sleep quality can also highly depend on breathing
effectively during sleep. Many people suffer from breathing
issues, such as apnea, which involves the “suspension of
external breathing”. During apnea, there is no movement of
the muscles of inhalation and the volume of the lungs
initially remains unchanged. Also, many people suffer from
snoring, which not only disrupts the individual’s sleep
quality but also others sleeping nearby.

[0119] In various embodiments this platform may help
address breathing issues, so breathing status and breathing
characteristic analysis is an important feature. In various
embodiments this system is able to determine, in real-time,
the exact breathing status of the user based on current and
past input data from the platform (Current Inputs and Input
Database). Breathing status and characteristics (for example
dysfunction severity) can be estimated and determined with
a combination of sensor data inputs, including but not
limited to the audio signature of the breathing sounds and
rhythm of the user, motion detection, heart rate, heart
rhythm, heart electrophysiologic pattern or motion signa-
ture, temperature, and body position. The reference data
patterns for breathing status and conditions and the corre-
lation thresholds that are used to determine how well the
user data patterns match the reference data patterns can be
included as part of the Therapy Profile. Furthermore, the
reference data pattern used for this collection of data for
each breathing condition or severity may be common across
multiple users or also be unique to a given individual. This
system platform is designed to identify, recognize and
support both common and user-specific breathing status and
condition data patterns, which may be used to help modify
or optimize the Therapy Program and Therapy Profile to
adjust the sleep platform environment optimally to improve
sleep quality.

[0120] In some embodiments another function of the
Therapy Program is to use the collected data and determined
user state and conditions from the first two functions to
determine improved (possibly optimized) updated settings
(or Control Outputs) for the sleep platform environment.
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The real-time adjustments to these settings helps enable the
dynamic real-time improvements to sleep quality that this
invention enables. In one embodiment, the Therapy Program
performs this third function and this can be performed on the
local controller (as shown in FIG. 7) or alternatively be
performed on a remote server.

[0121] This third function can be described with the
following equation:

0=TP(i-r1)

where 0=[0,, 0,, 05, . . . 0,] represents the set of output
setting values that control the sleep platform environment

where i-rt=[i, i,, i5, . . . 1,] represents the set of real time
inputs from the User Database and where TP represents the
Therapy Profile, which is the function that maps the set of
inputs, 1, to a set of outputs, o.

[0122] The Control Outputs shown in FIGS. 7 and 8 (and
represented by the data vector, o, in the equation above) are
the specific control signals and instructions that precisely set
the specific configuration values and timing of the physical
apparatuses of the sleep platform. Examples of this are the
pressure value and displacement setting of each individual
Digital Coil, and the transition timing on how quickly these
settings change from the old to the new settings occur.
Another example of this are the setting of either the heating
or cooling elements, as well as the transition timing on how
quickly these settings change from the old to the new
settings occur. Further examples of this are extended envi-
ronment output controls, such as lighting control, audio
speaker volume and sounds (e.g. for alarm or music for
going to sleep or waking up).

[0123] As discussed earlier, the Therapy Program relies on
a Therapy Profile, which functionally determines how to
determine the control output settings of the sleep platform
based on the input and user data, and can incorporate
different components, including a collection of rules, thresh-
old conditions and parameters, pre-determined data patterns,
weighting parameters, analysis guidelines, and control pro-
files.

[0124] There can be collection of multiple Therapy Pro-
files, each designed for different situations, and the Therapy
Program can select and dynamically or statically change the
Therapy Profile it uses, depending on different situations.
For instance, some embodiments can allow for stage-spe-
cific Therapy Profiles, which adjusts different Therapy Pro-
file settings depending on which sleep stage the user is in, or
the part of the night (for example bed time, mid night, near
wake up). Alternatively, some embodiments can enable
position-specific Therapy Profiles, which adjusts different
Therapy Profile settings depending on which sleep position
the user is in. Once the exact sleep position is determined,
the Therapy Program can determine and select which
Therapy Profile and sleep platform environment output
settings will be most effective is helping improve user sleep
quality in real-time based on the current sleep position and
sleep state. Furthermore, there can be dedicated Therapy
Profiles for multiple combinations of user state or condi-
tions, such as Therapy Profile that is optimized for a specific
sleep stage, sleep position, breathing condition, body type,
gender, and other specific user characteristics. Finally, the
history of which Therapy Profile that is used along with
timestamps can be recorded in the User Database, which can
be used later to be analyzed for future improvements and
optimizations.
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[0125] 1In some embodiments TP=AF(i-hl, i-h2, i-h3, . . .
i-hn)

where TP is the therapy profile

where i-h=[i;, 1,, 15, . . . 1] represents the set of historical
inputs from the User Database, for multiple people

and where AF represents some aggregation function (statis-
tical pattern learning function) which maps the sequences of
historical inputs from multiple people into a function (algo-
rithm) that represent the historical data as a whole.

[0126] Therapy Profiles can be defined, adjusted and
sorted using a software program that executes on a remote
server that combines and analyzes the user data with larger
user groups to determine the most effective settings, values
and heuristic guidelines of different Therapy Profiles. FIG.
8 illustrates an example of this method of the software
program, which in one embodiment is named the Sleep
Analytics Program. In this program, Therapy Profiles can be
defined and adjusted with the following steps: (1) Analyze
and compare the user database and effectiveness of each
component of a given user’s Therapy Profile against those
across different groups of targeted users. (2) Compare then
identify the most effective setting for a specific component
of a Therapy Profile across multi-users. (3) Adjust that user’s
Therapy Profile by using that identified, most effective
setting. (4) Send the updated Therapy Profile to the user. (If
the system supports an opt-in option for the user, the
program can optionally send the update back to the user’s
platform depending on the user’s opt-in setting.)

[0127] The effectiveness of any given Therapy Profile can
be summarized as a value metric or collection of value
metrics (in the example embodiment in FIG. 8, this metric
is named SleepScore).

[0128] In one embodiment, the criteria of the Sleep Ana-
lytics Program can be set heuristically by medical or sleep
experts who can evaluate the high-level analytics data,
understand what it means, and determine criteria of the
program, such as (1) How to categorize and partition various
target user groups (2) Which components of each Therapy
Profile should be analyzed and prioritized for different sleep
conditions or situations (3) How to determine the weighting
and criteria for the SleepScore value metric, which can
combine some specific sensor data patterns with user feed-
back to make sure there is strong correlation with the value
metric and actual sleep quality of the users.

[0129] As an alternative embodiment, a Therapy Profile
can also include a set of expected or target SleepScore or set
of expected or target sensor and/or system inputs. Once a
Therapy Program has executed a given Therapy Profile, the
resulting measured sensor and system inputs would be
received and a Sleep Score can be computed by the Therapy
Program. The Therapy Program can compare the Sleep
Score to the expected/target Sleep Score of a given Therapy
Profile. The Therapy Program can also compare the mea-
sured sensor and/or system inputs to the expected/target
input values of a given Therapy Profile. If the Sleep Score
and/or inputs match the expected/target values, the Therapy
Profile is deemed effective and no further changes are made.
However, if the expected values are not met, the Therapy
Profile is changed to result in further improvements.
[0130] Examples of potential effective Therapy Profiles
for a given user group may be for a user group that includes
users that suffer from apnea and show significant sleep
quality improvements when they sleep well on their side
position vs. sleeping on their back (supine). The Sleep
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Analytics or Learning Program could select all the users that
have apnea, analyze and select those whose breathing and
snoring improved when sleeping on their side, evaluate the
sleep platform output settings for all those who slept on their
side to see which settings resulted in the longest, deepest
sleep when sleeping on their side in the deepest sleep phases,
the select the combination of the most effective settings to
generate a combined Sleep Therapy Profile that works the
best for this targeted user group, measure the effectiveness
of those users who use this updated Therapy Profile to
validate the benefits, and if positive, use this new Therapy
Profile as the default setting for all those users in the target
user group.

[0131] In one embodiment, the criteria of the Sleep Ana-
Iytics Program can be automated. The Sleep Analytics
Program could select all the users that have one sleep
characteristic (for example predominantly side sleepers, or
predominantly snoring) of similar sleepers. Analyze and
select those nights whose sleep metrics are high and low (for
example longest deepest sleep). Determine the sleep behav-
ior and environmental states that are common for the higher
sleep metrics and different for the lower metric sleepers.
From this determine effective settings to generate a com-
bined Sleep Therapy Profile that works the best for this
targeted user group, measure the effectiveness of those users
who use this updated Therapy Profile to validate the benefits,
and if positive, use this new Therapy Profile as the default
setting for all those users in the target user group.

[0132] Although the invention has been discussed with
respect to various aspects and embodiments, it should be
recognized that the invention comprises the novel and
non-obvious claims supported by this disclosure.

What is claimed is:

1. A bed system, comprising:

a sleep surface:

a plurality of sensors for providing indications of pressure
for a first plurality of different locations of the sleep
surface;

a plurality of actuators to adjust pressures for a second
plurality of different locations of the sleep surface; and

a controller configured to receive the indications of pres-
sure and to command the plurality of actuators to adjust
the pressures based the indications of pressures and a
relationships between indications of pressure and
desired pressures.

2. The bed system of claim 1, wherein the relationships
between indications of pressure and desired pressures
includes a plurality of collections of relationships between
indications of pressure and desired pressures.

3. The bed system of claim 2, wherein the controller is
further configured to select a particular one of the plurality
of collections of relationships based on a sleep position of
the user, for use in commanding the plurality of actuators to
adjust the pressures.

4. The bed system of claim 2, wherein the controller is
further configured to determine a sleep position of a user on
the sleep surface based on the indications of pressure and at
least one reference data pattern for the sleep position.

5. The bed system of claim 4, wherein the controller is
further configured to select a particular one of the plurality
of collections of relationships based on the determined sleep
position of the user, for use in commanding the plurality of
actuators to adjust the pressures.
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6. The bed system of claim 2, wherein the controller is
further configured to determine a sleep stage of a user on the
sleep surface.

7. The bed system of claim 6, wherein the controller is
further configured to select a particular one of the plurality
of collections of relationships based on the determined sleep
stage of the user, for use in commanding the plurality of
actuators to adjust the pressures.

8. The bed system of claim 7, wherein the controller is
configured to determine the sleep stage of the user based on
the indications of pressure.

9. The bed system of claim 7, further comprising addi-
tional sensors and wherein the controller is configured to
determine the sleep stage of the user based on indications
from the additional sensors.

10. The bed system of claim 1, wherein the controller is
further configured to command transmission of the indica-
tions of pressure to a remote computer and to receive
changes to the relationships between indications of pressure
and desired pressures.

11. The bed system of claim 1, wherein the first plurality
of locations and the second plurality of locations are the
same locations.

12. The bed system of claim 1, wherein the first plurality
of locations and the second plurality of locations are differ-
ent locations.

13. The bed system of claim 1, wherein the indications of
pressure are for localized areas of the sleep surface.

14. The bed system of claim 1, wherein the plurality of
actuators comprise air springs.

15. The bed system of claim 1, wherein the plurality of
actuators comprise a plurality of arrays of actuators.

16. The bed system of claim 15, wherein actuators of a
particular array of actuators are commonly controlled.

17. A method for adjusting a sleep surface of a bed,
comprising:

measuring indications of pressure for a plurality of loca-

tions of the sleep surface;

comparing the indications of pressure to at least one

reference data pattern for indications of pressure for the

plurality of locations of the sleep surface;
commanding adjustment of pressure for portions of the

sleep surface based on results of the comparison.

18. The method of claim 17, further comprising selecting
the at least one reference data pattern from a plurality of
reference data patterns.

19. The method of claim 18, further comprising deter-
mining the sleep position of the user using the sleep surface.

20. The method of claim 19, wherein the at least one
reference data pattern is selected based on a sleep position
of a user using the sleep surface.

21. The method of claim 19, wherein the sleep position of
the user is determined based on the indications of pressure.

22. The method of claim 18, wherein the at least one
reference data pattern is selected based on a sleep stage of
a user using the sleep surface.

23. The method of claim 21, further comprising deter-
mining the sleep stage of the user.

24. The method of claim 22, wherein the sleep stage of the
user is based on a breathing pattern of the user or a heart rate
of the user.
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25. The method of claim 17, wherein commanding adjust-
ment of pressure for portions of the sleep surface is addi-
tionally based on rules for desired pressures for the plurality
of locations.

26. The method of claim 25, wherein the rules vary
depending on a sleep stage of a user on the sleep surface.

27. The method of claim 25, wherein the rules vary
depending on a sleep position of the user

28. A method, performed by at least one processor, for
assisting in adjusting a sleep platform environment with
localized pressure regions across the sleep surface, compris-
ing:

receiving information from a plurality of sleep platforms,
the information including localized pressure over time
for a plurality of locations across each of the sleep
platforms;

receiving information relating to a corresponding plural-
ity of users of the plurality of sleep platforms, the
information including heart and/or respiratory informa-
tion over time;

determining updated localized pressure control informa-
tion for at least one user sleep platform based on the
received information from the plurality of sleep plat-
forms and users; and

sending the updated localized pressure control informa-
tion to at least one user sleep platform to update the
control settings of the sleep platform.

29. The method of claim 28, wherein the sleep platform
environment additionally includes localized temperature
regions across the sleep surface, and the received informa-
tion further includes localized temperature over time for the
plurality of locations across each of the sleep platforms, and
further comprising:

determining updated localized temperature control infor-
mation for at least one user sleep platform based on the
received information from the plurality of sleep plat-
forms and users; and

sending the updated localized temperature control infor-
mation to at least one user sleep platform to update the
control settings of the sleep platform.

30. A bed system, comprising:

a sleep surface;

a plurality of sensors for providing indications of tem-
perature for a first plurality of different locations of the
sleep surface;

a plurality of temperature control apparatuses to adjust
temperature for a second plurality of different locations
of the sleep surface; and

a controller configured to receive the indications of tem-
perature and to command the plurality of temperature
control apparatuses to adjust the temperatures based the
indications of temperature and a relationships between
indications of temperature and desired temperatures.

31. The system in claim 30, further comprising:

aplurality of sensors for providing indications of pressure
for a first plurality of different locations of the sleep
surface;

a plurality of actuators to adjust pressures for a second
plurality of different locations of the sleep surface; and

a controller configured to receive the indications of pres-
sure and to command the plurality of actuators to adjust
the pressures based the indications of pressures and a
relationships between indications of pressure and
desired pressures.
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32. The system in claim 30, wherein the temperature
control apparatuses comprise thermoelectric devices to to
control air temperature.

33. The system in claim 32, wherein the temperature
control apparatuses further comprise fans to move air from
the thermoelectric device toward the sleep surface to control
sleep surface temperature.

34. The bed system of claim 33, further comprising
additional sensors and wherein the controller is configured
to determine the sleep stage of the user based on indications
from the additional sensors.

35. The bed system of claim 34, wherein the controller is
further configured to select a particular one of the plurality
of collections of relationships based on the determined sleep
stage of the user, for use in commanding the plurality of
actuators to adjust the pressures.

36. A method for adjusting a sleep surface of a bed,
comprising:

measuring indications of temperature for a plurality of

locations of the sleep surface;

comparing the indications of temperature to at least one

reference data pattern for indications of temperature for

the plurality of locations of the sleep surface;
commanding adjustment of temperature for portions of

the sleep surface based on results of the comparison.

37. The method in claim 36, further comprising;

receiving indications of pressure for a plurality of loca-

tions of the sleep surface;

comparing the indications of pressure to at least one

reference data pattern for indications of pressure for the

plurality of locations of the sleep surface;
commanding adjustment of pressure for portions of the

sleep surface based on results of the comparison.

38. The method in claim 36, further comprising deter-
mining the sleep stage of the user based on a breathing
pattern of the user or a heart rate of the user.

39. The method of claim 38, wherein the commanding
adjustment of temperature is based on a sleep stage of a user
using the sleep surface.

40. A method, performed by at least one processor, for
assisting in adjusting a user sleep platform environment with
localized pressure regions across the sleep surface, compris-
ing:

measuring indications of pressure over time for a plurality

of locations of the sleep surface;
comparing the indications of pressure to at least one
reference data pattern for indications of pressure for the
plurality of locations of the sleep surface;

commanding localized pressure control information for
adjusting for portions of the sleep surface based on
results of the comparison;

measuring the sleep quality of the user using the sleep

platform environment;

comparing information from the user sleep platform with

a plurality of different sleep platforms, the information
including the measured sleep quality of the users for
each of the sleep platforms;

selecting the pressure control information among the

sleep platforms based on the best sleep quality mea-
surement;

updating the control settings of the user sleep platform

based on the selected pressure control information.
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41. A method, performed by at least one processor, for
assisting in adjusting a user sleep platform environment with
localized pressure regions across the sleep surface, compris-
ing:

measuring indications of pressure for a plurality of loca-

tions of the sleep surface for a given time period;
comparing the indications of pressure to at least one
reference data pattern for indications of pressure for the
plurality of locations of the sleep surface;
commanding localized pressure control information for
adjusting for portions of the sleep surface based on
results of the comparison for that given time period;
measuring the sleep quality of the user using the sleep
platform environment for that given time period;
comparing information from that time period with the
information of the same user sleep platform environ-
ment from different time periods, the information
including the measured sleep quality of the user for
each of the different time periods;
selecting the pressure control information among the time
periods based on the best sleep quality measurement;
updating the control settings of the user sleep platform
based on the selected pressure control information.

42. A method, performed by at least one processor, for
assisting in adjusting a user sleep platform environment with
localized temperature regions across the sleep surface, com-
prising:

measuring indications of temperature over time of the

sleep surface;

comparing the indications of temperature to at least one

reference data pattern for indications of temperature of
the sleep surface;

commanding temperature control information for adjust-

ing the sleep surface temperature based on results of the
comparison;
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measuring the sleep quality of the user using the sleep
platform environment;
comparing information from the sleep platform with a
plurality of different sleep platforms, the information
including the measured sleep quality of the users for
each of the sleep platforms;
selecting the temperature control information among the
sleep platforms based on the best sleep quality mea-
surement;
updating the control settings of the user sleep platform
based on the selected temperature control information.
43. A method, performed by at least one processor, for
assisting in adjusting a user sleep platform environment with
localized temperature regions across the sleep surface, com-
prising:
measuring indications of temperature of the sleep surface
for a given time period,
comparing the indications of temperature to at least one
reference data pattern for indications of temperature of
the sleep surface;
commanding temperature control information for adjust-
ing for the sleep surface based on results of the com-
parison for that given time period,
measuring the sleep quality of the user using the sleep
platform environment for that given time period;
comparing information from that time period with the
information of the same user sleep platform environ-
ment from different time periods, the information
including the measured sleep quality of the user for
each of the different time periods;
selecting the temperature control information among the
time periods based on the best sleep quality measure-
ment;
updating the control settings of the user sleep platform
based on the selected temperature control information.
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