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SMART SURFACE FOR SLEEP
OPTIMIZATION

RELATED APPLICATIONS

[0001] This applicationis a continuation application claim-
ing priority to Ser. No. 14/461,862 filed Aug. 18, 2014 which
claims the benefit under 35 U.S.C. 119(e) of prior co-pending
U.S. Provisional Patent Application No. 61/964,372 filed Jan.
4,2014.

FIELD

[0002] The present invention relates generally to a method
for sensing biological parameters and in particular to a
method and associated system for delivering specified
therapy to body portions based on sensed biological param-
eters.

BACKGROUND

[0003] Sleep entails a long period of time of body contact
with a surface. Persons deemed to benefit from various
therapy types administered to specific body parts may find it
time-efficient and effective to receive therapy while in contact
with a surface enabled to deliver therapy to body parts such as
a mattress. Accordingly, there exists a benefit to enable
therapy delivery from a surface to body parts.

SUMMARY

[0004] A first aspect of the invention provides a method for
enabling delivery of a specified therapy type to a specified
body part of mammal, over specified periods of time, the
method comprising for each specified period of time: receiv-
ing, by a processor from physical sensors of a plurality of
physical sensors spatially distributed on or in a substrate, a
value of an environmental parameter measured by the physi-
cal sensors while the mammal is on or in contact with a
substrate and in contact with a first subset of the plurality of
physical sensors, leaving a remaining subset of the plurality
of physical sensors not in contact with the mammal; deter-
mining, by the processor, a second subset of the plurality of
physical sensors as being those physical sensors whose
received value differs from a corresponding predetermined
reference value, of the environmental parameter, specific to
the physical sensors; determining, by the processor, a physi-
cal part subset of the second subset, the physical part subset
corresponding to the specified body part, the determining the
physical part subset comprising utilizing the second subset
and virtual data for identifying a plurality of virtual sensors
spatially distributed to map a space occupied by the mam-
mal’s body parts; determining, by the processor from the
physical part subset, an associated therapy device of a group
of therapy devices spatially distributed on or in the substrate,
wherein the associated therapy device is positioned in suffi-
ciently close proximity to the specified body part to effec-
tively deliver the specified therapy type to the specified body
part; generating, by the processor, a control signal comprising
instructions to deliver the specified therapy type to the speci-
fied body part; transmitting, by the processor, the control
signal to the associated therapy device to activate the associ-
ated therapy device to deliver the specified therapy type to the
specified body part; and after the transmitting, if the each
specified period of time has elapsed then terminating the
method, otherwise repeating the receiving, the determining
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the second subset, the determining the physical part subset,
the determining the associated therapy device, the generating,
and the transmitting.

[0005] A second aspect of the invention provides a com-
puter program product, comprising a computer readable
hardware storage device storing acomputer readable program
code, the computer readable program code comprising an
algorithm that when executed by a computer processor of a
computing system implements a method, the method com-
prising: receiving, by the processor from physical sensors of
a plurality of physical sensors spatially distributed on or in a
substrate, a value of an environmental parameter measured by
the physical sensors while the mammal is on or in contact
with a substrate and in contact with a first subset of the
plurality of physical sensors, leaving a remaining subset of
the plurality of physical sensors not in contact with the mam-
mal; determining, by the processor, a second subset of the
plurality of physical sensors as being those physical sensors
whose received value differs from a corresponding predeter-
mined reference value, of the environmental parameter, spe-
cific to the physical sensors; determining, by the processor, a
physical part subset of the second subset, the physical part
subset corresponding to the specified body part, the determin-
ing the physical part subset comprising utilizing the second
subset and virtual data for identifying a plurality of virtual
sensors spatially distributed to map a space occupied by the
mammal’s body parts; determining, by the processor from the
physical part subset, an associated therapy device of a group
of therapy devices spatially distributed on or in the substrate,
wherein the associated therapy device is positioned in suffi-
ciently close proximity to the specified body part to effec-
tively deliver the specified therapy type to the specified body
part; generating, by the processor, a control signal comprising
instructions to deliver the specified therapy type to the speci-
fied body part; transmitting, by the processor, the control
signal to the associated therapy device to activate the associ-
ated therapy device to deliver the specified therapy type to the
specified body part; and after the transmitting, if the specified
interval of time has elapsed then terminating the method,
otherwise performing the receiving, the determining the sec-
ond subset, the determining the physical part subset, the
determining the associated therapy device, the generating,
and the transmitting.

[0006] A third aspect ofthe invention provides a method for
enabling delivery of a specified therapy type to a specified
body part of mammal, over specified periods of time, the
method comprising for each specified period of time: receiv-
ing, by a processor from a subset of physical sensors of a
plurality of physical sensors spatially distributed on or in a
substrate, tag data identifying a tag attached to the specified
body part while the mammal is on or in contact with a sub-
strate; analyzing, by the processor, mapping data comprising
associations between the plurality of physical sensors and a
group of therapy devices spatially distributed on or in the
substrate; determining, by the processor based on the analyz-
ing, an associated therapy device of a group of therapy
devices corresponding to the subset of physical sensors and
the specified body part, wherein the associated therapy device
is positioned in sufficiently close proximity to the specified
body part to effectively deliver the specified therapy type to
the specified body part; generating, by the processor, a control
signal comprising instructions to deliver the specified therapy
type to the specified body part; transmitting, by the processor,
the control signal to the associated therapy device to activate
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the associated therapy device to deliver the specified therapy
type to the specified body part; and after the transmitting, if
the each specified period of time has elapsed then terminating
the method, otherwise repeating the receiving, the analyzing,
the determining, the generating, and the transmitting.

[0007] The present invention advantageously provides a
simple method and associated system capable of enabling
therapy delivery from a surface to body parts.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG.1illustrates a system for automatically sensing
a body part and automatically delivering an associated
therapy, in accordance with embodiments of the present
invention.

[0009] FIG. 2 illustrates an algorithm detailing a process
flow enabled by the system of FIG. 1 for executing a sensing
and therapy administration process, in accordance with
embodiments of the present invention.

[0010] FIG. 3 illustrates a sensor and therapy device cluster
configuration, in accordance with embodiments of the
present invention.

[0011] FIG. 4 illustrates an algorithm detailing a process
flow enabled by the system of F1G. 1 for executing a body part
location determination and therapy management process, in
accordance with embodiments of the present invention.
[0012] FIG. 5illustrates a system for implementing a torso
based method for determining therapy devices associated
with a body part specified for therapy, in accordance with
embodiments of the present invention.

[0013] FIG. 6 illustrates an algorithm detailing a process
flow enabled by the system of FIG. 1 for automatically sens-
ing a body portion and automatically delivering an associated
therapy, in accordance with embodiments of the present
invention,

[0014] FIG. 7 illustrates a computer system used by or
comprised by the system of FIG. 1 for automatically sensing
a body portion and automatically delivering an associated
therapy, in accordance with embodiments of the present
invention.

DETAILED DESCRIPTION

[0015] FIG. 1illustrates a system 1 for automatically sens-
ing a body portion (i.e., part) and automatically delivering an
associated therapy, in accordance with embodiments of the
present invention. System 1 includes a smart matrix 100
(comprising a substrate 119 and a matrix 101) connected to a
controller 103, an interface 104, external sensors 105, and an
external network 106. Matrix 101 includes sensors 115a . . .
1157 and therapy devices 116a . . . 1167 located at a plurality
of nodes 1224 . . . 122 at each intersection point of a grid of
matrix 100. The sensors 115a . . . 115% and therapy devices
1164 .. . 116~ may include independent sensors and indepen-
dent therapy devices each located within discrete housings.
Alternatively, the sensors 115¢ . . . 115 and therapy devices
116a . . . 116z may include housings each comprising at least
one sensor and at least one therapy device located within a
same housing. The sensors 115a .. . 115z and therapy devices
1164 .. . 1162 may be comprised by or connected to an array
of receptor means (e.g., sockets) integral with a removable
grid apparatus comprised by the substrate 119. System 1 may
be applied to a smart garment where a portion of the garment
is associated with a body part, such as a right shoulder.
Accordingly, the body part identification aspects of system 1
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may not be required. System 1 enables the steps of garment
user identification, sensing of body contact, and administer-
ing programmed therapies.

[0016] System 1 enables a method for identifying and
locating a position of'a portion/body part (e.g., aportion 1174,
such as an arm) of a body of a mammal 117 (e.g., a human
being, a non-human mammal, etc.) and administering a deter-
mined therapy to the portion of the body of the mammal 117.
A portion of a body of a mammal 117 may include any body
partincluding, inter alia, an arm, a leg, a hand, a finger, aback,
a foot, any type of muscle, etc. The portion of the body of the
mammal 117 is located in sufficiently close proximity to the
substrate 119. The substrate 119 may be, inter alia, a mattress,
a slip cover, wearable material, a chair, a wheelchair, etc.
Substrate 119 comprises networked sensors 115a .. . 115x for
sensing a value(s) of biological parameters of a portion(s) of
abody for identifying and determining a position of a portion
(s) of the body on the substrate 119.

[0017] The substrate 119 additionally comprises integrated
and networked therapy devices 116a . . . 1167 capable of
administering a specified therapy(s) to the portion(s) of the
body on the substrate 119. The integrated and networked
therapy devices 116a . . . 116% may comprise any type of
therapy device and are configured to deliver any type of
therapy including, inter alai, magnetic therapy, light therapy,
infrared therapy, laser therapy, temperature-based therapy,
shockwave therapy, ultrasound therapy, acoustic therapy,
vibration therapy, massage therapy, electronic therapy,
chemical therapy, electromagnetic therapy, and electrome-
chanical therapy.

[0018] Thesensors 115a ... 115z and therapy devices 116a
... 11612 may be controlled via a programmable logic means
executed by a controller 103. Matrix 101 may comprise sen-
sors 115a . . . 1157 and therapy devices 116a . . . 116» in
differing sections of an array including one or more of each
type of sensor and therapy device. A nature, location, degree,
and/or duration of a determined therapy may be a function of,
inter alia, a determined location of a portion(s) of a body on
the substrate 119, a sensed biological parameter(s) of the
portion(s) of a body, therapy control logic and calibration of
a therapeutic delivery means, etc. The sensors 115a . . . 115#
may comprise any type of sensor configured to detect any
type of body characteristics such as, inter alia, a position of a
portion of a body (via, e.g., pressure and/or temperature mea-
surements), a type of a portion of a body (e.g., an arm, a leg,
etc.), an orientation and/or location on a surface of substrate
119, atemperature, acceleration, moisture, resistance, a stress
level, a heart rate, a respiration rate, a blood flow rate, meta-
bolic activity, blood oxygenation, etc. System 1 may com-
prise or be integrated with sleep monitor devices to modulate
aspects of associated therapy devices to optimize attributes of
sleep such as, inter alia, REM sleep, a sleep duration, sleep
spindles for a given user, etc. An optimization process may
include correlating therapy types and associated measured
effects with desired sleep states of one or more users (e.g,.,
mammals).

[0019] System 1 may be configured to modify functions of
an adjustable bed and/or a mattress comprising dynamic elec-
tromechanical, hydraulic, and/or additional automatic adjust-
ment means. For example, sensors configured to detect
labored breathing (of a mammal) during a sleep cycle may
direct an adjustable bed to raise or lower associated portions
of the bed to modify a position of a mammal.
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[0020] Matrix 101 may comprise any type of clustered
array of sensors 115¢ . . . 1157 and therapy device nodes 1224
... 122 within specified sections (e.g., nodes 122a . . . 122x)
the substrate 119. Sensors 1154 . . . 115z and therapy devices
116a . . . 116x2 may be configured in various combinations
with respect to respective features and capabilities in each
grid type section of a matrix. Additionally, an external sensor
(s) 105 (i.e., not integrated with substrate 119) may be con-
nected to a network 102 for controlling matrix 101 and pro-
vide data to the network. For example, a blood pressure
sensor or audio sensor (e.g., to detect snoring) for obtaining
readings independent from the sensors of matrix 101.
[0021] System 1 may additionally comprise or access a
database of sensor readings (i.e., virtual readings) associated
with known maladies such as, inter alia, muscle spasms,
shortness of breath, low blood sugar, excessive snoring,
inflammation, heart attack, etc. In response, controller 103 is
configured to direct a specified therapy (via a therapy device)
and to wake user and/or initiate a call for assistance.

[0022] Substrate 119 includes matrix 101 comprising inte-
grated or overlaid sensors 115a . . . 115% (for sensing envi-
ronmental parameters ) and therapy devices 116« . .. 116z (for
delivery of specified therapies in response to the sensed bio-
logical parameters). Matrix 101 is connected (physically or
wirelessly) through a dedicated (LAN, WAN, etc.) or Internet
network 102 to a controller 103 (i.e., programmable logic and
control unit), an (control and input/readout) interface (104),
and internal local or external networks 106. The controller
103 may comprise a local and/or remote wireless controller.
External networks 106 may include, inter alia, a hospital
network, the Internet, etc. Substrate 119 comprises sensors
115a . . . 115n and therapy devices 116¢ . . . 116 (of matrix
101) in specified clusters strategically deployed to sense and
interact with one or more portions of a body of one or more
mammals on a surface of the substrate 119. The sensors 1154
... 115p and therapy devices 1154 . . . 115 are strategically
placed across the matrix 101 are configured to sense and
provide therapy to portions of a body as they change position/
location over time across the matrix 101. An external sensor
(s) 105 may be enabled to perform functions similar the
sensors of matrix 101 (e.g., identifying a location of a portion
of a body on the substrate 119).

[0023] Substrate 119 may comprise integrated and/or an
external (e.g., aslip cover) matrix (e.g., matrix 101) of sensors
115a . . . 1152 and therapy (delivery) devices 116a . . . 116x.
For example, the substrate 119 may comprise a mattress
including clusters of integrated sensors 115a . . . 115x and
therapy devices 116a . . . 1162 distributed throughout a sur-
face of the mattress (e.g., comprising sockets for removably
connecting to and retaining sensors 115a. .. 1157 and therapy
devices 116a . .. 116%). The integrated sensors 115a . . . 115z
and therapy devices 116a . . . 116x are configured to be in
physical or electrical contact portions of a body as they move
across the surface of the mattress. The sensors 115a ... 115z
and therapy devices 1164 . . . 1161 may be integrated into the
surface (of the substrate 119) such that they are positioned in
sufficiently close proximity to the portion of the body to
effectively detect desired biological parameters (e.g., tem-
perature, respiration, pulse, pressure, etc.) and to effectively
deliver desired therapies (e.g., ultrasound, infrared, electro-
magnetic therapy, etc.) to specific targeted portions of a body
in contact with the surface of the substrate 119.

[0024] The sensors 1154 . . . 115z may be integrated in
clusters enabled to detect values of environmental or biologi-
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cal parameters from a proximal portion of a body and deter-
mine a position or orientation of the proximal portion. Envi-
ronmental or biological parameters may include, inter alia, a
respiration rate, a temperature, a pulse rate, moisture or sweat
parameters, acceleration, resistance, stress, pressure read-
ings, blood oxygenation, odor, brain waves, metabolic activ-
ity, blood chemicals, etc. Therapy devices 116a . . . 116x are
configured to deliver a specified therapy(s) to the proximal
portion of a body. The therapy devices 116a . . . 116z may be
configured to deliver the specified therapy to a same portion
of the body from which the sensors have detected environ-
mental or biological parameters. Alternatively, the therapy
devices 1164 . . . 116z may be configured to deliver the
specified therapy to a different portion of the body from
which the sensors have detected the biological parameters.
[0025] Network 102 is configured to connect matrix 101,
interface 104, and controller 103. The network 102 may be
connected to external networks 106 via direct physical or
wireless connections. Network 102 may receive inputs from
sensors (of matrix 101) and transmit the inputs to controller
103. The controller 103 controls and manages the sensors,
therapy devices, and network activity of the network 102. The
controller 103 may be configured to manage all aspects of the
network 102 and types of therapy administered to a portion of
a body including, inter alia, a duration, an intensity, and a
frequency of differing therapy types.

[0026] Additionally, system 1 may comprise sensors that
are not physically connected to the matrix 101. For example,
proximal heat sensors, motion sensors, tag sensors e.g.,
(RFID) or a digital camera may determine (from a distance)
differing positions of a body part and communicate the dif-
fering positions with the sensing devices and therapy devices
of matrix 101.

[0027] A tag sensor 128 (e.g., a smart tag) may be applied
to a body part designated for a specified therapy type. The tag
128 may comprise a shape of a band aid. Sensors 115a . . .
1157 are enabled to recognize a proximity of the tag 128 and
system 1 associates the tag 128 location proximal to the
substrate 119 with both a body part and therapy type. The
aforementioned association may be encoded in the tag 128
and/or reside in a system network program or memory. A
plurality of tags may be used with respect to a mammal’s
body. Each tag may be associated with a designated body part.
A fail-safe program may additionally verify that a body part
associated with a tag matches the identified body part through
a sensor-processor method of identifying a body part. The
controller 103 may then trigger a desired therapy to be deliv-
ered by therapy devices 1164 . . . 116» proximal to the tag 128
location on the substrate 119. A sensed tag location may be
dynamic over time with updated sensor proximity readings
thereby enabling tracking of body part motion and activation
of different, newly proximal therapy devices as the tag 128
location moves with the body part across the substrate.
[0028] Example interactions between sensors 115a . . .
115n, therapy devices 116a . . . 116n, and controller 103 may
include the use of distributed pressure or thermal sensors
providing pressure and/or thermal data readings to the con-
troller 103 executing a program for identifying the mammal
117 and associated portions ofa body (of the mammal 117) in
contact with specified locations on the substrate 119. The
identification process (for identifying the associated portions
of the body of the mammal 117) may include the use of a
pattern-matching program retrieving expected (e.g., previ-
ously retrieved and specific to a user) pressure or thermal
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patterns (e.g., virtual data digitally stored and described in
association with specific portions a body such as, inter alia, a
torso, attachment points to the torso associated with exterior
body parts such as a head, an arm, or a leg, portions of exterior
body parts such as, inter alia, an elbow, a shoulder, a gluteus,
athigh, a foot, etc. in various positions such as, inter alia, face
down, back down, etc.) from a memory system. Current pres-
sure or thermal reading patterns (retrieved by the sensors
115a . . . 115r) are matched (by the pattern-matching pro-
gram) to the expected pressure or thermal patterns to deter-
mine a statistical fit in order to identify an associated portion
of the body. Likewise, a relative location of the current pres-
sure or thermal reading patterns on the substrate 119 may be
used to identify the associated portion of the body. Periodic
thermal or pressure readings and pattern-matching (i.e., to
virtual data) may be used to track position changes of portion
of the body over time. A user association may be executed by
user input that affirms that for example, John Doe is located
on a right side of a surface of the substrate 119. Alternatively,
a biometric means for identifying John Doe may be executed
as follows:

[0029] A movement history may be generated for use by a
user or health practitioner. A portion of the body is associated
with an area of a surface and referenced to a desired therapy
(for a specified portion of body) and/or sensor recording
program. If a specified therapy is designated for a specified
portion of a body (e.g., infra-red for the right shoulder of John
Doe), the controller 103 continuously monitors a location of
John Doe’s right shoulder on the surface of the substrate 119
and automatically directs the infra-red therapy device activity
for cumulative desired dose duration and intensity modula-
tion. The infrared therapy device may comprise a flexible
micro LED array or fiber optic elements engineered to deliver
desired wavelengths and intensity of phototherapy per unit of
time. When a desired dose (of therapy) has been delivered to
the right shoulder, the controller 103 disables the therapy
device. During the therapy delivery, the controller 103 may
use a thermal sensor to monitor a temperature of the right
shoulder and modulate therapy to not exceed an upper param-
eter. Therefore, location detection sensors, the controller 103,
therapy devices, and biological parameters are coordinated
by the controller 103 to locate portions of a body specified to
receive therapy, deliver the specified therapy (during position
changes), and leverage additional sensors to monitor biologi-
cal parameters of portions of the body and compare the bio-
logical parameters to programmed guidelines.

[0030] Sensors enabling body portion location and identi-
fication may be used with all therapy devices to enable body
portion targeted therapy. Sensors for sensing environmental
or biological parameters (such as temperature, moisture, res-
piration, and pulse) may be used in combination with therapy
devices for which biological parameter data are relevant. For
example, a thermal pattern of a hip may illustrate evidence of
inflammation for which infrared or ultrasound therapy may
be indicated. A computer program searching for specified
biological readings associated with body portions may pro-
vide data to the controller 103. In response, the controller
instructs one or more therapy devices (associated with speci-
fied sensors described any means such as, inter alia, a table of
specified sensors associated with specified therapy devices)
to deliver a desired therapy triggered by the specified biologi-
cal parameter readings associated with a body portion accord-
ing to prescribed doses.
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[0031] FIG. 2 illustrates an algorithm detailing a process
flow enabled by system 1 of FIG. 1 for executing a sensing
and therapy administration process, in accordance with
embodiments of the present invention. In step 201, sensors
215a .. . 215n integrated into a smart matrix 200 (comprising
a substrate 219 and a matrix 201 as described with respect to
FIG. 1) retrieves values associated with biological or envi-
ronmental body portion parameters (e.g., pressure or thermal
patterns). In step 202, body portions are identified. Alterna-
tively, the body portions may be inputted via input data from,
e.g., a doctor. In step 203, the biological or environmental
body portion parameter data identifying the body portions are
transmitted to a controller. The controller identifies a location
ofa specified body portion (e.g., a right elbow) on a surface of
the substrate 219 based on comparing biological/environ-
mental body portion parameters to virtual data identifying
virtual sensors spatially distributed to map a space occupied
by the mammal’s 217 body parts 217a . . . 217» as described
in detail with respect to FIGS. 5 and 6, infra. In response, the
controller directs (in step 204) a therapy device (of therapy
devices 216a . . . 216xn) to deliver (in step 205) a specified
therapy to a specified body portion. For example, a right
elbow of a user may be programmed to receive infrared
therapy for two five minute intervals during a 6-8 hour
expected sleep cycle. The controller may instruct infrared
therapy devices (i.e., proximal to a current position of the
right elbow) to deliver the infrared therapy at a specified
intensity level for a programmed duration. Likewise, heat
sensors may monitor (in step 206) a temperature of the body
portions in close proximity to the active therapy devices to
assure a threshold temperature is not exceeded. As the elbow
may move across the substrate 219, the plurality of sensor and
therapy device clusters provide readings enabling the control-
ler to track a changing location of the right elbow and instruct
and manage therapy devices to complete the desired duration
of the infrared therapy.

[0032] Additionally, sensor activation may be triggered by
pressure or thermal sensed changes with respect to a thresh-
old magnitude. Therapy devices may be located proximal to
sensors and the sensors and therapy devices may be sized and
situated to fit a displacement of a body portion. For example,
an adult shoulder may require 4 inch by 4 inch clusters of
sensors and therapy devices.

[0033] Trackingand identifying an orientation and location
of body portions on substrate 219 may enable providing
specified on-going therapy to a specified body portion as it
shifts orientation and location on the substrate 219. The track-
ing and identification process may be enabled by monitoring
sensor readings of sensors 215a . . . 215» of the smart matrix
200. Alternatively, the tracking and identification process
may be enabled by monitoring a position of body portions on
the substrate 219 through the use of digital imaging (e.g., by
a remote camera) that compares imaged body portion posi-
tions on a digitized representation of the substrate 219 to rules
or stored virtual parameters regarding determining a body
portion position on the substrate 219. Additionally, sensor
readings of pressure or temperature distribution on portions
of the substrate 219 may likewise be compared to virtual
parameters (e.g., stored baseline data) for evaluating a distri-
bution in determining which body portion is responsible for
generating a sensed distribution. Therefore, sensors 2154 . . .
215% of matrix 201 may provide inputs enabling a logic
program to determine a body portion type, an associated
location, and change in location. For example, a specified
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section of a grid may be associated with a head of a body or a
left arm. A pattern of expected or typical pressure or tempera-
ture patterns (virtual baseline data associated with a specified
user) may be associated with a body portion and an associated
location and detected changes in the aforementioned patterns
may be associated with a position shift of body portions on a
surface of the substrate 219. Accordingly, a program manag-
ing the matrix 201 of sensors 215a . . . 215r and therapy
devices 216a . . . 216x may determine, track, and change a
location of active therapy devices and/or therapy features as
body portions are determined to have shifted orientation or
position/location on the surface the substrate 219 thereby
shifting the activation of differing sensors and/or therapy
devices.

[0034] Furthermore, a body portion location, type, and
change in orientation may be determined by an overhead
optical or heat sensors comprised by the matrix 201. The
overhead optical or heat sensors may be programmed to
detect changes in patterns of pressure or heat on various
segments of the substrate 219. For example, an overhead
optical system may compare a time series of images ofa body
on a surface with respect to a representation of the substrate
219 and associated locations (e.g., a grid) to determine
changes and changes in location with respect to a grid com-
prising various body portions.

[0035] Alternatively, an identity of a mammal’s location on
the substrate 219 may be referenced by a manual or biometric
entry into a computer program control module networked
with an active therapy surface such that a surface location
may be associated with the identity of the mammal and
desired therapy types for targeted body portions. For
example, a user (i.e., a mammal) may enter a side of a bed or
provide a biometric reading on a control module (via an
interface) confirming a side of a bed that they will use.
[0036] The following implementation example describes a
process for initiating a specified therapy type triggered by
sensor readings to a controller thereby triggering a desired
therapy process pre-programmed by a user (e.g., a clinician).
In this implementation, a condition of (for example) rheuma-
toid arthritis of a right shoulder may require infrared therapy.
In response, a specified infrared therapy is programmed to
trigger upon sensor readings for a body portion temperature
exceeding predetermined parameters. The process is initiated
when a body portion is identified (i.e., the right shoulder) and
tracked for location on the substrate 219. Additionally, bio-
logical parameter sensed readings (e.g., temperature) with
respect to the body portion are retrieved. If the temperature of
the targeted body portion exceeds a predetermined parameter,
the specified therapy (e.g., infrared) is triggered by the con-
troller.

[0037] Additionally, the controller monitors a location (of
the targeted body portion) and a total therapy duration and
intensity during delivery of the therapy. The aforementioned
process determines movement of the body portion over time
and a time during which the body portion may be unavailable
for therapy due to lack of adequate contact with substrate
areas and associated therapy devices. When a desired dura-
tion and intensity of therapy is delivered, the controller dis-
ables therapy. Sensor readings and therapy administration
details may disable the associated therapy device.

[0038] FIG. 3 illustrates a sensor and therapy device cluster
configuration 3, in accordance with embodiments of the
present invention. Cluster configuration 3 comprises a plural-
ity of sensors 301,302, and 306 and therapy devices 303, 304,
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and 305 (on or within a substrate 319) in close proximity to
each other such that they effectively sense environmental or
biological parameters of body portions and administer speci-
fied therapies to body portions. Therefore, if a target body
portion comprises a portion of a shoulder, hip. or elbow, a size
of individual sensors and therapy devices as well as a size of
the cluster of the therapy devices is determined such that both
effective sensing and therapy administration are accom-
plished with respect to a surface area of the body portion
target. Additionally, an area comprising the plurality of sen-
sors and therapy devices 301-306 may be equal to or less than
a surface area in contact with an average adult shoulder or
elbow.

[0039] The cluster configuration 3 and associated surface
may be controlled by a controller and a network 307. The
controller may be programmable by a user, a health care
provider, etc. Programming may be enabled via a manual
interface to the controller or via a network (e.g., wireless,
Internet, local wired network, etc.). A program for a specific
therapy type and desired clinical result with respect to a
specified body portion may be programmed via therapy
devices 303, 304, and 305 and monitored by sensors 301, 302,
and 306 through a local or remote monitor or device such as,
inter alia, a mobile phone. Clinical results with respect to the
therapy may be recorded and analyzed for optimization based
on results reported by a user and/or recorded by sensors 301,
302, and 306. Records of sensor data, therapy administration
aspects, and biological parameter readings of body portions
may be maintained and analyzed for desired changes of an
adaptive nature to therapy administration to achieve deemed
improvements in effects of therapy on body portions.

[0040] Programming the controller with respect to the clus-
ter configuration 3 may comprise user specific program code
for one or more body portions. The program code may asso-
ciate differing therapy types with one or more body portions.
Furthermore, the program code may associate one or more
biological parameters of one or more body parts with an
initiation of a specified therapy and associated attributes. For
example, a therapy initiation may be contingent upon a tem-
perature, pulse, moisture, electrical resistance, and/or other
biological aspects of a body portions. Therapy types may be
programmed for one or more aspects comprising: duration,
intensity, frequency, and association with one or more other
therapy types associated with one or more body portions.
[0041] Therapy effectiveness may be determined by sensor
readings from sensors 301, 302, and 306 proximal to a target
body portion retrieved before, during, and/or after a therapy.
Therapy may be programmed to be actively adaptive to
changes in one or more biological parameter readings of a
body portion by sensors. For example, infra-red therapy may
be modulated as a function of changing temperature of'a body
portion. Therapy may be actively managed by a controller for
one or more users of an active therapy surface simultaneously.
Multiple therapy types may be programmed for interaction
and timing.

[0042] FIG. 4 illustrates an algorithm detailing a process
flow enabled by system 1 of FIG. 1 for executing a body part
location determination and therapy management process, in
accordance with embodiments of the present invention. FIG.
4 illustrates a matrix 400 (comprising a substrate 419 and a
matrix 401). Matrix 401 includes sensors 4154 . . . 415n and
therapy devices 416a . . . 416r located at a plurality of nodes
422a . . . 422n at each intersection point of a grid of matrix
400.
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[0043] FIG. 4illustrates body part and relationship patterns
421a . . . 421r of body parts with respect to each other. For
example, a face-down position pattern or orientation (as illus-
trated by pattern 421¢) may be indicated by a relative pressure
or temperature spike (i.e., as illustrated by the various shading
conditions) caused by lack of elbow imprints 4335 but pres-
ence of knee imprints 4345 in areas to the side and below that
of the largest or torso area 431. Likewise, a face-up position or
orientation 421a would present sharper elbow imprints 433a
but less pronounced relative pressure or thermal imprints
434a where knees are expected relative to the torso 431 and its
orientation given the relative head pattern with respect to the
torso pattern. Similarly, the a left side pattern or orientation
4215 or right side pattern or orientation 421 is easily distin-
guished by the orientation of pressure patterns around the
torso of arms and legs and how they are angled. The algorithm
comprises a function of general geometric pattern types or
reference patterns associated with body parts in different
body positions and the relative arrangement of these patterns
associated with each position. A mathematical depiction of a
body pattern may be matched to a best fit of an observed
pattern and further matched to expected relative spatial pat-
terns of body parts to determine orientation of the body and
the specific body part. Various means of best-fit determina-
tion may be used. For example, a relative proportion of body
parts with respect to each other associated with various axis
drawn through each pattern (i.e., patterns 421a . . . 421n) may
be matched to a reference set of proportions for a body part
pattern in a given body orientation. A further step of assessing
a relative special distribution of body parts in each body
orientation may be taken to increase a level of certainty. An
additional method may measure a relative proportion of an
area subtracted from a grid virtually drawn around a body part
pattern and via measuring relative proportions of a negative
area instead of a positive area.

[0044] Instep401,auserenters an ID (identifying the user)
and associated data into an interface (e.g., interface 104 of
system 1 of FIG. 1). For example, the associated data may
specify a side of a bed typically used by the user. The system
(e.g., system 1) may be programmed with desired therapy
types of the user and necessary sensed body parameter data
types.

[0045] In step 402, readings from pressure or thermal sen-
sors are retrieved from the matrix 401 and compared to pro-
grammed baseline body part distribution patterns in step 403.
The baseline body part distribution patterns may include,
inter alia, specific digital patterns or maps comprising
expected dimensions for a head, shoulder, torso, hip, thigh,
calf, ankle or foot, hand, elbow in expected relative locations
on the substrate 419 or matrix 401. In response, software
(executed by a controller) computes a best fit of an observed
pattern with respect to stored patterns to determine target
body parts on the matrix 401 or substrate 419 in steps 404,
405, and 406. For example, if a right shoulder is programmed
to receive 10 minutes of infrared therapy at a desired therapy
intensity and the right shoulder location is determined, a
controller directs infrared therapy device(s) (i.e., determined
to be under or near the right shoulder) to administer the
desired therapy 420 (i.e., an LED light array on the substrate
419). Additionally or alternatively, a location of a body por-
tion may be determined by an overhead digital image of the
body on the substrate 419 as compared to a stored digital map
of the substrate 419. Furthermore, the controller may activate
sensor readings to determine a temperature of the body por-
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tion receiving infrared therapy to assure that it remains within
predetermined thresholds. Sensor readings may indicate a
change in location of the right shoulder as a user moves. In
response, the controller re-computes a new location of the
target body portion, deactivates therapy devices that are no
longer proximal to the target body portion, and activates
proximal therapy devices while monitoring a total desired
delivery of the therapy.

[0046] FIG. 5 illustrates a system 503 for implementing a
torso based method for determining therapy devices associ-
ated with a body part specified for therapy, in accordance with
embodiments of the present invention. The specified body
part may be specified as input data from a doctor or deter-
mined by sensor readings. System 503 illustrates a mammal
501a residing on a substrate 519 comprising (physical) sen-
sors 502 and 504 and associated therapy devices 521. The
sensors 502 represent sensors that have not been activated or
comprise a specified reference value indicating that the no
portions of the mammal 501a are located on or over the
sensors 502. Sensors 502 may comprise an integrated sensor/
therapy device (i.e., with one of therapy devices 521) appa-
ratus. Alternatively, sensors 502 may comprise an indepen-
dent sensor and an independent therapy device (i.e., one of
therapy devices 521). The sensors 504 represent sensors that
have been activated or comprise a received value differing
from the specified reference value (e.g.. by a predetermined
threshold) indicating that portions mammal 5014 are located
on or over the sensors 504. Sensors 504 may comprise an
integrated sensor/therapy device (i.e., with one of therapy
devices 521) apparatus. Alternatively, sensors 504 may com-
prise an independent sensor and an independent therapy
device (i.e., one of therapy devices 521). Additionally, sen-
sors 518a . . . 518e represent overlapping sensors describing
attachment points between a torso 511a of the mammal 501a
and exterior body parts 541a, 5415, 542a, 5425, and 550 (or
limbs) of the mammal (e.g., arms legs, head, etc.). System
503 additionally illustrates a set of virtual data 500 represent-
ing virtual sensors 552 (identifying a virtual representation
5015 of a body of the mammal 501a) and (attachment point)
virtual sensors 517a . . . 517¢ spatially distributed to map to a
space (i.e., on the substrate 519) occupied by the mammal
501a. The virtual sensors 552 and virtual sensors 517qa . . .
517e are not physical sensors but are data representations of
physical sensors. The virtual sensors 552 are identified in
groups representing specified body parts. For example, all
virtual sensors 552 in group 511a represent a torso of the
virtual representation 5015. As an additional example, virtual
sensors 552 in groups 512a, 5126, 518a, 5185, and 514 rep-
resent exterior body parts (i.e., arms, legs, and a head) of the
virtual representation 5015. The virtual sensors 517a.. .. 517¢
comprise attachment point sensors representing common
attachment points between group 511a of virtual sensors 552
(representing a virtual torso) and groups 5124, 5125, 518aq,
518b, and 514 of virtual sensors 552 (representing virtual
exterior body parts). The torso based method (enabled by
system 503) for determining therapy devices associated with
the body part specified for therapy includes mapping (e.g., by
overlaying) the group 5115 of virtual sensors 552 (i.e., rep-
resenting a virtual torso) to a subset (i.e., associated with a
torso 511a of the mammal 501q) of the (e.g., activated) sen-
sors 504 to determine a match. The match determines a loca-
tion of the torso 511a (on the substrate 519) of the mammal
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501a. Additionally, a virtual part subset (of the virtual sensors
552) corresponding to the body part specified for therapy is
determined.

[0047] The virtual part subset of the group 5115 of virtual
sensors 552 in combination with the group 5115 of virtual
sensors 552 is used to determine a subset of sensors 504
corresponding to the body part specified for therapy. If the
body part specified for therapy is determined to reside within
the torso 511a of the mammal 501a then the virtual part
subset is mapped (e.g., by overlaying) to the group 5115 of
virtual sensors 552 to determine the subset of sensors 504
corresponding to the body part specified for therapy. If the
body part specified for therapy is determined to comprise an
exterior (to the torso 511a) body part (e.g., arm, leg, head,
etc.) then a group of exterior virtual sensors (i.e., one of
groups 512a,512b, 518a,518b, and 514) corresponding to an
exterior body part (i.e., the body part specified for therapy) of
the mammal 501 ¢ attached (to the mammal 501a) at a point of
attachment on the torso 511a. The group of exterior virtual
sensors includes the virtual part subset and includes an attach-
ment sensor (one of virtual sensors 517a.. .. 517¢) coinciding
with an attachment sensor (one of virtual sensors 517a . . .
517¢)ofthetorso virtual sensors corresponding to the point of
attachment. The attachment sensor of the exterior virtual
sensors may comprise a same or differing sensor from the
attachment sensor of the torso virtual sensors. A correspond-
ing (i.e., to the attachment sensor of the torso virtual sensors)
attachment sensor 518a . . . 518¢ of the torso subset (i.e.,
associated with a torso 511a of the mammal 501) of the
sensors 504 is selected (e.g., from a table of associated virtual
and physical attachment sensors). An exterior subset of the
sensors 504 associated with an exterior body part (e.g., arm,
leg, head, etc.) is determined by mapping one of groups 5124,
512b, 518q, 518b, and 514 (i.e., a virtual part subset) to the
sensors 504 in amanner that constrains the attachment sensor
of the set of exterior virtual sensors to coincide with the
attachment sensor of the torso subset of the sensors 504. The
virtual part subset is mapped to the exterior subset of the
sensors 504 to determine a physical part subset of the sensors
504. In response, a therapy device (of therapy devices 521)
associated with the physical part subset is determined. The
therapy device may be determined by cross referencing (e.g.,
using a cross reference table, an algorithm, etc.) the therapy
device with the exterior subset of the sensors 504. Addition-
ally, a control signal is generated. The control signal includes
instructions to deliver specified therapy type to the specified
body part. The control signal is transmitted to the associated
therapy device to activate the associated therapy device to
deliver the specified therapy type to the specified body part.

[0048] FIG. 6 illustrates an algorithm detailing a process
flow enabled by system 1 of FIG. 1 for automatically sensing
a specified body part and automatically delivering an associ-
ated therapy, in accordance with embodiments of the present
invention. Each of the steps in the algorithm of FIG. 6 may be
enabled and executed in any order by a computer processor
executing computer code. In step 500, a value of an environ-
mental parameter is received from physical sensors of a plu-
rality of physical sensors spatially distributed on or in a sub-
strate. The value of the environmental parameter is measured
by the physical sensors while a mammal (e.g., a person) is on
or in contact with the substrate and in contact with a first
subset of the physical sensors, leaving a remaining subset of
the physical sensors not in contact with the mammal. In step
602, a second subset of the physical sensors is determined as
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being those physical sensors whose received value differs
(e.g., by a predetermined threshold value) from a correspond-
ing predetermined reference value, of an environmental
parameter, specific to the physical sensors. In step 604, a
physical part subset of the second subset is determined. The
physical part subset corresponds to the specified body part.
Determining the physical part subset includes utilizing the
second subset and virtual data for identifying a plurality of
virtual sensors spatially distributed to map a space occupied
by the mammal’s body parts. The plurality of virtual sensors
may include torso virtual sensors corresponding to a torso of
the mammal and determining the physical part subset may
include the following process:

1. Mapping the torso virtual sensors to the second subset of
physical sensors.

2. Determining (based on the mapping) a torso subset of the
second subset of physical sensors corresponding to the torso
of the mammal.

3. Determining a virtual part subset of the plurality of virtual
sensors corresponding to the specified body part.

4. Using the torso subset of the physical sensors and the
virtual part subset to determine the physical part subset.
[0049] The specified body part may be determined to be
within the torso of the mammal or external to the torso of the
mammal. If the specified body part is determined to be within
the torso of the mammal then using the torso subset of the
physical sensors and the virtual part subset to determine the
physical part subset may include mapping the virtual part
subset to the torso subset to determine the physical part sub-
set.

[0050] Ifthe specified body part is determined to be exter-
nal to the torso of the mammal then using the torso subset of
the physical sensors and the virtual part subset to determine
the physical part subset may include

1. Determining a set of exterior virtual sensors of the plurality
of virtual sensors corresponding to an exterior body part of
the mammal attached to the mammal at a point of attachment
on the torso. The set of exterior virtual sensors includes the
virtual part subset and comprises an attachment sensor coin-
ciding with an attachment sensor of the torso virtual sensors
corresponding to the point of attachment.

2. Determining an attachment sensor of the torso subset of the
physical sensors corresponding to the attachment sensor of
the torso virtual sensors.

3. Determining an exterior subset of the physical sensors by
mapping the set of exterior virtual sensors to the second
subset ina manner that constrains the attachment sensor of the
set of exterior virtual sensors to coincide with the attachment
sensor of the torso subset of the physical sensors.

4. Mapping the virtual part subset to the exterior subset of the
physical sensors to determine the physical part subset.
[0051] Instep 606, an associated therapy device of a group
of therapy devices spatially distributed on or in the substrate
is selected. The associated therapy device may be selected by
selecting from an association table comprising associations
between specified therapy devices and associated sensors of
the physical part subset. The associated therapy device is
positioned in sufficiently close proximity to the specified
body part to effectively deliver the specified therapy type to
the specified body part. In step 610, a control signal compris-
ing instructions to deliver the specified therapy type to the
specified body part is generated. The instructions may be
received from a source external to the system 1 (e.g., from a
medical professional, etc). Alternatively, the instructions may
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be automatically generated based on values of the environ-
mental parameters. The instructions may include a command
such as, inter alia, a duration for delivering the first specified
therapy, a frequency for delivering the first specified therapy,
an intensity for delivering the first specified therapy, etc. In
step 612, the control signal is transmitted to the associated
therapy device to activate the associated therapy device to
deliver the specified therapy type to the specified body part
and the process is continuously repeated to account for mov-
ing body parts and changes in therapy.
[0052] FIG. 7 illustrates a computer system 90 used by or
comprised by the system of FIG. 1 for automatically sensing
a body part and automatically delivering an associated
therapy, in accordance with embodiments of the present
invention. The computer system 90 illustrated in FIG. 6
includes a processor 91, an input device 92 coupled to the
processor 91, an output device 93 coupled to the processor 91,
and memory devices 94 and 95 each coupled to the processor
91. The input device 92 may be, inter alia, a keyboard, a
mouse, a camera, a touchscreen, etc. The output device 93
may be, inter alia, a printer, a plotter, a computer screen, a
magnetic tape, a removable hard disk, a floppy disk, etc. The
memory devices 94 and 95 may be, inter alia, a hard disk, a
floppy disk, a magnetic tape, an optical storage such as a
compact disc (CD) or a digital video disc (DVD), a dynamic
random access memory (DRAM), a read-only memory
(ROM), etc. The memory device 95 includes a computer code
97. The computer code 97 includes algorithms (e.g., the algo-
rithms of FIGS. 2, 4, and 6) for automatically sensing a body
part and automatically delivering an associated therapy. The
processor 91 executes the computer code 97. The memory
device 94 includes input data 96. The input data 96 includes
input required by the computer code 97. The output device 93
displays output from the computer code 97. Either or both
memory devices 94 and 95 (or one or more additional
memory devices not shown in FIG. 6) may include the algo-
rithms of FIGS. 2, 4, and 6 and may be used as a computer
usable medium (or a computer readable medium or a program
storage device) having a computer readable program code
embodied therein and/or having other data stored therein,
wherein the computer readable program code includes the
computer code 97. Generally, a computer program product
(or, alternatively, an article of manufacture) of the computer
system 90 may include the computer usable medium (or the
program storage device).
[0053] While FIG. 7 shows the computer system 90 as a
particular configuration of hardware and software, any con-
figuration of hardware and software, as would be known to a
person of ordinary skill in the art, may be utilized for the
purposes stated supra in conjunction with the particular com-
puter system 90 of FIG. 7. For example, the memory devices
94 and 95 may be portions of a single memory device rather
than separate memory devices.
[0054] While embodiments of the present invention have
been described herein for purposes of illustration, many
modifications and changes will become apparent to those
skilled in the art. Accordingly, the appended claims are
intended to encompass all such modifications and changes as
fall within the true spirit and scope of this invention.

What is claimed is:

1. A method for enabling delivery of a specified therapy
type to a specified body part of mammal, over specified peri-
ods of time, said method comprising for each specified period
of time:
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receiving, by a processor of a computing system from
physical sensors of a plurality of physical sensors spa-
tially distributed on, in, or adjacent to a substrate, a value
of an environmental parameter measured by said physi-
cal sensors while the mammal is on or in contact with a
substrate and in contact with a first subset of the plurality
of physical sensors, leaving a remaining subset of the
plurality of physical sensors not in contact with the
mammal;
determining, by the processor, a second subset of the plu-
rality of physical sensors as being those physical sensors
whose received value differs from a corresponding pre-
determined reference value, of the environmental
parameter by at least a predetermined threshold value,
specific to said plurality of physical sensors;
determining, by the processor, a physical part subset of the
second subset, said physical part subset corresponding
to the specified body part and sleep related attributes
associated with said mammal, said determining the
physical part subset comprising utilizing the second sub-
set and virtual data for identifying a plurality of virtual
sensors representing the plurality of physical sensors
and spatially distributed in virtual subsets to map a space
occupied by the mammal’s body parts, wherein each
subset of the virtual subsets comprises a virtual repre-
sentation of a differing body part of said mammal’s body
parts, and wherein said utilizing comprises;
overlaying the virtual sensors over data retrieved from
the second subset; and
determining, based on results of the overlaying, a virtual
part subset of the plurality of virtual sensors corre-
sponding to the specified body part;
determining based on a cross referencing process, by the
processor from the physical part subset, an associated
therapy device of a group of therapy devices spatially
distributed on or in the substrate, wherein the associated
therapy device is positioned in sufficiently close prox-
imity to the specified body part to effectively deliver the
specified therapy type to the specified body part;
generating, by the processor, a control signal comprising
instructions to deliver the specified therapy type to the
specified body part;
transmitting, by the processor, the control signal to the
associated therapy device to activate the associated
therapy device to deliver the specified therapy type to the
specified body part;
after said transmitting, repeating by the processor, said
receiving, said determining said second subset, said
determining said physical part subset, said determining
said associated therapy device, said generating, and said
transmitting;
determining, by the processor, that said each specified
period of time has elapsed;
terminating, by the processor, said repeating;
analyzing, by the processor, therapy results of said speci-
fied therapy type being delivered to the specified body
part during said repeating;
determining, by the processor based on said results of said
analyzing, a modified therapy type associated with opti-
mizing sleep attributes associated with sleeping patterns
of said mammal
generating, by the processor, an additional control signal
comprising additional instructions to deliver the modi-
fied therapy type to the mammal; and
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transmitting, by the processor, the additional control signal
to at least one additional therapy device to activate the at
least one associated therapy device to deliver the modi-
fied therapy type to the mammal.

2. The method of claim 1, wherein said modified therapy
type is associated with the specified body part.

3. The method of claim 2, wherein said modified therapy
type is associated with additional body parts of said mammal.

4. The method of claim 1, wherein said modified therapy
type comprises modifying attributes of said substrate.

5. The method of claim 4, wherein said substrate comprises
an adjustable mattress, and wherein said modifying said
attributes comprises raising and/or lowering portions of said
adjustable mattress

6. The method of claim 5, wherein said adjustable mattress
is comprised by an adjustable bed assembly configured to
perform said raising and/or said lowering hydraulically or
electromechanically.

7. The method of claim 1, wherein said sleep attributes
comprise attributes selected from the group consisting of a
sleep duration, REM sleep attributes, and sleep spindle
attributes.

8. The method of claim 1, wherein said analyzing said
therapy results comprises analyzing attributes of said mam-
mal, and wherein said attributes of said mammal are selected
from the group consisting of a respiration rate, a temperature,
apulserate, moisture or sweat parameters, acceleration, resis-
tance, stress, pressure readings, blood oxygenation, odor, and
brain waves.

9. The method of claim 1, wherein the plurality of virtual
sensors comprise torso virtual sensors corresponding to a
torso of the mammal, and wherein said overlaying comprises:

mapping the torso virtual sensors to the second subset of

physical sensors;

determining, based on results of the mapping, a torso sub-

set of the second subset of physical sensors correspond-
ing to the torso of the mammal; and

using the torso subset of the physical sensors and the virtual

part subset to determine the physical part subset.

10. The method of claim 9, wherein the method comprises
determining that the specified body part is within the torso of
the mammal, and wherein said utilizing comprises:

mapping the virtual part subset to the torso subset to deter-

mine the physical part subset.

11. The method of claim 9, wherein the method comprises
determining that the specified body part is external to the
torso of the mammal, and wherein said utilizing further com-
prises:

determining a set of exterior virtual sensors of the plurality

of virtual sensors corresponding to an exterior body part
of the mammal attached to the mammal at a point of
attachment on the torso, wherein the set of exterior vir-
tual sensors includes the virtual part subset and com-
prises an attachment sensor coinciding with an attach-
ment sensor of the torso virtual sensors corresponding to
the point of attachment;

determining an attachment sensor of the torso subset of the

physical sensors corresponding to the attachment sensor
of the torso virtual sensors;

determining an exterior subset of the physical sensors by

mapping the set of exterior virtual sensors to the second
subset in a manner that constrains the attachment sensor
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of the set of exterior virtual sensors to coincide with the
attachment sensor of the torso subset of the physical
sensors; and

mapping the virtual part subset to the exterior subset of the

physical sensors to determine the physical part subset.

12. The method of claim 1, further comprising:

receiving, by the processor, said instructions from a source

external to the computing system.
13. The method of claim 1, further comprising:
generating, by the processor based on the value of the
environmental parameter, the instructions, wherein the
instructions comprise a command selected from the
group consisting of a duration for delivering the speci-
fied therapy, a frequency for delivering the specified
therapy, and an intensity for delivering the specified
therapy.
14. The method of claim 1, wherein said substrate is posi-
tioned in sufficiently close proximity of an apparatus selected
from the group consisting of a bed, a mattress, a chair or seat,
a couch, a crib, and a garment.
15. The method of claim 1, further comprising:
determining, by said processor executing logic functions
with respect to input data from said plurality of physical
sensors, an attribute of an electronically controllable
physical characteristic of an electronically adjustable
bed or mattress, wherein the attribute is selected from
the group consisting of a temperature, a stiffness, a posi-
tion of an adjustable component, and motion.
16. The method of claim 1, wherein said instructions com-
prise a command for waking said mammal from a sleep cycle
in response to a sensed reading from said one of said plurality
of physical sensors.
17. A computer program product, comprising a computer
readable hardware storage device storing a computer readable
program code, said computer readable program code com-
prising an algorithm that when executed by a computer pro-
cessor of a computing system implements a method, said
method comprising:
receiving, by said processor from physical sensors of a
plurality of physical sensors spatially distributed on orin
a substrate, a value of an environmental parameter mea-
sured by said physical sensors while the mammal is on or
in contact with a substrate and in contact with a first
subset of the plurality of physical sensors, leaving a
remaining subset of the plurality of physical sensors not
in contact with the mammal;
determining, by the processor, a second subset of the plu-
rality of physical sensors as being those physical sensors
whose received value differs from a corresponding pre-
determined reference value, of the environmental
parameter by at least a predetermined threshold value,
specific to said plurality of physical sensors;

determining, by the processor, a physical part subset of the
second subset, said physical part subset corresponding
to the specified body part and sleep related attributes
associated with said mammal, said determining the
physical part subset comprising utilizing the second sub-
set and virtual data for identifying a plurality of virtual
sensors representing the plurality of physical sensors
and spatially distributed in virtual subsets to map a space
occupied by the mammal’s body parts, wherein each
subset of the virtual subsets comprises a virtual repre-
sentation of adiffering body part of said mammal’s body
parts, and wherein said utilizing comprises;
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overlaying the virtual sensors over data retrieved from
the second subset; and
determining, based on results of the overlaying, a virtual
part subset of the plurality of virtual sensors corre-
sponding to the specified body part;
determining based on a cross referencing process, by the
processor from the physical part subset, an associated
therapy device of a group of therapy devices spatially
distributed on or in the substrate, wherein the associated
therapy device is positioned in sufficiently close prox-
imity to the specified body part to effectively deliver the
specified therapy type to the specified body part;

generating, by the processor, a control signal comprising
instructions to deliver the specified therapy type to the
specified body part;

transmitting, by the processor, the control signal to the

associated therapy device to activate the associated
therapy device to deliver the specified therapy typeto the
specified body part;

after said transmitting, repeating by the processor, said

receiving, said determining said second subset, said
determining said physical part subset, said determining
said associated therapy device, said generating, and said
transmitting;,

determining, by the processor, that said each specified

period of time has elapsed;

terminating, by the processor, said repeating;

analyzing, by the processor, therapy results of said speci-

fied therapy type being delivered to the specified body
part during said repeating;

determining, by the processor based on said results of said

analyzing, a modified therapy type associated with opti-
mizing sleep attributes associated with sleeping patterns
of said mammal

generating, by the processor, an additional control signal

comprising additional instructions to deliver the modi-
fied therapy type to the mammal; and

transmitting, by the processor, the additional control signal

to at least one additional therapy device to activate the at
least one associated therapy device to deliver the modi-
fied therapy type to the mammal.

18. A method for enabling delivery of a sleep therapy type
to a mammal, over specified periods of time, said method
comprising for each specified period of time:

receiving, by a processor from a subset of physical sensors

of a plurality of physical sensors spatially distributed on
or in a substrate, a value of an environmental parameter
measured by said physical sensors while the mammal is
onor in contact with a substrate and in contact with a first
subset of the plurality of physical sensors, leaving a
remaining subset of the plurality of physical sensors not
in contact with the mammal;
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determining, by the processor, a second subset of the plu-
rality of physical sensors as being those physical sensors
whose received value differs from a corresponding pre-
determined reference value, of the environmental
parameter by at least a predetermined threshold value,
specific to said plurality of physical sensors;

determining, by the processor, a physical part subset of the
second subset, said physical part subset corresponding
to sleep related attributes of a specified body part asso-
ciated with said mammal, said determining the physical
part subset comprising utilizing the second subset and
virtual data for identifying a plurality of virtual sensors
representing the plurality of physical sensors and spa-
tially distributed in virtual subsets to map a space occu-
pied by the mammal’s body parts, wherein each subset
of the virtual subsets comprises a virtual representation
of a differing body part of said mammal’s body parts;

monitoring, by the processor via said physical part subset
of the second subset, sleep related attributes of sleep
patterns of said mammal;

analyzing, by the processor, said sleep related attributes;

determining, by the processor based on said results of said
analyzing, a sleep therapy type associated with optimiz-
ing said sleep related attributes;

determining based on said sleep therapy type and a cross
referencing process with respect to the physical part
subset, by the processor, an associated therapy device of
a group of therapy devices spatially distributed adjacent
to the substrate;

generating, by the processor, a control signal comprising
instructions to deliver the sleep therapy type to the mam-
mal; and

transmitting, by the processor, the control signal to the
associated therapy device to activate the associated
therapy device to deliver the sleep therapy type to the
mammal.

19. The method of claim 18, wherein said sleep related

attributes comprise real time monitored brainwave data.

20. The method of claim 19, further comprising:

receiving, by said processor, stored historic brainwave data
historically retrieved from said mammal;

receiving, by said processor, additional stored historic
brainwave data historically retrieved from additional
mammals; and

additionally analyzing, by the processor, said stored his-
toric brainwave data and said additional stored historic
brainwave data, wherein said determining said sleep
therapy type is further based on results of said addition-
ally analyzing.
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