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VITAL SIGN MONITORING AND CONTROL

BACKGROUND

[0001] 1. Field

[0002] The present disclosure pertains to a system and
method for non-invasive determination of one or more vital
sign states of a subject, and, in particular, determining a
reliability index for the one or more determined vital sign
states of a subject.

[0003] 2. Description of the Related Art

[0004] Measuring vital signs of a subject is known to be
medically relevant and important in the care of a subject. For
example, measuring temperatures of subjects in hospital is
commonly practiced. Reducing heat loss is particularly
important for preterm neonates. Specifically, the core body
temperature and the peripheral temperature are important
measures for diagnostic purposes, including, but not limited
to, the evaluation of thermoregulation, circulatory problems,
perfusion, thermoregulation issues, heat/cold stress and
infections.

SUMMARY

[0005] Accordingly, one or more embodiments provide a
measuring system for non-invasive determination of one or
more vital signs of a subject. The system comprises a body
of engagement configured to engage with and/or support a
subject, multiple coupling sensors, multiple vital sign sen-
sors, and one or more processors configured to execute
computer program modules. The coupling sensors, in some
embodiments, generate coupling signals conveying electri-
cal, thermal, and/or magnetic coupling information with the
subject. The coupling sensors are generally carried by the
body of engagement. The vital sign sensors generate output
signals conveying vital sign information or a vital sign
profile of the subject. The vital sign sensors are carried by
the body of engagement. The computer program modules
comprise a coupling module, a vital sign state determination
module, and a quality control module. The coupling module
is configured to determine coupling levels for individual
ones of the vital sign sensors based on the coupling signals
generated by the coupling sensors. The vital sign state
determination module is configured to determine multiple
vital sign states of the subject based on the output signals
and, optionally, the determined coupling levels. The quality
control module is configured to determine a coupling reli-
ability index based on the coupling levels for the individual
ones of the vital sign sensors.

[0006] It is yet another aspect of one or more embodi-
ments to provide a method of non-invasive determination of
one or more vital signs of a subject. The method comprises
engaging a subject with a body of engagement; generating
coupling signals conveying electrical, thermal, and/or mag-
netic coupling information with the subject at or near a point
of engagement between the subject and the body of engage-
ment; generating output signals conveying vital sign infor-
mation of the subject; determining coupling levels for indi-
vidual ones of the vital sign sensors based on the coupling
signals; determining multiple vital sign states of the subject
based on the output signals and, optionally, the determined
coupling levels; and, determining a coupling reliability
index based on the coupling levels for the individual ones of
the vital sign sensors.
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[0007] Tt is yet another aspect of one or more embodi-
ments to provide a system configured to provide non-
invasive determination of one or more vital sign states of a
subject. The system comprises means for engaging a subject
with a body; means for generating coupling signals convey-
ing electrical, thermal, and/or magnetic coupling informa-
tion with the subject at or near a point of engagement
between the subject and the means for engaging; means for
generating output signals conveying vital sign information
of the subject between the subject and the means for
engaging; means for determining coupling levels for the
means for generating output signals conveying vital sign
information of the subject based on the determined coupling
levels; means for determining multiple vital sign states of
the subject based on the output signals and, optionally, the
determined coupling levels; and, means for determining a
coupling reliability index based on the coupling levels for
the means for generating output signals conveying vital sign
information of the subject.

[0008] These and other aspects, features, and characteris-
tics of the present disclosure, as well as the methods of
operation and functions of the related elements of structure
and the combination of parts and economies of manufacture,
will become more apparent upon consideration of the fol-
lowing description and the appended claims with reference
to the accompanying drawings, all of which form a part of
this specification, wherein like reference numerals designate
corresponding parts in the various figures. It is to be
expressly understood, however, that the drawings are for the
purpose of illustration and description only and are not
intended as a definition of any limits.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIGS. 1A-1B-1C schematically illustrate a system
for non-invasive determination of one or more vital sign
states of a subject, in accordance with one or more embodi-
ments;

[0010] FIG. 2 schematically illustrates a measuring system
in accordance with one or more embodiments;

[0011] FIGS. 3A-3B illustrate a system for non-invasive
determination of one or more vital sign states of a subject,
in accordance with one or more embodiments;

[0012] FIG. 4illustrates a user interface for displaying one
or more vital sign states of a subject, in accordance with one
or more embodiments;

[0013] FIG. 5 illustrates a graph of multiple vital signs
measured over time in accordance with one or more embodi-
ments;

[0014] FIGS. 6A-4B illustrate vital sign profile maps in
accordance with one or more embodiments;

[0015] FIGS. 7A-7B-7C illustrate measuring systems for
non-invasive determination of one or more vital sign states
of a subject, in accordance with one or more embodiments;
and,

[0016] FIG. 8 illustrates a method for non-invasive deter-
mination of one or more vital sign states of a subject, in
accordance with one or more embodiments.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[T
a

[0017] As used herein, the singular form of “a”, “an”, and
“the” include plural references unless the context clearly
dictates otherwise. As used herein, the statement that two or
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more parts or components are “coupled” shall mean that the
parts are joined or operate together either directly or indi-
rectly, i.e., through one or more intermediate parts or com-
ponents, so long as a link occurs. As used herein, “directly
coupled” means that two elements are directly in contact
with each other. As used herein, “fixedly coupled” or “fixed”
means that two components are coupled so as to move as one
while maintaining a constant orientation relative to each
other.

[0018] As used herein, the word “unitary” means a com-
ponent is created as a single piece or unit. That is, a
component that includes pieces that are created separately
and then coupled together as a unit is not a “unitary”
component or body. As employed herein, the statement that
two or more parts or components “engage” one another shall
mean that the parts exert a force against one another either
directly or through one or more intermediate parts or com-
ponents. As employed herein, the term “number” shall mean
one or an integer greater than one (i.e., a plurality).

[0019] Directional phrases used herein, such as, for
example and without limitation, top, bottom, left, right,
upper, lower, front, back, and derivatives thereof, relate to
the orientation of the elements shown in the drawings and
are not limiting upon the claims unless expressly recited
therein.

[0020] The present application is directed toward the
non-invasive measurement of vital sign states of a subject,
and in particular, the determination of a reliability index
providing an indication of the reliability of the measured
vital sign state. Vital signs are measures of various physi-
ological statistics that are obtained to assess body functions
of a subject. Vital sign states of a subject may include body
temperature, pulse (or heart) rate, blood pressure, respiratory
rate, and/or physiological statistical measurements. Mea-
sures of vital sign states of a subject may also include pupil
dilation, skin condition, urinary continence, mobility, end-
tidal CO, levels, lung volume, breathing flow speed, men-
strual cycle, glucose levels, and/or other measurements of
the body.

[0021] The following description of the figures relate to
the specific vital sign state of body temperature of a subject,
and in particular that of a neonatal subject. One of ordinary
skill in the art will appreciate and understand that the
proceeding description would relate to any vital sign state
measurement, and sensors related to the measurements of
any vital sign state of a subject. For example, instead of
temperature sensors conveying temperature information of
the subject, electrocardiogram electrodes may be used that
convey heart rate information of the subject. The following
example of the system and method disclosed in this appli-
cation is, therefore, not intended to be limiting.

[0022] FIG. 1A illustrates (a top-view of) measuring sys-
tem 10 for non-invasive determination of one or more vital
sign states of subject 12. Measuring system 10 may inter-
changeably be referred to as system 10. Measuring system
10 may include one or more of a body of engagement 14,
multiple coupling sensors 16, multiple vital sign sensors 18,
and/or other components (including components illustrated
in other figures as being included in measuring system 10).
In this specific example of measuring system 10 for non-
invasive determination of one or more temperatures of
subject 12, measuring system 10 may include one or more
of a body of engagement 14, multiple coupling sensors 16,
multiple temperature sensors 18, one or more zero-heat-flux
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temperature sensors 20, and/or other components (including
components illustrated in other figures as being included in
measuring system 10). Body of engagement 14 may inter-
changeably be referred to as “structure of engagement,”

9 ¢

“structure,” “support-structure of engagement,” or “support-
structure.”
[0023] By way of non-limiting example, FIG. 2 schemati-

cally illustrates measuring system 10, which may further
include one or more vital sign state adjustment elements 32
(for example, in the case of thermal adjustment elements,
vital sign state adjustment elements may include one or
more heating elements 34 and/or one or more cooling
elements 36), one or more processors 110, an electronic
storage 130, a user interface 120, and/or other components
and/or computer program modules. The computer program
modules may include one or more of a coupling module 111,
a vital sign state determination module 112, a quality control
module 113, a tracking module 114, a map module 115, a
target module 116, a control module 117, and/or other
modules. Also illustrated in FIG. 2 is a user 108 of mea-
surement system 10 such as, by way of non-limiting
example, a care-giver, a therapy-decision-maker, and/or a
medical professional.

[0024] Non-invasive determination of one or more vital
sign states of a subject, in particular neonates and/or infants,
may contribute to improved medical care and/or mainte-
nance of recommended vital sign state parameters. For
example, non-invasive determination of one or more tem-
peratures of a neonatal subject and/or infant, may contribute
to thermal protection and/or maintenance of recommended
temperatures. Measuring temperatures of a subject may be
important in many clinical situations, including but not
limited to neonates in a neonatal intensive care unit (NICU).
The multiple temperatures may include peripheral tempera-
tures at various locations, core temperatures at or near
different parts of the body, and/or other temperatures. For
example, peripheral temperatures may include skin tempera-
tures of hands, feet, and/or other body parts. For example,
core temperatures may include (estimated, determined, mea-
sured, and/or otherwise approximated) temperatures of vari-
ous organs and/or body parts, including but not limited to the
brain, the heart, the abdomen, the chest, and/or other organs
and/or body parts. As used herein, the term “non-invasive”
may refer to the absence of adhesives to keep sensors in
place and/or the absence of physical equipment penetrating
or adhering to the skin or being inserted in any manner into
the subject. Adhesive (vital sign state) sensors may damage
the skin and cause stress and/or pain when used. Information
regarding on or more vital sign states of a subject (as well
as information regarding changes over time in one or more
such vital sign states) may be medically and/or diagnosti-
cally relevant. For example, issues regarding thermoregula-
tion, circulatory function, perfusion, infections, oxygen
saturation, and/or other conditions of a subject may be
diagnosed, monitored, treated, and/or otherwise benefit by
virtue of having more and/or more accurate information
regarding one or more temperatures, and/or other vital sign
state information of the subject. Medical conditions and/or
issues mentioned in this disclosure are intended to be
exemplary and without limitation.

[0025] Referring to FIG. 1A, body of engagement 14 is
configured to engage with a subject 12, e.g. a neonate and/or
infant. In some embodiments, body of engagement 14 may
be implemented as a (subject) support structure configured
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to support subject 12 thereon. A subject support structure
may be a mattress, a bed, a pad, a blanket, a wrap, a pillow,
an incubator, and/or other structure suitable to engage and/or
support a subject 12, e.g. a neonate and/or infant. In some
embodiments, body of engagement 14 may be an article of
clothing configured to be worn by and/or wrapped around
subject 12. Body of engagement 14 may be configured to
carty one or more sensors, €.g. one or more temperature
sensors 16. As depicted in FIG. 1A, body of engagement 14
may be wrapped around subject 12 such that multiple
coupling sensors 16 and multiple temperature sensors 18
engage, touch, and/or (electrically and/or thermally) couple
with subject 12.

[0026] As used herein, a generic reference to a tempera-
ture sensor or a reference to multiple temperature sensors
may use the term “temperature sensor(s) 18,” or variations
thereof using the reference numeral “18,” whereas a specific
individual temperature sensor may be referred to by append-
ing a character to that reference numeral, e.g. “temperature
sensor 18a”, depicted in FIG. 1A. Likewise, FIG. 1A depicts
multiple coupling sensors 16 as well as specific coupling
sensors referred to as coupling sensor 16a, coupling sensor
165, and coupling sensor 16¢, and multiple zero-heat-flux
temperature sensors 20 as well as a specific zero-heat-flux
temperature sensor 20a. Other temperature sensors, cou-
pling sensors and zero-heat-flux temperature sensors are
depicted in FIG. 1A, but not individually labeled with a
reference number. As used in any of the figures, similar types
of sensors may be depicted by similar schematic symbols.
For example, temperature sensor(s) 18 are depicted using
similar symbols in FIGS. 1A-1B-1C and FIG. 2. The dis-
closure is not limited to the number or position of any
sensors depicted in any of the figures. As used herein, the
term “measure” refers to any combination of measuring,
estimating, and/or approximating based on output generated
by one or more sensors. As used herein, the term “measure-
ment” refers to any combination of one or more measure-
ments, estimations, and/or approximations based on output
generated by one or more sensors.

[0027] Temperature sensor(s) 18 may be configured to
generate output signals conveying temperatures of a subject
and/or output signals conveying information related in a
predictable manner (e.g. through a mathematical relation-
ship) to one or more temperatures of a subject. In some
embodiments, temperature sensor(s) 18 may include one or
more zero-heat-flux temperature sensors 20. Temperature
sensor(s) may be supported and/or carried by body of
engagement 14. Zero-heat-flux temperature sensor(s) 20
may be configured to create thermal insulation between two
objects (e.g. body of engagement 14 and subject 12). Zero-
heat-flux temperature sensor(s) 20 operate according to the
thermal principle known as the zero-heat flux principle,
which may be described, e.g., in one or more related
applications incorporated by reference into the present appli-
cation. In some embodiments, temperature sensor(s) 18 may
be used to determine one or more peripheral temperatures of
subject 12. In some embodiments, zero-heat-flux tempera-
ture sensor(s) 20 may be used to determine one or more core
temperatures of subject 12. In some embodiments, one or
more temperature sensors 18 may be configured to deter-
mine an ambient temperature around and/or near subject 12.
[0028] Coupling sensors 16 may be configured to generate
signals (interchangeably referred to herein as output signals
or coupling signals) conveying coupling information
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between two objects (e.g. the coupling sensor itself and
subject 12). Coupling sensors 16 may be configured to
generate signals conveying electrical, thermal, magnetic,
pressure, and/or other coupling information. Coupling sen-
sor(s) 16 may be supported and/or carried by body of
engagement 14. In some embodiments, coupling sensor(s)
may include one or more magnetic field sensors, one or more
pressure sensors and/or one or more capacitive sensors.
Signals and/or information conveyed by coupling sensor(s)
16 may be referred to as coupling information. One or more
coupling sensors 16 may be associated with one or more
temperature sensors, including but not limited using a 1-to-1
association (e.g. for co-located sensor pairs of a temperature
sensor and a coupling sensor). By way of non-limiting
example, referring to FIG. 1A, coupling sensors 16a, 165,
and 16¢ may be associated with different (zero-heat-flux)
temperature sensors. In some embodiments, coupling infor-
mation may be conveyed by the intensity, strength, magni-
tude, and/or level of the signal generated by coupling
sensor(s) 16. For example, in some embodiments, an indi-
vidual coupling sensor 16 may emit a signal (e.g. an elec-
tromagnetic signal) having known characteristics (including
but not limited to a known frequency, shape, magnitude,
and/or other characteristic of an electromagnetic signal).
The coupling information for the individual coupling sensor
16 may be based on how well the emitted signal is received.
In case of good and/or strong coupling between the coupling
sensor and subject 12, the received signal may have a greater
magnitude than compared to a poor and/or weak coupling
between the coupling sensor and subject 12.

[0029] In some embodiments, an individual coupling sen-
sor may be associated with multiple temperature sensors. In
some embodiments, multiple coupling sensors may be asso-
ciated with an individual temperature sensor. In some
embodiments, association between one or more coupling
sensors 16 and one or more temperature sensors 18 may be
based on proximity (including but not limited to a weighted
association of the information from a temperature sensor
based on coupling information from the nearest multiple
coupling sensors). In some embodiments, an individual
temperature sensor and an individual coupling sensor may
be integrated, embedded, and/or otherwise combined into a
single unit, component, and/or device capable of the joint
features and functionality attributed herein to an individual
temperature sensor and an individual coupling sensor.
[0030] By way of non-limiting example, coupling sensor
16 depicted in FIG. 1A may be associated with temperature
sensor 18a. For example, coupling information from cou-
pling sensor 16a may be used to qualify information from
temperature sensor 18a. Information from temperature sen-
sor 18a may be deemed useful and/or reliable based on the
information from coupling sensor 16a. For example, infor-
mation from temperature sensor 18a may be discarded based
on poor and/or weak coupling between coupling sensor 16a
and subject 12, as may be conveyed through coupling
information from coupling sensor 16a. The relative position
of coupling sensor 164 in relation to temperature sensor 18a
as depicted in FIG. 1A (near the lower section on the
right-hand side of temperature sensor 18a) is merely exem-
plary and not intended to be limiting in any way.

[0031] The view of body of engagement 14 is partially
obscured in FIG. 1A by subject 12. FIG. 1B depicts the same
body of engagement 14 (and the same measuring system 10)
as depicted in FIG. 1A without subject 12 obscuring the
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view. Body of engagement 14 may include multiple tem-
perature sensors 18 and multiple coupling sensors 16. The
sensors depicted in FIG. 1B may be arranged to form a set,
pattern, matrix, grid, and/or other predetermined shape. As
depicted in FIG. 1, the sensors of measuring system 10 may
be arranged in multiple diagonal lines.

[0032] In some embodiments, measuring system 10
includes one or more vital sign state adjustment elements,
such as thermal adjust elements 32, configured to adjust one
or more vital sign states of subject 12, such as adjusting one
or more temperatures of subject 12. Thermal adjustment
elements 32 may include one or more heating elements 34
and/or one or more cooling elements 36. In some embodi-
ments, an individual thermal adjustment element 32 may be
configured to either heat or cool (at least a region and/or part
of) subject 12. In some embodiments, one or more thermal
adjustment elements 32 may be associated with one or more
coupling sensors 16. For example, as depicted in FIG. 1C,
coupling sensor 165 may be associated with cooling element
36a, e.g. based on proximity. In some embodiments, the
same individual coupling sensor 16 may be associated with
both a temperature sensor 18 and a thermal adjustment
element 32. Resulting signals or information from any
sensors may be transmitted to processor 110, user interface
120, electronic storage 130, and/or other components of
measuring system 10. This transmission may be wired
and/or wireless.

[0033] By way of illustration, FIG. 1C illustrates another
embodiment of the measuring system described in this
disclosure, this embodiment depicted as measuring system
10a that includes body of engagement 14a. Measuring
system 10a of FIG. 1C may include substantially the same
components and functionality as attributed to measuring
system 10 of FIG. 1B, except for the number, placement, and
type of some of the sensors used. Additionally, as depicted
in FIG. 1C, measuring system 10a and body of engagement
14a may include one or more thermal elements 32, for
example multiple heating elements 34 and multiple cooling
elements 36. As used herein, a generic reference to a heating
element or a reference to multiple heating elements may use
the term “heating element(s) 34,” or variations thereof using
the reference numeral “34,” whereas a specific individual
heating element may be referred to by appending a character
to that reference numeral, e.g. “heating element 34a”,
depicted in FIG. 1C. Likewise, FIG. 1C depicts multiple
cooling elements 36 as well as a specific cooling element
referred to as cooling element 36a.

[0034] By way of non-limiting example, FIGS. 3A-3B
illustrate a measuring system 10 for non-invasive determi-
nation of one or more temperatures of a subject 12.

[0035] FIG. 3A illustrates a temperature matrix 38 com-
prising of interconnected coupling sensors 16 and tempera-
ture sensors 18 configured to determine the temperature of
a subject 12. The temperature matrix 38 may comprise
individual elements 40. Each element 40 may include one or
more temperature sensors 18 and/or one or more coupling
sensors 16. The temperature sensors 18 may comprise of one
or more zero-heat-flux temperature sensors 20. Each cou-
pling sensor 16 and/or temperature sensor 18 in temperature
matrix 38 may be arranged in electrical connection with the
other coupling sensors 16 and/or temperature sensors 18 in
the temperature matrix 38. Such electrical connection may
be provided by wires 42 positioned between the coupling
sensors 16 and/or temperature sensors 18. The temperature
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matrix 38 may be arranged in electrical connection with
processor 110 facilitated by wires 44. Such electrical con-
nections may also be effectuated by way of wireless elec-
tronic communication between the coupling sensors 16
and/or temperature sensors 18 of the temperature matrix 48
and processor 110. Each coupling sensor 16 and/or tempera-
ture sensor 18 may communicate with processor 110 indi-
vidually or temperature matric 38 may communicate with
the processor 110, aggregating data from the sensors. Wire-
less communication may be achieved using one or more
additional components.

[0036] FIG. 3B illustrates a body of engagement 14 con-
figured to engage with and/or support a subject 12. FIG. 3B
specifically illustrates a catrier, or nest, for a neonate con-
figured to maintain appropriate positioning and flexion of a
neonate. The temperature matrix 38 may be integrated into
the body of engagement 14, such that the temperature matrix
38 is positioned below the fabric in direct connection with
the subject 12 to provide non-invasive temperature measure-
ments.

[0037] Referring to measuring system 10 of FIG. 2 (and/or
measuring system 10a, as used interchangeably in reference
to FIG. 2), measuring system 10 may include electronic
storage 130 comprising electronic storage media that elec-
tronically stores information. The electronic storage media
of electronic storage 130 includes one or both of system
storage that is provided integrally (i.e., substantially non-
removable) with measuring system 10 and/or removable
storage that is connectable to measuring system 10 via, for
example, a port (e.g., a USB port, a FireWire port, etc.) or
a drive (e.g., a disk drive, etc.). Electronic storage 130 may
include one or more of optically readable storage media
(e.g., optical disks, etc.), magnetically readable storage
media (e.g., magnetic tape, magnetic hard drive, floppy
drive, etc.), electrical charge-based storage media (e.g.,
EEPROM, RAM, etc.), solid-state storage media (e.g., flash
drive, etc.), and/or other electronically readable storage
media. Electronic storage 130 stores software algorithms,
information determined by processor 110, information
received via user interface 120, and/or other information that
enables measuring system 10 to function properly. For
example, electronic storage 130 may record or store (a set
of) one or more temperatures and/or parameters derived
from output signals measured (e.g. over time) by one or
more sensors (as discussed elsewhere herein), and/or other
information. Electronic storage 130 may be a separate
component within measuring system 10, or electronic stor-
age 130 may be provided integrally with one or more other
components of system 10 (e.g., processor 110).

[0038] Referring to FIG. 2, measuring system 10 may
include user interface 120 configured to provide an interface
between measuring system 10 and a user (e.g., user 108, a
caregiver, a therapy decision-maker, etc.) through which the
user can provide information to and receive information
from measuring system 10. This enables data, results, and/or
instructions and any other communicable items, collectively
referred to as “information,” to be communicated between
the user and measuring system 10. Examples of interface
devices suitable for inclusion in user interface 120 include a
keypad, buttons, switches, a keyboard, knobs, levers, a
display screen, a touch screen, speakers, a microphone, an
indicator light, an audible alarm, and a printer. Information
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may e.g. be provided to user 108 by user interface 120 in the
form of auditory signals, visual signals, tactile signals,
and/or other sensory signals.

[0039] By way of non-limiting example, in certain
embodiments, user interface 120 includes a radiation source
capable of emitting light. The radiation source includes one
or more of an LED, a light bulb, a display screen, and/or
other sources. User interface 120 may control the radiation
source to emit light in a manner that conveys information to,
e.g., user 108 related to, e.g., a breaching of a predetermined
temperature threshold by subject 12.

[0040] It is to be understood that other communication
techniques, either hard-wired or wireless, are also contem-
plated herein as user interface 120. For example, in one
embodiment, user interface 120 is integrated with a remov-
able storage interface provided by electronic storage 130. In
this example, information is loaded into measuring system
10 from removable storage (e.g., a smart card, a flash drive,
a removable disk, etc.) that enables the user(s) to customize
the implementation of measuring system 10. Other exem-
plary input devices and techniques adapted for use with
measuring system 10 as user interface 120 include, but are
not limited to, an RS-232 port, RF link, an IR link, modem
(telephone, cable, Ethernet, internet or other). In short, any
technique for communicating information with measuring
system 10 is contemplated as user interface 120.

[0041] Referring to FIG. 2, processor 110 is configured to
provide information processing capabilities in measuring
system 10. As such, processor 110 includes one or more of
a digital processor, an analog processor, a digital circuit
designed to process information, an analog circuit designed
to process information, and/or other mechanisms for elec-
tronically processing information. Although processor 110 is
shown in FIG. 2 as a single entity, this is for illustrative
purposes only. In some embodiments, processor 110
includes a plurality of processing units.

[0042] As is shown in FIG. 2, processor 110 is configured
to execute one or more computer program modules. The one
or more computer program modules include one or more of
a coupling module 111, a vital sign state determination
module 112, a quality control module 113, a tracking module
114, a map module 115, a target module 116, a control
module 117, and/or other modules. Processor 110 may be
configured to execute modules 111-117 by software; hard-
ware; firmware; some combination of software, hardware,
and/or firmware; and/or other mechanisms for configuring
processing capabilities on processor 110.

[0043] It should be appreciated that although modules
111-117 are illustrated in FIG. 2 as being co-located within
a single processing unit, in implementations in which pro-
cessor 110 includes multiple processing units, one or more
of modules 111-117 may be located remotely from the other
modules. The description of the functionality provided by
the different modules 111-117 described below is for illus-
trative purposes, and is not intended to be limiting, as any of
modules 111-117 may provide more or less functionality
than is described. For example, one or more of modules
111-117 may be eliminated, and some or all of its function-
ality may be provided by other ones of modules 111-117.
Note that processor 110 may be configured to execute one or
more additional modules that may perform some or all of the
functionality attributed below to one of modules 111-117.
[0044] Sensors in this disclosure may be configured to
generate output signals in an ongoing manner, e.g. through-
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out the day. This may include generating signals intermit-
tently, periodically (e.g. at a sampling rate), continuously,
continually, at varying intervals, and/or in other ways that
are ongoing during at least a portion of period of a day,
week, month, or other duration. The sampling rate may be
about 0.001 second, 0.01 second, 0.1 second, 1 second,
about 10 seconds, about 1 minute, and/or other sampling
rates. It is noted that multiple individual sensors may operate
using different sampling rates, as appropriate for the par-
ticular output signals and/or (frequencies related to particu-
lar) parameters derived therefrom. For example, in some
embodiments, the generated output signals may be consid-
ered as a vector of output signals, such that a vector includes
multiple samples of information conveyed related to one or
more temperatures of subject 12. Different temperatures
may be related to different vectors. A particular temperature
determined in an ongoing manner from a vector of output
signals may be considered as a vector of that particular
temperature.

[0045] Coupling module 111 of measuring system 10 in
FIG. 2 is configured to determine coupling levels for one or
more sensors of measuring system 10, including but not
limited to one or more coupling sensors 16, one or more
temperature sensors 18, one or more zero-heat-flux tempera-
ture sensors 20, and/or other sensors. As used herein, the
term “coupling level” may refer to coupling strength (e.g. of
electrical signals), and/or signal strength (e.g. of electrical
signals). In some embodiments, coupling levels may be
based on pressure levels, capacitive levels, and/or other
types of levels and/or combinations thereof that may indi-
cate whether (and/or to what extent) the output signal from
a sensor should be deemed reliable. Alternatively, and/or
simultaneously, in some embodiments, a coupling level may
indicate whether the output signal from a sensor should be
discarded, e.g. in favor of stronger and/or more reliable
signals from other sensors.

[0046] In some embodiments, coupling module 111 may
be configured to determine individual coupling levels for
individual temperature sensors 18. In some embodiments,
determinations by coupling module 111 may be based on
one or more coupling signals generated by coupling sensors
16. For example, a coupling level for temperature sensor 18a
may be based on coupling information from coupling sensor
16a. In some embodiments, individual temperature sensors
18 may be associated with individual coupling sensors 16,
and/or vice versa. In some embodiments, information from
an individual temperature sensor 18 may be weighted
according to the coupling levels of multiple nearby coupling
sensors 116. The coupling level for an individual tempera-
ture sensor 18 may change over time, for example between
measurements taken of individual coupling sensors 116.
Changes in coupling levels over time may, for example, be
caused by movement of subject 12. Coupling levels from
coupling sensors 16 may be ordered, ranked, and/or other-
wise compared to coupling levels from one or more other
coupling sensors. For example, coupling levels from cou-
pling sensors 116 within a predetermined distance of each
other and/or another sensor may be compared with each
other and/or with one or more thresholds. Coupling levels
from coupling sensors 16 may be compared based on the
output signals being generated within the same period,
duration, and/or window. By way of non-limiting example,
in some embodiments coupling sensors 16 may be config-
ured to generate output signals at a sampling rate of 1 second
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per measurement. Coupling module 111 may be configured
to determine coupling levels for some or all coupling sensors
16 at the same or similar sampling rate such that changing
coupling levels may be reevaluated at the same or similar
sampling rate to determine whether to use or discard corre-
sponding temperature measurements from associated tem-
perature sensors 18.

[0047] Vital sign state determination module 112 of mea-
suring system 10 in FIG. 2 is configured to determine one or
more vital sign states of subject 12. As illustrated in the
figures, and by way of example only, vital sign state deter-
mination module 112 may be configured to determine one or
more temperatures of subject 12. The temperatures may
include one or more peripheral temperatures at various
locations, one or more core temperatures at or near different
parts of the body, and/or other temperatures. In some
embodiments, vital sign state determination module 112
may be configured to determine multiple temperatures and/
or multiple types of temperatures of subject 12, including
but not limited to one or more peripheral temperatures
and/or one or more core temperatures. Determinations by
vital sign state determination module 112 may be based on
one or more output signals from one or more temperature
sensors 18, one or more coupling signals from one or more
coupling sensors 16, and/or one or more coupling levels
determined by coupling module 111, one or more determi-
nations by quality control module 113, one or more deter-
minations by map module 115, and/or any combination
thereof. For example, output signals from temperature sen-
sors that correspond to a low coupling reliability index (e.g.
compared to a coupling reliability index threshold and/or to
coupling reliability indexes of other sensors) may be dis-
carded, for example in favor of output signals from other
temperature sensors that correspond to a high or higher
coupling reliability index (e.g. compared to the same or a
different coupling reliability index threshold and/or to cou-
pling reliability indexes of other sensors). The coupling
reliability index determined by quality control module 113
may be further configured to account for the weight of
subject 12 without necessitating recalibration of measuring
system 10. Coupling levels determined by coupling module
111 may be higher for a subject that is heavier compared to
a subject that is lighter.

[0048] Movements or displacements of subject 12 away
from temperature sensors 18 have been found to cause poor
temperature readings. Additionally, the presence of too
many layers of material between temperature sensors 18 and
subject 12 also cause poor temperature readings. Poor tem-
perature readings may cause temperature monitoring
devices to sound false alarms indicating that the core tem-
perature of subject 12 is either too hot or too cold. False
alarms cause inefficiencies in medical settings, such as
hospital wards and ICU facilities, and also reduce confi-
dence in the temperature measuring devices. Coupling reli-
ability index module 113 of measuring system 10 in FIG. 2
is configured to determine a coupling reliability index based
on the coupling levels for the individual ones of the tem-
perature sensors 18 as determined by coupling module 111.
The coupling reliability index may indicate the reliability of
the determined temperature for individual ones of the mul-
tiple temperature sensors 18. The coupling reliability index
may indicate the reliability of the determined multiple
temperatures of subject 12 as determined by vital sign state
determination module 112. The coupling reliability index
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may indicate that the temperature of subject 12, as detected
by one or more temperature sensors 18, is reliable or
unreliable based on the coupling level determined by cou-
pling module 111. Coupling reliability index module 113
may be configured to provide an indication of one or more
indicia of coupling reliability. By way of non-limiting
examples, the one or more indicia of coupling reliability
may include a notification that the coupling reliability is
reliable or unreliable, include a numerical graded scheme
providing a notification of the level of reliability, include a
color scheme providing a notification of the level of reli-
ability, and/or other notifications of the level of reliability of
the temperature determined by the temperature determina-
tion module 113.

[0049] In some embodiments, coupling reliability index
module 113 may be configured to determine the most likely
temperature of subject 12 based upon the determined cou-
pling reliability indexes determined for the multiple tem-
perature sensors 18.

[0050] FIG. 4 illustrates an example of user interface 120
for use with measuring system 10 for non-invasive vital sign
state measurements of subject 12. For example, the user
interface 120 may be configured to facilitate display of one
or more temperature measurements 464, 465 of the subject
12. User interface 120 may also be configured to facilitate
display of other vital sign states, such as heart rate, blood
pressure and/or other vital sign states of subject 12. User
interface 120 may be further configured to display an
indication of one or more reliability indexes 48a, 485 as
determined by quality control module 113. Such reliability
indexes may relate to any and/or all of the vital sign states
displayed on user interface 120. For example, temperature
measurement 46a may be the temperature of subject 12
measured at a first set of one or more temperature sensors 18
at a first location of the subject 12. Temperature measure-
ment 465 may be the temperature of a subject 12 measured
at a second set of one or more temperature sensors 18 at a
second location of the subject 12. Indication of reliability
index 48a provides an indication of the reliability of tem-
perature measurement 46a based upon coupling level(s) for
the first set of temperature sensors 18 at a first location of the
subject 12. Indication of reliability index 485 provides an
indication of the reliability of temperature measurement 465
based upon coupling level(s) for the second set of tempera-
ture sensors 18 at a second location of the subject 12. By
way of non-limiting example, the indicia of reliability index
48a may be a color indicating that the temperature measure-
ment 46a is reliable, due to the relatively high coupling
levels at the first location compared to the coupling levels at
the second location which causes the indicia of reliability
index 48b to be a color indicating that the temperature
measurement 465 is less reliable.

[0051] In some embodiments, measuring system 10 in
FIG. 2 may comprise a tracking module 114 configured to
track changed in the coupling reliability index of individual
vital state sensors over time. Tracking module 114 may be
configured to track changes in the span of about 10 minutes,
about an hour, about 2 hours, about 4 hours, about 8 hours,
about 12 hours, about 24 hours, about 48 hours, about 72
hours, about a week, about a month, about 2 months, and/or
other amounts of time. Relatively slow changes in coupling
reliability index (compared to the sampling rate) may indi-
cate a change in position of the subject 12, or a change in the
functionality of one or more of the coupling sensors 16
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and/or temperature sensors 18 indicating that the coupling
sensors 16 and/or temperature sensors 18 have a fault.
Tacking module 114 may be configured to track the coupling
reliability index and/or coupling levels over time for sets of
one or more temperature sensors 18 and determine whether
any detected change is a result of movement of the subject
across the temperature sensors 18. For example, a gradual
reduction in the coupling levels and/or coupling reliability
index for a first set of one or more temperature sensors 18
accompanied by a gradual increase in the coupling levels
and/or coupling reliability index for an adjacent second set
of one or more temperature sensors may indicate the gradual
movement of the subject 12 across the temperature sensors.

[0052] Insome embodiments, temperature sensors 16 may
include one or more zero-heat-flux temperature sensors 20.
Vital sign state determination module 112 may be configured
to determine one or more core temperatures of subject 12
based on output signals generated by zero-heat-flux tem-
perature sensors 20. Alternatively, and/or simultaneously,
one or more determined core temperatures of subject 12 may
further be based on one or more coupling levels determined
by coupling module 111. For example, a particular core
temperature may be based on a coupling level for zero-heat-
flux temperature sensor 20a, which may be based on cou-
pling information from coupling sensor 1165. Vital sign
state determination module 112 may be configured to deter-
mine multiple temperatures of subject 12 over time. By way
of non-limiting example, FIG. 4 illustrates a graph 49
including multiple temperatures (in ° C.) measured over
time (along the X-axis), including temperatures for the brain
(50), chest (52), abdomen (54), hands (56), feet (58), and
ambient temperature (60). By way of non-limiting example,
brain temperature 50 may be a core temperature and feet
temperature 58 may be a peripheral temperature. In some
embodiments, user interface 120, of FIG. 4, may be config-
ured to facilitate display of the graph 49 depicted in FIG. 5.
User interface 120 may be configured to display multiple
temperatures of the subject 12. For example, temperature
measurement 46 may be the measured core temperature,
such as brain temperature 50 or abdomen temperature 54,
and temperature measurement 466 may be the measured
peripheral temperature, such as feet temperature 58 or hands
temperature 56.

[0053] In some embodiments, vital sign state determina-
tion module 112 may be configured to determine one or
more temperatures of subject 12 without using or needing
coupling information. For example, determinations by vital
sign state determination module 112 may be based on one or
more of positional information (described elsewhere herein),
and/or a temperature map of subject 12 (e.g. determined by
map module 115).

[0054] In some embodiments, measuring system 10 may
include one or more sensors configured to generate output
signals conveying positional information of subject 12.
Positional information of subject 12 may include informa-
tion about the relative position of subject 12 (and/or one or
more body parts of subject 12) as compared to one or more
of measuring system 10, body of engagement 14, a support
structure in which subject 12 has been placed, an incubator,
a crib, all or part of a NICU, cradle, nest, and/or another
object. In some embodiments, positional information may be
derived from and/or based on coupling information. In some
embodiments, positional information may be derived from
(e.g. deduced from) one or more temporal variations of one
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or more temperatures and/or variations of the temperature
map of subject 106 over time, for example in conjunction
with a (parameterized) model that does not use coupling
information. Altematively, and/or simultaneously, in some
embodiments, positional information may be derived from
and/or based on information conveyed by one or more image
sensors. For example, positional information may be based
on information from a (video and/or photography) camera.
In some embodiments, positional information may be deter-
mined by coupling module 111. Alternatively, and/or simul-
taneously, in some embodiments, positional information
may be derived from and/or based on information conveyed
by one or more temperature sensors, €.g. in combination
with coupling information. For example, positional infor-
mation may be based on (e.g. derived, deduced, and/or
inferred from) a temperature map of a subject, e.g. as
determined by map module 115.

[0055] Map module 115 of measuring system 10 in FIG.
2 is configured to determine and/or construct a vital sign
state profile of subject 12 based on vital sign states deter-
mined by vital sign state determination module 112 of
subject 12. As an example, a vital sign state profile of subject
12 may include a temperature map of subject 12 based on
temperatures determined by vital sign state determination
module 112 and/or positional information of subject 12. As
used herein, the term “temperature map” may be used
interchangeably with the terms “temperature profile” and
“graphical temperature representation”. For example, a tem-
perature map may depict an image subject 12 combined with
information about different relevant temperatures. By way
of non-limiting illustration, FIG. 6 A illustrates a temperature
map 62 of subject 12. In some embodiments, the image used
in temperature map 62 may be an actual representation (e.g.
a photograph) of subject 12. In some embodiments, the
image used in temperature map 62 may be a real-time
representation (e.g. a video image) of subject 12. Tempera-
ture map 62 may, by way of non-limiting example, include
the same or similar temperatures as depicted in FIG. 5,
including temperatures for the brain, chest, abdomen, hands,
feet, and ambient temperature. By way of example, the end
temperatures (i.e. the right-most temperatures depicted)
from graph 49 (FIG. 5) are depicted as the current tempera-
tures in temperature map 62 in FIG. 6A. Temperature map
62 may be 2-dimensional or more-then-2-dimensional, for
example 3-dimensional.

[0056] In some embodiments, a temperature map of sub-
ject 12 may be based on a (parameterized) model using
multiple determined temperatures of subject 12. Optionally,
the model may use coupling information. For example, the
model may include coupling reliability index information
tracked over time by tracking module 114 to determine the
position of subject 12. The model may facilitate display of
a temperature map of subject 12 on user interface 120 of
FIG. 4. Optionally, the model may use positional informa-
tion of subject 12, e.g. for embodiments in which positional
information is determined independently of a temperature
map. In some embodiments, a temperature map may be
inferred from multiple determined temperatures of subject
12 and positional information of subject 12.

[0057] In some embodiments, a temperature map may
depict regions of subject 12 having the same or similar
temperature, such as a heat map. Such regions may for
example be indicated using different colors. In some
embodiments, the image used in temperature map 64 may be
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an actual representation (e.g. a photograph) of subject 12, or
a schematic representation (including head, torso, arms, and
legs) as depicted in FIG. 6B. This list of body parts is
exemplary and not intended to be limiting in any way. By
way of non-limiting example, FIG. 6B illustrates a tempera-
ture map 64 that depicts regions of subject 12 having similar
temperatures. For example, two regions are indicated as
having a temperature between 37.3° C. and 37.4° C., three
regions are indicated as having a temperature between 37.1°
C. and 37.3° C., one region is indicated as having a tem-
perature between 36.9° C. and 37.1° C. The different tem-
peratures (or temperature ranges) may be indicated in a
temperature map using different colors. In some embodi-
ments, the image used in temperature map 64 to represent
subject 12 may be a real-time 3-dimensional representation
of subject 12. By way of non-limiting example, one or both
of the two described regions may be core temperatures and
one or more of the temperatures and/or regions associated
with the extremities of subject 12 may be peripheral tem-
peratures.

[0058] As stated previously, the measurement of multiple
vital sign states may produce a vital sign state profile of
subject 12. The description herein with reference to the
measurement of temperatures of subject 12 can be applied to
the measurement of any vital sign of subject 12 and also to
multiple vital sign states of subject 12 at the same time to
provide a holistic view of the vital signs of subject 12.

[0059] Tracking module 114 of system 10 in FIG. 2 may
be further configured to track changes in one or more
temperatures over time. Tracking module 114 may be con-
figured to track changes in the span of about 10 minutes,
about an hour, about 2 hours, about 4 hours, about 8 hours,
about 12 hours, about 24 hours, about 48 hours, about 72
hours, about a week, about a month, about 2 months, and/or
other amounts of time. Relatively slow changes in tempera-
ture (compared to the sampling rate) may indicate a change
in a medical condition that might be noteworthy. For
example, a particular temperature (e.g. determined by vital
sign state determination module 112) may rise or fall outside
an acceptable and/or preferred range for such a temperature.
In some embodiments, tracking module 114 may be config-
ured to determine whether a difference between two tem-
peratures increases or decreases over time, and/or whether
such a change falls outside an acceptable and/or preferred
range for such a difference. For example, tracking module
114 may be configured to determine whether the peripheral
temperature of one or both hands differs more than a
predetermined maximum difference threshold from the tem-
perature of the brain. For example, tracking module 114 may
be configured to determine whether the peripheral tempera-
tures of the extremities are more than a predetermined
maximum difference threshold apart from each other.

[0060] In some embodiments, tracking module 114 may
be configured to determine whether one or more tempera-
tures and/or changes in temperatures indicate significant
information pertinent to diagnostic purposes, as described
elsewhere herein. System 10 may be configured to measure
other patient-specific parameters as needed to support the
process of such determinations, including but not limited to
physiological parameters, respiratory parameters, and/or any
other medically relevant parameters and/or combinations
thereof. For example, a particular predetermined combina-
tion of a change in heart rate, a change in respiratory rate,
and a change in one or more temperatures may indicate a
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particular medical condition or emergency that may be
noteworthy to a user and/or caregiver. As used herein, the
term “predetermined” may refer to a determination that has
been made prior to usage of system 10 on a particular
subject. For example, a programmed relation, value, or
threshold may be referred to as predetermined. In some
embodiments, tracking module 114 may be configured to
notify and/or alert a user or caregiver responsive to one or
more determinations (described in this disclosure) having
been made.

[0061] Target module 116 is configured to obtain and/or
determine one or more target temperatures and/or target
temperature ranges for subject 12. For example, the one or
more target temperatures may be specific to the type (e.g.
core, peripheral, or other) and/or location of the measure-
ments (e.g. which body part, organ, area, and/or region of
subject 12). One or more target temperatures and/or target
temperature ranges may be recommended by one or more
medical professionals as being desirable for subject 12.
Determined temperatures (e.g. by vital sign state determi-
nation module 112) may be compared to one or more target
temperatures and/or target temperature ranges. For example,
a target temperature range for the brain temperature may be
between 37.2° C. and 37.5° C. Responsive to a determina-
tion that a brain temperature falls outside of the correspond-
ing target temperature range, system 10 may be configured
to (attempt to) adjust the relevant temperature of subject 12,
as described elsewhere herein.

[0062] Control module 117 of measuring system 10 in
FIG. 2 is configured to control one or more thermal adjust-
ment elements 32. In some embodiments, control module
117 may be configured to control one or more thermal
adjustment elements 32 in accordance with a therapy regi-
men. In some embodiments, control module 116 may be
configured to control one or more thermal adjustment ele-
ments 32 to adjust one or more of the determined tempera-
tures (e.g. as determined by vital sign state determination
module 112). In some embodiments, control module 117
may be configured to control one or more thermal adjust-
ment elements 32 based on one or more comparisons
between a determined temperature and a target temperature
(and/or target temperature range). In some embodiments,
control module 117 may be configured to control one or
more thermal adjustment elements 32 in accordance with
one or more determined target temperatures and/or target
temperature ranges (e.g. as determined by target module
116). For example, responsive to a comparison between a
target temperature and a corresponding determined tempera-
ture, control module 117 may be configured to increase or
decrease a particular body part, organ, area, and/or region of
subject 12. This may be referred to as heating or cooling,
respectively. For example, heating may be accomplished
using one or more heating elements 34; cooling may be
accomplished using one or more cooling elements 36. Selec-
tion of one or more particular thermal adjustment elements
32 may depend on locality and/or proximity of the corre-
sponding temperature sensor(s) 18. Alternatively, and/or
simultaneously, in some embodiments, selection of one or
more particular thermal adjustment elements 32 may depend
on coupling levels as determined for nearby coupling sen-
sors 11641, by virtue of the notion that weak electrical
and/or thermal coupling may affect the efficacy of a thermal
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adjustment element at the same or similar location (e.g. for
a thermal adjustment element 32 located close to a coupling
sensor 16).

[0063] FIGS. 7TA-7B-7C illustrate measuring systems 10
for non-invasive determination of one or more temperatures
of a subject 12, in accordance with one or more embodi-
ments. Referring now to FIG. 7A, shown is a zero-heat-flux
sensor 20 positioned within a body of engagement 14.
Subject 12 is placed over the zero-heat-flux sensor 20. The
zero-heat-flux sensor 20, may comprise thermo-isolator 68.
Thermo-isolator 68 may be made from a thermo-isolating
material and may also be the support structure, or carrier, for
some or all of the components of zero-heat-flux sensor 20.
The zero-heat-flux sensor 20 may comprise temperature
sensors 70. Temperature sensor 70 may be a thermistor
and/or other temperature sensor. In some embodiments, a
first temperature sensor 70 may be positioned on a first side
of thermo-isolator 68, and a second temperature sensor 70
may be positioned on a second side of thermo-isolator 68.
Heating elements 66 may be positioned on the first side
and/or second side of thermo-isolator 68. Heating element
66 may be a resistor and/or other heating element.

[0064] In some embodiments, as shown in FIG. TA, cou-
pling sensors 16 of FIGS. 1A-1B-1C may be electrodes 22
adapted to form the capacitive coupling with subject 12. The
thermo-isolator 68 may have a uniform temperature grade
across it, and may be configured to be a thermal equalizer for
the zero-heat-flux temperature sensor 20. In such systems,
heating elements 66 may also be electrodes 22 to form the
capacitive coupling with subject 12, obviating the need for
additional separate electrodes 22. In cases where coupling
sensors 16 being electrodes 22 are configured to generate
analog coupling signals conveying coupling information
with subject 12, the zero-heat-flux sensor 20 may also
comprise a capacitance-to-digital convertor 72 adapted to
convert the analog signal generated by electrodes 22 into
digital format information to be processed by processor(s)
110. The signal generated by electrodes 22 may convey
electrical coupling information with the subject.

[0065] Capacitance formed by electrodes 22 via the body
12 is inversely proportional to the distance 74, or average
density of the fabric, between the body and the electrodes.
When distance 74 increases, electrodes 22 generate coupling
signals conveying electrical coupling information with sub-
ject 12 indicating a reducing level of coupling for the
zero-heat-flux temperature sensor 20.

[0066] In some embodiments, zero-heat-flux temperature
sensor 20 may be combined with other zero-heat-flux tem-
perature sensor to form a matrix, such as thermal matrix 40
illustrated in FIG. 3A. In such embodiments, electrodes 22,
also being heating elements 66, may be floating electrodes
in order to homogenously distribute the heat across the
thermal matrix 40.

[0067] Electrodes 22, being capacitive sensors 16 of FIG.
2, may also be adapted to detect biological electric fields
such as those produced by heart activity, lung activity, or
other organ activity. In this manner, electrodes 22 may also
be used to measure ECG, heart rate, respiration, and/or other
biological processes in subject 12. Electrodes 22, also func-
tioning as capacitive sensors 16 will generate signals con-
veying coupling information for those biological electric
fields.

[0068] Referring now to FIG. 7B, shown is one or more
zero-heat-flux sensors 20 using magnetic induction to deter-
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mine the coupling reliability index between body 12 and
temperature sensors 18. The coupling sensors 16, as shown
in FIGS. 1A-1B-1C, comprise of a first set of one or more
excitation coils 24 configured to generate a first set of one or
more magnetic fields 26 and to detect a second set of one or
more magnetic fields 30 generated by subject 12, from eddy
currents generated by subject 12, in response to the genera-
tion of first set of one or more magnetic fields 26. In other
embodiments a second set of one or more excitation coils 28
configured to detect second set of one or more magnetic
fields 30, instead of first set of one or more excitation coils
26 both generating and detecting magnetic fields. Heater
element 66, as shown in FIG. 7A, may be an excitation coil.
In this manner heater element 66 may also be first set of one
or more excitation coils 26. In such embodiments, quality
control module 113 is configured to determine the coupling
reliability index based on the capacitance formed between
first set of one or more excitation coils 24 and subject 12.

[0069] Referring now to FIG. 7C, shown is one or more
zero-heat-flux sensors 20 using pressure sensors to deter-
mine the coupling reliability index between body 12 and
temperature sensors 18. Pressure foil 76 may be positioned
within body of engagement 14 on the opposing side of the
one or more zero-heat-flux temperature sensors 20 to subject
12. In other embodiments, pressure foil 76 may be a set of
one or more pressure foils integrated with each of the one or
more zero-heat-flux-sensors 20. In such embodiments, pres-
sure foil 76 is configured to generate signals conveying
pressure information, coupling module 111 is configured to
determine coupling levels for individual ones of the tem-
perature sensors based on the pressure information conveyed
in the signals generated by pressure foil 76. Quality control
module 113 is configured to determine a relatively high
coupling reliability index for the temperature sensor 18
located at a high-pressure region on pressure foil 76, com-
pared to other temperature sensors at low-pressure regions
on pressure foil 76.

[0070] FIG. 8 illustrates a specific method 800 to deter-
mine one or more temperatures of a subject. One of ordinary
skill in the art would realize and understand that method 800
is an exemplary embodiment of the disclosed non-invasive
method for determining one or more vital sign states of a
subject and is not intended to be limiting. The operations of
method 800 presented below are intended to be illustrative.
In certain embodiments, method 800 may be accomplished
with one or more additional operations not described, and/or
without one or more of the operations discussed. Addition-
ally, the order in which the operations of method 800 are
illustrated in FIG. 8 and described below is not intended to
be limiting.

[0071] In certain embodiments, method 800 may be
implemented in one or more processing devices (e.g., a
digital processor, an analog processor, a digital circuit
designed to process information, an analog circuit designed
to process information, and/or other mechanisms for elec-
tronically processing information). The one or more pro-
cessing devices may include one or more devices executing
some or all of the operations of method 800 in response to
instructions stored electronically on an electronic storage
medium. The one or more processing devices may include
one or more devices configured through hardware, firmware,
and/or software to be specifically designed for execution of
one or more of the operations of method 800.



US 2017/0000347 A1l

[0072] At an operation 802, a subject engages with a body
of engagement. In some embodiments, operation 802 is
performed by a body of engagement the same as or similar
to body of engagement 14 (shown in FIG. 1A and described
herein).
[0073] At an operation 804, coupling signals are generated
conveying coupling information with the subject at or near
a point of engagement between the subject and the body of
engagement. In some embodiments, operation 804 is per-
formed by coupling sensors the same as or similar to
coupling sensors 16 (shown in FIG. 1A and described
herein).
[0074] At an operation 806, output signals are generated
conveying temperatures of the subject at or near a point of
engagement between the subject and the body of engage-
ment. In some embodiments, operation 806 1s performed by
temperature sensors the same as or similar to temperature
sensors 18 (shown in FIG. 1A and described herein).
[0075] At an operation 808, coupling levels are deter-
mined for individual ones of the temperature sensors based
on the coupling signals. In some embodiments, operation
808 is performed by a coupling module the same as or
similar to coupling module 111 (shown in FIG. 2 and
described herein).
[0076] At an operation 810, multiple temperatures of the
subject are determined based on the output signals and the
determined coupling levels. In some embodiments, opera-
tion 810 is performed by a vital sign state determination
module the same as or similar to vital sign state determina-
tion module 112 (shown in FIG. 2 and described herein).
[0077] At an operation 812, a coupling reliability index is
determined, based on the coupling levels for the individual
ones of the temperature sensors determined at operation §08.
In some embodiments, operation 812 is performed by a
temperature determination module the same as or similar to
quality control module 113 (shown in FIG. 2 and described
herein).
[0078] In the claims, any reference signs placed between
parentheses shall not be construed as limiting the claim. The
word “comprising” or “including” does not exclude the
presence of elements or steps other than those listed in a
claim. In a device claim enumerating several means, several
of these means may be embodied by one and the same item
of hardware. The word “a” or “an” preceding an element
does not exclude the presence of a plurality of such ele-
ments. In any device claim enumerating several means,
several of these means may be embodied by one and the
same item of hardware. The mere fact that certain elements
are recited in mutually different dependent claims does not
indicate that these elements cannot be used in combination.
[0079] Although this description includes details for the
purpose of illustration based on what is currently considered
to be the most practical and preferred embodiments, it is to
be understood that such detail is solely for that purpose and
that the disclosure is not limited fo the disclosed embodi-
ments, but, on the contrary, is intended to cover modifica-
tions and equivalent arrangements that are within the spirit
and scope of the appended claims. For example, it is to be
understood that, to the extent possible, one or more features
of any embodiment are contemplated to be combined with
one or more features of any other embodiment.

1. A measuring system for non-invasive determination
and control of one or more vital sign states of a subject, the
system comprising:
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a body of engagement configured to engage with and/or
support a subject;

multiple coupling sensors that generate coupling signals
conveying electrical, thermal, and/or magnetic cou-
pling information with the subject, wherein the cou-
pling sensors are carried by the body of engagement;

multiple vital sign sensors that generate output signals
conveying vital sign information of the subject,
wherein the vital sign sensors are carried by the body
of engagement; and

one or more computer processors configured to execute
computer program modules, the computer program
modules comprising:

a coupling module configured to determine coupling
levels for individual ones of the vital sign sensors
based on the coupling signals generated by the
coupling sensors;

a vital sign state determination module configured to
determine multiple vital sign states of the subject
based on the output signals and the determined
coupling levels; and,

a quality control module configured to determine a
coupling reliability index based on the coupling
levels for the individual ones of the vital sign sen-
SOrS.

2. The system of claim 1, wherein the coupling reliability
index indicates the reliability of the determined multiple
vital sign states of the subject as determined by the vital sign
state determination module.

3. The system of claim 1, wherein the vital sign sensors
include a zero-heat-flux temperature sensor that generates
output signals conveying a first temperature of the subject,
wherein the zero-heat-flux temperature sensor is configured
to create thermal insulation between the body of engagement
and the subject, wherein the vital sign state determination
module is configured such that the determined vital sign
states of the subject include a core temperature determined
based on the output signals generated by the zero-heat-flux
temperature sensor.

4. The system of claim 1, wherein the coupling sensors
comprise a set of one or more electrodes positioned adjacent
to the subject capable of forming a capacitance between the
electrodes and the subject and wherein the quality control
module is configured to determine the coupling reliability
index based on the capacitance formed between the elec-
trodes and the subject.

5. The system of claim 1, wherein the coupling sensors
comprise a first set of one or more excitation coils config-
ured to generate a first set of one or more magnetic fields and
a second set of one or more excitation coils configured to
detect a second set of one or more magnetic fields generated
by the subject in response to the generation of the first set of
one or more magnetic fields, and wherein the quality control
module is configured to determine the coupling reliability
index based on the capacitance formed between the elec-
trodes and the subject.

6. (canceled)

7. A method of non-invasive determination and control of
one or more vital sign states of a subject, the method
comprising:



US 2017/0000347 A1l

engaging a subject with a body of engagement;

generating, by coupling sensors, coupling signals convey-

ing coupling information with the subject, wherein the
coupling sensors are carried by the body of engage-
ment;

generating, by vital sign sensors, output signals convey-

ing vital sign information of the subject, wherein the
vital sign sensors are carried by the body of engage-
ment; and
determining coupling levels for individual ones of the
vital sign sensors based on the coupling signals;

determining multiple vital sign states of the subject based
on the output signals and the determined coupling
levels; and,

determining a coupling reliability index based on the

coupling levels for the individual ones of the vital sign
Sensors.

8. The method of claim 7, wherein the coupling reliability
index indicates the reliability of the determined multiple
vital sign states of the subject.

9. The method of claim 7, wherein the vital sign sensors
include a zero-heat-flux temperature sensor wherein genet-
ating output signals conveying vital sign information of the
subject includes:

creating, by a zero-heat-flux temperature sensor, thermal

insulation between the body of engagement and the
subject; and,

generating, by the zero-heat-flux temperature sensor, out-

put signals conveying a second temperature of the
subject,

wherein determining multiple vital sign states of the

subject includes determining a core temperature based
on the output signals generated by the zero-heat-flux
temperature sensor.

10. The method of claim 7, wherein the coupling sensors
include a set of one or more electrodes wherein determining
a coupling reliability index comprises:

positioning the set of one or more electrodes adjacent the

subject;
forming a capacitance, by the set of one or more elec-
trodes, between the electrodes and the subject; and,

determining the coupling reliability index based on the
capacitance formed between the electrodes and the
subject.
11. The method of claim 7, wherein the coupling sensors
include a first set of one or more excitation coils and a
second set of one or more excitation coils, wherein deter-
mining a coupling reliability index comprises:
generating, by the first set of one or more excitation coils,
a first set of one or more magnetic fields;

causing the subject to generate a second set of one or more
magnetic fields in response to an interaction with the
first set of one or more magnetic fields;

detecting, by a second set of one or more excitation coils,

the second set of one or more magnetic fields generated
by the subject;

determining the coupling reliability index based on a

difference between the first set of one or more magnetic
fields and the second set of one or more magnetic fields.

12. (canceled)

13. A system for non-invasive determination and control
of one or more temperatures of a subject, the system
comprising:
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means for engaging a subject with a body;

means for generating coupling signals conveying cou-
pling information with the subject, wherein the means
for generating coupling signals are carried by the body
of engagement:

means for generating output signals conveying vital sign

information of the subject, wherein the means for
generating output signals are carried by the body of
engagement;

means for determining coupling levels for individual ones

of the means for generating output signals conveying
vital sign information of the subject, based on the
coupling signals generated by the means for generating
coupling signals;

means for determining multiple vital sign states of the

subject based on the output signals from the means for
generating output signals conveying vital sign infor-
mation of the subject and the determined coupling
levels; and,

means for determining a coupling reliability index based

on the coupling levels for the means for generating
output signals conveying vital sign information of the
subject.

14. The system of claim 13, wherein the coupling reli-
ability index indicates the reliability of the determined
multiple vital sign states of the subject as determined by the
temperature determination module.

15. The system of claim 13, wherein the means for
determining multiple vital sign states of the subject includes:

means for creating thermal insulation between the body of

engagement and the subject, and

means for generating output signals conveying a first

temperature of the subject,

wherein the means for determining multiple vital sign

states of the subject is configured to determine a core
temperature based on the second temperature.

16. The system of claim 13, wherein the means for
generating coupling signals comprises a means for forming
a capacitance between the means for forming a capacitance
and the subject, and wherein the means for determining the
coupling reliability index is based on the capacitance formed
between the means for forming a capacitance and the
subject.

17. The system of claim 13, wherein the means for
generating coupling signals conveying coupling information
comprises:

means for generating a first set of one or more magnetic

fields, wherein the first set of one or more magnetic
fields cause the subject to generate a second set of one
or more magnetic fields in response to an interaction by
the first set of one or more magnetic fields with the
subject; and,

means for detecting the second set of one or more

magnetic fields generated by the subject;

wherein the means for determining the coupling reliability

index based on the capacitance formed between a
difference between the first set of one or more magnetic
fields and the second set of one or more magnetic fields.

18. (canceled)
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