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TEMPERATURE MONITORING SYSTEMS
AND METHODS FOR DETERMINING A
CHANGE IN TEMPERATURE OF TARGET
AREAS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present disclosure claims the benefit of U.S.
Provisional Patent Application Ser. No. 62/740,258 filed
Oct. 2, 2018 and entitled “Temperature Monitoring Systems
and Methods for Determining a Change in Temperature of
Target Areas,” the entirety of which is incorporated by
reference herein.

FIELD

[0002] The present disclosure generally relates to tem-
perature monitoring systems and, in particular to tempera-
ture monitoring systems which include temperature refer-
ence tabs for improving temperature detection accuracy, and
methods for utilizing the same to determine a temperature of
target areas.

TECHNICAL BACKGROUND

[0003] Various systems may be used in health care facili-
ties to track a subject’s condition and detect changes in the
subject’s condition for prompt attention and care. Such
systems may generally include a detector or camera that
monitors the subject as the subject is positioned in the care
room. The system may notify a caregiver of a change in the
subject’s condition.

[0004] Systems using infrared cameras may be used to
monitor the subject’s temperature by capturing thermal
radiation emitted by the subject. Such systems may include
signal noise intrinsic to the imaging sensor technology of the
camera that reduces the accuracy of the detected tempera-
tures. For example, in conventional infrared cameras, the
measured temperatures may have an error range of +4°
Celsius. However, such error ranges may be too large to
accurately detect meaningful changes in the temperature of
a subject.

[0005] Accordingly, a need exists for alternative tempera-
ture monitoring systems with increased measurement accu-
racy.

SUMMARY

[0006] According to a first aspect Al, a monitoring sys-
tem, comprises: an infrared detector comprising a field of
view, the infrared detector detecting temperature data from
the field of view and providing a signal indicative of at least
a detected temperature of a subject within the field of view;
atab comprising a tab temperature, wherein the tab is at least
partially positioned within the field of view of the infrared
detector such that the infrared detector detects the tab and
emits a signal indicative of a detected temperature of the tab;
a temperature sensor secured to the tab, the temperature
sensor detecting the tab temperature and providing a signal
indicative of a reference temperature; and a control unit
communicatively coupled to the infrared detector and the
temperature sensor, the control unit comprising a processor
and a non-transitory memory device comprising computer
readable and executable instructions that, when executed by
the processor, cause the control unit to: compute a net value
between the detected temperature of the subject and the

Apr. 2,2020

detected temperature of the tab; and calculate a core tem-
perature of the subject by combining the net value with the
reference temperature.

[0007] A second aspect A2 includes the monitoring system
of the first aspect, wherein the core temperature of the
subject calculated by the control unit is within +0.5° Celsius
of an actual temperature.

[0008] A third aspect A3 includes the monitoring system
of any of the first through second aspects, further comprising
a remote station, wherein the control unit is coupled to the
remote station.

[0009] A fourth aspect A4 includes the monitoring system
of any of the first through third aspects, wherein the com-
puter readable and executable instructions, when executed
by the processor, transmit a signal indicative of the core
temperature to the remote station.

[0010] A fifth aspect A5 includes the monitoring system of
any of the first through fourth aspects, wherein the remote
station receives the signal indicative of the core temperature
from the control unit and determines a variance between the
core temperature of the subject and a baseline temperature of
the subject.

[0011] A sixth aspect A6 includes the monitoring system
of any of the first through fifth aspects, wherein the baseline
temperature is an initial core temperature determined by the
monitoring system and stored in the remote station at
initialization of the monitoring system.

[0012] A seventh aspect A7 includes the monitoring sys-
tem of any of the first through sixth aspects, wherein the
baseline temperature is input into the remote station by an
operator.

[0013] An eighth aspect A8 includes the monitoring sys-
tem of any of the first through seventh aspects, wherein the
remote station emits an alarm signal when the variance
between the core temperature of the subject and the baseline
temperature of the subject is greater than a threshold.

[0014] A ninth aspect A9 includes the monitoring system
of any of the first through eighth aspects, wherein the alarm
signal is transmitted from the remote station to a handheld
device.

[0015] A tenth aspect A10 includes the monitoring system
of any of the first through ninth aspects, wherein the tab has
an emissivity greater than or equal to 0.90.

[0016] An eleventh aspect All includes the monitoring
system of any of the first through tenth aspects, wherein the
infrared detector comprises a long wave infrared camera.

[0017] A twelfth aspect A12 includes the monitoring sys-
tem of any of the first through eleventh aspects, wherein the
infrared detector periodically detects temperature data from
the field of view at a predetermined interval and the tem-
perature sensor periodically detects the tab temperature of
the tab at the predetermined interval.

[0018] A thirteenth aspect Al3 includes the monitoring
system of any of the first through twelfth aspects, further
comprising an ambient sensor communicatively coupled to
the control unit, wherein the ambient sensor is configured to
measure an ambient temperature adjacent to the field of
view.

[0019] A fourteenth aspect Al4 includes the monitoring
system of any of the first through thirteenth aspects, wherein
the computer readable and executable instructions, when
executed by the processor, further cause the processor to
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calibrate the detected temperature of the subject and the
detected temperature of the tab based on the ambient tem-
perature.

[0020] A fifteenth aspect A15 includes method for moni-
toring a core temperature of a subject using a system
comprising an infrared detector, a temperature sensor, and a
tab, the method comprising: capturing thermal images of a
target area with the infrared detector, the target area includ-
ing the subject and the tab, wherein the thermal images
comprise a plurality of pixels corresponding to at least a
detected temperature of the subject and a detected tempera-
ture of the tab; measuring a reference temperature of the tab
with the temperature sensor positioned on the tab; determin-
ing a difference between the detected temperature of the
subject and the detected temperature of the tab from the
thermal images; and computing the core temperature of the
subject by adding the difference to the reference temperature
of the tab.

[0021] A sixteenth aspect A16 includes the method of the
fifteenth aspect, further comprising initiating an alert in
response to the core temperature of the subject exceeding a
predetermined threshold, wherein the alert comprises at least
one of an audible message, a visual display, and a tactile
feedback.

[0022] A seventeenth aspect A17 includes the method of
any of the fifteenth through sixteenth aspects, further com-
prising calibrating the detected temperature of the subject
and the detected temperature of the tab with an ambient
temperature of the target area, wherein the ambient tem-
perature is measured by an ambient sensor.

[0023] An eighteenth aspect A18 includes a monitoring
system comprising: an infrared detector configured to cap-
ture thermal images of a target area; a tab positioned within
the target area such that the infrared detector is configured
to capture thermal images of the tab; a temperature sensor
positioned on the tab and configured to measure a tempera-
ture of the tab; and an ambient sensor configured to measure
an atmospheric temperature adjacent to the target area.
[0024] A nineteenth aspect A19 includes the monitoring
system of the nineteenth aspect, further comprising a pro-
cessor in communication with the infrared detector, the
temperature sensor, and the ambient sensor, the processor
configured to: analyze thermal data from the infrared detec-
tor corresponding to a subject within the target area and the
tab to detect a temperature of the subject and the tab; analyze
thermal data from the temperature sensor corresponding to
the tab to detect a reference temperature of the tab; analyze
thermal data from the ambient sensor to detect the atmo-
spheric temperature; compute a corrected temperature of the
subject and the tab by calibrating the detected temperatures
of the subject and the tab with the atmospheric temperature;
and compute a core temperature of the subject by adding the
reference temperature of the tab to a difference between the
corrected temperatures of the subject and the tab.

[0025] A twentieth aspect A20 includes the monitoring
system of any of the eighteenth or nineteenth aspects,
wherein the processor is configured to generate monitoring
information relating to the core temperature of the subject,
wherein the monitoring information comprises an alert gen-
erated in response to the processor determining the core
temperature exceeds a predetermined temperature threshold.
[0026] Additional features of the monitoring system and
methods for operating monitoring system described herein
will be set forth in the detailed description which follows,
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and in part will be readily apparent to those skilled in the art
from that description or recognized by practicing the
embodiments described herein, including the detailed
description which follows, the claims, as well as the
appended drawings.

[0027] It is to be understood that both the foregoing
general description and the following detailed description
describe various embodiments and are intended to provide
an overview or framework for understanding the nature and
character of the claimed subject matter. The accompanying
drawings are included to provide a further understanding of
the various embodiments, and are incorporated into and
constitute a part of this specification. The drawings illustrate
the various embodiments described herein, and together
with the description serve to explain the principles and
operations of the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] FIG. 1 schematically depicts a block diagram of a
monitoring system according to one or more embodiments
shown and described herein;

[0029] FIG. 2 depicts a perspective view of a monitoring
system coupled to a ceiling panel, according to one or more
embodiments shown and described herein;

[0030] FIG. 3 depicts a side view of the monitoring system
of FIG. 2 projecting a field of view comprising a target area
from an infrared detector. according to one or more embodi-
ments shown and described herein;

[0031] FIG. 4 depicts a side view of the monitoring system
of FIG. 2 projecting the field of view toward a schematic
depiction of a patient support such that the patient support is
within the target area of the field of view, according to one
or more embodiments shown and described herein;

[0032] FIG. 5 is a thermal image formed by the infrared
detector of the monitoring system of FIG. 1, according to
one or more embodiments shown and described herein;
[0033] FIG. 6 is a flow chart of a method for monitoring
a temperature of a subject positioned within the target area
of the monitoring system of FIG. 1, according to one or more
embodiments shown and described herein;

[0034] FIG. 7 schematically depicts a block diagram of an
alternative monitoring system comprising a third detector
for detecting an ambient temperature, according to one or
more embodiments shown and described herein;

[0035] FIG. 8 depicts a perspective view of the monitoring
system of FIG. 7 coupled to a ceiling panel, according to one
or more embodiments shown and described herein;

[0036] FIG. 9 depicts a perspective view of the monitoring
system of FIG. 8 including the third detector, according to
one or more embodiments shown and described herein; and
[0037] FIG. 10 is a flow chart of a method for monitoring
a temperature of a subject positioned within the target area
of the monitoring system of FIG. 7, according to one or more
embodiments shown and described herein.

DETAILED DESCRIPTION

[0038] Reference will now be made in detail to embodi-
ments of monitoring systems and methods of operating the
same, examples of which are illustrated in the accompany-
ing drawings. Whenever possible, the same reference
numerals will be used throughout the drawings to refer to the
same or like parts. Embodiments described herein are
directed to a monitoring system that includes an infrared
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detector, a temperature sensor, and a tab. The infrared
detector detects temperature data from a field of view and
provides a signal indicative of characteristics of at least a
detected temperature of a subject within the field of view.
The tab is positioned within the field of view such that the
infrared detector detects a temperature of the tab and emits
a signal indicative of the detected temperature of the tab. The
temperature sensor is secured to the tab to detect a tempera-
ture of the tab and provide a signal indicative of a reference
temperature. A control unit is communicatively coupled to
the infrared detector and the temperature sensor, and com-
putes a net value between the detected temperature of the
subject and the detected temperature of the tab, and calcu-
lates a core temperature of the subject by combining the net
value with the reference temperature. Various embodiments
of temperature monitoring systems for determining a change
in temperature of a subject and method for using the same
will be described herein with specific reference to the
appended drawings.

[0039] As used herein, the phrase “communicatively
coupled” is used to describe the interconnectivity of various
components of the monitoring systems described herein and
means that the components are directly or indirectly con-
nected either through wires, optical fibers, or wirelessly such
that electrical, optical, and/or electromagnetic signals may
be exchanged between the components.

[0040] Referring initially to FIG. 1, a block diagram of a
monitoring system 100 is schematically depicted. The moni-
toring system 100 generally comprises a controller 104 that
may be communicatively coupled to at least one monitor. In
some embodiments, the at least one monitor may comprise,
for example and without limitation, a handheld device 190
and/or a remote station 192. The controller 104 comprises at
least one processor 106 and at least one non-transitory
memory module 108 that are communicatively coupled to
one another. The non-transitory memory module 108
includes computer readable and executable instructions 110
that may be executed by the processor 106. Accordingly, it
should be understood that the at least one processor 106 may
be any device capable of executing the computer readable
and executable instructions 110. For example, the processor
106 may be a controller, an integrated circuit, a microchip,
a computer, or any other computing device. In the embodi-
ment depicted in FIG. 1, the monitoring system 100 further
includes an infrared detector 112, a temperature sensor 114,
and a tab 116. The processor 106 of the controller 104 is
communicatively coupled to the infrared detector 112 and
temperature sensor 114.

[0041] Referring now to FIGS. 1 and 2, in the embodi-
ments described herein the infrared detector 112 may be
capable of detecting infrared radiation from a target area 15
and outputting a signal indicative of the temperature of the
target area. Specifically, the infrared detector 112 comprises
a field of view 14 that defines the target area 15 and the
infrared detector 112 detects infrared radiation emitted from
an object within the field of view 14 and the target area 15,
such as a subject, and outputs a signal corresponding to the
temperature of the infrared radiation emitted by the object.
The controller 104 receives the signal generated by the
infrared detector 112. In embodiments, the controller 104
may be configured and operable to determine if a subject
positioned in the target area 15 has experienced a change in
core temperature that exceeds a predetermined temperature
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threshold relative to a baseline core temperature of the
subject, as will be described in greater detail below.
[0042] Additionally, by way of further example, the con-
troller 104 may be configured and operable to determine a
reference temperature for comparison and/or analysis when
determining the core temperature of the subject. In particu-
lar, the controller 104 may utilize a reference temperature to
adjust the temperature detected with the infrared detector
112. In some embodiments, the controller 104 may generate
and transmit an alert to or through one or more of a handheld
device 190 and remote station 192 when the determined core
temperature of a subject 12 (FIG. 5) exceeds the predeter-
mined temperature threshold. In other embodiments, the
controller 104 may transmit the core temperature of the
subject 12 to the remote station 192, and the remote station
192 thereby determines whether the core temperature of the
subject 12 exceeds the predetermined temperature threshold.
In that instance, the remote station 192 outputs an alert
through the handheld device 190, the remote station 192,
and/or both. As will be described in greater detail below, an
alert may be in the form of an audible message, a visual
display, or a tactile feedback.

[0043] In some embodiments, the infrared detector 112 is
a thermal imaging camera utilizing uncooled microbolom-
eter technology. The thermal imaging camera detects ther-
mal radiation in the infrared portion of the electromagnetic
spectrum from objects, such as a subject 12 (FIG. 5) and/or
the like, located within the field of view 14 of the thermal
imaging camera. The thermal imaging camera forms a
thermal image based on the detected thermal radiation.
Discrete portions of the thermal image correspond to dis-
crete temperatures emitted by the objects within the field of
view 14 of the thermal imaging camera. In embodiments, the
thermal imaging camera is capable of determining a tem-
perature of a region of the image (e.g., the face of a subject
positioned in the field of view of the thermal imaging
camera) by averaging the discrete temperatures of the ther-
mal image within the region.

[0044] In embodiments, the infrared detector 112 may
comprise a long-wave infrared thermal imaging camera that
is configured to capture infrared radiation emitted from
objects positioned within the field of view 14 of the infrared
detector 112. In particular, the infrared detector 112 may be
a camera that is sensitive to wavelengths of infrared radia-
tion from about 8 micrometers to about 14 micrometers,
such as those emitted by human bodies, for example a
subject 12 (FIG. 5). That is, the infrared detector 112
comprises an array of sensors (not shown) that are formed of
a material capable of detecting long-wave infrared radiation.
For example, and without limitation, the infrared detector
112 may be a FLIR Lepton® LWIR Camera Module,
manufactured by FLIR® Systems, Inc., Wilsonville, Oreg.
In other embodiments, the infrared detector 112 may com-
prise an infrared temperature transducer and/or other like
devices.

[0045] Still referring to FIGS. 1 and 2, in some embodi-
ments the monitoring system 100 may comprise a housing
120 that contains the at least one processor 106 and the at
least one non-transitory memory module 108 therein, among
other internal components as will be described in greater
detail below. For instance, the housing 120 may include a
network/communication module to allow for communica-
tion between the controller 104 and various remote devices,
such as, for example, the handheld device 190 and/or the
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remote station 192. In embodiments, the housing 120 of the
monitoring system 100 may be mounted to a ceiling panel 10
of a room via a mounting apparatus 121 (such as a bracket
or the like) such that the monitoring system 100 may be
utilized to monitor a subject 12 (FIG. 5) located in the room
as will be described further herein. For example, in embodi-
ments, the monitoring system 100 may be mounted above a
patient support apparatus (e.g., a bed or chair) to monitor a
temperature of a face of a subject.

[0046] The monitoring system 100 further includes a base
plate 122 coupled to the housing 120. Base plate 122 is sized
and shaped to support the infrared detector 112, the tem-
perature sensor 114, and the tab 116 thereon. The tempera-
ture sensor 114 and the tab 116 extend from the base plate
122 of the monitoring system 100 along an extension arm
124. The extension arm 124 is sized and shaped to support
and couple the temperature sensor 114 and the tab 116 to the
base plate 122, and in particular, to position the tab 116
within the field of view 14 of the infrared detector 112.
[0047] In the embodiments described herein, the tempera-
ture sensor 114 comprises a device configured to detect a
temperature of an object and is positioned on the tab 116. For
example, the temperature sensor 114 may be a TMP116
Temperature Sensor Chip manufactured by Texas Instru-
ments®, Dallas, Tex. The temperature sensor is configured
to have a high degree of temperature measurement accuracy,
for example, within a range of approximately +2° Celsius so
as to accurately measure the temperature of the tab 116. As
will be described in greater detail herein, the temperature
sensor 114 is included in the monitoring system 100 to detect
data relating to the tab 116, and in particular, to detect a
temperature of the tab 116 that the temperature sensor 114 is
positioned on. As will be described herein, the temperature
of the tab 116 serves as a reference temperature used for
computing an accurate core temperature of a subject.
[0048] Inthe embodiments described herein, the reference
temperature is utilized to offset the signal noise intrinsic to
thermal imaging devices utilizing uncooled microbolometer
technology, such as the infrared detector 112, which may
affect the accuracy of temperature measurements of the
subject 12, as will be described in further detail herein.
[0049] In the embodiments described herein, the tab 116
has an emissivity greater than or equal to 0.90 to approxi-
mate the emissivity of a black body source. In some embodi-
ments, the tab 116 may include an emissivity greater than or
equal to 0.95. In embodiments, the tab 116 may be formed
of a substrate material, such as glass fiber reinforced epoxy
resin (e.g., printed circuit board (“PCB”) material), coated
and/or painted along an external surface of the tab 116 with
a second material having the desired emissivity, such as
black silicone paint, lampblack paint or the like. However,
it should be understood that, in other embodiments, the tab
116 is formed from a material having the desired emissivity
without the need for an additional coating or paint.

[0050] Referring now to FIGS. 2-3, the tab 116 extends
from the extension arm 124 at a predetermined angle such
that at least a portion of the tab 116 is positioned within the
field of view 14 of the infrared detector 112. In embodi-
ments, the temperature sensor 114 is securely coupled to the
tab 116 along a portion of the tab 116 such that the
temperature sensor 114 is external to (i.e. outside of) the
field of view 14 of the infrared detector 112. However, it
should be understood that in other embodiments all or a
portion of the temperature sensor 114 may be positioned
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within the field of view 14 of the infrared detector 112 so
long as at least a portion of the tab 116 is exposed and visible
to the infrared detector 112 so that the infrared detector 112
can detect the temperature of the tab 116. Accordingly, it
should be understood that the infrared detector 112 is
capable of detecting a surface temperature of at least a
portion of the tab 116 positioned within the field of view 14
of the infrared detector 112, in addition to detecting the
surface temperatures of any other objects positioned within
the field of view 14 of the infrared detector 112, including
those within the target area 15 of the field of view 14.

[0051] Forexample, as seen in F1G. 4, the field of view 14
of the infrared detector 112 may be directed toward a patient
support apparatus 16 (e.g., a bed and/or chair) such that a
target area 15 of the field of view 14 is located on a surface
of the patient support apparatus 16. In turn, any radiation
emitted from an object positioned on the patient support
apparatus 16 within the target area 15 is detected by the
infrared detector 112 and evaluated by the controller 104.
For example, with a subject 12 (FIG. 5) positioned on the
patient support apparatus 16, the infrared detector 112 may
detect heat (i.e., infrared radiation) radiating from the sub-
ject 12. In some embodiments, the field of view 14 and
corresponding target area 15 of the infrared detector 112
may be repositioned, reoriented, enlarged, minimized and/or
adjusted in accordance with desired preferences of an opera-
tor. For example, an orientation of the base plate 122 relative
to the housing 120 may be adjusted to realign the infrared
detector 112 and thereby cause an adjustment to the field of
view 14 and/or the target area 15.

[0052] FIG. 5 depicts a sample thermal image 18 produced
by the infrared detector 112. In some embodiments, the
thermal image 18 may include a display frame 20 that may
be determined and applied to the thermal image by the
controller 104 of the monitoring system 100. The display
frame 20 provides a boundary line that corresponds to an
area within the target area 15 of the infrared detector 112.
The display frame 20 is used by the controller 104 to define
an area of interest of the thermal image 18 for analysis by the
processor 106. The display frame 20 may be established
and/or adjusted by the controller 104 based on the image
received by the controller 104 from the infrared detector 112
using an object recognition algorithm that detects the loca-
tion of the subject 12 within the thermal image 18. In
particular, the display frame 20 defines a subset of data in the
thermal image 18 that is determined by the object recogni-
tion algorithm to be relevant to the processor 106 for the
purposes of computing a subject’s temperature. Accord-
ingly, the processor 106 may ignore any data detected by the
infrared detector 112 that is positioned outside the display
frame 20.

[0053] For example, the display frame 20 of the present
example includes at least a facial region 13 of the subject 12
and a portion of the tab 116 positioned within the display
frame 20 of the target area 15. While FIG. 4 depicts a visible
display frame 20, it should be understood that the display
flame 20 need not be visible on the image. such as when the
controller 104 uses an object recognition algorithm to iden-
tify the area of interest without visibly manipulating the
image. Further, while FIG. 4 depicts a display frame 20, it
should be understood that in some embodiments the moni-
toring system 100 may not include the display frame 20 such
that all objects detected by the infrared detector 112 within
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the entire target area 15 are included in the data processed
by the controller 104 of the monitoring system 100.
[0054] It should be understood that the thermal image 18
shown in FIG. 4 is an image of the subject 12 at a single
point in time and depicts only the image data detected by the
infrared detector 112 from the target area 15 related to that
particular point in time. The monitoring system 100 may
utilize a single thermal image 18 for processing and analysis,
as will be described in further detail below, or the controller
104 may evaluate more than one thermal image 18 collected
by the infrared detector 112 when evaluating the temperature
characteristics of the subject 12 and the tab 116. For
example, the monitoring system 100 may be programmed to
retrieve multiple thermal images 18 from the infrared detec-
tor 112 for analysis over a predetermined period of time. As
an illustrative example, the monitoring system 100 may
monitor and evaluate two thermal images 18 of the target
area 15 when determining a core temperature of the subject
12. Alternatively, in other embodiments, the monitoring
system 100 may be programmed to periodically detect one
or more thermal images 18 at a predetermined time interval
(e.g., about 10 minutes to about 15 minutes) to continuously
monitor the core temperature of the subject 12 over an
extended duration.

[0055] The handheld device 190 and the remote station
192 are remote devices that are communicatively coupled to
one another and to the controller 104. The remote station 192
may include a processor and a non-transitory memory
module that are communicatively coupled to one another,
wherein the non-transitory memory module of the remote
station 192 includes computer readable and executable
instructions that may be executed by the processor of the
remote station 192. It embodiments, the initialization of the
monitoring system 100 may be achieved via the at least one
handheld device 190 and/or the at least one remote station
192. Further, in some embodiments the remote station 192
may be configured to receive the temperature data described
above from the controller 104 after the infrared detector 112
and the temperature sensor 114 detect the temperature
characteristics of the subject 12 and the tab 116, respectively.
Once received at the remote station 192, the processor of the
remote station 192 is operable to determine whether the core
temperature of the subject 12, as computed by the processor
106 with the data retrieved by the infrared detector 112 and
the temperature sensor 114, exceeds a predetermined tem-
perature threshold.

[0056] In this instance, the remote station 192 may store a
baseline temperature of a subject within the non-transitory
memory module of the remote station 192 for purposes of
comparing with the data received from the controller 104 to
determine whether the predetermined temperature threshold
is exceeded. The predetermined temperature threshold is
programmed and stored within the non-transitory memory
module of the remote station 192 and, dependent on a
preference of an operator of the monitoring system 100, the
predetermined temperature threshold may be input into the
remote station 192. As merely an illustrative example, the
predetermined temperature threshold may range from about
£1.0° Celsius to about +0.20° Celsius, and in particular,
about +0.5° Celsius.

[0057] In the instance where the core temperature of the
subject as measured by the controller 104 exceeds the
baseline temperature programmed in the remote station 192
by the predetermined temperature threshold, the processor

Apr. 2,2020

of the remote station 192 is operable to transmit a signal
initiating an alert that the temperature data identified by the
controller 104 exceeds the threshold. In embodiments, the
alert may be communicated to an operator of the monitoring
system 100 at the remote station 192, while in other embodi-
ments the signal may be communicated to the handheld
device 190 such that the alert is outputted via the handheld
device 190. It should be understood that in some embodi-
ments the determination of whether the temperature data
identified by the infrared detector 112 and temperature
sensor 114 exceeds the predetermined temperature threshold
may occur at the processor 106 such that the controller 104
performs the analysis described above and thereby transmits
a signal to the handheld device 190 and/or the remote station
192 to generate the alert.

[0058] FIG. 6 is a flowchart of one method 200 of using
the monitoring system 100 described above. It should be
understood that method 200 is merely illustrative and that
the monitoring system 100 may be utilized in other various
methods. In particular, a baseline temperature of a subject 12
is determined for use by the monitoring system 100 at
initialization of the monitoring system 100. The baseline
temperature is an initial core temperature of the subject 12
that is stored in the non-transitory memory module 108. In
some embodiments, the baseline temperature may be deter-
mined by the monitoring system 100 upon start-up, such as
in response to initialization of the monitoring system 100 by
an operator through a monitor such as the handheld device
190 and/or the remote station 192, and stored in the non-
transitory memory module 108. In some other embodiments,
the baseline temperature is input into the monitoring system
100 by an operator and thereby stored in the non-transitory
memory module 108. In these embodiments, the baseline
temperature of the subject may be obtained by conventional
methods for measuring body temperature. For example, a
baseline temperature may be measured utilizing a tempera-
ture probe or thermometer (e.g., by inserting the probe or
thermometer into the mouth, ear, armpit, etc.).

[0059] In other embodiments, the monitoring system 100
may retrieve the baseline temperature of the subject 12 by
performing the steps described herein and shown in FIG. 6.
For example, an operator of the monitoring system 100 may
detect the baseline temperature of the subject 12 by initial-
izing the monitoring system 100 via the at least one hand-
held device 190 and/or the at least one remote station 192 to
perform the steps noted below to retrieve an initial, baseline
temperature.

[0060] The baseline temperature of the subject 12 is
utilized by the monitoring system 100 in conjunction with
core temperatures of the subject 12 subsequently measured
with the monitoring system 100 to determine whether a
change in the temperature of the subject has occurred and,
if so, if the change in the temperature of the subject exceeds
a predetermined temperature threshold during the duration
that the subject 12 is present within the room where the
monitoring system 100 is installed.

[0061] Referring to FIGS. 1-6, in a first step 202, the
infrared detector 112 of the monitoring system 100 is
initiated such that any objects positioned within the field of
view 14 and target area 15 are detected by the infrared
detector 112. The infrared detector 112 captures thermal
image(s) of any objects within the field of view 14 of the
target area 15 of the infrared detector 112, such as the subject
12 and the tab 116, at step 204. In particular, the thermal
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image(s) detected by the infrared detector 112 include a
plurality of frame pixels. The individual frame pixels of the
thermal image correspond to individual sensors in the array
of sensors of the infrared detector 112. The array of sensors
detect thermal radiation from discrete areas within the field
of view 14 and the illumination of each pixel relates to the
amount of heat detected by the corresponding sensor.
Accordingly, frame pixels of the facial region 13 of the
subject 12 and of the tab 116 indicate a respective tempera-
ture detected from the corresponding area of the thermal
image 18.

[0062] The thermal image of the subject 12 and the tab 116
are transmitted from the infrared detector 112 to the pro-
cessor 106 at step 206. In particular, a signal indicative of the
temperature(s) of the facial region 13 of the subject 12 is
transmitted to the processor 106, and similarly, a signal
indicative of the temperature of the tab 116 is transmitted to
the processor 106. The processor 106 determines the tem-
perature data from the thermal image 18. In particular, a
temperature derived from a plurality of frame pixels repre-
senting the facial region 13 of the subject 12 is determined,
and a temperature derived from a plurality of frame pixels
representing the portion of the tab 116 positioned within the
field of view 14 is determined. With the temperature data
received at the processor 106, the computer readable and
executable instructions 110 stored within the non-transitory
memory module 108 causes the processor 106 to perform a
temperature error correction to compute a core temperature
of the subject 12 positioned within the target area 15 of the
infrared detector 112.

[0063] In particular, at step 208, the computer readable
and executable instructions 110 cause the processor 106 to
add the temperature(s) detected by the array of sensors
corresponding to an area representing the facial region 13 of
the subject 12 to calculate an average temperature of the
subject 12 (i.e., a detected temperature of the facial region
13, T.,..) by dividing the aggregated temperature by the
number of frame pixels corresponding to the facial region
13. Further, the computer readable and executable instruc-
tions 110 causes the processor 106 to add the temperature(s)
detected by the array of sensors for an area corresponding to
the portion of the tab 116 received within the target area 15,
to calculate an average temperature of the tab 116 (i.e., a
detected temperature of the tab 116, T,,,) by dividing the
aggregated temperature by the number of frame pixels
corresponding to the tab 116.

[0064] Still referring to step 208, the processor 106 com-
putes a difference between the detected temperature of the
facial region 13 and the detected temperature of the tab 116,
as shown in Equation (1) below. In particular, the processor
106 subtracts the detected temperature of the facial region
13 (Tz,.,) from the detected temperature of the tab 116

ace.

(T4,,) to arrive at a net temperature value (T,).
(Tse)Trace=Tran)

[0065] At step 210, the temperature sensor 114 is initiated
to detect a reference temperature of the tab 116. In particular,
at step 212, the temperature sensor 114 measures the tem-
perature of the tab 116 (T, via the temperature sensor
positioned on the tab 116. This reference temperature data is
transmitted from the temperature sensor 114 to the processor
106 at step 214. In particular, a signal indicative of the
reference temperature of the tab 116 (T, ) is transmitted to
the processor 106. In this instance, referring back to step

Equation (1)
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208, the computer readable and executable instructions 110
stored in the at least one non-transitory memory module 108
cause the processor 106 to correct any temperature error
from the detected temperature of the facial region 13 (T, _..)
and the detected temperature of the tab 116 (T,), as mea-
sured by the infrared detector 112, by adding the net
temperature (T,) to the reference temperature of the tab 116
(Tge), as measured by the temperature sensor 114 positioned
on the tab 116, as indicated in Equation (2) below. In
particular, the net temperature value (i.e., the difference
between T, and Ty, T,) is combined (i.e., added) with
the reference temperature of the tab 116 (T, to calculate
a core temperature of the facial region 13 of the subject 12
(T

core)'

Tooe=Tpt Ty

[0066] As noted above, it should be understood that the
monitoring system 100 may retrieve the baseline tempera-
ture of the subject 12 by performing the steps described
above and by utilizing Equations (1) and (2). An operator of
the monitoring system 100 may detect the baseline tempera-
ture of the subject 12 by initializing the monitoring system
100 via the at least one handheld device 190 and/or the at
least one remote station 192 to perform the steps noted
above to retrieve the initial, baseline temperature.

[0067] At step 216, the core temperature of the subject 12
(Teore) 18 compared to the baseline temperature of the
subject 12. In this instance, an inquiry is initiated to deter-
mine whether the core temperature (T.,,,) of the facial
region 13 of the subject 12 differs from the baseline tem-
perature of the subject 12 (e.g., either greater than or less
than the baseline temperature) by a predetermined tempera-
ture threshold. In particular, the predetermined temperature
threshold is programmed in the computer readable and
executable instructions 110 and/or stored in the non-transi-
tory memory module 108 and corresponds to a temperature
variance that signifies meaningful change in the temperature
of the subject 12 which should be further addressed.

[0068] It should be understood that in some embodiments
the predetermined temperature threshold may be prepro-
grammed in the computer readable and executable instruc-
tions 110 and/or stored in the at least one non-transitory
memory module 108, while in other embodiments an opera-
tor of the monitoring system 100 may input a desired
temperature threshold for use by the monitoring system 100.
As described above, it should further be understood that the
predetermined temperature threshold may be prepro-
grammed and/or input into a non-transitory memory module
of the remote station 192 and/or the handheld device 190
such that the remote station 192 and/or the handheld device
190 performs the determination of whether the core tem-
perature (T.,,.) exceeds the baseline temperature by the
predetermined temperature threshold.

[0069] At step 218, an affirmative response to the inquiry
at step 216 provides for the initiation of monitoring infor-
mation in the form of a report and/or an alert signal that is
generated by the processor 106. The report and/or alert
signal may be transmitted to an operator via a monitor, for
example, the at least one handheld device 190 and/or the at
least one remote station 192 described above, to inform an
operator of the monitoring system 100 of the subject’s core
temperature, as detected by the monitoring system 100,
and/or to alert an operator of a change in the subject’s
condition based on the core temperature (T,,) relative to

Equation (2)

Core.
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the baseline temperature. In particular, the computer read-
able and executable instructions 110 may be programmed to
include a predetermined temperature threshold. In other
embodiments, the non-transitory memory module 108 may
include the predetermined temperature threshold stored
therein. In this instance, the monitoring system 100 may be
configured to initiate an alert when the core temperature
(Tcore) varies (i.e., is greater than or less than) from the
baseline temperature by more than the predetermined tem-
perature threshold. It should be understood that in embodi-
ments the predetermined temperature threshold is less than
the error range of conventional infrared cameras (e.g., 4°
Celsius). For example, in some embodiments the predeter-
mined temperature threshold may equal +1° Celsius, and in
other embodiments the threshold may equal +0.5° Celsius.

[0070] Forexample, the subject may acquire a fever which
is thereby detected by the monitoring system 100 by the
deviation in core temperature (T,,.) relative to the baseline
temperature that was measured prior to the occurrence of the
fever. Accordingly, the alert is indicative of characteristics of
the subject 12, and in particular, a change in core tempera-
ture of the subject 12. The alert may comprise an audible
message for an operator to hear, a visual message for an
operator to view, or a tactile feedback for an operator to
perceive at the handheld device 190 and/or remote station
192. In some embodiments, the controller 104 may be
positioned within the housing 120 such that the computer
readable and executable instructions 110 may cause the
processor 106 to transmit a signal to the monitor to initiate
an alert. Once the alert signal has been transmitted, the
method returns to step 204 and the method is repeated from
step 204 at a predetermined interval, as described below.

[0071] Alternatively, in the event the inquiry at step 216
results in a determination that the core temperature of the
subject 12 (T,,,.) does not exceed the predetermined tem-
perature threshold, the monitoring system 100 may return to
step 204 and the method is repeated at a predetermined
interval. In particular, the predetermined interval may be
programmed in the computer readable and executable
instructions 110 of the at least one non-transitory memory
module 108 and corresponds to a periodic schedule for
performing the method 200 with the monitoring system 100.
It should be understood that in some embodiments the
predetermined interval may be preprogrammed in the com-
puter readable and executable instructions 110, while in
other embodiments an operator of the monitoring system
100 may input a desired time interval for use by the
monitoring system 100. By way of example only, the time
internal may be programmed to about 10 minutes to about 15
minutes. In some embodiments, the method 200 of the
monitoring system 100 may cease operation in response to
the determination at step 216 that the core temperature of the
subject 12 does not exceed the predetermined temperature
threshold.

[0072] As described in greater detail above, it should be
understood that the monitoring system 100 may be config-
ured such that the determination of whether the core tem-
perature of the subject 12 (T_ ) exceeds the baseline
temperature of the subject 12 by the predetermined tem-
perature threshold occurs at the remote station 192 and/or
the handheld device 190. In this instance, a non-transitory
memory module of the remote station 192 stores the prede-
termined temperature threshold and the predetermined inter-
val data and a processor of the remote station 192 computes
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the comparative analysis between the core temperature of
the subject 12 (T,,,,) and the baseline temperature as
described above.

[0073] Referring now to FIG. 7, another monitoring sys-
tem 300 is diagrammatically depicted. It should be under-
stood that except as otherwise described below, the moni-
toring system 300 is substantially similar to and may have
the same configuration and operation as the monitoring
system 100. As such, the same reference numerals are used
to identify the same components of the system. In this
embodiment, the monitoring system 300 is different than the
monitoring system 100 in that the monitoring system 300
further includes an ambient detector sensor communica-
tively coupled to the controller 104.

[0074] The ambient sensor 315 is capable of detecting the
temperature of the ambient environment and outputting a
signal indicative of the detected temperature to the controller
104. In some embodiments, the ambient sensor 315 com-
prises a temperature sensor configured to measure an ambi-
ent temperature of the room that the monitoring system 100
is located in. For example, the ambient sensor 315 may be
a TMP116 Temperature Sensor Chip manufactured by Texas
Instruments®, Dallas, Tex.

[0075] Referring now to FIGS. 8 and 9, the ambient sensor
315 is secured to the housing 120 independent of the tab 116
and the subject 12. The temperature data detected by the
ambient sensor 315 is transmitted to the processor 106 as a
signal indicative of the ambient temperature to assist with
calibrating the temperature measurements made with the
infrared detector 112. Calibrating the detected temperature
of the subject 12 (T,.,) and the detected temperature of the
tab 116 (T,). with use of the ambient sensor 315, prior to
computing the core temperature (1,,,) of the subject 12
may improve the overall accuracy of the core temperature
(T core) of the subject 12 computed by the monitoring system
300.

[0076] As discussed above, the infrared detector 112 com-
prises a long-wave infrared thermal imaging camera that is
configured to capture infrared radiation emitted from objects
positioned within the field of view 14 of the infrared detector
112. It should be understood that prior to utilizing the
monitoring system 300 to determine and monitor a core
temperature of a subject, the infrared detector 112 of the
monitoring system 300 requires calibration, and in particu-
lar, various calibration parameters of the infrared detector
112 are determined to ensure accuracy of temperature data
retrieved by the infrared detector 112. For instance, long-
wave infrared thermal imaging cameras may include cali-
bration parameters such as camera responsivity (R), camera
offset (O), and camera curve correction parameters (F) and
(B). In the present example, it should be understood that the
curve correction parameters “F” and “B” are fixed and
maintained at standard specifications of the thermal imaging
camera (i.e., infrared detector 112) utilized in the monitoring
system 300. By way of example only, the curve correction
parameter (F) is set to 1.0 and the curve correction parameter
(B) is set to 1428. It should be understood that in other
embodiments the curve correction parameters may vary
dependent on the type of thermal imaging camera utilized in
the monitoring system 300, the manufacturer of the thermal
imaging camera, the setting in which the monitoring system
300 is utilized, and the like.

[0077] Camera responsivity (R) and camera offset (O)
parameters of the infrared detector 112 are determined and

core.
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calibrated by utilizing a reference point having a known
temperature, such as, for example, the tab 116. In this
instance, the temperature of the tab 116 is known due to the
inclusion of the temperature sensor 114 positioned on the tab
116. As discussed in detail above, the temperature sensor
114 is configured and operable to measure a temperature of
the tab 116 with relatively high accuracy (e.g., +0.2° Cel-
sius). With the reference temperature of the tab 116 known
by the temperature sensor 114, the infrared detector 112 may
utilize the tab 116 to determine a detected temperature of the
tab 116, which is thereby compared to the reference tem-
perature. Accordingly, the camera responsivity (R) and
camera offset (O) of the infrared detector 112 may be
selectively adjusted to calibrate the infrared detector 112
until the detected temperature of the tab 116, as determined
by the infrared detector 112, is substantially similar (e.g.,
within +0.5° Celsius) to the reference temperature of the tab
116 as determined by the temperature sensor 114.

[0078] In particular, with the reference temperature (T,
serence) of the tab 116 known and the calibration parameters
(B), (F), (R) and (O) of the infrared detector 112 set, a
detected temperature W(T,,,...) Of the tab 116, as deter-
mined by the infrared detector 112, may be compared to the
reference temperature (T ) using Equation (3) below.

eference.

B Equation (3)
TReference = 7

b W(Toeeerd) 0 7|

[0079] The camera responsivity (R) and camera offset (O)
parameters of the infrared detector 112 may be adjusted by
an operator until the detected temperature of the tab 116 as
determined by the infrared detector 112 is equal to the
reference temperature (Tz,z,ene.) Of the tab 116 as deter-
mined by the temperature sensor 114, thereby calibrating the
infrared detector 112 for use by the monitoring system 300.
It should be understood that the infrared detector 112 is
calibrated once at the initial installation of the monitoring
system 300 such that the infrared detector 112 is not required
to be subsequently calibrated during use of the monitoring
system 300.

[0080] With the infrared detector 112 calibrated, the moni-
toring system 300 is operable for use in monitoring a subject
12 and the ambient sensor 315 is operable to calibrate the
detected temperature of the subject 12 (T, ) and the
detected temperature of the tab 116 (T,) to improve the
overall accuracy of the core temperature (T_, ) of the
subject 12 computed by the monitoring system 300. In
particular, the monitoring system 300 is configured to utilize
temperature data determined by the ambient sensor 315 to
perform error correction calculations prior to computing the
core temperature (T ,.) of the subject 12.

[0081] In one example of this error correction calculation,
a scene temperature T . (in Kelvin) is calculated for the
facial region 13 of the subject 12 (T.,..) and the tab 116
(T4,5) using Equations (4) and (5) below (i.e., the “scene”
may be either the “face” or the “tab”, hence Tg_,_ may be
either T, or T, and the like). In particular, a corrected
thermal flux W(T,_,.) is calculated for the plurality of
pixels within the target area 15 defining the “scene” of the
facial region 13, via Equation (4) below. The atmospheric
temperature (T ,,,) measured by the ambient sensor 315 (in
Kelvin) is factored into the exponential function along with
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the heat flux (S) of the facial region 13, as measured by the
infrared detector 112, to arrive at the corrected thermal flux
for the facial region 13 (i.e., W(T,..)). As described above,
the heat flux (S) (in counts) is the temperature absorbed by
each sensor in the array of sensors of the infrared detector
112 such that the computer readable and executable instruc-
tions 110 cause the processor 106 to add the temperature(s)
detected by the array of sensors corresponding to the area
representing the facial region 13 of the subject 12 to calcu-
late an average temperature of the subject 12 by dividing the
aggregated temperature by the number of frame pixels
corresponding to the facial region 13 to arrive at the heat flux
(S). Further, the function for calculating the corrected ther-
mal flux W(T,_,.) includes a transmittance coefficient
(T,,,») of the atmosphere between the scene and the infrared
detector 112, and the emissivity (E) of the scene.

W(Tsome) = Equation (4)
S -5 A= Tam) o
(Tam * E) - E # W(Tpm) - (T # ) £ W(Tpm)
[0082] By factoring in the atmospheric temperature (T, )

into the calculation of the thermal flux measurement of the
facial region 13, as measured by the ambient sensor 315, a
corrected thermal flux W(T,,_.) is computed for the facial
region 13 of the subject 12. With the corrected thermal flux
computed for the facial region 13, a calibrated scene tem-
perature (Ts,,,.) of the facial region 13 (i.e., T5,..) may be
computed, using Equation (5) below. In particular, the
calibration parameters of the infrared detector 112 (e.g., a
thermal imaging camera), as discussed above, are factored

into the corrected thermal flux W(T,,,..) of the facial region

Scene.

13 to determine the calibrated scene temperature (Tg,,,,.) of
the facial region 13 (i.e.,, T5,.).
B Equation (5)
TSCene = Ri
Inl———+ F)
W(TScene) -0

[0083] With the calibrated scene temperature of the facial
region 13 (T,_.) computed, a similar error correction cal-
culation may be calculated for the portion of the tab 116
within the target area 15, using Equations (4) and (5) as
similarly described above. In this instance, a corrected
thermal flux W(T,,) is calculated for the plurality of pixels
within the target area 15 defining the “scene” of the tab 116
via Equation (4), and the scene temperature (T,,) of the tab
116 may be computed using Equation (5) above. With the
scene temperatures (T, and T;,,) representing calibrated
surface temperatures of the facial region 13 and the tab 116,
by having factored in the ambient temperature (T ,,,,) as
measured by the ambient sensor 315 and the calibration
parameters of the infrared detector 112, a core temperature
of the subject 12 (T,,.) may be computed with relatively
greater accuracy using Equation (6) below. In particular, a
core temperature of the subject 12 (T,,,.) 1s computed by
adding the net value between the scene temperatures (T,

T ) with the reference temperature of the tab 116 (T4, as
determined by the temperature sensor 114.

TeoreTrace Trap) T pep) Equation (6)
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[0084] FIG. 10 is a flow chart of one method 400 of using
the monitoring system 300 described above. It should be
understood that method 400 is merely illustrative and that
the monitoring system 300 may be utilized in other various
methods. It should be further understood that the monitoring
system 300 of the present example is configured to compute
a core temperature (T,,,) of a subject 12 in a substantially
similar manner to the example method 200 described above
and shown in FIG. 6, except for the differences explicitly
described below. For instance, a baseline temperature of a
subject 12 may be determined in a substantially similar
process as that described above, i.e., via use of a temperature
probe, a thermometer, and/or the monitoring system 300.

[0085] Referring now to FIGS. 5 and 7-10, in a first step
402, the infrared detector 112 of the monitoring system 300
is initiated such that any objects positioned within the field
of view 14 of the target area 15 of the infrared detector 112
are detected. In particular, the infrared detector 112 captures
a thermal image(s) of any objects within the field of view 14
emitting a temperature, such as the subject 12 and the tab
116, at step 404. An array of sensors of the infrared detector
112 directed at a facial region 13 of the subject 12 and at the
tab 116 corresponds to the individual frame of pixels of the
thermal image. The individual frame pixels of the thermal
image correspond to individual sensors in the array of
sensors of the infrared detector 112. The array of sensors
detect thermal radiation from discrete areas within the field
of view 14 and the degree of illumination of each pixel
relates to the amount of heat detected by the corresponding
sensor.

[0086] The thermal image of the subject 12 and the tab 116
are transmitted from the infrared detector 112 to the pro-
cessor 106 at step 406. In particular, signals indicative of the
temperature of the facial region 13 of the subject 12 and the
tab 116 are transmitted to the processor 106. The processor
106 calculates the core temperature (T,,,) from the tem-
perature data detected by the infrared detector 112 of the
subject 12 and the tab 116 in accordance with the Equations
(4), (5) and (6) described above. In particular, a detected
temperature of the subject 12, derived from a plurality of
pixels representing the facial region 13 of the subject 12, and
a detected temperature of the tab 116, derived form a
plurality of pixels representing the tab 116, are determined
by the processor 106. At step 410, the temperature sensor
114 is initiated to detect a reference temperature of the tab
116, and in particular, at step 412, the temperature sensor
114 measures a temperature of the tab 116. The ambient
sensor 315 is similarly initiated at step 414 to detect an
ambient temperature of the room that the monitoring system
300 is located in, and in particular, at step 416, the ambient
sensor 315 measures an ambient temperature of the sur-
rounding atmosphere. The temperature data from the sensors
114, 315 is transmitted to the processor 106 at step 418 via
a signal indicative of the reference temperature of the tab
116 and the ambient temperature of the room, respectively.

[0087] With the temperature data from the infrared detec-
tor 112, the temperature sensor 114, and the ambient sensor
315 received at the processor 106, corrected thermal flux
temperatures of the facial region 13 and the tab 116 may be
computed by factoring in the ambient temperature. At step
408, the computer readable and executable instructions
cause the processor 106 to perform the temperature error
correction described above to compute the core temperature
(Tc,,e) of the subject 12 positioned within the target area 15

Core
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by utilizing Equations (4) through (6). In particular, the
computer readable and executable instructions 110 cause the
processor 106 to calculate a corrected thermal flux of the
facial region 13 (T,.,) and a corrected thermal flux of the
tab 116 (T,,). In this instance, the processor 106 computes
a difference of the two corrected temperatures (T, .., T1,.,)
to arrive at a net temperature value (T,) that equals the
temperature difference between the facial region 13 and the
tab 116.

[0088] The delta (T,) of the detected temperatures (i.e.,
the difference between the detected temperature of the facial
region 13, T, and the detected temperature of the tab 116,
T;,5) is combined with the reference temperature of the tab
116, as detected by the temperature sensor 114, to calculate
a core temperature of the subject 12 to a relatively greater
accuracy. By way of example only, the core temperature is
determined with an accuracy of at least +1.0° Celsius to
about +0.5° Celsius).

[0089] At step 420, the core temperature of the subject 12
is compared to the baseline temperature, and an inquiry to
determine whether the core temperature of the subject 12
differs from the baseline temperature of the subject 12 (e.g,,
either greater than the baseline temperature or less than the
baseline temperature) by a predetermined threshold. At step
422, an affirmative response to the inquiry of step 420
provides for the initiation of monitoring information in the
form of a report/alert signal that is generated by the proces-
sor 106. The report/alert signal may be transmitted to an
operator via the monitor, for example, the at least one
handheld device 190 and/or the at least one remote station
192, to inform an operator of the monitoring system 300 of
the subject’s core temperature, as detected by the monitoring
system 300, and/or to alert an operator of a change in the
subject’s condition by a predetermined threshold based on
the core temperature and the baseline temperature. As
described in greater detail above, it should be understood
that the predetermined temperature threshold is less than the
error range of +4.0° Celsius of conventional infrared cam-
eras. For example, the predetermined temperature threshold
may be about +1.0° Celsius, and in particular, the threshold
may be about +0.5° Celsius. Alternatively, the inquiry of
step 420 may result in a determination that the true tem-
perature of the subject 12 does not exceed the predetermined
threshold such that the monitoring system 300 returns to step
404 to perform the system method 400 again at a predeter-
mined interval.

[0090] With the incorporation of the infrared detector 112,
the temperature sensor 114, the tab 116, and, in some
embodiments, the ambient sensor 315, and the methods
utilizing the same as described above, the monitoring sys-
tems 100, 300 described herein may provide a system
capable of improving the temperature detection accuracy of
objects positioned within a target area as compared to the
temperature error range of conventional infrared imaging
systems. In particular, the error range of +4° Celsius of
conventional infrared cameras may be too large to accu-
rately detect meaningful changes in the temperature of a
subject 12, such that use of a monitoring system 100, 300 is
desirable to increase temperature detection accuracy to an
error range of +2° Celsius, and preferably an error range of
+1° Celsius. With the monitoring system 100, 300 having a
smaller error range, an operator of the system may identify
changes in a subject’s condition in a timelier manner soon
after the change has occurred such that earlier care may be
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provided to the subject than that possible when utilizing
conventional monitoring systems.

[0091] While embodiments of the monitoring system are
described herein in which the first detector utilizes uncooled
microbolometer technology, it should be understood that the
monitoring system and methods described herein may be
utilized with various other imaging devices, cameras, tem-
perature instruments, and the like.

[0092] It should now be understood that embodiments
described herein are directed to a monitoring system that
monitors the core temperature of a subject using an infrared
detector, a temperature sensor, and/or a third detector in
operable communication with a control unit of the monitor-
ing system. The control unit including a processor that
executes operating instructions to compute a temperature of
the subject and calibrate the temperature using other tem-
perature data retrieved by the detectors to improve the level
of temperature accuracy. The monitoring system may further
transmit monitoring information relating to the subject’s
condition to remote devices/stations for periodic monitoring
of the subject’s core temperature and/or may generate a
report or signal when the subject’s core temperature exceeds
a predetermined temperature threshold relative to a baseline
temperature of the subject. It should be further understood
that in other embodiments the monitoring system may
include thermal imaging devices that utilize technology
other than the uncooled microbolometer technology
described above.

[0093] Tt will be apparent to those skilled in the art that
various modifications and variations can be made to the
embodiments described herein without departing from the
spirit and scope of the claimed subject matter. Thus it is
intended that the specification cover the modifications and
variations of the various embodiments described herein
provided such modification and variations come within the
scope of the appended claims and their equivalents.

What is claimed is:

1. A monitoring system, comprising:

an infrared detector comprising a field of view, the
infrared detector detecting temperature data from the
field of view and providing a signal indicative of at
least a detected temperature of a subject within the field
of view;

a tab comprising a tab temperature, wherein the tab is at
least partially positioned within the field of view of the
infrared detector such that the infrared detector detects
the tab and emits a signal indicative of a detected
temperature of the tab;

a temperature sensor secured to the tab, the temperature
sensor detecting the tab temperature and providing a
signal indicative of a reference temperature; and

a control unit communicatively coupled to the infrared
detector and the temperature sensor, the control umt
comprising a processor and a non-transitory memory
device comprising computer readable and executable
instructions that, when executed by the processor,
cause the control unit to:

compute a net value between the detected temperature of
the subject and the detected temperature of the tab; and

calculate a core temperature of the subject by combining
the net value with the reference temperature.

2. The monitoring system of claim 1, wherein the core

temperature of the subject calculated by the control unit is
within £0.5° Celsius of an actual temperature.
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3. The monitoring system of claim 1, further comprising
a remote station, wherein the control unit is coupled to the
remote station.
4. The monitoring system of claim 3, wherein the com-
puter readable and executable instructions, when executed
by the processor, transmit a signal indicative of the core
temperature to the remote station.
5. The monitoring system of claim 4, wherein the remote
station receives the signal indicative of the core temperature
from the control unit and determines a variance between the
core temperature of the subject and a baseline temperature of
the subject.
6. The monitoring system of claim 5, wherein the baseline
temperature is an initial core temperature determined by the
monitoring system and stored in the remote station at
initialization of the monitoring system.
7. The monitoring system of claim 5, wherein the baseline
temperature is input into the remote station by an operator.
8. The monitoring system of claim 5, wherein the remote
station emits an alarm signal when the variance between the
core temperature of the subject and the baseline temperature
of the subject is greater than a threshold.
9. The monitoring system of claim 8, wherein the alarm
signal is transmitted from the remote station to a handheld
device.
10. The monitoring system of claim 1, wherein the tab has
an emissivity greater than or equal to 0.90.
11. The monitoring system of claim 1, wherein the infra-
red detector comprises a long wave infrared camera.
12. The monitoring system of claim 1, wherein the
infrared detector periodically detects temperature data from
the field of view at a predetermined interval and the tem-
perature sensor periodically detects the tab temperature of
the tab at the predetermined interval.
13. The monitoring system of claim 1, further comprising
an ambient sensor communicatively coupled to the control
unit, wherein the ambient sensor is configured to measure an
ambient temperature adjacent to the field of view.
14. The monitoring system of claim 13, wherein the
computer readable and executable instructions, when
executed by the processor, further cause the processor to
calibrate the detected temperature of the subject and the
detected temperature of the tab based on the ambient tem-
perature.
15. A method for monitoring a core temperature of a
subject using a system comprising an infrared detector, a
temperature sensor, and a tab, the method comprising:
capturing thermal images of a target area with the infrared
detector, the target area including the subject and the
tab, wherein the thermal images comprise a plurality of
pixels corresponding to at least a detected temperature
of the subject and a detected temperature of the tab;

measuring a reference temperature of the tab with the
temperature sensor positioned on the tab;

determining a difference between the detected tempera-

ture of the subject and the detected temperature of the
tab from the thermal images; and

computing the core temperature of the subj ect by adding

the difference to the reference temperature of the tab.

16. The method of claim 15, further comprising initiating
an alert in response to the core temperature of the subject
exceeding a predetermined threshold, wherein the alert
comprises at least one of an audible message, a visual
display, and a tactile feedback.
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17. The method of claim 15, further comprising calibrat-
ing the detected temperature of the subject and the detected
temperature of the tab with an ambient temperature of the
target area, wherein the ambient temperature is measured by
an ambient sensor.

18. A monitoring system comprising;
an infrared detector configured to capture thermal images
of a target area;

a tab positioned within the target area such that the
infrared detector is configured to capture thermal
images of the tab;

a temperature sensor positioned on the tab and configured
to measure a temperature of the tab; and

an ambient sensor configured to measure an atmospheric
temperature adjacent to the target area.

19. The monitoring system of claim 18, further compris-
ing a processor in communication with the infrared detector,
the temperature sensor, and the ambient sensor, the proces-
sor configured to:
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analyze thermal data from the infrared detector corre-
sponding to a subject within the target area and the tab
to detect a temperature of the subject and the tab;
analyze thermal data from the temperature sensor corre-
sponding to the tab to detect a reference temperature of
the tab;
analyze thermal data from the ambient sensor to detect the
atmospheric temperature;
compute a corrected temperature of the subject and the tab
by calibrating the detected temperatures of the subject
and the tab with the atmospheric temperature; and
compute a core temperature of the subject by adding the
reference temperature of the tab to a difference between
the corrected temperatures of the subject and the tab.
20. The monitoring system of claim 19, wherein the
processor is configured to generate monitoring information
relating to the core temperature of the subject, wherein the
monitoring information comprises an alert generated in
response to the processor determining the core temperature
exceeds a predetermined temperature threshold.

L S T T
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