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CORE BODY TEMPERATURE DETECTION
DEVICE

FIELD OF THE INVENTION

[0001] The present invention relates to wearable sensor
devices, and more particularly, to a wearable sensor device
that detects core body temperature.

BACKGROUND

[0002] Human body (core) temperature is a clinically
significant vital sign and must be monitored to ensure safe
and effective care. It is maintained at a specific level by
body’s thermal regulation and can range between 35.5 and
41° C. Core body temperatures lower or higher than this
range are possible in certain extreme situations. Typically, a
core body temperature between 36.5-37.5° C. is considered
normal, where a temperature greater than 37.5° C. is con-
sidered fever or hyperthermia dependent on the underlying
mechanism resulting into increase and a temperature less
than 35° C. is considered hypothermia. Critically, the body
loses its thermal regulation outside the range of 35.5 t0 41°
C. and the survival of a human being is considered severely
compromised.

[0003] Conventionally, there have been many attempts to
non-invasively measure this clinically significant vital sign,
but such methods have proven to be unsatisfactory for
various reasons. For example, conventional methods face
issues as being inadequately accurate and non-continuous.
What is desired is continuous and sufficiently accurate
detection and monitoring of core body temperature.

[0004] Therefore, there is a strong need for a solution that
overcomes the aforementioned issues. The present invention
addresses such a need.

SUMMARY OF THE INVENTION

[0005] A system and method for detecting and monitoring
core body temperature are disclosed. In a first aspect, the
system includes a patch device and an electronic module
coupled to the patch device.

[0006] In a second aspect, the method includes providing
a patch device, coupling an electronic module to the patch
device to provide a wearable device, and monitoring core
body temperature of a user using the wearable device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The accompanying figures illustrate several
embodiments of the invention and, together with the
description, serve to explain the principles of the invention.
One of ordinary skills in the art readily recognizes that the
embodiments illustrated in the figures are merely exemplary,
and are not intended to limit the scope of the present
invention.

[0008] FIG. 1A illustrates a wireless sensor device for
detecting and monitoring core body temperature in accor-
dance with an embodiment described herein.

[0009] FIG. 1B illustrates an isometric view of a wireless
sensor device for detecting and monitoring core body tem-
perature similar to FIG. 1A but with a top cover of the
wireless sensor device removed, in accordance with an
embodiment described herein.
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[0010] FIG. 1C illustrates a cross-section view of wireless
sensor device for detecting and monitoring core body tem-
perature in accordance with an embodiment described
herein.

[0011] FIG. 2 illustrates a method for monitoring core
body temperature in accordance with an embodiment
described herein.

[0012] FIG. 3 illustrates another method for monitoring
core body temperature in accordance with an embodiment
described herein.

DETAILED DESCRIPTION

[0013] The present invention relates to wearable sensor
devices, and more particularly, to a core body temperature
detection device. The following description is presented to
enable one of ordinary skill in the art to make and use the
invention and is provided in the context of a patent appli-
cation and its requirements. Various modifications to the
preferred embodiment and the generic principles and fea-
tures described herein will be readily apparent to those
skilled in the art. Thus, the present invention is not intended
to be limited to the embodiments shown but is to be
accorded the widest scope consistent with the principles and
features described herein.

[0014] Wireless and wearable sensor devices can be uti-
lized for the remote, automated. and continuous health
monitoring of users/patients. A method and system in accor-
dance with the present invention provides a wireless, por-
table, and wearable sensor device (“wearable device”) that
comprises a core body temperature detection component that
is in a patch form factor and electronic modules coupled/
attached to the core body temperature detection device. In
another embodiment, the wearable device comprises one
core body temperature detection component that includes
two or more temperature sensors (e.g. thermistors, thermo-
piles etc.) separated by an insulating material (e.g. air,
foam). The wearable device is attached to a user to auto-
matically and continuously detect and monitor core body
temperature.

[0015] In one embodiment, the core body temperature
detection component of the wearable device is an ultra-low
cost, and optionally fully disposable patch that is attached to
the user’s skin and used in conjunction with the electronic
modules to detect, record, and analyze core body tempera-
ture.

[0016] In this embodiment, the wearable device capture
temperature measurements using a plurality of sensors that
include temperature sensors (e.g. thermistors, thermopiles
etc.) separated by an insulating material (e.g. air, foam). The
captured measurements are then processed and analyzed
using either integrated processors and algorithms of the
wearable device (e.g. the reusable electronic module, non-
reusable electronic module) or an external processing device
(e.g. smartphone device, cloud-based server network) to
determine core body temperature.

[0017] To describe the features of the present invention in
more detail, refer now to the following description in
conjunction with the accompanying Figures.

[0018] FIG. 1 illustrates a wireless sensor device 100 for
detecting core body temperature in accordance with an
embodiment. As shown in FIG. 1, wireless sensor device
100 includes a top cover 100a, two sensors (that is, sensor
102a and sensor 1025), battery 104, a bottom layer 106, a
plurality of spacers 108 and a sensor connector 110. While
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not shown in FIG. 1, further embodiments of wireless sensor
device 100 include a processor coupled to sensors 1024 and
1025 via sensor connector 110, a memory coupled to the
processor, an application coupled to the memory, and a
transmitter coupled to the application.

[0019] Inone embodiment, the wireless sensor device 100
is attached to a user to detect core body temperature via the
sensors 102a and 1025. According to such an embodiment,
bottom layer 106 includes a skin-friendly adhesive. Accord-
ing to one embodiment described herein, sensors 102a and
1025 are temperature sensors (e.g. thermistors, thermopiles,
etc.) separated by an insulating material. Although two
sensors are shown in FIG. 1, additional embodiments dis-
closed herein may incorporate additional sensors. Further-
more, according to embodiments herein, additional sensors
improve the accuracy of wireless sensor device 100 and the
estimation of core body temperature. According to the
embodiment of FIG. 1, the spacers 108 include a suitable
insulating material and are utilized to separate sensors 102a
and 10256. According to other embodiments not shown in
FIG. 1, the insulating material separating sensors 102a¢ and
1025 are distinguishable from spacers 108. According to
such embodiments, the insulating material separating sen-
sors 102a and 1025 may include air, foam and/or Polyethere-
therketone (PEEK) for insulation. Furthermore, spacers 108
may include a printed circuit board or flex material. Other
embodiments disclosed herein may also include any insu-
lating material, so long as there is sufficient insulation
between the temperature sensors to permit distinguishable
temperature measurements from the sensors.

[0020] As explained in further detail below, sensor 102a
and 1025 obtain data from the user, where the process to
obtain data includes any combination of analog, digital or
algorithmic processes. After sensor 102a and 1025 collect
data from the user, the obtained data is transmitted to a
memory (not shown in FIG. 1). Additionally, further
embodiments disclosed herein further include an application
that processes the obtained data via a processor (not shown
in FIG. 1). According to one such embodiment, the proces-
sor executes the application to process and obtain informa-
tion regarding the user’s health. Moreover, in further
embodiments, the processed information is transmitted to a
transmitter and may, in turn, be relayed to another user or
device for further processing, analysis, and storage (not
shown in FIG. 1). In yet another embodiment, the transmitter
transmits the various detected physiological signals in raw
form to a remote device/server (e.g. smartphone, cloud-
based server) for processing, analysis, and storage (not
shown in FIG. 1).

[0021] Additionally, one of ordinary skill in the art readily
recognizes that a variety of wireless sensor devices can be
utilized in addition to the core body temperature detection
device described above, including but not limited to, wear-
able devices, a wireless sensor device in a patch form-factor,
tri-axial accelerometers, uni-axial accelerometers, bi-axial
accelerometers, gyroscopes, and pressure sensors and that
would be within the spirit and scope of the present invention.
[0022] FIG. 2 illustrates method 200 for monitoring core
body temperature in accordance with an embodiment. As
shown in FIG. 2, method 200 includes receiving a tempera-
ture measurement from sensor 1 (e.g., sensor 102a shown in
FIGS. 1B and 10) at step 202 and receiving a temperature
measurement from sensor 2 (e.g., sensor 1026 shown in
FIGS. 1B and 10) at step 204. Next, according to step 206,
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method 200 shown in FIG. 2 determines whether the sensors
(e.g., sensor 102a and 1025 shown in FIGS. 1B and 1C) are
in a steady state. Accordingly, when the sensors are in a
steady state, method 200 shown in FIG. 2 continues to step
208 and calculates the body temperature. Step 208 option-
ally receives, as one-time input, calibration data from a
reference device at step 210. According to one embodiment,
the reference device used at step 210 includes a standardized
clinical thermometer. Moreover, according to one embodi-
ment, the calibration performed at step 210 is performed
one-time. In another embodiment, the calibration is per-
formed at step 210 more than once to maintain a given
accuracy. According to other embodiments, for example,
when a reference device is not available, embodiments of the
claimed invention include an adaptive correction factor to
improve the accuracy of the estimates by removing the
dependency on calibration. For example, embodiments of
the adaptive correction factor depend on demographics,
surround temperature range and relative change in different
temperature data-streams. Embodiments described herein
are not so limited, and one of ordinary skill in the art will
readily recognize that there could be variations to the
adaptive correction factor and those variations would be
within the spirit and scope of the present invention.

[0023] On the other hand, if step 206 shown in FIG. 2
determines that the sensors are not in a steady state, method
200 continues to step 212. As described in further detail
below, step 212 calculates a predictive temporal estimate for
core body temperature and returns to step 206 to once again
determine whether the sensors are in a steady state. Accord-
ing to steps 206 and 212, method 200 continues to calculate
a predictive temporal estimate for core body temperature
until a steady state of the sensors is achieved.

[0024] According to one embodiment of step 212, method
200 shown in FIG. 2 calculates a predictive temporal esti-
mate for core body temperature according to Equation 1. In
other words, Equation 1, shown below, provides an embodi-
ment of the predictive temporal model of estimating body
temperature when the sensors have not reached ‘steady-
state’.

1

At
TBodyTemp =€ ( T) X [iwl Txemorl o TxemorZ + QS(Txmxorl - TxemorZ) *

N
@q (Txmxorl - Txenxorl)h + 7]

[0025] As shown in FIG. 2, method 200 adaptively moni-
tors the change in temperature sensor data (input received at
steps 202 and 204) and predicts the body temperature during
the transition phase (shown as a logic loop between steps
206 and 212). Although Equation 1 is shown above as
utilizing an exponential, other embodiments are possible and
include polynomial and logarithmic embodiments, for
example.

[0026] According to embodiments described herein, the
temperature sensors are determined to be in a “steady-state”
(e.g., as shown in FIG. 2) by comparing the change in
continuous temperature sensor readings to a standardized
threshold in real-time. For example, the derivative (first or
second) of the temperature readings from each of the sensors
or the difference of the temperature readings can be calcu-
lated in real-time and compared against a pre-determined
threshold. This pre-determined (standardized) threshold
could be derived based on the thermal characteristics of the
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temperature sensors. When the temperature sensors (e.g.,
sensors 102a¢ and 1026 shown in FIG. 1) reach a steady-
state, embodiments described herein estimate core body
temperature based on the measurements of these sensors.
[0027] According to one embodiment described herein,
method 200 shown in FIG. 2 is broadly described by
Equation 2 below

N N @]
N N v
TgodyTemp = 12 [0 Tson £ BiTsmson] £ Z &(Tsensort = Tsensor2)” £
£

i i=1

K

Tyonsort ¢
Z 6‘( TSEILSO'; ) * y

i=1

[0028] In Equation 1, T—time-constant for the tempera-
ture sensors and At—time-elapsed. The coefficients (c,, f3,,
g, 0,, etc.) depend on age, gender, body-mass-index(BMI),
ethnicity and physical health condition of the individual.
Accordingly, these coefficients vary according to demo-
graphics. For example, the a-coeflicients for an athlete
would be completely different from the c-coefficients of an
80-year-old patient with arrhythmia. While not shown in
FIG. 2, embodiments disclosed herein dynamically choose
coeflicients corresponding to demographics. From dynami-
cally chosen coeflicients, an embodiment of method 200
proceeds to estimate the core body temperature based on the
steps shown in FIG. 2.

[0029] As previously mentioned, other embodiments of
the claimed invention use all or some part of the model
disclosed as Equation 2 above. For example, Equation 2 can
be deconstructed into the following three equations:

N (2A)
TBodyTemp = iZ [0{; Txenxorl + ﬂi TxemorZ]
i=1
N N (2B)
TBodyTemp = tZ [@i Tsensort £ ﬁi Tsensor2] £ Z & (Tsensorl — TsensorZ)N
i=1 i=1
TBoayTemp = (ZC)

N v
NG
£ ) [iTemon = BiTsnson] £ Z (Toensort = Tsensor)”
o i1
K K
Txemorl
o)
Tsenson2

i=1

[0030] As shown above: Equation 2A is a simple linear
model, Equation 2B compensates for heat loss, and Equation
2C models heat transfer between sensors. In other words,
Equation 2A describes a linear model where the body
temperature is calculated after combining two independent
temperature sensors linearly using, as an example, the least
square error method. Equation 2A is a simple and efficient
calculation; however, by compensating for escaping heat,
embodiments described herein improve the accuracy of our
estimates. According to one embodiment, in Equation 2B,
compensation of the heat loss is represented by the polyno-
mial of the difference in the temperature sensors. Further-
more, by including the heat-transfer taking place between
the temperature sensors, embodiments described herein fur-

Jun. 14,2018

ther improve the accuracy of the estimates calculated by the
embodiments shown by Equations 2A and 2B above. The
heat-transfer between the two sensors is demonstrated by the
division term as illustrated in Equation 2C.

[0031] As noted above, one benefit of the claimed inven-
tion is a simplification of the clinical workflow. Together,
Equations 2, 2A, 2B and 2C provide a multitude of options
readily apparent to one skilled in the art to use all or some
part of the model used in method 200, shown in FIG. 2. For
example, according to one embodiment, simplification of the
clinical workflow is achieved by the incorporating a cali-
bration term which calibrates real-time estimates derived
from Equation 2 (as a whole) against a standardized clinical
thermometer. In FIG. 2, this calibration is shown as step 210.
In the model of Equation 2, the y-term describes the cor-
rection factor resulting from this calibration.

[0032] FIG. 3 illustrates method 300 for core temperature
monitoring in accordance with an embodiment. The method
300 includes providing a patch device, via step 302, cou-
pling an electronic module to the patch device to provide a
wearable device, via step 304, and monitoring health of a
user using the wearable device, via step 306. In one embodi-
ment, the patch device is disposable and the electronic
module is reusable. In another embodiment, the patch device
and electronic module are both disposable.

[0033] Inoneembodiment, the reusable electronic module
is coupled by inserting the reusable electronic module into
the core body temperature detection device that includes
circuit connectors to receive the reusable electronic module.
In such an embodiment, providing step 302 further com-
prises manufacturing and assembling the core body tem-
perature detection device, where the patch device and elec-
tronic module are both disposable is some embodiments and
not disposable in other embodiments.

[0034] As above described, a method and system in accor-
dance with the present invention provide a wearable device
that includes a disposable patch device component and a
reusable or disposable electronic module component. The
core temperature device component comprises a plurality of
layers that house various components (e.g. a plurality of
temperature sensors). The flexible and layered architecture
of the disclosed core temperature device extends the usage
and customizability of the device beyond what may be
disclosed herein and can be manufactured at very high
volumes and at very low costs. In addition, while not shown
in the figures, the core temperature device is water resistance
and can pass standards for water ingress such as IPX4 and
IPX7.

[0035] In addition, by utilizing skin-friendly adhesives
(for example, acrylic, silicone, hydrocolloid etc.) in the
disclosed embodiments, the core temperature device is com-
fortably worn by the user with little or no skin irritation for
long periods of time (e.g. no irritation for up to 7 days) and
the removal stress is minimized to avoid damaging or
discomforting the skin tissue. The flexibility of the core
body temperature device maintains a high quality core body
temperature measurement by being in contact with the user’s
body/skin with very low static noise and motion artifacts.
Additionally, the core temperature device is unobtrusive and
comfortable to a point that the user is unaware that it is
attached to the body while the user is conducting active
activities (e.g. walking, running), passive activities (e.g.
watching television), and sleeping.
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[0036] Although the present invention has been described
in accordance with the embodiments shown, one of ordinary
skill in the art will readily recognize that there could be
variations to the embodiments and those variations would be
within the spirit and scope of the present invention. Accord-
ingly, many modifications may be made by one of ordinary
skill in the art without departing from the spirit and scope of
the appended claims.

What is claimed is:

1. A system for core body temperature monitoring, the
system comprising:

a patch device; and

an electronic module coupled to the patch device, the

electronic module comprises at least two temperature
sensors.

2. The system of claim 1, wherein the patch device is
disposable and the electronic module is at least one of a
disposable module and a reusable module.

3. The system of claim 2, wherein the disposable patch
device further comprises:

a top layer;

a sub-assembly layer coupled to the top layer; and

a bottom layer coupled to the sub-assembly layer.

4. The system of claim 3, wherein the top layer comprises
a first layer and a chamber area that resides on top of the first
layer to house the electronic module.

5. The system of claim 3, wherein the at least two
temperature sensors coupled to the patch device are coupled
to the sub-assembly layer.

6. The system of claim 4, further comprising a plurality of
spacers.

7. The system of claim 6, wherein at least one spacer
comprises an insulating material.

8. The system of claim 7, wherein the at least one spacer
separates the two temperature sensors.

9. The system of claim 3, wherein the sub-assembly layer
comprises an electronic flex circuit.

10. The system of claim 9, wherein the electronic flex
circuit includes at least two electrodes, a battery, and inte-
grated connector circuits for the attachment of the electronic
module.

11. The system of claim 6, wherein at least one spacers
comprise any of closed cell foam, air and polyethylene
foam.
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12. The system of claim 3, wherein the bottom layer
comprises an adhesive bottom layer.

13. The system of claim 1, further comprising at least one
motion sensor to detect movement and adjust captured
measurements of the at least two temperature sensors
according to the detected movements.

14. A method for detecting core body temperature, the
method comprising:

receiving a first temperature measure from a first sensor;

receiving a second temperature from a second sensor;

determining whether the sensors are in a steady state;

calculating a predictive temporal estimate for core body
temperature when the sensors are not in a steady state;

calculating a core body temperature when the sensors are
in a steady state.
15. The method of claim 14, wherein determining whether
the sensors are in a steady state comprise comparing changes
in continuous temperature sensor measurements to a stan-
dardized threshold.
16. The method of claim 14, further comprising a one-
time calibration when initially calculating the core body
temperature.
17. The method of claim 16, wherein the one-time cali-
bration comprising calibrating to a reference device.
18. The method of claim 17, wherein the reference device
comprises a standardized clinical thermometer.
19. The method of claim 14, wherein calculating a core
body temperature comprising an adaptive correction factor
to thereby remove a dependency on calibration when cal-
culating the core body temperature.
20. The method of claim 15, further detecting movements
and adjusting the calculated core body temperature accord-
ing to the detected movements.
21. A method for core body temperature monitoring, the
method comprising:
providing a patch device;
coupling an electronic module to the patch device to
provide a wearable device, the electronic module com-
prising at least two temperature sensors; and

monitoring core body temperature of a user using the
wearable device.
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