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SYSTEM AND METHOD FOR ENHANCING
ACCURACY OF BODY SURFACE
TEMPERATURE MEASUREMENT

RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional
Application Ser. No. 62/785,698 filed Dec. 28, 2018, and
Taiwan Application Serial Number 108125879, filed Jul. 22,
2019, the disclosures of which are incorporated herein by
reference in their entireties.

BACKGROUND

Field of Invention

[0002] The present invention relates to a system for
enhancing accuracy of body surface temperature measure-
ment. More particularly, the present invention relates to a
system and a method for enhancing accuracy of body
surface temperature measurement.

Description of Related Art

[0003] The change of body temperature of a patient is one
of the significant characteristics reflecting that the patient is
infected by one of plural infectious diseases, and therefore
accuracy of body surface temperature measurement is very
important. In general, the body surface temperature of a
human body is affected by plural factor, and these factors
may decrease the accuracy of body surface temperature
measurement. These factors may be divided into endog-
enous factors and exogenous factors. The endogenous fac-
tors are, for example, age, gender, BMI (body mass index),
body clock, physical activity, measurement position, etc.
The exogenous factors are, for example, the environment
temperature, the environment humidity, etc.

[0004] Traditionally, when measuring the body surface
temperature, the aforementioned physical indicators and the
aforementioned environmental factors that affect the accu-
racy of body surface temperature measurement are not taken
into consideration, thereby resulting in poor accuracy of
body surface temperature measurement. Therefore, there is
a need for developing a system and a method for enhancing
accuracy of body surface temperature measurement.

SUMMARY

[0005] The present invention provides a system for
enhancing accuracy of body surface temperature measure-
ment. The system includes: a core body temperature sensor
configured to obtain a core body temperature data of a user,
a heart rate sensor configured to obtain a heart rate data of
the user, a physical indicator sensor configured to obtain at
least one physical indicator of the user, a body surface
temperature sensor configured to obtain a body surface
temperature data of the user, an environment temperature
sensor configured to obtain an environment temperature
data, a humidity sensor configured to obtain an environment
humidity data, and a processor. The processor is configured
to calculate a representative feature temperature data of the
user according to the core temperature data, the heart rate
data, the at least one physical indicator, the body surface
temperature data, the environment temperature data, and the
environment humidity data.

[0006] In accordance with one or more embodiments of
the invention, the physical indicators include calorie con-
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sumption, a movement step number, and information of
speed and displacement provided by a gravity sensor (G
sensor).

[0007] In accordance with one or more embodiments of
the invention, the processor calculates the representative
feature temperature data based on a statistical model. The
statistical model and plural parameters of the statistical
model are associated with a user profile of the user.

[0008] In accordance with one or more embodiments of
the invention, the user profile of the user includes at least one
of age of the user, gender of the user, and an infected group
of the user.

[0009] In accordance with one or more embodiments of
the invention, the processor calculates the representative
feature temperature data based on a linear regression model.
[0010] The present invention provides a method for
enhancing accuracy of body surface temperature measure-
ment. The method includes: obtaining a core body tempera-
ture data, a heart rate data, at least one physical indicator, a
body surface temperature data of a user; obtaining an
environment temperature data of an environment where the
user is located; obtaining an environment humidity data of
the environment where the user is located; and calculating a
representative feature temperature data of the user according
to the core temperature data, the heart rate data, the at least
one physical indicator, the body surface temperature data,
the environment temperature data, and the environment
humidity data.

[0011] In accordance with one or more embodiments of
the invention, the physical indicators include calorie con-
sumption, a movement step number, and information of
speed and displacement provided by a gravity sensor (G
Sensor).

[0012] In accordance with one or more embodiments of
the invention, the representative feature temperature data is
calculated based on a statistical model. The statistical model
and plural parameters of the statistical model are associated
with a user profile of the user.

[0013] In accordance with one or more embodiments of
the invention, the user profile of the user includes at least one
of age of the user, gender of the user, and an infected group
of the user.

[0014] In accordance with one or more embodiments of
the invention, the representative feature temperature data is
calculated based on a linear regression model.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The invention can be more fully understood by
reading the following detailed description of the embodi-
ment, with reference made to the accompanying drawings as
follows:

[0016] FIG. 1 illustrates a block diagram of a system for
enhancing accuracy of body surface temperature measure-
ment according to some embodiments of the present inven-
tion.

[0017] FIG. 2 illustrates a flow chart of a method for
enhancing accuracy of body surface temperature measure-
ment according to some embodiments of the present inven-
tion.

DETAILED DESCRIPTION

[0018] The detailed explanation of the invention is
described as following. The described preferred embodi-
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ments are presented for purposes of illustrations and descrip-
tion, and they are not intended to limit the scope of the
invention.

[0019] FIG. 1 illustrates a block diagram of a system 100
for enhancing accuracy of body surface temperature mea-
surement according to some embodiments of the present
invention. The system 100 includes a core body temperature
sensor 110, a heart rate sensor 120, a physical indicator
sensor 130, a body surface temperature sensor 140, an
environment temperature sensor 150, a humidity sensor 160,
and a processor 170. As shown in FIG. 1, the processor 170
is electrically connected to the core body temperature sensor
110, the heart rate sensor 120, the physical indicator sensor
130, the body surface temperature sensor 140, the environ-
ment temperature sensor 150, and the humidity sensor 160.

[0020] In some embodiments of the present invention, the
core body temperature sensor 110, the heart rate sensor 120,
the physical indicator sensor 130, and the body surface
temperature sensor 140 may be disposed in a wearable
device (e.g., a smart bracelet) worn by a user. The core body
temperature sensor 110 is configured to obtain a core body
temperature data of the user. The heart rate sensor 120 is
configured to obtain a heart rate data of the user. The
physical indicator sensor 130 is configured to obtain at least
one physical indicator of the user. In some embodiments of
the present invention, for example, the physical indicators
may include, but not limited to, calorie consumption, a
movement step number, and/or information of speed and
displacement provided by a gravity sensor (G sensor), etc.
The body surface temperature sensor 140 is configured to
obtain a body surface temperature data of the user.

[0021] In one embodiment of the present invention, the
core body temperature data obtained by the core body
temperature sensor 110 includes plural core body tempera-
tures obtained by continuous measurement. In another
embodiment of the present invention, the core body tem-
perature data obtained by the core body temperature sensor
110 includes the core body temperature measured at the
current time. In one embodiment of the present invention,
the heart rate data obtained by the heart rate sensor 120
includes plural heart rates obtained by continuous measure-
ment. In another embodiment of the present invention, the
heart rate data obtained by the heart rate sensor 120 includes
the heart rate measured at the current time. In one embodi-
ment of the present invention, the physical indicators
obtained by the physical indicator sensor 130 are obtained
by continuous measurement. For example, the physical
indicators may be plural calorie consumptions obtained by
continuous measurement, plural movement step numbers
obtained by continuous measurement, and/or plural infor-
mation of speed and displacement provided by a gravity
sensor (G sensor) obtained by continuous measurement. In
another embodiment of the present invention, physical indi-
cators obtained by the physical indicator sensor 130 are
measured at the current time. For example, the physical
indicators may be the calorie consumption accumulated
during a given time interval, the movement step number
accumulated during the given time interval, and/or the
information of speed and displacement provided by a gravity
sensor (G sensor) accumulated during the given time inter-
val. In one embodiment of the present invention, the body
surface temperature data obtained by the body surface
temperature sensor 140 includes plural body surface tem-
peratures obtained by continuous measurement. In another

Jul. 2, 2020

embodiment of the present invention, the body surface
temperature data obtained by the body surface temperature
sensor 140 includes the body surface temperature measured
at the current time.

[0022] Insome embodiments of the present invention, the
environment temperature sensor 150 may be disposed in the
wearable device worn by the user or may be disposed in
another sensing device electrically connected to the proces-
sor 170. The environment temperature sensor 150 is con-
figured to obtain an environment temperature data of an
environment where the user is located. In one embodiment
of the present invention, the environment temperature data
obtained by the environment temperature sensor 150
includes plural environment temperatures obtained by con-
tinuous measurement. In another embodiment of the present
invention, the environment temperature data obtained by the
environment temperature sensor 150 includes the environ-
ment temperature measured at the current time.

[0023] Insome embodiments of the present invention, the
humidity sensor 160 may be disposed in the wearable device
worn by the user or may be disposed in another sensing
device electrically connected to the processor 170. The
humidity sensor 160 is configured to obtain an environment
humidity data of the environment where the user is located.
In one embodiment of the present invention, the environ-
ment humidity data obtained by the humidity sensor 160
includes plural environment humidities obtained by continu-
ous measurement. In another embodiment of the present
invention, the environment humidity data obtained by the
humidity sensor 160 includes the environment humidity
measured at the current time.

[0024] In some embodiments of the present invention, the
processor 170 is, for example, a microcontroller (MCU), a
central processing unit (CPU) or an application specific
integrated circuit (ASIC), and is configured to calculate a
representative feature temperature data of the user according
to the core temperature data obtained by the core body
temperature sensor 110, the heart rate data obtained by the
heart rate sensor 120, the at least one physical indicator
obtained by the physical indicator sensor 130, the body
surface temperature data obtained by the body surface
temperature sensor 140, the environment temperature data
obtained by the environment temperature sensor 150, and
the environment humidity data obtained by the humidity
sensor 160. Specially, the body surface temperature of the
human body will be affected by plural factor, while the
aforementioned factors that affect the accuracy of body
surface temperature measurement are already taken into
consideration in the present invention, and therefore the
present invention may enhance the accuracy of body surface
temperature measurement.

[0025] Insome embodiments of the present invention, the
processor 170 calculates the representative feature tempera-
ture data based on a statistical model, and the calculation
formula is shown as formula (1) as follows:

ZF (T oo HRPL T pce TroomHroom) M

In formula (1), Z represents the representative feature tem-
perature data of the user; T,,,, represents the core tempera-
ture data; HR represents the heart rate data; PI represents the
physical indicators; T, represents the body surface
temperature data; T, represents the environment tempera-
ture data; H,,,, represents the environment humidity data
obtained by the humidity sensor 160; and F represents the
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statistical model. In some embodiments of the present inven-
tion, the statistical model adopted by the processor 170 may
be a linear regression model or another suitable statistical
model. In some embodiments of the present invention, the
statistical model is implemented by software and/or hard-
ware, and integrated in the processor 170 (e.g., stored in a
nonvolatile memory of the processor 170). Specifically, the
statistical model adopted by the processor 170 and plural
parameters of the statistical model are associated with a user
profile of the user. In some embodiments of the present
invention, the aforementioned user profile of the user
includes at least one of age of the user, gender of the user,
and an infected group of the user. It is worth mentioning that
the statistical model adopted by the processor 170 and the
parameters of the statistical model may vary depending on
the infected group of the user (different infectious diseases).
It is worth mentioning that the statistical model adopted by
the processor 170 and the parameters of the statistical model
may also vary depending on whether a user of a healthy
group is in active status or in rest status (not in active status).
For example, in one embodiment of the present invention,
for the user of the healthy group in rest status (not in active
status), the representative feature temperature data of that
user may be obtained by the following calculation formula

(2):

Z=T, surface

H,

room”

+0.64xsex—0.03xage+0.71x T, ., +0.31x
0.17xT,

Lore—0-01xHR )
In formula (2), age represents the age of the user; sex
represents the gender of the user. When the gender of the
user is male, sex=1, and when the gender of the user is
female, sex=0.

[0026] FIG. 2 illustrates a flow chart of a method 1000 for
enhancing accuracy of body surface temperature measure-
ment according to some embodiments of the present inven-
tion. Referring to FIGS. 1 and 2, the method 1000 includes
steps 1100, 1200, and 1300. In step 1100, the core tempera-
ture data of the user is obtained by the core body temperature
sensor 110; the heart rate data of the user is obtained by the
heart rate sensor 120, the at least one physical indicator of
the user is obtained by the physical indicator sensor 130, the
body surface temperature data of the user is obtained by the
body surface temperature sensor 140. In step 1200, the
environment temperature data of an environment where the
user is located is obtained by the environment temperature
sensor 150, and the environment humidity data of the
environment where the user is located is obtained by the
humidity sensor 160. In step 1300, the process 170 calcu-
lates the representative feature temperature data of the user
according to the core temperature data, the heart rate data,
the at least one physical indicator, the body surface tem-
perature data, the environment temperature data, and the
environment humidity data. Details regarding the steps
1100, 1200, and 1300 have been discussed in detail in the
above description of the system 100 for enhancing accuracy
of body surface temperature measurement, and are not
repeated here.

[0027] From the above description, the present invention
provides the system 100 and the method 1000 for enhancing
accuracy of body surface temperature measurement. The
physical indicators and the environmental factors that affect
the accuracy of body surface temperature measurement are
taken into consideration when calculating the body surface
temperature, thereby enhancing accuracy of body surface
temperature measurement.
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[0028] Although the present invention has been described
in considerable detail with reference to certain embodiments
thereof, other embodiments are possible. Therefore, the
spirit and scope of the appended claims should not be limited
to the description of the embodiments contained herein. Tt
will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
the present invention without departing from the scope or
spirit of the invention. In view of the foregoing, it is intended
that the present invention cover modifications and variations
of this invention provided they fall within the scope of the
following claims.

What is claimed is:

1. A system for enhancing accuracy of body surface
temperature measurement, comprising:

a core body temperature sensor configured to obtain a

core body temperature data of a user;

a heart rate sensor configured to obtain a heart rate data of

the user;

a physical indicator sensor configured to obtain at least

one physical indicator of the user;

a body surface temperature sensor configured to obtain a

body surface temperature data of the user;

an environment temperature sensor configured to obtain

an environment temperature data;

a humidity sensor configured to obtain an environment

humidity data; and

a processor configured to calculate a representative fea-

ture temperature data of the user according to the core
temperature data, the heart rate data, the at least one
physical indicator, the body surface temperature data,
the environment temperature data, and the environment
humidity data.

2. The system of claim 1, wherein the physical indicators
comprise calorie consumption, a movement step number,
and information of speed and displacement provided by a
gravity sensor (G sensor).

3. The system of claim 1, wherein the processor calculates
the representative feature temperature data based on a sta-
tistical model, wherein the statistical model and a plurality
of parameters of the statistical model are associated with a
user profile of the user.

4. The system of claim 3, wherein the user profile of the
user comprises at least one of age of the user, gender of the
user, and an infected group of the user.

5. The system of claim 1, wherein the processor calculates
the representative feature temperature data based on a linear
regression model.

6. A method for enhancing accuracy of body surface
temperature measurement, comprising:

obtaining a core body temperature data, a heart rate data,

at least one physical indicator, and a body surface
temperature data of a user;

obtaining an environment temperature data of an envi-

ronment where the user is located;

obtaining an environment humidity data of the environ-

ment where the user is located; and

calculating a representative feature temperature data of

the user according to the core temperature data, the
heart rate data, the at least one physical indicator, the
body surface temperature data, the environment tem-
perature data, and the environment humidity data.
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7. The method of claim 6, wherein the physical indicators
comprise calorie consumption, a movement step number,
and information of speed and displacement provided by a
gravity sensor.

8. The method of claim 6, wherein the representative
feature temperature data is calculated based on a statistical
model, wherein the statistical model and a plurality of
parameters of the statistical model are associated with a user
profile of the user.

9. The method of claim 8, wherein the user profile of the
user comprises at least one of age of the user, gender of the
user, and an infected group of the user.

10. The method of claim 6, wherein the representative
feature temperature data is calculated based on a linear
regression model.
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