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(57) ABSTRACT

A method, system, and computer product for detecting an
oral temperature for a human include capturing a thermal
image for a human using a camera having a thermal image
sensor, detecting a face region of the human from the
thermal image, detecting a mouth region on the face region,
detecting an open mouth region on the mouth region,
detecting a degree of mouth openness on the detected open
mouth region, determining that the degree of mouth open-
ness meets a predetermined criterion, and detecting the oral
temperature, responsive to determining that the degree of
mouth openness meets the predetermined criterion.
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DETECTING ORAL TEMPERATURE USING
THERMAL CAMERA

FIELD

[0001] The present disclosure relates to a method for
detecting an oral temperature for a patient, and more par-
ticularly to, a non-invasive method, system, and computer
product for detecting an oral temperature for a patient using
a thermal camera.

BACKGROUND

[0002] Recently, a home healthcare system has been
receiving increasing attention. In such home healthcare
system, measurement of a body temperature for a patient
helps a medical professional (e.g., doctor) to check a
patient’s current health state. In such home healthcare sys-
tem, a body temperature detection device is generally
located at a patient’s home, and thus may require a patient'
frequent manual operation on it. If a patient or a home user
of the home body temperature detection device lacks of skill
at the operation thereon, there may occur a temperature
detection error which may lead the medical professional to
making a wrong decision on the patient’s health state. On the
other hand, many techniques of detecting a body tempera-
ture through a face skin or forehead of a patient have been
developed, but it is known that a face skin or forehead
temperature is prone to be affected by an ambient tempera-
ture and an oral temperature provides a relatively accurate
body temperature.

[0003] Thus, there is a need for an oral temperature
detection technique that can be applied to a home healthcare
application where a medical professional is remotely located
from a patient.

BRIEF SUMMARY

[0004] In an aspect of the present disclosure, a computer-
implemented method for detecting an oral temperature for a
human is provided. The method includes capturing a thermal
image for a human using a camera having a thermal image
sensor, detecting a face region of the human from the
thermal image, detecting a mouth region on the face region,
comparing a temperature value on the mouth region to a
reference temperature value on a first other face region,
detecting an open mouth region on the mouth region based
on a comparison result of the temperature value on the
mouth region to the reference temperature value of the first
other face region, determining whether a mouth of the
human is open enough for an oral temperature to be
detected, and computing the oral temperature based on
temperature values on the mouth region and at least one
other face region, responsive to the determination of the
mouth being open enough for the oral temperature to be
detected.

[0005] In an aspect of the present disclosure, a system for
detecting an oral temperature for a human is provided. The
system includes a memory device storing machine execut-
able program instructions and at least one processing device
coupled to the memory device. The at least one processing
device is configured to run the machine executable program
instructions to perform capturing a thermal image for a
human using a camera having a thermal image sensor,
detecting a face region of the human from the thermal
image, detecting a mouth region on the face region, com-
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paring a temperature value on the mouth region to a refer-
ence temperature value on a first other face region, detecting
an open mouth region on the mouth region based on a
comparison result of the temperature value on the mouth
region to the reference temperature value of the first other
face region, determining whether a mouth of the human is
open enough for an oral temperature to be detected, and
computing the oral temperature based on temperature values
on the mouth region and at least one other face region,
responsive to the determination of the mouth being open
enough for the oral temperature to be detected.

[0006] In an aspect of the present disclosure, a computer
program product stored in a computer-readable storage
medium having computer readable program instructions is
provided. The computer readable program instructions are
read and carried out by a processing device of performing a
method for detecting an oral temperature for a human. The
method includes capturing a thermal image for a human
using a camera having a thermal image sensor, detecting a
face region of the human from the thermal image, detecting
a mouth region on the face region, comparing a temperature
value on the mouth region to a reference temperature value
on a first other face region, detecting an open mouth region
on the mouth region based on a comparison result of the
temperature value on the mouth region to the reference
temperature value of the first other face region, determining
whether a mouth of the human is open enough for an oral
temperature to be detected, and computing the oral tempera-
ture based on temperature values on the mouth region and at
least one other face region, responsive to the determination
of the mouth being open enough for the oral temperature to
be detected.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1A is a block diagram of an oral temperature
detection system according to an exemplary embodiment of
the present disclosure;

[0008] FIGS. 1B and 1C illustrate examples of images
captured in the oral temperature detection system of FIG.
1A, according to an exemplary embodiment of the present
disclosure;

[0009] FIGS. 2A to 2D are flow charts illustrating a
method for detecting an oral temperature for an animate
object according to an exemplary embodiment of the present
disclosure;

[0010] FIG. 3 illustrates a schematic of an example home
healthcare network system where a face region detection
module, an open mouth region detection module, a mouth
openness detection module, and an oral temperature detec-
tion module are implemented in a communication device at
a patient’s site, according to an exemplary embodiment of
the present disclosure;

[0011] FIG. 4 illustrates a schematic of an example home
healthcare network system where a face region detection
module, an open mouth region detection module, a mouth
openness detection module, and an oral temperature detec-
tion module are implemented in a communication device
located at a medical professional’s site, according to an
exemplary embodiment of the present disclosure; and

[0012] FIG. 5 is a block diagram of a computing system
according to an exemplary embodiment of the present
disclosure.
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DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0013] Embodiments of the present invention will now be
described in detail on the basis of the drawings. However,
the following embodiments do not restrict the invention
claimed in the claims. Moreover, all combinations of fea-
tures described in the embodiments are not necessarily
mandatory for the architecture of the present invention. Like
numbers are assigned to like elements throughout the
description of the embodiments of the present disclosure.
[0014] A method, system, and computer product for
detecting an oral temperature for an animate object are
disclosed. A system for detecting the oral temperature for the
animate object is referred to as an “oral temperature detec-
tion system”. In the present disclosure, an “animate object”
may be understood to include, but is not limited to, a human,
a patient, or other warm-blood animals (e.g., mammals)
under diagnosis.

[0015] FIG. 1A is a block diagram of an oral temperature
detection system la according to an exemplary embodiment
of the present disclosure. FIGS. 1B and 1C illustrate
examples of images captured in the oral temperature detec-
tion system la of FIG. 1A, according to an exemplary
embodiment of the present disclosure.

[0016] Referring to FIG. 1A, an oral temperature detection
system la according to an exemplary embodiment of the
present disclosure may include a camera device 10 for
capturing a thermal image 111 for an animate object (not
shown), a face region detection module 20 for detecting a
face region of the animate object from the thermal image
111, an open mouth region detection module 30 for detecting
an open mouth region from the detected face region, a mouth
openness detection module 40 for detecting a mouth open-
ness from the open mouth region, an oral temperature
detection module 50 for detecting (or calculating) an oral
temperature of the animate object, a display device 60 for
displaying the detected oral temperature, and a controller 70
for controlling operations of the camera device 10, the face
region detection module 20, the open mouth region detec-
tion module 30, the mouth openness detection module 40,
the oral temperature detection module 50, and the display
device 60.

[0017] The camera device 10 may include a thermal image
sensing unit 110 for capturing the thermal image 111 for the
animate object. In the context of the present disclosure, the
thermal image 111 may be understood as an image including
a plurality of thermal image pixels (e.g., pixels of tempera-
ture values), each of which represents a corresponding one
of temperature values of the image. In one embodiment, the
thermal image sensing unit 110 may be implemented based
on an infrared (IR) temperature sensing technique. In some
embodiments, the camera device 10 may further include an
RGB image sensing unit 120 for capturing an RGB image
121 for the animate object. Thus, the camera device 10 may
generate the thermal image 111 and/or the RGB image 121.
The RGB image 121 may represent an actual image of the
animate object, which, as an example, is to be displayed
together with a detected oral temperature value (of the
animate object) and/or the thermal image 111, to a medical
processional (not shown). In one embodiment, the thermal
and RGB images 111 and 121 have substantially the same
number of pixels and the matrix size as each other.

[0018] As shown in FIG. 1A, the face region detection
module 20 may receive the thermal image 111 from the
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camera device 10 and perform a face region detection from
the thermal image 111. Empirically, the thermal image 111
may have thermal distribution related to unique features for
a human face. Examples of the features for a human face
may include, but are limited: 1) a face region may be shown
in a thermal image with a higher temperature and denser
capillary than other non-facial region such as a background
region; 2) an eye region where temperatures around eyes
may be higher than other regions such as cheeks, a nose
bridge, or the like; 3) a nose region where a temperature on
the nose region is close to a background temperature (e.g.,
ambient temperature); and 4) an eye region has the highest
temperature on the face region. These empirical information
allow to derive empirical parameters such as each face
feature' location, size, thermal indices (e.g., temperature
values), or the like, and such empirical parameters may be
stored in memory 80 included in the system 1a and incor-
porated into a face detection model which facilitates a faster
and more accurate face region detection.

[0019] To avoid computational complexity and speed up a
face region detection process, it is well known that a subset
of relevant features (e.g., weak classifiers) for a subject
image must be chosen rather than all possible features set are
chosen. In one embodiment, functions of the face region
detection module 20 may be implemented using face region
detection techniques well known in the art based on, but are
not limited to, an Adaptive Boosting (Adaboost) algorithm
(disclosed in a reference entitled “Robust real-time face
detection”, Paul Viola and Michael Jones, Feb. 20, 2009)
and a deep learning algorithm (disclosed in a reference
entitled “Convolutional face finder: a neural architecture for
fast and robust face detection”, Christophe Garcia, IEEE
transactions on pattern analysis and machine intelligence,
November, 2004). In one example, the Adaboost algorithm
is used to choose a subset of relevant features and train a
series of strong classifiers. The strong classifiers may be
used in a cascaded manner to discriminate non-face regions
from the face region. The detailed algorithms and skills for
implementation of the face region detection module 20 are
well known to those skilled in the art, and are not the main
parts of the present disclosure, and thus are not described
herein. By way of example only, shown in FIG. 1B is an
example thermal image 111 and an example image 112
captured as a result of face region detection being made on
the thermal image 111. Within the image 112 of FIG. 1B, a
face region 1124 is shown. The face region detection module
20 may further be configured to locate face features on the
face region 1124 and an example of the located face features
is shown with a reference number 1124 in FIG. 1B. Shown
in FIG. 1B are eye regions 1121 and 1122, a nose region
1123, check regions 1124 and 1125, and a mouth region
1126. Shown in FIG. 1C is an example captured image 113a
for a mouth region.

[0020] Referring back to FIG. 1A, the open mouth region
detection module 30 may detect an open mouth region on the
mouth region 113a (FIG. 1C) provided by the face region
detection module 20. To this end, the open mouth region
detection module 30 may identify a plurality of thermal
image pixels (not shown) on the mouth region 1134 and
compare a respective temperature value of each thermal
image pixel to a reference temperature value T_ref (see
equation 1 below). If one or more image pixels on the mouth
region 113a have higher temperature values than the refer-
ence temperature value T_ref, the open mouth region detec-
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tion module 30 may determine a region defined by such one
or more image pixels as an open mouth region 1135, as
exemplary shown in FIG. 1C. In one embodiment, the
reference temperature value T_ref may be obtained based on
a temperature value of other reference face region (e.g.,
non-mouth face region) than the mouth region 113¢. For
example, the reference temperature value T_ref may be a
value higher than a temperature value T otr of the other
reference face region (e.g., cheek region 1124 or 1125 of
FIG. 1B) by a constant value C, as shown in the following
equation (1):

T ref=T otr+C

[0021] In one embodiment, when a cheek region is used as
the other reference face region of which temperature value
is compared to a corresponding one of the thermal image
pixels within the mouth region 113a for detecting an open
mouth region 1135, the constant value C may range from 1.5
to 5.0 degrees Celsius. Stated differently, a region on the
mouth region 1134 with one or more thermal pixels having
higher temperature values by a temperature value C may be
determined as an open mouth region 1135.

[0022] Referring still to FIG. 1A, the mouth openness
detection module 40 may detect a mouth openness. Stated
differently, the mouth openness detection module 40 may
determine whether a mouth of an animate object is open
enough such that an oral temperature for the animate object
can be detected. For example, if a mouth of the animate
object is open larger than a predetermined value, the mouth
openness detection module 40 may determine that the mouth
is open enough and an oral temperature is ready to be
detected; otherwise, the mouth openness detection module
40 may determine that the mouth is not clearly open enough
or the mouth is closed.

[0023] To determine the mouth openness, in some
embodiments, the mouth openness detection module 40 may
identify an open mouth region 1134 (FIG. 1C) on the mouth
region 113a (FIG. 1C), compare a size of the open mouth
region 1135 to a size of the entire face region 113¢ (FIG.
1C), and determine a ratio of the size of the open mouth
region 1135 to the size of the entire face region 113¢. When
the ratio of the size of the opened mouth region 1135 to the
size of the entire face region 113¢ is equal to or greater than
a reference ratio that ranges, e.g., from 1/17 to 1/10, the
mouth openness detection module 40 may determine that the
mouth is open enough for an oral temperature to be detected,
otherwise determine that the mouth is not clearly open or
closed. In comparing the sizes between the open mouth
region 1134 and the entire face region 113¢, the number of
thermal image pixels in each of the open mouth region 1135
and the entire face region 113¢ may be used. For example,
the number of thermal image pixels in the open mouth
region 1135 may be calculated as correspondingly to the size
of the open mouth region 1135, and the number of thermal
image pixels in the face region 113¢ may be calculated as
correspondingly to the size of the face region 113c.

[0024] By way of example only, if 1/17 is selected as the
reference ratio to be compared to the ratio of the size of the
opened mouth region 1135 to the size of the entire face
region 113¢, and the open mouth region 1135 and the face
region 113¢ are defined respectively in 10x10 (pixel-widthx
pixel-height) and 40x40 (pixel-widthxpixel-height), the
mouth openness detection module 40 may determine a size
of the open mouth region 1135 as 100 pixel region and a size

Equation (1)
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of the face region 113¢ as 1600 pixel region. In this case, the
ratio of the size (i.e., 100 pixel region) of the open mouth
region 1135 to the size (i.e., 1600 pixel region) of the face
region 113¢ may be 1/16 which is greater than 1/17, the
reference ratio. Thus, the mouth openness detection module
40 may determine that a mouth is open enough for an oral
temperature to be detected and generate a trigger signal 41
that indicates that a mouth is open.

[0025] Referring still to FIG. 1A, the oral temperature
detection module 50 may calculate an oral temperature for
an animate object responsive to receipt of the trigger signal
41, based on the following equation.

T oral=Tmax_m+a*(Tmax_e-Tmax »)

[0026] Here, Tmax_m, Tmax_e, and Tmax_n represent
maximum temperatures (e.g., degrees Celsius) on respective
mouth region, eye region, and nose region, and . is a scaling
parameter (e.g., 0.5). “*” indicates a multiplication opera-
tion. Shown in FIG. 1C is an example image 114 and an oral
temperature value 114a (e.g., 96 degrees Fahrenheit) cap-
tured when the oral temperature is detected (or calculated)
for the animate object.

[0027] Referring still to FIG. 1A, the display device 60
may display the detected oral temperature value T_oral
together with the thermal image 111 (see 114 of FIG. 1C). In
some embodiments, although not shown, the display device
60 may display the detected oral temperature value T_oral
together with the thermal image 111 and the RGB image 121
of the animate object.

[0028] In some embodiments, at least one of the face
region detection module 20, the open mouth region detec-
tion 30, the mouth openness detection module 40, and the
oral temperature detection module 50 may be implemented
by a hardware processor (not shown) or based on a (field-
programmable gate array) FPGA design (not shown), but in
another embodiment, implemented based on program codes
which are stored in memory (not shown) or in a hardware
processor and executed by the hardware processor.

[0029] FIGS. 2A to 2D are flow charts illustrating a
method for detecting an oral temperature for an animate
object according to an exemplary embodiment of the present
disclosure. As shown in FIG. 2A, the method according to
an embodiment of the present disclosure may include cap-
turing a thermal image (111 of FIG. 1A) and/or an RGB
image (e.g., 121 of FIG. 1A) for an animate object using a
camera device (10 of FIG. 1A) in an operation of step S110.
The camera device 10 may capture an image for the animate
object.

[0030] In addition, as shown in FIG. 2A, in step S120, a
face region may be detected from the thermal image cap-
tured through the step S110. In one embodiment, if the face
region is not successfully detected, the capturing of an image
for an animate object (8110) may be repeated (not shown).
Next, in step S130, a mouth region may be detected on the
face region detected through the step S120. As shown in
FIG. 2B, the mouth region may be detected by locating face
features on the face region (S131) and detecting the mouth
region based on the face features (S132).

[0031] Next, referring back to FIG. 2A, a mouth openness
may be detected (S140). Stated differently, it is determined
whether a mouth is open enough for an oral temperature to
be detected. If the mouth is determined to be open (S143),
an oral temperature may be detected (or calculated) on the

Equation (2)
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open mouth region (S150); otherwise (S144), the steps S110,
$120, S130, and S140 may be repeated until the mouth is
determined to be open.

[0032] As shown in FIG. 2C, the determining of whether
a mouth is open enough for an oral temperature to be
detected (step S140) may further include determining an
open mouth region on the mouth region (S141). To this end,
as shown in FIG. 2D, a plurality of thermal image pixels
corresponding to the mouth region may be identified
(S1411) and a respective temperature value of each thermal
image pixel may be compared to a reference temperature
value (S1412). When one or more image pixels on the mouth
region have higher temperature values than the reference
temperature value (e.g., T_ref in Equation (1)), a region
defined by such one or more image pixels may be detected
as an open mouth region (S1413); otherwise, such region
may be determined as a closed mouth region (S1414). Next,
referring back to FIG. 2C, a size (or area) of the open mouth
region may be compared to a size (or area) of the entire face
region in step S142. When a mouth is open larger than a
predetermined value (YES), it may be determined that the
mouth is open enough and an oral temperature is ready to be
detected (S143); otherwise (NO), it may be determined that
the mouth is not clearly open or the mouth is closed (5144)
and the steps S110, S120, S130, and S140 may be repeated
until the mouth is determined to be open. In some embodi-
ments, a ratio of the size of the open mouth region to the size
of the entire face region may be determined. When the ratio
of the size of the open mouth region to the size of the entire
face region is equal to or greater than a reference ratio that
ranges, e.g., from 1/17 to 1/10, it may be determined that the
mouth is open for an oral temperature to be detected;
otherwise it may be determined that the mouth is not clearly
open enough or closed. In comparing the sizes between the
open mouth region and the entire face region, the number of
thermal image pixels in each of the open mouth region and
the entire face region may be used. For example, the number
of thermal image pixels in the open mouth region may be
calculated as correspondingly to the size of the open mouth
region, and the number of thermal image pixels in the face
region may be calculated as correspondingly to the size of
the face region.

[0033] Inthe step S150, an oral temperature for an animate
object may be calculated using the above-mentioned Equa-
tion (2). Next, in step S160, the calculated oral temperature
may be displayed using a display device (e.g., 60 of FIG.
1A).

[0034] FIG. 3 illustrates a schematic of an example home
healthcare network system 2 where a face region detection
module, an open mouth region detection module, a mouth
openness detection module, and an oral temperature detec-
tion module are implemented in a communication device at
a patient’s site remote from a medical professional, accord-
ing to an exemplary embodiment of the present disclosure.
[0035] Referring to FIG. 3, a patient 20004 and a medical
professional (e.g., doctor) 20005 may be located at a dis-
tance and connected through a communication network 250.
For communication over the network 250, each of the
patient 20004 and the medial professional 20005 uses at
least one communication device. For illustrative purpose, as
shown, a communication device 200a may be located at the
patient 2000¢’s site and a communication device 2005 may
be located at the medical professional 20005’s site. Stated
differently, the communication device 200a may be associ-
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ated with the patient 2000a and the communication device
2005 may be associated with the medical professional 20005
remotely located from the patient 2000a.

[0036] As shown, the communication device 200a located
at the patient 2000¢' site may include a camera device 10 for
capturing a thermal image 111 for the patient 2000, a face
region detection module 20 for detecting a face region of the
patient 2000q from the thermal image 111, an open mouth
region detection module 30 for detecting an open mouth
region on the detected face region, a mouth openness
detection module 40 for determining whether the patient
20004’s mouth is open enough for an oral temperature to be
detected, and an oral temperature detection module 50 for
detecting (or calculating) an oral temperature for the patient
2000a on the open mouth region. Detailed operations or
configurations of the camera device 10, the face region
detection module 20, the open mouth region detection
module 30, the mouth openness detection module 40, and
the oral temperature detection module 50 may be substan-
tially the same as those of FIG. 1A. Duplicate descriptions
thereof will be omitted for the sake of simplicity. The
communication device 200a may further include a network
adaptor 904 for sending/receiving data to/from the commu-
nication device 2005 located at the medical professional
20008’ site over the communication network 250; in some
embodiments, the communication device 200a may be con-
figured to send a data signal 2001, which includes an oral
temperature value detected by the oral temperature detection
module 50, to the communication device 2005 using the
network adaptor 90a. The communication device 200a may
further include a controller 70a for controlling operations of
the camera device 10, the face region detection module 20,
the open mouth region detection module 30, the mouth
openness detection module 40, and the oral temperature
detection module 50. Thus, the communication device 20056
located at the medical professional 20005’s may receive the
data signal 2001 using a network adaptor 906 included
therein and display the oral temperature value of the patient
2000a using a display device 605 included therein. In
another embodiment, the camera device 10 of the commu-
nication device 200a may further capture an RGB image 121
for the patient 2000¢ and provide the RGB image 121 to the
network adaptor 90a, and thus, the data signal 2001 may
further include the RGB image 121 as well as the thermal
image 111 and the oral temperature value detected by the
oral temperature detection module 50. Thus, at least one of
the RGB image 121, the thermal image 111, and the oral
temperature for the patient 20004 or any combination(s)
thereof may be displayed using the display device 605. The
communication device 2005 may further include, but is not
limited to, a controller 705 for controlling the operations of
the network adaptor 905 and the display device 604.

[0037] Referring to FIG. 3, each of the communication
devices 2004 and 2005 may be implemented with a ultra-
mobile personal computer (UMPC), a net-book, a personal
digital assistance (PDA), a portable computer (PC), a web
tablet, a wireless phone, a mobile phone, a smart phone, an
e-book, a portable multimedia player (PMP), a portable
game console, a navigation device, a black box, a digital
camera, a digital multimedia broadcasting (DMB) player, a
digital audio recorder, a digital audio player, a digital picture
recorder, a digital picture player, a digital video recorder, a
digital video player, or the like.
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[0038] Further, although the camera device 10 is illus-
trated to be included in the communication device 200a, it
may be embodied in the communication device 200a or a
peripheral device thereto.

[0039] The network 250 may include wired communica-
tions based on Internet, local area network (LAN), wide area
network (WAN), or the like, or wireless communications
based on code division multiple access (CDMA), global
system for mobile communication (GSM), wideband
CDMA, CDMA-2000, time division multiple access
(TDMA), long term evolution (LTE), wireless LAN, Blu-
etooth, or the like.

[0040] FIG. 4 illustrates a schematic of an example home
healthcare network system 3 where a face region detection
module, an open mouth region detection module, a mouth
openness detection module, and an oral temperature detec-
tion module are implemented in a communication device
located at a medical professional site remote from a medical
professional, according to an exemplary embodiment of the
present disclosure.

[0041] Referring to FIG. 4, a patient 20004 and a medical
professional 20005 may be located at a distance and con-
nected through a communication network 250. For commu-
nication over the network 250, each of the patient 2000a and
the medial professional 20005 uses at least one communi-
cation device. For illustrative purpose, as shown, a commu-
nication device 300¢ may be located at the patient 2000a’s
site and a communication device 3005 may be located at the
medical professional 20006’s site. Stated differently, the
communication device 300a may be associated with the
patient 20004 and the communication device 30056 may be
associated with the medical professional 20005 remotely
located from the patient 2000a.

[0042] As shown, the communication device 300qa located
at the patient 20004' site may include, but is not limited to,
a camera device 10, a network adaptor 90a, and a controller
71a for controlling operations of the camera device 10 and
the network adaptor 90a. The camera device 10 may capture
a thermal image 111 for the patient 2000¢ and send the
captured thermal image 111 to a network adaptor 90a. The
network adaptor 90a may be configured to send/receive data
to/from the communication device 3005 at the medical
professional 20005’s site, over the communication network
250; in some embodiments, the communication device 300a
may be configured to send a data signal 3001, which
includes the thermal image 111 for the patient 2000q, to the
communication device 3005 using the network adaptor 90a.
Thus, the communication device 3005 located at the medical
professional 20005°s site may receive the thermal image 111
of the data signal 3001 using a network adaptor 905 included
therein. The communication device 3005 may include a face
region detection module 20 for detecting a face region of the
patient 2000a from the thermal image 111 received from the
communication device 300a, an open mouth region detec-
tion module 30 for detecting an open mouth region on the
detected face region, a mouth openness detection module 40
for determining whether the patient 2000a’s mouth is open
enough for an oral temperature to be detected, and an oral
temperature detection module 50 for detecting (or calculat-
ing) an oral temperature for the patient 2000a on the open
mouth region. Detailed operations or configurations of the
face region detection module 20, the open mouth region
detection module 30, the mouth openness detection module
40, and the oral temperature detection module 50 may be

Mar. 29, 2018

substantially the same as those of FIG. 1A. Duplicate
descriptions thereof will be omitted for the sake of simplic-
ity. Next, the communication device 3005 may display the
oral temperature value detected by the oral temperature
detection module 50 using the display device 605 included
therein. The communication device 30056 may further
include a controller 714 for controlling operations of the
network adaptor 905, the face region detection module 20,
the open mouth region detection module 30, the mouth
openness detection module 40, the oral temperature detec-
tion module 50, and the display device 605. In another
embodiment, the camera device 10 of the communication
device 300a may further capture an RGB image 121 for the
patient 2000a and provide the RGB image 121 to the
network adaptor 90a, and thus, the data signal 3001 to be
transferred to the communication device 3005 may further
include the RGB image 121 as well as the thermal image
111. Thus, the communication device 3005 may receive the
RGB image 121 and/or the thermal image 111, detect (or
calculate) an oral temperature based on the thermal image
111, and display at least one of the RGB image 121 and/or
the thermal image 111, and the oral temperature or any
combination(s) thereof using the display device 604.

[0043] Referring still to FIG. 4, each of the communica-
tion devices 300a and 3005 may be implemented with an
UMPC, a net-book, a PDA, a PC, a web tablet, a wireless
phone, a mobile phone, a smart phone, an e-book, a PMP, a
portable game console, a navigation device, a black box, a
digital camera, a DMB player, a digital audio recorder, a
digital audio player, a digital picture recorder, a digital
picture player, a digital video recorder, a digital video player,
or the like.

[0044] Further, although the camera device 10 is illus-
trated to be included in the communication device 300a, it
may be embodied in the communication device 300a or a
peripheral device thereto.

[0045] The home healthcare network system 2 or 3 using
an oral temperature detection system according to an
embodiment of the present disclosure does not require a
patient or home user to manipulate or operate the tempera-
ture detection system, other than to take the thermal and/or
RGB images, which may cause a temperature detection
error, instead facilitating a real-time oral temperature detec-
tion while a medical professional and a patient are being on
a conversation (or in communication), it may minimize the
temperature detection error due to the patient’s or home
user’s immature operating skill on a device and thus allow
a medical professional to monitor a patient’s health state in
real-time.

[0046] FIG. 5 is a block diagram of a computing system
5000 according to an exemplary embodiment of the present
disclosure.

[0047] Referring to FIG. 5, the computing system 5000
may be used as a platform for performing (or controlling) the
functions or operations described hereinabove with respect
to the systems 1a, 2, and 3 of FIGS. 1A, 3, and 4 and/or the
method of FIGS. 2A to 2D.

[0048] In addition, the computing system 5000 may be
implemented with an UMPC, a net-book, a PDA, a portable
computer (PC), a web tablet, a wireless phone, a mobile
phone, a smart phone, an e-book, a PMP, a portable game
console, a navigation device, a black box, a digital camera,
a DMB player, a digital audio recorder, a digital audio
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player, a digital picture recorder, a digital picture player, a
digital video recorder, a digital video player, or the like.
[0049] Referring to FIG. 5, the computing system 5000
may include a processor 5010, /O devices 5020, a memory
system 5030, a display device 5040, and a network adaptor
5050.

[0050] The processor 5010 may drive the I/O devices
5020, the memory system 5030, the display device 5040,
and the network adaptor 5050 through a bus 5060.

[0051] The computing system 5000 may include a pro-
gram module (not shown) for performing (or controlling) the
functions or operations described hereinabove with respect
to the systems 1a, 2, and 3 of FIGS. 1A, 3, and 4 and/or the
method of FIGS. 2A to 2D according to exemplary embodi-
ments. For example, the program module may include
routines, programs, objects, components, logic, data struc-
tures, or the like, for performing particular tasks or imple-
ment particular abstract data types. The processor (e.g.,
5010) of the computing system 5000 may execute instruc-
tions written in the program module to perform (or control)
the functions or operations described hereinabove with
respect to the systems 1a, 2, and 3 of FIGS. 14, 3, and 4
and/or the method of FIGS. 2A to 2D. The program module
may be programmed into the integrated circuits of the
processor (e.g., 5010). In an exemplary embodiment, the
program module may be stored in the memory system (e.g.,
5030) or in a remote computer system storage media.
[0052] The computing system 5000 may include a variety
of computing system readable media. Such media may be
any available media that is accessible by the computer
system (e.g., 5000), and it may include both volatile and
non-volatile media, removable and non-removable media.
[0053] The memory system (e.g., 5030) can include com-
puter system readable media in the form of volatile memory,
such as random access memory (RAM) and/or cache
memory or others. The computer system (e.g., 5000) may
further include other removable/non-removable, volatile/
non-volatile computer system storage media.

[0054] The computer system (e.g., 5000) can communi-
cate with one or more devices using the network adapter
(e.g., 5050). The network adapter may support wired com-
munications based on Internet, LAN, WAN, or the like, or
wireless communications based on CDMA, GSM, wideband
CDMA, CDMA-2000, TDMA, LTE, wireless LAN, Blu-
etooth, or the like.

[0055] The present invention may be a system, a method,
and/or a computer program product at any possible technical
detail level of integration. The computer program product
may include a computer readable storage medium (or media)
having computer readable program instructions thereon for
causing a processor to carry out aspects of the present
invention.

[0056] The computer readable storage medium can be a
tangible device that can retain and store instructions for use
by an instruction execution device. The computer readable
storage medium may be, for example, but is not limited to,
an electronic storage device, a magnetic storage device, an
optical storage device, an electromagnetic storage device, a
semiconductor storage device, or any suitable combination
of the foregoing. A non-exhaustive list of more specific
examples of the computer readable storage medium includes
the following: a portable computer diskette, a hard disk, a
random access memory (RAM), a read-only memory
(ROM), an erasable programmable read-only memory
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(EPROM or Flash memory), a static random access memory
(SRAM), a portable compact disc read-only memory (CD-
ROM), a digital versatile disk (DVD), a memory stick, a
floppy disk, a mechanically encoded device such as punch-
cards or raised structures in a groove having instructions
recorded thereon, and any suitable combination of the fore-
going. A computer readable storage medium, as used herein,
is not to be construed as being transitory signals per se, such
as radio waves or other freely propagating electromagnetic
waves, electromagnetic waves propagating through a wave-
guide or other transmission media (e.g., light pulses passing
through a fiber-optic cable), or electrical signals transmitted
through a wire.

[0057] Computer readable program instructions described
herein can be downloaded to respective computing/process-
ing devices from a computer readable storage medium or to
an external computer or external storage device via a net-
work, for example, the Internet, a local area network, a wide
area network and/or a wireless network. The network may
comprise copper transmission cables, optical transmission
fibers, wireless transmission, routers, firewalls, switches,
gateway computers and/or edge servers. A network adapter
card or network interface in each computing/processing
device receives computer readable program instructions
from the network and forwards the computer readable
program instructions for storage in a computer readable
storage medium within the respective computing/processing
device.

[0058] Computer readable program instructions for carry-
ing out operations of the present invention may be assembler
instructions, instruction-set-architecture (ISA) instructions,
machine instructions, machine dependent instructions,
microcode, firmware instructions, state-setting data, con-
figuration data for integrated circuitry, or either source code
or object code written in any combination of one or more
programming languages, including an object oriented pro-
gramming language such as Smalltalk, C++ or the like, and
procedural programming languages, such as the “C” pro-
gramming language or similar programming languages. The
computer readable program instructions may execute
entirely on the user’s computer, partly on the user’s com-
puter, as a stand-alone software package, partly on the user’s
computer and partly on a remote computer or entirely on the
remote computer or server. In the latter scenario, the remote
computer may be connected to the user’s computer through
any type of network, including a local area network (LAN)
or a wide area network (WAN), or the connection may be
made to an external computer (for example, through the
Internet using an Internet Service Provider). In some
embodiments, electronic circuitry including, for example,
programmable logic circuitry, field-programmable gate
arrays (FPGA), or programmable logic arrays (PLA) may
execute the computer readable program instructions by
utilizing state information of the computer readable program
instructions to personalize the electronic circuitry, in order to
perform aspects of the present invention.

[0059] Aspects of the present invention are described
herein with reference to flowchart illustrations and/or block
diagrams of methods, apparatus (systems), and computer
program products according to embodiments of the inven-
tion. It will be understood that each block of the flowchart
illustrations and/or block diagrams, and combinations of
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blocks in the flowchart illustrations and/or block diagrams,
can be implemented by computer readable program instruc-
tions.

[0060] These computer readable program instructions may
be provided to a processor of a general purpose computer,
special purpose computer, or other programmable data pro-
cessing apparatus to produce a machine, such that the
instructions, which execute via the processor of the com-
puter or other programmable data processing apparatus,
create means for implementing the functions/acts specified
in the flowchart and/or block diagram block or blocks. These
computer readable program instructions may also be stored
in a computer readable storage medium that can direct a
computer, a programmable data processing apparatus, and/
or other devices to function in a particular manner, such that
the computer readable storage medium having instructions
stored therein comprises an article of manufacture including
instructions which implement aspects of the function/act
specified in the flowchart and/or block diagram block or
blocks.

[0061] The computer readable program instructions may
also be loaded onto a computer, other programmable data
processing apparatus, or other device to cause a series of
operational steps to be performed on the computer, other
programmable apparatus or other device to produce a com-
puter implemented process, such that the instructions which
execute on the computer, other programmable apparatus, or
other device implement the functions/acts specified in the
flowchart and/or block diagram block or blocks.

[0062] The flowchart and block diagrams in the Figures
illustrate the architecture, functionality, and operation of
possible implementations of systems, methods, and com-
puter program products according to various embodiments
of the present invention. In this regard, each block in the
flowchart or block diagrams may represent a module, seg-
ment, or portion of instructions, which comprises one or
more executable instructions for implementing the specified
logical function(s). In some alternative implementations, the
functions noted in the blocks may occur out of the order
noted in the Figures. For example, two blocks shown in
suiccession may, in fact, be executed substantially concur-
rently, or the blocks may sometimes be executed in the
reverse order, depending upon the functionality involved. It
will also be noted that each block of the block diagrams
and/or flowchart illustration, and combinations of blocks in
the block diagrams and/or flowchart illustration, can be
implemented by special purpose hardware-based systems
that perform the specified functions or acts or carry out
combinations of special purpose hardware and computer
instructions.

[0063] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting of the disclosure. As used herein, the singular
forms “a”, “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises”
and/or “comprising,” when used in this specification, specify
the presence of stated features, integers, steps, operations,
elements, and/or components, but do not preclude the pres-
ence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof.

[0064] The corresponding structures, materials, acts, and
equivalents of all means or step plus function elements, if
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any, in the claims below are intended to include any struc-
ture, material, or act for performing the function in combi-
nation with other claimed elements as specifically claimed.
The description of the present disclosure has been presented
for purposes of illustration and description, but is not
intended to be exhaustive or limited to the present disclosure
in the form disclosed. Many modifications and variations
will be apparent to those of ordinary skill in the art without
departing from the scope and spirit of the present disclosure.
The embodiment was chosen and described in order to best
explain the principles of the present disclosure and the
practical application, and to enable others of ordinary skill
in the art to understand the present disclosure for various
embodiments with various modifications as are suited to the
particular use contemplated.

[0065] While the present disclosure has been particularly
shown and described with respect to preferred embodiments
thereof, it will be understood by those skilled in the art that
the foregoing and other changes in forms and details may be
made without departing from the spirit and scope of the
present disclosure. It is therefore intended that the present
disclosure not be limited to the exact forms and details
described and illustrated, but fall within the scope of the
appended claims.

1. A computer-implemented method for detecting an oral
temperature for a human, comprising:

capturing a thermal image for a human using a camera

having a thermal image sensor;

detecting a face region of the human from the thermal

image;

detecting a mouth region on the face region;

detecting an open mouth region on the mouth region;

detecting a degree of mouth openness on the detected

open mouth region;

determining that the degree of mouth openness meets a

predetermined criterion; and

detecting the oral temperature, responsive to determining

that the degree of mouth openness meets the predeter-
mined criterion.

2. The computer-implemented method of claim 1,
wherein the detecting a degree of mouth openness:

comparing a temperature value on the mouth region to a

reference temperature value on a first other face region;
and

detecting the open mouth region based on a comparison

result of the temperature value on the mouth region to
the reference temperature value of the first other face
region.

3. The computer-implemented method of claim 1,
wherein the detecting the oral temperature comprises:

computing the oral temperature based on temperature

values on the mouth region and at least one other face
region.

4. The computer-implemented method of claim 2,
wherein the detecting the open mouth region based on a
comparison result of the temperature value on the mouth
region to the reference temperature value of the first other
face region comprises:

detecting a first region of the mouth region, a temperature

value of the first region meeting other predetermined
criterion; and

determining the first region as the open mouth region.

5. The computer-implemented method of claim 4,
wherein said other predetermined criterion comprises
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whether the temperature value of the first region is higher
than the reference temperature value of the first other face
region by a predetermined value.

6. The computer-implemented method of claim 1,
wherein the determining that the degree of mouth openness
meets a predetermined criterion comprises:

determining a first size of the open mouth region and a

second size of the face region;

determining that the degree of mouth openness meets said

predetermined criterion, responsive to determining that
a ratio of the first size to the second size is equal to or
greater than a reference value;

determining that the degree of mouth openness does not

meet said predetermined criterion, responsive to deter-
mining that the ratio of the first size to the second size
is smaller than the reference value.

7. The computer-implemented method of claim 1,
wherein the temperatures values on the open mouth region
and on at least one of an eye region and a nose region
comprise maximum temperatures of the respective mouth
region, the eye region, and the nose region.

8. The computer-implemented method of claim 7,
wherein the detecting the oral temperature comprises:

calculating the oral temperature using at least a difference

between the maximum temperature on the eye region
and the maximum temperature on the nose region.

9. A system for detecting an oral temperature for a human,
comprising:

a memory device storing machine executable program

instructions; and

at least one processing device coupled to the memory

device, the at least one processing device configured to
run the machine executable program instructions to
perform:

capturing a thermal image for a human using a camera

having a thermal image sensor;

detecting a face region of the human from the thermal

image;

detecting a mouth region on the face region;

detecting an open mouth region on the mouth region;

detecting a degree of mouth openness on the detected

open mouth region;

determining that the degree of mouth openness meets a

predetermined criterion; and

detecting the oral temperature, responsive to determining

that the degree of mouth openness meets the predeter-
mined criterion.

10. The system of claim 9, wherein to detect a degree of
mouth openness, the at least one processing device is further
configured to run the machine executable program instruc-
tions to perform:

comparing a temperature value on the mouth region to a

reference temperature value on a first other face region;
and

detecting the open mouth region based on a comparison

result of the temperature value on the mouth region to
the reference temperature value of the first other face
region.

11. The system of claim 9, wherein to determine the oral
temperature, the at least one processing device is further
configured to run the machine executable program instruc-
tions to perform:
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computing the oral temperature based on temperature
values on the mouth region and at least one other face
region.

12. The system of claim 10, wherein to detect the open
mouth region based on a comparison result of the tempera-
ture value on the mouth region to the reference temperature
value of the first other face region, the at least one processing
device is further configured to run the machine executable
program instructions to perform:

detecting a first region of the mouth region, a temperature

value of the first region meeting other predetermined
criterion; and

determining the first region as the open mouth region.

13. The system of claim 12, wherein said other predeter-
mined criterion comprises whether the temperature value of
the first region is higher than the reference temperature value
of the first other face region by a predetermined value.

14. The system of claim 9, wherein to determine that the
degree of mouth openness meets said predetermined crite-
rion, the at least one processing device is further configured
to run the machine executable program instructions to
perform:

determining a first size of the open mouth region and a

second size of the face region;

determining that the degree of mouth openness meets said

predetermined criterion, responsive to determining that
a ratio of the first size to the second size is equal to or
greater than a reference value;

determining that the degree of mouth openness does not

meet said predetermined criterion, responsive to deter-
mining that the ratio of the first size to the second size
is smaller than the reference value.

15. The system of claim 9, wherein the temperatures
values on the open mouth region and on at least one of an
eye region and a nose region comprise maximum tempera-
tures of the respective mouth region, the eye region, and the
nose region.

16. A computer program product stored in a non-transi-
tory computer-readable storage medium having computer
readable program instructions, the computer readable pro-
gram instructions read and carried out by a processing
device of performing a method for detecting an oral tem-
perature for a human,

wherein the method comprises:

capturing a thermal image for a human using a camera
having a thermal image sensor;

detecting a face region of the human from the thermal
image;

detecting a mouth region on the face region;

detecting an open mouth region on the mouth region;

detecting a degree of mouth openness on the detected
open mouth region;

determining that the degree of mouth openness meets a
predetermined criterion; and

detecting the oral temperature, responsive to determining
that the degree of mouth openness meets the predeter-
mined criterion.

17. The computer product of claim 16, wherein the

detecting a degree of mouth openness:

comparing a temperature value on the mouth region to a
reference temperature value on a first other face region;
and
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detecting the open mouth region based on a comparison
result of the temperature value on the mouth region to
the reference temperature value of the first other face
region.

18. The computer product of claim 16, wherein the
detecting the oral temperature comprises:

computing the oral temperature based on temperature

values on the mouth region and at least one other face
region.

19. The computer product of claim 17, wherein the
detecting the open mouth region based on a comparison
result of the temperature value on the mouth region to the
reference temperature value of the first other face region
comprises:

detecting a first region of the mouth region, a temperature

value of the first region meeting other predetermined
criterion; and

determining the first region as the open mouth region.

20. The computer product of claim 19, wherein said other
predetermined criterion comprises whether the temperature
value of the first region is higher than the reference tem-
perature value of the first other face region by a predeter-
mined value.
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