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(57) ABSTRACT

A monitoring system at least includes a measuring device
that measures a temperature distribution based on infrared
light and a monitoring device that measures image informa-
tion based on visible light, in which the monitoring device
includes an acquisition unit that acquires attribute informa-
tion of a monitored target extracted based on the image
information and fever information of the monitored target
from the temperature distribution in a time series and an
analysis unit that analyzes the attribute information and a
change of the fever information and predicts a transition of
the fever information based on the analysis result.
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MONITORING SYSTEM, MONITORING
DEVICE, AND MONITORING METHOD

TECHNICAL FIELD

[0001] The present invention relates to a monitoring sys-
tem, a monitoring device, and a monitoring method.
[0002] The present disclosure contains subject matter
related to that disclosed in Japanese Priority Patent Appli-
cation JP 2015-086028 filed in the Japan Patent Office on
Apr. 20, 2015, the entire contents of which are hereby
incorporated by reference.

BACKGROUND ART

[0003] In recent years, movements to accumulate a large
amount of data represented by big data to be used for
detecting, predicting, grasping, and the like of an event are
becoming active. With the technological development of
large-scale databases and search systems capable of pro-
cessing a large amount of data, the possibility of using big
data as future management and new business has been
shown.

[0004] Here, big data is a term that represents a collection
of huge and complicated data sets that is difficult to process
with commercially available database management tools or
known data processing applications. For example, concern-
ing prevention of disease, there is a concern that expansion
of disease on a global scale in a short period is accompanied
by recent globalization and borderless countries. Against
such a background, for example, in order to prevent infec-
tion and expansion of diseases such as influenza, there is a
growing need for instruments that instantly measure and
monitor the temperature of a monitored person in public
places, public institutions, companies, and the like where
many people gather.

[0005] For example, PTL 1 describes a monitoring system
that performs a body temperature analysis based on a
thermal image from an infrared camera that images a plu-
rality of persons existing in a spatial area and notifies
information on a body temperature abnormality.

CITATION LIST

Patent Literature

[0006] PTL 1: Japanese Unexamined Patent Application
Publication No. 2006-174919

SUMMARY OF INVENTION

Technical Problem

[0007] However, in the monitoring system as described in
PTL 1, since a thermal image is used, it is not possible to
analyze the characteristics of a person with a fever. There-
fore, in the monitoring system as described in PTL 1, for
example, it is difficult to cooperate with a plurality of
monitoring locations or monitoring areas, to analyze trends
by integrating the data of each monitoring location or each
monitoring area, and to devise an efficient infection preven-
tion plan or countermeasures based on the analysis result.
That is, in the monitoring system as described in PTL 1, it
was difficult for a monitoring person to grasp the situation of
a persont with a fever efficiently and to take countermea-
sures.
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[0008] One aspect of the present invention is made to
solve the above problem, and the purpose thereof is to
provide a monitoring system, a monitoring device, and a
monitoring method that enable a monitoring person to grasp
the situation of a person with a fever more efliciently and
take countermeasures.

Solution to Problem

[0009] In order to solve the above problem, an aspect of
the present invention is to provide a monitoring system at
least including a measuring device that measures a tempera-
ture distribution based on infrared light and a monitoring
device that measures image information based on visible
light, in which the monitoring device includes an acquisition
unit that acquires attribute information of a monitored target
extracted based on the image information and fever infor-
mation of the monitored target from the temperature distri-
bution in a time series and an analysis unit that analyzes the
attribute information and a change of the fever information
and predicts a transition of the fever information based on
the analysis result.

[0010] In addition, another aspect of the present invention
is to provide a monitoring system at least including a
measuring device that measures a temperature distribution
based on infrared light and a monitoring device that mea-
sures image information based on visible light, in which the
monitoring device includes an acquisition unit that acquires
attribute information of a monitored person extracted based
on the image information and fever information of the
monitored person from the temperature distribution in a time
series and an analysis unit that analyzes the attribute infor-
mation and a change of the fever information and predicts an
occurrence transition of persons with a fever based on the
analysis result.

[0011] In addition, according to the aspect of the present
invention, in the above monitoring system, the analysis umt
predicts the occurrence transition of persons with a fever
based on a prediction model built on the basis of the fever
information of monitored persons in the past and a change
in the number of persons with a fever.

[0012] In addition, according to the aspect of the present
invention, the above monitoring system further includes an
environment detection unit that detects environment infor-
mation indicating information on an environment of a place
where the measuring device is measuring, and the analysis
unit performs the prediction based on the information to
which the environment information is further added.

[0013] In addition, according to the aspect of the present
invention, in the above monitoring system, the measuring
device includes an integrated circuit having a first detection
element that detects a temperature of an object based on
infrared light reflected from the object and a second detec-
tion element that detects an image of the object based on
visible light reflected from the object on the same substrate,
and measures the temperature distribution and the image
information.

[0014] In addition, still another aspect of the present
invention is to provide a monitoring device that simultane-
ously acquires attribute information corresponding to a
monitored target extracted based on image information
detected on the basis of visible light and fever information
of the monitored target obtained based on a temperature
distribution measured on the basis of infrared light.
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[0015] In addition, still another aspect of the present
invention is to provide a monitoring method including
simultaneously measuring a temperature distribution of at
least a predetermined range based on infrared light, and
image information detected based on visible light, acquiring
fever information and attribute information of a monitored
target obtained based on the temperature distribution and the
image information measured in the measuring in a time
series, and analyzing a change in a fever situation among
monitored targets based on the fever information and the
attribute information of the monitored target acquired in the
acquiring and predicting an occurrence transition of the
fever situation based on the analysis result.

Advantageous Effects of Invention

[0016] According to the aspects of the present invention,
the monitoring person may grasp the situation more effi-
ciently and take countermeasures.

BRIEF DESCRIPTION OF DRAWINGS

[0017] FIG. 1 is a diagram showing a configuration
example of a measuring device according to a first embodi-
ment.

[0018] FIG. 2 is a diagram showing a configuration
example of an incident surface of light of a sensor umt
according to the first embodiment.

[0019] FIG. 3 is a diagram showing an example of a
conversion table of reflectance.

[0020] FIG. 4 is a cross-sectional view showing an
example of a cross-sectional structure of the sensor unit
according to the first embodiment.

[0021] FIG. 5 is a flowchart showing an example of an
operation of the measuring device according to the first
embodiment.

[0022] FIG. 6 is a diagram showing a configuration
example of a measuring device according to a second
embodiment.

[0023] FIG. 7 is a diagram showing a configuration
example of an incident surface of light of a sensor umit
according to the second embodiment.

[0024] FIG. 8 is a functional block diagram showing an
example of a monitoring system according to a third
embodiment.

[0025] FIG. 9 is a flowchart showing an example of an
operation of the monitoring system according to the third
embodiment.

[0026] FIG. 10 is a first diagram showing an example of
an analysis result of the monitoring system according to the
third embodiment.

[0027] FIG. 11 is a second diagram showing an example
of the analysis result of the monitoring system according to
the third embodiment.

[0028] FIG. 12A is a first diagram showing an example of
state determination by an increase model in the third
embodiment.

[0029] FIG. 12B is a second diagram showing an example
of state determination by the increase model in the third
embodiment.

[0030] FIG. 12C is a third diagram showing an example of
state determination by the increase model in the third
embodiment.
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[0031] FIG. 13A is a fourth diagram showing an example
of state determination by the increase model in the third
embodiment.

[0032] FIG. 13B is a fifth diagram showing an example of
state determination by the increase model in the third
embodiment.

[0033] FIG. 13C is a sixth diagram showing an example of
state determination by the increase model in the third
embodiment.

[0034] FIG. 14A is a seventh diagram showing an example
of state determination by the increase model in the third
embodiment.

[0035] FIG. 14B is an eighth diagram showing an example
of state determination by the increase model in the third
embodiment.

[0036] FIG. 14C is a ninth diagram showing an example
of state determination by the increase model in the third
embodiment.

[0037] FIG. 15A is a tenth diagram showing an example of
state determination by the increase model in the third
embodiment.

[0038] FIG. 15B is an eleventh diagram showing an
example of state determination by the increase model in the
third embodiment.

[0039] FIG. 15C is a twelfth diagram showing an example
of state determination by the increase model in the third
embodiment.

[0040] FIG. 16A is a thirteenth diagram showing an
example of state determination by the increase model in the
third embodiment.

[0041] FIG. 16B is a fourteenth diagram showing an
example of state determination by the increase model in the
third embodiment.

[0042] FIG. 16C is a fifteenth diagram showing an
example of state determination by the increase model in the
third embodiment.

[0043] FIG. 17 is a functional block diagram showing an
example of a livestock monitoring system according to a
fourth embodiment.

[0044] FIG. 18 is a functional block diagram showing an
example of a plant monitoring system according to a fifth
embodiment.

[0045] FIG. 19 is a diagram for explaining a relationship
between a spot size of the sensor unit and a measured
distance.

[0046] FIG. 20 is a functional block diagram showing an
example of a fire monitoring system according to a sixth
embodiment.

DESCRIPTION OF EMBODIMENTS

[0047] Hereinafter, a measuring device and a monitoring
system according to one embodiment of the present inven-
tion will be described with reference to the drawing.

First Embodiment

[0048] FIG. 1 is a diagram showing a configuration
example of a measuring device 1 according to a first
embodiment.

[0049] As shown in FIG. 1, the measuring device 1
includes a sensor unit 10, an optical system 20, and a control
unit 30.

[0050] The sensor unit 10 (an example of the integrated
circuit) is, for example, a semiconductor device that detects
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the temperature of an object (object to be measured) in a
non-contact manner. Based on the infrared light reflected
from the object, the sensor unit 10 detects the temperature of
the object and detects an image of the object based on the
visible light reflected from the object. The sensor unit 10
includes, for example, a thermopile unit 11 and a photodiode
unit 12 as shown in FIG. 2.

[0051] FIG. 2 is a diagram showing a configuration
example of an incident surface of light of the sensor unit 10
according to the present embodiment. Here, this diagram
shows the sensor unit 10 as seen from an incident surface
(sensor surface) side.

[0052] As shown in FIG. 2, the sensor unit 10 includes the
thermopile unit 11 and the photodiode unit 12 on the same
semiconductor substrate WE. That is, in the sensor unit 10,
the thermopile unit 11 and the photodiode unit 12 are formed
on the semiconductor substrate WE.

[0053] The thermopile unit 11 (an example of the first
detection element) detects the temperature of the object
based on the infrared light reflected from the object. The
thermopile unit 11 detects the temperature based on the
infrared light using a thermopile 111 (see FIG. 4) to be
described later.

[0054] The photodiode unit 12 (an example of the second
detection element) detects an image (color information) of
the object based on the visible light reflected from the object.
The photodiode unit 12 includes a red photodiode unit 12R,
a green photodiode unit 12G, and a blue photodiode umt
12B, and detects the intensities of the light of the three
primary colors of red, green, and blue and outputs an image
(color information of RGB).

[0055] Here, the red photodiode unit 12R includes a red
filter (not shown) and detects the intensity of the red light in
the visible light. In addition, the green photodiode unit 12G
includes a green filter (not shown) and detects the intensity
of the green light in the visible light. In addition, the blue
photodiode unit 12B includes a blue filter (not shown) and
detects the intensity of the blue light in the visible light.
[0056] Details of the configuration of the sensor unit 10
will be described later with reference to FIG. 4.

[0057] Returning to the description of FIG. 1, an optical
system 20 directs the reflected light including the infrared
light and the visible light from the object to the incident
surface (sensor surface) of the sensor unit 10. The optical
system 20 includes an optical path changing unit that
changes an optical path of the reflected light incident from
respective division areas where a range (predetermined
detection range) of a temperature detection target is divided
into a plurality of division areas (for example, pixel areas)
and is capable of emitting the light toward the incident
surface (sensor surface) of the sensor unit 10. The optical
system 20 includes, for example, lenses (21 and 23) and a
digital mirror device 22. In the present embodiment, an
example in which the optical system 20 includes the digital
mirror device 22 as an example of the optical path changing
unit will be described.

[0058] The lens 21 is a condensing lens that focuses the
reflected light including the infrared light and the visible
light from the object onto the digital mirror device 22. The
lens 21 is disposed between the object and the digital mirror
device 22 and emits the incident reflected light to the digital
mirror device 22.

[0059] The digital micromirror device (DMD) 22 (an
example of the optical path changing unit) is a micro electro
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mechanical systems (MEMS) mirror, which changes the
optical path of the reflected light incident from the lens 21
and emits the light toward the incident surface (sensor
surface) of the sensor unit 10. The digital mirror device 22
changes the optical path of the infrared light and the visible
light incident from, for example, respective division areas
(for example, pixel areas) where the range of the tempera-
ture detection target is divided into a plurality of division
areas (for example, pixel areas). The digital mirror device 22
emits the infrared light and the visible light whose optical
path has been changed toward the incident surface (sensor
surface) of the above-described sensor unit 10.

[0060] The digital mirror device 22 is controlled by the
control unit 30 (a measurement control unit 31 to be
described later) and causes the sensor unit 10 to detect the
image and temperature of the target range by sequentially
changing the optical path of the reflected light from respec-
tive division areas within the range of the temperature
detection target and emitting the light toward the incident
surface (sensor surface) of the sensor unit 10. The example
shown in FIG. 1 shows a state in which the digital mirror
device 22 changes division areas to be sequentially detected
according to a route R1 under the control of the control unit
30 (the measurement control unit 31 to be described later)
and the reflected light in a division area SA1 is emitted
toward the incident surface (sensor surface) of the sensor
unit 10 as a current detection area.

[0061] The lens 23 is a projection lens that projects the
reflected light including the infrared light and the visible
light from the digital mirror device 22 onto the incident
surface (sensor surface) of the sensor unit 10. The lens 23 is
disposed between the digital mirror device 22 and the sensor
unit 10 and emits the incident reflected light to the sensor
unit 10.

[0062] The control unit 30 is, for example, a processor
including a central processing unit (CPU) or the like and
controls the measuring device 1 in an integrated manner. The
control unit 30 controls, for example, the sensor unit 10 and
the digital mirror device 22 and controls to acquire the
temperature and image (temperature and color information
(pixel information) of the above-described division areas))
detected by the sensor unit 10. Then, based on the acquired
temperature and image, the control unit 30 generates a
temperature distribution of the range of the temperature
detection target and image information of the target range
and performs control for outputting the generated image
information and the temperature distribution in association
with each other to the outside.

[0063] In addition, the control unit 30 includes the mea-
surement control unit 31, a reflectance generating unit 32,
and an output processing unit 33.

[0064] The measurement control unit 31 controls the digi-
tal mirror device 22 to acquire a temperature and an image
from the sensor unit 10. That is, the measurement control
unit 31 causes the digital mirror device 22 to emit, to the
sensor unit 10, the infrared light and the visible light incident
from each of division areas, into which the predetermined
detection range is divided, while changing the division
areas. Then, the measurement control unit 31 causes the
sensor unit 10 to detect a temperature and an image (color
information of RGB) for each of the division areas. The
measurement control unit 31 acquires the temperature and
the image (color information of RGB) for each of the
division areas detected by the sensor unit 10.



US 2018/0110416 Al

[0065] The reflectance generating unit 32 generates the
reflectance of the object based on the image (color infor-
mation of RGB) acquired from the sensor unit 10. Here, the
thermopile unit 11 of the sensor unit 10 detects the tem-
perature using the thermopile 111, but for this detection, it is
necessary to specify the reflectance of the object. The
reflectance varies depending on a material, and in a case
where a measurement target is not limited, it is necessary to
measure the reflectance of the object for each measurement
and perform reflectance correction. Therefore, the reflec-
tance generating unit 32 limits the material of the object to
“human skin” and “clothing” by limiting the material to a
purpose of measuring the temperature of a person in a crowd
and generate reflectance based on colors and brightness.
[0066] The reflectance generating unit 32 generates, for
example, colors and brightness of the division area based on
the image (color information of RGB) in the division area
acquired by the measurement control unit 31 from the sensor
unit 10. Here, the reflectance generating unit 32 determines
colors such as “yellow”, “beige”, and the like based on the
color information of RGB. In addition, based on the color
information of RGB, the reflectance generating unit 32
determines the brightness in three stages of “bright”, “aver-
age”, and “dark”. Based on the determined color and bright-
ness of the division area, the reflectance generating unit 32
generates reflectance of the division area using a conversion
table as shown in FIG. 3, for example.

[0067] FIG. 3 is a diagram showing an example of the
conversion table of reflectance.

[0068] The conversion table shown in this diagram is a
table that generates the reflectance of a color diffusion plane
based on a color and brightness. In this conversion table,
“color” and “reflectance (%)” are associated with each other,
and “reflectance (%)” is classified into three stages of
“bright”, “average”, and “dark”.

[0069] For example, in a case where “color” is “yellow”
and brightness is “bright”, the reflectance generating unit 32
generates “70” as “reflectance (%)” based on the conversion
table.

[0070] The reflectance generating unit 32 outputs the
generated reflectance (in this case, “70” (%)) to the sensor
unit 10.

[0071] In this way, the sensor unit 10 can accurately detect
the temperature of the object based on the reflectance for
each division area generated by the reflectance generating
unit 32.

[0072] 1In this way, the thermopile unit 11 detects the
temperature of the object based on the infrared light and the
reflectance of the object generated based on the image
detected by the photodiode unit 12.

[0073] The output processing unit 33 generates an image
of the predetermined detection range based on the image of
the object and the temperature of the object in each division
area detected by the sensor unit 10 and outputs the image of
the predetermined detection range in association with the
temperature of the object in each division area. The output
processing unit 33 generates image information in the range
of the temperature detection target based on the image in the
division area acquired by the measurement control unit 31
(color information of RGB), for example. In addition, the
output processing unit 33 generates a temperature distribu-
tion of the range of the temperature detection target, for
example, based on the temperature in the object of the
division area obtained by the measurement control unit 31.

Apr. 26,2018

The output processing unit 33 outputs the generated image
information and the temperature distribution in association
with each other to the outside.

[0074] Next, the configuration of the sensor unit 10 will be
described with reference to FIG. 4.

[0075] FIG. 4 is a cross-sectional diagram showing an
example of a sectional structure of the sensor unit 10
according to the present embodiment.

[0076] In the example shown in FIG. 4, the thermopile
unit 11 and the photodiode unit 12 are formed on the same
semiconductor substrate WE.

[0077] The thermopile unit 11 has the thermopile 111
formed so as to straddle a cavity 112 and contact a heat sink
portion 113. The thermopile 111 is formed by connecting a
plurality of thermocouples in series or in parallel in which
two kinds of metals (not shown) or semiconductors (not
shown) are bonded so as to straddle a heat insulating thin
film (not shown) formed on the upper surface of the cavity
112 and the heat sink portion 113. Here, in the plurality of
thermocouples, a cold junction is formed on the heat sink
portion 113, and a hot junction is formed on the heat
insulating thin film. The thermopile 111 outputs a voltage
proportional to a local temperature difference or temperature
gradient.

[0078] The photodiode unit 12 includes a microlens 121,
a color filter 122, a light shielding film 123, a photodiode
124, and a polysilicon 125. In the explanation of this
diagram, for example, the red photodiode unit 12R 1is
described, but the configuration of the green photodiode unit
12G and the blue photodiode unit 12B is the same except
that the color of the color filter 122 is different. Although not
shown, the photodiode unit 12 includes three kinds of
photodiodes, the red photodiode unit 12R, the green photo-
diode unit 12G, and the blue photodiode unit 12B.

[0079] The microlens 121 is a lens for guiding visible light
to the photodiode 124 and emits red light to the photodiode
124 via the color filter 122 (in this case, a red filter).
[0080] The light shielding film 123 is formed in a range
including the upper part of the polysilicon 125 and shields
light other than the photodiode 124 so as not to be irradiated
with light.

[0081] The photodiode 124 converts the irradiated light
into a voltage corresponding to the intensity.

[0082] The polysilicon 125 is used to control the photo-
diode 124 such as outputting a voltage from the photodiode
124, initializing the state of the photodiode 124, and so on.
[0083] In addition, the sensor unit 10 includes, for
example, a transistor 13 on the same semiconductor sub-
strate WF. The transistor 13 is a MOS transistor (Metal-
Oxide-Semiconductor field-effect transistor) including a
source portion 131, a drain portion 132, and a gate portion
133 of the polysilicon. For example, the transistor 13 is a
switching element which is necessary in the case of per-
forming control such as transferring the signal of the ther-
mopile unit 11 or the photodiode unit 12 to the control unit
30.

[0084] Next, the operation of the measuring device 1
according to the present embodiment will be described with
reference to FIG. 5.

[0085] FIG. 5 is a flowchart showing an example of the
operation of the measuring device 1 according to the present
embodiment.

[0086] As shown in FIG. 5, the measuring device 1 first
controls the digital mirror device 22 to be in an initial
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position of the division area in the target range (step S101).
That is, the measurement control unit 31 of the control unit
30 controls the digital mirror device 22 so that the reflected
light of the initial position of the division area in the range
of the temperature detection target is emitted to the sensor
unit 10.

[0087] Next, the measurement control unit 31 detects the
image of the division area (step S102). That is, the mea-
surement control unit 31 causes the sensor unit 10 to detect
the image of the division area (color information of RGB)
and obtains the image (color information of RGB) of the
division area detected by the photodiode unit 12 of the
sensor unit 10.

[0088] Next, the reflectance generating unit 32 of the
control unit 30 generates reflectance based on the image
(step S103). The reflectance generating unit 32 generates,
for example, colors and brightness of the division area based
on the image (color information of RGB) in the division area
acquired by the measurement control unit 31 from the sensor
unit 10. Based on the generated color and brightness of the
division area, the reflectance generating unit 32 generates
reflectance of the division area using a conversion table as
shown in FIG. 3, for example. Then, the reflectance gener-
ating unit 32 outputs the generated reflectance of the divi-
sion area to the sensor unit 10.

[0089] Next, the measurement control unit 31 detects the
temperature of the division area (step S104). That is, the
measurement control unit 31 causes the sensor unit 10 to
detect the temperature of the division area and acquires the
temperature of the division area detected by the thermopile
unit 11 of the sensor unit 10. The reflectance generated by
the reflectance generating unit 32 is used when the thermo-
pile unit 11 detects the temperature of the object based on
infrared light.

[0090] Next, the measurement control unit 31 determines
whether or not the division area is in an end position (step
S105). The measurement control unit 31 determines whether
or not the division area is in the end position in the range of
the temperature detection target. In a case where the division
area is in the end position (step S105: YES), the measure-
ment control unit 31 advances the processing to step S107.
In addition, in a case where the division area is not in the end
position (step S105: NO), the measurement control unit 31
advances the processing to step S106.

[0091] In step S106, the measurement control unit 31
changes the division area, returns the processing to step
S102, and repeats the processing from step S102 to step
S105 until the division area reaches the end position.
[0092] Inaddition, in step S107, the output processing unit
33 of the control unit 30 generates image information and a
temperature distribution of the target range. The output
processing unit 33 generates image information and a tem-
perature distribution of the target range based on the image
of the object in respective division areas detected by the
sensor unit 10 and the temperature of the object.

[0093] Next, the output processing unit 33 outputs the
image information and the temperature distribution of the
target range (step S108).

[0094] As described above, the sensor unit 10 (an example
of the integrated circuit) according to the present embodi-
ment includes the thermopile unit 11 (the first detection
element) and the photodiode unit 12 (the second detection
element) on the same substrate (for example, on the semi-
conductor substrate WF). The thermopile unit 11 detects the
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temperature of the object based on the infrared light
reflected from the object. The photodiode unit 12 detects the
image of the object based on the visible light reflected from
the object.

[0095] In this way, because the sensor unit 10 according to
the present embodiment may detect the image of the object
along with the temperature of the object, it is possible to
analyze the characteristics of the object along with the
temperature of the object.

[0096] In addition, in the present embodiment, the ther-
mopile unit 11 detects the temperature of the object based on
the infrared light and the reflectance of the object generated
based on the image detected by the photodiode unit 12.
[0097] In this way, the sensor unit 10 according to the
present embodiment may detect the temperature more accu-
rately by the reflectance generated based on the image.
[0098] In addition, in the present embodiment, the reflec-
tance of the object is generated based on the colors and
brightness of the object on the basis of the image detected by
the photodiode unit 12. For example, the reflectance gener-
ating unit 32 generates reflectance based on colors and
brightness, for example, using the conversion table as shown
in FIG. 3.

[0099] In this way, the sensor unit 10 according to the
present embodiment may detect the temperature more accu-
rately by the reflectance generated by a simple method. In
addition, the measuring device 1 according to the present
embodiment may detect the temperature more accurately by
generating appropriate reflectance by the simple method.
[0100] In addition, the measuring device 1 according to
the present embodiment, includes the above-described sen-
sor unit 10, an optical path changing unit (for example, the
digital mirror device 22), and the measurement control umt
31. The digital mirror device 22 is an optical path changing
unit that changes the optical path of infrared light and visible
light incident from respective division areas into which the
predetermined detection range is divided into a plurality of
division areas so that the infrared light and visible light can
be emitted to the thermopile unit 11 and the photodiode unit
12. Then, the measurement control unit 31 causes the digital
mirror device 22 to emit, to the sensor unit 10, the infrared
light and visible light incident from each of division areas,
into which the predetermined detection range is divided,
while changing the division areas, and causes the sensor unit
10 to detect the temperature and image for each of the
division areas.

[0101] In the thermopile unit 11 of the sensor unit 10, the
wider the area of a light receiving portion (thermopile 111),
the higher the detection accuracy of a temperature. For that
reason, by changing the optical path by the optical path
changing unit (for example, the digital mirror device 22), the
measuring device 1 may widen the area of the light receiving
portion (thermopile 111), for example, compared to a case
where a plurality of the thermopile units 11 (thermopile 111)
are disposed in a matrix. Therefore, the measuring device 1
according to the present embodiment may improve the
accuracy of detecting the temperature.

[0102] In addition, in the present embodiment, the above-
described optical path changing unit includes the digital
mirror device 22.

[0103] In this way, the measuring device 1 according to
the present embodiment may improve the accuracy of tem-
perature detection by a simple method using the digital
mirror device 22.
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Second Embodiment

[0104] Next, the operation of the measuring device
according to the second embodiment will be described with
reference to the drawing.

[0105] FIG. 6 is a diagram showing a configuration
example of a measuring device 1a according to a second
embodiment. In addition, FIG. 7 is a diagram showing a
configuration example of an incident surface of light of a
sensor unit 10a according to the second embodiment.
[0106] In FIGS. 6 and 7, the same components as those
shown in FIGS. 1 and 2 are denoted by the same reference
numerals, and the description thereof will be omitted.
[0107] As shown in FIG. 6, the measuring device 1la
according to the present embodiment includes a sensor umt
10a, the optical system 20, and the control unit 30. In
addition, the sensor unit 10« includes an image correction
unit 14.

[0108] In addition, as shown in FIG. 7, the sensor unit 10a
includes the thermopile unit 11 and a plurality of photodiode
units 12 (12-1, 12-2, 12-3, 12-4) on the same semiconductor
substrate WF. Here, the photodiode unit 12-1, the photo-
diode unit 12-2, the photodiode unit 12-3, and the photo-
diode unit 12-4 have the same configuration as the above-
described photodiode unit 12 and will be described as the
photodiode unit 12 when indicating an arbitrary photodiode
unit included in the measuring device 1a or not specifically
distinguished.

[0109] In the present embodiment, the measuring device
1a differs from the above-described first embodiment in that
the measuring device 1a includes the plurality of photodiode
units 12 and the image correction unit 14.

[0110] As shown in FIG. 7, the plurality of photodiode
units 12 are disposed around the thermopile unit 11 so that
distances from the thermopile unit 11 are equal.

[0111] In addition, based on the images detected by the
plurality of the photodiode units 12, the image correction
unit 14 (an example of the correction unit) generates cor-
rected images at measurement positions of the thermopile
unit 11 and outputs the generated corrected images as the
images of the object. For example, the image correction unit
14 averages the color information of RGB detected by the
plurality of photodiode units 12 for each primary color (each
R (red), each G (green), and each B (blue)).

[0112] Since the position of the thermopile unit 11 differs
from the positions of the plurality of photodiode units 12, the
measurement positions of the temperature are different from
the measurement positions of the images. Therefore, in the
present embodiment, by averaging the color information of
RGB detected by the plurality of photodiode units 12
disposed around the thermopile unit 11, the image correction
unit 14 generates color information of RGB at the measure-
ment position of the thermopile unit 11. The image correc-
tion unit 14 averages the image for each division area and
corrects the image for each division area. That is, the image
correction unit 14 generates a corrected image at the mea-
surement position of the thermopile unit 11 based on the
images detected by the plurality of photodiode units 12 and
outputs the generated corrected image as an image of the
object to the control unit 30.

[0113] In addition, since the operation of the measuring
device 1a according to the present embodiment is the same
as that of the above-described first embodiment except that
the operation by the image correction unit 14 is added, the
description thereof will be omitted.
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[0114] As described above, the sensor unit 10a according
to the present embodiment includes a plurality of photodiode
units 12 and the image correction unit 14 (an example of the
correction unit). A plurality of the photodiode units 12 (12-1,
12-2,12-3, 12-4) are disposed around the thermopile unit 11
so that distances from the thermopile unit 11 are equal. Then,
the image correction unit 14 generates a corrected image at
the measurement position of the thermopile unit 11 based on
the images detected by the plurality of photodiode units 12
and outputs the generated corrected image as an image of the
object.

[0115] In this way, the sensor unit 10a according to the
present embodiment may detect the image and temperature
by making the detected position of the image coincide with
the detected position of the temperature. Thus, since the
detection positions are coincident, the sensor unit 10a and
the measuring device 1a according to the present embodi-
ment may analyze the characteristics of the object more
accurately.

[0116] In each of the above-described embodiments, an
example in which the digital mirror device 22 is applied as
an example of the optical path changing unit has been
described, but the present invention is not limited thereto.
The optical path changing unit may be formed by combining
a liquid crystal shutter and a prism, for example. That is, the
optical path changing unit may include a liquid crystal
shutter. In this case, the liquid crystal shutter transmits
reflected light for each division area to be measured and
shields reflected light from other division areas.

[0117] In addition, as another application example of the
optical path changing unit, for example, a configuration
including a galvano mirror, a polygon mirror, or the like may
be adopted.

[0118] In addition, in the above-described second embodi-
ment, the sensor unit 10« includes the image correction unit
14, but the control unit 30 may include the image correction
unit 14.

[0119] Inaddition, in each of the above-described embodi-
ments, an example in which the sensor unit 10 (10a)
includes the thermopile unit 11 and the photodiode unit 12
for one pixel has been described, but the thermopile unit 11
and the photodiode unit 12 for a plurality of pixels may be
included in a matrix or line form. In addition, in this case,
the division area may be, for example, an area including a
plurality of pixels.

[0120] Inaddition, in each of the above-described embodi-
ments, an example in which the sensor unit 10 (10q)
includes the thermopile unit 11 and the photodiode unit 12
formed on the same semiconductor substrate WEF, but as in
a multi-chip package, a configuration in which a plurality of
integrated circuits are mounted on one package may be
adopted. In addition, the sensor unit 10 (10a) may be
configured to include a plurality of integrated circuits
including a signal processing unit.

Third Embodiment

[0121] Next, the monitoring system according to the third
embodiment will be described with reference to the drawing.
[0122] In the present embodiment, using the above-de-
scribed measuring device 1 (14), a monitoring system is
described that monitors persons with a fever, for example at
an airport, station, public facility, and the like and predicts
an occurrence transition of the persons with a fever.
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[0123] FIG. 8 is a functional block diagram showing an
example of a monitoring system 100 according to the
present embodiment.

[0124] As shown in FIG. 8, the monitoring system 100
includes the above-described plurality of measuring devices
1 (1a), a plurality of environment detection unit 40, and a
monitoring device 50.

[0125] Either the measuring device 1 of the above-de-
scribed first embodiment or the measuring device 1a of the
second embodiment is applicable to the monitoring system
100, but in the present embodiment, for explanation pur-
poses, the monitoring system 100 to which the measuring
device 1is applied will be described as follows. A measuring
device 1-1, a measuring device 1-2, . . . , have the same
configuration as the above-described measuring device 1
(1a) and will be described as the measuring device 1 when
indicating an arbitrary measuring device included in the
monitoring system 100 or not specifically distinguished.
[0126] The measuring device 1 measures the temperature
distribution of at least the predetermined range (monitored
area) based on infrared light and detects the image infor-
mation of the predetermined range (monitored area) based
on visible light.

[0127] Inaddition, an environment detection unit 40-1 and
an environment detection unit 40-2, . . . , have the same
configuration and will be described as the environment
detection unit 40 when indicating an arbitrary environment
detection unit included in the monitoring system 100 or not
specifically distinguished.

[0128] Here, the measuring device 1-1 and the environ-
ment detection unit 40-1 are installed in a monitoring
location P1 and monitor a monitored person (for example, a
passerby and the like) in the monitoring location P1. In
addition, the measuring device 1-2 and the environment
detection unit 40-2 are installed in a monitoring location P2
and monitor a monitored person (for example, a passerby
and the like) in the monitoring location P2.

[0129] The monitoring location P1 and the monitoring
location P2 indicate monitored areas for monitoring the
temperature of the monitored person, such as an airport,
station, school, hospital, public facility, shopping mall,
office, concert hall, and the like.

[0130] The environment detection unit 40 is a measuring
device which detects external environment information and
outputs the environment information to the monitoring
device 50. The environment detection unit 40 detects the
environment information indicating information on the envi-
ronment of a place where the measuring device 1 is mea-
suring, for example. Here, the environment information is,
for example, a temperature, humidity, location information,
and congestion degree of the monitored area. For example,
the environment detection unit 40 may output the identifi-
cation information (for example, name, identification 1D,
and the like) that identifies the monitored area as location
information, and may detect accurate position coordinate
information and use the position coordinate information as
place information using a global positioning system (GPS)
or the like. In addition, the environment detection unit 40
may detect the congestion degree of the monitored area
based on the image information of a monitoring camera or
the like as congestion degree.

[0131] Based on the information (for example, image
information, a temperature distribution, environment infor-
mation, and the like) output from the measuring device 1
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(1a) and the environment detection unit 40 installed at each
monitoring location, the monitoring device 50 analyzes a
change in the number of persons with a fever and predicts an
occurrence transition of the persons with a fever based on
the analysis result. The monitoring device 50 includes, for
example, a fever and heat information generating unit 51, an
attribute extraction unit 52, a storage unit 53, and a control
unit 54.

[0132] The fever and heat information generating unit 51
extracts a monitored person in a monitored area based on the
image information of the predetermined range detected
based on visible light. The fever and heat information
generating unit 51 extracts the monitored person from the
image information output by the measuring device 1 using
existing techniques such as pattern recognition, for example.
In addition, based on the temperature distribution output by
the measuring device 1, the fever and heat information
generating unit 51 generates fever information of the moni-
tored person indicating a fever state corresponding to the
monitored person. Here, the fever state corresponding to the
monitored person is, for example, information indicating the
body temperature of the monitored person extracted from
the image information. In this way, the fever and heat
information generating unit 51 periodically acquires the
image information and the temperature distribution from the
measuring device 1 and generates fever information of the
monitored person based on the acquired image information
and the temperature distribution. In addition, for example,
the fever and heat information generating unit 51 outputs the
generated fever information of the monitored person, the
identification information of the monitored person, and
detection time in association with each other to the control
unit 54.

[0133] The identification information of the monitored
person is, for example, position information of the moni-
tored person in the image information and a sample number
of the monitored person. In addition, in the above-described
fever information, may be classified into a plurality of
temperature ranges based on 37.0° C. or higher as a refer-
ence, for example, 37.0° C. or higher and less than 37.5° C.,
37.5° C. or higher and less than 38.0° C., 38.0° C. or higher
and less than 38.5° C., 38.5° C. or higher and less than 39.0°
C., 39.0° C. or higher and less than 39.5° C., 39.5° C. or
higher and less than 40.0° C., 40.0° C. or higher.

[0134] Based on the image information, the attribute
extraction unit 52 extracts the monitored person and extracts
attribute information indicating the attribute of the moni-
tored person. The attribute information is information such
as sex, age, height, and the like, for example. The attribute
extraction unit 52 extracts the monitored person from the
image information output by the measuring device 1 using
existing techniques such as pattern recognition and extracts
the attribute information of the monitored person using
existing techniques such as pattern recognition. For
example, the fever and heat information generating unit 51
outputs the extracted attribute information of the monitored
person, the identification information of the monitored per-
son, and detection time in association with each other to the
control unit 54.

[0135] The storage unit 53 stores information used for
various processes of the monitoring device 50. The storage
unit 53 includes, for example, a history information storage
unit 531 and a prediction model storage unit 532.
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[0136] The history information storage unit 531 stores
monitored person information in which at least the attribute
information of the monitored person, the fever information
of the monitored person, and the environment information
are associated with each other for each monitored area. The
monitored person information may include detection time
information and the identification information of the moni-
tored person.

[0137] The prediction model storage unit 532 stores a
prediction model that is the basis of rules and determination
criteria used by an analysis unit 542 of the control unit 54 to
be described later to predict an occurrence transition of the
persons with a fever. The prediction model is assumed to
have been built in advance based on the fever information of
the monitored persons in the past.

[0138] Here, a specific example of the prediction model
will be described below.

[0139] As an example of the prediction model, an increase
model based on a change in the number of persons whose
body temperature is 38° C. or higher (number of fever
patients).

[0140] Each model in increase model is defined as fol-
lows, for example.

[0141] (1) Normal state model: a model of a period during
which there is no increase in the number of occurrences of
fever patients or a large number of fever patients stabilize,
and in a graph of the number of fever patients over time, and
a case where an increase rate of the number of fever patients
is within 5% in a state in which there is little difference
between a linear approximation line and a polynomial
approximation line.

[0142] (2) Increased occurrence state model: a model at
the time when fever patients begin to increase, and in a graph
of the number of fever patients over time, a case where the
increase rate of the number of fever patients is 5% or more
in a case where the graph may not approximate to either the
linear approximation line or the polynomial approximation
line.

[0143] (3) Incremental continuation model: a model at the
time when fever patients are increasing, and in a graph of the
number of fever patients over time, a case where the graph
may more approximate to the polynomial approximation
line than the linear approximation line, or there is almost no
difference between the linear approximation line and the
polynomial approximation line, and a case where the
increase rate of the number of fever patients is more than
5%.

[0144] (4) Number of patients stabilization start model: a
model at the time when a large number of fever patients
begin to stabilize, and in a graph of fever patient number
over time, a case where the graph may not approximate to
either the linear approximation line or the polynomial
approximation line and a case where the increase rate of
fever patients is 5% or less.

[0145] The prediction model storage unit 532 stores defi-
nition information like the above-described increase model.
[0146] A decrease model which is a model at the time
when the number of fever patients decreases can also be
defined like the increase model, but the description thereof
will be omitted here because, in the present embodiment, a
model with an increase trend will be described.

[0147] The control unit 54 is, for example, a processor
including a CPU and controls the monitoring device 50 in an
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integrated manner. The control unit 54 includes, for
example, an information acquisition unit 541 and an analysis
unit 542.

[0148] The information acquisition unit 541 (an example
of the acquisition unit) acquires the fever information of the
monitored person obtained based on the temperature distri-
bution measured by the measuring device 1 in a time series.
The information acquisition unit 541 periodically acquires
(for a predetermined period of time) the fever information
generated by the fever and heat information generating umit
51, the attribute information extracted by the attribute
extraction unit 52, and the environment information detected
by the environment detection unit 40. The information
acquisition unit 541 causes the history information storage
unit 531 to store the monitored person information in which
at least the acquired fever information, attribute information,
and environment information are associated with each other
for each monitored area.

[0149] Based on the fever information of the monitored
person acquired by the information acquisition unit 541 in a
time series, the analysis unit 542 analyzes the change in the
number of persons with a fever (the number of fever
patients) among the monitored persons and predicts an
occurrence transition of the persons with a fever based on
the analysis result. The analysis unit 542 predicts an occur-
rence transition of the persons with a fever based on, for
example, a prediction model built on the basis of the fever
information of the monitored persons in the past and the
change in the number of persons with a fever. That is, based
on the monitored person information stored by the history
information storage unit 531, the analysis unit 542 analyzes
the change in the number of fever patients and predicts an
occurrerice transition of the persons with a fever based on
the prediction model stored by the prediction model storage
unit 532. For example, the analysis unit 542 determines
which one of the above increase models (1) to (4) is
coincident with and predicts an occurrence transition of the
persons with a fever. The analysis unit 542 outputs the
analyzed analysis result and the prediction information
which is prediction of the occurrence transition of the
persons with a fever to the outside.

[0150] A specific example in which the analysis unit 542
predicts an occurrence transition of the persons with a fever
will be described later.

[0151] Next, the operation of the monitoring system 100
according to the present embodiment will be described with
reference to FIG. 9.

[0152] FIG. 9 is a flowchart showing an example of an
operation of the monitoring system 100 according to the
present embodiment.

[0153] In this diagram, first, the monitoring device 50 of
the monitoring system 100 causes the measuring device 1 to
measure image information and a temperature distribution
(step S201). Each measuring device 1 measures the tem-
perature distribution of the monitoring location (monitored
area) based on infrared light and measures the image infor-
mation of the monitoring location (monitored area) based on
visible light.

[0154] Next, the fever and heat information generating
unit 51 of the monitoring device 50 generates fever infor-
mation (step S202). The fever and heat information gener-
ating unit 51 acquires the image information and the tem-
perature distribution from the measuring device 1 and
generates fever information of the monitored person based
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on the acquired image information and the temperature
distribution. In addition, for example, the fever and heat
information generating unit 51 outputs the generated fever
information of the monitored person, the identification infor-
mation of the monitored person, and detection time in
association with each other to the control unit 54.

[0155] Next, the attribute extraction unit 52 of the moni-
toring device 50 extracts attribute information (step S203).
Based on the image information acquired from the measur-
ing device 1, the attribute extraction unit 52 extracts the
monitored person and extracts attribute information of the
monitored person. For example, the fever and heat informa-
tion generating unit 51 outputs the extracted attribute infor-
mation of the monitored person, the identification informa-
tion of the monitored person, and detection time in
association with each other to the control unit 54.

[0156] Next, the information acquisition unit 541 of the
control unit 54 acquires fever information, attribute infor-
mation, and the environment information (step S204). For
example, the information acquisition unit 541 acquires the
fever information of the monitored person generated by the
fever and heat information generating unit 51, the attribute
information of the monitored person extracted by the attri-
bute extraction unit 52, and the environment information
detected by the environment detection unit 40. The infor-
mation acquisition unit 541 acquires the identification infor-
mation of the monitored person and the detection time from
the fever and heat information generating unit 51 and the
attribute extraction unit 52 and associates the fever infor-
mation of the monitored person and the attribute information
of the monitored person to each other based on the identi-
fication information of the monitored person and the detec-
tion time. For example, the information acquisition unit 541
causes the history information storage unit 531 to store the
monitored person information in which the fever informa-
tion, the attribute information, the environment information
are associated with each other, the identification information
of the monitored person, and the detection time for each the
monitored area.

[0157] Next, the analysis unit 542 of the control unit 54
analyzes fever information (step S205). Based on the moni-
tored person’s time-series monitored person information for
each monitored area stored in the history information stor-
age unit 531, the analysis unit 542 executes analysis pro-
cessing for performing aggregation as shown in FIGS. 10
and 11. In addition, the analysis unit 542, for example,
changes the number of persons with a fever whose body
temperature is 38° C. or higher in FIG. 11 as a graph as
shown in FIG. 12A to 16C and analyzes the change in the
number of persons with a fever by generating the linear
approximation line and the polynomial approximation line.
[0158] Next, the analysis unit 542 predicts an occurrence
transition of the persons with a fever based on the analysis
result and the prediction model (step $206). For example,
based on graphs shown in FIGS. 12A to 16C which will be
described later, which are analysis results, and the prediction
model stored by the prediction model storage unit 532, the
analysis unit 542 predicts an occurrence transition of the
persons with a fever. For example, the analysis unit 542
determines which one of the above increase models (1) to (4)
is coincident with and predicts an occurrence transition of
the persons with a fever.

[0159] Next, the control unit 54 determines whether or not
to end the operation of the monitoring device 50 (step S207).
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In a case where the control unit 54 ends the operation (step
S207: YES), the control unit 54 ends the operation. In
addition, in a case where the operation does not end (opera-
tion continues) (step S207: NO), the control unit 54 returns
the processing to step S201 and repeats the processing from
step S201 to step S207.

[0160] In this way, in the monitoring device 50, the
analysis unit 542 periodically analyzes and predicts an
occurrence transition of the persons with a fever.

[0161] The analysis unit 542 may output (notify) infor-
mation indicating that an abnormality has occurred, in
addition to predicting an occurrence transition, in a case
where an abnormality such as a rapid increase of persons
with a fever occurs. That is, the analysis unit 542 determines
that an abnormality occurs, for example, in a case where the
number of fever patients whose body temperature is 38° C.
or higher exceeds a predetermined number within a prede-
termined unit time, and may display a message indicating
that an abnormality has occurred on a display unit (not
shown), for example and output an alarm by sound, buzzer,
or the like.

[0162] Next, a specific example of the processing of the
analysis unit 542 will be described with reference to FIGS.
10 to 16C.

[0163] FIGS. 10 and 11 are diagrams showing an example
of analysis results of the monitoring system 100 according
to the present embodiment.

[0164] The example shown in FIG. 10 is a result of
aggregating, for example, the body temperature of the
monitored person in a measurement target area every 10
minutes from the time “10:00” on a certain day by the
analysis unit 542 based on the monitored person information
stored by the history information storage unit 531.

[0165] In addition, the example shown in FIG. 11 shows
an analysis result of aggregating the number of monitored
persons per body temperature and the increase rate (%) of
the persons whose body temperature is 38° C. or higher, for
example, in a population of 100 monitored persons by the
analysis unit 542 based on the aggregation result shown in
FIG. 10.

[0166] In the example shown in FIG. 11, the analysis unit
542 classifies “body temperature (° C.)” as “35 to 36” (35°
C. or higher and less than 36° C.), “36 to 377 (36° C. or
higher and less than 37° C.), “37 to 38" (37° C. or higher and
less than 38° C.), and “38 or higher” (38° C. or higher) at
each time and aggregates the number of persons thereof. In
addition, the analysis unit 542 calculates the increase rate of
the number of monitored persons classified as “38 or higher”
(38° C. or higher) at each time and aggregates the increase
rate as “increase rate (%).”

[0167] In the example shown in FIG. 11, at the time
“10:30”, the number of persons whose body temperature is
“38 or higher” (38° C. or higher) is “43” (43 persons), and
“Increase rate (%) is “42” (42%). In addition, at the time
“10:40”, the number of persons whose body temperature is
“38 or higher” (38° C. or higher) is “62” (62 persons), and
“Increase rate (%)” is “19” (19%). In the present embodi-
ment, the increase rate shows the ratio of how many people
have increased from a previous measurement time in the
population of 100 persons.

[0168] Next, the prediction of the occurrence transitions of

persons with a fever by the analysis unit 542 will be
described with reference to FIGS. 12A to 16C.
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[0169] FIGS. 12Ato 16C are diagrams showing examples
of state determination by the increase model in the present
embodiment.

[0170] Each of the diagrams of FIGS. 12A to 16C is a
result of a graph (graph of the number of fever patients over
time) drawn by the analysis unit 542 every 10 minutes from
the time “10:20” to the time “11:00” based on the analysis
result shown in FIG. 11. In addition, FIGS. 12A, 13A, 14A,
15A, and 16A show changes (hereinafter, referred to as a
change in the number of fever patients at a target time over
time) in the number of persons whose body temperature is
38° C. or higher two times in the past and the number of
persons whose body temperature is 38° C. or higher at a
target time in graphs. In addition, FIGS. 12B, 13B, 14B,
15B, and 16B show changes in the number of fever patients
at the target time over time and a comparison with the linear
approximation line, and FIGS. 12C, 13C, 14C, 15C, and
16C show changes in the number of fever patients at the
target time and a comparison with the polynomial approxi-
mation line.

[0171] Inthe graphs of FIGS. 12A to 16C, the vertical axis
shows the number of fever patients and the horizontal axis
shows time.

[0172] The examples shown in FIGS. 12A, 12B, and 12C
show graphs at time “10:20”, a waveform W10 shows the
number of fever patients at time “10:20” over time, a
waveform W11 shows the linear approximation line, and a
waveform W12 shows the polynomial approximation line.
In the example shown in FIGS. 12A, 12B, and 12C, in the
graphs of the number of fever patients over time, since there
1s little difference between the linear approximation line and
the polynomial approximation line and the increase rate of
fever patients is within 5%, the analysis unit 542 determines
that the state is the “normal state model”.

[0173] In addition, the examples shown in FIGS. 13A,
13B, and 13C show graphs at a time “10:30”, a waveform
W20 shows the number of fever patients at a time “10:30”
over time, a waveform W21 shows the linear approximation
line, and a waveform W22 shows the polynomial approxi-
mation line. In the examples shown in FIGS. 13A, 13B, and
13C, since the graphs may not approximate to either the
linear approximation line or the polynomial approximation
line, and the increase rate of the number of fever patients is
5% or more, the analysis unit 542 determines that the state
is the “increased occurrence model”.

[0174] In addition, the examples shown in FIGS. 14A,
14B, and 14C show graphs at a time “10:40”, a waveform
W30 shows the number of fever patients at a time “10:40”
over time, a waveform W31 shows the linear approximation
line, and a waveform W32 shows the polynomial approxi-
mation line. In the example shown in FIGS. 14A, 14B, and
14C, in a case where the graphs may more approximate to
the polynomial approximation line than the linear approxi-
mation line, since the increase rate of the number of fever
patients is more than 5%, the analysis unit 542 determines
that the state is the “incremental continuation model”.
[0175] In addition, the examples shown in FIGS. 15A,
15B, and 15C show graphs at time “10:50”, a waveform
W40 shows the number of fever patients at time “10:50”
over time, a waveform W41 shows the linear approximation
line, and a waveform W42 shows the polynomial approxi-
mation line. In the example shown in FIGS. 15A, 15B, and
15C, in a case where the graphs may more approximate to
the polynomial approximation line than the linear approxi-
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mation line, since the increase rate of the number of fever
patients is more than 5%, the analysis unit 542 determines
that the state is the “incremental continuation model”.
[0176] In addition, the examples shown in FIGS. 16A,
16B, and 16C show graphs at a time “11:00”, a waveform
W50 shows the number of fever patients at a time “11:00”
over time, a waveform W51 shows the linear approximation
line, and a waveform W52 shows the polynomial approxi-
mation line. In the examples shown in FIGS. 16A, 16B, and
16C, since the graphs may not approximate to either the
linear approximation line or the polynomial approximation
line, and the increase rate of the number of fever patients is
less than 5%, the analysis unit 542 determines that the state
is the “number of patients stabilization start model”.
[0177] In this way, in the monitoring device 50, the
analysis unit 542 compares a graph of the change of the
number of fever patients over time, which is an analysis
result, with each prediction model, thereby determining
what kind of state the occurrence of a fever patient is.
[0178] In the above-described example, an example in
which the analysis unit 542 uses fever information only has
been described, but by adding attribute information or
environment information, it is possible to make changes to
the determination of the state of occurrence. For example,
the analysis unit 542 may estimate (predict) that the number
of fever patient is in an early stage of occurrence in a case
where it is analyzed that a fever situation is distributed in
many young people based on the attribute information. In
addition, for example, even though there is a lot of fever in
some of the monitoring locations, in a case where there is a
little fever in the monitoring location where relatively young
people gathers, the analysis unit 542 may estimate (predict)
that the number of fever patients is not increasing.

[0179] In addition, for example, the analysis unit 542 may
estimate (predict) an increase rate of infection by determin-
ing the activity status of virus (for example, influenza, and
the like) from temperature and humidity which are the
environment information. For example, if conditions that
increase the risk of catching a disease are set in advance,
such as seasons and a case where temperature and humidity
are low, the analysis unit 542 may be utilized to create a
better prediction model.

[0180] Generally, in the case of influenza, in a case where
an air temperature is 10° C. or less, and relative humidity is
50% or less (for example, 15% to 40%) at room temperature,
the lower the inactivation rate of the virus, and the more days
the average relative humidity is 50% or less, the more the
infection is to occur. In addition, the more days the average
relative humidity is 60% or higher, the infection passes
lightly, and the analysis unit 542 may create a prediction
model with higher accuracy by including environment infor-
mation.

[0181] In this way, by adding rules that are empirically
derived from the past occurrence situations to the prediction
model, the monitoring device 50 may increase the accuracy
in predicting an occurrence transition of the persons with a
fever.

[0182] As explained above, the monitoring system 100
according to the present embodiment is a system including
the measuring device 1 and the monitoring device 50 that
measure the temperature distribution of at least the prede-
termined range (for example, a monitored area) based on
infrared light. The monitoring device 50 includes the infor-
mation acquisition unit 541 (an example of the acquisition
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unit) and the analysis unit 542. The information acquisition
unit 541 acquires fever information of the monitored person
indicating the fever state corresponding to the monitored
person extracted based on the image information of the
predetermined range detected on the basis of visible light,
and fever information of the monitored person obtained on
the basis of the temperature distribution measured by the
measuring device 1 in a time series. The analysis unit 542
analyzes the change in the number of persons with a fever
among the monitored persons based on the fever information
of the monitored persons acquired by the information acqui-
sition unit 541 in a time series and predicts an occurrence
transition of the persons with a fever based on the analysis
result.

[0183] In this way, the monitoring system 100 and the
monitoring device 50 according to the present embodiment
analyze the change in the number of persons with a fever and
predicts an occurrence transition of the persons with a fever
so that the monitoring person is able to grasp the situation of
a person with a fever more efficiently and takes counter-
measures.

[0184] In addition, for example, a case is considered,
where the monitoring device 50 is installed in a public
facility, an airport, a station, a school, a hospital, a shopping
mall, an office, a concert hall, and the like. In this case, for
example, by building big data connected to a high-speed
network and storing the occurrence situation of the fever
patients in a database in each monitoring device 50, in the
monitoring system 100 and the monitoring device 50
according to the present embodiment, it is possible to
identify fever patients in a real-time. In addition, in the
monitoring system 100 and the monitoring device 50
according to the present embodiment, it is possible for a
monitoring person to grasp the situation more efficiently and
take countermeasures, such monitoring the occurrence situ-
ation of a pandemic, calling attention, and the like.

[0185] In addition, in the present embodiment, the moni-
toring system 100 includes the attribute extraction unit 52
that extracts the monitored person based on image informa-
tion and extracts attribute information indicating the attri-
bute of the monitored person. The analysis unit 542 predicts
an occurrence transition of the persons with a fever based on
the fever information of the monitored persons and the
attribute information extracted by the attribute extraction
unit 52.

[0186] In this way, the monitoring system 100 according
to the present embodiment may create a more accurate
prediction model by adding the attribute information. There-
fore, the monitoring system 100 and the monitoring device
50 according to the present embodiment may increase the
accuracy in predicting an occurrence transition of the per-
sons with a fever.

[0187] In addition, in the present embodiment, the moni-
toring system 100 includes the environment detection unit
40 that detects environment information indicating informa-
tion on the environment of a place where the measuring
device 1 is measuring. The analysis unit 542 predicts an
occurrence transition of the persons with a fever based on
the fever information of the monitored persons and the
environment information detected by the environment
detection unit 40.

[0188] In this way, the monitoring system 100 according
to the present embodiment may create a more accurate
prediction model by adding the environment information.
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Therefore, the monitoring system 100 and the monitoring
device 50 according to the present embodiment may
increase the accuracy in predicting an occurrence transition
of the persons with a fever.

[0189] In addition, in the present embodiment, the mea-
suring device 1 includes the sensor unit 10 having the
thermopile unit 11 that detects the temperature of the object
based on the infrared light reflected from the object, and the
photodiode unit 12 that detects the image of the object based
on the visible light reflected from the object, on the same
substrate, and measures the temperature distribution and
measures the image information.

[0190] In this way, since the measuring device 1 may
detect the image of the object along with the temperature of
the object, in the monitoring system 100 according to the
present embodiment, it possible to accurately analyze the
characteristics of a monitored target person together with the
body temperature of the monitored target person. Therefore,
in the monitoring system 100 according to the present
embodiment, it is possible for the monitoring person to grasp
the situation of a person with a fever more efficiently and
take countermeasures.

[0191] Inaddition, in the present embodiment, the analysis
unit 542 predicts an occurrence transition of persons with a
fever based on the prediction model built based on the fever
information of the monitored persons in the past and the
change in the number of persons with a fever.

[0192] In this way, the monitoring system 100 and the
monitoring device 50 according to the present embodiment
may accurately predict an occurrence transition of persons
with a fever by the simple method using the prediction
model.

[0193] In addition, the monitoring method according to
the present embodiment includes a measurement step, an
acquisition step, and an analysis step. In the measurement
step, the measuring device 1 measures the temperature
distribution of at least the predetermined range based on
infrared light. In the acquisition step, the monitoring device
50 acquires fever information of the monitored person
indicating the fever state corresponding to the monitored
person extracted based on the image information of the
predetermined range detected on the basis of visible light,
and fever information of the monitored person obtained on
the basis of the temperature distribution measured by the
measurement step in a time series. In the analysis step, based
on the fever information of the monitored person acquired in
a time series in the acquisition step, the monitoring device
50 analyzes the change in the number of persons with a fever
among the monitored persons and predicts an occurrence
transition of the persons with a fever based on the analysis
result.

[0194] Inthis way, the monitoring method according to the
present embodiment analyzes the change in the number of
persons with a fever and predicts an occurrence transition of
the persons with a fever so that the monitoring person is able
to grasp the situation of a person with a fever more effi-
ciently and takes countermeasures.

[0195] In the above-described embodiment, an example in
which the monitoring device 50 includes the fever and heat
information generating unit 51 and the attribute extraction
unit 52 has been described, but the present invention is not
limited thereto. The monitoring device 50 may have one or
both of the fever and heat information generating unit 51 and
the attribute extraction unit 52. In addition, the control unit
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54 may include one or both of the fever and heat information
generating unit 51 and the attribute extraction unit 52.
[0196] Inaddition, in the above-described embodiment, an
example in which the monitoring system 100 includes the
environment detection unit 40 has been described, but the
monitoring system 100 may not include the environment
detection unit 40.

[0197] Inaddition, in the above-described embodiment, an
example in which the measuring device 1 and the environ-
ment detection unit 40 are directly connected to the moni-
toring device 50 has been described, but the measuring
device 1 and the environment detection unit 40 may be
connected to the monitoring device 50 via a network. In
addition, the measuring device 1 and the environment detec-
tion unit 40 may store the measurement information in a
server device on a network, and the monitoring device 50
may acquire the measurement information from the server
device.

[0198] Inaddition, in the above-described embodiment, an
example in which the prediction model is built in advance
has been described, but the analysis unit 542 may build the
prediction model based on the past measurement informa-
tion. In addition, in this case, the analysis unit 542 may
periodically rebuild (update) the prediction model. By peri-
odically rebuilding (updating) the prediction model, the
monitoring system 100 may improve prediction accuracy.
[0199] In addition, in the above embodiment, an example
in which the monitoring system 100 measures with the
measuring device 1 according to the first embodiment an
example has been described, but the present invention is not
limited thereto. For example, the monitoring system 100
may be the measuring device 1a according to the second
embodiment or may be configured such that different
devices measure temperature distribution and image infor-
mation.

Fourth Embodiment

[0200] Next, a livestock monitoring system according to a
fourth embodiment will be described with reference to the
drawing.

[0201] In the present embodiment, as an application
embodiment of the monitoring system 100 according to the
third embodiment, an example of applying the monitoring
system 100 to the livestock monitoring system will be
described.

[0202] In the egg producers of the related art, in order to
be able to efliciently produce a large number of eggs, a large
number of cages constituting a poultry house are arranged in
multiple sites so that a large number of chickens can be
raised within a limited space. In a cage, several chickens are
kept and bred. In addition, in order to reduce costs, auto-
matic feeding devices are disposed in the poultry house.
[0203] However, thanks to the progress of automation, it
1s possible to minimize the frequency that workers or the like
enter the poultry house, but inconvenience also exists. In
each cage, several chickens are bred, but when even one of
these chickens dies in the poultry house in the related art, the
environment inside the cage may not be preferable for
breeding.

[0204] Specifically, a case where the environment is pol-
luted due to the corruption of carcasses, and the carcass has
infectious bacteria leads to the spread of infectious diseases.
In particular, in the case of modern poultry houses, since the
opportunities for workers or the like to enter a poultry house
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are significantly reduced, the discovery of the dead chickens
is delayed and the environmental pollution inside the cage
may be advanced.

[0205] In order to solve such inconvenience of the poultry
house in the related art, the workers or the like should
constantly look around inside the poultry house and monitor
whether there are any dead chickens, but monitoring by such
workers or the like causes an increase in personnel expenses
and causes a cost increase. In addition, in the case of
monitoring cameras like those used in general security
systems are installed and these monitoring camera monitors
whether there are any dead chickens, it is possible to
determine whether there is a dead chicken, but it is difficult
to grasp signs such as fever.

[0206] As described above, in order to solve the problems
of the poultry houses in the related art, in the present
embodiment, as shown in FIG. 17, the above-described
monitoring system 100 is applied to a temperature monitor-
ing device including a livestock monitoring system 500.
[0207] FIG. 17 is a functional block diagram showing an
example of the livestock monitoring system 500 according
to the present embodiment.

[0208] As shown in FIG. 17, the livestock monitoring
system 500 includes a database unit 501, a personal com-
puter 502, a mobile information terminal 503, and a tem-
perature monitoring device for monitoring a plurality of
cages.

[0209] The livestock monitoring system 500 includes a
plurality of temperature monitoring devices, and an arbitrary
temperature monitoring device to which the above-de-
scribed monitoring system 100 is applied and included in the
livestock monitoring system 500 will be described as the
temperature monitoring device 100. In addition, in the
present embodiment, an arbitrary cage of the livestock
monitoring system 500 will be described as a cage CG.
[0210] The database unit 501 stores various measurement
information measured by each of the temperature monitor-
ing devices 100, a monitoring result, a prediction result, and
the like.

[0211] The personal computer 502 and the mobile infor-
mation terminal 503 are connectable to the database unit 501
and display various measurement information stored in the
database unit 501, the monitoring result, the prediction
result, and the like. By using the personal computer 502 or
the mobile information terminal 503, an operator can check
various types of measurement information in a poultry farm,
the monitoring result, the prediction result, and the like.
[0212] The livestock monitoring system 500 is a system
that monitors livestock raised at multiple sites, and as a
specific example, the temperature monitoring device 100 in
a poultry farm will be described.

[0213] In the temperature monitoring device 100, a plu-
rality of measuring devices 1 (1a) and environment detec-
tion units 40 shown in FIG. 8 are disposed in each cage CG
so that the entire cage CG can be monitored.

[0214] In the present embodiment, the measuring device 1
(1a) measures a temperature distribution of at least the
predetermined range (within the cage CG which is a moni-
tored area) based on infrared light and detects image infor-
mation of the predetermined range (a monitored area) based
on visible light.

[0215] Inthe present embodiment, the environment detec-
tion unit 40 outputs environment information such as a
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temperature, humidity, location information, and the like of
the monitored area measured by the measuring device 1 to
the monitoring device 50.

[0216] In the present embodiment, based on the informa-
tion (for example, image information, a temperature distri-
bution, environment information, and the like) output from
the measuring device 1 (la) and the environment detection
unit 40 installed at each monitoring location, the monitoring
device 50 analyzes a change in the number of individuals
with a fever and behavior patterns and predicts an occur-
rence transition of a livestock disease based on the analysis
result. In the present embodiment, chickens (birds) are an
example of livestock and are examples of monitored objects
(monitored subjects).

[0217] For example, the monitoring device 50 predicts an
occurrence transition of a disease such as avian influenza
due to an abnormality in the coat state of chickens, loss of
energy, loss of appetite, and the like.

[0218] (Example of Prediction Method)

[0219] As shown in FIG. 8, the monitoring device 50 in
the present embodiment includes the fever and heat infor-
mation generating unit 51, the attribute extraction unit 52,
the storage unit 53, and the control unit 54.

[0220] Based on the image information of the predeter-
mined range detected on the basis of visible light, the fever
and heat information generating unit 51 extracts a monitored
subject using existing techniques such as pattern recognition
and generates a fever state corresponding to the monitored
subject based on the temperature distribution output by the
measuring device 1 (1a).

[0221] In this way, the fever and heat information gener-
ating unit 51 periodically acquires the image information
and the temperature distribution from the measuring device
1 and generates fever information of the monitored subject
based on the acquired image information and the tempera-
ture distribution. In addition, for example, the fever and heat
information generating unit 51 outputs the generated fever
generation information of the monitored subject, identifica-
tion information of the monitored subject, and detection
time to the control unit 54, for example. Here, the identifi-
cation information is information obtained by identifying
individuals by extracting marks for individual recognition
attached to the monitored subject by image processing.

[0222] Based on the image information, the attribute
extraction unit 52 extracts the monitored subject and extracts
attribute information indicating the attribute of the moni-
tored subject. The attribute information is information such
as a body length, weight, coat state, detection position, and
the like. From the image information output by the measur-
ing device 1, the attribute extraction unit 52 estimates the
body length and the body weight of the monitored subject
using existing techniques such as pattern recognition,
extracts a position at which the monitored subject is recog-
nized, and outputs the extracted position, the identification
information of the monitored subject, and the detection time
in association with each other to the control unit 54.

[0223] The storage unit 53 stores information used for
various processes of the monitoring device 50. The storage
unit 53 includes the history information storage unit 531 and
the prediction model storage unit 532.

[0224] The history information storage unit 531 stores
monitored subject information in which the identification

Apr. 26,2018

information, attribute information, and fever information of
the monitored subject are associated with each other for each
monitored area.

[0225] The prediction model storage unit 532 stores a
prediction model that is the basis of rules and determination
criteria used by an analysis unit 542 of the control unit 54 to
predict an occurrence transition of the hospital. The predic-
tion model is assumed to have been built in advance based
on the fever information of the monitored subjects in the
past.

[0226] Here, a specific example of the prediction model
will be described below.

[0227] In the prediction model on the fever of measured
individuals, first, an individual showing a value higher than
a predetermined temperature is extracted from the fever
information of the monitored subject information, the his-
tory of attribute information is next examined for the
extracted individual, and it is determined whether or not
there is a problem in a fever.

[0228] In the prediction model, the following points are
considered as determination information.

[0229] (1) If the detection position seems to be moving
frequently, the increase in a body temperature due to the
movement can be considered as a cause of a fever abnor-
mality.

[0230] (2) It may be determined that there is no loss of
appetite in a case where the detection positions are many in
a feeding area.

[0231] (3) It is determined whether or not there is a
problem also from increase and decrease of a body length
and body weight or a coat state obtained from the image
information.

[0232] From the above determination information, a prob-
lematic fever population number is investigated, and an
increase model as the above-described third embodiment is
created as the prediction model.

[0233] By analyzing based on the built prediction model
and environment information such as a temperature and
humidity of the environment, the analysis unit 542 of the
control unit 54 makes it possible to identify a chicken that
is having a fever in real time and predict an occurrence
situation of the fever. In this way, in the livestock monitoring
system 500 according to the present embodiment, it is
possible for a monitoring person to grasp the situation more
efficiently and take countermeasures, such monitoring the
occurrence situation of the disease, calling attention, and the
like and devise an efficient infection prevention plan. Here,
the infection prevention plan is to take countermeasures
such as moving or quarantining the cage CG that is predicted
to be installed in a region where there are many affected
chickens (birds) and risk of catching a disease is high.
[0234] Inthe above-described embodiment, as an example
in which the livestock monitoring system 500 is applied to
chickens, but the present invention is not limited thereto and
may be applied to other domestic animals such as pigs and
cattle.

Fifth Embodiment

[0235] Next, a plant monitoring system according to a fifth
embodiment will be described with reference to the drawing.
[0236] In the present embodiment, as an application
embodiment of the monitoring system 100 according to the
third embodiment, an example of applying the monitoring
system 100 to the plant monitoring system will be described.
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[0237] In the related art, heating has always occurred in
production facilities such as a plant facility, a power facility,
and the like, and it was difficult to find a facility abnormality
only by simple temperature monitoring. For example, in a
case where high-temperature gas leaks out of a pipe and
flows along the outside of the pipe, it is indistinguishable the
leak from the temperature of the gas flowing in the pipe.
[0238] In order to solve the problem of the production
facilities in the related art as described above, in the present
embodiment, as shown in FIG. 18, the above-described
monitoring system 100 is applied to a temperature monitor-
ing device included in a plant monitoring system 500a. In
the present embodiment, characteristics that can simultane-
ously detect visible light and infrared light are used.
[0239] FIG. 18 is a functional block diagram showing an
example of the plant monitoring system 500a according to
the present embodiment.

[0240] As shown in FIG. 18, the plant monitoring system
500¢ includes the database unit 501, the personal computer
502, the mobile information terminal 503, and a temperature
monitoring device that monitors plant facilities.

[0241] In FIG. 18, the same components as those in FIG.
17 are denoted by the same reference numerals, and the
description thereof will be omitted here.

[0242] The plant monitoring system 500« includes a plu-
rality of temperature monitoring devices, an arbitrary tem-
perature monitoring device to which the above-described
monitoring system 100 is applied and included in the plant
monitoring system 500 will be described as the temperature
monitoring device (100). In addition, in the present embodi-
ment, an arbitrary plant facility included the plant monitor-
ing system 500a will be described a plant facility PH. Here,
the plant facility PH includes plants, piping, electric power
equipment and the like.

[0243] The plant monitoring system 500a is a system that
monitors a large number of plant facilities PH, and as a
specific example, the temperature monitoring device 100 in
a plant will be described.

[0244] The temperature monitoring device 100 is config-
ured to include, for example, a monitoring camera device, a
central monitoring device, an information transmitting and
receiving device, and the like, and may monitor temperature
information in a plurality of monitored areas in real time and
utilize a prediction model to efficiently manage the facilities.
[0245] In the present embodiment, a plurality of measur-
ing device 1 (1@) and environment detection units 40 are
disposed so as to monitor places where an occurrence of the
facility abnormality is predicted.

[0246] In the present embodiment, the measuring device 1
(la) measures a temperature distribution of at least the
predetermined range (the plant facility PH which is a
monitored area) based on infrared light and detects image
information of the predetermined range (a monitored area)
based on visible light.

[0247] In the present embodiment, the environment detec-
tion unit 40 outputs environment information such as a
temperature, humidity, location information, and the like of
the monitored area measured by the measuring device 1 to
the monitoring device 50.

[0248] In the present embodiment, based on the informa-
tion (for example, image information, a temperature distri-
bution, environment information, and the like) output from
the measuring device 1 (1a) and the environment detection
unit 40 installed at each monitoring location, the monitoring
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device 50 analyzes a change in the number of heating places
and heating patterns and predicts an occurrence transition of
the facility abnormality based on the analysis result.
[0249] (Example of Prediction Method)

[0250] Based on the image information of the predeter-
mined range detected on the basis of visible light, the fever
and heat information generating unit 51 in the present
embodiment extracts a change point of the monitored place
using existing techniques such as pattern recognition and
generates a heating state corresponding to the change point
based on the temperature distribution output by the measur-
ing device 1.

[0251] In this way, the fever and heat information gener-
ating unit 51 periodically acquires the image information
and the temperature distribution from the measuring device
1 and generates heat information of the monitored place
based on the acquired image information and the tempera-
ture distribution. In addition, the fever and heat information
generating unit 51 outputs the generated heat information of
the monitored place, the identification information of the
monitored place, and detection time in association with each
other to the control unit 54. Here, the identification infor-
mation is information preset at a location where the mea-
suring device 1 (1a) is installed.

[0252] The attribute extraction unit 52 extracts attribute
information indicating attributes of the monitored place
based on the image information. Here, the attribute infor-
mation is change information of the monitored place. The
attribute extraction unit 52 extracts a change of the moni-
tored place from the image information output by the
measuring device 1 (1a) by using existing techniques such
as pattern recognition and outputs the extracted change,
identification information of the monitored place, and detec-
tion time in association with each other to the control unit
54.

[0253] The storage unit 53 stores information used for
various processing of the monitoring device 50. The storage
unit 53 includes the history information storage unit 531 and
the prediction model storage unit 532.

[0254] The history information storage unit 531 stores
monitored subject information in which the identification
information, attribute information, and fever information of
the monitored subject are associated with each other for each
monitored area.

[0255] Inthe prediction model on the heat of the measured
place, a place of the abnormal temperature is detected from
the heat information and the attribute information in the
monitored subject information.

[0256] In the prediction model, the following points are
considered as determination information.

[0257] (1) Heat generation information and attribute infor-
mation are superimposed, and if there is a point where there
is no change in the image, it is determined to be normal heat
generation.

[0258] (2) The heat information and the attribute informa-
tion are superimposed, and if there is heat information in a
place where there is no facility, it is determined to be
abnormal.

[0259] Inthe present embodiment, the analysis unit 542 of
the control unit 54 determines a place of an abnormal
temperature based on such determination information.
[0260] By the above determination, in the plant monitor-
ing system 500a according to the present embodiment, it is
possible to distinguish between heat generation due to a
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normal operation and abnormal heat generation and detect
micro gas convection and the like due to gas leakage from
the plant facility PH although the gas convection is not an
abnormal temperature. In addition, the plant monitoring
system 500a according to the present embodiment may
improve the accuracy of infrared light measurement using a
simultaneous acquisition function of visible light and infra-
red light.

[0261] In infrared sensors, generally, the maximum mea-
sured distance is determined by a desired target spot size. In
the present embodiment, for example, to avoid erroneous
measurement values, as shown in FIG. 19, the sensor unit 10
(10a) measures by combining the target spot size and a focal
distance with the object with visible light so as to completely
fill the field of view of a radiation thermometer’s view. In
this way, the plant monitoring system 500a according to the
present embodiment may improve the accuracy of infrared
light measurement.

[0262] FIG. 19 is a diagram for explaining a relationship
between a spot size of the sensor unit 10 (10a) and a
measured distance.

[0263] In the example shown in FIG. 19, in a case where
the sensor unit 10 (10a¢) and a measurement target are
separated by a distance L1, since a spot size S1 is smaller
than the size of the measurement target, the sensor unit 10
(10@) may accurately measure the temperature of the mea-
surement target. In addition, in a case where the sensor unit
10 (10a) and a measurement target are separated by a
distance 1.2, since a spot size S2 is almost equal to the size
of the measurement target, the sensor unit 10 (10a) may
accurately measure the temperature of the measurement
target. This distance L2 is the maximum measured distance
in the setting of the spot.

[0264] Inaddition, in a case where the sensor unit 10 (104a)
and the measurement target are separated by a distance 1.3,
since a spot size S3 is larger than the size of the measure-
ment target, the accuracy of measuring the temperature of
the measurement target in the sensor unit 10 (10a) decreases.

[0265] In this way, in the plant monitoring system 500a
according to the present embodiment, it is possible to
improve the accuracy of temperature measurement by mea-
suring by combining the target spot size and the focal
distance with the object with visible light so as to completely
fill the field of view of the radiation thermometer’s view.

[0266] In addition, the sensor unit 10 (10a) may simulta-
neously acquire a temperature distribution by infrared light
and image information of obstacles and the like existing
within the field of view of infrared light by visible light. That
is, the sensor unit 10 (10a) may simultaneously acquire an
object that blocks a field of view that interferes with mea-
surement or fine particles such as smoke, fog, dust, and the
like as image information with visible light. In addition, the
sensor unit 10 (10a) may also acquire lens contamination
and like as image information with visible light.

[0267] From these facts, in the plant monitoring system
500a according to the present embodiment, since the tem-
perature distribution of infrared light and the image infor-
mation by visible light can be obtained simultaneously, it is
possible to distinguish whether the measurement error is
caused by a sensor (caused by the thermopile unit 11) or a
lens.
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Sixth Embodiment

[0268] Next, the fire monitoring system according to a
sixth embodiment will be described with reference to the
drawing.

[0269] In the present embodiment, as an application
embodiment of the monitoring system 100 according to the
third embodiment, an example of applying the monitoring
system 100 to a fire monitoring system will be described.
[0270] Detection of an occurrence of a fire can also be
done with the monitoring system in the related art, and it is
easy to prepare a method of evacuation guidance in advance
if a fire occurs in one place. However, in a case where a fire
occurs at another site due to an earthquake or the like,
evacuation guidance methods differ depending on the con-
gestion degree of the people at the site.

[0271] In order to solve the problem of the monitoring
system in the related art as described above, in the present
embodiment, as shown in FIG. 20, the above-described
monitoring system 100 is applied to a temperature monitor-
ing device included in a fire monitoring system 5005. In the
fire monitoring system 50050 according to the present
embodiment, a plurality of measuring devices 1 (1a) and the
environment detection unit 40 shown in FIG. 8 are disposed
so that each site can be monitored.

[0272] FIG. 20 is a functional block diagram showing an
example of the fire monitoring system 5005 according to the
present embodiment.

[0273] As shown in FIG. 20, the fire monitoring system
5004 includes the database unit 501, the personal computer
502, the mobile information terminal 503, and a temperature
monitoring device for monitoring plant facility. The fire
monitoring system 5005 is, for example, a system that
monitors multiple sites such as station premises, large stores,
public cultural facilities, and the like.

[0274] InFIG. 20, the same components as those in FIGS.
17 and 18 are denoted by the same reference numerals, and
the description thereof will be omitted here.

[0275] The fire monitoring system 5005 includes a plu-
rality of temperature monitoring devices, and an arbitrary
temperature monitoring device to which the above-de-
scribed monitoring system 100 is applied and included in the
fire monitoring system 5005 will be described as the tem-
perature monitoring device 100. In addition, in the present
embodiment, an arbitrary monitored area included in the fire
monitoring system 5005 will be described as a monitored
area PA. Here, the monitored area PA includes monitoring
areas such as station premises, large stores, large facilities,
public cultural facilities, and the like.

[0276] In the present embodiment, the measuring device 1
(1a) and the environment detection unit 40 are disposed so
as to monitor an accommodation place of a site in the
monitored area PA.

[0277] Inthe present embodiment, the measuring device 1
(1a) measures a temperature distribution of at least the
predetermined range (for example, a main place of the site
in the monitored area PA) based on infrared light and detects
image information of the predetermined range (the moni-
tored area PA) based on visible light.

[0278] Inthe present embodiment, the environment detec-
tion unit 40 outputs environment information such as a
temperature, humidity, wind direction, wind power, location
information, and the like of the monitored area PA measured
by the measuring device 1 to the monitoring device 50.
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[0279] In the present embodiment, based on the informa-
tion (for example, image information, a temperature distri-
bution, environment information, and the like) output from
the measuring device 1 (1a) and the environment detection
unit 40 installed at each monitoring location, the monitoring
device 50 analyzes the congestion degree of people and the
expansion pattern of a fire and predicts evacuation routes,
safety situation transition of evacuation destinations based
on the analysis result.

[0280] (Example of Prediction Method)

[0281] The monitoring device 50 in the present embodi-
ment includes the fever and heat information generating unit
51, the attribute extraction unit 52, the storage unit 53, and
the control unit 54.

[0282] Based on the image information of the predeter-
mined range detected on the basis of visible light, the fever
and heat information generating unit 51 extracts the con-
gestion degree of the monitored place using existing tech-
niques such as pattern recognition and generates a fire
heating state corresponding to the monitored place based on
the temperature distribution output by the measuring device
1 (1a).

[0283] In this way, the fever and heat information gener-
ating unit 51 periodically acquires the image information
and the temperature distribution from the measuring device
1 and generates heat information of the monitored place
based on the acquired image information and the tempera-
ture distribution. In addition, for example, the fever and heat
information generating unit 51 outputs heat information of
the monitored place to be monitored, identification infor-
mation of the monitored subject, and detection time to the
control unit 54, for example. Here, the identification infor-
mation is recognition information attached to the monitored
place.

[0284] Based on the image information, the attribute
extraction unit 52 extracts the congestion degree of the
monitored place and extracts the attribute information. Here,
the attribute information is information such as proportions
of children and adults, proportions of males and females,
which can be determined from human distribution, body
length or physical characteristics. In addition, the attribute
extraction unit 52 extracts attribute information from the
image information output by the measuring device 1 by
using existing techniques such as pattern recognition and
outputs the extracted attribute information, identification
information of the monitored place, and detection time in
association with each other to the control unit 54. The
storage unit 53 stores information used for various process-
ing of the monitoring device 50.

[0285] The storage unit 53 includes the history informa-
tion storage unit 531 and the prediction model storage unit
532.

[0286] The history information storage unit 531 stores
monitored subject information in which the identification
information, attribute information, and fever information of
the monitored place are associated with each other for each
monitored area.

[0287] The prediction model storage unit 532 stores a
prediction model that is the basis of rules and determination
criteria used by an analysis unit 542 of the control unit 54 to
predict an occurrence transition of a fire. It is assumed that
the prediction model according to the present embodiment is
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built in advance by simulation based on the congestion
degree of the past monitored places and fire occurrence
prediction.

[0288] Here, various results can be conceived from simu-
lation results depending on the data of a building situation,
congestion degree, fire extinguishing equipment status, and
the like. Therefore, a description of a specific example of the
prediction model will be omitted here.

[0289] 1In a case where the analysis unit 542 of the control
unit 54 detects heat information, similarly to the above-
described third embodiment, by analyzing based on the built
prediction model and environment information such as a
temperature and humidity of the environment, it is possible
to identify a place which is generating heat in real time and
predict an occurrence transition. In this way, in the fire
monitoring system 5005 according to the present embodi-
ment makes it possible for the monitoring person to grasp
the situation more efficiently, to take countermeasures such
as calling attention to evacuation, and to devise an efficient
evacuation plan.

[0290] According to the above-described embodiment, the
monitoring system 100 is a system including at least the
measuring device 1 (1a) that measures a temperature distri-
bution based on infrared light and the monitoring device 50
that measures image information based on visible light. The
monitoring device 50 includes, for example, the information
acquisition unit 541 and the analysis unit 542. The infor-
mation acquisition unit 541 acquires attribute information of
a monitored target extracted based on the image information
and fever information of the monitored target from the
temperature distribution in a time series. The analysis unit
542 analyzes the change of attribute information and fever
information and predicts the transition of the fever informa-
tion based on information on the analysis result.

[0291] Inthis way, the monitoring system 100 analyzes the
change of the fever information and predicts the transition of
the fever information so that the monitoring person may
grasp the situation of a person with a fever more efficiently
and take countermeasures.

[0292] In addition, according to the above-described
embodiment, the monitoring system 100 is a system includ-
ing at least the measuring device 1 (la) that measures a
temperature distribution based on infrared light and the
monitoring device 50 that measures image information
based on visible light. The monitoring device 50 includes,
for example, the information acquisition unit 541 and the
analysis unit 542. The information acquisition unit 541
acquires attribute information of a monitored person
extracted based on the image information and fever infor-
mation of the monitored person from the temperature dis-
tribution in a time series. The analysis unit 542 analyzes the
change of attribute information and fever information and
predicts an occurrence transition of the persons with a fever
based on the analysis result.

[0293] In this way, the monitoring system 100 predicts an
occurrence transition of the persons with a fever so that the
monitoring person may grasp the situation of a person with
a fever more efficiently and take countermeasures.

[0294] In addition, according to the above-described
embodiment, the monitoring system 100 includes the envi-
ronment detection unit 40 which detects environment infor-
mation indicating information on the environment of a place
where the measuring device 1 (1a) is measuring. Then, the
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analysis unit 542 makes a prediction based on the informa-
tion to which the environment information is further added.
[0295] In this way, the monitoring system 100 may create
amore accurate prediction model by adding the environment
information.

[0296] In addition, according to the above-described
embodiment, the monitoring device 50 simultaneously
acquires attribute information corresponding to a monitored
target extracted based on image information detected on the
basis of visible light and fever information of the monitored
target obtained based on a temperature distribution mea-
sured on the basis of infrared light.

[0297] In this way, the monitoring device 50 may analyze
the change of the attribute information and the fever infor-
mation and appropriately predict the transition of the fever
information.

[0298] In addition, according to the above-described
embodiment, the monitoring method includes a measure-
ment step, an acquisition step, and an analysis step. In the
measurement step, the measuring device 1 (1a) simultane-
ously measures at least a temperature distribution of a
predetermined range based on infrared light, and image
information detected based on visible light. In the acquisi-
tion step, the monitoring device 50 acquires fever informa-
tion and attribute information of a monitored target obtained
based on the temperature distribution and the image infor-
mation measured by the measurement step in a time series.
In the analysis step, the monitoring device 50 analyzes a
change in a fever situation among the monitored targets
based on the fever information and the attribute information
of the monitored target acquired by the acquisition step and
predicting an occurrence transition of the fever situation
based on the analysis result.

[0299] In this way, the monitoring method analyzes the
change of the fever situation and predicts an occurrence
transition of the fever situation so that the monitoring person
may grasp the fever situation more efficiently and take
countermeasures.

[0300] The present invention is not limited to each of the
above-described embodiments and may be modified within
a range not departing from the gist of the present invention.
[0301] The above-described monitoring system 100
includes a computer system therein. Then, processing in
each configuration of the above-described monitoring sys-
tem 100 may be performed by recording a program for
realizing the functions of each configuration of the above-
described monitoring system 100 on a computer-readable
recording medium, causing a computer system to read the
program recorded on the recording medium and execute the
program. The “computer system” referred to here is a
computer system built in the monitoring system 100 and
includes hardware such as an OS and peripheral devices. In
addition, the “computer-readable recording medium” refers
to a storage medium such as a flexible disk, a magneto-
optical disk, a portable medium such as a ROM or a
CD-ROM, or a hard disk built in the computer system.
Furthermore, the “computer-readable recording medium”
may include a medium that dynamically holds a program for
a short period of time, such as a communication line in the
case of transmitting a program via a network such as the
Internet or a communication line such as a telephone line,
and a medium that holds a program for a certain period of
time, such as a volatile memory inside a computer system
serving as a server or a client in that case. Further, the
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above-described program may be a program for realizing a
part of the above-described functions, or may be realized by
combining the above-mentioned function with a program
already recorded in the computer system.

[0302] In addition, some or all of the above-described
functions may be realized as an integrated circuit of large
scale integration (LSI) or the like. Each of the above-
described functions may be individually realized as a pro-
cessot, or a part or the whole thereof may be integrated into
a processor. In addition, the integrated circuit method is not
limited to LSI, but may be realized by a dedicated circuit or
a general-purpose processor. In addition, in a case where an
integrated circuit technology to replace the LSI emerges as
a result of advances in semiconductor technology, the inte-
grated circuit by the technique may be used.

[0303] The present invention may also be implemented in
the following aspect.

[0304] (1) A monitoring system including a measuring
device that measures a temperature distribution of at least a
predetermined range based on infrared light, and a moni-
toring device, in which the monitoring device includes: an
acquisition unit that acquires fever information of a moni-
tored person indicating a fever state corresponding to the
monitored person extracted based on the image information
of the predetermined range detected on the basis of visible
light, and fever information of the monitored person
obtained on the basis of a temperature distribution measured
by the measuring device in a time series; and an analysis unit
that analyzes a change in the number of persons with a fever
among the monitored persons based on the fever information
of the monitored persons acquired by the acquisition unit in
a time series and predicts an occurrence transition of the
persons with a fever based on the analysis result.

[0305] (2) The monitoring system according to (1) includ-
ing an attribute extraction unit that extracts the monitored
person based on the image information and extracts attribute
information indicating an attribute of the monitored person,
in which the analysis unit predicts an occurrence transition
of the persons with a fever based on the fever information of
the monitored person and the attribute information extracted
by the attribute extraction unit.

[0306] (3) The monitoring system according to (1) or (2)
including an environment detection unit that detects envi-
ronment information indicating information on the environ-
ment of a place where the measuring device is measuring, in
which the analysis unit predicts an occurrence transition of
the persons with a fever based on the fever information of
the monitored persons and the environment information
detected by the environment detection unit.

[0307] (4) The monitoring system according to any of (1)
to (3) including an integrated circuit having a first detection
element that detects the temperature of the object based on
infrared light reflected from the object and a second detec-
tion element that detects an image of the object based on
visible light reflected from the object on the same substrate
that measures the temperature distribution and measures the
image information.

[0308] (5) The monitoring system according to any of (1)
to (4), in which the analysis unit predicts an occurrence
transition of the persons with a fever based on a prediction
model built on the basis of the fever information of the
monitored persons in the past and the change in the number
of persons with a fever.
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[0309] (6) A monitoring device in which the monitoring
device includes: an acquisition unit that acquires fever
information of a monitored person indicating a fever state
corresponding to the monitored person extracted based on
the image information of a predetermined range detected on
the basis of visible light, and fever information of the
monitored person obtained on the basis of a temperature
distribution measured by the measuring device that mea-
sures at least the temperature distribution of the predeter-
mined range based on infrared light in a time series; and an
analysis unit that analyzes a change in the number of persons
with a fever among the monitored persons based on the fever
information of the monitored persons acquired by the acqui-
sition unit in a time series and predicts an occurrence
transition of the persons with a fever based on the analysis
result.

[0310] (7) A monitoring method including a measurement
step of measuring a temperature distribution of at least a
predetermined range based on infrared light by a measuring
device, an acquisition step of acquiring fever information of
a monitored person indicating a fever state corresponding to
the monitored person extracted based on the image infor-
mation of the predetermined range detected on the basis of
visible light, and fever information of the monitored person
obtained on the basis of a temperature distribution measured
by the measurement step in a time series; and an analysis
step of analyzing a change in the number of persons with a
fever among the monitored persons based on the fever
information of the monitored persons acquired by the moni-
toring device in the acquisition step in a time series and
predicts an occurrence transition of the persons with the
fever based on the analysis result.

REFERENCE SIGNS LIST

[0311] 1, 1a, 1-1, 1-2 measuring device

[0312] 10, 10a sensor unit

[0313] 11 thermopile unit

[0314] 12, 12-1, 12-2, 12-3, 12-4 photodiode unit
[0315] 12R red photodiode unit

[0316] 12G green photodiode unit

[0317] 12B blue photodiode unit

[0318] 13 transistor

[0319] 14 image correction unit

[0320] 20 optical system

[0321] 21, 23 lens

[0322] 22 digital mirror device

[0323] 30, 54 control unit

[0324] 31 measurement control unit

[0325] 32 reflectance generating unit

[0326] 33 output processing unit

[0327] 40, 40-1, 40-2 environment detection unit
[0328] 50 monitoring device

[0329] 51 fever and heat information generating unit
[0330] 52 attribute extraction unit

[0331] 53 storage unit

[0332] 100 monitoring system (the temperature moni-

toring device)

[0333] 111 thermopile

[0334] 112 cavity

[0335] 113 heat sink portion
[0336] 121 microlens

[0337] 122 color filter

[0338] 123 light shielding film
[0339] 124 photodiode
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[0340] 125 polysilicon

[0341] 131 source portion

[0342] 132 drain portion

[0343] 133 gate portion

[0344] 500 livestock monitoring system
[0345] 5004 plant monitoring system
[0346] 5005 fire monitoring system
[0347] 501 database unit

[0348] 502 personal computer

[0349] 503 mobile information terminal
[0350] 531 history information storage unit
[0351] 532 prediction model storage unit
[0352] 541 information acquisition unit
[0353] 542 analysis unit

[0354] CG cage

[0355] P1, P2 monitoring location
[0356] PH plant facility

[0357] PA monitored area

[0358] WF semiconductor substrate

1. A monitoring system at least comprising:
a measuring device that measures a temperature distribu-
tion based on infrared light; and
a monitoring device that measures image information
based on visible light,
wherein the monitoring device includes
an acquisition unit that acquires attribute information of
a monitored target extracted based on the image
information and fever information of the monitored
target from the temperature distribution in a time
series, and
an analysis unit that analyzes the attribute information
and a change of the fever information and predicts a
transition of the fever information based on the
analysis result.
2-3. (canceled)
4. The monitoring system according to claim 1, the

monitoring system further comprising

an environment detection unit that detects environment
information indicating information on an environment
of a place where the measuring device is measuring,

wherein the analysis unit performs the prediction based on
the information to which the environment information
is further added.

5. The monitoring system according to claim 1,

wherein the measuring device includes an integrated
circuit having a first detection element that detects a
temperature of an object based on infrared light
reflected from the object, and a second detection ele-
ment that detects an image of the object based on
visible light reflected from the object, on the same
substrate, and measures the temperature distribution
and the image information.

6. (canceled)

7. A monitoring method comprising:

simultaneously measuring a temperature distribution of at
least a predetermined range based on infrared light and
image information detected based on visible light;

acquiring fever information and attribute information of a
monitored target obtained based on the temperature
distribution and the image information measured in the
measuring in a time series; and
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analyzing a change in a fever situation among monitored
targets based on the fever information and the attribute
information of the monitored target acquired in the
acquiring and predicting an occurrence transition of the
fever situation based on the analysis result.
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