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USEFUL INFORMATION PRESENTATION
DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a useful informa-
tion presentation device.

BACKGROUND ART

[0002] In the prior art, data detected by electroencepha-
lography (EEG), functional magnetic resonance imaging
(fMRI), and near infrared spectroscopy (NIRS) has been
used for human health management. An example thereof is
the technology described in Patent Document 1 (Japanese
Unexamined Patent Application Publication No. 2013-
176406).

SUMMARY OF THE INVENTION

Technical Problems

[0003] However, there are problems with these methods.
For example, preparation work such as pretreating the
electrodes before application to the subject is complicated,
measuring must be carried out in a prescribed measurement
room, and tremendous costs are involved. These problems
has led a situation in which useful information related to
emotional and physical states cannot be obtained easily.

[0004] An object of the present invention is to provide a
useful information presentation device whereby useful infor-
mation related to health management can be easily obtained.

Solutions to the Problems

[0005] A useful information presentation device according
to a first aspect of the present invention includes facial skin
temperature acquisition means and/or facial blood circula-
tion volume acquisition means, brain activity estimation
means, and useful information presentation means. The
facial skin temperature acquisition means acquire facial skin
temperature data in time-series. The facial skin temperature
data includes skin temperature data detected from the facial
surface of the subject and position data of the detection site
of the skin temperature data. The facial blood circulation
volume acquisition means acquire facial blood circulation
volume data in time-series. Photographic image data of the
facial surface of the subject is captured in time-series and
subjected to RGB processing. The facial blood circulation
volume data is acquired on the basis of RGB data, of the
photographic image data, obtained from the RGB process-
ing. A plurality of components is obtained by decomposing
the facial skin temperature data and/or the facial blood
circulation volume data by singular value decomposition,
principal component analysis, or independent component
analysis. The brain activity estimation means estimate the
brain activity of the subject on the basis of this plurality of
components. The useful information presentation means
present useful information related to an emotional or physi-
cal state on the basis of the brain activity of the subject
estimated by the brain activity estimation means.

[0006] With the useful information presentation device
according to the first aspect of the present invention, the
brain activity of the subject is estimated on the basis of the
time-series facial skin temperature data and/or facial blood
circulation volume data acquired by the facial skin tempera-
ture acquisition means and/or the facial blood circulation

Oct. 11,2018

volume acquisition means. As such, with this useful infor-
mation presentation device, the brain activity of the subject
can be estimated without using electroencephalogram elec-
trodes or other sensors that require pretreatment before
being applied. As a result, the subject can easily obtain
useful information related to the emotional and physical
state.

[0007] A useful information presentation device according
to a second aspect of the present invention is the useful
information presentation device of the first aspect, wherein
the brain activity estimation means extract, from the plural-
ity of components, a component having a waveform with an
amplitude that has correlation with changes of a brain
activated time and a brain resting time as a determination
component. Additionally, the brain activity estimation
means estimate the brain activity of the subject on the basis
of the determination component. With this useful informa-
tion presentation device, a component having correlation
with the brain activated time/resting time is extracted from
the plurality of components as a determination component
for estimating the brain activity of the subject. As such, it is
possible to estimate brain activity from a component pre-
sumed to be highly related to the brain activity of the subject.
As a result, the validity of the useful information can be
enhanced.

[0008] A useful information presentation device according
to a third aspect of the present invention is the useful
information presentation device of the first or second aspect,
wherein the facial skin temperature data acquisition means
and/or the facial blood circulation volume acquisition means
acquire at least the facial skin temperature data and/or the
facial blood circulation volume data of the forehead and/or
the area around the paranasal sinuses of the subject.

[0009] The brain has a mechanism called the selective
brain cooling system whereby the brain is cooled indepen-
dently of body temperature. The selective brain cooling
system is known to discharge heat generated by brain
activity using the areas around the forehead and the para-
nasal sinuses. Additionally, the facial skin temperature is
thought to be proportional to the facial blood circulation
volume.

[0010] With the useful information presentation device
according to the third aspect of the present invention, the
brain activity of the subject is estimated on the basis of the
time-series facial skin temperature data and/or facial blood
circulation volume data of the forehead and/or the area
around the paranasal sinuses, which is presumed to reflect
brain activity. As such, with this useful information presen-
tation device, the brain activity of the subject can be
accurately estimated. As a result, the validity of the useful
information can be enhanced.

[0011] Auseful information presentation device according
to a fourth aspect of the present invention is the useful
information presentation device of any one of the first to
third aspects, wherein the facial skin temperature data acqui-
sition means and/or the facial blood circulation volume
acquisition means, and the useful information presentation
means are housed in a smart device.

[0012] With the useful information presentation device
according to the fourth aspect of the present invention,
information is input and output by the smart device and, as
such, the subject can easily obtain useful information related
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to health management. Additionally, by providing the brain
activity estimation means on a server, the calculation load
can be reduced.

[0013] A useful information presentation device according
to a fifth aspect of the present invention is the useful
information presentation device of any one of the first to
fourth aspects, wherein the facial skin temperature data
acquisition means and/or the facial blood circulation volume
acquisition means, the brain activity estimation means, and
brain age presentation means are housed in a smart device.
[0014] With the useful information presentation device
according to the fifth aspect of the present invention, infor-
mation is input and output and calculations are performed by
the smart device. As a result, the subject can easily obtain
useful information related to the emotional or physical state.
[0015] A useful information presentation device according
to a sixth aspect of the present invention is the useful
information presentation device according to any one of the
first to fifth aspects, further including an emotion storage
unit. The estimation results of brain activity and emotion
data indicating an emotion of a human are associated with
one another and stored in the emotion storage unit. The brain
activity estimation means calculate the estimation results of
brain activity. The useful information presentation means
extract, from the emotion storage unit, emotional data of the
subject on the basis of the estimation results, and present the
emotional data.

[0016] With the useful information presentation device
according to the sixth aspect of the present invention, the
estimation results of brain activity and the emotion data
indicating an emotion of a human are associated with one
another and stored in the emotion storage unit. As such,
correlation between brain activity and emotions can be
consecutively optimized.

[0017] A useful information presentation device according
to a seventh aspect of the present invention is the useful
information presentation device according to the sixth
aspect, wherein an infant is the subject of the useful infor-
mation presentation device. In this case, an estimation value
of brain activity and infant emotion data indicating an
emotion of an infant are associated with one another and
stored in the emotion storage unit.

[0018] With the useful information presentation device
according to the seventh aspect of the present invention, the
estimation results of brain activity and the infant emotion
data indicating an emotion of the infant are associated with
one another and stored in the emotion storage unit. As such,
correlation, specialized for infants, between brain activity
and emotions can be used.

[0019] A useful information presentation device according
to an eighth aspect of the present invention is the useful
information presentation device according to the sixth or
seventh aspect, wherein, an emotion of a non-human animal,
instead of a human, is determined. As a result, the emotions
of a companion animal (pet) or the like can be easily
determined.

[0020] A useful information presentation device according
to a ninth aspect of the present invention is the useful
information presentation device according to any one of the
first to fifth aspects, further including a brain age storage
unit. In this case, the estimation results of brain activity and
brain age data indicating brain age are associated with one
another and stored in the brain age storage unit. The brain
activity estimation means calculate the estimation results of
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brain activity. The useful information presentation means
extract, from the brain age storage unit, brain age data of the
subject on the basis of the estimation results, and present the
brain age data.

[0021] With the useful information presentation device
according to the ninth aspect of the present invention, the
estimation results of brain activity and the brain age data
indicating brain age are associated with one another and
stored in the brain age storage unit. As such, correlation
between brain activity and brain age can be consecutively
optimized.

[0022] A useful information presentation device according
to a tenth aspect of the present invention is the useful
information presentation device of any one of the first to
fifth, and ninth aspects, wherein the facial skin temperature
data acquisition means and/or the facial blood circulation
volume acquisition means are installed in a gaming
machine. In this case, the facial skin temperature data
acquisition means and/or the facial blood circulation volume
acquisition means acquire the facial skin temperature data in
time-series and/or the facial blood circulation volume data
for a predetermined period of time after a game start by the
gaming machine.

[0023] With the useful information presentation device
according to the tenth aspect of the present invention, the
configuration described above is provided and, as a result,
the brain age can be presented during game running Addi-
tionally, by constituting the brain function activation task
from the game being run by the gaming machine, the brain
age can be presented by running the game.

[0024] A useful information presentation device according
to an eleventh aspect of the present invention is the useful
information presentation device according to any one of the
first to fifth aspects, further including a useful information
storage unit. The estimation results of brain activity and the
useful information related to health management are asso-
ciated with one another and stored in the useful information
storage unit. The brain activity estimation means calculate
the estimation results of brain activity. The useful informa-
tion presentation means extract, from the useful information
storage unit, useful information for the subject on the basis
of the estimation results, and present the useful information.
[0025] With the useful information presentation device
according to the eleventh aspect of the present invention, the
estimation results of brain activity and the useful informa-
tion related to health are associated with one another and
stored in the useful information storage unit. As such,
correlation between brain activity and useful information
can be consecutively optimized.

[0026] A useful information presentation device according
to a twelfth aspect of the present invention is the useful
information presentation device according to the eleventh
aspect, wherein changes by time frame in the estimation
results of brain activity are associated with the useful
information and stored in the useful information storage
unit. In this case, the facial skin temperature data acquisition
means and/or the facial blood circulation volume acquisition
means associate and acquire the facial skin temperature data
and/or the facial blood circulation volume data with time
information. The brain activity estimation means calculate
the estimation results of brain activity in association with the
time information. The useful information presentation
means extract, from the useful information storage unit, the
useful information in accordance with the changes by time
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frame in the estimation results of brain activity on the basis
of the estimation results and the time information, and
present the useful information to the subject.

[0027] With the useful information presentation device
according to the twelfth aspect of the present invention, the
useful information corresponding to the changes by time
frame in the estimation results of brain activity is extracted
and presented to the subject. As such, useful information
corresponding to a circadian rhythm can be presented.

[0028] A useful information presentation device according
to a thirteenth aspect of the present invention is the useful
information presentation device of any one of the first to
fifth, eleventh, and twelfth aspects, wherein the facial skin
temperature data acquisition means and/or the facial blood
circulation volume acquisition means are disposed behind a
mirror member.

[0029] With the useful information presentation device
according to the thirteenth aspect of the present invention,
the facial skin temperature data and/or photographic image
data can be acquired and useful information is presented
each time the subject uses the mirror. As a result, user
convenience can be enhanced.

[0030] A useful information presentation device according
to a fourteenth aspect of the present invention is the useful
information presentation device of the fourth or fifth aspect,
wherein the smart device includes mirrorizing means that
mirrorize a display unit of the smart device, and the facial
skin temperature data acquisition means and/or the facial
blood circulation volume acquisition means are disposed
behind the display unit of the smart device.

[0031] With the useful information presentation device
according to the fourteenth aspect of the present invention,
the facial skin temperature data and/or photographic image
data can be acquired and useful information is presented
each time the subject uses the mirrorized display unit of the
smart device. As aresult, user convenience can be enhanced.

Advantageous Effects of Invention

[0032] With the useful information presentation device
according to the first aspect of the present invention, useful
information related to the emotional or physical state can be
easily presented.

[0033] With the useful information presentation device
according to the second and third aspects of the present
invention, the validity of the useful information can be
enhanced.

[0034] With the useful information presentation device
according to the fourth and fifth aspects, a smart device can
be used to easily present useful information.

[0035] With the useful information presentation device
according to the sixth aspect of the present invention,
correlation between brain activity and emotions can be
consecutively optimized.

[0036] With the useful information presentation device
according to the seventh aspect of the present invention,
correlation between brain activity and emotions, which is
specialized for infants, can be used.

[0037] With the useful information presentation device
according to the eighth aspect of the present invention, the
emotions of a companion animal (pet) or the like can be
easily determined.
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[0038] With the useful information presentation device
according to the ninth aspect of the present invention,
correlation between brain activity and brain age can be
consecutively optimized.

[0039] With the useful information presentation device
according to the tenth aspect of the present invention, the
brain age can be presented during game running.

[0040] With the useful information presentation device
according to the eleventh aspect of the present invention,
correlation between brain activity and brain age can be
consecutively optimized.

[0041] With the useful information presentation device
according to the twelfth aspect of the present invention,
useful information corresponding to a circadian rhythm can
be presented.

[0042] With the useful information presentation device
according to the thirteenth aspect of the present invention,
user convenience can be enhanced.

[0043] With the useful information presentation device
according to the fourteenth aspect of the present invention,
user convenience can be enhanced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044] FIG. illustrates an example of photographic image
data and the results of analyzing the same.

[0045] FIG. 2 illustrates a portion of the results of ana-
lyzing facial skin temperature data

[0046] FIG. 3 illustrates a portion of the results of ana-
lyzing the facial skin temperature data.

[0047] FIG. 4 is a chart illustrating the amplitude of a
component waveform of a component 2, and the amplitude
of the § wave of the measured brain waves.

[0048] FIG. 5 is a chart illustrating the amplitude of a
component waveform of a component 3, and the amplitude
of the § wave of the measured brain waves.

[0049] FIG. 6 is a chart illustrating a portion of the results
of analyzing the facial skin temperature data obtained in a
control test.

[0050] FIG. 7 is a chart illustrating a component wave-
form based on photographic image data of the facial surface,
and the amplitude of the § wave of the measured brain
waves.

[0051] FIG. 8 is a chart illustrating a component wave-
form based on facial skin temperature data and the ampli-
tude of the f wave of the measured brain waves.

[0052] FIG. 9 is a chart illustrating a component wave-
form based on photographic image data of the facial surface,
and the amplitude of the § wave of the measured brain
waves.

[0053] FIG. 10 is a chart illustrating a component wave-
form based on facial skin temperature data, and the ampli-
tude of the f wave of the measured brain waves.

[0054] FIG. 11 is a chart illustrating a component wave-
form based on photographic image data of the facial surface,
and the amplitude of the § wave of the measured brain
waves.

[0055] FIG. 12 is a chart illustrating a component wave-
form based on facial skin temperature data, and the ampli-
tude of the § wave of the measured brain waves.

[0056] FIG. 13 is a chart illustrating a component wave-
form based on photographic image data of the facial surface,
and the amplitude of the § wave of the measured brain
waves.
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[0057] FIG. 14 is a chart illustrating a component wave-
form based on facial skin temperature data, and the ampli-
tude of the f wave of the measured brain waves.

[0058] FIG. 15 is a chart illustrating a component wave-
form based on photographic image data of the facial surface,
and the amplitude of the § wave of the measured brain
waves.

[0059] FIG. 16 is a chart illustrating a component wave-
form based on facial skin temperature data, and the ampli-
tude of the p wave of the measured brain waves.

[0060] FIG. 17 is a chart illustrating a component wave-
form based on photographic image data of the facial surface,
and the amplitude of the § wave of the measured brain
waves.

[0061] FIG. 18 is a chart illustrating a component wave-
form based on facial skin temperature data, and the ampli-
tude of the f wave of the measured brain waves.

[0062] FIG. 19 is a schematic drawing of a brain activity
visualization device according to an embodiment of the
present invention.

[0063] FIG. 20 is a flowchart showing an example of the
flow of processing conducted in the brain activity visual-
ization device to identify a component indicating a change
in skin temperature that reflects brain function.

[0064] FIG. 21 is a schematic drawing of a brain activity
visualization device according to an embodiment of the
present invention.

[0065] FIG. 22 is a flowchart showing an example of the
flow of processing conducted in the brain activity visual-
ization device to identify a component indicating an RGB
change in the facial surface that reflects brain function.
[0066] FIG. 23 is a schematic drawing of an emotion
determination device (useful information presentation
device) according to an embodiment of the present inven-
tion.

[0067] FIG. 24 is a schematic drawing of a brain age
presentation device (useful information presentation device)
according to an embodiment of the present invention.
[0068] FIG. 25 is a schematic drawing of a useful infor-
mation presentation device according to an embodiment of
the present invention.

[0069] FIG. 26 is a schematic drawing of a useful infor-
mation storage unit according to an embodiment of the
present invention.

DESCRIPTION OF EMBODIMENTS

[0070] Before describing the embodiments of the present
invention, the findings made by the inventors that served as
an important foundation for the inventors to contrive the
present invention will be described.

(1) Summary of Findings Made by the Inventors

[0071] It is known that human intellectual activity (cog-
nitive activity and the like) and emotional activity (activity
such as pleasure/displeasure) are reflected in human brain
activity. Attempts to estimate human brain activity have
been made in the past, but in most cases, the attempts
involved using data detected by electroencephalography,
functional magnetic resonance imaging, and/or near infrared
spectroscopy.

[0072] In cases where, for example, electroencephalogra-
phy is adopted as the detection method, it is necessary to
attach brain wave electrodes to the subject. Additionally,
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resistance that occurs between the skin and the electrodes
when the brain wave electrodes are attached must be
reduced. Consequently, a procedure such as a process to
abrade the skin or an application of a paste to the electrodes
needs to be carried out. In cases where functional magnetic
resonance imaging is adopted, there are restrictions on
measurement conditions, such as the impossibility of mea-
surement at any location other than an MRI room and the
inability to bring metal into the measurement room. In cases
where near infrared spectroscopy is adopted, a probe needs
to be attached to the subject. However, wearing the probe for
a long time can be painful to the subject and, in some cases,
due to the contact state between the hair of the subject and
the probe, the detections by the probe may not be accurate.
Thus, when using conventional detection methods to mea-
sure human brain activity, a significant burden is imposed on
the subject, specifically, pretreatment is needed to attach the
brain wave electrodes, probes, etc., and/or the measurement
conditions are limited.

[0073] Accordingly, there is a need to develop an approach
whereby the burden on the subject can be reduced and also
whereby human brain activity can be easily estimated.

[0074] The inventors postulated that it might be possible
to estimate human brain activity on the basis of human facial
skin temperature or the state of facial blood circulation,
which is thought to be proportional to the facial skin
temperature. Human facial skin temperature can be acquired
using a measurement device such as a thermography device.
The state of facial blood circulation, that is, facial blood
circulation volume can be estimated from RGB data of
photographic images of the facial surface, which is obtained
using an imaging device. The facial skin temperature and/or
photographic images of the facial surface can be acquired
without using electroencephalogram electrodes, probes, or
other sensors that require pretreatment before being applied.

[0075] However, it is known that human facial skin tem-
perature changes under the influence of various factors such
as outside air temperature and/or autonomic nervous activ-
ity. As such, when attempting to estimate brain activity on
the basis of the facial skin temperature or on the basis of the
facial blood circulation volume, which is thought to be
proportional to the facial skin temperature, it is very difficult
to determine whether only brain activity is reflected in the
acquired data.

[0076] After much research, the present inventors discov-
ered that it is possible to identify a component indicating a
change in the facial skin temperature or a change in the
facial blood circulation volume in brain activity by: detect-
ing the facial skin temperature; decomposing, into a plural-
ity of components, time-series facial skin temperature data
including the detected temperature data and position data
(coordinate data) of the detection site, or decomposing, into
a plurality of components, time-series facial blood circula-
tion volume data calculated on the basis of RGB data
obtained from time-series photographic image data of the
facial surface, by singular value decomposition, principal
component analysis, or independent component analysis;
and analyzing the plurality of the decomposed components.
Thus, the present inventors conceived the present invention,
in which the brain activity of the subject is estimated and
analyzed, thereby enabling the visualization of the physi-
ological state of the subject on the basis of the estimated
brain activity.
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(2) Acquisition Method of Various Facial Data and Analysis
Method of Acquired Various Facial Data

(2-1) Acquisition Method of Facial Skin Temperature Data
and Analysis Method of Facial Skin Temperature Data

[0077] Next, a description is given of an acquisition
method of facial skin temperature data and analysis method
of facial skin temperature data used by the present inventors
to reach the findings described above.

[0078] In this test, facial skin temperature data was
acquired from six subjects. Specifically, each subject was
seated in a chair placed in an artificial climate room main-
tained at a room temperature of 25° C., and facial skin
temperature data was acquired from the entire facial surface
of the subject using an infrared thermography device. The
infrared thermography device was capable of detecting
infrared radiant energy emitted from the subject using an
infrared camera, converting the detected infrared radiant
energy to a facial temperature (herein, the temperature in
Celsius) of the subject, and displaying and/or storing a
temperature distribution thereof as facial skin temperature
data (e.g. image data representing the temperature distribu-
tion). In this test, an 8300 (manufactured by NEC Avio
Infrared Technologies Co., Ltd.) was used as the infrared
thermography device. The infrared camera was set in front
of the subject at a position 1.5 m away from the subject. The
facial skin temperature data was acquired for 30 minutes.
[0079] Additionally, in this test, brain function activation
tasks were given to the subjects while the facial skin
temperature data was being acquired. Thus, facial skin
temperature data during brain resting time and facial skin
temperature data during brain activated time were acquired.
The brain function activation tasks were presented to the
subjects as images on a display device or the like. Examples
thereof included calculation, recognition of numbers,
shapes, and colors, memorization of symbols, letters, and
language, and other psychological tasks. In this test, mental
multiplication was used as the brain function activation task.
The subjects were instructed to multiply numbers displayed
in longhand on the display device, and input answers using
a keyboard. In this test, the brain function activation tasks
were continuously given to the subjects for ten minutes after
five minutes had elapsed since the start of acquiring the
facial skin temperature data.

[0080] To analyze the facial skin temperature data, the
acquired facial skin temperature data was subjected to
singular value decomposition. Here, Singular Value Decom-
position (SVD) of MATLAB (registered trademark) was
used as the analysis tool. In the singular value decomposi-
tion, the target was set as all of the time-series facial skin
temperature data acquired (30-minutes of data), the factor
was set as time data every of 30 seconds (60 time points for
30 minutes), and the measure was set as the facial skin
temperature data (240x320 pixels) during each period (the
30 seconds). The facial skin temperature data X was decom-
posed into a plurality of components by singular value
decomposition. Then, for each component, a time distribu-
tion V, a space distribution U, and a singular value S
representing the magnitude of the component were calcu-
lated. The relationships between these values is expressed in
the following equation. Note that V' is a matrix obtained by
interchanging the columns and rows of V.

X=(U*S)*7 Equation 1
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[0081] Then, the time distribution V and the space distri-
bution U of each component resulting from the singular
value decomposition were plotted on graphs to create a
component waveform diagram and a temperature distribu-
tion diagram for each component.

[0082] Furthermore, the component waveform diagram
and the temperature distribution diagram for each compo-
nent were analyzed to identify a component indicating a
change in skin temperature that reflects brain activity.
[0083] The component waveform diagram for each com-
ponent was analyzed to determine the presence/absence of
correlation between the amplitude of the component wave-
form and each of the brain resting time and the brain
activated time. Specifically, evaluations were conducted as
to whether or not correlation existed between the amplitude
shown in the component waveform diagram for each com-
ponent and the brain resting time period/brain activated time
period. In this test, during the period of acquiring the facial
skin temperature data, the brain resting time was defined as
aperiod of five minutes from the start of data acquisition and
a period of 15 minutes from a point in time after 15 minutes
had elapsed since the start point of data acquisition to the
end of data acquisition. These were periods in which the
brain function activation task was not given to the subjects.
Additionally, the brain activated time was defined as a
period of 10-minutes from a point in time occurring after
five minutes had elapsed since the start of data acquisition,
up to a point in time after 10 minutes had elapsed. This was
a period in which the brain function activation task was
being given to the subjects. Then, evaluations were con-
ducted to determine the presence/absence of correlation
between the amplitude shown in the component waveform
diagram for each component and each of the brain resting
time and the brain activated time. Note that statistical
correlation analysis was performed to determine the pres-
ence/absence of correlation. When the significance level (ar)
was 0.05 or lower, it was determined that correlation existed.
[0084] The temperature distribution diagram for each
component was analyzed to determine the presence/absence
of temperature changes at a predetermined site on the facial
surface. The brain has a mechanism called the selective
brain cooling system whereby the brain is cooled indepen-
dently of body temperature. The selective brain cooling
system is known to discharge heat generated by brain
activity using the forehead and the area around the paranasal
sinuses (including the area between the eyebrows and the
area around the nose). As such, in this test, the temperature
distribution diagram for each component was evaluated to
determine the presence/absence of temperature changes at
the forehead and the area around the paranasal sinuses. Note
that, in the temperature distribution diagrams, the presence/
absence of temperature changes at the forehead and the area
around the paranasal sinuses was evaluated on the basis of
visual inspection, or on the basis of whether or not the
temperatures of the forehead and the area around the para-
nasal sinuses differed one standard deviation (SD) or more
from the average temperature of all measurement data of the
temperatures of the forehead and the area around the para-
nasal sinuses.

[0085] Additionally, polarity (positive or negative) of the
facial skin temperature data X is determined by the rela-
tionships between the values of the space distribution U, the
singular value S, and the time distribution V. As such, in
some cases, polarity may appear inverted in the temperature
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distribution diagram and the component waveform diagram
for each component. Therefore, polarity was not considered
when evaluating the component waveform diagrams and the
temperature distribution diagrams.

[0086] As described above, in this case, the infrared
thermography device converts the infrared radiant energy
detected from the subject into temperatures, and uses the
temperature distribution thereof as the facial skin tempera-
ture data. However, when acquiring the facial skin tempera-
ture of a human subject using the infrared thermography
device, various temperature changes unrelated to brain
activity (i.e. noise), such as facial movements and/or auto-
nomic nervous activity, are also acquired as the facial skin
temperature data. Therefore, in order to detect such tem-
perature changes that are unrelated to brain activity, relative
facial skin temperature data was created for which an
average of all of the temperature data included in the facial
skin temperature data every 30 seconds is set to 0, the
created facial skin temperature data was also subjected to
singular value decomposition in which the SVD of MAT-
LAB (registered trademark) is used as the analysis tool, a
component waveform diagram and a temperature distribu-
tion diagram for each component were created in accordance
with the singular value S, and the diagrams were analyzed
to identify a component indicating a change in skin tem-
perature that reflects brain activity.

[0087] For the sake of convenience, in the following
description, the facial skin temperature data, acquired by the
infrared thermography device, is referred to as “facial skin
temperature data based on temperature conversion data”;
and the relative facial skin temperature data, for which the
average of all of the temperature data included in the facial
skin temperature data based on temperature conversion data
obtained every predetermined time period (every 30 seconds
in this test) is set to “0”, is referred to as “facial skin
temperature data based on relative temperature conversion
data.”

[0088] Additionally, for one of the six subjects, in addition
to detecting the facial skin temperature using the infrared
thermography device, electrodes were connected to the scalp
of the subject and electroencephalograms were taken. An
evaluation was conducted for correlation between the ampli-
tude of the component waveform diagram and the amplitude
of the  wave, which is known as a waveform that appears
when awake or when the consciousness is nervous (brain
wave in the 14 to 30 Hz frequency range). Note that, when
taking the electroencephalogram, the electrodes were
arranged at six sites (F3, F4, C3, C4, Cz, and Pz) specified
by the International 10-20 System.

[0089] It can be expected that the head of the subject may
move vertically while the brain function activation task is
given to the subject. If such movement occurs, the position
of the face of the subject with respect to the infrared camera
will change. Therefore, a control test was conducted on one
subject in order to verify whether such changes in the
position of the face influence the changes in skin tempera-
ture. In the control test to verify the influence of movement
of the subject when acquiring the facial skin temperature
data, the same infrared thermography device used in the test
described above was used to acquire the facial skin tem-
perature data of the subject. However, in this case, the
subject was instructed also to operate the keyboard at
random timings during the period in which the brain func-
tion activation task was not given (that is, during brain
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resting time). The facial skin temperature data based on
temperature conversion data and the facial skin temperature
data based on relative temperature conversion data acquired
by the control test were also subjected to singular value
decomposition in which the SVD of MATLAB (registered
trademark) was used as the analysis tool, a component
waveform diagram and a temperature distribution diagram
for each component were created in accordance with the
singular value S, and the diagrams were analyzed to identify
a component indicating a change in skin temperature that
reflects brain activity.

(2-2) Acquisition Method of Photographic Image Data of
Facial Surface and Analysis Method of Photographic Image
Data of Facial Surface

[0090] FIG. 1A illustrates an example of photographic
image data, captured using the imaging device, of the area
around the paranasal sinuses of the facial surface of a
subject. FIG. 1B illustrates an example of a blood circulation
volume distribution diagram (image map).

[0091] Next, a description is given of an acquisition
method of photographic image data of the facial surface and
an analysis method of photographic image data of the facial
surface used by the present inventors to reach the findings
described above.

[0092] In this test, photographic image data of the facial
surface was acquired from six subjects. Specifically, each
subject was seated in a chair placed in an artificial climate
room maintained at a room temperature of 25° C., and
photographic image data of the area around the paranasal
sinuses of the entire facial surface of the subject was
acquired in time-series using an imaging device capable of
chronologically acquiring images.

[0093] Additionally, based on the selective brain cooling
system described above, it is postulated that changes in the
facial blood circulation volume, thought to be proportional
to the facial skin temperature resulting from brain activity,
will appear at the forchead and/or the area around the
paranasal sinuses. As such, the present inventors postulated
that, if the changes in the facial blood circulation volume at
least at the forehead and/or the area around the paranasal
sinuses could be captured, it would be possible to accurately
estimate brain activity. Therefore, in this test, photographic
image data of the area around the paranasal sinuses of the
facial surfaces of the subjects were acquired in time-series.
[0094] Additionally, in this test, an imaging device on the
liquid crystal screen side of an iPad Air (registered trade-
mark, manufactured by Apple) was used as the imaging
device, and color video data was acquired as the time-series
photographic image data. This imaging device was set in
front of the subject at a position 1.0 m away from the subject.
Then, using the imaging device, photographic image data
was continuously captured for 30 minutes at an imaging
period of 30 frames/second along the time axis. Thus, video
data of the facial surface was acquired.

[0095] Furthermore, in this test, the brain function activa-
tion task was given to the subjects while the video data of the
facial surface was being acquired. Thus, video data of the
facial surface during brain resting time and video data of the
facial surface during brain activated time were acquired. In
this test, as in the test described above, “mental multiplica-
tion” was used as the brain function activation task. The
subjects were instructed to multiply numbers displayed in
longhand on the display device, and input answers using a
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keyboard. However, in this test, the brain function activation
tasks were continuously given to the subjects for ten minutes
after five minutes had elapsed since the start of acquiring the
video data of the facial surface.

[0096] To analyze the video data of the facial surface,
blood circulation volume data was calculated on the basis of
RGB data obtained from the captured video data of the facial
surface, and the calculated time-series blood circulation
volume data was subjected to singular value decomposition,
in which SVD of MATLAB (registered trademark) was used
as the analysis tool. Here, in accordance with the CIE-
L*a*b* color system, an erythema index a* that correlates
with skin redness and hemoglobin amount was calculated
from the RGB data of the image, and this erythema index a*
was used as the blood circulation volume data. In the
singular value decomposition, the target was set as the blood
circulation volume data (the erythema index in this case)
based on the RGB data acquired from all of the chronologi-
cally acquired video data (30 minutes of data), the factor was
set as time data of every 30 seconds (60 time points for 30
minutes), and the measure was set as the erythema index
calculated from the RGB data for each period (every 30
seconds) (the erythema index obtained by extracting frame
data of one second every 30 seconds, and calculating on the
basis of the average value of the RGB values obtained from
the frame data; 240x320 pixels). The time-series blood
circulation volume data based on the RGB data obtained
from the video data of the facial surface was decomposed
into a plurality of components by singular value decompo-
sition. Then, for each component, a time distribution V, a
space distribution U, and a singular value S representing the
magnitude of the component was calculated. The relation-
ships between these values are the same as those expressed
in Equation 1 above.

[0097] Then, the time distribution V and the space distri-
bution U of each component resulting from the singular
value decomposition were plotted on graphs to create a
component waveform diagram and a blood circulation vol-
ume distribution diagram for each component.

[0098] Furthermore, the component waveform diagram
and blood circulation volume distribution diagram for each
component were analyzed to identify a component indicat-
ing a change in the facial blood circulation volume, that is,
an RGB change in the facial surface, that reflects brain
activity.

[0099] The component waveform diagram for each com-
ponent was analyzed to determine the presence/absence of
correlation between the amplitude of the component wave-
form and each of the brain resting time and the brain
activated time. Specifically, evaluations were conducted as
to whether or not correlation existed between the amplitude
shown in the component waveform diagram for each com-
ponent and the brain resting time period/brain activated time
period. In this test, during the period of acquiring the
photographic image data of the facial surface, the brain
resting time was defined as a period of five minutes from the
start of data acquisition and a period of 15 minutes from a
point in time after 15 minutes had elapsed since the start
point of data acquisition to the end of data acquisition. These
were periods in which the brain function activation task was
not given to the subjects. Additionally, the brain activated
time was defined as a period of 10-minutes from a point in
time occurring after five minutes had elapsed since the start
of data acquisition, up to a point in time after 10 minutes had
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elapsed. This was a period in which the brain function
activation task was being given to the subjects. Then,
evaluations were conducted to determine the presence/ab-
sence of correlation between the amplitude shown in the
component waveform for each component and each of the
brain resting time and the brain activated time. Note that
statistical correlation analysis was performed to determine
the presence/absence of correlation. When the significance
level {(at) was 0.01 or lower, it was determined that corre-
lation existed.

[0100] The blood circulation volume distribution diagram
for each component was analyzed to determine the presence/
absence of blood circulation volume changes at a predeter-
mined site on the facial surface. The blood circulation
volume distribution diagrams were created by arranging the
space distributions U, calculated by pixel, at the respective
positions of the pixels. The blood circulation volume distri-
bution diagram for each component thus created was evalu-
ated to determine the presence/absence of changes in blood
circulation volume at the forehead and the area around the
paranasal sinuses. Note that, in the blood circulation volume
distribution diagrams, the presence/absence of a change in
blood circulation volume at the forehead and the area around
the paranasal sinuses was evaluated on the basis of the
presence/absence of the change in the blood circulation
volume that was observed through visual inspection, or on
the basis of the value of the blood circulation volume at the
forehead and the area around the paranasal sinuses as shown
FIG. 1B was not “0.000”.

[0101] Additionally, polarity (positive or negative) of the
blood circulation volume data X was determined by the
relationships between the values of the space distribution U,
the singular value S, and the time distribution V. As such, in
some cases, polarity may appear inverted in the blood
circulation volume distribution diagram and the component
waveform diagram for each component. Therefore, polarity
was not considered when evaluating the component wave-
form diagrams and the blood circulation volume distribution
diagrams.

[0102] Furthermore, in order to validate the correlation
between the facial skin temperature and the facial blood
circulation volume, while the photographic image data of
the facial surfaces of the six subjects was being chronologi-
cally acquired, the facial skin temperature data was chrono-
logically acquired using the infrared thermography device,
the acquired facial skin temperature data was subjected to
singular value decomposition using the SVD of MATLAB
(registered trademark) as the analysis tool, a component
waveform diagram for each component was created in
accordance with the singular value S, and the diagrams were
analyzed to determine the presence/absence of correlation
between the amplitude of the component waveform and each
of the brain resting time and the brain activated time. In this
test, the same device described above was used as the
infrared thermography device. The infrared camera was set
in front of the subject at a position 1.5 m away from the
subject.

[0103] When acquiring the photographic image data of the
facial surface using the imaging device, in some cases
sunlight or the like strikes the facial surface while imaging,
reflects off the facial surface, and this reflected light enters
the lens of the imaging device. In such cases, this reflected
light may be recorded in the captured photographic image
data of the facial surface. Here, in the RBG data obtained
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from the photographic image data, changes in brightness
based on the facial blood circulation volume are smaller than
changes in brightness based on reflected light. Consequently,
if blood circulation volume calculated on the basis of RGB
data obtained from photographic image data with the
reflected light recorded therein is analyzed, it is considered
that the RGB changes in the facial surface unrelated to brain
activity (i.e. noise) could be mixed into the data. Therefore,
in order to prevent the mixing of such RGB changes in the
facial surface that were unrelated to brain activity, relative
blood circulation volume data was created from relative
RGB data obtained by setting an average of all of the RGB
data taken every 30 seconds at “0”. Then, the thus-created
blood circulation volume data was also subjected to singular
value decomposition using the SVD of MATLAB (regis-
tered trademark) as the analysis tool, and the component
waveform diagram and the blood circulation volume distri-
bution diagram for each component were created in accor-
dance with the singular value S. Then, the diagrams are
analyzed to identify a component indicating an RGB change
of the facial surface that reflects brain activity.

[0104] For the sake of convenience, in the following
description, the relative blood circulation volume data based
on relative RGB data, for which the average of all of the
RGB data obtained every predetermined time period (every
30 seconds in this test) is set to “0”, is referred to as “relative
conversion blood circulation volume data”; whereas the
blood circulation volume data based on the RGB data before
converting to the relative RGB data is referred to simply as
“blood circulation volume data.”

[0105] Additionally, while acquiring the time-series pho-
tographic image data of the facial surfaces of the six subjects
using the imaging device, electrodes were connected to the
scalps of the subjects and electroencephalogram were taken.
Fvaluations were conducted for correlation between the
amplitude of the component waveform diagrams and the
amplitude of the f wave, which are known as a waveform
that appears when awake or when brain cells are active
(brain waves in the 13 to 30 Hz frequency range). Note that,
when taking the electroencephalograms, the electrodes were
arranged at 19 sites (Fpl, Fp2, F3, F4, C3, C4, P3, P4, O1,
02, F7, F8, T3, T4, T5, T6, Fz, Cz, and Pz) on the scalp
specified by the International 10-20 System.

[0106] Furthermore, it can be expected that the heads of
the subjects may move vertically while the brain function
activation task is given to the subjects. If such movement
occurs, the positions of the faces of the subjects with respect
to the imaging device will change. A control test was
conducted on one subject in order to verify whether such
changes in the position of the face influence the RGB
changes in the facial surface. In the control test, as in the test
described above, the imaging device was used to acquire the
time-series photographic image data of the facial surface of
the subject. However, in this case, the subject was instructed
to operate the keyboard at random timings during the period
in which the brain function activation task was not given
(that is, during brain resting time). Furthermore, the time-
series blood circulation volume data, based on the RGB data
obtained from the time-series photographic image data of
the facial surface captured in the control test, was subjected
to singular value decomposition using the SVD of MATLAB
(registered trademark) as the analysis tool, a component
waveform diagram for each component was created in
accordance with the singular value S. Then, the diagrams
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were analyzed to determine the presence/absence of corre-
lation between the amplitude of the component waveform
and each of the brain resting time and the brain activated
time. Additionally, an analysis was conducted to determine
the presence/absence of correlation between the amplitude
of each component waveform and actual facial movement.
The actual facial movement was evaluated by acquiring,
from the photographic image data, a two-dimensional coor-
dinate of a point corresponding to an actual point at the face,
and calculating a movement distance of the face every 30
seconds when imaging. In these calculations, the photo-
graphic image data at the start of the control test was used
as a reference. Furthermore, an analysis was also conducted
to determine the presence/absence of correlation between
the amplitude of each component waveform and the number
of inputs on the keyboard during imaging. The number of
inputs on the keyboard during imaging was evaluated by
calculating a simple moving average every 30 seconds in the
time-series photographic image data.

(3) Analysis Results

[0107] In the following description, “the components 1, 2

.. ” are numbered in descending order of the singularity
value. Each component represents a percentage in the entire
dispersion, and influences with large changes are reflected in
component 1. Specifically, influences of motions of the
subject and external noise tends to be reflected in component
1. As a result, the influence of brain activity is frequently
reflected in the component waveform of component 2 rather
than that of component 1.

(3-1) Facial Skin Temperature Data Analysis Results

[0108] FIG. 2 illustrates a portion of the results of ana-
lyzing the facial skin temperature data based on the tem-
perature conversion data. FIG. 2A illustrates the component
waveform diagram of a component 2 of a subject 1. FIG. 2B
illustrates the temperature distribution diagram of the com-
ponent 2 of the subject 1. FIG. 3A illustrates the component
waveform diagram of a component 3 of the subject 1. FIG.
3B illustrates the temperature distribution diagram of the
component 3 of the subject 1. FIGS. 4 and 5 illustrate
relationships between the amplitudes of the component
waveforms and brain waves. FIG. 4 illustrates the amplitude
of the component waveform of the component 2 of the
subject 1, and the amplitude of the B wave of the measured
brain waves. FIG. 5 illustrates the amplitude of the compo-
nent waveform of the component 3 of the subject 1, and the
amplitude of the [} wave of the measured brain waves. FIGS.
6A and 6B illustrate a portion of the results of analyzing the
facial skin temperature data obtained in the control test. FIG.
6A illustrates the component waveform diagram of the
component 3. FIG. 6B illustrates the temperature distribu-
tion diagram of the component 3.

[0109] Table 1 shows the results of analyzing the facial
skin temperature data for each subject.

[0110] From the results obtained by analyzing the facial
skin temperature data described above, significant correla-
tion was found between human brain activity and the
component 2 and/or the component 3 of the plurality of
components obtained by decomposing the time-series facial
skin temperature data by singular value decomposition.
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TABLE 1
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Correlation in Data
Based on Absolute
Temperature Conversion Data

Correlation in Data
Based on Relative
Temperature Conversion Data

Subject Component waveform Temperature distribution Component waveform Temperature distribution
Subject 1  Component 2, Component 2, Component 2, Component 2,
Component 3 Component 3 Component 3 Component 3
Subject 2 Component 3 Component 3 Component 3 Component 3
Subject 3 Component 1, Component 2, Component 2, Component 2,
Component 2, Component 3 Component 3 Component 3
Component 3
Subject 4 Component 2, Component 2, Component 2, Component 2,
Component 3 Component 3 Component 3 Component 3
Subject 5 Component 2, Component 2, Component 2, Component 2,
Component 3 Component 3 Component 3 Component 3
Subject 6 Component 2, Component 2, Component 2, Component 2,
Component 5 Component 5 Component 5 Component 5
[0111] As illustrated in FIGS. 4 and 5, from the results of

analyzing the brain waves, significant correlation was found
between the amplitude of the § wave of the brain waves and
the amplitudes of the component 2 and the component 3.
[0112] Furthermore, in the control test, even in states
where the subject moved while the brain function activation
task was not being given, there was significant correlation
between the component 3 and human brain activity (see FIG.
6). From these results, it was found that movement by the
subject when acquiring the facial skin temperature data does
not influence the component 3 of the plurality of compo-
nents.

[0113] Based on these results, the present inventors made
the following findings.

[0114] The time-series facial skin temperature data
acquired from the subjects were decomposed into the plu-
rality of components by singular value decomposition. As a
result of analyzing each of the decomposed components, it
was found that the component 3 of the plurality of compo-
nents is a component that is related to brain activity. Spe-
cifically, it was found that it is possible to identify a
component indicating a change in skin temperature that
reflects brain activity from the plurality of components by
decomposing the time-series facial skin temperature data
into the plurality of components by singular value decom-
position, extracting components having correlation with the
activation/resting of the brain from the decomposed plurality
of components, and analyzing the extracted components
using the selective brain cooling system. Thus, the present
inventors found that it is possible to estimate brain activity
on the basis of human facial skin temperature.

(3-2) Results of Analyzing Photographic Image Data of
Facial Surface

[0115] FIGS. 7 to 18 illustrate portions of the results of
comparing-analyzing component waveforms based on the
photographic image data of the facial surface (blood circu-
lation volume data) or facial skin temperature data, and the
waveform diagrams of the f wave of the measured brain
waves. FI1G. 7 illustrates the amplitude of the component
waveform of the component 2 based on the photographic
image data of the subject 1, and the amplitude of the [} wave
of the measured brain waves of the subject 1. FIG. 8
illustrates the amplitude of the component waveform of the
component 2 based on the facial skin temperature data of the

subject 1, and the amplitude of the [} wave of the measured
brain waves of the subject 1. FIG. 9 illustrates the amplitude
of the component waveform of the component 2 based on
the photographic image data of a subject 2, and the ampli-
tude of the p wave of the measured brain waves of the
subject 2. FIG. 10 illustrates the amplitude of the component
waveform of the component 2 based on the facial skin
temperature data of the subject 2, and the amplitude of the
[} wave of the measured brain waves of the subject 2. FIG.
11 illustrates the amplitude of the component waveform of
a component 4 based on the photographic image data of a
subject 3, and the amplitude of the f§ wave of the measure
d brain waves of the subject 3. FIG. 12 illustrates the
amplitude of the component waveform of the component 3
based on the facial skin temperature data of the subject 3,
and the amplitude of the p wave of the measured brain
waves of the subject 3. FIG. 13 illustrates the amplitude of
the component waveform of the component 3 based on the
photographic image data of a subject 4, and the amplitude of
the p wave of the measured brain waves of the subject 4.
FIG. 14 illustrates the amplitude of the component wave-
form of the component 2 based on the facial skin tempera-
ture data of the subject 4, and the amplitude of the § wave
of the measured brain waves of the subject 4. FIG. 15
illustrates the amplitude of the component waveform of the
component 2 based on the photographic image data of the
subject 5, and the amplitude of the B wave of the measured
brain waves of the subject 5. FIG. 16 illustrates the ampli-
tude of the component waveform of the component 2 based
on the facial skin temperature data of the subject 5, and the
amplitude of the § wave of the measured brain waves of the
subject 5. FIG. 17 illustrates the amplitude of the component
waveform of a component 4 based on the photographic
image data of a subject 6, and the amplitude of the p wave
of the measured brain waves of the subject 6. FIG. 18
illustrates the amplitude of the component waveform of the
component 2 based on the facial skin temperature data of the
subject 2, and the amplitude of the [} wave of the measured
brain waves of the subject 2.

[0116] As illustrated in FIGS. 7 to 18, from the results of
the component waveforms and brain wave analyses, corre-
lation was found between the facial skin temperature and the
facial blood circulation volume. In each of the analyses
based on the facial skin temperature data and the facial blood
circulation volume data, significant correlation was found
between the amplitude of each component waveform and the
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amplitude of the p wave measured by the electrodes attached
to the top or back of the head.

[0117] Table 2 shows the results of analyzing the photo-
graphic image data of the facial surface of each subject.

TABLE 2
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the singular value decomposition to the blood circulation
volume data based on the RGB data acquired from the
photographic image data of the facial surface, a component
having significant correlation with brain activity could be

Correlation in Blood
Circulation Volume Data

Correlation in Relative Conversion Blood
Circulation Volume Data

Blood circulation

Blood circulation

Subject Component waveform  volume distribution Component waveform  volume distribution
Subject 1 Component 2 0.72 Component 1 0.59
Component 2 0.85
Subject 2 Component 1 0.82 Component 1 0.62
Component 2 0.82 Component 2 0.60
Subject 3 Component 2 0.33 Component 2 0.45
Component 3 0.56
Component 3 0.31 Component 4 0.56
Subject 4  Component 1 0.57 Component 1 0.66
Component 3 0.71 Component 3 0.65
Subject 5 Component 1 0.56 Component 1 0.51
Component 2 0.72 Component 2 0.83
Subject 6  Component 2 0.38 Component 2 0.45
Component 3 0.51
Component 4 0.68 Component 5 0.36
[0118] As shown in Table 2, from the results obtained by influenced by the movement of the subject while acquiring

analyzing the photographic image data of the facial surface
described above, significant correlation was found between
human brain activity and the components 1, 2, 3, 4, and 5 of
the plurality of components obtained by decomposing the
time-series blood circulation volume data based on the
photographic image data of the facial surface by singular
value decomposition. Note that, in this case, the components
found to have significant correlation based on the blood
circulation volume data and significant correlation based on
the relative conversion blood circulation volume data were
determined to have the significant correlation with human
brain activity and, in addition, the components that did not
have significant correlation based on the blood circulation
volume data but did have significant correlation based on the
relative conversion blood circulation volume data were also
determined to have the significant correlation with human
brain activity.

[0119] Table 3 shows the results of the control test.

TABLE 3

Components having correlation with brain  Component 1,

resting time/brain activated time Component 2

Components having correlation with Component 1, Component 3,
movement distance of face Component 4

Components having correlation with Component 8

number of keyboard inputs

[0120] As shown in Table 3, in the control test, in cases
where the subject moved while the brain function activation
task was not being given, there was significant correlation
between the amplitudes of component waveforms for the
components 1 and 2 and each of the brain resting time and
brain activated time. For component 2, in cases where the
subject moved while the brain function activation task was
not being given, there was not significant correlation with
the movement distance and the number of keyboard inputs,
respectively. As such, it was confirmed that, among the
plurality of components that were obtained by conducting

the time-series photographic image data of the facial surface,
but this influence was much smaller than the influence
resulting from the brain activity (the influence resulting from
the activation or resting of the brain).

[0121] Based on these results, the present inventors made
the following findings.

[0122] The bloed circulation volume data, obtained from
the RGB data of the facial surface based on time-series
photographic image data of the facial surface acquired from
the subjects, was decomposed into the plurality of compo-
nents by singular value decomposition. As a result of ana-
lyzing each of the decomposed coniponents, it was found
that the components 1, 2, 3, 4, and 5 of the plurality of
components are components that are related to brain activity.

[0123] Specifically, it was found that it is possible to
identify, from the plurality of components, a component
indicating an RGB change in the facial surface that reflects
brain activity by decomposing the blood circulation volume
data, obtained from the RGB data of the facial surface based
on the time-series photographic image data of the facial
surface into the plurality of components, by singular value
decomposition, extracting components having correlation
with the activation/resting of the brain from the decomposed
plurality of components, and analyzing the extracted com-
ponents. Thus, the present inventors found that it is possible
to estimate brain activity on the basis of time-series photo-
graphic image data of a human facial surface.

(4) Brain Activity Visualization Device

[0124] Next, brain activity visualization devices 10, 110
according to an embodiment of the present invention will be
described. The brain activity visualization devices 10, 110
were conceived by the inventor on the basis of the findings
described above. The brain activity visualization devices
according to the present invention should not be construed
as being limited to the following embodiments, and various
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types of modifications may be made without departing from
the spirit or scope of the general inventive concept of the
present invention.

[0125] The brain activity visualization devices 10, 110
according to the embodiment of the present invention
include brain activity estimation means 30 that estimate
brain activity on the basis of facial skin temperature data,
and/or brain activity estimation means 130 that estimate
brain activity on the basis of photographic image data of the
facial surface. Before describing the brain activity visual-
ization devices 10, 110 according to the embodiment of the
present invention, each of the brain activity estimation
means 30, 130 will be described.

(4-1) Brain Activity Estimation Means 30 that Estimate
Brain Activity on the Basis of Facial Skin Temperature Data
[0126] FIG. 19 is a schematic drawing of the brain activity
visualization device 10 according to the embodiment of the
present invention. FIG. 20 is a flowchart showing the flow
of processing conducted in the brain activity visualization
device 10 to identify a component indicating a change in
skin temperature that reflects brain function.

[0127] The brain activity estimation means 30 of the brain
activity visualization device 10 estimate the brain activity of
an individual (subject) from the facial skin temperature of
the individual. As illustrated in FIG. 19, the brain activity
visualization device 10 includes facial skin temperature
acquisition means 20, the brain activity estimation means
30, and state visualization means 200.

[0128] The facial skin temperature acquisition means 20
detect the skin temperature of at least a portion of the facial
surface of the individual, and chronologically acquire facial
skin temperature data including detected temperature data
and position data of the detection site (step S1). Note that,
in this case, the facial skin temperature acquisition means 20
is an infrared thermography device and includes an infrared
camera 21 and a processing unit 22 as illustrated in FIG. 19.
The infrared camera 21 is configured to detect infrared
radiant energy emitted from the facial surface of the indi-
vidual. Moreover, in this case, the infrared camera 21 is
configured to detect infrared radiant energy emitted from the
entire facial surface of the individual. The processing unit 22
converts the infrared radiant energy detected by the infrared
camera 21 to temperatures to create temperature data. The
processing unit 22 generates a temperature distribution
diagram of the facial skin temperature of the entire facial
surface, for which the sites where the infrared radiant energy
was detected are used as the position data (coordinate data).
The processing unit 22 processes the generated temperature
distribution diagram as facial skin temperature data based on
temperature conversion data. The processing unit 22 has a
storage unit (not illustrated in the drawings) and the facial
skin temperature data based on temperature conversion data
is stored in this storage unit.

[0129] An example is described in which the temperature
distribution diagram of the facial skin temperature of the
whole facial surface is generated in the processing unit 22,
but the present invention is not limited thereto. For example,
a configuration is possible in which a temperature distribu-
tion diagram of facial skin temperature including at least the
forehead and/or the area around the paranasal sinuses is
generated and used as the facial skin temperature data based
on temperature conversion data.

[0130] Additionally, in this case, a brain function activa-
tion task is given to the individual for a set period of time
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while the facial skin temperature acquisition means 20 are
acquiring the facial skin temperature data based on tempera-
ture conversion data. That is, the facial skin temperature data
based on temperature conversion data, acquired by the facial
skin temperature acquisition means 20, contains data for a
period in which the brain function activation task was being
given to the individual. Note that the brain function activa-
tion task given to the individual is not particularly limited
provided that the task is presumed to place the brain in an
activated state, and the content thereof may be appropriately
determined in accordance with the purpose of use of the
brain activity visualization device 10.

[0131] The brain activity estimation means 30 estimate
human brain activity on the basis of facial skin temperature
data based on the temperature conversion data acquired by
the facial skin temperature acquisition means 20. Specifi-
cally, the brain activity estimation means 30 include a
conversion unit 31, an analysis unit 32, and an estimation
unit 33 as illustrated in FIG. 19.

[0132] The conversion unit 31 converts the temperature
data included in the facial skin temperature data based on
temperature conversion data to relative temperature data,
and generates facial skin temperature data based on the
converted relative temperature data, that is, facial skin
temperature data based on relative temperature conversion
data (step S2). Specifically, the conversion unit 31 uses, as
a reference, an average of the temperature data included in
the facial skin temperature data based on temperature con-
version data for every predetermined time period (e.g. 30
seconds), and converts the temperature data to relative
temperature data. Then, the conversion unit 31 uses the
converted relative temperature data and the position data to
generate the facial skin temperature data based on relative
temperature conversion data.

[0133] The analysis unit 32 decomposes each of the time-
series facial skin temperature data based on temperature
conversion data and the facial skin temperature data based
on relative temperature conversion data into a plurality of
components by singular value decomposition, principal
component analysis, or independent component analysis
(step S3). Here, the analysis unit 32 subjects each of the
acquired facial skin temperature data based on temperature
conversion data and the facial skin temperature data based
on relative temperature conversion data to singular value
decomposition in which the SVD of MATLAB (registered
trademark) is used as the analysis tool. In the singular value
decomposition, for each of the chronologically acquired
facial skin temperature data based on temperature conver-
sion data and the facial skin temperature data based on
relative temperature conversion data, the factor is set to time
data per predetermined time period (e.g. 30 seconds), and
the measure is set to the facial skin temperature data based
on temperature conversion data and the facial skin tempera-
ture data based on relative temperature conversion data in
each time period. Then, the facial skin temperature data
based on temperature conversion data and the facial skin
temperature data based on relative temperature conversion
data are each decomposed into a plurality of components by
singular value decomposition. Thereafter, the analysis unit
32 calculates a time distribution, a space distribution, and a
singular value representing the magnitude of each compo-
nent.

[0134] Additionally, the analysis unit 32 determines
whether or not each component satisfies a first condition and
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a second condition in order to identify a component, from
the plurality of components decomposed by singular value
decomposition, indicating a change in skin temperature that
reflects brain activity (step S4a, step S4b, step S5a, and step
S5b). Note that, in this case, the analysis unit 32 first
determines whether or not each component from the facial
skin temperature data based on temperature conversion data
satisfies the first condition (step S4a). Then, for components
from the facial skin temperature data based on temperature
conversion data determined to satisfy the first condition in
step Sda, the analysis unit 32 determines whether or not
those components satisfy the second condition (step S45).
Then, the analysis unit 32 determines whether or not each
component from the facial skin temperature data based on
relative temperature conversion data, matching the compo-
nents determined to satisfy the first condition and the second
condition in step Sda and step S4b, satisfies the first con-
dition (step S5a). Then, the analysis unit 32 determines
whether or not the components from the facial skin tem-
perature data based on relative temperature conversion data,
which is determined to satisfy the first condition in step S5a
satisfy the second condition (step S5b). However, the order
of determination in the analysis unit 32 is not limited thereto
and, for example a configuration is possible in which it is
determined whether or not the components from the facial
skin temperature data based on temperature conversion data
and the components from the facial skin temperature data
based on relative temperature conversion data satisfy the
first condition and the second condition, and the components
for which the determination results match are ultimately
extracted.

[0135] The first condition is that the amplitude of the
component waveform of the component decomposed by
singular value decomposition has correlation with changes
at brain resting time and brain activated time. The analysis
unit 32 extracts, from the plurality of components, compo-
nents satisfying the first condition as determination compo-
nents. Note that, the brain function activation task is given
to the individual for a set period of time while the facial skin
temperature data based on temperature conversion data is
being acquired. The brain resting time is defined as the
period in which the brain function activation task is not
being given to the individual, and the brain activated time is
defined as the period in which the brain function activation
task is being given to the individual. Here, the analysis unit
32 conducts a comparative analysis of the component wave-
form of each component against the periods in which the
brain function activation task is and is not being given.
Using the results of this comparative analysis based on the
component waveform data, the analysis unit 32 evaluates
whether or not there is correlation between the component
waveform of each component and each of the brain resting
time and the brain activated time. Then, the analysis unit 32
extracts, from the plurality of components, components
evaluated as having correlation as a determination compo-
nent that satisfies the first condition. Meanwhile, the analysis
unit 32 determines that, among the plurality of components,
a component evaluated as not having correlation is the
component that does not satisfy the first condition and is not
the component indicating a temperature change that reflects
human brain activity (step S6).

[0136] In this case, the brain function activation task is
given to the individual for a set period of time while
acquiring the facial skin temperature data based on tempera-
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ture conversion data, and the analysis unit 32 extracts the
determination components based thereon. However, the con-
tent of the first condition, that is, the means of extracting the
determination component by the analysis unit 32, is not
limited thereto. For example, when the components, among
the plurality of components, indicating a component wave-
form that has correlation with the brain resting time and the
brain activated time are already identified by previous
experiments or the like, the analysis unit 32 may extract
these identified components from the plurality of compo-
nents as the determination components. Additionally, with
this brain activity visualization device, in cases where
human behavior, which is known to be related to the
activation/resting of the brain such as eye movement and
blinking are detected, the analysis unit 32 may extract the
determination components from the plurality of components
by comparing and analyzing the detection results against the
component waveform of each component and conducting an
evaluation. Note that the criterion for the analysis unit 32 to
determine whether or not the first condition is satisfied is
appropriately decided by simulations, experiments, theoreti-
cal calculations, or the like, in accordance with the purpose
of use of the brain activity visualization device 10 or the like.

[0137] The second condition is that there is a temperature
change at the predetermined site on the human facial surface
in the extracted determination components. The analysis
unit 32 determines that, among the determination compo-
nents, the components that satisfy the second condition have
a high potential of being related to human brain activity, and
extracts these as candidate components. That is, the analysis
unit 32 determines whether or not the determination com-
ponents are related to human brain activity on the basis of
the presence/absence of a temperature change at the prede-
termined site on a human facial surface. Specifically, the
analysis unit 32 determines whether or not temperature
change has occurred at the forehead and/or the area around
the paranasal sinuses on the basis of the temperature distri-
bution data of the extracted determination components.
When a temperature change has occurred, the analysis umt
32 determines that there is a high possibility that the
determination component satisfies the second condition and
is related to human brain activity, and extracts that deter-
mination component as a candidate component. Meanwhile,
when a temperature change has not occurred at the forehead
or the area around the paranasal sinuses, the analysis unit 32
determines that the determination component does not sat-
isty the second condition and is not a component indicating
a skin temperature change that reflects human brain activity
(step S6). Note that the criterion for the analysis unit 32 to
determine whether or not the second condition is satisfied is
appropriately decided by simulations, experiments, theoreti-
cal calculations, or the like, in accordance with the purpose
of use of the brain activity visualization device 10.

[0138] Then, the analysis unit 32 identifies the component
which is determined to satisfy the second condition in step
S5b, as a component indicating a change in skin temperature
that reflects brain activity (step S7). That is, the component
identified in step S7 as the component indicating a change in
skin temperature that reflects brain activity is a component
that is present in both the candidate components extracted by
decomposing and analyzing the facial skin temperature data
based on temperature conversion data by singular value
decomposition and the candidate components extracted by
decomposing and analyzing the facial skin temperature data
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based on relative temperature conversion data by singular
value decomposition. Note that, in the candidate compo-
nents for which both analyses do not match are determined
that they are not the component indicating a change in skin
temperature that reflects brain activity in step S6.

[0139] The estimation unit 33 estimates human brain
activity on the basis of the component identified by the
analysis unit 32 as a component indicating a change in skin
temperature that reflects human brain activity. Specifically,
the estimation unit 33 estimates an amount of brain activity
when acquiring the facial skin temperature data on the basis
of the component waveform data of the component identi-
fied by the analysis unit 32.

(4-1-1) Modification Example 1A

[0140] The brain activity estimation means 30 described
above includes the conversion unit 31, and the facial skin
temperature data based on relative temperature conversion
data is generated by the conversion unit 31. Moreover, the
analysis unit 32 uses singular value decomposition to
decompose, into a plurality of components, not only the
facial skin temperature data based on temperature conver-
sion data acquired by the facial skin temperature acquisition
means 20, but also the facial skin temperature data based on
relative temperature conversion data, which is from the
temperature data that has been converted into relative tem-
perature data. Then, the analysis unit 32 analyzes each of the
components.

[0141] Instead of this, a configuration in which the brain
activity estimation means 30 does not include the conversion
unit 31 can be adopted. In this case, the processes for
generating the facial skin temperature data based on relative
temperature conversion data and analyzing the data from the
facial skin temperature data based on relative temperature
conversion data can be omitted.

[0142] However, in order to accurately identify the com-
ponent related to human brain activity, it is preferable that
the brain activity estimation means 30 include the conver-
sion unit 31, as in the embodiment described above. More-
over, it is preferable that the analysis unit 32 conducts
singular value decomposition to decompose, into a plurality
of components, not only the facial skin temperature data
based on temperature conversion data acquired by the facial
skin temperature acquisition means 20, but also the facial
skin temperature data based on relative temperature conver-
sion data, which is from the temperature data that has been
converted into relative temperature data; and analyzes each
of the components.

(4-1-2) Modification Example 1B

[0143] The facial skin temperature acquisition means 20
described above is an infrared thermography device capable
of acquiring temperature data in a state of non-contact with
the subject.

[0144] However, the facial skin temperature acquisition
means are not particularly limited to an infrared thermog-
raphy device, provided that the facial skin temperature
acquisition means are capable of detecting the skin tempera-
ture of at least a portion of the facial surface of the
individual, and chronologically acquiring facial skin tem-
perature data including detected temperature data and posi-
tion data of the detection site.
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[0145] For example, the facial skin temperature acquisi-
tion means may be a device that includes temperature
sensors. Specifically, a configuration is possible in which the
temperature sensors are applied to predetermined sites on
the facial surface of the individual, and the time-series facial
skin temperature data is acquired on the basis of temperature
data detected by the temperature sensors and the position
data of the sites where the temperature sensors are applied.
Even in cases where the facial skin temperature data is
acquired while the temperature sensors are in contact with
the individual, namely the subject, there is no need to treat
the temperature sensors prior to application, unlike case in
which electroencephalogram electrodes or the like are used.
As a result, data can be acquired more easily compared to
conventional detection methods such as electroencephalog-
raphy, functional magnetic resonance imaging, and near
infrared spectroscopy. As such, human brain activity can be
easily estimated.

(4-2) Brain Activity Estimation Means 130 that Estimate
Brain Activity on the Basis of Photographic Image Data of
Facial Surface

[0146] FIG. 21 is a schematic drawing of the brain activity
visualization device 110 according to the embodiment of the
present invention. FIG. 22 is a flowchart showing an
example of the flow of processing conducted in the brain
activity visualization device 110 to identify a component
indicating an RGB change in the facial surface that reflects
brain function.

[0147] The brain activity estimation means 130 of the
brain activity visualization device 110 estimate the brain
activity of an individual (subject) from the photographic
image data of the facial surface of the individual. As
illustrated in FIG. 21, the brain activity visualization device
110 includes image data acquisition means 120, brain activ-
ity estimation means 130, and state visualization means 200.
[0148] The image data acquisition means 120 chronologi-
cally acquire photographic image data of at least a portion of
the facial surface of the individual (step S101). Note that the
image data acquisition means 120 are not particularly lim-
ited provided that they at least include an imaging device,
and examples thereof include smartphones, tablets (e.g. iPad
(registered trademark)), and other portable terminals with
built in imaging devices. In this case, as illustrated in FIG.
21, the image data acquisition means 120 include a storage
unit 122 and a camera 121 as the imaging device. The
camera 121 is configured to chronologically acquire photo-
graphic image data of the facial surface of the individual. In
this case, the camera 121 captures video of the entire facial
surface of the individual and acquires the captured video
data. The time-series photographic image data captured by
the imaging device is stored in the storage unit 122. In this
case, the video data acquired by the camera 121 is stored in
the storage unit 122.

[0149] Note that, in this case, the camera 121 captures
video of the entire facial surface, but the present invention
is not limited thereto. For example, a configuration is
possible in which the camera 121 captures video including
images of at least the forehead and/or the area around the
paranasal sinuses of the face.

[0150] Additionally, in this case, the brain function acti-
vation task is given to the individual for a set period of time
while the image data acquisition means 120 are acquiring
the time-series photographic image data of the facial surface.
That 1s, the photographic image data acquired by the image
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data acquisition means 120 contains data for a period in
which the brain function activation task is being given to the
individual. Note that the brain function activation task given
to the individual is not particularly limited provided that the
task is presumed to place the brain in an activated state, and
the content thereof may be appropriately determined in
accordance with the purpose of use of the brain activity
visualization device 110.

[0151] The brain activity estimation means 130 estimate
human brain activity on the basis of the time-series photo-
graphic image data on the facial surface acquired by the
image data acquisition means 120. Specifically, the brain
activity estimation means 130 include an RGB processing
unit 131, a conversion unit 132, a blood circulation volume
calculation unit 133, an analysis unit 134, and an estimation
unit 135 as illustrated in FIG. 21. Note that, in FIG. 21, a
configuration is illustrated in which the brain activity esti-
mation means 130 are a single device including the RGB
processing unit 131, the conversion unit 132, the blood
circulation volume calculation unit 133, the analysis umt
134, and the estimation unit 135. However, the present
invention is not limited thereto and configurations are pos-
sible in which some or all of the RGB processing unit 131,
the conversion unit 132, the blood circulation volume cal-
culation unit 133, the analysis unit 134, and the estimation
unit 135 are provided as independent devices. Additionally,
in this case, facial blood circulation volume acquisition
means are configured from the image data acquisition means
120, the RGB processing unit 131, the conversion unit 132,
and the blood circulation volume calculation unit 133.
[0152] The RGB processing unit 131 performs RGB pro-
cessing on the photographic image data acquired by the
image data acquisition means 120 to decompose the photo-
graphic image data into three color components, namely an
R component, a G component, and a B component (step
S102). The RGB processing may be performed on the
photographic image data of the entire facial surface but, in
this case, the data of the forehead and/or area around the
paranasal sinuses is extracted from the photographic image
data and the RGB processing is performed on the extracted
data in order to reduce computation load and noise.

[0153] The conversion unit 132 converts RGB data of the
photographic image data obtained by the RGB processing to
relative RGB data (step S103). Specifically, the conversion
unit 132 uses, as a reference, an average of the RGB data
obtained from the photographic image data for every pre-
determined time period (e.g. 30 seconds) to convert the RGB
data to relative RGB data.

[0154] The blood circulation volume calculation unit 133
calculates time-series blood circulation volume data of the
facial surface on the basis of the RGB data of the photo-
graphic image data obtained by the RGB processing (step
S104).

[0155] The analysis unit 134 decomposes the time-series
relative conversion blood circulation volume data into a
plurality of components by singular value decomposition,
principal component analysis, or independent component
analysis (step S105). Here, the analysis unit 134 subjects
each of the relative conversion blood circulation volume
data to singular value decomposition in which the SVD of
MATLAB (registered trademark) is used as the analysis tool.
Specifically, in the singular value decomposition, for the
time-series relative conversion blood circulation volume
data, the factor is set to time data per predetermined time
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period (e.g. 30 seconds), and the measure is set to the
relative conversion blood circulation volume data per pixel,
as calculated from the relative RGB data at each time period.
Then, the time-series relative conversion blood circulation
volume data is decomposed into a plurality of components
by singular value decomposition and a time distribution, a
space distribution, and a singular value representing the
magnitude of each component is calculated.

[0156] Additionally, the analysis unit 134 determines
whether or not each component satisfies predetermined
conditions in order to identify a component, from the
plurality of components decomposed by the singular value
decomposition, indicating an RGB change in the facial
surface that reflects brain activity (step S106). The prede-
termined condition includes conditions such as, for example,
that the amplitude of the component waveform of the
component decomposed by singular value decomposition
has correlation with changes at brain resting time and brain
activated time (hereinafter referred to as “first condition™),
and/or that there is a blood circulation volume change at a
predetermined site on the human facial surface in the
component decomposed by the singular value decomposi-
tion (hereinafter referred to as “second condition”). One or
a plurality of conditions may be set as the predetermined
condition determined by the analysis unit 134. In this case,
the first condition is set as the predetermined condition.

[0157] Then, the analysis unit 134 extracts, from the
plurality of components, a component that satisfies the
predetermined condition as a determination component.
Furthermore, the analysis unit 134 identifies, from the
extracted determination components, components that sat-
isfy all of the conditions included in the predetermined
condition as components indicating an RGB change in the
facial surface that reflects brain activity (step $107). Mean-
while, the analysis unit 134 determines that the components
among the plurality of components that do not satisfy one or
more of the conditions included in the predetermined con-
dition are not components indicating an RGB change in the
facial surface that reflects brain activity (step S108).

[0158] In this case, as described above, only one condition
is set as the predetermined condition, and the brain function
activation task is given to the individual for a set period of
time while the time-series photographic image data is being
acquired. Therefore, the brain resting time is defined as the
period of time in which the brain function activation task is
not being given to the individual, and the brain activated
time is defined as the period of time in which the brain
function activation task is being given to the individual. The
analysis unit 134 conducts a comparative analysis of the
component waveform of each component against the periods
of time in which the brain function activation task is and is
not being given. Using the results of this comparative
analysis based on the component waveform data, the analy-
sis unit 134 evaluates whether or not there is correlation
between the component waveform of each component and
each of the brain resting time and the brain activated time.
Then, the analysis unit 134 extracts, from the plurality of
components, a component evaluated as having correlation as
a determination component that satisfies the predetermined
condition. The analysis unit 134 identifies this determination
component as a component indicating an RGB change in the
facial surface that reflects brain activity. Meanwhile, the
analysis unit 134 determines that, among the plurality of
components, a component evaluated as not having correla-
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tion is the component that does not satisfy the predetermined
condition, and is not the component indicating an RGB
change in the facial surface that reflects human brain activ-
ity.

[0159] In this case, the brain function activation task is
given to the individual for a set period of time while
acquiring the time-series photographic image data of the
facial surface, and the analysis unit 134 extracts the deter-
mination component on the basis thereof. However, the
content of the first condition, that is, the means of extracting
the determination component by the analysis unit 134, is not
limited thereto. For example, when the component, among
the plurality of components, indicating the component
waveform that has correlation with the brain resting time
and the brain activated time is already identified by previous
experiments or the like, the analysis unit 134 extracts this
identified component from the plurality of components as
the determination component. Additionally, with the brain
activity visualization device 110, in cases where human
behavior, which is known to be related to the activation/
resting of the brain such as eye movement and blinking are
detected, the analysis unit 134 may extract the determination
component from the plurality of components by comparing
and analyzing these detection results against the component
waveform of each component and conducting an evaluation.
Note that the criterion for the analysis unit 134 to determine
whether or not the first condition is satisfied is appropriately
decided by simulations, experiments, theoretical calcula-
tions, or the like, in accordance with the purpose of use of
the brain activity visualization device 110 or the like.

[0160] Additionally, in cases where the second condition
is set as the predetermined condition, the analysis unit 134
extracts the determination component on the basis of the
presence/absence of a change in facial blood circulation
volume at the predetermined site on the human facial
surface. Specifically, the analysis unit 134 determines
whether or not a change in the blood circulation volume has
occurred at the forehead and/or the area around the paranasal
sinuses, on the basis of the blood circulation volume distri-
bution diagrams corresponding to the plurality of compo-
nents decomposed by singular value decomposition. When a
change in the blood circulation volume has occurred, the
analysis unit 32 determines that said component satisfies the
second condition. Meanwhile, when a change in the blood
circulation volume has not occurred at the forehead or the
area around the paranasal sinuses, the analysis unit 32
determines that said component does not satisfy the second
condition. Note that the criterion for the analysis unit 134 to
determine whether or not the second condition is satisfied is
appropriately determined by simulations, experiments, theo-
retical calculations, or the like, in accordance with the
purpose of use of the brain activity visualization device 110
or the like.

[0161] Furthermore, in cases where the blood circulation
volume calculation unit 133 calculates the time-series blood
circulation volume data based on the RGB data prior to
being converted to the relative RGB data, a configuration is
possible in which the analysis unit 134 determines whether
or not the first condition and/or the second condition is
satisfied and extracts a determination component from the
plurality of components obtained by subjecting the blood
circulation volume data to singular value decomposition or
the like.
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[0162] The estimation unit 135 estimates human brain
activity on the basis of the component identified by the
analysis unit 134 as a component indicating an RGB change
in the facial surface that reflects human brain activity.
Specifically, the estimation unit 135 estimates an amount of
brain activity when acquiring the photographic image data
of the facial surface, on the basis of the component wave-
form data of the component identified by the analysis unit
134.

(4-2-1) Modification Example 2A

[0163] As described above, smartphones, tablets (e.g. iPad
(registered trademark)), and other portable terminals with
built in imaging devices may be used as the camera 121. In
other words, any device that captures images in the visible
light region can be used for the photographic image data
described above.

[0164] Additionally, in the blood circulation volume cal-
culation unit 133, the blood circulation volume data of the
facial surface may be calculated using mainly the R com-
ponent of each pixel included in the RGB data. Provided that
the blood circulation volume data can be calculated on the
basis of the RGB data, the blood circulation volume data
need not be limited to the erythema index.

(4-2-2) Modification Example 2B

[0165] The blood circulation volume calculation unit 133
described above calculates the relative conversion blood
circulation volume data on the basis of relative RGB data
converted by the conversion unit 132. However, in place of
or in addition to this, the blood circulation volume calcula-
tion unit 133 may calculate the blood circulation volume
data on the basis of RGB data prior to being converted to
relative RGB data. Components having correlation with
brain activity are more likely to be identified (statistical
power is high) in blood circulation volume data calculated
on the basis of RGB data prior to being converted to relative
RGB data. As such, the blood circulation volume data
calculated on the basis of RGB data prior to being converted
to relative RGB data may be analyzed prior to the relative
conversion blood circulation volume data calculated on the
basis of relative RGB data. Additionally, a configuration is
possible in which the blood circulation volume data is
analyzed and components having significant correlation are
extracted first and, then, only the components of the relative
conversion blood circulation volume data that correspond to
the extracted components are analyzed. In this case, com-
putation load can be reduced.

(4-2-3) Modification Example 2C

[0166] In the description given above, the camera 121 was
assumed to be a typical visible light range camera, but an
infrared camera may also be used. In such cases, the infrared
camera captures images by emitting infrared light and
capturing the reflected waves thereof. The photographic
image data of changes in the facial surface of the subject
may be obtained in this manner. The present inventors found
that there is correlation between the blood circulation vol-
ume data calculated from the photographic image data
obtained from the reflection of the infrared light and the
blood circulation volume data calculated using mainly the R
component of each pixel included in the RGB data captured
in the visible light region. Accordingly, it is also possible to
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estimate human brain activity using photographic image
data obtained from the reflection of such infrared light.

(4-2-4) Modification Example 2D

[0167] Although in the above-mentioned description the
brain activity visualization device 110 includes the image
data acquisition means 120 and the brain activity estimation
means 130, the brain activity visualization device according
to the present embodiment is not limited to such a configu-
ration. That is, the brain activity visualization device accord-
ing to the present embodiment may have any configuration,
as long as it includes the blood circulation volume calcula-
tion unit 133, the analysis unit 134, and the estimation unit
135. Specifically, the brain activity visualization device
according to the present embodiment may take a form,
including not only a form in which the device itself gener-
ates the image data by photographing, but also a form in
which photographic image data is received from an external
device to analyze it therein.

(4-3) State Visualization Means 200

[0168] The state visualization means 200 display and
visualize the physiological state of the subject on the basis
of the brain activity of the subject estimated by the brain
activity estimation means 30 and/or the brain activity esti-
mation means 130. In one example, the state visualization
means 200 may include an analysis unit 201 that analyzes
changes in the amount of brain activity of the subject in
order to analyze the physiological state of the subject.
Specifically, the analysis unit 201 determines the physiologi-
cal state of the subject by analyzing changes in the amount
of brain activity in response to stimulation (e.g. visual
stimulation, auditory stimulation, tactile stimulation, olfac-
tory stimulation, or taste stimulation) applied to the subject.
Note that, the type and level of the physiological state may
be appropriately configured in accordance with the use of
the brain activity visualization devices 10, 110, on the basis
of a degree of rise and/or duration of the amount of brain
activity. Moreover, the state visualization means 200 has a
display unit 202 that outputs the physiological state of the
subject has analyzed by the analysis unit 201. As a result, an
administrator can ascertain the physiological state of the
subject. The display unit 202 is not particularly limited, as
long as it can visualize information related to the analyzed
physiological state of the subject to the administrator.
Examples thereof include display devices that display
images, messages, and the like.

[0169] Additionally, in cases where acquiring various
types of time-series data using the facial skin temperature
acquisition means 20 and/or the image data acquisition
means 120 after the analysis units 32, 134 have identified the
components that reflect brain activity, the additionally
acquired various types of data is decomposed into a plurality
of components by singular value decomposition in the brain
activity visualization devices 10, 110, and only the identified
components are analyzed. As a result, the physiological state
of the subject can be ascertained in real time.

[0170] There are techniques for acquiring heart rate infor-
mation, biological information, and so on of the subject from
the skin temperature or captured images of the facial surface
of the subject. In addition, conventional techniques can be
applied to the components obtained by performing the
singular value decomposition or the like on the various data
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obtained from the facial skin temperature acquisition means
20 and/or the image data acquisition means 120. As such,
heart rate information, biological information, or the like can
be accurately acquired. Accordingly, a configuration is pos-
sible in which the analysis unit 32 and/or the analysis unit
134 is provided with a feature for analyzing the plurality of
components obtained from the singular value decomposition
and acquiring heart rate information, biological information,
or the like, and the estimation units 33, 135 of the embodi-
ment described above are provided with features for esti-
mating functions of the sympathetic nervous system/para-
sympathetic nervous system on the basis of the acquired
heart rate information and/or biological information.

(5) Features

[0171] (5-1)

[0172] In the present embodiment, human brain activity is
estimated on the basis of the time-series facial skin tem-
perature data and/or facial blood circulation volume data
acquired by the facial skin temperature acquisition means 20
and/or the image data acquisition means 120. As such,
human brain activity can be estimated without using elec-
troencephalogram electrodes or other sensors that require
pretreatment before being applied. Accordingly, human
brain activity can be easily estimated and the physiological
state of the subject can be visualized on the basis of the
estimated brain activity.

(5-2)

[0173] In cases where a situation is created in which the
human brain is placed in states of activation and rest by
actually giving and withholding the brain function activation
task while the time-series facial skin temperature data and/or
the image data is being acquired, it can be said that there is
a high possibility that the component having correlation
between the component waveform of each component and
the brain activated time and the brain resting time is a
component indicating a change in skin temperature and/or
blood circulation volume that reflects brain activity.

[0174] 1In the present embodiment, the brain function
activation task is given to the individual for a certain period
of time while the facial skin temperature acquisition means
20 and/or the image data acquisition means 120 is acquiring
the time-series facial skin temperature data and/or the image
data. That is, in the present embodiment, the brain function
activation task is actually given to and withheld from the
individual and, as a result, a situation is created in which the
human brain is placed in an activated state and a resting
state. Moreover, the various time-series data thusly acquired
is decomposed into a plurality of components by the singular
value decomposition, each component is evaluated whether
there is correlation between the component waveform
thereof and the brain activated time and the brain resting
time, and a component evaluated as having correlation is
extracted from the plurality of components as the determi-
nation component. Thus, compared, for example, to a case
in which a predetermined component identified in prior
experiments or the like is extracted from the plurality of
components as the extraction component, the probability of
extraction of a component, which is less related to the
human brain activity, as an extraction component from the
plurality of components, can be reduced.

(5-3)

[0175] The brain has a mechanism called the selective
brain cooling system whereby the brain is cooled indepen-
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dently of body temperature. The selective brain cooling
system is known to discharge heat generated by brain
activity using the forehead and the area around the paranasal
sinuses. When heat is discharged, a change in the facial skin
temperature resulting from brain activity or the facial blood
circulation volume that correlates to the facial skin tempera-
ture appears at the forehead and/or the area around the
paranasal sinuses.

[0176] In the present embodiment, various data of the
forechead and/or the area around the paranasal sinuses is
analyzed and the determination component is extracted. As
such, it is possible to accurately extract components related
to human brain activity.

(6) Use Examples of Brain Activity Visualization Device

[0177] Next, use examples of the brain activity visualiza-
tion device according to the present invention will be
described. For example, the brain activity visualization
devices 10, 110 according to the embodiment or the modi-
fication examples described above can determine an emo-
tion, a brain age, health, and the like of an examination
subject. Moreover, a useful information presentation device
can be provided that presents useful information related to
an emotional or physical state on the basis of these deter-
mination results.

(6-1-1) When Used to Determine Emotion

[0178] An example is described of a case in which the
brain activity visualization devices 10, 110 according to the
embodiment or the modification examples described above
are used to determine an emotion of a subject. In one
example, the brain activity visualization devices 10, 110
described above are incorporated into an emotion determi-
nation device (useful information presentation device) 300
to enable the determination of the emotion of an examina-
tion subject.

[0179] Specifically, as illustrated in FIG. 23, the state
visualization means 200 described above are provided with
an emotion storage unit 203. The emotion storage unit 203
is memory in which the estimation results of brain activity
and “emotion data” indicating an emotion of a human are
associated with one another and stored. Here, the subject is
placed in one state of emotion with “joy, anger, pathos, or
humor”, and then data of the amount of brain activity from
when the brain function activation task is given for a certain
period of time is collected. The estimation results of brain
activity and emotion data emotion are associated with one
another on the basis of this data and stored in the emotion
storage unit 203. Note that the correlation between the
estimation results of brain activity and the emotion data is
consecutively optimized.

[0180] Moreover, the state visualization means 200 extract
the emotion data from the emotion storage unit 203 on the
basis of the estimation results of brain activity calculated by
the brain activity estimation means 30, 130. As a result, the
emotion determination device 300 can present the emotion
of the subject on the display unit 202.

[0181] To summarize, the emotion determination device
300 includes the facial skin temperature acquisition means
20 and/or the image data acquisition means 120, the brain
activity estimation means 30, 130, and the state visualization
means (useful information presentation means) 200. The
facial skin temperature acquisition means 20 acquire facial
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skin temperature data in time-series. The image data acqui-
sition means 120 acquire photographic image data of the
facial surface in time-series. A plurality of components is
obtained by decomposing the facial skin temperature data
and/or the facial blood circulation volume data by singular
value decomposition, principal component analysis, or inde-
pendent component analysis. The brain activity estimation
means 30, 130 estimate the brain activity of the subject on
the basis of this plurality of components. The state visual-
ization means 200 determine the emotion of the subject on
the basis of the brain activity of the subject estimated by the
brain activity estimation means 30. Accordingly, the emo-
tion determination device 300 can easily determine the
emotion of a human or an animal without using electroen-
cephalogram electrodes or other sensors that require pre-
treatment before being applied.

(6-1-2) When Used to Determine Emotion of Infant

[0182] A configuration is possible in which infant emotion
data indicating an emotion of an infant is stored in the
emotion storage unit 203. Specifically, a numerical value
(rise) of the brain activity of the infant and a degree of a
numerical value (high value) of sympathetic nerves are
analyzed in advance, and the estimation results of brain
activity and the infant emotion data are associated with one
another and stored in the emotion storage unit 203. Storing
the emotional data specific to infants in the emotion storage
unit 203 makes it is possible to determine the emotion of the
infant from the estimation results of brain activity. For
example, in a state where the infant is crying, it is possible
to identify the reason the infant is crying, such as being
hungry, being in discomfort due to a diaper issue, or feeling
pain.

[0183] Typically, infant brain function is undeveloped, but
even the emotions of infants can be appropriately deter-
mined by using the emotion determination device 300.

(6-1-3) When Used to Determine Emotion of Non-Human
Animal

[0184] A configuration is possible in which “animal emo-
tion data” indicating an emotion of a non-human animal is
stored in the emotion storage unit 203. Storing the emotional
data of non-human animals in the emotion storage unit 203
makes it is possible to determine the emotion of those
animals. In this case, the facial skin temperature acquisition
means 20 or the image data acquisition means 120 acquire
information in the best form for the animal. This enables a
pet owner to determine whether a companion animal (pet) is
comfortable or uncomfortable.

(6-2-1) When Used to Estimate Brain Age

[0185] An example is described of a case in which the
brain activity visualization devices 10, 110 according to the
embodiment or the modification examples described above
are used to estimate the brain age of a subject. In one
example, the brain activity visualization devices 10, 110
described above are incorporated into a brain age presenta-
tion device (useful information presentation device) 301 to
enable the determination of the brain age of an examination
subject.

[0186] Specifically, as illustrated in FIG. 24, the state
visualization means 200 described above are provided with
a brain age storage unit 204. The brain age storage unit 204
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is memory in which the estimation results of brain activity
and “brain age data” indicating brain age are associated with
one another and stored. In this case, for example, the same
brain function activation task is given to a plurality of
subjects for a certain period of time, and then data of the
amount of brain activity from when the brain function
activation task was given is collected. The estimation results
of brain activity are classified in accordance with the age of
each subject, and the classified estimation results of brain
activity and the brain age data are associated with one
another and stored in the brain age storage unit 204. Note
that the correlation between the estimation results of brain
activity and the brain age data indicating brain age is
consecutively optimized.

[0187] Moreover, the state visualization means 200 extract
the brain age data from the brain age storage unit 204 on the
basis of the estimation results of brain activity calculated by
the brain activity estimation means 30, 130. As a result, the
brain age presentation device 301 can present the brain age
of the subject on the display unit 202.

[0188] To summarize, the brain age presentation device
301 includes the facial skin temperature acquisition means
20 and/or the image data acquisition means 120, the brain
activity estimation means 30, 130, and the state visualization
means (useful information presentation means) 200. The
facial skin temperature acquisition means 20 acquire facial
skin temperature data in time-series. The image data acqui-
sition means 120 acquire photographic image data of the
facial surface in time-series. A plurality of components is
obtained by decomposing the facial skin temperature data
and/or the facial blood circulation volume data by singular
value decomposition, principal component analysis, or inde-
pendent component analysis. The brain activity estimation
means 30, 130 estimate the brain activity of the subject on
the basis of this plurality of components. The state visual-
ization means 200 present the brain age of the subject on the
basis of the brain activity of the subject estimated by the
brain activity estimation means 30. Accordingly, the brain
age presentation device 301 can easily present the brain age
without using electroencephalogram electrodes or other sen-
sors that require pretreatment before being applied.

(6-2-2) When Using a Gaming Machine

[0189] A configuration is possible in which the brain age
presentation device 301 is housed in a gaming machine.
Specifically, the facial skin temperature acquisition means
20 and/or the image data acquisition means 120 are installed
in a gaming machine. In this case, the facial skin temperature
acquisition means 20 and/or the image data acquisition
means 120 acquire the facial skin temperature data in
time-series and/or the facial surface photographic image
data for a predetermined period of time after a game start by
the gaming machine. As a result of this configuration, the
brain age presentation device 301 can present the brain age
during game running

[0190] Additionally, a configuration 1s possible in which
the game being run by the gaming machine constitutes the
brain function activation task. In this case, in accordance
with the content of the game, an estimation equation for age
and brain activity rise is created in advance on the basis of
data collected from a plurality of subjects. Then, each time
the game is run, the brain age is estimated on the basis of the
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estimation equation created for each game. As a result, a
message such as “Your brain age is XXX is presented each
time the game is run.

[0191] Note that, a configuration is possible in which the
brain age presentation device 301 presents diagnosis infor-
mation for anti-aging, or the like, along with the brain age.

(6-3-1) Advice Related to Health Management

[0192] An example is described in which the brain activity
visualization devices 10, 110 according to the embodiment
or the modification examples described above are applied to
a useful information presentation device 302 related to
health management.

[0193] Specifically, as illustrated in FIG. 25, the state
visualization means 200 described above are provided with
a useful information storage unit 205. The useful informa-
tion storage unit 205 is memory in which the estimation
results of brain activity and “useful information™ related to
health management are associated with one another and
stored. In this case, for example, the same brain function
activation task is given to a plurality of subjects for a certain
period of time, and then data of the amount of brain activity
from when the brain function activation task was given is
collected. The estimation results of brain activity are clas-
sified in accordance with the health condition of the subject,
and the classified estimation results of brain activity and the
useful information are associated with one another and
stored in the useful information storage unit 205. Note that
the correlation between the estimation results of brain activ-
ity and the useful information is consecutively optimized.
[0194] Moreover, the state visualization means 200 extract
the useful information from the useful information storage
unit 205 on the basis of the estimation results of brain
activity calculated by the brain activity estimation means 30,
130. As a result, the useful information presentation device
302 can present useful information related to health man-
agement to the subject.

[0195] To summarize, the useful information presentation
device 302 includes the facial skin temperature acquisition
means 20 and/or the image data acquisition means 120, the
brain activity estimation means 30, 130, and the state
visualization means (useful information presentation means)
200. The facial skin temperature acquisition means 20
acquire facial skin temperature data in time-series. The
image data acquisition means 120 acquire photographic
image data of the facial surface in time-series. A plurality of
components is obtained by decomposing the facial skin
temperature data and/or the facial blood circulation volume
data by singular value decomposition, principal component
analysis, or independent component analysis. The brain
activity estimation means 30, 130 estimate the brain activity
of the subject on the basis of this plurality of components.
The state visualization means 200 present the useful infor-
mation related to health management to the subject on the
basis of the brain activity of the subject estimated by the
brain activity estimation means 30. Accordingly, the useful
information presentation device 302 can easily present the
useful information without using electroencephalogram
electrodes or other sensors that require pretreatment before
being applied.

(6-3-2) Advice based on Comparison with Circadian
Rhythm

[0196] Asillustrated in FIG. 26, a configuration is possible
in which changes by time frame in the estimation results of
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brain activity are associated with the useful information and
stored in the useful information storage unit 205. In this
case, the phrase “changes by time frame in the estimation
results of brain activity” refers to changes classified into a
plurality of patterns on the basis of a value of the estimation
results of brain activity and a rate of change in, for example,
morning, afternoon, and night time frames. In the example
illustrated in FIG. 26, various patterns are set as the changes
by time frame in the estimation results of brain activity. In
the example illustrated in FIG. 26, a state where “brain
activity is low in the morning, the amount of brain activity
rises as morning transitions to afternoon, and the amount of
brain activity decreases as afternoon transitions to evening”
is set as Pattern No. 1; a state where “brain activity is high
from the morning and the amount of brain activity is
constant until night” is set as Pattern No. 2; and a state where
“the amount of brain activity is constant at a low level of
brain activity” is set as Pattern No. 3 as the changes by time
frame in the estimation results of brain activity. Useful
information corresponding to each of these categorized
patterns is stored in the useful information storage unit 205.
In the example illustrated in FIG. 26, useful information is
associated with each of the Pattern Nos. 1 to 3 and stored in
the useful information storage unit 205. Specifically, content
communicating ‘“Normal: Rhythm is maintained by your
lifestyle” is associated with Pattern No. 1; “Abnormal:
Overwork, etc. has resulted in a state of excitement. Get
some sleep or take a break and let your body rest.” is
associated with Pattern No. 2; and “Abnormal: Physical
activity has decreased and you are in a slump. Become
physically active through light exercise, going outside, etc.”
is associated with Pattern No. 3.

[0197] Moreover, with the useful information presentation
device 302, the facial skin temperature acquisition means 20
and/or the image data acquisition means 120 acquire the
facial skin temperature data and/or the facial surface pho-
tographic image data in association with time information.
The brain activity estimation means 30, 130 calculate the
estimation results of brain activity in association with the
time information. Then, the state visualization means 200
extract, from the useful information storage unit 205, useful
information in accordance with the changes by time frame in
the estimation results of brain activity on the basis of the
estimation results and the time information, and present the
useful information to the subject. At this time, the state
visualization means 200 reference prior estimation results of
brain activity and find the pattern of the changes in the
estimation results of brain activity in a predetermined period
of time. Then, the state visualization means 200 extract the
useful information corresponding to that pattern from the
useful information storage unit 24.

[0198] To summarize, with the useful information presen-
tation device 302 having the configuration described above,
it is possible to estimate the balance of the autonomic
nervous system, that is, it is possible to estimate whether or
not sympathetic nervous system activity and parasympa-
thetic nervous system activity are excessively biased, on the
basis of the changes in the estimation results of brain activity
during the predetermined period of time. As such, optimal
useful information can be presented on the basis of that
estimation. In other words, it is possible to present advice
based on a comparison with a circadian rhythm.

[0199] Note that a configuration is possible in which the
useful information presentation device 302 presents the
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useful information not solely on the basis of the estimation
results of brain activity, but on the basis of a combination of
the estimation results of brain activity and the change in skin
temperature. In the example illustrated in FIG. 26, skin
temperature changes in accordance with the states described
in Pattern Nos 1 to 3. Specifically, the change in skin
temperature is “low in the morning, rises during the day, and
decreases in the evening” in Pattern No. 1; the change in skin
temperature is “high to start and does not decrease, even in
the evening” in Pattern No. 2; and the change in skin
temperature is “low to start and does not rise during the day”
in Pattern No. 3. Accordingly. by presenting the useful
information that corresponds to each of the Pattern Nos. 1 to
3 when the estimation results of brain activity match the
Pattern Nos. 1 to 3 and, in addition, the change in skin
temperature matches the Pattern Nos. 1 to 3, the validity of
the useful information can be enhanced.

(6-3-3) Use of Mirror

[0200] With the useful information presentation device
302, a configuration is possible in which the facial skin
temperature acquisition means 20 and/or the image data
acquisition means 120 are disposed behind a mirror member.
With such a configuration, user convenience can be
enhanced by, for example, accumulating the estimation
results of brain activity each time a user gets dressed using
a mirror.

[0201] Additionally, a configuration is possible in which
the mirror member is a mirrorizing application of a smart
device as an embodiment of a mirror member. For example,
acamera or the like mounted on the smart device can be used
to pseudo-mirrorize a display unit of the smart device. User
convenience can be enhanced by disposing the facial skin
temperature acquisition means 20 and/or the image data
acquisition means 120 behind the display unit of a portable
smart device. Here, examples of the smart device include
multifunction mobile phones and the like.

(7) Use in Smart Device

[0202] A configuration is possible in which the brain
activity visualization devices 10, 110 according to the pres-
ent embodiment are housed in a smart device. Specifically,
a configuration is possible in which the facial skin tempera-
ture acquisition means 20 and/or the image data acquisition
means 120, the brain activity estimation means 30, 130, and
the state visualization means 200 are housed in a smart
device such as a multifunction mobile phone or the like.
Furthermore, when the brain activity visualization devices
10, 110 are used as the useful information presentation
device housed in a smart device, it is possible for the user to
input and output information and carry out calculations
using the smart device carried with the user. As a result,
brain age, emotions of people or animals, health manage-
ment, and other useful information can be easily acquired.
[0203] Alternatively, a configuration is possible in which
the facial skin temperature acquisition means 20 and/or the
image data acquisition means 120, and the state visualiza-
tion means 200 are housed in a smart device such as a
multifunction mobile phone or the like, and the brain activity
estimation means 30, 130 are housed in a server device.
Such a configuration enables a reduction in the calculation
load of the smart device main unit. Additionally, by man-
aging data on a server device, multiple pieces of data can be
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collected and optimized and, as a result, the accuracy of the
output results can be enhanced. For example, the accuracy of
the useful information can be enhanced by optimizing the
association between the estimation results of brain activity
and the useful information in a timely manner. Additionally,
the accuracy of the brain age determination can be enhanced
by optimizing the association of the estimation results of
brain activity with the brain age data of the examination
subject in a timely manner. Moreover, the accuracy of the
emotion determination can be enhanced by optimizing the
association of the estimation results of brain activity with the
emotion data of the examination subject in a timely manner.

Additional Description

[0204] The present invention is not limited to the embodi-
ments described above. Various modifications may be made
to the constituent elements of the present invention at the
stage of implementation, without departing from the gist of
the present invention. Various types of the invention can be
formed by appropriately combining a plurality of the con-
stituent elements disclosed in the foregoing embodiments.
Some of the elements, for example, may be omitted from the
whole of the constituent elements shown in the embodi-
ments mentioned above. Furthermore, the constituent ele-
ments over different embodiments may be appropriately
combined.

INDUSTRIAL APPLICABILITY

[0205] The present invention can easily estimate brain
activity and, as such, is useful for applications to brain
activity visualization devices that visualize the physiological
state of subjects on the basis of their brain activity.
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[0206] 20 Facial skin temperature acquisition means
[0207] 200 State visualization means (useful information
presentation means)

[0208] 201 Analysis unit

[0209] 203 Emotion storage unit

[0210] 204 Brain age storage unit

[0211] 205 Useful information storage unit

[0212] 300 Emotion determination device (useful infor-

mation presentation device)
[0213] 301 Brain age presentation device (useful informa-
tion presentation device)

[0214] 302 Useful information presentation device
[0215] 10, 110 Evaluation Device
[0216] 30, 130 Brain activity estimation means
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Application Publication No. 2013-176406
1. A useful information presentation device comprising;
at least one of
a facial skin temperature acquisition unit acquiring
facial skin temperature data including skin tempera-
ture data detected from a facial surface of a subject
and position data of a detection site of the skin
temperature data in time-series, and
a blood circulation volume acquisition unit obtaining
photographic image data by imaging the facial sur-
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face of the subject in time-series, obtaining RGB
data of the photographic image data by subjecting
the photographic image data to RGB processing, and
acquiring blood circulation volume data based on the
RGB data in time-series;

a brain activity estimation unit decomposing at least one
of the facial skin temperature data acquired by the
facial skin temperature acquisition unit and the facial
blood circulation volume data acquired by the facial
blood circulation volume acquisition unit into a plural-
ity of components by singular value decomposition,
principal component analysis, or independent compo-
nent analysis, and the brain activity estimation unit
estimating brain activity of the subject based on the
plurality of components; and

a useful information presentation unit presenting, to the
subject, useful information related to an emotional or
physical state based on the brain activity of the subject
estimated by the brain activity estimation unit.

2. The useful information presentation device according

to claim 1, wherein
the brain activity estimation unit
extracts, from the plurality of components, a compo-
nent having a waveform with an amplitude that has
correlation with changes of a brain resting time and
a brain activated time as a determination component,
and

estimates the brain activity of the subject based on the
determination component.

3. The useful information presentation device according

to claim 1, wherein

at least one of the facial skin temperature acquisition unit
and the facial blood circulation volume acquisition unit
acquire at least one of the facial skin temperature data,
the facial blood circulation volume data of a forehead
and an area around paranasal sinuses of the subject.

4. The useful information presentation device according

to claim 1, wherein

at least one of the facial skin temperature acquisition unit
and the facial blood circulation volume acquisition
unit, and the useful information presentation unit are
housed in a smart device.

5. The useful information presentation device according

to claim 1, wherein

at least one of the facial skin temperature acquisition unit
facial blood circulation volume acquisition unit, the
brain activity estimation unit, and the useful informa-
tion presentation unit are housed in a smart device.

6. The useful information presentation device according

to claim 1, further comprising:

an emotion storage unit that stores estimation results of
brain activity and emotion data indicating an emotion
of a human in association with each other,

the brain activity estimation unit calculating the estima-
tion results of brain activity, and

the useful information presentation unit extracting emo-
tional data of the subject based on the estimation results
from the emotion storage unit, and presenting the
emotional data.

7. The useful information presentation device according

to claim 6, wherein,

the useful information presentation device is used for an
infant as the subject, and
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the emotion storage unit associates and stores an estima-
tion value of brain activity with infant emotion data
indicating an emotion of the infant.

8. The useful information presentation device according

to claim 6, wherein

the useful information presentation device determines an
emotion of a non-human animal instead of a human.

9. The useful information presentation device according

to claim 1, further comprising:

a brain age storage unit that associates and stores estima-
tion results of brain activity with brain age data indi-
cating a brain age,

the brain activity estimation unit calculating the estima-
tion results of brain activity, and

the useful information presentation unit extracting, from
the brain age storage unit, brain age data of the subject
based on the estimation results, and presenting the
brain age data.

10. The useful information presentation device according

to claim 5, wherein

at least one of the facial skin temperature acquisition unit
and the facial blood circulation volume acquisition unit
are installed in a gaming machine that acquires at least
one of the facial skin temperature data and the facial
blood circulation volume data in time-series for a
predetermined period of time after a game start by the
gaming machine.

11. The useful information presentation device according

to claim 1, further comprising:

a useful information storage unit that stores the useful
information related to health management in associa-
tion with estimation results of brain activity,

the brain activity estimation unit calculating the estima-
tion results of brain activity, and

the useful information presentation unit extracting useful
information for the subject based on the estimation
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results from the useful information storage unit, and
presenting the useful information.
12. The useful information presentation device according
to claim 11, wherein
the useful information storage unit stores the useful
information in association with changes by time frame
in the estimation results of brain activity,
at least one of the facial skin temperature acquisition unit
and the facial blood circulation volume acquisition unit
acquire at least one of the facial skin temperature data
and the facial blood circulation volume data in asso-
ciation with time information,
the brain activity estimation unit calculates the estimation
results of brain activity in association with the time
information, and
the useful information presentation unit extracts, from the
useful information storage unit, the useful information
in accordance with the changes by time frame in the
estimation results of brain activity based on the esti-
mation results and the time information, and presents
the useful information to the subject.
13. The useful information presentation device according
to claim 1, wherein
at least one of the facial skin temperature acquisition unit
and the facial blood circulation volume acquisition unit
are disposed behind a mirror member.
14. The useful information presentation device according
to claim 4, wherein

the smart device includes a mirror member that mirrorizes
a display unit of the smart device, and

at least one of the facial skin temperature acquisition unit
and the facial blood circulation volume acquisition unit
are disposed behind the display unit.

I S T T



TRAFROE) EANEERTNRE
NIF(2E)E US20180289266A1 K (2E)R 2018-10-11
HiES US15/767067 HiEA 2016-10-17

patsnap

WRIRB(EFR)AGE) KEThKXNL4
BN RFEARRKIULAZE

RET kN 4t
RREIKRZE

RE(EFR)AGE)

HAREEFARAGE) KRET LKL
RREIKRE

[FRIRBAA ARAI JUNICHIRO
GOTOU TAKASHI
IWAKAME MAKOTO
HINO KENICHI
HIRANO TOMOYA
KOTANI YASUNORI
OHGAMI YOSHIMI

TOMATSU TARO

RBAAN ARAI, JUNICHIRO
GOTOU, TAKASHI
IWAKAME, MAKOTO
HINO, KENICHI
HIRANO, TOMOYA
KOTANI, YASUNORI
OHGAMI, YOSHIMI
TOMATSU, TARO

A61B5/01 A61B5/00 A61B5/026 A61B5/11 A61B5/16
AG61B5/01 A61B5/441 A61B5/0261 A61B5/1118 A61B5/165 A61B5/00 A61B5/16

£ 5 2015203359 2015-10-15 JP
2015203358 2015-10-15 JP
2015203357 2015-10-15 JP

PASE R Espacenet USPTO

BEGF)

FANEEENRZEIERNEKBERRE TH/HMRERERNET , ENHITETNAEREEE2I LT, EHRKRER
B 88 T i At ) AR B SRER T 3R AL R OR 2R . IR A PR B AR BN B U8 BA R 8] 7 51U 3 T P R I AT BB SRIREUR S B R R . KRBE
UG R TESTRESHE , ERD ORI KD D ATFESEFKEEREN/IASNRERERESBNS IS , AKX
FoSE B Al T B Tt KBSES ERIES) ., EF2NMAMNEE. FAGEENETETHRKED Gt £ TAITTHN R KN
EHARIREZNERERFERSERNERER.


https://share-analytics.zhihuiya.com/view/526fbf02-99b3-4eb8-a357-6ec268aca1d0
https://worldwide.espacenet.com/patent/search/family/058518136/publication/US2018289266A1?q=US2018289266A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220180289266%22.PGNR.&OS=DN/20180289266&RS=DN/20180289266

N

S
ACQUISITION OF FACIAL
I SKIN TEMPER RE DATA

S2
L—W KIN TEMFE'RATURE DATA,
BASED ON RELATIVE TEMPERATURE COl SION DATA
53

Si NGULAR VALUE DECOMPOSITION OF FACI

BASED OM RELATIVE TEMPERATURE CONVERSION DATA

DOES A COMPONENT FROM FACIAL o]

TISFY COMNDITION 17

YES
I:IOES THE COMPONENT FROM FACIAL SKIN “4b
NO RATURE DATA BASED ON ABSOL

UTE
TEMPEF!ATURE CONWVERSION DATA THAT SATISFIES
CONDITION 1 SATISFY CONDITIONM 27

YES

~NO DOES A COMPONENT FROM FACIAL SIIN Sa
NPERATURE DATA BASED ON RELATIWVE TEMPERATUR|
NVERSION DATA SIK'I'ISFY GONDITION 17
l YES
DOES THE COMPONENT FIROM FACLAL SKIN b
NO TEMPERATURE DATA BASED OMN RELATIVE
TEMPERATLU CONVERSION DATA THAT SATISFIES
CONDITION 1 SATISEY CoMDITION 22
YES e
DETERMINATION THAT ‘ l IDENTIFICATION THAT
OMPONENT IS NOT ONE IND|C-QT|NB OWFMNT 1S ONE ImTING
TEMPERATURE CHANG! FERATURE CHANGE THAT
REFLECTS BRAIN ACTIVITY REF[EC'S BRAIN ACTIVITY

G%B



