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(7) ABSTRACT

A brain activity estimation device includes a facial skin
temperature acquisition element and a brain activity estima-
tion element. The acquisition element detects a skin tem-
perature of at least part of a human face, and acquires facial
skin temperature data including detected temperature data
and location data of a detection region in a time series
manner. The estimation element estimates human brain
activity based on the facial skin temperature data acquired.
The estimation element decomposes the facial skin tempera-
ture data into a plurality of components, extracts a compo-
nent as a determination component, and determines whether
the determination component is related to the human brain
activity based on a presence or absence of a temperature
change in a prescribed region of the human face.
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BRAIN ACTIVITY ESTIMATION DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a brain activity
estimation device for estimating a human brain activity.

BACKGROUND ART

[0002] There have been attempts in the prior art to esti-
mate a human brain activity utilizing data that has been
detected by functional magnetic resonance imaging (fMRI),
near infrared spectroscopy (NIRS), or electroencephalogra-
phy (EEG), such as is disclosed in Patent Literature 1
(Japanese Laid-open Patent Publication 2013-176406).

SUMMARY OF THE INVENTION

Technical Problem

[0003] However, in cases in which electroencephalogra-
phy or near infrared spectroscopy is adopted as the detection
method, it is necessary to attach electrodes or probes, which
require preparatory processing, to the test subject. In cases
in which functional magnetic resonance imaging is adopted
as the detection method, measurements can only be carried
out in an MRI room. Specifically, in cases in which either
electroencephalography, near infrared spectroscopy, or func-
tional magpetic resonance imaging is adopted as the detec-
tion method, there are problems such as the complexity of
the necessary operations to be performed in the preparatory
stage, or limitations as to conditions during detection.
[0004] It is accordingly an object of the present invention
to provide a brain activity estimation device with which a
human brain activity can be estimated easily.

Solution to Problem

[0005] The brain activity estimation device according to a
first aspect of the present invention is equipped with a facial
skin temperature acquisition means, and a brain activity
estimation means. The facial skin temperature acquisition
means detects the skin temperature of at least part of a
person’s face. The facial skin temperature acquisition means
acquires facial skin temperature data that includes detected
temperature data and location data of the detection region
thereof in a time series manner. The brain activity estimation
means estimates the human brain activity on the basis of
facial skin temperature data acquired by the facial skin
temperature acquisition means. The brain activity estimation
means also decomposes the facial skin temperature data into
a plurality of components by singular value decomposition,
principal component analysis, or independent component
analysis. The brain activity estimation means also extracts a
component as a determination component from among the
plurality of components. The component has the amplitude
of the component waveform thereof is correlated to a
changes at a time when the brain is at rest and a time when
the brain is stimulated. The brain activity estimation means
also determines whether the determination component is
related to the human brain activity on the basis of the
presence or absence of a temperature change in a prescribed
region of a human face.

[0006] With the brain activity estimation device according
to the first aspect of the present invention, a human brain
activity is estimated on the basis of a time series of facial
skin temperature data acquired by the facial skin tempera-
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ture acquisition means. For this reason, with this brain
activity estimation device, a human brain activity can be
estimated on the basis of facial skin temperature without
attaching sensors such as brain wave electrodes or probes
which require processing prior to attachment. Consequently,
a human brain activity can be estimated more easily than in
cases in which conventional detection methods, such as
electroencephalography, functional magnetic resonance
imaging, or near infrared spectroscopy is utilized.

[0007] A brain activity estimation device according to a
second aspect of the present invention is the brain activity
estimation device according to the first aspect of the present
invention wherein the facial skin temperature data includes
data recorded during a period in which the person is pre-
sented with a brain function-stimulating task. The brain
activity estimation means designates a period during which
a person is not being presented with the brain function-
stimulating task as a time when the brain is at rest. The brain
activity estimation means designates a period during which
the person is being presented with the brain function-
stimulating task as a time when the brain is being stimulated.
The brain activity estimation means then evaluates whether
a correlation exists in the plurality of components. The brain
activity estimation means further extracts a component
evaluated as having the correlation from among the plurality
of components, as the determination component. Therefore,
with this brain activity estimation device, circumstances in
which the human brain is activated or placed at rest are
actually created by presenting or not presenting the indi-
vidual with a brain function-stimulating task, and the cor-
relation is evaluated on the basis thereof, and a determina-
tion component is extracted. It is therefore possible to reduce
the risk that a component having weak correlation to a
human brain activity will be selected as an extraction
component from among a plurality of components.

[0008] A brain activity estimation device according to a
third aspect of the present invention is the brain activity
estimation device according to the first or second aspect of
the present invention wherein the brain activity estimation
means creates facial skin temperature data in which the
temperature data included in the facial skin temperature data
acquired at each of prescribed points in time is converted to
relative temperature data. Then, for each set of the acquired
facial skin temperature data and set of the created facial skin
temperature data, the brain activity estimation means
decomposes the data into a plurality of components by
singular value decomposition, principal component analysis,
or independent component analysis.

[0009] There are instances in which the skin temperature
of the face varies due to a human face being contacted by
cold or hot air from an air conditioner, by sunlight, or the
like, so that the detected skin temperature of the face varies.
In such cases, changes in facial skin temperature due to
extrinsic factors unrelated to brain activity (noise) can get
mixed into the facial skin temperature data.

[0010] With the brain activity estimation device according
to the third aspect of the present invention, facial skin
temperature data converted to relative temperature data is
created from facial skin temperature data acquired at each of
prescribed points in time according to temperature data
detected by the facial skin temperature acquisition means.
Then, in addition to the facial skin temperature data accord-
ing to detected temperature data, the facial skin temperature
data that has been converted to relative temperature data is
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decomposed into a plurality of components by singular
value decomposition, principal component analysis, or inde-
pendent component analysis. Specifically, with this brain
activity estimation device, by creating facial skin tempera-
ture data that has been converted to relative temperature
data, it is possible to track relative changes in skin tempera-
ture of the face at prescribed points in time. Therefore,
changes in facial skin temperature due to extrinsic factors
unrelated to brain activity can be detected.

[0011] A brain activity estimation device according to a
fourth aspect of the present invention is the brain activity
estimation device according to any of the first to third
aspects of the present invention wherein the facial skin
temperature acquisition means is an infrared thermography
device. With this brain activity estimation device, the skin
temperature of the face is detected by the infrared thermog-
raphy device, and therefore the burden imposed on the
person targeted for detection can be made less than when
sensors or the like are attached to the face to detect the skin
temperature of the face.

[0012] A brain activity estimation device according to a
fifth aspect of the present invention is the brain activity
estimation device according to any of the first to fourth
aspects of the present invention wherein the prescribed
region is a paranasal sinus peripheral region and/or a fore-
head.

[0013] The brain has a mechanism called the selective
brain cooling system, whereby the brain is cooled indepen-
dently of body temperature. It is known that the selective
brain cooling system removes heat produced by brain activ-
ity using the forchead and the paranasal sinus peripheral
region.

[0014] With a brain activity estimation device according
to a fifth aspect of the present invention, for a determination
component having a correlation to a change occurring when
the brain is at rest or when the brain is stimulated, a
determination is made as to whether the component is
related to a human brain activity, on the basis of whether
there is a temperature change of the paranasal sinus periph-
eral region and/or forehead. In so doing, a component that is
associated with a human brain activity can be accurately
identified.

[0015] A brain activity estimation method according to a
sixth aspect of the present invention is provided with a facial
skin temperature acquisition step, and a brain activity esti-
mation step. In the facial skin temperature acquisition step,
skin temperature in at least part of a person’s face is
detected, and facial skin temperature data that includes
detected temperature data and location data of the detection
region is acquired in a time series manner. In the brain
activity estimation step, the human brain activity is esti-
mated on the basis of the facial skin temperature data
acquired in the facial skin temperature acquisition step. The
brain activity estimation step also includes a decomposition
step, and extraction step, and a determination step. In the
decomposition step, the facial skin temperature data is
decomposed into a plurality of components by singular
value decomposition, principal component analysis, or inde-
pendent component analysis. In the extraction step there is
extracted, as a determination component from among the
plurality of components that were decomposed in the
decomposition step, a component for which the amplitude of
the component waveform thereof is correlated to a change at
a time when the brain is at rest and a time when the brain is
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stimulated. In the determination step, whether the determi-
nation component that was extracted in the extraction step is
related to the person’s brain activity is determined on the
basis of the presence or absence of a temperature change in
a prescribed region of the human face.

[0016] In the brain activity estimation method according
to the sixth embodiment of the present invention, a human
brain activity is estimated on the basis of a time seties of
facial skin temperature data acquired in the facial skin
temperature acquisition step. Therefore, a human brain
activity can be estimated more easily, as compared with
cases in which prior-art detection methods, such as electro-
encephalography, functional magnetic resonance imaging
procedure, or near infrared spectroscopy is utilized.

Advantageous Effects of Invention

[0017] With the brain activity estimation device according
to the first aspect of the present invention, a human brain
activity can be estimated easily.

[0018] With the brain activity estimation device according
to the second aspect of the present invention, it is possible
to reduce the risk that a component having weak correlation
to a human brain activity will be selected as an extraction
component from among a plurality of components.

[0019] With the brain activity estimation device according
to the third aspect of the present invention, changes in facial
skin temperature due to extrinsic factors unrelated to brain
activity can be detected.

[0020] With the brain activity estimation device according
to the fourth aspect of the present invention, the burden
imposed on the person targeted for detection can be reduced.
[0021] With the brain activity estimation device according
to the fifth aspect of the present invention, a component that
is associated with a human brain activity can be accurately
identified.

[0022] With the brain activity estimation method accord-
ing to the sixth aspect of the present invention, a human
brain activity can be estimated easily.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1 shows an example of a relationship between
temperature and time in facial temperature data;

[0024] FIG. 2 shows some of the results of an analysis of
facial skin temperature data corresponding to temperature
conversion data;

[0025] FIG. 3 shows some of the results of an analysis of
facial skin temperature data corresponding to temperature
conversion data;

[0026] FIG. 4 shows some of the results of an analysis of
facial skin temperature data corresponding to relative tem-
perature conversion data;

[0027] FIG. 5 shows some of the results of an analysis of
facial skin temperature data corresponding to relative tem-
perature conversion data;,

[0028] FIG. 6 shows the amplitude of a waveform of a
component 2, and the amplitude of a § wave among mea-
sured brain waves;

[0029] FIG. 7 shows the amplitude of a waveform of a
component 3, and the amplitude of a § wave among mea-
sured brain waves;

[0030] FIG. 8 shows some of the results of an analysis of
facial skin temperature data obtained in a control experi-
ment;
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[0031] FIG. 9 illustrates a simplified diagram of a brain
activity estimation device according to an embodiment of
the present invention, and

[0032] FIG. 10 illustrates a flowchart showing the flow of
a process during identification of a component indicating a
change in skin temperature that reflects brain function in a
brain activity estimation device.

DESCRIPTION OF EMBODIMENTS

[0033] Before describing the embodiments of the present
invention, the discovery made by the inventors that served
as an important foundation for the inventors to contrive the
present invention will be described first.

(1) Summary of Discovery Made by the Inventors

[0034] It is known that a person’s intellectual activity
(cognitive activity and the like) and emotional activity
(activity such as pleasure/displeasure) is reflected in a
human brain activity. Attempts to estimate a human brain
activity have been made in the past, but in most cases, data
detected by any method selected from electroencephalogra-
phy, functional magnetic resonance imaging, and near infra-
red spectroscopy was utilized.

[0035] In cases in which, for example, electroencephalog-
raphy is selected as a detection method, it is necessary to
attach brain wave electrodes to the test subject. Since it is
moreover necessary to reduce resistance between the skin
and the electrodes when the brain wave electrodes are worn,
a procedure such as a process to abrade the skin, or an
application of a paste to the electrodes is needed to be
carried out. In cases in which functional magnetic resonance
imaging is selected, because it is impossible to take mea-
surements at locations other than an MRI room, there are
restrictions as to the measurement conditions, such as the
fact that metals cannot be brought into the measurement
room. In a case where near infrared spectroscopy is selected,
it is necessary to attach a probe to the test subject, but
wearing the probe for an extended period may cause the test
subject to experience pain, and there may be instances in
which detection cannot take place accurately due to a state
of contact between the probe and the test subject’s hair. In
this way, when conventional detection methods are used in
order to measure a human brain activity, a significant burden
is imposed on the test subject, preparatory processes during
attachment of the brain wave electrodes or probe are needed,
or the measurement conditions are limited, and other bur-
dens are imposed.

[0036] Accordingly, there is a need to develop a means by
which the burden on test subjects can be reduced, and a
human brain activity can be estimated easily.

[0037] The brain has a mechanism called the selective
brain cooling system, whereby the brain is cooled indepen-
dently of body temperature. It is known that the selective
brain cooling system removes heat produced by brain activ-
ity using the forchead and the paranasal sinus peripheral
region. Thus, changes in facial skin temperature accompa-
nying brain activity will appear in the forehead and/or
paranasal sinus peripheral region (the glabella and paranasal
peripheral region).

[0038] The inventors conceived of the idea that, if changes
in the skin temperature of a person’s face due to this
selective brain cooling system could be tracked, brain activ-
ity could be measured without carrying out brain wave
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measurements or the like. Moreover, the data of the skin
temperature of a human face can be acquired in a time series
manner without attaching sensors that require a preparatory
process.

[0039] However, it is known that the skin temperature of
a person’s face changes due to the effects of various factors
such as the outside temperature and/or autonomic nervous
activity and the like. For this reason, if brain activity is
estimated on the basis of facial skin temperature, it is
extremely difficult to decide whether detected facial skin
temperature reflects only brain activity.

[0040] As a result of painstaking research, the inventors
discovered that a component that indicates changes in skin
temperature reflecting brain activity can be identified by
detecting the skin temperature of the face, and decomposing
facial skin temperature data that includes detected tempera-
ture data and location data (coordinate data) for the detected
regions into a plurality of components by using singular
value decomposition, principal component analysis, or inde-
pendent component analysis, and analyzing the decomposed
plurality of components by using the selective brain cooling
system. Specifically, it was ascertained that, in cases in
which it is attempted to estimate a human brain activity on
the basis of facial temperature data, it is effective to decom-
pose the facial skin temperature data into a plurality of
components by singular value decomposition, principal
component analysis, or independent component analysis. By
focusing upon this feature, the inventors arrived at the
present invention, with which a human brain activity can be
estimated without attaching sensors that require preparatory
processing, such as brain wave electrodes or probes.

(2) Facial Skin Temperature Data Acquisition Method, and
Facial Skin Temperature Data Analysis Method

[0041] FIG. 1 (a) shows an example of a relationship
between temperature and time in acquired facial temperature
data. FIG. 1 (») shows an example of a relationship between
temperature and time in facial skin temperature data shown
in FIG. 1(a) that has been created by conversion of tem-
perature data included in facial skin temperature data
acquired at each of prescribed points in time, to relative
temperature data.

[0042] Next, a facial skin temperature data acquisition
method and a facial skin temperature data analysis method
employed when inventors made the aforementioned discov-
ery shall be described.

[0043] In the present test, facial skin temperature data was
acquired from six test subjects. Specifically, the test subjects
were seated in chairs arranged in an artificial climate room
maintained at a room temperature of 25° C., and facial skin
temperature data was acquired from the test subjects’ entire
face using an infrared thermography device. An infrared
thermography device is a device that makes it possible for
infrared emission energy emanating from a target to be
detected by an infrared camera, the detected infrared emis-
sion energy to be converted to the surface temperature of the
target (in the present embodiment, degrees Celsius), and a
temperature distribution thereof to be displayed and cumu-
lated in the form of facial skin temperature data (e.g., image
data representing a temperature distribution). In the present
test, an R300 made by NEC Avio Infrared Technologies Co.
Ltd. was used as the infrared thermography device. The
infrared camera was arranged at a location to the front of the
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test subject, and 1.5 m away from the test subject. The facial
skin temperature data was acquired for a 30-minute period.
[0044] Inthe present test, during the interval that the facial
skin temperature data was being acquired, the test subjects
were presented with brain function-stimulating tasks. In so
doing, facial skin temperature data with the brain at rest, and
facial skin temperature data while the brain is stimulated,
were acquired.

[0045] As brain function-stimulating tasks there may be
cited psychological works whereby, on the basis of video
images shown on a display screen or the like, test subjects
recognize calculations, or numbers, shapes, and colors,
memotrize symbols, characters or words, or the like. In the
present test, “doing mental multiplication” was selected as
the brain function-stimulating task; test subjects being
assigned the work of calculating numbers shown in paper
calculation format on a display device, and inputting the
answers on a keyboard. In the present test, the test subjects
were presented with the brain function-stimulating tasks for
a continuous 10-minute period after 5 minutes from the start
of acquisition of the facial skin temperature data.

[0046] For the analysis of the facial skin temperature data,
singular value decomposition (SVD) was carried out using
MATLAB (registered trademark)’s SVD (Singular Value
Decomposition) as the analysis tool on the acquired facial
skin temperature data. In singular value decomposition, the
analysis was carried out while targeting all of the facial skin
temperature data acquired in the form of a time series (30
minutes’ worth of data), designating time data taken every
30 seconds (60 time points in 30 minutes) as factors, and
designating the facial skin temperature data (240x320 pix-
els) for the periods (30 seconds) as measures. Then, through
singular value decomposition, the facial skin temperature
data X was decomposed into a plurality of components, and
a temporal distribution V of the respective components, a
spatial distribution U, and a singular value S indicating the
magnitude of the components were calculated. These rela-
tionships are represented by the following equation. V' is a
matrix in which the rows and columns of V have been
transposed.

X=(U*5)*V"

[0047] The temporal distribution V and the spatial distri-
bution U of the components derived through singular value
decomposition were plotted on a graph, and a component
waveform chart and temperature distribution chart of the
components were created.

[0048] Further, the created component waveform chart
and temperature distribution chart of the components were
analyzed to identify components that are indicative of
changes of skin temperature reflective of brain activity.
[0049] The component waveform chart of the components
was analyzed for any correlation between the amplitude of
the component waveform thereof, and instances when the
brain was at rest or stimulated. Specifically, an evaluation
was conducted on whether a correlation existed between the
amplitude indicated by the component waveform chart of
the components, and the brain-at-rest intervals/brain-stimu-
lation intervals. In the present test, among the intervals in
which facial skin temperature data was acquired, a 5-minute
interval extending from the data acquisition start point and
up to a point in time after 5 minutes had passed, and a
15-minute interval extending from point in time after 15
minutes had passed since the data acquisition start point and

[Mathematical Formula 1]
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up to the data acquisition end point, which were intervals in
which the test subjects were not presented with brain activ-
ity-stimulating tasks, were designated as times when the
brain was at rest. A 10-minute period extending from a point
in time occurring after 5 minutes had elapsed since the data
acquisition start point, up to a point in time after 10 minutes
had elapsed, which was the interval in which the test
subjects were presented with brain activity-stimulating
tasks, was designated as time when the brain was being
stimulated. An evaluation was made as to the presence or
absence of correlation between the amplitude indicated by
the component waveform chart of the components, and
times when the brain was at rest or times when the brain was
stimulated. A statistical correlation analysis was carried out
as to the presence or absence of correlation, and a correlation
was determined to exist in which the significance level (a)
was 0.05 or less.

[0050] The temperature distribution chart of the compo-
nents was analyzed as to the presence or absence of tem-
perature changes in prescribed regions of the face. Specifi-
cally, the temperature distribution chart of the components
was evaluated as to whether there were temperature changes
in the paranasal sinus peripheral region and the forehead.
The criterion for assessing the presence or absence of
temperature changes in the paranasal sinus peripheral region
and the forehead in the temperature distribution chart was
the presence or absence of temperature changes as deter-
mined by visual inspection. Alternatively, whether there
were temperature changes such that the temperature of the
paranasal sinus peripheral region and the forehead differs by
at least one standard deviation (SD) from the average
temperature of all of the measurement data was used as the
criterion.

[0051] The polarity (plus or minus) of the facial skin
temperature data X is determined by relationships among
values of the spatial distribution U, the singular value 8, and
the temporal distribution V; accordingly, there are instances
in which polarity appears reversed in the component wave-
form chart and the temperature distribution chart of the
components. For this reason, it was decided to exclude
polarity from the evaluation, when evaluating the compo-
nent waveform chart and the temperature distribution chart.

[0052] As stated previously, with this infrared thermogra-
phy device, infrared emission energy detected from a target
is converted to temperature, and the temperature distribution
thereof is used as facial skin temperature data in the present
embodiment. In cases in which facial skin temperature is
acquired using an infrared thermography device from a
human target, facial skin temperature data representing
various temperature changes unrelated to brain activity
(“noise”) such as facial movements and/or autonomic ner-
vous activity, may also be acquired (see FIG. 1 (@)). In order
to detect such temperature changes unrelated to brain activ-
ity, relative facial skin temperature data in which a value of
0 is adopted to the overall average value of the temperature
data included in facial skin temperature data captured every
30 seconds was created. Then, singular value decomposition
was carried out using MATLAB (registered trademark)’s
SVD as the analysis tool on the created facial skin tempera-
ture data. A component waveform chart and a temperature
distribution chart of the components according to the sin-
gular value S were created. Then, an analysis was conducted
to identify a component that indicates changes in skin
temperature reflecting brain activity.
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[0053] For convenience in the description that follows,
facial skin temperature data acquired with the infrared
thermography device shall be termed “facial skin tempera-
ture data corresponding to temperature conversion data,”
and relative facial skin temperature data in which a value of
0 is adopted to the overall average value of the temperature
data included in facial skin temperature data that is associ-
ated with temperature conversion data captured at each of
prescribed points in time (in the present test, every 30
seconds) shall be termed “facial skin temperature data
corresponding to relative temperature conversion data.”
[0054] To the one of the six test subjects who was con-
ducted a detection of facial skin temperature with the
infrared thermography device; additionally, electrodes were
connected onto the test subject’s scalp, the brain waves were
measured, and an evaluation was made regarding correlation
between the amplitude of f§ waves (brain waves of 14-30 Hz
frequency), which are known as waveforms that appear at
times of arousal or at times of tensed feeling, and the
amplitude of the component waveform chart. Brain wave
measurements were carried out on the basis of the Interna-
tional 10-20 system, placing the electrodes in six regions
(F3, F4, C3, C4, Cz, and Pz).

[0055] It is conceivable that during the time that a test
subject is being presented with a brain function-stimulating
task, the test subject’s head might move up and down.
Should this happen, the position of the test subject’s face
with respect to the infrared camera will change. In order to
verify whether this change in the position of the face affects
change in skin temperature, a comparative experiment was
carried out on one test subject. In the comparative experi-
ment for verifying the effects of movement of the test subject
during acquisition of facial skin temperature data, facial skin
temperature data of the test subject was acquired using the
infrared thermography device in the same manner as in the
aforedescribed test, but the test subject was made to perform
a work involving pressing a keyboard at random timing
during periods in which the subject was not being presented
with a brain function-stimulating task (i.e. when the brain
was at rest). Singular value decomposition using MATLAB
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(3) Results of an Analysis of Facial Skin Temperature Data

[0056] FIGS. 2 and 3 show some of the results of an
analysis of facial skin temperature data corresponding to
temperature conversion data. FIG. 2 (a) shows a component
waveform chart of a component 2 of a test subject 1. FIG.
2 (b) shows a temperature distribution chart of a component
2 of a test subject 1. FIG. 3 (a) shows a component
waveform chart of a component 3 of the test subject 1. FIG.
3 (b) shows a temperature distribution chart of a component
3 of the test subject 1. FIGS. 4 and 5 show some of the
results of an analysis of facial skin temperature data corre-
sponding to relative temperature conversion data. FIG. 4 (a)
shows a component waveform chart of the component 2 of
the test subject 1. FIG. 4 () shows a temperature distribu-
tion chart of the component 2 of the test subject 1. FIG. 5 (a)
shows a component waveform chart of the component 3 of
the test subject 1. FIG. 5 (b) shows a temperature distribu-
tion chart of the component 3 of the test subject 1. FIG. 6 and
FIG. 7 show relationships between component waveform
amplitude and brain waves. FIG. 6 shows the amplitude of
the component waveform chart of the component 2 of the
test subject 1, and the amplitude of the f§ wave among the
measured brain waves. FIG. 7 shows the amplitude of the
component waveform chart of the component 3 of the test
subject 1, and the amplitude of the § wave among the
measured brain waves. FIG. 8§ shows some of the results of
an analysis of facial skin temperature data obtained in a
comparative test. FIG. 8 (a) shows a component waveform
chart of the component 3. FIG. 8 (b) shows a temperature
distribution chart of the component 3.

[0057] Table 1 shows results of an analysis of facial skin
temperature data for each test subject.

[0058] From the results obtained by analysis of the afore-
described facial skin temperature data, it was found that,
among a plurality of components obtained by decomposing
a time series of facial skin temperature data by singular
value decomposition, component 2 and/or component 3 had
a significant correlation to a human brain activity.

TABLE 1

Test subject

Correlation in data based on temperature Correlation in data based on relative

conversion data conversion data

Component
waveform

Temperature
distribution

Component
waveform

Temperature
distribution

Test subject 1
Test subject 2
Test subject 3
Test subject 4
Test subject 5
Test subject 6

Components 2, 3
Component 3

Components 1, 2, 3 Components 2, 3 Components
Components 2, 3
Components 2, 3
Components 2, 5

Components 2, 3 Components 2, 3 Components 2, 3
Component 3 Component 3 Component 3

, 3 Components 2, 3
Components 2, 3 Components 2, 3 Components 2, 3
Components 2, 3 Components 2, 3 Components 2, 3
Components 2, 5 Components 2, 5 Components 2, 5

2
2

(registered trademark)’s SVD as the analysis tool was car-
ried out on the facial skin temperature data corresponding to
temperature conversion data and the facial skin temperature
data corresponding to relative temperature conversion data
obtained by this comparative experiment. A component
waveform chart and a temperature distribution chart of the
components corresponding to the singular value S were
created. Then, an analysis was performed to identify a
component that indicates changes in skin temperature
reflecting brain activity.

[0059] As shown in FIGS. 6 and 7, from the results of
brain wave analysis, it was confirmed that there is significant
correlation between the amplitude of the component wave-
forms of component 2 and component 3, and the amplitude
of the § wave of brain waves.

[0060] Further, in the comparative experiment, even under
conditions in which test subjects were moving while the
facial skin temperature data was being acquired, there was
a significant correlation between component 3 and a human
brain activity (see FIG. 8). From these findings it was
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concluded that, among the plurality of components, com-
ponent 3 was unaffected by movement of the test subject
during acquisition of facial skin temperature data.

[0061] From these results, the inventors made the follow-
ing discovery.
[0062] As a result of having used singular value decom-

position to decompose a time series of facial skin tempera-
ture data acquired from test subjects into a plurality of
components, and analyzing the decomposed components, it
was concluded that component 3 among the plurality of
components is related to brain activity. Specifically, it was
ascertained that by using singular value decomposition to
decompose a time series of facial skin temperature data,
extracting from among the plurality of decomposed com-
ponents, those components having correlation to brain rest/
stimulation, and carrying out an analysis of the extracted
components using the selective brain cooling mechanism, it
is possible to identify a component among a plurality of
components that indicates changes in skin temperature
reflecting brain activity. From this, the inventors made the
discovery that brain activity can be estimated on the basis of
a human facial skin temperature.

(4) Brain Activity Estimation Device

[0063] Next, the brain activity estimation device accord-
ing to one embodiment of the present invention, which was
perfected by the inventors on the basis of the discovery
described above, shall be described. The brain activity
estimation device according to the present invention is not
limited to the following embodiment; various appropriate
modifications are possible without departing from the scope
of the invention.

[0064] FIG. 9 illustrates a simplified diagram of a brain
activity estimation device 10 according to an embodiment of
the present invention. FIG. 10 illustrates a flowchart show-
ing the flow of a process during identification of a compo-
nent indicating a change of skin temperature that reflects
brain function, in a brain activity estimation device 10.
[0065] The brain activity estimation device 10 is a device
for estimating a human brain activity. As shown in FIG. 9,
the brain activity estimation device 10 is equipped with a
facial skin temperature acquisition means 20 and a brain
activity estimation means 30.

[0066] The facial skin temperature acquisition means 20
detects the skin temperature of at least a part of the face of
a person, and acquires a time series of facial skin tempera-
ture data that includes the detected temperature data and
location data for the detected region (step S1). The facial
skin temperature acquisition means 20 of the present
embodiment is an infrared thermography device. As shown
in FIG. 9 has an infrared camera 21 and a processing unit 22.
The infrared camera 21 detects infrared emission energy
emanating from the face of the person. In the present
embodiment, the infrared camera 21 detects infrared emis-
sion energy emanating from the entire face of the person.
The processing unit 22 converts the infrared emission
energy detected by the infrared camera 21 to temperature as
temperature data. The processing unit 22 creates a tempera-
ture distribution chart of the facial skin temperature of the
entire face, in which the regions where the infrared emission
energy was detected are used as location data (coordinate
data). The processing unit 22 processes the created tempera-
ture distribution chart as facial skin temperature data corre-
sponding to temperature conversion data. The facial skin
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temperature data corresponding to temperature conversion
data is cumulated in a storage unit (not shown) of the
processing unit 22.

[0067] In the present embodiment, the temperature distri-
bution chart of the facial skin temperature data in the entire
face is created in the processing unit 22, but no limitation is
provided thereby; it would be acceptable to create a tem-
perature distribution chart of facial skin temperature that
includes at least the paranasal sinus peripheral region and/or
the forehead, and to employ this data as facial skin tem-
perature data corresponding to temperature conversion data.
[0068] In the present embodiment, the person is presented
with a brain function-stimulating task for a given period,
while the facial skin temperature data corresponding to
temperature conversion data is being acquired by the facial
skin temperature acquisition means 20. Specifically, the
facial skin temperature data corresponding to temperature
conversion data acquired by the facial skin temperature
acquisition means 20 includes data for the period during
which the person is being presented with a brain function-
stimulating task. There are no particular limitations as to the
brain function-stimulating task presented to the person,
provided that the brain can be expected to be brought to a
stimulated state thereby. The content thereof may be decided
upon in an appropriate manner depending, for example, on
the purpose for which the brain activity estimation device 10
is being utilized.

[0069] The brain activity estimation means 30 estimates a
human brain activity on the basis of the facial skin tempera-
ture data corresponding to temperature conversion data that
1s acquired by the facial skin temperature acquisition means
20. Specifically, as shown in FIG. 9, the brain activity
estimation means 30 has a conversion unit 31, an analysis
unit 32, and an estimation unit 33.

[0070] The conversion unit 31 converts into relative tem-
perature data the temperature data included in the facial skin
temperature data corresponding to temperature conversion
data, and creates facial skin temperature data based on the
converted relative temperature data, i.e., facial skin tem-
perature data corresponding to relative temperature conver-
sion data (step S2). Specifically, the conversion unit 31 uses
the average value of the temperature data that is included in
facial skin temperature data corresponding to temperature
conversion data captured at each of prescribed points in time
(e.g., every 30 seconds) as a criterion value, and converts the
temperature data to relative temperature data. The conver-
sion unit 31 then utilizes the converted relative temperature
data and location data to create facial skin temperature data
corresponding to relative temperature conversion data.
[0071] The analysis unit 32 decomposes each of a time
series of facial skin temperature data corresponding to
temperature conversion data and the facial skin temperature
data corresponding to relative temperature conversion data
into a plurality of components by singular value decompo-
sition principal component analysis, or independent compo-
nent analysis (step S3). In the present embodiment, the
analysis unit 32 carries out singular value decomposition for
each the acquired facial skin temperature data corresponding
to temperature conversion data and the converted facial skin
temperature data corresponding to relative temperature con-
version data, using the MATLAB (registered trademark)’s
SVD as the analysis tool. Singular value decomposition is
carried out on the acquired the time series of facial skin
temperature data corresponding to temperature conversion
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data and facial skin temperature data corresponding to
relative temperature conversion data, designating time data
for each of prescribed (e.g., 30-second) periods as factors,
and designating the facial skin temperature data correspond-
ing to temperature conversion data and the facial skin
temperature data corresponding to relative temperature con-
version data in the periods as measures. Then, through
singular value decomposition, the facial skin temperature
data corresponding to temperature conversion data and the
facial skin temperature data corresponding to relative tem-
perature conversion data are decomposed into a plurality of
components, and a temporal distribution, a spatial distribu-
tion, and a singular value indicating the magnitude of the
components are calculated.

[0072] Additionally, in order to identify a component that
indicates changes in skin temperature reflecting brain activ-
ity from among the plurality of components that are decom-
posed by singular value decomposition, the analysis unit 32
determines whether the components satisfy a first condition
and a second condition (step Sda, step S4b, step S5q, and
step S54). In the present embodiment, the analysis unit 32
first determines whether components based on facial skin
temperature data corresponding to temperature conversion
data satisfy the first condition (step S4a). Then, for the
component based on the facial skin temperature data corre-
sponding to temperature conversion data and which in step
S4a 1s determined to satisfy the first condition, the analysis
unit 32 determines whether the component satisfies the
second condition (step S45). Then, of the components based
on the facial skin temperature data corresponding to relative
temperature conversion data, only for those components that
match components determined in step S4a and step S4b to
satisfy the first condition and the second condition, the
analysis unit 32 determines whether those components sat-
1sfy the first condition (step S5a). Thereafter for the com-
ponent based on facial skin temperature data corresponding
to relative temperature conversion data determined in step
S5a to satisfy the first condition, the analysis unit 32
determines whether the component satisfies the second
condition (step S5b). However, the order in which determi-
nations are made in the analysis unit 32 is not limited to that
shown in the present embodiment; it would be acceptable,
for example, that the analysis unit 32 respectively detet-
mines whether components based on facial skin temperature
data corresponding to temperature conversion data, and
components based on facial skin temperature data corre-
sponding to relative temperature conversion data, satisfy the
first condition and the second condition, and ultimately
extracts components for which the determination results
match.

[0073] The first condition is a condition to the effect that
the amplitude of the component waveform of a component
decomposed by singular value decomposition is correlated
to changes when the brain is at rest and when the brain is
stimulated. The analysis unit 32 extracts components that
satisfy the first condition, as determination components from
among the plurality of components. In the present embodi-
ment, during the time that the facial skin temperature data
corresponding to temperature conversion data is being
acquired, there is a certain period for which the person is
presented with a brain function-stimulating task. Designat-
ing periods in which the person is not presented with a brain
function-stimulating task as times when the brain is at rest,
and periods in which person is being presented with a brain

Oct. 5, 2017

function-stimulating task as times when the brain is stimu-
lated, the analysis unit 32 performs a comparative analysis
between component waveforms and periods in which brain
function-stimulating tasks are presented, and periods when
a brain function-stimulating task are not presented. Utilizing
the results of the comparative analysis based on the com-
ponent waveform data, the analysis unit 32 evaluates
whether there is correlation between the waveforms of the
components and times that the brain is at rest, and times that
the brain is stimulated. The analysis unit 32 extracts those
components evaluated as having correlation from among the
plurality of components as determination components that
satisfy the first condition. On the other hand, for components
that among the plurality of components are those evaluated
as lacking correlation, the analysis unit 32 determines that
the components do not satisfy the first condition and are not
components that indicate temperature changes reflecting a
human brain activity (step S6).

[0074] In the present embodiment, during the time that the
facial skin temperature data corresponding to temperature
conversion data is being acquired, the person is presented
with a brain function-stimulating task for a certain period,
and the analysis unit 32 extracts determination components
on the basis thereof, however, the content of the first
condition, i.e., the means for extraction of determination
components in the analysis unit 32, is not limited thereto.
For example, in cases in which a component that has a
component waveform having a correlation to times that the
brain is at rest and times that the brain is stimulated has been
identified from among a plurality of components beforehand
through testing or the like, the analysis unit 32 may extract
this component identified from among a plurality of com-
ponents as a determination component. Also, in cases in
which a human behavior known to be related to stimulation/
rest of the brain, such as ocular motion or blinking, is
detected in the brain activity estimation device, the analysis
unit 32 may extract a determination component from among
a plurality of components by conducting a comparative
analysis and an evaluation for the detection result and the
component waveforms of the components. The criterion by
which the analysis unit 32 determines whether or not the first
condition is met may be decided by simulation, testing,
desktop calculation, or the like in an appropriate manner,
depending on the purpose for which the brain activity
estimation device 10 is being used.

[0075] The second condition is a condition that there are
temperature changes in a prescribed region of the human
face in the extracted determination components. The analy-
sis unit 32 determines that components which are ones
satisfying the second condition from among the determina-
tion components are components that are highly likely to be
related to a human brain activity, and extracts these as
candidate components. Specifically, on the basis of the
presence or absence of temperature changes in a prescribed
region of a human face, the analysis unit 32 determines
whether the determination components are related to a
human brain activity. In more specific terms, on the basis of
temperature distribution data of the extracted determination
components, the analysis unit 32 determines whether tem-
perature changes are occurring in the paranasal sinus periph-
eral region and/or forehead. In cases in which such tem-
perature changes are occurring, the analysis unit 32
determines that the determination components in question
are components that meet the second condition and are
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highly likely to be related to a human brain activity, and
extracts these as candidate components, On the other hand,
in cases in which temperature changes are not occurring in
the paranasal sinus peripheral region and/or forehead, the
analysis unit 32 determines that the determination compo-
nents in question are components that do not satisfy the
second condition and are not indicative of changes in skin
temperature reflecting brain activity (step S6). The criterion
by which the analysis unit 32 determines whether or not the
second condition is met may be decided by simulation,
testing, desktop calculation, or the like in an appropriate
manner, depending on the purpose for which the brain
activity estimation device 10 is being used.

[0076] The analysis unit 32 then identifies the components
that are determined to have met the second condition in step
S5b to be components that indicate changes in skin tem-
perature that reflect brain activity (step S7). Specifically, the
components that is identified as components that indicate
changes in skin temperature that reflect brain activity in step
S7 can be said to be corresponding components between
candidate components extracted by decomposing facial skin
temperature data corresponding to temperature conversion
data through singular value decomposition and analyzing it,
and candidate components extracted by decomposing facial
skin temperature data corresponding to relative temperature
conversion data through singular value decomposition and
analyzing it. Candidate components for which the two
analyses do not match are determined to not be components
that indicate temperature changes reflecting brain activity in
step S6,

[0077] The estimation unit 33 estimates a human brain
activity on the basis of components identified in the analysis
unit 32 as being components that indicate skin temperature
changes reflecting a human brain activity. In specific terms,
on the basis of component waveform data of components
identified by the analysis unit 32, the estimation unit 33
estimates whether the human brain was in an active state or
the brain was not in an active state, at the time that the facial
skin temperature data was acquired.

[0078] Through this configuration, a human brain activity
can be estimated by this brain activity estimation device 10,
on the basis of the skin temperature of the face. By having
the estimation unit 33 display the estimate results on a
display or the like, it can be discerned whether the person’s
brain is in an active state, or not in an active state.

[0079] In cases in which additional facial skin temperature
data is acquired by the facial skin temperature acquisition
means 20 after components that indicate changes in skin
temperature reflecting brain activity have been identified by
the analysis unit 32, the brain activity estimation device 10
may estimate whether the brain of the person in question is
in the active state, or the brain is not in the active state at the
time of acquisition of this facial skin temperature data, by
decomposing the additional acquired facial skin temperature
data into a plurality of components by singular value decom-
position, and analyzing only the identified components. By
utilizing this brain activity estimation device 10 to control
equipment or appliances, such as an air conditioner or the
like, an indoor environment can be close to the one suited to
the person.
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(5) Characteristics

[0080] (5-1)

[0081] In cases in which data detected by any of the
methods of electroencephalography, functional magnetic
resonance imaging, or near infrared spectroscopy is utilized
to estimate a human brain activity, either it has been nec-
essary to use sensors that require preparatory processing,
such as brain wave electrodes or probes, or the restrictions
may arise as to the location of measurement. Additionally,
the instruments used in these detection methods are
extremely costly; therefore, attempts to manufacture brain
activity detection devices outfitted with these instruments
involve high manufacturing costs.

[0082] According to the present embodiment, a human
brain activity is estimated on the basis of a time series of
facial skin temperature data corresponding to temperature
conversion data acquired by the facial skin temperature
acquisition means 20. For this reason, a human brain activity
can be estimated on the basis of the skin temperature of the
face, even without the need to attach sensors that require
preparatory processing, such as brain wave electrodes or
probes. Consequently, a human brain activity can be esti-
mated more easily than when electroencephalography, func-
tional magnetic resonance imaging, near infrared spectros-
copy, or other such conventional detection method is
utilized.

[0083] According to the present embodiment, it is suffi-
cient to be able to detect the skin temperature of at least part
of the face, and therefore manufacturing costs can be kept
lower than with brain activity estimation devices equipped
with instruments that employ conventional detection meth-
ods.

[0084] Previous studies have taken an average-value
approach, in which an average value was calculated for all
of the temperature data included in a time series of facial
skin temperature data acquired by the facial skin tempera-
ture acquisition means 20, and an analysis was carried on
facial skin temperature data that was dependent on this
calculated average, to estimate a human brain activity.
However, facial skin temperature data included noise from
sources that did not actually reflect brain activity, and as the
effects of noise were relatively strong when temperature data
for a part of a body was analyzed, brain activity could not
be estimated accurately by the average-value approach.
[0085] As a result of painstaking research, the inventors
conceived of a component-analytical approach, in which a
time series of facial skin temperature data acquired by the
facial skin temperature acquisition means 20 is decomposed
into a plurality of components by singular value decompo-
sition, principal component analysis, or independent com-
ponent analysis, and components that are related to brain
activity are identified from the decomposed plurality of
components. With the component-analytical approach, all of
the temperature data is decomposed, and therefore compo-
nents that include noise can be eliminated, and brain activity
can be estimated more accurately, as compared with the
average-value approach.

[0086] Further, by utilizing the brain activity estimation
device 10 of the present invention, medical diagnoses of
conditions such as early onset of dementia can be made
easily. Additionally, the brain activity estimation device 10
of the present invention can be utilized for evaluation of
objective comfort, or applied in evaluating the effects of
learning or objectively evaluating interests, and in lie detec-
tor devices or the like. Further, the brain activity estimation
device can be utilized to evaluate drowsiness during driving
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of an automobile in the case where determination compo-
nents can be extracted from among a plurality of compo-
nents by the analysis unit 32 performing a comparative
analysis and an evaluation to the waveforms of components
and the detection results of a person’s behavior which is
known to be related to stimulation/rest of the brain, such as
ocular motion or blinking.

[0087] (5-2)

[0088] In cases in which a person is actually presented or
not presented with a brain function-stimulating task during
acquisition of a time series of facial skin temperature data in
order to create circumstances in which the person’s brain is
stimulated or at rest, components the waveforms of which
correlates with times that the brain is stimulated and at rest
may be said to have a high probability of indicating changes
in skin temperature that are reflective of brain activity.
[0089] In the present embodiment, the person is presented
with a brain function-stimulating task for a fixed period
during the time that facial skin temperature data correspond-
ing to temperature conversion data is being acquired by the
facial skin temperature acquisition means 20. Specifically, in
the present embodiment, circumstances in which the per-
son’s brain is stimulated or left at rest are created by either
presenting or not presenting the person with a brain func-
tion-stimulating task. The facial skin temperature data thus
acquired is then decomposed into a plurality of components
by singular value decomposition. The component wave-
forms of the components and correlation thereof to times
when the brain is stimulated and times when the brain is at
rest are evaluated. Components that are determined to
exhibit correlation are extracted as determination compo-
nents from among the plurality of components. For this
reason, the risk that components having a weak correlation
to a human brain activity will be extracted as extraction
components from among a plurality of components can be
made lower than in cases where, for example, prescribed
components specified in advance through testing or the like
are extracted as extraction components from among a plu-
rality of components.

[0090] (5-3)

[0091] There are instances in which the skin temperature
of the face varies due to a person’s face being contacted by
cold or hot air from an air conditioner, by sunlight, or the
like, so that the detected skin temperature of the face varies.
If this happens, there is a risk that changes in facial skin
temperature due to extrinsic factors unrelated to brain activ-
ity (noise) will become mixed into the facial skin tempera-
ture data.

[0092] In the present embodiment, facial skin temperature
data corresponding to relative temperature conversion data
based on temperature data which has been converted to
relative temperature data from facial skin temperature data
collected at each of prescribed points in time according to
temperature conversion data is created. By creating the
facial skin temperature data corresponding to relative tem-
perature conversion data, relative changes in skin tempera-
ture of the face at each of the prescribed points in time can
be tracked. Therefore, changes in facial skin temperature
due to extrinsic factors unrelated to brain activity can be
detected.

[0093] Moreover, in the present embodiment, besides the
facial skin temperature data corresponding to temperature
conversion data acquired by the facial skin temperature
acquisition means 20, facial skin temperature data corre-

Oct. 5, 2017

sponding to relative temperature conversion data which is
based on temperature data that has been converted to relative
temperature data is decomposed into a plurality of compo-
nents by singular value decomposition, and an analysis of
each component is carried out. Therefore, components that
include changes in facial skin temperature due to extrinsic
factors unrelated to brain activity can be eliminated as noise
components. In so doing, components that are related to a
human brain activity can be accurately identified.

[0094] (5-4)

[0095] The facial skin temperature acquisition means 20 in
the present embodiment is an infrared thermography device.
For this reason, facial skin temperature data can be acquired
in a state of no contact with the person being targeted, i.e.,
in a non-contact state. Consequently, the burden on the
person being targeted can be made lower than when sensors
are attached to the face and temperature data from the skin
of the face is detected.

[0096] (5-5)

[0097] The brain has a mechanism called the selective
brain cooling system, whereby the brain is cooled indepen-
dently of body temperature. It is known that the selective
brain cooling system uses the forehead and the paranasal
sinus peripheral region to remove heat produced by brain
activity. Thus, changes in facial skin temperature accompa-
nying brain activity will appear in the forehead and/or
paranasal sinus peripheral region (the glabella and paranasal
peripheral region).

[0098] In the present embodiment, for determination com-
ponents in which there is a correlation between the compo-
nent waveform and a time when the brain is at rest or a time
when the brain is stimulated, a determination is made as to
whether a temperature change has occurred in the paranasal
sinus peripheral region and/or forehead. In so doing, it can
be accurately identified whether components extracted as
determination components are components that are associ-
ated with a human brain activity.

(6) Modifications

[0099] (6-1) Modification Example A

[0100] In the aforedescribed embodiment, the brain activ-
ity estimation means 30 has the conversion unit 31, and the
facial skin temperature data corresponding to relative tem-
perature conversion data is created by the conversion unit
31. Then, the analysis unit 32 subjects not only the facial
skin temperature data corresponding to temperature conver-
sion data which was acquired by the facial skin temperature
acquisition means 20, but also the facial skin temperature
data corresponding to relative temperature conversion data
which is based on the temperature data that was converted
to relative temperature data, to decomposition into a plural-
ity of components by singular value decomposition, and
carries out an analysis of the components.

[0101] Instead of this, the brain activity estimation means
30 may not have the conversion unit 31. In this case, it is
possible to omit the process to create the facial skin tem-
perature data corresponding to relative temperature conver-
sion data, and the process to carry out analysis of the data
based on the facial skin temperature data corresponding to
relative temperature conversion data.

[0102] However, in order for components that are associ-
ated with a human brain activity to be identified accurately,
it is preferable, as in the aforedescribed embodiment, that
the brain activity estimation means 30 has the conversion
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unit 31, and the analysis unit 32 decomposes not only the
facial skin temperature data corresponding to temperature
conversion data which is acquired by the facial skin tem-
perature acquisition means 20, but also the facial skin
temperature data corresponding to relative temperature con-
version data based on the temperature data that is converted
to relative temperature data, into a plurality of components
by singular value decomposition, and carties out an analysis
of the components.

[0103] (6-2) Modification Example B

[0104] The facial skin temperature acquisition means 20 in
the aforedescribed embodiment is an infrared thermography
device which can acquire data from a target while in a state
of non-contact therewith.

[0105] However, the facial skin temperature acquisition
means is not limited to an infrared thermography device,
provided that it is possible to detect skin temperature in at
least part of the face of a person, and to acquire a time series
of facial skin temperature data that includes the detected
temperature data and location data of the detection region
thereof.

[0106] For example, the facial skin temperature acquisi-
tion means may be a device that includes a temperature
sensor. In specific terms, it would be acceptable to attach the
temperature sensor to a prescribed region of a person’s face,
and to acquire a time series of facial skin temperature data
on the basis of temperature data detected by the temperature
sensor, and location data about the region where the tem-
perature is attached. Thus, even in cases in which facial skin
temperature data is acquired by a temperature sensor in a
state of contact with a person being targeted, there is no need
for processing before attaching the temperature sensor as
with brain wave electrodes and the like, and therefore data
can be acquired more easily than with cases in which
electroencephalography, functional magnetic resonance
imaging, near infrared spectroscopy, or other such conven-
tional detection method is utilized. In so doing, the brain
activity of a person can be estimated easily.

INDUSTRIAL APPLICABILITY

[0107] Because a human brain activity can be estimated
easily, the present invention is effective for application to
devices required to estimate a human brain activity.

REFERENCE SIGNS LIST

[0108] 10 Brain activity estimation device
[0109] 20 Facial skin temperature acquisition means
[0110] 30 Brain activity estimation means
CITATION LIST
Patent Literature
[0111] [Patent Literature 1] Japanese Laid-open Patent

Publication 2013-176406

1. A brain activity estimation device comprising;

a facial skin temperature acquisition element arranged and
configured to detect a skin temperature of at least part
of a human face, and to acquire facial skin temperature
data including detected temperature data and location
data of a detection region thereof in a time series
manner; and

a brain activity estimation element arranged and config-
ured to estimate human brain activity based on the
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facial skin temperature data acquired by the facial skin
temperature acquisition element,
the brain activity estimation element being further
arranged and configured to
decompose the facial skin temperature data into a
plurality of components by singular value decompo-
sition, principal component analysis, or independent
component analysis,
extract a component as a determination component
from among the plurality of components, the com-
ponent having an amplitude of a component wave-
form thereof that is correlated to changes at a time
when a brain is at rest and a time when a brain is
stimulated, and
determine whether the determination component is
related to the human brain activity based on a
presence or absence of a temperature change in a
prescribed region of the human face.
2. The brain activity estimation device according to claim
1, wherein
the facial skin temperature data includes data for a period
in which the human is presented with a brain function-
stimulating task, and
the brain activity estimation element is further arranged
and configured to evaluate whether a correlation exists
in the plurality of components by designating a period
during which the person is not being presented with the
brain function-stimulating task as the time when the
brain is at rest, and by designating a period during
which the person is being presented with the brain
function-stimulating task as the time when the brain is
being stimulated, and
the brain activity estimation element is further arranged
and configured to extract a component evaluated as
having the correlation as the determination component
from among the plurality of componerts.
3. The brain activity estimation device according to claim
1, wherein
the brain activity estimation element is further arranged
and configured to
create facial skin temperature data in which the tem-
perature data included in the facial skin temperature
data acquired at each of prescribed points in time is
converted to relative temperature data, and
decompose each of the acquired facial skin temperature
data and the created facial skin temperature data into
a plurality of components by singular value decom-
position, principal component analysis, or indepen-
dent component analysis.
4. The brain activity estimation device according to claim
1, wherein
the facial skin temperature acquisition element includes
an infrared thermography device.
5. The brain activity estimation device claim 1, wherein
the prescribed region includes at least one of a paranasal
sinus peripheral region and a forehead.
6. A brain activity estimation method, comprising:
detecting a skin temperature in at least part of a human
face, and acquiring facial skin temperature data that
includes detected temperature data and location data of
a detection region thereof in a time series manner; and
estimating human brain activity based on the facial skin
temperature data acquired,
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the estimating human brain activity including
decomposing the facial skin temperature data into a
plurality of components by singular value decompo-
sition, principal component analysis, or independent
component analysis,
extracting a component as a determination component
from among said plurality of components that were
decomposed, the component having a amplitude of a
component waveform thereof that is correlated to
changes at a time when a brain is at rest and a time
when a brain is stimulated, and
determining whether the determination component that
is extracted is related to the human brain activity,
based on a presence or absence of a temperature
change in a prescribed region of the human face.
7. The brain activity estimation device according to claim
2, wherein the brain activity estimation element is further
arranged and configured to
create facial skin temperature data in which the tempera-
ture data included in the facial skin temperature data
acquired at each of prescribed points in time is con-
verted to relative temperature data, and
decompose each of the acquired facial skin temperature
data and the created facial skin temperature data into a
plurality of components by singular value decomposi-
tion, principal component analysis, or independent
component analysis.
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8. The brain activity estimation device according to claim
7, wherein
the facial skin temperature acquisition element includes
an infrared thermography device.
9. The brain activity estimation device claim 8, wherein
the prescribed region includes at least one of a paranasal
sinus peripheral region and a forehead.
10. The brain activity estimation device according to
claim 2, wherein
the facial skin temperature acquisition element includes
an infrared thermography device.
11. The brain activity estimation device claim 2, wherein
the prescribed region includes at least one of a paranasal
sinus peripheral region and a forehead.
12. The brain activity estimation device according to
claim 3, wherein
the facial skin temperature acquisition element includes
an infrared thermography device.
13. The brain activity estimation device claim 3, wherein

the prescribed region includes at least one of a paranasal
sinus peripheral region and a forehead.

14. The brain activity estimation device claim 4, wherein

the prescribed region includes at least one of a paranasal
sinus peripheral region and a forehead.
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