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(57) ABSTRACT

A biological signal measurement system includes: a biologi-
cal signal measurer that measures a biological signal includ-
ing external noise of biological noise and of environmental
noise; biological noise measurer that measures a signal
including the biological noise; a biological noise estimator
that estimates the biological noise from the signal measured
by the biological noise measurer; an environmental noise
measurer that measures a signal including the environmental
noise; an environmental noise estimator that estimates the
environmental noise from the signal measured by the envi-
ronmental noise measurer; and a calculator that calculates
the biological signal in consideration of an effect of the
external noise using the signal measured by the biological
signal measurer, the biological noise estimated by the bio-
logical noise estimator and the environmental noise esti-
mated by the environmental noise estimator.
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BIOLOGICAL SIGNAL MEASUREMENT
SYSTEM

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of priority of
Japanese Patent Application Number 2016-081482 filed on
Apr. 14, 2016, the entire content of which is hereby incor-
porated by reference.

BACKGROUND

1. Technical Field

[0002] The present disclosure relates to a biological signal
measurement system.

2. Description of the Related Art

[0003] A conventional biological signal measurement sys-
tem for measuring biological signals such as brain waves is
known. In this type of biological signal measurement sys-
tem, in order to obtain a biological signal of a user with a
high S/N ratio, a technique to reduce or remove a noise
component from the measured biological signal has been
proposed.

[0004] For instance, in Japanese Unexamined Patent
Application Publication No. 2004-154512, a noise compo-
nent is reduced from the a biological signal such as a
heart-rate signal, a pulse signal or a respiration signal using
a signal amplification shaper including a signal amplification
circuit and a bandpass filter. Specifically, a measured bio-
logical signal is amplified by a signal amplification circuit,
and only signals with frequencies (for instance, approxi-
mately 7 Hz to approximately 30 Hz) necessary for mea-
suring the intensity of a biological signal are passed by a
bandpass filter, thereby reducing noise components other
than the biological signal.

SUMMARY

[0005] Using the method disclosed by Japanese Unexam-
ined Patent Application Publication No. 2004-154512, it is
possible to reduce environmental noise which is not origi-
nating from a user (subject). The environmental noise
includes, for instance, a signal with approximately 1 Hz
caused by wind, a signal with 50 to 60 Hz coming from a
fluorescent lamp, a signal with 300 Hz or higher in sound,
and low frequency noise with 20 to 300 Hz coming from a
construction site or a factory.

[0006] However, external noise in various frequency
bands is superimposed on a measured biological signal.
Specifically, not only environmental noise which is not
originating from a user, but also biological noise which is
originating from a user may be superimposed on a measured
biological signal. The biological noise includes, for instance,
noise caused by tooth grinding of a user during measurement
of a biological signal.

[0007] The present disclosure solves such a problem and
it is an object to provide a biological signal measurement
system capable of obtaining a biological signal with a high
S/N ratio in consideration of the effect of external noise of
biological noise and of environmental noise.

[0008] In order to achieve the above-mentioned object,
one aspect of the present disclosure provides a biological
signal measurement system including: a biological signal
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measurer that measures a biological signal including exter-
nal noise of biological noise and of environmental noise; a
biological noise measurer that measures a signal including
the biological noise; a biological noise estimator that esti-
mates the biological noise from the signal measured by the
biological noise measurer; an environmental noise measurer
that measures a signal including the environmental noise; an
environmental noise estimator that estimates the environ-
mental noise from the signal measured by the environmental
noise measurer; and a calculator that calculates a biological
signal in consideration of an effect of the external noise,
using the biological signal measured by the biological signal
measurer, the biological noise estimated by the biological
noise estimator and the environmental noise estimated by
the environmental noise estimator.

[0009] It is possible to obtain a biological signal with a
high S/N ratio in consideration of the effect of the external
noise of the biological noise and of the environmental noise.

BRIEF DESCRIPTION OF DRAWINGS

[0010] The figures depict one or more implementations in
accordance with the present teaching, by way of examples
only, not by way of limitations. In the figures, like reference
numerals refer to the same or similar elements.

[0011] FIG. 1 is a block diagram illustrating the configu-
ration of a biological signal measurement system according
to Embodiment 1;

[0012] FIG. 2 is an illustration schematically depicting the
manner in which a biological signal of a user is measured
using the biological signal measurement system according to
Embodiment 1;

[0013] FIG. 3 is a table illustrating examples of signals
which are measured using the biological signal measurement
system according to Embodiment 1,

[0014] FIG. 4 is a block diagram illustrating the configu-
ration of a biological signal measurement system according
to a modification of Embodiment 1;

[0015] FIG. 5 is a graph illustrating an example of a signal
measured by a biological signal measurer in the biological
signal measurement system according to the modification of
Embodiment 1;

[0016] FIG. 6 is a graph illustrating an example of a signal
measured by a biological noise measurer in the biological
signal measurement system according to the modification of
Embodiment 1;

[0017] FIG. 7 is a graph illustrating an example of a signal
measured by an environmental noise measurer in the bio-
logical signal measurement system according to the modi-
fication of Embodiment 1;

[0018] FIG. 8 illustrates graphs for explaining the opera-
tion of an analyzer in the biological signal measurement
system according to the modification of Embodiment 1;
[0019] FIG. 9 is an illustration schematically depicting the
manner in which a biological signal of a user is measured
using a biological signal measurement system according to
Embodiment 2;

[0020] FIG. 10 is a table illustrating examples of signals
measured by using the biological signal measurement sys-
tem according to Embodiment 2;

[0021] FIG. 11 is an illustration schematically depicting
the manner in which a biological signal of a user is measured
using a biological signal measurement system according to
Embodiment 3;
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[0022] FIG. 12 is a table illustrating examples of signals
measured by using the biological signal measurement sys-
tem according to Embodiment 3;

[0023] FIG. 13 is an illustration schematically depicting
the manner in which a biological signal of a user is measured
using a biological signal measurement system according to
Embodiment 4; and

[0024] FIG. 14 is a table illustrating examples of signals
measured by using the biological signal measurement sys-
tem according to Embodiment 4.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0025] Hereinafter, an embodiment of the present disclo-
sure will be described. It is to be noted that each of the
embodiments described below illustrates a specific example
of the present disclosure. Therefore, the numerical values,
components, arrangement positions and connection configu-
ration of the components, steps, and order of the steps that
are presented in the following embodiments are examples,
which are not intended to limit the present disclosure. In the
following embodiments, the components thereof, which are
not recited in the independent claims that define the most
generic concept of the present disclosure, are described as
arbitrary structural components.

[0026] It is to be noted that the respective figures are
schematic diagrams and are not necessarily precise illustra-
tions. Furthermore, in the respective figures, the same ref-
erence sign is given to substantially identical components,
and a redundant description is omitted or simplified.

Embodiment 1

[0027] First, biological signal measurement system 1
according to Embodiment 1 will be described using FIG. 1
to FIG. 3. FIG. 1 is a block diagram illustrating the con-
figuration of biological signal measurement system 1
according to Embodiment 1. FIG. 2 is an illustration sche-
matically depicting the manner in which a biological signal
of user 100 is measured using biological signal measurement
system 1. FIG. 3 is a table illustrating examples of signals
which are measured using biological signal measurement
system 1.

[0028] As illustrated in FIG. 1, biological signal measure-
ment system 1 in this embodiment includes biological signal
measurer 10, biological noise measurer 21, biological noise
estimator 22, environmental noise measurer 31, environ-
mental noise estimator 32, and calculator 40.

[0029] Biological signal measurement system 1 is a sys-
tem that measures a biological signal related to a living body
like a human, such as brain waves, pulsation, cardiac beat,
electrocardiogram, breathing, perspiration, a temperature at
a portion or a blood flow volume, and thereby analyzes
biological information on the living body. As illustrated in
FIG. 3, in this embodiment, the target piece of biological
information to be measured is brain waves including no
noise. For instance, as illustrated in FIG. 2, the brain waves
of user (subject) 100 are measured as a biological signal.
[0030] Biological signal measurer 10 is a device, for
instance, for measuring a target biological signal of user 100
to be measured. Biological signal measurer 10 measures a
biological signal including external noise of biological noise
and of environmental noise. The biological noise and the
environmental noise included in the biological signal mea-
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sured by biological signal measurer 10 may be zero in some
cases. In other words, in the biological signal of user 100
measured by biological signal measurer 10, the external
noise of the biological noise and of the environmental noise
is included as zero (in short, no external noise is included)
in some cases.

[0031] When brain waves are measured as a biological
signal as in this embodiment, for instance, biological signal
measurer 10 may have a configuration that uses electrodes
10a attachable to the head of user 100 as illustrated in FIG.
2. For instance, biological signal measurer 10 has a plurality
of electrodes 10a mounted on fixing tool 11 so that elec-
trodes 10a come into contact with a scalp, and measures a
potential difference between the plurality of electrodes 10a,
thereby measuring the brain waves of user 100. On the
measured brain waves, the external noise of the biological
noise and of the environmental noise is superimposed.
[0032] It is to be noted that fixing tool 11 is, for instance,
a helmet or the like to be attached to the head of user 100.
As illustrated in FIG. 2, insulator 12 composed of an
insulating rubber or the like is provided in fixing tool 11 so
as to cover the head and come into contact with the scalp.
[0033] The external noise included in the biological signal
measured is noise component other than the target biological
signal to be measured. The external noise includes biological
noise which is originating from a living body, and environ-
mental noise which is not originating from a living body.
[0034] In this embodiment, the biological noise is the
noise originating from a user 100 when a biological signal
is measured by the biological signal measurer 10. For
instance, the biological noise is noise originating from a
myoelectric potential of a living body. On the other hand, the
environmental noise is noise which is not originated from
user 100 when a biological signal is measured by biological
signal measurer 10. For instance, the environmental noise is
noise which is originated from a factor such as peripheral
equipment or a temperature in measurement environment.
[0035] Biological noise measurer 21 measures a signal
which includes biological noise. When brain waves are
measured as biological signal, biological noise measurer 21
may have a configuration that uses electrodes 21a attachable
to the vicinity of at least one of the throat, an eye, and a
temple of user 100. In this embodiment, biological noise
measurer 21 has a plurality of electrodes 21a which are
attached so as to come into contact with the throat of user
100, and measures a potential difference between the plu-
rality of electrodes 21a, thereby measuring biological noise
which is originated from a myoelectric potential of user 100
(living body) and occurs when user 100 grinds the tooth,
when user 100 swallows spit or when user 100 moves the
head.

[0036] It is to be noted that for a biological signal mea-
sured by biological signal measurer 10, each electrode 21a
may be disposed in the vicinity of a portion (a source of
biological noise) where biological noise is more likely to
occur. For this reason, in this embodiment, in order to
measure biological noise originating from a myoelectric
potential when user 100 grinds the tooth, electrode 21a may
be disposed in the vicinity of the throat of user 100, for
instance. Also, it is possible to measure biological noise
originating from a myoelectric potential when user 100
grinds the tooth by disposing electrode 21a in the vicinity of
a temple of user 100. In addition, it is possible to measure
biological noise originating from a myoelectric potential
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when user 100 blinks by disposing electrode 21a in the
vicinity of an eye of user 100.

[0037] Biological noise estimator 22 estimates biological
noise from the signal measured by biological noise measurer
21. In this embodiment, biological noise estimator 22 esti-
mates the biological noise to be a first signal (bxB) which is
obtained by multiplying the signal (B) measured by biologi-
cal noise measurer 21 by a first constant (b).

[0038] Environmental noise measurer 31 measures a sig-
nal which includes environmental noise. When brain waves
are measured as a biological signal as in this embodiment,
environmental noise measurer 31 measures environmental
noise originating from magnetism and radio waves gener-
ated by peripheral equipment (such as a lighting device, an
AC adapter) present in the environment of brain wave
measurement. For instance, as illustrated in FIG. 2, envi-
ronmental noise measurer 31 may have a configuration that
uses electrodes 31a attachable to the head of user 100. In this
embodiment, environmental noise measurer 31 has a plu-
rality of electrodes 31¢ mounted on fixing tool 11 so that
electrodes 31a come into no contact with the scalp, and
measures a potential difference between the plurality of
electrodes 31a, thereby measuring environmental noise.
Electrodes 31a are formed so as not to come into contact
with the scalp by insulator 12 provided in fixing tool 11, and
thus are electrically separated from Electrode 21a and the
living body.

[0039] It is to be noted that environmental noise measurer
31 may measure the environmental noise at a portion near
user 100 (living body). Thus, for a biological signal mea-
sured by biological signal measurer 10, electrodes 31a may
be disposed in the vicinity of a portion (a source of envi-
ronmental noise) where environmental noise is more likely
to oceur. For instance, electrodes 31a may be disposed at a
portion near electrodes 10a.

[0040] Environmental noise estimator 32 estimates envi-
ronmental noise from the signal measured by environmental
noise measurer 31. In this embodiment, environmental noise
estimator 32 estimates the environmental noise to be a
second signal (cxC) which is obtained by multiplying the
signal (C) measured by environmental noise measurer 31 by
a second constant (c).

[0041] Calculator 40 calculates a biological signal in con-
sideration of the effect of the external noise of the biological
noise and of the environmental noise using the signal
measured by biological signal measurer 10, the biological
noise estimated by biological noise estimator 22 and the
environmental noise estimated by environmental noise esti-
mator 32.

[0042] In this embodiment, calculator 40 calculates a
biological signal in consideration of the effect of the external
noise by subtracting the first signal (bxB) which is the
biological noise estimated by biological noise estimator 22
and the second signal (cxC) which is the environmental
noise estimated by environmental noise estimator 32 from
signal (A) measured by biological signal measurer 10.
[0043] In this manner, in this embodiment, the external
noise of the biological noise and of the environmental noise
is removed from the biological signal measured by biologi-
cal signal measurer 10 by a removal method using subtrac-
tion. Specifically, the biological noise and the environmental
noise are estimated to be a certain number of times a signal
including the biological noise measured by biological noise
measurer 21 and a signal including the environmental noise
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measured by environmental noise measurer 31, and the
estimated biological noise and environmental noise are
removed from the biological signal measured by biological
signal measurer 10.

[0044] Specifically, let A be the biological signal measured
by biological signal measurer 10, B be the signal including
the biological noise measured by biological noise measurer
21, and C be the signal including the environmental noise
measured by environmental noise measurer 31, then the
biological noise is estimated to be bxB using the first
constant b and the environmental noise is estimated to be
cxC using the second constant ¢, and biological signal X is
derived from the following (Expressions 1).

Biological signal X=A4-bxB-cxC (Expression 1)

[0045] In this embodiment, biological signal X is calcu-
lated as needed in real time. It is to be noted that a frequency
filter may be pre-applied to the value of each signal mea-
sured by biological signal measurer 10, biological noise
measurer 21 and environmental noise measurer 31. For
instance, environmental noise with 50 Hz or higher coming
from a fluorescent lamp or the like may be pre-removed by
a frequency filter.

[0046] As described above, biological signal measurement
system 1 in this embodiment includes: a biological signal
measurer 10 that measures a biological signal including
external noise of biological noise and of environmental
noise; biological noise measurer 21 that measures a signal
including the biological noise; biological noise estimator 22
that estimates the biological noise from signal measured by
biological noise measurer 21; environmental noise measurer
31 that measures a signal including the environmental noise;
environmental noise estimator 32 that estimates the envi-
ronmental noise from the signal measured by environmental
noise measurer 31, and calculator 40 that calculates the
biological signal in consideration of the effect of the external
noise using the signal measured by biological signal mea-
surer 10, the biological noise estimated by biological noise
estimator 22 and the environmental noise estimated by
environmental noise estimator 32.

[0047] In this manner, in this embodiment, the biological
signal excluding the external noise is obtained by removing
the estimated biological noise and environmental noise from
the signal measured by biological signal measurer 10. Con-
sequently, it is possible to obtain a biological signal with a
high S/N ratio in consideration of the effect of the external
noise of the biological noise and of the environmental noise.

[0048] Also, in this embodiment, biological noise estima-
tor 22 estimates the biological noise to be the first signal
(bxB) which is obtained by multiplying the signal (B)
measured by biological noise measurer 21 by the first
constant (b), and environmental noise estimator 32 estimates
the environmental noise to be the second signal (cxC) which
is obtained by multiplying the signal (C) measured by
environmental noise measurer 31 by the second constant (c).
Then calculator 40 calculates a biological signal in consid-
eration of the effect of the external noise by subtracting the
first signal (bxB) estimated by biological noise estimator 22
and the second signal (cxC) estimated by environmental
noise estimator 32 from signal (A) measured by biological
signal measurer 10.

[0049] Thus, a biological signal excluding the external
noise can be obtained by a removal method using subtrac-
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tion. Therefore, it is possible to obtain a biological signal
with a high S/N ratio, excluding the external noise.

Modification of Embodiment 1

[0050] Next, biological signal measurement system 1A
according to a modification of Embodiment 1 will be
described using F1G. 4. FIG. 4 is a block diagram illustrating
the configuration of biological signal measurement system
1A according to a modification of Embodiment 1.

[0051] Biological signal measurement system 1A in this
modification and biological signal measurement system 1 in
Embodiment 1 differ in the method of removing the external
noise from the biological signal measured by biological
signal measurer 10.

[0052] Specifically, in biological signal measurement sys-
tem 1 in Embodiment 1, the biological signal excluding the
external noise is obtained by the removal method using
subtraction, whereas in biological signal measurement sys-
tem 1A in this modification, the biological signal excluding
the external noise is obtained by independent component
analysis. Specifically, in this modification, out of signals
which are adapted to the signal measured by biological
signal measurer 10 and are separated from biological signal
measurer 10, a signal similar to each of the biological noise
and the environmental noise is treated as external noise
which is excluded from the biological signal measured by
biological signal measurer 10. It is to be noted that similarly
to Embodiment 1, in this modification, the target piece of
biological information to be measured is brain waves.
[0053] As illustrated in FIG. 4, in addition to biological
signal measurement system 1 of Embodiment 1 illustrated in
FIG. 1, biological signal measurement system 1A in this
modification includes analyzer 50 that performs the inde-
pendent component analysis on the signal measured by
biological signal measurer 10.

[0054] In this modification, biological noise estimator 22
estimates the biological noise to be an independent compo-
nent similar to the signal measured by biological noise
measurer 21 out of independent components as a result of
signal separation by analyzer 50.

[0055] In addition, environmental noise estimator 32 esti-
mates the environmental noise to be an independent com-
ponent similar to the signal measured by environmental
noise measurer 31 out of independent components as a result
of signal separation by analyzer 50.

[0056] Then calculator 40 removes the biological noise
estimated by biological noise estimator 22 and the environ-
mental noise estimated by environmental noise estimator 32
from the signal measured by biological signal measurer 10,
then calculates a biological signal excluding the biological
noise and the environmental noise.

[0057] Here, a specific method of measuring a biological
signal using biological signal measurement system 1A in
this modification will be described using FIG. 5 to FIG. 8.
FIG. 5 to FIG. 7 illustrate examples of respective signals
measured by biological signal measurer 10, biological noise
measurer 21 and environmental noise measurer 31 in bio-
logical signal measurement system 1A in this modification.
FIG. 8 illustrates graphs for explaining the operation of
analyzer 50 in biological signal measurement system 1A.
[0058] For instance, it is assumed that signal ¢ with a
waveform illustrated in FIG. 5 is measured by biological
signal measurer 10, signal f with a waveform illustrated in
FIG. 6 is measured by biological noise measurer 21, and
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signal y with a waveform illustrated in FIG. 7 is measured
by environmental noise measurer 31.

[0059] In this case, the independent component analysis is
performed on signal oo measured by biological signal mea-
surer 10 by analyzer 50, and for instance, as illustrated in
FIG. 8, signal a. measured by biological signal measurer 10
is thereby separated into three signals: independent compo-
nent 1, independent component 2, and independent compo-
nent 3.

[0060] Based on the result of signal separation performed
by analyzer 50, the biological noise and the environmental
noise included in signal o measured by biological signal
measurer 10 are estimated.

[0061] Specifically, in biological noise estimator 22, the
result of signal separation by analyzer 50 is compared with
signal § measured by biological noise measurer 21, and an
independent component most similar to signal [ measured
by biological noise measurer 21 out of three independent
components resulting from the signal separation by analyzer
50 is estimated to be the biological noise. In this modifica-
tion, independent component 2 is the most similar to signal
[ measured by biological noise measurer 21 out of the three
independent components: independent component 1, inde-
pendent component 2, and independent component 3 illus-
trated in FIG. 8. Thus, it is estimated that independent
component 2 is the biological noise.

[0062] Also, in environmental noise estimator 32, the
result of signal separation by analyzer 50 is compared with
signal y measured by environmental noise measurer 31, and
an independent component most similar to signal y measured
by environmental noise measurer 31 out of three indepen-
dent components resulting from the signal separation by
analyzer 50 is estimated to be the environmental noise. In
this modification, independent component 3 is the most
similar to the signal measured by environmental noise
measurer 31 out of the three independent components:
independent component 1, independent component 2, and
independent component 3 illustrated in FIG. 8. Thus, it is
estimated that independent component 3 is the environmen-
tal noise.

[0063] Consequently, out of the three independent com-
ponents, independent component 1, independent component
2, and independent component 3 illustrated in FIG. 8,
independent component 1 can be determined to be the target
biological signal to be acquired, that is, biological signal X
excluding the external noise of the biological noise and of
the environmental noise.

[0064] The determination is made by calculation of cal-
culator 40. Specifically, signal f§ of the biological noise
estimated by biological noise estimator 22 and signal y of the
environmental noise estimated by environmental noise esti-
mator 32 are removed from signal o measured by biological
signal measurer 10 by calculator 40, and biological signal X
is thereby derived.

[0065] It is to be noted that in this modification, when
signal o, signal B and signal y are compared to each other,
the values of the signals at a certain point are not compared,
but the waveforms of the signals in a certain range are
compared. Therefore, in this modification, for signal c,
signal f and signal y, it is necessary to obtain signals
(waveform signals) in a predetermined time range by bio-
logical signal measurer 10, biological noise measurer 21 and
environmental noise measurer 31.
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[0066] As described above, similarly to Embodiment 1,
biological signal measurement system 1A in this modifica-
tion includes biological signal measurer 10, biological noise
measurer 21, biological noise estimator 22, environmental
noise measurer 31, environmental noise estimator 32 and
calculator 40. Calculator 40 calculates a biological signal in
consideration of the effect of the external noise of the
biological noise and of the environmental noise using the
signal measured by biological signal measurer 10, the bio-
logical noise estimated by biological noise estimator 22, and
the environmental noise estimated by environmental noise
estimator 32.

[0067] In this manner, similarly to Embodiment 1, in this
modification, the estimated biological noise and environ-
mental noise are excluded from the signal measured by
biological signal measurer 10, and thus the biological signal
excluding the external noise is obtained. Thus, it is possible
to obtain a biological signal with a high S/N ratio in
consideration of the effect of the external noise of the
biological noise and of the environmental noise.

[0068] Also, in this modification, analyzer 50 is provided
that performs the independent component analysis of the
signal measured by biological signal measurer 10. Biologi-
cal noise estimator 22 then estimates the biological noise to
be an independent component similar to the signal measured
by biological noise measurer 21 out of independent com-
ponents as a result of signal separation by analyzer 50. In
addition, environmental noise estimator 32 estimates the
environmental noise to be an independent component simi-
lar to the signal measured by environmental noise measurer
31 out of independent components as a result of signal
separation by analyzer 50. Furthermore, calculator 40
removes estimated biological noise and environmental noise
from the signal measured by biological signal measurer 10,
then calculates a biological signal excluding the biological
noise and the environmental noise.

[0069] Thus, a biological signal excluding the external
noise can be obtained by the independent component analy-
sis. Therefore, it is possible to obtain a biological signal with
a high S/N ratio, excluding the external noise.

Embodiment 2

[0070] Next, a biological signal measurement system
according to Embodiment 2 will be described using FI1G. 9
and FIG. 10. FIG. 9 is an illustration schematically depicting
the manner in which a biological signal of user 100 is
measured using the biological signal measurement system
according to Embodiment 2. FIG. 10 is a table illustrating
examples of signals measured by using the biological signal
measurement system.

[0071] The configuration of the biological signal measure-
ment system in this embodiment is the same as the configu-
ration of the biological signal measurement system in
Embodiment 1 and modification. For instance, in this
embodiment, similarly to Embodiment 1 and modification,
each technique of the removal method using subtraction and
the independent component analysis can be used. Therefore,
the configuration of the biological signal measurement sys-
tem in this embodiment is the same as the configuration of
biological signal measurement systems 1 and 1A illustrated
in FIG. 1 and FIG. 4, for instance.

[0072] In this embodiment and Embodiment 1, target
pieces of biological information to be measured are differ-
ent. Specifically, the target piece of biological information to
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be measured is brain waves in Embodiment 1. However, in
this embodiment, as illustrated in FIG. 10, the target piece of
biological information to be measured is sympathetic nerve
activity and parasympathetic nerve activity. Specifically, as
illustrated in FIG. 9, the biological signal measurement
system in this embodiment has a purpose of quantifying the
stress (lassitude) of user 100 when receiving the wind of
electric fan 2, and measures the activity of the sympathetic
nerve and the parasympathetic nerve of user 100.

[0073] In this case, in general, it is believed that the
temperature of a hand fingertip reflects the sympathetic
nerve activity and parasympathetic nerve activity, and thus
the sympathetic nerve activity and parasympathetic nerve
activity can be measured by measuring the temperature of a
hand fingertip.

[0074] However, the temperature of a fingertip is also
affected by the biological noise and the environmental noise.
These biological noise and environmental noise affect the
temperature of a fingertip as external noise. For instance, the
temperature of a wrist and the temperature of the back of a
hand affect the temperature of a fingertip as biological noise.
In addition, the temperature, humidity, air current (wind
speed) and radiant heat affect the temperature of a fingertip
as environmental noise.

[0075] Thus, similarly to Embodiment 1, in this embodi-
ment, the biological signal of user 100 is measured as well
as the biological noise and the environmental noise are
measured, and thus only the biological signal with the
external noise removed is obtained.

[0076] Specifically, when the temperature of a hand fin-
gertip is measured as a biological signal, biological signal
measurer 10 may be attachable to a hand fingertip of user
100. For instance, as illustrated in FI1G. 9, biological signal
measurer 10 has thermometer 106 attachable to a hand
fingertip of user 100, and the temperature of a hand fingertip
of user 100 is measured by thermometer 105.

[0077] In this case, biological noise measurer 21 may be
attachable to at least one of a wrist and the back of a hand
of user 100. For instance, as illustrated in FIG. 9, biological
noise measurer 21 has thermometer 215 attachable to a wrist
of user 100, and the temperature of a wrist of user 100 is
measured by thermometer 215. It is to be noted that bio-
logical noise measurer 21 is not limited to be attachable to
a wrist and the back of a hand of user 100, and may be
attachable to a palm or a first joint of a finger.

[0078] As illustrated in FIG. 9, environmental noise mea-
surer 31 has measuring instrument 315 attachable to a hand
fingertip of user 100, and the temperature, humidity, air
current and radiant heat are measured as environmental
noise in the measurement environment by measuring instru-
ment 315. It is to be noted that environmental noise mea-
surer 31 may not be attachable to a hand fingertip of user
100.

[0079] In this embodiment, biological noise estimator 22,
environmental noise estimator 32 and calculator 40 are the
same as those in Embodiment 1 and the meodification.
Specifically, biological noise estimator 22 estimates the
biological noise from the signal measured by biological
noise measurer 21, and environmental noise estimator 32
estimates the environmental noise from the signal measured
by environmental noise measurer 31. Calculator 40 then
calculates a biological signal in consideration of the effect of
the external noise of the biological noise and of the envi-
ronmental noise using the signal measured by biological
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signal measurer 10, the biological noise estimated by bio-
logical noise estimator 22, and the environmental noise
estimated by environmental noise estimator 32.

[0080] In this embodiment, when the sympathetic nerve
activity and the parasympathetic nerve activity are mea-
sured, the biological signal to be measured by biological
signal measurer 10 is a signal related to the temperature of
a hand fingertip. However, without being limited to this, the
biological signal to be measured by biological signal mea-
surer 10 may be, for instance, the temperature of the nose,
an instep or a foot fingertip as illustrated in FIG. 10. The
sympathetic nerve activity and the parasympathetic nerve
activity can be measured by the temperature of the nose, an
instep or a foot fingertip. In this case, a portion at which the
temperature is measured by biological noise measurer 21
can be selected as needed according to a portion at which a
biological signal is measured as illustrated by the combina-
tions of A to D of FIG. 10. Specifically, biological noise
measurer 21 may be attachable to at least one of an ankle,
an instep and the forehead of user 100.

[0081] As described above, similarly to Embodiment 1, in
the biological-signal measurement system in this embodi-
ment, the estimated biological noise and environmental
noise are excluded from the signal measured by biological
signal measurer 10, and thus the biological signal excluding
the external noise is obtained. Thus, it is possible to obtain
a biological signal with a high S/N ratio in consideration of
the effect of the external noise of the biological noise and of
the environmental noise.

[0082] Particularly, in this embodiment, the sympathetic
nerve activity and the parasympathetic nerve activity in
relation to wind can be measured with high accuracy.

Embodiment 3

[0083] Next, a biological signal measurement system
according to Embodiment 3 will be described using FIG. 11
and FIG. 12. FIG. 11 is an illustration schematically depict-
ing the manner in which a biological signal of user 100 is
measured using the biological signal measurement system
according to Embodiment 3. FIG. 12 is a table illustrating
examples of signals measured by using the biological signal
measurement system.

[0084] The configuration of the biological signal measure-
ment system in this embodiment is the same as the configu-
ration of the biological signal measurement system in
Embodiment 1 and the modification. For instance, also in
this embodiment, similarly to Embodiment 1 and the modi-
fication, each technique of the removal method using sub-
traction and the independent component analysis can be
used. Therefore, the configuration of the biological signal
measurement system in this embodiment is the same as the
configuration of biological signal measurement systems 1
and 1A illustrated in FIG. 1 and FIG. 4, for instance.
[0085] In this embodiment and Embodiment 1, target
pieces of biological information to be measured are differ-
ent. Specifically, the target piece of biological information to
be measured is brain waves in Embodiment 1. However, in
this embodiment, as illustrated in FIG. 12, the target piece of
biological information to be measured is brain activity. This
embodiment has a purpose of quantifying the brain activity
by recognizing change in the cerebral blood flow by light
using Near-infrared Spectroscopy (NIRS).

[0086] In this embodiment, as a biological signal, biologi-
cal signal measurer 10 measures change (change in blood
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flow volume) in the absorbance of portion of attention by the
NIRS. Specifically, as illustrated in FIG. 11, the head of user
100 is irradiated with near-infrared light, and change in the
degree (absorbance) of absorption of near-infrared light is
measured. A change in the absorbance can be measured by
a measuring probe.

[0087] Also, as a biological noise, biological noise mea-
surer 21 measures change (change in blood flow volume) in
the absorbance of the whole brain by the NIRS. For instance,
biological noise measurer 21 measures change in the absor-
bance of the whole brain from the arteries of the neck. In this
case, the arterial area of the neck of user 100 is irradiated
with near-infrared light, and change in the degree (absor-
bance) of absorption of near-infrared light is measured by a
measuring probe.

[0088] Also, as environmental noise, environmental noise
measurer 31 measures change in lighting of lighting device
3 in the measurement environment. In this case, as environ-
mental noise, environmental noise measurer 31 may further
measure change in the incidence angle of the measuring
probe when change in the absorbance is measured by
biological signal measurer 10 and biological noise measurer
21. That is, measurement of change in the incidence angle of
the measuring probe allows change of the effect of the light
received from lighting device 3 due to tilting of the head of
user 100 to be measured.

[0089] In this embodiment, biological noise estimator 22,
environmental noise estimator 32 and calculator 40 are the
same as those in Embodiment 1. Specifically, biological
noise estimator 22 estimates the biological noise from the
signal measured by biological noise measurer 21, and envi-
ronmental noise estimator 32 estimates the environmental
noise from the signal measured by environmental noise
measurer 31. Calculator 40 then calculates a biological
signal in consideration of the effect of the external noise of
the biological noise and of the environmental noise using the
signal measured by biological signal measurer 10, the bio-
logical noise estimated by biological noise estimator 22, and
the environmental noise estimated by environmental noise
estimator 32.

[0090] As described above, similarly to Embodiment 1, in
the biological-signal measurement system in this embodi-
ment, the estimated biological noise and environmental
noise are excluded from the signal measured by biological
signal measurer 10, and thus the biological signal excluding
the external noise is obtained. Thus, it is possible to obtain
a biological signal with a high S/N ratio in consideration of
the effect of the external noise of the biological noise and of
the environmental noise.

[0091] Particularly, in this embodiment, brain activity can
be measured with high accuracy by the NIRS.

Embodiment 4

[0092] Next, the biological signal measurement system
according to Embodiment 4 will be described using FIG. 13
and FIG. 14. FIG. 13 is an illustration schematically depict-
ing the manner in which a biological signal of user 100 is
measured using a biological signal measurement system
according to Embodiment 4. FIG. 14 is a table illustrating
examples of signals measured by using the biological signal
measurement system according to Embodiment 4.

[0093] The configuration of the biological signal measure-
ment system in this embodiment is the same as the configu-
ration of the biological signal measurement system in
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Embodiment 1 and the modification. For instance, also in
this embodiment, similarly to Embodiment 1 and the modi-
fication, each technique of the removal method using sub-
traction and the independent component analysis can be
used. Therefore, the configuration of the biological signal
measurement system in this embodiment is the same as the
configuration of biological signal measurement systems 1
and 1A illustrated in FIG. 1 and FIG. 4, for instance.

[0094] In this embodiment and Embodiment 1, target
pieces of biological information to be measured are differ-
ent. Specifically, the target piece of biological information to
be measured is brain waves in Embodiment 1. However, in
this embodiment, as illustrated in FIG. 14, the target piece of
biological information to be measured is emotional sweat-
ing. This embodiment has a purpose of quantifving the
emotional sweating by identifying an amount of emotional
sweating using a specific frequency.

[0095] In this embodiment, as a biological signal, biologi-
cal signal measurer 10 measures a signal related to emo-
tional sweating. Specifically, biological signal measurer 10
measures an amount of emotional sweating of user 100 by
measuring a skin potential level (SPL). For instance, as
illustrated in FIG. 13, biological signal measurer 10 has a
plurality of electrodes 104 attachable to a palm and an arm
of user 100, and measures a potential difference between the
plurality of electrodes 104, thereby measuring a skin poten-
tial level as an amount of emotional sweating of user 100.

[0096] Also, as biclogical noise, biological noise measurer
21 measures an amount of emotional sweating due to change
in the body temperature of user 100. For instance, biological
noise measurer 21 measures an amount of emotional sweat-
ing at the chest of user 100.

[0097] Also, as environmental noise, environmental noise
measurer 31 measures the temperature, wind speed, and
radiant heat in the measurement environment. For instance,
biological noise measurer 21 measures the temperature,
wind speed, and radiant heat by the same method as in
Embodiment 2.

[0098] In this embodiment, biological noise estimator 22,
environmental noise estimator 32 and calculator 40 are the
same as those in Embodiment 1. Specifically, biological
noise estimator 22 estimates the biological noise from the
signal measured by biological noise measurer 21, and envi-
ronmental noise estimator 32 estimates the environmental
noise from the signal measured by environmental noise
measurer 31. Calculator 40 then calculates a biological
signal in consideration of the effect of the external noise of
the biological noise and of the environmental noise using the
signal measured by biological signal measurer 10, the bio-
logical noise estimated by biological noise estimator 22, and
the environmental noise estimated by environmental noise
estimator 32.

[0099] As described above, similarly to Embodiment 1, in
the biological-signal measurement system in this embodi-
ment, the estimated biological noise and environmental
noise are excluded from the signal measured by biological
signal measurer 10, and thus the biological signal excluding
the external noise is obtained. Thus, it is possible to obtain
a biological signal with a high S/N ratio in consideration of
the effect of the external noise of the biological noise and of
the environmental noise.

[0100] Particularly, in this embodiment, emotional sweat-
ing (SPL) can be measured with high accuracy.
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Other Modifications

[0101] Although the biological signal measurement sys-
tem according to the present disclosure has been described
based on the embodiments and the modification in the
above, the present disclosure is not limited to the embodi-
ments and the modification.

[0102] For instance, embodiments obtained by making
various modifications, which occur to those skilled in the art,
to the embodiments and the modification, and an embodi-
ment implemented in any combination of the components
and functions of the embodiments and modification in a
range without departing from the scope of the present
disclosure are also included in the present disclosure.
[0103] In the embodiments, the processing described as
the operations of the following components can be execute
by a computer: biological signal measurer 10, biological
noise measurer 21, biological noise estimator 22, environ-
mental noise measurer 31, environmental noise estimator 32,
calculator 40, and analyzer 50. For instance, a computer
executes a program using a processor (CPU), hardware
resources such as a memory and an input/output circuit,
thereby performing the aforementioned processing. Specifi-
cally, a processor obtains target data for processing from a
memory or an input/output circuit to calculate the data, and
outputs a calculation result to a memory or an input/output
circuit, thereby performing the processing.

[0104] A program for executing the aforementioned pro-
cessing may be recorded on a non-transitory recording
medium such as a computer-readable CD-ROM. In this case,
a computer reads a program from a non-transitory recording
medium, and performs each processing by executing the
program.

[0105] It is to be noted that the present disclosure can be
implemented as a program for causing a computer to func-
tion as the biological signal measurement system, or as a
computer-readable recording medium in which the program
is stored.

[0106] While the foregoing has described one or more
embodiments and/or other examples, it is understood that
various modifications may be made therein and that the
subject matter disclosed herein may be implemented in
various forms and examples, and that they may be applied
in numerous applications, only some of which have been
described herein. It is intended by the following claims to
claim any and all modifications and variations that fall
within the true scope of the present teachings.

What is claimed is:

1. A biological signal measurement system comprising:

a biological signal measurer that measures a biological
signal including external noise of biological noise and
of environmental noise;

a biological noise measurer that measures a signal includ-
ing the biological noise;

a biological noise estimator that estimates the biological
noise from the signal measured by the biological noise
measuret;

an environmental noise measurer that measures a signal
including the environmental noise;

an environmental noise estimator that estimates the envi-
ronmental noise from the signal measured by the envi-
ronmental noise measurer; and

a calculator that calculates a biological signal in consid-
eration of an effect of the external noise, using the
biological signal measured by the biological signal
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measurer, the biological noise estimated by the biologi-
cal noise estimator and the environmental noise esti-
mated by the environmental noise estimator.

2. The biological signal measurement system according to

claim 1,

wherein the biological noise estimator estimates the bio-
logical noise to be a first signal obtained by multiplying
the biological signal measured by the biological noise
measurer by a first constant,

the environmental noise estimator estimates the environ-
mental noise to be a second signal obtained by multi-
plying the signal measured by the environmental noise
measurer by a second constant, and

the calculator calculates the biological signal in consid-
eration of the effect of the external noise by subtracting
the first signal and the second signal from the biological
signal measured by the biological signal measurer.

3. The biological signal measurement system according to

claim 1, further comprising

an analyzer that performs independent component analy-
sis of the biological signal measured by the biological
signal measurer,

wherein the biological noise estimator estimates the bio-
logical noise to be an independent component most
similar to the biological signal measured by the bio-
logical noise measurer out of at least one independent
component as a result of signal separation by the
analyzet,

the environmental noise estimator estimates the environ-
mental noise to be an independent component most
similar to the signal measured by the environmental
noise measurer out of the at least one independent
component as a result of signal separation by the
analyzer, and

the calculator calculates a biological signal excluding the
biological noise and the environmental noise by remov-
ing the estimated biological noise and the estimated
environmental noise from the biological signal mea-
sured by the biological signal measurer.
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4. The biological signal measurement system according to
claim 1,
wherein the biological signal is brain waves,
the biological signal measurer has an electrode attachable
to a head of a user, and
the biological noise measurer has an electrode attachable
to a vicinity of at least one of a throat, an eye, and a
temple of the user.
5. The biological signal measurement system according to
claim 1,
wherein the biological signal is related to a temperature of
at least one of a hand fingertip, the nose, an instep and
a foot fingertip of a user,
the biological signal measurer is attachable to at least one
of a hand fingertip, the nose, an instep and a foot
fingertip of the user, and
the biological noise measurer is attachable to at least one
of a wrist, a back of a hand, a palm, a first joint of a
finger, a forehead, an ankle and an instep of the user.
6. The biological signal measurement system according to
claim 1,
wherein the biological signal is related to a cerebral blood
flow,
the biological signal measurer measures an absorbance at
a point of attention of a head of a user, and
the biological noise measurer measures an absorbance of
the whole brain of the user.
7. The biological sighal measurement system according to
claim 1,
wherein the biological signal is related to emotional
sweating,
the biological signal measurer measures an amount of
sweat produced by a user due to emotional sweating,
and
the biological noise measurer measures an amount of
sweat produced due to a change in body temperature of
the user.
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