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ments, and N amplified electroencephalogram signals
are transmitted; and a noise-reduction operation mode
in which an electroencephalogram signal acquired
through an M electrode of the electrode group is supplied
to the amplification element group in a manner that each
M electrode corresponds to respective plural ones of the
amplification elements, and an M amplified electroen-
cephalogram signal is transmitted, M being smaller than
N.
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Description
BACKGROUND

[0001] The presently disclosed subject matter relates
to a brain-machine interface (BMI) system including: an
internal device which is to be implanted in the living body;
and an external device which is to be placed outside the
living body, particularly to the internal device and a meth-
od of controlling the internal device.

[0002] An internal device acquires brain waves func-
tioning as a signal source to detect the brain activity, and
transmits a signal which corresponds to the brain activity,
or that which is obtained by processing the signal, to an
external device. The external device operates in accord-
ance with the signal received from the internal device.
The internal device disclosed in US 2006/0049957 A1
includes a plurality of electrodes which are to be implant-
ed in the living body to detect brain waves.

[0003] An internal device such as described above is
implantedin the brain of a patient with amyotrophiclateral
sclerosis (ALS) or the like, and communication with the
patientis supported. In ALS, in the case of strong degen-
eration of upper motor neurons, however, brain waves
gradually diminish. In order to adequately acquire dimin-
ished electroencephalogram signals, it is necessary to
design the low-noise performance of a group of signal
amplification elements which are mounted on the internal
device, while anticipating the levels of the diminished
electroencephalogram signals. When such a design is
employed, however, the size increase of the internal de-
vice due to the scale enlargement of an amplification cir-
cuit, and heat generation due to the increase of power
consumption are inevitable. Therefore, the design is not
adequate for an implantable type internal device.

SUMMARY

[0004] The presently disclosed subject matter may
provide an internal device of a brain-machine interface
system and a method of controlling the internal device
capable of performing the BMI control for a long period
of time, even with respect to a patient in whom the inten-
sity of brain waves is reduced with progression of dis-
ease.

[0005] Theinternal device of a brain-machine interface
system, adapted to be implanted in a living body, may
include: an electrode group which includes N electrodes
acquiring electroencephalogram signals of the living
body, wherein N is 2 or more; an amplification element
group which includes N amplification elements; a com-
municator which is configured to wirelessly communicate
with an external device; and a controller which is config-
ured to control an electrical connection between the elec-
trode group and the amplification element group, and
which is configured to control the communicator, the con-
troller which is configured to selectively execute one of:
anormal operation mode in which electroencephalogram
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signals of the living body that are acquired through the
N electrodes of the electrode group are supplied to the
amplification element group in a manner that each of the
N electrodes corresponds to a respective one of the N
amplification elements, and the communicator is caused
to wirelessly transmit N amplified electroencephalogram
signals; and a noise-reduction operation mode in which
an electroencephalogram signal of the living body that is
acquired through an M electrode of the electrode group
is supplied to the amplification element group ina manner
that each M electrode corresponds to respective plural
ones of the amplification elements, and the communica-
tor is caused to wirelessly transmit an M amplified elec-
troencephalogram signal, wherein M is smaller than N.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006]

Fig. 1 is a block diagram showing the functional con-
figuration of a BMI system which is an embodiment.
Fig. 2is acircuitdiagram showing a partof aninternal
device of the BMI system.

Fig. 3 is a circuit diagram illustrating the operation
of the internal device.

Fig. 4 is a circuit diagram illustrating the operation
of the internal device.

Fig. 5 is a circuit diagram showing a modification of
the internal device.

Fig. 6 is a circuit diagram showing another modifica-
tion of the internal device.

Figs. 7A and 7B are circuit diagrams showing a fur-
ther modification of the internal device.

DETAILED DESCRIPTION OF EXEMPLARY EMBOD-
IMENTS

[0007] Hereinafter, an embodiment will be described
in detail with reference to the accompanying drawings.
[0008] Fig. 1 shows the functional configuration of a
BMI system 100 of an embodiment. The BMI system 100
includes aninternal device 1 and an external device 200.
The internal device 1 is configured so as to be used while
being implanted in the living body 300 (specifically, the
head) . The external device 200 is configured so as to
be used while being placed outside the living body 300.
[0009] The internal device 1 includes an electrode
group 2 including N electrodes. In the following descrip-
tion, N is an integer of 2 or more. Each of the electrodes
of the electrode group 2 is configured so as to be attached
to a predetermined place of the brain of the living body
300, and acquire an electroencephalogram signal in the
place.

[0010] The internal device 1 further includes: an am-
plification element group 3 including N amplification ele-
ments; and a matrix switch 4. The amplification element
group 3 is electrically connected to the electrode group
2 through the matrix switch 4. Each of the amplification
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elements of the amplification element group 3 is config-
ured so as to amplify an input signal, and output the am-
plified signal.

[0011] Theinternal device 1 furtherincludes a commu-
nicator 5. The communicator 5 is electrically connected
to output terminals of the amplification element group 3.
The communicator 5 is configured so as to be able to
wirelessly communicate with the external device 200.
[0012] The internal device 1 further includes a control-
ler 6. The controller 6 is configured so as to operate the
matrix switch 4 to control the electrical connection state
between the electrode group 2 and the amplification el-
ement group 3. The controller 6 is also configured so as
to be able to control the operation of the communicator 5.
[0013] Fig. 2 specifically shows the circuit configura-
tion of a part of the internal device 1. The electrode group
2 includes N electrodes 21, 22, 23, ..., 2N. The amplifi-
cation elementgroup 3 includes N amplification elements
31,32, 33, ..., 3N.

[0014] The matrix switch 4 includes an N x N number
of switch elements. Each of the switch elements is elec-
trically connected to the controller 6 through a signal line
whichis not shown. Therefore, the controller 6 can control
the opening/closing operation of each of the switch ele-
ments.

[0015] The matrix switch includes switch elements
411, 412, 413, ..., 41N. The input ends of the switch el-
ements 411,412,413, ..., 41N are electrically connected
to the electrode 21.

[0016] The matrix switch further includes switch ele-
ments 421, 422, 423, ..., 42N. The input ends of the
switch elements 421, 422, 423, ..., 42N are electrically
connected to the electrode 22.

[0017] The matrix switch further includes switch ele-
ments 431, 432, 433, ..., 43N. The input ends of the
switch elements 431, 432, 433, ..., 43N are electrically
connected to the electrode 23.

[0018] The matrix switch further includes switch ele-
ments 4N1, 4N2, 4N3, ..., 4NN. The input ends of the
switch elements 4N1, 4N2, 4N3, ..., 4NN are electrically
connected to the electrode 2N.

[0019] The output ends of the switch elements 411,
421,431, ..., 4N1 are electrically output to the amplifica-
tion element 31. When the switch element 4N1 is closed,
for example, the electroencephalogram signal which is
acquired by the electrode 2N is supplied to the amplifi-
cation element 31.

[0020] The output ends of the switch elements 412,
422,432, ..., 4N2 are electrically output to the amplifica-
tion element 32. When the switch element 432 is closed,
for example, the electroencephalogram signal which is
acquired by the electrode 23 is supplied to the amplifica-
tion element 32.

[0021] The output ends of the switch elements 413,
423,433, ..., 4N3 are electrically output to the amplifica-
tion element 33. When the switch element 423 is closed,
for example, the electroencephalogram signal which is
acquired by the electrode 22 is supplied to the amplifica-
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tion element 33.

[0022] The output ends of the switch elements 41N,
42N, 43N, ..., 4NN are electrically output to the amplifi-
cation element 3N. When the switch element 41N is
closed, for example, the electroencephalogram signal
which is acquired by the electrode 21 is supplied to the
amplification element 3N.

[0023] The electrode group 2 further includes an elec-
trode 2R. The electroencephalogram signal which is ac-
quired through the electrode 2R is supplied as a refer-
ence potential signal to the amplification elements 31,
32, 33, ..., 3N, respectively. Namely, the electrode 2R is
used as the reference potential supply source.

[0024] Each of the amplification elements 31, 32, 33,
..., 3N is configured so as to amplify the difference be-
tween the input electroencephalogram signal and the ref-
erence potential signal, by a predetermined amplification
factor, and output the amplified signal. The amplified
electroencephalogram signals which are output respec-
tively from the amplification elements 31, 32, 33, ..., 3N
are supplied to the controller 6.

[0025] The controller 6 is configured so as to selective-
ly execute one of a normal operation mode and a noise-
reduction operation mode. Fig. 3 shows a configuration
example of the matrix switch 4 during execution of the
normal operation mode, and Fig. 4 shows a configuration
example of the matrix switch 4 during execution of the
noise-reduction operation mode.

[0026] When the normal operation mode is executed,
the controller 6 causes the electroencephalogram sig-
nals of the living body 300 which are acquired through
the N electrodes of the electrode group 2, to the N am-
plification elements of the amplification element group 3,
in such amanner that each of the electrodes corresponds
to a respective one of the amplification elements.
[0027] As shown in Fig. 3, for example, the controller
6 controls the matrix switch 4 so that the switch elements
411, 422, 433, ..., 4NN are closed. Therefore, the elec-
troencephalogram signal acquired through the electrode
21 is supplied to the amplification element 31. Similarly,
the electroencephalogram signal acquired through the
electrode 22 is supplied to the amplification element 32,
that acquired through the electrode 23 is supplied to the
amplification element 33, and that acquired through the
electrode 2N is supplied to the amplification element 3N.
[0028] As a result, the N amplified electroencephalo-
gram signals which are output from the amplification el-
ements 31, 32, 33, ..., 3N are supplied to the controller
6. The controller 6 relays directly the N amplified electro-
encephalogram signals which are input thereto, to the
communicator 5. Thereafter, the controller 6 causes the
communicator 5 to wirelessly transmit the N amplified
electroencephalogram signals at a predetermined tim-
ing. The amplified electroencephalogram signals which
are wirelessly transmitted are received by the external
device 200 . The external device 200 operates in accord-
ance with the received and amplified electroencephalo-
gram signals.
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[0029] The external device 200 may be identical with
or different from a device which receives the signals
transmitted from the internal device 1, and which exe-
cutes an operation based on the signals. For example,
the external device 200 may be a device which receives
the signals transmitted from the internal device 1, and
which transmits a control signal that causes another ex-
ternal device to execute the operation based on the trans-
mitted signals.

[0030] When the noise-reduction operation mode is
executed, the controller 6 causes the electroencephalo-
gram signals of the living body 300 which are acquired
through an M number of electrodes (M is smaller than N)
of the electrode group 2, to be supplied to the amplifica-
tion element group 3 in such a manner that each elec-
trode corresponds to respective plural ones of the am-
plification elements.

[0031] As shown in Fig. 4, for example, the controller
6 controls the matrix switch 4 so that the switch elements
411, 412, 433, ..., 43N are closed. Therefore, the elec-
troencephalogram signal acquired through the electrode
21 is supplied in parallel to the amplification elements
31, 32. Similarly, the electroencephalogram signal ac-
quired through the electrode 23 is supplied in parallel to
the amplification element group including the amplifica-
tion elements 33, 3N. In this example, namely, M is 2.
[0032] Next, the controller 6 performs a process of ar-
ithmetically averaging the amplified electroencephalo-
gram signals which are output from the plurality of am-
plification elements that correspond to each ofthe M elec-
trodes. In this example, the amplified electroencephalo-
gram signals which are output from the amplification el-
ements 31, 32 that correspond to the electrode 21 are
arithmetically averaged. Similarly, the amplified electro-
encephalogram signals which are output from the ampli-
fication elements 33, 3N that correspond to the electrode
23 are arithmetically averaged. As a result, the controller
6 acquires M (in the example, M is 2) arithmetically av-
eraged and amplified electroencephalogram signals.
[0033] It is known that, when a signal with noises is
supplied to n amplification elements, and the n amplified
signal which are output from the n amplification elements
are arithmetically averaged, the noise level of the ob-
tained signal is reduced to 1/\h as compared to that of
the signal which has not been arithmetically averaged.
In this example, therefore, the noise level can be reduced
to 1/N2 by arithmetically averaging the amplified electro-
encephalogram signals which are output from the ampli-
fication elements 31, 32. In the case where m amplifica-
tion elements are included in the amplification element
group that includes the amplification elements 33, 3N,
similarly, the noise level can be reduced to 1/ym by ar-
ithmetically averaging amplified electroencephalogram
signals output from the amplification element group.
[0034] The controller 6 relays the M amplified electro-
encephalogram signals in which the noise level is re-
duced, to the communicator 5. Thereafter, the controller
6 causes the communicator 5 to wirelessly transmit the
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M amplified electroencephalogram signals at a predeter-
mined timing. The amplified electroencephalogram sig-
nals which are wirelessly transmitted are received by the
external device 200. The external device 200 operates
in accordance with the received and amplified electroen-
cephalogram signals.

[0035] Next, amethod of operating the thus configured
internal device 1 will be described. It is assumed that the
living body 300 is a patient in whom brain waves diminish
with progression of disease. An example of disease is
ALS. The internal device 1 is implanted in the head of
the patient in a stage where communication with the pa-
tient can be well performed.

[0036] The controller 6 first executes the normal oper-
ation mode. In the normal operation mode, electroen-
cephalogram signals of the patient are acquired by using
the electrode group 2 including as many (N) electrodes
as possible, and therefore also the number of channels
forthe amplified electroencephalogram signals which are
supplied to the external device 200 through the commu-
nicator 5 is maximum. Consequently, a rapid BMI control
having a high degree of freedom can be performed.
[0037] With progression of disease, the brain waves
of the patient diminish, and the SN ratios of the acquired
electroencephalogram signals are lowered. When it is
determined that it is difficult to perform a significant BMI
control based on the brain waves which are acquired in
the normal operation mode, the controller 6 executes the
noise-reduction operation mode.

[0038] Specifically, M electrodes which are to continue
to acquire electroencephalogram signals are selected
from the N electrodes of the electrode group 2. Through
observation of the BMI control performed in the normal
operation mode, the M electrodes are selected as an
electrode group with higher priority to perform a signifi-
cant BMI control. The selected M electrodes may be var-
ied depending on the patient. A signal designating the
selected M electrodes iswirelessly transmitted from the
external device 200, and then received by the commu-
nicator 5. Based on the signal received by the commu-
nicator 5, the controller 6 operates the matrix switch 4.
[0039] Each of M electroencephalogram signals in
which the SN ratio is lowered is supplied to a plurality of
amplification elements. The amplified electroencephalo-
gram signals which are output from the plurality of am-
plification elements are arithmetically averaged. As are-
sult, M amplified electroencephalogram signals in which
the noise level is lowered as compared with the case of
the normal operation mode are obtained. The number of
used electrodes, i.e., the channel number is reduced,
and therefore itis unavoidable that the degree of freedom
ofthe BMI control is lowered. In brain waves of the patient,
however, small changes, which, in the related art, are
buried in noise can be distinguished. Even with respect
to a patient in whom the intensity of brain waves is re-
duced with progression of disease, therefore, the possi-
bility of the BMI control can be provided for a long period
of time.
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[0040] Inthe embodiment, the function of the controller
6 is realized from software executed by a cooperation of
a processor and memory which are communicably con-
nected to each other. Examples of the processor are a
CPU and an MPU. Examples of the memory are a RAM
and a ROM. However, the function of the controller 6 may
be realized by hardware such as an ASIC or an FPGA,
or a combination of hardware and software.

[0041] Theabove-described embodimentis a mere ex-
ample for facilitating understanding of the presently dis-
closed subject matter. The configuration of the embodi-
ment may be adequately changed or improved without
departing the spirit of the presently disclosed subject mat-
ter. It is obvious that equivalents are included within the
technical scope of the presently disclosed subject matter.
[0042] In the above-described embodiment, the elec-
troencephalogram signal acquired by the electrode 2R
is supplied as the reference potential signal to each of
the amplification elements of the amplification element
group 3. Alternatively, a configuration may be employed
in which, as shown in Fig. 5, one of two electrodes 2R1,
2R2 (an example of the plurality of reference potential
supply sources) is electrically connected to the amplifi-
cation element group 3 in a switchable manner. The
number of switchable electrodes may be 3 or more.
[0043] The internal device 1 is used while being im-
planted in the living body 300, and therefore cannot be
easily taken out from the body after the operation is start-
ed. According to the configuration, even when any failure
occurs in the electrode 2R1 which is originally used as
the reference potential supply source, the reference po-
tential supply source can be switched to the other elec-
trode 2R2, so that the amplification element group 3 can
continue to operate. Therefore, the number of opportu-
nities of exchanging the internal device 1 which impose
a burden on the patient can be reduced, and the possi-
bility of the BMI control can be provided for a long period
of time.

[0044] A configuration may be employed that, as
shown in Fig. 6, includes a matrix switch 4R in which the
above-described function of switching between the elec-
trodes 2R1, 2R2 is more generalized. The matrix switch
4R includes L x N switch elements (11R, 12R, ..., LNR).
Here, L is an integer of N or less. The electrode group 2
includes L electrodes 2R1, 2R2, 2R3, ..., 2RL.

[0045] When all switch elements in which the input end
is connected to one of the electrodes 2R1 to 2RL (for
example, the switch elements 31R to 3NR connected to
the electrode 2R3) are closed, the potential which is sup-
plied through the electrode 2R3 is supplied as the refer-
ence potential or a differential input to the amplification
elements 31 to 3N.

[0046] When switch elements which are arbitrarily se-
lected from the switch elements 411 to 4NN included in
the matrix switch 4, and the switch elements 11R to LNR
included in the matrix switch 4R are closed, alternatively,
the electroencephalogram signal acquired by one of the
electrodes 21 to 2N, and the reference potential or dif-
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ferential input acquired by one of the electrodes 2R1 to
2RL can be supplied to any one of the amplification ele-
ments 31 to 3N.

[0047] A switch signal is wirelessly transmitted from
the external device 200, and then received by the com-
municator 5. Based on the received signal, the switching
of the reference potential supply sources can be per-
formed by the controller 6. Alternatively, a configuration
may be employed in which the controller 6 detects a fail-
ure of the original reference potential supply source, and
then automatically performs switching of the reference
potential supply sources.

[0048] In place of the matrix switch 4 in the above-
described embodiment, the internal device 1 may include
a ladder-type switch circuit network 7 shown in Fig. 7A.
In the example, the electrodes 21 to 26 are shown as a
part of the electrode group 2, the amplification elements
31 to 36 are shown as a part of the amplification element
group 3, and switch elements 71 to 76 and 712 to 756
are shown as a part of the ladder-type switch circuit net-
work 7.

[0049] The input end of the switch element 71 is con-
nected to the electrode 21. The output end of the switch
element 71 is connected to the amplification element 31.
The switch element 712 can connect the output ends of
the adjacent switch elements 71, 72 together. Assuming
that n is an arbitrary integer, similarly, the input end of a
switch element 7n is connected to an electrode 2n, and
the output end of the switch element 7n is connected to
an amplification element 3n. Moreover, a switch element
7n(n+1) connects the output end of the switch element
7n to that of a switch element 7(n+1).

[0050] Fig. 7B shows an example of the operation of
the thus configured ladder-type switch circuit network 7.
When the switch elements 71, 712, 723 are closed, the
electroencephalogram signal acquired by the electrode
21 is supplied to the amplification elements 31, 32, 33.
When the switch elements 75, 745, 756 are closed, sim-
ilarly, the electroencephalogram signal acquired by the
electrode 25 is supplied to the amplification elements 34,
35, 36.

[0051] Inthe above-described embodiment, the selec-
tion of either of the normal operation mode and the noise-
reduction operation mode is performed by the controller
6 based on the signal which is received from the external
device 200 by the communicator 5. However, the internal
device 1 can be configured so as to detect the noise
levels of the electroencephalogram signals acquired by
the electrode group 2. In this case, based on the detected
noise levels, the controller 6 determines whether a sig-
nificant BMI control can be performed in the normal op-
eration mode or not. If it is determined that a significant
BMI control cannot be performed in the normal operation
mode, the controller 6 automatically selects the noise-
reduction operation mode.

[0052] According to an aspect of the presently dis-
closed subject matter, in the normal operation mode,
electroencephalogram signals of the patient are acquired
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by using as many (the N number of) electrodes as pos-
sible. Therefore, also the number of channels for the am-
plified electroencephalogram signals which are supplied
to the external device through the communicator is max-
imum. Consequently, a rapid BMI control having a high
degree of freedom can be performed.

[0053] In the case of a patient in whom brain waves
diminish with progression of disease, the SN ratio of an
acquired electroencephalogram signal is lowered with
the progression of the disease. Upon a timing when it is
difficult to perform a significant BMI control based on elec-
troencephalogram signals which are acquired in the nor-
mal operation mode, the controller can execute the noise-
reduction operation mode. At this time, the M number of
electrodes are selected from the N electrodes.

[0054] In the noise-reduction operation mode, each of
the M electroencephalogram signals in which the SN ratio
is lowered is supplied to a plurality of amplification ele-
ments. As a result, M amplified electroencephalogram
signals in which the noise level is lowered as compared
with the case of the normal operation mode are obtained.
The number of used electrodes, i.e., the channel number
is reduced, and therefore itis unavoidable that the degree
of freedom of the BMI control is lowered. In brain waves
of the patient, however, small changes, which, in the re-
lated art, are buried in noise can be distinguished. Even
with respect to a patient in whom the intensity of brain
waves is reduced with progression of disease, therefore,
the possibility of the BMI control can be provided for a
long period of time.

Claims

1. Aninternal device of a brain-machine interface sys-
tem, the internal device adapted to be implanted in
a living body, the internal device comprising:

an electrode group which includes N electrodes
acquiring electroencephalogram signals of the
living body, wherein N is 2 or more;

an amplification element group which includes
N amplification elements;

acommunicator which is configured to wireless-
ly communicate with an external device; and

a controller which is configured to control an
electrical connection between the electrode
group and the amplification element group, and
whichis configured to control the communicator,
the controller which is configured to selectively
execute one of:

a normal operation mode in which electro-
encephalogram signals of the living body
that are acquired through the N electrodes
of the electrode group are supplied to the
amplification element group in a manner
that each of the N electrodes corresponds
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to a respective one of the N amplification
elements, and the communicator is caused
to wirelessly transmit N amplified electroen-
cephalogram signals; and

a noise-reduction operation mode in which
an electroencephalogram signal of the liv-
ing body thatis acquired through an M elec-
trode of the electrode group is supplied to
the amplification element group in amanner
that each M electrode corresponds to re-
spective plural ones of the amplification el-
ements, and the communicator is caused
to wirelessly transmit an M amplified elec-
troencephalogram signal, wherein M is
smaller than N.

The internal device according to claim 1, wherein
the controller is configured to arithmetically average
outputs of the amplification elements to acquire the
M amplified electroencephalogram signal.

The internal device according to claim 1 or 2, further
comprising: a plurality of reference potential supply
sources, wherein

the controller is configured to cause one of the ref-
erence potential supply sources to be electrically
connected to the amplification element group in a
switchable manner.

The internal device according to any one of claims
1 to 3, wherein,

based on a signal which is received from the external
device by the communicator, the controller is config-
ured to execute selection of one of the normal oper-
ation mode and the noise-reduction operation mode.

The internal device according to any one of claims
1 to 3, wherein,

based on noise levels of the acquired electroen-
cephalogram signals, the controller is configured to
automatically execute selection of one of the normal
operation mode and the noise-reduction operation
mode.

A method of controlling an internal device of a brain-
machine interface system, the internal device adapt-
ed to be implanted in a living body, the method com-
prising:

by a controller of the internal device, selectively
executing one of:

a normal operation mode in which electro-
encephalogram signals of the living body
that are acquired through N electrodes of
an electrode group are supplied to an am-
plification element group in a manner that
each of the N electrodes corresponds to a
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respective one of N amplification elements
of the amplification element group, and N
amplified electroencephalogram signals
are output, wherein N is 2 or more; and

a noise-reduction operation mode in which
an electroencephalogram signal of the liv-
ing body that is acquired through an M elec-
trode of the electrode group is supplied to
the amplification element group in amanner
that each M electrode corresponds to re-
spective plural ones of the amplification el-
ements of the amplification element group,
and an M amplified electroencephalogram
signalis output, wherein Mis smaller than N.

The method according to claim 6, wherein

outputs of the amplification elements are arithmeti-
cally averaged by the controller to acquire the M am-
plified electroencephalogram signal.

The method according to claim 6 or 7, further com-
prising:

by the controller, electrically connecting one of
a plurality of reference potential supply sources
to the amplification element group in a switcha-
ble manner.

The method according to any one of claims 6 to 8,
wherein

the selection of one of the normal operation mode
and the noise-reduction operation mode is executed
by the controller based on a signal whichis wirelessly
transmitted from an external device.

The method according to any one of claims 6 to 8,
wherein

the selection of one of the normal operation mode
and the noise-reduction operation mode is executed
by the controller based on noise levels of the ac-
quired electroencephalogram signals.
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