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(57) ABSTRACT

An internal device (1) is implanted in a living body (300).
A control section (6) causes a communication section (5) to
wirelessly transmit data corresponding to electroencephalo-
gram signals of the living body (300) which are detected
through a group of N (N is 2 or more) electrodes, to an
external device (200). When the communication section (5)
receives a designation signal designating a group of M
electrode(s) (2a), M being smaller than N, the communica-
tion section (5) is caused to transmit data corresponding to
electroencephalogram signals of the living body (300) which
are detected through the group of M electrode(s) (2a), to the
external device (200) in real time.
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BRAIN-MACHINE INTERFACE SYSTEM
CAPABLE OF CHANGING AMOUNT OF
COMMUNICATION DATA FROM INTERNAL
DEVICE, AND CONTROL METHOD
THEREFOR

TECHNICAL FIELD

[0001] The disclosure relates to a brain-machine interface
(BMI) system configured by 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.

BACKGROUND ART

[0002] An internal device acquires electroencephalograms
functioning 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 accordance
with the signal received from the internal device. The
internal device disclosed in Patent Literature 1 includes a
plurality of electrodes which are to be implanted in the living
body to detect electroencephalograms.

CITATION LIST

Patent Literature

[0003] Patent Literature 1: US Patent Application Publi-
cation No. 2006/0049957

SUMMARY OF INVENTION

Technical Problem

[0004] In order to know more correctly the condition of
the brain, it is necessary to increase the number of electrodes
(i.e., the number of channels) for detecting electroencepha-
lograms. However, the larger the number of electrodes, the
higher must be the rate of communication for transmitting
data corresponding to acquired electroencephalogram sig-
nals to the external device in real time. A higher communi-
cation rate may cause restriction in the design of an
implanted internal device.

[0005] Therefore, it is requested to enable a desired BMI
control to be executed without increasing the communica-
tion rate.

Solution to Problem

[0006] A first mode for satisfying the request is an internal
device of a brain-machine interface system, the internal
device adapted to be implanted in a living body, the internal
device comprising:
[0007] a communication section which wirelessly com-
municates with an external device; and
[0008] a control section which controls the communica-
tion section, wherein
[0009] the control section causes:
[0010] the communication section to transmit data cor-
responding to electroencephalogram signals of the liv-
ing body which are detected through a group of N (N
is 2 or more) electrodes, to the external device; and,
[0011] when, after the transmission is performed, the
communication section receives a designation signal
designating a group of M electrode(s), M being smaller
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than N, the communication section to transmit data
corresponding to electroencephalogram signals of the
living body which are detected through the group of M
electrode(s), to the external device in real time.
[0012] A second mode for satisfying the request is a
method for controlling an internal device of a brain-machine
interface system, the internal device adapted to be implanted
in a living body, the method comprising:
[0013] wirelessly transmitting data corresponding to elec-
troencephalogram signals of the living body which are
detected through a group of N (N is 2 or more) electrodes to
an external device;
[0014] after the wireless transmission is performed, wire-
lessly receiving a designation signal designating a group of
M electrode(s), M being smaller than N; and
[0015] wirelessly transmitting data corresponding to elec-
troencephalogram signals of the living body which are
detected through the group of M electrode(s) to the external
device in real time.
[0016] According to the configurations of the first and
second modes, data which are acquired through the group of
N electrodes are first transmitted to the external device. The
timing when the transmission is performed is set to, for
example, a timing when the real time BMI control of the
external device is not requested. Namely, sure delivery of
data as many as possible to the external device takes
precedence over the data transmission rate. Therefore, the
communication section is not required to have a high data
transmission capability.
[0017] Many data are supplied to the external device, and
therefore a group of M electrode(s) which have a priority in
order to perform a desired BMI control can be correctly
identified. Furthermore, also the group of M electrode(s), M
being smaller than N, is identified so as to match with the
data transmission capability of the communication section.
In a stage where the BMI control is actually performed,
therefore, data corresponding to electroencephalogram sig-
nals which are acquired through the group of M electrode(s)
are transmitted to the external device in real time. Conse-
quently, a desired BMI control is enabled to be executed
without increasing the communication rate.
[0018] A third mode for satisfying the request is an
internal device of a brain-machine interface system, the
internal device adapted to be implanted in a living body, the
internal device comprising:
[0019] a data acquisition section;
[0020] a communication section which wirelessly com-
municates with an external device; and
[0021] a control section which controls the communica-
tion section, wherein
[0022] the control section causes:

[0023] the data acquisition section to acquire first data
corresponding to electroencephalogram signals of the
living body which are detected through N (N is 2 or
more) electrodes, the first data having a first data
amount;

[0024] the communication section to transmit the first
data to the external device;

[0025] when, after the transmission is performed, the
communication section receives a designation signal
designating a second data amount which is smaller than
the first data amount, the data acquisition section to
acquire second data corresponding to electroencepha-
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logram signals of the living body which are detected

through the N electrodes, the second data having the

second data amount; and
[0026] the communication section to transmit the second
data to the external device in real time.
[0027] A fourth mode for satisfying the request is a
method for controlling an internal device of a brain-machine
interface system, the internal device adapted to be implanted
in a living body, the method comprising:
[0028] acquiring first data corresponding to electroen-
cephalogram signals of the living body which are detected
through a group of N (N is 2 or more) electrodes; the first
data having a first data amount, and wirelessly transmitting
the first data to an external device;
[0029] after the wireless transmission is performed, wire-
lessly receiving a designation signal designating a second
data amount rather than the first data amount; and
[0030] acquiring second data corresponding to electroen-
cephalogram signals of the living body which are detected
through the group of N electrodes, the second data having
the second data amount, and wirelessly transmitting the
second data to the external device in real time.
[0031] According to the configurations of the third and
fourth modes, data which are acquired through the group of
N electrodes, and the amount of which is relatively large are
first transmitted to the external device. The timing when the
transmission is performed is set to, for example, a timing
when the real time BMI control of the external device is not
requested. Namely, sure delivery of data as many as possible
to the external device takes precedence over the data trans-
mission rate. Therefore, the communication section is not
required to have a high data transmission capability.
[0032] Many data are supplied to the external device, and
therefore the second data amount which is required for
performing a desired BMI control can be correctly identi-
fied. Moreover, the second data amount which is smaller
than the first data amount is identified so as to match with the
data transmission capability of the communication section.
In a stage where the BMI control is actually performed,
therefore, data of the second data amount which are acquired
as they are through the group of N electrodes are transmitted
to the external device in real time. Consequently, a desired
BMI control is enabled to be executed without increasing the
communication rate.

BRIEF DESCRIPTION OF DRAWINGS

[0033] FIG. 1 is a diagram illustrating the functional
configuration of a BMI system of a first embodiment.
[0034] FIG. 2 is a flowchart illustrating the operation of
the BMI system.

[0035] FIG. 3 is a flowchart illustrating the operation of a
BMI system of a second embodiment.

DESCRIPTION OF EMBODIMENTS

[0036] Hereinafter, embodiments will be described in
detail with reference to the accompanying drawings.
[0037] FIG. 1 illustrates the functional configuration of a
BMI system 100 of a first embodiment. The BMI system 100
may include an internal 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.
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[0038] The internal device 1 includes a group of N elec-
trodes 2. In the following description, N is an integer of 2 or
more. Bach of the electrodes of the group of N electrodes 2
is configured so as to be attached to a predetermined place
in the brain of the living body 300, and acquire an electro-
encephalogram signal in the place.

[0039] The internal device 1 may include a data acquisi-
tion section 3. The data acquisition section 3 may include an
A/D converter. Electroencephalogram signals which are
acquired through the group of N electrodes 2 are analog
signals. The A/D converter is configured so as to convert the
analog signals to digital data at a predetermined sampling
rate and a predetermined resolution.

[0040] A sampling rate corresponds to the frequency at
which a digital signal is acquired. When the frequency is 1
kHz, 1,000 digital data are acquired from an analog signal
for one second. A resolution corresponds to the number of
values which may be taken by digital data. When the
resolution is 16 bits, the range of values which may be taken
by the amplitude of an input analog signal is divided into 16
bits, and one of 2 to the 16th power values is allocated to the
amplitude of the input analog signal.

[0041] The internal device 1 may include a communica-
tion section 5. The communication section 5 is communi-
cably connected to the data acquisition section 3 and a
storage section 4. The communication section 5 is config-
ured so as to be able to execute wireless communication with
the external device 200. The communication rate of the
communication section 5 is set to be lower than that which
is necessary for transmitting in real time digital data that are
acquired through the group of N electrodes 2.

[0042] The internal device 1 may include a control section
6. The control section 6 is communicably connected to the
data acquisition section 3 and the communication section 5.
The control section 6 is configured so as to be able to control
the operations of the data acquisition section 3 and the
communication section 5.

[0043] The control section 6 is configured so as to cause
the communication section 5 to wirelessly transmit all of
digital data which correspond to electroencephalogram sig-
nals of the living body 300 that are detected through the
group of N electrodes 2, and which are acquired by the data
acquisition section 3, to the external device 200.

[0044] The control section 6 is configured so as to, when
the communication section 5 wirelessly receives a designa-
tion signal designating a group of M electrode(s) 2a¢, M
being smaller than N, cause the communication section 5 to
wirelessly transmit digital data which correspond to elec-
troencephalogram signals of the living body 300 that are
detected through the group of M electrode(s) 24, and which
are acquired by the data acquisition section 3, to the external
device 200 in real time.

[0045] The function of the control section 6 is realized
from software (computer programs) executed by a coopera-
tion of a processor and memory which are communicably
connected to each other. Examples of the processor are a
CPU, an MPU, and a GPU. Examples of the memory are a
ROM and a RAM. However, the function of the control
section 6 may be realized by a hardware resource such as an
ASIC or an FPGA, or a combination of a hardware resource
and software.

[0046] Next, a method for operating the thus configured
internal device 1 will be described with reference to FIG. 2.
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[0047] 1Inafirst time period, initially, a learning phase (S1)
is performed. In the case where the living body 300 performs
an operation of grasping the hand, thereby causing the
external device 200 to execute a predetermined operation,
for example, the living body 300 is made to perform a
learning operation. Specifically, the living body 300 is made
to actually grasp the hand, or caused to think about an
operation of grasping the hand.

[0048] When the living body 300 performs a learning
operation, an electroencephalogram corresponding to the
learning operation is produced in the brain of the living body
300. The electroencephalogram is detected as N electroen-
cephalogram signals by the group of N electrodes 2. The
data acquisition section 3 acquires digital data correspond-
ing to the N electroencephalogram signals (32). In the case
where the learning operation is performed for one second,
for example, digital data corresponding to electroencepha-
logram signals for three seconds in total including before
and after one second are acquired.

[0049] Thereafter, the control section 6 causes the com-
munication section 5 to transmit all of the acquired digital
data to the external device 200 (S4). The timing when the
transmission is performed is a timing when the user inputs
instructions to transmit, a predetermined time, a predeter-
mined time interval, etc. The timing when the transmission
is performed may be selected as a timing when real time
monitoring of electroencephalogram signals is not neces-
sary. The external device 200 receives data which are
transmitted from the internal device 1 (S5).

[0050] The data transmission from the communication
section 5 to the external device 200 is performed at a
communication rate which is lower than the original trans-
mission capability of the communication section 5, i.e., a
value that is necessary for transmitting in real time data that
are acquired through the group of N electrodes 2, to the
external device 200. In the case where 128-channel electro-
encephalogram signals that are acquired through a group of
128 electrodes 2 are converted to digital data at a sampling
rate of 1 kHz and a resolution of 16 bits, for example, a
communication rate of about 2 Mbps is necessary (128
channelsx 16 bitsx1 k samples/sec=2,048 kbits/sec=2 Mbps)
for transmitting the data to the external device 200 in real
time. When the communication rate of the communication
section 5 is 0.5 Mbps, digital data corresponding to electro-
encephalogram signals for three seconds which are acquired
by the data acquisition section 3 as described above are
transmitted to the external device 200 with taking 12 sec-
onds.

[0051] The external device 200 may be identical with or
different from a device which receives the signals transmit-
ted from the internal device 1, and which executes 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 external device to
execute the operation based on the transmitted signals.
Alternatively, the external device 200 may be a device
dedicated for performing an analysis which will be
described later.

[0052] The data which are received by the external device
200 are subjected to an analysis for reducing the amount of
transmission data. In an actual BMI control, all of N
electroencephalogram signals are not always required to
have an accuracy which is similar to that in the learning
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process. The group of N electrodes 2 are arranged at
relatively narrow intervals, there are electrode group exhib-
iting a strong correlation, and also electrodes which have no
involvement in the BMI control exist. In the analysis, the
group of M electrode(s) 2a (see FIG. 1) which have higher
priority in the actual BMI control are specified (S6). M is an
integer which is smaller than N. The value of M is
adequately selected as a channel number corresponding to
the data amount which is necessary in the BMI control.
[0053] In asecond time period which is later than the first
time period, an operating phase (S8) is performed. In the
phase, the external device 200 is actually BMI-controlled by
the living body 300. When the living body 300 grasps the
hand, for example, a predetermined operation corresponding
to the operation is executed by the external device 200.
[0054] Initially, a signal designating the group of M elec-
trode(s) 2a which are selected based on the above-described
analysis is transmitted from the external device 200. The
signal is received by the communication section 5 of the
internal device 1 (S7). When the signal is received by the
communication section 5, the control section 6 changes the
setting so that the data acquisition section 3 acquires only
digital data corresponding to M electroencephalogram sig-
nals which are acquired through the group of M electrode(s)
2a (S9). The data acquisition section may acquire N elec-
troencephalogram signals, but, when the acquisition is lim-
ited to the selected M signals, the power consumption can be
reduced.

[0055] When the living body 300 operates in the same
manner as the above-described learning operation, an elec-
troencephalogram corresponding to the learning operation is
produced in the brain of the living body 300. In the operating
phase (S8), therefore, the data acquisition section 3 acquires
digital data corresponding to electroencephalogram signals
based on the above-described setting (S9). The control
section 6 causes the communication section 5 to transmit in
real time the digital data which are acquired by the data
acquisition section 3, to the external device 200 (S10). While
repeating the operations of S9 and S10 (S12), the external
device 200 executes in real time a predetermined operation
based on the data which are transmitted from the commu-
nication section 5 (S11).

[0056] The group of M electrode(s) 2a are selected so that
a desired BMI control can be executed. Moreover, the group
of M electrode(s) 2a are selected so that the communication
section 5 can transmit in real time data corresponding to
electroencephalogram signals which are acquired through
the electrode group. Therefore, a real time BMI control of
the external device 200 which corresponds to the operation
of the living body 300 is realized.

[0057] According to the operating method in which the
thus configured internal device 1 is used, in the learning
phase, data which are acquired through the group of N
electrodes 2, and the amount of which is relatively large are
transmitted to the external device 200. In the phase, sure
delivery of data as many as possible to the external device
200 takes precedence over the data transmission rate. There-
fore, the communication section 5 is not required to have a
high data transmission capability.

[0058] When many data are supplied to the external device
200, the group of M electrode(s) 2a which has a priority in
order to perform a desired BMI control can be correctly
identified. Furthermore, the group of M electrode(s) 2a the
number of which is smaller than N are identified so as to
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match with the data transmission capability of the commu-
nication section 5. In the operating phase, therefore, data
corresponding to electroencephalogram signals which are
acquired through the group of M electrode(s) 2a are trans-
mitted in real time to the external device 200. This enables
a desired BMI control to be executed without increasing the
communication rate.

[0059] In order to perform the above-described learning
phase, the system may include the storage section 4 as
illustrated in FIG. 1. The storage section 4 is communicably
connected to the data acquisition section 3. The storage
section 4 is configured so as to be able to store digital data
which are acquired by the data acquisition section 3.

[0060] The control section 6 is communicably connected
to the storage section 4. As illustrated in FIG. 2, prior to the
above-described transmission (S4), the control section 6
causes the storage section 4 to store the digital data which
are acquired by the data acquisition section 3 (S3).

[0061] As illustrated by the arrow of the broken line in
FIG. 2, the control section 6 may repeat as required steps S2
to S4 through step S3 (S13). Namely, the learning operation
by the living body 300, the acquisition (S2) and storage (S3)
of digital data corresponding to the N electroencephalogram
signals which are acquired through the group of N electrodes
2, and the transmission (S4) of the digital data to the external
device 200 are repeated until desired electroencephalogram
signal data that are necessary for the analysis in the learning
phase are accumulated. According to the configuration,
although the frequency of communications between the
communication section 5 and the external device 200 is
increased, the necessity of ensuring a large capacity in the
storage section 4 is reduced. Since the system includes the
storage section, the digital data can be transmitted at an
arbitrary timing. Therefore, the communication section is
not required to have a high data transmission capability not
only in the operating phase but also in the learning phase.
Consequently, effects of reduction of the power consump-
tion and suppression of heat generation are expected also in
the learning phase. Moreover, the area of the communication
section tends to be increased in accordance with the level of
the data transmission capability. When the data transmission
capability in both the learning and operating phases is
suppressed to a low level, therefore, the area of the com-
munication section can be reduced.

[0062] Prior to the above-described transmission (S4),
alternatively, the control section 6 may repeat as required the
steps S2 and S3 (S14). Namely, the learning operation by the
living body 300, and the acquisition (S2) and storage (S3) of
digital data corresponding to the N electroencephalogram
signals which are acquired through the group of N electrodes
2 are repeated until desired electroencephalogram signal
data that are necessary for the analysis in the learning phase
are accumulated. Then, the data which are accumulated in
the storage section 4 are collectively transmitted to the
external device 200 (S4). According to the configuration, the
frequency of communications between the communication
section 5 and the external device 200 can be reduced. Also
in this operating method, the system includes the storage
section, and therefore the communication section is not
required to have a high data transmission capability even in
the learning phase. Consequently, effects of reduction of the
power consumption, suppression of heat generation, and
reduction in size of the communication section are expected.
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[0063] Alternatively, data of a group of arbitrary electrode
(s) the number of which is smaller than N may be transmit-
ted in real time to the external device 200. In the case where
data of one electrode are transmitted in real time to the
external device 200, for example, the learning operation by
the living body 300, the acquisition (S2) of digital data
corresponding to one electroencephalogram signal which is
acquired through one certain electrode, and the real time
transmission (S4) of the digital data to the external device
200 are repeated until desired electroencephalogram signal
data that are necessary for the analysis in the learning phase
on the one certain electrode are accumulated. When this
process is repeated on N electrodes, N electroencephalo-
gram signal data that are necessary for the analysis in the
learning phase can be acquired (S5). According to the
configuration, although the same learning operation must be
repeated many times, the storage section 4 illustrated in FIG.
1 and step S3 illustrated in FIG. 2 are not necessary. When
the number of electrode data which are transmitted at one
time is increased in accordance with the transmission capa-
bility of the communication section 5, the time period of the
learning phase can be shortened.

[0064] Moreover, a configuration where the communica-
tion section 5 can transmit in real time data of all of the
group of N electrodes 2 to the external device 200 may be
possible. Also in this case, the storage section 4 illustrated in
FIG. 1 and step S3 illustrated in FIG. 2 are not necessary.
Namely, the learning operation by the living body 300, the
acquisition (S2) of digital data corresponding to N electro-
encephalogram signals which are acquired through the
group of N electrodes 2, and the real time transmission (S4)
of the digital data to the external device 200 are repeated
until desired electroencephalogram signal data that are nec-
essary for the analysis in the learning phase are accumulated.
Although the power consumption in the learning phase
cannot be reduced, an effect of reduction of the power
consumption due to reduction of the number of electrode
data to be transmitted can be obtained in the operating phase.
[0065] Prior to the above-described transmission (S4),
moreover, the control section 6 may cause the communica-
tion section 5 to transmit a part of data stored in the storage
section 4 to the external device 200 (S15). Such a process
may be performed in order to check whether the internal
device 1 normally operates or not. When the communication
section 5 receives instructions from the external device 200,
such a process may be performed.

[0066] In the embodiment, the control section 6 causes all
of data corresponding to N electroencephalogram signals
which are acquired in the learning phase by the data acqui-
sition section 3, to be transmitted to the external device 200.
However, it is not always necessary to transmit all of data
corresponding to N electroencephalogram signals. It is
requested that the number of electroencephalogram signals
which are transmitted in the learning phase is larger than that
of electroencephalogram signals which are transmitted in the
operating phase.

[0067] Next, an internal device 1A of a second embodi-
ment will be described with reference to FIG. 3. The
components identical or equivalent to those of the internal
device 1 of the first embodiment are denoted by the same
reference numerals, and repeated description will be omit-
ted.

[0068] As illustrated in FIG. 1, the internal device 1A may
include a control section 6A. The control section 6A is
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communicably connected to the data acquisition section 3
and the communication section 5. The control section 6A is
configured so as to be able to control the operations of the
data acquisition section 3 and the communication section 5.

[0069] The control section 6A is configured so as to cause
the communication section 5 to wirelessly transmit all of
digital data which correspond to electroencephalogram sig-
nals of the living body 300 that are detected through the
group of N electrodes 2, and which are acquired by the data
acquisition section 3, to the external device 200. Namely,
digital data having a first data amount are transmitted to the
external device 200.

[0070] The control section 6A is configured so as to, when
the communication section 5 wirelessly receives a designa-
tion signal designating a second data amount which is
smaller than the first data amount, cause the data acquisition
section 3 to acquire digital data which correspond to elec-
troencephalogram signals of the living body 300 that are
detected through the group of N electrodes 2, and which
have a second data amount.

[0071] Specifically, the control section 6A lowers the data
sampling rate, thereby reducing the data amount of digital
data to be acquired. Alternatively, the control section 6A
lowers the data resolution, thereby reducing the data amount
of digital data to be acquired. In order to reduce the amount
of digital data to be acquired, the control section 6A may
lower both the sampling rate and the resolution. An example
of the lowering of the resolution is lowering from 16 bits to
8 bits. The reductions of the sampling rate and the resolution
may be performed through a hardware process or a software
process.

[0072] The control section 6A is configured so as to cause
the communication section 5 to wirelessly transmit the
digital data which are acquired as described above, to the
external device 200 in real time.

[0073] The function of the control section 6A is realized
from software executed by a cooperation of a processor and
memory which are communicably connected to each other.
Examples of the processor are a CPU and an MPU. An
example of the memory is a RAM. However, the function of
the control section 6 may be realized by hardware such as an
ASIC or an FPGA, or a combination of hardware and
software.

[0074] Next, a method for operating the thus configured
internal device 1A will be described with reference to FIG.
3. The components identical to those of the operating
method illustrated in FIG. 2 are denoted by the same
reference numerals, and repeated description will be omit-
ted.

[0075] In a first time period, the learning phase (S1) is
performed. When the living body 300 performs a learning
operation, an electroencephalogram corresponding to the
learning operation is produced in the brain of the living body
300. The electroencephalogram is detected as N electroen-
cephalogram signals by the group of N electrodes 2. The
data acquisition section 3 acquires digital data which cor-
respond to the N electroencephalogram signals, and which
have the first data amount (S2). In the case where the
learning operation is performed for one second, for example,
digital data corresponding to electroencephalogram signals
for three seconds in total including before and after one
second are acquired. The control section 6A causes the
storage section 4 to store the digital data (S3).
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[0076] Thereafter, the control section 6A causes the com-
munication section 5 to transmit all of the acquired digital
data to the external device 200 (S4). The data transmission
from the communication section 5 to the external device 200
is performed at a communication rate which is lower than
the original transmission capability of the communication
section 5, i.e., a value that is necessary for transmitting in
real time data that are acquired through the group of N
electrodes 2, to the external device 200. The external device
200 receives the data which are transmitted from the internal
device 1 (S5).

[0077] The data which are received by the external device
200 are subjected to an analysis for reducing the amount of
transmission data. In the analysis, a second data amount at
which a realistic BMI control can be performed without
exceeding the real time data transmission capability of the
commuication section 5 is identified (516).

[0078] In the second time period which is later than the
first time period, the operating phase (S8) is performed. A
signal designating the second data amount which is selected
based on the above-described analysis is transmitted from
the external device 200. The signal is received by the
communication section 5 of the internal device 1A (S17).
When the signal is received by the communication section 5,
the control section 6A changes the setting so that digital data
having the second data amount can be transmitted.

[0079] For example, the control section 6A lowers at least
one of the data sampling rate and the resolution. In the case
where the communication rate which is necessary for trans-
mitting in real time digital data having the first data amount
that are acquired at a first sampling rate and a first resolution
through the group of N electrodes 2 is 2 Mbps, and the real
time data transmission capability of the communication
section 5 is 0.5 Mbps, for example, the control section 6A
can reduce the amount of digital data which are acquired in
the following manner, to the second data amount:

[0080] the first sampling rate is changed to a second
sampling rate which is one quarter of the first sampling
rate;

[0081] the first resolution is changed to a second reso-

lution which is one quarter of the first resolution; and
[0082] the first sampling rate is changed to the second
sampling rate which is one half of the first sampling
rate, and the first resolution is changed to the second
resolution which is one half of the first resolution
(when the amount of the transmitted data is reduced to
one quarter, the combination of the reduction amount of
the sampling rate and that of the resolution can be
adequately determined).
[0083] Data which are acquired at the first resolution
through a hardware process may be converted to those of the
second resolution through a subsequent software process.
The resolution and the sampling rate may be changed for
each of the electrodes.
[0084] When the living body 300 operates in the same
manner as the above-described learning operation, an elec-
troencephalogram corresponding to the operation is pro-
duced in the brain of the living body 300. The data acqui-
sition section 3 acquires digital data having the second data
amount through the group of N electrodes 2 (S18). The
control section 6A causes the communication section 5 to
transmit in real time the digital data which are acquired by
the data acquisition section 3, to the external device 200
(519). While repeating the operations of S18 and S19 (S12),
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the external device 200 executes in real time a predeter-
mined operation based on the data which are transmitted
from the communication section 5 (S11).

[0085] The second data amount is selected so that a
desired BMI control can be executed. Moreover, the second
data amount is selected so that the communication section 5
can transmit in real time the acquired digital data. Therefore,
a real time BMI control of the external device 200 which
corresponds to the operation of the living body 300 is
realized.

[0086] According to the operating method in which the
thus configured internal device 1A is used, in the learning
phase, data which are acquired through the group of N
electrodes 2, and which have the first date amount that is
relatively large are once stored in the storage section 4. The
stored data are then transmitted to the external device 200.
In the phase, sure delivery of data as many as possible to the
external device 200 takes precedence over the data trans-
mission rate. Therefore, the communication section 5 is not
required to have a high data transmission capability.
[0087] The operating method in the first embodiment in
which the storage section 4 is not required in learning phase
can be applied also to the second embodiment.

[0088] When many data are supplied to the external device
200, the second data amount which is necessary in order to
perform a desired BMI control can be correctly identified.
Furthermore, the second data amount is identified so as to
match with the data transmission capability of the commu-
nication section 5. In the operating phase, therefore, data
corresponding to electroencephalogram signals which are
acquired through the group of N electrodes 2 are transmitted
in real time as they are to the external device 200. This
enables a desired BMI control to be executed without
increasing the communication rate.

[0089] In the embodiment, the control section 6A causes
all of digital data which are acquired in the learning phase
by the data acquisition section 3, and which have the first
data amount, to be transmitted to the external device 200.
However, it is not always necessarily to transmit all of data
having the first data amount. It is requested that the amount
of data which are transmitted in the learning phase is larger
than that of data which are transmitted in the operating
phase.

[0090] The above-described embodiments are mere
examples for facilitating understanding of the disclosure.
The configurations of the embodiments may be adequately
changed or improved without departing from the spirit of the
presently disclosed subject matter. When the first and second
embodiments are combined with each other, for example,
the sampling rate and resolution of data which are acquired
by a group of M electrode(s), M being smaller than N, may
be lowered, and the amount of transmitted data may be
further reduced.

[0091] The disclosure of Japanese Patent Application No.
2017-023413 filed Feb. 10, 2017 is incorporated herein by
reference as constituents of the description of the applica-
tion.

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

a communication section which wirelessly communicates

with an external device; and

a control section which controls the communication sec-

tion, wherein
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the control section causes:

the communication section to transmit data corresponding
to electroencephalogram signals of the living body
which are detected through a group of N (N is 2 or
more) electrodes, to the external device; and,

when, after the transmission is performed, the communi-

cation section receives a designation signal designating
a group of M electrode(s), M being smaller than N, the
communication section to transmit data corresponding
to electroencephalogram signals of the living body
which are detected through the group of M electrode(s),
to the external device in real time.

2. The internal device according to claim 1, further
comprising:

a storage section, wherein

prior to the transmission of the data corresponding to

electroencephalogram signals of the living body which
are detected through the group of N electrodes, the
control section causes the storage section to repeatedly
store the data corresponding to electroencephalogram
signals of the living body which are detected through
the group of N electrodes.

3. The internal device according to claim 1, wherein

prior to the transmission of the data corresponding to

electroencephalogram signals of the living body which
are detected through the group of N electrodes, the
control section causes the communication section to
transmit a part of the data to the external device.

4. A method for controlling an internal device of a
brain-machine interface system, the internal device adapted
to be implanted in a living body, the method comprising:

wirelessly transmitting data corresponding to electroen-

cephalogram signals of the living body which are
detected through a group of N (N is 2 or more)
electrodes to an external device;

after the wireless transmission is performed, wirelessly

receiving a designation signal designating a group of M
electrode(s), M being smaller than N; and

wirelessly transmitting data corresponding to electroen-

cephalogram signals of the living body which are
detected through the group of M electrode(s) to the
external device in real time.

5. The controlling method according to claim 4, wherein

the internal device further includes a storage section, and,

the method further comprises: prior to the transmission of
the data corresponding to electroencephalogram signals
of the living body which are detected through the group
of N electrodes, repeatedly storing in the storage sec-
tion the data corresponding to electroencephalogram
signals of the living body which are detected through
the group of N electrodes.

6. The controlling method according to claim 4, further
comprising:

prior to the transmission of the data corresponding to

electroencephalogram signals of the living body which
are detected through the group of N electrodes, wire-
lessly transmitting a part of the data to the external
device.

7. An internal device of a brain-machine interface system,
the internal device adapted to be implanted in a living body,
the internal device comprising:

a data acquisition section;

a communication section which wirelessly communicates

with an external device; and
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a control section which controls the communication sec-
tion, wherein

the control section causes:

the data acquisition section to acquire first data corre-
sponding to electroencephalogram signals of the living
body which are detected through N (N is 2 or more)
electrodes, the first data having a first data amount;

the communication section to transmit the first data to the
external device;

when, after the transmission is performed, the communi-
cation section receives a designation signal designating
a second data amount which is smaller than the first
data amount, the data acquisition section to acquire
second data corresponding to electroencephalogram
signals of the living body which are detected through
the N electrodes, the second data having the second
data amount; and

the communication section to transmit the second data to
the external device in real time.

8. The internal device according to claim 7, wherein

the data acquisition section acquires the first data by
sampling the electroencephalogram signals at a first
sampling rate, and acquires the second data by sam-
pling the electroencephalogram signals at a second
sampling rate which is lower than the first sampling
rate.

9. The internal device according to claim 7, wherein

the data acquisition section acquires the first data by
A/D-converting the electroencephalogram signals at a
first resolution, and acquires the second data by A/D-
converting the electroencephalogram signals at a sec-
ond resolution which is lower than the first resolution.
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10. A method for controlling an internal device of a
brain-machine interface system, the internal device adapted
to be implanted in a living body, the method comprising:

acquiring first data corresponding to electroencephalo-

gram signals of the living body which are detected
through a group of N (N is 2 or more) electrodes, the
first data having a first data amount;
wirelessly transmitting the first data to an external device;
after the wireless transmission is performed, wirelessly
receiving a designation signal designating a second
data amount rather than the first data amount;

acquiring second data corresponding to electroencepha-
logram signals of the living body which are detected
through the group of N electrodes, the second data
having the second data amount; and

wirelessly transmitting the second data to the external

device in real time.

11. The controlling method according to claim 10,
wherein

the first data are acquired by sampling the electroencepha-

logram signals at a first sampling rate, and the second
data are acquired by sampling the electroencephalo-
gram signals at a second sampling rate which is lower
than the first sampling rate.

12. The controlling method according to claim 10,
wherein

the first data are acquired by A/D-converting the electro-

encephalogram signals at a first resolution, and the
second data are acquired by A/D-converting the elec-
troencephalogram signals at a second resolution which
is lower than the first resolution.
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