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(7) ABSTRACT

Provided in the embodiments of the present disclosure are a
control method and device based on brain signal, and a
human-machine interaction device, which periodically
acquire EEG signals and cerebral oxygen signals within a
target period, generate an electroencephalogram (EEG)
wave curve representing changes of the EEG signals and a
cerebral oxygen wave curve representing changes of the
cerebral oxygen signals respectively within the target
period, determine whether the EEG wave curve and the
cerebral oxygen wave curve satisfy a condition for control-
ling a controlled device to perform a target operation, and
control the controlled device to perform the target operation
when the EEG wave curve and the cerebral oxygen wave
curve satisfy the condition.
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CONTROL METHOD AND DEVICE BASED
ON BRAIN SIGNAL, AND
HUMAN-COMPUTER INTERACTION
DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This patent application is a National Stage Entry of
PCT/CN2018/071728 filed on Jan. 8, 2018, which claims
the benefit and priority of Chinese Patent Application No.
201710510171.2 filed on Jun. 28, 2017, the disclosures of
which are incorporated by reference in their entirety as part
of the present application.

BACKGROUND

[0002] The present disclosure relates to the field of
human-computer interaction technology, and in particular, to
a control method and device based on brain signal, and a
human-machine interaction device.

[0003] There are many active nerve cells (also called
neurons) in human brains. Ton current of the neurons gen-
erates voltage changes, and such weak bioelectrical change
is called brain wave, also electroencephalogram (EEG). In
recent years, with the maturity of brain wave acquisition and
recognition technology, human-computer interaction
devices based on brain wave control have become increas-
ingly active as an emerging experience.

BRIEF DESCRIPTION

[0004] Embodiments of the present disclosure provide a
control method and device based on brain signal, and a
human-machine interaction device.

[0005] In a first aspect, an embodiment of the present
disclosure provides a control method based on brain signal,
including periodically acquiring EEG signals and cerebral
oxygen signals within a target period, and generating,
according to the acquired EEG signals and cerebral oxygen
signals, respectively an EEG wave curve representing
changes of the EEG signals and a cerebral oxygen wave
curve representing changes of the cerebral oxygen signals
within the target period, determining whether the EEG wave
curve and the cerebral oxygen wave curve satisfy a condi-
tion for controlling a controlled device to perform a target
operation, and controlling the controlled device to perform
the target operation when the EEG wave curve and the
cerebral oxygen wave curve satisfy the condition.

[0006] In a possible implementation, in the above control
method provided by the embodiment of the present disclo-
sure, controlling the controlled device to perform the target
operation when the EEG wave curve and the cerebral
oxygen wave curve satisfy the condition includes determin-
ing that, within the target period, a brain is in an active state
when a numerical increase amount of the EEG wave curve
is greater than or equal to a first threshold and a numerical
decrease amount of the cerebral oxygen wave curve is
greater than or equal to a second threshold, controlling the
controlled device to perform an operation corresponding to
the active state of the brain, determining that, within the
target period, the brain is in a calm state when a numerical
decrease amount of the EEG wave curve is greater than or
equal to a third threshold and a numerical increase amount
of the cerebral oxygen wave curve is greater than or equal
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to a fourth threshold, and controlling the controlled device
to perform an operation corresponding to the calm state of
the brain.

[0007] In a possible implementation, in the above control
method provided by the embodiment of the present disclo-
sure, controlling the controlled device to perform the target
operation when the EEG wave curve and the cerebral
oxygen wave curve satisfy the condition further includes
within the target period, keeping the controlled device
performing the operation which is currently performed when
a numerical change amount of at least one of the EEG wave
curve and the cerebral oxygen wave curve is less than
respective target thresholds.

[0008] In a possible implementation, in the foregoing
control method provided by the embodiment of the present
disclosure, determining whether the EEG wave curve and
the cerebral oxygen wave curve satisfy a condition for
controlling the controlled device to perform a target opera-
tion includes extracting an EEG feature of the EEG wave
curve and extracting a cerebral oxygen feature from the
cerebral oxygen wave curve, fusing the extracted EEG
feature and the extracted cerebral oxygen feature, and deter-
mining whether the fused feature satisfies the condition for
controlling the controlled device to perform the target opera-
tion.

[0009] In a second aspect, an embodiment of the present
disclosure provides a control device based on brain signal
including an EEG signal detection apparatus, a cerebral
oxygen signal detection apparatus, and a processor, wherein
the EEG signal detection apparatus and the cerebral oxygen
signal detection apparatus are coupled to the processor
respectively, the processor is configured to control the EEG
signal detection apparatus to periodically detect EEG signals
and control the cerebral oxygen signal detection apparatus to
periodically detect cerebral oxygen signals within a target
period, generate, according to the detected EEG signals and
the detected cerebral oxygen signals, an EEG wave curve
representing changes of the EEG signals and a cerebral
oxygen wave curve representing changes of the cerebral
oxygen signals within the target period respectively, deter-
mining whether the EEG wave curve and the cerebral
oxygen wave curve satisfy a condition for controlling a
controlled device to perform a target operation, and in
response to determining that the EEG wave curve and the
cerebral oxygen wave curve satisfy the condition, send a
control instruction to the controlled device to cause the
controlled device to perform a target operation correspond-
ing to the control instruction.

[0010] In a possible implementation, in the above control
device provided by the embodiment of the present disclo-
sure, the controlled device performing the target operation
corresponding to the control instruction when the EEG wave
curve and the cerebral oxygen wave curve satisfy the con-
dition includes determining that, within the target period, a
brain is in an active state when a numerical increase amount
of the EEG wave curve is greater than or equal to a first
threshold and a numerical decrease amount of the cerebral
oxygen wave curve is greater than or equal to a second
threshold, controlling the controlled device to perform an
operation corresponding to the active state of the brain, or
determining that, within the target period, the brain is in a
calm state when a numerical decrease amount of the EEG
wave curve is greater than or equal to a third threshold and
a numerical increase amount of the cerebral oxygen wave
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curve is greater than or equal to a fourth threshold, control-
ling the controlled device to perform an operation corre-
sponding to the calm state of the brain, or keeping the
controlled device performing, within the target period, the
currently performed operation when a numerical change
amount of at least one of the EEG wave curve and the
cerebral oxygen wave curve is less than respective target
thresholds.

[0011] In a possible implementation, in the above control
device provided by the embodiment of the present disclo-
sure, the EEG signal detection apparatus includes an EEG
detection electrode.

[0012] In a possible implementation, in the above control
device provided by the embodiment of the present disclo-
sure, the cerebral oxygen signal detection apparatus includes
a detection light source, and an optical sensor spaced apart
from the detection light source by a target distance, wherein
the detection light source is configured to emit infrared light
to the cerebral cortex so that the emitted infrared light
interacts with the blood oxygen tissue of the cerebral cortex,
and the optical sensor is configured to detect the infrared
light that has been reflected by the cerebral cortex without
interacting with the blood oxygen tissue.

[0013] In a possible implementation, in the above control
device provided by the embodiment of the present disclo-
sure, the detection light source includes a first light emitting
chip and a second light emitting chip which are packaged in
a same package structure, a wavelength of infrared light
emitted by the first light emitting chip is about 760 nm, and
a wavelength of infrared light emitted by the second light
emitting chip is about 850 nm.

[0014] In apossible implementation, the foregoing control
device provided by the embodiment of the present disclosure
further includes a first filtering and amplification circuit
coupled between the processor and the EEG detection
electrode.

[0015] In apossible implementation, the foregoing control
device provided by the embodiment of the present disclosure
further includes a second filtering and amplification circuit
coupled between the processor and the optical sensor.
[0016] In apossible implementation, the foregoing control
device provided by the embodiment of the present disclosure
further includes a driving circuit coupled to the detection
light source.

[0017] Inapossible implementation, the foregoing control
device provided by the embodiment of the present disclosure
further includes a wireless transmission module, configured
to send the control instruction from the processor to the
controlled device.

[0018] In apossible implementation, the foregoing control
device provided by the embodiment of the present disclosure
is integrated in a headset component.

[0019] In a third aspect, an embodiment of the present
disclosure provides a human-machine interaction device,
including any of the foregoing control device and the
controlled device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 is a flowchart of a control method based on
brain signal according to an embodiment of the present
disclosure;
[0021] FIG. 2 is a flowchart of a control method based on
brain signal according to another embodiment of the present
disclosure;
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[0022] FIG. 3 is a schematic structural diagram of a brain
signal monitoring device according to an embodiment of the
present disclosure;

[0023] FIG. 4 is a schematic structural diagram of an EEG
signal detection apparatus according to an embodiment of
the present disclosure;

[0024] FIG. 5 is a schematic structural diagram of a
cerebral oxygen signal detection apparatus according to an
embodiment of the present disclosure;

[0025] FIG. 6 is a schematic diagram illustrating the
principle of a cerebral oxygen signal detection apparatus
according to an embodiment of the present disclosure;
[0026] FIG. 7 is a schematic structural diagram of a
detection light source according to an embodiment of the
present disclosure;

[0027] FIGS. 8A-8C are schematic diagrams of coupling
of a detection light source according to an embodiment of
the present disclosure;

[0028] FIG. 9 is a schematic structural diagram of a brain
signal monitoring device according to another embodiment
of the present disclosure; and

[0029] FIG. 10 is a schematic structural diagram of a
headset component according to an embodiment of the
present disclosure.

DETAILED DESCRIPTION

[0030] Embodiments of the present disclosure provide a
control method and device based on brain signal, and a
human-machine interaction device, for improving control
accuracy.

[0031] In order to make the technical solutions and advan-
tages of the present disclosure more clear and easy to
understand, the present disclosure will be further illustrated
below in conjunction with the drawings and embodiments.
However, the exemplary embodiments may be implemented
in a variety of forms and should not be construed as being
limited to the embodiments set forth herein; rather, these
embodiments are provided to make the disclosure more
comprehensive and complete and to comprehensively con-
vey the ideas of the embodiments to those skilled in the art.
The same reference numerals in the drawings denote same
or similar structures, and repeated description thereof will be
omitted. The words expressing position and orientation in
the present disclosure are described by way of example in
the accompanying drawings, modifications may also be
made as needed, and the modifications are included in the
protection scope of the present disclosure.

[0032] The principle of a human-computer interaction
device based on brain wave control is pre-establishing a
mapping relationship between brain wave data and an opera-
tion instruction for the controlled device, and then, after
acquiring brain wave data, determining an operation instruc-
tion corresponding to the brain wave data according to the
mapping relationship, and at last, instructing the controlled
device to execute the operation instruction.

[0033] However, since human brain waves change very
fast and are prone to hopping in the case of inattention, the
operation instruction executed by the controlled device in
such cases may be an erroneous or invalid operational
instruction. All of the above problems affect the accuracy of
the human-computer interaction device when operating, and
bring negative effect on user experiences.

[0034] First, an embodiment of the present disclosure
provides a control method based on brain signal. As shown
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in FIG. 1, the control method based on brain signal provided
by the embodiment of the present disclosure may include the
following steps:

[0035] S101, acquiring EEG signals and cerebral oxygen
signals periodically within a target period (the target period
may be preset according to needs of a person skilled in the
art), and generating, according to the acquired EEG signals
and cerebral oxygen signals, respectively an EEG wave
curve representing changes of the EEG signals and a cere-
bral oxygen wave curve representing changes of the cerebral
oxygen signals within the target period,

[0036] S102, determining whether the EEG wave curve
and the cerebral oxygen wave curve satisfy a condition for
controlling a controlled device to perform a target operation
(the target operation may be preset according to needs of a
person skilled in the art); and

[0037] S103, controlling the controlled device to perform
the target operation when the EEG wave curve and the
cerebral oxygen wave curve satisfy the condition.

[0038] Since human brain waves change very fast and are
easily affected by external factors, it is easy to cause an error
or invalid operation by controlling the controlled device to
perform an operation only by changes in the EEG signals.
Based on this, the above control method provided by the
embodiment of the present disclosure detects the EEG
signals and the cerebral oxygen signals simultaneously
within the target period, and generates, according to the
detected EEG signals and the detected cerebral oxygen
signals respectively, an EEG wave curve representing
changes of the EEG signals and a cerebral oxygen wave
curve representing changes of the cerebral oxygen signals
within the target period, and determines whether the EEG
wave curve and the cerebral oxygen wave curve satisfy a
condition for controlling a controlled device to perform a
target operation, and thus may avoid misoperation caused in
an event of a data jump for a single wave curve or the like,
improving the control accuracy. The cerebral oxygen signals
are relatively stable compared to the EEG signals, and are
also sensitive to changes in the brain’s active state. There-
fore, the combination of the two brain signals may effec-
tively improve the control accuracy.

[0039] Specifically, the EEG signal is a voltage change
generated by the ion current of the neuron when the brain is
active. Sum of postsynaptic potentials that occur simultane-
ously in a large number of neurons forms brain waves.
Changes in voltage are recorded over a period to generate
brain waves (i.e., the above-described EEG wave curve). A
brain wave records electrical wave changes during the
activity of the brain, and is an overall reflection of the
electrophysiological activity of the brain’s nerve cells on the
cerebral cortex or the surface of the scalp. When the brain is
active and has concentrated attention, the frequency of
changes in brain waves is relatively high, and the frequency
of changes in brain waves decreases as the attention drops to
the calm state of the brain.

[0040] Cerebral oxygen signals are usually monitored
using infrared detection equipment. Different tissues of the
brain have different absorption and scattering characteristics
for the near-infrared spectrum. The absorption of infrared
light by the brain produces a local response according to
local changes in functional activity. When the brain is in an
active state, it causes oxygen metabolism of local brain
tissue cells, which causes changes in blood oxygen concen-
tration in the corresponding region. Therefore, by monitor-
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ing the blood oxygen state of brain tissues, the functional
activities of the brain may also be evaluated. In the above
control method according to the embodiment of the present
disclosure, the device for detecting the cerebral oxygen
signals emits infrared light in the near-infrared band to the
cerebral cortex, and the infrared light is received by the
optical sensor after being reflected by the cerebral cortex.
The optical sensor detects the reflected infrared light,
thereby determining the amount of infrared light absorbed
by the brain, further determining the blood oxygen content
and determining the active state of the brain.

[0041] Specifically, as the brain’s workload increases, the
need for oxygen also increases. In this way, during an
imagination task, the blood flow and the number of hemo-
globin passing through the brain tissue will increase, and the
absorption of incident near-infrared light by the brain will
also increase. If the absorbed light is increased, the reflected
light is reduced, and the light intensity detected by the
optical sensor is reduced. In this way, changes in cerebral
oxygen information can be detected. In an embodiment of
the present disclosure, the cerebral oxygen wave curve may
be a change curve of optical signals detected by the optical
sensor within the target period.

[0042] Therefore, in the above step S103, the controlled
device is controlled to perform the target operation when the
EEG wave curve and the cerebral oxygen wave curve satisfy
the condition, and the specific corresponding cases may be
as follows.

[0043] (1) It is determined that the brain is in an active
state when a numerical increase amount of the EEG wave
curve is greater than or equal to a first threshold and a
numerical decrease amount of the cerebral oxygen wave
curve is greater than or equal to a second threshold within
the target period, and the controlled device is controlled to
perform an operation corresponding to the active state of the
brain.

[0044] It may be seen from the above description that
when the brain is in an active state, the frequency of brain
waves increases, and the cerebral blood oxygen content also
increases, so that the intensity of infrared light detected by
the optical sensor decreases. Therefore, when it is detected
that the frequency increase amount of the brain wave is
greater than or equal to the first threshold and the decrease
amount of the infrared light intensity is greater than or equal
to the second threshold, it may be determined that the brain
is in an active state, and then the controlled device may be
controlled to perform an operation corresponding to the
active state of the brain. In practical applications, the values
of the first threshold and second threshold may be set as
actual needed. The active state of the brain may be at
different levels, each level corresponding to one numerical
range of the EEG wave curve and one numerical range of the
cerebral oxygen wave curve. When it is determined that the
values of the EEG wave curve and cerebral oxygen wave
curve are within a numerical range corresponding to a
certain level, the controlled device may be controlled to
perform the corresponding operation.

[0045] (2) It is determined that the brain is in a calm state
when a numerical decrease amount of the EEG wave curve
is greater than or equal to a third threshold and a numerical
increase amount of the cerebral oxygen wave curve is
greater than or equal to a fourth threshold within the target
period, and the controlled device is controlled to perform an
operation corresponding to the calm state of the brain.
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[0046] When the brain is in a calm state, the frequency of
brain waves will decrease, and the blood oxygen content of
the brain will also decrease, so that the intensity of infrared
light detected by the optical sensor increases. Therefore,
when it is detected that the frequency decrease amount of the
brain wave is greater than or equal to the third threshold and
the increase amount of the infrared light intensity is greater
than or equal to the fourth threshold, it may be determined
that the brain is in a calm state, and then the controlled
device is controlled to perform an operation corresponding
to the calm state of the brain. The third threshold and the
fourth threshold may be set according to actual needs. The
first threshold may be equal to the third threshold, and the
second threshold may be equal to the fourth threshold, which
is not limited herein.

[0047] (3) The controlled device keeps performing the
currently performed operation when the numerical change
amount of at least one of the EEG wave curve and the
cerebral oxygen wave curve is less than the respective target
threshold (the target threshold may be preset according to
the needs of those skilled in the art) within the target period.

[0048] As mentioned above, since EEG signals are prone
to changes and the like, an inaccurate determination may be
caused due to the lack of the brain’s attention. Therefore, in
the above control method provided by the embodiment of
the present disclosure, it is required to determine the EEG
wave curve and the cerebral oxygen wave curve. If the
change in the EEG wave curve is severe and the change in
the cerebral oxygen wave curve is within a small range, that
is, the numerical change amount of the cerebral oxygen
wave curve is less than its target threshold, there is a great
possibility that it is caused by unexpected fluctuations of the
EEG signals. At this time, it is necessary to make the
controlled device keep performing the currently performed
operation to avoid the misoperation caused by the inaccu-
racy of the EEG signals. Similarly, when the value of the
EEG wave curve does not change much while the value of
the cerebral oxygen wave curve changes drastically, it is still
necessary to make the controlled device keep performing the
currently performed operation. Only when the EEG wave
curve and the cerebral oxygen wave curve are both changed,
and the amount of change satisfies the above two conditions,
the controlled device can be controlled to perform the
corresponding operation.

[0049] For example, the controlled device may be a
remotely controlled aircraft that is controlled based on
changes in brain signals. During the flight of the aircraft, if
the frequency of the brain wave is reduced by 50% as the
attention is reduced, in the case of only being controlled by
the EEG signal, the flight may be unstable at this time, and
large deceleration may cause the aircraft unable to fly or land
as normal, resulting in damage to the aircraft. At this time,
if EEG signals and cerebral oxygen signals are simultane-
ously monitored, when the frequency of the brain wave
drops sharply by 50% and the cerebral oxygen wave curve
does not change significantly, the aircraft may remain the
current flight state and avoid the damage caused by the
misoperation. Only when the frequency of the brain wave
drops by 50% while the value of the cerebral oxygen wave
curve increases by 50%, the aircraft can perform the corre-
sponding operations such as landing and deceleration. The
above control method according to the embodiment of the
present disclosure is not limited to the control of the above-
mentioned controlled device, and other controlled devices
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based on brain signal according to the disclosed concept of
the present disclosure are also within the protection scope of
the present disclosure.

[0050] In an implementable manner, as shown in FIG. 2,
in the above step S102, determining whether the EEG wave
curve and the cerebral oxygen wave curve satisfy the con-
dition for controlling the controlled device to perform a
target operation may specifically include the following sub-
steps:

[0051] S1021, extracting an EEG feature from an EEG
wave curve, and extracting a cerebral oxygen feature from
an cerebral oxygen wave curve;

[0052] S1022, fusing the extracted EEG feature and the
extracted cerebral oxygen feature; and

[0053] S1023, determining whether the fused feature sat-
isfies a condition for controlling a controlled device to
perform a target operation.

[0054] In an implementation, the EEG feature of the EEG
wave curve may be the corresponding relationship of the
rate of change of the brain wave with time, and the cerebral
oxygen feature of the cerebral oxygen wave curve may be
the corresponding relationship of the rate of change of the
received light intensity with time. After curve fusion, such as
normalization and the like, is performed on the two time-
varying curves, a threshold may be set for the fused feature.
Therefore, it is determined, according to the relationship
between the fused feature and the threshold, whether it
satisfies the condition for controlling the controlled device to
perform a target operation.

[0055] For example, the curve integral areas of the EEG
wave curve and the cerebral oxygen wave curve may be
calculated within a certain period, and then the calculated
integral areas are taken as the features of the two wave
curves. Then, the difference between the two obtained curve
integral areas is calculated. It can be determined whether the
condition is satisfied by comparing the difference with a set
threshold, so that the controlled device can be controlled,
according to the determination result, to perform a target
operation corresponding to the condition. Alternatively, a
segment of curve with a sharp change in the EEG wave
curve and the cerebral oxygen wave curve may be inter-
cepted as a feature, the EEG feature curve and the cerebral
oxygen feature curve are weighted and linearly fitted to
obtain a new curve equation, the curve equation is compared
with the set threshold or target condition to determine
whether the condition is satisfied. When the condition is
satisfied, the controlled device is controlled to perform a
corresponding operation. For another example, the deriva-
tive function of the EEG wave curve and of the cerebral
oxygen wave curve may be obtained separately, and the
extremum of each of the two derivative functions may be
extracted and compared with a set threshold to determine
whether the condition for controlling the controlled device
to perform a corresponding operation is satisfied. In practi-
cal applications, the determination may be performed by any
of the above methods according to the actual determination
accuracy and the determination condition.

[0056] Compared to the manner in which a controlled
device is controlled based on only EEG signals in the prior
art, the control method based on brain signal according to
the embodiment of the present disclosure simultaneously
detects EEG signals and cerebral oxygen signals, generates
an EEG wave curve and a cerebral oxygen wave curve, and
determines whether the EEG wave curve and the cerebral
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oxygen wave curve satisfy the condition for controlling the
controlled device to perform a target operation. In this way,
misoperation caused in the event of a change in data of a
single wave curve or the like may be avoided, improving
control accuracy.

[0057] Based on the same concept of the disclosure, an
embodiment of the present disclosure provides a control
device based on brain signal, which has a structure as shown
in FIG. 3. The control device includes an EEG signal
detection apparatus 31, a cerebral oxygen signal detection
apparatus 32, and a processor 33. The EEG signal detection
apparatus 31 and the cerebral oxygen signal detection appa-
ratus 32 are coupled to the processor 33 respectively.

[0058] According to an embodiment of the present disclo-
sure, the processor 33 is configured to control the EEG
signal detection apparatus 31 to periodically detect EEG
signals and control the cerebral oxygen signal detection
apparatus 32 to periodically detect cerebral oxygen signals
within the target period, generate, according to the detected
EEG signals and the detected cerebral oxygen signals
respectively, an EEG wave curve representing changes of
the EEG signals and a cerebral oxygen wave curve repre-
senting changes of the cerebral oxygen signals within the
target period, determine whether the EEG wave curve and
the cerebral oxygen wave curve satisfy a condition for
controlling a controlled device to perform a target operation,
and when it is determined that the EEG wave curve and the
cerebral oxygen wave curve satisfy the condition, send a
control instruction to the controlled device, so that the
controlled device performs a target operation corresponding
to the control instruction.

[0059] The control device based on brain signal according
to the embodiment of the present disclosure detects the EEG
signals and the cerebral oxygen signals simultaneously,
generates an EEG wave curve and a cerebral oxygen wave
curve, and determines whether the EEG wave curve and the
cerebral oxygen wave curve satisfy the condition for con-
trolling the controlled device to perform a target operation.
In this way, misoperation caused in the event of changes in
data of a single wave curve or the like can be avoided,
improving the accuracy of the control device.

[0060] According to the embodiment of the present dis-
closure, the control device may control a controlled device
to perform the target operation when the EEG wave curve
and the cerebral oxygen wave curve satisfy the condition,
and the specific actions may include:

[0061] (1) determining that, within the target period, a
brain is in an active state when a numerical increase amount
of the EEG wave curve is greater than or equal to a first
threshold and a numerical decrease amount of the cerebral
oxygen wave curve is greater than or equal to a second
threshold, controlling the controlled device to perform an
operation corresponding to the active state of the brain.

[0062] (2) determining that, within the target period, the
brain is in a calm state when a numerical decrease amount
of the EEG wave curve is greater than or equal to a third
threshold and a numerical increase amount of the cerebral
oxygen wave curve is greater than or equal to a fourth
threshold, controlling the controlled device to perform an
operation corresponding to the calm state of the brain.

[0063] (3) keeping the controlled device performing,
within the target period, the currently performed operation
when a numerical change amount of at least one of the EEG
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wave curve and the cerebral oxygen wave curve is less than
the respective target threshold.

[0064] Further, the EEG signal detection apparatus 31
includes an EEG detection electrode 311. By causing the
EEG detection electrode 311 to contact a scalp, the potential
change generated by brain nerve cells can be recorded.
Among them, an electrode placed at a zero potential is
referred to as a reference electrode, and an electrode placed
at a non-zero potential is referred to as a working electrode.
The reference electrode and the working electrode are
coupled respectively to the processor by, for example, a
wire, thereby amplifying a potential difference between the
working electrode and the reference electrode. Specifically,
as shown in FIG. 4, the EEG detection electrode 311 may
include a working electrode 3111 and a reference electrode
3112, wherein the working electrode 3111 is placed on the
scalp, and the reference electrode 3112 is placed on the
earlobe. As the EEG signals have characteristics of strong
noise background., being weak at low frequency (0.1~70 Hz,
a input 1/f voltage noise of a low frequency band amplifier
is large), high internal resistance, electrode polarization
potential instability, etc., the front-end voltage follower
should also have properties of high common mode rejection
ratio, low input 1/f, low voltage noise, low input current
noise, and drift feature. In order to reduce the output
impedance and reduce the interference to the lead induction
power frequency, a silver chloride powder electrode may be
used to reduce polarization potential and improve the sta-
bility of the polarization potential.

[0065] In a specific application, in the above control
device according to the embodiment of the present disclo-
sure, as shown in FIG. 5, the cerebral oxygen signal detec-
tion apparatus includes a detection light source 321 and an
optical sensor 322 spaced apart from the detection light
source 321 by a target distance (the target distance may be
preset according to the needs of a person skilled in the art).
[0066] The detection light source 321 may be configured
to emit infrared light to the cerebral cortex, so that the
emitted infrared light interacts with the blood oxygen tissue
of the cerebral cortex.

[0067] The optical sensor 322 is configured to detect the
infrared light that has been reflected by the cerebral cortex
without interacting with blood oxygen tissues.

[0068] In practical applications, the detection light source
321 is generally a radiation source. In the embodiment of the
present disclosure, the detection light source 321 adopts a
near-infrared light source, and the near-infrared light source
does not damage human health compared to the radiation
source. Moreover, as the near-infrared spectroscopy has
obvious influence on blood flow, it is more suitable for the
detection of the cerebral oxygen signals. The principle for
detection of the cerebral oxygen signals as described above
is based on the absorption of near-infrared light by brain
tissue blood flow and hemoglobin. As shown in FIG. 6, the
detection light source 321 emits light in the near-infrared
band to the cerebral cortex, and hemoglobin in the tissue
related to the blood oxygen state in the cerebral cortex
reflects the cerebral oxygen content, which has an absorp-
tion effect on the near-infrared light, and thus the light
detected by the optical sensor 322 is the infrared light that
is not absorbed by the brain and is reflected back. Then the
lost part of the infrared light is absorbed by hemoglobin, and
thus the state of blood oxygen in the brain may be indirectly
reflected by the optical sensor. The state of blood oxygen in
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the brain is also positively correlated with the activity degree
of the brain, and thus an association may be established
between the intensity of the detected infrared light with the
degree of activity of the brain. In the embodiment of the
present disclosure, the cerebral oxygen signal is the intensity
of infrared light that is negatively correlated with blood
oxygen in the brain.

[0069] In practical applications, the infrared light used by
the detection light source 321 may generally penetrate a
certain depth to reach the cortex, so that blood oxygen
information is detected and reflected to the optical sensor
322. However, it is generally difficult for infrared light to
pass through the entire head from the forehead and be
detected at the posterior occipital region, and thus a reflec-
tive detection method is employed in the embodiment of the
present disclosure. In addition, it should be noted that since
the light emitted by the detection light source 321 has an
influence on the light intensity detection of the optical sensor
322, it is required to remain a target distance between the
detection light source 321 and the optical sensor 322, so that
the light emitted by the detection light source 321 is not
directly received by the optical sensor 322, which affects the
detection result. In an embodiment, the distance between the
detection light source 321 and the optical sensor 322 may be
set between 2-4 cm. The optical sensor 322 may employ an
optical probe. For example, the optical probe is composed of
a silicon tube (PD tube), a transimpedance amplifier, a light
guiding fiber, a filter, a spring case, and the like. By using a
transimpedance amplifier front-end design, it can overcome
the defects of motion noise introduced easily by traditional
fiber optic probes. A 650 nm long-wavelength filter may be
employed, such that external light interference can be sup-
pressed and photocurrent noise of the PD tube can be
reduced.

[0070] In the above control device according to the
embodiment of the present disclosure, the principles for
detection of the EEG signals and the cerebral oxygen signals
are different, and the detections of the two kinds of brain
signals do not interfere with each other. The two kinds of
brain signals may be collected simultaneously and synchro-
nously by separate devices, and the collected EEG signals
and the collected cerebral oxygen signals are both related to
the activity degree of the brain. Therefore, it may improve
the accuracy of determination of the active state of the brain
by using two types of data.

[0071] Further, in the above-described cerebral oxygen
signal detection apparatus according to the embodiment of
the present disclosure, as shown in FIG. 7, the detection light
source 321 includes a first light emitting chip 3212 and a
second light emitting chip 3213 which are packaged in the
same package structure 3211. As biological tissues (includ-
ing cerebral cortex tissues) have high scattering and low
absorption properties toward infrared light in the near-
infrared band (650-950 nm), near-infrared light may detect
the cerebral cortex area at a depth of 2-3 cm below the scalp
with a high spatial resolution. Hemoglobin, in turn, has a
strong absorption of light in the band, and therefore, two
light emitting chips are employed in the embodiments of the
present disclosure. The light emitted by the first light emit-
ting chip 3212 has a wavelength of about 760 nm and a
half-wave width of about 20 nm. The light emitted by the
second light emitting chip 3213 has a wavelength of about
850 nm and a half-wave width of about 35 nm. The two light
emitting chips mentioned above may be light emitting
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diodes. The two light emitting diodes may adopt three
coupling manners as shown in FIGS. 8A-8C. In FIGS.
8A-8C, FIG. 8A shows a coupling manner in which two light
emitting diodes are connected in parallel, FIG. 8B shows a
coupling manner in which two light emitting diodes have a
common cathode, and FIG. 8C shows a coupling manner in
which two light emitting diodes have a common anode.
When two light emitting chips are simultaneously packaged
in the same package structure, it is not necessary to sepa-
rately fabricate two light source structures. By adopting the
above-mentioned multi-wavelength integral light source,
not only the volume of the light source can be optimized, but
also the influence of ordinary discrete light source tubes on
the detection result due to the discrete spatial positions
thereof can be sufficiently eliminated.

[0072] The above control device according to the embodi-
ment of the present disclosure, as shown in FIG. 9, further
includes a first filtering and amplification circuit 34 coupled
between the processor 33 and the EEG detection electrode
311, and a second filtering and amplification circuit 35
coupled between the processor 33 and the optical sensor
322. Since the EEG signals detected by the EEG detection
electrode 311 and the optical sensor 322 and the light
intensity signal related to the cerebral oxygen signals have
large background noise, the filtering and amplification cir-
cuits may perform filtering processing on the two signals
and optimize the signals as needed, to form an effective EEG
wave curve and cerebral oxygen wave curve.

[0073] Further, as shown in FIG. 9, the above control
device according to the embodiment of the present disclo-
sure further includes a driving circuit 36 coupled to the
detection light source 321. In practical applications, the
driving circuit 36 is mainly composed of an operational
amplifier NPN transistor current feedback resistor, and may
convert a voltage carrier signal into four 5 to 15 mA current
carrier signals, to drive the dual-wavelength detection light
source 321. The analog front end may be an ADS1299 chip
from TI company and includes eight input multiplexers, a
low noise programmable gain amplifier, and a synchronous
sampling 24-bit analog-to-digital converter. Under the con-
dition of 12 times gain and 70 Hz bandwidth, the equivalent
input voltage noise is less than 1.0, which satisfies medical
EEG signal collection requirements.

[0074] In addition, as shown in FIG. 9. the foregoing
control device according to the embodiment of the present
disclosure further includes a wireless transmission module
37 configured to transmit a control instruction from the
processor 33 to the controlled device. The wireless trans-
mission module 37 may adopt EMW3162 with the highest
network data transmission rate of 20 Mbps, and has a 128 k
SRAM buffer, which may satisfy real-time data transmission
requirements. The wireless transmission module 37 has a
built-in microcontroller STM32F205RG. which may
directly program modules to realize the functions of analog
front-end communication light source carrier generation and
Wi-Fi network communications, and so on.

[0075] The above control device according to the embodi-
ment of the present disclosure further includes a power
module (not shown) for supplying power to components,
such as, a corresponding near-infrared illumination driving
circuit, a filtering amplification circuit for optically acquired
signals, and a filtering and amplification circuit for the
output of the EEG detection electrode. The power module
may include a charging circuit that may charge a single
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lithium battery using a 5V DC power supply, and may raise
the voltage of the single lithium battery to 6V using a
DC-DC boost power supply. With two kinds of low-dropout
linear voltage regulator circuits, the EEG signals and cere-
bral oxygen signals can be filtered and amplified, and then
outputted to a data collection module (not shown). The data
collection module may transmit the collected data to a
device such as a computer with processor 33 in a wireless or
wired manner through a wireless communication module for
wireless transmission or a USB port. The power module also
provides low-noise analog power to a DAC module built in
the wireless transmission module. A 2.5V precision power
supply reference is combined with a voltage follower to
provide a low noise virtual ground.

[0076] In a specific implementation, the above control
device according to the embodiment of the present disclo-
sure is integrated in a headset component as shown in FIG.
10. The headset component may be a sports bandage or a
helmet or the like. The detection light source 321 and the
optical sensor 322 may correspond to the position of the
forehead of the head. The two EEG detection electrodes 311
are located on both sides for detecting the EEG signals.
When motion imagination happens in the brain, the EEG
signals and the cerebral oxygen signals will change accord-
ingly. The brain’s EEG signals are generated under the
cerebral cortex and collected by the EEG detection elec-
trode. The EEG signals are amplified by the first filtering and
amplification circuit, and then sent to the data collection
module (such as a data acquisition card). The cerebral
oxygen signals are also sent to the data collection module
after being processed by the second filtering and amplifica-
tion circuit. After that, the data is transmitted to the proces-
sor 13 through the communication module, and an EEG
wave curve and a cerebral oxygen wave curve are generated
by the processor 13. The control device determines whether
the EEG wave curve and the cerebral oxygen wave curve
satisfy the condition for controlling the controlled device to
perform a target operation. At last, a control instruction can
be generated to control the controlled device to perform the
corresponding operation.

[0077] On the other hand, an embodiment of the present
disclosure further provides a human-machine interaction
device, including any of the above-described control device
based on brain signal and the controlled device. The con-
trolled device may be various types of controlled devices
that are controlled based on brain signals. For example, the
controlled device may be the above-described remote con-
trol aircraft or the like according to an embodiment of the
present disclosure, which is not specifically limited herein.

[0078] The brain signal control method and device and the
human-machine interaction device according to the embodi-
ments of the present disclosure, periodically acquire EEG
signals and cerebral oxygen signals within a target period,
generate, according to the acquired EEG signals and cerebral
oxygen signals respectively, an EEG wave curve represent-
ing changes of the EEG signals and a cerebral oxygen wave
curve representing changes of the cerebral oxygen signals
within the target period, determine whether the EEG wave
curve and the cerebral oxygen wave curve satisfy a condi-
tion for controlling a controlled device to perform a target
operation, and control the controlled device to perform the
target operation when the EEG wave curve and the cerebral
oxygen wave curve satisfy the condition. The above control
method provided by the embodiments of the present disclo-
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sure simultaneously detects EEG signals and cerebral oxy-
gen signals, generates an EEG wave curve and a cerebral
oxygen wave curve, determines whether the EEG wave
curve and the cerebral oxygen wave curve satisfy a condi-
tion for controlling a controlled device to perform a target
operation, and may prevent the controlled device from
executing misoperation in the event of a jump in data of a
single wave curve or the like, improving control accuracy.
[0079] While the embodiments of the present disclosure
have been described, those skilled in the art may make
further changes and modifications to these embodiments as
they know the basic inventive idea. Therefore, the appended
claims are intended to be interpreted as including example
embodiments and all the changes and modifications falling
within the scope of the present disclosure.

[0080] It will be apparent to those skilled in the art that
various modifications and variations may be made to the
present disclosure without departing from the spirit and
scope of the disclosure. Thus, if these modifications and
variations of the present disclosure fall within the scope of
the claims of the present disclosure and their equivalent
technologies, the present disclosure is also intended to
include these changes and variations.

1. A control method based on brain signals, the method
comprising:
periodically acquiring electroencephalogram (EEG) sig-
nals and cerebral oxygen signals within a target period
and generating, according to the acquired EEG signals
and cerebral oxygen signals, respectively an EEG wave
curve representing changes of the EEG signals and a
cerebral oxygen wave curve representing changes of
the cerebral oxygen signals within the target period,

determining whether the EEG wave curve and the cere-
bral oxygen wave curve satisfy a condition for control-
ling a controlled device to perform a target operation;
and

controlling the controlled device to perform the target

operation when the EEG wave curve and the cerebral
oxygen wave curve satisfy the condition.

2. The method according to claim 1, wherein controlling
the controlled device to perform the target operation when
the EEG wave curve and the cerebral oxygen wave curve
satisfy the condition comprises:

determining that, within the target period, a brain is in an

active state when a numerical increase amount of the
EEG wave curve is greater than or equal to a first
threshold and a numerical decrease amount of the
cerebral oxygen wave curve is greater than or equal to
a second threshold, and controlling the controlled
device to perform an operation corresponding to the
active state of the brain; or

determining that, within the target period, the brain is in

a calm state when a numerical decrease amount of the
EEG wave curve is greater than or equal to a third
threshold and a numerical increase amount of the
cerebral oxygen wave curve is greater than or equal to
a fourth threshold, and controlling the controlled device
to perform an operation corresponding to the calm state
of the brain.

3. The method according to claim 1, wherein controlling
the controlled device to perform the target operation when
the EEG wave curve and the cerebral oxygen wave curve
satisfy the condition further comprises:
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within the target period, keeping the controlled device
performing the operation which is currently performed
when a numerical change amount of at least one of the
EEG wave curve and the cerebral oxygen wave curve
is less than respective target thresholds.

4. The method according to claim 1, wherein determining
whether the EEG wave curve and the cerebral oxygen wave
curve satisfy a condition for controlling the controlled
device to perform a target operation comprises:

extracting an EEG feature from the EEG wave curve and

extracting a cerebral oxygen feature from the cerebral
0Xygen wave curve;

fusing the extracted EEG feature and the extracted cere-

bral oxygen feature; and

determining whether the fused feature satisfies the con-

dition for controlling the controlled device to perform
the target operation.

5. A control device based on brain signal, comprising an
electroencephalogram (FEG) signal detection apparatus, a
cerebral oxygen signal detection apparatus, and a processor,
wherein the EEG signal detection apparatus and the cerebral
oxygen signal detection apparatus are coupled to the pro-
cessor respectively;

the processor is configured to 1) control the EEG signal

detection apparatus to periodically detect EEG signals
and control the cerebral oxygen signal detection appa-
ratus to periodically detect cerebral oxygen signals
within a target period, ii) generate, according to the
detected EEG signals and the detected cerebral oxygen
signals, an EEG wave curve representing changes of
the EEG signals and a cerebral oxygen wave curve
representing changes of the cerebral oxygen signals
within the target period respectively, iii) determine
whether the EEG wave curve and the cerebral oxygen
wave curve satisfy a condition for controlling a con-
trolled device to perform a target operation, and iv) in
response to determining that the EEG wave curve and
the cerebral oxygen wave curve satisfy the condition,
send a control instruction to the controlled device to
cause the controlled device to perform a target opera-
tion corresponding to the control instruction.

6. The control device according to claim 5, wherein the
controlled device performing the target operation corre-
sponding to the control instruction when the EEG wave
curve and the cerebral oxygen wave curve satisfy the con-
dition comprises:

determining that, within the target period, a brain is in an

active state when a numerical increase amount of the
EEG wave curve is greater than or equal to a first
threshold and a numerical decrease amount of the
cerebral oxygen wave curve is greater than or equal to
a second threshold, and controlling the controlled
device to perform an operation corresponding to the
active state of the brain; or

determining that, within the target period, the brain is in

a calm state when a numerical decrease amount of the
EEG wave curve is greater than or equal to a third
threshold and a numerical increase amount of the
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cerebral oxygen wave curve is greater than or equal to
a fourth threshold, and controlling the controlled device
to perform an operation corresponding to the calm state
of the brain; or

keeping the controlled device performing, within the

target period, the currently performed operation when a
numerical change amount of at least one of the EEG
wave curve and the cerebral oxygen wave curve is less
than respective target thresholds.

7. The control device according to claim 5, wherein the
EEG signal detection apparatus comprises an EEG detection
electrode.

8. The control device according to claim 5, wherein the
cerebral oxygen signal detection apparatus comprises a
detection light source, and an optical sensor spaced apart
from the detection light source by a target distance, wherein
the detection light source is configured to emit infrared tight
to cerebral cortex so that the emitted infrared light interacts
with the blood oxygen tissue of the cerebral cortex, and
wherein the optical sensor is configured to detect the infra-
red light that has been reflected by the cerebral cortex
without interacting with the blood oxygen tissue.

9. The control device according to claim 8, wherein the
detection light source comprises a first light emitting chip
and a second light emitting chip which are packaged in a
same package structure, wherein a wavelength of infrared
light emitted by the first light emitting chip is 760 nm, and
wherein a wavelength of infrared light emitted by the second
light emitting chip is 850 nm.

10. The control device according to claim 7, further
comprising a first filtering and amplification circuit coupled
between the processor and the EEG detection electrode.

11. The control device according to claim 8, further
comprising a second filtering and amplification circuit
coupled between the processor and the optical sensor.

12. The control device according to claim 8, further
comprising a driving circuit coupled to the detection light
source.

13. The control device according to claim 5, further
comprising a wireless transmission module configured to
send the control instruction from the processor to the con-
trolled device.

14. The control device according to claim 5, wherein the
control device is integrated in a headset component.

15. A human-machine interaction device, comprising a
control device and a controlled device according to claim 5.

16. The control device according to claim 6, wherein the
control device is integrated in a headset component.

17. The control device according to claim 7, wherein the
control device is integrated in a headset component.

18. The control device according to claim 8, wherein the
control device is integrated in a headset component.

19. The control device according to claim 10, wherein the
control device is integrated in a headset component.

20. The control device according to claim 13, wherein the
control device is integrated in a headset component.
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