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(57) ABSTRACT

Disclosed are a method and system for brain activity detec-
tion. The method is: performing multi-channel synchronous
collections of brain electrical signals and cerebral cortex
blood oxygen signals simultaneously, and ensuring syn-
chronicity of the collected signals among channels, and
collecting said brain electrical signals and said cerebral
cortex blood oxygen signals of all locations at the same time.
The system comprises: a functional near-infrared light
source emission module (2) which employs the frequency
division multiplexing technique, wherein the light source is
modulated by carrier of different frequencies, said signal is
accessed from the multi-functional joint collection helmet
(1) through a transmission optical fiber to irradiate the scalp,
and after being scattered and absorbed by the brain, the
attenuated light signal is processed by the functional near-
infrared detection module (3); the functional near-infrared
detection module (3) is used for detecting weak optical
signals of the scalp; the brain electricity detection module
(4) is used for detecting weak electrical signals of the scalp;
the central control unit (5) is used for synchronizing and
fusing data flows, sending control commands to each func-
tional module, and uploading data to the host computer (6).
The method and system can control the interference to be the
minimum and have good time scale consistency.

o ".‘\_\k {\m\
: §
{ N
\:{.\.\.\.\.\.\}\:‘_ :
3\\\\'\'\'\\?“
central control | Awwd
. . § Syt | host computer
Yo unit

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ IR,



Patent Application Publication  Aug. 10,2017 Sheet 1 of 5 US 2017/0224246 Al

£y 73
7

£ sonoe e
3 {:5
>

o irectunniit

N Y

N : . R 3 H
{ ey ’? functional ncar-infrared: ¢ } H
1, 3 3 X . \'\\uu\?\
BRI detection module
Y

gqm,../

e

S HHU0CHONA] REAT-Ifrared

TS central control Sawdy

Xu light source emission {‘ ....... ) unit R W host computer
kY
maodule oo

N
H
b
e
b
b
b
e
h

3
3
3
3
3
3
3
3
X

hrain electricity Rownsdy
detection module %Y

sy

it 0

£

)




Patent Application Publication

Aug. 10,2017 Sheet 2 of 5

channel 1

REREERRE oeeR

control
terminal

{
i
i
i
i
i
i
i
i
i
i

>

aptical feedback
module

Bl A% A
k3

modulated wave
generating module

US 2017/0224246 Al

channel 2
—- o

3

channel g

maodulaied wave
generating module

st ieatiiconiissnircnrone

modulated wave
generating module

Fig.3

o
1.3 drive module
L
optical feedback .
module :
S
LD drive madule s 3
LR
aptical feedback e
modude ;
¥ Sy
LD drive module 2
143




Patent Application Publication

Aug. 10,2017 Sheet 3 of 5

US 2017/0224246 Al

o

; 4

data processing
module

channel 1 i~ i : .
............. o \g * *:tv Yo demodulating
Rt a4 module
photocelectric
conyesionmodule
channel 2 \.,yﬁw i demodulating
~~~~~~~~~~~~~~ i N R N
R L - dl
; g module
photoelectric
conversion module |
.
»
*
L
channel 0N, 3. su
W Ny demodulating
............. iy - » g
module

photoelectric
conversion module

Fig.4

D
emission source 1 i
o

o et

KEE 0T A

& recelving

e
; S source ] \
e J - ot

emission source _m

Fig.5

¥

demodulating
module ]

demodulating
module m




Patent Application Publication

emission source 1

%#s:»

Aug. 10,2017 Sheet 4 of 5

US 2017/0224246 Al

e . O,
et A A AR AR AR ASAAY

demodulating
module |

receivi

ng

source 1

o

R

TR PR
N B I I e ——
2 3 Ua mmmmwu;)‘\

receiving

source_m

Fig.6

channel 1

high impedance bufferng and

by
L

demodulating
module m

channet_2

IECPIRRRRY *%.

channe! n

Fig.7

o asignal conditioning module P
amplifving module i
high impedance buffering and i L
& le, o < il £ wsignal conditioning module e
{ving.module H .
........... ARALYINE IBQAE. .8 data processing
module
mgh mpedance butferng and % signal conditioning -
amplifying module bl medule et




Patent Application Publication  Aug. 10,2017 Sheet 5 of 5 US 2017/0224246 Al

data reading, labeling

X
X
¥
. 2
SN 3 &
AL b
B
:
3
ROV . 3
ALK o RYNCRTSRONY
) : N e L&Y
cental control gt} VIR K@ 1 computer
unit




US 2017/0224246 Al

METHOD AND SYSTEM FOR BRAIN
ACTIVITY DETECTION

TECHNICAL FIELD

[0001] The present invention relates to a method and a
system for brain activity detection, in particular to an
integrated collection system that collects electrical activities
of brain neurons based on the EEG technology and that
synchronously collects changes in blood oxygen metabolism
in corresponding brain areas at the same time through the
functional near-infrared technology.

BACKGROUND OF THE INVENTION

[0002] Brain functional activities include several proce-
dures like neuronal activity and local energy metabolism,
and complicated functional activities enable the brain to
bring together information of multiple modes, among which
electrical activities of neurons and changes in blood oxygen
metabolism in active areas are the most important, and only
by effectively extracting, analyzing and combining said two
kinds of information, can the brain functional activities be
organically linked to each other. Currently, combining the
nerve electrophysiological equipment and the metabolic
process detection equipment to make full use of the advan-
tages thereof has become an important means for deeply
detecting and understanding neural information.

[0003] The system intends to realize integration of the
three functions of near-infrared spectrometer, electroen-
cephalograph and fusion device of near-infrared spectrum
and electroencephalograph on one instrument through an
effective combination of the functional near-infrared spec-
troscopy technology and the EEG collection technology,
thereby realizing functions like synchronizing or separate
collecting of the neural electrical activity and blood oxygen
supply information in brain areas.

[0004] The -electroencephalography (EEG) technology
obtains functional information of the brain mainly through
measuring changes in electrical activities of the brain neu-
rons, and it has a very high time resolution (ms). Currently,
the EEG systems of such companies as NeuroScan, Brain
Products GmbH of Germany and EGI of the USA are widely
used because they have higher collection accuracy.

[0005] The functional Near-infrared spectroscopy (fNIRS)
technology is a noninvasive and novel brain function imag-
ing method developed since the 1970s. Its detection prin-
ciple is to realize detection of functional activities of the
cerebral cortex based on the fact that the near-infrared light
can well penetrate the brain tissues. Since oxy-hemoglobin
and deoxy-hemoglobin have different absorption character-
istics of infrared light, the fNIRS measures changes in the
intensity of light entering into the cerebral cortex and the
intensity of light outcoming from the cerebral cortex tissues
after having been scattered and absorbed so as to reflect
changes in blood oxygen metabolism in the cerebral cortex.
Compared to fMRI, {NIRS has higher time resolution (ms)
and is less sensitive to movement; meanwhile, it is light,
portable, safe, relatively cheap and can be used for long-time
clinical monitoring. Currently, the dominating systems in the
market are series ETG-4000 to ETG-7000 systems from
Hitachi; systems FOIRE-3000 and OMM-2001 from SHI-
MADZU Corporation; system CWS5 from TechEn (a U.S.
company); systems DYNNIRI 932 and Dynot from NIRx
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medical tech corporation; and system OXYMON MKIII
from Artinis (a Dutch company); etc.

[0006] Although there have been many devices or system
in the market for detecting brain activities, they usually have
the following deficiencies:

1) The EEG technology is relatively well developed, but
some key technologies still need to be improved, for
example, the existence of DC drift during brain electricity
collection will easily make the amplifier to work in a
saturation state, the existence of common mode interference
limits accuracy of the collected data, and the problem of
limited frequency bandwidth during brain electricity collec-
tion, so a new type full band collection system needs to be
developed.

2) Improvements to the NIRS system mostly concern such
technical levels as appearance, interface and wireless com-
munication, but no impressive progress has been achieved in
fundamental researches on relevant technical problems.
Besides, development of the NIRS system in China has been
falling behind among nations.

3) Usually, they are all measuring technologies based on a
single mode, for example, the EEG only collects electrical
activities of the brain neurons, and the fNIRS only collects
changes in blood oxygen metabolism in active areas. On the
one hand, the manufacturers only focus on manufacturing
single-mode measuring systems, and they are not proficient
in measurement of other modes; on the other hand, a
dual-mode joint collection system has hardware integration
cost and design difficulties concerning data synchronous
fusion. Up to now, there has not been any photoelectrically
synchronous detection device or system at home and abroad
yet, nor has any corresponding patent been found.

4) With the progress achieved in science and technology in
recent years and out of the urgent clinical needs, there are
more and more fundamental researches and application
researches on combining the EEG technology and the near-
infrared technology, but the current researches are mostly
about simply arranging the EEG electrodes and near-infra-
red optrodes in a cross manner in a certain brain area, and
enabling the two independent systems of EEG system and
near-infrared system to collect separately through external
triggering, and then registering and fusing the two kinds of
data in later data analysis. Such a simple design has the
following characteristics: first, it does not realize coupling
between the electrodes and the optrodes; second, usually the
difference of sampling frequencies of the two independent
collection systems is great, and they do not achieve syn-
chronous collections of the brain electrical signals and the
blood oxygen signals at the same point of the scalp. In
addition, in subsequent data analysis process, the time points
of the two kinds of signals are usually matched by means of
down-sampling or interpolation, so fusion of the EEG data
and near-infrared data are not truly realized. Hence, devel-
opment in fundamental research and clinical application is
severely hindered.

SUMMARY OF THE INVENTION

[0007] The objects of the present invention are to provide
a method and system for brain activity detection to over-
come the defects of the prior art, and to realize an integrated
collection system that collects electrical activities of brain
neurons based on the EEG technology and that synchro-
nously collects changes in blood oxygen metabolism in
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corresponding brain areas at the same time through the
functional near-infrared technology.

[0008] To achieve the above objects, the present invention
provides a method for brain activity detection, characterized
in that said method comprises: performing multi-channel
synchronous collections of brain electrical signals and cere-
bral cortex blood oxygen signals simultaneously, and ensur-
ing synchronicity of the collected signals among channels,
and collecting said brain electrical signals and said cerebral
cortex blood oxygen signals of all locations at the same time.
[0009] Further, multi-channel synchronous collections of
brain electrical signals and cerebral cortex blood oxygen
signals specifically includes: a central control unit sends
synchronous command signals to a blood oxygen detection
module and a brain electricity detection module simultane-
ously, said blood oxygen detection module and said brain
electricity detection module simultaneously read, package
and label data of their respective modes, and then uploading
useful data with identification tags to the central control unit.
[0010] Further, said brain electrical signals and cerebral
cortex blood oxygen signals are collected at the same
location, namely, said brain electrical signals and said cere-
bral cortex blood oxygen signals are collected at the same
point of the scalp.

[0011] Further, said central control unit has a correspond-
ing data collection and control software; said central control
unit has the capability of downloading light channel fre-
quency and power configuration information, the capability
of displaying near-infrared data and brain electrical data in
real time, the capability of storing data, and the capability of
analyzing and processing data using a data processing
algorithm.

[0012] To achieve the above-mentioned objects, the pres-
ent invention provides a system for brain activity detection,
said system comprises: a multi-functional joint collection
helmet, a functional near-infrared light source emission
module, a functional near-infrared detection module, a brain
electricity detection module, a central control unit and a host
computer;

said multi-functional joint collection helmet comprises: a
brain electricity electrode, a functional near-infrared light
source emission optrode, a functional near-infrared light
source receiving optrode, and a flexible material;

said functional near-infrared light source emission module
comprises: a control terminal, a modulated wave generating
module, an LD drive module, an optical feedback module;
and by means of a frequency division multiplexing tech-
nique, the light source is modulated by carriers of different
frequencies to differentiate light paths of different channels,
and said signal is accessed from the multi-functional joint
collection helmet through a transmission optical fiber to
irradiate the scalp, and after being scattered and absorbed by
the brain, the attenuated light signal is processed by the
functional near-infrared detection module;

said functional near-infrared detection module comprises: a
photoelectric conversion circuit, a demodulating module and
a data processing module;

[0013] and it is used for detecting weak optical signals of
the scalp, said signals being detected by a detection optrode
on the multi-functional joint collection helmet and being
connected to the functional near-infrared detection module
through the transmission optical fiber for such processings
as photoelectric conversion, amplification and demodula-
tion;
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wherein the demodulation section comprises an analog
switch gating circuit, a phase sensitive detection circuit, and
a low-pass filtering circuit for identification of the light
channels and for analog to digital conversion;

the brain electricity detection module comprises a buffering
and amplifying circuit, a signal conditioning module, and a
data processing module; and it is used for detecting weak
electrical signals of the scalp, said signals being collected by
the brain electricity electrode on the multi-functional joint
collection helmet and being connected to the brain electric-
ity detection module through a transmission cable for such
processings as amplification and modulation;

said central control unit is the core of the photoelectric
synchronous brain activity detection system, which is
mainly responsible for synchronizing and fusing data flows,
sending control commands to each functional module, and
uploading data to the host computer.

[0014] Further, said functional near-infrared light source
module is specifically used for multi-channel parallel emis-
sion, wherein the light intensity is emitted with a stable
power and is modulated by a carrier.

[0015] Further, said functional near-infrared detection
module is specifically used for multi-channel parallel detec-
tion, wherein the analog switch gating circuit and phase
sensitive detection circuit are used for identification and
analog-to-digital conversion of different light channels.
[0016] Further, said brain electricity detection module
employs a buffering and amplifving circuit in which a zero
drift operational amplifier and a chopping operational ampli-
fier are combined.

[0017] Further, said brain electricity detection module
filters noises by sampling common mode noises and by
using an adaptive method.

[0018] Further, said central control unit is specifically used
for sending synchronous command signals to the functional
near-infrared detection module and the brain electricity
detection module respectively, then the functional near-
infrared detection module and the brain electricity detection
module simultaneously read, package and label data of their
respective modes, and upload useful data with identification
tags to said central control unit.

[0019] The method and system for brain activity detection
according to the present invention have the following advan-
tages:

1. The combination of the two technologies is not simply
putting them together. The photoelectric synchronous brain
activity detection system overcomes the deficiency in the
conventional application in which the EEG electrodes and
near-infrared optrodes are simply arranged in a cross manner
and the two independent systems are externally triggered to
collect separately, it not only optimizes the design of the
multi-functional joint collection helmet, but also integrates
the signal collection modules of two modes in terms of
underlying hardware setting, so it truly realizes synchroni-
zation and fusion of optical signals and electrical signals.
2. The combination of the NIRS technology and the EEG
collection technology means synchronous collections of
optical signals and electrical signals, and can control the
interference therebetween to be the minimum.

3. The two kinds of signals have matched time resolutions
and good time scale consistency. The whole integrated
device can adopt a high sampling frequency, and can realize,
in terms of original data collection, synchronous collections
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of the brain electrical signals and the blood oxygen signals
at the same point of the scalp at the same time.

4. The combination of the NIRS and the EEG can enable the
device to collect rich and complementary information,
besides, the multi-mode information also has explicit physi-
ological significance. By means of the photoelectric syn-
chronous detection system, a correspondence between the
blood oxygen signals and the neuron activities can be
established while taking functional areas as the units.

5. Having the advantages of being portable, low-cost and
capable of long-time clinical application.

6. Tracking and analysis of neuron activities and changes in
blood oxygen concentration can be realized synchronously,
and data collection and analysis can be performed for special
groups like infants.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 is a schematic drawing of the system for
brain activity detection according to the present invention;
[0021] FIGS. 2A and 2B are exemplary diagrams of the
multi-functional joint collection helmet in the system for
brain activity detection according to the present invention;
[0022] FIG. 3 is a principle diagram of the functional
near-infrared light source emission module in the system for
brain activity detection according to the present invention;
[0023] FIG. 4 is a principle diagram of the functional
near-infrared detection module in the system for brain
activity detection according to the present invention;
[0024] FIG. 5 is one of the schematic drawings of the
functional near-infrared emission optrode and receiving
optrode in the system for brain activity detection according
to the present invention;

[0025] FIG. 6 is another one of the schematic drawings of
the functional near-infrared emission optrode and receiving
optrode in the system for brain activity detection according
to the present invention;

[0026] FIG. 7 is a principle diagram of the brain electricity
detection module in the system for brain activity detection
according to the present invention;

[0027] FIG. 8 is a principle diagram of data flow synchro-
nization in the system for brain activity detection according
to the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0028] The technical solution of the present invention will
be described in further detail below in conjunction with the
drawings and embodiments.

[0029] The present invention provides a method for brain
activity detection, which mainly comprises: performing
multi-channel synchronous collections of brain electrical
signals and cerebral cortex blood oxygen signals simulta-
neously, and ensuring synchronicity of the collected signals
among channels, and collecting brain electrical signals and
cerebral cortex blood oxygen signals of all locations at the
same time.

[0030] The combination of the NIRS technology and the
EEG collection technology means synchronous collections
of optical signals and electrical signals, and can control the
interference to be the minimum. Besides, the two kinds of
signals have matched time resolutions and good time scale
consistency.
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[0031] The multi-channel synchronous collections of
brain electrical signals and cerebral cortex blood oxygen
signals specifically includes: a central control unit sends
synchronous command signals to a blood oxygen detection
module and a brain electricity detection module simultane-
ously, said blood oxygen detection module and said brain
electricity detection module simultaneously read, package
and label data of their respective modes, and then upload
useful data with identification tags to the central control unit.

[0032] Collecting the brain electrical signals and the blood
oxygen signals of the cerebral cortex at the same location
means that at the same point of the scalp, both the brain
electrical signals and the blood oxygen signals of the cere-
bral cortex are collected.

[0033] The method can use the NIRS and the EGG in
combination and can establish a correspondence between the
blood oxygen signals and the neuron activities by means of
the photoelectric synchronous detection system while taking
functional areas as the units; it can track and analyze neuron
activities and changes in blood oxygen concentration syn-
chronously, and can collect data from special patients like
infants to aid in analysis of their brain function activities;
and it can study and analyze other mental illness.

[0034] FIG. 1 is a schematic drawing of the system for
brain activity detection according to the present invention.
As shown in the figure, the present invention specifically
comprises: a multi-functional joint collection helmet 1, a
functional near-infrared light source emission module 2, a
functional near-infrared detection module 3, a brain elec-
tricity detection module 4, a central control unit 5 and a host
computer 6. The multi-functional joint collection helmet 1 is
used for arranging the brain electricity electrodes and the
functional near-infrared optrodes in a cross manner; the
functional near-infrared light source emission module 2 is
used for controlling stable emission of the near-infrared light
source and for connecting signals to the multi-functional
joint collection helmet 1 through an optical fiber; the func-
tional near-infrared detection module 3 is used for detecting
weak optical signals of the scalp and is connected to the
multi-functional joint collection helmet 1 through an optical
fiber; the brain electricity detection module 4 is used for
detecting weak electrical signals of the scalp and is con-
nected to the multi-functional joint collection helmet 1
through a transmission cable; the central control unit 5 is
used for realizing coordinated control of the system, includ-
ing synchronizing and fusing of data flows, sending control
commands to each functional module, uploading data to the
host computer 6, etc.; and the host computer 6 functions as
a human machine interface and is used for display and
processing data in real time, downloading control com-
mands, and so on.

[0035] As a preferred embodiment, the multi-functional
joint collection helmet 1 comprises: a brain electricity
electrode, a functional near-infrared light source emission
optrode, and a functional near-infrared light source receiv-
ing optrode. As a more preferred embodiment, the multi-
functional joint collection helmet can use a flexible material
that covers the scalp so as to increase the degree of comfort
of the tested person. As a more preferred embodiment, the
multi-functional joint collection helmet can have a brain
electricity electrode base, a functional near-infrared emis-
sion optrode base, and a functional near-infrared receiving
optrode base arranged on the flexible material that covers the
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scalp. The base and the electrode/optrode are designed to be
separated to enable easy plug.

[0036] As a preferred embodiment, the functional near-
infrared light source emission module 2 comprises: a control
terminal, a modulated wave generating module, an LD drive
module, an optical feedback module; said functional near-
infrared light source emission module uses the frequency
division multiplexing technique, and the light source is
modulated by carriers of different frequencies to differenti-
ate light paths of different channels, and said signal is
accessed from the multi-functional joint collection helmet
through a transmission optical fiber to irradiate the scalp,
and after being scattered and absorbed by the brain, the
attenuated light signal is processed by the functional near-
infrared detection module.

[0037] As a preferred embodiment, the functional near-
infrared detection module 3 comprises: a photoelectric con-
version circuit, a demodulating module and a data process-
ing module; and said functional near-infrared detection
module is used for detecting weak optical signals of the
scalp, said signals being detected by a detection optrode on
the multi-functional joint collection helmet and being con-
nected to the functional near-infrared detection module
through the transmission optical fiber for such processings
as photoelectric conversion, amplification and demodula-
tion; wherein the demodulation section comprises an analog
switch gating circuit, a phase sensitive detection circuit, and
a low-pass filtering circuit for identification of the light
channels and for analog to digital conversion.

[0038] As a preferred embodiment, the brain electricity
detection module 4 comprises a buffering and amplifying
circuit, a signal conditioning module, and a data processing
module; and said brain electricity detection module is used
for detecting weak electrical signals of the scalp, said signals
being collected by a brain electricity electrode on the
multi-functional joint collection helmet and being connected
to the brain electricity detection module through the trans-
mission cabel for such processings as amplification and
conditioning,.

[0039] The central control unit 5 is the core of the pho-
toelectric  synchronous brain activity detection system,
which is mainly responsible for synchronizing and combin-
ing data flows, sending control commands to each functional
module, and uploading data to the host computer.

[0040] On the one hand, optical signal detection is carried
out. First, the host computer configures the emission fre-
quency and emission power of the light source, then said
configuration information is downloaded to the central con-
trol unit which writes the emission frequency and emission
power of the light source to a controller of the functional
near-infrared emission module, thereby generating modu-
lated waves of the near-infrared optical signals. Optical
signals generated by the functional near-infrared light source
emission module are connected to the multi-functional joint
collection helmet through a transmission optical fiber, and
the near-infrared light is scattered and absorbed by the brain,
then the attenuated weak optical signals are transmitted to
the functional near-infrared detection module by the receiv-
ing optrode of the multi-functional joint collection helmet
through an optical fiber, and said detection module performs
photoelectric conversion, demodulation and corresponding
data processing for the detected weak optical signals, and
then uploads them to the central control unit. On the other
hand, brain electrical signal detection is carried out. The
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weak electrical signals of the scalp are collected by the brain
electricity electrode of the multi-functional joint collection
helmet, and are transmitted through the transmission cable
to the brain electricity detection module for processings like
buffering and amplifying, etc., then they are uploaded to the
central control unit. Synchronization of data flows of the
optical signals and brain electrical signals is mainly coor-
dinated and achieved by the central control unit.

[0041] FIGS. 2A and 2B are exemplary diagrams of the
multi-functional joint collection helmet in the system for
brain activity detection according to the present invention.
The multi-functional joint collection helmet mainly includes
a flexible material covering the scalp, a brain electricity
electrode base, a functional near-infrared emission optrode
base, a functional near-infrared receiving optrode base, a
brain electricity electrode, a functional near-infrared emis-
sion optrode and a functional near-infrared receiving
optrode. Wherein, the brain electricity electrode and the
functional near-infrared light optrode are arranged in a cross
manner. The bases and the electrode/optrode are designed to
be separated to enable easy plug.

[0042] FIG. 3 is a principle diagram of the functional
near-infrared light source emission module in the system for
brain activity detection according to the present invention.
Said module mainly comprises a control terminal, a modu-
lated wave generating module, an LD drive module and an
optical feedback module. First, the control terminal writes
control commands and sends them to the modulated wave
generating module to generate modulated wave signals
having corresponding emission frequency and power so as
to control the LD to flicker at a fixed frequency. During
operation of the LD, the LD drive module and the optical
feedback module work together to make it output carrier
optical signals having stable power. The optical feedback
module uses a photoelectric conversion diode to feed back
the unstable fluctuation of the received LD power, and at the
same time suppresses the power fluctuation in combination
with the LD drive module, and a multi-channel modulated
wave signal generating module and LD module can be
provided to realize control and emission of multi-channel
parallel carrier light. Stably emitted optical signals are
connected to the multi-functional joint collection helmet
through the transmission optical fiber, and the emitted light
penetrates the brain and is scattered and absorbed, then weak
optical signals carrying blood oxygen information are out-
put.

[0043] FIG. 4 is a principle diagram of the functional
near-infrared detection module in the system for brain
activity detection according to the present invention. Said
module comprises a photoelectric conversion module, a
demodulating module and a data processing module. Weak
optical signals at the surface of the scalp are collected by the
near-infrared receiving optrode of the multi-functional joint
collection helmet and are then transmitted through the
transmission optical fiber to the functional near-infrared
detection module for photoelectric conversion, amplifica-
tion, demodulation, and corresponding data processing.
Wherein the core component used in the photoelectric
conversion module is an APD which converts the transmit-
ted optical signals carrying blood oxygen information into
electrical signals and performs a blocking processing to said
electrical signals to eliminate influence of the ambient light,
then it delivers the electrical signals to a channel demodu-
lation module for demodulation. The demodulation module
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mainly adopts a phase-lock amplifier to demodulate and
subsequently process useful signals of each channel.
[0044] FIG. 5 is one of the schematic drawings of the
functional near-infrared emission optrode and receiving
optrode in the system for brain activity detection according
to the present invention. In the figure, multiple emission
optrodes correspond to one receiving optrode. FIG. 6 is
another one of the schematic drawings of the functional
near-infrared emission optrode and receiving optrode in the
system for brain activity detection according to the present
invention. In the figure, one emission optrode corresponds to
multiple receiving optrodes.

[0045] In order to increase utilization rate of the light
source, the present invention uses an analog switch gating
circuit to realize independent gating of multiple light chan-
nels. The ratio of the near-infrared emission optrode and the
receiving optrode can be one-to-one, one-to-many, many-
to-one, and has simple structure and flexible functions, and
the manufacturing cost can also be greatly reduced.

[0046] FIG. 7 is a principle diagram of the brain electricity
detection module in the system for brain activity detection
according to the present invention. Said module mainly
comprises a high impedance buffering and amplifying mod-
ule, a signal conditioning module, and a data processing
module. The weak electrical signals at the scalp surface are
collected by the brain electricity electrode of the multi-
functional joint collection helmet and are connected through
the transmission cable to the brain electricity detection
module for buffering, amplifying and other processings.
Wherein, the high impedance buffering and amplifying
circuit uses a zero drift operational amplifier and a chopping
operational amplifier in combination to reduce DC drift of
the amplifier, meanwhile, DC information is retained by
means of sampling, then in a back end signal conditioning
module, the DC is canceled to obtain AC signals. The
retained DC signals and the obtained AC signals are respec-
tively amplified by different amplification factors using
different amplifying circuits, then the AC and DC signals are
integrated at a digital end to finally obtain the actual brain
electrical signals. With respect to the problem of common
mode interference, noises are filtered through a digital signal
processing algorithm to increase accuracy of the collected
data, thereby increasing the common mode rejection ratio of
the amplifier.

[0047] FIG. 8 is a principle diagram of data flow synchro-
nization in the system for brain activity detection according
to the present invention. When the photoelectric synchro-
nous brain activity detection system is operating in a syn-
chronous collecting mode, data flows of the functional
near-infrared unit and the brain electricity unit need to be
synchronized. The central control unit is the core of the
whole photoelectric synchronous brain activity detection
system, and it is also the coordination center controlling
synchronization of the data flows. First, the central control
unit sends synchronous signals to a corresponding near-
infrared ADC module and a brain electricity ADC module,
then the ADC modules read, package and label their respec-
tive near-infrared data and brain electricity data, and then
upload useful data with identification tags to the central
control unit for subsequent processing. Said method of
synchronization guarantees time accuracy of synchronous
collections of the near-infrared data and brain electricity
data, thus truly realizes synchronous collections of optical
signals and electrical signals.
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[0048] Because of adopting the above-described technical
solution, the present invention has the following advantages:

1. The system adopts a modular design, each of the modules
has a more clearly specified function and a reasonable
structure, and is easily controllable and stable and reliable,
and has high degree of integration and expansibility.

2. By effectively fusing the fNIRS technology and the EEG
collection technology, integration of the three functions of
near-infrared spectrometer, electroencephalograph and
fusion device of near-infrared spectrum and electroencepha-
lograph can be realized on one instrument, thereby achiev-
ing functions like synchronizing or separate collecting of the
neural electrical activity and blood oxygen supply informa-
tion in brain areas.

3. The combination of the two technologies is not simply
putting them together. The photoelectric synchronous brain
activity detection system overcomes the deficiency in the
conventional application in which the EEG electrodes and
near-infrared optrodes are simply arranged in a cross marner
and the two independent systems are externally triggered to
collect separately, it not only optimizes the design of the
multi-functional joint collection helmet, but also integrates
the signal collection modules of two modes in terms of
underlying hardware setting, so it truly realizes synchroni-
zation and fusion both of optical signals and electrical
signals.

4. The two kinds of signals have matched time resolutions
and good time scale consistency. The whole integrated
device can adopt a high sampling frequency, and can realize,
in terms of original data collection, synchronous collections
of the brain electrical signals and the blood oxygen signals
at the same point of the scalp at the same time.

5. Synchronization of data flows in the photoelectric syn-
chronous brain activity detection system is coordinated and
controlled by the central control unit. As the core component
of the whole photoelectric synchronous brain activity detec-
tion system, the central control unit sends a synchronous
start signal to the functional near-infrared detection module
and the brain electricity detection module, then said dual-
mode detection modules read, package and label their
respective data, and then upload multi-channel useful data
with identification tags to the central control unit for sub-
sequent processing. Said synchronization strategy ensures
time accuracy and synchronicity of the photoelectric signals.

6. The multi-functional joint collection helmet has a flexible
design, wherein the brain electricity electrodes and the
functional near-infrared optrodes are arranged in a cross
manner, and corresponding bases are provided to enable
easy plug.

7. The functional near-infrared light source emission module
adopts the frequency division multiplexing technique to
overconte defects of the conventional time division multi-
plexing and to ensure that the system has a high time
accuracy, thus realizing parallel and stable emission of
multiple light channels. A multi-wavelength LD light source
is employed, which can reduce the manufacturing cost while
overcoming the defects that laser light source has high cost
and limited range of wavelength, and that a light source
coupler is needed to couple two laser light sources together
so as to meet the requirement of one collection channel.

8. An analog switch gating circuit is used to realize inde-
pendent gating of multiple light channels. The ratio of the
near-infrared emission optrode and the receiving optrode
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can be one-to-one, one-to-many, many-to-one, so that the
light source utilization rate of the entire system is greatly
increased.

9. The functional near-infrared detection module uses an
avalanche photodiode (APD), which, compared to conven-
tional photomultiplier tube, has a much lower manufacturing
cost and wider wavelength application range. In addition,
the photomultiplier tube has such disadvantages as being
unstable, having poor resistance to mechanical impact and
having a “fatigue” phenomenon, so using the APD can
enable the system to work in a more continuous and stable
manner.

10. The brain electricity detection module employs a buff-
ering and amplifying circuit in which a zero drift operational
amplifier and a chopping operational amplifier are com-
bined, thus greatly reducing DC drift of the amplifier. With
respect to the problem of common mode interference, by
sampling the common mode noises and using an adaptive
method to filter noises, data collection accuracy is improved.
11. The design of the multi-functional joint collection hel-
met, the modularized integration of the functional near-
infrared system and the brain electricity system as well as
the design of the method for synchronizing data flows have
substantively fused and integrated the two collection tech-
nologies, thus truly realized photoelectric synchronization.
[0049] Those skilled in the art shall be aware that the
exemplary units and algorithm steps described in conjunc-
tion with the embodiments disclosed herein can be realized
by electronic hardware, computer software or a combination
thereof, and in order to clearly illustrate the interchange-
ability between the hardware and software, the exemplary
components and steps have been generally described above
in terms of the functions thereof. As for whether said
functions should be achieved by hardware or by software, it
depends on the specific application and restrictions of design
of the technical solution. Those skilled in the art can use a
different method for each specific application so as to
achieve the described functions, but such implementation
shall not be considered as going beyond the scope of the
present invention.

[0050] The steps of method or algorithm described in
conjunction with the embodiments disclosed herein can be
carried out by hardware, software modules executed by a
processor or by a combination thereof. The software mod-
ules can be disposed in a random access memory (RAM), a
memory, a read-only memory (ROM), an electrically-pro-
grammable ROM, an electrically erasable programmable
ROM, a register, a hard disc, a removable disc, a CD-ROM
or any other form of storage medium known in the art.
[0051] The above-described specific embodiment
describes in detail the object, technical solution and advan-
tageous effect of the present invention. But it shall be
appreciated that all the above described are merely specific
embodiments of the present invention, which do not intend
to limit the protection scope of the invention. Any modifi-
cation, equivalent substitution and improvement made under
the spirit and principle of the present invention shall fall
within the protection scope of the present invention.

1. A method for brain activity detection, characterized in
that said method comprises: performing multi-channel syn-
chronous collections of brain electrical signals and cerebral
cortex blood oxygen signals simultaneously, and ensuring
synchronicity of the collected signals among channels, and
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collecting said brain electrical signals and said cerebral
cortex blood oxygen signals of all locations at the same time.

2. The method according to claim 1, characterized in that
multi-channel synchronous collections of brain electrical
signals and cerebral cortex blood oxygen signals specifically
includes: a central control unit sends synchronous command
signals to a blood oxygen detection module and a brain
electricity detection module simultaneously, said blood oxy-
gen detection module and said brain electricity detection
module simultaneously read, package and label data of their
respective modes, and then upload useful data with identi-
fication tags to the central control unit.

3. The method according to claim 2, characterized in that
said brain electrical signals and cerebral cortex blood oxy-
gen signals are collected at the same location, namely, said
brain electrical signals and said cerebral cortex blood oxy-
gen signals are collected at the same point of the scalp.

4. The method according to claim 2, characterized in that
said central control unit has a corresponding data collection
and control software;

said central control unit has the capability of downloading
light channel frequency and power configuration infor-
mation, the capability of displaying near-infrared data
and brain electrical data in real time, the capability of
storing data, and the capability of analyzing and pro-
cessing data using a data processing algorithm.

5. A system for brain activity detection, characterized in
that said system comprises: a multi-functional joint collec-
tion helmet, a functional near-infrared light source emission
module, a functional near-infrared detection module, a brain
electricity detection module, a central control unit and a host
computer;

said multi-functional joint collection helmet comprises: a
brain electricity electrode, a functional near-infrared
light source emission optrode, a functional near-infra-
red light source receiving optrode, and a flexible mate-
rial;

said functional near-infrared light source emission mod-
ule comprises: a control terminal, a modulated wave
generating module, an LD drive module, an optical
feedback module; and by means of a frequency division
multiplexing technique, the light source is modulated
by carriers of different frequencies to differentiate light
paths of different channels, and said signal is accessed
from the multi-functional joint collection helmet
through a transmission optical fiber to irradiate the
scalp, and after being scattered and absorbed by the
brain, the attenuated light signal is processed by the
functional near-infrared detection module;

said functional near-infrared detection module comprises:
a photoelectric conversion circuit, a demodulating
module and a data processing module; and it is used for
detecting weak optical signals of the scalp, said signals
being detected by a detection optrode on the multi-
functional joint collection helmet and being connected
to the functional near-infrared detection module
through the transmission optical fiber for such process-
ings as photoelectric conversion, amplification and
demodulation; wherein the demodulation section com-
prises an analog switch gating circuit, a phase sensitive
detection circuit, and a low-pass filtering circuit for
identification of the light channels and for analog to
digital conversion;
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said brain electricity detection module comprises a buff-
ering and amplifying circuit, a signal conditioning
module, and a data processing module; and it is used
for detecting weak electrical signals of the scalp, said
signals being collected by the brain electricity electrode
on the multi-functional joint collection helmet and
being connected to the brain electricity detection mod-
ule through a transmission cable for such processings
as amplification and modulation;

said central control unit is the core of the photoelectric

synchronous brain activity detection system, which is
responsible for synchronizing and fusing data flows,
sending control commands to each functional module,
and uploading data to the host computer.

6. The system according to claim 5, characterized in that
said functional near-infrared light source module is specifi-
cally used for multi-channel parallel emission, wherein the
light intensity is emitted with a stable power and is modu-
lated by a carrier.

7. The system according to claim 5, characterized in that
said functional near-infrared detection module is specifically
used for multi-channel parallel detection, wherein the analog
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switch gating circuit and phase sensitive detection circuit are
used for identification and analog-to-digital conversion of
different light channels.

8. The system according to claim 5, characterized in that
said brain electricity detection module employs a buffering
and amplifying circuit in which a zero drift operational
amplifier and a chopping operational amplifier are com-
bined.

9. The system according to claim 5, characterized in that
said brain electricity detection module filters noises by
sampling common mode noises and by using an adaptive
method.

10. The system according to claim 5, characterized in that
said central control unit is specifically used for sending
synchronous command signals to the functional near-infra-
red detection module and the brain electricity detection
module respectively, and then the functional near-infrared
detection module and the brain electricity detection module
simultaneously read, package and label data of their respec-
tive modes, and upload useful data with identification tags to
said central control unit.
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