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Abstract—Brain-machine interfaces (BMI) are expected as
new man-machine interfaces. Non-invasive BMI have the
potential to improve the quality of life of many disabled
individuals with safer operation.

The non-invasive BMI using the functional functional
near-infrared spectroscopy (fNIRS) with the
electroencephalogram (EEG) has potential applicability
beyond the restoration of lost movement and rehabilitation in
paraplegics and would enable normal individuals to have
direct brain control of external devices in their daily lives. To
shift stage of the non-invasive BMI from laboratory to clinical,
the key factor is to develop high-accuracy signal decoding
technology and highly restrictive of the measurement area.

In this article, we present the development of a
high-accuracy brain activity measurement system by
combining fNIRS and EEG. The new fNIRS had high
performances with high spatial resolution using double density
technique and a large number of measurement channels to
cover a whole human brain.

I. INTRODUCTION

For medical and welfare use, robotics, information
engineering and so on, brain-machine interfaces (BMI)
are expected as new man-machine interfaces. One of the
important component technologies for BMI is brain activity
measurement technology. The functional near-infrared
spectroscopy(fNIRS) [1-4] can examine the brain function
localization by the response of stimulation because it
measures the concentration change of oxygenated and
deoxygenated hemoglobin on the surface of the brain.

The electroencephalogram (EEG) can be used to measure
evoked potentials associated with specific functional
activities [5,6]. Both the fNIRS[7] and the EEG[8] are easier
to use and have fewer restrictions during measurements than
other brain function measurement systems such as MRI,
MEG and PET. They have the ability to provide
complementary information of the brain function and are
effective for the improvement of BMI decoding of the brain
signals.

In this paper, we describe the development of the double
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density whole brain fNIRS with EEG system achieving
simultaneous measurement and data integration. The new
fNIRS had high performance with high spatial resolution
using double density technique and a large number of
measurement channels to cover a whole human brain. We
evaluated the performances of the new system by a phantom
and a healthy subject. It would contribute to improve the
accuracy of the BMI decoding of the brain signals.

II. SYSTEM DESCRIPTION

A. Overall System Parameters

Current advancement in fNIRS technologies enabled
several types of fNIRS instruments such as continuous wave
(CW) measurements, time-resolved spectroscopy (TRS) and
phase resolved spectroscopy (PRS). The new system has
been developed as the CW system. It illuminates tissues with
a continuous stream of light where the attenuation of the
transmitted light is measured by the detectors. The fNIRS
data analysis relies on the Modified Beer-Lambert Law
(MBLL) assuming spatially homogeneous absorption
changes in extra cerebral tissues. The simplicity and
low-cost nature makes them an ideal candidate for screening
of large populations as well as in treatment management
using BMI.

One of the main design criteria for the system is to be able
to measure simultaneously both fNIRS and EEG in a whole
human brain, and improve spatial and temporal resolutions
of previous fNIRS. The whole brain measurement is
important when performing dynamic studies not only
functional localization but also the clarification of a function
that is more wide-ranging to have exceeded localization and
the clarification of local network.

. To cover a whole human brain, 64 sources and 64
detectors are used as fNIRS with 64 electrodes as EEG in the
system. This system uses three-wavelength technology. It
advances improve accuracy, repeatability. The wavelengths
used for the system are 780,805 and 830nm. The fibers from
the three light sources are grouped into one fiber bundle
(source fiber) that delivers light to tissue. The wavelength of
the irradiation was switched by 1ms interval. The optical
signal detected at the brain surface by fiber bundles (detector
fibers 2 mm in diameter). The sampling rate for the
measurement is 250Hz as maximum. In EEG block, the
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system used active electrodes to minimize the unwanted
power line interference in recording. Table 1 outlines the
system parameters.

Figure 1 shows the diagram of the overall system. The
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main components are 16 fNIRS modules and one EEG NIRS Probes
module and the host computer. The host computer is (Source/Detector)
responsible for the user interface that allows the user to 4Pairs { e S— NIRS -
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4 light detection units, and ADC front end circuit, and CPU. —
We used laser diodes (LD) as light sources, and operated by =
custom made the LD driver board. We have selected ] NIRS
photomultiplier tube (PMT) as detectors, which typically =" Module(16) [ |
offer much higher sensitivity than solid state detectors. PMT
had wide range combined with controlling applied (a)
high-voltage, and controlling the amplifier gain of latter
part. . ‘ Source
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SUMMARY OF SYSTEM PARAMETERS L | CPU
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Number of Wavelengths 3 Fig. 1. Block diagram of the system setup (a) System is mounted 16 fNIRS
Wavelenghth values 780,805,830 nm modules and EEG unit..(b) A fNIRS module includes source and detention
Minimum Sampling interval 3ms and ADC and control unit.
Maximum logical channel 256
Optical fiber Bundle fiber 2mm ¢
Number of Electode of EEG 64 B. Implementation

Figure 2 shows front and back view of the system. The
interface that related to the system operation was
consolidated in the front side part. The interface block for
system operation and EEG were located in the front side.

16 fNIRS modules were aligned in the system and port of
the fiber bundles were located in the back side. The fNIRS
module size was 250(W)x400(D)x130(H)mm, and the
system size was 610(W)x730(D)x1080(H)mm.
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Fig. 2 Photograph of the system.(a)Front side has operation units and EEG,(b)
Back side has port of fNIRS fibers,(c) Complete view of a fNIRS module unit.

C. Optode Holder

Optode holder caps generally fabricated from
thermoplastic resin has been used to hold the fiber bundles
of fNIRS systems, because the distance between a light
source fiber and a detector fiber needs to be constant.
However it can not fit the various heads of all subjects
because of their shape and size differences. Consequently, it
results in the deterioration of signal-to-noise ratio and lower
reliability data. In our previous work, we reported a novel
holder cap for fNIRS, which was called flexible adjustable
surface holder (FLASH) to solve this problem [9]. The basic
structure of FLASH consisted of some sides and some nodes
which construct quadrangles. And the sockets of the fibers
were located on the nodes. The material of the sides was
flexible, but not stretchable. The sum of the interior angles
can be changed by allowing the rotation of the sides at the
position of the sockets. Therefore, the shape of FLASH can
be defined by holding the interior angles at the position of
the sockets. In this work, we developed a double density
whole-head cap to hold both electrodes and optodes by
revising FLASH in order to establish the technical basis of
the simultaneous fNIRS and EEG study.
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Fig. 3. Arrangements of NIRS probes and EEG electodes. (a) . In the
standard probe arrangement, four source probes(red) and four detector
probes(blue) were alternatively attached at 30 mm interval lattice points.EEG
probes(green) were attached center between source and detector points (b)In
the double-density probe arrangement, same source and detector probes were
added to shift half diftance points in the same imaging area as that of the
standard probe arrangement. The interval between each measurement point
was 15 mm.

(c) Implemented cap to measure hole brain measurement using FLASH
technique.

We implemented double density fNIRS and EEG holder
from FLASH based fNIRS. The double density[10] need
twice arrangement of the conventional method, the other
arrangement is shifted at half of the optode distance from the
origin. In grillage construction, electrode holders were put in
the midpoint of slides of FLASH to raw direction and fNIRS
optodes were put in the midpoint of slides of FLASH to
column direction.

Figure.3 shows the development of the whole-head cap
for simultaneous fNIRS and EEG. In addition, it was
attached to an original shield-cap made from polyurethane to
shield ambient light and to improve holding performance to
head. It allowed the simultaneous measurements more than
64 EEG channels and 255 fNIRS measurement channels.
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III. INSTRUMENT PERFORMANCE

A. Phantom and Human Experiments

To evaluate performance of the new system, we
developed a new phantom. Figure.4 showed developed the
phantom. It has optode fixation on the bottom surface, and
has the mechanism that small absorber can be moved in three
directions in a uniform absorption space. As uniform
absorption space, we filled 10% intralipid liquid. To give the
adsorption change, the blach rod absorber of 10mm
diameter were installed externally.
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Fig.4 (a)Photograph of the phantom.(b) Probe arrangement of bottom side.(c)

Schematic diagram of relation between liquor and rod movement

We realized preliminary phantom measurement and
human measurement to test use of the system for double
density methods. First we performed phantom studies. We
evaluated 2D tomography when the change was given to the
absorption distribution while measuring. The adsorption
change of position A and position B in Figure 5 was caused
in case of conventional and double density methods.

Rod location A is center of source and detector optodes in
both methods. Rod location B is the center point of the
lattice in the conventional, and is the center of source and
detector optodes in the double density method.

Topography map of location A showed same sensibility
change and spatial resolution. Topography map of location
B showed sensibility of 1/5 level in the conventional method
compared with position A, and it was equal compare with
point A in the double density method.

The ununiformity of the sensibility was improved in the

double density method compared with the conventional
methods.

Conventional Double Density
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o
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Fig.5. Schematic diagrams of probe arrangement and rod locations. Point
A is located center of source and detector in both method. Point B is
located on center of lattice in conventional method. Topographic images
of point A showed same performance, and difference was shown in the
sensibility from Point B.

Conventional Double Density
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Fig.6. Schematic diagrams of probe arrangement and two rod locations.
Black points is located on center of lattice in conventional method.
Topographic images of two points showed difference in the sensibility
and resolution

Next, we evaluated the performance of separation using
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two rods. Figure.6 shows the resolving performance of two
rods at the position where the sensibility was low in
conventional method was measured. To rods were correctly
separated in the double density method though the
separation was impossible in the conventional method.

Fig. 7. Fusion images[11] on anatomical MRI data.(a) Imported location
data which measured using 3D digitaizer(Polhemus Fastrak
digitizer).Source showed red points and detectors showed blue points.(b)
Result of displaying brain surface and scalp surface in same space.(c)
logical channel (yellow) points are estimated on the brain surface from
probe locations.(d) Topographic mapping on the brain surface which
obtained while right finger tapping.Red color showed increase of oxy-Hb
in the task duration.

As a human study, we have recorded the fNIRS signals

during a right hand self-paced finger tapping. For a
experiment, we employed 207 channels of fNIRS covering
the whole brain with the double density method. The subject
performed 5 trials in which a trial consists of 20s rest, 20s
task, 20s rest.
The topographical image of [oxy-Hb] changed at 20s after
the start of the right-finger-tapping. The results indicated
task-related activity in oxy-Hb singals shown in Figure 7.
Using the double density method, spatial resolution of image
was improved than conventional one.

IV. CONCLUSION

In this study, we integrated the EEG and the fNIRS , and
developed fNIRS+EEG as non-invasive brain functional
system that implied simultaneous measurement and data
integration. The new fNIRS had high performances with

high spatial resolution using double density technique and a
large number of channels to cover whole brain. The
functional data which has highly-spatial resolution and wide
field of view would contribute to improve the accuracy of
the BMI decoding of the brain signals.

ACKNOWLEDGMENT

This study is the result of Brain Machine Interface
Development carried out under the Strategic Research
Program for Brain Sciences by the Ministry of Education,
Culture, Sports, Science and Technology of Japan.

REFERENCES

[11 Y.Hoshi and M.Tamura, “Dynamic multichannel near-in-frared
optical imaging of human brain activity”, J. Appl. Physiol. 75,
1842-1846 (1993)

[2] T.XKato, A.Kamei, S.Takashima and T.Ozaki Human visual cortical
function during photic stimulation monitoring by means of
near-infrared spectroscopy”, J Cereb Blood Flow
Metab,13(3),516-520 (1993)

[3] A.Villringer, J.Planck, C.Hock, L.Schleinkofer and U.Dirnagl ,
“Near infrared spectroscopy (NIRS): a new tool to study
hemodynamic changes during activation of brain function in human
adults.”,Neuroscience Letter, 154,101-104(1993)

[4] B.Chance, K.Kang, L.He, J.Weng and E.Sevick, “Highly sensitive
object location in tissue models with linear in-phase and anti-phase
multi-element optical arrays in one and two dimensions” ,Proc. Nat.
Acad. Sci. USA 90, 3423-3427 (1993)

[5] V.Menon, JM.Ford, KO.Lim, GH.Glover and
A .Pfefferbaum ,“Combined event related fMRI and EEG evidence for
temporal-parietal cortex activation during target detection,”
Neuroreport 8, 3029-3037 (1997)

[6] M.Teplan, “Fundamentals of EEG Measurement,” Measurement
Science Review 2, 1-11 (2002)

[7] R.Sitaram, H.Zhang, C.Guan, M.Thulasidas,Y.Hoshi,
A.Ishikawa,K.Shimizu and N.Birbaumer,”Temporal classification of
multichannel near-infrared spectroscopy signals of motor imagery for
developing a brain—computer interface”,Neurolmage,
34(4),1416-1427(2007)

[8] M.Takeuchi, E.Hori, K.Takamoto, A.H.Tran, S.Kohno, A. Ishikawa,
T.Ono, S.Endo, and H.Nishijo, “Brain corticalmapping by
simultaneous recording of functional near infrared spectroscopy and
electroencephalograms from the whole brainduring right median
nerve stimulation” ,Brain Topogr, 22,197-214, (2009)

[91 S.Kohno, et al., “Development of a whole-head cap fora simultaneous
functional near infrared spectroscopy and electroencephalography
study”, 12th Annual Meeting of Organization for Human Brain
Mapping (Florence) (2006)

[10] H.Kawaguchi, T.Koyama, and E. Okada, "Effect of probe
arrangement on reproducibility of images by near-infrared topography
evaluated by a virtual head phantom" ,Appl. Opt. 46, 1658-1668
(2007)

[11] A.Ishikawa, et al.:”realFusion: Implementation real-time fusion
software between functional NIRS and anatomical MRI data”, 12th
Annual Meeting of Organization for Human Brain Mapping (Cicago)
(2007)

6122



	MAIN MENU
	CD/DVD Help
	Search CD/DVD
	Search Results
	Print
	Author Index
	Keyword Index
	Program in Chronological Order

