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ELECTROENCEPHALOGRAM INTERFACE
SYSTEM

[0001] This is a continuation of U.S. application Ser. No.
12/955,016 filed Nov. 29, 2010 which is a continuation of
International Application No. PCT/JP2010/000197, with an
international filing date of Jan. 15, 2010, which claims prior-
ity of Japanese Patent Application No. 2009-009179, filed on
Jan. 19, 2009, the contents of which are hereby incorporated
by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an interface (elec-
troencephalogram interface) system for allowing a device to
be manipulated by utilizing an electroencephalogram.

[0004] 2. Description of the Related Art

[0005] In recent years, wearable devices such as head-
mount displays (hereinafter also referred to as “HMDs”) are
gaining prevalence due to decreases in the size and weight of
devices. Normally, as interfaces of devices, methods such as
pressing a button, moving a cursor to make a decision, and
manipulating a mouse while looking at a screen have been
used. However, if the aforementioned physical device
manipulations are required when manipulating a device
whose body has a small size and which is characterized to be
handsfree, e.g., an eyeglass-type HMD, the handsfree feature
will be undermined, thus being ineffective. Therefore, atten-
tion is drawn to interfaces for easily controlling a device
without performing any physical manipulations, specifically,
interfaces utilizing an electroencephalogram that make it pos-
sible to quickly control a device by merely thinking.

[0006] An electroencephalogram is an encephalic activity
(electrical activity of cranial nerve cells) measured as an
electrical signal based on a difference in potential between a
reference electrode and an measurement electrode. An
example of an interface utilizing an electroencephalogram is
a method and apparatus of determining a human psychologi-
cal state and the like by utilizing an event-related potential
which is described in Japanese Laid-Open Patent Publication
No. 2005-34620 which is referred to as “Patent Document 1.
Patent Document 1 discloses a technique of determining an
option which a user wishes to select by utilizing a character-
istic signal of an event-related potential of his or her electro-
encephalogram.

[0007] Specifically, an electroencephalogram interface has
been realized in which an electrode is worn on the parietal,
words are randomly displayed on a screen; and a word which
is selected by a user is determined by utilizing a positive
component (P300 component) that appears in a time slot from
300 ms to 500 ms based on the timing of displaying the word
which the user wishes to select as a starting point, for
example.

[0008] In a conventional electroencephalogram measure-
ment, electrodes are worn according to the position notation
of the International 10-20 system, such that measurement is
performed with a measurement electrode being worn on the
head. In Patent Document 1, an electroencephalogram mea-
surement is performed by using a characteristic signal at a Pz
(median parietal) position or a Cz (median center) position
according to the International 10-20 system. It is known that
the characteristic signal utilized in Patent Document 1 is
intensely measured at the location of the Pz position. There-
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fore, Pz is mainly used as an electrode position of conven-
tional electroencephalogram interfaces.

[0009] However, generally speaking, an electroencephalo-
gram measurement must be performed by using an electrode
which is worn at the parietal as mentioned above. Therefore,
in the case where a device which does not have a structure to
come in contact with the parietal (e.g., the aforementioned
HMD) is used, it is necessary for the electroencephalograph
to have a shape extending across the head, as in a pair of
overhead-type headphones. However, since there is a strong
need for downsizing any wearable device to be worn on the
face such as an HMD, it is highly likely that the portion
extending across the head (as in headphones) will be consid-
ered unnecessary in the future. Moreover, a shape extending
across the head is aesthetically poor, and may make the hair
messy when worn, and thus is not an idealistic HMD shape of
the future. Thus, it is a prerequisite for an HMD shape not to
extend across the head.

[0010] In view of the above circumstances, in order to use
an HMD-type device in combination with an electroencepha-
logram interface, it is necessary to separately wear an elec-
trode for measuring an electroencephalogram at the parietal
by some means, other than the HMD itself.

[0011] For example, Japanese Laid-Open Patent Publica-
tion No. 2004-16658, which is referred to as “Patent Docu-
ment 27, discloses a method in which each a plurality of
corded electrodes included in an HMD is attached at a desired
place (head) (FIG. 4).

[0012] However, an HMD is a device which is frequently
put onor taken off, rather than being perpetually worn. There-
fore, it will be a great burden on the user to have to separately
wear a device in addition to the HMD.

[0013] In answer thereto, an example of performing an
electroencephalogram measurement by placing electrodes
within the range of an eyeglasses shape is disclosed in Japa-
nese Laid-Open Utility Model Publication No. 6-70704
which is referred to as “Patent Document 3”. FIG. 24 shows
the construction of a device for electroencephalogram elec-
trode attachment which is disclosed in Patent Document 3.
This device for electroencephalogram electrode attachment
includes an elastic contact belt inside a C-shaped headband,
such that electrodes which are placed on the contact belt
enable electroencephalogram measurements. In accordance
with this device for electroencephalogram electrode attach-
ment, the electrodes are simultaneously worn when the
device is worn, which eliminates the need to separately wear
another device, so that the user’s burden of device wearing is
reduced.

[0014] However, when constructing an eyeglass-type elec-
troencephalogram interface apparatus by using the construc-
tion of Patent Document 3, it is necessary to dispose an output
section for presenting a visual stimulation at the position of a
lens of the eyeglasses, so that the electrodes disposed on the
face front are likely to be shifted. The reason is that the
construction of Patent Document 3 supports the wearable
device via support at the user’s temples, which is achieved
through clamping of the headband, and via support at the
user’s forehead, which is achieved through pressuring of the
contact belt.

[0015] Any wearable device is supported by being pressed
against a user. Therefore, if a video output device or the like
is disposed at the position of a lens of the eyeglasses, an
increased weight will act on the wearable device front, thus
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making it likely for the electrodes disposed on the contact belt
(i.e., disposed at the face front) to be shifted in a downward
direction.

[0016] In order to reduce shifting of the electrodes, the
clamping of the headband or the pressuring of the contact belt
may be increased in intensity. However, an increased pressur-
ing on the user will lead to an increased burden on the user
associated with clamping, which makes long hours of wear-
ing difficult.

SUMMARY OF THE INVENTION

[0017] The present invention has been made in view of the
above problems, and an objective thereof is to provide an
electroencephalogram interface system which ensures stable
electrode contact, without increasing a user’s burden through
increased clamping against the user.

[0018] An electroencephalogram interface system accord-
ing to the present invention is an eyeglass-type electroen-
cephalogram interface system to be worn on a head of a user,
comprising: an output section for presenting a visual stimu-
lation to the user; an ear electrode portion disposed at a
position coming in contact with an ear of the user when the
eyeglass-type electroencephalogram interface system is
worn; a facial electrode portion disposed at a position coming
in contact with a face of the user below a straight line con-
necting an external canthus and an internal canthus of an eye
of the user, such that the mass of the eyeglass-type electroen-
cephalogram interface system is supported at the position,
when the eyeglass-type electroencephalogram interface sys-
tem is worn; and an electroencephalogram measurement and
determination section for measuring an event-related poten-
tial on the basis of a potential difference between the ear
electrode portion and the facial electrode portion, based on a
timing of presenting the visual stimulation as a starting point.
[0019] The facial electrode portion may be a nose pad por-
tion of the eyeglass-type electroencephalogram interface sys-
tem.

[0020] The ear electrode portion may be disposed on a
same side as the facial electrode portion with respect to the
straight line connecting the external canthus and the internal
canthus of an eye of the user.

[0021] The ear electrode portion may come in contact with
the user behind an ear.

[0022] The electroencephalogram measurement and deter-
mination section may hold a determination criterion database
storing data of a plurality of waveforms concerning event-
related potentials; the determination criterion database may
store data of a waveform of an event-related potential appear-
ing when wishing to make a selection and data of a waveform
of an event-related potential appearing when not wishing to
make a selection; and the electroencephalogram measure-
ment and determination section may cause a process associ-
ated with the visual stimulation to be executed when deter-
mining that a waveform of the measured event-related
potential is closest to that of the event-related potential when
wishing to make a selection.

[0023] The electroencephalogram interface system may
further comprise a facial electrode position determination
section for determining a position of the facial electrode
portion based on whether, in the electroencephalogram signal
of the user, an amplitude of a signal associated with a blink of
the user falls between a predetermined upper threshold value
and a predetermined lower threshold value.
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[0024] The electroencephalogram measurement and deter-
mination section may measure the electroencephalogram sig-
nal based on a potential difference between the ear electrode
portion and the facial electrode portion; and in the measured
electroencephalogram signal, the facial electrode position
determination section may regard a signal in a predetermined
frequency band as a signal associated with a blink of the user.
[0025] In the measured electroencephalogram signal, the
facial electrode position determination section may regard a
signal in a frequency band of 1.7 Hz to 2.2 Hz as a signal
associated with a blink of the user.

[0026] When an amplitude of a signal associated with a
blink of the user is greater than the upper threshold value or
smaller than the lower threshold value, the output section may
present an alarm indicating that the eyeglass-type electroen-
cephalogram interface system is shiftedin position.

[0027] According to the present invention, a user is not
substantially burdened with the need to wear a separate
device for electrode attachment or an increased clamping by
a device fixture, etc., and an electroencephalogram interface
system can be realized with electrodes which are contained
within the range of an eyeglasses shape.

[0028] Other features, elements, processes, steps, charac-
teristics and advantages of the present invention will become
more apparent from the following detailed description of
preferred embodiments of the present invention with refer-
ence to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIGS. 1A and 1B are diagrams showing electrode
positions that are contained within the range of an HMD
shape.

[0030] FIG. 21satable showing accuracy results in the case

of using an electrode disposed on the face as a reference
electrode.

[0031] FIG. 3 is a table showing accuracy results taken on
the basis of right and left ear mastoids (the left mastoid and
the right mastoid).

[0032] FIG. 4 is a diagram showing a functional block
construction of an electroencephalogram interface system 1
of an embodiment.

[0033] FIG. 5 is a diagram showing an exemplary device
shape of the electroencephalogram interface system 1.
[0034] FIG. 6 is a hardware construction diagram of the
electroencephalogram interface system 1.

[0035] FIG. 7A is a diagram showing an example where a
facial electrode portion 12 is disposed on a rim portion 23 of
an HMD.

[0036] FIG. 7B is a diagram showing how the HMD-type
electroencephalogram interface system 1 shown in FIG. 7A
may be worn by a user 10.

[0037] FIG. 8A is a diagram showing an example where a
further altered rim portion 23 of an HMD allows facial elec-
trode portions 12 to be disposed thereon.

[0038] FIG. 8B is a diagram showing how the HMD-type
electroencephalogram interface system 1 shown in FIG. 8A
may be worn by a user 10.

[0039] FIG.9isa diagram showing a relative distance from
an ear-root superior portion to an eye-socket upper edge of a
human face.

[0040] FIG. 10 is a diagram showing an exemplary con-
struction of the electroencephalogram interface system 1 to
be worn on one side of the face.
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[0041] FIG. 11A is a diagram showing the construction of
an electroencephalogram interface system 2 according to the
present embodiment.

[0042] FIG. 11B is a diagram showing the position of the
electroencephalogram interface system 2 when being worn.
[0043] FIG. 12 is a diagram showing a functional block
construction of the electroencephalogram interface system 2.
[0044] FIG. 13 is a flowchart showing a procedure of pro-
cessing by the electroencephalogram interface system 2.
[0045] FIG. 14 is a flowchart showing a detailed procedure
of processes by a facial electrode position determination sec-
tion 15 shown at steps S102, step S103, and step S104 of FIG.
13.

[0046] FIG.15A is an exemplary diagram showing an elec-
troencephalogram signal when blinks are made, with an ear
electrode portion 11 being worn at the right mastoid and a
facial electrode portion 12 being worn at the right eye-socket
upper edge.

[0047] FIG. 15B is an exemplary diagram of a result of
subjecting the signal of F1G. 15A to FFT for frequency analy-
sis.

[0048] FIGS.16A to 16C are diagrams showing exemplary
electroencephalogram signals when blinks are made, with an
ear electrode portion 11 being worn at the right mastoid and a
facial electrode portion 12 being worn at an upper portion, a
mid portion, and a lower portion of a right eye-socket upper
edge, respectively.

[0049] FIGS. 17A and 17B are exemplary diagrams of an
alarm being presented to a user.

[0050] FIGS. 18A and 18B are exemplary diagrams of a
notification of a state in which an HMD is worn.

[0051] FIGS.19A to 19C are diagrams showing electrodes
of various shapes.

[0052] FIGS. 20A to 20D are diagrams showing endpiece
portions of various shapes.

[0053] FIGS. 21A to 21C are diagrams each showing a
portion of a temple portion including an elastic portion 111
and a tension detection section 112.

[0054] FIG. 22 is a diagram showing relative positioning of
an internal canthus 231 and an external canthus 232.

[0055] FIG. 23 is a diagram showing another exemplary
construction of an electroencephalogram interface system.
[0056] FIG. 24 is a diagram showing the construction of a
conventional device for electroencephalogram electrode
attachment.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0057] Hereinafter, with reference to the attached draw-
ings, embodiments of the electroencephalogram interface
system according to the present invention will be described.
[0058] In order to realize an electroencephalogram inter-
face system with electrodes which are within the range of an
eyeglasses shape, it is necessary to identify places where
electrodes can be stably disposed, or electrode positions
where not much noise will be mixed.

[0059] First, the inventors conducted a search as to which
positions, within the range of the shape of an eyeglass-type
wearable device, are the most effective electrode positions.
Herein, an “eyeglass-type head-mount display” is taken as an
example. An “eyeglass-type head-mount display” will here-
inafter be simply referred to as an “HMD?”. In the descriptions
of the following embodiments, it is assumed that each HMD
shape does not extend across the head of the user.
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[0060] 1In the present specification, it is assumed that “the
range of the shape” of a wearable device such as an HMD
refers to a range which is occupied by a shape which is
normally required of that device. In order to find an electrode
positioning which makes it possible to provide an electroen-
cephalogram interface having a similar accuracy to that
obtained by disposing an electrode on the head, it is necessary
to know electrode positions which will achieve a high distinc-
tion ratio within the range of an HMD shape first. Prior to
descriptions of the embodiments, an experiment which was
performed by the inventors to search for optimum reference
electrode positions within the range of an HMD shape will be
described.

[0061] FIG. 1 shows electrode positions that are contained
within the range of an HMD shape. The HMD shape is as
shown in FIG. 5, for example. FIG. 5 will be described in
detail later.

[0062] As shown in FIG. 1A, electrodes “above the eyes”
28a are worn at the upper edges of eye sockets 29; electrodes
“alongside the eyes™ 285 are worn at the outer edges of the eye
sockets 29 (outer corners of the eye lids); a nose electrode is
worn at the nasion 28; and electrodes “above the ear” are worn
at ear-root superior portions 30e. In view of the range of an
HMD shape, not only the facial electrodes which are
employed in electro-oculographic potential measurement,
but portions in the ear periphery, e.g., earlobes 305, opisthot-
ics 304 (behind the ear roots), infraotics (under the ear roots),
and prootics 30¢ (shown in FIG. 1B; the ranges delineated by
broken lines at the mastoid 30a, earlobe 305, tragus 30c¢, and
ear root posterior 304) can also be utilized as targets of mea-
surement in an HMD shape. Therefore, the inventors have
chosen the mastoid 30a, which is a protrusion of the cranium
at the hind roots of the ears, as a representative of the afore-
mentioned ear periphery.

[0063] For the experiment, positions shown in FIG. 1 were
used as exemplary positions within an HMD shape that are in
contact with the face ofa user, and aspecific study of accuracy
was performed by utilizing these portions.

[0064] In the experiment, a measurement experiment was
performed for 15 test subjects in their twenties, among whom
test subjects that maintained a high arousal level were sub-
jected to analysis.

[0065] As for the electroencephalogram measurement,
Polymate AP-1124 (manufactured by DIGITEX LAB. CO.,
LTD) was used, with a sampling frequency of 200 Hz and a
time constant of 3 seconds, and with a 30 Hz low-pass filter
being used for filtering.

[0066] Inthisexperiment, by using each electrode shown in
FIG. 1 as a reference electrode, an electroencephalogram was
measured based on a potential difference from another elec-
trode, thus conducting an electroencephalogram interface
evaluation experiment. Each test subject was asked to make
selections, and the rate at which correct results of determina-
tion were obtained was calculated as the distinction ratio, thus
performing an accuracy check.

[0067] With a similar technique, an electroencephalogram
measurement was performed with a measurement electrode
at the parietal (Pz), thus resulting in a distinction ratio of
81.3%.

[0068] In order to search for optimum reference electrode
positions on the face, electroencephalograms were measured
with combinations of electrodes at positions shown in FIG. 1,
and comparisons were made with respect to the distinction
ratio of the electroencephalogram interface. The relationship
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between the electrode combinations and the distinction ratio
is shown in FIG. 2 and FIG. 3.

[0069] FIG.2 shows accuracy results in the case of using an
electrode disposed on the face as a reference electrode,
whereas FIG. 3 shows accuracy results taken on the basis of
right and left ear mastoids (the left mastoid and the right
mastoid). The experimental results of F1G. 3 indicate an aver-
age distinction ratio of 57.8% on the basis of the left mastoid,
and 66.6% on the basis of the right mastoid. This indicates
that an electroencephalogram obtained by measuring a facial
potential on the basis of the right or left mastoid provides a
higher average distinction ratio than that of an electroen-
cephalogram measured on the basis of any facial electrode
shown in FIG. 2, and contains an electroencephalogram sig-
nal that is necessary for allowing the below-described elec-
troencephalogram interface system to operate. When a dis-
tinction ratio was measured for the electrode above the left
eye with the reference electrode at the right mastoid, a dis-
tinction ratio of 75.0% was obtained, and similarly, the elec-
trode above the right eye provided a distinction ratio of
75.3%, both resulting in an accuracy of a little less than 80%,
which is the almost same distinction ratio as that of the case
where a measurement is taken at the parietal. This is presum-
ably because disposing a reference electrode at a mastoid
allows a portion of the brain to be included between the
mastoid and the facial electrode, thus making it possible to
measure part of the encephalic activity by measuring a poten-
tial difference therebetween, which resulted in the high dis-
tinction ratios.

[0070] Thus it was confirmed that, by measuring an elec-
troencephalogram from a potential difference of a facial elec-
trode on the basis of the ear periphery (particularly a mas-
toid), electroencephalogram measurements can be made with
a similar accuracy to that of the case where an electroen-
cephalogram is measured at the parietal, such that a sufficient
performance can be obtained without wearing an electrode at
the parietal.

[0071] Therefore, in order to construct an electroencepha-
logram interface system with a good accuracy, it is necessary
to dispose at least one electrode which works on the basis of
the ear periphery (mastoid).

[0072] Next, the inventors have studied positions where not
much noise will be mixed, within the range of the shape of an
eyeglass-type wearable device.

[0073] One noise factor in electroencephalogram measure-
ments is the noises due to blinking. When an electrode is
disposed within the range of the shape of an eyeglass-type
wearable device (i.e., the face), blinks will be measured as
large noises because of the short distance between the elec-
trode and the eyeballs. Therefore, itis important to dispose an
electrode at a position where blink noise is unlikely to be
mixed.

[0074] First, the mechanism by which blink noise may be
mixed will be described. At blinking, an eyelid slides over the
cornea. The cornea of the eyeball is positively charged, and as
the eyelid rubs against the cornea, the positive potential of the
cornea is transmitted to the eyelid. The positive potential
having been transmitted to the eyelid is then transmitted to the
electrode which is disposed above the eye, thus being mea-
sured as a blink noise.

[0075] FIG. 22 shows relative positioning of an internal
canthus 231 and an external canthus 232 around an eye. The
example shown in FIG. 22 illustrates the left eye. Before and
after a blink, the eyelid is positioned above a straight line 233
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connecting the internal canthus 231 and the external canthus
232, and therefore propagation of the positive potential is also
considered to occur above the straight line 233. Therefore, by
disposing a facial electrode below the straight line 233 con-
necting the internal canthus 231 and the external canthus 232,
an electroencephalogram measurement becomes possible
presumably with reduced influence of blink noise. To give an
example, a facial electrode may be provided at the nasion of
the nose 234, which is located below the straight line 233 in
FIG. 22. In the case of an eyeglass-type electroencephalo-
gram interface system such as an HMD, such a facial elec-
trode will function as a nose pad. Furthermore, by disposing
the aforementioned ear-periphery electrode at the same side
as the facial electrode with respect to the straight line 233,
e.g., at the mastoid 30a or the opisthotic 304, the influence of
blink noise can be suppressed with greater certainty.

Embodiment 1

[0076] FIG. 4 shows the functional block construction of an
electroencephalogram interface system 1 according to the
present embodiment. FIG. 5 shows an exemplary device
shape of the electroencephalogram interface system 1. FIG. 6
shows an exemplary hardware construction of the electroen-
cephalogram interface system 1.

[0077] AsshowninFIG. 4, the electroencephalogram inter-
face system 1 includes an ear electrode portion 11, a facial
electrode portion 12, an electroencephalogram measurement
and determination section 13, and an output section 14. In
FIG. 4, the user 10 is illustrated for convenience of explana-
tion.

[0078] Asshown inFIG. 5, the names of respective portions
of an HMD are similar to those of eyeglasses. Hereinafter, any
portion that hangs on an ear of the user 10 to fix the HMD
body will be referred to as an “endpiece portion 21”. Any
portion that comes in contact with the nose of the user 10 to
support the HMD body will be referred to as a “nose pad
portion 24”. A portion which supports and fixes an output
section 14 which is disposed before either eyeball of the user
10 will be referred to as a “rim portion 23”. A portion con-
necting and supporting the rim portions 23 in front of both
eyes will be referred to as a “bridge portion 25”. A portion
connecting and supporting each rim portion 23 and each
endpiece portion 21 will be referred to as a “temple portion
227,

[0079] The electroencephalogram interface system 1 is
realized as an eyeglass-type wearable device. The ear elec-
trode portion 11 is provided in the ear periphery of the user,
and the facial electrode portion 12 is provided on or around
the face of the user. More specifically, the ear electrode por-
tion 11 is provided inside an endpiece portion 21 of the
eyeglasses, so as to be in contact with the ear periphery on one
side of the face of the user 10. The facial electrode portion 12
is disposed at a position on the nose pad portion 24 where the
HMD is in contact with the skin of the user’s face. Note that
the facial electrode portion 12 may be disposed on a temple
portion 22 or a rim portion 23 of the eyeglasses. The electro-
encephalogram measurement and determination section 13 is
disposed on the bridge portion 25 of the HMD. The electro-
encephalogram measurement and determination section 13
measures an electroencephalogram from a difference in
potential between the ear electrode portion 11 and the facial
electrode portion 12, and determines whether an electroen-
cephalogram is being measured or not. If no electroencepha-
logram is being measured, it outputs a result of determination
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(signal) indicating that fact to the output section 14. If an
electroencephalogram is measured, the electroencephalo-
gram measurement and determination section 13 determines
which menu item the user wishes to execute, based on the
electroencephalogram. This process will be described later.
[0080] The output section 14 has a function of providing a
video output. The output section 14 is disposed in front of an
eye of the user, at a lens portion of the eyeglasses. Based on
the result of determination by the electroencephalogram mea-
surement and determination section 13, the output section 14
displays information corresponding to that result of determi-
nation. For example, if no electroencephalogram is measured,
the output section 14 may display a message “HMD s shifted.
Please adjust.”, and indicate an alarm for prompting the user
to place the electrodes in proper positions. On the other hand,
if an electroencephalogram is measured, the output section 14
sequentially highlights a plurality of menu items. Based on
such highlight indication as a starting point, the electroen-
cephalogram measurement and determination section 13 is
able to determine which menu item the user 10 wishes to
select. Moreover, the output section 14 displays a result of
executing a process corresponding to the selected menu item.
[0081] Hereinafter, by mainly describing the operation of
the electroencephalogram measurement and determination
section 13, the fundamental functions of the electroencepha-
logram interface system will be described.

[0082] When an electroencephalogram is being measured,
the electroencephalogram measurement and determination
section 13 measures an electroencephalogram from a differ-
ence in potential between the ear electrode portion 11 and the
facial electrode portion 12, and out of this, extracts 200 to 400
ms of the electroencephalogram of the user 10 based on the
timing of presenting a visual stimulation at the output section
14 (e.g., highlight indication of a menu item) as a starting
point, so as to determine a menu item which has been selected
by the user from a characteristic signal thereof. Then, the
electroencephalogram measurement and determination sec-
tion 13 outputs the result of determination. This electroen-
cephalogram is also referred to as a “P300 component of the
event-related potential”.

[0083] Visual stimulations are also utilized for purposes
other than the aforementioned highlighting of menu items.
[0084] Forexample, visual stimulations arealso utilized for
determining correctness/incorrectness of the resultant
selected menu item. More specifically, when a fed back result
is presented as a visual stimulation, an electroencephalogram
from 400 to 700 ms is extracted based on the timing of
presenting the visual stimulation as a starting point. From this
electroencephalogram, it is possible to determine whether the
presented result is what was anticipated or incorrect.
(MORIKAWA, ADACHI, “JISHOKANRENDENI WO
MOCHIITA UZABIRITI HYOKASHUHOU? or “Develop-
ing Usability Testing Method Based on Event-Related Brain
Potential”, Matsushita Technical Journal (currently, Pana-
sonic Technical Journal), Vol. 53, No.1, pp. 51-55, October
2007)

[0085] Moreover, visual stimulations are also utilized for
determining an amount of attention to the peripheral visual
field while driving an automobile or walking. FIG. 23 shows
an exemplary construction of an electroencephalogram inter-
face system for determining an amount of attention. This
electroencephalogram interface system has a plurality of
LED:s (e.g., LEDs 235) around the lens portions. Each LED is
placed so as to be visible in the peripheral visual field of a
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user. The electroencephalogram interface system activates
visual stimulations (LEDs) in the peripheral visual field of the
user at random intervals, and extracts an electroencephalo-
gram (P300 component) of the user at 200 to 400 ms from the
timing of activation. From the level of this P300 component,
the electroencephalogram interface system is able to deter-
mine how much attention was being directed to the peripheral
visual field.

[0086] Inthe following description, highlight indication of
a menu item will be taken as an example.

[0087] By acquiring an event-related potential since the
moment that a menu item was highlighted, a user’s response
to the highlighted menu item is obtained.

[0088] The electroencephalogram measurement and deter-
mination section 13 checks the waveform data of a measured
event-related potential against a determination criterion
which is stored in the determination criterion database, and
determines whether the user wishes to select that menu item
or not. Experimental results which have been performed for
various test subjects are stored in the determination criterion
database, and are prestored in the electroencephalogram mea-
surement and determination section 13, for example.

[0089] Specifically, a plurality of menu items are sequen-
tially highlighted to a test subject who wishes to select a
certain menu item, and an event-related potential is acquired
at the timing of highlighting. Then, averages are respectively
taken of waveform data A of event-related potentials when a
menu item meant to be selected is highlighted and waveform
data B of event-related potentials when a menu item not
meant to be selected is highlighted, and each is stored in a
determination criterion database. Using each of waveform
data A and waveform data B as a template, the electroen-
cephalogram measurement and determination section 13 may
determine the one waveform that the waveform of the event-
related potential of the user 10 (a manipulator of the electro-
encephalogram interface system 1) is closer to, i.e., the clos-
est waveform, based on a Mahalanobis distance.

[0090] The Mahalanobis distance indicates a distance from
the center of gravity of a group, by taking into consideration
the variance and covariance of data. Therefore, a determina-
tion using the Mahalanobis distance provides a higher dis-
tinction ability than making a determination through simple
threshold processing. As a result, the menu item which the
user wishes to select can be determined.

[0091] Through such processes, without making a button
manipulation or the like, selection of a menu item is realized
on the basis of an electroencephalogram.

[0092] FIG. 6 is a hardware construction diagram of the
electroencephalogram interface system 1.

[0093] Theear electrode portion 11 and the facial electrode
portion 12 worn on the face are connected to a bus 131 in
order to perform exchanges of signals with the electroen-
cephalogram measurement and determination section 13.
The electroencephalogram measurement and determination
section 13 includes a CPU 1124, a RAM 1125, and a ROM
112¢. The CPU 112a reads a computer program 1124 which
is stored in the ROM 112¢ onto the RAM 1125, where the
computer program 1124 is laid out and executed. In accor-
dance with the computer program 1124, the electroencepha-
logram measurement and determination section 13 switch-
ably executes a process of when electroencephalogram data is
detected or a process of when electroencephalogram data is
not detected. The ROM 112¢ may be a rewritable ROM (e.g,,
an EEPROM).
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[0094] A display 14, which is the output section 14,
includes an image processing circuit 121 and a screen 122.
[0095] In accordance with a result from the CPU 1124, the
image processing circuit 121 outputs a video signal, e.g., for
displaying a selected content video, to the screen 122.
[0096] The aforementioned display 14 is illustrated as hav-
ing the image processing circuit 121 and the screen 122
because control of an AV device is contemplated. However,
depending on the modality type of the device to be controlled,
the image processing circuit 121 and the screen 122 may be
replaced by an audio processing circuit, a loudspeaker, and
the like.

[0097] The aforementioned computer program is distrib-
uted on the market in the form of a product recorded on a
storage medium such as a CD-ROM, or transmitted through
telecommunication lines such as the Internet. The electroen-
cephalogram measurement and determination section 13 and
the image processing circuit 121 may be implemented as a
piece of hardware (e.g., a DSP) consisting of semiconductor
circuitry having a computer program incorporated therein.
[0098] Next, as one feature of the present embodiment,
positioning of the electrodes will be described in more detail.
[0099] As shown in FIG. 1B, the ear electrode portion 11
needs to be worn within the range of the ear periphery of the
user 10. When an eyeglasses shape is taken into consider-
ation, by placing an electrode at the inner tip end of an
endpiece portion 21 of the eyeglasses, the electrode is allowed
to achieve contact with the skin of the user 10 at the ear root
posterior or the mastoid.

[0100] The example of FIG. 5 illustrates a case where the
ear electrode portion 11 is placed inside the endpiece portion
21 on the right side. However, according to the results of the
experiment of FIG. 3, there is no substantial difference in
accuracy depending on whether the reference electrodeis ata
right or left position. Therefore, a high-accuracy electroen-
cephalogram measurement can be similarly achieved also by
placing the ear electrode portion 11 at the inside of the end-
piece portion 21 on the other side (left side).

[0101] The facial electrode portion 12 is to be worn within
the range of the face of the user 10 as shown in FIG. 1A. Ina
normal eyeglass-type shape, within the face of the user 10,
portions that are strongly in contact with the HMD are posi-
tions from the ear-root superior portions to the temples, and
the nasion, of the user 10. At the temples of the user 10, the
HMD is fixed so asto sandwich the head of the user 10 and not
wobble to the right or left, such that the HMD mass is sup-
ported at the ear-root superior portions and the nasion of the
user 10.

[0102] Theoutput section 14 is composed of aliquid crystal
display device or the like. Therefore, the output section 14 can
be considered as the heaviest and largest element of hardware
composing the electroencephalogram interface system 1
(FIG. 6). When an HMD shape is taken into consideration, the
heaviest output section 14 rests on a lens, whereas the con-
stituent elements having large volumes are concentrated in
the neighborhood of the lenses (front). Therefore, the HMD
mass concentrates on the front, such that the center of gravity
leans toward the front, so that presumably most of the mass of
the HMD is supported at the face front (nasion) position of the
user 10.

[0103] Therefore, by placing the facial electrode portion 12
at the tip end of the nose pad portion 24, it is ensured that the
mass of the HMD is supported by the facial electrode portion
12, such that the facial electrode portion 12 is strongly in
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contact with a position on a side of the nasion of the user 10,
under the weight of the HMD.

[0104] Therefore, no excessive pressure acts on the facial
electrode portion 12 beyond what is needed for supporting the
HMD, and the facial electrode portion 12 is supported by the
force of supporting the HMD, which makes it unlikely for the
facial electrode portion 12 to be shifted.

[0105] Moreover, adopting a structure such that the end-
piece portions are in contact with the ear-root superior por-
tions of the user 10 and are caught on the ears of the user 10
provides the following advantages. Even when the face of the
user 10 is tilted frontward, the endpiece portions will alleviate
the frontward shift of the HMD, and since the facial electrode
portion 12 is fixed onto the face ofthe user 10 with a moderate
pressure, shifting and lifting of the facial electrode portion 12
can be prevented. Therefore, the endpiece portions need to
have a bent shape for being caught by the ears.

[0106] As described above, by disposing the electrodes at
positions where the mass of the HMD is supported, it
becomes unnecessary to fix the electrodes with excessive
pressuring as is done by a hair band, whereby the user’s
burden of wearing the HMD can be reduced.

[0107] By disposing the facial electrode at the nasion, it is
ensured that the electrode is located below the straight line
connecting the internal canthus and the external canthus,
whereby the influence of blink noise is suppressed. This
enables clear electroencephalogram measurements with few
artifacts.

[0108] Furthermore, by disposing the ear electrode portion
on the same side as the facial electrode portion with respect to
the straight line 233 connecting the internal canthus and the
external canthus (FIG. 23), artifacts due to eye movement
along the vertical direction can be reduced. For example, by
disposing the ear electrode portion at the mastoid 30a or the
opisthotic 304 (FIG. 1), the ear electrode portion will be
disposed on the same side as the facial electrode portion
(which in itself is disposed at the nasion) with respect to the
straight line 233 connecting the internal canthus and the
external canthus. Sincethe ear electrode portion and the facial
electrode portion are disposed on the same side, the influence
of a potential when an eyeball moves in an up-down direction
occurs almost equally in the ear electrode portion and in the
facial electrode portion. Therefore, when measuring a poten-
tial difference between the ear electrode portion and the facial
electrode portion, the influence of the electro-oculographic
potential along the up-down direction is canceled, thus
enabling electroencephalogram measurements with little
noise.

[0109] Although the present embodiment illustrates an
example where the facial electrode portion 12 is disposed on
the nose pad portion, other electrode positioning is also pos-
sible. With reference to FIG. 7 and FIG. 8, other examples of
electrode positioning will be described.

[0110] FIG. 7A shows an example of disposing the facial
electrode portion 12 on a rim portion 23 of the HMD. This is
an example where, through alteration of the rim portion 23 of
the HMD, the facial electrode portion 12 is disposed at a
position where the rim portion 23 comes in contact with an
eye-socket upper edge of the user 10, thus allowing the HMD
mass to be supported at the position of the eye-socket upper
edge of the user. FIG. 7B shows how the electroencephalo-
gram interface system 1 shown in FIG. 7A may be worn by the
user 10.
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[0111] FIG. 8A shows an example where a further altered
rim portion 23 of an HMD allows facial electrode portions 12
to be disposed thereon. This is an example where the rim
portion 23 and the bridge portion 25 are integrated to realize
ashape such that the endpiece portions 21 and the rim portion
23 sandwich the head’s user so as to fix the HMD, thus
allowing the mass of the HMD front to be supported by the
rim portion 23. FIG. 8B shows how the electroencephalogram
interface system 1 shown in FIG. 8 A may be worn by the user
10. In this case, too, the facial electrode portions 12 disposed
on the rim portion 23 are fixed by the mass of the HMD acting
on the rim portion 23, and thus is unlikely to be shifted.
[0112] FIG. 9 shows a relative distance from an ear-root
superior portion to an eye-socket upper edge on a human face.
In the shape of a human face, the distance from the ear-root
superior portion 30e to the eye-socket upper edge 28a
decreases away from the lower end, and toward the upper end,
of the eye-socket upper edge 284. That is, between the dis-
tance ¢ from the ear-root superior portion 30e to the upper
end of the eye-socket upper edge 284 and the distance f§ from
the ear-root superior portion to the lower end of the eye-
socket upper edge 284, the former distance o. is the shorter.
[0113] Therefore, by ensuring that the distance from the
root of the endpiece portion 21 to the facial electrode portion
12 in the electroencephalogram interface system 1 shown in
FIG. 7A is equal to or greater than « but less than p, the roots
of the endpiece portions will be caught on the ears of the user
10, so that the endpiece portions and the facial electrode
portion will be fixed onto the head of the user 10 in a manner
of sandwiching the head. Thus, the HMD needs to have end-
piece portions whose tip ends are bent for being caught by the
ear-root superior portions. The advantage of ensuring that the
distance from the root of each endpiece portion 21 to the
facial electrode portion 12 is equal to or greater than a. but less
than p also applies to the example of FIG. 8.

[0114] By being worn in the aforementioned manner, most
of the HMD mass is supported by the electrode at the face
front, as in the case of the electroencephalogram interface
device shown in FIG. 5, so that the facial electrode 12 will be
pressed against the user 10 with no excessive pressuring.
[0115] With the shape of FIG. 5, FIG. 7, or FIG. 8, an
electroencephalogram interface device can be constructed
such that the facial electrode portion 12 is fixed through
utilization of the HMD mass and the electrodes are unlikely to
be shifted.

[0116] Furthermore, in the case where the HMD mass is
supported at the rim portions 23 as described above, omitting
the nose pad portion(s) 24 of the HMD will prevent dispersion
of the HMD mass. By omitting the nose pad portion(s) 24 so
that the HMD mass concentrates on the eye-socket upper
edges 28a of the user, the HMD will be firmly supported by
the facial electrode portion(s) 12 disposed on a rim portion
23, thus further preventing a shift.

[0117] Although the present embodiment illustrates an
example where the electroencephalogram measurement and
determination section 13 is disposed on the bridge portion 25
or the rim portion 23 of the HMD, the present invention also
encompasses disposing the electroencephalogram measure-
ment and determination section 13 in any portion of the
position (e.g., a temple portion 22 or an endpiece portion 21)
of the HMD to account for the balance of the HMD mass.
[0118] FIG. 10 shows an exemplary construction of the
electroencephalogram interface system 1 to be worn on one
side of the face. Since the firm support for the HMD provided
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by the ear electrode portions 11 and the facial electrode por-
tion 12 will be maintained, even the illustrated construction to
be worn on one side of the face can be worn on the user’s head
for a long time without much chance of a shift.

Embodiment 2

[0119] In Embodiment 1, as shown in FIG. 5, FIG. 7, FIG.
8, and FIG. 10, a construction was illustrated where endpiece
portions are hung on the ear-root superior portions so that the
facial electrode portion(s) 12 which is in contact with the face
of the user 10 supports the HMD mass, thus fixing the HMD
in a manner of sandwiching the head with the endpiece por-
tions and the facial electrode portion(s) 12. In particular, the
HMD examples of FIG. 7 and FIG. 8 utilize a difference
between the distance ¢. from an ear-root superior portion to
the upper end of an eye-socket upper edge and the distance f3
from the ear-root superior portion to the lower end of the
eye-socket upper edge as shown in FIG. 9, thus fixing the
HMD in a manner of sandwiching the head of the user 10.
[0120] However, the shapes of the face and the head differ
from person to person, and it is also possible for the distances
a and f shown in FIG. 9 to differ depending on each indi-
vidual. Therefore, sandwiching of the user head with the
endpiece portions and the facial electrode portion 12 may not
work in some cases.

[0121] Moreover, even if the user himself or herself may
feel that the HMD is worn fine, the facial electrode portion
abutting with the face may become shifted in position, under
the influences of the mass ofthe HMD itself and user motions.
When the electrode becomes shifted in such a manner, it is
difficult for the user 10 to notice the shift of the electrode
because the user 10 cannot use his or her own eyes to directly
see how the electrode is shifted. Therefore, even ifthe user 10
operates the electroencephalogram interface on the belief that
the HMD must be correctly worn, the distinction ratio may be
too low for successful use.

[0122] In the present embodiment, the HMD is fixed in a
manner of reducing the shift of the facial electrode portion 12
regardless of the aforementioned face and/or head shape dif-
ferences from person to person, and when the position of the
facial electrode does become shifted under the influences of
the posture or motion of the user 10, an alarm sound is
presented to the user 10, thus providing an HMD-type elec-
troencephalogram interface device capable of stable electro-
encephalogram measurement.

[0123] With reference to FIG. 11 and FIG. 12, an example
of an electroencephalogram interface device which can cope
with individual differences in the distances a and/or f in FIG.
9 will be described.

[0124] FIG. 11A shows the construction of an electroen-
cephalogram interface system 2 according to the present
embodiment, whereas FIG. 11B shows the position of the
electroencephalogram interface system 2 when being worn.
In addition to the construction of the electroencephalogram
interface system 1 of Embodiment 1, elastic portions 111a
and 1115 for adjusting the lengths of the temple portions, a
tension detection section 112 for detecting whether tension
exists in the elastic portions or not, and a facial electrode
position determination section 15 for determining whether
the facial electrode portion 12 is worn at the correct position
of the face of the user 10 are newly provided.

[0125] The elastic portions 111a and 1115 are provided at
the temple portions 22, and allow the lengths of the temple
portions 22 to be adjusted. The elastic portions 111aand 1115
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are each made of an elastic body such as a spring or rubber. In
its interior, the elastic portion 111a includes a signal line for
transmitting a signal (electroencephalogram signal) which is
detected by the ear electrode portion 11. Even if the elastic
portion 111a is made of an insulative substance, an electro-
encephalogram signal which is measured by the ear electrode
portion 11 can be transmitted to the facial electrode position
determination section 15 and the electroencephalogram mea-
surement and determination section 13.

[0126] The tension detection section 112 and the facial
electrode position determination section 15 will be described
with reference to FIG. 12.

[0127] FIG. 12 shows the functional block construction of
the electroencephalogram interface system 2 for the embodi-
ment 2. Hereinafter, with reference to FIG. 12, the constituent
elements of the electroencephalogram interface system 2 will
be described. The tension detection section 112 is a sensor
which is connected to the elastic portion 111a and measures
the level of tension acting on the elastic portion 11la.
Although no tension detection section is provided for the
elastic portion 1115 in this example, a tension detection sec-
tion may be provided for each of the elastic portions 111a and
1115. Hereinafter, the elastic portion 111a with the tension
detection section 112 connected thereto will be simply
referred to as the “elastic portion 111”.

[0128] Theear electrode portion 11 and the facial electrode
portions 12 are worn at an ear periphery and on the face of the
user 10, respectively, for measuring an electroencephalogram
of the user 10. A measured electroencephalogram signal is
sent to the facial electrode position determination section 15
and the electroencephalogram measurement and determina-
tion section 13.

[0129] The facial electrode position determination section
15 is disposed on a temple portion, rim portion, or the like of
the HMD, and determines whether the facial electrode por-
tions 12 are worn at the correct positions of the forehead of the
user 10 or not by using the measured electroencephalogram
signal as an input. If the facial electrode position determina-
tion section 15 determines that they are not correctly worn, it
instructs the output section 14 to output an alarm for the user
10. The detailed flow of processes will be described later.
[0130] The electroencephalogram measurement and deter-
mination section 13 instructs the output section 14 to present
a visual stimulation to the user 10. From the measured elec-
troencephalogram signal, the electroencephalogram mea-
surement and determination section 13 extracts an event-
related potential based on the timing of presenting the visual
stimulation as a starting point, determines an option which the
user wishes to select by using a characteristic signal (e.g., an
N100component or P300 component) contained in the event-
related potential, and outputs a result of determination to the
output section 14.

[0131] The output section 14 presents a visual stimulation
to the user 10 and displays the selection result, presents an
alarm sound if the HMD is poorly worn, as well as outputting
amenu selection screen, video/audio, and thelike. The output
section 14 is composed of a display, a loudspeaker, and the
like.

[0132] The hardware configuration of the electroencepha-
logram interface system 2 according to the present embodi-
ment is also similar to that of FIG. 6. However, a sensor must
be added as the tension detection section 112. As for the facial
electrode position determination section 15,a CPU, an RAM,
or the like may be separately provided, or the CPU 112a
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shown in FIG. 6 (as composing the electroencephalogram
measurement and determination section 13) may perform a
process corresponding to the facial electrode position deter-
mination section 15 to function as the facial electrode position
determination section 15.

[0133] FIG. 13 shows a procedure of processing by the
electroencephalogram interface system 2. With reference to
FIG. 13, a flow of processes by the aforementioned blocks
will be described.

[0134] At step S101, the tension detection section 112
monitors the elastic portion 111 to perform a measurement as
to whether tension has occurred in the elastic portion 111. If
the elastic portion 111 is composed of a spring, for example,
by designing it so that the spring is in its shrunk state and that
the temple portion has a short length, it is ensure that tension
will always occur in the elastic portion 111 when the user 10
wears the HMD. Thus, the tension detection section 112 is
able to know when the user 10 has put on the HMD by
monitoring the tension in the temple portions 22.

[0135] The tension detection section 112 detects whether
any tension has occurred or not. By being fixed to the temple
portion at one end and fixed to the elastic portion 111 at the
other end, the tension detection section 112 measures a ten-
sion occurring in the elastic portion 111. The force acting on
the elastic portion 111 is compared against a threshold value
(e.g., 0 (zero) newtons), and the point in time when the force
applied to the elastic portion 111 exceeds the threshold value
is detected as the timing when the HMD is worn by the user
10. The tension detection section 112 may be designed so that
a tension measurement sensor always keeps measuring ten-
sion, or may be a circuit which determines occurrence of a
tension exceeding the threshold value by having a switch that
physically establishes connection when a tension occurs in
the elastic portion 111.

[0136] Since the elastic portions 111 and 1115 expand or
contract, it becomes possible to support the varying length
from the ear-root superior portion to the eye-socket upper
edge of each user (distance o in FIG. 9).

[0137] After detecting the HMD being worn by the user 10,
at step S102, the facial electrode position determination sec-
tion 15 measures an electroencephalogram via the ear elec-
trode portion 11 and the facial electrode portions 12. The
electroencephalogram signal is output to the facial electrode
position determination section 15 and the electroencephalo-
gram measurement and determination section 13.

[0138] At step S103, from the measured electroencephalo-
gram signal, the facial electrode position determination sec-
tion 15 determines whether the positions of the facial elec-
trode portions 12 as worn by the user 10 are at the correct
positions or not. The method of determination will be
described later.

[0139] If it is determined that the positions of the facial
electrode portions 12 are not optimum, the process proceeds
to step S104; if they are determined as optimum, the process
proceeds to step S105.

[0140] At step S104, the facial electrode position determi-
nation section 15 gives an instruction to the output section 14
to present an alarm. For example, the facial electrode position
determination section 15 may output to the output section 14
a video signal of an alarm to be displayed by the output
section 14. Upon receiving this instruction, the output section
14 alarms the user 10 of an electrode shift, i.e., that the facial
electrode portions are not in the correct positions. As an alarm
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of this electrode shift, the output section 14 may present an
alarm sound via a loudspeaker, present an alarm screen via a
display, etc., for example.

[0141] Thereafter, the facial electrode position determina-
tion section 15 again performs the facial electrode position
determination of step S103, and alarming (step S104) and
determination (step S103) are repeated until the positions of
the facial electrode portions 12 are determined as optimum.
[0142] Ifthe positions of the facial electrode portions 12 are
determined to be the correct positions, then, at step S105, the
electroencephalogram measurement and determination sec-
tion 13 removes noise components such as blinks and elec-
tromyographic potentials from the electroencephalogram
signal measured with the ear electrode portion 11 and the
facial electrode portions 12. Removal of the noise component
may be performed by, for example, deleting any portion of the
electroencephalogram signal whose amplitude goes outside
+100 pV, using FFT to filter out any portion that is 30 Hz or
more by regarding it as an electromyographic potential, or
other methods.

[0143] At step S106, out of the electroencephalogram sig-
nal from which noise has been removed, the electroencepha-
logram measurement and determination section 13 cut outs
an event-related potential based on the timing of presenting
the visual stimulation (which is output by the output section
14) as a starting point. The electroencephalogram measure-
ment and determination section 13 extracts event-related
potentials corresponding to the presented stimulations of a
plurality of options, and determines which option has been
selected by the user 10, based on characteristic signals of the
event-related potentials.

[0144] As amethod of determination, for example, the level
of a P300 component (a zone average potential from 200 ms
to 400 ms, where the point of stimulation presentation is
defined as 0 ms) of the event-related potential for each option
may be compared, and a stimulation of an option having the
largest P300 component may be determined as the option
selected by the user 10. The result of determination is output
to the output section 14.

[0145] At step S107, the output section 14 feeds back the
result of determination to the user 10 by utilizing a display
device such as a liquid crystal screen. Moreover, it outputs a
video and/or audio in accordance with the contents of the
option selected by the user 10.

[0146] Note that the process of step S101 may be omitted.
The processes of step S102 and subsequent steps may be
performed by regarding the timing of activating the power of
the HMD as the timing when the user 10 has put on the HMD.
Alternatively, the processes of step S102 and subsequent
steps may be performed on the supposition that the user 10 is
wearing the HMD whenever the electroencephalogram intet-
face system 2 is operating.

[0147] FIG. 14 shows a detailed procedure of processes by
the facial electrode position determination section 15 shown
at steps S102, step S103, and step S104 in FI1G. 13.

[0148] At step S102, as in step S102 of FIG. 13, the facial
electrode position determination section 15 measures an elec-
troencephalogram with the electrode portion 11 and the facial
electrode portions 12.

[0149] At step S201, the facial electrode position determi-
nation section 15 detects whether any signal associated with
blinking is contained in the measured electroencephalogram
signal. Details of the blink detection method are described
below.
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[0150] With reference to FIG. 15, characteristic features of
signals associated with blinking will be described. FIG. 15A
is an example of an electroencephalogram signal when blinks
are made, with the ear electrode portion 11 being worn at the
right mastoid and a facial electrode portion 12 being worn at
the right eye-socket upper edge. Signals sharply pointed in
the plus direction in FIG. 15A are electroencephalogram sig-
nals associated with blinking. In contrast to the fact that
electroencephalogram signals associated with encephalic
activities are normally detected with potentials within 100
uV, signals associated with blinking have amplitudes going
outside £100 pV. FIG. 15B shows a result of subjecting the
signal of FIG. 15A to FFT for frequency analysis. Electroen-
cephalogram signals associated with blinking are generally
known to appear in the 8 band (0.5 Hz to 4 Hz) (see, for
example, paragraph [0024] of Japanese Laid-Open Patent
Publication No. 2004-350797). This particular experimental
result indicates that, when signals associated with blinking
are contained, strong responses will exist between 1.7 Hz and
2.2 Hz. Therefore, in the following descriptions, the fre-
quency band from 1.7 Hz to 2.2 Hz will be defined as the
frequency band for detecting electroencephalogram signals
associated with blinking.

[0151] On the basis of the aforementioned characteristic
features, by determining whether the measured electroen-
cephalogram signal contains a signal in the frequency band of
1.7Hz to 2.2 Hz and whether that signal goes outside +100 1V
or not, it can be determined whether the electroencephalo-
gram signal contains any signal associated with blinking. For
example, by subjecting the electroencephalogram signal to a
1.7 Hz to 2.2 Hz band-pass filter, only waveforms associated
with blinking may be extracted. and it may be determined
whether the amplitudes of those waveforms exceed £100 uV
or not.

[0152] If it is determined at step S201 that no blinking
exists, detection of the position of the facial electrode portion
is not performed, and the processing by the electroencepha-
logram measurement and determination section 13 is per-
formed, as has been described with respect to step S105 in
FIG. 13.

[0153] If step S201 finds that some blinking exists, the
facial electrode position determination section 15 determines
whether the electroencephalogram interface system 2 has
shifted in a lower direction or an upper direction on the face.
A method of determining the direction of a shift of the elec-
troencephalogram interface system 2, i.e., a shift of the facial
electrode portion 12, will be described with reference to FIG.
16.

[0154] FIGS. 16A to 16C are examples of electroencepha-
logram signals where blinks are made, with the ear electrode
portion 11 being worn at the right mastoid and a facial elec-
trode portion 12 being worn at the right eye-socket upper
edge. For the electroencephalogram signal measurement,
Polymate AP-1124 (manufactured by DIGITEX LAB. CO.,
LTD) was used, with a sampling frequency of 200 Hz and a
time constant of 1 second; as for filtering, a 30 Hz low-pass
filter was used, with an active electrode being utilized. The
electrode or facial electrode portion 12 was disposed at mea-
surement positions at distances 6 cm, 4.5 cm, 3 cm from the
right eye iris center, respectively being defined as an upper
portion, a mid portion, and a lower portion of the eye-socket
upper edge.

[0155] FIG. 16A shows an electroencephalogram signal
when the facial electrode portion 12 is disposed in the upper
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portion of the eye-socket upper edge; FIG. 16B shows an
electroencephalogram signal when the facial electrode por-
tion is disposed in the mid portion of the eye-socket upper
edge; and FIG. 16C shows an electroencephalogram signal
when the facial electrode portion 12 is disposed in the lower
portion of the eye-socket upper edge. As shown in FIGS. 16 A,
16B, and 16C, as the facial electrode portion 12 goes from
above the eye-socket upper edge to below the eye-socket
upper edge, signals associated with blinking increase in
amplitude.

[0156] This is presumably because, as has been described
with reference to FIG. 22 above, the positively-charged cor-
nea of the eyeball and the eyelid rub against each other
through blinking, thus allowing the positive potential of the
cornea to be transmitted to the eyelid. The reason why the
noise is greater for the lower portion of the eye-socket upper
edge 1s that the lower portion of the eye-socket upper edge is
closer to the cornea, thus receiving more influence of the
positive potential.

[0157] Therefore, by measuring the amplitude levels of
signals associated with blinking, it becomes possible to pre-
dict which portion of the eye-socket upper edge the facial
electrode portion 12 is worn at, thus enabling a determination
as to whether the facial electrode portion 12 is worn at the
proper position or not.

[0158] For determining a shift of the facial electrode por-
tion 12, at step S202 of FIG. 14, the facial electrode position
determination section 15 measures the amplitude of a signal
associated with a blink (a signal in the frequency band of 1.7
Hz to 2.2 Hz of the measured electroencephalogram signal),
and determines whether the amplitude exceeds an upper
threshold value or not. Based on FIG. 16C, the upper thresh-
old value may be set to 1200 pV, for example.

[0159] If the signal amplitude is greater than the upper
threshold value, it is determined that the position of the facial
electrode portion 12 has shifted below the eye-socket upper
edge. Therefore, at step S203, the facial electrode position
determination section 15 instructs the output section 14 to
present an alarm to the user 10 for informing that “the HMD
has shifted in the lower direction” or that “the HMD needs to
be moved in the upper direction”. By utilizing a display or a
loudspeaker, the output section 14 presents an alarm to the
user 10, e.g., displaying an alarm or ringing an alarm sound.

[0160] With reference to FIGS. 17A and 17B, an example
of presenting an alarm to the user by utilizing the display 14
shown in FIG. 6 will be described. FIG. 17A is an example of
indicating the text “HMD has shifted in lower direction.
Please adjust” on the display, thus prompting the user to
make an adjustment. In this case, presentation may be con-
tinued, e.g., while flickering the character sequence, until the
shift of the HMD is eliminated, or displaying may be per-
formed for a fixed time (e.g., 5 seconds) immediately after a
shift occurs.

[0161] FIG.17Bisanexample of presenting an alarm to the
user via an icon on the display 14. If the HMD has shifted in
the lower direction, the HMD needs to be moved in the upper
direction, and therefore an upper arrow icon indicating the
direction in which to adjust the HMD or the like is indicated
on the display.

[0162] If the signal amplitude is equal to or less than the
upper threshold value, at step S204 of FIG. 14, the facial
electrode position determination section 15 determines
whether the amplitude of the signal associated with blinking
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is smaller than a lower threshold value or not. Based on FIG.
16A, the lower threshold value may be set to 400 uV, for
example.

[0163] If the signal amplitude is smaller than the lower
threshold value, it is determined that the position of the facial
electrode portion 12 has shifted above the eye-socket upper
edge, and, at step S205, the facial electrode position determi-
nation section 15 instructs the output section 14 to present an
alarm to the user 10 for informing that “the HMD has shifted
in the upper direction”. By utilizing a display or a loud-
speaker, the output section 14 presents an alarm to the user 10,
e.g., displaying an alarm or ringing an alarm sound. The alarm
presentation method in this case is similar to the aforemen-
tioned presentation method.

[0164] Ifthe signal amplitude is equalto or greater than the
lower threshold value, it is determined that the facial elec-
trode portion 12 is correctly worn at the eye-socket upper
edge of the user 10, and alarm presentation to the user 10 is
not performed.

[0165] The facial electrode position determination section
continues on the determination of the position of the electro-
encephalogram interface system 2, along the flow of pro-
cesses shown in FIG. 14 above.

[0166] As described above, based on whether the ampli-
tudes of signals associated with blinking fall between the
predetermined upper threshold value and lower threshold
value, the facial electrode position determination section 15
determines the position of the facial electrode portion 12.
Herein, the facial electrode position determination section 15
regards any signal in the frequency band of the 1.7 Hz to 2.2
Hz of the measured electroencephalogram signal as a signal
associated with blinking. Then, if the amplitude of the signal
associated with blinking do not fall between the upper thresh-
old value and the lower threshold value, it is determined that
the HMD is not correctly worn, and therefore the facial elec-
trode position determination section 15 gives an alarm to the
user 10 via the output section 14. This alarm informs the user
ofthe presence of a shift, e.g., the fact that the HMD is shifted,
or a direction in which to correct the HMD shift. This allows
attention of the user 10 to be drawn to the fact that the
electroencephalogram interface system 2 must be correctly
worn, even in cases where the user 10 himself or herself does
not notice the shift of the electroencephalogram interface
system 2, e.g., (1) the position at which the electroencepha-
logram interface system 2 is worn is likely to shift because of
the varying face shape of each individual; (2) the position at
which the electroencephalogram interface system 2 is worn
becomes gradually shifted in the lower direction due to the
self weight of the electroencephalogram interface system 2;
and (3) the position of the electroencephalogram interface
system 2 has changed due to the motion, posture, and the like
of the user 10. The aforementioned alarm makes it possible to
measure an electroencephalogram always with the correct
electrode position, thus allowing the electroencephalogram
interface to operate with a stable accuracy.

[0167] Although the present embodiment adopts an
approach of determining the position of the facial electrode
portion 12 by utilizing blink amplitudes, the determination
may be based on the amplitude levels of signals associated
with eye movements, or the determination may be made
through matching of the amplitude and shape of an electro-
encephalogram signal.

[0168] Although the present embodiment illustrates an
example of presenting an alarm to the user 10 from the output
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section 14 when the electroencephalogram interface system 2
is improperly worn, the state of wearing the HMD may be
presented to the user also when the device is properly worn.
An example of such presentation is described with reference
to FIGS. 18A and 18B.

[0169] FIG. 18A shows an example where a bar indicating
the range of an eye-socket upper edge is shown on the display
14 to present to the user 10 in real time the position of the
facial electrode portion 12 as determined by the facial elec-
trode position determination section 15, thus providing a
notification of the state in which the HMD is worn. FIG. 18B
is an example where, by utilizing LEDs 180 provided in the
device or the display 14 of FIG. 6, a state in which the HMD
1s worn is displayed by the output section 14 in icon colors,
e.g., “blue” to indicate a state of correct wearing and “red” to
indicate a state of shift.

[0170] Embodiments of the present invention have been
described above.

[0171] In the drawings related to the Embodiments
described above, the electrodes are illustrated as circular-
shaped disk electrodes which are commonly used in electro-
encephalogram measurement. However, this is only an
example, and electrodes of any other shape may be adopted.
[0172] FIG. 19 shows electrodes of various shapes. FIG.
19A shows a rectangular electrode; FIG. 19B shows an elon-
gated electrode (e.g., an ellipse or a rectangle); and FIG. 19C
shows an electrode having protrusions 191 on its surface.
[0173] In the drawings related to the Embodiments above,
the endpiece portions 21 are illustrated as having a shape
identical to the endpiece portions of generic eyeglasses. Any
other shape may be adopted for the endpiece portions 21 as
well.

[0174] FIG. 20A shows an endpiece portion 21a which is
shaped by curving the tip end of the earlier-described temple
portion.

[0175] FIG. 20B shows an endpiece portion 215 such that
the temple portion is bulged in a shape which is caught by an
upper portion of an ear of the user 10. FIG. 20C shows a cord,
instead of an endpiece portion, being disposed on the temple
portion or therim portion. This cord (or rubber piece) fixes the
electroencephalogram interface system 1 onto an ear of the
user 10. FIG. 20D shows an endpiece portion 214 which is
inserted into the temple portion in a detachable manner. These
electrode shapes indicate a possibility that, not only that the
ear electrode portion 11 may be disposed in a portion of an
endpiece portion, but also the ear electrode portion 11 itself
may define the shape of an endpiece portion.

[0176] Furthermore, specific constructions of the elastic
portion 111 (e.g. FIG. 11) described in Embodiment 2 are
variously possible.

[0177] FIGS. 21A to 21C each illustrate a portion of a
temple portion which includes the elastic portion 111 and the
tension detection section 112.

[0178] FIG. 21 A shows an elastic portion 210« including a
spring, which was mentioned in connection with Embodi-
ment 2. Each of rectangular parts drawn in a thin solid line
indicates the temple portion, which is herein called as “temple
subportion”. A rectangular part drawn in a broken line indi-
cates the elastic portion 210a. An elastic body such as a spring
is included in the elastic portion 111, such that one end of the
elastic body is connected to the tension detection section 112
and the other end is connected to a temple subportion on the
endpiece portion side. When the elastic body is stretched,
force is applied at the position of the elastic body connected to
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the tension detection section 112, thus enabling the tension
detection section 112 to detect a tension, whereby the timing
when the user 10 wears the HMD can be detected. A signal
line for transmitting an electroencephalogram signal from the
ear electrode portion 11 is connected to the facial electrode
position determination section 15 and the electroencephalo-
gram measurement and determination section 13 through the
interior or exterior of the elastic body.

[0179] FIG. 21B shows an example where the elastic body
is a piece of rubber rather than a spring. Thus, the elastic body
may be any of various elastic bodies that are capable of
undergoing changes in length, without being limited to a
spring, rubber, or the like.

[0180] FIG. 21C shows an example where, rather than an
elastic body, a slidable fixture 210¢ is included in the elastic
portion 111. This mechanism allows the length of the temple
portion to be adjusted in a stepwise manner, where a protru-
sion on one temple subportion fits into a hole in the other
temple subportion for fixing the length. The tension detection
section 112 is connected to both temple subportions, and
detects a tension acting at the position of the hole which
receives the protrusion of the temple portion, or a tension
acting on both temple subportions, whereby the timing when
the user 10 wears the HMD is detected. Note that the afore-
mentioned method of length adjustment is only exemplary;
the present invention also encompasses any mechanism that
permits length adjustment in a stepless manner (e.g., via a
screw), rather than in a stepwise manner.

[0181] An electroencephalogram interface system accord-
ing to the present invention is broadly applicable to cases
where an electroencephalogram measurement is performed
on the face. Without being limited to an eyeglass-type HMD
having lenses in front of both eyes, an electroencephalogram
interface system according to the present invention is also
available for constructing an electroencephalogram-based
interface in any wearable device to be worn on the face, e.g,,
awearable device to be worn on one side of the face as shown
in FIG. 10.

[0182] While the present invention has been described with
respect to preferred embodiments thereof, it will be apparent
to those skilled in the art that the disclosed invention may be
modified in numerous ways and may assume many embodi-
ments other than those specifically described above. Accord-
ingly, it is intended by the appended claims to cover all
modifications of the invention that fall within the true spirit
and scope of the invention.

What is claimed is:

1. An eyeglass-type electroencephalogram interface sys-
tem having an endpiece portion, a rim portion, and a nose pad
portion, and to be worn on a head of a user, comprising:

an output section, disposed at the rim portion, and config-

ured to present a visual stimulation to the user;

an ear electrode portion disposed at a position coming in

contact with an ear of the user when the eyeglass-type
electroencephalogram interface system is worn,

a facial electrode portion disposed at the nose pad portion
coming in contact with a face of the user below a straight
line connecting an external canthus and an internal can-
thus of an eye of the user. such that the mass of the
eyeglass-type electroencephalogram interface system is
supported at the nose pad portion, when the eyeglass-
type electroencephalogram interface system is worn,;
and
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an electroencephalogram measurement and determination
section configured to measure an event-related potential
on the basis of a potential difference between the ear
electrode portion and the facial electrode portion, based
on a timing of presenting the visual stimulation as a
starting point.

2. The electroencephalogram interface system of claim 1,
wherein the ear electrode portion is disposed on a same side as
the facial electrode portion with respect to the straight line
connecting the external canthus and the internal canthus of an
eye of the user.

3. The electroencephalogram interface system of claim 1,
wherein the ear electrode portion comes in contact with the
user behind an ear.

4. The electroencephalogram interface system of claim 1,
wherein,

the electroencephalogram measurement and determination

section holds a determination criterion database storing
data of a plurality of waveforms concerning event-re-
lated potentials;

the determination criterion database stores data of a wave-

form of an event-related potential appearing when wish-
ing to make a selection and data of a waveform of an
event-related potential appearing when not wishing to
make a selection; and

the electroencephalogram measurement and determination

section causes a process associated with the visual
stimulation to be executed when determining that a
waveform of the measured event-related potential is
closest to that of the event-related potential when wish-
ing to make a selection.

5. The electroencephalogram interface system of claim 1,
further comprising a facial electrode position determination
section configured to determine a position of the facial elec-
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trode portion based on whether, in the electroencephalogram
signal of the user, an amplitude of a signal associated with a
blink of the user falls between a predetermined upper thresh-
old value and a predetermined lower threshold value.

6. The electroencephalogram interface system of claim 5,
wherein,

the electroencephalogram measurement and determination

section measures the electroencephalogram signal
based on a potential difference between the ear electrode
portion and the facial electrode portion; and

in the measured electroencephalogram signal, the facial

electrode position determination section regards a signal
in a predetermined frequency band as a signal associated
with a blink of the user.

7. The electroencephalogram interface system of claim 6,
wherein, in the measured electroencephalogram signal, the
facial electrode position determination section regards a sig-
nal in a frequency band of 1.7 Hz to 2.2 Hz as a signal
associated with a blink of the user.

8. The electroencephalogram interface system of claim 7,
wherein, when an amplitude of a signal associated with a
blink of the user is greater than the upper threshold value or
smaller than the lower threshold value, the output section
presents an alarm indicating that the eyeglass-type electroen-
cephalogram interface system is shifted in position.

9. The eyeglass-type electroencephalogram interface sys-
tem of claim 1, wherein the mass of the electroencephalogram
interface system acting on the nose pad portion is greater than
that acting on the endpiece portion when the eyeglass-type
electroencephalogram interface system is worn.

10. The eyeglass-type electroencephalogram interface sys-
tem of claim 1, wherein the ear electrode portion is disposed
at the endpiece portion.
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