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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to an apparatus
to measure bio-information. Particularly, the present in-
vention relates to an apparatus to measure bio-informa-
tion regarding human heartbeats, such as cardiac poten-
tial and pulse waves, and more specifically, to a neck-
band type bio-information detecting apparatus attached
(or worn) around a human neck part.

2. Description of Related Art

[0002] There have been developed techniques of pro-
moting reduction in dimension of sensors capable of
measuring bio-information regarding human heartbeats,
such as cardiac potential and pulse waves, and trans-
mitting measurement values of these sensors via radio
communication. Therefore, there have been proposed
various portable bio-information detecting apparatuses
attached to heads, necks, or the like of examinees so as
to allow the examinees to relatively freely take exercise.
Forexample, in Japanese Patent Application Publication
No. 2003-325466, proposed is a bio-information detect-
ing apparatus configured to include electrodes coming
into contact with a neck part of an examinee so as to
detect cardiac potential of the examinee, at both ends of
a C-shaped neck band attached to the examinee from
the back side of his or her neck part, and transmit the
potential difference of the electrodes to the outside via
radio communication. Japanese Patent Application Pub-
lication No. 2007-202939 discloses a configuration that
provides both ends of a C-shaped neck band as de-
scribed above with not only measurement means of car-
diac potential, but also sensor means to optically meas-
ure blood oxygen saturation in the carotid artery of an
examinee so as to detect his or her pulse waves. Fur-
thermore, Japanese Patent Application Publication No.
2015-73557 discloses a configuration that provides a C-
shaped neck band attached to an examinee from the
back side of his or her neck part with sensor means to
optically measure blood oxygen saturation. In particular,
a bio-information detecting apparatus configured to in-
clude cardiac potential measurement means and pulse
wave detecting means to optically measure blood oxygen
saturation on a C-shaped neck band of the apparatus
attached from the back side of a neck part has an advan-
tage in that the apparatus has a smaller dimension, and
does not cause much influence on any exercise taken
by an examinee.

[0003] One ofthe current challenges in bio-information
detecting apparatuses including measurement means to
measure cardiac potential and pulse waves on neck
bands attached around neck parts is to measure cardiac
potential and blood oxygen saturation with as high meas-
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urement sensitivity as possible. For example, if cardiac
potential is measured at a neck part, its measurement
partis located apart from a heart; thus measurement sen-
sitivity becomes considerably deteriorated compared
with the case of measuring cardiac potential at a chest
part near the heart. Actually, cardiac potential measuring
means of a type that has electrodes at both ends of a
neck band detects considerably smaller amplitudes of
measurement values of cardiac potential. When a neck
band is attached around a neck part, elasticity of the neck
band is utilized so as to prevent the neck band from drop-
ping off the neck. However, depending on the degree of
pressure onto a vessel with too strong elasticity, it is con-
firmed that some influence might be caused to ampli-
tudes of measurement values of pulse waves (blood ox-
ygen saturation). Hence, in above described neck-band
type bio-information detecting apparatuses attached
around neck parts, it is preferable to improve configura-
tions thereof in order to improve measurement sensitivity
of cardiac potential and pulse waves.

SUMMARY OF THE INVENTION

[0004] Accordingly, one aim of the present invention
is to provide a novel configuration to improve sensitivity
of measurement values of cardiac potential and blood
oxygen saturation in a bio-information detecting appara-
tus having measurement means of cardiac potential and
pulse waves in a neck band attached around a neck part.
[0005] According to one aspect of the present inven-
tion, there is provided is a bio-information detecting ap-
paratus, including: a band member curved in a C-shape,
the band member attached in a manner as to extend
along a neck part of an examinee from a back side of the
neck part toward both lateral sides of the neck part; and
a pair of electrodes for cardiac potential measurement
of the examinee, the pair of electrodes disposed at po-
sitions of the band member that come into contact with
right and left skin surfaces of the neck part of the exam-
inee, wherein, of the pair of electrodes, a position of the
electrode located on the right of the examinee is located
relatively more frontward than a position of the electrode
located on the left of the examinee. In the above config-
uration, as is easily understood with reference to draw-
ings of embodiments described later, the "band member
curved in a C-shape" denotes a member having a neck
band structure attached from the back side of the neck
part of the examinee, and typically is formed by a flexible
or elastic material, such as a plastic material that has
been commonly used in this field. The "pair of electrodes
for cardiac potential measurement" may be electrode
pieces commonly used in this field, and each of the elec-
trodes has a dimension of approximately several mm to
2 cm large enough for measuring the cardiac potential.
[0006] As aforementioned, in the bio-information de-
tecting apparatus of the present invention, the "pair of
electrodes for cardiac potential measurement" is ar-
ranged on the "band member" in a manner as to be in
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contact with the right and left skin surfaces of the neck
part of the examinee, and the positions of the electrodes
are arranged in such a manner that the electrode located
on the right of the examinee is disposed relatively more
frontward than the position of the electrode located on
the left of the examinee. As described later, if the pair of
electrodes are arranged on the band member, various
configurations of electrode arrangement along the band
member may be considered; and according to experi-
ments conducted by the inventors of the present inven-
tion, it has been found that if the electrode on the right is
disposed more frontward than the electrode on the left,
the amplitude of the measured cardiac potential becomes
considerably greater than that in the other cases, thereby
measuring the cardiac potential in a preferable manner.
In the apparatus of the present invention, as aforemen-
tioned, the electrode located on the right of the examinee
is disposed relatively more frontward than the position of
the electrode located on the left of the examinee, thereby
increasing the measurement sensitivity of the cardiac po-
tential. It has also been found that if the electrode located
on the right is disposed in a more frontward region on
the band member than the right lateral side of the neck
part of the examinee, and the electrode located on the
left is disposed at a more backward position on the band
member than the left lateral side of the neck part of the
examinee, the amplitude of the measured cardiac poten-
tial becomes the maximum. Hence, more preferably, in
the apparatus of the invention, as aforementioned, the
electrode on the right may be disposed in a more front-
ward region on the band member than the right lateral
side of the neck part of the examinee, and the electrode
on the left may be disposed at a more backward position
on the band member than the left lateral side of the neck
part of the examinee.

[0007] In the above electrodes, it may be configured
that each contact surface of the pair of electrodes that
comes into contact with the skin surface of the neck part
of the examinee is in a flat state or in a curved state in a
direction in which a center portion of the contact surface
protrudes more than a peripheral edge of the contact
surface toward the skin surface of the neck part of the
examinee, the protrusion being within a range of not more
than 1 mm. With respect to the contact surface of each
electrode, in order to bring each electrode to stably con-
tact with the neck part of the examinee, for example, it
is considered to be preferable that the contact surface of
each electrode with the skin surface of the neck part of
the examinee is formed to be curved such that the center
portion of the contact surface protrudes more than the
peripheral edge thereof toward the skin surface of the
neck part of the examinee so as to securely contact with
the skin surface of the neck part. According to the exper-
iments, it has been found that the amplitude of the meas-
ured cardiac potential is detected with the most excellent
sensitivity, and if the center portion of the contact surface
protrudes more than the peripheral edge thereof by more
than 1 mm toward the skin surface of the neck part of the
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examinee, the amplitude of the measured cardiac poten-
tial becomes significantly decreased compared with the
case of the contact surface having a flat shape. In the
present invention, preferably, it may be configured that
the contact surface of each electrode that comes into
contact with the skin surface of the neck part of the ex-
aminee is in a flat state or in a curved state in a direction
in which a center portion of the contact surface protrudes
more than a peripheral edge thereof toward the skin sur-
face of the neck part of the examinee, the protrusion be-
ing within a range of not more than 1 mm.

[0008] Furthermore, with respect to the aforemen-
tioned electrodes, according to the experiments, it has
been found that if the contact area of each electrode with
the skin surface of the neck part of the examinee is less
than 25 mm2, the measurement sensitivity to the ampli-
tude of the cardiac potential becomes significantly de-
creased. Hence, in the above described present inven-
tion, preferably, a contact area of each of the pair of elec-
trodes that comes into contact with the skin surface of
the neck part of the examinee may be more than 25 mm?2.
[0009] According to another aspect of the present in-
vention, there is provided a bio-information detecting ap-
paratus including: a band member curved in a C-shape,
the band member attached in a manner as to extend
along a neck part from a back side of the neck part toward
both lateral sides of the neck part to a region more front-
ward than the lateral side of the neck part; and a substrate
disposed at a position on the band member that comes
into contact with the neck part of the examinee, the sub-
strate having a light emitting part and a light receiving
part that are used for optically measuring a blood oxygen
saturation for pulse measurement of the examinee,
wherein in a state in which the substrate is in contact with
askin surface of the neck part of the examinee, a pressing
force of the substrate against the skin surface of the neck
part is 0.96 to 1.21[N/cm?]. The "substrate having a light
emitting part and a light receiving part used for optically
measuring blood oxygen saturation for pulse measure-
ment" may be any sensor unit optically measuring the
blood oxygen saturation in this field, as described in JP
2007-202939 A, for example. With respect to such a sub-
strate for the pulse measurement, there might be con-
sidered various factors to cause influence on the magni-
tude of the amplitude of the blood oxygen saturation that
is a measurement value obtained when the substrate
comes into contact with the skin surface of the examinee.
According to the studies by the inventors of the present
invention, it has been found that the magnitude of the
amplitude of the blood oxygen saturation depends on the
pressing force of the sensor unit. In particular, it has been
found that the pressing force falls within a range of 0.96
to 1.21[N/cmZ2], the amplitude of the blood oxygen satu-
ration becomes increased, and the change in blood ox-
ygen saturation, that is, the pulse can be detected with
a preferable sensitivity. Hence, as aforementioned, in the
present invention, in a state in which the substrate is in
contact with a skin surface of the neck part of the exam-
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inee, a pressing force of the substrate against the skin
surface of the neck part is 0.96 to 1.21 [N/cmZ2]. Such a
pressure adjustment can be achieved by adjusting the
elastic force of the band member when the band member
is attached around the neck part of the examinee.
[0010] The configuration of setting the pressing force
of the substrate for the pulse measurement to be within
a range of 0.96 to 1.21[N/cmZ2] may be applicable to the
bio-information detecting apparatus including the config-
uration regarding the aforementioned electrodes for the
cardiac potential measurement. According to this config-
uration, it is possible to hold the apparatus having the
band-like structure curved in a C-shape against the neck
part in a manner as not to be out of position by the elec-
trodes and the substrate, thereby measuring both the
cardiac potential and the pulse with an excellent sensi-
tivity, which results in advantage.

[0011] As aforementioned, in the configuration of the
above described presentinvention, itis possible to meas-
ure cardiac potential and pulse pertinent to human heart-
beats with a more excellent sensitivity through the neck-
band type apparatus attached around a human neck part,
compared with the conventional configuration. The neck-
band type apparatus attached around a human neck part
is portable and allows measurement at portions of an
examinee regardless of accessories and clothes, which
results in advantage. According to the present invention,
it is expected to improve measurement accuracy of car-
diac potential and pulse in a neck-band type bio-informa-
tion detecting apparatus as above configured, and it is
also expected to facilitate measurement of cardiac po-
tential and pulse more than the conventional one, and
promote increase in opportunity to use the apparatus.
[0012] The other objects and advantages of the
present invention will be revealed by the following de-
scription of preferable embodiments of the present in-
vention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Features, advantages, and technical and indus-
trial significance of exemplary embodiments of the inven-
tion will be described below with reference to the accom-
panying drawings, in which like numerals denote like el-
ements, and wherein:

FIG. 1A is a schematic perspective view of a bio-
information detecting apparatus of the present in-
vention;

FIG. 1B is a schematic perspective view of the bio-
information detecting apparatus of the present in-
vention in a state of being attached around a neck
part of an examinee;

FIG. 1C is a schematic plan view of the bio-informa-
tion detecting apparatus of the present invention;
FIG. 1D is a drawing illustrating an internal configu-
ration of a signal flow of the bio-information detecting
apparatus of the present invention in a block dia-
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gram;
FIG. 2A shows an example of measurement data of
cardiac potential measured by a pair of electrodes
for cardiac potential measurement in the bio-infor-
mation detecting apparatus of the present invention;
FIG. 2B shows an example of measurement data of
an optical blood saturation measurement unit for
pulse wave measurement in the bio-information de-
tecting apparatus of the present invention;

FIG. 3A shows a schematic side view showing a state
in which the optical blood saturation measurement
unit for pulse wave measurement in the bio-informa-
tion detecting apparatus is pushed against a skin
surface of a neck part of an examinee;

FIG. 3B is a schematic plan view showing the state
in which the optical blood saturation measurement
unit for pulse wave measurement in the bio-informa-
tion detecting apparatus is pushed against the skin
surface of the neck part of the examinee;

FIG. 3C shows respective pressure pressing forces
of the optical blood saturation measurement unit for
pulse wave measurement against the skin surface
of the neck part and change in amplitude of meas-
ured pulse waves (blood saturation);

FIG. 4A is a drawing schematically showing various
arrangement examples of the pair of electrodes for
cardiac potential measurement in the bio-informa-
tion detecting apparatus;

FIG. 4B shows respective amplitudes of the cardiac
potential obtained by attaching the electrodes in the
respective arrangement examples of FIG. 4A to the
examinee;

FIG. 4C shows respective heart rates detected by
attaching the electrodes in the various arrangement
examples of FIG. 4A to the examinee;

FIG. 5A is a drawing showing respective sectional
shapes of contact surfaces in contact with the skin
surface of the neck part of the examinee of each
electrode for cardiac potential measurement in the
bio-information detecting apparatus, and corre-
sponding cardiac potential measurement examples;
FIG. 5B shows change in amplitude of the cardiac
potential measured depending on respective
amounts of protrusion of a center portion relative to
a peripheral edge of the contact surface of each elec-
trode; and

FIG. 5C shows change in amplitude of the cardiac
potential measured depending on the respective ar-
eas of the contact surfaces of the electrode.

DETAILED DESCRIPTION OF EMBODIMENTS

[0014] Several preferable embodiments of the present
invention will be described with reference to accompa-
nying drawings, hereinafter. In the following drawings,
the same reference numerals indicate the same parts.
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Basic configuration of bio-information detecting appara-
tus

[0015] With reference to FIG. 1A, a bio-information de-
tecting apparatus 1 of the present invention includes, as
a basic configuration thereof, a band member 2 curved
in a substantially C-shape, and a pair of electrodes 4a,
4b for cardiac potential measurement fixed on an inner
side of the C-shape of the band member 2, and an optical
blood saturation measurement unit 5 for pulse wave
measurement (referred to as a "pulse measurement
unit", hereinafter). A signal processing unit 3 receives
potential differences between the electrode 4a and the
electrode 4b, and measurement values (light intensity
received by a light receiving part as described later) of
the pulse measurementunit 5, andincludes aradio trans-
mitting unit that transmits the above data to any external
processing unit, and this signal processing unit 3 is fixed
to the vicinity of the center portion of the C-shaped band
member 2. The band member 2 may typically be formed
by a flexible or elastic material, such as a plastic material
or aresin material, or such as a plastic material or aresin
material containing a metallic band-like member there-
inside. The pair of electrodes 4a, 4b may be any electrode
elements for cardiac potential measurement used in this
field, and the pulse measurement unit 5 may be any (re-
flecting-type) optical pulse measurement device (sub-
strate including a light emitting part and the light receiving
part) used in this field. The bio-information detecting ap-
paratus 1 is a so-called neck-band type apparatus, and
is configured, as schematically illustrated in FIG. 1B and
FIG. 1C, such that the band member 2 to which the signal
processing unit 3 is fixed is attached in such a manner
that a center region of the C-shape of the band member
2 is disposed to a back side of a neck part N of an ex-
aminee, and the band member 2 extends along and sur-
rounds the neck part N so that both ends of the C-shape
reach respective positions more frontward than both lat-
eral sides (or lateral mid points) SI, Sr of the neck part N
of the examinee. On the band member 2, the pair of elec-
trodes 4a, 4b are arranged such that respective electrode
surfaces come into contact with skin surfaces on the left
and right of the neck part N in a state in which the bio-
information detecting apparatus 1 is attached (or worn)
around the neck part N. The pulse measurement unit 5
is arranged with a measurement surface (the light emit-
ting part and the light receiving part) thereof in contact
with the skin surface of the neck part N in the state in
which the bio-information detecting apparatus 1 is at-
tached around the neck part N. The signal processing
unit 3 includes, more specifically, a signal processing
substrate 3b that receives and processes signals from
the pair of electrodes 4a, 4b and the pulse measurement
unit 5, and a battery 3a used for driving the electrodes
4a, 4b, the pulse measurement unit 5, and the signal
processing substrate 3b.

[0016] The configuration of signal processing in the
cardiac potential measurement and the optical pulse
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measurement in the bio-information detecting apparatus
1 of the aforementioned neck-band type may be any sig-
nal processing for cardiac potential measurement and
pulse wave measurement. Briefly stated, as shown in
FIG. 1D, the cardiac potential measurementis processed
in such a manner that the potential difference between
the pair of electrodes 4a and 4b in contact with the skin
surfaces of the neck part N of the examinee is succes-
sively sent to an amplifier to be amplified, and digitized
by an AD converter, and then is processed in the signal
processing unitto be sentto any external processing unit.
The potential difference obtained herein is cardiac po-
tential oscillating in accordance with heartbeats, as
shown in FIG. 2A. Meanwhile, in the optical pulse meas-
urement, a light having a wavelength bandwidth to be
absorbed into hemoglobin combined with oxygen in an
arterial blood from the light emitting part provided on the
measurement surface of the pulse measurement unit 5
in contact with the skin surface of the neck part N of the
examinee is radiated onto a surface layer of the skin. In
the above radiated light, a light reflected onto the surface
layer of the skin without being absorbed into the hemo-
globin combined with oxygen in the arterial blood is re-
ceived by the light receiving part (also referred to as a
reflecting-type pulse oxymeter). Signals indicating the
light intensity of the light received by the light receiving
part are successively sent to the amplifier to be amplified,
digitalized by the AD converter, and is then processed in
the signal processing unit to be sent to any external
processing apparatus. As is well known in this field, the
light intensity received by the light receiving part is pro-
portional to amount of hemoglobin combined with oxygen
in blood (oxygen saturation), and the amount of blood-
stream hemoglobin becomes increased or decreased in
accordance with the pulse. Hence, the light intensity re-
ceived by the light receiving part oscillates, and these
oscillations are correspondent to the pulse, as exempli-
fied in FIG. 2B. Accordingly, the signals indicating the
cardiac potential and the signals indicating the pulse are
respectively transmitted from the radio communicating
unit to any external processing apparatus.

[0017] As described above, in the cardiac potential
measurement and the optical pulse measurement of the
bio-information detecting apparatus 1 attached around
the neck part of the examinee in the aforementioned man-
ner, one of the challenges to be achieved is how to im-
prove the measurement sensitivity of the cardiac poten-
tial and the pulse (oxygen saturation). In the successive
cardiac potential data and pulse wave data as exempli-
fied in FIG. 2A and FIG. 2B, as illustrated in these draw-
ings, amplitudes of the oscillating waveforms are meas-
ured, occurrence of the oscillations, that is, occurrence
of the heartbeats or the pulse is successively detected,
and then the heart rate and the pulse rate are measured.
With respect to this, in the cardiac potential measure-
ment, the cardiac potential, which has conventionally
been measured at a chest part near the heart, is instead
measured at the neck part further away from the heart,
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and thus the amplitude of the cardiac potential is de-
creased more than that in the case of measurement at
the chest part near the heart. In the pulse measurement,
change in blood flow rate in the artery is measured, but
if the blood is pooled (or restrained) in the vessel, the
blood flow rate decreases, and thus the amplitude of the
pulse (oxygen saturation) becomes decreased. In par-
ticular, because the bio-information detecting apparatus
1 is supposed to be attached around the neck part of the
examinee, it is necessary to stably maintain the contact
state of the electrodes and the pulse measurement unit
with the skin surface even if the body of the examinee
moves to some extent.

[0018] To cope with this, the inventors of the present
invention have conducted various studies, and as a re-
sult, they have found a novel configuration capable of
increasing measurement sensitivity of the cardiac poten-
tial and the pulse, in particular, the respective amplitudes
of the cardiac potential and the pulse. Hereinafter, the
novel configuration in the bio-information detecting ap-
paratus 1 according to the present invention will be de-
scribed.

Pressing force of pulse measurement unit

[0019] The aforementioned bio-information detecting
apparatus 1is positioned in a stable manner with an elas-
tic force F (applied in a direction vertical to an extending
direction of the neck part) of the band member 2 when
the bio-information detecting apparatus 1 is attached
around the neck part N of the examinee, as schematically
illustrated FIG. 3A. In such a configuration, the pulse
measurement unit 5 and the pair of electrodes 4a, 4b that
are disposed on the C-shaped inner side of the band
member 2 are pressed against the skin surface of the
neck part N, as schematically illustrated in FIG. 3B. At
this time, particularly in the pulse measurement, an ex-
cessively strong pressing force P causes reduction in
blood flow rate due to pooled blood in the vessel, as afore-
mentioned, and thus the measured sensitivity (magni-
tude of the amplitude of the pulse) becomes decreased.
In addition, if the pressing force P is excessively weak,
the band member 2 is likely to move, or the pulse meas-
urement unit 5 is likely to be out of contact with the skin
surface, and thus the measurement sensitivity also be-
comes decreased. To cope with this difficulty, studies
have been carried out to determine a preferable range
of the pressing force to press the pulse measurement
unit 5 against the skin surface in which a measurement
value of the pulse measurement unit 5 falls within an
acceptable range.

[0020] The bio-information detecting apparatus 1 us-
ing plural band members 2 with different elastic forces F
was attached to the examinee so as to variously change
the pressing force P of the pulse measurement unit 5
against the skin surface, and measure the pulse depend-
ing on the various pressing forces P by using the pulse
measurement unit 5. As a result, change in amplitude
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(defined in FIG. 2B) obtained from the measurement data
of the pulse depending on the various pressing forces
exhibits a result as shown in FIG. 3C. In the drawing,
each point "e" represents a data plot, and a chain line
represents a lower limit value of the acceptable ampli-
tude.

[0021] Asis understood with reference to this drawing,
if the pressing force falls within a range of 0.96 to
1.21[N/cmZ2], the amplitude becomes an acceptable val-
ue, and in particular, the amplitude becomes the maxi-
mum with the pressing force in the vicinity of 1.1[N/cm?2].
This pressing force is equivalent to a force to push down
the skin surface by approximately 1 mm.

[0022] As described above, in the bio-information de-
tecting apparatus 1 of the present invention, the dimen-
sion of the band member 2 is so defined as to apply the
elasticforce F of the band member 2 causing the pressing
force of the pulse measurement unit 5 against the skin
surface of the neck part that falls within a range of 0.96
to 1.21[N/cm?2], more preferably, within a range of ap-
proximately 1.1[N/cm?], thereby improving the sensitivity
of the pulse measurement. A significant pressing force
within the above range is applied from the pulse meas-
urement unit 5 onto the neck part so that the apparatus
having the band-like structure curved in a C-shape can
be held relative to the neck part while preventing the ap-
paratus from being out of position, which attains another
advantage (it has been confirmed that the cardiac poten-
tial can be measured within the above pressing-force
range if the following conditions of the configuration re-
garding the electrodes are satisfied).

Arrangement configuration of electrodes for cardiac po-
tential measurement

[0023] Based on the studies conducted by the inven-
tors of the present invention, it has been found that the
amplitude of measured cardiac potential is greatly affect-
ed by the arrangement of the pair of electrodes for cardiac
potential measurement in a direction along the C-shape
of the band member 2 (longitudinal direction of the band
member 2), and in particular, if the electrode located on
theright of the examinee is disposed relatively more front-
ward than the position of the electrode located on the left
of the examinee, the cardiac potential amplitude be-
comes greatly increased compared with that in the other
cases.

[0024] With reference to FIGS. 4, each cardiac poten-
tial was measured by using the right and left electrodes
against the neck part N in various arrangements A to F
in the longitudinal direction of the band member 2, as
shown in FIG. 4A; and magnitudes of the amplitudes as
defined in FIG. 2Ain measurement data and correspond-
ing heart rates detected in the measurement data were
results as respectively shown in FIG. 4B and FIG. 4C.
These results indicate respective average values (bar
graphs) and respective standard deviations (error bars)
obtained from the measurement data for 30 seconds from
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three examinees. An electrode having a flat contact sur-
face of 5 mm x 5 mm was used as each electrode. Each
of chain lines in the drawings indicates a lower limit of an
acceptable value for each detected value in each vertical
axis.

[0025] As is understood with reference to the results
in the FIG. 4B and FIG. 4C, with respect to both the am-
plitude and the heart rate, each average value and each
standard deviation are more than the respective accept-
able values in the arrangements B, C, and D in FIG. 4A,
thatis, inthe arrangement where the electrode 4alocated
on the right of the examinee was located relatively more
frontward than the position of the electrode 4b on the left
of the examinee. In particular, in the arrangement in
which the right electrode 4a was located in a more front-
ward region than the lateral side of the neck part of the
examinee, and in the arrangement in which the left elec-
trode 4b was located more backward than the lateral side
of the neck part of the examinee, the respective meas-
urement values of both the amplitude and the heart rate
become the maximum. In the bio-information detecting
apparatus 1 of the present invention, it is possible to im-
prove the measurement sensitivity of the cardiac poten-
tial by arranging the electrode located on the right of the
examinee to be relatively more frontward than the posi-
tion of the electrode located on the left of the examinee,
more preferably, by arranging the electrode on the right
of the examinee to be relatively more frontward than the
lateral side of the neck part of the examinee, and also
arranging the electrode on the left of the examinee to be
relatively more backward than the lateral side of the neck
part of the examinee. In general, the cardiac potential
measurement is carried out with a method called as a
12-lead electrocardiography that measures cardiac po-
tential by arranging electrodes on hands and feet of a
human body with a heartsurrounded by these electrodes.
However, according to the present invention, the meas-
urement is carried out by arranging the electrodes at the
positions on the neck part where the heart is not sur-
rounded by these electrodes. Accordingly, the present
invention reveals, for the first time, the configuration ca-
pable of carrying out the cardiac potential measurement
with high measurement sensitivity by arranging the pair
of electrodes at positions that do not surround the heart.

Contact surface shape of electrodes for cardiac potential
measurement

[0026] As aforementioned, the bio-information detect-
ing apparatus 1 that is the subject matter of the present
invention is a portable apparatus attached to the neck
part of the examinee; therefore, it is preferable to stably
maintain each contact of the electrodes for the cardiac
potential measurement with the skin surface of the ex-
aminee regardless of body motions and postures of the
examinee so as to measure the cardiac potential in a
preferable manner. With respect to this point, as a solu-
tion for stably maintaining the contact state of each elec-
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trode with the skin surface, it can be expected to stabilize
the contact of each electrode with the skin surface by
configuring the contact surface of each electrode to have
a center portion protruding toward the skin surface more
than a peripheral edge of the contact surface. The inven-
tors of the present invention have studied on this point,
and have found that if the protrusion of the contact sur-
face of each electrode (in a direction toward the skin sur-
face) is as great as 2 mm, the measurement sensitivity
to the cardiac potential greatly decreases. With respect
to the dimension ofthe contact surface of each electrode,
since the bio-information detecting apparatus 1 as the
subject matter of the presentinvention is attached around
the neck part of the examinee, it is preferable to define
the contact surface of each electrode to be as small as
possible because a larger contact surface of each elec-
trode causes a greater inconvenience to movement of
the neck of the examinee. On the contrary, if each elec-
trode has an excessively small dimension, and the con-
tact area between the electrode and the skin surface be-
comes excessively small, it becomes difficult to measure
the potential difference between the electrodes with a
preferable sensitivity. To cope with this difficulty, studies
have been conducted on an upper limit of the protrusion
of the contact surface and a lower limit of the contact
area in each electrode where acceptable measurement
data of the cardiac potential can be obtained.

[0027] With respect to change in magnitude of the am-
plitude in the measurement data depending on the vari-
ous protrusions of the contact surface of each electrode,
as shown in FIG. 5B, ithas been found that the amplitude
becomes less than the acceptable level if the protrusion
becomes more than 1 mm (an electrode of 5 mm x 5 mm
was used as each electrode). With respect to change in
magnitude of the amplitude in the measurement data de-
pending on the various contact areas of the contact sur-
face of each electrode, as shown in FIG. 5C, it has been
found that the amplitude of the cardiac potential becomes
significantly decreased if the contact area of each elec-
trode with the skin surface of the neck part of the exam-
inee becomes less than 25 mm?2 (an electrode having a
flat contact surface was used as each electrode). Accord-
ingly, in the bio-information detecting apparatus 1 of the
presentinvention, there is employed an electrode formed
to have a contact surface of which protrusion is not more
than 1 mm, and of which contact area is not less than 25
mm?2 as each electrode so as to prevent the measure-
ment sensitivity of the measurement data of the cardiac
potential from becoming less than the acceptable level.
[0028] Inthe present embodiment, it should be appre-
ciated that the bio-information detecting apparatus 1 may
include only at least one of the pulse measurement unit
and the pair of electrodes for the cardiac potential meas-
urement. The bio-information detecting apparatus 1 of
the present invention may be attached around a neck
part of a vehicle driver so as to be used for measuring
the heartbeats and the pulse of the driver during vehicle
driving.
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[0029] Although the above explanation has been made
with respect to the embodiments of the presentinvention,
it will be apparent for those skilled in the art that various
modifications and changes are possible, and that the
present invention is not limited to the above-illustrated
embodiments, and may be applied to various devices
and apparatuses without departing from the concepts of
the present invention.

Claims

1. A bio-information detecting apparatus character-
ized by comprising:

a band member (2) curved in a C-shape, the
band member (2) wearable by an examinee to
extend around a neck part of the examinee from
a back side of the neck part toward both lateral
sides of the neck part; and

a pair of electrodes (4a, 4b) for cardiac potential
measurement of the examinee, the pair of elec-
trodes (4a, 4b) being disposed at respective po-
sitions on the left and right side of the band mem-
ber (2) so as to come into contact with right and
left skin surfaces of the neck part of the exami-
nee,

wherein

of the pair of electrodes (4a, 4b), the electrode
located on the right of the examinee is located
relatively more frontward than a position of the
electrode located on the left of the examinee.

2. The bio-information detecting apparatus according
to claim 1, wherein
the electrode on the right is disposed in a more front-
ward region on the band member (2) than the right
lateral mid point (Sr)of the neck part of the examinee,
and
the electrode on the left is disposed at a more back-
ward position on the band member (2) than the left
lateral mid point (SI) of the neck part of the examinee.

3. The bio-information detecting apparatus according
to claim 1 or 2, further comprising
a substrate having a light emitting part and a light
receiving part, each of which is configured to optically
measure a blood oxygen saturation for pulse meas-
urement of the examinee, the substrate disposed at
a position on the band member (2) that comes into
contact with the neck part of the examinee,
and
in a state in which the substrate is in contact with a
skin surface of the neck part of the examinee, a
pressing force of the substrate against the skin sur-
face of the neck part is 0.96 to 1.21 N/cm?2.

4. The bio-information detecting apparatus according
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to any one of claims 1 to 3,

wherein

the contact surface of each of the pair of electrodes
(4a, 4b) that comes into contact with the skin surface
of the neck part of the examinee is in a flat state or
in a curved state in a direction in which a center por-
tion of the contact surface protrudes beyond a pe-
ripheral edge of the contact surface toward the skin
surface of the neck part of the examinee, the protru-
sion being not more than 1 mm.

The bio-information detecting apparatus according
to any one of claims 1 to 4,

wherein

a contact area of each of the pair of electrodes (4a,
4b) that comes into contact with the skin surface of
the neck part of the examinee is more than 25 mm2.

A bio-information detecting apparatus character-
ized by comprising:

a band member (2) curved in a C-shape, the
band member (2) wearable by an examinee to
extend around a neck part of the examinee from
a back side of the neck part toward both lateral
sides of the neck part to a region more frontward
than the lateral side of the neck part; and

a substrate disposed at a position on the band
member (2) that comes into contact with the
neck part of the examinee, the substrate having
a light emitting part and a light receiving part that
are used for optically measuring a blood oxygen
saturation for pulse measurement of the exam-
inee,

wherein

in a state in which the substrate is in contact with
a skin surface of the neck part of the examinee,
a pressing force of the substrate against the skin
surface of the neck part is 0.96 to 1.21 N/cmZ2.

The bio-information detecting apparatus of any pre-
ceding claim, wherein the bio-information detecting
apparatus is attached to an examinee.

A method of using the bio-information detecting ap-
paratus of any of claims 1-6 comprising attaching
the band member to an examinee such that the elec-
trode disposed on the left side of the band member
is in contact with the left skin surface of the neck part
of the examinee, and the right side of the band mem-
ber is in contact with the right skin surface of the neck
part of the examinee.
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