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BIOSIGNAL DETECTING GARMENT

TECHNICAL FIELD

[0001] This disclosure relates to a biosignal detecting
garment that measures bioelectric signals including electro-
cardiograms.

BACKGROUND

[0002] Bio-electrodes attached on body surface are widely
used to record bioelectric signals such as brain waves,
event-related potentials, evoked potentials, electromyo-
grams, and electrocardiograms and for electric stimulation
of living bodies. It has been known in recent years that signs
of autonomic imbalance and heart disease can be detected
early by recording cardiographic waveforms over a long
period of time and analyzing changes in the waveforms,
which is effective in preventive medicine, as an individual
health management method. Clothing on which bio-elec-
trodes are attached (wearable electrodes) are attracting atten-
tion to acquire cardiographic waveforms over a long period
of time (see David M. D. Ribeiro, et al., “A Real time,
Wearable ECG and Continuos Blood Pressure Monitoring
System for First Responders”, 33rd Annual International
Conference of the IEEE EMBS, pp. 6894-6898, 2011).
[0003] However, conventional wearable electrodes have
had problems in that it is difficult to perform long-term
measurement because of electrodes placed at positions dif-
ficult to have contact with living bodies, that the wires
extending from the electrodes to biosignal measurement
devices are not integrated with the clothing and give wearers
a feeling of discomfort, and that signals are degraded due to
movements of the wires. In addition, conventional wearable
electrodes have had problems in that the electrodes are not
moisture-permeable and are likely to cause a stufly feeling
on the skin due to sweating, resulting in giving wearers a
feeling of discomfort. In addition, there has been a problem
in that it is difficult to obtain stable conductivity in a
condition with no sweating because the skin and the elec-
trodes are dry.

[0004] It could therefore be helpful to provide a biosignal
detecting garment that can stably detect biosignals over a
long period of time without giving wearers a feeling of
discomfort.

SUMMARY

[0005] We thus provide a biosignal detecting garment
including at least two electrodes each including a conductive
fiber structure; a measurement device configured to detect
and process a bioelectric signal acquired by the electrodes in
contact with a living body; a wiring portion conductively
connecting the electrodes to the measurement device; and a
garment body on which the electrodes, the measurement
device, and the wiring portion are placed at predetermined
positions.

[0006] The measurement device is an electrocardiogram
measurement device. Any one of the electrodes is used as a
different electrode, at least one electrode other than the
different electrode is used as at least one indifferent electrode
(reference biopotential electrode), and a potential difference
between the different electrode and the indifferent electrode
is detected as an electrocardiographic waveform.

[0007] The measurement device is an electrocardiogram
measurement device. The number of the electrodes each
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including the conductive fiber structure is at least three, any
two of the electrodes are used as different electrodes, at least
one electrode other than the different electrodes is used as at
least one indifferent electrode (reference biopotential elec-
trode), and a potential difference between the two different
electrodes is detected as an electrocardiographic waveform.
[0008] The measurement device is an electrocardiogram
measurement device. Two of the electrodes are respectively
placed at about right and left sides of a chest or a flank of the
garment body, and when three or more of the electrodes are
included, rest of the electrodes is placed at a position
separated from the electrodes placed at about the right and
left sides of the chest or the flank of the garment body.
[0009] The electrodes respectively placed at about the
right and left sides of the chest or the flank of the garment
body are used as two different electrodes, the rest of the
electrode is used as at least one indifferent electrode (refer-
ence biopotential electrode), and a potential difference
between the two different electrodes is detected as an
electrocardiographic waveform.

[0010] The conductive fiber structure is a fiber structure
impregnated with a conductive polymer.

[0011] A dispersion in which the conductive polymer and
a binder are dispersed in a solvent is applied to the conduc-
tive fiber structure to impregnate the fiber structure with the
conductive polymer.

[0012] The conductive polymer is a mixture of a poly(3,
4-ethylenedioxythiophene) and a polystyrenesulfonic acid.
[0013] A fiber structure used for the electrodes includes a
woven or knitted fabric having an areal weight of equal to
or more than 50 g/m* and equal to or less than 300 g/m>.
[0014] A woven or knitted fabric used for the electrodes
includes a synthetic fiber multifilament at least part of which
has a fineness of equal to or more than 30 dtex and equal to
or less than 400 dtex and a single-yarn fineness of equal to
or less than 0.2 dtex.

[0015] A woven or knitted fabric used for the electrodes
includes a synthetic fiber multifilament at least part of which
has a single-yarm diameter of equal to or more than 10 nm
and equal to or less than 5,000 nm.

[0016] A woven or knitted fabric used for the electrodes
includes a synthetic fiber multifilament at least part of which
has a single-yarn diameter of equal to or more than 10 nm
and equal to or less than 1,000 nm.

[0017] The biosignal detecting garment further includes a
resin layer that is layered on a face of the conductive fiber
structure used for the electrodes, the face being opposite to
another face configured to have contact with skin.

[0018] The resin layer includes a polyurethane-based
moisture-permeable layer.

[0019] The wiring portion is formed of a printed conduc-
tive resin, a laminated conductive resin film, a conductive
fiber, or a metal wire.

[0020] The wiring portion is formed by sewing-in of a
conductive fiber, the conductive fiber comprising a fiber
coated with a metal.

[0021] The metal with which the conductive fiber is coated
includes silver, aluminum, or stainless steel.

[0022] The wiring portion is disposed on an outer side of
the garment body.

[0023] The wiring portion is formed by sewing-in of a
conductive fiber, the conductive fiber being sewn in as one
thread of a sewing machine by sewing to be exposed mainly
on an outer side of the garment body.
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[0024] The wiring portion is disposed on an outer side of
the garment body, and part of the wiring portion exposed on
the outer side of the garment body is covered with a
waterproof electric insulating member.

[0025] The electric insulating member includes a polyure-
thane-based film.

[0026] The wiring portion is formed of a conductive resin.
The wiring portion is formed with the conductive resin being
continuously layered on part of one face of a sheet including
awaterproof electric insulating member, and with the face of
the waterproof electric insulating member on which the
conductive resin is layered being bonded to the garment
body.

[0027] The biosignal detecting garment includes at least
two conductive connection systems. Each of the conductive
connection systems includes: one of the electrodes; the
measurement device; and the wiring portion conductively
connecting the electrode to the measurement device. At least
parts of the conductive connection systems formed on the
garment body are separated from each other by a water-
repellent and insulating structure.

[0028] The garment body includes a woven or knitted
fabric having a stress of equal to or more than 0.5 N and
equal to or less than 15 N at an elongation of 60% in a length
or breadth direction. The electrodes are closely attached to
skin at a pressure of equal to or more than 0.1 kPa and equal
to or less than 2.0 kPa when being worn.

[0029] The garment body includes a woven or knitted
fabric including elastic yarn and inelastic yarn.

[0030] The elastic yarn includes a polyurethane-based
elastic fiber.

[0031] The garment body includes a knitted fabric.
[0032] The measurement device is configured to be

attached and connected to and detached from the garment
body via a connector.

[0033] The measurement device has a function of trans-
ferring data through communication with at least one of a
mobile terminal and a personal computer.

[0034] The measurement device has a function of trans-
ferring data through wireless communication with at least
one of a mobile terminal and a personal computer.

[0035] Moreover, the biosignal detecting garment
includes: at least two electrodes each including a conductive
fiber structure; a connector through which a measurement
device configured to detect and process a bioelectric signal
acquired by the electrodes that are in contact with a living
body is configured to be attached, connected, and detached;
a wiring portion conductively connecting the electrodes to
the connector; and a garment body on which the electrodes,
the connector, and the wiring portion are placed at prede-
termined positions.

[0036] The biosignal detecting garment can continuously
and stably detect biosignals over a long period of time
without giving wearers a feeling of discomfort while being
worn by placing electrodes, wiring portions, and a measure-
ment device at predetermined positions on a garment body.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] FIG. 1 is a schematic diagram of a biosignal
detecting garment according to an example.

[0038] FIG. 2 is a cross-sectional view of the biosignal
detecting garment illustrated in FIG. 1 along the line A-A'.
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[0039] FIG. 3(a) is a schematic diagram of a biosignal
detecting garment according to a modification of the
example.

[0040] FIG. 3(b) is a cross-sectional view of the biosignal
detecting garment illustrated in FIG. 3(a) along the line
B-B".

[0041] FIG. 4 is a schematic block diagram of a measure-
ment device according to the example.

REFERENCE SIGNS LIST

[0042] 1 body

[0043] 2 fifth ribs

[0044] 3 scapula region or costal arch

[0045] 100, 100A biosignal detecting garments

[0046] 101 electrodes

[0047] 102 measurement device

[0048] 103 wiring portions

[0049] 104 garment body

[0050] 105 electric insulating members

[0051] 106 connector

[0052] 110 conductive connection systems

[0053] 120 water-repellent and insulating structures
DETAILED DESCRIPTION

[0054] Our biosignal detecting garment will be described

below in detail on the basis of the drawings. The examples
do not limit this disclosure.

[0055] FIG. 1 is a schematic diagram of a biosignal
detecting garment. As illustrated in FIG. 1, a biosignal
detecting garment 100 includes three electrodes 101a, 1015,
and 101¢ each including a conductive fiber structure, a
measurement device 102 configured to detect and process
bioelectric signals acquired by the electrodes 101a, 1015,
and 101c¢, wiring portions 103a, 1035, and 103¢ conduc-
tively connecting the respective electrodes 101q, 1015, and
101c to the measurement device 102, and a garment body
104 on which the electrodes 101q, 1015, and 101c, the
measurement device 102, and the wiring portions 103¢,
1035, and 103¢ are placed at predetermined positions. An
example in which the measurement device 102 is an elec-
trocardiogram measurement device will be described below.
[0056] In the biosignal detecting garment 100, the elec-
trodes 101a and 1015 are respectively placed on portions
configured to have contact with about right and left sides of
the chest or the flank when the garment is worn on the inner
face (the face configured to have contact with a body 1) of
the garment body 104, and the electrode 101c¢ is placed at a
position below the electrode 1015, the position being sepa-
rated from the electrodes 101a and 1015 placed at about the
right and left sides of the chest or the flank of the garment
body 104.

[0057] Since the three electrodes 101a, 1015, and 101c¢ are
placed at about the right and left sides of the chest or the
flank of the garment body 104 and a site separated from
about the right and left sides of the chest or the flank, the
electrodes 101a, 1015, and 101¢ can have a stable contact
with the body 1 and enables long-term continuous measure-
ment of biosignals. The measurement device 102 conduc-
tively connects to the electrodes 101a, 1015, and 101¢ by the
wiring portions 103a, 1035, and 103¢ directly placed on the
garment body 104. The wiring portions 103a, 1035, and
103¢ are integrated with the garment body 104, and thus
signal degradation due to movements of the wiring portions
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103a, 1035, and 103¢ can be prevented without giving
wearers a feeling of discomfort.

[0058] In the biosignal detecting garment 100, the elec-
trodes 101a and 1015 are used as two different electrodes,
and 101c¢ is used as an indifferent electrode (a reference
biopotential electrode) so that the potential difference
between the different electrodes 101a and 1015 is detected
as an electrocardiographic waveform. Biosignals can be
detected using the electrode 101a placed at about the right
chest or the left flank as a positive different electrode and the
electrode 1015 placed at about the left chest or the left flank
as a negative different electrode. Using the electrode 1014 as
the positive different electrode and the electrode 1014 as the
negative different electrode is advantageous to automatic
analysis of pulse intervals (R-R intervals) and the like
because detection can be performed so that the amplitudes of
QRS signals will be large.

[0059] FIG. 1 illustrates an example in which three elec-
trodes are used, but the number is not limited to three as long
as the number is equal to or more than two. When two
electrodes are used, the electrodes may be respectively
placed at about the right and left sides of the chest or the
flank of the garment body 104, any one of the electrodes may
be used as the different electrode, and the electrode other
than the different electrode may be used as the indifferent
electrode (the reference biopotential electrode) to detect the
potential difference between the different electrode and the
indifferent electrode as an electrocardiographic waveform.
When equal to or more than four electrodes are used, any
two of the electrodes may be used as the different electrodes
and the electrodes other than the different electrodes may be
used as the indifferent electrodes (the reference biopotential
electrodes) to detect the potential difference between the
different electrodes as an electrocardiographic waveform.
When equal to or more than four electrodes are used, two of
the electrodes are preferably placed at about the right and
left sides of the chest or the flank of the garment body 104,
and the other electrodes are preferably placed at positions
separated from the two electrodes placed at about the right
and left sides of the chest or the flank of the garment body
104,

[0060] In the biosignal detecting garment 100, each of the
electrodes 101 (101a, 1015, and 101¢) configured to detect
biosignal from the body 1 is preferably a fiber structure
impregnated with a conductive polymer. More preferably, a
conductive resin is supported on the surfaces of filaments
constituting the fiber structure and/or in the gaps between
the filaments. Each of the electrodes 101 is preferably a fiber
structure because the conductive resin can be supported
between the filaments constituting the fiber structure. It has
been conventionally inevitable to apply an acrylic gel to the
surfaces of electrodes to enhance adhesion to the body 1 and
obtain electric signals when using film electrodes commonly
used as electrodes for electrocardiograms, which has the
problem that skin problems are likely to happen.

[0061] On the other hand, the electrodes 101 each includ-
ing the fiber structure are less irritating when in contact with
the skin and are safe. When signals cannot be obtained well
due to dry skin, good electrocardiograms can be obtained by
applying a small quantity of a physiological saline solution
or a moisturizer to the fiber structure. Examples of the
moisturizer used include glycerol, sorbitol, polyethylene
glycols, polyethylene glycol-polypropylene glycol copoly-
mers, ethylene glycol, sphingosine, and phosphatidylcho-
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lines. One of these examples may be used singly, or equal to
or more than two may be used in combination. These
moisturizers are also used as moisturizing ingredients in
cosmetics and are highly safe for the skin.

[0062] The conductive polymer used for the electrodes
101 is not limited as long as the polymer is a conductive
resin. Conductive resin compositions in which carbon black,
carbon nanotubes (CNTs), metal nanoparticles, or other
substances are blended in resins with low conductivities may
be used, but conductive polymers in which the resins them-
selves have conductivity are preferable.

[0063] The conductive polymer is not limited to particular
materials as long as the polymer is conductive. Examples of
the conductive polymer include acetylene-based conductive
polymers; 5-membered heterocycle-based conductive poly-
mers such as pyrrole-based polymers including polypyr-
roles, poly(3-alkylpyrrole)s such as a poly(3-methylpyr-
role), a poly(3-ethylpyrrole), and a poly(3-dodecylpyrrole),
poly(3,4-dialkylpyrrole)s such as a poly(3,4-dimethylpyr-
role) and a poly(3-methyl-4-dodecylpyrrole), poly(N-alky-
Ipyrrole)s such as a poly(N-methylpyrrole) and a poly(N-
dodecylpyrrole), poly(N-alkyl-3-alkylpyrrole)s such as a
poly(N-methyl-3-methylpyrrole) and a poly(N-ethyl-3-do-
decylpyrrole), and poly(3-carboxypyrrole)s: thiophene-
based polymers including polythiophenes, poly(3-alkylthio-
phene)s such as a poly(3-methylthiophene), a poly(3-
ethylthiophene), and a poly(3-dodecylthiophene), poly(3,4-
dialkylthiophene)s such as a poly(3,4-dimethylthiophene)
and a poly(3-methyl-4-dodecylthiophene), poly(3-alkoxy-
thiophene)s such as a poly(3-hydroxythiophene) and a poly
(3-methoxythiophene), poly(3,4-dialkylthiophene)s such as
a poly(3,4-dimethylthiophene) and poly(3,4-dibutylthio-
phene), poly(3-carboxythiophene)s, poly(3-halothiophene)s
such as a poly(3-bromothiophene) and a poly(3-chlorothio-
phene), and poly(3,4-ethylenedioxythiophene)s; and isothi-
anaphthene-based polymers; aniline-based conductive poly-
mers such as a polyaniline, a poly(-methyl aniline), and a
poly(3-isobutylaniline); and phenylene-based conductive
polymers such as poly(p-phenylenevinylene)s (PPVs), and
copolymers of these polymers. Use of a dopant in combi-
nation improves the conductivity of the conductive polymer.
The dopant used in combination with the conductive poly-
mer is at least one kind of ion including halide ions such as
chloride ions and bromide ions; perchlorate ions; tetrafluo-
roborate ions; hexafluoroarsenate ions; sulfate ions; nitrate
ions; thiocyanate ions; hexafluorosilicate ions; phosphate-
based ions such as phosphate ions, phenylphosphate ions,
and hexafluorophosphate ions; trifluoroacetate ions; tosylate
ions; alkylbenzenesulfonate ions such as ethylbenzenesul-
fonate ions and dodecylbenzenesulfonate ions; alkylsul-
fonate ions such as methylsulfonate ions and ethylsulfonate
ions; and polymer ions such as polyacrylate ions, polyvi-
nylsulfonate ions, polystyrenesulfonate ions, and poly(2-
acrylamido-2-methylpropanesulfonate) ions. The amount of
the dopant to be added is not limited to particular values as
long as the quantity is sufficient to affect the conductivity.

[0064] As the conductive polymer, among the above poly-
mers, a polypyrrole, a poly(3,4-ethylenedioxythiophene)
(PEDOT), a polyaniline, a poly(p-phenylenevinylene)
(PPV) and the like are easy to resinify and are preferably
used in the form of conductive resins. PEDOT/PSS, which
is produced by doping PEDOT, a thiophene-based conduc-
tive polymer, with a poly(styrenesulfonic acid) (poly(4-
styrenesulfonate): PSS), is particularly preferable in terms of



US 2016/0374615 Al

safety and workability. In terms of enhancing the conduc-
tivity and stabilizing, adding glycerol, a physiological saline
solution, or other substances to the fiber structure containing
the conductive polymer can be preferably used.

[0065] Inaddition, the fiber structure is preferably impreg-
nated with the conductive polymer such as PEDOT/PSS by
applying a dispersion in which the polymer and a binder are
dispersed in a solvent to the fiber structure or by dipping the
fiber structure in the dispersion. Use of the binder in
combination with the conductive polymer enhances scratch
resistance and surface hardness of a coating containing the
conductive polymer and enhances adhesion to base materi-
als.

[0066] Using the binder can cause the conductive polymer
to be easily supported on the fiber structure and can prevent
the surface resistance from rising after repeated washing of
electrode materials.

[0067] The binder may be a thermosetting resin or may be
a thermoplastic resin. Examples include polyesters such as
a polyethylene terephthalate, a polybutylene terephthalate,
and a polyethylene naphthalate; polyimides; polyamide-
imides; polyamides such as a polyamide 6, a polyamide 6,6,
a polyamide 12, and a polyamide 11; fluororesins such as a
polyvinylidene fluoride, a polyvinyl fluoride, a polytetra-
fluoroethylene, an ethylene/tetrafluoroethylene copolymer,
and a polychlorotrifluoroethylene; vinyl resins such as a
polyvinyl alcohol, a polyvinyl ether, a polyvinyl butyral, a
polyvinyl acetate, and a polyvinyl chloride; epoxy resins;
xylene resins; aramid resins; polyimide silicones; polyure-
thanes; polyureas; melamine resins; phenolic resins;
polyethers; acrylic resins; and copolymers of these poly-
mers. These binders may be dissolved in an organic solvent,
may be functionalized with groups such as sulfonate group
or carboxy group to form an aqueous solution, or may be
dispersed in water by emulsification, for example.

[0068] Among the binder resins, preferable resins are at
least one of polyurethanes, polyesters, acrylic resins, poly-
amides, polyimides, epoxy resins, and polyimide silicones
because these polymers can be easily mixed.

[0069] The solvent used is not limited as long as the
conductive polymer and the binder can be stably dispersed,
and water or a mixed solution of water and an alcohol can
be preferably used. When a polythiophene-based conductive
polymer such as PEDOT/PSS is used, a mixed solvent of
water and ethanol is preferable.

[0070] Examples of the form of the fiber structure used for
each of the electrodes 101 include woven fabric, knitted
fabric, and nonwoven fabric. The areal weight of the fiber
structure is preferably equal to or more than 50 g/m* and
equal to or less than 300 g/m? because a lack in the quantity
of the conductive resin with which the fiber structure is
impregnated results in poor washing durability in repeated
use. Less than 50 g/m” causes the impregnation quantity of
the conductive resin to be small and results in poor washing
durability. More than 300 g/m” causes the substantial areal
weight to be large and may cause uncomfortable wearing.
Equal to or more than 60 g/m” and equal to or less than 250
g/m? is more preferable. The thickness of the fiber structure
is preferably equal to or more than 0.2 mm and equal to or
less than 2.0 mm. When the thickness is less than 0.2 mm,
the substantial areal weight is small due to the too small
thickness of the cloth, and the impregnation quantity of the
conductive resin is small. A thickness of larger than 2.0 mm
may cause uncomfortable wearing due to the too large
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thickness. Equal to or more than 0.3 mm and equal to or less
than 1.5 mm is more preferable.

[0071] The sizes and the shapes of the electrodes 101 are
not particularly specified as long as biosignals can be
detected, and each of the length and the breadth is preferably
equal to or more than 2 ¢cm and equal to or less than 20 cm.
When the length or the breadth of each of the electrodes 101
are equal to or less than 2 cm, the area of the electrode is too
small, which results in a higher possibility of sliding of the
electrode along with movements of the cloth during exercise
or the like and a resulting higher possibility of picking up
noise. Equal to or more than 20 cm is larger than the size
substantially required for detecting signals and results in a
too large area of the electrode, which is likely to cause
troubles such as a short circuit due to a short distance
between adjacent electrodes. Each of the length and the
breadth is more preferably equal to or more than 2.5 cm and
equal to or less than 18 cm.

[0072] To continuously obtain good cardiographic wave-
forms, the electrodes 101 are required to be kept in contact
with and attached to the skin. Flexibility of the cloth
constituting the fiber structure is required to keep the elec-
trodes 101 continuously attached to the skin, and thus the
fiber structure is preferably woven fabric, knitted fabric, or
nonwoven fabric and more preferably knitted fabric, which
has higher flexibility.

[0073] In addition, the structure and a producing method
of the fiber structure typified by knitted fabric are not limited
to particular structures or methods. Shapes that can retain
moisture such as sweat as electrodes are preferable, and
multilayer knitted fabric can be preferably used among
knitted fabrics. Examples of the structure include, but are
not limited to, a double raschel structure, a three-layer
corrugated structure, a reversible structure, an interlock
structure, a circular rib structure, and a fleecy structure.
[0074] In terms of supporting of the conductive resin on
the fiber structure and high conductivity, the woven or
knitted fabric used for the electrodes 101 preferably contains
multifilament yarn constituted of a plurality of filaments.
The fineness of the multifilament yarn is not limited to
particular values and is preferably 30 dtex to 400 dtex in
terms of utilizing propetrties as a fiber structure. The mixing
ratio of the multifilament yarn in the woven or knitted fabric
is not limited to particular values to the extent that the
performances are not affected. The mixing ratio is preferably
high in terms of conductivity and durability and is more
preferably equal to or more than 50% and equal to or less
than 100%.

[0075] Examples of the material of the multifilament yarn
used for the woven or knitted fabric include polyester-based
synthetic fibers such as polyethylene terephthalate fibers,
polytrimethylene terephthalate fibers, and polybutylene
terephthalate fibers, and polyamide-based synthetic fibers
such as nylon fibers. Fibers containing additives such as
titanium oxides may be used, and fibers polymer-modified to
impart functionalities such as enhanced hygroscopic prop-
erties may be used. The cross-sectional shape of a filament
unit constituting the multifilament is also not specified, and
various modified cross-section yarns typified by round
shapes, triangular shapes, octalobal shapes, flat shapes, and
Y shapes can be used. As inelastic yarn, sheath-core or
side-by-side conjugated yarn containing polymers having
different viscosities can also be used. In addition, false-
twisted yarn obtained by false-twisting these original yarns
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may be used. Furthermore, synthetic fibers such as poly-
acrylonitrile and polypropylene, regenerated fibers such as
rayon, polynosic, and cuprammonium rayon, and semisyn-
thetic fibers such as acetate fibers and triacetate fibers may
be used.

[0076] The fiber structure preferably contains a multifila-
ment having a fineness of the filament of equal to or less than
0.2 dtex in terms of supporting of the conductive resin on the
surface of the filament and in the gaps between the filaments.
The mixing ratio of the multifilament including the filament
of equal to or less than 0.2 dtex in the fiber structure is not
limited to particular values to the extent that the perfor-
mances are not affected. The mixing ratio is preferably high
in terms of conductivity and durability and is more prefer-
ably equal to or more than 50% and equal to or less than
100%. In addition, as the number of the filaments increases,
the gaps formed by the filaments, in other words, sites on
which the conductive resin is supported, are divided, and the
conductive resin is well supported on the fiber structure. At
the same time, a small fiber diameter enables continuity of
the conductive resin to be retained even when divided. Thus,
superior high conductivity and washing durability can be
obtained. It is preferable to use microfibers having fiber
diameters of equal to or less than 5 pm used for artificial
leather, materials for outerwear, and other materials, and it
is more preferable to use nanofibers having fiber diameters
of equal to or more than 10 nm and equal to or less than
5,000 nm, particularly nanofibers having fiber diameters of
equal to or more than 10 nm and equal to or less than 1,000
nm, used in recent years for liners for sports clothing,
brassieres, golf gloves, and other clothing to prevent slip-
ping. Fiber structures containing nanofibers produced by
known methods such as aggregates of nanofiber staple yarn
made of “NANOALLOY (registered trademark)” fibers and
aggregates of monofilament yarn made by an electrospin-
ning method or other methods can be preferably used as the
nanofibers, and fiber structures containing multifilament
yarn of nanofibers are more preferable. The multifilament
varn of nanofibers can be produced by a known conjugate-
spinning method, for example. An example that can be
effectively used is nanofiber multifilament yarn having small
fiber diameter variations obtained by removing the sea
components from composite fibers obtained using compos-
ite spinnerets exemplified in Japanese Patent Application
Laid-open No. 2013-185283, but this example is not limit-
ing.

[0077] In each of the electrodes 101, a resin layer is
preferably layered on one face of the fiber structure con-
taining the conductive substance. In consideration of appli-
cation to bio-electrodes, the resin layer is preferably layered
on the face of the fiber structure used for the electrodes 101
opposite to the face configured to have contact with the skin.
If the electrodes 101 are dry when detecting biosignals,
stable detection of the biosignals is difficult. Thus, keeping
the electrodes 101 wet to some extent is required. Covering
one face of each of the electrodes 101 with the resin layer
can prevent drying and enables conductivity to be stably
obtained. In addition, covering one face of each of the
electrodes 101 with the resin layer can reduce the conductive
resin falling off during washing and can considerably sup-
press a decreasing of washing durability.

[0078] The kind and the shape of a polymer constituting
the resin layer are not limited to particular kinds and shapes
as long as humidity control is enabled, and a moisture-
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permeable layer is preferable. Complete blocking of mois-
ture transfer causes a stufty feeling to be strong, which leads
to a feeling of discomfort while wearing and to a cause of
skin rashes and the like. Examples of the moisture-perme-
able layer include, but are not limited to, forms obtained by
layering known membranes, films, laminates, resins, and the
like such as polytetrafluoroethylene (PTFE) porous mem-
branes, non-porous membranes of hydrophilic elastomers
such as hydrophilic polyester resins and polyurethane resins,
and polyurethane-resin microporous membranes by a coat-
ing or lamination method. The moisture-permeable layer is
preferably obtained by laminate-bonding an elastic polyure-
thane-resin microporous membrane by laminating in terms
of followability to the fiber structure, which is the base
material. In addition, to improve moisture-permeability,
micropores may be formed using a punching machine or a
sewing machine on the fiber structure on one face of which
the resin layer has been layered.

[0079] The electrodes 101 preferably have surface electric
resistance values of equal to or less than 1x10°Q after 20
repeated washing cycles by a washing method in accordance
with JIS L0217 (2012) 103 method. A value exceeding
1x10°Q results in larger noise in electric signals and diffi-
culty in precise measurement. Even with electrodes 101
having surface electric resistance values exceeding 1x10°Q
in a dry state, measurement can be performed if substantial
surface electric resistance values are reduced to equal to or
less than 1x10°Q when the electrodes 101 are impregnated
with liquid containing electrolytes such as tap water and
sweat while being worn as the biosignal detecting garment
100. The biosignal detecting garment 100 is expected to be
widely used also by ordinary families and can preferably
detect biosignals until after 20 washing cycles in consider-
ation of actual wearing.

[0080] The biosignal detecting garment 100 requires the
wiring portions 103 (1034, 1035, and 103¢) to transmit
biosignals obtained by the electrodes 101 to the measure-
ment device 102. The wiring portions 103 are preferably
formed by a process of printing a conductive resin on the
garment body 104 or a process of laminating a film of a
conductive resin and are further preferably formed of a fiber
having electrical conductivity or metal wires.

[0081] When the wiring portions 103 are formed by print-
ing a conductive resin at predetermined positions on the
garment body 104, the conductive resin used is not limited
to particular resins as long as the resin has conductivity. The
conductive resins used for the electrodes 101 can be men-
tioned as examples, and products obtained by blending
carbon black, carbon nanotubes, metal nanoparticles, or a
mixture of these substances into an adhesive resin such as
acrylic and epoxy resins can be used. The conductive resin
may be printed in a form of wiring at predetermined posi-
tions on which wires are to be formed on the garment body
104 by screen printing or rotary printing, for example.
[0082] When the wiring portions 103 are formed of a fiber
with electrical conductivity, a conductive fiber in which
carbon black is combined and arranged in part of the core or
the sheath of a polyester or a nylon in the length direction of
the fiber, or metal-coated yarn in which a polyester or nylon
fiber is coated with metals including silver, aluminum, or
stainless steel may be used as the conductive fiber. Methods
of coating a resin fiber with metals include a method in
which a polyester or nylon fiber travels within a solution of
dispersed fine powder of silver, aluminum, stainless steel, or
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other metal to coat the fiber with metal powder and then is
thermally set with a heater, and a knit de knit method in
which a tubular knitted fabric is produced from a nylon or
polyester fiber and put in a solution of dispersed silver,
aluminum, or stainless steel, the metal is fixed on the fiber
by heating, and the fiber is unraveled from the knitted fabric.
The stainless steel used is particularly preferably surgical
stainless steel (SUS316L), which is less irritating to human
bodies. In addition, when the wiring portions 103 are formed
of a metal wire, a metal wire in which a stainless wire or a
copper wire is covered with insulating vinyl can be used.
[0083] When the wiring portions 103 are formed by print-
ing the conductive resin, there is a problem in durability
because the conductive resin printed on the garment body
104 may break because of cracks caused by stretching of the
cloth during repeated putting on and removing or exercise.
When the wiring portions 103 are formed of a metal wire,
there remains the problem in safety that the metal wire may
stick in the body if the metal wire is broken or the treatment
of the end of the metal wire is inadequate. The wiring
portions 103 are preferably formed of a conductive fiber. A
conductive fiber in which a fiber is coated with silver,
aluminum, or stainless steel, which has a high conductivity,
is more preferably used for the wiring portions 103.
[0084] A method of attaching the conductive fiber to the
garment body 104 is not limited to particular methods. The
conductive fiber may be sewn in the cloth of the garment
body 104 with a sewing machine or may be attached to the
cloth with an adhesive resin, or a film of the conductive fiber
on one face of which a hot-melt adhesive is added may be
used and attached by heat bonding.

[0085] The wiring portions 103 formed by printing or the
like of the conductive fiber or the conductive resin are
preferably placed on the outer face (the face not configured
to be closely attached to the skin) of the garment body 104.
Wiring on the outer face prevents the wiring portions 103
from having direct contact with the skin and prevents noise
acquired by the wiring portions 103 from being mixed in
biosignals detected by the electrodes 101. Thus, biosignals
can be precisely measured.

[0086] Asa method of attaching the conductive fiber to the
garment body 104, it is more preferable in sewing with a
sewing machine to use the conductive fiber as the bobbin
thread and ordinary machine sewing thread as the needle
thread to perform sewing with the inner face of the cloth
facing upward. This method exposes the conductive fiber
mainly on the outer side of the garment body 104 not
configured to be closely attached to the skin. In addition, a
preferable method of sewing the conductive fiber is to sew
the conductive fiber in the garment body 104 by catch-
stitching. Sewing the conductive fiber by catch-stitching
enables the sewing-thread portions to move when the cloth
stretches and to follow the cloth, and the stretching proper-
ties are not impaired.

[0087] In the biosignal detecting garment 100, connecting
these electrodes 101 made of the conductive fiber structures
with wiring portions 103 can prevent polarization. This
constitution is not only preferable for detecting weak bio-
signals but can prevent corrosion (electrolytic corrosion),
and enables continuous use over a long period of time. A
method of connecting the electrodes 101 with the wiring
portions 103 is not limited to particular methods, and
examples of the method include a process of sewing the
electrodes 101 placed on the garment body 104 with the
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conductive fiber by sewing to form the wiring portions 103,
a process of printing the conductive resin to form the wiring
portions 103 to overlap the electrodes 101, and a process of
adding a hot-melt adhesive on one face of each conductive
resin film and bonding the films to the electrodes 101 by
thermocompression bonding to form the wiring portions
103.

[0088] The wiring portions 103 are required to transmit
biosignals obtained from the electrodes 101 to the measure-
ment device 102 with a high sensitivity, and, regarding the
wiring portions 103, the wiring portions 103 exposed on the
garment body 104 are preferably covered with waterproof
electric insulating members and insulated from the body 1
and the outside air. This insulation enables biosignals to be
measured well even with profuse sweating or a rainfall. As
the waterproof electric insulating member, a waterproof film
on one face of which a hot-melt adhesive is added is
preferably used, and a polyurethane-based film, which is
superior in elasticity, is particularly preferable in that the
film does not impair followability of the cloth during putting
on and removing or exercise. As a method of covering the
wiring portions 103, a process of attaching the wiring
portions 103 to the garment body 104 and then bonding the
waterproof electric insulating members on which a hot-melt
adhesive has been added by thermocompression bonding
with an iron or a press from both sides of the cloth of the
garment body 104 so that the wiring portions 103 will be
completely covered is preferably used.

[0089] FIG. 2 is a cross-sectional view of the biosignal
detecting garment 100 illustrated in FIG. 1 along the line
A-A". The wire 103a illustrated in FIG. 2 is formed by
sewing a conductive fiber or a metal wire in the garment
body 104. As illustrated in FIG. 2, the conductive fiber or the
metal wire forming the wiring portion 103« is exposed on
the outer side and the inner side of the garment body 104,
and covering both faces with waterproof electric insulating
members 1054 is preferable. However, if at least the wiring
portion 103a exposed on the side configured to have contact
with the skin is covered with the electric insulating member
1054, noise from the wiring portion 103a can be removed,
and biosignals can be stably detected. Exposed portions of
the wiring portions 1035 and 103¢ are also covered with
electric insulating members 1055 and 105¢ in the same
manner as for the wiring portion 103a. This covering
enables biosignals to be measured well even with profuse
sweating or a rainfall. When the wiring portions 103 are
formed by printing the conductive resin on the outer or inner
face of the garment body 104, only the face on which the
conductive resin has been printed may be covered with the
electric insulating members 105.

[0090] It is preferable that the outer face (the face not
configured to adhere to the skin) of the garment body 104 on
which the electrodes 101 are attached is also covered with
the waterproof electric insulating members 105 used for
covering the wiring portions 103. Covering the outer face of
the garment body 104 on which the electrodes 101 are
placed can prevent water from permeating through the
surface of the cloth when it is raining.

[0091] Each of the wiring portions 103 may be formed by
continuously layering the conductive resin on part of one
face of a sheet of one of the waterproof electric insulating
members 105 and bonding the face of each of the waterproof
electric insulating members 105 on which the conductive
resin has been layered to the garment body 104. As
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described above, when the conductive resin is printed on the
cloth, the conductive resin may break because of cracks
caused by stretching of the cloth during repeated putting on
and removing of the biosignal detecting garment 100 or
exercise. However, when the wiring portions 103 are made
by layering the conductive resin and the waterproof electric
insulating members 105, the wiring portions 103 can be
stably used because the waterproof electric insulating mem-
bers 105 lack voids and elasticity unlike the cloth and are
less likely to generate cracks in the conductive resin layer
even when stretching.

[0092] In the biosignal detecting garment 100, each con-
ductive connection system is constituted of one of the
electrodes 101, the measurement device 102, and one of the
wiring portions 103 conductively connecting the electrodes
101 to the measurement device 102. The conductive con-
nection systems are preferably separated from each other by
water-repellent and insulating structures. Separating the
conductive connection systems from each other prevents a
short circuit due to permeation of an electrolyte solution
such as sweat into the garment body 104 and enables
biosignals to be stably measured even with profuse sweating
during exercise or a rainfall.

[0093] FIG. 3(a) is a schematic diagram of a modified
biosignal detecting garment 100A. FIG. 3(a) is a schematic
front view of the biosignal detecting garment 100A when
being worn, and FIG. 3(b) is a cross-sectional view of the
biosignal detecting garment 100A in FIG. 3(a) along the line
B-B'. As illustrated in FIG. 3(a), the biosignal detecting
garment 100A according to the modification includes three
conductive connection systems 110 constituted of the elec-
trodes 101, the measurement device 102, and the wiring
portions 103. In other words, there are a conductive con-
nection system 110a constituted of the electrode 101qa, the
measurement device 102, and the wiring portion 103¢, a
conductive connection system 1105 constituted of the elec-
trode 1015, the measurement device 102, and the wiring
portion 1035, and a conductive connection system 110c¢
constituted of the electrode 101¢, the measurement device
102, and the wiring portion 103c. The three conductive
connection systems 110 are separated from each other by
water-repellent and insulating structures 120. The water-
repellent and insulating structures 120 include a structure
120a separating the electrode 101a and the wiring portion
103a from the other portions of the biosignal detecting
garment 100A and a structure 1205 separating the electrode
1015 and the wiring portion 1035 from the other portion.
The water-repellent and insulating structures 120a and 1205
separate the three conductive connection systems 110q,
1105, and 110¢ from each other. As illustrated in FIG. 3(b),
the water-repellent and insulating structures 120 are pro-
vided to divide the cloth of the garment body 104 in the
thickness direction and thus can prevent a short circuit to
enable biosignals to be stably measured. When the water-
repellent and insulating structures 120 are formed inside the
cloth of the garment body 104, a fiber made of the above
waterproof electric insulating members 105 may be sewn by
sewing.

[0094] The water-repellent and insulating structures 120
may be formed on the outer face of the cloth of the garment
body 104. In this case, sheets of the above waterproof
electric insulating members 105 may be attached to both
faces of the garment body 104.
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[0095] When the number of the conductive connection
systems 110 is two, or even when the number is equal to or
more than three, the water-repellent and insulating structures
120 may separate the conductive connection systems 110
from each other.

[0096] In the biosignal detecting garments 100 and 100A,
the electrodes 101 placed on the garment body 104 are
required to be closely attached to the body 1 to obtain signals
containing less noise. The electrodes 101 are preferably
closely attached to the body 1 at least at a pressure of equal
to or more than 0.1 kpa and equal to or less than 2.0 kpa in
terms of compression of the body 1 by the electrodes 101.
A pressure exceeding 2.0 kpa enables acquisition of good
signals, but the strong compression results in a stifling
feeling in wearing. A pressure of less than 0.1 kpa allows the
electrodes to be separated from the skin during actions and
prevents good signals from being obtained. Equal to or more
than 0.5 kpa and equal to or less than 1.5 kpa is more
preferable.

[0097] To achieve this compression, is it preferable that
the garment body 104 is made of woven or knitted fabric
having a stress of equal to or more than 0.5 N and equal to
or less than 15 N at an elongation of 60% in either the length
or breadth direction of the woven or knitted fabric. The
compression can be adjusted by the stretching properties and
the sewing size of the cloth, but a compression less than 0.5
N may cause breakage because of thin cloth when the cloth
stretches during actions even if the above range of the
compression is achieved by reducing the sewing size. A
compression exceeding 15 N may cause poor movability
because the cloth is less likely to stretch beyond the sewing
size during actions even if the above range of the compres-
sion is achieved by increasing the sewing size. Equal to or
more than 1.0 N and equal to or less than 10 N is more
preferable.

[0098] To achieve this compression, the garment body 104
on which the electrodes 101 are attached is preferably a
woven or knitted fabric made of elastic yarn and inelastic
varn. A woven or knitted fabric made of elastic yarn and
inelastic yarn has good stretching properties of the cloth and
can achieve the above compression.

[0099] The material of the elastic yarn applied to an elastic
warp knitted fabric is not limited to particular materials, and
examples used include polyurethane elastic fibers,
polyether-ester elastic fibers, polyamide elastic fibers, poly-
olefin elastic fibers, what is called rubber yarn, which is yarn
of a natural rubber, a synthetic rubber, or a semisynthetic
rubber, and specialty fibers produced by dipping a synthetic
fiber in a rubber or by coating a synthetic fiber with a rubber.
Among these examples, polyurethane elastic fibers are par-
ticularly preferable because the fibers are widely used for
common elastic warp knitted fabric, have good knittablity,
and exhibit high degrees of elongation and good recovery
properties when formed into products.

[0100] The material of the inelastic yarn applied to the
elastic warp knitted fabric is also not limited to particular
materials, and examples used include polyester-based syn-
thetic fibers such as polyethylene terephthalate, polytrim-
ethylene terephthalate, and polybutylene terephthalate, and
polyamide-based synthetic fibers such as nylons. As the
material of the inelastic yarn, the above fibers impregnated
with additives such as titanium oxides may be used, or fibers
polymer-modified to impart functionalities such as enhanced
hygroscopic properties may be used. The cross-sectional
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shape of a filament unit of the inelastic yarn is also not
specified, and various modified cross-section yarns typified
by round shapes, triangular shapes, octalobal shapes, flat
shapes, and Y shapes can be used. As the inelastic yarn,
sheath-core or side-by-side conjugated yarn including poly-
mers having different viscosities can also be used. In addi-
tion, false-twisted yarn obtained by false-twisting these
original yarns may be used. Furthermore, synthetic fibers
such as polyacrylonitrile and polypropylene, regenerated
fibers such as rayon, polynosic, and cuprammonium rayon,
semisynthetic fibers such as acetate fibers and triacetate
fibers, and natural fibers such as cotton, hemp, wool, and silk
may be used in accordance with desired properties. As
described above, the most appropriate material may be
selected as appropriate for the inelastic yarn depending on
the intended use.

[0101] A method of weaving or knitting the woven or
knitted fabric using the elastic yarn and the inelastic yarn is
not limited to particular methods as long as the above
compression can be achieved. For example, a process of
weaving a plain-weave or twill structure using, as the warp
and the weft, covered string in which elastic yarn as the core
is covered with inelastic yarn as the sheath may be used for
woven fabric. A process of knitting a plain structure or an
interlock structure out of the covered string, or bare-yarn
plain knitting or bare-yarn interlock knitting that involves
knitting with inelastic yarn and elastic yarn together may be
used for tubular knitting, for example. In warp knitting,
knitting may be performed using inelastic yarn at a front
reed and elastic yarn at a back reed to produce a double
Denbigh structure with a front structure of 10/01 and a back
structure of 01/10 or produce a half structure with a front
structure of 10/23 and a back structure of 01/10. More
preferably, tubular knitting or warp knitting may be
employed. This type of knitting produces cloth with high
elasticity that smoothly stretches even during exercise, is
less likely to cause inappropriate compression, and is pref-
erable for inner wear and sports underwear. To stably obtain
the above compression, the above bare-yarn plain knitting in
tubular knitting and the half structure in warp knitting are
particularly preferable.

[0102] The measurement device 102 used for the biosignal
detecting garments 100 and 100A is preferably attached and
connected to and detached from the garment body 104 via a
connector. Detaching the measurement device 102 from the
garment enables washing. The connector is not limited to
particular parts, and a socket commonly used for connecting
cords may be used, for example. It is more preferable to use
a plurality of metal snap fasteners that can fix the measure-
ment device 102 to the garment body 104 at the same time.
[0103] The measurement device 102 preferably has a
function of transferring data through communication with a
mobile terminal or a personal computer. This function
enables the data to be easily acquired, stored, and analyzed
in the personal computer, for example. The measurement
device 102 particularly preferably communicates with a
mobile terminal or a personal computer through wireless
communication. Wireless communication eliminates the
need for causing a user to devote to the communication.
[0104] FIG. 4 is a schematic block diagram of the mea-
surement device 102 used in the biosignal detecting gar-
ments 100 and 100A. As illustrated in FIG. 4, the measure-
ment device 102 includes a signal processor 102a configured
to process biosignals measured by the electrodes 101, a data
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storage unit 1025 configured to store biosignal data pro-
cessed by the signal processor 102a, a communication unit
102¢ configured to communicate the biosignal data to a
mobile terminal or a personal computer through wired or
wireless communication, and a controller 1024 configured to
control these units. The wiring portions 103 and the mea-
surement device 102 that transmit biosignals are connected
via a connector 106. This constitution of the measurement
device 102 enables the data to be easily acquired, stored, and
analyzed in the personal computer.

[0105] As described above, the biosignal detecting gar-
ment enables detection of biosignals, particularly cardio-
graphic signals, with the form of clothes and enables con-
tinuous measurement of electrocardiograms and other
signals over a long period of time without hindering activi-
ties of daily living.

EXAMPLES

[0106] Next, the biosignal detecting garment will be
described in detail with reference to examples, but the
biosignal detecting garment is not limited to these examples.
(1) Load for Stretching with Elongation

[0107] The load for stretching with elongations of cloth
used for the garment body was measured by applying JIS
L1096A method. Specifically, three 5.0 cm widthx15 cm
length test pieces were picked in the length or width direc-
tion and each elongated to an elongation percentage of 80%
using a constant-rate-of-extension tensile tester with an
autographic recording device by a cut strip method with a
length of specimen between grips (between original marks)
of 7.6 cm, an initial tension of 29 mN, and a tensile speed
of 20 cm/min. Stress-strain curves were drawn, siresses at a
distortion rate of 60%, in other words, loads for stretching
were determined, average values were each calculated and
rounded to one decimal place.

(2) Fineness

[0108] For sea-island composite fibers, a fabric was
immersed in a 3% by mass aqueous solution of sodium
hydroxide (75° C., with a bath ratio of 1:30) to dissolve and
remove equal to or more than 99% of easily soluble com-
ponents. Threads were then disassembled to select a multi-
filament constituted of ultrafine fiber filaments, and the mass
of 1 m of the multifilament was measured. The fineness was
calculated by multiplying the mass by 10,000. The proce-
dure was repeated 10 times, and the fineness was defined as
the value obtained by rounding the simple average to the first
decimal place.

[0109] For other fibers, threads were disassembled to
select a multifilament, and the mass of 1 m of the multifila-
ment was measured. The fineness was calculated by multi-
plying the mass by 10,000. The procedure was repeated 10
times, and the fineness was defined as the value obtained by
rounding the simple average to the first decimal place.

(3) Fiber Diameter

[0110] The obtained multifilament was embedded in an
epoxy resin, frozen with an FC-4E cryosectioning system
manufactured by Reichert, Inc., and cut with Reichert-Nissei
Ultracut N (an ultramicrotome) equipped with a diamond
knife. The cut surface was photographed with a VE-7800
scanning electron microscope (SEM) manufactured by
KEYENCE Corp. at a magnification of 5,000 for nanofibers,
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1,000 for microfibers, and 500 for the others. From the
photographs obtained, 150 ultrafine fiber filaments randomly
selected were sampled, and every circumscribed circle
diameter (fiber diameter) was measured using image pro-
cessing software (WinROOF) on the photographs.

(4) Fiber Diameter and Variation of Fiber Diameter (CV %
(A)) of Multifilament

[0111] The average fiber diameter and the standard devia-
tion of the fiber diameters of the above fiber diameters were
calculated, and a fiber diameter CV% (coefficient of varia-
tion) was calculated on the basis of the equation below. All
the above values are obtained by performing measurements
for each photograph of 3 sites, obtaining the average value
of the 3 sites, performing measurements in units of nano-
meters to one decimal place, and rounding the values to the
whole number.
The variation of fiber diameter (CV % (4))=(the

standard deviation of fiber diameters/the aver-
age fiber diameter)x100

(5) Modification Ratio and Variation of Modification Ratios
(CV% B)

[0112] By a method similar to the above method for fiber
diameters, the cross section of the multifilament was pho-
tographed, and a circumscribed circle diameter (the fiber
diameter) was defined as the diameter of a perfect circle
circumscribing the cut plane on the basis of the image. In
addition, an inscribed circle diameter was defined as the
diameter of an inscribed perfect circle, and a value was
calculated to three decimal places by the modification
ratio=the circumscribed circle diameter+the inscribed circle
diameter. The value was rounded to two decimal places to
obtain the modification ratio. The modification ratios were
measured for 150 ultrafine fiber filaments randomly sampled
in the same image, and a variation of modification ratios
(CV % (B) (coeflicient of variation)) was calculated from the
average value and the standard deviation on the basis of the
equation below. This variation of modification ratios is
rounded to one decimal place.
The variation of modification ratios (CV % (8))=(the

standard deviation of modification ratios/the
average value of modification ratios)x100 (%)

(6) Quantity of Attached Resin

[0113] A quantity of the attached resin was measured on
the basis of changes in the mass of a fiber structure that was
a test fabric between before and after applying a dispersion
of a conductive polymer in the standard state (20° C.x65%
RH). The calculation expression is as follows.

The quantity of the attached resin (g/m?)=(the mass
of the test fabric after being treated (g)-the
mass or the weight of the test before being
treated (g))/the area of the test fabric on which
the dispersion is applied (m?)

(7) Surface Resistance

[0114] An electrode of 10 cmx10 cm was used as a test
piece and placed on high-quality expanded polystyrene. A
surface resistance value (s)) was measured with a resistance
meter (Loresta-AX MCP-T370, a 4-probe resistance meter
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manufactured by Mitsubishi Chemical Analytech Co., Ltd.)
under an environment of 20° C. and 40% RH.

(8) Washing Durability

[0115] An electrode of 10 cmx10 cm was used as a test
piece, and a surface resistance was measured after washing
by a 20-time repeating method by a method in accordance
with JIS 10217 (2012) 103 method. An automatic washing
machine (National NA-F50Z8) was used as the washing
machine.

(9) Breathability

[0116] The breathability of an electrode was measured in
accordance with the air permeability A method (the Frazier
method) in JIS L1096 (testing methods for woven and
knitted fabrics) (1999).

(10) Bending Resistance

[0117] The bending resistance of the electrode was mea-
sured in accordance with the bending resistance A method
(the 45° cantilever method) in JIS 11096 (testing methods
for woven and knitted fabrics) (1999).

[0118] Production examples and an example of the elec-
trodes, the garment body, the wiring portions, and the
electric insulating members used in the biosignal detecting
garment will be described.

Production Examples of Electrodes

Production Example 1

[0119] A tubular knitted fabric was knitted into an inter-
lock structure using a polyester-nanofiber combined-fila-
ment yarn of 100T-136F obtained by combining a high-
shrinkage yarn of 22T-24F with a nanofiber of 75T-112F
(with a composite ratio of the sea/island components of
30%:70%, the number of the islands of 127/F) of an alka-
line-hot-water soluble polyester in which the island compo-
nent was polyethylene terephthalate and the sea component
was a polyester copolymer containing terephthalic acid and
sodium 5-sulfoisophthalate as the acid component. Next, the
fabric was immersed in a 3% by mass aqueous solution of
sodium hydroxide (75° C., with a bath ratio of 1:30) to
remove easily soluble components. A knitted fabric was
obtained using the combined-filament yarn of the nanofiber
and the high-shrinkage yarn. To the knitted fabric obtained
as a fiber structure, a dispersion in which 1.0% by weight of
PEDOT/PSS as a conductive polymer and 5.0% by weight
of an acrylic thermosetting resin as a binder were dispersed
in a mixed solvent of water and ethanol (44% by weight of
water and 50% by weight of ethanol) was applied by a
known gravure coating method so that the quantity of the
applied agent would be 15 g/m* to obtain an electrode.
Tables 1 and 2 list the materials used and properties of the
obtained electrode.

Production Example 2

[0120] An electrode was produced through the same treat-
ments as those for Production Example 1 except that the
high-shrinkage yarn of 22T-246F was changed to a high-
shrinkage yarn of 33T-6F and a polyester-nanofiber com-
bined-filament yarn of 110T-118F obtained by combining
the high-shrinkage yarn with the nanofiber of 75T-112F
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(with a composite ratio of the sea/island components of
30%:70%, the number of the islands of 127/F) was used.
Tables 1 and 2 list the materials used and properties of the
obtained electrode.

Production Example 3

[0121] An electrode was produced through the same treat-
ments as those for Production Example 1 except that the
fabric structure was changed from knitted fabric to plain
weave fabric. Table 1 lists properties of the materials used.
Tables 1 and 2 list the materials used and properties of the
obtained electrode.

Production Example 4

[0122] An electrode was produced through the same treat-
ments as those for Production Example 1 except that the
high-shrinkage yarn of 22T-24F was not used and the
polyester-nanofiber combined-filament yarn was changed to
a polyester-nanofiber single yarn of 75T-112F (with a com-
posite ratio of the sea/island components of 30%:70%, the
number of the islands of 127/F). Tables 1 and 2 list the
materials used and properties of the obtained electrode.

Production Example 5

[0123] An electrode was produced through the same treat-
ments as those for Production Example 1 except that the
high-shrinkage yarn of 22T-24F was not used and the yarn
of 75T-112F (with a composite ratio of the sea/island com-
ponents of 30%:70%, the number of the islands of 127/F)
was changed to a polyester-nanofiber single yarn of 100T-
30F (with a composite ratio of the sea/island components of
30%:70%, the number of the islands of 2048/F). Tables 1
and 2 list the materials used and properties of the obtained
electrode.

Production Example 6

[0124] An electrode was produced through the same treat-
ments as those for Production Example 1 except that the
high-shrinkage yarn of 22T-24F was not used and the yarn
of 75T-112F (with a composite ratio of the sea/island com-
ponents of 30%:70%, the number of the islands of 127/F)
was changed to polyester-nanofiber single yarn of 120T-60F
(with a composite ratio of the sea/island components of
50%:50%, the number of the islands of 2048/F). Tables 1
and 2 list the materials used and properties of the obtained
electrode.

Production Example 7

[0125] An electrode was produced through the same treat-
ments as those for Production Example 1 except that the
high-shrinkage yarn of 22T-24F was not used and the
polyester-nanofiber combined-filament yarn was changed to
a polyester-nanofiber single yarn of 75T-112F (with a com-
posite ratio of the sea/island components of 30%:70%, the
number of the islands of 127/F) having a triangular cross
section. Tables 1 and 2 list the materials used and properties
of the obtained electrode.

Production Example 8

[0126] An electrode was produced through the same treat-
ments as those for Production Example 1 except that the
high-shrinkage yarn of 22T-24F was not used and the fabric
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was changed from a fabric of 75T-112F (with a composite
ratio of the sea/island components of 30%:70%, the number
of the islands of 127/F) to a woven fabric of a microfiber of
66T-9F (with a composite ratio of the sea/island components
of 20%:80%, the number of the islands of 70/F). Tables 1
and 2 list the materials used and properties of the obtained
electrode.

Production Example 9

[0127] A polyurethane was added by impregnation to a
needle-punched nonwoven fabric having been formed using
a polymer array fiber (with a composite ratio of the sea/
island components of 57%:43%, the number of the islands
of 16) of 4.2 dtex having a length of 51 mm in which the
island component was a polyethylene terephthalate and the
sea component was a polystyrene, and wet-solidifying was
performed. The content of the polyurethane was 49% of the
mass of polyethylene terephthalate. The product was
immersed in trichloroethylene and squeezed with a mangle
to remove the polystyrene component. An ultrafine fiber
having a single-yarn fineness of 0.15 dtex was obtained. A
nonwoven fabric having been subjected to nap raising with
a bufling machine and dyeing was obtained. In the same
manner as in Production Example 1, a dispersion in which
PEDOT/PSS as a conductive polymer and an acrylic ther-
mosetting resin as a binder were dispersed in a mixed
solvent of water and ethanol then applied to the nonwoven
fabric obtained as a fiber structure by a known gravure
coating method so that the quantity of the applied agent
would be 15 g/m* to obtain an electrode. Tables 1 and 2 list
the materials used and properties of the obtained electrode.

Production Example 10

[0128] An electrode was produced through the same treat-
ments as those for Production Example 1 except that the
high-shrinkage yarn of 22T-24F was not used and the fabric
was changed from a fabric of 75T-112F (with a composite
ratio of the sea/island components of 30%:70%, the number
of the islands of 127/F) to a woven fabric of a polyester fiber
of 84T-36F (a polyester fiber cloth for dyeing tests manu-
factured by Shikisensha Co., Ltd.). Tables 1 and 2 list the
materials used and properties of the obtained electrode.

Production Example 11

[0129] A tubular knitted fabric was knitted using a com-
bined-filament yarn obtained by combining a polyester fiber
of 56T-24F with a polyurethane yarn. Next, the fabric was
immersed in a mixed aqueous solution of 0.06% by mass of
sodium hydroxide and 0.05% by mass of a surfactant (80°
C., with a bath ratio of 1:30) to remove oil agents in original
yarn and dirt. In the same manner as in Production Example
1, a dispersion of a conductive polymer was applied to the
knitted fabric obtained as a fiber structure to obtain an
electrode. Tables 1 and 2 list the materials used and prop-
erties of the obtained electrode.

Production Example 12

[0130] A tubular knitted fabric was knitted using a nylon-
fiber single yarn of 78T-24F. Next, the fabric was immersed
in a mixed aqueous solution of 0.06% by mass of sodium
hydroxide and 0.05% by mass of a surfactant (80° C., with
a bath ratio of 1:30) to remove oil agents in original yarn and
dirt. In the same manner as in Production Example 1, a
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dispersion of a conductive polymer was applied to the
knitted fabric obtained as a fiber structure to obtain an
electrode. Tables 1 and 2 list the materials used and prop-
erties of the obtained electrode.

Production Example 13

[0131] A tubular knitted fabric was knitted using a poly-
ester-nanofiber combined-filament yarn of 100T-136F
obtained by combining a high-shrinkage yarn of 22T-24F
with a nanofiber of 75T-112F (with a composite ratio of the
sea/island components of 30%:70%, the number of the
islands of 127/F) of an alkaline-hot-water soluble polyester
in which the island component was a polyethylene
terephthalate and the sea component was a polyester copo-
lymer containing terephthalic acid and sodium 5-sul-
foisophthalate as the acid component. Next, the fabric was
immersed in a 3% by mass aqueous solution of sodium
hydroxide (75° C., with a bath ratio of 1:30) to remove easily
soluble components. A knitted fabric was obtained using the
combined-filament yarn of the nanofiber and the high-
shrinkage yarn. A polyurethane-resin microporous mem-
brane was laminated on the back face of the obtained knitted
fabric by a known method. A dispersion in which PEDOT/
PSS as a conductive polymer and an acrylic thermosetting
resin as a binder were dispersed in a mixed solvent of water
and ethanol was applied to the front face by a known gravure
coating method so that the quantity of the applied agent
would be 15 g/m? to obtain an electrode. Tables 1 and 2 list
the materials used and properties of the obtained electrode.

Production Example 14

[0132] An electrode was produced through the same treat-
ments as those for Production Example 13 except that the
high-shrinkage yarn of 22T-24F was changed to a high-
shrinkage yarn of 33T-6F and the polyester-nanofiber com-
bined-filament yarn was changed to a polyester-nanofiber
combined-filament yarn of 110T-118F including the nano-
fiber of 75T-112F (with a composite ratio of the sea/island
components of 30%:70%, the number of the islands of
127/F). Tables 1 and 2 list the materials used and properties
of the obtained electrode.

Production Example 15

[0133] An electrode was obtained through the same treat-
ments as those for Production Example 13 except that the
fabric structure was changed from knitted fabric to plain
weave fabric. Tables 1 and 2 list the materials used and
properties of the obtained electrode.

Production Example 16

[0134] An electrode was obtained through the same treat-
ments as those for Production Example 13 except that the
polyester-nanofiber combined-filament yarn was changed to
a polyester-nanofiber single yarn of 75T-112F (with a com-
posite ratio of the sea/island components of 30%:70%, the
number of the islands of 127/F). Tables 1 and 2 list the
materials used and properties of the obtained electrode.

Production Example 17

[0135] A polyurethane was added by impregnation to a
needle-punched nonwoven fabric having been formed using
a polymer array fiber (with a composite ratio of the sea/
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island components of 57%:43%, the number of the islands
of 16) of 4.2 dtex and 51 mm in which the island component
was a polyethylene terephthalate and the sea component was
a polystyrene, and wet-solidifying was performed. The
content of the polyurethane was 49% of the mass of poly-
ethylene terephthalate. The product was immersed in
trichloroethylene and squeezed with a mangle to remove the
polystyrene component. An ultrafine fiber having a single-
varn fineness of 0.15 dtex was obtained. A nonwoven fabric
having been subjected to nap raising with a buffing machine
and dyeing was obtained. In the same manner as in Produc-
tion Example 13, a polyurethane-resin microporous mem-
brane was laminated on the back face of the obtained
nonwoven fabric, and a dispersion of a conductive polymer
applied to the front face to obtain an electrode. Tables 1 and
2 list the materials used and properties of the obtained
electrode.

Production Example 18

[0136] Using a polyester-fiber woven fabric of 84T-36F (a
polyester fiber cloth for dyeing tests manufactured by Shiki-
sensha Co., Ltd.), a polyurethane-resin microporous mem-
brane was laminated on the back face of the fabric, and a
dispersion of a conductive polymer applied to the front face
to obtain an electrode in the same manner as in Production
Example 13. Tables 1 and 2 list the materials used and
properties of the obtained electrode.

Production Example 19

[0137] A tubular knitted fabric was knitted using a com-
bined-filament yarn obtained by combining a polyester fiber
of 56T-24F with a polyurethane yarn. Next, the fabric was
immersed in a mixed aqueous solution of 0.06% by mass of
sodium hydroxide and 0.05% by mass of a surfactant (80°
C., with a bath ratio of 1:30) to remove oil agents in original
yarn and dirt. In the same manner as in Production Example
13, a polyurethane-resin microporous membrane was lami-
nated on the back face of the obtained knitted fabric, and a
dispersion of a conductive polymer applied to the front face
to obtain an electrode. Tables 1 and 2 list the materials used
and properties of the obtained electrode.

Production Example 20

[0138] A tubular knitted fabric was knitted using a nylon-
fiber single yarn of 787T-24F. Next, the fabric was immersed
in a mixed aqueous solution of 0.06% by mass of sodium
hydroxide and 0.05% by mass of a surfactant (80° C., with
a bath ratio of 1:30) to remove oil agents in original yarn and
dirt. A polyurethane-resin microporous membrane was lami-
nated on the back face of the obtained knitted fabric, and a
dispersion of a conductive polymer applied to the front face
to obtain an electrode. Tables 1 and 2 list the materials used
and properties of the obtained electrode.

Production Example 21

[0139] An electrode was obtained through the same treat-
ments as those for Production Example 1 except that the
conductive polymer was changed to a 5% polyaniline aque-
ous solution (manufactured by Sigma-Aldrich Co. LLC.).
Tables 1 and 2 list the materials used and properties of the
obtained electrode.

Production Example 22

[0140] An electrode was obtained through the same treat-
ments as those for Production Example 1 except that the
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conductive polymer was changed to a 5% polypyrrole
aqueous solution (manufactured by Sigma-Aldrich Co.
LLC.). Tables 1 and 2 list the materials used and properties
of the obtained electrode.

Production Example 23

[0141] An electrode was obtained through the same treat-
ments as those for Production Example 1 except that the
polyester nanofiber of Production Example 4 was changed to
a nylon nanofiber. Tables 1 and 2 list the materials used and
properties of the obtained electrode. Production Examples of
Body Fabric for Garment Body

Production Example 24

[0142] A gray fabric of a half structure was produced with
a tricot machine using polyester filaments of 56T-24F at the
front reed and a polyurethane elastic fiber of 33T at the back
reed. Scouring and relaxation were then performed. Thermal
setting at 190° C. was performed prior to dyeing under
ordinary dyeing conditions for polyesters, and finishing
setting at 170° C. performed to obtain a body fabric of 180
g/m?. The stress at an elongation of 60% in the breadth
direction was 5.2 N.

Production Example 25

[0143] A gray fabric of a bare-yarn plain structure was
produced with a 32-gauge tubular knitting machine with
paralleled yarn of polyester false-twisted yarn of 84T-36F
and polyurethane elastic yarn of 33T. Scouring and relax-
ation were then performed. Thermal setting at 185° C. was
performed prior to dyeing under ordinary dyeing conditions
for polyesters, and final finishing setting at 170° C. pet-
formed to obtain a body fabric having an areal weight of 180
g/m?. The stress at an elongation of 60% in the breadth
direction was 2.1 N.

Production Examples of Wiring Portions

Production Example 26

[0144] As wiring portions, a mixed resin of a carbon resin
“LIONPASTE W-311” manufactured by Lion Corporation
and an acrylic resin “Stretch Clear 701B” manufactured by
MATSUI SHIKISO CHEMICAL Co., Ltd. in the ratio of 1:4
was printed in a form of wiring on the surfaces of garment
bodies produced from the body fabrics produced in Produc-
tion Examples 24 and 25 in a thickness of 20 um by screen
printing.

Production Example 27

[0145] Sewing was performed using paralleled and
twisted thread of two threads of 110T-34F of silver-coated
thread “AGposs” manufactured by Mitsufuji Textile Ind.
Co., Ltd. as a conductive fiber as the bobbin thread and using
No. 60 count polyester sewing thread as the needle thread
with the inner faces of garment bodies produced from the
body fabrics produced in Production Examples 24 and 25
facing upward. The silver-coated thread was thus sewn on
the surfaces of the cloth.

Production Examples of Waterproof Electric
Insulating Members

Production Example 28

[0146] As waterproof electric insulating members for cov-
ering the wiring portions produced in Production Examples
26 and 27, waterproof polyurethane seam tape “oE-1107
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manufactured by Toray Coatex Co., Ltd. was used to cover
the wiring portions exposed on the garment bodies.

Production Example 29

[0147] As waterproof electric insulating members, a poly-
tetrafluoroethylene (PTFE) film on one face of which a
polyurethane hot-melt adhesive has been applied was cut
into tape-shaped pieces to produce waterproof seam tape.
The wiring portions produced in Production Examples 26
and 27 were covered with the produced waterproof seam
tape.

Example 1

[0148] A biosignal detecting garment was produced by
combining the body fabric produced in Production Example
24 with the electrodes of Production Example 2, the wires of
Production Example 27, and the electric insulating members
of Production Example 28 according to the following speci-
fications. Metal snap fasteners for clothing manufactured by
YKK Inc. were used as a tool for attaching the measurement
device to the garment body.

[0149] As illustrated in FIG. 1, in the biosignal detecting
garment produced in Example 1, the electrodes 101a and
1015 were placed at about positions on the right and left fifth
ribs 2 in the armpits, and the measurement device 102 that
was an electrocardiogram measurement device acquired
electrocardiographic waveforms using the electrode 10154
placed in the left armpit as a positive different electrode (the
positive pole) and the electrode 101a placed in the right
armpit as a negative different electrode (the negative pole) so
that electrocardiographic waveforms similar to those in the
CCS5 lead acquired by conventional Holter monitors were
able to be detected. Waveforms in the CC5 lead are advan-
tageous to automatic analysis of pulse intervals (R-R inter-
vals) and the like because conventional findings in clinical
medicine can be applied and detection can be performed so
that the amplitudes of QRS signals will be large.

[0150] The electrode 101c placed at a position separated
from the electrodes 101a and 1015 placed at about the right
and left sides of the chest or the flank may be freely placed
as long as the electrode has contact with the body 1. Placing
at least part of the electrode 101¢ on the right or left scapula
region or costal arch 3 particularly makes it easy for the
electrode 101c¢ to have contact with the body 1 and stabilizes
detection of biosignals.

[0151] Providing the measurement device 102 on the right
or left chest, shoulder, or lumber region has the effects that
mixing of noise due to movements of a user is prevented,
that effects on activities of daily living of the user are small,
and that the user can easily put on and remove the terminal.
It is preferable that the user can make minor adjustments of
the attachment position of the measurement device 102 by
him- or herself using, for example, a conductive hook and
loop fastener as a connector because burdens on the user can
be further reduced.

[0152] As illustrated in FIG. 4, for example, the measure-
ment device 102 used included the signal processor 102a
configured to receive signals from the electrodes 101 and
detect electrocardiograms, the data storage unit 1025 con-
figured to store the received signals, the detected electro-
cardiogram data and the like, the communication unit 102¢
configured to communicate and exchange data with a mobile
terminal or a personal computer, and the controller 1024
configured to control these functional blocks.
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TABLE 2
moisture- Chemical Physical Resistance Resistance Breathability Bending resistance
permeable layer  dyeing  treatment treatment () (washing) (ceiem?/sec) length x breadth
Production — — — — 577 1.1 x 10° 150 15 x 16
Example 1
Production — — — — 63.1 0.42 x 10° 180 22 %25
Example 2
Production — — — — 36.5 1.4 x 10* 0.521 47 x 38
Example 3
Production — — — — 60.3 2.8 x 10° 140 12 x 14
Example 4
Production — — — — 352 1.8 x 10% 130 10x 11
Example 5
Production — — — — 255 2.5 x 10* 126 10 x 12
Example 6
Production — — — — 64.5 24 % 10° 135 15 x 16
Example 7
Production — — — — 293 Equal to or more 43 39 x 27
Example 8 than 10°
Production — — PU Nap raising 37.2 0.41 x 10* 104 42 x 43
Example 9
Production — — — — 21.5 Equal to or more  Equal to or more 49 x 43
Example 10 than 106 than 600
Production — — — — 16.5 0.32 x 10° 250 25 x 33
Example 11
Production — — — — 21 0.98 x 10° 401 37 x 46
Example 12
Production existence — — — 15.3 0.22 x 103 0 32 x33
Example 13
Production existence — — — 193 0.28 x 10° 0 38 x 40
Example 14
Production existence — — — 30.3 0.40 x 103 0 69 x 59
Example 15
Production existence — — — 16.8 14 x 10° 0 25 %33
Example 16
Production existence dyeing PU Nap raising 38.1 0.57 x 103 0 42 x 43
Example 17
Production existence — — — 21.3 Equal to or more 0 69 x 57
Example 18 than 0°
Production existence — — — 16.6 0.4 x 10 0 17 x 23
Example 19
Production existence — — — 16.1 0.29 x 10* 0 36 x 52
Example 20
Production — — — — 43.2 6.8 x 10° 160 18 x 19
Example 21
Production — — — — 50.8 7.2 % 10° 165 20 x 21
Example 22
Production — — — — 40.3 14 x 104 138 25 % 33
Example 23
1.-31. (canceled) 34. The biosignal detecting garment according to claim
32. A biosignal detecting garment comprising: 32, wherein
at least two electrodes each including a conductive fiber the measurement device is an electrocardiogram measure-
structure; ) ment device,
a measurement device configured to detect and process a the number of the electrodes each including the conduc-
bioelectric signal acquired by the electrodes in contact : -
with a living body: tive fiber structure is at least three,
) .
awiring portion conductively connecting the electrodes to any two of the electrodes are used as 'dlffer ent electrode's,
the measurement device; and at least one electrode other than the different electrodes is
a garment body on which the electrodes, the measurement used as at least one indifferent electrode, and
device, and the wiring portion are placed at predeter- a potential difference between the two different electrodes
mined positions. is detected as an electrocardiographic waveform.
33. The biosignal detecting garment according to claim 35. The biosignal detecting garment according to claim
32, wherein 32, wherein

the measurement device is an electrocardiogram measure-
ment device,

any one of the electrodes is used as a different electrode,

at least one electrode other than the different electrode is
used as at least one indifferent electrode, and

a potential difference between the different electrode and
the indifferent electrode is detected as an electrocar-
diographic waveform.

the measurement device is an electrocardiogram measure-
ment device,

two of the electrodes are respectively placed at about right
and left sides of a chest or a flank of the garment body,
and

when three or more of the electrodes are included, rest of
the electrodes is placed at a position separated from the
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electrodes placed at about the right and left sides of the
chest or the flank of the garment body.

36. The biosignal detecting garment according to claim
35, wherein

the electrodes respectively placed at about the right and

left sides of the chest or the flank of the garment body
are used as two different electrodes,

the rest of the electrode is used as at least one indifferent

electrode, and

a potential difference between the two different electrodes

is detected as an electrocardiographic waveform.

37. The biosignal detecting garment according to claim
32, wherein the conductive fiber structure is a fiber structure
impregnated with a conductive polymer.

38. The biosignal detecting garment according to claim
37, wherein a dispersion in which the conductive polymer
and a binder are dispersed in a solvent is applied to the
conductive fiber structure to impregnate the fiber structure
with the conductive polymer.

39. The biosignal detecting garment according to claim
37, wherein the conductive polymer is a mixture of a
poly(3,4-ethylenedioxythiophene) and a polystyrenesulfo-
nic acid.

40. The biosignal detecting garment according to claim
32, a fiber structure used for the electrodes includes a woven
or knitted fabric having an areal weight of equal to or more
than 50 g/m* and equal to or less than 300 g/m?.

41. The biosignal detecting garment according to claim
32, wherein a woven or knitted fabric used for the electrodes
includes a synthetic fiber multifilament at least part of which
has a fineness of equal to or more than 30 dtex and equal to
or less than 400 dtex and a single-yam fineness of equal to
or less than 0.2 dtex.

42. The biosignal detecting garment according to claim
32, wherein a woven or knitted fabric used for the electrodes
includes a synthetic fiber multifilament at least part of which
has a single-yam diameter of equal to or more than 10 nm
and equal to or less than 5,000 nm.

43. The biosignal detecting garment according to claim
32, wherein a woven or knitted fabric used for the electrodes
includes a synthetic fiber multifilament at least part of which
has a single-yam diameter of equal to or more than 10 nm
and equal to or less than 1,000 nm.

44. The biosignal detecting gaiinent according to claim
32, further comprising a resin layer that is layered on a face
of the conductive fiber structure used for the electrodes, the
face being opposite to another face configured to have
contact with skin.

45. The biosignal detecting garment according to claim
44, wherein the resin layer includes a polyurethane-based
moisture-permeable layer.

46. The biosignal detecting garment according to claim
32, wherein the wiring portion is formed of a printed
conductive resin, a laminated conductive resin film, a con-
ductive fiber, or a metal wire.

47. The biosignal detecting garment according to claim
32, wherein the wiring portion is formed by sewing-in a
conductive fiber, the conductive fiber comprising a fiber
coated with a metal.

48. The biosignal detecting garment according to claim
47, wherein the metal with which the conductive fiber is
coated includes silver, aluminum or stainless steel.
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49. The biosignal detecting garment according to claim
32, wherein the wiring portion is disposed on an outer side
of the garment body.

50. The biosignal detecting garment according to claim
32, wherein the wiring portion is formed by sewing-in a
conductive fiber, the conductive fiber being sewn in as one
thread of a sewing machine by sewing to be exposed mainly
on an outer side of the garment body.

51. The biosignal detecting garment according to claim
32, wherein

the wiring portion is disposed on an outer side of the

garment body, and

part of the wiring portion exposed on the outer side of the

garment body is covered with a waterproof electric
insulating member.

52. The biosignal detecting garment according to claim
51, wherein the electric insulating member includes a poly-
urethane-based film.

53. The biosignal detecting garment according to claim
32, wherein

the wiring portion is formed of a conductive resin, and

the wiring portion is formed with the conductive resin

being continuously layered on part of one face of a
sheet including a waterproof electric insulating mem-
ber, and with the face of the waterproof electric insu-
lating member on which the conductive resin is layered
being bonded to the garment body.

54. The biosignal detecting garment according to claim
32, further comprising at least two conductive connection
systems, the conductive connection systems each including:

one of the electrodes;

the measurement device; and

the wiring portion conductively connecting the electrode

to the measurement device, wherein

at least parts of the conductive connection systems formed

on the garment body are separated from each other by
a water-repellent and insulating structure.

55. The biosignal detecting garment according to claim
32, wherein

the garment body includes a woven or knitted fabric

having a stress of equal to or more than 0.5 N and equal
to or less than 15 N at an elongation of 60% in a length
or breadth direction, and

the electrodes are closely attached to skin at a pressure of

equal to or more than 0.1 kPa and equal to or less than
2.0 kPa when being worn.

56. The biosignal detecting garment according to claim
32, wherein the garment body includes a woven or knitted
fabric including elastic yarn and inelastic yarn.

57. The biosignal detecting garment according to claim
56, wherein the elastic yarn includes a polyurethane-based
elastic fiber.

58. The biosignal detecting garment according to claim
32, wherein the garment body includes a knitted fabric.

59. The biosignal detecting garment according to claim
32, wherein the measurement device is configured to be
attached and connected to and detached from the garment
body via a connector.

60. The biosignal detecting garment according to claim
32, wherein the measurement device functions to transfer
data through communication with at least one of a mobile
terminal and a personal computer.

61. The biosignal detecting garment according to claim
32, wherein the measurement device functions to transfer
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data through wireless communication with at least one of a
mobile terminal and a personal computer.

62. A biosignal detecting gannent comprising:

at least two electrodes each including a conductive fiber
structure;

a connector through which a measurement device config-
ured to detect and process a bioelectric signal acquired
by the electrodes that are in contact with a living body
is configured to be attached, connected, and detached;

awiring portion conductively connecting the electrodes to
the connector; and

a garment body on which the electrodes, the connector,
and the wiring portion are placed at predetermined
positions.
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