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(57) ABSTRACT

A textile substrate with a measuring sensor for measuring a
physiological signal. The textile substrate has integrated irre-
movably therewith a base structure component for electron-
ics, such as for example a plastic base for a transmitter for
attaching the transmitter and other electronics to the substrate
irremovably by way of said base structure component. In
addition, signal transfer elements from the measuring sensor
are adapted to extend in a watertight manner to the electronics
through said base structure component integrated irremov-
ably with the textile substrate.
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TEXTILE SUBSTRATE FOR MEASURING
PHYSICAL QUANTITY

PRIORITY CLAIM

[0001] This application is a National Phase entry of PCT
Application No. PCT/F12012/050083, filed Jan. 31, 2012,
which claims priority from Finland Application No.
20115094, filed Jan. 31, 2011, the disclosures of which are
hereby incorporated by referenced herein in their entirety.

TECHNICAL FIELD OF THE INVENTION

[0002] The present invention relates to a textile substrate
for measuring a physical quantity. The present invention is
particularly related to a textile sensor substrate, wherein the
textile substrate comprises a measuring sensor, such as for
example electrodes, for measuring a physiological signal.

BACKGROUND OF THE INVENTION

[0003] The prior art discloses various solutions with a sen-
sor for measuring a physical quantity, such as for example a
heart rate band or belt. The heart rate band is made of skin
contacting electrodes, and electronics which identifies a sig-
nal emanating from the electrodes and transmits the received
heart rate data to a terminal, for example to a watch or a
mobile communicator. For conducting a measurement, the
heart rate band is put on for example around the thorax,
whereby the electrodes make contact with the skin around the
chest close to the heart for a measuring process.

[0004] For example, publication F1 119456 discloses one
heart rate belt with a sensor, wherein the heart rate belt has its
sensor in a first part of a connector mechanism and has its
processing or transmitter unit in a second part of the connec-
tor mechanism. Both parts include magnetic layers, by means
of which the parts connect releasably to each other by way of
mechanical coupling. In the solution, the electrical conductor
layers extending from the sensor are connected electrically
with the second part electrical components of the processing
or transmitter unit as a result of the aforesaid mechanical
coupling.

[0005] In addition, publication FT 119716 discloses a heart
rate measuring arrangement comprising a band-like struc-
tural component, wherein the structural component, in terms
of its material, is flexible, soft, and closely fitting to the skin
surface, such as for example a band-aid type adhesive tape.
The arrangement includes an electronic unit in electrical
communication with heart rate measuring electrodes. The
unitis arranged in a casing which comprises a gripping means
for attaching the unit to the band-like component of the elec-
trode structure, such that the gripping means provide an elec-
trical connection between the electrodes and the electronic
unit. The gripping means is for example an attachment slot, a
pivoted clamping clip or the like.

[0006] The prior art measuring arrangements are typically
all plastic or rubber in structure, wherein for example the
measuring band is fabricated with injection molding technol-
ogy by pressing the conducting plastic electrodes, plastic
insulations and electronics within the structure.

[0007] The prior art solutions nevertheless involve certain
problems. Plastic bands are cold, among other things, and the
hard and cold preserce thereof does not feel comfortable on
the skin. Therefore, recent newcomers to the marketplace
include also heart rate measuring bands made partially of
textile. On the other hand, a problem with partially textile
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bands is that the manufacturing processes of textile and those
of plastics as well as those of electronics are clearly different
from each other in terms of character and technology, which
is why the textile sensor band, and electrodes integrated there-
with, must be manufactured in a separate process and, respec-
tively, the transmitter module must be manufactured in a
separate process. A particular problem here is due to the fact
that, in order to achieve a final product or, in other words, in
order to bond a textile band and electronics to each other, it is
absolutely necessary to provide therebetween a mechanically
and electrically reliable connection, by which connection an
electrical measurement signal can be delivered from the skin
and sensors to the electronics. Since the measurement signal
is highly sensitive to interferences and the environment is
particularly demanding (sweaty and with motion distur-
bances), the connection is subject to quite high qualifications.
In addition to communicating the signal, the connection is
required, among other things, to retain the transmitter module
mechanically immobile in attachment with a textile band.
Coming up with sufficiently reliable bonding technique
between a textile band and electronics is nevertheless quite
expensive considering the final product.

[0008] Itis a rough estimate that the price of a plastic heart
rate band, having electronics integrated as a part of the plastic
band, is only about 60% of that of a separate textile band and
a transmitter attached thereto with prior art technology. The
most significant cost factor is the necessary bonding technol-
ogy between a textile band and a plastic transmitter. In most
commercial solutions, the bonding technique between a band
and a transmitter is typically implemented with snap fasten-
ers.

SUMMARY OF THE INVENTION

[0009] Oneobjective ofthe present invention is to eliminate
or at least to alleviate drawbacks related to the prior art.
According to one embodiment, the present invention pursues
to provide such a textile substrate for measuring a physiologi-
cal signal, wherein the expensive bonding technique of the
prior art could be relinquished and wherein the motion dis-
turbance-hampered and moist environment would not be able
to cause interference in the sensitive measurement signal. In
addition, the present invention pursues to make it possible,
among other things, that the manufacturing processes of tex-
tiles as well as those of electronics could still be maintained
separate from each other whenever necessary for thereby
taking advantage of the characteristic features and knowledge
of both industries. It is a particular objective of the present
invention to enable the integration of textile and electronics
quickly, conveniently, cost efficiently and with functional
reliability for providing a reliable product.

[0010] Some objectives of the present invention are accom-
plished for example with a textile substrate.

[0011] In some aspects, the textile substrate of the present
invention comprises a measuring sensor for measuring a
physiological signal, wherein the textile substrate is provided
with a region having irremovably integrated therewith a struc-
ture more rigid than the textile substrate structure for the
attachment of electronics to said region irremovably by way
of said more rigid structure, and signal transfer elements
being adapted to be connected across said region to the elec-
tronics in a watertight manner.

[0012] Insome aspects, a method for manufacturing a tex-
tile substrate of the present invention comprises providing the
textile substrate with measuring sensors for measuring a
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physiological signal, wherein the method further comprises
providing the textile substrate with a region, with said region
being irremovably integrated a structure more rigid than the
textile substrate structure for the attachment of electronics
irremovably to said region by way of said more rigid struc-
ture, and signal transfer elements being adapted to be con-
nected from the measuring sensors across said region to the
electronics in a watertight manner.

[0013] In some aspects, a wearable article of the present
invention comprises a heart rate belt or band, or a garment, for
example a shirt, a bra, a sports accessory, an undergarment, a
sock, or a pair of pants, wherein the wearable article com-
prises a textile substrate, wherein said textile substrate com-
prises a measuring sensor for measuring a physiological sig-
nal, wherein the textile substrate is provided with a region,
said region having irremovably integrated therewith a struc-
ture more rigid than the textile substrate structure for the
attachment of electronics to said region irremovably by way
of said more rigid structure, and signal transfer elements
being adapted to be connected across said region to the elec-
tronics in a watertight manner.

[0014] According to one embodiment of the present inven-
tion, the textile substrate comprises a measuring sensor for
measuring a physiological signal. The sensor is most prefer-
ably implemented with appropriate electrodes for measuring
a physiological signal, such as for measuring for example
heart rate, respiratory rate, oxygen saturation, temperature,
ECG, EEG, or electrical impedance. In the present invention,
the textile substrate is preferably provided with a region for
the attachment of electronics, such as a transmitter, to the
substrate across said region in an irremovable manner. In
addition, signal transfer elements from the measuring sensor
are adapted to be connected to the electronics by way of said
region in a watertight manner.

[0015] According to one preferred embodiment, said
region has irremovably integrated therewith a structure, most
preferably as early as concurrently with manufacturing the
substrate, which structure is more rigid than the textile sub-
strate structure, and to which the electronics, for example a
wireless transmitter and measurement data processing elec-
tronics, can be attached in an irremovable manner. According
to a particularly preferred embodiment, said more rigid struc-
ture is a base structure, for example a plastic base for elec-
tronics, for example a transmitter. In this case, the actual
textile component can be manufactured separately and, con-
currently with its manufacturing process, with said textile
component can be integrated for example a plastic base for
the transmitter, and the plastic base can be provided with
signal transfer conductors extending from the electrodes.
Respectively, in connection with assembling the final prod-
uct, the electronics will be attached to the base structure
irremovably as described elsewhere in this document.
[0016] This offers obvious benefits over the prior art solu-
tions, because thereby e.g. the manufacturing processes of
textiles as well as those of electronics can still be maintained
separate from each other, and hence advantage can be taken of
the characteristic features and knowledge of both industries.
The present invention enables for example the integration of
atransmitter as a textileband component during textile manu-
facturing across a plastic base integrated therewith at any
manufacturing stage of the band after the plastic base has
been integrated with the textile.

[0017] Most preferably, said base structure for a transmitter
is, in terms of its mechanical design, such that it functions as
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a mechanical mating component for the transmitter (or other
possible electronics), thus enabling the transmitter to be
attached as a mating component of the base structure irre-
movably to said textile substrate by way of the base structure.
The attachment can be implemented or secured not only by
mating component technique but also, among other means,
by injection molding, gluing, sewing, screws, upsetting,
ultrasonic welding, and/or by high frequency or heat lamina-
tion. In addition, the base structure is attached to the textile
substrate most preferably for example by injection molding,
gluing, sewing, screws, upsetting, ultrasonic welding, and/or
by high frequency or heat lamination. The measurement sig-
nal is conducted from electrodes to electronics most prefer-
ably by signal transfer elements implemented with conduc-
tors. According to one embodiment of the present invention,
the conductors connect from the textile substrate across said
region, or a rigid structure irremovably integrated therewith,
such as for example across the plastic base of a transmitter, to
the electronics by way of watertight penetrations or other
watertight arrangements in an electrical fashion. According to
one preferred embodiment, the conductors extend to the elec-
tronics directly through the plastic base in a water tight man-
ner without any separate elements. It is also possible that the
plastic base of a transmitter be provided with signal transfer
elements, for example pins, by way of which the signal is
adapted to proceed from conductors to electronics in an elec-
trical manner. When electronics is attached to a plastic base
irremovably as described in this document, the plastic base
and the electronics in attachment therewith establish one
integral assembly and for example perspiration is not able to
cause problems or disruptions for electrical connections
between signal transfer conductors and electronics.

[0018] According to one embodiment of the present inven-
tion, on top of the transmitter or other electronics is provided
a second component structurally more rigid than the textile
substrate structure, such as for example a protective cover for
protecting the transmitter and other electronics at least
mechanically, whereby the protective cover, jointly with the
base component, makes up an enclosure for the transmitter
and other electronics, as well as for a battery. It should be
noted that between said substrate and the second component
placed on top of the electronics exists just a mechanical
connection, but no electrical connections. According to one
embodiment, said second component, for example a protec-
tive covet, is designed to be removable for enabling a battery
replacement, for example. Furthermore, said second compo-
nent can be at least partially coated with textile.

[0019] The present invention offers obvious benefits over
the prior art. For example, in the fixed integration of a trans-
mitter’s base and a textile component, for example a textile
band for the heart rate belt, there is achieved not only the
avoidance of expensive technology but at the same time also
a watertight and durable penetration of electrodes or signal
transfer conductors into the transmitter enclosure. The trans-
mitter’s base structure integrated with the textile component
provides a natural location for transmitter electronics. This
plastic interface provides a surface to which all current plas-
tics and electronics manufacturers will be able to attach their
particular electronics. The enclosure is closed most prefer-
ably with a transmitter’s cover, which, according to one
embodiment, can be openable for example for a battery
replacement. What is essential, however, is that there are no
electrical signals traveling between the openable cover (the
second component set on top of said substrate and the elec-
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tronics) and the base. Accordingly, the cover only functions as
a seldom operated battery replacement opening. In case the
battery replacement is not desirable, the cover can be for
example welded permanently to the attachment with the
transmitter’s base, whereby the electronics is encapsulated
for a permanent component of the band.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] Preferred embodiments of the invention will be
described in the next section a little more precisely with
reference to the accompanying figures, in which

[0021] FIG. 1 shows one typical heart rate band of the prior
art,

[0022] FIG. 2 shows one exemplary heart rate band accord-
ing to one preferred embodiment of the present invention,
[0023] FIG. 3 shows another exemplary heart rate band
according to one preferred embodiment of the present inven-
tion,

[0024] FIG. 4 shows one exemplary heart rate band in a
closed condition according to one preferred embodiment of
the present invention,

[0025] FIG. 5 shows an example of a wearable article
according to the present invention,

[0026] FIG. 6 shows an example of a wearable article
according to the present invention, and

[0027] FIG. 7 shows an example of a wearable article
according to the present invention.

DETAILED DESCRIPTION OF FIGURES

[0028] FIG. 1 shows one typical heart rate band 10 of the
prior art, wherein from a skin contacting sensor extends a
conductor 11 to a connection 12 present in the band, whereby
a transmitter module 13 is connected in an electrically and
mechanically releasable manner by way of a connection 14
present in the transmitter module. The connection is most
typically implemented as a snap fastener type coupling. The
transmitter 31, which is releasably attachable to the band by
means of a snap fastener type coupling, comprises generally
also electronics 15 and a battery 16. The battery 16 is typically
located at the bottom of the transmitter module 13 for a
convenient replacement by releasing the module from the
sensor band’s connector mechanisms 12. In the prior art
solution, for example perspiration has an easy access into a
connection implemented with snap fasteners, thus being
likely to cause interference in the measurement signal along
with vibration.

[0029] FIG. 2 shows one exemplary heart rate band 100
according to one preferred embodiment of the present inven-
tion, wherein a body component of the heart rate band is
established by a textile sensor substrate 101, which is pro-
vided with a region 1024 for the attachment of electronics to
the substrate across said region 1024 in an irremovable man-
ner. It is also across said region 102q that signal transfer
elements 103 extending from a measuring sensor are adapted
to connect to the electronics in a watertight manner. The
region 102a can be designed for example in such a manner
that, when placed thereon, the electronics can be attached to
the region and thereby to the textile substrate irremovably for
example with a technique described elsewhere in this docu-
ment.

[0030] In the heart rate band depicted in FIG. 2, the con-
ductors 103 are adapted to extend most preferably from the
textile substrate 101 through said region 102a directly 104 to
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the electronics 105. Said irremovably attached electronics
105 comprises most preferably at least a transmitter for the
wireless transmission of measured signals. The electronics
may further comprise also elements for processing measure-
ment signals.

[0031] Intheheartrate band 100, ontop of said region 1024
and the electronics 105 as well as the battery 106 is most
preferably provided a cover 107, whereby the cover 107,
jointly with said region 102a, makes up an enclosure type
member for protecting the electronics and the battery
mechanically. The enclosure can be openable for an easy
replacement of the battery which lies on top.

[0032] FIG. 3 depicts another exemplary heart rate band
100 according to one preferred embodiment of the present
invention, which is structurally highly similar to that shown in
FIG. 2, and reference numbering for the like elements is
consistent with that of FIG. 2. With regard to a textile sub-
strate 101 in FIG. 3, the textile substrate has irremovably
integrated therewith a base structure 10256 for electronics,
such as for example a plastic transmitter base, with a trans-
mitter 105 attached irremovably thereto. On top of the trans-
mitter (and other possible electronics) 105 is most preferably
provided a battery 106. Similarly, the heart rate band depicted
in FIG. 3 has conductors 103 adapted to extend most prefer-
ably from the textile substrate 101 through said transmitter’s
base structure 1025 directly 104 to the electronics 105, thus
providing at the same time a watertight and mechanically
durable penetration through the base structure 1025. In addi-
tion, adapted to be placed on top of the electronics and the
battery is a cover 107, which can be designed to be openable
for enabling a battery replacement. According to one embodi-
ment, the cover can be adapted to become attached to the
transmitter’s base structure 1026 as presented in FIG. 4.
According to one embodiment, the cover can be coated with
textile.

[0033] FIGS. 5, 6 and 7 illustrate a few examples of wear-
able articles 100, 200, 300 of the present invention, wherein,
depending on the wearable article, sensors 110 made up by
electrodes are placed in an appropriate location for measuring
a desired physical quantity, such as, for example, close to the
heart in a bra 200 and a shirt 300 for measuring the heart rate.
[0034] The foregoing are just a few embodiments of the
present invention. The principle according to the present
invention can naturally be varied within the scope of protec-
tion defined by the claims, regarding for example implemen-
tation details and fields of use. It should particularly be noted
that, although the above description deals with a heart rate
band or belt as one example of a textile substrate, the present
invention is by no means limited solely to those, but said
textile substrate can also be some other wearable article or
garment, such as for example a shirt, a bra, a sports accessory,
an undergarment, a sock, or a pair of pants. In addition,
although it has been stated in several examples that the textile
substrate has irremovably integrated therewith a plastic base
for electronics, such as for a transmitter, the material of said
base structure may just as well be a material other than plas-
tics.

1. A textile substrate, wherein the textile substrate com-
prises a measuring sensor for measuring a physiological sig-
nal, wherein the textile substrate is provided with a region,
said region having irremovably integrated therewith a struc-
ture more rigid than the textile substrate structure for the
attachment of electronics to said region irremovably by way
of said more rigid structure, and signal transfer elements
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being adapted to be connected across said region to the elec-
tronics in a watertight manner.

2. A substrate as set forth in claim 1, wherein said structure
more rigid than the textile substrate is a base structure com-
ponent for a transmitter, such as a plastic base for the trans-
mitter or some other base structure component for attachable
electronics.

3. A substrate as set forth in claim 1, wherein the measuring
sensor is implemented with electrodes and the signal transfer
elements with conductors, and wherein the conductors con-
nect from the textile substrate through said region, or the rigid
structure irremovably integrated therewith, by way of water-
tight penetrations or other watertight arrangements, and
wherein said irremovably attachable electronics comprises at
least a transmitter for the wireless transmission of measured
signals.

4. A substrate as set forth in claim 1, wherein said rigid
structure comprises elements for connecting electronics
attachable thereto electrically to said signal conductors.

5. A substrate as set forth in claim 1, wherein on top of the
electronics integrated irremovably with a region of the sub-
strate is provided a second component structurally more rigid
than the textile substrate.

6. A substrate as set forth in claim 5, wherein between said
substrate and the second component provided on top of the
electronics is only a mechanical connection, but no electrical
connections.

7. A substrate as set forth in claim 5, wherein said second
component is designed to be removable, and/or wherein said
second component is at least partially coated with textile.

8. A substrate as set forth in claim 1, wherein said textile
substrate is a heart rate belt band, or a garment.

9. A substrate as set forth in claim 1, wherein the elements
integrated irremovably with a region of the substrate, such as
the electronics or the structure more rigid than the textile
substrate structure, are attached selected from the group cho-
sen from injection molding, gluing, sewing, screws, upset-
ting, ultrasonic welding, high frequency lamination and heat
lamination.

10. A method for manufacturing a textile substrate, said
method comprising:

providing the textile substrate with measuring sensors for

measuring a physiological signal, wherein the method
further comprises providing the textile substrate with a
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region, with said region being irremovably integrated a
structure more rigid than the textile substrate structure
for the attachment of electronics irremovably to said
region by way of said more rigid structure, and signal
transfer elements being adapted to be connected from
the measuring sensors across said region to the electron-
ics in a watertight manner.

11. A method as set forth in claim 10, wherein the elements
integrated irremovably with a region of the substrate, such as
the electronics and/or the structure more rigid than the textile
substrate structure, are attached by a process selected from
the group chosen from injection molding, gluing, sewing,
screws, upsetting, ultrasonic welding, high frequency lami-
nation and heat lamination.

12. A wearable article comprising a textile substrate,
wherein said textile substrate comprises a measuring sensor
for measuring a physiological signal, wherein the textile sub-
strate is provided with a region, said region having irremov-
ably integrated therewith a structure more rigid than the tex-
tile substrate structure for the attachment of electronics to
said region irremovably by way of said more rigid structure,
and signal transfer elements being adapted to be connected
across said region to the electronics in a watertight manner.

13. A substrate as set forth in claim 2, wherein said rigid
structure comprises elements for connecting electronics
attachable thereto electrically to said signal conductors.

14. A substrate as set forth in claim 5, the second compo-
nent is a protective cover.

15. A substrate as set forth in claim 14, wherein said pro-
tective cover is designed to be removable, and wherein said
protective cover is at least partially coated with textile.

16. A substrate as set forth in claim 6, wherein said second
component is designed to be removable and/or wherein said
second component is at least partially coated with textile.

17. A substrate as set forth in claim 1, wherein said textile
substrate is a garment chosen from a shirt, a bra, a sports
accessory, an undergarment, a sock and a pair of pants.

18. A wearable article of claim 12, the article chosen from
a heart rate belt, a heart rate band and a garment.

19. A wearable article of claim 12, the article comprising a
garment chosen from a shirt, a bra, a sports accessory, an
undergarment, a sock and a pair of pants.
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