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(57) ABSTRACT

According to the teachings of the present invention there is
provided an elastic smart garment. The garment includes an
elastic tubular form having variable elasticity and at least
one conductive textile electrode, for sensing electrical vital
signals, such as a clinical level ECG signal. The garment
further includes at least one elastic and loose conductive
stripe, having a first end and a second end. The first end of
the at least one conductive stripe is securely attached to a
respective conductive textile electrode, and the second end
of the at least one conductive stripe is operatively connected
with a processor. The elasticity and looseness of the at least
one conductive stripe is configured to prevent a pulling force
from being applied to the respective conductive textile
electrode, when the garment is stretched. When a conductive
stripe is stretched by up to 15%, its resistance increases by
less than 25%.
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BRAIDED ELASTIC CONDUCTIVE STRIPE
AND METHODS OF UTILIZING THEREOF

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation in part of U.S.
application Ser. No. 15/121,334 filed Aug. 24, 2016, which
was a 371 National Stage entry of International Application
Serial No. PCT/IL2015/050239 filed Mar. 5, 2015, and
further claims the benefit under 35 USC 119(e) from U.S.
provisional application 62/006,102 filed May 31, 2014, and
the benefit under 35 USC 119(e) from U.S. provisional
application 61/950,139 filed Mar. 9, 2014. The contents of
each of these applications are hereby incorporated herein by
reference in their entirety as if set forth verbatim.

[0002] This application also relates to the PCT/IL2013/
050963, the disclosure of which is included herein by
reference in its entirety

FIELD OF THE INVENTION

[0003] The present invention relates to real-time health
monitoring systems and more particularly, the present inven-
tion relates to a knitted garment having an elastic tubular
form at preconfigured locations, transferring physiological
signals such as 12-lead clinical level ECG or other signals
from textile electrodes to a selected area of the garment.

BACKGROUND OF THE INVENTION AND
PRIOR ART

[0004] Monitoring systems for monitoring of physiologi-
cal parameters of a living being are well known in prior art.
For example, PCT/11.2012/000248, the disclosure of which
is included herein by reference in its entirety, discloses a
wearable health monitoring system that continuously checks
the wellbeing of a person that, typically, is considered
healthy, covering a significant range of health hazards that
may cause a significant life style change/limitation, and
provides an alert as early as possible—all this, with no
significant limitation to the normal life style of the person
bearing the system.

[0005] Unlike conventional gel electrodes, which are
directly applied to the living being’s skin, using a conductive
gel, textile electrodes are dry contact sensors adapted for use
in measuring ECG signals and other vital signals such
(EEG), electroencephalogram (FOG), electrooculogram and
other medical measurements on the skin without any skin
preparation, such as needed with wet electrodes, for
example, shaving hairy skin.

[0006] To improve performance over conventional wet
ECG sensors and to be able to conduct continuous long term
monitoring, a textile substrate is used to develop dry textile
electrodes for sensing physiological parameters of a living
being such as ECG signals. One such textile electrodes are
disclosed in PCT application PCT/IL2013/050964, filed
Nov. 23, 2013, titled “float loop textile electrodes and
methods of knitting thereof”, the disclosures of which is
included herein by reference for all purposes as if fully set
forth herein.

[0007] There is however a need to transfer the sensed
electrical signals from the textile electrodes to a processing
unit for collecting and processing the sensed data.

[0008] Reference is made to FIG. 1 (prior art) depicting an
open smart garment 20, having multiple textile electrodes 50
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integrally knitted therein. Smart garment 20 is configured to
receive a processing unit 70. FIG. 1 demonstrates the need
to electrically connect each of the textile electrodes 50 to
processing unit 70.

[0009] One solution is to integrally knit conductive traces
form each of the textile electrodes 50 to a docking station
configured to receive processing unit 70. This solution is
disclosed in PCT application PCT/IL2013/050963, titled
“vertical conductive textile traces and methods of knitting
thereof”, filed Nov. 23, 2013, the disclosures of which is
included herein by reference for all purposes as if fully set
forth herein.

[0010] FIG. 2a (prior art) schematically illustrates an
example garment 20, having an elastic tubular form, typi-
cally, with no limitations, a knitted tubular form, wherein
textile electrodes 50 are knitted therein and are individually
operatively connected to a processing unit 70. FIG. 26 (prior
art) depicts a front view of an example garment, wherein the
textile electrodes 50 are designed to measure at least 12-lead
ECG signal, and are connected to a processing unit (not
shown) by respective conductive traces 60, knitted therein.
[0011] The conductive traces 60 are knitted therein as part
of the fabrication of the garment, wherein the conductivity,
in particular between adjacent knitting courses in the vertical
direction, can support the transfer of clinical level ECG
signals from a textile electrode, along the fabric, to a
selected area in the garment preconfigured to host the
processing unit. Since the normal knitting direction of a
tubular form is substantially horizontal, conductive traces 90
that are knitted therein in a horizontal direction maintain a
stable conductivity.

[0012] The good conductivity should prevail when the
fabric is stretched to different directions during wearing,
which typically requires that the conductive physical means
for transferring the sensed electrical signals from textile
electrodes 50 to processing unit 70. This may entail that the
conductive physical means is made of materials having high
elasticity. This may entail that good conductive should
prevail when the fabric is stretching, in particular between
adjacent knitting courses in the vertical direction. However,
naturally, when the integrally knitted conductive traces 60
are stretched, tight as it is, gaps of air are formed between
the knitted loops, thereby reducing the conductivity of the
integrally knitted conductive traces 60.

[0013] The good conductivity of the conductive physical
means should prevail when using any type of basic fabric
yarns (cotton, synthetic yarns, metallic yarns, etc.).

[0014] The good conductivity should prevail after a pre-
configured number of washes, including in a washing
machine.

[0015] The good conductivity should prevail in any knit-
ting design, location and shape in the fabric.

[0016] More so, signals detecting is the motion artifact
occurring during movement of the person 10, wearing
garment 20. The motion artifact problem may increase as a
result of the large area of the textile electrodes 50 and/or the
conductive traces 60, moving with respect to the skin of user
10. It should be noted that the larger the area of the textile
electrodes 50 and/or the conductive traces 60 is, the higher
the capacitance between the skin and textile electrode 50 and
conductive traces 60 is.

[0017] There is therefore a need and it would be advan-
tageous to provide conductive physical means for transfer-
ring the sensed electrical signals from textile electrodes to a
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target receiving unit that provides high conductivity and low
sensitivity to motion artifacts, wherein the textile electrodes
are an integral part of a seamless garment, having a tubular
form.

[0018] US patent application 2010/0185076, by Jeong et
al, “Jeong” discloses a physiological signal measurement
garment and a physiological signal processing system. The
physiological signal measurement garment includes: a main
garment body which is formed of an elastic fabric and
includes a mesh structure and an elastic band; at least one
physiological signal sensing electrode sewn on the garment
body; a physiological signal transmission unit which is sewn
on the garment body and transmits a physiological signal
sensed by the physiological signal sensing electrode; and a
physiological information measurement module that mea-
sures various kinds of physiological information from the
physiological signal, which is sensed by the physiological
signal sensing electrode and transmitted through the physi-
ological signal transmission unit.

[0019] However, the garment is not a seamless tubular
form, and it is tailored using elastic seams formed in the
garment by considering the muscular shapes, and an elastic
mesh structure is inserted for a buffering action so that the
muscular and skin motion can be sufficiently absorbed. In
particular, on the front of the garment, elastic seams are
formed to correspond to the boundaries of the trapezius
muscle, pectoralis major muscle, rectus abdominis muscle,
and external oblique abdominal muscle, and an elastic mesh
is inserted. In addition, considering the motion of upper
arms, an elastic band is inserted into a part over the serratus
anterior muscle and the external oblique abdominal muscle.
It should be noted that when talking about the need of
considering the motion of upper arms, one must note that, in
his disclosure, Jeong does not relate, in any way, to the
LA/RA electrodes that are critical in measuring clinical level
ECG. It should be further noted that it makes no economical-
sense to tailor a garment for each person according to his’her
muscle structure.

[0020] In addition, in order to minimize the motion of the
pectoralis major muscle as the upper arms move, Jeong
suggests a buffering elastic mesh structure is inserted into an
elastic seam near the armpit. On the rear of the garment,
according to the same principle as applied to the front of the
garment, elastic seams are formed to correspond to the
boundaries of the teres major muscle, trapezius muscle, and
teres minor muscle, and an elastic mesh structure is inserted.
[0021] This design of the garment dictates different elec-
trodes than the integrated textile electrodes of the present
invention, the integrated textile electrodes being part of a
seamless garment, having a tubular form. This dictates
substantially different signal quality, and still the presented
4-electrodes design and placement suggest the inability to
provide clinical level ECG signals, certainly not a 12-lead
clinical level ECG, as does the present invention.

Definitions

[0022] The term “seamless monitoring”, as used herein
with conjunction with wearable monitoring devices, refers
to a device that when worn by an average person, wherein
the device puts no significant limitation to the normal life
style of that person and preferably not seen by anybody
when used and not disturbingly felt by the user while
wearing it. Furthermore, no activity is required from the
monitored person in order for the system to provide a

Mar. 29, 2018

personal-alert when needed. It should be noted that people
that pursue non-common life style, such as soldiers in
combat zone or in combat training zone, or firefighters in
training and action, or athletes in training or competition
may utilize non-seamless monitoring devices. As the “seam-
less monitoring” characteristics refers also to the user’s
behavior, the wearable component is preferably an item that
is normally worn (e.g., underwear) and not some additional
item to be worn just for getting the alert. It should be noted
that the term “seamless monitoring” differ from the notion of
commonly known notion of a seamless clothing item that
refers to tubular form clothing having no seams for forming
the tubular form.

[0023] The term “garment”, as used herein with conjunc-
tion with wearable clothing items, refers to wearable cloth-
ing items with seamless monitoring capabilities that prefer-
ably, can be tightly worn adjacently to the body of a
monitored living being, typically adjacently to the skin,
including undershirts, sport shirts, brassiere, underpants,
special hospital shirt, socks and the like. Typically, the term
“garment”, as used herein, refers to a clothing item that is
worn adjacently to the external surface of the user’s body,
under external clothing or as the only clothing, in such way
that the fact that there are sensors embedded therein, is not
seen by any other person in regular daily behavior.

[0024] The terms “course” and “line segment”, are used
herein as related terms. The tubular form of the garment is
knitted on a knitting machine, such as a Santoni knitting
machine, where the tubular form is knitted in a spiral having
substantially horizontal lines. A single spiral loop/circle us
referred to herein as a course and a portion of a course is
referred to as line segment.

[0025] The term “vertical conductive trace”, is used
herein, refers to knitting a lead wire, made of conductive
yarns, and capable of transferring electrical signals across
knitted line segment.

[0026] The phrase “clinical level ECG”, as used herein
with conjunction with ECG measurements, refers to the
professionally acceptable number of leads, sensitivity and
specificity needed for a definite conclusion by most cardi-
ology physicians to suspect a risky cardiac problem (for
example, arrhythmia, myocardial ischemia, heart failure)
that require immediate further investigation or intervention.
Currently, it is at least a 12-leads ECG and preferably
15-lead ECG, coupled with a motion/posture compensation
element, and a real-time processor with adequate algorithms.

BRIEF SUMMARY OF THE INVENTION

[0027] A principle intention of the present invention is to
provide conductive physical means for transferring the
sensed electrical signals from textile electrodes to a target
receiving unit. Typically, the conductive physical means is
composed of groups of elastic conductive yarns to thereby
form conductive stripes or conductive ribbons, herein
referred to as a “conductive stripe”. The conductive stripe is
made of yarns selected form a group of yarns including
synthetic yarns and metallic yarns. The conductive stripe
provides high conductivity, elasticity and low sensitivity to
motion artifacts.

[0028] The conductive stripes maybe in the form of
rounded stripes, flat stripes or any other cross-sectional
shape. One way to achieve high conductivity, is to increase
the number of conductive yarns in the conductive stripe.
However, when using rounded conductive stripe, the stripes
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tend to become bulky. Another way to achieve high con-
ductivity, is to construct the conductive stripes from groups
of yarns using braiding technology. The braiding technology
enhance the contact between conductive yarns, in particular,
while in stretching conditions. The flat conductive stripe is
also more convenient logistically, when using rolls of con-
ductive stripes.

[0029] Another principle intention of the present invention
is to connect textile electrodes to a signal receiving unit by
a flexible and loose conductive stripe, such that the conduc-
tive stripe does not apply pulling forces or applies minimal
pulling forces on the textile electrode securely connected
thereto. Thereby, during motion, the textile electrode
remains stably in position with respect to the skin of the user,
while the signals, such as ECG signals, transfer to a receiv-
ing unit such as a docking station.

[0030] It should be noted that the signals can be any
sensed electric signals (e.g. respiration) and it is not
restricted to ECG signals. It should also be noted that any
non-horizontal angle can be knitted using this invention by
a continuous sequence of vertical lines.

[0031] It should be further noted that with respect to the
embodiments provided by PCT application PCT/IL2013/
050963, the embodiments of the present invention show
significant reduction of motion artifact when the user is in
motion, due to the fact that the new conductive elastic stripes
are attached to the basic garment only in a few points such
as to prevents the pulling the respective electrodes, which
pulling may create unnecessary friction of the textile elec-
trode with the skin. Furthermore, the present invention
provides embodiment that substantially reduce the quantity
and cost of materials and labor.

[0032] Itshould be further noted that the present invention
will be often described in terms of the smart garment being
knitted, in order to provide the required variable elasticity.
However, the garment is not limited to being a knitted smart
garment, and may be manufactured using other technolo-
gies, such as polymer based garments that are produced
using 3D printing technologies.

[0033] According to the teachings of the present invention
there is provided an elastic smart garment, such as a knitted
smart garment. The garment includes an elastic tubular form
having a preconfigured elasticity, typically variable elastic-
ity, and at least one conductive textile electrode for sensing
an electrical vital signal, such as a clinical-level ECG signal
wherein the conductive textile electrode is integrally manu-
factured with the tubular form. The elastic tubular form
includes a skin side and an external side, wherein the
external side faces away from the user’s skin.

[0034] Typically, with no limitations, the elastic tubular
form is a knitted tubular form. The invention may be
described, hereon, in terms of the elastic tubular form being
a knitted tubular form. However, the elastic tubular form
being, typically, a knitted tubular form, not limited to be a
knitted tubular form, and the elasticity may be obtained by
other means.

[0035] The garment further includes at least one elastic
conductive stripe, having a first end and a second end.
[0036] The first end of the at least one conductive stripe is
securely and conductively attached to a respective conduc-
tive textile electrode, and the second end of the at least one
conductive stripe is operatively connected with a processor,
facilitating the sensed vital signal to be communicated from
the least one conductive textile electrode to the processor.
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The second end of the at least one conductive stripe may be
securely attached to a connector, such as, with no limita-
tions, a HDMI connector. Alternatively, the second end of
the second end of the at least one conductive stripe is
securely attached to a docking station.

[0037] The elasticity of the at least one conductive stripe
is configured to prevent a pulling force from being applied
to the respective conductive textile electrode, when the
garment is stretched.

[0038] The at least one conductive stripe is insulated by
insulation means, wherein the insulation means are selected
from the group including at least one insulating adhered
stripe, sleeves, non-conductive coating and non-conductive
textile material that is knitted, weaved, braided or covered
on the respective at least one conductive stripe.

[0039] Optionally, at least a portion of the yarns, from
which the at least one conductive stripe is composed of, are
braided.

[0040] Preferably, the yarns, from which the at least one
conductive stripe is composed of, are braided.

[0041] Optionally, sideways movements of the at least one
conductive stripe s restricted by a motion restricting means,
wherein the motion restricting means is securely attached to
the garment, and wherein the at least one conductive stripe
is free to move within the restricted space as provided by the
motion restricting means.

[0042] Optionally, the motion restricting means is selected
from the group of motion restricting means group consisting
of a sleeve, sewn-in yarns that are sewn over the at least one
conductive stripe, and a combination thereof.

[0043] Preferably, the motion restricting means is securely
attached to the skin side of the garment.

[0044] The insulation means are designed not reduce the
conductivity of the respective the at least one conductive
stripe. The insulation means are further designed not reduce
the local elasticity of the respective the at least one conduc-
tive stripe.

[0045] The insulation means is configured to prevent the at
least one conductive stripe conductive stripe from being
electrically shortened by any one of the user’s skin, a
neighboring conductive stripe or a neighboring textile elec-
trode.

[0046] Typically, the at least one conductive stripe is at
least partially loose inside the respective insulation means.
[0047] The at least one conductive stripe is made of yarns
selected form a group of yarns including synthetic yarns and
metallic yarns, or a combination thereof.

[0048] When a conductive stripe is stretched in length by
up to 15%, the electric resistance of the conductive stripe
increases by less than 25%, with respect to the non-
stretched, rest state of the conductive stripe. When the
conductive stripe is further stretched in length beyond the
15% and up to 30% of the rest state sate length, the electric
resistance increases by less than 10%, with respect to the
non-stretched, rest state of the conductive stripe. When the
conductive stripe is further stretched in length beyond the
30% of the rest state sate length, the electric resistance
increases by less than 5%, with respect to the non-stretched,
rest state of the conductive stripe.

[0049] The garment may include a zipper, wherein the
zipper is situated between the at least one textile electrode
and a docking station, wherein the at least one conductive
stripe passes through the continuous section of the garment,
without crossing the zipper, and wherein the second end of
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the respective at least one conductive stripe or knitted
line-trace is securely attached to the docking station.

BRIEF DESCRIPTION OF THE DRAWINGS

[0050] The present invention will become fully under-
stood from the detailed description given herein below and
the accompanying drawings, which are given by way of
illustration and example only and thus not limitative of the
present invention, and wherein:

[0051] FIG. 1 (prior art) depicts an open smart garment,
having multiple textile electrodes integrally knitted therein,
wherein the smart garment is configured to receive a pro-
cessing unit.

[0052] FIG. 2a (prior art) is a schematic illustration of an
example garment, having a tubular form, wherein textile
electrodes are knitted therein.

[0053] FIG. 2b (prior art) depicts a front view of an
example garment, wherein the textile electrodes are
designed to measure a 15-lead ECG signal.

[0054] FIG. 3a depicts segments of a number of conduc-
tive stripes, according to embodiments of the present inven-
tion, wherein the conductive stripes are covered by an
insulating tube, showing an open end of the conductive
stripes.

[0055] FIG. 3b depicts segments of a number of conduc-
tive stripes, as in FIG. 3qa, showing the other end of the
conductive stripes, which, in the shown example, are con-
nected to an HDMI connector.

[0056] FIG. 3¢ depicts an example segment of a rounded
conductive stripe that is covered by an insulating tubular
cover, according to some embodiments of the present inven-
tion.

[0057] FIG. 3d is a schematic illustration of a chart
showing the relation of the overall resistance of a rounded
conductive stripe and that of a flat conductive stripe wherein
the resistance of the 1 meter of conductive stripes are shown
as a function of stretching length of the respective conduc-
tive stripe.

[0058] FIG. 3e is a schematic illustration of a chart show-
ing the average change in resistance, of flat conductive
stripes of various lengths, with respect to the resistance of
the respective conductive stripe at rest, after being stretched
in segments of 10% of the length of the respective conduc-
tive stripe.

[0059] FIG. 3fis a schematic illustration of a chart show-
ing the average change in resistance, of flat conductive
stripes of various lengths, with respect to the with respect to
the previous stretched state, after being stretched in seg-
ments of 10% of the length of the respective conductive
stripe.

[0060] FIG. 4a depicts an example segment of a flat
conductive stripe having a length of 16 cm (as measured by
a ruler).

[0061] FIG. 4b depicts an example prior art conductive
stripe having a length of 16 cm.

[0062] FIG. 5 illustrates an example smart garment, hav-
ing multiple textile electrodes integrally knitted therein,
wherein the conductive stripes are configured to transfer the
sensed electrical signals from the textile electrodes to a
processing unit configured to collect the sensed data, accord-
ing to some embodiments of the present invention.
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[0063] FIG. 6 illustrates an example method of securely
connecting a conductive stripe to a respective textile elec-
trode, according to some embodiments of the present inven-
tion.

[0064] FIGS. 7a and 75 illustrate example smart garments,
having multiple textile electrodes connected to conductive
stripes, wherein insulating sleeves are used to insulate the
conductive stripes from being electrically shortened by an
adjacent conductive stripe and/or the user’s skin, according
to some embodiments of the present invention.

[0065] FIGS. 7¢ and 7d depict another example garment,
according to the methods shown in FIGS. 7a and 74. FIG.
7c, illustrating the internal side of garment the garment,
having multiple textile electrodes connected to respective
conductive stripes.

[0066] FIG. 8 illustrates an example smart garment, hav-
ing multiple textile electrodes connected to conductive
stripes, wherein a lining is used to insulate the conductive
stripes from being electrically shortened by the user’s skin,
according to some embodiments of the present invention.
[0067] FIG. 9 is a schematic illustration of an example
garment having a tubular form and being an undershirt
having a zipper in the front side, wherein textile electrodes
are knitted therein.

[0068] FIG. 10 is a schematic illustration the example
garment shown in FIG. 9, wherein the zipper is unzipped and
the garment in a spread, unfolded form.

DETAILED DESCRIPTION OF THE
INVENTION

[0069] The present invention will now be described more
fully hereinafter with reference to the accompanying draw-
ings, in which preferred embodiments of the invention are
shown. This invention may, however, be embodied in many
different forms and should not be construed as limited to the
embodiments set forth herein; rather, these embodiments are
provided, so that this disclosure will be thorough and
complete, and will fully convey the scope of the invention
to those skilled in the art.

[0070] An embodiment is an example or implementation
of the inventions. The various appearances of “one embodi-
ment,” “an embodiment” or “some embodiments” do not
necessarily all refer to the same embodiments. Although
various features of the invention may be described in the
context of a single embodiment, the features may also be
provided separately or in any suitable combination. Con-
versely, although the invention may be described herein in
the context of separate embodiments for clarity, the inven-
tion may also be implemented in a single embodiment.
[0071] Reference in the specification to “one embodi-
ment”, “an embodiment”, “some embodiments”, “another
embodiment” or “other embodiments” means that a particu-
lar feature, structure, or characteristic described in connec-
tion with the embodiments is included in at least one
embodiments, but not necessarily all embodiments, of the
inventions. It is understood that the phraseology and termi-
nology employed herein is not to be construed as limiting
and are for descriptive purpose only.

[0072] Methods of the present invention may be imple-
mented by performing or completing manually, automati-
cally, or a combination thereof, selected steps or tasks. The
term “method” refers to manners, means, techniques and
procedures for accomplishing a given task including, but not
limited to, those manners, means, techniques and procedures
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either known to, or readily developed from known manners,
means, techniques and procedures by practitioners of the art
to which the invention belongs. The descriptions, examples,
methods and materials presented in the claims and the
specification are not to be construed as limiting but rather as
illustrative only.

[0073] Tt should be noted that orientation related descrip-

[Tae i}

tions such as “bottom”, “up”, “horizontal”, “vertical”,
“lower”, “top” and the like, assumes that the is worn by a
person being in a standing position.

[0074] Meanings of technical and scientific terms used
herein are to be commonly understood as to which the
invention belongs, unless otherwise defined. The present
invention can be implemented in the testing or practice with
methods and materials equivalent or similar to those
described herein.

[0075] A principle intention of the present invention is to
connect textile electrodes to a signal receiving unit by an
elastic and loose conductive stripe, such that the conductive
stripe does not apply pulling forces or applies minimal
pulling forces on the textile electrode securely connected
thereto. Thereby, during motion, the textile electrode
remains stably in position with respect to the skin of the user,
while the signals, such as ECG signals, transfer to a receiv-
ing unit such as a docking station.

[0076] The conductive stripes maybe in the form of
rounded stripes, flat stripes or of any other cross-sectional
shape. One way to achieve high conductivity, is to increase
the number of conductive yarns in the conductive stripe.
However, when using rounded conductive stripes, the stripes
tend to become bulky, and so is the garment as a whole.
Another way to achieve high conductivity, is to construct the
conductive stripes from groups of yarns using braiding
technology. The braiding technology enhance the contact
between conductive yarns, in particular, while in stretching
conditions.

[0077] FIG. 3a depicts example segments of a number of
rounded conductive stripes 100R that are covered by an
insulating tubular cover 102, showing an open end of
conductive stripes 100. FIG. 36 depicts example segments of
a number of rounded conductive stripes 100, showing the
other end of conductive stripes 100, which in the shown
example, with no limitation, are connected to an HDMI
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connector 80. Insulating tubular cover 102 is elastic and
does not limit the elasticity of conductive stripe 100. FIG. 3¢
depicts an example segment of a rounded conductive stripe
100R that is covered by an insulating tubular cover 102, and
also an example segment of a flat conductive stripe 100F that
is also covered by an insulating tubular cover 102.

[0078] Since, in this example, the flat conductive stripe
100F contains more conductive yarns 101, the overall resis-
tance of rounded conductive stripe 100R is lower than that
of flat conductive stripe 100F. The example chart 400 shown
in FIG. 3d, shows the resistance (R) of conductive stripes
(100R and 100F) as a function of stretching length (L),
wherein the initial length of both stripes is 1 (one) meter. It
can be observed that the base conductivity of flat conductive
stripe 100F, having more conductive yarns 101, is 10 Ohms
while the base conductivity rounded conductive stripe 100R
is 20 Ohms. However, when stretching the stripes 100 by
10%, the resistance of both stripes 100 is growing, propor-
tionately, by about 10% until the stripes 100 are stretched by
about 20% in length, where the resistance starts to level off,
as depicted in both graphs 107R and 107F. This is one of the
major advantages of conductive stripes 100, which enables
to maintain the good and stable conductivity and to obtain
efficient ECG signals reading. It should be noted that con-
ductive stripes 100 are predesigned to stretch no more than
10% and practically, conductive stripes 100 do not stretch
more than 25%.

TABLE 1

Resistance (Ohm) vs. change in length (cm)

Stretched Original

by length 0% 10% 20% 30% 40%  50%
Stripe 30 36 4 4.1 4.2 4.2 4.2
length 40 4.6 5.2 5.3 5.3 5.4 54

50 54 6.2 6.6 6.7 6.6 6.7
60 6.2 7.2 7.5 7.6 7.8 8.1
70 7.2 8.3 8.8 8.8 8.9 9.2
80 8 9.1 9.7 9.8 9.8 9.9
90 92 103 107 11 11.1 11

100 9.8 113 12 121 122 121

TABLE 2

Original length (cm)

30 40 50 60 70 80 90 100 average

Stretched by (%)

10% 11% 13% 15% 16% 15% 14% 12
20% 14% 15% 22% 21% 22% 21% 1
30% 17% 15% 24% 23% 22% 23% 2
40% 17% 17% 22% 26% 24% 23% 21
50% 17% 17% 24% 31% 28% 24% 2

15%  14%
22% 19%
23%  21%
24%  22%
23%  23%

o Oy
O 0 2 o
S S o~ o

<
2
x

TABLE 3

Resistance (Ohm) vs. change by 10% in length (cm)
Original length (cm)

30 40 50 60 70 80 90 100

average

Stretched by A10%

10% 11% 13% 15% 16% 15% 14% 12% 15% 14%
20% 3% 2% 7% 5% % 1% 6% 1% 5.5%
30% 3% 0% 2% 2% 0% 2% 4% 1% 1.8%
40% 0% 2% -2% 3% 2% 0% 1% 1% 1%
50% 0% 0% 2% 5% 4% 1% -1% -2% 1%
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[0079] With reference to Tables 1, 2 and 3, as well as to the
charts (410 and 420, respectively) shown in FIG. 3e and
FIG. 3f, another experiment was conducted with various
lengths of flat braided conductive stripes 100F, to analyze
the conductivity behavior of the flat conductive stripes 100F.
FIG. 3e is a schematic illustration of chart 410 showing the
average change in resistance, of flat conductive stripes 100F
of various lengths, with respect to the resistance of the
respective conductive stripe at rest, after being stretched in
segments of 10% of the length of the respective conductive
stripe. FIG. 3f is a schematic illustration of chart 420
showing the average change in resistance, of flat conductive
stripes 100F of various lengths, with respect to the with
respect to the previous stretched state, after being stretched
in segments of 10% of the length of the respective conduc-
tive stripe. In all lengths of conductive stripes 100F, it has
been observed that, while stretching the conductive stripes
100F by up to 20%, the resistance of the conductive stripes
100F increases, averagely, by 14%, with respect to the
resistance when conductive stripes 100F are not stretched.
After that, the resistance, pretty much, levels off. This is seen
more clearly in Table 3 and chart 420: the first 10% of stretch
increases the resistance, averagely, by 14%. Further stretch-
ing the stripe by another 10%, with respect to the previous
stretched state, the resistance increases, averagely, by just
another 5.5%. After that, the resistance, pretty much, levels
off at about 1%.

[0080] It should be noted that flat conductive stripe 100F
is also more convenient logistically, than rounded conduc-
tive stripe 100R. For example, when using rolls of conduc-
tive stripes, the rolled up rounded conductive stripe 100R is
much thicker and bulkier than the rolled up flat conductive
stripe 100F.

[0081] The performance of conductive stripes 100 is also
dependent on the behavior characteristics of the garment,
having variable regional elasticity, and with which garment
the conductive stripes 100 are coupled to operate. For
example, a knitted garment is elastic by nature and therefore,
the conductive stripes 100 have to adapt to the local elas-
ticity of the garment. In normal operation, a conductive
stripe 100 is typically stretched, with no limitations, by up
to 25% with respect to length at the rest state of the
conductive stripe 100. It should be noted that the elasticity
of conductive stripes 100 should not limit the local elasticity
of the garment.

[0082] It should be noted that flat conductive stripe 100F
was also compared to a prior art conductive stripe 30 that is
made of elastic fabric having a mesh structure (as in Jeong),
fabricated by XSTATIC. FIG. 4a depicts an example seg-
ment of a flat conductive stripe 100F having a length of 16
cm (as measured by ruler 42). FIG. 45 depicts an example
prior art conductive stripe 30 having a compatible length of
16 cm. As shown, the electric resistance of the prior art
conductive stripe 30 is 35 Ohms (as measured by device 40,
depicted in FIG. 4a), while the electric resistance of the flat
conductive stripe 100F of the present invention is only 1.5
Ohms. Hence the ability of the prior art conductive stripe 30
to transmit physiological signal sensed by a textile electrode
is substantially poorer than that of flat conductive stripe
100F, while the sensitivity to motion artifacts, such as arms
movements, is substantially higher. It is further noted that
textile electrodes made from the same prior art fabric having
a mesh structure, is by far inferior in the ability to a
physiological signal, compared to the textile electrodes used
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in garment of the present invention. Therefore, a mesh
structure based garment (as in Jeong) is not suited for
measuring and transferring high quality physiological sig-
nals such as 12-lead clinical level ECG.

[0083] It should be noted that conductive stripes 100 can
be made by knitting, weaving, braiding, or any other textile
method which can combine both conductivity and elasticity.
The good conductivity of conductive stripes 100 should
prevail when using any type of basic fabric yarns to make
the smart garment (such as synthetic yarns, metallic yarns,
etc.).

[0084] Conductive stripes 100 is insulated to thereby
prevent electrical shorting, while wearing and moving, for
example, to prevent conductive stripes 100 from being
electrically shortened by the user’s skin, by neighboring
conductive stripes 100 or neighboring textile electrode 50.
[0085] The insulation can be done by knitting, weaving,
braiding, and covering, using any non-conductive textile
material, natural or synthetic yarns.

[0086] The insulation should not reduce the conductivity
and the elasticity properties of conductive stripes 100.
[0087] Conductive stripes 100 are positioned in a precon-
figured configuration along the shirt to facilitate the stripes
to stretch while wearing.

[0088] In one embodiment of the present invention, the
insulation of conductive stripes 100 is done after the braid-
ing process, using Spandex yarn covered with Nylon yarn.
[0089] In one embodiment of the present invention, con-
ductive stripes 100 are made of braided conductive yarns
(for example, with no limitations, conductive yarns that are
manufactured by XSTATIC) together with spandex yarns, in
order to reach the right level of elasticity. However, con-
ductive stripes 100 may be made using any other conductive
materials such as stainless steel yarns, cooper yarns and any
other combination of conductive yarns), provided that the of
conductive stripes 100 is similar to the local elasticity of the
smart garment.

[0090] The basic yarns to knit the smart garment and the
type of Spandex yarn used should be in line with the
machine gauge and type of fabric requested.

[0091] The quantity of conductive yarn ends, elastic yarn
ends, and the thickness (Den or Dtex) of the yarns in the
braided stripe are determined by the level of conductivity
and elasticity required for a particular smart garment.
[0092] Reference is made to the drawings. FIG. 5 illus-
trates an example smart garment 22, having multiple textile
electrodes 50 integrally knitted therein, wherein conductive
stripes 100 are securely connected to respective textile
electrodes 50, according to some embodiments of the pres-
ent invention, facilitating the transfer of the sensed electrical
signals from textile electrodes 50 to a target receiving unit
such as a processing unit or a docking station 72. FIG. 6
illustrates an example method of securely connecting a
conductive stripe 100 to a respective textile electrode 50,
according to some embodiments of the present invention.
[0093] Smart garment 22, as shown by way of example
only, with no limitations, as a knitted ECG monitoring shirt
22 having 13 kaitted electrodes 50, integrally knitted therein
(not all 13 electrodes shown) at preconfigured locations on
the shirt 22. Each of the kaitted electrodes 50 is adapted to
detect an ECG signal that is transferred to the receiving unit.
[0094] In the example embodiment shown in FIG. 5, each
elastic conductive stripe 100 of smart garment 22 is attached
to elastic smart garment 22 at least at three locations: at a
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first endpoint 104 of conductive stripe 100 is securely and
conductively attached to a respective textile electrode 50; at
a second location, conductive stripe 100 is securely attached,
for example adhered, is or passed through individual loops
formed by a respective insulating stripe 110 that are secured
to the garment, generally at middle of conductive stripe 100,
and a second endpoint 106 of conductive stripe 100 is
securely connected to the receiving unit at a respective
location, being, in the example shown in FIG. 5, with no
limitations, a respective snap 74 of docking station 72.
[0095] Elastic conductive stripes 100 are attached to smart
garment 22 leaving some free segments hanging loosely
between secured points to allow the garment fabric to stretch
during wear without pulling the respective textile electrode
50 or minimizing the pulling force applied to the respective
textile electrode 50. The elasticity of conductive stripe 100
also comntributes to the minimization of the pulling force
applied to the respective textile electrode 50.

[0096] The mechanical attachment of elastic conductive
stripe 100 to textile electrode 50 must ensure the smooth and
efficient transfer of the clinical level ECG signal from the
textile electrode 50 to the respective conductive stripe 100.
For example, as shown in FIG. 6, a first endpoint 104 of
conductive stripe 100 is sewn (140) to the respective textile
electrode 50 at lingula 150. Conductive stripe 100 may also
be attached to the respective textile electrode 50 by lami-
nation (adhesion) or by heat press. The attachment means
does not reduce the conductivity of either the textile elec-
trode 50 or the respective conductive stripe 100.

[0097] It should be noted that conductive stripes 100 may
be attached to the shirt at the inner or the outer sides of smart
garment 22.

[0098] In some other embodiments of the present inven-
tion, each individual insulated conductive stripe 100 is
inserted into a respective elastic sleeve which is securely
attached to the fabric of the smart garment, for example by
lamination. Reference is made to FIGS. 7a and 74, depicting
example methods of securely connecting a conductive stripe
100 to a respective textile electrode 50, according to other
embodiments. FIG. 75, illustrates example smart garments
26 and 27 (which garment 27 includes a zipper 290) showing
the skin side of the garments, having multiple textile elec-
trodes 50 connected to conductive stripes 100, wherein
insulating sleeves 170 are used to insulate conductive stripes
100 from being electrically shortened by an adjacent con-
ductive stripe and/or the user’s skin.

[0099] All are inserted into respective sleeves 170,
wherein a first endpoint 104 of the elastic conductive stripe
100 is securely connected, for example by sewing, to a
respective textile electrode 50 and the other endpoint 106 of
conductive stripe 100 is securely connected to a receiving
unit, such as a docking station 72. Insulating sleeve 170 also
keeps the accommodated elastic conductive stripe 100 hang-
ing loosely between the two secured endpoints 104 and 106
of conductive stripe 100, to allow the garment fabric to
stretch during wear without pulling the respective textile
electrode 50, or minimizing the pulling force applied to the
respective textile electrode 50. Insulating sleeve 170 serve as
motion restricting means for the accommodated elastic
conductive stripe 100, preventing sideways movements of
the accommodated elastic conductive stripe 100 outside the
boundaries of the respective insulating sleeve 170.

[0100] A laminated sleeve 170 of each of the conductive
stripes 100, eliminates the need of insulating lining 160 to
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cover all conductive stripes 100. Sleeves 170 also keep each
conductive stripe 100 in a preconfigured path along the
fabric of the smart garment (such as garment 26 and 27).
[0101] FIGS. 7¢ and 7d depict another example garment
28, according to the methods shown in FIGS. 7a and 75.
FIG. 7c, illustrates the internal side (i.c., the skin side) of
garment 28 (which garment 28 is a lady’s garment that
includes a zipper 290), having multiple textile electrodes 50
connected to respective conductive stripes 100, wherein
insulating sleeves 170 are used to insulate conductive stripes
100 from being electrically shortened by an adjacent con-
ductive stripe and/or the user’s skin. FIG. 7d illustrates the
external side of garment 28 showing the protrusions 100’
formed by the sewn-in (on the internal side of garment 28)
conductive stripes 100. Sleeves 170 lead conductive stripes
100 towards a processing unit 70 (being on the external side
of garment 28, not shown in FIG. 7d) that is accommodated
inside a designated pocket 77.

[0102] Reference is now also made to FIG. 8, showing the
skin side of an example smart garment 24, having multiple
textile electrodes 50 connected to conductive stripes 100,
wherein the conductive stripes 100 are covered by a lining
160 that is used to insulate conductive stripes 100 from
being electrically shortened by the user’s skin, according to
some embodiments of the present invention. Lining 160
facilitates each conductive stripe 100 to reach the designated
conductive location 74 (see FIG. 5) at docking station 72.
[0103] Reference in now made to FIG. 9, a schematic
illustration of an example garment 220 having a tubular
form, the garment being an undershirt having a zipper 290
in the front side, wherein textile electrodes 50 are knitted
therein and are individually operatively connected to pro-
cessing unit 70. However, some electrodes, such as textile
electrodes 50R, may require crossing zipper 290. To over-
come the problem conductive stripes 100 or line-traces (not
shown) are knitted into or attached to smart garment 220 in
a path that is traced around, via the back side of the garment,
such as to bypass zipper 290. FIG. 10 is a schematic
illustration of an example garment 220, as shown in FIG. 9,
wherein zipper 290 is unzipped and the garment is in a
spread, unfolded form.

[0104] The bypassing technique is also valid to any loca-
tion of a generally vertical zipper, whereas conductive
stripes 100 or knitted line-traces (not shown) are knitted into
or attached to smart garment 220 in a path that is set to
continuously pass through the continuous section of the
garment between the 290L and 290R parts of zipper 290.
[0105] The invention being thus described in terms of
embodiments and examples, it will be obvious that the same
may be varied in many ways. Such variations are not to be
regarded as a departure from the spirit and scope of the
invention, and all such modifications as would be obvious to
one skilled in the art are intended to be included within the
scope of the claims.

What is claimed is:

1. An elastic smart garment, the garment comprising:

a) an elastic tubular form having a preconfigured variable
elasticity, a skin side and an external side, wherein said
external side faces away from the user’s skin;

b) at least one conductive textile electrode for sensing an
electrical vital signal, integrally manufactured with said
tubular form; and

c) at least one elastic conductive stripe, having a first end
and a second end,
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wherein said first end of each said at least one conductive
stripe is securely and conductively attached to a respec-
tive said conductive textile electrode, and wherein said
second end of said at least one conductive stripe is
operatively connected to a processor, facilitating said
sensed vital signal to be communicated from said least
one conductive textile electrode to said processor;

wherein said at least one conductive stripe is insulated by
insulation means; and

wherein said at least one conductive stripe is at least

partially detached from the garment, and wherein said
elasticity of each said at least one conductive stripe, are
configured to prevent or minimize the forming of a
pulling force from being applied by said at least one
conductive stripe to said respective conductive textile
electrode, when the garment is stretched.

2. The garment of claim 1, wherein said elastic tubular
form is a knitted tubular form.

3. The garment of claim 1, wherein said at least one
conductive stripe is a flat conductive stripe or a rounded
conductive stripe.

4. The garment of claim 1, wherein when said at least one
conductive stripe is stretched in length by up to 15%, the
electric resistance increases by less than 25%, with respect
to the non-stretched, rest state of said at least one conductive
stripe.

5. The garment of claim 4, wherein when said at least one
conductive stripe is further stretched in length beyond the
15% and up to 30% of the rest state sate length, the electric
resistance increases by less than 10%, with respect to the
non-stretched, rest state of said at least one conductive
stripe.

6. The garment of claim 5, wherein when said at least one
conductive stripe is further stretched in length beyond the
30% of the rest state sate length, the electric resistance
increases by less than 5%, with respect to the non-stretched,
rest state of said at least one conductive stripe.

7. The garment of claim 1, wherein said electrical vital
signal is a clinical-level ECG signal.

8. The garment of claim 1, wherein said at least one
conductive stripe is composed of a plurality of yams.

9. The garment of claim 1, wherein at least a portion of
said yarns are braided.
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10. The garment of claim 1, wherein at least a portion of
said plurality of yarns are braided.

11. The garment of claim 1, wherein sideways movements
of said at least one conductive stripe is restricted by a motion
restricting means, wherein said motion restricting means is
securely attached to the garment, and wherein said at least
one conductive stripe is free to move within the restricted
space as provided by said motion restricting means.

12. The garment of claim 11, wherein said motion restrict-
ing means is selected from the group of motion restricting
means group consisting of a sleeve, sewn-in yarns that are
sewn over said at least one conductive stripe, and a combi-
nation thereof.

13. The garment of claim 11, wherein said motion restrict-
ing means is securely attached to said skin side of the
garment,

14. The garment of claim 1, wherein said insulation means
is selected from the group consisting of at least one insu-
lating adhered stripe, at least one sleeve, non-conductive
coating and non-conductive textile material that is knitted,
weaved, braided or covered on the respective at least one
conductive stripe.

15. The garment of claim 1, wherein said insulation means
is designed not to reduce the conductivity of the respective
said at least one conductive stripe.

16. The garment of claim 1, wherein said insulation means
is designed not to reduce the local elasticity of the respective
said at least one conductive stripe.

17. The garment of claim 1, wherein said at least one
conductive stripe is at least partially loose inside said
insulation means.

18. The garment of claim 1, wherein said by insulation
means is configured to prevent said at least one conductive
stripe conductive stripe from being electrically shortened by
any one of the user’s skin, a neighboring conductive stripe
or a neighboring textile electrode.

19. The garment of claim 8, wherein said yarns are
selected from the group of yarns consisting of synthetic
yarns, metallic yarns, and a combination thereof.

20. The garment of claim 1, wherein said second end of
said at least one conductive stripe is securely attached to a
connector or a docking station that is operatively connected
1o a processor.



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

RHA

IPCHRE
CPCH %S

L 54X

S EREEEE

BEX)

REXAZANHS

TEI25%.

RUET —MREEERE. ZRESEEFTER
MHREMEREANEL —NSBGRBR  ATRAURESGES , H
WMIGRAKFECGES, ZRELEFEEL -~ EMENBENSBE B
BE-mMNE R, MRED NS BRNE —IREE b EE T E N
SHAMBR , FEFRED —NSBRNE IR SLER TREDE
#, FRED - T BRI AT E R A RBR AL B L3
RENEA R S BHR BN, YSBRUIMBIR15%E , HBHEEMN

FABMSHEIREGRALE
US20180085060A1 K (nE)R
US15/809929 Fi% A
Bt BB AR

HEALTHWATCH LTD.

HEALTHWATCH LTD.

SHOSHANI BOAZ
AMIR URI

SHOSHANI, BOAZ
AMIR, URI

A61B5/00 A61B5/0408

2018-03-29

2017-11-10

patsnap

A61B5/6805 A61B5/04085 A61B5/6804 A61B2562/0209 A61B2562/222 A61B2562/227

62/006102 2014-05-31 US
61/950139 2014-03-09 US
15/121334 2016-08-24 US
PCT/IL2015/050239 2015-03-05 WO

Espacenet USPTO



https://share-analytics.zhihuiya.com/view/461f8072-df36-4748-bda1-3ead5c808b98
https://worldwide.espacenet.com/patent/search/family/061687090/publication/US2018085060A1?q=US2018085060A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220180085060%22.PGNR.&OS=DN/20180085060&RS=DN/20180085060

