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(54) PRESSURE-SENSITIVE EXERCISE MAT
(67)  The pressure-sensitive exercise mat (100) com-
prises a first mat layer (210) made of a rubber-based
material; an elastic hot-melt glue layer (220) on one side
of the first mat layer (210); a first conductor layer (230)
arranged on the hot-melt glue layer (220) and formed of
a plurality of metal wires, each wire extending in a first
direction; a first electrode layer (240) arranged over said
first conductive layer (230) and formed of a plurality of
separate first metal plates that are arranged according
to a predetermined pattern, each first metal plate being
electrically connected to a wire of said first conductor
layer (230) and also partly attached to said hot-melt glue
layer (220); a pressure-sensitive layer (250) formed of a
plurality of separate pressure-gauge foil pieces, wherein
each foil piece is arranged over one of a first metal plate
of said first electrode layer (240) and is also partly at-
tached to said hot-melt glue layer (220); a second con-
ductor layer (260) arranged over the pressure-sensitive
layer (250) and formed of a plurality of metal wires, each
wire extending in a second direction different from said
first direction and being in contact with an associated
pressure-gauge foil piece of the pressure-sensitive layer
(250), said second conductor layer (260) also being partly
attached to said hot-melt glue layer (220); a second elec-
trode layer (270) arranged over the second conductor
layer (260) and formed of a plurality of separate second
metal plates that are arranged according to said prede-
termined pattern in alignment with said first metal plates
of the first electrode layer (240), each second metal plate
being electrically connected to a wire of said second con-

ductor layer (260) and also being partly attached to said
hot-melt glue layer (220); a second mat layer (280) made
of a rubber-based material, said second mat layer being
arranged over said second electrode layer (270) and
partly attached to said hot-melt glue layer (220); a case
arranged adjacent to one end of the mat (100) and adapt-
ed for holding at least a battery, a signal processing unit
and a communication interface, said case being attached
to and partly surrounding the outer sides of the first and
second mat layers (210, 280).
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Description

[0001] The present invention relates to a pressure-
sensitive exercise mat, in particular for yoga and fitness
trainings.

[0002] Conventionally, physical training exercises
have been widely used in which various body poses such
as a yoga and a stretch exercise are taken, or a part of
the body is moved in a state where the part is fixed to a
specific pose, for various purposes such as beauty,
stress relief and health promotion.

[0003] A demand has arisen for the development of a
system that, when a person exercises while staying at
home, analyzes a pose taken by the person in exercise
in real time and capable of evaluating the quality of the
pose based on the result of the analysis, or even capable
of correcting the pose or estimating a cause of distur-
bance of the pose to feed back to the exercising person.
[0004] For this purpose, pressure sensitive smart mats
have been developed with remote data processing ca-
pabilities, typically performed by a remote server com-
puter under the control of a mobile application running
on a mobile phone linked to the smart mat during use.
[0005] The document JP 2021037168 A discloses a
smart mat for yoga excercises, in which a conductive
woven fabric is inserted into the interior of the yoga mat.
The conductive woven fabric constitutes a first conduc-
tive region by conductive yarns extending in a first direc-
tion, afirstinsulating region by insulating yarns extending
in the first direction, a second conductive region by con-
ductive yarns extending in a second direction, and a sec-
ond insulating region by insulating yarns extending in the
second direction, respectively, and a plurality of cells
which are located at the intersecting portions between
the first conductive region and the second conductive
region. The cells function as pressure sensors. When a
load is applied to a cell, the change in the electrostatic
capacitance becomes larger relative to its unloaded
state, and thus it is possible to detect the manner of ap-
plying a load to each cell on the basis of the electrical
signals measured on the various conducting yarns ex-
tending in the first and second directions. This solution
has the drawback that the woven fabric is complex to
produce and is much thicker than other conductive ca-
pable materials due to its fabric structure.

[0006] The document US 2021068245 A discloses a
flexible substrate that includes a first flexible layer fabri-
cated with at least one conducting path, and configured
to sustain an electric power within the conducting path,
a second flexible layer fabricated with one or more sen-
sors connected in a form of a matrix, the second flexible
layer being configured to generate a signal upon receiv-
ing an interaction from at least one user, a third flexible
layer fabricated inbetween the first flexible layer and the
second flexible layer, and configured to insulate the con-
ducting path of the first flexible layer from a matrix con-
nection of the second flexible layer, at least one support
structure operatively coupled to the first flexible layer, the
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second flexible layer and the third flexible layer, and con-
figured to receive the signal generated by the second
flexible layer and to provide a support. The conducting
path may be made up of a conducting material such as
a copper, aluminium, silicon or graphite. The conducting
path may be fabricated or attached to the first flexible
layer using an adhesive material. The second flexible
layer may be fabricated with one or more sensors in the
form of a matrix through the conducting path. The second
flexible layer generates a signal when the user interacts
with the second flexible layer, i.e. when applies a pres-
sure load thereon. This solution has the drawback that
gluing to a flexible layer can be problematic, it is difficult
to find a suitable adhesive material. The conductivity of
the material may deteriorate due to the different compo-
sition and operating principle of the different adhesives.
[0007] The document US 2020254299 A discloses a
system for exercise posture detection. The system in-
cludes a mat, at least one sensor matrix comprising one
or more sensors and configured to generate an electrical
signal upon making a contact by the user with the mat,
a plurality of sensor lines, a plurality of power lines and
a processing subsystem. In one specific embodiment,
the at least one sensor matrix having the mxn size with
'm’ number of the sensor lines and 'n’ number of the pow-
er lines, only one of the 'n’ number of the power lines
may be active. More specifically, 'm’ number of sensors
on the i-th row may be active. Henceforth an output from
the at least one sensor matrix may be electrical signals
generated by the 'm’ number of sensors on the i-th row.
This solution has the drawback that the criterion for the
solution is the presence of a wearable device to compare
its data with the data generated by the mat. This creates
limitations in both the system usage and the user expe-
rience.

[0008] The document EP 3047794 discloses a textile,
piezoresistive sensor especially designed for detecting
the heartbeat and/or respiratory rate. The sensor com-
prises a lower textile layer onto which a conductor ink or
paste is deposited, such that a number of first conductor
strips are defined, while said lower textile layer is at-
tached to a second piezoresistive textile layer onto which
a second conductor strip is placed to which an upper
textile layer is finally placed which can receive the ink
and/or conductor pastes deposited. The first conductor
strip and second conductor strip comprise at least one
of the following: silver, silver chloride, copper, nickel,
graphite, conductive polymers and carbon nanofibres. In
respect of said first conductor strips and said second con-
ductor strip, they may be applied by printing, either by
screen printing or ink jet or by weaving, embroidering or
stitching wires coated or impregnated with the above ma-
terials in specific designs. This sensor design has the
drawback that the production of the painted/screen print-
ed/printed conductive layer on the textile results in a com-
plex and thick end product.

[0009] The document US 2015364059 A discloses an
interactive exercise mat having a sensor layer therein.
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The sensor layer may include a variety of sensor types,
such as pressure sensors, piezoresistive sensors, weight
sensors, movement sensors, and temperature sensors.
The sensor layer may gather information from a user in
a variety of appropriate methods, for example, a conduc-
tive mesh structure may gather pressure sensory infor-
mation from a user and determine pressure data that can
be communicated to a control component. The control
component may be comprised by the mat or may be com-
prised in a separate device (e.g., smart phone, lap top
computer, set top box, etc.). The mat may have several
layers including a top cover overlying a bottom cover.
The mat includes a sensor array located between top
cover and the bottom cover. A sensory array may be
formed of one or more layers, such as a top electrode
layer overlying a bottom electrode layer, with a sensor
layer inbetween the top electrode layer and the bottom
electrode layer. This document, however, is silent about
the technological details of the manufacturing of the mat..
[0010] The object of the present inventio is to further
improve the known smart mats for providing a more re-
liable and more precise pressure map than available in
the current smart mat designs.

[0011] The above object is achieved by providing a
pressure-sensitive exercise mat as defined by the ap-
pended claim 1. Various preferred embodiment of the
pressure-sensitive exercise mat are defined by the de-
pendent claims.

[0012] The invention will now be described in more de-
tail through preferred embodiments with reference to the
accompanying drawings. In the drawings:

Fig. 1 schematically illustrates the pressure-sensi-
tive exercise mat as a whole, according to the
present invention.

Fig. 2 is a cross-sectional view of a preferred em-
bodiment of the mat according to the invention along
the line A-A shown in Fig. 1.

Fig. 3 is a cross-sectional view of the same embod-
iment of the mat as shown in Fig. 2 along the line B-
B shown in Fig. 1.

Fig. 4 is an exploded view of the subsequent layers
of the embodiment of the mat shown in Fig. 2.

Fig. 5 is an example of the wiring scheme of the
electrode layers within the mat according to the in-
vention.

Fig. 6 is a flow diagram of the manufacturing process
of the mat according to the present invention.

[0013] The pressure-sensitive exercise mat as awhole
is illustrated schematically in Fig. 1. The mat 100 has an
elongate elastic body 110 with a flexible upper surface
112 for performing the exercises. Adjacent to one end of
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the mat 100, the mat is equipped with a case 120 for
holding a battery 410, a signal processing unit 420 and
a communication interface unit 430, like an USB port, a
Bluetooth port, etc., as shown in Fig. 4, that are config-
ured to provide various smart functions for the mat 100.
The case 120is mounted on the upper and lower surfaces
of the mat 100 and defines an internal space volume for
accommodating the battery the signal processing unit
and the communication interface unit.

[0014] In Figures 2 and 3, a preferred embodiment of
the mat 100 is illustrated in a cross-sectional view along
the line A-A and B-B shown in Fig. 1, respectively. Fur-
thermore, Fig. 4 illustrates the subsequent layers of the
mat 100 in an exploded view.

[0015] The pressure-sensitive exercise mat 100 ac-
cording to the invention is formed of multiple layers ar-
ranged one over the other. Some layers are formed as
solid layers extend to the entire length and width of the
mat 100, while other layers consist of a plurality of sep-
arate units arranged according to a predetermined pat-
tern, for example in a matrix pattern.

[0016] As shown in Figs. 2 to 4, the lowermost layer is
a first mat layer 210 made of a rubber-based material.
During use, the first mat layer 210 is in contact with the
ground and therefore its material may be specifically de-
signed to have a high coefficientof adhesive friction. Pref-
erably, the material ofthe firstmatlayer210is a combined
polyurethane and rubber foam.

[0017] Above the first mat layer 210, the mat 100 com-
prises an elastic hot-melt glue layer 220, the thickness
of which is typically 0,05 to 0,25 mm. The glue layer 220
extends over the entire surface of the underlying first mat
layer 210. As the glue layer 220, for example,

[0018] A first conductor layer 230 is arranged on the
hot-melt glue layer 220. The first conductor layer 231 is
formed of a plurality of electrically conducting wires, each
wire extending in a first direction with a predetermined
distance from each other, which, in the present case, is
a direction parallel to the shorter edge of the rectangular
mat 100. It is particularly preferred that the wires of the
first conductor layer 230 extend along substantially the
entire width of the mat 100.

[0019] The material of the wires may be selected from
the group of copper, silver or any other material with good
electrically conductive properties. The linear density of
the wires of the first conductor layer 230 typically ranges
from 117x2 dtex to 235x2 dtex.

[0020] As Fig. 2 depicts, a first electrode layer 240 is
arranged over the first conductive layer 230. The first
electrode layer 240 is formed of a plurality of separate
first metal plates that are arranged according to a prede-
termined pattern, preferably a matrix pattern. Each first
metal plate is electrically connected to a wire of the first
conductor layer 230 and besides the respective wire, as
shown in Fig. 3, it is also attached to the hot-melt glue
layer 220 which fixes the metal plate relative to the first
matlayer 210. The metal plates of the first electrode layer
240 may have a material selected from the group of cop-
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per, silver or any material with good electrically conduc-
tive properties. The area of the metal plates of the first
electrode layer 240 typically ranges 1 to 2 cm?2.

[0021] Asitcanbe bestseenin Fig. 2, the metal plates
of the first electrode layer 240 are covered by a plurality
of separate pressure-gauge foil pieces that form a pres-
sure-sensitive layer 250. The foil pieces extend beyond
the underlying metal pieces at least in one direction. As
shown in Fig. 3, besides the associated metal plate, each
foil piece is attached to said hot-melt glue layer 220,
which thereby fixes the foil pieces relative to the metal
plates. The conductive material of the pressure-sensitive
layer 250 is a pressure-sensitive foil (squeezing it will
reduce the resistance), for example, the Lingstat® foil of
the company Capling. The area of the foil pieces prefer-
ably ranges 1 to 2,5 cm2.

[0022] As Figs. 2 to 4 illustrate, a second conductor
layer 260 is arranged over the pressure-sensitive layer
250, wherein the second conductor layer 260 is formed
of a plurality of electrically conducting metal wires, each
wire extending in a second direction transversal to said
first direction, i.e. in the longitudinal direction of the mat
100, in the present embodiment. Each metal wire of the
second conductor layer 260 is in contact with an associ-
ated pressure-gauge foil piece of the underlying pres-
sure-sensitive layer 250 and is also attached to said hot-
melt glue layer 220 besides the foil pieces as best shown
in Fig. 3.

[0023] The wires of the second conductor layer 260
may be made of the same material and may have the
same dimensions as the wires of the first conductor layer
230.

[0024] As shown in Figs. 2 to 4, a second electrode
layer 270 is arranged over the second conductive layer,
this layer being formed of a plurality of separate second
metal plates that are arranged according to said prede-
termined pattern, in alignment with the first metal plates
of the first electrode layer 240. Each second metal plate
is electrically connected to a wire of the second conductor
layer 260 and is also attached to said hot-melt glue layer
220 besides the area of the pressure-gauge foil pieces,
as it can be clearly seen in Fig. 2. To this end, the second
metal plates extend beyond the underlying pressure-
gauge foil pieces at least in one direction. Thus the hot-
melt glue layer 220 also fixes the second metal plates.
[0025] The second metal plates of the second elec-
trode layer 270 may be made of the same material as
the first metal plates of the first electrode layer 240.
[0026] Oversaid second electrode layer 270, a second
mat layer 280 made of the same rubber-based material
as that of the first mat layer 210 is arranged. The second
mat layer 280 is attached to the hot-melt glue layer 220
along the surface areas that are not covered by the first
and second wires, the first and second metal plates and
the pressure-gauge foil pieces, so the first and second
mat layers 210, 280 together form an elastic body of the
mat 100.

[0027] Preferably, as shownin Figs. 2 to 4, the second
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mat layer 280 is covered on its entire surface by a flexible
layer, typically made of polyurethane foam, for making
the use of the mat 100 convenient to the user while ex-
ercising on the mat 100.

[0028] In another embodiment of the mat according to
the invention (not shown), the first and second conductor
layers, the first and second electrode layers and the pres-
sure-sensitive layer are all embedded in the hot-melt glue
layer. Accordingly, in this embodiment, the glue layer is
somewhat thicker than in the first embodiment, which
allows for the pressure-sensitive foil pieces and the sec-
ond metal plates to have smaller dimensions.

[0029] Figure5illustrates an exemplary wiring scheme
500 of a preferred embodiment of the pressure sensitive
exercise mat according to the invention. In this scheme,
the first wires 510 of the first conductor layer run cross-
wise and the second wires 520 of the second conductor
layer run lengthwise, thereby defining a mesh of wires,
at the intersections 525 of which the pressure sensor
units 526 are mounted, each being formed of a first and
a second metal plate with a pressure-gauge foil piece
therebetween. The first and second wires 510, 520 run
into a signal processing unit 530 accommodated in the
case adjacent to one end of the mat. Although the rec-
tangular mesh-like wiring scheme shown in Fig. 5 has
the advantage of allowing a matrix pattern for the pres-
sure sensors along a substantial area of the mat, it is
obvious for those ordinary skilled in the art that many
other wiring scheme may be appropriate for providing a
matrix pattern or other patterns of the pressure sensor
units.

[0030] The mataccording to the presentinvention may
be manufactured by the following process. The main
steps of the manufacturing process are illustrated by the
flow diagram of Fig. 6.

[0031] In a first step 600, a soft rubber-based rectan-
gular sheet is provided as a first mat layer. Next, in step
610, an elastic hot-melt glue layer is applied on the upper
side of the first matlayer atambient temperature (typically
20-25°C).

[0032] In step 620, a first (lower) conductor layer
formed of a plurality of metal wires is superposed on the
hot-melt glue layer by means of an appropriate wire ma-
nipulation tool, wherein the wires of this conductor layer
run in a first direction, e.g. in a direction perpendicular to
the longitudinal direction of the elongate mat.

[0033] Inthe next step 630, a plurality of metal plates,
preferably made of copper, are arranged along the wires
of the first conductor layer at predetermined positions.
These metal plates form a first (lower) electrode layer.
Preferably, the metal plates are arranged in a matrix pat-
tern. The lower side of the metal plates are brought into
contact with the hot-melt glue. The lower metal plates
are in electrical contact with the underlying lower metal
wires.

[0034] Inthe step 640, a plurality of separate pressure-
gauge foil pieces are arranged on the metal plates. These
foil pieces from the pressure-sensitive layer. The foil piec-
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es are dimensioned so that each of them slightly extends
beyond the periphery of the associated metal plate at
least in one direction. In this way the foil pieces are also
brought into contact with the hot-melt glue layer.

[0035] In step 650, second (upper) conductor layer
formed of a plurality of metal wires is laid, by means of
said wire manipulation tool, over the underlying layers in
a way that the wires of this upper conductor layer are
also in contact with the hot-melt glue layer outside the
areas covered by the lower metal plates and the pres-
sure-gauge foil pieces. The wires of this upper conductor
layer run in second first direction orthogonal to the first
wiring direction, e.g. in parallel to the longitudinal direc-
tion of the elongate mat.

[0036] In step 660, a plurality of further metal plates
are arranged over the second (upper) electrode layer at
the positions where the lower metal plates are accom-
modated. These further metal plates form a second (up-
per) electrode layer. The upper metal plates are dimen-
sioned so that they are also in contact with the hot-melt
glue layer outside the areas covered by the lower metal
plates, the pressure-gauge foil pieces and the upper met-
al wires. The upper metal plates are in electrical contact
with the upper metal wires. However, the upper metal
plates and the upper wires are electrically insulated from
the lower metal plates and the lower metal wires by the
pressure-gauge foil pieces.

[0037] The lower and upper metal plates, as well the
foil pieces may be moved using a vacuum griper tool.
[0038] In step 670, a second mat layer made of the
same soft rubber-based material as used in the lower
mat layer is arranged on the combined underlying layers
so that it is brought into contact with a substantial area
of the hot-melt glue layer.

[0039] In the next step 680, a soft polyurethan foam
layer is adhered to the upper mat layer and then in step
690, the sandwich-like mat structure is subject to heat
so that the glue inside become molten and adhere to the
attached components of the above layers. After cooling
down the mat structure in step 700, the case holding spe-
cific electronic parts is attached to the mat in a way that
a lower half case and upper half case is pressed against
each other. The two halves of the case may be secured
to each other by screws, glue, snap-fit joints, etc.
[0040] The operation of the pressure-sensitive exer-
cise mat will now be described with reference to Fig. 4.
[0041] The mat 100 has a built-in electronic circuitry
within the case 120 that measures the pressure distribu-
tion over a matrix of the sensor units formed by the lower
and upper metal plates of the first and second electrode
layers 240, 270, respectively, and the pressure-gauge
foil pieces of the pressure sensitive layer 250.

[0042] The pressure values measured by the sensor
units may be generated on the basis of changes in the
electrical resistance of the foil pieces when the user ap-
plies pressure on the mat 100. By means of the signal
processing unit 420 or within the case 120, the pressure
values are converted into 8-bit digital signals for each
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sensor unit, and hence, the pressure values may range
between 0 and 255. The signal processing unit 420 may
be configured to generate a pressure map for all sensor
units in a matrix pattern. This pressure map may be gen-
erated in real time and may be forwarded to a remote
processing unit for gaining specific information on the
quality or other features of the exercise performed by the
person using the mat 100.

[0043] The pressure measurement may be carried out
at a predetermined sampling frequency which may be
defined on the basis of the data link bandwidth and the
data aggregation (averaging) capabilities of the commu-
nication interface unit 430 of the mat 100. Small amount
of measurement data may be buffered in a built-in mem-
ory of the mat'’s electronics within the case 120.

[0044] The pressure measurement data may be trans-
ferred wirelessly, e.g. via Bluetooth, to any external de-
vice capable of connecting to the communication inter-
face unit 430 of the mat 100 and receiving the measure-
ment data. The external device may be a portable smart
device, such as a mobile phone or a tablet, which runs
a specific software application for processing the meas-
urement data and visualizing the results of the data
processing. The portable smart device may also be con-
nected to a remote server computer or a cloud data
processing and storage platform, which may be config-
ured to provide further data processing and data storage
functions in addition to those carried out by the local port-
able smart device.

[0045] Theinformation generated by the external com-
puting resources may be used to give feedback to the
user of the mat 100, and, in case of the local data collec-
tion and processing, for testing and development purpos-
es. The dedicated software application of the connected
portable smart device may be used for presenting the
resulted information for the user either through visual
presentation on the display of the smart device or by any
other way, e.g. via audio signals, vibration, light indica-
tion, etc. The information presented for the user may give
certain feedback on the quality, the intensity and/or the
general nature of any practice executed by the user on
the mat 100. Furthermore, the software application may
be configured to track personal development of the user
and to motivate the user for further practice.

Claims
1. Apressure-sensitive exercise mat (100), comprising

- afirst mat layer (210) made of a rubber-based
material,

- an elastic hot-melt glue layer (220) on one side
of the first mat layer (210),

- a first conductor layer (230) arranged on the
hot-melt glue layer (220) and formed of a plural-
ity of metal wires, each wire extending in a first
direction,
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- afirst electrode layer (240) arranged over said
first conductive layer (230) and formed of a plu-
rality of separate first metal plates that are ar-
ranged according to a predetermined pattern,
each first metal plate being electrically connect-
ed to a wire of said first conductor layer (230)
and also partly attached to said hot-melt glue
layer (220),

- a pressure-sensitive layer (250) formed of a
plurality of separate pressure-gauge foil pieces,
wherein each foil piece is arranged over one of
a first metal plate of said first electrode layer
(240) and is also partly attached to said hot-melt
glue layer (220),

- a second conductor layer (260) arranged over
the pressure-sensitive layer (250) and formed
of a plurality of metal wires, each wire extending
in a second direction different from said first di-
rection and being in contact with an associated
pressure-gauge foil piece of the pressure-sen-
sitive layer (250), said second conductor layer
(260) also being partly attached to said hot-melt
glue layer (220),

- a second electrode layer (270) arranged over
the second conductor layer (260) and formed of
a plurality of separate second metal plates that
are arranged according to said predetermined
pattern in alignment with said first metal plates
of the first electrode layer (240), each second
metal plate being electrically connected to a wire
of said second conductor layer (260) and also
being partly attached to said hot-melt glue layer
(220),

- a second mat layer (280) made of a rubber-
based material, said second mat layer being ar-
ranged over said second electrode layer (270)
and partly attached to said hot-melt glue layer
(220),

- a case (120) arranged adjacent to one end of
the mat (100) and adapted for holding at least a
battery, a signal processing unit and a commu-
nication interface, said case being attached to
and partly surrounding the outer sides of the first
and second mat layers (210, 280).

The pressure-sensitive exercise mat (100) of claim
1, further comprising a polyurethane, PU, layer ar-
ranged on said second mat layer (280).

The pressure-sensitive exercise mat (100) of claim
1 or 2, wherein the first and second conductor layers
(230, 260), the first and second electrode layer (240,
270) and the pressure-sensitive layer (250) are em-
bedded in said hot-melt glue layer (220).

The pressure-sensitive exercise mat (100) of any
one of claims 1 to 3, wherein each metal plate of the
second electrode layer (270) extends beyond the as-

10

15

20

25

30

35

40

45

50

55

sociated metal plate of the first electrode layer (240)
at least in one direction.
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