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(54) INSOLE FOR A SHOE

(567)  The present invention relates to a insole (2) for
shoes, comprising a top layer (4), a bottom layer (6), an
intermediate layer (8), which is arranged between the top
layer (4) and the bottom layer (6), a processing unit (10),
an energy unit (12) configured for providing electrical en-
ergy, at least one sensor unit (14) configured for sensing
force, acceleration, rotation rate, angular position, tem-
perature and/or humidity, and a wireless data interface
(16), wherein each of the processing unit (10), the energy
unit(12), the atleast one sensor unit (14) and the wireless
data interface (16) is completely embedded in the inter-
mediate layer 8, wherein the processing unit (10) is con-
nected to the energy unit (12), such that the processing
unit (10) is supplied with electrical energy by the energy
unit (12), wherein each sensor unit (14) is connected to
the processing unit (10) for transferring sensor data to
the processing unit (10), wherein the processing unit (10)
is configured to determine work data based on the sensor
data, such that a work data amount of the work data is
smaller than a sensor data amount of the sensor data,
wherein the wireless data interface (16) is connected to
the processing unit (10) for transmitting the work data or
a work signal representing the work data to the wireless
data interface (16), and wherein the wireless data inter-
face (16) is configured to wirelessly transmit a commu-
nication signal, which represents the work data.
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Description

[0001] The presentinvention relates to an insole for a
shoe. Shoes as well as insoles are generally known from
the prior art. Furthermore, sensors embedded in the sole
of a shoe are also known, wherein the shoe also com-
prises a wireless communication unit in order to transmit
the sensor data received from the sensors embedded in
the sole of the shoe to a receiver. The insole of the shoe
does not comprise any electronics, but is configured to
ensure a high wearing comfort. If the shoe reaches the
end of lifetime, the shoe is usually considered as trash.
The same applies to the sensor and communication unit,
which are embedded in the sole of the shoe.

[0002] An object of the present invention is to provide
a sustainable solution for detecting physical parameters
related to the shoe without reducing the wearing comfort
of the shoe.

[0003] The object of the present invention is solved by
an insole for a shoe according to claim 1. The present
invention therefore relates to an insole for a shoe. The
insole comprises a top layer, a bottom layer, an interme-
diate layer, which is arranged between the top layer and
the bottom layer, a processing unit, an energy unit, which
is configured for providing electrical energy, at least one
sensor unit configured for sensing force, acceleration,
rotation rate, angular position, temperature and/or hu-
midity, and a wireless data interface. Each of the process-
ing unit, the energy unit, the at least one sensor unit and
the wireless data interface is completely embedded in
the intermediate layer. The processing unit is connected
to the energy unit, such that the processing unit is sup-
plied with electrical energy of the energy unit. Preferably,
the energy unit is the only supply for electrical energy to
the processing unit. Each sensor unit is connected to the
processing unit for transferring sensor data to the
processing unit. Each of the sensor units may also be
connected directly or indirectly to the energy unit, such
that each of the sensor units is supplied with electrical
energy by the energy unit. The processing unit is config-
ured to determine work data based on the sensor data,
such that a work data amount of the work data is smaller
than a sensor data amount of the sensor data. The wire-
less data interface is connected to the processing unit
for transmitting the work data or a work signal represent-
ing the work data to the wireless data interface. The wire-
less data interface is configured to wirelessly transmit a
communication signal, which represents the work data.
[0004] The insole for the shoe can be inserted into any
shoe. The insole can therefore be used for different
shoes, if the insole is exchanged between the shoes.
Even if a shoe reaches the end of lifetime, the insole can
be extracted from the shoe and inserted in a new shoe.
The insole therefore has a high sustainability. The ar-
rangement of the different layers of the insole ensures a
high wearing comfort since the processing unit, the en-
ergy unit, the at least one sensor unit and the wireless
data interface are embedded completely in the interme-
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diate layer. This intermediate layer is arranged between
the top layer and the bottom layer of the insole. As a
result, the top layer prevents that, for instance, the at
least one sensor unit or the processing unit can be no-
ticed via a foot. According to a preferred embodiment,
the insole comprises a set of three layers, namely the
top layer, the bottom layer and the intermediate layer,
which is arrange between the top layer and the bottom
layer. However, according to another embodiment, the
insole may comprise a further intermediate layer, such
that the intermediate layers may be arranged between
the top layer and the bottom layer.

[0005] The intermediate layer preferably extends over
only part of a base area of the top layer and/or extends
over only part of the base area of the bottom layer. Pref-
erably the intermediate layer is formed exclusively in a
foot arch area of the insole. However, it may also be
provided that the processing unit and/or the energy unit
is/are arranged in the intermediate layer in the foot arch
area of the insole, wherein the sensors are arranged out-
side the foot arch area.

[0006] The at least one sensor unit is configured to
detect a physical interaction between the foot and the
insole. For instance, the at least one sensor unit may be
configured for sensing a force acting on the insole as this
force indirectly acts on the sensor unit, too. Thus, at least
one sensor may be configured as a force sensor. If a
person wears shoes, wherein at least one of the shoes
has the insole inside, the acceleration of the shoe may
be detected, if at least one sensor is configured for sens-
ing the acceleration. Thus, this sensor may be an accel-
eration sensor.

[0007] According to further preferred embodiments, at
least one sensor may be a rotation rate sensor, at least
one sensor may be an angular position detection sensor,
at least one sensor may be a temperature sensor and/or
at least one sensor may be a humidity detecting sensor.
The insole may comprise more than one sensor, such
that a plurality of sensors may be embedded in the inter-
mediate layer. However, the sensors may be configured,
such that the sensors form a single sensor unit. As a
result, such a sensor unit may be configured for sensing
force, acceleration and humidity as well as temperature.
However, the sensor unit may be configured to detect
other parameters as well. Preferably, the sensor unit is
configured to generate sensor data which represents the
force, acceleration, rotation rate, angular position, tem-
perature and/or humidity, which has been sensed or de-
tected by the sensor unit.

[0008] The sensor unitis connected to the processing
unit for transferring the sensor data to the processing
unit. The processing unit can determine work data based
on the sensordata. For instance, the processing unitmay
be configured to evaluate an average force applied to
the sensor unit or an average acceleration applied to the
sensor unit. As the result, the work data representing the
average force or average acceleration has a smaller data
amount than the amount of data transferred from the sen-
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sor unit to the processing unit. The processing unit is
therefore configured to determine work data based on
the sensor data, such that a work data amount of the
work data is smaller than the sensor data amount of the
sensor data.

[0009] The wireless data interface is connected to the
processing unit. This connection between the wireless
datainterface and the processing unit may be an external
signal connection. However, the wireless data interface
may be part of the processing unit, such that this con-
nection may be aninternal connection within the process-
ing unit. The work data or signal representing the work
data is transmitted to the wireless data interface, such
that the wireless data interface can transmit a communi-
cation signal, for instance to a receiver, which may be
formed by a smartphone, a computer, a wearable device
or another device, when the communication signal di-
rectly or indirectly represents the work data. As an effect,
the work data can be transferred to the receiver, wherein
the work data can be evaluated. For instance, if the sen-
sor unit is configured for sensing the force applied to the
insole, the work data can represent an average force
over a predetermine period of time. After this period, a
new average force is transferred via the work data to the
receiver. The receiver may evaluate this average force
in order to establish further information which may be of
interest for the person who is wearing the shoe.

[0010] According to a preferred embodiment of the in-
sole, the insole comprises a plurality of sensor units con-
figured as force sensors, wherein the force sensors are
distributed, preferably evenly distributed, in the interme-
diate layer, wherein each force sensor is configured to
measure a force and/or a pressure. The distribution of
the force sensors allows to generate sensor data which
represents the distributed force applied to the insole. Fur-
ther information may be generated from the distribution
of force applied to the insole. For instance, if most of the
force is applied to an outer foot region edge of the insole,
this may be seen from the distribution of the forces ap-
plied to the insole. But the evaluation as such of the sen-
sor data is not subject of the insole.

[0011] According to a further preferred embodiment of
the insole, the processing unit is configured to determine
the work data based on the sensor data of the force sen-
sors, such that the work data represents a distribution of
forces and/or pressure acting on the insole. Therefore,
the processing unit may be configured to combine the
sensor data of the force sensors in order to determine
the work data based on the sensor data of the plurality
of force sensors. The distribution of forces and/or pres-
sure represented by the work data may be used for further
evaluation purpose. But again, the evaluation is not sub-
ject of the insole as such.

[0012] According to a further preferred embodiment of
the insole, the processing unit is configured to determine
the work data based on the sensor data of the force sen-
sors, such thatthe work data represents the highestforce
or the highest pressure acting on the insole and/or the

10

15

20

25

30

35

40

45

50

55

smallest force or the smallest pressure acting on the in-
sole and/or a mean value of force or pressure acting on
the insole. The processing unit may therefore extract the
highest, the smallest and/or mean value of the detected
forces or pressure, such that the work data would have
a reasonable smaller amount of data than the sensor
data. For specific cases, it may be sufficient to know the
value of the highest force, the highest pressure, the small-
est force, the smallest pressure, the mean force or the
mean pressure acted on the insole. If this is the case,
the previously explained embodiment of the insole can
provide this information.

[0013] According to a further preferred embodiment of
the insole, the insole comprises a plurality of sensor units
configured as temperature sensors, wherein the temper-
ature sensors are distributed, preferably evenly distrib-
uted, inthe intermediate layer, wherein each temperature
sensor is configured to measure a temperature, and
wherein the processing unit is configured to determine
the work data based on the sensor data of the tempera-
ture sensors, such thatthe work data represents the high-
est temperature of the insole, the lowest temperature of
the insole or a mean temperature of the insole. Each of
the mean temperature, the smallest temperature and/or
the highest temperature may be of interest. The temper-
ature in the shoe may not be the same over the base
area of the shoe. Since the temperature sensors are dis-
tributed within the intermediate layer, this distribution
may very likely allow to detect the lowest and/or highest
temperature. The processing unit may be configured to
determine from the sensor data of the plurality of sensor
data, which of the temperature detected by the temper-
ature sensors is the highest or the lowest, respectively.
This may be the basis for determining the work data, if
this is supposed to be representing the highest temper-
ature and/or lowest temperature. But the distribution of
the temperature sensors may also be used in order to
evaluate a reasonable mean temperature of the insole.
In this case, the processing unit may be configured to
determine the mean value of the temperatures detected
by the plurality of temperature sensors.

[0014] According to a further preferred embodiment of
the insole, the energy unit comprises a harvesting unit,
which is configured to convert mechanical energy and/or
thermal energy into electrical energy. As a result, the
harvesting unit may generate electrical energy resulting
from mechanical force or mechanical pressure acting on
the insole therefore also on the harvesting unit. In other
words, the harvesting unit may be a converter for con-
verting mechanical energy to electrical energy. The har-
vesting unit therefore may comprise a high durability. In
other words, the harvesting unit does not need to be re-
loaded as a rechargeable battery. The harvesting unit
may therefore be able to generate the necessary energy
for driving the processing unit, the sensor unit and the
wireless data interface for a long lifetime. Whenever the
insole is used by a person, the foot of this person will act
on the insole resulting in the converting of mechanical
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energy to the electrical energy. The energy unit may com-
prise the harvesting unit. But according to a preferred
embodiment, the energy unit may be formed by the har-
vesting unit only. In this case, no further units for supply-
ing energy of the energy unit are needed.

[0015] According to a further preferred embodiment
however, the energy unit may be formed by a harvesting
unit, which is configured to convert thermal energy into
electrical energy. Thermal energy may be received from
the foot of the user of the shoe. In other words, the body
temperature of the foot of the user may be used in order
to convert at least a part of this thermal energy into elec-
trical energy.

[0016] According to a further preferred embodiment,
the harvesting unitmay be configured to convert mechan-
ical energy to electrical energy and to convert thermal
energy into electrical energy. In this case, the harvesting
unit may be configured to convert both, the mechanical
and the thermal energy into electrical energy.

[0017] According to a further preferred embodiment of
the insole, the harvesting unit is a piezo unit that converts
mechanical pressure into electrical energy according to
the piezoelectric effect. As a result, whenever the foot of
the user of the shoe acts on the insole, electrical energy
is generated.

[0018] According to a preferred embodiment of the in-
sole, the harvesting unit may comprise an energy buffer,
for instance an electrical capacitor. Preferably, the har-
vesting unit does not comprise a rechargeable battery,
as a battery usually needs an installation space larger
than available space within the intermediate layer.
[0019] According to a preferred embodiment of the in-
sole, the harvesting unit is configured to convert an ac-
celeration of the harvesting unit into electrical energy. As
a result, whenever the shoe is moved and therefore ac-
celerated by a user, the harvesting unit converts the re-
sulting acceleration into electrical energy.

[0020] According to a preferred embodiment of the in-
sole, the harvesting unit is a pyro unit that converts ther-
mal energy into electrical energy according to the pyro
electrical effect. Usually, the foot of the user has a tem-
perature which allows to generate electrical energy. This
can be used by the harvesting unit for supplying electrical
energy to the processing unit and the remaining units
embedded in the intermediate layer of the insole.
[0021] According to a preferred embodiment of the in-
sole, each of the sensor units is a printed sensor. Each
printed sensor may have only low thickness. This allows
to arrange a plurality of sensors within the intermediate
layer. Furthermore, the small thickness of the printed
sensors ensures a high wearing comfort of the insole,
and thus, a high wearing comfort of the shoe.

[0022] According to a further preferred embodiment of
the insole, the energy unit may comprise or be formed
as a foil battery unit. The foil battery unit may be config-
ured as a printed foil battery unit. This battery unit may
be a rechargeable battery unit. This foil battery unit may
be connected to the harvesting unit of the energy unit in
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order to buffer electrical energy generated by the har-
vesting unit.

[0023] According to a preferred embodiment of the in-
sole, the processing unit and the wireless data interface
may be formed by micro-electric-components. Each of
the processing unit and the wireless data interface may
be embedded in the intermediate layer. Preferably, the
processing unit and the wireless data interface are ar-
ranged in the intermediate layer in the foot arch area of
the insole only, wherein the sensors are arranged outside
the foot arch area. Furthermore, the processing unit and
the wireless data interface may be connected via a signal
communication line or may be joined together. As a fur-
ther preferred embodiment, the wireless data interface
may be a part of the processing unit.

[0024] According to a further preferred embodiment of
the insole, a thickness of the intermediate layer is less
than 2,5 mm. As a result, the maximum thickness of the
intermediate layer is less than 2,5 mm. Since each of the
processing unit, the energy unit, the at least one sensor
unit and the wireless data interface is embedded com-
pletely in the intermediate layer, the thickness of each of
mentioned units and the data interface may be less than
2,5 mm, preferably less than 2 mm or even less than 1,5
mm. The low thickness of the intermediate layer ensures
a low thickness of the insole. This allows the insole to be
inserted in a large variety of different shoes without im-
pacting the wearing comfort of the shoes. Preferably, the
mentioned thickness constraints may only relate to the
thickness of a part of the intermediate layer arranged in
the foot arch area of the insole. The remaining interme-
diate layer may comprise an even lower thickness.
[0025] According to a preferred embodiment of the in-
sole, the energy unit comprises an energy storage unit,
which is configured to store electrical energy. The energy
storage unit may be configured to be rechargeable. The
energy storage unit may be connected to the harvesting
unit in order to be recharged. However, the energy stor-
age unit may also be configured to be recharged via an
external electrical power supply unit.

[0026] According to a preferred embodiment of the in-
sole, the energy storage unit is a printed energy storage
unit. As a result, this energy storage unit may comprise
a very low thickness, such that the energy storage unit
can be easily embedded into the intermediate layer of
the insole.

[0027] According to a preferred embodiment of the in-
sole, the energy storage unit comprises a wireless charg-
ing unit, which is configured to receive electromagnetic
waves and to generate electrical energy from the re-
ceived electromagnetic waves. This electrical energy
may be transferred to the processing unit and/or any oth-
er unit embedded in the intermediate layer of the insole.
However, atleasta part ofthe generated electrical energy
may be transferred to the energy storage unit in order to
store or buffer electrical energy in the electrical storage
unit.

[0028] According to a preferred embodiment, each of
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the processing unit, the at least one sensor unit and the
wireless data interface is directly or indirectly connected
to the energy unit, such that each of the processing unit,
the at least one sensor unit and the wireless data inter-
faces are supplied with electrical energy of the energy
unit. This is preferably the only supply of electrical energy
for the mentioned units.

[0029] According to a further preferred embodiment of
the insole, the energy unit is configured to store electrical
energy from the harvesting unit and/or wireless charging
unitin the energy storage unit. Therefore, the processing
unit, the at least one sensor unit and/or the wireless data
interface may be supplied with electrical energy even in
a case, where the harvesting unit is not generating elec-
trical energy.

[0030] According to a preferred embodiment of the in-
sole, the top layer is made of elastomers, thermoplastic
elastomers (TPE) and/or thermoplastics, in particular
PET or TPU. As a result, the top layer may be adapted
or covered by the needs and/or wishes of the user with,
for instance, natural or artificial materials, like leather,
cork, etc.

[0031] According to a preferred embodiment of the in-
sole, the bottom layer is made of elastomers, thermo-
plastic elastomers (TPE), thermoplastics and/or natural
or artificial materials, like leather, cork or others. As a
result, the bottom layer may be adapted for the needs of
the shoe, the wishes of the user and/or according to other
environmental requirements.

[0032] According to a preferred embodiment of the in-
sole, a matrix material of the intermediate layer is made
of (thermo-) plastics and/or thermoplastic elastomers, in
particular of PET or TPU wherein, each of the processing
unit, the energy unit, the at least one sensor unit and the
wireless data interface is embedded in the matrix material
of the intermediate layer. It has been found in practice,
that at least the mentioned plastic and/or TPE materials
ensure a high wearing comfort of the insole and at the
same time allow a predetermined arrangement of the
processing unit, the energy unit, the at least one sensor
unit and the wireless data interface within the insole.
[0033] Accordingto a preferred embodiment, the inter-
mediate layer may be made of alternative components,
such as elastomers, thermoplastics, thermoplastic elas-
tomers, natural materials or artificial materials. For in-
stance, the matrix material may be made of leather, cork
or rubber.

[0034] Further features, advantages and application
possibilities of the present invention may be derived from
the following description of exemplary embodiments
and/or the figures. Thereby, all described and/or visually
depicted features for themselves and/or in any combina-
tion may form an advantageous subject matter and/or
features of the present invention independent of their
combination in the individual claims or their dependen-
cies. Furthermore, in the figures, same reference signs
may indicate same or similar objects.
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Figure 1 Schematically illustrates the insole in a
cross-sectional view.

Figure 2  schematically illustrates the insole in a dif-
ferent cross-sectional view.

[0035] Figure 1 shows a preferred embodiment of the

insole 2 in a cross-sectional view through the intermedi-
ate layer 8. The insole 2 is an insole 2 for a shoe. As a
result, the insole 2 can be inserted into the interior of the
shoe. Itis preferred that the insole 2 provides a high wear-
ing comfort for the foot of the user of the shoe.

[0036] The insole 2 is shown in a further, different
cross-sectional view in Figure 2. As illustrated exempla-
rily in Figure 2, the insole 2 comprises a top layer 4, a
bottom layer 6 and the intermediate layer 8. The inter-
mediate layer 8 is arranged between the top layer 4 and
the bottom layer 6. The top layer 4 preferably fully covers
the upper surface of the intermediate layer 8. The bottom
layer 6 preferably fully covers the bottom surface of the
intermediate layer 8. As a result, the intermediate layer
8 does not extend sideways above the top layer 4 or the
bottom layer 6. Instead, the edge surfaces of the insole
2 may be formed by the top layer 4 and the bottom layer
6, only.

[0037] The top layer 4 may be formed of elastomers,
thermoplastic elastomers (TPE) and/or thermoplastics,
leather or cork. The bottom layer 6 may be formed of
elastomers, thermoplastic elastomers (TPE) and/or ther-
moplastics, for instance of TPU. The intermediate layer
8 may be formed of a matrix material, into which the
processing unit 10, the energy unit 12, at least one of the
sensor units 14 and the wireless data interfaces 16 are
embedded. As schematically illustrated in Figure 1 and
2, the wireless data interfaces 16 may be part of the
processing unit 10. The energy unit 12 is configured for
providing electrical energy. The processing unit 10 is con-
nected to the energy unit 12, for instance via an electrical
cable 18, such that the processing unit 10 is supplied
with electrical energy by the energy unit 10. Each of the
sensor unit 14 is connected via a signal line 20 to the
processing unit 10. As a result, each of the sensor units
14 is connected via the respective signal line 20 to the
processing unit 10 for transferring sensor data of the sen-
sor unit 14 to the processing unit 10. The signal lines 20
may have a further function. As the processing unit 10 is
connected via the electrical cable 18 to the energy unit
12, the electrical energy provided with the processing
unit 10 may be in part further transferred to the sensor
units 14 via the signal lines 20. As a result, the energy
unit 12 is directly orindirectly connected to the processing
unit 10 and the sensor units 14 in order to supply these
units with electrical energy. Since the wireless data in-
terfaces 16 is preferably part of the processing unit 10,
the wireless data interface 16 may also be supplied with
electrical energy of the energy unit 12.

[0038] Each of the energy unit 12, the processing unit
10, the wireless data interface 16 and the sensor units
14 are of a low thickness, preferably less than 2,5 mm,
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preferably less than 2 mm. As a result, the wearing com-
fort of the insole 2 is not negatively affected by the energy
unit 12, the processing unit 10, the wireless data interface
16 or any of the sensor units 14. Preferably, in order to
ensure the low thickness of the intermediate layer 8, the
energy unit 12, the processing unit 10, the wireless data
interface 16 and each of sensor units 14 are spaced apart
from each other or arranged with distance from each oth-
er. This ensures the low thickness of the intermediate
layer 8.

[0039] In order to keep the amount of data, which is to
be transmitted via a communication signal from the wire-
less data interface 16, at a low level, is preferred that the
processing unit 10 is configured to determine the work
data based on the sensor data of the sensor units 14,
such that a work data amount of the work data is smaller
than the sensor data amount of the sensor data received
from the plurality of sensor units 14. For instance, the
processing unit 10 may be configured to determine the
highest value, the lowest value or a mean value of the
measures to which the sensor units 14 are configured to.
For instance, if the sensor units 14 are configured as
force sensors, the processing unit 10 receives from each
of the sensor units 14 sensor data representing the force
measured by the respective sensor unit. The processing
unit may be configured to determine the highest force,
the lowest force or a mean force of the forces measured
by the sensor units 14.

[0040] According to a preferred embodiment, the en-
ergy unit 12 is configured to convert energy of a type
different from electrical energy to electrical energy. For
instance, the electrical energy unit 12 may comprise or
be formed by a harvesting unit 22, which is configured
to convert mechanical energy or thermal energy into elec-
trical energy. If the insole 2 is inserted to a shoe, the foot
of the person wearing the shoe will step on the insole 2
and therefore acting with a force on the harvesting unit
22, such that the harvesting unit 22 will convert this me-
chanical force into electrical energy. The harvesting unit
22 may be formed by a piezo unit which is configured to
convert mechanical pressure or mechanical force into
electrical energy according to the piezo electrical effect.
Butthe harvesting unit 22 may alternatively be configured
to convert thermal energy into electrical energy. The har-
vesting unit 22 may therefore comprise a pyro sub-unit
that is configured to convert thermal energy into the elec-
trical energy according to the pyro electrical effect. If the
foot of the user emits thermal energy, this thermal energy
can be converted by the mentioned pyro unit to the elec-
trical energy. Since the mechanical and thermal energy
are usually not constably given, the energy unit 12 may
comprise a buffer for temporarily storing electrical ener-
gy. This buffer may be formed by an electrical capacitor.
This capacitor may be a printed electrical capacitor.
[0041] It is additionally pointed out that "comprising"
does not rule out other elements, and "a" or "an" does
not rule out a multiplicity. It is also pointed out that fea-
tures that have been described with reference to one of
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the above exemplary embodiments may also be dis-
closed as in combination with other features of other ex-
emplary embodiments described above. Reference
signs in the claims are not to be regarded as restrictive.

Claims
1. Insole (2) for a shoe, the insole (2) comprising:

a top layer (4),

a bottom layer (6),

an intermediate layer (8), which is arranged be-
tween the top layer (4) and the bottom layer (6),
a processing unit (10),

an energy unit (12) configured for providing elec-
trical energy,

atleastone sensor unit (14) configured for sens-
ing force, acceleration, rotation rate, angular po-
sition, temperature and/or humidity, and

a wireless data interface (16),

wherein each of the processing unit (10), the
energy unit (12), at least one sensor unit (14)
and the wireless data interface (16) is complete-
ly embedded in the intermediate layer (8),
wherein the processing unit (10) is connected
to the energy unit (12), such that the processing
unit (10) is supplied with electrical energy by the
energy unit (12),

wherein each sensor unit (14) is connected to
the processing unit (10) for transferring sensor
data to the processing unit (10),

wherein the processing unit (10) is configured
to determine work data based on the sensor da-
ta, such that a work data amount of the work
data is smaller than a sensor data amount of the
sensor data,

wherein the wireless data interface (16) is con-
nected to the processing unit (10) for transmit-
ting the work data or a work signal representing
the work data to the wireless data interface (16),
and

wherein the wireless data interface (16) is con-
figured to wirelessly transmit a communication
signal, which represents the work data.

2. Insole (2) according to the preceding claim, wherein
the insole (2) comprises a plurality of sensor units
(14) configured as force sensors, wherein the force
sensors are distributed, preferably evenly distribut-
ed, in the intermediate layer (8), and wherein each
force sensor is configured to measure a force and/or
a pressure.

3. Insole (2) according to the preceding claim, wherein
the processing unit (10) is configured to determine
the work data based on the sensor data of the force
sensors, such that the work data represents a distri-
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bution of forces and/or pressure acting on the insole

).

Insole (2) according to one of the preceding claims
2 to 3, wherein the processing unit (10) is configured
to determine the work data based on the sensor data
of the force sensors, such that the work data repre-
sents the highest force or pressure acting on the in-
sole (2) and/or the smallest force or the smallest
pressure acting on the insole and/or a mean value
of force or pressure acting on the insole (2).

Insole (2) according to one of the preceding claims,
wherein the insole (2) comprises a plurality of sensor
units (14) configured as temperature sensors,
wherein the temperature sensors are distributed,
preferably evenly distributed, in the intermediate lay-
er (8), and wherein each temperature sensor is con-
figured to measure a temperature, and wherein the
processing unit (10) is configured to determine the
work data based on the sensor data of the temper-
ature sensors, such that the work data represents
the highest temperature of the insole (2), the lowest
temperature of the insole and/or amean temperature
of the insole (2).

Insole (2) according to one of the preceding claims,
wherein the energy unit (12) comprises a harvesting
unit (22), which is configured to convert mechanical
energy and/or thermal energy into electrical energy.

Insole (2) according to one of the preceding claims,
wherein each of the sensor units (14) is a printed
sensor.

Insole (2) according to one of the preceding claims,
wherein a thickness of the intermediate layer (8) is
of less than 2,5 mm.

Insole (2) according to one of the preceding claims,
wherein the energy unit (12) comprises an energy
storage unit, which is configured to store electrical
energy.

Insole (2) according to the preceding claim, wherein
the energy storage unit is a printed energy storage
unit.

Insole (2) according to one of the preceding claims,
wherein the energy unit (12) comprises a wireless
charger unit, which is configured to receive electro-
magnetic waves and to generate electrical energy
from the received electromagnetic waves.

Insole (2) according to the preceding claim, wherein
the energy unit (12) is configured to store electrical
energy from the harvesting unit (22) and/or wireless
charging unit in the energy storage unit.
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13.

14.

12

Insole (2) according to one of the preceding claims,
wherein the top layer (4) is made of elastomers, ther-
moplastic elastomers (TPE) thermoplastics and/or
natural or artificial materials, like leather, cork or
others , and/or where bottom layer (6) is made of
elastomers, thermoplastic elastomers (TPE), ther-
moplastics and/or natural or artificial materials, like
leather, cork or others.

Insole (2) according to one of the preceding claims,
wherein a matrix material of the intermediate layer
(8) is made of plastic, in particular of polyethylen-
terephthalat (PET) or of thermoplastic polyurethane
(TPU), wherein each of the processing unit (10), the
energy unit (12), the at least one sensor unit (14)
and the wireless data interface (16) is embedded in
the matrix material of intermediate layer (8).
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