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7) ABSTRACT

A device for monitoring a state of a living being includes a
first sensor, a second sensor and an evaluation device. The
first sensor non-invasively generates a measurement value
based on a content of ammonia in the sweat of the living
being. The second sensor generates a measurement value
with respect to the respiration or the cardiac activity of the
living being. The evaluation device generates a scalar mea-
sure of a stress of the living being based on the measurement
values of the first and second sensors. Furthermore, the
invention relates to a corresponding method.
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DEVICE FOR MONITORING A STATE OF A
LIVING BEING AND CORRESPONDING
METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority from European
Patent Application No. 16181681.4, which was filed on Jul.
28, 2016, and is incorporated herein in its entirety by
reference.

[0002] The invention relates to a device for monitoring a
state of a living being. For example, the state includes
several vital values of the living being or, e.g., a stress state.
In this case, the living being is, e.g., a human being or an
animal. Furthermore, the invention relates to a method for
monitoring a state of a living being.

BACKGROUND OF THE INVENTION

[0003] In the conventional technology, there are several
wearable computers or wearable sensors which may be worn
by a user directly at the body, e.g., as a piece of clothing. For
example, such “wearables” allow for monitoring the heart of
a human being. It is also known to use biosensors which,
e.g., determine the lactate value in the sweat of a human
being (e.g., see [1]). In this case, such lactate measurements
are based on the performance diagnostics in sports-medical
examinations. In this case, the lactate value is determined
invasively, for which the athlete has to take a break.
[0004] In the conventional technology, approaches for
non-invasive measuring can be found. One approach is to
analyze sweat at the wrist using a type of bracelet, e.g., see
[2]. Furthermore, it is known to insert electrodes of sensors
(e.g., WO 2011/156095 A2) or components of electronic
elements (e.g., US 2014/0024915 A1) into textiles.

SUMMARY

[0005] According to an embodiment, a device for moni-
toring a state of a living being may have several first sensors,
a second sensor and an evaluation device, wherein a first
sensor is configured in such a way as to non-invasively
generate a measurement value based on a content of ammo-
nia in the sweat of the living being, and a further first sensor
1s embodied identically, or a further first sensor is configured
in such a way as to generate a measurement value for a
content of a component in the sweat of the living being other
than ammonia, wherein the first sensors may be positioned
at different positions with different muscle groups of the
living being, wherein the first sensors each have an ion-
selective electrode printed on a film, an ion-selective mem-
brane, an ion-selective material in the form of an ionophore,
a reference electrode and a counter electrode, wherein the
second sensor is configured in such a way as to generate a
measurement value with respect to the respiration or the
cardiac activity of the living being, wherein the first sensors
and the second sensor are arranged in a carrier device
wearable at a body of the living being, and wherein the
evaluation device is configured in such a way as to generate
a scalar measure of a stress of the living being based on the
measurement values of the first sensors and the measure-
ment value of the second sensor.

[0006] The invention solves the object by a device for
monitoring a state of a living being. The device comprises at
least one first sensor, a second sensor and an evaluation
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device. The first sensor is configured in such a way as to
non-invasively generate a measurement value based on a
content of ammonia in the sweat of the living being. The
second sensor is configured in such a way as to generate a
measurement value with respect to the respiration or the
cardiac activity of the living being. Finally, the evaluation
device is configured in such a way as to generate a scalar
measure of a stress of the living being based on the mea-
surement value of the first sensor and the measurement value
of the second sensor. In this case, the scalar measure results
from the at least two measurement values and, in a configu-
ration, is a combination of values or just a single value and,
in a further configuration, is a type of general statement
about a stress state of the living being to be examined. In this
way, in a configuration, the scalar measure allows for a
statement as to if the stress is to be maintained or reduced.
Practically, in an application, this means that the living being
should decrease an (e.g., athletic) activity or is able to
maintain the same with respect to the stress.

[0007] Allin all, at least two measurement values of two
different measured quantities are combined into a scalar
measure. In this case, this measure describes the stress of the
living being as a state of the living being.

[0008] In a configuration, in order to determine the mea-
sure, data sets are used in which the measurement results
determined non-invasively by the device are matched with
measurement values determined invasively. In this way, e.g,,
in the measurements for the data sets, the lactate value is
determined invasively from the blood as a measure of the
stress. Advantageously, this is done in a sufficiently large
number of subjects in order to obtain data sets which allow
for mapping at least two values (e.g., ammonia content and
respiration or ammonia content and heart beat) to the scalar
measure of the stress of the living being. Thus, the data sets
consist of, e.g., tables, algorithms and/or formulas.

[0009] In particular, the device allows for a quick, con-
tinuous, non-invasive, i.e., in particular bloodless, vital
parameter measurement which, in a further configuration, is
extended to a state assessment. In this case, a direct data
evaluation of measurement values advantageously occurs.

[0010] In the device according to the invention, ammonia
(chemical name: NH;) is measured via the first sensor.
Ammonia is generated within the Purine Nucleotide Cycle.
In performance diagnostics, the ammonia content in the
blood was already examined and recognized as being sig-
nificant [8].

[0011] This is an advantage over the lactate measurement
for which it has been unambiguously proven in the last few
years that the performance diagnostics using the lactate
value are only significant by a blood examination, i.e., by an
invasive procedure. It has been verified several times that the
concentration of the lactate in the sweat does not correlate
with the concentration in the blood. Rather, the sweat glands
themselves produce lactate and, thus, render an unambigu-
ous diagnostic using the sweat impossible. In contrast, it
could be proven hat ammonia in the sweat is mainly washed
out of the blood [3-6]. It can be concluded from tests that a
physiological connection between a blood value and a sweat
value is given.

[0012] The device according to the invention allows for
monitoring a living being, wherein the device—in a con-
figuration—may be worn at the body and, besides the actual
measurement, also carries out a direct evaluation and,
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advantageously with respect to reference values, also an
assessment of the measurement values.

[0013] On the one hand, the measurements are made with
regard to the ammonia content in the sweat and, on the other
hand, at least to the respiration or the cardiac activity. In this
case, in a configuration, the respiration and cardiac activity
are measured by a corresponding number of second sensors.
Thus, in a configuration, several second sensors are present,
wherein a second sensor generates a measurement value
with respect to the respiration, and another second sensor
generates a measurement value with respect to the cardiac
activity. Additionally, further measurement values are gen-
erated which relate to, e.g., other components of the sweat.
[0014] For example, JP 2006-43120 A2 or US 2014/
0012114 Al show a measurement arrangement for the
measurement of sweat. For example, the measurement of
ammonia in liquids is known from U.S. Pat. No. 4,700,709
A.

[0015] Thus, in a configuration, the evaluation device
correlates the measurement value of the first sensor with the
measurement value of the at least one second sensor which
relates to established vital parameters such as the ECG
(heartrate and heartrate variability) and/or the respiration
rate.

[0016] In particular, in a configuration, all measurement
values are determined non-invasively by the device. This
simplifies the usage of the device and also prevents possible
complications for the living being.

[0017] In a configuration, the first sensor and the second
sensor are arranged in a carrier device wearable at a body of
the living being. For example, the carrier device is a piece
of textile clothing or a type of watch, or bracelet, or another
type of strap, which may be worn around a body part.
[0018] In a configuration, the evaluation device is
arranged separately from the sensors and the carrier device,
and is connected to the first and the second sensor, e.g., by
radio.

[0019] In a further configuration, the first sensor, the
second sensor and the evaluation device are arranged in such
a carrier device wearable at a body of the living being.
Therefore, in this configuration, the device is located
entirely in a carrier device in order to be worn by the living
being at the body.

[0020] In a configuration, the evaluation device is config-
ured in such a way as to offset movement artefacts.

[0021] In an application, the state of the living being to be
monitored is, in particular, stress states, e.g., during athletic
activity or during medical treatment.

[0022] In a configuration, the device comprises several
first sensors. In a configuration, the first sensors are located
at different positions so that the sweat may be analyzed at
different locations of the living being. In this way, e.g.,
different muscle groups may be specifically examined. Fur-
thermore, in a configuration, the first sensors are arranged
such that movement artefacts in the measurement generally
offset themselves. In other configurations, redundancy is
provided by the several first sensors so that internal match-
ing of the first sensors is also made possible. In a configu-
ration, the first sensors are embodied in the same way. In an
alternative configuration, at least two first sensors differ
from one another. In a configuration, an additional sensor is
present which generates a measurement value for a content
of a component (e.g., lactate or an electrolyte) in the sweat
other than ammonia.
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[0023] 1In a configuration, the device comprises at least
one transport device. In this case, the transport device is
configured in such a way as to transport the sweat to the first
sensor and/or away from the first sensor. In a configuration,
a transport device allows for placing the first sensor offset
from the direct contact area to the living being. Alternatively
or additionally, an essentially continuous flow of sweat as
the measurement medium is enabled by the transport device
and, thus, current measurements are ensured.

[0024] In a configuration, the transport device comprises
at least one component provided with at least one channel.
Thus, the component may also be understood as a guiding
component which guides the sweat to the first sensor and/or
away from the same in, e.g., micro-structured channels or
capillaries.

[0025] In a configuration, the transport device comprises
at least one component comprising an absorbent material. In
a configuration, the component comprises materials having
different absorbencies.

[0026] In a configuration, the transport device comprises
at least one pumping device. In this case, such a pump is
advantageously a micro pump which appropriately moves
the sweat.

[0027] In a configuration, the first sensor comprises at
least one ion-selective electrode printed on a film.

[0028] An ion-selective electrode (other terms are: ion-
specific electrode or ion-sensitive electrode) allows for
measuring the concentration and/or the activity of a specific
solved ion. For this, the ion-selective electrode and a second
electrode—the reference electrode—are introduced into a
measurement solution, and the voltage between the elec-
trodes is measured.

[0029] In this case, in a configuration, the ion-selective
electrode is, in particular, configured in such a way as to
measure ions which allow for determining the ammonia.
Therefore, in a configuration, the ion-selective electrode
allows for measuring the cation ammonium (chemical name:
NH,*).

[0030] Based on the fact that different ions comprising
similar characteristics are present in the sweat, in a configu-
ration, the evaluation device is embodied in such a way as
to consider, during evaluation of the measurement values of
the first sensor, the presence of different ions.

[0031] In this case, the application onto a—in particular—
flexible film helps the accommodation in said carrier device
and does not hinder the wearing comfort.

[0032] In a configuration, the film is transparent.

[0033] In a further configuration, the film at least partially
consists of polyester (PET or PEN) or of polyimides (PI) or
of other synthetic materials such as polyurethane (PU) or of
synthetic textiles.

[0034] In a configuration, the first sensor comprises an
ion-selective membrane, a reference electrode and a counter
electrode. In this case, the membrane allows, in particular,
the ions to be measured to pass.

[0035] In a configuration, the membrane is embodied in
such a way as to allow ammonium ions (NH,*) to pass. In
a configuration, since such a membrane also allows to pass,
e.g., cations such as K* or Na*, corresponding calibration
data is available to the evaluation device in order to offset
such an adverse effect on the measurement values.

[0036] All in all, the first sensor is advantageously con-
figured in a small, flexible, wearable, skin-compatible, tex-
tile-integrable, cost-effective and energy-eflicient manner.
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[0037] Advantageously, it is a printed first sensor com-
prising printed operating electrodes and reference electrodes
as well as at least one passivation layer.

[0038] Advantageously, manufacturing is carried out with
commercially available screen-printing pastes, wherein, in a
configuration, an optimization of the printed electrodes is
carried out by means of baking at paste-specific tempera-
tures. In a configuration, the preparation of the reference
electrode includes applying a mixture of polyvinyl butyral,
methanol and sodium chloride (cf. [9]).

[0039] In a configuration, manufacturing the first sensor
includes applying the ion-selective material in the form of an
ionophore (such as nonactin, valinomycin, sodium iono-
phore) onto an operating electrode. In this case, in a con-
figuration, a mixture with a matrix (network-forming mate-
rials, in particular polymers and advantageously polyvinyl
butyral, PVB, and polyvinyl chloride, PVC) is provided.
[0040] In a configuration, the amount of the ionophore
involved is reduced as far as possible such as to realize a
cost-effective sensor which may also be understood as
disposable product.

[0041] In a configuration, the device comprises an output
device. In this case, the output device is configured in such
a way as to output the scalar measure generated by the
evaluation device. In a configuration, the output device
transmits the measure to a display unit, e.g., which may be
worn by an athlete in the form of a watch. Alternatively or
additionally, the measure is transmitted to a computer or a
similar processing unit.

[0042] 1In a configuration, the output device is configured
in such a way as to output the measure by radio.

[0043] In a configuration, the device comprises a data
memory. In this case, the evaluation device is configured in
such a way as to generate the scalar measure based on the
measurement value of the first sensor and at least the
measurement value of the second sensor, as well as based on
the data stored in the data memory. The data in the data
memory relates to, e.g., reference values or tolerance ranges
in which the measurement values may be located. Alterna-
tively or additionally, the data relates to calibration mea-
surements. In this case, the data at least relates to combi-
nations of two measured values with the measure of the
stress and, in a configuration, additionally relates to a
combination of at least three measured values with the
measure of the stress.

[0044] In a configuration, the device comprises an energy
source. In this case, the energy source is configured in such
a way as to supply energy to the evaluation device. In this
case, in a configuration, the energy source is a battery or a
rechargeable battery. In a further configuration, the energy
source allows for “energy harvesting” by converting move-
ments or heat energy of the living being to be examined into
electrical energy.

[0045] Furthermore, the invention relates to a method for
monitoring a state of a living being. In this case, the method
includes non-invasively generating a measurement value
based on an content of ammonia in the sweat of the living
being, generating a measurement value with respect to the
respiration or the cardiac activity of the living being and
determining from the measurement values—for ammonia
and respiration and/or cardiac activity—a scalar measure of
a stress of the living being.

[0046] In this case, the above-described configurations of
the device may also be realized by the method so that the
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configurations and embodiments accordingly also apply to
the method. Thus, repetitions are omitted.

BRIEF DESCRIPTION OF THE DRAWINGS

[0047] Embodiments of the present invention will be
detailed subsequently referring to the appended drawings, in
which:

[0048] FIG. 1 shows a schematic illustration of a living
being with an inventive device according to a first variation,
[0049] FIG. 2 shows a part of an inventive device accord-
ing to a second variation as a block diagram,

[0050] FIG. 3 shows a schematic section through a first
sensor, and
[0051] FIG. 4 shows a top view of a first sensor as part of

an inventive device.

DETAILED DESCRIPTION OF THE
INVENTION

[0052] FIG. 1 schematically illustrates an application of
the inventive device 1. In this case, the exemplary device 1
is worn as a type of belt at the height of the heart by the
living being 100 whose state is to be monitored by the device
1

[0053] The device 1 comprises a first sensor 2 and a
second sensor 3 each generating measurement values. The
measurement values are directly evaluated on site by the
evaluation device 4.

[0054] In this case, in the illustrated variation, the first
sensor 2 serves for examining the ammonia content in the
sweat of the living being 100. The second sensor 3 outputs
a measurement value with respect to the cardiac activity.
Depending on the configuration, this is a value for the
heartbeat, the pulse or, e.g., a blood pressure value or a value
regarding the respiration.

[0055] The first sensor 2, the second sensor 3 and the
evaluation device 4 are located in a carrier device 5 which—
as previously mentioned—is configured as a type of belt in
this case. In this case, the electronic components 2, 3, 4 are
partly located in pockets of the carrier device 5 and are
partly inserted directly into the fabric. Alternatively, attach-
ment is provided by means of a hook and loop fastener. In
this case, the wiring outlined in the illustration is also
located in the fabric. In this case, the two components
actually serving for measuring, i.e., the first sensor 2 and
second sensor 3, are configured and arranged in the carrier
device 5 so that they are located as close as possible to the
living being 100.

[0056] FIG. 2 schematically illustrates parts of a further
configuration of the inventive device 1. In this case, the
carrier device 5 is only outlined.

[0057] Here, two first sensors 2, 2' are present which each
serve for measuring ammonia and which are fixed at differ-
ent locations. Thus, they allow for a location-specific mea-
surement of the ammonia content.

[0058] The first second sensor 3 (here referred to as such)
is arranged at a third location and, in the variation illustrated,
allows for measuring the cardiac activity, e.g., the pulse via
the accordingly provided electrodes. The second second
sensor 3' serves for measuring the respiration. In this case,
in a variation, the second second sensor 3' is configured as
a movement sensor and, in a further variation, allows for
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determining the run time of signals in order to monitor the
respiration and determine the respiration rate in a touchless
manner.

[0059] The measurement values of the two first sensors 2,
2' as well as of the two second sensors 3, 3' are supplied in
a wired manner to the evaluation device 4 which generates
a scalar measure thereof. This measure allows for a state-
ment regarding the current state, in particular regarding the
stress of the living being, and is output via an output device
6 by radio. For example, the measure is sent as a measure-
ment result to a display unit (here not illustrated).

[0060] In the illustrated configuration, an assessment of
the measurement values is carried out by the evaluation
device 4 by relating the current measurement values with
reference data stored in a data memory 7. Thus, e.g., there
is reference data with respect to the ranges in which the
ammonia measurement value is to be located in relation to
the respiration rate and the pulse. Thus, the measure consists
of, e.g., a type of traffic signal, i.e., red, yellow or green, if
the reference data includes corresponding value ranges for
the measurement values.

[0061] The energy supply is carried out via an energy
source 8 which is a button cell in the example shown. In this
case, the energy source 8 is connected to the evaluation
device 4 which, in turn, supplies the energy for the mea-
surement to the first sensors 2, 2' as well as the second
sensors 3, 3'.

[0062] FIG. 3 shows a section through a schematic illus-
tration of a first sensor 2 for measuring an ammonia content.
In this case, the first sensor 2 comprises an ion-selective
electrode 21 printed on a film 20 (cf. the following FIG. 4),
which is connected via an outlined line to the evaluation
device (here not shown). In this case, the film 20 is flexible
and advantageously also skin-compatible so that it allows
for the application under the stress due to the movement of
the living being and the immediate skin contact.

[0063] In the case illustrated, a transport device 9 which
realizes both the transport of the sweat to the first sensor 2
and also the transport away from the first sensor 2 is located
on the side of the ion-selective electrode 21 facing away
from the film 20.

[0064] In this case, in the example shown, the transport
device 9 comprises three different components 90, 91, 92:

[0065] On the one hand, there is a component 90 provided
with channels or capillaries which is arranged directly on the
ion-selective electrode 21.

[0066] A component 91 comprising an absorbent material
is located at an end of a channel facing away from the
ion-selective electrode 21. For example, the absorbency is
given by the size of pores of the material.

[0067] A pumping device 92 which transports away the
body fluid sweat after the measurement with the first sensor
2 is located as a third component at an exit of a further
channel. Alternatively, an absorbent material which differs
from the previously mentioned material 91, e.g., by its pore
configuration is also located at this exit.

[0068] Here, the first sensor 2 and the transport device 9
are configured with several parts and, in an alternative
configuration, are embodied integrally.

[0069] FIG. 4 allows for a view of the ion-selective
electrode 21 of the first sensor 2, which is applied on a
flexible film 20. The concentration of an ion which is a
measure of the ammonia content in the sweat of the living
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being to be examined is determined via the ion-selective
electrode 21. In this case, it is advantageously the ammo-
nium ion NH,*.

[0070] For this, a circular ion-selective membrane 22 is
present which is surrounded by two semi-circular electrodes
in the form of a reference electrode 23 and a counter
electrode 24. In this case, the ion-selective membrane 22
separates the sweat as measurement medium from the elec-
trode arrangement of the first sensor 2. Accordingly, the
membrane 22 is set so that only the desired ions may
advantageously pass.

[0071] An operating electrode whose electrical contacting
is illustrated via a line is also located at the location of the
ion-selective membrane 22.

[0072] Subsequently., from the measured electrical volt-
age, the concentration of the ions and e.g., based on cali-
bration data, the ammonia concentration are inferred by the
evaluation device.

[0073] While this invention has been described in terms of
several embodiments, there are alterations, permutations,
and equivalents which fall within the scope of this invention.
It should also be noted that there are many alternative ways
of implementing the methods and compositions of the
present invention. It is therefore intended that the following
appended claims be interpreted as including all such altera-
tions, permutations and equivalents as fall within the true
spirit and scope of the present invention.
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1. A device for monitoring a state of a living being,

comprising several first sensors, a second sensor and an
evaluation device,

wherein a first sensor is configured in such a way as to
non-invasively generate a measurement value based on
a content of ammonia in the sweat of the living being,
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and a further first sensor is embodied identically, or a
further first sensor is configured in such a way as to
generate a measurement value for a content of a com-
ponent in the sweat of the living being other than
ammonia,

wherein the first sensors may be positioned at different
positions with different muscle groups of the living
being,

wherein the first sensors each comprise an ion-selective
electrode printed on a film, an ion-selective membrane,
an ion-selective material in the form of an ionophore,
a reference electrode and a counter electrode,

wherein the second sensor is configured in such a way as
to generate a measurement value with respect to the
respiration or the cardiac activity of the living being,

wherein the first sensors and the second sensor are
arranged in a carrier device wearable at a body of the
living being, and

wherein the evaluation device is configured in such a way
as to generate a scalar measure of a stress of the living
being based on the measurement values of the first
sensors and the measurement value of the second
sensor.

2. The device according to claim 1,

wherein the first sensors, the second sensor and the
evaluation device are arranged in the carrier device.

3. The device according to claim 1,

wherein the device comprises several second sensors, and

wherein one second sensor generates a measurement
value with respect to the respiration and another second
sensor generates a measurement value with respect to
the cardiac activity.

Feb. 1,2018

4. The device according to claim 1,

wherein the device comprises at least one transport
device, and

wherein the transport device is configured in such a way
as to transport the sweat to the first sensor and/or away
from the first sensor.

5. The device according to claim 4,

wherein the transport device comprises at least one com-
ponent provided with at least one channel.

6. The device according to claim 4,

wherein the transport device comprises at least one com-
ponent comprising an absorbent material.

7. The device according to claim 4,

wherein the transport device comprises at least one pump-
ing device.

8. The device according to claim 1,

wherein the device comprises an output device, and

wherein the output device is configured in such a way as
to output the scalar measure generated by the evalua-
tion device.

9. The device according to claim 8,

wherein the output device is configured in such a way as
to output the scalar measure by radio.

10. The device according to claim 1,

wherein the device comprises a data memory, and

wherein the evaluation device is configured in such a way
as to generate the scalar measure based on the mea-
surement value of the first sensor and the measurement
value of the second sensor as well as based on data
stored in the data memory.

11. The device according to claim 1,

wherein the device comprises an energy source, and

wherein the energy source is configured in such a way as
to supply energy to the evaluation device.
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