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ABSTRACT

A sensor for contactless electrocardiographic measurement

(21) Appl. No.: 14/466,421 on a person includes a carrier for mounting to a seat, an

. electrode for registering a measurement signal, a pressure

(22) Filed: Aug. 22,2014 sensor supporting the electrode on the carrier, and moisture

and temperature sensors mounted to the carrier to detect

conditions adjacent to the electrode and the subject person.

The moisture sensor and the temperature sensor may be adja-

cent to at least one opening in the electrode. A processing umt

Publication Classification receives information generated by the pressure sensor, the

moisture sensor, and the temperature sensor, and filters the

(51) Imt.ClL measurement signal based on the information. An accelera-

A61B 5/18 (2006.01) tion sensor may also be mounted to the carrier and/or elec-
B60ON 2/44 (2006.01) trode and send signals to the processor.

(30) Foreign Application Priority Data

Aug. 22,2013 (DE) i, 102013 216 604.4

36

24 37

/‘38
/‘41

/—40

42

/‘39




Patent Application Publication  Feb. 26,2015 Sheet 1 of 2 US 2015/0057556 Al

29 28 g

PRIOR ART
Fig. 1



Patent Application Publication  Feb. 26,2015 Sheet 2 of 2 US 2015/0057556 Al

36
36

;\37 ral
N \/38

41
v SN

42

iy N
N\

=

Fig. 2 Fig. 3



US 2015/0057556 A1l

SENSOR FOR CONTACTLESS
ELECTROCARDIOGRAPHIC
MEASUREMENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims foreign priority benefits
under 35 U.S.C. §119(a)-(d) to DE 10 2013 216 604.4 filed
Aug. 22, 2013, which is hereby incorporated by reference in
its entirety.

TECHNICAL FIELD

[0002] The present invention relates to a sensor for contact-
less electrocardiographic measurement on a person. The
invention furthermore relates to a sensor array equipped with
a plurality of sensors, and to a seat or bunk equipped with a
sensor array in a vehicle.

BACKGROUND

[0003] Measurementofthe electrical potential, or electrical
field strength, on the skin of a person by means of electrocar-
diographic sensors forms the basis of many medical diagnos-
tic methods. In this way, for example, an electrocardiogram
(ECG) may be recorded or the heart rate may be determined
from the measured electrical potentials.

[0004] In conventional measurement methods for measur-
ing the electrical potential on the skin, the latter is acquired by
electrodes which are in direct electrical contact with the sur-
face of the skin. An electrically conductive connection is thus
established between the skin, on the one hand, and the elec-
trode, on the other hand. In this case, however, it often proves
difficult to ensure a sufficiently good electrical contact
between the electrode and the skin, and therefore the body of
the person being examined (the subject). Furthermore, theuse
of such diagnostic methods is also increasingly being pro-
vided in application fields in which direct access to the skin of
the subject is not available, for example in vehicle applica-
tions for monitoring body functions and/or vital parameters
of vehicle passengers on seats or bunks.

[0005] Forexample, U.S. Pat. No. 7,684,854 B2 discloses a
sensor for contactless electrocardiographic measurement on a
person. The person may in this case be on a stool, in a bed or
on a vehicle seat. The electrocardiogram can be recorded
from the body of the person wearing clothing without direct
contact with the skin. The sensor comprises a flat electrically
conductive electrode which comprises a measurement sur-
face facing toward the person and a connection surface which
faces away from the person, lies opposite the measurement
surface and is electrically connected to a preamplifier. The
electrode and the preamplifier of the sensor are enclosed by
shielding.

[0006] Another contactless sensor for recording an electro-
cardiogram of a person is disclosed by EP 2 532306 Al. The
sensor comprises an electrically conductive electrode and a
detection device, which is electrically connected to the elec-
trode and is configured in order to amplify the signals
received by the electrode. The sensor is intended to be
arranged in a vehicle seat and to determine particular physi-
ological parameters of a driver sitting on the vehicle seat.
[0007] DE 202012001096 Ul discloses capacitive sensors
for capacitive recording of vital parameters of a driver of a
vehicle. To this end, the sensors are fitted in or on the backrest
of the seat of the vehicle. In particular, according to one
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embodiment it is proposed to arrange the sensors in or on the
backrest of the seat while being distributed in two rows sepa-
rated by a distance corresponding to the width of the spinal
column of the driver. In each row, the sensors, with an area of
from 16 to 36 cm?, are arranged at equal distances of from 1
to 5 cm from one another. In another embodiment, instead of
the two separate sensor rows with sensors distributed over the
entireheight ofthe seat at a distance of 1-5 cm, two membrane
sensors with a width of from 4 to 10 cm are arranged over the
entire seat height with a separation corresponding to the spi-
nal column.

[0008] Furthermore, DE 10 2008 049 112 Al discloses a
capacitive textile electrode for measuring body functions and/
or vital parameters of persons for vehicle applications, for
example in a seat or a bunk, which electrode has a multilayer
structure. This comprises two textile layers, each of which has
an electrically conductive electrode region, a further textile
layer being provided in order to establish a distance between
the other two textile layers.

[0009] In general, contactless electrocardiographic mea-
surement is distinguished in that there may, for example, be
clothing between the skin of the subject and the electrode of
the sensor. The signal quality of a measurement signal regis-
tered in this way by the electrode may, however, be substan-
tially influenced by various factors. Such factors may include,
for example, the vibrations to which the sensor is exposed at
the time of the measurement, the contact pressure which
exists between the subject and the electrode at the time of the
measurement, the microclimate between the electrode and
the skin of the subject, the materials of the clothing, as well as
the electrostatic charge in the vicinity of the electrode.

SUMMARY

[0010] Against this background, it is the object of the
present invention to provide a sensor, a sensor array, and a seat
or a bunk, for contactless electrocardiographic measurement
on persons, preferably in vehicle applications, with which
reliable information can be obtained about the body functions
and/or vital parameters of the person, that is to say they are
capable of delivering a reliable signal with good signal qual-
ity at any time.

[0011] It should be pointed out that the features individu-
ally mentioned in the claims may be combined with one
another in any technically expedient way, and represent fur-
ther configurations of the invention. The description addition-
ally characterizes and specifies the invention particularly in
connection with the figures.

[0012] According to a disclosed embodiment, a sensor for
contactless electrocardiographic measurement on a person,
preferably in vehicle applications, comprises a flat carrier for
fastening the sensor on an object, and at least one flat electri-
cally conductive electrode opposite and connected to the car-
rier. In the context of the present invention, “contactless™ is to
be understood as meaning that the electrode does not directly
touch the skin of the subject. For example, articles of clothing
may be arranged between the subject’s skin and the electrode.
[0013] Inthe disclosed sensor, the electrode is supported on
the carrier by at least one pressure sensor. A moisture sensor,
a temperature sensor and an acceleration sensor are further-
more arranged between the carrier and the electrode. The
aforementioned sensor types may therefore be integrated in
the sensor, making it possible to record all essential param-
eters for each individual sensor when carrying out the elec-
trocardiographic measurement on a person. Furthermore,
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information can be obtained about the quality and therefore
the usability of the measurement signal registered by the
electrode of the sensor. The measurement signal may, for
example, be suppressed if the signal quality is too low, so that
false conclusions are drawn in relation to the body functions
and/or vital parameters of the subject. Accordingly, more
reliable information about the body functions and/or vital
parameters of the person can be obtained with the aid of the
disclosed sensor.

[0014] An advantageous configuration ofthe invention pro-
vides a processing unit configured to receive information
generated by the pressure sensor, the moisture sensor, the
temperature sensor and the acceleration sensor, and to filtera
measurement signal registered by the electrode according to
the information received. In this way, the signal quality of the
registered measurement signal can be improved, for example
by artefacts generated because of the parameters during the
measurement being filtered out of the measurement signal.
[0015] In another advantageous configuration, the various
sensor signals, generated multiply in parallel, are used in
order to eliminate or compensate for undesired signal com-
ponents, highlight the desired signal components and/or
adapt the transfer properties of the electronics and the subse-
quent signal processing with the aid of the measured infor-
mation.

[0016] According to another advantageous configuration of
the invention, an opening in the electrode is respectively
provided opposite the moisture sensor and the temperature
sensor. This facilitates determination of the microclimate
between the electrode and the skin of the subject, by deter-
mining the moisture content of the clothing worn by the
person.

[0017] A sensorarray according to the invention comprises
at least two sensors of the above-described type. Any type of
arrangement of a plurality of these sensors is to be understood
as a sensor array in the sense of the present invention.
[0018] According to the present invention, a seat or a bunk
in a vehicle has at least one sensor array according to the
above-described type according to the invention for contact-
less electrocardiographic measurement on a person who is on
the seat or bunk.

[0019] Further features and advantages of the invention
may be found in the following description of exemplary
embodiments of the invention, which are not to be interpreted
as restrictive and will be explained in more detail below with
reference to the drawing. In this drawing, schematically:

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 shows a sensor array and a seat for a vehicle,
according to the prior art,

[0021] FIG. 2 shows a lateral cross-sectional view of a
sensor according to an embodiment of the invention, and

[0022] FIG. 3 shows a front view of the sensor of FIG. 2.
DETAILED DESCRIPTION
[0023] As required, detailed embodiments of the present

invention are disclosed herein; however, it is to be understood
that the disclosed embodiments are merely exemplary of the
invention that may be embodied in various and alternative
forms. The figures are not necessarily to scale; some features
may be exaggerated or minimized to show details of particu-
lar components. Therefore, specific structural and functional
details disclosed herein are not to be interpreted as limiting,
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but merely as a representative basis for teaching one skilled in
the art to variously employ the present invention.

[0024] In the various figures, parts which are the same are
always provided with the same references, so that they will
also generally only be described once.

[0025] FIG. 1 schematically represents a sensor array 20
and a seat 21 for a vehicle for contactless electrocardio-
graphic measurement on a person or subject 22, according to
the prior art. As can be seen, the sensor array consists of a
matrix arrangement of six sensors 23 arranged in a 3x2 matrix
in a backrest of a vehicle seat, each of which sensors com-
prises a flat electrically conductive electrode 24. Another
electrode, via which a reference potential is applied to the
circuit, is furthermore arranged in the seat surface of the
vehicle seat 21.

[0026] Each electrode 24 comprises a measurement surface
25 facing toward the subject 22, and a connection surface 26,
facing away from the person and opposite the measurement
surface 25, for the connection of a measuring device 27. As
represented in FIG. 1, the measurement surface 25 of the
individual electrodes 24 does not directly touch the skin of the
subject 22. Rather, insulation 28 is applied on the measure-
ment surface 25 of each electrode 24 in FIG. 1. Furthermore,
the clothing 29 worn by the subject person also lies between
the subject 22 and the measurement surface 25.

[0027] Themeasuring device 27 represented in FIG. 1 com-
prises one preamplifier 31, enclosed by shielding 30, per
sensor 23. Furthermore, an instrument amplifier 32 amplifies
the measurement signal registered by the electrodes 24 ofthe
sensors 23, followed by a filtering and amplification unit 33 as
well as an A/D converter 34. The digital measurement signal
output by the A/D converter 34 may then be processed further
in a suitable way, for example by means of a digital computer
unit 35.

[0028] FIG. 2 schematically represents a lateral cross-sec-
tional view of a sensor 36 according to an embodiment of the
invention. FIG. 3 represents the same sensor 36 in a front
view. The sensor 36 comprises a flat carrier 37 for fastening
the sensor 36 on an object, for example a backrest of a vehicle
seat, and furthermore a flat electrically conductive electrode
24 opposite and connected to the carrier 37.

[0029] Furthermore, in the sensor represented in FIG. 2,
two pressure sensors 38, a moisture sensor 39, a temperature
sensor 40 and an acceleration sensor 41 are arranged between
the carrier 37 and the electrode 24. In particular, the electrode
24 is supported on the carrier 37 by means of the two pressure
sensors 38, so that a contact pressure between the electrode 24
and the subject can be acquired with the aid of the pressure
sensors 38.

[0030] As can furthermore be seen in FIGS. 2 and 3, an
opening 42 in the electrode 24 is respectively provided oppo-
site the moisture sensor 39 and the temperature sensor 40, in
order to make it possible for the moisture sensor 39 and the
temperature sensor 40 to determine a microclimate between
the electrode 24 and the skin of the subject, in particular the
moisture content of the clothing worn by the person.

[0031] A processing unit (not represented in FIGS. 2 and 3,
but refer to FIG. 1) is configured to receive the information
generated by the pressure sensor 38, the moisture sensor 39,
the temperature sensor 40 and the acceleration sensor 41, and
to filter a measurement signal acquired by the electrode 24
according to the information received, in particular to filter
any artefacts (which may be generated because of the param-
eters during the measurement) out of the measurement signal
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and therefore substantially improve the signal quality of the
measurement signal, so that reliable information about the
body functions and/or vital parameters of the subject can be
obtained.

[0032] The sensor according to the invention, the sensor
array and the seat or bunk have been explained in more detail
with the aid of an exemplary embodiment represented in the
figures. The sensor, the sensor array and the seat or bunk are
not however restricted to the embodiment described herein,
but also comprise further embodiments acting in the same
way. For instance, it is conceivable, for example, for further
external sensors, for example sensors for detecting light
radiation and/or heat radiation, to also be connected to the
processing unit, in addition to the pressure, moisture, tem-
perature and acceleration sensors integrated into the sensor
according to the invention.

[0033] Ina preferred embodiment, the sensor according to
the invention, the sensor array and the seat or the bunk are
used for contactless electrocardiographic measurement on a
person in a vehicle, in particular a motor vehicle.

[0034] While exemplary embodiments are described
above, it 1s not intended that these embodiments describe all
possible forms of the invention. Rather, the words used in the
specification are words of description rather than limitation,
and it is understood that various changes may be made with-
out departing from the spirit and scope of the invention.
Additionally, the features of various implementing embodi-
ments may be combined to form further embodiments of the
invention.

What is claimed is:

1. A contactless electrocardiographic sensor, comprising:

a carrier for mounting to an object;

an electrode attached to the carrier;

a pressure sensor disposed to detect pressure between the

electrode and the carrier; and

a moisture sensor and a temperature sensor mounted to at

least one of the carrier and the electrode to detect con-
ditions adjacent to the electrode.

2. The sensor of claim 1, further comprising a processing
unit receiving information generated by the pressure sensor,
the moisture sensor, and the temperature sensor, and filtering
ameasurement signal registered by the electrode based on the
information.

3. The sensor of claim 2, wherein the processing unit uti-
lizes the information to at least one of’ a) eliminate an undes-
ired component ofthe measurement signal; b) compensate for
an undesired component of the measurement signal; ¢) high-
light a desired component of the measurement signal; and d)
adapt transfer properties of subsequent signal processing.

4. The sensor of claim 1, wherein the moisture sensor and
the temperature sensor are mounted to the carrier and are
adjacent to at least one opening in the electrode.
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5. The sensor of claim 1, further comprising an acceleration
Sensor.

6. The sensor of claim 1, wherein the pressure sensor
supports the electrode on the carrier.

7. A contactless electrocardiographic sensor, comprising:

a carrier for mounting to a seat;

an electrode for registering a measurement signal;

a pressure sensor supporting the electrode on the carrier;

amoisture sensor and a temperature sensor mounted to the

carrier to detect conditions adjacent to the electrode; and

a processing unit receiving information generated by the

pressure sensor, the moisture sensor, and the tempera-
ture sensor, and filtering the measurement signal based
on the information.

8. The sensor of claim 7, wherein the processing unit uti-
lizes the information to at least one of: a) eliminate an undes-
ired component of the measurement signal; b) compensate for
an undesired component of the measurement signal; ¢) high-
light a desired component of the measurement signal; and d)
adapt transfer properties of subsequent signal processing.

9. The sensor of claim 7, wherein the moisture sensor and
the temperature sensor are adjacent to at least one opening in
the electrode.

10. The sensor of claim 7, further comprising an accelera-
tion sensor.

11. A seat for a motor vehicle having a sensor array for
contactless electrocardiographic measurement, the sensor
array comprising:

a carrier mounted to the seat;

an electrode for registering a measurement signal;

a pressure sensor supporting the electrode relative to the

carrier;

amoisture sensor and a temperature sensor mounted to the

carrier to detect conditions adjacent to a measuring sur-
face of the electrode; and

a processing unit receiving information generated by the

pressure sensor, the moisture sensor, and the tempera-
ture sensor, and filtering the measurement signal based
on the information.

12. The seat of claim 11, wherein the processing unit uti-
lizes the information to at least one of’ a) eliminate an undes-
ired component ofthe measurement signal; b) compensate for
an undesired component of the measurement signal; ¢) high-
light a desired component of the measurement signal; and d)
adapt transfer properties of subsequent signal processing.

13. The seat of claim 11, whetein the moisture sensor and
the temperature sensor are adjacent to at least one opening in
the electrode.

14. The seat of claim 11, wherein the sensor array further
comprises an acceleration sensor mounted to at least one of
the carrier and the electrode, and the processing unit further
receives information generated by the acceleration sensor.
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