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7) ABSTRACT

The present invention relates to a patient monitoring system
for monitoring cardio pulmonary performance or the like by
means of capacitive measurement. Further the invention
relates to a method for monitoring cardio pulmonary per-
formance or the like by means of a capacitive measurement.
In order to provide a reliable technique for monitoring
cardio pulmonary performance or the like, which technique
is particularly suitable for home use, a patient monitoring
system (1) for monitoring cardio pulmonary performance or
the like by means of capacitive measurement is suggested,
said system (1) comprising a number of electrodes (2)
arranged in the form of a matrix (3), said electrodes (2) being
adapted to be integrated with a bed (4) or the like, each

(Continued)

e & L L L] L L L]

4 & ® & € ® ® 8

SECETRE

8
—

W



US 9,788,791 B2
Page 2

electrode (2) being individually selectable, means (5) for
determining a number of electrodes (2) depending on the
position of the patient on the bed (4) or the like, said means
(5) being adapted to determine the number of electrodes (2)
by determining the capacitance of a number of electrodes
(2), and means (5) for selecting a number of said determined
electrodes (2) for carrying out a capacitive measurement.

17 Claims, 2 Drawing Sheets
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PATIENT MONITORING SYSTEM AND
METHOD

The present invention relates to a patient monitoring
system for monitoring cardio pulmonary performance or the
like by means of capacitive measurement. Further the inven-
tion relates to a method for monitoring cardio pulmonary
performance or the like by means of a capacitive measure-
ment.

Bedside monitoring of parameters for patients with car-
diac diseases is standard in hospital settings. There are also
first approaches to measure cardio data or pulmonary data in
a home environment. To make such a home monitoring
system most unobtrusive, sensors which do not rely on a
direct skin contact appear most attractive. Thus, capacitive
sensing methods are most suitably to be used with such a
system.

Capacitive sensing of bio signals inherently relies on the
capacitive coupling of the “body electrode” to the sensing
capacitance. This coupling may vary depending on the
patient’s motion, sweat on the patient’s skin and intimacy of
the contact or distance of the body to the sensing electrode.
Additionally, non-contact sensing is vulnerable to parasitic
signals, which do not come from the patient’s body.

Itis an object of the present invention to provide a reliable
technique for monitoring cardio pulmonary performance or
the like, which is particularly suitable for home use.

This object is achieved according to the invention by a
patient monitoring system for monitoring cardio pulmonary
performance or the like by means of capacitive measure-
ment, said system comprising a number of electrodes
arranged in the form of a matrix, said electrodes being
adapted to be integrated with a bed or the like, each electrode
being individually selectable, means for determining a num-
ber of electrodes depending on the position of the patient on
the bed or the like, said means being adapted to determine
the number of electrodes by determining the capacitance of
a number of electrodes, and means for selecting a number of
said determined electrodes for carrying out a capacitive
measurement.

The object of the present invention is also achieved by a
method for monitoring cardio pulmonary performance or the
like by means of a capacitive measurement, which method
comprises the steps of arranging a number of electrodes in
the form of a matrix, which electrodes are adapted to be
integrated with a bed or the like, each electrode being
individually selectable, determining a number of electrodes
depending on the position of the patient on the bed or the
like, which determining of electrodes is performed by deter-
mining the capacitance of a number of electrodes and
selecting a number of said determined electrodes for carry-
ing out a capacitive measurement.

A basic idea of the present invention is to utilize a
capacitive sensing concept using not only three or four
separate electrodes, but an electrode matrix comprising a
larger number of electrodes arranged adjacent to each other.
These electrodes are adapted in a way that they can be
integrated with a bed or the like, e.g. as a textile bed sheet
or a sleeping pad or mattress. In other words, it is not
necessary 1o position the patient exactly in a certain “mea-
suring position”. Instead the patient may position himself-
herself in an arbitrary way.

Since in most cases the patient covers several electrodes
within the electrode matrix, it is now necessary to find and
select a number of measuring electrodes, i.e. electrodes
which are most suitable to finally perform the capacitive
measurement. To select those electrodes, the invention sug-
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gests to test the suitability of the electrodes with respect to
the upcoming measurements before these measurements
start.

A bed according to the present invention is defined as a
surface or any other device to rest on or to sit on etc., e.g.
a conventional bed, a hospital bed, a couch, a conventional
chair, a dentist’s chair, a wheelchair, an (operating) table,
etc.

The suggested system and method can be used e.g. for
ECGr/heart rate signal detection, EEG, EMG, bio-impedance
measurements, e.g. bio-impedance tomography, and similar
measurements.

These and other aspects of the invention will be further
elaborated on the basis of the following embodiments which
are defined in the dependent claims.

According to a preferred embodiment of the invention,
the system comprises a dielectric, said dielectric being of
elastic constitution. As a dielectric any suitable kind of
material may be used, e.g. a textile bed sheet or the like. The
system further comprises a number of electrode pairs, in
which each electrode pair is formed by a counter electrode
positioned on the side of the dielectric that faces the patient,
and a sensing electrode, which sensing electrode is posi-
tioned on the opposite side of the dielectric, and means for
determining the capacitance of a number of electrode pairs.
If the dielectric is arranged in a way that it is stressed by the
patient if the patient is situated on the bed or the like, the
changes in capacitance of the electrode pair, which depends
on the position of the patient, can be determined. If the
patient pushes down an upper electrode of an electrode pair,
the dielectric will be compressed and the distance between
the upper and the lower electrode will decrease. Thus the
capacitance will increase. The increase of the capacitance
can easily be detected by e.g. a simple bridge circuit.

Instead of using counter electrodes, as described above, in
another preferred embodiment of the invention, the body of
the patient is used as a “counter electrode”.

According to this embodiment the system comprises a
dielectric positioned adjacent to the number of electrodes in
a way that it faces the patient if the patient is situated on the
bed or the like. The patient now pushes down the dielectric
directly, leading to an increase of the capacitance, which
again can easily be detected by e.g. a simple bridge circuit.

In both cases electrodes with a high capacitance will be
most suitable for carrying out the real measurement and will
therefore be (pre)selected.

In another embodiment of the invention the electrodes are
actively probed by supplying a voltage signal to a number of
first electrodes, and determining an induced charge at a
number of second electrodes. Adjacent electrodes are pref-
erably used as first and second electrodes. Since the capaci-
tance depends on the distance between an electrode and the
patient’s body, electrodes with a high signal coupling will be
most suitable for carrying out the real measurement and will
be (pre)selected.

In yet another embodiment of the invention the system
comprises a shielding between the patient and the number of
electrodes or between the patient and the dielectric. With the
shielding it will be ensured, that only signals are detected
that belong to immediate surroundings of said electrode.

If suitable electrodes have been (pre)selected, i.e. elec-
trodes which show a high capacitance and/or a high signal
coupling, the real measurement, e.g. measuring heart rate
signals, is performed using said electrodes. The process of
selecting suitable electrodes may include a preselection
(according to the parameters described above) as well as a
final selection, preferably taking into account the kind of
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measurement. For example, if an ECG measurement is to be
carried out, the electrodes to be finally selected need to have
a certain mutual distance.

For preselecting and/or finally selecting electrodes an
analyzing unit is preferably used, which analyzing unit
comptrises a computer adapted to execute a computer pro-
gram, which computer program comprises computer instruc-
tions to analyze input values (e.g. capacitance values and/or
signal coupling values) and to find the most suitable elec-
trodes for a certain kind of measurement for a certain
position of the patient on the bed or the like. Additionally,
the validity of measuring values can be evaluated. The
object of the present invention is thus also achieved by a
computer program, when the computer program is executed
in a computer. The technical effects necessary according to
the invention can thus be realized on the basis of the
instructions of the computer program in accordance with the
invention. Such a computer program can be stored on a
carrier such as a CD-ROM or it can be available over the
internet or another computer network. Prior to execution the
computer program is loaded into the computer by reading
the computer program from the carrier, for example by
means of a CD-ROM player, or from the internet, and
storing it in the memory of the computer. The computer
includes inter alia a central processor unit (CPU), a bus
system, memory means, e. g. RAM or ROM, storage means,
e. g. floppy disk or hard disk units and input/output units.

These and other aspects of the invention will be described
in detail hereinafter, by way of example, with reference to
the following embodiments and the accompanying draw-
ings; in which

FIG. 1 is a schematic top view showing a patient moni-
toring system according to the invention,

FIG. 2 shows a position sensing using capacitive mea-
surement with counter electrodes,

FIG. 3 shows the principle of measurement using capaci-
tive electrodes without counter electrodes,

FIG. 4 shows the principle of measurement using capaci-
tive electrodes without counter electrodes and with an active
circuit, and

FIG. 5 illustrates a capacitive structure with shielding.

The patient monitoring system 1 according to the present
invention is adapted for an ECG measurement by means of
capacitive measurement. As illustrated in FIG. 1, the system
1 comprises a number of capacitive non-contact electrodes
2 arranged in the form of a matrix 3. The electrodes 2 are
adapted to be integrated with a bed 4 or the like. For this
purpose the electrodes 2 are preferably made as electrode
structures on a flexible substrate to be integrated with the
bed 2 (e.g. by evaporating an electrode structure using a
flexible foil) or the electrodes 2 may even be woven into a
bedsheet or the like in order to form the matrix 3. Each
electrode 2 is individually selectable for carrying out a
capacitive measurement by means of a control unit 5. The
control unit 5 is connected to all electrodes 2 via a number
of connecting lines (not shown).

If a patient (not shown) is positioned on the bed 3, the
system 1 is adapted to find out the most suitable electrodes
2 for carrying out the intended capacitive measurement.

According to a first embodiment of the invention, the
position of the patient is determined, as schematically illus-
trated in FIG. 2. Depending on the position of the patient a
number of electrodes facing the patient are stressed by the
patient. For illustration purposes four adjacent electrode
pairs are depicted in FIG. 2, each electrode pair comprising
an electrode (counter electrode) 6 facing the patient and a
sensing electrode 7. The electrode 6' facing the patient of
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one electrode pair within the matrix 3 is stressed by e.g. a
patient’s leg (illustrated by a number of arrows directed
towards the electrode 6"). A dielectric 8, which is positioned
between the electrode 6' facing the patient and the sensing
electrode 7' concerned, is compressed and the capacitance of
this electrode pair changes. This change of capacitance is
detected by a bridge circuit of an analyzing unit. The
analyzing unit is provided as an integral part of the control
unit 5.

According to a second embodiment of the invention, as
shown in FIG. 3, the body 9 of the patient is used as a
“counter electrode” and the patient now directly pushes
down the dielectric 8. Again the change of capacitance is
detected by a bridge circuit of the analyzing unit, which
again is part of the control unit 5.

According to a third embodiment of the invention, the
arrangement as shown in FIG. 3 is modified. For this
purpose a voltage signal is supplied to an electrode 10 and
an induced charge is determined at an adjacent electrode 11.
This embodiment is illustrated in FIG. 4. The voltage signal
is supplied to the electrode 10 by the control unit 5 through
the connecting line and the determination of the induced
charge is preferably carried out using a charge amplifier (not
shown). Some of these components, e.g. electrical circuits,
may be placed near the electrodes 10, 11 or even integrated
with an electrode. In other words, components may be
integrated with the matrix 3, i.e. included in the bedsheet or
bed 2. The control unit 5 is adapted to address each electrode
10, 11 separately.

From the measured charge the capacitance between the
two electrodes 10, 11 is determined by means of the ana-
lyzing unit. This capacitance also depends on the position of
the patient, which may be positioned at a certain distance to
the sensing electrode 11. Thus, even if the patient is not in
direct contact with an electrode, the patient’s position may
influence the measuring results. Since all parameters of the
transmitted voltage signal are known, the sensitivity of the
sensing electrode 11 can be “calibrated” in order to filter out
parasitic signals during the subsequent real ECG measure-
ment. Preferably a large number or even all electrodes are
tested in this way prior to carrying out the real measure-
ments. Thus the electrodes that show the best performance,
e.g. in terms of signal coupling, can be determined.

This measuring arrangement can also be used for deter-
mining electrically induced charges due to the patient’s heart
beat during a subsequent measurement. Measuring the heart
rate of the patient in this way may by carried out alterna-
tively or simultaneously to the active measurements of the
capacitance changes due to the presence of the (conductive)
body of the patient. Electrode structure and electronics
preferably provide a high input impedance, typically 10
Ohm at 1 Hz in order to allow for remote sensing of
electrical potentials and measure a contactless ECG signal.
In other words, with the present invention a measuring
procedure is provided, during which the electrode sensitivity
can be calibrated using the changes in capacitance due to the
presence of a conductive human body. Additionally the
measuring procedure allows quantitative evaluation of body
impedance. With the same calibration method the validity of
ECG signals can be evaluated.

According to a fourth embodiment of the invention the
system 1 comprises a shielding 12 of the conductive paths.
The shielding structure is adapted in a way that openings 13
are provided in the active measurement regions above the
electrodes 2, whereas shielding material is used to embrace
the openings 13. In case a measuring arrangement is used
without counter electrodes 6, the shielding 12 is preferably
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provided as shielding layer positioned on the side of the
dielectric 8 facing the patient, as illustrated in FIG. 5.

Preferably an electrode testing procedure as described
above is carried out for all electrodes 2 arranged within the
matrix 3. From the capacitance values of each electrode 2
the exact position of the patient is determined by means of
the analyzing unit. If suitable electrodes 2 have been deter-
mined and (pre)selected, the real capacitive ECG measure-
ment is performed. The process of selecting suitable elec-
trodes 2 may include a preselection (according to the
parameters described above) as well as a final selection,
preferably taking into account the kind of measurement. For
example, if a ECG measurement is to be carried out, the
electrodes 2 to be finally selected need to have a certain
mutual distance. From the position data it is even possible to
determine the location of the patient’s extremities. Thus
electrodes 2 can preferably be selected according to their
position relative to suitable measuring points of the patient’s
body, e.g. the lower end of an arm or the middle of the
thorax.

The system 1 with a sensor arrangement as described
above can also be used for bio-impedance measurements. In
this case preferably four suitable electrodes have to be
determined. Two electrodes are used for inducing a current
in the body to be probed. The other two electrodes show a
potential difference depending on the impedance of the
probed body. The analysis of the electrical parameters of the
capacitive-resistive network allow a derivation of the tissue
content. In the thoracic region this can help to identify water
in the lungs of a patient. An analysis of body fat is also
possible.

It will be evident to those skilled in the art that the
invention is not limited to the details of the foregoing
illustrative embodiments, and that the present invention may
be embodied in other specific forms without departing from
the spirit or essential attributes thereof. The present embodi-
ments are therefore to be considered in all respects to be
illustrative and not restrictive, the scope of the invention
being indicated by the appended claims rather than by the
foregoing description, and all changes which come within
the meaning and range of equivalency of the claims are
therefore intended to be embraced therein. It will further-
more be evident that the word “comprising” does not
exclude other elements or steps, that the word “a” or “an”
does not exclude a plurality, and that a single element, such
as a computer system or another unit may fulfill the func-
tions of several means recited in the claims. Any reference
signs in the claims shall not be construed as limiting the
claim concerned.

REFERENCE NUMBER LIST

1 system

2 electrode

3 matrix

4 bed

5 control unit

6 counter electrode
7 sensing electrode
8 dielectric

9 patient’s body
10 electrode

11 electrode

12 shielding

13 opening
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The invention claimed is:
1. A patient monitoring system for monitoring cardio
pulmonary performance by means of capacitive measure-
ment, said system comprising:
a plurality of electrodes arranged in the form of a matrix,
the plurality of electrodes being adapted to be inte-
grated with a bed, each electrode of the plurality of
electrodes being individually selectable to perform a
capacitive measurement, wherein a sensitivity of each
electrode of the plurality of electrodes in the matrix is
calibrated to filter out parasitic signals from measured
cardiopulmonary electrical signals,
a dielectric comprised of an elastic composition, the
dielectric having a first side facing the plurality of
electrodes and a second side on which one or more
counter electrodes are arranged, the second side being
opposite the first side, wherein a stress is detected in the
dielectric if a patient is situated on the bed, the stress
affecting a capacitance between an electrode of the
plurality of electrodes and the one or more counter
electrodes, and
a computer system programmed by computer-readable
instructions that, when executed, cause the computer
system to:
determine a capacitance between each electrode of the
plurality of electrodes and the one or more counter
electrodes;

determine suitable electrodes from the plurality of
electrodes based on increases in the capacitances
between each electrode of the plurality of electrodes
and the one or more counter electrodes;

select a subset of the suitable electrodes for cardio
pulmonary performance monitoring, wherein the
selection is based on a suitable electrode being
within a predetermined distance from at least one
other suitable electrode, the selected subset of the
suitable electrodes comprising two or more elec-
trodes; and

monitor, via the selected subset of the suitable elec-
trodes, cardio pulmonary performance of the patient,
wherein the monitoring comprises one or more of
electrocardiogram-based monitoring, electromyo-
gram-based monitoring, electroencephalogram-
based monitoring, or bio-impedance measurement-
based monitoring.

2. The patient monitoring system as claimed in claim 1,
wherein the computer system is further caused to detect,
with a bridge circuit, the increases in the capacitances
between each electrode of the plurality of electrodes and the
one or more counter electrodes.

3. The patient monitoring system as claimed in claim 1,
wherein determining the capacitance comprises:

supplying, with a voltage supply, a voltage signal to the
plurality of electrodes.

4. The patient monitoring system as claimed in claim 1,
comprising a shielding adapted to be located between the
patient and the dielectric.

5. The patient monitoring system as claimed in claim 1,
wherein (i) the body of the patient or (ii) an object placed on
the dielectric acts as the one or more counter electrodes.

6. The patient monitoring system as claimed in claim 1,
wherein the dielectric comprises a textile bed sheet.

7. The patient monitoring system as claimed in claim 1,
wherein responsive to the patient being situated on the bed,
a distance between an electrode of the plurality of electrodes
and the one or more counter electrodes is reduced thereby
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causing an increase in the capacitance between the electrode
of the plurality of electrodes and the one or more counter
electrodes.

8. A method for monitoring cardio pulmonary perfor-
mance by means of a capacitive measurement with a system,
the system comprising one or more processors, said method
comprising the steps of:

arranging a plurality of electrodes in the form of a matrix,

the plurality of electrodes being adapted to be inte-
grated with a bed, each electrode of the plurality of
electrodes being individually selectable to perform a
capacitive measurement,

disposing a dielectric comprised of an elastic composi-

tion, the dielectric having a first side facing the plurality
of electrodes and a second side on which one or more
counter electrodes are arranged, the second side being
opposite the first side, wherein a stress is detected in the
dielectric if a patient is situated on the bed, the stress
affecting a capacitance between an electrode of the
plurality of electrodes and the one or more counter
electrodes,

supplying, with a voltage supply, a voltage signal to the

plurality of electrodes to determine a capacitance
between each electrode of the plurality of electrodes
and the one or more counter electrodes,
determining, with the one or more processors, suitable
electrodes from the plurality of electrodes based on
increases in the capacitances between each electrode of
the plurality of electrodes and the counter electrode,

filtering, with the one or more processors, out parasitic
signals from measured cardiopulmonary electrical sig-
nals by calibrating a sensitivity of each electrode of the
suitable electrodes

selecting, with the one or more processors, a subset of the

suitable electrodes for cardio pulmonary performance
monitoring, wherein the selection is based on a suitable
electrode being within a predetermined distance from at
least one other suitable electrode, the selected subset of
the suitable electrodes comprising two or more elec-
trodes; and

monitoring, with the selected subset of the suitable elec-

trodes, cardio pulmonary performance of the patient,
wherein the monitoring comprises one or more of
electrocardiogram-based monitoring, electromyogram-
based monitoring, electroencephalogram-based moni-
toring, or bio-impedance measurement-based monitor-
ing.

9. The method of claim 8, wherein the dielectric com-
prises a textile bed sheet.

10. The method of claim 8, wherein responsive to the
patient being situated on the bed, a distance between an
electrode of the plurality of electrodes and the one or more
counter electrodes is reduced thereby causing an increase in
the capacitance between the electrode of the plurality of
electrodes and the one or more counter electrodes.

11. A patient monitoring system comprising:

a plurality of electrodes arranged for forming a matrix,

each electrode being individually selectable to perform
a capacitive measurement, wherein a sensitivity of each
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electrode in the matrix is calibrated to filter out para-
sitic signals from measured cardiopulmonary electrical
signals;
a dielectric comprised of an elastic composition, the
dielectric having a first side facing the plurality of
electrodes and a second side on which one or more
counter electrodes are arranged, the second side being
opposite the first side,
wherein a stress is detected in the dielectric if a patient is
situated on the dielectric, the stress affecting a capaci-
tance between an electrode of the plurality of electrodes
and the one or more counter electrodes, and
a computer system programmed by computer-readable
instructions that, when executed, cause the computer
system to:
determine a capacitance between each electrode of the
plurality of electrodes and the one or more counter
electrodes;

determine suitable electrodes from the plurality of
electrodes based on increases in the capacitances
between each electrode of the plurality of electrodes
and the counter electrode; and

select a subset of the suitable electrodes for cardio
pulmonary performance monitoring, wherein the
selection is based on a suitable electrode being
within a predetermined distance from at least one
other suitable electrode, the selected subset of the
suitable electrodes comprising two or more electrode
wherein the cardio pulmonary performance monitor-
ing comprises one or more of electrocardiogram-
based monitoring, electromyogram-based monitor-
ing, electroencephalogram-based monitoring, or bio-
impedance measurement-based monitoring.

12. The patient monitoring system of claim 11, wherein
the plurality of electrodes are integrated as part of a bed.

13. The patient monitoring system of claim 11, wherein
the computer system is further caused to detect, with a
bridge circuit, the increases in the capacitances between
each electrode of the plurality of electrodes and the one or
more counter electrode.

14. The patient monitoring system of claim 11, further
comprising:

a voltage supply that supplies a voltage signal to the
plurality of electrodes to determine a capacitance
between each electrode of the plurality of electrodes
and the one or more counter electrodes.

15. The patient monitoring system of claim 11, further
comprising a shielding adapted to be located between the
patient and the dielectric.

16. The patient monitoring system of claim 11, wherein
the dielectric comprises a textile bed sheet.

17. The patient monitoring system of claim 11, wherein
responsive to the patient being situated on the bed, a distance
between an electrode of the plurality of electrodes and the
one or more counter electrode, is reduced thereby causing an
increase in the capacitance between the electrode of the
plurality of electrodes and the one or more counter elec-
trodes.
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