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(7) ABSTRACT

A capacitive sensing system (1) which includes an electrical
charge providing unit (4) like an electret foil for providing a
permanent electrical charge at a sensing site (6) of the object
(3) and a capacitive sensor (2) including a sensing electrode
(5) for generating a sensing signal by capacitively sensing the
object (3) at the sensing site (6) of the object (3). By providing
a permanent electrical charge at the sensing site (6) of the
object (3), the bias between the object (3) and the sensing
electrode (5) of the capacitive sensor (2) is intentionally pref-
erentially made large, thereby increasing the sensitivity
towards mechanical motions. The resulting sensing signal
substantially caused by these mechanical motions between
the object (3) and the sensing electrode (5) is generally larger
than a signal generated substantially by an electrophysiologi-
cal field.

20 Claims, 5 Drawing Sheets
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1
CAPACITIVE SENSING SYSTEM

FIELD OF THE INVENTION

The invention relates to a capacitive sensing system and a
capacitive sensing method.

BACKGROUND OF THE INVENTION

WO 2008/152588 Al discloses a capacitive sensor for
sensing electrical fields of a body comprising an electrode, a
shield, an insulating separation material separating the elec-
trode and the shield and a housing including associated elec-
tronic circuits, wherein the tribo-electric property of the insu-
lating separation material or the material used for the housing
substantially matches with that of the skin of the body thereby
reducing the generation of static charge on the capacitive
sensor. The capacitive sensor is used in applications where
motions are present during measurement of electrophysi-
ological signals from the body such as electrocardiography or
electromyography.

SUMMARY OF THE INVENTION

Even if the generation of static charge on the capacitive
sensor is reduced, the sensing signal of the capacitive sensor
can still be distorted by the presence of static charges on the
body which generally varies over time. Furthermore, the sig-
nal can be distorted by motion artifacts due to a varying
distance between the object to be sensed and the capacitive
sensor. The sensing signal is therefore a small low quality
signal.

It is an object of the present invention to provide a capaci-
tive sensing system and a capacitive sensing method, wherein
the quality of a sensing signal generated by the capacitive
sensing system is improved.

In an aspect of the present invention a capacitive sensing
system for sensing an object is presented, wherein the capaci-
tive sensing system comprises:

an electrical charge providing unit for providing a perma-
nent electrical charge at a sensing site of the object,

acapacitive sensor comprising a sensing electrode for gen-
erating a sensing signal by capacitively sensing the object at
the sensing site of the object.

Since the capacitive sensing system comprises an electrical
charge providing unit for providing a permanent electrical
charge at the sensing site of the object, fluctuations of elec-
trical charge, in particular, of electrical static charge, can be
reduced or eliminated, thereby reducing or eliminating a dis-
tortion of the sensing signal by these fluctuations, and, thus,
improving the quality of the sensing signal generated by the
capacitive sensing system. Moreover, by providing a perma-
nent electrical charge at the sensing site of the object, the bias
between the object and the sensing electrode of the capacitive
sensor is intentionally preferentially made large, thereby
increasing the sensitivity towards mechanical motions. The
resulting sensing signal substantially caused by these
mechanical motions between the object and the sensing elec-
trode is generally larger than a signal generated substantially
by an electrophysiological field like ECG or EMG. Thus, a
larger signal having a larger signal-to-noise ratio and, there-
fore, having an improved quality is generated by the capaci-
tive sensing system.

The electrical charge providing unit can be any unit being
adapted for providing a permanent electrical charge at the
sensing site of the object. Preferred embodiments of the elec-
trical charge providing unit will be described further below.
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The permanent electrical charge is preferentially a perma-
nent electrical static charge. An electrical charge is preferen-
tially regarded as being permanent, if the electrical charge is
constant in time. A charge is preferentially regarded as being
constant in time, if charge variations are smaller than 10%,
further preferred smaller than 5% and even further preferred
smaller than 3% for at least one minute, further preferred for
at least one hour, further preferred for at least one day, further
preferred for at least one month, and even further preferred for
at least one year.

The capacitive sensing system is preferentially adapted for
sensing a body of a person or of an animal, in particular, for
generating a physiological signal of the body. The capacitive
sensing system can be adapted for sensing the body through
cloths, for example, if a person or an animal is located on a
chair or in a bed. This allows, for example, monitoring health
related parameters while a person is sleeping. The capacitive
sensor is preferentially adapted for performing a contact less
measurement of mechanical movements of a person or of an
animal.

Tt is preferred that the electrical charge providing unit com-
prises an electret for being attached to the object for providing
the electrical charge.

The electret is preferentially an electret foil. The electrical
charge providing unit comprising an electret is an embodi-
ment of the electrical charge providing unit which ensures a
reliable and constant over time electrical static charge at the
sensing site.

The electret, which is preferentially an electret foil, is
preferentially adapted to be attached to a body of a person or
of an animal or to other objects that are preferentially
mechanically coupled to the body like cloths, chair, bed et
cetera.

The electret is a permanently charged material which
means that no external biasing is needed and the charge will
not disappear over time.

The electret can be adapted to be put on a part of the object,
which is preferentially a body, that has to be sensed. The size
ofthe electret, in particular, of the electret foil, can be adapted
to the size of the region, which is intended to be sensed, for
example, if only a small muscle group has to be sensed, the
electret can have a smaller size, and if, for example, the upper
chest has to be sensed for probing respiration, the size of the
electret can be larger. The electret, in particular, the electret
foil, can be adapted to be used as a disposable foil.

It is further preferred that the electrical charge providing
unit comprises a voltage source and an electrically conduct-
ing element for being attached to the object, wherein the
voltage source is connected to the electrically conducting
element for providing the permanent electrical charge.

The voltage source is, for example, a battery of several
volts, for example, a battery having less than ten volts.

The conducting element is preferentially a conductive foil.
Also this conductive foil canbe adapted to the size of a region,
whichis intended to be sensed. Also the conductive foil can be
adapted to be used as a disposable foil.

The conductive foil is preferentially made of a bio compat-
ible material. The conductive foil is preferentially adapted to
be suitable for being worn longer periods of time, for
example, for being worn minutes to days. The conductive foil
is preferentially thin, i.e. has preferentially a thickness
smaller than 1 mm, in order to be as unobtrusive as possible.
The conductive foil can be made of a conductive textile.

A permanent amount of electrical static charge is provided
at the sensing site. Therefore, a movement of the sensing site
with respect to the sensing electrode, i.e. a movement of the
permanent amount of electrical static charge with respect to
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the sensing electrode, yields a modification of the capacitance
of the capacitor formed by the sensing electrode and the
object and, thus, a change of the sensing signal, which is
mainly caused by this relative movement and not by fluctu-
ating static charges on the object. Thus, by detecting changes
of the sensing signal distance variations between the object
and the sensing electrode can be determined.

Tt is preferred that the capacitive sensing system further
comptises a property determination unit for determining a
property of the object from the generated sensing signal.

Variations of the sensing signal can be related to a move-
ment caused by heart activity, respiration, mechanical activity
of muscles and other mechanical vibrations appearing from
the object, if the object is a body of a person or of an animal.
Also other kinds of movements of the object, in particular, of
the body, can be determined from the generated sensing sig-
nal. Thus, the property determination unit is preferentially
adapted to determine, for example, the heart rate or respira-
tion from the generated sensing signal. However, also other
property related to a movement of the object can be deter-
mined from the generated sensing signal.

If the variations of the sensing signal relate to mechanical
vibrations caused by different effects like heart activity and
respiration, these effects can be separated by using frequency
filtering techniques for filtering the part of the sensing signal
that corresponds to the respective effect.

In a further aspect of the present invention a computer
program for sensing an object is presented, wherein the com-
puter program comprises program code for causing a capaci-
tive sensing apparatus to carry out following steps:

generating a sensing signal by capacitively sensing the

object at a sensing site of the object, at which a perma-
nent electrical charge is provided by an electrical charge
providing unit, by a sensing electrode of a capacitive
sensor,

determining a property of the object from the generated

sensing signal by a property determination unit,
when the computer program is run on a computer controlling
the capacitive sensing apparatus.

It shall be understood that a preferred embodiment of the
invention can also be any combination of the dependent
claims with the respective independent claim.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects of the invention will be apparent
from and elucidated with reference to the embodiment(s)
described hereinafter. In the following drawings:

FIG. 1 shows schematically and exemplarily a capacitive
sensing system for sensing an object,

FIG. 2 shows schematically and exemplarily a further
capacitive sensing system for sensing an object,

FIG. 3 shows schematically and exemplarily in more detail
a circuit of a capacitive sensing system,

FIG. 4 shows schematically and exemplarily a sensing
signal generated by a capacitive sensing system, and

FIG. 5 shows exemplarily a flowchart illustrating a capaci-
tive sensing method for sensing an object.

DETAILED DESCRIPTION OF EMBODIMENTS

FIG. 1 shows schematically and exemplarily an embodi-
ment ofa capacitive sensing system for sensing an object. The
capacitive sensing system 1 comprises a capacitive sensor 2
and an electrical charge providing unit 4. The capacitive
sensor 2 includes a sensing electrode 5 for generating a sens-
ing signal by capacitively sensing the object 3 at a sensing site
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6 of the object 3. The electrical charge providing unit 4 is
adapted to provide a permanent electrical charge at the sens-
ing site 6 of the object 3.

The capacitive sensing system 1 is adapted for sensing a
body of a person or of an animal for determining a physi-
ological property of the body 3. The capacitive sensing sys-
tem 1 is adapted for sensing the body 3 through cloth, for
example, if a person or an animal is located on a chair orin a
bed. This allows, for example, monitoring health related
parameters while the person is sleeping.

In the embodiment shown in FIG. 1, the electrical charge
providing unit 4 is an electret foil. The electret foil 4 is
adapted to be attached to a body 3 of a person or of an animal
or to other objects that are preferentially coupled to the body
like cloth, chair, bed et cetera. The electret foil 4 at the sensing
site 6 ensures a reliable and constant over time electrical static
charge at the sensing site 6.

The electret foil comprises an attachment mechanism for
being attached to the body 3 or to the other objects exemplar-
ily mentioned above that are preferentially mechanical
coupled to the body. The attachment mechanism is, for
example, an adhesive, a strap or it can be any other means for
attaching the electret foil to the body or to the above men-
tioned other objects that are preferentially coupled to the
body.

The electret foil 4 is a permanently charged material which
means that no external biasing is needed and the charge will
not disappear over time.

The size of the electret foil 4 is adapted to the size of the
region, which is intended to be sensed, for example, if only a
small muscle group has to be sensed, the electret foil 4 can
have a smaller size, and if, for example, the upper chest has to
be sensed for probing respiration, the size of the electret foil
4 can be larger.

The capacitive sensor 2 comprises the electrode 5 and
electronics 7 which will be exemplarily described further
below with reference to FIG. 3.

Since a permanent amount of electrical static charge is
provided by the electret foil 4 at the sensing site 6, a move-
ment of the sensing site 6 with respect to the sensing electrode
5,1.e.amovement of the permanent amount of electrical static
charge with respect to the sensing electrode 5, yields a modi-
fication of the capacitance of the capacitor formed by the
sensing electrode 5 and the object 3 with the electret foil 4
and, thus, a change of the sensing signal, which is mainly
caused by this relative movement.

The capacitive sensing system 1 further comprises a prop-
erty determination unit 12 for determining a property of the
object 3 from the generated sensing signal, in particularly,
from variations of the generated sensing signal.

In this embodiment, the electret foil 4 is coupled to the
body 3 at the chest of the person. A movement of the chest of
the body 3 is substantially caused by respiration and heart
activity. The property determination unit 12 is preferentially
adapted to separate variations of the sensing signal caused by
heart activity and variations of the sensing signal caused by
respiration by using frequency filtering techniques. For
example, for retrieving variations of the sensing signal caused
by heart activity a frequency filter filtering frequencies
between 1 Hz and 30 Hz can be used, and for retrieving
variations of the sensing signal caused by respiration fre-
quency filtering techniques can be used which filter frequen-
cies between 0.1 Hz and | Hz.

In an embodiment, the property determination unit is
adapted to determine the temporal positions of the heart beats
and to determine from these temporal positions the heart rate.
Alternatively or in addition, the property determination unit
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can be adapted to determine the respiration rate from the
variations of the generated sensing signal, which is preferen-
tially filtered. The temporal positions of the heart beat can, for
example, be determined by detecting the temporal positions
of the second regions 24 showing large variations of the
sensing signal, which are exemplarily shown in FIG. 4 and
which will be explained in more detail further below. The
respiration rate can, for example, be determined as the fre-
quency of a fundamental oscillation of the sensing signal.

In other embodiments, in addition or alternatively, the
property determination unit can be adapted for determining
another property of the object from the variations of the
sensing signal. For example, the property determination unit
can be adapted to determine the mechanical activity of
muscles and other mechanical vibrations appearing from the
object. The property determination unit can also be adapted to
determine other kinds of movements of the object, in particu-
lar, a movement of the entire object or of an arm, a leg or the
head can be determined from the variations of the sensing
signal.

FIG. 2 shows schematically and exemplarily a further
embodiment of a capacitive sensing system. The capacitive
sensing system 11 shown in FIG. 2 also comprises a capaci-
tive sensor 2 and an electrical charge providing unit. The
capacitive sensor 2 comprises a sensing electrode 5 for gen-
erating a sensing signal by capacitively sensing the object 3 at
a sensing site 6 of the object. The electrical charge providing
unit comprises a voltage source 8 and an electrically conduct-
ing element 9 for being attached to the object 3, wherein the
voltage source 8 is connected to the electrically conducting
element 9 for providing a permanent electrical static charge.
In this embodiment, the electrically conducting element 9 is a
conductive foil. Also this conductive foil 9 is adapted to the
size of the region of the object, which is intended to be sensed.
In an embodiment, the voltage source 8 is a high voltage
generator. In an alternative embodiment, the capacitive sen-
sor, i.e. the probing circuit, is brought to a potential being
larger than the potential of the object, which is preferentially
grounded. Also in this way a permanent electrical charge can
be provided at the sensing site of the object, wherein a large
permanent bias is provided for generating an amplified sens-
ing signal being indicative of motions between the sensing
electrode and the object.

FIG. 3 shows schematically and exemplarily an embodi-
ment of the capacitive sensing system, wherein a possible
electronic circuit is shown in more detail.

FIG. 3 shows schematically and exemplarily on the left
side the body 3 including a source of a bioelectric signal v,
being, for example, an ECG signal. At a reference site 6,
which is, for example, a chest of the body 3, a permanent
electrical charge is provided by an electret foil 4. The body 3
is capacitively coupled to a power grid 13 with a capacitance
C,, and to earth 16 with a capacitance C,,.

On the right side of FIG. 3 the circuit 7 of the capacitive
sensor 2 is schematically and exemplarily shown. The capaci-
tive sensor 2 comprises an electrode 5 that is capacitively
coupled to the body 3 over a distance d, a bias resistor R, and
a buffer amplifier 22 with its input capacitance C,. Preferen-
tially, the input capacitance C, is eliminated using a neutral-
ization technique like the neutralization technique described
in U.S. Pat. No. 7,088,175. The capacitive sensor 2 provides
an output signal QOUT being the sensing signal generated by
the capacitive sensor 2. The circuit reference Com is capaci-
tively coupled to earth 20 with capacitance C_, so that the
body 3 is also capacitively coupled to the circuit reference via
C,,andC,_,.
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A sensing signal generated by the capacitive sensor 2 is
schematically and exemplarily showninFIG. 4. FIG. 4 shows
the amplitude A in volts V depending on time t in seconds s.
In a first region 23 variations of the sensing signal indicate the
ECG signal. The following second region 24 shows much
larger variations of the sensing signal caused by movements
of the electret foil 4 relative to the electrode 5. Thus, the
electret foil 4 yields a strong amplification of the sensing
signal. Based on these variations of the sensing signal in the
second region 24, the property determination unit 12 can
determine a property of the object 3.

The electrical charge providing unit, i.e., for example, the
electret foil 4 or the voltage source 8 connected with the
electrically conducting element 9, which provide a permanent
electrical charge, provides a DC bias between the body 3 and
the electrode 5 and amplifies thereby the sensing signal
indicative of mechanical motions of the body, i.e. indicative
of distance variations between the body and the electrode.

It should be noted that in FIG. 4 it is assumed that the
person has held his breath, i.e. respiration movements are
neglected in FIG. 4. However, in other embodiments varia-
tions of the sensing signal can also be caused by respiration or
by other effects. The property determination unit is preferen-
tially adapted to use a frequency filter for filtering the desired
effect out of the generated sensing signal and/or the deter-
mined distance variations.

The capacitive sensing system can be used for remote
sensing of vital body signs like heartbeat, respiration, et cet-
era. The capacitive sensing system preferentially allows
unobtrusively, in particular, through closing, sensing of heart-
beat and/or respiration. At least parts of the capacitive sensing
system, in particular, the capacitive sensor, is thereby inte-
grated into a bed or a car. The bed is an ideal place for
monitoring health related parameters, because sleeping is
part of our daily routine. Moreover, a bed is a place where
people rest an average of eight hours a day with environmen-
tal and physiological conditions that are quite stable, signals
therefore can be generated with less motion artifacts.

FIG. 5 shows a flowchart exemplarily illustrating an
embodiment of a capacitive sensing method for sensing the
object 3.

Instep 101, a permanent electrical charge is provided atthe
sensing site 6 of the object 3 by the electrical charge providing
unit, 1.e., for example, by attaching the electret foil 4 or the
electrically conducting element 9 which is electrically con-
nected to the voltage source 8 to the body 3.

In step 102, a sensing signal is generated by capacitively
sensing the object 3 at the sensing site 6 by the sensing
electrode 5 of the capacitive sensor 2.

In step 103, the property determination unit 12 determines
a property of the object 3 from the generated sensing signal.

In other embodiments, step 103 can be omitted, wherein
the capacitive sensing method generates a sensing signal
indicative of distance variations between the object and the
electrode and, thus, indicative of a movement of the object.

If the voltage source 8 is used together with the conductive
foil 9 for providing a permanent electrical static charge on the
body 3, the voltage source 8 1s preferentially adapted such that
a maximum voltage is not exceeded, wherein the maximum
voltage is chosen such that the person to which the conductive
foil is to be attached, is not adversely affected.

Although in the above described embodiments an electret
foil and a voltage source in combination with an electrically
conducting foil have been described as an electrical charge
providing unit, in other embodiments, other means for pro-
viding a permanent electrical charge can be used.
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Although in the above described embodiments the perma-
nent electrical static charge is provided on the body of a
person for generating a sensing signal indicative of a move-
ment of the chest of the person, in other embodiments move-
ments of other parts of the body of the person or of the entire
body of the person can be determined. Furthermore, move-
ments of parts of a body or a the entire body of an animal can
be determined. Also movements of other objects like techni-
cal objects can be determined by using the capacitive sensing
system.

Other variations to the disclosed embodiments can be
understood and effected by those skilled in the art in practic-
ing the claimed invention, from a study of the drawings, the
disclosure, and the appended claims.

In the claims, the word “comprising” does not exclude
other elements or steps, and the indefinite article “a” or “an”
does not exclude a plurality.

A single unit or device may fulfill the functions of several
items recited in the claims. The mere fact that certain mea-
sures are recited in mutually different dependent claims does
not indicate that a combination of these measures cannot be
used to advantage.

Determinations like the determination of distance varia-
tions or the determination of a property of the object per-
formed by the distance variations determination unit and the
property determination unit can be performed by any other
number of units or devices, for example, by a single unit only
or by more than two units. The determination of the property
of the object from the generated sensing signal and/or the
control of the capacitive sensing system in accordance with
the capacitive sensing method can be implemented as pro-
gram code means of a computer program and/or as dedicated
hardware.

A computer program may be stored/distributed on a suit-
able medium, such as an optical storage medium or a solid-
state medium, supplied together with or as part of other hard-
ware, but may also be distributed in other forms, such as via
the Internet or other wired or wireless telecommunication
systems.

Any reference signs in the claims should not be construed
as limiting the scope.

The invention claimed is:

1. A capacitive sensing system for sensing physical move
ent in time varying static charges, the capacitive sensing
system comprising:

an element configured to be mechanically attached to a
region of the patient such that the element is subject to
carrying the time varying static charges;

an electrical charge providing unit configured to provide a
permanent electrical charge that is constant in time on
the element;

a capacitive sensor comprising a sensing electrode config-
ured to generate a sensing signal by capacitively sensing
mechanical movement of the element when the capaci-
tive sensor is placed at a location remote from the ele-
ment and the patient such that the capacitive sensor
performs contact-less measurement of mechanical
movements of the patient;

wherein the permanent electrical charge reduces or elimi-
nates fluctuations in the measurement attributable to the
time varying static charges.

2. The capacitive sensing system as defined in claim 1,
wherein the element and the electrical charge providing unit
includes an electret.

3. The capacitive sensing system as defined in claim 1,
wherein the element is electrically conducting and the elec-
trical charge providing unit includes a voltage source electri-
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cally connected to the electrically conducting element to pro-
vide the permanent electrical charge on the element, wherein
the permanent electrical charge is a DC bias between the
element and the patient.
4. The capacitive sensing system as defined in claim 1,
wherein the capacitive sensor generates a sensing signal
indicative of the measurement and further including a prop-
erty determination unit configured to determine a property of
the patient from the generated sensing signal.
5. The capacitive sensing system as defined in claim 4,
wherein the property determination unit determines at least
one of a respiration rate and a heart rate of the patient.
6. The capacitive sensing system as defined in claim 1,
wherein the element includes a permanently charged material
which provides the permanent electrical charge which is con-
stant over time.
7. A capacitive sensing method for sensing mechanical
movement in an object which carries time varying static
charges, the capacitive sensing method comprising the steps
of:
attaching an element which carries an electrical charge that
is constant in time at a sensing site of the object such that
the element carries the time varying static charges;

generating a sensing signal by capacitively sensing the
mechanical movement in the object using a sensing elec-
trode of a capacitive sensor, that is located remotely
from the element, the sensing site, and the object such
that the capacitive sensor performs a contact-less mea-
surement of mechanical movements of the object, such
that the constant electrical charge reduces distortions in
the sensing signal attributable to the time varying static
charges.

8. The method as defined in claim 7, further including:

determining a property of the object from the sensing sig-

nal.

9. The method as defined in claim 7, wherein providing the
constant electrical charge includes attaching an electret to the
object.

10. The method as defined in claim 7, wherein the element
is electrically conductive and providing the constant electri-
cal charge includes:

connecting a DC voltage source across the electrically

conducting element and the object to provide the con-
stant electric charge on the electrically conducting ele-
ment.

11. The method as defined in claim 8, wherein the object is
a patient and the determined property includes at least one of
heart activity, respiration, and muscle activity.

12. A capacitive sensing system for sensing an object
which carries a time varying static charge, the capacitive
sensing system comprising;

one of (1) an electret and (2) a combination electrically

conductive element and voltage generator configured to
provide a temporally constant static electrical charge,
the one of the electret and the electrically conductive
element being configured to be mechanically and elec-
trically connected to the object such that the one of the
electret and the electrically conductive element
mechanically moves with at least a portion of the object
and is subject to carrying the time varying static charge;
and

a sensing electrode configured to be disposed remote from

the one of the electret and the combination electrically
conductive element and the voltage generator, the sens-
ing electrode and the one of the electret and the electri-
cally conductive element contactlessly capacitively cou-
pling such that relative mechanical movement between
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the one of the electret and the conductive element and
the sensing electrode causes changes in a sensing signal
output by the sensing electrode, the temporally constant
static electrical charge reducing distortions in the sens-
ing signal output attributable to the time varying static
charge.

13. The capacitive sensing system as defined in claim 12,
wherein the voltage generator is connected across the electri-
cally conductive element and the object.

14. The capacitive sensing system as defined in claim 12,
further including:

asignal analyzer configured to analyze the sensor signal to
determine motion of the object.

15. The capacitive sensing system as defined in claim 14,
wherein the sensing electrode is configured to be stationarily
mounted and the object includes a patient such that the deter-
mined motion is indicative of anatomical movement.

10

15

10

16. The capacitive sensing system as defined in claim 12,
wherein the object includes a patient and further including:

a signal analyzer configured to receive the sensing signal

from the sensing electrode and to determine an indica-
tion of anatomical movement of the patient.

17. The capacitive sensing system as defined in claim 16,
wherein the anatomical movement includes at least one of
heart rate and respiration.

18. The capacitive sensing system as defined in claim 16,
wherein the signal analyzer is configured to determine heart
rate and respiration rate.

19. The capacitive sensing system as defined in claim 12,
wherein the sensing electrode is mounted to a bed, a car, or a
chair.

20. The capacitive sensing system as defined in claim 12,
wherein the object includes a patient and wherein the capaci-
tive sensing system is adapted to sense a body of the patient
through cloth.
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