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(7) ABSTRACT

A time-resolved measurement of blood pressure, arterial
elasticity, pulse wave, pulse wave transit time and pulse
wave velocity, a cardiac output, and/or changes in cardiac
output of a human or animal body, using a pressure sensor
unit while being pressed against the skin. The unit is an air
and/or gas pressure sensor, and is configured to change at
least one electrical conductance and/or resistance when
subjected to pressure. The unit has at least two conductor
trace arrays, particularly conductor trace networks, and a
functional polymer that is compressed when subjected to
pressure, and produces and/or alters contact between the
conductor trace arrays. Alternatively, the unit has at least two
conductive layers with a gap therebetween, and is config-
ured such that the gap becomes compressed when subjected
to pressure, and/or such that the capacitance of the assembly
composed of the two conductive layers is changed as a
result.
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METHOD AND DEVICE FOR THE
TIME-RESOLVED MEASUREMENT OF
CHARACTERISTIC VARIABLES OF THE
CARDIAC FUNCTION

[0001] The invention relates to the time-resolved measure-
ment of the blood pressure, the arterial elasticity, the pulse
wave, the pulse wave transit time, and the pulse wave
velocity, and/or the cardiac output and/or changes in the
cardiac output of an object, specifically a human or animal
body, using pressure sensors for the time-resolved measure-
ment of the energetic pulse wave. The measurement of
time-resolved changes in cardiac output requires the mea-
surement of many other parameters of the cardiovascular
system. These include the change over time in the blood
pressure, the pulse wave transit time, the respiratory rate,
and the heart rate. The invention enables a temporal reso-
lution within the millisecond range. Thus, for example, the
blood pressure is measurable not only in the form of systolic
and diastolic blood pressure values, but also as a continuous
wave that indicates the current pressure on the arteries at any
point in time, even within a single cardiac pulse.

[0002] This temporal precision paired with the ability to
take measurements at various locations on the body enables
the individual parameters of the cardiovascular system to be
determined.

[0003] The invention also relates to a pressure sensor unit
for the time-resolved measurement of pressure and to a
method and a use for pressure measurement in general.
[0004] The system according to the invention for the
measurement, in particular time-resolved, of blood pressure,
arterial elasticity, pulse wave transit time, pulse wave veloc-
ity, the pulse wave, and/or of cardiac output and/or changes
in cardiac output comprises at least one pressure sensor unit
for the time-resolved pressure measurement of the pressure
exerted by a pulse wave when said unit is pressed onto the
skin, the pressure sensor unit being an air and/or gas
pressure sensor and/or being configured to change at least
one electrical conductance and/or resistance when subjected
to the pressure. In particular, the pressure sensor unit has at
least two conductor trace arrays, in particular conductor
trace networks, and a functional polymer which is designed
to be compressed when subjected to pressure and to produce
and/or change contact between the conductor trace arrays.
[0005] Wherever a conductance or resistance is men-
tioned, it should be understood, in particular, as an electrical
conductance or electrical resistance.

[0006] Alternatively and/or additionally, the pressure sen-
sor unit may have at least two conductive layers with a gap
therebetween, and the pressure sensor unit may be config-
ured such that when subjected to pressure, the gap becomes
compressed, and/or in particular, the capacitance of the
assembly consisting of the two conductive layers is changed
as a result. The gap is formed in particular by at least one
dielectric. If such a pressure sensor unit and/or an air and/or
gas pressure sensor is used as the pressure sensor unit,
capacitances are advantageously detected and/or measured
instead of conductances and/or resistances, and are used in
particular for determining pressure. In general, in place of
conductance and/or resistance values, an electrical property
can be detected and/or measured and used, in particular, for
determining pressure.

[0007] The dielectric may be formed by a functional
polymer. The functional polymer may be or may contain a
dielectric.
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[0008] In general, the pressure sensor unit may have at
least two conductive layers and/or conductor trace arrays,
between and/or upon which a volume and/or material is
arranged, and the pressure sensor unit may be configured
such that when subjected to pressure, the volume and/or
material is compressed and/or, in particular, an electrical
property of the assembly consisting of the two conductive
layers and/or conductor trace arrays changes as a result. The
volume and/or material is formed, in particular, by at least
one dielectric and/or functional polymer, and/or comprises
such a dielectric and/or functional polymer. The volume
and/or material, the dielectric, and/or the functional polymer
are designed, in particular, to exert a restoring force against
compression.

[0009] The system has, in particular, an actuator that is
configured to press the sensor unit against the skin.

[0010] In particular, it has a device for measuring the
conductance of the at least one pressure sensor unit. The
system is configured, in particular, to measure the conduc-
tance and/or pressure with at least a temporal resolution of
5 ms, in particular of 2 ms, more particularly of 1 ms. In
particular, the system is configured to use the conductance
values to determine pressure values, in particular by means
of a conversion and/or correlation, obtained, in particular, by
a calibration.

[0011] The pressure sensor unit has at least one array of
conductor traces and/or conductor trace networks, in par-
ticular exposed, and a resistance-conductive and/or conduc-
tive polymer, which may be part of the functional polymer,
and which is pressed onto the at least one array of conductor
traces by an application of pressure. Alternatively or addi-
tionally, the pressure sensor unit has at least one non-
conductive polymer, which is located between two arrange-
ments of at least one conductor trace each, and which has
cavities. In the cavities, the conductor traces are configured,
in particular, as exposed. By compressing the non-conduc-
tive polymer, also a functional polymer, by means of pres-
sure, contact between the arrangement of the at least one
conductor trace is produced, and as the pressure increases,
this contact intensifies, so that a conductance that is depen-
dent upon the pressure of the compression results.

[0012] The object is also attained by a use of the change
in a capacitance, a use of a conductance and/or the change
in a resistance and/or in a conductance, and/or a use of a
resistance between at least two conductive layers and/or
between at least two conductor trace arrays, in particular
conductor trace networks, resulting from the compression of
a functional polymer and/or dielectric by means of the
pressure exerted by a pulse wave when said polymer and/or
dielectric is pressed onto the skin above an artery, for the
time-resolved measurement of blood pressure, arterial elas-
ticity, pulse wave transit time, pulse wave velocity, the pulse
wave, and/or cardiac output and/or changes in cardiac out-
put.

[0013] The object is also attained by a pressure sensor unit
according to the invention, for example on a gripping
system, in particular on a robotic hand, and the use of a
pressure sensor unit according to the invention on a gripping
system, in particular on a robotic hand, for measuring the
pressing force of the gripping system, and by a method for
gripping an object with a gripping system having at least one
pressure sensor unit according to the invention in such a way
that the pressing force of the gripping system on the object
acts on the pressure sensor unit, and the measurement of at
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least one electrical property, in particular conductance, resis-
tance, and/or capacitance, or the change thereof for the
time-resolved determination of the pressing force, and also
by a method for producing a pressure sensor unit.

[0014] The object is also attained by one or by a plurality
of pressure sensor unit(s) according to the invention, for
example as or in a sensitive sleeve and/or sensitive surface
or artificial skin, in particular of a robot, and by the use of
one or of a plurality of pressure sensor unit(s) according to
the invention as or in a sensitive sleeve and/or sensitive
surface or artificial skin, in particular a robotic skin, for
measuring the forces on the sensitive sleeve and/or the
sensitive surface or artificial skin, and by a method for
measuring the forces on a sensitive sleeve and/or a sensitive
surface or artificial skin having at least one or a plurality of
pressure sensor unit(s) according to the invention, so that
forces acting on the sensitive sleeve and/or sensitive surface
or artificial skin act on the pressure sensor unit(s), and the
measurement of at least one electrical propetty, in particular
conductance, resistance, and/or capacitance, or the change
thereof for the time-resolved determination of forces on the
skin. The object is also attained by a sensitive sleeve and/or
sensitive surface or artificial skin, or in such a sleeve and/or
surface or artificial skin, in particular of a robot, having a
plurality of pressure sensor units according to the invention.

[0015] The pressure sensor unit according to the invention
is suitable for such uses, especially due to the ability to
detect forces in different measuring ranges with different
accuracies using a single pressure sensor unit, and therefore,
using such a sensitive sleeve and/or sensitive surface or
artificial skin, in particular using the same or structurally
identical pressure sensor units, the blood pressure of a living
being can be measured, along with significantly higher
forces or pressures, for example with the gripping of heavy
objects or from 1000 kPa or 10 kg/cm”2. In particular, the at
least one pressure sensor unit is configured to measure
pressures of between 6 kPa and 1000 kPa.

[0016] The sensitive sleeve and/or sensitive surface or
artificial skin may be embodied as a glove, for example. In
particular, the artificial skin has a sensor array composed of
a plurality of pressure sensor units. In particular, with a
sensor array in this case and generally, the conductor traces
and/or at least one conductive layer of a multiplicity of
pressure sensor units, in particular of all pressure sensor
units, are arranged on a common, integral substrate, and/or
the functional polymers and/or structural forms of a multi-
plicity of pressure sensor units, in particular of all pressure
sensor units, are formed together integrally, and in particular
are glued to the substrate. The object is also attained by a
method for pressure measurement, in particular time-re-
solved, in particular for the measurement of blood pressure,
arterial elasticity, pulse wave transit time, pulse wave veloc-
ity, the pulse wave, and/or of cardiac output and/or changes
in cardiac output, by way of the change in an electrical
property, in particular a capacitance, a resistance, and/or a
conductance between at least two conductor trace arrays, in
particular conductor trace networks, and/or conductive lay-
ers, resulting from the compression of a functional polymer,
a gap, a dielectric, a volume, and/or a material, in particular
from the pressure exerted by a pulse wave while said
functional polymer, gap, dielectric, volume and/or material
is pressed against the skin above an artery. In said method,
the functional polymer, the gap, the dielectric, the volume,
and/or the material is located in particular between and/or on
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the at least two conductor trace arrays, in particular con-
ductor trace networks, and/or conductive layers.

[0017] The conductor trace arrays and/or conductive lay-
ers and the functional polymer, the gap, the dielectric, the
volume, and/or the material are in particular part of a
pressure sensor unit described in this document.

[0018] Said unit is pressed against the skin, in particular,
at a pressure ranging from 50 to 300 mmHg and/or between
6 kPa and 40 kPa.

[0019] The pressure can be transmitted by pressing a
pressure sensor unit, in particular configured as described in
this document, and/or in particular by pressing an enclosed
and pressurized gas volume, in particular air volume, onto
the functional polymer and/or onto such a pressure sensor
unit. In that case, the pressurization can also be used in
particular for pressing said pressure sensor unit and/or said
volume on. The pressurized gas has a pressure, in particular,
of between 50 and 300 mmHg, and/or between 6 kPa and 40
kPa.

[0020] In particular, the conductor trace arrays and the
functional polymer are pressed against the skin with varying
pressure and the resulting conductance is measured and/or
the change in conductance is determined, in particular at
least with a temporal resolution of 5 ms, in particular of 2
ms, more particularly of 1 ms, with the varying pressure
being increased in particular monotonically and/or continu-
ously, in particular until, with a further increase in the
counterpressure and/or applied pressure, the pulse wave is
not able to generate an increase in the measured pressure
beyond the maximum measured pressure, and with the
applied pressure being applied in particular by the inflation
of an air bag or by means of some other actuator.

[0021] An air bag is understood, in particular, as a device
having an enclosed volume, in particular with a flexible
outer covering, for example, a pressure cushion. An air bag
is configured, in particular, to be supplied with gas and
thereby pressurized, in particular with an expansion of its
volume. More particularly, the air bag is configured such
that, once it has been pressurized, it will apply pressure to an
object, for example an arm, which is encircled by the air bag,
or to an encircled object, for example an arm, which is
encircled by an encompassing device, and in particular is
encircled by the air bag, the air bag being arranged, in
particular, between the encircled object and the encompass-
ing device, in particular without itself encompassing the
encompassed volume. In particular, when a pressure sensor
unit is used that is not designed to be pressed against the
skin, and/or that is or will be positioned on the air bag, in the
air bag, and/or in a volume that is fluidically connected to the
air bag, and/or adjacent to such a volume or to the air bag,
in particular a means for calibration is provided and/or in
particular a calibration is performed, in order to compensate
for the influence, for example attenuation, by the coupling
and/or the air bag. For this purpose, in particular, a blood
pressure measurement is first performed using other means,
for example a previously known blood pressure measure-
ment and/or using previously known means and/or methods
for measuring blood pressure, and/or other means for mea-
suring blood pressure, such as a microphone and/or stetho-
scope for traditional blood pressure measurement, are
included in the system or are used. In that case, another
pressure sensor, which may be included in the system, can
be used to perform a blood pressure measurement. In
parallel and/or in a close temporal relation of no more than
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10 seconds from said blood pressure measurement, in par-
ticular at least the air pressure or gas pressure, capacitance,
conductance, and/or resistance, in particular of the at least
one pressure sensor unit, is measured, in particular with at
least a temporal resolution of 2 ms, in particular 1 ms, and
based upon the blood pressure measurements using the other
means and/or previously known means and/or methods for
measuring blood pressure, the measurement of air pressure
or gas pressure, capacitance, conductance, and/or resistance
is calibrated, in order to then enable and/or carry out blood
pressure measurements by means of the at least one pressure
sensor unit.

[0022] Blood pressure measuring means and/or methods
function in particular by increasing the pressure in the air
pressure cuff and measuring the pressure in the air pressure
cuff or in a volume that is fluidically connected thereto.
From a certain pressure in the air pressure cuff, the pulse
wave causes a fluctuation in the measured pressure, which
decreases again with a further increase in the pressure in the
air pressure cuff. The pattern of these fluctuations shows a
progression over time. In the prior art, the diastolic and/or
systolic blood pressure is derived from this progression over
time and/or from the envelopes of the fluctuations. However,
such a system can also be used according to the invention for
measuring the pulse wave or for determining blood pressure
at one pulse wave. For this purpose, in particular at least one
measurement is carried out according to the previously
known method and is then used to calibrate the measured
values obtained from the measurement of air pressure or gas
pressure, capacitance, conductance, and/or resistance, to
enable the pressure of the pulse wave to be derived directly
from these measured values.

[0023] Systems, methods, and/or uses according to the
invention are thus configured and/or embodied, in particular,
such that values for systolic and/or diastolic blood pressure,
arterial elasticity, pulse wave pressure, pulse wave transit
time, and pulse wave velocity, and/or for cardiac output
and/or changes in cardiac output are each related to one
pulse wave rather than being based upon a plurality of pulse
waves, as is the case, for example, with the described
previously known derivation from the envelopes.

[0024] The at least one pressure sensor unit can be pressed
by the air bag, for example, onto the skin above an artery.
Alternatively, for example, the impact of the pulse wave on
the pressurized gas contained in the air bag can be trans-
mitted through the air bag. For this purpose, the pressure of
the gas in the air bag is, in particular, between 50 and 300
mmHg and/or between 6 kPa and 40 kPa and/or is built up
in particular by the actuator. The pressure sensor unit can
thus also be positioned such that it can detect the pressure
fluctuations in the gas of the air bag.

[0025] In particular, from the conductance values and/or
the changes thereof, the pressure and/or a pressure is deter-
mined, and/or a change in the pressure is determined.

[0026] The systolic blood pressure is assumed, in particu-
lar, to be the pressure at which or from which, as the
counterpressure and/or applied pressure continues to
increase, the pulse wave does not produce an increase in the
measured pressure beyond the maximum measured pressure,
and/or the diastolic blood pressure is assumed to be the
pressure that corresponds to the minima of the measured
values of a pulse wave when the chosen counterpressure
and/or applied pressure is the pressure, or higher than the
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pressure, at which, as the counterpressure and/or applied
pressure increases, the maximum measured pressure does
not increase any further.

[0027] One particular advantage of the invention is that
the values, such as systolic blood pressure and diastolic
blood pressure, can be determined non-invasively from a
single pulse wave, which is preferable, and thus said values
are also in direct physical and physiological correlation.
[0028] In particular, the pressure of the applied pressure is
reduced subsequently and/or after determination of a sys-
tolic blood pressure, in particular to a value ranging from the
determined diastolic to the determined systolic blood pres-
sure, and/or up to 1.5 times, in particular 1.3 times the
systolic blood pressure of the pulse wave pressure in the
systole and/or the systolic blood pressure, and/or from 60 to
120 mmHg, in particular from 60 to 90% of the systolic
pressure of the pulse wave in the systole, in particular at the
measurement site, and/or to a value low enough that the
measurement signal, in particular the conductance, resis-
tance, or capacitance, of the at least one pressure sensor unit
still has a variation with the cardiac pulse, which is typically
possible at up to 80% of the pressure of the diastolic blood
pressure.

[0029] In particular, the pressure of the applied pressure is
reduced or removed subsequently, and/or after determina-
tion of a systolic blood pressure, and/or with a known first
systolic blood pressure and/or first conductance value of the
at least one pressure sensor unit when subjected to the first
systolic blood pressure, the counterpressure and/or applied
pressure is reduced to less than 1.1 times the first systolic
blood pressure or less than the first systolic blood pressure
or to the mean value between diastolic and systolic blood
pressure, or is removed, and the ratios between the conduc-
tances that are then measured and the first conductances
and/or the ratios between the pressures associated with the
then measured conductances and the first systolic blood
pressure are used as a factor for determining the current
blood pressure, the current arterial elasticity, the current
pulse wave transit time, the current pulse wave velocity, the
current pulse wave and/or the current cardiac volume and/or
the current change in cardiac volume, from the first systolic
blood pressure.

[0030] The method is carried out, in particular, by means
of a system according to the invention.

[0031] The object is also attained by using the change in
an electrical property, in particular in a capacitance, a
conductance, and/or an electrical property, in particular a
capacitance, a resistance, and/or a conductance between at
least two conductive layers and/or between at least two
conductor trace arrays, in particular conductor trace net-
works, resulting from the compression of a functional poly-
met, a gap, a dielectric, a volume, and/or a material by the
pressure exerted by a pulse wave while said functional
polymer, gap, dielectric, volume and/or material is pressed
against the skin above an artery, for the time-resolved
measurement of blood pressure, arterial elasticity, pulse
wave transit time, pulse wave velocity, the pulse wave,
and/or cardiac output and/or changes in cardiac output.
[0032] The object is also attained by a method for retro-
fitting previously known air pressure measuring systems that
have an air pressure cuff, a device for pressurizing the air
pressure cuff, and an air and/or gas pressure sensor, in which
the air pressure measuring system is provided with an
analysis device that is configured to carry out a method
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according to the invention, in particular in a configuration
described as advantageous, and/or in which an analysis
device already included is modified such that it is configured
to carry out a method according to the invention, in particu-
lar in a configuration described as advantageous.

[0033] The advantageous embodiments with respect to the
method, the pressure sensor unit, the system, and/or the use
can be transferred to the method, the pressure sensor unit,
the system, and/or the use.

[0034] In general, in place of one or more conductances,
one or more resistances may also be used. In that case,
maxima and minima must be exchanged accordingly, since
conductance is the inverse value of resistance.

[0035] A resistance-conductive and/or conductive poly-
mer can be produced in two ways, in particular: For one, the
polymer can be chemically structured such that it is intrin-
sically conductive;

[0036] this can be achieved by conjugated double bonds
between the carbon atoms in the polymer chains, for
example. This type of polymer is a more recent and less
commonly used class of materials than normal polymers. It
is therefore expensive, and the variability of the properties
of current variants is insufficient for sensor construction.

[0037] Conductive materials can also be incorporated into
a conventional polymer, for example. These may include
carbon black, graphite, or metal particles, for example, in
particular within the range of a few nanometers. An ink, for
example from Loctite, may be used as the resistance-
conductive and/or conductive polymer. Such an ink typically
consists of a dissolved thermoplastic, which is mixed with
electrically conductive particles, such as graphite. These
inks have optimal electrical properties, but their abrasion
resistance is poor, making the lifespan of a sensor short. A
thermoplastic is a polymer in which the individual polymer
strands are loose, similar to spaghetti. Abrasion resistance
can be improved by crosslinking the individual polymer
strands, which makes the material rather rubbery or changes
it to an elastomer.

[0038] Crosslinking can be accomplished during produc-
tion by introducing various catalysts, for example vulcaniz-
ers such as sulfur, into the ink and/or the resistance-conduc-
tive and/or conductive polymer. Aftermarket crosslinking is
complicated and usually costly. For instance, free radicals
can be generated in the resistance-conductive and/or con-
ductive polymer. These engage the polymer chains and
create reactive sites that react with other chains to produce
a network. These radicals can be generated using either
radiation or chemical substances. For the radiation, typically
electron beams are used. With chemical treatment, peroxides
are introduced into the polymer, which gradually break
down and release free radicals.

[0039] Since the conductive polymer is typically a thin
layer, chemical crosslinking is an option. Liquid peroxides
can diffuse into the material and can induce chemical
reactions in the material (but near the surface). With a given
exposure time, greater crosslinking and thus greater stability
in the surface material can be produced.

[0040] Studies to improve this process have shown that
even hydrogen peroxide produces a positive effect. This is
advantageous particularly because it is a cheap, relatively
harmless, and relatively environmentally neutral chemical as
compared with other peroxides. However, it requires longer
exposure times.
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[0041] Greater reactivity of hydrogen peroxide can be
achieved in two ways. For one, during the exposure period
the temperature can be increased. For another, a solvent can
be used to swell the polymer, enabling increased diffusion
into the material. In the first method, temperatures of 120-
160° C. are typically used. However, the melting points of
many thermoplastics also lie within this temperature range,
making close temperature monitoring essential. The second
method is also problematic because mixtures of peroxides
and solvents form the basis for many explosives.

[0042] Time-resolved and/or temporally resolved means,
in particular, that the measurement is carried out with a
temporal resolution, or the system is configured for mea-
surement with a temporal resolution that allows the pressure
maxima and pressure minima of a human pulse wave to be
detected, in particular with an inaccuracy of at most 10%
with respect to the pressure and/or the time of the pressure
maxima and/or pressure minima, with respect to the time, in
particular within a pulse wave, and/or an accuracy of 10 ms
or better. In particular, measurement is performed, and/or the
system is configured for measurement, in particular, of at
least one electrical conductance, resistance, and/or at least
one capacitance, with a repetition rate of at least 100 Hz, in
particular at least 500 Hz, more particularly at least 800 Hz,
in particular at least 1 kHz.

[0043] Ascertaining the parameters of the cardiovascular
system is based upon an analysis of the measured values of
the pulsatile pressure wave in the arteries coming from the
heart.

[0044] Since an accuracy or a data acquisition rate of the
pulsatile pressure wave of one millisecond is achieved, in
particular, the measured values of the pulsatile pressure
wave, also referred to in their temporal sequence as the
measured value wave, can be analyzed for their minima and
maxima. When applied correctly, the values of these minima
and maxima correspond to the values for the value of the
diastolic or systolic portion of the traditional blood pressure
value. Moreover, from the interval of time between the
minima and the maxima, the current cardiac pulse can be
determined, specifically from pulse to pulse, which allows
the pulse wave variability to be calculated. In particular, the
simultaneous determination of cardiac pulse and blood pres-
sure enables the cardiac output to be calculated.

[0045] An assembly or system according to the invention
can also comprise multiple pressure sensor units. This
allows the pulse wave transit time to be measured by
performing measurements at different measurement sites.
[0046] The pulse wave transit time can be determined by
a plurality of pressure sensor units, at least two, and/or at
least one pressure sensor unit and one device for measuring
the pressure wave and/or the pulse recording the pulsatile
pressure wave and/or the pulse at at least two measurement
sites on the body. The time interval between two maxima
and/or correlating events that are attributed to the same
cardiac pulse is used to determine the pulse wave transit time
between the measurement sites, and in particular is used to
determine the pulse wave velocity, assuming the distance
between the measurement sites and/or the distance of the
measurement site from the heart is known.

[0047] The pulse wave transit time can also be determined
by analyzing the measured values of the pulsatile pressure
wave, in which the reflected wave is identified and the
interval of time between the reflected wave and the initial
wave is determined as the pulse wave transit time.
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[0048] When the heart pumps blood out, the pulse wave
first enters the aortic arch, after which that artery branches
into smaller arteries. Due to the differences in diameter
before and after branching, reflection occurs at each branch.
The greatest reflection in terms of amplitude occurs in the
smallest arteries, and this can be detected in the pressure
wave.

[0049] The pulse wave velocity can be determined from
the pulse wave transit time, assuming the distance between
the measurement sites and/or the distance of the measure-
ment site from the heart is known.

[0050] The elasticity of the arteries can also be determined
from the pulse wave velocity, e.g., using the Moens-Ko-
rteweg equation.

[0051] Furthermore, due to the temporal resolution of the
data acquisition, also called the data acquisition rate, the
sensors do not need to be spaced particularly far apart from
one another, and thus, a system having a plurality of pressure
sensor units, which is perceived by the user as a single unit,
may be used. This enables a very simple and rapid mea-
surement of these parameters, a process which would require
lengthy preparation times and a large number of very
different sensors with the measuring instruments currently in
use.

[0052] As will be described below, a measurement accord-
ing to the invention is carried out in particular as follows.
The system or the pressure sensor unit is positioned at a
suitable site, in particular a site above an artery, which may
be a point on the wrist, for example, after which pressure is
slowly applied. This pressing of said unit with an applied
pressure or the adjustment of counterpressure may be imple-
mented either by human action or by means of an autono-
mous actuator. At the same time, measured values from the
pressure sensor unit, in particular conductances from which
a pressure can be derived and which are influenced by the
pulsatile pressure wave of the artery, are detected. When the
counterpressure or applied pressure is increased, in particu-
lar from a level of 60 mmHg or less, the maxima of the
detected pressure and/or of the measured value wave and/or
of the measured values also increase. Beyond a certain
applied pressure or counterpressure, no further increase in
the maxima is observed. The pressure value of a maximum
pressure and/or the pressure associated with a maximum
conductance value is the systolic blood pressure value. At
the lowest applied pressure and/or counterpressure at which
no further increase in the maxima of the measured value
wave and/or of the measured values is observed, the pressure
value of a minimum of the measured value wave and/or the
pressure associated with a minimum corresponds to the
diastolic blood pressure.

[0053] In each case a maximum corresponds to a systolic
blood pressure of a pulse wave and a minimumn corresponds
to a diastolic blood pressure of a pulse wave.

[0054] In particular, if this counterpressure or applied
pressure, beyond which, with a further increase, no further
increase in the maxima of the measured value wave and/or
of the measured values is observed, persists, a continuous
measurement can be carried out, in which each pressure
value of a pressure maximum and/or the pressure associated
with each maximum conductance value represents the sys-
tolic blood pressure value of the respective pulse wave,
and/or each pressure value of a minimum of the measured
value wave and/or each pressure associated with a minimum
represents the diastolic blood pressure of a pulse wave.
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[0055] Particularly advantageously, the method is carried
out and/or the system is configured such that at least one
pressure value, in particular at least two pressure values, of
at least every twentieth, in particular of at least every tenth,
more particularly of every second or of each pulse wave, in
particular of at least 50, more particularly of at least 500
sticcessive pulse waves, are determined and/or displayed. In
particular, 5 to 20 pressure values and/or pressure values for
5 to 20 pulse waves are displayed simultaneously.

[0056] Particularly advantageously, the method is carried
out and/or the system is configured such that measurements
are performed continuously, i.e., in particular at least every
twentieth, more particularly at least every tenth, in particular
every second, or each pulse wave of at least 500 successive
pulse waves are measured, and/or from at least every twen-
tieth, in particular from at least every tenth, more particu-
larly every second, or every pulse wave of at least 500
successive pulse waves, at least one blood pressure value,
one arterial elasticity value, one pulse wave transit time
value, one pulse wave velocity value, and/or one value for
cardiac output and/or one value for changes in cardiac
output is determined and/or displayed. In particular, 5 to 20
values and/or values for 5 to 20 pulse waves are displayed
simultaneously.

[0057] Particularly advantageously, the method is carried
out such that blood pressure, arterial elasticity, pulse wave
transit time, pulse wave velocity, the pulse wave, and/or
cardiac output and/or changes in cardiac output, in particular
the pressure curve of the pulse wave, is measured in least
two, in particular four, extremities, and the measured values
obtained from the measurements at the extremities are
compared, in particular those that are attributed to the same
heartbeat.

[0058] Particularly advantageously, the system is config-
ured to measure blood pressure, arterial elasticity, pulse
wave transit time, pulse wave velocity, the pulse wave,
and/or cardiac output and/or changes in cardiac output, in
particular the pressure curve of the pulse wave, in least two,
in particular four, extremities, the system having, in particu-
lar, at least one pressure sensor unit per extremity, and is
configured to compare the measured values obtained from
the measurements taken at the extremities, in particular
those measured values that are attributed to the same heart-
beat.

[0059] In this case, measurements are taken in particular
on two of the same extremities, except for the left/right
arrangement, in particular on the same blood vessels, in
particular arteries, in particular at identical locations on
opposite sides of the body.

[0060] The maxima and/or minima are in particular local
maxima and minima.

[0061] Calibrations described here are not to be performed
by the user, and can instead be automated or performed
during manufacturing.

[0062] The pressure sensor units described in this patent
are not influenced by acceleration forces.

[0063] The reason for the optional use of an acceleration
sensor in this patent is based on the fact that the blood
pressure value is to be measured at different locations in the
body and also at different heights relative to the hydrostatic
indifference point (HIP) (changes in the height of a mea-
surement site relative to the HIP are triggered, e.g., on the
arm by an arm movement). If the current height relative to
the HIP is known, a value for blood pressure at the HIP can
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also be determined in a movement, even though the mea-
surement site is located, e.g., on the arm.

[0064] If a sensor array having a plurality of pressure
sensor units, in particular adjacent to one another, is used,
the sensor that is in the most optimal position above an
artery may be selected; this increases the ease of use, since
a complex positioning of the sensor module is not necessary.
A sensor array can also be used to determine the pulse wave
transit time at the measurement site by analyzing the mea-
sured values of the pulsatile pressure wave from at least two
pressure sensor units of the sensor array. In particular, at
least two maxima of the measured values of the pulse wave,
which in particular are attributed to the same heartbeat, are
used for this purpose. If the distance between the at least two
pressure sensor units is known, in particular, a pulse wave
transit time can then be calculated, in particular with the aid
of the analysis unit.

[0065] In another inventive assembly according to this
patent, a plurality of sensors may be organized separately
from one another so that one sensor can be attached near the
heart, for example, and another can be attached at a suitable
location on the wrist, for example. In this case, the analysis
of the measured value wave of the pulsatile pressure wave
enables the pulse wave transit time from the heart to the
wrist to be calculated.

[0066] The invention can be implemented with a minimal
sensor size and requires no invasive procedures in the body.

BRIEF DESCRIPTION OF THE DRAWINGS

[0067] FIG. 1 shows an exemplary illustration of the
measurement method.

[0068] FIG. 2 shows an exemplary diagram of a conven-
tional wristband.

[0069] FIG. 3 shows, by way of example, a cross-section
of one possible embodiment of the assembly of the invention
for use on the wristband as an attachment.

[0070] FIG. 4 shows an exemplary electrical circuit com-
prising multiple pressure sensor units in the crossover cir-
cuit.

[0071] FIG. 5 shows exemplary raw data from an assem-
bly according to the invention.

[0072] FIG. 6 shows a schematic and exemplary illustra-
tion of the measurement of pulse wave velocity by means of
a sensor array.

[0073] FIG. 7 shows examples of possible embodiments
of the inventive configuration of the conductor trace arrays.
[0074] FIG. 8 shows a conductor trace array having three
conductor traces.

[0075] FIG. 9 shows a cross-section of two pressure
sensor units arranged side by side and configured as VRS
SEensors.

[0076] FIG. 10 shows a cross-section of two pressure
sensor units arranged side by side.

[0077] FIG. 11 shows an exemplary configuration of a
measuring system for measuring conductances, and from
these, pressures.

[0078] FIG. 12 is a schematic illustration showing one
possible embodiment of the device according to the inven-
tion.

[0079] FIG. 13 is a schematic illustration showing one
possible embodiment of the device according to the inven-
tion.

[0080] FIG. 14 shows a cross-section of a pressure sensor
unit according to the invention.
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[0081] FIG. 15 shows a cross-section through another
embodiment of a pressure sensor unit according to the
invention.

[0082] When pressure sensor units that measure by an
application of force are used, the sensor can be placed
directly on the skin; see FIG. 1, (O). Preferably, the size of
the pressure sensor unit, in particular its pressure-sensitive
surface area and/or its contact surface area on the skin, is no
larger than a cherry pit and/or is less than 15 mm, in
particular less than 10 mm, more particularly less than or
equal to 5 mm in diameter, in particular for performing a
blood pressure measurement on the skin.

[0083] The operating principle of the invention is based
upon the operating principle of the traditional method for
blood pressure measurement, the Riva Rocei method. How-
ever, the invention expands upon this method to include the
temporal resolution of blood pressure value determination
and can therefore also be used for continuous long-term
measurement. In addition, measurement is less painful due
to the small sensor size. This is advantageous especially for
continuous long-term measurements.

[0084] The pressure sensor units and an analysis unit may
be used alone. Advantageously, however, the pressure sensor
unit is integrated with an analysis unit and/or a power unit
and/or a wireless unit in a system and/or a device and/or a
piece of clothing, and/or is designed as an attachment.
Suitable pieces of clothing include wristbands, ankle straps,
shoes, rings, and ear clips. The inventive assembly can also
be fastened onto the body with the aid of specially designed
straps. If the inventive assembly and/or the system is
designed as an attachment, it can be fastened onto the body
by attachment to a conventional wristband or, for example,
by attachment to or insertion into the shoe/tongue (instep).
[0085] Advantageously, the inventive assembly and/or the
system can also be expanded to include an actuator, which
can exert a base pressure or applied pressure onto the
pressure sensor unit, and/or which presses and/or forces the
pressure sensor unit and/or the sensor array against the skin
with a base pressure or applied pressure. However, the
inventive assembly can also be operated without an actuator.
[0086] As will be further described in this specification,
the inventive assembly can be attached to the body in such
a way that pressure can be exerted onto the body by the
pressure sensor unit.

[0087] Especially advantageous for this are locations on
the body where the pulse of the arterial system can be
detected. These include positions on the wrists or positions
on the insteps, for example.

[0088] Theoretically, some type of technology, such as
that of an FSR sensor (Force Sensing Resistor), can be used
as a pressure sensor unit for measuring blood pressure. This
technology is described in a patent held by Interlink, and is
accessible to those skilled in the art on the Internet in
multiple publications by Interlink. This described pressure
sensor is also produced by Interlink and has been available
commercially for many years. The pressure sensor is avail-
able in various sizes. The functioning of the FSR sensors
included under this designation involves an electrically
conductive paste or substance being applied to the substrate
material, but above the electric leads.

[0089] In most cases, however, a pressure-sensitive and
resistance-conductive film is used, which is applied with a
substrate to the electric conductor traces, and these are
connected to one another by means of a double-sided
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adhesive layer. The necessary information about this is
available to those skilled in the art. However, the offerings
of “Interlink” with respect to FSR sensors are limited to a
pressure-sensitive film that changes its resistance-conduc-
tivity when subjected to pressures, or weights.
[0090] FSR sensor technology was not developed for an
accurate and consistent measurement of pressure. Severe
fluctuations in the continuous recording of measured values
lead to inaccuracies in the measurement of weight and thus
also to unsuitability in medical applications.
[0091] Conventional sensors can be calibrated by subject-
ing the sensor to a known pressure. This may be a motorized
wristband, for example, which adjusts to a known pressure
by way of a defined constriction. This pressure of the
wristband can be determined, e.g., by strain gauges (these
are not suitable for the actual measurement because the
temporal resolution is too low).
[0092] Advantageously, however, calibration is carried out
with the aid of a vibration motor, in particular contained in
the system, and/or by a variation of the applied pressure by
means of the vibration motor. Said vibration motor can apply
a defined pressure to the sensor by means of a suitable
electrical circuit, which is known to those skilled in the art,
and can thereby perform a calibration. A pressure sensor unit
may be attached to the inner side of a band, for example. The
vibration motor can be located between sensor and band.
[0093] When the motor vibrates, it pushes the band and
sensor apart, or if the band is worn on the arm, this spreading
apart leads to a change in the pressure applied by the
pressure sensor unit onto the skin. Thus, a vibration motor
is located in particular between encompassing device and
pressure sensor unit.
[0094] Advantageously, however, a one-time factory cali-
bration is used, in particular.
[0095] As a solution, the invention prefers small structural
forms that are specific to their application for blood pressure
measurement, in particular in the form of an elastic molded
article.
[0096] Advantageously, the sensor should meet the fol-
lowing requirements:
[0097] Flexible shape, so that the sensor can adapt to the
respective measurement site on the body, and/or
[0098] Soft design of the sensor to prevent injuries,
and/or
[0099] A shape that adapts to the body to maximize
coverage of the sensor, and/or
[0100] A small sensor size, advantageously with a
diameter of 5 mm or less. However, larger and smaller
sizes are also possible, and/or
[0101] A consistent measurement quality, if possible
without calibration. A continuous measurement over a
period of two weeks or more must at least be guaran-
teed, and/or
[0102] A measuring range that covers the anticipated
blood pressure range; this should be at least 40 mmHg
or 5 kPa and/or up to 300 mmHg or 40 kPa, and/or
[0103] Should have a pressure resolution of 0.5 mmHg
or less, and/or
[0104] Should have a temporal resolution of 1 ms or
less, and/or
[0105] The sensor should attenuate the signal as little as
possible, and/or
[0106] Should be weather and moisture resistant. This
also includes resistance to perspiration, and/or the
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measurement process must be possible with low power
consumption, in order to enable mobile measurement,
e.g., battery operation, and/or

[0107] Measurement must be possible with few other
components in addition to the actual sensor, in order to
enable a small structural form.

[0108] The invention therefore uses new types of sensors,
in particular, as the pressure sensor unit, which will be
presented below; however, the use of an FSR sensor or piezo
sensor as the pressure sensor unit is also possible.

[0109] Advantageously, an SRS sensor (switchable resis-
tive sensor) can be used to measure cardiac output. This type
of sensor has multiple measuring ranges (at least two
different measuring ranges). This makes it possible, for
example, to collectively cover one large measuring range
given by the sum of the individual measuring ranges, and/or
to cover one or more measuring ranges with different
degrees of accuracy. Particular advantageously, the measur-
ing ranges overlap at least partially and/or have different
sizes and/or ranges. Different ranges with the same absolute
changes in conductance over the respective measurement
ranges and with the same measuring accuracy result, in
particular, with different resolutions of the measurement, in
particular of the pressure. Furthermore, the individual mea-
suring ranges are independent of one another, i.e., blood
pressure can be measured in the different measuring ranges
simultaneously, and thus in particular with different accu-
racies and/or in different measuring ranges and/or pressur-
ization ranges. Advantageously, the pressurization ranges
overlap.

[0110] As compared with other types of sensors, e.g., FSR
sensors (Force Sensing Resistor) from Interlink or piezo-
electric sensors, a greater overall measuring range can be
covered. This is advantageous, in particular, because when
the body moves, the blood pressure signal, which changes
over time, varies based upon the height of the sensor, the
measuring point, e.g. on the extremities, in relation to the
HIP. Variations in the blood pressure signal may have
several causes. In addition to movements of the body,
changes in temperature or medications, for example, may
lead to a sudden change in the blood pressure signal.

[0111] Unlike FSR sensors, SRS sensors have at least
three conductor trace arrays or conductor trace networks or
conductive layers, whereas FSR sensors have only two
conductor trace arrays or networks. For reading out the
conductances and/or resistances, VSR sensors likewise
have, in particular, only two conductor trace arrays or
conductor trace networks. But at least one additional con-
ductor trace array or conductor trace network or electrode is
necessary for induction.

[0112] A conductor trace array, a conductor trace network,
or an arrangement of a conductor trace network has at least
one conductor section, in particular a plurality of conductor
sections, in particular branched and/or planar and/or finger-
like and/or wound, and it may have loops and/or openings
and/or may be labyrinthine in configuration.

[0113] The conductor trace arrays or conductor trace net-
works are interconnected, in particular, and/or in particular
have parallel conductor trace sections.

[0114] The conductor traces, conductor trace sections, or
conductive layers may be metallic and/or doped semicon-
ductors, for example, and/or may be made of a conductive
polymer.
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[0115] Conductive layers are configured, in particular, as
planar, without cavities or recesses.

[0116] Tvpically, a conductive polymer has higher resis-
tance than a metallic conductor, such as copper. Therefore,
only what is absolutely necessary should be pressed or
embodied using the conductive polymer, as otherwise either
the anticipated power consumption will be greater or the
signal quality may suffer. In the case of digital lines, if
conductors made of polymer are too long, signal transmis-
sion may be adversely affected.

[0117] In addition to resistance in the conductor, conduc-
tive polymers also have increased contact resistance. This
means that simply pressing a metallic conductor onto a
polymer conductor (e.g., by crimping) typically will not
produce effective contact. However, in most cases a transi-
tion point from polymer to metallic conductors is unavoid-
able.

[0118] Since polymers, especially for use in 3D printing,
are fusible, however, another variant of the connection is
produced by heating the metallic conductor and pressing it
into the polymer conductor. This causes the polymer con-
ductor to melt in localized areas, and the metallic conductor
sinks in. The result after cooling is an electrical contact. The
metallic conductor can thus be embedded in the polymer.
[0119] To improve the mechanical and electrical connec-
tion, the end of the metallic conductor may be molded in the
form of a net or one or more eyelets.

[0120] Since the SRS sensor is able to detect the signal of
the pulsatile pressure wave with multiple measuring ranges
simultaneously by using the at least three conductor trace
arrays or conductive layers, the best measuring range can be
used without switching the readout electronics.

[0121] A further advantageous sensor is the VRS (Variable
Resistive Sensor). This is a sensor whose measuring range
can be changed by electrical induction. In this case, the
measuring range is changed by induction, in particular, in
the functional polymer of the sensor or of the pressure sensor
unit. Thus, a large measuring range can be covered with this
type of sensor as well. With VRS sensors, the conductor
trace array for ascertaining conductances and/or resistances
can be selected, as with FSR sensors, but the sensitivity of
the polymer is additionally changed by electrical induction.
The measuring range is chosen is based upon the degree of
electrical induction.

[0122] In general, the conductor trace arrays, conductor
trace networks, and/or at least one conductive layer are
arranged in particular on an electrically insulating substrate.
[0123] When this type of sensor is used, there are basically
two measuring methods. In one, a fixed measuring range that
is changed only as needed can be set, and the signal of the
pulsatile pressure wave is measured directly. In the other, the
pressure can also be measured indirectly by altering the
electrical induction to select the measuring range until a
defined signal results. The actual measured value in this case
is the electrical induction setting. The direct measurement
enables a faster generation of measurements, whereas the
indirect measurement enables more accurate measurements.
[0124] The basic configuration of the conductor traces of
a VRS sensor is similar, in particular, to the configuration of
an SRS sensor with two measuring ranges, i.e. with three
conductor trace networks. However, only two conductor
trace networks are used, in particular, between which the
resistance is measured and is used as a measured value. In
particular, a third conductor trace network, an electrode,
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and/or a third conductive layer are used together with an
additional (fourth) conductive layer on the opposite side (as
viewed from the conductor trace networks) of the functional
polymer. Between the additional (fourth) conductive layer
and the third conductor trace network, the electrode, and/or
the third conductive layer a voltage is applied, in particular
in order to induce a voltage and/or to alter the properties of
the functional polymer.

[0125] The functional polymer has the property of reacting
to this applied voltage. The reaction consists in a change in
the measuring range. This involves two mechanisms of
action that can be exploited individually or together. Firstly,
the electrical conductivity of the polymer can be changed.
And secondly, its mechanical properties can be changed.
[0126] One example of a functional polymer that can alter
its electrical properties consists of a non-conductive soft
base material into which elongated electrically conductive
particles are incorporated. The particles also have an electric
dipole moment.

[0127] When no voltage is applied, these particles are
randomly oriented. Applying a voltage causes the particles
to become oriented along their dipole moment. The average
angle of alignment of the particles to the field of the applied
voltage is dependent upon the magnitude of the applied
voltage. The electrical properties perpendicular to the volt-
age field, i.e., in the direction of measurement of the
resistance of the sensor, are dependent upon the distance
between the conductive particles in the direction of mea-
surement.

[0128] If rod-shaped particles are used, which align per-
pendicular to the sensor surface when a voltage is applied,
the distance between the particles in the direction of mea-
surement (parallel to the sensor surface) increases as the
alignment and the internal resistance of the polymer
increase. To achieve the same resistance between the first
two conductor trace networks, the polymer must then be
pressed more firmly against the conductor traces so that less
contact resistance results to outweigh the now greater inter-
nal resistance of the polymer. The measuring range of the
pressure application is shified upward.

[0129] Functional polymers that can alter their mechanical
properties by the application of an electric voltage are
referred to collectively as electroactive polymers. The poly-
mer Nafion may be used, for example. This polymer deforms
with application of a voltage of 1 to 5V.

[0130] A planar and deformable electrical contact can be
applied to both sides of the electroactive polymer. Alayer of
electrically conductive polymer, in particular, is applied to
one of these electrical contacts, with a non-conductive layer
advantageously being applied between the electrical contact
and the conductive polymer.

[0131] A voltage applied to the electrical contacts causes
a deformation of the polymer. The electroactive polymer
may be designed as decreasing in thickness concentrically
outward, whereby a hemispherical deformation is triggered.
Since movement of the polymer is restricted, the polymer
thus deformed is pressed against the conductor traces.
[0132] When a voltage is applied, the electroactive poly-
mer is pressed against the conductor traces, and a lower
external load is required to obtain the same measured value
as is obtained without deformation of the polymer. The
measuring range is shifted to smaller loads.

[0133] The sensor types themselves present an electrical
resistance, and change their resistance value when subjected
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to force or pressure. The SRS has different resistances for
different measuring ranges, while the VRS sensor, in pat-
ticular, has only one resistance. VRS sensors and SRS
sensors may be combined in one pressure sensor unit, in that
the measuring range of an SRS sensor is changed by
induction in the functional polymer of the SRS sensor or the
pressure sensor unit.

[0134] The conductor traces and/or networks and/or sec-
tions are isolated from one another, in particular.

[0135] The sensors described herein are based on the
concept that a polymer, including a functional polymer,
which is resistance-conductive and/or conductive and/or
which has a resistance-conductive and/or conductive surface
section and/or a resistance-conductive and/or conductive
surface, is pressed by an application of force against an array
of conductor traces, which in particular are exposed. Said
conductor traces are not meant to be fully exposed, in
particular, but should be exposed enough that the functional
polymer can contact them electrically by touching them.
[0136] Therefore, in practice, both the array of the con-
ductor traces and the properties of the polymer are adapted
to the application.

[0137] With the SRS sensor, in particular a plurality of
conductor traces, conductor sections, conductor arrays, and/
or conductor trace networks mesh with one another. The
number of conductor trace arrays or conductor trace net-
works is determined by the number of measuring ranges and
is equal to the number of measuring ranges plus one.
[0138] The properties can be adapted by adapting the
conductor trace networks and/or conductor trace arrays of
the pressure sensor unit to the measuring requirements,
which may be achieved by adapting the distances between
the conductor traces and/or conductor trace networks,
arrays, and/or sections, the widths of the conductor traces
and/or conductor trace networks, arrays, and/or sections
relative to one another, and the area coverage of the con-
ductor traces and/or conductor trace networks, arrays, and/or
sections. Properties can further be adjusted by the selective
lacquering of individual areas.

[0139] For a quick and inexpensive adjustment of these
parameters, it has proven advantageous to insert a further
non-conductive polymer layer.

[0140] The process of adjusting the conductor traces thus
involves first fabricating a sensor that, according to experi-
ence, roughly meets the requirements. An additional poly-
mer layer can then be inserted between the conductor traces
and the resistance-conductive polymer. This additional poly-
mer layer is non-conductive.

[0141] The non-conductive polymer layer is provided with
cavities, strips, or other types of recesses.

[0142] The surface area and the precise extent of the
recessed areas are then varied until the desired measuring
range is found. This is advantageous especially since this
additional polymer layer is inexpensive and can be quickly
replaced.

[0143] Once an optimal surface area ratio is identified, a
lacquer coating that corresponds to the non-conductive
polymer layer is used in fabricating the sensors.

[0144] The relationship between pressurization and con-
ductance and/or the inverse value of the resistance value of
the pressure sensor unit is in particular linear, in particular
in each of the measuring ranges.

[0145] The challenge is to find a layout of the conductor
traces and/or sections in which each of the individual
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conductor trace networks covers every point on the surface
area, but there is also a distance between the networks. This
is not possible. The closest approximation to this is pre-
ferred.

[0146] The distance between the conductor trace networks
determines the pressure resolution of the pressure sensor
unit. This resolution results from the interaction with the
mechanical properties of the polymer. If an identical poly-
mer is used: the shorter the distance, the higher the resolu-
tion. However, this runs counter to the maximum measuring
range. There must be a trade-off between resolution and
maximum measuring range.

[0147] The coverage of the surface area by each of the
individual conductor trace networks determines the accu-
racy of the sensor. When the polymer is pressed against the
conductor traces, the polymer first touches these at one
point, in particular. If only the conductor traces of a con-
ductor trace network are present at said point, no electrical
contact will be produced between the different conductor
trace networks, and the application of pressure will not result
in a change in the conductance.

[0148] At higher pressure loads, electrical contact already
exists between the conductor trace networks, and this con-
tact is improved when the polymer comes in contact with a
larger surface area on the conductor traces. If, as the pressure
load increases, the contact area increases beyond an area that
either is covered by only one conductor trace network or is
not covered by any conductor trace network, there will be no
change in the measured value and this load range is not
detectable. The accuracy results from the size of these blind
load ranges.

[0149] One possible configuration that has proven suitable
for many applications is provided by alternating conductor
traces of equal width or thickness, with a spacing between
the conductor traces that corresponds to half the width or
thickness.

[0150] The operating principle of a polymer pressure
sensor is based upon the resistance-conductive and/or con-
ductive polymer being pressed with more or less force
against the conductor traces, depending on the load, and thus
producing a (resistive) electrical contact between two con-
ductor trace networks. The electrical resistance and conduc-
tance vary dependent upon the load of the sensor.

[0151] In general, there are various basic approaches for
optimizing the conductor trace layout. For example, the
width and arrangement of the conductor traces may be
varied to produce a different surface area coverage with
conductor traces.

[0152] For example, a lacquer coating may be applied.
This lacquer coating covers different regions of the conduc-
tor traces.

[0153] Another lacquer coating option involves partially
coating the surface area on which the conductor traces are
located, to partially cover the conductor traces. The more the
conductor traces are covered, the greater load is required to
produce a good electrical contact. The maximum measuring
range increases. One example of this is a hemispherical or
spherical cap-shaped polymer. When this polymer is pressed
against the conductor traces, the contact surface area
increases with the application of pressure. In this process,
the surface area increases concentrically as the pressure load
increases. The larger the surface area, the better the electrical
contact and thus the measured value.
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[0154] 1If concentric rings were then to be applied as a
lacquer coating, increasing the load would produce load
areas in which the contact area is increased only over the
lacquer coated areas, i.e., in these load areas the measured
value would remain constant and the sensor would not
recognize this measuring range. This phenomenon should be
avoided, and therefore, with a hemispherical or spherical
cap-shaped polymer, star-shaped markings are better.
[0155] A suitable lacquer coating can also be used to
increase the lifespan of a sensor. Conventional methods for
producing printed circuit boards do not result in an ideally
smooth surface, but one in which the conductor traces stand
out. The height of such conductor traces is typically 35 or 50
pm;

[0156] other heights can also be produced, but a height of
0 um is not possible. When a load is applied to the sensor,
the conductor traces are pressed into the polymer. This leads
to increased stress at these points in the polymer, and
abrasion can occur; measurement quality decreases. To
prevent this, an ideally smooth surface would be desirable.
[0157] To achieve this at least approximately, a lacquer
coating can be applied and/or provided between the con-
ductor traces, corresponding to the negative of the conductor
trace networks and/or conductor traces. However, since
today’s lacquer coating methods are not absolutely precise,
there may be a slight displacement in the pressure and the
location where the pressure fills the gaps.

[0158] An improvement is therefore possible, in which
two lacquer coatings are carried out or provided. First, a
lacquer coating is provided or applied in the gaps, which
coating is somewhat narrower and/or smaller than the nega-
tive of the conductor trace networks and/or conductor traces
and/or than the space between the conductor traces, so that
a displacement of the lacquer coating will not cause a
coating to be provided on and/or applied to the conductor
traces. This first lacquer coating is relatively thick, in
particular 10 to 30% and/or 3 to 10 pm less than the
conductor traces; for example, with conductor traces that are
35 um in height, the coating is 30 um thick, for example.
[0159] A second coating is provided and/or applied sub-
sequently and/or to the first, which is thinner than the first,
in particular 2 to 20 pm thick. This lacquer coating is
somewhat larger and/or wider than the gap between the
conductor traces and/or than the negative of the conductor
trace networks and/or conductor traces, so that even if a
displacement occurs, the conductor traces will be partially
covered (to a small extent).

[0160] Thelacquer coating, or a first such coating, roughly
fills in the spaces between the conductor traces, in particular,
and the second lacquer coating ensures the smoothest pos-
sible transition from conductor trace to lacquer coated space.
[0161] In addition to the conductor trace arrays, conduc-
tive layers, and/or conductor trace networks and/or sections,
which are embodied, in particular, in the manner of an SRS,
VRS, and/or FSR sensor, the pressure sensor unit, which is
configured in particular as an SRS, VRS, and/or FSR sensor,
has in particular a device, in particular elastic, for the
targeted transfer and/or distribution of the pressure, and/or a
functional polymer. In particular, the functional polymer has
at least one conductive surface section, which may be part
of the functional polymer, for example, or may be present in
the form of a coating. Typically, however, it is formed from
a plurality of materials, in particular polymers, that have
different properties. The functional polymer has a structural
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form, in particular, or is embodied as such. It thus can be the
structural form, also called the molded body. The structural
form or the molded body has, in particular, a discontinuous
thickness over its cross-section. In particular, it is spherical,
and/or is embodied as a spherical segment, and/or is elastic.
The adjustment or the optimization of the functional poly-
mer requires accurate knowledge of the measuring condi-
tions.

[0162] For the measurement of blood pressure, the pulse
wave, and/or cardiac output and/or changes in cardiac out-
put, this means that the sensor will be used on the skin and
that forces in the range of 1-10 N will occur. A high data
acquisition rate of at least 1000 values per second should
also be possible.

[0163] Advantageously, silicone is used as the polymer
and/or functional polymer, in particular multiple silicones
having different properties.

[0164] The requirements in terms of the measuring range
and the high data acquisition rate mean that the functional
polymer should exert a certain counterforce in order to react
to a change in force.

[0165] This is made possible in two ways, in particular.
The first way involves adjusting the Shore hardness of the
silicone, and the second way involves selecting a geometric
configuration of the structural form that will enable the
required counterforce.

[0166] It is also possible for the two properties to be
adjusted separately. For this purpose, a structural form is
produced, which contains a material that has a higher Shore
hardness than at least one other material used in the struc-
tural form. This structural form is larger, in particular, than
the surface area of the conductor traces, sections, arrays,
and/or conductor trace networks, in particular larger than the
surface area of the conductor traces, sections, arrays and/or
conductor trace networks of an array that is associated with
the structural form. Such a structural form, in particular at a
point thereon that comes into contact with the conductor
traces during use, has a surface area that is formed by a
silicone having a different, lower Shore hardness, and in
particular is resistance-conductive and/or conductive. In
addition to silicone, in particular all polymers, commonly
referred to as rubber, that fulfill the mechanical properties
described below are suitable.

[0167] The functional polymer can also be embodied as
having a location-dependent variable Shore hardness. This is
accomplished, in particular, by applying the functional poly-
mer, e.g. in layers, and by using a different Shore hardness
from layer to layer.

[0168] Another possibility for achieving variable Shore
hardness involves the use of special UV-curable polymers.
These polymers change their Shore hardness when exposed
to UV light. Shore hardness can be adjusted dependent upon
the exposure time. In this way, for example, different Shore
hardnesses can be arranged concentrically either by using
masks or by directing UV laser light accordingly. For use,
such sensors based on UV-variable polymers must be con-
structed such that no light reaches the polymer, so that the
Shore hardness is maintained.

[0169] The shape of the functional polymer, in particular
its structural form, is a further adjustment variable. The task
of the functional polymer is, in particular, to nestle against
the conductor traces when force is applied and to increase
the contact surface area dependent upon the force. A roughly
hemispherical shape or spherical cap has proven advanta-
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geous as a base shape. The outward flattening and the
configuration of the central point are adjustment parameters.
[0170] In particular, the functional polymer and/or the
structural form have a layer of resistance-conductive poly-
mer, in particular assuming the polymers otherwise used are
non-conductive.

[0171] Resistance-conductive and/or conductive polymer
is available in the form of ink, and its conductivity can be
adjusted by adding other polymer inks.

[0172] Resistance-conductive and/or conductive polymer
has, in particular, a specific resistance between 0.2 and 10 k
Ohm/cm/mm”2.

[0173] In general, the conductance between the conduc-
tive layers and/or conductor traces is based upon the intrin-
sic conductivity and the contact conductivity to the conduc-
tor traces. In most cases, adjustment of the intrinsic
conductivity, and/or the intrinsic conductivity itself, is less
important, as the distance between two conductor traces is
typically less than 1 mm. In most cases, the adjustment of
the contact with the conductor traces, and/or the contact with
the conductor traces itself, i.e., the contact resistance, is
more important. This contact is dependent, in particular,
upon the surface configuration of the functional polymer, in
particular its microstructure.

[0174] The task of the functional polymer is, in particular,
to push the conductive polymer away from the conductor
traces and thus to build up a counterforce, which is accom-
plished, in particular, by using spacers or feet (see below).
When the sensor is subjected to a load, the total force on the
conductive polymer and thus on the ability to produce
contact between the conductor traces is equal to the force on
the sensor minus the counterforce of the feet. Thus, the more
counterforce the feet can produce, the greater the measuring
range that can be achieved. The feet are generally configured
such that when the pressure sensor unit is in a resting
position, they ensure the spacing of the functional polymer
from the conductor traces and/or the conductive layers.
[0175] The counterforce should be selected such that the
sensor is able to react quickly enough to a change in pressure
caused by the variable pressure wave proceeding from the
cardiac pulse in the arteries, i.e., enabling a mapping over
time, in particular with less than 10% error, in particular
based on the duration of a pulse wave and/or in particular of
less than 2 ms, more particularly of 1 ms or less, and/or an
error in amplitude of less than 10%, in particular of the
maximum measurable amplitude and/or the maximum
amplitude induced by the pulse wave. For measuring the
pulsatile pressure wave in the arteries, a material that has
proven advantageous for the spacers, for the functional
polymer, for the structural form, and/or for the spherical cap
has a Shore-A hardness, in particular according to ASTM
D2240 (2015-08) and in particular with a test time of 1
second, of between 85 and 98, and in particular has a
Shore-A hardness of between 90 and 98, in particular
between 92 and 97, more particularly between 94 and 96, in
particular of 95 for arrangement on conductor traces and/or
for the electrical connection of conductor traces, and/or has
a Shore-A hardness of between 85 and 95, in particular
between 88 and 92, more particularly of 90 for arrangement
between conductive layers and/or conductor traces (in par-
ticular as is described further below as an alternative
embodiment of the pressure sensor unit), and/or has a size,
in particular a maximum size, of the functional polymer, in
particular in cross-section parallel to the surface extension of
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the conductor traces and/or conductive layers, of between 1
cmx1 cm and 2 emx2 cm, and/or has a height of between 0.5
and 3 mm, in particular between 1 and 2 mm, and/or has a
total surface area of the spacers, in particular in cross-section
parallel to the planar extension of the conductor traces
and/or conductive layers, of between 3 and 5 mm"2, and/or
has a number of 3 to 4 feet and/or 1 to 2 feet configured as
rings.

[0176] For the spacers, for the functional polymer, for the
structural form, and/or for the spherical cap, the use of
silicone has proven particularly advantageous. Spacers, in
particular feet, and spherical cap are configured, in particu-
lar, as integral, in particular together with a connecting
section for connecting spacers and spherical cap, and the
spherical cap, in particular, has a conductive coating.
[0177] In particular, the functional polymer has a struc-
tural form in the shape of a spherical cap or a spherical
segment, the spherical cap or the segment in particular
having a maximum diameter of between 2 and 9 mm, in
particular between 4 and 6 mm, and/or a height of between
0.5 and 3 mm, in particular between 1 and 2 mm, and in
particular is a cap or a segment of a sphere having a diameter
of between 8 and 30 mm. In particular, the spherical cap and
or the segment has a coating of conductive polymer. The
functional polymer of the structural form and/or the spheri-
cal cap are made of silicone, in particular. In particular, feet
are arranged laterally next to the spherical cap and/or the
segment.

[0178] Conductor traces, feet, functional polymer, con-
ductive coating, and/or structural form are configured and
arranged, in particular, such that in a resting state, a distance
of between 0.05 and 0.5 mm, in particular between 0.05 and
0.2 mm, exists between the functional polymer, in particular
the conductive coating on the spherical cap, and the con-
ductor traces.

[0179] Smaller functional polymers should have a softer
polymer or a smaller total surface area of the spacers to
enable a desired deformation, but a softer polymer will do a
poorer job of following the pulse wave due to its lower
rebound elasticity.

[0180] This is the basis for the importance and/or the tasks
of the individual polymers. The task of the polymer of the
structural form and/or the structural form itself, in particular
of a resistance-conductive and/or conductive polymer, in
particular of a resistance-conductive and/or conductive coat-
ing, is first, to guide the unloaded sensor into a defined
baseline state, and second, to establish a defined rebound
pressure. This rebound pressure is useful for suppressing
mechanical shaking, which can in turn produce noise in the
measured values.

[0181] The task of the functional polymer, in particular the
resistance-conductive and/or conductive polymer, in par-
ticular a resistance-conductive and/or conductive coating, is
to control the contact surface area between the resistance-
conductive and/or conductive polymer and the conductor
traces. The functional polymer, in particular the resistance-
conductive and/or conductive polymer, in particular a resis-
tance-conductive and/or conductive coating, should be char-
acterized, in particular, by a very rapid rebound capability,
as one aspect. In other words, the speed of the expansion and
release movement should enable it to follow the pulsatile
pressure wave. As another aspect, the functional polymer, in
particular the resistance-conductive and/or conductive poly-
mer, in particular a resistance-conductive and/or conductive
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coating, is characterized by the fact that it conforms to the
conductor traces to a greater or lesser degree, depending
upon the mechanical load. In this respect, the mechanical
properties of the functional polymer, in particular of the
resistance-conductive and/or conductive polymer, in par-
ticular of a resistance-conductive and/or conductive coating,
should also be adjusted such that a lasting impression of the
conductor traces cannot form in the polymer, even with
frequent loading of the sensor up to the maximum pressure
range.

[0182] The resistance-conductive and/or conductive poly-
mer produces the contact between the individual conductor
trace networks. Its properties are, in particular, that actually,
i.e. in the idle state of the pressure sensor unit, the polymer
does not have effective contact with a conductor trace. This
is due, in particular, to the fact that the microstructure of the
surface of the polymer, in particular of the resistance-
conductive and/or conductive surface, is very uneven. When
the polymer comes into contact with a conductor trace,
initially only relatively few microstructural protrusions are
in contact with the conductor trace, and the electrical resis-
tance between the polymer and the conductor trace is high.
As pressure on the polymer increases, the microstructure
becomes deformed, and the flattening of the microstructural
protrusions causes the actual contact surface area to
increase, electrical contact improves, and the electrical resis-
tance between the conductor trace and the polymer becomes
low. When pressure is released, the pressure on the flattened
microstructural protrusions is also released and the polymer
returns to its original shape.

[0183] The functional polymer and/or the structural form
also have, in particular, at least one spacer and/or foot, which
is configured, in particular, to keep the functional polymer,
in particular the resistance-conductive and/or conductive
polymer, in particular a resistance-conductive and/or con-
ductive coating, spaced far enough from the conductor
traces, conductor trace arrays, and/or conductor trace net-
works to prevent electrical contact when the pressure sensor
unit is in an idle or unloaded state. Feet may be configured,
for example, as individual protrusions or as concentric
structures. They may be adapted in terms of shape and
proximity to the functional polymer, in particular to the
resistance-conductive and/or conductive polymer, in par-
ticular to the resistance-conductive and/or conductive coat-
ing, such that the desired counterforce of the sensor is
achieved. At the center of the functional polymer, in par-
ticular of the resistance-conductive and/or conductive poly-
mer, in particular of the resistance-conductive and/or con-
ductive coating, a protrusion that protrudes beyond the
shape of the functional polymer, in particular of the resis-
tance-conductive and/or conductive polymer, in particular of
the resistance-conductive and/or conductive coating may be
inserted. This protrusion or spacer and/or these feet may
have a different Shore hardness or the same Shore hardness
as the rest of the functional polymer and/or the rest of the
structural form.

[0184] Feet can also assume the task of holding the
polymer in position, so that ideally, when the sensor is
subjected to shear stress, no lateral movement of the poly-
mer over the conductor traces will occur.

[0185] Ithas been found that cavities or depressions in the
printed circuit board or in a substrate on which the conductor
traces are arranged, in which the spacers and the feet are
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partially accommodated, or at the locations of the feet, can
effectively stabilize the feet or spacers, preventing any
lateral movements.

[0186] The at least one spacer is glued, in particular, to a
substrate on which the conductor traces are arranged and/or
to a conductive layer, in particular in cavities or depressions
in said substrate.

[0187] Additionally, the positions and the shape of the feet
should be appropriately chosen. When subjected to a load,
few small feet will result in an uneven stress field on the
functional polymer. As a result, the functional polymer will
not deform concentrically to the applied load.

[0188] Optimization can be achieved by selecting an annu-
lar and/or concentric foot shape. Said ring has two essential
parameters:

[0189] The thickness or width of the ring determines how
much force the sensor can absorb before it is squashed. The
thickness should be selected such that in the targeted mea-
suring range, the most linear relationship possible between
the application of pressure and the measured value is pro-
duced.

[0190] The height of the ring determines the force at
which the sensor will begin to supply a signal. In order for
an optimal and well-resolved measurement to be performed,
the height should be selected such that measurement begins
only after a reasonable application of pressure.

[0191] The two parameters may influence one another.
The taller the ring, the thicker it will become under defor-
mation when the sensor is loaded. A tall ring will also lead
to an increase in force absorption.

[0192] In particular, if the remaining functional polymer
and/or the remaining structural form is not resistance-con-
ductive or conductive, a further resistance-conductive and/or
conductive polymer is applied to the functional polymer
and/or the structural form, and/or, if the remaining func-
tional polymer and/or the remaining structural form is not
resistance-conductive or conductive, the functional polymer
and/or the structural form has a resistance-conductive and/or
conductive polymer. The size of the functional polymer is
dependent, in particular, on the surface area of the conductor
trace networks.

[0193] An alternative pressure sensor unit contains a plu-
rality of sensitively active surface areas or volumes, one
above the other and/or into one another. This allows multiple
measuring ranges to be created, for example, which can be
used simultaneously at the same measuring point.

[0194] The configuration of polymer pressure sensors
described thus far has been based on a conductive polymer
being pressed against two separate networks of metallic
conductors. Depending upon the applied pressure, the elec-
trical contact between the metallic conductor traces and the
polymer changes. The polymer produces a resistive contact
between the two conductor trace networks. Here, the resis-
tance is equal to the sum of the contact resistances between
the polymer and the two conductor trace networks and the
resistance of the polymer, per se.

[0195] An alternative pressure sensor unit includes two
surface areas or layers of conductive material, in particular
polymer. These surface areas or layers are arranged one
above the other and are separated by an additional layer or
surface area of a non-conductive polymer or non-conductive
lacquer. The two surface areas or layers of the conductive
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polymer are electrically contacted, and the resistance and/or
conductance between the two surface areas, in particular, is
measured.

[0196] Advantageously, the Shore hardness of the conduc-
tive and the non-conductive polymers is selected such that in
the desired measuring range, the polymer will deform when
subjected to a load.

[0197] The shape of the surface areas or layers need not be
flat, and can instead be adapted to the measuring system or
to the measuring task. For example, a configuration is
possible in which polymer layers are layered in the form of
a finger pad, allowing vital data to be recorded at the radial
artery. The sensitive surface area is advantageously on the
surface of this finger pad shape and is therefore curved.

[0198] The shape of the non-conductive surface area or
layer, in particular, determines the potential measurable
measuring range.

[0199] In the simplest case, at least one hole, in particular
holes, is introduced and/or provided in the non-conductive
layer, for example, non-conductive polymer or non-conduc-
tive lacquer, forming at least one air-filled cavity. When
pressure is applied to the sensor, the non-conductive layer or
surface area deforms, or the three surface areas or layers
deform, and the upper and lower surface area or layer of
conductive polymer contact one another. A resistive electri-
cal contact is thereby produced. Depending on the pressure
load applied, the contact surface area and the pressure of the
surface areas against one another become greater, and con-
tact occurs in more and more cavities and/or over larger
surface areas. This reduces the electrical resistance or
increases the conductivity between the surface areas of the
electrically conductive polymers.

[0200] An improved configuration of the cavities between
the conductive polymers can be achieved by increasing the
maximum contact surface area per cavity or hole or overall.
For this purpose, at least one hole is introduced into the
non-conductive surface area or layer, as usual, and conduc-
tive material, for example, in particular polymer, is addi-
tionally placed in the at least one hole or in the holes in order
to produce extensions of the conductive layer in the holes.
Advantageously, one or both conductive layers, in particular
at least one extension thereof, protrude(s) into at least one
hole, in particular in such a way that in an idle state, no
contact is made between the conductive layers in the at least
one hole or in the holes. The arrangement or extensions may
be hemispherical and/or spherical cap-shaped, in particular,
and/or in a negative shape thereto, and/or may have a first
shape on the lower conductive surface with a counterpart
complementary to the first shape and/or a roughly comple-
mentary counterpart on the upper surface. A hollow hemi-
sphere thus meshes inside a solid hemisphere, for example.
Meshing spherical caps and negative shapes thereto, having
different or equal radii, can also be used for the two
conductive surface areas.

[0201] The range of force of such an assembly can be
adjusted, for example, by altering the number of cavities and
the shape of the conductive polymer arrangement in the
cavities. The size and shape of a cavity is another parameter,
along with the number of cavities per unit of surface area.
Further adjustment parameters include the thickness of the
surface areas and their hardness, in particular that of the
non-conductive surface.

Apr. 23,2020

[0202] 1In addition, 3D printing enables additional options
for the mechanical adaptation of the sensors for adjusting a
measuring range.

[0203] In such a configuration of the pressure sensor unit,
having a non-conductive layer between two conductive
layers, in an idle state, the insulating polymer and/or the
insulating lacquer has a thickness, in particular, of between
0.5 and 2 mm, and/or, in an idle state, the conductive layers,
in particular the extensions thereof, are spaced apart from
one another by between 0.05 and 0.5 mm, in particular
between 0.05 and 0.2 mm. In particular, the conductive
layers and/or the insulating polymer and/or the insulating
lacquer each have a surface extension of between 0.5 cm™2
and 9 cm”2, in particular between 1 cm’2 and 5 ¢m"2. The
insulating polymer and/or the insulating lacquer, in particu-
lar, have 3 to 15 holes and/or holes having a total surface
area of 50 and 200 mm"2, in particular per 1 cm"2 to 5 cm™2
total surface area of the insulating polymer or lacquer, and/or
the holes each have a surface area of 10 to 40 mm"2.
[0204] For the hardness of the non-conductive layer, a
Shore-A hardness, in particular according to ASTM D2240
(2015-08) and in particular with a testing time of 1 second,
of between 85 and 98, between 85 and 95, in particular
between 88 and 92, in particular of 90, has proven advan-
tageous. It is made of silicone, in particular.

[0205] The above-described cavities or holes contain air,
most of which cannot escape, and thus, when subjected to
pressure, the pressure in these cavities increases. A change
in pressure application with a low (base) pressurization
produces a different deformation from the same change in
pressure application with a higher (base) pressurization, due
to the different air pressure in the sensor.

[0206] This phenomenon can be remedied by creating or
incorporating an opening to allow pressure equalization, for
example connecting the cavity to the environment, or this
phenomenon may be used as a dynamic adjustment param-
eter for the sensor during use.

[0207] When an opening is created and/or located between
the cavities and a pump, the pump can be used to generate
pressure in these cavities, thereby altering the deformability
of the cavities. The more pressure there is in the cavities, the
more difficult it is to deform the cavities, meaning that
greater pressure application is required for deformation. The
measuring range is can be adjusted by adjusting the pressure
in the cavities.

[0208] Thus far, only the configuration of a sensor having
a measuring range or having a dynamically adjustable
measuring range has been presented. It is likewise possible
for multiple independent measuring ranges to be used. For
this purpose, additional areas of non-conductive and con-
ductive polymer are applied and/or arranged alternatingly.
Each additional area of conductive material increases the
range of measurement by one.

[0209] If two measuring ranges will be used, then three
areas of conductive polymer, separated by two areas of
non-conductive polymer, are required. For different measur-
ing ranges, the structural parameters of the cavities between
the first two conductive areas are and/or should be set
differently from the structural parameters of the cavities
between the second and third conductive areas.

[0210] Another possible configuration of multiple measur-
ing ranges within a sensor involves using only two areas of
conductive polymer. However, one or both areas is/are
constructed from strips. These strips are in turn separated
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from one another by non-conductive polymer. Each strip is
associated with a measuring range, and with two measuring
ranges, the association with an area is alternating, in par-
ticular. The strips that form a set are electroconductively
connected outside of the sensor. The parameters of the
cavities are then adapted and/or are designed as different for
each group of strips, i.e., for the corresponding measuring
ranges.

[0211] Ifan extremely high number of measuring ranges is
required, these two strategies may be combined in order to
increase the measuring ranges.

[0212] When an arrangement is used in which two areas
composed of strips that are rotated in relation to one another
and are arranged one above the other, so that the strips of one
area are perpendicular to the strips of the other area, the
location of the load can be determined. It is also possible for
multiple areas composed of strips that are not necessarily
aligned perpendicular to one another to be used. Each strip
is electrically contacted individually and the resistance
between any pairs of strips, consisting of one strip on each
area, can be determined. The point where the highest load is
found is the point of intersection of the pair having the
lowest resistance.

[0213] In addition to actual sensor production, 3D printing
also offers the option of integrating one sensor or multiple
sensors in the housing or fastening elements of a wearable.
With the aid of 3D printing, the housing or the fastening
elements of the wearable can be adapted optimally to the
measuring task and equipped with functional features. 3D
printing allows the integration of an applied pressure sys-
tem, which operates, e.g., on the basis of 3D-printed pneu-
matic components, or the integration of additional sensors,
such as plethysmography-based sensors that use special
light-conducting 3D-printable materials or air cuffs with
pneumatic air pressure sensors to measure blood pressure by
the Riva Rocci method. Thus, the housing having the
fastening elements is a characteristic, essential development
for an assembly for collecting vital data.

[0214] Determining the cardiac output of the cardiovas-
cular system as a parameter is possible, in particular, if other
parameters, such as blood pressure and cardiac pulse, are
first determined. Therefore, in the following, all parameters
that can be measured using an assembly according to the
invention will be defined, with cardiac output being defined
last.

[0215] The blood pressure is detectable at various points
on a human or animal body, and sometimes is even visible
to the human eye.

In particular, in humans the arterial pulse at the radial artery
is visible with the naked eye.

[0216] Thus, the blood pressure from the heart is not only
palpable but also visible, even in the peripheral parts of the
human or animal.

[0217] This pressure is particularly perceptible in the
wrist. Here, the radial artery (see FIG. 1, (L)) extends
beneath the skin, but is close enough to the surface that the
attenuating properties of the tissue (see FIG. 1, (C)) are
partially mitigated. When viewed closely, pulsating tissue is
usually visible.

[0218] This pulsation is produced by the change in pres-
sure over time with each individual heartbeat.
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[0219] During the expulsion period of the individual heart
rhythms, the pulse wave (see FIG. 1, (D)) is also generated.
This can be registered peripherally as the first reaction of a
successful heartbeat.

[0220] However, a portion of the blood volume is not
delivered immediately to the peripheral regions. The wind-
kessel receives a portion of the blood volume and discharges
this portion within a RR interval until it is emptied com-
pletely, measurable as diastole.

[0221] This occurs to compensate for pressure peaks and
to allow the system to better adapt to respective load
conditions.

[0222] When it arrives in the peripheral regions, the pres-
sure pulse or the current pulse can be registered.

[0223] For more than 100 years, the Riva Rocci method
has been used to measure blood pressure non-invasively.

[0224] This method involves squeezing and occluding the
artery with the aid of an inflatable air bag. This uniform
external application of pressure on the artery is then released
in a controlled and measurable manner by opening the air
bag.

[0225] The arterial blood pressure then causes the blood to
pass through the first opening slits in the occlusion to the
peripheral region, and thus spread again within the open
artery, producing a tapping sound. The Riva Rocci/Korot-
kow method uses this tapping to measure blood pressure.

[0226] When a sound of the re-established blood flow is
detected, this signifies the systole (See FIG. 1, (A)).

[0227] When the tapping ceases, the pressure in the arte-
rial vessel is normalized and the pressure of the diastole (See
FIG. 1, (B)) can be measured.

[0228] Closer consideration of the measuring instruments
used in the Riva Rocci/Korotkow method reveals the fol-
lowing: When an analog pressure gauge is used to determine
the pressure in the air bag, pulsation of the gauge needle and
thus of the pressure can be observed. This is observed when
the air bag is pressurized with a pressure that is between
diastole and systole. In that case, the air bag is inflated with
air in which the fluctuation is at its maximum.

[0229] The values between which the needle fluctuates
would correspond to the values for diastole and systole.
However, since the air bag attenuates the change in pressure,
and since the measuring gauge does not have the necessary
temporal resolution, the values for diastole and systole
cannot be determined in this way.

[0230] The assembly according to the invention makes use
of this fact by employing sensors that have the appropriate
temporal resolution and that have the lowest possible attenu-
ation.

[0231] The invention uses the incoming pressure/pressure
propagation direction to the surface of the human skin (see
FIG. 1, (N)), in this case, for example, at the radial artery.

[0232] The pulsatile pressure proceeding from the arterial
wall (see FIG. 1, (E)) propagates across the tissue (see FIG.
1, (C)) to the surface of the skin (see FIG. 1, (O)). There, the
pulsatile pressure/blood pressure, already attenuated by the
tissue, can be registered by means of a sensory and process-
ing unit (see FIGS. 1, (K) and (H)).

[0233] Directly measurable pulse pressure has been a
proven tool used by medical professionals for centuries, not
just in the field of emergency medicine. The nature of the
pulse pressure propagation, FIG. 1, (N), and the rate of the
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pulse, FIG. 1, (M), can allow inferences to be drawn
regarding the overall health of a patient based upon the
palpated pulse.

In the invention, the registrable pressure pulse is used
directly as a basis for blood pressure measurement.

[0234] The pulsatile pressure pulse deforms the artery,
FIG. 1, (E), steadily during the cycle of the beating heart,
FIG. 1, (G). On its way to the peripheral regions, the
pressure pulse is altered by branching, by the conditions of
the vessels, and by the external and internal load.

Thus, the blood pressure measurement is a value that adapts
constantly to the respective conditions of the body.

[0235] The functioning of the heart is controlled by the
sinus node, which determines the rhythm with which the
heart contracts, causing the blood to be ejected first into the
windkessel and then inte the arteries. The sinus node uses
electrical signals to stimulate the muscles of the heart.
[0236] A cardiac pulse is a full cycle of the ejection of
blood into the arteries and the return of blood from the veins.
[0237] In the conventional method for measuring the
cardiac pulse using an electrocardiogram (ECG), the elec-
trical signals of the sinus node are recorded.

[0238] However, this recording of these electrical signals,
although used worldwide, is inadequate for measuring the
cardiac pulse, because the electrical signal is merely the
instruction to the muscles of the heart to perform an action;
the actual action of the heart cannot be detected in this way.
[0239] 1In cases ofillness, the electrical signal of the sinus
node may not cause an ejection of blood. One example of
this is atrial flutter and atrial fibrillation. With these diseases,
contraction in the atria of up to 340 (atrial flutter) or up to
600 (atrial fibrillation) contractions per minute is triggered
by electrical signals. But in most cases, the heart valves to
the ventricles open irregularly at a rate of 100-160 openings
per minute. This condition is called absolute arrhythmia.
The result is an ejection of blood at a rate of only 100-160
per minute.

[0240] Of course, such conditions produce detectable pat-
terns in the ECG signal that can be recognized by those
skilled in the art. However, this is dependent upon the
experience and training of those skilled in the art, and above
all on their knowledge of all possible diseases.

[0241] The assembly according to the invention detects
measured values that map the pulsatile pressure wave. The
pulsatile pressure wave in the arteries is generated only
when blood is ejected from the heart. Thus, by analyzing the
measured values that map the pulsatile pressure wave, a
clear measurement of the cardiac pulse can be obtained.
[0242] The pulse wave variability, also called heart rate
variability, indicates the variability of the cardiac pulse.
High variability is a sign of a healthy heart.

[0243] The cardiac pulse adapts autonomously to the
requirements of the organism and is therefore subject to
constant change. If the patient being examined is under
elevated stress, for example, the result may be a uniform
cardiac pulse.

[0244] By recording a measurement curve that maps the
pulsatile pressure wave, the assembly according to the
invention enables the time intervals between each individual
cardiac pulse to be determined. These intervals are called
RR intervals.

[0245] Pulse wave variability can be expressed as the
standard deviation from the mean of the RR intervals, for
example.
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[0246] The pulse wave transit time and pulse wave veloc-
ity are two closely related parameters of the cardiovascular
system.

[0247] The pulse wave transit time indicates the time

required for the pulse wave to travel a certain distance, and
the pulse wave velocity combines the pulse wave transit
time with the distance traveled. Therefore, if the distance
traveled is known, the two parameters can be converted to
one another.

[0248] Moreover, the pulse wave velocity should not be
confused with the velocity of the blood in the arteries, which
is much slower.

[0249] Proceeding from a cardiac pulse, a pressure pulse
begins to move within the arteries, deforming the arterial
walls. Conversely, this means that the pressure pulse is able
to advance only as rapidly as the arterial walls can deform.
This deformability is the elasticity of the arteries.

[0250] Thus, the elasticity of the arteries can be deter-
mined by measuring the pulse wave velocity. To determine
arterial elasticity, a person skilled in the art may use, inter
alia, the Moens-Korteweg formula and/or the Bramwell &
Hill formula, which indicates the dependence of the pulse
wave velocity on the elasticity, the arterial wall thickness,
the arterial diameter, and the density of the blood. The
elasticity value is regulated by the cardiovascular system.
[0251] In cases of illness, elasticity may be reduced exces-
sively, e.g., by arteriosclerosis. Elasticity is therefore a
parameter that may indicate an impending heart attack, for
example.

[0252] Moreover, studies have shown that, at least over
short periods of time, pulse wave velocity can also be used
to monitor blood pressure.

[0253] For measuring pulse wave velocity using the
assembly of the invention, there are two approaches, in
particular.

[0254] Firstly, the pulsatile pressure wave can be mea-
sured by multiple sensors at various points on the body. The
pulse wave transit time can thus be determined from the
relative offset of the measurement curves, and therefore,
assuming the distance between the sensors is known, the
pulse wave velocity is also known.

[0255] Since the assembly of the invention has a high data
acquisition rate, the sensors can also be positioned close to
one another. This allows the pulse wave velocity to be
measured in a location-specific manner on the body.
[0256] Secondly, the pulsatile pressure wave of the cardiac
pulse is also reflected. Due to the high data acquisition rate
of the assembly of the invention, the reflected wave is
discernible in the measurement curves. The pulse wave
transit time can also be calculated from the distance between
the initial wave and the reflected wave.

[0257] The cardiac output indicates how many liters of
blood the heart ejects in one minute and is available for
supply to the organism. Thus, this parameter or the change
in this parameter is the variable that is used to assess the
performance of the cardiovascular system.

[0258] A value that is lower than normal is an indication
of a heart disease, e.g., a valvular heart disease, or is an
indication of hypothyroidism.

[0259] A value that is higher than normal may be due to a
variety of disorders, e.g., fever, anemia, or circulatory dis-
orders of the organs.

[0260] Cardiac output is also an indicator of oxygen
supply to the body. For athletes, therefore, a high cardiac
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output is desirable (as long as this is not disease-related) and
can serve as a measure for specific, performance-oriented
training measures.

[0261] Another area of application that is based on the
connection to the supply of oxygen involves the monitoring
of patients during operations. With many surgeries, it is
already standard procedure to measure cardiac output con-
tinuously, but this is done invasively using a variety of
methods. One method that is frequently used involves using
a catheter to inject a cold fluid into a ventricle of the heart.
Using temperature sensors in the arteries downstream from
the heart, the degree of heating can be determined; this
heating is directly related to cardiac output.

[0262] In sum, the methods for determining cardiac output
are either highly imprecise or require invasive procedures in
the body that are justifiable only in exceptional situations.
[0263] An assembly according to the invention offers an
alternative to invasive methods that requires no invasive
procedures in the body and thus no dangerous operations,
while at the same time enabling the most accurate measure-
ment possible of cardiac output or changes therein. Its area
of application therefore lies between the medically highly
precise monitoring situations that are essential during com-
plex and extended surgeries and the highly imprecise,
already non-invasive methods. Therefore, during surgeries
that do not require the most accurate reading possible, an
invasive method can be dispensed with and an assembly
according to the invention can be used in its place. Since an
assembly according to the invention can be fitted quickly
and easily onto a patient, monitoring is possible during
surgeries in which no cardiac output monitoring has here-
tofore been used.

[0264] Furthermore, specifically in the medical field, new
possibilities are opened up that will enable continuous
long-term monitoring, and in the event of deterioration, the
triggering of an alarm.

[0265] The value for the current cardiac output can be
determined from cardiac pulse to cardiac pulse. The param-
eters of the cardiac pulse rate or the RR interval, the pulsatile
pressure wave measurement curve, arterial elasticity, and for
diastolic blood pressure the diameter of the aortic arch are
determined.

[0266] Only the absolute diameter or radius of the aortic
arch with the diastolic blood pressure cannot be determined
using an assembly according to the invention, and must be
ascertained using external instruments, e.g., ultrasound.
However, for continuous long-term monitoring, the changes
are more important than the absolute value. An assembly
according to the invention can measure cardiac output at
least approximately relative to the diameter and/or the
cross-sectional area of the aortic arch with the diastolic
blood pressure, and if desired, this relative value can be
converted to an absolute value by an external measurement
of the diameter of the aortic arch with diastolic blood
pressure.

[0267] The pulse wave travels from the heart into the
arteries, during which time the amplitude of the wave
decreases and the individual pulses become longer tempo-
rally. However, the output pressure wave must pass through
all the arteries, and the overall pressure as an integration
over time, in particular of one pulse wave, one RR interval,
and/or between two systolic pressures or two diastolic
pressures, at a certain distance from the heart is approxi-
mately equal to the ejection pressure associated with cardiac
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output and elasticity. Elasticity, in turn, can likewise be at
least approximated, and can be used for further refinement
as a correction of the at least relative cardiac output.
[0268] Thus, the e¢jection volume of a cardiac pulse, even
without additional correction for elasticity, can be approxi-
mately determined as follows: The current pulse pressure
P(t) (pulse pressure is the pressure difference between the
diastolic blood pressure value and the current measured
value) in an artery deforms the artery, and the radius R is
determined by the elasticity E:

R(=RH+E*P(2)

[0269] Here, R, is the (unknown and externally measured)
radius of the artery. Thus, the current radius of the artery
changes during a cardiac pulse with the pressure over time.
[0270] To calculate a volume, the length L of the defor-
mation of the artery during a cardiac pulse must be deter-
mined. For this purpose, the length over time of a cardiac
pulse, the RR interval T, and the pulse wave velocity v are
correlated:

L=v*T

[0271] Since the current time t (starting time is the begin-
ning of the cardiac pulse, with t=0) in the pulse at the current
position of the pressure wave in the artery 1(t) can be
correlated to the pulse wave velocity:

I=v*t

[0272] The current radius can also be expressed as a
fanction of 1. R'()=R(1/v)

[0273] The volume is obtained by integrating all measured
values in a cardiac pulse under the known formula for
determining  cross-sectional area from the radius
(area=mR>):

V=in(R'() Pdi=af R(IV) P dI=nf(R(D) dt

A (RG+E*P() vt

[0274] For a relative measurement, R, is set to zero, and
if an external measurement is taken, R, can be transmitted as
a parameter to the assembly of the invention.

[0275] A pressure sensor unit as described above can be
placed on the skin; FIGS. 1, (K) and (O).

[0276] To achieve evenly applied pressure, a wristband,
FIG. 1, (I). may be used around the wrist as an aid and as a
commercially available product. In this way, an even pres-
sure, FIG. 1, (I), can be exerted on the radial artery.
[0277] The outgoing pressure transmitted from the radial
artery to the surface of the skin can be registered by even a
simple measuring configuration composed of a pressure
sensor unit between the wristband and the surface of the
skin.

[0278] The dynamic pressure pulse of the actual ejection
from the heart can thus be made visible to anyone by means
of an analysis and imaging unit. The assembly according to
the invention is therefore of inestimable value to patients
who are invasively connected to a monitor, for example, in
an intensive care unit, since measurement does not have to
be performed invasively, as is currently customary.

[0279] The measurement of blood pressure can be influ-
enced greatly by the surrounding tissue. Allowances should
therefore be made for this in special cases.

[0280] In people who have a high percentage of body fat
or who are moderately stocky, the preferred location for
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measuring blood pressure and cardiac pulse on the wrist may
result in increased attenuation of the measurement.

[0281] In such cases, the upper back of the foot is an
advantageous measurement site, since usually, little fat is
stored there. Measurement sites such as the dorsalis pedis,
anterior tibial, posterior tibial, first dorsal metatarsal, deep
plantar, and arcuate arteries are suitable measurement sites
at the back of the foot. In the area above the ankle, the total
volume of the inflowing bloodstream changes the diameter
of the lower limb. By measuring the variable diameter or the
variable pressure on the impinged measuring surface area
using at least one pressure sensor unit, the blood pressure
and cardiac pulse can also be detected here.

[0282] The invention can also be used to a limited extent
in people suffering from conditions, for example, that
involve substantial accumulations of fluid in the legs and
particularly in the feet.

[0283] The counterpressure and/or applied pressure that is
required may also be generated, for example, using a finger
(see FIG. 1, (1)) on the other free hand.

[0284] For this purpose, a specially constructed surface
that is clearly identified for the user on the wristband or
system can preferably be created for the invention. This
surface is located above the at least one pressure sensor unit
and thus on the wristband, for example. Directly below the
pressure sensor unit is the radial artery, for example.
[0285] For blood pressure measurement, the user can
place one finger on the specified surface of the wristband, for
example. A gently and steadily rising increase in pressure on
the wristband, produced by a building pressure of the finger
on the marked surface area, is registered and stored by the
system, in particular with the pressure sensor unit, at a rate
of at least 1000 measurements per second.

[0286] When gentle pressure is applied to the radial artery,
the user will feel an increasingly perceptible pulsation. This
increase in the perceptible pulse is due not to an increase in
blood pressure but to the compaction and distribution of the
surrounding tissue between the surface of the skin and the
tissue above the radial artery.

[0287] Like a squeezed-out sponge, the compressed and
displaced tissue transmits the pulsatile wave nearly 1 to 1
from the arterial wall to the pressure sensor unit. The
attenuation of the tissue, FIG. 1, (C), is reduced by the
counterpressure and/or applied pressure applied by the fin-
ger or an actuator, FIG. 1, (I), from the outside and thus
above the skin, FIG. 1, (O).

[0288] To allow the systolic blood pressure to be mea-
sured, the counterpressure on the artery or pulse wave (see
FIG. 1, (D)) should be increased beyond the point of
attenuation.

The systole can be measured at the moment when, as the
counterpressure and/or applied pressure continues to
increase, the pulse wave is not able to generate a maximum
increase beyond the maximum measured pressure.

[0289] People can easily test the invention on themselves.
Before the radial artery is occluded completely by the
increasing pressure applied to the radial artery, there is a
pressure range in which, despite an increase in the counter-
pressure, no further perceptible increase in the pulse pres-
slre occurs.

[0290] This point can be measured by known devices and
represents the systole of the blood pressure.

[0291] The diastole is determined from the minima of the
pulsatile pressure wave. As the counterpressure on the artery
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increases, the distance between the minima and maxima of
the pulsatile pressure wave initially increases, with the
maximum measured pressure also increasing. Beyond a
certain counterpressure, the maximum measured pressure
does not increase any further. This is the counterpressure
that corresponds to the diastolic blood pressure.

[0292] As the counterpressure increases further, the
minima continue to increase, while the maxima of the
pulsatile pressure wave remain constant.

[0293] A one-time measurement can therefore be taken by
slowly increasing the counterpressure on the artery until no
further increase in the maxima of the pulsatile pressure wave
are observed.

[0294] Continuous measurement is initially carried out in
precisely this way, in particular. However, at the point at
which no increase in the maxima is observed, a pause
occurs, in particular. If the systolic blood pressure then
changes, this is detected by a change in the maxima of the
pulsatile pressure wave. In that case, the counterpressure
must be readjusted to determine the new blood pressure
value, more particularly the counterpressure should be
increased starting from a value below the systolic blood
pressure until no further increase in the maxima is observed.

[0295] If only the diastolic blood pressure increases, the
distance between the minima and the maxima in the pulsatile
pressure wave will change. In that case, the counterpressure
should be readjusted, more particularly, it should be
increased starting from a value below the systolic blood
pressure until no further increase in the maxima is observed.

[0296] Only the detection of the unlikely case of a drop-
ping diastolic blood pressure with a constant systolic blood
pressure requires a periodic readjustment of the counterpres-
sure, in particular a repeated increase in the counterpressure
and/or applied pressure, more particularly an increase in said
pressure starting from a value below the systolic blood
pressure until no further increase in the maxima is observed.

[0297] Measurement of the pulse wave transit time and the
pulse wave velocity requires measurement of the pulsatile
pressure wave at various points simultaneously. For this
purpose, pressure sensor units are attached to at least two
suitable measurement sites and are pressed against the skin
manually or by means of an actuator with the counterpres-
sure and/or applied pressure, more particularly are loaded
with the optimum measuring pressure for continuous mea-
surement, and/or with a counterpressure and/or applied
pressure within the range that extends between the pressure
of the pulse wave in the diastole or the determined diastolic
blood pressure and the pressure of the pulse wave in the
systole or the determined systolic blood pressure, and/or up
to 1.5 times, in particular 1.3 times the pressure of the pulse
wave in the systole and/or the systolic blood pressure and/or
from 60 to 120 mmHg, in particular from 60 to 90% of the
systolic pressure of the pulse wave in the systole, in par-
ticular at the site of measurement and/or the lowest possible
pressure that is still sufficient to map the pulsatile pressure
curve using the at least one pressure sensor unit. The
distance between the pressure sensor units, if the pressure
sensor units are separated, must then be measured and
transmitted to the assembly of the invention. In the case of
a sensor array, these distances of the assembly of the
invention are typically known and/or constant. The pulse
wave transit time and the pulse wave velocity can then be
calculated automatically.
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[0298] For blood pressure measurement, only one pressure
sensor unit is required, however the use of multiple pressure
sensor units is advantageous.

[0299] Taking multiple measurements of the current blood
pressure at each measurement site enables the progression of
the blood pressure between diastole and systole in each
individual pulse to be plotted. This is particularly advanta-
geous for assessing the cardiovascular system. For example,
the reflected wave can be detected. If the reflected wave is
increased over the initial pulse wave or pressure wave, for
example, this is an indication of vascular stiffness. Exam-
ining the reflected wave is one possible option for deter-
mining the elasticity of the arteries.

[0300] However, blood pressure can also be measured
with fewer than 1000 measurements per second.

[0301] The invention also offers the solution of generating
the counterpressure and/or applied pressure by means of an
actuator. The advantage of this is a uniform increase of the
counterpressure and/or applied pressure acting on the artery,
in particular.

[0302] Another advantage of using an actuator is a timely
termination of measurement, or a limitation of the counter-
pressure and/or applied pressure, in particular on the artery,
before or so that the counterpressure and/or the applied
pressure occludes the artery.

[0303] This also enables the blood pressure to be mea-
sured automatically, for example during the night, and
gently.

[0304] The actuator can address the problem of generating
counterpressure electrically, pneumatically, hydraulically or
manually by way of muscle contractions, for example. The
application also allows a combination of all of these solu-
tions with one another and opposite one another.

[0305] An actuator comprises, in particular, an air bag and
a pump for pressurizing the air bag. An extremity is encom-
passed, in particular, by an elastic or inelastic encompassing
device, for example a band, and between the band and the
skin or on the inside of the band an air bag is located
between the pressure sensor unit and the encompassing
device. To generate the applied pressure, the air bag is
pressurized, in particular, especially by pumping in gas, in
particular air.

[0306] A hydraulic or pneumatic actuator has, in particu-
lar, one or more of the following components: tubes, lines,
check valve, pump, release valve, shut-off valve, pressure
relief valve, buffer volume, and/or actuators.

[0307] A system, the use, or the method may be expanded
by two additional types of measuring techniques. Firstly,
measuring techniques may be applied at the site of the
pressure sensor unit. Secondly, measuring techniques that
record location-independent values may be integrated.
[0308] Measuring techniques that can be used at the site of
the pressure sensor unit are: plethysmography, ECG, pneu-
matic pressure measurement, and/or sound detection.
[0309] Measuring techniques that can be integrated are:
acceleration sensors, gyroscopes, and/or the detection of
environmental parameters.

[0310] The system or method or use may also be config-
ured such that the applied pressure is also designed to
completely occlude the artery. This allows blood pressure to
be measured according to the conventional method, the Riva
Rocei method, by means of sound detection.

[0311] Measurement according to the Riva Rocci method
is achieved, for example, in that in addition to the actuator
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either a sensor for detecting sounds, e.g., a microphone, a
sensor, for example a pressure sensor unit according to the
invention, for measuring pressure in a pneumatic applied
pressure system, for example an air bag, and/or a sensor for
plethysmography is used and/or included.

[0312] In the Riva Rocci method, the arteries of the arm
are squeezed to the point of occlusion and then slowly
released again. When pressure on the arm is released, the
arteries begin to open from a certain load level; this is the
systolic value of the blood pressure. When the arteries are
fully opened, the blood begins to flow normally again. The
maximum applied pressure at which normal blood flow is
still possible is the diastolic value of the blood pressure. This
is measured by examining the sounds produced by the
flowing blood. When the arteries are occluded, no noise is
produced. When the arteries are partially open, swishing and
tapping sounds are produced. With normal blood flow no
further sounds can be heard. With today’s automated sys-
tems, a method is also used which analyzes the pressure in
the arm cuff. When squeezing pressure is applied to the arm,
the pressure in the cuff is stable over time. When the arteries
are partially open, sharp fluctuations are observed. When the
arteries are fully open, no measurable fluctuations or very
slight measurable fluctuations in the pressure measurement
curve are observed.

[0313] With a combined sensor, it no longer necessary for
squeezing pressure to be applied to the entire arm. If a
wristband is used, for example, only the radial artery needs
to be occluded, and measurement can be confined to a
smaller area. If a microphone is incorporated into the
combined sensor, the sounds are analyzed as with the
conventional method. The pressure of the applied pressure
system can also be used for measurement. The blood pres-
sure values obtained in this manner correspond in terms of
accuracy to the values that can be measured using a con-
ventional blood pressure cuff.

[0314] However, if a plethysmographic sensor is used,
greater accuracy can be achieved. Plethysmography mea-
sures the cardiac pulse by radiating light into the tissue and
analyzing the intensity of the reflected light. The intensity of
the light varies depending upon the filling of blood in the
arteries, and since the blood fill varies within a cardiac pulse,
the cardiac pulse can be measured. The plethysmographic
sensor, in particular, is positioned farther away from the
heart than the pressure sensor unit.

[0315] Ifa wristband is used, the plethysmography unit is
positioned closer to the hand than the point at which the
radial artery is occluded by the applied pressure system.
When the radial artery is occluded, no fluctuation in light
intensity can be detected. As the artery opens, measurable
changes in the light intensity occur, and the artery is pres-
surized with the systolic pressure. As opening of the artery
progresses, the fluctuations in the intensity increase. When
the load on the artery is lower than the diastolic value, the
fluctuation in the intensity will no longer increase. This
method is more accurate than the conventional Riva Rocei
method because the actual blood flow is examined and not
an indirect sound or a pressure fluctuation within the applied
pressure system. Therefore, such a combination of sensors is
suitable especially for applications that involve significant
movements.

[0316] To measure the ECG wave, the pressure sensor unit
is equipped with an electrode that is pressed against the skin.
In order for a signal to be detected, a second electrode is
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applied to the surface of the measuring system. The user can
then measure his ECG wave by touching this external
contact with the other hand, thereby closing the so-called
Cabrera circle. The voltage changes between the two con-
tacts are the ECG wave.

[0317] The ECG wave is used to examine the heart rate by
determining the times of the individual pulses. The times of
the pulses correspond to actions of the heart. In this way, the
time at which blood is ejected from the heart can be
determined. The pressure sensor unit determines the point in
time at which the pressure wave generated by the ejection of
blood reaches the measurement site. The time difference
between these points in time is the pulse wave transit time,
or (if the distance between heart and measurement site is
known) the pulse wave velocity can be calculated.

[0318] On the surface with which the pressure sensor unit
rests against the skin, no additional functional feature is
housed, and therefore, this surface can be coated with an
electrically conductive and flexible material. This may be
one of the two electrodes. In particular, a system according
to the invention has an encompassing device, in particular a
band, and at least one pressure sensor unit, between which
an actuator, in particular an air bag, is arranged, along with
a pump, in particular, for pressurizing the air bag.

[0319] The encompassing device may also be in the form
of a shoe, in particular with a closure system. The system
may also include a shoe with a closure system, having an
actuator and at least one pressure sensor unit in the shoe.
[0320] The actuator for generating the counterpressure
and/or the applied pressure may be, for example, a conven-
tional electric vibration motor produced in an SMD design.
However, any other type of actuator may also meet the
requirements for establishing the counterpressure. This is
known to those skilled in the art.

[0321] Nevertheless, actuators also have the disadvantage
that they consume electric power. This must be accounted
for in the respective application.

[0322] Manual and actuator-controlled closure systems,
for example in a shoe or in cufls, are currently produced by
Boa Technology. In 2016, market leaders such as Nike
(HyperAdapt 1.0), Puma (Ignite Disc), Reebok with “The
Pump technology”, and the French company Digitsole
(Smartshoe 002) also installed actuator-controlled closure
systems in a product for the first time. Thus, a “shoe” with
simple preconditions that can be automated and integrated
for continuous pulse and blood pressure measurement
already exists.

[0323] It is also possible, however, for the required coun-
terpressure and/or applied pressure to be generated using the
muscles of the forearm by means of muscle contractions,
e.g., by opening and closing the hand. In this way, measure-
ment can be performed by a person even without the use of
a finger on the other hand, or without the help of a third party
or even of another actuator.

[0324] A further advantageous invention involves the use
of a convex structure on which a sensor array is located.
FIG. 3 shows a convex structure denoted by the letter Q, as
a substrate for supporting the system or sensor array.
[0325] In most cases, the arterial system is protected and
secured inside the body. Often, only the veins are clearly
discernible in the extremities. Arterial circulation lies deeper
within the tissue. Only at a few points on the body can
arteries be felt in a pronounced way through the pulsatile
wave. The convex structure, FIG. 3, (Q), is an inventive
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novelty that allows measurements to be performed even on
arteries that are not visible. The convex structure conforms
in nearly an exact fit with the concave forms of the body,
such as the radial artery. When the convex structure is
positioned against the concave shape that forms above the
radial artery and faces the surface of the skin, an optimal
pulse wave can be registered and stored. The same also
applies, for example, to the foot.

[0326] To enable generation of a uniform surface pressure
on the artery of the foot or the forearm/wrist, it is advanta-
geous to incorporate foam or foam-like material between the
flexible sensor unit and the applied pressure component,
which is a convex structure, for example. The foam serves
as a resonator, similar to the tissue above the bone beneath
the finger pad.

[0327] The functional Shore hardness of the applied pres-
sure component can be made consistent with the tissue of a
finger pad.

[0328] The object of correctly positioning the convex
structure, which is the size of half a pea, for example, can be
attained with the aid of sliding glides on a wristband, for
example a watch band, and also with the aid of loops. Even
more accurate positioning can be achieved by using multiple
sensors; see below.

[0329] A conventional watch band has at least one loop,
FIG. 2, (P), for the overhanging perforated band to enable
optimal adjustment of the applied pressure of the watch
against the wrist. Without a loop, the overhanging perforated
band, which would not be inserted into the loop, (e.g., a
leather wristband), would turn away from the shape of the
wrist, and stick out. The measuring unit is attached in
particular as follows:

[0330] The measuring unit or system is slid onto the
wristband through the opening, FIG. 3, (I), like a loop(s); see
FIG. 2, (P).

[0331] Attachment of the measuring unit, having dimen-
sions of approximately 10x20x8 mm, for example, is thus
ensured.

[0332] The processing and wireless unit and the power
supply are located above the wristband, for example; see
FIG. 3, (H).

[0333] The convex structure with the pressure sensor units
is located below the wristband. See FIG. 3, (Q).

[0334] With this structural embodiment, the measuring
unit or the system comprising the convex structure can
measure blood pressure with any wristband already in use.

[0335] The inventive novelty thus also consists in the
variable usability of existing wristbands for watches, jew-
elry, or smart devices.

[0336] The loop opening of the measuring unit can be
made wide enough not only for the convex structure to be
moved on the wristband around the wrist, but also for the
convex structure along with the pressure sensor unit to be
moved closer to or farther away from the hand with the loop,
or within the loop.

[0337] Thus, the invention can be positioned easily, for
example on the surface of the skin, and can serve as a mobile
solution for measuring the various parameters of the car-
diovascular system.

[0338] Advantageously, the measuring unit is a part of the
wristband, or the loop, in which case with such an assembly,
the wristband and thus the measuring unit is already at a
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suitable location for blood pressure measurement, and at the
same time, pressure can be exerted on the sensor by adjust-
ing the perforated band.

[0339] To optimize better positioning of the invention, the
measured value can be transmitted to a mobile smart device,
for example.

[0340] With multiple pressure sensor units in a tiled
arrangement within and/or on the convex structure (see FIG.
1, (K), and also FIG. 3, (K)), the optimum location and/or
pressure sensor unit of a sensor array for registering the
physical pulse wave can be determined. A display for
displaying displacement instructions, for example on a smart
device, also solves the problem of correct positioning by
means of directional arrow displayed on a screen.

[0341] However, it is also possible to measure the various
parameters of the cardiovascular system using a single
pressure sensor unit, even without the use of a convex
structure.

[0342] The use of a convex structure on which multiple
pressure sensor units are distributed is advantageous. Ide-
ally, these pressure sensor units cover the entire surface of
the convex structure. This provides a choice of multiple
pressure sensor units for measuring the various parameters
of the cardiovascular system, which can in turn have mul-
tiple (e.g., two) measuring ranges. To determine which
pressure sensor unit is in the optimum position above the
artery, the signal or the measured values and/or conduc-
tances and/or resistances of all pressure sensor units are
advantageously examined. These change over the course of
a pulse wave. The optimally located pressure sensor unit
and/or the m optimally located pressure sensor units is/are
then characterized by the m highest amplitudes of the signal
or of the measured values and/or conductances and/or resis-
tances. In particular, the optimally located or the m opti-
mally located pressure sensor unit(s) is/are used for imple-
menting the (further) method, in particular for measuring
blood pressure, arterial elasticity, the pulse wave, the pulse
wave transit time, and the pulse wave velocity, and/or
cardiac output and/or changes in cardiac output. In particu-
lar, m is equal to or greater than 2. Advantageously, the
system is configured such that the optimally located or the
m optimally located pressure sensor unit(s) is/are identified
by the system, for example by a comparison of the highest
or of the m highest amplitude(s) of the signal by means of
the analysis unit, in which case, if no highest amplitude or
fewer than m highest amplitudes is/are detected, and/or if a
variation of at least 80%, in particular of 90%, more par-
ticularly of all amplitudes of less than 10%, in particular less
than 5%, of the mean value of the amplitudes is detected,
information that involves displacement operating instruc-
tions for correct positioning is presented on a display, for
example on a smart device, e.g., by means of directional
arrows on a screen.

[0343] In particular, the best measuring range is deter-
mined on the basis of the maximum value. Here, the smaller
the measuring range, the more accurate the result.

[0344] Regardless of which variant is used for which
application, the data from the pressure sensor unit(s) can be
transmitted by means of a recording/processing/power and
transmitting unit o an analysis unit and for the purpose of
image or sound output.

[0345] The mobile solution, such as a smart device, for
example a watch or smartphone, is preferred here.
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[0346] The system can be equipped with a rechargeable
battery or a battery, however, it would also be advantageous
to ensure the availability of power via a smart device, for
example a watch or a smartphone, or even within the
wristband of fitness trackers.

[0347] Furthermore, the measuring sensor system can also
be formed separately in the convex structure and can access
external units (processing, wireless, etc.), for example a
smart device.

[0348] This separation has advantages not only in terms of
structural dimensions and the supply of power, as smart
devices already have a developed operation and analysis
infrastructure.

[0349] Crossover circuits of electrical conductor traces
(see FIG. 4) are preferably used for the “shuttering” of data
collection from the pressure sensor units, to enable faster
readout of the pressure sensor units. With such an arrange-
ment, which can also be described as tiled, the number of
electrical conductor traces can be reduced, thus requiring
less data to be processed and/or read out.

[0350] Blood pressure measurements are dependent upon
the location of the measurement site in relation to the HIP
(hydrostatic indifference point). As is further described in
the patent, temporal, and spatial resolution relative to the
HIP of the measurement site in the peripheral regions/
extremities are advantageous for ascertaining the central
continuous blood pressure.

[0351] When the living being, for example the human, is
in a horizontal position, the location of the measurement site
is irrelevant, since all measurable blood vessels are at
roughly the same height in relation to the HIP.

[0352] Typically, measurements taken on the foot produce
only minor changes with movement relative to the HIP.
[0353] To determine the course over time of the blood
pressure within a pulse and over multiple pulses during
physical movement, the height in relation to the HIP (hydro-
static indifference point) must be known. The blood pressure
reading, e.g., in the arm, will change depending upon the
height above the HIP. The change in blood pressure in the
arm resulting from the change in height Ah is obtained as
follows:

AP=0Ah

[0354] Here, o is an empirical measurement having a
value of approximately a=1 mmHg/cm for the systolic
blood pressure and approximately a.=0.5 mmHg/cm for the
diastolic blood pressure. If the current height of the arm is
known and the blood pressure Pm in the arm can be
measured, the central blood pressure Pz at the HIP can be
calculated:

Pz=Pm-AP

[0355] The height of the arm can be determined using
various technologies or devices. Possible known methods
include determining the distance from a reference surface.
This can be accomplished, for example, using an ultrasound
distance sensor or using a laser range sensor. These sensors
emit a signal (sound or laser pulse), which is reflected by a
fixed reference surface, i.e., secured in place outside of the
body. The length is determined from the transit time of the
signal to the reference surface and back.

[0356] The current height and/or the change in the height
of the measurement site, the at least one pressure sensor unit,
and/or the system can also be determined using an accel-
eration sensor, a gyroscope, and/or an inertial sensor.
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[0357] From the measured values of the acceleration sen-
sor, the movement of the arm can be traced, and the current
location of the arm can be determined, for example using the
Velocity Verlet algorithm.

[0358] However, since even minute inaccuracies in accel-
eration measurement, such as can occur with today’s accel-
eration sensors, can lead to major deviations in location or
height, the sequence of movements in each step must be
assessed accurately in order to determine the correct height.
The procedure for this involves comparing the measured
acceleration data with the anticipated acceleration data. For
this purpose, known patterns of movement are compared
with current acceleration data. If consistency is detected,
movement to the current position can be ascertained.

[0359] In the simplest case, the current electrical resis-
tance or conductance of a pressure sensor unit or of a
measuring range of an SRS sensor or the resistance of a VRS
sensor can occur when the pressure sensor unit is used in a
voltage divider. The voltage, which drops across the pres-
sure sensor unit, is the output measurement signal, which is
in direct correlation to the conductance and/or resistance.

[0360] Alternatively or additionally, the pressure sensor
unit can be read in another way. For this purpose the voltage,
which drops across the pressure sensor unit, is amplified
AC-coupled with a differential amplifier. The amplification
is advantageously adjustable.

[0361] This signal changes with the slightest changes in
the voltage that drops across the sensor, and thus with the
slightest changes in pressurization. However, due to the AC
coupling, the signal is independent of the actual pressuriza-
tion.

[0362] The technical measures described in this example
for receiving measurement signals can also be implemented
differently. Other examples for receiving the non-amplified
signal include, e.g., the use of a Wheatstone bridge, the
constant current method for determining resistance, and
installing the sensor in a resonant circuit. Many options for
detecting these signals are known to those skilled in the art.

[0363] The voltages generated by these electronic assem-
blies are quantified, in particular, using a microcontroller,
which in particular is part of the system, with the aid of an
analog-to-digital converter. Depending upon the processing
capacity of the microcontroller used. the quantified signals
can either be analyzed directly or transmitted to an analysis
unit. Advantageously, output data or calculated results are
transmitted to an analysis unit or display unit by wireless
means, e.g., with the Bluetooth standard.

[0364] Each measuring range of an SRS sensor covers a
fixed force range. Advantageously, the force ranges overlap.
During switching, it is not necessary for a fixed force value
to be selected. Rather, two force values are selected for
initiating the switch, in particular if the force ranges overlap,
in order to generate and/or utilize a hysteresis of the switch.
When the force is increased and the force value for shifting
up in the current measuring range is exceeded, the system
will switch to the next higher measuring range. In the higher
measuring range, the force value for shifting down is then
lower than the force value in the lower measuring range for
shifting up. This prevents any unnecessary switching back
and forth due to measurement noise when the applied force
is within the range of the switching limits.
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[0365] As described above, the electronic measuring sys-
tem delivers two signals, in particular, which correspond to
the base pressure S(t) and the mathematical time derivative
of said pressure S,'(t).

[0366] The base signals are first converted, in particular,
by a calibration, dependent upon the sensor type, into the SI
units N or N/s. Calibration can also take place in another
unit, or can at least be based upon another unit, with such
calibration advantageously being converted to the SI units.
[0367] The times or rates of the changes in the (electroni-
cally detected) signals vary. S,(t) changes only gradually
with a change in applied pressure or with a general change
in blood pressure. In contrast, S,'(t) changes continuously
with the pulsatile pressure wave, and thus reflects the action
of the heart. However, due to the electronics, the signal
“forgets” changes in pressure over longer periods of time
and thus always fluctuates around a zero value.

[0368] Mathematically, the current force, and from that
also the pressure on the sensor F(t) at the time t is obtained
using the following approximation, for example:

FO=Se(0+Sp'dr

[0369] In this case t, is a point in time prior to the actual
measurement, in which S,'(t)=0 is true of all times t<t,.
[0370] The signal S,'(t) should change only for changes in
pressure over small time scales; to ensure this, a running
average S,)(t) over the signal S,'(t) is advantageously first
determined.

[0371] The integral of the signal S,)'(t) as a sum is then
approximated:

IS (Odi=(8()-S(n) *Ad(r)

[0372] Here, n is the number of measured values since the
start of measurement and At(n) is the interval of time
between the measured values S,'(n-1) and S,)'(n). The time
t is given as t=2At(n).

[0373] Since errors occur with every numerical integration
and since the measured values can also be noisy, implemen-
tation of the integral must be further optimized. The sum is
therefore replaced with a recursive sum, and the result of the
integral I(t) is obtained as:

Ih=0

1) = Z(Sp(n) = Sp(n)) = Atn) ~ { =1+ (S-S ) }

[0374] Here, for the attenuation factor, 0<a<1. This factor
weakens the influence of older measurements and gives
preference to the most recent values. This prevents calcu-
lation errors and measurement noise from accumulating.
The factor must be empirically adapted to the type of sensor
used.

[0375] Thus, the following results for the measured value
of the pulsatile pressure wave P(t):

PO=B(Sa0)+1(1)

Here, 1/f is the active area of the sensor.

[0376] Ifan array of multiple pressure sensor units is used
to utilize the optimum position above an artery, advanta-
geously all pressure sensor units are first read out over a
period of several cardiac pulses. These readouts may be
performed simultaneously or sequentially, depending on the
capabilities of the measuring electronics. A simultaneous
readout is preferred.
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[0377] The best positioned pressure sensor unit(s) is/are
characterized by its/their position directly above the artery.
The amplitude of the pulsatile pressure wave is therefore at
its maximum at this point. This/these pressure sensor unit(s)
is/are advantageously used for further measurement and/or
for implementation of the method according to the inven-
tion.

[0378] With a continuous measurement, detection of the
best-positioned pressure sensor unit(s) is repeated at peri-
odic time intervals.

[0379] The use of an acceleration sensor is advantageous.
This sensor can be used to detect the physical movement of
the person or animal being examined. If such movement
exceeds a predefined limit, re-detection may be triggered.
[0380] The cardiac pulse is determined from the measured
values of the pulsatile pressure wave. For this purpose, the
measured value curve is analyzed for pronounced points.
These may be the maxima or minima in the measurement
wave or the measured values or in the pressure curve. The
interval of time between two consecutive maxima or minima
is the RR interval; the cardiac pulse expressed as number/
minute is obtained from the following formula: 60s/RR
interval in seconds.

[0381] In particular, the measured value wave or the
profile of the pressure is examined on a running basis for
minima and maxima. Various mathematical procedures are
known to those skilled in the art.

[0382] A pulse wave velocity is obtained by measuring the
pulsatile pressure wave at different points on the body.
However, the points must be on a line between the heart and
the point farthest from the heart.

[0383] This can be accomplished by two basic approaches.
First, multiple, at least two, systems or assemblies and/or
pressure sensor units according to the invention may be
distributed on the body, or other instruments for determining
the cardiac pulse may be used in addition to the assembly
according to the invention. If external instruments are to be
used, an open interface for the collected data and a real-time
calculation of the data as a cardiac pulse-dependent mea-
surement curve are required. For this purpose, for example,
electrocardiogram  (ECG) or plethysmography-based
devices may be used, which are equipped with such open
interfaces.

The measurement curves of the individual devices or of the
individual sensors are examined for pronounced points.
With the assembly according to the invention, these may be
the maxima of the measured values of the pulsatile pressure
wave.

[0384] The pronounced points of the various devices or
sensors have a temporal offset from one another depending
upon their location on the body. This temporal offset,
divided by the distance between the measuring positions,
gives the pulse wave velocity.

[0385] The use of a sensor array, in particular having a
multiplicity of sensors as described above, has the advan-
tages of easy operation and a simultaneous determination of
blood pressure and pulse wave velocity.

[0386] To illustrate the use of a sensor array, FIG. 6, (K)
shows one possible configuration of a sensor array. Beneath
it, the pathway of an artery is shown (FIG. 6, (L)). If two
sensors above the artery are selected (FIG. 6, (V)), the pulse
wave velocity can be determined from the measurement
curves of the two sensors (FIG. 6, (W)).
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[0387] The respiratory rate can be measured and deter-
mined using various methods. For one, motion and accel-
eration sensors can measure the raising and lowering of the
upper body and from this can determine the respiratory rate.
Respiratory sinus arrhythmia (RSA) is a clear sign for
determining the respiratory rate. The change in cardiac
output is in direct correlation to the pulmonary/lesser cit-
culatory system. All of the blood must pass through the
lungs to absorb oxygen.

[0388] Furthermore, the use of acceleration sensors in an
assembly according to the invention allows the actual per-
formance to be determined. By determining the movement
of individual body parts, the energy converted per unit of
time, i.e., the mechanical performance, can be determined.
[0389] By comparing this theoretical performance
obtained from the continuous measurement of cardiac output
with the actual performance, the anticipated performance
increase during physical exercise or during rehabilitation
measures can be predicted.

[0390] Continuous monitoring of movement can also be
helpful in medical applications. For example, if decreased
cardiac output with an elevated heart rate is detected during
the night, without any evidence of significant movement, the
invention can draw diagnostic conclusions regarding the
diseases in question.

[0391] Concentric diagrams are advantageously used as
graphic depictions for users.

[0392] In 2D, 2.5D, or 3D, the totality of the measured
data are displayed clearly. Conventional diagrams that have
an X and a Y axis are confusing and difficult for users to
comprehend due to the number of aspects to be displayed.
[0393] FIG. 1 shows an exemplary illustration of the
measurement method. The pulsatile pressure wave (D),
shown as a light gray curve, deforms the artery (L), which
at rest has a constant thickness, between the two horizontal
lines, which in most regions are parallel, steadily within the
beat of the heart, distinguishable at the two sequential
pressure maxima (G), which characterize the beginning and
the end of a RR interval, for example, in which the artery (L)
is deformed from its resting position, represented by the
horizontal line (F). During said interval, the pressure wave
fluctuates between the values for the diastolic blood pressure
(minimum of the curve in which the artery has its resting
position (B)) and the values for the systolic (A) blood
pressure, the maxima of the gray curve. As a result of this,
the pressure or the pulse pressure (N) is introduced via the
artery surface (E) into the tissue (C) both below and above
the artery, and continues to the surface of the skin (O).
[0394] The blood pressure is measured by an assembly (H)
according to the invention and having the pressure sensor
units (K) first being pressed against the skin (O) with an
increasing level of pressure (J). For this purpose, the assem-
bly according to the invention may be attached to a wrist-
band (I).

[0395] FIG. 2 shows an exemplary diagram of a conven-
tional wristband. A wristband of this type is equipped with
a perforated band (I), with overhanging perforated band
being held in place by a loop (P). The assembly according
to the invention can be embodied in the form of this loop and
can be used in place of said loop in the wristband. This has
the advantage that, for one thing, the wristband is already
located at a suitable site for blood pressure measurement,
and for another, pressure can be exerted on the pressure
sensor unit by adjusting the perforated band.
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[0396] FIG. 3 shows, by way of example, a cross-section
of one possible embodiment of the assembly of the invention
for use on the wristband as an attachment. The assembly of
the invention is divided into two parts. The pressure sensor
units (K) arranged as an array on a convex structure under-
neath the wristband, and a processing/wireless and power
unit (H) on top of the wristband. The wristband is passed
through a slit (I). For measurement, a uniform or increasing
pressure (J) is applied from above.

[0397] FIG. 4 shows an exemplary electrical circuit com-
prising multiple pressure sensor units (shown here as 7x15
sensors) in the crossover circuit. In this example, 15 circuit
lines and 7 measuring lines are required.

[0398] FIG. 5 shows exemplary raw data from an assem-
bly according to the invention. The pressure sensor units
provide two measuring signals. An unamplified signal (R),
which reflects the pressure on the pressure sensor unit, and
an amplified signal (8), which reflects the changes in the
pressure.

[0399] FIG. 6 shows a schematic and exemplary illustra-
tion of the measurement of pulse wave velocity by means of
a sensor array (K). The two pressure sensor units (V)
optimally lie above an artery (L). The two pressure sensor
units (V) are used simultaneously for measurement. The
measuring signals (W) are recorded. The transit time differ-
ence between the two measuring signals can be determined
by analyzing the measuring signals for pronounced points.
The pulse wave velocity is obtained by dividing the transit
time difference by the distance between the two pressure
sensor units (V).

[0400] FIG. 7 shows examples of possible embodiments
of the inventive configuration of the conductor trace arrays.
In these, two conductor traces are always used together for
conductance measurements, and different measuring ranges
can be utilized depending upon which conductor trace pairs
are used. In a), conductor trace arrays in a round configu-
ration are shown, with any desired number of conductor
trace arrays, depending upon the size. In b), another possible
embodiment in the form of a square conductor trace array is
shown, in which the conductor traces are generally in a
spiral configuration. The first embodiment of a conductor
trace array in column b has four conductor traces, while the
second and third embodiments of conductor trace arrays
from the top in column b) each feature a configuration
having three conductor trace arrays. The embodiment of a
conductor trace array that is third from the top in column b)
features different distances between the conductor traces,
and consequently has two measuring ranges with distinctly
different measuring areas, defined by the corresponding
conductor traces. The dimensions may also be adapted to the
measurement task (see the embodiment of a conductor trace
array that is fourth from the top in column b) and extends
into column c)). The top three conductor trace arrays in
column c¢) show different variants of meshing conductor
trace arrays. Column d) shows, as a further possible embodi-
ment of a conductor trace array, that the array of the
conductor traces may also be more complex in configura-
tion. This hexagonal shape of the conductor trace array is
particularly suitable for covering a larger area, ideally with-
out gaps.

[0401] FIG. 8 shows a conductor trace array having three
conductor traces, in which a first measuring range is
selected, for example, in that measurement is performed
between “electrode 1 and “electrode 2 (mode 1)”, and a
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second measuring range is selected in that measurement is
performed between “electrode 1” and “electrode 2 (mode
2)”. Due to the changes in the distance between the con-
ductor traces being used, and thus the distance to be bridged
by the functional polymer, the conductance changes while
the pressure remains the same. A greater distance results in
a greater measuring range.

[0402] FIG. 9 shows a cross-section of two pressure
sensor units arranged side by side and configured as VRS
sensors. Shown in each pressure sensor unit are two con-
ductor traces (light) for measuring conductance or pressure,
arranged on a functional polymer. Additionally, a conductor
trace (dark) is arranged on the functional polymer, and a
conductive layer is arranged beneath the functional polymer,
so that, when a voltage (Up) is applied between these, the
measuring range can be influenced by altering the properties
of the functional polymer.

[0403] FIG. 10 shows a cross-section of two pressure
sensor units arranged side by side. Above the functional
polymer (also a pressure-sensitive polymer), each pressure
sensor unit has two conductor trace arrays arranged a small
distance from one another (due to the meandering configu-
ration, each conductor trace array is visible twice in cross-
section). Moreover, beneath the functional polymer (also a
pressure-sensitive polymer) each pressure sensor unit has
two conductor trace arrays separated from one another by a
greater distance. The individual pressure sensor units are
separated by a non-conductive polymer.

[0404] FIG. 11 shows an exemplary configuration of a
measuring system for measuring conductances, and from
these, pressures. The electrical signal for measuring the
conductance is first processed by electronic filters. It is then
digitized and sent to an analysis and display device. The
display device, e.g., a smartphone, undertakes the analysis
and display of the measured data. The display device of the
electronic measuring system can also be used to implement
various tasks, such as the selection of the conductor trace, a
conductor trace region, the repetition rate, etc.

[0405] FIG. 12 is a schematic illustration showing one
possible embodiment of the device according to the inven-
tion used as part of a voltage divider (a), along with a typical
measurement curve of the conductances measured by such a
device during a process in which pressure is applied. Due to
the greater conductor trace spacing, measuring range 1
moves more slowly toward the maximum voltage than
measuring range 2 with the narrower conductor trace spac-
ing.

[0406] FIG. 13 is a schematic illustration showing one
possible embodiment of the device according to the inven-
tion used as part of a voltage divider (a). The measuring
range is adjusted by applying a voltage (U,) across the
polymer. In b), a typical measurement curve of the conduc-
tances with a change in voltage (U,) is shown, which such
a device measures during a process in which pressure is
applied.

[0407] FIG. 14 shows a cross-section of a pressure sensor
unit according to the invention. It comprises a substrate 1 on
which conductor traces 4 are arranged, only one of which
can be seen in this view. Said conductor traces are arranged,
in particular, in the same manner as an array of FIG. 7 or 8.
It also comprises a functional polymer 6, which has a
conductive coating 3 made of a conductive polymer. It
further includes a structural form 2 in the form of a spherical
cap, and feet 13 with which it is placed in indentations 5 in
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the substrate 1. When pressure is applied from above and/or
below, the functional polymer 6 deforms, in particular the
feet 13 and the conductive coating 3 first contact the
conductor traces, initially with a relatively high contact
resistance, thereby connecting the conductor traces 4 to one
another electrically. As the pressure is increased, the func-
tional polymer 6 is deformed further. In particular, the feet
13 continue to deform and the curvature of the spherical cap
2 and of the conductive coating 3 becomes flattened, so that
the contact surface area between the conductor traces 4 and
the conductive coating 3 is enlarged. The contact resistance
between the conductor traces 4 and the conductive coating
3 is further reduced as a result.
[0408] FIG. 15 shows a cross-section through another
embodiment of a pressure sensor unit according to the
invention. It has two metal conductors 7, each of which is
fused into a conductive layer 8 of conductive polymer.
Between the conductive layers 8 is an insulating layer 9 of
an insulating polymer or lacquer. Said insulating layer has
cavities 10. Within these cavities 10, the conductive layers
8 have roughly complementary extensions 11 and 12. When
pressure is applied from above and/or below, the insulating
layer 9 is compressed and the roughly complementary
extensions 11 and 12 begin to touch at small points, lines, or
surfaces. The resistance between the conductive layer 8
decreases and the conductance between them increases. As
the pressure increases further, the insulating layer 9 is further
compressed and the roughly complementary extensions 11
and 12 also deform further in the direction of a complemen-
tary shaping, so that their contact surface area is increased.
This further reduces the contact resistance between the two
conductive layers 8.
1. A system for the time-resolved measurement of blood
pressure, arterial elasticity, a pulse wave transit time, a pulse
wave velocity, a pulse wave, and/or a cardiac output and/or
changes in the cardiac output, said system comprising:
at least one pressure sensor unit for a time-resolved
pressure measurement of a pressure exerted by a pulse
wave while said at least one pressure sensor unit is
pressed against a patient’s skin, wherein the at least one
pressure sensor unit is configured to change at least one
electrical conductance and/or resistance when sub-
jected to the pressure;
wherein the at least one pressure sensor unit has:
at least two conductive layers and/or conductor trace
arrays, in particular conductor trace networks, and
a functional polymer which is configured to be com-
pressed when subjected to the pressure and to pro-
duce and/or change contact between the at least two
conductive layers and/or conductor trace arrays; and/
or
wherein the at least one pressure sensor unit is an air
and/or gas pressure sensor and in particular has the at
least two conductive layers with a dielectric arranged
therebetween, and is configured such that, when sub-
jected to the pressure, the dielectric becomes com-
pressed and/or in particular a capacitance of the at least
two conductive layers changes as a result; and

wherein the system further includes an actuator which is
configured to press the at least one pressure sensor unit
against the skin.

2. The system according to claim 1, wherein the at least
one pressure sensor unit has at least one array of conductor
traces and/or conductor trace networks of the at least two
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conductive layers and/or conductor traces, in particular
conductor trace networks exposed, and a resistance-conduc-
tive and/or conductive polymer, which is pressed onto the at
least one array of conductor traces and/or conductor trace
networks when subjected to the pressure, and/or wherein the
resistance-conductive and/or conductive polymer is at least
one non-conductive polymer or a lacquer coating which has
holes defined therein.

3. The system according to, claim 2, wherein the resis-
tance-conductive and/or conductive polymer has a micro-
structure which deforms when subjected to the pressure and
wherein a surface area of contact with the exposed at least
one array of conductor traces and/or conductor trace net-
works increases, and the electrical contact improves, and in
particular, electrical resistance between the at least one array
of conductor traces and/or conductor trace networks and the
resistance-conductive and/or conductive polymer and/or
between conductor traces of the at least one array of con-
ductor traces and/or conductor trace networks is reduced.

4. The system according to claim 2, wherein the resis-
tance-conductive and/or conductive polymer is a part of the
functional polymer, and wherein the functional polymer has
a conductive surface formed by the resistance-conductive
and/or conductive polymer.

5. The system according to claim 1, wherein the actuator
is one of an electric actuator, a pneumatic actuator, and/or a
hydraulic actuator, in particular including an electric vibra-
tion motor and/or an air bag, and when the actuator includes
the air bag, the actuator is configured to inflate and/or to
supply the air bag with air and for this purpose further
includes a pump for pressing the at least one pressure sensor
unit against the patient’s body.

6. The system according to claim 1, wherein the system
includes an air bag, in particular in the form of a cuff, and
the at least one pressure sensor unit is positioned one of on
the air bag, in the air bag, and/or in a volume fluidically
connected to the air bag, and/or adjoining the volume or the
air bag, and wherein the system is configured, in particular,
such that the at least one pressure sensor unit detects the
pressure exerted by the pulse wave while the air bag is being
pressed against the skin, said pressure being transmitted
through a gas in the air bag, and/or the pressure exerted by
the pulse wave while the air bag is being pressed against the
skin is transmitted through the air bag to the at least one
pressure sensor unit.

7. The system according to claim 3, wherein when the at
least one pressure sensor unit is in an idle state, only
relatively few microstructural protrusions are in contact with
the exposed at least one array of conductor traces and/or
conductor trace networks, and the electrical resistance is
between the resistance-conductive and/or conductive poly-
mer and conductor traces of the exposed at least one array
of conductor traces and/or conductor trace networks, and the
pressure and/or a counterpressure causes the microstructure
to deform, increasing an actual contact surface area of
contact.

8. The system according to claim 1, wherein the at least
one pressure sensor unit has a measuring range of at least 40
mmHg to at least 300 mmHg and/or a resolution of at least
0.5 mmHg, and/or is configured to take at least 1000 data
values per second, and/or has a temporal resolution of at
least 1 ms.

9. The system according to claim 1, wherein the system
further comprises a calibration actuator, configured to press
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the at least one pressure sensor unit onto the skin with a
known counterpressure, and/or comprises a counterpressure
sensor for measuring a counterpressure with which the at
least one pressure sensor unit is pressed against the skin.

10. The system according to claim 1, further comprising:

a calibration sensor, in particular a force and/or strain

sensor and/or a strain gauge; and/or

a calibration actuator, which exerts pressure by way of a

defined contraction; and/or

a vibration motor, in particular a motorized wristband.

11. The system according to claim 1, further comprising
a counterpressure sensor for measuring a force with which
the at least one pressure sensor unit is pressed onto the skin,
proceeding from a finger of the patient, in particular simul-
taneously with measurements by the at least one pressure
sensor unit, advantageously with at least 1000 measure-
ments per second.

12. The system according to claim 1, wherein the at least
one pressure unit comprises multiple pressure sensor units,
in particular a sensor array comprised of a plurality of
pressure sensor units, in particular as part of a sensitive
sleeve, a sensitive surface, or an artificial skin, in particular
of a robot.

13. The system according to claim 12, wherein the mul-
tiple pressure sensor units, in particular the sensor array
comprised of the plurality of pressure sensor units, are
arranged on a convex surface and/or a convex structure.

14. The system according to claim 1, further comprising
an analysis unit for calculating systolic and/or diastolic
blood pressure, arterial elasticity, the pulse wave transit
time, the pulse wave velocity, the pulse wave, and/or the
relative or absolute cardiac output from the measured values
from the at least one pressure sensor unit, and in particular
from a counterpressure sensor and/or a calibration sensor.

15. The system according to claim 1, wherein the at least
one pressure sensor unit is no larger than a cherry pit, or 5
mm in diameter.

16. The system according to claim 1, further comprising
at least one acceleration sensor and/or sensor for ascertain-
ing a position/height relative to a hydrostatic indifference
point (HIP), in particular an inertial sensor.

17. The system according to claim 1, further comprising
a control unit and/or an analysis unit.

18. The system according to claim 1, configured to
determine, from the at least one pressure sensor unit or a first
set of pressure sensor units or from a plurality of pressure
sensor units that is in an optimal position, and to pass on to
the patient, information as to how the patient is able to
readjust the positioning of the at least one pressure sensor
unit or the first set of pressure sensor units or the plurality
of pressure sensor units if said position does not meet a
given requirement.

19. The system according to claim 1, configured for
connection and/or coupling to at least one external measur-
ing system, in particular an electrocardiogram (ECG) device
or devices based on plethysmography, for determining a
cardiac pulse, in particular for determining the pulse wave
velocity, wherein the at least one external measuring system
permits a real time measurement of a pulsatile pressure wave
or ECG wave and is equipped with an open data interface
that enables a real-time output of data.

20. A method for a time-resolved measurement of blood
pressure, arterial elasticity, a pulse wave transit time, a pulse
wave velocity, a pulse wave, and/or a cardiac output and/or
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changes in cardiac output by changing an electrical conduc-
tance and/or resistance and/or a capacitance between at least
two conductive layers and/or between at least two conductor
trace arrays, in particular conductor trace networks, by
compressing a functional polymer and/or a dielectric by
means of a pressure exerted by a pulse wave while said
functional polymer and/or said dielectric is pressed against
a patient’s skin above an artery.

21. The method according to claim 20, wherein the at least
two conductor trace arrays and the functional polymer are
pressed against the skin with varying pressure and a result-
ing conductance and/or resistance is measured, and/or a
change in the conductance and/or resistance is determined,
in particular at least with a temporal resolution of 1 ms,
wherein a varying pressure is increased, in particular, mono-
tonically and/or continuously, in particular until with a
further increase in a counterpressure and/or applied pres-
sure, the pulse wave is not able to generate an increase in a
measured conductance and/or a decrease in a measured
resistance and/or pressure beyond a maximum measured
conductance and/or a minimum measured resistance and/or
pressure, wherein the applied pressure is applied in particu-
lar by inflating an air bag.

22. The method according to claim 21, wherein from the
conductance and/or resistance and/or their change, the pres-
sure and/or a change in the pressure is determined.

23. The method according to claim 21, wherein a systolic
blood pressure is assumed to be the pressure at which, with
a further increase in the counterpressure and/or applied
pressure, the pulse wave cannot produce an increase in a
measured pressure beyond a maximum measured pressure,
and/or a diastolic blood pressure is assumed to be the
pressure that corresponds to a minima of the measured
values of the pulse wave, if the counterpressure and/or
applied pressure is selected as the pressure, or higher than
the pressure, at which the maximum measured pressure does
not increase any further with increasing counterpressure
and/or applied pressure.

24. The method according to claim 23, wherein the
pressure of the applied pressure is then reduced to a value,
in particular within a range of 1.5 times, in particular 1.3
times the systolic blood pressure, to a complete release of
pressure.

25. The method according to claim 23, wherein the
pressure of the applied pressure is subsequently reduced,
and/or with a known first systolic blood pressure and/or a
known first conductance and/or a first resistance of an at
least one pressure sensor unit when subjected to the first
systolic blood pressure, the counterpressure and/or applied
pressure is reduced to less than 1.1 times the first systolic
blood pressure or below the first systolic blood pressure, in
particular to a level below the diastolic blood pressure, as
long as a pulsatile pressure wave can be mapped, or is
removed and ratios of the conductance and/or resistance
then measured to the first conductance and/or the first
resistance, and/or the ratios of the pressures associated with
the conductance and/or resistance then measured to the first
systolic blood pressure is used as a factor in determining a
current blood pressure, a current arterial elasticity, a current
pulse wave transit time, a current pulse wave velocity, a
current pulse wave, and/or a current cardiac output and/or
current changes in cardiac output from the first systolic
blood pressure.
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26. The method according to claim 25, wherein with the
reduced applied pressure, continuous measurements of the
conductance and/or of the pressure of the pulse wave are
performed until a change in the pressure maxima of the
pulsatile pressure wave is detected, in particular by more
than 10%, and/or until a change in a distance between the
pressure minima and the pressure maxima in the pulsatile
pressure wave, in particular by more than 10%, and in
particular the applied pressure is then decreased further and
then increased again, in particular being increased mono-
tonically and/or continuously, during which time the con-
ductance is measured and/or the change in the conductance
is determined, in particular at least with a temporal resolu-
tion of 1 ms.

27. The method according to claim 25, wherein the
pulsatile pressure wave is measured using multiple sensors
at different points on the patient’s body, and from a temporal
offset of the measurement curves relative to one another, the
pulse wave transit time is determined, and in particular, a
known distance between the multiple sensors is used to
calculate the pulse wave velocity.

28. The method according to claim 20, wherein a change
in cardiac output is determined by ascertaining a change in
a value of the integral of all measured values, in particular
of all measured conductance values and/or pressure values
and/or pulse wave pressure values in the pulse wave, in
particular between two systolic pressures and/or two dia-
stolic pressures, and/or wherein the cardiac output is deter-
mined from the value of the integral of all measured values,
in particular of all measured conductance values and/or
pressure values and/or pulse wave pressure values in the
pulse wave, in particular between two systolic pressures
and/or two diastolic pressures multiplied by a cross-sec-
tional area of an artery of the patient and/or of the patient’s
aortic arch.

29. The method according to claim 20, wherein the
method is a method for continuous long-term monitoring.
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30. The method according to claim 21, wherein the
counterpressure and/or applied pressure is applied electri-
cally, pneumatically, hydraulically, and/or manually, in par-
ticular by way of muscle contractions.

31. The method according to claim 20, wherein a height
of a site where pressure is applied to the patient’s skin in
relation to a hydrostatic indifference point (HIP) is deter-
mined, and in particular, a correction of measured values is
carried out, based upon the height of the site where pressure
is applied to skin.

32. The method according to claim 20, wherein a data
interface, in particular an open data interface, which enables
a real-time output of data, of at least one, in particular
external measuring system for determining a cardiac pulse,
in particular an electrocardiogram (ECG) device or a
plethysmography-based device, is used for determining the
pulse wave velocity.

33. A use of a change in a capacitance, a conductance,
and/or a resistance, between at least two conductive layers
and/or between at least two conductor trace arrays, in
particular conductor trace networks, resulting from a com-
pression of a functional polymer and or a dielectric by means
of a pressure exerted by a pulse wave while said functional
polymer and/or dielectric is pressed against a patient’s skin
above an artery, for a time-resolved measurement of blood
pressure, arterial elasticity, a pulse wave transit time, a pulse
wave velocity, a pulse wave, and/or a cardiac output and/or
changes in cardiac output.

34. The use according to claim 33, wherein a data
interface, in particular an open data interface, which enables
a real-time output of data, of at least one, in particular
external measuring system for determining a cardiac pulse,
in particular an electrocardiogram (ECG) device or a
plethysmography-based device, is used for determining
pulse wave velocity.
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