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SYSTEM AND METHOD FOR PERFORMING
ULTRASOUND AND PRESSURE
MEASUREMENTS

FIELD OF THE INVENTION

[0001] The present invention relates to a system and a
method for performing ultrasound and pressure measure-
ments, wherein furthermore a related transducer unit and a
related processor unit are concerned.

BACKGROUND OF THE INVENTION

[0002] An area in which a measuring of flow and pressure,
and more specifically of blood flow and of blood pressure,
1s of interest is stenosis evaluation.

[0003] Stenosis is a form of arterial disease wherein the
blood flow is restricted due to a local narrowing of the blood
vessel, e.g. due to plaque formed at the vessel wall. Stenosis
evaluation is known to be supported with guidewire sensors
(CMUT, piezo-crystal, resistors) which either measure local
blood flow, or local blood pressure. However, the complex
hemodynamics of stenosis is not sufficiently explained by
either pressure or flow alone. Therefore wires are being
developed with multiple sensors. This, however, leads to
complex devices.

[0004] After sensing stenosis, treatments like stenting are
applied. It is important to accurately place a stent in the
vessel (longitudinal with respect to the problem area, but
also radially, i.e. the interaction with the stenosis/vessel wall
(including amount of stretching)). For this purpose imaging
is useful, for instance intravascular imaging.

[0005] Systems and methods for user control over the
acquisition, processing, and presentation of medical data are
provided in US 2014/0180087 Al. Some embodiments are
particularly directed to controlling the display of multi-
modality medical data in a multi-modality processing sys-
tem. In one embodiment, a medical imaging system receives
a set of medical data including a first data subset collected
using a first sensor and a second data subset collected using
a second sensor, where the first sensor and the second sensor
are different. A display attribute to be applied to the first data
subset independent of the second data subset is received. An
instruction is generated that affects the processing of the first
data subset based on the display attribute. The first data
subset is processed according to the instruction. The pro-
cessed first data subset is displayed according to the display
attribute, and the second data subset is displayed indepen-
dent of the display attribute.

[0006] In view of the above, it is desirable to have a single
and simple multifunction component for sensing pressure,
sensing flow and imaging.

SUMMARY OF THE INVENTION

[0007] Itis an object of the present invention to provide a
simple way of performing ultrasound and pressure measure-
ments which avoids the complexities of known systems
including multiple guidewire sensors.

[0008] In a first aspect of the present invention a system
for performing ultrasound and pressure measurements is
presented, the system comprising a transducer unit including
a sensor element made of an electro active polymer, and a
processor unit coupled to the transducer unit, wherein the
processor unit is arranged for processing sensor data
obtained by the sensor element, wherein the system is
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arranged for performing ultrasound measurement and pres-
sure measurements using the sensor element.

[0009] In a second aspect of the present invention, a
transducer unit for performing ultrasound and pressure mea-
surements is presented, the transducer unit comprising a
sensor element made of an electro active polymer, wherein
the sensor element includes a transmission portion and a
receiving portion, wherein the receiving portion is arranged
for ultrasound and pressure measurements during transmis-
sion of ultrasound from the transmission portion.

[0010] In a third aspect of the present invention, a pro-
cessor unit for processing ultrasound and pressure measure-
ment signals is presented, the processor unit comprising an
interface for receiving signals from a transducer unit, an
ultrasound processing element for processing ultrasound
measurement signals, and a pressure processing element for
processing pressure measurement signals, wherein the inter-
face 1s arranged for selectively forwarding portions of
received signals to either the ultrasound processing unit or
the pressure processing unit.

[0011] In a fourth aspect of the present invention, a
method of performing ultrasound and pressure measure-
ments is presented, using a transducer unit including a
sensor element made of an electro active polymer, wherein
both, the ultrasound measurements and the pressure mea-
surements, are performed using the sensor element.

[0012] Electro active polymers (EAP) are an emerging
class of materials within the field of responsive materials.
EAPs can work as sensors or actuators and can easily be
manufactured into various shapes allowing easy integration
into a large variety of systems.

[0013] Material characteristics such as actuation stress and
strain have improved significantly over the last 10 years and
technology risks have been reduced to acceptable levels for
product development. Advantages of EAPs include low
power requirements, small form factor, flexibility, noiseless-
ness, accuracy, high resolution, fast response and reversible
actuation. The improved performance and particular advan-
tages of EAP material allows new and superior applications,
provided that EAP modules are optimized for function
performance and system integration.

[0014] Electro active polymers can be subdivided in field
driven and ionic driven materials. Examples of field driven
EAPs are electrostrictive polymers such as dielectric elas-
tomers, PVDF based relaxor polymers and liquid crystal
elastomers (LCE). Examples of ionic driven EAPs are
conjugated polymers, carbon nanotube (CNT) polymer com-
posites and Tonic Polymer Metal Composites (IPMC). Field
driven EAP’s are actuated by an electric field through direct
electromechanical coupling, while the actuation mechanism
for ionic EAP’s involves the diffusion of ions. Both classes
have multiple family members, each having its own advan-
tages and disadvantages.

[0015] Basic actuator responses of field driven EAPs are
known to the skilled person. An EAP provided between two
flexible electrodes expands in the plane defined by the EAP
with applied power, while the provision of a carrier layer
(thus limiting flexibility) introduces a bending upon appli-
cation of power.

[0016] EAPs can also be used as sensors using piezoelec-
tric read out (contact pressure leads voltage output).
[0017] New copolymers of PVDF (e.g. P(VDF-TrFE))
developed over the last few years, enable application in
flexible and 3-D shaped devices. Besides, P(VDF-TrFE)
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offers particular advantages over other materials including
broadband width, mechanical flexibility, better acoustic
impedance match to tissue, and lower cost. With these
polymers it was found to measure catheter-based blood
pressure and to generate and receive ultrasound, for instance
for (Doppler) flow measurements (kHz range) and biomedi-
cal imaging (MHz range). Fabrication of PVDF ultrasound
elements using low temperature lithography potentially
enables downscaling in catheter and wire applications. A
PVDF foil may be used for device tracking (“in situ”), via
picking up sound waves from an external ultrasound trans-
ducer (in this way the position of the PVDF foil can be
calculated and for instance indicated in the image of the
external ultrasound transducer).

[0018] It was realized by the inventors that EAPs have
multifunction capability and may be provided, for example,
for combined pressure sensing and transmitting and receiv-
ing ultrasound. This invention provides particularly a system
to measure blood pressure and flow in combination with a
simple imaging modality, based on a single EAP sensor-
actuator. A key aspect of embodiments in this regard is the
electronics to switch between the different modalities.
[0019] In a preferred embodiment, a controller unit is
coupled to the transducer unit, wherein the controller unit is
arranged for operating the sensor element so to emit ultra-
sound.

[0020] The system or the processing unit according to the
present invention may thus be arranged to control the
emission of ultrasound, while it is also possible that the
transducer unit of the present invention is only used for
picking up ultrasound signals originally generated outside
the system, e.g. by a separate ultrasound source.

[0021] In a preferred embodiment, the sensor element is
mounted on a passive flexible foil and fixed on one side,
wherein the controller unit is further arranged to provide an
offset signal to the sensor element for deforming the com-
bination of sensor element and passive flexible foil.

[0022] In a bending arrangement of the sensor element
being single sided clamped and with the sensor element
being located, for example, on the tip of the bending
arrangement, it is possible to provide a scanning due to the
changing orientation of the sensor element.

[0023] In a preferred embodiment, the sensor element is
mounted on an active flexible foil made of an electro active
polymer, wherein the controller unit is further arranged to
control the active flexible foil for deforming the combination
of sensor element and active flexible foil.

[0024] The active flexible foil may be used, in a way
similar to the embodiment with the passive flexible foil, for
a scanning motion of the sensor element, while in this case
the internal stress responsible for the bending may be further
increased by an opposite control of the sensor element (DC
offset) and the active flexible foil. A preferable material
(class) for the active flexible foil is a (P(VDF-TrFE-CTFE))
ter-polymer or a (P(VDE-TrFE-CFE)) ter-polymer.

[0025] In a preferred embodiment, the sensor element is
provided in a double-side clamp configuration with a pre-
curved element, wherein the controller unit is further
arranged to provide an offset signal to the sensor element for
moving the sensor element according to the pre-curve.
[0026] A pre-curved double-sided clamped configuration
can be used for distance control to the tissue. By actuating
a non-laminated sensor element with a DC voltage, the
arrangement will bend in a predetermined direction accord-
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ing to the pre-curve, due to which the distance to the tissue
can be controlled very precisely, giving additional advan-
tages such as e.g. compensating motion artifacts, fine tuning
the quality of the measurements, or for scanning purposes.
[0027] In a preferred embodiment, on the electro active
polymer of the sensor element a patterned electrode arrange-
ment is provided.

[0028] The sensor element can be a single foil made of an
electro active polymer with a patterned electrode. The
electrode can for instance be an evaporated, sputtered thin
conductive film, patterned by using a mask. This enables
imaging (electronically scanning) while maintaining low
costs. It is an option to use some elements for (pressure)
sensing and others for imaging or Doppler.

[0029] In a preferred embodiment, the ultrasound mea-
surements include an ultrasound Doppler measurement and/
or an ultrasound imaging measurement.

[0030] Inapreferred embodiment, the electro active poly-
mer is a polyvinylidene fluoride (PVDF) polymer or a PVDF
based relaxor polymer, in particular a homo-polymer or a
PVDF copolymer (e.g. P(VDF-trifluoroethylene) (P(VDEF-
TrFE)).

[0031] In a preferred embodiment, the sensor element is
mounted on a backing, wherein between the receiving
portion and the backing a cavity is provided.

[0032] It was found that the cavity allows for an amplifi-
cation of the static pressure sensing without interfering with
ultrasound sensitivity.

[0033] In a preferred embodiment, between the sensor
element and the processor unit a switch is provided for
connecting either to the ultrasound processing unit or to the
pressure processing unit of the processor unit and/or
between the sensor element and the processor unit an
ultrasound signal line including a high-pass filter for for-
warding ultrasound measurement signals to the ultrasound
processing element and a pressure signal line including a
low-pass filter for forwarding pressure measurement signals
to the pressure processing element are provided.

[0034] By using a switch, the system can be used either for
ultrasound measuring or for pressure measuring, so to have
a time multiplexing in this regard. The provision of filtering
allows for measuring pressure and ultrasound signals simul-
taneously, as the respective signals are separated from each
other.

[0035] In an alternative to a just hardware based separa-
tion of received signals, it is also contemplated that the
separation is provided based (in alternative or in addition) by
means of a digital algorithm or software solution. In such
case, no separate lines or filters would be needed. This may
advantageously be combined with any digital post process-
ing provided anyhow even in a case where separate lines,
filters or the like are provided.

[0036] In apreferred embodiment, the pressure processing
element includes a memory storing an absolute pressure
value, wherein the pressure processing element is arranged
for obtaining a differential pressure value by processing the
pressure measurement signal and for updating the absolute
pressure value according to the differential pressure value.
[0037] Even when it might not be possible to determine an
absolute value of the pressure repeatedly, this aspect of the
invention allows for maintaining an approximation of the
absolute value due to observation of the pressure changes.
[0038] In a further aspect of the present invention a
computer program or software product is presented for
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performing ultrasound and pressure measurements, the soft-
ware product comprising program code means for causing a
processor unit or system according to the invention carry out
the steps of the method according to the invention when the
software product is run on the processor unit or the system.
[0039] It shall be understood that the system of claim 1,
the transducer unit of claim 9, the processor unit of claim 11,
the method of claim 14, and the computer program of claim
15 have similar and/or identical preferred embodiments, in
particular, as defined in the dependent claims.

[0040] It shall be understood that a preferred embodiment
of the invention can also be any combination of the depen-
dent claims or above embodiments with the respective
independent claim.

[0041] These and other aspects of the invention will be
apparent from and elucidated with reference to the embodi-
ments described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0042] In the following drawings:

[0043] FIG. 1 shows a system for performing ultrasound
and pressure measurements in accordance with an embodi-
ment of the invention,

[0044] FIG. 2 shows an overview of a system for perform-
ing ultrasound and pressure measurements in accordance
with another embodiment of the invention,

[0045] FIG. 3 shows an overview of a system for perform-
ing ultrasound and pressure measurements in accordance
with yet another embodiment of the invention,

[0046] FIG. 4 shows schematically a transducer unit
according to an embodiment of the invention,

[0047] FIG. 5 shows schematically aspects of a transducer
unit according to another embodiment of the invention,
[0048] FIG. 6 shows schematically aspects of a transducer
unit according to yet another embodiment of the invention,
and

[0049] FIGS. 7A and 7B show flow diagrams of methods
of performing ultrasound and pressure measurements
according to embodiments of the invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0050] FIG. 1 shows a system for performing ultrasound
and pressure measurements in accordance with an embodi-
ment of the invention.

[0051] The system shown in FIG. 1 comprises a flexible
element 12, to which a PVDF foil 14 acting as sensor
element is attached. The sensor element 14 is connected to
a control and drive unit 16, which is coupled to a signal
processing unit 18.

[0052] The control and drive unit 16 is arranged to selec-
tively forward received signals from the sensor element 14
to the signal processing unit 18, while details of implemen-
tations thereof are discussed below with regard to FIGS. 2
and 3.

[0053] The sensor element 14 mounted on the flexible
element 12 is provided here inside a lumen or cavity 20 filled
with fluid, while there is a varying pressure and/or flow. An
example thereof would be a blood vessel inside a human or
animal body.

[0054] The velocity of the fluid is illustrated by arrow 22.
[0055] In the lumen 20 or in its wall, there might in
particular be ultrasound reflecting structure or portions 24,
26.
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[0056] The ultrasound signal emitted from the sensor
element 14 is illustrated by the schematic representation of
waves 30.

[0057] The control and drive unit 16 is configured to
sequentially apply a (pulsed) high frequency (MHz) AC
signal to the PVDF foil 14 so to transmit ultrasound, to sense
high frequency pressure fluctuations (reflected ultrasound
echoes, or ultrasound from an external transducer), and to
sense low frequency pressure variations (Hz, in particular 0
to 3 Hz, e.g. blood pressure) to measure the fluid pressure.
[0058] The signal processing unit 18 is configured to
generate an ultrasound image (e.g. A-line) and/or to deter-
mine a fluid velocity from a Doppler shift and also to
calculate a blood pressure (differential) based on the outputs
of the sensor element 14.

[0059] The PVDF foil or sensor element 14 can be a
homo-polymer or a PVDF-TrFE copolymer.

[0060] As discussed in further detail below, the configu-
ration of the electronics of the control and drive unit may
comprise a switching state to separate between the low
frequency signals of the pressure measurement and the high
frequency signals of the ultrasound and/or filter technology
to separate between the received high frequency (ultra-
sound) and low frequency (pressure) signals.

[0061] FIG. 2 shows an overview of a system for perform-
ing ultrasound and pressure measurements in accordance
with another embodiment of the invention.

[0062] The system includes a sensor element 14 coupled
to a processor unit 32, wherein the sensor element 14 may
transmit ultrasound to tissue 28 and receive ultrasound
echoes.

[0063] The processor unit 32 includes a switch 34, which
connects the sensor element 14 and further circuitry of the
processor unit 32. In particular, the processor unit 32
includes a controller unit 36, connected to the switch 34 of
an interface 33 by a line including an (optional) amplifier.
Furthermore, an ultrasound processing element 38 and a
pressure processing element 40 (including a memory 41 for
storing an updatable absolute pressure value) are provided,
which are also connected to the switch 34 by lines including
(optional) amplifiers. There is further provided a control line
42 to the switch 34 for control of the setting of the switch 34.
[0064] This embodiment is based on using the three-state
switch 34 (while, instead, a solution based on using two
separate switches can be used as well, for example). The
additional switching state (in comparison to a switch switch-
ing between ultrasound transmission and ultrasound recep-
tion) can be activated if quasi-static (qs) measurements are
requested to be done (e.g. blood pressure (variation)).
[0065] The scanning or sampling rate may be different, i.e.
the third switching state may be activated not as often as the
receiving of the US-information but only e.g. on demand or
according to a fixed (or variable) time scheme.

[0066] FIG. 3 shows an overview of a system for perform-
ing ultrasound and pressure measurements in accordance
with yet another embodiment of the invention.

[0067] The embodiment shown in FIG. 3 is similar to that
discussed above and shown in FIG. 2, while in this case of
the processor unit 44, in an interface 45, only a two-state
switch 46 is provided, wherein furthermore in the lines from
the switch 46 to the ultrasound processing element 38 and to
the pressure processing element 40 a high-pass filter 48 and
a low-pass filter 50 are provided, respectively.
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[0068] The embodiment of FIG. 3 makes use of splitting
the receiving path by means of a high-pass filter (for the
US-receiver) and a low-pass filter (for quasi-static (gs)
measurements such as e.g. blood pressure (variation)). The
filter can be realized in different ways, either based on
passive or active solutions. A band pass filter can be used to
further restrict the required frequency band and to improve
the signal to noise behavior. The benefit of such a filter-
based approach is that both receiving functions may be used
at the same time (in parallel). In special cases the low-pass
filter may be obsolete, if e.g. no high frequent signals can be
received. Further, another option may be a software- or
algorithm-based separation, i.e. providing a virtual separa-
tion of the signal rather than a hardware-implemented sepa-
ration.

[0069] The discussion of the embodiment of FIG. 2 and
FIG. 3 address exemplary solutions to split the receiving
path into the high frequent (ultrasonic) and the low fre-
quency (blood pressure) signals. Combinations and alterna-
tive solutions are appreciated by the person skilled in the art.
[0070] The embodiments shown in FIGS. 1 to 3 are in
general useful for measuring relative pressure changes. If an
absolute static pressure is needed additional measures may
be taken. In particular for charge based static pressure
sensing an additional measure may be taken to ensure
absolute static pressure is accurately measured: the absolute
pressure is recorded and stored in the electronics before
switching to US transmission mode. After switching back to
the sensing mode, the charge is reset to zero and the
differential pressure is measured from the start of the sensing
episode. The differential pressure is then added to the
previously stored absolute pressure to derive an actual
absolute pressure.

[0071] It is assumed that the low frequency pressure drop
is small in the time that the switch is set to transmission
mode, so that the accuracy of the absolute pressure mea-
surement is maintained.

[0072] Alternatively, the low pressure measurement is
resonance based, in which case the three state switch
approach as described above with the illustration of FIG. 2
is preferable.

[0073] In an embodiment as shown in FIG. 1, the flexible
element may be a catheter. The PVDF sensor-actuator may
be used to measure local blood pressure and flow velocity.
Additionally, the PVDF sensor-actuator can be used for local
intravascular imaging (biomicroscopy), for instance to
inspect the thickness of plaque or a blood vessel wall, or the
position of a stent, or the radial expansion of the vessel after
stent placement.

[0074] FIG. 4 shows a transducer unit 52 according to an
embodiment of the invention,

[0075] The transducer unit 52 includes a single PVDF foil
54 with an area 56 for sensing (with electrodes 58) (receiv-
ing portion) and an area 64 for actuation (with electrodes 66)
(transmission portion). A cavity 70 is arranged in the back-
ing 71 under the sensing area 56 and it was found that this
amplifies the static pressure sensing without interfering with
the US pressure sensitivity.

[0076] The electrodes 58 for sensing are coupled to a line
60 and the electrodes 66 for actuation are coupled to a line
68.

[0077] The PVDF (co-)polymer foil 54 can be thus
arranged as transmitter and sensor for parallel US transmis-
sion and sensing as well as low frequency sensing. The
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transmitter aspect is configured to generate US signal and
the receiver aspect thereof is configured to continuously
measure the static pressure and high frequency US pressure,
using the filters & receiving electronics, for example as
discussed above.

[0078] An advantage of electrically decoupled sensing is
that the charge based sensing method can be used for
continuous static measurements without the need to compute
the static pressure from cumulative differential measure-
ments when using switching electronics.

[0079] InFIG. 4, two transmission portions and one single
receiving portion are shown, in contrast to, for example, the
illustrations of FIG. 2 or FIG. 3. It is noted that the present
invention may also be implemented just a (highly) patterned
electrode arrangement, so possibly a higher number of
respective transmission portions and receiving portions. In
particular, it is also possible to have, within the same sheet
or foil of electro active polymer more than one (separate)
receiving portions, wherein one of such receiving portions
may be used for receiving ultrasound signals and another
one may be used for pressure measurements.

[0080] Furthermore, it is noted that generally the signal
lines shown in the drawings may consist of more than only
one physical signal line. Similarly, this yields also for the
shown switches, instead of having only one pole (at the
left/input) each physical signal line, coming from the PVDEF,
may end at a dedicated pole of the switch.

[0081] FIG. 5 shows schematically aspects of a transducer
unit according to another embodiment of the invention.
[0082] The PVDF foil 14 forming the sensor element is
laminated with a passive backing foil 72. A high voltage DC
offset (ramp function) can be superimposed on the high
frequency AC signal driving the ultrasound transmission in
order to bend the PVDF foil 14 in cooperation with a support
78 such that the ultrasound waves can be emitted in different
directions (scanning) This way 2-D images can be con-
structed.

[0083] In this embodiment, the passive backing foil 72
includes a flexible portion 76 and a rigid portion 74 (or
alternatively a further rigid element may be added), so that
the tip portion of the sensor element 14 is not also bend.
[0084] FIG. 6 shows schematically aspects of a transducer
unit according to yet another embodiment of the invention.
[0085] Differing from the embodiment shown in FIG. 5,
the PVDF foil 14, 1.¢. the sensor element, is laminated with
an active backing foil 80, e.g. a (P(VDF-TrFE-CFE)) ter-
polymer. Actuation of the active foil 80 induces bending (or
alternatively displacement) of the PVDF foil 14 in order to
provide a scanning function for 2D image construction.
[0086] Also in this embodiment, a support 78 is provided,
together with a flexible portion 82 and a rigid portion 84.
The expansion or compression of the active foil 80, in
cooperation with the arrangement of the support 78, the
flexible portion 82 and the rigid portion 84 allow for a
change of direction of the sensor element 14 without a
bending thereof.

[0087] FIGS. 7A and 7B show flow diagrams of methods
of performing ultrasound and pressure measurements
according to embodiments of the invention.

[0088] According to the invention, a transducer element
including a (single or integral) sensor element made of an
electro active polymer is used for performing ultrasound and
pressure measurements.
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[0089] FIG. 7A shows a flow diagram of an embodiment,
where, in sequence, transmission 101 of ultrasound, recep-
tion 102 of ultrasound and pressure measurement 103 are
preformed.

[0090] FIG. 7B shows a flow diagram of an embodiment,
where, in parallel, transmission 104 of ultrasound on the one
hand and, in turn in parallel, reception 105 of ultrasound and
pressure measurement 106 are preformed.

[0091] While the invention has been illustrated and
described in detail in the drawings and foregoing descrip-
tion, such illustration and description are to be considered
illustrative or exemplary and not restrictive; the invention is
not limited to the disclosed embodiments.

[0092] Other variations to the disclosed embodiments can
be understood and effected by those skilled in the art in
practicing the claimed invention, from a study of the draw-
ings, the disclosure, and the appended claims.

[0093] For example, by using multiplexer- and/or phased
delay approaches 1D-line- or even 2D-arrays can be real-
ized.

[0094] Furthermore, a further aspect to create a low fre-
quency stimulus from a high frequency signal may include
to combine two higher frequencies with a small frequency
difference (creating an amplitude envelope at the difference
frequency). There might be an advantage in creating such a
stimuli frequency to enhance the pick-up of the low fre-
quency (i.e. scanning through the difference frequency from
e.g. 0-10 Hz and looking for a change (e.g. Dip) in the
response at the required frequency. This requires now just
one (more complicated) emitter and a single receiver, but
would allow distinction between high and low frequency
responses.

[0095] In the claims, the word “comprising” does not
exclude other elements or steps, and the indefinite article “a”
or “an” does not exclude a plurality.

[0096] A single processor, device or other unit may fulfill
the functions of several items recited in the claims. The mere
fact that certain measures are recited in mutually different
dependent claims does not indicate that a combination of
these measures cannot be used to advantage.

[0097] Operations like controlling, measuring, sensing,
calculating and storing can be implemented as program code
means of a computer program and/or as dedicated hardware.

[0098] A computer program may be stored and/or distrib-
uted on a suitable medium, such as an optical storage
medium or a solid-state medium, supplied together with or
as part of other hardware, but may also be distributed in
other forms, such as via the Internet or other wired or
wireless telecommunication systems.

[0099] Any reference signs in the claims should not be
construed as limiting the scope.

1. A system for performing ultrasound and pressure mea-
surements, the system comprising:

a transducer unit including a sensor element made of an
electro active polymer, and

a processor unit coupled to the transducer unit, wherein
the processor unit is arranged for processing sensor
data obtained by the sensor element,

wherein the system is arranged for performing ultrasound
measurements and pressure measurements using the sensor
element.
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2. The system according to claim 1, further comprising:

a controller unit coupled to the transducer unit, wherein
the controller unit is arranged for operating the sensor
element so to emit ultrasound.

3. The system according to claim 2,

wherein the sensor element is mounted on a passive

flexible foil and fixed on one side, and

wherein the controller unit is further arranged to provide

an offset signal to the sensor element for deforming the
combination of sensor element and passive flexible foil.
4. The system according to claim 2,
wherein the sensor element is mounted on an active
flexible foil made of an electro active polymer, and

wherein the controller unit is further arranged to control
the active flexible foil for deforming the combination of
sensor element and active flexible foil.
5. The system according to claim 2,
wherein the sensor element is provided in a double-side
clamp configuration with a pre-curved element, and

wherein the controller unit is further arranged to provide
an offset signal to the sensor element for moving the
sensor element according to the pre-curve.

6. The system according to claim 1, wherein on the electro
active polymer of the sensor element a patterned electrode
arrangement is provided.

7. The system according to claim 1, wherein the ultra-
sound measurements include an ultrasound Doppler mea-
surement and/or an ultrasound imaging measurement.

8. The system according to claim 1, wherein the electro
active polymer is a polyvinylidene fluoride polymer.

9. A transducer unit for performing ultrasound and pres-
sure measurements, the transducer unit comprising a sensor
element made of an electro active polymer, wherein the
sensor element includes a transmission portion and a receiv-
ing portion, wherein the receiving portion is arranged for
ultrasound and pressure measurenients during transmission
of ultrasound from the transmission portion.

10. The transducer unit according to claim 9, wherein the
sensor element is mounted on a backing, wherein between
the receiving portion and the backing a cavity is provided.

11. A processor unit for processing ultrasound and pres-
sure measurement signals, the processor unit comprising:

an interface for receiving signals from a transducer unit,

an ultrasound processing element for processing ultra-
sound measurement signals, and

a pressure processing element for processing pressure

measurement signals, wherein the interface is arranged
for selectively forwarding portions of received signals
to either the ultrasound processing unit or the pressure
processing unit.

12. The processor unit according to claim 11, wherein
the interface includes a switch for connecting either to the
ultrasound processing unit or to the pressure processing unit
and/or
the interface includes an ultrasound signal line including a
high-pass filter for forwarding ultrasound measurement sig-
nals to the ultrasound processing element and a pressure
signal line including a low-pass filter for forwarding pres-
sure measurement signals to the pressure processing ele-
ment.

13. The processor unit according to claim 11,

wherein the pressure processing element includes a

memory storing an absolute pressure value, and
wherein the pressure processing element is arranged for
obtaining a differential pressure value by processing the
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pressure measurement signal and for updating the abso-
lute pressure value according to the differential pres-
sure value.

14. A method of performing ultrasound and pressure
measurements, using a transducer unit including a sensor
element made of an electro active polymer, wherein both,
the ultrasound measurements and the pressure measure-
ments, are performed using the sensor element.

15. A software product for performing ultrasound and
pressure measurements, the software product comprising
program code means for causing a processor unit to carry out
the steps of the method as claimed in claim 14 when the
software product is run on the processor unit.
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